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IIpeaucaosue

Ckadicume mHe wmo makoe sneKmpuuecmeo u s 00wsicHio Bam ecé
ocmanvHoe.
B. Tomcon (a0po Kenveur)

310 OBUIM HE IyCThIE CJIOBA OJHOIO U3 OTIOB KJIACCUYECKON (PU3UKH, B HUX COIEPKAJICS IITy-
OOKMI1 CMBIC]T elI€ HEMO3HAHHOTO JI0 CUX MOP SIBJIEHUs] IPUPOJIBl. 3HAYMMOCTD JIEKTPUYECTBA AJIs
XO34KCTBA BCEU IUIaHEThI TPyAHO nepeonieHnTs. Eme 100 et Hazaa Mbl TOJIb30BAJIMCH JIMIIB [TAPOBO-
3aMU U I'y’KEBBIM TPAHCIIOPTOM — CETOHS KPYTOM JIEKTPUYKH U JIEKTPOMOOUIIH, J1aKe TOMU/IOPbI
Y T€ BHIPAIIMBAIOT 0[], JEKTPUUECKUM CBETOM. Kpyrom omHO anekTpudectBo. MOXET JIM UCKYC-
CTBEHHBIN CBET 3aMeHUTh cBeT ConmHua? A 4To Mbl 3HA€M IIPO NMPUPOLY U CTPYKTYpY JIEKTpUYe-
CTBAa — HMYETO WM MOYTH HUYETO. BCE MoBTOpsAeTCA, KaK M C UCTOPUEN IEKTPOMATHUTHBIX BOJIH.
IIpumeHeHne Kpyrom, a 0 IpUpoLIE, CTPYKTYPE U 3apsi/ie SHEPTUU CaMOJBUKEHUS (POTOHOB — HUYETO
HEU3BECTHO. Takke M ¢ aTOMOM, €ro SIpOM M eKTpoHaMU. CKOJIBKO MACChbl B KJIACTEPE BEILECTBA,
CTOJIBKO U JIEKTPUYECTBA IIPOU3BOAAT €I0 aTOMHBIE /Ipa U aTOMBI.

DuIeKTPpUUYECTBO ObUIO Belnuaiieid npobnemort (pyHaamentansHor (usukn XIX Beka,
a craJio eie 6ombiiei mpodaeMoil He ToMbKO U3k XX Beka, HO 1 Havana XXI Beka.

Kak u B manékux 40-x mpouwtoro Beka, korna I'. Konep nomy4yan o0bI4HO€ 371€KTpHYECTBO
PE30HAHCHBIM B3aUMOJIEICTBUEM LIEHTPAJILHOTO IO TATOTEHU S (IPaBUTALIMOHHBIN 3(PUp) C aTOMHO-
MOJIEKYJISIPHBIM BEIIIECTBOM CBOETO MarHUTHOTO T'eHepaTopa, Takxke 1 D, ['pait ocBom mpeodpazoBa-
HIE BCIIBIIEK «Paduanmuoezo 3nekmpuvecmea» H. Tecia B 00bIYHOE IEKTPUYECTBO. A B peak-
Tope Bayaesa A. B. aToMbI BOZIbI, HOHM3UPOBaHHBIE MUK POLIAPOBOY MOJTHUEN TUIA3MONA, TEHEPUPO-
BQJIY C IOMOIIBI0 OCBOOO/IMBIIMXCS U 3aXBAYEHHBIX JIEKTPOHOB BO BHEIITHEH LIETH, TOKE 00bIYHOE
aneKkTprudecTBO. Ho BOT MeXaHM3M TakMX pa3HbIX 110 MPUPOJE MPeoOpa30OBaHMUil, KaK U 0ObsICHEHHE
OCHOBHOI'O OTJIMYMSI 9TUX JBYX BUJIOB JIEKTPUUECTBA J0 CUX NOp Hen3BecTeH. [louemy?

OT4mst CBOICTB XOJIOOHOTO JIEKTPUYECTBA OT OOBIYHOro. Bo Bcex yKa3aHHBIX YCTpOIi-
CTBaxX MCIIOJIb30BAIMCh aKTMBU3MPOBAHHBIE T€HEPATOPBI-OCLMJUIATOPBI, HO pa3Hble 10 MPUPOAE —
MarHuTHble reeparopsl Konepa, anexkrpuueckui Tpancopmarop Tecna uiaM XononHbIA mJia3-
Mou Bauyaesa. OHM MCIIONB30BAIM I'PAaBUTALIMOHHBIE 110JIs, IPYTUe NIEKTPUUECKHE M0JI aTOMa,
MOCJIeJHAE UCTIONb30BAJIM OCBOOOJUBIIMECS JIEKTPOHBI.

[lepBbie onpenenenus anekTpuuecTBa aaHbsl b. ®pankiunom, M. ®apaneem, . Kumu un H.
Tecna — ero a1eMeHTBI 3TO JEKTPOH U 3¢up.

CyTb MexaHu3Ma nposiieHus 3 dexra maccwl!, anexkmpuueckozo 3apsoa, CIMHA, MATHUTHOTO
MOMEHTA U CTPYKTYPbI JI€KTPOHA — 3TO CTPYKTYPUPOBAHHBIE BBICOKOYACTOTHBIE TPOLYKTHI U3 9.1€K-
MPUUECKO20, MAZHUMHO20 W 2PAGUMAUUOHHO20 d¢hupa, TPON3BECHHbIE HEBUMMBIM ITYJIbCUPYIO-
MM MarHUTHBIM MOHOMOJIeM? B 3aMKHYTOM BHXPOHe (TPaBUTAIIMOHHBIM MOHomoseM [ OMM)
C €ro Be4YHOI1 SHeprueil OTHOCUTENILHO TOTO Mpoliecca U Bo3pacTa Hailell BeeneHHoR.

IIpu BBICOKON KOHIIEHTpallMM 3aMKHYTBIX BUXPOHOB, HAIpUMEpP B TOYKE CTOJIKHOBEHUS
B KOJUIAMJEpax, MX BHELIHME IOJIA MOHYXKJAT K B3aMMHOMY CIHSHUAIO — (POKYCHPOBKE M KOH-
LEHTPUYECKOMY OOBEJUHEHHUIO B 000JI0YEUHBIE CTPYKTYPBl U3 ME30HOB THUIIA TPOTOHOB-AHTHIIPOTO-
HOB ((poTO 6), HEUTPOHOB-AaHTUHEUTPOHOB ((POTO 5), NEUTPOHOB-AHTUAECUTPOHOB 10 AHTUTPUTUSA.
ITO 03HAYAET, YTO MUKPOCKOIMYECKUE BUXPEBBIE MarHUTHBIE IIOTOKM KBAHTOBaHbl. OJMHAKOBbIE
10 3HAKY BHUXPEBbIE MOHOIIONIH CIIOCOOHBI CHHXPOHHO 00'beMHSITHCSI C COCETHIMH C TTOMOIIBIO

1 .
[posiBnieHre Macchl TIEKTPOHA OMpeeNsIeTcsl B3AUMOICHCTBUEM €r0 IPABUTAIIMOHHOTO TOJISI C IIEHTPAIBHBIM TIOJIEM TSATOTEHISI
3emin, a He ¢ 1oj1eM O030HOB XHUITCA.

2 IManpun A. A. Buxponsl. M3narenscrso TposanT. Mocksa -2011, crp. 232.
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CBOMX TOJIEN KaK MO BEPTUKAIU, TaK U [0 TOPU3OHTANIM, & C IPOTHBOMOJIOKHBIMH HE COE/IMHS-
I0TCS1 HUKOTJ1A.

[Ipu 3TOM CIIMH SBJISIETCS WCIIOMHUTENIEM 3aKOHA COXPAHEHWS! SHEPIMU U XapaKTepU3yeT
COCTOSIHHE SHEpPruyd B HOCHUTENE 3apsja JABUKEHHUSA. DHEPrusi MarHUTHOIO (rpaBUTALMOHHOIO)
MOHOIIOJISI B BUXPOHE MOXET ObITh OJIOXKUTEIBHOM 1 oTpuIiaTenbHoi. [ToiHoe npeBparieHue sHep-
I'UY B 3apsijie ABUKEHUsI OT MOJIOKUTEIPHOTO 3HAYEHHUS 10 OTPULIATEIbHOTO BBITIOJIHSETCS] B CUCTE-
Max C LEJIbIM U HYJIEBBIM 3HAYEHHUEM CIIMHA, a C TOJIYLEJbIM — OHO MMEET TOJIBKO OJHO 3HAuYEHHeE,
YTO U MOPOXKJIAET B3AUMHBbIE IEPEXO/Ib MEXKy MEXaHHYeCKIMMH 1 J1eKTPOMArHUTHBIMH BUXPO-
HaMu®.

['maBHBIN BBHIBOJ, [T HAYKH U3 3TOM padOTHI — 3TO CO3[aHME ONpeeseHHI SJeMeHTapHbIX
NEKTPOMArHUTHBIX U MEXaHUYECKHX CBOOOIHBIX UM 3aMKHYTBIX MHKPOBHXPOHOB, KaK HOBOW
opMBI CyOCTaHIIMM JIEMCTBYIOIIE YHEPrumM, OOBEKTUBHO CYIIECTBYIOUIEH B IMPUPOIE, OTCYT-
cTByIolIel B onpeneneHusix cuctembl CM. MarHUTHBII MOHOIOJIb, POXAAIOMIMICS TIPU JTIOOBIX
M3MEHEHUSAX JEKTPUYECKOro WIM I'PaBUTALIMOHHOTO MOJs, SIBJSETCS MATEPUHCKHM 3apsiioM
SHePruM, HUKOTJa He CYIIECTBYeT B BUJIE OTAEIBbHOM YaCTUIIBI, a BCErJja BXOAUT B COCTaB CBO0O/-
HBIX WY 3aMKHYTBHIX BUXPOHOB.

CamonprkeHre CBOOOJHBIX BUXPOHOB (POTOHOB OOYCIIOBJIEHO Mepe3apsiAKoil 1Mo 3HAKy
MarHUTHBIX MOHOMOJIEH ¥ IEPEHOCOM 3apsi/ia SHEPTMU HA IJIMHY BOJIHBI Yepe3 POTUBOAEHCTBYIOIINIA
3TOMY MPOLIECCY EKTPUUIECKUN MOHOMONb. [IMHa camonBrkeHHsi (poToHa OECKOHEYHaA IO CpaB-
HEHUIO C pa3Mepamu Haieil BceseHHOM, a ero 3apsi SHEpruy — BeYeH ¢ HeOONIbIINM MOKpacHe-
HHEM B KOHIIe IyTH. MarHMTHBIE MOHOMOMb M ero marepusi (cepa 3apsiga sHeprum BUOpaTopa
Y MarHUTHBIE 3€PHA-TMIOTEHIMAIbI) BCET/a JBMKYTCS CO CBEPXCBETOBOM CKOPOCTBIO, a P KBAHTO-
BO¥ KOH/IEHCAIMH Yepe3 [0CPEJCTBO TOPMOKEHUSI JIEKTPUUECKOI0 MOHOIIONSI BUXPOHA BHEIITHUM
T10JIEM, OH JI€JIaeT KBAaHTOBBII MEPEXO]] B CBOW aHAJIOT — IPABUTALIMOHHBIII MOHOMOJb, CYILIECTBYIO-
LU TPU CKOPOCTSIX HUKE CKOPOCTH cBeTa. POTOH, Kak /ieMeHTapHas YacTHLIa, HE UMEET BHEIIHUX
noJiei Kpome (PMKCUPOBAHHOI'O B JUCKPETHOM IPOCTPAHCTBE TPeKa U3 IPOTUBOIOJIOKHO 3apsiKeH-
HBIX EKTPUYECKUX 3EpeH-NoTeHIManoB. CrivH (POTOHOB paBeH LIEJION eIMHULIE.

3aMKHyTble BUXPOHBI 00pa3yloT 3JIeMEeHTapHbIe YaCTHIIBl U Ipyrue KOPIyCKY/IsipHbIe KBa-
3UYACTULIBI C MACCOIL, OOYCIIOBIEHHOW BHEITHUM M3Ty4YEeHHEM KJacTepa TPaBUTAIIMOHHBIX MOJEH
OJJHOT'O 3HaKa MpU pa3psijike rPaBUTAIIMOHHOTO MOHOIMONsA [ 9MM, 4TO MrHOBEHHO MOPOXK/IAeT Mar-
HUTHBI MOHOIIOJIb U MOHOIIOJIb JIEKTPUYECKUi. Takue JyacTHLbl yKe UMEIOT BHelIHee MmoJie U3Jy-
YEeHHE — MarHUTHOE, TPABUTALIMOHHOE U /eKTpuueckoe. CIMH TaKUX YacTHUL MOJTYLEJIbIN.

N3 00braHOrO 271€KTpruUecKoro Toka Tecia cymen OTaeauTh NeKTpUIecKuid a¢pup (knactep
o0JaKka 3NMEeKTPUYECTBA U3 MEKTPUUECKUX 3EPEH-TIOTEHIMAIOB) OT JEKTPOHOB M MHTETPHUPOBATDH
ero pacnpeeaéHHbIM Ha JJIMHE CBOEH KaTyIIKe C [TOJTyY€HUEM OYEHb BBICOKOTO JIEKTPUUECKOr0
norernania 1o 200 000 BoibT 63 TOKa B CTATUKE. DTOT X0200HbI 3¢hup ObUT 3aXBAYECH W3 MOIII-
HOW MMITYJIbCHOM [IyT'M B Pa3psiIHMKE, BbIBEJEH U3 KOJUIEKTMBA aTOMOB-MOHOB MOJISIPU30BAHHOTO
KJIacTepa BenecTBa (C BO3MOKHO OOJIbIIIEH MAacChl aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA) C MIOMOIIBIO
MPWIOKEHHOTO BBICOKOBOJILTHOTO (2000 B) 27€KTPUUYECKOrO UMITYJIbCa MOTEHIIMAIa C OHUM KpY-
THIM (PPOHTOM OJJHOTO 3HaKa. 3aTeM OH c(hOPMUPOBAIT U3 HETO OE3MACCOBOE 0ONAKO KPY2n020 NeK-
mpuyecmea W ONepyupoBal UM CBOMMU HE3aIMIIEHHBIMU PyKaMM, KaK C HaJyBHBIM LI1apoM, Iepe-
KJIAJpIBasi €ro U3 KOPOOKH B KOPOOKY, WJIM Kak C JKHJIKOCTHIO, TIepeBasi ero B OyThUIKy. Tecna
Ha3BaJ 3TOT LIAP XOAOOHBIM KPY2AblM INeKmPU4ecmseom . 3aTeM OH MPOAEMOHCTPUPOBAIT SKCIIEPH-
MEHTAJILHO JIBA PA3HBIX CBOKCTBA, MPUCYIIUX OOBIYHOMY TOKY U3 JIEKTPOHOB U XOJOIHOMY TOKY
13 3(pHUpa — AEKTPOHBI IPEANOUYUTAIOT UJTU IO TOJCTHIM MEJHBIM ITPOBOAAM C MaJIBIM COIPOTUB-
JICHUSIM,  NIEKTPUUECKH 3(PUp cIOCOOEH MEPEeHOCUTh CBOW MOTEHIMAJ* HaJl TOBEPXHOCTHIO TOH-

3 Mlagpua A. A. Buxponsl. MnmocrpuposanHoe u3nanue. Mocksa. JIutpec. 2013 rox. Crp. 667.

4 B sT0M KHHTE ABTOP OIIPEACIINII €T0, KaK 3apA/ JIEKTPUYECKUMU 3€pHAMU-TTOTEHIUAJIaMU WJIN KaK 3aps/l JIEKTPUIECKUM ITOTEH-
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KHX TTPOBOJIHUKOB C OOJBIIIMM COMPOTHUBJICHUEM WJIM JIaXe Yepe3 pa3phiB B meru. DT 3PdeKTsl
XOPOLIO JEMOHCTPUPYIOTCS CBETSAIIEHCS JEKTPUUECKON JIAMIIOYKOW ¢ NIEperopeBIlieil HUThIO HaKa-
ymuBanus Kocunosbim H. B..

DIeKTPUYECTBO — 3TO BTOpasi OCHOBHASI XapaKTEPUCTUKA TIOCIIe MACChI, KOTOpast SIBJISETCS
NPU3HAKOM IKOOBI XOPOILIO U3y4eHHOTO (4,9%) BCero BUIMMOro aTOMHO-MOJIEKYJISIPHOTO BEIlleCTBa
Ha ¢one 95,1% e1ie HEU3y4EHHOTO U TEMHOTO.

I'maBHBI BONPOC — AJIs1 YE€rO HYKHO XOJIOJHOE JJEKTPHYECTBO, Belb €CTh ke 0ObYHOE?
OTBeTy Ha 3TOT BOMPOC U MOCBSIIEHA 3Ta KHUTA.

H1aJioM, WIH KaK 3apsa JIEKTPUIECKUM IMOTEHIIMAJIOM OAHOI'O 3HaKa.
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BBenenne

Henpb 30 ampensa 1897 roma opunmanpHO cyuTaeTcs JTHEM POXACHUSA MEPBOU IEMEHTAPHOU
YACTHIIbl, HOCUBILIEH 37IEKTPUUECKUI 3apsi]] — ITO CTAOMIIbHBIN U BEUHBIN JIEKTPOH. B 3TOT /1eHb I71aBa
Kapenaurickoi taboparopuu u wieH JIOHIOHCKOro KoposieBckoro odmectsa [Ixo3ed Ixon ToMcoH
caesta uICTopuiecKkoe coodmenue « Kamoonwle ayuu» B Koponesckom uHcturyTe BenmmkoOputanumy,
B KOTOPOM OOBSIBUJI, UTO €r0 MHOTOJIETHUE MCCIICJOBAHUSI JIEKTPUIECKOTO pa3psijia B ra3e Mpy HKU3-
KOM JIaBJICHUU 3aBEPIINIIOCH BISICHEHUEM MPHPO/bl KATOJHbIX Jy4eil.

BaxxHocTh 3TOro COOBITHSI HECOMHEHHa [UIsl TeopeTuueckoil ¢usuku XX  crose-
tist. JIx. JIx. TOMCOHOM BriepBbie OblIa JaHA OLICHKA BEJTMYWHBI OTHOIMIEHHSI MAcChl K BEJTMUNHE
JIEKTPUYECKOrO 3apsja YacCTULl KATOAHBIX Jydell M0 BU3yaJIbHbIM NPHUYMHAM, TO3[HEE OTOX-
JECTBJIEHHBIX C 9JIeKTpOHOM. B coBpemeHHO# (pu3mKe Macca U 3apsili eKTPOHa SABISIIOTCS (PyHIa-
MEHTAJIbHBIMU KOHCTAHTAMU U CITy’KaT OCHOBOW OMpe/eieHus MHOTUX Ipyrux. PyHIaMeHTalbHbIe
KOHCTAHTHI BXOZSIT B yPaBHEHUsI U3 CAMBIX PA3IUYHBIX 00JacTeit (pU3UKHU, JEMOHCTPUPYS TEM CAMbIM
CBOIO YHUBEPCATbHYIO TPUPOY. B chily 9TOro 3T KOHCTAHTHI SIBJSIIOTCS OCHOBHBIM UHCTPYMEHTOM,
MO3BOJISIONINM CPABHUTH TEOPUIO C IKCTIEPUMEHTOM.

Hcropust OTKpBITHS 37EKTPOHA — 3TO MIPEXk/IE BCEr0 UCTOPUsI MOYTU TPEXCOTJIEeTHEM IUCKYC-
CHU O TIpHpOJIe eKTpudecTBa. «CKaKuTe MHE, YTO TAKOe YJEKTPHIECTBO, U 51 00bsicHI0O Bam
BCe OCTaJbHOEe» — B. TOMCOH. DTO UTOT STUX JUCKYCCHM, T.€. 0 CUX IOpP MO CYIIECTBY 00 JeK-
TPUYECTBE U €r0 IPUPOAE HEUZBECTHO MTOUTH HUYETO.

CornacHo coBpeMeHHbIM akajgemuyeckuM mpencrasieHusam (CAID) TpaauumoHHon puzuku
9JIeMEHTaPHBIX YAaCTHUII: SJIEKTPOH — CTAOMJIbHAS OTPUIIATEIIBHO 3apsKeHHAs JIeMEeHTapHas YacTUIIa,

OJHA U3 OCHOBHBIX €/IMHUII BellecTBa. 3apsy MeKTpoHa paBeH —1,602176487 x10™! Kn (i
—4,80320427 x10~'° ex. CI'C3 B cucreme CI'C); macca npuMepHO B 1836 pa3 meHbIe Macchl

npoToHa 1 paBHa 9,10938356 x 103 kr. DJIEKTPOH CUUTACTCS HeAeJNMMbIM 1 0€CCTPYKTYPHBIM,
yUYacTBYeT B CJIA0BIX, MEKTPOMArHUTHBIX 1 TPABUTAIIMOHHBIX B3aMMOJICHCTBHSIX.

SIpKUM TPUMEPOM Y4acTusl SJEKTPOHA B CTaObIX B3aUMOJCHCTBUSIX SIBJISIETCSl OeTa-pacrall.

JIBMaKeHne CBOOOTHBIX JIEKTPOHOB OMpeesisieT TaKue sIBJICHUS, KaK SMEKTPUYECKUN TOK
B BaKyyMe. B MeTaJuIM4ecKuX MPOBOAHUKAX JI0 CHX TIOP OTCYTCTBYET OIpe/iesIeHUe IEKTPUIECKOTO
Toka. [IpeacraBienus 00 1eKTpOHE T'NNOTETHYHbBI, IPOTHBOPEYNBbI M HMEIOT OIIHOKHN HapY-
HIeHNs] MPHYHHHO-CJIeACTBeHHbIX cBsi3eil. Macca anektpona B CAIl onpenesnsercs, Kak 4acTh
MAacChl IPyroil YacTHIIbl — IIPOTOHA, YbsI MACCa, B CBOIO OYepe.lb, SIBJISETCS MPOAYKTOM B3aMOCH-
cTBUs ¢ 0030HOM Xurrca nocsie bosbinoro B3peiBa. HUKTO elie He mpuBesT JOKa3aTeIbCTBa, YTO JIeK-

TPUYECKUN 3apsJ JIEKTPOHA COOTBETCTBYET BbIILLIE NPUBEIECHHOMY 3HaueHuI0 1,602176487 x10™

YK DNEeKTPOH SBJISAETCS OCHOBHBIM CTPYKTYPHBIM 3JIEMEHTOM aTOMa BEIeCTBa.

BaxHbIM ¥ BIOJTHE 3aKOHOMEPHBIM I1arOM Ha ITyTH U3YYEHUs NMEKTPUUECKUX SIBICHUH ObLT
Nnepexoq OT Ka4C€CTBEHHBIX BHU3YaJdbHbIX Ha6JIIOIIeHI/II71 K YCTAaHOBJICHUIO KOJIMYECCTBCHHBIX CBsI3EN
Y 3aKOHOMEPHOCTEH, K pa3pabOTKe OCHOB 3/ieKTpudecTBa. Hanbosnee 3HAUMTENIbHBIN BKJIAI B pellie-
HUE TUX MPo0JIeM ObLT ClIeJIaH aMePUKAHCKUM yueHbIM b. @pankmaom (1706—1790 r.r.) u nietep-
Oyprckumu akagemukamu M. B. JlomonocoBbim (1711 — 1765 r.r.) u I'. B. Puxmanom (1711 —
1753 r.r.), a Takxe M. dapaneem, 1. Kumu u H. Tecna.

B. ®paHkIMH ABJISETCS aBTOPOM IEPBON TEOPUM 00 MEKTPUYECTBE, TaK HA3BIBAEMOU « YHU-
mapHoti meopuu» ekTpudecTBa. OH MPUINEN K BBIBOIY, YTO JEKTPHUUECTBO MIPEACTABIISET COOOM
KUAKOCTBH (TOJIBKO OJJHOTO POJIA), COCTOSIIIYIO U3 «UPE3BbIALIHO HeYA0BUMBIX Yacmuy». Takum oOpa-
30M, OH BIEpPBBIC BBICKA3aJl MPEANOJOKEHIE O MaTepPHAJbHOM Xapaktepe dnektpudectBa. OH
TaK’ke BBOIUT MOHSATHE MOJOKUTEJHLHOI0 U OTPHIATENLHOT0 3apsiaa. CormacHo ero npejcraniie-
HUSM, KOTJIa SHTAPHYIO MAJIOYKy HATUPAIOT MEXOM, YacTh JIEKTPHUECTBA MIEPEHOCUTCS OT MAJIOYKU
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K MeXy, MOpPOXAasi HEJOCTATOK JIEKTPUYECTBA Ha SIHTAPHOW MajJOuKe M ero M30bITOK Ha Mexe.
Henocrarok anextpudectsa @PpaHKIMH ONpeaenni, Kak OTPULAaTeJbHOe EKTPUIECTBO, a U30bI-
TOK — KaK MOJOKHTeJIbHOe . KommuecTBo a1eKTpruiecTBa (MONI0KUTETHHOTO W OTPULIATENTBHOTO),
3aKJIIOYEHHOTO B JIIOOOM TeJsie, OH Ha3Bajl IEKTPUUECKUM 3apsaaoM Tena. PpaHKIMH BBEN TaKke
(pyHIaAMEHTAIBHYIO TUIIOTE3Y — 3aKOH COXPAHEHUsI IEKTPUUECKOTO 3apsijia. DIEKTPUUECKUN 3apsi]l
HUKOI/Ia He BO3HHMKAET (M3 HUYEro) M He MCYe3aeT — OH TOJIbKO Iepenaercs (0T OHOrOo Tela K JApY-
romy). B npencraBnennn ®paHKIMHA MOHATUS OTPUIATEILHOE U TIOJIOKUTEIBHOE NIEKTPHUIECTBO
MOHMMAIOTCsI, KaK €r0 HeJOCTAaTOK U M30BITOK, UYTO HE TOXAECTBEHHO MaTeMaTHUYECKOMY MOHSTHIO
MEHbIIIe HYJIsI WK OOJIbIIe HYIISI.

Haubonee untepecHsl npeacraBieHusi o0 snekrpudyectBe Ha 1891 rog H. Tecnbl, KoTophie
MIPE/ICTABJICHBI IIUTATON U3 €ro JIEKIIUH:

«KCIHEPUMEHTEI C ITEPEMEHHBIMU TOKAMU OYEHb BBICOKOM YACTOTBI
N NX TPUMEHEHUE K METOJJAM MCKYCCTBEHHOI'O OCBEIIEHU S1»

«Hem npeomema 0onee yenekamenvHozo, 6onee OOCMOUHO2O0 U3YUeHUsl, 4eM NPUupood.
Tonsimo 5mom 8eAuKuli Mexanuzm, OMmKpuIms Oelicmeyroue CUNbL U 3AKOHbI, KOMOopble UM Yynpas-
ASIOM — 80M BbICULAS UENb UeN0BEUECKO20 PA3YMAL.

Ilpupoda xpanum 60 6ceneHHOU OecKOHeuHYylo SHepeuro. Beumnviii npuemnux u nepedam-
uuK 3moti 6eckoHeunoli sHepeuu — gup’. Ilpusnanue cywecmeosanusi s¢gpupa, a makdice PYHK-
Uuti, KOmopbvle OH BbINOAHSIEN — 60M OOUH U3 BAMCHEUUUX De3YNbAMO8 COBPEMEHHBIX HAYUHBIX
uccaedoganuti. OOUH Moavko omkas om udeu O0€lCmeust Ha PACCMOSTHUU, NPEONONONCEHUE CYUie-
CMB0BAaHUSI CPedbl, 3ANOAHSIIOUEll COOOT 8Ce NPOCMPAHCMEBO U CEA3YIOUlEli 8CI0 2pYOYI0 Mamepuro,
U30aBUN0 YMbL MBICAUMENEL] OM UBBEUHO20 COMHEHUSL, U, OMKPbIE HOBbIE 20PU3OHIbL — HOBbLE HENPeO-
BUOEHHDBIE BO3MONCHOCTIU, — B03DOOUNO HCUBOLI UHMEPEC K OABHO 3HAKOMbIM HAM SI8AEHUSIM. Dmo
SBUNOCH BENUKUM ULAZOM HA NYMU NOHUMAHUSL CUA NPUPOObL U UX MHO200OPA3HO20 NPOSIBACHUS Nepeo
Hawumu uyecmeamu. /Inst npoceeuyeHHoz0 yuenozo gpusuxa 3mo 6ulao mem dxce, ymo 05 6apeapa —
NOHUMAHUE YCMPOLICMBA 0ZHECMPENLHOZ0 OPYHCUSL UM NAPOBO20 O8uzamensi. fAenenus, Ha Komopule
Mbl NPUBLIKAU CMOMPEMb KAK HA HeKue uyoecd, Henodoaroujeecsi 00ssiCHEHUI0, menepb npeocmarom
nepeo Hamu 6 uHom ceéeme. Pazpsio uHOYKUUOHHOU KamywKu, céeueHue AamMnvl HaKAAUBAHUS, NPO-
SBNEHUSI MEXAHUMECKUX CUN INEKMPUUECKUX MOKOB U MAZHUIMO8 — Menepob yiice He 3d Npedendmu
HAWe20 NOHUMAHUSL, HAOOOEHUe SMUX SI6NEHUL Menepb MeCto HeNOHUMAHUSL HABOOUM HAUL PA3YM
HA MbICAU O NPOCHOM MeXAHU3Me, U XOMsL 0 €20 OONOOAUHHOU RPUPOOe MONCHO NOKA AUUb CIPO-
Ume 002a0KU, 8Ce JHce Mbl 3HAEM, UMO UCMUHA Yoice Hed0A20 OYOem COKpblma Om HAC, U UHCHUHK-
TMUBHO UYBCMBYeM, KaK HA HAC NOHUMAHUe HUcxooum. Mol 6ce max dHce 0CXUMAEMCST SMUMU KA
CUBLIMU SIBNEHUSIMU, HEOObIKHOBEHHBIMU CUNAMU, HO Mbl Yoice Donee He OeCCUNbHBL neped HUMU, Mbl
MOJHCEM 8 ONPEVENEHHOT Mepe 00BSICHUMb UX, U Mbl HAOeeMCsl 8 KOHUE KOHUO08 Pa32a0amb 3my Matity,
KOMopasi OKpysHcaem Hac.

Hackonvko 2ay60Kko mbl cMOANCEM NOCMUUb OKPYHCAIOUULL HAC MUP. DMa MbICAL BONHYeN KAXC-
0020 uccaedosamensi npupoosl. Hecosepuencmeo Hawux owgyuieHuii He oaem HAM NOHSMb He8U-
oumoe cmpoeHue mMamepuu, U ACMPOHOMUSL — FMA BEAUMATIUASL U TNOUHENWAs. U3 eCIecEeH-
HbIX HAYK, MOXMCEM AULb ONUCLIBANb NPOUCXO0see HENOCPEOCMBEHHO PSOOM C HAMU; Mbl HU1€20
He 3HAeM 0 OANEKUX YeONKAX 0e32PAHUMHOLL BCENeHHOU, C € DeCUUCNEHHBIMU 36€30aMU U CBEMUNAMIU.
Ho cuna oyxa modxcem eecmu HAC 0aneKo 3a npedenvl 8OCAPUSIMUSL HAUWUX UYECME, U Mbl MOXHCEM
HAOesimuvCsl, Umo 0adxce M HeU38eCHHble MUPbL — 0e32PAHUMHO MAAEHbKUE U Oonbulie — 8 onpede-
NeHHOU Mepe omKpoomcst Ham. H éce paero, dadxce ecau 6bl 00OCMuzAU IMUX 3HAHUL, NbIMAUBHIL YM
Hauien Obl NPEnsIMCcmeue, 03MONCHO, HENPEOOOIUMOE COBEPULEHHO, K UCIUHHOMY NOHUMAHUIO 020,
UMO KAHCEMCS CYUECMBYIOUAUM, MONBKO MU BUOUMOCHTL Ue20 U eCHb OUHCINBEHHBII U OUEHb WA

3 o cux HOp OTCYTCTBYET onpejieneHue 3(hupa, Kak B OOLIeH, Tak U 4acTHOH (hopme (Harpumep, MeKTpUUecKuil 3pup), a TaKkKe
€ro MpUpoJa, UCTOUYHUKH M CBOMCTBA.

10



A. A. HlagpuH. «X0J0JHOE MEKTPUUECTBO. DIEKTPUUECKUN IPUp»

Kuil goynoamenm eceil Haueli gpunocogpuu. M3 6cex ghopm Heuamepumori, BCenpoHUKarouleli RPUPOOHoL
SHepeul, Komopast OecnpecmaHHo U NOCMOSIHHO MEHAEMCSL U OBUNCEMCSL, U NOOOOHO OYUle OHCUBNSIEM
UHEPMHYIO BCENEHHYIO, DNEKMPUUECHIEO U MAZHEMU3M SIBASIIONICSL CAMbIMU NACHUMeNbHbIMU. J]eli-
cmeue 2pasumauulL, menaa U ceema Mol HAON00aem eXHceOHe8HO, ObICIMPO NPUBLIKAEM K HUM, U O4€eHb
CKOPO OHU NEPeCmarom YOUBAsiMs U BOCXULAN HAC, HO SNEKIMPUHECMB0 U MAZHEMU3M, C UX 342004 -
HOUl 83AUMOCE53bI0, C UX, NO-BUOUMOMY, OYANUCIMUUECKUM XAPAKMEPOM, YHUKANbHBIM CPEOU BCeX
CUN NPUPOODL, C UX PEHOMEHAMU RPUMSIIHCEHULL, OMMANKUBAHUIL U 8PAWEHUTL, CINPAHHBLIMU NPOSIG-
NEHUSIMU MAUHCMBEHHBIX A2eHM08, 8030YNHCOAIOM YM U CIUMYAUPYIOM K DASMBIMUAEHUSIM U UCCAe-
oosanusim. 9Ymo ecmo 31eKmpuuecmeo u Umo ecmv mMazHemu3m? Imu 60npocel 3a0aArOMcst CHO8A
U cHoea.

Hao smoti npobnemoli HeycmarHo OUAUCy camble MANAHMAUBLIE YMbl, HO BONPOC MAK NOKA
U He noayuun noanozo omeema. Ho xoms dasce u cezo0ms mvl He moxcem cghopmyauposams,
Umo dice eCmv MU HEOObIUHBIE CUNBL, BCE HCE Mbl CYUECIBEHHO NPOOBUHYAUCH 8 HANPABNEHUU Peule-
Hust 0anHot npoonemol. Celiuac Mol Y8epeHvl 8 MOM, Mo IAEKMPUUECKoe sigAeHue U MAZHEeMU3M
SABNSIOMCS COCMABASIHOUWUMU IPUPA U, BOZMOHCHO, Mbl HALIOEM DOKA3AMENLCMEBA YMBEPHCOEHUIO,
umo Oeticmeusi CmamuuecKozo0 3.1eKmpuuecmaa — smo oelicmaue 3dupa noo oas.nexHuem, a siéne-
HUsl OUHAMUYECKO020 INEKMPUUecmaa i 31eKmpomazHemu3m — smo odeticmaue 3¢gupa 6 0audice-
Huu. Ho u 3mo npeononodicerue He daem omeema HA 8ONPOC, — UMO Hce MAKoe 3NeKMpPU1ecmeo
U MAZHemu3m.

IIpedxcoe 6cezo, KoHeuHo dice, BbIACHUM, YUMo makoe MeKmMpu4ecmeo, U cywecmeyem au
MaKast CYWHOCMb, KaK anexmpuuecmeo? Ucmonkosléas neKkmpuueckue 6aeHUsi Mbl MONCEM 2080-
pumo 00 3neKmpuuecmee, UM INEKMPUUECKOM YCA08UU, COCMOSIHUU U eo3oeiicmeuu. Ecau movi
2080pUM 00 INEKMPUUECKUX B030€UCMBUSIX, MO Mbl OOAICHLL PAZMUMAMb 084 8UOd MAKO20 POOd
6030eiicmauli, RPOMUBONONOICHBIX NO XAPAKmepy U Helmpatuyouux opyez opyed, maxk Kax uccne-
008aHUSI NOKA3LIBAIOM CYULECMBOBAHUE SMUX 08YX RPOMUBONON0NHCHBIX 8030eticmeuii. 1 smo Heus-
OeHCHO, M.K. 8 Cpede CO CBOLICMBAMU FPUPA Mbl, HE MONHCEM BbI36aMb HANPSIICEHUE U NPOUZBECTIU
KaKoe-aubo nepemeujeHue uu 08udceHue oe3 mozo, unoodvl He 8b136aMb 8 OKpYdcaroweli cpede pas-
HO3HAYHOe U NPOMUBONnonodicHoe oelicmeaue. Ho ecau mol 2060pum 06 snekmpuuecmee, KaxK o Cyuy-
HOCIU, MO Mbl OONHCHYI, 3 NOAAZAK), OMKA3AMbCSL OM UOeU O CYUeCMBOBAHUL 08YX INEKMpU-
uecma, NOCKONbKY CYuleCmeosanue 08YxX maxkux CYusHoOCmell Kpatire mMano8eposimuo. Bozmooicro au
npeocmasume cede Cyuecmeosanue 08yx CYUHOCmell, pasHvix opye opyey No 6eAuuUHe, NOXOHCUX
10 C80LICMBAM, HO RPOMUBONON0NHCHOZ20 XAPAKMEPA, npu1em 00e RPUAUNAIOM K Mamepuu, ooe cno-
COOHBL NPUMSAZUBAOMCSL U NOAHOCIBIO Hellmpaau3osams opyz opyea? [10000Hoe npeononodicerue,
HEeCMOMPSL HA MO, YMo MHO2UE SI8AEHUSsL HABOOSIM HA MY MbICAb, U IO UH020A OUeHb YOOOHO UMEHHO
MAaKum 00paz’om ux 00ssICHAMb, MAN0 Yem npuerekaem. Ecau ecmv maxas cywpocms kax 3neKkmpu-
uecmeo, Mo OHA ModHCem CYULeCMa08ams MoabKo 00HA, U ele, B03MONCHO, ee U30bIMOK U He)o-
CMamox; Ho 6onee 8ePOSIMHO, YUMo NOAOHCUMENAbHBLIL U OMPUUAMEAbHBLIL RPU3HAKU onpedensiem
ee cocmosirue. Cmapasi meopusi Ppankauna, xoms u UMeOWAsk HEOOCMAMKU 8 HEKOMOPbIX OMHO-
ULEHUSIX, C ONPeOeNeHHOTl MOUKU 3PeHUs S16Aslemcst Haudonee npasoonododonotl. H ece sice, necmompsi
Ha 8ce Mo, meopusi 0 CYuleCmeo8anuu 08YX INEKMpUUecma 6 1eaomM RPUHUMAEMCs, M.K. OHA 00%-
SICHslem dneKmpuvecKue sieneHust Haubonee yoosremsopumenvro. Ho meopus, ayuuwe écezo oovsic-
HsOWAs PaKmol, COBCEM HeoOs3amenvHo sieasiemcs 6epHoll. UCKycHble Ymbl npudymvlearom meo-
U0, KOMopasi COOMEencmayenm HAOAIOEHUSIM, U NOYMU Y KAHC0020 He3A8UCUMO20 MbICAUMEN ]
Oyoem 6051 COOCMBEHHASL MOUKA 3PEHUSL HA NPeoMen.

Mosi ueav He npocmo 6vickazamv MHEHUe, MHE XOYemcsi Ayuule NO3HAKOMUMb 6dac,
xXomst Obl KOPOMKO, C HEKOMOPbIMU Pe3YyNbmMamamu, KOMopulM si COOUPAIOCh ONUcamv, 4moovl
noKazamo X00 MOUX paccyxicOeHuil, OmnpasHvie MouKU, ¢ KOMOPbIX 5. PUCKHYA OBUHYMbCSL 6Ne-
peo, a makdxice nPeOCmMasums MHEHUsL U CYHCOEHUS], KOMOpble NPUBENU MEHsi K SMUM De3Yabmd-
mam. A cosepuiento yeeper 6 mom, umo Cyuwecmayen CYusHOCmsb, KOMopyo Mol NPUBLIKAU HA3bL-
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eamv 3neKmpuuecmeom. Bonpoc 6 mom, Ymo smo 3a cyuwpocmo ? Hnu kaxyro uz écex cyuyHocmelt,
0 CYWeCmeoBaHuL KOMopvlx Mvl 3HAEM, Mbl C HAUOOALUUUMU OCHOBAHUSIMU MOXHCEM HA38AMb I1€K-
mpuuecmgom? Mol 3Haem, umo oHo eedem cedsl, KaKk HECHCUMANUWASICS HCUOKOCHb ; IO 8 NPU-
POOe QONIHCHO CYUWECBOBAMb €20 NOCMOSIHHOE KOAUUECMB0, UIMo €20 HeAb3si HU C030amb, HU YHU-
UMONCUMb; U UMO CAMOe 2Ad6HOe, INEKMPOMAZHUMHASL MeopUsi C6ema U 6ce PACCMOMPeHHble
Hay4uHble haKmvl NPUBOOSIM HAC K 8bl800Y O MOM, UMO SI8AEHUs INeKmpuvecmea u 3hpupa uoeH-
muunwl. Takum oopazom, cpasy 03HUKAEM MbICAb, YMO INEKMPUUECTIE0 MONCEN HA3bI8AMbCS
agpupom. Ha camom dene, sma udest 8 onpedeneHHom cmulcae gologuzanacy Jokmopom Jloocem. Ezo
UHMEPECHYI0 padomy NPOUAU 6Ce, U MHOUX €20 apeyMeHmbl Yyoeouau. Beicokas odapennocmu /JJok-
mopa J1oOxca u 3aHUMAMeNbHAS: CYMb NPEOMema O4aposbIBarOm YUmamenst; Ho Ko20a cnadaem nep-
80e anevamnerie, UUMmamenb NOHUMAem, Yo emy NPeoaoHCUAU He Donee UeM OPUUHANbHBIE 00BSIC-
Herusi. A 00.101cen npu3HamvCs, umo He Mo2Y NOGEPUMb 6 08A IAEKMPUUECHIBA U elle MEHBULE 8EPIO
5 8 cyulecmeosarue «080UH020» Aupa. 3azadounocmv nogedeHuUst pupa, Kozoa oH edem ceos
KaK meepooe meno no OMHOUEHUIO K 60AHAM CEEMA U MENAA U KAK HCUOKOCMb NO OMHOUEHUIO
K OBUIICEHUIO NN CKBO3b HEe20, KOHEUHO, HaUbOo1ee NOHSIMHO U YYOOBNEMBOPUMENLHO 00BSICHSIENCS,
no npednodiceruro capa Yunvsima Tomcona, mem, umo 3¢gpup Haxooumcs ¢ ogudiceHuu. Tem He meHee,
He 83UPast Ha MO, He CYUecmayem OCHOBAHULL, KOMopble NO360MUAU Obl HAM YEEPEHHO 3AKNOUUMD,
Umo Xomsi HCUOKOCHb He MOdiCen nepedasants nonepeunsle suopayuy (9acToThl) 8 HECKOALKUX COM
UAU MBICSY 8 CEKYHOY, OHA He CMOXMCem nepedasams noO00OHble 8UOPAyUU, ecau OHU OYoym 8 oua-
Na30He COMeH MUNNUOHA MUNNUOHO8 8 CeKYHOY. Takie HUKMO He Modcem 00Ka3amv U Umo ecib
nonepeuHwle 80AHbL IPUpPA, UCNYCKAeMble MAUUHOL NEPEMEHHO20 MOKA, 0aloweli HeDoNbUOoe KO-
uecmeo nepemer (4acToT) 8 CeKYHOY; ONst MAKUX MeONeHHbIX subpauuti, 3¢bup, ecau oH HAXOOUNCSL
8 COCMOSIHUU NOKOSL, MOJCEN 8eCTU Ce0sl KAK UCTUHHASL HCUOKOCHb.

Boszspawasice k Hautemy npeomemy, u He 3a0blédsi 0 MOM, YMoO CYuecmeosanue 08yx 3.1eK-
mpuuecma, no MeHvlueli Mepe KpatiHe MAaN08epOSiIMHO, Mbl OONAHCHbL NOMHUMb O MOM, YMO Y HAC Hem
HUKAKUX OOKA3AMEAbCIE CYUWECMBOBAHUS INEKMPUUECNBA, U Mbl HE MOXMCEM HAOESIMbCSL NOAYUUMb
ux, ecau Hem zpyooii mamepuu. Takum oopazom, 31eKmpunecmao He Modcem Oblmob HA38aHO IPu-
POM 8 WUPOKOM CMmblcAe 3020 noHsamust. OOHAKO, HUMMO He MOXNCEm 80CNPEeNsinCcme08ans momy,
umoObl HA36aMb INEKMPUUECEO IPUPOM, COCOUHEHHBIM C mamepuell, Ui C8sA3AHHLIM IPu-
pom. ['060psi Opyeumu cro6amu, 4mo max Ha3vl8AemMblil CAmMu1ecKull 3apsio MONEKYAbl — Mo 3Pup,
ONpPeOeneHHbIM 00Pa30M COeOUHeHHbll ¢ Monrekyaol. Paccmampusas npeomem 6 smom ceeme, moi
ObLAU Obl BNpase CKA3ANb, YMO INEKMPUUECTIBO UMeen OMHOUEHUE KO 6CeM MONEKYASPHBIM [683a-
umo- | oesicmeusim. Celimac Mol MOXHCeM MONKO CMPOUNs 002a0KU, 4mo 8 mouHOCmu ecnv 3¢up,
OKPYAHCAIOUULE MONEKYNbL, U UeM OH omauuaemcst om 3gupa eoooue. On He MOXHCEm OMAUMAmMvCst
noO NAOMHOCMU, MAK KAK 3¢OUp HECHCUMAEM; NOIMOMY OH OONHCEH HAXOOUMbCSL NOO HEKUM HANPSI-
JHCeHUeM UnU 6 08UNCEHUL, U NocAeOHee Haubonee 8eposimHo. []ns moeo, umoodbl NOHSIMb €20 PYHK-
UulL, HYIHCHO MOUHOe NPeocmag.naenue o PU3UUECKOM CHPOEHUL MAMEPUL, O UeM Mbl, KOHEUHO JiCe,
MOJHCEM COCMABUMb MONLKO MbICAEHHBLIL 00pa3.

Ho uzo eécex mouex 3peHusi Ha npupooy, Moavko md, KOmopasi npeonondzaem Cyuecmeo-
6aHue 00OHOU mamepuu U OOHOU CUNbL, U COBEPULEHHOE eOUHO0Opa3ue 80 8CeM, SIBASIeMCsl HaAUbo-
J1ee HaYUHOU U ¢ HaubONbUel 8ePOSIMHOCIbIO UCHURHOU. Beckoneurno manvuii mup, ¢ monekyramu
U UX amomamil, 8PAUAIOUUMUCS U OBUNCYUUMUCS NO OPOUMAM, 80 MHO20M NOOOOHO HeOeCHbIM
Menam, HeCyuuMu ¢ CoOOl, a 8EPOSIMHO U BPAUAIOUUMU BMecHie C CODOL, dPUp, U Opyeumu co-
8aMU, HECYWUMU C COOOI INEKMPOCMamuueckue 3apsiovl, nPeoCmasAsiemcsi MHe Haubonee 8epo-
SIMHOU MOYKOL 3PeHUsl, U MAKOU, KOmopas npasoono00OHbIM 00pa3om 00BACHSIEN OONUUUHCINGO
u3 Haooaemvlx siereHuli. Bpawenue monexyn u ux sghupa 8vizvieaem HanpsiceHus 3pupa uiu
nekmpocmamuueckue Oedpopmauul;, YpasHUBAHUE HANPSIHCEHUIL PUpa 8bl3bl8aAeN 0BUNCEHUS
agbupa uiu IneKmpuuecKue moku, a OpoUMaANbHbIE 08UNCEHUST MONEKYN NPOU3E00sin 0elicmeus
INEKMPO- U NOCMOSHHO20 MAZHEMUMA».
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3nech Tecia oTpunaeT JBYX3HaKOBOe eKkTpuuecTBo b. ®pankiimHa, He TaET orpeieieHus
MIPUPOIBl K HCTOYHHUKOB JIEKTPHUECTBA M OOIIETro MOHSATUS 3(PpHpa, a TOIBKO KOHCTATUPYET (haKT
HaJIMYMS BO3MOKHOIO OJJHO3HAKOBOTO JieKTpuuyeckoro 3¢upa. He onpenensier oH u cocrosiHue
9JIEKTPOHA B MOJIEKYJIaX U aToMax. XOTs MeKTpoH yxke ObLI B 1891 rogy onpenenén 1. Croneem.

TepMUH «X0JI0[JHOE JIEKTPHYECTBO» CTAJ YacTO YIOTPeOIsAThCs Nociie OTKphITUs Tecnoi
«paJMaHTHOIO0 U3JIy4eHHsI» U UCCIEJOBAHUS €r0 CBOMCTB €ro nocneaoBaresnsaMu — . I'pasg u T.
Mopes.

YacTuupl B 3kcniepuMeHnTax Tecia MMEIoT HUUYTOKHO MaJlylo Maccy, O 4éM ropopui cam Tecna.

«Ibuprvie uacmuypl OblAU KPAtiHe NOOBUNCHLIMU, NOUIMU HEBECOMBIMU 8 CPABHEHUU C INEKMPO-
HAMU, U NOIMOMY MOAU NPOHUKAINb UePe3 BEU4ECTIBO C OUEHb MANEHKUM YCUAUEM. DNEKMPOHbL Jice
He MO2AU ,,CPAGHAMBCAL“C 3¢PUPOM 6 cKopocmu U npoHuKaioweii cnocoorocmu. Co2aacho 3moti mouxe
3penus, uacmuuypl hupa Ovlau OECKOHEUHO MANLIMU, HAMHO20 MEHLUUMU NO DA3MEPY, YeM INeK-
mponwl. Yacmuyel sgpupa necau ¢ codoii umnynvc. Hx o2pomnas cKopocns Co2aacoebleandcs ¢ ux
0e3mMaccosoli NPUPoOOIL; COBOKYNHOCHb IMUX CEOUCME HAOAI00ANACH NPU UX OONLUUOM KOAUUECTIEE.
OHu 08U2a1UCH CO CKOPOCMbIO, NPegbLaBULeli CKOPOCHTb C8end, YMo ObLA0 Pe3YNbIMAMOM UX HECHCU-
maemocmu u omcymcemeusi maccwl. Kozoa 6vl Hu 603HUKAN HANPABAEHHDL PAOUAHMHBLL UMRYALC
IHepeuU, HEMEONEHHO BO3HUKANO HECHCUMAEMOe OBUIICEHUE 8 NPOCMPAHCIEE KO 8CeM MOUKAM, PAC-
NONOJHCEHHBIM HA €€ NYMU».

DTO CBOKMCTBA, KOTOpbie B ObITY mposiBiiseT 1 CBY — u3nydeHue: MeKTpUYeCKHUe IIeNu
C UCTIOJIb30BAHUEM «XOJOJHOTO 3JEeKTPHYECTBA»:

— HE HY)KJA€eTcs B TOJICTBIX CUJIOBBIX ITPOBOAAX, T.€. JOCTATOYHO TOHKOI'O JBYXKHWJIBHOTO IPO-
BOJIA,

— 11enb He OOMTCS BOJIBI, T.€. MOKET padoTaTh MOJTHOCTHIO TIOTPYKEHHOW B BOLLY,

— 11erb He OOMTCS] KOPOTKHX 3aMbIKaHHA.

CBY wuznyyeHue (WJIM MUKPOBOJIHOBOE W3JIydeHHE) — 3TO JeKTPOMArHUTHBIE KOJeOaHUS
¢ yacroroi npumepHo oT 300 MI'q no 300 I'Ty (yMHa BOMHBEI OT HECKOJIBKMX METPOB A0 J0Jen
CaHTUMeTpa). B criekTpe 37eKTpOMarHuTHOrO U3JIyYeHUs] MUKPOBOJIHBI pacrosiokeHsl mexay NK-
U3JIyYEeHUEM U paIuoBOIHaMU. MUKPOBOJIHBI IIMPOKO UCTIONB3YIOTCS B COBPEMEHHBIX TEXHOIOTHSIX,
HarpuMmep, B JIMHUSX CBS3H, OECIIPOBOIHBIX CETSIX, MUKPOBOJIHOBBIX PaIHOpPENICHHBIX CETsIX, paja-
pax, CIlyTHUKOBOM U KOCMUYECKOHN CBSI3M, MEAULIMHCKON TUATEPMUM U JICUEHUU PaKa, JUCTAHIM-
OHHOM 30HAMPOBAHUM 3EMJIM, PaJIMOACTPOHOMUH, YCKOPUTENSAX YACTHLI, CHEKTPOCKONUH, B IPO-
MBIIIEHHOM OTOIUIEHUH, CUCTEMaX MPeJOTBPAIlEHHs CTOJIKHOBEHUH, a TaKxke JJIsl IPUTOTOBJICHUS
MUIIY B MAKPOBOJIHOBBIX Nle4ax. MUKPOBOIHOBOE M3JTy4eHHe OOJBIIION NMHTEHCUBHOCTH MCTIONb3Y-
ercst 11s1 OBCKOHTAKTHOTO HarpeBa Tesl MeTAJUIMYECKUX 3arOTOBOK B IMPOMBIIIUIEHHOCTH JIJIS1 TEPMO-
00pabOTKM METANJIOB, B XUPYPriy — MPH PaAMOYACTOTHOM a0MsAIMU BeH, B paauonokanun. Vcrou-
HuKkoM CBY-u3nyueHus 1J1s1 MUKPOBOJIHOBBIX M€Ye CITy:KUT MarHeTpoH. B TexHonornueckux CBY-
YCTaHOBKAX B OCHOBHOM UCIOJIB3YIOTCSI MarHeTpOoHbl. OJTHAKO HAXOAAT NPUMEHEHUE U MPOJIETHBIN
KJIUCTPOH, HUTOTPOH, TUPOTPOH U Apyrue. [JJoMuHMpYOmUM B pa3Butur TexHonoruii CBY-o0pa-
6o1ku crnenyet npusHath CBY-HarpeB HeXMBBIX OOBEKTOB (MaTepHasioB, MPOLYKTOB). DTO HAMpaB-
JIeHHe Hayaslo 0COOEHHO MHTEHCHBHO pa3BUBAThCS B 60-X Toax M yke ryOOKO MPOHHUKJIO B MPO-
MBIIIIIEHHYIO U OBITOBYIO C(pephl.

CBou BO33peHMs Ha neKkTpudectBO JIoMoHOCOB chopmynupoBai B 1756 r. B HEOMyOIHMKO-
BaHHOM M COXPAHUBIIIEMCS B BUjIe Te3HMCOB Tpyae «Teopus anekTpudecTa, pazpaboTaHHasi Mare-
MaTHYeCKHM IyTeM». B oTmyne oT G0NbIIMHCTBA CBOUX COBPEMEHHUKOB JIOMOHOCOB TMOTHOCTHIO
OTPHIIAeT CYIIECTBOBaHHE 0COOOW JIEKTPHYECKONH MAaTePHH U PacCMAaTPUBAET NEKTPUUECTBO,
Kak (popmy aBH:KeHHsI 3¢hupa. «DdupHasi» Teopus JNEKTpUIECTBA, pazpadoranHas JlomoHoco-
BBIM, SIBIJIACH HOBBIM IIIarOM K MaTE€PHAJTHCTHYECKOMY OObSCHEHHIO SIBJIICHUI MPUpOsl. D dpup-
HOM TEOpUU MPUIEPKUBAIUCH MHOTME KpymHeie yyensle XIX B., B ToM uucie u M. dapaneii
(1791 - 1867 r.r.).
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ITocne otkpeitust B 1785 rogy 3akoHa KynoHa uzydyeHue aeKTpuyecTBa OKOHYATEIBHO Mepe-
XOIUT B KaTErOpuIo (PU3NYECKON HAYKHU.

Takum 00pa3oM, He PacKpblB MeXaHM3Ma JIEKTPU3AMMN TPEeHUEM (TPUOOIEKTPUIECTBO)
1 HE MOJTyYMB €T0 MOJIHOTO NOHUMaHu s, BHUMaHue pu3nkoB KoHIa X VIII — Hayana XIX Beka nosiHo-
CTBIO NIEPEKJIIOYMIIOCH Ha UCCIIEIOBAHUE IPYTUX SIBJIEHUII JIEKTPUUECTBA — FAJIbBAHU3M, IEKTPOJIU3,
MOCTOSIHHBIN U IEPEMEHHBIN IEKTPUUECKUIA TOK U Ipyrue. XoTs siBIeHUE 3JeKTPU3aliu U3BECTHO
C JPEBHUX BPEMEH, 0 CUX MOP HET MOJHOM KAapTUHbI B IOHUMAHUM MEXaHU3MOB JIEKTPU3ALIHU.
B XIX B. HeMOHMMaHMe MEXAaHU3MOB JIEKTPU3ALMUA OKA3AJI0 CYLIECTBEHHO HETaTUBHOE BIIMSHUE
Ha IPOLIECC OTKPBITUS IEKTPOHA.

Hanee HanGosee BaKHBIMU PadOTaMH CTAJIU SKCTIEPUMEHTBHI 110 AeKTposu3y. OTKphITHE OBbLIO
BOCIIPUHSATO KaK OIHO U3 JI0KA3aTeJIbCTB TOTO YTO ABUIKYIIEecCsl JIEKTPUUECTBO (IJeKTpHYecKoe
JBH:KeHHe) (PaKTHUECKH UAESHTUYHO JIEKTPUUYECTBY, OOYCIOBICHHOMY TPEHUEM, T. €. CTaThuye-
cKoMy 3iekTpuyuecTBy. B 1833 r. ®apaseii ycTaHOBUII 3aKOHBI JIEKTPOJN3a, B OCHOBY KOTOPBIX
ObLIN TIOJIOKEHBI CTPOTHE KOJTMYECTBEHHbIE COOTHOIIEHUsI. Ero cepusi oCTpOyMHBIX 9KCIIEPUMEHTOB
10 JIEKTPOIU3Y MOCITY KU yOeAUTETbHBIM MOATBEPKACHUEM UEH, CYyTh KOTOPOIM CBOAUTCSA K Clie-
AYIOLIEMY: €CJIM BEIECTBO 10 CBOEW NMPHUPOJE UMEET aTOMHYIO CTPYKTYPY, TO B IIpoLiEcce dJeK-
TPOJIN3a KaXk bl aTOM MOJIy4YaeT ONpeAeeHHOE KOJINYeCTBO IEKTPUUECTBA.

B 1874 rony upnanackuil pusuk . Croneit Beictynuia B beindacre ¢ 10K1ag0M, B KOTOpOM
UCTIONb30BAJl 3aKOHBI eKTpoiu3a Papasiess Kak OCHOBY [UISl amoMapHOU TEOPUU JEKTPUYECTBaA.
[No BesIMUMHE MONTHOTO 3apsia, MPOIIEAIIEro yepe3 eKTPOSIUT, U JOBOJILHO TPyOOl OIIEHKe Yucia
BBIJIEJIMBILIUXCS Ha Kartozie aToMoB BoiopoAa CTOHEN MOJyuyusl AJisl JIEMEHTapHOro 3apsja Yuciio

rops/iKa 1020 Kn (B COBpeMEHHBIX eIuHMIIaX). DTOT AOKJa] He ObLT MOJHOCTHIO OMyOIMKOBaH
BILIOTh 10 1881 roaa, korga Hemenkui yuensld I'. ['enbMrosnibl B oHOM U3 Jiekiuil B JIOHI0HE OTMe-
THJI, YTO €CJTU PUHSATH TUIIOTE3y aTOMHOW CTPYKTYPbI 9JIEMEHTOB, HEJIb3sl HE TPUITH K BBIBOLLY, UTO
JIEKTPUYECTBO TAKKE pa3esisieTcs Ha SJIeMeHTaAPHbIe NOPUUH WIN «AMOMbl 3AeKMpPU1ecmea .
Stot BeIBOL ['enbmrosbiia, o cylecTBy, BHITEKa U3 pe3ysbTaToB Papajies Mo JIeKTPOIU3y U Harlo-
MUHAJI BbICKa3biBaHue camoro Papapes.

B 1891 romy . CtoHeln, KOTOpBI MOAAEPAKUBAT UICI0, YTO 3aKOHBI neKTpoin3a Papanes
03HAYaIOT CYIIECTBOBAHUE €CTECTBEHHOU eTMHUIIBI 3apsi/ia, BBEJ TEPMUH — «31€KMPOH» CIIETYIOIUM
obpazom:

«[Ipu anexkmponusze KaxscOOUl XuMU4ecKoll cés3u, KOmopas paspoléaemcsi, NPUCYuLe onpeoeneH-
HOe KOAMUUECMB0 3NeKMPUUecmad, 0OUHAK0BOe 80 6CeX CAYUASIX... 3apsi0 MaKoli eAuHuHvl CEsI3aH
8 XUMUUECKOM AMOME C KANCOOL C853b10... Imu 3apsaovl, Komopule 0yden YyoooHO HA3LIBAMD ,,3.1€K-
mpoHamu ', 1e mozym ObiMv OMOEAECHbL 0N AMOMA; OHU He NPOSBASIOM Ce0sl, eCAu amombl HAXO0-
OSIMCSL 8 XUMUUECCKOM COCOUHEHUU».

Wpen 1. CToHest 000rHAJN CBOE BPEMs M OKa3aJIMCh HE TOJIbKO He BOCTPEOOBAaHHBIMU COBpe-
MEHHUKAMU, HO Y HE MMOHATBIMU UMU.

3HaYMMOCTh €ro pe3yibTatoB B cieayomeM. . CToHel BBel B HAYYHBI OOMXOJ TEPMHH —
«3/1eKmpOoH», TIOJ, KOTOPHIM TOHUMAJICSI HOCUTENb IEKTPUUYECKOTo 3apsia HeyCTAHOBJIEHHON
(pu3nueckoil NPUPOabI (CTPYKTYPbI) SKBUBAIEHTHBIN NIEKTPUUECKOMY 3apsily, IEPEHOCUMOMY
O/ITHOBAJIEHTHBIM HOHOM.

B 1892 rony X. A. Jlopenn aan nepsyio (pOpMyJIMPOBKY CBOEH JIEKTPOHHOU TEOPUU. DJIEK-
TpoHHas Teopusi JIopeHIa rnpeacTaBisieT Co00l MaKCBEJIJIOBCKYIO TEOPHIO JIEKTPOMArHUTHOTO TOJS,
JOTOJTHEHHYIO TPE/ICTABJIEHUEM O JAMCKPETHBIX JEKTPHUYECKNX 3apsalaax (3,1eKmpoHax), Kak
OCHOBE CTPOEHHs BEILIECTBA, MO KOTOPHIMU OH MOHMMAJI BCE 3apsIKEHHBIE YACTHIIbI (TTOJI0KUTEb-
HBIE U OTPULIATEIIbHBIE).

Takum 00pa3oM, UCTIONB3YSI TEPMUH «3.2eKmMPOH» JIOpeHll BBOAUT HOBOE COJEp:KaHUE B €ro
MOHATHE, OTIIMYHOE OT NMOHATUSA, TpeioxeHHoro 1. CtoHeem.
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B 1899 rogy 3. Pezepdopn ormyOukoBa CBOM UCCeJOBaHM S, B KOTOPBIX OH quidhpepeHIpo-
BaJI paJI0aKTUBHOE M3TyYeHHe Ha TPU KOMITOHEHTa: aiib(a, 6eta u raMma-iyan. OH 0OHapy KU1, YTO
U3JTyYeHUE CONCPKUT OHMH TOJNIOKUTETBHO 3apsKEHHBI KOMITOHEHT — alib(a, OTpUIIATeNIbHO 3apsi-
JKEHHBIN KOMITIOHEHT — O€Ta, 1 HeUTPAIbHBIA KOMIIOHEHT — raMma.

B 1901 rony A. Bekkepenb n3Mepus OTHOIEHHE BEIUYMHBI JIEKTPUUECKOro 3apsaa K Macce
y B-4acTuIl ¥ yCTAaHOBHUJI, YTO OHO TAKOT'O K€ TIOPSIAKA, KaK U [Tl YaCTHUI] KaTOAHBIX Jy4yel. OH Moka-
3aJ1, YTO OEeTa-4acCTUIBl — ITO YACTHUIIB OONBIIUX SHEPTUid, ABUKYIIUECS C OUeHb OOJIBION CKOPO-
CTBIO.

B 1911 rogy Ha oCHOBaHMHM aHAJIM3a U CTATUCTHUYECKON 0OpabOTKH Pe3yJIbTaTOB KCIICPUMEH-
TOB IO PacCEMBaHMIO ajib(ha-4acTHI] B TOHKOU 30710TOH hosibre, BhINOMHEHHbIX [ elirepom u Mapcae-
HOM B 1909 rony, 3. Pesepdopn npeaioxku niiaseTapHyr Mojess atoMa. CoryiacHO 3TOM Mojieu
aToM COCTOMUT U3 OYeHb MAJIEHBKOTO TOJIOKUTETBHO 3apsKEHHOTO $/Ipa, COEPXKAIero OOJBIIYIO
YacTh MAaCChl aTOMa, U OOPAIIAIONINXCS BOKPYT HETO JIEFKMX JIEKTPOHOB.

[IpencraBneHHas XpOHOIOTHS HAYYHbIX OTKPbITHI KOHLA XIX 1 Hayana XX Beka IeMOHCTpU-
pYyeT npexie Bcero Tpancopmanuio pU3NIeCcKOro CMbICIa TEPMUHA «3.2€KMPOH» — HOCUTEIS JIeK-
TPUYECKOTO 3apsija, HEYCTAaHOBJIEHHOM (PU3UYECKON PUPOIIBI U CTPYKTYPBI, B 9.2€KMPOH — SIEMEHT
JIEKTPUYECKOrO aTOMa BEIIECTBA.

B 1838 rogy ®apaneii, mpomyckasi TOK OT JIEKTPOCTATUYECKON MAIlIUHBI Yepe3 CTeKJISHHYIO
TPYOKY C BO3IyXOM IpH HU3KOM JaBJIEHUH, HAOMOAa (PUOJIETOBOE CBEUSHHUE, UCXOMISIIIEe U3 MOJI0-
JKUTEJIBHOTO JIEKTpoAa (aHoJa). DTO CBEUEHUE PACPOCTPAHSIOCh MOYTH 0 CaMOI'0 OTPUIIATENb-
HOTO JIEKTpoaa (Karoaa) Ha JpyromM KoHIle TPyOKkH. Mexay CBETSIUMCS KaToIoM M (PUOJIeTOBBIM
CBEYEHUEM, UCXOISAIIMM M3 aHOIA, OH OOHApYXWJI TeMHOe IPOCTPAHCTBO, KOTOPOE Tereph Ha3bl-
BalOT «(papajieeBbIM TEMHBIM IIPOCTPAHCTBOM ».

B nanpHeiieM B uccieOBaHUM KaTOAHBIX JIyYel IPUHSIIO yJacTHe MHOKECTBO 3HAMEHUTHIX
yueHbIx 1 nzooperareneii: K. Bapmu, V. Kpyke, A. Illycrep, I'. Tepi, ®. Jlenapn, K. [leppen u npy-
T'UX, IPUBEIINE K CO3JAHUIO KOPIYCKYJISAPHON U BOJHOBOI TEOPUI NPUPOIbI KATOAHBIX JTyUYEH.

Hewmerkue ¢pusnky, 3a peIKuM UCKII0OYEHHEM, ObUTH €JMHOAYIIHbI B YTBEPXKIEHUH, UTO KaTO/I-
HbIE JIyYH TIPE/ICTABIISIOT cOOOM mporiecc B 3(pupe — BOTHOBaAs rurore3a [ onpainTeiiHa; aHrInJaHe,
HauuHas ¢ B. Kpykca, cuuraior, 4To OHU SIBJISIIOTCS IOTOKaMK YacTH4 ek BeriectBa. B 1895 r. ¢pan-
y3ckuil pusuk K. [leppeH sKkcrepuMeHTaIbHO JOKa3al, YTO KaTOIHbIE JIyYH — 3TO MOTOK OTPHIIA-
TeJbHO 3apsPKEHHbIX YaCTHII, KOTOPBIE IBMKYTCS IPSAMOJIMHEWHO, HO MOTYT OTKJIOHSTBCS Mar-
HHUTHBIM MOJIEM.

B 1894 rogy k skcriepuMeHTaM ¢ KaTogHbIMU Jiydamu nipuctynui k. [Ix. ToMcoH ¢ cotpyn-
HUKaMU.

Heobxonumbl ObUIM CTPOTrMe KOJTMYECTBEHHBIE SKCIEPUMEHTHI, KOTOpbIEe Jaiu Obl BO3MOX-
HOCTb OIPEAEIUTh OTHOIIEHHE 3apsiia K Macce AJisi KaTOOHbIX Jiydeid. To, 4To u3MepeHue Belu-
YMHBI YJEJBHOTO 3apsia sBUTCS pelraiuM ¢akToM, Briepsble oco3Han [Ix. [Ix. Tomcon. C 1895 r.
OH HAUYMHAET METOINYECKOe KOJIMUECTBEHHOE U3yUeHUE OTKJIOHEHHS KATOIHBIX JIy4el B SJIeKTpude-
CKUX ¥ MAarHUTHBIX TIONsiX. Mitoru cBoeit padotst k. [Ixk. ToMCOH pe3toMupoBasl B OOJIBITION CTaThe,
oryOnmKoBaHHOU B 1897 1. B OKTSIOpbCKOM HOMepe KypHasia» Philosophical Magazihe». CyrecTBo
CBOMX OIBITOB M BBICKA3bIBaHKE TUMOTE3BI O CYIIECTBOBAHUK MAaTePHH B COCTOSIHHH ellie OoJiee TOH-
KOTro ApoOJieHus1, YeM aToMbl, TOMCOH M3JIOKIII Ha BeuyepHeM 3aceqanur KoposeBckoro ooiiecTa
29 anpens 1897 r. 3enedyenue u3 3Toro coodiieHus Obi10 onmyonkoBaHo B «Electrican» 21 mas
1897 r. OnbiTel TOMCOHA TaK CIEAYIONIME PE3YIbTaThl: CKOPOCTh YACTHUII, BO3pACTAIOIIAS 110 MEPe
yBEJIMYEHUs] pa3pekeHHs] B TPyOKe, Upe3BbIUAHO BEIMKA, 3HAYUTESHHO OOJIbIIE CpelHel CKOpO-
CTH, TPUITUCBIBAEMOM, COTJIACHO KMHETUYECKON TEOpUH, MOJIEKYJIaM OCTAaTOYHOTO Ta3a B TpyOke
(B ogHOM U3 nepBbIX onbITOB 1897 r. ToMcoH Hatties ckopocTh paBHO#M 1/10 ckopocTu cBeTa, HO uepes3
JeCSITh JIET OH MOTyuwI Jyisl Hee 3HaueHue 1/3 ckopoctu ceeta). Kpome Toro, 3Ta CKOpOCTh 3aBUCUT
OT Pa3HOCTH MOTEHIMAJOB, KOTOPYIO IMPOXOIUT 3apsi/. 3HaUeHUEe OTHOIIEHMS 3apsa K macce
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OKa3aJIOCh HE 3aBUCSIIMM HU OT COCTaBa OCTATOYHOIO ras3a, Hu oT (hOpMBI TPYOKH, HU OT MaTepuasa
NIEKTPOJIOB, HU OT CKOPOCTH JIy4Yeid, HU OT KaKUX-JIMOO UHBIX (PU3NYECKUX MapameTpoB. pyrumu
CJIOBaMHU, OTHOLIEHME 3apsAa K Macce €CTh YHUBepPCaJbHasA NOCTOSTHHAS . 3HaY€HNe 3TOro OTHO-

1eHus ObLIO MopsiAKa 10’ CT'CD. AHAIOrHYHOE OTHOIIEHHE GBLTO yKe MOICYATAHO 151 KIOHA BOAO-

poAa U3 JaHHBIX O MEKTPOJIU3Y — OHO OKA3aJI0Ch PABHBIM 10* crea. Jlx. J1x. ToMcoH BbICKa3bI-
BAa€T MHECHHUE, YTO KaTOAHBIC JIYUYH IMIPEACTABIAIOT CO60fI IMMOTOK BECbMa MaJIbIX YaCTHL, IBUXKXYIIUXCA
CO CKOPOCTSIMHU, OIM3KUMH K CKOPOCTH CBETa, HECYIIMMH TaKOU ke 3apsj, Kak U MoHbl Papajes,
HO oOnaganmuMu Maccoi, koropas B 1000 pa3 MeHbIIIe Macchl CaMOro JIETKOro aToMa, T.e. aToMa
BOJIOpO/IA.

JI7151 TOCTOBEPHOTO BBIBOAA HEOOXOIMMO IMPSIMOE U3MEPEHHUE 3apsijia OMHOBAJICHTHBIX Ta30BbIX
MOHOB. BaskHOCTh IPOOIEMBI 3aCTaBIISIET B3ATHCS 3a M3MepeHwe 3apsiia noHa camoro JIx. [Ix. Tom-
cona. O BIIEPBBIC UCITIOJIL3YET PEHTICHOBCKHC JIYUH B KAQYECTBE MHCTPYMEHTA (I)I/IBI/I‘ICCKOI‘O IKCIIC-
puMeHTa. IHTEpeCHO OTMETUTbh, YTO PEHTTEHOBCKOE M3JTyYeHHe ObUIO Pe3y/IbTaTOM HCCIIeOBAHUS
CBOICTB KaTOIHBIX JIyueil. B cBol0 ouepenpb jyun PeHTreHa chirpajivi OONBIIYIO pOJib B U3YUYEHHUU
YacCTHUlLl, COCTaBJIAIOIINX KaTOIIH]:Iﬁ JIY4 U B OTKPBITUHN CIIOHTAaHHOM PaaArOaAKTUBHOCTH.

OkcnepumenTsl k. [Ix. ToMcoHa nanu cpegHee 3HaYeHUeE 3apsijia MOHa, paBHoe 6,5 x 107

10 cres. aror pe3ysIbTaT U yKpenwi yoexaeHne ToMCOHa B CYIIECTBOBAHUU « MAMEPUU 8 COCHOSL-
HUU 60nee MOHK020 NPOOJIEHUsI».

ITo cymiecTBy, € IMHCTBEHHO, UTO YIAIOCh TOMCOHY TOOMTHCS — 9TO U3MEPUTH OTHOIIEHH e
3apsiji-Macca JUIsi HeBeJJOMBIX YacCTHIl, COCTABJIAIONIMX KaTOMHBIC JIydd. TeM He MeHee OH Peruics
CHIeJIaTh BBIBOJ, YTO 9TH YACTHIIBI SIBJISTIOTCS (DYHTaMEHTATbHBIMH COCTABHBIMH YaCTSIMU OObIU-
HOT'O BEIIeCTBa.

PasbsicHeHHE 1O TMOBOAY MPUMEHEHHUSI TePMUHA «31eKMmpoH» ISl 0003HAYEHUS] YaCTHII,
COCTaBJISIONIMX KaTonHble JTyuu, aan Jlenapn ®wmunm B cBoeir HoOeneBckoi nekmuu ot 28 mast
1908 r. («O KaTOAHBIX JIydax»):

«... HEODXOOUMO NEPEUUCAUMb HA38AHUSL, OAHHbLE IMUM UACMUUKAM INEKMPULECTNEA, UM UEH-
Mpam COCMOSIHUSL: 5L HA36AN UX, SNEMEHMAPHLIMU KEAHMAMU INEKMPUHECEa UL, KOpoue, KEaH-
mamu, kax u I'eavmeonvy, . [owc. Tomcon 206opum o kopnyckyaax, aopo Keaveurn 06 anexmpuo-
HAX; HO 8 00UX00 80WN0 HA38AHUe, KOMOpoe npednounu JlopeHy, u 3eeMar, IAeKmpoH».

BesnunHa 3/1eKTPUYECKOro 3apsijia JeKTPOHA, MPOTOHA M JPYrUX dJeMeHTaPHbIX
YacTHIl He ompe/ieJieHa U B HACTOsIIIee BpeMsl.

Hcropust OTKpPBITHS JIEKTPUYECTBA — TO UCTOPHS Psijia OMIMOOK M HellopabOTOK, UTO TIpe-
BpATUJIO COBPEMEHHYIO TEOPETUIECKYI0 (PM3HKY B COOPHUK CKA30K, HUKAK He CBSA3AHHYIO C IPUPO-
noii. [Ipu viccrieoBaHUsAX UCTIONB30BAIUCH JIMIIh BH3YAJbHO HaOJI0IaeMble TTapaMeTphl CHCTEMBbI
CH u CI'C, B 1O BpeMsi, Kak OCHOBHAsl HEBHAUMAsI JABVKYIIAsl CHJIa YCKOJIb3aJla OT BHUMAHMS JKC-
MIEPUMEHTATOPOB. DTO U TIOPOIWIO OMIMOKY HAPYIIEHHS MPUYMHHO-CIIeCTBEHHBIX cBsizell. HeBu-
JMMas Cuia MopoXk/eHa MArHUTHBLIMUA MOHOMOJISIMA BUXPOHOB — UCTOUHUKAMU 3apsIOB JIBU-
KeHWS, MPOAYKTaMH KOTOPOU U SIBJIIOTCS BU3YaJbHO HAOMOIaeMble SIBJICHUS B 9KCIIEPUMEHTAX.
B 3701 icTOprY IpOCIeKUBAETCSI OCHOBHAS OIMMOKA TEOPETUKOB — 3aMeHA MPUYNHBI CJIeICTBHEM.

PensaruBuctkas mMatematudeckas ¢pusuka koHna XX m Hayasa XXI Beka, He peluB Mpo-
O1eMbl (PU3UKH TIPOIILIBIX JIET O MPHPOIe MAaTePUH, OB/ TEOPETHUECKYI0 (PU3UKY IO KpU3HCa,
OCTaBJISIET CBOMM HACJIe/IHUKaM CKa3KM O TepMosiiepHOM peakTope, MOMCKaX MAacCChl HEUTPUHO
" «omKpuimuu» 6030Ha Xurrca, teopur bonbimoro B3peisa, OTO, CtanmapTHON MojeH eMeH-
TapHBIX YaCTHI] ¥ IIpoYee, IIPU ITOM He UMes ake MPeACTaBJIeHHsI O CYIIIHOCTH U CTPYKTYpe JJIeK-
TPOHA U JPYTrMX OCHOBHBIX JIEMEHTapHBIX YacTulax (poToHe, HEUTPOHE U MPOTOHE) U COBEP-
IIEHHO HE WMesl OIpe/ieIeHUN O TaKUX (PU3NYECKUX CYITHOCTSX, KaK JJIEKTPUYECKUil 3apsi/
U Macca. YKazaHHbIe YacTUIlbl 00IaJaloT CTPYKTYPOUM U BEYHBIM UCTOUHUKOM SHEPruv — HeBU/ M-
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MbIM MarHUTHBIM MOHOMOJeM, Ha 4yTo ykassiBamu eme [. Kumm, H. Tecna u 3. JluackainuH,
HO 3TUX BeJauKux 3KkcrnepuMeHTaTopoB KTO TO HamepeHHO BBIKJIIOUMI U3 UCTOPUU (PUBMKH, Kak
U Ipyrux cTOpoHHUKOB DPUPA.

ATOMBI 3JI€KTPOHENUTPAJIbHBI, HO oONMagaoT Maccoil B cucreme CH B monie TATOTCHUS
3emin, IO3TOMY M KJIAaCTephl U3 aTOMOB B 1IEJIOM 3JIEKTPOHENTPAJbHbI U 00JIAAI0T MACCOIi.
SnepHasi pu3MKa orpeaenuia KyJTOHOBCKUN Oapbep aTOMHBIX SIAEp, MPEMSTCTBYIONIMNA UX HEMo-
CPE/ICTBEHHBIM B3anMonencTBuAM. Kiactepbl BeliecTBa B 11€JI0M MOTYT HaXOAUTCSI B COCTOSIHUU
TMIOKOSI ¥ TIOCTYTATeIbHO-BPAIATETbHOTO IBUKEHH S, & TAKKe B COCTOSIHUY TIOJISIPU3ALIMH, BO3OYK/Ie-
HUS1 BHYTPEHHUX T0JIeH BHEITHUMU TIOJISIMH, a TaKKe U3JTyYeHUEeM PaJOAKTUBHBIX aTOMOB, BXOJISI-
KX B KJIaCTeP, SJEKTPOMArHUTHBIM U 3BYKOBBIM M3JTyueHHeM. Takue KiacTephl BelecTBa 00IajaioT
Y HOBBIMHM CBOMCTBaMU II0 CPAaBHEHHUIO C MUKPOMMPOM, TAKUMHU KakK IJIOTHOCTh, TEMIIeparypa, Tel-
JIONPOBOJIHOCTb, & TAK)KE CBOMCTBAMH IO OTHOILIEHUIO K 3JIEKTPHUYECTBY — IIPOBOJHUKH, AUIIEK-
TPUKH, TIOJIYITPOBOIHUKH, CETHETOIEKTPUKH, MEKTPEThl U T. 1. KOoHAEHCHpOBaHHbBIE COCTOSIHUS
BEIIIECTBA MPOSIBIISIIOT Pa3IMUHbIE CBOICTBA U IO OTHOLIEHUIO K MAarHeTHU3MYy — (DeppOMarHeTuKH,
AYaMarHeTUKyY, Mbe30MarHeTUKM, napaMarHeTuku U 1. 4. Kpome Toro BemiectBa U3 OJHOPOIHBIX
XMMHUYECKHUX JIEMEHTOB IIPY KOHTaKTe 00pasyioT BoiHoi JaekTpuueckuit Cioi u apyrue sipie-
HUSL.

Bocnpou3BoacTBo® 000/I04eK CTPYKTYP aTOMHBIX Siiep U 000JIOUEK JIEKTPOHOB B TUCKPET-
HOM MHKPOIPOCTPAHCTBE XOJIOAHOM JIEeKTPUUYECKOil 6e3MaccoBOil MJIa3Mbl aToMa MPOUCXO-
JWT C TIOMOIIBIO MArHUTHBIX MOHOTIONEH (3apsi0B SHEPTMH) 3aMKHYTBIX BUXPOHOB, ITYJIbCHUPYIOIIAX
B HUX C Pa3JWYHON 4acToTo. [Ipy BOCTIPOM3BOACTBE M OOHOBJIEHUM U3 MCTOYHUKOB 3aMKHYTBIX
KOHTYPOB SIICPHBIX U aTOMHO-3JIEKTPOHHBIX 000JI0UEK M3 IPABUTALIMOHHBIX U NEKTPUUECKUX 3EPEH-

MOTEHIIUAJIOB C YaCTOTON 100 — 107 It U3 HUX MYTEM OAHO3HAKOBOTO OTTAJKMBaHMSA-OTOpOCa
3€pEeH-NOTEHLMAJIOB C MOMOILBI0 MATHUTHBIX MOHOMOJEW (POPMUPYIOTCS BHEILIHUE MOJIsA (TPaBU-
TAlIMOHHBIN, MEKTPUUECKUNA U MArHUTHBIN 3(pUp) ITOro Kiactepa, KOTOPblE B 3aBUCUMOCTH OT UX
CBOWCTB JaJIbHOJEUCTBUSI, CKOPOCTH JIBUKEHMUSI, IPOHUKAIOIIEN CIIOCOOHOCTH, BHIXOIAT HAPYKY €ro
BHEIITHEH TMOBEPXHOCTU (TpaBUTAIMsI W MPOSIBJICHHUE 3apsila MAcChl), HACHIIIAIOT 00BEM aTOMHOTO
s/1pa U KOHUEHTPUPYIOTCS Ha €r0 OBEPXHOCTH (TIPOSIBJICHUE 3apsiia JeKTPHYeCKHM NOTeHIU-
aJIOM Ha aTOMHOM S$IJIpe) WIM PaBHOMEPHO HACHIIIAIOT 00BEM ITOTO atoMa, ONpeeiss ero pamep
1 00bEM. [IposiBIIeHrEe MarHUTHBIX CBOWCTB CTAIIMOHAPHBIX MArHUTOB BO3MOKHO JIMIIIb TTOCIIE TOJIS-
pU3aly HEKOTOPHIX BellecTB ((peppoMarHeTUKM) MyTEM PErHCTpalli MPUTSKEHUS WK OTTAJIKU-
BaHUS$l ABUKEHUSI MATHUTHOTO TIOTOKA 3€PEH B CTAIIMIOHAPHBIX MarHUTaX — MarHUTHBIN TOK 10 JIug-
CKQJIHUHY.

3apsAn  MEKTPUYECKMM  TMOTEHUMAIOM  MPOU3BOAMTCS  MAarHUTHBIMM — MOHOIIOJISIMM,
HO C IByMSI IPOTUBOIIOJIOKHBIMU 3HAKAMU B COCTaBe JIEKTPOHOB M aTOMHBIX sifiep, 00pa3ysl BCTped-
HbIe TIOTOKH JIEKTPUUECKOTO 3prpa ¢ 00pa30oBaHUEM 30HBI X0JIOHOM JJIeKTPUIECcKOil He3mac-
COBOW IJIA3MBbI C IByM:I TPOTUBOMOJIOKHBIMU 3HAKAMU, KOTOPbII HE UMEET TAKOTO aTbHOIEHCTBUS
Y MPOHUKAIOIIEN CIOCOOHOCTH, KaK IPaBUTAIMOHHBIN (bUP BOKPYT KJAacTepa aTOMHO-MOJIEKYJISp-
HOT'O BeIIeCTBa, U OrpaHUYEH MpejienamMu atoMa. B atome anekTpudeckuii 3pup B3aMMHO aHHUTHITH-
pyeT, 00pa3ys (PMKCMPOBAHHOE TEOMETPUUYECKHU JIEKTPUIECKU HEUTPaJIbHOE IEHTPAJIbHOE MUKPO-
NMPOCTPAHCTBO aTOMa U3 LIEHTpa-sjpa U cpepudecku OOBEMHBIX CIOEB-000I0YEK U3 EKTPOHOB,

YAQIEHHBIX JPYT OT Apyra Ha (PMKCHPOBAHHOE PACCTOSIHUE 108 em. [Toaromy mocJieguui Bceraa
HaXOJIUTCS B aTOME B COCTOSIHMU AUCTAHIIMOHHOTO HACHIILIEHHS JABYX 3HAKOBBIM 3(DUPOM U IPOSIB-
JISIET €ro eKTPOHEUTPaIbHOCTh. OIHAKO NTPY CUJIBHOW MOJISIPU3ALlMK UM MOHU3ALMK aTOMOB KJla-
cTepa U3 KOHJEHCUPOBAHHOI'O BEIIECTBA 3BYKOM WJIY IEKTPUIECKUM HaPSKEHUEM (TEXHOJIOTUSIMU
. Kuma, H. Tecna, [I. XaruncoHa) MOXHO JTOOMTBhCSI YTEUKHU €ro MEKTPUUECKUX IMOJIeH MO 3HAKy
3aps/a NOTeHIMaIa U3 3€PEH-3JIEKTPOIIOTEHIIMAJIOB ITPOM3BEAEHHOIO 3(prpa yepes AbIPKY BO BHEUI-

6 IHanpun A. A. CtpykTtypa Mupo3aanus BeeneHHoit. Tom 1. Mzpanusa RIDERO, 2020 rog. 440 crp.
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A. A. llagpuH. «XO0JMOAHOE MEKTPUUECTBO. DIEKTPUISCKUNA IPpup»

Hell 000JI0UKe M TIOCIICAYIOIIEro ero yaajieHusl U3 MUKPOIMPOCTPAHCTB aTOMOB, UTO IMPOSIBIISIETCS
B YMEHbIIIEHNH 00bEMa 3aHUMAEMbIM TAKMM KJIACTEPOM. DTO HAIJISITHO JEMOHCTPUPYIOT 3(PEKTHI
JI. XaTurcoHa ¢ BepTHKAIBLHO CTOSAIIMM OpyckoMm MeTaiia (¢hoto 1), HaXoasmmmMcs B BLICOKOBOJIBT-
HOM 3JIEKTPOCTaTUYECKOM T0JI€, KOTOPBII MOCJIE BO3/IENCTBYSI HA HETO 3BYKa OMPe/IeIEHHON YaCTOThI
u CBY u3 Heckomnbkux TpancgopmaropoB H. Tecrnbl Ha m1a3ax cayBaeTcsi 0O BUHTOBOM, KaK CIlyBa-
eTcsl BO3AYILHBIN IIApUK.
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A. A. IMagpuH. «XO0JOOHOE NMEKTPUUYECTBO. DIEKTPUUECKUN IuUp»

'-ﬁ

®oro 1. DpdexT XaruricoHa ¢ METAVIMUECKMM OpPYCKOM MO[, JIEHCTBUEM INEPEeKPECTHBIX
T0JIEH — NEKTPOCTATUYECKUX, JEKTPOMATHUTHBIX M aKYyCTHUECKHX.

[Tosichum 310 siBJIeHUE TIPOCTHIM TTpuMepoM. MiMeeTcsi HEUTPOH AMAMETPOM 1013 em, koto-
pbIii I pacriazie 0Opas3yeT MEKTPOH, aHTHHEUTPUHO U MpoToH. [locneqHuil, mpucoenuHsst X0I0-

HBIl 3JIEKTPOH, 00pa3yeT Mpu HOPMaJIbHBIX YCJOBHMSAX aToM BOAOPOAA Pa3MEpOM Yke 1073 cm.
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A. A. HlagpuH. «X0J0JHOE MEKTPUUECTBO. DIEKTPUUECKUN IPUp»

D70 SIBIEHUE NEMOHCTPHUPYET yBelWYeHHWe oObEMa BellecTBa Ha OCHOBe Bomgopoaa B 10 15 pas.
OOparHoe sBJIEHWE — MOHM3ALMs JEKTPOHA C aToMa BOIOPOJaA, MOKa3bIBAaeT MPOLIECC CAyBaHMS
IEKTPUUECKOTO MUKPOIPOCTPAHCTBA XOJIOAHOW IIIa3Mbl aTOMa BOIOPOAA. YIAJIEHHBI KJIACTEP
MEKTPUYECKOro 3(prpa COCOOCH CO3/aBaTh 3apsil JMEKTPUUECKUM TOTEHIMAIOM, a €r0 yMeloe
WCIIONBb30BaHUE, HanpuMep, D. I'pan, co30a€T reHepaTop XOJOAHOIO JIEKTPUYECTBA C ITPOU3BOM-
CTBOM IIOJIE3HOU IEKTPOIHEPIUHU. [ONOTHUATENBHBIN 3apsL JNMEKTPAUUYECKOTO NOTEHIINAIA, TIONAHHBIN
Ha HEUTPAJIbHBIM KJIACTEP W3BHE KOHLEHTPUPYETCA TOJIBKO Ha ero nosepxHoctu (Papageit u npy-
rue). CrienoBartesbHO — 9TO KJIacTep aBTOHOMHOM 3apsiKEHHOW MaTepuu-CyOCTaHIU, KOTOPO¥ CBOMA-
CTBEHHO NOJIBUKHOE NEPEMEILLIEHNE TIPY ONPEAETIEHHBIX YCIOBUSAX.

TakuM 00pa3oM KJacTepsl BELIECTBA 3apsKEHHbIE JOMOJHUTEIbHBIM BHELIHUM 3JIEKTpU-
YECKMM NOTEHLMAJIOM, CO3/IAal0T MCTOYHMK 3apsAja 3JEKTPUYECKOro HanpsbkeHMs (IOTeHLMaa),
KOTOPBI aKKyMYJIMPyeTCs TOJBKO Ha NMoBepxXHOCTU. OTcloga M XapakTepHas KapTUHA CUJIOBBIX
JIMHUAM MEX]ly ABYMS UCTOUYHUKAMH, JIJIs1 KOTOPBIX, B CIIy4ae JEKTPUUYECTBA CUJIOBBIE JIMHUY 3aKaH-
YMBAIOTCA HA NTOBEPXHOCTH 3apsa, a A MarHUTHBIX U IPaBUTALIMOHHBIX — HEIIPEPBIBHOCTD CUJIO-
BbIX JINHUM.

Tak Kak 4McI0 aTOMOB B 9TOM KJIacTepe (IIOCTaBIIMKA TAKOTO CMEIIAHHOTO 3(h1pa) OJUHAKOBO
IJIS 9TAX ITPOLIECCOB, TO IO MACCE KJIACTEPA MOXHO CYOMTb U O KOJIMYECTBEHHOM XapaKTEPUCTUKE
00BEMa MPOM3BEAEHHOTO ek Tprueckoro (Papanei, SKCIIEpUMEHTHI 1O IEKTPOIN3Y ) U MATHUTHOTO
a¢pupa. Ecin knacrep nmpeBOCXOIUT BEIMUYMHY IJIAHKOBCKOM MAcChl, TO MOSIBJISIETCS] BO3MOKHOCTD
MOJISIPA30BATh BHELLIHUM I10JIEM aTOMBbI KJIACTEPA U3BECTHBIMU MPUEMAMHU, A TAKXKE Pa3AEIUTh JIEK-
TPUUYECKUI 1 MArHUTHBIH 3¢pup 1o nomocam. OTHO3HAKOBBIH NEKTPUIECKHI 3(Up 0Opa3yeT cTaru-
OHAPHO-HETIOBMKHbIE 00JIaKa-00BEMBI 3apsI0B MEKTPHUECKOTO HAMPSIKEHUST — KPYeao0zo 2a30ono-
000H020 2neKmpuueckoeo sgpupa Tecaa uau céemoswvie 8CnbIUKU-00NAKO MOAHUU . BO3MOXKHA Takke
MOJIAPU3ALMA IByX IPOTUBOMOJIOKHBIX 3apAA0B JIEKTPUUYECKOTO MOTEHIMAIA U3 IEKTPUUECKUX
3€pEH-MIOTEHIMAJIOB, KOHLIEHTPUPYIOIMXCS HA €70 JUAMETPAJIBHO PACTIOIOKEHHBIX IOBEPXHOCTSX —
M. dapapnen.

Nrtak mmeeM YCTOMYMBYIO 3JIEKTPUYECKYI0 (POpMY KIACTEPA KpY2a1020 SAeKMPUHeCcKo2o
s¢bupa — 3apsA] MEKTPUUYECKUM MOTEHLMAIOM M3 KOJIJIEKTHUBA 3E€PEH-NOTEHLMAIOB OJHOIO 3HAKA.
ITpu BcéM 3TOM CcrieiyeT OTIIMYaTh MOJIeBYIO (POPMY 3aps1I0B SHEPIUH (BUXPEBbIE MATHUTHBIN U I'pa-
BUTALIMOHHBIN MOHOIONK) OT KOPIYCKYJUPOBAHHON (3JEKTPOH, HEUTPOH, MPOTOH U T.A.) U UX
B3aMIMOOOpATUMble KBAaHTOBBIE NEPEXOIbl B ONMpPEIETIEHHBIX MMOPOTOBBIX YCIOBHUSIX. AHHUTHIISALIMN
KOPITYCKYJIMPOBAaHHOW MaTE€pHUU, HAUMHAS YXKE C AEUTEPUs], HE IIPOUCXOIUT — UIYT AJEPHO-MOHHbIE
peakiuy ¢ poXkJIeHUueM OoJiee TSIKENBIX 37ieMeHToB, Hanpumep, LENR.

Js 3TIX xe popM MaTepuu IO CUX MOP OCTAETCA TAMHOM ONpenesieHne (PU3NYECKOTO CMBICTIA
MEKTPUYECKOr0 TOKA (OOBIYHOTO M XOJIOJHOTO) U 3ByKa C TOUKM 3PEHUS MIPUPOBI MEXaHU3MA €T0
camOZIBUKeHHUs, Tak Kak emeé M. Papanerr u H. Tecna KOHCTaTMPOBAIM, UYTO «3/1€KMPUUECKUIL
3¢hup» NacCcUBEH OTHOCUTENILHO IBMXKEHUS U 17151 TOTO, YTOObI TAKOE «001aK0>» 3aCTABUTh IBUTAThCS
HEO0OXO0IMMO MPUJIOKUTH MEKTPUUECKYIO PA3HOCTb MOTEHMAJIOB — IEKTPHUUECKOE HAIPsKEHUE WITH
MEKTpUYecKoe aBieHue. Y 3To sKCriepuMEeHTAIbHO MOATBEPKICHO, YTO TOK M 3BYK OOYCIIOBJICHBI
IIPUHYIUTEIBHBIM JIBUKEHUEM-IABJIEHUEM T10]] JEUCTBUEM PAa3HOCTH IOTEHIMATIOB (IEKTPUUYECKUX
Y MEXaHWYECKUX ) BOTHOBOAOB JIs1 JIEKTPOHOB ¥ HEUTPAJIbHBIX aTOMOB — 3JIEKTPUUECKOI0 HAITPSIKE-
HUS M MEXAaHWYECKOTO JIaBJIeHUS (Pa3HOCTh IPaBUTALIMOHHBIX ITOTEHIIAAIOB) COOTBETCTBEHHO. [Ipu-
YEM CBOMCTBA TOKA U 3ByKa CHJILHO 3aBUCAT OT ITapaMETPOB BO3/IEMCTBUSA HA BEILIECTBO NMOCTOSHHBIX
Y IEPEMEHHBIX 3HAYEHUH IEKTPUUYECKOTO HANPSKEHUSA M MEXAaHUYECKOTO JaBJIEHU, T.€. CKOPOCTH
V3MEHEHU S JIEKTPUUYECKOTO M MEXaHUYECKOTO IOTEHLIMAIIA, YTO ITPUBOIUT K POXKIECHUIO MOHOIIOJIEH,
MYJILCUPYIOLMX C Pa3JInYHON YaCTOTOM.

DNEKTPUUYECKOE T10JI€ BHYTPUA M BOKPYT KJIacTepa B LIEJIOM 3JIEKTPOHEUTPAIILHO U HEBUIAMMO
B 9TOM e CUCTEME U3MEPEHUIA, YTO MO3BOJISET OTAEIBHBIM KJIacTepaM OObeJUHSATCS B OONbIINE KJIa-
cTepbl — Orarogapsi YeMy ¥ BOBMOKEH MEXaHM3M OOBbEAMHEHHsI aTOMHO-MOJIEKYJISIPHOTO BEIIeCTBa
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A. A. HlagpuH. «X0J0JHOE MEKTPUUECTBO. DIEKTPUUECKUN IPUp»

B TBEPIOE M KUIKOE TEJI0. DIEKTPUUECKOE MOJIE NEKTPOHEUTPAJIBHO U 3a MpeJeaMy aToMa. ATOM-
HOE sIJPO MPOSIBIISET AMEKTPUUECKUIA MOTEHIUAI C TIOJIOXKUTETbHBIM 3HAKOM U U3JTyJaeT BOKPYT ceOst
MEKTPUIECKUI 3(pUp (eKTpUUeCcKre 3€pHA-MIOTEHIIUAIBI C TIOJOKUTENILHBIM 3HaKOM). briaronaps
TaKOM CTaOWJIBHO CYIIECTBYIOIIEH YacTHIIE, KaK MEKTPOH C €ro XapaKTePHBIM BUXPEBBIM Pa3MEpOM
(Ha TpU JECATHUYHBIX MOPS/IKA) rOpa3ao OONBIIMM pa3Mepa aTOMHOTO sijipa, 00pa3yloTCcsi aTOMHBIE
00O0JIOYKH U3 TIEKTPOHOB, M3ITYUAIOLIHE NEKTPUIECKHIA 3(PUP C MPOTUBOMOJIOKHBIM 3HAKOM U KOM-
MIEHCUPYIOIIIME Ha HOJIb U3JTy4YeHHe 3apsja sapa atoma. [Ipu cubHOM nosisipu3aliii aToMOB, Hallpy-
Mep, BBICOKMM HarmpsikeHueM B TpaHcgopmatope H. Tecna, Bo3aMoXkHO pasaesnieHre 0OJakoB ABYX
3HAKOBOTO JIEKTPUUYECKOT0 3(PUPa C POKAECHUEM «2A30N0000H020 C8emsuLe20cst 0en020 0ONaAKaA» NN
«0eno20 naameny» OJHOTO 3HaKa B BUJIE COOTBETCTBYIOUINX SMAHAUULL.

WTorom BBIIIEN3II0KEHHOTO SBJISIETCS HOBAsi CUCTEMA MO3HAHUS 3aKOHOB MPHPOJBI, KOTO-
PYIO MOKHO U3JIOKHTH CIIEAYIOIIMM 00pPa30M C OTAEIbHBIM BbIEJIEHHEM B HUX 3aKOHOB 3JIEKTPH-
YeCKOro JBUKEHUsI, KaK TEMbl 3TOW KHUTH.

[Tyt no3HaHUSI 3aKOHOB NPHPOAbI HAUUHAETCS C OIPEAEIeHUI 3aKOHOB HEPruM, 3aKOHOB
JBHZKEHHSI ¥ 3aKOHOB (DM3MUYECKHX MOJIell, KOTOpble B3aMMOOOPATUMO CBSI3aHBI MEXKILy COOO.
JIOCTOBEPHO YCTaHOBJIEHBI CJIEIYIOLINE 3aKOHBDI.

3aKOHbI SHEPIUK:

— 1. 3aKoHBI pOXKJIEHUST SHEPTUH,

— 2. 3aKOHBI KBAHTOBOW Nepe3apsiIKK 3HAKA SHEPT YU JJ151 CUCTEM C HYJIEBBIM CIIMHOM U CIIMHOM
paBHBIM 1,

— 3. 3aKoHbI B3aMMHBIX NIEPEXOI0B SHEPIUHU JJIsI CUCTEM C MOTYLEIIBIM CITUHOM,

— 4. 3aKOHbl YHUUTOXKEHUS SHEPTUH,

— 5. 3akoHbI TPOM3BOJCTBA SHEPIUH,

— 6. 3aKOH COXpaHEHUs1 SHEPTUU B 3aMKHYTBIX CUCTEMaX,

— 7. 3aKoHBI KBAaHTOBOM KOHJEHCALIMM SHEPIMU IMpPU MPEOJOJIEHUM CBETOBBIX U 3BYKOBBIX
6apbepoB,

— 8. 3aKoH MpeBpalieHUid SHEPruK MPU HEOThEMJIEMON B3aUMOCBSI3U TPHUAbl MOHOIOJIEN
B BUXPOHaX,

— 9. 3akoHbl MHTErpaluu M JAE3UHTErpalii CTPYKTYPHUPOBAHHON MaTepuu SHEpPruen Kak
3aKOHbI U3MEHEHUS] MaTepUH,

— 10. 3aKkoHBbI IeIICTBUS SHEPTUH, €€ MEXAHU3MBI U1 UHCTPYMEHTHI.

N npyrue.

3aKoHbI (PUBNYECKUX TTOJIEH:

— 1. 3akoHbl poxkjieHus1 (PUBUUYECKUX MOJIEH,

— 2. 3aKOHBI POXKJEHUS TPOCTPAHCTB-TIOJIEN OT BUXPEBBIX UCTOUHUKOB,

— 3. 3aKoHBI POXKIEHUS TPOCTPAHCTB-TIOJIEN OT CTAlIMOHAPHBIX UCTOYHUKOB,

— 4. 3aKkoHbl B3aUMOJEUCTBUS (PUBNUYECKUX TTOJIEH.

N npyrue.

3aKOHbI JBUKEHUS:

— 1. 3aKkoH GE3bIHEPIIMIOHHOTO JBIKEHHS,

— 2. 3aKOHBI MTHEPIIMOHHOTO JIBUKEHUS,

— 3. 3aKoHBI BpAIIaTeJIbHOTO JIBUXKEHUSI,

— 4. 3aK0HBI JIEKTPUYECKOTr0 JBUKEHUS,

— 5. 3aKOHBI MATHUTHOTO JABUKEHHUS,

— 6. 3aKOHBI TEIJIOBOTO M 3BYKOBOI'O IBMKEHHUSI, yAapHasl BOJIHA, TOPHAJIO,

— 7. 3akoHBI IepeHOCa KBAHTOBOI'O COCTOSIHUSI KJIaCTEPa BEILIECTBA 3BYKOM,

— 8. 3akoHbl qBUKEHUSA-pocTa (hIophl U (payHbl, (POTOCUHTES, JEJIEHUE KJIETOK.

N npyrue.
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I'naBa 1. UcToOYHHUKM 3JIeKTPpUYECTBA

1.1 Atom

Mexay atomoM, ornpejeieHHbIM HplOTOHOM, M1 aTOMOM COBPEMEHHOM (PU3HMKH CyIECTBYET
r1yOOKOe pa3nyue, HouTH MpoTuBopeure. [1epBoiil ObUT ASHCTBUTENIBHO IEMEHTAPHBIM, T.€. « Hede-
AUMbLE». DTO MeJbyaiias 1eMEeHTapHasl YacTHUlla, KOTOPYIO HeNb3s AeNuTh Jasblue. s coBpe-
MEHHOM (PU3MKU aTOM — 3TO LIEJIblii MUP, BECbMa CJIOKHBIN [0 CBOEMY CTPOEHUIO, IIPHUYEM IPOLIECC
OTKPbITUSI COCTABHBIX €r0 4YacTell M HAaXOXJEHUs WM BbISBJICHUsI €0 BHYTPEHHHMX 3aKOHOB €llle
JaJIEKO HE OKOHYEH.

AToOM — 3T0 epBoOe, MOCIIE NEMEHTAPHBIX YaCTUL M aTOMHBIX s1JIep, COCTABHOE M APXUTEKTYPHO
000JI0ueYHOe COeMHEHNE, CO3JaHHOE TPUPOIO MO M3BECTHHIM 3aKOHAM 3JIEKTPOCTATUKU U Mar-
HUTHBIX MOHOMNOJIEN. DTO MPOU3BE/IeHNE PUPOJIBI CEAYET OTHECTH K MEPBBIM MPOAYKTaM CaMOop-
raHU3alUK BEIIECTBEHHBIX CTPYKTYp — (hOopMa MHTErpauust MaTtepuu B COCTOSHUM IMoKosi. Camble
NiepBble POAYKTHI — 3TO aTOMbl BOAOPO/A U IeNusl, pecTaBIeHHble Ha (oTo la.

-
* *
i’ - ﬁ‘
-
-
i
* .
- -
- -
[ -
" &
- -
* ®
- -
- : == =. '. .: : :.
® * % e T o,
- - . -
WY IR
®

®doro 1a. Cxema AJICKTPUYICCKUX T1oJIEl aTOMOB BOAOpPOIAa U rejinsd B MrHOBEHHOM COCTOSTHUN
HYJ'ILC&I_II/Iﬁ BCEX UX MarHUTHBIX MOHOIOJIEH.

B cuny cTpykTyp BHelIHeil 000lI0YKM MPOTOHA M NEKTPOHA, 0OPA30BABIIMICS C MOMOIIBIO
XOJIOJHOM 06e3MaccoBOMl IJ1a3Mbl aTOM BOJIOPOJA UMEET aCUMMETPUYHOE BHEIIHEE IEeKTPHUECKOe
1osie, KOTOpoe He MOJHOCTbI0 CKOMIIEHCHPOBAHO I0JIEM 3JIEKTPOHA. DTO OOYCIOBJIEHO TEM, UTO
yacToTa sijiepHbIX MoHoroneil ['9MM Ha Tpu JecATUYHBIX MOPs/IKA BbIILIE IEKTPOHHBIX U COOTBET-
CTBEHHO IUIOTHOCTb MOJIOKUTEIbHBIX JIEKTPUUECKUX 3E€PEH-TIOTEHIMAIOB OOJIbIIIE.

[TosTomy BozmOpoO[ 3aHMMaeT 0codoe MoJIoKeH!e B nepuoandeckoit cucreme. Ero nomernaor
Kak B | Tak 1 7 rpymnre nepuoanyeckoi cucreMbl. CXOICTBO CO IIEIOYHBIMU METaJIAMH MPOSIBIIS-
ercst B 00pa30BaHUM MOJIOKUTENBHO 3apsikeHHOro noHa (H+) 1 B BbIpaskeHHBIX BOCCTAHOBHUTEIbHBIX
CBOICTBAX, HU3KOM CPOJCTBE K JIEKTPOHY U HU3KOM 3eKTpooTpuriaTebHocTH. C rajioreHaMu 00b-
equHsieT: oOpazoBaHue ruapuI-uoHa (Na HalmoMUHAIOIEro aHMOHBI rajjoreHoB (K+); Kak rajoreHsl,
BOJOPOJ, — ra3, MOJIEKYJIa €ro ABYXaTOMHA; aTOMBbI ['aJIOTEHOB JIETKO 3aMEIlaoT BOAOPOJ B OPraHu-
YECKUX COeJUHEHUSX. YHUKaJIbHONU OCOOEHHOCTBIO BOIOPO/A SIBJIsIETC 0Opa30oBaHUE BOJOPOJHBIX
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cBsizell. TunuyHble cTeneHn OKUCISHUS BOIOPO/ia B coeAuHeHusX — +1 u -1. B MonekynsipHom Boj1o-
pore — 0. B peakiusix oH MposiBJsSieT CBOMCTBA OKUCTUTENS.

Ecnu co3nath MCKYCCTBEHHO TEXHUYECKH B KOHJICHCHPOBAHHBIX Cpejax-Tejlax CMellleHre Hell-
TPAJBHOCTH aTOMa B CTOPOHY POKJICHWS JBIPKU-JIA3eHKU B SJIEKTPOHHBIX 00O0JIOYKAX ISl BBIXO/A
KJIacTepa HECKOMITEHCMPOBAHHOTO XOJIOMHOM 0€3MaccOBOH IJ1a3MOM MOJIOKUTEIBHOTO TOJIST aTOM-

HOTO fiipa, TO BEUHbIE MATHUTHBIE MOHOIIOJU C YacTOTOU 10% Iy OyIlyT HENpEepbIBHO KayaTb-11poO-
M3BOJIUTH KJIACTEPHI 3EPEH-TIOTEHIMAIOB, KOTOPBIE MOXKHO Oy/IeT 3aXBaThlBaTh U MPEOOPa30OBHIBATH
B XOJIOAHOE JIEKTPUYECTBO UIsI TPOU3BOJCTBA EKTPOIHEPIHH, KaK ITO YK€ ObLIO MCIOIb30BaHO
B ycrpouctBax H. Tecna, 9. I'pes, T. Mopes, C. ®noliga u Apyrux. ITOT ke MEXaHU3M OTBETCTBE-
HEH 32 MHOTOUYMCIICHHbIE KOHTAKTHbIE SIBJICHUS Ha TPaHULIE AUNIIEKTPUKOB, METAJLIOB, IPOBOJHUKOB
Y TIOJYTIIPOBOJHUKOB U POXJEHUE ABOMHOIO JIEKTPUYECKOrO CJI0s, B TOM YHMCJIE M B HOHUCTOPAX.

ATOM COCTOHT M3 aTOMHOTO 5i/ipa ¥ 000JI04YeK U3 NeKTpoHoB. Ha ¢oto 2 nokaszana obosnouey-
Hasi U3 BOJIHOBOJIOB CTPYKTYpa siipa. B cuily CTpyKTyp BHEIIHel 0O0JI0YKM MPOTOHA U JIEKTPOHA,
00pa30BaBIIMIICS ¢ TOMOIIBIO XOJIOJHOM TIa3Mbl aTOM BOJOPO/Ia UMEET aCHMMETPHYHOE BHEIITHEe
EKTPUIECKOE 110JI€, KOTOPOE HE MOTHOCTBI0 CKOMIIEHCUPOBAHO MOJIEM 3JIeKTpoHa. OTcoza clie yIoT
Y €r0 OPUTMHAJIbHBIE CBOMCTBA, KaK Ha JIEPHOM yPOBHE B (popMe AeHTPOHA-TPUTOHA, TAK U HA MOJIe-
KYJISIPHOM.

®oto 2. ObonoveyHast CTpyKTypa sapa

Harnpumep, mosnekysa Bogopozaa, cocrosuias U3 IByX aTOMOB OY€Hb YCTOMUMBA U MOXKET pac-
MAaCThCS TOJBKO MPHU OYEeHb BBICOKMX Temrieparypax — ot 2000 go 5000° C. Nmerotcst 1 jBa cocTos-
HUS1 MOJIEKYJIBI BOAOPO/A, B 3aBUCMOCTH OT B3aUMHOIM OPUEHTALMU SAEPHBIX CIIMHOB — OPTOBOJIO-
pon u napasogopos. C apyroil CTOpOHbI, UMEETCS aTOM Telus, AJpOM KOTOPOU CIIyKUT U3BECTHAs
B siiepHOI (pu3KKe abda-yacTuia. BHenHee 1osie HaCTOIbKO CUMMETPUYHO U IUIOTHO SKPaHUPO-
BAHO CTPYKTYpaMH JABYX 3JICKTPOHOB, YTO 9TOT aTOM ITPOABJIACT 4yACCa MHEPTHOCTU B XUMUYCCKUX
(NEKTPUYECKUX ) B3aUMOJENCTBUSAX — OH MOJHOCTBIO IACCUBEH. DTU CBOUCTBA JIEKTPOHOB — CO3/a-
BaTb [OJIHBIN SKPaH U3 NOJIEH 2JIEKTPOHOB BOKPYT MOJIOKUTEIBHOTO MOJIS SAPA /151 KOMIIEHCALIMU €T0

! JIedTpoH, TPUTOH UMEIOT CTPYKTYPY ITPOTOHA, HO MX 0OOJIOUKH YBEJIMYEHBI COOTBETCTBEHHO SHEPIeTUUECKH C YaCTOTOH 110 (hop-
myJe [lnanka.
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1ol (HEBUIMMOCTDb) B TPETHEM BHEILIHEM IIOJIE, KAK TBOPEHHE MPUPO/BI, CIIELUAIBHO ITPUBEJECHBI
3[1eCh JJIs BOBMOKHOCTY aHAJIM3a B MOCJIENYIOIMX pa3/ieiaX pyKOTBOPHOI'O IOCTPOEHUS aHaJIOrny-
HBIX CTPYKTYp KOMITEHCAIIMH 3apsiia Macchl (0e3 pa3pyleHus e€ CTPyKTypbl U MHEPTHOCTH JIBUXKe-
HU$1) KJIACTEPOB aHTUT PABUTAIIMIOHHBIM 3aPSIIOM ISl OPraHU3alMK TEXHIUECKOTO O3bIHEPIIMOHHOTO
U «HEBUJIMMOI'0» IBUKEHUS B TPETHEM IIOJIE.

Heiitpons! 1 npyrue HelTpasibHbIE siipa HA ONMpPEJEJEHHBIX PABUTALIMOHHBIX MOSICAX HA4YM-
HAIOT pacmnaj, IBMXKEHHE W TMOCIEAYIONIYI0 CTaOMIN3aIlIio BOIM3U TBEPAOW MOBEPXHOCTH 3EMJIH.
B pesynbrate 00pa3yloTcs OCTATOYHO CTAOMIIbHBIE TOJIOKHUTENBHBIE S/Ipa U CTAOMIbHBIE OTpHIIA-
TeJIbHbIE MEeKTPOHbL. CTaOMIBHOCTD TE€X U IPYTHX YKe JOCTATOYHA JUIsl OXJIAKASHUS U PEeKOMOMHA-
[IUM JPYT C APYTOM, C 00pa30BaHMEM JJOJITOBPEMEHHBIX CTPYKTYP aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA.
ATOMBI XMMMUYECKUX IEMEHTOB — 3TO CUHTE3MPOBAHHBIE COCTABHBIE TUCKPETHBIE MUKPOIIPOCTPAH-
CTBa-TIONIsI, 0OpPa30BaHHBIE U3 JBYX EKTPOCTATUYECKU MPOTHBOMOIOKHO 3apsKEHHBIX U KOHIICH-

TPUYECKU PACTIOJIOKEHHBIX C(EPUUYECKUX YacTeld ¢ pa3MepaMu LEHTpalbHOM Yactu ~ saapa 107

13 i Heckombkix JIEKTPOHOB € XaPAKTEPUCTUUECKUM Pa3MEPOM 10719 em, BromsiIIX B cocTas ce-

pPUYECKMX 00O0JIOUeK, HAXOIAIIMXCSA B CJI0€ C(hepUIecKoro CJosi MHUKpPOIPOCTPAHCTBA aToMa pas-

MEpOM-/IMaMETPOM  ~ 10—° em. JpyrumMu cioBamMM, M3 JIByX CBOOOIHBIX YACTHL C YKa3aHHbIMU
pa3Mepamu, ABMXKYIIMXCS HABCTpPedy APYr K APYry C pa3sHbIMH, HO OIpPE/EIeHHBIMU CKOPOCTSIMM,
oOpasyeTcs IyTEM 3axBaTa U CJIMSHUS CBSI3aHHAs YaCTHIIA-aTOM, C pa3MepoM chepbl CBOET0 MUKPO-
MIPOCTPAHCTBA, COBMAAONIEH C COOTBETCTBYIOIIMMH pa3MepaMy 3aMKHYTBIX JeOpPOMJIEBCKUX JJTMH

BOJTH YKa3aHHBIX YacTull. [IpudeM no ycTolIrBOCTH aTOMBI cradee saep 6omnee yem 10 7 pas.

CTpyKTypa 3TOro HOBOro MUKPOITPOCTPAHCTBA, TIOKATYH, camasi CJIOKHAS U3 BCEX U3BECTHBIX.
Hanpumep, n3BectHO, UTO Ka) bl 37eKTPOHHBIN ciioit atoma u3 K, L, M, N u T.1., HauuHaeTtcs ¢ S-
0005109kH (hoTO 3), HAa KOTOPOU yAEPKHUBAIOTCS TOJIBKO He OoJiee IBYX JEKTPOHOB U TO C MPOTHUBO-
TMOJIOKHBIMH CITUHAMM.

®oto 3. ATOM U ero BHEIIHsIsI 000I0YKA U3 HECKOJIbKHUX QJICKTPOHOB
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Kaxnas nociemymomast 060JI09Ka TOro MM HHOTO CJIOSI IMeeT BIOJIHE OIpee/IeHHOe MaKCH-
MaJIbHO BO3MOKHOE 3HaYeHUe YHCIIa JIEKTPOHOB, pa3MeIeHHBIX Ha Hel. Tak, HarmpuMmep, y aToma
amomunus (Z = 13) B coe K umeercs b omHa 000I0uka S ¢ 1ByMsI SJIeKTpoHamH, B ciioe L —
nBe, S u P o6omouka ¢ 2 1 6-10 3IeKTpOHaMU COOTBETCTBEHHO, a B cJioe M — 2 3eKTpoHa Ha S-000-
JIOUKE ¥ OJIUH JIEKTPOH Ha P-000m0ouke. Y aToMOB ¢ OOJIBITNM OPSIIKOBHIM HOMEPOM BEPXHHUE CIIOU
umeoT D 1 F 000/10uk#, Ha KOTOPBIX MOKET OBITh pa3MeIleHO OT JIeCATH 1 OoJiee 37eKTpoHOB. Takas
CTPYKTYpa aTOMHOTO MUKPOITPOCTPAHCTBA HOCUT SIPKO BBIPAKEHHBIN STYCUCTO-C(PepUIecKuil Xapak-
Tep C IEHTPOM B BH/IE MMOJIOKUTEIHHO 3apSKEHHOTO spa, OKPYKEHHOTO BOTHOBOAAMH JIEKTPOHOB,
321(1)I/IKCI/IpOBaHHI)IMI/I B OIIPEOCJICHHBIX CJIOAX W CIIEHHUAJIbHBIM o6pa30M YJIOXCHHBIX Ha IMOBEPXHO-
ctu obonovek. Takoe pa3MelieHre IeKTPOHOB OOYCIIOBJICHO MUCKIIOUUTEILHO MOTYIEIBIM CITMHOM
JIEKTPOHOB Y THOKMUM U3MEHHUBIIIMMCSI €0 BOTHOBOJIOM, KaK «CIIPYTOM» OXBATUBIIUM YacCTb C(pepbl
JAUAMETPOM C JIeOpOIIEBCKON JUTMHOM BOJIHBI 9TOTO CBSI3aHHOTO eKTpoHa. CTPYKTypa BHYTPEHHUX
JIEKTPUYECKUX T0JIel aToma IMpejicTaBiieHa Ha (oto 4.

®doto 4. Cxema BHYTPCHHUX SJICKTPUYCCKUX ToJIER aToma C 06pa3OBaHI/ICM 30HBbI XOHOHHOﬁ
I1J1a3MBI.

VY Bomopona Ha Takoil cdepe pasMelEH TOJbKO OAMH MEKTPOH. Y Trefus [Ba JEKTPOHA
pa3MellieHsl Ha 3Tol cepe TakuM oOpa3oM, YTOOBI LEHTpaIbHOE MOJe MEKTPUUECKOro 3apsaa
A7pa «BUAEN0» MAKCUMAJIbHYIO [IOBEPXHOCTh BOJTHOBOJIOB 3THX JIEKTPOHOB HE TOJIBKO OJVKaiIIei
MOBEPXHOCTH, HO M MOCJIENYIOIIMX [0 Mepe BO3pacTaHus paauyca. B J1aHHOM ciiydae 3TO JOCTH-
raercsi JUaMeTpajbHO MPOTUBOMNOJIOKHBIM pacronoxeHueM. Korpa sapo obnasaer Oosee 3Hauu-
TEJIbHBIM 3apsA0M JIEKTPUUYECKOro MOTEeHIMaIa, TO Ha 000JI0UKe OOJIBILIETO AMaMeTpa MOsBIseTCs
OoJbI1Ie CBOOOIHOIN MOBEPXHOCTH /1JIs1 pa3MellieHH s OOJIBIIEro KOJIMYeCcTBa EKTPOHOB. Tak, Harpu-
Mep, y aJIOMMHUSI Ha BTOPOM CJIO€, BO BTOPOW p-000JI0UYKe MOXKET Ha IMOBEPXHOCTU c(pephbl pazMme-
CTUTCS yKe 6 3JIeKTPOHOB. DTH 3JEKTPOHbI PABHOMEPHO MEPEKPHIBAIOT CBOMMH BOJIHOBOJAMH BCIO
MOBEPXHOCTb 3TOi 000104KkH. [103TOMY Ha MOBEPXHOCTH 000JIOYEK OOJIBIIEro JUaMeTpa UX YHUCIO
pe3ko Bo3pacrtaeT. Takasi CTpyKTypa aTOMOB BO3MOKHA JIMIIb B IOCTATOYHO CBOOOJHOM ITPOCTPaH-
CTBOM, KaKoe MMeeTCsl Ha MOBEPXHOCTHU IUIAHET U 3BE3[], HO TaKasi CTPYKTYpa peajbHO HEBO3MOKHA
B IUTyOMHE HWKHEH MaHTUu 3emuly, rie Onarogapsi O4eHb BHICOKOMY JIaBJIEHUIO OTCYTCTBYET JOCTa-
TOYHO CBOOOJIHOE MPOCTPAHCTBO /JIs1 00pa30BaHUs Nepexoa HEUTpoHa ¢ 00BEMOM COOTBETCTBYIO-

UM pa3Mepy 1075 cM B 06bEM atoma BOZIOpPOZA C pa3MepoM pajanyca 1073 cM, HO BO3MOKHO
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oOpa30oBaHKe MIO-aTOMOB (ME30aTOMOB) BOIOPO/IA, SHEPrHsl KOTOPBIX MOJKET JIUIIb MTPE/ICTABIISAThCS
HE TeMIIepaTypoil BpalareIbHO-KoIeOaTeIbHbIX COCTOSIHUM, a TOJIBKO BpAIllEHUEM.

PaccmoTpeHHasi cTpyKTypa pa3MelieHHsl 3JIEKTPOHOB B COOTBETCTBYIOHINX 00O0JIOUKaX MOIHO-
CTBIO MCKJTIOUAET BCSIKOE OPOMTAIBHOE ABMKEHUE IEKTPOHOB B MTPOCTPAHCTBE BOKPYT siapa. Opou-
TaJIbHOE ABUKEHUE NIEKTPOHOB, KaK U JBIKEHHE IEKTPOHA M3 BO30YKAEHHOTO COCTOSIHUSI B OCHOB-
HOE COCTOSIHME aToMa JOJKHO MPUBOJUTH K M3JIyUEHUIO JIeOpOMIEBCKUX BOJH, YTO HAOMOZAETCS
Ha MPaKTHUKE BHICBEYMBAHUEM ONTHUYECKUX (DOTOHOB, HO HE HAOJIOAETCS /151 aTOMOB, HAXOSIIIIUXCS
B OCHOBHOM COCTOSIHUM.

3anuce, OTpaxarolas pacnpeieseHue JMEKTPOHOB B aTOME XMMHMUECKOTO 3JIEMEHTa I10 SHEp-
reTUYECKUM YPOBHSIM (CJIOSIM) Y TIOAYPOBHSIM (000JIOUKaM), Ha3bIBAETCs NIEKTPOHHOM KOH(pUrypa-
L1el 3TOro aroMa. Tak, HarpuMep, BbILIE PACCMOTPEHHAsI KOH(DUTYypaLs aToMa aJIOMUHUS MOKET

OBITb IIPE/ICTABIIEHA, KAK 1s%2s° 2p6 3 3p.

B ocHOBHOM (HEBO30Y:K/IEHHOM) COCTOSIHUM aTOMa BCE MIEKTPOHBI YIOBJIETBOPSIIOT IIPUHIIUITY
MUHUMYyMa ITOTEHIIAAIBHON SHEPIUU. DTO 3HAUMUT, YTO CHAYAJIA 3AIOJHAIOTCSA CJIOU, UIs1 KOTOPBIX:

— IJIABHOE KBAaHTOBOE YHCJIO «N» MUHUMAJIBHO,

— BHYTPH OJIHOT'O CJIOSI CHayaJIa 3arojHseTcs s- 000JI04UKa, 3aTeM p- ¥ JUIb 3ateM d U T. 1.,

— 3aroJIHEHHe MTPOUCXOIUT TaK, YTOOBI (n + 1) OBUI0 MUHMMAITBHO,

— B IpeJenax OfHON OOOJOYKH MIEKTPOHBI PACIIONAraloTcsl TaKMM 00pa3oM, YTOOBI paBHO-
MEpPHO CBOMMM BOJIHOBOJIAMM ITOKPBITh BCIO MOBEPXHOCTb 3TO OOOJIOUKM HE COMPHUKACASACH JPYT
C IpyToM,

— 3aM0JIHEHNE IEKTPOHHBIX aTOMHBIX 000JI0UEK BBIMOIHAETCS B COOTBETCTBUM C PUHLIUIIOM
[Taymm.

ATOMHBIE MUKPOIIPOCTPAHCTBA MPOABIIAIOT BECbMa XapaKTepHble cBoMcTBa. Harpumep, atom
BOZIOPO/IA CIIOCOOEH TMOTTIONIATh MITH U3ITy4aTh BIOJIHE ONpe/eeHHbIe cCepul (POTOHOB. DTO TaK Ha3bl-
BaeMble XxapakTepuctuueckue cepun bamsmepa, [lamena, Jlanmana u 1. 1. [Ipu nomtomenun ¢oro-
HOB M3 3TOI Cepuy, JMEKTPOH MepexoauT u3 1S cocrosiHus B apyrue, 6osee BHICOKOBO30YKICHHbIE
cocrostaus — 2P wim 3S u T. 1. Y atoma resmst BO3MOXKHOCTEH errie OOoJbIle — Y Hero J1Ba JIeKTPOHa

1S%. Ecm BO30YXk/JIeH TOJBKO OfIH 31eKTpoH — 1S 2S wim 1S3P u 1.1., a eciu oba — 2S% wm 2P3S
U T. 1. YTO 310 3HAUUT? DTO 3HAYMT, YTO MPU MOIIOUIEHUN SHEPIUU IEKTPOH NEPEXOIUT B ITOTEH-
[IMAJIbHOM TIOJIe siipa Ha OoJiee Ja€Koe pacCTOsTHUE OT Her0, KOTOPhIe HAa3bIBAIOTCS PUAOSPrOBCKUMMU
COCTOSIHUSIMU aTOMOB.

I'naBublii Bompoc. [louemy mnpu peKOMOMHAIMM MPOTOHA C 3JEKTPOHOM, TOCTEAHUE
He [MaJaloT APYT Ha Ipyra, Kak IPOTUBOIIOIOKHEIE 3apAbl, 4 OCTAIOTCA B IIPOTUBOCTOAHUY IPYT APYTY

Ha PacCTOSHUU 103 em, ¢ 00pa30BaHUEM YCTOIUMBBIX ATOMOB?

Kak Ob110 yrKe moka3aHo Ha prMepe® HeHTpoHa, B IPOLIECcce ero pachaja, U3 Hero YHOCUTCS
sHeprus 1,29 MsB B (popme yacTuly (7IEKTPOHA U AaHTUHEUTPUHO) U KUHETUYECKON SHEPTUU, pac-
npefeeHHOW MeXAy HUMHU. DHEeprusi — 3T0 U MPOCTPAHCTBO-0apbep. DTa yHECEHHAs! SHEeprus
U SIBJISIETCS] TeM OapbepoM IPOTHBOCTOSHUSI, KOTOPBIHA 3JIEKTPOH Onarogapsi CBoeMy CTaOMIIBHOMY

CYILIECTBOBAaHMIO B BUje MyJbcauuil cpepsl ucrounuka I'SMM paszmepom 10 20 M nonycepst
YETBEPTh-BOJIHOBOZIOB paauycoM 2,4 X 10710 cm pasMElEH B aTOME B C(PepUUECKOM CJIOE NpHU

HOPMAJIBHBIX YCJIOBUSIX PaJnyCcOM 107"—10 % em, MI03TOMY HE MOXET YIacTh Ha MOBEPXHOCTb
nporoHa. 1o Toil mpuumHe, YTO pa3Mep YEeTBEPTh-BOIHOBOAOB IEKTPOHA (7TMHA AeOpPOMIIEBCKOM
BOJIHBI) Ha TPH IECSITUYHBIX TMOPSAKA MPEBOCXOIUT BHEITHHUIA BOJIHOBOJ JIIDOOTO aTOMHOTO $1/1pa, T.€.
YeM MEeHbIIIe Macca MUKPOYACTHIIbI, TeM OOJIbIIE pa3Mep-AuaMeTp ero BOJIHOBOIOB B IOJHOW aHAJIo-
ruu co ceorictBamu DMB — yeM Bblllie SHEprus, TeM KOpOoyYe JJIMHA BOJHBI U BBILIIE YACTOTA BUXPOHA.
MarauTHbII1 MOHOIIOJb JIEKTPOHA MOKET KUTh TOJIBKO Ha MOBEPXHOCTH C(epbl-1IoTycdepsl yKazaH-

8 [Manpun A. A. CtpykTypa Mupo3ianus BeenaeHHoit. Tom 1, Mukpomup. Usnatenscto Punepo. 2019 rog. 400 crp.
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HOTro paanyca. MoxxHO 00pa3HO CKa3aTh, YTO SHEPIUsI B BUXPEBBIX MOJISIX aToMa IMpeicTaBieHa (op-
MO MaTepUH XOJIOTHON Oe3MacCOBOH IJIa3Mbl B BUJE CJIOsI C(hepUUIEecKOro MpOCTPAHCTBA — Dapbep.

[Nostomy nedpoitieBckasi momycdepa-BOITHOBO, CBI3aHHOTO aTOMHOTO JIEKTPOHA HE MOXKET
(bUBUYECKH «ynacTh» B IEHTP — OHA CIIOCOOHA JIMIITh OKPYKUTH €r0. ITa jKe MPUUYHMHA SBJISIETCS OCHO-
BOI1 00pa30BaHMs Bcex aTOMOB TaOmuiibl MeHeneeBa. Ml UMeHHO 3TOT (haKT JOKa3bIBAeT My Thb POsK/ie-
HUS BCEX aTOMHBIX sI7Iep, Kak U MyTh poToHa. K BeMKOMY COXalIeHHIo Ha KOJJTaiiiepax U Ha JpyTrux
TEXHUYCCKUX YCTAHOBKAX IMOKAa HE HAYUYHJIUCH MMOJIYYaTh IJIa3My BUXPOHOB C 9HepFHeﬁ, IIO3BOJIAIO-
Iell ToTy4YaTh HEUTpaJbHbIE siipa ¢ OOJNBIIIUM aTOMHBIM BECOM, YeM Macca HEUTPOHA. DTO MO3BO-
U0 OBl TPOAHAIM3UPOBATH THIT M BUJI PACNafia, a TaKkKe BO3MOXKHOCTh CHMHTE3a MCKYCCTBEHHOTO
aroma. C JIpyroil CTOpOHBI, M3BECTHO, UTO pa3Mep MIOOHA COM3MEPUM C BHEITHMMHU OOOJIOYKAMU
s7ep, ¥ MO3TOMY IPUCOEIMHEHNEM MIOOHA K sIIpy (Me30aToM) OCYIIECTBIISIETCS €r0 MPUOIMKEeHUe
K si1py B 207 pa3 Omke, yeM 1Jis SJIeKTPOHa.

ATOM B LIEJIOM JIEKTPUYECKU HENTpasieH. MexaHU3M JIeKTPOHENTPATIbHOCTHU MOSICHSIETCS CXe-
MO, TpeicTaB/IeHHO! Ha (poTo 4. Aapo atoma MMeeT MOJIOKUTEILHBIN 3apsifl JIEKTPUUYECKOTO OTEH-
[[ajla ¥ COOTBETCTBEHHO M3Iy4aeT B 47T BOKPYT ceOsl MOTOK IMOJIOKUTENIBHO 3apsKEeHHBIX 3EpEeH-

noTeHnratoB. OOO0IOYKH U3 ANIEKTPOHOB, 00Pa30BaHHBIE HA pacCTOsSTHUU-paanycax ot 0,5 —15x 107

8 cM, IOCTOSIHHO OGHOBJISIIOTCS MATHUTHBIMU MOHOIIOMSMHE C POXIEHHEM K PaHUPYIOIIEro odnaka-
MOTOKA OTPUIIATEIbHO 3apsKEHHBIX 3€pEeH-TIOTeHIMANoB. BHyTpu aroma oOpasyercsl TUHaAMHUe-
CKOE PaBHOBECHOE MHUKPOMPOCTPAHCTBO-TIONE, 3aNIOJTHEHHOE JIByX 3HAKOBBIM JIEKTPHUECKUM (PH-
POM, a MPH BCTPEUYHOM B3aUMOJCVCTBUM-AaHHUTUIISILIAU POXKIIAECTCS] 30HA JIEKTPHYECKOH X0JI0/1-
HOW 0e3MaccoBoii ma3Mbl. [IpOTUBOMOIOKHO 3apsKEHHBIE IOTOKU 3€PEH-IEKTPONOTEHITNATIOB
AHHUTHITUPYIOT C 0Opa30BAaHUEM CUJIOBBIX JIMHUH JIEKTPUYECKOTO MOJISl M YHUUTOKEHHEM IIPOCTPaH-
CTBA, YTO MPHUBOIUT K MPUTSKEHUIO UCTOYHMKOB MX TIOPOAMBIIMX M (DUKCALIMM TTAPAMETPOB aTOM-
HOT'O MPOCTPAHCTBA MYTEM POXKAECHHS M1 OOHOBJIEHUS XOJIOJHOM I1JTa3Mbl U3 O€3MaCCOBBIX JIEKTpHUe-
CKUX 3€pEH-TIOTEHIIMAJIOB C IPOTUBOIOJIOKHBIMU 3HaKamMu. HeckoMIleHCMpOBaHHBIN EKTPUIECKUI
3(pup MOKET BHIBOAUTCS U3 MEKATOMHOT'O ITPOCTPAHCTBA MTPY CUIIHHOH MOJISIPU3AIMHY BellecTBa 00JIb-
MU T10 3HAYECHUIO IEKTPUISCKUMH MOTEHIMATIAMH, CYIIECTBYIOIIUMH J1JIs1 CBS3H B aTOME, H CIO-
coOeH K 00pa30BaHMIO 3apsi/1a TEKTPUIECKUMH 3EPHAMH-TIOTEHITMATIAMH C TIOCTIEAYIONIIM ero 3aXBa-
TOM W MpeoOpa3oBaHUEM B dnekmpuueckuti xonoousi mox TexHonorusamu H. Tecna, 3. I'pes, T.
Mopes.

Ortciona crenyer )HU3Hb U CyIIECTBOBAHUE 3aPSIOB JMEKTPHUUECKUM TOTEHIIMAIOM B hopme,
XapaKTepu3yIoIlel HATMYMe aTOMHOTO TIPOCTPAHCTBA B AaKTHBHO-AWHAMUYECKON aHHUTMJIMPYIOIIEeH
opme, mpuBoAsIIel K HATMYUIO B HEM JIByX3HAKOBOTO 3(hbrpa 30HBI XOJOAHOU TUIa3Mbl U3 MIPOTH-
BOIIOJIOJKHBIX 3€PEH-2JIEKTPOIIOTEHITNATIOB 0OOUX 3HAKOB.

AHanoruuHa 1o poXxJIeHu0 ¥ YHUUTOKEHHUIO Mar HUTHAs XOJIOAHAs Oe3MaccoBasi ria3ma, KoTo-
pasi XxapakTepu3yeTcsi IPUTSKeHUeM TIO0JII0COB CTAIIMOHAPHBIX MarHUTOB.

OpnHako TpaBUTAIIMOHHAS XOJIOqHAsT Oe3MaccoBasi Iia3Ma, MopoXxaaeMasi B OCHOBHOM SITPOM
aToMa, U3JIy4alonyMm Oosee AaJbHOISUCTBYIONIHE U OMHO3HAKOBbIC 3¢pHA IPABIIOTEHIINAIIBI, OTINYA-
eTCsl TI0 CBOWCTBAM TeM, UTO B3aMMOJIEHUCTBYET JIUIIIb C LIEHTPATbHBIM MTPOTUBOIIONIOKHBIM 110 3HAKY
nojieM 3eMJIH, MPosIBIIsisl y atoMa 3apsia maccol B CU.

[MosToMy cHapy®u aToMa BHEIIHEe IEKTPUIECKOe ToJIe Siipa MOJTHOCTHI0 CKOMIIEHCUPOBAHO
BHEIITHUMHU TOJISIMU 3JIEKTPOHOB, pa3MeNIEHHbIX Ha (PUKCHpPOBaHHBIX 000M0YKax. B cBs3u ¢ aTHM,
y aTOMOB TOSIBJISIETCSI BO3MOKHOCTh OOBEIUHSITHCS B KJIACTEPHI BEIECTBA, BIUIOTh A0 KUAKOCTH
u TBEpHOro Tena. OJHAKO y METAJIOB BHEIIHUE BaJEHTHBIE JEKTPOHBI ATOMOB TOUTH CBOOOIHBI
1 00pa3yioT B OOJBIIMX MACCUBHBIX KJacTepax oOjaka CBOOOIHOTO OTPHUIIATESIHHO 3apsiKEHHOTO
NIEKTpUYECKOro 3¢upa, koropsiil o texHonorussM H. Tecna, D. I'pes, T. Mopest 1 MHOrux Ipy-
T'MX MOXHO 3aXBaThIBaTh U MPE0OPa30BBIBATH CIEIMATbHBIMUA CXEMaMH B XOJIOIHOE IEKTPUIECTBO,
o0pa3ysi He3aBHCHUMbIE 1 aBTOHOMHbBIE BEUHbIE UCTOYHUKY TUTAHUS.
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CoBceM no-apyromy BezieT ce0st OTHOTONSIPHBINA I'PaBUTAITMOHHBIN (PUP U3TyYaeMblil 3aMKHY-
THIMUA O0OJIOUKAMHU aTOMHOTO siipa. BcieacTBre BBICOKOW IJIOTHOCTH aTOMHOTO siApa Takou 3¢up
oornee MaTbHONCWCTBYIONIMIA M MPOHUKAIOIINN, MO9TOMY OH BBIXOAMT HE TOJBKO HApPYKy aroma,
HO M KJIacTepa B LeJIoM, (hOpMUPYs1 BHELITHEE TPABUTALIMOHHOE I10JI€ TAKOTO aTOMHO-MOJIEKYJ/IIPHOTO
BEIIECTBA. DTO NOJIE B3aUMOAEUCTBYET C LIEHTPAJIbHBIM I0JIEM TATOTEHUsI 3EMJIU U ITPOSIBIISET TAKUM
B3aMMOJIEWICTBHEM U y aTOMa, U KJIacTepa U3 TaKuX aTOMOB, CBOMCTBO MacChl 1 MHEPTHOCTH.

ATOMBI, X aTOMHBIE 51Jpa U JIEKTPOHBI MPOSIBJISIIOT MArHUTHBIE CBOMCTBA, HO Pa3HbIE U B pa3-
HBIX (pOpMaX, YTO MO3BOJISIET IIMPOKO NMPUMEHSATh METO[, S1IepHO-MarHUTHOrO pe30HaHca — CIHUH
s/pa B aToMax yrjiepoJa paBeH HYJI0, a B aTOMax BOAOPOAA MOMYLEJbId U T.J., CIIMH JIEKTPOHA
TIOJTYLIEJTBbIA, @ €r0 MAarHUTHBIL MOMEHT OOJIbIIIEe YeM Y aTOMHBIX sijiep U T. A. HecMoTps Ha TO, 4TO
MarHUTHbIE MOHOIMOJIM HIMPOKOTO YaCTOTHOTO CIEKTpa SABJISIOTCS CTPOUTEISIMUA aTOMOB U €ro 3Jie-
MEHTOB (s1Ipa 1 EKTPOHBI), U IIPU TAKOM IMPOU3BOICTBE «OTXOIAMM» SIBJISIETCS €r0 IByX 3HAKOBBIN
HEBUAMMBIN MarHUTHBINA 3(pUp, 0Opas3yIoNfii MArHUTHBIE MOMEHTBI aTOMHBIX sIIEpP U JIEKTPOHOB,
€ro 70 CHUX MOp HE MOTYT 3aperucCTpupoBaTh M MposiBUTh. OHAKO, KaK U B Clly4yae C JeKTpuye-
CKUM 3(pUPOM, €CJIM UCTIONIb30BATh U3BECTHBIE METO/Ibl HAMAarHMUMBaHUSI HEKOTOPBIX METAJIJIOB U UX
CIUIABOB, HampuMmep, Metof JIujckamHuHa, TO yaa€rcsl BbICIUTh MOTOKU MarHUTHOTO 3upa 1axe
13 OOBIYHOTO CTEPKHS JKeJie3a, TIPH STOM HAMarHMUYEeHHBIN CTepXKeHb CTAHOBUTCSI TIOCTOSIHHBIM Mar-
HUTOM Ha JIOCTaTOYHO JOJITO€ BpeMs. A ero MarHUTHBIM 3(Up U3 3€PEH-NOTEHIUAJIOB IPOSBIISIET
ce0s1 B BUJIE ITOTOKOB U3 MOMIOCOB CTAIIIOHAPHBIX MArHUTOB M 3aHUMAET ITPOMEKYTOYHOE CBOMCTBO
10 TbHOJEWCTBHUIO M MPOHMKAIOIIEH CITIOCOOHOCTH MO CPABHEHHUIO C JIEKTPUIYECKUM U I'PaBUTALIU-
OHHBIM 3(PUPOM.

OCHOBHOW BBIBOJ — JUIsi OOBSCHEHHSI MEXaHU3Ma 0Opa30BaHMsI aTOMOB HET HEOOXOIMMOCTH
MIPUBJICUYCHNS] MEXaHU3MA OPOUTAJIBLHOrO ABWKEHUSI aTOMHBIX JIEKTPOHOB.

Takum 0Opa3oM, aToM SIBJISIETCS] MEMEHTAPHBIM CTPYKTYPHBIM 3JIEMEHTOM JII0OOTO Bellle-
CTBA M XapaKTepU3yeTcsl SIAPOM U 0OO0JIOUKON U3 JIEKTPOHOB. ATOMHOE SIIPO MPOU3BOIMT JEK-
TPUYECKOE LIEHTPAJILHOE I10JI€ U3 ABUKYILUXCS CO CBEPXCBETOBOM CKOPOCTBIO JIEKTPUUECKUX MOJIO-
KUTEJIBHO 3aPSKEHHBIX 3€pEH-TIOTEHIMAJIOB U I'PaBUTAIIMOHHOE T10JI€ — U3 TPAaBUTALIMOHHBIX 3EPEH-
noteHimanos. IlepBoe crocoOHO BbUIETATh 32 MPEAEbl aTOMa TOJBKO B Cllyyae HAIMYUS ObIPOK
B €ro JIEKTPOHHBIX 000JI0UKax M (popMUpOBaTh Kiactep o0jlaka CBOOOJHOIO 3JeKTPHYECKOro
3cupa. Bropoe — rpaBuTaiioHHoe Mose — sBJsieTcs Oosiee MPOHUKAIOIINM, a BHIXO/S 32 TPe/IeIbl
aToma, B3aUMOJICHCTBYET C MOJIEM TATOTEHUsI 3eMJIU, U MPOSIBIISIET CBOMCTBO « MACCHL».

Otcioga 1o BeaMUMHE 3HAYEHHUsI MACChl MOXKHO CYIUTh O KOJMYeCTBe IPOU3BEAEHHOIO
SIPOM CBSI3aHHOTO JIEKTPHYECKOro 3¢gupa, HeCMOTpsI Ha TO, YTO OCHOBHASI YacTh €ro MOrIonia-
eTcsl B 30He XOJIOMHOM 0e3MaccOBOM TUIa3Mbl, YPAaBHOBEIIMBAsI IIPOTUBOIOJIOKHBIN MO 3HAKY MOTOK
NEKTPUUECKOTO 3(pHpa OT AMEKTPOHHBIX 0OO0IOUEK U OIPEAesIsisi TEM CaMbiM pa3Mep aroma.
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1.2. Heittpon, IIpoToH 1 1edTPpOH

Heiitpon npaponutesnb caMoro pacrpocTpaHEHHOIo BO BeesleHHOI XMMUYECKOro 3JIeMeHTa —
Bonopona. Takue CBOWCTBa 00beMa, KOTOPBIN 3aHMMAaeT HeWTPOH, KaK CIHMH, Macca, MHEPTHOCTb,
IUIOTHOCTh, MATHUTHBII MOMEHT, IEKTPUYECKUI TUIIONBHBII MOMEHT, pacrpeiesieHne MIOTHOCTH
JIEKTPUYECKOTO 3apsiia U MAarHUTHOI'O MOMEHTA, BPEMs KU3HU U JIpyTrue — OTPULIAIOT €ro Kak mare-
pUATBHYI0 OECCTPYKTYPHYIO YACTHILY U ONIPENIEIISIIOT €ro KaK HEKOE CIIOKHO-CIIOUCTOE COCTABHOE BHX-
PEBOE MEKTPOMArHUTHOE U 0O0JI0UEYHOE MUK POIIPOCTPAHCTRBO.

®. Bustuek B cBoei KHHTe’, pa3BUBasi, JOMOJIHSS U 10 HOBOMY UHTEpHPETUpYs (TIEPBBIi, BTO-
poit 3akoH DiiHurerHa u T.0) uaen YTO u OTO, a Takxke yrBepxkaas KX/ (mpuHLumIie! €€ craHoB-
JieHus1 oguHakoBbl ¢ npuHuunamu K31, ¢ Toit b pasHuueit, yro B KOJI onuH anekTpudeckuii
3apsj, a B KX X Tpu U Te UBETHbIE), IPUXOAUT K BHIBOAY — (B IyHKTE 3 MO3ULIMI U3 YETO YCTPOEH
MHUP) — OCHOBHOIl KOMIIOHEHT PeaJIbHOCTH OXXUBJICH KBAHTOBBIMU MPOLIECCAMMU.

B naHHOV KHHTe M0 aHAJIOTVY — 0CHOBHOM KOMIIOHEHT PeaJIbHOCTH OXXMBJIEH MarHUTHBIMU
MOHOTIOJISIMU.

OCHOBHOI1 BOITPOC COBPEMEHHOCTH — IJI€ PACHOJIIOKEH U UTO SBJISETCS IIaBHBIM UCTOYHUKOM
MIPOU3BOJCTBA HEUTPOHOB? OTBET: OCHOBHBIMU MCTOYHUKAMU IPOU3BOICTBA HEUTPOHOB SIBJISIIOTCS
s7Ipa My/IbCapOB-HENTPOHHBIE 3BE3/bI U BCE s1/Ipa CBETAIIMXCS 3BE3], a TaKXkKe Ie0JIOTMYeCKy aKTUB-
HBIX IUIAHET TUma 3eMild. JIpyrumMu uCTOYHUKaMH, KOTOpbIE MOPOXKJAIOT TAKUE MUK POIPOCTPACTBA,
SIBJISIIOTCST BO3OY’K/IEHHBIE (TEM WJIM MHBIM MeTojioM) Oojiee KPYIHbIE WM TSUKeIble siipa aTOMOB
XMUMUYECKUX JIEMEHTOB.

Bo3spact 13HM HEUTPOHOB 3aBUCHUT OT CHUJIbI M (POPMBI TONIel B 00beMax, Iie OHU MPUCYT-
CTBYIOT. B OOBIYHBIX YCJIOBHSIX Ha IOBEPXHOCTH 3eMJIM HEUTPOH PACIaIaeTCsi, MPEeBPaIasch B Mpo-
ToH. KpoMe npoTtoHa nipu pacriajie NosiBisiioTCs 3JEKTPOH U aHTUHEUTpUHO. KrHeTnueckum Kopityc-
KYJISIPHBIM OCKOJIKOM 3TOH SI/IEPHOM PEaKIMY, YHOCSAUIMM YacTh SHEPIUH, SIBJISIETCS aHTUHEUTPUHO.
B npouecce Tepmanuzanuy, T.e. OXJIakISHUM 3TUX YACTUL JO COCTOSIHUS IIPU, KOTOPOM IPOUCXO-
IWT UX peKOMOMHaIMs, oOpasyercss aroMm Bogopona. [lepuon nomypacnana (10—20 mMuHyT) 3aBU-
CUT OT HEKOTOPBIX BHEITHUX ycloBUil. [TpucyTcTBHE HEOOBIION TPUMECH IIPOTOHOB M JIEKTPOHOB
CYILIECTBEHHO YBEJIMUMBAET UX BO3PACT, TaK KaK MEKTPUUECKUE OS] STUX YACTHIL OIOKUPYIOT IPO-
1IECC pa3pbIXJIEHUs] BUXPOHOB BHEITHUX 000JIOYEK HEUTPOHOB, TEM CAMBIM 3aMEUISIIOT MX pacrhaj.
Ha nosepxnoctu YCT, sipa HEUTPOHHOM 3BE3/bl, T.€. B OYEHb CHJIBHOM LIEHTPAJIbHOM I'PaBUTALM-
OHHOM T10JIe HEUTPOHBI KUBYT JI0JIT0 O€3 pacnaja, HaKarIMBasiCh B TAKOM KOJMYECTBE, YTO 0OPa3yioT
JOCTATOYHO TOJICTYIO atMocepy. B KoHeuHOM WTOre, 3TOT CJIOW HEUTPOHOB, OTHAISISCH B 00IACTh
cJ1a00ro TPaBUTAIIMIOHHOTO TOJISI U PACTIIasiCh, (POPMUPYET CJIOM MPOTOHOB M AHTUIPOTOHOB, KOTO-
pble AHHUTWJIMPYIOT B3PBIBOM CBEPXHOBOW, T.€. IPOUCXOAUT OJHOBPEMEHHBII BbIHYK/IEHHbII B3PbIB-
QHHUTWIISIIUS Bcel aTMOocephl.

Hevitpon o0nagaer BHEIIHUMH U BHYTPEHHUMHE CBOWCTBaMH. BHellHue cBOWCTBa OOHAPYXKU-
BaIOT C NIOMOUIBIO Pa3/IMYHbIX TEXHUYECKUX CPEACTB U NMPUEMOB BBIUMCIEHUN CHUCTEMBI U3MeEpe-
Huil CU. K HUM OTHOCATCS BHEUIHME TOJIsI HEUTPOHOB, MTPOCTPAHCTBEHHBIN pa3Mep, CIMH, 3apsijl
MAacchl, MAaTHUTHBIA MOMEHT, OTCYTCTBHE JIEKTPUUECKOIO 3apsijia, epuos noiaypacnana. BaemHue
oI 3apsiAa Macchl (TpaBUTALIMOHHBIE MOJS) CO3JAI0TCSA TAaKKEe KaK M y MIOOHOB, HO B OTJIMYME
OT HUX c(pOPMUPOBAHBI CYMMAPHBIM U3JTyUYeHHUEM TPEX KOHTYPHBIX 000JI0UEK HEMTpOHA, 00Jagaio-
I1Iero HabOpOM YK€ Pa3IMUYHbIX YacTOT. BHelHee a/eKTprueckoe NoJjie HeWTPOHa, Kak M B aToMme,
MOJTHOCTHI0 YHUYTOKEHO AHHUTWIISILIMEN MPOTUBOMOJIOKHBIX MO 3apsdy M3Iy4aeMbIX 3€pEH-3J1eK-
TPOIMOTEHIMAIOB. Kpome Toro HeMTpoH U MPOTOH UMEIOT OYEeHb OOJIbIIIME AHOMAIbHBIE MarHUTHBIE

¥ Bunbuek @. ToHKast usuka. Macca, apup 1 o6besrHeHne BceMupHbIX cuit. — CI16.: TTurep, 2018. — 336 c.: ui. — (Cepus «New
Science»). ISBN 978-5-496-02934-6
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MOMEHTBHI, KoTopbie B 1,91 u 2,79 pa3 cooTBeTCTBEHHO OOJIbIIIe TIO A0COMIOTHON BEJIMIMHE SICPHOTO
MAarHeToHa, YTO CBUJETEJbCTBYET O 3HAYMTEIBHBIX TOKAX MArHUTHBIX MOHOMIOJIEH BHYTPH MX 000J10-
YeK.

B peanbHOM paccMOTpeHHMH B OCHOBY IOJIOKEHA CTPYKTYpa, OCHOBAaHHAS HA JIEKTPOMArHHT-
HOU Mofiesv (2 He KBapKOBOI) HEUTPOHOB, pa3padoTaHHOU B CTIH(HOPICKOM YHUBEPCUTETE HAYYHOM
rpynmoii Bo rmase ¢ Xodmraarepom'® — 1956 ron. Hauunas ¢ 1958 ropa, nonoOHast Mmozaenb Oblia
pasButa 1 nonosHeHa P. BuibcoHom ¢ corpynHukamu u3 KopHenbckoro ynusepcurera, I'. [lonme-
pom!!' u C. Beprua ¢ corpyaaukamu nio uaesm ®pazepa u @ynko, Hamo6o u Uy. U3 pe3ynbTaTtoB 3THX
M3BICKAHUI CJIE/IyeT, YTO «CTPYKTypa HYKJIOHOB TaKke, KaK U B aTOME, COCTOMT M3 TUIOTHOTO si/ipa

(4 x 10~ cm) u BHemHMX 06oNOUeK. Ha POJIb s1Ipa MOKET IPETEH10BaTh HEUTpasibHble K-Me30HbI,
a Ha poJib BHEUIHUX O0OJIOYEK HEUTpasIbHblE U 3apsiKeHHbIE 7T-Me30Hbl. OCHOBHAS ujesl, Ha KOTO-
POIl IOCTPOEHBI 3TU MOJENH, 3aKJII0YAETCS B TOM, YTO IPOTOH M HEWTPOH UCITYCKAIOT 3apsKEHHBIE
JT-ME30HBI, HO 3aTeM BO3BpAIIAIOT MX Ha3a/l HA CBOM BHEIIHHE 000JI0uKU. [IpruéM nx ucmyckanue
IIPOUCXOIUT B COCTOSTHUM C OTJIMYHBIM OT HyJIl MOMEHTOM KOJMYECTBA ABUKEHUs, T.€. OHU JOJDKHBI
BpAIaThCsl BOKPYT YK€ HA3BAHHOIO sIpa HYKJOHOB. M3-32 3TOro M 00pa3yloTcsi KpyroBble TOKH,
KOTOpbIE MOPOXKJAI0T AHOMaJIbHbIE MATHUTHBIE MOMEHTbI».

AwmepukaHckuii ¢pusuk-teopetuk [[xymman IlIBuHrep B OCHOBy MarHMTHOIN Mojenu 2 mare-
U BCEX MIEMEHTAPHBIX YaCTHUL 3AJI0KMI JyaJbHO 3apsKEHHbIE YAaCTULIbI MAarHUTO-3JIEKTPUYECKHUe
JMOHBI, KOTOPBIE SBJIAIOTCSA, KAK OH CYMTAET) COCTABHOM YacThio M HEUTPOHOB. U ecTh Bce OCHOBaHU S
CUMTaTh, KaK OH I0JIaraeT, YTO OCHOBA BCEX JIEMEHTapHbIX YaCTHUI] U B TOM YHCJIe HEUTPOHOB U IPO-
TOHOB COCTOUT U3 MOAOOHBIX AMOHOB, & HE U3 KBAPKOB. DTO MOATBEPKIAETCS TEM, YTO MPH aHHU-
TWIALMY HYKJIOHA ¥ aHTMHYKJIOHA (AE3MHTErpalus MaTeprn) 3aperucTpupoBaH BbUIET HECKOJbKUX
TT-ME30HOB, 2 HE KaKMX TO BUPTYAJIBHBIX KBAPKOB MJIM MEHTAKBAPKOB, KOTOPble HUKOrJa He ObUIH
9KCIIEPUMEHTAJIbHO 3aperuCTPUPOBaHBbI.

AHTUHEWUTpOH ObUT OTKpHIT B HammonambHOW saGopatopun wm. Jloypenca (Bepkim)
B 1956 rony, yepes roz nocyie OTKPBITAS AHTUIIPOTOHA.

ITpakTruecku yxe JaBHO OCBOEHA TEXHOJIOTHUS MOJTyYEeHUs aHTUYACTHILL HA ME30HHbIX (hadpu-
Kax M KoJutaijiepax. Poxk/ieHne nap aHTUYacTHLl POU3BOAMUTCS HE TOJBKO C MOMOILBIO BCTPEUHBIX
IYYKOB aJPOHOB, HO U IPU CTOJIKHOBEHUSX IyYKOB JIEKTPOHOB U MO3UTPOHOB C SHEPIUe BbILIE
1 IB.

Oo6pa3oBanne H AaHHUTHJISIUSI AHTHHEHTPOHA.

AHTHHEHTPOH OBbLT TMOJyYeH B MPOLECCEe PEaKLUH TMepe3apski aHTUIPOTOHA Ha MPOTOHE
’KUJIKOBOZIOPOITHOM ITy3bIPbKOBOM Kamepbl. OOpa30BaBIIMIiCS aHTUHEHTPOH 3aTeM aHHUTHIIMPOBAIT
C IIPOTOHOM C 0OPA30BAHUEM IIATU 3aPSKEHHBIX TMOHOB M HECKOJIBKHMX JPYTUX HEUTPAJIbHBIX ME30-
HOB. 3HaK 3apsja 0Opa30BaBIIMXCS MMOHOB M MX SHEPrUsl OINPENeNsIOTCs 0 KPUBU3HE TPACKTO-
pUM MHMOHA B MarHUTHOM nosie. HeliTpasibHble ME30HBI pacnafaioTcs B 00pa30BaHUEM Y-KBAaHTOB,
MI03TOMY B Iy3bIPKOBOM KamMepe He BU/HBI. 3aperucTpupoBaHHasi CyMMapHas SHEPIusl, yHOCUMast
3apsOKEHHBIMU MTHOHAMHU OKosio> 1500 M3B, 6nm3ka K cyMMapHO#W SHEpru MOKOsl aHTUHEHTpOHA
1 ipotoHa. OCTaBIIYIOCS SHEPTUIO YHOCAT HEHTpaibHble Me30HB. HeoOX0ammMo yunuThIBaTh, 4To Mpu
AHHUTWIALIMM QHTUHEATPOHA C MMPOTOHOM CYMMApHBII JIEKTPUUYECKUI 3apsj 4acTull, 0O0pa3oBaB-
IIMXCSl B pe3yJsibTaTe aHHUTWIALMM, paBeH +1. Iloatomy B pesyibrare aHHUTWIISLIMM OOpa3yercs
OJIVH «JIUIIHUI» NOJIOKUTETBHO 3apsKEHHBIN ITMOH, KOTOPBI 3aTeM MOPOXKJAET LIEMIOUKY MOCIeLyI0-
X pacrnajgoB. O6pa3yoluiics B KOHIE LIENOYKH paciialoB O3UTPOH AHHUTMJIMPYET C JIEKTPOHOM
cpeapl 00pasys ¢otonsl ¢ sHeprueit 0,511 MaB. OTciona u ciiefyeT, 4To Moioca SHEPruu JIEKTPo-
MAarHUTHBIX KBaHTOB (JIeOpOMJIEBCKUX MM KITYOKOBBIX) [7Is1 0Opa30BaHMsI HyKJIOHOB B CHHTYJISIPHBIX

10 Hofstadter R. DJIeKTpOMarHUTHasI CTPYKTypa siep 1 HykJIoHoB. M. WJI. 1958, c6. nepeBonos.
'"'H. Schopper, Phys. Blitter, 7, 316 (1961).

12 Schwinger J. A Magnetic Model of Matter, Science 165 (No. 3895), 757 (1969).
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tToukax Ha Koyaiaepax wi YCT nexut B npegenax 130—500 MaB. Takue (pOTOHBI U OTBEYAIOT
3a Mpou3BOACTBO BuAMON 4yactH (0,4% 3BE3/1bl U TAJIAKTUKHU) BelllecTBa-marepun BeeneHHO.

TpéxkoHTypHBIe 000109KH HENTPOHOB. BHyTpeHHUE CBOICTBA HEUTPOHA, KOTOpPBIE 0Oec-
MEYUBAIOT STU BHEIIHUE CBOKCTBA — 3TO IIECTh 3aMKHYTHIX, B3AUMHO IMPOTUBOMOJIOKHBIX SIIEp-
HBIX TOJISIPHBIX BUXPOHOB M CUJIBHO B3aMMOJIEHCTBYIOIIUX C ONMPeIeICHHON YaCTOTOU, MOJISIPHOCTHIO
u nonsspuzanuert. [To TpéM BHYTpEeHHUM M BHEITHUM OOOJIOYKAM HEWTPOHA MYJbCUPYIOT 3aMKHY-
Thle MarHuTHBIe MOHOTIONM [ DMM, KOTOphle OOHOBJISIOT 3aMKHYThIE KOHTYPBI, (POPMUPYS U3 HUX
BHEIITHUE NOJIst. Mesx /1y MepBoil BHYTpEeHHE! 000JI0UKOM U CpeHEl POUCXOIUT CHJIbHOE B3aUMO-
JIeHCTBHUE C AHHUTWISLIMEN TPOTUBOIOOKHBIX MO 3HAKY 3€PEH-JIEKTPOIOTEHIIUAJIOB, YTO IMPUBO-
JUT K TIOYTH TIOJIHOMY YHUUYTOXEHHIO MPOCTPAHCTBA MEXIY HUMHU C TIOMOIIBI0O 30HbI XO0JIOHOMI
mia3msl (poTo S, TpeThs cJieBa).

[ToaTOMy OHU MPAKTHUYECKU TMOMHOCTHIO MPUOTMKEHBI IPYr K JIPYry Ha MUHUMAJIBHO BO3-
MOKHOE€ PacCTOsiHUe, paBHOE 1/4 NUIMHBI BOJIHBI, U ONPeNeJsIIOT pa3Mep HEUTPOHOB MYyTEM CTH-
TMBaHUSA-TIPUTSIKEHUS] IPYT K IPYTy UCTOUYHUKOB YE€TBEPTh-BOJIHOBOJOB. PaBHOBECHOE CcOCTOsIHUE
TOJIOKEeHU ST HICTOYHUKOB-C(pep BOTHOBOJIOB B YKa3aHHBIX CXeMaxX 00eCIleunBaeTCs PABEHCTBOM CHII
MIPUTSDKEHMST Pa3HBIX TI0 3HAKY M BEJUYMHE 3apsi/ioB HEPrud, HO Oojee OJM3KO pa3sMEIEHHBIX,
10 CPAaBHEHUIO C OJJMHAKOBBIMU 11O BEJIMUMHE 3apsiJaMH SHEPTUU, HO TUaMeTPaIbHO ITPOTUBOIONOXK-
HeIMH cepamu [DMM u 6os1ee yqaJaéHHbIMEU JAPYT OT APYra Ha TMOJIBOJIHBI.

Ortciona creayer eiié oqHa (hopMa KU3HU U CYIIECTBOBAHMS 3apsIOB JIEKTPUUECKUM MOTEH-
[IMAJIOM B COCTOSIHUY JUHAMUYECKOTO PABHOBECHSI TIOJTHOTO B3aMMHOTO YHUUTOKEHUSI TPOCTPAHCTBA
KOHTYpamMH-000109KamMu (POTO 5) ¥ poXkKICHUS CIIOMCTON XOJIOHOU TIIA3MBI.

®oro 5. Cxemsl 00071049€K HEHUTPOHA, CJIeBa — HAIIPaBO, BHYTPEHHsIs1 000JIOUKA, COCTABJIEHHAS
U3 JIBYX YacTHII (THIA HeUTpasbHOro K-Me30Ha) ¢ mosTyIiensiv CIIMHOM THITa MIOOHA; 3Ta e 000JI0UKa
B peaJIbHOM BHJIE€ U3 3¢PEH-NIOTEHIIMAIOB IPABUTALIMOHHBIX BHYTPY U NIEKTPUYECKUX CHAPYXKU; JIBE,
BJIOXKEHHbIE JIPYT B JIpyra 0OOJIOUKHM TepBasi ¥ CPeHsIsA; TPH, BIOXKEHHbBIE PYT B pyra 00O0JIOYKH,
oOpasyIoliye HeUTPOH.

I'paBUTAIIIOHHBIE 3E€PHA-TIOTEHIMAIBI STHX OOOJIOYEK MMEIOT OMHAKOBBIN 3HAK U BBICOKYIO
MPOHHLIATENIEHOCTbD, TIO3TOMY NIPH OOHOBJIEHUH M3JTy4aloTCs M BBIXOJAT 3a MPeesIbl 9TUX KOHTYPOB,
a B3aUMOJIEHCTBYS C LIEHTPAJIBHBIM I10JIeEM 3eMJIM MPOSBIIAIOT MAacCy HEUTPOHA. TpeThbsi, BHEIIHAA
000JI0UKa HEUTPOHA MYJILCUPYET B 00€ CTOPOHBI C POJKICHUEM KaK TOJIOKHUTEIbHBIX 3EPEH-IEKTPO-
MOTEHIIMAJIOB, TaK U OTPULIATENILHBIX, MPOSABIIASA JEKTPOHENTPAILHOCTh HEUTPOHA B 1LIEJIOM U TOJTY-
LEJIBIA CITMH, KaK y JIeKTpoHa. B c1aboM rpaBUTAMOHHOM MOJIE HA TIOBEPXHOCTH 3eMJIH 3Ta CBO-
OoHas BHEIIHSSI 000JIOUKA PACIafaeTcsi C pOKACHUEM CTAOMJIbHBIX YaCTHI] — IIPOTOHA, MEKTPOHA
¥ C BBIOPOCOM ITPOMEKYTOYHOT'O OCTaTKa (HEHTPHHO) MOJIOBUHBI BHEITHEN 0O0IOUKH U3 3EPEH- J1eK-
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TPOIMOTEHIMAJIOB 0e3 MarHUTHOro MoHonosist. OTcioaa COrnacHo NPUBEJEHHON CTPYKTYpe HEUTpOHa
Y €0 NIEKTPOHEUTPATBHOCTH, TIOCJICTHUAN SBJISIETCS U aHTUYACTULICH TI0 OTHOIIEHHIO K cede.

SlnepHble 3aMKHYTbIE BUXPOHBI POKIAIOT TPU BJIOKEHHBIX APYT B JApyra 0OOJOYKH CO CTPYK-
TYpPOl HEUTpaTbHBIX ME30HOB — TPHU SIAEPHBIE OOOJIOUKH, COCTaBJICHHBIE W3 MPOTHUBOIOJIOKHBIX
0 3HAKY IEKTPUYECKOro 3apsijia YacTUI] CO CTPYKTYPOM THIA MIOOHOB — CJIOXHAsl LIEHTpaJIbHasI
MHTETpalyisi MaTepUU-KOHTYPOB B COCTOSTHUM TIOKOSI. DTO OCHOBHOE CBOWICTBO I'PaBHIJIEKTPOMATr-
HHUTHBIX JUI0JIeH BHICOKMX PE30HAHCHBIX YaCTOT.

HeliTpoH He MMeeT 3MeKTPUYECKOro 3apsijia, XOTs 00J1aaeT MAarHUTHBIM U JIeKTPUYECKUM
JWITOJIbHBIM MOMEHTaMHU, UMeeT TOJTYIIENIBIN CITUH U Maccy, Kotopas npuMepHo B 2000 pa3 Gobliie,
YeM y 1eKTPOHA. MarHUTHBI MOMEHT ITPOTOHA TOJIOKUTENIEH U B TIONTOpa pa3a OoJIblle, YeM y Hell-
TPOHA, Y KOTOPOTO OH OTpHLIaTelieH. PazHuIla B Maccax-9HEpPruMy HEMTPOHA U TIPOTOHA COCTaBJISIET
1,293323 M>3B, KoTOpasi Py pacnaje HeUTpOoHa pacrpeiesieTcss Mex/ay ero npoaykramu. Komrro-

—1 .
HOBCKasl JIJTMHA BOJTHBI HYKJIOHOB COCTaBIsieT Bennuuny 1,3 x 10 3 CM, a C YU4ETOM Pa3PbIXJIEHHOCTH
BHEIIIHEW 000I0UKH, 33/1aI01T[el 3aUPAIOIIUi CIIOW 1 MOMYLIENbINA CIIUH, pa3Mep e€ JOCTUraeT 3Haue-

mns 9,1 x 10 P e, HeWTpoH Jierko npoHMUKaeT B s/ipa XMMUYECKUX JIEMEHTOB MPH JI0OOH SHEPTuH,
BBI3BIBACT sIJIEPHbIC PEAKIIUU U CIIOCOOEH BBI3BIBATH JICJICHUE TSKENBIX siiep. MeUleHHble HEUTPOHBI,
uMerolye 1eOpoiJIeBCKYI0 UTMHY BOJTHBI COM3MEPHMYIO C MEKAaTOMHBIMU PACCTOSIHUSIMU, CITyXkKaT
1151 UCTIOJIB30BAHM ST X B UCCIIEIOBAHUM CBOWCTB TBEPIBIX TEJI.

Bonblioe BHUMaHue MPUBJIEKAIOT Ha ce0sl OCIMJUISLIMK IPYT B Apyra HEHTPOH-aHTUHENUTPOH.
OcumIIsAIMY JEMEHTAPHBIX YaCTHUI] — 9TO MEPUOIUYECKUI TIPOLIECC MPEBPAICHUs] YaCTHI] OIpe-
IeNEHHOW COBOKYIHOCTH JIPYT B Jpyra. BemyTcs sKcniepriMeHTanbHble padOThl BO MHOTHX CTpaHax
10 OOHAPYKEHUIO YBEJIMYEHHS YMCIIa aHTUHEHTPOHOB B IyUYKe HEMTPOHOB M3 PEaKTOpa C POCTOM
IUTIHBI TIPOJIETA, A TAK)KE B MMOTOKAX KOCMUUYECKUX JIyUel ¥ B CHIEIUAJIbHBIX JIOBYIIIKAX YJIbTPAXOJIO/-
HBIX HEUTPOHOB — 3TO TaK Ha3bIBa€Mble HEUTPOH-AHTUHEUTPOHHBIE OCIIMJUISALIIM 2.

[NepBas 1 BTOpast GUMONSIPHBIE OOONIOYKH, BXOISIIME BO BHYTPEHHIOIO CTPYKTYpY HEUTpPOHA,
MMEIOT CTPYKTYpY THra K- 1 t-HOJIb Me30Ha ¥ CO3/1aHbl KBAHTOBBIM PE30HAHCHBIM 3aXBaTOM C IOCIIe-
AYIOIIUM KOHIICHTPUYECKUM CIIMSHUEM Pa3HBIX 110 YaCTOTaM YETHIPEX MOMSIPHBIX U MOMAPHO POTH-
BOIIOJIOJKHBIX 3aMKHYTHIX BUXPOHOB. OHH BJIOKEHBI JPYT B JIpyra TakuM 0Opa3oM, YTO MOJIOBUHBI
3aMKHYTHIX KOHTYPOB U3 TOJIOKUTEIBHBIX 3EPEH-TIOTEHIIMATIOB BHYTPEHHEN 3aKPBIBAIOTCSI OTPHIIA-
TEJIbHBIMU 3€pHAMU-TIOTEHIIMAIaMU CJIeYIOIIel MoJIoBMHBI BHelHen. LlenTpanbHas cdepa noka-
3bIBa€T CBOOOIHOE MPOCTPAHCTBO, KOTOpoe OyJeT 3aloNHATHCS LEHTPATbHBIMUA OOOJIOUKAMH TPH
00pa30BaHMU si/iep XMMUYECKUX JIEMEHTOB BIUIOTH [0 sijiep Kajblius. Takasi CTpyKTypa HEHTpOoHa
CBOICTBEHHA €My BHauaJle ero MOsIBJICHUs U JJOJITOW XKU3HU B OINPEAEIEHHBIX YCIOBUSX, O HavYasa
Pa3phIXJICHUS €ro BHEIIIHEH 3apsa0-00pasyoieit 00onouku. BzaumoneiicTeie Mex 1y 000J0IKaMK —

3JIEKTPOMArHUTHOE C OYEHb MaJIbIM PaJycOM JIEHCTBUS 100 em.

HeWiTpoH, Kak 21eKTpU4ecKy HeUTpasibHasl YaCTHLIA SIBJISETCS OJHOBPEMEHHO M aHTHYaCTHLIEH
0 OTHOIIEHHMIO K ceOe, Kak 1 ¢hotoH. IIpoTon B mokoe. Ha poto 6 npuBeneHa cTpyKTypa 1eKTpH-
YEeCKUX 000JI0YeK NMPOTOHA M AHTUIIPOTOHA.

13 KazapHosckuit M. B. u gp. Ilucema B JKITP Tom 32, BRIl cTp.88—91, 1980 r. M.Gell-Mann, A. Pais,
Phys.Rev.97,1387,1955.
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®oto. 6 Cxema 3NEKTPUIECKUX 000JIOUYEK MPOTOHA M AaHTUITPOTOHA B COCTOSTHUM TTOKOST

BHemHss 000510uKa HENTpOHA (AHTUHEUTPOHA) CO CTPYKTYPOM TT-HOJIb ME30HA Mepe;] pacrma-
JIOM TIPH PA3PLIXJIEHUU TIOOUEPETHO C OMPEAESIEHHON YaCcTOTOM T'€HEPUPYET MOJOKUTETbHYIO WIH
OTpPUIIATENbHYIO MOTychepruecKyio 000IOUKY C MOMYIEIbIM CITHHOM, T.€. CTPYKTYPY 3apsKEeHHBIX
ME30HOB.

Pacnian HelTpoHa 3aBUCUT OT BHEIIHUX YCJIOBUM M BO3MOXEH C YYETOM HEUTPOH-AHTUHEW-
TPOHHBIX OCHMJUTALIMA HE TOJBKO ¢ 0Opa3oBaHMEM IMPOTOHA, HO U (doTo 6) aHTUnpoToHa. Pacran
HEUTpPOHA MOXHO pacCMaTpUBaTh U KaK aKT MOHM3AIIMU TIOJIOBUHBI BHEIITHEH OOOJIOUKH siipa-He-
TPOHA Yepe3 MPOMEKYTOUHBIN HEYCTOMUMBHIA MIOOH C €ro MPeBpaIleHUeM B JIEKTPOH 32 CYET BHYT-
PEHHMX TIPOLIECCOB M POXKJIEHUEM MPOTOHA. AHTMHEUTPUHO IMPU pacnaje v MOSBIsSETCs KaK 4acTh
9TOW BHEIIHEW 0OOJIOYKM HEWTpPOHA, HO Oe3 3apsaa sHepruu. [lonoBuHA cpeaHel MOoNIoKUTETbHOMI
(oTpuIIaTeTIbHOI) 000IOYKH HEUTPOHA TIOCIIe pacmaa oroauiaack (hoto 6) U yxe He KOMIIEHCUPYeTCs
T0JIeM BbUIETEBIIECH OTPHIIATEIbHON (TIOIOKUTETHHOM) O00IOUKH, KOTOpast MPeBpaTuiach B JeK-
TpoH (Mo3uTpoH) pacnaga. OcraBmiascs Mocie pacnaga MoJIOBUHA BHEITHel OOOJIOYKU HEeWTpOHA
BMECTE CO Cpe/IHel MOJIOKUTETbHOM MpeBpaliaeT ero B MpOTOH (AaHTUIPOTOH) C FeOMETPUYECKOM
(bopmoil BHelIHel yacTu npeAcTaBiIeHHoM Ha ¢doto 6 crieBa (cnpasa). B nomycdepuyeckux cnosix
POXIAeTCsl 30HA XOJOTHON Oe3MacCcOBOH IJ1a3Mbl, YAEPKUBAsI U LICHTPUPYs TIOJIOKEHU I MATHUTHBIX
MOHOIIOJIEH.

Jlaxe nBe BHEIIHUE MOJIOKUTEIbHBIE 000JIOUKH MOPOXKIAIT TAKON HEIOCTATOYHBINA TTOJIOKH-
TEJIbHBIN (OTPHULIATESIbHBIN) NEKTPUUYECKUI 3aps U3 3€pEH-NIOTEHMAIOB Ha IOBEPXHOCTH ITPOTOHA
(aHTUIIPOTOHA), KOTOPBII OIMH JIEKTPOH (MIO3UTPOH) B aTOME BOIOPOAa (aHTUBOAOPOIA) MEPEKPHI-
BAaeT MOJHOCTBIO U JJake OCTAETCS M3JMIIEK — 00pa3yeTcsi aToM BOJOPOJA C JOCTATOYHO OOJIBIION
SHEpruen CpoACTBa K NEKTPOHY, KOTOPBIH CIIOCOOEH MPUCOSIUHUTD €€ OAMH MPOTOH ¢ 00pa30oBa-
HHUEM JIOCTaTOYHO YCTOMYMBOTO OTPHIIATEILHOTO MOHA atoMa Bofgopona. [Tostomy Gonee cradbuibHa
MOJIEKYJIa BOJOPO/A.

BHerHmii ¢10it 000JI0YKH HEUTPOHA (AHTUHEUTPOHA) UMEET XapaKTEPHYIO CTPYKTYPY BOJHO-

BOJIOB U pasmep 9,1x 10713 cm a Takke OIpelesIsAeT CIIMH YaCTULIBl U €0 3HAK JIEKTPUYECKOro
3apsiia — Y IPOTOHA OH MOJIOKUTEIIBHBIH, Y aHTUIIPOTOHA OTpULIATeIbHbINA. OIMH U3 BUXPOHOB I10J10-
BUHBI BHEIIHEW OOOJIOUKM B HEWTPOHE IpU pacriaje ylIeTaeT M CTPOUT MEKTPOH WM TO3UTPOH,
a OCTaBILMIACS (POPMHUPYET BHEHIHIOI 0OOJIOUKY MPOTOHA MJI aHTUITPOTOHA CO CTPYKTYPOU MIOOHA.

[MonoGHBIM ke 00pa30M, Kak 1 Ha BHEIIHEN 000JI0UKe POTOHA, (hOPMUPYETCs 3apsi/l MEKTPH-
YECKMM HOJIO)KUTEIbHBIM MOTEHIIMATIOM aTOMHBIX s1IEp BCEX MOCIEIYIONIMX XUMUYECKUX IEMEHTOB.

AHHUTWIALMSA TPOTOHA U €ro0 aHTUYACTULBI IPOUCXOAUT aHAIIOTMYHO, KaK U B CIIy4yasiX Heu-
TPOHA Y AHTHHEWTPOHA, MEKTPOHA M MO3UTPOHA. TakuM ke 00pa3oM BCKPBIBAETCSl BHEIIHSsI 000-
JIOYKa (3aropHBIA CIIOW CO CTPYKTYpPOH MIOOHA) MPOTOHA. 3aTeM pachafaeTcsl Hikelekaimas 00o-
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JIOUKa CO CTPYKTYPOH TT-HOJIb Me30Ha. TouHee, BhUIETaeT sIepHBIA BUXPOH B I10J1€ SIIEPHOTO OCTATKa,
oOpa3zyeT MPOMEKYTOUHOE COCTOSIHUE CO CTPYKTYPOH TT-HOJIb ME30HA, KOTOPOE M pacriagaeTcs Ha ABa
ramMmma-kBaHTa. CaMbIMHU TOCJIEIHUMU BBUIETAIOT BUXPOHBI, 00Opa3ylolye HeHTPaIbHYI0 1 Oolnee
BBICOKO9HEPreTUIeCKYI0 (BhICOKOUAcTOTHYI0) K-000510uKy. B cBOO0IHOM cocTostHun K-HOJb Me30HBI
TaK’Ke PachafaioTcs B raMMa-KBaHThI Yepe3 CBOM ITPOMEXKYTOUHBIE COCTOSIHUS B (hOpMeE TT-HOJTb ME30-
HOB. DTOT MPOLIECC — MPOLIECC MEKTPOMATHUTHOM BUXPEBOM IKCIUIOZUU C TIPEBPAIIEHUEM 3apsiIOB
TMIOKOSI IByX MPOTHBOIOJIOKHBIX YACTHII B 3apsi/ibl JBIKEHHS, KaK M B CIydae aHHUTHIISLIAM JIEeK-
TPOHA Y MO3UTPOHA, T.€. B 0€3MacCcOBYI0 (POPMY SHEPIUM JBHKEHHS (POTOHOB — UTPAET CaMYIO TJIaB-
HYIO POJIb B IPOU3BO/CTBE SHEPTHH 3BE3] U TUIAHET.

VY npotoHa, chopMUpPOBaHHASI OCTABIIMMCS TIOJISIPHBIM BUXPOHOM YacTh BHEITHEN 0O00IOUKH
C MOJIOKUTEIbHBIMU BOJIHOBOJIAMM U OTKpPBITasi yacTh cpegHei (¢oto 6) MopoxkJaeT ero BHEUIHee
TIOJIOXKUTEITHHO 3apsKEHHOE T10J1e, TIPETISITCTBYIOIIEE BbUIETY BUXPOHOB C BHYTPEHHUX 000JIOUYEK 1 UX
BO3MOKHOCTH TIOCJIE/IYIOIIETO pacmaga — 3To Haubosee cTaduIbHAs YaCTUIIA U3 YHCIIa BCEX M3BECT-
HBIX.

Bnarogapsi OmMHAKOBBIM CTPYKTYpaM BHEIIHUX OOOJIOYEK, C MapajjiebHbIM CIIMHOM, Terl-
JIOBOM TMPOTOH MOXET JIETKO 3aXBaThiBaTh TEIUIOBOW HEUTPOH ¢ oOpasoBaHMeM JedTpoHa (hoto
7), IOCPEICTBOM CIUSIHUSI-OObEIMHEHH S CBSA3aHO-3aMKHYTHIX 1eOpOMJIEBCKUX KBAHTOB-BUXPOHOB.
[Nocne mepeceueHnst U MpeoOpa3OBaHUsI BUXPOHAMH MX (DA30BBIX OOBEMOB MPOUCXOIUT IMPOIIECC
SHEPreTHUYEeCKOro pocTa 1 yropsiIoYMBaHKs BHYTPEHHUX 000JIOUEK MPU POXKIEHUHA HOBOM MUK pOYa-
CTHUIIBI C U3TyYeHUEeM-COpPOCOM raMMa-KBaHTa C SHepruei 2,2 MaB.

®oto 7. PoxaeHue eiiToHa U3 MPOTOHA U HENTPOHA.

CrniuH u 3apsaj IedTpoHa paBeH euHUIE, cpeaHuid auamverp — 4,1 x 107" cm, a macca —
1875 M»3B yaBOE€HHOI Macce HyKJIOHOB 0e3 SHepruu BbUIETEBIIIer0 raMMa-KBaHTa. JTa siepHas peak-
U ABJISIETCS 3HAKOBOM (T10 (hopMyJie — OXJIaxIeHre ¢ 00Opa30BaHUEM BOKPYT ABUXKYIIUXCS MUAKPO-
YaCTUI] CBA3aHO-3aMKHYTHIX IeOPOIJIEBCKUX BUXPOHOB, OPUEHTALIMsI CIIMHOB, Apeii(, 3aXxBar-cUHTE3
C pacuIMpeHUeM BHYTPEHHErO JUCKPETHOTO MUKPOIPOCTPAHCTBA HAa BEJIMUMHY, COOTBETCTBYIOIIYIO
sHepruu 2,2 M3B, npeoOpa3oBaHue W CHATHE BO30OYKAEHUS) M XapaKTepusyeT MocieqoBaTebHOe
B3aUMOJICUCTBUE OBICTPHIX SIIEPHBIX BUXPOHOB — COPOC OCBOOOAMBIIIEICS SHEPIUU B BUJIE BbLIETA
CBOOOJHOrO OMMOJISIPHOTO BUXpOHA B (popme oTtoHa ¢ sHepruent 2,2 MaB. Takue mpeoOpazoBa-
HUSI BHYTPEHHEH CTPYKTYpbl IPOMEXKYTOUHON COCTABHOW YaCTHILIbl, 0OpA30BaHHOW CIIMSIHUEM OJIH-
HAKOBBIX JIEOPOIJIEBCKUX I'PABUTALIMOHHBIX MOHOIIOJIEH, TOMOIHSIIOT CBOMCTBA SIIEPHBIX BUXPOHOB.
Ota siaepHast peakys OueHb SPKO JEMOHCTPUPYET IUIACTUYHOCTh CBOWCTB BUXPOHOB, OKA3aBILIUXCS
B 3aMKHYTOM IPOCTPAHCTBE 3aMepThIM BHELITHEN 000I0UKON C LEJOUYHUCIACHHBIM CIIMHOM U CTPYKTY-
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POI BOJTHOBOJIOB QHAJIOTMYHBIX 3apsKEHHBIM JT-ME30HAaM, HO CBSI3aHHBIX C BHYTPEHHUMH 000JI0Y-
KaMu. BHyTpeHHIe BUXPOHBI, BBIIETEB B TAKOE MPOCTPAHCTBO TOCIIE B3aUMOJCHCTBHUS 1 U3MEHEHU S
B 001meM (hpa30BOM 0OBEME, TIO HOBOMY 00Pa3yIOT BJIOKEHHBIE PYT B Ipyra OUMOJIsIpHBIE OOOIOUKH,
Y yKe C IpyrM YaCTOTHBIM CIIEKTPOM. DTa siiepHast peakIysl SK30TepMUIecKas — JIMIIHIS 0OCBOOO-
JMBIIASICS SHEPTUs, KaK U B Cllyyae BO30YXAEHHOTO aToMa, COpachIBAaeTCsl B BUJE SJEPHOTO raMMa-
W3ITyYeHHUS].

[Tpu 3TOM HaJO OTMETHTH, UTO 3TA SiAEPHAS PEeaKLusl SBJISIETCS MEPBOM, MOPOKAAIOIIEH e
CTAaOMJIBbHBINA TSKETBIA N30TOI BOAOPOAA-IEUTPOH. Y3Ke BTOpasi peakivsi aHTUIIPOTOHA C JIeUTpo-
HOM (M HA00OPOT) AAET HeCTAOMJIbHBII W30TOI CBEPXTSDKENOr0 M30TONA BOAOPOAA — TPUTOH
(Tputnii). C 1pyroil CTOpPOHBI, Apyrasi MOJoOHas Peakiys — MPOTOH IUTIOC AHTUIIPOTOH M3-32 HE/I0-
cratouHocT B 906 K3B /10 MOporoBoii sHEpruy Havyaja siiepHOM peakliy CUHTEe3a, IPUBOAMT JIUIIIb
K 00pa30BaHMIO HeCTA0OWJILHOM MTPOMEKYTOUHON YACTHIIBI, KOTOpasi HAYMHAET PaclaaaThes, MyTEM
TMOCJIeOBATENIBHON PACMAaKOBKHM BHEIIHUX OOOIOUYEK CO CTPYKTYPOM TT-HOJIb ME30HA U U3TyUeHHUEM
napbl COOTBETCTBYIOIIMX rAMMa-KBAHTOB. DTO CBSI3aHO C TEM, YTO CTAOWJIBHBIX SIIEp Jierde IMpo-
TOHA B Halllel MPUPOJIe Ha MOBEPXHOCTU 3eMn ObITh He MOKeT. OJJHAKO sIIepHO-UOHHbBIE PeaKIIUH
C y4acTHeM MOJIOKUTETbHBIX ¥ OTPULIATENIBHBIX TSKETBIX SiIep, HAYMHAS C TUTAaHA, UAYT B IPUPOE
Y B HEKOTOPBIX SKCIIEPUMEHTaX. B Takux citydasix, KOTOpble IPOBEPEHBI U IOCTOBEPHO YCTAHOBJICHHI,
POXAAEeTCs 9yTh JIM HE BCs TAOJMIIA IEMEHTOB U3 OJJHOTO JIEMEHTa Me[IH.

AHaNOruuHbIe MPOIECChl ¢ BHYTPHUSAAEPHON MEePeCTPONKON BUXPOHOB MPOUCXOIAT MPH BHYT-
PEHHEM M BHEITHEM BO30YkKJICHUH BUXPOHOB, KOTOPOE MPUBOIMT K JIEJICHUIO M PACTIaay TSKETBIX
saep ¢ 00Opa3oBaHMEM M BBUIETOM IBYX Oolsiee JIETKUX SiIep U HECKOJIBKHX JIETKUX JIEMEHTapHBIX
YaCcTHIL.

Heiitpons! ¢ TerioBbiMu SHeprusiMu MmeHee 1 MaB, Takke JIerko, Kak U B Cllydae ¢ MPOTOHOM,
MIPOHUKAIOT B sIpa BCEX XMMUYECKUX JIEMEHTOB ¢ 00pa30BaHUEM MTPOMEKYTOUHOTO BO3OYKIEHHOTO
sapa. OOnyueHre BeleCcTB TeIUVIOBBIMU HEUTPOHAMU TMO3BOJISIET MPOBOAUTH JIEMEHTHBIN aHATN3 —
9TO TaK Ha3bIBAE€MBbIl M IIUPOKO PACIPOCTPAHEHHBI HEUTPOHHO-aKTUBAIIMOHHBIA aHAIN3 0OPAas3IIoB.
A 3axBaT HEUTPOHOB SIIPAMH JIPYTHX JIEMEHTOB C MOCIEAYIOIUM OeTa-pacraaoM, U3BECTHBIH MO
Ha3BaHKeM OBICTPBIN R- 1 MeIeHHbIH S-TIporiecc, MPOUCXOASINUH B 3BE3/1aX, BHOCST ONPE/IeIEHHBIN
BKJIAJI B TIPOM3BOJICTBO O0Jee TSKEBIX XUMUYECKUX JIEMEHTOB BO Bcell BeeeHHOM.

Takum 06pa3oM, TeOMETPUIECKYIO CTPYKTYpY U (pU3NUYEeCKHe CBONCTBA HEUTPOHOB, MPOTOHOB
Y JISUTPOHOB OMPEIENISIOT: KOMNYeCTBO 00004eK (poTo 5S—7 1 SHEPreTHIeCKU-4aCTOTHBIN COCTaB
BHYTPEHHUX BUXPOHOB. A 32 UX CTaOWJIbHOCTb, 3apsi]] ¥ CIIMH OTBEYAIOT BHEIIIHUE OOO0JIOYKY U BHYT-
pEeHHee COCTOsSIHME BHEITHErO TOJIIPHOTO BUXPOHA B CTAIIMOHAPHOM I10J1e HYKJIOHA.

Macca nokosi B cucreme CU HeiiTpoHa u aHTuHeWTpoHa paBHa 939,57 MaB. Macca umeer
OTpUIIATEIIbHBINA 3HAK 3apsiia TI0 CPABHEHHUIO CO 3HAKOM 3apsi/ia IIEHTPAIBHOTO sIApa ero MoJisl TATOo-
TeHUs1 3eMJId U 00yCIIOBJIeHA M3JIyYeHHeM OOHOBJISIEMBIX BOJTHOBOJIOB M3 3EPEH-TPABIOTEHIIMAIOB,
opMupyIOIMX BHEIIHEE MOJIE — CYMMApPHBIM 3apsiIOM I'PABUTAIIMOHHOTO MOTEHIMAIa U3 COCTaBIIsA-
IOIIMX 000JIOUKHM 3aMKHYTBIX YaCTHII CO cliuHOM V2. LleHTpasibHas simepHast obosouka (tuna K-Homb
ME30H) ¢ HAaUOOJBIIIEH KPUBU3HOM M YaCTOTOM, 00JIaiaeT OOJbIIIeH SHeprueii, YeM BHEIIHUE W JaET
OOJIBIIINI BKJIaJ] B MHAYKITUIO 3apsijia MAcChl MIOKOSI HEUTPOHA.

IIpeBpamennusi CTPYKTYpbl NPOTOHA NPH YBeJUYEHUH SHEPruy HA YCKOPHUTEJSIX
U KoJL1aiiiepax.

Brutoth 10 HacTOsAIIEro BpeMeH! Pacu€T yBeJIMUYEeHHUsI SHEPIHU MTPOTOHOB 32 CUYET UX pa3roHa
B 2JIeKTpUUecKoM Mose UIET no ¢popmynam CTO A. DitHiITelHa, T.€. C YUETOM peastmuuUcmcKozo
a¢pgpexma 3aBUCUMOCTH MACChl YAaCTHIIBI OT CKOPOCTU. DTO rpyOast OmmoOKa BbI3BaHA TEM, UTO B IIPH-
pozie HET HUKAKOM MacChl — HU Macchl IOKOs1, HU penstuBUcTKOM Macchl B CTO. Her u anektpuye-
ckoro 3apsiga B CU. A ¢uznveckue mpouecchl yBeIndeHUs: MacChl JAIOTCS JIMIIb Ha BEpy MaTeMaTH-
yeckumu popmynamu JlopeHiia, He UMes 1moj] cO00M HUKAKoro (pu3u4ecKkoro 000CHOBAaHUS, B TOM
YHCIie ONpeeeHns] Macchl, Kak (pM3NYEcKOl Kateropuu. TakuM oOpa3oM, HapyIIaeTcsi OCHOBHOM

35



A. A. HlagpuH. «X0J0JHOE MEKTPUUECTBO. DIEKTPUUECKUN IPUp»

KJIACCUYECKMI MPUHLIMI MO3HAHUS 3aKOHOB IPUPO/bl HA OCHOBE IKCIIEPUMEHTOB, a HE U3 MaTeMa-
TUKH, OTPaHUYEHHONW HENoJHOTOM 1o ['enesnio.

[{uKJI0TpOHBI NO3BOMAIOT YCKOPATH POTOHBI 10 S3Hepruil mpuMepHo 20 MaB. [lanbHeiiinee nx
YCKOpPEHHE B LIMKJIOTPOHE SIKOOBI 02PAHUMUBAENICS PEASIMUBUCINCKUM B03DACAHUEM MACCHL CO CKO-
pOCMbio, ITO TIPUBOIUT K YBEIMYEHHIO Tleprofa oOparieHust (OH MPOMOPIMOHANIEH Macce) U CUH-
XPOHU3M HapylIaeTcs.

PeanbHo, B ipuposie yBeln4yeHue BHYTPEHHEN SHEPruy NpoToHa UAET 1o (opmyie [nanka,
T.e. MYTEM YBEJIMUYEHMS] YACTOThl MAarHUTHOI'O MOHOINOJISI M KOJIMYECTBA B 3aMKHYTBIX BHUXPOHaX
['>MM Kaxa0ii U3 ero 000I0YeK, a TAKkKe YUCIOM TaKMX 000104YeK. [109ToMy yCKOPSISICh B /IEKTPH-
YECKOM T10J1€, IPOTOH ((pOTO 6) NOITAITHO MTPEBPAILAETCS B IEUTPOH, TPUTOH U T.[., & IPH BCTPEUHBIX
COYyIapEHUSIX C aHAJIOTUYHBIMU MPOAYKTAMHU YCKOPEHHBIX aHTUITPOTOHOB MYTEM OCEBOM UMILIO3UHY,
nepexosAIIel CryCTKaMH B IIEHTPAJIbHYI0 UMIUIO3HUIO, TIOPOXJAIONIe MHOT0000J04€YHYI0 CTPYK-
TYypy snep (porto 2) v poxkAAIOTC aHTUIEHTPOHDI, AHTUTEJIUNA-3 UM AaHTUTPUTHUT.

CponctBo CTpyKTYphbl (POTOHA ¢ OOOJIOUEUHON CTPYKTYpOWl HEHTpPOHA M MPOTOHA TMOATBEp-
KJAI0T KCIEPUMEHTAIbHBIE WCCIIEIOBAHMS pacCesTHUsI JKECTKMX 3JIEKTPOHOB M TraMMa-KBaHTOB
Ha MPOTOHAX, KOTOPbIE MO3BOIMIM OOHAPYKUTh B HUX CXOXee MPOCTPAHCTBEHHOE pacrpelie/ieHue
TUIOTHOCTH SNIEKTPUYECKOTO 3apsifa, a TAKKE HAUTU MEKTPUIECKYI0 1 MATHUTHYIO MOJISIPU3YeMOCTH
ux oObEMa.

[NonTBepskaeHNe yKa3aHHOW CTPYKTYpPbl HYKJIOHOB HAXOIUM Ha KaXJOM IIary aHajau3a pacra-
JIOB ¥ B3aUMOJIEMCTBUI, OCOOEHHO YaCTHIIA-aHTHYACTHIIA, & TAK)KE JIETKUX M TSDKENBIX JIEMEHTAPHBIX
YaCTHUIl, CJIEAYIOIMNX M3 U3BECTHON TaOIUIIbl M30TONOB 4. Tak, HanmpuMep, ¢ y4acTUeM JIEIITOHOB —
MIOOHHBI 3aXBaT MPOTOHOM C TIOC/IENYIOIUM 0Opa30BaHUEM HEUTPOHA U MIOOHHOTO HEUTPHHO.
[NokazaTenbHBIM PUMEPOM, SBJISIETCS TaKkKe pacraj] TMIepoHoB (0e3 yyacTusi JeNTOHOB) Ha IMpo-
TOHBI, HETPOHBI U TT-ME30HbI.

14 TaGmua nsorornos B. 3eenmaH-rredepT U Jpyrux.
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1.3 DaekTpoH

Ho cux nop ¢u3rkaMm Bee elle He YJaI0Ch BEPHO ONPEeIUTh pa3Mephl JIEKTPOHa U ero GopMy.
N3BectHo Tonbko (CAII), uTo ero paauyc no KpaHei Mepe MeHblle, YeM OjIHa MUJUTMOHHASI pauyca
aroma. Bmecte ¢ TeM Helb3s cUMTaTh €r0 TOUKOM, HEe MMEIOLLEeN pa3mMepoB. B nocieanem ciyvae ero
SHEPrusi MoyvaeTcsi OeCKOHEYHO OOJIBIIION, YTO HE COOTBETCTBYET JEUCTBUTENLHOCTH. VI cTaHOBUTCS
Oosiee HEMOHSATHBIM YCTaHOBJIEHHOE B XX BEKe CBOWCTBO, YTO BCE EMEHTAPHBIE YACTUIIB — 3TO
MaJIeHbKME€ MarHUTUKH, UMEIOIME /1Ba TIPOTHUBOMOJIOKHBIX MONIOCA MarHUTA, YTO yXkKe ONpeseseT
HEKOTOPbI TPOCTPAHCTBEHHBIN pa3Mep. Pa3mep anekTpoHa He MogaaeTcss SMIUPUIECKOMY U3Me-
PEHHI0, & MAaTEMAaTUYECKUE PACUYEThl AAI0T IPOTUBOPEUUBBIE Pe3y/IbTaThl. B KBAHTOBOM 3JIEKTPOIM-
HaMMKe JIEKTPOH paccMaTpUBaeTCs KaKk MaTepuaibHasl TOUKA, JTMIUEHHAS BHYTPEHHEN CTPYKTYPBI.
B YpaBHCHUA KBaHTOBOU QJICKTPOAMHAMMWKHU JIs1 OITMCAHUA SJICKTPOHA BXOOAAT MacCcCa, 3apsd U ClIMH
anekTpoHa. Mcxonst U3 qyanusma, TO eCTh MpeacTaBiIeHHid 00 MEKTPOHE W KaK O BOJIHE, MCIOJb-
3yeTCsl 3HAUEHUE «KAACCUMECK020 PAOUYCA INEKMPOHA», BBIPAKEHHOTO Yepe3 MOCTOSIHHYI0 TOHKOM
CTPYKTYpHI U paauyc rnepBoil bopoBckoir opOuTel B atome Bogopona. OTciofa paanyc JIeKTpoHa,

o —1 o
paBHb 2,8179 -10 3 CM, BHIJISANT COBEPUICHHO HEJETO. DTOT «KAACCUUECKULL paduyc» OKa3blBa-
ercs B JIBa pa3a Oosbllie pa3Mepa MPOTOHa, KOTOphIA B 1837 pa3 Gosnbliie 1o Macce, HO TeopeTuyde-

CKU UMEET MEHBIIUN painyc, YeM JeKTPOH («K.aaccuueckuii paduyc npomona» paseH 1,5347-107
13 em). 3 APYTUX BBIYMCIICHUH ClielyeT pa3mep BILIOTh 10 107 em. ITpoBenEHHbIE KCTIEPUMEHTBI

110 CTOJIKHOBEHHIO SMIEKTPOHOB BBHICOKMX SHEPIHil aBaiy 3Hayenue okoo 101 em. Kak u moGas
3apspKeHHas YaCTHUIIA CO CIIMHOM, JIEKTPOH 00alaeT MAarHUTHBIM MOMEHTOM, TIPHYEM MarHUTHBIH
MOMEHT JIJIUTCS] HA HOPMAJIbHYIO YacTh U aHOMAJIbHbIN MarHUTHbI MoMeHT. HoBbie TaHHbIE
0 MAarHUTHOM MOMeHTe JIeNTOHOB BbicKazan U JK. Jlomak!® Ha paboTHI IO XOJIOAHOMY SIIEPHOMY
cunresy rpymmnoit JI. M. YpyukoeBa. 9Tu JaHHBIE MOTYT MPE/ICKa3aTh CYIIECTBOBAHHE JIETKOTO Mar-
HHUTHOT'0 MOHOMOJIsI, SIBJISIOLIETOCS JISITOHOM, KOTOPBIM B COCTOSIHUM UT'PaTh IJIABHYIO POJIb B pa3-
nuHBIX 3dekTax, BKIoUyasa cnadele saepHble B3anMonencTpusi. C UCIOIb30BaHUEM ypaBHEHUS,
cUMMeTpuu U KoHyca IlyaHkape oH Mokasas, YTo YIJI0BOM MOMEHT MOHOIIONSI OTHOCUTENBHO JIEK-
TPUYECKOTO 3apsiia SBJISETCS €AMHCTBEHHBIM IIEHTPOM CHMMETPUM BpAIlleHUs] BOKPYT (PHUKCHPO-
BAHHOTI'O LIEHTPA. DTO SABJISETCS AOKA3aTeJbCTBOM BPAIEHUSI MOHOIIONSI BOKPYT JIEKTPUUYECKOTO
3apsja.

CoBpemMeHHasi HayKa pacCMaTpUBAaeT JIEKTPOH KaK (PyHIAMEHTAJIbHYIO 3J€MEHTApHYIO
YacTuily, He 00J1aJal0IyI0 CTPYKTYPOi U pa3MepaMu.

B 1989 romy I'. lemensty Oblia mpucyxieHa HoOeneBckasi mpemust mo (pusmke 3a U3Me-
pEeHrEe MarHUTHOIO MOMEHTa 3JIEKTPOHA C TOUHOCTHIO 10 13 3HakoB mocie 3anstoid. Ha ocHoBe
¢popmyJibl, BKJIIOYAIOIIEN TMPOMArHUTHOE OTHOILIEHHUE, pa3Mep JIEKTPOHA M €70 KOMIITOHOBCKOM
JUIHHBI BOJIHBI, nionyderHon [pemnom!® B 1980 romy, Dehmelt H. (I'. demenst)!” cuutaer, 4to
«ANEKMPOH MONCEM UMENb PA3MeP U CMPYKMYPY», d e20 pasmep u3 IKCREPUMEHINO08 NO CEePXINOoU-

—2
HOMY onpede/zeHmo MAZHUMHO020 MOMERMA I/NEKMPOHA COCMABAAIONT 8EAUUUHY OKO10 10 0 CM.

B 1928 roay [dupak momyuus1 HOBOE ypaBHEHHE MIEKTPOHA, KOTOPOE TIOBeJo cebs1 Kak Hemo-
KOPHBIW JUKUHH, HEOCTOPOJKHO BBHIMYIIEHHBIN U3 OyThUIKK. TO, YTO MPOWIM y4eHble B 3TOM ypaB-
HEHUM, [0KA3aJI0Ch UM, MATKO BbIpaxkasch, HelopasyMeHreM. HapaBHe ¢ peaslbHO CyLIEeCTBYIOIUM

15 K. Jlowax. INpuxnanHas ¢uzuka Ne2—2006, ctp. 5—10.
16 Brodsky S. J, Drell S. D.//1980. Phys. Rev. Ser. D. V. 22. P. 2236.
17 Nemensr X. KCIIEpUMEHTHI C TIOKOsIITIeHCsT M30JIMpoBaHHoON cydaTtoMHoi yactuner (Hobenesckas nekuust). YOH., 1990. — T.
160, Bpim. 12. — C. 129—139.
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OTPUIIATENILHO 3apsIKEHHBIM JIEKTPOHOM B HEM 3aHsUI PAaBHOIIPABHOE MECTO TMOJIOKUTEIIbHBIN JJIEK-
TpoH! «He mapaokc jm 3107» — 1ymMasl HEBOJIbHBI BUHOBHUK 3TOrO CTPAHHOTO OTKpbITUsA. dupak
BOBCE He UCKaJ 3Ty yactuily. OH Jaxe He MoJo3peBall O ee CYIIeCTBOBAHUM.

Bonee Toro, ydeHblii Oropommi CBOMX KOJUIET MPEANOOkKEHUEM, YTO BCE YACTUIIbI B MPU-
pozie CYHIECTBYIOT MapaMu, 4TO KaXIOW 3apsiKEHHOM YacTHIle COOTBETCTBYET CBOSI aHTHMYACTHIIA
C TAKOM K€ MacCOM, HO C 3apsiI0M MPOTUBOIIOJIOKHOTO 3HaKa. [JIupak cripaBelyIMBO Pelui, 4To eciiv
CYIIECTBYET Mapa JIJIsl JIeKTPOHA — MO3UTPOH (TaK Ha3BaIM aHTUIJIEKTPOH), TO JOJIKHA CYIIECTBO-
BaTh U Mapa JyIsl MPOTOHA, T.€. aHTUITPOTOH.

ITocne MHOrONETHMX IPOTUBOPEUYMBBIX MCCIIEIOBAHUI, B cepeanHe 50 rogoB NpoLuIoro Beka,
KganToBas snexkrponunamuka (K1) ykpernuia cBOM MO3UIMHU, KOTJa HECKOJIBKO ONIECTSIINX Teope-
TUKOB, TakuX, Kak ['. bere, C. Tomonara, [I. [lIsunrep, P. ®eitnman, ®. [laiicon u npyrue, 10mos-
HUJIM €€ TIOJIOKEHUSIMUA O TOM, UTO (POTOH pearupyer Ha MPUCYTCTBUE WU ABMKEHHUE JIEKTPOHA.

[NousTue crivHa 3nexkTpoHa ObuT0 BBeneHo 1. Yien6exom u C. I'ayncmurtom B 1925 romy us aKc-
MEPUMEHTOB TOHKOI'O PaCIIEIUIeHUs CIIEKTPaIbHBIX JMHUKA aTomoB. [lomyniesnoe 3HaueHue cruHa
C IByM$1 BOBMOKHBIMH OPUEHTAIMSIMU CITMHA OTHOCUTEILHO HAIPABJICHH S UMITYJILCA OBLIO TIOITBEP-
xaeno [1. Tupakom B 1928 roay. B onbitax [tepra u ['epinaxa Oblna orpeesieHa BeIMYMHA CIIMHO-
BOI'0 MarHUTHOTO MOMEHTa, KOTOpasi OKa3aslach paBHa 3HaueHuIo MaruetoHa bopa. B npyrux skcne-
pumMenTax A. DitHmTerHa-1e ['aaza u ooparHoro 3¢gpdekra BapHerTa'® OBUTO yCTAaHOBIEHO TBOMHOE
MIPEBHITICHUE TSI TAPOMArHUTHOTO OTHOIIEHUsI CIIMHA, HAJl OXHMIAeMbIM U3 OpOUTAILHON TeOopHUr
JBVKEHU S 9JIEKTPOHOB B aroMax. CIIMHOBBIM MarHUTHBIM MOMEHT 9JIEKTPOHA, KaK CUUTAeTCS B KBaH-
TOBOWM MeXaHHKe, OOYCJIOBJIEH CyIIeCTBOBAHHUEM y HErO COOCTBEHHOIO MEXaHWYEeCKOTO MOMEHTa —
cnHa. B CAII yTBepxkaeTcs, 4To KJacCMYeCcKOe MpeACTaBIeHUe IEKTPOHA, KaK BpaIlaoIUNACs
3apsKeHHBI OOBEKT, He JaéT MPaBUIIBHOTO pe3y/bTara i OpOMTATBHOIO JBUKEHHS SJICKTPOHA
B aToMe JJIsi THPOMAarHUTHOTO OTHOIIeHUsI. Kpome Toro, 3JIieKTpoH 00agaeT aHOMaIbHO OOJIBIIAM
MarHUTHHIM MOMEHTOM. DTOT MATHUTHBI MOMEHT 3JIeKTpoHa ObUT OTKPHIT B 1948 romy I1. Kymu I'.
®omu. AHOMaJIBHBIM OH Ha3BaH IMOTOMY, UTO €ro BEJIMUMHA HECKOJIBKO MPEBBIIIAJIa paHee MPUHSATYIO
BEJIMYMHY «HOPMaJIbHOIO» MarHUTHOTO MOMEHTa — MarHeToHa bopa. DTo OTKpbITHE BBI3BAJIO Maccy
rpo0yeM, pUBEAIINX, B TOM 4ucie, kK cozaanuio I1. [lIBunrepom, C. TomoHaroit u P. ®deitHManoM
HOBOW METOAMKH BBIYUCIIEHUN B KBaHTOBOM 3eKkTpoauHamuke (KII). OaHoil u3 OCHOBHBIX 3aj1a4
9TOW TEOPUU SIBJISIETCS BBIUMCIIEHUE (PAKTUYECKOro, T.e. aHOMaJIbHOTO MarHUTHOTO MOMEHTA JIeK-
TpoHa. Teopusi OCHOBaHa Ha ujiee B3auMOICUCTBUS JIEKTPOHA C BUPTYaJIbHBIMU (DOTOHAMU U JTAET
pe3yJIbTaThl, BeChMa OJIM3KHUE K TOTyYSHHBIM SKCTIEPUMEHTATTHHO?

Jlpyrue cBoiCcTBa 3J7€KTpOHA CIIEAYIOT U3 MCCIASJOBaHWM OOaka Moisipu3aiuu (MOISIPOH),
POKIAOIIETOCs TPY JBUKSHUN IEKTPOHA BHYTPU KPUCTATUTMIECKOU PEIIETKH U OO0YCIIOBICHHOTO
€€ B3aMMOJIEICTBUEM C BHEIIHUM 3JIEKTPUYECKUM TojIieM 3JeKTpoHa. CpaBHUTDH MOJISIPOH MOKHO
JIMIIIb C HAIJISTHOM aHaJIOTMel, KOrja «3a YeJOBEKOM B COJTHEUHBIN JIEHb JIBUKETCSl €ro TeHb, TaK
3a NEKTPOHOM BHYTPH KPUCTALTMUECKON PEIIETKHU JBUKETCS 0OJIAKO MOJISIpU3aIiy, 0Opa30BaHHOE
ero IEKTPUUYECKUM ToJIeM. BeTpeuHble aToMBbl, HACTUTHYThIe 00JT1aKOM, TOJISIPU3YIOTCS UM, KakK Obl
CBSI3BIBAIOTCS C JIEKTPOHAMU HEBUJUMBIMU HUTAMU. HO M 37I€KTPOHY 3Ta CBSA3b C OKPYXKAIOIIMMU
€ro aToMamMu He OOXO/IUTCS JAPOM: OH CTAHOBUTCS KaK ObI TSKellee — Macca YBeIMIMBAETCS B IIECTh
pa3. DTy KOMOMHAITUIO JIEKTPOHA C OKPYKAIOIIUM €r0 COCTOSTHUEM TOJISIPU3AIIMY U Ha3BAU TIOJSI-
POHOM».

JIOCTOBEPHO JIMIIb YCTAHOBJIEHO, UTO JIEKTPUUYECKUE 3apsiibl pa3fesbHO CYIIECTBYIOT B JIByX
BUIAX — TOJIOKUTEIbHBIE U OTpUllaTe/ibHble. [Ipyu 3TOM pa3sHOMMEHHBIC 3apsi/ibl MPUTITUBAOTCS,
a OIHOMMEHHBIE OTTAJIKMBAIOTCS. DJIeMEeHTapHbIE CTPYKTYPHUPOBAHHBIC 3apsIbl UMEIOT B 00s13aTeb-
HOM TOpSIJIKE U Maccy.

18 S¢ddext baprerra (1909 roa) — nokaseiBaeT CBsI3b AaTOMHBIX MArHUTHBIX MOMEHTOB C MEXaHMYECKUMH MOMEHTaMHU.
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[Tpu u3mepenusix B cucreMe CU BO BHEIIHEM MOCTOSIHHOM JIEKTPUUYECKOM TIOJIE JIEKTPOH
MIPOSIBJISIET OTPULIATENIBHBIA 3apsi/i JEKTPUUYECKOro MOTEHIMala U HalpaBJIEHUE CIIMHA, a B Mar-
HUTHOM IIOCTOSIHHOM IIOJIeé — CBOW BHUXPEBOW MarHUTHBI MOMEHT, B IOJIE TATOTEHUs 3eMIu —
3apsA Macchl.

B kBanToBO#1 2nekrpogquHamuke (KDJ1) moHsTus 3Haka 3apsia He CyIIECTBYET, a MO3UTPOH
OIUCBHIBAETCS KAK JIEKTPOH, JBIKYILIUIACS 0OpaTHO BO BPEMEHH.

DNEKTPOHBI POKAAIOTCS B MPUPOJIE, C OHON CTOPOHBI, IPU 00PA30BAHUM 3aPSKEHHBIX SAEP
XMMHUYECKUX 3JIEMEHTOB, MyTEM pacriajla HeWTpaIbHBIX sAep, B Mpoleccax Oera-pacmana siaep
aTOMOB XMMHYECKHMX JIEMEHTOB, MPU pacrajie HEeMTPOHa M JPYTUX HECTAOUJIbHBIX IEMEHTAPHBIX
yacTull. A ¢ Ipyroi CTOpOHbI, IPY B3aUMOIENCTBUH TOPOTOBbIX (DOTOHOB C ATOMHO-MOJIEKYJISIPHBIM
BEIIIECTBOM B PA3IMYHBIX arperaTHbIX COCTOSIHUSAX — (poToaheKT 1 nap — oOpazoBaHue.

CBoiicTBa CTPYKTYpBI JIEKTPOHA, KPOME Ha3BaHHBIX SIBJIEHUI, MOTYT TaK e JOINOJIHUTh pac-
1a 1l KOPOTKOKUBYIIMX JIEMEHTAPHBIX YAaCTULL, TAKMX KaK MIOOH, a TaK’k€ BECbMa 3araJJOuHbIe sIBJIe-
HUs O6eTa-pacnaia Kodanbra-60, HeUTPOHA M HEKOTOPBIX IPYTHX YacTHIL. B 3THX MpeBpalleHusx opu-
EHTUPOBAHHbIE N0 CNUHY (TOJSIPU30BAHHBIE) BHEIIHUM MAarHMTHBIM I0JIEM pacnajaioiuyecs sapa
M3JTyYaloT B OJIHY CTOPOHY OOJIbIIIe JEKTPOHOB, YeM B JPYrylo. DTO Xe sBJeHHe HaOmogaercs
U Y aHTUYaCTULl. DKCIEPUMEHTHI, BHIIIOJHEHHbIE B 3TOM HarpasieHuu ¢ 1956 no 1964 muposbiM
HayYHBIM COOOIIECTBOM, MOKA3aJIM O HAIWYUHU Y IEKTPOHOB, TIOZUTPOHOB U APYTUX MUKPOYACTHII
CJIOKHOM JIEBO- U TIPaBO- BpAlLaTeJIbHOUN CTPYKTYPHI.

Bce Gonbiie 1 GoJbIllle HOBBIX JaHHBIX M3 PE3y/IbTaTOB CTOJIKHOBEHHS B KOJUIAiaepax cBUie-
TEJIbCTBYET O TOM, YTO pa3o0paThCsi B CTPOSHUU IEMEHTAPHBIX YaCTHIL IPU TOMOIIH CYIIECTBYIO-
MUX Teopuil HeBo3MOkHO. HyxHa HOBasi peBoJironusi. HeoOxoqumMo uieiiHoe nepeBoopyKeHue.
W 310 HOBOE OpYX)UeE — 3apsA] SHEPIUY WM MATHUTHBIN MOHOIIOJIb, KaK HEBUMMasi SHEpreTuye-
CKasi CyOCTaHIMsI BCEro CYILEro ¢ BO3PACTOM JKMU3HH M 3aracoOM SHEPrvd, CPABHUMBIM CO CPOKOM
Hauten BeesieHHOM.

Urtak, Ha pyoexe XXI Beka Ha 0a3e KIaCCMYECKON M KBAHTOBOW (PM3MKH POAMIIACH HOBas
¢dusuka, xots e€ poctku Obi nocaxkeHsl . Kumm u H. Tecna B Hauane XX Beka. DTo OTHIONb
HE 3HaYUJIO, YTO BCE PaHee CAEIaHHOE yUEeHbIMU OTBEPrajioch M 3aMEHI0Ch MHBIMU B3IVISIAaMU, TIPO-
cTo (pU3MKA POCia B INIyOMHY JUCKPETHOT0 MPOCTPAHCTBA-M0JIA. [IefiCTBUTENILHO, KJIacCUYECcKast
(pusmka, OTKpbIBIIASA JIIOASAM I71a3a HA MHOTHE SIBJIEHUSI IPUPO/bI, OTBETUBILIASI HA MAacCy BOIIPOCOB,
cTasia B TYNHK Tepe MUPOM OOJIbIIMX CKOPOCTEH M MUPOM HUYTOXKHO MaJIBIX YaCTHUEK MATepuH,
T.€. 3épeH-NM0TeHIMAIO0B IUCKPETHOTO MMPOCTPAHCTBA-TIOJIA.

Hogsoe npeacrasienne. JJIeKTPOH B IIOKOE, KaK 3aMKHYTOE, a [I03TOMY UHEPTHOE U CTa-
OWJIbHOE MHUKPOIIPOCTPAHCTBO C MACCOW U JIEKTPHUECKUM 3apsiIoM, 00JIaaeT CTPYKTypou, BHEIII-
HUM TI0JIEM, BHYTPEHHUM 3aps/10M HEPIUU, TeOMETPUIECKOi JOpMON U pa3MEpOM, BHYTPEHHUMU
Y BHEUIHMMHU (PU3MUYECKUMM CBOWCTBaMU. Pasmep cdepbl 3apsaa Hepru B (popme rpaBUJIEK-

TpomMarHuTHOrO MoHononsA (I'MM) cocrasnsger Benuuuny 10 20 em. IIpu mynascupymomen pas-
pazake ¢ yacroror 10 20y cpepbl I'DMM popmupyeTcsi 3aMKHYTBI YeTBEPTh BOJTHOBOJ, ((pOTO
8) ¢ pasmepom okono 10 19 ¢M. Ero KOMIITOHOBCKasi JUIMHA BONHBI COCTABIISET BEJIMYMHY 2,4 X

107" cm. JleOpoiinieBckast AJMHA BOJHBI JIEKTPOHA B aToMe (T.e. pasMep ceprueckoit oonacTy,
B KOTOPOH 3JIEKTPOH, OYIy4YM CBSI3aH MEKTPUYECKUM IOJIEM sIpa, YKe MepecTaéT CyIecTBOBATh
CO CBOKCTBaMHU CBOOOIHOTO JIEKTPOHA) B HOPMAIBHBIX YCIOBUSIX PEKOMOWHAIMOHHOTO TETLIOBOTO
PABHOBECHSI COCTABJISIET BEJIMUMHY 1077-103cm, a B YCJIOBUSIX BaKyyMa KOCMOCa B OOJIACTAX
C TeMreparypoi OJM3KON K a0COMIOTHOMY HYJIIO TTPUOIKAETCS K 1073 - 10 cm. Takum o0pa-
30M, BBICOKOBO30YX/IEHHBIE COCTOSIHUSI aTOMOB, MMEIOIIME Ha MTOBEPXHOCTU 3€MII OUeHb KOPOTKOE
BpeMsI JKM3HH, B IITyOMHAX KOCMOCA MPAKTUYECKU CTAOMIIBHBL. Y 3JIEKTPOHA caMast MUHIMAJIbHO BO3-
MOXHasi mMacca-3ueprust ueptHoro mokosi (511 KaB) B cucreme CU 06ycnoBieHa pa3psiioM rpaBu-
TAlIMOHHOTO MOHOIIOJNS C TIOC/IeJOBATeIbHBIM U3TyUYeHUEM KBAHTOB MOTOKA JEKTPHUUECKHUX U Tpa-
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BUTAIIMOHHBIX 3E€PEH-TIOTEHIIUAIOB U3 €r0 3aMKHYTOU M OJIHOKOHTYPHOM CTPYKTYPbl BOJTHOBOJOB

(doto 8).

-

—
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.
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LT
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®doro 8. Cxema BOJIHOBOJOB U3 3€PEH-TIOTEHIINAJIOB JIEKTPOHOB. Cunne IJICKTPUYICCKHUEC, KpacC-
HBIC I'PABUTAIIMOHHBLIC. CnpaBa MPOAYKTHI ITPOU3BOACTBA MATHUTHOI'O MOHOIIOJIA 2JIEKTPOHA — €ro
MTHOBEHHBIN (paHTOM-l'[OHC n3 3épeH—HOTeHHI/IaIIOB

B omiumie oT CTPYKTYPbI MArHUTHO-JIEKTPUIECKHUX 3€PEH CBOOOJHOT0 MarHUTHOTO MOHO-
nonst (pOTOHA, B MEKTPOHE OOpasyeTcsi TPAaBUTALMOHHBI MOHOMOb M3 KBAaHTOBOTO TMepexona
MyTeM IOCIIeJOBATEIbHON 3aMeHbl MArHUTHBIX 000JIOUEK 3€peH Ha rpaBUTALIOHHbBIE. B pe3ysbrare
3aMKHYTbII MarHUTHBI MOHOIIOJNb MIPEBPAIIAETCS B TPABUTALIMOHHBIN %, a CTPYKTypa 3€peH-TIoTeH-
LIMAJIOB IEKTPOHA CTAHOBUTCS TPABU-IEKTpUUECKOil. CaM 271eKTPOH MpeBpalaercs B rpaBudJIeK-
TPOMArHUTHBII MOHONOJIb (MCTOYHHK).

D deKTUBHBIN pa3Mep UCTOYHMKA (ha30BOr0 00bEMa BOJTHOBOI0B-NI0JIsI CBOOOJHOTO JJIeK-

TPOHA B COCTOAHUNU TIOKOA COCTABJIACT BEJIMYUHY 1,2 X 10_10 CM U CyHICCTBEHHO (Ha TpH OCCATUY-
HBIX HOP}IJIKa) MMPEBOCXOAUT Pa3sMEPbl aTOMHOI'O AApa. BpeMH JKU3HH 2JICKTPOHA OLICHUBACTCS B 4,2 X

24
107" neT n OIIPEACIIACTCSA 3apAAOM SHEPIUn B (popMe 3dMKHYTOI'O MarHuTHOI'O MOHOIIOJIA. Sta 9HEP-

T'Usl pacXOyeTcsl Ha CO3JaHue U OOHOBJIEHHE C YacTOTOM oKoJio 10 Ty ero OJJHOKOHTYPHOTO U IYJIb-
CUPYIOLLIETO 3aMKHYTOTO BOJTHOBOZA U3 3EPEH-JIEKTPO U IPAaBIOTEHLMAIIOB, KOTOPBII U (popMHpyeT
BHEIIIHee T0JIe JIEKTPOHA, MpejAcTaBieHHoe Ha ¢oTo 9. Bpamasck ¢ Takoi 4acTOTOM, MarHUTHBIMA
MOHOMOJb (IPaBUTALIMOHHBIN MOHOIIONb) JIEKTPOHA BOCITPOM3BOAUT HOBBIN BOJTHOBO/, OTTAJIKUBAS
CTaphlii BO BHEIIHEE MPOCTPAHCTBO U (DOPMUPYSI AHOMATBHO OOJBINON MArHUTHBI MOMEHT.

19 Hlanpun A. A. Buxponsl. U3natensctBo TpoBanT. Mocksa. 2011 rog. 232 crp.
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®ot0 9. PoxieHre BHEIIHETO MOJIS JEKTPOHA: — CJIEBA U3JIyYEHUE KJIACTEPA-T0JsA OT UCTOY-
HUKAa JIEKTPUYECKOro 3apsijia, — ClIpaBa U3JIy4yeHUe KJIacTepa-nosisi OT MCTOYHHMKA 3apsija MacChl

OO6BEM TOTrO MONSA-TIPOCTPAHCTBA, KaK U UTMHA KOCMUYECKOTo Tpeka (pOTOHA M3-3a TOPU30HTA,
cousMepruMa ¢ 0ObEMoM Harnelt Bcerd Beenennoit. Ero crabmibHOE 10 BO3pacTy KU3HA MUKPOITPO-

CTPaHCTBO MMEET OTPULIATENIBHBIN (IIO3UTPOH — MOJIOKUATENBHBIN) 3apsan 1,6 x 10— Kz B cucreme
CH, xoTa peanbHO B IIPUPOZE HE CYLIECTBYET TaKMX 3apsAJOB, KaK HE CYILECTBYET 3apsiia Macchl,
CWJIBI U BPEMEHU. U T. 1. A CyIIECTBYIOT IPOLYKTHl MArHUTHOI'O MOHOIIOJ S JIEKTPOHA — 3TO BUXPEBO
EKTPUYECKUI MOHOIIOND — 3apsi]l JIEKTPUUECKUM ITOTEHIIMAIOM (MCTOYHMK) M BUXPEBOW TPaBUTa-
LIMOHHBIM MOHOIIOJB — 3aps[ T'PaBUTALIMOHHBIM ITOTEHIIAAJIOM (MCTOYHUK ), KOTOPBIE POXKJAIOT BHELI-
HUE BUXPEBBIE MO — 3EPHA-TIOTEHIIMAIIBI HEPAaBHOMEPHO I10 CIIUPAJISAM pa3MELIEHHbIE HA ET0 OJHO-
KOHTYPHOM BOJIHOBOJIE. YKa3aHHbIE Ha (pOTO 9 KiiacTepsl BHEIIHETO MOJIS JEKTPOHA, U3JTy4aloTCs
TIOCJIEIOBATENILHO B Pa3HbIE MOMEHTHI BpeMeHU. Popma My/IbCUPYIOIIETO OAHOKOHTYPHOTO 3aMKHY-
TOr'0 BOJIHOBO/IA U3 JIEKTPONIOTEHLIMAJIOB U IPAaBIOTEHLWIIOB ONIPEAE/IAET KAHOHUYECKYIO (hopMy s
BCEX JIENITOHOB — IOJTYLIEJIbINA CIHH.

Bce 3t faHHBIE U JIETTIM B OCHOBY O MEXAHU3ME POXIEHUS CIMHA y 3JI€KTPOHA MOI Jeu-
CTBUEM MAarHUTHOTO MOHOIIOJNIA, T.€. BPAIEHUS IIPU pa3psAAKe rPaBUTAMIOHHOTO MOHOIIOJIA.

BHemnee nposiBiieHne cBOMCTB (DOPMBI U pa3Mepa BOJTHOBOAOB-IIOJIEN JIEKTPOHA C Bpalllalo-
LIMMCS MOJISIPHBIM MarHUTHBIM MOHOIIOJIEM 3aBHCUT OT CKOPOCTH €0 JABUKEHUS U COCTOSIHUS CTe-
NIeHU CBOOObI (CBSI3aH B aTOME MJIM MOJTHOCTBIO CBOOOJIEH) — 3TO €ro CIHH, JEKTPUIECKUH 3aps,
reOMETPUYECKasl CTPYKTYpa C OIIPEAEIEHHBIMY pa3MepaMH (JI/IMHA BOJIHBI) M UHAYKTUPYEMas Macca
(B TepmunHax cuctembl CU nmu CI'C), a Takke OECKOHEUHO JOJITOe BpeMsl KU3HU, ONpeaesieMoe
3ar1acoM €ro BHYTPEHHEN SHEPruu B (hOpME MarHUTHOIO MOHOIOA. /151 cpaBHEHUs 3aMETUM, 4TO
3anaca BHyTPEHHEW SHeprui MarHUTHOT'O MOHOIIOJIS, POKAEHHOTO P CHATUM BO30Y:KIEHUS aToMa,
JOCTaTOYHO, YTOOBI (POTOH MOT IPOJIETETh BCIO [TyOMHY Halllei BeeneHHOM 13-32 HEBUIMMOTO FOpU-

30HTA, T.€. 1078 cM, 3a 14 mumapnoB Jjiet. BHyTpeHHHMe CBOKCTBA 3JIEKTPOHA, OTBETCTBEHHBIS
32 3TU BHEIITHUE MPOSIBJICHH S, OOYCIIOBJICHBI IIPOLIECCAMU, TIPOMCXOASAIIMMU B PE30HAHCHOM 3aMKHY-
TOM MHKPOBHXPOHE, B KOTOPOM MOJISIPU30BAHHBIN BEYHBIN MArHUTHBI MOHOIIOIb TIEPUOANYECKH
1 BCerJa JBUKETCSI-BKPYUMBAETCS (MMIUIO3MSI OCeBasi) B OIHOM HANpaBJIeHUW B CTOPOHY K LIEHTPY
MoBepxHOCTU monmycdepsl (y3em), Tae ucuesasi, 3apskaeT rpaBUTAIMOHHBIA MOHOIONb. [loceqHmit
WCTOYHUK, Pa3psUKasCh MHIYKTUPYET MEKTPUUECKUA MOHOMONb U JBA BHEIIHUX KOHTYpPa BOJIHO-
BO/Ia EeKTpoHa. OJHO — NEPEMEHHOE JIEKTPUYECKOE T0JIe-BOJTHOBOAA (BHENIHSSA CIIUPAJIb), KOTO-
poe POXKIAET YKe IMEKTPUIECKUI MOHOMOJb, KAK UCTOUHUK, YTO U pereHeprupyeT MAarHUTHBIA MOHO-
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MOJTb — MHIYKTUPYET U MEPUOAMUYESCKY 3apsKaeT MATHUTHBIN MOHOIIONb HA YJaJIeHUH OT YeTBEepPTU
IUTMHBI BOJIHBI (ITyYHOCTH) B y3ei1. pyroe — BOJTHOBOJ BUXPEBOTO TPABUTAIIMOHHOIO TOJISI — BHYT-
PEHHSIA CIIMpaJib pa3psiIKK IPaBUTALIMOHHOTO MOHOIIONS, TIOKa3aHHas Ha (poTo 9.

Tak oOpa3zyercsi 3aMKHY Tl KAHOHMUYECKUI OTHOKOHTYPHBIN (ha30BbI OOBEM C MOMYIETBIM
CIMHOM 3JIEMEHTAPHON YaCTHUIIbI JIEKTPOH C MACCOH, T.e. JIEMEHTapHasi YacTulla CO CTPYKTYpou
aKTMBMPOBAHHOTO I'PABHJIEKTPOMATHUTHOIO MOHOIOJISI. YKa3aHHBIE BpallaTeSbHO-IIOCTYMA-
TeJIbHbIE IBWKEHUsI MArHUTHOTO M TPABUTAIIMOHHOTO 3aps/IOB U ONPEIeNIsIoT HallpaBJieHue BEKTOpa
CMMHA, CIIMHOBBI MAarHUTHBIA MOMEHT W COOCTBEHHBII MEXaHMUYECKUI MOMEHT 3JIeKTpOHa, a UX
MarHUTOMEXaHMYECKOEe OTHOIIEHUE €CTh BEJIMYMHA MOCTOSIHHAS JUIsl CTAOMJIBHBIX MUKPOYACTHIL —
9TO OCHOBHOM 3aKOH Npupobl. Kak TONBKO MOBEpXHOCTHBIA KOHTYP JIEKTPOHA 3aMKHYJICS, €ro 00a
BHYTPEHHUX 3apsiia CTAU MyJIbCUPOBATH, IPOSIBIIsISI HAITPABJIEHHUE CITUHA 1 OOHOBJISISI-TIepen3iTyvast
KOHTYPBI, CO3/]aBasi BHEIITHME MIHOBCHHBIE BUXPEBbIC TOJIS1 YACTHIIBI — JIEKTPUIECKOE, IPaBUTAIH-
OHHOE Y MarHWTHOE.

H3MeHeHUs IBHKEHHS H CTPYKTYPHI SJE€KTPOHA NPH YBeJIHYEeHUH MMOJHOM ero Hep-
UM HA YCKOPHUTEJISIX U KoJUIaiiepax.

BruioTh 10 HacTOSIILIErO BpeMEHU pacu€T YBEIMYEHHUsI SHEPIUHU IEKTPOHOB 3a CUET UX pa3roHa
B 3JIeKTpruyecKkoM rojie uaeT no popmynam CTO A. DitHiiTeiiHa, T.€. peIsaTUBUCTCKUM 3 (EKT 3aBU-
CUMOCTH MaCChl YaCTHIIbI OT CKOPOCTH. DTO rpyOast omOKa BbI3BaHA T€M, YTO B IIPUPOJIE HET HUKA-
KO MacChl — HU MacChl MOKOsI, HU pestsiTUBUCTKON Macchl B CTO. HeT B mpupoje 1 3J1IeKTpUiecKoro
3aps/a, a eCTb TOJIBKO €ro BHELIHEE JIEKTPUUECKOE T0JIe, MOPOKIAEMOE €0 UCTOUHUKOM — cpepoit

I'SMM, pazmepom10 oM. A (puzmyeckre mpoueccs yBEJIMYEHU MACChl JAIOTCSA JIMILIb Ha BEPY
MaTeMaTHiecKnMHu (opmynamu JlopeHna, He UMest o coO0l HUKAKOTO (pU3MIecKoro 000CHO-
BaHMs, B TOM YHCIE ONpeJeeH!s] MacChl, Kak (PU3NYeCcKol Kateropuu. TakuM oOpa3oM, Hapylla-
eTCs1 OCHOBHOM KJIACCMYECKMI NMPUHLMIT O3HAHUsI 3aKOHOB MPUPOIbI HA OCHOBE IKCIIEPUMEHTOB,
a He U3 MaTeMaTuKH 1o 'egeno.

PeanbHO yBenmueHHe CKOPOCTH ABWKEHHS JEKTPUUECKH 3apsUKEHHOW YacTHIBI C e€ coO-
CTBEHHBIM IIOJIEM BO BHEIIHEM IIOJIe JIPYTOro MCTOYHMKA MPOTHMBOMOJOXKHOIO IO 3HAKY MIET
MIO3TAITHO U OYEHb CJIOKHBIM 00Pa3oM:

— LIMKJIOTPOH HENIPUMEHUM JJIs1 YCKOPEHUs MEKTPOHOB (11pu £ = 0,5 M3B, m = 2mg, npu E =
10 MaB m = 28my),

— BHayaJle 3JIEKTPOH YCKOPSIETCs CHJION MPUTSKEHUs OISl JPYroro UCTOYHMKA ¢ IPOTUBOIIO-
JIOKHBIM 3HAKOM IyTEM aHHUTWJISIIIAK YaCTHI] TIOJIsI B 0OPa30BaBIIMXCSI 30HAX XOJTOAHON Ge3macco-
BOM IJ1a3Mbl (CHJIOBBIE JIMHUM T0JI) JO mpeAea cBeToBou ckopoctu (v- 0,98—0,99c¢, npu E- 2—
4 M»3B),

— TaKo#l mpoLecc MPOMCXOAUT IUIABHO BIUIOTh 10 NEPBOrO KBAaHTOBOIO MEPEX0fa B MIOOH,
y KOTOPOTO yXe cOOCTBEHHOE TpaBUTalMOHHOE 1osie B 207 pa3 Oosblile, 4eM y 3JeKTPOHa, OB

eTcsl HecTaOWJILHOCTh CTPYKTYPHI C IIEPUOJIOM ToJTypacmana B 2,2 X 10— CEKYH/IbI,

— 3aTeM MOIOOHBIE TPOLIECCH TOBTOPSIIOTCSA U C MIOOHOM, BIUIOTh JI0 POXKICHUS 3apsKEHHBIX
BBICOKO9HEPreTUYECKHUX ME30HOB,

— TaK NOPOJKIAIOTCS] HECTAOMIIbHbIE 3aPsKEHHBIE YACTHIIBI C COOCTBEHHBIM I10JIEM U ITOTYLIEIBIM
CIIMHOM, KOTOpbIE BMECTE CO CBOMMM ITPOAYKTaMU paclafa U PerucTpupyloTCcs B IETEKTOpaXx,

— B TOYKaxX CTOJKHOBEHHUS C MUILIEHBIO WM MPOAYKTAMU BCTPEYHOIO Iy4Ka MPOTUBOMOJIONK-
HOT'O 3HaKa 3apsifa B KoJUlalaepax MPOUCXOISAT B3aUMOJCUCTBHUSI YETBEPTh-BOTHOBOIOB COOCTBEH-
HOT'O M3JTy4eHHs ¢ 00pa30BaHUEM 30H XOJIOIHON 0e3MacCOBOM IUIa3Mbl, B KOTOPOU U MOPOKAAIOTCS
HEUTPOHBI (POTO 5), MPOTOHBI-AHTUIPOTOHHI (POTO 6) MyTEM OCEBOM MMILIO3MH, NEPEXOIALIEH
CTYCTKaMH B LIEHTPAJIbHYIO MMILUIO3UIO, IJI€ U MPOMCXOOUT YHOPSIOYEHHAs1 KOHJEHCAlMsl pa3HbIX
MarHUTHBIX MOHOIIONEN B COOTBETCTBYIOLIHE 0O0OUKH, 00pa3ysi LIEHTPAJIbHYIO CTPYKTYPY.
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Ntak, moHas sHeprus CKJIaJbIBa€TCs U3 SHEPIMU ABHKEHUsI, IEpelaHHON YacTULIE YCKO-
PSEMBIM BHEIIHUM TEPEMEHHBIM JIEKTPUUYECKUM TI0JIEM B IEKTpOHBONIbTaX (3B, KaB, M3B, 13B)
Y BHYTPEeHHell SHEepPruy IpyU KBaHTOBOM IEPEXO/I€ B MIOOH (ME30HbI), @ pacy€T U U3MEHEHNUE BHYT-
PEHHE SHepruu 3apsKEHHON OTHOKOHTYPHOM yacTullbl UAET 1o ¢gopmyie [lnanka, T.e. mpoussene-
HUEM ero (pyHJaMEHTAIbHOW KOHCTAHThI HA YaCTOTY U3JIyYeHUs] YETBEPTh-BOJIHOBOJOB MarHUTHBIM
MoHonosieM ['OMM. Vckopsisich B 2JIEKTPUYECKOM I10JI€, IEKTPOH MO3TAHO MPEBPALIAETCS B MIOOH,
B 3apsKEHHBIN 7T-ME30H, K-ME30H U T.[1., & IIPY BCTPEUHBIX COYIAPEHUSAX C aHAJIOTUYHBIMU ITPOLYK-
TaMU YCKOPEHHBIX MTO3UTPOHOB IIYTEM OCEBOM MMIUIO3UU, EPEXOASAIIEH CIYCTKAaMH B LIEHTPAJIbHYIO
MMIUIO3MIO, U POXKJIAIOTCS HEUTPOHBI, IPOTOHBI-AHTUITPOTOHBI.

C pocToMm 3apsiga SHEPruM MEKTPOHA MTPOUCXOIAT MPOIIECCHl 00PaTHBIE MEPEXoay BO30YK-
JEHHOT'O aTOMa B OCHOBHOE, T.€. YKOPAYMBAETCS IJTMHA YETBEPTh BOJTHOBO/IA, YBEIMUMBAETCS YaCTOTA
MyJIbCallUil MAarHUTHOTO MOHOTIONs1 B ['9MM.

[Ipu perucrpanum NpogyKTOB CTOJIKHOBEHUS CJELYET YUUThIBATh NEPHOL MOTypacraga Mioo-
HOB, ME30HOB, KOTOPBIE B CBOIO OYEPE/Ib CMA3bIBAIOT KAPTUHY B JETEKTOPaX, pErucTpalyen ux mpo-
AOYKTOB pacnaja — 3JeKTPOHOB, (POTOHOB U MHOTUX APYIHUX.

B omnune ot oTOHA 3MEKTPOH UMEET 3apsif NEKTPUUECKUM MOTEHIMAIOM JOMOJIHUTEIBHO
U B TpeTbell (hopMe, N3TydaeMbIX CBOOOIHO BHEIITHHUX IEKTPUIECKHUX MOJEH, KOTOpbIE MTPY OOJTBIION
KOHIIEHTPAIMH JIEKTPOHOB MOTYT CO3/IaBaTh OOJIAKO IMAPOBOTO KPy2.n020 Y Ta30 U CBETONOAOOHOTO
anekmpuuecmea . Takoe 001aK0 TIOCIIe COOTBETCTBYIOIIETO 3aXBaTa M KOMIIPECCUH CIOCOOHO POXKAATh
X0N00HOoe 3nexmpuuecmeo, KotopsiM urpai H. Tecna, nepekiapiBasi ero U3 KOPOOKH WM 3JTUBAS
ero B OyTBHUIKY.

Takum 00pa3om, OOHOBJIEHHBI KOHTYP W3 3EPEH-TIOTCHIIMATIOB HAIMPABJICHHO TOCIIEIOBA-
TEJIbHO BBITAJIKMBAET-U3JIyyaeT MpeaplAyliuil U (opMUpyeT BHelIHue Mojs 3ekTpoHa. Cyie-
CTBEHHO, YTO 3TU MOJsI B KJIACTepax AaTOMHO-MOJIEKYJISIDHOTO BEILECTBA MOXXHO MOJSIPU30BaTh
YIOPSAZAOUYMBAHUEM PACIHOJIOKEHHUSI CIIMHOB JIEKTPOHOB MOIIHBIM KMMITYJIbCHBIM BHEIIHUM I0JIEM
1 3apMKCUPOBATh UX HAIPABJIEHHOCTh B PELIETKE TBEPIAOIO TeJa — ITO MPOU3BOACTBO MOCTOSHHBIX
MarHuTOB.

Ta sHepruss MarHUTHOrO MOHOMOJISA, KOTOpas B (DOTOHE UJET Ha POXKIECHUE TpeKa U3 3E€peH-

3NIEKTPOMNOTEHINAJIOB AJIMHOUN Oonee 10 Bom, B 9MEKTPOHE UJIET Ha TO[Iep)KaHue U OOHOBJICHHUE
BHEIIIHUX TOJIEH, T.e. ke 00bEMa ¢ paJidycoM, paBHBIM JUIMHE yKa3aHHOTO Tpeka dotoHa. OTBeT
Ha BOIPOC — Kak JIONrO MOXET JIUTUTCS 3TOT Tporiecc? ['opa3no Gosbliie, 4eM BpeMsi KOTOpOe Tpa-
TUT (POTOH, MpUJieTast K HaM U3-3a TOPU30HTA, T.€. OoJiee YeThIPHAALATA MUJLIMAPIOB JieT uin 4,2 X

10%* nier. A xakue MOTEPU SHEPIuu ero 3apsaa ABUKEHHUsI? DKCIEPUMEHTATIBHO YCTAaHOBJIEHO, YTO
3a BpeMs (14 MumapaoB JieT) JBM:KeHUs! (pOTOHA OYEeHb JUIMHHOTO IyTH U3 caMbIX OKpauH Beenen-
HOU OH «KPaCHEeT» BCEro JIMIIIb 0 Z — 7 Uiu 8.

Jpyriumu cioBamu, 0ecCTPYKTYPHOI TOUeUHOM SJIEMEHTApHOM YaCTUIIBI B IPUPOJIE He CyIIie-
CTBYET, KaK U €€ Macchl, a UIMeeT BHYTPEHHMI HAIpaBJIEHHbI BOJIHOBOJ ONpPEIEJIEHHBIX pa3Me-
POB U3 3EpeH-TPaBIOTEHIIMAIIOB, KOTOPbIN U CO3JaET CyMMAapHBI 3apsi]] IPaBUTAIMIOHHBIM IIOTEHIH-
aJioM — 3apsi Macchl. [Ipy OOHOBJIEHUM BOJTHOBOJA TIPEABIIYIIMIA M3IIydaeTcsl, CO3/1aBasi BHEIITHEe
IPaBUTALIMIOHHOE T0JIe, KOTOPOE B3aUMOJEUCTBYET C IEHTPAJIbHBIM I'PABUTALIMOHHBIM 110JIEM 3€MJIH.
[TosTOMy OH WHEpPTEH U UMHUTUPYET COOCTBEHHBIN 3apsii Macchl. TOUHO Takke BHENIHUI HAIpaB-
JIEHHBII BOJTHOBOJ U3 3€PEH-3JIEKTPONOTEHIIMAIOB (POPMHUPYET CyMMApPHBIN 3apsiji OTPULIATEILHOTO
JIEKTPUYECKOrO MOTEHIMAIa U HAallPaBJIEHUE CIMHA JIEKTPOHA, a TaKXkKe U ero BHEIIHEee JIEKTPO-
cratuyeckoe none. Ilpu 3Tom cienyer 3aMeTuTh, YTO AMHAMU3M M3JTy4YEHUS BHEIIHUX IOJIeN JIeK-
TPOHA TMOCJIEIOBATEILHO BUXPEBOW Pa3HBIX M0 3HAYSHUIO 3EPEH-TIOTEHIIMAIOB — OJIMKE K Y37y Haxo-
AATCs OOJbIIME 3HAYEHUS U BBHITAIKUBAIOTCS C OOJIBIIEN CKOPOCTBIO, a B MyYHOCTH YMEHBIIAIOTCS
1o HyJas. [loaroMy oHM pa3Hble U MO JAJIbHONEHCTBUIO, U MO Pa3HOMY MPOSIBJISIIOT CBOU CBOWCTBA
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OTHOCHUTEJIBHO KJIaCTepo0Opa30BaHusl Ta30M000HOTO JEKTPUIECKOro 3(pupa, N3ydeHNeM KOTOPBIX
u 3aHuMasicsa Tecna.

JI1s1 HarIsIMHOCTH TpUBeeHbl rpaduueckure cxemsl (poto 8—9) dazoBoro oObEMa ieK-
TPOHAa M €ro BO3MOXHbIX cocrossHMiA. Ha ¢oro 9 ykazaHa cTpykTypa mocjeJoBaTelbHOM JAvHa-
MUKH U3JTy4YeHHsI IepEMEHHBIX TI0 BEJIMYMHE IPABUTAIMOHHOTO U IEKTPUYECKOT0 3apsIIoB, a TAKKe
UX BHelHUX noseid. [1pu (popMupoBaHNM BHEITHEr0 aHOMAJIBHOTO MarHUTHOTO MOMEHTA Bpalllaio-
IIIUACS] MAarHUTHBIA MOHOIIOND HE OCTABJIsIeT Mociie ceOsl CTAIlMOHAPHO YCTAHOBJIEHHBIX BOJHOBO/IOB
W3 MarHUTHBIX 3EPEH-TIOTEHIMANIOB, a (POPMUPYET MArHUTHBIA MOTOK U3 3€pEeH-MarHUTIOTEHIIMA-
JoB. [Ipyrumu cioBaMu, Bpalasich BOKPYT ONMPEIeIEHHON OCH MAarHUTHBI MOHOIIOJb W3MEHSIETCS
10 BeJIMYMHE, CO3JAET MEPEMEHHBII MAarHUTHBIA TOK U U3JTy4aeT HapyKy MOTOK MAarHUTHBIX 3E€peH-
MOTEHIMAIOB, (POPMHUPYS AHOMAJILHO OOJIBIIION MarHUTHBI MOMEHT. A pa3Mep ero BOJTHOBOJA-TIONS
U OTIpeJiesIsieT BXOJSIIEe U BBIXOASIIEee U3 Hero MarHUTHOE T0JIe WA MaJIeHbKUI MarHUTHUK C IByMSI
nomocamMu. TakrM 0Opa3oM Bce 3JIeMEHTAPHBIE YACTHUIIbI C TIPOTHUBOMOIOKHBIMU JIEKTPUIECKUMHU
3HaKaMHU ¥ UMEIoIIe Maccy Beerjaa OyayT MaJIeHbKUMHU MarHUTHKAMU C IBYMSI TTOJTIOCAMHU.

B cBobogHOM BuXpoHE (POTOHA 3apsiiKa BTOPMYHOTO MArHUTHOTO MOHOMOJISI MPOMCXOAUT
Yyepe3 MOCPE/ICTBO EKTPUIECKOr0 MOHOIMOMSI U HAXOMUTCS B (DYHKIIMU TIPOTUBOJEHCTBUS TPE/Ibl-
AyleMy NepBUYHOTO MarHUTHOTO MOHOIIONS. B 3aMKHYTOM BHXpPOHE JIEKTPOHA MTPU pa3psiIKe rpa-
BUTAIIMOHHOTO MoHOMONA (oTo 8) HA yAaJeHUH B YETBEPTh UIMHBI BOJHBI MHAYKTHPYETCS JeK-
TPUUECKUA MOHOMOJb (MCTOYHMK), KOTOPBIM CO3JAET NIepeMEHHOe MEKTPUUECKOE TI0JIe U YKE ITO
NiepeMeHHOE T10JIe pereHeprpyeT MarHUTHBIA MOHOTIONG. A (DYHKIIMSI pereHepaIiy TOro e Mo 3HaKy
MarHUTHOTO MOHOTIOJISI BO3/IAraeTcsi Ha BPAIAIOIIUICS 3apsil TPABUTAIIIOHHBIM IIOTEHITUAJIOM B TOJI-
HOM COOTBETCTBHMHU C OCHOBHBIM 32aKOHOM TPHPOJIBL.

Paspsijika rpaBUTAIIIOHHOTO MOHOIIONSI — 9TO BpallaTeJbHOE IBMKEHUE 10 BHYTPEHHE! Kpac-
HOM CIIUpaiy, T.e. JBIJKEHHE CIUPAJIBbHOTO 3€JEHOr0 TOpa C YBEJIUYMBAOIIUMCS JHAMETPOM.
Bo Bpemst 3TOro IBMKEHHS MPOUCXOAUT BO3OYKIEHUE NEKTPHUUECKOTO MOHOMOJIS, €0 BHEITHETo
BOJIHOBOJIA M Pa3BEPTKA-YCTAHOBKA 3EPEH-TPABIOTEHIIMATIOB HA BHYTPEHHEM BOJHOBOIE OT OOJIb-
IIIET0 10 MEHBIIIEro 3HAYEHH I BEJIMYMHBI 10 3aMbIKaHUS BHEIITHEN TTOBEPXHOCTU KOHTYPa JIEKTPOHA.
3aTeM 3TOT KOHTYP OOHOBJISIETCSI HOBBIM ITEPUOIOM OOHOBJIEHUS, a TIPEABIAYIIHIA TIOCIeI0BATETHHO
BBITAJIKUBAETCS HApPYXKy M CO3/1AET BHEIIIHKE TOJIS AEKTPOHA. BhICOKast 4acToTa TaKuX MOBTOPSIO-
IIMXCS TTPOIeCCOB (POPMUPYET BO BHEIIHEM MPOCTPAHCTBE EKTPUIECKOE, IPABUTALIMOHHOE TI0JIe
Y MarHUTHBII MOMEHT, KaK OT CTallMOHAPHOTO MCTOYHMKA (HO peajibHO TaKuMX OecCTPyKTYpHBIX
MCTOYHUKOB HE CYILECTBYET), T.€. MHAYKTHPYIOT MacCy, MEKTPUUECKUIA 3apsijl, CIIMH ¥ MarHUTHBIH
MOMEHT 3JieKTpoHa B cucteme CU.

CrnviH MUKPOYACTHIIBI — 9TO TTApaMeTp, KOTOPHIN XapaKTepu3yeT CTeneHb (TIOJHYIO WX HEeroJI-
HYI0) 3aBEpIIEHHOCTA KBAHTOBOTO TMEepexoa BpallaTeJbHOW MaTepuy MpH Mepe3apsaKe HOCUTENs
MHIYKTUPOBAHHOTO 3apsijla SHEPIrMU C OJHOTO 3HAaKa Ha JIPyroil. DTOT mapameTp B IIEJIOM Orpe-
aensiet (popMy, TUM M COCTOSIHUE IBMKEHUSI MUKPOYACTHUIIBI, T.€. 00pa3yeTcst OTKPHITHIA CaMOIBH-
Kytmics ((POTOH) MM 3aMKHYTO-KOJIe0aTesbHbIA (7IeKTpoH) e€ (pa3oBblil 00bEM. DTH MPUHAKH
¥ OTIPEACIISIIOT BUJ IBUKEHHU I YACTHIIBI — KUHETHYECKMIA MM Oe3bIHEPLIMOHHBINA BOJTHOBOM CaMOJIBH-
XKYIIUACS. DTO ONpeeseHre sIBIIAeTCs MPSIMBIM CIIE/ICTBUEM 3aKOHA COX paHeHH sl SHepruu. B nanHoM
CIyvae 3apsiJi SHEpruM eKTPOoHa (MarHUTHBIA MOHOIIONb) HE MEHSIET 3HAaK MPHU KBAaHTOBOM Iepe-
X071e, 0ITOMY OHO HETIOJTHOE, & CITMH TTOJTYIIEbIN.

CrpyKkTypa 3HaueHU MOTEHIMANOB C(epbl IPaBUTALIMOHHOTO MOHOIMOJIS, aHAJIOTMYHA Mar-
HUTHOMY — OoJIblIel cpepe CMpaIbHBIX BOJTHOBOIOB U3 3€PEH COOTBETCTBYIOT MEHBIIINE 3HAUCHUS
10 aOCOMIOTHOM BEJIMUMHE, 2 MEHbIIIEH — HanOOJbIIINe 3HaYeH! s oTeHImanoB. [Tostomy, Korja rpa-
BUTAIIIOHHBII MOHOMOJIb Pa3psAMIICS, €ro HanoOomblast cepa B STOT MOMEHT HAaXOAUTCS B TOUKE
BOJTHOBOJIA C MAaKCUMAJILHOW MyYHOCTBIO, OTKY/Ia HAUMHAJ CBOIO 3apsIKY U IBUKEHHE BHOBb UH/IYK-
THUPOBAaHHBI C TE€M K€ 3HAKOM MAarHUTHBIA MOHOIONb cpepor OONBbIIEro paauyca, a B JaHHBIHA
MOMEHT 3aKaHYMBAET CBOIO 3apsAAKY cepoil MEHBILIETO AMaMETpa B LICHTPE CyMMAapHOW Cepbl.
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Urtak, pa3pskasich U3 HEHTPATbHOU TOUKHM PACTIONOKEHUS 3€IEHON chpepbl, FPABUTAIIMOHHBIN
MOHOTIOJIb C MOJTYLEJIBIM CTUHOM NEPEXOJUT B JIEKTPOMArHUTHBI MUKPOBUXPOH, T.€. CO3J1AET BOJI-
HOBO/[I U3 3€PEH-TPaBIIOTEHIIMAJIOB, BOCIIPOM3BOIUT BOJIHOBOJ, U3 OTPULIATENIBHBIX JIEKTPONOTEHIM-
aJIOB, KOTOPBIN pereHepupyeT-3apsikaeT NEPBUYHBIA MATHUTHBIN MOHOIIONb C TEM K€ 3HAKOM.

OOHOBIIsIEMBIN BOJTHOBOJ, M3 3E€PEH-TPABIOTEHIINAJIOB U CO3JAET BHEIHEE I'PAaBUTALIMOHHOE
1oJ1e, KOTOPOEe UMUTHUPYET 3apsi]l IPaBUTALMOHHBIM OTEHLIMAIOM, MACCY IOKOsI JIEKTPOHA, a TaKkKe
3apsj MMEKTPUYECKUM MOTEHLIMAIOM — JIEKTPUUECKOE T0JIE SIEKTPOHA.

Takum oOpa3oM mepes MOMEHTOM MCUYE3HOBEHHs c(pepbl 3apsiKEHHOTo 0 MaKCUMyMa Mar-
HUTHOTO MOHOIIOJISI TPABUTALIMOHHBI MOHOIIOJb TOKE MOYTH 3apSAANIICS IO CBOETO MAaKCUMAJILHOTO
3HAUEHUsI, U TOJIBKO B MOMEHT pa3psiiKi U OOHOBJICHUsI BOJHOBO/IA OH UMEET BOKPYT ce0s1 MaKCH-
MaJILHO BO3MOKHOE LIEHTPaJIbHOE BHEIIIHEE 10JIe, KOTOPOE CIIOCOOHO B3aMMOENCTBOBATD C APYTUMHU
OKPYKAIOIIUMHU TOJISIMUA, B TOM YHUCJIE C AaTOMHO-MOJIEKY/ISIDHBIM BELIECTBOM U IOJIEM TATOTEHUS
3eMiM. DTU BHEUIHME T0JIs1 YKa3aHbl Ha cxeme (oTo 9, Tak Kak MMEIOT JIMIIIb MTHOBEHHBIE 3HaYe-
Hus1. TakuM 0Opa3oM, CyMMapHbIe BHEIITHHE JIOKATbHbIE TTOJIS IEKTPOHA (POPMUPYIOTCS TOCTOSTHHO
OOHOBJISIEMbIMU BOJTHOBOJIAMHU M3 3€PEH-TIOTEHITNAIIOB, CO3[[aBAEMBbIX TOJISIPU30BAaHHBIM MarHUTHBIM
Y IPaBUTALMOHHBIM MOHOIIOJISIMH, OFPaHUUYEHHBIX 3aPsAKON-pa3psiIKOi TOJIBKO B CBOEM 3aMKHYTOM
dazoBom 0OBEME.

Posxenue 21eKTpOHOB 1 MO3UTPOHOB BO3MOKHO HE TOJIBKO € TOMOILIBIO (POTOHOB B M0JIE aTOM-
HOTO siipa. B OCHOBHOM, 3TV 4acTULIbl MOSBJIAIOTCS B pe3y/bTaTe paciia/la aTOMHBIX U HEUTPaJIbHBIX
siIep B aHAJIOTUYHOM I10JI€, B TOM YHMCIie TTpU pactiage HenTpoHoB (doto 10).

B sTOoM ciydae 3meKTpoHBI 0Opa3yloTcs B pe3yJbTaTe MOCIEAYIONMX PaclaloB BHEIIHEH
00O0JIOYKH, COCTOSAIIEN U3 JIBYX MPOTHBOMOJIOKHO-3aPSKEHHBIX 3aMKHYTBIX 000JIOYEK-BOJTHOBOJIOB
YacTHIl CO CTPYKTYpOM TUIIa MIOOHOB, B nojie siipa. Ilpu pacnage HeWTpoHa BOJHOBOA, JIEKTPOHA
oOpa3yeT BbUICTHBILHI COOTBETCTBYIONIMIA MarHUTHBII MOHOIIONb BHEITHEW 000JI0UKH, (hOpMUpyIo-
M YaCTHILy TUIA OTPUIIATEIbHOTO MIOOHA, KOTOpask HeCTaOWIIbHA M pacnagaeTcs ¢ 00pa3oBaHUEM
9NIEKTPOHA ¥ aHTUHENTPHHO, KaK BOJHOBOJL CTAPOY BHEITHEN 000I0UKH 6€3 MArHUTHOTO MOHOTIONS.
A Tak Kak ero yacrora yxe (4acTb SHEPrMM MIET Ha BbUIET aHTUHEWTPUHO) CYLIECTBEHHO MEHBIIIE
MaTEepUHCKOTO BUXPOHA, TO OH CTPOUT HOBYIO OOOJIOUKY, MOIyYasi IIPU 3TOM CKOPOCTh, CIOCOOHYIO
MIPEOIOJIEeTh MPUTSKEHUE MPOTOHA. Tereph 3Ta 060I04Ka-BOTHOBO MPECTABISAET COO0M romycdepy
3JIEKTPOHA, COOTBETCTBYIOILYIO CBOEH (DOPMOI1 HOBBIM MapaMeTpaMm IMOJISIPHOTO I0UEPHETO BUXPOHA.
ITpu sTOM, pasuyc BoiHOBOJA NOMycEpbl JMEKTPOHA YBEIUMUMBAETCS HA TP JECTUYHBIX MOPSIKA

—1
10 CPaBHEHHMIO C BHYTPEHHUMH 000JIOUYKaMH MIPOTOHA U COCTaBiisieT BeamuuHy 1,2 x 10 O cm

€
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®oto 10. Pacnan Heittpona

Bzaumnas HenpepblBHasg W INEepUOAMYECKass WHIYKIMSA-pereHepauus TPEX MOHOIOJEN
B 3aMKHYTOM BOJIHOBOJIE JIEKTPOHA HOCUT OECKOHEYHBI BO BPEMEHHU MPOLIECC, BHI3BAHHBIN CXOIsI-
IIIUMCSI BpallIeHHEM U YBEJIMUMBAIOLIMMCS 3HAYEHHEM BeYHOI'0 MarHUTHOTO MOHOIIOJNS TIO CIIMPAJIH
BOJIHOBOJIA JIEKTPOIIOTEHIIUAIOB (hopMe Totycepbl, B IEHTPE MOBEPXHOCTH KOTOPOM OH MCYE3aerT,
3apspKasi U mepexofsi B cepy rpaBUTAIIMOHHOTO MOHOMOMSI. B 3To# TOUKe, mepes TeM Kak Mpon30¥-
JET TaKOW KBAaHTOBBIM NEPeX0/l, KOHLEHTPUPYIOTCS O/IHA B OJIHOM JIBE U3MEHsIoIuecs cepbl-3apsi-
JI0B MaKCUMAaJIbHBIX 3HAYEHUI 3TUX MOHoMojel. Cxemy mporieccoB B (0a30BOM 3aMKHYTOM OOBEME
NIEKTPOHA MOKHO TaKXke MPeJCTaBUTh, KaK MepUoIruIecKas 3apsaaka cepbl MarHUTHOTO MOHOTIONS
Pa3psAAKON TPaBUTAIIMOHHOTO MOHOIIONS C POKJICHUEM BHYTPEHHErO0 BOJIHOBOAA U3 TPaBINOTEHIIMA-
JIOB U BHEIIHETO BOJHOBOAA JEKTPONOTEHIMAIOB B (hopme nonycepsl — POKICHUE MOMTyLENOro
CIIMHA.

3&pHa-TMOTEeHIMAbl — 3TO COOTBETCTBEHHO 3apsiKEHHBIE OECCTPYKTYpPHBIE 3€pHA-TIOTEHITUAIIBI
(rpaBUTALMOHHBIE, NEKTPUUYECKUE M MArHUTHBIE) AUCKPETHOIO MPOCTPAHCTBA-NONA ¢ 3(PPEKTUB-

HBIM pazMEpOM MHOI'O MEHbIITNUM 10_33 CM, IIJIAHKOBCKOI'O pa3Mepa AJINHBIL.

Ortciofa, TOUEUHBIX B COCTOSIHUM TOKOSI M OECCTPYKTYPHBIX PA3HOIOJSPHBIX JEKTPUUECKUX
Y MarHUTHBIX MOHOIIOJIEW, KaK OJHON M3 (hOpM CYIIECTBYIOIIE MaTepud — HET B MPHUPOJE, Kak
HEeT U OeCCTPYKTYypHBIX T'PaBUTAIIMOHHBIX MOHOMOJer. CyIecTByIOT JIMIb OOHOBJISIEMbIE HOCH-
TEeJIM-BOJIHOBO/IBI, (DOPMUPYIOIINE BHEIIHUE HM3/1ydyaeMble BUXPEBBbIE MOJSI, KOTOpblE UMUTHPYIOT
CBOMM HAIMpaBJIEHHO BUXPEBBIM MOTOKOM IMOTEHIIMATIOB (3HAU€HHEM TMOTEHIMAJIOB U TeoMeTpHuent
W3JTy4YeHHUsI) B HEKOTOPBIX TOYKAX MPOCTPAHCTBA OKOJIO HUX LEHTPHI AMEKTPUUECKUX U IPABUTAIM-
OHHBIX MOHOIIOJIEW TIPY POIUTETbCKOW POJIM 3apsiIOB SHEPIUM HEBUIMMBIX M BEUHBIX MArHUTHBIX
MOHOIIOJIEH.

Takum 06pa3om, MHAYKIUS CYMMAapHBIX 3apsiia JIeKTPUISCKUM U IPaBUTAIIMOHHBIM MTOTEH-
[[aJIaM¥ JIEKTPOHA 00YCIIOBJIEHA BUXPEBBIMK BOJTHOBOJIAMU U3 IEKTPHUECKHUX U I'PABUTAIIMOHHBIX
3€peH-MOTeHIMAIOB B (hopMe criupaiel, pa3MelIEHHbIX Ha noycdepe U BHYTPH €€, COXpaHsEMbIX
1 OOHOBJISIEMBIX JIBUXKYILIIMMCS BCEr/la Ha 3apsIKy B OTHOM HallPaBJIeHUM BBICOKOUACTOTHBIM MOJISIP-
HBIM MarHUTHBIM MOHOMOJIEM — UX ponuTeseM. [Ipu 3ToM, 3HaUeHUSI MAaKCUMAJIbHBIX 110 BEIUYMHE
JIEKTPONIOTEHIIMAJIOB Ha BOJIHOBOJIE BOJIM3M y3J1a ONPEIENSIIOTCS 3HAUEHHEM SHEPIrMy MarHUTHOTO
MOHOIIOJNIS, T.€. YACTOTOM WJIM €ro JJMHOUM BOJHBL Tak Harmpumep, SHEPrusi MAarHUTHOTO MOHOIIOJS
BHEIIIHEeW 000JI0UKM MPOTOHA HAa TPU JAECATUYHBIX MOPs/IKA MPEBOCXOAUT SHEPTUI0 COOTBETCTBYIO-
IIeT0 MOHOIIONSI IEKTPOHA B aToMe Boaopoaa. [1oaromMy 3HaueHus U CKOPOCTh U3Ty4YEHUs] MAKCH-
MaJIbHBIX MOTEHIIMAJIOB U3 COOTBETCTBYIOIIMX TOUEK HA BOTHOBOAAX MPOTOHA M JEKTPOHA OymyT
OTJINYAThCS HA TAKYIO K€ BeMMYMHY MopsakoB. OTciofa 3TO CBOMCTBO OyneT orpenessith U TON-
[IMHY-TJTYOMHY aTOMHBIX 000JI0YeK U3 3JIeKTpoHOB. [loatomy atomHast Macca B cucteme CH ompe-
JeJIsieTCsl ero SAPOM, a KOJIMYECTBO JIEKTPOHOB B aTOMHOW O0OJIOUKE XapaKTepU3yeT 3apsil JeK-
TPUYECKUM MOTEHIIMAJIOM sIIpa U SIBJISIETCS] €ro Mepou-IeTeKTopoM. B Toxe BpeMsi aToMHasi Macca
MOKET XapaKTepU30BaTh U KOTMYECTBO 00BbEMA JIEKTPUIECKOro 3cupa, npou3BOIUMOro aToM-
HBIM SIIPOM.

CBepxcBeTOBOE BpallleHUe (3apsAKa) ¢ MEePEMEHHbIM LEHTPOCTPEMUTEIBHBIM YCKOPEHHEM
MAarHUTHOTO MOHOIOJSI 110 BOTHOBOAY B 3aMKHYTOM (ha30BOM MPOCTPAHCTBE JEKTPOHA UHAYKTH-
pyeT B HeM ompe/ieieHHbIe MHEPTHbIE CBOWCTBA, ITPUCYIIIee BCEM MEXaHNYeCKUM rMpockonaM. Baer-
HUE TIOJISI EKTpoHa, (hOpMHUpYEMble U3TyYaeMbIMU BOJIHOBOJAMU TIPH OOHOBJICHWH, B3aMMOJICH-
CTBYIOT C JPYTMMHU BHELIHUMU MOJISIMH, HAIIPUMEP, C IMOJIEM TATOTeHUs 3emuid. Takue CBOKCTBa
Y OMpeessioT MHEPTHOCTh MOBEACHUS JJIEKTPOHA WM 3apsi]l MacChl.

VcTouHMK MHIYKIMM FPABUTAMOHHON MAacChl — 9TO BPAIIAIOLIMIACS MOJISPU30BAHHbBIN Mar-
HUTHBIA MOHOIIONb O€3 Macchl — 3apsiji SHEPI¥Hd, ¥ er0 3aMKHYThIi MUKPOBUXPOH — UCTOYHHK JIBU-
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KEHUsI B MUKPOIPOCTPAHCTBE ero ¢pazoBoro oobvéma. B 1ieHTpe momycdepsl BOTHOBOIA MarHuT-
HBIA MOHONOJIb ncye3acTt, HO IOABIISACTCA ITOJIHOCTBIO 3ap5{)KeHH]:II7[ FpaBI/ITaHI/IOHHHﬁ MOHOIIOJIb.
CoOCTBEHHBIN HETIOIHO-KBAHTOBBIN TIEPEX0/l MArHUTHOTO MOHOTIONS B (ha30BOM 00BEME SJIEKTPOHA
MH/IyKTUPYET BHEIIIHEE CBOMCTBO HAa3bIBAEMOE CITMHOM, T. €. TIOJIYLIENYI0 €IMHUILLY 3apsijia FPaBUJIeK-
TPOMArHUTHOTO KoJieOaTeIbHO-BpaIaTeIbHOTO ABMKEHHUS U €r0 HarlpaBiieHusl B (pa3oBoM 0OBbEME —
BeKTOP. OJHOMOJISIPHBIN BUXPOH IEKTPOHA CBOUM (h€PMHOHHBIM MarHUTHBIM MOHOIIOJIEM (DOpPMHU-
pYeT MOJIOBUHY TaKOro 3apsifia, T.e. MoJIoBUHY noctosinHou [1nanka. Ero nBuskeHue no civpaibHbIM

BOJIHOBOZIAM 3TOTO IIHYpa OT OOJIbIIEro AMaMeTpa K IEHTpPY 3a BpeMs 10—, MHIYKTHUPYET cO0-
CTBEHHBIN I'PaBUTALIMOHHBI MOHOIIONb. A M3JTy4aemble NPU KakXA0M OOHOBJIEHUM OTpULIATEIIbHbIE
3JIeKTpUUYECKHe 3E€PHA-TIOTEHIMAIbl BOJHOBO/IOB (reOMEeTpUUecKasi CTPYKTypa) (pOpMUPYIOT Takoe
BHEIIIHEE JIEKTPUIECKoe NoJie, Kakoe chopMUpOBall Obl TOUEUHBIN OECCTPYKTYPHBIH 2/1€KTPUYECKUIT

3apsj BeauuuHon 1,6 X 10" Kx B cucreme CH, Pa3MELIEHHBIN OKOJIO LEHTpa noaycgepbl. DJek-
TPOH U BCE OCTAJIbHBIE JIEMEHTAPHbBIE YACTHULIBI C 3AMKHYTHIM KOHTYPOM B OTJIMYKE OT (POTOHA UMEIOT
BHEIIIHUE T0J151 ¥ TTOTYLEeJIbI CIIMH.

CrvH MOXHO ONpeAeUTh elé Kak MaJeHbKU MarHut ¢ JIByms mojocamu. Toraa ssek-
TPOH MOKHO IPEACTABUTH KaK MEPUOANYECKOE BpalllaTeIbHO-IIOCTYNATEIbHOE ABUKEHUE MarHuT-
HOT'O MOHOTIOJISI B OJHOM HAIlpaBJIEHUHU 110 CXOASAIIENCS B OIHY TOUKY CIIAPAJIU, YTO ¥ SKBUBAJIEHTHO
TAKOMY 3JIeMEHTApPHOMY MarHuTy. BHeliHee a/eKTpudeckoe mose, 00pa3oBaHHOE 3¢pHAMU-TIOTEH-
[MajlaM¥ IyJIbCUPYIOIIET0 KOHTYpa BOJHOBOJA M OOHOBIISIEMOE BBHICOKOUACTOTHBIM IEPEMEHHBIM
I10 BEJIMYMHE MarHUTHBIM MOHOIIOJIEM, CHapyxU BocripuHuMaercsi B CH, kak 1ose 3jieKTpu4eckoro
3apsja, pPa3MELIEHHOIO B LIEHTpe Nosycdepsl N0 BOTHOBOAAMH, XOTS HA CAMOM JI€JIe €r0 TaM HeT.

BosHukaer Bonpoc: noyeMy 3apsi[] JeKTPUUECKUM NOTEHIMAIOM JIEKTPOHA U IIPOTOHA OU-
HAaKOB U IIPOTUBOIIOIOKEH, HECMOTPSI HA TaKyI0 OOJIBIIYIO pa3HHILy B pa3Mepax BOJIHOBOAOB?

ITO CBA3AHO CO 3HAYEHUEM BEJIMUMHBI U IJIOTHOCTHU Pa3MelIeHUs 3€peH-TIOTEHIMAIOB Ha COOT-
BeTcTByMoIIel nomycdepe. CyMMapHbIi MOTOK U 3HAUYEHUE BEJIMUYMHBI MMOJIOKUTEIBHBIX MMOTEHIHA-
JIOB-3€PEH, U3JTy4aeMblil U3 LIEHTPa AaTOMHBIM $1IpOM, PaBEH CyMMAapHOMY ITOTOKY Y 3HaYE€HUIO BEJIH-
YMHBI OTPULIATENIBHBIX 3€PEH-TIOTEHINATIOB, U3Ty4YaeMbIX JIEKTPOHOM B aTome Bopopoaa. [loatomy
aToOM BOJIOPO/Ia JIEKTPOHENTPaJIEH U HEMHOKKO JIEKTPOOTPULIATEIEH.

O6pa3zoBaHre aTOMOB BOIOPO/IA CTAHOBUTCSI BO3MOKHBIM TOJIBKO TOT/1a, KOTAa JeOpOiIeBCKUE
Pa3Mepsbl AJIMHBI BOJTHBI BTOPUYHBIX MUK POBHXPOHOB CTAHOBSITCS OJMHAKOBBIMH, KaK JJIsI SJIEKTPOHA,
Tak U AJs npotoHa. [Ipyu cooTBeTCTBYIOLIEN CKOPOCTU JBUKEHHUS IEKTPOHA €r0 BOJIHOBOJL CTaHO-
BUTCSI M3JTy4aTeIbHOW AaHTEHHOM /17151 CBOOOJHBIX IeOPOMIeBCKMX (POTOHOB, HO MPH TETLJIOBBIX CKO-
POCTSIX peKOMOMHAIIMY C IIPOTOHOM, TOT BOJIHOBOJ] IPEBpAIIAETCsl B YacTh C(hepudecKoro (JUImi-

THYECKOT0) 3aMKHYTOTO J1Ie0pOIEBCKOrO BOTHOBO/A C UTMHOW BOJIHBI 10~*-102cmn oOpazyer
OfIHY U3 pa3pelIeHHbIX 000JI0YeK OOIIEel CUCTEMBI, T.€. 3AMKHYTOrO M BO30YXAEHHOIO MUKPOIPO-
CTPaHCTBA aTOMa. DTO OYEHb CJIOKHBIN TOPOTrOBBI MPOLIECC, 00YCIOBIEHHBIN TUCTAHIIMOHHBIM B3a-
MMOJIEVCTBUEM JIBYX IEKTPUYECKUX ITPOTUBOIIONOKHBIX 3apsAA0B (IEKTPOH U AaTOMHOE SAPO), IPU-
BOJAIIMHI K POXKAEHUIO aTOMOB. [IpH 9TOM npoucxoaut u3MeHeHue pasMepa 1 (hopMbl BOJTHOBOZIOB
9MIEKTPOHA Ha JaHHOW SHEPreTUYecKoil 000JI0uKe aToMa — OOBIYHO Beeraa Bo30y:kaAEHHOI. [lepexon
B OCHOBHOE COCTOSIHME aTOMa COITPOBOKAAETCS BCEIla U3JIy4eHHMeM CBOOOJHOIO MarHUTHOTO MOHO-
1ossi — (pOToHa.

DNeMEHTAPHBIN MPOLIECC JE3UHTETPALIMM MaTepuM B (POpPME 3apsijia Macchl ¥ JIEKTPUUECKOTO
3apsiia MOKHO ITPOMJUTIOCTPUPOBATh Ha IPUMEPE aHHUTWIISILIMK JIEKTPOHA U MO3UTPOHA.

AHHUTWIALMSA IAPBl JIEKTPOH-NIO3UTPOH. Ecin CrivHbI 271eKTpoHa M MO3UTPOHA HAIIPABJIEHbI
B [IPOTHBOIIOJIOKHBIE CTOPOHBI, T. €. UIX CYMMApHbII CIIMH PaBeH HYIIO, TO B pe3yJIbTaTe aHHUTWIIS-
MM MOXET 00pa30BaThCs JIMIIb YETHOE YMCIIO (DOTOHOB — TO 3ampeT Ha 0Opa3oBaHNE HEYETHOTO
yucia (POTOHOB CBSA3aH C OJHUM M3 3aKOHOB COXPAHEHHUsI — 3aKOHOM COXPAHEHH 3aps10BOil YETHO-
cti OTHaKO BEpOSITHOCTh aHHUTHJISILIAY C TIOSIBJICHUEM YETHIPEX U Oosiee (POTOHOB HUUTOKHO MaJa,
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U TofIaBJistioniee OOJBIIMHCTBO Map aHHUTHIMPYeET, o0pasys aBa poroHa. O6pazoBapiviecs: (hOTOHbI
JIETAT B TPOTUBOMOJIOKHbBIE CTOPOHBI, M KQXBIA U3 HUX UMEET TOJIOBHHY TIepBOHAYAIFHON SHEPIUU
CHUCTEMBI JIEKTPOH-TIO3UTPOH, T. €. IPUMEPHO SHEPIHIO MOKOSI MEKTPOHA.

®oto 11. Cxema aHHUTWIIALMA JIEKTPOHA U ITO3UTPOHA

ITO MPOUCXOAUT cheayomM oOpa3oM. OxJakIeHHbIE O TEIUIOBBIX CKOPOCTE CBOOOIHBIE
NEKTPOH U TO3UTPOH, (POKYCUPYSACH BHEITHUMU MEKTPUUECKUMHU TONSIMU C TTPOTUBOMOJIOKHBIMU
CIIMHAMU, COMMIKAIOTCS M IPOXOAAT BOJTHOBOAAMH CKBO3b JPYT APYra, B3aUMHO HEUTpaIu3ys Mpo-
TUBOIMOJIO)KHBIE 3E€PHA-TIOTEHIMAIbl BOJTHOBOJOB 30HOW XOJIOAHOW Oe3MaccoBOW IUIasmbl. B 3TOT
MOMEHT 3aMKHYTbIE ITPOTUBOIIONIOKHbIE MOHOIIOIM-UCTOYHUKH OCBOOOXKAAIOTCS OT 3aITMPAIOIIUX UX
EKTPUUYECKUX T0JIeN U CTAHOBATCS CBOOOIHBIMU. 3aMKHYTOE JBMKEHHE I'PABUTALIMOHHOIO MOHO-
T0JIs CMEHSIETCs1 Ha CBOOOIHOE JBUkeHHE BUXpoHa. OOpasyeTcsi MpOMeKyTOYHOE COCTOSIHUE, Ha3bl-
BaeMoe Iapa-rno3uTPOHUI CO CIMHOM PaBHBIM HYIIO. DTO COCTOsIHUE uMeeT (hopMy (a3oBOro mpo-
CTPAaHCTBa T-HOJb ME30HA (CIIMH paBeH HYJI0), MO3TOMY pacnaj KAET B OCHOBHOM IO KaHATy
UCITyCKaHUs JBYX KBaHTOB ¢ sHeprueil 511 Kap. Wnu apyrumu cioBaMu, 0CBOOOIMBILMECS MOHO-
TI0J1Y, BbUJIETas U3 MUK POIPOCTPAHCTBA IPOMEKYTOUHOTO COCTOSIHUS CO CTPYKTY PO TT-HOJb ME30Ha,
opmupyioT cBoOOAHBIE (ha30BbIE MPOCTPAHCTBA BYX CAMOIBHKYILUXCS (POTOHOB C YaCTOTOM Mep-
BUYHBIX BUXPOHOB JIEKTPOHA U TMO3UTPOHA — JIEMEHTAPHBIN aKT JE3UHTErpallii SHEPIrUU MOKOsI
B (hopMy IBMKEHHSI CO CKOPOCTBIO CBETA.

Ecnu xe nepen aHHUTWIISILIMEN CIIMHBI 3JIEKTPOHA U IO3UTPOHA OKA3bIBAIOTCS MapaljieIbHbIMHU,
TaK YTO MX CyMMAapHbI CIIMH paBeH 1, TO BOZMOXKHO JIMIIb 00Opa30BaHHE HEYETHOTO YMCIA, a MPaK-
THUYECKH — TPEX (POTOHOB. TpEXPOTOHHAS AHHUTWJISALMS TPOUCXOIUT ropas3lo peke, yeM IBYX(o-
TOHHAs1 — B CPE/IHEM JIMIIIb JIBA-TPU U3 KAXKIOH THICSYM MOMABLIMX B BEIIECTBO MO3UTPOHOB aHHU-
TMJIMPYIOT B TpU (POTOHA.
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HeG6omnb1110¥ 1071€ MO3UTPOHOB, «YIAETCS» aHHUTHIIMPOBATh, COXPAHKB €IIIE JJOCTATOYHO BBICO-
KyI0 CKOpocTb. [Ipy 3TOM yron pasnéra (poTOHOB 3aBUCUT OT 3TOM ckopocTu. [Ipu Gonbiux sHep-
r'uAaX aHHUTWIMPYIOIIUX MO3UTPOHOB BO3HUKAIOIINUE CpOTOHbI HCITYCKAIOTCA NPEMYIICCTBEHHO BIIC-
ped ¥ Ha3aj IO HANpaBJIeHWIO JABWKEHUs Mo3UTpoHa. POTOH, seTsanmid Bnepén, 3a0upaeTr MouTH
BCIO SHEPIrHIO JBUKEHUS MO3UTPOHA, Ha JIOJIO ke (POTOHA, JIETAIIEro Ha3ajl, OCTaéTCsl TOJbKO HEp-
T'vs, paBHasi IPUMEPHO SHEPTUM MOKOsI eKTpoHa. Takum 0Opa3om, Mpu MPOXOKIAEHUH OBICTPBIX
MO3UTPOHOB Yepe3 BEIECTBO 00pa3yeTcsl MyYOK BHICOKOIHEPTeTUUECKMX raMMa-KBAaHTOB, JIETSIIUX
B OOHY CTOPOHY. OtUM HHOrga rnoJib3yrTCA CpH3HKH-3KCHepHMeHTaTOpr IJIA TIOJTYYEHU ST MOHOXPO-
MaTHUYECKOro Mmy4ka (pOTOHOB COYEHb OOJBIIION SHEPTrUEH.
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1.4 ®P0oTOH — MATHUTHBIN TOK

OcgeltieHre U TEIUIO 1Jisl YesoBeKa, (iopbl U (payHbl — 3TO HEOOXOIUMBIE YCJIOBHS BBIKH-
BaHusl. OT JIyurHBl 10 JaMroyky Mibuya — Tak men mporecce MeKTprugpUKalMy B Halllel cTpaHe.
OT neyky ¥ KaMMHA K COBPEMEHHBIM OTOMUTEIbHBIM CHCTEMaMH M IPyTM BCEBO3MOXKHBIM MOTPEOH-
TEJISIM SJIEKTPOIHEPI UM BCETO XO3SMCTBA 3EMITH Yepe3 PeakTOPhl XOIOAHOTO pacnaia-cuHTe3a Baya-
eBa A. B. u A. Poccu B Oymyiiee.

A 4TO MBI 3HaEM O CBETOBOM U MH(PPAKPACHOM TETJIOBOM (POTOHAX, KPOME TOT'O, UTO OHU IpHU-
HaJUIeXaT K pa3HbeIM Iuana3zoHaM SMB — oty HA4Yero o npupose, CTpPyKType, X 3apsijie SHEpruu
Y B3aUMOJICUCTBUSIX C OKpyXkatoiei cpenon. Kak opraHu3m yenoBeka BOCIIPUHUMAET UCKYCCTBEH-
HBII CBET U TEILJIO, & TAK)KE MOTOKH EKTPHUUECKOTO, TPABUTAIIIOHHOTO M MAaTHUTHOTO 3(pripa — B 4€M
Pa3HUIIA ¥ OTIMYMS OT IPUPOIAHBIX UCTOUHHMKAX TEIIa U cBeTa?

W3 victopum cTaHOBJIEHU I TUTIOTE3 OTKPHITUAME 2’ U3BECTHO, UYTOOBI «<1HOCHPOUN® YCHOUUUBYIO
MO0enb amoma 6000po0a U C6:3amb ee ¢ HENOHAMHBLIMU 00 MO20 3AKOHOMEPHOCMAMU CNEKMPANL-
Hulx aunuli bopy no3eoauno ,z2enuanvroe’, Ho npomueopeuusoe coeoureHue uoeu KBAHMOBbIX CKAUK08
C YPABHEHUAMU KAACCUMECKOL MEXAHUKU, KAMe2OPpU1ecKU He OONYCKAIOWUMU CKAUKO8. Mo npous-
8e10 Nompscaroujee GneuamneHue Ha COBPEMEHHUKO08, 20pa300 Doee CUAbHOE, YeM CaMO OMKPbIMUe
NAGHEMAPHOTE CMPYKMYPol AMOMa».

Ocrasach HesiICHOM JuIIb ManocTb. [loyeMy ke 37eKTpOH, jeTass o OOpOBCKOM opOwuTte,
BOIPEKH KJIACCMUYECKOW 3JIeKTPOJMHAMUKE He W3iy4yaeT? B uem cocTouT MexaHu3M mepexona
C opOUTHI HAa OPOUTY M KaK B MPOIIECCE ITOTO Mepexoa POXAAETCs W MOTJIOMIAeTCs] KBAaHT cBeTa?
OTKpBITBIM OCTaBaJICSI OCHOBHOW BOMPOC — MOYEMY aTOM YCTONYHUB ?».

[NosicHuM, 3MEKTPOH, MPOTOH U JIpyrHe 3apsiKeHHbIE YaCTUIIBI MMEIOT COOCTBEHHOE BHEIIIHEe
T0JIe U3JTyYeHHUs], YTO JOKA3bIBAECTCS MX YCKOPEHHEM B COOTBETCTBYIOIIEM 3JIEKTPHUECKOM TIOJE.
VY 3THX 4YacTHUIl NCTOUYHMK-3apsi/l SHEPTUM M3ITyYeHUsl JIOKAIM30BaH B Hell camoi. POTOH He umeeT
BHEIIIHET0 MOJIsI N3IyYeHus], 2 UICTOYHUK HAXOAUTCS B IIEPEHEM CaMOIBHIKYIIEMCs (pa30BOM 00b-
éme. B 3ToM cyIliecTBeHHasi pa3HUIIA B CTPYKType 3THX uacTHil. [103ToMy BCE KMBOE U HEXKUBOE
BEIIIECTBO B MPUPOJIE COCTOMT M3 aTOMOB, He U3 (POTOHOB, HO €0 KM3Hb HEBO3MOKHA 6e3 (POTOHOB.

dapapeii nepsbiii B 1830-x rogax BBEN B (pU3MKY MOHSATHE 10714, a B 1831 roxy oH BriepBble
OIpe/IeNINII TEPMHUH «MarHUTHOE TIOJIe» U YCTAHOBHMII, YTO MEpEeMEHHOE MarHUTHOE TIOJIe, POHU3bI-
BaIOLIEe 3aMKHYTBII MPOBOISILIMI KOHTYD, BbI3bIBAET B HEM JIEKTPUUYECKUN TOK — ITO 3aKOH dJIEK-
TPOMarHUTHOM UHAYKLIMU (OMN).

VYropHo Ha0moas1 32 pacpoCTpaHEHUEM TOJISIPU30BAHHOTO CBETA B MATHUTHOM TOJIE M ACCIIe-
Ays. B3aMMOCBSI3b JIEKTPUYECTBA, MarHeTU3Ma M CBeTa, OH OOHAPYKHJI BpallaTebHYI0 MPUPOIY
MarHeTu3Ma IyTEM PerucTpalvy SIBJIEHUs BpalleHHUs TUIOCKOCTU TOJISIpU3allid CBETa B MarHUT-
HOM I10JIe — HallpaBJIEHUE ero Noisipu3auuu nosopaunsaercs (pasaen 2150. Dddexr Papanes). On
MUIIET B TPEThEM TOMe, pazen 2148:

«2148.9mu 6e3ycnewitvle U3bICKAHUSL He MO2AU NOKONeOAMb MOe20 MEepo020 YOeHcOeHusl,
OCHOBAHHO20 HA HAYUHBIX cOOOpadcenusx. Ilosmomy s HedasHo 60300HOBUN UCCAE008AHUE HA OUEHD
TMOHKUX U CMPO2UX HAUANAX, U 8 KOHUE KOHUO8 MHE YOaN0Cb HAMAZHUMUMb U HAINEKMPUZ08AMb AYY
ceema u 0CeeMuUNb MAzHUMHYIO CUNOBYIO MUHUIO.»

«2164. Cnocobnocms epauiams c8emMoeol Y4 Yeeauuu8adac, Mecme ¢ UHMEHCUBHOCHIbIO
MAZHUMHBIX CUNOBBIX NUHULL. »

[Tpu 3TOM OH MOSICHSIET, YTO TEPMHUH «OCBETUTh MATHUTHYIO CHJIOBYIO JIMHUIO» O3HAYAET BU3Y-
TM3AIMIO T71a30M XOJa CTEKJISIHHOM HUTH, KOTOpas cTaja Obl BUAMMON Onaromapsi cBety. B cio-
BaX «HAMArHUTUTb JIy4 CBETa» MOIPa3yMEBAETCS BHI3bIBAEMOE MAarHUTHBIM T10JIEM BpallleHHe TI0C-

2p. PanyHckas. «besymnsle unen», 1967 rox.
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KOCTH TOJISIpU3aIiK CBeTa — MarHutoontudeckuii apdpext dapanes. [lepBoHayaibHOe 00BSICHEHNE
apdpekra Papanes nan JI. MakcBeut B cBoeit padbore «30paHHbIE COYMHEHUS MO0 TEOPHH SJIeK-
TPOMArHUTHOTO TOJIsT», TAE€ OH PacCMaTpWBaeT BpallaTesIbHyI0 MpUpoay MarHetusma. Onupasch
B TOM uucye Ha padotsl T. KenbpBrHa, KOTOPHIN MOAYEPKUBAI, YTO MPUUUHON MArHUTHOTO JICHCTBUS
Ha CBET JJOJDKHO OBITh peasibHOE BpallleHHe B MAarHUTHOM Tiosie, MakcBesul paccMaTpyBaeT HaMarHu-
YEHHYIO Cpejly KaKk COBOKYITHOCTb «MOJIEKY/ISIPHBIX MATHUTHBIX BUXpeii». Teopus, cuuTaromas 31ek-
TpUYECKHe TOKH JIMHEWHBIMU, 2 MATHUTHBIE CHJTBI BPAITATeIbHBIMU SIBJICHUSIMH, COTJIACYETCS B 9TOM
cMbiciie ¢ Teopusimu Amriepa u Bebepa. Mccnenosanue, npoeeaénHoe 1. K. MakcBesuioM, mpuBo-
IWT K 3aKJII0YEHUI0, UYTO eJMHCTBEHHOE JICHICTBUE, KOTOPOEe BpallleHHe BUXPell OKa3biBaeT Ha CBET,
COCTOHT B TOM, YTO TUIOCKOCTh TOJISIPU3AIIMA HAYMHAET BpAIIaThCs B TOM K€ HANPaBJIEHUM, YTO
Y BUXPU.

N3BectHblid camoyuka . JIMACKaAIHUH B CBOEM KOPOTKOM, HO YOAUTEIILHOM Tpyae?!, cieny-
IOIIMM 00pa30M MOSICHIJI CBOM 3HAHWsI O MArHUTHOM TOKE:

«.. U3 3mozo 6uoHo kax mazuum, modxcem Oblmb UBMEHEH U €20 CUAA MONCEM ObliMb CKOH-
UEHMPUPOBAHA, a MAKHCe 8bl MONCEMe GUOENb, UMoO Memann He S6AsIemcs HACMOSUUM MA2HU-
mom. Peanvhvim maznumom siersiemes cyocmanuyus, Komopas yupkyaupyem 6 memanne. Kascoas
uacmuya 6 CYyoCmanyuu, Mo cam no cede eOUHUUHBLIL mazuum. Eounuuvle mazHumsi mozym Obimeo,
KaK Ce8epHo20, Max U 104cHo20 noaoca. OHu makue HeboavlULUe, UIMO MOYM NPOHUKAMb NOBCIO0Y.
Daxkmuuecku OHU MO2YM NPOHUKAMDb Uepe3 Memann aezue, uem uepe3 6030yx. OHu — 8 NOCMOSIHHOM
OBUICEHUU. .. MAZHUM — IO XPAHUMENb BEUHO20 OBUNCEHUSL. .. MazHumbl 16151H0MCsl OCHOBOI 8Ce20».

3pech peub UIET B COBPEMEHHBIX TEPMUHAX O HEBUAMMOM MarHUTHOM MOHOIIOJE U €ro Mpo-
IOYKTax, B TOM YUCJIe 1 MATHUTHOM TIOTOKE U3 MATHUTHBIX 3¢ PEH-TIOTEHITUAIaX, BEUHO JBYKYIIIUMCS
CO CKOPOCTBIO CBETA.

Brusinue cBera Ha MarHMTHBIE CBOMCTBA BELIECTBAa OBUIO TEOPETHMUYECKM JOKA3aHO ropasio
nozxe. B 1960 rony coBerckwmii puzuk JI. I1. [TnTaeBcKuii okasas, 4To CBET, 00JIaJalONIHiA KPYTOBOM
MOJISIpU3ALIMEH, CIIOCOOeH HAMAarHUTHUTh CPely, KOTOPYIO OH ocBelaeT. DP¢eKT NoMydns Ha3BaHKe
obpatHoro adekra Papanes.

B 1845 rony ®apaneit OTKpbUT TuaMarHeTu3M (OIMH U3 BUIOB MarHeTU3Ma, KOTOPbIA MPOsIB-
JfieTcss B HaMarHMUMBaHUM BEIIECTBA HABCTPEUY HAIPABJICHUIO JIEMCTBYIOIIETO HA HErO BHEIIHETO
MarHuTHOro nojs), B 1847 — mapamarseTusm (CBOKMCTBO TeJ, TOMENIEHHbIX BO BHEIITHEE MarHUTHOE
110J1e, HAMArHWYMBAThCS B HAIIPABJIEHUH, COBIAJAIOIIEM C HAIIPAaBJIEHUEM 3TOrO 1oJis). OnHaKo HU
B TOM, HU B IPYT'OM CJIy4ae MEXaHU3M SIBJICHUI HE Ha3bIBAJICS.

B nepuon 1860—1875 ronoB MakcBesut co3iain Teopuio, B KOTOPOW JIEKTPUUECKUe U Mar-
HUTHBIE CUJIBI TPUPOJBI OB 00bEAMHEHBI B TIOHSTHE €JMHOTO IEKTPOMArHUTHOTO TOJIsI, BKJTIOYa-
IOLLETO BU/IMMBIN CBET, HEBUAUMBIE YIIbTpacroieToBble U MH(ppaKpacHble Jyuu. CBET — 3TO MPOCTO
NIEKTPOMArHUTHBIE BOJIHBI, CIOCOOHBIE PACIIPOCTPAHATHCS B MYCTOM MPOCTPAHCTBE TaK K€ JIETKO,
KaK U B IIPO3PAuHBIX TBEPABIX TeNaX, B KOTOPBIX OTCYTCTBYET IPOBOAMMOCTb IEKTPUUECKOTO TOKA.
W3 nepBoro ypaBHeHHs1 MakcBea ClieqyeT, U4To JIeKTpuIecKoe nojie o0pasyeTcs 3apsjaMu, a ero
CWJIOBBIE JIMHUM MMEIOT Hauaso U KOHell B 3apsjax. Bropoe ypaBHeHue MOKAa3bIBA€T, YTO CHJIOBbIC
JIMHUM MarHUTHOTO TIOJISI BCET/Ia 3aMKHYTHI Ha ce0sl, a Mojie He MMeeT MarHUTHBIX 3apsiioB. Tperbe
yPaBHEHUE CBUAETEJbCTBYET O TOM, UTO IEKTPUUYECKUN TOK U MEPEMEHHOE JIEKTPUUECKOoe IoJie
(«TOK CMeEIEeHUs») CO3[Al0T MarHUTHoe mosie. Y, HakoHell, YeTBepToe ypaBHEHHUE IpeJCTaBIIsIeT
co00i1 ypaBHEHHUE IEKTPOMArHUTHON MHAYKIMH, OTKpbIToN Papaneem. M3 4eTBEPTOro ypaBHEHUsI
CIEyeT, YTO U3MEHEHHe MArHUTHOTO TOJISl PUBOAUT K BOSHUKHOBEHUIO JIEKTPUYECKOro MoJist 0e3
MOCPEACTBA UCTOUHUKA-3aps/ia.

2 Leedskalnin Edward. TTepeBon kHUrM «MarHuTHbIN TOK». Copyright OkTs6pb. 1945. Edward Leedskalnin. KameHHble Bpara.
Xowmcren, Pnopuaa, U. S. A.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

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