BECTCENNEP THE NEW YORK TIMES




Mutno Kaky

YpaBHenue bora. B
[IOMCKAaX TeOpHuH BCero

«AnpnuHa JIumxuarain

2021



V]IIK 53
bbK 22.3

Kaky M.

Ypaeuenne bora. B nmonckax reopun Bcero / M. Kaky — «AJspnimHa
HMumxutan», 2021

ISBN 978-5-00-139571-3

«YpaBHeHue bora» — 3T0 yBJIeKaTeIbHBIN PaCcCKa3 O MOUCKE CaMO IJIaBHOU
(puznueckoit Teopru, CocoOHON OOBACHUTHL pOKIeHUE BeeneHHow, ee cyap0y u
Hallle MECTO B HEW. 3HAMEHUTHIN (PU3UK U MOMyJIsipu3aTop Hayku Mutno Kaky
MPOCJIEKUBAET BECH MYTh YIAMBUTEIBHBIX OTKPHITUM — OT HBIOTOHOBOW peBOSIOLIAN
Y OCHOB TEOPHH JIEKTPOMAarHeTU3Ma, 3aJI0keHHbIX PapageeM u MakcBesuiom,

JI0 TEOPUM OTHOCUTEJIbHOCTU DUHINTEHA, KBAHTOBOM MEXAHUKU U COBPEMEHHOMN
TEOpUU CTPYH, — BEAYIIUIA K TOW BEJIMKOW TE€OpUH, KOTopast Moriia Obl 0ObeTUHUTD
Bce (pu3nuecKkre B3auMOACUCTBHUS U IaTh MOJIHYI0 KapTUHY MUpa. Yxke Oojee
NOJTyBeKa (PU3MKU Pa3HbIX CTPAH HE MOTYT JIOCTUYb STOM I'PaHIMO3HOU LIEJH.
[TpaBwibHBIN 1 yTh OHU U30pasii? ECTh U «CBET B KOHIIE TOHHEA» 7 OO 3TOM —
HOBast kHura Murno Kaky.

YK 53
bbK 22.3

ISBN 978-5-00-139571-3 © Kaky M., 2021
© Anpnuna dumxutan, 2021



M. Kaky. «YpaBHenue bora. B nouckax teopuu Bcero»

Coaep:xanue

BBezienue B OKOHYATEIBHYIO TEOPHIO
1
Konerr o3HakOMUTEIBHOTO (hparMeHTa.

10
18



M. Kaky. «YpaBHenue bora. B nouckax teopuu Bcero»

Mutuo Kaky
YpaBHenue bora. B nmouckax reopuu Bcero

IlepeBomuuk Hamanes Jlucosea

Hayunslit pegakrop Jmumpuii Bube, 0-p ¢pus. —mam. Hayk
Penaxrop Bauecaas Honoe

Wzpatens I1. ITookocos

PykoBoaurens npoekra U. Cepéeura

Accucrent pegakuuu M. Kopouenckas

Koppekrops! E. Pyonuukas, E. Cuemannuxosa
Komnelorepnas Bepctka A. @Pomunos

Huzaiin oonoxku FO. byea

®oto Ha oOnoxke NASA

© Michio Kaku, 2021
© Mznanue Ha pyccKoM si3bike, niepeBof, odopmiieare. OO0 «AsbrHa HOH-PUKIIH», 2022

Bce npasa zawuuerl. /Jannas 31eKmpoHHAs. KHU2A NPEOHA3HAUEHA UCKAIOUUMENLHO ON5
UACMHO20 UCNOABL30BAHUSL 8 MUUHDBLX (HEKOMMEPUECKUX) UeAsIX. DNeKMPOHHAS KHU2aA, ee uacmiu, ppaz-
MEHMbL U INeMEHNbL, BKAIOUAS. MEKCH, UB00PANCEHUSL U UHOE, He NOONEHCAN KONUPOBAHUIO U MH00OMY
OpY20MYy UCNONL308AHUIO Oe3 paspeutenust npasooonradamens.. B uacmunocmu, 3anpewero makoe
UCNOABL306AHUE, 8 Pe3YAbmame KOMopozo 3NeKMPOHHAsL KHU2d, ee 4acmb, Ppazmenn Ul SNeMeHm
CMAaHYm OOCMYNHbIMU 0ZPAHUMEHHOMY UAU HEONPEOeNCHHOMY KpYey AUul, 8 MOM YUCAe ROCPEOCEOM
cemu uHmepHenl, He3A8UCUMO OM Mozo, Oyoem NpedoCmaAsiMbCs OOCMYN 3a NAAMY UAU 0e3603-
Me30HO.

Konuposanue, socnpouzsedenue u unoe ucnonb308anue 1eKmpoHHOLL KHU2l, ee uacmeli, gppaz-
MEHMO8 U INEMEHMO8, 8bIX00sIUee 34 NPedeabl YaACMHO20 UCNOAL308AHUSL 8 MUUHBIX (HEKOMMepUe-
CKUX) Ueasix, 6e3 coenacust npagoodoNadamenst si8ASemcs He3AKOHHbIM U 81euent YeonoeHyr, aOMu-
HUCIPAMUBHYIO U 2DANCOAHCKYIO OMBEMCIEEHHOCHTb.

%k % %

Moeti nro6seii scerne Cuysys u oouepsim,
0-py Muwenv Kaxy u Saucon Kaky

OTa KHUTa M3JaHa B pamKax nporpammsl «KHukHbIE npoekTsl IMuTprs 3UMUHa» U MpoO-
nomxkaet ceputo «budmoreka «[Iunactus». Imutpuii BoprcoBrnd 3uMUH — OCHOBATEh KOMITAHUU
«BreivMniesikom» (Beeline), ¢ponna HekoMmepueckux nporpamMm «IuHactus» u ponna «MockoBckoe
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BpeMsi». [Iporpamma «KHuxHbIe poekThl Imutpus 3umuHa» 0ObeIUHSIET TPU MPOEKTa, XOPOIIIO
3HAKOMbIE UUTATEJIbCKOM ayTUTOPHU: U3AaHKME HAyYHO-TIOMYJISIPHBIX MEePeBOOHBIX KHUT «Budmmo-
Teka «/luHactus», n3garenbckoe HarpasieHne oHga «MOCKOBCKOE BpeMsi» U MPEMUI0 B 00JIaCcTH
PYCCKOSI3BIYHOW HAy4YHO-TIONMYJISIpHOM JuTtepatyphl «IIpocBerutens». [logpoOHyo nHpopManumio o
«KHmkHBIX mpoekTax JMuTpus 3uMuHa» Bl HaleTe Ha caiTe ziminbookprojects.ru.
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BBeneHue B OKOHYATEJIbHYIO TEOPHIO

Ota Teopus JOJKHA OblIa CTaTh OKOHYATEJbHOM, 3[JAKO YHUBEPCAIbHON OCHOBOM, KOTOpast
00BEMHSIET BCE CHIIBI KOCMOCA M OOBSICHSIET BCe, HAUMHAS OT JIBVKEHHsI pacimpsioneiics Beenen-
HOH U 3aKaHYMBas (PUIMTPaHHBIM TaHLEM JIeMEHTapHbIX YacTull. TpeOoBanock JMIIbL HANTH ypaB-
HEeHUe, KOTOpPOe ¢ MaTeMaTHYECKON YETKOCTBIO OITUCHIBAJIO Obl BCIO (PU3BHKY.

3a noucku Opanuchk caMble Bblaatonyecst (pu3uKM Mupa, BKIodast 1 CtuBeHa XOKHMHTa, KOTO-
pblii faxe cenas JOKJIAJ ¢ MHOrOOOEIIAIIMM Ha3BaHMEM «DBIIM30K JIM KOHel TeopeTUYecKoi
puzukn?».

B cnyuae ycriexa Takasi Teopusi crasia Obl MOAJMHHBIM BEHIIOM HayKu. OcyIecTBuIach Obl
3aBeTHas 1eJIb (PU3UKH — CO3/1aHKE €JMHCTBEHHOW (DOPMYJIBI, U3 KOTOPOH, B TPUHIIMIIE, MOXKHO BbIBE-
CTH YpaBHEHHsI IS BCEX COCTOSIHMIT BeenleHHoi, 0T Hayasia Mupa [0 ero KoHIa. 1o ObUT Obl KOHEY-
HBIN pE3YJIbTAaT HAYYHBIX MCCIIENOBAHUM, KOTOpbIe BedyTcs BOT yxe 2000 sieT ¢ Toi mopsl, Korga y
APEBHUX BO3HUK BONPOC: KAK YCTPOEH 3TOT MUP?

OT ofHOM MbIC/IM 00 9TOM 3aXBaThIBAET AyX.

MeuTa DAHIITEHHA

MeHe ObUIO BOCEMB JIET, KOTZa s BIIEpBbIe y3HaT 00 3Toi MeuTe. ['a3eTsl coolman o cMepTH
BEJIMKOTO YUEHOTO U IMyOIMKOBAIN He3a0biBaeMylo hoTorpaduio.

310 6BUI0 (POTO PAOOYEro CTOJA YYEHOTO C PACKPHITHIM OIIOKHOTOM. B moxmumcu o H1UM roBo-
PUJIOCh, YTO BEIMYAMIIMI yYEHBII HAlllero BPEMEHW He CMOI 3aBEpIIUTh HavyaTyio padoty. 51 ObLi
nopaxeH 10 r1yOuHsl aymu. Kakas 3ajadya MoeT ObITh HACTOJIBKO CJIOKHOM, UTO Jake BEJTMKUIA
DVHIITEVH HE CyMeJl PELIUTh ee?

B 6nokHOTE OKa3anach He3aBeplleHHas: TEOpHs BCEro — DUHINTENH Ha3bIBaJl €€ eIMHON Teo-
pueii mossi. OH XOTesl HATH eMKOe M KOPOTKOE YpaBHEHHE, KOTOPOe MO3BOIMIO Obl, MO €ro cod-
CTBEHHBIM CJIOBaM, «4UTaTh MbICIH Borax.

He B cocTosinny A0 KOHIA OLIEHUTh IPAHIMO3HOCTh MOJOOHOM 3aaud, 51 PeLInsl MOWTH IO
CTOIIaM 3TOrO BEJIMKOIO YEeJIOBEKAa, Ha/lesCh BHECTH XOTSA Obl MMHUMAJIbHBIA BKJIAJ B peau3aluio
uzien.

INonbITOK permuTh 3Ty 331a4y ObUIO HEMAJIo, HO BCE OHM 3aKOHUYMJIMCh Heynaueit'. Kak 3ameru
OfIHasK/1bl TPUHCTOHCKUH (pu3nk Ppumen JlaiicoH, 1opora K €JMHON TEOPHH 107151 yCesiHAa OCTaHKaMU
HEyAa4YHBIX TOMBITOK.

'B MPOIUIOM MHOTHE TMTaHThl (DPM3UKH MBITAIUCh CO3/aTh CBOIO €IMHYI0 TEOPHUIO MOJISA, HO MoTeprienn Heynady. CeroqHs Mel
MOHMMAEeM, YTO eJUHAs TEOPHUs TIOJIs JOJKHA YIOBJIETBOPATb TPEM KPUTEPHAM:OHA JOJIKHA MOJHOCTBIO BKIII0YATh B ceOs1 0OIILYI0 Teo-
PUIO OTHOCUTENIBHOCTH DHHIITEHA;0Ha I0JKHA BKJIOYaTh B ce0s CTaHIapTHYIO MOJIENb JIEMEHTAPHBIX YaCTULI;0HA JIOJIKHA 1aBaTh
KOHEYHble pe3y/bTarhl. pBuH IIpénuHrep, oiH N3 ocHOBaTeNeH KBAHTOBOW TEOPUH, MPEIJIOKII B CBOE BpPEMs BApUAHT €IMHON Teo-
PUH OIS, KOTOPBIHA (PaKTHYECKH JI0 3TOrO paccMaTpvBasl DUHIITEHH. DTOT BapUaHT He MPOLIEN, TIOCKOJIbKY He CBOAMIICS KOPPEKTHO
K Teopuu DUHIITENHA U ObUT HEe B COCTOSTHUM OOBSICHUTD ypaBHeHUs: Makcgesuia. (Kpome Toro, B HeM OTCYTCTBOBAJIO Kakoe Obl TO HA
6bUIO OIMCAHKE EKTPOHOB WM aToMoB.)Bonbdranr IMaynu n Beprep I'efizenOepr Toxe Npeasaraiy eauHyo TEOPHIO TOJIA, Conep-
JKaBIIYIO MOJIs (DEPMUOHHOI MaTepyy, HO OHa He IOJ1aBaIach MEPEHOPMUPOBKE 1 HEe BKJIOYasIa B ce0s1 KBAPKOBYIO MOJEIb, KOTOPast
TMOSIBUJIACH JIWIIIb HECKOJIBKO JecATHIeTHi crrycTs.Cam DUHINTENH UCClieioBall LIebli Psifl TEOPUiA, KOTOpBIE B UTOTe HE OIPaBAAIH
Haziexa. [To cymecTBy, OH HOMpPoOOBaI BKJIIOYUTh TEOPUIO MakcBeJIa B CBOIO TEOPHUIO, 00OOLINTh METPUUYECKHUIA TEH30p Ha IPaBUTa-
LIMIO ¥ cieNaTh Tak, uytoObl cuMBobl Kpucroddens Brkmovanu B cedsl aHTUCUMMETPUYHBIe TeH30pbl. Ho 3Ta momnbiTka He ynajachk.
YtoO6bl 00BACHUTD YpaBHEeHHs MaKcBesia, 0Ka3aloch HEIOCTATOYHO MTPOCTO PACIIMPUTh HOMEHKJIATYPY TMOJIel B OPUTMHAJIBHOM Teo-
puu DitHmreitHa. Kpome Toro, B ToM 1ojaxozie BOBCE He YIOMMHAJIACh MaTepysl.3a MHOTME rojibl ObUIO CEJIAHO HEMAJIO ITIOTBITOK
MPOCTO 100ABUTh K ypaBHEHUAM DiHIITElHa MaTepHaJIbHbIe 110151, HO BCE OHM, Kak ObLJIO MOKA3aHO, PACXOAATCS HA OIHONETIIEBOM
KBaHTOBOM YpOBHe. Majio TOro, npy IoMOIIM KOMIIBIOTEPOB ObUIO PACCYMTAHO paccesiHHe I'PaBUTOHOB Ha OJHOINETIEBOM KBAHTO-
BOM YPOBHE U MOKa3aHO, YTO OHO HECOMHEHHO BeZIeT K OECKOHEUHBIM pe3y/brataM. o CHX MOp €AMHCTBEHHBIN U3BECTHBIN CIIOCO0
YCTpaHEeHHs STUX OECKOHEUHOCTEH Ha CaMOM HU3KOM OIHONETIIEBOM YPOBHE 3aKJI0YAETCs B MCIIOJB30BaHUHU cyniepcummerpun. bosee
pamuKaibHylo uaelo npeanoxui eme B 1919 r. Teomop Kamyna, koTopelil mpeacTapul ypaBHeHHsl DUHINTEHHA B MATH W3MEPEHUSAX.
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Bnpouem, ceromHsi MHOTHE Beaylye (PU3MKHM CUMTAIOT, YTO Mbl HAaKOHEI MPHOIU3IINCH K
PELLIEHUIO.

I'naBHbI (a HA MOW B3I, M €AMHCTBEHHBIN) KaHAWAAT HA POJib TEOPUU BCErO HAa3bIBAETCS
TEOpUeil CTpyH, KOTopasi YTBEp:KAAeT, UYTo BcesleHHass COCTOUMT He M3 TOUEUHBIX YacCTHll, a U3 Kpo-
XOTHBIX KOJICOIOIIMXCS CTPYH, Kak1asi HOTa KOTOPBIX COOTBETCTBYET JIEMEHTAPHON YaCTHIIE.

Ecnmu Obl y Hac ObLT JOCTAaTOYHO MOIIHBIE MUKPOCKOI, MBI YBHIETH Obl, UTO JEKTPOHHI,
KBapKW, HEUTPUHO U T. TI. TMPEJCTABISAIOT COO0M HEe YTO WHOE, KaK KOJeOaHUsI KPOXOTHBIX HHUTEH,
HaIOMMHAIOIIMX HATSHYTYIO pe3UHKY. Ecim fepraTeb Takyio pe3uHKY HO-pa3HOMY JOCTATOYHOE YUCIIO
pa3, TO B UTOre Mbl MOJYYMM BCE U3BECTHBIE JIEMEHTApHbIE YacTULbl BeceneHHol. DTo O3Hayaer,
YTO BCE 3aKOHBI (PM3MKKM MOTYT OBITh CBEICHBI K TAPMOHUSIM TAKUX CTPYH. XUMHS — 3TO MEJIOIUH,
KOTOpbIe MOKHO ChIrpaTh Ha cTpyHax. BceeneHHast — 310 cumdonus. A mbiciau bora, 0 KOTOpPBIX Tak
KPacCHOPEYMBO NHcas DUHILITENH, — 3TO KOCMUYECKas My3blKa, pE30OHUPYIOLIAsl B TPOCTPAHCTBE-Bpe-
MEHH.

N Bonpoc 310 He ToNbKO akagemMuueckuil. Kaxaplil pa3 OTKpbITHE HOBBIX 3aKOHOB (PU3UKU
MEHsIET XOJ Pa3BUTHSI IIMBUIM3ALUMK U CyabOy denoBedecTBa. Tak, HbIOTOHOBBI 3aKOHBI ABUKEHUS
Y TATOTEHUS 3aJI0KUJIM OCHOBY ISl BeKa MAIlIMH W TPOMBIITUIEHHOW peBosioiiuu. Maiiki ®apaneit
u Ixeiimc Knepk MakcBesut 3a/10:KUTM OCHOBBI TEOPUM IEKTPUYECTBA U MarHeTU3Ma, 4To MO3BO-
JIUJIO HaM OCBETUTb TOPOAA, CO3JATh MOIIHbIE JIEKTPUUECKUE MOTOPBI M TEHEPATOPBI, & TAKKE TAKHE

CPEICTBa CBSA3HU, KaK TEJEBUICHUE U Paguo. DUHIITENHOBA dopmyna E = mc* oGbsICHIIA, OTKyZa
YEepHalT SHEPTUIO 3BE3/bI, U IOMOIJIA OBJIAAETh dHepruen aroma. Co3areny KBaHTOBOM MEXaHUKHU
SpeuH lpénunrep u Bepuep [eiizenOepr BMecTe ¢ npyrumu (pU3MKaMH MOJIOKMIM HA4asIo Cero-
JHSIIHEN BBICOKOTEXHOJIOTMYECKON PEBOJIOLMU C CYNIEPKOMITBIOTEPAMH, JIa3epaMU, UHTEPHETOM U
MOTPACAIOLIMMU Ta/)KeTaMU B HAIIUX TOCTHHBIX.

B KoHeYHOM HTOre BCe uy/ieca COBPEMEHHBIX TEXHOJIOTHIA — 3TO pe3y/bTaT OTKPHITHIA YUEHbIX,
M3y4yaBIIMX (byHAAMEHTaIbHbIE B3aMMOJIEMCTBYS HaIllero Mupa. B Hacrosiiee BpeMs Hayka, OXOXe,
OMM3Ka K CO3JaHMIO TEOPHHU, KOTOpasi OOBEANHHT BCE YETHIPE CHJIbI TPUPO/IBI — IPABUTAIIMIO, JIEK-
TPOMAarHeTU3M, a TaKXKe CUJIbHbIE U cllalble siiepHble B3auMOIencTBUsA. B utore 3To no3Bosur pas-
rajiaTb Takye BeJMYaiIlIve 3araJkyu HayKu, Kak:

@ Yro npoucxonuio o Bonbimoro B3peiBa? [Touemy BooOIIe MTPOKU30IIIENT STOT B3PhIB?

@ Yto HaxoauTCS C APYrOil CTOPOHBI YEPHOM JIBIPHI?

@ B03MOXHBI JTM ITyTeIIeCTBHS BO BpeMEHH ?

@ Cy11ecTBYIOT JI1 KPOTOBBIE HOPbI, KOTOpbIE BEAYT B APYrve BCEIeHHbIE?

@ CymiecTByIOT 1 OoJiee BHICOKHE U3MEpEeHU s ?

@ CymiecTByeT J1 MyJIbTUBCEIEHHAS], COCTOSINAA U3 MHOKECTBA MAPaJIEIbHBIX BCEICHHBIX ?

OTa KHUTA MTOBECTBYET O MOMCKAX OKOHYATEJIbHON TEOPUU U O HEBEPOSTHBIX COOBITUSIX OHOM
U3 CaMbIX YIUBHUTEJbHBIX CTPaHUL] UCTOPUM (PU3MKUA. Mbl BCIIOMHMM OTKPBITHS MPOLUIOTO, J1aB-
IIMe HAayaJlo YyAecaM TeXHOJIOrHid, — oT Hpl0TOHOBOI PEeBOMIOIIMY U U3YUYEHUS 1eKTPOMarHeTu3ma,
OCMBICJIEHU S TEOPUY OTHOCUTEJIBHOCTY 1 KBAHTOBOW MEXaHUKH JJO COBPEMEHHOM TEOPHU CTPYH. MBI
OOBSICHIM, YTO 3TA TEOPHS JACT JJIs pELICHUsT BEIMYANIINX 3araIok IPOCTPAHCTBA U BPEMEHH.

[TpumeuartenbHO, YTO MPU CBOPAUMBAHMM OJHOTO M3MEPEHHs B KPOXOTHOE KOJIEUKO MoJie MakcBesula OKa3blBaeTCsl CONpPSKEHHBIM C
IPaBUTALIMOHHBIM MOJIeM DHHINTEIHA. DTOT noaxon DUHIITENH TOXE U3ydasl, HO MIOTOM OCTaBUJI, IOTOMY YTO HUKTO HE NOHHMMAJ,
KaK CBEepHYTb M3MepeHue. B Gosee G:m3Koe K Ham BpeMsl 9TOT MOAXO0A ObUT BKIIOYEH B TEOPHIO CTPYH, KOTOpasi CBOPAuMBaeT JeCsTh
M3MEpEHUH JI0 YeThIpeX U B IIpoLiecce 3TOro reHepupyer nosne SIara — Musica. Tak 4To U3 MHOkECTBa OAXO0B K CO3IAHUIO €AUHOM
TEOPUH NOJIs1 €IMHCTBEHHBIN YIIEJEBIIHMI IO Cero JHsI IMyTh — 9TO MHOTOMepHBIH noaxox Kamyrpl, nmpuyem 0600LIEHHBIN TaK, YTOObI
BKJIIOYATh CYNEPCUMMETPHUIO, CYNIepCTpYHHI U cynepMeMOpanbl. He Tak JaBHO MOSIBUIIACH ellie OfHA TeOpHsl, TIOyUHBILAs HA3BaHUE
TeopHH NeTIeBOM KBAaHTOBOM rpaBuTalu. OHa IpeylaraeT HOBbIA MyTh K UCCJIEIO0BAHUIO IEPBOHAYAIBHON YETBIPEXMEPHOHN TEOpUU
SiiHiuTeiiHa. OfHAKO 3TO TEOPHsl YUCTON rpaBUTALMK, Oe3 MEKTPOHOB M JIEMEHTAPHBIX YaCTHII, TO3TOMY ee HeJlb3s1 KBaJTU(pHLIHPO-
BaTh Kak eMHYI0 TeopuIo nois. B Hell He ynomunaercss CtangapTHast Moziesb, IOTOMY 4YTO HET MaTepuasbHbIX Monei. Kpome Toro,
HESICHO, ABJISIETCS JIM pacCesiHue MYJIbTUIIETEIb B 9TOI MOJIEJIH IT0-HACTOAIIEMY KOHEUHBIM. ECTh nipearosioxkeHue, 4To CTOIKHOBEHUE
JBYX IeTeNb JaeT pacXoAIUecs: pe3yJIbTaThl.
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ApMusi KPpUTHKOB

OpHako Ha 3TOM IYTH eule MHOro npenstctBuil. [Ipu BceM 3HTy3HMa3Me, KOTOPbIH BbI3BaJla
TEOpHs1 CTPYH, €CTh HEMAJIO KPUTHUKOB, HE YIYCKAIOIIMX CIIy4asi, 4YTOObl yKa3aTh Ha €€ HeIOCTATKH.
W B Kakoii-TO MOMEHT, MOCJIE BCEH IIYMUXU U aKMOTaxka, peabHbII POrpecc 3aCTONOPUIICS.

Camast oueBHHAsI TPOOIEMa COCTOUT B TOM, YTO, HECMOTPSI Ha JIECTHBIE PETIOPTAXKH TPECCHI,
PaCIUCHIBAIONINE KPACOTY U CIOXKHOCTb STOW TEOPUH, HA/IEKHBIX U TIPOBEPSIEMBIX JJOKA3ATEIbCTB Yy
Hac Het. Hanesx el Ha 10, uto Bosnbioit anponnsiil kownaiiaep (BAK) 63 Kenessl B IlBeitnapun —
KPYIHEHINIA B UCTOPUM YCKOPUTEh YACTHI] — TIOMOXKET TMOJTYYUTh KOHKPETHBbIE CBUETEIILCTBA B
TI0JIb3y OKOHYATEJIbHOW TeOpuH, He onpaspiBaiotcs. C nomorsio BAKa ynanocs oOHapyxuTh 6030H
Xwrrca (Wiv, Kak €ro MHOTJa Ha3bIBaIoOT, YacTuily bora), HO 3Ta yacTuiia — JMIb OJHO U3 MHOTHX
HEJJOCTAIONINX KPOXOTHBIX 3B€HbEB OKOHYATEJIbHON TEOPUH.

XOTs CerofHsi ¥ BBIABUTAIOTCS aMOMITMO3HBIE TPEIOKEHHS] IOCTPOUTH ellle 0osiee MOIIHBIH
yCKopHTeIh — NpeeMHUK BAKa, HeT HUKakux rapaHTui, 4To OI0OHBIe JOPOTrOCTOSIIINE YCTAHOBKU
CMOTYT BOOOIIE UTO-TO HaWTH. HUKTO He 3HaeT HaBepHsKa, NMPU KAKOW SHEPruM Mbl OOHAPYKUM
HOBBIE 3JIeMEHTapHbIE YaCTHUIIbI, CIIOCOOHBIE TIOATBEPAUTD TEOPHIO.

Ho, moxanyii, HanbOomnee cepbe3Hyl0 KPUTHKY TEOPUM CTPYH BBI3BIBAET TO, YTO OHA Mpel-
CKa3bIBaeT CYyIIECTBOBAHUE MYJIbTUBCEJIEHHOM, COCTOSIIEH M3 MHOXECTBA BCEJEHHBIX. DUHIITENH
OJIHAJKJIBI CKa3aJl, 4TO KJIIOYEBOW BOIIPOC 3BYUHT TaK: ObLT i y Bora BeiOOp npu corBopennu Beenen-
Hoi? EquncTBenHa i Hama Beenennas? Cama 1o ceGe Teopusi CTpyH €JUHCTBEHHA, HO, BUIMMO, Y
Hee OeCKOHeUHOe MHOKECTBO peltieHuit. ToT akT, 4ro Haiia BeeneHHass MOKET MpeICTaBIsATh COOO0M
JIVIIITH OTHO M3 OCUMCIICHHBIX PABHOIIGHHBIX PellieHul, (PU3UKU HAa3bIBAIOT MTPOOIeMoit JTanamadTa.
Ecnu nHama BeeneHHast — oqHa U3 MHOXECTBAa BO3MOXKHBIX, TO KOTOPasi U3 BO3MOKHBIX BCEJIEHHBIX
Hama? [Touemy Mbl )KkMBEM UMEHHO B 9TOM BCEJICHHOM, a He B Apyroi? B uem ke Toraa 3akioyaercs
MIPOrHOCTUYECKAsl CUJla Teopur CTpyH? UTO 3TO — TEOpHUSI BCErO UM TEOPUS YEro YTOIHO?

[Tpu3Hatock, 4TO s TOKE MPUHUMAIO YYacTHe B 9TOM MoUcKe. $1 paboTaio HaJ| TeOpuer CTPYH C
1968 r., c MOMEHTa ee TOSIBJICHUSI — CITyYaiiHOTO, HEOOBSIBJICHHOTO M COBEPIIIEHHO HEOXUAaHHOTO.
Sl Ob1 cBUAETEIEM HEBEPOSTHOM SBOJIOIMYU STOW TEOPHH, PAa3BUBILIEHCS W3 OTHON-EIUHCTBEHHOM
opmyIbl B JUCHUTUTUHY, UCCIIeJOBATEIbCKUE paOOTHI IO KOTOPOW COCTABJISIIOT LISy OUOTUOTEKY.
CeronHs TeOpusi CTPYH UCTIONB3YeTCsl KaK OCHOBA JIJIs1 MHOTMX HOBBIX MCCIIEIOBAHUM, HAJl KOTOPHIMU
paboTaloT B Beaynux Jadoparopusix Mupa. Hazeroch, 3Ta KHUTa 1aeT B3BEIIEHHBIN U OObEKTUBHBIN
aHAJI3 TEOPUH CTPYH, €€ TPOPHIBHBIX OTKPBHITHI U HEJJOCTATKOB.

Ona 00BSICHSIET TaKKe, IOYeMY STOT MOUCK 3aXBaTHII BOOOPaKEHHE CAMBIX U3BECTHBIX YUEHBIX
MUpa 1 TIOYEMY TEOpHsI CTPYH MOPOXKAAET TAKUE CTPACTU U TIPOTUBOPEUHS.



M. Kaky. «YpaBHenue bora. B nouckax teopuu Bcero»

1
O0beuHeHNE — IPEeBHSASI MeuTa

Cusiroliee BeMKOJIENMe HOUHOTo Heba ¢ OECUMCIEHHBIMU 3B€3JaMU HAIOJHSET Hac BOCTOp-
roM. MeIC/I ITOHEBOJIE OOPAILAIOTCA K BEIMYANILINM 3arajKkaM.

CoortBetcTByeT 1 BeeneHnast KakoMy-To o0IeMy 3amMbICiTy ?

Kak MbI mocTuraem cmbicit 6€CCMBICJIEHHOTO, Ka3aJloch Obl, KocMoca?

EcTb B HallleM CcylecTBOBaHUM FAPMOHUS U PUUMHA — WK BCE 3TO HaJyMaHHO?

Mee BcriomuHaercsi cruxorsopeHre CtuseHa Kpeiina:

YenoBek ckazaa BeeneHnou:

— Cmorpu! 4 cymectByio!

— Jla, — orBetuna Beenennas. — Ho ceit hakT ere He 03Havaer,
Yro g goirxHa 0 Tede 3a00TUThCH2.

I'pekn ofHMMHM U3 NEPBBIX BCEPbE3 IMOMBITAIUCH YINOPSAJOUYUTh Xa0C OKPYXKAIOUIEr0 MUpA.
dunocodsl, HaNTpUMEp APUCTOTENb, CIUTAIIM, YTO BCE BOKPYT MOXKET ObITh CBEEHO K COUYETAHUIO
YeThIPeX OCHOBHBIX KOMITOHEHTOB: 3eMJIM, BO3/1yXa, OrHs ¥ Bojbl. HO KakuM 06pa3om u3 yeThipex
3JIEMEHTOB CKJIaJJbIBAETCS CTOJb CJIOKHBIA MUP?

I'pexku npenyarany MUHMUMYM JBa OTBETa Ha 3TOT Bonpoc. IlepBblil 0TBET elie 40 ApucToTens
nan ¢punocod Iemokput. OH cunTall, 4To BCE BOKPYI COCTOUT U3 KPOXOTHBIX, HEBUIMMBIX U HEPA3-
PYILIMMBIX YacTHI], TAK Ha3bIBAEMbIX ATOMOB (UYTO MO-TPEYECKU O3HAYAET «HEAEIUMBbIe»). Kputuku,
OIHAKO, YKa3bIBaJIM, YTO MpPsSIMbIE JI0KA3aTeIbCTBA UX CYLLECTBOBAHMUS MOIYyUYUTh HEBO3MOKHO, TaK
KaK aTOMBbI CJIMIIIKOM MaJibl JJIs HeNOoCpenCcTBeHHbIX HaOmonaeHmii. Ho JIeMokpuT cymen nmpuBecTH
yOenuTebHble KOCBEHHBIE CBUIIETENTLCTBA.

Bosbmewm, Hanpumep, 30510Toe Konblio. C rogamu oHO u3HamuBaercs. Yto-to tepsercs. Kax-
Obli IeHb C KOJbIa CTUPAIOTCS KPOXOTHBIE KyCOUKU BelecTBa. ClieoBaTeIbHO, XOTsI AaTOMbl HEBU-
IUMBI, 00 X CYIIECTBOBAHUM MOXHO CYJUTh KOCBEHHBIM OOPa3OM.

Jlaxe cerogHs Haila NpojABUHYTasl HaAyKa B OCHOBHOM OITMPAETCs HA KOCBEHHBIE CBUJIETENb-
crBa. CocraB Connia, neraibnyio crpyktypy JAHK, Bo3pact BeenenHoi u MHOTOE Ipyroe Mbl 3HaeM
TOJIBKO Onarofapsi HempsiMbIM M3MepeHusiM. Mbl 3HaeM Bce 3TO, XOTsI HUKOT/a He JIETAJIM K 3Be3/1aM,
He nponukamu B mosiekyay JHK u ne nabmonam Bonbinoid B3pbiB. PaszHuiia Mexay npsiMbIMA |
KOCBEHHBIMU CBUJETEJICTBAMM CTAHOBUTCS MPUHLIMITMAIBHO BaKHOM, KOT/1a Mbl TOBOPUM O TOIIBIT-
Kax JI0Ka3aTh €JUHYI0 TEOPHIO TOJIS.

Bropoii nogxon npeasoxui Beaukuil MateMatuk [ludarop.

K TIugaropy npuiiiio o3apeHue, 1 OH peiui IPUMEHUTh MaTeMaTHu4eCcKOe ONMCAHKUE K TAKOMY
3eMHOMY $IBJIEHUIO, KaK My3blKa. [1o Jilerenae, OH 3aMeTus1 CXOACTBO MEX/y 3BYKOM, KOTOPBIA TPO-
W3BOJMT CTPYHA JIUPBI, U KOJIEOAHUIMU, BO3HUKAIOIIMMU TIPU YAape MOJIOTKOM 10 METALTUYECKOMY
crepxHi0. OH OOHApPYXWJI, YTO U TO U JIPYTrO€ MOPOKAAET MY3bIKaJIbHbIE YaCTOTHI OMpeNeIeHHOTO
auanasona. [1omyumnnock, 9To HEUTO CTETUYECKU MPHUBJIEKATEIbHOE, TAKOE KaKk MY3bIKa, OepeT cBoe
HayaJo B MareMaruke KosieOaHuil. BO3MOXHO, 3TO HAIMISITHO TOKa3bIBAET, YTO BCE pa3HOOOpasue
0OBEKTOB BOKPYT HAC JOJKHO TIOMUMHSATHCS BCE TEM Ke MATeMaTHUECKUM TPaBHJIaM.

Urak, o kpaiiHeil Mmepe JBe BeJMKUE TEOPUH Halllero Mupa 3apoauiuck B [Ipenent ['perun:
UJIeV O TOM, YTO BCE COCTOMUT M3 HEBUIMMBIX M HEPa3pyIIMMBIX aTOMOB, U O TOM, UTO BCE Pa3HOOO-
pasue MpUPOJIBl MOKHO OMUCATH C TIOMOIIBI0 MAaTeMAaTUKH KOJIEOaHMI.

2 I[lepeson A. KyapsBuuxkoro.
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K HecyacTtbio, ¢ maeHreM aHTUYHOW IIMBUIM3ALMH TIOI0OHBIE (PHIIOCO(CKIE pacCykKIeHUS 1
nedatsl mpekpaTuirck. Camy UIe0 0 BO3MOXKHOCTH CyIIIECTBOBAHUSI HEKOH MapaayurMsl, OObSICHSIO-
meit Beenennylo, 3a0blIM MOYTH Ha ThICAYY JieT. ThMa pacronsiack Mo BCeMy 3araJHOMY MUpY, U
MECTO HaY4HBIX W3bICKAaHUI 3aHSUIU CYEBEpHUsl, Marus U KOJJIOBCTBO.

Anoxa Bo3poxaenust

B XVII Beke Bce ke HAIUTUCh YYeHBIE, OCMEIUBINMECS OPOCHUTH BBI3OB YCTAHOBUBIIIEMYCS
MOPSA/IKY Y HauaTh UCCIIeJOBaHUE NPUPO/Ibl BeesleHHOM, OHAKO OHU CTOJIKHYJIMCh C )KECTKUM HeTlpH-
sTheM U nipecieioBanusiMu. Morans Keniep, oqHUM 13 NEpBbIX TPUMEHMBILNI MaTEMAaTUKY K JBU-
KEHWIO TITaHeT, ObUI MMITEPCKUM COBETHHUKOM Tipu mmriepatope Pymonbgde I u cymen mzbexarb
npeciieJOBaHNH, BO3MOKHO TIOTOMY, YTO OJ1aro4eCTUBO BKJIIOYAT B CBOU PAOOTHI PEIMTUO3HBIE JJie-
MEHTHI.

BriBiiemy Monaxy Jxxopaano bpyHo nosesno mMensiie. B 1600 r. oH ObUT IPUTOBOPEH CYIOM K
cMepTH Kak epeTk. C KJIS1oM BO PTy €ro IpOBeJIM HaruM 110 yiuiaM Puma 1 ocse 3Toro coxrim Ha
koctpe. B yem Obu10 ero npecryruieHre? B 3asiBaeHun o TOM, YTO XU3Hb BO3MOXKHA M HA TUIAHETaX,
OOpaIaIXCs] BOKPYT APYTHX 3Be31°.

Benukwmii ['anmneid, oter] SKCIIiepUMEHTaILHON HAayKH, ejBa n30ekal Takou xke cyaposl. Ho, B
ommyue ot bpyHo, oz yrpo3oii cMeptH ['asinnieit oTpekcst OT CBOMX Teopuid. TeM He MeHee OH OCTa-
BWJI Y€JIOBEYECTBY B HACJIEJICTBO TEJIECKOIT — OXKATYH, CAMOE PEBOJTIOIIMOHHOE U KPaMOJIBHOE U300-
pereHue B uctopuu Hayku. [Ipy momoru teaeckora MOXHO COOCTBEHHBIMHM IJ1a3aMHU yYBUZIETb, UTO
Jlyna ucnenpena kparepamu; uyto Benepa npoxonut uepes ¢asbl, COOTBETCTBYIOIIUE €€ ABUKEHUIO
Bokpyr ConHia; uto y lOnurepa ectb COOCTBEHHBIE JIyHBI, — & BEJJb BCE 9TO ObLIN €PETHUECKHE UJIEH.

Kak uu nevanbHo, ["anuies moMecTiv Moj IOMAITHANA apecT U U30IMPOBAH OT OOIIEHHS C
MOCETUTEJISIMU; B KOHIIE KOHIIOB OH ocJierl. (Kak roBopuiu, npou3oIiio 310 NOTOMY, YTO OJHAK/IbI
OH MMOCMOTpeN B cBOM Testeckon npsimo Ha Cosnie.) [anuieit ymep ciiomiieHHbIM yesioBekoM. Ho B
TOJl €r0 CMEepPTU B AHIVIUU POAMJICSA PeOSHOK, KOTOPOMY CYKJIEHO ObLIO 3aBEpIIUTh HE3aKOHUCHHBIE
teopun [anmies u Kersiepa u npecTaBuTh HaM eJMHYI0 TEOPUI0 HEOECHOW MEXaHUKH.

HbroToHoBa TEOPpHUA CHJI

Ncaak Hpl0TOH, BO3MOKHO, BEJIMYANIIMN YYEHBI B UCTOPUM YeJloBeuecTBa. B mupe, onep-
KMMOM YapoJeWCTBOM U KOJJOBCTBOM, OH OCMENHJICS C(pOpPMYIMpPOBaTh YHUBEPCAIbHBIE 3AKOHBI
HeOECHON MeXaHWKH U TIPUMEHUTH K U3YYEHUIO MPUPOJHBIX B3aMMOJICUCTBHUI HOBBIE N300pETEHHbIC
MM MaTeMaTUIeCKUe METOIbI, TOTyYMBIIIHE Ha3BaHUE MHTET PATLHOTO U A depeHITNaTbHOTO HCUHC-
nenust. Kak narmcan ¢pusuk CtuBeH BaiinOepr, «umenHo ¢ Mcaaka HeloToHa mo-HacTosmeMy Hauu-
HaeTCsl COBpeMeHHasi MeuTa 00 OKOHYATeIbHOM Teopun» . B cBoe Bpems Teopust HploToHa cunTanach
Teopuel BCero, To eCTh ONMUCHIBAIOIIEH JTI000e BIKCHUE.

Bce nauanocs, korna HelotoHy 66010 23 roga. KeMOpHIKCKHI yHUBEPCUTET ObLT 3aKPHIT W3-
3a yymbl. Kak-To pa3 B 1666 r., ryJiss o UMEHUIO, OH YBUJIEN, KaK MajaeT s0JI0Ko, — U 3aai cede
BOIPOC, KOTOPOMY CYXJEHO ObLIIO U3MEHUTh XOJI YeJIOBEUECKOU UCTOPHUH.

Ecau 500010 nadaem, mo He naoaem au maxaice u Jlyna?

Jlo HploToHa 1IepKOBb YUHJIa, YTO CYIIECTBYET IBA TUIA 3aKOHOB. 3aKOHBI IIEPBOT0O TUTIA, KOTO-
pble IeWCTBYIOT Ha 3eMJlie, OIOPOUYCHBI I'PeXaMu CMepPTHBIX. Ko BTOpoMy THITY OTHOCHIIUCH YHCTHIC,
COBEpIIICHHBIC ¥ TAPMOHUYHbBIE 3aKOHBI HeOec.

3 Peansnas ucropust ocyxaeHus bpyHo 6onee cnoxHa. — [pum. nayu. peo.

4 Steven Weinberg, Dreams of a Final Theory (New York: Pantheon, 1992), 11.
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Hpi0TOH (hbakTUUeCKU MPEIONIOKUI, UYTO CYIIECTBYET eJHAs TEOPH S, PACIIPOCTPAHSIONIASCS
1 Ha HeOeca, ¥ Ha 3eMJTIO.

B cBoeit 3ancHON KHIKKE OH HAPHCOBAJ CyAbOOHOCHYIO KAPTUHKY (CM. puc. 1).

Ecnu BICTpEMTh U3 MYIIKM C TOPHOW BEPILIUHBI, TO SIPO, IPEXkIE YeM YIacTh Ha 3eMJIIO,
MIPOJIETUT KaKoe-TO paccrostHre. Ho ecim cTpesisaTh U3 MyIIKY Tak, YTOOBI CKOPOCTh sApa pa3 OT pasa
BO3pacTajia, To 10 MOMEHTA TMaJeH!st OHO OYNIeT yJIeTaTh BCe JIAJbIlle W JIAJIbIIe U B KOHIIE KOHIIOB
OOOTHET 3eMHOM IIap U BepHETCS Ha Ty TOPHYIO BEPIIMHY, C KOTOPOU BbUIETE10. HBIOTOH 3aKJTIOumII,
YTO 3aKOH MPUPOAbI, KOTOPBIN YIPABJISeT ABMKEHUEM U SIONOK, U MYIIEUHbIX sI/Iep, — 3AKOH TATOTe-
HUs — yaepxxuBaet u JIyHy Ha ee opoute BOKpyr 3emui. 3emiiell 1 HeOecaMul yIpaBJisieT OfHa U Ta
*e pusmka.

st storo HetotoHy norpe6oBaioch BBecTH NOHATHE crl. OOBEKTHI JBUTAIOTCS MIOTOMY, YTO
HX TAHYT WA TOJIKAIOT CHUJIbl, KOTOPLIC YHUBEPCAJIbHBI 1 MOT'YT 6I>ITI) HU3MEPCHbI TOYHO U MAaTEMATUYC-
ckH. (Jo 9TOro HEKOTOpbIE TEOJIOTY CUUTAIIH, YTO OOBEKTaMU JIBUKYT KeJIaHUsI, U, COOTBETCTBEHHO,
MpeIMETHI MAJAI0T, IOTOMY YTO CTPEMSTCS COETUHUTBCS ¢ 3eMIlel. )

Takum oOpa3oM, HbIOTOH IIpeIokII KITI0UEBYIO KOHLIETIUIO YHU(PUKALIUH.

OHaKO yYeHBIH CIIaBUJICS CKPBHITHOCTBIO U IePKaJl CBOIO PadOTY 10 OOJIbITIe YacTH B CEKpeTe.
V Hero ObIJIO MaJIo Ipy3eid, OH He JTIOOUJT CBETCKUE Pa3roBOPhI M YaCTO BCTYMAJI C IPYTUMH yUSHBIMU
B OKCCTOUYCHHBLIC MNEPCTIAJIIKH, OTCTanBaA MPUOPUTET CBOUX OTKprTHﬁ.

Puc. 1. Eciiua cTpensath Tak, 94ToOBI MyIIIEYHOE SIIPO MOTYYasio pa3 OT pa3a Bee OOJBIINYI0 SHep-
THI0, TO B KOHEYHOM UTOre OHO OOOTHeT 3eMIII0 M BepHETCS B HadalbHYIO TOUKY. 3ateM HploToH
CKasaJl, YTO 3TUM OOBSICHSETCS U TpaeKTopusl IBIMKeHHS JIyHbl, 0OOBEJUHUB TaKUM 00pa3zoM (pusu-
YeCcKHMe 3aKOHbI 3eMIIM C 3aKOHAMHU ABVKEHUS HEOECHBIX Tell

B 1682 r. mpouzonuio ceHcallMoHHOe COOBITHE, M3MeHuBIIee Xof ucropuu. Ha HebGocBone
TMOSIBUJIACH sIpKasi KoMeTa. Bee, OT KopoJielt ¥ KOpoJieB 0 HUIIMX, TOPSY0 00CY KN CBSI3aHHBIE C
Hell HoBocTu. OTKyza oHa B3siack? Kyna nanpasnisiercs? Yrto npensenaer?

12
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OpmHUM U3 TeX, KTO TPOSIBIISUT K 9TOM KOMeTe 0COObIi MHTepec, ObUT acTpoHOM DamMyHp [as-
neit. OH cbe3aun B KeMOpHk, 4ToObl BCTPETUTHCS cO 3HaMeHUThIM Mcaakom HeioToHOM, XOpOIIIO
M3BECTHBIM K TOMY MOMeHTY Onarofapsi ero Teopun ceeta. (IIpormycTuB coHeuHbIH JTyd uyepes3 CTeK-
JISTHHYIO TTpu3My, HbI0TOH moKa3zas, yTo Oeiblid CBET PacCIerIseTcs] Ha BCe 1BETa palyTd, TO eCTh Ha
CaMOM JieJie COCTOUT M3 MHOXecCTBa 11BeToB. Kpome Toro, HploTOH M300pes HOBBIM THTI TEJIECKOIIA,
B KOTOPOM BMECTO JIMH3 HMCIOb30BAIUCH 3epKaja.) CIpocuB 0 KOMeTe, KOTOpPYI0 0OCYKAaau BCe
BOKpYT, [ajuieit ¢ usymieHreM ycisiman B oTBeT: HbloTOH MOXKET 1oKa3aTh, 4YTO KOMETHI ABUKYTCS
10 JUTUNTHYECKUM opOuTam BoKpyr ConHIla, ¥ Jaxe Mpeacka3aTh UX TPaeKTOPUIO, ONHPAsCh Ha
CBOIO TeopuIo TsroTeHus. Maso toro, HeloToH Ha0smo1a1 32 KOMETaMu B TEJIECKOI CBOEH KOHCTPYK-
[IUH, ¥ OHU JIBUTTUCH B TOYHOCTH TaK, KaK OH MPeICKa3bIBa.

lasneit ObLT OIIeTOMITEH.

OH cpagy ke MOHsII, YTO CTaJl CBUIETENIEM SMOXATBHOTO COOBITUS B HAyKe, ¥ TIPEJIOKUII OIlIa-
TUTh CTOUMOCTD TI€YaTH TPYAa, KOTOPOMY CYXJEHO ObUIO CTaTh OAHUM W3 BEJIMUYANIINX IIE/IEBPOB
HayKH, — TpakTara «MaremaTiueckue Havaja HaTypasbHON (puiiocopun», U3BECTHOIO TaKkKe Kak
npocro «Havana».

Bonee Toro, nouss, uto, o nporuo3y HeloToHa, komeTsl MOTyT Bo3BpatuaTbes K CoHIly yepes
peryisipHble MHTEpBaJbl BpeMeHu, [ajuield paccuntai, yrto komera 1682 r. gomkHA BEPHYTHCS B
1758 r. (Komery I'asutest 3ameTwiin Haja EBpornoit B nens Poxaectsa 1758 1., Kak U npeicKka3biBaioCh,
1 3TO elnie O0JIbIle YKPENnuyIo MocMepTHYIo peryTaiuio HelotoHa u [annest.)

Teopusi 1BMXEeHUsI M rpaBUTalK HbIOTOHA CUMTAETCSl OMHUM U3 BEJTMYAMIIMX JOCTHKEHUI
YeJIOBEUECKOro pa3yMa, 3TO eIMHbIN PUHIIUI, BKJIOUYMBIIUI B ceOs1 M3BECTHBIE 3aKOHbI ABUKEHHUS.
Anekcangp [loyn Harmmcair:

Tpupoowt cmpoii, ee 3aKoH
B uzeeunoii mvme mauacs.
U Bboe ckazan: «Asuce, Hotomon!»
H 6crooy ceem pazauncs’.

Jaxe cerogHsi UMeHHO 3akOoHbl HploTOHa 1o3BoIAI0T MHKeHepaM NASA BecTu kKocMUYecKkue
30HbI 110 IpocTopaM COJIHEYHOU CUCTEMBI.

Yro Takoe cummMeTpus?

3aKkoH BCEMHUPHOTO TAroTeHus: HploToHa ToXke 3acimykKMBaeT BHUMaHUS, TIOCKOJIBKY OOJIagaeT
CUMMETpUEN: TP NepecTaHOBKE YacTell ypaBHeHHe coxpaHseT cBoil Bul. [IpeacraBbre cede cepy,
KOTOpasi OKpyXaeT 3eMiio. B Kak/1ol ee Touke CHjia TATOTEHUsI COBEPILEHHO OJMHAKOBa. MIMEHHO
Mo3ToMy Haiia 3emuisi umeer (popMy I1apa, a He Kakyo-To UHYI0 OpMY: TATOTEHHUE PABHOMEPHO
CKaJlo 3eMJTI0 CO BceX CTOPOH. VIMEHHO Mo3TOMY MBI HE BUIUM B KOCMOCE HU KyOMUYEeCKUX 3BE3I,
HY TIMPAMUIAJIBHBIX I1aHeT. (A BOT HEOOJbIIME aCTEPOU/Ibl YaCTO MMEIOT HEeTIPaBUIIbHYIO (hopMy,
MOTOMY YTO TATOTECHHUEC CIIMIIIKOM cna6o IICI;'ICTByeT Ha HUX 1 HE MOXET CXKAaTbhb UX paBHOMepHO.)

Konuenums cuMMmeTpuu pocTa, /1eraHTHa 1 MHTYMTUBHO NOHATHA. bosee Toro, nanee B 3Toi
KHHT€ MBI YBUIWM, YTO CUMMETPHS B JIIOOOW TEOPUH — 3TO HE MPOCTO 3a0aBHOE BHeNTHee 0(popM-
JIeHWe, HO 3HAYMMOE CBOMCTBO, KOTOPOE YKa3bIBACT HA ITYOOKUI OCHOBOIOJIATAIOIINN (hU3NIEeCKUI
MPUHLMI, AEUCTBYIOIMI BO BeeneHHou.

Ho 4to mMbI uMeeM B BHy, KOTJ]a TOBOPUM, YTO HEKOE YpaBHEHHE CUMMETPUYHO?

5 IlepeBon A. IaBnoBa.
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Obvekm CUMMEMPUUEH, eCAu NOCAe NePecmaHOBKU YaAcmell OH OCMAHEMCs NPEHCHUM, U
uneapuarmuuim. Haripumep, cpepa cuMmeTprudHa, OCKOJIBKY He MeHsieTcsl py Bpamenun. Ho kak
MO’HO BBIPA3UTh 3TO MaTEMaTHUECKH ?

IMpencraBbre, Kak 3emuisa oOpamaercs Bokpyr Comnina (cMm. puc. 2). O603HAUMM pajuyc
opOuTel 3emii R; 3Ta BeIMUMHA HE MEHsIETCs MPY IBMKEHUHM 3eMIIM 10 opOuTe (Ha caMoM Jefe
opOuTa 3eMii UMeeT TUITHYECKYI0 (bOpMY, TaK YTO R clierka MeHsieTcsl, HO B JaHHOM TpHMepe
9T0 HeBaxHO). Koopaunatel 3emiin Ha opoute obo3HavaoTcs kak X u Y. [Ipu nukernn 3eman X
ny HENIPEPLIBHO MCHAIOTCA, HO R ocraercy HWHBAPUAHTHLIM, TO €CTh ITOCTOAHHLIM.

Puc. 2. Korna 3emis obpamiaercst Bokpyr ConHia, paguyc ee opoutsl R ocTaeTcst OCTOSTH-
HbIM. [Ipy 1BMKeHMN 3eMim 1o opouTe ee KoopauHAThl X U Y HEeNpephIBHO MEHSIOTCS, HO R sBIs-

€TCsl MTHBApUAaHTHBIM. MBI 3HaeM, uto, corsiacHo Teopeme I[udaropa, X% + ¥? = R% Tak uro ypaBHe-
Hue HeioToHa 001agaeT cummerpreid B JIOOOM CiTydae: M KOTJla OHO BBIPaKEHO uepe3 R (TIOCKOIbKY
R — yHBapuaHTHas BeJIMYMHA), U KOTJIa OHO BbIpaxeHo uepe3 X u Y (cornacHo teopeme [udaropa)

VpaBaenust HploTOHA® COXpaHSIOT 9Ty CHMMETPHIO, TO €CTh MPU ABMKEHUU 3eMIIU TI0 opouTe
MPUTSKEHKE, cylecTByolee Mexay 3emuiell u ComHuem, ocraercss HewsMeHHbIM. [Ipu cmene
CHCTEMBI OTCYeTa 3aKOHBI OCTAIOTCs MpekHUMU. C Kakoii Obl CTOPOHBI U MOJ] KAKUM Obl YIJIOM Mbl HU
paccmarpuBaiy 3a1a4y, paBuia Oy1yT HeU3MEHHBIMU U MBI TIOJTYYMM OTHU U T€ ke Pe3y/IbTaThl.

Korma Mbl mepeiineM kK OOCYXIEHUIO €IUHON TEOPUU TOJIsl, KOHIEMIUs CUMMETpUu Oyaer
BCTPEYAThCsl HAM TIOCTOSTHHO. MBI YBUAMM, YTO CUMMETPHS — OIUH U3 MOIIHENIIINX WHCTPYMEHTOB
0O0beMHEHN S BCEX B3aUMOJIEHCTBUI B IPUPOJIE.

® Mockonbky «Hauana» HbOTOHA H3OKEHB! 9HCTO TCOMETPHUECKH, ACHO, UTO OH TIOHUMAIT MOIIh CHMMETPHH. SICHO Takske, 4To
IpY pacyeTe JBMKEHHUS IUTaHET OH MHTYUTUBHO UCTonb30Bal ee. OHaKo, MockonbKy HploTOH He Mosb30BasIcs aHaIuTHIecKon (op-
MOii ((pEPEHIMATBHOIO M MHTErPATBHOTO HCUMCICHUS, B KOTOOil (DMIypHpOBa Obl CUMBOIEI THIIA X~ + Y2, B €0 PyKOIHCH
CHMMETpUS He NPEJICTAB/ICHA aHAJIMTUYECKU B BHIPAXKEHNUH Yepe3 KoopauHaTsl X u Y.

14



M. Kaky. «YpaBHenue bora. B nouckax teopuu Bcero»

IMoarBepxkaeHue 3akoHoB HeroToHA

3a nporeaime croieTusi OblJI0 HalAEHO HEeMaslo MOATBePKAeHUH 3aKOHOB HbloToHa, 1 OHM
OKa3aJIi 'pOMaJIHOE BIIMSIHAE KaK Ha HAyKY, Tak U Ha o0miecTBo. B XIX Beke acTpOHOMBI 3aMETHIIN B
HeOecax cTpaHHylo aHoManuio. [lonoxkeHne raHeTshl YpaH 3aMETHO OTKJIOHSIOCh OT TIPe/ICKa3aHuii,
cHeJTaHHbIX Ha OCHOBaHMM 3aKOHOB HbloToHa. Ee opOuta Obuia He uaeanbHbIM JUTUIICOM, a CJIerka
uckaxanack. [Tomyyanocs, 9to 1100 3akoHB HplOTOHA 37ech He paboTaloT, MO0 CYIIECTBYET ellie
OfIHA TUTAHETa, TIOKa He OTKPBITasi YYEHBIMU, KOTOPAsi CBOMM TMPHUTSKEHUEM BHIOU3MEHSIET OpOUTY
Vpana. Bepa B 3akoHbl HbloTOHA ObLTa CTOJB BENMKA, YTO (PU3MKH, B TOM uucie U YpOeH Jlesepsbe,
3aHSUIMCh BBIYUCIIEHUEM IIPEAIOIIaraéMoro MnojioKeHus 3araloqyHoil raHeTsl. B 1846 r. actpoHOMBI
C TEPBOM TMOMBITKK OOHAPYKIIM €€ B MPEACKA3aHHOW TOYKE C OTKJIOHEHHWEM B Tpeesiax OTHOrO
rpagyca u okpectrii HenTyHOM. DTO cTano HarIsgHBIM IpuMepoM paboThl 3akOHOB HbloToHA 1
MIEPBBIM CJIy4yaeM B MCTOPUH, KOTJA YMCTas MaTeMaTuKa MO3BOJNWJIA MpeJcKa3aTh CyIIEeCTBOBAaHHE
KPYITHOTO HEOECHOTO TeJa.

Kak yxe roBopuiioch, BCSKUI pa3, KOIJia yUYeHbIM yAAaBaJIOCh paciingpoBaTh MPUHLMIIbBI JEH-
CTBUSI OHOM U3 YEThIpEX IIaBHBIX CUJI BeesleHHOM, 3TO MPUBOAMIIO HE TOJIBKO K Pa3ra/lblBaHUIO TailH
MIPUPOIBL, HO ¥ K PEBOJTIOIIMOHHBIM C/IBUTAM B 0011IecTBe. 3aKoHbI HpIOTOHA AUTH KJTI0Y K TOHMMAHMIO
3araJjok IUIAaHET U KOMET, a TaKKe 3aJ10KWJIM OCHOBY MEXaHUKHU, KOTOpasi MO3BOJISAET HAM CErOJHS
co3faBaTbh HEOOCKPEODI, JBUTaTeIM, PEAKTUBHBIE CAMOJIETHI, MMOe3/a, MOCTbI, MOIBOAHBIE JIOAKHU U
paketsl. Tax, B XIX Beke (pu3nku npuMeHWTH 3aKOHb HhI0TOHA K OOBSICHEHHUIO TIPUPOJIBI TETUIOTHI.
B 10 Bpems1 yueHble nosaraim, 4To TerUioTa MpeACTaBisieT coO0i HeKyIo (popMy KUAKOCTH, KOTOpast
pacrekaetcs 1o BeuiecTBy. Ho uccnenoBaHus mokasasu, 4TO Ha CaMOM JieJie TEIUIoTa — 3TO JBUKe-
HUE MOJIEKYJI, HATTOMUHAIOUIUX ITOCTOSIHHO COY/AAPSIIOIIMECS] KPOXOTHBIE CTAJIbHBIE IIAPUKU. 3aKOHBI
HepioTOHa MO3BOMMIM TOYHO PACCUMTATh, KAK MMEHHO [1BA TAKMX CTAJIbHBIX IIAPUKA OTCKAKUBAIOT
ApYT OT apyra. 3aTeM, IPOCYMMUPOBAB TPUUIMOHBI U TPUJUIMOHBI MOJIEKYJT, MOKHO BBIYMCIIUTh TOY-
Hble napameTpbl TerioTel. (Hanpumep, korna ra3 B Kamepe HarpeBaeTcsl, OH pacuIMpsieTcst B COOT-
BETCTBUM € 3aKkOHaMU HbI0TOHA, MOCKOJIbKY TEIUIO YBEJIMUMBAET CKOPOCTh MOJIEKYJI.)

Vke B Te BpeMeHa WHKeHEePbl CMOTJIM BOCTIONb30BAThCSI STUMH pacueTaMu, YTOObI YCOBEPILECH-
CTBOBAaTh MapoByI0 MamrHy. OHU BBIYMCIIMIIN, CKOJIBKO YIJIsSI OTpeOyeTcsi, YTOOBI MPEBPATUTh BOLY
B Map, KOTOPHIA 3aTeM OyAeT MPUBOAUTD B JIBUKEHHUE IIECTEPHH, TIOPIIHYU, KOJIECa U PhlUark CUjIo-
BbIX arperatoB. C nosiejieHneM B XIX Beke MapoBOil MalllMHbI B pacloOpsKEHUU OTIEJIBHO B3SITOTO
PabOTHMKA OKA3aJIMCh COTHM JIOIMIAIUHBIX CHJI, @ CTAJIbHbIE PEIbChl COSAMHIIIN OTAAIEHHBIE YTOIKH
MUpa, 6e3MepHO YBEJIMYMB IIOTOKU TOBAPOB, 3HAHWI U JIIO/ICH.

J1o IPOMBIIIJIEHHON PEBOJIOIMK TOBAPI IPOU3BOJVIINCH HEOOIBIIIMMU 3aKPHITHIMU THJIbIU-
SIMM PEMECIIEHHUKOB, KOTOPbIM MPUXOJWIOCH 3aTpauyrBaTh HEMAJIO TPYAa Ha CO3/1aHHUE Aaxe Ipo-
CTeHUIIMX OBITOBBIX MpeaMeToB. Kpome Toro, rmiibuy peBHOCTHO OX PaHSIIN CEKPETHI CBOETO MacTep-
crBa. B pesynbpraTe TOBaphl 3a4acTyl0 OKa3bIBAUCH ASPUIMTHBIMU U Joporumu. C MosiBJIEHUEM
[ApOBOM MAIIMHBI U MOIIHBIX CTAHKOB CTaJI0 BO3MOKHBIM IITaMIIOBAaTh TOBAphI 32 KPOXOTHYIO J10JTI0
MIPeXHE! 1IeHbI, YTO PE3KO MOBBICKUJIO COBOKYITHOE OOraTCTBO CTPaH M MOJHSIIO HAIll yPOBEHb KU3HH.

[IpenogaBas 3akoHbl Hpl0TOHA CTy/IeHTaM TEXHMUYECKUX CHELMAIbHOCTEH, 51 BCEI/la CTapaloch
MOYEPKHYTb, YTO ITO HE MPOCTO CYXHME U CKYUHBIE YPABHEHM S, & YTO OHU U3MEHWJIM XOJ] Pa3BUTHS
COBPEMEHHOH [TUBUJIM3ALIMH, TIO3BOJIMIIA CO3AaTh TO OOraTCTBO M MPOIBETAHUE, KOTOPBIE MBIl BUIUM
BOKpYT. MIHOr1a MBI Jake AEMOHCTPUPYEM CTYJEHTaM KaracTpopuyeckoe paspyieHre TakoMckoro
MocTa B mrate BammHrrod B 1940 r., cHATOE Ha IJIEHKY, KaK MOPA3UTESIbHBIN PUMEP TOTO, YTO
CJTyyaeTcs Py HEBEPHOM ITPUMEHEHUH 3aKoHOB HploToHa.

3akonbl HpioTOHa, OCHOBaHHbIe Ha 00beIMHEHNH (PU3UKH Hebec ¢ (PU3MKOM 3eMJTH, TIOMOTITN
HayaTb MEPBYIO BEIUKYIO TEXHOJOTMYECKYIO PEBOJIOLHIO.
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33[‘3,[(1(3 QJNEKTPAUYIECCTBA U MArHETU3MaA

[Motpedoanock eme 200 ieT 1jisi TOro, 4ToOBl MPOU3OMIES CACAYIONINA KPYITHBIA MPOPHIB,
CTaBIINI pe3yJbTaTOM U3yUeHUs IEKTPUUECTBA U MarHeTU3Ma.

JlpeBHME 3HAIIM, YTO C MArHETU3MOM MOKHO COBJIAJaTh; U300PETEHHBI KUTAMIIaMU KOMIIAC
MOCTABUJI MarHeTU3M Ha CITYKOy JIOISIM U MPUOIM3UT HAYAJIO STMOXU reorpapuyecKux OTKPBITHIA.
Ho anekTprdecTBO BhI3BIBAJIO cTpax. CUUTAIOCH, YTO MOJIHUM — 3TO MPOSIBJICHUsI THEBA OOTOB.

UesoBeKOM, 3aJI0KUBIIIMM OCHOBBI 9TOW 00NacTy 3HaHUS, cTain Maiikn Papaieit — OeqHBbI,
HO M300peTaTesIbHBII MOJIOZION YesIOBeK, He MMeBIIME (popMasibHOro oOpa3zoBanus. Emre peGeHKOM
eMy yIaJIoCh TOYYUTh MECTO pasHOpadouero B JIOHJOHCKOM KoponeBckom uHCTUTYTe. OOBIYHBIN
YeJIOBEK TaKOro ke HU3KOTO, KaK Y Hero, COIUATLHOTO MOJIOKEeHU I TaK U MeJT ObI TIOJTbI, MbUT Oy THUTKU
1 BCIO JKU3HB Jiepkajcs B TeHU. Ho 3TOT 10HOMmIA ObLT HACTOIBKO HEYTOMUMBIM M JTIOOOTIBITHBIM, YTO
HAYaJIbCTBO PA3PEUINIO €My MPOBOJUTH SKCIIEPUMEHTHI.

Onn nozpoymmmn Papajeio cienath ps BeJIMYANIIUX OTKPHITUN B OOJIACTU SNIEKTPUYECTBA
1 MarHetuzMa. OH TOKa3aj, 4To eClIM B3ATh MAarHuT W TepeMeliaTh ero BHYTPU MPOBOJIOYHOM
METJIA, TO B MPOBOJIOKE BO3HHUKAET MEKTPUUECTBO. DTO OBUIO MOpA3UTEIbHOE U BaKHOE HAOIONE-
HUE, TIOCKOJIbKY B3aUMOCBSI3b JIEKTPUYECTBA M MarHeTU3Ma Torja Obljla COBEPIICHHO HEU3BECTHA.
Mo:kHO MoKa3aTh ¥ 00paTHOE: UTO JABHXKYIIEECs MEKTPUUECKOE MMoJie MMOPOXKIAET MATHUTHOE TIOJE.

dapaieii OCTENeHHO MPUIIIES K MBIC/IH, YTO Ha CAMOM JIeJie 3TH SIBJIEHUS — JIBE CTOPOHBI OTHOM
Meaai. ITo MpocToe HAOMOIeHNe Jajl0 HAYaJI0 BEeKY SJIEKTPUYECTBA C TUTAHTCKUMU TUAPOIJICK-
TPOCTAHIIMSIMU, KOTOPbIE OCBEIIAIOT Liejibie ropona. (B rugpoanekTpocTaHiuy BoAa BpaliaeT Typ-
OuHY, CBSI3AHHYIO C MarHUTOM, KOTOPBIA BBI3bIBACT HAMPABJICHHOE JIBUXKEHHE JIEKTPOHOB B IPO-
BOJAX, TO €CTh CO3[AaeT TOK, MOCTYNAIONINIA B Baly po3eTku. OOparHblid 3¢ PeKT — nmpeBpaiieHue
NEKTPUIECKHX TOJIeH B MATHUTHBIE — 00ECIICUMBAET, HallpuMep, padoTy Mmbliecoca. DIEKTPUISCTBO
Y3 PO3ETKU 3aCTaBJIsIET MAarHUT BPAlllaThCsl, & OH MIPUBOJUT B ABMKEHHME BaKyyM-HACOC, CO3JAIOIIHIA
BCACBHIBAIOLLYIO CUILY.)

Ho ®apapneii, He nmest (hopMaibHOro 0Opa3oBaHusl, He BJaJe/l MAaTEeMAaTHIECKUM amaparoM,
KOTOPBIN MO3BOIMII Obl eMy KOPPEKTHO OMHCATh €ro 3aMedaTesbHble OTKPHITUSA. BMecTo 3Toro oH
3aIOJTHSIT 3aNMCHBIC KHUKKHU CTPAHHBIMHA N300paKeHUSMHU CUJIOBBIX JINHHIA, HATTOMUHAIOITUMHU Kap-
TUHY, KOTOPYIO 00pa3yloT KeJie3Hble ONMUJIKY Mo AeCTBUeM MarHuTa. Kpome Toro, oH mpugymat
KOHIICTIIIMIO TI0JISI — OJIHY M3 BaKHEUIMX KOoHUemumi ¢pusuku. [losge cocTOUT U3 CUIOBBIX JIMHUM,
3aIOJTHAIONIMX MPOCTPAHCTBO. MarHUTHbBIC JTMHUU OKPYXAIOT KaKAblA MarHWT,  MarHUTHOE TIOJe
3eMJId UCXOAUT U3 CEBEPHOT0 MArHUTHOTO MOMIOCA, PACHPOCTPaHsIETCsl B MPOCTPAHCTBE, a 3aTeM
BO3BpaIaeTcs K I0)KHOMY MarHMTHOMY MoJtiocy. Jlake Ha TeOpuio BCEMUPHOTo Tsarotenusi HploToHa
MOHO CMOTPETh C MO3UINH ToNIs: 3emJist oOpariaeTcss BOKpyr CojHIla, MOTOMY YTO OHA HAXOOUTCS
B €r0 IPaBUTAIMOHHOM I1OJIE.

Otkpeitue Papajiess TOMOITIO OOBSCHUTH MPOUCXOKICHUE MArHUTHOTO TOJIs, OKPYKAIOIIero
3emumo. [lockonbky 3emuisi Bparaercsi, JEKTPUUYECKUE 3apsiibl BHYTPU HEE TOXKE BPAIAIOTCS.
VIMeHHO 3TO MOCTOSIHHOE JIBMKEHHE BHYTpY 3eMJIr MOpokaaeT ee MaruuTHoe mose’. (Ho Bce 310
OCTaBJISIET OTKPBITHIM JIPYTOM BOIIPOC: OTKY/Ia OepeTcsl MAarHUTHOE TI0Jie CTeP:KHEBOTO MarHWTa, Be/lb
B HEM HHMYTO HE JIBWKETCs W He Bpariaercsi? Mbl BepHeMcsl K 9Toi 3arajke nosxe.) CeromHs Bce
M3BECTHBIC MPUPOIHbIC B3aMMOJCUCTBHS BCeleHHOW OMMCHIBAIOTCS HA SI3BIKE TIOJICH, BIIEPBHIC BBE-
neHHoM PapaneeM.

[TpuHrmas Bo BHUMaHue rpoMajiHblid Bkian Papajes B 3apoxkIeHUE MEKTPUUECKON 3pbl,
¢dusuk Dpuect Pesepdopn 0OBSIBII €ro «BeIUYANIIUM yUSHBIM-IKCIIEPUMEHTATOPOM BCEX Bpe-
MCEH».

7 Peanbhas CHUTYaL|sl HECKOMBKO clloXkHee. — [Ipum. Hayu. peo.
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dapaneii 66U HEOOBIYEH, TIO KpaliHel Mepe JIJIs1 CROero BpeMeHH, eIlie U TeM, YTO 000XkKas Ipu-
BJIEKaTh K CBOMM OIBITAM MyOJNKY U Aaxe aeTedl. OH ObUT N3BECTEH CBOUMU POk IeCTBEHCKMMU JIEK-
IUSMH B JIOHAOHCKOM KOpOJIEeBCKOM MHCTHUTYTE, I7ie BCE JKeJalole MO IOCMOTPETh Ha AEMOH-
CTPAIMIO NEKTpHUecKoro BommeocTBa. OH BXOIWI B OONBIIYI0 KOMHATY, CTEHbl KOTOPOU ObLIU
MOKPBITHl METaUIM4ecKor (hosbroil (CerogHsi ee HasblBalOT KieTkon Papajnesi), a 3aTeM 3apspkal
onbry. XoTst MeTas ObUT OUEBUIHO 3apsiKEH, CaM UCCIIEIOBATENIb HAXOAWIICS B TIOIHOM O€30MacHo-
CTH, TIOCKOJIbKY JIEKTPUYECKOE TI0JIe CYIIECTBOBAJIO TOJIBKO CHAPYKU KOMHATHI, & BHYTPHU Hee ObUIO
HyJIeBbIM. Cerofiis 3ToT 3(PeKT MUPOKO UCTIONB3YETCS AJIs1 3AlUTH MUKPOBOJTHOBBIX IT€Yei U 1yB-
CTBUTEJILHOTO OOOPYHIOBAHUS OT CIYYAHHBIX MEKTPUYECKUX TOJNEH, a TaKkKe ISl 3alUThl camoJie-
TOB, B KOTOpPbIE YacTo ynapsiot moiaHuu. (Ha cbemkax mporpammsl ajist Science Channel, kotopyio s
KOTJa-TO Bel, s 3atmel B Ki1eTky Papaznes B BoctoHckoM mMy3ee Hayku. CHTbHEHIINE IeKTPUIeCcKre
paspsizibl, 10 AByX MIJUIMOHOB BOJIBT, OOPYIIMBAIUCH HA KJIETKY U HATIOJIHSUIN ayAUTOPHUIO TPOMKUM
TpeckoM. Ho g HA4ero He 4yBCTBOBAIL.)
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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