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AHHOMauusi

Ommeyaemcsi, ymo brnuxe 8cex K IMOHUMaHUK CMPOeHUsT Muposgol cpedbi nodowesn 8 XIX eeke
Lx. K. Makceenn. [lokazaHo, Ymo mupoeasi cpeda cocmoum U3 3JIEKMPOHO8, KOMOPbIe COXPaHsHMm
bnuxHul  nopsidok. TOpPMO3OM 8 [OHUMaHUU 3mo20 S8J/IIMCS  cyuwlecmeyowue Ha Ce200Hs
npedcmaesneHuss 06 anekmpuyeckoMm 3apsde, KakK BHYmMpeHHelU XapaKmepucmuke 3/1eMeHmapHoU
yacmuuyel. [lposedeH nepecMomp nepeuYHbIX MOHAMUU, Makux Kak 3apsd, macca, mseomeHue.
lMpusodsimcsi ypasHeHUs: QUHaMUKU 8aKyyma, KOMmopble S8/SImMCs UCXOOHbIMU U 8K/oYaom 6 cebs
ypasHeHuUs Krnaccu4eckol, pensmueucmcKkol, KeaHmoeol MexaHukK, arnekmpoduHamuku Makceenna u dp.
LJaemcs OuHamuyeckass  uHmMepripemauyuss  KeaHmoeol  mMmexaHuku. OnpedesieHbl  MIo0MmHOCMb,
CXKUMaeMocmb, yrpy2ocms MUposoul cpedsbl.

OpHaxxapl pbIOBI B peKe YCIHBIIMIATH, KaK JIIOJU TOBOPAT, OYyATO PHIOBI MOTYT KUTh TOJBKO B
BOJie. Y CIBIIIAB 3TO, PHIOBI OYEHb YAUBHIIMCH U CTAIH CIIPAIIMBATH OJHA APYTYIO: YTO TaKOE BOAA?
CrnpammBany, cripaliiBaii — HUKTO He 3HaeT. Toraa onHa peidba ckaszana: "['oBopsT, B MOpe KUBET
cTapasi, MyJpasi pei0a, OHa, JOJKHO OBITh, 3HAET, YTO Takoe Boja. [lomnbsiBéM K Hel u cripocuM e€".
W BOT momibuiM peIObI B MOpPE K TOMY MECTY, TJ€ Kujia Mypasl pbl0a U CIpoCHiIn €€, 4TO TaKoe
Bona. U crapas mynpas peiba ckaszana: "Boma — 310 TO, yeM MbI kuBEM. BBl oTTOrO M He 3Haere
BOJIy, UTO KUBETE B HEeMl U ¢ Hero''. [IpuTya 0 Myapoi peide u Boje.

JI.LH. Toncroit

BBenenne

Msl, aroaM, HE 3aMe4aeM MUPOBOM Cpelbl MMEHHO IIOTOMY, YTO KMBEM B HEM M C HEIO.
MupoBasi cpella OKpy’KaeT Hac CO BCEX CTOPOH M COJIEpPXKHUTCS B Hac. Bce MupoomrymieHue
MPOUCXOJUT OTHOCHTENHHO 3TOM cpenpl. OHa BBICTYHMAeT Kak OBl <«HYJIEBBIM» YPOBHEM,
OTHOCHUTEJIBHO KOTOPOTO BEJETCS OTCUET.

bnnxe Bcex K MOHMMaHMIO CTpoeHUs: MUpoBoi cpenbl nojomen B XIX Beke J[x. K. Makcsen.
B cBoux paborax MakcBemt Ha3bIBaeT 3Ty cpeny mno-pasnomy [1,2,3,4]:anekrpudeckas KuIKOCTb,
CBETOHOCHAs cpefia, AIEKTPOMarHuTHas cpena, 3gpup, Tak Ha3zbiBaeMblii BakyyM. Ho MHorue unen
MakcBeruia onepenuian CBOe BpeMs W HE ObUIM TIOJOXKUTEIBHO BOCHPHHSATHI COBPEMEHHUKAMH.
Ctune MbITIUIEHUsT MakcBesia, coueTaromuid B cede 00pasHoe U, OJTHOBPEMEHHO, MaTEMaTUYECKH
CTpOroe omucaHue, B OOJbIIeH Mepe COOTBETCTBYET HEIIMHEHHOMY CTHIIIO MBIIUICHUS KOHIA XX
Beka. B konme XIX Beka B Hayke TOMUHUPOBAI JMHEHHBIN, ()OpPMATbHO-MATEMATUYECKUA CTUITh
MbIIUIeHHs. W Ta 2IeKTpoAMHAMUKA, KOTOPYIO MCIONIB30Baau B XX BEKE U KOTOPYHO Ha3bIBAIOT
3JIEKTPOJMHAMUKON MakcBeslia, €CTh JIUIb JUHEHHBINA, YIIPOUIEHHBIA BApUAHT 3JIEKTPOJIUHAMUKH,
pa3paboraHHOi MakcBeIoM. YIIPOLICHHbBIH BapuaHT 3JIEKTPOAMHAMHUKH ObUT pa3paboTaH B KOHIIE
XIX Beka XeBucaigom, ['epiem u gpyrumu. B Hagane XX Beka B KaueCTBE HAYYHOU MapauTrMbI
Obula TpHUHATA TEOPHUS OTHOCHTEIbHOCTH A. DiiHITeiHa [5], KoTOopas oOTKa3ajiach OT
«CBETOHOCHOTO 3(Hpa» U KOTopasi 10BOJLCTBOBAIACH JIMHEWHBIMH, YIIPOIIEHHBIMU YPaBHEHUSIMH.
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YpaBHeHUsI, oay4YeHHbIe MakcBeuioM [4], sBistoTcs 0osiee OOIIMMHU, HETMHEHHBIMU U 3aITMCAHBI
OHU OTHOCHUTEJIBHO BEKTOPHOTO U CKAJIIPHOTO MOTEHIIUAJIOB.

He cnyuaiino cBoit «TpaktaT 00 JJIEKTpUYECTBE W MarHeTu3Mme» MakcBeT 3aKaHYUBaeT
pasMBIIUICHUSIME 0 MUpoBoi cpeae [4]: "CnemoBareiabHO, BCe 3TH TCOPHH BEAYT K IMOHITHIO
Cpelibl, B KOTOPOW MMEET MECTO PACIPOCTPAHECHHE, U €CIIM MBI IPUMEM 3Ty CpeAy KaK TUIOTe3Y, A
JyMaro, OHa JOJKHA 3aHAThH BBIJAIOLIEECS] MECTO B HAIIMX MCCIEIOBAHUSAX U CJIEAYET MOIbITaThCA
MIOCTPOUTH MBICJICHHOE MPEACTABICHUE €€ NEHCTBUS BO BCEX MOAPOOHOCTSX; ATO U SABISUIOCH MOCH
MTOCTOSTHHOM II€JIbIO B HACTOSIIIIEM TpakTare'.

Omnpenenum (u3MvecKre CBONCTBA MHPOBOW CPEAbl M TMOMBITAEMCS MOCTPOUTH MBICIEHHOE
MPEJICTABIICHUE €€ JCHCTBUS.

1. Teoperuueckasi yacThb

JlanpHeiee n3J10KeHHE TTOCTPOUM CEAYIOMNUM 00pa3oM: BHaYaJle MPUBEIEM OKOHYATEIbHBIN
BBIBOJ] — YTO MpEJCTaBIsET cO00l MHpOBas cpela, W 3aTeM JaJuM OOOCHOBAaHWE MPUBEACHHOU
TOYKM 3peHus. B JelcTBUTENbHOCTH TMOKMCK MPAaBUIBHOTO pEIIeHHs IIel OT aHauu3a
CYIICCTBYIOMIUX SKCIICPUMCHTAJIBbHBIX (1)aKTOB K CUHTC3Y. Ho npeajaracMocC N3J10KCHUC ITO3BOJISCT
aKLEHTUPOBAaTh BHUMAHUE HA CYTH, OTBJIEKASICh OT BTOPOCTENEHHBIX (haKTOPOB.

Hpe;[naraeMoe CTPOCHUC MHpOBOﬁ Cpcabl HC ABJIACTCA OYCBHUIAHBIM U JIA €TO HNPUHATUA
HE0OXOIMMO TEPEeCMOTPETh CYIIECTBYIOLIME MEpPBUYHbIC MOHATHS, TaKUe Kak 3apsj, Macca,
TATOTCHUC U JIP.

1.1.CTpoenne MuUpOBO# cpeabl

B pabote [6] ananmsupyrotcs B3rsiasl dapanes u MakcBenia Ha CTPOSHUE MHPOBOW CPEbI.
Bompoc o ctpoennu 3dpupa Makcsemn paccMmatpuBaeT B crathe [3]: «KakoBo crpoenue 3dupa?
MornekyssipHoe oHO WM 3¢hup HempepsiBeH? Mpbl 3HaeM, 4To 3(QUp MepeJaeT IoIepeuHbIe
KoJieOaHUs1 Ha BechMa OOJBIIME PACCTOSIHUS 0€3 UYBCTBUTEIBHOW TOTEPH DHEPTUU ITYTEM
paccestHus. MonekymspHas cpefa, IBUKYIIAscsA MPH YCIOBHUM, YTO IpyIIa COCEAHUX IPYr APYTry
MOJIEKYJI OCTA€TCsl TPYMION COCETHUX APYr APYTy MOJEKYJ U BO BCE BpeMs JIBUKEHHUs, CIOCOOHA
nepeaaBarh KoyebaHus 6e3 OOJBIIOro pacCessHUs YHEPTUH, HO €CIIH IBUKECHUE TaKOBO, YTO TPYIIIIBI
MOJIEKYJI HE IIPOCTO CJIETKa U3MEHSAIOTCSA B KOH(PUIypaluu, HO COBEPIIEHHO pa30UBAIOTCs, TaK YTO
COCTABJISAIOLINE UX MOJIEKYJIBI IIEPEXOAT B HOBBIE TUIIBI IPYNIIMPOBOK, TO IPU NEPEXOE OT OJHOTO
TUIIA TPYNIUPOBOK K JAPYroMy O5HEpPrus NpaBUIbHBIX KoOJEOaHUIl paccerBaeTcs B HHEPIUIO
XaOTUYECKUX JBM)KEHUH, KOTOPYIO MBI Ha3bIBaeM TeIu1oTOM. CienoBaTeNIbHO, HENb3sl JOIYCTHUTD,
4TO CTpoeHue 3¢pupa MoJ00HO CTPOCHHIO ra3a, B KOTOPOM MOJIEKYJbl HaXOIATCS BCErAa B
COCTOSIHUM XAOTHYECKOTO JIBMKEHUS, OO B TaKOW cpeje MolepeyHoe KojeOaHue Ha MPOTSHKECHUN
OJHOW JJMHBI BOJHBI OCHIa0iseTcd A0 BEIMYMHBI MEHEe 4YeM OJHa MATUCOTas HayaJlbHOU
amMruTyabl. Ecnu adup uMeeT MOJEKYISpHOE CTPOCHHE, TO TPYNIHPOBKA MOJEKYJ JOJDKHA
COXpaHATh OJMH M TOT K€ THI U KOH(UIypauus TIpynn JOJKHA TOJBKO CJIErKa M3MEHATHCS BO
BpEMS IBUIKEHUSA».

B xonme X1X Beka ObIJI0 YCTAaHOBJICHO, YTO «MOJIEKYJIOW» DJIEKTPHUUECTBA SIBISIETCS DJICKTPOH.
Kak mnokazan MakcBeins, NpUHIMIHAIBHBIX Pa3IMuuil MEXIy 3JEKTPUYECTBOM B MPOBOJHUKE U
JNEKTPUYECTBOM B JMIJICKTPUKE — BaKyyme, HeT. Pasnuume 3akitodaeTcss B UX COCTOSHHMH. B
IIPOBOJHMKE 3JIEKTPUUECTBO MOJ AECHCTBUEM 3JIEKTPUUECKON HANPSKEHHOCTH MEPEMEIAETCS, B TO
BpEMs KaK B JHUIJIEKTPUKE JJICKTPUUYECTBO IOABEPKEHO INCHCTBUIO DIEKTPUYECKOW YNPYTOCTH H
MOXET TOJIbKO cmemnarbes. Ho pa3 siekTpuueckuil TOK B NMPOBOAHMKAX IPEACTABISIET COOOH
IBUKCHHUE JJIEKTPOHOB, TO HE SIBJISETCS JIM DJIEKTPUYECKOE CMEIEHUE B BAKyyM€ CMEILEHUEM TeX
e AJIeKTPOHOB? M3 BhILIENPUBEACHHBIX PAaCCYKIIEHUH ClenyeT:

MHPOBas cpea —3(UP COCTOUT U3 JIEKTPOHOB,

C. C. BopoHkoB
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B KOTOPOW AJIEKTPOHBI COXPAHSIOT OJIMKHUHM TMOPSAIOK, TO €CTh ATO JACHCTBUTENHHO CILIONIHAS
HEeNpephIBHAsl Cpela, IJIOTHOCTh KOTOPOW paBHa IUIOTHOCTH OJJIEKTpoHa. MwupoBas cpena
NPEJCTaBIseT COOOH CIUIOMIHYIO HENpPEpBIBHYIO Cpeay, B KOTOPOH AIIEKTPOHBI COXPAHSIOT
ONMMKHUI TOPAOK M OTCYTCTBYIOT Kakue JnOo mycToThl. [lo ¢dopmMe 5IeKTpOHBI JTOJIKHBI
COOTBETCTBOBATh ATHM TpeOOBaHMAM. OTUM TpeOOBAaHUSM  COOTBETCTBYIOT  BBIMYKJIIbIC
napajyuieNnodApbl, KOTOPHIMH MOKHO 3allOJIHUTh BCE OECKOHEYHOE MPOCTPAHCTBO, HE OCTAaBIIAA
nycToThl M 0€3 TOoro, uTtoObl MX BHYTPEHHHE OOBEMbI Iepecekanuch. lIpocreiimeit ¢urypoii,
YAOBJICTBOPSIIOIICH TUM TPEOOBAHUSM, SIBIISIECTCS KYO.

Ho mpennaraeMomy CTpOEHMIO MHPOBOW CpeIbl IPOTHUBOpPEYAT CYLIECTBYIOIIHME Ha CErOIHS
Mpe/ICTaBICHUs] 00 3JIEKTPUYECKOM 3apsjie, COrJIaCHO KOTOPBIM 3aps]l 3JIEKTPOHA OTPULATENbHBIH,
a OJHOMMEHHO 3apsHKEHHBIE YaCTHUIIbl OTTAIKNUBAIOTCS. Huvke MBI MOKaXKeM, YTO CYIIECTBYIOIIME Ha
CerO/IHsI TMpEeJCTaBiIeHUs] 00 JIIEKTPUUYECKOM 3apsiie, Kak BHYTPEHHEH XapaKTepUCTHKE
3JIEMEHTAPHOM YaCTHIIbI, SIBISIOTCS N30BITOUHBIMHU.

1.2. KaToaHsble J1y4YH — KTO ObLI MpaB?

[Tocne oTkpbITUA KaToaHBIX Jy4yeil B XIX Beke cpenn (M3NKOB BO3HHKIIA AUCKYCCHUS O IPHPOJIE
stux Jaydei. OpHa Tpynma y4YeHbIX, cpeau KoTopeix Buaeman, ['ompamreiin, ['epr, Jlenapa
CUMTAIOT, YTO KATOJHBIC JTy4d MPEACTaBISIOT cOO0M mpouecc B 3dupe. ['epil nmpumien K BbIBOIY,
YTO KaTOJHBIE JIydd — 3TO KoyiebaTenbHBIM mporecc B 3dupe. [pyras rpymnmna ydeHbIX, cpeau
kotopsix Kpyke, Llycrep, Ileppen, Jdx. k. TOMCOH cuMTaroT, YTO KAaTOAHBIC JIyUU SIBISIOTCS
MOTOKAMM YacTHYeK BellecTBa. B Hacrosiee BpeMs sBIsieTcs OOIICTIPU3HAHHON TOYKa 3pEHUSA
BTOPOW TPYIIBl YYEHBIX, COTJACHO KOTOPOW KAaTOAHBIC JIyUYd THPEACTaBISIIOT CO00H IMOTOK
3JIEMEHTAPHBIX YACTHI] — AIEKTPOHOB, SABJISIFOLIIMXCSI COCTABHBIMU 3JIEMEHTaMH aTOMOB BellecTBa. B
JKCIIePUMEHTANbHBIX uccienoBanusx Jx. Jlx. Tomcona ObuT ompeneneH YACNbHBIN 3apsa
aNeKTpoHa - €/m, u 3a ot padotsl B 1906 rony on Obu1 ymoctoeH HoGeneBckoil mpemun 1o

¢usuke ¢ (GOopMyTUPOBKOM <«3a HCCIENOBAHUS MPOXOXKICHMS DSJIEKTPUYECTBA YEpe3 TIa3bI».
PemraronmmM apryMeHTOM B TIOJb3y BTOPOW TOYKM 3pPEHUS OBUIO OTKJIOHEHHE JJIEKTPOHOB B
JIEKTPUUYECKOM I10JI€, YTO, IKOOBI I0Ka3bIBAJIO, YTO JIEKTPOH 00J1a1aeT JIEKTPUUECKUM 3apsAa0M —
puc. 1.

4!._.”'J

- I

Puc. 1. OTkioHEeHHE KAaTOMHBIX Jydyed B dJIeKTpuueckoM mosie: 1 —anox, 2 —karox; 3 u 4 —
IJIACTUHBI KOHJIEHCATOPA; S — MATHBIIIKO KAaTOAHOTO Jyya Ha JIIOMUHECHHUPYIOUIEM 3KpaHe Mpu
OTCYTCTBUM DJICKTPUUECKOTO TIOJIsA; 6 — HOBOE TOJIOKEHHE MATHBIINIKA OT KaTOIHOTO JIyu4a,
CMEIIEHHOTO I0J] ICHCTBUEM DIICKTPUYECKOTO 1moJisi. PUCYHOK B3AT ¢ caiita Www.physel.ru

Ho Ttak nu 6e3ynpedyna BTopas TOUKa 3peHHs M NOYeMy TakHe ydeHble, Kak ['epll, HacTauBajau Ha
nmepBoil Touke 3peHHsA? OTKIOHEHHE DJIIEKTPOHOB TIOA JEHCTBHEM SJEKTPUUYECKOTO IO
npoucxoauT B BakyyMe. Ho cormacHo Bo33peHussM MakcBeiia, BakyyM HE SIBJISIETCSL IIyCTOTOM,
UMEHHO TMOATOMY OH Ha3bIBaeT ero [4] «rak Ha3bIBaeMbIi BaKyym». DJIEKTPHUYECKOE IIOJIe IO
MakcBerty npezacTaBiseT coboil HanpsHKeHUs B MUPOBOi cpene — adupe. Kakoil Tpetuii BapuaHT
MOJKHO IIPEUIOKUTh, YTO Obl IPUMUPUTH TOUKH 3peHus Tomcona u I'epua?

OTOT TpeTHH BapHaHT CICAYIOIIUI: KaTOJHBIC JTyYH MPEICTaBISAIOT COOOH MOTOK 3JEKTPOHOB,
UCTEKAIOIUX B 3(HP, KOTOPHII COCTOUT TaKXke M3 IEKTPOHOB. EcCiM HMCHOIB30BaTh aHAIOTHUIO C
THJIPOAMHAMHUKOM, TO KaTOJHBIC JIyYd TNPEACTaBIAIOT COOOW CBOOOIHYIO 3aTOIJICHHYIO CTPYIO B

C. C. BopoHkoB
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a¢upe. [Ipassl 6bu 1 ToMcoH U ['epI], HO KAl TOJIEKO HamoJoBUHY. Kak 3To "acto OwiBaer,
HCTHHA 0Ka3aJ1ach MOCEPEANHE.

[TonTBepxaeHUEeM HTOH TpeThel TOYKM 3pEHHUs SBISIOTCS HKCIEPUMEHTANbHbIE (DaKTH,
noyiyueHHble B XX BeKe: POXKICHHE M AaHHUTHIALUSA 3JIEKTPOH-TIO3UTPOHHBIX Map; HU3Iy4YeHHE
BaBuioBa — UepeHkoBa, B KOTOPOM 3JIEKTPOHBI IBUXKYTCS B T0Jie cebe MOI0OHBIX CO CKOPOCTHIO,
BBIIIE CKOPOCTHU CBETA B IAHHOM CpeJie; KOPITYCKYISIPHO-BOIHOBOU TyaJIn3M 3JIEKTPOHOB U P.

PaccmoTrpum KOPITYCKYJIAPHO-BOJIHOBOU JIyajanu3Mm 3JIEKTPOHOB, YCTaHOBJICHHBII
JKCIIEPUMEHTAIIBHO.

1.3. KopnyckyJsipHO-BOJTHOBOM AyaJIu3M 3JIEKTPOHOB

Jlyn ne bpoiisib BEIABUHYJ THIIOTE3Y, COTJIACHO KOTOPOU 3JIEMEHTAPHBIE YACTHUIIbI, 10 AHAJIOTUH
CO CBCTOM, OG.HB.I[B.IOT BOJIHOBLIMU CBOMCTBaMU. I[.HI/IHa BOJIHBI UId 3JICMCHTAPHBIX YaCTUI]
ompenenseTcs mo gopmyie
A=—o, (1)
mv
roe A —mmHa BosiHbl, h —mocrosiHas [nadka, M —wmacca 4acTULbI, V — CKOpPOCTb YaCTHIIBL.

Bcekope aTa rumote3a Hanula NMOATBEPXKACHHE B AKciepuMmeHrtax JleBuccona u Jxepmepa 1o
paccestHUIO JJIEKTPOHOB HAa MOHOKPHUCTAJIE HHKENs, B KOTOpBIX HalOmonanzach AUQpakius
9JIEKTPOHOB. HeckolbKO TMO3Ke BOJHOBBIE CBOWCTBA AJIGKTPOHOB OBbTH  OOHApY>KEHBI
skcnepumenTaiabHo I1.C. TaprakoBckuMm (JICHMHIpaACKHM YHUBEPCHUTET) W HE3aBUCHMO OT HETO
JIx.I1. Tomconom [7]. OHu HaOMIOAATH JUQPPAKIIUIO JICKTPOHOB, MPOIYCKas MYyYKH 3JICKTPOHOB
yepe3 TOHKHE CJOM pPa3IMYHbIX METAUIOB, HMMEIOIUX IOJUKPUCTAUINYECKYIO CTPYKTYpY.
JUk.JIx. TOMCOH, aHaMU3Upysl SKCIEPHUMEHTAIbHBIE PE3yJbTaThl CBOETO ChIHA MO JUPPAKIUU
ANIEKTPOHOB, 0OTMETHI ciieayromiee [8]: «rak, 31eKTpoH BeAeT ceOst Tak, Kak eClid Obl OH MPOXOIHI
yepe3 aTMoc(epy, HAOIHEHHYIO JIEKTPUUECKUMHU 3apsiiaMu.

B 1949r. Poccuiickue ¢uszuku JI.M. bubepman, H.I'. Cymxkun u B.A. ®abpukaHT mpoBenn
ONBITBl TO JU(PAKIUU OJMHOYHBIX, IOOYEPETHO JIETSAINUX JIeKTpoHOB [7]. Ilpomcxomuio
oOpa3oBaHue AUPPAKIMOHHON KapTUHBI U IPU UHIWBUIYATEHOM MPOXO0XKICHUHU 3JIEKTPOHOB Yepes
TOHKYIO IJICHKY METaJjljia.

Ouzuka XX BEKa HMHTEPOPETUPYET HTU  pPe3yibTaTbl Kak MapaJloOKCalbHbIE, HE
YKJIQJbIBAIOIIMECS B PAMKH KJIACCUYECKUX MNpeacTaBieHud. Ha camoMm nene «apagoKcalbHOCTb»
BO3HUKAET M3-3a HEY4YETa MHUPOBOM CpEIbl, COCTOSIIEH M3 DJIEKTPOHOB. DJIEKTPOHBI JIETAT HE B
MyCTOM TIPOCTPAHCTBE, a B Mojie ceOe MOAOOHBIX, YTO U MOPOKIAeT AUDPAKIIMOHHYIO KapTUHY.
CaM 1o cebe 37eKTpOH HUKaKHUMH BOJTHOBBIMHU CBOWCTBAaMU HE 00J1aaeT.

1.4.9aexkTpuyeckuii 3apsa

MakcBemn cuuTan 3apsij 3JEMEHTApHOM YacTULbl TOHSITHEM BCIIOMOTATENIbHBIM, BPEMEHHBIM.
Tak B [4] oH oTMeuaer: «..TEOpUS MOJCKYJISPHBIX 3aps0B MOXET pacCMaTpHBATBCS Kak
HEKOTOpBI ~ METOJl, MOMOTAIOIIUN HaM 3allOMHUTh MHOKECTBO (PAKTOB, OTHOCSIIMXCSA K
anekTponuzy. OJHAKO KaKeTcs KpailHe HEBEPOSITHBIM, YTO MBI COXpaHMM B Kakoi-mubo ¢opme
TEOPHUIO0 MOJIEKYJISIPHBIX 3aps/IOB IOCIE TOTO, Kak MPUAEM K MOHWMAHWI HCTUHHOW MPUPOBI
AJIEKTPOJIM3a, MO0 Torna y Hac OyayT Haa&KHbIE OCHOBAaHUS, HA KOTOPBIX MOXKHO IOCTPOHTH
BEPHYIO TEOPHUIO 3JEKTPUUECKUX TOKOB M TEM CaMbIM H30aBUTHCS OT ATUX NMpEABAPUTEIbHBIX
TEOPUII».

Uto moHUMaETCsI TTOT SJIEKTPUUECKUM 3apsoM B Gpusnke XX Beka? DIEKTPUUECKUN 3apsif, ITO
[9]: «MCTOYHMK >JIEKTPOMArHUTHOTO MOJIsI, CBS3aHHBIA C MaTepUAIILHBIM HOCHTEIIEM; BHYTPCHHSS
XapaKTEepPUCTUKA DJEMEHTApHOM 4YacTUIIbl. OJEKTPUYECKUN 3apsifi JIUCKPETEH: CYIIECTBYET
MUHHMMAQJIbHBIA 3JIEMEHTAPHBIM JJIEKTPUYECKUN 3apsifi, KOTOPOMY KpaTHBI BCE JJIEKTPUYECKHUE
3apsaabpl yacTull U Ten». OTpULATENbHBIM 3JIEMEHTAPHBIM 3JICKTPUUECKUM 3apsaoM obiagaer
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snekTpon €=1602189446) 10 K. DiekTpudeckuii 3aps dJIeMEHTApHON YaCTHIIBI BO3BEICH B

panr ¢usnyeckoro cBoiicrBa. Ho uTo 3T0 3a CBOWCTBO, KOTOPOE MOXKET M3MEHATH CBOW 3HAK? Y
MakcBemia 1o 3TOMy IOBOAY €CTh HHTepecHoe paccyxienue [3]: «Mexay ¢u3ndecKuMu
BEJIMYMHAMHU €CTh TaKHE, KOTOpHIC CIIOCOOHBI M3MEHSTHh CBOM 3HAK, U €CTh Takue, KOTOpbIe HE
MOTYT M3MEHATh 3HakKa. Tak, MepeMelleHHuEe B OJHYy CTOPOHY COBEPIICHHO NPOTHUBOIOJIOKHO
pPaBHOMY IEpEMEILEHUIO B 0OpaTHYIO CTOPOHY. Takue BETMYMHBI CIYy)KaT MEpaMH HE BEIIECTBA, a
BCerja IpOLECCOB, HMMEIOIMX MECTO B BemecTBe». VM nepBOHAYaJbHO MOJA 3apsiioM Tena
MOHUMAJIOCh TO, YTO OHO TOJydaslo B mporecce 3apsbkanus. [lo @pankiauny [10], anekTpudecTso,
KOTOpOE MOJTy4aeTcsl MyTeM YBEIMUYEHHs KOJUYECTBA HJIEKTPUUECKON MaTepuu B Teje, Ha3bIBaeTCs
MIOJIOKUTEIBHBIM, @ TO, KOTOPOE IMOJIy4aeTcs MyTEM €€ YyMEHbIIEHHus, oTpuuarensbHbiM. Ho,
HepEeHecsl CBOMCTBO, CIOCOOHOCTh MAKPOTEN OBITh 3apsyKEHHBIMH Ha 3JI€MEHTApHbIE YaCTHILIbI, MbI
HEe /100aBUJIM SICHOCTH, a TOJIbKO BCE YCIOXXHWIM. JTa IpobjeMa TOYHO MoJMeueHa B paboTax
Mlansmuna [11]: «HeTpyaHo 3aMETHTh, 4TO IIPH BBEACHUH TEPMHUHOB "3JIEKTPUUECKas )KUIKOCTh" U
"3apsAn" B OTHOLIEHUH 3JEKTPOHA U IPYTMX MUKPOUYACTHI] MOSBIIAETCS SIBHOE KaK JIOTUUECKOE, TaK U
CEMaHTHUYECKOE MPOTUBOPEUNE, TTOCKOJIBKY MaKpPOCKOIMUYECKOE CBOMCTBO MHOTUX TE€J, 3 UMEHHO,
CIOCOOHOCTh “3apspKaThCsl’ OBUTM TEepeHeceHbl Ha OTAENbHBIM 3mekTpoH. [Ipum stom “3apsng”
IpUOOpPEN HEKYIO PEalIbHOCTh BHE 3aBUCMMOCTH OT MaTepuanbHbIX 00beKkTOB. [lomydaercs Tak, uto
moboe Teno, a B PAaBHOM CTEMEHM M DIEKTPOH MOXKHO 3apsauTh '3apsfaoM’. 37ech SBHO
IIPOCMATPHUBAETCS] HEBEPHOE UCIIOJIb30BAHUE PYCCKOTO SI3bIKA, MOCKOJIBKY 3apsAAUTh MaTepUalIbHbIN
00BEKT MOKHO YEM YTOJJHO, HO TOJBKO HE 3apsSaoM».

Heo06xoauMo OTBETUTH HA BOIPOC. IMOYEMY NIEKTPUUECKUH 3apsa IOUCKPETEeH U HMEeT
MUHHMaJIbHOE 3HaueHHe? OTBET BBITEKACT M3 HAIIMX BBILICTIPUBEICHHBIX PACCYXKACHUN. MUPOBas
cpeaa — 3¢up COCTOUT U3 IEKTPOHOB. IIpy 3apskaHuu Ten, npu J00aBIEHUH B TEJO, HAIpUMeED,
OJJHOTO  DJIEKTPOHAa BOKPYT Tela M3MEHSETCS OJJCKTpHUYecKoe rmoJie  (HampsHKEHHOCTb,
ANIEKTPUYECKUI MMOTEHINAT), TO €CTh BOKPYI Tesa, Mo MakcBeiuly, BOSHUKAIOT HANPSDKCHUS B
MHUpOBOM cpeze. [IpUunHON HANPSKEHUM SABJISIFOTCS W3MEHHUBIIMECS IapaMeTpbl MUPOBOM CpEIbl
BHYTPH Tejla: 00beMa, YACIbHOIO0 00beMa, IIOTHOCTH. JIMCKPETHOCTHh 3apsga OOyCIOBICHA
KOHEUHBIM 00BEMOM 3JIEKTPOHA, TO €CTh 3aps[] 3JICKTPOHA TOXKIECTBEHEH €ro 00beMy.

Haiiném cooTHOIIEHNE MEX Y 3apsIoM U 00BEMOM AJIEKTPOHA

eKn=V_ m°, (2)
TO ecTh 3apsaa B 1 Kit cooTBeTcTBYeT 005EMY MUPOBOIL cpebl [6]

—47
ko =ve=379310" _ 53510 w2 /K. (3)

AHaJIOTUA MEXIY OJJIEKTPOAUHAMHKOW M THAPOAUHAMHUKOW MOJICKA3bIBAET, YTO MOCTOSHHBIN
ANEKTPUUYECKUN TOK B MPOBOJHUKE TOXKIECTBEH 00BEMHOMY PACXOJly MHPOBOU Cpeabl 4epe3 ITOT
MPOBOHHUK. JIeWCTBUTENBHO, 3Has 3apsaa Q, mporeamui yepe3 ceueHre MPOBOAHUKA MO0 S,
¢ yuetoMm (3), 00beM MUPOBOH cpelbl V onpenenuTces

V =k, D, (4)
PaccmatpuBas 3apsn Q, mpomeAmumii yepe3 ceueHne MPOBOAHUKA B €IMHUILY BPEMEHH, ITOTYIHM
V =Kgl, ()
rae | — cuna Toka, V. — 00BEMHBIN pacxoa MUPOBOH CPEJIbI.
JIJIss yIOeNbHBIX BEJIWYMH, OTHECEHHBIX K IUIOIMIATU S CeYeHHs NPOBOJHHKA, YYUTHIBAs, YTO

NPUHATOE HampaBieHHe Toka [12] MpOTHBOIOIOKHO HAMPABICHUIO JBHKCHHUS DIICKTPOHOB, B
oOmeM ciydae 0y/ieM UMETh

C. C. BopoHkoB
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V =-k, 0, (6)

rae V — cpeHepacxoiHasi CKOpOCTh MUPOBOM Cpe/Ibl B TPOBOIHUKE, | — MIIOTHOCTh TOKA.

PaccmoTpuM, duro mpexacraBiser co0oil 0ObeMHas IUIOTHOCTH 3JEKTpHUecKoro 3apsna. Ilo
OIIPEACIICHUIO

dQ _ dv dv dn
do=—= = =- .
PV TV kv ko 0

3nech P — 00bEMHas MJIOTHOCTH 3JIEKTPUUECKOro 3apsina, Q — 3apsan, V, Vv, N— o0beM, yaeabHbIH

06’b€M, IIJIOTHOCTH MHpOBOﬁ CpCAbl COOTBETCTBCHHO.

N3 (7) cnemyer, 4To 3apsj CBsi3aH C M3MEHEHHMEM O0beMa M, COOTBETCTBEHHO, IUIOTHOCTH
MHPOBOU CpPEIBI.

B uem 3akirodaercss mpupoaa, CYHIHOCTh OTPHULATENBHOTO M TIOJIOKUTEIBHOTO 3apsiaoB?
M36BITOK 37IEKTPOHOB BHYTPHU Tejla MPHUBOAUT K YBEIMUYEHHIO IUIOTHOCTH MHPOBOM Cpeabl, 4TO
COOTBETCTBYET OTpHULATEIBHOMY 3apsny. HemocTrarok 3JIeKTpOHOB BHYTPU Tela IPUBOIAUT K
YMEHBILECHHUIO INIOTHOCTH MUPOBOM CPEJIbl, YTO COOTBETCTBYET IOJIOKUTEIBHOMY 3apsAay.

W3 Hammx paccyKIE€HMM BBITEKACT, YTO MHUpPOBas cpela — CKuMaema. JIeHCTBUTEIBHO,
BBIIIMIIEM YPaBHEHHE HEMPEPHIBHOCTH ISl TOKOB POBOIUMOCTH [4]

op . ..
—+divj =0. 8
i ®)
C yuerom (6) u (7) ypaBuenue (8) mepemnuriercs
1 on 1 .
- — ——divV =0, (9)
ko Ot K,
HIIn
‘;—rt‘ +1 [@ivV = 0. (10)

VYuuThiBasg, 4YTO MHpOBas cpena MNOJBMKHA (B HEH BO3MOXHO OJIICKTPUYECKOE CMEIICHUE WU
BpalllcHHe, B TMPOBOJHHMKAX — IOCTYMATEIbHOE IBU)KCHHUE), HCIOJIb3Ys TMEepeMEHHbIe Jiepa,
3aMeHUM B (10) gacTHYIO MPOU3BOAHYIO — MOIHOM. OKOHYATEIHHO MOJIYYUM YPaBHEHUE

%H}Eﬂivv =0, (11)

NpeJCTaBIsIoNIee COO0H ypaBHEHUE HEMTPEPHIBHOCTH /ISl MUPOBOM CpEIbL.

VpaBHEHHE HEMPEPHIBHOCTH SBIIACTCS OMHMM W3 OCHOBHBIX YpPaBHEHHH, OMHCHIBAIOIINX
JIMHAMHYECKHE TPOIIECCHI B MUPOBOH cpejie —ddupe.

[onyuennpiii kodppuument K, Bopakenue (3), ycTaHaBIMBAKONIMA COOTHOIIEHHE MEXKILY

3apsaioM U OOBEMOM OJJICKTPOHA TIO3BOJISIET TEPECUUTATh BCE DJIEKTPUUYECKUE BEIMYMHBI B
MEXaHWYECKHE €IMHMIBI H3MepeHus. Tak, Hampumep, HaijeMm, YeMy COOTBETCTBYET
AIIEKTPUUECKU MOTeHIral §, BeIpakeHHBIN B BoabTax, B MEXaHUYECKUX €AMHHIIAX H3MEPEHUS

e e

Q Q

Cootnomenne (12) ycraHaBiMBaeT CBsI3b MEKAY MOTCHIIMATIOM, BBIP@KCHHBIM B Bosbrax, u
MEXaHHYECKUM HaIpsDKeHUEM, BBIpaXKeHHBIM B [lackasx.

C. C. BopoHkoB
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1.5.BekTOpHBIIl NOTEHHHA

MaxkcBesul Npyu 3alyucy ypaBHEHUH 3JIEKTPOAMHAMUKH IIMPOKO HCIIOJIB30BAJ BEKTOPHBIN A U
ckayspHbI ¢ moreHimanbl [4]. B pasHbix Mectax Tpakrata [4] MakcBesul Ha3bIBaeT BEKTOPHBIN
MOTEHIHMad A DJIEKTPOMAarHUTHBIM MMIYJIbCOM B TOYKE, HAA0 Iojlararh, I0 AHAJIOTMHM C
MEXaHUYECKUM HMMIyJIbcoM. HO OKOHuUaTenbHO (M3NYECKMH CMBICI BEKTOPHOIO M CKAJISIPHOTO
noTeHMagoB B XX BeKke Tak W HE ObUI YCTaHOBJIEH, YTO NPEACTOMT chelaTh. MakcBesl
MarHUTHYIO HHIYKIHIO B onpeensit yepe3 BeKTOpHBIN moTeHIman A [4]

B =rotA, (13)

r1e A — BEKTOPHBIN MOTEHIINA.

AHanmu3upys TpUPOAY MarHeTu3ma, MakcBe/I MPUXOAUT K CleAyiolieMy BoiBoay [4]: «S
JlyMaro, 4YTO y HAaC €CTh XOPOIINE OCHOBAHUS MOJararh, YTO KAaKOE-TO SBJIICHHE BPAIICHUS HUMEET
MECTO B MarHMTHOM IT0JIE; B 3TOM BpPAIlIEHUH YIaCTBYET OOJIBIIIOE YHUCIO OYEHb MaJICHbKUX MOPIUI
BEIIECTBA, BPAIIAIOIINXCS Kaxaass BOKPYT CBOel COOCTBEHHOW OCH, MPUYEM 3Ta OCh MapajlieibHa
HaIpaBJIEHUI0O MAarHUTHOW CHWJIBI, U BPAIICHHS ATHUX BUXPEH 3aBUCAT OAHO OT JIPYroro, Oymydu
CBSI3aHBI IOCPEACTBOM HEKOTOPOTO MEXaHU3MAa.

KonnyecTBEeHHO BpallleHUE B CIUIOIIHOM TOJABMXKHOM Cpele OINpenenseTcss UUPKYIuen
ckopocTH ot V. CBs3pIBas MarHUTHYIO MHAYKLUIO B ¢ BpalieHneM B MUPOBOH cpefie, IPUMEM, YTO

B =rot(n[V), (14)
rae N— ko3¢ ¢umuent, V — cKOpocTs MEPOBOM CpeJibl.

U3 cpaBuenus (13)u (14) BuaHO, YTO ISt BEKTOPHOTO IOTEHIIMAIA MBI IPUHAMAEM
A =nlV. (15)

Yro npencrabiseT co0oit koadduireHt N B Beipaxkenuu (15)7?
Beinuiem ypaBHeHre MakcBeruia 11 HanpspkKeHHOCTH E 3iekTpruieckoro mosis B BUjIC

oA
E=-—. 16
p (16)

Haiinem cuny F, melCTBYIONIYIO Ha 3JICKTPOH B 3JCKTPUYECKOM moste, moactasiss (15)8 (16) u
YUMTBIBASL, UTO 3apsif] JIEKTPOHA IIOCTOSHHBINA U OTPULIATEIbHBIN

delniv)
ot

F=—elE= , (17)

IJIe € —3aps SJICKTPOHA.

C npyroi CTOpOHBI, CHJIa, IEHCTBYIOIIAs HA DJIEKTPOH Maccod M, , ONPENEIUTCS 110 BTOPOMY
3akoHy HproToHa

o(m,[V)
F=rn2—=. 18
P (18)
CpasuuBas (17)u (18), naitnem BeipaxkeHue 1 KodddummenTa n
m
n="k. (19)
€
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Bekropuplii moTteHnman, sBisomuics B ¢uznke XX BeKa BCIIOMOTATEIbHOW BEIMYMHOW, B
KOHIENIUM MakcBemia urpan (QyHIaMEHTAIbHYIO pPOJib. MAaKCBEIT HA3bIBAET 3TOT BEKTOP
AJICKTPOMArHUTHBIM HMMITYJbCOM B TOYKE IO aHAJOTHH C MEXAaHHUYECKUM HMITYJIbCOM.
JIeWCTBUTENBHO, TIPUHATOC HAMH BBIPAXKCHUE JIJIs1 BeKTOpHOTO noTeHnuana (15)c yaerom (19)

A="ery (20)

(baKTI/I‘IeCKI/I ABJISICTCA MCXAHUYCCKHUM UMITYJIBCOM JJICKTPOHA, OTHCCCHHBIM K €TO 3JICKTPUUICCKOMY
3apsy e.

1.6. YpaBHeHusi THUHAMMKH BaKyyma

VpaBHEHHS ~OUHAMHKH Bakyyma rmoiaydeHsl B [6]. OHH  mpeacTaBmsioT — CoOOM
MOI[I/I(I)I/ILII/IpOBaHHBIC YpaBHCHUA 3SJICKTPOAWHAMUKU Makcsemia IJid  BaKyyMa, 3allMCaHHBIC
OTHOCUTENIbHO  BEKTOPHOIO M  CKaJSpPHOrO  IOTEHIMAJIOB, JOMOJIHEHHbIE  ypaBHEHUEM
HETPEPHIBHOCTH U (POPMYIIOH ISl CKOPOCTH CBETA

(21)

rae: V. — BEKTOp CKOPOCTH MHpPOBOW cpefbl ¢ mpoekuwsmu V.,V ,V, Ha ocu pekapToBoi
CUCTEMBI KOOpAMHAT X,Y,Z, COOTBETCTBEHHO; ¢ — CKaJsApHBIA MOTEHUMAT, | — IUIOTHOCTh
62 N 62 N 62
ox® ody* 0z°

MHPOBO#i Cpefibl, C — CKOpOCTh cBeta; [1° = —omneparop Jlannaca; t —Bpems.

B oroii cucrteme wu3 mectn auddepeHraIbHbIX ypaBHEHUH (IIepBO€ BEKTOPHOE ypaBHEHUE
TIPEJICTABIISET COOON TPH CKATAPHBIX), HEM3BECTHBIX 6 Benmuun — V,,V ,V,,0,n,C

[TonHbie mpousBoHbIe B (21) coepKaT HEIMHEHHBIC YWICHBI U PACTTHCHIBAIOTCS

2 2

dd:‘zv . aa:‘zv +olv )2 4 (_ mynV +(v m)(v m)nv. (22)
d’¢ _ 9%, 99

Vv + —[ﬂ] +(V D)V M 23
o =g 2 )at( )6+ (v m)(v m)o. (23)
dn _odn
— =—+(V [)n. 24
e AL (24)
0 0 0 . .

3necy = I&+1@+k— — omeparop Habna, rme i, j, K — opTbl J1eKkapTOBO# CHUCTEMBI
KOOp/MHAT.

C. C. BopoHkoB
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Cucrema ypaBHeHuit (21) momyckaert JBe CHCTEMBI pa3MEPHOCTEH.

IlepBasg — 3yIeKTpOAMHAMUYECKAS CUCTEMA Pa3MEPHOCTEN.

bl=| | ol=pbv]=| % [ =] % |

BTopasg — Mexannyeckas cucTeMa Pa3MEPHOCTEN.

=] 5 |ol=lnal V=] % | o=

Henocratkom ¢usukn XX Beka SBISUIOCH MCIOJIB30BAHUE YIPOIICHHOW, JIMHEHHOW CHCTEMBI
ypaBHeHHI MakcBenia B TEOPUM OTHOCUTEIBHOCTH. W3 ypaBHEHUH ObUIM <«BBHIOPOLIEHBI» MHOTHE
HEJTMHEHHBIE ¥ KBAHTOBBIE 2P (EKThI, YTO 3HAUUTEIHLHO 3aTPYIHUIIO TIOUCK TPABMUIIHHBIX PEIICHUM.

VYpaBHeHUS] TUHAMUKHA Bakyyma (21) sSBJISIOTCS UCXOJHBIMU M BKIIIOYAIOT B Ce0sl ypaBHEHUS
KJIAaCCUYECKOM, pENATUBUCTCKON, KBAHTOBOM MEXaHUK, SJIEKTPOAMHAMUKN MakcBesa u ap.

1.7.KBanToBbIe 3P PeKThI

B XX Beke BO3HUKIM 3HAYMTENIbHBIE MPOOJEMBI C OMHUCAHUEM IPOIIECCOB HA MHUKPOYPOBHE.
Ot npobnemsl pemmn D. Hlpenuarep. OH MO M3BECTHHIM ONBITHBIM JaHHBIM CHEKTPOB aTOMOB
HaIleJl ypaBHEHHE, PelIeHUs KOTOPOro MPHUBOIAT K 3TUM CHEKTpaM, U 3aIucall €r0 OTHOCUTEIHHO
npou3BoiabHON QyHkuu . B maneneitmem [llpeauHrep Hamesuics BHIBECTH CBOE ypaBHEHHUE W3
KJIACCHYECKMX YPaBHEHUH 3JCKTPOJMHAMHMKH, HO 3TO €My He yaanoch cruenatb. Tak, B [13] oH
numier: "EcTh gake HeKoTopas HaAeXJa Ha TO, YTO MOCJIE€ 3TOr0 BOJHOBOE ypaBHeHHE s
TOYHO TaK e MOKET ObITh MOJyYeHO B KauecTBe CIIEACTBUS ypaBHeHMI MakcBemna — JlopeHua, a
MMEHHO KaK ypaBHEHHE HEMpepbIBHOCTH AnnekTpuuecTBa”. Illpeaunrep ObUT HA MPaBUIBHOM ITYTH.
VpaBHeHus quHaMUKH Bakyyma (21) onmuchiBaroT (U3MYECKUE MPOIECCh, KaK Ha Makpo, TaK U Ha
MUKpOypoBHe. M3 ypaBHeHMit auHamMuKd Bakyyma (21) B paGore [6] BBIBEIEHO BOJIHOBOE
ypaBHEHUE, ABIAOLIeeCs aHaoroM ypasHeHus Llpenunrepa s 0XHOMEPHOTO Cirydast

2 2 2
6\2X _gaq;vxzczavle
ot n ox 0X

(25)

Ho ectb cnenyromue oTiimyus:
1. B neByrwo uacTb BXOOUT BTOpas NPOM3BOAHAs IO BPEMEHM, a HE IepBasd, Kak B
HecTallMoHapHOM ypaBHeHuu lIpenunrepa.
2. YpaBHEHHE 3allUCAHO OTHOCUTENILHO MPOEKLUU CKOPOCTU ABHKEHUS MUPOBOH cpeasl V, , a
HE OTHOCHUTEIBHO IPOU3BOIBHON GYHKIUHU P, HE NMeroIIel (U3NYECKOT0 COAEPIKAHUS.
Bropoe omimune npencTaBisAeTCs BaXHBIM, TaK KAaK IO3BOJISIET JaTh JIHHAMUYECKYIO
UHTEpIPETALMI0 KBAaHTOBOM MeXaHMKU. B 310 wuHTepnperanuu ypasHenue IlIpenunrepa
OIMCHIBAET MHAMUYECKHE IPOLIECCHl Ha MUKPOYPOBHE, CBS3aHHBIE C HM3MEHEHHEM CKOPOCTH
MHUPOBOU CpEJbI.

C. C. BopoHkoB
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1.8.11110THOCTD, YHIPYTOCTh, CAKHMAEeMOCTh MHPOBOH Cpeibl

VYcTaHoBUB, YTO MUPOBasi Cpela COCTOUT M3 DJIEKTPOHOB M YTO ATO CIUIOLIHAS HEMpepbIBHAS
cpena, B KOTOPOW AJIEKTPOHBI COXPAHSIOT ONMKHHMM MOPSAIOK, MBI TEM CaMbIM ONPEICNIUIN €e
MJIOTHOCTb, KOTOPAsi paBHSETCS IIIOTHOCTH 3JIEKTPOHA

m

n =7‘*, (26)

e

rae m, =091110°* kr —macca snekTpoHa, V,— 06beM 2eKTpoHa.

Ho tpymHOCTh 31€Ch 3aKirO4aeTcss B TOM, YTO MBI HE 3Ha€M TOYHO pPa3MEpOB JJIEKTPOHA W,
COOTBETCTBEHHO, €ro 06beMa. Panuyc snektpoHa, pasueii [12] r, = 282[10'°M u Ha3biBaeMbIii

KJIACCMYECKHUM PAJUyCOM 3JIEKTPOHA, HE €CTh €r0 T€OMETPUUYECKUN pa3Mep, TaKk Kak OH OIpeJieeH
U3 DJIGKTPOCTAaTHYECKOHM  Mojenu. B jmelicTBurenbHOCTH, Kak oTMedaercs B [12]:
"IKCIIEPUMEHTAIFHO TIOKa HE YyJajJoCh OOHAPYXHUTh 'pa3MepoB" y IJIEKTPOHA, XOTS TOYHOCTH
u3Mepenuii noseneHa a0 1078m". Dro, BHAMMO, OOBSICHSETCS TEM, YTO DIEKTPOHBI (MUpPOBas
cpena) SIBISIOTCS Cpelod — 'MmepeHocunKoM” HH(OpPMALUK, U M3MEPEHHE MPSIMBIMUA METOJaMH B
3TOM cpelie ee CTPYKTYPHBIX €IMHUI 3aTPYAHEHO.

Haiinem aumama3oH BO3MOXKHBIX 3HAYEHUW IUIOTHOCTH MHMPOBOW CpE€llbl, IPUHSB B KAuyeCTBE

pamuyca SneKTpoHa 3HaueHus I, = 28210 °m u r, =110 m. Torma
N = 970102 + 217007 kriv’. 27)

Jnama3zoH BO3MOXHBIX 3HAUYE€HHH IIJIOTHOCTM MHPOBOM cCpeabl BecbMa IIUPOK. JKenarenbHO
OTIpeNIeNIUTh 3HAYCHHE IUIOTHOCTU ¢ Oousbliel TouHOCThIO. B ciemyromem maparpade 1.9, mpu
BBIBOJIE BTOPOro 3akoHa HblOTOHA M3 ypaBHEHMI AMHAMUKH Bakyyma, OyleT MoKa3aHO, YTO IUIs
COBIIAJICHUSI BBIBOJUMOI'O 3aKOHA CO BTOPHIM 3aKOHOM HproTOHa HEOOXOAMMO, 4TOOBI MIIOTHOCTH
MHUPOBOH Cpeibl CIEIYIOIMIMM 00pa30M COOTHOCHIIACH C TUIOTHOCTHIO HEHTPOHA

n=1n =2,
6" 6V '

rae N, — INIOTHOCTb HEUTpOHA, M, = 167510% kr — macca HelfTpoHa, V= 1,15|:||.0_44M3 — 00BeM

(28)

HeliTpoHa 1pu paauyce Heiftpona I, = 14010 m.

VuuTeiBas, 4TO Macca 3JIEKTpOHa M, U3BECTHA C JOCTATOYHOH TOYHOCTHIO, 3 (28) Haitnem 00beM
JJIEKTPOHA

m 0,91110%° 4 47 3
V. =6—eV =6 _11510* =3753010" m°. 29
e =0 Vo =0 gm0 M (29)

n

Takum 00pa3oM, yTOUHEHHOE 3HAYCHHE TUIOTHOCTU 3JIEKTPOHA M COOTBETCTBEHHO MHUPOBOI CpelIbl
paBHO

m. 091110°%
=—e= 27" " =242710" kr/m°. 30
=V ~3753107 K (30)

MBI HOJ'Iy‘-II/I.HI/I JJIA IIJIOTHOCTHU MHpOBOﬁ CpGI[BI BCChbMa 6OJ'II>H_IyIO BCJ'II/I‘II/IHy, HpOTI/IBOpe‘IaH_IyIO
HameMy OOBIIEHHOMY ONBITY. Hampumep, MIOTHOCTH CTaiM, COCTaBisieT /7,8 10 kr/m®, uro
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3HAYUTEIBHO MEHbIIE IUIOTHOCTH, TONydeHHOW aist mupoBoit cpeabl (30). Ho moxker, Mbl He
3aMe4aeM MUPOBOM Cpejibl UMEHHO [TOTOMY, YTO OHA BE3/l€ HAC OKPYXKAET U BO BCEM COJEPIKUTCS ?
JICHCTBUTENIBHO, 3JIEKTPOHBI SBIIIOTCS COCTAaBHBIMHU JJIEMEHTAMHU BCEX aTOMOB, MOJIEKYJI, TEIl.
Ecnu 37eKTpOHBI TakkKe SBIAIOTCS COCTABHBIMU DJIEMEHTAMHM MHUPOBOH CpENbl, TO HE MOXKET
MHEPIUOHHOCTH TeJl OBITh PE3YJIbTaTOM B3aMMOJCHCTBHS Tejla C MUPOBOH cpenoii? Mbl 3HaeM, uTo
Macca Tejga — 3TO Mepa BemecTBa. Ho, ¢ Opyroil cTopoHsl, Macca Tena BBICTYNAeT Kak Mepa
MHEPTHOCTH U Mepa TPAaBUTALMOHHOIO B3aMMOJEHUCTBUS. B PEATHUBUCTCKOM MEXaHMKE Mmacca
3aBHCHUT OT CKOPOCTHU

m

"R @

rae M, — macca mokos, 3= V/C, V — CKOpocTh Telna, C— CKOPOCTh CBETa B BaKyyMe.

EcTth ompeneneHHoe NpoTUBOpEUHE MEXKIY OINpEIeNIEHHEM MacChl KaK Mepbl BellecTBa M
ONpEICICHUEM pEIATUBUCTCKOW Macchl 1o dopmyne (31). Ecim Mbl mpuHUMaeM STH JBa
OTpe/ieNIeHUs] MacChl, TO TMOJy4YaeTcs 3aBUCUMOCTb KOJMYECTBAa BEIIECTBA OT CKOPOCTH, 4YTO
NPOTUBOPEUUT 3aKOHY COXpaHeHHsT Macchl. B Hekoropwix paborax [14,15] mpemnaraercs
OTKa3aThbCsd OT onpeaencHus Macchl mo Gopmyne (31), a Mmoab30BaThCs PEIATHBHCTCKAM
UMITYJICOM

mv

e 2

e Macca M sBJIIETCSI UHBAPHUAHTOM.

Takoli MOAXOJ OTYACTH ONpaBlaH, TaK KaK OH YCTPAHSET CYLIECTBYIOIIEEC IMPOTUBOPEUYUE B
ONpeIEICHUSX MACCHI.

Ho nmpotuBopeune Takke MOXKHO YCTPaHUTh, €CIM ONPEIEIUTh MacCcy Kak Mepy
B3aMMOJICMCTBUS BEIIECTBA C MHUPOBOW cpenod. MupoBas cpega — 3TO cpella, B KOTOPOU
COBEpPIIAIOTCS BCE IPOLECCH], U BCE MUPOOUIYLIEHUE TPOUCXOIUT OTHOCUTENIBHO 3TOM cpenbl. JTa
cpena BBICTYHNaeT Kak Obl HYJEBBIM YPOBHEM, OTHOCHUTEIBHO KOTOPOTO BEIETCS OTCYET.
HMHepLHOHHOCTB TENa €CTh HE YTO MHOE, KaK Mepa B3auMOJCHCTBUS 3TOTrO Tela ¢ MUPOBOM CPEIOM.
Hapensisa Teno cBOWCTBOM MHEPLIMOHHOCTH, MBI TEM CAMBIM OCBOOOKJaeM ce0st OT He0OXOIUMOCTH
ayMath 00 3TOH cpefe.

MupoBasi cpena — cxumaema. Haiiném, mo aHamorum ¢ THAPOAMHAMUKOW, KOA(DQHUITUEHT
CKUMAEMOCTH 3, ¥ MOIyInb ynpyroctu G MUPOBOH cpeibl

1 dl‘] 1 1 -34 _ 2
TUdb N = 46010 /H,
P ndd nc® 242700°H30Q0%)3 M (33)
G= Bi =nc’ =242710° [ﬁ3ﬂ08)2 = 218010% H/m2. (34)
¢

Jlns cpaBaenus npuseném [12] kospduument cxnumaemoctn 4,7 107° M?/H u Moayns ynpyroctu

21310° H/m? BObI.

Takum oOpa3zoM, CKIMAEMOCTh MUPOBOM CpPe/Ibl 3HAYUTEIIPHO MEHBIIIE C)KUMAEMOCTH BOJIbI, U B
HEKOTOPBIX CIIydasix €€ JOIMYCTUMO MPUOIUKEHHO pacCMaTPUBATh KaK HEC)KUMAEMYIO.
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1.9.Macca, TAroTeHue

Kak ormeuaer Maxkcsemn [16]: "...0mHO W3 TEpBBIX, €CIM HE camMoe MepBOe, TpeOOBaHUE
MIOJIHOM TeOpUU MaTEpUU €CTh OOBSICHEHHE, BO-TIEPBBIX, MACCHI U, BO-BTOPBIX, TATOTEHUS .

Kak omnpenenuTh NOHSATHE MAacChl, NpPUBJIEKas NPEACTaBICHHS O MHPOBOM cpene? ITo
ONpe/IeNICHUE CIEAYIONIEe: Macca —Mepa B3auMO/JICHCTBUSI BELIECTBA C MUPOBOM CPEOH.

Bce aromsl, MoneKynbl, Tela "TIOIPYKEHbI B MHUPOBYIO CpPENY, COCTOSIIYIO U3 3JIEKTPOHOB.
JIroOo#t HYKJIOH aroma, MOJICKYJIBI, T€Jla CO BCEX CTOPOH OKPYKEH 3TOW Cpeoil, HyKJIOHBI ¢ HEH
KOHTaKTUPYIOT, B3aUMOJIEHCTBYIOT, COIPUKACAIOTCS. JTa Cpea, C OAHON CTOPOHBI, 3all0JIHSET BCE
IIPOCTPAHCTBO, a C IPYTOM CTOPOHBI, SIBJIAETCS COCTABHBIM AJIEMEHTOM BCEX aTOMOB, MOJIEKYJI, TE,
COCTOSIIIUX M3 HYKJIOHOB M DJJIEKTPOHOB. Buaumo, B 3TOM M 3aKiioydanach CIO0XHOCTb
UICHTU(PUKAIUH, pACTIO3HABAHMS 3TOM cpeibl — OHA BE3/I€ U BO BCEM.

NHepuMOHHOCTh Tella MPOSBIAETCA KaK pe3yJbTaT B3aUMOJEHUCTBUS C JTOW CPEelNod U
OTIpe/ieNIsieTCs] YPaBHEHUAMH, ONMMCHIBAIOIIMMU MPOLIECCH B 3TOU cpene. PenstuBucrckue 3dexTs
3aBHCUMOCTH MacChl OT CKOPOCTH OOBSICHSIOTCS CBOMCTBaMHU CpeIbl M BBIBOAATCS M3 ypaBHEHUU
JTUHAMHKHU BaKyyMa.

PaccmoTpuM ABUKEHUE HEUTpPOHA B MUPOBOW CPEAE B IPEIIONIOKEHUU €€ HECKUMAEMOCTH.
[Tonyuum |l 3akon Herotona. Cuna F, koTopyro HEOOXOIWMO MPHUIIOKUTH K HEHUTPOHY, YTOOBI
H3MEHUTh €r0 CKOPOCTh, onpeaeaunTcs [6]

7 " dv av
F= —jscgradp mr=j Sn- dr=6nv, -, (35)

rae I, — paauyc Heiftpona, S=4Tr° — muomaab NOBEpXHOCTH HeiTpona, V. =41r° /3— o6bem
HEUTpOHA.

Yrobsl ypaBuernue (35) coBmaaamo co BTOpsIM 3aK0HOM Hbi0TOHA, HEOOXOAUMO MOJIOKUTH

n, =6n, (36)
rae N, — INIOTHOCTh HEUTPOHA.
YuutsiBas (36), moryuum
F=m v (37)
"dt’

roe m, =6nV, =n,V, — Macca HelTpoHa.

VYpasuenue (37) npeacrasister coboii Il 3akon Hprorona. Macca HeliTpoHa "mposiBiseTcs’” depes
B3aUMOJICICTBUE C MUPOBOU CpPEOM.

YpaBHeHHs NMHAMHKHM BaKyyMma BKJIIOYAIOT M TI'PaBUTALlMOHHOE B3auMoneucTBue. Muposas
cpella HaxOIUTCS B HENPEPBIBHOM JBIKECHHH. Kak10il TOYKE MUPOBOH CpENbl COOTBETCTBYIOT
KAaKHe-TO 3HAYCHMS IIYJIbCALMOHHBIX COCTABJISIOIIUX CKOPOCTH, IIOTEHIMAaa, CKOPOCTH CBETA.
IIpencraBuM CKOPOCTB, MOTEHLMAN, CKOPOCTh CBETA KaK CyMMY CPEIHHUX M IyJbCAallMOHHBIX
COCTABJISIFOLIUX

V=V+V',0=9+¢',c=C+cC. (38)
PaccmoTpuM B3anmoeicTBUE MEXIY ABYMSI HEUTpPOHAMU B MUPOBOM Cpelie, PacioOKEHHBIMU

Ha pacctosiHuu I. [Toncrasisis Beipaxenus (38) B ypaBHEHUWE Ui CKaJISIPHOrO TMOTeHIMana [6],
BBINIOJIHSSL OCPEHEHHE N0 BPEMEHH YpPaBHEHHs Ha WHTEpBAJiC |, 3HAYUTEIHHO IMPEBBIIIAONICM
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MEepPUOJI MyIbCAMOHHBIX COCTABISIONINX, Il CUJIbI B3aUMOJICUCTBUSI MEKy ABYMSI HEUTPOHAMU B
MEePBOM MPUOTMHKEHUN TOTYYUM

m.m
F=oyege, (39)

1€ Y —eCTh I'paBUTAllMOHHAA IOCTOSHHAA.

11 j Mgy (40)

Y= -

6nc’ T ¢ ot
3nak muHyc B (39) 03HauaeT, 4To ITa CHiIa — CHJIa MPUTSDKEHUS. DTOT 3aKOH €CTh HE YTO MHOE, KaK
3aKOH TaroreHuss HploTOHa. PaBEeHCTBO MHEPTHOW M T'PAaBUTALIMOHHOM MAacC BO BTOPOM 3aKOHE
Herotona (37) u 3akone tsarorenus (39) momyuaercs ecTecTBEHHBIM 00pa3oMmM. Macca — mepa
B3aUMOJICYICTBUS BEILIECTBA C MUPOBOU CPEOM.

Anamu3  Belpakenuit (39) um (40) mokassiBaeT, YTO MNPUYUHOW TIATOTEHUS SIBIISIOTCS
HENpEpBIBHBIE MyJbCallMM MUPOBOM cpenbl. Ilpu "morpykeHum" Ten B MUPOBYIO Cpely OHH
HCKaXXal0T 3TU PABHOMEPHBIE ITYJIbCAL[UH, YTO IPUBOJUT K BOSHUKHOBEHUIO CHJIbI IPUTSKEHUS.

3akjaueHue

— bamxe Bcex K MOHMMAHUIO CTpOeHUsI MUpOBOH cpensl nojomen B XIX Beke k. K. Makcsen.
Ho mHorue maen MakcBenia onepeauiin CBO€ BPeMsl U HE ObUIM MOJIOXKUTEIBHO BOCIPHHATEI
coBpeMeHHUKaMu. CTuiab MblIIeHHs MakcBenia, coueTalomuii B cebe oOpasHoe W,
OJTHOBPEMEHHO, MaTeMaTH4YeCKH CTpOroe OmHcaHue, B OoiblIeii Mepe COOTBETCTBYET
HEJIMHEMHOMY CTHJIIO MBILIJIEHUS KOHIIA XX BEKa.

— Iloka3aHo, 4TO MHUpOBas CpeJa COCTOMT M3 3JIEKTPOHOB, KOTOpPHIE COXPAHSIOT OJIMKHUN
nopsAf0K. TOpMO30M B MOHMMAaHHUM 3TOTO SBJISIIOTCS CYHIECTBYIOIINE HA CETOAHS MPEICTABICHUS
00 3JEKTPUYECKOM 3apsijie, Kak BHYTPEHHEH XapaKTePUCTUKE IIEMEHTAPHOM YacTHUIIBI.

— Kartonmupie nyun mpenctaBisitoT coOOH IMOTOK 3JEKTPOHOB, MCTEKAOIMX B A(Hp, KOTOPHIHA
COCTOMT TAaK)K€ H3 DJIEKTPOHOB. EcCiIM HCIONB30BATh AHAJIOTUIO C THAPOJWHAMUKOH, TO
KaTOJIHBIC JIyYH MPEJICTABIISIOT COO0H CBOOOAHYIO 3aTOIUIEHHYIO CTpyIo B 3¢dupe. [IpaBbl ObuH
u Tomcon u I'epir, HO KaXIbIil TOIBKO HamoJIoBUHY. Kak 3To 4acTto ObIBaeT, HCTHHA OKa3ajach
IIOCEpEAMHE.

— IlapagoKCaJbHOCTh KOPITYCKYJISIPHO-BOJIHOTO IyaJli3Ma 3JIEKTPOHOB BO3HMKAET M3-3a HEydeTa
MHPOBOM CPEbI, COCTOSIEH U3 AJIEKTPOHOB. DJIEKTPOHBI JIETAT HE B IIYCTOM IIPOCTPAHCTBE, a B
nojie cebe MoA0OHBIX, YTO U MOPOKAAaeT AuppakIuoHHYI0 KapTuHy. CaMm 1o cebe 3JIeKTpOH
HUKaKMMH BOJHOBBIMU CBOWCTBaMM He 00J1afaeT.

— DNeKTpUYeCKUH 3apsi] 3JIEKTPOHA TOXKIECTBEHEH €ro 00beMy.

— CorynacHO JIUHAMHMYECKONW HWHTEpIpPETAllMM KBAaHTOBOM MexaHuUKHM ypaBHeHue lllpenuHrepa
OINMCHIBAET AMHAMHUYECKHE IPOLIECCHl HA MUKPOYPOBHE, CBS3aHHBIE C M3MEHEHHEM CKOPOCTHU
MHPOBOU CpPEJIBI.

— Macca npencrapisieT co60i Mepy B3aUMOJICHCTBHSA BEIIECTBA C MUPOBOW CPEIoi.

— IlpuynHON TATOTEHUsA SABIAIOTCA  HEIPEPBIBHBIC IyJbCallMM MHUpPOBOM  cpenbl. llpu
"morpyxeHun” Tel B MHPOBYIO CPEIy OHHM HCKKAIOT 3TH PABHOMEPHBIC MYJIbCAllUH, YTO
IIPUBOJUT K BOBHUKHOBEHUIO CUJIbI IIPUTSKEHUS.
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