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Annotation

CoasropcTBo CtrBeHa XoKuHra u JleoHapza MioauHOBa, CrieljhaaucTa o
KBAaHTOBOW TeOpUM W TEOPUM Xaoca, SIBseT CO00l YCIeIIHbId TBOpYeCKUM
TaHJeM, 4YTO YyKe MOATBEpPAWIO MX COBMeCTHOe mnpou3sBeieHue «Kparuariiias
HCTOPUS BpeMeHU», KOTOpOe UMesio HeObIBasblii yCIiex.

«Bbicimii  3ambices’» —  HOBasi  3axBaTbiBawollasi —paboTa  3THX
YAUBUTEIbHBIX aBTOPOB.
Llenb 5TOM KHWUTM — [JaThb OTBeTbl Ha BOJIHYIOL[ME Hac BOMPOCHI

CyI[eCTBOBaHUsI BceneHHOM, OTBeThbl, OCHOBaHHbIE Ha ITOC/AEAHUX HAyUHBIX
OTKPBITUSIX U TeOpeTHUeCcKHux pa3paboTkax. OHU MPUBOZAAT HAaC K YHUKa/TbHOMU
TEOpUM,  OMUCHIBAIOIle  OTPOMHYH,  U3yMUTeNbHO  pa3HO0bOpasHyo
BceneHHy10, — K TeOpHH, KOTOpast TI03BOJIMT HaM pa3raZiaTh BICIIHI 3aMbIce.
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CtuBeH XoKMHr U JIeoHapg MioguHOB
BbICIIMH 3aMbICe/l




1. 3aragka ObITHA

JKv3Hb Ka)KI0T0 M3 HaC CKOPOTEeUHa, U 3a 3TO BPeMsi Mbl CIIOCOOHBI TIO3HATh
JUILTL Manyro yacTh BeenenHoii. Ho siropu to6o3HaTenbHbL. Mbl UHTEpeCyeMcs,
MBI Uil[eM OTBeThl. JKHBs B 3TOM O'POMHOM MUpE, T7ie uepeayrTcs 106po u 3710,
JIO[Y, BIVISIABIBAsSICH B HeOOBsiTHbIe Hebeca, Bcersa 3afiaBaid cebe MHOXeCTBO
BompocoB. Kak TOHSTb MUD, B KOTOPOM Mbl OKa3aiuch? Kak pa3BuBaercs
BcenenHas? B uem cyTb peanbHOCTU? OTKyza BCe 3TO B3siioch? Hyxzaanack mm
BcenenHass B TBopile? BOMBIIMHCTBO W3 Hac He YAENSIOT 3HAUMTE/LHOTO



BpPEMEHHM pa3MBIIIIJIEHUSIM Ha/l 5TUM BOMPOCaM, HO TTIOUTH BCe MHOTI/IA 3a/]al0T UX
cebe.

Tpa/MIIMOHHO Ha TakKWe BOIPOCHI OTBeyasa (uaocodus, HO celuac OHa
mMeptBa. OHa He TIOCIEBaeT 3a COBPEMEHHBIM pPa3BUTHEM HayKH, OCOOEHHO
¢du3uku. Terneps HccaeqoBaTey, a He (puocodbl Aep>KaT B CBOMX pyKax (aker,
OCBEILAIOIUI Halll MyTh K TO3HAHMIO. Llelb 3TOM KHUTM — JaTh OTBETHI,
OCHOBaHHbIe Ha TIOC/IEIHWX HAYYHBIX OTKPBITHSAX W  TEOPETUUECKUX
pa3paboTtkax. OHHU MPUBOAAT HAC K HOBOM KapTHMHE MHPA, KOTOpasi 3HAUHUTE/IbHO
OT/INYAETCS OT TPAJAMLIMOHHON U JaXke OT TOM, KOTOPYIO Mbl MOIJIM HapUCOBaTh
cebe errie JIeT JeCATh WK ABa/ILIaTh Ha3a/. ITpruem nepBblie IITPUXH 3TON HOBOM
KapTUHbI BO3HUKJIN TIOYTH CTOJIETHE Ha3a[.

CormiacHO TpaAUIMOHHOMY TOHWUMaHWi0 BcesieHHOW, BCe Tejla B Heu
JIBUDKYTCSI TI0 CTPOTO OTpe/ie/IeHHbIM TPAeKTOPHSM U UMEIOT UeTKYH HCTOPHUIO.
MbI MO)KeM OIIpe/ie/TUTh MX TOUYHOE TI0JI0)KEHHEe B JF000M MOMEHT BpeMeHH.
HecMoTpssi Ha TO UTO TakOW MOAXOJ BIOJHE V/IOBJIETBOPUTENEH [IJIS1
MOBCeIHEBHBIX Ilenied, B 1920-x rogax Obulo 0OHapy)keHO, UTO 3Ta
«KJaccuyeckas,» KapThHa He COOTBeTCTBYeT KaKyLeMyCsl CTpPaHHbIM
TOBeIEHUI0 OOBEKTOB Ha aTOMHOM M Cy0AaTOMHOM YpOBHSX. TaM TIPUIIIOCH
TIPUMEHUTh [JIPYTYyI0 CUCTeMY B3IVISi[JOB, Ha3BaHHYK) KBAHTOBOW (PU3UKOM.
KBaHTOBble TEOPHUH OKa3a/MCh CIIOCOOHBIMH C HCK/IIOUHUTENIBHO BBICOKOM



TOYHOCTBIO TIPE/IBBIUNCISTE SIBJIEHUS, TIPOUCXO/ISIIMe B 9TUX MacliiTabax, U B TO
)Ke BpeMsi, Oyyud NMPUMeHHMbIMH K MaKpOMUPY Hailleid 0ObIYHOM >KU3HU, OHM
JIJal0T Te >Ke TIPOTHO3bI, UTO U CTapble KjacCuueckhe Teopud. Ho KBaHTOBas
¢u3nKa 6Ga3upyeTcsi Ha COBEpIIIEHHO HWHBIX TIPEe/ICTaB/IeHUAX O (DU3HNUeCcKon
peabHOCTH, UeM Kjlaccuueckast (pusuka.

KBaHTOBbIE TEOPUM MOXXHO C(POPMY/HMPOBaTh IMO-Pa3HOMY, HO, TIOXKalyH,
camoe obOpa3Hoe ormpezeneHyde gan Puuapn (Juk) Peitaman (1918-1988),
KOTOPBIH ObIZT BeCbMa KOJIOPUTHOM IMUHOCTRIO. OH pabotan B KamudopHuiickom
TEeXHOJIOTMYeCKOM HWHCTUTYTe W YaCTeHbKO urpan Ha 0OapabaHax OoOHro B
omokaiiiieM crpun-knybe. [lo ®eiiHMaHy, crhcTeMa MHpa HMMeeT He OIHY-
eIMHCTBEHHYIO UCTOPHIO, a BCe, KaKue TOJIbKO BO3MOXXHBI. B mouckax oTBeTa Ha
HaIIM BOTIPOCHI MbI TIOAPOOHO 00BsICHUM (heliHMaHOBCKUM TIO[X0/l ¥ TIPUMEHUM
ero JiJis paCCMOTPEHUS UJIeU O TOM, 4TO Y BcesleHHOM HeT O[IHOW-e/ITMHCTBEHHOM
WCTOPUU U Jake HeT OT/eJbHOr0, He3aBUCMMOIO CYIeCTBOBaHUS. IJTO HJes
BBITVISIAUT PaZiUKaJbHOMN Jjaxke /it MHOTUX (DU3UKOB. [lelicTBUTeNbHO, OHA, KaK U
MHOTHe JIPyTHe e B COBpeMeHHOM HaykKe, KaK Oy TO IPOTUBOPEUHT 3/[PaBOMY
cMmbicsly. Ho 37paBbid CMBIC/T 3WKIETCSI Ha TMOBCEJHEBHOM OIbITe, a HE Ha
3HaHUAX 0 BceneHHOW, KOTOpasi OTKPHIBAeTCSI HaM uyepe3 uyjeca TeXHOJIOTUH,
TI03BOJISIFOIIME 3aT/IIHYTh XOTh B Hauasio ee Pa3BUTHs, XOTh B IJyOb aToMa.

1o BO3HUKHOBEHUsI COBPeMeHHOM (PU3HKH ObI/I0 PUHATO CUUTATh, UTO BCE
3HaHWe MWpa MOXKET OBITb TIOIyUYeHO C TIOMOIIBI0 HeroCpeCTBEHHBIX
HaOJTIOZIeHNH, UTO BeIld TAaKOBbI, KAKUMU OHH BBITVISIIAT, KaK BOCITPUHUMAIOTCS
HalllMMU OpraHaMy 4uyBCTB. Ho Breuat/sitolldii ycrieX COBpeMeHHOW (PU3UKH,
OCHOBAHHbIY Ha KOHLeMLUSIX BpoZie heliHMaHOBCKOM, MPOTHMBOpeYallliX HallleMy
TIOBCEZITHEBHOMY OIIbITY, II0Ka3ad, 4ro 3T0 He Tak. Crano ObITh, IpoCTOe
BOCIIPUSITHE PpeaJibHOCTH HECOBMECTHMO C coBpeMeHHOH Gu3nkoi. YUToObI
MMeTb JIe/I0 C TAKUMHU Tlapa/ioKcaMu, OyzieM TpHepKUBaThCs TT0/IX0/a, KOTOPbIH
MbI Ha3blBaeM Mo/ie/le3aBUCMMbIM peasim3MoM. OH OCHOBBIBAeTCSI HA TOM, UTO
Halll MO3T WHTepIIpeTUpyeT CUrHasbl, TMOCTyMarwlliye OT OpraHoB YYyBCTB, U
co3/JjaeT Mo/ie/ib MUpa.

Korma Takasg Mofienb yjgauHO OOBSICHSeT COOBITHS, MbI CKJIOHHBI
TIPUITMCLIBATh €M, a TakKe COCTaB/SIIOI[MM ee 3/leMeHTaM U KOHLeMLUSIM
CBOMCTBO peaslbHOCTU, WIX aOCOMIOTHOW HCTHHBL. HO Beab OHO M TO e
¢dusmyeckoe sBIeHHME MOXHO CMO/IeJIMPOBaTh II0-pPa3HOMY, UCHOJIb3Ys
pas/ivuHble (QyHJaMeHTa/lbHble WuAeuM W KoHleniuu. Eciu [aBe Takue
¢bu3nUeckrie TeoOpHUH J[O0CTOBEPHO IIPe/CKa3bIBAIOT OAHU U Te >Ke COOBbITHS,
HeJb3sl CKas3aTb, UTO OJIHA MOJe/lb peasibHee [PYyrod, U Mbl BIOJIHE MOXXEM
HCII0/1b30BaTh Ty, KOTOpast HauboJiee yno6Ha.

B wucropuM HayKd MbI BHAMM ITIOC/I€[[OBaTe/IbHOCTL Bce Ooree



YAyULIArIUXCs TeOpuM, Wik Mofeserd mupa: oT IlnaroHa [0 K/acchueCcKou
Teopud HBIOTOHa W /10 COBpEMEHHBIX KBaHTOBbIX Teopuid. HampaimmBaercs
BOTIPOC: IOCTUTHET JIX 3Ta M0C/Ie/I0BaTeIbHOCTb KOTa-HUOYIb KOHEUHOM TOUKH,
OKOHUaTe/lbHOM Teopuu BcejieHHOH, KOTOpas BK/IOUAT B cebsa Bce
B3aMMO/IEHCTBUSA U TIpeICKa)KeT BCe Hallld HaO/Mo[eHusi, WIK ke Mbl Oymzem
OecKoOHEUHO HCKaTb Oojlee COBepIlIeHHbIE TEOPWU, HO TaK W He HalJeM TOM,
KOTOPYIO y>Ke HeBO3MOKHO Oy/IeT yIyuIlIUTh? Y Hac IOKa HeT YeTKOTro OTBeTa Ha
5TOT BOIPOC, HO YK€ eCTb KaHAUAAT Ha OKOHUaTe/bHYH TEeOPUI0 BCEro, ecjv
TakoBas BOOOIl[e Cyll[ecTByeT. OTO TakK Ha3biBaemMas M-teopusi. OHa
nipe/icTaB/isieT coOOl BCero /uilib MoOjesb, 00/afatollyl0 BCEMU CBOWCTBaMH,
KOTOPbIMH, TI0 HallleMy MHEHWIO, J0/DKHa 00/aZiaTb OKOHYaTelbHasi TeOpHsl.
Bosblllas 4acTh Halllero TOC/eAyrolero o0cyxzaeHuss OyneT OCHOBBIBAThCS
MMeHHO Ha M-Tteopum.

M-Teopusi — 3TO He Teopusi B OOBIYHOM CMbIC/ie. DTO 1iejioe CeMelCTBO
pa3/IMuHbIX TEOPUM, KaXJasi M3 KOTOPBIX SIBJSETCS XOPOIIMM OMNUCAaHUEM
HaOJTIOZIeHUH  JIUIITL JIJIsT OTPAaHUUEHHOTO psjga (usnyeckux cutyauuid. OHa
HEMHOTO HariOMUWHaeT KapTy. XOpOIIO W3BEeCTHO, UYTO Ha OJHOU KapTe
HEBO3MOXXHO T10Ka3aTh BCIO 3eMHYIO TOBEPXHOCTb 0Oe3 uckaxeHui. OObluHas
rnpoekiusgs MepkaTopa, HWCOo/b3yemMasi [ KapT MHWpPa, CUIbHO MCKaXKaeT
TI7IOIAZM, TIpeyBe/InuMBasi UX u3o0pakeHre Ha KapTe 1Mo Mepe NpUOMmKeHus K
CeBepHoMy ¥ HO>xHOMY moJirOcaMm, a CaMM TIO/IFOCa KapTOWM B 3TOW MPOEKLIUU
BOBCe He TIOKPBIBAIOTCS. UTOOBI ITPaBU/IBHO TIOKa3aTh Ha KapTe BCHO 3eMJIIO
1[e/TMKOM, HY>KHO MCIIO/Ib30BaTh HA0Op KapT, KaXk/as W3 KOTOPBIX TOKPbIBAaeT
OrpaHUYeHHYI0 00/1aCcTh. OTU KapThl HAK/IAAbIBAIOTCS IPYT Ha Apyra, U B MecTax
TIePEeKPBITHS OT/Ie/IbHBIX JTMCTOB Ha HUX M300pakeH OAMH U TOT ke JaHAIIadT.
To ke camoe U ¢ M-Teopueli: BCe COCTaB/SIOLME ee TeOpUH, Jlake eC/Iu OHU
BBIIVISIASIT CWIBHO OT/IMYAKOI[AMMCS APYT OT [Ipyra, MOT'YT PaCCMaTpUBaThCs KaK
pa3/MuHbIe acTIeKThI OHOU U TOH ke o01rie Teopur. OHU TIPe/ICTaB/ISIOT COO0M
BapUaHThl OJHOW TEeOpWUM, TIPUMEHHMbIe JIWIb B OrpaHUUYEHHBIX Mpejenax,
HarlipyMep KorJa KakKhe-TO BeJIMUMHBI, CKa)KeM 3JHeprusi, Majbl. I[lofo6HO
repeKphIBaOIIMMCS JIMCTaM KapT B MpoeKuu MepkaTopa, TaMm, Ijie pa3inudHble
BepCUM HaKJIa/IbIBAIOTCSl APYT Ha [Ipyra, OHU TpPeJCKa3bIBalOT OJHU U Te XKe
sByieHrss. Ho TOUHO Tak)ke, Kak He CYIIeCTBYeT IIJIOCKON KapThl, KoTopas 0e3
HCKa)KeHUH 0ToOpakaeT BCIO 3eMHYIO TTOBEPXHOCTb, He CYI[eCTBYeT W eUHOU
TeopuH, KOTOpasi XOpOI1I0 0ToOpakaeT To, UTO Hab/IIZaeTCst BO BCEX CUTYyalUsIX.

MpbI pacckakeM, Kakve OTBETbI MOXKET MPe/JIOKUTh M-Teopust Ha BOIIPOC O
corBopeHn mupa. ComiacHo M-teopuu, Haila BcesieHHass He eVHCTBEHHasl.
M-Teopusi npe/icKa3biBaeT, UYTO U3 HUYEro ObLIO CO3/[aHO OIPOMHOE MHOXKECTBO
BCe/leHHbIX. [ns WX  CcOTBOpeHHs He  TpeOyeTcs  BMelllaTe/bCTBa



CBEPXbECTECTBEHHOI'O CYyILIECTBA HW/IU bora. CKopee, 5T MHOI'OYHUC/IEHHbIE
BCe/IeHHble BO3HHMKAIOT €CTeCTBEHHBIM IIyTeéM II0 3dKOHdM (1)I/IBI/IKI/I. Onu
SAB/IAIOTCA HAdYUHBIM IIpeJCKd3dHHUEM. N K&)K,I[Oﬁ BCE/IEHHOW €CTb MHOI0
BO3MOXXHBIX I/ICTOpI/Iﬁ ¥ MHOIO BO3MOXHBIX COCTOSIHUII B Oosee mo3aHue
BpeM€Hd, TO €CTb BO BpeéM€Hd BpPOJ€ HbIHEIIHEro, CIIyCTd IIPpOAOJ/DKHUTE/IbHOE
BpemMd I10CJ1€ UX COTBOPEHHA. BonpUIMHCTBO 3TUX COCTOSTHUM A OJIXKHBI OBITD
COBEpLIIEHHO HEIIOXO0XKMMHW Hd BHIAWMMYIO HdM BCE]’IEHHYIO N COBEPIIEHHO
HeIoaAxXoAAIuMHn  1J14 0001 CbOpMBI >KU3HH. JIMIlIb B OUeHb HEMHOI'MX U3 HUX
YCQ/I0BUA MOT'YT I103BOJIMTH Ha/IMUKE CYIIECTB, HO,Z[O6HI:>IX HaM. Takum o6pa30M,
Halle TIIpUuCyTCTBHUE BI:I6I/IPEIET 13 3TOIO O6].LII/IpH01"O MHO)>XeCTBad TOJIBKO Te
BCeJ/IeHHbIe, KOTOPbIe COBMECTHMBI C HAIIKMM CYIIIE€CTBOBAHHUEM. M xoTs1 MBI Masibl
N He3HAUUuTe/IbHbl B KOCMHKWUYeCKOM MaC]_LITa6e, CdMO Hallle TIIpUCYyTCTBHUE Ae/IdeT
HaC B HEKOTOPOM CMbIC/IE B/IaCTE/TMHAMM TBOPDEHM.

Kapra wmwupa. Urtobbl 1ipeacTaBUTH BceneHHYI0, MOXeT
noTpeboBaThCsl Psifi TIePEKPHIBAIOIIUXCS TEOPUM, TI0ZJ0OHO TOMY Kak
I/ TIOKa3a Bceld 3emsii 0e3 wucKaxeHuidl TpeOyeTcsi Habop
TiepeKpPbIBAIOIINXCS KapT.

YrtoObl OHATH BceseHHy!0 Ha CaMOM ITyOOKOM YPOBHE, HaM HY>KHO 3HaTh
He TOJIbKO KaK OHa Cce0si TPOSIBIISIeT, HO U nouemy.

IMouemy ecmb umo-mo, emecmo mozo umobbl He 6bL10 HUUe20? ITouemy Mbl
cyuwjecmayem?

IMouemy cywjecmgyem UMEHHO 5MOM KOHKpemHblli HAbOp 3AKOHOB, A He
Kakoli-1u6o opyzoli?



Oto [naBHeIM Bormpoc JKusHu, BcenmenHou u Bcero Takoro. Mel
TIOTbITaeMCsl OTBETUTh Ha Hero B 3TOM KHUTe. B oTinuue oT (paHTaCTUUeCKOTro
pOMaHa aHIVIMMCKOro nucarens [yrnaca AjaMca « ABTOCTOIIOM MO TajlaKTUKe»,
I7le Ha BCe CJIOKHBIE BOTIPOCHI /IaBa/ICs YHUBepCaIbHBIM, HO 6eCcCMbICIeHHBIN
OTBeT «42», Halll OTBeT He Oy/JIeT CTO/Mb MPUMUTHBHBIM.




2. BepxoBeHCTBO 3aKOHa

Ckonnb umsi Boska, 3a conHyem 6Gedxcum oH 00 camoz0
neca;

a Xamu Opyeoli, XpoOgumHupa CblH, npedwecmeayem
CO/HUY.

Cmapwas 390a.

Peyu I pumHupa

B mudonoruu BUKUHTOB BOMKKM CKO/UIb M XaTW TOHSJTUCH 3a COJIHLIEM U
nyHout. Korza Kro-mmb0 M3 HUX AOCTUTaN CBOEM 1ie/id, C/Iy4asoch 3aTMeHUe.
Torya MO CHELINWIA Ha TIOMOIIIb COJIHIY WM JIyHe, MOJHKMMAs CTPAITHBINA IITyM
B HaZleXJie, YTO OH OTIyTHeT BOJIKOB. [loxokue MuHGBI eCTb U B JPYTUX
KyabTypax. 1o mpoiiecTBUM BpeMeHU JIFo[i HaBepHSIKA 3aMeTH/IU, UTO COJTHIIE U
JlyHa BHOBb TIOSIBJISIFOTCS TOC/e 3aTMeHUsl He3aBUCHMMO OT TOro, Oeraau OHW,
KpH4a U CTyda BO UTO TMoOTasno, uiu HeT. OHU TakXe He MOTJIM He 3aMeTHUTh, UTO
3aTMeHUsI TIPOUCXOAAT He CIIOHTAHHO, arepuoAuuecku, cJiefiyss KaKoMy-TO
npaBuIy. OTO ObIZI0 0COOEHHO OUEBU/IHO [I/Isl JIYHHBIX 3aTMEHUM, UTO TI03BOJISITIO
JPEeBHUM BaBUJIOHSTHAM [IOBOJIbHO TOUHO WX Mpe/CKa3biBaTh, Jja)ke HECMOTPSI Ha
TO UTO OHU He 3Ha/lW, KaK TPOUCXOJUT 3aTMeHue: 3eMJsisi TepeKpbIBaeT CBET
Connija, nagaromuii Ha JIyHy. [Ipefcka3biBaTh >Ke COTHeUHbIe 3aTMeHHs1 ObLIo
TpyJHee, TOCKOIbKY OHU BUIHBI C 3eM/M JIMIIb B TIpefiesiax CPaBHUTE/bHO
y3KOW TIOJIOCHI ILIUPUHOM OKOJO TPUALAaTU Muib. M Bce e TMOJMeUeHHbIe
0COOEHHOCTH $ICHO yKa3bIBa/d, UTO 3aTMEHHsI TMPOUCXOAAT He TI0 TPOU3BOJY
CBEPXbeCTeCTBEHHBIX CUJI, a TO[YMHEHbI 3aKOHOMEPHOCTSIM.



3atmeHue. B APEBHOCTH JIIOAW HE 3Hd/IM, UYTO ABJIAETCA
HpI/IqHHOﬁ 3aTMEHHﬁ, HO OHHM IIOAMETW/IM 3dKOHOMEPHOCTH HX
ITOBTOPEHMHA.

HecMoTpsi Ha mepBble YyhauHble TMOMBITKA TMpPeJCKa3aHUM [IBUXKEHUS
HeOeCHBIX Tes, OONBIIMHCTBO $IB/IEHWN TIPUPOABI Ka3a/0Ch HAIIUM MpeaKaM
HeTipe/icka3yeMbIM. V3Bep)keHHs BY/IKAHOB, 3eMJIeTpsiCeHHs, OypH, STTUAEMUN U
BpOCIIIMe HOI'TH Ha HOraX — BCe 3TO CJIy4ajioch Bpojie Obl 6e3 BCIKUX TIPUUKH U
3aKOHOMEpHOCTel. B JpeBHOCTH pa3pyllivTebHbIe SIBJIEHUS TPUPOJLI 0OBIYHO
CBSI3bIBAJIN C [IeATE/IbHOCTBIO BPEJHBIX M 3/IbIX O0)kecTB. bencTBusi uacTo
BOCIIPUHUMA/IMCh KAaK 3HAaK TOro, 4YTO JIIOAM YeM-TO TPOTHeBa/v OOroB..
Hamnpumep, okosio 5600 r. 10 H. 3. BykaH MayHT-Ma3ama B Operone (CIIIA)
Haua/l M3BeprarbCs, BbIOpachiBasi KAMHU M TOpSTUMi Iieresl. OTO JIAIOCh Ha
TIPOTSDKEHUM HECKOMBbKUX JIEeT, BbI3biBasg OOW/IbHBIE JOXKIHM, KOTOpble B KOHIIE
KOHLIOB 3arloJTHWIM KpaTep BYJ/IKaHa BO/IOM, 0Opa3oBaB Tam 03epO, HBIHeIHee
Kpentep-Jlenk. Y OperoHCKMX WHJEHWIIEB IUJIEMEHU KJjiaMaT eCTh JiereHja, B
KOTOpOI MOAPOOHO OIMMCaHbl BCe Teojioruueckre COOBITHS, CBS3aHHbIE C 3TUM
sB/IeHeM, a Takke J00aB/eHO HEMHOro JipamMaTuh3Ma, uTOOBbI TIpeJCTaBUThb
BUHOBHUKOM KaracTpodbl uenoBeka. [Ipucyiijee Jito[isiM UyBCTBO BHHBI TaKOBO,
YTO UM HY)KHO JIMIIIb HAalTH TIOBOZ, JI/Is1 CaMOOOBHHEHUs. JlereHia TOBOPUT, UTO
BOXK/Ib HkHero mupa, JInao, Bio6uscs B IpeKPacHYO 3eMHYIO JIEBYIIKY, 10Ub
BOXAS kKiamaroB. OHa oOTBepmia ero, ¥ B OTMeCTKy Jljiao mornbITancs
YHUUTOXXUTb KiamaToB orHeMm. K cuactero, cornacHo jereHze, Ckesl, BOXIb
BepxHero wmwupa, ToXajen JIHO4ed W Cpaswicsi CO CBOMM TOJ3eMHBbIM



coriepHUKoM. [Tocsie GUTBBI paHeHbIN JImao CKpbUIcS B Hejpax ropbl Ma3sama,
ocTaBUB 3a €000 OrpOMHyI sIMy — KpaTep, KOTODbIii BIIOC/I€JCTBUU
3ar10/THUJICS. BOZOM.

He 3Hasg 3aKOHOB TPUPO/bI, JAPEBHUE JIIOAW BBIHY)KAEHbI ObLIM
TIPUIYMbIBaTh OOTOB, YIIPaBISBIIMX pa3/MUHBIMA CTOPOHAMHU 4Ye/ioBeueCKOu
»u3Hu. bl 6oru /ir00BU M BOWHBI, COMHIIA, 3eM/IM U Heba, OKeaHOB U peK,
JOX/Isl, TPOMa U Jiake 3eMJIeTpsiceHui U By/lkKaHOB. Korma Goru ripebbiBanv B
XOPOIIleM HACTPOEHWH, OHU TOChIIANMUA HOAAM OJIarONPUATHYIO TIOTOAYy, MUP,
obeperasi X OT CTUXUHHBLIX OefcTBUI U Oone3Heil. Korga ske 60ry rHeBasvcCh,
HAUMHA/IMUCh 3aCyXW, BOWHBI, MOp M 3mujemMud. [10CKO/MIBbKY CBSI3b MPUYMHBI U
C/Ie[ICTBUSI B TIPUPOJIe OCTaBajiaCh HEBUJUMOW [l JIHOACKUX T7a3, TO bGoru
Ka3a/IiCb MM HEMOCTWKUMBIMUA, U JIFOAW YIMOBa/u Ha ux muaocepaue. Ho
HaunHas ¢ Paneca Munerckoro (oK. 625 — oK. 546 110 H. 3.), TO eCTb NPUMEpPHO
2600 et Haszaz, 3TOT B3IVIsi[ Ha MUP CTajl MeHATbCA. [losgBUIachk MbIC/Ib, UTO
NpUpo/la  TIOAUMHSIETCS  He3blO/ieMbIM  TIPUHIMIAM,  KOTOPble  MOYKHO
pacimdpoBaTh. Tak Havyasics JOJATUM MPOLeCC 3aMeHbI TIOHSATHUS O BacTu OOToB
Ha KOHLernuuio BceneHHOM, yripaB/isieMOW 3aKOHaMU TMPUPO/bI U CO3AaHHOU MO
3aMbIC/TY, KOTOPBIM MbI KOT/la-HUOY/Ib CYMeeM pa3ra/iaTh.

[To cpaBHeHMIO C TIPOJOJDKUATE/ILHOCTHED MCTOPUU YesloBeueCTBa HayyHOe
WCCUIe[loBaHKe TIpe/iCTaB/sieT coO0l COBepIleHHO HOBBIM, HEeJaBHO TIPUHSTHIM
nogxo. Jlrogu 3apogunvchk B Adpuke, K tory ot Caxapsl, npuMepHo 3a 200
OOO net mo Hameu 3pbl. [TMCbMEHHOCTH MOSIBWIACH UMb O0Kojio 7000 T. f0
H. 3. OHa BO3HMK/IA B 00IIecTBaX, 3aHUMAaBILIWXCSl KY/JIbTUBUDOBaHMEM 3epHa
(HEeKOTOpble U3 [IDEBHEMIIIMX TEeKCTOB KaCalTCs [IHEBHOW HOPMbI THMBa,
JI03BOJIIEMOM  KaKAoMy >kuTento). (Camble paHHME  3alliCU  BeJIUKOU
uyBUaM3aluu JIpeBHer I'peruy BocxoaaT K 1X BeKy /10 H. 3., HO paclBeT 3TOU
LIMBU/IM3Al[N, €€ «K/JIAaCCUUYeCKUU TIepruof», HaCTyIWJI HECKOJbKO CTOJIeTHH
criycTsi, HauaBmmch okoio 500 r. mo H. 3. ComtacHo Apuctotento (384-322 o
H. 3.), TIPUMEPHO B 3TO Bpemsi PajieC BrepBble BbIABUHY/ UIEI0 O TOM, UTO MUP
MOKHO TIOHSITh, UTO CJIO’KHBI€ COOBITHSI BOKPYT HaC MO>KHO CBECTH K TIPOCTBIM
TIPUHIUIIAM U 0ObSICHUTD, He Tipuberasi K MU(oIoruuecKUM WK TeoJ0rnue CKUM
TOJIKOBaHUSIM.

[IpuHsTO cunTarh, uTo Pasiec NepPBbIM Mpe/ICKa3aa COTHEYHOe 3aTMeHUe B
585 I. 10 H. 3., XOT4 ero npejckKasaHue MoJjy4ynnacb TOYHbIM, BEPOSITHO, JIULLb 110
CUaCT/IMBOM cyyaHOCTH. OH ObLT CKPLITHBIM Ue/IOBEKOM U He OCTaBUJI O cebe
MOYTU HUKAKUX CBUJIETEeNbCTB. Ero A0M SIBASICA OJHUM U3 UHTE/IEKTYaTbHbIX
1enTpoB Monuu — obmacti B Manoli A3ud, Ha BOCTOUHOM I0OepeKbe
Oremckoro Mopsi, KOTOPYIO 3ace/wid rpekd. BivsHue VOHMM MOCTeneHHO
pacrpoCTPaHUIOCh OT HbIHelHerd Typuuu Ha 3amaji, BIUIOTh A0 Wranuwu.



Monuiickas HdyKd C ee TIOMBITKON OOBLIACHUTH IIpupoJHbIe ABJIEHHS, OTKDBLITh
CI)YH,Z[aMEHTaJ'ILHbIe 3dKOHbBI — THUI'dHTCKAdAd Be€Xd B HCTOPHUHU ye/I0OBeUeCKOU
MBIC/IM. YueHble VIOHMM TMbITA/IMCh paliiOHA/IbHO OOBLSICHUTL T€ WA WHbIE
3dKOHBI IMTPpUPOALI 1 BO MHOTUX C/IyUadX ITPHUILIN K 3dK/IFOUEHHAM, YINBUTE/IbHO
IMOXO0XKMM Had HdIIM, CerogHsdaliHWe, I10/Iy4yeHHble C TIIOMOIIbIO HHLIX,
YCUIOXKHEHHBIX METOOB. OTo OBUIO BeaMKOe Hauajo. Ho HeckolbKO BEKOB
CITyCTd O MHOI'MX OOCTVDKEHHUAX MOHUINCKOU HaAYKH 3a0bUIH U TO, UTO yXe ObLIO
CAeJ/1aHO, OTKPLIBAJIN U H306p€TaJII/I 3dHOBO, MHOI'ld HE OAWH pPd3.

WNonusi. WoHuiicKve yuyeHble OJHMMU U3 TIepBbIX CTau
OOBSICHSITH TIPUPOJHBIE SIBJIEHUSI 3aKOHAMU TMPHPOJbI, a He MHU(aMH
WJIU TeOJIOTUEeH.

CuuTaeTcs, UTO mepBasi MareMaTuyeckasi (G OPMy/JIMPOBKA TOTO, YTO TeIepb
MbI MOT/IM Obl Ha3BaTh 3aKOHOM TIPUPO/IbI, TIPUHAJ/IEXUT UOHUMILY [Iudaropy
(ok. 580—490 go H. 3.), IPOC/AaBUBILIEMYCSI TEOPEMOM, MOTYUYUBILIEU €r0 HUMS,
KOTOpasi [JIaCUT: KBajpaT TUIOTeHy3bl (CaMOM /JIMHHOW  CTOPOHBI)
NPSIMOYTOJIbHOTO TPEyroJibHUKAa paBeH CyMMe KBaJpaTOB [BYX [DYTUX ero
cTopoH (karetoB). Cuurtaercsi, uto ITudarop OTKpbLI YKUC/IEHHYIO 3aBUCUMOCTh
MKy JIMHOW CTPYH MY3bIKaJbHOIO MHCTPYMEHTAa W FapMOHUYECKUM PSL0M
3BYKOB. Ha coBpeMeHHOM $13bIKe MbI ObI OTTHCAIX 3TO COOTHOILIeHUe, CKa3aB, UTo
yactota KojebaHuWii — KOMWUYeCTBO BUOpalvii B CeKyHAY — Y CTPYHBI,
BUOpUpYtollel Tpy (UKCUPOBAaHHOM HAaTsDKeHHH, 0OpaTHO TPOMOpIMOHA/bHA
anvHe cTpyHbl. C MpakTUYecKoW TOUKU 3peHUst 3TO OOBsICHsSeT, Tiouemy Oosiee



KOPOTKHEe THUTapHble CTPYHbI [Jal0T 0osiee BBLICOKWN TOH, UeM Te, KOTOphbIe
JTMHHee. BriojiHe BEPOSITHO, YTO Ha CaMOM /IeJie 3TO OTKPBITHE He MPUHA/I/Ie)KUAT
[Tudaropy (kak ¥ (opMy/IMpOBKa TeOpeMbl, HOCAIEeW ero umsi), HO ecCTb
CBUJIETENTLCTBA, YTO TMPO OMpPeAeIeHHY0 3aBUCUMOCTb MEX/1y IJIMHOU CTPYHBI U
BLICOTOM TOHa B €ro BpeMsi ObLIO M3BECTHO. A eC/M TakK, TO 3Ty IPOCTYIO
MaTeMaTH4yecKyro (opMy/lly MOKHO CUUTAThb TEepPBbIM 3TaliOM TOTO, UYTO MbI
CerofiHsi Ha3bIBaeM TeopeThueCcKon (PU3NKOM.

Kpome 3akoHa IIudaropa o cTpyHax B INpaBUIBHOM BH/E JPEBHUM ObLIH
W3BECTHBI JIMIIb TPU 3aKOHa, yCTaHOBJeHHble Apxumenom (ok. 287-212 no
H. 3.), KOTOpDbIi HECOMHEHHO SB/SIZICSI CaMbIM BbIJAIOIIUMCS  (PU3UKOM
AHTUYHOCTU. B ceropHsHel TEPMUHOIOTUM 3aKOH pbluara IJIaCUT: MaJiasi Cujia
MOXKET TIOAHATh OO/BIION Bec T[OTOMY, UTO pblUar YyBeJIWUHMBAaeT CHIY
MPOMOPILIMOHA/IbHO  OTHOIIIEHWIO PacCTOSIHUM OT TOUKWA OMOpbl.  3aKOH
TIJIaByYeCTH YTBEpXK/aeT, UTO Ha /I000M mpeaMeT, MOrPY>KeHHbIN B JKUIKOCTb,
JIeVCTBYeT BbITAJIKABAIOIIIAsl CW/Ia, paBHasi BeCY BBITECHEHHOW >XUAKOCTU. A
3aKOH OTPa)kKeHHWsl yCTaHaB/MBAET, UYTO Yroy MeXK/y IaJarolliM JTy4OoM CBeTa U
3epKajiOM paBeH yIJIy MeXy 3epKajioM U OTpakeHHbIM Jiyuom. Ho Apxume/ He
Ha3bIBaJl 3TO 3aKOHAMM, KaK M He 000CHOBBIBA/l UX CChUIKAMH Ha HaOMIOeHUs U
n3MepeHusi. BMecTo 3TOro oH OTHOCHW/ICS K HUM Tak, OyiTO 3TO ObLIM BITO/IHE
OUeBH/IHbIe MaTeMaTUUeCKUe TeOpeMbl THIA AaKCHUOM, SIB/SIOIIMECS YaCThbIO
CUCTEeMBI, He TpeOyrollell /JoKa3aTelbCTB — BeChMa ITOXO0KeH Ha Ty, UTO CO37al
EBKM/, A7151 TeOMeTpUM.

[To mepe pacnpocCTpaHeHUsI MOHUKMCKOTO BJIUSIHUS TIOSIBJISUIUCH U [IpPyTHE
y4eHble, TOHUMaBIIIMe, UTO BO BceneHHOW eCTh BHYTPEHHUM TMOPSI/IOK, KOTOPbIY
MOJKHO pacITO3HaTh MyTeM HabMroeHni U yMO3aK/IroueHnid. AHakCuMaH/p (OK.
610 — ok. 546 mo H. 3.), APYyr MW, BO3MOXKHO, ydyeHUK daneca, TOBOPWII:
TIOCKOJTbKY HOBOPO)K/I€HHBIM Ue/loBeK 0OecrioMoIlleH, TO ec/id Obl TIepBBbIM
ye/IoBeK KaKUM-TO 00pa3oM IMOSIBUJICS Ha 3eMjie MJIaJieHI[eM, OH Obl He BBDKUIIL.
CBouM, MoOKa/yWd, MepBbIM B MCTOPUM ue/iOBeUueCTBAa HaMEKOM Ha SBOJIFOLIUIO
AHaKCUMaH/Ip apryMeHTHUPOBaJI, UTO JIFOAU JO/DKHBI ObUTA Pa3BUTHCS U3 APYTHUX
JKUBOTHBIX, UbU JIeTEHBIITH Oosiee MprCriocobieHbl K )KU3HM.

Ha Cunumuu Owmnenokn (ok. 483/84 — wmexay 430 u 420 go H. 3.)
HaO/Mofam, Kak  HMCIIO/b3yeTCs  KJencuipa —  YCTPOMCTBO, HWHOTZAA
TIpUMEHSsIBIIleeCss B KauecTBe 4Uepriaka. Krercuzapa TipeiacraBiisieT co0Ooi
cheprueckrii COCyZi C OTKPBITbIM TOP/BIIIKOM U Ma/JleHbKUMM [IbIDOYKaMU B
nHuiile. Korna ee morpy»kaam B BO/ly, OHa HaroJIHS/IACh, & €C/IU TOPJIBIIIKO 3aTeM
3aKpbIBa/iM, TO KJETICHPY MOXXHO OBbIIO BBIHYTH M3 BOJIbI, U TIPU 3TOM BOZia U3
JIIDOUEK He BbITEKasia. DMITEJIOK/ 3aMeTWI: €C/IM TOPJIbIIIKO 3aKpbITh Iepe/]
TOrPY’>KeHWeM, TO KJIerCupa BOJOM He HaroHseTcs. M3 3TOro OH 3aK/IFOumiI,



YTO MPOHUKHOBEHUIO BOAbI B Cepy CKBO3b ABIPOUKU [IOJ/DKHO MPENsTCTBOBATh
HeuTo HeBuAUMOe. Tak OH OTKPbUI MaTepUa/ibHYyH CyOCTaHIMIO, KOTOPYHO MBI
Has3bIBaeM BO3/yXOM.

[TpumepHo B TO e Bpemsi [lemokput (ok. 460 — mexzay 380 u 370 no
H. 3.) U3 uoHuickoi kKonmoHun B CeBepHoii [peliy 06AyMbIBai, UTO »Ke
TIPDOMCXOAUT, KOTZAA TipefMeT pa3buBalOT WM pa3pe3aldT Ha uyactu. OH
yTBepX/aa, uTO 3TOT TMpOLIeCC HEBO3MOXKHO TIPOZAO/KaTh OeCKOHEeUHO.
[1eMOKpUT BbICKa3as MbIC/Ib O TOM, YTO BCe, BK/IFOUAsi JKUBbIE CyILleCTBa, COCTOUT
13 MPOCTEeUIINX YacTul], KOTopbie Oosiee HEBO3MOXKHO pa3pe3arb WU Pa3dUTh.
OTM KOHeuHble YaCTMLbl OH Ha3BaJl aroMaMd — OT [peueckoro
TIpU/IaraTe/ibHOTO, 03HAUAIOIIEro «He/le/TMMbIii». [leMOKpUT rosiarai, 4to Jitoboe
MaTepuasibHOe SiBJieHUe TIpe/iCTaB/sieT co00l pe3y/ibTaT CTOJKHOBEHUSI aTOMOB.
[Io ero Teopuw, Ha3BaHHOW AaTOMH3MOM, BCe aTOMbl Ie€peMeLaloTCs B
TIPOCTPAHCTBE U, €C/IU UX He TPOraTh, MOT'YT ABUTATHLCS TI0 MPSIMOM OeCKOHEUHO.
CeroziHs 5TO Ha3bIBalOT 3aKOHOM MHEPLUH.

PeBOJTIOI[MOHHYIO MBIC/Tb, UTO MbI JIUIIIb 00bIUHBEIE 0bUTaTe M BeeneHHol, a
He 0coOble CylllecTBa, Y/IOCTOEHHbIe UeCTU HAxXO[UThCS B ee 1[eHTpe, MepBbIM
BbICKa3zan Apucrtapx Camocckui (ok. 310 — ok. 230 go H. 3.), OIUH U3
rnocaeAHUX yudeHblx MoHun. M3 ero pacueToB yuesen Jullb CJIOKHbBIA
reoMeTpUUeCcKuil aHaau3 TIATebHO BBIMOJHEHHBIX WM HabMoeHuit 3a
BeJIMUMHOM 3eMHOW TeHU Ha JIyHe BO BpeMsl JIyHHbIX 3aTMeHud. M3 3THx
JNaHHBIX ApucTapx cZiesian BbiBoJ, uTo CosHIle JO/DKHO ObITh HAMHOTO OOJbilie
3emsii. B03MOXKHO, BIOXHOBJEHHBIM HJeeli O TOM, UTO MeJIKMe OOBbeKTbI
JIO/DKHBI BpalllaThCsl BOKPYT OIPOMHBIX, @ He HaoOOpOT, OH CTaj TepBbIM, KTO
3asBUJI, UTO 3eMJIsl He TIpe/iCTaB/isieT OO0l 1leHTpa Hallle MIaHeTHON CUCTEMBI,
a CKOpee OHa W MpOYMe TJIaHeThl BPaIllal0TCs BOKPYT Tropa3o 0osiee KPyIHOTO
Connuya. OT MOHMMaHMSL TOro, YTO 3eMJisl BCero JMIlb OfHA W3 TIUIaHET,
OCTaBaJICAd TOMBKO LIar O MbICAH, 4YTO Haile CoJiHLIe TOXe He TIpe/CTaB/sieT
co0oif HUYero UCKIHUUTEBHOT0. ApPUCTapX T0/[03peBasl, UTO 3TO UMEHHO Tak,
W T[ofaraj, uTO 3Be3flbl, KOTOpble Mbl BHAWM Ha HOUHOM Hebe, B
[leCTBUTEIBHOCTH He UTO MHOe, KaK y/a/JeHHble COMHLIa.

Yuenble loHUM ObUIN TIPEACTAaBUTENSIMUA OJHOW W3 MHOTUX (PUI0COPCKUX
mkon [peBHeit I'peljun, UMeBIIMX CBOW COOCTBEHHbIE TPA/ULIMH, 3a4aCTYHO
TIPOTUBOPEeUMBLLIYe ApYyTrUuM LikoiaMm. K coxaneHuro, mogxos MOHUKMCKOM LLKOJIbI
K TPUPOJHBLIM SIBJIEHUSIM, COCTOSIBIIIMM B TOM, UYTO WX MOXHO OOBSICHUTH
oOIMMU 3aKOHAMU U CBECTH K MPOCTOMY HabOpy MPUHIUIOB, UMeJl CUJIbHOEe
B/IMSIHAE Ha MPOTSDKEHUU BCEro JIMILIb HeCKOIbKUX CToneTui. OHOM U3 MPUUYKH
3TOTO OBIZIO TO, UYTO B MOHUMCKUX TEOPUSIX 3a4acTyr0 He HaXOAWI0Ch MecCTa [ijIs
TaKMX TIOHSTHM, KaK «CBOOOJA BOJM» WK «IpeAHa3HaueHue», 00 s



KOHLIeMnuu 06 yuacTuu OGOTOB B Jiesiax MUpa. JTH TOpa3uTe/bHbIe YITYIeHUs
BbI3bIBA/IM Y MHOTUX TPeUeCKUX MBICJUTe/el CTOJb XKe ryboKoe 6eCroKonCTBO,
KaK W y MHOTux Jofeit cerofHs. ®unocod IOnukyp (341-270 go H. 3.),
Harpuvmep, BBICTYNA/l MPOTUB arOMU3Ma Ha TOM OCHOBaHMY, 4YTO «Iyuyllle
cienoBath Mudam o Oorax, yem craTh ,,pabomM“ ymena Hatypdumocodos».
APpHUCTOTeJIb TOXKE OTBepraj KOHLIeILUK aTOMOB, TaK KakK He MOT' JOIlyCTUTb, UTO
JIIOU  COCTOSIT W3 MEPTBBIX, HeoAyllleB/leHHbIX 00BeKToB. I[IpeamnonokeHue
VIOHUWCKUX y4YeHbIX, UTO YeJI0BeK He sIB/sgeTCsl LieHTpoM BcesneHHOUW, — 3TO
Bexa B HallleM TTIOHUMaHWU KOCMOCa, HO OHO ObIJI0 OTOPOIIIEHO U He TI0ZXBaueHO
CHOBaA ellle MOYTH JBajLaTh CTOJIeTHUH, BIVIOTh A0 ['amuneo ["anves.

XoTst OOMBIIMHCTBO Wlel IPeBHUX IPEKOB ObLIO CTOJIb Ke TIPOHUILIATEeTBHO,
KakK ¥ HEeKOTOpble WX JIOTajIku O TIPUpO/ie, B HAIllM IHA OHU He TIOMYUYMId Obl
cTatyca ZieiCTBUTeNbHO HayuHbIX. [10CKO/BKY IpeKu He pa3paboTany HayuHOTO
MeTO/la, X TeOpUU CTPOWIMCH Oe3 pacueTa Ha 3KCIIEPUMEHTA/IbHYI0 MPOBEPKY.
[Tos3TOMYy ecnu OfUH y4yeHbI yTBepyKJas, YTO aTOM JBMKETCS IO MPSMOU, TTOKa
He CTOJIKHETCS C JAPYTMM aTOMOM, a JPYrOW YYeHbIM yTBep)KJAaj, UTO aroM
JBYDKETCsI 110 TIPSIMOM, TI0Ka He y[apUTCs B IIUKJ/IONA, TO He ObLI0 00beKTUBHOTO
MyTA ynaguTh uX crop. He ObUI0 Takke M UYETKOTO pa3Iuuus MeX1Iy
¢r3UUeCKMMY 3aKOHAMM 1 3aKOHaMM 4YeJI0BeYeCKOoro CyljecTBoBaHus. B V Beke
[0 H. 3., HarpuMep, AHaKCMMaH/Jp MMCaJ, YTO BCe Cyllee IPOMCXOAUT U3
TiepBOBeIlleCTBA U BO3BpalllaeTCsl B HET0 ke, uTOObl «3ariaTUTh mTpad u
TIOHEeCTH HaKa3aHUe 3a CBOU 3710fesiHUs». A noHuKcKui punocod ['epakmut (oK.
540 — ok. 480 go H. 3.) cumran, uto CosHile BefeT cebsi Tak, a He HHaue,
TOTOMY UTO OHO OOWTCS Haka3aHus OOTMHU CrpaBeJMBOCTU. Heckosbko
CTONETUM CHOYCTS CTOUKW (TIPUBEP’KEHL[bl Tpeueckor (UIoCOPCKON IIKOJIbI,
BO3HUKILIEH npuMepHO B III Beke [0 H. 3.) HakKOHeL| TIPOBE/IM FPAaHULy MEXAY
3aKOHaMHU TIPUPO/bI ¥ HOPMaMU TI0Be/IeHUsI JIF0Jlel, HO K 3aKOHaM TNPUPO/bl OHU
OTHeC/IM U Te HOPMbI TOBeJ|eHHs JIFOfe, KOTOpble CYMTal YHUBEpPCaIbHbIMHU,
HarmpyuMep TIOK/JIOHeHWe Ooram W mociyiiaHue poputensiMm. VI HaobopoT, oHu
YyacTo ONMChIBA/IM (DU3MYeCKHe TpPOLlecChl HOPUJAYECKUMU TepMHUHAMU U
ToJlaraiy, 4YTo K UCTOJHEHUIO (PU3NUeCKUX 3aKOHOB C/IelyeT MPUHYXKAATh, Jaxe
ecmi OOBeKThl, KOTOpble [O/DKHbI «IIOAUMHATBCS» 3aKOHaM, SIBJISHOTCS
HeofyleBieHHbIMU. Ho eciiu yK jrofieli TPyIHO 3aCTaBUTh COOMIOATh MpaBUia
JIOPOYKHOTO JIBV)KEHUSI, TO MpeficTaBbTe cebe, KAKOBO 3TO — yOeluTh acTepou/|
JIBUTaTbCA T10 3JUIUIICY.

OTa TpajuLusl Ha TMPOTSHKEHUMM elle MHOTMX CTOJIeTHW IIpOJoJDKasia
OKa3blBaThb B/IMSIHME Ha MbIC/IWTe e, MpUIIeIINX Ha CMeHy rpekam. B XIII
BeKe XpUCTHMAHCKUK (unocodp Poma AKBUHCKUM (OK. 1225-1274) mnpuHsn
TaKyto >Ke TOUKY 3pPeHHsl U UCII0/Ib30Basl ee Jjis JoKa3aTe/bCTBa ObiTus bora. OH



nican: «Bce B nprpose ABWKeTCS K CBOeU KOHEUHOM e/l He C/Iy4YarHO, a I10
KakOMY-TO HamepeHUto... U cTano ObITh, UMeeTCsl pa3yMHOe CYII[eCTBO, KOTOPOe
HarpaB/sieT BCe, YTO €CTh B TMPHUPOJE, K KOHeUHOU 1enu...» Haxe yxe B XVI
BeKe Be/IMKWW Hemelkud actpoHoM WoranH Keriiep (1571-1630) Bce ere
ToJiaraji, 4YTo IylaHeThl CrI0COOHBI BOCIIPUHUMAThL CMBIC/I U OCO3HAHHO CJIe/IYIOT
3aKOHaM JIBW>KEeHUsI, KOTOPbIe ObLTH YCBOEHBI X «YMOM».

IToHrMaHue TOro, 4ToO 3aKOHaM MPUPOABI HY>KHO OCO3HAaHHO TTOBUHOBAThCH,
OTpakaeT COCPeJOTOYEHHOCTh JPEeBHUX MBICJIUTENIE Ha TOM, noueMmy NpUpoja
BeZieT ce0si UMEHHO TakKuM 00pa3oM, Kak 3TO UMeeT MeCTO ObITh, a He Ha TOM,
Kak oHa cebsi BefieT. ApHUCTOTe/b, OTBEpPraBIldi WJIel0 O HayKe, OCHOBAHHOU
TIPeUMYIIIeCTBEHHO Ha HabmrofeHuH, ObLT OJHUM W3 TJIaBHBIX CTOPOHHUKOB
Takoro ToAxoza. B soboM cyyae BBITIOTHEHWE TOYHBIX W3MepeHuil U
MaTeMaTUUeCKUX  pacyeToB B  JIPeBHOCTHM  ObUIO  3aTpyAHUTEBHBIM.
[To3urMoHHas fecaTUYHas CUCTeMa CUYMC/IeHUs, KOTOPYHO MbI Io/1araeM BecbMa
yaoOHOM /1St apruMeTHUeCKUX BBIUYMCIEHUH, TOSIBUIACh JIUIlL 0KoJio 700 ropa,
KOTZla WHAWWULIBI CAefaly TepBble 3HaUMTE/IbHbIe LIaryd K IpeBpaljeHu0 3TOro
criocoba B MOIIIHbIN UHCTpyMeHT. [Jo XV Beka He ObUIO MaTeMaTUueCKUX 3HAKOB
TJTFOC U MUHYC. A 3HaKa paBeHCTBAa M 4YacOB, CIIOCOOHBIX U3MepSTb BpeMS C
TOYHOCTBIO 10 CeKyH/Ibl, He CyILeCTBOBaJIo BIUIOTh 0 XVI Beka.

OpHako ApuUCTOoTeNb B U3MEPEHUSIX U pacyeTax He BU/JIe/T MPensiTCTBUN [IJis
pa3BuTHusi (U3UKH, KOTOpasi Moryia Obl JlaBaThb KOJUUYECTBEHHbIe TPOTHO3bI.
Ckopee, OH He CuMdTa/ HYXHBIM IPOM3BOAUTE UX. BmMecTo 3TOro ApucToTesb
MOCTPOW/I CBOKO (DM3UKY HAa MPUHLUIAX, NPUB/IEKaBILIMX €r0 WHTe/IeKTyasbHO.
On otbpackiBan (akThl, KOTOpble CUMTa/J Maj0BaXXKHbIMU, U COCpPeAOTaurBasl
CBOM YCWJIWSI Ha TPUUMHAX, B CHJIy KOTOPBIX UTO-TUOO TPOUCXOAMT, He yaessis
[IOCTaTOUHOTO BHUMAaHUSA [IeTa/lbHOMY BBISICHEHUID TOrO, UYTO >Xe WMEHHO
IPOMCXOAUT. APUCTOTE/Ib YTOUHS/I CBOM YMO3aK/IFOUeHUs] TOJILKO TOrZJa, KOrja
VX BOIHIOII[ee HeCOOTBETCTBUE HAO/IOIeHUsIM YKe Heslb3sl OblI0 UTHOPUPOBATh.
Ho 3Tu yTouHeHusi 3auacTyi0 ObUTM OOBSICHEHUSMU [ijii  KaKoro-aubo
KOHKDETHOr0 CJiyyasi, T03BOJISIBIUMMM JIWILb CIJIAAUTh MNPOTUBOpeure. Takum
o0pa3oM, KakK Obl CUJTBHO €ro TeOpHsi HU OTKJIOHS/IaCh OT PeasibHOCTH, B KaXK/IOM
OTZIeJIbHOM C/Ty4ae OH MOT U3MEHUTh ee HaCTO/bKO, YTOObl CO3/laTh BUJUMOCTD
OoTCyTCTBUSI KOHbIMKTA. Haripumep, ero Teopusi JBWKeHUsI yTBeprkjasa, 4To
TsDKeJlble Tejla NaJarT C MOCTOSSHHOW CKOPOCTBIO, TIPOMNOPLIMOHA/BHOM UX BeECy.
UroObl 0OBSICHUTL TOT (akT, YTO Teja IO Mepe TMaJeHus sBHO HabOWparoT
CKOPOCTb, OH TIPUAYMaJ/l HOBbIM TIPUHLMII, COIJIACHO KOTOPOMY TeJia, 0 Mepe
TOTO KaK OHU TIPUOJIKAIOTCSI K CBOEMY eCTeCTBEHHOMY MeCTY TOKOsI, ABWXKYTCS
Gosiee paJOCTHO U MOTOMY yCKOPsitOTCsi. CeroiHs OA00HbBIN TIPUHLIUTT BBITVISUT
Oosiee TOAXOMAIIUM [Ijisi OTMCAHUS JIFOflel, ueM HeoJylleBJIeHHbIX OOBeKTOB.



Xotd Teopuu ApuUCTOTeN 3a4acTyl0 HMeIu Mallyl0 LeHHOCTb  [JJIs
rpe/iCKa3aHui, ero IOoAXOZ, K HayKe TOCIIOACTBOBa/ B 3araJHOM MBbILUIEHUH
TIOYTH [iB€ THICSUU JIeT.

XPpHUCTUAHCKVe TIpeeMHUKU FPeKOB OTBEPIVIM MbIC/Ib O TOM, YTO BceneHHas
ynpaB/sieTcss 6e31ylIHBIMM 3aKOHaMU TIPUPOAbBI, a TaKXKe TO, UTO JIIOAU He
3aHUMAIOT NIPUBU/IETUPOBAHHOIO MecTa BO Bcenennout. I xota B CpefjHue Beka
He ObIJI0 eIMHOM CTpOlHON GunocodCkoit cucTeMbl, CUMTANOCh, UTO BeeneHHast
— 93TO wrpymieuHbiii gomuk bora, a penurusi ropasgo Oomee [gocToliHa
V3yueHUs, yeM IpUpOJHbIe siBjieHUs. VI B camoM fesie, B 1277 rofy enuckomn
[Tapwxckuii Temribe, nercTByst 1o ykasaHuto [lanbl Pumckoro Moanna XXI,
obHapozioBan cnucok 219 3abmykaeHui, Wik epeceid, KOTOpPbIe TMO/|IeXKaau
ocyxjenuto. Cpeu HUX OblIa U MBICL O TOM, UTO TIPUPOJA TOAUYUHSIETCS
CBOMM 3aKOHaM. B Crivicok oHa rorasa 3a TO, YTO IPOTUBOpeYmnsa CyXIeHUI0 O
BceMoryliiectBe bora. JIto60MBITHO, UTO HECKOJILKO MecsiieB cirycTs MoanH X XI
norub u3-3a /IeHCTBUSI 3aKOHA TATOTEHUs — Ha Hero oOpyllvaach KphIlia ero
ZiBopLia.

CoBpemeHHOe TIpe/iCTaB/ieHre O 3aKOHaX TPUPO/bI TTOABUIOCH B X VII Beke.
Kensiep Obla, To)Kanyl, MepBbIM yueHbIM, TTOHMMABIIIMM 3TOT TEPMUH B €ro
COBPEMEHHOM 3HAaueHUM, XOTs, KaK Mbl Yy)Ke CKa3ajM, OH IIpuJepKuBajcs
AHUMUCTUYECKOTO B3IVIsiZla Ha (pu3nueckue OOBEKTHI, TO €CTb BepWI B HUX
oJly11eB/IeHHOCTb. TanbssHCKUM ecTecTBoUCTbITaTenb ["amuneo Nanunen (1564—
1642) B GOMBIIMHCTBE CBOMX Hay4YHbIX pPabOT He MCTOIb30Ba/l TEPMUH «3aKOH»
(XOoTL OH U TOSB/SIETCS B HEKOTOPBIX MepeBojax ero Tpyznos). HesaBucrumo
OTTOrO, YTNOTpPeO/siT OH 3TOT TePMUH WX HeT, ['ajivneill OTKPBIT BeJIMKOe
MHOYKeCTBO 3aKOHOB Y OTCTaWBa/l BaXKHble TIPUHLIUIIBI, CUMTasi, UTO HabMreHus
COCTaB/ISIIOT OCHOBY HAayKW M YTO Ljelb HAyKu — UCCIe[0BaHUe
KOJIMYECTBEHHBbIX  OTHOLLEHWW, CYLIeCTBYIOIIUX MexJy  (u3uuecKuMu
siB/ieHUsIMU. Ho mepBbIM, KTO YeTKO U CTPOro c(hOpMy/IMpOBasl MOHSATHE 3aKOHOB
MPUPO/Ibl B HAllleM HBbIHEIIHeM Mpe/CTaBAeHUH, CTaa (PpaHLy3CKUM YyueHbIU
Pene [lekaprt (1596-1650).

Hexapt monaran, 4yto Bce (uU3UUeCKUe SIBJIeHUs C/iefyeT OOBSICHSTh B
TepMHUHAX CTOJIKHOBEHUS JABWKYLLMXCSA MacC, yrpas/sieMbIX Tpemsl 3aKOHaMU —
rpejTeyaMy 3HAMEHWTHIX HbIOTOHOBCKUX 3aKOHOB JBWkKeHUs. OH yTBeprKiall,
YTO 3TH 3aKOHbI NPUPO/ABI JeHCTBYIOT BCerja U Be3/ie, U KaTerOpUYHO 3asiBIIsil,
YTO MOJUMHEHVe UM He TIpejriosiaraeT HajJlduvsg pasyMa y 3TUX [ABWKYLUXCSA
Macc. [lekapT TakKe IIOHsJI Ba)KHOCTb TOTO, YTO Mbl CerojHs HasblBaeM
Haya/bHBIMU YCJIOBUAMU. OHM ONMUCBHIBAIOT COCTOSSHYME CUCTEMBbI B Hayase
KaKOro-TO MHTepBajia BPeMEeHH, Ha KOTOPbIM HaMepeBarTCsl CZesaTb MPOTrHO3.
[lpu maHHOM Habope HauaMbHBIX YCJIOBUM 3aKOHBI TIPUPO/bI OTIPe/IessifoT, Kak



cucrteMa OyzeT pa3BuUBaThCs BO BpeMeHH, a BOT 0e3 orpefiesieHHOro Habopa
Haua/IbHbIX yCJIOBUM pa3BUTHUeE MpefcKa3aTb HeBO3MOKHO. Eciu, Hampumep, B
HY/IeBOM MOMEHT BpeMeHU rojiy0b TMpsiMo y Bac Hajfl TOJIOBOM KOe-uTO DOHSIeT,
MyTb S3TOr0 Tajaroliero obbekTa orpejenseTcss 3akoHamu HeiotoHa. Ho
pe3ysibTaT OyZleT COBepIleHHO pa3HbIM B 3aBUCHUMOCTHU OT TOTO, CUJieJT I ro1y0b
B HyJIEBOM MOMEHT BpeMeHU Ha Tesle(pOHHOM MPOBOJE WM JIeTeJl CO CKOPOCTHIO
20 munb B yac. UToObl MpUMeHsITh (pu3nMUecKre 3aKOHbI, HY>KHO 3HaTh, C Uero
CUCTeMa CTapToBajla, WIW, N0 KpaliHeld Mepe, ee COCTOSIHUE B OIpefie/IeHHOe
Bpemsi. (3aKOHbI MOTYT OBbITb Tak)Ke HCIOAb30BaHbl U Jisi TIPOC/IEKUBaHUS
CUCTeMbl 0OpaTHO BO BpeMeHH. )
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«3a BpeMsl CBOEro J0/roro L{apCTBOBaHUS S TIOHSJI: CTAHOBUTCS
Kapue».

C B0300HOBNIEHHOW BEpPO B CYII[eCTBOBaHHE 3aKOHOB MPUPO/IbI TTOSIBUTHUCH
Y HOBble MOMBITKM TPUMUPUTL 3TU 3aKOHbI C moHsTMeM o bore. CornacHo
Hekapty, bor MoxeT mo cBoeli Bojie W3MEHWTb MCTUHHOCTb WM JIOXKHOCTb
3TUYECKUX CY)XKIeHUN WIM MaTeMaTUueCKWX TeopeM, HO He mpupoay. [lekapT
riosiaraji, yTo bor ycraHoBu/I 3aKOHbI MPUPO/Ibl, HO HE WMes BO3MOXXHOCTH MX



BbIOMpaTh. OH B3si/1 UX TIOTOMY, UTO 3aKOHbBI, KOTOPbIE MbI OIIyIIlaeM, SIB/ISTFOTCSI
eJUHCTBEHHO BO3MOXXHbIMU. TakoW MOAXOZ MOr T[0Ka3aTbCd YllleM/IeHueM
MoryiectBa bora, Ho [lekapT oboiiies1 3T0 3aTpyHeHUe, 3asiBUB, UTO 3aKOHbI
HeJIb351 U3MEeHUTh, [IOTOMY UTO OHU — OTpPakeHHe BHYTpPeHHeu npupoasl bora.
Ecmu 3T0 Tak, TO MOXHO Obiio Obl ToAymarth, uTo bBor Bce-Taku umen
BO3MO)XHOCTb COTBOPUTH MHOXXECTBO Pa3/IMYHbIX MUPOB, KaXKJOMy U3 KOTOPbIX
COOTBeTCTBOBan Obl COOCTBeHHBIM Habop Haya/ibHBIX yciaoBuil. Ho [lekapt
oTBepr ¥ 3To. He3aBUCHMMO OT TOrO, KaKuM OBLIO COCTOSIHME MaTepuu IMpu
3apox/ileHuu BcesieHHOM, yTBep)KJaa OH, C TeueHHeM BpeMeHU 00pa3oBasicsi Obl
MUP, UeHTUYHBIK HalleMmy. bonee toro, [lekapT moHUMas, U4TO Kak TOJBKO bor
TIpUBeJT MU B [IBIDKEHHE, TO Cpa3y ke MpeloCTaBU/I ero camomMy cebe.

[Togo6HyI0 MO3ULMIO (C HEKOTOPBIMH OTIMUUSIMM) pa3fensii aHIIAACKUM
¢u3uk u marematuk Mcaak Heroton (1643-1727). bnaromapsi cBoum Tpem
3aKOHaM [IBW)KEHUSI U 3aKOHY TsroteHusi HbrOTOH obecrmeuns COBpeMeHHOMY
TOHATUIO HAYYHOIO 3aKOHa IIOBCeMeCTHOe Bocmpusitie. FEro 3akoHbl
UCTIONB3YITCS i pacueta opouT 3emuid, JIyHbI U TIJIaHET U OOBSICHSIIOT TaKue
sIBJIeHUs], KaK TpWIKBLI. Te HeMHOTHe ypaBHeHUs, KOTOpble OH pa3paboTan, u
JleTa/IbHO pasBuUTasg HaMW BIOC/Ae[ACTBUM Ha MX OCHOBe MaremMaTuyeckas
CTPYKTypa [0 CUX IOp MPEerojarTCs U LIHUPOKO UCTIOIb3YHTCS — MPOEKTUPYeT
JI1 apXUTEKTOD 37laHKe, KOHCTPYUPYET /I UHXXeHep aBTOMOOU/Ib, BBITIO/HSIET /U
(GU13UK pacueThl TapaMeTPOB T0JieTa PaKeThl, KOTOpasi AO/DKHA JoCTuUb Mapca.
Kak cka3an anrmunckuid nost Asekcanzp [loym:

[Tpupoay U ee 3aKOHBI MpakK 6eCIpOCBeTHLIN COKPhIBAJL.

Bor nipou3sHec: «/la OymeT HbpOTOH!» — U CBET HaJj MUPOM BOCCHSLIT
]

CerofiHsi G0O/MBIIMHCTBO YU€HBIX CKa3alu Obl, UTO 3aKOH TMPHPOABI — 3TO
TIPaBU/I0, OCHOBAaHHOe Ha HalO/irofaeMoil MOBTOPsieMOCTH U obecrieurBaroliee
TIPOTHO3bI, BBIXOAMIIME 3a TIpe/iesibl TeX HeIroCPe/ACTBeHHbIX CHUTYyal[di, Ha
KOTOPBIX OHO OCHOBBIBaeTcsl. Hamprimep, Mbl MOIVIM OblI 3aMeTHTh, UTO KaXK7oe
yTPO B Hallleid )KM3HU COJTHI[e BOCXOJUT Ha BOCTOKe, U C(hOPMY/IMPOBATh 3aKOH:
«CorHlle Bcerzia BOCXOJUT Ha BOCTOKe». DTO 0000IIeHre BBIXOAUT 3a MPeesibl
HaIlIMX OrpaHUYEHHBIX HaOMOeHUH BOCXO/ISIIero CO/THIIA U /IaeT IMPOBepPsSieMbIi
nporHo3 Ha Oyayiiee. C  JOpyrol CTOPOHBI, Takoe yTBep)KAeHHe, Kak
«KommbroTepsl B HailleM oduce YepHbie», He SIBJISIeTCS 3aKOHOM TIPUPO/IbI, b0
OTHOCHTCSI TOJILKO K KOMITbIOTepaM B Tipefiesiax oduca U He JiaeT MPOTHO30B,
10/JOOHBIX, HaTIpUMep, TakoMy: «Eciu Halll ohrC KynUT HOBBIM KOMIBIOTEDP, OH



OyzieT uepHbIM».

CoBpeMeHHO€e TTIOHMMaHVe TePMHUHA «3aKOH MPUPO/Ib» SIBJISETCS BOMPOCOM,
KOTOpBIN 06cyxaaetcst pumocodamMy Ha MPOTSHKEHUU JIJTUTENTLHOTO BPEMEHH, U
3T0 0Ooslee TOHKWN BOMPOC, YeM MOXKeT T[I0Ka3aThCsl Ha TIEPBbINA B3IJIA/.
Hanpuimep, coBpeMeHHbIN amepukaHCKud ¢unocod [IxoH Kspposnn cpaBHUI
yTBepXKAeHue «Y BCex 30/I0ThIX LIapOB JuaMeTp MeHbIlle MUIN» C
yTBep)XKAeHneM «Y BCeX ILIapoB M3 ypaHa-235 [uaMeTp MeHbllle MUin». Harum
HabO/rO/IeHUsT 32 OKPY’KaloIUM MHUDPOM CBUZETeNbCTBYIOT, UTO He CYI[eCTBYeT
30/I0TBIX IIAPOB TIOTIEPEUHUKOM Oobllle MUIM, U Mbl MOXeM ObITb BIIOHe
yBepeHbl, UTO UX HUKorja He OyzeT. I Bce ke y HaC HeT OCHOBaHUSsI T0JIararh,
YTO UX He MOXeT ObITb BOBCE, MO3TOMY Takoe YTBep)KJeHWe He CUMTAeTCs
3akoHOM. C Jpyroul CTOPOHBI, yTBep)K/eHHe «Y BCeX I1apoB W3 ypaHa-235
JaMeTp MeHbllle MWIW» MOXeT CUYUTATbCSl 3aKOHOM MPUPOABbI, TaK Kak,
COIVIACHO HAlllUM 3HaHUSIM MO0 si/[lepHOM (U3MKe, ecjiu Iap U3 ypaHa-235
JOCTUTHET pa3MepoB OoJibllle I1eCTA /[IOWUMOB B [uamMeTpe, OH caM cebs
YHUUTOXUT si/IePHbIM B3pbiBoM. Crie[joBaTe/lbHO, Mbl MOXKEM OBbITh YBepeHbl, UTO
TaKWX 111apOB He CYIIeCTByeT (a TpeJjioKeHue TOMbITaThCsl CieiaTh 1oj00HbIM
11ap Hesb3s OTHEeCTH K XOPOLIMM HfesM). JTO Ba)KHOe pas3/inuve, TakK Kak OHO
Har/IsTHO TIOKa3biBaeT, UTO He Bce 0000I1eHNs, BbIBeJjeHHbIe W3 HaIlUX
Hab/0/IeHUH, MOYKHO CUMTaThb 3aKOHaMU MPUPO/IbI U UTO OOJIBIITMHCTBO 3aKOHOB
TIPUPO/IBI CYI[eCTBYeT KaK uacTh Oojiee KPYMHOW CHUCTEMbl B3aMMOCBSI3aHHbBIX
3aKOHOB.

B coBpemMeHHOWl Hayke 3akOHbI TIpUPOZbI OOBIYHO  BBIPAXKAIOTCS
MaTteMaTuuecku. OHU MOTYT OBbITb TOUHBIMU WX MPUOIVYKEHHBIMU, HO JIO/KHBI
OCHOBBIBATbCsl Ha MPOBe/IeHHBIX HAO/IO/IeHUSIX U HEYKOCHUTeTbHO COO/THoIaThCs
— eC/IM He BCerja W Be3zie, TO, M0 KpaliHeW mepe, TIPU OrOBOPEHHOM IepeuHe
ycioBuil. Hampumep, Terepb Mbl 3HaeM, UTO 3aKOHbI HbIOTOHA /10/DKHBI OBbITH
V3MeHeHbl, eCI OOBEeKThl TepeMelaloTCsi CO CKOPOCTSMHU, OMU3KUMU K
ckopocTh cBeta. VI BCce ke Mbl CuuTaeM, UYTO 3aKOHbl HbIOTOHa ocCTarOTCA
3aKOHaMH, TIOCKO/MBbKY OHM COOJIOflaloTCsA, T0 KpaiiHeld Mepe C XOpOIlei
CTereHbl0 TIPUOIVKEHUs], B YC/IOBUSIX TIOBCETHEBHOM >XU3HU, TIe Mbl UMeeM
Zle/10 CO CKOPOCTSIMU MHOT'O HM)Ke CKOPOCTH CBeTa.

Ecnm nprpozon yrpasisitoT 3aKOHbI, TO BO3HUKAET TPU BOIIPOCa:

1) KakoBO NpoUCXOK/IeHUe ITUX 3aKOHOB?

2) BbIBarOT /I UCKJTFOUEHUS U3 STUX 3aKOHOB, TO €CThb uyjeca?

3) imeeTcst 1 TOJIBKO O/IMH HAOOpP BO3MOKHBIX 3aKOHOB?

OTU Ba)KHble BOIPOCHI B TOW WM WHOW (popMe CTaBWIM Tiepefi coboib
yueHble, Gpuiocodbl U Teosoru. TpagULMOHHbIA OTBET Ha TEePBbIM BOMPOC —
orBeT Keruiepa, l'amunes, /lekapra 1 HbroTOHAa — COCTOSI/T B TOM, YTO 3THU



3aKOHbI co37aHbl borom. OpHako 310 He Oosiee uem orpefesieHre bora Kak
BOIL/IOIIEHUsT 3aKOHOB MPUPO/bl. EC/ii TONMBKO He HazleuTh bora HEKOTOPhIMU
OPYTUMH TIpU3HaKaMH, HampuMmep TMpucynumMu bory Berxoro 3aBeTa, TO
obparrieHue K Bory fijisi oTBeTa Ha TIepBbIi BOMPOC JIUIITEL 3aMeHsIeT OfIHY 3arafiky
Ha Apyryto. [TosTomMy eciii MbI TiprberaeM K Bory, oTBeuast Ha TiepBbIi BOIPOC,
TO CO BTOPHIM BOIPOCOM, KaCalOU[UMCS UyZec, WCK/IIOUeHUN W3 3aKOHOB, —
HacTosias 6efa.
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«[lymato, BTOpO} 111ar BaM HY>KHO MpopaboTaTthb rayoske».

MHeHUs1 OTHOCUTE/IbHO OTBETa Ha BTOPOM BOIPOC DPE3KO pa3Ze/v/uCh.
[InatoH u ApucToTenb, camble BAUSITE/NbHbIE [peBHeErpeueckue aBTOPBI,
CUWTa/IU, YTO U3 3aKOHOB He MOXKeT ObITh UCK/TFOUeHui. Ho eciu MpUHATH TOUKY
3peHust bubsuu, To Bor He TONMBKO CO37a/ 3aKOHbI — K HEMY MOYKHO BO33BaTh B
MOJIUTBE C TIPOCBOOU CZiesiaTh WCK/IIOUeHHe: BbLIeUUTh CMepTe/bHO 00JIbHOTO,
JIOCPOYHO TMpEeKpaTUTb 3aCyXy WIA CHOBA BK/IKOUUTb KPOKeT B CIMCOK
OJIMMITMWCKUX BUZIOB criopta. B npoTuBoBec MHeHHIO [lekapTa TIOUTH BCe
XPUCTUAHCKUE MBICJUTENN yTBep)KAanu, uto bor momkeH ObITh criocobeH
TIPUOCTAHOBUTH [IeHICTBUE 3aKOHOB, uTOOBI COBepinarh uyzeca. Jdake HbrOTOH
Bepu/ B mofioOHble Belu. OH cuuTan, uTO OPOWTHI T/IaHET MAOJDKHBI ObITh



HeCTaOUIbHBI, TMOCKOJIbKY TI'DAaBUTAI[MOHHOE TPUTSHKEHHEe OJHOM TUIaHeThI K
Apyroii BieueT 3a co0Ooil MCKakeHHWe OpOUT, KOTOpoe CO BpemMeHeM OyzeT
YBEeIMUMBAThLCS 1 TIPUBEZIET K TOMY, UTO TJIaHeThI MO0 yrnaayT Ha ConHile, 11M00
ynetsaT u3 CosiHeyHOM cucTeMbl. OH Tosnaraj, yTto bor [o/DkeH MOCTOSIHHO
TOTIPaB/IATE OpPOUTBI — «3aBOAUTbL HebecHble Yachl, YTOObI OHU IIUIA 0Oe3
ocTaHOBKW». OjHako ¢paHIly3CKuli MaTeMaTMK W acTpoHoM I[Ibep CumoH
Mapku3 jge Jlarac (1749-1827), Gomee wu3BeCTHbIM TpoCTO Kak Jlaruiac,
yTBEp)KJan, uTo  TofgobHble  gedopmariud  OopOUT  JO/DKHBI  OBITH
NepyuoAnuyYeCKMMH, TO eCTb MPOUCXOUTh B BUE TIOBTOPSIIOIIUXCS 1[UKJ/IOB, a He
HakaruiBaThcsi. Takum o6pa3oM, ConHeuHas cucTeMa crocobHa cama
repe3arnyCckaTbCsd W HeT HyXJbl B bokeCTBeHHOM BMellaTeNbCTBE [J/Is1
00bsICHEeHUSs1, TOYeMy OHa COXPaHU/IacCh TI0 Celi /IeHb.

CunTaeTtcs, UTO UMeHHO Jlariac repBbIM YeTKO C(POpMYIUpOBaI MPUHLUIT
HAy4YHOr0 JeTepMUHM3MA: YUWThIBasi COCTOssHME BceneHHONW B HeEKOe BpeMs,
TO/IHBIA HAaboOp 3aKOHOB ormpefiesisieT Kak Oyayiee, Tak W TMpoluioe. ITO
HCKJTI0UYaio Obl BOBMOXKHOCTD UyZleC ¥ aKTUBHYIO posib bora. ITpuHIMI HayuyHOTO
JleTepMUHK3Ma,  CcopMysvMpoBaHHbIM  JlamjacoMm, — SIBJsSIeTCSI  OTBETOM
COBPEMEHHOI'0 YUeHOro Ha BTOPOM BONpoC. PaKTUUECKU 3TOT MPUHLUIT CTYKUT
OCHOBOW BCe€M COBPEMEHHOMW HayKH, U UMEHHO K HeEMY MPUB/IEKAETCSI BHUMaHUe
Ha MPOTSDKEHWH BCEro Halllero rnoBecTBOBaHWs. HayuHbIM 3akOH He SB/SIeTCS
TAKOBbIM, €CJIU OH BBIMOJIHSIETCS TOJIBKO /10 TeX MOp, MOKA He PellIdT BMeIlaThCs
Kakoe-mMbO CBepxbeCcTeCTBEHHOe CyiecTBo. IloBopsT, uTto HamomeoH,
rpu3HaBasi 3To, crnpocun Jlamiaca, Kak B TaKyk KapTUHY BIHChIBaeTCs bBor.
Jlarinac otBetun: «Cup, 1 He HYXZAaNACA B 3TOU rumnorese». [I0CKONBKY HOAU
JKUBYT BO BcesleHHOM W B3auUMO/IeHICTBYIOT C APYTMMH OOBeKTaMu B Hel, TO
TIPUHLIUIT HAYYHOTO JleTePMUHU3MA J0JDKEH BBITIOMHATHCS TAKXKe U IS JIFOfEM.
OpHako MHOTWe, TIpU3HaBasi, 4TO (hU3UYeCKUe TIPOLIeCChl TOAUHHSIOTCS
TIPUHILIUITY HAayYHOTO JleTePMUHM3MaA, [eJIal0T MCK/IIOUeHHe [/ Ye0BeyeCKOoro
TIOBe/IeHUs, TIOCKOJIbKY BepsT, YTo Mbl 0bOnasaeM cBobOomoi Bomu. [lekapr,
HarpumMep, uToObl COXPAHUTh HZIEI0 O CBOOO/E BOJU, 3asiBUJI, UTO UeI0BeUeCKUM
pa3yMm — 3TO HEUTO OTIMYHOe OT (PU3NUeCcKoro MUpa U He TOJUUHSIeTCS ero
3akoHaM. [lo ero MHeHMIO, YesIOBEK COCTOMT W3 JBYX yacTeld — Teja U JYLIM.
Teno — 3TO He UTO WHOE, KaK MeXaHW3M, a BOT Ayllla He SIB/ISeTCS TIpeMeTOM,
VMMEOLIUM OTHOIIIEHHEe K HayYHbIM 3aKOHaM.

[ekapT oO4yeHb WHTEpPECOBA/ICA aHATOMHUEU W TICUXOJIOTMeW W CUMTasl
BMECTU/IMIIIEM [yIIM KpOIleuHbld oOpraH B MO3re — J3nudus, WM
IIMINTKOBUHYIO >Kesie3y. OH TMofaraja, 4To UMeHHO B HeM (hOPMHUPYIOTCSI BCe
HaIlM MBIC/TH, a 3HAYUT, OH 1 €CTh UCTOYHUK CBOOO/IbI BOJIH.

Ob6naparor u yiropu cBobozoii Bosu? Eciiv y Hac ecth cBoOOZia BOM, TO Ha



KaKoOM 9Tare 3BOJIIOLMU OHa BO3HMKIA? EcTh /v cBoboza BOMM y CUHEe3e/eHbIX
BoJlopoC/ieli M OakTepuii, WM »Xe WX TOBeJieHWe HeINPOM3BOJIbHO U OHU
Haxo[sATCS BO BJAaCTM Hay4yHbIX 3aKOHOB? TOMBKO /1M MHOTOK/IETOUHBIE
opranusmbl 00/azal0T cBobogol BoM? MM Juiib MiekonuTatoiiye? Mbl
MOJKeM [IOMyCTUTb, UTO CBOOOAY BOJM TPOSBJSiET IIMMIIAH3e, KOT/a pelaeT
nepeKycuTh OaHaHOM, WM KOILIKA, KOTZAA ZiepeT Ball guBaH. HO uToO MOXHO
cKasartb 0 Kpymibix yepBsx Caenorhabditis elegans — npocrelimmx cylijectBax,
cocrosux Bcero u3 959 kietok? Ilo)kamyld, OHM HHUKOIZla He MOJyMaroT:
«YepToBCcKM BKycHasi OakTepusi rorasach MHe BOH TaM JilaBedya Ha obefj», — HO
TeM He MeHee U OHU TOXKe MMEIOT Orpe/ie/ieHHble TIPeATouTeHusl B efie U aubo
COTJIacATCS Ha HeNpUB/eKaTeIbHYI TMHILY, JIM00 OTMpaBsTcs [00ObIBaTh 4TO-
HUOyIb TIOBKYCHee — B 3aBUCUMOCTU OT HeJABHEro OrbITa. MOXKHO i1 3TO
CUUTaTh MPOsIBJIEHUEM CBOOO/IbI BOU?

XoTs Mbl AyMaeMm, UTO CIOCOOHBI /lefiaTb OCO3HaHHBIM BLIOOD, HAaIlM
Mo3HaHUsI B 00/71aCTH MOJIEKY/ISIPHBIX OCHOB OMOJIOTMM CBUZIETELCTBYIOT, UTO
OuosiorryecKre TIPOLeCChl TOJUUHSIIOTCS 3aKoHaM (DU3UKU U XMMUH, a TIOTOMY
CTOJIb Ke JIeTePMUHKPOBaHbI, Kak U OpOuTHI MlaHeT. HeflaBHMe 3KCriepUMEeHTHI B
00/1aCTH HEBpOJIOTUM TIOATBEP)KAAIOT MHEHHWE O TOM, UTO HAIllM TMOCTYIKU
OTpeZie/iIIOTCSl HAlllMM MO3TOM, KOTOPBIM TOAUMHSIETCS W3BECTHBIM HayUHbIM
3aKOHaM, a He KaKOH-TO Cuje, CYLeCTBYIOLeld BHe 3TUX 3akoHOB. Harmpumep,
HabmoZleHrs1 3a MaleHTaMM C TIOpa’keHWeM T'O0JIOBHOTO MO3ra IoKasasu, UTo
MyTeM 3/IeKTPOCTUMY/ISILIUM COOTBETCTBYIOLMX YUaCTKOB MO3ra MOXKHO BbI3BaThb
y OGOMBbHOTO >KejlaHWe CZie/iaTh /IBU)KeHUe KUCThI0 PYKH, TIIeUoM, CTYIHeN Wu
OTKDPBITb pPOT U UTO-TO CKa3aTb. TpyAHO cebe TmMpeACTaBUTb, KAaK MOXKET
TIPOSIBSITLCSI CBOOO/Ia BOJIM, €C/TU Hallle ToBe/ieHre orpe/ie/nsieTcsi pusnyeCcKuMu
3akoHaMu. [lo3TOMy, TIOXO)Ke, Mbl TpefcTaBjsieM cO0OW He UTO WHOe, Kak
OrosioruuecKrie MalvHbl, a CBo60/a BOIU MPOCTO WILTHO3KSI.

Ecmu cuurath, OyATO TOBeJeHUe /IOl [1elCTBUTENbHO TIOJUUHSETCS
3aKOHaM TpPUPOAbI, TO KaXKeTCsi pa3yMHbIM CJIe[lyIOILI1i BbIBOA: pe3y/bTar
orpeziesisieTCsl CTOMb C/A0XKHO M CO CTOJb MHOTMMM BapualysIMU, UTO JeJaTh
Kakue-mM0b0 TIPOTHO3bI TIPAaKTUUeCKU HEeBO3MOXHO. [T 3TOr0 HY)KHO 3HaTh
Haua/lbHOe COCTOSIHME Ka)K/IOM W3 ThICSUM TPWIIMOHOB TPWIJIMOHOB MOJIEKY/T
YyeJ/I0BeyeCKoro TeJjla U PelluTh Takoe »Ke KOJTMUeCTBO ypaBHeHHUH. JTO 3aliMeT He
OAVUH MWLIMap/, JeT, U Mbl HEeCKOJbKO 3aro3jjaeM YK/JIOHUTbCS OT Yzapa,
KOTOPbIM HaMepeBaeTCsl HAHECTH HaM CTOSILIUM PsIZIOM UesloBekK.

[TockonbKy KpailHe HeNpaKTUUHO WCMO/b30BaTh [/Isl  MpeJCKa3aHust
Yye/loBeueCKoro I0OBeZleHHsT OCHOBOIOJAraroie (usnyeckrde 3akOHbl, Mbl
npUziep>kuBaeMcsi TaK Has3biBaeMoM >S(QekTuBHONM Teopuu. OddeKTUBHas
Teopusi B (U3MKe — I3TO KapKac, CO3[aHHbI, uTOOBI MOJETUPOBaTh



oripezie/ieHHbIe Hab/MIO/jaeMble sIBJIeHHsI, He OIHCHIBAs B JleTajsaX JeXKallde B UX
OCHOBe Tmpoueccel. Hampumep, Mbl He MOXeM TOYHO peIlWTh YpPaBHEHUS,
yIpaB/siiOl[e T'PAaBUTALMOHHBIMM B3aUMOJENCTBUSIMM KaXkK[JOTO aroMa B
Yye/I0BEUECKOM Tejie C KaKIbIM aroMom 3emyd. Ho [/ig Bcex MpakTHUueCKUX
1leJield TpaBUTALIMOHHOE B3aWMO/eCTBHE Ue/ioBeKa C 3eMJield MOKHO OIUCaTh
BCET0 JIUIIb HECKOJTbKUMU YHWCJIaMHM, — HarpuMep, YMC/IOM, OIpee/stonuM
MacCcy Teja yYeqoBeKa. MblI TakKe He MOKeM peluTb YpaBHEeHUs,
oripeiesiAoIIMe TIOBe/IeHWe CIOKHBIX aTOMOB M MOJIEKY/, HO Mbl pa3paboTranu
3¢ (deKTUBHYIO TeOpHIO0 1107l Ha3BaHUEM XWUMMS, KOTOpasi [aeT [JOCTaTOYHO
10JIHOe OOBbsSICHEHMe TOro, KaK aTOMbl U MOJIEKY/bl BeAyT cebs B XUMMUUeCKHX
peakiusax, 06e3 paccMOTpeHHsT BCeX TMOAPOOHOCTeM WX B3aUMO/ENCTBUM.
[ToCKOBKY MBI He B COCTOSIHUM pPELIWTh ypaBHEHUs, OMpPeAestoliue Haille
ToBeJieHre, TO TPUMEHHUTE/IbHO K UesioBeKY T0/ib3yeMcsi 3(pheKTUBHOM Teopuei
0 TOM, 4YTO /roAd 00saZiafoT CBOOOZONM BonM. M3yueHueMm Haileid BOMM M
3aBUCAIIETO OT Hee TMOBe/leHUs 3aHMMAaeTCsl HayKa TMCUX0JIOrusl. DKOHOMUKA —
3T0 ToKe 3(hdeKTUBHAs Teopwsi, OCHOBAaHHAs Ha TIOHSITUH «CBOOOZAA BOJIM» U
TPeATIONI0KEHUH O TOM, UTO JIFOAM OLIEHHWBAIOT BO3MOXKHBIE aJ/IbTePHATHBHBIE
CriocoObl 1efiCTBUSI U BBIOMPAIOT Hawiydilnid. Jta 3¢h@deKTHUBHasi Teopus He
BCErJja MOKeT Mpe/CcKas3aTh MOBeJeHWe CUCTEeMbI, TIOTOMY 4YTO, KakK W3BECTHO,
pellleHHsT 3a4acTyi0 HepalMoHaIbHbI WM OCHOBAaHBbI Ha OIMMOOUYHOM aHasM3e
TIOC/Ie/ICTBUM HaIllero Bbibopa. BoT mouemy B Mupe Takoi KaBap/ak.

TpeTuli BOIMpOC KacaeTcsl TOTO, YHUKA/JbHbI JIM 3aKOHBI, OIpeJestoue
rioBejieHUe BceneHHOM U yesioBeKa. Eciv Ha mepBbIv BOMIPOC Bbl OTBETH/IU, UTO
3aKOHBI co3jan bor, To Tereps cripaimmBaeTcs: 6bu10 MM y bora pasHoo6pasue
npu BbIOOpe 3TUX 3aKOHOB? Apucrtotenb, [lnaroH u [lekapT, a mosaHee U
OUHINITeNH MoJjiaraiy, YTo 3aKOHbI PHUPO/bI CYIIeCTBYIOT «I10 HEOOXOAMMOCTH,
TO €CThb MOTOMY, UYTO OHU — €JUHCTBEHHbIE TMpaBWIa, UMEIOIMe JTOTuYeCKun
cMbIC/I. Bepsi B U3Haua/IbHYHO JIOTUYHOCTb 3aKOHOB TMPUPO/bI, APUCTOTEb U €T0
Toc/ie/oBaTe/id TIOHMMa/Id, YTO MOKHO BBIBECTH 3TH 3aKOHBI, He obOparras
0co00ro BHMMaHUs Ha TO, Kak B /IeMCTBUTE/NILHOCTH BefeT cebsi mpupoja. OTa
Bepa M akKI|eHT Ha BOIIpocCe, ToueMy OObeKThl TIOJUMHSIFOTCS TIPaBH/IaM, a He Ha
TOM, KakOBbl CaMM JTU [IpaBW/la, NpUBeJd ApPHUCTOTeNSI K OTKPBITHUIO
MPEUMYIIIeCTBEHHO KayeCTBEHHBIX 3aKOHOB, KOTOpPbIe YaCTO OKAa3bIBaJIMCh
OLIMOOYHBIMM ¥ B J/I0OOM ciyuae ObIM He OCOOEHHO TOJe3HBIMH, XOTS M
rOCIMO/ICTBOBA/IA B HAYYHOM MHPE MHOTO CTOJIETHUW. Y>Ke ropasfio MOo3Ke TaKue
nmoad, Kak [amunedt, ocMenwivch GPOCHUTH BBI30B aBTOPUTETY ApPHCTOTENS U
cTany HabMoaTh 3a 1eMCTBUTE/IbHBIM TI0Be/[eHHeM TIPUPO/IbI, a He 3a TeM, UTO
BeJIUT el JiefiaTh «TIpUYKMHAa» Kak TaKOBasl.

OJTa KHWra OCHOBBIBAeTCSI Ha KOHIIEMIIMM HAyYHOrO JeTepMUHHU3Ma,



KOTODBIN TIpe/ITiosiaraeT, UTO OTBET Ha BTOPOI BOTIPOC TaKOB: He ObIBaeT uyjec,
TO eCThb WCK/IFOUEHMM W3 3aKOHOB MpPUPO/bl. TeM He MeHee Mbl BEDHEMCSI KO
BTOPOMY U TpeTheMy BoIpocam, uToObl Tormybke pa3o0paThCsi B TOM, OTKyJa
B3SI/IUCh 3aKOHbI TIPUPO/IbI U SIBJISIFOTCS I OHU €IMHCTBEHHO BO3MOXKHbIMU. Ho
CHauasna, B C/eAyHolllel 1/1aBe, Mbl PaCCMOTPUM, YTO JK€ OMMUCHIBAIOT 3aKOHBI
TIPUPO/ibl. BOMBITMHCTBO yUeHbIX CKa3asiu Obl, YTO 3aKOHBI TIPEJCTAB/SIOT COO0M
MaTemMaThUueCKoe  OTpPaKeHHWe  BHEIIHEeM  peajbHOCTH,  CyIleCTBYHOLLeH
He3aBUCHUMO OT HabmrofiaTessi, KOTOPhIN ee BUAUT. Ho ecsiu Mbl 3a/ymMmaeMcsi HaJj
crocoboM, KOTOpbIM Mbl TIPOBOJMM HaO/MOZieHUss U KOTOpbiM (hopMHpyem
KOHLIETII[UIO O TOM, UTO HacC OKPY’KaeT, TO eCThb JIU y HaC MPUUYNHA BepUTh, OyATO
00beKTHUBHasl peasbHOCTh CYIIIeCTBYeT?




3. UTo TaKoe pea/ibHOCTb

B uranbsgHcKkoM ropoge MoHIIa HEeCKOBKO JieT Hasaj, MYHULUIA/IbHbIN
COBeT 3arpeTuJsi >KUTeJISIM [leP>KaTh 30/I0ThIX PHIOOK B IIaPOBUHBIX aKBapUyMax.
WHuIMaTop 3Toi Mepbl 0ObSCHU 3amlpeT TeM, UTO Jiep)KaTb PhIOKY B COCyfe C
W30THYTHIMU CTEHKaMM >KeCTOKO, MOTOMY UTO, T/si[ii HapyXy, pblOKa BUIUT
VICK&)KeHHYI0 KapTUHY peasbHOCTU. HO OTKyza HaM 3HaTh, BUJUM JIU Mbl CaMU
VUCTUHHYI0, a He WCKaXeHHYI0 KapTHHy peanbHOCTH? Pa3Be Henb3s
TIPeAToNOXKUTb, YTO U Mbl HaxO[UMCSi BHYTPM HeKOoero OOJIbIIOro
VICKDUBJ/IEHHOTO aKBapuyMa M BUJUM BCE WCKa)XeHHbIM OTPDOMHOM JIMH30M?
KapTrHa peasibHOCTH C TOUKU 3PeHHs 30/I0TOM PbIOKK OT/IMUAeTCs OT Hallleid, HO
MO’KeM JI1 Mbl YTBEPK/aTh, YTO OHA MeHee peasbHa, ueM Haa?

3osoTasi ppidKa BUAUT MUD He TaKuM, KaK Mbl, TEM He MeHee OHa TOXe
Morsia Obl chOpMy/TUPOBaTh 3aKOHBI, YIIPABJSOLME ABW)KEHHWEM TIpeMeTOB,
KOTOpble BUJWUT 3a Tipe/ile/laMd CBOero akBapuyma. Haripumep, cBo60aHO
JOBYDKYILIAKCA TpeAMeT, KOTOpbIM [Ji Hac IepeMeliaeTcsi M0 MpSIMOMW, AJis
30/I0TOU PLIOKU IBUXKETCS TI0 KPUBOM BCJIE/ICTBHE MCKAaXKeHUsI BU/IA BBIMTYK/IbIMU
CTeHKaMM akBapuyma. TemM He MeHee pbiOka Moria Obl copmynvpoBaTh
HayYHble 3aKOHbl B CBOEM MCKa)>XeHHOM CUCTeMe OTCYeTa, U OHHU Bcerza OyayT
BBITIOJIHATBCS, YTO TIO3BOJIUT TpeZCKasbiBaTh [BW)XKEHUe T[peMEeTOB BHe
akBapuyMma. OTU 3aKOHbI Oy[yT CIOXKHee, UeM B Hallleii clUCTeMe OTCYeTa, HO
npocTtota — feno BKyca. Eciu Obl 30/0Tast ppibka chopMyavpoBaia Takyro
TEOPHUI0, TO HaM TIPUIILIOCh Obl TIPU3HATHL ee BUJleHWE PeasbHOCTU CTOJb JKe
TpaBOMEpPHBIM, KakK Hallle.

3HaMEeHUTBIM TpUMep pa3/MUHbIX KapTUH pealbHOCTA — MO/elb,
BBe/leHHasi 0Ko/i0 150 roja ApeBHerpeueckuM ydeHbIM KnaBauem IlTonemeem
(ok. 90 — ok. 160) mna omucaHus [BWKeHUs1 HebecHbIX Tes. IlTosmemeit

ory6/MKOBa CBOKO paboTy B TPUHAJIIATUTOMHOM TpaKTaTe, IIMPOKO U3BeCTHOM
1of;, ero apabCKkuM Ha3BaHueM «AJjibMarecT» («Benukasi KHUTa»), «AJibMarecT»
HauMHaeTcsli C OOBSCHEHUS TIPUUMH, TO3BOJISIOIIUX  CUWUTaTb  3eMJIHO
chepruecko, HeIOABWKHOM, pacriosiokeHHOW B 1ieHTpe BceneHHOW U
HUYTOXKHO Masioli 1O CpaBHEHHIO C paccTosiHueM n0 Hebec. HecmoTps Ha
CylLleCTBOBaHHE TeIMOLIeHTpUYeCcKOu mogenu Apucrapxa, B3misifoB [Itonemes
TIPU/IEP)KMUBANIOCh OOJBITMHCTBO 0Opa30BaHHBIX TPEKOB, IO KpaiiHeil mepe CO
BpeMeH ApHUCTOTess], KOTOPbIi M0 MUCTUUECKUM COOOpa)KeHUsIM CUMUTasI, UTO
3emsid [0JDKHA HaxoAWTbCsl B LeHTpe BcenenHoui. B mogenu Iltonemes
HeTo/BWXHasA 3eM/Isl pPacro/ioyKeHa B LIEHTpe, a IUIaHeThbl U 3Be3[bl JBWXKYTCS



BOKDYT Hee TI0 CJIOXHBIM OpOWTam, Kak Kojeca, KaTsiiyecs Mo Kojecam, —
coBepllasi /IBW)KeHHWEe MO0 MajoMy Kpyry (3MULUMKIY), TepeJBUraroleMycsi Mo
OosbIIIOMY KDPYTY B LIeHTpe KOTOPOTO U HaXOAUTCsT 3eMJIsl.

Bcenennas [Ttonemest. [Ttonemeit ronara, 4To Mbl HAXOAUMCS B
LeHTpe BceneHHou.

Takass Mofle/ib Ka3ajiaChb €CTeCTBEHHOHM, TaK KaK Mbl He UyBCTByeM, 4TO
3emsiss y Hac TOJ, HOTamMH [JIBWXKeTCsl (pa3Be UTO MpPU 3eMJIeTPSCEHUsIX WU B
MOMEHTBI CTpacTH). BriocyencTBumu eBporielickoe oOyueHHe OCHOBBIBA/IOCH Ha
COXPaHUBIIMXCS TPeUeCKHUX UCTOUHMKAX, Tak uTO ujaeu Apucroress u [ITonemest
CTaqu B 3HAUMTE/BLHOM CTereHW OCHOBOW i 3arajHoM MbICau. [ITonemeeBa
Mojle/Tb KOCMOcCa Oblsla MPUHATA KAaTO/JIMYECKOM IIepPKOBBIO M COXpaHs/Iach Kak



oduiManbHas JOKTPHMHA B TeueHUe UeThIpHA/laTh BeKOB. Tonbko B 1543 rogy
TOSIBU/IaCh a/IbTEPHATUBHAS MO/eJ/ib, KOTOPYHO BbIJIBUHYJ MOJbCKAU aCTPOHOM
Hukonaii Konepuuk (1473 — 1543) B cBoeii kHure «De revolutionibus orbium
coelestium» («O BpailjeHUsAX HebeCHbIX cdep»), onyOIMKOBaHHOMN JIUIL B TOJ
ero cMepty (XOTs pa3pabaTbiBal OH CBOH) TEOpPHI0 B TeueHUe HeCKOTbKUX
[leCATUIIETUN).

KonepHUK, KaK 1 ApucTapx IO4YTH 3a CEMHAALaTh BEKOB |0 HEro, Orucal
Mup, B kotopoM CoJiHIle TIpeObIBajio B TOKOe, a TUIAaHeThI ABWUTA/UCh BOKDPYT
Hero 1o KpyroBeIM opbutam. XoTsi uzies Obljia He HOBa, ee BO3pOXK/eHue ObIo
BCTPEUEHO  SIPOCTHBIM  CONpoTuBAeHWeM. Mogens  KonepHuka  cound
npoTyBopevalrie bubmuu, ccbimasick Ha TO, uTo B bubnum roBopuTcs o
JBIDKEHUH TIJIaHET BOKPYT 3eMJIM, XOTsI HUrZle B Hell 00 3TOM UeTKO He CKa3aHo.
Ha camom >ke fiesie B TO BpeMmsi, Korja Oblsia HamucaHa bubnus, nroau cunrtany,
yto 3em/s iockasi. Mojienb KomepHuka BbI3Basia 0’keCTOUeHHbIe /1e0aThl 0 TOM,
HeTo/[BWKHA /i 3emuist. KysmbMuHatyeit 3tux gebaror cran B 1633 roay cya Haf
oOBHHEHHbIM B epecud [amuneo Tanueem, KOTODBIM 3allUillag  MOJesb
KomepHrKa ¥ CuuTasd, «4TO JOMYCTUMO MMeTh MHEHMEe W OTCTauBaTb ero Kak
BO3MO)KHOe, TIOC/Ie TOTO KakK ObLIO YCTaHOB/IEHO W OOBSIBIEHO, UTO OHO
nipotuBopeunT CasiiieHHomy [luvicanuto». [Mamueidt OblT MpU3HAH BHUHOBHBIM,
TIPUTOBOPEH K TMOKW3HEHHOMY [IOMalllHEMY apecTy W TIPUHYXK/EH BbICKa3aTh
oTpeueHue OT CBOoMX B3mgAoB. [lo mpepanvto, oH mnpowenrtan: «Eppur si
muove» («/ Bce-Taku OHa BepTUTCS»), B 1992 rogy Pumcko-karosnueckas
1[ePKOBb HaKOHeI] Mp13Hasa, yTo Obia He MpaBa B OCy»KeHuu ['anues.

Tak UYTO >Xe COOTBeTCTBYeT peanbHOCTH — cucteMa I[ltonemess wmm
Konepnuka? Hepenko roeopst, utro KornepHuk joka3an HenpaBoTy [ITosemes,
HO 3TO HeBepHO. Kak M B C(/lyyae CpaBHeHMs Halllero HOpMasabHOTO B3IVIsiZia Ha
MHDP CO B3IVIIIOM 30JI0TON PBIOKM, Jit00ast U3 ABYX KapTHMH MOKET CUMTAThCS
MoJiesibl0 BceneHHOM, TOCKO/IBKY OOBSICHUTH TO, UTO Mbl HaOofiaeM Ha Hebe,
MOXXKHO, [IOIyCKasi HeMOJBWXHOCTb Kak 3emyd, Tak u ConHua. [Tomumo Tou
ponu, KOTopyro cuctemMa KorepHuKa chbirpasia B ¢uiocopckux paebatax o
nipupo/ie Hailleli BceneHHol, ee GeccriopHoe TIPeUMYIIECTBO y)Ke B TOM, UTO B
paMKax CHUCTeMbl C HemnoABWKHbIM COJIHIIEM YypaBHEHUS [IBH)KEHUS
OKa3bIBatOTCS HAMHOIO MpOLLle.

AJlbTepHaTWBHasE  peaJibHOCTb  [APYroro TWMa  T[peJCTaBleHa B
danTtactuyeckom ¢unbMe «Marpulia», TAe AW, CaMHd TOTO He OCO3HaBas,
JKUBYT B  CMOJIeJIMDOBAHHOM  BUPTYa/JlbHOM  peaJibHOCTH,  CO3[aHHOU
KOMITbIOTEPAMW C  WCKYCCTBEHHBIM  MHTE/IJIEKTOM JIJI1  TOTO, UTOOBI
TMOAIEP>)KUBATh JIFOAEM YMUPOTBOPEHHBIMHA UM JIOBOJIbHBIMH, B TO BpeMsl Kak
KOMITbIOTEPHI TIO/ANUTLIBAIOTCA OT HUX OWO3/IeKTpUUecKor sHepruei (KTO ero



3HaeT, uTo 3TO Takoe!). BO3MO)XHO, 3TO He TaK Y)K Jla/iek0 OT peajbHOCTH,
MOCKOMbKY MHOTWE W3 Hac TIpeJIIOYUTaloT TIPOBOAUTH CBOe BpeMs B
WCKYCCTBEHHO CO3/IaHHOW peasbHOCTU Ha Beb-calitax Bpoze «Second Life»
(«Bropasi xku3Hb»). A KaK Mbl MOXKEM Y3HaTh, He SIB/IIEMCSI /T Mbl CaMU BCEro
JIUIIL TIEPCOHA)KaMU B cepurasie, COUMHEHHOM KOMITbIOTEPOM, TOZI0OHO Treporo
xuma Koppu B ¢unbme «llloy Tpymana»? Eciu Obl Mbl Xuid B
HCKYCCTBEHHOM, BOOOpa)kaeMOM MHpe, COOBbITHSI HeoOsi3aTenbHO ObUTA Obl
JIOTUUeCKU  CBSI3aHHBbIMH, HeoO0si3aTe/IbHO  TOAUMHSIUCH  ObI  3aKOHaM.
WHoraHeTsiHaM,  YTIPaBJSIIONIMM  TakKUM MUDOM, Obllo Obl  MHTEpecHee
HabMo/aTh 3a HAIIMMU JIeMCTBUSIMM B TakKOW, HarpuMmep, CUTyalluH, Korja
rosiHast JlyHa pacKosieTcCsi TIoToJiaM WM KOT/la BCeX CUJISIINX Ha eTe OXBaTUT
HeoZloNIMMas Tsira K TopTtaM ¢ 6aHaHOBBIM KpemMoM. Ho eciu Obl MHOTIaHEeTSIHE
JIeMCTBOBa/IM CTPOTO M0 3aKOHaM, TO ObLIO ObI HEBO3MOXKHO OTIPeZe/IUTh, UTO
CyILIeCTByeT Apyrasi pealbHOCTb, CKpPhITasi 3a UCKYCCTBEHHO CO3[jaHHOU. MBI C
JIETKOCTbIO MOT/IM Obl Ha3BaTh MUP, I7le KUBYT WHOIUIAHETSIHE, peasibHbIM, a
MUD, CO3/IaHHBIA C TIOMOII[bI0 KOMITbIOTEPOB, — JIOKHBIM. Ho eciu, momo6Ho
Hawm, CyII[eCTBa B UCKyCCTBEHHO CO3ZIJAHHOM MHpe He MOTYT B3IJISHYTh Ha CBOIO
BCe/IeHHYI0 CO CTOPOHbI, TO y HUX He Oy/leT NpPUYMHBI AJi1 TOrO, UYTOOBI
YCOMHUTBCSI B COOCTBEHHBIX KapTHMHAX peasbHOCTU. TakoB COBPEeMeHHbIi
BapUaHT TMpe/CTaB/IeHUsI O TOM, UTO BCe MbI SIB/IIEMCSI [IepCOHa)KaMH B UbeM-TO
CHe.

OTU TpUMepbl TIPUBOZAST HAC K 3aK/IF0UeHUI0, KOTopoe Oy[eT Ba)KHbIM B
JAHHOW KHUTe: He CyLIeCTByeT KOHLeNI[UH Pea/IbHOCTH, He 3aBHCAILIEHd 0T
KAapTHUHBI MMPA, WIX 0T Teopru. MbI ke BMECTO 3TOTO TIPUMeM TOUKY 3peHus,
KOTOPYI0 CTaHeM Ha3biBaTb MO/e/Ie3aBUCHMbIM Peaiu3MOM, — H/Iel0 O TOM,
yto r0bast pusmueckass TeOpUsi WM KapTUHA MUpa TpeZicTaB/isieT coboi Moziesb
(KaK TIpaBU/IO, MaTeMaTU4yecKoW TIPUPOJbl) U HAabOp TpaBW, COeAUHSIOLIUX
9/IeMeHTbl 3TOM Mofenu C HaOmoAeHUsMU. ITO [JlaéT OCHOBY IS
WHTepIipeTalid COBPeMeHHbBIX HAyUHbBIX /IaHHBIX.

HauuHas c [1natoHa ¢guiocodbl BeKaMu CIIOPWIX O MPUPO/ie PeasbHOCTH.
Knaccuueckass Hayka OCHOBBIBAeTCSI Ha Bepe, UTO CYIeCTBYyeT peasibHbIM
BHEIITHUA MHUp, CBONCTBAa KOTODOTO BIIOJIHE OIpeJie/ieHbl U He 3aBUCSAT OT
Hab/ro/iaTes1si, KOTOPBIA UX TocTturaeT. CoriacHO KacCUYeCKod Hayke, B MUpe
CYIIeCTBYIOT OOBEKThI, Y HUX eCTb (pr3nueckue CBOMCTBA, Takue Kak CKOPOCTb U
Macca, KOoTopbie 00/1a/1at0T YeTKO orpefiesieHHbIMU 3HaueHussMU. C 3TOUM TOUKU
3peHUs] Hallld TeOpUH TPe/ICTaB/SIFOT COOO0M TOMBITKK OMMCATh 3TU OOBLEKThI U
WX CBOWCTBA, a HAIllM W3MePeHHsT W BOCIIPUSTHS COOTBETCTBYOT uM. U
Hab/ro/iaTesb, U Hab/MOaeMblii 00beKT — YacTh 00BEKTUBHO CYIIeCTBYIOIETO
MUpa, U Jt00oe pa3/nuve MeXJy HUMU He HMeeT pelllarollero 3HaueHwUsl.



WHbIMU C/I0BaMH, €C/U Bbl BU/IUTE CTaJ[0 3e0p, ZepyIuXCcs 3a MeCTO B rapaxe,
3TO TIPOMCXOAUT TIOTOMY, UTO 3TO AeWCTBUTENbHO CTafio 3e0p, [epymumxcs 3a
MecCTo B rapake. Bce ocranbHble Habmr[aTeny yBUAAT TaKue ke CBOMCTBA, a
cTafio OygeT ¥WMeThb Te >Ke CaMble XapaKTePUCTUKU He3aBUCMMO OT TOro,
Hab/O/Iat0T 3a HUM WM HeT. B dunocodun 3Ty Bepy Ha3bIBalOT peasiv3MOM.
XoTs peasii3M MOXKeT ObITh 3aMaHUWBOM TOYKOMW 3peHHs, HO, KaK Mbl YBUIUM
Janee, TO, YTO HaM K3BECTHO O COBpeMeHHOW (pu3uKe, BbI3bIBaeT TPYJHOCTU B
ero OTCTauBaHWU. Hampumep, COMIaCHO TIPUHIUIAM KBAHTOBOW (PU3MKHY,
KOTopasi SIB/ISIeTCSl TOUHBIM OIMCaHWeM TIDUPOJbl, YacTWlla He UMeeT HHU
oripe/ie/IeHHOTO TI0JIOXKEHUsI, HU OTpe/le/IeHHOM CKOPOCTH, [0 TeX IOp ToKa 3TH
Be/IMUMHbI He u3MepeHbl HaOmoparenem. Cramo ObITh, HeNpPaBUIBHO
yTBepXK/laTh, UTO M3MepeHUe JlaeT OTpe/ie/IeHHbIN pe3yabTaT TOMbKO MOTOMY, UTO
v3MepsiemMasi BeJIMUMHA MMesia 3TO 3HaueHHe BO BpeMsi usMepeHus. Ha camom
Jiejie B HEKOTOPBIX C/TydasiX OT/ie/ibHble 00BEeKThI Jlaxke He CYIIIeCTBYIOT CaMU T10
cebe, a CyIIeCTBYIOT /JMIlLIb KaK yacTh aHcambssi. I eciu Teopusi, Ha3biBaeMasi
rosiorpadMueCcKuM TIPUHLIMTIOM, OKa)XeTCsi BEPHOM, TO Mbl BMeCTe C HallluM
YyeTbIpeXMepPHbIM MUPOM MOXKeM OKa3aThbCsl JIUIIIb TeHbIO Ha rpaHulle 00bIiiero,
TIITUMEPHOTO0, TIPOCTPAHCTBa-BpeMeHU. B 3TOM c/iydae Haille T0JI0)KeHUEe BO
BcenenHoli OykBa/JibHO aHAJOTUYHO TIOJIOKEHUIO 30JI0TOM DPBIOKKM BHYTPH
aKkBapuyma.



Crtporue peasuCThl YaCTO YTBEP)KAAKOT: 0Ka3aTe/bCTBO TOI0, YTO Hay4HbIe
TeOpuM O0TOOpaXkaroT peanbHOCTb, COCTOMT B UX YCIIeITHOM mpuMeHeHUH. Ho
JpyTyie TeoOpyur MOTYT CTOJIb YKe YCITeIITHO OTUChIBATh TM0/[00HBIe SIBJIeHUs uepe3
COBepLLEeHHO UHbIe KOHLeNTya/lbHble cxeMbl. Haziesie MHOrMe HayyHble TeOpUH,
KOTOpble CUMTAIUCh YCTEIIHbIMU, BIIOCTEICTBUM ObLIM 3aMeHeHbl ADYTUMHU
CTOJIb JKe YCIelIHbIMU TeOpUsIMH, OCHOBAHHBIMHW Ha COBEpLIeHHO MHBIX
KOHLIETI[USIX peasbHOCTU. Tex, KTO He MPUHUMAaeT peann3ma, 00bIYHO Ha3bIBaIU
aHTHpea/MCTaMU. AHTUpPea/MCThl II0/1aratT, YTO eCTb pasIuuyue Mexay
SMITMPUUYECKUM 3HaHWeM U TeopeTudeCcKuM. OHM, KakK IIpaBU/IO, 3asBJISAOT:
Hab/ro/leHe M 9KCIepUMEeHT 3HaukMMbl, a TeOpPUU — 3TO TOJILKO I0Jie3HbIe
WHCTPYMEHThI, KOTOpble He BOILUIOL[AIOT 0osiee TyOOKUX WCTHH, JIeXKaluX B
OCHOBe Ha0OsoflaeMbIX siBieHUM. HekoTopble aHTHUpeanuCThl /laXke XOTeu
OTrPaHUYUTb HAYKY JIMIIIb T€M, UTO AOCTYMHO HabmogeHusM. IToatomy B XIX
BeKe MHOr'Me OTBepraju H/er aTOMOB Ha TOM OCHOBAHWH, YTO Mbl HUKOTZJA WX
He yBUAUM. AHrmuiickui ¢unocod Ixopmk bepkmu (1685-1753) poiuen gaxe
J10 TOTO, UTO 3asiBW/, Oy/ATO He CyIeCcTByeT HUUero, KpoMe CO3HaHUS U MbICJIeH.
Korzma onvH W3 fpy3el CKa3al aHIVIMHACKOMY T03TYy U JIeKCMKorpady [OKTOpY
Comroany [IxoHcoHy (1709-1784), uto yTBepXjeHWe bepkiu HEBO3MOXKHO



OTPOBEPTHYTh, TO B OTBET [IXKOHCOH, KaK pPacCKa3bIBaIOT, ITOAOIIIe/ K OO0JIBIIIOMY
KaMHIO, TIHY/T er0 U 3asBu: «$ ornposepraio 3To». KoHeuHo e, 60/1b, KOTOPYIO
JOKTOp /I>KOHCOH OLLYTU/I B HOTe, CTajla TOXe JIWIb MbIC/IbI0 B €r0 CO3HAHWU,
TaK UTO Ha camMoM Jene ujet0 bepkiu oH He ompoBepr. Ho ero perctBue
TIPOW/JIFOCTPUPOBA/IO TOUKY 3peHMs 1I0T/iaHckoro ¢uaocoda Issuga HOma
(1711-1776), KOTOpBIA TKCaa, YTO, XOTS Mbl M He HMEEeM pallMOHabHbIX
OCHOBAaHWM BepUTb B OOBEKTHBHYIO peajibHOCTb, Y HAC BCe K€ He OCTaeTCs
WHOTO BbIOOpA, KpOMe KaK ZIeMCTBOBATh TakK, Oy/ITO OHA eCTh.

Mojiesie3aBUCHMBIA peaiv3M MpeKpaljaeT BCe 3TU CIOPbl U JAUCKYCCUM
Mexay GumocobCKUMU IITIKOJIaMU  peajiMCToB U aHTupeanucToB. CornaacHo
MO/|e/iIe3aBUCUMOMY peajii3My, He UMeeT CMbIC/Ia CripallliBaTh, peajibHa UId HeT
Mo/le/Tb MUpa, Ba)KHO OJJHO: COOTBETCTBYET /I OHa HaboaeHusM. Ecin Kaxxaast
13 JIByX Mojie/ield COOTBETCTBYeT HaOmofeHusIM (Kak KapTHMHBI MMpa 30710TOM
pPBIOKM B aKBapuyMe W Hallla), TO HeJ/ib3sl CKa3aTh, UTO Kakasi-TO M3 HUX Oosee
peasbHa, yeM Jpyras. Mo)XHO MCIOMb30BaTh Ty MOJefb, KOTopas ymoOHee B
JlaHHOU cuTyaluu. Haripumep, ToMy, KTO OKa3ascs B cheprueCckoM akBapuyMe,
Gosblile MOAOHAET MOJe/Tb MUpa 30/I0TOM PBIOKH, a TOMY, KTO CHapyKu, OyzeT
BeCbMa 3aTpPyJHUTE/NIbHO OIMKMCHIBaTh COOBLITUS, TIPOUCXOASINME B yAareHHOU
rajlakTHKe, C TOUKUA 3peHHsT PhIOKM B akBapruyMe, KOTOPbI HAXOAUTCS Ha 3eMJie,
TeM 0OoJiee UTO akBapuyM OyzeT JABUraThCsl, TIOCKOJIBLKY 3eMJIsl TiepeMeliaeTcs 1o
opb6uTe Bokpyr CoJiHIja ¥ BpalllaeTCst BOKPYT CBOei OCH.

«¥Y Bac MHoro obmero. [okTop [I3BUC OTKpBLI UacCTUILY,
KOTOPYIH0 HUKTO HHUKOI/la He BUjel, a npodeccop XurOu OTKpbUI
rajlakTUKYy, KOTOPYIO TOXKe HUKTO HUKOI/la He BUJesl».



Mbl co3/laeM MoOfie/li B Hayke, HO TakKXXe CO3/laéM UX U B TOBCEIHEBHOM
JKU3HU. Mojie/ie3aBUCUMbBIM  peasii3M ITIPUMEHHMM He TOMbKO K HayYHbIM
MojlesIiM, HO M K CO3HaTelbHBIM U TIOZCO3HATe/TbHBIM MbBIC/IEHHBIM MO/IEISIM,
KOTOpbIe BCe MbI CO3/jaeM, UTOObI MHTEPIIPETHPOBATh M MOHSTH ITOBCEJHEBHOCTD.
HeBO3MOXXHO MCK/IIOUUTH Habmofarenss — HAaC caMUX — U3  Hallero
BOCIIPUSITHS MHPA, KOTOPOEe CO37aeTCsl C TIOMOIIBI0 HAIlUX UYBCTB W MyTeM
MBIIIIJIEHUSI W paccykaeHus. Harme Bocrpustve (a c/ieoBaTe/bHO, U
HaO/oZIeHWs,, Ha KOTOPBIX OCHOBBLIBAIOTCSA HAIlld TeOpUU) SIBJISIETCA He
HeroCpe/ICTBeHHbIM, a (hOpPMUDYeTCsl CBOero pojila JMH30M — CIOCOOHOCTHIO
ye/IoBeYeCKOro MO3ra K MHTepIIpeTalyu.

Mopgeie3aBUCHMBIN  peaii3M HAXOAUTCS B COOTBETCTBHMM C HaIlIUM
BOCIIpUSITHEM 00beKkTOB. Korgja ™Mbl BHAMM UTO-TO, MO3T  TIOJydaeT
TOC/Ie/OBaTe/IbHbIe CHUTHA/Ibl uepe3 ONTHUUeCKWN HepB. OTH CHUTHAIbl He
dopmupytoT 1esoro obpasa, MofoOHOrO TOMY, KakoOi Bbl BUJUTE Ha JKpaHe
TeneBu3opa. ECTh cjieroe TMSTHO, TI7le ONTUUYECKWH HEepB COeAUHSIeTCS C
CeTYATKOM, W eJAWHCTBEHHas 4YaCTh Balllero TI0Jid 3pPeHus] C XOpOIIUM
paspeliieHeM — 3TO y3Kasi 00/iacTh TIPUMEpPHO B OJMH TPajyC yraa 3peHus
BOKPYT IlIeHTpa CeTuaTK{, 00/1aCcTh IIMPUHOM C Balll OOJBINON Masell, ec/iu
CMOTpPeTb Ha PACCTOSSHUM BBITSHYTOM pyKW. TakK 4YTO HCXOAHBbIE JaHHBIE
TIOCTYIIalOT B MO3T B BHJIe CHJIbHO pa3MbITOM KapTWHKH, [ja ellje U C JbIpOU B
Heli. K cuacThlo, uesoBeueCcKUid Mo3r oOpabaThiBaeT 3TH JlaHHbIE, 00beaUHSIsS
uHbopMalvio, To/iyyaeMyrd OT 00oux T/1a3, W 3arnojHseT Tpobesbl,
VWHTEPIIOMUPYS B MPEATI0/N0KEeHUH O TOM, UTO BU3yasibHble CBOMCTBA COCENHUX
yUaCTKOB CXO)KH. bosiee TOro, OH CUWTBHIBAeT /[ByXMEpPHYIO COBOKYITHOCTb
JAHHBIX C CeTYaTKW U Co3JaeT U3 Hee oOpa3 B TpexXMepHOM IIPOCTPaHCTBe.
VHBIMM C/TOBaMH, MO3T CTPOMUT MBICTIEHHYIO KapTHUHY, U MOJIe/Tb.

Mo3r HacTO/IbKO UCKYCEeH B MIOCTPOEHUU Mojiesieid, uTo eciu Obl y Jirofieit
ObLIM OUKH, KOTOPbIe TTepeBOPAUMBAIOT M300pa’keHre BBEPX HOTAaMH, TO UX MO3T
yepe3 HEKOTOpOe BpeMsi M3MeHW/ Obl MOZe/Ib TaK, UTO OHW CHOBA CTaau Obl
BUJIeETb MHUD HerepeBepHYTbIM. EC/M 3aTeM CHSITb OUKW, TO MHP HEKOTOpOe
BpeMsi OyZieT BUEThCS TIepeBepHyThIM, a TIOTOM CHOBA ITPOM30M/IET a/lariTaliysl.
OTO 3HAUMT, UTO KOTZA FOBOPAT: «51 BHXKY CTy/», TO UMEIOT B BUJIy JIMIIIL CBET,
paCCesiHHBIN CTYJIOM [jisi CO3[jaHUsi MBICJIEHHOTO o0pasa, WKW MOJe/d, CTy/a.
Eciv Mozienb TiepeBepHyTa, TO MOYKHO HaJleATbCs, UTO MO3T CKOPPEKTHUPYeT ee,
TIpeJK/ie ueM uesioBeK IMOMbITAeTCsl CeCTh Ha 3TOT CTYJI.

Ipyroii npo6ieMoii, KOTOPYIO MO/le/ie3aBUCUMbIN pean3M pelllaeT Ui, 1o
KpaliHeii Mepe, u3beraet, sIBAsIeTCS TOJKOBAHHWe CyIljeCTBOBaHUA. OTKyza MHe
3HaTh, CyIIIeCTBYET JIM ellle CTOJ, eC/IM 5 BbIIIe/l U3 KOMHAThl U He BWXKY ero? U
YTO 3HAUMT, KOTJla TOBOPST, OyATO Bell[d, KOTOpble Mbl HE MOXKEM YBHJETh,



CYLLIeCTBYIOT, — HarpyuMep, 3JIeKTPOHbI WM KBapKW (YaCTHULbI, COCTaBJISIOLIHUE
TIPOTOHbI Y HEUTPOHBI)? MOKHO TMO/b30BaThbCd MOJEe/bI0, B KOTOPOM CTOJ
ycye3aeT, KOrja s BbIXOXKY M3 KOMHAThI, U CHOBA IOSIB/IIETCSI HA TOM JKe MecTe,
Korjla 51 BO3BpalllaloCh, HO Takasi Mofiesib OyJieT HermpouHOW — Be/lb KakK ObITb,
eci BO BpeMSi MOEro OTCYTCTBHSI UTO-TO C/IYUMUTCS, Harpumep oOBanuTCs
NOTOI0K? Kak 3Ta Mofe/b CO CTOJIOM, UCUe3aroLUM II0C/e MOero yxoia U3
KOMHAaTbl, CMO>KET O0BSICHUTh TOT (DaKT, UTO TIPU MOEM CJie/lyIOIlleM TOsIB/IeHUU
B KOMHAaTe TaM BO3HUKHET CJIOMAHHbIM CTOJI, 8 HA HEM — KYCKU LITYKaTypKu?
Mogesb, B KOTOPOM CTOJI OCTaeTCsl B KOMHaTe, ropaszo Ipolle U COracyeTcs C
HabmoeHusiMu. BoT 1 Bech pasroBop. B ciiyuae ¢ cyGaTOMHBIMM YacTHI]aMH,
KOTOpble MbI He MOKeM BU/IeTh, 3JIeKTPOHbI TPECTaB/SIOT CO00U ymobHYIO
Mo/Jie/ib, OOBSICHSIIOLIYIO TaKue siBJieHWs, KaK TpeKd B Kamepe BuibcoHa u
TISITHBIIIIKY CBeTa Ha TeJIeBU3MOHHOM TPYyOKe, a Tak’kKe MHOTUe ApyTHve sIB/IeHUsI.
OneKTpoH Obi OTKPHLIT B 1897 rogy 6putanckum ¢usukom k. k. TomcoHom
(1856-1940) u3 Kapenuiiickoii naboparopun KeMOpupKCKOTo yHHUBEpCUTeTA.
OH TIpOBOAW/ ONBITHI C 37IEKTPUYECKUM TOKOM BHYTPM MYCTBIX CTEKJISHHBIX
TPyOOK — 3TO siB/IeHWe M3BeCTHO KaK KaTofHbie yur. OMbIThl HATOJKHY/U €T
Ha CMeJIyI0 MbICJIb O TOM, YTO TaWHCTBEHHbIE JIyYd COCTOAT U3 MeJIbYaMIlInX
KOPIYCKYJl, Tpe/CTaB/sIoNMX o000l MaTepuasbHble 371eMEeHTbl aTOMOB,
CUMTABILMXCSI B TO BpeMsi HeJenuMbIMU (yHJaMeHTa/lbHbIMU eJMHULIaMU
BellectBa. ToMCOH He Bujen 57AeKTPOH, U e€ro joragka He Obula
HeIOCpPeJICTBEHHO WM OJHO3HAauYHO IPOJEMOHCTPHMPOBaHa B Xoe onbIToB. Ho
TpeJi/IoKeHHas UM MoOZe/Ib I10Ka3aja CBOK He3aMeHHMOCTb B I10BCEMEeCTHOM
NIpUMEeHEHUM — OT (PyHJaMeHTa/bHOW HAayKW [10 WH)XeHEepHBbIX TPOEKTOB, U
cerofiHs Bce ()M3UKH BePSIT B IEKTPOHbI, HECMOTPS Ha TO UTO HUKTO HE MOXKET
YBUJETh UX.



Karognbie myurd. Mbl He MOXKeM yBUZETh OT/e/IbHbIe 31eKTPOHBI,
HO BU/IUM MPOU3BOAUMBIN MU 3P (eKT.

KBapku, KOTOpble Mbl TAaK)XXKe He MOXKEM YBUJETb, SIBJISIOTCSI MOJIe/bI0 [I/Ist
00ObsICHEHHsI CBOMCTB TPOTOHOB W HEWTPOHOB B sifipe aroMa. XOTSI CUMTaeTcs,
YTO MPOTOHBI U HEMTPOHBI COCTOSIT U3 KBAPKOB, Mbl HUKOI/Ia He YBU/IUM KBapKa,
TOCKOJIbKY CHJIa, CBSI3bIBalOlasi KBapKW, YBeJWUMBAETCSl TNPU pasfie/ieHuH, U
TI03TOMY OT[ie/ibHble, CBOOOHbIe, KBADKU B TIPUPO/le He MOTYT CYIl[eCTBOBATh.
OnHu 00beAMHEHbI B TPYIILI U3 TPeX KBAPKOB (3TO TIPOTOHBI U HEHUTPOHBI) WU
13 KBapKa U aHTHKBAapKa (TM-Me30HbI) U BeAyT cebsi Tak, C/IOBHO CBSI3aHbI
PEe3MHOBOM JIEHTOM.

Bormpoc 0 ToM, AOMyCTUMO Jii TOBOPUTD, YTO KBAPKU peajibHO CYLIeCTBYIOT,
eC/IM HeBO3MO)XHO BbIIEJIUTh OAWH KBAapK, OOCYXKZa/icsd Ha TPOTHKEHUU
HECKOJIbKUX JIeT, TIOC/ie TOTO Kak BIiepBbie Obula mpefjiokeHa Mojie/lb KBapKa.
[IpencraBieHue O TOM, YTO OMpe/e/ieHHble YaCTULIbI COCTOSIT W3 PasHbIX
KOMOMWHAIM HeCKOJIbBKUX «CYyD-CyObsi/IepHbIX UaCTULl», TIPUBEIO K MPUHIUIY,
TI03BOJISIFOIIEMY [laTh MPOCTOEe U TIpUBJ/ieKaTelibHOe 00bsiCHEHWe WX CBOMCTBAM.
Ho, x0T ¢UM3UKM MPUBLIK/IW TMpPH3HABaTh YaCTULIbI, CyllleCTBOBAHUE KOTOPBIX
TOJBKO ~ TpEANOo/arajocb IO CTaTUCTUYECKUM BCIJIeCKAaM B JIaHHBIX,
OTHOCSIIIIUXCS K PACCeSHUI0 JIPYTMX YacTUll, MbICJIb O TOM, UTOObI CUWTaThb
peasibHOM YacTully, KoTopasi B MpUHIUIE HeHab/roaemMa, Toka3aaacb MHOTUM
BBIXO/sIEN 3a paMku gornyctumoro. OJHaKO Tofibl CIOYCTS, KOTAA MOZesb
KBapKOB CTajia TIDUBOAUTL KO Bce Oojiee TOUHBIM TpeZCKa3aHUsIM, 3TO
coripoTuBieHre  ocyabmo.  KoHeyHO, BO3MOXKHO, UTO  KakKue-HUOyab
VHOIJIAaHeTsIHe C CeMHA/L[aThl0 pyKaMu, UH(PpaKpaCHbIMU I7la3aMU U yIIaMH, U3



KOTOPBIX pa3/ieTaloTCsl TOIJIEHbIe C/IMBKM, TIPOBOAWINM TOYHO TaKWe )K€ OMbIThI,
YTO U Mbl, HO OOBSICHWIN TONy4YeHHble pe3y/bTaThl, He Tipuberas K TakoMy
TOHSITUIO, KaK KBapK. TeM He MeHee, COIJIaCHO MOZeJie3aBUCHMOMY pean3Mmy,
KBapK{ CyI[eCTBYIOT B MOJe/M, KOTOpasi COBIaJiaeT C HAlllUMU HabOMHJeHUsIMU
3a TIoBeJleHueM CyObsiIepHBIX UYaCTHII.

KBapKI/I. KOHL[EHI_[I/IH KBdDKOB — KpaﬁHe Ba)KHBIM 2JIEMEHT B
HalllMX TeOopHUAaX QJYHAaMEHTaHBHOﬁ Cl)I/IBI/IKI/I, HEeCMOTpA Hd TO 4YTO
Ha6JII-O,Z[aTb OTAe/IbHbIe KBADKHW HEBO3MOXXHO.

Mogene3aBUCUMBIA peasu3M MOXeT [aThb OCHOBY i OOCYX/eHus
BOTIPOCOB, TOAOOHBIX BOT TAaKOMY: UTO TPOMCXOJW/IO [0 CO3[aHUsl MUPa, eC/iu
OH OBIT CO37aH KOHeuHOoe BpeMsl Has3aZ? XPUCTHAHCKUW ¢unocod ABryCcTHH
bnakennbi (354—430) cuuran, 4to OTBEeT He B TOM, UTo bor yrotoBun aj ams
NrOfeN, 3afaroIuX 1ol00HbIe BOMPOCHI, @ B TOM, UTO BPeMsI — 3TO CBOWMCTBO
C037,aHHOro borom mupa ¥ ero He CyIi|eCTBOBAJ/IO 10 COTBOPEeHUs1 MUPa, KOTOPoe,
10 MHeHHI0 ¢unocoda, MPOM30IIO He TaK YK AaBHO. TO OJHA U3 BO3MOXKHBIX
Mo/lesieH, TTOTFOOMBIIIAsICS TeM, KTO YTBepsKZaeT, OyATo pacueT BpeMeHH, JaHHbBIN
B Kuure boiTus, BepeH OyKBajibHO, HECMOTPSI Ha TO UTO B MUPEe BCTPEUAIOTCS
OKaMeHeJIOCTU U Jpyrue CBUJeTe/IbCTBa, [OKasbIBarollyde, UTO MUP HaMHOIO
crapie. (OHU yTO, ObUIH TMOAOPOIIEHBI, UTOObI AypaunTh Hac?) Kro-to MoxkeT
TMpU/IeP>KUBAThCSL IPYTOM MOJe/H, COrJIaCHO KOTOPOW BpeMs IjUTCs yxke 13,7
MUJTMapJa JeT, cuuTasi OT BosbIoro B3pbiBa. JTa Mofesib, 00BsICHSOIIAS
OOMBIIMHCTBO HAIIMX HBIHEIIHUX HabmrofeHnid, BK/IOUasi WCTOPUYECKHe U
reojioTUYeCKre  CBUJETe/IbCTBA,  SIBJISIETCS  JIYULIWUM U3  HUMEIOLUXCA
ripeficTaB/ieHui 0 mporyioM. OHa MOXKeT OObSICHUTh M OKaMEeHEI0CTH, U JJaHHbIe



pPaZiMoyI/IepOAHOr0 aHaav3a, U TO, YTO [0 HaC [JOXOAWUT CBeT OT TraJaKkTUK,
PacIio/IoKeHHbIX B MUJ/UIMOHAX CBETOBBIX JIeT OT Hac. [To3ToMy BTOpas Mozesib
— Teopus Bosbitioro B3peiBa — OoJsiee TipuemMsiema /iJisi Hac, yeM TiepBasi. U Bce
»Ke HU OJJHY W3 HUX HeJlb3sl CUUTaTh Oojiee peasbHOM.

HekoTopsle nIpu3HaOT MOZe/ib MUpa, B KOTOPOK BpeMmsi CyLeCTBOBaJIO U /10
Bonbiioro B3pbiBa. [loka HesiCHO, HACKO/ILKO OHA Jydile fjis 0OBbsicHeHUs
HBbIHEIITHUX HaO/ofleHnid, TIOCKO/bKY TMpe/CTaB/sieTcsi, 4To Tpu  bosbiiom
B3DbIBE 3aKOHbI pa3BUTHS BcejleHHOW MOIVIM KapAWHaAbHO M3MeHUTbCs. Eciu
3TO MPOU30IIIO, TO HET CMbIC/Ia CO3/laBaTh MO/eJib, BK/IIOUAOIIYI0 B cebst BpeMsi
[0 Bosblioro B3pbiBa, MOCKOJIBKY BCe, YTO CyI|eCTBOBAJO paHee, He HMeeT
Hab/ro/laeMbIX TMOCAeCTBUN B HACTOSILEM, U TI0O3TOMY MbI MOXEM TBep/Oo
TIPUJEP>XUBATBLCS HUJler, pacCMarprBarollei Bosblioi B3pbIB KaK akT TBOPEHUs
MHpa.

JIrobast Mojie/nb X0poliia, eC/Iv OHa:

1) mpocTas (Mnm «u3sIHas» );

2) cozlep>KUT MaJjIo POM3BOJIbHBIX MM YTOUHSIOLMX 3/IeMEeHTOB;

3) cornacyercs co BCeMH CYIIeCTBYIOIIUMU HaO/OfeHUsIMU U OOBSICHSIET
UXx;

4) paet moapoOHbIe MpefcKa3aHWs pe3y/bTaToB OyAayIux Hab/roneHul,
KOTOpble MOTYT OIIPOBEPTHYTb 3Ty MOJe/b WIU [I0Ka3aTb ee JIOXKHOCTb, eC/v
Tipe/iCKa3aHus, CZieJlaHHble 10 3TOU MOJe/H, He TIOATBEeP KAt0TCS.

Haripumep, Teopusi ApuCTOTensi O TOM, YTO MHUD COCTOMT W3 UeTbIpex
3/IEMEHTOB — 3eMJTH, BO3/1yXa, OTHS U BO/IbI — U UTO OOBEKThI /1eHCTBYIOT TakK,
yToObI BBITIOJIHUTH CBOE TIpe/Ha3HaueHue, Obula W3sIIHA W He Ccojeprkasa
YTOUHSIFOLIUX 371eMeHTOB. Ho BO MHOrux cCjiydasix OHa He MOIVIa [laTb YeTKUX
Tipe/iCKa3aHui, a eCc/ii U JiaBaja, TO 3TH Mpe/CKa3aHWs He COIVIaCOBBIBAIUCH C
HabmomeHusiMu. OTHO U3 TaKWX Mpe/iCKa3aHUM Ilacuio, uTo Oosiee TspKesble
TIpeiMeThl JO/DKHBI Ta/laTh ObICTPee, TIOCKOBbKY UX TIpeJJHa3HaueHue — TafiaTh.
M mnoxoke, HUKTO [0 ['anuiess He cyes HY)KHbIM TPOBepUTh 3TO. VI3BecTHa
WCTOPUSI O TOM, KakK OH MPOBepsiT 3TO, Opocasi mpeAMeTbl Pa3IUUHON MacChl C
«mnagatorei» [TusaHckoli OaiiHu. Pacckas, ckopee BCero, HeZIOCTOBEPHbII, a BOT
TOYHO W3BECTHO, uTO ['anmien ckaTeiBasl pasHble TPy3bl [0 HAKJIOHHOM
IJIOCKOCTH U 3aMeTWUJ/I, YTO BOIIPEKU Tpe/CKa3aHu0 APUCTOTeJsI OHU JIBUXKYTCS
C O[JMHAKOBbIM yCKOPEHUEM.

[lpuBefeHHbIe BBIIIE KPUTEpHH, OUYEeBUAHO, CyOBeKTHBHBL. Hampumep,
U3SIIHOCTb He TaK JIerKO M3MepPUThb, HO OHA BBICOKO LIEHUTCS CPeJy YYeHbIX,
TIOCKOJIBKY 3aKOHbI TIPUPOABI TIPEAINO/aratoT 3KOHOMHOE C)KaThe MHOXKeCTBa
YaCTHBIX Cy4yaeB B OJHY TMpPOCTy0 ¢dopmysy. M3sijecTBo 0THOCUTCS K (opme
TeOPUH, HO OHO TECHO CBSI3aHO C OTCYTCTBMEM B Hel YTOUHSIEMBIX 3/7IeMEHTOB,



TIOCKO/IbKY TeOpUsi, HallMuKaHHasi BbIJYMaHHBIMHU [/ Ka)K/0r0 KOHKDETHOTO
ciyyasi (pakTopamu, He OueHb u3diHA. [lepedpa3supys OWHILTeNiHA, MOXXHO
CKa3aTh: TeOpUs JO/DKHA ObITh MPOCTOM HACTOBKO, HACKOIBKO 3TO BO3MOXKHO,
HO He mpoie. [ltomemeit ao6GaBuUM K KPYroBbiIM opOuTaM HeOeCHBIX Ten
SMULIMK/IBI, YTOObI ero Mofie/ib TOUHO OMMChIBana WX [ABWKeHue. [Ins ere
Oosiblliell TOUHOCTU MOXKHO ObIO ObI 100aBUTH SMUIMK/IBI K SMUIMKIAM WU
Jake elle OAWH psAJ SMULMUKIOB. XOTA JOMOJHUTEbHOE YC/I0KHEHWEe MOXKeT
clienatb Mofiesb Oojiee TOUHOM, yueHble pacCMaTpPUBAKOT MO/eJb, KOTOpas
MCKaXkKeHa, uyToObl COOTBETCTBOBaTh Orpe/ie/ieHHOMY Habopy HabstofeHui, Kak
Hey/[0B/IeTBOPUTE/IbHY0, 00Jlee TIOXOXKYI0 Ha KaTasor JaHHbBIX, UeM Ha TeOpHIo,
KOTOpasi MOXKeT BOTVIOTUTb KaKOW-HUOY/b 10/ie3HbIN TIPUHLIUTI.

B rm1aBe 5 Mbl YBUJUM, UTO MHOTHE He CUUTAIOT U3SII[HOM «CTaHJapPTHYIO
MO/Ie/ib», OMUCBIBAIOLYIO0 B3aMMOZENCTBHE MPUPOJHBIX 3/IEMEHTapHBIX YaCTHLI.
OTa mMofesnb ropaszfo yzaauHee, yeM [ItonemeeBrsl snuiukibl. OHa TipefcKasasna
CyIIleCTBOBaHHE HEeCKOJbKUX HOBBIX UaCTWLI, TIPeX/ie YeM OHU ObIIM 3aMeueHbl,
U ¢ OonbIlION TOYHOCTBIO oOmucana Oyfyiue  pe3ylbTaTbl  MHOTHX
5KCMEPUMEHTOB, TPOBO/IMBIINXCSI B TeUeHUE HEeCKOIbKUX AecsiTwieTuid. Ho oHa
COAEP)KUT JeCATKU YTOUHSIIOIIUX TapamMeTpOB, 3HAU€HUsI KOTODPbIX [OJDKHBI
yCTaHaBIUBATbCsA, UTOOLI COOTBETCTBOBATh HAO/IOIEHUSIM, BMECTO TOTO UTOObI
9TH 3HaueHUs1 ObLJTN OTIpeie/ieHbl CaMOU TeOpUeH.

Yro KacaeTcss YeTBEPTOro TpU3HAKa «XOpOIlei» Mojenu (CriocoOHOCTh
Tipe/icKa3biBaTh pe3y/bTaThl OyAylux HabmogeHui), TO, C OJHOW CTOPOHBI,
yUeHbIX BCerjja BreuaT/isieT, KOrJa HOBbIe OIlIeJIOMUTe/IbHbIe Tpe/icKa3aHusl
OKAa3bIBalOTCs TOYHBIMM, HO, C JPYrOM CTOPOHBI, KOTJa MOJe/b OKa3bIBaeTCs
HernpueM/IeMol, WX 00bIUHasi peaki[usi — 3asiBUTh, UTO SKCIIEPUMEHT He y7ascs.
U paxe ewid 3TO He Tak, JIIOAW BCE PaBHO 3auaCTyl0 He OTKa3bIBAKOTCA OT
MOJle/I, a TIBITAIOTCSI COXPAHUThb ee TyTeM MoAu(UKauuid. XOTs (QU3KKU
TOMCTHMHE VIIpsIMbI B CBOMX TIOMbITKAX CIIAaCTM TEOpHI0, KOTOPOW OHU
BOCXUIIAIOTCS, TIOMBITKK TMpeoOpa3oBaTh ee [AOXOAST TIOpOM 0 TOro, 4YTo
V3MeHeHHsI CTaHOBATCSI HaJlyMaHHbIMU WM TPOMO3JKHMMH, a 3HAuuT,
JIULLIEHHBIMU U3SI11[eCTBa.

Ecmu usmeHeHus, TpeOyrwoilyecs [jis TIOJTOHKA TeOPUM K HOBBIM
HaOMIO/IeHUsIM,  CTAHOBSITCSI  Uepecuyp HW30MIPeHHbIMH, 3TO CUTHalI O
HeoOXOAMMOCTH HOBOU Mogienu. [IpuMepoM cTapoil Mojiesiv, He YCTOSIBIIIeN Tof
JlaBlieHHeM HOBBIX HaOMIO[IeHUM, CIYy)KUT ufes O CcTaTuuHOW BcenenHoii. B
1920-x romax GOABIIMHCTBO (DU3UKOB Tojarajau, uro BceseHHasi cTaTUuHa, TO
eCTb He M3MeHsieTCd B pa3Mmepax. 3areM, B 1929 roay, amepukaHCKU aCTPOHOM
OneuH Xab6n (1889-1953) omybnmkoBan cBoM Hab/roeHuUs, TTOKa3biBalOIIIUe,
uyro BcenenHasi pacumpsiercs. Ho Xa66n He Habmtoman 3To  paciivpeHue



HerocpeicTBeHHO. OH HaO/roaM CBeT, UCITYCKaeMbli rajakTUKaMu. DTOT CBET
obmnazaet crieruduyeCKOM XapaKTePUCTUKOH (CTIIEKTPOM), CBSI3aHHOM C COCTaBOM
KaK/IOM rajJlakTuKy. EC/ii rasakTvka JBUKeTCS OTHOCUTEIbHO HAc, 3TOT CIIeKTP
V3MEHSIeTC Ha W3BeCTHYH Be/qnWuuHy. [lo3TOMy, aHamu3upysi CIIeKTpbI
yAa/neHHbIX Ta/lakTUK, Xab0s cMor orpeienuTbh CKOPOCTA UX [BWKeHUs. OH
ToJiaraji, YTo YAAJSFOIIUXCS ralakTUK OyneT oOHapy>KeHO CTOJIBKO >Ke, CKOJIbKO
U npubmpkaroluxcsa. Ho BMecTo 3Toro okaszanoch, UTO TIOYTU BCe TajlaKTUKU
YAQJISIOTCA OT HAaC UM UeM Jasibllle OHW HaxO[sATCs, TeM ObICTpee ABMKYTCS.
Xab6n mpuilienn K BbIBOAY, uTO BcesieHHasi pacIvpsieTcsi, HO Apyrue yueHble,
CTapasiCb TPUEPKUBATbCS TIPeXXKHEM MOJieNy, TMbITaTUuCh OOBSICHUTH €ro
HabMofleHusT B KOHTeKCTe CTaThuyHoW BcenenHoit. Hampumep, ¢usuk wu3
KanmudopHuiickoro TexHosoruueckoro uHctutyra ®@pur LiBukku (1898-1974)
TIPeANOJIOKAI, YTO MO HEeKOW II0Ka HEeW3BeCTHOW I[IpUYMHEe CBeT, IPOXOJs
OTPOMHBIe PacCTOSIHUSL, MOXXeT I[IOCTelIeHHO TepsATb CBOK) SHEPrur0. ITO
CHW)KEeHUe SHeprUUd COOTBETCTBOBa/JO Obl WM3MEHEHUIO ero CIeKTpa, 4To, TI0
MHeHUIO [IBUKKM, MOIJI0 TOBAUSATH Ha HabmogeHus Xabb6rma. Ho u 1o
TIPOIIIECTBUM  JIeCITU/IETUN TOCAe UCc/iefoBaHuii Xab0ma MHOTUe ydeHble
TIPOJOJDKAIM TIPUJePXKUBATbC TEOPUHU O CTaTUUHOM COCTOSIHUM BcesileHHOM.
OpHako Haubosiee ecTeCTBeHHOW MoJie/ibl0 Obula Ta, KOTOPYHO TMPEAJIOXKUI
Xab6m, — mogesnsb pacimpstoiiieticsi BceneHHOM, OHa U cTasia 0011eTIPUHSTOM.

B nowuckax 3akOHOB, KOTOpble YIpaB/isAlOT BceneHHOMW, yueHble
paccMOTpeJU psifJi TEOPUM, WKW MOZesiel, TaKUX KaK TeOpUs YeTbIpex 3/1IeMeHTOB,
Mozienb Iltonemesi, Teopusi QuiorncroHa, Teopusi bonbiioro B3peiBa U T. 4. C
KKJOM Teopuer, WIM MOJe/bl0, Hallld [pe/CTaB/eHhs O peasbHOCTH U
dbyHIaMeHTa/IbHBIX KOMIIOHeHTax BceseHHOM MeHsimnchk. Bo3bMeM, K npuMepy,
Teopuro cBeTa. HBIOTOH Tosiaraj, 4yTo CBeT COCTOMT U3 MEJIKUX YacCTHll, WU
KOPIYCKY/. DTO OOBSICHSIO, ToUeMy CBeT pacripOCTPaHSeTCs NPSIMOJIMHENHO, U
5TUM >ke HbIOTOH BoOCIO/b30Bancs it OOBSICHEHUS] TOTO, TOUYeMy CBET,
riepexo/is U3 OHOU CpeJibl B IPYTYIO, HAlIPUMeED U3 BO3/yXa B CTEKJIO WU/ XKe U3
BO3/lyXa B BOJly, U3rubaeTcs, Wiv TpeioM/IsieTcsl.

OfiHaKo KOpIyCKY/sipHasi Teopusi He Moria OObSICHUTB siBJieHWe, KOTOpOe
ObUI0 OOHapy>keHO camMuM ke HbIOTOHOM W Ha3bIBaeTCsl CEerofHs KOJbLlaMU
HetotoHa. [loMecTuTe IMH3Y Ha MJIOCKYHO OTPaKaroLyI0 IIACTUHY U OCBETUTE
ee MOHOXPOMHbBIM CBETOM, HarlpuMep OT HaTpWeBOU JiaMIlbl. [/ CBepXy BHU3,
Bbl YBUJWTE uepeZilOBaHME CBeT/bIX U TEMHBIX KOJjel] C LIeHTPOM B TOYKe
CONPUKOCHOBEHUS JIMH3bI C MIOBEPXHOCTHIO TJIaCTUHBI. DTOMY SIBJIEHUIO TPYJHO
Jatb OOBsICHEHWe B paMKax KODITyCKY/ISIDHOM TeOpud CBeTa, HO ero MOXKHO
OOBSICHUTB C TIOMOII[bI0 BOJIHOBOW TEOPUM.



Pedpakiss. HblOTOHOBa MoOJielb CBeTa MoOIJIa OOBSICHUTS,
ToueMy CBeT TIPeIOMJISIETCS, TIEPeXO/isi U3 OJHOU Cpe/ibl B APYTYIO, HO
He /aBasia OOBSICHEHUs $SIBJIEHHIO, KOTOpOe Terepb Mbl Ha3bIBaeM
KoJibLjlaMu HerOoTOHa.

CorsacHO BOJIHOBOW TeOpUH CBeTa, CBeT/Ible U TeMHble KOJIblla BbI3BaHbI
sIB/IeHMeM, KOTOpOe Ha3blBaeTCsi MHTep(depeHLrell. CBeTOBble BOJIHBI, TaK Ke
Kak BOJIHBI Ha BOJie, COCTOAIT M3 uepeayrIuxcs rpedHeit u BraavH. Eciy ripu
CTONIKHOBEHUW BOJIH 3TH I'peOHM M BIAJWHBLI COBMA/AIOT, TO OHU YCHUIHUBAIOT
ApyT Apyra, obpasysi 6osiee KPyIriHYH BOHY. OTO Ha3bIBaeTCsi KOHCTPYKTUBHOM
vHTepQepeHLieil. B TakoMm ciiyuae TOBOpAT, UTO BOJIHBI HaxoAsTcsi B (ase. B
TIPOTUBOIIO/IOKHOM C/Tydae, KOT[ia TMPU BCTpeue BOJH rpebeHb OAHON BOHBI
COBIIa/IA€T CO BMAJJMHOU APYTOU, BOJHBI TacsAT APYT APYra, U TOTJa FOBOPST, UTO
BOJIHbI HaxofsATcs B MpoTuBo@asze. Takoe siBlieHHWe Ha3bIBaeTCs [eCTPYKTUBHOU
VHTep(epeHLIue.

B kosibLiax HelOTOHA SIpKHe KOJbLia pacrioyiaratoTcsl Ha TaKUX PacCTOSTHUSIX
OT LeHTpa, [/e TMPOMEXYTOK MeXAYy JIMH30M W HaxXO[fALLeWcs T1oJ Heu
OTpa’karolllel MOBEePXHOCThIO paBeH 1jesiomy uncay (1, 2, 3...) AJUH BOJH. JTO
O3HayaeT, UTO BOJIHA, OTpakeHHasi OT JIMH3bI, COBIA/IeT C BOJTHOMU, OTPa)KeHHOU
OT IJIaCTUHBI, CO3/jaBasi KOHCTPYKTHUBHYIO UHTep(depeHLr0. TeMHbIe Ko/blia, B
CBOIO Ouepelb, pacro/araltoTCd Ha TaKUX PpPACCTOSHUSX OT LeHTpa, TIhe
TPOMEKYTOK MEX/y ABYMSI OTPaKEHHbIMUA BOJTHAMM DPaBEH TOJIOBMHAM LIe/IbIX



nnuH BosiH (1/2, 3/2, 5/2...), uTO Co37@eT [eCTPYKTUBHYI HHTepdepeHIIUo:
BOJIHA, OTPakeHHas OT JIMH3bI, TaCUT BOJIHY, OTPa’KeHHYIO OT I1/IaCTUHBI.

B XIX Beke 3T0 ObLJI0O BOCTIPUHATO KaK TMOJTBEPsK/EeHUe BOJHOBOW TeOpUU
CBeTa Y KaK CBU/IeTe/IbCTBO TOI'0, YTO KOPITYCKYJ/IsipHas Teopusi HeBepHa. OHAKO
B Hauasie XX Beka OMHINTEWH TMOKa3ald, uTo (POTO3/IeKTPUYECKUN SPQeKT
(Tereppb HWCIO/b3yeMblil B TeneBUZEeHUM U LU(GPOBBIX (hoTOarmnaparax) MOKeT
ObITh OObSICHEH TeM, UTO YaCTHIla, WIM KBAaHT CBeTa, yAapsieT 10 aToMy U
BbIOMBaeT 13 Hero 71eKTpoH. Takum o0Opa3oM, CBeT BefieT ceOsi U Kak yacTulla, 1
KakK BOJIHA.

KoHLlenusi BO/H, BEpPOATHO, IpUIILJIa Ye/JIOBEKY B T0JIOBY [OTOMY, UTO
moau O6pocaroT B OKeaH WM B JIY)KY KaMeIllku W HaOM[aroT 3a TeM, 4To
TIPOMCXOAUT Ha TIOBEPXHOCTU BOJbI. [leliCTBUTENLHO, €C/U Bbl KOTZAA-HUOYIb
Opocanu B JIy)Ky Cpa3y /iBa KaMelllka, TO, BepPOSITHO, BU/ield MHTep(hepeHLIU0 B
JeNCTBUM, KaK Ha WutocTpaluu Hike. [1omo00HbIe siBieHust HaO/MOAAMNCh U B
JPYTUMX >KUIKOCTSX, 3a MCK/IOUeHWeM, T[OXKalayWh, BHWHA, €C/IA BBIIIUTO ero
C/IMIIKOM MHOTOo. West o yactuijax Obia 3HaKOMa IO KaMHSIM, Ta/ibKe U TecKy.
Ho BOT [IBOMCTBEHHOCTh (BO/HA-YaCTUI]a) — MBIC/Ib O TOM, UTO OOBEKT MOXKET
ObITH OMMCAH U KaK YaCTHIla, U KaK BOJHA, — Uy»K/ja HallleMy MOBCeJHEBHOMY
OTIBITY, 1O/I0OHO MBIC/A O TOM, UTO MOXKHO BBITTUThH KyCOK KaMHS.



Wutepdepeniyis. BosHbI MPU BCTpedye MOTYT YCHINTh WA
0C/1abuTh ApPyT ApyTa.

[Togo6HbIe ABOWCTBEHHOCTU — CUTYallMH, KOT/Ia /IBe Pa3Hbie TEOPUU TOUHO
OMUCHIBAIOT OAHO U TO XK€ siBJleHWe, — BIIOJIHE YKJIa[bIBAlOTCS B pPaMKU
MO/ie/ie3aBUCUMOr0 peanuaMa. Kaxk/asi Teopusi MOXKeT OMUCHIBaTh U OOBSICHITH
oripefie/ieHHble CBOWCTBA, U HU 00 O/HOM TeOpuUU Hefb3sl CKa3aTb, UTO OHa
nydllle WM peanbHee Apyrod. KaxeTtcs,, 3akoHbI, ymnpas/sitoiive BceseHHOM,
MOXOXKM Ha 3T0. [lo)kanyi, HeT eAUHONM MaTeMaTUUeCKOW MOJeu, WId TeOpUH,
KoTopasi Mor/ia Obl ornvcaTh BcesleHHYHO BO BceX ee TIpOsiBlieHUsix. HarmpoTus,
KakK y)Ke yIOMHHA/0Ch B I7laBe 1, MOXOXKe, CyllleCTByeT COBOKYITHOCTb TE€OpHH,



o0beIMHEeHHBIX B TaK Ha3biBaeMyro M-Teopuio. Kaxkiast TeOpHsi 3TOM CHUCTEMBbI
TPUrOJiHA /i1 OMMCAHUs SIBJIEHWM B OMpejleJIeHHbIX TpaHuliax. Tam, rjge ux
rPaHULIbl IEPEKPBIBAKOTCS, Pa3Hble TEOPHUU ITOU CHUCTEMBI COIVIACYIOTCS APYT C
JIPyTOM, TaK YTO O BCEX HHUX MOXXHO CKa3aTh, UTO 3TO YaCTH OJJHOW U TOU ’Ke
Teopur. Ho HU O/lHa M3 TEOpUM 3TOM CUCTEMBI He MOXKeT onucarb BceseHHYIO
BO BCeX ee acrekrax — Bce (yHZamMeHTa/bHble B3aUMOJeNCTBUSI (CU/bI) B
TPUPO/ie, YaCTULIbl, HA KOTOpbIe BO3[EMCTBYIOT 3TU CUJ/IbI, U TIPOCTPAaHCTBEHHO-
BpPEMEHHbIE PaMKH, B KOTOPBIX BC€ 3TO TepseT CMbIC/I. XOTS TaKasi CUTyalusl He
WCTIO/IHSIET MeUTY TPAAWULIMOHHBLIX (DU3MKOB O eAWHOW O00beMHEeHHOW TeOpUH,
OHa TIpemM/ieMa B paMKax MO/le/1e3aBICHMOT0 peaji3Ma
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WuTtepdepenuiis B Jyxke. fIBieHre UHTepdepeHLMM MOXXHO
TIOBCeZIHEBHO Hab/0/aTh B /TOOBIX BOl0EMAaX — OT JIY>KHU JI0 OKeaHa.

Msi elrle ob6CcyauM [1BOMCTBEHHOCTh W M-Teopuio B IJiaBe 5, HO TIpexje
BepHeMCss K (yHAaMeHTaJbHOMY TPHUHIMIY, Ha KOTOpPOM 0asupyeTcs
COBpeMeHHbIM B3IVIsSii HA MPUPOJY KBAaHTOBOW TEOPUH, M, B YaCTHOCTU, K TOMY
MOJAX0lly K KBAaHTOBOW TeOPUM, KOTODBIM HAa3bIBAaeTCsl «ajbTepHaTUBHbIE
uctopun». C 95TOM TOUKU 3peHUsi BceneHHasi vWMeeT He eQUHCTBEHHOE
CylLleCTBOBaHMEe, WM WCTOPDUIO, a BCe BO3MOXKHble Bepcuu BceneHHou
CYLLeCTBYIOT OJHOBPEMEHHO B TaK Ha3blBAEMOM KBAaHTOBOM HaJ/IOKEHUH,
KBAaHTOBOM CyMepIio3uLIMi. JTO MOKET T0Ka3aTbCs CTO/b XK€ CTPaHHbIM, Kak
TIpUMEDP CO CTOJIOM, KOTODbIM KMCYe3aeT, KOrja Mbl BbIXOJMM M3 KOMHaThl, HO B
OTHOILIEHUM 3TOr0 C/iyyasi Cjie[lyeT CKa3aThb, UTO KBAaHTOBasi TeOpPHUs BblJeprKasa
BCe JKCTiepuMeHTasIbHbIe POBEePKU, KOTOPBIM KOT/a-/1i00 To/iBepraach.






4. AnbTepHaTUBHbIE HCTOPUM

B 1999 romy rpymnma aBCTPUNCKUX (PU3MKOB TIpOBe/ia SKCIIEPUMEHT TI0
o0CTpesny HeKo# Tiperpajibl cepueil MOJeKys, CTPYKTypa KOTOPbIX HallOMUHAeT
PUCYHOK Ha TOBePXHOCTH PyTOONBHOTO Msida. ITU MOJIEKY/IbI, U3 I1eCTUIECATH
aTOMOB yTI7iepojia KaXk/iasi, UHOT/Ia Ha3bIBalOT OakubonamMu wunu yiepeHaMu —
B UYeCTb aMepHKaHCKOro apxutekropa bakmuHcTtepa ®ysnnepa (1895-1983),
KOTODBIM CTpOWJ  37aHusl MOA0OHON KOHCTPYKUMU. Tak Ha3biBaeMble
reozie3uueckue Kymnosaa Pymniepa rpecTaBisitoT OO0, MoXkanyi, KpymHeuiiive
00BEKTHI CO CTPYKTYpOt (pyTOO/bHOTO Msiua. baknbosibl ke — HavMeHblIIne U3
Takux 00beKTOB. B mperpazie, Ha KOTOPYIO yueHble WX HarpaBU/IU, UMeJOCh /iBe
111eJTi, CKBO3b KOTOPble 6akuOOo/bl MOT/IU MpoJieTeThb. [103au riperpaibl GU3UKU
PACIIO/IOKU/IU CBOETO PO/ia FKpaH /ijisi 0OHapY»KeHUsI U TIoficueTa MPOCKOUMBIIIAX
MOJIEKYII.

bakubonbl. Bakubo/mbl  TOXOXKM Ha  MUKPOCKOITUUeCKHe
byTboMBHBIE MSTUM, COCTOSIIIMIE U3 aTOMOB yT/Iepoja.

Ecii  Mbl TOCTaBUM  aHAJOTUYHBIA ~ 3KCIIEPUMEHT C  HACTOSILUMU
byTO0MBHBIMU MSUaMH, HaM MOHAJ00UTCS UTPOK — He 0COOeHHO MeTKuM, HO
CrocoOHbIN BecbMa TPO/IO/DKUTE/TbHOE BpeMsi OUTb 10 BO3HUKAIOIIUM Tiepef
HUM MsiuaM C 3a[JaHHOW HaMU CKOPOCTbIO. MBI pacro/ioyKuM 3TOro UrpoKa Tepes
riperpazioi — CTeHKOMW, B KOTOPOUW UMEeTCs 1Ba BepTUKA/IbHBIX Mpoema. [1o3aau
CTeHKW (MapasuiesibHO eil) HaTsHeM OueHb [JIMHHYK CeTKYy. bBOo/bLIMHCTBO



MOC/TIAHHBIX WTPOKOM MsUel TIorajileT B TIperpajly ¥ OTCKOUHUT 0OpaTHO, HO
HEKOTOphbIe TIPOJIeTAT CKBO3b TOT WU APYroM MpoeM U momnaAyT B ceTky. Eciu
1poeMbl OyAyT JIMIIbL UyTOUKY OO/bIle Msda, TO IO JPYT'YIH0 CTOPOHY CTEHKHU-
Tiperpajibl BO3HUKHYT JBa CTPOrO Iapasie/ibHbIX TMOTOKa. EciM ke mpoemsbl
HEMHOTO PaCIIUPUTh, KaXK/IbIi W3 TIOTOKOB OyZIeT c/ierkKa pacXoAuThcs (CM. WIL.,
c. 72).

®yTbon yepe3 cTeHKy-Tiperpajy c [AByMmsi mnpoemamu. Korga
byTbOMMCT MOChUIaeT MSUM uepe3 TPOeMbl B CTEHKe, Mbl MOXEM
Hab/ro/1aTh OOBIYHYIO KapTUHY.

Eciv Mbl 3aKpoeM OAWH M3 MPOEMOB, TO COOTBETCTBYIOLUN €My MOTOK
Msiueli He CMOXKeT IpoJieTaTh uepe3 Mperpajy, O[HaKo 3TO HUKaK He TOB/IYseT Ha
Apyroi 1oToK. Ecu Mbl CHOBa OTKPOEM TOT TIPOeM, KOTOPbIi ObLT 3aKPHBIT, 3TO
JIUILIb YBETMUUT YMCJIO MsTUel, MPU3eMJTUBIINXCS B JIF000M M36paHHOM TOUKe 10
JIPYTYIO CTOPOHY CTeHKH, TOCKO/bKY 3TO OyZlyT BCe MsiuM, MpOIlieAiliie uepe3
OCTaBaBLUIMMICSI OTKPBITHIM MPOEM, TUTIOC APyTHe MsuM, TpoLe/liie yepe3 BHOBb
OTKPBIThIM NipoeM. VIHbIMU C/10BaMH, eC/IM OJHOBPEMEHHO OTKPHBITh /iBa MIPOEMa,
MbI YBUJJUM CyMMY TeX Msueli, KOTopasi TosiBUiach Obl 3a Tperpajoil B TOM
Cjlydae, KOrjla Mbl OTKpBIBa/id Obl MOOUepeqHO KaXKIbld U3 TpoeMoB. TakoBa
peanbHOCTb, K KOTOPOM MbI TIPUBBIK/IA B TIOBCEAHEBHOU >KU3HU. COBCEM HUHYIO
KapTUHY YBU/Ie/IM aBCTPUMCKWE WCC/e/joBaTed, KOrja Beau 0OCTpesl CBOMMMU
MOJIEKY/IaMHU.



B aBCTpuUIiCKOM 3KCITepUMEHTEe OTKPBLITHE BTOPOIO IpoemMa [1eliCTBUTETbHO
YBEJIMUKBAJIO UMCJIO MOJIEKY/I, TIOTIa/IaBIIIMX Ha OIpe/le/IeHHbIM yUaCTOK KpaHa,
HO TIPYU 3TOM yYMeHbIlIa/i0 UX YMC/I0 Ha JPyroM yJacTke (CM. uil., C. 73).

BakubosnbHbIN (yTOOM uepe3 aByxilenieByr0 Tmperpaay. Korza
MOJIEKY/TbI-«MsTUM» TIPOJIETAIOT CKBO3b II[eJId, Ha SKpaHe TMOsBIsSIeTCs
y30p, COOTBETCTBYHOIIMI KAKOMY-TO KBAHTOBOMY 3aKOHY.

dakTHuecKu ObIIM TOUKH, Kyza Oakubombl BOOOIe He Tomajasid, KOrzaa
ObLTM OTKPBITHI 00e 11[e/T, HO OHU TIoTaZia/id Ty/a, €C/IM OTKPBITON OCTaBasach
JIUIIb OffHA W3 Ijefied. ITO 0/DKHO BBITISIIETh BeCbMa CTpaHHBIM. Kak MoxeT
OTKpbITHE BTOPOM IIleJIi YMEHBIIUTh UYHMC/IO MOJIeKY/, TIOTMaZJaloIuX B
oripe/ieJIeHHY 0 TOUKY?

YroObl TIO/MyUYUTh K/IHOU K OTBETY, M3yudM BCE JeTasbHO. B 3ToM
9KCTIeEPUMEHTe MHOTHE M3 MOJIEKY/ISIPHBIX «MsUei» TIoTajv B TISITHO, LIEHTP
KOTOPOTO PACIoJiarajcs Ha MOIMYyTH MeXAy TeMU MeCTaMUu, Kyla MOXKHO ObLIO
OXKUZIATh TIOTIa/IaHUsI MsTueld, pOJIeTeBIINX Uepe3 Ty U APYryio Iend. B mecra,
pacro/o)KeHHble UyTh Jla/bIlle OT 3TOM I|eHTPa/IbHOM TOUKH, TIOIa/lalo OueHb
MaJjio MOJIeKYJl, HO ellje UyTh Jla/ibliie CHOBAa Hab/t0/1a/ioCh CKOTI/IEHHEe MOJIEeKYI,
TIPOIIIeAIINX Yepe3 Iie/b. ITOT y30P He SIBSeTCS CyMMOM Y30POB, ITOTyYeHHbIX,
KOr7la KaKJasl IIe/ib OTKpbIBa/liach OT/IeJIbHO, HO OH HAllOMUHAeT KapTHHY,
XapaKTepHYI0 /i1 UHTep(epUpyroIMX BOJIH, MMOKa3aHHYI0 Ha W/UTFOCTPALIUM B
rMaBe 3. YUaCTKH, Ky/la MOJIEKY/bl He IOTa/aiu, COOTBEeTCTBYIOT 00acTsM, B



KOTOpbIe BOJIHBI, UCXOASILIME W3 [BYX Lejiei, MPUXOJuIu B MpoTuUBOdase u
co3/jaBau [eCTPyKTUBHYIO HHTep(epeHLUI0; Y4YacTKU >Ke, Ky/Ja IOMazasio
MHOTO MOJIeKY/l, COOTBETCTBOBa/M O0JIaCTSIM, KOTOPBIX BOJIHBI AOCTWTA/NH B
OAMHaKOBOM (ha3ze U co3[aBaiu KOHCTPYKTUBHYIO UHTepP(epeHLIHIO.

B TeueHue repBbIX ABYX ThICSU JIeT pa3BUTUSI HAYyUHOM MbIC/IA OCHOBOM /18
TeopeTUueCKUX OOBSICHEHUM CTY)KUIU MOBCeAHEBHbIN OMbIT U WUHTyuULus. [1o
Mepe TOr0 KaK Mbl pa3BHBa/M TeXHUYECKHWe YCTPOMCTBA U PaCIIUPSIM C UX
TIOMOIIIbI0 JIara30H SIBJ€HWM, [OCTYIHBIX HAIIMM HaO/OeHUsIM, MbI CTaju
3aMeuarb, YTO T[OBeJileHWe TPUPOAbl BCE MeHbllle W MeHbllle COOTBETCTBYET
HallemMy T[IOBCEJHEBHOMY OIBbITY W Hallled WHTYWULUW, O 4YeM, HarpuMmep,
CBUIETe/ILCTBYET SKCIIePUMeHT C 6akubosaMu. ITOT FKCTIEPUMEHT TUTTUUEH [IjIsl
SIBJIEHUM, KOTOpble He MOXKeT OOBSICHUTH KjaacCuueckas Hayka, HO KOTOpbIe
OMUCHIBAIOTCS KBAHTOBOMW (pr3uKoil. Pruuaps ®eiiHMaH curTalsl, 4To SKCIIepUMEeHT
C WCI0/Tb30BaHUEM TIperpajibl C AByMsl I1ieJisIMH, MMO/I00HbIN OMMCAHHOMY BHIILIE,
«3aK/rouaet B cebe BCIO TaliHy KBAHTOBOM MeXaHUKW».

[TpyUHLUTTBEI KBAaHTOBOM (DM3UKKM ObLIM pa3paboTaHbl B TiePBbIe [1eCATUIEeTHS
XX Beka, INocje TOro Kak Teopvto HplOTOHa cOWwIM HeLOCTaTOYHOM /1Sl
OTMCaHusl TIPUPOZbl HA aTOMHOM U Cy0aTOMHOM YpOBHsiX. PyH/aMeHTa/lbHbIe
bu3nuecKre TeOpUX OTMUCHIBAIOT CUJIbI TIPUPOBI U TO, KaK 00BEKThI pearupyroT
Ha Hux. Kimaccuueckue Teopuu, Takue Kak Teopusi HblOTOHa, MOCTpOeHblI Ha
OCHOBe TIOBCEJIHEBHOTO OIMbITa, T/e MarepuajbHble OOBEKThI CYIIeCTBYIOT
VHJVBU/Ya/JbHO, MOTYT pacrojaratbCs B OIpeJe/leHHbIX MecTaX, C/eAyoT
CTPOro Omfpe/ie/IeHHbIM TpaeKTopusiM U T. . KBaHTOBast (pu3rka JjaeT OCHOBY /ISt
TIOHUMaHUs TOTO, KaK MPUPOZA AelCTByeT Ha aTOMHOM M CyOaTOMHOM YPOBHSIX,
HO, KaKk Mbl pacckaxeM Oosee MofpoOHO B JajbHeilleM, OHa [AUKTyeT
COBEpILIEHHO MHYI0 KOHLEMTYaJbHYH CXeMy — TaKyl, B KOTOPOU I0JIO)KeHUe
obbeKkTa, ero MyThb W Ji@)ke ero rpouuioe U Oyaylljee TOYHO He OIpeZesieHbl.
KBaHTOBbIe TeOpUM TaKWX CWI, KaK rpaBUTALMOHHAsi WM 3/€KTPOMarHUTHasl,
TOCTPOEHbI UMEHHO Ha 3TOW OCHOBe.

Moryr 74 TeopuM, TOCTDOEHHble Ha OCHOBe, CTOMb UYXKJOU
TIOBCE/THEBHOMY OIIbITY, OOBSICHUTH TIPUCYIIME €My $SIBJIeHUs, KOTOpble CTO/b
TOYHO ObUIM CMO/IeTMPOBAHbI K1acCUUeCcKor (hHU3UKOMU?

Oka3biBaeTcsl, MOT'YT, MOCKOJbKY M Mbl, U BCE, UTO HaC OKpY>KaeT, 3TO
COCTaBHble OOBEKTHI, TO €CThb CTPYKTypbl, COCTOsIIie U3 HeBoOoOpa3uMo
OOJIbILIOrO KOMWYeCTBa aTroMOB, — 3TUX arToMOB Oosbllle, ueM 3Be3f B
0003puMoii uactu BeeneHHoit. M XOTs BCe 3TH aTOMbI MOAUUHSIIOTCS TIPUHIIATIAM
KBaHTOBOM (PU3MKM, MOXXHO MPOJEMOHCTPUPOBaTb, UTO WX KpYIMHbIe
COBOKYMHOCTH, Caratoiive (yTbosibHbIe Msud, MOPKOBKH, a3po0ychl U Hac
camMuX, KOHEYHO ke CyMeloT u3bexkaTb Audpakiyy TpU TIPOXOXKAEHUU uepe3



npoeMbl. [103TOMY, XOTS KOMITIOHEHTbI OOLIYHBIX OOBEKTOB M TOJUUHSIOTCS
KBaHTOBOM (pu3uKe, 3akoHbI HbIOTOHa TIpeACTaBslOT 000 3¢ deKTUBHYO
TEOPUID, KOTOpas C BBICOKOW TOYHOCTBIO OIMCHIBAaeT IIOBeJleHUe CJIOXKHBIX
CTPYKTYD, 00pa3yoIyx Halll TOBCeHEBHbIN MUP.

OTO MOXKeT 10Ka3aThbCsl CTPaHHBIM, HO B HayKe eCTb MHOIO CJ/ly4yaeB, Korja
TIOBe/leHre KPYIMHOro 00pa30BaHus BHIT/ISIUT OT/IMYAKOIIUMCS OT TIOBE/IEHHSI eTo
VIHVBU/lya/IbHbIX KOMIIOHEHTOB. Peakijuu OJHOrO HeMpOHAa e/iBa /iU TakKue e,
KaK y 4eJioBeuyeCKOro Mosra B LieJIOM, a 3HaHWe CBOWMCTB MOJIEKYJ/Ibl BOAbI BPSiJ,
JI1 MHOTO pacCKa)keT BaM O TOBeZileHUM o3epa. B ciyuae KBaHTOBOM (DU3MKU
yueHble U TIO Cceli JieHb paboTaroT Haj TeM, UTOObI MOJPOOHO BHISICHUTh, KaK
3akoHbI HbIOTOHA TIPOMCTEKaroT W3 KBAaHTOBOW oOsiacTu. HaM M3BECTHO JUIIIb,
YTO COCTABJISIFOIIIME 3IeMeHThI BCeX 00BeKTOB MOJUMHSIFOTCS 3aKOHAaM KBaHTOBOM
¢bu3uky, a 3akoHbl Hbl0TOHA TIpe/icTaBsIIOT cob0it Xopoiiiee NpUbIKeHUe JJis
TOTO, YTOOBI OMKUCAThb, KaK BelyT cebsi MaKpOCKOMUUYeCKre 00beKThI, COCTOSIIHE
Y3 TaKWX KBAHTOBBIX KOMIIOHEHTOB.

VIMeHHO MO3TOMY MpPOrHO3bl Teopud HBIOTOHA COBMAJAOT C HAIIUM
BU/IEHVEM peajibHOCTH, KOTOpOe Mbl BCe pa3BMBaeM II0 Mepe 3HaKOMCTBa C
OKpy>Karolum MupoM. Ho o6pa3 [elcTBUSI OT/AeNbHBIX aTOMOB U MOJIEKY/T
KapAWHAa/JbHO OT/JMYaeTCcd OT TOro, C KOTOPbIM Mbl CTaJIKUBaeMCs B
TIOBCe/THEBHOM »Ku3HU. KBaHTOBasi (hv3uKa mpescTap/sieT co60ii HOBYHO MOJie/b
peasbHOCTH, [Jarolllyl0 HaM WHYIO KapTuHY BceneHHOU. OTO KapTHHA, B KOTOPOU
MHOT'Me TIOHATUS, OCHOBOIIOJ/IAraroIie JJsi Hallero MHTYUTUBHOIO MOHUMAaHUS
peasibHOCTH, O0/bille He UMEIOT 3HaUeHUsl.

BriepBbie 3KCIepMMeHT C [IBYXILeJIeBOU Iiperpajon rnposenv B 1927 ropy
amepUKaHCKue (pusmku-3kcriepumenTaTopsl Knvaron [IsBuccon (1881-1958) u
Jlectep Ixepmep (1896-1971) u3 komrianuu «besn JIa63». OHu u3yuanu, Kak
MyUOK 3/IEKTPOHOB — O0OBEKTOB, KOTOphIe ropasfio rpoiije, yeM 6akubosbl, —
B3aMMOJIEUCTBYeT C KPUCTA/UIOM HUKessd. TO, 4TO MaTepuasbHble YaCTULIb,
9JIEKTPOHBI, BeflyT cebsi 1oj00HO BO/THAM Ha BOjle, 0Ka3aj0Ch MOPa3uTe/IbHbIM
5KCMEPUMEHTOM, KOTODbIM BJJOXHOBW/I KBAaHTOBYHO (u3uKy. [lockosibky Ha
MaKpOCKOTTMUeCKOM YPOBHe Takoe ToBe/ieHue He HabrJanoch, yueHble [[0JIro
He MOTJIU TIOHSATh, HACKOJILKO OOJIBIIINMM U CJIOXKHBIM JIO/DKHO ObITh HEUTO, UTOOBI
OHO BCe ellle MPO/I0/KAsI0 TIPOSIB/ISTH 1M0/j00HBIe BOIHOBBIe CBOMCTBA. Eciu ObI
3¢deKT yanock MpoAeMOHCTPHUPOBATh, UCIOJb3Ys JIFOel WK TUIONOTaMOB,
3TO BbI3BaJI0 ObI HACTOSAIIYHO CEHCAI[UI0, HO, KaK MbI yKe CKa3aJid, ueM 0oJibIie
00beKT, TeM, KaK TIPaBWIO, MeHee OYEeBUJHBIMU U MeHee YCTOWUWBLIMU
CTaHOBATCSI KBaHTOBbIe 3(dekThl. [103TOMY Bpsifi 1 Kakoe-HUOY/b )KUBOTHOE B
300T1apKe CMOXKeT TIPONTH, MO00HO BOJ/IHE, CKBO3b JKeJie3Hble TPy Thsl KieTKu. U
BCe e (PU3MKH-IKCIIepUMEeHTaTOPhI CTaIu Hab/MHjaTh BOIHOBbIE CBOMCTBA Y BCe



Ooslee KPYMHBIX «YaCTUL». YueHble HA/EIOTCsl KOrJa-HUOylb TOBTOPHUTH
JKCTIepUMeHT ¢ 0akubomaMu, WCIO/b3ysi BUPYC, KOTOPBIM He TOJILKO TOpas3fo
Oosibllie 1O pa3MepaM, HO UM pacCMaTpPUBAeTCsl HEKOTOPhIMU Kak >KMBOE
CyLL|eCTBO.

EcTb Bcero HeCKONbKO acCreKTOB KBAHTOBOW (PU3MKH, HEOOXOAUMBIX Jist
TOTO, YTOOBI MOHSTH PACCYXK/|€HUs, KOTOpble Mbl MPUBEAEM B TOC/eIYHOIIUX
rmaBax. OjHa W3 OCHOBHBIX 0COOEHHOCTeld — [IBOMCTBeHHasl TIpUpoja
(oyanusMm) BofHbI-uacTilbl. To, UTO MaTepua/ibHas 4YacTulla BefileT cebs
noflo6HO Bo/He, yAuBWIO Bcex. To, UTO cBeT BefleT cebsi Kak BOJHA, y)Ke He
yOouB/sSieT HUKoro. BomnHomofoOHoe TOBeJeHWe CBeTa KaXkeTcss HaMm
eCTeCTBEeHHBIM U CUMTAeTCsl OOLeNPUHATEIM (PAKTOM Ha MPOTSDKEHUU YyKe TTOUTH
[IBYX BeKOB. EC/i1 B yIIOMSIHYTOM BbIIlle SKCIIepYMeHTe HallpaBUTh JIy4 CBeTa Ha
[iBe 11[eJIv, TO TOSBATCSA /iBe BOJIHbI, KOTOpbIe U BCTPETATCS Ha 3KpaHe. B Kakux-
TO TOUKax WX TpeOHU WM BMa/[MHBI COBIMAAYT, 00Opa30BaB sSIpKOe TISITHO, a B
JPYTUX MecTaxX rpeOHU O/IHOM BOTHBI HAJIOXKaTCs Ha BMA/IUHBI IPYTOM, TOT/IOTUB
uxX 1 00pa3oBaB TeMHbIM yuacTok. B Hauase XIX Beka aHrmiickuii ¢pu3uk Tomac
FOnr (1773-1829) mpoBen 3TOT SKCIepUMeHT (M3BeCTHBbIM Terepb Kak OIbIT
FOHra) u ybeaun Bcex, uTo CBET — 3TO BOJIHA U OH He COCTOUT U3 UaCTHI], Kak
cunTtan HerOTOH.

XOTs HEKOTOpbIe MOTIJIU C/lefiaTh BbIBOJ], UTO HbIOTOH ObLT He MpaB, TOBOPS,
YTO CBeT — 3TO He BOJIHA, HO BCe Ke OH ObLJ TpaB, TOBOPS, UTO CBET MOXKET
JefiCTBOBaTh TakK, KakK ecju Obl OH cOCTOsiT U3 yactull. CerofiHs Mbl Ha3bIBaeM
3TU yacTullbl (oToHamMu. Kak Mbl cOCTOMM U3 OOMBILIOT0 YMCIa aTOMOB, TaK U
CBeT, KOTOpPbIM Mbl BUJUM B TMOBCEJHEBHOW >XU3HH, COCTOUT W3 BeJIMKOIO
MHO)XeCTBa ()OTOHOB, — JaKe OJHOBaTTHbIM HOUHUK H3/1ydyaeT MUJIMAP]
MUTMapAoB (HOTOHOB B ceKyHAy. OnrHouHbIe (hOTOHBI 0OBIYHO He3aMeTHbI, HO
B jabopatopuu MOXHO CO037aTb BecbMa C/1a0blii JIyu CBeTa, COCTOSILIMN U3
MOTOKa OAWHOUHBIX (DOTOHOB, KOTOpble MbI CMOXXeM OOHapy’>KHUBaTh
VHAWBU/Iya/IbHO, TOUHO TakK >kKe, Kak Mbl 0OHapy>X1BaeM OZIMHOUHbIE 3/IeKTPOHEI
umu 6akubonbl. I Mbl MO)KeM TIOBTOPUTH OMBIT HOHra, MCHOb3ysi HACTOMBKO
pa3pekeHHbIN Jiyd, 4TO (POTOHBI OyyT AOCTUTraThb TIPerpajibl MOOAUHOUKE, C
VIHTEPBAJIOM B HECKOJILKO CeKyH/. Eciu Mbl czenaem 3To, a IIOTOM CJIOXKUM BCe
OTJe/bHbIe TOMNaZiaHusi, 3a)MKCMPOBaHHbIE Ha PACIIOJIOKEHHOM 3a Tperpazou
JKpaHe, TO OOHapy)kuMm, UTO BMeCTe OHM CO3[alOT TOUHO TaKOW ke
uHTep(depeHIIMOHHBIA y30p, KakoW BO3HUK Obl B TOM C/ayyae, ecjid Obl MBI
npoBenu ombIT [JIaBuccoHa — [Ikepmepa, HO obcTpesnvBamu Obl 3KpaH
y/ieKTpoHamMu (unu  Gakubosamu) TmowtyyHo. [ns  ¢u3MkoB 3TO  ObUIO
MOTPSICAIOIIUM OTKPBITUEM: eC/IA OT/le/ibHble YaCTULbl UHTeP(EPUPYIOT CaMU C
co0oif, TO BOMIHOBasi TIPUPO/iA CBeTa SIBJ/ISIETCS CBOMCTBOM He TOJIbKO Jiyda, WU



6onbI1I0TO CKOTI/IeHHUST (hOTOHOB, HO Y OT/e/TbHOM YaCTHIIBI.
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OnbiT FOHra. Y3op, BO3HMKAWIMK B 3KCIEepUMeEHTe C
bakubosiamu, ObLT U3BECTEH U3 BOJTHOBOM TEOPUM CBeTa.

Ellle OAHMM W3 OCHOBHBIX TMPUHLUIIOB KBAHTOBOM (DU3UKHU SIB/ISETCS
TIPUHLIUI Heonpe/ie/IeHHOCTH, KOTOPbIM B 1926 rofy cdopmynvpoBan HeMeLKUi
¢u3uk Bepuep I'eitzen6epr (1901-1976). IIpuHLuT Heoripeie/IeHHOCTH TOBOPUT
O TOM, 4YTO CYLIEeCTBYHOT Mpee/bl HAllUX BO3MOXXHOCTEW OJHOBPEMEHHOIrO
V3MepeHUsl OMpeJle/IeHHbIX BeJWUYWH, TaKUX KakK I[I0/I0KeHHe W CKOPOCTh
yactulpl. Harmpumep, comacHO TNPUHLUITY HeOlpeJeeHHOCTH, eC/Id Bbl
YMHOJKaeTe Heornpe/le/IeHHOCTb TOJIOKEeHUs] YaCTHLIbI Ha Heornpe/e/leHHOCTh ee
UMITy/bca (MPOU3Be/IeHHsI MacChl Ha CKOPOCTh), TO Pe3y/lbTaT He MOXKeT ObITh
MeHbllle HeKOM (PMKCHPOBAaHHOW BeTMYMHBI, KOTOPYIO Ha3bIBalOT IMOCTOSSHHOMW
[InaHka. DTO 3BYUMT KakK CJOXKHas CKOPOTOBODKAa, HO CyTb ee MOXKeT ObITh
BbIpa)keHa IIPOCTO: YeM TOYHee Bbl U3MepsieTe CKOPOCTb, TeM MeHee TOYHO
MO)KeTe W3MepUTh TI0JIoKeHue, W HaobopotT. Harmpumep, ecnu BbI BABOE
yMeHbllIaeTe HeONpeJe/leHHOCTb TI0JIOKeHUs, TO BaM TMpPUJETCA  BJBOe
yBe/IMUUTh HEOIpe/eIeHHOCTb CKOPOCTU. Takke Ba)KHO OTMETHTb, UTO IIO
CPaBHEHHIO C OOBIYHBIMU e[AVHUIIAMUA W3MepeHHs, TaKUMU KakK MeTphI,
KWIOTPAMMBbI U CeKyH/bl, TIOCTOssHHasA IlnaHka oueHb Masna. [1elCTBUTENBHO,
eCJIM BbIpa3suTh ee B ITUX eJWHULaX, TO 3HaueHue cocTaBuT npumepHo 6/10 000
000 000 000 000 000 000 000 000 000 000. B pesynbrare, eciv Bbl 3aceyeTe
MeCTOTI0/IOKeHHe MaKpPOCKOMMUeckoro o0bekTa, Harpumep ¢GyTOOMBHOTO Msua
MacCoW B TpPeTb KWJIOrPamMMa, C TOYHOCTBIO /10 OJHOrO0 MU/UIUMETPA B KaXKA0M



HarpaB/IeHUW, Mbl BCe ellle CMOXKeM HW3MepUTb ero CKOPOCTb C TOUYHOCTBIO
ropa3fo Oosbliiedi, ueM oOfHa MWUIHMApAHAas MWIIMApAHONW OT  O[HOM
MWIIMAapAHOW KWiIOMeTpa B YaC. JTO MOTOMY, UYTO H3MepeHHas B TaKHX
elvHUIAX Macca @yTbonbHOrO wMsiya paBHa 1/3, a HeompeJeseHHOCTh
nosioxkeHust 1/1000. Hu Toro HU [pyroro He [JOCTaTOYHO, UTOOBI TIPHUBECTH KO
MHOXeCTBY Hy/ed B MNOCTOSHHOW [lnaHka, Tak 4TO 3Ta poJib [OCTaeTcs
HeolpeJileJIeHHOCTY B CKopocTh. Ho B Tex ke eauHMLIaX Macca 3JIeKTpOHa
cocrasiser (0,000 000 000 000 000 000 000 000 000 001, mostomy c
9/IEKTPOHaMU [le/lo 0OCTOUT COBepilieHHO To-Apyromy. Eciu Mbl u3Mepsiem
TIOJIOXKEHUe 37IeKTPOHA C TOUHOCTHRO, MPHMMEPHO COOTBETCTBYIOLLEH pa3mepy
aToMa, TO TIPUHLMII HeOoIlpeje/leHHOCTH YCTaHaB/IWBaeT, YTO Mbl He MOKeM
y3HaTb CKOPOCTh 3/IeKTpOHA 0ojiee TOUHO, ueM TpUMepHO Tuiroc-MuHyc 1000

KHWJIOMETPOB B CEKYHAY, UTO YK HMKdK HE€ Hd30Belllb OU€Hb TOUHBLIM.
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«Ecnu 3T0 AeiicTBUTENBHO Tak, TO BCe, YTO Mbl MPUHUMAJIHN 3a
BOJIHY, Ha CaMOM /iejie ObLJI0 YacTullel, a BCe, UYTO MbI TIPUHUMAJ/IH 3a
YyacTully, ObI7I0 BOJTHOM».

CornacHO KBaHTOBOM (pM3UKe, He3aBUCHMMO OT TOTO, CKOJIbKO MH(OpMaLUu
MbI TIO/ly4aeM WM CKOJb BeJMKM Hallld BbIYMC/IUTE/bHbIE CIIOCOOHOCTH,
pe3y/bTaThl (PU3NUeCKUX TIPOL[eCCOB He MOTYT ObITh MpeficKa3aHbl OJJHO3HAYHO,
TOTOMY 4YTO OHU He WMEIT O/IHO3HauHOW onpedeireHHocmu. Haobopor,
yUWTBIBasi JaHHOe Hada/JbHOEe COCTOsiHWe cucTeMbl, [Ipupona orpezesnsieT cBoe



Oyzylllee COCTOsSIHMe TIOCPeJCTBOM TIIpoliecca, KOTOPbIM  CyIlleCTBEHHO
HeoZiHO3HaueH. VHbIMu ciioBamu, [Ipupojia He JUKTyeT pe3y/bTaT KaKoro-imbo
mpolrjecca Wiv SKCIIepUMeHTa Jiaxe B MpocTedlmx cuTyanusx. Ckopee, oHa
TMpe/IoCTaB/IsieT MHOTO Pa3/IMYHbIX BO3MOXKHOCTEM, KaXKasi U3 KOTOPbIX MOXKET
peasn30BaThCsd C TOW WM WHOM CTENeHbI0 BEPOSITHOCTU. JTO, nepedpasupys
OinHIlTeliHa, Kak ecu Ob1 bor 6pocasn urpasibHble KOCTH, MPEX/ie ueM pelluTh,
KakiM OyzeT pe3ynabraT Kaxzaoro ¢usnuyeckoro ripouecca. Takas ufes
Gecriokouia DUHILTeNHA, U Aake Oyayus OfHKMM U3 OTLIOB KBaHTOBOM (DH3UKH,
OH BMOC/IeZICTBMY Haua/ KPUTUKOBAThb 3TOT B3IVISI,.

MoskeT moOKa3aTthbcsi, OyATO KBaHTOBasi (pM3MKa MOAPBIBAET CaMy W/EI0 O
ToM, uTo [Ipuposa yrnpas/sieTcsi 3akoHaMH, HO Jiesio 06CcTouT He Tak. IIpocTo 310
BeJleT HaCc K TIPUHSTUI0O HOBOW (DOpMBI JeTepMUHU3MA: [JaHHOE COCTOsIHHe
CUCTEMbl B HEKOTOPbIi MOMEHT BPEMEHM U 3aKOHbl MPUPO/bI OIpeessitoT
8epoOSIMHOCMU  PA3/IMYHBIX BapUaHTOB OyAyllero U TIPOIUIOr0, HO He
oripefiesisitoT Oyzylliee U MPOLIOe CTPOrO OJHO3HAYHO. YueHble, HECMOTPsI Ha
TO YTO KOMY-TO 3TO He TIO0 BKYCY, [OJDKHBI TMPHJEP)KUBATbCS TeX TEOPU,
KOTOpble COIJIACYIOTCSI C SKCIIEPUMEHTOM, a He C WX COOCTBeHHBIMU
TIpe/IB3SITbIMU [OHATHUSIMH.

B03M0O)XHOCTb TIPOBEPKA — BOT UTO JIO/DKHA TPeOOBaTh HayKa OT TEOPHH.
Ecmu Obl BeposSITHOCTHAasi TMpUPOZA TpefcKa3aHWil B KBAaHTOBOW (u3uKe
O3Hauasa, YTo MOJATBEPAUTH Mpe/CKa3aHWs HEBO3MOXXHO, TO KBAHTOBbIE TEOPUU
He CUUTAIUCh Obl MpaBOMepHbIMU. HO HeCMOTpsi Ha BEPOSITHOCTHYIO TPUPOAY
VX TIpe/[CKa3aHui, Mbl BCe K€ MOXXeM BBITO/IHSITh POBEPKY KBAaHTOBBIX TEOPUH.
Hanpuimep, Mbl MO>XXeM MOBTOPUTH KCIIEPUMEHT MHOTO Pa3 U MOATBEPUTh, UTO
yacToTa pasHbIX pe3y/abTaTOB COBMaJaeT C IIpeJCKa3aHHOU BepOSTHOCTHIO.
BepHeMmcst K ombiTy ¢ Oakubosamu. KBaHTOBasi ¢u3vka TOBOPUT HaM, 4YTO
HUKaKoW OOBeKT HUKOI/Ia He pacriojiaraeTcsi B OIpejie/IeHHON TOoukKe, MOTOMY
yto, OyZib 3TO TaK, HEYBepeHHOCTb B UMIIYJ/IbCe PaBHsIACh Obl O@CKOHEUHOCTH.
daKTHUYeCKH, COIVIaCHO KBAaHTOBOW (pU3MKe, KaXK/asi yaCcTUL[a UMeeT HEKOTOPYIO
BEPOSITHOCTb OBbITb OOHApy)XeHHOU r7e yrogHo Bo BceneHHol. Tak uTo gake
eC/Iy 1IaHC 0OHApPY>KUTh JAHHBIN 3/IEKTPOH BHYTPU JBYXIIE/IEBOrO YCTPOMCTBA
BeCbMa BBICOK, Bcerjia OyneT COXpaHSIThCS IIAHC, YTO 3TOT 37IeKTPOH MOXKET
OKa3aTbCs Ha oOpaTHOW CTOpoHe 3Be3Abl anbda LleHTaBpa WM BHYTpU
3arieKaHKH, TIPUrOTOB/IEHHOM B CTOJ/IOBOM y Bac Ha pabore. B pe3synbrare, eciu
BbI y/lapyTe TI0 KBAHTOBOMY 0aku0oJ1y, OTIIPAaBUB €r0 B M0JIeT, HUKaKasi JOBKOCTh
M HUKaKyMe 3HaHusi He TIOMOTYT BaM 3apaHee CKa3aTb, [[e TOUHO OH
npuseMuTcsi. Ho eciu Bbl MOBTOpPUTE 3TOT SKCIIEPUMEHT MHOTOKPAaTHO, TO
MoJiyueHHble BaMM [laHHblE TOKa)XyT BEPOSITHOCTb HAaXOXKAEHUS «Msiua» B
pa3HbIX MeCcTax U MOXKHO OyneT yTBep)K/aTh, UTO pe3y/bTaThl MPOBEEeHHBIX



OMBITOB COIVIACYIOTCS C MpeACcKa3aHUsMU TEOPUU.

Ba)kHO 0CO3HaBaTh, YTO BEPOSTHOCTU B KBAaHTOBOW (PU3MKe He TOXOXKH Ha
BepOATHOCTHA B HbIOTOHOBOU (PU3MKe WM B MOBCEAHEBHOW >KU3HU. MBI MOXeM
TIOHSATb 3TO, CPABHUB Y30Dbl, CO3/laHHbIe HETpPephIBHbIM MOTOKOM 0akubosoB,
NeTALIMX K 3KpaHy, C Y30pOM M3 SIMOK, OCTaB/€HHbIX Ha MUILEHU [Ji1 UTPhI B
JapTC APOTUKAMU, KOTOPHIMUA WUIPOKU 1[e/IUUCh B «s10/10uk0». ECnu urpoku He
riepeGpasy MyBa, TO IIAHChI Ka)KJOTO APOTHUKA TOMACTh B LIEHTP Haubosbliine,
HO OHU YMEHBIIAIOTCS, €C/IM UTPOK OTAAJIsIeTCs OT MullleHu. Kak U B ciiyyae C
OakubosaMu, KaXKIbIii APOTUK MOXKET TIOMACTh Ky/la YTOHO, U uepe3 HeKOTOpoe
BpeMsi Ha MUIIIeHU TIOSIBUTCS Y30D U3 IMOK, 0TOOPa’Karoll[uii 3Ty BepOSATHOCTh. B
TIOBCE/THEBHOW >KU3HU TIPO [JaHHYI0 CUTyallMl0 Mbl MOIJIM Obl CKa3aTh, UTO
JPOTHK WMeeT Orpe/ie/ieHHYH0 BePOSTHOCTD TMOMacTh B pa3Hble TOUYKU; HO €C/H
MbI CKa)keM Tak, TO, B OT/IMUME OT Cjiydasi C OakubosmaMu, JIUIIb TTIOTOMY, UTO He
TIOJTHOCTBIO 3HaeM YC/IOBUSI B MOMeHT Opocka. Haiiie omucaHve MOXHO
YAyYIlIUTh, €C/Id UMeTh TOUHble CBe/leHusi 00 0COOEHHOCTSIX TOTO, KaK UIPOK
OpocaeT APOTUK: MOJ KaKUM YIJIOM, C KaKUM BpailleHHueM, CKOPOCThbIO U T. 7. B
TIPUHIIUIIE TOTZla Mbl MOIIA Obl C /060N HeoOXoAMMOM /i1 HaC TOYHOCTHIO
npeficKa3aTh, KyJa IMomazer ApoTUK. [lo3ToMy WCIONb30BaHWME HaMU
BePOSITHOCTHBIX TEPMUHOB /IJIsl OTTMCAHUs Pe3y/IbTaTOB COObITHH, HabM0[aeMbIx
B TIOBCEJHEBHOW >XM3HW, OTpakaeT He BHYTPEHHIOO MPUPOAY IMpolecca, a
TOJIbKO HeJJOCTaTOK HalllMX 3HAHUM O HEKOTOPbIX ero acrekrax.

B KBaHTOBOU (hM3MKe BePOSTHOCTH He TakoBbl. B KBaHTOBOM (hu3uKe OHU
OTpaXkaloT (PyHJaMeHTalbHYI0 HeymnopsiJOUeHHOCTb MpUpoAbl. KBaHTOBas
MO/ie/ib TIPUPOABI CO/IEPKUT B cebe TPUHIUIIBI, MPOTHBOpPEeYAll[ie He TOJILKO
HallemMy [OBCEJJHeBHOMY OMbITY, HO W HallleMy WHTYUTUBHOMY TTOHUMAaHUIO
peanbHOCTU. Te, KTO cUMTaeT JaHHbIe MPUHLUITEI (haHTaCTUYECKUMHU U JJ1s1 KOTO
B HUX TPYJHO NOBEPUTH, TIOMA/IM B XOPOLLYI KOMIIaHHIO, OKa3aBLIKCh BMECTe C
TaKUMU BeJIMKUMU (PU3MKaMU, KaK DWHILTENH U Jaxe DeilHMaH, ube OrrcaHue
KBaHTOBOM TEOPHH MbI TIpe/ICTaBUM fasee. JleiicTBUTebHO, PeliHMaH OHaXK bl
Hanucan: «Jlymaro, st MOTy C yBEPEHHOCTbIO CKa3aTh, YTO KBAHTOBYI0 MEXaHUKY
He TIOHMMaeT HUKro». Ho kBaHTOBasi ¢u3uKa cornacyeTrcss ¢ HabJofeHusIMU.
Ona Bcerjia BbiZiep)KuBaja TPOBEPKHU, a MpOBepsiiu ee Oosibliie, yeM HO0YHO
JPYTYI0 HayUHYIO TEOPHIO.

B 1940-x rogax amepukaHckoro ¢usuka Puuapga PeliHMaHa oceHuUIa
NoTpsicarolliasi  JoraZika OTHOCUTE/IbHO pasHULIbl MeXKJy KBAaHTOBbIM U
HbroToHOBbIM ~ Mupamu. @PeliHMaH 3aWHTepeCcOBasCs, KaK TMOsB/SeTCS
VHTep(EePEeHLIMOHHbIM y30p B JKCIIEPUMEHTe C [BYyXIll[e/IeBOM Mperpajou.
HamomHuM, 4TO y30p, KOTOpBIM 00pa3yeTcsi, KOrjla Mbl CTpeJisieM MOJeKylaMu
1ipu 006erx OTKPBITHIX 11Ie/IsiX, He SIB/ISIeTCsS CYMMOM y30pOB, BO3HUKAIOIIeH, eCu



5KCIIePUMEHT MPOBECTH [IBaXK/bl: OTKPBIB IePBbIA pa3 OfHY U3 LieJiel, a BTOPOM
pa3 Apyryrw. BmecTto 3TOro mpu 06eux OTKDBITBIX IIesiX Mbl OOHapy>KWBaemM
yepe/loBaHUe CBET/ILIX U TEeMHBIX MO0C. TeMHbIe M00Ckl — 3TO 06/1aCTH, Kya
YyacTUIbl BOOOIIle He TIOMaJatoT. 3HAUMT, YaCTHUI[bl, KOTOPbIe Tomnanud Obl B 3TO
MeCTO, eC/IM OTKPbITa, CKa)keM, TOJIbKO JieBas lije/lb, He MOIajarwT Tyja, eCciu
OTKpHITHI 00e 1jenu. Toxoxe, OyATO B HEKOM MecTe Ha TMYTH OT MCTOYHMKA K
5KpaHy uacTULbl Mo/ydatoT uHpopmanuio 06 obeux miensix. Takoe moBefieHre
YyacTUL] pe3Ko OT/INUaeTCs OT IOBeJleHHs MpeJMeTOB B ITOBCEJHEBHOU >KU3HH,
KOTJla Msiu TposieTes1 Obl uepe3 OfHY M3 Ilijejieil He3aBUCUMO OT TOTrO, OTKPhITa
BTOpas WA HeT.

CoracHo HblOTOHOBOUM (u3uKe (M COIVIaCHO TOMY, Kak BbITisien Obl
9KCTIEPUMEHT, BBITIO/IHEHHBIA C (PyTOO/NBHBIMU MsiuaMH, a He C MOJeKy/l1aMu),
KaK/Jjasi yacTvla cjaefyeT OT UCTOYHHMKA K 3KpaHy I0 eJUHCTBEHHOMY, CTPOrO
oripefie/ieHHOMY MapuIpyTy. JTa KapTHHa JivileHa «00be3fa», MpU KOTOPOM
YyacTvija Ha MYTH K Le/IM MOI/a Obl MOCeTUTh OKPeCTHOCTU KaXK[OW U3 Iijesel.
CorsacHO ’Ke KBAaHTOBOM MOJe/M, 4YacCTvlla CUYMTaeTCd He HMerolen
orpeJie/IeHHOTO TI0JIOKeHUs] B TeUeHue BpPeMeHU, MOKa OHAa HaXO[UTCS MeXAy
HayaJIlbHOW ¥ KOHeYyHOM Toukamu. PeliHMaH TMOHsJI, UYTO He HYXHO
WHTEpIIPeTUpPOBaTh 3TO TaK, OyJTO YaCTHUI[bl He WUMEIOT MaplIpyTa MpU CBOEM
repeMelL[eHHd OT MCTOUHMKA [0 3KpaHa. HampoTus, 5TO0 MOXKeT O3Hauarh, 4TO
YaCTULbl C/eAYyIOT M0 6CeM BO3MOKHBIM TPaeKTOPHUSIM, COEAUHSIOLIUM 3TH
TOYKA. Bor 370, 3asBun PeliHMaH, M OT/IMYAaeT KBAHTOBYH (U3MKY OT
HeroToHoBOM. CocTosiHue 00eux Iijesieli UMeeT 3HaueHue, MOTOMY UTO YaCTHULIbI
JIeTST He T0 eJMHCTBEHHOM Olpe/ie/IeHHOW TPaeKTOPHH, a 10 BCeM BO3MOXKHBIM
TPAeKTOPUSIM U JeIal0T 3TO 0OHO8peMeHHO! 3BYUWT KakK HayyHasi (paHTacTUKa,
HO 3TO BOBCe He (paHTacTuKa. PeliHMaH Cc¢OpPMYIMPOBal MaTeMaTHUeCcKoe
BbIpa)keHHe ((peHfHMaHOBCKYH0 CYMMY MO MCTOPHSIM), OTpaXkatollee 3Ty UJer0 U
BOCIIPOU3BO/sill[ee BCe 3aKOHbI KBAHTOBOW (u3vku. B Teopun PeliHMaHa
MaTemaTthueckass U (¢u3nueckasi KapTHMHBI OT/IMYAIOTCS OT IepBOHAuabHOU
(hopMy/IMPOBKY KBAaHTOBOM (DPM3UKH, HO TIPe/ICKa3aHusl OCTAtOTCSI TEMU XKe.

[IppuMeHUTe/IBHO K [ABYXLIEJeBOMY SKCIepUMeHTy wuzaen dDeillHMaHa
03HAYaroT, YTO YACTULIbI IBWXKYTCS 10 TPAEKTOPUSIM, MPOXOSALIUM TOJIBKO uepe3
JIeByI0 1je/lb WM TOJBKO Yepe3 IMpaBylO 1jeslb; YTO YaCTULibl, IpOJieTeBIlNe
CKBO3b JIEBYHO 111leJIb, BO3BPALLIAIOTCS Yyepe3 IpaBylo, a [I0TOM CHOBA IpPOJIeTaroT
yepe3 JIeBYHO; UTO IIO IyTU JOMOM OHM IOCeILalr0T pecTopaH, Ihe I0AaroT
3ameuaresibHble KpeBeTKM C Kappd, a IOTOM /[ie/lal0T HeCKOJbKO 000pOTOB
BOKpyr HOmmTepa; 4TO TpaeKTOpPUM 4YacCTHL] MOTYT Jajee IpoJjieraTb TyJa U
obpatHo uepe3 Bcto Bcenennyio. 1o MHeHuto ®eiiHMaHa, 3T0 OObSCHSET, Kak
yacTulia TMoJiydyaeT UH(POpPMAL[MI0 O TOM, KOTOpasi U3 ABYX Ijesield OTKpbITa, —



eC/IU 11le/ib OTKPBITA, YacTHUlla MPOXOAUT uepe3 Hee. Koryia oTKpBITEI 06e 1€y,
TPaeKTOpWH, IO KOTOPbIM YaCTWLA [BWKETCS CKBO3b OJHY Ie/b, MOTYT
HaK/aJblBaTbCs Ha TPAeKTOPWH, MO KOTOPbIM OHA [BW)KETCS CKBO3b APYTYIO
111eJTb, YTO U BbI3bIBaeT UHTepGepeHLIni0. ITO MOXKeT ToKa3aTbCsl 6e3ymuem, HO
J71s1 3a/lad COBpeMeHHOW (yHJjaMeHTa/bHOM (U3UKK (Kak W [/ 3a/iau 9TOM
kauru) ¢opmympoBka PeliHMaHa oOka3anack Oosnee moaxopsileld, uem
TepBOHavasbHasl.

@DeilHMaHOBCKHM B3IVISII Ha KBAaHTOBYHO DeaslbHOCTb KpailHe BaKeH [is
TTOHUMAaHUs TeOPHH, KOTOpPbIE MbI MIPeJCTaBUM Jiajiee, IO3TOMY CTOUT MOTPAaTUTh
HEMHOTO BpeMeHU, UTOObI OIyTUTh, KaK Bce 3TO pabotaeT. [IpeacraBere cebe
IIPOCTOU TPOLIeCC, B KOTOPOM YaCTHLa HAYMHAET CBOU IyTh B KAKOU-TO TOUKe A
1 cBoOOJHO ABMKeTCs. B Hbl0TOHOBOM MO/ie/iu 3Ta uacTuiia Oy/ieT ABUraThCsl T10
TIPSIMOM.

Tpaekropuu  yactulbl.  DellHMaHOBCKasi  (POPMY/IMPOBKA
KBAaHTOBOW TeOPDUU JlaeT KapTHHY, OOBSCHSIIOIIYIO, TIOUeMY UYaCTULIbI
— Takue Kak 0akubosibl M 3/€KTPOHBI, — TIPOXOZS uYepe3
JBYXIIle/IeByt0 Tperpajy, o0pa3yroT Ha 3kpaHe WHTepdepeHIIMOHHbBIN

y30p.

Yepe3 HEKOTOpOe TOUHO Orfpe/ie/ieHHOe BpeMsi Mbl OOHapy)KUM YacTULly
VMEHHO B HEKOTOpOW TOYKe B, pacrnofioKeHHOW Ha 3ToW JWHUU. B
(deltHMaHOBCKOM MO/ie/Ti KBaHTOBAasi UaCTUIla «IPOOyeT» KaXKAyk TPaeKTOPHIO,
COeUHSIIONIYI0 TOUKM A U B, cobupasi A/ KaXKAoW TpaeKTOpUM YMCIIa,



Ha3biBaeMble (ha3oii. ®aza oroOpa’kaeT MeCTOIO/IOKeHUe B I[UKJe BOJIHBI, TO
eCTh HAaXOJJUTCS /I BOJIHA B TIOJIOXKeHUU rpebHsI UK BMaIUHBI MO0 B KAKOM-TO
MIPOME)XYTOUHOM COCTOSIHUM MeXJy HUMU. MaremMaTuueckoe BbIpa)KeHHe,
nipesiokeHHOe dellHMaHOM Jjis1 pacyeTa 3ToM (ha3bl, 10Ka3ano: eciu CIOKUTD
BMeCTe BOJIHbI M0 BCEM TPAeKTOPHSIM, TOJyYUTCS] MpPaBWIbHAsi BEPOSITHOCTh
TOTO, YTO YaCTHULIa, HAuaB CBOM IMyTh B TOUKe A, JOCTUTHET TOUKU B.

da3y, KOTOPYIO KaXK/asi OTAe/ibHasi TPaeKTOPUsi BHOCUT B (PEMTHMaHOBCKYHO
cymMMy (a c/iejoBaTebHO, B BEPOSITHOCTh JBWXKEHUS] U3 TOUKHW A B TOUKy B),
MOKHO 1300pasvTh B BHjle CTpPeNKH, UMerolleli (UKCUPOBaHHYIO [JIMHY, a
yKa3bIBaTh CTPeiKa MOXKeT B Jit0OOM HampaBieHUU. UToObI C/IoKuTh /Be (ha3bl,
BbI [IPUCTaB/IsIeTe CTPEJIKY, COOTBETCTBYIOLLYIO OFHOW (pa3e, K KOHLYy CTDEJIKH,
COOTBETCTBYIOIleM  Apyrod  ¢ase, U  [o/lyyaeTe  HOBYKHO  CTpPEJIKY,
TIpeJICTaB/IsA0IIyI0 coboli cymmy. UToObl MpuOaBUTH JOTONHUTE/BHBIE (ha3bl,
HY>KHO MIPOCTO MPO/I0JDKUTh 3TOT MpoLecc. 3aMeTbTe: Korya (a3bl COBMaZaroT M0
HarpaBJ/IeHHI0, CyMMapHasi CTpeJika MOXKET 0Ka3aTbCs JOBOJIBHO AJMHHOM. Eciu
OHU YKa3bIBalOT B pa3Hble CTOPOHBI, TO HMMEKT TEeHJAEHLIUIO TIPU CIOKEeHUU
racuTh JIpyr Apyra, U OT CTPeIKA MOXKET He OCTaTbCs MOUTH HUYero. JTa ujes
TIPOWJITFOCTPUPOBAHA HUXKeE.

CnoxeHue (¢elHMaHOBCKUX TpaekTopuil. OddekTbl 13-3a
pa3MuUHbIX (PeMHMAHOBCKUX TpaeKTOpPUW MOTYT YCWUIUBaThb WU
0c/1ab/1ATh APYT pyra TOUHO TakK >Ke, KaK 3TO Jie/laloT BOJIHEL JKenThle



CTpenKu — CK/a/ibiBaembie ¢a3bl. ['0yObie — cymMMa TpaekTopuii (0T
XBOCTa TMEpBOM CTpPeJIKU [0 ocTpusi nocnenHer). Hwke crpenku
HarpaB/ieHbl T0-pa3HOMY, II03TOMY CyMMa TpaeKTOpUM OYeHb
KOpPOTKasl.

YrtoObl BBINOMHUTE TpeboBaHue @DeiiHMaHa [jisi pacyeTa BepOSITHOCTH, C
KOTOPOIM uacCTHvlla, BbLIETEBIIAsi U3 TOUKU A, MPUIETUT B TOUKY B, HyXXHO
CIOKUTh Bce (hasbl, WM CTPEJIKM, OTHOCSIIMECS K KaXAOW TpaeKTOpHH,
coenuHsitoieid Toukd A u B. Takux Tpaektopuii 6eCKOHEUHOe MHOXKeCTBO, UTO
HECKOJIKO YCJIOKHSIeT MaTeMaThyecKre BbIUMC/IEHUs, TeEM He MeHee pe3y/bTar
nocTwkuM. HekoTopele 13 myTeli oKa3aHbl HAa PUCYHKE HIDKE.

Teopust ®elinmaHa JjaeT 0CO6eHHO SICHOe TOHUMaHue TOro, KaKiM 00pa3om
HbloTOHOBa KapTWHa MHUpa MPOMCTEKaeT W3 KBAHTOBOM (PU3MKM, KOTOpast
KakeTcs BecbMa oTiuuarouieiics ot Hee. CortacHo Teopun ®PeliHmaHa, (asbl,
CBsI3aHHbIE C KaXKJ0W TpaeKToprel, 3aBUCIT OT nocTtosiHHOM [1aHka. [Tockobky
noctosiHHas [11aHKa oueHb Mara, TO, KOTZia Bbl CyMMUpPYeTe BK/IaZibl OT OMU3KUX
Ipyr K [pYyry TpaeKTopuii, (a3bl OObLIUYHO OYeHb CUJIBHO pa3/UuarTCs, U
M03TOMY MX CyMMa CTPeMUTCS K HY/HO (CM. 1., C. 88).

Tpaekropuu or TOukKM A [0 Touku B. «Knaccuueckas»
TPaeKTOpyUs MeXIy [AByMsA TOUuKaMu — TIipsgMasg J/uHuA. Dasbl
TpaeKTopui, OB/IM3KUX K K/IaCCUUeCKOU, UMEIOT TeH/ IeHIUI0 YCUTUBATh
ApyT Apyra, Toraa Kak Ajis ¢a3 y/AaJeHHbIX TPaeKTOPUM XapaKTepHO
B3aMMHOe oc/iab/eHue.



Ho Teopusi Takke TMOKa3blBaeT, UTO CYILIEeCTBYIOT OMpe/eeHHble
TPaeKTOPUH, [JisI KOTOPBIX (Pa3bl UMEIOT TeHEHLMIO BbICTPauBaThCs B JIMHUIO, U
TIOTOMY 3TH TPaeKTOPUU TIPe/ITIOYTUTEe/TbHbI, TO €CTh OHU JIat0T OOJBIINM BK/IA/
B HabO/mroZjaeMoe MoBeZieHe YacTullbl. [lomyyaercs, uto A/isi 606X 0ObEeKTOB
TPAeKTOpUW, OueHb O/iM3KuMe K TpPaeKTOpHUsIM, TIpe/iCKa3aHHbIM Teopuei
HrbroTOHa, MMeIoT cxoxue a3kl U CyMMUPYIOTCS APYT C APYroM, AaBasi ropasfo
OosbIIMI BK/IaZl B UTOTOBYIO BeJIMUMHY. [103TOMY eJMHCTBEHHBIM Ha3HaueHueM,
VUMEIOIIUM BepOsITHOCTb Topa3fo Oonbllle HyssA, SIB/ASETCS HarpaB/eHue,
rpeficka3biBaeMoe Teopueii Hbl0TOHa, a 3TO HarpaB/ieHue UMeeT BepOSITHOCTb,
oueHb O/M3Kkyr K egunHuile. CriefoBaTesbHO, OOMbIle OObEKTHI [IBUKYTCS
VMMEHHO TakK, KaK UM MpeAnucbiBaeT Teopusi HeroToHa.

o cux nop Mbl 00cyxaanu ujen PeitHMaHa B KOHTEKCTe SKCIIePUMEHTa C
JByXIlle/ileBOoM Tiperpajoil. B ToM 3KcrieprMeHTe uYacTUIlaMM 00CTpesvBasach
rperpaZia B BU/le CTeHKU CO IIe/iIMM, a Ha PACMOJ0XKEeHHOM 3a Tiperpafou
5KpaHe Mbl MOIVIM OMpejie/siTh, B KaKMe MecTa OHM TonazatoT. [oBops B Lieom,
Teopuss PeilHMaHa TM0O3BO/ISIET HAaM TIpe/icKa3aTh BEpPOSITHOE TIOBeJeHUe He
TOJIbKO OJHOW YaCTWLlbl, HO U CUCTEMbI, KOTOPasi MOXXET COCTOSITh M3 UaCTHULbI,
MHOKeCTBA UaCTHL| WM JaKe U3 Lieyoll BceneHHoW. 3a BpeMsi, Tipole/iiee OT
HauaJIbHOTO COCTOSIHUSI CUCTEMbI [0 HEKOTo 0oJiee TI03/[HET0 MOMeHTa, KOT/la MbI
TIPOBOAUM OIpe/ie/ieHrsI CBOWCTB [JaHHOM CHUCTEeMbl, TPOUCXOAUT KaKOe-TO
V3MeHeHWe STUX CBOMCTB, Ha3biBaeMoe (U3UKaMU UCTOPUEU CUCTEMBI.
Hanpuimep, B 3KCliepuMeHTe C [ABYXILe/eBOM Mperpajiold MCTOpHel 4acTULbl
SIBJISIETCST TIPOCTO ee TpaeKTopusi. B TakoM 3KCriepuMeHTe IIIaHC Hab/ofaTh
Tora/ijaHue YacTULbl B KaKyr-M00 TOUKY 3aBUCHUT OT BCeX IyTel, KOTopbie
MOTYT TIPUBECTH TyAa uacTully. PeliHMaH MOKa3aja, YTO TOYHO TaK Ke W MJis
nmobolt crucTeMbl BepOSATHOCThL KAaKOTO-TMO0 HabMo[ieHusi COCTaB/IsIeTCsl U3 BCeX
BO3MOYKHBIX MCTOPUM, KOTOpble MOIVIM Obl TIPUBECTU K JJaHHOMY HabIHO[eHUIo.
[TosTOMy ero meTo[; Ha3biBaeTCsi B KBAaHTOBOW (PU3MKe «CymMMa MO HWCTOPUSIM»
WU «a/IbTepHaTUBHbIE UCTOPUM».

Tereps, Koraa Mbl pa3obpanuch ¢ perHMaHOBCKHM TO/IX0/IOM K KBAHTOBOM
¢ur3uKe, HaCTYNWIO BpeMs PacCMOTPETh ellle OAWH K/HUeBOM KBaHTOBBIU
TIDUHLIWI, KOTOPBIM HaMm TIOHa[OOWTCS T03XKe, a WMeHHO: HalsrofieHue 3a
CUCTEMOU [O/DKHO U3MEHSITh ee X0, Pa3Be Hemb3sl (KaK Mbl 3TO JiejlaeM, YBU/JIEB
Karulio TOpuuibl Ha TOAOOpO/Ke y HauaabHUIIbI) MPOCTO HabmMoAaTh, HO He
BMelMBaThCsi? Henb3si! CorylacHO KBaHTOBOM (PU3HKe, Bbl HE MOXKETE «IIPOCTO»
HabmoaTh uto-mbo. To ecTh KBaHTOBasi (hM3MKa CUMTaeT, uTo, Habstozast, Bbl
JO/DKHBI B3aMMO/IeHiCTBOBaTh C HabmogaembiM 00BbekTOoM. Harpumep, 4ToObI
paccMoTpeTh 00BbEKT B OOBIYHOM CMBIC/IE, MbI HarpaB/seM Ha Hero cBeT. Eciu
CBeT ymaj/ileT Ha ThIKBY, OH, KOHEUHO Ke, OKakKeT Ha Hee craboe Biusinue. Ho



ronaZiaHye Jlake TYCKJOrO CBeTa Ha KPOIIEeYHYH) KBAaHTOBYHO YacCTHLy — TO
ecTb TMorajaHue B Hee (OTOHOB — WMeeT 3HauyUTe/bHbIM 3hdeKT, u
SKCMePUMEHTHI MOKa3bIBal0T, UTO 3TO B/MSIET HAa pPe3y/IbTaThl OIMbITa UMEHHO TakK,
KaK OINKChIBaeT KBAaHTOBasi (hr3UKa.

[Tpenrnonoxxum, uTo, KaK U paHblile, Mbl MOChLIaeéM TOTOK UacCTHL] yepe3
JByXIlleJIeByl0 TIperpajly U cobupaeM JaHHble O TePBOM MUJ/JTMOHE YaCTHIl,
TIPOIIeIINX CKBO3b Ifesid. Korga mbl rpaduueckd M300pa3sviM MHOXKECTBO
YaCTULl, TIONAaBIIMX B Pa3Hble TOUKU KpaHa, TO MOIYyUYUM MHTep(epeHLIMOHHBIMI
y30op (cM. umn., c. 73), a Korja Mbl CJAOXKUM (ha3bl, COOTBETCTBYIOIIME BCEM
BO3MOXXHBIM MYTSIM OT TOUKM A — MeCTa CTapTa YaCTHLbl — 0 TOUKU B —
MecTa ee perucTpaluu Ha SKpaHe, — TO OOHapy)KuUM, UTO pacCuMTaHHas
BEpPOSATHOCTD MOMNaZaHusi B pa3Hble TOUKWA COBIMAJAET C 3TUMHU JaHHBIMU.

Ternepb MNpearnosnoKKMM, UTO MbI TOBTOpsieM SKCIEPUMEHT, Ha 3TOT pa3
Harpap/sisi CBeT Ha Le/M TaK, YTOObI MbI 3HAMM TIPOMEXYTOUHBINA MyHKT —
Touky C, — yepe3 KOTOpbIi rpoiiuia yactuiia. (Touka C — 3T0 mosioxkeHue 6o
ofiHOM, MO0 ApyroM I1en.) TO Ha3bIBaeTCs «MHMOOPMALUS ,,KOTOPBIA MyTh »,
MOTOMY YTO OHAa TOBOPUT HAaM O TOM, KakUM IyTeM KaXzas uacTuia
riepeMeraeTcss U3 TOUKU A B TOUKy B — uepe3 wjesnb 1 wim yepes ujens 2.
[TockonbKy MbI 3HaeM, uepe3 KakKyro 11ie/ib Mpoliiia KaXk/asi uacTuLa, TO B Halllel
CyMMe TpPaeKTOPUHM JIJisi 3TOM YacTHUI[bl OyAyT Terepb BK/IHOUATh TOJMBKO Te MYTH,
KOTOpbIe MPOXOJSAT uepes 1ie/b 1, WK TOMBKO Te, UTO MPOXOAAT yepe3 1iesb 2.
Cymma He OyJeT y4MTBHIBaTH TPAaeKTOPWH, TMPOXO/sive uepe3 obe 1enu.
[Tockonbky @elinMaH 00BSICHWI WHTePhEPEeHI[MOHHY0 KapTUHY TeM, uTo
TPaeKTOpUH, MPOXOZSIIUe uepe3 O[HY lie/b, HAK/Ia/bIBAalOTCS Ha TPAeKTOPUH,
TIPOXOAsiIe Yyepe3 APYrylo, TO eC/id Bbl BK/IIOUUTE CBeT, UTOOBI OTpe/esnTh,
yepe3 KakKyl Ile/b TIPOXOJSAT YaCTHLbI, TeM CaMbIM JWIIasi WX [Jpyrou
BO3MO)KHOCTH, BbI MOJIyYUTe HCUYE3HOBEeHHEe MHTep(epeHLIMOHHON KapTuHbI. U
JIeNiCTBUTETBHO, KOT/lJa MPOBOJW/ICS SKCIIEDUMEHT, BK/IIOUEHHE CBeTa M3MEHSIO
pe3y/bTaThl: BMECTO MHTeP(EePeHLIMOHHOTO y30pa, MpeACTaB/JIeHHOro Ha C. 73,
BO3HMKaJ/la KapTHHA, NpuBefieHHasi Ha c. 72! bomnee Toro, Mbl MOXKeM W3MEHSITh
yCJIOBUSI JKCIIeDUMEHTa, WCMO/b3ysl CBET HACTOMbKO C/abblfi, UTO He BCe
YacTULIbl B3aUMOJENCTBYIOT C HMM. B 3TOM cjiyyae Mbl MOXXEM TIOJyUWThb
MH(OPMaLIUI0 «KOTOPbIA TMyTh» TOJBKO [I/Isl HEKOTOPOW TpyIIbl yactul. Eciu
MBI 3aTeM pase/iuM JaHHbIe 110 YaCTULIaM B COOTBETCTBUU C TeM, MOyyeHa Win
HeT Jyis HUX UH(OpMalvs «KOTOPBIM TyTb», TO OOHApy>KHWM, UTO JlaHHbIE,
OTHOCSILMEeCS K Tpymnre, A/ KOTOPOM HeT TakoW WH(oOpMaluu, CO34aAyT
VMHTep(EepPeHLIMOHHbIN y30p, a [aHHble, OTHOCSIIMECS K yYacTULaM [JIpyrou
rpynnbl — [ KOTOPbIX eCTb WHGOpMalus «KOTOPbIA TMyTb», —
VMHTep(epeHLIMOHHOM KapTUHBI He aJyT.



OTO VMeeT Ba)kKHble TIOC/IeICTBHUS /ISl Halllero MOHMMAaHMsI «IIpOIIIoro». B
Teopur HbIOTOHa MpOIIIOe TIPUHKMMA/IOCh CYIIIEeCTBYIOI[MM Kak OrpejiesieHHast
TI0C/Ie/IOBaTe/IbHOCTb COObITHI. Ecu BbI BUAMTE, UTO Ba3a, KyIJIeHHas BaMU B
TIPOIIZIOM ToAy B MTanmuu, /IeXKUT pa30uTast Ha T0J1y, a Balll MaJIbIIl CTOMT Haf
Hell ¢ pacTepsiHHBIM BH/IOM, Bbl MOXKeTe BOCCTAaHOBUTb COOBITHS, TIPUBE/IIINE K
3TOMYy CJly4yalO: MaJjieHbKWe TaJbdMKWM He yJep)Kaid Ba3y, OHa yhaaa u,
yAapUBIIUCH 00 10/, pa3/ieTenach Ha ThICSUY OCKOKOB. [lelicTBUTENbHO, UMes
MOJIHY0 MH(OPMALIMIO O HACTosLeM, 3aKOHbl HbIOTOHA MO3BOJISIIOT BOCCO3/aTh
MOJIHYI0 KapTHUHY TIPOILLJIOT0. OTO COINacyeTcsl C HallMM MWHTYUTUBHBIM
MOHMMaHWeM TOr0, YTO y MHpa — IIJIOXO 3TO WIM XOpPOIIO — WMeeTCs
oripeie/sisieMoe Tpoiiioe. Bo3Mo)kHO, He ObLJI0 HUKOTO, KTO Hab/ro1an Obl HeuUTo
B MPOIIJIOM, TEM He MeHee Cyll[eCTBOBaHHE MPOIJIOr0 CTOJb K€ HeCOMHEHHO,
Kak ecyii Obl OHO ObLIO 3areyarsieHO BaMu Ha cepud (oTocHUMKOB. Ho o
KBaHTOBOM OakuOoJsie Hesb3sl CKa3aTb, UTO OH TIPOILIe/ BIIOJIHE OTpe/ie/IeHHbIM
MyTh OT UCTOUHHMKA /10 3KpaHa. Mbl Mor/u Obl 3apMKCHPOBATh MECTOIIO/IOKEeHHEe
6akuboma, HabMOast ero, HO B TIPOMEKYTKE MeXXy HalllUMH HaO/iofieHUsIMH OH
TIPOXOZUT T10 BCeM BO3MOXKHBIM TpaeKTopusiM. KBaHToBasi (hri3rika TOBOPUT HaM,
YTO, HEe3aBUCUMO OT TOTO, HACKO/IbKO TOJIHO Hallle HabsitofieHre 3a HaCTOSIIUM,
HeHab/ojaeMoe Mpoiiyioe, Kak W Oyayliee, BBIIVISIAUT HEOMNpeJe/ieHHO WU
CyLLeCTBYeT TOMBbKO KakK CHEeKTP BO3MOXKHOCTel. Cor/iaCHO KBaHTOBOM (PU3KKe,
BceneHHasi He MeeT e/JUHCTBEHHOTO MPOIIJIOr0, UKW eJUHCTBeHHOW UCTOPHH.

To, uro TIpolLIOE He WMeeT OMpeJeseHHOCTH, O3HayaeT, uYTO Hallu
HaO/IOZIeHUsT 3a CHUCTEMOM, BBITIO/IHSEMble B HACTOSIIEM, BJIUSIOT Ha ee
rpoiiyioe. JTO [A0BOMBHO 3(h(EKTHO [JeMOHCTPUPYeT SKCIIePUMEHT, KOTOpbIi
NpeyiIoKUI  aMepukaHCKU  ¢usuk  [xkoH Yunep (1911-2008), — Tak
Ha3bIBaeMbIii 3KCIIEPUMEHT C OTJIOKEHHBIM BbIOOpOM. B 001X ueprax 3TOT
9KCIIePUMEHT HallOMMHaeT TOJIbKO UTO PaCCMOTPEHHBIM HaMM SKCIIepUMEHT C
JIBYXIIle/IeBOM Tperpajioi, B KOTOPOM BbI MO)KeTe HaO/MJaTh TPaeKTOPHIO
JIBVDPKEHUS YaCTUILIbI, 3@ UCK/IFOUEHWEM TOT0, UTO B 9KCIIePUMEHTe C OT/IOXKeHHBIM
BbIOOPOM BBI OTKJ/Ia[ibiBaeTe CBOe pellleHHWe O TOM, MPOBOAUTh Hab/ro/eHue 3a
TpaeKTOpuel WIW HeT, [0 CaMoro Toc/ejHero MrHOBeHUs, Mpe/llieCcTBYOIero
CTOJIKHOBEHHIO UaCTHLIbl C 9KPAaHOM.

OKCITIePUMEHT C OT/IOXKEHHBIM BbIOOPOM TIPUBOAUT K JJaHHBIM, UIeHTUYHBIM
TeM, UTO TIOy4yalroTcsi B CJyuae, KOrja MbI pellaeM Habmogath (Wau He
HaO/TroIaTh) /11 TIoyueHus: MHGOPMaLid «KOTOPBIA TMyTb», C/Iefis 3a CAMUMH
miesissMu. Ho mipu 0T/10)keHHOM BbIOOpe TPaeKTOpHsT KaXKJI0W UaCTHI[bI, TO €CTh ee
TIPOLLITIOe, OTpeie/isieTCsl HAMHOTO TMO3)Ke TOro, KakK 4YacThlla MpPONZET CKBO3b
e/ W TIPeAro/IOKUTEIbHO YKe «pelllnia», MPOXOJUTh JId el TOJIbKO uepe3
OfIHY IIleJIb — UYTO He TpuBe/leT K MHTepdepeHIud — WK uepe3 obe — UTo



Co37aCT UHTepQepeHIHIO.

Yunep pake pacCMOTpen KOCMUUYECKYH0 BEepCHIO 3TOTO 3KCIepUMEHTa, B
KOTOpPOI YacCTMI]aMH SIBJISIIOTCS (DOTOHBI, HMCITyCKaeMble MOIIHBIMH KBa3apamH,
HaXO/SAI[MMHCS Ha paCCTOSSHUY B MUJIJTMAP/Ibl CBETOBBIX J1eT. Takoi CBeT Mor Obl
pa3zie/IuThCSA Ha /IBe TPAEKTOPHUH U CHOBa C(OKYCHPOBATHCS B HarpaB/ieHUU K
3emM/jile TaK Ha3blBaeMbIM T'DABUTAI[MOHHBIM JIMH3UPOBAaHWEM C TIOMOIIbIO
TIPOMEKYTOUHON TalakKTUKWA. XOTS TIOJ00HBIA SKCIIEPUMEHT HaxOAWUTCS 3a
rpesie/laMd  BO3MOYKHOCTEH HBIHEITHUX TEeXHOJIOTUM, eCiu Obl Mbl CMOITIH
cobpartb [J0CTaTOYHO (POTOHOB OT TAKOrO CBeTa, OHU JO/DKHBI ObLTA ObI
CIOXKUTbCSI B HHTepdepeHIMOHHbIA y30p. OJHakKo ecid Mbl yYCTaHOBUM
H3Mepsiolliee  YCTPOMCTBO ISl TIO/IydeHWs] WH(OPMAIUM «KOTOPBLINA IyThb»
HeTo/la/ieKy OT 9KpaHa, MHTep(depeHIIMOHHasl KapTHHA He BO3HUKHeT. Bbibop —
JIBUTAThCSl TI0 OJHOW WM TIO JIByM TPAeKTOpPHUSIM — B 3TOM Ciy4yae ObLT ObI
cllelaH MWUIAApAbl JieT Haszaj/l, ellle [0 TOro Kak obpa3oBasach 3emssi, a
BO3MOXKHO, axke U camo CouHile. U Bce ke Hallu HabmofeHust B 1aboparopun
OKa&)KYT BIIMSTHHE Ha 3TOT BBIOOP.

B 3Toli m1aBe Mbl TPOWLIIOCTPHUPOBA/IA MCIIOAb30BaHHE KBAHTOBOM
(GbU3MKOM 3KCIepuMeHTa C ABYXIleseBou mperpajioi. B cienyrolijeli rnaBe Mbl
paccMoTpuM  (heMHMaHOBCKYI0 (hOpPMY/TMPOBKY KBaHTOBOM MeXaHWMKHA Ha
npuMepe Bceill BceneHHoil. Mbl yBUAWUM, uTO, MOZ0OHO yacTuile, BceyeHHas
vMeeT He eJMHCTBEHHYIO HCTOPHIO, a BCe BO3MOKHBIE HCTOPHH, KaXKIYH CO
CBOel COOCTBEHHON BepOSITHOCTBbIO, a Halllh HaOMIJeHuss ee TeKYI[ero
COCTOSIHUSI B/IMSIOT Ha e€e TIPOIJIoe W ONpeJessioT pa3/uuYHble HCTOPUHU
Bce/leHHOM TOUHO TakK ke, KaK HaOJIOfleHUs] 3a 4YacTHULlaMU B JIBYXII[€/IEBOM
9KCTIepUMEHTe BJMSIOT Ha TIPOIIJIoe YacTULl. OTOT aHa/M3 TOKAKeT, KaK B
pe3ynbTare bonbIioro B3pbiBa BO3HUK/IM 3aKOHBI PUPO/IBI B Hallleil BceneHHOM.
Ho mpexae ueM paccMaTpuBaTh, KaK BO3HHUKAIOT 3aKOHBI, Mbl HEMHOIO
TIOTOBOPHM O TOM, UTO K€ TaKOe 3aKOHbI, a TAKXKe O TeX 3arajikax, KOTopble OHU
BJIEKYT 3a COOOM.






5. Teopus Bcero

Camoe Henocmudicumoe 60 BcenenHoll mo, 4mo OHd
nocmuscumd.

Anbbepm DliHwmeliH

BceneHHas nocTuwKyvMa, IIOTOMY YTO €10 YIpaB/sSOT Hay4YHble 3aKOHBI, TO
eCThb ee IOBeJleHue MOXXHO CMOZeIMpoBaTb. HO KakOBbI 3TU 3aKOHBI Y MOZe/n?
[TepBoii cunoli (WM (QyHJaMeHTalbHBIM B3aWMOJIEHCTBUEM B TPUpOJe),
OTMMCAHHOW Ha s3bIKe MaTeMaTWKH, Oblla TpaBUTAl[Usl. 3aKOH BCEMHPHOTO
TsroteHusi HetoToHa, ony6sinkoBaHHBIM B 1687 rofy, I1acuT, UTO BCSIKUI 00BEKT
BO BceneHHoll  rmiputaruBaeT  JitoOoi  Apyroii  00BEKT C  CUJIOH,
TPOMNOPLIMOHA/ILHOM ero Macce. JTO IIPOU3BEJI0 OTPOMHOE BIleYar/ieHue Ha
VIHTeJIJIEKTya/IbHYH0 CpeZly TOM 3II0XH, MOCKO/BbKY BIIepBble MOKa3auo, 4YTo 0
KpaiiHell Mepe OfMH acreKT BcejieHHOW MOKeT OBbITb TOYHO CMOZe/MPOBaH.
Kpome TOro, AaHHbIM 3aKOH JaBajl MaTeMaTWUUeCKWW arirapar, MO3BOJISIFOLLUN
c/iesiaTb 3T0. MbIC/b, UTO CYIIIeCTBYIOT 3aKOHbI MPUPO/IbI, TIOPOAU/IA MPO0IeMBI,
noZioOHbIe TeM, 3a KOTOpble OKOJO TISITUAECSTU JieT A0 3Toro [anuseit Obin
o0OBuHeH B epecu. Harpumep, B bubnuu noBectByeTcst 0 ToM, Kak Mucyc HaBuH
ymonua bora oCcTaHOBUTH [IBUKEHUe COJTHIIA U JTYHBI, UTOOBI TIPO//TUTh CBET/IOe
BpeMsi, U TeM CaMbIM /laThb €My BO3MO)KHOCTb 3aBepIIUTh OUTBY C aMOpesMU B
Xanaane. CoriacHo KHure Mucyca HaBuHa, COJHIIE OCTaHOBW/IOCH TOUTU Ha
cyTkU. CeroHsa Mbl 3HaeM, YTO 3TO O3HauyaeT OCTAHOBKY BpalleHus 3emau. Ho
eciu Obl 3emsisi OCTaHOBW/IACh, TO, COIVIACHO 3akoHaM HblOTOHa, Bce, He
3aKperieHHOe Ha Hell, TPOZI0/KUI0 Obl IBIKeHUe C MpexxHel ckopocThio (1100
MUJ/Ib B YaC Ha 3KBaTope), — 3TO Oblyia Obl BbICOKAsH 1jeHa 3a OT/IOXKEeHHbIM 3aKar.
Ho HbroTOHa BCe 3TO He BOJTHOBAJIO, ITIOCKOJIBKY, KaK Mbl YIIOMUHA/IM, OH CYMTAJ,
yTo Bor Mo)XkeT BMeIIIMBATLCS ¥ BMelllMBaeTcsi B paboTy BcesieHHOM.

CnenyromuMu acriektaMu BcesieHHOM, /1Jii KOTOPBIX ObLT OTKPBIT 3aKOH,
WU MOJeJb, CTalu 3/IeKTPUYECKUe U MarHuTHble CUibl (PyHJameHTabHbIe
B3auMozielicTBusi). OHU BeqyT cebsi MOAOOHO TpaBUTALMH, HO C Te€M Ba)XHbIM
OT/IMuMeM, UYTO /[iBa OJHOUMEHHBIX 3JIKTpUUYeCKHUX 3apsja Wid [JiBa
OJHOWMEHHBIX TIOJIF0OCA MarHudra OTTaJKWBAKOTCA Jpyr OT Jpyra, a
pasHOMMeHHbIe TIPUTATUBAIOTCS. DJIEKTPUYeCKOe U MarHUTHOE B3aWMO/elCTBUS
ropas30 CuIbHee TPABUTALIMOHHOTO, HO MbI OOBIYHO He 3aMeuaeM UX B
TOBCEJHEBHOU >KU3HHU, TaK KaK MaKpPOCKOMMYECKHe Tejla COZepKaT NPUMEpPHO



paBHOE UMCJIO TOJIOKUTE/IbHBIX Y OTPULIATe/IbHBIX 3apsf0B. DTO O3HayaeT, uYTo
/IeKTpUYeCKUe v MarHuTHbIe B3aUMO/IEUCTBUS MEXy JIByMSsI
MaKpPOCKOMTMUEeCKUMU TejlaMd CaMu ce0si ypaBHOBEILMBAIOT, B OT/IUUWE OT
IrPaBUTALIMOHHBIX, KOTOPBIE BCer/ia YCUIMBAKOTCH, AOMOJHSASA APYT Apyra.

Ha pasBuTue Hamero COBPeMEHHOIO IIOHUMAaHUA 3JIeKTpUuecTBa U
MarHeTusMa YIIJI0O IPUMEPHO CTO JieT, ¢ cepeguvHbl XVIII no cepeaunbr XIX
BeKka. B 9TOT mnepuof; (GuU3MKKA PpasHbIX CTpaH TIPOBOJW/IM TIllaTe/bHbIe
9KCIepHUMeHTa/IbHble MCC/Ie0BaHUA 3JIEKTPUUECKUX U MAarHUTHBIX Cul. OgHUM
W3 CaMbIX Ba)XHBIX CTaji0 OTKPBITHE B3aUMOCBSA3U MEXY 3/IeKTPUUEeCKUMU U
MarHUTHbIMA ~ CWIaMU: JBWKYLIUWCS  SIEKTPUUECKUM 3apsifi TOPOKJaeT
MarHUTHYHO CHJTy, @ ABVDKYILIUUCS MarHUAT TIOPOJK/JAeT 37eKTPUYeCKue 3apsiibl.
[TepBbIM, KTO OOHApY)XW/I HalWuve OIpe/ie/IeHHOW CBsI3M, ObII AATCKUM (DU3MK
Xanc Kpuctuan Opcrep (1777-1851). T'OoTOBSICh K JI€KIMH, KOTOPYIO OH I0/DKEH
ObLT uMTaTh B yHUBepcuTeTe B 1820 romy, SpcTes 3aMeTH/I, UTO 37eKTpUueCKUi
TOK OT 0araped, KOTOpDyH0O OH WCIIO/Ib30Baj, OTK/OHSET CTDPeJIKy
PacCIIONIOKeHHOI0 HerozazieKy Komriaca. Bckope OH TMOHSI, UTO [ABWXKYLeecs
3JIeKTPUYECTBO CO3/jaeT MarHUTHYIO CUJTY, U BBeJl TEPMUH «3JIEKTPOMAarHeTHU3M».
Heckosnbko jeT criycts OputaHcKuil yueHbld Maiikn ®apazeit (1791-1867)
Tpulles K BBIBOAY, YTO — MOJIb3YsICb COBPEMEHHOU TEPMHUHOJIOTUEN — eC/d
5JIEKTPUUECKUU TOK MOXKET MOPOXKJaTh MarHUTHOE T10Jie, TO U MarHUTHOE T10J1e
JIOJDKHO TIOPOXKJATh 3JIeKTpUYeCcKU TOK. OH TpojeMOHCTpupoBan 310 B 1831
rogy. A eme uyepe3 ueTblpHajuarb JjeT dapajerd OTKPbUI CBS3b MEXAY
3JIeKTPOMarHeTU3MOM M CBeTOM, I10Ka3aB, YTO CUJIbHOe MarHWTHOE I10j1e MOXeT
BJ/IMATH Ha MPUPOAY TOJISIPU30BAHHOIO CBeTa.

dapazieil He Moy xopoiiero obiero obpasoBanusi. OH poausics 6513
JlonmoHa, B cembe OenHOro Ky3Hella. B Bo3pacTe TpuHazuaTu jeT OGpocusn
IIIKO/Y, TIOCKOJIbKY BBIHY)KJEH OblT TIOMTM paboTaTh IOCBUIBHBIM U
TepervieTYNKoM B KHW)KHOM JiaBKe. Tam Ha TPOTSDKEHWU HECKOJIbKUX JIeT OH
3aHUMaJICs caMooOpa3oBaHueM, UnTasl TieperieTaeMble UM HayuHble TPY/Ibl, a B
cB0OOJHOE BpeMsi TIPOBOJMII IOMa TIPOCThIe U Hejjoporye ombiThl. CO BpeMeHeM
OH TIOJIyYW/T MECTO aCCUCTEeHTa B JlabopaTOpyU BeIMKOT0 aHIVIMHCKOTO XUMUKA
capa I'emdpu [3Bu (1778-1829). dapajgeii octaBancs B 3ToM jlabopaTopuu B
TeyeHue BCeX I0C/IeyIOUX COPOKa IIATH JIeT, a Iocjie CMepTy [I3BU 3aHs/1 ero
noct. He monyuuB pocratoyHoro obOpa3oBaHusi mo Matemartuke, Papajeii
VCTIBITBIBA/T B HeW 3aTpyJHeHus, UYTO CO3[aBajo [/l Hero CJIOKHOCTHU B
MOHWMaHUU TeOPeTUUEeCKOM KapTHUHbI TeX CTPAaHHBIX 3J1eKTPOMarHUTHBIX
sIBJIEHUM, KOTOpble OH Habmrofman B cBoeit nabopatopuu. TemM He MeHee OH BO
BCeM pa3obparics.

OpHYM U3 BeIMYAMIIUX UHTE/IEKTyalbHbIX AOCTWKeHUM dapaziess cTasna



naes O CH/IOBBIX II0JIAX. B Hamm AHU, 6]181"0,[[31)5[ KHUT'aM U (bI/I]IbMaM 0
IMyyer/ia3blX MHOIVIAHETAHAX W UX 3BE340JIETAX, OOJIBILIMHCTBO ]'[I'OAEI‘/JI 3HAKOMO C
3TUM TE€pMHHOM, TdK UTO (Dapa,qe}o, HO)KEUIYI‘;I, IIpUYUTAETCA aBTOpCKI/Iﬁ
roHopap. Ho B Teuenue crojetuii, npouemmx ot HerotoHa g0 ®apazjesi, OqHOI
M3 BeJUMKUX 3arafok ¢u3MKM ObLJI0O TO, UYTO 3aKOHBLI, Ka3ajocCh,
CBUAETE/IbCTBOBAJ/IN: CHUJIBI MOI'yT AEﬁCTBOBaTB yepe3 I1yCcToe IIpOCTpPdHCTBO,
pasaendrolee OOBLEKTHI. CDapa,qe}o 9TO Heé HpPaBWJ/IOCh. OH cuuTan, 4To JJIs
IMMpuBEAeHUA 00beKTa B ABWOKeHHEe HedTO OJOJ/IDKHO BOUTU C HUM B KOHTAdKT, U
IMOTOMY IIPEAIIOJ/IOKWII, UTO IMPOCTPAHCTBO MEXAY S/JIEKTPUUYECKHUMU 3dpPsSadMU,
Kak KW MexXay II0JINCAMM MdI'HUTd, 3dlIOJIHEHO HEBUIAWMMBIMKM CHJ/IOBBIMU
JIMHUAMHA — YIIDYTUMU TPY6KaMI/I, HN3MEHEHHE HATSXEeHHWA KOTOPLIX CII0CO0OHO
Cl)H3H‘-I€CKH OCYyLLIEeCTB/IATE IIpHUTATMBAaHHE WJ/IM OTTa/IKMBAHHE. COBOKyHHOCTb
3TUX TPY6OK CDapa,qu‘?I Ha3Ba/I CU/JIOBBIM IIOJIEM. XOPOH_II/IM criocooom JJIs
BHU3yad/IM3dlIM1 CHUJ/IOBOI'O II0JIA CIIYXKHT ﬂeMOHCTpaHI/IOHHbII‘;I IIKOJIbHBIN OIIBIT,
IIpHY KOTOPOM IIVIOCKO€e CTEeKJ/IO K/IaAyT Ha CTep)KHEBOﬁ MarHuT, a IoBepX CTeKJia
HACBIIId0T JKeJie3HbIe OITNJIKH. ITocne HeCKOJIbBKHUX HOTpHXI/IBaHHﬁ,
HeO6XO,Z[I/IMbIX, YTOOBI ImpeogoJsieTb TpeHHWe, OIIWJIKKM HAUYWMHAIOT ABUI'dTbCH, KdK
6y'ZLTO HUX TOJIKAeT HeBUIWMdA CH/Id, KW BbICTPAMBAIOTCA B (bopMe AyT,
MPOTAHYBIIKXCA OT OJHOIO IIOI0Ca MAarHWTa K APyromy. OTOT PUCYHOK JaeT
KapTUHy HeBUAMMOM MarHUTHOM CWJ/IBI, TIPOHH3BIBAIOIIEH IIPOCTPAHCTEO.
CQFOAHH MblI CUMTaeM, UYTO BCe CW/Ibl IIepeddroTCA IIO0J/IAMHU. OTO BaKHas
KOHL|eTLKsl COBPEMEHHON (PM3NKH, KaK, BIIPOUEM, M HAYYHOH (aHTACTHUKH.
T

CunoBbie T1ionsi. CuyioBOoe T10Jie  CTEP)KHEBOTO  MarHura,
TPOPUCOBAHHOE >KeJIe3HbIMU OMU/IKaMH, KOTOPbIe BBICTPOWIUCH B/OJIb



CUJIOBBIX JIMHUM MeXay I10/INCAMH MdI'HUTA.

B TeyeHue HeCKOJIbKUX JeCATUIeTUN Hare TIOHMMaHue
3/IeKTPOMarHeTU3Ma OCTaBajoCh 0e3 pa3BUTUSI U OTrpaHUUMBAIOCh 3HAHUEM
HECKOJIbKUX SMIIMPUUECKHX 3aKOHOB: MbI J0OTra/iblBa/IMCh, YTO 3JIeKTPUUYECTBO U
MarHeTH3M TeCHBIM, XOTs U 3araflouHbIM, 00pa3oM CBsi3aHbl; TOHUMAJTH, UTO OHU
VIMEIOT KaKoe-TO OTHOLIEeHHe K CBeTy; UMe/IOCh MePBUYHOE MOHATHE O CUJIOBBIX
nonsix.  CyllleCTBOBaJIO MO  MeHbIEM  Mepe  OAWHHA/ATh  Teopuu
5JIEKTPOMarHeTy3ma, U HA OJHa W3 HUX He OKa3ajlach Y/AOBJIETBOPUTEIbHOM.
3arem, B 1860-x rozpax, motnanackuii pusuk Ixelimc Knepk Makcsenn (1831-
1879) 3a HeCKOnbKO JeT pa3Bwia B3msAbl Papajies B MaTeMaTHUeCKYHO
CTPYKTYDY, KoTOpasi 00bsiCHH/IA TITyOMHHYIO U 3ara/louHyt0 B3aUMOCBSI3b MEXY
3/IEKTPUUECTBOM, MarHeTH3MOM U CBeTOM. B pe3ysibTare Obia rosiyueH Habop
yPaBHEHWI, OIKCHIBAKOIUX S/€KTPUUECKYK) W MAarHUTHYHO CUJ/bl  Kak
TIPOsIBJIEHNEe OJHOM M TOW ke (U3MYeCcKOW CYIIHOCTA — 3/1eKTPOMarHUTHOTO
nosisi. MakcBesii 00beJUHWI 37IeKTPUUYECTBO U MarHeTU3M B OfIHy cuiy. Bosee
TOTO, OH Ji0Ka3aj, YTO 3JIeKTPOMAarHWTHbIE TI0JIsi MOTYT PaclpOCTPaHATBCSA B
MpPOCTPaHCTBe B BHUJe BOJH. CKOPOCTb 3THUX BOJIH OIpeJesseTcs UKCI/IOM,
BBITEKAIOL[UM M3 €ro YypaBHEHUM, KOTOpble OH BbIBeJl Ha OCHOBE CBOUX
SKCIIePUMEHTA/IbHBbIX [JaHHBIX, TIOJYYEeHHbIX HEeCKOJbKMMHU rofamu paHee. K
YAUB/IEHWIO YUEeHOr0, paCCYMTaHHAasi UM CKOPOCTb COBIMAasa CO CKOPOCThIO CBETAa,
KOTOPYHO TOI/la 3HAJIM I10 3KCIepUMeHTa/IbHbIM OIpe/ie/IeHUsIM, C TOUHOCTBIO B
ofvH TmipolieHT. Tak MakcBe/i OTKPbII, UTO CBeT TpeACTaB/sieT CoOoi
5JIEKTPOMAarHUTHYIO BOJIHY.

CeroHg ypaBHEHMS, OMMUCHIBAIOLIME 3/IeKTPUUEeCKHe WU MarHUTHbIe TOJI,
Ha3bIBalOT ypaBHeHUsIMU MakcBessia. Masno KTO C/bllllajl O HUX, HO M3 BCeX
V3BeCTHbIX HaM YpaBHEHUM OHM, BEpPOSITHO, SIB/SIFOTCS CaMbIMU BaKHbIMH B
KOMMepUeCcKoM OTHOIlleHnd. OHU He TONBbKO YMpaB/sitOT pabOTOM pa3/uyHbIX
NIpUOOPOB — OT MPOCTHIX OBITOBBIX YCTPOUCTB /10 KOMITBIOTEPOB, — HO ellje U
ONMUCBLIBAIOT Jpyrue (He CBeTOBble) BOJIHbI, TaKWe KaK MHWKDPOBOJIHBI,
Pa/IMOBOJIHbI, UH(GPaKpacHble U PeHTreHOBCKUe Jyuu. Bce OHU OTIMYalOTCs OT
BUJIMMOIO CBeTa TOJBKO OJHWM — [JIMHOU BOJHBI. Y PpaJWOBO/H [JIMHA
(pacctosiHMe OT TpeOHsSI OJ[HOUM BOJIHBI [0 TPeOHS ApYyroil) cocTaB/sieT MeTp U
Oosee, TOTZ@ Kak [JyiiHAa BOJIH BUJUMOrO CBeTa —  HECKOJIBKO
[leCATUMWUTMOHHBIX [J0JIed MeTpa, a y PEHTIeHOBCKUX JIydel — MeHee OJHOU
CTOMUW/IZTMOHHOM MeTpa.

Hame ConHije u3iyyaeT BOJIHBI BCeX JJIVH, HO €ro U3/1yuyeHre NHTeHCUBHee
BCEro Ha TexX /[J/IMHax BOJIH, KOTOpble Mbl MOXeM BuzeTb. HaBepHoe, He
CJly4aliHO MbI CMOCOOHBI BU/IeTh HEBOODPY)KEHHBIM TI71a30M MMEHHO Te JIyuw,



KOTOpble TIpeob/a/latoT B COMHEYHOM W3J/yUeHHU: CKOpee BCero, HalllM TI/a3a
TIPUCTIOCOOMIMCh TakKUM 00pa3oM, UTOObI pa3iuuaTh 37€KTPOMarHUTHOE
W37yueHWe WMEHHO B STOM Juaria3oHe, [OTOMY UTO OH TMOAXOJUT UM
HaunyummMm obpa3oMm. Ecimu Mbl Korja-HUOyAbh BCTPETUM CYIIECTB C JIPYTHX
TI7IaHeT, OHU, MOXKeT ObITh, CMOTYT «BHZETh» H3/TyueHHe Ha WHBIX JIJTMHAX BOJIH
— Ha TeX, KOTOpble WX COJHIIe W3/ydyaeT Haubosnee CUTBHO (KOHEUHO, C
TIOTNPaBKOM Ha CBETO3KPaHUPYIOIIMe CBOWMCTBA MbLIM M ra3oB B arMocdepe Mx
ryiaHeTbl). [lo3TOMy Te WHOM/IAaHETsIHE, KOTOpPble pa3BHUBAa/MCh B YCIOBHUSX
PEHTI'eHOBCKOTO M3TyueHUs, MOT/IA Obl C/lefiaTh HErvIOXyk Kapbepy B Cayxbe
Ge30macHOCTH a3pOTOPTOB.

CormacHo  ypaBHeHWsiM  MakcBesijla,  3JIEKTDOMarHWTHbIE  BOJTHBI
pacnpocTpaHsAroTcs co ckopocTbio 300 000 KMIOMETPOB B CEKYH/Y, WU OKOJIO
670 MUTMOHOB MHJIb B Yac. Ho roBOpUTh 0 CKOpPOCTH 6eCCMBIC/IEHHO, eC/TU He
yKa3aTb, OTHOCUTEILHO Yero 3Ta CKOPOCTh U3MepsieTcs. B nmoBcejHeBHOM XKU3HU
MbI 00 3TOM Jla)ke He 3a/iyMbIBaemcsi. Korja ZOpOKHBIM 3HAaK OTrpaHUUeHUs
CKOPOCTH YKa3biBaeT «60 MWIb B 4Yac», TO TOHSTHO, UTO WUMEETCS B BUAY
CKOpPOCTh aBTOMOOW/ISI OTHOCHUTENBHO JOPOTU, a He UepPHOW AbIpbl B LIEHTpe
Mneunoro Ilytu. Ho pgake B TOBCEJHEBHOM J>KW3HW WHOTAA TPUXOJUATCS
MpYHUMaTh BO BHUMaHWe CHUCTeMy OTcYeTa. Haripumep, ecim B JieTsieM
PEakTMBHOM CaMoJieTe Bbl HUjleTe 110 MPOXO/y C YalllKoM yasi, TO MOKeTe CKa3aTh,
YTO Ballla CKOPOCTh 2 MUY B Yac. OJHAaKO KTO-TO, HaXO/SILIUKUCS B 3TO BpEMS Ha
3emJ/le, MOKeT CKa3aTb, UTO BbI JIBUTaeTeChb CO CKOPOCTBIO 572 MW/IM B 4ac.
[Tpexkie ueM pemiTh, KTO U3 Bac Omke K HMCTHHE, YUTWUTE, UTO, ITOCKOJIBbKY
3emns gaBwkercs BoOkpyr CosHIla, HEKTO, HaOmojawoiui 3a BaMu C
TIOBEPXHOCTH 3TOT0 HeOGeCHOro Tesa, He COMIACUTCS C 000MMM U CKaXkeT, uTo
Ballla CKOPOCTb OKOJ10 18 MWJIb B CEKYH[Y, [a ellle U 03aBUyeT TOMY, UTO y Bac
eCTh KOHAWLMOHep. B cBeTe TakWX pa3HOINacCMii BO3HUKAET eCTeCTBEHHBIN
BOMPOC: a Korjla MakcBesl yTBep/iaji, 4To O0OHapy>KW1 BeJIMUMHY CKOPOCTH
CBeTa Ha OCHOBaHWM CBOWX ypaBHEHWW, TO OTHOCUTE/JIbHO Yero B 3THUX
ypaBHEHUSIX U3MepsilaCh CKOPOCThb CBeTa?



HNnvHa BosiHbI. MUKDOBOJIHBI, PaJMOBOJIHBI, WH(pPaKpacHoe U
PEHTTeHOBCKOe M3/yueHHe, a TakKKe BU/MMbIM CBeT pa3HOro LBeTa
OT/IMYAOTCS TOJIBKO JIMHOM BOJIHBI.

HeT ocHOBaHUWii TIOfaraTh, 4YTO TlapaMeTpP CKOPOCTH B YypaBHEHUSIX
MakcBeJsinia TipeJicTaB/isieT OO0 CKOPOCTh, U3MEPEHHYI0 OTHOCUTETbHO 3eMJIH.
B KOHeYHOM cueTe ero YypaBHeHMs TpPUMEHUMbI KO Bceli BceneHHOM.
AJbTepHAaTUBHBINA OTBET, KOTOPBIN OIHO BpeMsi PACCMaTPUBAJICS, COCTOSII B TOM,
YTO B YpaBHEHUsIX MakcBeJsiia YKa3bIBaeTCsl CKOPOCTh CBeTa OTHOCUTENTBHO ellle
He BBLISIBJIEHHOM Cpe/ibl, 3arloJiHsoLell BCe MPOCTPAaHCTBO. Takoe BelljeCTBO
Ha3Ba/M CBETOHOCHBIM 3(QUPOM, [ KpPaTKOCTU — TIPOCTO 3¢hupoM. ITOT
TepMUH BBeJ ellje ApUCTOTeNb it 0603HaueHus1 CyOCTaHIUM, KOTOpasi, 10 ero
MHEHUIO, 3arojiHseT BC0 BcesieHHYHO 3a mpefesiaMu 3eMHOTrO Iapa. JOTOT
TUMOTeTUYeCKUd 3¢up Mor Obl TIPeACTaB/ATb Ty Cpeny, Omarofaps KOTOPOWA
TIPOMCXOAUT PaCpPOCTPaHeHUe 37eKTPOMAarHUTHBIX BOJIH, TOAOOHO TOMY Kak
3BYK pacrpocTpaHsieTcsi B Bo3ayxe. Eciu Ob1 a¢up cyiliecTBoBasl, TO UMecs Obl
AOCOJTIOTHBIM CTaHAAPT TOKOsi (TIOKOsI TI0 OTHOIIIEHUI0 K 3(upy), a oTCrofa U
AOcostoTHBIM  criocob  ompezeneHuss  aBWKeHus. Odup obecrieuns  ObI
TIpeJTIOUTUTeTbHYI0 CUCTEMY OTCUeTa BO Bcell BcesleHHOM, U CKOPOCTh JitoO0To
o0beKkTa MOYKHO ObII0 ObI M3MepsiTh OTHOCUTE/ILHO 3TOM cucTeMbl. [ToaToMy Ha
OCHOBe TeopeTUueCKUX Cco0OpakeHWM CTa/ld CUMTaTh, UYTO IPUP CYIIECTBYET, U
TIOPYYM/IA HECKOJIbKUM yUeHbIM HalTu criocob fijisg ero u3ydyeHusi Uiau XOTs Obl



TIO/ITBEP/IUTD €ro CylijecTBoBaHWe. OHUM U3 3TUX yUeHbIX ObUT caM MakcBeJi.

Eciu BbI BW)KETECh B BO3ZYIIIHOM Cpe/ie HaBCTpeuy 3BYKOBOH BOJIHE, TO
BOJIHA COTIPHMKAcaeTcsi C BAMM Ha 0osiee BBICOKOM CKOPOCTH, a eC/id Bbl yberaere
OT Hee, TO OHa JJOCTUTaeT BaC C MeHbIIel CKopocThio. Ecii Ob1 BMeCTo Bo3/ayxa
Obl1 3¢hHp, TO CKOPOCTh CBeTa M3MeHsach Obl aHa/lOrMYHBIM 00pa3oM B
3aBUCMMOCTH OT Balllero ABMKeHUSI OTHOCUTEeBHO 3¢upa. []elfiCTBUTe/LHO, eC/Iu
CBeT BejleT cebsi aHAJIOTUUHO 3BYKY, TO TOJ00OHO TOMY KakK JIIOAH, JeTsllrie Ha
CBEPX3BYKOBOM CaMoJjieTe, HUKOT/ja He YCJIbIIIAT 3BYKa, BO3HUKAIOILETO 110331
camoJ/ieTa, TaK M TyTelleCTBeHHUKH, J0CTAaTOYHO OBICTPO HeCyIMecs CKBO3b
3¢up, CMOTyT IeperHatb CBETOBYIO BOJIHY. Mcxoas W3 3THUX COOOpaykeHHH,
MakcBes1 TIpe[I/IOXKUI TIPOBECTH SKCriepuMeHT. Eciu adup cyiecTByet, TO
3eMJis, coBepiiast CBOW myTb BOKpyr CoJHIIA, O/DKHA JBUTaThCsl CKBO3b HETO.
[TockonbKy 3emsisi B SHBape ABMXKETCS TI0 CBOel opbuTe B O[HOM HarlpaBJ/IeHUH,
a, CKakeM, B aripejie WIA HIOJle — B JPYroM, TO JO/DKHA OBITh Kakasi-TO
BO3MO)KHOCTb 3aMEeTUTh KPOILIeUHYIO pa3HUI]Y B CKOPOCTH CBETa B pa3HOe BpeMsi
roga (cm. ui., c. 107).

c OkTabpb

AdBaps iy WMione

Anpens

NBwxenre ckBo3b 3¢up. Ecnu 661 Mbl ABUTAIMCh CKBO3b 3¢Up,
TO [IOJDKHBI ObLTM OBl OIIYTUTH 3TO [IBKeHWe, HaOoasi ce30HHbIe
pas3/nnums CKOPOCTH CBeTa.

MakcBesin HamepeBascs OMyOIMKOBaTh 3Ty WU B BeAyll[eM HayuHOM
ypHane Benuko6puranuu «Tpyasi KoposeBckoro obirectBa» («Proceedings of



the Royal Society»), HO pefakTOop OTrOBOpWU/I €ro, BbiCKa3aB COMHEHUE B
BO3MOXKHOCTH T10100HOTO 3KcriepumenTa. OzpHako B 1879 ropay, He3amonro 1o
CBOeM CMepTHM B BO3pacTe COpPOKa BOCBMHU JIeT OT paka >Kenyzaka, Makceesut
OTITPaBWJI APYTYy MUCBMO, B KOTOPOM pacckKasasi 0 cBoeli uziee. ITO MUCbMO ObIIO
oryb/IMKOBaHO yrKe mocjie cMepTy MakcBesia B xxypHasie «Heliuyp» («Nature»),
rJie Hapsly C APYTMMU YMTaTe/sIMU C HUM O3HAaKOMUJICS U aMepUKaHCKUN (DU3UK
Anpbept Maiikenscon (1852-1931). B 1887 rogy MaiikenbCoH W ellje OAMH
aMepuKaHCKuM (pusuk, SaBapa Mopnu (1839-1923), BrieuaT/ieHHble 0TaIKOM
MakcBesia, IPOBe/IM BBICOKOTOUYHBIM 3KCIIEPUMEHT 10 U3MEPEHUI0 CKOPOCTH, C
KOTOpOU 3eMJisi IBIKeTCsI CKBO3b 3¢up. OHU MOCTaBUIM Tiepe] coboii 3amauy
CPaBHUTb CKOPOCTH CBeTa B [IBYX Pa3HbIX HallpaB/IeHUsIX, [epeCceKaroIuxcs Mo
npsiMbIM yriioM. Eciu ObI CKOpPOCTh CBeTa Obla TOCTOSIHHA OTHOCHTE/IBHO
3¢upa, TO M3MepeHUs [O/DKHbI ObLIM MOKa3aTh pa3Hble BeJWUYUHBI CKOPOCTH
CBeTa B 3aBUCUMOCTH OT HarpaB/eHus Jjiyda. Ho MalikesibcoH u Mopnu Takoi
pa3HULIbI He 0OHAPYKUIIH.

Pesynbrar SKCIIepUMeHTa SIBHO TIPOTUBOPEYUI Mozenu
PACIIPOCTPAHSIOUIMXCS B 3(Upe 3/eKTPOMarHUTHBIX BOMH U [JJO/DKEH ObLl
3aCTaBUTh YUeHbIX OTKa3aThCs OT Mozienu 3¢upa. Ho uensto MaiikesibcoHa ObL10
V3MepeHre CKOPOCTH 3eMyId OTHOCUTENbHO 3¢upa, a He [J0Ka3aTeabCTBO WU
OTIpOBep>KeHue ruroTe3bl 00 3¢upe, U ToyueHHbIe UM pe3y/bTaThl He TIPHUBEe/U
K 3aK/IFOUEHUI0 O TOM, UTO 3(upa He CyllecTByeT. Ml HUKTO ApPyrou He MpuIlesn
Korjja-M00 K TakoMy 3ak/roueHuto. [lelicTBUTeNbHO, 3HAMEHUTBIN OpUTAHCKUA
¢busuk cop Yunbsim TomcoH (1824—-1907), u3BecTHbIN TakxKe Kak Jiop/, KenbBuH,
B 1884 romy ckaszan, UTO «CBETOHOCHBIM 3(QUpP — 3TO... €QUHCTBEHHast
cyOCTaHILIYsl, KOTOPOU MbI JJOBepsieM B IiHaMuKe. B uemM Mbl yBepeHbl, TakK 3TO B
peasbHOCTU U MaTepUaibHOCTH CBETOHOCHOTO 3¢upar.

MokHo fu ObUIO BepUTb B Cyll[eCTBOBaHUWe 3(upa Toc/ie pe3ynbTaToB
sKcrepumMeHTa MavikenbcoHa — Mopmu? Kak Mbl y)ke TOBOPWIM, 3a4acCTyrO
JIFOAU CTaparTCsl CHacTH MOJeb, [JOMOJIHSAS ee Pa3/MYHbIMU YXUIIPEeHUsIMA U
ocobbIMU yC/i0BUSIMU. HekoTopbie forycKamu, uTo 3emsis TsHeT 3¢up 3a coboid,
TaKk 4YTO B [€MCTBUTE/JIbBHOCTM Mbl He [JBWKEMCS OTHOCUTEbHO Hero.
Tonnanackuii ¢usuk Xenapuk AHTOH JlopeHni) (1853-1928) u wupnaHjckuit
busuk xopmk PpaHcuc Punypkepanbs (1851-1901) mpearnonoKuad, 4yTo B
cUCTeMe OTCUeTa, IBUXKYILeCs: OTHOCUTEeTbHO 3¢upa, Yacbl — BEepPOSTHO, M3-3a
KaKOr0-TO T0OKa ellje HEM3BeCTHOIO0 MeXaHUUeCKOro BO3/eUCTBUS — 3aMeJItoT
XO0Jl, @ PaCCTOSIHUSI C)KUMAFIOTCSl, TaK UTO M3MepeHUsi CKOPOCTU CBeTa JlaBaiv Obl
Ty >Ke camyto BemuuuHy. [1o706HbIe TTOMBITKY CMaCcTH MpeficTaBaeHue 06 3dupe
TIPOJ0JKAJIMCh TIOUTH JBaLiaTh JieT, TI0Ka He MOsBU/Iach MOpa3uTe/bHasl CTaThbs
HEM3BECTHOTO MOJIOZIOTO KJjepka Ausbbepra OiHINITelilHA — COTPyAHUKA



BepHCKOro nareHTHOTo 610pO.

Korma B 1905 romy OWuHINTeMH OMyO/MKOBaA CBOIO CTaTblo «Zur
Elektrodynamik bewegter Korper» («O0 3/eKTpoArHaMUKe [BWKYIIUXCS Te»),
emy ObUIO fABajLaTh IIeCTb JieT. B 93Toil cTatbe OH CZiesian  TMPOCTOe
TIpeJTIONIOXKeHre, UTO 3aKOHbI (PU3MKH, U B YaCTHOCTU CKOPOCTb CBETA, JI0/DKHBI
BBIIVISIZIETh O/IMHAKOBBIMU /ISl BCEX PaBHOMEPHO ABIKYIIUXCS HabstozaTesiei.
OTa wujesi, KaK OKa3ajoch, MoTpeboBajia peBOJIOLMKA B HallleM MOHUMaHUU
TIPOCTPAHCTBA U BpeMeHU. UTOOBI YSICHUTB, TIOUEMY 3TO Tak, Mpe/icTaBbTe cebe
[Ba COOBITHSI, KOTOpbIe TIPOUCXOJSAT B OJHOM U TOM Jiee TOUKe BHYTPU
PeakTUBHOTO caMoJjieTa, HO B pa3Hoe Bpemsi. [isi HaOsofaressi, Haxo/SAIerocs B
camojieTe, pacCTOsSIHME MeXXJy MeCTaMH, B KOTOPBbIX MPOMW30LLIM 3TU [JBa
coObiTus1, OyzeT paBHO Hy/m0. Ho fs HaGmrozaTesisi, HaXO/SAIErocsi Ha 3emiie,
oHu OyznyT pa3zeneHbl pacCTOSIHMEM, KOTOpPOe CaMoOJieT Tpeofiofiesl 3a Bpems,
Tipolie/iiiiee MeXxay CoObITUSMU. ITO TIOKa3biBaeT, uTO /iBa Habmrofarters,
JBWDKYIMECST OTHOCUTENLHO [IpyT [pyra, He [OCTUTHYT COIJIachsi B OL|eHKe
PACCTOSIHUSL M@X/1y IByMsI COOBITUSIMMU.

Tereps MpeATonioKuM, UTo ZiBa Hab/oaTesis ClesT 3a BCIBIIIKON CBeTa,
HarpaB/eHHON OT XBOCTa camoJsieTa K ero Hocy. Kak u B TipuUBe/[eHHOM BHbIIIIe
nipyMepe, y HUX He OyZleT coriacusi B OlleHKe pacCTOsTHUSI, KOTOPOe TIPOIlies CBeT
OT TOYKHM ero BCIIbIIIKM Ha XBOCTe CaMoJieTa [0 TOUKM ero TrpuemMa Ha HOCY.
[TocKo/IbKY CKOPOCTh paBHa TIPONZIEHHOMY pPacCTOSHUIO, /IeJIeHHOMY Ha BpeMs
TIPOXOXK/IeHHs1, 9TO 03HAYaeT, UTO eC/Id y HUX eCTh COIJIache 0 CKOPOCTH, C KaKOu
riepeMelraeTcsi BCIbIIIKa (TO eCTh 0 CKOPOCTU CBeTa), TO OHU He COIJIaCsATCS B
OlLleHKe MHTepBajia BpeMeHU MeXXJy MOMEHTOM MCIYyCKaHWs CBeTa U MOMEHTOM
ero rpyema.

CTpaHHO 3[leCb TO, 4YTO XOTA Y [ByX HaOsojareneil TMOMy4yarOTCs
pas/iiuHble 3HaueHUsi BpPeMeHU, OHU BUAST OOUH U mom dce usuueckull
npoyecc. DVHILITENH He TIbITAJICS /1aTh UCKYCCTBEHHOTO 00bsicHeHuUs1 3Tomy. OH
TIpUILieNl K JIOTUYHOMY, XOTS U IIOKUPYIOLEMY 3aK/FOUeHHI0, UTO U3MepeHue
3aTpaueHHOT0 BpeMeHH, KaK U U3MepeHue MPOUIeHHOTO PAaCCTOSIHUSI, 3aBUCUT OT
Hab/ro/1aTe1s, BBITIOMHSIONIEr0 HM3MepeHUs. OTOT 3PdeKT SBAsSeTCS OJHUM U3
K/IF0Ued K TeOpwH, W3JIOKeHHOU ODUHIITEeMHOM B ero crarbe 1905 roga. Ota
Teopusi CTasia Ha3bIBaThCS CrelUaJbHONU Teopreil OTHOCUTeTbHOCTH.

Mbl MOXeM yBHUZETb, KakuM 00pa3oM 3TOT aHa/lu3 TPUMEHUM K
yCTPOMCTBaM XPOHOMETPUPOBAHUS, €CIM TPOAaHAIU3UpyeM TOBefieHhe JBYX
HabmofaTenedt, cnegammx 3a uacamu. CorviacHO —CrelMasbHOM — Teopusi
OTHOCUTEJIbHOCTU, 4Yachbl WUAYT ObICTpee Asi TOro HaOmwofaress, KOTOPBIM
HeTIOZIBMDKEH OTHOCUTEebHO YacoB. [lisi Habmrofarenel, KOTopble He HaXOASTCS
B MOKO€ OTHOCHUTE/IbHO UacoB, OHU UYT MejjieHHee. Ec/ii CBETOBOU UMITY/IbC,



HarpaBJ/IeHHbIN OT XBOCTa caMoJieTa K ero HOCY, yIoZloOHUTh TUKaHbIO YacoB, TO
MBI YBUMM, UTO Jjis1 HaO/TroaTessi Ha 3eMJie 4achl UyT Me/lJIeHHee, TTOCKOJIbKY
CBETOBOMY JIyUy B 3TOM CHCTeMe OTCUeTa TPUXOJUTCS Mpeo/i0/ieBaTh OoJibiiee
paccrosinye. Ho 310t 3¢ddeKkT He 3aBUCUT OT MeXaHH3Ma YaCOB, UTO BEPHO IS
M00BIX UacoB, Jajee s HalllMX COOCTBEHHBIX — OHOJ/IOTYeCKHUX.
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Jletssiumii  camosieT. Ecim B peakTUBHOM CaMoOJIeTe  yJapUTh
MSUHUKOM 00 11071, TO Hab/moaTe/ib Ha OOPTY YBU/IUT, UTO TIPH KaXKZ0M
TIOC/IeIyFOI[EeM TIPbDKKE MSTUMK OyZleT OTCKaKUBATh OT OFHOW U TOM ke
TOUKM, a BOT HaO/roaTe/to, Haxo[sIleMycs Ha 3emse, Oyzner
Ka3aTbCsl, YTO TOUKH IMOACKAaKWBAHUS MsUMKa pa3ziesieHbl 00JbIIUMU
PaCCTOSTHUSIMU.

B cratbe OWHmITeNHa OBIIO TI0KA3aHO, UTO, TIOAOOHO TOHSATHIO
HeTI0/IBWKHOCTH, BpeMsi He MOKeT ObIThb aOCOJIIOTHBIM, Kak Tojaran HbrOTOH.
VHBIMA CJIOBaMU, HEBO3MOXKHO Ka)K[JOMYy COOBITHIO TIDUCBOWUTH BpeMs, C
KOTOPbIM ~ COTJIACATCS Bce Habmoparenu. HampoTuB, y  KakOoro w3
HabmofaTenieli  OymeT COOCTBEHHBIM pe3y/ibTaT UW3MepeHWs BpeMeHH, a
pe3y/ibTaThl,  TOJyUYeHHble  /AByMs  HaOroJarenssMd,  ABWKYIUMUCS
OTHOCHUTEJILHO JIpyr fApyra, Oyayr pasmmuatbcsa. MVaewm  OWHIITEMHa
TIPOTUBOPEYAT HaIlleMy UHTYUTHBHOMY OII[YITIeHUIO, TIOCKOJIBKY UX TOC/Ie/ICTBUS
He3aMeTHbl Ha CKOPOCTSIX, C KOTOPBIMM MbI OOBIYHO WMeeM [ieJio B
TOBCEZIHEBHOM  >kM3HW. HO  OHM  HEOJHOKPAaTHO  TOJTBEPXK/A/UCh



SKCriepuMeHTanbHO.  [lpencraBbre,  Hampumep, 4acbhl,  PpacIOIO’KeHHbIe
HETO/IBM)KHO B LIeHTpe 3eMJIH, ellje OJHH YacChbl Ha TIOBEPXHOCTU 3eMJ/IU U TPeTbU
yackl — B camoJieTe, jeTsieM n1M00 B HampaB/ieHUM BpallleHus 3emsiu, aubo
NpOTUB ee BpalleHus. [lo OTHOIIeHWI0 K uyacam B LieHTpe 3eM/d Yachl B
camosieTe, JIeTSLleM Ha BOCTOK (B HarpaB/eHWM BpalljeHus 3eM/In),
riepeMeIarTcs ObICTpee, UeM Yachl, pacrio/ioykeHHbIe Ha MIOBePXHOCTU 3eMJd, U
TOTOMY WX X0l ZI0/bKeH ObiTh MenneHHee. [1ogoOHBIM ke oOpa3oM 4Yachl B
camosieTe, JjeTsdileM Ha 3amnaj (MpoTWB BpalljeHHs 3eMJ/M), MepeMelaroTCs
Me//IleHHee, yeM 4Yachbl Ha TNOBEPXHOCTU 3eMJIM, U 3TO O3HauaeT, YTO 4achbl B
camoJieTe JO/DKHBI UATU ObICTpee, ueM uachl, pacro/ioykeHHbIe Ha TTOBEPXHOCTH
3emu. iMeHHO 3T0 U HabMHOJANOCh, KOTZAA B SKCIIEpUMEHTe, MPOBEeIeHHOM B
okTss6pe 1971 rozma, o4yeHb TOYHbIE AaTOMHbIEe Yachl ObIIM OTIIpPaB/eHbI B
KPYTOCBeTHBIM mosieT. Tak uTo Bbl CMOKeTe MPO//TUTh CBOIO YKU3Hb, eC/u OyzeTe
MIOCTOSIHHO JIeTaTb BOKPYT 3eMHOIO 1l1apa B BOCTOYHOM HarpaB/eHUH, XOTS BacC
HaBepHSIKA YTOMSAT KWUHO(PWIbMbI, KOTOpPbIE TOKa3bIBalOT BO BpeMsi II0JieTa.
OpHako 3ddekT OygeT BecbMa MalbiM — OKolo 180 MuiMapHBIX [osieid
CeKYH/IbI 3a KaXK/[blii 06/1eT BOKPYT 3eMHOTrO I11apa (U /jlaXke HeCKOJIbKO MeHbIIIe
3a CUeT pa3HULIbl B TPABUTALIUU, HO 3/1eCh Mbl He OylieM BHUKATh B 3T0).

3amensieHue BpeMeHU. KakeTcsi, UTO ABWKYILMECS uyachl UIYT
MeqsieHHee. [TOCKOMBKY 3TO OTHOCUTCS U K OMO/IOTHYECKHUM dYacam,
TO, TIOXOXKe, ABIDKYIUecs yofau OyayT crapeTh MepjieHHee. Ho He
CrellnTe PaJIOBAThCS: MPU HAIIUX TTOBCEJHEBHBIX CKOPOCTSX HUKAKUe
0ObIUHBIE YaChl HE CMOTYT U3MEPUTh 3Ty Pa3HUILY.



Bnaropapsi pabote OiiHinTeliHa (DU3UKKU TIOHSIU, UTO CBOMM TpeboBaHUEM
TIOCTOSTHCTBA CKOPOCTM CBeTa B Ji0OOOM CHCTeMe OTCYeTa MaKCBeJJIOBCKast
TeOpUsi 3JIeKTpOMarHeTW3Ma TOBODUT O TOM, UTO BpeMsi He MOXeT
paccMaTpuBaThCsl OTAE/NbHO OT TPEXMEepPHOro TpPOCTpaHCTBa. Bpemsi u
MPOCTPAHCTBO B3aUMOCBSI3aHbl. JTO YTO-TO BpOJe UETBEPTOr0 H3MepeHusi
«Bynyliee — TIpoIioe», 00aBIEHHOTO K TIPUBBIYHBIM «BJIEBO — BIIPABO»,
«BMepel, — Hazal» U «BBepX — BHU3». DU3MKKM Ha3bIBalOT 3Ty CBAA3b
MIPOCTPaHCTBA M BPEMEHU «IPOCTPaHCTBO-BPEMSI», a MOCKOJIbKY MPOCTPaHCTBO-
BpeMsi UMeeT YeTBepTOe HarpaB/ieHWe, OHW Ha3Balu BpeMsi UeTBEepPThIM
u3MepeHueM. B mpocTpaHCTBe-BpeMeHU BpeMsi 0OJibllle He OT/e/ieHO OT Tpex
TIPOCTPaHCTBEHHBIX M3MepeHuH, U, TOBOPSl HECTPOT0, KaK OIpejie/ieHue «BJIeBO-
BIIPaBO», «BIlepel, — Has3aJ» U «BBEPX — BHU3» 3aBUCUT OT IOJIOXKEHUS
HabrofiaTeNisi B TMPOCTPAHCTBe, TaK M HarpaB/ieHWe BpeMEeHU MeHSIeTCS B
3aBUCMMOCTH OT CKOpocTh Habmioparens. Habsmoparenu, ABWXKyIMecs C
pa3HbBIMU CKOPOCTSIMU, OyZIyT B TIPOCTPAHCTBe-BPEMEHU JIBUTAThCS B PA3/TUUHBIX
Harpap/ieHUssX BpeMeHHU. CrieliasibHasi TeOPUSi OTHOCUTENbHOCTU JDUMHINTEWHA
CTajla TIO3TOMY HOBOW MO/ie/ibl0, M30aBleHHOW OT TIOHATUM abCOJIFOTHOTO
BpeMeHU U abCOIOTHOTO TIOKOSI (TO eCTh TOKOSi OTHOCHUTEbHO HeTIO[BMXXHOTO
sc¢upa).

Bckope DWHILTEWH TIOHSUL, YTO [Jii COBMeEIlleHUs] TIpaBUTaLUU (CUJIBI
TSDKeCTH) C Teopuell OTHOCUTENIbHOCTHM HeoOX0AUMO cCjlefiaTh ellle  OfIHO
nu3MeHeHue. CoryiaCHO 3aKOHY BCEMHDHOTO TsiroTeHuss HbiOTOHa, B JitoOoe
JaHHOoe BpeMsi 00BbeKThl TIPUTATUBAIOTCS APYT K IPYTY C CUJIOMN, 3aBUCSIIEN OT
PacCTOsTHUSL MEX/ly HUMU B 3TO BpeMs. Ho Teopusi OTHOCHUTENBHOCTU OTMEHU/IA
TIOHSATHE abCOMIOTHOTO BPEMEHH, U TOTOMY HEBO3MOXKHO ObLIO OMpefe/uTh,
KoTJla HY)KHO U3MepsiTh PacCTosiHUe Mexy oObekTamu. Takum obpa3om, Teopus
rpaButaliui ~ HbplOTOHA He  BOMChIBaJaCb B CHELUaJbHYH)  TEOPHIO
OTHOCHTENIBHOCTH, U ee TIPUILIOCh MOoAU(ULIMpPoBaTh. IIpoTHBOpeune MOIIo
TI0Ka3aThbCs YMCTO TEXHUUECKUM 3aTpyJHeHHeM, ObITb MOXET, /a)Ke MeJoubto,
KOTOPYHO) BO3MOXHO Kak-To ob6oiitu 6Ge3 Oosblimx mnepesenok Teopuu. Ho
0Ka3ayock, uto Teopusi HpioToHa Oblia BecbMa fiajieka OT UCTUHBI.

Ha mpoTsbkeHMM MOC/AeAYIOLIUX OAWHHAZALATA JeT OWHINTeNH pa3BUBaj
HOBYIO  TEODUKD  TpaBUTAllMM, KOTOPYH  Ha3Baj  oOImieil  Teopueit
OTHOCUTENLHOCTU. [loHATHe rpaBUTAlUU B 00IIell TeOpUM OTHOCUTE/NbHOCTU
COBCEM HETOXO)Ke Ha TO, KoTopoe 0bi10 y HbloTOHa. DUHILITeH OCTPOUS ero
Ha pEBOJIIOLIMOHHOM TMpeJIKEHUWA O TOM, YTO TPOCTPAHCTBO-BpEMSI He
MJI0OCKOe, KaK TpeArosaraJoc A0 5TOr0, a WCKPUBAEHO U HCKaKeHO
COJlep’KallIMMKUCS B HEM MaCCOW U SHEepruei.

[TpencraButh cebe MCKpUBIeHUe ya00HO Ha MpUMepe TTOBEPXHOCTH 3eMJTH.



XOTs1 3eMHasi TIOBEPXHOCTb BCEro JIMIlb JAByXMepHa (MOCKOJIbKY Ha Hell ecThb
TOJIBKO [[Ba HalpaBJIeHHs: CeBep — 0T ¥ BOCTOK — 3ariaji), Mbl BO3bMeM 3TO IS
rnpumepa, IOTOMY 4YTO MCKDHB/EHWE [JBYXMEPHOrO IMPOCTPAHCTBA MPOILIe
1300pasnTh, UeM HWCKDUBJIEHWE YeTbIpexMepHOro. ['eoMeTpusi MUCKPUBIEHHbIX
MIPOCTPAHCTB, TaKUX KakK 3eMHasi [IOBePXHOCTb, 3TO He reoMmerpusi EBkivja,
KOTOpPOM MbI XOpOLIO 3HakoMbl. HampuMep, Ha 3eMHOW [OBEPXHOCTU
KpaTuaiilliee pacCTOSTHUE MeXy [ByMsl TOYKaMH, KOTOpOe Mbl 3HaeM B
eBK/IUJJOBOM TeOMeTPUM KaK MpPSMYH0, 3TO MyTh, CBSI3bIBAIOLIUMI /IB€é TOUKU T10
TaK Ha3biBaeMoi Ayre Oosbiioro kpyra. (BosbIliM KpyroM Ha3sbIBaeTcsl KpYT,
LEHTP KOTOPOTO COBMAaZaeT C LIEHTPOM 3eMHOro miapa. JIuHuM nepeceueHusi
TaKWUX KPYTOB C TIOBEPXHOCTHIO 3eM/ 06pa3yroT OKPY>KHOCTH, B/I0JIb KOTOPBIX U
TIPOXOAST KpaTyaiiiiive pacctossHus. [Ipumepom mofo6HOM OKPYXKHOCTH MOXKET
CJIY’)KUTh JKBATOp, a TakKe /r00asi OKPY>KHOCTb, TOy4YeHHasi MpU BpallleHuu
5KBaTOpa BOKPYT MPOM3BO/ILHO PACIo/I0KEHHBIX AUaMeTPOB 3eMHOIO 11apa.)

leopesnueckuie muHuK. Kparyaiilliee pacCcTosiHMe MeXIy ABYMs
MyHKTaM{d Ha TOBEPXHOCTU 3eM/M BBIVIIAUT Ha IJIOCKOW KapTe
W30THYTOW JMHUed. VMelTe 3TO B BUAY, eCd BIPYr [OBeAeTCs
MPOXO/IUTh TECT Ha ajKOrOJlb.

[lpencraBbTe, YTO Bbl XOTUTE COBEPIIWTH MyTelllecTBUe, HArpuMmep, U3
Hrlo-llopka B Mazpuy, (3T /jBa ropofia HaXOAATCS MOYTH HA OJHOM LIMpOTe).
Ecnu 661 3emsst Obljla M/IOCKOM, TO KpaTyaiiium myTeM Obuio Obl HaripaB/ieHue
Ha BOCTOK CTpOro mo mpsimoi. Eciu Bbl Tak W mMoOCTynuTe, TO Tipubyzaere B
Magpug, mnipeomosieB 3707 muib. Ho BCie[CTBHME WCKPUB/IEHHOCTU 3€MHOM
TIOBEPXHOCTH MMEeTCs MyTh, KOTOPbIN Ha TIJIOCKOM KapTe BBITJISIIUT KPUBBIM U
M03TOMY Ka)keTcsi Oosiee IJIMHHBIM, OZJHAKO HAa CaMOM Jiejie OH Kopoue. Bbl
cMoXeTe ZI00paThCs Ty/a >Ke, peo/[0/ieB ToMbKo 3605 Musib, eC/M Balll MapIipyT
OyzeTr mposeraTh 1o Ayre Gosbiioro kpyra. Takoi mMyTh TMOWJeT CHayaia Ha



CeBepO-BOCTOK, MOTOM Oy/ieT MocTereHHO MOBOpauMBaTh Ha BOCTOK, a 3aTeéM Ha
IOr0-BOCTOK. Pa3HMIlA B PaCCTOSHUSIX MEXKIy [BYyMsI TOUKaMH OOBSICHSETCS
VICKPUBJIECHHOCTBIO 3€MHOW TIOBEDXHOCTH W YKa3blBaeT Ha €e HEeeBKJIWJIOBY
reoMeTpri0. ABHUAKOMIIAHWW 3HAKOT 3TO W TIPOK/IA[bIBAKOT [Jisi TMHUJIOTOB
MapIIpyThl TIO AyTe OO0JIBIIOro Kpyra, Korja 3To LieiecoobpasHo.

CornacHo 3akoHaM [BWKeHHs] HblOTOHA, 00BEKTHI, Oy/b TO IyIIeUHbIe
s/ipa, KpyacCaHbl WM TIJIaHeThl, ABWKYTCS MO TIPSIMOW, €C/IM Ha HUX He
JIeCTBYeT HUKakasi Cuaa, HanpuMep cuaa Tsokectd (rpaBuranus). Ho
rpaBUTalls, TI0 TEOPUU DUHIITEHHA, He SIBJIIETCS TaKOM >Ke CUJIOM, KakK Jpyrue.
Ckopee, OHa (JileCTBHe TOrO, YTO MaccCa MCKa)KaeT IPOCTPaHCTBO-BpeMs,
co3maBasi KpuBH3HY. B Teopum DWHINTeliHa OOBEKTHI TepPeMeIaloTCsl M0 Tak
Ha3bIBa€MbIM T'e0/Ie3UUeCKUM JIMHUSIM, KOTOpbIe TIPe/[CTaB/ISIOT COO0M TpsiMble
JIMHWM, PaCIiO/I0yKeHHbIe B UCKPUB/IEHHOM MPOCTpaHCTBe. ['eofe3nyeckas IMHUSA
Ha IUIOCKOCTM — 3TO IIpsiMas, a Ha IIOBEPXHOCTM 3e€MHOro Iapa — Jyra
Gonbiioro kpyra. IIpy OTCYyTCTBUM MaTepuM Treofie3dueckve JMHUM B
YETBIDEXMEPHOM  MPOCTPAaHCTBE-BPEMEHW  COOTBETCTBYKOT  MpPSIMbIM B
TpexMepHOM MpocTpaHcTBe. Ho koraa Marepust NpUCyTCTBYET, OHA WCKPUBJISIET
MPOCTPAHCTBO-BPEMS, U TPAEKTOPHMU TeJ B COOTBETCTBYIOIIEM TpPEXMEPHOM
MPOCTPAHCTBE  WCKPUB/AIOTCS.  Teopus  HproToHa ~ 0OBbsICHs/Ia  3TO
rpaBUTAL[MOHHBIM TIpUTsDKeHHWeM. Korjga npocTpaHCTBO-BpeMsi He IIJIOCKOe,
TPaeKTOpHH 0OBEKTOB BBIT/ISIAST U30THYTHIMU, U CO3/IaeTCs BIleUaT/eHue, uTo Ha
HUX JIeWCTBYeT Kakasi-TO CH/a.

OO01ast Teopusi OTHOCUTENBHOCTU OUHINTEMHA TTOBTOPSIET CIel[HalbHYIO
TEOPUI0 OTHOCUTE/NIbHOCTHA [I/I1  YCJIOBUM, TIPDU KOTOPBIX OTCYTCTBYET
rpaBUTalds, U [AAeT MOUTH TakKue >Xe MPOrHO3bl, YTO M 3aKOH BCEMHPHOIO
TsaroTeHus: HploToHa mipu c/1aboii rpaBuTaliuy Hareit COTHeUHOW CUCTeMbl, —
HO He TIO/MIHOCThIO Takue. Eciu Obl 00ljasi Teopusi OTHOCUTETBHOCTU He
yUWUTBHIBa/aCh CITYTHUKOBOW HaBUTaI[MOHHOW cuctemoii OP8, To ommbku B
orpezie/IeHUU TONOXKeHUs] 00BEeKTOB Ha 3eMHOM TTOBEPXHOCTH HAKaIlJIMBa/MCh
ObI CO CKOPOCTHIO TTpUMEPHO 10 KUIOMeTPOB KaXK/bli leHb! OfiHaKO MMO//TMHHAS
1[eHHOCTh OOIIeli TeOPpUM OTHOCUTEIBHOCTU He B TOM, UTO OHA HCIIO/Ib3YeTCs B
yCTPOMCTBaX, KOTOPbIe MOMOral0T BaM OTLICKMBAaTh MyTh K HOBBIM peCTOpaHaM,
a B TOM, UTO 3TO COBEpIIIEHHO UHasi Mojie/ib BceneHHOM, KOTOpasi ZjlaeT MPOrHO3bI
HOBBIX SIBJIEHUM, TaKUX KaK TDAaBUTALIMOHHBbIE BOJHBI U 4YepHbIE AbIpbl. Tak
oOIifasi Teopus OTHOCHUTENBHOCTU TIpeBpaTWia (U3MKy B TeOMEeTPHIO.
CoBpeMeHHbIe TeXHUUEeCKUEe yCTPOWCTBA o0/aZialoT  10CTaTOUHOU
YYBCTBUTE/ILHOCTBIO [I/I1 TOTO, UTOOBI TPOBECTH Ppa3/IUyHble BbICOKOTOUHBIE
TIPOBEPKH 00111eif TeOpUK OTHOCUTE/ILHOCTH, M OHA BbiZIepyKasia BCe UX.

XoTd Teopusi 3JIeKTpOMarHeth3sMa MakcBe/yla W TeOpys TpaBUTALIUU



OtiHmTeriHa (00Ijasi Teopuss OTHOCUTELHOCTH) COBEPILIWIN PEBOJIIOLIMIO B
¢usvke, obe oHU, Kak U HblOTOHOBa (U3MKa, TMpeACTaBIsSIOT €060t
K/lacCueCKue TeOpUH, TO eCTb 00e SIB/ISIIOTCS MOJIe/IsIMU, B KOTOPhIX BceneHHast
MMeeT eQUWHCTBEHHYH ucTtopuio. Ho, Kak Mbl paccMoTpeny B miaBe 4, Ha
aTOMHOM U CyDaTOMHOM yPOBHSIX 3TH MO/Ie/id He COT/IaCyIOTCS ¢ HabMHaeHUsIMU
1 BMECTO HUX TPUXOJUTCSA Tpuberatb K KBaHTOBLIM TeOpHsM, Ine BceseHHast
MOXXET HMeTh /H00YyI0 BO3MOXHYIO MCTOPHIO, y KaKA0HW M3 KOTOPBIX CBOS
cOOCTBeHHass ~VMHTEHCHBHOCTb WM  aMIUIMTYZa  BeposiTHOCTH.  [Iis
MPaKTUYeCKUX pPACUYeTOB B TMOBCEJHEBHOW >XM3HU Mbl MO-MIPEXXHEMY MOXXEM
M0/Ib30BaThCsl KIAaCCUUECKUMH TEOpUSIMHA, HO €eC/M HaM XO4YeTCs MOHSTh
TOBe/leHe aTOMOB M MOJIeKy/l, TO HeoOXofrMa KBAHTOBasi BepCUS TEOPUU
yyieKTpomMarHetTaMa MakcBesia. EC/ii »)ke Mbl XOTUM TOHSTh MPUPOAY PaHHEU
BceneHHOM, KOra BC MaTepust U dHeprusi ObUIM CKaThbl B MajioM 00beMe, TO
norpeOyeTcsi KBAaHTOBast Bepcyst 0011leid TeOPUM OTHOCUTENIbHOCTU. DTU TEOPUH
HY>KHbI HaM ellje U MOTOMY, YTO eC/TM Mbl XOTUM TIpUUTH K QyHZaMeHTa/lbHOMY
TIOHWMAaHUWIO0 TPUPOAbI, TO ObLIO ObI HEroC/eqoBaTeNbHO, €CAU OJHU 3aKOHbI
OyayT KBaHTOBBIe, a JApyrue Kiaaccuueckue. [1o3ToMy Mbl [JO/DKHBI HaWTH
KBAaHTOBble ~ BEpPCMHM  BCeX  3aKOHOB  npupoAbl. OHM  Ha3bIBaKOTCA
KBaHTOBOIIO/IEBbIMU TEOPUSIMH.

Bce wu3BecTHble (yHAaMeHTa/lbHble B3aUMOJIEMCTBUSI B  TPUPO/ie
(DpUpOJHBIE CUJIBI) MOXKHO pa3Zie/IMTh Ha UeThIpe Kjacca:

1. I'pasumayusi. Ito camasi ciabasi U3 ueThIpeX CU/I, HO ee JeHCTBUe
TPOCTUPAETCS Ha JaibHUe paccTossHus. OHa BivsieT Ha BCE BO BcesileHHOM Kak
TroteHue (TIpUTsDKeHWe). DTO O3HauaeT, 4YTO [ OOMbLIMX Tel BCe
IpPaBUTALIMOHHbIE BO3/€HCTBUS CK/IAJBIBAIOTCS W MOTYT Tpeobrazath Haj
JIPYTUMU CHJIAMH.

2. DnekmpomazHemu3m. ITO TOXe [aTbHOAENCTBYIOLLAs CU/la, OHA ropaszio
CW/IbHee, YeM TIpaBUTAlYs, HO BO3JEWCTBYeT TOJBKO Ha YaCTULbI C
5JIEKTPUUECKUM 3apsiZioM, OTTaJKWBasi OAHOMMEHHbIE 3apsifibl U TIPUTATHUBAs
pasHOMMeHHble. JTO O3HauaeT, YTO 3JIEKTPUUeCKHWe B3aWMOZENCTBUS MeXIy
OoMbIIMMU TejlaMU TacAT APYr Apyra, HO Ha ypOBHe aTOMOB W MOJEKY/ OHU
rpeo0s1a/jatoT. DIeKTPOMarHUTHbIE CH/bl OTBETCTBEHHBI 3a BCE B XUMHH U
bvonorum.

3. Cnaboe si0epHoe e3aumoleticmeue. OHO BBI3bIBAET Pa/[MOAKTUBHOCTb U
UrpaeT OMpefiesisoy0 Pob B 00pa30BaHUN XUMUUECKUX 3/IeMEHTOB BHYTPU
3Be3/ U B paHHel BcenenHou. OHaKO B TTOBCEIHEBHOW KU3HU Mbl HE BXO/IUM B
KOHTAKT C 5TOW CUJIOMN.

4. CunbHoe si0epHoe e3aumooelicmeue. DTa CUJia Y epP>KUBAeT TPOTOHBI U
HEUTPOHBI BHYTPU aTOMHOTO sifipa. OHa TakXe y[ep>XKMBaeT OT pacrnajia CamMu



TIPOTOHBI U HEHTPOHBI, UTO HEOOXOMMO, TIOCKOJIbKY OHH COCTOSIT U3 ellle Oosee
MeJIKMX UaCTUl] — KBapKOB, O KOTOPbIX Mbl yIOMHHa/u B TnaBe 3. CubHOe
silepHOe B3aMMOJIeNCTBUe — 3TO MCTOUYHUK 3Hepruu A CosHila U sijepHOU
SHEepreTMKH, HO C STUM B3auUMO/IeHiCTBUEM, TakKe, KaK U CO CabbIM, MbI
HEIoCpe/ICTBEHHO He CTa/IKUBaeMCHl.

[TepBoe u3 dyHAaMeHTa/lbHbIX B3aUMOAENCTBUN (TPUPOJHBLIX CHUM), /s
KOTOpOro Oblsla CO37laHa KBAaHTOBAsi BepCHsi, 3TO ieKTpoMarHetrsM. KBaHToBast
TeOpUs! 3/IEKTPOMarHMTHOIO MOJIsl, Ha3blBaeMasi KBAHTOBOW 3JIEKTPOJAMHAMUKOU
(K3M), 6bu1a pa3paborana B 1940-x rogax Puuapgom ®eliHMaHOM U PSiioM
apyrux ¢usukoB. K3/ cTana Mopesibio /17151 BCeX KBAaHTOBOIIO/IEBBIX Teopui. Kak
MBI y)Xe TOBOPW/IM, COIVIACHO K/IaCCUYECKUM TeOpUsiM, CHJ/Ibl TMepejaroTCs
1ocpeACcTBOM rosieri. Ho B KBaHTOBOIIO/IEBBIX TEOPUSX CUIOBbIE MOJISI COCTOSAT
W3 pa3/MyHbIX 3/IeMEHTapHBIX UaCTHUI], Ha3BaHHbIX 0O030HaMu. OTH
TepeHoCsIIre SHePTUI0 YaCTULIbI TTlepeMelatoTCsl Ty[ja-Cro[ja MeXXAy 4acTULaMu
MaTepud, mnepefaBasi Cuiy. YacTHLbl MaTepuud Ha3bIBalOTCAd (HepMUOHAMU.
ONeKTPOHbI U KBAapKU — 3TO TOpuMepbl (PepMHUOHOB. POTOH, WM UacTULA
cBeTa, — 3To TipuMmep 06030Ha. B0o30H mepefiaeT 3/1eKTPOMarHUTHYHO CUIY.
[Tpoucxogut crefyroljee: 4yacTULld MaTepuy, HalpuUMep 3JIeKTPOH, UCIyCKaeT
0030H (YacTully CW/bl) U OTCKAaKWBaeT B TPOTHUBOMOJIOKHOM HarlpaB/ieHUH,
noZioOHO TOMY Kak TyIKa IMO/aeTcsi Has3aj mocje BbicTpesa. YacTuila CUIIbl
3aTeM CTaJIKMBaeTCsl C APYroM 4YacTHLed MaTepuu U TIOIVIOL[aeTCs ek, U3MeHss
[BIDKeHUe 3TOM yacTuLbl MaTepun. CornacHo K3/I, Bce B3auMOAEUCTBUSA MEXAY
3apsUKeHHbIMU YacTULaMHU (YaCTULIaMU, peardpyroLiuMy Ha 3/1eKTPOMarHUTHYHO
CUJTy) OMIUCHIBAIOTCS KaK 00MeH (hOoTOHAMHU.

IMpenckasanusi K3/ 66111 TTpOBEpeHbI U C OOJBIIION TOUHOCTHIO COBIAU C
pe3ysibTaTaMyd 3KCrepyuMeHTOB. HO BBINO/IHEHWe MaTeMaTUUeCKUX pacyeTos,
HeoOxoauMbIX Ayt KO/, MOXKeT OKa3aThCsi 3aTpyAHUTebHbIM. [IpobsiemMa, Kak
MbI YBU/IUM Jiajiee, B TOM, UTO KOT/ja Bbl Zio0aB/isieTe K BBILIEYTIOMSIHYTOM CXeMe
oOMeHa yacTUllaMd KBaHTOBOe TpeOOBaHWEe pacCMaTpHBaTh BCe WCTOPUM, TIO
KOTOPBIM 3TO B3aWMOZENCTBHe MOKET TPOU30MTH (Haripumep, BCe TPaeKTOpUH,
10 KOTOPLIM CUJIOBbIe YaCTHUI[bI MOTYT ObITh OOMEHSIHbI), TO MaTeMaThdecKue
pacueTbl CTAHOBSTCS CAOKHbIMU. K cuacThio, BMecTe ¢ 1M300peTeHreM HOBOTO
TIOHSITUSI B KBAHTOBBIX TEOPHUSIX, HA3BaHHOTO «ajbTepHAaTUBHbIE UCTOPUU» (OHO
ornvcaHo B mocnenHeli riaBe), PeliHMaH pa3paboTan Takke JIAKOHUUHBIN
rpapuueckuii MeTOJ, yueTa pa3/lMYHbIX UCTOPUM — METO/[, KOTOPBIM CerofHs
VICII0/Ib3yeTCsl He TOJIbKO B KO/I, HO ¥ BO BCeX KBAHTOBOIIO/IEBBIX TEOPUSIX.

I'paduueckuii Metos PeliHMaHa [JaeT HaM BO3MOKHOCTb C TOMOILBIO
TIPOCTBIX U300pa)KeHUM HarvIs[HO TI0Ka3aTh KaXK/[yH COCTaB/SIOIIYI0 B CyMMe



BCeX BO3MOXXHBIX UCTOPUH (W/IH, KakK elje rOBOPAT, B CyMMe I10 UCTOPUSIM). DTH
n300pakeHusi, Ha3BaHHble juarpamMmamu @eliHMaHa, CTald OJHUM U3
BaKHENIINX WHCTPYMEHTOB coBpeMeHHOM ¢u3uku. B K3l cymmy 1o BceMm
BO3MOXKHBIM HKCTOPUSIM MOJKHO TMpeJCTaBUTh KakK CyMMYy [0 [AuarpaMmam
deiiHMaHa, MOA0OHBIM TeM, UTO MMOKa3aHbl Ha WiuttocTpauu (c. 121).
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Ouarpammbl  @eiiHMaHa. OTU JAMAarpaMMbl  WITHOCTPUPYIOT
TIPOL[eCC, B KOTOPOM /IBa 3/IeKTPOHA Pa3/ieTaloTCs APYT OT Apyra.
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Ha 3Tux puarpaMmax rpezcraB/ieHbl HEKOTOPbIe U3 IyTel, BOSMOXHbBIX 151
TOro, YToObl /Ba 9/€KTPOHA paccesyidi JApyr Jpyra C  TOMOILbIO
5JIEKTDOMarHWTHOM CWJIbI; TpsMble JIMHUM Ha HUX COOTBETCTBYHOT ITyTSAM
3/IEKTPOHOB, a BOJIHUCTble — MYTAM (POTOHOB. CuuTaeTcs, UTO BpeMsi UAET
CHU3Yy BBepX, a TOYKU COEJUHEHUs JIMHWUM COOTBETCTBYIOT HW3/IYUEHHIO WU
rnoryioileHrto (poToHoB 3nekTpoHOM. Ha auarpamme A mu3o0pakeHO, Kak /[iBa
5/1eKTPOHa, COmKasicb [Jpyr € JApyroM, obOmeHMBaroTcsi ()OTOHOM, a 3aTeM
KKIbIM  MPOAO/DKAaeT  CBOM  MOyTb.  JTO  TPOCTEMIIMM  BapuaHT
5JIEKTPOMAarHUTHOTO B3aMMOJEUCTBUS MEXAY [BYMSl 37eKTPOHaMH, HO MbI
JO/DKHBI pacCMOTPeTb BCe BO3MOXKHbIe vcTopuu. OOparumcsi K Auarpamme B.
Ha Heli Toxe wu300pakeHbl [Be CXopsiuecs JauHUAU (cOMKaroImecs
3JIEKTPOHBI) U /iBe pacxojduuecsl (pas/eTarolyecs JIeKTPOHBbI), HO Ha 3TOU



avarpaMMe, TIpeXK/ie YeM pasjieTeThbCs B CTOPOHBI, 37€KTPOHBI O0OMEHSUTHUCH
nBymsi (dotoHamu. [IpuBefieHHBbIe 37€Ch [JUArpaMMbl WITFOCTPUPYIOT JIWIIIb
HECKOJIbKO BO3MOXKHOCTeH, Ha caMoOM ke [lefie UMeeTcsi 0OeCKOHeuHoe
KOJTMUECTBO AMiarpamM, [jisi KOTOPBIX TPeOyeTCs BBLITIOJIHUTH MaTeMaThueCKue
BBIUNCJ/IEHUS.

INuarpammel @eifHMaHa He TOMBKO HAIVISIAHBIA CIIOCOO W300pakKeHUs U
K/acCU(UKaI[i BO3MOXKHBIX BapUaHTOB B3aWMOZIEMCTBUSI 37IEKTPOHOB. Y HHUX
UMEIOTCs TpaBWIa, TO3BOMISAION[ME TIO JIMHWSAM W BepIIMHAM Ha KaXOu
aviarpaMMe MpOYNTaTh UX MaTeMaThueckoe BhIpakeHHWe. CKakeM, BEPOSITHOCTD
TOTO, UTO CXOJSAIIMECS 37IeKTPOHBI C JIaHHBIM TIepBOHAYaIbHBIM HUMITY/IbCOM B
UTOTe pa3/ieTATCS KaKIbli CO CBOMM KOHEUHBIM HMIIY/IbCOM, TI0/TyYaeTcs
CYMMHPOBAaHHEM pe3y/IbTaTOB, OIpe/IeJIeHHbIX 110 KaXKJOoW W3 JrarpaMm
deiinMaHa. OTO [JOBOJLHO TPYJAOEMKUI TIPOLIECC, TTOCKOIBKY, KaK MbI YKe
CKa3aiM, 3TUX [JuarpaMMm OecKOHeYHOe MHOXeCTBO. bomee Toro, Xors
CXOJIAIIMMCST U PACXO/ISIIIUMCS 3IEKTPOHAM TIPUCBOEHBI OTpeZie/ieHHbIe SHEPTHs
Y UMITY/IbC, YaCTHUI[bI B 3aMKHYTBIX KOHTYpaxX BHYTPHU /iMarpaMMbl MOTYT UMETb
mo0yr0 3HEprur0 U r000M UMITY/BC. DTO BaXKHO, TaK KaK MPHU BLIUKC/IEHUU
(el fHMaHOBCKOM CYyMMBI HY)KHO CYMMUPOBaTh He TOJILKO TI0 BCEM /IMarpammam,
HO TaK)Ke U 110 BCeM 3HAUeHUsIM SHePrvU U UMITY/IbCa.

HOuarpammel  @DeliHMaHa OKa3blBAalOT (U3MKAM OrPOMHYIO TIOMOIIb B
HarJIsSiZTHOM TIPe/ICTAaB/IEHUH U pacueTe BEPOSITHOCTEM TPOLIECCOB, OIMHCHIBAEMBIX
K3/I. Ho oHM He MOTYT UCIPABUTh OJJMH W3 Ba)KHBIX HEJIOUETOB TEOPUH: KOT/a
BbI CYMMHpYeTe BK/Ia/ibl OT 6@ CKOHEUHOTO MHOKECTBA Pa3/IMUHBIX UCTOPUM, BB
nonyuaete OeckoHeuHbl pe3ynbTar. (Ecim mocnefoBarenbHbie 37€MeHTHI B
beckoHeuHOlM cymMMe YOBIBalOT OCTAaTOUHO OBICTPO, TO CyMMa MOXKeT OKa3aTbCs
KOHEUHOMW, HO 3TOT0, K COXaJIeHHIO, 3/1eCh He TIPOUCXOJWT.) B uactHOCTH, TIpU
ciokeHny guarpaMMm  @DeliHMaHa pellleHHe CJIOBHO ObI TIperiosiaraet, uTO
37IeKTPOH MMeeT OeCKOHEUHYI0 Maccy U 3apsj. JTo abCyp/l, TaK KaK Mbl MOXKEM
W3MepUTh MacCy | 3apsifi U YBHU/IETh, UTO OHM KOHeUHBI. YTOOBI OIepupoBaTh C
5TUMH  OeCKOHeUHOCTsIMM, Oblna pa3paboraHa mpolegypa, Ha3BaHHas
TIepeHOPMUPOBKOM.

[Tporiecc TMEepPeHOPMHUPOBKM BKJ/IFOYaeT B ce0s BbIUMTAHUE BeMUMH,
CUMTAOIUXCST PAaBHBIMU OeCKOHEUHOCTH U OTpHUI[aTebHBIMU, TaK, YTOOBI TIpU
TI[aTeJTbHOM MaTeMaTHueCKOM pacueTe CyMMa OTpPHIIaTe/bHBIX OeCKOHEeUHbBIX
3HAUeHWN U TIOJIOKUTETBHBIX OeCKOHEUHBIX 3HaueHWid, KOTOphIe TOSIBJISIOTCS B
TEOpUM, TIOUTH ypaBHOBEIMBAajiach, HWCKIOUas HeOOJBIION OCTaTOK —
KOHEeUHble Hab/roZlaeMble 3HAUEeHHs] MacChl U 3apsija. [1o700HbIe MaHUITY SN
MOT'YT TIOKa3aThCsl UeM-TO TaKKM, 3a UTO Ha IITKO/JIbHOM 3K3aMeHe 10 MaTeMaTHKe
BaM TIOCTaBUIM ObI HEyJIOBIEeTBOPUTENBHYIO OIeHKY. U JelCTBUTENBHO,



TepeHOPMUPOBKA BBIT/ISI/IAT, C MaTeMaTUYeCKOU TOUKW 3DEHHSs,, COMHUTEbHBIM
nerictBueM. OHUMM W3 MOCAEACTBUM SIBASETCS TO, UTO MOJyYEHHbIE TaKUM
MEeTOJIOM 3HaueHWs] MacChl M 3apsifila 37eKTPOHAa MOTYT OKa3aTbCs JHOOBIM
KOHEUHbIM 4MC/IOoM. [IpeMMyIiiecTBO 3TOr0 COCTOMT B TOM, UTO (PU3UKHA MOTYT
1o/06paTh OTpHIjaTe/IbHbIe OeCKOHEUHOCTU TaK, UTOObI TIOyUNTh TPaBUIbHBIM
OTBeT, HO HeyJ00CTBO B TOM, UTO M3-3a 3TOTO TEOPHS He MOXKET IpefCcKa3aTh
MacCy | 3apsiji 371eKkTpoHa. Ho korja Mbl TakuM MyTeM YCTAaHOBWIA MacCy WU
3aps/, 3JIeKTPOHa, TO MokeM mpu nomoiu K3/l cenatb MHOTO MHBIX, OU€Hb
TOUHBIX, TIPe/J|CKa3aH1M, MPeKPaCHO COIVIACYIOIUXCS C HAO/MIOeHUsIMU, TI03TOMY
TIepeHOPMUPOBKA SIB/ISIETCS OHOM Y3 BakHeUlmx cocTapiswommx K3/, Cpeau
nepBeIX yzau B obnmact KOJI Oblo, HarpyuMep, TOUHOe Mpe[cKa3aHWe Tak
Ha3bIBaeMOro /13MOOBCKOTO CABHUTAa — HeOOJIBIIIOr0 W3MEHeHHs B SHepruu
OJTHOTO M3 COCTOSTHMI aTOMa BOZ0pPO/ia, KOTOpoe ObII0 OTKPBITO B 1947 ropy.

Ouarpammbl ~ ®eitHMaHa. Puuapny  ®eliHmaH  e3qu1 Ha
rpyUMeuaTesibHOM — aBTO(YyproHe, pa3puUCOBaHHOM [uarpaMMaMy,
Ha3BaHHLIMU €ro WUMeHeM. JTU M300pakeHUs ObLIM CZeflaHbl Kak
WJUTIOCTPALUs 00CyKIaBIIMXCsl Bbillle guarpamm. deliHMaH ymep B
1988 rogy, HO QyproH Bce elije 1ieJl — OH XPaHUTCSI HeMoZaneKy OT
KammbopHUICKOTO  TeXHOJOTMYECKOr0 MHCTUTYTa, B  HOXkHOU
Kanmudopauu.

Ycriex mnepeHopMupoBKM B KOJI  criocobCTBOBa/ TMOMBITKAM — TTOMCKa



KBaHTOBOIOJIEBBIX ~ TEOPUW /i1  OCTalbHbIX Tpex (yH/JaMeHTa/bHbIX
B3auMozercTBUK (cun) B mipupoge. Ho geneHue mpuUpoOAHBIX CUI Ha 4yeTbipe
KJIacCa WCKYCCTBEHHO W, BepOSITHO, SIBUJIOCh CJIeJCTBUEM HeJ0CTaTKa HallnuX
3HaHWM 0 HUX. [103TOMy ydeHble CTa/iy UCKaTh TaK Ha3bIBaeMYH0 TEOPUIO BCEro,
KoTopasi 06be/iiHKa Obl BCe UeThIpe K/lacca B eIUHBIM 3aKOH, COUeTAIOIIUICS C
KBaHTOBOM Teopuel. [ns ¢usuku 310 cBoero poja CesieHHbIN ['paans —
JlereH/lapHas Jallla, OJIMLeTBOPSIOLAs 3aBETHYHO LieJIb.

OpHO U3 yKasaHul Ha TO, UTO 0ObeJHeHWe — 3TO TMPaBUJ/IbHbIN TIOAXO/,
TIPUIIJIO W3 Teopur caaboro siiepHoro B3aumogeiicTBus. KBaHTOBasi Teopusi
TI0JIs1, OTIMChIBasi Cyiaboe sifiepHOe B3aUMO/IEMCTBUE KaK TaKOBOe, He MOXKET ObITh
TIepeHOPMHPOBaHa; TO eCTb OHa MMeeT 6@ CKOHEUHOCTH, KOTOpPbie He MOTYT ObITh
ypPaBHOBeLIeHbl BbIYMTAHWEM KOHEUHOrO UKC/ia BeJIMYMH, TaKMX Kak Macca U
3apsizi. OpgHako B 1967 roay makucraHckuit ¢hu3nk Aoayc Canam (1926-1996) u
amepukaHckui pusuk CtueeH BatinGepr (pos. 1933) He3aBUCMMO JpyT OT Jpyra
TIPe/I/IOKU/TN TeOPHI0, B KOTOPOU /IeKTpOMarHeTr3M ObLT 00beZIMHEH €O C1abbiM
SIePHbIM ~ B3aUMOJIeHiCTBMEM, U OOHapy)XWIOCh, UYTO 3T0 OObeAuHeHue
nipeosiosieBaeT npobnemy OeckoHeuHocTel. OObeUHEHHYIO CUIy Ha3Baau
snekTpociaaboit cunoii. Ee Teopusi MoxxeT ObITh TlepeHOPMHPOBaHa, U MO 3TOU
Teopuu ObLIM TIpe[CKa3aHbl TPU HOBbIE YaCTHULIbI, TIOTYUYMBIIME 00O03HAUEHUS
W*, W~ u Z°. Ceugerensctso cymectsosanus Z° 6ei10 Haiizeno B 1973 rogy
y4yeHbIMU U3 EBponeiickor opraHusanuu no sigepHeiM ucciaenosanusm (CEKN)
B JKenepe. B 1979 rony Canamy u Baiin6epry 6bi1a npucyxgeHa HobeneBckas
npemusl2, xors HermocpeacTBeHHBIX HabmomeHuH yacTuy W 1 Z He UMesoch
BIU1I0Th A0 1983 roaa.

CunbHOe siiepHOe B3aUMOJIeHICTBHME MOXKET OBbITb CaMOCTOSITe/TbHO
IIepeHOPMHUPOBAHO B TEOPUH, KOTOPAasi Ha3bIBaeTCsl KBAHTOBOM XPOMOJAUHAMUKOMN
(KXM). CornacHo KX]I, npoTOH, HEUTPOH M MHOTUe [pyryhe 3jeMeHTapHbIe
YaCTUI[bl MaTepUU COCTOST W3 KBapkoB. KBapku ob6mazaror crieljuduyeckum
CBOMCTBOM, KOTOpOe (hM3UKaM MpPUIIIOCh Ha3BaTh 1[BeTOM. OT 3TOr0 U BO3HUK
TEePMUH «XPOMOJMHAMMKa», XOTs 1iIBeT KBApPKOB MPOCTO yZ0OHOe 0003HaueHue,
He MMelolllee HUKAKOrO OTHOIIeHUsl K BUguMoMy 1BeTy. KBapku ObIBarOT Tpex
TaK Ha3blBaeMbIX LIBETOB: KPaCHOIrO0, 3e/IeHOro U cuHero. Kpome toro, Kaxxzabiv
KBapK HMMeeT COOTBETCTBYIOLLYIO €My aHTHUYacTULly, a LiBeTa 3THUX YacCTHL]
Ha3bIBAKOTCA aHTUKPACHBIW, aHTH3e/IeHbld U aHTUCHUHUW. Vet COCTOUT B TOM,
YTO TOJILKO OeclBeTHbie COueTaHUsi MOTYT CYIleCTBOBaThb KaK CBOOO/HBIe
yacTulpl. ECTh AIBa TyTH TONYUYUTh Takue «OecIiBeTHbIE» COUYETAHUS KBapKOB.
LIBeT U ero aHTHLIBET YHUUTOXAIOT JPYTr Apyra, Tak 4YTO KBapK U aHTUKBAapK
oOpa3ytoT Oecl[BeTHYI0 Tlapy — HecTa0WIbHYI uacTUily Me30H. To ke



TIPOMCXOJIUT, KOTJla CMEINWBAIOTCS TPU IiBeTa (WM aHTHIIBeTa), TIPUBOAS B
pe3ysibTaTe K OTCYTCTBHIO IiBeTa. TpM KBapKa, IO OJHOMY Ka)K[OTrO I[BeTa,
o0pa3ytoT cTabubHY0 YacTully OaproH, IpUMepamMu KOTOPOTO CTy»KaT MPOTOH
Y HEUTPOH (a TPW aHTUKBAapKa 00pa3yroT aHTUYACTHUILY /i OaproHa). ITpoTOHBI
W HEUTPOHbI — 3TO OApPHOHBI, COCTAB/SIONIME SIIPO aTOMa U OCHOBY BCei
00OBIYHOM MaTepuu Bo BcesieHHOM.

Hewntpowu

AHTHNPOTOH

EapI/IOHbI N Me30HBbI. C‘-II/ITaeTCH, uTo 6apI/IOHbI N Me30HbI
COCTOAT M3 KBdAPKOB, CBA3dHHBIX BME€CT€ CH/IbHBIM AO€PHbIM
B38HMO,£[€I>1CTBH€M. Kor,qa TdKHWE€ YdCTUILbI CTAJIKUBAKOTCSA, OHU MOI'YT
00MeHUBaThCA KBdDKdMH, HO Ha6J'II-O,Z[aTb OTAe/IbHbIe  KBdPDKH
HeBO3MOXXHO.

KX]I Takxke o06safiaeT CBOMCTBOM, KOTOPOE€ Ha3bIBAlOT aCUMITOTUYECKOU
cBo60/10i1. DTOro CBOMCTBA Mbl KOCHY/JIMCH B I7IaBe 3, XOTSl U He yHoTpeb/siiv
JAHHOTO TepMUHA. ACUMITOTUUYEeCKasi CBO0OO/la 03HAUaeT, UTO CU/IbHbIE sifiepHbIe
B3aMMO/IEUCTBHS MeX/y KBapKaM{ Masibl B TeX C/IyuasiX, KOrja KBapKW IUIOTHO
IpyWKarbl [pyr K [Jpyry, HO OHM BO3pacCTarOT, eC/IM KBapKU IIOMNbITaTbCs
pa3beqUHUTb, — TOTJla OHU BelyT cebst Tak, OyATO CBsi3aHbl pe3UHOBOU JIEHTOM.
AcumnroTuueckass cBo0Oo/la OOBSICHSIET, TMOUeMy Mbl He MOXKeM BU/eTh
OTZe/bHbIe KBaPKW B MPHPOJZie U He MOIJIM TIOMY4YuTh WX B naboparopun. U Bce
)Ke, XOTSl U HeT BO3MOXKHOCTH Hab/ro/laTh OT/e/ibHble KBapKH, Mbl TIPUHHUMaeM
5Ty MO/ieJib, TIOCKOJIbKY OHA OYeHb XOpOLIO OObsICHSIET IOBe/jleHHe MPOTOHOB,



HEUTPOHOB U [IPYTHUX YaCTUL] MaTePUHU.

B 1970-e rombli, mocie oObeguHeHUs CAabOro  SZEpPHOTO M
9JIEKTPOMAarHUTHOTO B3aMMOZENCTBUHN, (U3MKKA CTa/d HCKAaTh CII0CO0, Kak
BK/IIOUMThb B 3Ty TEOPUI0 U CUIbHOE silepHOe B3aumojeuncTtBhe. CylllecTByeT
HECKOJIbKO TaK Ha3bIBaeMbIX Teopuii Bemmkoro oobeguHenus (TBO), koTopbie
00BbeIUHSIOT CUJIbHOE B3aMMOJEMCTBHE CO C/1abbIM U C 3/IeKTPOMAarHUTHBIM, HO
B OO/BIIIMHCTBE CBOEM OHMU TIPe/[CKA3bIBAIOT, UTO MPOTOHBI — TO, W3 Yero MbI
CO3/laHbl, — JIO/DKHBI PacraJiaThCsl B CpefiHeM TpuMepHo uepe3 1032 mer. 3Oto
OueHb JI0/ITOe BpeMsl )KW3HHU, YUYUThIBasi, YTO BO3pacT BcesmeHHOU BCero OKOJ/O
109 ner. Ho B KBaHTOBOH (U3MKe, eCId Mbl TOBOPUM, UTO Cpe/Hss
TIPOZIO/IKUTENBHOCTD XKU3HH YacTUIbl paBHa 10°2 jieT, To He UMeeM B BUJY, UTO
GO/BIIMHCTBO YaCTHL] )KUBET rpuMepHo 1032 neT: ofiHM U3 HUX — uyTh GOJIbIIIe,
JIpyTue — 4yTh MeHbllle. MbI TOJIBKO XOTMM CKa3aTh, UTO €)XEeroJHO KaK/as
YaCTUI[A MOXKET Pa3pyIUIMTLCS C BePOSTHOCTHIO OAMH IuaHC 13 1032, 3To 3HaumT,
YTO ec/IM Bbl HaO/IIOZlaeTe 3a eMKOCThIO, B KOTOpoi HaxoauTcs 1032 mpoToHOB Ha
MPOTSDKEHUU BCEro HECKONBbKUX JieT, TO JO/DKHbI YBUZETb, KaK pacriafleTcs
HECKOJIbKO TIDOTOHOB. WM3roTOBUTH TaKyl0 €MKOCTb He TaK YK TPYJHO,
nockonbkKy 1032 TPOTOHOB COMEPIKUTCST BCETO B ThiCSUe TOHH BOABL YueHbIe
MPOBEJIA TaKWe 3KCrepuMeHThl. OKa3anoCh, YTO BBISIBUTH paclia/ibl IPOTOHOB U
BBIZIE/IUTE WX CPelU TIOXOXKHX COOBITHH, KOTOpble BbI3BaHbI KOCMHYECKHMU
JydamMu, HeTPephIBHO JIBIOIIUMUCS Ha HAaCc U3 KOCMOCa, — [IeJI0 HEeIpoCToe.
Yrobbl MHUHMMH3UPOBAThb TTOMEXH, KCIIEPUMEHTHI TPOBOAWINCH TTYOOKO TOf
3emJied, HampuMep B IIaxTe TOPHOMETA/JTyprudyeckor KoMmrnaHuu «Kamuoka» B
Sfnonum, Ha Tybune 3281 dyT mof, ropoid, UTo B OTpe/ie/IeHHOM CTeTieHH JlaBajio
3al[UTy OT KOCMHUeCKHUX Jiyuei. B pe3ynbraTe HabO/romeHUM, TTPOBEIEHHBIX B
2009 ropmy, wucciaenoBaTes TMPUIUIM K BBIBOAY: eC/id TIPOTOHBI BOOOIIe
pacna/ialoTcs, TO BpeMsl UX JKU3HHU mpesblmaeT 10%* neT, uTo cTano mioxoii
HOBOCTBIO /I/Is TeOpyui BelMkoro o0be[HeHHsI.

[ToCKOMBKY C TOMOIBID [APYTMX SKCIIEPUMEHTOB TakKXXe He YAalioCh
00HApYKUTh CBUZETE/LCTB B Toagep>kKy TBO, 60/bIIMHCTBO (PU3HUKOB CTasio
TIpUIep>KUBaAThCsl 0C000I TeopwH, KOTOPyrO Ha3Baiu CTaHAAPTHOM MO/e/bIO.
OnHa BK/IOUaeT B cebsi eAMHYIO TEOPHIO 37eKTPOC/IadbIX B3auMMOJEHCTBUN U
KX/l B KaueCTBe TeOpUM CU/IbHBIX B3aumoiercTBU. Ho B CTaHapTHOM Mojieniv
9/1IeKTpoCIabble M CWIbHbIE B3aUMO/IEHICTBUS AEMCTBYIOT pa3lelbHO H II0-
HacTosIeMy He o0beHeHbl. CTaHZapTHasi MO/le/Tb OKa3ajlach BeChMa Y/IauHOM,
OHa COI/IaCyeTCsl CO BCEMU UMEIOIITUMUCS HaO/MIoZieHUsIMU, HO B KOHEUHOM CUeTe
OHa Hey/JJOB/IETBOPUTE/IbHA, TaK KaK He TOMbKO He 00beIuHSEeT 3/1IeKTpocaabbie U
CU/IbHbIE B3aMMO/IEVICTBUS, HO Y HE OXBaThIBaeT rPaBUTALIUIO.



MokeT oOKa3aTbCsi TpPYAHBIM OOBEAUHUTH B OAHY TEOPUI0 CUJIbHOE
B3aUMO/IeHiCTBYE C 3/IeKTPOMAarHUTHBIM U C1a0bIM B3aUMO/IeHCTBUSIMU, HO 3TU
npobsieMbl  HUUTO TI0 CpPaBHEHMIO C  Tipobnemoid  mpucoeHEeHUs
IPaBUTALIMOHHOIO BO3/IEMCTBUSI K TpPeM JPYrMM WIM Jaxe C CO3JaHueM
OT/J|e/TbHOM KBaHTOBOW TeOPUY I'PaBUTALIAM.

ITprurHa, 110 KOTOPOU 0OKa3ajoCh TaK TPYAHO CO3[aThb KBAaHTOBYIO TEOPUIO
rpaBUTAl[MM, UMeeT HeuTo o0llee C TIPUHIUIIOM HeOIpeJeIeHHOCTU
T'efizenbepra, pacCMOTPeHHBIM HAMU B T71aBe 4. 3TO He OUeBU/IHO, HO 0Ka3aJiocCh,
YTO, COIVIACHO 3TOMY IIPUHLMITY, BeJIMUKMHA T0JII U CKOPOCTb €ro M3MeHeHUs
WIPAKOT TY K€ POJib, YTO U MOJIO)KEHHE U CKOPOCThb YaCTHUL[bI, TO €CTh UeM TOUYHee
oripefie/ieHO OfIHO, TeM MeHee TOUHO MOXKET ObITh orpeiesieHO Apyroe. BakHoe
CJ/le/ICTBHE U3 3TOTO 3aK/I0UaeTcsi B TOM, YTO Takoro obpa3oBaHusi, Kak MycToe
IIPOCTPaHCTBO, HET. TO MOTOMY, UTO ITyCTO€e IPOCTPAHCTBO 10/pa3yMeBaeT, YTo
o0a 3HaueHUs — BeJIMUMHA TI0JI U CKOPOCTh €ro W3MeHeHUsI — CTPOT0 PaBHbI
HY/H0 (B MPOTHUBHOM CJlydae MPOCTPAHCTBO He ObI/I0 ObI MyCThIM). A TOCKOJIBKY
TIPDUHLIMIT HEeOoNpeJe/IeHHOCTU He TMO03BOJISIET HU IIOJIF0, HU CKOPOCTHU €ro
n3MeHeHus1 00/1a/1aTh TOUHLIM 3HaUeHKeM, TO MPOCTPAHCTBO HUKOTZA He ObIBaeT
nycTbiM. OHO MOXXeT HaXOAUTHCSI B COCTOSSHUM MUHUMAa/IbHOU SHEPruu, KOTOpoe
Ha3bIBaeTCs BaKyyMOM, HO 3TO COCTOSIHHME TI0[IBEp)KeHO TaK Ha3blBaeMOMY
KBaHTOBOMY /IDOKaHHIO, UM BaKYYMHBIM (IIyKTyalusiM, KOT/la YaCTHULbI U TI0JIS1
TO TOSIB/ISIFOTCS, TO MCYE3alOT.



«boroch, uTO Ja)ke MOMECTHMB BCe 3TO B OJHY paMKy, MbI He
TIO/TyYU/IU eIMHOW TeOpUm».

BakyymHble (QUyKTyallu MOXHO pacCMaTpUBaTh KakK TMapbl UacCTHII,
KOTOpble B KaKOe-TO BpeMsl TIOSIBISIFOTCSI BMeCTe, pa3/ieTaloTcsl, T10TOM
COeUHSIFOTCS U aHHUTWIMPYIOT. Ha auarpamMMax delinMaHa OHU M300paXkaroTcst
3aMKHYTbIMA KOHTYpaMHM. OTH UYaCTULIbI Ha3bIBAIOTCS BUPTyalbHbIMU. B
OT/IMUMe OT peasibHbIX BUPTYyasbHble YAaCTULIbI HeJ/b3sl HernoCpeiCTBeHHO
HabMo/laTh C TIOMOIIBI0 fleTeKTopa YacTull. OJHAaKO MOXKHO W3MEepPUTh HUX
KOCBeHHble TIPOSIB/IEHUSI, TakKuhe Kak HeOosiblliie W3MeHeHHsI SHepruu
9JIEKTPOHHBIX OpPOMT, M 3TU U3MepeHUs C BBICOKOW CTereHbI0 TOUHOCTU
COTJIaCYIOTCSl C TeopeTUUeCKUMU TMpefickazaHusmu. [IpobsemMa B TOM, 4TO Y
BUPTya/IbHbIX YaCTUI] €eCTb OJHEepPrusi, a TIOCKOJbKY BUPTYasbHbIX I1ap
beCckoOHeUHOe MHOKeCTBO, TO OHU MOTYT 00siafiaTh OeCKOHEUHBIM KOJIMYeCTBOM
SHepruu. B cooTBeTCTBUM C 00Iiieil Teoprell OTHOCUTETBHOCTA 3TO O3HAyaer,
YTO OHU MOTYT UCKPUBUThL BceneHHy0 10 6eCKOHEUHO Majioro pa3mepa, uero Ha
camoM Jiejie He TIPOUCXO/TUT.

OTU NPOK/SAThle 6eCKOHEUYHOCTH HANOMHHAIOT Ty »Ke TMpobsieMy, uTO U B
TeOpUsIX CUJIbHOTO, C/1ab0ro U 3/1IeKTPOMAarHUTHOTO B3aUMOJIEMCTBUM, KDOMe Tex
CjlyyaeB, B  KOTOPbIX TIepEHOPDMHUDOBKA MPUBOJUT K  yCTpaHEHUIO



beckoHeuHocTell. Ho 3aMKHyTble KOHTYpbl Ha [uarpammax ®PeiiHmaHa [j1s
rpaBUTAI[MM TIOPOXK/AIOT Takue OeCKOHeYHOCTH, KOTOpbie He MOTYT ObITh
TIOTVIOLI[eHbl TIePEHOPMHPOBKOM, TOCKOMBKY B 0011[eli TeOpUurd OTHOCUTE/bHOCTU
HeT [IOCTaTOUHOTO YMCJa TlePeHOPMHPYEeMbIX TMapaMeTpOB, YTOObI yanuTh U3
TeOpUM BCe KBaHTOBbie O@CKOHEUHOCTH. B pe3ysbTaTe Mbl OCTaauCh C Teopuei
rpaBUTAaLIM, KOTOPAs MpPe/JCKa3bIBaeT, UTO OIpe/ie/ieHHble BeJIMUMHbBI, TaKue Kak
KPUBH3HA TMPOCTPAHCTBa-BPEMEeHU, SIBSIOTCS OeCKOHEeUHbIMM, UYTO HUKOUM
o0pa3oM He BIMChIBAETCS B MPUTOHYIO [I/Isl KU3HU BceseHHyr0. DTO 03Hauaer,
UYTO eJMHCTBEHHAasi BOSMO)XHOCTb TOJIYYUTh TIPAKTUUHYIO TEOPHUI0 — 3TO KaKUM-
TO 0Opa3oM 130aBUTKCS OT beCKOHeUHOCTel, He ripuberasi K TepeHOPMUPOBKeE.

B 1976 ropy ObLI0 Hali/leHO BO3MOYKHOE pellieHre 3Tou mpobsembl. OHO
Ha3bIBaeTCsl Teopueli cyreprpaBuTaiuu. C/ioBoO «cyriep» OblI0 fo6aBieHO BOBCe
He 13-3a HajJiex/| (U3UKOB Ha TO, UTO ObLIO OBI «Cyrep», ecyiu Obl 3Ta TeOpUs
KBAaHTOBOW TpaBUTAllMU AeUCTBUTENHHO OKasanach paboratoiieit. «Cymep» B
JJAHHOM CJlyyae OTHOCHUTCSI K THIy CUMMeTpPUH, TPHUCYIeMYy 3TOM TEOpUd U
Ha3bIBaEMOMY CyIlepCUMMeTpHeN.

B ¢u3uke roBopsr, uTo cuctema 007aaeT CUMMeTpHel, ec/iii Ha ee
CBOMCTBAa He B/USeT oOrpeje/eHHasi TpaHChOpMalys, Takas, CKaXeM, Kak
BpallleHWe B TPOCTPAHCTBe WU TIO/lyueHue ee 3epKaJbHOro O0TOOpa)keHusl.
Hampumep, ecnu Bbl TiepeBepHeTe Oy0/MK, OH BCe PaBHO OyZieT BhIT/IS/IETh TOUHO
TaKuM >Ke (eC/IM TOJIbKO C OJHOM CTOPOHBI OH He MOKPBIT II0KO/Ial0M — B 3TOM
C/lydae ero jydilie TPoCTo CbhecTb). CynepcumMmeTpust — 3T0 Oosiee TOHKUM BUJ
CUMMEeTpUH, ee HeJlb3sl CBsI3aThb C TpaHCdopMaliveil B 0ObIYHOM TIPOCTPAHCTBE.
OpHO Y3 BaKHBIX 3HAYEHUM CyNepCUMMETPUH COCTOUT B TOM, UTO CHUJIOBbIE
YyaCTULbl M MarepuajibHble YaCTHLBI, a C/e[joBaTe/lbHO, CW/a U MaTepus Ha
CcaMOM /[iejie BCEro JIMib [jBe TPaHy OZHOr0 M TOro ke siBjieHus. [IpakTruecku
5TO O3HauaeT, UTO KaXkJas MarepuasbHas 4acTULla, Takas Kak KBapK, J0J/DKHa
VMMeTb MapHYI0 CWIOBYIO YaCTHULLY, a KaXK/lasi CUJIoBasi YaCTULIA, Takasi Kak (DOTOH,
[0JDKHA MMeThb MapHYH MaTepuabHYH 4acTHULy. 3[eChb eCTb BOSMOXXHOCTb /IS
peitieHusi  1poOsieMbl  OECKOHEUHOCTeM, TaK KaK OKa3bIBaeTCs, UTO
0eCKOHeYHOCTH OT 3aMKHYTBhIX KOHTYPOB CHUJIOBBIX UYaCTHI]| TOJIOKUTE/BHBI, a
0eCKOHEYHOCTH OT 3aMKHYThIX KOHTYPOB MaTepyaibHbIX YaCTHUL] OTPULIaTe/bHBI,
a 3HauMT, 0ECKOHEUHOCTH, BO3HUKAIOII[e U3 CUIOBBIX YACTHUI] U W3 MApHbIX UM
MarepuasnbHbIX YaCTUL], HMEKT TeHJAEeHLMI0 B3aUMHO YHUUYTOXKaTbCsA. K
COXKaJIeHWI0, pacueTbl, HeoOXoAuMbie, UTOObI BBLISICHUTb, OCTAHYTCS /A B
cyrmeprpaBUTaliui  06eCKOHEUHOCTH, u30eXKaBIllMie YHUUTOXKEeHUS, OKa3asuCh
CTOJIb JIJIMHHBIMU U CIOKHBIMH, @ KpOMeE TOT0, MO/IBEP>KeHHBIMU CTO/Tb OO0JIBIINM
BO3MOKHOCTSIM BO3HUKHOBEHUSI OIIMOOK, UTO HUKTO He peIIWICsS 3a HUX
B3ThCsl. TeM He MeHee OOMBIIMHCTBO  (U3UKOB  TIOBEPWUIH,  UTO



cyrmeprpaBUTalivsi Oblsia, BEPOSITHO, TIPAaBWIbHBIM OTBETOM Ha Tpobsiemy
oObeuHEHUs] TpaBUTALMM B €JWHYI0 TEOpUID C [APYTUMU  BUAAMU
(dbyH1aMeHTa/IbHbIX B3aUMO/]eHCTBUM.

Bbl Mo mojymarb, uTo 0DOCHOBAHHOCTH CYNepPCUMMETPUM ObLIO ObI
JIeTKO  TIPOBEPUTb — CTOUT TOJBKO TOHAOMIOfaTh 3a  CBOWCTBAMU
CYIIEeCTBYIOIIUX YaCTUL] U YBU/IeTb, OObeAUHSIIOTCS JId OHU B mMaphl. Takux
TapHbIX YacTul] He Habmopanock. Ho ¢uM3Mku rpoBeu MHOXKECTBO PacyeTos,
KOTOpbIe TIOKa3bIBAlOT, UTO YaCTULIbl, TMapHbie TeM, KOTOpbie HabIromaroTCs,
JO/DKHBI OBbITh MaCCHMBHee TIPOTOHA B ThICAYY pa3, ecid He Oosbine. Ha
CeTOAHSIIIIHANA  [leHb  C/AMIIKOM TPYAHO OOHapyXUTb TaKue YaCTHULIbI
9KCTIepUMEHTA/IbHBIM TIyTeM, HO eCTb HafleXX7a, 4YTO OHU BCe-Taku OyayT
MOJIyyeHbl Ha KpYyMHeHWIIeM B MHUpe YCKOpUTese 3apsyKeHHbIX YacTUL, —
BosnbllloM aJpOHHOM Ko/jaiifiepe, pacrojiokeHHOM 6073  JKeHeBbl, Ha
tepputopuu LlBeliapuy ¥ @paHLyH.

KoHuernus cyrnepcMMMeTPUM SIBUIaCb OCHOBOW [JI1 CO3[jaHHsSl TeOpuur
CyleprpaBuTaLjii, HO ITepBOHAYa/IbHO 3Ta KOHLIEMLUA BO3HUK/IA Ha HECKOJIbKO
JIeT paHbllle Y TeOPeTUKOB, 3aHUMAaBLLIMXCS] HOBOM TeOpHel, Ha3BaHHOU Teopuen
cTpyH. CorziacHO TeOpuM CTPYH, UaCTULIbI MPeCTaB/sOT CO0OW He TOUKH, a
BUOpUpYIOLI[He 0TPe3KH, UMeIOIIUe [I/TMHY, HO He MMeIOIIie BbICOThI U IITUPUHBI
— YTO-TO Bpofie OECKOHEUHO TOHKUX OTPEe3KOB CTPYHbI. Teopuu CTPYyH TOXe
TIPUBOASAT K OECKOHEUHOCTSIM, HO CUMTAEeTCs, UTO B TPAaBUIBHOW BEPCHUU 3THU
0eCKOHEUHOCTH YHUUTOXKATCsl. OTH TeOpUM WMEHT Jpyroe HeoObIUHOe
CBOMCTBO: OHM TIPUMEHHMMBI TOJIbKO I [eCITUMEpPHOr0 MpPOCTPaHCTBa-
BpeMeHU, HO He [ijisi OOBIYHOTO udeThIpexMepHoro. JlecsiThb u3MepeHuit — 3TO
MOJKeT 3By4aTb 3aMaHUWBO [JIg YY€HbBIX, HO eC/Jd B TAaKOM IIPOCTPaHCTBE BbI
3abyziere, r[e TMpPUMApKOBa/d CBOIO MalllMHY, Yy Bac OyAyT cepbe3Hble
3aTpysHeHusi. EciM  3TH  [ONOJIHUTe/IbHblEe U3MEpPeHUs  IeUCTBUTE/IbHO
CyLLIeCTBYIOT, TO [10YeMy Ke Mbl UX He 3aMeuaemM? CoOIylaCHO TeOpUM CTPYH, OHU
VCKPUBJ/IEHBI B TPOCTPAHCTBE OYeHb Majoro pasmepa. UToObl OLIyTUTH 3TO,
nipe/icTaBbTe cebe ABYXMEpPHYH TUIOCKOCTb. MbI Ha3blBaeM ee /IByXMePHOM,
TOTOMY UTO JJisi OTpefie/ieHUss TOYKW Ha Hell TpeOyeTcs /Ml /iBa 4YMC/Ia
(HampuvMep, TOpU30OHTa/bHasg W  BepTUKa/dbHasg KOOpAWHAaThI).  [pyroe
JByXMepHOe TIPOCTPAaHCTBO — TOBEPXHOCTh COJOMUHKU. UTOOBLI OmpeseuTh
T10/I0KeHHe TOUKU B 3TOM IIPOCTPAHCTBe, HY)KHO 3HATh, I/le HAXO4UTCSA 3Ta TOUKa
I10 J/IMHe COJIOMUHKU U I[jle — I10 ee OKpy>XHocCTU. Ho ec/i coIOMUHKA O4YeHb
TOHKasi, Bbl TIOJIyudTe BeCbMa XOpollee TIPUONU3UTETEHOE TIONOKeHue,
WCTIO/B3Ysl TOJILKO KOOPAUWHATY BJI0Jb JJIMHBI COJIOMUHKH, TaK UTO MOXXHO OyzeT
nipeHeOpeub M3MepeHreM M0 OKPYKHOCTU. EcC/u >ke CONOMUHKA UMeeT AraMeTp
B OJHY MWUIMOHHYH) MW/IJTMOHHOWM MWIJTMOHHOU MW/UIMOHHOW MW/UIMOHHOW



[roliMa, TO Bbl BOOOIIe He 3aMeTUTe ee pa3Mepa 0 OKPY>KHOCTH. Tak BBITJISASAT
JIOTIOJIHUATEJIbHbIe U3MepeHHsl B MPeJCTaB/lIeHUN «CTPYHHBIX» TEOPETUKOB —
CWIbHO WCKDUBJIEHHBIMU B CTOJIb MajoM MaciiuTabe, uro He BUIHBI Ham. B
TEOpUU CTPYH [OIOJIHWTEe/bHble W3MepeHHsI CBEePHYTbl B TaK Ha3bIBaeMoe
BHYTPEeHHee TMPOCTPAHCTBO, UTO OT/IMYAeTCsl OT TPEXMEPHOro MPOCTPaHCTBa, C
KOTOPbIM MbI MMeeM /leJi0 B NOBCeAHEBHOM K13HU. Kak Mbl yBUAUM Jasee, 3TU
BHYTDEHHHE COCTOSIHUSI MMEIOT Ba)KHOe (PU3nyeckoe 3HayeHUe, a BOBCE He
TIpeJICTaB/ISAIOT COOOM BCEro JIMIb CKPBITble UW3MepeHHus, TaK CKa3arTh,
3aMeTeHHbIe M0, KOBep.

Kpome Bompoca 00 u3MepeHUsIX Teopusi CTPYH OTSTrOlljeHa ellje OHUM
3aTpy/IHeHHWeM: MOSIBU/IOCh TI0 MeHbllIeld Mepe MSITh Pa3HbIX TEOPHUK U MUJUIMOHBI
Crocob0B TOTO, KaK 3TH /IOTIOJTHUTE/IbHbIe U3MePeHHsI MOTYT ObITh CBEPHYTHI,
YTO BbI3Ba/I0 OO/bIlIMe 3aTPyAHEHUs y ee 3alllUTHUKOB, YTBEpXKAAaBIIUX, UTO
Teopusi CTPYH — eOUHCMBEeHHAs, KOTopasi MOXKeT Ha3bIBaTbCsl TeOpUel BCero.
[To3nHee, mpumepHo B 1994 rofy, yueHble Haua/iy OTKPbIBaTh JBOMCTBEHHOCTHU:
0Ka3a/ioCh, UTO Pa3/vyHbie TEOPUU CTPYH U Pa3/IdyHbIe CII0COObI CBOPAYMBAHUS
JIOTIOJTHUTE/IbHBIX U3MepPeHUN — 3TO JIUIITL Pa3Hbie CIIOCOObI OMUMCaHUS OIHUX U
TeX JKe SIB/IeHUI B UeTbIpeXMepHOM MpocTpaHcTBe. bosee Toro, 06HapyXuioch,
YTO Teopusl CyreprpaBUTALlUU TIOZOOHBIM >Ke 00pa3oM CBsizaHa C JApPYTUMU
TeopusiMU. Yl mprBep>KeHLIbl TEOPUU CTPYH Telepb COITIaCHbI C Te€M, UTO TSATh
pa3/IMUHbIX TEOpPUN CTPYH M Teopus CyleprpaBUTALIUM — 35TO JIMIb pa3Hble
TIPeATIoChIIKM K Oosiee  dyHJaMeHTa/bHOM TeOpud, HO Kaxjasi W3 HUX
NpHUMeHNMa K TOW M/IM MHOW CHTYaLH.

!

ConoMuHKM ¥ nuHUM. COMOMMHKA Ha KdpTHHKE ABYXM€pHd, HO
ed/id ee IMAMETD AOBOJIbHO Ma/JleHbKHUW WU/IM eC/Id CMOTpPETb U30dJIH,
OHad KaXKeTCAd O,[[HOMEPHOIZ, KdK JIMHUA.

O toMm, uto 3Ta Gosiee QyHAaMeHTabHasE Teopusi Ha3biBaeTcss M-Teopueil,
MBI y>Ke yrioMuHaiu. [Toxoxke, HUKTO He 3HaeT, YTO 03HauaeT «M». ITO MOXeT



ObITh master (yuluii), miracle uau mystery (TaiftHa). A TOXOXe, YTO U BCe TpU
C/I0Ba Cpasy. YueHble MO-Tpe)KHeMYy CTaparoTCsl pasraZiatb npupoay M-teopum,
HO 3TO MOKeT OKa3aTbCs M HeJOCTWKMMBIM. BO3MOXXHO, UTO XapakTepHasi [/si
GbU3MKOB HazieXXZia 00pecTd eJUHYI0 TeOPUI0 TIPUPO/bl OKaXKeTCs TILEeTHOW U
eIvHOM (OpPMYIMPOBKM He CyllecTByeT. A BO3MOXKHO, [Jisi OMUCaHUs
BcesnieHHOU B pa3HbIX CUTyaLUsX MPUJETCS NPUMEHATh pa3Hble Teopun. Kakas
Teopusi MOXeT HMeTb COOCTBEHHYIO BepCHIO0 peaibHOCTH, HO, COITIaCHO
MO/le/Ie3aBUCUMOMY  peasiu3My, 3TO I[IpUeMJIeMO, TOJbKO eC/id B MecCTax
B3aMMHOI'O TepeKpbITHS pa3Hble TeOPUHU BCerzaa Jar0T OJHU U Te Ke MPOTHO3BbI,
TO €CTh MOXXHO TI0/Tb30BaThCs1 TF000 U3 HUX.

HeszaBucumo oT TOro, cyuecrByer Jud M-Teopusi Kak e[uHOe
Tipe/iCTaB/IeHre WIX KaK CUCTeMa pa3HbIX TeOPUM, HaM M3BeCTHbI HEKOTOpbIe U3
ee CBOMCTB. Bo-mepBbIX, B HeW WMeeTCs OAUHHAJLaTb, a He [eciThb
IIPOCTPAHCTBEHHO-BPEMEHHbBIX U3MePeHUM.

CTOpPOHHMKY TeOpUH CTPYH [aBHO MOZ03peBasM, UTo MpeJCcKa3aHue 1ecsAaTy
V3MepeHUl TIpUZIeTCSl YTOUHUThb, U HellaBHUe paboThl TOKa3aid, YTO OHO
v3MepeHue [IeCTBUTENbHO ObIo TipomylieHo. Takke M-Teopusi MOXKeET
paccMaTpuBaTh He TOJBLKO BUOpUDYIOIIME CTPYHbI, HO UM TOYEUHbIe UaCTUILIbI,
JNBYXMepHble MeMOpaHbI, TpeXMepHble Kallli W JIpyrue OObeKThbl, KOTOpbIe
TPyAHO u300pa3uTh U KOTOpblie TpeOyloT eije Oosbllle — [0 /[eBATA —
TIPOCTPAHCTBEHHBbIX M3MepeHUi. Takuve oObeKTblI Ha3biBalOTCs p-OpaHamu (p-
MepHasi MeMOpaHa), T7ie «p» MOXKeT TPUHUMaTh 3HaueHus ot 0 10 9.

A Kak ke OrpOMHOe YMCJI0 CrOCOO0B, C TIOMOILBI0O KOTOPBIX MOXKHO
CBEPHYTb KpollleuHble wusMepeHuss? B M-teopun 3TH [OMNOJIHUATEJIbHbIE
TIPOCTPAHCTBEHHbIE UW3MepeHUsT He MOTYyT ObITb CBepHYTbl KaK YTOJHO.
MaremaTvika 3TOM TeOpUM OrpaHWUMBAeT CIOCOOBI CBOpauMBaHUs M3MepeHUi
BHYTDEHHero TmpocCTpaHCTBa. TouHasg ¢opMa BHYTpPEHHEro TMpPOCTPAHCTBA
orpeziesisieT U 3HaueHUs1 (PU3NUYECKUX KOHCTAHT, TAKUX Kak 3aps/ 37eKTPOHa, U
TIPUPOJY B3aWMOJENCTBUM MeXAY 3JIeMeHTapHbIMM 4acTulaMu. VIHbIMU
C/I0BaMM, OHa oOrmpeje/sieT OYeBHUJHbIe 3aKOHbl TMpUPOAbl. MbI TOBOpPUM
«QueBH/IHbIE», TIOCKOJIIbKY pedb HIeT O 3aKOHaX, KOTOpble Mbl HaO/mofiaeM B
Hameli BceseHHON, — 3TO 3akoHbl uYeThipex Ccua ((pyHJaMeHTaJbHbIX
B3aWMO/IEUCTBUM) Y TaKuWe MapamMeTpbl, KaK Macca W 3apsj, XapaKTepu3yrolyie
CBOMCTBA 3/IeMEHTapHbIX YaCTHL].

Ho 3akoHbl M-Teopuu 6Gosiee dyH/jaMeHTa/bHbI, IO3TOMY OHU JIOIYyCKAlOT
CyLLIeCTBOBaHHE PAIUUYHbIX 8CE/N1E€HHbIX C PA3/IMYHBIMU OUeBUHBIMU 3aKOHAMU B
3aBUCMMOCTA OT TOrO, KaK y HHUX CBEPHYTO BHyTPeHHee IIPOCTPaHCTBO. M-
TeOpUSI  COLEPXKUT TakKWe pelLleHHs, COIVIACHO KOTOPbIM  JIONyCTUMO
CylLLIeCTBOBaHHME MHOKECTBA PpAa3/IMYHBbIX BHYTPEHHUX MPOCTPAHCTB; HUX



BO3MOXKHOe uHcio MoxkeT goxoauth Ao 10°%°, 3710 o3Hauaer, urto, B

COOTBEeTCTBUM ¢ M-Teopueii, MoryT cyiiectBoBarh 10°%0 BceneHHBIX, y KaxKI0i
13 KOTOPBIX CBOHM 3aKOHBI. UTOOBI OIIyTHUTh, HACKOJILKO 3TO MHOT'O, IPe/ICTaBETe,
YTO ec/iv ObI KTO-TO 3a/Ia/ICs T1eJTbI0 TIPOAHA/TM3UPOBATh 3aKOHBI, TIPe/ICKa3aHHbIe
JUIST 9TUX BCEJIEHHBIX, 3aTpauuBasi BCEro OHY MWIIMCEKYH]JIy Ha KaXKIyH W3
HUX, ¥ TIPUCTYIINAI Obl K paboTe B MOMEHT BoJIbIIIOro B3pbIBa, TO K HACTOSIIIEMY
BpeMeHH OH u3yunn 6bl mimb 102 13 Hux. 1 310 Ge3 BCAKUX TMepephiBOB Ha
kode!

Cronetus Ha3az Hbl0TOH MoKasasl, yTo MaTeMaTUYeCcKle YPaBHEHHS] MOTYT
JlaTh TIOpa3UTeIbHO TOUHOE OMMCAHME TOTO, KaK B3aUMOJIEMCTBYIOT O0BEKThI —
XOTh Ha 3eMJjie, XOTh Ha HebOecax. YueHble TIPUIIUIM K yOexxeHuto, uto Oyayiree
BCeli BcesleHHON MOXKHO YBU/IETh, €C/TU TOJILKO UMETh Ha/JIJIeXKaIlyl0 TEOPHIO U
JIOCTaTOUYHbIE BBIUMCIUTEIbHBIE BO3MOXKHOCTU. ITOTOM IOSIBUIMCHL KBAHTOBAst
HEOIpe/Ie/IeHHOCTb, WCKPUBJIEHHOE TIPOCTPAHCTBO, KBApKW, CTPYHBI M
JIOTIO/IHUTe/IbHBIe M3MepeHHs, a Kak uTtor Bcero storo — 10°%° pcenenHslx,
Kak/lass CO CBOMMM 3aKOHaMH, W JIMIIb OJHA W3 HUX Ta BceseHHas, KoTopas
M3BeCTHa HaM. BeposiTHO, TIpUJEeTCS pacrpoujaThCs C IepBOHAuYaabHOMN
HaZIeXKI0M (DM3UKOB CO3/1aTh €AWHYIO TEOpHI0, OOBSICHSIOI[YI0 OUeBHHbIE
3aKOHbI Haileli BceleHHOM KaK €[IMHCTBEHHO BO3MO)KHOE — CJIe[[CTBHE
HECKOJIbKHX TIPOCTBIX JOMYIeHWH. [je ke Torja okasbiBaemcsi Mbl? Eciu M-
Teopust fionyckaeT Hanuuue 10°°° HaGopOB OUEBMIHBIX 3aKOHOB, TO KakK JKe MbI
YrOZW/Id UMEHHO B Ty BcesleHHY10, T7ie IeHCTBYIOT 3aKOHbI, KOTOPbIe OUEBH/IHBI
Juist Hac? U Kak ObITh CO BCEMM OCTa/lbHBIMU BO3MOXXHBIMH MHpPaMU?






\6. Bbi0Kipas Hallly BCe/IeHHYI0

B mudonorun Hapoga OyiioHro, »xuByiiero B IlenTpanbHoii Adpuke,
TOBOPUTCS, UTO W3HAUa/IbHO CYII[ECTBOBA/IM TOJILKO TEMHOTA, BOJA W BEIUKUI
6or Bymba. OpgHaxkabl bymOy u13-3a 007M B JKUBOTE CTOIIHW/IO, U OH H3BEpPr
conHije. Uepe3 HEKOTOPOe BpeMsi COJIHI[E BBICYIIIM/IO YaCTh BOZBI, B pe3y/bTare
yero BO3HWKIA cyia. Ho >xuBoT y ByMOBI Bce elrie 6osies1, ¥ ero mpozo/nKasio
TOIIHUTb. TaK MMOSBUIKCH JIyHA, 3B€3/Ibl, 3aT€M HEKOTOphIe )KUBOTHBIE: JIeoTap/,
KPOKO/IW/I, ueperiaxa — M HakKOHell uejioBeK. IleMeHa Maiisi Ha TepPpPUTOPUH
Mekcuku B IleHTpasbHOW AMepHKe OIMMCHLIBAIOT —TIOXOXKYHO  KapTHHY,
TIPe/IIIeCTBYIOIIYI0 COTBOPEHHIO MHpa: CYyIL[eCTBOBaM TOMBLKO Mope, Hebo u
TBopelr. B omHol u3 nereHs Matbisi TBopell, HECUACTHBIM OTTOrO, UTO HEKOMY
ObUIO TPOC/AB/SATH €ro, CO3/ajl 3€MJII0, TOpbI, [IepeBbs U OOJBIIMHCTBO
JKUBOTHBIX. HO )KMBOTHBIE He yMe/Id pa3roBapvBaTh, M TOI/IA OH PEILr/ CO3/aTh
mopei. CHavyasla OH cZiesiajl MX W3 TPS3U U 3eMJIM, HO OHU TOBOPHJIA BCSIKYIO
epyHay. OCTaBUB MX pa3Ba/IMBaThCsl, OH MPEeATPUHSI BTOPYIO TOIBITKY, Ha 3TOT
pa3 BbIpe3aB Jrofield u3 gepeBa. Ho 3T /roqu MOMyumInch TynbiMA. OH permi
VHUUTOXXMTb WX, HO OHU COEXKaqu B JieC, TOJYUUB IO MYTH TMOBPEX/EHUS,
KOTOpble HEMHOI'O U3MEHHW/IN WX, TIPEBPATHB B CYIIeCTBA, Ha3bIBAEMbIE CErOIHS
obe3psiHamu. [locsie 3TOrO (priacko TBopel] Hallen, HAKOHEI|, TMOAXO/SIIAN
COCTaB W CO3/1aJ1 TIEPBbIX JTHOJEH 13 Oe/bIX U XKeIThIX 3epeH KyKypy3bl. CeroHs
U3 KYKYPY3bl MbI [JIe/laéM 3THU/IOBBIM CIIHUPT, HO TaK U He MOXXEM IOTSATaThCs C
JnocTkeHreM TBOPpIia, CO3/1aBIIErO JIFo/iel, KOTOPbIe 3TOT CITUPT ITbIOT.

[Togo6HBIe MUGBBI O COTBOPEHHMH MHPA IbITA/JMCh OTBETHUTh Ha BOIPOCHI,
KOTOpbIEe M MbI 3a/laéM B 3TOIH KHHIe: TTIOUEMY CYIIleCTByeT BcesieHHass M ouemy
OHa Takas, Kak ecTb. Hamra crocoOHOCTh oOpamarbCsi K 3THM BOMPOCAM
MOCTOSTHHO BO3pacTajia B TeUeHHWe CTOJIETHMM CO BPEMEH JIPEBHUX TI'PEKOB, a
0COOEHHO CU/IBHO BBLIPOCJIA 3a TIPOIIIOe CToseTHe. VI Terepb, BOOPYKeHHbIE
3HAHUSIMH U3 MPeIbIAYIINX I7IaB, Mbl TOTOBbI TIPE/JIOKUTh BO3MOKHbBINM OTBET Ha
9TU BOTPOCHI.

ITa>ke B JpeBHHE BpeMeHa MOIVIO ObITh OUEBHIHBLIM, uTO MO0 BceneHHas
COBCEM HeJ/laBHee TBOPeHUe, MO0 JIIOAU CYyI[eCTBOBA/IM Ha TPOTSIKEHUU JTHUIITh
OUYeHb KPaTKOro TMepro/ia KOCMHUUECKOH NCTOpPUH. ITOCKO/IBLKY 3HAHHS U TeXHMKA
Jofiel  pa3BUBA/MCh BechbMa OBICTPO, TO ecyid OBl JIIOAW CyIeCTBOBA/IA
MUWI/THOHBI JIET, UeJIOBEUECTBO B CBOEM Pa3BUTHH YIILJIO ObI ropa3zo Jasblile.

CoracHo Betxomy 3aBety, Bor co3gan Azama u EBy Bcero uepe3 1miecTthb
JHEeH 1ocie coTBopeHuss mupa. Emuckon Ammiep, ITpumac Bceli pnanauu c



1625 no 1656 rop, onpezenun Hayaso Mupa bosiee TouHO: B 9 yacoB yTpa 27
okTs6psi 4004 roga g0 H. 3. MbI TIpUziep>KUBaeMCsi APYroro MHEHUS: JIHOAU
MOSIBUWIMCh CPAaBHUTE/bHO HeJJaBHO, HO camMa BcesieHHas 3apoawiack MHOIO
paHblle — OKoJI0 13,7 Mumapja jietT Ha3az,.

[lepBoe [eHCTBUTENIBHO HAayuyHOe CBU/ETeNbCTBO TOro, uto BceseHHas
viMesia Hauyasio, nosBuiock B 1920-x rogax. Kak Mbl yxe roBOpU/IM B IVlaBe 3, B
TO BpeMsi OOJIBIIIMHCTBO YyUeHBIX [iojiarajivd, 4to BcejeHHasi cTaThuuHa U
cyimiectBoBasia Bcerga. CBuUETeNbCTBO 00paTHOrO  ObLIO  KOCBEHHBIM,
OCHOBaHHBbIM Ha HaOMHJEHUSIX aMepUKaHCKOTO acTpoHOoMa OJjBuHA Xabbia,
KOTOpble OH BbiMosHWI Ha 100-AtoliMoBOM Teseckorie obcepBatopur MayHT-
Buscon, pacriosio)keHHOM Ha xonMax Haz Ilacagenoi B Kamudophuwu.
[TpoaHa/nM3UpOBaB CMEKTPhI CBeTa, MPUXO/SIIEro OT JajeKuX TajakThuk, Xab0s
ornpeJie/in/, YTO TOUTHA BCe rajlaKTUKHU YJAaJsTCA OT HaC, U 4yeM Jajblle OHU
HaxoAATcsl, TeM ObicTpee ynanstoTcsi. B 1929 rogy oH omy6imMKoBas 3akoH 00
OTHOLLEHWH CKOPOCTU KX yAaleHUs] K PACCTOSIHUIO OT HacC M CJeJiajl BbIBOJ, YTO
Bcenennast pacuvpsiercsd. Ecim 310 Tak, To B mpouuioM BceneHHasi mo/mkHa
Obula ObITh MeHbIle. [lelCTBUTENLHO, €C/M JKCTPArojupoBaTh TPOIECC B
Janiekoe TMpOILIoe, TO BCS MaTepusi U dHeprust Bo BceneHHOW A0/KHBI ObLIN
ObITh CKOHIIEHTPUPOBaHbl B COBCEM KpollleuHOM 00bemMe € HeBOOOpas3uMoii
IUIOTHOCTBIO M TeMreparypour. Eciu ke Mbl 3ar/isiHeM B MPOLIOe AOCTaTOYHO
Janeko, To OOHapy)XWM, UTO JJO/DKeH OBbITb TOT MOMEHT, C KOTOpPOTO BCe
Hauasi0Ch, — CErofiHs Mbl Ha3bIBaeM 3TO COOBITHE BOJBIIINMM B3PHIBOM.

IIpencraBneHve o ToM, Kak BceseHHasi pacuimpsieTcs, UMeeT HEeKOTOPYHO
TOHKOCTb. Harpyvmep, Mbl He MMeem B BH[Y, 4TO BcesieHHas pacmmpsieTcs
TakKuM 00pa3oM, Kak, CKa’keM, KTO-TO MOKeT pacCIIupUTh CBOW JIOM, CHOCSI CTeHY
Y TIpUCTpavBasi HOBYIO KOMHATy Ha MeCTe, I/le paHblie CTOs/I BeJIMueCTBeHHbIN
ny6. IIpocTpaHCTBO, CKOpee, pacmsieueaemcsi — PACCTOSIHUSL MeX[y JIF0ObIMU
[IByMs1 TOUKaMH 8Hympu BcejleHHOM MOCTOSIHHO yBeTMYUBAOTCS.

Takoe mipefcTaBieHre Bo3HUKIO B 1930-x rozax B 0OCTaHOBKe OO/BIINX
TIPOTUBOPEUNi, HO OfHUM U3 Haubosiee yJauHBIX CMIOCOOOB /ISl W/TFOCTPALUU
npolecca pacumpeHuss BceneHHo [0 cux Tmop sBasercs  meTadopa,
nipeayiokeHHast B 1931 rogy aHIVIMKCKMM aCTPOHOMOM APTYPOM DJJUHITOHOM
(1882-1944) w3 Kembpumkckoro yHuBepcuteta. OH ymogobun BceneHHYyRO
TIOBEPXHOCTH HaJlyBaeMOI0 Pe3MHOBOIO LIapHKa, a BCe rajJJakTUKA — TOUKaM Ha
5TOW MOBEPXHOCTU. JTa KapTHHA SICHO MOKa3bIBaeT, ITI0UeMy JajibHUe TaJaKTUKU
ynansitorcss  ObicTpee, uem OmwkHue. Harmpumep, ecau  pagudyc  I1apa
yBe/IMUMBAETCS BJBOe KaX[bld 4Yac, TO U pacCTOsiHUe MeXJy [ByMs
rajlakTUKaMu Ha 11ape Oy/ieT KaXK/biii 4aC yJBauBaThCSl.

Ecim B Kakoe-TO BpeMsl /iBe TajlakTUKM HaXOASATCA B OAHOM JOKMMe ApPYT OT



Jpyra, TO uepe3 4aC OHM OKaXKyTCs B /IByX ArOoMMax Apyr OT Apyra, TO eCTb OHU
OyZAyT BIT/ISA/IETh YAAISIOIIMMUCS OffHA OT JIPYTOil CO CKOPOCThIO OJIUH [IFOUM B
yac. Ho ecnu HauanbHOE pacCTOsSIHUE MeXXy HUMH ObLIO JiBa [f0kiMa, TO yac
CTIYCTSI MeXKy HUMU OyzieT yKe ueThIpe [[toiiMa, — CJie/loBaTe/lbHO, CKOPOCTb WX
B3aMMHOTO yjajsieHus OyJieT paBHa /IByM [foliMaM B uac. OTO KakK pa3 To, UTo U
obOHapy>kun Xab0s1: ueM rasiakTyKa fasbiile, TeM ObICTpee OHa OT HacC yJasieTcsl.

Ba)kHO MOHKMMaTh, UTO pacIlMpeHre MPOCTPaHCTBA He B/WsSET Ha pasmep
MaTepua/lbHbIX OOBEKTOB, TaKWX KaK rajakTUKH, 3Be3[bl, sIOJIOKU, aTOMbI U
Jpyrue Tena, yep;KMBaeMble BMeCTe TOM WM MHOW cuiioi. Hanpumep, eciiu Mbl
oOBezieM B KpYr TpPYMIy TajJlakTUK Ha Il1ape, 3TOT KPYT He OyzeT paclIupsSThCs
BMecTe C 1IapoM. [IOCKOMBbKY Ta/llakKTUKU Yep>KUBAKOTCSl TPaBUTALMOHHBIMU
CWIaMH, MPY yBeTMUEeHUH 111apa HapUCOBAaHHbINM HaMU KPYT U rajakTUKU BHYTPU
Hero OyAyT cOXpaHsTh CBOM pa3Mepbl U OuepTaHus. DTO HY)KHO YUUTHLIBATh,
MOTOMY UTO Mbl MOXEM BBbISIBUTh paclIMpeHde, TOJbKO €CIu Hallu
13MepUTe/ibHble MHCTPYMEHThI UMeloT (UKCUpOBaHHbIe pa3Mmephl. Eciiu Obl Bee
CcBOOOJJHO PACIIMPSIOCh, TO Mbl CaAMU, Hallla U3MepHUTe/ibHas py/jaeTKa U Halllu
nabopaTopuu paciiMpsIUCh Obl TTPOTIOPI[MOHAIBLHO PaCIlIMPeHU0 TPOCTPAHCTBA,
Y Mbl Obl He 3aMeTU/TM HUKAKON pa3HULIbI.

Ons DuHIITelHA YTBep)XJeHWe O pacluMpeHud BcesieHHOW OKa3anoch
HOBOCTBIO. Ho mpeznonoxeHre 0 BOSMOKHOCTH TOTO, UTO TaJlaKTUKK Y1a/IsIOTCS
ApyT OT Jpyra, ObLIO BbICKA3aHO UM Ha TeOpPeTHUeCKUX Tpe/IochlIKaxX ele 3a
HECKOJIbKO JieT Ao crated Xabbrna. B 1922 ropy poccutickuii ¢u3MK U
Marematuk Anekcanap ®puaman (1888-1925) paccmortpen, UTo JO/IKHO
TPOU30MTHU B MOJenbHOM BceneHHOM, OCHOBaHHOM Ha /[BYX [OMNYLEHUsX,
3HAUUTE/IbHO YMPOLIAIOIIUX MaTeMaThyeckhe pacyeTbl: uTO BceseHHas
BBITVISIIUT OIMHAKOBO B JTFOOOM HarpaB/eHUU U YTO OHA BBIVISIAUT TaK U3 Jit000i
Touku HabmrogeHus. Ceiiuac Mbl 3HaeM, UTO mepBoe fAomnyljeHrue dpupmaHa He
COBCEM BepHO — K cuacTelo, BceneHHass He Be3fe ofuHakoBa! Ecmu bl
MOCMOTPYM B OZIHY CTOPOHY, TO MokeM yBujeTb CosHue, B Apyryro — JIlyHy
WU CTal0 MUTPUPYIOIIUX JIeTyuux mbiiel. Ho BceneHHasi BBITISIAUT PUMEPHO
OZIMHAKOBOU B JFOOOM HarpaB/ieHUM, eC/Id pacCMaTpuBaTh ee B ropasfio Oosiee
KPYIHOM Maciitabe — fa)ke KpyrHee, UeM DPaCCTOSIHUSI MeXJy Ta/laKTUKaMHu.
OTO YTO-TO BpOJie B3IVIsij@a Ha JieC C BBICOThI MTHYbEro moseta. Eciu Bbl
JOCTaTOYHO ONM3KO, TO MOXKeTe YBUETb OT/e/ibHble JUCTbS WU XOTs Obl
JlepeBbsl U TIPOMEXYTKU Mexay HuMHU. Ho eciu Bbl Tak BBICOKO, UTO OO/bIINM
nasabLeM MOXKeTe 3aC/IOHUTh KBaZIpaTHYH) MUJIIO Jieca, TO JiePeBbsi COBIOTCS B
efvHOe 3eeHoe TsITHO. VI B TakomM Maciitabe Mbl Obl CKa3aad, 4TO JieC
OJHOPOJieH.



BceneHHasi B BuZe BO3AYLIHOTO IIapuvKa. YjajaeHue [pyrux
rajlakTUK OT HaC MOKHO MpeCTaBUTb, BOOOpa3uB, UTO BeCb KOCMOC
pacrjactajics [0 TIOBepXHOCTM IIOCTOSIHHO  pa3/jyBarollerocs
TMTaHTCKOTO BO3/YIIHOIO IIapyKa.

OcHOBBIBasACb Ha CBOMX AomnyljeHusax, dpugMaH CMOr HaWTU pelleHHe
ypaBHeHWM OMHIITeNHa, TIpU KOTOpoM BcesleHHas paciuvpsiiack UMEHHO Tak,
KaKk BCKOpe TIpeJCTOszio OOHapykuTh Xab0smy. B uacTHoCcTH, B Mopenu
®puspmaHa BceseHHas HauMHaeTCsl C HYJIeBOrO pa3mepa U pacluupsieTcs O TeX
0P, MOKa rPaBUTALMOHHOE TIPUTSDKEHUEe He OCTAaHOBMUT 3TO pacllvpeHve U B
KOHEYHOM CueTe He TIDUBE/IET ee K CXKaTUI0 BHYTPh camoii cebst. (Kak oka3zanocs,
ecTb JiBa /JpyrUX THUIA pelleHUud YypaBHeHUM OWHILUTeWHa, TOXKe
YIAOB/IETBOPSAOLIMX  JonylleHusM — mogenu — dpuamana:  ogHO  —
COOTBeTCTBYHOLlee BcesieHHOW, B KOTOPOM pacIIMpeHue MpPOAO/KAeTCs BeUHO,
XOTS U C HeDO/bIlIUM 3aMe/ijieHueM, a fipyroe — st BceneHHoM, B KOTOpOi
CKOPOCTb pacClIMpeHUsl TTIOCTOSHHO 3aMe/IsieTCsl, CTPEMSICh K HYJII0, HO HUKOTZa
ero He gocturas.) ®puzMaH ymep yepe3 HECKOJBbKO JIeT TOC/e MyOauKaiuu
cBoeid paboOThl, U €ro Wjer OCTABa/JMCh TOUTH HEU3BECTHbIMU BIUIOTH [0
repuozia, TIOC/Te/0BaBIeT0 3a OTKphITMeM Xab6ma. Ho B 1927 ropy
Genbrutickuii mpodeccop acTpodU3UKU, PUMCKO-KAaTOTMUeCKUNM CBSIIIIEHHUK
Kopx Jlemetrp (1894-1966) mpemjioxKul MOXOXKYH WAEK: eC/IU MPOCIeAUThb
UCTODUIO MUpa Haza/l, B Mpoilioe, To BceneHHass OyneT CTaHOBUTHCS BCe
MeHbIlle U MeHbllle, TIOKa He HACTYTUT COObITHe, TIpHBe/Iliiee K ee TBOPEHUI0, —
TO, UTO MbI CeroJjHsi Ha3piBaeM BoJIbIIMM B3PBIBOM.

Cuenapuit ¢ bosbliuM B3pbIBOM HPaBUTCA [JlajleKo He BceM. U nake cam



TepMUH «bosibIiol B3pbiB» ripuaymain B 1949 rogy keMOpUIKCKUE acTpohr3uK
®pen, Xown (1915-2001), koTopbld cumTad, 4yto BceneHHass pacimpsiiach
BCerra, W WCIOMb30BaJl HOBBIM TePMUH Kak HpoHUYeckui. [lepBbie
HeroCpe/ICTBeHHbIe HaOJO/IeHus, TOATBEPXK/alole 3Ty U/el, TIOSBUINCH
TonMbKO B 1965 roay, nmocne oOHapy»KeHUs! €/1aboro MUKPOBOIHOBOTO (DOHOBOTO
V3/Iy4YeHUs], UCXOLMBIIEro OT BCero KOCMoca. OTO KOCMUYeCKOoe MUKPOBOJTHOBOE
doHoBoe usnyuenve (KM®PU, unu penukroBoe U3TyueHUe) TaKoe ke, KaK B
Balllek MUKDOBOJIHOBKE, HO MOILHOCTb €ro ropasfjo MeHblle. Bbl MoxeTe
HaOmopate KM®W, HacTpouB TeneBHM30p Ha HepaOoTaromuii KaHami, —
HECKOJTbKO TIPOLIEHTOB OT YBU/IEHHOTO Ha KpaHe «CHera» OyZieT BbI3BaHO 3TUM
usnyueHueM. KM®OU Obl7I0 OTKPBITO C/yuyaliHO [JBYMsI aMepUKaHCKUMU
yueHbIMU W3 Kopriopaiuud «besn JIa63», TMBITAaBIIMMHMCS yCTPAHUTh IIYM OT
CBOeM MUKPOBOJIHOBOM aHTeHHbl. CHauajia OHU JyMaJd, YTO 3TOT LIYyM BbI3BaH
CTaTUYeCKUM 3/IeKTPUUECTBOM, HWCTOYHUKOM KOTOPOTO MOITIM OBbITh KyuM
NITUUbErO TIOMeTa — OT roybeli, HOUueBaBIIIMX BHYTPU aHTE@HHbBI, UMeOLel BU/
orpomHoro pactpyba. Ho okazanack, uto y ux npobsieMbl Gosiee MHTepeCHOe
nipoucxoxgenve: KM®U — 3710 u3nyueHue, oCTaBliieecs MOC/ie OUeHb ropsiuen
Y TJIOTHOW paHHel BcesleHHOM, KOTOpas CyllleCcTBOBasia BCKOpe 1oc/e bombioro
B3pbiBa. [lo Mepe paciuvpeHuss OHa OCTbIBaja, I[I0Ka WU3/y4yeHUe He
TIPeBpaTU/IOCh B TOT C/1a0blii OCTAaTOK, KOTOPBIM Mbl HaOnofaeM cerofHsi. B
HaCTosiLLlee BpeMs 3TU MUKPOBOJIHBI CMOT'YT pa3orpeThb Ballly ULy TOJBKO [0 —
270 °C, 4uro /WIIL Ha TPU Tpajyca Bbillle aOCOMIOTHOTO HY/Js U He OYeHb
TIOIXOUT [1JIs [IPUTOTOBJIEHYS [IOIIKOPHA.

ACTpOHOMBI ~ OOHApyXW/IM  TakKke U JApyrde  CBUJETebCTBa,
TOATBEp KJarole CBsi3b BOJIbIIOro B3pbiBa C ropsuyeld XU KPOXOTHOW paHHeW
Bcenennoit. Tak, NOpvMepHO B TeueHWe OJHOM MUHYTBHI IIOC/e B3pbIBa
TemriepaTypa BceneHHoV Obuia Bbillle, YeM B I[eHTpe TUITMYHOM 3Be3bl. B 310
Bpemsi Bcsi BceneHHas paborana Kak TepMosiiepHbIM peakTop. Peakiuu
TpeKpaTWwiInCh, Korjga BcesieHHass [OCTAaTOYHO pacuUIvpyiacb U OCTbLIA, HO,
COTJIaCHO TeOPUH, K 3TOMY BPeMeHH OHa /I0/KHa Oblsia COCTOSATh B OCHOBHOM U3
BOJI0pO/ia U Ha 23 % u3 renus, C HeOOMbILION MPUMeChI0 JIUTUS U Oepuus (Bce
Oosiee TsDKesTble 37IEMEHThI MOSIBUIUCH 1103)Ke BHYTPH 3Be3[). PacueThbl XODPOIIIO
COTJIAaCYIOTCSI C TeMU KOJMYeCTBaMU Teiusi, BOZOPOAQ, JUTUS U Oepuiius,
KOTOpbIe MbI HaO/TrOIaeM.

W3mepenusi cofepkanuss remuss U KMO®OU  cranu  yOenuTenbHBIMU
CBUIeTeNTLCTBAMU B MO/b3Y ClieHapusi Bombilioro B3pbiBa Kak IMpaBoNof00HOTo
onucaHvsa paHHed BceneHHou. Ho He Hy)KHO BOCIpMHMMATh BoJIbIION B3pHIB
OykBa/lbHO, TO €CTh AyMaTb, UTO Teopusi JUHINITelHa JjaeT UCTUHHYIO KapTUHY
npoucxodcoeHusi BcenenHoii. [Totomy urto oOIrjasi Teopusi OTHOCUTELHOCTH



Tipe/icCKa3bIBaeT JIMIllb, YTO JIO/DKHA Oblla MMeThCSl TOUKAa BO BpeMeHH, Korja
TemrepaTypa, IJIOTHOCTb W KpuBM3Ha BceneHHoli Obimu OeckoHeuHbl, —
cuTyalusi, KOTOPYIO MareMaTHUK/ Ha3bIBalOT CUHTY/ISIPHOCTHIO. [/s1 (GhU3UKOB 3TO
O3HauaeT, YTO B 3TOU TOUKEe TeOpus OMWHILITEMHa MNepecTaeT [IeUCTBOBATh U
TIOTOMY He MOXKeT ObITh MCIOJ/Ib30BaHa [ijisl TIpe[icKa3aHusl TOro, Kak BceneHHas
Hayajacb. JTa TeOopUs IPUrofHA TOJNBKO [/l pacCMOTPEHHs IMOC/IeAYroLero
pa3BuTusi Mupa. [103TOMy, XOTSI Mbl MOXKeM TI0/Tb30BaThCSl YPaBHEHUSIMU 00I111eit
TEOPUM OTHOCHUTENbHOCTM U HaIlMMU HabmofeHusiMu Heba, uTOOBI y3HATh,
Kakoi Obula BceneHHass B ee paHHeM Bo3pacTe, OblI0 Obl HeBepHBIM
pacrpoCTpaHsATh CLeHapyi bonbioro B3peiBa Ha BeCh IyTh, BILIOTH O CAMOTO
Hayasa.

K Bompocy o mnpoucxoxieHnd BceneHHOM Mbl BCKOpe BepHEMCSs, HO
TIpeXK/le HECKOJIbKO C/IOB O MepBoM (hase ee paciumpeHusi. PU3MKK Ha3bIBAlOT ee
uHbsyelt. Eciu Bel He >kuBeTe B 3UMbabBe, rjie AeHe)KHast UHQISIUS HeJJaBHO
npeBbicisia 200 000 00O mpoLieHTOB, TO 3TOT TEPMUH He [0/DKeH Bac
IOKMpoBaTb. HO Jake mo camMbIlM OCTODOXKHBIM OLleHKAM BO BpeMsl TOH
KocMosioruueckor uHassuyu BcenenHas paciuvpuiaacs B 1 000 000 000 000
000 000 000 000 000 000 pas 3a 0,000 000 000 000 000 000 000 000 000 000
000 01 momto ceKyHABI. ITO KakK eciav Obl MOHETKA AMAaMeTPOM 1 CM MTHOBEHHO
CTaja B [|eCITh MWIJIMOHOB pa3 1uvpe Haulel ['ajaktniku — Mueunoro [lyTu.
Takoe siBjleHVWe MOKeT [10Ka3aTbCsl HapylleHWeM TeOpUU OTHOCUTEe/IbHOCTH,
KOTOpasi TJIaCUT, YTO CKOPOCTh CBeTa He MOXKeT ObITb MpeBblilieHa HUUeM, HO 3TO
orpaHuyeHye CKOpOCTU HeIPUMEeHUMO K pacCllIUpeHu0 CaMOro NpoCTPaHCTBa.

BriepBble mnpeArnosioKeHye, UTO TaKOW 3MU30[, UHQIISALMKA MOT MPOU30UTH,
6bu10 BBIABUMHYTO B 1980 rofly Ha OCHOBe PacCy>K/[€HUM, BBIXOASIIUX 3a PaMKU
o0I111eif TeEOpUM OTHOCUTEILHOCTU DUHIITENHA U C yUeTOM aclieKTOB KBaHTOBOMU
Teopud. [10CKO/IBKY y Hac HeT MOJHOM KBAaHTOBOW T€OPUM I'paBUTALWH, [eTalu
BCe ellle MpopabaTrkiBalOTCs, U (U3UKU He UMEIOT TOJIHOW YBEPEeHHOCTH B TOM,
KaKk MMEHHO Tipoucxoauia uH@asuusa. Ho cornmacHo Teopuwu, pacliupeHue,
BbI3BaHHOe WH(siLMel, He ObUIO ObI NOAHOCMbBIO ONHOPOJHBIM, Kak
rpe/CcKa3aHO  TPaJULIMOHHOM  Mofe/nbio  bosnbiioro  B3pbiBa.  Takue
HEOZIJHOPOAHOCTH TIpYBe/u Obl K KPOIIIeUHbIM pa3nuusimM B Temrepatype KM®U
B Pa3/IMYHBbIX HarpaB/leHUsX. JTHW OTK/JIOHEHUs! CJIUIIKOM Masibl, [I0O3TOMY HX
HEBO3MOXXHO OBII0O 3aMeTUTh C TIOMOIIbID TexX TIpUOOpPOB, KOTOPBIMU
nosb3oBamuch B 1960-e rogwl. BrepBble ux oOHapyxwii B 1992 romy
cnytHukoM COBE, 3anyijeHHsiM NASA, a mo3aHee OHU ObIIM M3MePeHbI
npuieiM emy Ha cmeHy B 2001 romy criytHukom WMAP. B pesynbraTe
3TOTO Terepb Mbl YBePeHbI, UTO UHG/ISALIYS JeCTBUTETHEHO Oblna.

XoTsd KpoxoTHble OTKoHeHusi B KM®U mpexcraBasitor  coboi



Jl0Ka3aTeqbCTBO UH(ISALIMUA, HO, KaK HA CTPaHHO, OJHAa W3 MPUUWH TOr0, UTO
VHOSLUSA SB/ISIeTCS BaXKHOW KOHLIETLWed, — 3TO MOUTH MOIHasi 0OHOPOOHOCMb
temnepaTypbl KM®U. Eciv Bbl HarpeeTe 0JJHY 4acTh 0OBEKTa /10 TeMIlepaTyphl
Oosiee BBICOKOM, UeM €ro OKpY)XKeHUe, U TO/0XK/eTe, TO Topsiuee MITHO Oyzaer
OX/IaXK/aTbCsl, & OKPY’)KeHHe HarpeBaThbCsl, MOKa TemIlepaTypa He YpaBHSETCS.
Takum 00pa3oM, MOXKHO OXKWZATh, UTO B KOHIle KOHI[0OB BcesieHHasi mpumeT
OfIHOPOZHYIO TeMriepatypy. Ho 3ToT mpoijecc TpeOyeT BpeMeHu, U eciu Obl He
TIPOM30IILI0 MHGJIALMY, TO B UCTOpYUM BceneHHOUM He XBaTWio Obl BpeMeHH,
yToObI HarpeThb pAaCIO/IOKEHHbIE [ajieKo JApPYr OT jpyra obracTd /[0 paBHOM
TeMIlepaTypbl, YUYUTbIBasi, YTO CKOPOCTb TaKOW Ilepeaud TeIlla OrpaHUYyeHa
CKOpOCThIO cBeTa. I[lepuos oueHb OBICTPOro pacimpeHusi (ropasfio OwiCTpee
CKODOCTH CBeTa) YyCTpaHsieT 3Ty TPYJHOCTb, TaK KakK TOrjla WMe/oCh Obl
JOCTaTOYHO BpeMeHH, 4TOObl TPOU30IIUIO BLIDABHUBAaHWE TeMIlepaTyphl B
Tripefiesiax BeCbMa KpOIlleuHoW JouHGMISIMOHHON paHHel BceneHHOM.

UudsnsAuys o06bsicHsieT MPUPOY B3phiBa MPU BoJbIIIOM B3phIBe, 10 KpaiiHel
Mepe B TOM CMbIC/Ie, TI0UeMY pacIliMpeHre, KOUM OH sIBJsieTCs, ObLI0 Topas/o
VHTEHCHUBHee, 4YeM pacCllvpeHue, MpeJCcKa3aHHOe TpaJULMOHHOM Teopuen
BosbIioro B3pbiBa C TOUKM 3peHUsi 00IIeil TeOpUd OTHOCUTETBHOCTHU [ijisl TOTO
BPEMEeHHOT0 MHTepBaja, B KOTOpoM Tipou3oiiiia uHdmsius. [Ipobnema B TOM,
yTo, [/ TOr0 uTOOBI HAIllM TeopeTHUecKrWe Mojend uHbasuud pabortany,
HauajJlbHOe COCTOsiHWe BceneHHOUW [0/DKHO ObIIO ObITH YCTAaHOBIEHO BechbMa
crelquUUeCKUM MyTeM, KOTOPbIM MOYTU HeBeposiTeH. Tak uTO TpaAULIMOHHAs
Teopysi MH(ISLMY pelllaeT OJHM BOMPOCHI, HO CTaBUT [Ipyrue, a HMEHHO:
HeoOXOAMMOCTb BeCchbMa Crielji(rueckoro HayaJibHOTO COCTOSTHUS. DTOT BOMPOC
HYJIeBOIO BPeMEHHU He yCTPaHeH B TeOpUU CO3ZaHusl BcesleHHOW, KOTOPYHO MbI
ceryac OMmuIIeM.

[ToCKO/IbKY MBI He MOXKEM OIMCaTh COTBOPEHHEe MUpa TpU TIOMOIIU 0011Iei
TEOPUM OTHOCUTENBHOCTM OUHINTEMHa, TO, €eCIM Mbl XOTHUM OIKCAaThb
nipoucxoxaeHre BceneHHOM, 0010 TEOPUIO OTHOCUTELHOCTU HA/I0 3aMeHUTh
Oosiee 1O/IHOM Teopueil. MOXKHO 0XKUZATh, UTO OoJiee TI0/THAsi TeOpHsl BCe PABHO
HeoOxofnMa, Jaxke ecid Obl oOIjasi Teopusi OTHOCUTE/NILHOCTU He DYXHYyJa,
TOCKO/IbKY OHAa He YUWThIBaeT MeJIKOMacIiTabHble CTPYKTYpbl MaTepuw,
MOAUMHSAIOLMEeCS KBAHTOBOM TeopuM. B miaBe 4 Mbl yNOMWHA/IW, 4UTO IS
OOJIBIIIMHCTBA MPaKTUUeCKUX HY’K/ KBAHTOBasi TeOPHSI He UMeeT CylileCTBEeHHOTO
3HaueHusi TIpU UCCJIeIOBaHUM KPYITHOMACIITabHOW CTPYKTYypbl BceneHHOM,
TIOCKOJIbKY 3Ta Teopus IPUMeHsIeTCsl [/1s1 OMUCaHUs MPUPO/Ibl HA MUKPOYPOBHSX.
Ho ecnu BepHYThCSI B Upe3BbIUAiHO /lajieKoe TMpOIIioe, TO 0OHAPYKUTCS, UTO
pasMep BcesileHHOV BbIpa)kaeTCsi B TakK Ha3blBaeMbIX I[VIAHKOBCKHX e[WHHLIAX,
TIPUMEHSIOLUXCS [J/Is1 CBepXMasibix BeynuuH. [lonepeunuk BceneHHou B TO



BpeMsi COCTaB/s/l Obl OfHY MWIIMAPAHYIO TPU/IMOHHOW TPWITMOHHOMN [10/N
CaHTHUMETpa, a B 3TOM MacilTabe KBaHTOBYIO TEOPHIO HeOOXOAWMO MPUHUMATh
BO BHMMaHHe. VM XOTs1 y Hac ellle HeT MOJHOW KBAaHTOBOW TeOPWUU TpaBUTAl[WH,
MBI 3HaeM, UTO Hauasio BceneHHoM ObII0 KBAHTOBBIM COObITHEM. B pe3ysbTare,
KOT/la Mbl 00beJUHU/IM KBAHTOBYIO TEOPHIO C 0011eli Teoprel OTHOCHUTeTbHOCTH
(o kpaiiHeil Mepe, BpeMEHHO), UTOObI MOMYUYHUTh TEOPUI0 UHOSAIUH, U XOTUM
BEPHYTbCS ellle Jajbllle, YTOObI TIOHSATH IIPOMCXOXKJeHHe BcejleHHOHN, MbI
JOJDKHBI 00BeIMHUTEL BCe HAIlM 3HAHUSA T10 0O0IIell TeOpUH OTHOCHUTETBHOCTH C
KBaHTOBOW TeOpHeM.

I/ICKpI/IBJIEHI/Ie IMIPpOCTpPAHCTBA. MaTepI/IH N SHeprud UCKPUBJIAIOT
IMMPpOCTPAHCTBO, U3MEHAA TPAEKTOPHUH ABVIKEHUS 00BLEKTOB.

YrtoObl pa3obpaThcsi, Kak 3T0 paboTaeT, HaM HY>KHO TIOHSTh TIPUHLIUTI, TIO
KOTODOMY TpaBUTaldsi HWCKPUB/seT TPOCTPAaHCTBO W BpeMs. HarnsigHo
1300pa3nTh WCKPUBJIEHWE MPOCTPAHCTBa TIPOIlle, ueM WCKDUBJIEHWE BPEeMEeHHU.
[TpencraBere cebe, UTO TOBEPXHOCTb OMIBSPAHOTO CTOMIa — 3TO BceseHHast.
Takasi TOBepXHOCTh TIpe/iCTaB/sieT cOO0M MI0CKOe MPOCTPAaHCTBO, MO KpaliHeil
Mepe Korjla Mbl MPUMEM BO BHMMaHME TOJbKO JBa u3MepeHusi. Eciu Bbl
TIOKaTHTe 10 CTOJY 11ap, OH OyzeT ABUrathbes 1o npsimot. Ho ecu cton Gyaer
T7le-TO UCKPYB/IeH UK Ha HeM OyzieT BraZiMHa (Kak MoKa3aHO Ha WITHOCTPALUK),
TO TPaeKTOpHs JBWKEHUS 111apa OTKJIOHUTCS OT MPSIMOM.

MO’KHO JIeTKO 3aMeTUTh, KaK B 3TOM TIPUMepe UCKPUBJISIETCS] OUIbSIDHBIN
CTOJI, TIOTOMY YTO OH M3rubaeTcsi BHYTPh WM Hapy)Ky B TPeTbeM U3MepeHuH,
KOTOpOe Mbl MOXXeM BUZeThb. [IpecTaBUTh UCKPUB/IEHUE POCTPAaHCTBA-BPEMEHU



B Hallel BceneHHOl TpyaHee, MOCKOJIbKY Mbl HE MOXKEM BbIUTH M3 Halllero
COOCTBEHHOTO TIPOCTPAHCTBa-BpeMeHU, UTOObl YBU/IETb 3TO WCKPHUBJIEHHE CO
cTopoHbl. HO MCKpUBIeHWe MOXKeT ObITh BBISB/IEHO, Jla)kKe eC/IU Bbl U He B
COCTOSIHUM OKa3aTbCs CHApY)KUM W B3IISHYTh Ha Hero B MaciiTtabe Oosiee
KPYITHOTO TIpOCTpaHCTBa. Ero Mo)KHO 0OHapy>XUTb W3HYTPU TOTO >Ke CamMOro
npocTpaHcTBa. [IpefcTaBbTe cebe MUKPOCKOMUUECKOTO MYypaBbsl, [I7isi KOTOPOTO
MIPOCTPAaHCTBO OrpaHWYeHO MOBEPXHOCTHIO CToJ1a. Jlajsiee He UMest BOSMOXKHOCTHU
MOKWHYTh CTOJI, MypaBel MOXXeT BBbISIBUTb WCKPUB/JEHHE IyTeM TOYHOIO
orpeziesieHdss paccTosiHMWd. Harmpumep, [J/MiHa OKPY)KHOCTM B TIJIOCKOM
TIPOCTPAHCTBe Bcerja uyTh OOJibllle, YeM TpOeKpaTHasi [JMHa ero AuaMmeTrpa
(TouHasi BeJIMUMHA T0/y4YaeTCsl YMHOXKeHUeM raMmeTpa Ha J1). Ho eciiu mypaBeid
TOW/IeT HalpSIMUK C OAHOM CTOPOHBbI OKPY>KHOCTH, OYepuMBarolleli BraJuHy Ha
crone (cm. wna., c. 151), Ha [pyryr0 ee CTOPOHY, TO OH OOHapy)XUT, UTO
paccTosiHie /10 JlanbHero Kpasi 0osibllie, ueM O)XXHjaeMasi OfiHa TPeThb [TUHbI
OKDY>KHOCTH. B cityuae ke, ec/ii Bra/[uHa I0CTaTOUHO 171y00Ka, MypaBeil MO>KeT
Jake OOHApY)KWUTb, UTO TyTh BOKPYI KOpoue, ueM HarpsiMuK. To >ke camoe
CIpaBe/IMBO M OTHOCWTETbHO WCKPUBJIEHUS] TPOCTPAaHCTBA B  Hallled
BcesileHHOM: 3TO MCKPUB/IEHUE BbITSTUBAET WM CXKUMaeT PacCTOSHUS MEXAY
TOYKaMH TPOCTPAHCTBA, U3MEHSII ero reoMeTpyi0 Wid (opMy Tak, UYTO 3TO
MOYXHO M3MepuTh W3HYTpu BcesneHHol. VIckpuBieHuMe BpeMeHH pacTSITUBaeT
WA CKUMaeT WHTepBa/ibl BpEMEeHU aHa/IOTMUHbBIM 00pa3oMm.

BoOpy>KUBLIKCh 3TUMU W[IeSIMU, JjaBaliTe BepHEMCSI K BOMPOCY O TOM, KaK
HauvHasack BceneHHasi. Mbl MOXXeM TOBOPUTb O TMPOCTPAHCTBE U BpEeMEHU
pa3zienbHO (Kak Mbl Yy)Ke U TIOCTylaJd B 3TOM 0OCyXJIeHWM), Korja
paccMaTpvBaeM CHUTyallUM C HU3KMMH CKOPOCTSIMH M C1aboil rpaBUTaliviei.
Boo0iiie ke BpeMsi ¥ IPOCTPAHCTBO MOT'YT OKa3aTbCsl TeCHO TeperyieTeHHbIMU, U
MOTOMY TMPOLIECChl UX PacCTSITMBAaHUSI M CKaTHs TOXXe B KAaKOW-TO CTereHu
CMEIIMBAIOTCS. DTO CMeIIMBaHUe WIrpajio Ba)KHYIO poJib B paHHel BceneHHoM u
SIBJISIETCS KJIFOUOM K TIOHMMAaHWIO Hayasla BpeMeHH!.
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I/ICKpI/IB]'IEHI/Ie IMpOCTPAHCTBA-BPEMEHH. MaTepH;[ N SHepruda
HNCKPUBJIAIOT Bpem4, Hn3-3a yero BpeMEHHOE€ n3MepeHume
rnepervieTaeTcsda C IIpOCTPaHCTBEHHLIM.

Boripoc 0 Hauasie BpeMeHM OTUaCTHM HallOMWHaeT BOIMPOC O Kpae Mupa.
Korga mwoau mpepactaBisiii cebe MUD TJIOCKMM, OHU 3a/lyMbIBaJiUCh, He
BBUILETCSI JTU MOpe uepe3 Kpail. ITO ObLJIO MPOBEPEHO Ha OMbITe, U 0Ka3aioCh,
YTO MOXKHO O00OWTU MMD BOKDYT U HUKYZAA He yracTb. Borpoc o Tom, 4To e
TIPOMCXOAUT Ha Kpalw MHpa, pelIW/cs, KOTAa /oAU TIOHSUTM, UTO MUP
Tipe/icTaB/isieT CO0OM He TUIOCKOCTb, a WCKPUBJIEHHYIO TOBEPXHOCTb. Bpewms,
O/IHAKO, BBIT/IS/IeZI0 TIOX0XKMM Ha 00paslioBbIl Kene3HOAOPOXKHbIN MmyTh. Eciu
ObI y Hero ObLJI0 Hauasio, TO /I0JKeH Obi Obl UMeTbCsl HEeKTO (To ecTh bor), KTo
3anyctun Obl JBWKeHUWe Tioe3loB. XoTs o0Ijasi Teopus OTHOCUTE/IbHOCTU
OnHIlTeliHAa 0ObeIMHIIAa BpeMsI U TIPOCTPAHCTBO B B/l TIPOCTPAaHCTBA-BpeMeHU
Y BK/IOUW/IA B PacCMOTpPeHHe OImpejile/leHHOe CMellMBaHWe MPOCTpPaHCTBa U
BpeMeHU, BpeMsi TO-TMPeXXHeMy OT/IMYaeTCss OT TIPOCTPAHCTBAa U JiMOO uMeeT
Hauasio W KoHell, /b0 AmuTcs BeuHO. OHAKO KaK TOJMBKO Mbl Jo0aBrsieM
3¢ peKThl KBAHTOBOW TEOPUM K TEODUM OTHOCHUTENbHOCTH, B TMpe/ebHbIX
C/lydasix UCKDUB/EHMEe MOXKET OKa3aThCsl CTOJIb CYIIIeCTBEHHBIM, UTO BpeMs
roBejeT ce0si Kak Zpyroe MpoCTPaHCTBEHHOE U3MepeHue.

B panHHeil BceneHHoli — korjja oHa Obljla CTOMb MasjiOi, UTO €0 MOI/IU
yMpaB/sTh KakK 001llasi Teopusi OTHOCUTeTbHOCTH, TaK U KBAaHTOBAasl TEOPUS], —



(hakTUYeCKu uMesioCh UeThbipe M3MepeHUs] B MPOCTPAHCTBE W HU OJHOTO BO
BpeMeHU. JTO O3HayaeT, YTO KOrZa Mbl TOBODUM O Hauaje BceneHHOH, TO
KacaeMcsl TOHKOT'O BOIpOcCa: Be/lb KOrza Mbl CMOTPUM Ha3ajl, Ha CaMyl0 PaHHIOO
BceneHHyto, TO BpeMeHHU B HallleM 00bIYHOM IMOHUMAaHUU TaM He CyIileCTBOBAJIO!
MBI 0/DKHBI TIPYU3HaTh, YTO HAIllW MPUBbIUHbIE MPeJCTaB/IeHUs O MPOCTPAHCTBe
¥ BpeMEHU HelpHMeHMMbl K caMOM paHHel BceseHHOW. JTO 3a mpejenamu
Halllero 0ObIYHOTO TTIOHUMAaHUsI, HO He 3a Tpe/le/laMU Halllero BOOOpa)keHUsT U/H
Haileli MmaTeMaTuku. Ecnu B paHHeil BceneHHOM Bce ueTbipe U3MepeHHs Bed
cebsi Kak MpPOCTpaHCTBeHHbIE, TO UTO Ke TMPOUCXOUT C HauajiloM BpeMeHU?

Oco3HaHue TOro, YTO BPeMsi MOXKeT BeCTH cebsi Kak ellje OZJHO HarpaB/ieHue
B TMPOCTPAHCTBe, ZlaeT BO3MOXXHOCTb U30aBUTbCA OT TOW MpobiIeMbl, UyTO y
BpeMeHU [J0/DKHO OBITh Hauaso, IOJ00HO TOMY KaK Mbl W30aBUIHCH OT
rpe/icTaB/aeHus 0 Kpae mupa. [Ipeanonoxum, yto Hauano BceneHHor — 3TO
Heuto Bpoge HOkHOro mnomtoca 3emnd, a rpajychl IIUPOTHI UIPAKOT POJib
BpeMeHU. OKPY>KHOCTH C TOCTOSTHHOM IIMPOTOM (Ha reorpaduueckoii KapTe OHU
Ha3bIBAIOTCS TlapasuienisiMu) OyayT u3o0paxkarb pasmep BcenenHoii. [To mepe
OBWKeHUs1 oT HO)KHOro mosnroca Ha CeBep 3T OKPY)KHOCTU PaCILUPSIFOTCS.
BcenenHasi Hauasnach Kak Todyka Ha FOxxHOM mosroce, HO HOKHBIV TTO/TIOC MaJsio
yeM oT/iMyaeTcs oT yiobout Apyroit Touku. CripailiviBaTh, 4TO ObIZIO /10 Hauasa
BceneHHoli, cTaHeT 0eCcCMBICTIEHHO, TOTOMY 4TO IokHee HO>KHOTO mMosOCa
HUYero HeT. B 3ToM mpuMepe MpOCTPaHCTBO-BpPeMsl He MMeeT TPaHUllbl — Ha
FO>xHOM TMO/t0ce 3aKOHbI MPUPOJbI Takue >Xe, KaK U B JAPYyrMX MecCTax.
AHaZIOTUUHO 3TOMY, KOrjla OOIlyl0 TEeOpHI0 OTHOCUTENHLHOCTU OObEeJUHSIFOT C
KBAaHTOBOU TeOpHel, BOMPOC O TOM, UYTO TPOU3OLIO [0 Hauyana BceseHHOW,
BBITTIIAUT OeccMBIC/IEHHBIM. OJTO TMpeZiCTaBleHre O TOM, 4YTO HCTOpUHU
BceneHHOM [O/DKHBI WMeTb BHJl 3aMKHYTBIX TIOBEpXHOCTeM 0e3 TIpaHMI],
Ha3bIBaeTCsl yC/I0oBUeM 6e3rpaHUUHOCTH.

B TeueHue CTONMETHM MHOTHe, BK/IOUas ApPHCTOTens, UTOObI H30eKaTh
BOMpOCa, Kak BO3HMK/IAa BceneHHas, To/arajiyd, 4YTO OHa JO/DKHA Obila
CyllleCTBOBaTh Bcerzga. [pyrue cuutanu, 4yto BceneHHas umesia Hauyajao, U
WCTIONBb30BaJIM 3TO KaK apryMeHT JiJisi loKa3aTesibcTBa Obitust bora. [loHnmaHue
TOTO, UTO BpeMmsi BefieT cebsi 1oj00HO TIPOCTPAHCTBY, /laeT HOBYIO albTePHATHUBY.
OTO pa3BerBaeT BEKOBOe BO3pakeHHe IO MOBOAY TOro, yto BceneHHass umesna
Hayasio, HO TakXke O3HayaeT, YTO HaudajoM BceneHHOM yIpaBisiiM HayuyHbIe
3aKOHBI 1 He ObIJI0 HY>K/IbI B TOM, UTOOBI ee MprBesT B BM)KeHHe HeKuii bor.

Ecmu mipoucxoxzaeHve BceneHHOUW ObLI0 KBAaHTOBBIM COOBITHEM, OHO
JIOJDKHO TOYHO OMNMChIBaThCSl (PeMHMaHOBCKOM CcymMo# uctopuil. OpHako
HeMpoOCTO TMPUMEHUTb KBAHTOBYIHO TeOpHIO KO Bceill BceseHHoW, rJe
Hab/mogaTeM — 4acTh HaOmogaeMoil cucteMbl. B rmaBe 4 MbI BUJeTH, Kak



YyacTULIbl MaTepud, TIpOJeTeBIIME uepe3 [ABYXIIeJeBYIO TMperpaay, Co3fanv
yuHTep(depeHIIMOHHbBIN y30p, TT0Z00HO Bo/HAM Ha Bofie. deliHMaH 0OBSICHUM 3TO
TeM, UTO YacTHlla He MMeeT eJWHCTBEeHHOW HCTOpWH, TO €eCTb, ABUrasiCh U3
HauajJbHOM TOUKM A B KOHEUHYHO TOYKYy B, oOHa ciefyeT He MO OAHOU
orpe/ie/ieHHOM TpAaeKTOpUMM, a OAHOBPEMEHHO TI0 BCEM  BO3MOXKHBIM
TPAeKTOPUSIM, COeJUHSIIOIIUM 3TH TOUKU. C Takou MO3ULIMU MHTep(epeHLus He
yOUBUTENbHA, T[OTOMY 4YTO YacTWlla, Harpumep, MOXXeT [POXOJUTh
OflHOBpEMeHHO uepe3 o00e 1enu U uHTepdepupoBaTth cama c coboii, Ge3
B3aUMOJENCTBUS C JpPYrMMH 4YacTUllaMUu. [IpuMeHUTenbHO K [JBMKEHUIO
yactullbl Metos, PeliHMaHa TOBOPUT HaM, UTO [Jisi BbIUKMC/EHUSI BEPOSITHOCTU
TOMa/laHusT YacTUI[bl B /0Oy KOHEUHYH) TOYKY HY)KHO pPacCMOTpeTh BCe
BO3MO)KHbIE UCTOPUU, TI0O KOTOPBIM UYacCTHL]a MOI/Ia MPOC/ie[0BaTh U3 HauaabHOU
TOUKM B KOHeuHyr0. Metonsl @PeliHMaHa MOXKHO WCIIO/b30BaTh, UYTOOBI
paccunTaTh KBAaHTOBbIE BEPOSTHOCTU i HabmomeHuii Bcenennoi. Ecmu ux
TIPUMEHUTh K BcenieHHON B 11e/loM, TO He MOXKeT ObITb HUKAaKOW TOUKU A,
M03TOMY Mbl CJIOKUM BCe€ WCTOPDUM, KOTOpbIE YAOBAETBOPSIOT YCJIOBUIO
0e3rpaHUYHOCTU U 3aKaHUYMBAKOTCSI BO BcesieHHOW, Habmomaemoli Hamu
CerofiHs.

B TakoMm noHuMaHuu BcesieHHasi TosiIBUIaCh CaMOIIPOU3BOJIBHO M Hauasa
pa3BUBATbCS BCEMU BO3MOKHBIMU IMyTSIMU. BOJBLIMHCTBO U3 HUX OTHOCUTCS K
JPYTUM BCeJleHHbIM. XOTSI HEKOTOpble W3 TeX BCEJIeHHbIX IOXOKM Ha Hallly,
OOJILIIMHCTBO M3 HUX CUIbHO OTJIMYAKOTCS OT Hee, TIPUYEM OTIMYAIOTCS He
TOJIBKO B JieTansix (Takux, Haripumep, Kak [elCTBUTeNbHO v OnBuc Ilpeciu
yMep MOJIOAbBIM WM TOAAIOT JIM MOPKOBb Ha JecepT), IJlaBHOE — OHHU
OT/IMYAIOTCS  Jake CBOWUMM  OYeBUAHBIMHM  3aKOHaMu  TIpUpofbl. B
JeICTBUTENIbHOCTU  CYLLIeCTBYyeT MHOXXECTBO BCEJeHHbIX C MHOXEeCTBOM
pa3UuYHbIX HA0OPOB U3nUeCcKrX 3aKOHOB. Koe-KTo /lefiaeT Be/IMKYHO 3arafiky v3
3TOM UZEeU, KOTOPYIO MHOT/A Ha3bIBalOT KOHLENLMeld My/IbTUBCEIeHHOW, HO 3TO
BCEro JIMIIIb WUHbIe BbIpaKeHUs1 (heiHMaHOBCKOW CYMMBI 110 BCEM UCTOPUSIM.

YrtoObl mpeAcTaBUTHL cebe 3TO, U3MEHUM TMPeAJIOKeHHYI OIJUHTTOHOM
aHaJIOTUI0 C HAAyBHbIM IIAaDUKOM W BMECTO 3TOr0  MpeACTaBUM
pacimpsirolytocss BceseHHy0 B BUZe TMOBEPXHOCTH My3bips. Hailla kapTuHa
CaMOTIPOU3BO/ILHOTO KBAaHTOBOTO BO3HUKHOBeHHUs1 BceneHHolt OyzeT Torza
HEMHOTO HarlOMUHaTh TOsIB/IeHHMEe TIy3bIpDbKOB Tlapa B KWMsIel BoZe.
MHOXeCTBO KpOILIeYHbIX My3bIPDHKOB MOSIB/ISIETCSA, @ IOTOM CHOBA ucue3aeT. OHu
1oZiI00HbI MUHU-BCE/IEHHBIM, KOTOpbIe PpaCIIUPSIIOTCS, HO TYT JKe JIOTaroTCs,
Oyzyuu Bce ellle MUKPOCKOTIMUECKOTO pa3mepa. OTU My3bIPbKU TIPe/|CTaBsIOT
coboif BO3MOXKHBbIE a/lbTepHAaTUBHbIe BCe/ieHHbIe, HO OHHM He BbI3bIBAIOT
Oo/BIIIOTO MHTepeca, TaK KaK HX JKU3Hb CJIMIIKOM KOPOTKa, 4TOObI [aTh



Pa3BUTLCS Ta/JlaKTUKaM U 3Be37laM, He TOBOPSl Y>K O pa3yMHOW >Xu3HU. OJHaKO
HEKOTOpbIe My3bIPbKM BbIPACTalOT [0 CTOMb KPYMHBIX pPa3MepoB, UTO y)Ke He
nonatotcs. OHu OyAyT MpoAo/DKaTh pACHIMPSTBCS CO BCE BO3pacTaroLeit
CKOPOCTBIO U 00pa3yroT My3bIpbKU Mapa, KOTOpble Mbl MOXXeM BHUZeTb. Takue
My3bIpDbKM COOTBETCTBYIOT BCE/€HHBbIM, HAUMHAIOIIUM pacClIMpeHue TIpU
MOCTOSIHHO PacTyllleid CKOPOCTH, — WHBIMU CJIOBaMH, BCEJIEHHbIM B COCTOSIHUU
UHOSIN.

MynbTuBceneHHasi. KBaHTOBbIe (hyKTyaluu BeAyT K MOSIB/IEHHUIO
KPOXOTHBIX BCEe/IeHHBbIX M3 HUYero. HekoTopble U3 HUX AOCTUTAIOT
KPUTUUECKOTO pa3Mepa, 3aTeMm, Osarojapsi UHMISIUMM, PaCIIUpPSIIOTCS,
dbopMUpys ralakTUKH, 3Be3/jbl U — M0 KpaliHell Mepe B OIHOM C/Ty4ae
— CyI1ecTB BpOJe Hac.

Kak Mbl y)Ke TOBOpPW/IM, BbI3BaHHOE WH(JIsILMEN pacllvpeHue BCeleHHbIX
He COBCeM OJHOpOAHO. B cymMme 1o UCTOpPUSAM eCThb JIUIIb OJHA IO/JHOCTHIO
OHOPOAHAsE W pery/spHas MCTOpUs, U OHa OydeT uMeTb HaUOOJIBIIYIO
BeposiTHOCTb. Ho 1 MHOTHe /IpyTrue, /UL C/leTKa HeoJHOPO/HbIe, OyIyT UMETh
TOUTH TakKWe >Ke BEepOsITHOCTU. BOT mouemy UHQUsALMS TpefCcKa3biBaeT, UTO
paHHsis BceneHHasi, ckopee Bcero, Oblia Cjlerka HeOJHOPOAHOM, UTO
COOTBETCTBYeT TeM HeOO/bIIUM pa3uuusM B UHTEHCUBHOCTH, KOTOpbie ObuIH
oOHapy>kKeHbl y KOCMUYeCKOT0 MUKPOBOJIHOBOTO (hOHOBOTO M3nyuenusi (KM®N).
C HeoTHOPOAHOCTSIMU B paHHel BceneHHoM Ham 1ioBe3sio. [Touemy ke moBe3/io?
Ila ToTOMy YTO OJHOPOJHOCTH XOpOIlla, €C/IU Bbl He XOTUTe, UTOObI CIMBKU
OTZIe/IU/INCh OT MOJIOKA, HO OJHOPOJHAs BCeJeHHasd — CKy4yHas BCeJIeHHa.



HeopgHopogHocTh B paHHeu BceneHHOW BaKHBI TOTOMY, UTO €C/IM HEKOTOPbIe
obmacTi MMeET UyTh OOMBIIYyI0 IIJIOTHOCTh, UYeM OCTa/lbHble, TO
I'PaBUTALIMOHHOE TIPUTSDKEHHE W30BITOUYHOW TIJIOTHOCTH 3aMeJIUT pacIiupeHue
9TOM 006/71aCTU M0 CPaBHEHUIO C OKPY»KarwiyuMu. [T0CKOMBKY Cuia TpaBUTAl[UU
MeJIJIeHHO CTATWBaeT MaTepyi0, 3TO B KOHEUHOM CYeTe MOXXeT MPUBeCTH K
KOJUIaricy v 06pa30BaHUI0 rajakTUK U 3Be3fl, UTO MOBjeueT 3a co60ii mosiB/ieHue
IJIaHeT Y 0 KpallHel Mepe B OJHOM Ciayudae — Jjrogeld. IloaTomy nocmorpute
BHUMaTe/lbHO Ha KapTy Heba B MMKDOBO/JIHOBOM Juaria3oHe. JTO TPOEKTHBIN
yepTeXX BCeX CTPYKTyp BO BcesieHHOM. MBI siBfsieMCsl IPOAYKTOM KBAaHTOBBIX
dbnykryanuii B oueHb paHHell BcesieHHoi. Bepyroliuii uesioBek Mor Obl CKa3aThb
00 sTom: Bor felicTBUTE/ILHO UTPaeT B KOCTU CO BcesieHHOM.

OTa uzes TPUBOAUT K TIpeJCTaBIeHHI0 0 BceseHHOH, KoTopoe Iy0OKO
OT/IMYAeTCs OT TPAJUI[MOHHONW KOHIIENIMM U TpeOyeT W3MeHeHHUsl Halllero
nojxoza K ucropurd BceneHHoi. UToOb! /lesiaTh MPOTHO3bl B KOCMOJIOTHH, HaM
HY)KHO paCCuvMTarb BepOSITHOCTM pa3/MYHbIX COCTOSIHUW BceneHHOW B
HacTosaiee BpeMs. B ¢u3rke 0ObIUHO BBIIBUTAOT MPEATIOI0KEHHE O HEKOTOPOM
Havya/JIbHOM COCTOSIHUA CUCTEMbI, a 3aTeM pacCMaTpUBaKOT ee pa3BUTUE BO
BPEMEHH, MCIIO/b3ysl  COOTBETCTBYIOIL[ME  MareMaTWdyeCKue  YypaBHEHWUSI.
YuuTbiBasi laHHbIE O COCTOSSHUM CUCTEMBI B KaKOe-TO BPeMsl, MOKHO MbITaThCS
BLIUMC/IUTE BEpPOSITHOCTb TOTO, UYTO CHCTeMa OyneTr B KakOM-TO JIpyroM
cocTtosiHUU B 0OoJsiee To3/[HEM BpeMeHU. B kocMmosioruu 0ObIYHO TIpe/ITiosiarator,
yTo y BcesieHHOW ofiHa oripefiesieHHasi UcTopusi. VIcronb3ysi 3aKOHbI (DH3UKU,
MOXXHO paCCUuTarh, Kak 3Ta UCTOPUSI pa3BHUBAEeTCS BO BpemeHU. B Kocmosnoruu
TaKOW TMOAXOJ, Ha3bIBAaeTCS «CHU3Y BBepx». HO MNOCKOMBKY MbI [JOJ/KHBI
MPpYHUMaTh BO BHMMaHHWEe KBaHTOBYIO TpUpPOAY BceneHHOUM, BbIpakKaeMyto
(heliHMaHOBCKOM CyMMOM MO HCTOPUSIM, TO aMIUIUTYy/la BEPOSITHOCTH TOTO, UTO
BceneHHasi cellyac HaxXxOAUTCA B OIpeJeIeHHOM COCTOSIHWMW, M0JydaeTcs
CyMMHPOBaHUEM BKJIa[IOB OT BCEX WCTOPUM, KOTOPbIE Y/IOBJIETBOPSIOT YCI0BUIO
6e3rpaHUYHOCTH W TIPUBOJSAT K PacCMaTpHBaeMOMYy (MCXOIHOMY) COCTOSIHHIO.
WNHbIMM C/TOBaMH, B KOCMOJIOTUU He HY>KHO MPOC/IeXXUBATh UCTOPUIO BceneHHOU
«CHU3Y BBepX», TMOCKOJIbKY 3TO MpejriosaraeT CyLjeCTBOBaHME eJUHCTBEeHHOU
WCTOPUU C YETKO OIpeJie/IeHHbIMU WCXOJHOM TOYKOM W pa3BUTHeM. Bmecto
3TOr0 HY)KHO TMpOC/JeAUTh HWCTOPUM «CBepPXy BHM3», TepeMeljasCh Ha3aj OT
HacTosIero BpemeHu. HekoTophele rctopuu OyayT 60siee BepOSITHBI, UeM JPyTHe,
a B UX CyMMe, Kak mpaBwio, Oyzer rmpeobnasaTh eAWHCTBEHHass HCTOPHS,
KOTOpasi HauMHaeTCsi C BO3HUKHOBeHUWs1 Bce/lleHHOM U 3aKaHUMBaeTCs B
paccMarpuBaeMoM COCTOSSHUA. HO BO3MOXHBI M [pyrhe WMCTOPUM, KOTOpbIe
npuBeM ObI K TOMY, UTO B HacTosiiee Bpemsi y BceneHHON MO ObI UMeThCS
VWHble COCTOsHMS. M3 3TOro TpoMCTeKaeT COBEpIIEHHO [APYrod B3IJIsi[, Ha



KOCMOJ/IOTMIO M Hd OTHOIIEHHE MEXIy HquHHOﬁ n ciaeacrBueM. I/ICTOPI/II/I,
BK/IKOUEHHBIE B Cl)EﬁHM&HOBCKYIO CyMMY, He HUMEKT He3daBHUCHUMOI'O
CylieCTBOBaHHA, OHH 3dBUCAT OT TOI'O, YTO H3MepAETCHd. CKopee MBI CO3daeM
HNCTOPHUIO BcenenHoii cBoum HHGJ’I}O,Z[EHI/IEM, 4eM ee UCTOPpHA COo34deT Hac.

MuKpoBo/HOBBIN (oH. ITa KapTa Heba co3mana B 2010 roay 1o
JaHHBLIM, coOpaHHBIM CyTHUKOM WMARP 3a cemb jeT. Pa3muuHbIMH
L[BeTaMU TOKa3aHbl (UIyKTyallud TeMIlepaTyphbl, UMeBIlIie MecTo 13,7
MWIIMapAa JieT Hasajd. AMIUIMTYAa TeMIlepaTypHbIX —pas3iuuyui
COCTaBJIsIeT MeHee OHOW ThICSIYHOM rpagyca Llenbcusi, u Bce xe OHU
CTa/M TeMU CeMeHaMH, M3 KOTOPbIX BbIPOCAM ranakTuku. (Kapra:
NASA u HayuHas rpynna npoekta WMAP)

To, uto BceneHHast He MeeT e[UHCTBEHHOW HE3aBUCUMOI OT Habrofares
VCTOPWH, MOXKeT MOKa3aTbCsl HECOBMECTUMbBIM C OIpe/le/IeHHbIMU M3BeCTHBIMU
HaMm dakTamu. Bo3moxkHa Kakasi-HUOy/b uctopusi BeceneHHoii, B KoTopoii JlyHa
cienaHa u3 ceipa pokdop. Ho mo Hamwmm Habmogenusiv JIyHa cjiefiaHa He U3
CbIpa, U 3TO IJI0Xasi HOBOCTh /ISl Mbllleil. 3HAaUMT, UCTOPWH, B KOTOpPbIX JlyHa
cle/laHa U3 CbIpa, He MMEIOT 3HaueHHWsl [/ HbIHEIIHero COCTOSIHWS Halllel
BcenieHHOM, XOTS1 OHM MOTYT UMeTh 3HaueHue JJisi Apyrux BcejleHHbIX. Bce 310
MOXOXKe Ha HayyHY0 (haHTaCTHKY, HO 3TO BOBCe He (haHTaCTHKa.

Ba)kHoe 3HaueHue KOCMOJIOTMUECKOrO MOAXO0[Aa «CBepPXy BHH3» COCTOUT B
TOM, 4YTO OY€BH/HbIe 3aKOHbI MPUPOAbI 3aBUCAT OT HCTOpYMH BceseHHOM.
MHorue yueHble T0JIaraloT, UTO CYIIeCTBYeT e/liHasi Teopusi, 0OBSICHSIOIIAs 3TU



3aKOHbl, a TakXKe U (PU3MUYeCcKWe KOHCTaHThbl TIPUPOAbI, TaKuWe Kak Macca
5JIEKTPOHA WIX Pa3MepHOCTb MPOCTPaHCTBa-BpeMeHu. Ho mpu noaxoge «cBepxy
BHH3» TpelOyeTcs, uToObl OueBH/HbIe 3aKOHBI TPUPO/JbI ObLIM PA3TAYHbBI /IS
Pas/IMYHbIX UCTOPUM.

Paccmotpum  Habsmioaemyto pasmepHocTb Bcenennoil. CoracHo M-
TeOpUM, y TIPOCTPAHCTBA-BPeMEHU UMEeTCA JeCATb IPOCTPAaHCTBEHHbBIX
VM3MepeHuM W OJHO BpeMmeHHoe. Mjes COCTOMUT B TOM, UTO CeMb
IPOCTPAHCTBEHHBIX M3MePEeHUM CBEPHYThI CTOJIb CHUJIbHO, YTO MBI He 3amedaem
uX U mnpeObiBaeM B WIIHO3UM, UTO CYI[ECTBYeT TOJIbKO TPU OCTaBIIMXCS
OO/MBIIMMM  W3MepeHUs, C KOTOPbIMM MbI 3HakOMbl. OAWH U3 IJIaBHBIX
HepelleHHbIX BOIMPOCOB B M-Teopur — rmioueMy B Hauled BceyeHHOW HeT
ApyTUX OO/BIINX U3MePeHUl U TIoueMy U3MepeHUsi CBEePThIBAOTCS?

MHorue xoTenu Obl MoJ/Iarath, YTO €CTh HEKWUN MeXaHU3M, 3aCTaB/ISFOIIUNA
BCe TIPOCTPAHCTBeHHble UW3MepeHUs, KpOMe TpeX, CaMOIIPOU3BOJIbHO
CBEepTHIBATLCS. VIHOM BapyuaHT COCTOUT B TOM, UTO BCe W3MePeHUsI MOT/IU ObITh C
CaMOro Hauaja CBEpHYTBI, HO 0 KakKOW-TO MPUUYMHE TPU IMPOCTPAaHCTBEHHBIX
V3MepeHUs1 pa3BepHY/IMCh, a OCTa/ibHble HeT. OHAKO MpeJCTaB/iseTCsl, YTO HeT
JUHAMUUECKOW TIpUUMHBI [7as  Toro, urToObl BcenmeHHass 3apoausiach
yeTblpexMepHOU. Kocmonoruss «cBepxy BHHM3» Mpe[CKa3blBaeT, 4YTO UHCJIO
OO/BIINX TMPOCTPAHCTBEHHBIX HW3MEPeHUM HUKAaKUM 3aKOHOM (U3UMKUA He
ycTaHaBnuBaetrcs. [ns  Kaxaoro uuciaa OOMBIIMX — MPOCTPAHCTBEHHBIX
U3MepeHud — OT Hy/As [0 fAecaTu — OyneT CBOS KBaHTOBas aMILIUTY[a
BEPOSITHOCTH. @DelHMaHOBCKasi CyMMa YUWTbIBaeT UX BCe, Jid KaXAou
BO3MOXKHOW ucTopuu BcesieHHOW, HO TOT HaO/ofaeMblii (hakT, UTO y Hallei
BceneHHolt umeeTcss Tpu OOJBIIIMX MPOCTPAHCTBEHHBIX M3MeDeHUsl, Bblfe/sieT
TIOJIK/IaCC UCTOPUM, UMEIOIUX TaKuhe CBONCTBA, KOTOpPble MOXHO HaO/OAaTh.
VHbIMU C/I0BaMU, KBaHTOBasi BEPOSATHOCTb TOro, 4To BceseHHas uMeeT WHbIe
TIPOCTPAHCTBEHHbIE M3MepeHuUs], KpoMe TpeX OOJIbIINX, He Ba)KHa, TaK KaK Mbl
y>Ke OIpeJie/IM/Iv ee pasMepHOCTb U YCTaHOBU/IM, UTO HAXO4UMCsl BO BceneHHou
C TpeMsi OOMBIIMMU TIPOCTPAHCTBEHHBIMU u3MepeHUsiMu. [lo3Tomy, TIOKa
aMIUIMTY/Ia BEPOSITHOCTH [I7Isl TPeX OOJBbIIMX MPOCTPAaHCTBEHHBIX M3MepeHul He
paBHa TOYHO HY/IIO, He Ba)KHO, HACKOJIBKO OHAa Majla 10 CPaBHEHUIO C
aMIUIMTYZI0OW BEPOSATHOCTU [JPYroro 4Yucjia W3MepeHul. ODTO BCe paBHO UTO
cripamvBath 006 aMIiIUTyzie BEPOSITHOCTH TOTO, UTO HbIHelliHWH [lama Pumckuii
kuTael. Mbl 3HaeM, UTO OH HeMel], XOTSl BepOsITHOCTb TOrO, UTO OH KHTaell,
BBIIIIe, TTOCKOBKY KHTaiilleB 6ombiie, ueM HemieB ., TouHo Tak ke MbI 3HaeM,
yTo y Haiieii BceseHHOUW Tpu OOMBIIMX TIPOCTPAHCTBEHHBIX W3MepeHus, U
TI03TOMY, Jla)Ke eC/id JIpyroe 4ucao OOJBIIMX TPOCTPAHCTBEHHBIX W3MepeHUit
MOKeT UMeTh OO/bIIyH0 aMIUTUTYy BePOSITHOCTH, HaC UHTEPEeCYIOT TOJIbKO Te



WCTOPHH, KOTOPbIE CBSI3aHbI C TPEMS U3MEPEHUSIMU.

A Kak >Xe CBepHYTble u3MepeHusi? BcnomHuM, uTo B M-Teopuu TOuHas
dopmMa OCTaBILIMXCS CBEPHYTBHIX M3MepeHWW — BHYTpeHHee MPOCTPAaHCTBO —
orpe/ie/isieT Kak 3HaueHUs (hr3nueCKUX BeJTMUMH Bpo/ie 3apsifia 3/IeKTPOHaA, TaK U
MPUPOAY B3aUMOJIEMCTBUSI MEXAY SJeMeHTapHbIMUA YacTUl[aMH, TO €eCTb
TIPUPO/HBIe CUJIbI (OHM Ha3bIBalOTCS (PyH/aMeHTalbHbIMU B3aUMO/IeiCTBUSIMU B
npupofie). Bce 310 ObulO OBl MpekpacHo, eciu Obl M-Teopusi IM03BOJisiia
M3MepeHHUsIM CBEPTLIBAaThCS TOJILKO B OFIHY (JOpMY WM XOTs Obl B HECKOJIBKO, U3
KOTOPBIX BCE, KpOMe OJJHOM, MO>KHO ObIJI0 ObI KAKUM-TO 00pa3oM HCK/IIOUUTh U
OCTaThCsl TOJMILKO C OAHOW (PopMOM, mpuemeMou /Jig O4YeBUIHBIX 3aKOHOB
npupoAsl. Ho CyIlecTBYIOT aMIIUTYAbl BepOSTHOCTH /IS, BO3MOXHO, 10°90
pa3/IMuHbIX BHYTPEHHUX TPOCTPAHCTB, U B Ka)KJOM CJiyyae [ej0 CBOAUTCS K
CBOMM COOCTBEHHBIM 3aKOHAM M BeJIMUKMHaAM i1 (PU3nueCcKUX KOHCTAHT.

Ecmu cTtpouth nctoputo BceneHHON «CHU3Y BBepX», TO HeT MPUUMHBI, T10
KOTOpOU BcesieHHas [J0/DKHA MPUKMTU K TAKOMY BHYTPEHHEMY MPOCTPAHCTBY /ISt
B3aMMO/IeHCTBUS YaCTHll, Kakoe Mbl HabmromaeM cerofHsi, — K CTaHZapTHOM
Mozienu (B3auMOJeUCTBYS 3/IeMeHTapHbIX yacTull). Ho eciy CTpouTh ee «CBepxy
BHU3», TO Mbl CUWTAeM, UTO CYL[eCTBYeT MHOKECTBO BCE/E€HHBIX CO BCEMU
BO3MOXXHbIMM BHYTPDEHHUMH TMPOCTPaHCTBaMU. B HEKOTOpPBIX BCEe/IEHHBIX
9/IEKTPOHbl BeCAT KaK Msu [l rojibda, a Cujaa TpaBUTALIUM CUJIbHee
MarHetusMa. K Haien BcenenHor nipumenrMa CTaHAapTHasi MOZeb CO BCEMU
ee nmnapamMeTrpamMu. MOXHO PpacCuuTaTb aMIUVIATY/ly BEPOSTHOCTU  [Jist
BHYTPEHHEro MpOCTPAHCTBa, NMPUBOZAILYI0 K CTaHAAapTHOU MO/ Ha OCHOBE
yc/ioBUsl 6e3rpaHUYHOCTH. Kak ¥ B Cyuae C BepPOSTHOCTBIO CYIl[eCTBOBAHUS
BCEJIEHHOM C TpeMsi OOJIBIIIMMM MPOCTPAHCTBEHHLIMM U3MEPEHUSIMH, He BayKHO,
HACKOJIbKO MaJjla 3Ta aMIVIUTY/la [0 CPaBHEHUIO C JIDYTUMH, Belb MbI YXKe
3ameTwd, yTo CTaHAapTHast MOZie/lb OMMChIBAeT Hallly BceneHHyto.

Teopuro, 0 KOTOPOW MbI pacCKa3blBaeM B 3TOU IVIaBe, MOXXHO MPOBEPUT.
PaHee y)ke TOBOPWIOCh, UTO OTHOCHUTE/bHbIE aMIUIUTYAbl BEPOSITHOCTHU He
VMEIOT 3HaueHWsl /i PaJMKaJbHO pa3/MyarollnuXCs BCEJEHHbIX, Harnpumep
TaKUX, Y KOTOPBIX APyroe uuca0 OOMbIIMX TMPOCTPAHCTBEHHBIX W3MeEpPEHUH.
OpHakKo OTHOCHUTe/IbHbIE aMIUIMTYAbl BEPOSITHOCTH i COCeAHUX (TO eCTb
TTOXOXKMX) BCEJIEHHbIX Ba)kHBI. YC0BHe 0e3rpaHUYHOCTH IIpeArio/iaraeT, 4To
aMIIUTyJla BEPOSITHOCTH Hauboyiee BejWMKa [Jigd TeX HCTOPUM, B KOTOPBIX
BCe/leHHass HauMHaeTCss abCOMIOTHO OAHOPOAHOW. [Insi Gonee HeOMHOPOHBIX
BCEJIEHHbIX aMIVIUTY/la YMEHbIaeTCsl. JTO O3HadaeT, YTO paHHssA BCeJIeHHast
OblJla TIOUTH PAaBHOMEPHOM, HO C HeOOMbIIMMU HEOZHOPOAHOCTIMH. MBI yxKe
OTM€Ya/Id, UTO S5TU HEOAHOPOJHOCTHM MOXKHO HabO/MofaTh Kak Hebosblive
OTK/IOHEeHMs1 OT (JOHOBOU BeJITMUUHBI MUKPOBOJIHOBOT'O W3/TyUYeHusl, IPUXOASIIEro



C pa3/MuHbIX HarpaBieHud HeOa. B0 0OHapy>keHO, UTO 3TH OTK/IOHEHUS
TOYHO COT/IaCYIOTCS C 001MMU TpeGoBaHUSAMU UHGISLIMOHHON TEOPUHU.

OpHako HY>XHbI Oojlee TOUHbIe U3MepeHUsi, UTOObI TIOTHOCTBI0 000COOUTD
TEOPUI0 «CBEPXYy BHM3» OT JPYr'MX U JKMOO MOATBEpPAUTH ee, JUOO OT Hee
OTKa3arbCsi. MBI HajieeMCsl, UTO Takue u3MepeHus B Oy/yilleM CMOTYT MPOBeCTU
CO CITYTHHUKOB.

CoTHuU JieT Hasaj JIoAW JyMaju, uTo 3emsis YHUKa/bHa U pacrojioXKeHa B
1ieHTpe BcenenHoii. CerofiHs Mbl 3HaeM, UTO TOJIBKO B Hallleil ['aakTvke COTHU
MUJITUAP/J0B 3Be3]] U y MHOTUX U3 HUX UMEIOTCs TJlaHeTHbIe CUCTeMbl. Kpome
Hallleli ecTh ellle COTHU MWIJIMAP/OB Ta/lakTUK. BbIBOJbI, OMMCaHHbIE B 3TOMU
I7IaBe, YKa3bIBalOT, UTO CaMa Hallla BcesieHHasi TOBKO OfiHA U3 MHOTMX U UTO
JeNCTBYIOIIMe B Hell OueBU/IHbIe 3aKOHBI He SIBJISIIOTCSI OTpeJie/IeHHbIMU pa3 U
HaBceraa. DTO /IO/DKHO pa3ouapoBaTh TeX, KTO Haflesicsi, UTO OKOHUaTebHast
Teopusi, TeOpPUsi BCEro, OMpeeuT TIPUPoAy OObIuHON (PU3MKU. MBI He MOXKeM
npeficka3aTb JUCKpPeTHble O0COOEHHOCTH, Takue KaK UUCI0  OOJbIIUX
TIPOCTPAHCTBEHHBIX HW3MEPeHUM WM BHYTPeHHee TPOCTPAHCTBO, KOTOPbIE
orpefieNsitOT HaO/ofaeMble HaMy (U3UUYeCKHe BeUYMHbBI, HAllpUMep Maccy U
3apsifi 37IeKTPOHA M APYTUX 3/IeMeHTapHBIX YacTull. MBI CKOpee UCMO/b3yeM 3TU
yKcsia, YToObl BBISICHUTD, KaKie UCTOPUM BOIIIU B (PeMTHMAHOBCKYHO CyMMY.

[Toxoke, Mbl HaXOIUMCs B KDUTUUECKOW TOUKe B WCTOPUM HAyKH, U Ham
c/iefiyeT U3MEHUTh Hallle TIOHUMaHWe 1jefieid U TOro, uTo fiesiaeT (pU3NUecKyro
Teopuio rpuemsieMon. Kaxxercsi, uTo (yHAaMeHTabHbIe UMC/ia U Aaxe dopma
OUYEeBU/IHbIX 3aKOHOB TIDUPOJbl He BbI3BaHbI JIOTUKOW WM (PU3rueCcKUMU
npuHLMnamMu. [lapameTpbl MOTYT TIDUHSATH pa3Hble 3HAueHUs, a 3aKOHbl —
mobyto  ¢opMy, KoTOpas TPUBOAUT K BHYTPEHHE HEINPOTUBOPEUNBOM
MaTeMaTUueCKOM Teopud, W B WHBIX BCEJIeHHbIX OHU [IeliCTBUTE/IbHO
TIPUHUMAIOT Jpyrye 3HaueHus U Apyrue (opMbl. DTO MOXKET TPOTUBOPEUUTH
HallleMy TIPUBBIYHOMY CTPEMJIEHHIO Ka3aThbCsl UeM-TO 0COOEHHBIM UJTU >KeTaHUI0
OTKDBITh UeTKUI Habop Bcex 3aKOHOB (PM3WKU, HO TIPUPOJA, TOXKaIyl, yCTpoeHa
MMEeHHO TaKuM 0bpa3om.

[Toxoxke, UTO CyIlleCTByeT BeJIMKOe pa3HOOOpa3ve BO3MOXKHBIX THIIOB
BCcesleHHbIX. Kak MbI yBUJUM B CJefylollleil I/iaBe, BCeIeHHbIX, B KOTOPBIX
MOyKeT OBbITh >KW3Hb, 110/j00Has Halllei, oueHb Majio. Mbl KUBEM B OJHOU U3 TeX,
T7ie KU3Hb BO3MOXKHA, HO ecnu Obl Halla BceneHHasi Obljla XOTh UyTOUKY WHOM,
TO CYII[eCTBa, 1Mo/J00HbIe HaM, He MOT/IA Obl B Hell KUTb.

Kakoli e BBIBOJ HYXHO CJe/laTb M3 «TOYHOM HACTPOMKW» Hallen
BcenenHo#i? CiyKUT /4 3TO [lOKa3aTelbCTBOM TOTO, UTO OHa Oblla
CIIpOeKTHpOBaHa Omaro)kesnaresibHbIM co3zatesieM? Wiy Hayka Tmipefjiaraet
Apyroe o0bsicHeHUe?



7. KaxyI1neecs uyo

Kuraiickas siereHjja roBeCTByeT O BpeMeHU B mepuof AuHactiu Cs (OK.
2205 — ok. 1782 po H. 3.), KOorja MHAp BOKDPYI Hallled [UIaHeTbl BHE3arHo
nipeobpasuscsi. Ha Hebe mosiBUIOCH [lecATh conHIl. JIFOAu Ha 3emse CUIBHO
CTpajiaiy OT »Kaphbl, TIOTOMY UMIIEpaTop MoBesie/l 3HaMeHUTOMY JTYYHUKY COUTH
CTpesaMH JUILIHUE CcBeTW/a. JIyUHUK ObLT BO3HarpakieH CcHaflobbeM, KOTOpoe
MOIJIO CZiesiaThb ero OecCMepTHBIM, HO JKeHa TIOXUTW/IA y Hero 3TOT 3/IUKCUD
»KU3HHU, 3a uTO Obl/a OTMpaB/ieHa B U3rHaHWe Ha JIyHY.

Kuraiiipl cripaBefyiuBo mosiaranv, 4ro CoJjiHeyHasi CUCTema, B KOTOpOM
JeCsiTh CBeTHJI, HebaronpusTHa Jijisl uesioBeueckoi xxu3Hu. CerofiHs Mbl 3HaeM,
YTO, HECMOTPS Ha MpeKpacHble YCI0BUS JJIs 3arapa, »KU3Hb, BEPOSITHO, HUKOI/1A
He Tosyursa Obl pa3BUTHSI HU B OJJHOM U3 CUCTEM C HECKOJbKHMMH COJIHI[aMHU.
[TpuumHbl 3TOro ObLIM ObI He CTOJb TIPOCTHIMU, KaK UCIIeTesstolias »kapa, O
KOTODOU TOBOPUTCS B KUTaWCKou JereHfe. IlpaBma, ru1aHeTbl, KOTOpbIe
BpAILlalOTCsl Cpa3y BOKPYT HECKOMbKUX 3Be3l, MOTYT 00/1ajjaTb HOPMa/bHOU
TemriepaTypoH, 1o KpaiiHell Mepe Kakoe-To BpeMsi. Ho paBHOMepHbIii 060TpeB B
TeueHue [JIUTeJIbHOTO BpeMeHH, HeoOXOAUMbIN [l JKU3HU, ObUT OBl
MasioBeposiTeH. UTOObI MOHSTh, OUeMY 3TO TaK, pACCMOTPUM, UTO MPOUCXO/IUT C
MpOCTeNIIeld U3 MHOIO3Be3[HbIX CHUCTeM, KOTOpasi COCTOMT W3 JBYX 3Be3[ U
Ha3bIBaeTCs IBOMHOM 3Be37i0i. [IpMepHO I0I0BUHA BCeX 3Be3/ Ha HeOe BXOAUT
MMEHHO B Takue oOpa3oBaHusi. Ho [axe B 3TUX MPOCTEMIIUX CUCTEMax
JIBOMHBIX 3Be3]] MOTYT CyIl[eCTBOBAThb JIMIIIL OTMpe/ie/ieHHbIe TUIIbI CTabUIbHBIX
TIJIAaHeTHBIX OPOUT, BU/l KOTOPBIX TMOKa3aH Ha WIMHOCTpaLWuU Bbilie. Ha kaxmoi
13 3TUX OpOUT, BePOSITHO, UMEIOTCSI YUaCTKH, Ha KOTOPBIX I/laHeTa CTAaHOBUTCS
CJIMIIKOM TOpsiueid WK CJIUIIKOM XOJIOMHOW, [/si TOro 4tobbl Ha Hell Moryia
TIO/IleP>KUBAThLCS XKU3Hb. B crcTeMax, r7ie 3Be3z; 00sibllle, CUTyal[Us ellje XyKe.



[TnaHeTHble OpOWTHI BOKDYT ABOMHBIX 3Be3. Ha TiaHeTax B
[JBOMHBIX 3BE3[JHBIX CHUCTEMax yCJIOBUS [Ji1 JKWA3HU, BEPOSITHO,
HeMoJXo/sll1e: B KaKUe-TO Ce30HblI TaM C/IULLIKOM >KapKo, a B Kakue-
TO — CJIMIIKOM XOJIOZHO.

YcnoBust B Hamieid ConHeuHOW cucTeMe Jpyrue, yaaduHble, 6e3 HHUX
C/I0’KHBIe (POPMBI )KU3HU He MOTI/IU Obl pa3BUThCS. Hamprmep, B COOTBETCTBUU C
3akoHaMu HbloToHa OpOUTHI MIaHeT MOryT ObITh MO0 Kpyramu, aubo
9JTUTICAMU. DJITUTIC — 3TO CIUTFOCHYTasi OKPY)KHOCTb, OH 0oJiee IIIMPOKUH, 4eM
OKDY>KHOCTb, TI0 OfHOW ocu u Oonee y3kuii — 10 gpyroii. CrTerneHb
CTUTFOCHYTOCTH JI/IUTICA OTTMCHIBAETCSI TaK Ha3bIBa€MbIM 3KCLIEHTPUCUTETOM —
YUCJIOM OT HY/S [0 eJUHUIIbl. DKCIIeHTPUCUTeT, ONMU3KUN K HY/H0, O3Hayaert
burypy, O/M3KyI0 K OKPY>KHOCTH, a IKCLIEHTPUCUTeT, OJU3KUNA K efUHulle, —
OueHb CIUIIOCHYTYIO ¢urypy. Keriep Ob1 oropueH, oOHapykuB, UTO TIJIAaHEThI
JOBWDKYTCSI He TI0 UJeaJbHbIM OKDY)KHOCTSIM, HO opOuTta 3em/id HMeeT
9KCLIEHTPUCUTET OKOJIO /IByX TIPOLIEHTOB, TO €CTh TPe/CTaB/isieT COO0M TMouTH
OKpY>KHOCTh. Kak 0ka3anochk, 3To 60/bilioe Be3eHue.



OKCLIEHTPUCUTEThL. DJKCLIEHTPUCUTET — 3TO TOKas3aTe/ib TOro,
HACKOMbKO 3/IIuMC O/MM30K K OKpy)XHOCTU. KpyroBbie opOUTHI
G/1arorpuUsTHBI JJisl )KU3HU, @ CUTBHO BBITSHYTbIE OPOUTHI TIPUBOJAT K
OOJIBIIIMM Ce30HHBIM KOjie0aHUSIM TeMIepaTyphl.

Ce3oHHbIe 0COOEHHOCTU TIOTO/ABI Ha 3emJsie OIpeJe/IsIFoTCS B OCHOBHOM
HaK/IOHOM OCU BpallleHuss 3eM/IM K TIJIOCKOCTU ee opbuthkl Bokpyr CosHIa.
Harnpumep, korma B CeBepHOM Tonyliapud 3uMa, TO CeBepHbIM TMOJOC
HAK/IOHEH B CTOPOHY, NPOTUBONOMOKHYO CosHily. To, yTo 3em/si B 3TO BpeMmsi
HaXO/JIJUTCS HA MUHUMAJIbHOM paccTosiHuu oT CoHia — Bcero B 91,5 MWITMOHA
MWIb, B OT/IMYME MNPUMEpPHO OT 94,5 MWUIMOHAa MW/Ib B Haudaje WIS, —
OKa3bIBaeT COBCEM HE3HAUWTe/IbHOE BJ/IMSHME Ha TeMIlepaTypy M0 CPaBHEHUIO C
BIUSIHMEM Hak/JoHa ocd. Ho Ha TmmaHetax C OOJBIIMM 3KCLIEHTPHUCHUTETOM
opbuTthl n3MeHeHue paccTtosiHuss oT CosHIla UrpaeT ropas3no OoMblilyio pOJib.
Hampumep, Ha MepKypuM, 3KCLIEHTpUCUTET opOuThl Kotoporo 20 %,
Temrieparypa 0osee uem Ha 200 rpazycoB o ®@apeHreiTy BbIllle B TOT MepUO/,
Korjia TuiaHeTa 6mike Bcero K CosHily (B repurenivu), ueM Korjja OHa yziajieHa
Ha MakcuMasbHoe pacctosiHnve ot ConHila (B adenuu). Ecmu Ob1 9KCLIEHTPUCUTET
3eMHON OpOMTBHI OBLT OKOJIO e[WHWIIbI, Hallld OKeaHbl 3aKWMaau Obl mpu
JOCTW>KeHUU 3eMJieit Omvkaiiiieit K CoHITY TOUKM M 3aMep3ay Obl TIpU HallleM
yAaseHuu Ha MaKCUMaJ/lbHOe PacCTOsiHWe, UTO fiesiasio Obl U 3UMHUE, U JIeTHUE
OTITyCKa He OueHb MpUSATHBIMUA. OpOUTHI C GOMBIIMMU IKCIIEHTPUCUTETAMU He
CMIOCOOCTBYIOT KU3HH, TIO3TOMY HaM TIOBe3/10 0Ka3aThCsl Ha IJlaHeTe, Y KOTOPOii



9KCI[eHTPUCUTET OpPOUTHI B6/IM30K K HYJTIO.

Ham Takyke moBe3/10 C OTHOLIIeHMeM MaccChl Halero CoJiHIa K paCCTOSSHUIO
OT Hero /10 3emM/Id, TMOCKOJBbKY Macca 3Be3/bl Orpeje/isseT KOIU4YeCTBO
OT/ZIaBa€MOM €10 SHEepPruM. Y caMbIX OOJBIIMX 3Be37] Macca IMPUMEPHO B CTO pa3
6onbliie, ueM y Hairero CoJHIIa, a Y CaMbIX MaJleHbKHUX — TIPUMEPHO B CTO pa3
MeHbIlle. I Bce ke mpu AaHHOM pacctosiHii oT ConHia 0 3eMJid, OKaXKUCh
Macca Comaija Ha 20 % wMeHbine wuad Oonbine, Ha 3emje ObUIO OBl
COOTBETCTBEHHO WJ/IM XOJIO[HEee, yeM celyac Ha Mapce, wim >kapue, yem cerluac

Ha Benepe.
OO6bIuHO 7151 /1000 3Be3/Ibl yueHble OTpeie/isiioT TaK Ha3bIBAEMYIO «30HY
obuTaHus» — Yy3KyH0 00/7acTb BOKDYT 3Be3/bl, T7le Temrieparypa JOIyCKaeT

CyLL[eCTBOBaHHE BO/Ibl B YKUJKOM COCTOSIHUW. DTy MPUTOAHYIO [JIs1 )KU3HU 30HY
WHOT/Ia Ha3bIBAlOT 30HOM 3/71aTOB/IACKU, TaK Kak TpeOOBaHUe O HATUUUU >KUKON
BO/IbI O3HAuaeT, UTO /i1 PA3BUTUS Pa3yMHOM >KU3HU HE0OXOAUMO, UTOObI
TeMIlepaTypbl Ha IjlaHeTe ObLIM, TOBOPs CJIOBaMH 3/1aTOB/IACKH, «B CaMbId
pas»l2l. B nameit ComHeunoii cucteMe 30Ha 06MTaHMs TIPOCTO KPOILIeYHast (CM.
un. Bbille). K cyacTbio /151 TeX, KTO OTHOCUTCS K (hopMaM pa3yMHOW >KU3HH,
3em/1s ronasna B ee rnpe/eibl!

3ona 3naroBnacku. Eciu 6b1 3/aToBnacka Jiesiana BeI6Op MeXIy
TJlaHeTaMu, OHa Obl OOHApY)KuW/a, UTO AJisl )KU3HU TIPUTOJHBI TOJBKO
Te, KOTOpble HaXOAATCS B 3e/ieHOU 30He. JKenTast 3Be3za nsobpakaet



Hatie CosHile. bosiee cBeT/ibie 3Be3/bl KPyITHee ero u ropsiuee, 6osee
KpacCHble — MeHbIIle ¥ XoJioHee. [11aHeThl, pacriosiokeHHbIe K CBOUM
conHIlaM OJvoKe, ueM 3ejieHast 30Ha, C/IUIIKOM Topsiuue Zjist XKU3HU, a
TIJIAHETHI TI0 AIPYTYH0 CTOPOHY 3e/IeHOM 30HbI — CJIMIIIKOM XOJIO/IHBIE.
YeM xos10ZiHee 3Be3/ia, TeEM MeHbllle TIPUTO/IHA /IJIs )KU3HU 30Ha.

Hbl0TOH T0/1aras, UTO Hallla CTpPaHHBLIM 00pa3oM TPUTOAHAs /IS YKA3HU
ConHeuHasi cucTeMa «He BO3HMKJ/IA U3 XaoCa BCETo JIILIb 10 3aKOHaM TIPUPOJbI».
OH yTBepXZas, UTO TOPSJOK BO BceneHHOU ObIM «epBOHAaYa/JbHO CO37IaH
borom M coxpaHeH UM M0 Cel [ileHb B TOM JX€ COCTOSIHUM U (opme». Jlerko
MOHATh, TIOUeEMYy MOXXHO OBbIZIO Tak mMoAyMaTb. MHOXXeCTBO HEBEPOSITHBIX
C/Ty4aliHOCTeM, KOTOPbIe COBIMAJIH, C/leJlaB BOSMOKHBIM Hallle CyllleCTBOBaHUE U
GnaronpusTHOe [/ HaC YCTPOMCTBO MHpA, AEMCTBUTENBHO BbI3bIBAIA Obl
HefloyMeHUe, ecnv Obl Haila CosiHeuHasi cucTeMa Oblsla @ IMHCTBEHHOUM B CBOEM
poge BOo Bcenennou. Ho B 1992 romy mnpou3onuio MepBoe AOCTOBEPHOE
Hab/ro/IeHue T/IaHeThl, Bpalllaloll|eiicsi BOKPYT APYrou 3Be3/bl. Tereps M3BeCTHO
0 COTHSIX TAaKWX IUIAHET, U Maji0 KTO COMHEBAeTCsl, UTO Cpeii MUJJIUAP/IOB 3BE3]
B Haieli BceneHHO# ux Oecuuc/ieHHOe MHOXKECTBO. DTO [iejlaeT COBIMa/leHue
yCJIOBUM Ha Hallleil IylaHeTe — eJUHCTBEHHOe COJIHLIe, YlayHOe COYeTaHHe ero
MacChl C pacCTOSSHWEM OT Hero [0 3eM/IM — HAaMHOTIO MeHee JI00OMNBITHBIM U
HaMHOTO MeHee yOeAWTe/NbHBIM B KauecTBe CBUjeTeNbCTBA TIIATeIHLHOTO
TIPOEKTUPOBaHUs 3eM/IM C TeM JIMIllb, YTOObI yrOAWThL HaM, 4Ye/IoBeueCKUM
cyiiectBaM. ECTb miaHeTbl pa3HbIX TUIIOB, @ HEKOTOpble — T10 KpaWHeW mepe
0/THa — OKa3a/MCh MPUTOAHBI JJ/I51 )KU3HU, Y KOIjla CyIlleCcTBa Ha MPUTOAHOM /151
JKU3HU TIaHeTe U3Yy4aroT OKPY)Kalol[ui UX MHUDP, OHU HelmpeMeHHO OOHapyKar,
YTO WX TIJlaHEeTa COOTBETCTBYET TeM YC/IOBUSIM, KOTOPble HeOOXOJUMBI [T MX
CylLLleCTBOBaHHUSI.

[TocnenHee yTBepskK/leHHME MOKHO TIPEBPATUTh B HAyUHBIM MPUHIUIT: CAMO
Hallle CyleCTBOBaHMWE AVKTYyeT MpaBuW/a, ONpeesstoiue, OTKyJa U KOrja MbI
MokeM HabOsmropath BcenenHyto. To ecTh cam (pakT Halero CyijeCTBOBAHUS
OrpaHUYMBaeT XapaKTePUCTUKU OKDPY>KEHUsl, B KOTOPOM Mbl HaxOAUMCS. ODTOT
TIPUHIUI HAa3bIBAIOT C/a0bIM aHTPOIHLIM MPUHLUIIOM. (BcKope MbI yBUINM,
rnoueMy o0aBleHO TIpWiarate/ibHOe «cCjabblii».) BMecTo «aHTpPOMHBIN
TIPUHLUI» JTyuliie ObLI0 ObI TOBOPUTDH «ITPUHIIUIT 0TOOpa», TTOCKOIBKY OH CBSI3aH
C TeM, Kak Haile coOCTBeHHOe 3HaHWe O HallleM CYII[eCTBOBAaHWU AUKTYeT
TpaBU/Ia, KOTOPble BLIOMPAIOT W3 BCEX BO3MOKHBIX OKPY)KAIOIMX YC/IOBUM
TOJIBKO Te, KOTOPbIe MO3BOJISIFOT CYIlleCTBOBAaHUE KU3HU.

XOTb 3TO Y 3BYUHT HECKOJBKO (hHI0CO(PCKH, C/1aOblii aHTPOITHBIN TTPUHITUT
MOXXHO WCIT0/Ib30BaTh [/I1 HAyUYHBIX Mpe/iCKa3aHul (HampuMmep, OTHOCUTEBHO



Bo3pacTta BcenenHoii). Kak Mbl BCKOpe yBUAWM, UTOOBI ObLIO BO3MOXKHO Hallie
CylleCcTBOBaHWe, BcesieHHasi JO/KHA COJlepKaTh TaKUe XUMUUYeCKHe 3/IeMEHThI,
KakK yriepo/i, KOTopblii oOpa3yetcst u3 Oosiee JIeTKUX 3/1IEMEHTOB BHYTDU 3Be3[.
[Totom yriepof, 1o/KeH ObLT pacCcesaTbCsl B IPOCTPAaHCTBE B3PhIBOM CBEPXHOBOM
3Be3/lbl U B KOHEUHOM CYeTe CKOHJIEHCMPOBAaTbCS KaK 4YaCThb TUIAHEThI TIpU
POXKJEHUU HOBOM cojiHeuHOW cucteMbl. B 1961 rogy amepukaHckuii (Gu3MK
Pob6ept ukke (1916—-1997) nan obocHOBaHMe TOTO, UTO 3TOT TMPOLECC 3aHUMAeT
0ko0/iI0 10 MW/IMAPZIOB JIET, TAaK YTO Halle MPUCYTCTBUE 3/leChb O3HA4aeT, UTo
BceneHHast [o/bkHa OBITb 1O MeHbIlleli Mepe Takoro Bo3pacta. C apyroi
CTOPOHBI, BO3pacT BceneHHoll He Mo)eT ObITb HamHOro Oonbie uem 10
MUJITUAPJOB JieT, TIOCKOJIbKY B Jla/iekoM OyayliiieM BCe TOIUIMBO [Jisi 3Be3[|
M3pacxo/lyeTcsi, a HaM [ijisl TIOZiep>KaHUs >KU3HU TPeOyloTCsl Topsiurie 3Be3/Ibl.
CnenoBarenbHO, BceneHHoOW A0/mDKHO OBbITh Okosio 10 MuIIMapAoB J/ieT. DTO
MPOTHO3 HEe OuYeHb TOYHBIM, HO BEPHBIU, BeJb COIIACHO TOCJIEIHUM [JaHHBIM,
Bonb1ol B3peIB Ipou301Lies puMepHo 13,7 musivap/a jiet Has3af,.

Kak u B ciyuae C ompefesieHreM Bo3pacTa BceneHHOM, aHTpOITHbIe
Tpe/icka3aHusi OOBIUHO [AIOT JIMIIL JWaria30H 3HaueHWd /s KaK[oro
(h13MyeCcKoro mapamMmeTpa, HO He YKa3bIBalOT TOYHOU Be/IMUUHbBI. DTO ITOTOMY, UTO
Hallle CyIeCTBOBaHWE YaCTO 3aBUCUT OT IapaMeTPOB, He CJIUIIKOM CHJIbHO
OT/IMYAIOIIUXCS OT TeX 3HaueHWi, KOTOpble OOBLIUHO HAO/MIO[AIOTCS, XOTS [I/Is
Kakoro-i16o (usnueckoro rnapameTpa MOXKeT W He TpeOOBaThbCs OUueHb TOYHOTO
3HaueHUsi. K TOMy ke Mbl HaJileeMCsl, UYTO HbIHEeIlIHWe YCJOBUSI B HallleM MHpPe
TUMWYHBI B TpeJlesiax Auaria3oHa, JOMyCTUMOrO C aHTPOMHOM TOYKU 3PEHUSs.
HampumMep, ec/v JIMIb yMepeHHbIe 3KCIIEHTPUCHUTEThI OPOUT — CKaxkeM, OT 0
no 0,5 — MOo3BOJISIFOT Cyl[eCTBOBaHUE >KU3HM, TO SKcueHTpucuter 0,1 He
JOJDKeH YIMB/IATb HAC, TaK KaK BIIOJIHE BepOSATHO, UTO OpOWTHI BecbMa
3HAUUTE/IbHOM uacTH TUlaHeT BO BceseHHOM 00/1afjal0T CTOMBL K€ MaJbiM
9KCIieHTpUcuTeToM. Ho ecu ObI OKa3asioch, UTO 3eM/si JBWKETCS 10 TTOUTH
W/lea/IbHOM OKDPY>KHOCTH C 3KCL[eHTpUcuTeToM, ckaxkeM, 0,000 000 000 01, sTo
czeniano Obl ee IEMCTBUTE/ILHO COBEpIIIeHHO 0C000H MiaHeToOM, ¥ Mbl ObLTH ObI
BBIHYK/I€HBI TIBITaThCSI OObSICHUTh, TIOUEMY MbI OKa3a/IMCh B TAKOM aHOMAJIbHOM
MecTe. JTy ujero (0 TOM, UTO HU 3eMJisl, HU JIF0[Y Ha Hel He SB/ISFOTCS YeM-TO
ocobeHHbIM BO BceneHHoil. — Hayu. ped.) WHOI[a Ha3bIBAIOT ITPUHIUIIOM
3aypsAJHOCTU.

YnauHble COBIAZIeHUs, CBs3aHHbIe C (POPMOM TTAHETHBIX OPOWT, Maccoi
Co/HIIa ¥ T. 7., Ha3bIBAlOTCA COBMAJIeHUSIMA BHEIIHEW Cpe/ibl, MOCKOJIbKY OHHU
MPOMCTEKAa0T U3 UHTYUTUBHOU TMPO30PJMBOCTH OKPYXKaroIlero HaC Mupa, a He
W3 CYaCT/IMBOM CJy4allHOCTH, CBSI3aHHOW C (yHZaMeHTa/bHbIMU 3aKOHaMH
nipupofbl. Bo3spact BcenenHoit Toxe hakTop, OTHOCSIIMICS K BHeIIHel cpe/e,



TIOCKO/IbKY B MCTOpUM BceneHHoU Obuio Gosiee paHHee u Oyzet Oosiee mo3gHee
BpeMsi, HO MbI [JOJDKHBI JKUTb B HBIHEITHIOIO 3PY, OCKOIbKY 3TO eIMHCTBEHHAs!
3pa, criocobcTBytoIIast )ku3HU. COBIa/IeHUsT BHEIITHeH Cpe/ibl JIETKO TIOHSTh, TaK
KaK MeCTO Hallero OOWTaHUsl JIWIIb OAHO CpeJyd MHOTHX, WMEIOIIUXCS BO
BceneHHOW, W Mbl, OYEBUJHO, [O/DKHBI CYI[eCTBOBaTb B TaKOM, KOTOpOe
CII0COOCTBYET TIOZ/IePyKAaHUIO JKU3HHU.

Cnabplii aHTPOIHBIA TIPUHIIMIT He BbI3bIBAeT 0COOBIX criopoB. Ho ectb
bosiee cribHasi popMa, KOTOPYIO MBI 37leCh OOCYAMM, XOTs HEKOTOPble (U3UKH
OTHOCATCSI K HeW ¢ rmipeHeOpexxeHueM. CH/IbHBIA aHTPOITHBIA TTPUHLIUATL
TIpeAITIoJIaraeT, UTo caM ()aKT HaIllero CyIleCTBOBAHHS Ha/laraeT OrpaHUUEHUs He
TOMBKO Ha Hally OKpyxcaiouwylo cpedy, HO U Ha BO3MOXHbBIE GopMy U
codepicaHue camux 3aKoHo8 npupoobl. Takasi ujes BO3HHUK/IA OTTOTO, UTO IS
Pa3BUTHSI UYeJIOBEUECKOW >KU3HU YIUBUTENHHO TIOAOILIM He TOJMBKO 0COObIe
XapaKTepUCTUKU Haieli CoO/THEYHOM CHUCTeMBI, HO TaK)Xe M XapaKTepUCTUKU
BCel Harlleld BcesleHHOM, a 3TO 00BSCHUTD yrKe ropa3o TPyJHee.

[ToBecTBOBaHHME O TOM, KakK W3HauajbHas BcejieHHas, COCTOSIBILIAsi W3
BO/IOPO/IA, Te/ivsi ¥ HeOOJbIIIOro KOJIMUeCTBa JIMTHS, Pa3BWIack Bo BceneHHyto,
JABIIYIO TIPUIOT TI0 KpaliHel Mepe OJHOMY — HallleMy — MHPY C pa3yMHOU
)KW3HBIO, TIPE/ICTaB/IseT COOOM WCTOPWIO W3 MHOTMX IJaB. Kak MbI yxke
TOBODWIHM, TIPUPOJHBbIE CU/BI [IO/DKHBI ObUTM OBITH TakUMH, 4TOObI Oonee
TsDKeJIble XUMUYeCcKHe 3/IeMeHThbI, 0COOeHHO yT/Iepoji, MOI/IA TPOU3BOUTRCS U3
TepBUYHBIX 3/IEMEHTOB M OCTaBaThCs CTAaOWIBHBIMU TIO KpaiiHeW Mepe
MUWITHAP/BI JIeT. DTU TsKeJIble 37IeMeHThI ObUTH CO3/IaHbI B IT€UaX, KOTOPble MbI
Ha3blBaeM 3Be3/laMH, CJie[[0BaTe/IbHO, TIPUPOJHbIE CUJBl JO/DKHBI  OBLIU
TI03BO/IUTh CHauasa CHOPMHUPOBATHCS 3Be37laM U rajakthkaM. OHU BBIPOCH U3
CeMsiH KPOXOTHBIX HEOJHOPOAHOCTed B paHHel BceneHHOW, KoTopasi Obuia
TIOUTH TIOJTHOCTBIO OJJHOPO/IHA, HO, K CYACTbIO, B Hell MMeUCh OTKJIOHEHUs B
rioTHOCTU (mpuMepHO 1 vactuiia Ha 100 000). OpHako CyieCcTBOBaHUS 3Be3 U
Ha/IMUusi BHYTPH HUX TeX XMUMUUYECKUX 3/IEMEHTOB, M3 KOTOPBIX MbI C/I€/IaHbI,
He/[0CTaTOUHO. [IBWKYIIMEe CU/Ibl BHYTPHU 3Be3/ [O/DKHBI ObLTM OBITH TaKOBHI,
yToObI HEKOTOpble W3 3Be3/l B KOHIle KOHI[OB B30pBa/MCh, — 0Oojee TOTO,
B30pBa/ICb MMEHHO TakK, uTOObl pa3bpocarh 0Oosee TsDKeble 3/IEMEHTHI TI0
IIMPOKOMY TIPOCTPAHCTBY. B00aBOK 3aKOHBI TIPUPOALI  JO/DKHBI  ObUIH
obecrieunThb, YTOOBI ITU OCTATKK CMOIJIU €Ille pPa3 CKOH/[EHCUPOBAThCs B HOBOE
TIOKOJIeHWe 3Be3]], OKPY)KeHHBIX TJIaHeTaMH, BOOpaBIIMMHU B cebsi 9TU 3aHOBO
CO3/[laHHbIe TsDKesble 3/1eMeHThl. Tak JKe, KakK oOrpe/ie/ieHHble COOBITHS Ha
paHHel 3emyie 0/DKHBI ObLUTH MPOU30MTU B TOM TIOPSIIKE, KOTOPBINA TI03BOUA OBI
Pa3BUTbCA HaM, [O/DKHO ObUI0 OBITh W B KaKAOM 3BeHe STOW I[eTH,
HeoOXO[UMOM [jIsl Halllero cyujecTBoBaHus. Ho cOOBITHS, KOTOPBIE TIPUBENH K



pa3BUTHIO BceneHHOM, ynpaB/isiuch 6asaHcoM GyHJaMeHTaIbHbIX TTPUPOIHbIX
B3aMMO/IENCTBUM, CIaXKeHHOCTb KOTOPBIX [IO/DKHA Oblla ObITH MMEHHO TaKOWM,
YTOOBI MbI MOTVIY CYII[€CTBOBATh.

bpuranckui actpoHom ®pen Xown (1915-2001) cran ofHUM U3 TEPBBIX,
KTo B 1950-X rozax oco3Hajl, UTO 3/eCb He 000IUIOCh 0e3 W3pSAHOM 10U
CYaCT/IMBOM CJIy4aHOCTH. XOWJ/ TIo/iaraj, 4ro BCe XHWMHWYECKHE 3JIEMEHThI
TepBOHaua/lbHO 00pa30BaMCh W3 BOAOPOZAQ, KOTOPBIM, KaK OH CUdTaja, M
npejcTaBisieT coboilt  MCXOAHYHO cybcTaHLMIO. ATOM BOJAOpOAAa HMeeT
TpocTeiiiliee SiIpO, KOTOPOe COCTOUT JIMIIhL W3 OJHOTO IPOTOHAa — JM00
OJJMHOYHOTO, MO0 B COUeTAaHUM C OJHUM WU AByMs1 HelTpoHamu. (Pa3muuHbie
dbopMbl BOJOPOJHOTO WIA /HOOOr0 JAPYyroro aroMHOrO sipa, HMeoIye
O/IMHAKOBOE UHCJI0 TPOTOHOB, HO pa3HOE€ YMC/I0 HEWTPOHOB, Ha3bIBAIOTCS
r3oronamMu.) CerofHsi Mbl 3HaeM, UTO T'e/IMi U JINTUW, aTOMHBIE si/[pa KOTOPBIX
cofiep)kaT JBa W TPH IIPOTOHA COOTBETCTBEHHO, TOXKe ObUIM HM3HAYabHO
CHMHTEe3UPOBaHbl B OUeHbh MaJIbIX KOJMUYeCTBaX, KOrJa Bo3pacT BcesmeHHOM ObLI
okoo 200 cekyHji. OfHAKO >KU3HBb 3aBHUCUT OT 0Oosiee C/IOKHBIX XUMUUECKHX
3/IeMEHTOB, CaMblii BaXKHbIMi W3 KOTOPbIX — YIVIepo[l, OCHOBa BCeu
opraHuYeCKoOl XUMUHU.

Mo)XXHO, KOHEUHO, TIPUUHC/IUTh K <OKABBIM» OpraHu3MaM YMHbBIE
KOMIIbIOTEpBI, C/Je/laHHble W3 JPYTMX 37eMeHTOB, TaKHWX KaK KpeMHHUW, HO
COMHUTE/IbHO, UTOOBI >KU3HH MOIJIA CAMONPOU360/bHO PAa3BUTHCS, €CIU Obl
OTCYyTCTBOBas yrnepof. [IprurHbl 3TOr0 TeXHUYeCKue, HO UMeHOT OTHOIleHHe K
YHUKaJTbHOMY  CIIOCO0y, KOTOpPBIM yIJIepOJ, COeAMHSIeTCS C  JAPYyruMu
XUMHUUeCKUMHU 1eMeHTaMu. Haripumep, nrokcuy yriepoga CO, npy KOMHaTHOM

TemriepaType TIpeJCTaB/issieT COOOW YIVIEKUC/bIA ra3, BeCcbMa I0Jie3HbIN [/t
buosiornueckrx mpoiieccoB. KpeMHUII — 3TO 371eMeHT, paclo/IOKeHHbI B
[Tepriognueckoii Tabnuile XUMHYECKHUX S7eMEHTOB HEIOCPeJCTBEHHO TI0[
yIJI€POJIOM, MO3TOMY OH HMEeT CXO[Hble XUMHUUeCcKue CBoMcTBa. OJIHaKO
muokcuy kpemHus SiO,, KBaplj, ropaszo Ioje3Hee B KOJJIGKLJUM MUHepasoB,

YyeM B JIETKUX )KUBBIX OpraHu3MoB. U Bce-Taku, BO3MO)XHO, MOT/IA ObI TTOSIBUTHCS
Kakue-To (hOpMbI JKU3HU, KOTOPbIe MUTA/IMCh Obl KpeMHHEM U PUTMHAYHO BUJISUIU
Obl XBOCTaMU B JIy>KaX >KUJKOTO aMMUaka. Ho Jake TakoM THIT 3K30THUeCKOMH
JKA3HU He MOT pa3BUThCSI W3 OJHUX JIMIlb TepPBOHAUa/JbHbIX 3/7€MEHTOB,
MOCKO/IbKY M3 HHUX BO3MOXXHO (POpMHpOBaHHE TOJBKO [BYX YCTOWUMBBIX
coenuHeHnid — ruapuga autusi LiH (becuiBeTHoe TBepoe KpUCTa/ITMUYeCcKoe
BelllecTBO) U razoobpasHoro Bozgopoga H,, — KoTopble He crIOCOOHBI He TOJIBKO

HUYEro Mpou3BeCTH, HO Jlaxke BMOOUTLCS. Tak uTo ¢hakT ocTaeTcsi aKTOM: Mbl
Tipe/icTaB/isieM CO0OM yriepofiHyt0 (pOpMY >KWU3HU, U 3TO MOPOXK/AeT BOMPOC:



OTKYZla B3S/ICS YIVIEpOJ, B aTOMHBIX $i/[paXx KOTOPOrO LIeCTh MPOTOHOB, a TaKKe
Tipouye TsDKesble XMMUUeCKHe 37IeMeHTh], COCTaB/ISIFOLLKe Hallle TeJo?

[TepBBIi IIaT K TOSIBJIEHHUIO 3THUX 37eMEHTOB ObLI cZiesiaH, Korja Oosee
CTapble 3Be3/jbl Haua/ld HaKallJIuBaTh TeJIni, TI0/Iy4YaroLUKCs TIPU CTOJIKHOBEHUH
JIBYyX BOJIOPOJIHBIX si/iep U MPOUCXOJSIIEM 3aTeM WX CJIUSIHAU JIPYT C JIPYTOM.
OTO coBepIllaeTCs B He/paXx 3Be3fl, U TakKuM 00pa3oM CO3/jaeTcsi SHeprus,
KOTOpasi Hac corpeBaeT. /IBa atoma renusi, B CBOK Ouyepellb, TOXe MOTYT
CTONIKHYThCS U oOpa3oBaTh atoM Oepuwiivs C YeThIpbMsi TPOTOHAMHU B sIJpe.
Korga >xe mosiBuics Gepu/uinii, OH BIIO/IHE MOT Obl CJIUTHCS C TPETbUM SIIPOM
reivs, co3fiaB ymiepod. Ho 3Toro He MpOMCXOAUT, Tak KakK MOJYyUYUBIIMMCSA
130TON OepUIIUsS TIOUTH Cpa3y »Ke CHOBA pacriaZlaeTcs Ha /iBa si/jpa resiusl.

KaptrHa MeHsieTCsl, KOr[a y 3Be3/[jbl HauMHAaeT 3aKaHUMBATbCS BOZOPOL.
Korza 3T0 nporcxoauT, 4po 3Be3/bl CKUMaeTCs [0 TexX Mop, IoKa TeMriepaTrypa
B €r0 LIeHTPe He JOCTUrHeT NPUMEepPHO CTa MAJIJITMOHOB rpagycoB KenbsrHa. [1pu
3TUX YCJIOBHUAX fi/[pa aTOMOB CTaJKWMBAKOTCSA JPYr C APYrOM CTOJIb 4acTO, YTO
HEKOTOpbIe sijpa Oepu/uivs, ellle He YCIeB pacracTbCs, BCTPEUAIOTCs C siipaMu
requsi. Torna Gepusuiiii MOXKET CUTHCS C TejiieM W 00pa3oBaTh CTaOMIIbHBIM
u3oton yriepoza. Ho aTomy yriepofy TIpeJCTOUT ellle AONTHN MyTh, UTOObI
copmMHpOBaTh YIIOpsijOUeHHble CTPYKTYPbl XUMMYECKUX COeJWHEeHUU TaKoro
TUMa, KOTOpble MOIIM Obl Hacnaxaatbcs Ookanmom 0OOpAO, >KOHIVIMPOBATh
ropsiyMu - ¢akesaMyd WM 3a/laBaTbCd  BompocamMu O Bcenennout. /[ns
CyLLIeCTBOBaHUS TAKUX CO3,aHUH, KaK JIFO[H, YIJIepOJ JOJDKeH IepeMeCTUThCS U3
HeZp 3Be3q B Oosiee OnarorpusiTHbie MecTa. JTO TPOMCXOAUT, KaK MbI YiKe
CKaszajM, Korja 3Be3lla B KOHL[e CBOero >KMU3HEHHOrO LIMK/a B3pPbIBAeTCsl Kak
CBepXHOBasl, BblOpachiBasi yI/iepofi U JApYyrue TsbKesble 371eMeHThbI, KOTOpbIe
TIOTOM KOHZIEHCUDYFOTCS B TIJIaHETHI.

OTOT MpoLiecc Co3/aHus YIieposa Ha3bIBaeTCsi TPOMHBIM ajbga-mpoLeccom
(w1 TpOMHON Tre/MeBOM peakiiveii), MOCKOJBbKY ajbda-yacTulla — JApyroe
Ha3BaHWe s/ipa U30TOIa reusi, y4aCTBYIOLIEro B 3TOM IIpoLjecce, a JJig TOrO
yTOOBI peakiius MPou30I1ilia, TpedyeTcs CusiHUe TpeX U3 HUX. B cooTBeTCTBUY C
00bIuHOM (DM3UKOM CKOPOCTH 00pa3oBaHUsi yIziepoja B TPOWHOM anbda-
rpoliecce Jo/pKHA ObITh OueHb HHU3KOM. OTmeuasi 310, B 1952 romy Xoiin
Tipe/icKa3aji, 4TO CyMMapHasi SHeprusi Oepwiius U siipa Tejivsi [JO/DKHA ObITh
TOUTH B TOYHOCTM paBHA 3HEPIUM OIpe/e/IeHHOr0 KBAHTOBOIO COCTOSIHUSA
oOpa3oBaBiilerocsi U30Tomna yraepofia. Takoe siBieHWe, Ha3biBaeMoe sifiepHbIM
pPe30HaHCOM, MHOTOKDPAaTHO YCKOpsieT MpoLecC sepHOM peakuuu. B To Bpems
NoZioOHBI  ypOBeHb SHEpPruu Obll  Heu3BeCTeH, HO, OCHOBBIBasCb Ha
TIpe/INIO/IOKeHN XOiila, aMmepuKaHCKUW acTpodus3uk Yunbsam Paynep (1911-—
1995) u3 KanudopHUINCKOTO TexXHO/JIOrMYecKoro WHCTUTYTa CTal WCKaThb U



Hallies ero, obecreunB BaXKHYIO TO/EPXKKY B3r/isilaM Xoi/a Ha TO, Kak ObLiu
CO3/IaHbI CJIOKHBIE /1pa.

Xoin mucan: «51 He Bepro, uTo 0OOM yUeHBIM, UCC/IeAYIOMM (aKThI,
OyzieT He B COCTOSIHWUM CZie/laTh BBIBOJ] O TOM, UTO 3aKOHbI s/IePHOM (U3UKU ObLIU
Co3HaTe/lbHO pa3paboTaHbl TPUMEHUTENbHO K TMOC/Ae[CTBUSIM TOTO, YTO OHU
BbI3bIBAIOT BHYTPU 3Be3l». B TO BpeMsi HUKTO He 3Hal sepHYyH (GU3UKY
JI0OCTaTOYHO XOPOIIIO, /IJIsi TOTO UTOOBI TIOHSATh, CKOJTb BeIWKa Oblyla UHTYUTHUBHAs
MPO30PJIMBOCTb, TMpUBeAIIass K STUM TOUHbIM (uU3MUecKuM 3akoHam. Ho
yccenysi TpaBOMEPHOCTb CU/IBHOTO aHTPOMHOrO MpWHLMWIE, (U3MKU B
ToC/ieZIHUe TO/[bI Hauasu 3a/laBaThCsl BOMPOCOM, Kak BhIIVIsiZiesia Ob1 BeesieHHas,
ecnmi Obl 3aKOHBI TMPUPOALI ObulM WHBIMU. CerofiHs Mbl MOXKEM CO37aTh
KOMIIbIOTepHbIe MO/le/id, KOTOpble TOBOPAT HaM O 3aBHUCHUMOCTH CKOpPOCTH
TPOWHOTO anbda-nporecca OT BeJUUYUHbI (yH/JaMeHTa/lbHbIX B3aUMO/|eHCTBUN
(cun) B mpupoze. Takve BbIUMC/IEHHS TOKa3blBalOT, UYTO MpPU U3MEHEeHUMH
BEJIMUUHBI CU/BHOTO SIZIEPHOTO B3aumogencTBusi Bcero Ha 0,5 % wmum
3JIEKTPOMarHUTHOU cuibl Ha 4 % BO Bcex 3Be3/lax Obl Obl pa3pylileH TOYTH BeCh
yriepos, MO0 ke BeCch KUCJIOpPOJ, a CJiefloBaTe/IbHO, YTpaTuiaach Obl
BO3MO)XHOCTb BO3HMKHOBEHHSI J>KU3HM B TOM BH/Je, KakOM H3BeCTeH HaM.
V3MeHuTe 3aKOHBI Halllell BceneHHOM /TUIIb Ha CaMyr0 MajloCThb, U YCJIOBUS 11
Halllero CylileCTBOBaHUS NporagyT!

f& @

TpoiiHoi anba-riporiecc. Yrnepo obpa3yeTcsi B Hefpax 3Be3/
TIPDU CTOJIKHOBEHUM Tpex sifiep Tenusi. Takoe coObiTe ObUIO ObI
BeChbMa MaslOBepOsITHBIM, eC/ii Obl He 0COOEHHOCTL 3aKOHOB siZiepHOI
(bU3MKH.



PaccmaTtpuBasi Mofie/ib  BCeJIeHHBIX, KOTODYIO Mbl CO3[ajv, W3MEHUB
orpefie/ieHHbIM 00pa3oM ¢u3nyecKre TeopuM, MOKHO MEeTOJUUeCKUM IyTeM
U3yuuTh SPQPeKT u3MeHeHWM (uU3MUecKoro 3akoHa. (OkasbiBaeTcsi, 1O
VHJVBU/Ya/JbHOMY 3aKa3y [/s1 Halllero CyIleCTBOBaHWSI CO3/laHbl He TOJIbKO
CU/IbHbIE siZIepHble B3aMMOJEWCTBUSI U 3/IeKTPOMAarHWTHasl cuia. boiblLIMHCTBO
(dyHIaMeHTa/IbHbIX KOHCTaHT, (PUIYPUPYIOLIMX B HAIlUX TEOPHSX, BbITJISIAST
TOYHO HACTPOEHHBIMU B TOM CMBIC/E, UTO €eC/IM WU3MEHUTh UX Ha COBCEM
He3HauuTesIbHbIe BeJIMUUHBI, TO BceneHHast Obisia Obl KaueCTBEHHO JIPYTOM U BO
MHOTUX CJTyyasiX HeMpUrOoAHOM [jisi pa3BUTUS >XU3HU. Haripumep, ecnu apyras
sgepHas cwia — cjaboe siiepHoe B3auMojielicTBMe — Oblla Obl HAMHOTO
cnabee, To B paHHell BceneHHOW Bech BOAOpO/, WMMEBIIMICS B KOCMOCe,
ripeBpaTU/ICsi Obl B resivid, ¥ TIOTOMY He ObUI0 ObI HOpMaJIbHBIX 3Be3/l; a eC/id 3Ta
)Ke Cuja OKaszanach Obl HAMHOTO CUJIbHEe, TO B3phIBAOIMECS CBEPXHOBbIE
3Be3/ibl He cOpachiBau Obl CBOIO BHEITHIOKO 000/I0UKY M TakuM 0bpa3oMm He
Mor/ii Obl 3acerBaTh Me)K3Be3ZIHOe TPOCTPAHCTBO TSDKEBIMU XUMHUUeCKUMU
3/IeMeHTaMH, KOTOpble TpeOyloTCsl TIjlaHeTaM /il CO3/laHusl >KU3HU. bynb
npotoHbl Ha 0,2 % TsKesee, OHM pacrlafilaiMch Obl Ha HEUTPOHBI,
necrabunmusupysi atombl. Eciu 661 cyMMapHasi Macca TexX «COPTOB» (WM, Kak
rOBODAT (PU3MKM, «apOMaTOB») KBAapKOB, M3 KOTOPbIX COCTOSIT MPOTOHBI,
n3MeHunach Bcero Ha 10 %, To 6bL10 OB TOPa3/10 MeHbllle CTAOUBHBIX aTOMHBIX
sifiep, U3 KOTOPBIX MbI CJefaHbl. PaKTUUYECKU K€ CyMMapHble MacChl KBapKOB
BBIIVISIST TIPUMEPHO ONTHUMAasbHBIMU /IJIsi CYI[eCTBOBaHUSI HauOO/bIlero urcia
CTabUMBHBIX sifiep.

Eciu 1ipeinosioxKuTh, UTO [JIs1 Pa3BUTHUS KU3HU Ha TJlaHeTe HeoOXo[uMo,
yTOObI HEeCKOJILKO COTeH MUJUTMOHOB JIeT T/laHeTa HaXOAWIach Ha CTaOWIbHOM
opbuTe, TO KOJMYECTBO TPOCTPAHCTBEHHBIX W3MEPEeHHN TakKKe YCTaHOBJIEHO
HalllUM CYyILeCcTBOBaHMEM. JTO TOTOMY, UTO, COIVIACHO 3aKOHaM TrpaBUTALWH,
yCTOWUMBLIE  IIIUNTUUECKUEe OpOUTHI  BO3MOXKHBI ~TOJMBKO TIPU  Tpex
TIPOCTPAHCTBEHHBIX H3MepeHUsiX. KpyroBble OpOMTBHI BO3MOXHBI U B JAPYTUX
V3MepeHUsIX, HO OHHM, Kak U omacasicsi HbloToH, HecTabunbHbl. B n1ro6om
MPOCTPAaHCTBe, KPOMe TPeXMEPHOro, JaXe Majoe BO3MyIllleHHWe, TaKoe Kak
TIDUTSDKEHUe IPYTUX T/IaHeT, CMeCTHUT TIJIaHeTy C KPYroBOi OpOUTHI U TIpUBeJeT
K ZIBIDKEHHIO TI0 crivpasd 6o B ctopoHy CosHila, MO0 B MPOTHUBOMOIOKHOM
Harpap/IeHWH, TaK UYTO Mbl WIA CTOPUM, WX 3aMep3HeM. Kpome Toro, Tam, rze
Oosiee Tpex MPOCTPAHCTBEHHBIX H3MEPEeHUl, TIPaBUTALIMOHHAS CUIA MEXAY
JByMsi TesiaMu OyzieT yObIBaTh ObICTpee, ueM B TpeX u3MepeHusix. B TpexmMepHoM
MPOCTPAaHCTBE CU/a TPaBUTALMM yMeHblIaeTcsi [0 1/4 cBoell BeJMUUHBI MpPU
YABOEHUU DPAcCTOsiHUS. B ueTbipexmepHOM OHa Obl ymeHbIlasachk 10 1/8, a B
natTuMepHoM — g0 1/16 u 1. A. B pe3ynbrate mnpu Oosee uem Tpex



TIPOCTPAHCTBEHHbIX u3MepeHussx CofHile He CMOrio Obl HaxO[UThCS B
yCTOMUMBOM COCTOSIHMM, YypaBHOBeLlMBasg CBOUM BHYTDEHHUM JiaBJeHUEM
rpaBUTAI[MOHHOE TpuTskeHWe. OHo /b0 pacrmasock Obl Ha 4YacTd, JMOO
C©Kasoch Obl, 06pa3oBaB UepHYIO JbIPY, — B JIt0OOM C/yuae Balll fieHb ObLT ObI
ucrnopueH. Ha aToMHOM ypOBHe 3/ieKTpUueCKUe CUJIbl Besiu Obl ce0si Tak e, Kak
rpaBUTAI[MOHHbIE. DTO 03HAuaeT, UTO 3/IeKTPOHbI B aTOMax WX BLIPBAIUChH Obl
HapyXKy, Wid yrnanu Obl Ha sgpo. B oboux ciayuasix CylllecTBOBaHHE aTOMOB
TaKUMH, KaK Mbl UX 3HaeM, ObL/I0 ObI HEBO3MOYKHO.

[TosiBieHWe CIOXHBIX CTPYKTYP, CIOCOOHBIX 00eCreuvTsb CyIlieCcTBOBaHHE
pa3yMHbIX HalOsrofaresneid, KaKeTcsi O4eHb COMHUTE/IbHBIM. 3aKOHbI TIPHUPObI
GOopMHUPYIOT KpaliHe TOHKO HAaCTPOEHHYH) CHUCTeMY, U OYeHb Maji0 UuTO B
bu3rueckoM 3aKOHe MOKeT ObITh M3MeHeHO 0e3 YHUUTOKeHUS BO3MOKHOCTU
[JIsl pa3BUTHsL U3BECTHOW HaM (popmbl >ku3HU. Ecau Obl He psifi yAUBUTE/IbHBIX
COBMAZIeHU B TOYHBIX JeTaysX (U3MUeCKHUX 3aKOHOB, TO, TOXOXKe, JHOAUA U
CXOZIHbIe C HUMU (hOPMbI KU3HU HUKOTZA Obl He TIOSIBUTUCh.

Haubosiee BrieuaT/sitolliee COBMa/ieHHe B TOHKOW HACTPOWKe CBSI3aHO C TaK
Ha3bIBaeMOW KOCMOJIOTUYECKON TIOCTOSIHHOW B ypaBHeHUsX 00lijeli Teopuu
OTHOCUTeIbHOCTU DWHINTeHa. Kak MbI y>ke roBopuiu, B 1915 roay, korzaa 6bii1a
chopMynrMpoBaHa 3Ta Teopusi, DUHIITEWH cuuTasl, uto BceneHHasi craTuyHa, TO
eCTb OHa He pacimpseTcs U He CkuMmaeTcs. [IoCKonbKy BCe MarepuasibHble
o0Opa3oBaHusl TIPUTATUBAIOTCS APYT K APYTY, OH BBel B CBOK) TEOPUID HOBYHO
CUly — aHTUTPABUTALUI, — UTOOBI KOMITIEHCUPOBaTh CTpemsieHue BceneHHOM
K CKaTvro. JTa CWia, B OTIMUME OT IPOYMX, He MCXOAW/Ia HU M3 KakKOoro
WCTOYHMKA, a Obljla BCTPOEHa B caMy TKaHb MMPOCTPaHCTBa-BpeMeHU. BennunHy
5TOW CHJIbI U OTUChIBAET KOCMOJIOTUUeCKast IOCTOsTHHAS.

Korma Oblio oOHapykeHo, uTo BceneHHass HecTaTWuHa, OUWHINTEMH
VICKJIFOUWAJI KOCMOJIOTUUYECKYH0 TIOCTOSIHHYX0 M3 CBO€M TeopuM U Has3Bajl ee
Be/Muaiiiieil ommbkoi cBoeit >ku3Hu. Ho B 1998 rogy npu Hab/toeHUsIX 0ueHb
yhaneHHOW CBepXHOBOW 3Be3abl ObI0  OOHapykeHo, uTo BceneHHas
pacimpsieTcss C yCKopeHWeM, — 3TOT 3(deKkT HeB0o3MOxKeH 0e3 KaKOH-TO
OTTaJIKMBaKIel  CWIbl,  [JeWCTBYIOLleM T0  BCeMY  MPOCTPAHCTBY.
KocMmonornyeckyro rnoCTosiHHY 0 BO3poAu/v. [10CKObKY Teriepb Mbl 3HaeM, UTo
ee 3HaueHue OTJIMYHO OT HYJIs, OCTaeTCsl OTKPBITBIM BOIIPOC, MOYeMYy y Hee
MMEHHO Takoe 3HaueHre. PU3MKU MpUAyMald apryMeHTbl, 00ObSICHSIIOIIME, KaK
OHa MoOrJla BO3HUKHYThH Onarosapsi 3¢dekrtaM KBaHTOBOW MeXaHWUKW, HO
BeJIMUMHA, pacCuuTaHHasg UMM rpuMepHo Ha 120 nopsigkoB (eguHuua co 120
HY/SIMU), TIpEeBBIILIAeT [eHCTBUTE/NbHYI0, TIONYUeHHYIH0 TIpU HabO/roeHusIX
CBEPXHOBOM 3Be3[bl. JTO O3HayaeT, uTo /MO0 paccyxeHue, Ha KOTODPOM
OCHOBaH pacueT, ObI0 HEBepHBLIM, JIMOO CyIlleCTBYeT ellle Kakoe-TO siBJieHUe,



KOTOpOe 4y/leCHbIM 00pa30oM YHUUTOXKaeT TPAKTUUeCKU BCH pPaCCUMTAHHYHO
Be/IMUKHY, OCTAaBJIsAs JIUIIIb ee HeBOOOpa3uMo Masyto Aom0. SICHO offHO: ec/iu Obl
3HaueHue KOCMOJIOTMUeCKOM TIOCTOSTHHOM ObL10 Topa3fo 6osibliie, YeM OHO eCTh,
TO Hailla BceneHHasi pa3serenach Obl B CTOPOHBI ellle /10 TOTO, KakK YCIieau
00pa3oBaThCs ralakKTUKU, U — CHOBA O TOM JKe — >XU3Hb, KAaKOW MBI ee 3HaeM,
Obu1a ObI HEBO3MOXKHA.

YTo MbI MOXKEM 3aK/IFOUMTh U3 3TUX COBMAJleHUN? Yiaua B TOYHOU opme 1
CyTd (yHAAMeHTalIbHOTO (PU3WUYECKOTr0 3aKOHa — 3TO JIPyrod BWJ Yy/auu,
OT/IMYAIOLLIMKCA OT TOrO, KOTOPbIM Mbl BCTpeuaeM B (paKTOpax OKpY’Karolllein
cpenbl. Ee Henerko oOBSICHUTH, WU OHAa WMeeT ropasfio Oosee rayboKue
nocaeAcTBus A ¢usukd U dunocobun. Hamta BceneHHasi U ee 3aKOHBI
BBIVIIAST TakK, CJIOBHO OHU CJieJlaHbl Ha 3aka3 IO TIPOeKTy, pa3paboTaHHOMY
CreLMajsbHO /Il Hac, a pa3 YK HaM [IaHO CyLeCTBOBaTb, TO OHM OCTaBJIIOT
MaJjio MecTa [iisi KaKUX-JIn00 u3MeHeHU. DTO Helerko O0bsICHUTh, U BO3HUKAET
eCTeCTBeHHbIM BOIIPOC: TI0UeMY e 3TO TaK?

MHorum xorenoch Obl, YTOObI MbI HMCIOb30BaMX 3TU COBIAJEeHUS Kak
CBUZIETENILCTBO [lesiTelbHOCTH bora. Mpeiciib 0 ToM, uTo BceneHHasi Obina
3aZilyMaHa, 4To0ObI TIOCE/IUTh B Hell JItofied, MOosiBUIaCh B T€OJOTUU U MUDOIOTUn
TBICSIUM JIeT Has3aJ U CyllecTByeT [0 HallUX JHeW. Y WHJeHLleB Maus B 310oce
«[Tomone-Byx» 6oru mpoBo3riacunu: «Ho HeT HU C/1aBbl, HU BeIMUUS B 3TOM
HallleM TBODEHWM, B HallleM CO37laHWH, TIoKa He OyleT co3/aHO uesioBeueckoe
cyllecTBo, moka He 6yzer cotsopen uenopek!»®! B erumerckom Tekcre,
KoTopbiii oTHocuTcs K 2000 T. 0 H. 3., CKa3aHO: «JIoau, OOXKbSI CKOTHHA,
nosyumnu xopoive fgapbl. OH [6or conHila] co3gan Heb6O U 3eM/rO ST UX
nonb3bi». B Kurtae gaocckuii punocod Jle FOiikoy (ok. 400 r. 7o H. 3.) Bbipa3ui
TIOXOXKYH0 MbIC/Ib C/IOBaMH CKa304HOTO mepcoHaxka: «bmaromapss Hebecam
TIpor3pacTaeT MATh BU/IOB 3epHa, HebecaMu HaM JIaHbI TBapH C TJIABHUKAMU U
TBapy C MepbsIMU — BCe 3TO [1JIs1 HaLller T0/Ib3bD».

B 3amagHOM Ky/ibType uziest 0 HACIIOC/IaHHOM CBBILLIE 3aMbIC/Ie TIOSIBUIaCh B
Berxom 3aBete, B KHure bbiTHs, paccka3biBarolled 0 COTBOPeHUM MUpa, HO Ha
TPA/IUL[MOHHYI0 XPUCTUAHCKYI0 TOUKY 3peHusi 0osibIlioe BAUsTHUE OKa3aiu 0Oosiee
paHHUe BO33peHusi APUCTOTe/Is, BepUBILIEr0 «B pa3yMHbI MPUPOJHbIA MUP,
(YHKIIMOHUPYIOIIUIA COT/IaCHO HEeKOeMYy TIIjaTe/lbHO pa3pab0TaHHOMY TIIaHY».
CpefHeBeKOBbIli XPUCTHAHCKUM Teonor Poma AKBUHCKUM ObiTHe bBora
00BSICHSII, ONMpasiCh Ha uen APUCTOTeNs O Topsiike B ripupoge. B XVIII Beke
HEeKUM XPUCTHAHCKWK TeO0JIOI B CBOMX PacCYyXKAEeHUsX [oLlea [0 TOro, 4To
3asBWI, OyZITO Y KPOJMKOB XBOCTHI Oesible, uTOObI HaM ObUIO ymoOHee B HMX
CcTpensTb. bosiee COBpeMeHHYH) XPUCTHAHCKYX0 TOUKY 3peHMsl BbICKAa3asl
HECKOJbKO JieT Ha3zaj, kKapauHan Kpuctod [lIén6opH, apxuenuckon BeHbr:



«Tenepp, B Hawane XXI cTO/eTUs, CTONKHYBIIMCb C TaKUMW Hay4HbIMU
HOBOBBEJeHUSIMU, KakK HeOoJapBUHU3M U KOCMOJIOTUYecKass TruIioresa o
MY/IbTUBCE/IEHHON [MHOXeCTBeHHOCTH BCeJIeHHbIX], TMpUAYMaHHbIMHU, YTOObI
OCIIOPUTH HEOIIPOBEP)XUMOE CBUJETEeJbCTBO LeId U 3amblC/la, HalJeHHOe
COBpEMEHHOW HayKoMW, KaTo/jiiuyeckasi I1epKOBb BHOBb OyleT 3alluilaTh
yesi0BeueCKyr MPUpPOAY, MPOBO3IVIAlllas, 4YTO BHYTPEHHUM, HEOTbeMJIeMbIW
3ambICes1 B MPUPOZe peaslbHO CyLeCTByeT». B KOCMOJIOrMM HeorpoBepKUMbIM
CBU/IETEIbCTBOM Lie/IM Y 3aMbIC/Ia, YIIOMSAHYTBIX KapJWHA/IOM, SIB/ISeTCs TOYHas
HaCTpoWKa (pu3nUeCKUX 3aKOHOB, O KOTOPOM Mbl TOBOPUJIU BBILLIE.

[TOBOPOTHOM TOUKOM B HAyYHOM OTpHULIAHWUM aHTPOIOLEHTPUYECKON
Bcenennou siBuack Mozenb ConHeuHoM cructeMbl KonepHuka, B KOTOpoW 3eMJist
Oosibllle He 3aHMMasIa LIEHTPA/ILHOTO TOIOXKeHusl. VIDOHUST 3aK/iouaeTcst B TOM,
yTo cam KomepHUMK BuUJen1 MUD aHTPONOMODP(HBIM [0 TaKOW CTeIeHu, UTO
yTelllall Hac, yKa3bIBasi, Oy/ITO, HECMOTPSI Ha €r0 TeJMOLIEHTPUUeCKY MOjiefb,
3eMJsisi HAXOAUTCSE noumu B 1jeHTpe BcenenHou: «Xots [3emsisi] HaXoquTCsl He B
L[eHTpe MUpa, TeM He MeHee PACCTOsIHUE [/10 ero LieHTpa] HUUTOXHO, 0COOeHHO
10 CPaBHEHHUIO C PACCTOSIHHMEM [I0 HeroABWKHBIX 3Be3l». C u300peTeHHEM
Tesieckona, HabmoeHusi, caenanHbie B XVII Beke, HampyuMep OTKDBLITHE TOTO,
YTO COYTHUK eCTh He TOMbKO Yy Hallleli TijaHeThl, [J006aBUIM Beca
KOIIePHUKOBCKOMY  NPUHLMIY, [JlacdaleMy, 4YTO Mbl He  3aHUMaem
TIPUBU/IETUPOBAHHOTO TI0/I0XKeHUsT BO BceneHHo#t. I uem Gosblile Mbl y3HaBaIu
o BceneHHol1 B mocneytoliye BeKa, TeM Oosbliie Hallla TylaHeTa CTaHOBU/IACh B
HalleM Ipe/CTaB/eHry UMb OJHOM M3 MHOrMx. Ho cpaBHUTebHO HelaBHee
OTKpBITHE 0C000 TOUHOM HACTPOUKM CTOJIb MHOTUX 3aKOHOB TPUPO/IbI MOTJIO ObI
yBeCTH (10 KpaliHer Mepe, HEKOTOPbIX M3 Hac) Ha3ajl, K CTapOX UZiee 0 TOM, UTO
5TOT BeJIMKUM TIPOEKT — [ie/I0 pyK Hekoero Benukoro [Ipoekrtuposiivka. B
CIIA, rae KOHCTUTYLMs 3arpeliaeT IIperofilaBaHue pejvurud B LIKOJax,
MoZI0OHYI0 H/Iel0 UMEHYIOT «palliOHa/IbHBIM TIPOeKTHPOBaHHWeM», He Ha3bIBas,
HO T0/ipa3symeBasi, UTO IPOeKTUPOBILUK — bor.

Takol OTBET He yCTpavWBaeT COBPEMEHHYH HayKy. B miaBe 5 Mbl yxke
TOBOPU/IM O TOM, UTO Halla BcesieHHasi, BUAUMO, OfHa U3 MHOTHX, U Y KaXJ0H
13 HUX — CBOM 3aKOHBI. JTa ujes 0 MY/JbTUBCeIeHHON He Oblna M300peTeHa
cneliasbHO  Ayis  OOBsICHEHUWsT uyzla TOuHOM HacTpodiku. OHa, T1000HO
MHOXeCTBY [PYIMX TeOpUMd COBPEMEHHOM KOCMOJIOTMM, TIIPOMCTeKaeT W3
ycioBusi Oe3rpaHMyHOCTA. EcCauM 3TO Tak, TO OHAa yMeHbIIaeT CUJIbHbIN
AQHTPOMHBIN TIPUHLIAI [0 C/1laboro, ToMelriasi TOUHble HACTPOUKHU (hH3UUeCKUX
3aKOHOB Ha OJWH (pyHJaMeHT C (paKTopaMu BHeIIHeW Cpefbl, MOCKOJIbKY 3TO
O3HayaeT, YTO MeCTO HaIllero oOWTaHUsi B KOCMOCe — a Terepb y)Ke BCs
o6o3puMasi BcesileHHasi — sIB/ISIeTCS JIUILIb OJJHUM U3 MHOTHX, TT0JJOOHO TOMY Kak



v Hamwa CosiHeYyHasl CuCTeMa JIMIIb OfHAa M3 MHOIMX. JTO O3HauyaeT, YTO Kak
coBrnafieHusi (PaKTOpPOB BHellHeW cpefbl AJisg Haulell CO/THEUHOM CHUCTeMbI He
TIPeJICTaB/ISAIOT COO0M HUYEro 0COOeHHOTO, MOCKOJIBKY CYIIEeCTBYIOT MU/UTAAD/IbI
MoZI0OHBIX CUCTEM, TaK W TOYHAsi HAaCTPOMKAa 3aKOHOB MPUPO/bI MOXKET ObITh
o0bsICHEeHa CyIlleCTBOBaHHWEM MHO)KeCTBA BCesieHHBIX. JIFo/Ii BeKaMu CBsI3bIBa/U
c boroMm Kpacory W CJIOXKHOCTH TIPUPOZbI, KOTOpble B TIIPOLIbIe BpeMeHa
CUMTA/IUCb He WMEKIIUMMUA HayyHoro oObsicHeHus. Ho Kak OpuTaHcKue
HaTypanuctbl Yapn3 [dapBun (1809-1882) u Andpes Yomnec (1823-1913)
OOBbSICHU/M, KaKUM 00pa3oM KaKyI[UICS UylAOM 3aMbiCesl YKUBBIX ()OPM MOT
TOSIBUTLCs  Oe3 BMeIllaTe/libCTBA BBICIIIETO CYIIeCTBAa, TaK M  KOHLEMIUS
MY/IbTUBCE/IEHHON MOXKeT 00BSICHUTh TOUHYIO HaCTPOUNKY (hr3rueCcKUX 3aKOHOB,
n30e>kaB HeoOX0TUMOCTU B B/1arorosisitiieM TBOPLIe, KOTOPKINM co3zian BeeseHHYO
paju Hac.

OpHaxkapl OVHILTEWH 3aal CBOEMY AacCCUCTeHTY, MaTeMaTuKy OpPHCTY
[IItpaycy (1922-1983), Takoii Borpoc: «A 6bu1 KM y bora BbIOOpP, KOTzla OH
co3naBan Bcenennywo?» B konije XVI Beka Kemiep 6bi1 ybexxaeH, uro bor
coTBOpU/I  BceneHHyr0 B COOTBETCTBUM C  HEKUM  COBepLIeHHBbIM
MareMaTu4yeCKuUM TPUHLMIIOM. HBIOTOH MOKasas, 4To 3aKOHbI, IPUMeHHMbIe K
HebeCHbIM TeslaM, TPUMEHUMMbl M Ha 3em/ie, W BbiBeJl MaTemMaThyecKue
ypaBHeHUs1 [/l BbIpa)KeHUs 3THUX 3aKOHOB. YpaBHEHHWs OKa3aJUChb CTOJ/Ib
V3SIHBIMM, UTO BbI3Ba/IU TIOUTH PEJINTUO3HbINA TperneT y MHOrMX yuyeHbix X VIII
BeKa, KOTOpble, TOXOXe, ObLIM TIOJHBI PELIMMOCTU HCIOAb30BaTh WX Kak
Jl0Ka3aTebCTBO TOTO, UTO bor ObLT MaTeMaTUKOM.

HauuHasi c HeloToHa, a ocobeHHO Tocsie OWHIITeNHA 1ie/ib (U3UKU
COCTOsI/Ia B TOM, UTOOBI HAWTU MPOCThIe MaTeMaTHUeCcKre TIPUHLIUIILI BPOJie TeX,
KOTOpble Tipeariosiarasiuchk KeruiepoM, ¥ C MX TMOMOLIBIO CO374aTh eAUHYIO
«TeOpHI0 BCero», KoTopasi Obl BCeCTOPOHHe 00bsICHUIA 0COOEHHOCTU MaTepuu U
cui, HabmofaeMbix Hamu B nipupoie. B XIX Beke 6putaHckuit pusuk [Ixeiimc
Makcgesin (1831-1879), a 3atem B Hadasie XX Beka repMaHCKuii ¢hu3nk AboepT
OtinmTeriH (1879-1955) 00beAUHUIM TEOPUM 37eKTPUUECTBA, MarHeTHU3Ma M
cBeta. B 70-x rogax XX Beka Oblsa CO37laHa CTaH/apTHas MoJe/lb — euHast
TeOpUsi CUIbHBIX U CMa0BbIX SiIEPHBIX B3aUMOZEUCTBUNM U 37eKTPOMarHUTHOMN
CUJ/IbL. 3aTeM U3 CTpeMJIeHUsI OXBAaTUTh U OCTAaBILIYHOCS CUy — IpaBUTALIUI0 —
TIOSIBUIUCh Teopusi CTPyH U M-Teopusi. VX 1jefbl0 ObUIO HAaMTU He TIPOCTO
eIMHYI0 TeOpHI0, OOBSCHSIONIYI0 BCE CUJIbl, HO U TEOPHI0, OOBSCHSIOLIYIO
(dbyHaMeHTa/IbHbIE TapaMeTphl, 0 KOTOPbIX Mbl TOBOPW/IY, TaKHe KaK BeJMUMHA
CW, a Takke MacCbl M 3apsifbl 3/eMeHTapHbIX yYacTull. Kak BbIpasuics
OUHIITelH, HafleXKia COCTOsI/Ia B TOM, UTOOBI CKa3aTh, YTO «IPUPO/ia HACTOJIBKO
oOycroBfieHa 3akKoHaMH, 4YTO MOKHO JIOTUYECKH BBIBECTH CTOMb CTPOTO



chopMyMpOBaHHbIE 3aKOHBI, UTO B UX Tpefiefiax OyAyT TOMBKO paljMOHAJbHO
orpeZie/ieHHble KOHCTaHTHI (C/iefjoBaTe/bHO, He Te KOHCTaHThl, UMCJIEHHOE
3HaueHue KOTOPhIX MOXKET ObITh U3MeHEeHO, He Hapylllasi TEOPUI0)». YHUKabHast
Teopusi BpsiJ, i1 Oy/leT UMeTb Ty TOUHYH) HACTPOMKY, KOTOpasi M03BOJisieT Ham
cyljectBoBaTb. Ho ecin B cBeTe TIOCAEHUX [AOCTWKEHUN HayKUu Mbl
VHTEeprpeTHpyeM MeuTy ODWHILITeldHa KaK MeuTy O eJWHOM TeopuH, KoTopas
OObsICHSIeT 3Ty W JIpyrue BCe/ieHHble C WX TIOJHBIM CIEKTPOM Ppa3/uyHbIX
3aKOHOB, TO M-Teopusi MOXKeT ObITb TakOBOW. Ho yHuKanbHa i1 M-Teopusi, uiu
)Ke OHa BbI3BaHa KaKUM-HUOY/b TTPOCTBIM JIOTHUUeCKUM TIPUHLUTIOM? MoskeM i
MbI OTBETUTb Ha BOMPOC: nouemy UMeHHO M-meopus?



‘8. BeIciiny 3ambIces1

B oSTOoli KHUre MBI pacckaszajM, KakK 3aKOHOMEPHOCTH B [IBWKeHUU
aCTPOHOMUUECKHUX TeJl, Takux Kak CosHile, JIyHa ¥ myiaHeTbl, HaBeJy JiHofleld Ha
MBIC/Ib, UTO 3TUM JBW)KEHHEM yTPaBJISIOT He3bl0/leMble 3aKOHbBI, @ He TIPUXOTh U
Karipusbl 060roB u JeMoHOB. CHauajia Cyll[eCTBOBaHHWE TaKHX 3aKOHOB CTasio
OUYEBHJHBIM TOJIbKO B aCTPOHOMHH (WM aCTPOJIOTHH, UYTO ObLIO ITPAKTHUeCKU
TEM >Ke CaMbIM). SIB/ileHHsI Ha 3eMJie TIPOMCXOZAT HAaCTO/ILKO C/IOKHBIM 00pa3oM
U TI0/IBep)KeHbI CTO/Ib MHOTHMM BO3/e€MCTBUSIM, UTO APEBHHE I[UBUIH3ALIMU He
MO/ Pa3I/isiieTb CKOMb-JIM00 OTUeT/IMBBIX 3aKOHOMEPHOCTeH B TIpolieccax,
YIPaBJISIOMIUX 3TUMU siB/leHUssMH. O/IHaKO TTOCTeTNeHHO HOBBIe 3aKOHbI ObLIN
BLISIBJIEHBI U B APYyrux 0067acTsX, KpoMe aCTPOHOMHH, UTO TPHBEIO K Hjee
Hay4yHOro JieTepMHUHU3MA: [IOJDKeH ObITh MOMHBIM HAaOOp 3aKOHOB, KOTOpHIE,
YUUTBIBasi COCTOSIHUE BcesieHHOM B orpezie/ieHHOe BpeMsl, orvcaiy Obl, Kak OHa
OyzmeT pa3BUBaThCS BIIPe/lb. DTH 3aKOHBI JJOJDKHBI /1eHiCTBOBATh Be3je W BCErja,
vHaue OHU He OyAyT 3akoHaMu. He Mo)keT ObITh HUKAKUX HCK/IIOUEHUM WM
yynec. Hu Oorud, HM [AeMOHbI He MOTYT BMEIIMBATbCS B XOf] Pa3BUTHUS
BcenenHoi.

Bo BpeMeHa, Korjila TIPUHIJUIT HAy4yHOrO JeTepMUHH3Ma Obl BIIEpBbIE
TIpe/I/IoXKeH, eIMHCTBeHHBIMU U3BeCTHLIMHU 3aKOHaMHU ObT HbIOTOHOBBI 3aKOHBI
JBIDKEHUS] U TPaBUTALIMU. MBI yyKe TOBOPWIH O TOM, KaK 3TH 3aKOHBI PaCIIUPUII
OUHINTeNH B CBOel 001eil Teopuyd OTHOCUTENIbHOCTU M KaK ObUIM OTKPBITHI
JIpyrve 3aKOHbI, YIpaB/IstoIe UHBIMY acrieKTaMy BceneHHOi.

3aKOHBI TIPUPO/IbI OOBSICHSIOT, KK BefeT cedst BcesieHHasi, HO He OTBEYArOT
Ha BOIPOC, KOTOPhI MbI 33/la/li B Hauajie KHUTH: noyeMmy OHa TpOsIB/isieT cebst
MMEHHO TakK?

ITouemy ecmb UMO-MO 8MeECMO Mo20, Umobbl He bbL10 HUUE20?

ITouemy mbi cywjecmeyem?

ITouemy cywjecmgyem UMEHHO 3MOM KOHKpemHblli Habop 3aKOHO8, a He
Kakoli-1u6o opyzoli?

KT0-TO MOXeT cuuTarh, OyATO OTBET Ha 3TH BOMPOChI COCTOUT B TOM, UTO
ectb bor, KoTopbifi pemmn co3nath BcesieHHYH0 HWMEHHO TakuM 00pa3om.
Pe30HHO CIIPOCUTB: KeM WM YeM Cco3/laHa BceneHHas, HO eciid OTBeT — borow,
TO BO3HUKaeT JPYrod BOMpOC: KTo co3fan bora? Ilpu Takoii Touke 3peHUst
CUMTAeTCs, UTO eCTh HeKasl CYIIHOCTb, He HY’KJalolllascs B TBOpLe, U ee
Ha3biBalOT borom. IlomoOGHOe MHeHMe U3BECTHO KaK OCHOBHOW apryMeHT B



nosib3y ObiTusi bora. OffHako Mbl yTBep)KZaeM, UTO Ha 3TU BOIMPOCHI MOXKHO
OTBETUTh CTPOTO B paMKaxX HayKd, 0e3 TIpuUB/ieUeHUsI KaKUX-I100
CBepXbeCTeCTBeHHbBIX CyILleCTB.

CornacHo njee Mofene3aBUCUMOrO peajnu3Ma, OIIMCAHHOU B IViaBe 3, Halll
MO3I' MHTEepIIpEeTUPYeT CHrHa/bl, MOCTYIaKwIIUe OT OpPraHoB UyBCTB, IyTeM
MOCTPOEHUsS] MOJe/ BHeIIHero Mupa. Mbl (QopMupyeM  MbIC/I€HHbIe
TIpe/ICTaB/IeHUsI O HallleM JioMe, /1ePeBbsiX, APYTUX /X, 00 3/1eKTpuuecTBe,
TIOCTYyTIaloIleM U3 PO3eTOK, 00 aTomax, MoJieKyJaX U APYTryuX BCeleHHbIX. DTU
MBIC/IEHHbIE TIOCTPOEHUS] U €eCThb eJWHCTBEHHasi peabHOCTb, KOTOPYI) MbI
MOXXeM 3HaTb. HUKakoW MoOfe/ieHe3aBUCMMOM TIPDOBEPKM DPeajlbHOCTH HeT.
CnenoBaTesbHO, XOpOLIO TOCTPOEHHasi MoOJe/b  COo3/jaeT  COOCTBEHHYIO
peasibHOCTh. O6yMaTh BOMPOCHI peanbHOCTA U TBOPEHUS] HaM MOKET TOMOYb
npumep c urport «KusHb», kKotopyro B 1970 romy mnpujyman MOJOZOU
KeMOpU/pKCKUii MaTeMaTuK JI>koH KoHBel.

CnoBo «vrpa» B IaHHOM C/y4yae TePMUH, COMBAIOIIUN C TOJKY. 3[eCh HeT
nobefuTesield W TPOUrpaBIIUX, (AaKTUUeCKU 37leCb BOOOIle HEeT UrPOKOB.
«KusHb» 10 CyTHM He Wrpa, a Habop 3aKOHOB, YMPaB/SIOLIUX [BYXMepHOMI
BCeJICHHOW. OJTO [leTePMUMHHPOBaHHAs BCeJIeHHas: KOrja Bbl YCTaHOBWU/IU
HauajJbHYI0 KOH(Urypaiuio, WM HauajbHOe YCJIOBUe, TO BCe, uTo Oyaer
TIPOUCXOJUTH Jlajiblile, Orpe/e/sieTCs 3aKOHaAMHU.

Mwup, npuaymaHHbii KoHBeeM, mpezcTaB/sieT cOOOW CeTh KBa/IpaTHBIX
K/IETOK, TIOXOKYI0 Ha IIaxMaTHYHK JOCKY, KOTopas IpOJO/DKAaeTcsl BO BCe
CTOpPOHBI OeckoHeuHO. Kaxzasi K/ieTka MOXKeT ObITb /MO0 «KHBOM», 10O
«MepTBOW» (Ha WUIIOCTPALMAX, MOMELLeHHbIX Jajiee, OHWA T0Ka3aHbl 3e/1eHbIM
WIM YepHbIM LIBETOM COOTBETCTBEHHO). Y KaX[OM KJIeTKM BOCeMb COCeJeM:
CBepxy, CHMU3y, C/ieBa, CpaBa U UeThbIpe coceja MO guaroHanu. Bpems B 3Tom
MHpe He HelpepbiBHO, a [ABWXKETCSl BIlepe[; NUCKPETHbIMM LlaraMu. Y YMThbIBast
pas/iMyHOe B3auMOPACIIOIIOKeHWe MEPTBbIX M JKUBBIX K/IETOK, MOC/IefyroLre
COOBITHSI OTIpe/IeNISIFOTCST  KOJIMYeCTBOM JKUBBIX COCe/led B COOTBETCTBUU C
TaKUMU 3aKOHAMU:

1) ’KviBast K/eTKa C AByMs WM TpeMsl )KUBbIMU COCEASIMU OCTAeTCS >KUTh
(BbDKMBaHMeE).

2) MepTBas KJ/ieTKa C TpeMsl JKUBbIMHU COCeJSIMU OKUBaeT (poXKJeHue).

3) Bo Bcex ocCTasbHBIX C/1yYyasix K/leTKa yMUpaeT UM 0CTaeTcsi MepTBou. B
C/lyuae ecjid y )KUBOU KJIeTKU HeT JKMBBIX COCeJiel UM eCTb TOJIbKO OJVH, OHa
yMUpaeT OT OJMHOYEeCTBa; eCAU y Hee Oosibllle Tpex >XMBBIX cocefield, OHa
yMHUpaeT OT IlepeHace/IeHHOCTH.

HOCMOTPI/IM, KdK e BCe€ IIpOMCXOONT: HMCXOoOd W3 mo00ro HayajabLHOIO



YCUIOBUA 3TH 3dKOHBI I'€HEPHUPYIOT ITOKOJIEHKWE 3d ITOKOJIEHHKEM. MBOJ’II/IPOBaHHaﬂ
JKHUBdA KJ/I€ETKd W/IM [B€ CME)XXHbIE J>XUBbBIE KJ/IETKM YMHPAIOT B CJI€4YyIOLIeM
IMTOKOJIEHKWH, IIOTOMY UTO Yy HMX HE XBATdAET COCGﬂEﬁ.
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«Mwranku». «Muraaku» — 3TO TIPOCTOM TUIT COCTABHOTO
obObekTa B urpe «Ku3Hb».

Tpu >KvBble KJIeTKU TI0 [[MarOHa/M >KUBYT UyTb Aofbiiie. [locse mepBoro
BpPEMeHHOT0 111ara (3Tara) KpaliHue KJIeTKHU YMUPaKOT, 0CTAaeTCsl TONbKO CpeHsis,
KOTOpasi yMUpaeT B CJie/IyIOIeM TOKOieHnH. TakuM >ke 00pa3oM «HCTapsieTCsi»
nmobast [uaroHabHasi TMHUS K/1eToK. Ho ecyii TpU »KUBble KIeTKU PacTiOIOKeHbI
TOPU30HTAIbHO B Psijl, CPe/IHSAS U3 HUX MMeeT ABYX coce/iell U BbDKUBAET, TorJa
KaKk /IBe KpalilHMe yMHUDAKT, HO B 3TOM CJ/iyuae pOX/JAIOTCS KIIETKH,
TIpusieraroliye K cpefiHeil cBepxy u cHu3y. Takum obpa3oM psifi TipeBpalliaeTcs B
cronbuk. [lomobHBIM >ke 06pa3oM B cjiefiyroiljeM TIOKO/ieHuu (TO eCTh Ha
C/lefiyrolleM JTarie) CTOJIOMK OMsiTh TipeBpalljaeTcss B psi, U T. A. Takue
Kosnebmotyecs GUrypbl Ha3bIBAKOTCST «MHUTAJIKU».

Ec/v Tpu >KuBbIe K/IETKU PacIio/iOyKeHbl B BUZie OYKBbI b, cCOOBITHS UIYT I10-
apyromy. B criesiyroriieM rokosieHuy KJieTkKa, KOTopyto orubaet b, monyyaet cBoe
pOXJeHue, W BO3HUKaeT (Qurypa, Ha3biBaroLasicsi «O/oK» (2X2 KIIETKH).
«Bb/1oKu» OTHOCATCS K TUMY (DUTYp, KOTOPBIA HAa3bIBAETCS «HATHOPMOPTBD» WU
«yCToiurBbie GUTYDPbI», IOTOMY UTO OHU TE€PEXO/AT U3 MOKOJIeHUs B TIOKOJIeHUe
He wu3MeHsisich. CyllleCTByeT MHOTO pa3HbIX (UTyp, KOTOpble B HauaabHbBIX
TIOKOJIEHUSIX U3MEHSIIOTCS, HO BCKODe OKa3bIBalOTCS OAHUM W3 BU/IOB
«HaTIOpMOpTa», /MO0 ymuparT, JaUb0 ke BO3BpalllalOTCI K CBOEMY
TiepBOHauaIbHOMY BU/TY, @ 3aTeM TPOL{eCC TTIOBTOPSIeTCSI.
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[IpeBpaliieHre B «HaTIOPMOPT». HekoTopkie cocTaBHbIe 00BEKThI
B urpe «KusHb» pa3BUBalOTCSI B (OPMbI, KOTOPBIM IpaBUaMU
TIpe/INMCaHO HUKOT/Ia He U3MEeHSIThCS.

CylleCTBYIOT TakKKe (PUTypbl, Ha3bIBaeMble «IJIaHEPbI» (WU «IJlalZepbl»),
KOTOpble TipeoOpa3yroTcsi B JApyrue (QUrypbl, a 4Yepe3 HECKOIbKO STaroB
(BpeMeHHbIX 111aroB) BO3BpaljalOTCS K CBOEMY I[lepBOHAuajlibHOMY BH[Y, HO
CMeCTUBIIIMCh Ha OZIHY K/IeTKy BHU3 MO AuaroHaau. Eciu Bbl nmoHabmromaeTe 3a
TaKUM pa3BUTHMEM KaKOe-TO BpeMsl, TO YBUJUTe, UTO «IlJlaHepbl» Kak OyATo
ToJI3yT 10 ceTKe. Koryla oHU CTa/KUBAKOTCS, MOTYT TIPOMCXOAUTD JTFOOOTBITHEIE
nipeoOpa3oBaHusi, 3aBUCSIIME OT (OPMbI KaXKAOTO U3 «IJIAHEPOB» B MOMEHT
CTOJIKHOBEHUSI.
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«[Tnanepbi».  «IlmaHepel»  TIpeoOpa)karOTCs,  MPUHUMAS
TIPOMEXKYTOUHbIe ()OPMBbI, a TOTOM, CMECTHBIIUCH IO AWaroHas,
BO3BPAIL|AlOTCs K TIepBOHaUabHOM (opme.

WHTepecHOW 3Ty UTPOBYIO BCEJIEHHYIO Je/laeT TO, uTo (hyHAaMeHTasbHas
«(u3rKa» ee MPOCTa, a «XUMUSI» MOXKET OKa3aTbCsl CIA0XKHOU. ViMeeTcs: B BUAY,
YTO COCTaBHble OOBEKTHI B HeM CyIIeCTBYIOT B pa3/MUHbIX MaciinTabax. B
HavMeHbIlleM MaciiTtabe dyHmaMeHTanbHasi (GU3MKa Wrpbl TOBOPUT HaM, UTO
eCTb JIWIIIb JKUBbIE U MepTBble K/IeTKH. B Oomee KpyrmHoOM Maciiitabe UMeOTCs



«TIIaHEePbI», «MUTalKU», a TakkKe «OlI0KW» U Apyrue yCTOWuuBble (QUIYphl U3
TPYIIIbI «HAaTFOPMOPTOB». C AaNbHENIIINM YKPYTTHeHHeM Maciiitaba MosiBSTFOTCS
eille Oonee cC/o)KHbIe OOBEKThI, TaKWe KaK «IJIaHEPHbIE DYXbsi» —
CTaljMOHapHble (HOpMbI, TIEPUOAUUYECKH TOPOXK/AAOIIe HOBbIe «IJIaHephI»,
KOTOpbIe TIOKUZAIOT CBOE «THEe3/I0» U YCTPEMJISIFOTCSI BHU3 M0 JUaroHau.

Ecmu HekoTopoe BpeMsi ToHab/ofaTh 3a WUrpoit «KusHb» B KaKOM-TO
ofiHOM MaciiTabe, MO)KHO Pacrio3HaTh 3aKOHbI, YIPaB/sOIIe 00beKTaMU 3TOTO
Maciiraba. Harpumep, cpesiyi ¢puryp rorepeuHuKkoM BCEro B HECKOJIBKO KJ/IeTOK
Bbl CMOXETe 3aMeTUThb TaKue 3aKOHbl, KaK «abCO/IIOTHO HeTOoBMKHbIE
,»OMOKU“», «, T/IaHepbI”, ABWKYIIWECS TI0 AUaroHajn», a TakKKe pa3/uyHbIe
3aKOHBI /IJIs1 C/Ty4aeB CTOMKHOBeHHUs 00beKTOB. Bbl MoXkeTe co3/1aTh BCO (DU3UKY
A7isi m000ro YPOBHSI COCTaBHBIX OOBEKTOB. JTH 3aKOHbI OyAyT OIKCHIBAThH
CYLJHOCTU W TOHSTHSI, KOTOpble OTCYTCTBOBaJIM B WCXOAHBIX 3aKOHaX. Tam,
HarpyuMep, He ObUIO TaKWX TIOHATHM, KaK «CTOJKHOBEHHE» U «IlepeMellieHHe».
HauanbHble 3aKOHBI OTpeie/isiyid JIMIb <«OKA3Hb» U «CMEpPTh» OT/Je/IbHbIX
HeTO/IBW)KHBIX K/IeTOK. B urpe «KusHb», Kak U B Hauleli BceneHHoW, Bailia
peasibHOCTb 3aBUCHUT OT UCII0/Ib3yEMOUW BaMU MOZEJIH.

HauanbHast KOH(Urypanus «IJIaHEPHOTO DPYXbs». «llnaHepHoe
PY’Kbe» MIPUMEPHO B J1eCsiTh pa3 0oJibllie «Ti/1aHepa».

KonBel u ero CTYOEHTbI CO34dJ/I1 3TOT Hl"pOBOﬁ MMUD, XKeJjldd Y3HdTb, MOXET
JIN BCeJIeHHas, dJYH,Z[aMEHTaJ'IbHBIE 3dKOHBbI KOTOpOﬁ TdK Ke IIPDOCTHI, KdK Te, YTO



YCTaHOB/IEHbI UMU [Ijisi 3TOW UTPhl, COfiepXaTb 00bEKThl HACTOJILKO CIOXKHBIE,
YTO OHM CMOTYT BOCTIPOM3BOJUTH camux ceOsi. Cyll[eCTBYIOT /i B MUDE UIPHI
«Ku3Hb» Takue cOoCTaBHble OOBEKTHI, KOTOphIe, TOMPOCTY CJelys B TeueHHe
HECKOJIbKMX TIOKOJIeHUM (T. e. BPeMEHHbIX I1aroB) MCXOJHBIM 3aKOHaM WIpBl,
TopoJsT pyrue 00beKThl, Mofo00HbIe cebe? KoHBel U ero CTyneHThI He TOJIbKO
CMOIVIA TPO/IEMOHCTPUPOBaTh, YTO 3TO BO3MOXKHO, HO Ja)ke TOKas3aau, 4To
10ZI00HBIN 00HEKT MOXKET, B HEKOTOPOM CMbIC/Ie, ObITh YMHBIM! UTO MBI MMeeM B
BUly? YTOUHMM: OHM TOKa3ajd, UYTO OrPOMHbIE CKOILJIEHUSI K/IEeTOK, KOTOpble
CaMOBOCIIPOM3BOASATCS, TIPeACTaB/SIOT CO00N  «yHUBepCasbHYI MalluHY
TetopuHra». B HailleM ciyuae 3TO O3HayaeT, uTo (A/s1 ar00O0OrO pacueTa, C
KOTOPbIM KOMIIbIOTED B HallleM (U3WYEeCKOM MHpe MOXeT B MpPUHLIUIIE
CIIPaBUTLCS) €C/IM Ha BXO/le 3a/iaTh MallliHe COOTBETCTBYIOLME JaHHbIe, TO CTh
CHaOUTh ee yC/IOBUSIMU UrPbl «KU3Hb», TO CITyCTS] HECKOJIBKO 3TarioB paboThl
MallliHa OKa)KeTCsi B TOM COCTOSIHUM, KOTJja MOXKHO OyzeT yBU[eTb, 4UTO
TIOJTYUM/IOCh Ha BbIXOZle, — 3TO OyZeT COOTBETCTBOBaTh pe3y/bTaTaM JAHHOTO
KOMITbIOTEPHOT'O pacyeTa.
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«IlnanepHoe pyxbe» uyepe3 116 nokonenur (3ranos). Co
BpEMeHEM «IlJlaHePHOe pPyXbe» H3MeHseT (opMmy, HCIyCcKaeT
«TlJIlaHEp» W BO3BpalllaeTcsi K CBOMM HayalbHbIM KOH(UIypaluu U
TI0JIOXKEHHUIO.

3aTeM OHO TOBTOPSiET MpoLecc OeCKOHEYHO.

YToObI TTOYYBCTBOBaTh, KakK 3TO pabOTaeT, paCCMOTPUM, UTO TIPOUCXO/UT,
KOT/la «Tl/laHepbl» HAaTaJIKUBAIOTCSl Ha MPOCTON «O/I0K» »KUBBIX K/I€TOK pa3MepoM



2x2. Ecmu  «1muiaHepbl» TIPUOMMDKAIOTCS  TIOAXOMAIMM ITyTeM, TO paHee
HETIO/[BWKHBIN O/I0K CABUHETCS MO0 K MCTOUHUKY «IIJIaHEPOB», MO0 OT Hero.
dakThUeCKd BCe OCHOBHble (DYHKI[MM COBPEMEHHOTO KOMIIbIOTepa, TaKue Kak
norudeckue BeHTUMM U u NJIU, Takke MOTYT OBITb CO3/IaHbI U3 «IIJITAHEPOB».
[Tpu TakoM mojxo/ie TIOTOKU «IlJlaHePOB» MOXKHO MCITI0/Ib30BaTh [I/Is1 riepe/jauu 1
obpaboTku uHGMOpPMaLMM, TOJ00HO TOMy KakK B (DU3MUYECKOM KOMITbIOTEepe
WCMOJIb3YIOTCS  37IeKTpUYecKue curHaiabl. Kak W B HallleM Mwupe, Takue
CaMOBOCTIPOM3BOJSAIIMECS (PUTYDPBI SIB/ISIOTCS CJIOKHBIMU 0O6bekTamu. 1o omHoM
13 OIIeHOK, OCHOBaHHOM Ha JlaBHel paboTe BeHrpO-aMepUKaHCKOTO MaTeMaTHKa
[>xoHa ¢doH HelimaHa (1903-1957), MHUHUMaJIbHbIU pasmep
CaMOBOCIpOU3Bo/sllelicsi ¢urypol B urpe «KusHb» — [ecCsiTb TPUIJTMOHOB
KJIETOK, UYTO TPMMEPHO PaBHO KOJIMUECTBY MOJIEKYJ B OJHOM UeJiOBeueCKOU
KJIeTKe.

JKuBble CylllecTBa MOXXHO pacCMarpyUBaTh KaK CJIOXKHbIE CHCTEMBbI
OrpaHUYEeHHOT0 pa3Mepa, KOTopblie CTabWIbHBI K MOT'YT CAMOBOCITPOU3BOAUThCS.
OrnvcaHHbIe BbIllle OObEKTHI YIOBAETBOPSIOT YC/IOBUIO BOCITIPOM3BO/CTBA, HO,
BEpOSTHO, HeCTaOW/bHBI: C1aboe BO3MYITleHHe W3BHE BITOJIHE MOXKET Pa3pyIIUTh
YYBCTBUTE/IbHBIA MexXaHu3M. OJiHaKO JIerko TpeZCTaBUThL cebe, UTO HEMHOTO
yCJIO)KHEHHbIE 3aKOHBI TI03BOJIST CO3/jaTh U 0o0Jiee CIIOXKHBIE CUCTEMBI CO BCEMU
TIpU3HaKaMM Ku3HU. [IpefcTaBbTe cebe CyIieCcTBO TaKOTO THIIA, OOLEKT B MUPe,
1o/jo06HOM KOHBeeBCKOMY. Takoii 0ObeKT OyjeT pearupoBaTh Ha BO3/EHCTBUS
OKpY>Karolllel Cpefibl U, CJie[J0BaTe/bHO, BBIMVISIZETh NMPUHUMAIOIIUM pelleHUs.
Byznet nu Takast >kKM3Hb 3HaTh O CBOEM CylilleCTBOBaHUU? Byzner mu oHa obiasaTh
camMoCcO3HaHueM? MHeHHs M0 3TOMY BOIPOCY pe3Ko pacxopasTcs. Hekotopeie
CUMTAIOT, UTO OCO3HaHKE CBOEro CyIeCTBOBAaHUS TPUCYIE TOJIBKO JIHOASAM. JTO
HajiefisseT WX CBOOOZIOM BOMM — CIIOCOOHOCTBIO [ieslaTh BLIOODP MeEXAY
pa3/IMYHBIMU BO3MOKHOCTSIMU JIEMCTBUM.

Kak omnpenenutb, obmajjaeT M CyIiecTBO cBobOozoi Boiu? Ecau Mbl
BCTPETUM MHOIUIAHETSIHWHA, KaK pacro3HaTh, po0OOT 3TO WK CYIIeCTBO,
obmnaparoiiee cobcTBeHHBIM pasymoM? [loBeseHwe poboTa OyJeT MOSTHOCTBIO
JeTeEPMUHUPOBAHO, B OTIMYMe OT Pa3yMHOIO CyIIlecTBa, 00/1aZjaroIiero
cBobomoii Bomu. CriefjoBaTe/ibHO, B TIPUHIUIIE PoO0Ta MOXKHO OyzeT orpezie/iuTh
T0 TpeJCKa3yeMOCTH ero aeuctBuil. Ho, Kak MblI y>Ke TOBOPW/IM B T/iaBe 2, 3TO
MOXKET OKa3aTbCsi TPYAHBIM [0 HEBO3MOXXHOCTH, €C/IU CYL[eCTBO KDPYITHOE M
CJI0’KHO YCTpOeHHOe. Mbl He MOXKeM TOUHO pellaTh Jake YpaBHEHUS /Il TPeX U
bonee B3aMMOJEHCTBYIOIIUX JPYyr C [APYrOoM 4YacTUll. A TTOCKOJIbKY
WHOTUIAHETSIHUH Pa3MepoM C uesioBeKa cofiepykas Obl OKOJIO ThICSAUN TPU/IJTHOHOB
TPU/IJTMOHOB YaCTHLI, JaXke eC/ii Obl OH ObUT po60TOM, TO OBI/I0 OB HEBO3MOXKHO
peIlnTh YpaBHEHHUs U TIpe/iCKa3aTh, UTO OH OyJeT Aienarh. [103ToMy MbI JJO/DKHBI



CKa3arb, uTo Jitoboe CoKHOe CyIecTBO 06/1a1aeT cBo0O/[0M BOJIH, Mest B BULY,
YTO 3TO eCTh He ero (PyHJaMeHTa/bHOe CBOWCTBO, a JMIIb MpU3HaHWEe Halllei
HEeCIT0COOHOCTH MMPOU3BECTU pacyeThl, KOTOPhIe MO3BOIUIN Obl HaM Mpe/CcKa3arh
ero JIeMCTBUS.

[IpruMep ¢ KOHBeeBCKOU Wrpou «KW3Hb» MOKa3bIBaeT, UTO [la’)kKe OYeHb
ITPOCTOM HaOOp 3aKOHOB MOYKET MPOM3BECTH CJIOKHBIE CBOMCTBA, MOZI00HBIE TeM,
YTO TIPUCYI[M pa3yMHOW >KU3HHU. JIO/DKHO CyIllecTBOBaTb MHOTO HabopoB
3aKOHOB, 00/1a/1al0IIMX 3TUM CBOMCTBOM. UTO BBIOMPAET 3aKOHbI, YIIPaB/ISIOIIHIE
Haileld BcenmeHHon? Tak ke, Kak U BO BceleHHOM KoHBesi, 3aKOHBI Halllei
BcesleHHOU OTpe/iesisiioT pa3BUTHE CUCTEMbI, YUHUTBLIBAsi €e COCTOSTHHE B THO00M
MoMmeHT. B Mupe KoHBesi TBOpllaMM SIBASIEMCSI MbI — 3TO Mbl BbIOMpaeM
Haua/IbHOe COCTOSIHWE BCeJIEHHOM, orpejesisii 00beKThl U MX PacIlONIoKeHHe B
HayaJjie Urphbl.

B Hamei ¢usnyeckoid BcesieHHOW aHa/soraMM TakuX OOBEKTOB WIPbI
«Ku3Hb», KaK «I7IaHepbl», BBICTYMAIOT OT/Je/IbHbIe MaTepHuaibHble Tena. JIroboi
HaboOp 3aKOHOB, OIMMCHIBAIOIMX HETPepPBLIBHLIM MHp, MOA00HbBIN Halliemy, OyzeT
VMEeTh TOHSITHE SHEPruM, KOTOpasi COXpaHsieT CBOe KOJIMYeCTBO, TO eCThb ee
KOJIMYECTBO He U3MEHSIeTCSI CO BpPeMeHeM. OHeprusi MyCTOro MpOCTpPaHCTBa
OyzeT TOCTOSIHHOM, He3aBHCHUMOM HH OT BPEeMEHU, HU OT MeCTOHAXOKIEeHHS.
V3mepsisi sHepruto /ir0boro o6bema MpoOCTPaHCTBA OTHOCUTEIBHO SHEPTUU TOTO
ke o0bemMa MyCTOro MPOCTPAHCTBA, 3Ty KOHCTAHTy BaKyyMa MOXKHO BBIUECTb,
MO3TOMY MbI BIIOJIHE MOXKEM CUMTATh €e paBHOM Hy/H0. ECThb yc/0BUe, KOTOpOMY
JIOJDKHBI YIOBJIETBOPSITE JIFOObIe 3aKOHBI IPUPO/IbI: OHM 0/DKHBI TTPe/IITUCHIBATh,
yTOOBI SHEPTHS OT/ENBHOTO TeJa, OKPY>KeHHOT'O MYyCThIM IMPOCTPAHCTBOM, Obla
TIOJIOKUTETbHOW, TO €CThb /I CO3/[aHUs Tejla HY)KHO TIpojienaTb paboTy.
[ToaToMy, ecnu 3HEpPrusi OTAE/NBLHOTO Tejla OTpUllaTelbHa, OHO MOXET ObITb
CO3/1aHO B COCTOSIHUM [IBVD)KEHHsI TaKUM 00pa3oM, uToObl ero oTpuIiaTe/bHast
9Heprusi ObIa TOYHO YpaBHOBeIIIeHa TI0/IOKUTeTbHOW SHeprueli BC/ieCTBHE ero
OBIKeHUs1. Byab 3TO Tak, He ObIIO Obl TPHUUMHBI, TPEMNSTCTBYIOIIEN Teaam
BO3HUKaTh Ijle yroaHo. ITycToe mpocTpaHCcTBO ObUIO ObI TOTZA@ HECTAOWIBHBIM.
Ho eciu i1 co3manus OTAeMbHOTO Tejla HY>KHO MOTPaTUTh SHEPTUR0, TO TaKOU
HeCcTabUIBLHOCTH He BO3HHKAeT, TIOTOMY UTO, KaK Mbl YK€ CKa3ajii, SHeprus
BCEJIEHHOM J[IO/DKHA OCTaBaThbCs TIOCTOSIHHOW. BOT uto TpelOyeTcsi, 4UTOOBI
BCeJleHHas1 Oblyla JIOKa/IbHO CTaOMIBbHOM: HY>KHO C/le/laTh ee TaKou, UYToObl HUUTO
He MOSIB/ISIZIOCH TTOBCIKOAY MPOCTO TaK U3 HAUETO.

Ecnu monHasi sHeprusi BCe/IeHHOM [I0/DKHA BCerja OCTaBaTbCs HY/IE€BOW U
ec/id I8 CO3[aHusl Tejla HY)KHO IIOTPaTUThb SHEPryi0, TO KaK >Ke LieJas
BCe/leHHasi MOKeT ObITh co3/aHa W3 HUYero? BoT 3aueM HyKeH 3aKOH
rpaBuTalui. [10CKOMBKY TrpaBUTallds TMPUTATHMBAET, I'PAaBUTAL[MOHHAS SHEPrus



oTpHIjaTe/ibHa: UTOObI pa3ze/uTh CBSI3aHHYIO I'PaBUTAI[MEN CUCTEMY — TaKYIo,
HaripuMep, Kak 3emasi C JIyHOM, — HY)XHO TPWIOXKUTh YCUIUA. ITa
oTpuljaTe/ibHasi SHEPryuss MOKeT ObITh ypaBHOBeIlIeHAa TIOJI0KUTeTbHOU
SHepruei, HeoOXoAUMOMN [T CO3/laHUSI MaTepuu, HO 3TO He TaK Y»K MpOCTO.
OTpuliaTenbHasi rpaBUTALIMOHHAs SHEPTrUsi 3eM/M, HallpUMep, COCTaB/IsieT MeHee
yeM OJHY MWIIHAPAHYIO MOJIOKUTE/bHOM SHEePTUM MaTepuasbHbIX 4acCTHll, U3
KOTOpBIX 3emssi cocTouT. Takoe Teso, Kak 3Be3za, OyzeT uMeTb Oosbliie
OTpHI]aTe/IbHON I'DABUTAI[MOHHOW SHEPIWM, U UeM 3Be3/la MeHbllle, ueM OJirKe
pa3/MuHble ee 4YacTh APYr K ApPYyry, TeM Oosblile OyfeT 3Ta OTpUIiaTebHast
rpaBUTALlMOHHAs dHeprusi. Ho T1ipexJe ueM OHa CMOXET TIPEBBICUTh
TIOJIOXKUTETbHYHO SHEPryi0 MaTepyH, 3Be3/la COXKMETCSI U TIPeBPATUTCS B UePHYIO
JIbIPY, a uepHble /IbIpbl UMEIOT MOJIOKUTE/IbHYI0 3Hepruto. BoT rnoyemy myctoe
MIPOCTpPaHCTBO cTabuibHO. Tesa, 1oM00HBIE 3Be37jaM WM YEepHBIM JbIpaM, He
MOT'YT TOSIBUTHCS TIPOCTO TaK, U3 HUUEro. A BOT BCeJieHHasi 1|e/TMKOM MOXKeT.

M3-3a TOro 4TO TIPOCTPAHCTBO W Bpemsi (OPMUPYIOTCSl TpaBUTal[uel,
TIPOCTPAHCTBO-BPeMSI MOXKeT ObITh JIOKa/bHO CTaOWIBLHBIM, HO T700anIbHO
HecTabunbHBIM. B Maciiitabe Bcell BCe/IeHHOW IONOXKUTe/IbHAsE SHEPTHUs
MaTepuu MoJKem  ypaBHOBEIIMBAaTbCS  OTPULIAaTe/IbHOW  T'PaBUTALIMOHHOM
SHEeprueu, v MOTOMY HeT OrpaHUUeHUs /i1 BO3SHUKHOBEHUS 11e/IbIX BCeJeHHbIX.
[Tocko/bKy  CyllleCTByeT TpaBUTal[ysl, BCeJeHHas MOKeT BO3HUKHYTh
CaMOMNpPOM3BO/IBHO W3 HUYEro MmyTeM, O KOTOPOM pacCKa3aHO B miaBe 6.
Camorpou3Bo/ibHOEe pOXKJeHHWe U eCTb IIpUYMHa TOro, uTo BceneHHas
cyijectsyer. HeT HeoOXogWMOCTH Mpu3bIBaTh Ha Momoilb bora, uToObl OH
nojyker (GUTWIb W a7 Hauvajao pa3BuUTHIO BceseHHol. VIMeHHO MO3TOMY eCTh
YTO-TO, BMECTO TOT'O UTOOBI He ObIJI0 HUUEro, MO3TOMY CYIIIeCTBYeM U MBI.

[Touemy 3akoHbI Hailleli BcejieHHOW TakoBbl, KAKUMM MbI WX OMMCAIU?
OxoHuaTe/bHasi Teopust BceneHHoM [o/hkKHA ObITH HEMPOTUBOPEUMBA U JIOJDKHA
ripe/icka3aTb KOHeuHble pe3y/bTaTbl [/ TeX BeIWUYMH, KOTOpble Mbl MOKeM
13MepuTh. MbI yBHIe/H, UTO TpeOyeTcsl Hajvuue 3aKOHa, IMOJ00HOr0 3aKOHY
rpaBUTAlMM, a IIPOUYMTAB IVIaBy b5, yOequnIMCh: Jjsi TOro uToObI Teopus
rpaBUTALIMM TIpefiCKa3ajia KOHeuHble Be/JMUMHBI, OHA JIO/DKHA 00/1ajaTh Tak
Ha3bIBaeMOM cyriepcUMMeTpHei MeXy dbyHAaMeHTalbHbIMU
B3aMMO/IEMCTBUSIMU B TIPUPOJie M MaTepuel, Ha KOTOPYIO OHU [IeUCTBYIOT. M-
Teopusl SAB/SeTCs 00IIel CyrepcCMMMEeTPUYHON Teopuel rpaBUTalivu. [To3Tomy
M-Teopusi — eOuHCmeeHHbIl KaHAUAAT Ha MECTO TIOJTHOM Teopyd BceneHHOM.
Eciu >ke oHa KOHeUYHa — a 3TO ellle Ha/lo /l0Ka3aTh, — TO OHA OyZeT MO/e/bio
BCeJIEHHOM, CTOCOOHOM K CaMOITPOM3BOJILHOMY BO3HHUKHOBEHMIO. MBI JJOJDKHBI
ObITh UaCTBbIO TAaKOW BCEIEHHOMW, TIOCKO/IBbKY APYrod HeIpOTHBOPEUHNBON MO/Ie/TH
HeT.



M-Teopusi u eCTb Ta eJvHasi TeOpHsl, KOTOPYIO HaJesyiCsd HAUTU DUHILTENH.
To, UTO MBI, JIFO[JY, CAMU SIB/ISISICb BCETO JIUIIbL CKOTieHueM (hyHZaMeHTa/lbHbIX
TIPUPO/IHBIX YaCTUIL], CMOIVIA CTOMb OJIM3KO TOAOWTH K TOHWMAaHUIO 3aKOHOB,
yIpaB/ISIOIIUX HaMU M Halled BceseHHOM, mipefcTaBisieT o000l Be/HKYIO
nobeny. Ho, BO3MO)KHO, UCTUHHOE UyZI0 B TOM, UTO aOCTpaKTHBIE JIOTMUeCKHe
pacCy>XieHusl TIpMBE/IM HAaC K YHUKaJbHOW TEeOpWH, TMpe/iCKa3bIBalollen u
OMUCHIBAIOIIlEMd OTPOMHYIO  HW3YMHUTE/NbHO pa3HoobpasHyio  BcesneHHy1o,
MPOCTUPAIOIIYIOCST  Tlepe], HallMM B30poM. Ecau Teopusi TMOATBEPAUTCS
HaO/TIOZIeHUsIMH, 3TO CTaHeT YCIIeITHBIM 3aBepIlieHHeM ITOMCKOB, [IJTUBIIIMXCS
6omee 3000 siet. Torza MbI pa3rajjaeM BhICITIHI 3aMBbICeJT.



C/ioBapb TepMHUHOB

AnbTepHaTUBHbIE HCTOPUM — TIOHSTME B KBAHTOBOW TEOpUH,
noZipasyMeBatolllee, YTO BEePOSITHOCTh /11000ro HabsofieHus ciaraeTcsi U3 Bcex
BO3MOYKHBIX UCTOPHH, KOTOPbIe MOI/IU MPUBECTH K 3TOMY Hab/MH0jeHHIO.

AMIUTUTYAa BepOSAITHOCTH — B KBAaHTOBOM TEOPUU KOMILJIEKCHOE YMCIIO,
KBaZipaT abCOJIFOTHOTO 3HaYeHHsl KOTOPOT'O [JaeT BePOSITHOCTb.

AHTHBeIIeCTBO — KaK/as 4yaCTULld MaTepud MMeeT COOTBeTCTBYHOLLYIO
aHTU4YacTUuLly. EC/iu OHU BCTpevaroTcsi, TO YHUUTOXKAOT [Pyl [pyra, OCTaB/sis
YHMCTYIO SHEPIrulo.

AHTPONIHBIN NPUHIUI — TIPe/ICTaB/IeHNe O TOM, UTO Mbl MOXeM JiefaTh
3aK/IIQUeHUsI O BUJUMBIX 3aKOHaX (U3MKW, OCHOBaHHOe Ha (hakTe Halllero
CyLLIeCTBOBaHUS.

AcumMnToTHYecKasi cBob0oga —  CBOWCTBO  CU/IBHOTO  SI/IEPHOTO
B3aUMO/IeMiCTBUSI OcjabeBaTh Ha MasbIX pacCTOsHUSIX. bniaromapsi 3ToMmy
CBOMCTBY  KBapKM, YyJep)XvBaemble B  Mpefenax  sApa  CAJIbHbIM
B3aUMO/IeliCTBHEM, MOTYT TiepeMellaTbCs BHYTPU si[pa TakK, OyATO Ha HUX
BOOOIIIe He /IeliCTBYIOT HUKaK/e CHUJIbI.

ATOM — OCHOBHasi e/[uHUI]a OOBLIYHON MaTepuu, COCTOsIIas W3 sApa C
MPOTOHAMU W HEWTPOHaMH, OKPY)KEHHOrO  BpalalOLMMHUCS  BOKPYT
3JICKTPOHAMU.

bapuoH — »>jeMeHTapHas 4aCTWlla, Takasl KaK MPOTOH WIW HEUTPOH,
COCTOsLLIast U3 TPeX KBAapKOB.

bo030H — 371emMeHTapHas yacTulla, IepeHocsIlas CUiy.

Bosbmion B3pbIB — IUIOTHOE M ropsiuee Hadano BcenenHou. Teopus
bonbiioro B3pbiBa IpejriosiaraeT, YTo OKoio 13,7 Mwuiiuapza JeT Hasaj Ta
yacTh BcesleHHOW, KOTOPYIO Mbl MOXKEM BUJETb CerofiHs, uMesa JAruamMeTp BCero
B HECKOJIbKO MWIIMMeTpoB. CerojHs OHa ropasfo LIupe U XOJIOAHeH, HO
OCTaTKUA TOTO paHHero Tepuojia Mbl MOXKeM Hab/ro/jaTh B BHle KOCMUUECKOTO
MHKDPOBOJIHOBOTO (JOHOBOT'O U3/TyueHus1, TPOHK3bIBAIOILIEr0 BCE MPOCTPAHCTRO.

laakTMKa — KpyIHasi CUCTeMa M3 3Be3/l, Me>K3Be3[JHOTO BelleCTBa U
TeMHOW MaTepuH, yiep>KUBaeMbIX BMeCTe TpaBUTaLldei.
I'paBuTanmss — camoe craboe w3 deTbipex (yHAAMeHTaTbHBIX

B3auMojelicTBuid (cus) B Tipupofe. IlocpeacTBOM TpaBUTAlMM  OOBEKTHI,
oOsafiaro1iyie MacCoi, MPUTSATUBAIOTCS JIPYT K JIPYTY.

KBaHTOBasA Teopusi — Teopusl, B KOTOPOU y 00BEKTOB HeT eIMHCTBEHHBIX
orpe/ie/IeHHbIX UCTOPUH.



KBapk — 3/ieMeHTapHasi 4yacTulia ¢ APOOHBIM 37IeKTpUUYeCKHUM 3apsifioM, Ha
KOTODYHO [IeHMCTBYIOT CW/IbHbIe s/lepHble B3auMoZeucTBUs. IIpoTOHBI U
HEWUTPOHBI COCTOAAT U3 TPeX KBAPKOB.

Knaccnueckas ¢pusuka — mobast pusmdeckasi Teopusi, peArioaratorias,
yTO BCeneHHast iMeeT eJMHCTBEHHYO, CTPOTO OMpe/e/IeHHYI0 UCTOPUIO.

Kocmonoruueckas mocTOsIHHasi — IapaMeTp B YpaBHEHUSIX DWHILTENHa,
MPUJAIOLIMKA  [POCTPAaHCTBY-BpEMEHU  HEOThbeMJIEMOe  CTpeMJIeHHe K
pacIIMpeHHUIO.

Me30H — 3/1eMeHTapHasi 4aCTUL|a, COCTaB/eHHAas U3 KBapKa U aHTHMKBapKa.

M-teopusi — dyHgaMeHTabHasA (y3nUecKasi Teopusi, KaHAUJAT Ha MeCTO
TeOPUU BCErO.

MybTHBCe/IeHHasi — MHOKeCTBO BCeJIeHHBIX.

HeUTpuHO — KpaiiHe Jierkas >/ieMeHTapHas YacTUlla, Ha KOTOPYHO
BO3/IeICTBYIOT TOJIBKO C/1a0ble si/iepHble B3aUMOZEUCTBYS U TPaBUTAIUs.

HellTpoH — 3/eKTpUYecKd HeWTpasibHbIM 0apuOH, KOTOPbI BMeCTe C
TIPOTOHOM 00OpasyerT sifipa aTOMOB.

OueBH/IHBIe 3aKOHBI — 3aKOHbI TPUPO/bI, KOTOpble Mbl HaO/OZaeM B
Hauled  BceneHHom: 3aKOHbI ~ yeTblpex  cun  (PyHAamMeHTaIbHBIX
B3aWMO/IEUCTBUM), a TakXKe I[lapaMeTpbl, TakKWe KaK Macca | 3aps/,
XapaKTepu3ylolljue  3jieMeHTapHble 4YacTuilpl (B omiuuue oOT  Oosee
(dyHaMeHTa/IbHBIX 3aKOHOB M-Teopuu, JOMyCKalOIIUX CyllleCTBOBaHUE APYTUX
BCeJIEHHBIX C UHBIMY 3aKOHAMM).

IlepeHopmupoBKa (peHopMa/iM3anusi) — MaTeMaTUYeCKUUd MeTOf,
pa3paboTaHHbLIN /17151 OCMBIC/IEHUsT O€ CKOHEUHOCTEH, BO3HUKAIOIIMX B KBAHTOBBIX
TeOpUSIX.

IToaxopn «CcBepXy BHM3» — B KOCMOJIOTUU ITOAXOZ, IPU KOTOPOM UCTOPUU
BcefleHHOW MPOCAEXUBAIOTCS «CBEPXy BHHU3», TO €CTb OT HacCTOSLEro K
TIPOLLITIOMY.

Iloaxoa «CHM3Yy BBepX» — B KOCMOJIOTMM TMOAXOJ, OCHOBaHHBIM Ha
TIpe/INOJIOKEeHNH, UTO CyLeCTByeT eJMHCTBEeHHAasi ucTopusi BcesieHHOM CO CTpOro
orpeZie/ieHHOM HauyaJbHOW TOUYKOW KM UTO K CBOEMY HBbIHEIIHEMY COCTOSIHUIO
BceneHHas nipuiilia B pe3y/bTare 3BOJIOLMN OT 3TOT0 Hayasia.

IIpuHnun HeomnpepaeneHHOCTH eii3eHOepra — 3akoH KBaHTOBOU TeOpUH,
yTBep>K/ArolI[1, UTO OTpe/iesieHHbIe Mapbl (Jr3UueCKUX CBOMCTB He MOTYT ObITh
V3BECTHBI OIHOBPEMEHHO C KaKOM YTrOHO TOUYHOCTBIO.

IIpocTpaHCTBO-BpeMsi —  MaTeMaTH4yeckKoe TPOCTPAHCTBO, TOUKH
KOTOPOTO JIO/DKHBI 0003HAuaThCsl KakK MPOCTPAHCTBEHHBIMU KOOD/WHATaMU, Tak
Y KOOP/IMHATOW BpEMEHH.

IIpOoTOH — TIOJIOXKUTE/LHO 3apsDKeHHBbIM OapuoH, KOTOpLIM BMecTe C



HeUTpOHOM 00pas3yerT sifipa aTOMOB.

CubHOe s/lepHOe B3auMOfeicTBHe — Haubosiee CUTbHOE U3 UeThIpex
dbyHZaMeHTa/lbHbIX B3auMogelcTBui (cui) B mnpupozse. OHO yaep)KUBaeT
MPOTOHBI M HEWTPOHbI BHYTPU aTOMHOro sizipa. OHO Takke y[ep>KWBaeT OT
pacrazia caMH TPOTOHBI U HEMTPOHBI, UTO He0OX0[MMO, TTIOCKOIbKY OHM COCTOSIT
13 ellje MEeHbIIMX YaCTHUL] — KBapKOB.

CHUHIy/IAPDHOCTL — TOUKAa B IIPOCTPAaHCTBe-BpeMeHH, rae (du3nuecKre
BeJTMUMHBI CTAaHOBATCSI Oe CKOHEUHBIMU.
Cnaboe spaepHoe B3auMojeiicTBHe —  OJHO U3  UeThIpex

dbyHIaMeHTa/IbHBIX B3auMoziencTBuil (cun) B mpupoge. Craboe sijepHOe
B3aUMO/IeMICTBME OTBETCTBEHHO 3a paJUOAKTUBHOCTb W UIPaeT >KU3HEHHO
Ba)XXHYIO PO/ B 00pa30BaHMM XUMUUECKUX 3/IEMEHTOB BHYTPU 3Be3/l U B paHHel
BceneHHOM.

CyneprpaBuTanusi — TeOpUsl TDaBUTALIUM, BK/IIOYArOIas OCOOBIA BU[,
CUMMEeTPUH, Ha3bIBaeMbIli CyriepCUMMeTPHEH.

CynepcumMeTpusi — 0COObIN BUJ CHMMETPUU, KOTOPBIM He MOXKeT ObITb
CBsi3aH C TipeoOpa3oBaHMeM OOBIYHOTO TMpocTpaHCTBa. OAHO U3 BaKHBIX
C/IeJCTBUMA U3 CyNepCMMMETPUU: YaCTHLbl CWbl W YaCTULLI MaTepud, a
C/lejoBaTe/IbHO, CWa U Marepusi, Ha CaMOM Jejie SIB/SIFOTCS JIUIIb [AByMSI
rPaHsIMU OIHOTO U TOTO >Ke SIBJIeHUSI.

Teopusi cTpyH — (u3nueckasi Teopusi, B KOTOPOU YaCTUL[bl OMMUCHIBAKOTCS
Kak BUOpUpYIOII[e CTPYKTYPhI, Y KOTOPbIX UMEeTCs [jIMHA, HO HeT BBICOTHI U
IIIUPUHBI — BPOJZie 6eCKOHEUHO TOHKUX OTPe3KOB CTPYHBI.

YcnoBue Ge3rpannuHOCTH — TpeboBaHue, UTOObI McTOpuM BceneHHOM
VMe/d BU/] 3aMKHYThIX TIOBEPXHOCTe Oe3 rpaHulIbl.

da3za — MeCTOMnoJIoKeHUe B LIUKJIe BOJIHBI.

depMHOHBI — 3jleMEHTapHble YaCTULIbl, W3 KOTOPbIX CKJaJbIBaeTCsi
BeLeCTBO.

@®oToH — 0030H, TEPEeHOCAIINN 37eKTPOMarHUTHYIO0 CHU/Ty; KBaHTOBas
yacTuvla CBeTa.

YepHasa pablpa — 005acTb TPOCTPaHCTBa-BpeMeHH, KOTopas H3-3a
OTPOMHOM IPaBUTALIMOHHOM CUJIbI OTpe3aHa OT OCTabHOU BceneHHOM.

O/IeKTPOMarHuTHasi CWJia — BTOpOe TI0 CWie U3 YeThIpex

dbyHAaMeHTa/lbHbIX B3aMMOJENCTBUM (CWlI) B TIpUpoJie. DTa CWla [IeUCTByeT
ME>XX/1y 7IeEKTPUYECKU 3apsoKeHHbIMU YaCTUL[aMM.

J/IEKTPOH — 3/IeMeHTapHasl YaCTvlla MaTepyu, UMerollasi OTpULIATe/TbHbINU
3apsi/i U OTBETCTBEHHAS 32 XUMHUUECKHe CBOMCTBA 3/IEMEHTOB.



b/iarogapHocTh

Y BceneHHOM eCTb 3aMbICe/l, €CTb OH U y 3TOW KHUTU. Ho B oTimume ot
BceneHHOM KHUra He TOSB/SETCS CaMOIPOM3BOJIbHO, M3 Huuero. Khura
HY)X/IaeTCs B TBOpLIe, U 3Ta POJib IPUHA/JIEXUT He TOJILKO ee aBTOpam. Mbl
OueHb TIpU3HaTebHBI M OnarosapHbl HalM pefaktopam bet Paribaym (Beth
Rashbaum) u OuH Xappuc (Ann Harris) 3a ux mnoutu GecKOHeUHOe TeprieHue.
Onu ObUTM HAIlIMMU yueHUKaMH, KOT/la Mbl HY>KJAJUCh B yUeHHKAax, HAlIUMU
yUUTe/IsIMH, KOIJa Mbl HY)KJa/IUCh B YUUTEJISIX, U OHU Ke TOATOHS/IA Hac, KOrja
nompkuMasnio BpeMs. OHM He pacCTaBa/MChb C PYKOIIMCbIO HU HA MUHYTY, C
IOMOPOM BBIXOJIUIM U3 JIF0OOM cuTyalyu, OyAab TO pacCTaHOBKA 3aMsIThIX WU
OCeCUMMETPUYHOEe BBbICTpAaMBaHWe KPUBOM Ha IUIOCKOCTH. Mbl Takke
6narogapubl Mapky Xumepu (Mark Hillery), koTopsiii ripodesn 60/bIi1y 0 UacThb
DYKOIMCM W [Jajl HaM LeHHble Yyka3aHusi; Kospon JloBeHcrteiiH (Carole
Lowenstein), nomorasiieii HaMm opopmasTe KHUTY; [13Buay CtuBeHcony (David
Stevenson), KOTOPbIH ZI0BeJT [0 COBepiiieHCTBa 00/10)KKy; U JlopeH Hosek (Loren
Noveck), ubsi CKpymy/ne3HOCTb cracia KHUTY OT omedarok. Crmacubo Baw,
[Mutep bonnunrep (Peter Bollinger), 3a mpuobiijeHre HayKu K UCKYCCTBY — 3a
Bawm uyznecHbsle WIHOCTPALMK, BBINOJHEHHbIE C YAWUBUTEIbHOM TOYHOCTBIO U
BHUMaHUeM K Kakaou aetanu. Cugau Xappuc (Sidney Harris), cnacubo Bawm 3a
IOMOPHCTHYECKMe KapTUHKU U TIPUCTabHBIN WHTEpeC K Hay4YHbIM TpobsiemMam.
Mbl yBepeHbl, UTO B /Ipyroii BcejeHHOW Bbl mMormu Obl ObITH (u3MKOM. MBI
OueHb TpU3HaTelbHbl HalMM u3garensm Ony Llykepmany (Al Zuckerman) u
Choto3en I'mu30ypr (Susan Ginsburg) 3a foBepue u noagep>kky. OHHM TTOCTOSTHHO
TBepAuIn: «KHury mopa 3akaHumBath» U «O Cpokax He OecrOKOWTeCh — B
KOHIIe KOHIIOB CIIPaBUTECh». Y HHUX XBaTa/l0 MY/POCTH, UTOObI BBICKA3bIBATh
OfIHy W3 3TUX MpPOChO B HY)KHOe BpeMsi. M HakoHel], GrarofilapuM JUYHOTO
accucrenta CtuBeHa — Jxyaut Kpoysgenn (Judith Croasdell), ero nomoiiHuka
1o KoMribtoTepHOM yactu Csma biskOypHa (Sam Blackburn) u Ixoan 'ogsux
(Joan Godwin) He TO/MBKO 3a OKa3aHHYH) TeXHUWYECKYH TOMOIb, HO W 3a
MOpasbHYIO TIOAAepXKKY. be3 Hux He ObLI0 Obl 3TOM KHUTU. A KpOMe TOTO, OHU
BCeryla 3Ha/Id, T7ie HaluTH JTyuIimii mab.

notes




IIpuMmeuanus




ITeperop I'. A. u T. b. Byp0a.




AMHJ’II/ITY,Z[EI BE€PpOATHOCTHU — B KBAaHTOBOU TE€OPpHKU KOMIUIEKCHOE 4HCJIO,
KBaJpdT a0bCO/TIOTHOTO 3HAYEHUS KOTOpPOI'o fgaeT BePOATHOCTD.



CoBMECTHO C HMMM JiaypeaToM TIpeMUM 3a Ty >Ke paboTy cran u
amepukaHckuit pusuk [lengon I'nsiioy. — Hayu. peo.
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OTOT TIpUMep BBIIVISIAUT HEJNOTUYHBIM, TIOCKOMbKY [lama Pumckuii
130upaeTcss U3 KaTOMKOB, KOTOPBIX CPeJu HeMIIeB B OZIHOUM TonbKo ['epmaHuM
10 KpaliHeii Mepe BueTBepo Oosiblile, ueM cpeiv KutatiiieB. — Hayu. peo.



Vimeercst B BUAYy TMONyJspHas aHIVIMKMCKasl CKa3Ka «3J1aToBlacka U TPU
MeqiBeZisi» (ee B coKpaileHuu mepeckasan JI. H. Tosictol) o geBouke, momnasiiei
B JIOMUK Me/iBefield, Tie ObLIO O TpU BeIlM pa3HOro KauecTBa WM pa3Mepa:
MHUCKM C Kallled, CTy/bsl, KpOBaTH. [IBe Belu U3 KaXAOW TPOUKU el Moyemy-
mbo He MOAXOAUMU (HarpuMep, B OJJHOM MMCKe Kallla Obljia CIUIITKOM ropsiye,
B JIpDyrOMl — 4Yepecuyp XOJIOAHOW), a BOT TPeThsl Belllb BCer/la OKa3blBajach «B
camblli pa3». — Hayu. peo.



ITepeBop, c s3bika Kuye P. B. Kunskanosa.
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