3aBTpaK € DUHLUTENHOM. JK30oTU4YeckKana pusmka
noBCceaHEeBHbIX NpeaMeToB

ABTOp:
Yan Opuesnb

3aBTpaK C DNHLWITENHOM. DK30TNYeCcKasd hn3nkKa rnoBCcegHEBHbIX NpegMeToB

Yapg Opuenb

dunsnmka - 3To0 NHTepecHo!

BenukonenHas KHUra, norpy>xatowas Hac B HEBEPOSITHbIN MUP KBAaHTOBOW (PU3NKW.
ABTOp NOKa3bIBaeT, YTO «(U3NKa - BE34E, B KaXKA0WN BELUWN, N HUKTO HE MOXXET
06BbACHNTL hn3nKy ny4dwe, 4em Yag Opuenb». OBbIKHOBEHHbI MUP BOKPYT HAc MOJIOH
CTPaHHbIX W 3arafoyHbIX ABAEHUN, N 3TO 06bACHAET usnka. Opuenb NCKYCHO
BbISIBNAET U AeNlaeT NOHSATHbLIM CaMble CJIOXKHbIe ee 3aKOHHbI.

3Ta KHUra obazaTenbHa AN9 YTEHUA KaXKAO0MY, KTO Xo4eT 06bACHUTL cebe npuHUMMbI
PaboThbl OKPY>KaloLLero Hac Mupa.

Yapg Opuenb

3aBTpaK C DNHLWITENHOM. DK30TNYecKasd hn3nkKa rnoBcegHEBHbLIX NpegMeToB

N3Buay, moemy nobuMmomy ManeHbkomy HYyBauky.

N3 BCex ManeHbKUX 4yBayKoB, YTO A 3HAtO, Thl CaMbln NOOUMBbIN.

Chad Orzel


https://tellnovel.me/orcel-_chad/zavtrak-s-eynshteynom-ekzoticheskaya-fizika-povsednevnyh-predmetov
https://tellnovel.me/orcel-_chad

Breakfast with Einstein

The Exotic Physics

of Everyday Objects

070

Chad Orzel. Breakfast with Einstein.

The Exotic Physics of Everyday Objects

© 2018 by Chad Orzel

Published by arrangement with BenBella Books, Inc., and Folio Literary Management,

LLC.

Cepus «®nsmKa - 3T0O UHTEPECHO»

3aBTpaK C DNHLWTENHOM: DK30TU4YecKasa pnsnkKa nosceaHeBHbIX NpeameToB. / Opuens,

Yapg, MNep. c anrn. A.C. Amntpuesa. - M.: 9TepHa, 2020

© 2018 by Chad Orzel

© A.C. OmuTpues, nepesop, 2020

© 00O «N3paTenbCTBO «ITEepHa», U3gaHne Ha pycckoMm sA3bike, 2020

BBeneHue



CoslHUe BCTaeT He3a[o0J/1ro A0 TOoro, Kak Mo By anabHUK Ha4YMHaeT nuuwaTb, N 4
BblOMpatoCb U3 noctenm, 4Tobbl Ha4aTb CBOM AeHb. B Kopnaope ewe TeEMHO, Koraa s
BbIXOXXY M3 CMaJibHW, TOJIbKO CUFHA/IbHbIA OFOHEK Ha AeTeKTope AbiMa oTbpackiBaeT
cnabbin CBET Ha CTeHy. [lanblue, Ha KyXHe 9 HaMBak BOAY AN1A Yas, NpoBepss,
CBETUTCSHA 1N HarpeBaTeNibHbIN 2N1eMeHT, 4Tobbl ybeanTbCs, 4TO 9 CMPOCOHOK OMATb He
MOCTaBWUJ YaHUK HEe Ha TY KOHQOPKY. A OTKPbIBAD X0/04NbHUK, 4TOObLI Ha4YaTb
3aBTpaK, CTapasaAcb NMpu 3TOM ObITb aKKypaTHbIM N HE COBUHYTb MHOXXECTBO
npeomMeToB UCKYCCTBA, NMPUKPENJIEHHbLIX K ABEPU XON0AUIbHUKA MarHUTUKamMu. 5
3acoBbIBalo Mapy KyckoB xseba B TOCTep, BCTPSAXMBaAIO ero, ecam xaeb HeEMHOro
npuannaeT K CTeHKEe, N ONuparCb Ha CTONKY, NoaXXmnaas.

Mow Yanm elwie CANWKOM ropsayvnin, 4Tobbl MUTb, HO S OLLYLLAKD €ro apoMaT, BKJOYato
KoMNbloTEep, 4TOOblI NOCMOTPEThL, 4TO NPONCXOAUT B Mupe. Moun coumasibHble Meguna
MOJIHbI OObIYHbLIX MeNoYen: yTpeHHne HOBOCTM 13 EBponbl n Appunkmn, BedepHue
nctopum ns Asmm n ABCTpanaumn, umdposblie poTorpamm geTenm n KoTos OT Apy3en Co
BCero mmpa. Mos no4rta, B OCHOBHOM, NPUXOLAUT OT CTYOEHTOB, KOTOPbIM HY>XHO
MOMOYb C JOMALLUHMMK 3a4aHUAMMK, MJOC Napa YEKOB U YBEOOMJIEHNI O MOKYMNKax
yepes NIHTepHeT.

Nocne 4aa ¢ TOCTOM A xBaTatl cobaymm NOBOLOK, U Mbl HaNpassiAeMCs Ha Hally
YTPEHHIO Nporynky. Korga mbl Bo3Bpawaemcs, bynet camoe Bpemsa byanTb geten u
rOTOBUTLCS K LWIKOJie. Korga oHu caayT B aBTobyC, 9 caM HanpasJioCb B LLUKOJY, YTOObI
YUYUTb elle ogHY rpynny CTyOeHTOB (PU3nNKe, KOTopas NX OKpYy>KaeT.

Korga s roBopto N048M, 4TO 4 PU3KMK, TO HacTO CTasIKMBAOCh C BONPOCaMK O pa3HbIX
HeOobbIYHbIX ABJIEHUAX, O APKUX N BRecTawmx npumMmepax, KOTopble BO3HUKAN N3
DEeCATUIETHNX CNOPOB O KBAHTOBON Teopun. Jllogun cnpawmBaloT 0 3HAMEHUTOM KOTe
Wpéannrepall - W pénunHrep, IpsuH Pynonbd Mosed Anekcanap (1887-1961) -
ABCTPUNCKUN PU3NK-TEOpPeTUK, 0ONH N3 co3gaTenien KBaHToBOW pu3nku. JlaypeaTt
Hobenesckon npeMmun (1933). Y4eHbI ONKUCaN MbICSIEHHbIN 3KCNEPUMEHT C KOTOM B
1935 r., cornacHo KOTopoMy, Korga Mbl He Habngaem 3a CMCTEMON, A4PO aToOMa
(chepoBaTesibHO, U KOT) HAXOOUTCH B ABYX COCTOAHUAX OAHOBpeMeHHo. - MpuMm. pea.],
XXUBOM N MEPTBOM B OZIHO U TO XK€& BPEMS, NN O KBAHTOBOW CMYTaHHOCTU[2 -
BcTpedatoTcs Tpu TepMMHA, NMPUMEPHO B PaBHbIX KOJIMYeCTBaX: CYyTaHHbIN,
3anyTaHHbIW N CBA3HbLIN (0 B3aUMOO4ENCTBUN 3TOro Tuna). - Npum. nep.], KoTopyto
SVHLWTENH BbICMEAN KaK «)XYTKOEe OEeNCTBUE Ha PACCTOAHNN», NN O TOM,
OencTBuUTENbLHO NN Bor nrpaet B KOCTU CO BceneHHOW. 3TU TeMbl 3axBaTbiBalOT
BoobparkeHne Kak Noaen, He NpuHagnexxalmnx Hayke, Tak n NpodeCcCcnoHasbHbIX
h13MKOB, MOTOMY 4YTO OHU COMBAIOT HAC C TOJIKY, KaK e «paboTaeT» mMup.



Moka pn3nKM 1 NonynspmnsaTopbl 6bIM BECbMa yCNeLHbl, NPOABUrasi HEKOTopble U3
3TMX abCTPaKTHbIX U CTPaHHbIX Ha BUA MOEW B MAaCCOBYIO KYNbTYpY, U B KAKOW-TO
Mepe Mbl BCE - )KepPTBbl 3TOro ycnexa. boabWNHCTBO Atoaen cabiwanm 06 3Tux
CTPaHHbIX M 3aXBaTbIBAOLWMX ABMEHMSAX N AYMAIOT O HUX KaK O Belax, KoTopble
BO3MO>XHbl TOJIbKO B LOPOrnX, HEMaao MUJIJIMOHOB [0JIJIapOB, SKCMEPUMEHTaX, Kak
BonblIO afpOHHbLIN KoNnanaep, Nan B 3KCTPEMaIbHbIX aCTPOMU3NYECKUX YCIOBUSAX,
HanpuMep, OKOJI0 TOPU30HTA YEPHOW AbIpbl.

[eno B TOM, 4TO, C O4HON CTOPOHbI, CaMa nNpupoaa 3TUX ABJEHUN NJ0X0 noaaaeTcs
3paBOMYy CMbICJY, C APYron - npmxoanTcsa npuberatb K METAahOPNYECKOMY A3bIKY
npn obCy>XAeHNN 3TUX TEM B HEMAaTEMaTMYeCcKon TepMmuHonorun. Oba aTnx pakTopa
3aCTaBAAOT /OAEN BEPUTb, YTO KBAHTOBas (p13MKa HE MMEeT HUKAKOro OTHOLUEHNS K
NnoBCeOHEBHOW XKU3HW.

Mo>xeT noka3aTbCs YAUBUTENbHbLIM, HO ONKCaHNe 0BbIYHOro yTpa B Havasie KHUMM
6b1710 661 HEBO3MOXKHBLIM 6€3 «3K30TUYECKOW» KBAaHTOBOW (hn3nku. Bpems, koTopoe
NMOKa3bIBAlOT HaLLW BYAUTBHUKK, MOXKET BblTb OTC/IEXKEHO BMJIOTh A0 SHEPreTUYECKux
COCTOSIHMI aTOMOB, OHU CyLLEeCTBYOT 61aronaps BOJIHOBOW NPUPOAE 3/IEKTPOHOB.
MonynpoBOAHNKOBbLIE MUKPOCXEMbI, NIEXXALLNEe B OCHOBE KOMIMbIOTEPOB, KOTOPbIE Mbl
ncnosibsyem, 4Tobbl MocnaTb APYr ApPYyry 3abaBHble MeMbl C KOTaMK, He ByayT
NMOHSATHbLI 6€3 KBAHTOBbIX CYNneprno3nunii, NogobHbIX HECHAaCTHOMY MOJyMepTBOMY
KoTy LWpénunHrepa. Hn xumunsi apomaToB, HU Aa)ke CTabunbHOCTb TBEPAON MaTepuu,
4YTO He JaeT HallMM 3aBTpPakaM nafaTh CO CTOJa, HE MOTyT BbITb 06bsICHEHbI 6e3
CTPaHHbIX CTAaTUCTUYECKMX CBONCTB KBAHTOBbLIX CMNHOB.

Mpu 6avKanwemM paccCMOTPEHUN OKasblBaeTCs, YTO BeCb HaLl NMOBCEeAHEBHbIN MUP
HaxoAnTCsa nof rnyboKuUM BAUAHNEM «3K30TUYECKUX>» N «abCTPaKTHbLIX» SBNEHUI
KBaHTOBOW (pun3nkun. axke caMmble 0bblAeHHbIE AENCTBUSA, N3 KAaKNX COCTOAT HaLlu
yTPEeHHNE NpuUBbLIYKKU, B CBOEN OCHOBE KBAaHTOBbIE, eC/IN NPoaHaNn3npoBaTb UX
HeMHoro nornybxxe.

Ha nepBbIi B3rnag 3To MOXXET MoKa3aTbCst COMHUTENIbHLIM, HO €C/IM NoAyMaTb, BCE
BEpPHO. B KOHLIe KOHL0B, (PU3NKN HACENSAIOT TOT XKe NOBCeAHEBHbIN MUP, YTO U
OCTasibHble Ntoan. B To BpeMS KakK B N30LLPEHHbIX PU3NYECKUX IKCMepUMeHTax
NCMONb3YIOTCA Na3epbl N YCKOPUTENN YacTUL, AN UCCefoBaHUS TOro YPOBHS
MMUPO3AaHMSA, YTO HAXOAUTCS AaNeKo 3a NpenesaMn Hallero NoBCeAHEBHOr 0 OnbITa,
naxke Hanbonee CNOXHbIE 3KCNEPUMEHTbI U HabntoaeHNS A0/HKHbl HAYNHATLCS U
3aKaH4YMBaTbCSA NPSMO 3[€Cb, B 00bIYHOM peasnbHOCTU. MyapeHble annapaThl,
NPUMEHSEMbIE B 3TUX 3KCNEPUMEHTAX, UMEIT CaMoe NPo3anvyeckoe NPoONCXoXXKAeHNE:



WHCTPYMEHTbI N TEXHOJIOM NN, KOTOPbIE UCMOJIb3YIOTCA Aaxke A1 CaMbIX CKPbITbIX
aCnekToB PU3nNKK, OblNIN CKOHCTPYMPOBAHbI CNeunanbHO Ha NPOTAXKEHUN MHOTUX NET,
no cnabbiM goragkam B MoroHe 3a ewe 6onee CTpaHHbIMU ABIEHUSAMN. DTU AOragku
BeAyT HAaC K 9K30TUYECKOMY N abCTPaKTHOMY, N HAYNHANNCb OHU C HAMEKOB U
3araok B noseaeHnm obbl4HbIX 06beKTOB. ECnin 6bl KBaHTOBas hu3nkKa He BAUSANA Ha
Halw NoBCeAHEBHbIN MAaKPOCKOMNYECK MUP, HUKOrga 6bl He BO3HUKA
HeobxooMMoCTb OBHapyXnTb ee.

NcTopunsa 3TOro oTKpbITUA HaYMHaeTcsa ¢ HabnaeHUn N TEXHOOM NN, O4EHb 3HAaKOMbIX
NPakTU4YeCKn KaXaoMy, KTo Korga-nmbo rotosun 3asTpak. Camas nepsas KBAHTOBas
Teopus, KoTopas BBesa C/I0OBO «KBAaHTOBbIN» B (hn3unky, bbina nzobpeteHa Makcom
MNnaHkom[3 - M n a H K, Makc Kapn 3pHCT (1858-1947) - HeMeUKUN (PU3UK-TEopPEeTUK,
OCHOBOMOJIOXKHUK KBaHTOBON (hn3nkun. JlaypeaT Hobenesckonm npemun (1918). - Mpum.
nep.], 4To6bl 06BLACHNTL KPAaCHOE CBEYEeHNEe ropsadnx NpeaMmeToB, TakKuX Kak
HarpeBaTesIbHbIA 3/1IEMEHT B 3/IeKTponeyn nnm toctepe. KBaHToBble naeun 6b1sm
BNepBble NPUMEHEHbI K MaTepuasbHbIM 0ObekTaM B MoAeniv aToMa Bogopoaa,
pa3paboTaHHo Hunbcom bopom[4 - b 0 p, Hunbc XeHpuk O3sng (1885-1962) -
DaTCKNN PU3NK-TeopeTUuk, obiecTBeHHbIN aeaTtenb. JlaypeaT Hobenesckonm npemMmuu
(1922). N3BecTeH Kak co3gaTesib NepBON KBAHTOBOM Teopuun aToMa. - MNMpum. nep.];

N Bbl MOXeTe BUAeTb PU3NKY B LENCTBUM KaXKabl pa3, Korga ncnosb3yeTte
hnyopecumnpyroLmn ceeT.

NicTopnsi KBaHTOBOW (PU3NKN CHUTAETCS TaKXe U UCTOPUEN YHYEHBIX, KOTOPbLIE AenatoT
[OBOJIbHO CMeJIble LWarn u ygayHble goragku. NnaHk n bop BBenn CBOM KBaHTOBbIE
MOOEeNIN B OTHASAHHOW NonbiTKe 06BbACHUTL SABNIEHNSA, Kakne NpoCcTo He Mora
06BACHNTB Klaccnyeckas pusmnka.

Nlyn pe bponnb[5 -6 p o n nb, Jlyn ge (1892-1987) - ppaHUY3CKUN PU3NK-TEOPETUK,
OOWH N3 OCHOBOMOJIOXKHNKOB KBaHTOBOW pn3nkn. Jlaypeat Hobenesckonm npemmm
(1929). - MpumMm. nep.] NpeanonNoXnn, 4To dINEKTPOHbLI MOTYT BeCTU cebs Kak BOJIHbI,
MOTOMY YTO MaTeMaTU4YeCKN 3TO BbIFNS4Ee/10 d/1IeraHTHO, U BOJIHOBas npupoaa
MaTepumn oKasasiacb CyLLeCTBEHHOW A1 MOHUMAHUA N yNpaBsieHUsa ABUXXEHUEM
3/IEKTPUYECKUNX MOTOKOB, obecnevynBas OrpoMHbIN Anana3oH COBPEMEHHbIX
TexHonormn. Bonbdranr Maynum[6 - M ay n n, Bonbgranr 9pHcT (1900-1958) -
LIBENLAPCKNN hU3nK-TeopeTuk, paboTtan B 061actn pusnkKm snemMeHTapHbIX YacTul, v
KBaHTOBOW MexaHuKW. JlaypeaT Hobenesckon npemun (1945). - NMpum. nep.] o6bAcHUA
KOHL,eNnTyaJibHble OCHOBbI XMW OAHMM MaxoOM, KOr4a BBeJs NPUHLMN 3anpeTa.
«[MpnHUnn 3anpeTa» Maynun TakXXe oKasascs pelarwmm aasa noHMMaHusa npobnem,



KOTOpble OH Oake 1 He paccMaTpuBall, TaKUX Kak PU3MKa MarHUTOB A5
X0N0ANNBHUKOB UM MOYEMY TBEpPAbIE NMPeAMeTbl HE 06pYyLLINBAOTCA BHYTPb CaMUX
cebs.

AnbbepT DNMHLWTENH OblN KOYEBLIM UTPOKOM Ha BCEN 3TOM NOJISHE - ero UM CTOUT
Ha 06/10)KKaX KHUI He TOJIbKO A1 TOro, 4Tobbl KHUMM NpoaaBaancb. Mbl B OCHOBHOM
accounmpyem MmMsa SNHLITENHA C ero Teopuen OTHOCUTENBLHOCTU - APYrYHO (U He
MeHee BOCXULLAoLLY0) BETBb COBpeMEeHHOM hn3nKn. ECm oH n ynoMmmHaeTcs B CBA3U
C KBAaHTOBOWN Teopunen, To 0BbIYHO NULLb 418 TOro, 4Tobbl NPoUNTUPOBATb
npespuTesibHble N0 CoOAEepP>XXaHUI0 3aMeYaHUsa 0 TEOPUN NMOCSIeaHNX B KOHLE ero
XKU3HN.

B 0EeNCTBUTENIbHOCTN XKe DUHLITENH urpas BegyLyo poJb B pa3BUTUN KBAHTOBOW
dun3nku. B 1905 roay, B TOT XKe rof, Korga oH «3anycTu» Teoputo OTHOCUTESIbHOCTMU,
YYEHbIN TakK>Xe MoAXBaTuA U paclUMpus KBaHTOBYO Moaesnb MnaHka ana obbacHeHUs
dhoTo3neKkTpmnyeckoro apdekTa. OTO CyLLEeCTBEHHO Ba)XHO ANs paboThbl LMPPOBLIX
Kamep, KOTOopble Mbl TaK LLUMPOKO UCMOJIb3yeM cenyac Ang potorpapmnpoBaHums.
HecaTuneTmem rnos)xe oH paspaboTan B3anmMoaencTene Mexay CBeToM 1 aToMaMu
Takum 0bpasoMm, 4TO 3TO 3aJ10’KMUJ10 OCHOBY A1 n300bpeTeHns 1a3epoB - OCHOBbI
COBpPEMEHHbIX TeJleKOMMYHUKauun. [laxke nocsie Toro, Kak dUHLWTenH oToLen oT
OCHOBHOI0 HanpasJlIeHU KBAHTOBOW (PU3NKK, OH CAeNa LeHHbIN BKa4 - BBes naeto
CNYTaHHOCTN aTOMOB, MMEHHO OHa JIEXXKNT B CaMOM CepALie MHOXeCTBa NpenJsioKeHun
AN cnefylolero nokKoJieHNs KBaHTOBbIX TEXHOJIOM NI, BKJlOYasA HEB3/laMblBaeMble
WK pbl 1 KOMMbOTEPLI € becrnpeuefeHTHLIMU BbIYUCINTESIbHbIMU MOLLHOCTSAMN.

Mos uenb - NPOAEMOHCTPUPOBATb B 3TON KHUIe KBAaHTOBYIO COCTABJSAIOLLYO
NOBCEOHEBHOM peasibHOCTU, r1yHBOKO MPOHUKHYB B YTPEHHIOK PYTUHY, ONMUCaHHYIO
paHee. B cnegyownx rnaBax g NoOKaxy, Kak 06bl4HasaA KaX40AHEBHAA XN3Hb 3aBUCUT
OT HEKOTOPbIX KpaHe CTPaHHbIX ABJIeHU U3 Koraa-nnbo obHapyxeHHbIX. 1o Mepe
TOro Kak a1 6yay o6bACHATbL, Kak KBaHTOBbIe 3()(heKTbl CBA3aHbl C HaLlen 0bbl4HOM
XXU3HbIO, A TaKXe NnoaesitoCb PacCKa3oM O HEKOTOPbIX NMoACKa3Kax, KOTOPbIM (PU3NKN
cnepnosanu, 4Tobbl OTKPbLITE 3TN 3PPEKTHI.

Moe HaMmepeHUne - He CTalWNTb KBAHTOBYIO (OU3UKY C BbICOT A0 HUYEM He
BblgensoLwerocs obblHHOro exxegHEeBHOro 3aBTpaka. Ckopee 1 HagelcCh
«MPUNOAHATL>» Hally 0ObIYHYIO XXN3Hb, HANTU YANBUTENIbHOE U BOCXUTUTENbHOE B
CaMbIX NPOCTbIX, MPUBbIYHbIX HAM AeNnCcTBUAX. KBaHToBaa (h13nka - OAnH 13
BEJIMYAWLLNX NHTENNEKTYalIbHbIX TPUYMGOB HYeloBE4YECKOW LMBUAM3ALMN, OHA



pacwmpsieT co3HaHue n bynopa>kuT BoobparkeHne HoBbIMU naessMn. OHa BOKPYr Hac
Ka)XObl €Hb, €C/IN Mbl TOJIbKO By AeM 3HaTb Kya CMOTPETh.

(naBa 1

Bocxon: ®yHAaMeHTalbHble B3aMMOAeNCTBUS

ConiHue BCTaeT He3aJo/ro A0 TOoro, Kak Mo 6y anabHUK HadYMHaeT nuuwaTb, N 4
BblOMpatoCcb U3 noctenmn, 4Tobbl Ha4aTb CBOW OEHb...

Mo>XeT NMoKa3aTbCs CTPAHHbIM, YTO KHMUIa MO KBAaHTOBOW (hn3nke 0bbl4HbIX MPegMeToB
Ha4YMHaeTCs C pa3rosopa o0 conHue. B koHue KoHuoB, CosiHUE - 3TO orpoMHas cdepa
rops4den nnasmsbl, 4yTb 60sbLUE YEM B MUWIJINOH pa3 pa3Mepa 3eMn, niaasakwoLllas B
KOCMOCe B CTa NATUAECATUN MUIJZIMOHAX KMOMETPOB oTCloaa.

9TO He coBCceM 0bObIYHbIN NpegMeT B TOM CMbIC/e, KaK, CKaxeM, By ANIbHUK, KOTOPbIN
Bbl MOXXeTe B35iTb U LWBbIPHYTb Yepe3 BCO KOMHaTY, Korga oH OyanT Bac C/INLLKOM
paHo.

C Opyrown CTOpoHbIl, B HeEKOTOpOoM poae ConHue - Hanbonee Ba>KHbIN MOBCEAHEBHbIN
npeamMeT, faXkKe eCcQin He NPUHNUMaTb BO BHUMaHMe HabnwaeHne, 4To AeHb HEe MOXET
HavyaTbCsA, MOKa COMHUE He BCTaHeT. be3 ero ceeTa Xun3Hb Ha 3emMsie 6bina bbl
abCcoNOTHO HEBO3MOXKHON: paCTEHUS, KOTOPpbIe CAy)XaT HaM NULLEN LU Oal0T KNCI0poL,
He ByaAyT pacTu, OKeaHbl 3aMepP3HYT U Tak Aanee. Mbl 3aBUCMM OT COJIHEYHOIO CBETa
N Tenna BCH XXWU3Hb. B 3Ton kHure ConHue byaeTt nonesHbiM CpeacTsoM, 4Tobbl
MO3HAKOMUTBLCS C KJIIOYEBBLIMN UTPOKaMN KBAHTOBON (PU3NKW: ABEHAALATbIO
dyHOaMeHTasibHbIMU YaCcTULLAMM, YTO COCTABAAIOT 0ObIYHYIO MaTepUto, N YeTblIPbMS
TnnamMmn pyHaAaMeHTaIbHbIX B3aUMOAENCTBUN MEXOY HUMMU.

[BeHaguaTb pyHOaMEHTasIbHbIX YaCcTUL, KOTOpble HE MOTyT ObITb Aaniee pa3feneHsl
Ha ewe bonee Menkme 4acTu, pacnpenensaTCcs Ha ABa «CEMENCTBaA» - B KaXXAOM Mo
wecTb YacTuu. Cembsa KBapKoB[7 - Up - BepxHUN, down - HUW>KHUK, strange -
CTpaHHbIN, charm - o4apoBaHHbLIN, tOp - UCTUHHLINA, bottom - NnpenecTHbIW (aHrn.). -
MpnM. Nnep.] COCTOUT N3 BEPXHEr0, HUXKXHEro, CTpaHHOro, 04apoBaHHOIM0, UCTUHHOIO U



npenecTHoOro KBapkoB, a CeMbs JIEMTOHOB - U3 YacTWUL: 3JIeKTPOHa, MIOOHa U Tay-
nenToHa, BMecTe C 3/IEKTPOHHbIM HENTPUHO, MIOOHHbLIM HENTPUHO N Tay-HENTPUHO.
YeTblpe pyHOaMeHTasIbHbIX B3aUMOAENCTBUSA - 3TO rpaBUTaLMOHHOE,
3/IeKTPOMarHnTHoe, cuibHoe u cnaboe B3aumonencTeua[8 - NMpu onncaHnax
CTaHOAPTHbIX TEPMUHOB, HAaNpUMep, Ha3BaHUW YacTUL UK B3aMMOOENCTBUN,
NPUBOOATCS YCTOABLUMECH B POCCUNCKON HAay4YHOW NinTepaType TEPMUHDLI U
onpeneneHuns, ecsin 3To He NCKa)KaeT CMbICJ1, BJIOXKEHHbIN aBTOPOM. Tak,
«3/1IeKTPOMarHeTn3M» nepeBoauTCs Kak 31eKTpoOMarHMTHoe B3auMonencTeme, a
«cnaboe agepHoe B3aMMoLencTBMe» - MPOCTO Kak «cnaboe». - MpuM. nep.]. Bbl 4acTo
MO>XeTe HaNTK 3TN 4YaCTulbl N B3aNMOAENCTBMUA NPOHYMEPOBAHHbLIMU Ha LBETHbIX
Tabnnuyax, KoTopble BUCAT B PU3NYECKNX KJlTacCaxX U KOTOopble B LLesIOM NOoJIy4Hun, K
coXxaneHuto, obuiee HasBaHmne «CTaHgapTHOM Mogenn usnku»[9 - na bonee
NOJIHOrO N NOHATHOro 0630pa husnyeckmnx Npoueccos B paMkax CTaHOapTHOM
Moaesnn A pekomeHayto KHUry: Robert Oester. The Theory of Almost Everything, 2006
rod; a UCTOpMYecKoe pa3BuTmne geTasibHO onncaHo B paboTe: Frank Close. The Infinity
Puzzle, 2013. -Mpwum. aBT.]. CTaHgapTHaa MoAenb OXBaTbIBaeT BCE, YTO Mbl 3HaeM O
KBaAaHTOBOW (hpu3MKe (a Tak>xe 0 cnocobHOCTN hn3nKos n3obpetaTb NpUANNYUBLIE
Ha3BaHMA), N CHNTAETCH OOHUM U3 BEIMYANLLINX NHTENNEKTYalIbHbIX OOCTUXEHUN
yenose4veckon umsmnmnsaumm. CosHUe oKa3sblBaeTCa NpeKpacHbIM BBeAeHVEM B
CTaHOapTHYO Mo4esib, MOTOMY 4YTO BCe YeTbipe PyHAaMeHTalbHbIX B3aUMOLEeNCTBUSA
NrpatT posib B TOM, 4TOObl COMHLLE CBETUNOCH.

NTak, Mbl Ha4MHaeM Hal paccka3 ¢ CosHUa, 3axBaTbiBaloWee nyTewecTBMe No ero
BHYTPEHHMM MeXaHn3MaM, 4Tobbl MPOUNIIOCTPUPOBATL TE BaXKHble PU3nyeckme
nMpoLecchl, 4TO Aal0T 3HepPruto BceMmy. Mbl nponagem 4yepes Bce PyHOAMEHTasIbHble
B3aMMOOeNCTBMSA NO o4epenn, Ha4ymHasa ¢ Hanbosiee NOHATHOM N OYEBUAHOW N3 3TUX
CUn - rpasuTaynn.

paBuTaumnsa

Ecnn 6bl BaM Hafo 6b1J10 COCTaBUTb «PEeUTUHI CUMbI» (PyHOAMEHTaIbHbIX
B3auMogencTtemn CtaHO4apTHOW MoLeNN B CTU€ CMOPTUBHOIO paAMOKOMMEHTAaTOopa,
TPWU N3 YeTbipex CUN npeTeHaoBann bbl Ha Nepeoe MecTo.

Ecnn BCce-Takn Hano caenaThb Bbibop, 51 6bl, BEPOSATHO, OTAa/1 3TO NOYETHOE NPaBo
rpaBUTaALNKN, MOCKOJIbKY B KOHEYHOM CYETEe OHa OTBETCTBEHHA 3a CyllecTBoBaHUE



3Be34 1, TakuMm obpa3oM, 3a 60/IbLUINHCTBO aTOMOB, COCTABNIAIOWMX HaLUN Tena u Bce
BOKPYI Hac, flaBast BO3MOXHOCTb BECTU [J1yrble pa3roBopbl O «pPaHXXMPOBaAHUN»
(pyHOaMeHTasbHbIX CU.

B Halwlen noBCea4HEBHON XXN3HW rpaBuTauns Hanbonee 3HakoMa n HenzbexxHa N3 BCex
dyHOaMeHTasIbHbIX B3auMo4encTBUn. VIMEHHO C rpaBuTaumnen Bbl bopeTech, Koraa
BbibMpaeTecb U3 KPOBaTU YTPOM, N 3TO OHa HE AaeT MHEe BO3MOXXHOCTb UrpaTb B
backeTbon (Hy, NagHO, 1 elle To, 4YTO A He COBCeEM B hopMe...). Mbl npoBOAUM
B0/IbLUYIO HYaCTb XWU3HW, YyYBCTBYSA MNPUTSXKEHME FPaBUTaLUNN, N KaK BOCXMLLAET U
nefeHnT Oylwy, Korga B napke pass/iedeHnin Mbl NagaeMm, ee BpeMeHHOe OTCYyTCTBME.

970 6/21M3K0Ee 3HAaKOMCTBO TakKe fesiaeT rpaBuTaumnio ogHom n3 Hambonee n3y4eHHbIX
CWUJ1 B UCTOPUM HayKW. JTioan AymManu, Kak U noyemy npegmeTbl NnagatoT Ha 3eMio, No
MeHbLUEN Mepe, C Tex Nop, Kak Ha4anum BeCTUCh 3anucu o gen, nsydvatowmx
yCTpONCTBO MUpa Boobule. NMonynspHas nereHna npocaexxmBaeT NPoONCXoxKaeHune
13K OT MOMEHTa, Korga ynaso a6,10ko Ha Mmonogoro Ncaaka HeloToHa (B
HEeKOTOpbIX BEPCUAX, OYKBaIbHO), 4TO Aas10 TO/THOK CO34AaHMIO TEOPUU FrpaBUTaLun.
OAOHako, B MPOTUBOBEC 3TOMN anNOKPUPUYECKON NCTOPUN, YHeHble N hrunocodbl Bbiamn
y>Xe A0CTaTO4YHO XOPOLUO 3HAKOMbI C FpaBUTaLMen N NOCBATUIN 3HAYUTENbHYIO YaCTb
CBOMX pa3MbILNIEHUA NpUHUMNAaM ee paboTbl. Ko BpeMeHun, Koraa »Xunn HetoTOoH,
akcnepuMeHTbl Nannneo Nanunes, CumoHa CtesnHal[l0 - C T e B U H, CUMOH
(1548-1620) - bnaMaHOCKUN MaTeMaATUK, MEXAaHUK, UHXeHep. - MpuM. pen.] n gpyrmx
y>Xe NoOoW/IN K HEKOTOPbIM KOJIMYECTBEHHbBIM OLLEHKaM Mo nccnepgyemon teme, 6bi10
YyCTaHOBJIEHO 4YTO BCe npegmMeThbl, He3aBUCUMO OT UX Beca, NafatoT Ha 3eMJIi0 C
OAVNHAKOBbIM YCKOPEHUNEM.

byay4uun y>xe no)xuabiM 4enoBekoM, HbIOTOH CaM NepeckKa3biBal BEpCUIO O CBOEM
«A67104HOM» OTKPbITUM MOJIOABIM KOJI1eraM, HO HUKaKoro yrnoMmHaHus o6 sTtom
cobbITMN HET B MaTepunanax bonee paHHero BpemMeHu, Korga 3To Skobbl nponsow o (B
TO BpeMs, korga oH paboTan Hag Teopuen rpasutaymm). B ToT nepuon oH nposen
ONvTesibHOe BpeMs Ha CBOen ceMenHoNn (hepme B JIMHKOIbHLWIMPE, NOCKOJIbKY
YHUBEPCUTETbI Obl/IN 3aKPbIThl U3-3a BCMbILWKN YyMbl. XOTSA B 3TON UCTOPUN €CTb 3epHO
WCTUHbI, HO OHa YBOAMUT B CTOPOHY OT CYTU HbIOTOHOBCKOIo npo3peHus. O3apeHune
Hbl0TOHa KacanoCb He CaMoro CyLwecTBOBaHNA rpaBmTaLmuv, a WNPOThLlI OXBaTa 3TOMU
cunbl. OH NOHAN, 4YTO CUNa, KOTopasa NpUTArneaeT A6/10K0 K 3eMie, Ta e caMas, 4To
nepXxuT JIyHy Ha opbuTe BpalleHUs BOKpPYr 3eMaun 1 3eMsito Ha opbute BOKpyr
ConHuya. B «MaTeMaTnyecknx Havdanax HaTypanabHon mnnocopumn» HolOTOH
npennoXxun yHnesepcasibHbl 3aKOH 19 rpaBuTaumun, aB MaTeMaTU4YeCcKyo opmy
cunam NpuTsXKeHus mexay Asymsa obbekTamum Bo BceneHHon, obnagatowmmmn



MaccaMu. OTa popMa, B COYETAHUN C 3aKOHAMU ABUXXEHUSA, NO3BOINAA (PU3MKaAM
0O BbACHUTL INNTUYECKYO POPMY NNIaHETHbIX opbuT B CONTHEYHOM CUCTEME,
NOCTOSIHHOE YCKOpPEeHNe NpeaMeToB, NagaloLlmnx Ha 3eM1I0 U pag OpYrux aBAeHUn.
9TO [aN10 OCHOBY AJ11 PM3MKN KaK MaTEMAaTUYECKOW HayKn, OCHOBY, KOTopas
pa3BMBasaCb BMJOTb A0 CErOAHSALHEro AHS.

Ba)kHenwen xapakKTepucTnKom HeloTOHOBCKOINO 3aKOHa TArOTEHUA CHNTAETCS TO, 4TO
Cuna Mexxay Maccamm 3aBUCUT B 06paTHOM CTENEHN OT PACCTOSAHNA MeXay HUMU,
BO3BELEHHOI0 B KBagpaT, TO eCTb, €C/IM BABOE YMEHbLINTb PacCTOsSHNE MeXxay ABYMS
npegmMeTamMu, Bbl MOJy4YUTE CUNY B YeTbipe pa3a bonblie. NpegmeTsbl, KOTOPbIE
HaxoOaTca 6avke gpyr K 4pyry, UCNbiTbiBaloT 6os1ee CUSbHYIO TArY, 4TO 00bACHSAET,
noyemy bonee 6smnskme Kk ConHUy naaHeThbl BpallatoTca no opbutam bbicTpee. 3TO
TaK>Xe 03Ha4vaeT, 4To nNpegmeTbl becnopsagovyHoOn Ky4um ByayT npnbnmxatbCsa Apyr K
APYry n no mepe cOnmxeHmns cnpeccoBbiBaTbCs BCe Bonee NAOTHO 3a CHET
YCUINBAIOLLENCS CUNbl TATOTEHUS.

DTa BO3pacTalolias cCuia 04eHb Ba)kKHa A5 cywecTBoBaHUA ConHua 1 aBnseTcs
KOHEYHbIM UCTOYHNKOM COJIHEYHOro cBeTa. CosHUE - He TBepAbll 06LEKT, a ckopee
o6LIMpPHOE CKOMJIEHWE FropsaYero rasa, KOTopoe COXpPaHAeTCsa NNLb 3a CHET B3aMMHOI0
rPaBUTALMOHHOIO NPUTSXKEHNS BCEX €ro OTAesIbHbIX aTOMOB. B To BpeMs Kak
rpaBUTaLNA BO3raB/seT Hall CNWUCOK B TEPMMHAX MOBCEAHEBHOI0 BO3AENCTBUSA, €e
MO>XHO Ha3BaTb CaMbIM cabbiM pyHAaMeHTasIbHbIM B3aMIMOLENCTBMEM MO CPAaBHEHMIO
C OCTajlbHbIMU, MPUYEM YMY HEMOCTUXKMMO, BO CKOJIbKO pa3: rpaBUTaLMOHHaAsA cuia
MeXXAY NMPOTOHOM M 3JIEKTPOHOM COCTaBAAET BCEro NNLWb
0.000000000000000000000000000000000000001 YaCTb 3N1€KTPOMArHUTHOW CUJbI,
KOoTopas AepXWUT UX BMeCcTe B npepesiax aTomMa. HeBeposiTHoe KOJIM4eCTBO MaTepumn
HaxoAUTCSA B COMHUeE, nopsaaka 2,000,000,000,000,000,000,000,000,000,000
KunorpammoB. OHa CcO34aeT rMraHTCKY COBMECTHYIO FpaBUTALMOHHYIO CUY,
NpPUTArnMBas BCe, 4TO HaxoanTCsA NobansocTu.

3Be3aa, nogobHas ConHuy, Ha4YMHAET XU3Hb Kak HebonbLloe obnako ¢ 4yTb 6onee
BbICOKOM MNJIOTHOCTbIO MeXX3Be34HOoro ra3a (no bonbwen 4yactn BoAOPOAA) U MblN.
JInwHaga macca B 3Tonm obnactu nputarmeaeT K cebe bonblie rasa, yBesmymBas TeMm
caMbIiM ee pa3Mmep, 1 3To co3gaeT bonbLoe rpaBuTaLMOHHOE NPUTAXKEeHNe, 4TobbI, B
CBOIO o4epenb, MPUTAHYTb elle bosblue rasa. Ml no mepe Toro Kak HoBbI ras
nonagaetT B obnacTb pacTyulen 3Be3bl, OH Ha4YMHaAET pa3orpeBaThCs.

Ha MUKpPOCKOMMYeCKOM ypOBHE O4MH aTOM, NMPUTArMBaroWmMnca K npotossesae[ll -
3Be34a Ha 3aBepLuatoLLen cTagnum cBoero opMmpoBaHuns, BMJIOTb 40 MOMEHTa



3aropaHus TepMosSiAepPHbIX peakuuin B aape, rnocsie KOTOporo oHa CTaHOBUTCS 3BE340M
rnaBHOW NocnenoBaTesIbHOCTU. - MpuM. pen.], pa3roHseTca BO BpeMs NafeHus
BHYTPb HEe TOYHO TaK )€, KaK KYCOK CKaJbl, NaaloLmnin Ha 3eMto. Bel MoxeTe
TeopeTUYeCckn onmcaTb NoBedeHne rasa B TEpMMHAX CKOPOCTU N HarnpaBaeHUs
Ka>X[4oro MHOMBMAOYasibHOro aTomMa, HO 3TO 40 CMELLUHOro HENPaKTUYHO Aaxke OJis
npeameToB ropa3no 6onee menkux, 4em Lwap rasa pa3mepom c CosHLe, He TOJIbKO U3-
32 KOQIM4eCcTBa aTOMOB, HO U MOTOMY 4YTO BCE aTOMbl B3aUMOLAENCTBYIOT ApYr C
Apyrom. HeB3anMoaoencTByOLWMA aTOM ByneT NpUTSHYT K LLIeHTPY rasoBoro obnaka,
Pa3roHssICb MO Mepe NPOXO0XXAEHUS CBOEro nMyTu, 3aTEM OH MPOCKOYNUT HAaCKBO3b U
BbINAET C APYro CTOPOHbI, 3aMeaNnTCsA, OCTaHOBUTCS 1 NoBepHeT obpaTHO, 4TOObI
NOBTOPUTL 3TOT Npouecc. PeasbHble aTOMbI, OIHAKO, HE CNeAYI0T TaKUM FlafKuM
nyTeM: B 4OPOre OHW yaapsaiTCca 0 Apyrue aTtoMmbl. [locsie CTONIKHOBEHWSA aTOMb
nepeHanpaBfsiOTCSA Mo APYrMM MapLUpyTaM, U HEKOTopas YacTb SHEpPrun, HabpaHHas
nagaloLlmmM aTOMOM B XO[le €ro YCKOPeHus 3a CYeT rpaBuTaummn, nepegaeTcs ToMy
aTOMY, C KOTOPbIM OH CTONIKHYNCS. [1na 601bLIOro CKONIEHUs B3auMOAeACTBYOLLNX
aTOMOB B 3TOM CJlyvyae 6yneT ropa3no padyMHee onncaTb 3To 06/71ako B TEPMUHAX
KOJIIEKTUBHOIO CBONCTBA aTOMOB, M3BECTHOIO Kak TemnepaTypa.

TemnepaTypa - 3TO Mepa cpefHen KNHETNYECKOWN SHEPrun MaTepmnana Kak
pe3yfbTaTa C/ly4alHOro ABMXXEHMSA ero CoOCTaBHbIX YacTen. [1nsa rasa 3To o6bI4HO
PYHKLMA CKOPOCTM aTOMOB, ABMXYLLUMXCHA Becnopano4Ho no 3mrsaroobpasHbiM
oTpe3kam[1l2 - YHTobbl AaTb NpeacTasseHne o macwTtabax, aTom Bogopona npu
KOMHaTHON TeMnepaType OBUMXKETCHA NPUMEPHO CO CKOPOoCTbio 600 MeTpoB B CEKYHAY
(0OKONO ABYX CKOPOCTEWN 3BYKa), B TO BpeMs KaK y noBepxHoCcTn ConHUa ero CKoOpoCTb
coctasnsaeT 3000 meTpoB B cekyHAy. - MpuM. aBT.]. OTAeNbHbIV aTOM NMPUTArnBaeTCs
BHYTPb U yCcKopsAeTcs, Habnpasa sHeprmio oT rpaBUTaLMOHHOW CUJbI N YBETNYNBAS
obLyto saHepruio rasa. Korga oH cTaskmBaeTcs C ApYyrMMuM aToOMaMu, 3Ta 3Heprus
nepepacnpenenseTcs, nosbilwasa TemnepaTypy. ObLias sHeprns He yBennymBaeTcs,
HO MocCJie MHO>XXeCTBa CTOJIKHOBEHUIN Mbl UMEEM y>XKe He eAUHNYHbIN BbICTPO
OBVOKYLLMWNCA aTOM, MPOXOASALLMNA CKBO3b Donlee MefsieHHble, @ YBe/IM4YeHMe Ha
HebOoNbLUYIO BENNYNHY CPeOHEN CKOPOCTUN Ka)KAoro atomMa M3 3TOro CKOMJIeHUs.

YBeNnM4nBaoLasacs CKOPOCTb aTOMOB B o6/1ake rasa CTPEMUTCS BbITOJIKHYTb UX
Hapy>Xy, MOCKOJIbKY Hosiee BbICTPO ABMXKYLLNIACS aTOM MOXKET NpoiTu bonbluee
pPacCTOsSIHME OT LeHTpa, Npexxae YeM rpaBuTaLnsa pa3BEePHET €ro n BTAHET Ha3aj.
MepepacnpeneneHne sSHePrum oT HOBbIX aTOMOB, OZIHAKO, O3HAYaeT, YTO 3TO
yBeJ/IMYeHne HeloCTaTOYHO A8 TOro, 4Tobbl OCTAaHOBUTL OOLLINIA KOIAMNC, U Mo Mepe
TOr0 KaK HOBbl€ aTOMbl BTArMBAOTCS BHYTPb, Macca NpPOTO3Be3/bl YBEINYMBAETCS,
yBeNM4YMBas rpaBUTALIMOHHYIO CUy. DTO, B CBOIO ovyepelb, NpUTSarnsaeT Bce 6osblue
rasa, npuHocs eule 6onblue 3Heprun n 6onbllyo Maccy 1 Tak ganee. Obnako



npoao/HKaeT HapalWwMBaTb Kak TemnepaTypy, Tak U MacCy, CTaAaHOBSACb BCE MJIOTHEE 1n
NnJoTHee 1 BCe Xapye n xapye. Ecnn He BMewmnBaTbCA B ee paboTy, cuna rpasmtaumm
COXXMeT BCe 00 BeCKOHeYHO Masion TOYKKU, PopMUPYS He 3Be3aY, a YEPHYIO AbIPY.
XOoTs OHM 1 NoTpscatowme 06beKTbI, CBOpavynBatoLLMe NPoCTPaAHCTBO U BPEMSA 1
bpocatouwme, HaBepHoe, CaMbi AEP3KUN BbI30B BONbLINHCTBY HaLLUKX
byHAAMEHTaIbHbIX TEOPUN PU3NKKN, OKPY)KEHNE OKOJIO YEPHON OblPpbl - HE OYEHb
rocTenpumMHoe MecTo, 4ToObl MPOBOANTbL TaM eXXeAHEBHbIN YTPEHHUIN 3aBTpak. K
CcYacCTblo, gpyrne yHaaMeHTa bHble B3aUMOLENCTBUS TOXKE UrpatoT CBOU PO,
OCTaHaBAMBasA Koasanc 3se3abl U opMmMpysa TO COMTHLE, KOTOPOE Mbl 3HaeM 1 nbum.
N TyT nosBnseTcsa cnepytowasn cuna, BTopas us Hanbosnee HaM 3HAKOMbIX -
3/IEKTPOMArHNTHOE B3anmMoaencTBume.

DNeKTpoMarHUTHasa cuia

Mbl NOCTOSIHHO BCTPEYaeM 3JIEKTPOMArHUTHbIE B3aMMOAENCTBUS B NOBCEAHEBHOM
XKWU3HW, KakK B )OpMe CTAaTUYECKOro 3JIeKTPUYEeCTBa, MOTPECKNBAIOLLErO B CTOMKE
HOCKOB, YTO HEJABHO M3 CYLUWIKW, NN B BULOE MAarHUTUKOB, KOTOPbIe Aep>XaT
LLIKOJIbHbIE PUCYHKWN Ha XOJI0AWIbHUKE. B 0T/MYmMe oT rpaBuTaummn, KOTopas Bcerga
NPUTArMBAET, 3EeKTPOMArHUTHas Cula MOXKeT BbiTb Kak NPUTArMBatoLLEN, Tak 1
OTTaAJIKMBAWOLLEN: 3/IeKTPUYECcKMe 3apsaabl ObIBAOT MOJIOXKUTENLHOM N OTPULLATENbHOM
Pa3HOBUAHOCTU, N Y MAarHUTOB €CTb KakK I0XKHbIN, TaK U CEBEepPHbIN MOJI0Ca.
DNeKTPoOMarHMTHoe B3anMoaencTeme eule 6osiee BCcenpoHmKalolle, YeM cTaTu4eckmne
3apAnbl U MArHWTbI, HO B PeaJsibHOCTM OHO OTBETCTBEHHO 3a Hally cnocobHOCTL
BUOETb, MOXKHO CKa3aTb, BoOOOLLe BCE.

B paHHue 1800-e roabl asieKTpoMarHeTusm 6bia ropsa4o obcyxagaemom TemMon B
pM3nKe BMeCcTe CO MHOMMMU SBJIEHUAMU, BKJIIOHAS dJIEKTPUYECKME TOKN U MarHUThI,
KOTOpble U3y4YasnCb Toraa Brepsble. Cpeaun Tex, KTO U3yyas d3N1eKTpoMarHeTmn3m, bbin
BpuTaHckun pnsnk Mankn Papagen. OH OTKPbIZT MHOXKECTBO TEXHUYECKUX HOBLLECTB,
KaKne UrparT KJKo4YeBble POJIN B HALLNX YTPEHHUX OEeNCTBUSAX, BKJIlOYas ero paboTy
MO CKMXKEHHbLIM ra3aM, X NPUMEHSIOT B oxNakgarowmnx npubopax. Tak>xe OH
pa3paboTan «kneTtky ®apagesa»[1l3 - YcTponcTBo, nsobpeteHHoe M. ®apageem B
1936 r., onsg aKpaHUpPOBaHNSA annapaTypbl OT BHELWHUX 3/IEKTPOMArHUTHLIX NONEen. -
Mpum. pea.] (cpeaon MmHorux apyrmx npnbopos), OHa NOMOraeT He BbiMyCKaTb HAPYXY
3/IEKTPOMArHUTHbIE MO BHYTPU MUKPOBOJSIHOBOW neyun. HecomHeHHO, Hanbonee
Ba>KHOE ero OTKPbITUE 3aKJII04asI0Cb B TOM, YTO HE TOJIbKO 3/IeKTPU4ECKmne TOKMN
MOryT BO34ENCTBOBATb Ha PacrosioXXeHHble HeENO4ANEKY MarHUTbI, HO U OBUXYLLMECS



MArHUTbl U U3MEHSOLWMECS MAarHUTHbIE NOJIS MOTYT CO3aBaThk TOK. 3TO MOJIOXKWJIO
OCHOBY OFPOMHOMY CMEKTPY CUCTEM KOMMEPYECKOro Npon3BoACTBa B COBPEMEHHO
XKU3HUN. OH 6bIJT OAHUM U3 NEePBbIX, KTO NMOHSA NoBeAeHne 3apsaa0B U MarHUTOB C
TOYKM 3PEHUSA INIEKTPUYECKUX U MATHUTHBLIX MOJIeN, 3aMN0JTHAKLNX NyCcToe
MPOCTPAHCTBO U ONpeaensioLnX ABMKEHNE YaaNleHHbIX YacTuL,.

dapagen - 3HakoBas urypa B pusuke, ognH N3 TPOUX, Ha KOro Bbi1 MOX0XK
DNHLWTENH B cBOMX paboTax (aBoe apyrux - aTo HoloToH 1 [yxenmc Knepk
Makceenn[l4d - M a k ¢ B e n1 1, [)xenmc Knepk (1831-1879) - woThaHACKUN PU3UK,
MaTeMaTuK N MexaHuK. - Mpum. pen.]). YBbl, DNHWTENH Obla BbIXOALEM N3 «HU30B>» U,
XOT$ Obls1 BEJINKMM 3KCMepMeHTaToOpOoOM C riybokon npoHnuaTenbHOCTbo B 0bs1iactu
pU3MKM, eMy He XxBaTaJlIo MaTeMATNYECKON NMOArOTOBKN, HeobxoanmMon onsa nepesosa
ero norafilok B Takue popMbl, Kakme ybennnm 6ol pU3MKoOB ero BpeMeHn BCcepbes
MPUHATb KOHLEMNUWUIO 3/IeKTPOMArHUTHOro «nosnsa». xxenmcy Knepky Makcsenny,
NPONCXoAMBLLUEMY U3 3aXKUTOYHOrO LWOT/IAHACKOro CEMeNCcTBa, BbiNasio co3aaTh
TBepayto 6a3y Ans aNeKTPUYeCcKnx n MarHUTHbIX nonen. B 1860-eroabl Makceenn
nokasaJl, 4TO BCe U3BECTHbIe 3/IeKTPUYEeCKNEe N MarHNTHble ABJIEHUS MOryT ObITb
06bACHEHbI NPOCTbIM HAbOPOM MaTeMaTUYECKUX OTHOLLUEHUA, TOBOPSA COBPEMEHHbIM
A3bIKOM, 4YeTblpbMs «ypaBHeHUAMN Makceenna»[15 - Cuctema ypasHeHUR,
OMMCbIBABLUUX 3/1IEKTPOMarHUTHOE NOoJ1e U ero CBA3b C 3JIeKTPUYEeCKUMIN 3apagamm n
TOKaMU B BaKyyMe U CNJIOWHbIX cpenax. - [pum. pea.], LOCTAaTOYHO KOMMNAKTHbIX,
4TOObl yMEeCTUTbCA Ha PyTOONKE UK KOENHON HallKe. DNIeKTpUYeckme n MarHUTHbIe
nona ®apapges - 3TO peasibHble BelWwm, CBA3aHHbIe Mexay cobon. N3meHstoweecs
3/1IeKTpUYeckoe rnosie codgaeT MarHUTHoe none, n HaobopoT. YpaBHeHUA MakcBesnna
OXBaTbIBAlOT BCE U3BECTHbIE 3/IEKTPUYECKNE N MArHUTHbIE AABJIEHUSA, @ TaKXe
npeackasanm Hoeoe, obbeAMHEHHOE, /IeKTPpOMarHnTHoe nose. Ecnm konebnwLeecs
3NeKTpuYeckoe noJsie npaBusibHbIM 06pa3zoM ckoMbUHMpPOBaTh C Kosebnowmnmcs
MarHWTHbIM NoJsieM, oHM ByayT noaaep>XmBaTb APYr Apyra, NPoXoas Yyepes
NPOCTPAHCTBO. MI3MeHsAoLeecs 3/1ieKkTpuyeckoe noJse éyaeT Bbi3biBaTb USMEHEHUA B
MarHUTHOM, N HA0BOPOT. DTN 3/IEKTPOMArHNTHbIE BOJIHbI MYTELIECTBYIOT CO
CKOPOCTbIO CBeTa, N y)xe OblfI0 N3BECTHO, 4TO CBeT BefeT cebs Kak BOJIHA.

YpaBHeHUst MakcBenna 6bin 66ICTPO BOCNPUHATBI Kak 06bsiCHEHWe Npupoabl CBETA, a
WMEHHO, YTO 3TO B OCHOBE CBOEW 3J/IEKTPOMarHUTHOE siBJIeHMEe. D/IeKTpoMarHeTu3M
06bSICHSIET B3aMMoAeNCTBME CBETA, MAaTEPUM U, KaK Mbl YBUAUM B CNeOyHOLLNX
rnaBax, NpUpoay B3auMOOENCTBUS MeXay MaTepuaibHbIMN 06 bEKTAMU U
3NEeKTPOMArHUTHbIMU MOASAMU. DTO NOAFOTOBMIO NMOYBY AJI1 MHOXXECTBA OTKPbITUMN,
KOTOpble 1 OCHOBAJIN KBAHTOBYO MEXAHUKY.



DNEeKTPOMarHUTHbIE CUJIbl TaK)XXe BO MHOIFOM OTBETCTBEHHbI 3a paboTy Tex 06beKToB,
C KOTOPbIMU Mbl CTasIKMBaeMcCs KaXkabin geHb. Obbl4Hasa MaTepusa caenaHa U3 aToMoB,
OHM, B CBOIO 04epedb, COCTOAT 13 bonee MesnKMx 4acTul, OTJNYAKOLWNXCA CBOUM
3NEKTPUYECKNM 3apPAOO0OM: MONOXKNTENIbHO 3apsA>KEHHbIX MPOTOHOB, OTPULLATENLHO
3apSAXKEHHbIX 9/1IEKTPOHOB N MMEKLWNX HENTPASIbHbLIA dNEKTPUYECKNI 3apaa
HENTPOHOB. ATOM COCTOUT U3 NOJIOXKNTESIbHO 3apPsXKEHHOr0 aapa, CoAep Kallero
MPOTOHbI U HEMTPOHbI, N OKPY>XEHO 06/1aKOM 3N1E€KTPOHOB, MPUTAHYTbIX
3/1EKTPOMArHNTHbLIM BAUSHNEM A4pa.

Kak y>e yrnoMnHa ocb, 3/IeKTPOMarHUTHOE B3anMoaencTeme ropasno bonee
CUNbHOE, YeM rpaBuUTaLMs. DTOT PaKT NPEKPACHO NJIIOCTPUPYETCSH TPIOKOM, KOTOPbIN
MO>XHO MOKa3blBaTb Ha BEYEPUHKAX: €CJIN MOTEPETh PE3UHOBLIN LLIAPUK O CBOU
BOJIOChI M MOTOM MPUKPENUTb K NOTOJIKY. Bo BpeMsa TpeHnsa o4eHb ManeHbKas 4acTb
aTOMOB B LIapuKe byaeT 3axBaTbiBaTb 3/IEKTPOHbI N3 aTOMOB BalLMX BOJIOC, NpuaaBas
eMy HebonbLOoM oTpuLaTeNbHbIN 3apaa[l6 - Bawwm BoNOCkl ocTaroTCH,
COOTBETCTBEHHO, C MOJIOXXNTESNIbHBLIM 3apPSA0M, MO3TOMY 3TOT TPHOK 3aCTaBUT TOHKME
BOJIOCbI BCTaTb Abl6OM. Ternepb y>xe No3UTUBHO 3apPsSXKEHHbIE BOJIOChl OTTAJIKUBAOT
ApYyr Apyra v nbiTaloTCs OTAA/IMTLCSA APYr OT APYra, HACKO/IbKO 3TO BO3MOXXHO. -
MpuM. aBT.]. MPpUTSXKEHNE MEXAY 3TUM MaJIEHbKUM 3apsaoM 1 aTOMAaMN MOTOJIKa
[OCTAaTOYHO CUNbHOE, YTOObI yaep)XMBaThb LLAPMK Ha NOTOJIKe, NpeoaoJsiesas
rPAaBUTALIMOHHYIO TATY BCE 3eMaun, KOTopas B MUANMapabl MUIANapAoB pas bonblie
€ro Macchi.

Cuna anekTpoMarHeTusMa - HezaMeHnMbIN akTop B paboTe ConHua.
INEeKTPOMArHUTHbIE B3aUMOLENCTBUNSA OTBEYAIOT 3a CTOJIKHOBEHUSA MeXay aToOMaMu,
KOTOpble NMpeBpaLLatoT SHEPrunto, MOYEpPnHYTYIO U3 rpaBuTaumm, B xap. No mepe pocTa
TeMnepaTypsbl rasa, nagatoLiero Ha pacTyLlylo 3Be34y, OHa CTAHOBUTCA OOCTaTO4YHO
ropsivyen - okosio 100 000 kenbBMHOB MK no4Tm 180 000 rpaaycos no ®apeHrenTy[1l7
- OOnH KenbBWH paBeH ogHOMY rpaaycy Lenbcus, HO wKana KenbBUHaA He nMmeeT
oTpuuaTeNbHbIX YACEN N HAYMHAeTCsa OT abCoNMOTHOro HyNA (TeMnepaTypsbl, Npu
KOTOPOWN MONEKYJIApHas akTUBHOCTb MUHUMasibHa). Bona 3amep3aeT npu 0 rpagycos
no Llenbcuto, 4To oKono 273 rpagycoB KenbBuHa. - MNpuMm. aBT.], 4T0bbI OTAENNTDL
3JIeKTPOHbI B aTOMax BogOpoAa OT NPOTOHOB B AApe, MPOU3BOASA ra3 C 3J1IeKTpU4ecKu
3apsXKEHHbIMN YacTuuamu - naasmy. FpaBnTayna Npoao/KaeT CrpeccoBbIBaTb
rnjasMy, HO B3aMMHOE OTTaJIKuBaHue Mexxay NoJsIoXKUTEsSIbHO 3apsaXeHHbIMIN
MPOTOHaMW pa3gensaeT nx, CONpoTUBAAACL Tare rpaBuTaummn. Mo mepe Toro Kak
dhopMupytowancsa 3gesaa BTArneaeT Bce 6onblue rasa, TemnepaTypa Bo3pacTaeT Ao
BCe BoJsiee BbICOKMX YPOBHEN.



HecMOTpsa Ha OrpOMHYI0 pa3sHNLy MeXay dJ1IeKTPOMarHeTU3MOM U rpaBuTaymnen,
naasMa, 04HaKO, He MOXKET MOJIHOCTbIO n3bexxaTb rpaBMTaL MK, MOCKONbKY
3/IEKTPOHbI, KOTopble BbIIM YacTblo obs1aka rasa, Bce ewe B Hen. OHU ABUXKYTCSA
C/INWKOM ObICTPO, 4TO6bI ObITb 3aXBa4Y€HHbIMU MPOTOHAaMN N CO34aTb aTOMbI, HO OHWU
MPOAOJIKAIOT COXPaHATb 3Be34Yy B LEJIOM /IEKTPUYECKMN HENTPasibHON. Ecnn 6bl B Hen
Obl/IN TONILKO NPOTOHbI, B3aMMHOE OTTaJIKuBaHMUe Takoro OrpoOMHOI0 CKOMJIeHUs
MOJIOXKUTENIbHO 3apSAXKEHHbIX YaCcTuL, pa3opBasio 6bl 3Be34y Ha YacTu B OONH MUT.
bnarogaps HenTpanmsymwemy 4eNCTBUKO SIEKTPOHOB, KaXK bl OTAe/IbHbIN MPOTOH
OLLYLLLAET CUY TOJIbKO HECKOJIbKUX BaMKanwmnx cocegen, B To BpeMs Kak
rpaBMTaLMOHHANA TAra, CnpeccoBbiBalowWasn 3se3ay, UCXO4UT OT MacChbl BCEX YacTuL A0
eanHon. Yem 6onblue raza gobasnsercs, TeM cusbHee N CuabHee CTaHOBUTCA
rpaBUTALMOHHANA CUIa, U B KOHLE KOHLLOB OHa NPeBO3MOraeT 3/IeKTPOMarHUTHYIO
cuny.

DNeKTPOMarHUTHbIE B3aUMOLENCTBNA MOTYT 3aMe/INTb CKaTune ropsaden niasmeol,
KoJilancmpyoLwen nog AenCcTBMeM rpaBuTaunm, HO OAUH 31IEKTPOMArHeTU3M He
MO>XeT OCTaHOBUTb KOJI1Anc 1 co3gaTh cTabunbHyto 3Be34y. YTobbl co3aaThb
cTabunbHOE CoNHUE, Kakoe Mbl 3HaeM, TpebyeTca HEBEPOSATHbLIN BbIBpOC sHepruu,
BeOyLlen K ewe 6onblnm TeMnepaTypam, KOTOpble NPUBOAAT HAaC K Crieaylolemy
WFPOKY B HaLlen NCTOPUU - CUJIbHOMY SAEePHOMY B3auMOLEeNCTBUIO.

CunbHoe agepHoe B3auMoaencTeue

TpeTbe yHOaMeHTabHOE B3aUMOAENCTBMNE Mbl HEMOCPEACTBEHHO Habngaem B
MoBCEAHEBHOW XXN3HW, NMOCKOJIbKY 3Ta CUla AENCTBYET Ha HEBEPOSATHO MaJslblX
PacCTOSAHMAX, NPOABAAA cebs Ha ANCTaHUMAX, CPAaBHUMbIX C pa3MepaMn aTOMHOro
agpa, okosio 0.000000000001 MM, an NpUMepPHO ofHa AecaTuMUINnapaHas
TOJILMNHBI YenoBEe4YeCKOoro Bosioca. Mbl 065a3aTenbHO 06Hapyxunm 66l OTCYTCTBME STOWN
CWNbl, MOCKOJIbKY OHa OTBETCTBEHHA NpuMepHO 3a 99 % Macchbl BCero, C YeM Mbl
nmeem geno.

MoHUMaHMe CUIbHOIro AAEepPHOro B3auMoaencTemna TpebyeT oT HaC NpPU3HaHUSA TOro,
4YTO [BE YaCTULlbl, U3 KOTOPbIX COCTOUT 0Obl4HAsA MaTepus, MPOTOHbI U HEMTPOHbI, Ha
camMoM pnene cobpaHbl U3 «KBAPKOB» — YaCTUL, C S/IEKTPUYECKUM 3apsIIOM, PABHbIM
MaJsion fone 3apsiga 31eKTpoHa. MpoToH caenaH U3 ABYX «BEPXHUX» KBApPKOB



(KaXXObl¥ C NONOXKUTENIbHLIM 3apAA0M B iBE TPETU OT 3apsfa dJ1IEKTPOHA) U O4HUM
KHUXXHUM>» KBapKOM (OoTpuuaTeNbHbIN 3apsg B 04HY TPeTb OT 3apsafa 3/1eKTPpoHa), B
TO BpeMSA KakK HENTPOH COCTOUT U3 OLHOI0 BEPXHEro U ABYX HMXXHUX KBApPKOB. 3TU
KBapKW Aep>xaTCcs BMeCcTe 3a CHET CUJIbHOIo S4epHOro B3auMMOAENCTBUSA, MOXOXE, KaK
3/IeKTPOMArHNUTHbIE CUJbl YAEPXXUBAIOT NIEKTPOHLI B aToOMax. N ecnu
«3JIEKTPUYECKUN 3apsag» aCcCoLUMMPYETCS C dIEKTPOMArHEeTU3IMOM, TO CUJIbHOE
anepHoe B3aMMOAENCTBME - C LBETOM: KpaCHbIN, CMHMI 1 ronybon. Yactuua,
COCTOSLLAA U3 TpeX KBAPKOB, Takas Kak NMPOTOH, byaeT nmeTb No 04HOMY KBapKy
Ka)kOoro uBeTa, 4To Aenaet ee «becuseTHOM» (Mnn «b6enon[1l8 - B poccmmnckom
Tpaanunm npumeHsoTca oba TepmnHa, «becuBeTHas» U «benas» 4YacTnya - 4acTuuya
C HyJIeBbIM LUBETHbIM 3apsaaoM. - lNMpuM. nep.]») nogobHo ToMy, Kak aToM,
cogep>xawmin paBHoe YNCI0 NMPOTOHOB M 3/IEKTPOHOB, 3JIEKTPUYECKN HENTPAIEH.

KoMno3nTHas npupoaa rnpoTOHOB N HENTPOHOB N NPpUpPOoLa CUJIbHbIX B3aUMOLENCTBUN
MeXAYy KBapKaMu nomoraeT 06bACHUTb OOHY U3 3arafloyHbIX XapakKTepUCTUK
MaTepuu, a UMEeHHO, KakK A4p0, COCTaBasAoWee CNOXKHbIA aTOM, epXXUTCA BMecTe, He
pacrnagancb. ATOMbI yrnepoa, Hanpumep, MMerT WeCTb MPOTOHOB B CBOUX si4paXx,
Ka>XAbIW C MOJIOXUTENbHBbIM 3apsaaoM. Kak Mbl 3HaeM 13 3/1IeKTpoMarHeTmsma, 3Tu
MOJIOXKUTE NIbHbIE 3apAbl OTTAJIKMBAIOT APYr Apyra, Co34aBas OrPOMHYI0 CUIY,
KOTOpas CTPEMUTCA pa3opBaTb AAPO Ha 4YacTu. [TO3TOMY B WWKOJIe AeTU 4acCcTo 3aJalT
BOMPOC, NoYemMy A4p0 He pa3BajiMBaeTCAa Ha vYacTu?

OTBET NeXUT B CUIbHOM SiA€PHOM B3auMOAENCTBUN. B peasbHOCTN OHO NPUMEPHO B
100 pa3 cunbHee, 4eM aleKTpoMarHeTusm, 6onee 4yem OOCTAaTOYHO MOLLHOE A1 TOrO,
4TOObI YIEep>XXNBaTb NMPOTOHbLI BMECcTe BHYTPU aToMa. MoCKONIbKY B3auMoaencTeme
NPOUCXOANT MeXAY OTAe/NbHbIMM KBAapKaMu, 3Ta CuJla NPosBsSieTCs, TOJIbKO Koraa
4YacTuubl 4OCTAaTOYHO 6/1M3KO APYr K APYry. TOYHO TakK »Xe ABa HENTPaAJIbHbIX aTOMa
He By yT B3auMOAeNCcTBOBaTb, MOKa OHW AasieKo ApYyr OT Apyra, HO CTaHyT
«olwyLlaTb» NMPUTArMBAIOLLYO CUY, KOTopasi cobnpaeT nx B MOJSIEKYJly, KOrga oHu
NPUABUHYTCA OOCTAaTOYHO 61113K0. BecLBeTHbIE NPOTOHbI, Pa3fesieHHbIe Ha
paccTosiHue 6oJiblle, YeM HECKOJIbKO UX PaANyCoB, HEe B3aMMOAENCTBYIOT APYr C
APYroM 4yepes CUbHOEe iAepHOEe B3anMoaencTBMe. Pe3ynbTaT NOX0XK Ha TO, Kak
3N1eKTPOHbI 3alluLLEHbI 9KPAHOM M3 MPOTOHOB, YTO MO3BOJISIET FPABMTALMM HE AaBaTb
nnasMe pasopBaTb 3B€34Y Ha 4YacTW, KakK Mbl YNTIOMUHANN paHee: NpUcyTCTBME APYrux
LLBETOB 3KpPaHMpPYeT CUJIbHOE B3aUMOLAENCTBNE MEXAY OTAEesIbHbIMU KBapKaMu,
OCTaBNASA TOJIbKO 3/IEKTPOMArHUTHOE OTTasIKUBaHMe.

OnHaKo Ha AO0CTaTOYHO 6/IM3KOM PacCTOSAHUM OTAE/NIbHbIE KBAPKWN B COCEAHUX
YacTuuax NPUTArMBAOTCA APYr K APYrY, 3TO U AeP>XXUT NPOTOHbI (M HENTPOHbI)



BMeCTe BHYTpU a4pa, Tak 1 BHyTpu CoNHUa CUIbHOE B3auMoOeNnCcTBME BCTyMNaeT B
nrpy. MNpu 0bbI4HBIX TEMMepaTypax 3/IEKTPOMArHEeTU3M OEPXKUT MPOTOHbI C/INLLKOM
[aneko Apyr oT gpyra gasa Toro, 4Tobbl NposABUIOCH CUJIbHOE B3aUMOOENCTBUE, HO MO
Mepe TOoro Kak hopmumpytowias 38e3ny naa3Ma BHYTPU CTAaHOBUTCA BCE »Kapye u
XKapye 1 NpPOTOHbI ABUXKYTCS BCe bbicTpee n bbicTpee[19 - DNeKTPOoHbI TakXe
ABMXKYTCH BbICTpee, HO Ha TaKNX BbICOKNX CKOPOCTSAX, YTO NMPUPOCT CKOPOCTU He faeT
CUNbHOW pa3HuUbl. IX eQUHCTBEHHAas poJsib B MJja3Me BHYTpU 3Be34bl - obecnevnTb
«pa3Ma3saHHbIN» (POH OTpULATESIbHOIO 3apsafa, COXPaHASA BCIO 3Be34Y dJIeKTPUYECKHU
HenTpanbHON. - NpuM. aBT.], OHM Ha4YMHaOT NpPUBANXKaTbCA APYr K Apyry BCce banxe.
Mpn TemnepaTypax U NJOTHOCTU MaTepun BHYTpu agpa byayuwien 3se3nbl HebonbLuas
4aCTb 3TUX NPOTOHOB MOAOWAET APYr K APYrYy AOCTaTO4YHO 6113K0, 4TObbI CUNbHOE
B3aMMOAeNCTBME NPOoABUIIO cebs N coeanHUI0 nx BMecTe. ITOT Npouecc npespawaeT
BOoOOpOL (MpOCTEeNnWniA aToM C SAPOM, coaepKawmm OAVH NPOTOH) B resini (a4po ¢
ABYMS MPOTOHaMu U ABYMSA HenTpoHaMmu). OQHOBpeEMeHHO ocBoboxxgaeTcs
HEeBepOSATHOE KOJIMYECTBO IHEPrun.

OTKyZa Xe 3Ta 3Heprua? «l3 camoro N3BeCTHOro B MUpe ypaBHeHUs, E = mc

, TO €CTb YaCTb MaCCbl Ha4aJIbHOro BOAOPOAa NMPEeBPALLAETCA B SHEPIUIO: SHEPrus,
ncxopawan n3 ConHua, BKAOYaeT NpeBpalleHme YeTbipex MUIJIMOHOB TOHH MacChl B
JHEPruio KaXKay cekyHay. Ho oTBeT MOXeT 0THacTu BBeCTU B 3abnyxaeHune,
NOCKOJIbKY obLuliee 4YMCno YacTuL He U3MEeHUI0Ch - YeTbipe afpa Bogopona coaepxat
ABeHajuaTb BEPXHUX U HUXKHUX KBAPKOB, TOYHO TaK XXe, Kak U A4p0 resns, nosTomy
He BMoJiIHe 04eBUAHO, OTKYAa NPOUCXoanNT HeJocTawwas macca. ObbAacHeHne
TpebyeT 6onee rnybokoro B3rnaga BHyTPb MPOTOHA N NpUpoay CUSIbHOIO
B3aMMOLenCTBUS.

DOU3NKN Af0epHbIX YaCTuL, 3HaIN O CyLLeCTBOBaHMN KBapKoB € 1960-x ronos, u
CBOMNCTBA BEPXHUX N HMXKHUX KBApPKOB XOPOLLUO U3BECTHbI. ECnin Bbl BygeTe nckatb
C/10BO «KBapK» B Google, Bbl HanaeTe BCEBO3MOXXHbIE BapMaHTbl MHpopMauumn ob
3TUX YacTuuUaX, BKJIIOHasA MacCcCbl BEPXHEro U HMXHEero Keapka - 2.3 u 4.8 eguHud,
KOTOPbIMU PN3NKKN 0ObIYHO n3MepsatoT NogobHble WTYyKn[20 - EAnHUUBI M3MepeHns
OCHOBaHbl Ha dHepPruun, cogep xallencsa coraacHo ypasHeHuo E= mc

: Macca BepxHero KBapka B 2/3 MeV/C



rMoKa3blBaeT, YTO NMpeBpaLLeHne BEPXHEro KBapka B aHepruio sbiceoboanT 2.3
MWJIJINOHA 3N1EKTPOHBOJIbT 3HEPrum (B 0ObI4YHbIX YCI0BMAX 3TO MPONCXOOUT, KOraa
BEPXHUN KBApPK aHHUTMINPYeT CO CBOEW NPOTUBOMOJIOKHOCTbLIO N3 MUpPa
aHTUMaTepun, BbiIcBobo)XAasa ABa POTOHA, Ka)Xabl € 2.3 MeV sHepruen). Ecan
MOCMOTpPETb C APYro CTOPOHLI, TpebyeTca 2.3 MeV aHeprum coynapeHns ans
CO3[laHNA BEPXHEro KBapka B yckopuTesie 4yacTtuy, (nnu, ¢ bosiee NpakTUYeCKON TOYKN
3peHus, 4.6 MeV onsa co3gaHnsa KBapka M aHTUKBapKa Kak napsbl). - Npum. aBT.].
OOoHaKo 3TO yAMBUTEJIbHO, MOCKOJIbKY Macca NPOTOHA B TeX »XXe eAnHunuax pasHa 938,
4yTo NnpumepHo B 100 pa3 b6onblue, 4eM Macca YacTul, U3 KOTOPbIX OH COCTOUT.

OTKya Xe NpoucxoanT Macca npoToHa? OTBET, KOHEYHO, B hopMysie E = mc

. KBapKn BHYTpU NPOTOHa CBSA3aHbl APYr C APYrOM CUJIbHbLIM SOEPHbIM
B3aMMOOENCTBUEM, U 3TO B3aMMOOENCTBUE BKJIKOYAET B ceba OrpoOMHOE KOJINYEeCTBO
dHeprun. Ana HabnwaaTensa CHapy»Xu, 3Ta dHeprma B3anMooencTBns BbICTyMaeT Kak
Macca. YTo-To 0Ko10 99 % MaccChbl MPOTOHA, TaknM 06pa3omMm, BbICTynaeT He B popme
MaTepunasibHbIX YaCcTWUL, a B BUOE SHEPTrUN OT CUIbHOIO B3auMOOenNCTBUS,
yOep>XnBakLLEero NpoToH Kak eguHoe uenoe.

Takol »Ke NnpoLiecc MMeeT MecTo BHYTPM aTOMa, TaK Kak NMPOTOHbI 1 HENTPOHBI
CBs13aHbl MOLLHOW cuion. Macca ssgpa aToMa - He NPOCTO CyMMa MacC COCTaBASAIOLLNX
€ro NPOTOHOB N HEMTPOHOB, HO OHA TAaK>XXe BKJIOYAET BKJlah OT SHEPrun CUJIbHOr o
B3aMMOOENCTBUS, CBA3bIBAOLLEN X BMECTE.

To4YHOE KONMMYECTBO MAacChl, KOTOPY MPUBHOCUT CUJIbHOE B3auMoaencTBne, 0AHaKOo
3aBUCUT OT AeTaslel KOHKPETHOro aToMa M OT TOro, Kak OH BHYTpW coeanHeH. [ns
OYeHb JIErKNUX aTOMOB, TWMa BOAOPOAA UN rennsl, okalbiBaeTcsa 6osee ahheKTUBHbLIM
nMeTb 6osiblLLEee AP0 - KONIMYECTBO 3Hepruu, Tpebyemon oNns yoepxaHus BMecTe
ABYX NPOTOHOB M ABYX HENTPOHOB, HECKOJIbKO MeHbLUEe, YeM HeobxoaMMo ans
4yeTblpex OTAesIbHbIX MPOTOHOB. Koraa YeTbipe NPOTOHa C/IMBAKOTCS, 4TOObl CO3A4aThb
rennn[21 - Ecnn Bbl AeTasbHO PacCMOTPUTE MpoLecc CANSHMS aTOMOB BOAOpOAa, OH
OKaXKeTCs A0BOJ/IbHO C/I0XKHbIM, C MHOXXECTBOM BO3MOXXHbIX MPOMEXXYTOYHbIX NyTENR,
BKJIIOYAOLWMX B3aMMOAENCTBME C AOMOJIHNTENbHBIMM YacTULAMN U BPEMEHHbIM
dopMunpoBaHmemM HecTabusbHbIX 3N1eMeHTOB. Ecnn )Ke pncoBaTb KapTUHY KPYMHbLIMA
Ma3KaMW, eJMHCTBEHHOE, YTO UMeeT 3Ha4YeHNe - 3TO pa3HMLA B SIHEPTUAX Mex Ay
Ha4aJIbHbIM COCTOSIHNEM (YeTbipe CBOOOAHbLIX MPOTOHA) N KOHEYHbLIM COCTOSIHUEM
(sgpo renus). - MpuMm. aBT.], TOrga oHM y>ke He TpebytloT YaCTb IHEPT UK, KaKYH0 OHM
UMeNIn NepBOHaYasbHO, U 3Ta SHepPrus BbICBOOOXXAAeTCa B BUAE Tensa. dHeprus,



BbIcBOBOXKAEHHAA B X04e peakunun, o4eHb Mana - 6encbonbHbIn Ma4nk gobpancs Obl
[0 KOHUa naowankum npuMepHo, 3a MecsL, HO KoJ1IM4eCTBO BOOOpPOAa,
noasepratoLeroca cnusaHunio, B Hegpax CosiHUa owenoMnsaoLwe orpomMmHo - 10

(eanHuua ¢ 38 HYIAMUN) TaKUX peakunin MPONCXOANT Ka>KAYy CeKyHAy (C monpaBKkown
B TY WX OPYTYIO CTOPOHY).

Ecnn pe3tloMmnpoBaTh CKa3daHHOe: Mo Mepe hopMMpOBaHUA Takon 3Be3abl, Kak ConHue,
rpaBuTaumsa N 3NeKTPOMarHeTN3M Ha4YMHaloT NpoLecc pa3orpesa ra3a no Mepe ero
nageHuns K ueHTpy. Korga temnepaTypa NogHMMaeTCcs 4OCTaTOYHO BbICOKO A1 TOro,
4TOObl HECKO/ILKO @aTOMOB BOAOPO4A HaYanm C/IMBATbCA B aTOM resing, sHeprus,
BblAensaoLwancsa npm 3Tom, 6bICTPO NogHMMaEeT TeMrnepaTypy, 4TO, B CBOIO o4epenb,
YBEJINYNBAET KOJINYECTBO CANAHUN. [TOCTENEHHO OOCTUraeTCs paBHOBECME MexXay
rpaBMTaumen, KOTOPasa TAHET BHYTPb, U AaBIEHNEM HAPYXY, MPOM3BOANMBbIM 3TUM
Tennom. CooTBETCTBEHHO, 3B€34a OCTaeTCHA CTabuabHOM A0 Tex Nop, NokKa B sape
€CTb BOAOpO.a, 4TObbl «ropeTb».

MU3Hb 3Be34bl ANNTENIbHOCTbLIO B HECKONIbLKO MUJIMAPA0B NeT, TakuM obpasom,
onpeaensieTca rpaBuTaUmen, 3SN1eKTPOMarHeTU3MOM N CUIbHLIM B3aUMOAENCTBUEM.
FpaBUTaLUMA CTATMBAET ra3 BMecTe, 3/1IeKTPOMarHeTu3M CoONnpoTUBIISETCS
CXJIOMNbIBaHMIO (KOMANCy) 1 yBenn4neaeT TemMrnepaTypy. Korga TemnepaTypa
J[OCTATOYHO BbICOKA, TAaK YTO 3JIEKTPOMArHETU3M Y)KE HE MOXXET Yep)XMBaTb
NPOTOHbI BMEcTe, CU/IbHOE SAEePHOE B3aMOOEeNCTBME 0CBOOOXXAAET OrpoMHOEe
KOJIMYECTBO SHEPrunKM Mo Mepe CINSHUS BOAOPOAa U NpeBpaLleHns ero B resini.
CopeBHOBaHMEe Mexay 3TUMMK Tpemsa CuiaMmn cosgaeT cTabunbHyto 3Be34y, U3ny4das
CBET 1 Terno, KoTopble NOAAEPXKUBAIOT XKNU3Hb Ha Hallel ninaHeTe.

Mo>xeT NoKasaTbCs, YTO Mbl pacCka3asin BCO NCTOPMIO C MOMOLLbIO TOJIbKO Tpex u3
yeTblpex pyHAaMEHTaIbHbIX B3aUMOOENCTBUN, NpeHebperas, K coXaneHuto, cnabbim
A0epHbIM B3aMMOAeNnCcTBMEM (OHO y)Ke Bbl1o Ha3BaHO Xy AWM HAaMMEHOBaHNEM N3
BCeX). B peanbHOCTK Xe cnaboe B3anMogencTBmne Takxe nrpaeT CBOK PoJib B
CHab>xeHun ConHua a3HEepPrnen - BKaag MeHbLLINN, YeEM Yy APYIrnX, HO HE MeHee
CYLLLECTBEHHbIN.

Cnaboe sgepHoe B3anMmonencrTeme



Cnaboe apepHoe B3anMoaencTeme 3aHMMmaeT HeobblyHoe mecTo B CTaHAapTHOM
mogenun, byay4un, BO3MOXXHO, MeHee 04eBUOHbIM U3 hyHOaMeEHTaIbHbIX
B3aMMOLENCTBMA 1N NPY 3TOM OOHUM N3 Hanbonee NOHATHbLIX. MaTeMaTuyeckas
Teopus cnaboro B3anMoencTBUA N ee TeCHas CBA3b C 3/1IeKTpoMarHeTn3smMom bbina
pa3paboTaHa B 1960-e 1 Havane 1970-x rogos, a KyJibMUHauunen
3KCMepMMeHTaIbHOro NoATBEPXXAEHMSA 3TON TEOPUN CTas10 OTKPbITUE «BO30Ha
Xurrca» B 2012 roay, cTasliee 04HUM U3 Bennyanwmnx Tpnymgos CtaHoapTHOMN
Mmomenu. CnnbHoe agepHoe B3anMoLencTBme B TO XKe BpeMs NpoaosiKaeT co3[aBaThb
npobaemMbl 455 TEOPETUKOB, BbIHNCAAIOWMNX CBONCTBA MaTepun, 1 OAHOBPEMEHHO
rpasMTauma nevyasbHO N3BECTHa CBOEN MaTeMaTU4YeCKON HECOBMECTUMOCTLIO C
OCTaJlbHbIMU TPeMSA B3anMO4enCcTBMAMKU[22 - Hawa ny4dwasa Teopus rpaBmtaymm -
obuwasa Teopnss OTHOCUTENIBHOCTU, OHA OMUCHLIBAET BANAHME rpaBuTaunum B TepMUHaXx
NCKPUBNEHNSA NMPOCTPAHCTBA U BPEMEHM, KOTOpPbIE rnagkue v npoTsa>KeHHble. [pyrue
TPU CUJbI OMUCBLIBAOTCA KBAHTOBLIMN TEOPUSAMUN, KOTOPbIE BKJIIOYAIOT OTAESIbHbIE
4acCTUUbl N HEOXUAAHHbIE C/lyYallHble OTKIOHEHUA. MaTeMaTn4eckne TeXHUKMN,
NpUMeHseMble K 04HOW TeOpUn, He Tak-TO JIerKo NPUMEHUTb K Apyrum, n npobnema
HanTn cnocob coyeTaTb X, 4TOObLI CO34aTb KBAaHTOBYO TEOPUIO FpaBuTaLmn, 4OBOAUT
(PU3MKOB-TEOPETUKOB L0 NCCTYMJIEHNSA B TeYeHne gecatuneTun. K c4acTbio 414 Hac,
CuTyaumu, roe BaM Hy>XHa Cpa3y U KBaHToBas pum3unka, n obwasa Teopus
OTHOCUTENIbHOCTU, O4eHb pedKn - HeJaleKo OT LeHTpa YepHOW Ablpbl UAN BO
BpeMeHa Ha4aJsia BceneHHoOW, TO eCTb 3TO He TO, YTO Bbl BUAUTE BO BPeMs CBOEro
yTpeHHero mMoumnoHa. - Npum. aBT.].

Mpwn BCEM NpY 3TOM, O4HAKO, O4EHb TPYAHO YKa3aTb TOYHO, 4TO XXe aenaet cnaboe
B3amMogencTeme. Yto genaet cnaboe B3anmopencTeme ocobeHHO TpyaHbIM ANS
0bbACHEHMA HecneumannucTtam B U3NKe rno CPaBHEHUIO C APYTrMMU CUS1IaMK, Tak 3TO
TO, YTO OHa He BbICTYNaeT B BUAE CUJIbl, KOTOPYO MOXKHO OLLYTUTb B 0ObIYHOM
cMbicne. Tara rpaBuTauLmm AaBASETCA LEeHTPasbHbIM 3/IEMEHTOM Hallero
NOBCEAHEBHOI0 OMNbITa, N 31€KTPOMArHUTHbIE CUJIbl MEeXAY 3apafaMn N MarHUTamm
TOXe ABNAAITCA YEeM-TO, HTO MOXKHO MOYYBCTBOBaTb. Ml XOTS CUIbHOE
B3amMoaencTeme nposasnseT ceba Ha o4eHb yAasIeHHON LWKase, BCe Xe A0BOJIbHO
NIerko NMoHATb CUAY, YAEPXKUBAOLLYIO SAPO NPOTUB 31IEKTPOMArHUTHOro
OTTasIKnBaHMA.

A BOT cnaboe B3aMMOLENCTBME HE UCMOJIb3YyeTCH, YTOObI YTO-TO YAEP)KMBaTb BMECTe
WNN OTTaNIKMBaTb APYr OT Apyra. BoT noyeMy 601blWINHCTBO (hU3NKOB 0TOpOCUIN
NPUSATHBIA N HETOYHbIN TEPMUH «PYyHOAMEHTasIbHbIE CUJIbI» B MOJb3Y
«(PpyHOaMeHTasIbHbIX B3aMMOOENCTBUIN». BMeCcTo Toro 4tobbl TAHYTb AN TONKaTb
YacTuubl, cnaboe spepHoe B3aMMOOENCTBME BbIMOJIHAET BaXKHYIO (PYHKLMIO MO
obecneyvyeHunto NpeBpaLleHNIn YacTuL: ecnm 6biTb 6onee ToOYHLIM, OHa NpeBpaLLaeT



4acTULbl N3 CEMENCTBA KBAPKOB B YaCTULbl N3 CEMENCTBa N1IeNTOHOB. DTO MNO3BoASET
HWKHEMY KBapKy (oTpuuaTesibHO 3apsiXKeH) npeBpaLlaTbCa B BEPXHUIN KBApPK (MMeeT
MOJIOXKUTENbHbLIN 3apsn), NU3JTYHYMB NIEKTPOH N TPETbIO YacTuLy, U3BECTHYIO KakK
HENTPUHO. Nnn BEPXHUA KBAPK MOXKET NPEBPATUTLCA B HUXKXHUI, NOr/I0TUB 3N1€KTPOH
N UCNYCTUB @aHTUHENTPUHO. DTN NpeBpaLLEHNA NO3BONAIT HENTPOHAM NpeBpaLlaTbCA
B MPOTOHbI, 1 HAOBOPOT.

Mpouecc, nmetowmn mecto B ConHue, BKIOYaeT B ceba Kak pa3 nocneaHnin BapuaHT u
CTaHOBUTCA 0OpaTHOM CTOPOHON siBJIeHUS, Boslee N3BeCTHOro Kak «beTta-pacnan»,
Korga HeMTpPoOH B AApe aToMa UCMYCKaeT 3/1IeKTPOH 1 NpeBpaLlaeTcsa B NPOTOH. beTa-
pacnag 6bla1 n3BeCTeH C caMoro HavaJsla nccaefoBaHUn pagnoakTUBHOCTU, HO ero
o0b6bsacHeHue BbII0 pa3gparkaoLM BbI30BOM Ha 3ape KBAaHTOBOW Teopuu, NPUBOASA K
APKUM aHeKAOoTaM PU3NKN XX BeKa.

MNpobnema c 6eTa-pacnafoM 3aKa04aeTCs B TOM, YTO JIEKTPOHbI, UCMyCKaeMble
pacnajalowmmcsa S4poM, BO3HMKAIOT C LUMPOKUM CNEKTPOM dHEpPrun (4o KpanHe
BbICOKNX 3Ha4YeHUI). Takoe He JOJIKHO 6b110 BbITb BOSMOXXHbLIM 418 peakLum,
BKJIIOYABLLUEN NNLWb ABE YaCTULbl - 3aKOHbl COXPAHEHNS SHEPT N N COXPAaHEHMS
MMNYJibCa YKa3blBalOT, YTO BO3MOXXHO JINLWb OOAHO 3HAaYeHNEe 3Heprumn ons
OTAENAIOLLErocs 3/1IeKTPoHa (KakK B CJly4ae C NpoLeccoM «asnbda-pacnaga», roe
TA)Kesnoe AAp0 pacnajaeTcs, UCNyckas S4po renvs: ABa NPoToHa U ABa HENTPOHaA,
CKpenneHHbIX BMecTe). ObbsACHEeHNE LWNPOKOro CNeKTPa 3Ha4YeHNN IHepruu,
nonyyaeMbix nNpu 6eTa-pacnage, LOJI0e BPeEMSA 3arOHAM0 B Yros (OM3NKOB U JOBEJIO
HEKOTOPbIX A0 NPenJIOKEHNS pagnKalbHbIX Mep - 0TKa3a OT UAEN COXPaHEHUS
SHEeprum Kak oyHoaMeHTaIbHOro n3nyYeckoro nNpuHUmMnNa.

PeweHne 6b1210 HANAEHO MOIOAbLIM aBCTPUNCKUM (PM3MKoM BonbdraHrom Maynn. B
1930 roay oH Npeanosioxun (B NUCbMe, NOCJaHHOM Ha KOH(hepeHUMnto, KOTOPYHO OH
nponycTtun ni-3a 6ana B Lopuxe), 4to B 6eTa-pacnage y4acTBylOT He ABe, a Tpu
4acTuUbl, - HENTPOH, NpeBpaLLlaloLWNNCA B NPOTOH, 3N1IEKTPOH U TPETbLA, HeyJsIoBMMas
yacTuua € o4eHb Manion maccon. HoBon Yactuue bbiICTpeHbKo Nogobpann Ha3BaHue -
KHENTPUHO» (MOXOXKe Ha «MaJieHbKasa N HenTpasibHas» no-ntanbsaHCKM). OHa YHOCUT
4acCTb 3HEPrmun, TOYHOE KOJIMYECTBO KOTOPOM 3aBUCUT OT TOYHOIO UMMNysibCca
3/1eKTPOHA N HENTPUHO, KOr4a OHU MOKMAAT A4PO0.

BeBeneHne HENTPUHO CHaYvasla NMoKa3asiocb He MeEHee OTHASIHHbLIM LLIAaroM, YeM 0TKas oT
3aKOHa COXpaHeHMs sHepruun. MNMaynam cam nucan apyry: «A coenan HeYTo yxkacHoe. 4
BBEJ1 YaCTULLY, KOTOPYIO HEBO3MOXKHO NOMMaTh. 3TO HEYTO TAKOE, YTO TEOPETUK
HUKOr4a He NoJ/HKeH AenaTh». B Te4yeHne HeCKobKUX NIeT BEINKUA UTaNIbAHCKUIA



hun3mK dHpUKOo Pepmun pa3sun obliee npennosioxxeHue MNaysan B MOJIHYO K
NCKIOYNTENIbHO YCMeLWwHY MaTeMaTU4YecKyto Teoputo beTa-pacnaga, nocje 4yero 3Ta
npes 6oina 6bICTPO NpUHATA. HemTpunHo MNaynm okasanocb 0OHMM U3 Tpex
(M3HavYanbHO 6bI10 NPensIoXKeHO HENTPUHO, MIOOH U Tay-HENTPUHO), U, HECMOTPS Ha
BCE HaYallbHble C/IOXKHOCTU, B UTOre 0OKa3asloCb BO3MOXXHbIM €ro 06Hapy>XunTb, 4TO ”
obis10 noaTeepxaeHo Knangom KoyaHoMm[23 - K oy 3 H, Knanpg JloppenH (1919-1974) -
AMEPUKAHCKNN PU3NK-TEOPETUK, CO-NMEPBOOTKPbIBATESIb HENTPUHO BMECTe C
Openepnkom PanHecoMm. - Mpum. pen.] n ®pegepukom PanHecom[24 -Pa n H e c,
®penepuk (1918-1998) - amepukaHcKkunin dunsmnk, npodeccop. Jlaypeat Hobenesckomn
npemun (1995). - Mpum. pen] B8 1956 roay[25 - PanHec pasgennn Hobenesckyto
npemMmuto no gusnke c KoysHom, KoTopbin ymep B 1974 r., a 3Ta npeMus He
npucyxpaetca nocMepTHo. e apyrux Hobenesckmux npemun 6binn gaHbl 3a paboThbl
C AeTeKTopaMun HeNTpuHo Penmonay Nensucy-mnaawemy n Macatocn Kocmbe B
2002 r., a TakKe Takaakun Kagsunte n Aptypy b. MakgoHansfy B 2015-M. - Mpum.
pen.].

Kakoe BCce 3T0 nMmeeT oTHoweHne K ConHuy? OTBeT AOCTAaTOYHO Ae/IMKATEH, HO Mbl
y>Xe HaMeKaJim Ha 3TO HEeCKOJIbKO pa3 no xony obcyxxaeHnsa paHbwe. ConHue
noannTbIBAaETCA SHEPIrnen oT C/INAHNA afep BOAOPOLA, KOTopble NpencTaBnsatoT
eVHNYHble NMPOTOHLI, B A4pa resinsg, CocTosLwme n3 AByx nNPOTOHOB N ABYX
HEeNTPOHOB. 4e-To B Xo4e 3TOro npouecca gsa NpoToHa A0/IKHbl 06paTuUTbCS B
HENTPOHbLI, YTO AeslaeTCs BO3MOXHbIM bnarogaps cnabomy sgepHomy
B3aMMOOEeNCTBUIO U Npoueccy «obpaTHoro 6eta-pacnaga», yNnoMsaHyTOro paHee:
MPOTOH NpeBpaLlaeTcsa B HEMTPOH, UCMYyCKasa NpY 3TOM HENTPUHO[26 - B xoae aToro
npouecca NMPOTOH TakXXe Aos/KeH NMbo NCNyCcTUTb MO3NTPOH (3KBMBAJIEHT 3JIEKTPOHA
B o6s1acTn aHTUMaTepumn), nMbo NOrnoTUTbL OAWNH U3 OFPOMHOI0 KOJIM4eCcTBa
3JIeKTPOHOB, OCTaBLUMUXCA OT M3HaAYaIbHOro rasa, npucytcreyouwero B CosHue.
JTio6o N3 n3ny4eHHbIX NO3UTPOHOB ByaeT BbICTPO aHHUIMANPOBATL C OAHUM U3
YNOMSHYTbIX 3/IEKTPOHOB, TaK YTO KOHEYHbIN pe3ynbTaT AJ18 BHewHero HabnwogaTtens
oyneT cnenylowmMm: oAUH MPOTOH U OOUH N1IEKTPOH NCYe3M, OCTaBUB OAUH HENTPOH
N 0OHO HENTPUHO BMecTo cebs. - NMpum. aBT.]. B pesynbTaTe ConHue Nnpom3BoanT
HEeBEpPOATHOE KOJINYECTBO HENTPUHO, KOTOpble Bblsin 0bHapy>XeHbl Ha 3eMne, N nx
N3MepeHns AalT NHPOPMaLUIO KaK 0 SAepHbIX peakunsax B aape ConHua, Tak n o
CBOWCTBaxX caMuUX HENTPUHO.

MNpeBpalleHe NPOTOHOB B HEMTPOHbLI BHYTPY 3BE3[ ABNAETCH CYLEeCTBEHHO Ba>XHbIM
A5l CYyLWeCTBOBAHNSA OFPOMHOI0 KOJIMYeCTBa 3/IEMEHTOB, C KOTOPbIMU Mbl UMeeM A,eNo
B MOBCEAHEBHOW XXWU3HU - KUCJIOPOA B BO34YXE, KOTOPbIM Mbl AbILLMM, U BOAA,
KOTOPYIO Mbl MbeM, Yyr1epos B NuULLe, KOTOPY Mbl e4UM, KPEMHWUIA B 3e€MJ1e Mo HaMu.
Korpa o4veHb Tskenas 3Be3fa BbKUraeT 60/bLIy0 YacTb BOAOPOAA B CBOEM S pe,



OHa HaYMHaeT peakumio CInaHUA resnsa B ewwe bonee Tskenble 3n1eMeHThbl. Korga
resmsa ocTaeTCs MaJlo, OMEeHb TAXKesible 3Be3bl HAa4YMHAIT BbXXKUraTb yraepon u Tak
nanee no scen NMepnogunyeckon Tabnnue anemeHToB. Ha Ka)kaonm ctagum 3Toro
npouecca sHepruns CUJAbHOro B3aMMo4encTeus, BbiICBObOXKAaOLWanACsa 3a cHeT
CNNAHNSA, yMeHbwaeTcA[27 - To, 4TO aHeprum Npmn S4epHOM CANAHUN CTaHOBUTCS BCe
MeHbLUe npu nepexone K bonee TsKeNbIM 35ieMeHTaM, MOXeT ObITb MOHATO B
TepMUHaAX 3HEePrmn CUJIbLHOro B3aMMo4enCcTBUSA, BbICTynawLwen B popMe Macchl:
3Heprua TpebyeTca ona Toro, 4Tobbl Aep>KaTb ABEeHaALaTb KBAPKOB BMeCTe B afpe
resns, OHO CyLLeCTBEHHO MeHbLUEe YeM Ta, YTO HY>KHa ON4 YeTblpex oTAe/IbHbIX, He
CBSA3aHHbIX MeXX Ay cobon NpoTOHOB. HO Mo Mepe yBenn4yeHus KoamyecTBa HacTuL,
NPUPOCT SHEPIUN YMEHbLUIAETCHA. DTO HEMHOIO MOXO0XKe Ha OpPraHn3aunoHHYI0
3(pheKTMBHOCTb rpynnbl Nl0LEN: ABa YeJIOBEKA, KOTOPblIe COBMECTHO MNOJIb3YTCSA
nomeLleHneM, NNaTAaT 3a Hero gelwessne, 4em oaunH, Ho gobasneHne cocepen no
KOMHaTe 3KOHOMUT AeHblrv /iNb A0 ornpeaeneHHoro MomMmeHTa. Pacxoabl Ha
06yCTPOMNCTBO LWECTOro cocefia N0 KOMHAaTE MOryT MNPEBbLICUTb SKOHOMUIO Ha
kBapTnaaTe. Taknum xxe obpa3om, sHeprus, Nony4eHHas 3a cyeT gobaBneHus HOBbIX
YacTuy K 6onbLIOMy agopy, HeA4OCTAaTOYHO BenunKa. - NpuM. aBT.], NOKa KpeMHUN He
OyneT npeBpallaTbCsa B XKeneso. AaepHas peakumnsa CANAHUSA KPEMHUS B XKeJle30 yxKe
He JaeT HMKAKOW 3Heprum, npon3BoaCcTBO Ternsa, nogaepXXusBatoLwero a4po 38e34bl,
oCTaHaB/MBaeTCA. B 3Ton To4Yke npouecca BHeLWHMe cfion 3Be3abl 0bpyLimBaoTCs
BHYTPb, 4T06Obl NPON3BECTN B3PbIB CYNEepPHOBOW 3Be34bl, BbICBODOXKAASA TaK MHOIO
SHeprun, 4YTo B3PbIBaOLLLAACSA 3Be34a 3a4acCTyl0 Ha HEKOTOpPOe BpeMs CTaHOBUTCS
CaMOW ApKOW B CBOEN ranakTuke.

B cynepHoBon 3Be34e 601bLLNHCTBO MAacChl BbIPbIBAETCSH C OFPOMHON CKOPOCTbIO
Hapy>Xy B BUae pacwumpstouierocs obnaka rasa, yHocs ¢ cobon 6onee Tsaxxenble
3/IEMEHTbI, NPOMN3BEAEHHbIE B A4P€ BO BPEMS MO3AHUX CTAaAUN CANSAHNA. DT obnaka
rasa paclnpstoTCs, OXJ1a)KAalTCA N B3aUMOAENCTBYIOT C OKPY>XAoLWMUM ra3om,
co34aBas Cbipbe AN CNeAYoLMX MOKONIEHUI 3Be3/], @ TaK)XXe CKaJINCTbIX MJaHEeT,
MOX0XUX Ha 3eMJ1t0, KOTOPblE B OCHOBHOM CAeJslaHbl U3 TAXKESbIX 3/IEMEHTOB,
CO30aHHbIX B iApe yMmumpatoLwen 3se3bl.

HeBepoaTHoe pa3Hoobpa3une BelecTB, KOTOPoe Mbl BUAUM Ha 3eMiie - CKaslbl U
MUHepasibl, BO3A4YX, - BCE MOCTPOEHO M3 Mernja MepTBbiX 3B€34 U CO3[4aHO C MOMOLLbIO
BCEX YeTblpex PyHAaMEHTaIbHbIX B3auMoAencTBuin. HaumHasa ¢ NpocTbix 06/1aKoB
BOAOPOAa, CHhOPMUMPOBABLLUNXCA BCKOpe nocsie bonbuworo B3pbiBa, rpaBuTaLms
CTArMBaeT ras BMecCTe, 3JIEKTPOMarHeTu3M CONnpoTMBSETCSA KOTancy U HarpesaeT
ras, CuibHoe siiepHoe B3auMoaencTBne oCBoboXX4aeT OrpoOMHOE KOJIMYECTBO
SHEeprun B AAepHoOM CAUSHUK, N, HaKoHeL, cnaboe aaepHoe B3auMoaencTeme
obecneymBaeT TpaHCchOpPMaLILIO YacTuL, NpeBpaLlaeT Bogopod B 6onee Tsxensie u



NHTEPECHbIe 3/1eMeHTbl. YoepuTte xoTsa 6bl 04HO N3 3TUX hyHOAMEHTasIbHbIX
B3aMMOOENCTBUN, N Halle NOBCeAHEBHOE CyLLeCTBOBAaHNE CTaHET HEBO3MOXKHbIM.

MponosixkeHne nctopumn

OnuncaHHoeE BbiLLE HM B KOEM CJlyHae Hesb3s CHUTaTb NOJIHOW UCcTopumen
dhyHOaMeHTasbHOM PU3NKKN. YeTbipe yHOaMEHTasIbHbIX B3auUMOOENCTBUSA, KOTOpbIE
nuTatoT ConHUe sHeprmen, eUHCTBEHHbIE, KOTOpbIe Mbl 3HaeM, Ho CTaHgapTHasd
MoJesib BKJIlOYaEeT YeTblpe TUMna KBAapKOB NMOMNUMO CEMENCTB BEPXHUX U HUXKHUX,
KOTOpPbl€ COCTaB/IAIOT NMPOTOHbI M HEMTPOHDI, @ TaKXe YeTblpe LOMNOJIHNTESIbHbIX
NlenToHa, KpoMe 3J1eKTPOHa N 3NIEKTPOHHOIo HeUTPUHO. YacTuubl B CTaHOapTHOMU
MOLesIN TaKXXe UMET 3KBUBANEHTbI U3 aHTUMATEPUN - HaCcTULbl C TAaKOW XXe MacCcown,
HO NPOTMBOMOJIOXKHbLIM 3apsaaoM. Korga 4acTuua BCTpeyaeT CBOEro ABOMHUKa 13
aHTUMaTEPUN, OHN B3aMMHO YHUYTOXAOTCSA (QHHUITMAMPYIOT), NpeBpaLlas nx Maccy B
BbICOKO3HepreTmnyeckme poToHbI CBETA.

CyuwiecTBOBaHMe BCEX ITUX YacTuUL, BbIS1I0 IKCNepnMeHTasibHO NOATBEPXKAEHO, U NUX
CBOMCTBA N3y4eHbl 04eHb AeTasbHO. OAHAKO HU O4HA N3 3TUX AOMNOJIHUTESIbHbIX
4acCTuUL He «>XKMBeT» CanwkKoMm gonro. Camas anntesibHas No BpeMeHn
CyLLEeCTBOBaHMSA YaCcTuLa - HABEPHOE, MIOOH CO cpeaHen NMPoao/IKNTESNIbHOCTbIO
XXN3HW OKOJI0 OBYX MUJISIMOHHbIX CEKYHAbI, MO3TOMY UX BINSAHNE Ha NMOBCEAHEBHOE
ObITVe BeCbMa MUHMMabHO. OHM CO3[al0TCA Ha CKOPOTEYHbIN MU B
BbICOKO3HEPreTUYeCKoM CAnaHnm mexxay 6onee 0bbl4HbIMM YaCTULAMU KaK B 3€MHbIX
PU3NYECKNX IKCNEPUMEHTAX, Tak N B acTpodunsnyecknx cobbitnsax. OHM o4eHb
ObICTPO pacnagatoTCs Ha BEPXHUN U HUXKHNI KBapKK (0BbI4HO B oopMe NPOTOHOB U
HEWTPOHOB), 3JIEKTPOHbI N HENTPUHO. ICTOPUSA NX OTKPLITUSA N pa3BuTue
CTaHOapTHOM MOAeNIn BOCXUTUTESIbHA, HO OHa JIEXXUT 3a npeesiaMn Hallen KHUTn.

B uenax nccnenoBaHma GuU3nNKm NOBCeAHEBHbIX MPEOMETOB Mbl MOXKEM OrpaHNYUTb
cebs Bcero Tpems, Hanbosnee 3HaKOMbIMU, MaTepPUaIbHbIMU YaCcTULLAMW: NPOTOHAMMN,
HENTPOHaMMN 1N aneKTpoHaMn. OHN KOMBUHUPYIOTCA AN1A CO34aHNA aTOMOB, KOTOpbIE, B
CBOIO o4yependb, CO34al0T BCE, C YEM Mbl B3aUMOAENCTBYEM B X04€ Hallero obbi4HOro
OHA. B TepMUHax pyHAAMEHTasIbHbIX B3aUMOAENCTBUN TUNNYHAA YTPEHHAS PyTUHa B
OCHOBHOM CBS$i3aHa C 3/IEKTPOMAarHeTM3MOM, OH OTBETCTBEHEH 3a yAep>XaHne aTOMOB
N MosieKkyn Mexay cobonm n obbegnHaeT MaTeputo 1 CBeT.



CTOUT NOMHUTb, YTO BCE YeTblpe B3aMMOLENCTBUSA, OENCTBYS Cpean KBAPKOB U
nenTtoHoB, TpebytoTca Ana paboThbl HAWLEro CaMoro CyLeCTBEHHOro eXXeaHEBHOIro
ToBapuwa - ConHua.

(naBa 2

HarpeBaTesnbHbIV 351eMeHT: OTYasdAHHbIN TPIOK MNNaHKa

Ha KyxHe a HanmBalo BOOy 011 4Yas, NpoBepss, CBETUTCS NI HarpeBaTesIbHbIN
371eMeHT, 4T0obbl y6eaAnTbCs, 4TO A CNPOCOHOK OMNATb HE MOCTaBU1 YaWHUK HEe Ha Ty

KOH(OPKY...

KpacHoe cBeveHne ropsyero npeamMeTa - 04MH U3 NpocTenwmx n Hanbonee
YHUBEpPCaNbHbIX ABJIEHUI B (hu3nke. Ecnm Bbl BO3bMeTe Kycoyek ntoboro matepunana,
NOCTaTOYHO ropsvyero, To OH HaYHEeT CBETUTbLCA CHayasla KpacHbIM LIBETOM, MOTOM
XKeNnTbiM, NoToM 6enbiM. LIBET 3aBUCUT TONLKO OT TeMrepaTypbl NnpeaMeTa. HeBaxkHo,
4TO 3a MaTepunan bbin B3ST - CTEPXKEHb YACTOr0 CTEKJIA UM YYyryHa, HarpeThI 40 Ton
>Xe TeMrepaTypbl OH byneT cBeTUTbCSt abcoNioTHO TeM XKe LBeToM. MeTop,
HarpeBaHUsa TakK)Xe He Ba)KeH, MPonycKaeTe JIN Bbl 3N1EKTPUYECKNI TOK Yepes BUTOK
MeTasiNla, Kak B MOel 3/IeKTPUYECKOW Neyke, an noMellaeTe 3TOT BUTOK B
PaCKaleHHbIN Yyrosb, LIBET ropsyero Metanna bynet oAMHAKOBbLIM Mpu onpeaeneHHon
TeMmnepaType.

Takoe NpocToe U yHUBepcasibHoe noseaeHne A4encTBoBasio Ha PU3NKOB KakK
BaJiepbsAHKa Ha KOTOB, MOTOMY 4YTO OHO nNpejnosiarasno, 4TO B OCHOBE 3TOro AABJIEHUSA
Oo/mKeH bbITb NpocTon 1 BCceobLwmnm npuHunn. B no3aHue 1500-e roabl Mannneo
Fanunen n CumoH CTEBUH SMNMNPUYECKN MPOLEMOHCTPUPOBAJIN, YTO Pa3/INYHbIE
MaTepuasbl U TMPUN NagaoT C OANHAKOBLIM yckopeHnem: CTeBuH bpocan asa
CBMHLOBbIX WWapa, O4MH B AECATb pa3 TAxesiee, 4eM OpYyroun, C LLepKOBHOW
KOJIOKOJIbHN[28 - 3TN 0oNbITbl MOXKHO AeNaTb, TOJILKO ecnn oba npegmeTa AOCTATOYHO
MAOTHbIE, 4TOObI NpeHebpeyb cunom conpoTmBNEHNs Bo3ayxa. Ecnm Bel bygete
bpocaTb BHU3 CKpenKky ansa 6ymaru n nepo, ckpenka byaet nagatb 6bICTPO, B TO
BpeMs Kak nepo byaeT onyckaTbCs Ha 3eMJito MegsieHHo. Cuna rpasuTauun,
OencTBylowas Ha HUX, OAMHAKOBA, B BaKyyMe OHW AoCTUran 6ol 3eMnaun



OOHOBPEMEHHO, KaK 3TO0 6bIJ1I0 TeaTpasZibHO NPOAEMOHCTPUPOBAHO KOMaHANPOM
HO>1BoM CKOTTOM BO BpeMS MUCCUN «ANoIoHa-15» Ha JlyHy. - MpuMm. aBT.].

9T0 HabnogeHne Nno3sonno Micaaky HetoTOHY pa3paboTaTh 3aKoH Bceobuiero
TAroteHnsa B 1600-x rogax. Yepes HeCKOJIbKO COTEH NleT elle 04HO HanpasJieHune,
OCHOBaAHHOE Ha TOM >XXe NpuHuune, BAoOXHOBMAO AnbbepTa SNHLWITENHA Ha CO34aHMe
obuien Teopmnm OTHOCUTENBHOCTU, KOTOPas 40 CUX MOP OCTaeTCH Hallen ny4wen
Teopuen rpasuTaumn.

SNHLWTENH BCNOMUHAN KJIlOHEBON MOMEHT B pa3BuUTUK cBoen Teopun - B 1907 rop,
Korfa ero o3apujlio NOHMMaHMe, 4YTO YesI0BEK, NafalLwWwmni C Kpbiwn, byneT
4yBCTBOBaTb HEBECOMOCTb BO BpeMs nageHus. lNMossmnnacb CBA3b MeXAY YCKOPEHNEM
N rpaBuUTaLmEn, 4TO N ABNSETCA OCHOBOM 0Ol EN OTHOCUTENIbHOCTU. DNHLWITENH
roBopusi 06 3TOM KakK 0 «CaMO CHaCTJ/IMBON MbIC/IN BCEN CBOEN XXNU3HU>».
MaTeMaTumnyeckasa npopaboTka NocnenCcTBmMA 3TON CHACTAMBON MbIC/IN 3aHA1A NOYTU
BOCEMb JIeT, HO YYeHbIN co3[as 04HY N3 BeNn4anwmx n Hanbonee ycnewHbix Teopui
COBPEMEHHON PUINKN.

YHuBepcasnbHoe noBefeHve TernsioBoro n3ny4YeHnsa B TaKOM ciy4vae npencrasniseTcs
MOXOXXMM Ha MHoroobelarwmnn NICTOYHMNK 03apPEHMNS: HA 3TOM SABJIEHNN XOPOLLO
TeCcTUpoBaTb UAEN O pacnpeneneHnmn sHeprum B ropsadnx obbekTax n cnocobax
B3aMMOOenCTBUA CBeTa U MaTepun. K Hec4HacTbio, B KOHUe 1800-x rogoB ycunauns
(PUN3MKOB NMpefckasaThb LBET CBeTa, UCMYyCKaeMoro ropsa4ymmMuy npegMmeTamm npu
pa3iMyHbIX TeMnepaTypax, NnoTepnenn Heyaavy.

B KOHUEe KOHLO0B 00bACHeHMe TemnepaTypHOro ninyydyeHmns notpebosasno
paanKasbHOro paspbiBa C CyLlecTByowen gpunsnkon. HavyanbHasa To4Yka aasa BCen
KBAHTOBOW TeOpUU, Ybe NpuMeHeHne hunsnkn Bce ewe obcyxaatoT No npoLecTsnn
cToneTuns, obHapy>XMBaeTCA B KpPAaCHOM CBEYEHUN HarpeBaTesIbHbIX 3/IEMEHTOB,
KOTOpPbl€ Mbl NCMOJIb3YyeM 419 NPUrOTOBJ/IEHUSA 3aBTpaka.

B NpaKTU4YeCcKOM CMbIC/E BCE IK30TUYECKNE ABNEHUSA, CBSI3aHHbIE C KBAHTOBOW
un3nkKonm - ayanbHas BOJIHOBas Npupoaa Yactul, KoT LLpéanHrepa, «cnyTaHHas
CBSI3b» Ha PACCTOSAHUN, MOTYT BbITb MPOAEMOHCTPUPOBAHO MPSAMO Ha BalLel KyxHe.

CBeTOBble BOJIHbI M LIBETA



Kak 4aCTo c/ny4yaeTcs, CaMbll NPOCTOon crnocob o6bACHNTL HEOBXOAMMOCTL B
paAnKasnbHO HOBOW TEOPUWN - 3TO AEMOHCTPaLNS NpoBasia NpexxHen Teopun. 1o Toro,
KakK Mbl MOMMEM, KaK KBaHTOBas MoAesib pewmnnia npobaemy TennaoBoro n3syyeHums,
Mbl OOJDKHbI YBUAETH, MOYEMYy 3TOr0 HE CMOrJjla caenaTb Knaccmyeckasa usmka. Onsa
3TOro, HECOMHEHHO, HY>XHO pa30bpaTbCsa B OCHOBaX TOro, 4TO KJlaccmyeckas m3mnka
rOBOPUT O CBETE, TENJE N MaTepun.

MepBON, 04EeHb Ba>XHOW, KOHLEMNUKMen, nexallen B OCHOBE 3KCNEePUMEHTOB, KOTOpble
NpUBeaN K pa3pyLUEeHUIO KJ1TaCCNYeCKON (PU3NKKU, CHUTAETCa naes, 4To CBeT - 3TO
BOJIHA. BoniHOBas npupofja ceeTa Oblla n3BecTHa 3a NosiBeka 40 YpaBHEHUN
MakcBenna, no 6osbLien 4acTu bnarogaps sKkcnepMMeHTaM, BbIMOJIHEHHbLIM OKOJ10
1800 roga aHrAMNCKUM apyamtTomMm Tomacom KOHrom[29 - O H I, ToMmac (1773-1829) -
AHMIMNCKNIA YYEHbIN LWMPOKOro Nnpoduns: usmnk, MexaHuK, Bpay, aCTPOHOM,
dwunonor, soctokosen. - Mpum. pen.l. Pnusnkun cnopuain, NnpencTaBnsaTb CBET ay4ylle
BCEro Kak MoToK YacTuL UK KaK BOJIHY B KakKon-To cybcTaHumm, HO KOHI
ybeamTenbHO NPOAEMOHCTPUPOBA BOJTHOBYHIO MPUPOAY CBOUM FeHMasrbHO NPOCTbIM
SKCMNepMMEeHTOM CO CBETOM «Ha OBYX LUesiAX»: CBET NPOoX0o4us Yepes ABe y3Kue Lenu,
npopesaHHble B 3kpaHe. KOHr obHapy>Xun, 4To CBET, KOTOPbLIA NPOHUKa Yepes aBe
B6/1IM3KO pacrosioXKeHHbIe NMpopesun B 3KpaHe, C APYron CTOPOHbI He rnpesBpaLlasncs B
ABe fApKMe NoJI0OCKN, KaK MOXHO 6b1s10 Bbl 0OXXKMAaTh (Kak B CJly4ae CO CBETOM,
NPOXOAUBLUMM Yepes O4HY MPOope3aHHYIo wesb). BMecTo 3Toro Ha s3KpaHe nosBasAICS
pAL CBEeT/IbIX U TeMHbIX To4YeK[30 - Ecnuv Bbl XOTUTE yBUAETb 3TO CaMUn, TO LOJIKHbI
caenaTb AiBe TOHKME Npopes3n Ha KyCo4YKe aJlloMUHNEBOW (POSIbIrv U OCBETUTb UX C
NMOMOLLbIO NNa3epHOoM yKa3ku. [lpyroe sBneHne, Takxxe 04eHb TeCHO CBA3aHHOe C 3TUM
OMNbITOM, eLle NnpoLle yBuaeTb: eC/iv Bbl NOCTaBUTe NpsAAb BOSOC Ha NyTU Jla3epHON
YKa3Ku, CBETOBbIE€ BOJIHbl 060rHYT OTAe/IbHble BOJIOCUHKM C pa3HbIX CTOPOH, C/I0XKATCA
n co3manyT obpas (NaTTepH) U3 MHOXECTBa NATeH. - [NpuM. aBT.].

3TN NATHa BO3HUKAKOT B X04e npouecca, U3BECTHOINo Kak «MHTepgepeHuUmns»,
KOTOPbIN NPONCXOAUT TOrga, Korga CKaaabiBatloTCA BOJIHbI U3 ABYX Pa3/INYHbIX
NCTOYHUKOB. ECn ABe BOJIHbI NPUXOOAT B KOHKPETHYIO TOYKY NPOCTPAHCTBA «B
daze», Tak 4TO NUKK (rpebHn, MakKCMMyMbl) OAHOW BOJIHbI COBNAAaloT C rpebHsamun
OPYyron BOsHbI, OHU CKNaAbIBaloTCA 1 06pa3yoT BoJIHY C 6onee BbICOKUM rpebHem,
yeM Kaxkgasa no otaenbHocTu. C Apyrom CTOPOHbI, €C/IN BOJIHbI MPUXOAAT «HE B
daze», Hanpumep, rpebeHb 04HON BOJIHbI U BaguHa APYron, OHW B3aUMHO
Bbl4UTalOTCA, U rpebeHb 04HOW BOJIHbI 3aMN0JHUT OOJIMHY OPYron, B pesyfbTaTe
BOJIHbI He ByaeT coBceM. ITo paboTaeT anga nobbiX NCTOYHUKOB BOJIH, HanpmuMmep, Tak
OblBaeT NPM BO3HUKHOBEHUNN CNIOXKHbIX MAaTTEPHOB (KAPTMHOK) OT BOJIH B Npyaax
pa3BsieKaTeNIbHbIX MAapPKOB. TOT »e npouecc nHTepgepeHumnmn NCcnonb3yeTca ans



YHUHTOXEeHNA BOJIH N NMoAdaBJIeEHNA «LWWyMa» B HayLWHWKaX.

NHTepdhepeHUns B 3kcnepmmeHTe KOHra rnosly4aeTcss NOTOMy, YTO BOJIHAM CBeTa OT
KaXkZA0oW eI HY>KHO pa3/InyHOe KOJIMYEeCTBO BpeMeHu, YTobbl 4ONTN A0
onpenesieHHON TOYKN Ha 3KpaHe. B ToYke POBHO MO LEHTPY MeXXAy ABYMS LLESSMU
o6e BOSIHbI MOYT OOHO U TO XKe pacCTosiHME U TakuM obpa3oM npuxonaT B ase,
obpa3ya spkoe NATHO. B ToYke HECKOJIbKO C/ieBa OT LieHTPa BOJIHbI OT LLENn C JIEBOU
CTOPOHbI NpoxoasT 6osiee KOPOTKMIA NYThb A0 3KPaHa, YEM BOJIHbI OT LLENN C NPaBoON
CTOPOHbI. DTO AOMOJHUTEJIbHOE PACCTOsSIHME O3HAYAET, YTO BOJIHbI OT MPaBOW LLEenn
4YyTb AOJblUe KoNebanncb U NUKN NpaBoLLEeBbIX BOJIH COBMaAatoT C A4OJIMHAMKN NIeBO-
LeneBblX, 06bpasys TeMHoe NATHO. Ewle 4yTb ganblie, N 4ONOJIHUTEIbHOE pacCcTosiHUE
NO3BONIAET BOJIHAM 3aKOHYUTb KonebaHue [0 NOoSHOro LUMKa, HakNaabiBas MUKW BOJH
OT NPaBO K NEeBON LWENN Apyr Ha Apyra n co3naBas cienylollee Sspkoe NATHO.

OTOT NaTTEepPH MNOBTOPSAETCA MHOI0 pas, co34aBas PAL CBETJ/IbIX U TEMHbIX NATEH.
PaccTosHne Mexxay CBeT/IbIMU MATHaMMN MMeeT NPOCTY0 3aBUCMMOCTb OT AJINHbI
BOJIHbI, 06ecneymBas yaobHbin cnocob namepsaTb AJIMHY BOJIHbI BUAMMOIO CBeTa. B
COBpeMeHHbIX eguHnLUax oHa BapbupyeTtcs oT 400 HaHOMeTpOoB 419 PrUoeToBOro
useTa go npmmepHo 700 HaHoMeTpoB[31 - OanH HaHOMeTp paBeH 10

meTpa, nan 0.000000001 ™. - MpwumM. aBT.] ona rnyboko kpacHoro useTa. [lobaBneHue
OONONHUTENbHbIX Wenen byaeT genatb ApKNUE TOYKK y>Ke n bonee oTHyeTanebiMn. K
1820-m rogam Mo3ed doH ®PpayHrodep[32-PpayHrodep, Mosed doH
(1787-1826) - HeMeLKnI HPU3NK-ONTUK. - [TpnM. pen.] ncnosb3osarn
«ANPpakUNOHHbIE peLlleTKN», OCHOBaHHbIe Ha NHTepdepeHUUN cBeTa, 4N TOro,
4yTObbI CAoenaTb NepBble A4OCTAaTOYHO TOYHbIE N3MEPEHUS OJINH BOJIH CBETa,
ncnyckaemoro CosiHUEM N APYrMMUM 3BE€30aMU.

KoHel, 03HaKOMUTENbLHOro pparMeHTa.

notes

NMpuMmedaHus



W pénuHrep, dpsuH Pygonbd Nosed AnekcaHap (1887-1961) - aBCTPUNCKII
pU3MK-TeopeTUK, 0ANH N3 co3paTesien KBaHToBoM pn3nkn. Jlaypeat HobeneBckonm
npemmmn (1933). Y4eHbI onunucan MbICJIEHHbIM 3KCNEPUMEHT € KoToM B 1935 r,,
corjlacHo KOTopoMy, Korga Mbl He Habnogaem 3a cucTemMon, A4po aToMa
(chepoBaTesibHO, U KOT) HAXO0AUTCHA B ABYX COCTOAHUAX 0AHOBPEMEHHO. - MNMpuMm. peg.

BcTpedatoTcs Tpu TepMMHA, NPUMEPHO B paBHbIX KOJIMYeCTBaX: CyTaHHbIN,
3anyTaHHbIN U CBA3HbLIN (0 B3aUMOLAENCTBUN 3TOro Tmna). - MNMpum. nep.

M naH K, Makc Kapn 9pHCT (1858-1947) - HeMeU KN hU3NK-TEOPETHUK,
OCHOBOMOJIOXKHUK KBaHTOBOM (hn3nkKun. JlaypeaT Hobenesckonm npemun (1918). - Mpum.
nep.

b o p, Hunbc XeHpuk Oasua (1885-1962) - paTtcknin dusnk-teopeTmk, obecTBeHHbIN
neatenb. JlaypeaT Hobenesckon npemun (1922). N3BeCTeH Kak co3aaTesib NepBOn
KBaHTOBOW Teopun aToMa. - NMpuM. nep.



Bpownnb, Jliyn pe (1892-1987) - hpaHLYy3CKUN PUSNK-TEOPETUK, OAUNH U3
OCHOBOMOJIOXKHUKOB KBaHTOBOW (hn3nkn. JlaypeaT Hobenesckon npemum (1929). -
Mpum. nep.

Maynwn Bonbgranr 3pHCT (1900-1958) - wBenyapckum pusnk-teopeTtuk, pabortan
B 06/1aCT PU3NKN 31e€MEHTAPHbIX YaCTUL, U KBAHTOBOW MexaHuKn. JlaypeaT
Hob6enesckon npemun (1945). - Mpum. nep.

Up - BepxHUin, down - HWKHUW, strange - cTpaHHbIW, charm - o4apoBaHHbIN, top -
WCTUHHBIN, bottom - npenecTHbIN (aHrn.). - MpuMm. nep.

Mpn onncaHnax CTaH4APTHLIX TEPMUHOB, HAaNPUMepP, Ha3BaHMM YacTuL Nan
B3aMMOOEeNCTBUN, NPUBOASATCSA YCTOABLUMECSH B POCCUNCKON HAY4YHOW ninTepaType
TEPMUHbI U ONpeaeneHns, eciim 3TO HE UCKAXKAeT CMbICJ1, BJIOXXEHHbI aBTOPOM. Tak,
«3/IeKTPOMarHeTM3mM» NepeBoANTCHA KaK 3J1IeKTPOMarHMTHOE B3aUMOAENCTBUE, a
«cnaboe agepHoe B3auMOLEeNCTBUE» - MPOCTO Kak «cnaboex». - NMpum. nep.



Ans 6onee NONAHOro n NOHATHOro o630pa hmnsnyeckmnx NPoLECCOB B paMKax
CtaHpapTHOM Mopenun s pekomeHayto KHUry: Robert Oester. The Theory of Almost
Everything, 2006 ron; a nctopmyeckoe passBuTune geTanabHO onucaHo B paboTe: Frank
Close. The Infinity Puzzle, 2013. -[MpunmMm. aBT.

10

CTeBWH, CnMoH (1548-1620) - pnamaHOCKUA MaTEMATUK, MEXAHUK, NHXXEHep. -
Mpum. pen.

11

3Be3/4a Ha 3aBeplualollein CTaanum CBoero OPMUPOBaHMS, BMJIOTb 10 MOMEHTA
3aropaHuns TepMosifepHbIX peakLuin B sape, Nocsie KOTOPOro oHa CTAaHOBUTCSA 3Be3/10M
rNaBHOW MocienoBaTeNbHOCTU. - MpuM. pea.

12

YT10bbl AaTb NpeacTaBsieHne o MacwTabax, aTomMm BoaopoAa Npv KOMHaTHOM
TeMrnepaType OBUMXKETCHA NPUMEpPHO Co cKopocTbio 600 MeTpoB B CekyHAY (0KO0 ABYX
CKOpPOCTEN 3BYKa), B TO BpeMs Kak y noeBepxHocTn CoJIHLA ero CKOpoCTb COCTaBnseT
3000 meTpoB B cekyHAy. - lNMpuM. aBT.

13

YcTponcTteo, nsobpeteHHoe M. ®apageem B 1936 r., 4n1s 3KpaHNPOBaHMA annapaTypbl
OT BHELUHUX 3NEeKTPOMarHUTHbIX nonen. - Npum. pea.



14

MakcBenn, Ixenmc Knepk (1831-1879) - woTnaHACKUN PU3NK, MaTEMATUK K
MexaHuk. - [NpuMm. pen.

15

CucTema ypaBHEHUI, ONMCbIBABLUMX JIEKTPOMArHUTHOE MoJie U ero CBA3b C
3N1EKTPUYECKNMIN 3apsadaMn 1 TOKaMn B BaKyyMe 1 CMJIOLWHbIX cpedax. - MpumM. pea.

16

Baluu BonOCHl OCTalOTCA, COOTBETCTBEHHO, C MNOJIOXKUTE/NIbHBIM 3apA40M, MO3TOMY 3TOT
TPIOK 3aCTaBUT TOHKWE BOJIOChI BCTaTb Abl6OM. Tenepb y)Ke MO3NTUBHO 3apsXKeHHble
BOJIOCbI OTTaJIKUBAKOT APYr APYyra N NbiTaloTCAa OTAANNTLCA APYr OT ApYyra, HaCKOJIbKO
3TO BO3MOXXHO. - [1puM. aBT.

17

OLOVH KeNnbBUH paBeH ogHOMY rpagycy Lenbcus, HO WwKana KenbBUHa He nmeeT
oTpuuUaTeNbHbIX YACEN N HAYUHAETCHA OT abCONOTHOro Hy NS (TemnepaTypbl, NpuU
KOTOPON MOJIeKYNsApHasa akTUBHOCTb MUHUMasbHa). Booa 3amep3aeT npu 0 rpagycos
no Llenbcuto, 4To okono 273 rpagycoB KenbBuHa. - MpuM. aBT.

18



B poccuinckon Tpagmuum npumMmeHsaoTca oba TepMmnHa, «becuBeTHaa» n «benaa»
YaCcTuua - YaCcTuUua C HyJIeBbIM LIBETHLIM 3apsaaoM. - Mpum. nep.

19

DNIeKTPOHbI Tak>XXe ABUXYTCA ObICTpee, HO Ha TaKMUX BbICOKUX CKOPOCTAX, YTO MPUpoCT
CKOPOCTU He faeT CUJIbHOW pa3Huubl. IX eAMHCTBEHHasA PoJib B MJjla3mMe BHYTPU
3Be34bl - obecneynTb «pa3MasaHHbIN» POH OTpPULATEsIbHOIO 3apsfa, COXpaHsasa BCIO
3Be3y 3/1IeKTPNYEeCKN HenTpasbHoW. - MpuM. aBT.

20

EOMHMUBI N3MEepeHNa OCHOBAHbI Ha SHEPrun, cogep xaLlencsa corjiacHo ypaBHEHUIO
E= mc

: MacCa BepxHero KBapka B 2/3 MeV/C

NMoKasblBaeT, YTO NnpesBpaLleHne BepxXHero KBapka B aHepruto BoiceoboanT 2.3
MUNIMOHA 3NIEKTPOHBOJILT 3HEPrum (B 06bIYHbIX YCNIOBMAX 3TO NPONCXOAUT, KOraa
BEPXHUN KBAPK aHHUTUJINPYET CO CBOEN NPOTUBOMOJIOXKHOCTbLIO N3 MUpa
aHTUMaTepun, BbicBobo)XaAasa ABa OTOHA, Ka)Xabln ¢ 2.3 MeV sHepruen). Ecan
NOCMOTPEeTb C APYron CTOPOHbI, TpebyeTca 2.3 MeV sHeprun coypapeHus ans
CO3[laHNA BEPXHEro KBapka B yckopuTesie 4yacTtuy, (nnu, ¢ bosiee NpakTUYeCKON TOYKN
3peHuns, 4.6 MeV ansa co3faHusa KBapka M aHTUKBapKa Kak napsbl). - MNpuMm. aBT.

21



Ecnu Bbl geTanbHO pacCMOTpUTE NpoLecc CJINAHUSA aTOMOB BOAOPOAA, OH OKaXkKeTcCs
DOBOJIbHO C/NOXHbIM, C MHOXXECTBOM BO3MOXXHbIX MPOMEXXYTOYHbIX MyTEWN,
BKJIIOYAOLWMNX B3aUMOOENCTBME C AOMNOJHUTESIbHBIMU YaCcTULAMN U BPEMEHHbLIM
dhopMmpoBaHMEM HeCTabnnbHbIX 3/1IEMEHTOB. ECn »XKe pncoBaTb KapTUHY KPYMHbIMK
Ma3KaMW, eQUHCTBEHHOE, YTO MMEEeT 3HAYEeHME - 3TO Pa3HULLA B IHEPTUAX MeX Oy
Havas/ibHbIM COCTOAHUEM (4eTbipe CBOOOAHbIX MPOTOHA) U KOHEYHbIM COCTOAHUEM
(apgpo renng). - NMpum. aBT.

22

Hawa ny4wasn Teopusa rpaBuTaumm - obuias Teopmsa OTHOCUTENLHOCTU, OHa
OMUCbIBAET BAMSIHME TPaBUTaLIUN B TEPMUHAX NCKPUBJIEHUS MPOCTPAHCTBA U
BPEMEHW, KOTOPbIE FagKue 1 NPoTsXXKeHHbIe. [lpyrne Tpu CUiibl ONMUCbIBAKOTCA
KBAHTOBbIMU TEOPUSMU, KOTOPbIE BKJIIOYAOT OTAE/NbHbIE YaCTULbl U HEOXKUAAHHbIE
CNlyYalHble OTKJIOHEeHUS. MaTeMaTu4yeckne TeXHUKN, NPUMEHsIEMblE K OHOW Teopuu,
He TaK-TO JIerko NMPUMEHNTb K ApYyrum, u npobaema HanTu cnocob coyeTaTb UX,
4yTO0bbl CO3AaTb KBAaHTOBYO TEOPUIO FPaBUTaLMKN, 4OBOAUT (PU3NKOB-TEOPETUKOB A0
NCCTYMJIeHNA B TeYyeHne gecatmneTuin. K c4acTblo A5 Hac, CUTyaunmn, roe Bam Hy>XKHa
Cpa3y 1 KBaHToBas un3nka, n obuias Teopmss OTHOCUTENBLHOCTU, O4YEHb pPeaKu -
Hepaneko OT LeHTpa YepHOW Ablpbl NN BO BpEMeHa Havasia BceneHHoW, To eCTb 3TO
He TO, 4TO Bbl BUANTE BO BPEMS CBOEro YTPEHHEro MouunoHa. - lNMpum. aBT.

23

K oy 3 H, Knang JloppenH (1919-1974) - aMepnKaHCKUN (PN3NK-TEOPETUK, CO-
NnepBOOTKpPbLIBaTENb HENTPUHO BMecTe ¢ Ppenepunkom PanHecom. - Mpum. pega.

24

PawnHec Openepuk (1918-1998) - amepukaHckmm pnsnk, npoceccop. Jlaypeat
Hob6enesckon npemun (1995). - NMpum. peg



25

PanHec pa3gennn Hobenesckyto npemMuto no pmnsnke ¢ KoysHom, KOTopbIi yMep B
1974 r., a aTa NpeMus He NpUcCyxgaeTcs nocmepTHoO. 1Be apyrmx HobenesBckmx
npemuun 6binn gaHbl 3a paboTbl C AeTeKTopaMn HENTPUHO PenmoHay [lenBucy-
Mnaawemy n Macatocn Kocube B 2002 r., a Takxe Takaaku Kagsute n Aptypy b.
MakgoHanbay B 2015-m. - MpuM. peg.

26

B xone 3Toro npouecca nNnpoToH Tak>Xe A0JKeH NMbo NCNyCTUTb NO3UTPOH
(3KBUBasIEHT 3N1eKTpoHa B 0b6nacTu aHTuMaTepun), 1Mbo NOraoTUTb OAUH U3
OFPOMHOI0 KOJIN4YeCTBa 3JIEKTPOHOB, OCTABLUMXCA OT U3HAYaIbHOro rasa,
npucyTtcTeytowero B ConHue. J1iobon n3 n3ny4eHHbIx no3nTpoHoB byaeTt 6biCTpo
AHHUTNANPOBATb C OAHMM N3 YNOMAHYTbIX 2/IEKTPOHOB, TaK YTO KOHEYHbIN pe3ynbTaT
ONnsa BHelwHero HabnwaaTensa bygeTt cneayowmm: oguH NPpoTOH N OAWH 31IEKTPOH
ncyesnun, oCTaBMB OANH HEMTPOH U OAHO HENTPUHO BMecCcTo cebs. - NMpum. aBT.
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To, 4TO 3HEeprun Npun S4epHOM CANAHUMN CTaHOBUTCH BCe MeHbLUe Npu nepexone K
bonee TAXKeENbIM 35IeMeHTaM, MOXeT OblITb MOHATO B TEPMUHAX SHEPrUN CUITIbHOIO
B3aMMOLenCTBUS, BbiCTynatuwien B popMe MaccChbl: SHeprusa TpebyeTtcsa onsa Toro,
4TOObI Aep)XaTb ABEeHaALATb KBapPKOB BMeCTE B AApe resins, OHO CyLLeCTBEHHO
MEeHbLLe YeM Ta, YTO HY>XKHa A1 YeTblpex 0TAe/bHbIX, HE CBA3aHHbIX Mexay cobon
NPOTOHOB. HO N0 Mepe yBesInYeHUs Koin4yecTBa 4YacTuL, NpPUpoCT SHeprunm
yMeHbLIaeTCAa. ODTO HEMHOI0 NOX0XKe Ha OpraHn3aLNoHHY0 3PPEKTUBHOCTb rpynmnbl
nogen: nBa 4yesnoBeKka, KOTopble COBMECTHO MoJIb3YOTCA NOMeLleHneM, niaTaT 3a
Hero gewesne, 4em OAUH, HO fobaBneHne cocengen NO KOMHaTe SKOHOMUT OEHbIN
NNWb A0 onpefeneHHoro MomMmeHTa. Pacxoabl Ha 06yCTPONCTBO WeCToro cocega no



KOMHaTe MOryT MPEeBbICUTb SKOHOMUIO Ha KBapTnsaTe. Takum e obpa3oMm, aHeprus,
nosiyv4eHHas 3a cyeT aobaBaeHns HOBbIX YacTuL K BonblioMy sapy, HEAOCTAaTOYHO
Besinka. - [puM. aBT.
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OTK ONbITbl MOXKHO AeNaTb, TONIbKO ecnn oba npegmeTa AOCTAaTOYHO MAOTHbIE, YTOObI
npeHebpeyb CUION cONpoTMBIEHUA BO3ayxa. Ecnm Bbl BygeTe 6pocaTb BHU3 CKpenKy
ana éymarm n nepo, ckpenka byneT nagaTb 6bICTPO, B TO BpeMsA Kak nepo byanet
onycKaTbCs Ha 3eM/ito MmeasieHHo. Cuna rpasuTaumn, 4enCcTByloWas Ha HUX,
OOVHaKOoBa, B BaKyyMe OHW JOCTUrn 6bl 3emMan 0AHOBPEMEHHO, Kak 3TO ObIs10
TeaTpasibHO NMPOAEMOHCTPUPOBAHO KOMaHANPOM [1311BOM CKOTTOM BO BPEMSA MUCCUN
«AnonnoHa-15» Ha JlyHy. - NpuM. aBT.
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KO H r, Tomac (1773-1829) - aHMIMNCKUIA YYEeHbIN LUNPOKOro npodunnsa: pusuk,
MeXaHUWK, Bpa4, acTpPoHOM, hunosor, BocTokosen. - [MpuM. pegn.

30

Ecnm Bbl XOTUTE YBUAETb 3TO CaMU, TO AOJ/DKHbI cAeNaTb ABe TOHKME Npope3n Ha
KYCOYKE aJIloOMUHMNEBOWN (HOJIbIM N OCBETUTb UX C MOMOLLIbIO Ia3epHON YKa3ku. [pyroe
SIBIEHNE, TaKXXe 04E€Hb TECHO CBA3AaHHOE C 3TUM OMbITOM, €Lle NpoLle YBUAETb: ec/n
Bbl MOCTaBUTE NPsAb BOJIOC Ha NYTWN Nla3epPHON YKa3KN, CBETOBbIE BOJIHbI 0O0OrHYT
OTAesbHble BOJIOCMHKM C pa3HbIX CTOPOH, C/I0XKATCA 1 co3aanyT obpas (maTTepH) n3
MHOXKecTBa NaTeH. - [puM. aBT.
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OaovH HaHomMmeTp paBeH 10

MmeTpa, nan 0.000000001 ™. - lNMpwum. aBT.
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®payHrodep, Nosed doH (1787-1826) - HeMeLKUN DUNK-ONTUK. - MprM. pea.

Kynute: https://tellnovel.me/orcel-_chad/zavtrak-s-eynshteynom-ekzoticheskaya-fizika-
povsednevnyh-predmetov
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