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IIpeaucaoBue

Craosicume MHe wmo makoe 31eKmpu4ecmeo u s
o0wsicHI0 Bam 6cé ocmanvhoe.
B. Tomcon (a0po Keaveun)

370 OBUIM HE MYCTHIE CIIOBA OJHOTO U3 OTILIOB KJIACCHYECKOM
(pusuku, B HUX coaepKalicsl ITyOOKHMIl CMBICH €II€ HeMO3HaH-
HOT'O [0 CHX IOp SBJIEHUS MPUPOIBl. 3HAYMMOCTb JIEKTpUYe-
CTBa ISl XO35IMCTBA BCEW IUIAHEThl TPYAHO MepeoleHuTsb. Eie
100 sier Ha3ag MBI IOJIB30BAJIMCH JIMILB IAPOBO3AMU U I'YKEBBIM
TPAHCIIOPTOM — CETO/IHSI KPYTOM JIEKTPUYKH U JIEKTPOMOOUIIH,
Jia)ke IOMUAOPBI U T€ BBIPAIIUBAIOT MO]] JEKTPUUYECKUM CBETOM.
Kpyrom onHoO 31ekTpudecTtBO. MOXET JIu UCKYCCTBEHHBIN CBET
3aMeHuUTh cBeT CoHIa? A 4To MBI 3HA€M PO IPUPOLY U CTPYK-
TYpY 2JE€KTPUYECTBA — HUYETO WIM MOYTA HU4Yero. Be€ mosTo-
psiercs, Kak U ¢ UCTOPUEN JIEeKTPOMArHUTHBIX BOJH. [Ipumene-
HUE KPyroM, a O IPUPOAE, CTPYKTYpe U 3apsijie IHEPTUu CaMo-
JBUAKEHUS] (POTOHOB — HUYETO HEU3BECTHO. TakkKe M C aTOMOM,
€ro A1poM M eKTpoHamMu. CKOJIBKO Maccyl B KJIaCTEPE BeEIlle-
CTBa, CTOJIBKO U JIEKTPUUYECTBA MPOU3BOIAT €r0 aTOMHBIE fAApa
Y aTOMBI.

DeKTpUYECTBO OBUIO BeIMYaMiei mpodiaemoit ¢yHma-
MeHTabHOU (husnku XIX Beka, a crajio erie OOJbIned mpooe-
MOU He ToJIbKO (pu3uku XX Beka, HO ¥ Havaia XXI Beka.



Kak u B nan€ékux 40-x npouutoro Beka, korga I'. Konep nosny-
Yaj 00bIYHOE IEKTPHUYECTBO PE30HAHCHBIM B3aMMOICUCTBH-
€M LEHTPAJIBbHOIO MOJIS TATOTeHUs (FPaBUTALMOHHBIM 3(pup)
C aTOMHO-MOJIEKYJISIPHBIM BELIECTBOM CBOETO MAarHUTHOIO Ie-
Hepartopa, Takxke u D, ['pail ocBom mpeoOpa3oBaHKe BCIIBIIIEK
«paduanmuozo 3rekmpuuecmea» H. Tecna B 00bIYHOE 3TIEK-
TpuuecTBo. A B peaktope Bauaea A. B. atoMbl BOjbl, NOHU-
3MPOBAaHHbIE MUKPOILIAPOBOM MOJIHMEW IIa3MOMJIA, TEHEPUPO-
BQJIM C MOMOIIBI0 OCBOOOAMBIIMXCS U 3aXBAYEHHBIX JIEKTPO-
HOB BO BHEIITHEH 11e1TH, TO)Ke 0ObIYHOeE eKTpruiecTBo. Ho BOT
MeXaHHM3M TaKUX PasHbIX MO MPUPOAE MPeoOpa3OBaHUM, Kak
1 OOBSICHEHUE OCHOBHOTO OTJIMYMSI 9TUX JIBYX BUJIOB JIEKTPU-
YeCTBa JI0 CUX NOop Heu3BecTeH. [Touemy?

OTIMYHs CBOWCTB XOJOJHOTO IEKTPUIECTBA OT OOBIYHOTO.
Bo Bcex ykazaHHBIX YCTPOWCTBAaX MCIOIb30BAIMCh AKTUBU3UPO-
BaHHBIE I€HEPATOPBI-OCHWIIATOPBI, HO pa3HbIE 110 IPUPOIE —
MarHMTHbIe reHepatopsl Kosepa, sjekTpudeckni TpaHcgop-
matop Tecna wnm xonoaneii miaasmomnJ BavaeBa. OpHu uc-
NI0JIb30BAJI TPABUTALIMOHHBIE 101, IPYTUE SJIEKTPUIECKHE T10-
JIs1 aTOMa, TOCJIEIHUE UCTIONb30BAJIM OCBOOOIMBILINECS IEKTPO-
HBI.

Ilepsble onpenenenus nekTpuyecTsa Jansl b. @pankianHoM,
M. ®apageem, [1. Kumu u H. Tecna — ero anemMeHTsl 310 3J1€K-
TPOH U 3pup.

CyTb MexaHu3Ma nposiBieHus apdexra maccwl!, anexkmpuue-

1 o
HpOHBIICHI/Ie MAacCChI 9JIEKTPOHA ONPEACIACTCA B3aUMOACHUCTBUEM €I0 IrpaBUTAllA-



CK020 3apsi0a, CIMHA, MATHUTHOTO MOMEHTA U CTPYKTYPbI JJIeK-
TPOHA — 3TO CTPYKTYPUPOBAHHBIE BHICOKOUACTOTHBIE MPOTYKTHI
U3 3MEKMPUUECKO20, MAZHUMHO20 WU 2pAsUmMAauoHHoz20 3gupa,
IIPOU3BEJCHHbIE HEBHAMMBIM I1yJbCUPYIOLIUM MArHUTHBIM
MOHOII0JIEM? B 3aMKHYTOM BUXPOHeE (I'PaBUTAIIMOHHBIM MOHO-
noiieM ['SMM) c ero Be4HO# 3HEpruerl OTHOCUTEIBHO TOrO
rpoliecca U Bo3pacra Hatien BeeneHHom.

[Tpy BBICOKOI KOHIIEHTpAIMM 3aMKHYTBIX BUXPOHOB, Ha-
npUMep B TOYKE CTOJIKHOBEHHUsI B KOJUIAljiepax, MX BHEIII-
HUE TO0JIsl TOHYKAAIT K B3AUMHOMY CIIMSIHUIO — (DOKYCUPOBKE
Y KOHIIEHTPUYECKOMY OOBEIUHEHUI0 B 000JIOUEUHBIE CTPYKTY-
pbl U3 ME30HOB THUIIA TPOTOHOB-aHTUNPOTOHOB ((POTO 6), HEW-
TPOHOB-aHTUHENUTPOHOB ((POTO 5), AEUTPOHOB-AaHTUIEHUTPOHOB
JO QHTUTPUTHUS. DTO O3HAYAET, YTO MHUKPOCKOMUYECKHE BUX-
peBble MarHWTHBIE NMOTOKM KBaHTOBaHbl. OJMHAKOBBIE 10 3HA-
Ky BUXPEBbIE MOHOIIONU CIIOCOOHBI CHHXPOHHO 00beJUHATH-
¢Sl C COCETHUMU C TIOMOIIIBI0 CBOUX MOJIeH KaK M0 BEPTUKAJIH,
TaK 1 N0 TOPU30OHTAJIM, a C HPOTHBOMOJJOKHbIMH HE COEIUHSI-
I0TCSl HUKOT 1.

[Ipu 3TOM CHUH SBISAETCA UCIOIHUTEIEM 3aKOHA COXpaHe-
HUsI SHEPTUU U XapaKTepU3yeT COCTOSIHUME SHEPruv B HOCUTE-
Jie 3apsiia IBUKEHUS. DHEPrusi MArHUTHOTO (TPaBUTALIMOHHOTO)
MOHOIIOJISI B BUXPOHE MOXET ObITh TIOJIOKHUTEIILHOM M OTpHIIa-
TeabHOU. [lonHOE mpeBpallieHue SHepruv B 3apsle ABMKEHUS

OHHOTO IOJIsA € HEHTPAJIbHBIM I1OJIEM TATOTECHUS 3CMIII/I, a He ¢ rosieM O030HOB XHUITCA.

2 IManpun A. A. Buxpousl. U3narenscrso TpoBanT. Mocksa -2011, crp. 232.



OT MOJIOKUTEIBHOTO 3HAYEHHSI /10 OTPULIATENILHOTO BBITIOTHSET-
Csl B CUCTEMax C LIEJIbIM U HYJIEBBIM 3HAYEHHEM CIIMHA, a C TO-
JIYLEJIBIM — OHO MMEEeT TOJIbKO OJHO 3HAUYeHUE, U4TO U MOPOKAa-
€T B3aMMHbIE NIEPEXO/Ibl MEXKy MEXaHHYEeCKHUMH U DJEKTPO-
MarHUTHBIMH BUXPOHaMU®.

[maBHBIA BBIBOJ ISl HAYKU W3 3TOM pabOTHI — ITO CO37a-
HUE Oompe/eJeHHH 3JIeMEHTAPHBIX IEKTPOMATHUTHBIX U Me-
XaHUYECKUX CBOOOJHBIX U 3aMKHYTBIX MUKPOBUXPOHOB, KaK
HOBOWU (hOpMBI CyOCTaHITMU JIEHCTBYIOIIEN IHEPrUuu, OObEKTUB-
HO CYHIECTBYIOLIEM B NPUPOJE, OTCYTCTBYIOIIEW B OMNpeesie-
Husx cucteMbl CY. MarHuTHbIIE MOHONOJb, POXJIAIONTUICS
IpY JTIOOBIX U3MEHEHUSIX MEKTPUUECKOTO WA I'PaBUTAIIMOHHO-
IO MOJIsl, SIBJISIETCS MAaTePUHCKHUM 3apsiIOM YHEPruu, HUKO-
I He CYIIECTBYET B BU/IE OT/IE/IbHOM YACTHUIIbI, a BCET/1a BXOAUT
B COCTaB CBOOOHBIX WM 3aMKHYTHIX BUXPOHOB.

CamonBukeHre CBOOOHBIX BUXPOHOB (POTOHOB 00YCIIOB-
JICHO Mepe3apsiIKOM MO 3HAKY MarHUTHBIX MOHOIIOJEHN U Iie-
PEHOCOM 3apsi[ia SHEPrUU Ha JIJIMHY BOJIHBI Yepe3 MPOTUBOICH-
CTBYIOIIUI 9TOMY MPOIIECCY MEKTPUUECKUN MOHOMONb. [[mHa
caMOJBIKeHUsI (DOTOHA OECKOHEYHA IO CPABHEHMIO C pa3Mepa-
MU Hairedi BcelleHHO, a ero 3apsiji SHEprur — BeUeH ¢ HeOOJIb-
MM NOKPACHEHHEeM B KOHIIE MyTU. MarHuTHBII MOHOIIOJb
u ero marepus (cepa 3apsia SHEpruM BUOpaTopa U MarHUTHBIC
3€pHA-MIOTEHIMAJIBI) BCErJa JBUXKYTCS CO CBEPXCBETOBOW CKO-

3 MMagpun A. A. Buxponel. MnocrpupoBanHoe usganue. Mocksa. Jlutpec.
2013 roa. Crp. 667.



POCTBIO, a TIPM KBAHTOBOM KOHJEHCAIUM Yepe3 MOCPEICTBO
TOPMOKEHH I NEKTPAYECKOTO MOHOMOJISI BUXPOHA BHEIITHUM I0O-
JIeM, OH JIeJIa€T KBAHTOBBIM MEPEXOl B CBOW AHAJIOr — IpaBU-
TAIIMOHHBIA MOHOIIOJIb, CYIIECTBYIOIIMI MPU CKOPOCTSX HUKE
ckopocTH cBeTa. POTOH, KaK 3/1eMeHTapHasi 4acTulla, He UMe-
€T BHENIHHUX MoJeH KpoMme (PUKCUPOBAHHOTO B JUCKPETHOM
MPOCTPAHCTBE TPEKA U3 MPOTUBOIOJIOKHO 3aPsIKEHHBIX JIEK-
TPUYECKUX 3€peH-noTeHIManoB. CriuH (DOTOHOB paBeH 1IeI0n
eIHMUIIE.

3aMKHyTBble BUXPOHBI 00pa3ylOT JIeMEHTAPHbIE YACTHIIbI
U Jpyrue KOPITYCKYJISIPHbIE KBA3UYACTHIIBI C MACCOLL, OOYCIIOB-
JICHHOM BHEIIIHUM HM3Jy4eHHEM KJlacTepa rPaBUTAIIMOHHBIX MO-
JIell OJHOTO 3HAaKa MPY paspsijike T'PaBUTAIIMOHHOTO MOHOIO-
a1 'SMM, 410 MrHOBEHHO MOPOKJAET MATHUTHBIM MOHOIIOJb
Y MOHOIIOJTb JIEKTPUYECKUU. TaKkue 4yacTUlIbl yke UMEIOT BHeI-
Hee MoJie U3TyYeHHe — MarHUTHOEe, IPaBUTAIIMOHHOE U SJIEK-
Tpuueckoe. CIUH TaKUX YacTHIL TTOTYLIEbIN.

W3 oObgHOTO 37MeKTpuueckoro Toka Tecnma cymen oTae-
JHUTh JEKTpUuuecKuil 3pup (knactep obOnaka MEKTPUUYECTBA
U3 EKTPUYECKUX 3EPEH-TOTEHIIMATIOB) OT JIEKTPOHOB U WH-
TErpupoBaTh €r0 pacnpeaeJéHHbIM Ha JJIMHE CBOEH Karylll-
K€ C MOJTYYEHUEM OYEHb BBICOKOTO JIEKTPUYECKOrO MOTEHIINA-
na 1o 200 000 BosbT O€3 TOKA B CTAaTUKE. DTOT X0A00HbLIL 3¢hup
ObLT 3aXBaYeH U3 MOIITHON UMITYJIbCHOM IyTH B Pa3psTHUKE, BbI-
BeJICH U3 KOJIJIEKTUBA aTOMOB-MOHOB TOJISIPU30BAHHOTO KJIACTe-
pa BemiecTsa (C BO3MOKHO OOJIBIIIEH MacChl aTOMHO-MOJIEKYJISIp-



HOT'O BEIIIeCTBA) C TIOMOIIIBIO TTPUJIOKEHHOTO BBICOKOBOJIBTHOTO
(2000 B) 2m€KTPUYECKOrO UMITYJIbCA MIOTEHIMAIA C OOHUM KpY-
THIM (DPOHTOM OJIHOTO 3HaKa. 3aTeM OH C(HOPMHUPOBAT U3 HETO
6e3MaccoBOe 001aKO KpY2n020 3NeKmpuvecmea W ONeprupoBa
UM CBOMMHU HE3AIIUINEHHBIMU PYKaMU, KaK C HAIyBHBIM IIAPOM,
NepeKJIaIbiBas ero U3 KOPoOKU B KOPOOKY, MM KaK C KUAKO-
CThIO, TIEpe/IUBas ero B OyThUIKY. Tecaa Ha3Ba TOT IIap X0100-
HbIM KPY2AblM 21eKmpUu4ecmeom. 3aTeM OH MPOAEMOHCTPUPO-
BaJI 9KCIIEPUMEHTAJILHO J1BA Pa3HbIX CBOMCTBA, PUCYIIIUX OOBIY-
HOMY TOKY U3 JEKTPOHOB U XOJIOJHOMY TOKY U3 3cpupa —
IEKTPOHBI TIPEANOYUTAIOT UATH 1O TOJCTHIM MEIHBIM MTPOBO-
JaM C MaJIbiM COIPOTHBJICHUSIM, a NEKTPUYECKUid 3(pup cro-
COOEH MEePEeHOCUTh CBOW MOTEHIHAJI* HaJl MOBEPXHOCTHIO TOH-
KHX ITPOBOJHUKOB C OOJIBIIIM COIPOTUBJICHUEM WJIH JIAXKE Je-
pe3 paspbiB B LeNU. JTU IP@PEKTH XOPOIIO AEMOHCTPUPYIOT-
Cs1 CBETAIIEWCS NEKTPUIECKOU JIAMIIOYKOM € IIEPErOpeBILIe HU-
Thi0 HakaJimBaHus KocrnHoseiM H. B..

DJeKTPUIECTBO — ITO BTOPasi OCHOBHASl XapaKTEPUCTUKA
1ocJie Macchl, KOTOpasi sIBJIIETCS MPU3HAKOM SIKOOBI XOpO-
110 U3y4eHHOTOo (4,9%) Bcero BUAUMOro aTOMHO-MOJIEKYJISIPHO-
ro BeliecTBa Ha pone 95,1% ellle HeM3y4EHHOrO U TEMHOTO.

['maBHBI BOIIPOC — /17151 YETO HYKHO XOJOJHOE dJIeKTpu4e-
CTBO, BeJlb eCTh ke 00bryHOe? OTBETy Ha ITOT BOIIPOC U MOCBSI-

* B sr0ii knure aBTOP OIPEIE/INI €r0, KaK 3aps] JEKTPUUECKUMU 36PHAMU-TIOTEH-
LaJIaMU WIN KaK 3apsifi MMEKTPUIECKUM MOTEHIMAIOM, WIM KaK 3aps] SJ1eKTpuue-
CKMM TOTEHIIMAJIOM OJTHOTO 3HaKa.



I[IEHA 9Ta KHUTA.



BBenenune

Henb 30 anpens 1897 roga oduiMaabHO CUUATAETCS JAHEM
POXJIEHH I IEPBOM JIEMEHTapHOW YaCTHUIIbl, HOCUBIIIEH IEKTPU-
YEeCKHI 3apsiji — 3TO CTaOWUJIBHBI M BEYHBIN JEKTPOH. B 3TOT
neHb raBa KaBenauiickoit madopatopuu v wieH JIOHIOHCKOTO
KoposieBckoro oomiectBa Ixo3ed Ixxon TomcoH caenan ucro-
puueckoe cooOmenue «Kamoomvie ayuu» B KoponeBckom MH-
crutyte BenmmkoOputanum, B KOTOPOM OOBSIBU, YTO €r0 MHOTO-
JIETHUE UCCIIEIOBAHUS AJIEKTPUUECKOTO pa3psiaa B rase npu HU3-
KOM JIaBJIEHUU 3aBEPIIWIOCh BBISICHEHMEM HNPHUPOAbLI KATOJ-
HBIX JIy4enl.

BaxxHOCTB 3TOr0 COOBITUSI HECOMHEHHA JIJISI TEOPETUIECKON
uzukn XX cronerus. [Ix. Ix. TomcoHoM BriepBbie OblTa aa-
Ha OIIEHKA BEJIMYMHLI OTHOIIEHHsI MAacChl K BEJIMYMHE JJICK-
TPUUYECKOTO 3apsi/ia YACTULl KATOIHBIX JIy4yel M0 BH3yaJbHbIM
NMPUYUHAM, TIO3]IHEE OTOXJIECTBJIEHHBIX C JIEKTPOHOM. B co-
BpPEMEHHOI (pu3MKe Macca M 3apsijl JEKTPOHA SBISIIOTCS (PyH-
JAMEHTAJIbHBIMUA KOHCTAaHTaMU U CJTy>KaT OCHOBOM OIpe/ie/IeHUsI
MHOrux Apyrux. ®yHnameHTa bHble KOHCTAHTBI BXOIAT B YPaB-
HEHUSI M3 CaMBIX Pa3MuYHBIX oOyacTeid (pU3WKU, AEMOHCTPH-
pysl TEM caMbIM CBOIO YHMBEPCAJIbHYIO MPUPOAY. B cuity atoro
9TU KOHCTAHThI SIBJISIIOTCSI OCHOBHBIM MHCTPYMEHTOM, IMO3BOJISI-
IOLUM CPAaBHUTb TEOPHIO C IKCIIEPUMEHTOM.

Hcropust OTKPBITHS JIEKTPOHA — 3TO MPEKE BCETO UCTOPHUSI



NOYTH TPEXCOTJIETHEH IUCKYCCUM O IPUPOIE EKTPUUECTBA.
«Ckaxxure MHe, YTO TaKOe JEKTPHYECTBO, H 51 00'bSICHIO
Bam Bce ocrasibHOe» — B. TOMCOH. DTO UTOT 3TUX AUCKYCCUU,
T.€. JIO CHX MOP IO CYLIECTBY 00 JIEKTPUUYECTBE U €ro MpUpoje
HEU3BECTHO MOYTH HUYETO.

ComracHO COBPEMEHHBIM aKaJEeMUYECKUM IPEACTaBICHUAM
(CAII) TpaguumoHHOM (PU3UKU JIEMEHTAPHBIX YACTHUIL: SJIeK-
TPOH — CTaOWJIbHAS OTPULIATEIBHO 3apskKeHHasl dJieMeHTapHast
YaCTHLIA, OJHA U3 OCHOBHBIX €/IMHUIL BEILECTBA. 3apsij JEKTPO-

Ha pase —1,602176487 x10" Kt (mmm —4,80320427 x10~

10 en. CrC3 B cucreme CI'C); macca npumepHo B 1836 pa3

MeHbIIIE Macchl MPOTOHA U paBHa 9,10938356 x 103! kr. Drex-
TPOH CUUTAETCS] HeJIeJUMbIM U 0€CCTPYKTYPHBIM, y4acTBYeT
B CJIA0BIX, IEKTPOMArHUTHBIX U TPABUTAIIMOHHBIX B3aUMOJICH-
CTBUSIX.

SIpKuUM NpUMEpOM y4acTusi EKTPOHA B C1a0bIX B3aMMOJEH-
CTBUSIX sIBJIsieTCs1 OeTa-pachal.

JBU:KeHHe CBOOOIHBIX JIEKTPOHOB OIpE/EIisieT TaKue sIB-
JIeHUs1, KaK JIeKTPUYeCKUi TOK B BaKyyme. B metaimueckux
MPOBOIHMKAX JIO CHX TOP OTCYTCTBYET OIpee/ieHre IeKTPU-
Jyeckoro Toka. IlpesacraBieHusi 00 MEKTpOHE THNOTETUYHBI,
NPOTHBOPEYNBHI H HMEIOT OIMHOKU HAPYIIeHUsI MPUYNH-
HO-CJIe[CTBeHHbIX cBsizeil. Macca anexktpona B CAII ompe-
JeJsieTcsl, KaK 4acTh MAacchl PYrofl YacTHIIbl — MPOTOHA, Ybs
Macca, B CBOIO OUepe/ib, SIBJISIETCS] MPOAYKTOM B3aUMOAEUCTBUS



¢ 6030HOM Xurrca nociie bosnbioro B3peiBa. HukTo erie He ipu-
BEJI I0OKA3aTeJIbCTBA, YTO JIEKTPUUYECKUU 3apsi/i JNEKTPOHA COOT-

BETCTBYET BbIIlIe MpUBeIcHHOMY 3HaueHuo 1,602176487 x10™

P K. DJIEKTPOH SABJISETCS OCHOBHBIM CTPYKTYPHBIM 3JIEMEHTOM
aroma BeLLECTBA.

BaxHBIM M BIIOJIHE 3aKOHOMEPHBIM IIArOM Ha IyTU U3yYe-
HUS SMEKTPUUYECKUX SIBJIEHUH ObLIT Mepexof OT KaueCTBEHHBIX
BU3YAJBHBIX HAOMONCHUI K YCTAHOBJIEHHMIO KOJIMYECTBEHHBIX
CBSI3€l M 3aKOHOMEPHOCTEW, K pa3palOTKE OCHOB JIEKTpHYe-
crBa. Hanboree 3HaunTE/IbHBIN BKJIA]] B pEILIEHUE STHX TPoOIieM
ObLT caeaH aMepUKaHCKUM y4yeHbIM b. ®pankmmHoM (1706—
1790 r.r.) u nerepOyprckumu akagemukamu M. B. Jlomonoco-
BeIM (1711 — 1765 r.r.) u I'. B. Puxmanom (1711 — 1753 r.r.),
a takxe M. ®@apazeewm, . Kumu u H. Tecna.

b. ®paHKJINH SBISIETCS AaBTOPOM TIEPBOM TEOPUH 00 TEKTPH-
YECTBE, TaK HA3bIBAEMOW «YHUMAPHOLL Meoput» NEKTPUIECTBA.
OH npu1es K BBIBOLY, YTO 3JIEKTPUUYECTBO MPEACTABIISET COOO0M
KUAKOCTh (TOJBKO OJHOIO POJa), COCTOSAILYIO U3 «upe3ebluali-
HO Heynosumblx yacmuiy». Takum 0O6pa3om, OH BIIEpBbIE BBICKA-
3aJ1 MIPEIIOIOKEHNE O MAaTePHAJBLHOM XapaKTepe J1eKTpruyie-
crBa. OH TakXke BBOAUT MOHATHE IOJOKHTEJBHOIO U OTPH-
narTeJbHOro 3apsna. ConiacHoO ero npeacTaBIeHUsAM, KOTAa sSH-
TapHYIO NAJIOYKY HATUPAIOT MEXOM, YaCTh JIEKTPUYECTBA NIEPe-
HOCUTCS OT NAIOYKH K MEXY, OPOXKJast HEJOCTATOK JIEKTprUyIe-
CTBAa Ha SHTAPHOH NaJloyke M ero u30bITOK Ha mexe. Henocra-
TOK 3JIeKTpyuyecTBa PPaHKIIMH ONpElNeNny, Kak OTpHIaTeb-



HOE€ 3JIEKTPUYECTBO, a M30BITOK — Kak MOJIOKHTeJbHOe. Ko-
JIMYECTBO JIEKTPUYECTBA (ITOJIOKUTEILHOTO UM OTPULIATENIbHO-
r0), 3aKJIIOYEHHOTO B JIIOOOM TeJie, OH Ha3Bajl IEKTPUUYECKUM
3apsioM Tesa. @paHKIIMH BB Takke (pyHJaMEHTAIbHYIO THIO-
TE3y — 3aKOH COXPAHEHMs JIEKTPUUECKOI0 3apsAa. DJIeKTpUye-
CKMM 3apsi/i HUKOTAA HE BOBHUKAET (U3 HUYErO) U HE UCYE3aET —
OH TOJIBKO NepeaeTcs (0T OHOTO Teja K Apyromy). B npencras-
JieHun PpaHKIMHA TTOHSATUS OTPULIATENILHOE U MOJIOKUTENILHOE
JIEKTPUYECTBO IMOHMMAIOTCS, KaK €ro HeJOCTaTOK M M30BITOK,
YTO HE TOXKJIECTBEHHO MAaTEMATUYECKOMY MMOHSTUIO MEHBILIE HY-
JIs1 WK OOJIbIIIe HYJISI.

Haunbonee wHTEpecHbI MpeACTaBlIeHUsS] 00 3JIEKTPUUECTBE
Ha 1891 ron H. Tecsbl, KOTOpbIE MPeCTaBACHBI IUTATON U3 €r0
JIEKLIUM:

«KCITEPUMEHTBI C TIEPEMEHHBIMHMU TOKAMMUA
OYEHb BBICOKOM YACTOTHI U UX IIPUMEHEHUE
K METOJJAM NCKYCCTBEHHOI'O OCBEILIEHHM 1»

«Hem npeomema bonee yenexamenvrozo, 6onee 0OCMOLIHO20
usyueHuss, uem npupooa. Ionsms 3mom 6eAUKuUlli MEXaHusm, om-
Kpblimb Oelicmsyroujue CUabl U 3aKOHbl, KOMopbvle UM Ynpaensi-
IOM — 80M BbICULASL UYENb UEN08EUECK020 PA3YMAL.

Ipupooa xpanum 6o ecenennoll Oeckoneunyio suepeuro. Beu-
HbUl NPUEMHUK U NepeOamuuKx Mot OeCKOHeUHOU SHepeuu —
agpup’. [lpusnanue cyuecmeosanus s¢pupa, a maxaice PyYHKYULL,

5 o o
Jlo cux mop OTCYTCTBYeT ompenelieHue 3(prpa, Kak B 00IIeH, Tak ¥ 9acTHOM (hopme
(Harpumep, 1eKTpUUECKUi 3(oup), a TAKKE ero NPUPOosa, UCTOUHUKU U CBOWCTBA.



KOMOopble OH 8bINOAHSIEN — 860N OOUH U3 BANCHENUUX Pe3YAbMA-
MO8 COBPEMEHHBIX HAYUHBIX UCCAe008aHUll. QOuH MoabKo om-
Kaz om udeu 0eliCmeust Ha PAcCCMOSIHUU, NPeONON0JCeHUE CY-
uecmeosanusi cpedvl, 3aNOAHSIOUEl cOOOI 8ce NPOCMPAHCMBO
U ces3yrowell 8Cio 2pyoyio mamepuro, U3DAsUN0 YMbl MblCAUNE-
A€l OM U38EUHO20 COMHEHUSL, U, OMKPbIE HOBble 20PU3OHNIbL — HO-
8ble Henpeos8UOeHHbLe BO03MONCHOCHIUL, —B803POOUN0 HCUBOTL UHME-
pec K 0A8HO 3HAKOMbIM HAM SIGAEHUSM. MO S8UNOCL BEAUKUM
Wazom Ha nymu NOHUMAHUSL CUA NPUPOOLL U UX MHO2000PA3HO-
20 NPOSIBAEHUS Neped HAUMUMU UYECMEAMU. /[Nt NPOCcEeu,eHHO20
YueHoz20 pusuka 3mo OblLI0 mem Jice, Umo ONsl 8apeapa — NOHU-
Mawue Ycmpoucmea 02HeCmpenbHoz20 OPYIHCUSL UAU NAPOBO2O O8U-
eamens. Aenenus, Ha KOmopbvle Mbl NPUBLIKAU CMOMPEMb KAk
Ha HeKue uyodeca, Henoooaroueecss 0OBICHEHUIO, menepb npeo-
cmaiom nepeo Hamu 8 uHom ceeme. Paspso undykuyuonmoli xa-
MYWKU, ceeueHue Namnvl HaKANUBAHUS, NPOSIBAEHUS MexaHuye-
CKUX CUN INEKMPUUECKUX MOKO8 U MAZHUMO8 — Menepob Yoice
He 3a npedenamu Haulezo NOHUMAHUSL, HAON0OeHUe SMUX séne-
HULL menepb 6Mecmo HeNOHUMAHUSL HABOOUIM HAW PA3YM HA MbIC-
AU O NPOCMOM MeXAHU3Me, U XOMsL 0 €20 OONOOAUHHOL RPUpPooe
MOMNCHO NOKA AUUb CIMPOUNb 002A0KU, BCE JHCe Mbl 3HAEM, UMO
UCMUHA Yoice Hed0120 OYOem COKPbIma Om HAC, U UHCIUHKIMUGHO
uyecmeyem, KaKk Ha HAc NOHUMaHue Hucxooum. Mol éce mak dice
BOCXUULAEMCSL SMUMU KPACUBLIMU S8NEHUSIMU, HEOOLIKHOBEHHDI-
MU CUNAMU, HO Mbl Ydice OoNee He DeCCUNbHBL Neped HUMU, Mbl MO-
JHCeM 8 ONPeOeneHHOTl Mepe 0OBACHUMb UX, U Mbl HA0EeMCsl 8 KOH-



e KOHU08 pazzadams 3my matity, KOmopas OKpyxicaem Hac.
Hackonvko 2ay60K0 mbl CMOHCEM NOCHUUL OKPYHCAIOUAULL HAC
MUp. dma mMulcab 8OAHYEM KAHCO020 UCCAE008AMENSL NPUPOOBIL.
Hecoeepuierncmeo nawiux owgyuienuii He oaem Ham NOHsIMb HeaU-
ouMoe cmpoeHue mamepuu, u AcmMpoOHOMUSL — IMA BEAUMATIUAS
U MOYHENAs U3 eCMEeCMBEHHbIX HAYK, MOXNCEN AUb ONUCHL-
8aMb NPOUCXOOSIU4EE HENOCPEOCIMBEHHO PIOOM C HAMU; Mbl HUUE-
20 He 3HAeM 0 OANeKUX YeoNKax 0e3zpaHuuHol 8CeneHHOl, C eé
OecuucaeHHviMU 36e30amu u ceemunamu. Ho cuna oyxa mosxcem
eecmu HAC 0ANeK0 3a NPedenbl BOCNPUSINUSL HAULUX UYECME, U Mbl
MOJHCEM HAOeSIMbCS, Mo Oadice SMU Heu3eecmmole Mupbl — 0e3-
2PAHUMHO MANeHbKUe U Oonvulie — 8 ONPeOeneHHOl mepe On-
kporomcsi Ham. M éce pasno, oadice ecau 6bl 0ocmuzau ImMux
3HAHUT, NBUNAUGIL YM Hauen Obl Npensmcmeue, 803MONHCHO,
HeNnpeo0oNUMOe COBEPULEHHO, K UCMUHHOMY NOHUMAHUIO 020,
UMmo Kaxicemcst CYyueCmeyouum, moavko AUl GUOUMOCHIb Ye-
20 U ecmb eOUHCMBEHHDILL U OUeHb WAMKUL PYyHOAMeHm Bcell
Hawell punrocopuu. U3 ecex popm Heuzmepumoii, 8cenpoHuKa-
roueti nPUPOOHOLL SHeEP2UU, KOMOPasi OeCnpecmanHo U NOCMOSIH-
HO MEHAEMCs U O8UNCEMCS, U NOOOOHO Oyute OHCUBASIEN UHEPH-
HYIO B8CEeNEeHHYIO, INEKMPUUECME0 U MAZHEMU3M S8ASIOMCSL CA-
MbIMU NAEHUMeNbHbIMU. /lelicmeue pasumanuu, menaa u cee-
ma Mol HAONO0AEM eXHCeOHeBHO, ObICMPO NPUBbIKAEM K HUM,
U O4eHb CKOPO OHU Nepecmaronm YOUBAsimMb U GOCXUULAMb HAC,
HO 21eKMPUHecmeo U MazHemu3m, ¢ UxX 3a2a004HOl 83aUMOCES1-
3610, C UX, NO-BUOUMOMY, OYAAUCTIUMECKUM XAPAKMEPOM, YHU-



KAAbHBbIM CPeOU 8CeX CUN NPUPoObl, ¢ UX PeHomeHamu npumst-
JHCEHUTL, OMMANKUBAHULL U 8PAULEHUTL, CMPAHHBbIMU NPOSIBAEHU-
AMU MAUHCMBEHHBIX A2EHMO8, 8030YHCOAIONT YM U CIIUMYAUDY-
10M K PA3MbUUNEHUSIM U uccaedosanusm. dmo ecmo nexmpu-
uecmeo u umo ecmv mazHemu3m? mu 60npocsl 3a0ar0mcsl
CHOBA U CHOBA.

Hao smoti npobnemoti nHeycmanho OUAUCL camble MANaAHM-
AUBble YMbl, HO 80NPOC MAK NOKA U He NOAYUUA NOAHO20 ONl-
eéema. Ho xomsi daxce u cezo0nst mvl He Modcem chHopmyau-
posamv, umo e ecimv M HEOObIUHBIE CUNDBL, BCe JiCe Mbl CYf-
ULECMBEHHO NPOOBUHYAUCH 8 HANPABAEHUU PEUeHUsi OAHHOU NPo-
onemol. Celiuac Mol Y8epervl 8 MoM, Umo INEeKmpuUecKoe sieie-
HUe U MAZHEMU3M SI8ASIOMCSL COCmasasouumu 3upa u, 603-
MOMNCHO, Mbl HALI0eM QOKA3AMENbCMBA YMBEPHCOEHUIO, YUMo 0eli-
CMEUsI CMAmu4ecK020 31eKmpuuecmaa —smo oelicmaue 3¢gu-
pa noo oas.nexHuem, a siéneHuss OUHAMUUECK020 3AeKmpuue-
cmea u neKmpomazHemu3m — s3mo oeiicmaue 3gupa ¢ 08u-
agrcenuu. Ho u smo npeononodgicenue ne oaem omeema Ha 60-
npoc, — uUmo JHce MaKoe 3NeKMpUUecneo U MAazHemusm.

[pesicoe scezo0, Koneuno dice, 8blsicHum, Ymo makoe snexkmpu-
uecmeo, U Cyuecmeyen A makdask CYywHoOCnb, KaK 3aeKmpuve-
cmeo? Ucmonkosvieast SNeKmpusecKue S6NeHUst Mbl MONCEM 20-
80pUMb 00 3neKmpuuecnee, UMl INeKMPUUeCKOM YCAO08UU, CO-
cmosiHuu uau o3oeticmeuu. Ecau mvt 2060pum 06 snexmpuue-
CKUX 8030€CMaEUSIX, MO Mbl OOANCHBL PA3AUUANb 084 BUOA M-
K020 poda 6030eiicmeuii, RPOMUBONOAOHCHLIX NO XApaKmepy



u Helimpaauyrowux opyz opyea, max KaxK UCCAe008aHUsl NOKA-
3bI8AIOM CYULECTNBOBAHUE IMUX 08YX RPOMUBONONOHCHBIX 803~
oeticmauil. U smo neuzoedicHo, m.x. 6 cpede co C80lUcmeamu
ahupa mwvl, He MOJNCeM Bbl36aMb HANPSANHCEHUE UM NPOU3Ee-
CMu Kakoe-aubo nepemeuierue uau 08udiceHue oe3 mozo, unoowl
He 8b136aMb 8 OKPYIICarouleli cpede PAeHO3HAUHOE U NPOMUBONO-
n0dicHoe oeticmaue. Ho ecau mvl 2060pum 06 snexkmpuuecmae,
KAaK O CYUHOCMU, MO Mbl O0NJNCHbL, 51 NOAA2AI0, OMKA3AMb-
¢ om uoeu 0 CYuecmeosanu 08Yx NeKmpuuecms, nocKonb-
KY cyujecmeosanue 08YX maxkux CYufHocmell kpaiiie Ma.noeepo-
amuo. Boamoocno au npedcmasumo cebe cyuecmeosarue 08yx
cywHocmeil, pasHvix Opye Opyeay no eeauuuHe, NOXONHCUX NO CE0LL-
CMeam, HO RPOMUBONON0NHCHO20 XapaKmepa, npuuem ode npu-
AuRarom K mamepuu, odoe cnocooivl RPUM2USAOMCS U NON-
HOCMblO Hellmpaau3oeamv opyez opyza? Ilodoonoe npeonono-
Jiceriue, HeCMOmMpsL Ha Mo, YMo MHO2Ue SI8AEHUSL HABOOSIM HA SMY
MbICAb, U UMO UHO20A OUeHb YOOOHO UMEHHO MAaKum oopa-
30M UX 00BACHAMb, MAN0 uem npusrekaem. Ecau ecmv maxas
CYUHOCMb KAK 3AeKMPUUecmaeo, mo oHa Modicen CYuyecmaeo-
8amMb MOALKO 00HA, U eue, B03MONCHO, ee U30bIMOK Ul Hedo-
CMAamoK; Ho Oonee 8ePOSIMHO, UMO NOAOHCUMENbHBLL U Om-
puuamenvHwvlil NPU3HAKU onpedeasiem ee cocmositue. Cmapas
meopust Ppaukauna, xomst u umerOwast HeOOCMAMKU 8 HeKO-
MOPbIX OMHOULEHUSIX, C ONPEOENEHHOL MOUKU 3PEHUSL SI8ASEMCS
Haubo.1ee nPasoonodooHoil. U ece sice, necmompst Ha 6ce Mo,
meopust 0 CYuecmeosanul 08Yx 31eKmpuuecms 6 ueaom npu-



HUMAEMCsl, M.K. OHA 00BSCHSIEM INEKMPUUECKUe sI8NeHUSL HAll-
oonee yooenremeopumenvHo. Ho meopus, ayuute écezo 06vsicHsi-
rowas pakmol, co8cem Heo03amenvHo siensiemcsi eeproti. Hc-
KYCHble YMbl NPUOYMbLEAIONT MEOPUI0, KOMOPAsi COOMEENCmaey-
em HabAOOEHUSIM, U NOYMU Y KAAHCO020 HE3ABUCUMO20 MbICAU-
meas Oyoem c60s1 COOCMBEHHAST MOUKA 3PEHUS. HA NPeOMeEN.
Mos ueav He npocmo évickazamev MHeHUe, MHe XOUemcs ayu-
ue NO3HAKOMUMb 8AcC, XOmsi Obl KOPOMKO, C HEKOMOPLIMU pe-
3YALMAMAMU, KOMOPIM 5I COOUPAIOCH ONUCANb, UmooObl NOKa-
3amb X00 MOUX PACCYICOEHUIL, OMNPaeHvble MOUKU, ¢ KOMo-
PUIX 5L PUCKHYA OBUHYMbCSL 8Neped, a MAaKdice npeocmasums MHe-
HUSL U CYINCOEHUS, KOMOPble NPUBEAU MEHS K IMUM Pe3yabma-
mam. A coeepuienno yeepern 6 mom, umo cyuiecmeyem cyui-
HOCHb, KOMOPYHO Mbl NPUBLIKAU HA3bI8AMb INEKMPUHECTIBOM.
Bonpoc ¢ mom, YUmo smo 3a cywrpocms? Hau xaxyio uz eécex
cywHOCmell, 0 CYuecmeo8aHUU KOMopbix Mol 3HAEM, Mbl C HAU-
OONLUUMU OCHOBAHUSIMU MONCEM HA38ANb INEKMPUUECTEOM ]
Mb1 3Haem, umo oo éeoem ceosi, KaKk HeCHCUMAIOUASICS HCUO-
KOCHb; umo 8 npupooe O0NNHCHO CYecmeo8ams €20 NOCMOSIH-
HOe KOAUYeCmaeo; umo ezo Heab3si HU c030amv, HU YHUUMO-
HCUMDB, U UMO CAMOe 21A6HOe, INEKMPOMAZHUMHASL MeOpUs.
ceema u 8ce paccCMoOmpeHHble HayuHvle PaKmovl NPUEOOsIN HAC
K 8b18600Y 0 MOM, UMO S6AeHUs AeKmpuuecmaa u 3dupa uoeH-
muunsl. Takum oopazom, cpasy 603HUKAEN MbICAb, UMO €K~
mpuuecmao modxcem Hazwvleamvcs 3gupom. Ha camom Oe-
e, 3ma uoesi 8 ONPedeNeHHOM CMblcae 8bl08Uu2anacs okmo-



pom Jlooxcem. Ez0 unmepecnyto pabomy npouiu éce, U MHOUX
e20 apeymenmol yoeounu. Bvicokas ooapennocms Jloxkmopa Jloo-
HCA U 3AHUMAMENbHAS. CYMb NPEOMEma O4apo8bl8aron Uuma-
menst; Ho K020a cnadaem nepeoe eneuamnerue, Yumamenb no-
HUMAem, 4mo emy RPedA0NCUNU He OoNee uem OPUZUHANbHbLE
o0vsicHerust. A 0oadicen npuzHamuvcst, wimo He Mo2y nO8epuUmb
6 08a INEKMPUUECBA U eule MEHblULe 8ePI0 S 8 CYULECTBO8A-
Hue «080lH020» 3pupa. 3azadourocmv noeedeHust 3¢hupa, Ko-
20a oH gedem cebsi KaK meepooe meno no OMHOULEHUIO K 80.1-
HaM céema u Menaa u Kaxk HCUOKOCHmb N0 OMHOUEHUIO K 08U-
HCEHUK) MeN CKBO3b Hez0, KOHEUHO, Haubosee NOHSMHO U YOo-
6AEMBOPUMENLHO 00BIACHSIEMCS, NO NPEONONCEHUIO CIPA YUNbSI-
ma Tomcona, mem, umo 3¢pup Haxooumces ¢ ogudxcenuu. Tem
He MeHee, He 83Upasi Ha Mo, He CYuecmayem OCHO8AHUL, KOMOo-
pole N0380AUN Dbl HAM YEEPEHHO 3AKAOUUMb, YO XOMSL HCUO-
KOCMb He Modicem nepedasans nonepeuHvle suopauuu (9acto-
ThI) 8 HECKOALKUX COM UAU MBICY 8 CEKYHOY, OHA He CMONCEN Ne-
pedasamv NOO0OHbIe BUOPAUUL, eCaU OHU OYOYm 6 OUanazoHe co-
meH MUNAUOHA MUNAUOHOB 8 CeKYHOY. Taxoice HUKmo He modicem
00KA3amv U Umo ecimv RONEPEUHbLE B0NHbL APUPA, UCNYCKAeMble
MAUUHOT NEPEMEHH020 MOKA, Oarouieli HeboNbUoe KOAUUeCneo
nepemer (9acToT) 8 CeKYHOY; ONst MAKUX MEONEeHHBIX GUOPAULL,
3gup, ecau oH HAXOOUACSE 8 COCMOSIHUU ROKOSL, MOJICem 8echmu
ceost KaK UCMUHHASL HCUOKOCHb.

Bozepawasice k nauemy npeomemy, u He 3a0bl8asi 0 MOM, Yo
cyuecmeosanue 08yx NeKmpuuecmas, no meHvllell mepe Kpaii-



He MAN08EPOSIMHO, Mbl OONHCHBLI HOMHUMb O MOM, UMO Y HAC
Hem HUKAaKUX 00Ka3amenbCme CYulecmeo8anus INeKmpuuecmad,
U Mbl He MOJCeM HAOesIMbCs NOAYUUMb UX, eCAl Hem 2pyooti
mamepuu. Takum obpazom, 3.1eKmpuuecmeo He modxcem 0bimv
HA38aHO0 3PUPOM 6 WUPOKOM CMBbLCAE IM020 noHamust. OoHa-
KO, HUMIMO He MOX}Cen B0CNPENsimcmeosams momy, ymoovl Ha-
38amob 1eKmpuuecmso 3Pupom, coeOUHEeHHbIM ¢ mamepu-
eil, unu ceésa3annvim 3gupom. I'oeops Opyeumu croeamu, umo
MAaK HA3bI8AEMbIL CIAMUYECKUL 3aPsi0 MONEKYAbL — SO 3¢Pup,
onpedeneHHbIM 00PA30M COeOUHeHHblIE ¢ Monekynoll. Paccmam-
pusas. npeomem @ 3Mom ceente, Mol Obla Obl BNpase CKA3amo,
UMo NEKMPUUECEo UMeermn OMHOULeHUe KO 8CeM MONEKYASD-
HbIM [83aumo- | Oeticmeusm. Celiuac mvbl MOHCEM MOALKO CIPO-
ums 002a0KuU, YUMo 6 MOUHOCMU eCilb IPUP, OKPYHICAIOUAULL MO-
NEKYNbL, U uem OH omauuaemcst om 3gupa sooouwe. On He Mo-
Jicem OmAUMAamsCs no NAOMHOCMU, MAK KAk 3¢pup HecHcuma-
eM; no3MoMY OH O0NHCEH HAXOOUMbCS NOO HEKUM HAnpsdice-
HUeM U 8 OBUNCEHUU, U NOCAeOHee Hauboaee 8eposimHo. [lns
mMoz0, umoodbl NOHMb €20 PYHKYUU, HYHCHO MOUHOe Rpedcmas-
JleHue 0 Pu3uuecKkom CmpoeHuu Mamepuu, 0 Yem Mol, KOHeu-
HO Jice, MOJICeM COCMABUMb MOAbKO MbICAEHHbBLIL 00pa3.

Ho u30 6cex mouex 3penus Ha npupooy, moavko ma, KOmopas
npeononazaem cyulecmeosanue 0OHOU mameput u OOHOU CUNbI,
U cogeputerHoe eOuHooopasue 80 8cem, s8Aslencs Haubonee Ha-
YUHOU U ¢ HAUOONbUELl 8EPOSIMHOCIbIO UCUHHOU. Beckoneu-
HO MAAbIL MUD, C MOAEKYAAMU U UX AMOMAMU, BPAUATIOULUMU-



Csl U OBUNCYWAUMUCS. NO OPOUMAM, 80 MHOZOM NOOOOHO Hebec-
HbIM MeNaM, HeCYWUMU ¢ COOOI, a 8epOAMHO U 8PAUAIOUAUMU
emecme ¢ co00u, 3¢bup, uru OpyeuMU CA08AMU, HECYUUMUL C CO-
0011 3nekmpocmamuueckue 3apsiovl, NPEOCMABASIEMCSL MHe HAU-
Oonee 6epoIMHOL MOUKOI 3pEHUsL, U MAKOL, KOMOpas npagoono-
000HBbIM 00pa3zom 00BCHSIEN OONLUUUHCINGO U3 HAOAI0O0AEMbIX
saenenull. Bpawenue monexkyn u ux sagpupa evizvieaem Hanps-
JceHus 3gpupa uau IneKkmpocmamumeckue oeghopmauyuu; Yypas-
HUBAHUE HANPAICEHUI >PUpa 8bl3bléaem 0BUNCEHUSL 3Pupa
UAU aeKmpuyuecKue moxKu, a OpoumanbHvle 08UNCEHUS MO-
NeKYA NPOU3B00siM OCLCMEUSL 2NeKMPO- U NOCMOSIHHO20 MdzHe-
MU3Ma».

3necy Tecna orpumaeTr IBYX3HAKOBOE 3JIEKTPUYECTBO b.
®panknuHa, He JA€T ompedesieHUs] MPUPOAbl U HCTOYHMH-
KOB 3JIEKTPUYECTBA U 00I1IEro MoHATUs 3¢pupa, a TOIbKO KOHCTA-
TUpYeT (PaKT HAJIMYMSA BO3MOKHOIO OJHO3HAKOBOIO JJIEKTPH-
yeckoro 3¢gupa. He onpenesnsier oH U COCTOSIHUE JIEKTPOHA
B MOJIEKYJIaX M aToMaX. XOTsI JIeKTPoH yxke ObL1 B 1891 romy
onpeneiien [. Croneem.

TepMUH «X0JI0[HOE IJTeKTPHUYECTBO » CTaJl 4acTo yrnoTpeod-
JIAThCS TIOCTIe OTKPBITHS Tecoll «pajguaHTHOro U3JIydeHus »
Y WCCJIEIOBAHMSA €T0 CBOMCTB €ro rnocjenoparesamu — 3. ['pas
u T. Mopes.

YacTtuipl B 3KcriepuMeHTax Tecia UMET HUUTOXHO Majlylo
Maccy, 0 4éM ropopui cam Tecia.

«Ipupnvie uacmuyvbl ObiaU KpaiiHe NOOBUNCHLIMU, NOUNU



HeBECOMbIMU 8 CPABHEHUU C INEKMPOHAMU, U NOIMOMY MO2AU
NPOHUKAMb Uepe3 6eUlecneo ¢ O4eHb MANEHbKUM YCUMUEM. INeK-
MPOHbL JHce He MOAU ,,CPABHAMBCSL “C IPUPOM 8 CKOPOCMU U NPO-
Hukaroweit cnocoornocmu. Co2naacHo 3moti mouke 3peHus, ua-
cmuypl 3pupa Oviau OECKOHEUHO MANLIMU, HAMHOZO MEHLULU-
MU no pasmepy, uem snekmponsl. dacmuuypbl s¢pupa Hecau ¢ co-
ooti umnynec. Mx ozpomHas ckopocms c021aco8b18aNACh C UX
0e3maccoBoti npupoOoll; COBOKYNHOCHbL SMUX COLICME HAONIO-
oanace npu ux oorvutom Koauvecmee. OHU 08U2ANUCL CO CKO-
pOoCmblo, npegoluagutell CKopocmv c8emad, 4mo Oblao pe3ynb-
MAmom ux Hecycumaemocmu u omcymemeust maccwl. Koeoa ovt
HU B03HUKAN HANPABACHHDII PAOUAHMHBLIL UMNYAbC IHEPIUL,
HEeMEONEHHO B03HUKANO HECHCUMACMOE OBUIICEHUE 8 NPOCIPAH-
cmee Ko 6cem movkam, pacnONONCEHHbIM Ha €€ NYmiu».

ITO CBOICTBA, KOTOpBIE B ObITY TiposiBisier 1 CBY — uzny-
YEHUE: IEKTPUUECKUE LIENN C MCIOIBb30BaHUEM «XOJIOJHOTO
JEKTPUYECTBA»:

— HE HY’)KJAeTCs B TOJICTBIX CWJIOBBIX ITPOBOJAX, T.€. 1OCTaTOY-
HO TOHKOT'O JBYXKWJIBHOTO IPOBO/AA,

— LleNb He OOUTCS BOJIBL, T.€. MOKET padoTaTh MOJHOCTBIO IMO-
I'PY’KE€HHOH B BOLY,

— LIeTTb He OOUTCS KOPOTKMX 3aMbIKaHUH.

CBY wuznyyenve (WM MHMKPOBOJHOBOE W3JyYEHUE) —
3TO 3JEKTPOMATHUTHBIE KOJE0aHUS C YacTOTOHl HPUMEPHO
ot 300 MI'y no 300 I'Ty (mymHA BOJHBI OT HECKOJIBKUX MET-
pOB 1O JOJEW CaHTUMETpa). B cHekTpe 3/1eKTpOMarHUTHO-



r0 U3JTy4eHHs MUKPOBOJIHBI pacronoxkensl Mexay MK-n3myde-
HUEM U PaJUOBOIHAMU. MUKPOBOJHBI HIMPOKO HCIIONb3YIOT-
C B COBPEMEHHBIX TEXHOJIOTHSIX, HAPUMED, B JIMHUSX CBf-
31, OECTIPOBOJHBIX CETSIX, MUKPOBOJHOBBIX Pa/IMOPEICHBIX Ce-
TSIX, pajlapax, CIyTHUKOBOM M KOCMUYECKOW CBSI3U, MEIUIIVH-
CKOW JMaTepMUM U JIEYeHUU PaKa, JAUCTAHIIMOHHOM 30HAUPO-
BaHUM 3eMJIU, PAJUOACTPOHOMUH, YCKOPUTENISX YACTHII, CTIEK-
TPOCKOMHHU, B MPOMBIIIJIEHHOM OTOIUIEHHH, CHCTeMaX MpenoT-
BpallleHusI CTOJIKHOBEHUM, a TakKe JJIs IPUTOTOBJICHUSI TTUIIN
B MHUKPOBOJIHOBBIX Me4yax. MUKPOBOJTHOBOE W3JIyueHHe OOJIb-
II0M UIHTEHCUBHOCTH UCIONB3YeTCs 111 OECKOHTAKTHOTO Harpe-
Ba TeJl METAJUIMYECKUX 3arOTOBOK B MPOMBIITUIEHHOCTH JJISI TEp-
MOOOpPaOOTKHM METAJUIOB, B XMPYPrud — MPU PagruodacTOTHOM
abmsiu BeH, B paguonokanuu. Vicrouankom CBY-uznyuenus
JUIsT MUKPOBOJTHOBBIX T€Yeil CIY)KUT MarHeTpoH. B TexHomo-
rudecknx CBY-ycTaHOBKax B OCHOBHOM HCIIOJIb3YIOTCSI MarHe-
TpoHbl. OHAKO HAXOAAT MPUMEHEHNEe U TIPOJIETHBIN KJIMCTPOH,
HUTOTPOH, TUPOTPOH U JIpyrue. JJOMUHHUPYIOIIMM B Pa3BUTUU
texHosoruii CBY-o6padotku ciemyer npuszHate CBY-Harpes
HEKUBBIX OOBEKTOB (MaTepHasioB, MPOAYKTOB). DTO HarlpaBJie-
HHME HauyaJIo OCOOEHHO MHTEHCHBHO pa3BuBaThcsi B 60-X romax
U yKe TIIyOOKO IIPOHUKJIO B TIPOMBIIIUIEHHYIO U OBITOBYIO C(hEPHI.

CBou BO33peHusi Ha 3neKTpuuecTBO JIoMOHOCOB chopmy-
mvpoBai B 1756 r. B HEONyOIMKOBAaHHOM M COXPaHMBIIEMCS
B BUJIC TE3UCOB TpyJie « Teopus /IeKTprUecTBa, pa3padoTaHHAs
MaTeMaTH4eCKHM IyTeM». B oTimumne ot OONBIIMHCTBA CBO-



UX COBPEMEHHUKOB JIOMOHOCOB MOJHOCTBIO OTPHUIAET CyIlle-
CTBOBaHME 0COOO0! JIEKTPHYECKOH MaTePHH 1 paccMaTpyBa-
€T NMEeKTPUYECTBO, Kak (opMmy ABH:KeHHUs1 dpupa. «Ddup-
Hasl» Teopus MeKTpudecTBa, pazpadoraHHasi JIOMOHOCOBBIM,
SIBUJIACh HOBBIM IIarOM K MaTepPHAJHUCTHYECKOMY OObsICHe-
HUIO SIBJICHUH TIpUpoAbl. D(PUPHOI TEOPUM MPUAEPKUBAKCH
MHorue Kpynseumue yyensle XIX B., B ToM uuciie 1 M. ®@apa-
nen (1791 — 1867 r.r.).

[Mocne orkpeiTus B 1785 rony 3akona Kynona nzyuenue ssnek-
TPAYECTBA OKOHYATEJIBHO IEPEXOAUT B KATETOPUIO (PU3NUYECKON
HayKHU.

Takum 00pa3oM, He pacKpblB MeXaHU3Ma JIeKTPU3aluu
TpeHreM (TpUOONIEKTPUIECTBO) U HE TIOJTYYHB €ro MOJIHOTO TM0-
HUMaHu s, BHUMaHue (pu3nkoB koHa X VIII — Hayana XIX Beka
MIOJTHOCTBIO MEPEKJIIOYMIIOCh HA UCCIIEIOBAHNE JPYTUX SBJICHUN
EKTPUUECTBA — TAJIbBAHU3M, JIEKTPOJIN3, TOCTOSIHHBINA U T1e-
PEMEHHBIN NEKTPUUECKUN TOK U Apyrue. XOTs sIBIEHUE dJIeK-
TPHU3aLlMU U3BECTHO C JPEBHUX BPEMEH, IO CUX IIOp HET MOJI-
HOI1 KapTUHBI B IOHUMAHWU MEXaHMU3MOB 371ekTpu3aiuu. B XIX
B. HEIIOHMMAaHNE MEXaHM3MOB JIEKTPU3alMM OKa3ajo Cylle-
CTBEHHO HETaTMBHOE BJIMSIHUE Ha MPOLIECC OTKPBITUSI SJIEKTPOHA.

Hanee HanOonee BaKHBIMA PaOOTaMM CTAIM SKCIEPUMEHTHI
10 71eKTpom3y. OTKpbITHE OBUIO BOCIPUHSATO KaK OJHO U3 JI0-
Ka3aTe/IbCTB TOTO YTO JABHMIKYIIEeCS 3JIEKTPUYECTBO (IJIeK-
TpHYeCKOe ABHKeHHe) (DAKTUUECKU WIACHTUYHO JIEKTpUYe-
CTBY, OOYCJIOBIEHHOMY TpPEHHEM, T. €. CTAaTHYeCKOMY 3JeK-



tpuuectBy. B 1833 r. ®apaneii ycTaHOBUJ 3aKOHBI JEKTPO-
JIN3a, B OCHOBY KOTOPBIX OBUTM TOJIOKEHBI CTPOTHMe KOJIMYe-
CTBEHHbIE COOTHOIIEHUs. Ero cepust oCTpOyMHBIX SKCIIEPUMEH-
TOB 10 MEKTPOJIU3Y MOCTY KA YOS AUTEIbHBIM MTOATBEPIK IEHH-
€M HJIEU, CyTh KOTOPOIl CBOIUTCS K CIIEYIOIIEMY: €ClIi Bellle-
CTBO I10 CBOE MPUPOJIE UMEET AaTOMHYIO CTPYKTYPY, TO B I1PO-
LIECCE IEKTPOIN3A KAXK/IbIA aTOM IOy4YaeT ONpeAeIeHHOEe KO-
JMYECTBO JIEKTPUYECTBA.

B 1874 rony upnanackuii ¢pusuk . Ctonent Beictynui B be-
(pacre ¢ noKIAAOM, B KOTOPOM UCIIOJIL30BaJ 3aKOHBI IEKTPOIIH-
3a Papajes Kak OCHOBY ISl amMOMAPHOT TEOPUU SJIEKTPUUECTBA.
[o BeIMuMHE NOMHOTO 3apsi/ia, MPOLIEIIIEro Yepe3 MEKTPOIIUT,
¥ JIOBOJIbHO TPYOOIi OIIEHKE 4YKCIia BHIJEMBIIUXCS HA Karojie
aromoB Bopopona CTOHeN MOTy4YWII ISl JIEMEHTApHOIO 3aps-

Jla YnCiIo NopsaKa 102" Kn (B COBpEMEHHBIX EAUHUIIAX). DTOT
JOKJIa[ He ObUI TIOJIHOCTBIO OMYyOIMKOBaH BILIOTH 10 1881 ro-
Ja, Korga HeMmelkuil yyeHslid I'. ['ebMronbl; B OMTHOM U3 JieK-
1uil B JIOH/IOHE OTMETUJI, YTO €C/IU MPUHATh TUIOTEe3y aTOM-
HOU CTPYKTYPbI JIEMEHTOB, HEJb3s HE MPUWTH K BBIBOAY, YTO
EKTPUUECTBO TAKKE pa3fiesisieTcsl Ha dJeMeHTapHble Mop-
MU WY <AMOMbl IAeKmpuuecmaa». Itot BuBof [ ebMrosib-
11a, TIO CYIIECTBY, BHITEKAJ U3 pe3yabTaToB Papajiesi 1o IeKTPo-
JIM3Y W HalIOMUHAaJT BbICKa3biBaHUe camoro dapajes.

B 1891 rony [. CtoHeil, KOTOpbII NOAJEPKUBAI UIIEI0, YTO
3aKOHBI nieKkTponn3a Dapajiest 03HAYAIOT CYIIECTBOBAHUE eCTe-
CTBEHHOW E€AVHMIIbI 3apsia, BBET TEPMUH — «31eKMPOH» CIENy-



IOIIIUM 00Pa30M:

«IIpu 3nekmponauze KadxdCOOU XUMUMECKOU C653U, KOmopas
paspvieaemcsi, NPUCyuLe OnpedeNeHHoe KOAUUECmaeo I1eKmpuye-
cmea, 0OUHAKO80€e 80 8CeX CAYUAsX... 3apsi0 MAKOl 6eAUUUHbL
CBSI3AH 8 XUMUUECKOM AmOoMe ¢ KAHCOOU c8513bi0... Imu 3apsobl,
Komopbwie 0yoem YyoooHo HA3LIBAMD ,,INEKMPOHAMU ‘, He MO2Y
ObIMb OMOeNeHbL OM AMOMA; OHU He NPOSIBASIOM CeOsi, ecau amo-
Mbl HAXOO0SIMCSL 8 XUMUUECKOM COCOUHEHULL».

Wneu J1. CTroHes: 000TrHAIM CBOE BPeMsI M OKa3aJIMCh HE TOJb-
KO HE BOCTPeOOBaHHBIMH COBPEMEHHUKAMM, HO U HE TOHSTHI-
MU UMHU.

3HauMMOCTh ero pesyjbTatoB B cienyiomieMm. . Croneit
BBEJI B HAYYHBIA OOMXOJ TEPMHUH — «3I.2€KHIPOH», TIO KOTO-
PbIM IOHUMAJICS. HOCUTEJTb IEKTPUYECKOr0 3apsijia HeyCTaHOB-
JeHHO! (pU3MUYEeCKOil MPUPObI (CTPYKTYPbI) SKBUBAJICHT-
HBII JIEKTPUYECKOMY 3apsily, EPEeHOCUMOMY OJHOBAJIEHT-
HbIM HOHOM.

B 1892 ronmy X. A. JlopeHu nan nepByio (pOpMyJMpOB-
KY CBO€U 3JIEKTPOHHOU T€OpUU. DJIEKTPOHHAsT Teopust JlopeH-
112 MpeJICTaBIsieT COOOM MaKCBEJUIOBCKYIO TEOPHIO JIEKTpOMar-
HUTHOTO T0JI51, IOTIOJIHEHHYIO IIPEACTaBIEHUEM O JUCKPETHBIX
JeKTPUYECKUX 3apsAaax (3,1eKmpoHax), Kak OCHOBE CTpoe-
HUSI BEIIECTBA, MO/1 KOTOPHIMU OH TIOHUMAJI BCE 3apsI’KEHHbIE Ya-
CTULIBI (TIOJIOKUTESIBbHBIE U OTPULIATESIBHBIE).

Takum 00pa3oM, HCIONb3YsT TEPMUH «I.1eKmpoH» JIlopeHin
BBOJIUT HOBOE CONEPKAHUE B €ro MOHSITHE, OTIMYHOE OT MOHSI-



TS, npemiokeHHoro [. Ctoneem.

B 1899 rogy 3. Pezepdopn onybnmkoBasl CBOM HCCleOBa-
HUSI, B KOTOPBIX OH AudpepeHIpoBal paIuoaKTUBHOE U3ITY-
YeHue Ha TpU KOMITOHeHTa: anbda, 6eta u ramma-iyuud. OH 06-
HapyXWl, 4YTO U3TYYEHUE COAEPKUT OUH IMOJIOKUTENBLHO 3apsi-
JKEHHBI KOMITIOHEHT — aJib(ha, OTPULIATENBHO 3apSAKEHHBIN KOM-
TIOHEHT — OeTa, M HeUTpaTbHbIA KOMIIOHEHT — raMma.

B 1901 rony A. bekkepenb u3Mepus OTHOMIEHUE BEJINYNHBI
EKTPUUECKOTO 3apsijia K Macce y [3-4acTull U YCTAHOBUJI, YTO
OHO TaKOTO e MOPAIKA, KaK U JJIs1 YaCTUI] KaTOIHBIX Jyyer. OH
MOKa3aJ1, YTo OeTa-vyacTHIIbl — STO YACTHIIBI OONBINMX SHEPIUH,
JBIKYILIMECS] ¢ O4eHb OOJIBIION CKOPOCTHIO.

B 1911 romy Ha OCHOBaHWM aHAIM3a U CTATUCTUIECKON 00-
pPabOTKM PEe3y/IbTaTOB IKCIIEPUMEHTOB MO PACCEMBAHMIO Allb-
(pa-yacTuil B TOHKOM 30710TOM (POJIBrE, BHIOIHEHHBIX ['enrepom
u Mapcnenom B 1909 roay, 3. Pesepdopn npenioxun miane-
TapHY0 Mojelb atoMa. CorlacHO 3TOW MOJAEIN aTOM COCTOMUT
13 OYE€Hb MAJIEHbKOTO MOJIOXKUTENIBHO 3apAKEHHOTO /1pa, COIEp-
Karero OOJIBIIYI0 YacTh MacChl aTOMa, U OOPAIIAIOIIXCS BO-
KPYT HETo JIETKUX JIeKTPOHOB.

[IpencraBieHHass XpOHOJIOTMSI HAyYHBIX OTKPBITHII KOHIA
XIX 1 Havasma XX BeKa IEMOHCTPUPYET MPEKAEC BCErO TPaHC-
(popmarmio pu3NUECKOrO CMBICIIA TEPMUHA «3.2€KMPOH» — HO-
CHUTEJIS NEKTPUIECKOr0 3aps/ia, HEYCTAHOBJIEHHON (PU3NYECKON
MPUPOABI U CTPYKTYPBI, B 9.1€KMPOH — SIIEMEHT JEKTPUUYECKOTO
aToma BelLECTBA.



B 1838 rony ®apazeii, npomyckasi TOK OT JIeKTpocTaTuye-
CKOH MAIlIHBI Yepe3 CTEKJISTHHYIO TPyOKY C BO3ILYXOM IPH HU3-
KOM JIaBJICHUH, HaOMoan (projeToBoe CBeUeHUe, UCXOASINee
13 MOJIOKUTENIBHOTO JIEKTpo/a (aHOoa). DTO CBEYEHHE PacIpo-
CTPaAHSJIOCh MOYTH JI0 CAMOr0 OTPUILIATENILHOTO /IeKTpoAa (Ka-
TOJA) Ha APYroM KOHIle TPyOKH. MeXIy CBETSAIMMCS KaToaOM
U (pHOJIETOBBIM CBEYEHHEM, UCXOSIIMM U3 aHO/a, OH OOHapy-
KW TEeMHOE MPOCTPAHCTBO, KOTOPOE TENepb HA3bIBAIOT « (pa-
paeeBbIM TEMHBIM IIPOCTPAHCTBOM ».

B pasnpHeneM B MCCI€JOBaHUM KATOMHBIX JIyded IPUHSIIO
yJyacTrie MHOKeCTBO 3HAMEHUTHIX YUeHbIX 1 n3o0perareneit: K.
Bapnu, V. Kpykce, A. lllycrep, I'. T'epu, ®. Jlenapa, K. Ileppen
U [IpyTUX, NPUBEIIINE K CO3/IaHUI0 KOPILYCKYJISIPHOHM U BOJI-
HOBOI1 TEOPUIA TPUPO/Ibl KATOJHBIX JIyUeil.

Hewmenkvie (pu3ukn, 3a peJKUM MCKITIOUEHUEM, ObLITH €IMHO-
JOYIIHbI B YTBEPXKJIEHUH, YTO KATOAHBIE JIy4YU MPEICTABIAIOT CO-
6011 riporiecc B 3pupe — BOJTHOBAs runore3a [ onp/amireitna; aH-
rMyaHe, HaunHasg ¢ B. Kpykca, cuMTaior, 4To OHM SABIAIOTCA
NOTOKaMM 4YacTH4YeK BemectBa. B 1895 r. ¢pannysckuin ¢u-
3uK /K. IleppeH skcniepuMeHTaIbHO JOKa3a, YTO KATOIHBIE JTIy-
YW — 3TO NIOTOK OTPHUIATEJHHO 3apPsI2KeHHbIX YaCTHIL, KOTO-
pbl€ IBUKYTCSA MPAMOJIMHENHO, HO MOTYT OTKJIOHATHCS MAarHuT-
HbIM I10JIEM.

B 1894 rony K 3KcriepyMeHTaM C KaTOAHBIMM JIyYaMH IpH-
crymun k. [Ix. TOMCOH ¢ cOTpyIHHUKaMU.

HeoOxomumbl ObITM CTPOTME KOMMUYECTBEHHBIE SKCTIEPUMEH-



ThI, KOTOpPBIE JaJi Obl BO3MOXXHOCTb OIPEJESUTh OTHOIIEHHE
3apsija K mMacce JJis KaTogHbIX jydeld. To, 4Tto u3mepeHue Be-
JIMYUHBI YEIBLHOTO 3apsiia SBUTCS pelamimm (hakToM, BIEp-
Bble oco3Han k. IIx. Tomcon. C 1895 r. oH HaumHaeT Me-
TOAUYECKOE KOJIMYECTBEHHOE M3yUYEeHUE OTKJIOHEHUs] KaTOAHbIX
Jy4eill B MEKTPUUYECKUX M MarHuTHBIX monsix. Mtorm cBoeit
padotsr k. Ix. TOMCOH pe3roMUpOBaJl B OOJBIIOW CTaThe,
oryOnuKoBaHHOHN B 1897 1. B OKTAOPHCKOM HOMEpe KypHaa»
Philosophical Magazihe». CyiiecTBo CBOMX OIBITOB M BbICKa-
3bIBAHUE TUMOTE3bl O CYIIECTBOBAHMM MATEPUU B COCTOSIHUU
erie Oosiee TOHKOro ApoOsieHHs], YeM aToMbl, TOMCOH M3JI0KIIT
Ha BedyepHeM 3acenaHuu KoponeBckoro oOrmiectBa 29 amnpens
1897 r. N3Bneuenue 3 3Toro cooOIeHus1 ObLUIO OIMyOIMKOBAHO
B «Electrican» 21 mas 1897 r. Onbitel ToMcoHa ganu ciegyio-
IIMe Pe3yJIbTaThl: CKOPOCTh YACTHII, BO3pACTAIOIIAsI [T0 MEPE YBE-
JIMYEHUs pa3pekeHusi B TPyOKe, Ype3BbIYaliHO BEJIMKA, 3HAYU-
TEJILHO OOJIbIIIe CpeIHEN CKOPOCTH, IMPUIKMCHIBAEMOM, COTJIACHO
KMHETUYECKOUN TEOPUH, MOJIEKYJIAM OCTATOYHOTO ra3a B TpyOke
(B omHOM M3 nepBbIX ONBLITOB 1897 r. TOMCOH HaIien cKkopocTb
paBHOU 1/10 ckopocTH cBeTa, HO Yepe3 AeCSTh JIET OH MOJTyUnI
Ui Hee 3HadeHue 1/3 ckopocrtu cBera). Kpome toro, ara cko-
POCTb 3aBUCUT OT PaA3HOCTH MOTEHI[HAJJOB, KOTOPYIO ITPOXO-
JWT 3apsi]. 3HaueHue OTHOUIIEHMSI 3apsja K Macce OKazajaoch
HE 3aBHUCAIIMM HHU OT COCTaBa OCTATOYHOIO ras3a, HU oT op-
MBI TPyOKH, HM OT MaTepuasa 3JeKTPOIOB, HA OT CKOPOCTH JIy-
Jeid, HU OT KaKMX-JIMOO MHBIX (PU3MUECKUX mapamerpoB. [Ipy-



I'MMHU CJIOBaMH, OTHOIICHUE 3apsAaaa K MacCe€ €CTh YHUBEPCAJlb-
Hasl NOCTOSAHHAsA . 3HaUeHNE STOr0 OTHOIIEHUS ObLIO nopsa-

ka 10’ CI'CD. AHAIOrMYHOE OTHOIIECHHE OBLIO yiKe MOJICUUTAHO
JU1s1 MOHA BOJIOPOAA U3 AAHHBIX MO JIEKTPOIU3Y — OHO OKA3aJI0Ch

paBHBIM 10*cren. Jx. I:x. ToMcOH BeICKa3bIBa€T MHEHHUE, UYTO
KaTOIHbIE JIyUYH MPECTaBIISIIOT cOOO0I MOTOK BEChbMa MaJIbIX Ya-
CTHII, IBYIKYIIUXCSI CO CKOPOCTSIMU, OJTM3KMMU K CKOPOCTHU CBe-
Ta, HECYIIIMMH TaKOM Ke 3apsill, Kak U noHbl Papases, HO 0071a-
JamMa Maccoii, kotopas B 1000 pa3 MeHbIIIe Macchbl camo-
IO JIETKOTO aToMa, T.€. aToMa BOJOPOa.

Il TOCTOBEPHOTO BBIBOZIA HEOOXOAMMO TPSIMOE H3Mepe-
HUE 3apsijia OJHOBAJIEHTHBIX Ia30BbIX MOHOB. BakHOCTH mpo-
OJieMbl 3acTaBJIsIeT B3SThCS 32 U3MEPEHME 3apsijia MOHA CaMOro
Jlx. [Ix. Tomcona. OH BriepBble UCTIONIB3YET PEHTTEHOBCKUE JTy-
Y4 B KQ4E€CTBE MHCTPYMEHTa (PU3NYECKOro KkcnepumenTa. Mu-
TePECHO OTMETHTh, UTO PEHTTEHOBCKOE M3JTyUeHHE ObLIIO Pe3yJib-
TaTOM MCCJIE/IOBAHMSI CBOVCTB KaTOAHBIX Jyuel. B cBolo ouepennb
nyqu PeHTrena ceirpaiiv OOJBIIYI0 POJib B U3YUEHUU YACTHI, CO-
CTaBJISIIOIIMX KATOMHBIN JIy4 U B OTKPBITUM CIIOHTAHHOM Paiio-
AKTHUBHOCTH.

SkcnepumenTsl k. IIx. TomcoHa nanu cpegHee 3HayeHMe

3apsga MOHa, paBHoe 0,5 X 10~ crca. 3ror pe3ynbTar
1 ykpenui yoexaeHue TOMCOHa B CyLIECTBOBAHUM «Mamepuu
6 cocmosiHuu 6onee MoHKozo NPOOJIEHHST».

[o cyriecTBy, € IMHCTBEHHO, UTO yIa10ch TOMCOHY 10OUTH-



Cs — 3TO U3MEPUTh OTHOUIEHHE 3apsi-Macca JJisi HeBEIOMbIX
YaCTHII, COCTABJISIIOIIMX KaTOIHbIE JIy4d. Tem He MeHee OH pe-
HIWJICS C/ieJIaTh BBIBOJ, YTO TH YaCTHIbI ABISAIOTCA (pyHOAa-
MEHTAJbHBIMHI COCTAaBHBIMH YacCTsIMU OOBIYHOI'O BEILIECTBA.

PazbsicHeHMe 1Mo MOBOy MPUMEHEHU s TEPMUHA « 21eKMPOH»
IUTs1 0O03HAUEHU S YACTHUII, COCTABJISIIONINX KATOHBIE JTyYUH, JIA
Jlenapn ®unmunmn B cBoeir HoOeneBckoi jekimu oT 28 mas
1908 r. («O KaToAHBIX JyUax»):

«... HEODXOOUMO NEPEUUCAUMb HA36AHUSL, OAHHbIE SMUM Ud-
CMUYKAM 3NeKMPUUECmed, UM UEHMPAM COCMOSHUSL: 51 HA-
3601 UX, FINEMEHMAPHBLIMU KGAHMAMU INEKMPUUECBA UL, KO-
poue, keaumamu, kax u I'earvmeonvy; owc. [oc. Tomcon 2060-
pum o kopnyckyaax, 10po Keavsun 06 anekmpuonax; Ho 8 00uxoo
B0ULN0 HA36AHUe, Komopoe npeonouau Jlopeny u 3eeman, 3aeK-
mMpoH».

BeanunHa 3JIeKTpHYeCcKOro 3apsiia 3JeKTpoHa, Npo-
TOHA W JPYrUX JIEMEHTAPHBLIX YaCTHUI[ He Ompe/elieHa
U B HacToOsIIIee BpeMsi.

HcTopust OTKPBITHS JIEKTPUUECTBA — ITO UCTOPUS psifia OINIU-
OOK M HeTopaOOTOK, YTO IPEBPATHIIO COBPEMEHHYIO TEOpEeTUYe-
CKyI0 (pU3MKYy B COOPHHMK CKa30K, HUKAK HE CBSI3aHHYIO C TIPU-
ponoi. [Tpu nccnenoBaHUAX UCIOIB30BATUCH JIUIIb BU3YAJbHO
HaOmoaaemble mapameTpsl cuctembl CU u CI'C, B TO Bpemsi, Kak
OCHOBHAasl HeBHAUMAsI IBUKYIAsl CUJIA YCKOJIb3aJla OT BHUMA-
HUSI KCIIEPUMEHTATOPOB. DTO U MOPOAUJIIO OIMUOKY HAPYIICHUS



MIPUYMHHO-CIIEICTBEHHbIX cBsizel. HeBmammasi cuia nopoxe-
HA MArHUTHHIMH MOHOMOJSIMA BHXPOHOB — MCTOYHUKAMU
3apsiOB JIBUXKEHUs, MPOAYKTaAMH KOTOPOU U SIBJISIOTCS BH3Y-
aJbHO HaOMoAaeMble sIBIEHHS B KcIiepuMeHTax. B 3Toit ucro-
pUM TIPOCIIEKUBAETCS OCHOBHASI OIIMOKA TEOPETUKOB — 3aMeHa
NPUYNHBI CJIeCTBHEM.

PenstuBuctkas maremaruyeckas pusuka KoHIIa XX W Ha-
yaga XXI Beka, He penmB MpoOnemMbl (PU3UKU MPOILIbIX JIET
0 MPUPOJE MAaTePHUM, JOBE/IS TEOPETUUECKYIO (PU3UKY 10 KPU-
31Ca, OCTABJISIET CBOMM HACJIETHUKAM CKa3KM 0 TepMosinepHOM
peakTope, MOUCKaX MAacChl HEUTPUHO M «OmKpulimuu» O0030Ha
Xuwurrca, reopun bosnbiioro Bapsisa, OTO, CtangapTHoU Moaenu
3JIEMEHTAPHBIX YACTUI] ¥ [IpOYEe, ITPU STOM HE UMesI Taxke MmpeJ-
CTaBJIEHMSI O CYIIIHOCTH U CTPYKTYpE JEKTPOHA U APYTUX OC-
HOBHBIX 9JIeMEHTapHBIX yacTuiiax (poToHe, HEUTPOHE U MPO-
TOHE) U COBEPUICHHO HE MMes OIpeNesIeHUI O TakKux (pusnye-
CKHUX CYIIHOCTSIX, KaK JIEKTPpHYeCKHIl 3apsig U Macca. Yka-
3aHHbBIE YaCTHIIBI 0OJIAJAI0T CTPYKTYPOU U BEUHBIM UCTOUHUKOM
SHEprud — HEBUAMMBIM MArHUTHBIM MOHOIIOJIEM, Ha YTO
ykaszbiBaiu emié 1. Kunu, H. Tecna u 3. JluackaiHuH, HO 3THX
BeJMKMX 3KcnepuMeHTaTopoB KTO TO HamepeHHO BBIKJIIOUMI
U3 UCTOPUH (PUBUKH, KAK U IPYTUX CTOPOHHUKOB DPUPA.

ATOMBI 3JIEKTPOHENTPATIbHBI, HO 00JIa/Ial0T MAaCCOi B CH-
creme CU B none taroreHuss 3emiid, MOITOMY U KJlacTepbl
U3 aTOMOB B I1€JIOM 3JIEKTPOHENTPaJbHbI U 00/1a/1al0T Mac-
coil. SinepHas usrka onpesaenuia KyJOHOBCKHAN Oapbep aToM-



HBIX Si7Iep, MPENSATCTBYIONIMIA X HEMOCPEICTBEHHBIM B3aUMO-
JgercteusaM. Kiactepsl BelecTBa B ILIEJIOM MOIYT HAaXOIUTCS
B COCTOSIHUM TIOKOSI M TIOCTYIATeIbHO-BPAIATeIbHOTO JIBUKE-
HUS, a TAKKE B COCTOSIHUM TOJISIpU3AlIMU, BO3OYKAEHUS BHYT-
PEHHUX TOJIel BHEITHUMU TOJISIMU, 4 TAKKe U3TyYeHUEM PajIio-
AKTMIBHBIX aTOMOB, BXOJSIIUX B KJIACTEP, JEKTPOMATHUTHBIM
Y 3BYKOBBIM M3JTyueHHeM. Takue KjacTephl BelecTBa 00jaaa-
0T ¥ HOBBIMHU CBOWICTBAMHU T10 CPABHEHHIO C MUKPOMHUPOM, TaKH-
MU KaK IUIOTHOCTh, TEMIIEPATypa, TEMIONPOBOAHOCTD, a TAKXkKe
CBOWMCTBaMH IO OTHOIIEHUIO K 3J€KTPHYECTBY — TPOBOIHUKH,
JVRJIEKTPUKH, TIOMYIPOBOAHUKH, CETHETOIEKTPUKH, JIEKTpe-
ThI ¥ T. 1. KOHIeHCHpOBaHHbBIE COCTOSIHMSI BEIIECTBA MPOSIBIISIOT
pa3iyHble CBOMCTBA U MO OTHOIIEHUIO K MarHeTu3my — ¢ep-
POMarHeTHKH, qUaMarHeTUKHU, Mbe30MarHeTHKH, MapaMarHeTH-
ki U T. 1. Kpome Toro Berectsa U3 OMHOPOAHBIX XUMUYECKHUX
9JIEMEHTOB IPY KOHTaKTe 00pa3yioT [IBOMHON JJieKTpuyecKuii
Cnoit u 1pyrue siBJieHUs!.

Bocnpou3BoacTBo® 00070YeK CTPYKTYp ATOMHBIX —SIjIep
¥ 000JIOUEK JICKTPOHOB B TUCKPETHOM MHK POIIPOCTPAHCTBE XO0-
JIOJTHOM DJIEKTPUUYECKOH 0€3MaccOBOil IJIa3Mbl aToMa Ipo-
UCXOUT C IOMOIIbIO MArHUTHBIX MOHOTIONEH (3apsII0B SHEPT UM )
3aMKHYTHIX BUXPOHOB, MYJILCUPYIOIIMX B HUX C Pa3IMYHON Ya-
crotoii. [Ipu BOCITPOM3BOACTBE M OOHOBJICHUN U3 UCTOYHUKOB
3aMKHYTBIX KOHTYPOB SIIEPHBIX U aTOMHO-3JIEKTPOHHBIX 000JI0-

6 IManpun A. A. Crpykrypa Muposaanus seeneHHou. Tom 1. Uzganus RIDERO,
2020 roa. 440 crp.



YCK U3 I'PABUTAIVMOHHLIX W SJICKTPUYCCKUX 3épeH-HOTCHHI/IEUIOB

¢ uvacroroir 102 — 10?3 ' ¥3 HUX MYTEM OOHO3HAKOBOIO OT-
TaJIKUBAHUA-0TOpOCa 3€PEH-TNIOTEHIMAJIOB C TOMOIIBI0 MarHUT-
HBIX MOHOIIOJIEW (pOPMUPYIOTCS] BHEIIHHUE T0JIs1 (TPaBUTALIMOH-
HBI, JIEKTPUYECKUM ¥ MarHUTHBIM 3(pUp) ITOro KJacrepa, Ko-
TOpbIE B 3aBUCMMOCTH OT MX CBOKCTB JaJbHOJIEHCTBUS, CKOPO-
CTU JIBMKEHMSI, IPOHUKAIOIIEH CIIOCOOHOCTH, BBHIXOAAT HAPYKY
€ro BHEIIHEH MOBEPXHOCTU (I'paBUTALMsS U MPOSBIECHUE 3aps-
J1a Macchl), HACHIIAIOT OOBEM aTOMHOTO Siipa M KOHIICHTPUPY-
I0TCS1 Ha ero MOBEPXHOCTH (IpOsiBJIeHUE 3apsijia dJeKTpuye-
CKHM IOTEHIIHAJIOM Ha aTOMHOM f[jpe) WIN PaBHOMEPHO Ha-
CHIIAIOT 00BEM ITOTO aTOMa, OMPENEIsis ero pasMep M OObEM.
[TposiBieHre MarHUTHBIX CBOWMCTB CTALIMOHAPHBIX MArHUTOB BO3-
MOXHO JIAIIb TTOCJIE MOJISIPU3AIIMK HEKOTOPBIX BelIecTB (peppo-
MarHeTUMKM) MyTEM PErMCTPaLlY MPUTSKEHUS WM OTTaJIKMBA-
HUS JBMKEHU S MArHUTHOTO TMOTOKA 3€PEH B CTAIIMOHAPHBIX Mar-
HUTaX — MarHUTHBIN TOK 1O JIMACKaTHUHY.

3aps/1 MeKTPUYECKUM MOTEHIMATIOM TPOU3BOAUTCS] MarHUT-
HBIMM MOHOIOJISIMHU, HO C ABYMS IIPOTUBOINOJIOKHBIMU 3HAKAMHU
B COCTaBE 3JIEKTPOHOB M aTOMHBIX si7iep, 00pa3ysi BCTpEUYHBbIE TIO-
TOKH JIEKTPUIECKOro 3¢pripa c 00pa3oBaHMEM 30HBI X010 IHOMH
JIEKTPUYECKO 6€3MacCcoBOil MJIAa3MBbI C IBYMsI IIPOTHBOIIO-
JIO)KHBIMM 3HAKaMH, KOTOPbI HE UMEET TaKOI'o JAAJIbHOAEHCTBUS
¥ TIPOHMKAIOIIEH CIOCOOHOCTH, KaK IPaBUTALIMOHHBIN 3(pUp BO-
KpYI' KjacTepa aTOMHO-MOJIEKYJISIPHOTO BEIIEeCTBa, U OrpaHM-
YyeH mpejenamu atoma. B atome anekTpuyeckuid 3¢up B3a-



MMHO aHHUTWJIUPYET, 00pa3ysi (PMKCUPOBAHHOE T€OMETPUIECKU
MEKTPUUECKU HEUTPAIbHOE EHTPAJbHOEe MUKPONPOCTPaH-
CTBO aToMa M3 LEHTpa-sapa U chepuyecku OOBEMHBIX CJIO-
€B-000JI0YEK U3 JIEKTPOHOB, YAAJIEHHBIX IPYT OT Apyra Ha (pUK-

CUPOBaHHOE PACCTOSTHUE 10— cm. [TosTomy mocaegnmil Bce-
rJ]a HAXOJAUTCS B aTOME B COCTOSIHUM JIMCTAHIIMOHHOTO HACHIIIIE-
HUS ABYX 3HAKOBBIM 3(DUPOM U MPOSBIISIET €r0 JIEKTPOHEU-
TpaJbHOCTh. OIHAKO MPU CUJILHOU MOJSIPU3ALIMU WM MOHU3A-
1IMY aTOMOB KJIacTepa U3 KOH/IEHCUPOBAHHOTO BENIECTBA 3BYKOM
WJIY JIEKTPUYECKUM HarpsikeHueM (TexHosorusamvu . Kunu, H.
Tecna, 1. XaTurcoHa) MOXHO JOOWTHCSA YTEUKU €rO JEKTPH-
YEeCKUX MOJIe MO 3HAKY 3apsijia MOTeHIIMaa U3 3€PEeH-IEKTPO-
MOTEHIMAJIOB MPOU3BEIEHHOrO 3upa Yepe3 AbIPKA BO BHEIII-
Hell 000JI0UKe U TMOCTEAYIOIEr0 ero yaajaeHusl U3 MHUKPOIPO-
CTPAHCTB aTOMOB, UYTO MPOSIBJISIETCS] B YMEHbIIIEHMH 00bEMa 3a-
HUMAEMbIM TAKUM KJIACTEPOM. DTO HAITIAHO JEMOHCTPUPYIOT
s ekt [. XaTuncoHa ¢ BEpTUKAJIBHO CTOSIIMM OPYCKOM Me-
Tasuia (poto 1), HaxoAsIIMMCS B BHICOKOBOJILTHOM 3JIEKTPOCTa-
TUYECKOM TM0JIe, KOTOPBIM TOCJIe BO3JEMCTBUS Ha HEro 3BYyKa
onpenenéHHor yactotel 1 CBY U3 HeckonbKUX TpaHchopmaro-
poB H. Tecbl Ha m1a3ax cayBaeTcs O BUHTOBOM, KaK CyBaeTCs
BO3J1YIIIHBIN IIAPUK.






®oto 1. DpdekT XaruricoHa ¢ METATUTMIECKUM OPYCKOM ITO[]
JEVCTBUEM NEPEKPECTHBIX MOJIEU — NMEKTPOCTATUYECKUX, IEK-
TPOMArHMTHBIX U aKYCTUYECKHUX.

[TosicHuM 3TO siBIeHUE TPOCTHIM MpuMepom. Mmeetcs: Helt-

—1 o

TpoH auametrpom 10 3em, KOTOpHII TpU pacnajge odpasyer
JIEKTPOH, AHTUHEUTPUHO U TIpOoTOH. [locnennuii, mpucoeauHsIs
XOJIOJTHBIH JIEKTPOH, 00pa3yeT Py HOPMAJIbHBIX YCIIOBUSIX aTOM

BOJIOPOJIA PA3MEPOM YKe 1078 em. D10 stBneHue JeMOHCTPUPYET

yBenudyeHne o0bEMa BelecTBa Ha OCHOBe Bogopona B 10 15 pas.
OO6parHoe siBJieHue — MIOHU3AlIMsl IEKTPOHA C aTOMa BOIOPO/a,
MOKa3bIBAET MPOLECC CAYBAHMSI JIEKTPUUECKOIO MHUKPOIPO-
CTPaHCTBA XOJIOAHOM IJIa3Mbl aTOMa BOOPO/IA. YAAJIEHHBIN KJ1a-
CTep MEKTPUIECKOro 3upa CrocoOeH CO3AaBaTh 3apsif JeK-
TPUYECKMM TOTEHIIMAJIOM, a €r0 YMEJIOE WCIOIb30BAHUE, Ha-
npumep, D. ['paii, co31aET reHepaTop XOJIOIHOTO IEKTPUYECTBA
C POM3BOJICTBOM MOJIE3HOM JIEKTPOIHEPruu. JlOMOTHUTEbHBIN
3apsi]l ANMEKTPUYECKOTO MOTEHIIUANA, OIAHHBIA HA HENTPAJIbHBIN
KJIACTEP M3BHE KOHIIEHTPUPYETCS TOJBKO Ha €ro MOBEPXHOCTU
(dapageii u apyrue). CienoBareibHO — 3TO KJIaCTep aBTOHOM-
HOH 3apsKeHHOM MaTepru-CyOCTaHIMM, KOTOPOW CBOWCTBEHHO
NO/IBUKHOE NepeMEILICHUE MPU ONPENIENIEHHBIX YCIOBUSIX.
Takum 06pa3oM KjacTepbl BellecTBa 3apsiKEeHHbIE JTOMOTHU-
TEJIbHBIM BHEIIHUM 3JIEKTPUUECKUM MOTEHLIMAJIOM, CO3/1AI0T UC-
TOYHUK 3apsiJa 1eKTPUUECKOro HapsikeHus (IIOTEHIMaa), KO-



TOPbII1 AKKYMYJIUPYETCsI TOJIbKO Ha NoBepxHOCTH. OTCIoAa U Xa-
paKkTepHas KAPTUHA CWJIOBBIX JIMHUMA MEXy IByMsS MUCTOUYHMKA-
MH, J1JI1 KOTOPBIX, B CJIy4ae JIEKTPUUYECTBA CUJIOBBIE JINHUU 32a-
KAHUYMBAIOTCS HA IOBEPXHOCTH 3aps/ia, a JJIsI MAarHUTHBIX U I'pa-
BUTAIIMOHHBIX — HEMPEPHIBHOCTb CUJIOBBIX JIMHUM.

Tak Kak 4MCIO aTOMOB B 3TOM KJjacrepe (IOCTaBIIMKA Ta-
KOTO0 CMEIIaHHOro 3(pupa) OAUHAKOBO ISl 9TUX MPOLIECCOB, TO
[0 Macce KJIacTepa MOXHO CYOUTb U O KOJMYECTBEHHOM Xa-
paKkTepucTUKe 00bEMa MPOM3BEAEHHOIO 31eKkTprudeckoro (Pa-
pazeu, SKCIIEPUMEHTHI 10 JIEKTPOJIN3Y) M MarHUTHOIO 3(pu-
pa. Eci kjactep npeBOCXOAUT BEJIMYMHY IJIAHKOBCKOW MacCCHhl,
TO TOSBJISIETCS BO3MOXKHOCTb MOJISIPU30BATh BHEIIHUM IOJIEM
aToOMbl KJIaCTepa M3BECTHBIMM MPUEMAMH, A TaKXke Pa3/IeIUTh
AEKTPUUECKAN U MAarHUTHBIM 3(pup 1o nomocaMm. OnHO3HAKO-
BBIIl IEKTPUYECKUil 3pUp 0OpazyeT CTalMOHAPHO-HEMOIBIIK-
Hble 00/1aKa-00BEMBI 3apsIOB MEKTPUUECKOTO HAINPSIKEHUs —
KpY2n020 2a30n0000H020 anekmpuueckozo agupa Tecaa uau cee-
moevle 6CNblUKU-001aK0 MoaHUuU . BO3MOKHA Takke Moispu3a-
11 ABYX HPOTUBOIOJIOXHBIX 3apsAJI0B JEKTPUUECKOTO TIOTEH-
MaJia U3 JeKTPUUYECKUX 3EPEH-NIOTEHIIMAIOB, KOHLIEHTPUPYIO-
IIMXCSl HA €ro IMamMeTpaibHO PACMOJIOKEHHBIX TOBEPXHOCTSIX —
M. ®Dapaneii.

WTak mmeeM yCTOMUYMBYIO JIEKTPUYECKYI0 (popMy Kiacrtepa
KpY2n020 31eKmpUu4eckozo 3¢gpupa — 3apsii JEKTPUUECKUM I0-
TEHLIMAJIOM U3 KOJJIEKTHBA 3E€PEH-MOTEHIIMAIOB OJHOTO 3HAKa.
[Ipn BcéM 3TOM clenyeT OTaMYarh MoJieBYK (hOpMy 3apsioB



SHepruu (BUXpeBble MAHUTHBIMA U TPABUTALMOHHBI MOHOIIOJN)
OT KOPIYCKYJIMPOBAHHOM (3J7IeKTPOH, HEUTPOH, TPOTOH U T.J11.)
Y UX B3aMMOOOpATHMBble KBAHTOBBIE TIEPEXOIbI B OMPeNeIEHHbIX
MIOPOTOBBIX YCJIOBUSX. AHHUTUJISALIMU KOPITYCKY/TMPOBAHHOU Ma-
TepuM, HAUYMHAS yKe C IeUTepusi, HE MTPOUCXOAUT — UAYT sIlIEp-
HO-MOHHBIE PEaKIIMH C POKIACHHEM OoJiee TSKETBIX IEMEHTOB,
Hanipumep, LENR.

g atux xe ¢opM Marepuu A0 CHUX IOpP OCTA€Tcsl Tau-
HOW orpejienieHue (PU3NMUECKOro CMbICIIa JIEKTPUYECKOTO TOKA
(0OBIYHOTO M XOJIOJIHOTO) Y 3BYKA C TOYKHU 3PEHUS IPUPOIIHI Me-
XaHW3Ma ero camoABWKeHUs, Tak Kak eme M. dapanein u H.
Tecna KOHCTaTUPOBAH, UTO «3.1eKmpuueckuil Iup>» naccu-
BEH OTHOCHUTEJIbHO JIBWXKEHHS W JJIS TOTO, YTOOBI TaKOE «00-
ANAKO» 3aCTaBUTh JIBUTATHCS HEOOXOIMMO TPUIIOKHTH JIEKTPH-
YECKYI0 PA3HOCTb MOTEHLUAIOB — JIEKTPUYECKOE HAIPSKEHUE
WJIM 3JIEKTpUYECKOe AaBiieHue. 1 310 3KCepuMEHTaIbHO MOJI-
TBEPKJEHO, YTO TOK U 3BYK OOYCJIOBJIEHBI NMPUHYIUTETHHBIM
JBUKEHUEM-ABJIEHUEM IO/ ACUCTBUEM PA3HOCTH MOTEHIIMATIOB
(97EKTpUYECKMX Y MEXAHUYECKHUX ) BOJIHOBOJIOB JIJ151 2JIEKTPOHOB
Y HEUTPAJIbHBIX aTOMOB — 3JIEKTPUYECKOTO HANPSKEHUS U Me-
XaHWYECKOIO JaBJIEHUS (Pa3HOCTh IPABUTALIMOHHBIX ITOTEHIIAA-
JIOB) COOTBETCTBEHHO. [Ipruém cBOMCTBA TOKA M 3BYyKa CHJIBHO
3aBUCAT OT [TAPaMETPOB BO3/IEMCTBUS HA BELLIECTBO IMOCTOSIHHBIX
Y IEPEMEHHBIX 3HAUEHUI IEKTPUYECKOro HANPSIKEHUsI U MeXa-
HUYECKOTO JABJICHHUS, T.€. CKOPOCTH U3MEHEHUS JIEKTPUIECKO-
IO ¥ MEXaHWYECKOIo MOTEHUHUAJIA, YTO IPUBOAUT K POXKICHUIO



MOHOMOJIEN, MYIbCUPYIOLIUX C PA3IUYHON YACTOTOM.

DJeKTpUUYECKOe IM0JIe BHYTPU M BOKPYI KJacTepa B LEJIOM
MEKTPOHENTPAIBHO U HEBUAMMO B ITOW KE CHUCTeME H3Me-
PEHUH, YTO TO3BOJISIET OTHAENBHBIM KjacTepaM OOBbEIUHSITCS
B OOJbIlIMEe KJacTepbl — Onaromaps 4eMy UM BO3MOXEH Mexa-
HU3M OOBEIMHEHHS] aTOMHO-MOJIEKY/ISIPHOTO BEIeCTBA B TBEP-
J0€ Y JKUIKOE TeJ0. DIEKTPUUYECKOE TOJIe IEKTPOHEUTPATIbHO
W 3a IpejenaMu atoMa. ATOMHOE SIpO IIPOSIBJISIET JIEKTpUYe-
CKUI TIOTEHIIUAT C TIOJIOKUTEIbHBIM 3HAKOM U U3J1y4aeT BOKPYT
ceOs1 MeKTprUecKuil 3¢pup (MK TpuIecKre 3€pHA-TIOTCHITAAIIBI
C TIOJIOKUTETLHBIM 3HaKOM). biiarogapst Takoyi cTaOMIIBHO CyIiie-
CTBYIOUIEH YacTHUIIE, KaK JIEKTPOH C €r0 XapaKTEPHbIM BHUXpe-
BBIM pa3MepoM (Ha TpU JECATHYHBIX TOpPsIKa) ropasfao OOjb-
UM pa3Mepa aTOMHOTO siipa, 0Opa3yIoTCsl aTOMHBIE OOO0JIOUKU
U3 JIEKTPOHOB, U3JIyYaIOLUe NEKTPUIECKUN (PUP C TPOTUBO-
TOJI0KHBIM 3HAKOM M KOMITEHCUPYIOILLIME Ha HOJIb U3JTyYeHHE 3a-
paaa sapa aroma. [lpu cusbHOM NonsipU3ali aTOMOB, Hallpy-
Mep, BBICOKUM HanpsikeHuem B Tpancgopmarope H. Tecna, Bo3-
MOXHO pasjiejieHre OONaKOB JIByX 3HAKOBOTO 3JIEKTPUYECKOrO
3pupa ¢ pokaeHUEM «2a30n0000H020 céemsuLe20Csi b6enozo 0o-
AAKa» WA «0en020 NaameHu» OTHOTO 3HAaKa B BHUJE COOTBET-
CTBYIOILUX 3MAHAUUIL.

WToroM BBIIIEN3I0KEHHOTO SIBJISIETCS] HOBAsl CUCTEMA MO3HAa-
HUsl 3aKOHOB IIPHPO/bI, KOTOPYIO MOXHO U3JIOKUTh CIIEAYIO-
M 00Pa30M C OTAEJIbHBIM Bbl/IEIEHHEM B HUX 3aKOHOB JJIeK-
TPUYECKOTr0 JBHKEHMSI, KAK TEMbI 3TO KHUTH.



[1yTh Mo3HaHNSI 3aKOHOB MPHUPOAbI HAUMHAETCS C OIpe/ie-
JIEHUI 3aKOHOB HEPIuM, 3aKOHOB JBHKEHHUS U 3aKOHOB hu-
3WYeCKHX MOoJIel, KOTOpbIe B3aMMOOOPATUMO CBSI3aHBI MEXy
co0oii. JIocTOBEPHO YCTaHOBJIEHBI CIEAYIOIINE 3AKOHBI.

3aKOHBI SHEPIUU:

— 1. 3akoHBI POKIEHUS SHEPIUH,

— 2. 3aKOHbl KBAHTOBOM Nepe3apsAKU 3HaKa SHEPIUu JIsl CH-
CTEM C HYJIEBBIM CIIMHOM U CIIMHOM PaBHBIM 1,

— 3. 3aKOHBI B3AUMHBIX [IEPEXOIOB SHEPTUU JIJISI CUCTEM C TIO-
JyLEJIbIM CLIMHOM,

— 4. 3aKOHBI YHUUTOXEHUS SHEPIUH,

— 5. 3aKkoHbI TPOUBBOJICTBA SHEPIUH,

— 6. 3aKOH COXpaHEHUsI SHEPIUH B 3aMKHYTBIX CUCTEMAX,

— 7. 3aKOHBI KBAHTOBOW KOHJICHCALIUY SHEPTUHU ITPU NPEOIO-
JIEHUU CBETOBBIX U 3BYKOBbBIX 0ApbepOB,

— 8. 3aKOoH npeBpallleHui SHePruu Mpu HEOThEMJIEMOU B3au-
MOCBSI3Y TpUa/ibl MOHOMOJIEN B BUXPOHAX,

— 9. 3aKOHBI MHTETPAIlUU U Je3UHTEr Al CTPYKTYPUPOBaH-
HOM MaTepuu SHepruer Kak 3aKOHbl U3MEHEHW s MaTepuH,

— 10. 3aKoHBI IEICTBUS SHEPTUU, €€ MEXAaHU3Mbl U UHCTPY-
MEHTBI.

N npyrue.

3aKOHBI (PU3NYECKUX TOJIEN:

— 1. 3akoHbl poxeHus (pU3NYECKUX MOJIEH,

— 2. 3aKOHBI pOXk/IEHUS IPOCTPAHCTB-MOJIEN OT BUXPEBBIX UC-
TOYHUKOB,



— 3. 3aKoHbl pOXkJIEHUsI MMPOCTPAHCTB-NIONEN OT CTallOHap-
HBIX UCTOUYHUKOB,

— 4. 3aKkoHbI B3aMMOAEUCTBUS (PU3NYECKUX MOJIEH.

N npyrue.

3aKOHBI IBUKEHUA

— 1. 3akoH 6e3bIHEPIIMOHHOTO BHKCHUS,

— 2. 3aKOHBI UTHEPIIMOHHOTO JIBUKEHUSI,

— 3. 3aKOHBI BpalIaTEIbHOTO IBUKEHUS,

— 4. 3aK0HBI JIEKTPUIECKOT0 JBHKEHMHS,

— 5. 3aKOHBI MArHUTHOTO JIBMKEHUS,

— 6. 3aKOHBI TEMJIOBOT'O ¥ 3BYKOBOTO JIBUKEHU S, yAapHasi BOJI-
Ha, TOPHA[IO,

— 7. 3aKkOHBI IIEpEHOCa KBaHTOBOIO COCTOSIHUS KJlacTepa Be-
1IECTBA 3BYKOM,

— 8. 3aKoHBI IBUXEHUS-pocTa (IOpkl U (payHbl, (POTOCHUHTES,
JeJIEHUE KJIETOK.

N npyrue.



I'naa 1. UcTOUYHMKH 3JIEeKTPUYECTBA

1.1 Atom

Mexnay atromowM, omnpezaeineHHsIM HbloTOHOM, 1 aTOMOM CO-
BPEMEHHON (PU3HMKM CYIIECTBYeT TIIyOOKOE pa3inyiue, TMOYTH
npotuBopeure. [lepBblii ObUT JEHCTBUTENBHO S1E€MEHTAPHBIM,
T.€. «HeoeaUuMblli». DTO Mellpyaiiias 3JIeMeHTapHas 4acTULa,
KOTOPYIO HeJIb3s JEeJIUTh Janbiie. [nd coBpeMeHHON (pU3MKHU
aToM — 3TO LEJIBIM MUP, BECbMa CJIOKHBIM IO CBOEMY CTpPOE-
HMIO, ITIPUYEM ITPOLIECC OTKPBITUSA COCTABHBIX €r0 YacTel U Ha-
XOK/IEHWS WJIM BBISIBJIEHUS €0 BHYTPEHHUX 3aKOHOB €lle Jajie-
KO HE OKOHYEH.

ATOM — 3TO nEepBOe, MOC/E IEMEHTAPHBIX YACTULl U aTOM-
HBIX $1/Iep, COCTABHOE U apXUTEKTYPHO O00OJIOYEYHOE COeHHE-
HHE, CO3JaHHOE IIPUPOJOH 10 U3BECTHBIM 3aKOHAM JIEKTPOCTA-
TUKHA ¥ MarHUTHBIX MOHONOJIEH. DTO NPOU3BEICHUE MPUPOLIBI
ClIelyeT OTHECTH K IIEPBBIM IPOAYKTaM CAMOOPraHU3alUK Be-
IIECTBEHHBIX CTPYKTYP — (pOpMa MHTErpaLysl MaTEPUU B COCTO-
sHUM 1oKos. CaMpble NIepBble IPOLYKTH — 3TO aTOMbl BOAOPOAA
Yl TeJIns, NPeICTaBIeHHbIe Ha (hoTo la.
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doro la. Cxema 37€KTpUUYECKUX IOJE€H aTOMOB BOJOpOIA
Yl TeJIMS] B MTHOBEHHOM COCTOSIHMH ITyJIbCALIMM BCEX UX MArHUT-

HBIX MOHOIIOJIEH.

B cuny cTpykTyp BHelHel 000JI0UKH MPOTOHA U JIEKTPOHA,
00Pa30BaBIIMUICS C MOMOIIBI0 XOJIOJHON 0€3MacCOBOU TUIA3MBbI
aToM BOJOPO/Ia UMEET ACUMMETPUYHOE BHEILIHEE JIEKTPUUYECKOE
1oJjie, KOTOpOe He MOJHOCTBK CKOMIIEHCUPOBAHO MOJIEM JJI€K-
TpoHA. ITO OOYCJIOBJIEHO TEM, YTO YaCTOTa SIIEPHBIX MOHOIIO-
aer '9MM Ha Tpu JECATUYHBIX MOPAJKA BBILIE IEKTPOHHBIX
Y COOTBETCTBEHHO IUIOTHOCTb MOJIOKUTEIBHBIX IEKTPUUYECKUX
3€pEeH-TTIOTEHITUAJIOB OOJIbIIIE.

[TosTomy BogOpO[ 3aHUMAET 0COOOE TIOJIOKEHHE B TIEPUOIU-
yeckon cucreme. Ero nmomeniaior kak B 1 Tak m 7 rpynne ne-
puoauyeckon cuctembl. CXOACTBO CO LIEJOYHBIMU METaUIaMU
NPOSIBIISIETCS] B 00PA30BAHUU TOJIOKUTEIBHO 3apsKEHHOTO MOHA
(H+) 1 B Bblpak€HHbIX BOCCTAHOBUTEJIbHBIX CBOMCTBAX, HU3-



KOM CPOJICTBE K JIEKTPOHY U HU3KOU JIEKTPOOTPULIATEIbHOCTH.
C rasiorenamu o0beAMHSAET: 0Opa3oBanue ruapua-noHa (Na Ha-
MOMMHAIONIETO0 aHUOHBI rasioreHoB (K+); Kak rajaoreHsl, BOJO-
pon — ra3, MOJIEKYJIa €ro ABYXaTOMHA; aTOMbl TJIOTEHOB JIETKO
3aMeIal0T BOJOPOJA B OPraHUYECKUX COEIMHEHUSIX. YHUKAIb-
HOIM 0COOEHHOCTBIO BOIOPO/A SIBISIETCS 00pa30BaHMe BOIOPOI-
HBIX CBsI3ed. TUMMYHbIE CTETIEHN OKUCIIEHUS BOAOPOAA B COE/IU-
HeHusx — +1 u -1. B monekynsspaom Bogopone — 0. B peakiusx
OH TPOSIBJISIET CBOWCTBA OKUCIUTES.

Ecnu co3nare UCKYCCTBEHHO TEXHUYECKH B KOHICHCUPOBAH-
HBIX Cpellax-Tejlax CMelIEHUEe HEUTPAILHOCTU aToMa B CTOPO-
HY POXKJIEHHS IbIPKU-JIA3eMKU B JEKTPOHHBIX 0O0JIOUKAX s
BBIXOJIa KJIacTepa HECKOMIIEHCUPOBAHHOTO XOJIOMHOM Oe3Macco-
BOM IUIA3MOM MOJIOKUATEIBHOTO TOJIsi aTOMHOTO $i/Ipa, TO Bed-

Hble MATHUTHbIE MOHOMOMM ¢ YactoToit 102 I'n OynyT Hempe-
PBIBHO Ka4aTh-MPOU3BOJUTH KJIACTEPHI 3EPEH-IOTEHIIMATIOB, KO-
TOpbIe MOXKHO OyeT 3aXBaThIBaTh W MPEOOPA30OBBIBATH B XOJIO-
HOE JIEKTPUYECTBO JJ1s TPOM3BOACTBA JIEKTPOIHEPT MU, KaK ITO
yxe OblJIo ucnonib3oBaHo B ycrporictBax H. Tecna, . I'pes, T.
Mopes, C. ®noiiga u Apyrux. DTOT e MEXaHU3M OTBETCTBEHEH
32 MHOTOUYMCJIEHHBIE KOHTAKTHBIE SIBJICHUS] HA TPAHULIE AUDJICK-
TPUKOB, METAJIJIOB, IPOBOAHUKOB M MOJTYIPOBOJAHUKOB U POXK-
JIEHWE JIBOWMHOTO JIEKTPUYECKOIO CJI0sl, B TOM YMCJIE U B MOHU-
CTOpax.

ATOM COCTOUT U3 aTOMHOTO sIIpa 1 000JIOUYEK U3 JIEKTPOHOB.
Ha ¢oto 2 nokazana o6oouevHasi u3 BOJHOBOJIOB CTPYKTypa



saapa. B cuity cTpyKTyp BHEIIHEi 000J0UKY POTOHA U JIEKTPO-
Ha, 00Pa30BABIIMIACS C TIOMOIIBIO XOJIOAHOM TJIa3MBbI aTOM BOJIO-
poja MMeeT aCUMMETPUYHOE BHEIIIHEE JIEKTPUYECKOe T0JIe, KO-
TOPOE He MOJHOCTBIO CKOMIIEHCHPOBAHO MOJIEM 3/1eKTpoHa. OT-
CloJa CIelyIoT ¥ €0 OPUTMHAJIbHBIE CBOMCTBA, KaK Ha SIEPHOM
YPOBHE B (hopMe AEUTPOHA-TPUTOHA’, TaK U HA MOJIEKYJISIPHOM.

doto 2. O6onoUeyHas CTpyKTypa Aapa

Hanpumep, Mosekysia BOnopoa, CoCTosIIIast U3 AByX aTOMOB
OYEHb YCTOMYMBA U MOKET pacIiacThCsl TONBKO MTPUA OYEHb BbICO-
kux Temneparypax — ot 2000 1o 5000° C. MmeroTcs 1 JBa coCTo-

7 JIeTpoH, TPUTOH UMEIOT CTPYKTYpPY TPOTOHA, HO X OOONOYKH YBEIUYEHBI COOT-
BETCTBEHHO HEPreTUUECKH ¢ 4acToToi no opmysne [lnanka.



SIHUSI MOJIEKYJTbI BOJOPO/IA, B 3aBUCUMOCTH OT B3aMMHOU OpHEH-
Talluy SIIEPHBIX CIMHOB — OPTOBOAOPO. U mapasopopon. C apy-
rOil CTOPOHBI, UMEETCS aTOM TeJIHs, SIAPOM KOTOPOU CITYKHT U3-
BECTHasl B siiepHOi (pusrke anba-yactuiia. Bueninee nose Ha-
CTOJIbKO CUMMETPUYHO U TUIOTHO SKPAaHUPOBAHO CTPYKTYpaMu
JIBYX JIEKTPOHOB, YTO STOT aTOM IPOSIBJISIET Uy/ieca MHEPTHOCTU
B XUMHUYECKUX (MEKTPUYECKHMX) B3AUMOJCHCTBUSAX — OH TOJ-
HOCTBIO NACCUBEH. DTU CBOWCTBA JIEKTPOHOB — CO3/1aBaTh IMOJ-
HBII 9KPaH W3 MOJIel JeKTPOHOB BOKPYT MOJIOKUTEILHOTO TMO-
Ji iapa s KOMIIEHCALMHY €ro Mo (HEBUIUMOCTb) B TPEThEM
BHEIIIHEM T10JIe, KaK TBOPEHUE MPUPOJIbl, CIIEIIUATIBHO MpUBEe-
HBI 3/1€Ch /11 BOBMOXKHOCTH aHAJIN3a B MOCTEAYIOIIUX pa3jienax
PYKOTBOPHOTO TIOCTPOEHMSI aHAJIOTUYHBIX CTPYKTYp KOMIIEHCa-
UK 3apsiia Macchl (6e3 pa3pyieHust e€ CTPYKTYPbl U UHEPTHO-
CTU JIBMKEHUSI) KJIACTEPOB aHTUTPABUTAIMOHHBIM 3apsIOM IS
OpraHMU3allui TEXHUYECKOro Oe3bIHEPIIMOHHOTO U «HEBUIUMO-
ro» JIBUKEHUS B TPETHEM TIOJIE.

Heiitponsl u apyrue HeWTpabHbIEC SAPA HA OMPEHeSIEHHBIX
I'PaBUTALIMOHHBIX TMOSICAX HAYMHAIOT pacrajl, JBUXKEHUE U TIO-
CJIeTYIOITYI0 CTAOMITU3AIMIO BOTM3HM TBEPIIOW MOBEPXHOCTU 3eM-
. B pesynbrare 00pa3yloTcsi JOCTaTOUHO CTAOMIIbHBIE MOIOKH-
TeJIbHBIC sIpa W CTaOWJIbHBIE OTpUIATeNIbHbIE MeKTPOHbL. CTa-
OWJIBHOCTD TEX U JIPYTUX YXKe JOCTATOYHA JIJIs1 OXJIAKACHUS U pe-
KOMOMHAIUH APYT C APYTOM, C 0Opa30BaHUEM JOJTOBPEMEHHBIX
CTPYKTYP aTOMHO-MOJIEKYJISIPHOTO BEIeCTBA. ATOMBI XUMUYE-
CKHX 3JIEMEHTOB — 3TO CUHTE3WPOBAHHBIE COCTABHBIE TUCKPET-



Hble MUKPOIPOCTPAHCTBA-TIONs, 00pAa30BaHHbIE U3 [IBYX 3JIEK-
TPOCTATUYECKU MPOTUBOIONOKHO 3aPsIKEHHBIX U KOHLIEHTpUYe-
CKM PaCHOJIOKEHHBbIX CEepUUecKUX YacTell ¢ pa3MepaMu LieH-

TpaJbHOM YacTu ~ Aapa 1013 i Heckombkux 3JIEKTPOHOB C Xa-

PAKTEPUCTUYECKUM Pa3MEPOM 1010 cm, Bxogsmux B cocras
ceprudecknx 000I0UeK, HAXOUSIIUXCA B cloe chepuuecKoro

CJIOSi MUKPOIIPOCTPAHCTBA aTOMa pa3MepoM-auaMeTpom ~ 107

8 em. JpyruMu cioBamMH, U3 AByX CBOOOTHBIX YACTHII C YKa3aH-

HBIMU pa3Mepamu, JBUKYLIMXCS HABCTPEUy ApYr K Ipyry C pas-
HBIMU, HO OIIPe/IeJIeHHBIMU CKOPOCTSIMH, 00pa3yeTcsi MyTEM 3a-
XBara U CIIMSHUSA CBA3aHHAsA 4aCTULIA-aTOM, C pa3MepoM cepbl
CBOErO MUKPOIIPOCTPAHCTBA, COBINAAAIOIIEN C COOTBETCTBYIOLIN-
MU pa3MepaMu 3aMKHYTBIX 1eOpPOMIEBCKUX JUIMH BOJIH yKa3aH-
HbIX yactull. [Ipuyem no ycroiiunBocTH atomsl ciiadee saep 6o-

nee uem 10 7 pas.

CTpyKTypa 3TOro HOBOro MUK pOMPOCTPAHCTBA, OKATYH, ca-
Masl CJIO)KHasi U3 BCEeX M3BECTHBIX. Harpumep, M3BECTHO, 4TO
KaK/Iblid 971eKTpOHHBIN coil atoma u3 K, L, M, N u T.1., HaunHa-
ercsi ¢ S-060710ukH (poTo 3), Ha KOTOPOH YIEPKUBAIOTCS TOJIHKO
He OoJiee JBYX JIEKTPOHOB U TO C MPOTUBOIOJIOKHBIMU CITUHA-
MH.



®oto 3. AToM U ero BHeIIHsIs1 000JI0UKa U3 HECKOJIKUX JIeK-
TPOHOB

Kasxnas mocneyrormas 000109Ka TOTO WM MHOTO CJIOST UMEeT
BITOJTHE OIIPEJEJIEHHOE MaKCUMAaJIbHO BO3MOKHOE 3HAYEHUE YMC-
JIa JIEKTPOHOB, Pa3MELIEHHBIX Ha Hel. Tak, Hanpumep, y aToma
amomunus (Z = 13) B cnoe K nMmeercs b ogHa 000JI0uKa S
C IByMsI 9JIeKTpoHaMH, B croe L — iBe, S 1 P o6omouka ¢ 2 u 6-10
JIEKTPOHAMM COOTBETCTBEHHO, a B cjioe M — 2 a1eKkTpoHa Ha S-
000JI0UKe U OJIMH J1eKTPOH Ha P-o0omnouke. ¥ atomMoB ¢ 601b-
UM TIOPSIIKOBBIM HOMepOM BepxHHe cion umeioT D u F 060-



JIOYKH, Ha KOTOPBIX MOXET OBITh pa3MelIeHO OT AeCSITH U 00-
Jiee NeKTPOoHOB. Takasi CTPyKTypa aTOMHOTO MUKPOMPOCTPaH-
CTBa HOCHT SIPKO BHIPAKEHHBIN STYEUCTO-C(HEPUUECKUI XapaKTep
C LIEHTPOM B BU/I€ TOJIOKUTEIIBHO 3aPSIKEHHOTO sI/Ipa, OKPYKEeH-
HOTO BOJIHOBOJIAMH 3JIEKTPOHOB, 3a(hbUKCHPOBAHHBIMU B OIpe-
JeJICHHBIX CJIOSIX W CIIEIMATbHBIM 00pa30oM YJIOKEHHBIX Ha T0-
BEPXHOCTH 0005104eK. Takoe pa3merieHue JIeKTPOHOB 00YCIIOB-
JIEHO WCKJTIOUMTEJIHHO TOMYIIENbIM CIIMHOM 3JIEKTPOHOB U THO-
KUM U3MEHUBIIMMCS €T0 BOJIHOBOIOM, KaK «CIIPYTOM>» OXBAaTHB-
IIMM Y9acCThb c(hepbl TUAMETPOM C 1eOPOIIEBCKOM JJTHHOW BOJTHBI
9TOrO CBSI3AHHOTO 37IeKTpoHa. CTPYKTYpa BHYTPEHHUX JEKTPU-
YEeCKUX IoJIer aToma IMpecTaBiieHa Ha ¢oto 4.

®oto 4. Cxema BHYTPEHHUX 3JIEKTPUUECKUX MOJIEH aToma
¢ 0Opa3oBaHUEM 30HbI XOJIOIHOM TUIA3MBI.



VY Bogopoza Ha Takoil cpepe pa3MeIEéH TOIbKO OJUH JJeK-
TPOH. Y resus JBa 3JeKTPOHA pa3MeILEHbl Ha 3TOU c(hepe TakKum
00pa3oM, YTOOBI IEHTPAJILHOE TOJIE AIEKTPUIECKOTO 3apsiia siji-
pa «BUENO» MaKCHUMaJIbHYI0 MOBEPXHOCTh BOJHOBOJOB 3THX
9JIEKTPOHOB HE TOJIBKO OJMKAWIIed TIOBEPXHOCTH, HO M TIOCTIe-
JQYIOIIUX 10 Mepe BO3pacTaHus paauyca. B naHHOM ciydae 1o
JOCTUTAeTCsl TUaMeTPaJIbHO MPOTUBOIOIOKHBIM PACHONIOKEHU-
em. Korza spo obGnasaer Gosee 3HAUMTEIbHBIM 3apsiIOM JJIeK-
TPUYECKOrO MOTEHIMaa, TO Ha 000JI0UKe OOJIBIIEro JAuamMeTpa
HOSIBJISIETCST OOJTbIIIE CBOOOTHON TIOBEPXHOCTH JIJIsI Pa3MEIIeHUS
OOJIBIIIer0 KOJIMYECTBA MEKTPOHOB. Tak, HapuUMep, y aJllOMU-
HUS1 Ha BTOPOM CJIO€, BO BTOPOMl P-000JI04YKe MOKET Ha TIOBEPX-
HOCTH cpepbl pa3MecTUTCs yxke 6 3MeKTPOHOB. DTH IMIEKTPO-
HBl PABHOMEPHO MEPEKPHIBAIOT CBOMMU BOJTHOBOJIAMH BCIO TO-
BEPXHOCTbh 3TOU 0007104KH. [ToaTOMy Ha TOBEPXHOCTH 00OI0UYEK
OO0JIBILIETO AUAMETpa UX YUCIIO Pe3KOo Bo3pacTaeT. Takasi CTpyK-
Typa aTOMOB BO3MOHA JIMIIIb B JJOCTATOYHO CBOOOIHOM TPO-
CTPAHCTBOM, KaKO€ MMEeTCsl Ha MOBEPXHOCTH IUIAaHET U 3BE3,
HO Takasl CTPYKTypa peajbHO HEBO3MOXHA B TIIyOMHE HYDKHEW
MaHTUM 3eMJH, rae Onarogapsi O4eHb BHICOKOMY JABJIEHUIO OT-
CYTCTBYET JOCTaTOYHO CBOOOIHOE IMPOCTPAHCTBO JIJIs1 00pa3oBa-
HUS TIepexojia HEMTPOoHa ¢ 0OBEMOM COOTBETCTBYIOIIUM pa3me-

py 1013 cm B 06béM atoma BOJIOpO/IA ¢ pazmepoM paauyca 10—

8 cM, HO BO3MOKHO 00pa3oBaHKe MIO-aTOMOB (ME30aTOMOB) BO-
J0pOJia, SHEPTUsI KOTOPBIX MOXKET JIUIIb MPECTaBISTHCS HE TEM-
niepaTypoyi BpaliaTeIbHO-KOJIe0aTeIbHbIX COCTOSTHUIMA, a TOJIBKO



BpaIllCHUEM.

PaccmoTpeHHast CTpyKTypa pa3MelieHns1 JIeKTPOHOB B COOT-
BETCTBYIOIIMX 000JIOUKAX MOJTHOCTHIO UCKJTIOYAET BCAKOE OpOH-
TaJIbHOE JBVKEHUE JIEKTPOHOB B MIPOCTPAHCTBE BOKPYT SAApA.
OpOuTasibHOE ABMKEHHE IEKTPOHOB, KaK Y JIBUKEHHUE K TPO-
Ha 13 BO30YXAEHHOTO COCTOSIHUSI B OCHOBHOE COCTOSTHHME aTOMa
JOJDKHO TIPUBOAMTH K U3JTyUEHHIO JIeOPOMIeBCKHUX BOJIH, UTO Ha-
OJro/1aeTCs Ha TTPAKTHKE BBICBEUMBAHUEM ONTUYECKUX (DOTOHOB,
HO He HaOJIIoJaeTCs IJ1s aTOMOB, HAXO/SIIIIMXCS B OCHOBHOM CO-
CTOSTHUH.

3amnuch, oTpaxkalolasi pacrpee/ieHue JeKTPOHOB B aToMe
XUMHYECKOTO JIEMEHTA 0 SHEPreTUYeCKUM YPOBHSM (CII0SIM)
1 IOy pOBHSM (000JI09KaM), Ha3bIBaeTCs JIEKTPOHHON KOH(H-
rypamueit 3Toro atoma. Tak, HarpuMep, BbIllIE pACCMOTPEHHAas
KOH(UTypallvs aToMa aJIOMUHHUSI MOXET OBITh Mpe/ICTaBJIeHa,
Kak 1s>2s” 2p6 3s? 3p.

B ocHoBHOM (HEBO30YXJEHHOM) COCTOSIHUM aTOMa BCE JJIeK-
TPOHBI YIOBJIETBOPSIOT MPUHIUITY MUHUMYMa MOTEHIIUAILHON
SHEepruv. ITO 3HAYMT, YTO CHAYaJIa 3aNOTHSIOTCS CIIOH, JJIS KO-
TOPBIX:

— IJIaBHOE KBAaHTOBOE YMCJIO «N» MUHUMAJILHO,

— BHYTPH OJJHOTO CJIOSI CHaYaJIa 3aroJTHseTCs S- 000I0UKa, 3a-
TeM p- 1 Juiib 3ateM d u T. 1.,

— 3ar0JIHEHUE TPOUCXOIUT Tak, YToObI (n + 1) ObUIO MUHH-
MaJIbHO,

— B Tpefesiax OAHON OOOJIOUKM JIEKTPOHBI PACTIONAraroTCs



TaKUM 00pa3oM, YTOOBI paBHOMEPHO CBOMMH BOJIHOBOJIAMU T10-
KPBITh BCIO TIOBEPXHOCTh 9TON 0OOJIOUKHU HE COMPUKACASICh JIPYT
C JIpyrom,

— 3ar0JIHEHUE NIEKTPOHHBIX aTOMHBIX 000JI0UEK BHITMOIHSIET-
Cs1 B COOTBETCTBHH C MprHIIMTIOM [laymu.

ATOMHBIE MUKPOIPOCTPAHCTBA MPOSIBIISIOT BEChbMa Xapak-
TepHble cBoMcTBa. Hampumep, aToM Boiopoa criocoOeH Moriio-
I1aTh WX U3JTy4aTh BIOJIHE OINpe/ieieHHbIe CepUH (DOTOHOB. DTO
TaK Ha3bIBaEMble XapakTepucTuieckue cepun baibmepa, [are-
Ha, JlaimaHa u 1. 1. [Ipu nornomenny (pOTOHOB U3 ITON CEPUH,
JIEKTPOH MePeXoauT u3 1S cocTosiHUSA B Apyrue, OoJiee BHICOKO-
BO30YXJeHHbIe cocTosiHUSA — 2P wm 3S u T. A. YV atoma renms

BO3MOXHOCTEH erlie OOJIbIlie — y HEero JiBa JIEKTPOHA 1S2. Ec-
JI BO30YXJIEH TOJIbKO OfUH 371eKTpoH — 1S 2S wmm 1S3P u 1.4.,

a ecrm 06a — 28w 2P3S u T. 1. Yo 310 3HAUNT? DTO 3HAYUT,
YTO MPH TOTJIOIIEHNUH SHEPTUH IEKTPOH MEPEXOAUT B TIOTEHIIU-
aJIbHOM TIOJTe Si7jpa Ha OoJiee JaIEKOe PacCTOsSTHUE OT HEro, KOTo-
pble Ha3bIBAIOTCS PUIOEPTOBCKUMHI COCTOSIHUSIMU aTOMOB.
I'naBHbiil Bonpoc. [louemy npu pekoOMOMHAIIMK TTPOTOHA
C NIEKTPOHOM, MOCJIETHUE HE Ta/IaloT PYT Ha ApYyra, Kak MpOTH-
BOTIOJIOJKHBIE 3aPsIJibl, 2 OCTAIOTCSA B IPOTUBOCTOSTHUM JIPYT APYTY

Ha pacCTOSIHUU 10 8em, ¢ 00pa3oBaHUEM YCTONYMBBIX aTOMOB?
Kak Obu10 yXe Moka3aHo Ha mpumepe® HEUTpOHa, B MpolLiec-

8 MTanpun A. A. Ctpykrypa Mupo3aHus BcejaeHHoW. Tom 1, Muxpomup. U3na-
tenbetBO Puaepo. 2019 roa. 400 crp.



ce ero pacrnaja, u3 Hero yHocurtcs aueprus 1,29 Mss B dopme
yacTul (NEKTPOHA U aHTUHENTPUHO) Y KWHETUYECKOU SHEPIUH,
pacripeie;IeHHOM MeXJly HUMHU. DHEpPrusi — 3T0 U MPOCTPaH-
CTBO-0apbep. DTa yHeceHHasi SHePrus U SBIsETCS TeM 6apbe-
POM TIPOTHBOCTOSIHUS, KOTOPHI JIEKTPOH OJarofapsi CBOeMy
cTaOMIILBHOMY CYIIECTBOBAHUIO B BUJE My/IbCAINIA C(pepbl HCTOU-

0 -20

Huka ['9MM paszmepom 1 cM U nonycgepbl YETBEPTb-BOJI-

HOBOJOB paauycoM 2,4 X 10— cm pa3MeleH B atoMme B cde-
PUYECKOM CJIOE IIPA HOPMAJIbHBIX YCIOBUAX PaJUdyCOM 10~"—

1073 cm, n MO3TOMY HE MOXET yIacTb Ha NOBEPXHOCTb IIPOTO-
Ha. [lo Toil mpuuMHe, YTO pa3Mep YeTBEPTh-BOJIHOBOAOB K-
TpoHa (IJTMHA IeOPOMIEBCKON BOJIHBI) HA TPH JIECATHYHBIX T10-
psilIKa MPEBOCXOAUT BHEIHUIA BOJIHOBO/ JTI0OOTO aTOMHOIO $i/1-
pa, T.e. YeM MeHbIlle Macca MUKPOUYACTHIIbl, TeM OOJbllie pa3-
Mep-AUaMETP €ro BOJTHOBOIOB B MOJIHOM aHAJIOTMH CO CBOMCTBA-
Mu DMB — ueMm Bbllle S3HEPrus, TeM KOpoue JJIMHA BOJIHbI U Bbl-
1Ie YacTOTa BUXPOHA. MarHUTHbIA MOHOIIONb JIEKTPOHA MOXET
)KUTb TOJIBKO Ha MOBEPXHOCTU chephl-Noaycdepsl YKa3aHHOIO
paanyca. MokHO 0Opa3HO CKa3aTb, YTO SHEPrHsi B BUXPEBBIX TO-
JSIX atoma mpecTaBieHa (popMoi MaTepuu XOJIOJHONU Oe3mac-
COBOM TUTa3Mbl B BUjIE CJI0S1 CPepruecKOoro MpoCTpaHCcTBa — Oa-
pbep.

[Tostomy nedpoiiieBckas nomycdepa-BOIHOBO, CBI3aHHOTO
aTOMHOTO 3JIEKTPOHA HE MOKET (PU3UYECKU «YNACTh» B LIEHTP —
OHa CHOCOOHA JIMIIh OKPYXHUTh €ro. JTa ke MPUUYNHA SBIISIeT-



cs1 OCHOBOW 00pa30BaHMs BCEX aTOMOB TaOMIbl MeH ieneesa.
W mMeHHO 3TOT (pakT 10Ka3bIBAET MyTh POXKIEHHUS BCEX ATOMHBIX
s5ep, Kak ¥ myTh NpoToHa. K BeMKoMy coxkasleHMIo Ha KOJUTai-
Jiepax v Ha IPYTMX TEXHUYECKUX YCTAHOBKAX MOKA He HAYYUJIUCh
NOJTy4yaTh TUIa3My BUXPOHOB C SHEPrHeH, MO3BOJISIONIeN TOMy-
YaTh HEUTPAJIbHBIE sI/Ipa C OOJIBIIMM aTOMHBIM BECOM, YeM Mac-
ca HelTpoHa. DTO MO3BOIUIIO Obl IPOAHAIM3UPOBATH THUIT U BU]L
pacnaja, a Tak’ke BO3MOKHOCTbh CUHTE3a UCKYCCTBEHHOTO aTOMa.
C npyroii CTOpPOHBI, U3BECTHO, UTO pa3Mep MIOOHA COU3MEPUM
C BHEIIHMMHU OOOJIOUKAMU sIep, U TIOITOMY MPUCOEIMHEHUEM
MIOOHA K si/Ipy (M€30aTOM) OCYIIECTBIISIETCSI €r0 MPUOIKeHNe
K s71py B 207 pa3 Onuke, 4eM AJ1s JIEKTPOHA.

ATOM B 1IEJIOM 3JIEKTPUYECKU HEUTpasieH. MexaHu3m
NIEKTPOHEUTPATIBHOCTH TOSICHAETCA CXEMOM, MPEICTABJICHHOU
Ha ¢oro 4. Anpo aTomMa MMEET MOJIOKUTEIbHBIA 3apsijl JIEK-
TPUYECKOTO MOTEHIIMANA U COOTBETCTBEHHO M3JIy4YaeT B 47T BO-
Kpyr ceOsi IOTOK TMOJIOKUTETBHO 3apsKEeHHBIX 3€PEeH-TIOTEHIH-
aioB. O0OJIOUKM U3 NMEKTPOHOB, OOpa30BaHHBIE HA PACCTOSI-

Huu-paauycax ot 0,5 — 15 x 1078 cM, IOCTOSIHHO OBHOBNSIOTCS
MarHUTHBIMH MOHOTIOJISIMU C POXK/IEHHEM 3K PaHUPYIOIIETo 00-
JIAKa-TIOTOKA OTPUIIATENILHO 3apsKEHHBIX 3EPEH-TIOTEHIINAIOB.
BHyTpu atoma oOpa3syeTcsl JMHAMHYECKOE PaBHOBECHOE MUK-
POITPOCTPAHCTBO-TIONE, 3ATIOJIHEHHOE JIBYX 3HAKOBBIM JICKTPH-
yeckuM 3(pUpPOM, a MPH BCTPEUYHOM B3aUMOJICHCTBUN-aHHUTH-
JISIAN POKIAETCS 30HA DJIEKTPUUECKOH X0JI0HOI Oe3mac-
CcOBOM Ma3Mbl. [IpOTHBOIIONIOKHO 3apsiKEHHBbIE TIOTOKU 3€-



PEH-3JIeKTPOIOTEHIINAJIOB aHHUTUIMPYIOT ¢ 0Opa30BaHUEM CH-
JIOBBIX JIMHUI 3JIEKTPUYECKOro MOJsi M YHUUYTOXKEHUEM IIpO-
CTPaHCTBA, YTO MPUBOAUT K MPUTSKEHUIO UICTOUHUKOB MX IOPO-
JUBIIKX U (PUKCALIMU NTApaMETPOB aTOMHOI'O IIPOCTPAHCTBA ITy-
TEM POXICHUS U OOHOBJICHUS XOJIOIHOM TUIa3Mbl U3 O€3Macco-
BBIX JIEKTPUUYECKUX 3EPEH-TIOTEHIIMAIOB C TPOTUBONOIOKHBIMU
3HakaMu. HeckoMneHCMpOBaHHBIN NIEKTPUUECKUI (PUP MOKET
BBIBOJIUTCS U3 MEXATOMHOI'O POCTPAHCTBA MPY CUJILHOM MOJIs1-
pU3aliy BelecTBa OOJBIIMMU 10 3HAYCHUIO NIEKTPUIECKUMU
NOTEHIMAJIAMY, CYILECTBYIOIIMMHU ISl CBSI3U B aTOME, U CIIOCO-
O0eH K 00pa30BaHMIO 3apsa MEKTPUYECKUMU 3EPHAMU-TIOTEH-
MajaMy C MOCJEYIONMM ero 3aXBaToM U IMpeoOpa3oBaHUEM
B anexmpuueckuli xonooHvlii moxk texnonorusimu H. Tecna, 2.
I'pesa, T. Mopes.

Ortcioza crietyer )U3Hb U CYIIECTBOBAHUE 3apsI/IOB NIEKTPU-
YECKMM IMOTEHIMAJOM B (popme, XapakTepusylouled Hajaudue
aTOMHOI'O MPOCTPAHCTBA B AKTUBHO-IMHAMUYECKON aHHUTUIIN-
pywoien opme, MPUBOASAIICH K HATMYMIO B HEM ABYX3HAKOBO-
ro 3(upa 30HBI XOJIOAHOM IJIa3Mbl U3 MPOTHUBOMNOIOKHBIX 3€-
PEH-3JIEKTPOIOTEHIIUAIOB O0OUX 3HAKOB.

AHaslornyHa 1Mo poXxJIEeHUI0 U YHUUTOKEHUIO MarHUTHAsI XO-
JogHass Ge3mMaccoBasl TUia3Ma, KOTopasi XapakTepu3yeTcs: MpH-
TS2KeHUEeM I0JTI0COB CTAIlIMOHAPHBIX MarHUTOB.

OnHako TpaBUTAIlMOHHAsI XOJIOMHAs Oe3MaccoBasi IUIa3Ma,
NOpOXAaeMasi B OCHOBHOM SIIPOM aToMa, U3JyJalolum Oosee
JaJIbHOJEUCTBYIOIME U OTHO3HAKOBbIE 3€pHA IPAaBIOTEHIUAIB,



OTJIMYAETCs TI0 CBOMCTBAM TEM, YTO B3aMMOJEHCTBYET JIMIIIb
C LIEHTPaJIbHBIM IPOTHUBOMNOJIOKHBIM MO 3HAKY IMOJeM 3eMJIH,
nposiBisis y aroma 3apsij maccol B CH.

[ToaTOMY CHapy U aTOMa BHELIHEE IEKTPUIECKOE MOJIE sipa
MOJTHOCTBIO CKOMIIEHCUPOBAHO BHEUTHUMM MOJISIMU JIEKTPOHOB,
pa3MeniéHHbIX Ha (PUKCUPOBAHHBIX 000JI0UKaxX. B cBsI3M ¢ 9THM,
y aTOMOB TOSIBJISIETCS] BO3MOKHOCTh OOBEIUHATHCS B KJIaCTEPhl
BEIIECTBA, BILIOTh JI0 ’KUJKOCTU U TBEpAOro Tesa. OJHaKo y Me-
TaJUIOB BHEIIIHUE BAJIEHTHBIE JIEKTPOHBI AaTOMOB TIOYTH CBOOO/I-
HBI ¥ 00pa3yioT B OOJBIINX MACCHBHBIX KJIacTepax oOlaKka CBO-
OOHOrO OTPULIATENILHO 3apsKEHHOrO 3J1eKTPUUYECKOro 3¢upa,
koTopbil o TexHosorusim H. Tecna, 3. I'pes, T. Mopest u MHO-
TUX IPYTUX MOXHO 3aXBaThIBATh U MPEOOPA30OBHIBATH CIIEINATTb-
HBIMU CXEMaMH B XOJIOMHOE MEKTPUUYECTBO, 00pa3ysl He3aBUCH-
MbI€ ¥ aBTOHOMHbIE BEUHbIE UICTOYHUKY MUTAHUSI.

CoBceM 1no-ipyromy BefeT cedsi OIHOMOMSIPHBIN T'paBUTAIIU-
OHHBIN 3(pUp U3TyYaEMbIi 3aMKHYTHIMU OOOJIOYKAMU aTOMHO-
ro sapa. BenencTBue BBHICOKOM IJIOTHOCTM ATOMHOTO siipa Ta-
Kol 3¢up Oosee NAILHOAEHCTBYIONIUNA U TPOHUKAIOIIHMA, TO-
9TOMY OH BBIXOJUT HE TOJKO HAapyXky aroma, HO M KJjacrepa
B 1IeJI0M, (popMUpYsl BHEILIHEE TI'PaBUTALMOHHOE MOJIE TaKOro
ATOMHO-MOJIEKYJISIPHOTO BEIECTBA. JTO MOJE B3aMMOJACUCTBY-
€T C UEHTPAJbHBIM IOJIEM TATOTEHUsI 3eMJIM U TPOSIBISIET Ta-
KHMM B3alMOJIEICTBUEM U y aTOMa, U KJIacTepa U3 TaKUX aTOMOB,
CBOWCTBO MACChl U UHEPTHOCTH.

ATOMBI, X aTOMHBIE sI/Ipa U IEKTPOHBI TPOSIBIISIOT MarHUT-



HbIe CBOICTBA, HO pa3Hbie U B Pa3HbIX (pOpMax, UTO IMO3BOJISI-
€T IIMPOKO MPUMEHSITh METO/1 S1IepHO-MarHUTHOTO Pe30HaHCca —
CMMH si/ipa B aTOMax yIJiepojia PaBeH HYIIO, a B aTOMaxX BOJOPO-
Jia TIOJYLIENbIA U T.J., CIIMH JIeKTPOHA TMOJYIIENblid, a ero mar-
HUTHBI MOMEHT OOJIbIIIE YeM Y aTOMHBIX sijiep U T. 1. Hecmotpst
Ha TO, YTO MAarHUTHbIE MOHOIOJIM IIIMPOKOTO YaCTOTHOTO CIIEK-
Tpa SIBJSIOTCA CTPOUTENsSIMU aTOMOB W €ro 3JeMEHTOB (sapa
Y JIEKTPOHBI), U IIPU TAKOM IIPOU3BOJICTBE «OTXOAAMU» SIBJISIET-
Csl €r0 JBYX 3HAKOBBIN HEBUMMBIA MAarHUTHBIN 3up, o0pazy-
0L MAarHUTHBIE MOMEHTHI aTOMHBIX SIIEp U JEKTPOHOB, €r0
JIO CHUX TMOp HEe MOTYT 3aperucTpUpoBaTh U MpossBUTh. OHAKO,
KaK M B Clly4yae C JIeKTPUUECKUM 3(PUPOM, €CIT UCTIONb30BaTh
W3BECTHBIE METO/IbI HAMATHUYMBAHMU Sl HEKOTOPHIX METAJIJIOB U UX
CILIABOB, HAaIIpuMep, Meto JInackanHuHa, To yaa€Tcs BbIACIATD
MOTOKM MarHMTHOro 3(pupa Jaxe u3 0ObIYHOTO CTePKHS XKeje-
3a, MPU STOM HAMAarHWYEeHHbIN CTepPKEeHb CTAHOBUTCS TOCTOSH-
HBIM MarHUTOM Ha JIOCTATOYHO JIOJITO€ BpeMsl. A ero MarHUTHBIN
3pup U3 3EPEH-TIOTEHITNAJIOB TIPOSIBIISIET ceOsl B BUJIE TIOTOKOB
U3 MOJIIOCOB CTAIIMOHAPHBIX MATHUTOB M 3aHUMAET MPOMEKYTOY-
HOE CBOKCTBO IO JIAJTbHOEHCTBHIO ¥ MPOHUKAIOIIEN CIIOCOOHO-
CTH TI0 CPaBHEHMIO C JIEKTPUYECKUM U T'PABUTAIIMOHHBIM 3(pu-
pOM.

OcHOBHOW BBIBOJ — /JIsl OOBSICHEHUSI MeXxaHu3Ma 00pa3oBa-
HUS1 aTOMOB HET HEOOXOIMMOCTH TMPUBJICUEHUS] MEXaHU3Ma Op-
OUTAJBLHOIO JIBUKEHHS AaTOMHBIX JIEKTPOHOB.

Takum 00pa3oM, aToM SIBJISIETCS] SIEMEHTApHBIM CTPYKTYP-



HBIM 3JIEMEHTOM JII0OOTO BEIIeCTBa M XapaKTepusyeTrcs siji-
POM 1 000JIOUKOH U3 JEKTPOHOB. ATOMHOE SIIPO IPOU3BOIUT
MEKTPUYECKOE LIEHTPAIbHOE MOJIe U3 ABUKYILUXCS CO CBEPX-
CBETOBOI CKOPOCTHIO MEKTPUUYECKUX MOJOKUTESIHHO 3apsiKeH-
HBIX 3€pEH-TIOTEHIMATIOB ¥ T'PAaBUTAIIMOHHOE TOJIe — U3 TPaBU-
TAlMOHHBIX 3€peH-noTeHIanoB. [lepBoe crocoOHO BhLIETaTh
3a [peJiesibl aToMa TOJBKO B Cllyyae HaIM4Ks ObIPOK B €r0 JJIeK-
TPOHHBIX 000JI0UKax U (hOPMHUPOBATh KJIactep oosiaka cBOOO/I-
HOT'0 3JIeKTpruYecKoro 3cgupa. Bropoe — rpaBuranmonHoe
noJie — sIBJIsieTCs1 Oosiee MPOHMKAIOIIMM, a BBIXOAISI 32 TIPeIeIIbl
aToMa, B3aMMOJIECWCTBYET C TMOJIEM TATOTEHUs1 3eMJIU, U MPOsIB-
JISIET CBOMCTBO «MACCHL» .

Ortcioa 1o BeJIMUMHE 3HAYEHHSI MacChl MOXHO CYJUTb O KO-
JMYeCcTBe MPOU3BEIEHHOTO SIPOM CBSI3AHHOTO dJIeKTpu4e-
cKOro 3(pupa, HeCMOTPsI Ha TO, YTO OCHOBHASI YacTh €ro Morjo-
IIaeTcs B 30He XOJIOMHON 0e3MaccoBOH IJ1a3Mbl, YPaBHOBEIIH-
Basl MPOTUBOMOJIOKHBINA IO 3HAKY MOTOK 3JIEKTPUIECKOro 3(hu-
pa OT NMEKTPOHHBIX OOOJIOUEK M OMpesessis TeM CaMbiM pa3-
Mep aToma.



1.2. Heurpon, IIpoToH u nedTpoH

HenTpoH npapogutens caMoro pacnpocTpaHeHHOro Bo Bce-
JICHHOW XMMHYECKOIO 3JIeMEHTa — BOJOpoAa. Takue cBOMCTBa
o0BbemMa, KOTOPhIM 3aHMMAaeT HEUTPOH, KaK CIWH, Macca, HHEePT-
HOCTb, IJIOTHOCTb, MArHUTHBII MOMEHT, JIEKTPUUECKUN [U-
MOJIbHBIL MOMEHT, pacIpeieieHde TUIOTHOCTH JIEKTPUYECKOTrO
3apsi/ia ¥ MarHUTHOT'O MOMEHTA, BPEMsI JKU3HU U JIPYTHe — OTPU-
IAIOT €ro KaK MaTepuaibHyl0 OECCTPYKTYPHYIO YACTHUILY U OTpe-
JEJISI0T €r0 KaK HEKOE CII0KHO-CJIOUCTOE COCTABHOE BHUXPEBOE
MIEKTPOMArHUTHOE U 000JI0UEUHOE MUK POITPOCTPAHCTBO.

®. Buuek B cBOeli KHUTe®, pa3BUBasi, TOTOJHSIS ¥ TIO HOBOMY
MHTEPIIPETUPYs (MepBblid, BTOPOM 3aKOH DUHIITEWHA U T. /1) UJIEN
YTO u OTO, a takxe yrBepxgasa KX]I (mpuHUIuUIBI €€ CTAaHOB-
JIEHUs1 OIMHAKOBBI ¢ TIpuHIMIaMu K1, ¢ Tou Juiib pa3HULIEH,
yro B K9/l onuH snektpuyeckunt 3apsan, a B KX ux tpu u te
LBETHBIE), TPUXOIUT K BHIBOAY — (B IMYHKTE 3 MO3UIIUN U3 YEro
YCTPOEH MHUP) — OCHOBHOM KOMIIOHEHT PeajlbHOCTH OXMUB-
JIEH KBaHTOBBIMU ITPOLIECCAMMU.

B nanHO# KHUTE MO aHATIOTUY — OCHOBHOI KOMIIOHEHT pe-
AJbHOCTH OKUBJIEH MAarHUTHBIMA MOHOMOJISIMHU.

OCHOBHOW BOITPOC COBPEMEHHOCTH — TJI€ PACIIONIOKEH U UTO

 Bumuek ®. Tomkas (puzuka. Macca, a3¢pup U 0ObEeAMHEHHWE BCEMHPHBIX
cuwn. — CII6.: Tlurep, 2018. — 336 c.: mn. — (Cepus «New Science»). ISBN
978-5-496-02934-6



SIBJISIETCS TVIABHBIM UCTOYHUKOM MPOU3BOACTBA HEUTPOHOB? OT-
BET: OCHOBHBIMM MCTOYHMKAMH IPOU3BOJCTBA HEUTPOHOB SIB-
JIAITCA S/1pa MyJIbCApOB-HEMTPOHHBIE 3BE3BI U BCE sllpa CBe-
TAIIMXCS 3BE3/, A TAK)KE I'€OJIOTMUECKU AKTUBHBIX IUIAHET TH-
na 3emud. Jpyrumu MCTOUHHMKaMU, KOTOPbIE MTOPOXKJAIOT TAKKE
MUK POTPOCTPACTBA, SIBJISIOTCS BO30YKICHHbIE (TEM WM WHBIM
MeTozioM) OoJiee KpYIHbIE WITH TsDKENbIe Sipa aTOMOB XUMUYe-
CKHX 3JIEMEHTOB.

Bo3spacT xu3HM HEUTPOHOB 3aBUCUT OT CUJIbI U (DOPMBI TIO-
Jeil B o0beMax, IJie OHM NPUCYTCTBYIOT. B OOBIYHBIX YCIOBHU-
SIX Ha IOBEPXHOCTU 3€MJIM HEUTPOH pacrafaeTcs, MpeBpariasich
B npoToH. Kpome npoToHa npu pacnajie NosiBisiioTCs EKTPOH
Y aHTUHEUTpUHO. KMHETMYeCKUM KOPIYCKYJISPHBIM OCKOJIKOM
9TOM ANEPHOU PEAKIMM, YHOCAIIUM YacTb SHEPrUM, SABJIACTCSA
aHTUHEUTpPUHO. B mpornecce Tepmain3anuy, T.e. OXJAXIACHUU
9TUX YaCTUI] IO COCTOSIHUS NPU, KOTOPOM MPOUCXOIUT UX pPe-
KoMOMHaIms1, oopasyercst atTom Bofgopona. [lepuon momypacna-
Ja (10—20 MuHYT) 3aBUCUT OT HEKOTOPBIX BHEIIHUX YCJIOBUM.
[TpucyTcTBrE HEOOIBILION PUMECH TPOTOHOB U JEKTPOHOB CY-
IIECTBEHHO YBEJIMYMBAET UX BO3PACT, TAK KAK JIEKTPUUECKUE
HOJIST STUX YACTHIl OJIOKUPYIOT MPOIIECC Pa3pbIXJIEHHUS] BUXPO-
HOB BHEIITHUX 000JIOYEK HEUTPOHOB, TEM CAMBIM 3aMEJISIOT UX
pacniaa. Ha nosepxnoctn YCT, snpa HEUTPOHHOU 3BE3/1bl, T.€.
B OYEHb CMJIbHOM LIEHTPaJIbHOM I'PaBUTALIMIOHHOM I0JI€ HEUTPO-
HBI XKUBYT JIOJTO Oe3 pacrajia, HaKaruTMBasiCh B TAKOM KOJIWYe-
CTBE, YTO 00Pa3yIoT I0CTaTOYHO TOJICTYIO aTMochepy. B koHeu-



HOM HUTOTE, STOT CJION HEUTPOHOB, OTAAJIAACH B 00JIACTh C1a00T0
I'PAaBUTAIMOHHOIO MOJISI M pacnaaasichb, popMUpYeET CI0M MPOTO-
HOB U QaHTUIIPOTOHOB, KOTOPbIe aHHUTUJIUPYIOT B3PhIBOM CBEPX-
HOBOM, T.€. TIPOMCXOAUT OJHOBPEMEHHBIN BbIHYKAEHHBIN B3PbIB-
QHHUTWISIIUS BCe aTMOCEpBHl.

HeiiTpoH 001a1aeT BHEITHUMY U BHYTPEHHUMU CBOMCTBAMHU.
BHerHue cBoicTBa OOHAPYKMBAIOT C IOMOIIIBIO Pa3IMUHBIX TEX-
HUYECKHUX CPEJCTB U MPUEMOB BBIYMCIEHUN CUCTEMbI U3MEpE-
Huil CU. K HUM OTHOCATCS BHEIIHUE MOJisi HEMTPOHOB, IMPO-
CTPAHCTBEHHBIM pa3Mep, CIHH, 3apsJl MACChl, MATHUTHBIA MO-
MEHT, OTCYTCTBHUE MEKTPUUECKOTO 3apsija, Mepuoj Moiypacra-
na. BHemHue noss 3apsjaa maccel (rpaBUTALIMOHHBIE TIOJS) CO-
3[1AI0TCS1 TAK)KE KAK Uy MIOOHOB, HO B OTJIMUME OT HUX cop-
MUPOBAHbI CYMMAapHBIM HM3JIy4eHHUEM TPEX KOHTYPHBIX 00O0JIO-
YeK HeWTpOHa, 00JIaJaloero HabopoM yKe pa3IMYHbIX 4acToT.
BHelHee 351eKTpruyecKoe 1ojie HEUTPOHA, Kak U B aTOME, TTOJIHO-
CTBI0 YHUUTOKEHO aHHUTWIISIIIMEN MPOTHUBOMNONIOKHBIX MO 3apsi-
Jly U3Ty4aeMbIX 3€pEH-3JIEKTPONOTeHIHAIOB. Kpome Toro Heu-
TPOH Y ITPOTOH UMEIOT OYEHb OOJIbIIINE aHOMAJIbHbIE MarHUTHBIC
MOMEeHTHI, KoTopsie B 1,91 1 2,79 pa3 coOTBETCTBEHHO OOJbIIe
10 aOCOJTIOTHOM BeJTMYMHE SIEPHOTO MArHETOHA, UYTO CBU/IETE b~
CTBYET O 3HAUUTEJIbHBIX TOKAX MAarHUTHBIX MOHOMOJIEN BHYTPU
UX 00OJIOUEK.

B peanbHOM paccMOTpEHMM B OCHOBY IOJIOKEHA CTPYKTYpa,
OCHOBaHHasl Ha 3JIEKTPOMArHUTHOW MOJENU (a He KBAPKOBOW)
HEUTPOHOB, pazpadoranHol B CTIH(OPICKOM YHUBEPCUTETE Ha-



YUYHOU rpymmon Bo riase ¢ Xodiraarepom!? — 1956 ron. Hauu-
Has ¢ 1958 roma, mojpoOHast Mofesh Oblla pa3BUTa ¥ JAOTIONTHE-
Ha P. BunbcoHoM ¢ corpynHukamu n3 KopHeabCKkoro yHusepcu-
tera, ['. [llonmepom!'! u C. Beprua ¢ cOTpygHUKaMH MO UM
dpazepa u Pynko, Ham60 u Yy. U3 pe3ynbTaToB 3THX U3BICKA-
HUM CJIE[IyeT, UTO «CTPYKTypa HyKJIOHOB TaKkKe, KaKk U B aTOMe,

COCTOUT M3 TJIOTHOTO sijpa (4 x 101 CM) M BHEIIHUX 000JI0-
yek. Ha ponb sapa moxer npetenaoBars HelTpasibHble K-me30-
HbI, @ Ha POJIb BHELIHUX 000JI0YEK HEHTpasIbHbIE U 3apsikeHHbIE
7-Me30Hbl. OCHOBHAA Ujies, HA KOTOPOU MOCTPOEHbI 3TU MOJIe-
JI1, 3aKJII0YAeTCs B TOM, YTO IPOTOH M HEUTPOH MCIYCKAIOT 3a-
PSKEHHBIE TT-ME30HBI, HO 3aT€M BO3BpAllaloT UX Ha3aj Ha CBOU
BHelHue 000104ky. [Ipnuém nx ucnyckaHue MporucXoauT B CO-
CTOSIHUM C OTJIMYHBIM OT HYJII MOMEHTOM KOJIMYECTBA JIBUKE-
HM, T.€. OHU JIOJIKHBI BpaLaThCsl BOKPYT YK€ HA3BaHHOTO sApa
HYKJIOHOB. M3-3a 9TOT0 11 00pa3yioTcsi KpyroBble TOKH, KOTOpPBIE
MNOPOXAAI0T AHOMAJIbHBIE MAarHUTHBIE MOMEHTBI».
AwmepukaHckuii pusuk-TeopeTuk Ixynuan [IIBuHrep B ocHO-
BY MAarHUTHOW MoOfeau !> MaTepuu BCeX JEMEHTAPHBIX YaCTHUIL
3aJI0KWJT J1yaJlbHO 3apsKEHHbIE YaCTUIBI MarHUTO-JIEKTpUYE-
CKH€ TMOHBI, KOTOPBIE SIBJISAIOTCS, KAK OH CYUMTAET) COCTABHOM Ya-
CTBIO M HEUTPOHOB. 1 ecTh BCE OCHOBAHM S CUMTATh, KAK OH I0J1a-

19 Hofstadter R. DJIeKTPOMAarHuTHasi CTPYKTypa siaep u HykioHoB. M. WJI. 1958,
0. mepeBoIoB.

""'H. Schopper, Phys. Blitter, 7, 316 (1961).
12 Schwinger J. A Magnetic Model of Matter, Science 165 (No. 3895), 757 (1969).



raeT, YTO OCHOBA BCEX JIEMEHTAPHBIX YACTUIL] U B TOM UMCIIE HEe-
TPOHOB Y IIPOTOHOB COCTOMT M3 MOI0OHBIX JIOHOB, & HE U3 KBap-
KOB. DTO MOATBEPKAAETCS TEM, UYTO MPU aHHUTWJISLIUU HYKJIO-
Ha M AHTUMHYKJIOHA (OE3UHTErpanusi MaTepuM) 3aperucTpupo-
BaH BbUIET HECKOJIbKUX JT-ME30HOB, 4 HE KAKMX TO BUPTYaJIbHBIX
KBapKOB WJIN TIEHTAKBAPKOB, KOTOPbIE HUKOTA He ObLIM JKCIIe-
PUMEHTAJIbHO 3apErUCTPUPOBAHBI.

AHTUHEUTpOH ObUT OTKPHIT B HanmoHansHO# 1abopatopuun
uM. Jloypenca (bepkiu) B 1956 rony, uepe3 rom nocie OTKpbl-
TSI QHTUIIPOTOHA.

[TpakTyecku yxe JIaBHO OCBOEHA TEXHOJIOTHUsl MOTy4eHHs
AQHTUYACTUI] HA ME30HHBIX (habpHKax u KoJutaiinepax. PoxieHue
nap aHTUYACTUIL] IPOM3BOIUTCS HE TOJIBKO C MOMOIIIBIO BCTPEY-
HBIX MIYYKOB aJPOHOB, HO U MPU CTOJIKHOBEHHUSIX MYYKOB JIEK-
TPOHOB U MO3UTPOHOB C SHeprueii Boiiie 1 [9B.

Oo6pa3oBaHne U AHHUTWIAIUS AHTUHENTPOHA.

AHTUHEUTpPOH OBUI TIOJNyYeH B MpOIecce peakivu Tepesa-
PSIKM QHTUIIPOTOHA Ha MPOTOHE KUIKOBOIOPOAHOW IMY3bIpb-
KOBOU Kamepbl. OOpa30BaBIIMIACS aHTUHEHTPOH 3aTeM aHHHIH-
JIMPOBAJI C TPOTOHOM C OOPA30BaHUEM ISATU 3aPSIKEHHBIX MTHO-
HOB 1 HECKOJIBKUX JIPYTUMX HEUTPATbHBIX ME30HOB. 3HAK 3apsiia
00pa30BaBIIMXCS] MTMOHOB M UX HEPTUS OMPEASNSIOTCS 110 KPH-
BU3HE TPAEKTOPUH [TMOHA B MAarHUTHOM noJie. HeliTpaibHble me-
30HBI PACNaIaloTCcsl B 00pa30BaHUEM Y-KBAHTOB, MTOITOMY B ITy-
3bIPPKOBOM KaMepe He BUJHbI. 3aperucTpUpOBaHHAS CyMMapHas
SHEPrus, yHoCuMas 3apsKeHHbIMU TMOHAaMU OKkosto> 1500 MaB,



OnM3Ka K CyMMapHOM SHEprUy MOKOsl aHTUHEWTPOHA 1 IPOTOHA.
OcTaBIIyIoCsi HEPTUIO YHOCAT HEUTpasbHble Me30HBI. Heobxo-
JIMMO YUUTBIBaTh, UTO MPY AHHUTWISALIUM aHTUHENUTPOHA C MPO-
TOHOM CYMMApHBII SJIEKTPUYECKUI 3apsi]l 4acTull, 0Opa30BaB-
HIMXCSl B pe3y/bTaTe aHHUTWISALMY, paBeH +1. [loatomy B pe-
3y/bTaTe aHHUTHJISAINA O0pa3yeTcsl OWMH «JIAIIHUI» TOJOKH-
TEJILHO 3apsiKEHHBIN MUOH, KOTOPBIM 3aTeM MOPOXKIAET 1IeT0Y-
Ky mocienyionmx pacnagoB. OOpasyiomuiicss B KOHIIE 11eNoY-
KM PacnajioB MO3UTPOH aHHUTUJIUPYET C JIEKTPOHOM CPEJIbl 00-
pasys poronsl ¢ 3nepruer 0,511 MaB. Otclona u cnegyer, 4to
M0JI0Ca SHEPTUU EKTPOMATHUTHBIX KBAHTOB (AeOPOMIEBCKUX
WIN KJIyOKOBBIX) JJisi 00pa30BaHUsl HYKJIOHOB B CHUHTYJISIPHBIX
Toukax Ha kosutainepax uau YCT nexur B mpenenax 130—
500 M>3B. Takue (pOTOHBI M OTBEYAIOT 32 TPOU3BOACTBO BUIMMOMN
yactu (0,4% 3BE311bl U TaJIAKTUKU) BelllecTBa-MaTepuun BeeneH-
HOW.

TpéxkoHTypHBbIE 000JI0YKH HEATPOHOB. BHYyTpeHHUE
CBOKWCTBA HEWTPOHA, KOTOphle OOECIeYMBAIOT STU BHEUTHHE
CBOICTBA — 3TO HIECTh 3aMKHYTBIX, B3AUMHO MPOTUBOMOIOXK-
HBIX SJIEPHBIX MOJISIPHBIX BUXPOHOB U CUJIBHO B3aUMOAEWCTBYIO-
IIUX C OIPeIeJIeHHON YaCTOTOM, TIOJIIPHOCTBIO M TIOJISIpU3alIieH.
[To TpéM BHYTpPEHHMM M BHEIIHUM OOOJIOUKaM HEHTPOHA ITyITb-
CUPYIOT 3aMKHYTbI€ MarHUTHbe MOHONOMM [ DMM, kotopbie
OOHOBJISIIOT 3aMKHYTbIe KOHTYpbI, (POPMUPYS U3 HUX BHELTHHE
nojisi. Mexay rmepBoi BHYTPEHHEH 00OJIOUKOW M CpeIHEH Ipo-
UCXOUT CWJIbHOE B3anMO/eiiCTBUE C AHHUTWISLIUEN TTPOTH-



BOIIOJIOKHBIX I10 3HAKY 3€PEH-3JIEKTPOIIOTEHIUAJIOB, YTO IIPUBO-
JUT K MOYTH NOJIHOMY YHUYTOKEHHIO IPOCTPAHCTBA MEK/1y HU-
MU C TIOMOIIIBI0 30HbI X0JO0AHOM MIa3Mbl (¢poTo S5, TpeThsi
cJeBa).

[To3TOMYy OHM MPAKTUYECKU MOJHOCTBIO MPUOIMKEHBI JPYT
K Jpyry Ha MHMHUMQJIbHO BO3MOXHOE pPACCTOSIHME, PaBHOE
1/4 nnuHBI BOJMHBEL, ¥ ONPEREJISAIOT pa3Mep HEUTPOHOB ITy-
TEM CTATMBAHUA-NPUTSKEHUA IPYr K JPYry UCTOYHMKOB YeT-
BEPTh-BOJIHOBOJOB. PaBHOBECHOE COCTOSIHUE MOJIOKEHU S UICTOY-
HHUKOB-C(pep BOJIHOBOZIOB B YKa3aHHBIX CXeMax OOecrevrBa-
eTcsl PaBEHCTBOM CHJI TMPUTSIKEHHUS Pa3HbIX MO 3HAKYy U Be-
JIMYMHE 3apsIoB SHEpPruM, HO Oojee OJM3KO pa3MEUIEHHBIX,
10 CPAaBHEHUIO C OIMHAKOBBIMM I10 BEJIMUMHE 3apsAaMu SHEPTUH,
HO JiaMeTpajIbHO MPOTUBOMONIOKHEIME chepamul [DMM u 60-
Jiee yAaJEHHBIMH JIPYT OT ApPYyra Ha MOJIBOJIHBL.

Ortcropa cnepyer eni€ onqHa hopMa KU3HU U CYILECTBOBAHUS
3aps/10B JEKTPUYECKUM MOTEHLIMAJIOM B COCTOSIHUM JAMHAMM-
YECKOrO PaBHOBECHS IMOJHOTO B3aMMHOIO YHHUYTOXEHHS MPO-
CTPaHCTBa KOHTYypamMHu-000104kaMu (poTo 5) U poxAeHUs Clo-
HWICTOU XOJIOIHOM IJIA3MBL.



®oto 5. Cxembl 000JIOYEK HEUTpPOHA, CJEBa — HANpaso,
BHYTPEHHSISI 000JIOUKA, COCTaBJICHHAs W3 JIBYX YaCTHIl (THIa
HeWTpaibHoro K-me3oHa) ¢ monynensiM CIMHOM TUIA MIOOHA;
9Ta ke 000JI0YKa B PeabHOM BUjIE U3 3€PEH-TIOTEHIIMAJIOB Ipa-
BUTAIIMOHHBIX BHYTPU U JIEKTPUUECKUX CHAPYKU; IBE, BIOKEH-
HbIE JIPYT B Apyra 0O0JIOUKY MIepBasi U CPeIHsIS; TPH, BIOKEHHbIS
APYT B Ipyra 000JI0YKH, 00pa3yIolye HEHTPOH.

['paBuTanIMOHHBIE 3€PHA-TIOTEHIIMAIIBI STUX 000JI0YEeK UMEIOT
OJJMHAKOBBIN 3HAK U BBICOKYIO TPOHUIIATENILHOCTD, IOTOMY MPHU
OOHOBJICHVH M3JTYyYalOTCSl Y BBIXOMAST 3a MPEIeIbl ITUX KOHTY-
POB, a B3aMMOJIEUCTBYS C LIEHTPAJIbHBIM TOJIEM 3€MJIU MPOsB-
JIAIOT Maccy HelTpoHa. TpeThs, BHEHTHAS 00O0JOYKA HEUTPO-
Ha TyJIbCUPYET B 00€ CTOPOHBI C POXACHUEM KaK TOJIOKUTEITb-
HBIX 3EPEH-3EKTPONOTEHIIUATIOB, TAK U OTPUIATEIbHBIX, MPO-
SIBJISIS1 JIEKTPOHEUTPATIBHOCTh HEMTPOHA B LIEJIOM M MOTYLEJIbIN
CMMH, KaK Yy 9JIeKTpoHa. B ctlabom rpaBUTAIIMOHHOM I10JIe Ha TI0-
BEPXHOCTH 3eMJIM 3Ta CBOOOHASI BHEIIHSISI 000JI0UKa pacriaja-



eTCsl C POKJCHUEM CTaOUJIbHBIX YaCTUIl — MPOTOHA, EKTPOHA
¥ C BBIOPOCOM MIPOMEKYTOYHOTO OCTaTKa (HEUTPUHO) TIOJIOBUHBI
BHEIIHEW 000JIOUKM M3 3EPEH- MEKTPONOTEHIMAIOB Oe3 Mar-
HUTHOTO MOHONos1. OTCI0/1a COIIaCHO MPUBEAEHHOW CTPYKTYpe
HENTPOHA M €ro JIeKTPOHEUTPAILHOCTH, TIOCTEIHUIN SIBIISETCS
Y aHTUYACTHUIIEH 1O OTHOIIEHHUIO K cede.

SdnepHble 3aMKHYTbIe BUXPOHBI POXJIAIOT TPU BJIOKEHHBIX
JpYT B Apyra 000J0YKH CO CTPYKTYPOil HEUTPaIbHBIX ME3OHOB —
TpU siAEpHBIE 0OOJIOYKU, COCTABJICHHBIE W3 MPOTUBOIOIOKHBIX
0 3HAKY JIEKTPUUYECKOTrO 3apsjia YacTHIl CO CTPYKTYpOil TUMa
MIOOHOB — CJIO)KHAs1 HEHTPaJIbHASI MHTErpalvsi MaTepUU-KOHTY-
POB B COCTOSIHUM TTOKOSI. DTO OCHOBHOE CBOMCTBO IPaBHAJIEK-
TPOMATrHUTHBIX JUIOJIEH BbICOKUX PE30HAHCHBIX YacTOT.

HeiiTpoH He MMeeT 3MeKTPUIEecKOoro 3apsijia, XOTs oOaagaeT
MarHUTHBIM U JIEKTPUYECKUM TUMOJIbHBIM MOMEHTAMU, UMEET
TOJTIeJIBIN CITUH 1 Maccy, Kotopast mpuMepHo B 2000 pa3 60:1b-
11€e, 4YeM Y J1eKTpOHa. MarHuTHBII MOMEHT MPOTOHA MOJIOKUTE-
JIeH ¥ B TIONITOpa pa3a OoJblile, 9YeM Y HEHTPOHa, Y KOTOPOro OH
oTpuiaresieH. Pa3Huna B Maccax-3HEpPruvyv HEUTPOHA U POTOHA
cocrasiiser 1,293323 M3B, koTopasi py pacliajie HEMTPOHa pac-
npeaessieTcss Mexy ero rnpoaykramu. KoMrtoHoBckasi JyiMHa

—1 ..

BOJIHbI HYKJIOHOB COCTaBJIsieT BeJmuuny 1,3 x 10 Sem,ac yyé-
TOM pa3pBIXJICHHOCTH BHEIITHEW 000JI0UKH, 33 Jaf0IIel 3arrparo-
M CJIOM M NOJNYLIENBIA CIMH, pa3Mep €€ TOCTUraeT 3HaYeHUs

9,1x10 P em HeiTpoH sierko npoHMUKaeT B sipa XUMUYECKUX
9JIEMEHTOB TIPU JIIOOON SHEPruH, BHI3BIBAET SIACPHBIE PEAKIIUU



¥ CrIocOOEH BBI3BIBATD JeJIEHUE TSKENBIX siiep. MeieHHbIe Hel-
TPOHBI, UMEIOIIHE NeOPOUIEBCKYIO ITUHY BOJHBI COM3MEPHMYIO
C MEKATOMHBIMU PaCCTOSTHUSIMU, CJTyKaT J1s1 UCTIONb30BAHUS UX
B MCCJIEJOBAHNY CBOWICTB TBEPIBIX TEII.

Bosnbilioe BHUMaHWe TIPUBJIEKAIOT Ha ceOs1 OCIMILISIUY JIPYT
B JIpyra HEUTPOH-aHTMHEUTPOH. OCHWLIALNN JIEMEHTAPHBIX
YacTUll — 3TO MEPUOAUYECKUI MPOIIECC MPEBPAIICHUSI YaCTHIL
OIpE/IENIEHHOM COBOKYITHOCTH JIpYT B apyra. Benytcs skcnepu-
MeHTaJIbHbIe PaOOThl BO MHOTUX CTPaHaX MO OOHAPYKEHUIO yBe-
JIMYEHH S YUCJIa AHTUHEUTPOHOB B ITyYKE HEUTPOHOB U3 PEAKTO-
pa c pOCTOM JIJIMHBI IPOJIETA, & TAKKE B MOTOKAX KOCMUYECKHUX
Jy4el U B CHElMaIbHBbIX JOBYUIKAX YJIbTPAXOJOAHBIX HEUTPO-
HOB — 3TO TaK Ha3blBa€Mble HEUTPOH-AaHTUHEUTPOHHBIE OCLUII-
s,

[lepass u BTOpass OWIOJNSIPHBIE OOOJIOYKH, BXOJSIIME
BO BHYTPEHHIOIO CTPYKTYPY HEUTPOHA, UMEIOT CTPYKTYpY THIIA
K- 1 m-HOJb Me30Ha U CO3AaHbl KBAHTOBBIM PE30HAHCHBIM 3a-
XBaTOM C MOCJIEIYIOIIMM KOHLUEHTPUYECKUM CIUSTHAEM Pa3HbIX
10 YaCTOTaM YeThIPEX MNOISAPHBIX U MTOMAPHO MPOTUBOMOIOKHBIX
3aMKHYTBIX BUXPOHOB. OHU BJIOKEHBI APYT B Apyra Takum oopa-
30M, YTO MOJIOBUHBI 3AMKHYTHIX KOHTYPOB U3 MOJIOXUTEbHBIX
3€pEH-MOTEHIMAIOB BHYTPEHHEN 3aKPbIBAIOTCS OTPULIATEIbHBI-
MU 3€pHaAMU-NIOTEHIIMAIAMHU CJIEAYIOIIEN MOJIOBUHBI BHEIIIHEW.
LlentpanbHas cepa nokaspiBaeT CBOOOJHOE IPOCTPAHCTBO, KO-

13 Kazapnosckuii M. B. u ap. ITucema B KT tom 32, Bbin. 1 crp.88—91, 1980 .
M.Gell-Mann, A. Pais, Phys.Rev.97,1387,1955.



TOpoe OyJeT 3aroHATHCS [IEHTPATLHBIMUA 000JI0UYKAMU TIPU 00-
Pa30BaHNH sJIEp XUMUUECKUX JIEMEHTOB BILIOTH JIO S/IEp Kajlb-
s, Takast CTPYKTypa HEUTPOHA CBOMCTBEHHA €My BHaJasle ero
TIOSIBJICHUSI Y JIOJITOM )KU3HU B OIPE/ICIEHHBIX YCIIOBUSIX, JI0 Ha-
Yajia pa3pbIXJIEHHS €ro BHEIIHEW 3apsa0-o0pasyoiiein 000104-
Ku. B3aumonericTBue Mexay 000TOUKaMH — JIEKTPOMArHUTHOE

C OYEHb MaJIbIM PAJIUYCOM JIEUCTBUS 10 1% cm,

HeilTpoH, Kak 7eKTpUYeCKU HEUTpasibHasl YacTUlIA SIBJISIET-
Cs1 OJHOBPEMEHHO M aHTHYACTHUIIeH TI0 OTHOIIEHUIO K ce0e, Kak
u porton. IIpoTon B mokoe. Ha poto 6 mpuBeneHa cTpykTypa
NEKTPUUECKUX 000IOUEK IMPOTOHA M AaHTUIIPOTOHA.

®orto. 6 Cxema AJICKTPUICCKUX 000J104YeK ITPOTOHA U aHTH-
ITPOTOHA B COCTOSAHHUHU ITOKOA

BremiHss 000mouka HEWTpOHA (AHTMHEUTPOHA) CO CTPYKTY-
POH TT-HOJIb ME30HA NIEPE], paciiaioM IIPU Pa3phIXJEHUH 100Ye-



PEOHO C OMpeAeIEHHON YacTOTOW T€HEpUPYET MOJIOKUTEIbHYIO
WY OTPHLIATENIBHYIO MOTYC(EPUIECKYI0 000IOUKY C MOMYIIEbIM
CTIIMHOM, T.€. CTPYKTYpPY 3apsSKEHHBIX ME30HOB.

Pacnan HeMTpoOHa 3aBUCHT OT BHELIHUX YCJIOBUM U BO3MO-
JKEH C YYETOM HEUTPOH-aHTUHENTPOHHBIX OCLIMJUISLUI HE TOJb-
KO ¢ 00pa3oBaHueM MPOTOHA, HO U ((poTo 6) anTHIpoTOHA. Pac-
naJi HBUTPOHA MOKHO PACCMaTPUBATh U KaK aKT MOHU3AIMHU TIO-
JIOBUHBI BHEUTHEN OOOJIOUKM sIIpa-HEUTPOHA Yepe3 MpOMEeKy-
TOYHBII HEYCTONYMBBIA MIOOH C €r0 MPEeBpaIliEeHUEM B JIEKTPOH
3a CYET BHYTPEHHUX MPOIIECCOB U POXKACHUEM MPOTOHA. AHTU-
HEUTPUHO TIPU pacriajie U MOSIBJISIETCS KaK 4acTh TOW BHEIIHE!
000JI0UYKM HEUTpOHa, HO 6e3 3apsiia sHepruu. [lonoBuHa cpea-
HEH MOJIOKHUTEIbHOM (OTpUIIATeIbHOM) 000JIOUKHM HENTPOHA TI0-
cIie pacnaja oroaunach (poto 6) u yxe He KOMIIEHCUPYETCsI T0-
JIeM BBUICTEBILICH OTPUIIATESILHON (TIOJIOKHUTEIILHOM) 000JIOUKH,
KOTOpasi IPeBpaTUJIACh B IEKTPOH (ITO3UTPOH) pacnaja. Ocras-
Iasicsl 1ocJjie pacraja TOJOBHMHA BHEITHEH 0OOJOYKU HEHTPO-
Ha BMECTE CO CPEAHEN MOJIOKUTENBHOW MpPeBpaliaeT ero B mpo-
TOH (QHTUIIPOTOH) C TEOMETPUYECKOM (POPMOU BHEIIIHEN YacTH
npejcTaBieHHon Ha oto 6 cieBa (crpaBa). B nonycdepuue-
CKHX CJIOSIX POXKJIAETCsl 30HA XOJOTHOW Oe3MacCOBOM IIa3MBI,
yAEP:KUBasi U LIEHTPUPYs MOJOKEHUSI MATHUTHBIX MOHOTOJIEN.

Jlaxke 1BE BHEIIHHWE TOJIOKUTEbHBIE OOOJOYKH TMOPOXKIa-
I0T TaKOW HEIOCTATOYHBIN TMOJIOKUTENbHBIA (OTPULIATEIbHBIN )
AMEKTPUUECKUI 3apsi/i U3 3EPEH-TIOTEHINAIOB Ha MMOBEPXHOCTU
IIPOTOHA (AHTUIPOTOHA), KOTOPHI OAWH JIEKTPOH (IIO3UTPOH)



B aTOMe BOJOpoOna (aHTMBOAOPOAA) MEPEKPHIBAET IMOJHOCTHIO
M Jaxe OCTa€Tcs M3NUIIEK — 00pasyeTcs aToM BOAOpoaa C J0-
CTATOYHO OOJIBILION SHEPrueil CpoaCTBa K EKTPOHY, KOTOPBIN
CMOCOOEH MPUCOEIMHUTS eIlIE OJMH IMPOTOH C 0Opa30BaHUEM JI0-
CTaTOYHO YCTOMYMBOIO OTPUILIATEIBHOIO MOHA aTOMa BOAOPO/A.
[TosTomy Gosee crabuibHa MOJIEKYJIa BOIOPO/IA.

BHewHuii ¢10it 000104KM HEUTPOHA (AaHTUHEWTPOHA) UMEET

XapaKTEpHYIO CTPYKTYpPY BOJIHOBOZOB U pasmep 9,1x 10713 cm
a Takxe ornpe/esisieT CIIMH YaCTHUIIbl U €r0 3HAK MIEKTPUUECKOTO
3apsiia — y MPOTOHA OH TOJIOKUTEbHBINA, Y AHTUITPOTOHA OTPU-
narebHeIA. OMH U3 BUXPOHOB TIOJIOBMHBI BHEIITHEH 000I0YKHU
B HEUTPOHE MPU pacrnaje yjaeTaeT u CTPOUT NEKTPOH WU MO3U-
TPOH, a OCTaBIIMIACS (POPMHPYET BHEIITHIOK 0OOJIOUKY MTPOTOHA
WA aHTUIPOTOHA CO CTPYKTYPOU MIOOHA.

[TogoOHBIM ke 00pa30M, Kak ¥ Ha BHEIITHE! 000JI0UKe MPOTO-
Ha, (bOpMUpPYETCs 3aps]l AEKTPUUECKUM TMOJOKUTETbHBIM TTO-
TEHIIMAJIOM aTOMHBIX SIEp BCEX MOCIENYIONUX XUMHUYECKUX
3JIEMEHTOB.

AHHUTWIIALMSA TPOTOHA U €70 AHTUYACTHUIIBI IPOUCXOIUT aHa-
JIOTUYHO, KaK U B CllydyasiX HEUTPOHA UM aHTUHEWTPOHA, JIEK-
TPOHA M TIO3UTPOHA. TaKuM ke 00pa30M BCKPHIBACTCS] BHEITHSIS
000J104Ka (3aMOPHBIH CIION CO CTPYKTYPOU MIOOHA) MPOTOHA. 3a-
TeM pacrajfaeTcs HyKesexkarias 000Jo4YKa CO CTPYKTYpO#l Tt-
HOJIb Me30Ha. TouHee, BbIJIETAET sIIEPHBI BUXPOH B TOJIE sIJIEP-
HOTO OCTaTKa, 0Opa3yeT MPOMEXKYTOUHOE COCTOSIHUAE CO CTPYK-
TYpOill TT-HOJIb ME30HA, KOTOPOE M pacliajlaeTcsl Ha JBa ram-



Ma-kBaHTa. CaMbIMU TOCJIEHMMU BBUIETAIOT BUXPOHBI, 00pa-
3yIOIIUe IIEHTPATIBHYIO U O0Jiee BHICOKOIHEPTeTUIECKYIO (BBICO-
kouactoTHyo) K-o6omouky. B cBobomHOM coctostnun K-Hoib
ME30HBI TaKXke pacragaioTcs B TaMMa-KBaHThl Yepe3 CBOM MPO-
MEXYTOUHBIE COCTOSIHHS B (DOpPME TT-HOJIb ME30HOB. DTOT MPO-
LIECC — MPOLIECC AEKTPOMATHUTHON BUXPEBOU IKCILIO3UHU C TIpe-
BpallleHUeM 3apsijIoB TOKOsl JIBYX MPOTHUBOIMOMOKHBIX YACTHUI
B 3aps/Ibl IBMKEHUSI, KaK U B CIydae aHHUTWISALIMU JIEKTPOHA
U TIO3UTPOHA, T.e. B 6€3MaccoByi0 (hOpMy SHEPruu JABUKEHUS
(poTOHOB — UrpaeT camyio IJIABHYIO POJib B MPOU3BOJCTBE JHEP-
UM 3BE3] U ILJIaHET.

Y nporoHa, c¢hOpMUpPOBaHHAS OCTABLIIMMCS TMOJISIPHBIM
BUXPOHOM YacTh BHEITHEW 0OOJIOUKH C MOJOKUTETbHBIMUA BOJI-
HOBOJIAMU M OTKPBITas 4acTb cpegHen (poro 6) mopoxIaeT ero
BHEIIIHEE TOJIOKUTEIbHO 3apsKEHHOE ToJie, MPEensTCTBYIOIIee
BBUIETY BUXPOHOB C BHYTPEHHUX OOOJIOUEK U UX BO3MOXHOCTU
TIOCJIeAYIONIEro pacrajga — 9TO HaubOoJsiee CTadWIbHAS JacThIa
U3 YHUCJIa BCEX U3BECTHBIX.

bBnaromapsi OqMHAKOBBIM CTPYKTYpaM BHEIIHMX OOOJIOYEK,
C MapaJulebHbIM CITUHOM, TEIUIOBOUM MPOTOH MOXET JIETKO 3a-
XBaThIBaTh TETUIOBOM HEUTPOH ¢ 0Opa3oBaHHEM JerTpoHa (o-
TO 7), MIOCPENCTBOM CIUSIHUSI-OOBETUHEHUST CBSI3aHO-3aMKHY-
THIX JeOpOMIeBCKUX KBaHTOB-BUXpOHOB. [locne mepeceueHus
U NpeoOpa30BaHusl BUXPOHAMHU UX (Pa30BbIX OOBEMOB IIPOUCXO-
JWT TIPOIIECC SHEPIETUUECKOTO POCTa U YIOPSAAOYMBAHUS BHYT-
PEHHUX 00O0JIOYEK MPH POKIEHUN HOBOM MUKPOYACTHIIH C U3-



Jy4eHueM-cOpocoM raMmma-KBaHTa ¢ SHepruei 2,2 MaB.

®oto 7. PoxxaeHue 1eMToHa U3 MPOTOHA U HEUTPOHA.

CrivH ¥ 3apsij1 ISUTPOHA PaBEeH €IUHULIC, CPEAHUIN AUaMEeTp —

4,1 x 1071 ¢cm, a macca — 1875 Mss YABOEHHOM Macce HYK-
JIOHOB O3 SHepruM BbUIETEBIIETO raMMa-KBaHTa. DTa siaep-
Hasl peaklus SIBJIsIeTCSl 3HAKOBOU (IO popmylsie — OXJiaxie-
HIEe ¢ 00pa30BaHMEM BOKPYT IBIKYIIMXCS MUKPOYACTHIL CBSI-
3aHO-3aMKHYTBIX J€OpOIJIEBCKUX BUXPOHOB, OPUEHTALIMS CIH-
HOB, JIpeiid, 3aXBaT-CUHTE3 C PaCIIMPEHUEM BHYTPEHHETO JUC-
KPETHOI'0 MMKPOIIPOCTPAHCTBA HA BEJIMYMHY, COOTBETCTBYIO-
nyio sHeprum 2,2 M»3B, npeoOpa3oBaHhe W CHATHE BO30YX-
JEHUsI) U XapaKTepu3yeT IOC/Ie0BaTe/IbHOE B3auMOJIEICTBIE
OBICTPBIX SIIEPHBIX BUXPOHOB — COPOC OCBOOOAMBIIENCS HEP-
TMU B BUJIE BbIJIETa CBOOOIHOTO OUIIOISIPHOTO BUXPOHA B (hOp-
me ¢poToHa ¢ sHepruent 2,2 MaB. Takue mpeoOpa3oBaHUsI BHYT-



PEHHEell CTPYKTYpbl MPOMEXYTOYHOW COCTAaBHOM YACTHIIBI, 00-
Pa30BaHHOM CIMSHUEM OMHAKOBHIX JEOPOIIEBCKUX TPaBUTA-
IIMOHHBIX MOHOIIONEH, JIOTIONHSIIOT CBOWCTBA SIIEPHBIX BUXPO-
HOB. DTa siiepHasl peakiusi OYeHb SIPKO JAEMOHCTpPHUpYeT Iljia-
CTUYHOCTh CBOWCTB BUXPOHOB, OKa3aBIIMXCS B 3AMKHYTOM TPO-
CTPAHCTBE 3alepThIM BHEITHEH OOOJOYKOW C LENOUHCIACHHBIM
CIIMHOM M CTPYKTYPOW BOJTHOBOJIOB aHAJIOTMYHBIX 3apsKEHHBIM
TT-ME30HaM, HO CBSI3aHHBIX C BHYTPEHHUMH 000I0uKaMu. BHyT-
pEHHHE BUXPOHBI, BHUIETEB B TAKOE MPOCTPAHCTBO TOCIIE B3au-
MOJIEVCTBUS M M3MEHEeHHs B o0mieM ($a3oBoM 00bEME, MO HO-
BOMY 00pa3yIoT BJIOKEHHbIE IPYT B JIpyra OUTOJsIpHbIE 000JI0Y-
KM, U YK€ C JIPyTMM YacTOTHBIM CIIEKTPOM. DTa siiepHasi pe-
aKIIUsI 9K30TePMHUUECKas — JIMIIHSISI OCBOOOIMBINASICS SHEPrus,
Kak U B ciydae BO3OYKIEHHOTO atoma, cOpachiBaeTCs B BHIEC
SIIEPHOTO TaMMa-U3JTyYeHHS.

[Tpu 3TOM Ha/I0 OTMETHUTD, UTO 3TA SIIEPHAS PEaKIUs SBJISIET-
Cs1 TIEPBOM, TIOPOXKJIAIOIIEH ellé CTAaOMIbHBIN TSKETBIA U30TOI
BOJIOPOJA-ACUTPOH. YK€ BTOpasi peakldsl aHTUIIPOTOHA C JIeW-
TPOHOM (M)A HA000POT) JIaET HeCTAOMJIbHBIN W30TOIN CBEPX-
TSDKEIOrO U30TOMNA BOIOpoAa — TpUTOH (Tputuit). C Apyroii cro-
POHBI, ipyrasi MofoO0Hasi peakiysi — MPOTOH TUTIOC AaHTUIPOTOH
13-3a HetoctarouHOCTH B 906 KB 10 MOporoBou sHepruy Hava-
Jla sIIepHOW PeakIy CUHTEe3a, IPUBOIUT JIUIIb K 00pa30BaHHIO
HeCTAOMJIBLHON MTPOMEKYTOUHON YaCTHIIbl, KOTOPasi HAUMHAET
pacnajarbCsi, MyTéM TOCNIEIOBATEIbHON PACTIAKOBKY BHEIITHUX
000JI0YEK CO CTPYKTYpOH JT-HOJMb ME30HA M M3TyYeHHUEM Maphl



COOTBETCTBYIOLIMX raMMa-KBaHTOB. DTO CBA3aHO C TEM, UYTO CTa-
OWJIBHBIX SIS Jierye MPOTOHA B HAIEW MPUPOJE Ha TIOBEPXHO-
ctu 3emin ObITh He MOxeT. OHAKO SIePHO-MOHHBIE PEeaKIIuH
C y4acTHeM MOJIOKUTEJIbHBIX U OTPULIATENbHBIX TSKENIBIX SIED,
HauuHasl C TUTaHa, UOYT B IPUPOJE U B HEKOTOPBIX IKCIIEPUMEH-
Tax. B Takux ciyvasix, KOTOpble MPOBEPEHBI U JOCTOBEPHO yCTa-
HOBJICHBI, POKIAETCS UyTh JIM HE BCS TAaOJUIIA IIEMEHTOB U3 Ofl-
HOT'O 3JIEMEHTa Me[IH.

AHaJIOTMYHbIE TIPOLIECCH C BHYTPHUSJIEPHOUN TEPECTPOUKON
BUXPOHOB MIPOUCXOMIAT ITPY BHYTPEHHEM U BHEIITHEM BO30YK/ie-
HUM BUXPOHOB, KOTOPOE MPUBOIUT K JIEJICHUIO U PACIIaly TSKE-
JIBIX si7ep ¢ 0Opa30BaHUEM U BBUIETOM JBYX Oosiee JIETKUX sifiep
Y HECKOJIBKUX JIETKUX JIEMEHTapHBIX YACTHIL.

HeutpoHsl ¢ TeruoBsIMU 3HeprussMA MeHee 1 M3B, Takxke
JIETKO, KaK U B CJIy4yae ¢ IPOTOHOM, ITPOHUKAIOT B 7Ipa BCEX XU-
MHUYECKUX 3JIEMEHTOB C 0Opa30BaHUEM MPOMEXKYTOYHOTO BO3-
OyxaénHoro siapa. O0nyueHre BelecTB TeTUIOBBIMA HEUTPOHA-
MU IO3BOJISET IPOBOJUTD IEMEHTHBIA aHAJIA3 — 3TO TaK Ha3bl-
BAaE€MbIM U IIMPOKO PACHPOCTPAHEHHBI HEUTPOHHO-AKTUBALIM-
OHHBII aHAMM3 00pa3IoB. A 3aXBaT HEUTPOHOB SAPAMU JIPYTUX
9JIEMEHTOB C TIOCIIeTYIOIM OeTa-paciagoM, U3BECTHBIH MO/ Ha-
3BaHUEM OBICTPBIN R- 1 Me/iIeHHbIN S-Tiporiecc, MPOUCXOSATIIANA
B 3BE3/1aX, BHOCST OIpeJeIEHHbII BKJIa/ B MPOU3BOICTBO Oojiee
TSKENBIX XUMUYECKUX JIEMEHTOB BO Bcell BeenieHHOi.

Takum 00pa3om, reoMeTpUUIECKYI0 CTPYKTYpY U (pu3ndecKue
CBOWICTBA HEUTPOHOB, IPOTOHOB U AEUTPOHOB OIPEIEIISAIOT: KO-



JMYECTBO 000soueK (PoTo 5—7 M FHEPreTMIeCKU-4acTOTHBIN
COCTaB BHYTPEHHUX BUXPOHOB. A 3a UX CTaOWJIBHOCTH, 3apsijl
Y CIIMH OTBEYAIOT BHEIIHUE O0O0JI0UYKHU Y BHYTPEHHEE COCTOSTHUE
BHEIIIHETO MOJIIPHOIO BUXPOHA B CTAIIMOHAPHOM T10JI€ HYKJIOHA.

Macca nokosi B cucteme CH HENTpOHA ¥ aHTUHENTPOHA PaB-
Ha 939,57 M»sB. Macca umeer oTpuUaresibHbId 3HAK 3apsja
M0 CPAaBHEHUIO CO 3HAKOM 3apsiia LEHTPAJIbHOTO spa €ro Ifo-
7151 TATOTeHUs1 3eMJd 1 00YCIIOBJIEHA U3ITyYeHHEM OOHOBIISIEMBIX
BOJIHOBOJIOB U3 3€ pEH-TPABIIOTEHIIMAJIOB, (POPMUPYIOLIUX BHEIII-
Hee 110J1e — CyMMapHBIM 3aps1/I0M I'PaBUTALIMOHHOIO MOTEHIIMANA
U3 COCTABJISIIONIMX OOOJIOUKHU 3aMKHYTHIX YaCTHII CO CITMHOM V2.
LentpanbHas simepHast obonouka (tuna K-Hoimp Me30H) ¢ Hau-
Oosbllield KpUBU3HOM M YaCTOTOM, 001ajaeT OOJIbIIel SHEPruei,
4yeM BHEITHWEe U Ja€T OO BKJIA/I B MHIYKIIHIO 3apsiaa Mac-
Chl TIOKOSI HEUTPOHA.

IIpeBpamennsi CTPYKTYpPbl NPOTOHA NPH YBeJIUYEHUH
SHEePruy Ha YCKOPHUTEJSIX M KoJLIai1epax.

BriioTh 40 HacTOAIIEro BpeMEeH! Pacu€T yBEIUUEHUS JHEP-
T'MY TIPOTOHOB 32 CYET MX Pa3roHa B EKTPUUYECKOM I0Jie UIET
1o popmynam CTO A. DiiHIITENHA, T.€. C YUYETOM peasmusucm-
CK020 3¢hpexma 3aBUCUMOCTU MACChl YaCTHUIIBI OT CKOPOCTHU. DTO
rpy0as ommOKa BbI3BaHa TEM, YTO B IIPUPOJIEC HET HUKAKOW Mac-
Cbl — HU MacChl TIOKOs1, HA pensaTuBUcTKoi Maccel B CTO. Het
u nekTpuyeckoro 3apsaa B CU. A ¢pusnueckue npoueccsl yBe-
JIMYEHUsI MACChl JAIOTCS JIMILIb HA BEpY MaTeMaTuyecKkumu ¢op-
mynamu JlopeHiia, He Mest ot cOO0i HUKAKoro (hu3udecKoro



00OCHOBaHMSI, B TOM YHCJIE OMpeieieHHs] MacChl, Kak (huznde-
cKko# kateropun. Takum 0Opa3om, HapyIIaeTcsi OCHOBHOM KJlac-
CUYECKUU MPUHIIUII TO3HAHU I 3AKOHOB MTPUPOJIbI HA OCHOBE IKC-
NIEPUMEHTOB, a HE U3 MaTeMaTUKU, OrPAHUYEHHOU HETIOJTHOTON
no ['eneno.

[{MKJIOTPOHBI MO3BOJISIOT YCKOPATh MPOTOHBI OO SHEPrUn
npumepHo 20 M»sB. [JanbHeniee ux yCKOpeHUE B LUKJIOTPO-
HE SIKOObl 02PaHUMUBAENCS PEeASIMUBUCTNCKUM BO3PACMAHUEM
Maccvl co CKOpOCMbIO, UTO TIPUBOAUT K YBEIMUEHUIO MEPUOIA
oOpartieHust (OH MPOIOPLMOHAJIEH Macce) U CHHXPOHU3M Hapy-
1IaeTcs.

PeanbHO, B Ipupoze yBeIUUYEHNE BHYTPEHHEW SHEPIUU MPO-
ToHa UIET 1o popmyie [LnaHka, T.e. MyTEM yBeIMUEHUs YaCTOThI
MAarHMTHOTO MOHOMNOJISI U KOJMYECTBA B 3aMKHYTBHIX BUXPOHAX
I'>MM Kkax 101 U3 ero 000JI0YEK, a TAKKE YHUCIIOM TaKHUX 000JI0-
yek. [ToaToMy ycKOpsISICh B JIEKTPUUECKOM MOJIE, TPOTOH ((po-
TO 6) MO3TANHO MPEBpAIIAETCs B AEUTPOH, TPUTOH U T.A., a IPU
BCTPEUHBIX COYJAPEHMSIX C AHAJIOTMYHBIMHU MTPOAYKTAMHU YCKO-
PEHHBIX aHTUITPOTOHOB ITyTEM OCEBOM UMILIO3MH, IIEPEXOSIIEN
CTYCTKaMH B LIEHTPAJIbHYIO UMILUIO3MIO, TOPOKAAIOIIEN MHOTO-
000J109€e4YHYI0 CTPYKTYpY siaep (¢oTo 2) U poKIAOTCS aHTH-
JEUTPOHBI, AHTUTEJINI-3 WIA aHTUTPUTHUH.

CpozacTBO CTPYKTYpHl (POTOHA C OOOJNIOUEYHON CTPYKTYpOu
HEWTPOHA M MPOTOHA TOATBEPKIAOT IKCIIEPUMEHTAJIbHBIE UC-
CJIEIOBAHUS PACCESHUS )KECTKUX JIEKTPOHOB U rAMMa-KBAaHTOB



Ha MPOTOHAX, KOTOpbIE MO3BOJIMIN OOHAPYKUTh B HUX CXOXKee
IPOCTPAHCTBEHHOE PACIpeeIeHIE TUNIOTHOCTH SIEKTPUYECKOTO
3apsijia, a Takke HANTU MEeKTPUYECKYI0 U MArHUTHYIO MOJISIPU-
3yeMOCTH X 00bEMA.

[MonTBepkeHne yKa3aHHON CTPYKTYpPbl HYKJIOHOB HaXOOUM
Ha KaXJIOM IIIary aHaJIn3a PacriaioB U B3aMMOAEHCTBHIA, OCOOEH-
HO YaCTHUI[A-aHTUYACTHIIA, A TAKKE JIETKUX U TSKEIBIX IeMEH-
TapHBIX YaCTHUL], CJIEYIOIIMX U3 U3BECTHOM TaOJIUIIbl U30TOMOB 4.
Taxk, HanpuMep, ¢ y4acTHeM JIENTOHOB — MIOOHHBIH 3aXBaT Mpo-
TOHOM C MOCJIEAYIOIUM 00pa30BaHUEM HEUTPOHA U MIOOHHOTO
HelTpuHo. [TokazaTebHbIM IPUMEPOM, SIBJISIETCS TAKXKe pacraj
TUNepoHOB (0e3 y4acTusl JJENTOHOB) Ha IPOTOHBI, HEUTPOHBI U Tt-
ME3OHBI.

14 Ta6mana usorono B. 3eenmaH-IrredepT U JIpyrux.



1.3 DaexTpon

Ho cux nop ¢pu3mKam Bce elle He y1aJloch BEPHO ONpeNesuThb
pa3mMepsl ekTpoHa u ero gopmy. M3sectHo Tonbko (CAII),
YTO €ro pajuyc Mo KpahHed Mepe MeHbIlle, YeM OJHa MUJUIU-
OHHasl pajauyca atroMa. Bmecte ¢ TeM Helb3sl CUUTATh €ro TOY-
KOI1, He MMeIoILeil pa3mepoB. B nocneqHem ciyyae ero sHeprus
nosyyaercsi OCKOHEUHO OOJIbIIIOI, YTO HE COOTBETCTBYET [Ieii-
cTBUTENbHOCTH. 1 cTaHOBUTCS OOJiee HEMOHATHBIM YCTAaHOBJIEH-
HOoe B XX BEKE CBOWCTBO, UYTO BCE JIEMEHTAPHbIC YACTUILIbI —
9TO MaJIeHbKME MAarHWTUKU, UMEIOIINe 1Ba MTPOTUBOIMOMOKHBIX
MOJII0Ca MArHUTa, YTO YXe OINpeAessieT HEKOTOPbIA MPOCTpaH-
CTBEHHBII pa3mep. Pazmep asiekTpoHa He noagaeTcs: SMInupuyie-
CKOMY M3MEPEHUIO, & MATEMaTUUECKUE PACUETHI IAI0T TPOTUBO-
peuuBbIe pe3y/bTaThl. B KBAHTOBOM 3/IEKTPOMHAMUKE JIEKTPOH
paccMaTpuBaeTCsl Kak MaTrepuasibHasi TOUYKa, JIMIIEHHAsS BHYT-
pPEHHEeU CTPYKTypbl. B ypaBHEHUsI KBAaHTOBOU 3J1I€KTPOJAUHAMU-
KU 151 OIMCAHUs JIEKTPOHA BXOAST Macca, 3apsi] U CIHH JIeK-
TpoHa. Vcxons u3 nyanusma, TO €cTh IPEACTaBIeHUi 00 3/1eK-
TPOHE U KaK O BOJIHE, MCIONb3YETCsl 3HAYEHUE « KAACCUUECKO-
20 paouyca 31eKmpoHa», BHIPAKEHHOTO Yepe3 MOCTOSTHHYIO TOH-
KOW CTPYKTYpHl M pajuyc nepBoi BopoBCKoil opOMTHI B ato-

Me Bogopoaa. Otcioa paguyc 3eKTpoHa, paBHbii 2,8179 -10

13 <
CM, BBIITIAIUT COBCPIICHHO HEJICIIO. DTOT «KAACCUUECKUI pa-



Ouyc» OKa3bIBaeTCsl B [1Ba pa3a OoJbllie pa3Mepa MpPOTOHA, KO-
Topeiil B 1837 pa3 Gosbliie MO Macce, HO TEOPETHUECKH MMEET
MEHBIIIUN PanyC, YeM EKTPOH («K.aaccuueckKuii paouyc npo-

MOHA» PaBEH 1,5347-10—" cm). U3 APYTUX BBIYMCIIEHUI clie-

JyeT pa3mep BILIOTh JIO 10~ em. [TpoBenEHHbIE IKCTIEPUMEHTBI
TI0 CTOJIKHOBEHUIO JIEKTPOHOB BHICOKMX SHEPruil 1aBajid 3Have-

are okoo 10717 em. Kak 1 jm06ast 3apsikeHHast 9aCTHLA CO CITH-
HOM, JIEKTPOH 00J1a1aeT MArHUTHHIM MOMEHTOM, ITPUYEM Mar-
HUTHBII MOMEHT JIEJIUTCS] HA HOPMAJILHYIO YaCTh U aHOMAJIb-
HbI MATHUTHBII MOMeHT. HoBble 1JaHHbIE O MArHUTHOM MO-
MeHTe JenToHoB Bhickazan u K. Jlomak!®> Ha paboTHI MO XO-
JogHoMYy siiepHoMy cuHTe3y rpymmon JI. Y. Vpyukoesa. Dtu
JAaHHbIE MOTYT Mpe/CKa3aTh CYIIECTBOBAHUE JIETKOTO MArHHT-
HOT'0 MOHOMNOJISI, SIBJISIIOIIETOCs JISMTOHOM, KOTOPBIA B COCTO-
SIHUM UI'PaTh IJIABHYIO POJib B pa3iWyHbIX 3(pekTax, BKIoUYas
crnabple siepHble B3aumoneicTBrs. C UCMONb30BaHUEM YpaB-
HEeHMs, CMMMeTpur U KoHyca I[lyankape oH mokaszaj, 4ToO yr-
JIOBOM MOMEHT MOHOMOJISI OTHOCUTEJIBHO JIEKTPUIYECKOro 3apsi-
Ja SIBJSIETCS] €UHCTBEHHBIM IIEHTPOM CUMMETPUM BpalleHusl
BOKPYT (PUKCUPOBAHHOI'O IIEHTpa. DTO SABJsIETCS JOKa3aTeJb-
CTBOM BpallleHUsI MOHOIOJSI BOKPYT JIEKTPUYECKOTO 3apsiaa.

CoBpeMeHHasi HayKa paccMaTpuBaeT 3NEKTPOH Kak (yH-
JaMEHTAJIbHYI0 JJIEeMEHTapHYI0 YacTUIly, He 00J1aJaloIyio
CTPYKTYPOH U pa3Mepamu.

15 K. Jlomax. IMpuxnanHas dusuka Ne2—2006, ctp. 5—10.



B 1989 rony I'. emensty Obuta mpucyxkaeHa HoOeneBckas
npeMus 1o pU3MKe 32 U3MEPEHNe MAarHUTHOTO MOMEHTA JIeK-
TPOHA C TOYHOCTHIO /10 13 3HaKoB mnoce 3ansTod. Ha ocHoBe
¢popMyJIbl, BKITIOYAOIIEN THPOMAarHUTHOE OTHOIIIEHUE, pa3Mep
MIEKTPOHA U €r0 KOMIITOHOBCKOM IIMHBI BOJHBI, ITOTyYeH-
Hout [lpemnom!® B 1980 romy, Dehmelt H. (I'. Iemenst)!? cum-
TAaeT, UTO «AAEKMPOH MONCEN UMeMb pazmep u CIMPYKmypy»,
a ezo pazmep u3 IKCHEPUMEHMO8 NO CEEPXMOUHOMY onpedene-
HUIO MAZHUMHO20 MOMEHMA AINEKMPOHA COCMABASIIOM GeNUUUHY

oxono 100 em.

B 1928 rony lupak nony4us HOBOE ypaBHEHHE JIEKTPOHA,
KOTOpOE TMOBeJIO ce0s1 KaK HEMOKOPHBIN KUHH, HEOCTOPOKHO
BBIMYIIEHHBIA W3 OyThUIKH. TO, 94TO MpOWIM y4eHble B TOM
YPaBHEHUM, MIOKA3aJI0Ch UM, MSTKO BbIPAXKasiCh, HEAOPAa3yMEHU-
eM. HapaBHe ¢ peanbHO CyHIECTBYIOIIMM OTPULIATESIBHO 3apsi-
JKEHHBIM 2JIEKTPOHOM B HEM 3aHsJI PABHOMPABHOE MECTO I0JIO-
JKUTEJIbHBIN 31eKTPoH! «He napagokc i1 310?7» — 1ymai HeBOJIb-
HbIil BAHOBHMK 3TOTO CTPAHHOI'O OTKPHITUS. [Jpak BoBce He uc-
KaJ1 9Ty yactuiy. OH Jaxe He OA03peBa O €€ CYIIECTBOBAHUU.

Bonee Toro, yyeHblii OropoIni CBOMX KOJUIET Mpeaooxe-
HHMEM, YTO BCE YaCTULBI B IIPUPOJE CYIIECTBYIOT MApaMu, 4TO
KaXJIOM 3apsKEHHOM YacTUIE COOTBETCTBYET CBOsI aHTUYACTH-

16 Brodsky S. J, Drell S. D.//1980. Phys. Rev. Ser. D. V. 22. P. 2236.

17 Nemenst X. KCTIEPUMEHTHI C MOKOSIIEHCS N30IMPOBAHHON CyOaTOMHOMN JacTH-
uert (HoGenesckast nekuus). YOH., 1990. — T. 160, ot 12. — C. 129—139.



1[a C TAKOW K€ MAcCCOM, HO C 3apsilOM MPOTUBOMOJIIOKHOTO 3HA-
Ka. [lupak cnpaBeIyiMBO pelinii, 4YTO €CIM CYIIECTBYET rapa i
3JIEKTPOHA — MO3UTPOH (TaK Ha3BAJIM aHTUJIEKTPOH ), TO JOKHA
CYLIECTBOBATh M Mapa [j1s1 IPOTOHA, T.€. aHTUIPOTOH.

[locne MHOroIETHUX MPOTUBOPEUMBBIX KCCIIEIOBAHUM, B Ce-
penuHe 50 romoB MpoLIoro Beka, KBanToBas anekTponruHaMu-
ka (K9]I) ykpernuia CBOM TO3UIMK, KOTJIA HECKOJIBKO OecTsi-
IMX TEOPETUKOB, TakuX, Kak I'. bere, C. Tomonara, 1. IIIsun-
rep, P. ®einman, @. JlaicoH U Apyrue, AOMOIHUIMA €€ MONOKE-
HUSMU O TOM, 4TO (POTOH pearupyer Ha MPUCYTCTBUE WU [IBU-
’KEHHUE EKTPOHA.

[NousTue ciunHa anexTpoHa 6bu10 BBeaeHo M. Ynenoekom u C.
layncmurom B 1925 rony U3 sKCIepUMEHTOB TOHKOTO paciiern-
JIEHU I CTIEKTPAJIbHBIX JTMHUM aToMOB. [lonynenoe 3HaueHue cru-
Ha C JIByMsI BO3MOXHBIMU OPUEHTALIMSIMU CIIMHA OTHOCUTEJIb-
HO HarpaBJieHUsI UMIyJibca Obu1o noareepxkaeHo I1. Jupakom
B 1928 romy. B onmbitax IlltepHa u I'epnaxa Obina orpenene-
Ha BEJIMYMHA CIIMHOBOIO MAarHMTHOIO MOMEHTa, KOTOpasi OKa-
3aJ1ach paBHa 3HA4eHWI0 MarHeToHa bopa. B apyrux skcnepu-
MeHTax A. DiHmTelHa-a1e [aa3za u obparHoro 3¢dekra bap-
HeTTa'® ObUIO YCTAaHOBJIEHO JBOMHOE MPEBHIIIIEHUE /I THPOMar-
HUTHOTO OTHOIICHUS CITUHA, HAJI O)KUAAEMBIM U3 OPOUTATIBHON
TEOpUU JBUKEHUS NEKTPOHOB B aromax. CIIMHOBBI MarHMT-
HBII MOMEHT 3JIEKTPOHA, KaK CUMTAETCS] B KBAHTOBOM MEXAHUKE,

18 Sddext baprerra (1909 rox) — nokaspiBaeT CBA3b ATOMHBIX MATHUTHBIX MOMEH-
TOB C MEXaHNYECKUMU MOMEHTAMH.



00YCJIOBJIEH CYIIIECTBOBAHUEM Y HET'O COOCTBEHHOTO MEXaHUYe-
ckoro moMeHTta — cniuHa. B CAII yTBepkaaercs, 4o Kjiaccuyie-
CKO€ TpEeJICTaBIeHUE JIEKTPOHA, KaK BPAIAIOIINICS 3apsiKeH-
HBIN OOBEKT, HE AAET MPABUIILHOTO pe3yJbTaTa AJisl OpOUTAIbHO-
'O IBUKEHM S JIEKTPOHA B aTOMeE JIJIsI TMPOMArHUTHOTO OTHOIIIe-
aus1. Kpome Toro, aieKTpoH 061a1aeT aHOMaJIbHO OOJIBIITM Mar-
HUTHBIM MOMEHTOM. DTOT MarHUTHBIA MOMEHT JIEKTPOHA ObLI
oTkpbIT B 1948 rony I1. Kym u I'. ®onu. AHOManbHBIM OH Ha-
3BaH IMOTOMY, YTO €r0 BEeJIMUYMHA HECKOJIBKO IPEBbIIIaia paHee
MPUHSTYIO BEJIMYMHY «HOPMAJIbHOTO» MAarHUTHOIO MOMEHTa —
MarHeToHa bopa. DTo OTKpbITHE BBI3BAJIO Maccy MpooseM, pu-
BEJIIINX, B TOM 4Mcie, K co3aanuio [. [IIBunrepom, C. Tomona-
roii u P. ®delinMaHOM HOBOW METOIMKHU BBIYUCIEHUN B KBAHTO-
BoM nekTpoguHamuke (KI/1). OnHon u3 OCHOBHBIX 3a7a4 3TOU
TEOpUHU SIBJISIETCS BHIUMCIIEHHE (DAKTUUECKOTO, T.€. aHOMAJIbHO-
IO MarHUTHOTO MOMEHTA JIeKTpOHA. Teoprsi OCHOBaHa Ha Hjiee
B3aMMO/IENICTBUS ANIEKTPOHA C BUPTYaJIbHbIMU (DOTOHAMU U JAET
pe3yabTaThl, BechbMa ONM3KHE K TIOyYSHHBIM SKCIIePHUMEHTAITb-
HO?

Jlpyrvie CBOWCTBA 3JIEKTPOHA CIEAYIOT M3 MCCIIEIOBAHHUIA 00-
Jlaka noJisipu3aivu (MOJsIpOH), POXKIAIOIIETroCs PU IBUKEHUN
MIEKTPOHA BHYTPU KPHUCTAJUIMIECKONU PEHIETKH U OOYCIIOBJICH-
HOTO €€ B3aUMOJICHCTBUEM C BHEUTHUM SJIEKTPUUYECKUM TIOJIEM
3ekTpoHa. CpaBHUTD MOJISIPOH MOKHO JIMIIb C HAIJISIIHOM aHa-
JIOTHEH, KOIIa «3a YEJOBEKOM B COJIHEUHBIN JEHD ABUXKETCS €0
TeHb, TAK 32 MEKTPOHOM BHYTPU KPUCTALTUYECKON PEIIETKU



JBVKETCST 00J1aKO MOJISIpU3aIiii, 00pa30BaHHOE ero JIeKTpuye-
CKHMM T110J7IeM. BcTpedHble aToMbl, HACTUTHYThIE 00JIAKOM, TTOJIS-
pUBYIOTCS UM, Kak Obl CBSI3BIBAIOTCS C JIEKTPOHAMU HEBUJUMbI-
MU HUTAMHU. HO U 371€KTpOHY 3Ta CBA3b C OKPYXAOIIUMU €r0
aToMaMu He OOXOIUTCS IAPOM: OH CTAHOBUTCS KaK Obl TSIKeJee —
Macca yBeIMYUBACTCS B IIECTh Pa3. DTy KOMOMHAIIMIO JIEKTPO-
Ha C OKPYKAIOIIMM €r0 COCTOSIHUEM OIS PU3ALIMUA U HA3BAJIU T10-
JIIPOHOM>..

JlOCTOBEPHO JIMIIIb YCTAHOBJIEHO, UTO JIEKTPUYECKUE 3apsibl
Pa3AEsbHO CYILECTBYIOT B IByX BUIaX — ITOJIOKUTENIBHBIE U OTPH-
uaresbHble. [Tpr 3TOM pasHOMMEHHBIE 3apsibl IPUTATUBAIOTCA,
a O/IHOMMEHHBIE OTTAIKUBAIOTCS. DJIEMEHTAPHbIE CTPYKTYPUPO-
BaHHBIE 3apsi/ibl UMEIOT B 00513aTeIbHOM TOPSIIKE ¥ MAaccy.

IIpn m3mepenusax B cucreme CH BO BHENIHEM IOCTOSIH-
HOM 3JIEKTPUYECKOM II0JIE JIEKTPOH IPOSBIISET OTpULIATENb-
HBI 3apsi/l AEKTPUUECKOro NOTEHIIMAA U HallpaBJIEHUE CIIMHA,
a B MArHUTHOM TMOCTOSIHHOM I10J1€ — CBOI BUXPEBOM MArHUTHBIN
MOMEHT, B MOJIE TATOTEHUA 3€MJIM — 3apsA]] MACCHI.

B kBanTOBOM 251eKkTpoanHamuke (K1) monsaTus 3Haka 3aps-
J1a HE CYILIECTBYET, @ IO3UTPOH OMMUCHIBAETCS KAK IEKTPOH, IBU-
KYIIUICS 0OPaTHO BO BPEMEHH.

DJIEKTPOHBI POKAATCA B IPUPOAE, C OOHOM CTOPOHBI, NPU
00pa30BaHMUU 3apsKEHHBbIX sIIEp XMMHUYECKUX JIEMEHTOB, ITy-
TEM pacriajia HeWTpajbHBIX sifIep, B Ipolieccax Oera-pacrajia
siIep aTOMOB XMMUYECKMX 3JIEMEHTOB, IIPU pacnaie HENTpOHa
U JPYruX HeCTaOMIIbHBIX JIEMEHTApHBIX YacThIl. A C JIpyrou



CTOPOHBI, TIPY B3aUMOJIEHICTBUM TMOPOTOBBIX (DOTOHOB C aTOM-
HO-MOJIEKYJISIPHBIM BEILIECTBOM B Pa3IMUHBIX arperaTHbIX COCTO-
SHUSIX — (poTO3(peKT U nap — oOpa3oBaHUe.

CBoHCTBa CTPYKTYpPbI 2JI€KTPOHA, KPOME Ha3BaHHBIX SBJIE-
HUI, MOTYT TakXe JIOMOJHUTh pachabl KOPOTKOKUBYIIUX dJe-
MEHTAPHBIX YaCTHI], TAKUX KaK MIOOH, a TaKXe BECbMa 3ara-
JIOUHbIE sIBJIeHUs OeTa-pacnaga koOaibTa-60), HEUTPOHA U HEKO-
TOPBIX JIPYTUX YacTUl. B 3TMX mpeBpallieHUsIX OpUEHTUPOBAH-
HBIE 10 CIUHY (MOJISIPU30BaHHbIE) BHELITHUM MAarHUTHBIM MOJIEM
pacrnajaormecs sijipa U3JIy4aoT B OMHY CTOPOHY OOJIBIIE JIeK-
TPOHOB, YeM B JIPYTyI0. DTO ke sIBJieHue HaOJIoIaeTCsl U y aH-
TUYACTULL. DKCIIEPUMEHTHI, BHITIOJIHEHHBIE B 9TOM HallpaBJICHUU
¢ 1956 no 1964 MUPOBBIM HAyYHBIM COOOIIIECTBOM, MMOKA3aJIN
0 HAJIMYUU Y JEKTPOHOB, MO3UTPOHOB U IPYTUX MUKPOUYACTHUIL
CJIO’KHOM JIEBO- U TIPaBO- BPAIIATEIbHON CTPYKTYPHI.

Bce 6ombinie 1 60sbIle HOBBIX AAHHBIX U3 PE3YJIbTATOB CTOJIK-
HOBEHM S B KOJUTaliepax CBUIETENILCTBYET O TOM, UTO pa300paTh-
Cs1 B CTPOHHUU JIEMEHTAPHBIX YaCTHUI] ITPU MIOMOIIIH CYIIIECTBYIO-
HIMX Teopuid HeBO3MOkHO. HyxHa HOBasi peBoJitonusi. Heo6xo-
JUMO UIEWHOEe MepeBoopykeHre. 1 310 HoBoe opyxkue — 3apsij
SHEepruv Ui MArHUTHBIM MOHONOJIb , KAK HEBU/IMMAasl SHepre-
THYECKasi CyOCTaHIIMsI BCEroO CyIIEro ¢ BO3pacTOM JKU3HH U 3a-
MIacOM SHEPruu, CPaBHUMBIM CO CPOKOM Harieil BeeneHHoil.

Utak, Ha pyoexe XXI Beka Ha Oa3e KJacCUYECKON M KBaH-
TOBOUM (pm3uKM pomuiack HoBasl (pU3MKa, XOTS €€ POCTKH Obl-
s nocaxensl [I. K u H. Tecna B Hauane XX Beka. D10 OT-



HIOZIb HE 3HAUMJIO, YTO BCE paHee C/IeNaHHOE YUYeHBIMU OTBEpra-
JIOCh Y 3aMEHSUIOCh UHBIMU B3IJISIaMH, MTPOCTO (PU3MKA pOcCya
B INIyOMHY JMCKPETHOr0 MPOCTPaHCTBA-M0Jsl. [lelicTBUTE b-
HO, KJIaccuyecKkast (pu3MKa, OTKPbIBILAS JIIO/ISIM I71a32 HA MHOTHE
SIBJIEHWSI IPUPOJIBI, OTBETUBIIIASI HA MACCy BOIIPOCOB, CTajia B TY-
MUK Tepe] MUPOM OOJIBIIIUX CKOPOCTEH M MUPOM HUYTOKHO Ma-
JIBIX YaCTUYEK MaTepuH, T.e. 3épeH-NMOTeHIIUAIOB TUCKPETHO-
O MPOCTPAHCTBA-TIONS.

HoBoe npeacraBieHne. JJIeKTPOH B OKOE , KAK 3aMKHY-
TOE, a MOITOMY MHEPTHOE M CTAOMJIbHOE MHUKPOMPOCTPAHCTBO
C Maccodl M 3/EeKTPUYECKUM 3apsiioM, 001afaeT CTPYKTYpOi,
BHEIITHUM T10JIeM, BHYTPEHHUM 3apsiJIOM SHEPTrUH, reoMeTprude-
cKoil (pOpMOH U pa3MepoM, BHYTPEHHMMH U BHEIIHUMU (pU3U-
YECKUMHM CBOMCTBamMu. Pasmep cepsl 3apsaa sHepruu B op-
M€ TpaBUIEKTPOMArHUTHOro MoHomnoss (IMMM) cocrasiser
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BenuuHy | cM. Ilpu nynbcupylomen paspsjake ¢ 4yacro-

toit 10 2Ty chepbt [ DMM opMupyeTcsi 3aMKHYThII YETBEPTD
BOJIHOBOJL, (poTO 8) ¢ pazmepom okoso 10 10 em. Ero kommro-

HOBCKas JIJIMHA BOJIHBI COCTABJISIET BEJIMUMHY 2,4 X 1019 o
JleOporineBckasi IJIMHA BOJIHBI JIEKTpPOHA B atome (T.e. pas-
Mep ceprudeckoil 00acT, B KOTOPOil JIEKTPOH, Oyay4u CBsl-
3aH JIEKTPUYECKUM IOJIEM Spa, yXKe MEPECTAET CYIIeCTBOBATh
CO CBOMCTBaMH CBOOOJIHOTO JIEKTPOHA) B HOPMAJILHBIX YCIIOBH-
SIX PEKOMOMHAIIMOHHOTO TETJIOBOTO PABHOBECHSI COCTABJISIET Be-

JIUYUHY 1077 -10%cm, a8 YCIIOBHSIX BaKyyMa KocMmoca B 00-



JIACTSIX C TeMmreparypor OJNM3KON K aOCOMOTHOMY HYJIO TpH-
omkaercsa k 107> — 10 em. Takum 00pa3oM, BBICOKOBO30YX-
JEHHBIE COCTOSIHUSI aTOMOB, UMEIOIIME Ha TIOBEPXHOCTH 3eMJIH
OUYEeHb KOPOTKOE BpeMs KU3HU, B IITyOMHAX KOCMOCA MPaKTUYe-
CKU CTaOWIBHBL. Y 3JIEKTPOHA caMasi MUHUMAJIbHO BO3MOXHAS
Mmacca-3ueprus uaeptHoro nmokos (511 Kas) B cucreme CU 00y-
CJIOBJIEHA Pa3psIOM IPaBUTALIMOHHOTO MOHOMOJIS C MOC/IE/I0Ba-
TEJIbHBIM U3JTyYeHHEeM KBAHTOB MOTOKA JIEKTPUUECKUX U IPABU-
TAIIMOHHBIX 3EPEH-TIOTEHIIMAIOB U3 €r0 3aMKHYTOU U OJHOKOH-
TYPHOU CTPYKTYPbl BOJTHOBOJIOB ((poTO 8§).

doro 8. Cxema BOJIHOBOJOB U3 3CPEH-TTOTCHIINAJIOB JICKTPO-
HoB. Cunue AJICKTPUYICCKUEC, KPACHBIC I'PAaBUTAIIMOHHBIC. Cnpa-



Ba IMPOIYKTHI TPOU3BOJICTBA MArHUTHOTO MOHOIIOJISI JIEKTPOHA —
€r0 MTHOBEHHBIN (PaHTOM-TIOJIE U3 3EPEH-TIOTEHIINAIIOB

B omnune OoT CTPYKTYpPbl MarHUTHO-3JIEKTPUUECKUX 3EpPEH
CcBOOOJHOT0 MarHUTHOTO MOHOMOJIsI (POTOHA, B JIEKTPOHE 00-
pa3yercsi TpaBUTAIIMOHHBII MOHOMOJb U3 KBAHTOBOTO MEPEXO-
Ja TyTeM TOCJIeJOBAaTeIbHON 3aMEeHbl MAarHUTHBIX 000JIOUEeK 3¢E-
pPEH Ha TpaBUTAIIMOHHBIE. B pe3ysibTate 3aMKHYTBIN MarHuT-
HBII MOHOIIOJIb TIPEBpAIAETCS B TPABUTAIIMOHHBIN ¥, a CTPYKTY-
pa 3€peH-TMIOTEHIIUAJIOB JIEKTPOHA CTAHOBUTCS IPABU-IIEKTPU-
yeckoi. CaM 37IeKTPOH TpeBpalliaeTcsl B rpaBUdJeKTpoMar-
HHUTHBII MOHOINOJIb (MCTOYHHK).

D¢ dexkTuBHBIA pazmMep UCTOYHHMKA (PA30BOro 0OBEMA BOJI-
HOBO/I0B-T10JIsI CBOOO/IHOTO JIEKTPOHA B COCTOSIHUM TIOKOSI CO-

cTaBJyisieT BequuuHy 1,2 x 107" em u CYILIECTBEHHO (Ha Tpu
JECSITUUHBIX MOPsIKA) MPEBOCXOAUT pa3Mepbl aTOMHOIO sIIpa.

Bpems sxu3HM 21eKTpoHa olieHuBaetcs B 4,2 X 10 nern ornpe-
JeJsieTCsl 3apsiioM SHEepru B (popMe 3aMKHYTOrO MarHUTHO-
T'0 MOHOTIOJNS. DTa SHEPrHsl PACXOAYeTCs Ha CO3/IaHKe W OOHOB-

ntenvie ¢ yactoroii okoso 102° Iy ero OJTHOKOHTYPHOTO U ITYyJIb-
CUPYIOIIIET0 3aMKHYTOTO BOJIHOBOAA U3 3EPEH-JIEKTPO U I'PaB-
MOTEHIMAJIOB, KOTOPbI U (DOPMUPYET BHEUIHEE MOJIE JIEKTPO-
Ha, Mpe/cTaBjIeHHoe Ha ¢oTo 9. Bpamasace ¢ Takod 4acTOTOM,
MAarHUTHBIN MOHOIIOJb (TPABUTALIMOHHBIN MOHOIIOJb) JIEKTPOHA
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BOCITPOM3BOJUT HOBBIM BOJTHOBOJI, OTTAJIKMBAS CTApbIid BO BHEIII-
Hee MPOCTPAHCTBO U (POPMUPYS] AaHOMAJILHO OOJIBITION MarHuT-
HBIA MOMEHT.

®ot10 9. PoxaeHne BHEIIHETO 015 JIEKTPOHA: — CJIEBA U3JTY-
YEeHUE KJIACTepa-Nois OT UICTOYHUKA IEKTPUYECKOro 3apsia, —
ClipaBa U3JIy4YeHHUE KJIacTepa-IoJsl OT UCTOYHMKA 3apsAa MacChl

OOBEM 3TOTO MONSA-MPOCTPAHCTBA, KAK U ATTMHA KOCMHYECKO-
ro Tpeka (poTOHa M3-3a TOPU30HTA, COU3MEpPUMa C 0OBEMOM Ha-
et Bceit Beenennoit. Ero crabubHOE 10 BO3pacTy KHU3HU MUK-
POIPOCTPAHCTBO UMEET OTPULIATEIBHBIN (IIO3UTPOH — MOJIOKU-

TeJIbHBIN) 3apsg 1,6 x 10~ Kn B cucteme CH, xoTs1 peasibHO

B IIPUPOJZIE HE CYLIECTBYET TaKMX 3apsAA0B, KaK HE CYIIECTBYET
3apsla MAcChl, CUJIBl U BPEMEHU. U T. A. A CyIIECTBYIOT IIPO-



JOYKTBl MAarHUTHOTO MOHOIIOJS JIEKTPOHA — 3TO BUXPEBOM 3JIEK-
TPUYECKUI MOHOIONb — 3apsij JEKTPUYECKUM MOTEHUIUAIOM
(MCTOYHMK) U BUXPEBOW T'PaBUTALMOHHBI MOHOIIOJb — 3apsf
I'PaBUTALIMOHHBIM MTOTEHLIUAJIOM (MCTOYHHUK ), KOTOPBIE POXKAAIOT
BHEIIIHME BUXPEBBIE M0JIS1 — 3€pHA-TIOTEHLIMAIBl HEPABHOMEPHO
1O CIIUPAJISAM pa3MeIlEHHbIE HAa €0 OJHOKOHTYPHOM BOJTHOBO-
ne. YkazaHHble Ha (pOTO 9 KiacTepbl BHEIIHETO MOJs JIEKTPO-
Ha, U3JIy4aloTCs MOC/IEA0BATENLHO B Pa3HblE MOMEHTHI BpEMe-
HU. PopMa MyJIbCUPYIOIIETO OJHOKOHTYPHOTO 3aMKHYTOIO BOJI-
HOBOJIa U3 3JIEKTPOINOTEHLIMAJIOB U IPaBIOTEHLWIIOB ONIPE/IEISIET
KaHOHUYECKYIO (pOopMY 17151 BCEX JIENTOHOB — MOMYLEJbI CIIMH.
Bce 311 1aHHBIE U JIEIM B OCHOBY O MEXaHU3ME POKAECHUSA
CIMHA Y JIEKTPOHA MO/ AEUCTBUEM MarHUTHOIO MOHOMOJIS, T.€.
BpalIEeHUs IPY pa3psiAKe rPaBUTAIMIOHHOTO MOHOIIOJS.
BHenHee nposiBieHre cBOMCTB (pOpMbI M pa3Mepa BOJIHOBO-
JOB-TIOJIEW IEKTPOHA C BPALLAIOIIMMCS MOJIAPHBIM MarHUTHBIM
MOHOIIOJIEM 3aBUCUT OT CKOPOCTH €O JIBUKEHUS] U COCTOSIHUSA
cTereHu CBOOOIbI (CBSA3aH B aTOME MJIN MOJIHOCTBIO CBOOO/IEH) —
9TO €ro CMUH, MEKTPUUYECKUIA 3apsi]l, FEOMETPUYECKas CTPYKTY-
pa ¢ ONpeeNEHHBIMU pa3MePaMHU (JUIMHA BOJIHBI) U UHAYKTHPYE-
Mas macca (B TepmuHax cuctembl CU nmm CI'C), a Takxke 6ecko-
HEYHO JI0JIT0€ BPEMs JKU3HU, ONPENENISIEMOE 3a11acOM €r0 BHYT-
PEHHEN 3Hepruu B (popmMe MarHUTHOro MoHonouis. s cpaBHe-
HMSA 3aMETUM, YTO 3aIlaca BHyTPEHHEN SHEPIUY MarHUTHOTO MO-
HOMOJI5, POKAEHHOTO TIPU CHATUM BO30YKAEHUS atoma, J0CTa-
TOYHO, YTOOBI (POTOH MOT TIPOJIETETh BCIO ITyOMHY Hareil Bee-



- 2
JIEHHOM M3-3a HEBUJIMMOI'O TOPU30HTA, T.€. 10 8 cM, 3a 14 mui-

JIapAoB JieT. BHyTpeHHMe CBOWCTBA 97IeKTPOHA, OTBETCTBEHHbIE
3a 9TU BHEIIHUE MPOSIBJIEHUS, 00YCIOBIEHbI ITPOLIECCaMH, MPO-
UCXOJALIMMU B PE30HAHCHOM 3aMKHYTOM MUKPOBUXPOHE, B KO-
TOPOM MOJISIPU30BAHHBIN BEYHbI MATHUTHBIA MOHOIIOJb NE€PUO-
JMYECKU U BCeT/ia IBUKETCSA-BKPYUUBaeTCs (MMILUIO3Us OCeBast)
B OJHOM HAIIPABJIEHUU B CTOPOHY K LIEHTPY IOBEPXHOCTHU IO-
aycepsl (y3en), rae ucuesas, 3apskaeT IpaBUTALMOHHBIA MO-
Honosb. [locneHuil MCTOYHUK, pa3pskasich MUHAYKTUPYET JIeK-
TPUYECKUI MOHOIIONb U JIBA BHEIITHUX KOHTYPa BOTHOBOZA JJEK-
TpoHa. OIHO — NEPEMEHHOE 3JEKTPUYECKOE 0JIe-BOJIHOBOAA
(BHEIIHAA CMPalib), KOTOPOE POKIAET yKE IEKTPUUECKHI MO-
HOIOJIb, KaK MCTOYHMK, YTO M PEreHepupyeT MarHUTHBIA MO-
HOIIOJIb — UHYKTUPYET U NEPUOIUYECKH 3apsiKaeT MarHUTHbIN
MOHOIIOJIb Ha YJAJIEHUX OT YETBEPTU AJIMHBI BOJIHBI (ITy4HOCTb)
B y3eil. [Ipyroe — BOJHOBOJ BHXPEBOIO I'PAaBUTALIMIOHHOTO I10-
JIl — BHYTPEHHSS CIIUPajb Pa3psIKy I'PAaBUTALIMOHHOTO MOHO-
1oJis1, MOKa3aHHas Ha oto 9.

Tak oOpasyeTrcsi 3aMKHYTBI KAHOHUYECKUI OTHOKOHTYPHBIU
(bazoBbIil 00BEM € MOMYLEABIM CIMTHOM 3JIEMEHTAPHON YacTH-
bl IEKTPOH C MACCOH, T.€. JIEMEHTApHAsI YaCTHIIA CO CTPYKTY-
POl aKTMBUPOBAHHOTO IPABHIJIEKTPOMATHUTHOTO MOHOIIO-
Jis1. YKa3aHHbIE BpaLaTeIbHO-TIOCTYIATEbHBIE IBUKEHHS Mar-
HUTHOT'O Y I'PAaBUTALIMOHHOIO 3apsi/IOB U ONPENIEISIOT HallpaBJie-
HMe BEKTOpA CMMHA, CIIUHOBBIA MArHUTHBI MOMEHT U COOCTBEH-
HbIIl MEXaHUYEeCKUI MOMEHT JIEKTPOHA, & UX MarHUTOMEXaHH-



YeCKOe OTHOIIIEHUE €CTh BeJIMUMHA MOCTOSTHHAS /17151 CTAOMITBHBIX
MHUKPOYACTHI] — TO OCHOBHOW 3aKOH NpUpojsl. Kak Tosbko no-
BEPXHOCTHBIN KOHTYp JIEKTPOHA 3aMKHYJICS, ero o0a BHyTpEH-
HUX 3apsi/ia CTaJu MyJIbCUPOBAaTh, IPOSIBJIsA HAIIPABJIEHUE CIIMHA
U OOHOBJISISI-TIEPEN3ITyvasi KOHTYPBI, CO3/1aBasi BHEIITHHE MTHO-
BEHHBIE BUXPEBbIE TOJIS1 YACTUILIbI — JIEKTPUIECKOE, IPABUTALIN-
OHHOE M MarHUTHOE.

N3meHeHnsa NBUKEHUSA U CTPYKTYPbI JIEKTPOHA NPH
yBeJMUYEeHHH MOJHON ero SHEePruu Ha YCKOPUTEJISAX U KOJI-
Jaiepax.

Brutote 10 HacTosiIero BpeMeH! pacy€T yBeJMUEHUs SHep-
T JIEKTPOHOB 34 CYET UX Pa3roHa B JEKTPUUECKOM MOJIE UAET
no popmynam CTO A. DiiHilTelHa, T.€. PeIATUBUCTCKUN -
(bekT 3aBUCMMOCTH MacChl YaCTUIIBI OT CKOPOCTH. DTO rpyodas
oimOKa BbI3BaHA TEM, UTO B IPUPOJE HET HUKAKOW MacCChl — HU
Macchl IOKOs1, HU pensaTuBUcTKoi Maccesl B CTO. Her B mpupone
1 JIEKTPUYECKOTr0 3apsijia, a €CTh TOJIbKO €ro BHELITHEE IEKTPU-
YecKoe M0JIE, MOPOKIAEMOE €r0 UICTOUHUKOM — chepoit ' DIMM,
pazmepom10 oM. A (puznueckue mporiecchl yBeIMYEeHUs Mac-
ChbI IAIOTCS JIMIIIb HA BEpY MaTeMaTnuecknmu ¢gopmynamu Jlo-
peHIa, He uMesl 1ol COOON HUKAKOro (pM3NIECKOro 0O0CHOBA-
HUSI, B TOM YHMCJIe ONpeAesieHus] Macchl, Kak (pU3MUECKON Kate-
ropun. Takum oOpa3oM, HapyIIaeTcsi OCHOBHOM KJIACCUUECKUI
MPUHLIMIT TTO3HAHUS 3aKOHOB MPUPOJIbl HA OCHOBE IKCIIEPUMEH-
TOB, a HE U3 MaTeMaTukH 1o ['exelio.

PeanbHO yBenmueHne CKOPOCTHU IBUKEHUS NEKTPUIECKU 3a-



PSDKEHHOM YaCTHIIBI ¢ €€ COOCTBEHHBIM TI0JIEM BO BHEIITHEM T1OJIe
JpYyroro UCTOYHMKA MPOTHUBOIOJIOKHOIO 10 3HAKYy MIET NOITaI-
HO M OYEHb CIIOKHBIM 00pa3oM:

— UUKJIOTPOH HENPUMEHUM [UIsl YCKOPEHHUs 3JIeKTPOHOB
(npu E = 0,5 MaB, m = 2my, npu E = 10 MaB m = 28my)),

— BHauaJsie JeKTPOH YCKOPSIETCS CUJION MPUTSIKEHUS TOJIs
JPYroro UCTOYHMKA C MPOTUBOIOIOKHBIM 3HAKOM ITyTEM aHHU-
TWISIIIAM YaCTHII TIOJIsS B 0OPa30BABIINXCS 30HAX XOJIOAHOW Oe3-
MacCCOBOM TUIa3MBblI (CHJIOBBIE JIMHUM T10J151) [0 MPEfiesia CBETOBOU
ckopoctd (v- 0,98—0,99¢c, npu E- 2—4 M»3B),

— TaKoW MPOIECC MPOUCXOOUT TUIABHO BIUIOThH /IO MEPBOTO
KBAHTOBOTO TEpexoja B MIOOH, y KOTOPOTO yke COOCTBEHHOE
rpaBUTaIiMOHHOE ToJie B 207 pa3 0oJibllie, YeM y JEKTPOHa, 10-
SIBJISIETCS] HECTAOMIIBHOCTh CTPYKTYPbI C IEPHOJIOM IOy pacrnaia

B2,2X 10—° CEKYHJBI,

— 3aTeM MOAO0OHBIC MPOIECCHl MOBTOPSIOTCS U C MIOOHOM,
BIUIOTH /IO POXKJIEHUS 3aPSKEHHBIX BHICOKOIHEPTETUYECKUX Me-
30HOB,

— TaK TMOPOXIAOTCS HECTAOWJIbHBIC 3apsKEHHBIC YACTHIIBI
C COOCTBEHHBIM TIOJIEM U TIOJTYIIENIBIM CIIMHOM, KOTOphIe BMECTe
CO CBOMMHM IMPOAYKTAMH pacrafa u perucTpupyrorcs B I€TeKTO-
pax,

— B TOYKAaX CTOJIKHOBEHWS] C MUIICHBIO WIN TPOAYKTaMU
BCTPEYHOTI'O ITyYKa MPOTUBOIOJIOKHOTO 3HAKA 3apsia B KOJUIAK-
Jiepax MpOUCXOST B3aMMOJIEHCTBU I YETBEPTh-BOTHOBOAOB COO-
CTBEHHOTO M3JyYeHHs ¢ 00pa30BaHMEM 30H XOJIOIHOW Oe3mac-



COBOM ILJIa3Mbl, B KOTOPOW U MOPOXKAAIOTCS HEUTPOHBI (poTO J),
IPOTOHBI-aHTUIPOTOHBI ((OTO 6) IMyTEM OCEBOI UMIUIO3MH, Tie-
pPEXOAILEN CTYCTKAMU B LIEHTPAIbHYI0 UMIUIO3MIO, TJI€ U MPO-
VCXO/IUT YNOPSAAOYEHHAs1 KOH/IEHCAMsl pa3HbIX MATHUTHBIX MO-
HOTIOJIEN B COOTBETCTBYIOIINE 000JIOUKH, 00pa3ys IIEHTPATbHYIO
CTPYKTYDpY.

Ntak, moJHas SHeprus CKJIabpIBACTCSl U3 SHEPIUU JIBHIKe-
HMSI, TIEPEJAHHON YaCTULIE YCKOPSEMBbIM BHEIIHMM IE€pPEMEH-
HBIM 3JIEKTPUUYECKUM TI0JIEM B 37IeKTpOHBOJIbTaX (3B, KB, M3B,
['5B) ¥ BHyTpeHHeH HepPruu Mpyu KBAaHTOBOM IEPEXOJIe B MIO-
OH (ME30HBI), & PACUET U U3MEHEHUE BHYTPEHHEU SHEPruu 3a-
PS)KEHHOM OTHOKOHTYPHOU YacTUllbl UAET 1o popmysie ITnanka,
T.€. Mpou3Be/leHreM ero (PyHIaMEeHTaIbHOW KOHCTaHThl Ha 4Ya-
CTOTY M3JIyYEHUs YETBEPTb-BOJIHOBOIOB MArHUTHBIM MOHOIO-
aeM I'SMM. VYckopssch B 9JIEKTPUYECKOM T10JI€, JEKTPOH TO-
9TAITHO MPEBPAILAETCS B MIOOH, B 3apsKEHHBIN TT-ME30H, K-Me-
30H U T.1., & TPU BCTPEUHBIX COYAAPEHUSIX C AHAIOTUYHBIMHU [TPO-
JYKTAMH YCKOPEHHBIX MO3UTPOHOB MYTEM OCEBOW HMMILIO3UH,
NEPEXOASIIEH CTYCTKaMU B LIEHTPAIbHYIO UMIUIO3UIO, U POXK/Ia-
I0TCS1 HEUTPOHBI, TPOTOHBI-AHTUITPOTOHBI.

C pocroM 3apsiia SHEPruu JEKTPOHA MPOUCXOIAT MPOLIEC-
Chl 0OpaTHBIE Niepexo1y Bo30YXAEHHOTO aTOMa B OCHOBHOE, T.€.
YKOPAYMBAETCS JIJIMHA YETBEPTh BOJTHOBO/A, YBEJIMUMBAETCS Ya-
CTOTa MyJIbCAIIMI MarHUTHOro MOHOMOJIsSI B ['9MM.

[Ipu perucrpanuu NpoayKTOB CTOJTKHOBEHUSI CIIEIYET yUUThI-
BAaTh MEpPHOJ MOypacnaza MIOOHOB, ME30HOB, KOTOPbIE B CBOIO



ouepe]b CMa3blBAlOT KapTUHY B JETEKTOpaX, perucrpauuenn ux
NPOLYKTOB pacrajia — JeKTPOHOB, (POTOHOB M MHOTHX JIPYTHX.

B ommune ot (poTOHA 21EKTPOH UMEET 3apsA[l ANEKTPUUECKUM
NOTEHLMAJIOM JOIIOJIHUTENBHO U B TPEThEN (POPME, N3TydaeMbIX
CBOOOJHO BHEIITHHUX NEKTPHUUECKHX IMOJIEH, KOTOPbIE TP OOJb-
110V KOHLIEHTPAIUHY 3JIEKTPOHOB MOT'YT CO3J]aBaTh 00JIaKO 1Iapo-
BOT'O KpY21020 Y Ta30 U CBETOIOI00HOTO anekmpuuecmea. Takoe
00JI1aKO TOCJIe COOTBETCTBYIOLIETO 3aXBaTa M KOMITPECCHUU CHO-
COOHO POKIIATh X0A00HOe 3NeKmpu1ecmeo, KOTOpsM urpan H.
Tecna, nepekyaapBast €ro U3 KOPOOKW WJIM 3ajMBasi ero B Oy-
TBUIKY.

Takum 06pa3zoM, OOHOBJIEHHBI KOHTYP W3 3EPEH-TIOTEHIIU-
QJIOB HAITPABJICHHO IIOCJIEOBATENBHO BBITAJIKMBAET-U3Ty4YaeT
npep Ay U (popMupyeT BHEIIHKUE Noiis ekTpoHa. Cyie-
CTBEHHO, YTO 3TH M0JIA1 B KJIACTEPax aTOMHO-MOJIEKYJIIPHOTO Be-
IIECTBA MOXHO MOJIAPU30BATh YNOPSAJAOUYMBAHUEM PaCIIOIOKE-
HUS COMHOB 3JIEKTPOHOB MOIIHBIM UMITYJIbCHBIM BHEIIHUM I10-
JIeM 1 3a(pMKCUPOBATh UX HAIPABJIEHHOCTb B PEIIETKE TBEPIOTO
TeJIa — 9TO MPOU3BOJICTBO MOCTOSIHHBIX MAarHUTOB.

Ta 3Hepruss MarHUTHOTO MOHOIIOJIAA, KOTOpas B (pOTOHE UJET
Ha POXKJICHUE TPeKa 13 3€PEH-IEKTPONIOTEHIIMAIIOB UTMHOHN 00-

nee 10 28 CM, B 3JIGKTPOHE UJIeT Ha TIojJIepXKaHue ¥ OOHOBJICHHE
BHEIITHUX TOJIeH, T.e. yXe 00bEéMa C paJinycoM, PaBHBIM JIJIHE
yKa3aHHOro tpeka ¢goroHa. OTBET Ha BOMPOC — KAK JIOJT0 MO-
KeT aymuTcs ToT nporiecc? ['opazno Gosbiiie, 4em Bpemst KOTo-



poe Tpatut (POTOH, MpujieTasi K HaM M3-3a TOPU30HTA, T.e. 00-
Jiee YeThIpHAIAT MUJUTMAPIOB JIET Wiu 4,2 X 10%* ster. A xa-
KMe TIOTEPU FHEPTUU €ro 3apsaa ABMKEHUs? DKCIepuMeHTaIb-
HO YCTAQHOBJIEHO, YTO 3a BpeMs (14 MUuIMapaos J1eT) JBUKEHUA
(poTroHA OYEHB NIMHHOIO ITyTH U3 CaMbIX OKpauH BceenenHou o
«KpacHEeT» BCEro JIMIIb 10 Z — 7 Wi 8.

Ipyrumu clioBamMH, 6€CCTPYKTYPHOM TOYSUHOH 1eMeHTap-
HOW 4acTUIbl B MPUPOJE HEe CYIIeCTBYET, Kak U €€ MAacChl,
a MMeeT BHYTPEHHUI HalpaBJIeHHbI BOJIHOBO/, ONpeJeEHHBIX
pa3sMepOB U3 3€PEH-TPaBIOTEHIIUATIOB, KOTOPBIM U CO3/1AET CyM-
MapHbI{ 3apsij] TPABUTALIMOHHBIM MOTEHLIMAIOM — 3apsi]l Macchl.
[Tpu 0OHOBIEHNM BOJHOBOJA MPEIBIIYIINI H3ITy4aeTcsl, CO3/1a-
Basl BHEIIIHEE IPABUTALIMOHHOE M0JIE, KOTOPOE B3aUMOAEHICTBYET
C LIEHTPAJIbHBIM T'PABUTALIMOHHBIM 1osieM 3emiu. [losatomy oH
WHepTeH U UMUTUPYET COOCTBEHHBIH 3apsi/i Macchl. TOUHO Takxke
BHEIIIHWI HAIlpaBJIEHHBIN BOJTHOBO, U3 3€PEH-JIEKTPONIOTEHIIN-
anoB (pOpMHUpPYET CyMMApHBIN 3aps] OTPULIATENILHOTO IEKTPH-
YECKOro MOTEHIMAJIa U HAIPaBJIEHUE CITMHA JIEKTPOHA, a TaKXkKe
U €ro BHEIIIHee 3JeKTpocTraThuueckoe nose. Ilpu stom cneayer
3aMETHUTb, YTO IUHAMU3M U3JyUEHUS BHEIIIHUX TOJIeH JIEKTPO-
Ha I10CJIeJOBATENIHO BUXPEBOW PA3HBIX 110 3HAYEHUIO 3€PEH-TI0-
TEHIMAJIOB — OJIMKE K Y371y HaXOIATCS OONbIIIME 3HAYEHUS U Bbl-
TAJIKUBAIOTCSI C OOJMBIIEN CKOPOCTBIO, a B MyYHOCTU yMEHbIIIA-
10TCs1 10 HyJs. TloaTOMYy OHM pa3Hble U MO JAJTbHOJEUCTBUIO,
Y 110 PA3HOMY MPOSABJIAIOT CBOM CBOWCTBA OTHOCHUTEJNILHO KJ1acTe-
pooOpa3oBaHUsI ra30MOI00HOrO JEKTPUUECKOTo Ipupa, n3yde-



HHMEM KOTOpbIX M 3aHuMavics Tecna.

JUI HarmAgHOCTH NpUBENEHBI Ipaduueckune cxemsl (HoTo
8—9) (azoBoro 06BEMa MEKTPOHA M €r0 BOBMOKHBIX COCTOSI-
Huil. Ha ¢oto 9 ykazaHa cTpyKTypa MOC/Ie0BaTeIbHOW JUHA-
MUKH W3JyYEeHUs] IEPEMEHHBIX IO BEJIMUMHE IPABUTALMIOHHOIO
Y 2JIEKTPUYECKOrO 3apsi/ioB, a Takke MX BHEIIHUX noneil. [Tpu
(pbopMHpOBaHNM BHEIIHETO AaHOMAJIbHOI'O MAarHUTHOTO MOMEH-
Ta BPAILAIOUIMKCA MAarHUTHBI MOHOIIOb HE OCTAaBJISIET IOCIIE
ce0s1 CTallMOHAPHO YCTAHOBJIEHHBIX BOJIHOBOJIOB M3 MarHUTHBIX
3€pEH-NIOTEHIMAIOB, a (POPMUPYET MATHUTHBIA IOTOK W3 3€-
PEeH-MarHUTHOTEHIMAJIOB. [Ipyrumu cioBamu, Bpauiasicb BOKpYT
OIpeJEIEHHOM OC MarHUTHBI MOHOIIOJb U3MEHSIETCS 10 BEJIH-
YHMHE, CO3JAET NEPEMEHHBI MArHUTHBIN TOK U U3JTy4YaeT Hapyxy
NOTOK MarHUTHBIX 3€PEH-NOTEHIMAIOB, (POPMUPYST AHOMAJIbHO
OOJIBILION MArHUTHBIA MOMEHT. A pa3mep ero BOJIHOBOJA-TIONIS
¥l OTIPEJIEIISAET BXOAAILEE U BBIXOIALIEE U3 HETO MArHUTHOE T0JIe
WJIM MAJICHbKUI MarHUTHK ¢ ABYMs nomocamu. Takum oOpazom
BCE JIEMEHTApHbIE YaCTULIBI C IPOTUBOIOJIOKHBIMU IEKTpUYE-
CKMMHM 3HaKaMH ¥ UMEIOIIMe Maccy Bceraa OymyT MaJIeHbKUMHU
MarHUTUKaMH C AByMS HOJIIOCAMMU.

B cBoOomHOM BHXpOHE (hOTOHA 3apsiika BTOPUYHOIO Mar-
HUTHOI'O MOHOIIOJS IPOUCXOAUT Yepe3 MOCPEACTBO JEKTpUYe-
CKOrO MOHOMOJISI M HAXOOUTCS B (PYHKUIMM MPOTUBOAEHCTBUS
IPeAbIIYIIEMY IEPBUYHOTO MATHUTHOIO MOHOIONA. B 3aMKHY-
TOM BUXPOHE 3JIEKTPOHA IIPU pa3psiIKe IPaBUTALIMOHHOIO MOHO-
noss (gporo §) Ha yJaJleHUM B YETBEPTh JJIMHBI BOJHBI MHAYK-



TUPYETCS JIEKTPUUYECKUII MOHOIIOJb (MCTOUHUK), KOTOPBIA CO-
30AET IEPEMEHHOE IEKTPUUECKOE TOJIE U YKE ITO NIEPEMEHHOE
T0JIE pEr€HEPUPYET MATHUTHBI MOHOMOJb. A (DYHKIIUS pereHe-
palyy TOTO K€ MO 3HAKy MarHUTHOTO MOHOIIOJS BO3JIaraercs
Ha BpallaoI1iics 3apsiji TPABUTAIIMIOHHBIM MOTEHIIMAJIOM B MOJ-
HOM COOTBETCTBUM C OCHOBHBIM 3aKOHOM MPUPOIBL.

Pazpsika rpaBUTalIMOHHOTO MOHOIIOJSI — 3TO BpalllaTeJIbHOe
JBWKEHHE 10 BHYTPEHHEW KPACHOW CIUPAIH, T.€. JBUXKEHHE
COMPAJIBHOTO 3€JIEHOTO TOpa C YBEJIMUMBAIOIIMMCS TUAMETPOM.
Bo Bpemst 3TOro JBMXEHHSI TTPOMCXOAWT BO3OYXKIECHHE 3JIeK-
TPUYECKOI'O MOHOMOJISI, €r0 BHEIIHEr0 BOJIHOBOJA W Pa3BEPT-
Ka-yCTAHOBKA 3€pEH-TPaBIIOTEHIMAJIOB HA BHYTPEHHEM BOJIHO-
BOJIE OT OOJIBIIIETO 0 MEHBIIIETO 3HAUYEHH S BEIMYUHBI /IO 3aMbl-
KaHUsl BHEIIIHEN MOBEPXHOCTU KOHTYpPa JIEKTPOHA. 3aTeM 3TOT
KOHTYp OOHOBJISIETCSI HOBBIM TIEPUOZOM OOHOBJICHHMS, a TIPEIbl-
QYU TOCJIEIOBATENIbHO BBITAJIKMBAETCS HAPY)Ky M CO3JAET
BHEIIIHKE TOJIs1 IEKTPOHA. BrIicoKasi yacToTa Takux MOBTOPSIIO-
HIUXCS MPOLIECCOB (POPMUPYET BO BHELTHEM ITPOCTPAHCTBE JIEK-
TPUUYECKOE, TPABUTALIMOHHOE TOJIEe ¥ MAarHUTHBI MOMEHT, Kak
OT CTallMIOHAPHOTO WCTOYHMKA (HO peajbHO TaKMX OecCTpyK-
TYPHBIX UICTOUHUKOB HE CYIIECTBYET), T.€. UHAYKTUPYIOT Maccy,
MEKTPUUECKUI 3apsijl, CIIMH U MArHUTHBIA MOMEHT JIEKTPOHA
B cucreme CU.

CriuH MUKPOYACTHLIbl — 3TO MapaMeTp, KOTOPbIN XapaKTepH-
3yeT CTENEHb (MOJHYI0 WIA HEMOJIHYI0) 3aBEPIIEHHOCTA KBAaH-
TOBOTO TMEpeXoJa BpAIIATEJIbHOM MaTepuu IpU Tepe3apsaake



HOCUTEJIsSI MHAYKTUPOBAHHOIO 3apsijia SHEPrUU C OJHOrO 3Ha-
Ka Ha ApPyrod. JTOT IapaMeTp B LIEJIOM OIpenenser (opmy,
THIT ¥ COCTOSTHUE IBUKEHUSI MUK POYACTHIIBI, T.€. 00pa3yeTcs OT-
KPBITbII CAMOIBUKYIIMIACS ((DOTOH) MM 3aMKHYTO-KoseOaTesb-
HBII (971eKTPOH) €€ (Pa3oBBIl 00BEM. DTU MPU3HAKK U OIIpe/e-
JISIOT BUJT IBUKEHHS YaCTUIIB — KHHETUIECKUN WM Oe3bIHep-
IIMOHHBIN BOJTHOBOW CAMOJIBMKYIIIMICS. DTO ONpe/IeIeHUe sIBIsI-
eTcs PSIMBIM CJIEACTBUEM 3aKOHA COXpaHEeHUs dHepruu. B naH-
HOM CJIyYae 3apsiJi SHEPruy JIEKTPOHA (MarHUTHBIA MOHOIIOJb)
HE MEHsIeT 3HaK IMPU KBAHTOBOM Iepexo/ie, MOITOMY OHO HEMOJ-
HOE, & CITUH TOTYLEJbIM.

CrpykTypa 3HaUYeHHI NOTEHIHUAIOB cepbl IPaBUTALIMOHHO-
T'O MOHOTIOJNIS, AHAJIOTUYHA MarHUTHOMY — OoJTbilieid cdepe crv-
PaJIbHBIX BOJTHOBOJOB U3 3€PEH COOTBETCTBYIOT MEHbBIIINE 3HAYE-
HMS IO aOCOMIOTHOM BEIMYMHE, & MEHbIIIEH — HauOOJIbIIINe 3HA-
YyeHUs NnoTeHuuayioB. [1oaToMy, KOrjaa rpaBUTAllMOHHBIA MOHO-
TIOJTb Pa3psiIIICA, €ro HauboJbIast chepa B STOT MOMEHT HaX0-
JUTCS1 B TOYKE BOJIHOBOJA C MAaKCUMAJIbHOM MMyYHOCTbBIO, OTKYAA
HAYMHAJI CBOIO 3apsKY U JIBUXKEHUE BHOBb MHIYKTUPOBAHHBIN
C TeM e 3HaKOM MarHUTHbI MOHOMOJb chepoil OOMbIIEero pa-
Jyca, a B JaHHBI MOMEHT 3aKaHYMBaET CBOIO 3apsaKy cepoit
MEHBILETO JUAMETPA B IEHTPE CYMMApPHOU C(PEPHI.

WTak, pa3psikasch U3 HEHTPAIbHOM TOUKH PACTIONOKEHUS 3€-
JIEHOU cpeppl, rPaBUTALIMOHHBII MOHOMOJb C MOTYLEJIbIM CIH-
HOM [I€PEXO/IUT B IEKTPOMArHUTHBI MUKPOBUXPOH, T.€. CO3/1a-
€T BOJIHOBOJ U3 3EPEH-TPABIIOTEHIIMATIOB, BOCIIPOM3BOIUT BOJI-



HOBOJI U3 OTPULIATEJIbHBIX IEKTPONOTEHIIUAIIOB, KOTOPBIN pere-
HEpUPYET-3apsKaeT IEPBUYHBI MAarHUTHBI MOHOIIOJB C TEM KeE
3HAKOM.

OOHOBISIEMBIII BOJIHOBOJ U3 3EPEH-TPaBIOTEHIMATIOB U CO-
31A€T BHEIIHEE IPABUTAIIMOHHOE T0JIe, KOTOPOE UMUTHUPYET 3a-
P IPaBUTALIMOHHBIM MTOTEHIIMAJIOM, MAcCy IOKOSI JIEKTPOHA,
a TakXke 3apsA] MEKTPUUECKUM MOTEHIUAIOM — JIEKTPUUYECKOE
T10JI€ IEKTPOHA.

Takum 0O6pa3oM repes MOMEHTOM MCUe3HOBEHUS cephl 3a-
PSKEHHOTO JO MAaKCMMyMa MAarHUTHOTO MOHOIIOJIS FPAaBUTALIM-
OHHBII MOHOIIOJIb TOXE IMOYTH 3apsAWJICSA JO CBOET0 MAaKCH-
MaJIbHOTO 3HaYeHUsl, U TOJILKO B MOMEHT pa3psiiIKu U OOHOBJIE-
HUSI BOJIHOBOJIA OH UMEET BOKPYT ce0s MAaKCUMAaJIbHO BO3MOX-
HOE IIEHTPAJIbHOE BHEITHEee MOoJie, KOTOpoe CIOCOOHO B3auMO-
JEUCTBOBATh C APYTMMH OKPYXKAIOIIMMU MOJISIMH, B TOM YHCIIE
C AaTOMHO-MOJIEKYJ/ISIPHBIM BEILIECTBOM U MOJIEM TATOTEHUS 3€M-
7. DTU BHEIIHWE M0JIA YKa3aHsl Ha cxeMe (oTo 9, Tak Kak
MMEIOT JIMIITb MTHOBEHHbIE 3HaueHus1. Takum oOpazoM, cymmap-
HbIE BHEIIIHUE JIOKAJIbHBIE IOJIS1 IEKTPOHA (POPMUPYIOTCS IO-
CTOSTHHO OOHOBJISIEMbIMU BOJTHOBOJIAMU U3 3EPEH-TIOTEHIIUAIIOB,
CO3/1aBa€MbIX MOJSIPU30BAHHBIM MAarHUTHBIM M T'PaBUTALIMOH-
HBIM MOHOIIOJISIMH, OTPAaHUYEHHBIX 3aPsAIKOU-pa3pAAKON TOIBKO
B CBOEM 3aMKHYTOM (ha30BOM O0OBEME.

PoxaeHne 371eKTpOHOB M MO3UTPOHOB BO3MOXKHO HE TOJIBKO
¢ IOMOI1IbI0 ()OTOHOB B MOJIE ATOMHOIO s/ipa. B ocHOBHOM, 3TH
YacTULB! MOABIAIOTCA B pe3y/bTaTe pacnafa aTOMHBIX M HEW-



TPaJbHBIX SIEP B AHAJIOTUYHOM TIOJIE, B TOM YHMCJIe TIPY pacriajie
HEUTPOHOB ((poto 10).

B 3TOM Citydyae anmeKTpoHbI 00pa3yloTcsl B pe3yJbTare Mmocie-
JYIOIIMX PACHajoB BHEIIHEW OOOJIOYKH, COCTOSIIEN U3 JBYX
MIPOTUBOTOIOKHO-3aPSIKEHHBIX  3aMKHYTBIX 000JIOUEK-BOJIHO-
BOJIOB YACTHI] CO CTPYKTYpPOil THIIa MIOOHOB, B moJie sapa. [1pu
pacrnaje HeMTpoHa BOJTHOBOJL JIEKTPOHA 00pa3yeT BbUIETUBIINIA
COOTBETCTBYIOIIMI MarHUTHBII MOHOMOJIb BHEIIHEN 00O0NIOUKH,
(hopmupyromii YacTUIly THIA OTPHUIIATETBHOTO MIOOHA, KOTO-
pasi HecTaOWJIbHA W pacragaercss ¢ 0Opa30BaHUEM 3JIEKTPOHA
Y aHTUHENTPHUHO, KaK BOJTHOBOJ] CTApOy BHEIITHEN 000104YKY 63
MarHUTHOTO MOHOTIONS. A TaK Kak ero 4actoTa yke (4acTh 9Hep-
Ty UJET HA BBUIET aHTUHEUTPUHO) CYIIECTBEHHO MEHBIIIEe Ma-
TEPUHCKOTO BUXPOHA, TO OH CTPOUT HOBYIO OOOJIOUKY, TOTyJast
IIPY TOM CKOPOCTb, CIIOCOOHYIO TIPEOIOTETh MPUTSIKEHHUE MPO-
ToHa. Ternepp 3Ta 060104YKa-BOIHOBO/, MPEJICTABIISIET COOOI TM0-
nycdepy JEKTPOHa, COOTBETCTBYIOIIYIO CBOEH (DOPMOI HOBBIM
napameTpam MoJsPHOro AouepHero BUxpoHa. [1pu atom, paguyc
BOJTHOBO/IA MOJTychephl JEKTPOHA YBEJIMUMBACTCS HA TPU JECsI-
TUYHBIX TIOPSIJIKA M0 CPABHEHUIO C BHYTPEHHUMH OOOJIOUYKaMU

IIPOTOHA U COCTaBJISIET BeanunHy 1,2 X 10— cm.



®oto 10. Pacnian HeiltpoHa

BzanMHas HerpepbiBHAsI U NepUOAMYEcKas UHAYKLUS-pere-
Hepauus TPEX MOHOIOJEH B 3aMKHYTOM BOJIHOBOJIE JIEKTPOHA
HOCUT OECKOHEUHbIII BO BPEMEHH IPOLIECC, BHI3BAHHBINA CXOMS-
IIMMCS BpaIllEHUEM M YBEJIMUMBAIOIIMMCS 3HAYEHUEM BEYHOI0
MarHUTHOTO MOHONOJISA 1O CIUPAIA BOJIHOBOZA IEKTPOHNOTEH-
11asioB (popMme nomycdepsl, B IEHTPe NOBEPXHOCTU KOTOPO OH
ucye3aeT, 3apskas u nepexois B cepy IpaBUTALIOHHOTO MO-
HormoJis. B 3T0i1 TOUKe, nepes TeM Kak MpOU30UIET TaKOW KBaH-
TOBBII NIepeXojl, KOHLIEHTPUPYIOTCSl OHA B OJHOM JIBE€ U3MEHSsI-
oumecs: cepbl-3apsaA0B MAKCUMAIIBHBIX 3HAYEHUH 3TUX MOHO-
nosieid. CxeMy npoLeccoB B (pa30BOM 3aMKHYTOM 0ObEME JIeK-
TPOHA MOXHO TaKe MPeJCTaBUTh, KAK MepHOJUIecKast 3apsi-
Ka cepbl MArHUTHOTO MOHOIIOJNS Pa3psIKO rPaBUTALIMIOHHOTO
MOHOIOJI51 C pPOXJJEHUEM BHYTPEHHETO BOJIHOBOZIA U3 I'PABIIOTEH-



IMAJIOB ¥ BHEILIHETO BOJIHOBOJA JIEKTPONOTEHIIMAIOB B (hopMme
nosnycepbl — pokAeHUE NOIYLIENOrO CIIMHA.
3épHa-TIOTEeHIMAJIbl — 3TO COOTBETCTBEHHO 3apsiKeHHbIe Oec-
CTPYKTYpPHBIE 3€pHA-NOTEHIMAJbI (FPABUTALIMOHHBIE, JIEKTPU-
YEeCKME U MarHuTHbIE) AUCKPETHOIO MPOCTPAHCTBA-NONS C -

(peKTUBHBIM pa3sMEpPOM MHOIO MEHBIIUM 10733 cm, mtaHKOB-
CKOT'O pa3Mepa JIJIHBL.

OTcroia, TOYEYHBIX B COCTOSTHMU TIOKOSI U OECCTPYKTYPHBIX
Pa3HOMOJSPHBIX MEKTPUUECKUX U MATHUTHBIX MOHOIIOJIEH, KaK
ofnHOW M3 (POPM CYIIECTBYIOIIEH MaTepud — HET B IMPHUPOJE,
KaK HEeT U OeCCTPYKTYpPHBIX IPaBUTAMOHHBIX MOHOMoel. Cy-
HIECTBYIOT JIUIIh OOHOBJIsIEMbIe HOCUTEIU-BOJIHOBO/IBI, (DOPMHU-
pyIollrie BHEITHUE U3JTydyaeMble BUXPEBbBIE MOJIsI, KOTOPhIE UMHU-
TUPYIOT CBOMM HAITPaBJIEHHO BUXPEBBIM MOTOKOM MOTEHITUAJIOB
(3HaUEHHEM MOTEHIMAJIOB U T€OMETPUEN U3TyYeHUs) B HEKOTO-
PbIX TOYKaX MPOCTPAHCTBA OKOJIO HUX IIEHTPbI MEKTPUUECKUX
Y TPaBUTAIIMOHHBIX MOHOIIOJIEH TIPU POIUTETHCKON POJH 3apsi-
JIOB SHEPrvH HEBUJVMbIX 1 BEYHBIX MATHUTHBIX MOHOTIOJEH.

Takum 00pazom, MHIYKIUS CYMMAapHBIX 3apsa JeKTpuye-
CKMM U I'PaBUTAIIIOHHBIM TIOTEHITNATIAMH JIEKTPOHA 00YCIIOBIIE-
Ha BUXPEBBIMH BOJIHOBOJIAaMHU M3 JIEKTPUUYECKUX U I'PABUTAIIN-
OHHBIX 3E€pPEH-TIOTEHIIMAJIOB B (popMe criupasien, pa3MeIieHHbIX
Ha nionrycdepe ¥ BHYTpH e€, COXpaHSIeMbIX U OOHOBJISIEMbIX JBH-
XKYIIUMCS BCEr/ia Ha 3apsI/IKy B OIHOM HAMPABJIEHUU BBICOKOYA-
CTOTHBIM TIOJIIPHBIM MarHUTHBIM MOHOTIOJIEM — MX POAMTENIEM.



[Ipu 3TOM, 3HAUEHUSsI MAKCUMAJIbHBIX [0 BEJIMYMHE JIEKTPOIO-
TEHIIMAJIOB Ha BOJHOBOZAE BOJM3M y37a OIMpPEAENSIOTCS 3Haue-
HUEM SHEpruyd MarHUTHOIO MOHOIIONS, T.€. YaCTOTOM WM €ero
JUIMHOW BOJIHBI. Tak Hanmpumep, SHeprusi MarHUTHOI'O MOHOIIO-
JIS1 BHEITHEW O00OJIOUKM MTPOTOHA HA TPU JAECATHUYHBIX MOPSI/IKA
IIPEBOCXOUT SHEPIUI0 COOTBETCTBYIOIIEIO MOHOIIOJNS JIEKTPO-
Ha B arome Bogopoza. IToaToMy 3HaueHus U CKOPOCTh U3Jy4de-
HUs1 MaKCUMAJIbHBIX MOTEHIMAIOB U3 COOTBETCTBYIOIIMX TOYEK
Ha BOJIHOBOJIAX MPOTOHA U IEKTPOHA OyIyT OTJIMYAThCS HA Ta-
KYIO K€ BeJIMUMHY MopsAKoB. OTCIofa 3TO CBOMCTBO OyeT omnpe-
JeJISTh ¥ TOJIIUHY-TJTyOUHY aTOMHBIX 000JI0U€eK M3 JICKTPOHOB.
[Tostomy aromHas macca B cucteme CU onpenensiercs ero sj-
pOM, a KOJIMYECTBO EKTPOHOB B aTOMHOW OOOJIOYKE Xapak-
TepU3YeT 3apsA]] JEKTPUUECKUM MOTEHUMAJIOM SApa U SBJISET-
Csl ero Mepou-JIETEKTOPOM. B Toxe Bpems aToMHas macca Mo-
KET XapaKTepU30BaTh U KOJIMUECTBO 0OBEMA IJNEKTPUIECKOTO
3pupa, Npou3BOJUMOrO AaTOMHBIM SIIPOM.

CBepxcBeTOBOE BpallleHUE (3apsiiKa) C IEPEMEHHBIM LIEHTPO-
CTPEMUTENIbHBIM YCKOPEHHEM MarHUTHOTO MOHOMOJISI TIO BOJIHO-
BOJLy B 3aMKHYTOM (pa30BOM IPOCTPAHCTBE JIEKTPOHA UHTYKTH-
PYET B HEM OIpE/IEIeHHbIE MHEPTHBIE CBOMCTBA, ITPUCYILIEE BCEM
MEXaHUYECKUM I'Mpockonam. BHelHue nons snektpoHa, ¢op-
MUpYyeMble U3]Ty4aeMbIMUA BOJTHOBOJAMH TIPY OOHOBJICHWH, B3a-
MMOJEWCTBYIOT C JPYTMMU BHEIIIHUMU TOJISIMU, HAITPUMEP, C TO-
JieM TAroteHust 3emiiu. Takue CBOICTBA U ONPENENSIOT UHEPT-
HOCTb TIOBE/IEHU S JIEKTPOHA UJIH 3apsiji MacChl.



VIcTOYHMK MHIYKIIMY T'PaBUTALIMOHHOM MAacChl —3TO Bpallao-
MIMHCS TOTSIPU30BAHHBIA Mar HATHBIN MOHOTIONB O€3 MacChl — 3a-
PSLIl SHEPTUH, U €r0 3aMKHYThIIi MUKPOBUXPOH — UCTOYHUK JBU-
’KEHUs1 B MUKPOIIPOCTPAHCTBE ero (pazoBoro oobéMa. B nieHTpe
nosycepbl BOJTHOBOAA MarHUTHBI MOHOIIONb UCYE3AET, HO I10-
SIBJISIETCS] TIOJIHOCTBIO 3apsKEHHbIN IPaBUTALMOHHbI MOHOIIOJIb.
CoOCTBEHHBII1 HEMOJHO-KBAHTOBBI MEPeXoi MarHUTHOIO MO-
Honosisl B (pa30BOM OOBEME MIEKTPOHA MHIAYKTUPYET BHEIIHEe
CBOMCTBO Ha3bIBAEMOE CIMHOM, T. €. MOJYLEJIYI0 €JUHULY 3a-
psiia TPaBUANIEKTPOMATHUTHOTO KOJieOaTeIbHO-BPAIIaTebHOTO
JIBVDKEHUS U €T0 HarpaBJieHus B (ha30BoM 00bEMe — BeKTop. Of1-
HOIIOJISIPHBI BUXPOH 3JIEKTPOHA CBOMM (DEPMHOHHBIM MarHuT-
HBIM MOHOMOJIEM (POPMUPYET NOJIOBUHY TAKOTIO 3aps/a, T.€. M0-
JoBUHY noctosiHHOM [lnanka. Ero aBukeHue mo crvpasibHbIM
BOJTHOBOJ]AM 3TOTO IIHYpa OT OOJBIIEro Juamerpa K LIEHTpPY

3a Bpemst 1020 ¢, MHILyKTUPYET COGCTBEHHBI IPABHTALIAOHHBINA
MOHOIIONb. A M3JIy4aeMble NMpU KakA0M OOHOBJIEHUH OTpHUIA-
TeJIbHbIE TEKTPUYECKUe 3E€PHA-TIOTEHIMAIBI BOIHOBO/IOB (T€O0-
MeTpHuecKasi CTPYKTypa) (pOpMHPYIOT TAKOE BHEIITHEE IEKTPH-
YecKoe ToJie, Kakoe cpopMupoBait Obl TOUEUHBIA OECCTPYKTYp-

HBIM JIEKTPUYECKUI 3apsi BemunHou 1,6 x 107" Kn B cu-
creme CU, pa3MmelieHHbII OKOJIO LIEHTpa Nonycgepbl. IeKTPOH
U BCE OCTaJIbHBIE JIEMEHTAPHBIE YACTHUIIBI C 3AMKHYTHIM KOHTY-
POM B OT/IMUKE OT (POTOHA UMEIOT BHEUTHHUE TMOJIsI U MOJTYIEIIbINA
CIMH.

CriuH MOKHO OIPeJeUTh €IlIE Kak MaJIeHbKUI1 MarHuT C JIBY-



M3 iomocami. Torjia 371eKTpOH MOXKHO ITPEICTaBUTh KaK TIepro-
JIMYECKOe BpalllaTeIbHO-TIOCTYNATeIbHOE JABUKEHUE MarHUTHO-
IO MOHOMNOJISI B OJTHOM HAIIPaBJICHUU MO CXOAANICUCS B OAHY
TOYKY CIUPAJH, YTO W SKBUBAJIEHTHO TAaKOMY JIEMEHTAPHOMY
MarHuTy. BHelltHee a;1ekTprieckoe 1oJie, 00OpazoBaHHOE 3¢pHa-
MU-TIOTEHIUAJIAMHY ITyJTbCUPYIONIETO KOHTYPa BOJTHOBO/IA U 00-
HOBJIAACMOC BBICOKOYACTOTHBIM IIEPEMEHHBIM 110 BEJIMYMHEC Mar-
HUTHBIM MOHOIIOJIEM, CHapyku BocnipuHumaetcs B CH, kak 1o-
Jie JIEKTPUYIECKOro 3apsjia, pa3MeIIEHHOTro B IIeHTpe rmoycde-
PbI 1101 BOJTHOBOJAMM, XOTSI HA CAMOM JIeJie €r0 TaM Her.

BoszHukaeT Borpoc: moyemy 3apsiji EKTPUUYECKUM TOTEH-
IIMAJIOM 3JIEKTPOHA W MPOTOHA OJIMHAKOB W MPOTHUBOIMOIOXKEH,
HECMOTpSI Ha Takyio OOJIBIIYI0 pa3HUILy B pa3Mepax BOTHOBO-
ZoB?

DTO CBA3aHO CO 3HAUEHHEM BeJIMYMHBI U TJIOTHOCTU pa3me-
IIeHUs] 3€peH-TIOTEHIMAJIOB Ha COOTBETCTBYIOIIECH momycdepe.
CYMMaprIfI IIOTOK U 3HAYCHUE BCIINYHUHBI ITIOJIOKHUTCIIbHBIX I10-
TEHIIUAIOB-3E€PEH, U3Ty4aeMblid U3 IEHTPA aTOMHBIM SIAPOM, Pa-
BCH CYMMApHOMY IOTOKY W 3HAYCHHUIO BCJIMYUHLI OTPULIATECIIb-
HBIX 3€PEH-TIOTEHINAJIOB, U3Ty9aeMbIX JIEKTPOHOM B aTOME BO-
nopona. [Toatomy atom Boioposia a/IeKTpOHENTpasieH U HEMHOX-
KO JIEKTPOOTPHULIATENIEH.

OOpa3oBaHre aTOMOB BOJIOPOJA CTAHOBUTCS BO3MOKHBIM
TOJIKO TOT/a, KOrja JIeOpOoWIeBCKUE pa3Mephl JJIMHBI BOJIHBI
BTOPUYHBIX MMKPOBUXPOHOB CTAHOBATCA OIWMHAKOBLIMH, KdK
JUTs1 9JIEKTPOHA, TaK U JiJ1s1 MpoToHa. [1pu cooTBETCTBYIOMIEN CKO-



POCTH ABUKEHUSI JIEKTPOHA €r0 BOJIHOBOJI CTAHOBUTCS M3JTyda-
TEeJIbHOW aHTEHHOW JJIs CBOOOMHBIX NEeOPOIJIEBCKUX (POTOHOB,
HO TIPU TEIJIOBBIX CKOPOCTSIX PEKOMOWHAIIMY C IIPOTOHOM, TOT
BOJIHOBOJI MpeBpaIiaeTcs B 4acTb cPepUUYECKOro (JIMITUYE-
CKOT'0) 3aMKHYTOT'O JIEOPOMJIEBCKOTO BOJTHOBO/IA C JJTUHOM BOJI-

e 107 =102 emm o0Opa3yeT OIHy U3 pa3pelieHHbIX 000J10-
YyeK oOIIeld CHCTeMBI, T.€. 3aMKHYTOrO U BO30YKJAEHHOTO MUK-
POIPOCTPAHCTBA aTOMa. DTO OYEHb CJIOKHBIM MOPOTrOBHIM MPO-
11ecc, 0OyCJIOBJIEHHBIN JUCTAaHIIMOHHBIM B3aMMOJICHICTBHEM JBYX
MEKTPUYECKUX TPOTUBOMOIOKHBIX 3aPsi/IOB (JEKTPOH U aTOM-
HOE sJIpO), MPUBOAAIIMI K poxkjaeHuio atoMoB. [Ipu atom mpo-
UCXO/IUT U3MEHEHHe pa3Mepa 1 (POPMbI BOJTHOBOJOB JIEKTPOHA
Ha JIAHHOW SHEpreTHUYeCcKOi 000JI0UKe aToMa — OOBIYHO BCEr/a
BO30Yyxk1EHHOM. [lepexos B OCHOBHOE COCTOSIHUE aTOMa COMpPO-
BOJK/IAETCsI BCET/Ia U3JTy4YeHHEeM CBOOOIHOIO MarHUTHOTO MOHO-
noss — (pOToHa.

DJIeMEHTApHBIN TIPOLIECC AC3UHTErpaliii MaTtepuu B (popme
3apsAa Macchl U AEKTPUUECKOTO 3apsAAa MOKHO MTPOUJUTIOCTPU-
pOBaTh Ha IPUMEPE AHHUTUJISLIMU JIEKTPOHA U IO3UTPOHA.

AHHUTUJISLIMS TIAPbI ANIEKTPOH-TIO3UTPOH. Eciu crivHbl 35ek-
TPOHA ¥ TIO3UTPOHA HATIPABJIEHBI B TPOTUBOIOJIOKHBIE CTOPOHBI,
T. €. UX CYMMapHBIii CIIUH PaBEH HYNIO, TO B pe3yJbTare aHHU-
TWISIUA MOXET 00pa30BaThCs JIMIIb YETHOE YUCTIO (POTOHOB —
9TO 3ampeT Ha 00pa3oBaHUE HEYETHOTO Yncia (DOTOHOB CBSI3aH
C OJJHAM M3 3aKOHOB COXPAHEHUS — 3aKOHOM COXPAHEHUS 3aps-
JoBoH yétHOCTH OTHAKO BEPOSITHOCTh aHHUTHIISIIUM C MOSIBIIe-



HUEM 4eThIpEX U Oosiee (POTOHOB HUUTOKHO Majia, U MOIaBIIs-
folriee OONBIIMHCTBO Tap aHHUTWIMPYET, 00pas3ys ABa (pOTOHA.
Oo6pasoBaBiiuecs: OTOHBI JIETAT B MPOTUBOIOJIOKHBIE CTOPO-
HbI, ¥ K&KJbI U3 HUX UMeEET MOJIOBUHY MePBOHAYAILHON SHEP-
TUH CUCTEMbI JIEKTPOH-TIO3UTPOH, T. €. IPUMEPHO SHEPIHUIO MO~
KOSI JIEKTPOHA.

®orto 11. Cxema aHHUTWJIALMSA IEKTPOHA U MO3UTPOHA

OTO NPOUCXOAUT cleayloumM oOpa3oM. OXxJakIeHHbIE
JI0 TETUIOBBIX CKOPOCTEW CBOOOIHBIE ANEKTPOH U MO3UTPOH, (Ho-



KyCHPYSICh BHEIIHUMU 3JIEKTPUUECKUMU TOJSIMUA C TIPOTUBO-
MIOJIO)KHBIMH CITUHAMHM, COKAIOTCS M TIPOXOASIT BOJIHOBOIAMHU
CKBO3b JIpYT Apyra, B3aMMHO HEUTpaiu3ys MPOTHUBONOJIOKHbIE
3€pHa-TIOTEHIMAJIbl BOJTHOBOIOB 30HOM XOJIOJHON 6e3MaccoBOi
I1a3Mbl. B 3TOT MOMEHT 3aMKHYTbIE TTPOTUBOMOJIOKHbBIE MOHO-
TMIOJTU-UCTOYHMKY OCBOOOKJAIOTCS OT 3aIMPAIOIIAX X JEKTPH-
YEeCKMX MO0JIed U CTAaHOBSITCSI CBOOOAHBIMU. 3aMKHYTOE JBHKE-
HUE rPaBUTAIIMOHHOTO MOHOIIOJISI CMEHSIETCsl Ha CBOOOIHOE JBU-
keHre BUXpoHa. OOpasyercsi MpoOMeXyTOUYHOE COCTOsIHHE, Ha-
3bIBAEMOE N1apPA-IIO3UTPOHUM CO CIIMHOM PaBHBIM HYJIIO. JTO CO-
crosiHue uMeeT popmy (a30BOro MPOCTPAHCTBA TT-HOJIb ME30HA
(cniH paBeH HYyIIO), IO3TOMY pacraj UaeT B OCHOBHOM IO Ka-
HaJly UCIyCKaHMs IByX KBaHTOB ¢ 3Heprueit 511 Ksp. nu apy-
TMMH CJIOBaMH, OCBOOOJVMBIIMECS] MOHOTIONH, BbIJIETast U3 MHUK-
PONPOCTPAHCTBA MPOMEKYTOYHOTO COCTOSIHUSI CO CTPYKTYpOM
T-HOJIb Me30Ha, (popMUpyIOT cBOOOAHBIE (ha30Bble MPOCTPaH-
CTBa JIByX CaMOJIBUXYIIMXCSI ()OTOHOB C YACTOTOM TMEPBUYHBIX
BUXPOHOB JIEKTPOHA U MO3UTPOHA — JIEMEHTAPHbIN aKT JE31H-
Terpary SHEPruu Mokosi B (popmy IBUKEHHS CO CKOPOCTBIO CBE-
Ta.

Ecnu ke niepes; aHHUTWIISITIEN CIIMHBI 3JIEKTPOHA U TTO3UTPO-
Ha OKa3bIBAIOTCS MAapaJUIEIbHBIMU, TaK YTO MX CYMMAapHBI CIIUH
paBeH 1, TO BO3MOXHO JIMIIb OOpa30BaHWE HEYETHOTO YHCIA,
a MpakTU4ecku — Tpex (PoToHOB. TpExOTOHHAS AHHUTUIISIIUS
MPOKCXOANT TOPa3/io peke, 4eM JABYX(OTOHHAs — B CpeJHEM
JIMIUb JBA-TPU U3 KAXKI0H THICSYM MOMABUIMX B BEIIECTBO MO3U-



TPOHOB AaHHUTMJIUPYIOT B TPpU (POTOHA.

He6os1b1110#1 /1071€ TIO3UTPOHOB, «YAAETCSI» aHHUTHIMPOBATH,
COXPaHMB €lIE TOCTaTOYHO BBICOKYIO CKOPOCTh. IIpu 3TOM yrou
pasznéra (pOTOHOB 3aBUCUT OT 3TOW cKopocTH. [lpu Gosnbimx
SHEPrusiX aHHUTMJIUPYIOLIUX [MO3UTPOHOB BO3HUKaOIIUE (PpoTO-
HBbI UCITYCKAIOTCS MTPEUMYIIECTBEHHO BIEPE M Ha3a[] IO HAIPaB-
JICHUIO IBUKeHUsI To3UTpoHa. POTOH, NeTsiui Briepés, 3adupa-
€T MOYTHU BCIO SHEPTUI0 JBUKEHUS MMO3UTPOHA, Ha JOMI0 ke (o-
TOHA, JIETAIEro Ha3ajl, OCTAETCs TOJILKO SHEPrusi, paBHasl MpU-
MEpHO SHEpPruM MOKOs MeKTpoHa. Takum oOpas3om, mpH IMpo-
XOXK/IEHMH OBICTPHIX TIO3UTPOHOB Uepe3 BEIIECTBO 00pasyeTcs
MyYOK BBICOKOHEPreTUYECKMX rAMMa-KBaHTOB, JIETALIUX B OfI-
HY CTOPOHY. DTUM UHOTJA MOJb3YI0TCs (PUBMKHU-IKCIIEPUMEHTA-
TOPBI 151 MOJTyYE€HUS] MOHOXPOMATHUYECKOTO ITy4dKa (POTOHOB CO-
YeHb OOJIBITION SHEPTUei.



1.4 ®0oTOH — MArHUTHBIA TOK

Ocaelenre U TeIIo Jis 4enoBeKa, (puopsl U payHbl — 3TO
HEeoOXOUMble YCIOBUS BbIKMBaHUsA. OT Jy4uHBI 1O JAMIIOYKU
Nnprya — Tak 1meén npoiiecc MeKTpuduKaliuy B Halllel CTpaHe.
OT neyku ¥ KaMrHa K COBPEMEHHBIM OTOIUTEIbHBIM CUCTEMaMU
Y JPYTUM BCEBO3MOKHBIM TIOTPEOUTEISIM SJIEKTPOIHEPTUH BCe-
ro Xo3siiicTBa 3eMJIM Yepe3 peakTOphbl XOJOAHOTO pachaja-CUH-
te3a Bauaea A. B. u A. Poccu B Oynyiee.

A 4TO MBI 3HA€EM O CBETOBOM U MH(PAKPACHOM TEIIOBOM (DO-
TOHAX, KPOME TOro, YTO OHU MPUHAAJIEKAT K Pa3HbIM JUara3o-
HaM DMB — moutu HUYero o mpupoje, CTPYKType, UxX 3apsjie
SHEPruM U B3aMMOJIEHCTBUSIX C OKpyskamwien cpenoil. Kak op-
raHU3M YeJIOBeKa BOCIIPMHUMAET UCKYCCTBEHHBIN CBET U TEILIO,
a TaKXe MOTOKU IEKTPUUYECKOT0, TPAaBUTALIMOHHOTO U MarHUT-
HOro 3pupa — B UEM pa3HUIIA U OTIIMYUS OT MPUPOIHBIX UCTOY-
HUKax Teruia u ceera’?

W3 ucTopum CTaHOBJIEHWSI TUIIOTE3 OTKPHITUSMUZ® M3BECT-
HO, YTOOBI «1OCHPOUN® YCMOUMUBYIO MOOeNb AMOMA 8000PO-
0a U cea3amv ee ¢ HeNOHAMHBLIMU 00 MO20 3AKOHOMEPHOCMAMU
cnekmpanvhbix aunull bopy nozeoauno ,2enuanvroe’, Ho npomu-
eopeunoe coeouHeHue uoeu K8aHmosblx CKauKo8 C YpasHeHUsl-
MU KAACCUMECKOT MEXAHUKU, Kame2opuuecKu He OONYCKarouuMu
CKAUK08. IMo npous3eeno nompscaiouiee 6neuam.neHue Ha cospe-

p. PanyHckas. «besymnble unen», 1967 roa.



MEHHUKO08, 20pa300 bonee CUNbHOe, YeM CAMO OMKPblmue naame-
MApPHOU CMPYKMypol AmMoma».

Ocranach HesICHOH JIMIIb MasIoCTh. [louemy ke 271eKTpoH, Jie-
Tasi 0 GOPOBCKOM OpOUTE, BOMPEKU KJIACCUUECKON EKTPOIU-
HaMUKE He u3ayyaer? B yem cocTouT MexaHu3M nepexoja ¢ op-
OUTHI Ha OpPOUTY M KaK B MPOLIECCE ITOTO Mepexoaa poKIaeTcs
WM Toriomaercst KBaHT cBeTa? OTKPbITBIM OCTaBajICs OCHOB-
HOM BOIIPOC — MTOYEMY aTOM YCTONYUB 7> .

[osicHuM, 371€KTPOH, MPOTOH U APYTrHe 3apsi’KEHHbIE YACTUIIbI
MMEIOT COOCTBEHHOE BHEIITHEE T0JIe U3JTy4eHHs], YTO JOKa3bIBa-
eTCsl X YCKOPEHUEM B COOTBETCTBYIOILEM JIEKTPUUECKOM I10JIE.
VY 3TuX yacTul UCTOYHUK-3aPs]l SHEPTUU U3ITyUYEHUS JIOKATU30-
BaH B Hell caMoii. POTOH He UMeET BHEUIHEro MOJIS U3yUeHuUs,
a UICTOYHMK HaXO/IUTCS B IEPEAHEM CaMOJBUKYIIEMCS (ha30BOM
o0bEMe. B 3TOM cyliecTBeHHasi pa3HULA B CTPYKTYpe THUX Ya-
crutl. [ToaToMy BC€ KMBOE M HEKMBOE BELIECTBO B IIPUPOJIE CO-
CTOUT U3 aTOMOB, HE U3 (POTOHOB, HO €r0 XU3Hb HEBO3MOXKHA
6e3 (hOTOHOB.

®apanen nepsolid B 1830-x rogax BBEN B (PU3MKY MOHATHUE
nosist, a B 1831 romy oH BHepBble OIpeAeu TEPMUH «Mar-
HUTHOE T0JIe» U YCTAHOBWJI, YTO NIEPEMEHHOE MarHUTHOE TOJIe,
MIPOHU3BIBAIOIIIEE 3AMKHYTBIA MPOBOSIIIANA KOHTYP, BbI3bIBAET
B HEM JIEKTPUYECKUN TOK — ITO 3aKOH JIEKTPOMArHUTHOM WUH-
nykuuu (OMN).

Yropro HaGmonas 3a pacrpoCTpaHEeHHeM TMOJISIPU30BAHHO-
ro CBETa B MArHUTHOM TOJIE M MCCIIEysl B3aMMOCBS3b JIEK-



TpUYECTBa, MarHeTU3Ma U CBeTa, OH OOHAPYKIJI BpallaTeIbHYIO
MPUPOAY MAarHeTU3Ma MyTEM PErUCTpAIVU SIBIEHUST BpAIllCHUS
TUIOCKOCTH TMOJISIPU3alliY CBETa B MArHUTHOM TOJIEe — HaIlpaBJie-
HUE ero nojsipusaiiu nopopauuaercs (pazaen 2150. Dddexr
dapages). OH nuIIET B TPETHEM TOME, paszzaei 2148:

«2148.9mu 6e3ycnewirvie U3bICKAHUSL He MO2AU NOKOAeOAMb
Moez0 meepooeo Yoex*cOeHuUsl, OCHOBAHHO20 HA HAYUHLIX CO-
obpadicerusx. Ilosmomy s HeOasHO 80300HOBUN UCCAEO08AHUE
HA O4eHb MOHKUX U CIPOUX HAYANAX, U 8 KOHUEe KOHUO08 MHE
YO0anocb HAMAZHUMUMb U HAINEKMPU308AMb Ay C6eMA U OCEe-
MUMe MAZHUMHYIO CUNOBYIO NUHUKO.»

«2164. Cnocobrocmu epawamv c6emogoll Ayu Yeeauuu8andcs
emecnie ¢ UHIMEHCUBHOCbIO MAZHUMHBIX CUNOBLIX NUHUIL »

[Ipu 3TOM OH MOSICHSIET, YTO TEPMUH «OCBETUTh MATHUTHYIO
CWJIOBYIO JIUHUIO» O3HAYaeT BU3YaJIM3AlIMIO IJIA30M XOJa CTEK-
JISHHOM HUTH, KOTOpasi craja Obl BUIUMON Oyarojapsi CBETY.
B cnoBax «HaMarHMTUTb JIyd CBETa» IMOAPA3yMEBAETCS BbI3bI-
BAaEMOE MAarHUTHBIM I0JIEM BpAIllEHUE TUIOCKOCTH MOJISIpU3aLin
cBeTa — MmarauroonTuaeckni agpdexr Papanes. [lepponayan-
Hoe oObsicHeHue 3pdekra Papanes nan Jl. Makcenn B CBo-
eil pabore «M30paHHBIE COYMHEHHS TIO TEOPUH 3JIEKTPOMAr-
HUTHOT'O MOJIs», IJIe OH pacCMaTpUBaeT BpalllaTesIbHYI0 PUPO-
ny MarHetusMma. Onupasich B ToM umciie Ha padotsl T. KenbBuHa,
KOTOPBIM MOTYEPKUBAJ, YTO MPUUYMHON MArHUTHOTO JEHCTBUS
Ha CBET JOJKHO OBITh peajibHOe BpallleHHe B MAarHUTHOM IIO-
Jie, MakcBeJul paccMaTpuBaeT HAMarHUYEHHYI0 Cpefly Kak COBO-



KYITHOCTh «MOJIEKYJISIPHBIX MarHUTHBIX BUXpen». Teopus, cuu-
Talolmasi JEKTPUUECKUE TOKU JIMHEWHBIMU, & MAarHUTHBIE CH-
JIbl BpalaTeJIbHbBIMU SIBJICHUSIMU, COTJIACYeTCsl B 9TOM CMBbICTIe
¢ teopusimu Ammepa u Bebepa. VccienoBanue, mpoBeigHHOE
H. K. MakcBeuioM, NpUBOIUT K 3aKJIOUYEHUIO, YTO €IMHCTBEH-
HOE JICWCTBHE, KOTOPOE BpAllleHUE BUXPEW OKa3blBa€T HA CBET,
COCTOUT B TOM, YTO IIJIOCKOCTh MOJSPU3AIMUA HAYMHAET Bpa-
11aThCsl B TOM € HallpaBJIeHWH, YTO U BUXPHU.

N3BectHbIll camoyuka . JIMICKaIHUH B CBOEM KOPOTKOM,
HO yOeUTEeIbHOM Tpy/e?!, ceayomM 00pa3oM MOsICHUT CBOU
3HAHWS O MArHUTHOM TOKE:

«... M3 s3mozo euono Kax mazuum, modxcen Obimb USMEHEH
U €20 CUNA MOJICen DbIMb CKOHUEHMPUPOBAHA, A MAKHCE bl MO-
Jiceme 8UOeMb, YMoO MEeMA He S8ASEeMCS HACMOSIUUM MA2HU-
mom. Peanvhvim maznumom sensiemcs CYyocmaHuyust, Komopas
yupkyaupyem e memanne. Kasicoas wacmuya 6 cyocmanyuu, 3mo
cam no cebe eOUHUUHGLLL maznum. Eounuurnvie maznumol mo-
2ym Obimv, KAK cegepHoz0, MaK U 1024cHo20 noatoca. Onu ma-
Kue HeboavUue, Umo Moz2yn NPOHUKams noeciody. @axmuuecku
OHU MO2YM NPOHUKANMb Uepe3 Memann nezue, uem uepes 8030YX.
OHu — 8 NOCMOSIHHOM O8UJICEHU. .. MAZHUIM — MO XPAHUMENb
8€UH020 08UdICEHUSL. .. MazHumbl S61510MCsl OCHOBOLL 8Ce20».

3nech peub UAET B COBPEMEHHBIX TEPMHMHAX O HEBUIUMOM
MarHMTHOM MOHOIIOJIE U €r0 MPOAYKTax, B TOM YMCJIE U MarHUT-

2l Leedskalnin Edward. IepeBon kuurn «MarHuTHBIA TOK». Copyright OKTAOpS.
1945. Edward Leedskalnin. Kamennsie Bpara. Xomcren, ®nopuaa, U. S. A.



HOM IIOTOKE€ M3 MAarHUTHBIX 3épeH-HOT€HHI/IaHaX, BCYHO IBUXKY-
IMCs CO CKOPOCTBIO CBETA.

BrusiHue cBeTa Ha MarHUTHBIE CBOMCTBA BelIecTBa ObLJIO TEO-
peThYecKu AO0Ka3aHo ropasno nozxe. B 1960 rogy coBerckuit
¢uzuk JI. I1. [TutaeBcKmii moKasal, 4To CBET, 00IaaaloNui Kpy-
rOBOW MOJIsIpU3aIiel, CiocoOeH HaMarHUTUTh CPey, KOTOPYIO
OH ocBemaet. DPQeKT Moayum1 Ha3BaHue oOpaTHoro 3¢ gekra
dapajes.

B 1845 rogy ®apapneit oTKpbLT quaMarHeTu3M (OIuH U3 BU-
JIOB MarHeTu3ma, KOTOpbI MPOSIBJISIETCS B HAMAarHUYUBaHUH Be-
IECTBA HABCTPEUY HAIIPABJIEHUIO JIEMICTBYIOILIETO HA HETO BHEIII-
HEro MarHUTHOTO TojsA), B 1847 — mapamarueTusm (CBOMCTBO
TeJI, MOMEIIEHHBIX BO BHEIIIHEE MArHUTHOE MOJIe, HAMAarH4u-
BAThCsl B HAIPABJIEHUH, COBMAJAIONIEM C HAIPABJIEHUEM 3TOTrO
nosis1). OJIHAKO HU B TOM, HU B JIPDYTOM CIly4ae MEXaHU3M SIBJIE-
HUI HE Ha3bIBAJICS.

B nepuon 1860—1875 romoB MakcBesnn co3fajl TEOPHIO,
B KOTOPOW 3JIEKTPHUECKUE W MArHUTHBIC CHJIBI MPUPOIBI Obl-
1 00bEeAUHEHBI B TOHSITHE €IUHOTO 3JEKTPOMATHUTHOTO TO-
Ji51, BKJIIOYAIOIIETO BUIMMBIN CBET, HEBUIUMBbIE YIbTPaUOIIETO-
BbI€ 1 NH(PpaKkpacHble 1ydn. CBET — 3TO MPOCTO JIEKTPOMArHUT-
HbIE BOJTHBI, CHIOCOOHBIE PaCIIPOCTPAHSITHCS B ITYCTOM ITPOCTPaH-
CTBE TaK K€ JIETKO, KaK U B MIPO3PaYHbIX TBEPABIX TEJAX, B KOTO-
PbIX OTCYTCTBYET TPOBOJMMOCTb IEKTPUUECKOro Toka. M3 nep-
BOIO ypaBHeHUs MakcBesuia ClIeyeT, 4To JEKTPUYECKOE MO-



Jie oOpasyeTcs 3apsaMH, a €ro CUJIOBbIE JTMHUMA UMEIOT HAavyasio
Y KOHEll B 3apsnax. Bropoe ypaBHEHUE MMOKa3bIBAET, YTO CHJIO-
BbIC JIMHUY MarHUTHOTO TIOJISl BCET/Ia 3aMKHYTHI Ha ceOsl, a Tojie
HE MMEEeT MarHUTHBIX 3apsoB. TpeThbe ypaBHEHUE CBUJIETENIb-
CTBYET O TOM, YTO JIEKTPUUECKUI TOK U NIEPEMEHHOE EKTPU-
yecKoe mnojie («TOK CMEIIeHHMs») CO34al0T MarHuTHoe mosne. U,
HaKOHEIl, YeTBEPTOE YpaBHEHHE MPE/ICTABIISET COOON ypaBHEHUE
JIEKTPOMAarHMTHOW MHAYKIMM, OTKpbIToM Papaneem. U3 yer-
BEPTOTrO ypaBHEHUS CIIEAYeT, UTO U3MEHEHNUE MAarHUTHOTO TOJIS
MIPUBOJVT K BOSHUKHOBEHUIO JIEKTPUIECKOTO MO Oe3 ocpe/-
CTBA UCTOYHUKA-3apsia.
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