


Auekcanap bakyiaun
I'paBuranusa u 3¢pup

http://www.litres.ru/pages/biblio_book/?art=45869579
SelfPub; 2019

AHHOTaAMSA

DTa KHUTA MepeBepHET MpeACTaBJieHWE JIOAeH O TOM MHpE, B
KOTOpOM MbI KUBEM.B Teopmio o BceneHHON BHOBb BO3BpalllaeTCs
e€ MIaBHBIA 37eMeHT — 3¢up, npenaHHell ¢dusukamu 100 jer
Ha3aj, HO SBJISIONIUICS UMEHHO TOW "TEMHON Marepueit’, KOTopyio
JONITO WIMYT U HEe MOTYT HalTu (pU3MKU. 3]eCh TIaBEHCTBYET HE
YUCTO MaTeMaThuecKas Teopusi (PU3MKOB, CTposimasi BeeneHnyio us
Mo30pHOM "Touku", HO 31apaBbiii CMBICT, BBISBIISIONIMN TUTAHTCKOE
KOJIMUECTBO 3a0NykJIeHUA W omubOoK ¢usmrkoB.KHura HammcaHa
SI3BIKOM, JOCTYIHBIM JJIsI TOHUMAHMS JJaKe MIKOJTbHUKAMU CTapIINX
KJ1aCCOB, C TPUBJIEUYEHUEM TOJBKO YETHIPEX 3aKOHOB HpoTOHA M
MPOCTON IIKOJTBHON MaTeMAaTHKU.
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IIpeaucaoBue

Han npencraBneHHbIMU 37€ch ABYMs IylaBaMu — «l'paBurta-
uusi» U «[lnaHetapHbil aTOM — Kak U31y4varesib (pOTOHa» — aB-
Top «Punocopum» TPyauics B 00IIeH CI0KHOCTH OoJiee Toy-
TOpa JIET, B pa3Hble Mepruoabl padoThl HaJ KHUTOW. Makcrmalb-
HO JJIMHHBIN TIepro], pofosikaics ¢ anpens 2018 roga mo uioib
2019 roga. BeiBeneHHble B IaBax LUAMPHL U UX MPUWIMYHAS CO-
IJIACOBAHHOCTb C ONBITHBIMU IAHHBIMU (PU3MKOB HE TIOJTyYHIIUCh
¢ neporo pasa. OHM He MOJyYWITUCh U CO BTOPOTO, U C TPEThE-
ro pasa. 911 Uudpsl — pe3yJbTaT HEOJHOKPATHBIX UTEPALIUN —
npuOIKeHui K 1udpam orbita pusrkoB. PakTUUECKH TJ1aBbI
CBSI3BIBAIOT BEPOSTHOCTHYIO «KBaHTOBYI0 MeXaHUKY» (PU3UKOB
¢ knaccuueckor KBantoBort ®Pu3nkon, pokaeHre KOTOpou mpo-
UCXOIUT ceryac MpsIMO Ha Hallux Ia3ax. bonee toro, kiaccu-
Jyeckasi KBaHTOBasl (pr3MKa OOBSICHSET Ha COBEPIIEHHO HOBOM
YPOBHE COBPEMEHHBIM MCCIIEJOBATEISIM MHOIOE M3 TOrO, Yero
OHH HE TOJIbKO He TIOHMMAaJIM, HO OOSIJIMCH OHUMATh B PaMKax
MX KBAaHTOBOW MEXAHUKH.

dusnkam ke Ternepb OCTAETCA 3Ty KJIACCHYECKYH (Hako-
HEII-TO KJIACCUYECKYI0!) TEOPHIO HATIOHUTh 00JIee KOHKPETHBIM
YHUCIOBbIM U (QOPMYJIBHBIM CONEpKaHUEM, MOHSITHBIM, OJHA-
KO, IIKOJBbHUKY. [locsie 3Toro Teopuio MOKHO OyAeT 3ampocTo
MpernojaBarh MIKOJbHUKAM CTapIIMX KJIACCOB, UYTh JIM HE Kak
«BBOAHBIN Kypc B KBaHTOBbIM Mup IIprponsi».



Yacrts 4. Pusnocodus
3paBoro cmeicjaa. Pusuka

I'naBa 20. I'paButanust

Yactse 1. Kilaccnueckuii myTh
HCCJeJ0BaHMsI TPaBUTANM

[lockoneky B Hactosimier kHure («®Punocodusi 34paBoro
CMBIC/Ia», YaCThl0 KOTOPOM SIBJISIETCS JAHHAS I[JIaBa) Mbl UCCIIE-
JIyEM TIOBE/ICHUE JII0fIeW 110 MTPU3HAKY UX OTHOIIIEHHUS K 3PaBO-
MY CMBICJTY, TO B CAMOM HayaJjie 9TOM IJIaBbl 1A UM OLICHKY Jei-
cTBUSIM Bractu: neiicTBUSM 4acTO HEYyMENbIM U TPOTUBOPEUU-
BbIM, KOTOPbIE OTKPOBEHHO MELIAKOT JIISIM HOPMAJILHO pPa3BU-
BaThCAl.

B 3TOM CMBICHE, 3TH JI0AU UMEJId BO3MOKHOCTb MPEKPACHO
«HAOMOAaTh», Kak «puzndyeckas» Bracts, BrICTyHawIIas cBoe-
ro pona «puimanom» odledesnoBedeckor Biactu, BhkaTmia B
Havasie 20-To BeKa Ha CyJ| IMyOJMKU OYepe/IHYI0 JUKOBUHY, KO-
TOPYIO HAapoJ| I0cesie BUIOM HE BUJIbIBAJI U CJIBIXOM HE CJIbIXU-
Bajl. HenocpencrBeHHbIM HcHOHUTENEM OT Biactu BeiCTymu
TOCIHOOWH DUHINTENH.



31eCh MOPa3UTENIbHBIM SBJISAECTCA TOT (PaKT, 4yTO Biacte oty
TEOPUIO 3a4EM-TO Ha3BAJIA «TEOPUEHN IPABUTALIMN» , XOTS TEOPUS
HE TOJIbKO HUYETrO He TOBOPHJIA O MPHPO/Ie TPaBUTAIM, HO YBe-
Jla-Taky (PU3MKY B 3TOM BOMNPOCE B JAJIEKUE JaIU OT 3APaBOrO
cMbICTa. 3a4eM TaK, B OYepeIHOM pa3, nocrynuia Bnacts?

MplI CHOBa ¥ CHOBA YTBEPKJIAEM: Taxke U cerogHs Biacrte, kak
Y MHOTM€ BEKa Ha3ajl, MPOI0IKAET MOJIb30BATHCS OJHUM U TEM
e U3MOOJIeHHBIM CBOUM MPUEMOM, XOPOIIO MPOBEPEHHBIM €10
Ha npaktuke. CyTh mpu€éMa B TOM, UTO 4eM OoJiee HEMOHSTHA U
TAaMHCTBEHHA JIJIS1 HAPOJA OYepe/IHas €€ 3ares, TEM JIerye CTaHO-
BUTCS €ll 00MaHBIBATh 3TOT HAPOJ] U YIPABJATH UM I10-CBOE-
My. Korga-1o motoMm cerofHsiHue KOJbHUKY, a 3aBTPAIlHUE
(puzvKu, OyayT MONrO YIUBISTHCSA TOMY, KaK aOCOMIOTHO MPO-
BAJIbHOM TEOPUU YAAJIOCh MPOAEPKATHCSA HA IIJIABY LEJIBIA BEK,
XOTs Best e€ prtocodckast CyTh OblIa TOCTOMHA CMEITHOTO aHeK-
J0Ta.

UyneH Bcé-Taku Tpyasra-pu3uK, BEUHO KOMOIIAUICS IJe-
TO Tam, BHM3Y, TIOCIYIITHO OOCITYXWBasi MHTepechl Bnactu, He
cMesi ObITh HECOIJIACHBIM €€ TIPUKa3aM, XOTsI 9TU MPUKA3bl YaCTO
CJIyYaloTCsl HACTOJIBKO TYIIBIMU, UTO BBI3bIBAIOT CMEX U OJJHOBPE-
MEHHO — COXaJleHHe Aake y NIKOJbHUKA. Bce Mbl Bcerga meuta-
€M CBEPrHYTb 3Ty Haryio BiacTte, He moMoramouyw, HoO Melao-
IIyI0 HAaM CBOOOTHO pa3BUBAThCs. Torjma HalM yMbl BCKUTIAIOT,
HAIlM KyJIaKW CXKUMAIOTCSI, TOTOBbIE K OOpboe. . .

Ho nHu vayT, ¥ MBI TUTBIBEM MUMO BBICOKMX, TYMaHHBIX Oe-
peroB HecOBbIBIIETCA OOPLOBI, TOJKYS O JIesax JIHS.



Ho Teneps — HenocpenctBeHHo k Teme. CHavamna — puitocod-
CKas CyTb I'DaBUTALIMW: TPABUTALMSA, HABEPHOE, CTaja HYKHA
KocMmocy st Toro, 4toObl CBSI3bIBATh IEKTPOMArHETU3M BO-
€IMHO.

V3Ke U3 OHOTO TOJIBKO 3TOrO YTBEPKACHUS CIEAYET, 4TO I10-
ckonbKy Cam Kocmoc n3o0pén aty CyTh, TO HUKOMY U3 JIIOAei
He HaJ10 Obl JaKe MBITaThCs 3aU4eM-TO yOeraTh OT ITOU CyTH.

B 17-oMm Beke pa3BuTHs yenoBedyecTBa HALIUCH Jiioau (I amm-
neu, [dekapr, ['yk, HploTOH), KOTOpBIE BEPHO yraganu pusnye-
CKHM CMBICJI SIBJIEHUSI TPABUTALIMU. DTOT CMBICJI B pe3y/bTare 1
ObLT MU I'PAMOTHO BbIpakeH B (hopMe «(pU3NIECKOro 3aKOHA
BcemupHoro tarorenusi». OnHako depe3 3 cronerusi, B 20-oM
BEKE, [TOYEMY-TO MOABUIIOCh MHOTO COMHEBAIOIINXCS, KOTOPBIE,
BMECTO TOTO YTOOBI OTBICKMBATh (PU3NYECKUE MEeXaHNU3MbI BO-
riomenus [Ipuponoit siBjieHus TpaBuTalii, He TOJIBKO JOOpo-
BOJIbHO OTKA3aJHCh OT 3TOrO TPYAHOrO, HO 3aKOHOMEPHO Ha-
IPALIMBAIOLIETOCA U1 KaXkA0ro (pu3MKa IyTH, HO CBEPHY/IXA Ha
JIETKYI0 TPOIMHKY MAaTeMaTUuYeCKOM MHTEPIPETALMU (2 MBI CKa-
’KEM TO-PYCCKH — «MHTEPTpENnauumn») (pu3n4eckor CyTH 3aKOHa
[Tpuponpi.

U BoT Tenepp, U3 ApeMydnx aeOpei Toro TEMHOro jieca, Ky-
Ja 3aBejia (PU3MKOB 3Ta MpejaTesbcKas TPOIMHKA, HaM IMpej-
CTOMT CHOBA BEPHYTbCA: CHauasla Ha repemnyrtbe 17-ro Beka, Tam
HAJI0 OIVISIIEThCS TIO CTOPOHAM; a 3aTeM BCE ke BhIOpaTh TOT
IyTb, B KOHIIE KOTOpPOro, HaBepHoe, 3a0pe3xurcst Cytb Mexa-



Hu3Ma [Iprpospl, KOMM OHA MTPUIIITAIIMBAET JIPYT K JPYXKKE BCe
JOObIE NIEKTPOMArHUTHBIE Tella — «YaCTHIIbD», YTOOBI OHU He
paszteranuch B pa3Hble cTopoHbl ['urantckoro Kocmoca. A atu-
MU «4aCTUIIAMH» MOTYT U JIOJKHBI BBICTYIIATh: KaK camble Ma-
JIble «3JIEKTPOMarHuTHbIe» y [IpUpoIbl — «3JIeMEHTapHBIE JJIEK-
TPOMAarHMTHbIE KBAHTBI» JIEKTPOMArHUTHOrO 3(pupa, Tak U MU-
pUaJibl BCEJIEHHBIX, COOPAHHBIX, HABEPHOE, B HEKKME TMI'AHTCKHE
MHOT'OUYHUCTIEHHbIE X CTYCTKU, KOTOPBIE MbI TIOMBITATUCH YTa1aTh
B cBoel (procopun mo-CBOeMy M Jlaxke J1ajii UM KpacuBoe, HO
BIIOJIHE MOJXO/sIIee Ha3BaHUE — «CHEXUHOK.

% %k %k

[IpenBapsas maBy, cpa3y e C HOpora CKaxem BOT O YEM.
Msl nonbITaeMcsi IPOAO/DKUTE UCCIIEJOBAaHUE TPUPOIHOTO SIB-
JIEHW S TPABUTALIMY, CIIe/lys] UICKIIIOUMTEIBHO 10 KJIACCUUYECKOMY
IyTH, HA B KOEM CJIydae He BMEIIMBAs B 3TOT BOMPOC OKOJIO-
Hay4Hble (paHTa3MK O MPOCTPAHCTBE, OCBOOOXKAast TAKUM 00pa-
30M I'paBUTALIMIO OT KaTeropuu MPOCTPAHCTBA, KaK OT Karero-
PYU COBEPIIIEHHO 371eCh HEYMECTHOM, TOYHO TaKKe, KaK OHa, 3Ta
KaTeropusi, HIKaK He BIMsET HU Ha KaKWe KJIACCUYECKHe 3aKO-
HBI, OCTaBJIsisi BCE 3TH 3aKOHBI aOCOMIOTHO MHBAPUAHTHBIMHU K
KaTeropuu MpoCTPaHCTBA, KakK, BIIPOYEM, U HAOOOPOT — OCTaB-
JI511 IPOCTPAHCTBO a0COTIOTHO MHBAPHAHTHBIM (HE3aBHCHMbIM)
HU OT KaKMX 4eJloBeuecKnx 3akoHOB (a Cama IIpupona kak-Hu-
Oy/b 000iIETCs 0e3 ITUX MPUAYMOK-«3aKOHOB», C TAKUM TpY-



JIOM OTKPbIBa€MbIX (PU3UKAMHU).

Wrtak, yBepeHHO curTaeMm, 4to Bce Jooble coobiTrsi B Kocmo-
C€ MPOUCXOISAT TOIBKO B €IMHOM (€CTECTBEHHO — €BKJIUI0BOM )
3-Xx MepHOM TIpocTpaHcTBe (00BEMe). U 310 KacaeTcss abcomioT-
HO BCeX COOBITUM, KaKUMU OBl BETMKAUMHA B KocMoce nim Kaku-
MU OBl MUKPOCKOTTMUECKU-MAaJIBIMUA OHU HU ObLITA — TTPOMCXOIH-
. Ecnu ke KOMY-TO CKYYHO XWTh C 3TOM €JUHCTBEHHO-ECTe-
CTBEHHON MO/IeJIbI0 MPOCTPAHCTBA, TO MYCTh y ce0s1 B MaTe-
MAaTHKe MOTPEHUPYETCS] B KPACUBEHbKUX M3bICKAX: B (DUBUKY C
9TOM «KPAaCOTOW» COBAThCS HE HAJIO.

Cpazy xe crnenaeM U eme OgHO, OYEBUHOE VISl HAC, 3aMe-
YaHUe: PeJIATUBU3M ISl UCTUHHOW TEOPUM I'PAaBUTALIMU OKa3bl-
BaeTcsi abCOMOTHO HeHYXHBIM. [IpruéM OH He HyKeH HUKAKOU:
Y Kak TeOpUsi OTHOCUTEJIBHOCTH, U KaK TEOPHUsI O BBICOKOCKO-
POCTHBIX TeJlaX, U, ECTECTBEHHO, KaK HeKasl «0O0Iasi» TEOpUsi O
(puznueckux nponeccax. OH He HyK€H J1J11 TEOPUU I'PABUTALIMU
MOTOMY, UTO 3Ta Teopus (pr3MKaM HEOOXOOUMa, B IJIABHOM, JIJIsI
TOr0 YTOOBI OHM TIOMBITATIMICE TPAMOTHO PACCMOTPETh JIBUKE-
HUE BUJIMMBIX — OIIYI[AeMbIX (DU3MKAMU TeJl B TPABUTAIIMOHHOM
nosie. Ho Gea 11t pesiSTUBUCTOB COCTOMT B TOM, YTO 3TO TOJe
Ha MHOTO TIOPSIIKOB O0Jiee BHICOKOCKOPOCTHOE, HEXEN JII0ObIe
TOJI51 U IBVKEHU S «JIEKTPOMArHUTHBIX» TeJI, IBUTANCS XOTh BCE
OHM CO CKOPOCTSIMM CBeTa. [pyrumu cioBamu, U MOJIs, U TeJa
JUIS TPABUTALIAU SABJISIOTCSA MeJJIeHHBIMU IPOLIECCAMM, TO €CTh
BCE OHU (U OBICTpBIE — CBETOBBIE, U MEJIJIEHHbIE — «HA MECTE CTO-
SIMe» ) 1J1s1 OBICTPOY TPaBUTAIUN «HA OJTHO JIUIIO». EnuHCTBEH-



HOW MX TMOJKPACKOW ISl TPaBUTALIMU SIBJISIETCS] UX WHEPLIMOH-
HOCTb, HO He «OyMaKHas» MHEPIIMOHHOCTh TEOPUH OTHOCUTEIb-
HOCTH, & UCTUHHAS NpUpOHasi. ICTUHHYIO NPUPOJHYIO MHEPIIH-
OHHOCTb JIIOOBIX OIIYIIIAeMbIX HAMH TeJT CErO/IHSI MOXKET YBUJIETD
TOJIBKO KJjlaccuka pusuku. [IotoMy 4TO TONBKO B HE Teaa Mo-
TyT JBUTATHCSA C UX JIIOOBIMU MTPUPOJHBIMU CKOPOCTSIMH, B TOM
YHCJIE CO CBEPXCBETOBBIMHU (IO OTHOIIEHUIO HE K «HEIOHATHO
Yemy» B TEOPUU OTHOCUTEJIbHOCTH, HO TOJILKO IO OTHOLIEHUIO K
JIEKTPOMAarHMuTHOMY BakyyMy Meraranaktuku). Kiraccrka mo-
KET I'PAMOTHO BHJETh MHEPLIMOHHOCTD TEJI €UIE€ U NOTOMY, YTO
TOJIBKO OHA MOKET UMEHHO I'PaMOTHO OLICHWBATh WHEPLMOH-
HbIE MACChI JTIOOBIX TeJI.

dyHIamMeHTaIbHBIM UICTOUHMKOM 3aKOHA BCEMUPHOI'O TATOTe-
HU sABJISIETCS TpeTui 3akoH HploToHa: «/lercTBuio Beerna ecth
PAaBHOE Y MPOTUBOIIOIOKHOE TPOTUBOAEUCTBHE, MHAYE — B3aU-
MOJIEHICTBUSI IBYX TeJl PYT Ha Jpyra Meskay coOOI0 paBHBI U Ha-
IIPaBJIEHbl B IIPOTUBOMOJIOKHBIE CTOPOHBI». POPMYJIMpPYS ITOT
3aKOH, HBIOTOH zie1aeT ciie1yiontyio K HEMy CCBUIKY: «3TOT 3aKOH
MMEET MECTO U /Il NPHUTSKeHUs (BBIACICHO HaMH), KaK 3TO
Oy/IeT JOKa3aHO B MOYUYEHUM.

MBpiI ceituac He TOJICHUMCS M IPUBEJEM 3/1€Ch 3TO CaMOe «IT0-
yuyeHue» HprotoHa.

«OTHOCUTENILHO TIPUTSDKEHUS JIENI0 MOXKET ObITh M3JI0KEHO
BKparTiie cieayonmmM oopa3oM. Mexay AByMs B3aUMHO MPUTSI-
TMBAaEMbIMH TEJIAMH HAJI0 BOOOPA3UTh IOMENIEHHBIM KaKOe-JIH-
60 mpensATCTBUE, Memaroniee ux commkenmio. Ecmm 6b1 oqHO 13



TeJ A IpUTAruBaIoch Obl TeJIoM B critbHee, Hexkenu Teno B ipu-
TSATUBAETCS TEJIOM A, TO MPENSATCTBHE MCIIBITHIBATIO OBl CO CTO-
pOHBI Tena A Oosblliee JaBjeHNe, HEXeU CO CTOPOHHI Tena B
U, ClieloBaTesIbHO, He OcTasioch Obl B paBHOBecuu. [Tpeobnanaio-
11ee JaBJIeHNe BbI3BAJIO OBl JBMIKEHUE CHCTEMBI, COCTOSINEN U3
9TUX JBYX TeJ ¥ MpPENsTCTBUS, B CTOPOHY Tena B, u B cBoOON-
HOM ITPOCTPAHCTBE 3TA CUCTEMa, IBUTASICh YCKOPEHHO, YIIUIa Obl
B OECKOHEYHOCTh. Takoe 3aKJII0YeHre HeJlerno U MPOTUBOPEYUT
NIepBOMY 3aKOHY, [0 KOTOPOMY CHUCTeMa J0JI)KHA Obl OCTaBAThCS
B CBOEM COCTOSIHMM ITOKOSI WJIM PaBHOMEPHOIO U MPSMOJIMHEN-
Horo fBrkeHus. OTciona cieayeT, uto oda Tena JaBAT Ha Tpe-
NATCTBUE C PaBHBIMM CUJIAMM, A 3HAYUT, U IPUTATUBAIOTCS B3a-
MMHO C TAKOBBIMU Ke€.

Sl mpon3BEN MOJOOHBII OIBIT C MATHUTOM M JKEJIE30M: €CITU
MX TIOMECTUTb KaXJbI B OTAEJbHBIA COCYJ U IIYCTUThH IJIABATh
Ha CMOKOWHOM BOJIE TakK, YTOObI COCY/bl B3aUMHO KacaJluCh, TO
HU TOT, HU JIPYTOil HE TPUXOIAT B IBUKEHUE, HO BCIIE/ICTBUE Pa-
BEHCTBA B3aMMHOIO IIPUTSKEHUS COCY/bl UCTIBITBIBAIOT PABHBIC
JABJIEHUS Y OCTAIOTCS B PABHOBECUU.

OTBJIeKasiCh HA MUHYTY OT CYTH «ITOSICHEHH sI», HEJIb3sI He BOC-
XUTUTHCSI TEM BBICILIMM KJIACCOM IMOBEIEHUSI UCTUHHOTO (bU3U-
Ka, KOTOPBI (3TOT KJ1acc) Nokas3piBaeT Hpi0TOH, B OCOOEHHOCTH,
HBIHEIIHUM (PU3HMKaM: OH JIOKa3bIBAE€T PACCMATPUBAEMOE UM SIB-
JICHHE CHAavyaJla ’KECTKOM aKKypaTHOM JIOTUKOM — TEOPETUYECKH,
a 3aTeM TYT ke MOJKPEIUISIET CBOE JI0KA3aTeJIbCTBO HA YIUBJIe-
HUE IIPOCTHIM OIBITOM — MOJEJBIO TOTO, YTO PACCMATPUBAET TEO-



petrdecku. M XoTs B MPOBOJMMOM OITBITE YYACTBYIOT HE I'PaBU-
TAlIMOHHBbIE, HO JIEKTPOMArHUTHBIE CUJIBI (MEXK1y MarHUTOM U
XKeJe30M), HO CYTh «JIEUCTBUS-TIPOTUBOEHCTBUS» MEXIY JIBY-
M TeJJaMH-MOJIEJISIMHM OT 9TOrO He MEHSETCs.

OpHako 3Ta CyTh 1aXe U MO CUIO MIOPY HACTOJIbKO HEOUEBU/I-
Ha HBIHENTHUM (DU3UKAM, YTO HEKOTOPBIE U3 HUX (2 MOXET OBITh
— MHOrue?) mpoAoJIKAIOT COMHEBATbCA: «A JEUCTBUTEIBHO JIA
CoutHIIe ¢ TaKOIO K€ CHJION MTPUTATUBAET K cebe 3eMITio, C KaKon
3emus nputsaruBaer k cede Comnue?» M cOMHeHMST 9TH CBOU
OHHU JIake MOAPOOHO M3JIAraioT B CBOUX CHEIMATbHBIX KHIKKAX,
TIOCBSIIIEHHBIX SIBJICHUIO TPABUTALIMY, YTBEPXKIAs TaM, UTO: «CH-
JIbl TATOTEHHUS, CO3JaBaeMble KaKIbIM M3 TeJl, HeoOsa3aTeJIbHO
JIOJDKHBI OBITH PABHBI APYT JPYTY».

Mpl TakuM (pU3MKaM CKaxeM clieyolee: « YBaxaemble, Ha-
70 OBbITh 0Y€Hb OCTOPOKHBIMM ¥ BHUMATEJILHBIMU TIPH JTIOOOM
cniope ¢ HpioToHOM». Yke MPOBEPEHO: €CJIN ITOT YEIOBEK O UEM-
MO0 TOBOPUT, TO (HaJ0 OBITh B TOM YBEPEHHBIMM) OH CHayaja
O0YeHb J10JIr0 AYyMAaJ O TOM, O YEM CKa3aJl HaM; BO BCSKOM CITy-
yae — OH AyMaJ OoJbliie, HETOPOIUIUBEE, CO BCEIO TIIATEIbHO-
CTBIO U C TEM HENPEMEHHBIM 3/IPABOMBICIIEM, KOTOPbIE CUIIbHO
OTJIMYAJIU U OTJIMYUIIU €r0 OT HOBBIX, TOPOMSILIUXCS KyJa-To (pu-
3UKOB.

[louemy ke fgaxke W cedyac y (PU3MKOB OCTAIOTCS COMHE-
HUS 110 TIOBOAY «JEUCTBUS-TTPOTUBONEUCTBUS» «TPaBUTUPYIO-
IIUX Macc», CTOSIIIMX B 3aKOHE BCeMHUPHOTO TsAroTeHus? Tob-
KO MOTOMY, 4TO (pU3MKa 3TOro 3akoHa IIpuponsl ocraéres tak n



HE PasraIaHHOW HBIHEITHUMH YYEHBIMU, COUTHIMU, K TOMY XK€,
C TOJIKYy TEM «MAaHKOM>», Ha KOTOPbIA OHM Bce mnomnaamchk B 20-
OM BeKe, YOUB BCE CBOM CUJIbl HA HOBEHbKYI0 MOJIHYIO TEOPUIO,
YMEJO NOACYHYTYI0 UM XUTpoU Briacteio.

Emeé 00 oqHom — croma xe.

Eciu HpioToH BOOOIIIE HE TOBOPIJT O PHYMHAX I'PaBUTALIAH
(y Hero st 3Toro ObUIO CJAMIIKOM MAaJO UCXOIHBIX JaHHbIX),
TO y4€Hble 19-ro Beka Jeanu yKe NEPBBIE MOMNbITKU «IPUBS-
3bIBAHMSI» TPABUTALIMY K YeMy-HUOYb TAKOMY, O KOTOPOM OHH
NOJTy4aJIi HOBbIE 3HaHMSA. B 4aCTHOCTHM, NOCKOJIIBKY MMEHHO B
19-om Beke OypHO pa3BUBAsIACh TEOPHSI MEKTPOMArHeTH3Ma, TO
MHOTHe TPOOOBAIN «HA 3y0» TPABUTALIMIO C MO3UIMNA JBHKE-
HMS B IIPOCTPAHCTBE JIEKTPUUECKUX 3apsa0B. OQHAKO, K BEJIH-
KOMY COXAJIEHUIO, K TOMY BPEMEHU HEKOTOpbIE (DyHJaMEHTAIb-
Hble (pU3MYECKUEe MOHATHS ObUTH (PU3MKaMHU YKe HCKaKeHbI. 1
IPEXkJE BCETO 3TO OTHOCWIIOCH K MOHATHUIO MAcChl TexX (pusnye-
CKHX TeJl, KOTOpbIe OBICTPO JBUTAJIKCh B TPOCTPAHCTBE. BBICTPO
JBUTAJIMCh B ITPOCTPAHCTBE, HAIIPUMEP, YACTULIBI, COIEPKALIE
EKTpUYECKUE 3apsaabl. M B kauecTBe ITUX YacTUl] (PU3UKaM CO-
BCEM He 00s13aTesIbHO ObLIO I0KUAAThCS OTKPBITHUS, HAIIPUMED,
MEKTPOHA (OH ObLT OTKPHIT B CAMOM KOHIIE 19-r0 Beka), HO 3TU
«3apsiip» yKe OBICTPO JBUTATMCH B IPOBOJHUKE EKTPHUECKO-
ro Toka. [Ipnuém, He 3HasA Moka caMoi (PUBUKHU ITUX «3APSAIOB»,
YUYEHBIE BOBCIO OIIEPUPOBAJIN TOTY-IMIMPUYECKUMU (pOpMYJIa-
mu (Amrep, ['epir, Bebep, MakcBelt), n3 MaTeMaTUKH KOTOPBIX
Y TaK U CAK MbITAJIUCh BBIBOOUTH CBA3M, KACAIOIMECS HE TOIBKO



B3aMMO/IENCTBUS MEKTPUUECKUX 3apsiIOB JPYT C IPYroM, HO U
B3aMMOJCVCTBHUS JIEKTPUUECKUX 3apsAIOB C TaK HA3bIBAEMbIMU
«TPABUTAIIMOHHBIMU 3apsiiaMu», TOJ KOTOPbIMU, HATIPUMED, Y
Bebepa umenach B BuLy (4To Obl BBl AymMaiu?), UMesach B BUILY
«rpaBUTAIIMOHHAs Macca» Tena. [Ipmuém Bebep, ecrecTBeHHO,
MOHMMAET, YTO €r0 «TPaBUTALIMOHHBIM 3apsl» HUKAK HE B3au-
MOJIEICTBYET HU C KAKUMM dJIeKTpruueckumu 3apsigamu. [Ipocro
y HEro Takasi CBOSI 9K30THKa (PU3NYECKOM JIEKCUKHU.

[Ton wHepTHOU ke Maccou (PU3MKM MMEIU B BUIY Maccy,
OueHb MMOXOKYI0 Ha «Maccy» Maxa, «MHAYIIUPOBAaHHYIO» B JIBU-
KyIuecs: Tena yoaiéHHeIMu 3B€3namu. Tot e Bebep, Harpu-
Mep, Iyman, 4to 3(p¢eKT MPUCYTCTBUS JOOOro Teiaa Kak Obl B
«MHePIUAIbHON CUCTEME» POXKAaeTCsl IEHCTBUEM Ha 3TO TeJIo
CYMMBI OKPYKAIOIINX KOCMUYECKHUX TeJl. A TH KOCMHUYECKUE Te-
Jia BBICTYMAIOT B KAYECTBE OKPYXKAIOIIUX «IPABUTAIIMOHHBIX 3a-
PSIIOB», IPUTSATUBAIOIIMX K cebe cO BCeX pa3HbIX CTOPOH UCCIe-
ayemoe Teno. I MMEHHO U3-3a 3TOro «BCECTOPOHHET0» BO3EH-
CTBUSI TEJIO TPUOOPETAET CBOMCTBO MHEPIIMOHHOCTH.

To ecTh MBI BHOBb U BHOBb HaOmonaeM, yxe y (pusukon 19-
ro BeKa, YETKOe BO3HUKHOBEHHE y HUX MOJ0OHOr0 OObsCHEHUS
WHEPIIMOHHOCTH TeJia, a CJIEIOBATeNIbHO, OObSICHEHNE BO3HHK-
HOBEHUS Yy Tejla ero nHepTHOM Macchl. COBpeMeHHbIE (PU3UKH
MOKa HEAAJIEKO YIILJIM B OIpe/IeIeHUH MOHATHS Macchl OT Maxa
u BeGepa, HO 3aT0 OueHb Aajeko yuum ot HeloToHa.

Urak, B Teopuu Bebepa «Macca» B 4acTUIly «HHIYIMPYeT-
Cs1» B3aMMOJIEMCTBYIOIIMM C HEW «T'PaBUTALIMOHHBIM 3apPSI0OM».



Becbma 3K30THUEcKOe mpeacTaBieHHe. A €cli, K TOMY Xe,
VMMETh B BUAY, YTO MPAKTHUYECKU BCe (PU3UKH YXKE TOTIA HCKA-
3WJM Kjaccuky HploToHa (y HUX MHEpTHasl Macca cTajia orpe-
JENSAThCSl KaK KO3(p(pUIIMEHT B BbIpa)K€HUU JJIsI CUJIbI, SIBJISI-
IOLLEVCS CIIEICTBUEM YCKOPEHHMS), TO Mbl yk€ MMeeM MOJIHbINA
BHHEIPeT U3 HOBEHbKMX MOHATUH. Bojee Toro, Tam, moMumo
«TPAaBUTAIIMOHHBIX MAcC», B CIydae TPaBUTAIMOHHOTO BO3/IEH-
CTBUSI Ha TeJIO, MOSIBJSIOTCS (B Cllydae JIeKTPUUECKOro BO3/en-
CTBUSI Ha TEJIO) «JIEKTPUUECKUE MACCHI», KOTOpblE (BHUMaHUeE )
MOTYT OBITh TOJIOKUTETBHBIMU U OTPUIATENIBHBIMU. ATO(heo-
30M k€ BCEro 3TOr0 TeaTrpa BBIBOAUTCS YTBEpKIECHUE (DU3UKOB
0 TOM, YTO Macca YacTHIbl He SABJISAETCS MOCTOSTHHON Be-
JuuuHoM. U 310 (0OpaTnTe BHUMaHKE) IIPOM3OIILIO eIIE 3a0I1-
ro 10 uHmTenHa. M Kak *ke Toraa Mor 3TOT MOJIOAOW YEIOBEK
(B 1905-0M rozy) OTCTYNUTB OT IyTH, NOACKA3AaHHOTO €EMY M3T-
pamMu: «Macca BOBHUKAET MPU B3aUMOJIECTBUM YaCTHIIbI C IPY-
roil YacTUlel, TO €CTb MOXHO CKa3aTb, UTO OHA «UHAYLIUPYET-
CsI» TOM IpYrou vyactuuen. BemmumHa xe 3To «MHAYLIMPOBAH-
HO» MaccChl ONPEAeNsIeTcsl, €CTECTBEHHO, BEJIMYMHON B3alMO-
JICUCTBYIOIIEN C HEW YaCTHIIbl, HECYIIIEN «TI'PAaBUTAI[MOHHBINA 3a-
psfi», a TaKKe ONMpeeNseTcs yIaa€HHOCThIO 3TOW UHIYLUPYIO-
IIIeN YaCTHUIIBI.

OpHako, HECMOTPS Ha BCE ITO, IK30TUKA TEOPUU I'PaBUTALIUU
Bebepa nmMeeT mpaBo Ha CyIECTBOBAaHHE B Topa3fo OOJbIIEH
CTeTieHH, YeM ToOeauBIIas €€ MOTOM SK30THKAa KPUBBIX IPO-
crpaHcTB DiiHmTeRHA. [ToToMy uTo BebGep coxpaHser moHsTue



HBIOTOHOBOU cuJjibl. Ho moryT iu y Bebepa B3aMoneiicTBoBaTh
ME3K]Ty COOOH ero «IrpaBUTAIIMOHHbIE 3apsi/ibl» (IPaBUTHPYIOIIUE
Macchl) B 9K30TUYECKOM «ITycToTe»? A mouemy Obl U HET, €CIU Y
HploTOHa Macchl rpaBUTHPYIOT TOXKE KakK Obl «B IYCTOTE» ?

% %k 3k

U HakoHer — emie ommke K teMe. MOoKeT OKa3aThCs, YTO Hallle
00BsSICHEHUE TPUPOIBI TPABUTAIIMY TIOBEPTHET (PU3UKOB B Kpawi-
Hee yauBJlieHHe cBoell npoctotoi. [loromy uTo rpaBuTams —
9TO YyTh OOJIbIIAS 3aAePKKa — MOISAPU3AIMS IPABUTAIIMOHHBIX
KBAHTOB — YAaCTHUI] OKOJIO JIIOOOr0 BelIecTBAa 1O CPABHEHUIO
C X BECbMa MaJIOM 3aJEPKKOM (XaOTUUYECKOU MOJIAPU3ALUEH)
JpyT Ha JIpyre B YMCTO IPABUTAIIMOHHOM BaKyyMe, COCTOSIIeM
TOJIBKO U3 CAMMX I'PAaBUTAIMOHHBIX KBAHTOB. [Ipnuém noj «Jio-
OBIM BEILIECTBOM» MBI 3/1€Ch [IOHUMAEM BOOOILIIE BCE JII000E JIEK-
TPOMAarHUTHOE BEIIECTBO, BKJIIOYASI M CAM YUCTBIN JIEKTPOMAr-
HUTHBIA BaKyyM, COCTOSIIIIUNA UCKJTIOYUTETHHO U3 OJHUX TOJBKO
JIEKTPOMArHUTHBIX KBAaHTOB-YACTHI] Oe3 MajeiIen Jaxe Mpu-
MecU B HEM KakuX Obl TO HU OBUIO SJIEKTPOMATHUTHBIX YaCTHUII
THIIA JIEKTPOHOB WJIM HYKJIOHOB, WX JIIOOBIX Apyrux. bosee To-
0, MOJ «JIIOOBIM BEIECTBOM» MBI [IOHMMAEM JaXe CaMO YHCTO
I'PAaBUTAIIMOHHOE BEIIECTBO, KPOME I'DABUTAIIMOHHBIX KBAaHTOB,
npejicTaBsoniee coOoi roble rPaBUTAIMOHHBIC si/Ipa JIIOOBIX
JIEKTPOMATHUTHBIX YACTHII, BKJIIOYAS SAPA MEKTPOMArHUTHBIX
KBAHTOB-YAaCTHI, TO €CTh IOHUMAEM T€ si/Ipa, KOTOPBIE €1IE MOKa



HE MMEIOT CBOEH 3JIEKTPOMArHUTHOM «OOOJOYKU», COCTOSIIEH
U3 JIEKTPOMArHUTHBIX KOJEll, KOTOpbIe, B CBOIO O4Yepe/lb, COCTO-
AT U3 YaCTUL-IIPEOHOB TPEOHHOr0 BakyyMa. [Ipuuém camu rpa-
BUTAIIMOHHBIE s]]pa TOKE, ECTECTBEHHO, COCTOSIT U3 TEX Ke Ipe-
OHOB ITPEOHHOTO YPOBHS BaKyyMa.

U naxe Ooree TOro: camul rpaBUTAMOHHbIE sapa (TO JIM Yu-
CTO I'paBUTALIMOHHBIE, O€3 JIEKTPOMArHUTHBIX KOJIell, TO JIU rpa-
BUTAIIMOHHBIE SIIPa JIOOBIX MEKTPOMArHUTHBIX YaCTHIL) UMEIOT
CBOMMMU 3apO[BIINIAMH BHYTPEHHUE B HUX SIJIPa, YUCTO MPEOH-
Hble, — KaK sijipa JOObIX YaCTHIl TPABUTAIIMOHHOTO U JIEKTPO-
MarHMTHOTO YPOBHEH BaKyyMa.

Ho 4ro camoe uHTepecHOe: Jake camMH TI'paBUTAIMIOHHbIE
KBAHTHl — YaCTUIBI YMEIOT eBa-eBa 3a/IepPXKUBAThCS Ha Ka-
KOU-HUOYIH 00JIACTU U3 YHUCTO MIPEOHHBIX Sep, €CM Obl TAaKO-
BYIO IPaBUTAIMOHHbBIC KBAHThI BCTPETU/IH TJIe-HUOY/Ib B YUCTO
IPeOHHOM BakyyMe. To ecTh rpaBUTAlIMSI — ITO HACTONIBKO «IIET-
Koe» sieiienue [Ipupoabl, 9YT0 cocOOHA KaK-TO MPOSIBIISITH Ce-
Os1 1ake Ha BEIIeCTBE BaKyyma — OoJiee BHICOKOTO €ro YpPOBHS,
YeM caM I'pPaBUTAIIMOHHBIA YPOBEHb BaKyyMa, TO €CTh CIIOCOOHA
NPOSIBJISATH Ce0s1 BHYTPHU KAaKMX-TO 00JIACTel U3 YMCTO TPEOHHO-
ro BaKyyMa, eciiv Obl 9Ta rpaBUTAIM Iie-HUOY/Ib BCTPETHIIACH C
TaKUMH OOJIACTSIMU, YTO MaJIOBEPOSITHO.

Cama (puzuka 3aiepKKM KBaHTa Ha KBAHTE UJIM KBaHTA HA Ya-
CTHUIIE BEIIeCTBa Ype3BbIYaiiHO MpocTa. E€ Mbl yike 0ObsCHSM
B OJIHOW U3 I71aB. 3aJiepiKKa — 9TO MPOCTO OTKJIOHEHHE MYyTH
OJIHOTO KBAHTA IPYTUM KBAaHTOM, HAJIETAIONIVM Ha TiepBbIit. [0-



BOPS O KBaHTax JIEKTPOMAarHUTHOTO «CBETa», Mbl TTOTYEPKUBA-
JIW, YTO CaMU JIEKTPOMArHUTHBIE KBAHThI-YaCTUIIBI 00S13aTeIIbHO
UMEIOT CBOIO JITHEWHYIO CKOPOCTh UyTh OOJIbIIIeN BEIMYUHBI, YeM
U3MepeHHas PU3MKaMH BEJIMYMHA «CKOPOCTH CBETa» B BAKyyMeE.
[Toromy 4YTO HUMKaKue KBAaHTHI HE JIETAIOT B BaKyyMe TOYHO IO
MPSIMOM JIMHUU, HO BCETIa JABUKYTCS TOJIBKO IO «IIPSIMOJTUHEN-
HOW» JIOMaHOM Tpacce, yCPEeAHSAEMON 10 IPSMOM JIMHUM TOTAA,
KOIJla OHU JIETSIT B YMCTO JIEKTPOMArHUTHOM BaKyyMe, COCTO-
SITIIeM CIUIONIb M3 OJIHMX JIEKTPOMArHUTHBIX KBAaHTOB-YACTHII,
6e3 MaJIelIIiell MPUMECH TaM IeKTPOMArHUTHBIX YaCTHIl THTIA
HAIIIUX «3JIeMEHTApHBIX». ECIN e 3MeKTPOMarHUTHBIA KBAaHT
HaJsleTaeT Ha 00JIacTh, COCTOSIIYIO U3 «YacTHII BEIleCTBa» (13 Ha-
IINX «3JIEMEHTAPHBIX» TUTIA JIEKTPOHOB WJIM HYKJIOHOB), TO Ta-
KOM KBAHT UCTIBITBIBAET YKE «3aMETHOE» OTKJIOHEHHUE Ha KAKAOU
U3 TaKMX YaCTHI], TIOCKOJIbKY BCE TH YACTHIIBI SBJISIOTCS ISl
KBaHTa OOBIYHO «MeIJIEHHBIMU», AK€ €CJIM OHU JIETAT C BECh-
Ma BBICOKMMH CKOPOCTSIMH, OJIHAKO MEHBIIIMMHU CKOPOCTU CBeTa
XOTs1 Obl B eiHUIIBI pa3. Ho, Kak MBI yke TIOMHUM, €CJTH 3JIeK-
TPOMarHUTHbIE KBAHTHI HAJIETAIOT JIPYT Ha Jipyra (a Tem Gosnee —
Ha JTIOObIEe «3JIEMEHTapHbIE YaCTHUIIBI») JIOO B JIOO, TO TOrJa OHU
MOYTH HE OTKJIOHSIIOT JPYT APYra, TO €CTh IOUTH He 3a/1epPKu-
BAaIOT MYTH JIPYT Jpyra B BaKyyMme.

Ho 17151 rpaBUTAllMOHHBIX KBAaHTOB T'PaBUTAIMOHHOTO yPOB-
Hsl BaKyyMa aOCOJIIOTHO HE BaKHO, KaK OHM HAJIETAlOT Ha JI0-
ObIe 3JIeKTPOMArHUTHBIE YaCTHIIBI, Ja)ke Ha caMH 3JIeKTpoMar-
HUTHBIE KBAHTbHI JIEKTPOMArHUTHOIO ypoBHS Bakyyma. [loto-



MY 4YTO 3T JIEKTPOMATHUTHBIE YACTULIbI /1151 TPABUTALIMOHHBIX
KBAHTOB — 3TO MeJIEHHbIE YaCTUIIbl, CKOPOCTh KOTOPbIX HM-
K€ CKOPOCTH I'PaBUTALIMOHHBIX IO KpaiiHeil Mepe Ha 6 MopsiAKOB
BeIMUMHBL. [103TOMYy rpaBUTallMOHHBIE KBAHThI OIMHAKOBO (-
(pekTUBHO pacceHBAKTCSA (33JEPKUBAOTCS) HA JIIOOBIX JIEK-
TPOMAarHUTHBIX, HaJIeTall OHM Ha TIOCIeJHUE Jake JI00 B JI00.

BHUMaTebHBII HIKOJIBHUK YK€ MOHSUI, YTO KaK TOJIBKO rpa-
BUTAIIMOHHBII KBAHT BCTPEYaeT Ha CBOEM MyTH JTI0O0E MEKTPO-
MarHMTHOE «MaKpO-BEIIECTBO», COCTOsIIee TO JIU U3 Cr'yCTKa
aTOMOB (Ta3), TO JIM U3 Cr'yCTKa aTOMOB, COEJUHEHHBIX B KPHU-
CTAJUIMYECKYIO PEIIETKY (TBEPIOE BELIECTBO), TO OH TaMm, MpO-
HIMBasi 3TO BEUIECTBO-TEJO U 33A€PKMBASICh HA KaX 101 JIEMEH-
TApHOM YaCTUILIE — TOT/ja, KOTJIa TOT KBAaHT MPOJIETAET POBHO Ye-
pe3 caMO I'paBUTALIMOHHOE PO STOM YaCTUIbI, [PABUTAIIOH-
HO BO3/ICHCTBYs IMEHHO C HUM, TO OH 00513aTeIbHO OTKJIOHSI-
€TCs1 Ha 9TOM SiJpe OT CBOETO MEePBOHAYAJILHOTO MYTH. VICTIbITHI-
Basi BHYTPH JIEKTPOMArHUTHOIO T€J1a MHOTHE CTOJIKHOBEHMSI CO
MHOTVMMHU 1IpaMU MHOTMX YacCTHL], IPABUTALIMOHHBII KBAHT Jie-
TUT TaM I10 JIOMAHOM «IPSIMOJIMHEHOW» Tpacce. Ecnu ke amek-
TPOMarHUTHOE TEJIO BECbMA MacCUBHO, TUIIA TeJla 11eJI0M IJIaHe-
Thl WJIU 1I€JION 3B€3/1bl, TO TaM, B 3TOM TeJle, KaXIblil KBaHT I'pa-
BUTALMOHHOIO BaKyyMa, UCIIBIThIBAS] MUPUA/Ibl 32[IEPKEK B KaXk-
Y10 MWUIMAPAHYIO JOMIO CEKYH/Ibl, MOKET YK€ 3aMETHO OTKJIO-
HUTBCS OT CBOETO NIEPBOHAYAJIBHOTO MYTH, IO KOTOPOMY OH Ha-
JIeTaJ1 Ha 3TO MaKpO-BEIIECTBO.

Emg pa3 momguepkHéM: He «deM OoJbllle Macca» Tena (Kak



OyMaioT (bU3MKH), HO YeM OOJibllie B 9TOM Telle COCPe0Toue-
HO I'PaBUTALIMOHHBIX SI/IEP, JOMYCTUM, SIIEP EKTPOMArHUTHBIX
YaCTHII, TeM OOJIbIliee IPAaBUTAIMOHHOE TOJIEe U3JTyYaeTCs] TAKUM
MakKpo-TesioM. KOHKpETHBIN KOJIMYECTBEHHbI MEXaHU3M U3ITy-
YEeHHU sl TeJJaMH UX IPABUTALIMOHHBIX I0JIEH, MEXaHWU3M, BBICTYIA-
IOLIUI B BUJE CWJI IPUTSIKEHUS TeJl APYT K JIPYTy, peryupyercs
JUTSI MAKPO-TeJl 3aKOHOM BCEMHPHOTO TATOTEHHSI, 0 KOTOPOM MBI
Oy/ieM TOBOPUTb HUKE.

[lo aHanorum ¢ MeXaHU3MOM HU3JIyUEHUs TeJlaMU UX T'paBU-
TAIMOHHBIX TIOJIEH, MOKHO OBLJIO ObI TOBOPUTH U O MEXaHU3Max
U3YyUYeHHS TeJlaMU JIEKTPOMArHUTHHIX moned. OMHaKo JeK-
TPOMarHUTHbIE YaCTUIBl OTJIMYAIOTCS OT IPABUTALIMOHHBIX SJEP
(KaK OT IEMCTBUTENBHBIX «HM3JIydyaTesieil» rpaBUTAIMOHHBIX TIO-
JIel) TEM, YTO OHM M3JTYYaloT IEKTPOMArHUTHBIE MO 3aBUCHMO
OT «3HaKa 3apsa» TaKUX JeKTPOMArHUTHBIX YaCTHIl. A TaKkxke
CYIIECTBEHHBIM OTIIMYMEM MEXAHU3MAa M3JTyUeHHs IEKTpOMar-
HUTHBIX MOJIEN SIBJSIETCS U TO, YTO JJAXKe MPOCTeHIas JIeMeH-
TapHasi MEKTPOMArHUTHAsI YaCTUIIA TUMA IEKTPOHA U3TydaeT
«u3 ceOs» HACTOJIILKO BEJIMKHME MO CBOMM MaccaMm (10 CBOMM
MHEPIIMOHHOCTSIM) «KBAHThI 3JIEKTPOMArHUTHOTO TOJs» (BEJH-
KHe 0 CPAaBHEHMIO C IPAaBUTALIMOHHBIMU KBaHTaMU), YTO J1axke
W3JTyYEHHBIA TAKOW YaCTULIEN €JUHUYHBIYA KBAHT €€ JIEKTpOMar-
HUTHOTO TOJI51, B3aMMOAEUCTBYS 3aTEM C KAKOU-TO IPYroM JIeK-
TPOMarHUTHOM YaCTULIEH, CIIBUTAET — OTKJIOHSIET TAKyl0 YaCTHUILY
Ha MHOTO TOPSIJIKOB BEJIMYHMHBI O0Jiee CHIIBHO, YeM 3TO MOXET
JieJIaTh He TOJIbKO €TMHUYHBIN TPABUTAIIMOHHBIN KBAHT, HO U 11e-



Jlasi cepusi TAKUX KBAHTOB, M3JTYUYEHHBIX TOM K€ YaCTUIIEH, KOTO-
pasi 3a 3TO K€ BpeMs U3Ty4Ynia €IMHUYHbIA JIEKTPOMAarHUTHHIA
KBaHT.

BosBpamasce K J10MaHbIM TpaccaMm KBAaHTOB, IOINPABUM Ce-
0s1 HeKOTOpHIMU TH(ppamMu. 3a Kakoe BpeMsl I'PABUTAIIOHHBIN
KBaHT TpoImiI Obl Hamy 3emimo, eciad Obl ABUTAICS IO e
JUAMETpy, Jlaxke He BCTpedas Ha CBOEM IIyTU SApa 4YacTull?
31ech NpUMEM TOKa CKOPOCTb I'PABUTAIIMOHHBIX KBAHTOB, PaB-
HYIO 3 I(JH'.\I-'('E‘K,

D 12810 o 00 :
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CpenHsas IUIOTHOCTH BELIECTBA 3eMad — 551r/cm’, yro
HECKOJIKO YCTYTaeT IUIOTHOCTH kefie3a. CIieaoBaTe/ibHO, B Iep-
BOM MPUOIMKEHUHA MOKHO CUMTATh, YTO BEIIECTBO 3eMITU TTPe/i-
CTaBJIsIET COOOM HEKYI0 KPUCTAJUIMIECKYIO aTOMHYIO PEIIETKY, B
KOTOPOW pa3Mephl aToMa MpUMeM 3a 10 ’m. DTO 3HAYUT, YTO HA
auameTpe 3eMITH — Kak Ha TUCTaHIIMY KBaHTa — YKJIaIbIBAeTCS:
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Ecnu paszmep anektpoHa — 0,5 - 10 '*m, 70 pa3Mep ero rpaBuTa-
IIMOHHOTO siipa —10 “’u. B monepeuHom cedeHnu atoma (10 i)



YKJIAAbIBACTCA:

10 "m 2 1078 1 -
10 ®u IPABUTAIMOHHBIX $1/10D.

CunraeM, 4TO B KaKJAOM aTOMe KeJie3a HaXoAUuTcs 56 HyKJIo-
HOB U 26 3JIEKTPOHOB, a BCEro (Kak Mbl JyMaeM):

M~ 566+ 26 — 3623]IeMCHTApHbIC YACTULIBI TUIIA JICKTPOHA.
3Ha‘-II/IT, IpomurBasd 3CMJ'IIO, FpaBI/ITaLII/IOHHbIIU/I KBAaHT TOYHO
HaCKOYMT Ha:

(1,3 -10'¢ ;.1'1(:Mm;] 362
10°° siep

0,47 -10 7 IPABUTAIIMOHHBIX $/16D.

[ToaTomy, eciu MOCTaBUTD IPYT 32 APYTrOM MUJUTUAP]L 3eMEb
MOJPSi/I, TO FPABUTALIMOHHBIN KBAHT, IIPUIIIUBAsI STOT MUJUTUAP[T
3emMeJib, TOUHO HACKOUHUT TOJIbKO Ha OAHO IPAaBUTALIMOHHOE S1PO
Y3 MAPUAIOB TaM 3TuX siaep. Ho 3a Kaxaplid 1uckpet B 43 HaHO-
CEKYH/Ibl BCIO LIENOYKy U3 1.3 - 10'° aToMOB OyJeT nepecekarb He
€/IMHUYHBII I'PAaBUTALIMOHHBINA KBAHT, HO CTOJIKO STUX KBAHTOB,
CKOJIbKO MX HAaXOAUTCSl B KaXJ/I0€ MTHOBEHUE BpEeMEHU BHYTpPHU
cedyeHus1 aToMa. [1JIOTHOCTh MOTOKA rPaBUTALIMOHHBIX KBAHTOB
BBIIIIE TUIOTHOCTH MTOTOKA JIEKTPOMArHUTHBIX KBAHTOB IO Kpau-
Hell Mepe Ha 6 MopsIKOB BeJUYHMHBL. TO ecTh eciii BHYTpU ce-



YeHUsl aTOMa «MIHOBEHHO» HAaXOJSATCS, JOMYCTUM, 10”7 3JIEKTpPO-
MarHUTHBIX KBAaHTOB, TO IPAaBUTAIIMOHHBIX TaM KBAHTOB, HA TUa-
MeTpe atoma, «cotorpadupoBano» 10 mTyk. [Tosromy, ecnu,
NpoIIKBasi 3eMIII0, KBAHT HACKAKUBAET BIPAMYIO Ha 0,47 10
I'PaBUTAIIMIOHHBIX SIIEP, & TAKMX COOBITUI Ha KaXKJIOM TUAMETPE
aTomMa Mbl HACUMTAEM 3a KaxIbpli AUCKPET B 43 HaHOCEKYH[bI
10”7 IITYK (COOBITHIA), TO 3TO 3HAYUT, UTO 32 ITOT AUCKPET BpeMe-
HU XOT$I ObI OIMH I'PaBUTAITMOHHBIN KBAHT MPOB3aUMOJICHICTBYET
XOTs Obl C OIHUM T'PABUTAIIMOHHBIM SIIPOM OJIHOW M3 YaCTHIL HA
auamerpe 3emud. Juckper B 43 HAaHOCEKYH[IbI Mbl pacCMaTpH-
BAeM IOTOMY, YTO MPAKTUIECKH JTI000e «3eMHOe» cOObITHE OY-
JeT TIPOUCXOIUTH 3a OoJiee MeIJIeHHOEe BpPeMsl, YeM 3TOT OBbICT-
pbiii quckpeT. [laxke rnepexopbl 37IeKTPOHOB BHYTPU aTOMOB C Op-
OUTH HA OPOUTY MOTYT OBITh CPABHUMBI C STUM BpPEMEHEM, He
TOBOPSI YK€ IPO BCe APYTUe COOBITHS, POUCXOASAIINE Ha 3eme
¢ Makpo-TesaMu. To ecTh 3a TAKOro Mopsijaka JUCKPET rpaBUTa-
1us OyeT OTCIeKUBaTh JOBOJIBHO TOYHO JTI0O0E 3eMHOE COObI-
THE.

MBI TOJIBKO YTO OIEHWJIH, XOTSI M CAMBIM TPyOBIM ITOKA CIIOCO-
O0M, BepOSITHOCTh TOTO COOBITHSI, KOT/Ia TTOCIIEI0BaTeIbHAS 11e-
NoYKa U3 MUAJUTHAP/A CIIEAYIOMUX APYT 3a IPYToM KBaHTOB Ipa-
BUTALIMOHHOIO BaKyyMa IPOLIMBAET AUaMeTp 3eMJIM, HaXOAACh
B TEYEHUE MAJIOTO JUCKPETa BPEMEHU B 43 HAHOCEKYH/Ibl BHYT-
pu Tesa 3eMiM — BesA 1enodka. Y nmpu 3Tom U3 Bceu 3ToM 1ie-
MOYKH TOJIbKO OMH KBAHT TOYHO HaJIeTaeT Ha OJIHO U3 I'paBU-
TAlMOHHBIX sIJIEp OTHOW U3 JIEMEHTAPHBIX YACTUI] CYMMAPHOTO



KOJIMYeCcTBa aTOMOB — 1,3-10'° MTYK. Mkl YBUIEIU, YTO 3Ta Be-
pOSAITHOCTh OM3Ka K equnuie. M ecny Obl rpaBUTAlUs B3aUMO-
JEVCTBOBAJIa BHYTPH 3€MJIM TOJIBKO C I'PaBUTALIMOHHBIMU S/1pa-
MU JIEKTPOMArHUTHBIX YaCTUI], TO TAKOI'O MAJIOro B3aUMOJEH-
CTBHA (€IMHUYHOE OTKJIOHEHHE OJHOIO U3 KBAHTOB 34 JUCKPET
BpPEMEHM HaXOKIEeHUsI BHYTpY 3eMiin) ObLIO Obl CIMIITKOM MaJlo
U151 TOTO, YTOOBI XOT$1 ObI Ha €/1Ba 3aMETHYIO BEJIMUMHY BPEMEHU
3ajiepXkaTh BHYTpH 3eMid 3TU KBaHThl. Ho meno cmacaer o 00-
CTOAITEJILCTBO, YTO KaX/Ibl TPABUTALIMOHHBIM KBAHT, TPOIIXBAS
TOT KaX/Ipli aTOM, B KOTOPOM OH HACKOUYMT TOYHO Ha 1IpO OJHON
U3 €r0 YacTUll, Ha CaMOM JIeJIe HACKAKUBAET HE TOJIBKO UMEHHO
Ha TEJIO TOTO Apa, HO €LIE «3a70JIro» 0 3TOro, OH HACKaKMBa-
€T TaM Ha JIEKTPOMAarHUTHOE IM0JI€ YaCTULIBI, ITPEICTABIIAIOLIEE
COOOM «IJTMHHBIN» MOTOK-LEMOYKY JIEMEHTAPHBIX JIEKTpOMar-
HUTHBIX KBaHTOB. HerocpeicTBeHHBIM ke 00pa3oM OH HacKa-
KMBAeT HE HAa «3JIEKTPOMArHUTHYIO» IIJIOMIAb KaKOAOTO TAKOrO
KBaHTa, HO Ha I'PaBUTALIMOHHOE CEYEHHUE TPaBUTALMOHHOIO SJI-
pa 3Toro kBaHTa. To ecTb TOT KBaHT, KOTOPBIN 33yMaeT HACKO-
YUTh HA MTOTOK — LIETIOYKY KBAHTOB M0 NIEKTPOMArHUTHOM Ya-
CTHLIbI, MTHOBEHHO ITPOLIMBAET MHOTME COTHHU, ECJIU HE THICAYN
A7IEp ITUX KBAHTOB, IAKe €CJIA OH HAJIETAET TOYHO HE Ha BCE 3TU
JIEKTPOMArHUTHBIE KBaHThI, HO TOJIBKO HA MX KaKyIO-TO COIJIa-
COBaHHYIO C HUM 4acTb. M Ha KaXJOM TakOM siJIpe OH CIoCOOeH
3aMETHO OTKJIOHUTHCA B TY WM UHYIO CTOPOHY, a CJIEI0BATEb-
HO, CrIOcOO€H 3aj/iepkaTh CBOW MyTh BHYTPH Makpo-Tena. bonee
TOrO, 3TOT KBaHT, MPOIIMBAs MaKpO-TEJIO, B3AUMOAEUCTBYET C



MIOTOKOM KBaHTOB TIOJIS1 YACTHIIBI, HE TOJIBKO HAJIETasi HA YACTHILY
71006 B 7100, HO OH CHOCOOEH KaK-TO «OJHOKPATHO» B3aMMO[IEH-
CTBOBAaTh C OOKOBBIMHU TIOJISIMU TEX YaCTHII, KOTOPbIE OH HE MPo-
IMBaeT J00 B JIOO, HO MPOCTO MpoJieTaeT BOIM3U UM BJIAIH OT
HUX. A TaKMX TaM €ro B3auMoJencTBUil — mupHasl. M kaxmoe
U3 HUX OTKJIOHSIET — 3aJJepKUBAET HAIll IPABUTAIIMOHHBIN KBaHT
M0-CBOEMY.

Ceituac He Oy/ieM B/IaBaThCs B MOJACUETH BEPOSITHOCTEN BCEX
CYMMAapHBIX COOBITUI TOYHBIX CTOJIKHOBEHHWH I'DaBUTAIIMOHHO-
o KBaHTA C IPABUTAIIMOHHBIMU sIJJPaMH, B IIEPBYIO 0Yepe/ib, KO-
HEYHO Ke, C SipaMy He CaMHX JIEMEHTApHBIX YaCTHUIl, HO MX
ToJIel — KaK COTIACOBAaHHBIX TIOTOKOB-IIEMOYEK IeKTPOMArHUT-
HBIX KBaHTOB. [10HOOHBIMY TOACYETAMU MOTYT 3aHSATHCS 3aUH-
TepPEeCOBAaHHBIE IIKOJIBHUKU. SICHO TOJIBKO OJHO: KX bl TPaBH-
TaIIOHHBIN KBAaHT, HaJleTasl Ha JI0O0oe Makpo-Tesio (B Tperene
— HajleTas Jaxe Ha eAMHUYHYIO YacTHILY ), 00513aTe/IbHO B3aUMO-
IEHCTBYS C TPAaBUTAIIMOHHBIMU SIIPAMU JIEMEHTAPHBIX EKTPO-
MAarHUTHBIX YACTHII 3TOrO Teja, OTKJIOHSIET CBOW MyTh B IPO-
CTpPaHCTBE. A 3TO 3HAYWT, YTO JIAXKe MPU STUHUIHOM B3aUMO-
IEMCTBUM TOJBKO C OIHUM M3 MUJUIMAPAOB sifiep Tela TpaBUTa-
[IMOHHBIN KBAaHT 3a/1€PKHTCS BHYTPH STOTO TeJla Ha YyTh OOJb-
Iee BpeMsi, YeM TOrja, Korma Obl OH MPOIIUBAT TaKOW O0O0BEM
YHUCTO TPABUTAIIMOHHOTO BaKyyMa, 3aliOJTHEHHBI TOJIBKO M30-
TPOIHBIMHM KBaHTaMH 3TOTO BaKyyMa, B pe3yJbTaTeé HUKaK He
OTKJIOHSIIOIIMMH YCPEHEHHYIO TaM JI0 TIPSIMOJIMHEMHOM Tpaccy
9TOr0 KBAaHTA M 33[EPKUBAIOIIMMH MyTh KBaHTA BCEIZa HA OfI-



HY U Ty K€ BEJIMYMHY BPEMEHHU, IPONOPLIMOHAJIBHYIO ITPEBbIILIE-
HUIO JIEMCTBUTEJIBHOM CKOPOCTH KBaHTA HAJ €r0 YCPeAHEHHOU
CKOPOCTBIO, KOTOPYIO MO’KHO Ha3BaTh «CKOPOCTBIO pacipocTpa-
HEHUs I'PaBUTALIMOHHOIO M3JIyYEHUs] B IPAaBUTALIMOHHOM BaKy-
yme». [Ipu4éM CKOpPOCTh pacnpoCTpaHEeHUs T'PaBUTALIMOHHOIO
U3JTy4YEHUs1 B U30TPOITHOM 3JIEKTPOMAarHUTHOM Bakyyme Merta-
TaJIaKTUKK 00s13aHa OBITh MEHBINIE CKOPOCTH PAaCHpPOCTPAHEHUS
9TOrO M3JIyYEHUs B YACTOM I'PABUTALIMOHHOM BAKyyME I'MIaHT-
CKMX MeX-BCeJIeHCKUX oOnactell CHeXMHKH, XOTS M Ha BECbMa
MaJlylo BEJIMUMHY UX PACXOXKICHUM.

[ToyeMy MBI CTajl TOBOPUTH HE O KAKOM-TO «I'PaBUTAIIMOH-
HOM I10JI€», U3Ty4aeMOM TEJIOM, HO TIOKa TOJIbKO O 3aeprKKe
B IIyTH B 3TOM TeJIE BHELIHETO IPABUTALIMOHHOIO KBaHTA, HaJle-
Taomero Ha tenao? IToroMy 4To ecimm KaxIpld U3 MUJUIMApAOB
¥ MUJUIMAPIIOB KBAHTOB, €KECEKYHAHO HAJIETAIOUIMX Ha TeNO C
CaMBIX Pa3HBIX CTOPOH MPOCTPAHCTBA, OyIeT 3a/1epXKUBaThCs B
9TOM TeJIe XOTs1 Obl Ha JJOJIM IMPOLIEHTa BPEMEHH 10 OTHOILEHUIO K
TOMY BPEMEHH, 32 KOTOPOE OH Mepecek Obl TaKOM ke 0OBEM Mpo-
CTPaHCTBA YHCTO IPABUTAIIMOHHOTO BaKyyMa, TO 001Iee KoJinJe-
CTBO I'DAaBUTALIMOHHBIX KBAHTOB, HAXOMASILIMXCSA B 00bEME Tesa
B KaX/10€ MTHOBEHUE BPEMEHU (paBHOE BPEMEHU ME€PECEUEHU
KBaHTOM TaKOTo e 00b&Ma MPOCTPAHCTBA B YHUCTO I'PABHUTALI-
OHHOM BaKyyMe), 3TO UX KOJIMYECTBO BO3PACTET Ha Te e JOIU
IPOLIEHTA 10 OTHOLLIEHUIO K OKPYKAIOILEMY TEJIO «A30TPOIHO-
My>» T'PaBUTALIMOHHOMY BakyyMmy. To ecTb BHYTpH Teja Bo3pac-
TaeT MJIOTHOCTH I'PABUTALMOHHBIX KBAHTOB. DTO MEPBOE, UTO



MOJKET IIPUIATH B TOJIOBY IIPU MOKUCKAX OTBETA Ha BOIIPOC O MpPHU-
poae rpaButaiu. Ho He BcE Tak mpocto. OIHAKO MBI OKA MTPO-
JOJIKMM B TOM K€ JIyXe.

Ho 310 3Ha4uT, 4TO Temeph, B JOOOH CKOJb YTOIHO MAaJlblid
JUCKPET BPEMEHHU (IIOUTH B «CKOJIb YTOJHO MaJIblii») 9TH KBaH-
ThI, HAXOJSIINECS] «Celdyac» BHYTpHU Tejia, OyIyT BbLIETATh U3
HEro B CaMbIX pa3HbIX HampasjieHusx. [Ipuuém rpagueHrt npe-
BBILIICHUS TUX, YK€ HANIPABJEHHBIX TEJIOM KBAHTOB (BCE OHU
HAIpaBJIeHbl B CTOPOHBI — «OT TeJla») OyJeT MPeBHIaTh y caMon
KPOMKHM TeJla TUIOTHOCTh HEHAIPABJICHHBIX TaM KBAHTOB H30-
TPOIHOI'O BaKyyMa POBHO Ha T€ K€ JI0JM MPOLIEHTA BEJIMYMHBI
UX IJIOTHOCTH.

Emg pa3: teneps yxe Oonee ocMbicienHo. Hurne B rpaBura-
LIMOHHOM BaKyyMe€ Halllell «MaJICHbKON» BceleHHOM MBI, MoXa-
Jy#, He Haii1IEM 3aMETHOI YBEIMUYEHHO! MJIOTHOCTU OOIIEro KO-
JIMYECTBA IPABUTAIIMOHHBIX KBAHTOB B JIIOOOM 33JJaHHOM OOBE-
Me rpaBUTAIIMOHHOIO Bakyyma. Ho cpenu 3Toro Be3je onmHako-
BOTO MX KOJIMUYECTBA MBI Oy[ieM 00sI3aTe/IbHO HAXOAUTH TY YacTh
UX 00IIero B 00bEMe KOIMYeCcTBa, KOTOpasi, XOTsI M eJie 3aMeT-
HO, HO HampaBJeHa JI00bIM MaKpPO-TeJIOM B CTOPOHY — «OT Te-
na». ITpr 3TOM MOXKHO TIPEANONIOKUTh, YTO YeM MEHbIIE 00bEM
MaKpo-TeJia (4eM MEHbIIIE eT0 «Macca» ), TeM BCE OOJIbIIIE TPaBy-
TALMOHHBIX KBAHTOB U3 HEro OyAeT BbUIETATh B JIIOOOM JAUCKPET
BPEMEHU, KOTOPbIE HE TPOB3AUMO/IEVICTBOBAJI BHYTPH Te€J1a HU C
OJJHOM YaCTULIEN WX HU C OHUM JI€KTPOMArHUTHBIM KBAHTOM,
«U3TYYEHHBIM» KaKOH-TMOO0 «3JIEMEHTApHOW YacTUIIEH» Tela.



A Takue KBaHTbl MOXHO TOIJ]a OTHECTU K KBAaHTaM YHCTO M30-
TPOITHOTO TPABUTAIIMOHHOTO BaKyyMa, KOTOPBIE, XOTSI 1 MPOIIIH-
71 (U3NIECKUIT 0OBEM Tea, HO TPU 3TOM «HE YBHUJEU» HU OfI-
HOIl 3JIEKTPOMAarHUTHOW YacCTHUIIbl WJIM HU OJHOTO JIeKTpoMar-
HHUTHOTO KBAaHTA, «M3JyYEHHOTO» YaCTHUIIEH Tejla ¥ HaXOIUBIIIe-
rocsi BHyTpHY TeJla B MOMEHT TepeceueHust 3TOro Teja rpaBuTa-
IIMIOHHBIM KBaHTOM.

U MOXeT TONbKO MoKa3aThcsl, YTo LUpa «1051el OIHOro Mpo-
IIeHTa» HAIlpaBJICHHBIX TEJIOM KBAaHTOB — Mayasi. MoxeT oKa-
3aThCs1, YTO OHA HAOOOPOT — CIIMIIKOM OOJbINast Jisl Iporecca
JEACTBUTENIBHOIO «HM3JIyUEHHUsT» TEJIOM «TPABHTALMOHHOTO TIO-
JIs1» BOKPYT ceds. DTU MPOIEHTHl HaI0 'PAMOTHO COOTHOCHTH C
peabHbIM 3aKOHOM BCEMHUPHOT'O TATOTEHMSI, OTKPHIThIM HbloTO-
HOM U ['ykom B cBO€ Bpems. Ho, noxaiyi, Ha Takoe, YUCTO TEO-
peTHUecKoe UCCIIeIOBaHNe, Y HAC ceiiyac HeT HMKAKOro BpeMe-
HU. Y HIKOJBHUKOB MOKET ObITh €ro OoJblile (y 3aMHTepecOBaH-
HBIX B 9TOH TeMe HIKOJIBHUKOB).

Mu1 ke 371ech 0O03HAYMIIM ITY TEMY TOKA JIUIIb B CAMBIX 00-
mmx yeprax. OHAKO ¥ B TAKOM BHJIE OHA MOXET IPUTOAUTHCS
1151 TOTo, YTOOBI 3a0pakoBaTh MHOI'ME M MHOTHE TEOPUH, IbITa-
IOIIMecs MpUAyMaTh (PU3MKY IpaBUTALIMM — BCSAKAsl TEOpUsl Ha
cBoii 1az1. Ho rmaBHOe: HapricoBaHHAs 3/1eCh KapTHHA, HABEPHOE,
TIOMO’XET IIKOJIBHUKAM JTydllle OHSTh PUpoy Betend. Mbl Tak
AyMaeM.



Yro xe Kacaercd DUWHIITENHA, TO €ro MHTYMLMS ChIrpajia
C HAM 3JIyI0 LIYyTKY. DUHIITEWH 3a4€M-TO 3alMKJIMJICSA Ha Ka-
KHX-TO «PAaBUTALMOHHBIX BOJHAX», XOTs CHa4yaja Hajao ObUIO,
HaBEpHOE, MOHSATH YTO-TO O «IPABUTAITUOHHOM U3TYUEHUM», UC-
XOJISAILEM OT CaMbIX Pa3HbIX TeJl. 34eCh, HA CAMOM JIeJI€, BBICTY-
MAET Ha MEPBbIM TUIaH (KaK HaM KaxXeTcs) 3a7ada MOUCKa JWH-
IITEHHOM — KaK HOBBIM MOJIOZIBIM Ml BECbMa YeCTOIIOOMBBIM YUE-
HBIM — JIETKUX IyTeill B Hayke. [lelicTBUTENbHO, JII00Oe IpaBU-
TAllMOHHOE U3JTyYeHHe, UCXOJsIIee OT J000ro Tenaa (XOTh Mak-
pO-Tena, XOTh MUKPO) — 3TO BCE TO K€ «IPABUTALIMOHHOE TOJIE».
To ectp Kakoe-TO craThueckoe (craumoHapHoe) noje. Ho mpo
9TO MoJIe elnie 10 DUHIITEeNHA (DaKTUYECKH MPO3payHO HaMeKall,
MIPUYEM — TOBOJIBHO MPOCTO, HBIOTOH CBOMM «3aKOHOM BCEMMP-
HOro taroteHus». B muceme P. bentim ot 1693 roma HelotoH
TOBOPHUT cliefyiomee: «Hernoctu:kumo, 4to yuctasi HEOAyIleB-
JIEHHAs1 MaTepusi B3aUMOJIEICTBYET U BiMseT O0e3 mocpeJHuye-
CTBa 4ero-nudo, 4to sIBJISETCA MaTepUabHBIM, HA JPYTyI0 Ma-
Teprio Oe3 B3aMMHOTO KOHTAKTa, KaK JOJKHO ObLIO ObI OBITh,
eciu Obl TIPUTSDKeHUE (B 3HAUSHUH DIUKYpa) ObLIO Obl OCHOB-
HBIM Y HEOTHEMJIEMBIM 151 9TON Matepuu. Y 310 oqHa U3 npu-
YKH, TI0 KOTOPBIM s BbIpa3uil Bam cBo€ kenanue, utoObl Bel He
NPUMKCHIBATIA MHE BPOXKJIEHHOE TATOTeHre. UTOObI MpUTSIKeHUE
ObLJIO BPOXKJIEHHBIM, HEOTHEMJIEMBIM U CYIIECTBEHHBIM B MaTe-



pUH, TaK YTO TEJIO MOIJIO Obl BO3JIEHICTBOBATh HA APYTO€ TEJIO Ha
PACCTOSIHUM Yepe3 BaKyyM, 0e3 TOro, 4ToObl BMEIIUBATIOCh UTO-
TO, Yepe3 UTo ACUCTBUE WM CHJIA MOTYT TIepeiaBaThCs OT OTHO-
ro K JIpyroMy, MHe KaKeTcsi TAKMM OTPOMHBIM abCyplIoM, 4TO
s HE BepIo, UTO MOJ0OHOE MOIJIO ObI MPUIATH B TOJIOBY KOMY-JIU-
60 ceenymemy B puocodckux Bonpocax. [Ipuunnoii npurs-
*KeHHS JOJI’KeH ObITh MOCPeHUK, JICHCTBYIOIINI B COOTBET-
CTBUM C OIpeeIEHHBIMU 3aKOHAMU, HO SIBJISIETCS JIU OH Marte-
PUATBHBIM WJIM HEMATePUAIbHBIM — BOIIPOC, KOTOPBIH I OCTaB-
JISAI0 VISl Pa3MBIIIEHUA MOUM 4dMTatessam». Ho DuHiurenH, B
ommuue oT HbloToHa, yke, HaBepHOe, MOT' AyMaTh O TOM, Kak
39TO 10Jie (3TOT HHIOTOHOB «ITOCPETHUK» ) KAKUM-TO 00pa3om 00-
HApYXUTb — U3MepUTh. Xoporiast Obia Ol 3aayMKa. Ho Kak 06-
HapYyXWThb MapaMeTpbl 3Toro uznyuyenus? Hampumep, ckopocTh
u3nydenusi? [l 3Toro Hajio Obl 3HaTh, KAK MOXET KOJIEOAThCS
9TO U3JIyYeHUe B KaKUX-To Mporeccax. OIHAKO 3[1eCh Mbl TOJIb-
KO MOMPOOOBAJIH MPUITMCATH DUHINTENHHY SIBHO HECBONCTBEHHbIS
€My MBICITU. JIeJI0 B TOM, UTO O KaKMX ObI TO HU OBUIO 3JTyYeHH-
SIX, KACaloIUXCsl TPAaBUTALIMU, MOT IyMaTh KTO YTOJHO, HO TOJIb-
KO He DiHITelH. [TotoMy yto 111 3TOrO NMOTpedoBascs Obl Ka-
KOI-TO MePeHOCYUK (MOCPEJHUK) STOr0 U3Iy4YeHHUs], Ha PoJb
KOTOPOTO MOT OBl TOJXOIUTh KAaKOW-HUOYb «T'PAaBUTAIIIOHHBIN
3pup» K, Ha XyJON KOHEll, Jaxke KaKOU-TO «3JIeKTPOMarHUT-
HbII 3¢pup». Ho Bce 3T «apupbl» DAHIITENHH 3apyOrI Ha KOP-
HIO C CaMOro Havajia CBOei (PU3UKH.

— Ho no3BosbTe, — CKaX)eT TYT CMBIIUIEHBIM ITKOJIbHUK, — BEAb



rpaBUTAlLIMs BCE PAaBHO AOJIKHA KaK-TO MO «4YEMY-TO» pacIpo-
CTPaHATBCS; BEMb — HE 10 ITyCTOTE Xke?

— BepHo, apyxuile, ycToe NpOCTPaHCTBO BCE ke HAJIO0 YEM-
TO 3arnoHsATh. Ho B Bonpoce o rpaBuTaniny DMHINTeHHA 3a00TH-
Jla He CTOJIbKO (PM3HMKA MPOUCXOMSIIETrO, CKOJIbKO YMCTHIA Ma-
TEMaTHYECKUI MPUEM, KOTOPHI MOT Obl N30aBUTh (DUZUKOB OT
UX OyM O TaKOM JAJEKOM M HEMOHATHOW (PU3MKE I'pPaBUTALIUU.
STOT MaTeMaTU4eCKUil MPUEM MPOCTO BhIOPACHIBAJ «(PU3UKY
rpaBUTALIMU» U3 HAYKU-(PU3UKU.

— A 4T0, Tak MOXHO Jenatb? Ho 3auem? Beé paBHO Benb KO-
rJa-To NPUIETCS y3HABATh 3Ty «(pU3UKY» IpaBuTaiiuu. M, HaBep-
HOE, MPUAETCS 3TO JIeaTh HaM, IIIKOJIbHUKAM U CTYJIEHTaM, BMe-
cro DiiHmTeiHa. Pa3 yx ¢usuku nepecran o0 3Tom gymars. A
B YEM COCTOSUI-TO ITPUEM ITOT MATEMATUIECKUNA?

— OH ouensp npocrou no ceoe Joruke. IlpaBna, 1o Takoro
pUEMa MOXKET JOyMaThCsl BECbMa U3BPAILIEHHBIN YM, UYL,
OJIHAKO, HauOoJee JIETKUe MyTH K JIOCTHKEHUIO CBOEH (XOTs U
«CHIOMUHYTHOW», HO) TieTi. Y DHHIITeHHa O ero (umocod-
CKMI HACTaBHUK — JpHCT Max. 10T Max nponoBeaoBas, B YUC-
Jie TIpoYero, cBoio puaocopuio «3IKOHOMUU MBITUIEHUs». Mort,
YEM MEHBUIE Mbl JYMAeM O YEM-TO, TEM JIydllle. 3a4eM MHOI'O
aymatb? Ecii K 1iesm MOXKHO NPUUTH, MAJIO JyMasi, TO TaK U
xoporto 6yner. Llens Benp Oyner nocturHyra. Kro mensine ny-
MaeT Jyisl JOCTHKEeHHUsI CBoel 1iesn — ToT u mMosozen. Kak tebe
Takasi pusiocopus?

— Insa vux, niug Maxa aa ajis DUHIITEMHA, OHA — XOpOoIlasi.



[110X0 TONBKO, YTO IS MEHS OHA IIoXasi. Bedab 3T0 MHE OMsTh
Tenepb Hafo OyzeT Aymarh 0 (pu3uke Bemein. OHU-TO MHE BCE
PaBHO HUYETO He CKa3asiu cBoeil MaTeMaTuko. Hy, 6or ¢ HuMu.
Ho BBI Tak ¥ He OTBETUJIM /IO KOHIIA HA MOW BOIIPOC 00 3TOM
MaTEMaTUYECKOM METOAE DUHIITENHA.

— U3BuHwm, apyr, ceftyac norpaBuMcs. 31ech UCXOIHBIMU ObI-
7M1 BCE ke (TIOBTOPUMCS ) 37paBble MbICIH O KAKUX-TO TOJISIX, KO-
TOpbIE CO3/IAI0T BOKPYT ce0s1 BCe MAaCCUBHBIE TeJla. DTO — TaK Ha-
3bIBaeMasi «IojieBasi KOHIEIUs» TpaBuTaiiiu. CorjaacHo 3Tou
KOHIICTIIIMY, B3aUMOJICVCTBUE MEXKIY TEJAMU OCYILECTBIISIETCS
yepes 3Ty caMylo «ITPOMEXKYTOUHYIO cpefy» — noje. Tam ogHo
TeJI0 CO37aET BOKPYT ceOs1 Bo3myItaoiiee noje. [Torom 3to none
CO3IaET BO3MYILIEHUE B COCEHUX TOUKAX MPOCTPAHCTBA, U TaK
Jasiee — 10 caMoro BTOPOro Tejia, KOTOpoe 3aTeM U MPUTITHUBA-
€TCs1 B CTOPOHY TIEPBOT'0, U3JTyUUBIIIEro 3710 Tojie. Y BcE Ob11o Obl
XOPOIIIO, eciii Obl DUHINTEHY He TIPUIILIA B TOJIOBY 9K30THYE-
CKasl MBICJIb: ITOCKOJIbKY I'PaBUTAIIMS €CTh BO BcenieHHOM Be3ze, 1
OHA CO3JAETCS «MaccamMm», TO JIIDOOE TeJlo, TBUKYIIEeeCs: OKOJIO
KaXJIOW U3 9TUX Macc, OyAeT UCKPHUBJISITh CBOIO TpaeKTopwio. TyT
HET MOKa HUYEro YAUBUTEIBHOrO: UMEHHO 00 3TOM K€ TOBOPUT
Y 3aKOH BCEMHUPHOTO TATOTeHHs. To ecTh Yem OJIvKe Teso Toj-
JIeTaeT K TaKOM «Macce», TeM 0ojiee HCKPHUBJISIETCS €rO IMyTh.
Ho Tenepp — Ta camast 9K30THKA: TTOCKOJIbKY BECOMOE TeJI0 OKO-
JIO MACCHBHBIX TeJl BCE paBHO MCKPUBJISIET CBOM IMyTh, TO TAKOW
MIPOIIECC MOKHO IPEJICTABUTH KaK TPOIECC «CKaThIBAHUS» Tesa
K TAKOW «Macce», CKaThIBAHUS — CJIOBHO ITKOJIBHUKY C JIESTHOW



TOPKH Ha CAaHKaX, C TOCTOSIHHO YBEIMUYUBAIOIIUMCS YCKOPEHHUEM.
To ecTp — CIIOBHO 10 KPUBOM MOBEPXHOCTH. A /17151 TeJ, puOIu-
KAIOIIMXCA K MACCUBHOMY TE€JIy C CAaMBIX Pa3HbIX HalpaBJIeHUN
— CJIOBHO 10 HEKOEMY MCKPHUBJIEHHOMY IPOCTPAHCTBY C YBEJU-
YUBAOIIECS €ro KPUBU3HOM 110 Mepe MPUOIMKEHUsI K MaCCHB-
HoMy Teuty. IIpaBna — kpyTo npunymano? Bes «kpyTusHa» pu-
JYMKH COCTOUT B TOM, UTO 3[IeCh DWHINTENH CIOBHO ObI 3aMeH -
€T I'PaBUTALIMOHHOE T0JIE (3aMEHSIET €ro JIEMCTBUE) ITPOCTO « MC-
KPHMBJEHHBIM NPOCTPAHCTBOM». To ecth HbloTOH-TO Myma,
YTO MPOCTPAHCTBO Be3/ie BO BeeseHHOM — Kak y JofieH, TO €CTh
HE KOCOe, He KPUBOE, a CaMO€ YTO HU Ha €CTb MPAMOE. ITO MPO-
CTO CHJIBI JUIsl TeJl OyAyT JAEHCTBOBATH CO CTOPOHBI I'PaBUTAIMU
— pa3Hble.

— D, HeT, — MOAYMaJl DUHIITENH, — €CJIM MbI O CHAJIaX CTAaHEM
TYT TOBOPHTH, TO CKATUMCSI K TIPOCTOM TUIEOSHCKON MEXaHUKe.
A tam Hafo OyaeT TOBOPUTh U O CKOPOCTSIX PaCIpOCTpaHeHusI
rpaBUTALIMM OT MACCUBHOTO TeJa A0 TOrO «BECOMOI0», KOTOpPOe
TIOMIAJIO B ITOJI€ 3TOr0 MAaCCUBHOTO. A 3ayeM HaM 3TO Hajao? Bor
3[IECh JIJI1 HAC U Hy)XHa He (pU3MKa, a yncrasg maremaruka. Ec-
JIM Mbl MAaTEMATUKOU CBS’KEM BEJMUYMHBI IPAaBUTUPYIOIIUX (Be-
COMBIX) MAacC, KOTOpbIe Oy/IyT UCKPUBIIATH TPOCTPAHCTBO, TO MBI
BCIO (DU3UKY IPABUTAIIMU CBEIEM K YMCTON F€OMETPUM «HCKPUB-
JIEHHBIX MTPOCTPAHCTB». M 3TO TOJIBKO Ha NMEPBBIN B3I KaXKyT-
Cs HEKa3UCTHIMM CAMHM MBICIA 00 «UCKPHBIIEHHBIX MPOCTPaH-
crBax». Ho 111 UMCTBIX MaTeMaTUKOB 3T MPOCTPAHCTBA, MOX-
HO CKazarthb, — psiaoBbie. [IpaBaa, cama MaTemartrka TyT Oyner Jo-



BOJIHO rpoMo37koi. Ho 3Ty MaTeMaTuKy Mbl CBAIMM Ha IOJIO-
BBl MaTeMaTHKOB. [1ycTh OHU HaM ¥ OOCUUTHIBAIOT 110 STUM I'PO-
MO3IKUM (popMysiam Hairy ¢gpu3uky. Ham Jiv 3aHUMAaThCs Taku-
MU Mestodamu ? Ham cBOE MblIIEHME HAI0 IKOHOMHO Pacxoo-
BaTh B MHTEpecax TOJIbKO pu3uku. U gercTBUTENbHO, BCE MOITY-
YUJIOCh IOBOJIBHO 9KOHOMHO: OT HBIOTOHOBCKMX «YUCTO MEXaHU-
YECKUX» TPAaBUTALIMOHHBIX CHJI MbI TYT U30aBUJTNCh, 3AMEHUB UX
IUIABHBIMU JBUKEHUSIMU IO KPUBBIM T€OMETPUYECKUM JIMHUSM
(«reofe3uuecKum» ), Mo JIMHUSIM HAIUX JIOOUMBIX Tereph HC-
KPHUBJEHHBIX MPOCTPAHCTB. Tenepb y MeHs caMO MPOCTPaH-
CTBO 3aMeHsIeT TpaBUTalMI0. bosee Toro: rpaBuTaius Ternepb —
9TO M €CTh CaMO MTPOCTPAHCTBO. A NP ABMKEHUU TeJI [0 MOUM
reoJe3MYeCKUM JIMHUSIM, TTPOJIOKEHHBIM ISl 9TUX TeJl B MOJe
TATOTEHUSI, TeJla ABVKYTCS MO WHEPIHMU U HAXOHATCS Kak Obl
B COCTOSTHM HEBECOMOCTHU. BOT Kak JIOBKO rpaBUTAIIMS 3aMe-
HsIETCs TeOMETPUel MPOCTpaHCTBa. A Ternephb yxke, OCBOOOANB-
IIIMCh B 9TOM IPOCTPAHCTBE OT HEMOHSTHOM (PU3BMKHU I'paBUTA-
IIUU, MBI CIIOKOWHO MPOJOIKUM U3Yy4aTh IEKTPOMATHUTHbBIE 3a-
KOHBI B3anumozencTBus ten. Kpacuso nomyuunocs. Bot oHa, cu-
JIa S5KOHOMUM MBbIIIUIEHU. 3aMEMCS Tellepb, HA MaHEP HOBEHb-
KOU «KBAaHTOBOW MEXaHUKMW» — Halllel OyayIiel Morydei «KBaH-
TOBOM rpaBUTaner». Korna Mbl 1 €€ OCBOMM, TakKe IKOHOM-
HO, TO 9TO yke OyaeT moyiHelid TpUuyMd dusuku, Moei Joou-
Moii. A TpuymdaTopoM TeM, KOHEUHO, Oyy ..., W3BUHUTE, — KO-
HEeYHO, Oy/IyT HAIlli 3amMevaTtesibHble (PU3MKU, padoTalomue Ij1s
MPOCTOTO HAPOJA, He MOKJIaaas pykK. . ...



B uyém ocHoBHOM Henmocratok OTO? OH — B KpaiiHe cra-
00i1 MPaKTUYECKOI MPHUTOAHOCTH 3TOW TEOPUM ISl peIlIeHUs
HACYITHBIX, 3I000/IHEBHBIX 32/1a4 COBPEMEHHOTO YeJIOBEUECTBA.
Mel 510 yTrBepKIaemM. OTO mioxo npuMeHuMa il NPAKTHKH
JIOZIeH, IJIsl KAKMX-TO NMpOopsIBHBIX TexHosoru. OTO unTepec-
Ha JIMIIIb KaK YUCThIA MaTeMaTU4eCKuu Npueém. B aTom cmbiciie
OHa JIOJKHA ObITh OoJiee MHTepecHa MaTeMaTruKaM, Hexenu (u-
3uKaMm. Bc€ 3TO roBOpHUT O TOM, YTO MBI JOJKHBI M30aBUTh CO-
BPEMEHHOTO IIKOJbHUKA OT W3YYE€HUS MM 3TOU HETOIHOW 1A
IIPAKTUKHU TEOPHUHU.

[MonpoGyem nOKa3aTh TH HAIU MOCTEAHUE YTBEPKICHUSI.
[ToroBopum 0 MPaKTUYECKON «4yBCTBUTEILHOCTU» METOAa DWH-
mrenHa. [IoroBopuM € TOYKM 3pEHUs NOMNBITKY ITPUMEHEHMSA
9TOM «4yBCTBUTEIBHOCTH» K CO3/IaHUIO IPAKTUYECKUX I'PAaBUTA-
IIMOHHBIX IIPUOOPOB, «I103ape3» HEOOXOTUMbBIX COBPEMEHHBIM (B
Ooubliiieit crernieHu) actpodpusukam. st HUX MeTon DUHIITeHA
— 3TO U3HAYAJIBHOE «MEPTBOPOXKIACHHOE IUTA». YeM OH MOKET
NOMOYb B JieJIe UCCEJOBaHMs AAJEKOro Kocmoca (a o «Onu3-
KOM» KOCMOCE 3/1eChb BOOOIIE TOBOPUTh HE Tpuxoautcs). [eit-
CTBUTEJIBHO, JJa)K€ TMI'AHTCKOM CTOMMOCTH M CJIOXKHOCTU TI'pa-
BUTALIMOHHBIE MHTEP(EPOMETPBI BpAA JIM CMOTYT 3(P(PEKTUB-
HO «IIPOCBEYMBATh» — CKAHUPOBATh OMMKHUIA KocMoc. Tombko
Janékuid JanpHuil. Ho 3Toro Ham ceiiyac sIBHO HEIOCTAaTOYHO.
Mbl XOTUM I'pPaBUTALIMOHHO CKAHUPOBATh HE TOJILKO TaJIAKTUKHU
OMKHETro KOCMOoca, HO JIake «COOCTBEeHHYI0» Hairy 3emumio. Ho



OTO 3p1ecp uMeeT Takyl YyBCTBUTEIBHOCTb, KOTOpPasi, CKpYy4H-
Basl — UCKPUBJISAST 3eMJIEH MPOCTPAHCTBO (HAAO ke ObUIO TpH-
JAyMath TaKkyl0 TEPMUHOJIOTUYECKYIO epech?), KOTopasi sIBHO He
cyMmeeT ObITh KaK-TO (pUKCUpyeMa YYEHBIMHU.

Jleno B TOM, 4TO ISl HAOMIONEHUS JIIOOOUM IPaBUTAIIMOHHON
W3MEHYHBOCTH Yero Obl TO HU OBUIO HAJI0 padoTaTh (B paMKax
Metona OTO) ¢ oueHb-0YeHb KPYIIHBIMU «MacCaMu» — KaK U3-
Jyvarensmu rpasutanuu. Ho, Kak Ha3/10, 3TH Macchl HENb3s IO
CBOEMY KEJIAHUIO 3aCTABUTH KOJIEOATHCS CKOJIBKO-HUOY/Ib ObICT-
po. MBI ux MoXkeM, B JIydilleM ciydae, 3aCTaBUTh KaK-TO KO-
ne0aThCsl TOJILKO C OYEHb HU3KOM 1711 TPABUTAIIMU «CKOPOCTHIO
ceta». He 6osnbinie. Ho Torna 3auem HysxHa rpaButanusi? Mbl u
6e3 He€, ¢ MOMOIIBI0 «HAIIEr0» NEKTPOMArHETH3MA, YKe yMe-
€M 3aMeydarh JIIoOble CKOPOCTU JIeKTPOMArHUTHBIX TeJl BILIOTh
10 cBeToBblX. Ho a1ekTpoMarHuTHOE U3Ty4YeHHe, yke UCCIIeNO-
BaHHOE HAMM «BJIOJIb U MOMEPEK», MMEET MO OTHOIIEHUIO K Tpa-
BUTAIIUU JBa CEPbE3HBIX HEIOCTATKA:

1) aneKTpOMarHuTHOE U3TyYeHUE UMEET HU3KYIO (CBETOBYIO)
CKOpPOCTb;

2) OHO UMEET KpalHe HU3KYI0 NMPOHHUKAIIIYIO («IIPOCBEYM-
BAIOIIYI0») CIIOCOOHOCTD; JIaXke YaCTHIIbl HEUTPUHO HaM 3J1eCh
cradble TIOMOIITHUKY, TaK KaK KaKOW-HUOY/b IJIOTHBIA M pa3o-
rpeThiii LIeHTp 3emuin OylIeT 3aMeTHO MCKaxaTh (He 3a/JaHHO, HO
Xa0TUYECKU) TIOJIET €IMHUYHOM YaCTULIbl HEUTPUHO; & pa3roBO-
PbI (PU3UKOB HACUET «CBOOOJHOTO MIPOIIIMBAHMUS» YACTULIEH HEH-
TPUHO Macchl 3eMJI TYT HaM (IJ1s1 TOYHBIX U3MEpeHuil) OyayT



OECIOJIE3HBI.

Bor nouemy nmeHHO HU3Kas 4yBCTBUTENBLHOCTH MeToga OTO
3aCTaBJIfIeT YYEHBIX HAOMIONATh JIMIb 32 JAIEKUMU — TIPeaaic-
KMMHU MAacCUBHBIMM KOCMUYECKMMHU TeJlaMH, Tje sl CpaBHU-
TEJILHO OBICTPBIX CJIBUTOB — KOJIEOAHWI TUTAHTCKUX «MacC» HYK-
HBI KOJIOCCAJTbHBIE SHEPTUH, KOTOPHIX Jake YXe B OJMKHEM KOC-
Moce HerJie B35iTh. A €CJI OHM TYT HeYastHHO OOBSIBATCS, TOT/IA
OHM CMETYT BCEX HalMX (PU3MKOB T'MI'AHTCKUM KaTaKJIU3MOM C
MOBEPXHOCTU 3€MJIH, CJIOBHO cyThle KeM-TO NbUIMHKY HUKYEeM-
Hble, HA Ha YTO HE TOIHBIE 1)1 IUIaHeTH 3Tor KocMmuecko.

M1, y ceOs B prstocoduu, MPOIBUHYBIIKCH B BOITPOCE O UYB-
CTBUTEJIbHOCTHU IPABUTALIMOHHOTO METO/Ia UCCIIeJOBAHU S 3HAUU-
TeJIbHO Aajibliie (pr3uKoB, ¢ ux nepenooit OTO, moroBopum 06
9TOM OJMKe K KOHITY TAHHOW TJIaBHI.

WTak, Ha CEerogHANIHUNA JEHb HaM IOKA HEU3BECTHBI CKOJIb-
KO-HUOY/Ib TOXOAUMBBIE OOBSICHEHUsT caMOil (DU3UKM SIBJICHUS
rpaBUTalMM. DTO U MOHATHO: CErOJHS NMPAKTUYECKU HUKTO HE
TOJIBKO U3 (PU3MKOB — MPO(ECCHOHAIIOB, HO Aake HUKTO U3 JU-
JIETAaHTOB He pa3padarbiBaeT prjiocouio KBAaHTOBOW (PUBHKH.
KBaHToBas e MexaHuka npogeCCOHAIOB OTJIMYAETCsI OT KBaH-
TOBOHM (PM3MKHM TOYHO TaK K€, KaK 3eMJIsl OTIMYaeTcs OT Heda.
Ho TonpKO ¢ TOuKM 3peHusi KBAHTOBOM (DUBUKU CYTh SIBJIECHUS
I'PaBUTALIMM CTAaHOBUTCS O CMEUIHOIO MPOCTOM. DTa MpOCTOTa
COCTOMUT BCETO JIMIIb U3 IBYX ITYHKTOB:

NYHKT 1) ABneHne rpasuranuu cospaércsa [Ipuponont ¢ nomo-



HIbIO CO3aHHbIX El0 e yacTull — «371eMEeHTapHbIX IPAaBUTALIMOH-
HBIX KBaHTOB» — YaCTULI, OTJAJIEHHBIM HAMEK HAa KOTOPbIE CKBO-
3UT B CJIOBE — IOHATUN (PUBUKOB — «TPABUTOH»;

MYHKT 2) 11000€e IpaBUTALMOHHOE T0oJIe (KOTOpOe Mbl B 00U-
XOJHOM HallleM KaproHe UMEHYEM «TPABUTALIUEN») — ITO €CThb
NOTOK T'PAaBUTAMOHHBIX KBAHTOB, HANPABJEHHBIH B IpO-
CTPAHCTBE JIIOObIM 3JIEKTPOMArHUTHBIM TEJIOM.

[Ipryém 3TUM «3JIEKTPOMArHUTHBIM TEJIOM» MOXET 3[€eCh
ObITh Kak BeeneHHast, Tak 1 camasi Majiasi lIeKTpOMarHUTHasI Ja-
CTHLIA U3 BCEX JEKTPOMArHUTHBIX TEJ — «3JIEMEHTAPHBIN KBAHT
— YacTHMIA 3JIeKTPOMAarHUTHOrO Bakyyma — 3¢upa). laxe sra
eIMHUYHAsA YacTUla, BHYTPM KOHCTPYKIIMH KOTOpO# 00s3a-
TEJILHO €CTh €€ I'PAaBUTALIMOHHOE AP0, yMeET (MMEHHO 9TUM S]1-
POM) OTKJIOHSATH ITyTh KaKA0TO U3 I'PAaBUTALIMOHHBIX KBAHTOB,
MUpHAJIaMUA HACKAKUBAIOLLMX HA 3TO PO U IMIPOLIMBAIOLIUX €r0
B KaXJYI0 MOC/IEYIONIyl0 CeKyHay BpemeHu. Ho moboe 3aaan-
HOE OTKJIOHEHHE YaCTULIbl YK€ MOXKHO UHTEPIIPETUPOBATH KaK
1oJie 3Toi yacTuil. YacTuiia ymMeeT HanpaBJIsATh Mocie ceds
I'PAaBUTALIMOHHBIE KBAHTHI U3HAYAJIbHO M30TPONHOIO IpaBUTa-
LIMOHHOI'O BaKyyMa, HaJleTalomue Ha dactuuy. Ilone — sto Ha-
NPaBJICHHBIN B IPOCTPAHCTBE MOTOK KBAHTOB-YACTULl BAKYY-
Ma. ITIKOIBbHUK, YK€ IPOYMTABIINAN BTOPOM TOM Hallen «(puiro-
co(pum», YETKO 3TO 3HAET.

MHOr0 31K TPOMAarHUTHBIX YACTHIL B JIIOOOM JIEKTPOMarHuT-
HOM T€JIe — 3TO 3HAYMT 3[EChb MHOI'O HAIPABJIECHHBIX KBAaHTOB
rpasuTanyy. Ho MOCKONBKY rpaBUTallMOHHBIN BaKyyM ITPOHU3bI-



BaeT JII0O0OE JEKTPOMArHUTHOE TEJIO THIA, HAIpUMep, TIaHe-
ThI — MPAKTHYECKU MTHOBEHHO, TO OYKBaJIbHO KaXIasl YacTHIIA
9TOU TUIAaHETHl — MOJISAPU3YeT — OTKJIOHSeT — PeTPaHCJIH-
PYyeT rpaBUTAIIMOHHbIE KBAHTHI MOCJe ceOsl BIIOJHE «OCO3HAH-
HO» — Ha 33/IaHHBIN (XOTh ¥ MUKPO-MAJIbIiA, HO) YTOJl UICKPHBIISI-
IOLLEVICS 3/1eCh, HA YACTHIIE, TPACCHI «XaOTUUECKOTO» U3HAYATb-
HOT'O «BHEIIHETO» 7151 TeJia, FPABUTAIIMOHHOTO KBaHTa BaKyyMa.
Yem Oosbllie «mMacca-CrycToK» Tena, TeM Ooliee B HEM OyfIeT me-
peoTpakaThCsl Ha KaX 101 BCTPEYHOM YaCTUIIE TPaBUTAIIMOHHBIN
KBaHT. TeM, cieoBaTe/ibHO, Ha OOJIbINIee BpeMs OH 3aePAKUT-
csl B 9TOM TeJie, 10 CPAaBHEHHWIO C TeM HCXOJIOM, Korja Obl OH
HE BCTPETUJI 3TO MACCUBHOE TeJIO U He 3a/iepkasicsi Obl Ha HEM,
IPOWIsA, CIEA0BATENBHO, ITOT YUYACTOK MPOCTPAHCTBA CO CBOEH
HOpPMaJIBHOM I'PABUTALIMOHHOM CKOPOCTBIO 32 TO BpEMs, 3a KOTO-
pOE OH MIPOXOUT aHAJIOTUYHBIN YUACTOK B U30TPOITHOM (6e3 Te-
JIa) TpaBUTALIMOHHOM BakyyMme. Ho yem Oosbllie rpaBUTAIIMOH-
HBIX KBAaHTOB «Ce€HYac», BHYTPH Tella, HAXOATCS B MX 3ajep-
*KaAHHOM TaM COCTOSIHUM, TeM OOJIbIlle MVIOTHOCTh TPaBUTAIIU-
OHHBIX KBAaHTOB B 00BEME 3TOro Tesna. A yem OoJblile KBAHTOB
HAXOIATCS TaM BCEr/la — «ceivac», TeM, CJIeJJoBaTeIbHO, OOJIbIIe
«BCerja-ceiyac» UX BbUIETAET OTTYJa B KaXIyI0 CEKyHIY Bpe-
MEHHU BO BCE CTOPOHBI OT Tesia. To ecTh TeM O0JIbilie MOTOK KBaH-
TOB, HAlpPaBJEHHBIM (a HA CaMOM JeJie — 3a/Iep:KaHHbIM) STUM
tesioMm. To ectb Tem Oosbiiie ['paBuTaliioHHOE MOJEe, «U3JIy4dae-
Moe» TesioM. [lonie — 3To HarpaBIeHHBIN IOTOK KBAaHTOB.
KakoMy IITKOJTBHUKY MOKET ObITh HEMOHSTHA U3JIOXKEHHAS TYT



(puzMKa rpaBUTAIIMOHHOTO TOJISI, M3JTy4aeMOr0 JIOBIM JIEKTPO-
MarHuTHBIM TeJIOM? VM HyKHBI JIM 3[€Ch AJI1 YETO-TO «BOJIHBI
IIPOCTPaHCTBa» JWHIITENHA? BOT B 4éM Bompoc.

OpHako OT TOro, 4ro Mbl 3[€Ch O3BYUYMJIM UIKOJBHUKY, B
HECKOJIbKUX MOCTIeAHMX a03alax TeKcTa, Halm (pU3UKH He TOJTb-
KO CTOAT JIAJIEKO, HO JIeKAT JAJIEKO: JIE)KAT Ha MATKOM JIMBaH-
yrke OTO, yKpbIBIIUCH TEMVIEHBKUM OJEAJIBLIEM, COTKAHHBIM U3
KPUBBIX IIPOCTPAHCTB, JIEXKAT, OIUIEBBIBAS B IIOTOJIOK M MEUTast
O BEJIUKOM.

Wrtak, moboe rpaBUTAIIMOHHOE TIONIe (Harpumep, rojie 3eM-
JIM) MOKHO Y HYKHO CUMUTATh «IOTEHIIUAIBLHBIM TOJIEM», TIO-
CKOJIBKY /17151 JIIOOOTO Tella, HAXOMSIIErocsi BHYTPH 3TOTO MOJIs,
MO’KHO BECTHU PEUb O «CUCTEME JIBYX T€JI»: OTHO TEJIO — «U3JTyYa-
I01Iee» — 3T0 3eMJISL; APYroe TeJI0 — «BECOMOE» — 3TO TO, KOTO-
poe npurarusaercs cuiior HeloToHa, 1eNCTBYIOMIEN B IOTEHIIN-
aJIbHOM Tosie Mex 1y Tenamu. JIioboe paguanbHOe nepeMeleHne
TeJia B MOTEHIIMAILHOM T0JIe — 3TO aKT coBepiieHus padotsl. Ho
KTO coBepiraer 3ty padory? 3emis? Her, ve 3emmsa. Camo Te-
70? OnaTe Het, He Teno. (Kinaccuka nponuibix BEKOB rOBOpUIIA
0 TOM, YTO «3eMJisl COBepIIaeT paboTy Mo NPUTSIKEHHUIO K cebe
tena») Ho xto ke torma? HemocpencrBeHHO coBepiiaeT pado-
Ty 3/1€Ch TPEThe TeJI0: | paBUTAIIMOHHBIN BaKyyM. DTOT BaKyyM
coBepIaeT padoTy Jaxe Torja, Koraa BECOMOe TeJlo He TiepeMe-
1IaeTCs B MOTEHIMAILHOM T0J1e 3EMJIM PaJHajibHO, HO CIIOKOW-
HO JIE)KUT Ha MOBEPXHOCTU 3eMJIM — Kak Ha nojacraBke. Ho, néxa
Ha TOZICTAaBKe, OHO 00S3aTeNIbHO AABUT Ha MoACTaBKy. [IIKkomb-



HUKaM, KOT/Ja UM MOSICHSIIOT O Bece TeJa, FOBOPAT O TOM, UTO ITO
«CaMO TeJIO» [TaBUT Ha MOJCTABKY (Ha BEChI), KOTOPBIE U U3Me-
PAIOT «BEC» ITOrO Tea. AH HET, TEJIO MPOCTO JIEKHT Ha TMO[I-
cTaBKe (Ky/a MoJIOKWIM — TaM U JiexuT). Ho maBHT Ha nojacras-
Ky (mpous3BoauT paboTy AaBJIeHUs]) TPABUTAIIMOHHOE ToJie 3eM-
JIM, COCTOSIIIEE U3 TEX KBAHTOB, KOTOPBIE, ABUTASICh «OT 3EMJIH»
K TeJy, IPUTATUBAIOT TEJIO K TOMY MECTY (K HEHTPY 3eMJIH), OT-
KyJa OHM MPUJIETETN — «U3JTyUUJIHCh.

Vke B 9TOM MecTe IJIaBbl Mbl OBICTPEHBKO TIOKPUTUKYEM a0-
COJTIIOTHO MPOBAJILHOE YTBEPXkIEHUE (PU3UKOB O TOM, YTO TEJIO,
«M3JIydamllee rpaBUTAIMOHHBIE BOJHB» (€CIU OHO yMeeT 3TO
JeJiaTb B CBOEM OJJMHOYECTBE, TO ECTh HE B CUCTEME Te), TEPSIET
IIPU 3TOM CBOIO «T'PABUTAIIMOHHYIO» dHepruio. Te pusmku, Ko-
TOpBIE IyMaIOT UMEHHO TaK — COBCEM ILIoXHe. [lpyroe aeio, Ko-
I7la OHU TOBOPAT B 3TOM K€ KOHTEKCTE, HO TIPO CUCTEMY (IBYX)
TeJI, IBUXKYILIUXCS OTHO OTHOCUTEJIBHO JIpyroro. B atom ciydae
JEUCTBUTESIHHO MOXXHO TOBOPUTH 00 «M3Ty4eHUM (HEKHX) rpa-
BUTAIIMOHHBIX BOJIH». HO M 31€Ch MBI JOJKHBI OMPaBUTh (hU-
3ukoB. O0a Tea, HarpuMep, BpaIaoIecs: APYr OTHOCUTE b~
HO JIpyra B IPaBUTAIIMOHHBIX MOJISAX APYT JApyra, u3jlydyas 3TU
«BOJIHbI», J1aK€ U HE AyMAIOT TEPSITh HUKAKYIO «9HEPrUI0 Ha U3-
JlydyeHUe rPaBUTAIIMOHHBIX BOJIH». Jlaxe Toraga, Korjaa, Kpyxka B
MOTEHIIMATIBHOM TI0JI€, TIOTEHIIUAIbHAS SHEPTUsl UX B3aUMHOIO
MECTOMOJIOKEHHU S TIEPEXOJUT, 10 3akoHaM HbloTOHa, B KMHETH-
YECKYIO0 SHEPIHIO UX YCKOPEHHOT'O JIBUKEHUS], 1aXke U IIPU 3TOM
MIPOUCXO/IUT BCEr/a OAVH U TOT K€ HBIOTOHOB MPOIIECC «Iafe-



HUs1 OJIHOTO TeJIa Ha APYroe», CJIETKa YCI0KHEHHDIH, OTHAKO, J10-
MIOJTHATEJIBHBIM ITPOLIECCOM B3aMMHOTO BpateHus teil. Ho 3aecp
OISITh: HAa «U3JIyuyeHUe BOTH» padOTaeT BCE TOT ke IPaBUTAIIU-
OHHBII BaKyyM. DTO OH OJIHOBPEMEHHO: U COBEPIIIAET PabOTy MO
3aKPYyYMBAHUIO T€JI BOKPYT BUPTYAJIbHOIO LIEHTPA Macc; U U3JTy-
YaeT BOBHE CUCTEMBI «TPaBUTALMOHHBIE BOJIHBD». [lokazaresnb-
CTBOM TOMY, UTO PabOTaeT 3/1eCh UMEHHO «TPEThE TEI0» — BaKY-
yM, SIBJISIETCSI TO OOCTOSITENILCTBO, YTO 00a Tesla MOTYT Bpalarh-
Cs1 BAKYYMOM MPAKTUYECKU «BEYHO» IO OJIHOU U TOM K€ OKPYK-
HOCTH OJIHOTO U TOTO k€ paauyca, HA Ha I'paH HE U3MEHss 3TOT
paauyc. A POUCXOMUT TO TIOTOMY, UTO MPU STOM 00a Tesa He
TEPAIOT CBOU HBIOTOHOBBI MACChl — KK KOJIMYECTBO IEKTPOMAr-
HUTHOTO BellecTBa B 3TUX Tejax. U Bcio padoTy 3a HUX (110 MX
BPAIIEHUIO) BBITIONHSET, KaK Obl BHEIITHUN /IS HUX U HUKaK He
BUAVMBIN (PU3MKAMU, TPAaBUTALIMOHHBIA BaKyyM. ¥ 3TOrO Baky-
yMa COCPEJOTOYEHO ITOM €ro SHepruv BUIAMMO-HeBUAUMO. Ca-
MU Ke TeJIa CITyXKaT JIUIIb TpeoOpa3oBaTesIMI HEHANTPABJICHHON
HUKAaK SHEPIMUA U30TPOIHOIO I'PaBUTALMOHHOIO BaKyyMa B Ha-
NPaBJIEHHYIO 3TUMU TeJlaMU HEPrUi0 IPABUTAIIIOHHBIX IOJIel
stux Te. Ho mpu aTom nporiecce npeoOpa3oBaHusi OHU HU B KO-
€M CJlyyae He MOIVIOIAIT HUKAKYIO «9HEPryio I'paBUTALlMN» Ba-
KyyMa. OHU €€ He yMEeIOT UMEHHO «IIOTJIONaTh» WA OTJaBaTh.
OHM yMelT €€ TOJMBKO MPOIYCKATh — PETPAHCIMPOBATh YEPE3
— CKBO3b ce0sl, HUKaK MpU 3TOM He M3MEHsIsSi HUKAKUX CBOMX
MaccC (HbIOTOHOBBIX). Tam He TOJIbKO HUKAKUE TPEOHBI HUKAKUX
IEKTPOHOB WJIM IIPOTOHOB TEJI HE BBUICTAIOT U3 KOHCTPYKLIAM



YaCTUIl WK HE BJIETAIOT B 9TU KOHCTPYKIIMU, HO HUKAKHUE MPEO-
Hbl HE BBUIETAIOT WIX HE BJIETAIOT B IPABUTALIMOHHBIE s1Ipa JII0-
OBbIX JEKTPOMATHUTHBIX YACTUIl ITUX Tel. A UMEHHO C TUMU
I'PaBUTALIMOHHBIMU s1IpaMH HENOCPEICTBEHHO B3aMMOJEHCTBY-
0T TPaBUTAIIMOHHBIE KBAHTHL. TO ecTh 00 U3MEHEHUN HhIOTOHO-
BBIX MAcC MakKpo-TeJl 371eCh TOBOPUTh He Hano. He Hamo ObuIO
Obl TOBOPUTH U TIPO SUHINTEUHOBCKUE BUPTYATbHBIE «MHEPIIU-
OHHBIE MaCChl», TIOCKOJIbKY 9TH «MacChl» He SIBJISIIOTCSI HUKAKH-
MU HE MacCaMu, HO JIUIIb SHEPTUsIMU STUX HBIOTOHOBBIX Macc.
OpaHako, MOCKOJIBKY TEOPUsSI OTHOCUTEBHOCTA DWHILTENHA WC-
KOBEpKaJla BCE KJIACCUYECKHUE TTOHSITUS O Maccax TeJl, 3[1eCh Ha-
10 (KJIacCHUKOU) TOBOPUTh 00 MHEPIMOHHOCTH [IBYX TeJl, Hall
KOTOPHIMH T'PaBUTAIIMOHHBIA BaKyyM COBEPIIIAET CBOIO padoTy.
B pesynbrate 3T0M paboTh BAKyYyMa 3aKpy4YeHHBIE APYT OTHOCH-
TEJILHO JIpyra TeJia MOCTOSIHHO MPUTITUBAIOTCS IPYT K APYry, B
COOTBETCTBUM C 3aKOHOM BCEMHUPHOIO TATOTEHUS.

Emeé pa3. ®usnka nponecca 3aKkpyurMBaHus ABYX TeJl PABU-
TAlMOHHBIMH TIOJISIMU JIPYT Apyra abCOMIOTHO 3epKaibHa (pr3m-
K€ 3aKPY4YMBAHUs JIEKTPOHA B aTOME BOKPYT MPOTOHA 0 CTa-
nHoOHapHOI opouTe. Tam, B aToMe, aHAJIOTMYHO: BCIO paboTy
0 YAEPKAHUIO JIEKTPOHA OKOJIO IMPOTOHA BBIIIOJHSET TPeEThe
TeJIO — JICKTPOMArHUTHBIN 3(PHUP.

Korga ke 1Ba 3aKpy4eHHbIX TpaBUTAlMEld Teja HAYUHAIOT
NPUTATUBATBCA JPYr K JOPYyry, YMEHbllas JUAMETP 3aKpYTKH,
TO B KQX/JOM TaKOM CJIyyae Haj0 UCKaTh CBOKO MPUUYUHY ITOrO
JUISI KOHKPETHBIX Tel U U1 KOHKPETHOW CUTYalluM MX Bpallie-



HUs1. CUJIbl, TOPMO3SIIIIUE TAKOE BpaIlieHHe, MOTYT ObITh CAMBIMU
pazabiMy. OHUM MOTYT OBITH BHEIITHUMU (TPEHUE O JPyrre MUK-
po-Tesia, MUpPHaZaMHy HaJIeTaloIIue B KaXIyl0 CEKyH/ly Ha Bpa-
miamoipecs ). MoryT ObITh U BHYTpeHHMMHU. Haripumep, mipu Ta-
KOM TIPOIIECCe TU TeJia 00BIYHO, TOMUMO 3TOTO, eIlE U MoJTyda-
I0T JIOTIOJTHUTENIbHOE COOCTBEHHOE BpallleHUE BOKPYT MX OCEH,
KOTOpOe MOXkeT ObITh BeChbMa M BechbMa MajibiM. Ho mpu 3Tom
BO3pAacTaeT, XOTs M OYeHb MaJI0, HHEPIIHMOHHOCTb 3THUX TeJI, KO-
TOpasi IEPEBOJIUTCS C SI3bIKA KJIACCHKM HA UCKOBEPKAHHBIH SI3bIK
CTO - kak BO3pacTaHUE «MHEPLMOHHBIX Macc» Tell. B 3akoHe
K€ BCEMHUPHOTO TATOTEHHS CTOSIT UMEHHO 3TH «MHEPIMOHHbIC
MacChl» — Kak Te, KOTOpbIe TOBOPST O TOM, HACKOJIbKO MHEPIIH-
OHHO BeJET ceOs Teso MO BO3JEHCTBUEM JTIOOBIX CU (B J1aH-
HOM CJTyvae — rpaBUTAIMOHHBIX cHil). TO ecTh B 3TOM Mpoliec-
ce paboTa rpaBUTAIIMOHHOTO BaKyyMa MPUBOUT K BO3PACTAHUIO
«TSDKECTH» TeJl, a CJIEJ0BaTEeIbHO, K MX 00Jiee CHJIbBHOMY TTPHTSI-
JKEHHUIO JIPYT K JPYry (XOTsl, Jake Takas MOIMbITKA OObICHEHHS
CTOJIb CJIOKHOTO BO MHOTHX «JIETAJISIX» IPOLIECCA, IOJIKHA BhI3bI-
BaTh Y UCTUHHOTO KJIACCMUYECKOTO MEXaHHKa MacCy BOIPOCOB).
B pe3ynbrate (Mbl BCE e OCTOPOXKHO MOMPABUMCS, «B Pe3YyJib-
TaTe Yero-To»), CaMbIM «€CTECTBEHHBIM» 00Pa30M Tejla YCKOpSi-
I0TCSI ¥ U3MEHSIETCSI TIEPHOJT UX B3AaMMHOT'O BpAITIeHU I, UTO U BH-
14t pusuku. Ho ToNbKO He HaZo B 3TOT KJIACCUYECKUN HBIOTO-
HOB ITPOIIECC BITUXUBATh SWHIITEHHOBCKUE IPUAYMKHU 00 «H3ITy-
YEHHUAX IPABUTALIMOHHBIX BOJH». Jla eIé v — «BOJH IPOCTPaH-
cTBa». Bcerga Tpe3Belii yM MPOCTOTO IMIKOJILHUKA HUKOI/A HE



MPUMET TOIOOHYIO 3aBEIOMYIO ... «9K30THKY» (UTOOBI HE BbIpa-
Karbcs Kpyde). To ecTb «rpaBUTAllMOHHBIE BOJHBI» 3J€Ch JE-
CTBUTEJIbHO u3iydatotcs. Ho He MatemaTryeckue SMHIITeMHOB-
CKU€, a TPOCThIe TPUPOIHbIE, U U3JIyYAIOTCSl OHU HE B PE3YJIbTa-
Te paboThI TeJl, HO B pe3yJsibTaTe padoThl BaKyyMa (C TIOMOIIIBIO,
OJIHAKO, ITUX TeJ).

Emg pa3. Ecim Ob1 B 3TOM mipoliecce padoTy BBHITIONHSLIM Ca-
MU Tejia, Torga Obl MOKHO ObUIO TOBOPUTDH O MOTEPE SHEPTUU B
cucteMe. Ho 3ty padoTy, Kak Mbl YETKO NIOTUYEPKHYIIU, BBITION-
HsIeT BMECTO TeJl TPaBUTAIMOHHBIN BaKyyM B BUJE €rO MOJIei,
CO3JIaHHBIX KOHCTPYKIIMSIMH 3TUX TeJl. Mbl TOBOPWIIM 00 3TOM
y’K€ B CAaMOM HauaJie IJIaBbl.

B camoMm Hauasie riiaBel Mbl YETKO CKa3aJid U O TOM, YTO «I'pa-
BUTAIUS HY)XHA JUISI TOTO, YTOOBI COOMPATh BOEAWHO EKTPO-
MarHuTHbIE TeJ1a». ITO YTBEpXKICHHE TOBOPUT (B HESIBHOM BU/IE)
UMeHHO 0 ToM, KTo umMeHHo Bceria coBepIiaer padoTy 1o «Co-
OUPAHUIO Tl BOEAWHO»: TOJBbKO IPABUTAIIMOHHBINA BaKyyM. DTO
OH MOMOTaeT KPYTHUThCS JIByM «Maccam» JPYTI OTHOCHUTEILHO
JOpYyXKHU 4yTb J1 He BeuHo. Ho, o kpaitHel Mepe, He U3-3a Kako-
I'0-TO MO30PHOTO «U3JTYy4YEeHHUs TPABUTALIMOHHBIX BOJIH» CUCTEMA
TeJI TepsieT CBOIo AHepruio. Kcratu, 3ToT Bonmpoc 00 MCTOYHUKE
SHEePruM rpPaBUTALIMOHHOTO B3aUMOJIEUCTBUS Tl HE TOJBKO He
Hamenn ceoero orseta B OTO DiHIITENIHa, HO M HUKAK HE MOT
HaiTu 3T0ro oreera. [lToroMy 4uto MaTemMaTuka He enaeT pu3n-
Ky. Pusuky nenaer ¢puiiocodpusi. 3anukivBaHue (pPU3MKOB Ha
npoOJieMe MoTepr SHEPIUU CUCTEMON TPAaBUTUPYIONIHX Te (TI0-



TepU «IHEPrUy Ha U3JTy4YeHUE I'PaBUTAMOHHBIX BOJH») HA HO-
BOM pyOexe pa3BUTUs (PU3WKH, CHIJILHO HATIOMUHAET HATAJKU
Ha bopa torna, korga oH, B Hauase 20-ro BeKa, OTBAKUIICS «CJI0-
MaTbh» BEKOBBIE ITPEJCTABJIEHUS CTAPIIMX IO OTHOIIEHUIO K HEMY
«BOJIHOBUKOB», UyTbh JIM HE KPUYAIIUX TOrJA O TOM, YTO JIEK-
TPOH HE MOXeT (COINIACHO UX JTIIOOMMOM MK TPOANHAMUKE) Bpa-
IIATHCS B aTOME TI0 CTAIIMOHAPHOM OpOWTE: OH JI0JIKEH TaM, «Te-
psisi SHEPrHIo Ha U3ITyYeHre», ObICTPO YIACThb Ha MOJIOKUTEIbHOE
aTromMHoe si/1po. W, HecMOTpsl Ha TO, YTO HUKTO U3 (PUBUKOB Tak
¥ He TIOHSUT TI0 HACTOSIIIIEe BpeMsl, IOYeMy JIEKTPOH CIOCOOeH
BpAIIATHCS B OJIHOM M TOM K€ aTOMe T10 OJIHOM U TOH e opOuTe
HE MWIIMOHBI, HO MUJLJIMAP/BI JIET, 3TUM (PU3MKAM BCE ke MpPU-
IIJIOCh TIPU3HATH (PAKT CTAIIMOHAPHOCTU OPOUT.

MBI ke 1 371eCh CIIOKOWHO OOBSICHUJIM TITKOJIbHUKAM, a 320[JHO
1 pusukam (BO BTOpoM ToMe (priiocoduu), T0, YEro He MOHSsI-
JIM KaK «CTapbie», TaK U «HOBBIE» (PU3MKU: IEKTPOH Ha OpoOuTe
JEPKUT TPEThe TeJO «B JIMIE» KBAHTOB 3(prpa, KOTOPbIE BXO-
JST B Pe30HAHC C KOHCTPYKIIMEH aToMa, «B JIUIAaX» OpOUTAIIb-
HOI'O 3JIEKTPOHA U MPOTOHA aTOMHOro siapa. U nokyna Bo Bee-
JIEHHOU OyIIeT CyIecTBOBaTh 3TOT 3(pUp, 10 TeX Op U OyAET Kpy-
KUTh €IUHUYHBIA IEKTPOH MO SIUHUYHON OpOUTE B KaXK/IOM
€IMHIYHOM aToMe. 37IeCh OIsATh: BakyyM (3¢hup) aenaer pado-
TY BMECTO 2JIeKTpoHa U nipotoHa. He onu. OHu numib npeoGpa-
30BBIBAIOT XA0TUUECKUM MOTOK BHEILIHUX IO OTHOIIEHUIO K aTO-
My KBAaHTOB 3(pupa B HANpaBJIEHHbII UX KOHCTPYKIUSAMH I10-
TOK 9TMX KBAaHTOB, Ha3bIBAEMbIN (B JAHHOM CIIy4ae) «JIEKTPH-



YEeCKUM TOJIEM» MTPOTOHA siIpa aToMa (JIJ1s1 OpOUTATIBHOTO JIeK-
TPOHA 3TO K€ MOJE CAeLYeT CUATATh BHEIIHUM IO OTHOILLEHMIO
K 9JIGKTPOHY «MarHUTHBIM MOJIEM>», TIOCKOJIbKY OHO, HaJleTasl Ha
9JIEKTPOH OPTOrOHAJIBHO €ro Kypcy Ha opOuTe, coBepiiaet pado-
Ty IO TIEPEBO/IY €r0 Ha HOBYIO XOPAY, OoJsiee OJIMKHEro K MpOTo-
HY Kypca 3JIEKTPOHA).

OpHaKo MBI UyTh OTBJIEKJIMCh OT TEMBI ITIaBHI.

Hagum Tenepb KpUTHUKY KMHETUYECKOM TEOpUU I'PaBUTALIMU
Jlecaxa. XKopx-Jlyn ne Cax, paboraBumii B JKenese, ormyOinu-
KOBAJI CBOU TPy, KACAIOIIUICS TEOPUH rpaBUTaIivu, B 1756 ro-
1y, a 3aTeM, B Oojiee yTOuHEHHOM Bujie, B 1758 rogy. ['urantckoii
LEHHOCTbIO TeopuM Jlecaxa sBJISIETCS TO, YTO OH YTBEPKIAET,
YTO CUJIA IPABUTALIUY — 3TO PE3YJIbTaT IBUKEHUSI OUYEHb MAJICHb-
KMX 4aCTHUL[ MaTepuM (KOPIYCKYJI), KOTOpbIE CHYIOT BO BceneH-
HOW BO BCEX HAIIPaBJIEHUSIX C OUYEHb BBICOKMMM CKOpOCTAMMU. Te-
710, yIaJaE€HHOE OT JIPYyrux Tels, OoMOapaupyeMoe STUMHU YacTH-
IaMH CO BCEX CTOPOH OIMHAKOBO, OCTAETCS, CJE0BATENIbHO, B
nokoe. Ho kak TONbKO K 9TOMY Tejly HAuMHAET MPHOIMKATHCS
Apyroe Tejo, TO YacTh MOTOKA YaCTHII, MAJAIONIMX Ha JIIoOoe 13
9THUX TeJl 110 HAIPABJIEHUIO OT MEPBOTO KO BTOPOMY, SKPaHUPY-
€TCsl TUM MEPBbIM. A CJIeIOBATENIbHO, HA TO BTOPOE TEJIO Ha-
YMHAET NAJATh CO CTOPOHBI 3TOTO TeJIa MEHBLIMM ITOTOK KOPITyC-
KyJI, HEKEJIM NaJIaeT Ha HErO CO BCEX OCTaJIbHBIX CTOPOH. B pe-
3yJIbTaTe pa3HOCTh CHJI JABJICHHSI TPABUTAIIMOHHBIX KOPITYCKYJI
TOJIKaeT BTOPOE TeJlo K mepBoMy. M HA000pOT — B OTHOIIEHUN
IIPUTSKEHU S IEPBOTO TeJIa KO BTOPOMY. DTy TEOPUIO MHOI/IA Ha-



3bIBAIOT «TEHEBOW I'PaBUTALIUEN».

Ho ecnu He cumTarh SIBHBIM HEIOCTATOK 3TOM TEOPUH, Ka-
CAIOIIMIACSA CAaMOU MPUYMHBI «TEHEBOW I'PaBUTALIMU» — KaK CHJI
JABJIEHHS I'PaBUTALIMOHHBIX KOPITYCKYJI Ha TEJO, TO IO CBOEU
ujee 00 OYeHb BBICOKMX CKOPOCTSAX NepeJaTYUKOB I'DaBHTAa-
LIMOHHBIX B3aMMOJIEMCTBUI, TEOPHUS OYEHb XOPOIIO COIJIacyeT-
cA ¢ npeacTaBiaeHusAMU Jlamiaca 0 CKOpPOCTH IPaBUTALIMOHHBIX
BO3MyILeHuil. O0a TakuX B3IJIsila HA IPaBUTALIMIO COAEpXKAT Ty
30POBYIO OCHOBY, KOTOpas IpeJroaraeT JjajbHeillee pa3Bu-
THE 3TUX IPEACTaBIeHUNA. Teopus ke DUHINTEHHA O KPUBBIX
IIPOCTPAHCTBAX HE MPENIOJIaraeT HUKAKOro JaJbHEUIIEro pas-
BHUTHSI, HO CTaBUT (PU3UKOB B TOT TYITHUK, IJIE OHU NPEObIBAIOT B
OTHOIIIEHUM I'PaBUTALIMY IO HACTOSILEE BPEMSI.

C Touku 3peHus Haiel punocodun, ommoka Jlecaxa cocto-
UT B TOM, YTO JIEKTPOMArHUTHBIE TeJla BOOOIIE HUKAK HE yMme-
10T SKPAHNPOBATh rpaBuTalyio. OHU €€ yMeIoT JIMIIb cJlerka
yBJIeKaTh 32 cOOOM M BMecTe ¢ coOoi. IMEHHO yBIeKaeMOCThb
I'PAaBUTALIMOHHBIX KBAHTOB CTYCTKOM JIEKTPOMAarHeTU3Ma (JIeK-
TPOMAarHMTHBIMU TeJIaMM) JA€T TO Majioe Moje, Kak Obl MCXO-
Js1Iee OT 3TUX CTYCTKOB, KOTOPOE Mbl OLIYIAEM B BUJE SBJIE-
HUA rpaButaimu. Kak Buanm, punocodus BCero aToro npeesb-
HO MPOCTa U JOCTYITHA JOBOJIBHO ICHOMY €€ ITOHMMAaHMIO J1aXke
MJIQJIIAM HIKOJIbBHUKOM.



Yacrtsp 2. I'ajakTnka — Kak
rpaBuTanMoHHbIil Pezonanc

Jli1s1 SKCeprUMEeHTaIbHOTO NOATBEepKAeHUs Hanuuus B [1pu-
pOJie rPaBUTALIMOHHBIX BOJIH (PU3MKH 3a4EM-TO 3arJIsIbIBAIOT YK
CJIMIIIKOM JQJIEKO: 32 MHOTHE JAJIEKUE rajakTuku. Hanpumep, B
skcniepuMenTe LIGO (j1a3epHO-uHTEphepoMeTprUIECcKOi IpaBy-
TaIIOHHO-BOJIHOBOW 0OCEpBaTOPUM), COCTOSIBIIIEMCSI B CEHTSIO-
pe 2015 rona, onu 3apuKCHpOBATN KOJIEOAHUS — TPaBUTAIIMOH-
HbI€ BOJIHbI OT MCTOUYHMKA B BUJE CIAMSAHUS ABYX YEPHBIX ObIP,
PacHoIOAREHHOTO OT HAC Ha PaccTosiHUM 1,3 MusuMapaa CBEeTo-
BbIX JieT. [IpyuéM oOpaTimM BHMMaHME IIKOJBHUKOB Ha 0€300-
Pa3HBIi KaproH (pU3NKOB: «BIEepBbIe 3a(pUKCUPOBaHbI KOJIeba-
HHSI IPOCTPAHCTBA — BpEMEHM, U3BECTHBIE KaK I'PaBUTAI[MOH-
HBIE BOJIHBI». DTO KaKOK-TO yXkac. B nmpuimaHoM oO1iecTBe Tak
HE BBIPAXKAIOTCS — «KOJIeOaHMUsI IPOCTPAHCTBA — BpeMeHM». Ko-
IAAa-TO MOTOM, YK€ OYEHb CKOPO, Yepe3 KAKUE-TO €UHMULIBI JIET,
HIKOJIBHUKaM OyJIeT CTBhIJIHO 32 (PM3UKOB, KOTOPbIE HECITU TAKYIO
epeck. JKaib ToNbKO, 4TO (pr3rKam He OyJeT CTBITHO.

Ho nouemy xe 311 (pm3MKH, M55 HAa pUCYHOK crivpaieit Ha-
el pogHou ['anakTvku, He aCCOLIMUPYIOT STOT PUCYHOK C BIOJ-
HE OYEBMHBIM JaXe IIKOJIBHUKY Pe3oHancom?

JlefiCTBUTENILHO, Tepell HaMU PUCYHOK SIPKO BBIPAKEHHBIX
BOJIH, HA KaKMX-HUOY/Ab «TPeOHSIX» KOTOPBIX PaCIOIOKUIUChH
CTyLIEHMs 3BE3]l caMOM pa3HON WX BeJWYMHBL. TO ecTh me-



pel HaMu — IpKO BbIpaXEHHAsl MHTEP(EPEHLIMOHHASA KapTUHKA
(puc. 20.1). 1 mockospKy 1uameTp 3TOM KapTUHKHA UCUUCTIAETCS
IBYMsI JiecsiTkamu kutonapeek (20 KIk), To, HaBepHOe, JIIOO0Tro
THIA «3JIEKTPOMArHETU3M>» 110 OTHOIIEHHUIO K TIPUPOJIE TOM Kap-
TUHKH JIOJUKEH «OTAbIXaTh», HO 371eCh 00s13aHa TOCIIOICTBOBATD
TOJIBKO TPABUTAIHS C €€ CKOPOCTSIMH PACIPOCTPaHEeHusI, OOb-
HIMMU JIEKTPOMArHUTHBIX CKOPOCTEH, AOMYCTUM, Ha 7 MOpsia-
KOB BEJMUYMH 3TUX ckopocTeil. IIIKOJIbHUKY 3TO JOJIKHO OBITh
HIOHSITHO.

W neiicTBUTENIBHO, CMBIILUIEHBIN IKOJIBHUK, [TI5/151 CBOMM $IC-
HbIM YyMOM Ha ['anakTuky, BIOJHE MOXKET 3aJaTh ceOe caMblii
€CTECTBEHHbII TYT Bompoc: «YeM BbI3BaHBI OYEBH/HBIE MHE
NIOCJIE/IOBATE/IbHBIE BOJIHBI IJIOTHOCTEM PACIpelesieHUus] 3BE3]L
BIOJIb JIIOOOTO PagraIbHOTO JTyda, KOTOpble Y (PU3MKOB HA3bI-
BalOTCA «pykaBamu»?» Ha pucynke 20.1 npencrasiiensl 4 cnu-
paJIbHBIX pyKaBa, pacXOAAIIMXcs U3 LieHTpa [ anakTiku; OyKBOi
S o6o3naueHo nonoxenue ComHia (7,2 KNk ot nedtpa). [yHk-
TUPHbIE OKPYKHOCTH MPOBEJEHBI C IIaroM 2 KIIK.



Puc. 20.1

W mouemy ke Torga HeJb3s MPEAIoIOKUTh, YTO I 0Opa-
30BaHUSI TAKOW KAPTUHKU 3JIECh JIOJKHA MOCTOSTHHO Oerathb rpa-
BUTAIIMOHHAS BOJIHA, PACIIPOCTPAHSIACH OT €€ UCTOUYHMKA, HAXO-
JSIIErocsi B LeHTpe ['anakTuku, 10 yIAJIEHHBIX KPa€B «BUJIU-
MBIX» CIIMPAJIbHBIX PYKABOB U JIaKe, HABEPHOE, 3HAUMTEIBHO J1a-



Jiee — J10 HEKMX HEBUJUMBIX, HO HABEPHSKA CYIIECTBYIOLIUX Ka-
KHX-HAOYAb TEMHBIX MOTYXIIMX 3BE3/1 M TEMHBIX CTYIIEHUNA 00-
JIAKOB KAKOTO-TO 3JIEKTPOMAarHUTHOTO BEIIECTBA — KaK MPOJOI-
KEHUW BUJUMBIX PYKaBOB?

Kakum xe MokeT ObITh ICTOYHHK I'PaBUTAIIMOHHBIX BOJIH, Ha-
XOISAIINIACS BHYTPU LIEHTPAILHON OOJIACTU TAJIAKTHKU, HUKAK
MOKa He ourym@aemMor Hammmu dusnkamu? CaMbiM OpocTen-
MM U1 HarOoJiee BEPOSITHBIM MOXET ObITh B3aMMHOE BpalllcHHE
JBYX TUT'AaHTCKUX Macc MO TUILy JBOWHOW 3Be3bl. DTUMHU Mac-
CaMU MOTYT ObITh, JIOITYCTUM, JIBE YEPHBIE JIBIPHI (UTO, MO HAIIle-
My MHEHUIO, HEBEPOSTHO) WJIM JIBA MACCUBHBIX CKOIUIGHUSI MO-
JIOZIBIX 3BE3/1 (UTO BMOJIHE BEPOSITHO ), UM UYTO-TO APYTOE MOI00-
Hoe. Ho He moxoke Ha TO, UTO TaM HAXOOMTCSI KaKasi-TO KOM-
MaKTHAsl OMHOYHAS Y€pHas JpIpa, KaKk JyMaloT MHOTue (hpusu-
ku. [ToroMy 4TO cama KOMIIAKTHOCTh 3TOM JIBIPhI YOUBAET camy
BO3MOKHOCTh KOJIeOaHMS JIBYX Macc OKoJjio odiero ieHrpa. Ho
BOJIHBI, KOTOPbIE Mbl «OTYETIIMBO BUIUM>», TIPETIONATal0T UX UC-
TOYHUKOM MIMEHHO PacCpeIOTOUSHHbIE MACChI, KOJIEOITIOIIHECS C
KaKUM-TO TEPUOIOM.

[TpowsmocTpypyeM Hallld  MPEANOJIIOKEHUSI TTPOCTEUIIUM
NPUMEPOM, He TPETEHIYIONIUM Cceivac Ha OOJBIIYI0 CTeTleHb
pUOIIVKEHU ST K UCTUHE, OJJHAKO BIOJTHE OOBACHSIONIAM YETKYIO
(pu3uKy «BUIUMBIX» CTYIIEHWI 3BE3]l B MOTOKAX YETHIPEX pY-
kaBoB. Cpa3zy ckaxeM, 4TO, Hanpumep, (pu3nka MOCTENEHHOIO
VILIMPEHHUs! 1IaroB CUpaJiell Mpy yJaleHUH PyKaBOB OT LIEHTPa
[anakTKy BechbMa CI0KHA U 3aBUCUT Cpa3dy OT MHOTMX (hPaKTO-



POB, KOTOpBIE Mbl, ECTECTBEHHO, ITPEIoiaraeM, HO 3/1eCh MPO-
cro He oOcyxaaeM. Ho cocpeoTrounMcst Ha HEKUX CPEeTHUX II1a-
rax HeKux rpeOHeil BOJH I'paBUTAIlMU, KOTOPblE MOTYT COBIIA-
JaTh, IOMYCTUM, UMEHHO C TEMU KOHIEHTPUUYECKUMHU OKPYKHO-
CTSIMU, 0O03HAYEHHBIMU IITPUXOBBIMU JIMHUSIMU U CJIETYIOITH-
MU 4yepe3 mmiar B 2 Knk. I1ycTs, 1715 Hayana HEKOTOPBIX HAIIMX
MOYTH «OT (DOHAPHBIX» MPEATIONOKEHHI, IB€ THTAHTCKUE MAaCCh
OTCTOSAIT APYT OT Jpyra Takxe Ha 2 KIIK ¥ BpalaloTcs M0 caMoun
MaJioil OKPYXKHOCTH, a «Celvac» HaxoasATcsl B Toukax 1 u 2.
Ceityac MbpI TonmpoOyeM TMOKa3aTh HEKOTOPYIO T'PaBUTAIIM-
OHHYI0 UYBCTBUTEJIBHOCTh BCEW CHUCTEMbI [ allakTWKH, TO €CTh
BBIYMCJIMM TOPSAJOK BO3MOXKHBIX aMIUIUTY] I'PABUTALIMOHHBIX
BOJIH. JIJ1s1 3TOr0 M3 3aKOHA BCEMUPHOTO TATOTEHUs HAWJEM TO-
psiok cwitel F, neficTBytoreit, HarpriMep, Ha IpoOHOe TeJto (T0-
MENIEHHOe B TOYKy 11) mjisi IByX B3aUMHBIX PaCHOIOKEHUU
Mmacc: 1-2 u 4—6. Bce paccrosinvsi MpUMeEM 32 OTHOCUTENIbHBIE,
rae oauH Kuionapeek (1 knk) npumem 3a «epuuuny» (1). s
«0azb» — paanyca Touku 11 (0-11), paBHoti 11-Tu enuaUaM, 1
m3MepeHHOMY Tpadudecku yrny 1-11-2 (v — 10°), Haiiném paiu-
yc 1-11 (2-11). B npsamoyronsHOoM TpeyronsHuke O—1-11 yron
mesxty Karetom O—11 u runorenysoii 1-11 cocrasisier ¢/2 — 5°,
Torna:

10 - 1) .
R0 e — . P
sin 5" = Frr 17y orryja x(1-11) 50 0,087

11,494 ~ 11,5



[Tyctp Temeps Macca Tena Touku 11 Oymer paBHa Kakaou w3
Macc m TeJsl Touek 1 1 2 u paBHa m = 1. FiIMeeM Ha 3TO MOJHOe
IIPaBO, KOT/1a PellaéM YUCTO KUHEMATUUYECKYIO 331a4Ky O MOPSijI-
K€ Pa3HOCTU B CWJIaX IPaBUTALMM MEX]y LIEHTPAJIbHBIM TEJIOM
(cucrema 1-2) u ipo6ubM (11). Toraa mist monoxkeHus: Koseo-
Jommuxcst e 1-2 Oynem UMeTh:

m* 1 1

.
2 1157 1157 132725 0,00756.

CymmapHas cwia, gerctyionias Ha Tejo 11 or ten 1 u 2;

P2 o512,
11,5
LI TRV P S LA S
top? 1aa UUVPTR N o qo00 Y

Cymma cun '+ u ' B monoxeHnn 4—6 Bpalarmnmxcs: Macc:

Fy+F,=0,000694 + 0,01 = 0,01694.

Cpazsy ke 3amedaeM, YTO I'paBUTAIIMOHHAS CUJIa, JEHCTBYIO-
m1ast Ha TeJio 11 co CTOpoHBI «pa3HOYIATEHHBIX» KOIEOIOMIUXCS



Macc nosoxeHus 4—06, Oosnpliie, YeM CHjla OT ITHX JKe Macc B UX
MIOJIO)KEHUH «PABHOYJAIEHHBIX» 1-2:

F, o

6

0,01694 = I, , = 0,0151Z,

f-'| I UJ 11694 ) o
F,o, ooisiz 12037

To ecTb cuia rpaBUTAIUM Jaxe )i HauOosee yIaaeHHBIX
3BE311 pyKaBoB ['anakTuky Komneonercs, s ABYX OPTOrOHAJIb-
HBIX TIOJIOKEHUI MACC LIEHTPaJIbHOM «JIBOMHOM 3Be3bl» Ha 12 %
BEJIMYMHBI ATOU CUJIBI. ITO OYEHDb BEJIMKAasl pa3HUIIa B NIEPUOIU-
YEeCKUX KOJeOaHUsX CUJIbI TPABUTAIIMU, HE 3aMETUTh KOTOPYIO
ObUT0 OBl TIPOCTO HEBO3MOXHO. [lostomy [Ipupona odeHp xo-
POITIO «3aMeyvaeT» ATy CUIIYy, PUCYs HaM CBOIO OIIYTUMYIO MO/~
CKa3Ky, Ha KOTOPYI0, OJHAKO, HAIlM (PU3UKKU OOpaInaroT Moka
crnaboe BHUMaHWMe, eCJIi BOOOIIE KaK-TO MBICIISIT B 9TOM HaIlpaB-
JICHUMU.

3nech HaJO cpa3y ke 3aMeTUTh, UTO, ECTECTBEHHO, 9Ta CHUJia
OyJeT UMETh MEHBIIYI0 aMIUTUTYY, TPUUEM, 3HAUNTESTBHO MEHb-
myio, ecau 6asza Mexay teaamu 1-2 (4—6) Oyaer 3HAUMTENBHO
cokpartarbcsl. OiHaKo MOCKOJbKY (PU3MKH HE BUAST 00IACTh Ha-
1Iell caMOM MaJIOW OKPYKHOCTU (OHA MOJTHOCTBIO CKPbITA «II€H-
TPaJIbHOU MbUIbIO» [ 'aJIaKTUKM ), HO HAYMHAIOT BUJIETh TOJIBKO PY-
KaBa, OTXOASAIIME OT LEHTpa Jaxe He Ha | KOk (paauyc Harien



MaJIoil OKPY:KHOCTH), HO Ha 3 KIK (pajnuyc Hayaja PyKaBoB), TO
MBI IMEEM IOJTHOE MTPaBO MPEATIONOKUTD TO, YTO YKE MPEATIONO-
JKUJIA: HAIKM KOJIEOTIOIINECS MaCChl HAXOAATCS «TJTyOOKO B TIbI-
JI», TO €CTh B TOM 00J1acTH, KOTOpasi OYeHb IJI0XO pa3inyuma
acTpoduzukamu.

N nockonbky KapThHKa [‘aJIaKTUKY SIBHO TMHAMUYECKAs], TO
TErepb Mbl IEPEUAEM OT CTATUYECKON €€ FeOMETPUM K HEKOTO-
poii mpemnonaraeMoi TnHaMuKe KojieOaHui eHTPaJIbHBIX Macc,
TO €CTh MEPENIEM K TMHAMMKE PaclpOCTPAHEHUST PAUATIbHBIX
IPaBUTAMOHHBIX BOJH. CHavasa BelpazuM Imiar cnupayien [a-
JIAKTHKY (TpyOO MPHUHMUMAEM €ro 3a BEJTMUUHY 2 KIIK) He TOJIBKO
B CBETOBBIX I'0JjaX, a TAKXk€ HE TOJbKO B «CBETOBBIX OHSAX», HO
B «CBETOBBIX Yacax» — Kak B TE€X PACCTOSIHMSX IlIara CMpaseu,
KOTOpBIE CBET mpoderaeT 3a 1 vac:

2rnx = 2000 - 3,262 (cB.roja) - 36541 - 244aca

. an/
5,715 -10""coeronnix yacon”

Ho, umest B BUILy, 4TO rpaBUTAlUsI ObICTpee CBETa B 107 pa3
(B caMoM rpyOOM MTPUOSVIKEHUH ), HAUEM, YTO TPaBUTAIIMOHHAS
BOJTHA OT KOJIEOAHMIA HAIITMX Macc Oy/IeT MPeooIeBaTh Iar CI1-
payu ['anakTuky B 2 KWJionapceka 3a Bpems:

.
571510 9acos

If'\'l[;ll';l l(];’

5,715 gacon.



Bcero-to. 3a 310 Bpemsi HU OfHA U3 3BE3M JOOBIX PYyKABOB
HE CIBUHETCS HA «3aMETHOE» HaM B MaciliTadax KapTUHKHU pac-
CTOSIHUE, TO €CTh Bce 3BE3/bI ['anakTuku OyayT CTOSATh Ha CBO-
UX MeCTaX «KakK BKOMaHHbIe». HO Tpy 3TOM B JTIOOBIX yIJIOBBIX
paariaibHBIX HAIMPABJICHUSIX MOTYT MPOOEraTh rPaBUTAIIOHHbIC
BOJIHBI, C X KAKUMU-HUOY/Ib «TPEOHAMU», CJCTYIOIMMU Yepe3
Kaxple 5,715 yacoB, 11 KaxkJI0M U3 TOYEK (3BE3[) PyKABOB.

OpnHako cpa3zy ke 3aMe4yaeM, YTO YCJIOBUSI Halllell KHHeMaTH-
YEeCKOM 3aJaUKH K PealbHOCTH HEe MOTYT MMETh HUKAaKOro TO-
Ka OTHOIIIEHUSI, TIOCKOJIbKY [IJISl TIOJTyYEHHOTO HAMM KEJIAEMOTO
BpeMeHHU MpobOeraHus TpaBUTaIlMEel KaXI0ro OTpe3Ka B 2 KIIK 3a
5 9acoB, Macchl IIEHTPAIBHBIX «3BE3/1» MPH 0a3e MeXy HUIMU B
2 KIIK JOJDKHBI ObUTH OBl JIBUTAThCSI C JIMHEHHBIMUA CKOPOCTSIMH,
Ha MHOTO MOPSIIKOB MPEBBIMAIIUMEI CKOPOCTh cBeTa. [Ipuku-
HEM MOPSIIOK ITUX CKOpocTel. JInHelHble CKOPOCTH 1IEHTpalb-
HBIX «Macc» [ ajJakTuKu:



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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