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Ha ocHOBe HEpreTHYECKUX COOTHOIIEHUH, YCTaHOBJIEHA CBSI3b MEXKAY 3apsiioM U Maccoil
anekTpoHa. IlonydeHHOe BEIpaXEHHE COOTBETCTBYET PENITHBUCTCKOMY IIPE0OPa30BAHHUIO
Maccel. CaenaH BBIBOJ 00 HCKITIOYUTENBHO 3JIEKTPOMAarHUTHOH MPHPOIE MacChl. Y YTEHO,
YTO BEKTOPHBIM IOTCHIMAN ABIKYIIEHCS 3apsHKCHHOM YacTHIBI OOJIafaeT OBYMS
KOMITOHCHTAaMH: BUXPEBOI M MOTeHIMaIbHOW. COOTBETCTBEHHO 0000IIEHHOE MarHUTHOE
IoJe UMEET BUXPEBYIO (BEKTOPHYI0) U MOTEHIUAIBHYIO (CKaISPHYIO) COCTaBIIAIOIIUE.
yCTaHOBHeHO, YTO SHEPTHA NOTCHIUAJIBHOTO MAariuTHOT'O MOJIA ABJIACTCA OTpI/IHaTeHLHOﬁ
u cocTtaBiseT 1/3 KUHETHYeCKOW SHepruu uacTuibl. [Ipu 3TOM ycmemHo peniaercs

n3BeCTHast «rpodiema 4/3».

KitioueBslie c10Ba: Macca, 3apsij, 1oJe, paguyc dIeKTPOHA, pauyc NPOTOHA, QU3MICCKUi
BaKyyM, BEKTODHBIH IOTEHIHMAT, 00OOMICHHAs NEKTPOANHAMHKA, YHEPTUsl MATHUTHOTO

mmoJist, mpobinema 4/3.

1. Beeaenune

UccnenoBanne B3aMMOCBSI3€H M aHAJIOTUH MEXIY
MEXaHUKOU u 3JIEKTPOAMHAMUKON MPECTABIACTCS
aKTyaIbHOM M IEPCHEKTUBHOM HaydyHOM 3ajadeld. Takoi
MOAXOJT TMO3BOJIIET HE TOJIBKO PAaCHIMPUTh U JOMOJHUTH
KKJYI0 U3 9THX HayK, HO U YCTAHOBUTH HOBBIE COOTHOIIIEHUS
Mexay (GyHIAMEHTAIbHBIMH KOHCTAHTAMH, OIPEACIHUTH
(U3UIECKYIO CYTh IMOHATHH U MTOCTYJATOB, JISKAIIUX B OCHOBE
©CTECTBO3HAHMS, pPEIINTh CYIIECTBYIOIIHE NPOOIEeMBl U
OOBSICHATH HEKOTOPBIC TTapaJOKCHI.

Becbma nepcneKTHBHOM cuuTaeTcs uaes NpelcTaBUTb
MAacCy 3JIEKTPOHA KaK YHCTO AJIEKTPOMArHUTHBIA dpdexT [1].
OpaHako 3Ty UICH0 10 CHX MOp HE yIaBajloCh Pealn30BaTh 10
KOHI[A U MOJTYYUTh CaMOCOTIJIACOBAaHHYIO  TEOPHIO
3JIEKTPOMAarHUTHOM Maccel. Ha Ham  B3rsig npuyuMHa
3aKJIIOYaeTCsl B HEaJeKBaTHOW MOJEIM DJJIEKTpOHA M He
JIOCTaTOYHO TOJHBIX TMPEJICTABICHUAX 00 IJIEKTPOMATHUTHOM
moJe.

OOBIYHO YEAWMHEHHBIN AJIEKTPOH MPEICTABISIETCS Kak
HAXOIAIIasACs B IycTOTE cdepa, MO MOBEPXHOCTH KOTOPOU
pacmpenenet 3apsin [1]. Takas Monens TpeOyeT BBEICHHS CHIL,
KOTOpBIE yAEP KUBAIOT 3apsAbl HA OBEPXHOCTH yacTHulbl. [1o
9TOW MNpUYHMHE HCHOJIB3YIOTCS  «HampsbkeHus [lyaHkapey,
KOTOpbIE TOJKHBI UMETh HEJIEKTPOMArHuTHY1o mpupoay. Kak
3ametu deliHMaH, B TaKOM MOJAENH «KpacoTa BCEH KapTHUHBI
TOTYAC WCYE3aeT, BCE CTAHOBUTCS CIMIIKOM CIOXHBIMY» [1].
Wnaue, rosopst, @eitHMaH cyUTal YUCTO 3JIEKTPOMArHUTHOE
00BsICHEHHE MacChl CaMbIM KpPacHBBIM, HO HE CMOT €ro
000CHOBATb.

OueBnHo, 00BsICHEHHUE Macchl,  Kak
JIEKTPOMAarHUTHOTO ()eHOMEHA, BO3MOXKHO TOJHKO HA OCHOBE
NOJHBIX M aJEKBATHBIX MPEJICTABICHHA O TPHUPOJIE MABYX
B3aMMOCBSA3aHHBIX (EHOMEHOB: D3JIEKTPUYECKOT0 3apsia u
3IEKTPOMArHUTHOTO TOJIS.

[Tonarue «BakyymMm» B CMBICIE aOCOJIIOTHO IyCTOIO
HPOCTPAHCTBA MPOTHUBOPEUUT NMPHHIUITY OJIM3KOAEHCTBHSA, Ha
KoTOpbIi onupainuck Oapaneii, Makcsemt, Tomcon u Ctokc [2-
4]. CornmacHO  TpEACTaBICHHSM  OCHOBOIIOJOXXHHKOB
JJIEKTpOMarHeTusmMa Bce  (pu3mueckwe  B3aMMOJICHCTBHA
COBEpIIAIOTCS HE HMHAYe, KaK IPH HENPEMEHHOM YYacTHU
CIUIOIIHOW  Cpenbl, OKpY)Xalolled B3anMOAEHCTBYIOLIHE
LEHTpHI [5]. DTH aHaNOruM B MOJIHOM Mepe UCHOJIb30BaHbI B
pabore XKummna I1. A. [6]. C UX TIOMOIIBIO YCTAHOBJIEHO, YTO
B 001I[eM CiTydae MarHUTHOE IoJie 00J1agaeT Kak BUXPEBOIL, Tak
U TIOTEHIIMAJFHOW KOMIIOHEHTaMH. AHAJIOTHYHBIE BBIBOJBI
crenamu K. J. van Vlaenderen [7], Woodside D.A. [8], Arbab
I. A, Satti Z. A. [9], Podgainy D.V., Zaimidoroga O.A. [10].
Pe3ynbTarhl 3TUX HCCIIEIOBAHUI JIETIN B OCHOBY 00O0IIICHHON
3NIEKTpOJMHAMHUYecKor Teopun [11-14].

Knaccuueckass TpakToBKa — 3JISKTpOMarHeTu3ma, He
sBisiercst nosHod. Vcmosp3oBanue kannOpoBok Kymona wu

J'IopeHua IMMpUBEJIO K HUCKIIOYCHHIO INOTCHIIMAJIbHBIX
QJICKTPOMArHUTHBIX MPOLECCOB. B pe3yiibTaTe BO3HHUK DAl
HU3BECTHBIX TAPAJOKCOB: HApPYHICHUEC  TPETHEro  3aKOHa

HbloTOHa TpH BIIEKTPOMArHWUTHOM B3amMozeicTeun [11],
«po6ema 4/3» [15] u apyrue.
Henu HacTosmIeH pabOTHI:
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- chopmupoBaTh IS DIEMEHTAPHOW 3apsHKEHHOM
YaCTHUIIBI MOJIEIb, TIO3BOJIAIONIYI0 YCTAHOBUTh COOTHOIICHUE
MEXAY €€ 3apsAI0M U Maccoii;

- Ha OCHOBE OOOOIIEHHOW 3JIEKTPOMAarHUTHOW TEOPHUHU
YCTPAHUTh HECOOTBETCTBHE MEXJIy KHHETHUECKOW sHepruei
9JIEKTpOHAa M TMOJHOM D3HEprued ero MarHuTHOro IOJif,
U3BECTHOE KaK «rpobiema 4/3».

2. CBsI3b MeXKAY 3apsiioM M MAacCOi 3JieMeHTapHOoi
YACTHIIBI.

Hayunas auckyccus o MOBOAY CTPYKTYPHI 3JICKTPOHA
ocTaeTcsi  aKTyalbHOW  MHOTO  mecstumerdit  [16-21].
JocraTouHo TONHEIA 00630p MoJenell ycTpoiicTBa MUKpOMHUpa
conepxwurcs B ctatbe Kuppsiko A. . [21]. Paccmotpenst Tpu
THIIOTE3bl TPOWCXOXKIEHUS MAacChl:  DIEKTPOHHAS TEOPH,
MexanmsM Xwurrca CrangaptHoii Mopenn W TIPUHIHI
TeHepallud MacChl B HEJIMHEWHOW TEeopuM 3JIEMEHTapHBIX
yactull. [TokazaHbl JOCTOMHCTBA ¥ HEJJOCTATKU KayKIOH U3 HUX,
a Tak)Ke HaJM4ue TECHBIX CBs3EH MCXKIY HUMHU.

Mogpens Ilyankape pa3BuBaeTCsi B  HEKOTOPBIX
COBpEMCHHBIX  mccienoBanusix [18-19]. B wactHOCTH
Ipe/ylaraeTcsl paccMaTpuBaTh IJIEKTPOH KaK MHOXKECTBO
ONMHAKOBBIX  YACTHI,  OOpa3ylImUX  TPaBHTAIIOHHO
CBA3aHHYIO  CHCTEMy W  3alOJHAIOMNX  HEKOTOPBIN
cheprueckuit 066éM [18]. Ilpu paccMoTpeHHH BHYTpEHHHX
B3aMMOJICHCTBHI YUUTHIBACTCS HE TONBKO AIIEKTPOMATHUTHOE,
HO ¥ TPAaBHUTAIIOHHOE TIOJIE, a TAKXKE TI0JIe YCKOPCHUH U ToJIe
naBneHuil. CuuTaercs, UYTO BCE CBOMCTBA JJIEKTPOHA U
CBsA3aHHBIE C HUM  (CHOMEHBI MOXXHO  OOBSCHHTH
HUCKIIIOYUTECIIbHO BHYTPCHHUMU IPOLECCaAaMU.

Ha nam B3rnsig, monens [lyankape u ee Moaudukanmun
06HaﬂaIOT MPUHIUIIAAIBHBIM HEAOCTATKOM. HpI/IMeHI/ITeHLHO
K DJJIEMEHTapHOW 4YacTHIle HEBO3MOXHO HCIOJIb30BATh
(GYHKIHU pacrpelesieHus 3apsiia u Macchl. [1o3ToMy Hemb3s
BEIJICNATh BHYTPEHHHE CTPYKTYpPHBIE OOBEKTHI, 00Jamaromne
3apsIoOM  MEHBIIE  3IIEMEHTapHOTO. Takyro Momenb
HEBO3MOXXHO HCIIONB30BaTh i OOBSICHEHUS TPHPOIBI
AIIEMEHTAPHOTO 3JICKTPUIECKOTO 3apsia W CBI3aHHOTO C HUM
ANEKTPOMArHUTHOTO ITOJIS.

Opnako, y Monenu IlyaHkape ecTb HpPHOPUTETHOE
JIOCTOMHCTBO:  OTKa3 OT TOYEYHOM HJeanu3allud M|
UCIIONIb30BAaHHUE OIPEJIETICHHOTO paanyca I, . 3aMEeTUM, 4TO OH

OTJIIMYACTCA OT U3BECTHOI'O KJIACCUYCCKOT'0 paanyca 3JICKTpOHA

Re = 2,81'10_15/1/1, KOTOPBI OTpENeNsieT  pa3Mep €ro
3 PEKTUBHOTO IIMEKTPHUUECKOTO MMOJIs. [IOHATHO, 4TO B TaKOi

MOACIN JOJXKHO BBIIIOJIHATHCA COOTHOIICHUC: re < Re .

Hpyras MOJETb MIPEACTABISIET 3NEKTPOH
JIEKTPOMAarHUTHBIM IPOLIECCOM, MPOUCXOJISIINM B 00JIaCTH C
HeyeTkuMu rpaHuiamu [20-21]. [lpu TakoM mnoaxonme HeET
HEOOXOAMMOCTH  BBOJUTH B PAacCMOTPEHHE  CHIIBI
HE3JIEKTPOMArHUTHOM PUPO/IBI — B TOM €0 JOCTOMHCTBO. 3a
npezienaMy  yKa3aHHOH 00JacTH BO3HUKAET 3JIEKTPUYECKOe
noje. DTy MOAENb MOXXHO pPa3BUBATh W MCIOJB30BAThH JUIS
M3yYeHHs] TPOIECcca, MPOUCXOAAIIETO BHYTPU YACTHIIBI, C
LENbI0 00BACHEHUS IPUPOBI AIEMEHTAPHOTO IIEKTPUIECKOTO
3apsfa. TpyAHOCTb UCIIOJIB30BAHUS 3TOM MOJEIIH 3aKIF0YAETCS
B OTCYTCTBHHM YETKOH TpaHUIBI 00acTH, B KOTOPOH

renepupyetcs 3apsaa [20]. Kpome Toro, ocraercsi OTKPHITHIM
BOIPOC 00 OKpY’KAIOIIEH Cpe/ie U €€ CBOHCTBaX.

[pemmoxxum THOPUAHYIO MOJENb 3JIEKTpoHa. bymem
CUMTaTh, YTO €rO 3apsa] TeHepupyercs 3JIEKTPOMarHUTHBIM
MPOLIECCOM, JIOKAJIM30BaHHBIM B cdepe ompenesieHHOro
panuyca I, . 3HaueHHE [, TPEICTOUT ONIPENeNuTh. Takum

00pa3oM, D3JEKTPOH  IPEACTABISIETCS  JIOKATW30BAHHOMN
gacTunen chepraeckoir GopMbl ¢ YeTKoi rpaHuneid. Yactuie
MPUCYITN 3apsii M Macca. 3a mpepenaMu  cepHuecKoi
YACTHIBI CO31AETCsI COOCTBEHHOE 3IEKTPOMAarHUTHOE TIOJIE.
Bonpoc o0 cyTH 53IeKTPOMAarHUTHOIO OIS yKe
3arparuBaiics Bo Beegenun. OH cBA3aH ¢ KOHLENTYaJIbHBIMU
OCHOBAMHU €CTeCTBO3HaHUA. MaTepuanaucTuieckas KOHIEIUs
OJIM3KOAEHCTBUS OTPHULIAECT BaKYyM Kak aOCOJIOTHYIO ITyCTOTY.
[Tyctoe mpoctpancTBO, He oOiajaromee HU KaKUMH
(U3MYECKUMH CBOICTBaMH, HE MOXKET HCIIOJIB30BATHCS MPU
OIMCaHNH (HU3MIECKOTO B3aUMOJCHCTBHS OaXe B KauecTBE
abctpakmuu. [losTomy (u3HKHM HCHONB3YIOT «(HU3MUCCKUN
BaKyyM» - MaTE€PHalbHYIO CILUIOIIHYIO CpPely C M3BECTHBIMU
JIEKTPOMAarHUTHBIMHM cBoiicTBamu.  [IpemnoxkeHHas HaMu
MOJENb  BJEKTPOHA IIPEATojiaraeT, 4YTo OH 00pa3oBaH
MIPOLIECCOM, TPOMCXOAAIIMM B OTOW cpene (BO3MOXKHO,
TOPOUAATBHBIM KBaHTOBBIM BHxpeM) [21]. Takum oOGpasom,
3JIEKTPOH SIBJISIETCA NOPOXKIECHUEM MaTepUaIbHON BaKyyMHOU
Cpellbl, BCErla HaXOUTCS B HEH U HEPa3phIBHO C HEU CBS3aH.
B pamkax Takoil KOHLENUUU 3JIEKTPOMarHUTHOE II0JIE
NIPEACTABIACTCS B BUJIE BO3MYILLIEHUI 3TOM Cpelbl: TEUCHMUI,
nedopmanuii, BorH. Beex CBOWCTB 3TOW cpembl MBI HE 3HAEM,
Ja)ke caMa ee Ipupoaa ocTaeTca HeusBecTHOH. Iloatomy
IpejuiaraeMasi Moie b He IPETEHAYET Ha MOJHOTY, HOCKOJIBKY
JETalbHO HE OMNMCHIBAECT 3IEKTPOMArHUTHBIA IIpoILECC,
MIPOUCXOSAIINN BHYTPH 3JIE€KTPOHA, 4, CIEI0BATENBHO, U CaMy
npupony 3apsaa. OHa He MOXeT OOBSICHUTB, HAIlPHIMEpP, BCEX
€ro KBaHTOBBIX CBONCTB U MpoOJieMy yCTOWYMBOCTH. Tem He
MEHee, OHa II03BOJIAET OINEPHUPOBATh MOHATHAMHU <«3apsiay,
«Macca», «moje», M  COOTHOCHUTh O3TH TOHATHA C
OIpE/ICIEHHBIMUA MaTepHUAbHBIMU O0BEKTaMH. B3anMocCBsi3b
3THX OOBEKTOB JIOJKHA BBIPAXKAaThCS B BHJE ONPEAETICHHBIX
COOTHOIICHUH MEXY X (PU3NYECKUMHU XapaKTePUCTUKAMH.
PaccmorpuM  3apskeHHyr0 wacTuily paauyca Iy,

JBUXKYIIYHOCS IIPSIMOJIMHEHHO M PABHOMEPHO CO CKOPOCTBIO V.
Jnst onpeneneHHOCTH OyJeM CUMTaTbh €€ I10JI0KHUTEIIbHOM.
Ilomectum  HaOmrofatens B~ HEKOTOPYIO  YCIIOBHO
HEINOJBUXHYIO TOUKY. Bech 3apsj (] 4acTulbl NPOUAET MUMO
HaOJroaTesst 3a BpeMs, PaBHOE OTHOILEHUIO €€ MPOJI0JIbHOIO
pa3Mepa K CKOPOCTH JIBHKCHUSL:

B 06HI€M ciIydyae JIMHEHHBIN pasMep YaCcTUlbl OIIPEACIACTCA C
YYE€TOM PEIATUBUCTCKOTO COKPAIICHUA:
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ToKy COOTBETCTBYET SHEPTHSL:
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OOBI4HO HHAYKTHBHOCTb L MIPUITUCHIBACTCA
MIPOBOJHUKY, HO 3/IeCh €€ CIeIyeT OTHECTH K 3apsDKeHHOU
yacture. Takas XapaKTepUCTHKa M3BECTHA IIOJ Ha3BaHHEM
«KUHETUYecKass MHAYKTUBHOCTBY [23]. Ompenenum BeTHUUHY
KAHETUYECKOH  WHIYKTUBHOCTH  C(EPUYECKON  4acTHIIbI
panuyca I, .

B HaygHO-TEeXHIMUYECKON JTHUTEpaType HET HGOPMYIIBI IS
pacyera MHIYKTUBHOCTH C(epHIecKOro NpOBOIHUKA, OJHAKO
umeetcst GopMyrna Uil IIHHIPHYECKOro npoBoaHuKa [23]:
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rae I - pamuyc AnMHIpa, h— ero BeicoTa.

B NPUBCACHHBIX  BbINIC PACCYKACHUAX OBLIO
PACCMOTPCHO ABMIKCHHUC YAaCTUILIBI HA OTPEC3KC ,I[HI/IHOP‘I | = 2re .

CnenoBarensHo, B (3) h=2r,. To ecTs HaJ0 PaCCMOTPETH U
CPaBHUTH HHIYKTHBHOCTH Chephl THaMeTpoM 2f, U LHIHHIpa

C Tako# ke BbICOTOW. MHBIMM CIOBAMH, PacCMaTPUBAKOTCS
LWWIMHAP W BhMcaHHas B Hero cdepa. OngHako Takoe
CpaBHEHHE IPEJCTABIAECTCS HE BIOJHE KOPPEKTHBIM, TaK Kak
o0beM  IWIMHApPAa M  €ro  TOBEPXHOCTh  OoJbIe
COOTBETCTBYIOIINX ITAPAMETPOB BIMCAHHON Cepbl.

Bcraer Bompoc o Kputepuu, MpH KOTOPOM Pa3HOCTb
WHIYKTUBHOCTEH cdepsl W MOWIMHIpAa MUHMManbHa. B
KayecTBE TAKOTO KPUTEpUS NPEANaraeTcs B3sATh PaBEHCTBO
NoBepxHOCTel cdepbl ¥ UMIMHApPa. B 3TOM ciiyyae MexIy
panuycaMu HWIMHIPA U cepbl IMEET MECTO COOTHOLICHHE:

r= \/gre =0,8165r, .

Ilpu >TOM KHHETHYECKYI0 HMHAYKTHBHOCTH cdepuueckoi
YaCTHULIBI MOXHO C BBICOKOM TOUYHOCTBIO BBIYMCIATH 110

dopmyire:
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4 27
3amMeTHM, 4YTO TpPU  MOJESIUPOBAHMM  YACTHUIIBI
MaTepuaJbHOM  TOYKOM, TEPSIETCST €€  KUHETUYECKast

HHAYKTUBHOCTh M HCYE€3a€T BO3MOXKHOCTH ONPEAETHTH €e
JIEKTPOMArHUTHYIO SHEPTUIO.

3amucaB (2) ¢ yderoMm (4), MOTYyIUM BBIpaKEHHUE IS
SHEepPIuu TOKa!

2.2
v
woHdv )
8
C IprrOfI CTOPOHBI ABUIXKYIIAsACA 4acTULA C Maccoii m uMeer
KUHETHUYCCKYIO SHCPIUIO:

K="V 6)

W3MmeHeHHne KaXIOW W3 3TUX JHEPTrUd MpPENCTaBisIeT
co0oif paboTy Cmi, BBI3BIBAIOIINX Pa3roH (TOPMOXKEHHUE)
gactuibl. [1o cymectBy, popmynst (5) u (6) BeIpaxaroT OgHY
BEITUYHHY, TO3TOMY UX MOKHO MPHUPaBHATh. OTCI0/1a IOTYyIUM
BBIPAKEHUE, CBSI3BIBAIOIIEE 3PS/ M MACCY:

2
7
_Ho 9 @
4z |
[Ipenebperas pemaTUBUCTCKAM 3((HEeKToM, TpUMEM
l=lp=2r,, W mnomy4nM 3Ha4YCHHE, KOTOPOE HPHHITO
Ha3bIBaTh «MAacCOW MOKOs» 3apsyKEHHON YaCTHIIbI:
2
Ho 9
Mo ="72—""—". ®)

87 1y

W3 (7) u (8) BuaHO Macca 4acTHILBI HE 3aBUCUT OT 3HaKa
ee 3apsana. B wactHOCTH 3TH (HOPMYIJIBI MOXKHO NPHUMEHHTH K
anekTpoHy. C yueToM HU3BECTHOTO 3HAUCHMS MAacChl IOKOS
3NEeKTPOHA, NOJIYYHM €ro COOCTBEHHBIN paguyc:

2
=209 _14.1075,, )
87 mo

rae my = 9,1-10_311<2 - Macca TOKOsI JJIEKTPOHa, ( = 1,6~1O_19

Kn - onemeHtapHslil  3apsan, 4y =1,256 10%H / A? -
Mar"suTHas 1noCTOsIHHas.
[NonyuyuBmuiicss  COOCTBEHHBIN pamuyc 3JICKTPOHA

OKa3ajcsi BABOC MEHbIIE, YeM ero KIaCCHYSCKHH paanyc
Re =2,81'1O_15M. 3ameTuM, 4YTO TmpejelbHas TOYHOCTh

I/ISMepeHI/Iﬁ TCOMCTPHUUICCKUX pa3MepoB OrpaHru4cHa

TIaHKOBCKOH anuHoi |p =1,6 1075y, [24]. Ouesumno uTo,

KBaHTOBBIC CBOIMCTBa 3NIEKTPOHA CYHICCTBEHHO HE BIMSIOT HA
TOYHOCTH OMpEICICHHS ero COOCTBEHHOTO paanyca (9).

YuuTeIBasg HWCHONB30BAaHHBIN CIIOCOO OmpeaeTeHUs
macchl (7), ee clieyeT Ha3BaTh HHEPUUOHHONH. OHAKO BCTaeT
BOIPOC O TPABUTALIMOHHOM (TSKENIOMN) Macce U CaMOM SIBIICHUU
rpaBUTalMU. DTOT BONPOC, KaK U MPoOIeMy 3KBHBAJICHTHOCTH
UHEPIIMOHHON W TsKEeIoW Macc, O0OCyAuM B OTHOM W3
HOCIEIYIOUTNX Pa3eioB.

Obcynum MTOJTyYeHHBIN pe3yabTar U ero
JOCTOBEPHOCTb. MBI paccMOTpeNl  TPOIECC  pasroHa
OTJEITBFHOTO 3JIEKTPOHA M MPUPABHSIN Pa0OTy pasTOHSIOIIECH
CHIIBI K KHHETHYECKOW OJHEPruH, KOTOPYK  IPHOOpeTaeT
anekTpoH. [Ipm pasroHe 3IEKTpOHA, KOHEYHO, HU3MEHICTCS
SHEPIHs €ro B3aMMOJCHCTBHA C (PH3MUYSCKHUM BaKyyMOM U
BO3HUKAeT MarHWTHOE moyie. Bcraer Bompoc o0 »Heprun
3IEKTPOMArHUTHOTO MOJIS: HAJO JIM K KHHETUYECKOH YHeprun
9JIEKTpOHA MpHOABIATH elle U 3Hepruto ero mnoist? Taxoi
BOIIPOC TPEaIoiaraeT TMIIOTETHYECKOE pa3/ielieHHe mporecca
JBIDKEHHS: CHa4Yalla pacCMaTPUBAETCS MIEKTPOH, ABMKYIIIHHACS
B IMYCTOTEC, U ONMPEACIIACTCA €ro KHHETHYCCKasd OHEPruda, a
IIOTOM BBOAMUTCA B PAaCCMOTPCHHUE BHCIIHAA Cpeaa u
OIpENENIAETCSl DHEPrUsl €€ BO3MYIIECHUS 32 CUeT JBUKECHUS
9MeKTpoHa. TakoW MOAXOJ HUCHONB3yeTCs, HampuMep, MpU
paccMOTpeHHH IBHXKEHUs Tel B BiA3Koil cpene. Ho aeno B ToMm,
YTO M3BECTHOE BBIPAKEHHE KMHETHUYECKON YHEPTHHU MOJIyUYEHO
JUISL  JIBIDKEHUS MaTepUaJIbHBIX OOBEKTOB B  (PU3NYECKOM
BAaKyyM¢€, a HC B IyCTOT€E. HOBTOMy OHO YYMUTBIBACT U3MCHCHUEC
SHEPTUU CBS3U O0BEKTa C ATOW cpenod. B Hamem cimydae
KHHETHYCCKasd SHEPruA J3JICKTPOHA W DHEPIusd €ro 1mnojid CyTbhb
OJITHO U TO XK€. (I)OpMy.]'H:.I MECXAaHUKHU U DJICKTPOJIUHAMUKHA IJIA
OHEPIU BBITJIAIAT Pa3IMd4HO, HO BBIPAXKAKOT OJHY MU Ty XK€



cyThb. [loaTOMy 5TH 3HEpruu B Hallle 3a7jaue He CYMMUPYIOTCS,
a IPUPAaBHUBAIOTCS.

Macca gacTHIIBI, KaK H3BECTHO, 3aBHCHUT OT CKOPOCTH €€
JIBHKCHUSI:

m=——"0 (10)

J1-v?/c?

Benmauna 3apsiia (B OTIIMYHE OT MacChl) HE 3aBUCUT OT
CKOPOCTH JBIDKCHHS YaCTHUIBI. 3apsil — peITUBUCTCKHN
naBapuant [25]. INomyduenHnoe cootnomenue (10) orBewaer
3TUM CBOWCTBaM 3apsja M Macchl. PenstuBuctckoe
BO3pacTaHWE MacChl CBS3aHO C COKpAIIeHHEM pa3MepoB
YaCTHUIIBl B HAMIPABJICHUH €€ JABIDKCHHS B COOTBETCTBHE C (1).

PaccMoTpuM Jpyryro 3JCMEHTapHYH  YacTHIy —
npoToH. M3BecTHO, uTO Macca mpoTtoHa B 1836 pa3 Oombiue
MAacCCHI 3JICKTPOHA!

m, =1672-10 % k2.

IIpu sToM ero paguyc IpuMepHO B 3.2 pa3za MeEHbIlE
KJIACCUYECKOro paaunyca djekTpoHa. OOBIUHO HCTIONB3yeTCs
3HAUCHHE!

Rp =0,8751-10 4.

HaGmonaercst oOparHasi HelWMHEWHas 3aBUCHMOCTb MEXKIY
Maccoil ¥ pa3MepoM dJIeMeHTapHbIX YacTUll. COOTBETCTBEHHO,
UCTHHHBIA pajiyc MPOTOHA, BRIYMCICHHBINA MO Gopmyre (9),
3HAYUTEJIBHO MEHBIIIE pauyca MIEKTPOHA:

2
o= 9 _0761.208 .
87 m P
BrryuciuM oTHOIIIEHHE:
R
—P -1150.
"

AHaJIOTHYHOE OTHOIICHHE /IS 3IEKTPOHA PaBHO 2.

OTH COOTHOLICHHS MOATBEPKAAIOT N3TI0KECHHBIN BBIIIIE
B3IJIAJ Ha TPHPONY MACChl: YeM MEHBIIE pa3sMmep
JJIEMEHTApHON YacTHIBl, TeM CHJIbHEE OHa CBsj3aHa C
(U3NYECKUM BaKyyMOM.

EcTtecTBEHHO BCTaeT BONPOC O Macce IIEKTPUUECKU
HEWTpaNbHBIX YacTHIl, HanpuMmep, Heiirpona [15]. M3sectHo,
9TO0 B CBOOOJHOM COCTOSHHM HEUTPOH pacmamaercs ¢
00pa3oBaHUEM AIIEKTPOHA, MPOTOHA W aHTHHEHTPHHO.
CrneoBateiabHO, MOXHO MPEICTABUTh HEHTPOH KaK KOMILICKC
Pa3HOMMEHHO 3apsDKCHHBIX YACTHI[ U OMPEICITUTh UX OOILIYI0
MacCy C y4eTOM B3aUMOJICHCTBUS MexAy coboi. [Ipobmemy
Maccel (OTOHA TOXXKE MOXKHO PEIINTh HAa OCHOBE IOJHBIX
MIPECTaBICHAN 00 IeKTPOMarHuTHOH BoHe [13].

BriBojbr:

1. IlpennoxxeHHas MOJIENb YEIWHEHHOTO 3JIEKTPOHA
MO3BOJISIET aJIeKBAaTHO OIMCHIBATh €T0 JBIDKEHHE B Cpenie

(usznyeckoro BaKkyyma u YCTaHaBJIMBATh
3JIEKTPOMEXAHUYECKUE aHAJIOTHUH.
2. Macca 3apsHKeHHOW  YacTHIBI  OJHO3HAYHO

ompeliesieTcsl  ee  3apsAoM M COOCTBEHHBIM — pa3MepoM,
KOTOPBIH BBIUUCIISIETCS B BHIOPAHHON CHCTEME OTCUETA.

3. Macca nBwKymiedcs 3apsHKEHHOH YacTHIBI B
BBIOpDAaHHOW CHCTEME OTCYETa BO3PACTaE€T B 3aBUCHMOCTH OT

CKOPOCTH  HUCKJIIOYMTEIHHO BCIICACTBUE PEIATHBUCTCKOTO
COKpAIIIEHHs €€ pa3Mepa B HAINPABIICHUW JIBHKEHUSI.

3. UHepuusi U rpaBUTALUSA.

PaccmoTpum ClIy4yail YCKOPEHHOTO  JIBUXKECHHS
3apspKeHHON 4acTuipl. KOHBEKIIMOHHEBIN TOK yXe He Oyaer
MOCTOSIHHBIM, CII€ZIOBAaTEIbHO, €r0 MPOU3BOAHASA O BPEMEHHU
OTJIMYHA OT HYJIS:

o o(qv q

=—= =—-a, (11)
ot ot\2ry, ) 2r,

ov
rae a= E — YCKOPCHUEC YaCTUIIbI.

CornacHO 3aKOHY AJIEKTPOMArHUTHOW HHAYKIIAH, TAKON
ToK BbI3bIBacT DJIC caMOMHIYKIUH, KOTOpas MPEISTCTBYET
N3MEHEHHIO IOPOKAAIOIIETO €€ TOKa:

U=-LI.
C yuerom (4), MOXKHO 3aITUCATh:
I
__Hole 9 :_#an. (12)
2 2r, 4r
[pu nepemenienun 3apsiia coBepiuaercst padora:
2
Ug=-29 4. (13)
4z
I[Ipy  NOJOXUTETBHOM  yCKOpeHMH  paboTa  HMeeT

OTpPHUILATENHBIA 3HaK, HA00OPOT, MPH TOPMOKEHUU YACTHUIIBI
COBepIIaeTcsl IMOJOXUTENbHAs paborta. Ompexenum cuiy,
COBEPIIAIOIYIO 3Ty PabOTy Ha MepeMenieHun  2f, .

2
F=ﬂ=—ﬂ-ia=—ma. (14)
21, Az 2rg

Cuna (14) HampaBlieHa TPOTUBOIOJOXKHO YCKOPEHUIO
HE3aBHCHMO OT 3HAaKa 3apsija, CleAOBaTeNbHO, 3TO - CHIA
uHepIuH. TakuMm 00pa3oM, MPOUCXOKACHUE CHUIIBI MHEPLUH
OOBSICHACTCS ANEKTPOAMHAMHUYECKIM TPOLIECCOM.

W3BecTHO, UYTO CHJIBI BO3HHUKAIOT B pe3yibTare
B3aUMOJICHCTBHUS MaTepUAIbHBIX 00BEKTOB. CHIIBI HHEPLIUH HE
JOIKHBI  ObITh MCKMoYeHWeM. OIHMM U3  YYacTHHKOB
B3aMMOJICHICTBHS BBICTYIAET 3apsDKEHHAs yacTHLa. Bo3HukaeT
BOIIPOC O BTOPOM 00BEKTe B3ammozeiicTBus. Mcmonb3yemas
HaMH MOJENb MpPENNonaracT, 4To 4YacTHLA OBMKETCA HE B
aOCoNIOTHOM mycToTe, a B MaTepHAIbHOW cpexe ¢
¢usndeckumu  cBodcTBamu. Ilo00HAs  KOHIEMIUS B
pa3IMYHBIX BapUAlMsIX TaBHO HCIONb3yercst B (usmke [26].
[Tomyyaercsi, 4TO CHJIBI WHEPLUH BO3HUKAIOT B pE3yJbTare
B3aUMOJICHCTBUS TNl C BaKyyMHOH cpenoil. B paMkax Takoi
HAyYHON KOHIEIIMH CHJIBl WMHEPLUUH MEepecTaoT OBITh
«OCOOBIM» KJACCOM CHJI, JUIS KOTOPBIX HE MPUMEHHM 3aKOH
«JIEUCTBUSA-TIPOTUBOAEHCTBUS Y.

U3 (14) cnenyer, 4TO HHEPLHMS NPOSBISIETCS TOJIBKO MIPH
YCKOPEHHOM JBIDKEHUH 3apsSKEHHOW YaCTUIIBI OTHOCUTEIBHO
¢usnyeckoro Bakyyma. [Ipn paBHOMEpHOM ¥ PSMOIMHEHHOM
JBIDKCHUHM YacTHIBI OTHOCHUTENBHO (M3MYECKOr0 BaKyyMma
HMHEPIS HE IPOSBIISETCSA. TO COOTBETCTBYET 3aKOHY HHEPIIHU
HerotoHa.

OO6cynuM  BOIIPOC O BO3MOXKHOCTH HCITOJIb30BaHUS
CHCTEMBI OTCYETa, CBS3aHHOW C (PU3MYECKHIM BaKyyMOM.



[TockoybKy (Gu3HYECKUH BaKyyM TPEICTAaBISICTCS CIUIONTHON
cpenoi, B KOTOPOM MOTYT TPOUCXOAUTH «TCUCHUS» U
«gegopmManumy, TO, MOHATHO, YTO CBS3aTb C HUM CIHHYIO
cUCTEMYy OTCYeTa, W NPHHATh €¢ B KayecTBe aOCOINIIOTHOM,
HEBO3MOXkHO. Ho Bcergja MOXHO BBECTM M HCIOJIb30BATh
YCIOBHO HEMOJBMKHYIO «MECTHYIO)» CHUCTEMYy OTCYeTa, B
KOTOpOH JIOCTaTOYHO OOJIBIION 00beM (PU3UUECKOTO BaKyyma
0CTaeTCsl MPAaKTHYECKW HENOABMIKHBIM XOTS OBl B OJTHOM W3
HaIIPABJICHUN.

OmnwucaHHOE BHIIIE TIPEICTABICHIE O MAacce ONPeaeIsieT
TONBKO €€ WHEepIUOHHBIE cBoiicTBa. OIHAKO KOHIICTIIINS
(¢u3MIecKoro BakyyMma, OTKPBIBACT MyTh M K OOBSICHEHUIO
rpaButanni. B moHorpadum [27] mokazaHO, YTO MPUIUHON
WHEPIUH ¥ TPABUTAINH SIBIICTCS OIMH U TOT K& (YU3MIECCKUN
[IPOLIECC:  B3aUMOJEHCTBUE  3apPSDKEHHBIX ~ 4YacTUL €
YCKOPEHHBIMH MTOTOKaMH (pU3UUecKoro Bakyyma. [Ipu atom He
Ba)KHO, KaKO! N3 00BEKTOB B3aUMOJCHCTBUS pacCMaTpPHBACTCS
KaK MOJBWKHBIN, a KAKOW CUMTAETCS YCIOBHO HEMOJABUKHBIM.
Ecnu npeamnonoxuTe, 9To BOIU3H 3BE3/1 U IUIAHET CYIECTBYIOT
panuaibHble YCKOPEHHBIE MOTOKH (PU3MYECKOro Bakyyma, TO
IIPpUYMHA TIPaBUTAllUU CTAHOBUTCA OYECBUIHOM. ITpun
HCTIONB30BaHUH 3TOI KOHIICTIIIUH BOTIPOC 00 IKBUBAJICHTHOCTH
MHEPTHON M TSDKEJOM Macc MOJy4aeT CBOE ECTECTBEHHOE
0OBSICHEHHE: OHU DKBUBAJICHTHEL, T. K. 00YCJIOBJICHBI OJHAM U
TEM K& (PU3UUCCKUM SBIICHUCM.

MoxxHO caenaTh BBIBOJ. SIBJICHMSI HMHEPLUUU U
IPaBUTALMU CIMHOOOPA3HO OOBSCHSIOTCS B3aMMOJCHCTBHEM
3apsDKCHHBIX YacTUIl C (U3MYECKHM BaKyyMOM TIpH UX
OTHOCHUTEJIEHOM YCKOPEHHOM JBHKCHHH.

4. DNeKTpOMarHuTHOE MoJie 3aPSIKeHHOH YaCTHIIBI.

Kak cnemyer W3 MOJIY4YEHHBIX BBIIIE pPeE3yJIbTATOB,

MEXaHHYeCKHEe  SIBJIEHHS W  BEJIWYMHBI  CBA3aHBI C
UIEKTPOAVHAMHUKOM, KOTOpas OINMCHIBAET COCTOSHHE W
SBOJNIOLMIO  BaKyyMHOH  CpPEZBbI. ObparumMest K

QJICKTPOAUHAMUYCCKHUM BCJIMYMHAM C ICJIbIO YTOYHCHHUSA HUX
XapaKTCPHUCTUK U BO3MOKHBIX TPAKTOBOK.

SHGKT‘pI/I‘{eCKoe IoJe YCJIOBHO HGHOHBH)KHOﬁ
BapH)KGHHOﬁ HaCTUIBI ABJIACTCA C(i)epI/I‘IGCKI/I CUMMETPUYHBIM
1 NOJTHOCTBIO ONPEACIIACTCA CKAIAPHBIM NOTCHIHUAIOM. Ecmu
B Bbl6paHHOﬁ CUCTEME OTCUCTa 3apsHKEHHass 4YacTula
COBEpHIACT JABMKCHUEC, TO BOKPYI' HEC CO3JaCTCA CIIC U

MarHutHoe Tmone. OHO  XapakTepuszyercs BeKTOPHBIM
JMEeKTPOAMHAMHUYECKUM ToTeHimaioM A. B kadectBe
OCHOBHOH  XapaKTepUCTHUKH  3JIEKTPOMAarHUTHOTO  MOJIA

JBUKYIIErocs 3apsja npunuMaercs 4-sexrop (A, ¢/c).

B cootBercTBHE ¢ TeopeMoii ['enpMronena [28] moboe
HEOTPaHIMYEHHOE B MIPOCTPAHCTBE (hHU3NIECKOE Moje obmamaer
JIByMs KOMIIOHEHTaMH: MMOTEHIIHAIBHON 1 BuxpeBoi. OOBIIHO
cuMTaercs, 49TO MOTEHIHAIbHAS COCTaBJISFOIIAS
JNEKTPOMArHUTHOTO  TOJII  TOJHOCTBIO  OTpenessieTcs
CKaJISIPHBIM MTOTEHIMATIOM () , IOITOMY BEKTOPHBIN MOTEHIUAI
cuntaercs cyrybo BuxpeBbiM. B paGotax [11-14] noka3zano,
YTO TAaKOM TOAXOA MPHUBOMUT K TMOTepe (U3HUECKU
COEPKATEIbHOW YacTH IO JBIKYIUEHCS 3apshKCHHOM
gacTupl. B 06mieM cirydae BEeKTOPHBINA 3JEKTPOIHHAMUIECKHUI
MTOTEHIMAJ CIIeAyeT MPECTABIIATE B BUAE CYNEPIIO3UIINU IBYX
COCTaBIISAONIHX:

A=A +A,, (15)

rae A, = A - BUXpeBas (CONEHOMIAIbHAA) KOMIIOHEHTA,

Ay = Agrag - IOTEHIMANILHAS KOMIIOHEHTA.

COOTBETCTBEHHO MOKHO 3aIlHCaTh:
VxA=VxA =B, (16)

V-A=V-A;=-B", (17)

re B — BeKTOp MHIYKIMH BHXPEBOr0 MATHHTHOTO 1oyis, B —
CKalsIpHas (QYHKIHSA, XapaKTepH3yIOMas MOTCHIHAIBHYIO
KOMIIOHEHTY MarHUTHOTO TIOJIA.

[MocnenHiOIO ~ KOMIOHEHTY  TPHWHSATO  HA3bIBAaTh
CKaIsApHBIM MarHUTHBIM ToeM (CMII). Omna oOBrgHO
UCKJIIOYaeTCsl IpH ImoMolny kaanopoBok Kynona u Jlopenua.
Teopwus, yunTbiBaromas 00e KOMIIOHEHTHl MAarHUTHOT'O TIOJIS,
Ha3bIBaeTCsi 0000LICHHOMN MeKTpoIuHAMUKOH [11-14].

B cucteme orcuera Ko, CONPOBOXKAAIOIIEH 3apsXKEHHY IO

YacTHIly, HMMEETCS  TOJBKO ANIEKTPUYECKOE  TIOJIe:
Ep#0, Bg=0, BS =0. Hns MOTCHI[UAJIOB
COOTBETCTBEHHO UMeeM: @q # 0, Ay =0.

Ham nmpencroutr — ompenensTs  KOMIIOHEHTHI  4-

MOTEHIIMANa U XapaKTePUCTHKH 3JIEKTPOMATHUTHOTO MO B
YCIIOBHO HETOJBIKHOM cucTeMe oTcueTa K, OTHOCHTEIHHO
KOTOPOU yacThla JBUKETCA MPAMOJIUHENHO CO CKOPOCTHIO V.
B cucreme orcyera K OyneM UCIOIb30BaTh 0003HAUCHUSI:

E=0, B=0, B #0umep=0 A=0.

C wucnonb3oBanueM mpeodpazoBanuii Jlopenma 8 CU
[29] mist MOMOKHUTENBHOMN YACTUIIBI HMEEM:

p=y(py—V-A), (18)
A=A -yCLZ% +(y—1>vl2(v~Ao>. (19)
rae y =(1—V2/CZ)_2.

B cjiy4dae HpﬂMOJ’IHHCﬁHOFO 1 PABHOMCPHOI'O JABUIKCHUSL
HaCTHUILBI €€ I10JIE B K wnmeer XapaKTCPUCTHUKU:

E=y[Eg-V-VA-vx(Vx A)]z)/(EO +v-B —vx B),(ZO)

B=2LvxEg, (21)
2
C
* /4
B =C—2V'E0. (22)

[Ipu MaIBIX CKOPOCTSIX HCIIONB3YIOTCS MIPEOOPa30BAHMUS
Tanmunes:

E=Ey+Vv-B —vxB, (23)
1 Hod VT
B=—vVxEg=22""" 24
2 0= 0 3 (24)
* 1 ,quV'r
B"'=—v.Eg=t22" 25
2V F= (25)

®opmyna (24) BeipaxkaeT 3akoH bro-Casapa-Jlamaca,
a (25) mnpencramisieT aHajor Takoro ke 3akoHa jaus CMIL
Pacnpenenenne BEKTOPHOTO U CKASIPHOTO MarHUTHBIX IMOJIEH
JBUKYIIEHCS YaCTHIIBI OTIpeAeisiioTes hopMynamu (24) u (25).



Ha puc. 1 cxemaTudHO npencTaBieHO 0000IEHHOE MATHUTHOE
T0JI€ TIOJIOKUTENBHO 3apPSHKEHHOM JBHIKYILEICS YaCTULBI.

Puc. 1. Cxemamuunoe npedcmaeﬂenue MACHUMHO20
NOJIAL NOJIOACUMETIBHO 3ap}lOIC€HH012 06u9fcyu;eﬁc2 uacmuybvl

Ecnu monoxxuteabrHo 3apsHKCHHasA 4JacTula ABUIKCTCS
BIOJIb OCH Ox (V << C), TO BHUXPCBOC MArHUTHOC II0JIC B

chepruecKuX KOOpHHATaX NpeACTaBiIseTcs QyHKIUEH:

v [ -
B(r,¢.0,t)= %\/sm 2@sin? p+cos?0. (26)
4nr
Pacnpenenenrie CMII nporcxoIuT MO 3aKOHY:
B*(r,go,e,t):#—(ﬂlsin ocose . (27)
4 r2

3meck r =r(t) — paccTosHHE OT HEHTPA MOABIKHON YaCTHUIIBI
J10 TOYKH IIPOCTPAHCTBA, B KOTOPOU ONPEEIIAETCS MOJ€e. Y TIIbl
0 u @ - toxe QyHKuuM BpeMeHH. [l03TOMYy MarHUTHOE HOJIE
OT/ICTIHOU MOJIBIYKHOM 3apsKEHHON YaCTHIBI BCET/IA SIBIISIETCSI
HECTaIlMOHAPHBIM.

U3 (25) u (27) ciemyert, 9TO B INIOCKOCTH, TIPOXOISIICH
4yepe3 LEHTP YaCTHIbl, OPTOrOHAJIBHO BEKTOPY CKOPOCTH ee

JIBHMKCHHS B*(r, % .0, tj =0. Ilepen JIBIKYILEHCS

*
MOJIOKUTEIILHON yacTuuen GdhyHKIHSA B AMeeT
MOJIOKUTENIbHBIN 3HAK, TO03aJM YaCTHIILI CMIT wumeer
oTpuniatenbHbii  3Hak  (Puc.l).  Jlng  oTpunatenbHON

JBIOKyIIeics yacTuils! noaspHocts CMIT 6yzner o6paTHOI.

*
[TpousBonHas o BpemeHu OB / Ot uMmeer pa3MepHOCTh

wiotHocTH 3apspa. B [11] wu [13] Teoperuuecku wu
9KCHEPUMEHTAIBHO OOOCHOBAHO  SBJICHHE OE3BUXPEBOU
JJIEKTPOMarHuTHOM  MHAYKUUM: HectaunoHapHoe CMII
MOPOXKAAET HNOTEHIHAIIbHOE 3NEKTPUUYECKOE Hoie.
CoOTBETCTBYIOIINI 3aKOH 3alIUCHIBAETCS B BULE:
*
v.oB
ot

rae D — BekTop anekrpudyeckoil HHAYKIUU. VHBIMU cliOBaMH,
TOYKAa MPOCTPAHCTBA, B KOTOPOW B BBHIOPAHHOH CHCTEME
oTcuera co3maercs HectanuoHapHoe CMII anHanormdna
TOYEUHOMY D3JIEKTpUUYECKOMY 3apsay. bynem HasbBaTh €ro

KBa3U3apsIoM.
[Tomyuaercsi, 9TO ABIKYyIIAsCs 3apsHKCHHAS YacTHIIA
MpuOOpeTaeT JOMONHUTENFHO CBOMCTBA AIIEKTPHYECKOTO

nunonst. Ilepen ABMXKYIIEHCS TONOXKUTENBHONW YacTHIeH (1o

XOJly €€ IBM)KEHHS) BO3HUKACT MOJIOKUTENbHBII KBa3nu3apsim, a
C3a/I1 — OTPULIATEIbHBIH.

st orpuratenbHoi gactuitsl B Gopmynax (18)-(25)
3HaK CKOPOCTH CJIEAYeT U3MEHUTH Ha IPOTHBONONOXKHBIH. [Tpu
9TOM 3HAaKM KBa3W3apsAIO0B JAUIONS TOXKE H3MEHATCS Ha
MIPOTUBOIOJIOXKHEIE.

Takum 00pa3oM, 3MEeKTpUUYECKOe IOJIe ABHXKYIIErocs
3apsia B cucTeMe orcueTa K UMeeT CI0KHYI0 KOHPHUTYPaIHIo.
OHO npencTaBisieT OO0 CYNEPHO3UINIO ILTUIICOUIANTEHOTO
monst  XoBucaima [1] W moNsA  3JIEKTPHUYECKOTO  JHITOJIS.
IMockonpKy KBasu3apsiibsl, OOpa3ylONIME MAWIONb, HMEIOT
pas3u4gHbIC 3HAKH, MOTCHIUATIbHAS SHEPTHA nX
B3aUMOJACHCTBUS SBISETCSA OTpHLATENbHOW. OTCI0Aa Ccleayer,
gyro 3Heprun CMII HeoOXoAMMO TpHUMIICATh OTPHIATEIHHBINA
3aak. [lo stoi mpuumae Anzapees B.J[. [30] mpemmoxun
onuceiBath CMIT MEIMO# DyHKIHEH.

Ecnu npu paccMoTpeHUN B3aUMOASHCTBUS OABHKHBIX
3apsAf0B  ONEPHUPOBATH IEKTPUUECKUMH TOJSAMH  TaKoH
CIIOKHOM KOH(UTypaluu, TO MaTeMaTHYECKUE BBIPAKEHHS
OyAyT TPOMO3IKHMHU. IMosatomy 3Ty 3amady OOBIUHO
CTPYKTYPHUPYIOT: paccMaTpHBaroT CYTIEePIIO3UIIHIO
cdepuiaecku CHMMETPHIHOTO (xymoHOBCKOTO)
JIEKTPUUECKOTO MO M JOTOJHHUTEIBHOTO 3IICKTPHYECKOTO
moisi, He oOmajaromero chepudeckod cummerpued.  JTta
TIOCIIEAHAS KOMIIOHEHTA 3JIEKTPUYECKOTO TIOJIST M Ha3bIBaeTCs
MarHuTHeIM nosleM. OHa, KaK W3BECTHO, 3aBUCHUT OT BbIOOpa
CHCTEMBI OTYETa.

PaccMOTpUM 37E€KTPOH B CONPOBOXKIAIOIIEH CHCTEMeE
otrcueta Ko. OH cuuTaetcs HEMOBMKHBIM, a BAKYyMHas Cpelia
00TeKaeT ero ¢ MOCTOSHHOW cKOpocThio. [Tpn aTOM 311eKTpOH
OILIYIIAeT «BaKyyMHBIH BeTep». 3HAYHT, €r0 JIEKTPHUECKOE
noje aehopMUpyeTCs M BO3HHKAET MarHuTHOE moie. YToOs
€ro JIeTeKTHpPOBaTh, HYXXEH e€Ile OJUH TPOOHBIN 3aps.
Pacmonoxum 1 ero HeNmoABMKHO OTHOCHTENBHO 3JICKTPOHA B
Ko. TIpoOHBIi 3apsi TOXKE OMIYINACT «BaKyyMHBIH BETEP», 'Y
HEero BO3HUKHET MarHuTHoe mnoje. CyMMapHBIH pe3ysbTar
JIEKTPUYECKOTO ¥ MAarHUTHOTO B3aMMOJICHCTBHH 3JICKTPOHA U
poOHOTO 3apsina OyleT BBIpakaTbesi OOBIYHON KYJIOHOBCKOM
cuioi. CreioBaTeIbHO, B ITOM JKCIEPUMEHTE HE yJaaeTcs
JeTeKTUPOBaTh MAarHWTHOE TIIOJIe, JaXe eclH  3apsiIbl
HAXOJATCS B TOTOKE BAKYyMHOI CpeJIbI.

M3menum yciioBus 3kcniepuMeHTa. I1ycTb 31€KTpOH 1o-
IpeXHEMY IIOKOUTCS B COTIPOBOXKIaoMIeH cucteme oTcuera Ko.
A TIpoOHBIN 3apsa pacroyioXKeH HENOJBIKHO B CHCTEME
orcuera K, CBS3aHHOM C MECTHBIM HOTOKOM (PH3HYECKOTO
BakyyMa. Takyloo cucreMy otTcdyera NpPUHATO Ha3bIBaTh
uHepuransHol. Ecmu Ko ngBukercs oTHocutTenbHO K
MOCTYNATEeIbHO U PABHOMEPHO, TO OHA TOXE SABISAETCA
nHepunansHOi. [IpoOHBIN 3apsa HE OUIyIIAeT «BAKyyMHOTO
BETpay, €ro ANEKTpH4ecKoe nojie He aedopmupyercsa. B atom
ciydae B Jr000# u3 cucteMm oTtdeta Ko miau K TPOHUCXOAWUT
B3aMMOJICHICTBHE TOJBIDKHOTO 3apsAla C HEIOJIBUKHBIM.

[IpobHbIi  3apsny umeeT  CPEepHUecKd  CHMMETPHYHOE
(KyJIOHOBCKOE) TI0JIe, a DJIEKTPUYECKOe II0Je 3JIEKTPOHa
neGpopMHPOBaHO «BaKyyMHBIM BETPOMN. Cuna

B3aHMO,HCI71CTBHH 9TUX 3apsA0B OTINYACTCA OT KyJ'IOHOBCKOﬁ.
CJ'ICI[OBaTGJ'H)HO, B 3TOM OKCIICPUMEHTC MOKHO OIIPEACIUTDH



SHEPTHI0  B3aUMOACWCTBUS  DJIEKTPOHa C  (DU3HIECKUM
BaKyyMOM. OTO W €CTb SHEpPrus MarHuTHoro mois. U3
MPUBEJCHHBIX  MBICIICHHBIX  JKCIIEPAMEHTOB  CTAHOBHTCS

MIOHATHO, YTO MarHUTHOE T10JIe OOHApPYKUBAETCS TOJNBKO IPH
YCJIOBHM OTHOCHUTENFHOTO JIBWKEHHSI OCHOBHOTO M IIPOOHOTO
3apsgoB. [lpu aTtom o00a 3apsia HEOOXOAMMO CBSI3aTh C
WHEpUUAILHBIMUA CUCTEMaMH OTCYETa.

Takum oOpa3zoM, cam (EHOMEH MAarHUTHOTO TOJIs
JIOKa3bIBaeT CYyLIECTBOBaHME (HU3MYECKOro Bakyyma. Ecim
NPEACTaBUTh  3apSUKEHHYIO  YacTHIy, JABHXKYIIYIOCS B
a0CONFOTHON IIyCTOTEe, TO HEBO3MOXXHO YKa3aTh (akTop,
NPUBOISIIIMA K  ONHCAHHOMY  BBIIIE HCKAKCHHIO €€
ANEKTPUYECKOTO  TIOJI. PenstuBuctckmii  3pdext B
cootBercTBHE ¢ (1) 1A OTHENBHOTO JIIEKTPOHA, KOHEYHO
MIPOSIBIISIETCS, XOTS HpU Opei(oBOHl CKOPOCTH B HECKOIBKO
MWUINMETPOB B CEKYHAY OH Kpaiine Mai. VHrerpaibHoe
BBIpa)KEHUE ITOTO AP PeKTa I TOKa B IIPOBOJHHUKE CIIOCOOHO
JaTb MNPCACTAaBJICHUC JIMIIb O BUXPEBOM MAarHuTHOM IIOJIC.
BTOpyIO KOMIIOHCHTY MArHuTHOI'O IOJIA — MOTCHIUAJIBHYIO —
pensatuBucTCKUi 3 ekt He crmocodeH Omucarh.

BriBoabI:

1. MarHuTHOEe TOJ€ BO3HHMKAET IIPH JBIDKCHUH
3apsDKCHHOH YaCTHIBI OTHOCHTENIFHO BAKYYMHOH CpEembl.

2. MarauTHOe TOJIe YeIMHEHHOTO 3apsijia UMEeT IBE
KOMITOHCHTBI: BUXPEBYIO (BEKTOPHYIO) M TMOTEHIMAIBHYIO
(ckamspHYy0).

3. DHeprusi CKaJsIpHOTO MAarHUTHOTO TIOJISI HMEET
OTpULIATENIbHBINA 3HAK.

5. JHeprusi MarHUTHOTO MOJISI 3JIEKTPOHA.

Ucnone3ys  (26), 3amumeM  BBIpaXeHHe I
pacripeaeneHus IOTHOCTH SHEPIUU BEKTOPHOTO MarHUTHOTO
TOJIsI MOJABHXKHOTO 3JICKTPOHA!

B? Ho (QV 2 (sin 2 gsin’? ¢)+cosz 9)
— =] - , (28)
2ug 2 \4rn ré

IIpunumaem npezebl MHTEIPUPOBAHUS B PaJUAIbHOM

HampasJIeHUH OT [, g0 ©oo. MHcnomb3ys chepuueckue

Wg =

KoopAuHATEl  (F,@,0), TOIYyYdM DHEPrHI0 BEKTOPHOTO
MAar"HuTHOTI'O ITIOJIA:
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Hcnons3yst Bblpaskenune (7) Uit Macchl YacTHIBI IIPU
| = 2r, , momy4nm:
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OTOT pe3ynbTaT MU3BECTEH I10]l Ha3BaHUEM «IIpobieMa
4/3» [1]. DOHeprus BUXpEBOr0 MAarHUTHOTO IOJISI IPEBHIILIAET
KHHETHUYECKYIO YHEPTUI0 YaCTHILIBL.

BbruucnuM 3HEPruro0 CKalsIpHOrO MAarHUTHOIO MOJIS
9TOM "acTumpl, wucnonb3ys (27). Kak mokasaHo Beimie, 3Ta
SHEPTHs SABISIETCS OTPUIATEIHHOI:

%2 2 oL 2T
W *:—IB—dV ﬂoq J-d J- I sm@cos;o r? sin adr .
B 2/,10 rz
\Y
C yueroM (7) nmosryuum 3HaYEHHUE:
2,2 2
w = tdv _ tme 1y (31)
B 4871, 3 2 3

B pesynprare cnoxxenus (30) u (31) HaxoauMm >HEPTHIO
0000IIEeHHOTO0 MarHUTHOTO TIOJSA, KOTOpas B TOYHOCTH paBHA
KWHETUYECKON SHEPTUH JJIEKTPOHA!

4 1

WB+B* :§K—§K:K.

BreBoxm: mpobnema 4/3 pemraercs mpu ONpeAeTCHUN
Macchl Kak Cyry0o 3JISKTPOMAarHHTHOTO SIBICHHS C y4eTOM
BUXPEBOI ¥ MOTEHINAIBHON KOMIIOHEHT MarHUTHOTO TTOJISL.

Takoll ke pe3ysbTaT MOXKHO MOJyYHTh, HE HCIIONb3YS
XapaKTEPUCTHKY HANPSHKEHHOCTH MArHWTHOro mons B u B
ITycTe yacTuna ¢ 3apsAaoM ( ¥ paauycom [, pasroHsercs B

cucteme orcueta K, CBA3aHHON C MECTHOW BaKyyMHOH CpeaoH.
OrpannumMcst  ciiydaeM, Korja  KOHEYHass  CKOPOCTh
CYIIECTBEHHO MEHBIIIE CKOPOCTH cBeTa. B3ammopelicTBne
JBIDKYIIEHCS 9acTHIBI CO CPEROH ONpenenseTcs BEKTOPHBIM
MIOTCHIIAIIOM:

At) = %V(t) . (32)

31ech UCIONBb3yeTCs pacCTosHHE [, TaK Kak Bo3leiicTBue

Cpenbl Ha YacTUIy MPONCXOOUT Ha ee chepuaecKoit
HOBerHOCTI/I. C‘II/ITaeM, qTo C(l)epI/I‘leCKaSI qacTula ABHUIKETCA
HOCTyl‘IaTGJ‘ILHO, HOSTOMy HpI/I OIIMCAaHUHU €€ ABUXCHUA MOXKHO
HCTONB30BaTh Iu(pGepeHaIbHoe ypaBHEHHE ITHHAMUKA
TOYKHU. HpI/I pa3r0He BO BHeLHHeﬁ cpez[e YJacTulla UCIIBIThIBACT
BHCIITHECC TOpMOSHH.[ee BOSZ[eﬁCTBPIe (CI/IJ'Iy I/IHepI_II/II/I)Z
dA

=-Ay (33)
CI/IJ‘Ia, paBFOH?[IOH.[a?[ ‘IaCTI/ILly, nuMeeT TaKOI7[ KEe MO,I[YJ'IL, HO
HpOTHBOHOJ‘IO)KHLIf?I 3HaK:

dA
=a5 (34)
B ciyuae topmosxkenus wactunpl dA/dt < 0, mostomy 3Haku
cunt B ypaBHeHmwsx (33) wu (34) wu3MeHATcS Ha
HPOTHUBOTIOIOXKHBIE.

IpencraBum (34) B dopme Teopembl 00 H3MEHCHHU
KOJINYECTBA JIBHKCHUS TOUKH:

Fdt=qdA.
IIpaBas wacTh mTpencTaBisier cobod  muddepeHran
KOJIMYECTBA IBMKCHUS TOUYKU:

dQ =qdA,
rore Q =mgv.

C yuerom (32), 3anumem:
2
do = 09 4y

4nf,



[TOMHOXMB CKaTAPHO 00€ YacTH HTOrO ypaBHEHWS Ha V/2,
NoJy4uM cieBa JuddepeHIan KHHETHUECKOI SHEPTruu:
2
HoQ~ Vv
£08 V) dv
4ty 2
B pesynapraTte mHTETpHpOBaHUS C yueToM (8) MpUXOIUM K
BBIPAKCHHIO:

dK =

2.2 2
ve mgv
K:ﬂoq AL

8ary 2 2

Kak BumHO, IpM TakOM TIOZX0/1e HE BO3HUKAET Ipo0iIeM
C DHEPreTHYeCKHM COOTHOIIGHHEM, TaK Kak BeKTop A
[IOJIHOCTBIO ~ YUMTBHIBAET B3aMMOJICHCTBHC TOJBIIKHOM
3apsHKEHHON YaCTHULBI ¢ BAKYYMHOU CpesIOi.

3akiouenne.

DeMeHTapHbIE YaCcTUIBI U CBS3aHHBIC C HUMH ITOJIS
HEBO3MOXXHO HAOJIOJaTh BU3YaJIbHO, IMOITOMY IpodieMa
MOJICTTUPOBAHUS YaCTHII " roJsiei npuoodpeTaeT
KOHIIENTYyalbHOe 3HAYCHHUE. DBOJTIOIUS HaIIUX
MIpeICTaBICHUI O MUKPOMHUPE HAMPSMYIO CBSI3aHA C PA3BUTHEM
3TUX MOJIEJICH M OLICHKOM MX aJeKBAaTHOCTHM Ha Ka)XKIOM dTare
noszHanus. IloaTomMy HaydHas  aMcKyccus IO OTOHU
poOJIeMaTHKe BCET/Ia aKTyalbHa.

OpnHa W3 BO3MOXHBIX KOHLENUMHA, UCTOKH KOTOPOH
cBs3aHbl ¢ uMmeHamu Hprotona, ®apanes um Makcsema,
000CHOBaHa U pa3BUTa B JaHHOM pabote. OHa CO3/1acT CIUHYIO
HAy9YHYIO IUIaTGOpMY IUIS MEXAHWKH H SJICKTPOIUHAMHUKU.
MOXHO CKa3aTh: MEXaHHKa SIBIICTCS MAaKPOCKOIMYECKAM
0060011IeHAEM DIIEKTPOJHHAMUKH (H3udIecKoro Bakyyma [31].
DTOT Te3uc MO3BONIIECT CHOPMUPOBATH AJCKBATHYIO MOJICIb
9JIEKTPOHA U JIOTUYECKH 0OOCHOBATH CIIEIYIOIINE PE3YyIbTaThl:

1. Macca AJIEKTPOHA MeeT cyrybo
SJIEKTPOMArHUTHYIO IIPUPOY.
2. Vuepumsi ¥ rpaBWTAlMs BO3HUKAIOT 3a CYET

B3aUMOJIEHCTBUS 3apsHKEHHOM 4acTULBl C BAKYYMHOH cpenoi
[IPU UX OTHOCUTEILHOM YCKOPEHHOM JIBUKEHHH.

3. MarHuTHOe TIONIE BO3HHKACT TMPH JBIKCHHUU
3apsOKEHHOM YacTUIbl  OTHOCUTENIbHO BaKyyMHOW Cpelbl.
DHeprust MarHUTHOTO MOJIsl YEAMHEHHOH 3apsKEHHON YaCTHIIbI
COOTBETCTBYET €€ KMHETUYECKOW YHEPTUH.

JanbHeliiee pa3BUTHE CBSI3€d W aHAIOTUH MEXIY
MEXaHUKOM U 3JEKTPOJAMHAMUKONW Ha OCHOBE aJ€KBaTHBIX
MoOieNiell MHKpOMHUpa TO3BOJIUT €CTECTBO3HAHMIO BBIUTH Ha
KaueCTBEHHO HOBBIA YPOBEHb Pa3BUTHSL.

ABTopsl Omaromapusl mpodeccopy Anapeery B.JI. 3a
[I0JIE3HBIE COBETHI, BHICKa3aHHBIE B XOJ€ MPEABAPUTEIHHOIO
00CyXIeHUS pe3yIbTaTOB paOOTHI.
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A relationship between electron charge and electron mass was established based on energy
relations. The obtained expression corresponds to relativistic transformation of mass. A
conclusion was drawn about solely electromagnetic nature of mass. The authors take into
account that vector potential of moving charged particle possesses two components — vortex
components and potential component. Hence, the generalized magnetic field has vortex
(vector) components and potential (scalar) component. It was also established that energy
of potential magnetic field is negative and constitutes 1/3 of kinetic energy of particle.
Besides, the well-known “problem 4/3” is solved successfully.

Keywords: mass, charge, field, electron radius, proton radius, physical vacuum, vector
potential, generalized electrodynamics, energy of magnetic field, problem 4/3.

1. Introduction

The study of interrelations and analogies between
mechanics and electrodynamics appears to be a currently
relevant and promising scientific problem. Such an approach
not only allows to develop and update each of those branches
of science, but also to find out new relationships between
fundamental constants, to determine the physical essence of
notions and postulates that lie at the basis of natural science, to
solve the existing problems and explain certain paradoxes.

An idea to present mass of an electron as a purely
electromagnetic effect is considered to be very promising [1].
However, up to the present day this idea couldn’t be completely
worked out, and it was not possible to obtain a self-consistent
theory of electromagnetic mass. In our opinion the reason lies
in an inadequate model of electron and incomplete knowledge
about the electromagnetic field.

Usually a lone electron is considered as a sphere, which
is surrounded by vacuum and along the surface of which the
charge is spread [1]. Such model calls for the introduction of
forces that retain charges on particle surface. Due to this reason
“Poincare stresses” are used, which must have a
nonelectromagnetic nature. As Feynman noticed, “the beauty of
the whole picture disappears at once, everything becomes too
complex” [1] in such a model. In other words, Feynman deemed
purely electromagnetic explanation to be the most beautiful, but
he failed to substantiate it.

Apparently, the explanation of mass as an
electromagnetic phenomenon is only possible based on
complete and adequate knowledge on the nature of two

interrelated phenomena -
electromagnetic field.

The notion of “vacuum” in the sense of a totally empty
space is in contradiction with the close-range interaction
principle, on which Faraday, Maxwell, Thomson and Stokes
relied upon [2-4]. According to perceptions of the
electromagnetism theory founders, all physical interactions take
place only under the conditions of compulsory participation of
a continuous medium that surrounds the interacting centers [5].
These analogies are used in the published work of P.A. Zhilin
to the full extent [6]. With the help of theses analogies he has
found out that in the general case magnetic field possesses both
vortex and potential components. Similar conclusions were
drawn by K. J. van Vlaenderen [7], Woodside D.A. [8], Arbab
I. A, Satti Z. A. [9], Podgainy D.V., and Zaimidoroga O.A.
[10]. Results of their studies formed the basis for the
generalized electrodynamic theory [11-14].

The traditional interpretation of electromagnetism is not
complete. The usage of Coulomb and Lorentz gages led to the
exclusion of potential electromagnetic processes. A number of
well-known paradoxes arose as a result: the violation of
Newton’s third law in the case of electromagnetic interaction
[11], the “4/3 problem” [15] and some others.

The goals of the present article are:

- to develop a model for an elementary charged particle
that would allow to determine the correlation between its charge
and mass;

- to eliminate the discrepancy between the kinetic energy
of an electron and total energy of its magnetic field (also known

namely, electric charge and
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as “4/3 problem”) on the basis of generalized electrodynamic
theory.

2. The correlation between charge and mass of an
elementary particle.

The scientific discussion concerning the structure of an
electron continues to be of vital importance for many decades
[16-21]. A sufficiently complete overview of microcosm
structure models is given in the article of A.G. Kiryako [21].
Three hypotheses of mass origin are examined — namely,
electron theory, Higgs mechanism of the Standard Model and
the principle of mass generation in the nonlinear theory of
elementary particles. Strengths and shortcomings of each of
them are shown as well as the existence of strong connections
between them.

Poincare model is further elaborated in several modern
researches [18-19]. In particular, it is proposed to view an
electron as a multitude of similar particles forming a
gravitationally bound system and filling up a certain spherical
space [18]. In the process of viewing the internal interactions
not only electromagnetic field but also gravitational field are
taken into account, as well as acceleration field and pressure
field. It is generally thought that all electron properties and all
phenomena related to electron can be explained solely by
endogenous processes.

In our opinion, Poincare model and its modifications
have a critical weakness. It is impossible to use the functions of
charge and mass distribution with regard to an elementary
particle. This is why internal structural objects that have a
charge less than that of an elementary charge cannot be isolated.
Such a model cannot be used for the interpretation of nature of
an elementary electric charge and electromagnetic field related
to it.

Nevertheless, Poincare model has a high-priority
advantage — namely, rejection of pointwise idealization and use
of certain radius r,. Let us note that it differs from a well-

known traditional electron radius R, = 2,81-10™1 , which

determines the size of its effective electric field. It is apparent
that in such a model the relation r, < R, should be valid.

Another model deems electron to be an electromagnetic
process taking place within an area with indistinct boundaries
[20-21]. Under this approach there is no need to introduce
forces of non-electromagnetic nature into consideration, and
therein its advantage lies. Electric field appears beyond the
boundaries of the above-indicated area. This model can be
developed and applied for studying the process, which occurs
inside the particle, in order to explain the nature of elementary
electric charge. The difficulty in the usage of this model lies in
the lack of a distinct boundary of the area where the charge is
generated [20]. Besides, the issue of surrounding environment
and its properties remains open.

Let us come up with a hybrid electron model. Let us
deem that electron charge is generated by an electromagnetic
process localized in the sphere of a certain radius r, . The value

I, is to be determined. Thus, an electron is deemed to be a
localized particle of a spherical shape with a well-defined

boundary. The particle has its own charge and mass. Self-
electromagnetic field is generated beyond the spherical particle.

The issue of electromagnetic field nature has already
been mentioned in the Introduction. This issue is connected
with conceptional foundations of natural science. Materialistic
concept of close-range interaction denies that vacuum
represents absolute emptiness. Empty space that has no physical
properties cannot be used in the description of physical
interaction even as an abstract term. This is why physicists use
term “physical vacuum” - a material continuous medium with
known electromagnetic properties. The electron model
(suggested by us) assumes that electron is formed by a process
going on in this medium (e.g., a toroidal quantum vortex) [21].
Thus, an electron is generated by the material vacuum medium,
it is always inside the latter and is inseparable from the latter.
Within the framework of such theory, the electromagnetic field
is presented as a series of disturbances of this medium —namely,
currents, deformations and waves. We do not know all medium
properties, and even the medium nature itself remains
uncertain. That’s why the suggested model does not claim to be
complete — because it does not describe the electromagnetic
process ongoing inside an electron in detail, and, therefore, it
does not describe the nature of the charge itself. Our model
cannot explain all its quantum properties and stability problem.
Nevertheless, it allows to use the notions “charge”, “mass”, and
”field” and to correlate these terms to certain material objects.
The interrelation between these objects should be expressed in
the form of certain correlations between their physical
characteristics.

Let us study a charged particle with radius r, moving

linearly and steadily with velocity v. For the sake of
definiteness, let us deem it as positive and place the observer at
a certain point assumed to be unmoving. Entire particle charge
q will pass by the observer in a time equal to the ratio of its
longitudinal size to its motion velocity:

t=—.
Vv

In the general case the linear size of a particle is determined
taking into account the relativistic contraction:

| =lyy1-v?/c? . 1)
where |y = 2r,.

The observer records the local current:
qv
=
The energy corresponds to recorded current:
LI?
W=—. &)
Usually inductance L is ascribed to a conductor, but here
it should be applied to the charged particle. Such a characteristic
is known under the name of “kinetic inductance” [23]. Let us
determine the value of kinetic inductance of a spherical particle
with radius r, .



There is no formula for the calculation of spherical
conductor inductance in scientific and technical literature, but
there is a formula for cylindrical conductor [23]:

L:M+‘i‘(m2—h_1j, 3)
8z 27 r

where r - cylinder radius, and h — its height.

In the arguments given above we have studied the
particle motion on a segment with length |=2r,. Hence,

h=2r, in (3). This means that we need to consider and
compare the inductances of a sphere with diameter 2r, and

cylinder with the same height. In other words, we consider the
cylinder and the sphere inscribed into it. However, such a
comparison is not quite correct as the cylinder volume and its
surface is larger than the corresponding parameters of the
inscribed sphere.

This gives rise to an issue of a criterion for which the
difference between the inductances of the sphere and cylinder
is minimal. We propose to take the equality of sphere and
cylinder surfaces as such criterion. In this case the following
relationship between the cylinder radius and sphere radius is

valid:
2
r= \/;re =0,8165r1, .

The inductance of spherical particle in this case can be
calculated with high accuracy according to the following
formula:

L Hol _ Hole 4
Az 2
It’s worth noting that in the case of modeling a particle
with material point, kinetic inductance of this point is lost and
it becomes impossible to derive its electromagnetic energy.
After writing down (2) taking (4) into account, we will
obtain an expression for current energy:

2,,2
87
On the other hand, moving particle with mass m has kinetic

energy:

mv?

K = (6)

Changes in the value of each of these energies represents

work of forces that cause accelerating (decelerating) of particle.

In essence, formulas (5) and (6) give one and the same value —

therefore, they could be equated. Hence we will obtain an
expression correlating charge with mass:

2
Ho Q
m=-—.-——, 7
4 | %
Neglecting the relativistic effect, let’s assume that
I =1y =2r,, and we will derive a value, which is generally

agreed to call “rest mass” of charged particle:

2
_Ho 9 )

Mmp =
087r|’e

It is obvious from (7) and (8) that particle mass does not
depend on the sign of its charge. In particular, these formulas
can be applied to electron. Taking into account the known value
of electron rest mass, we will obtain electron radius:

2
r, :&.q—:1'4-10715ﬂ4, (9)
8
77 Mg

where my =91-10"*«2 - rest mass of electron, q=1,6-10""

Kn — elementary charge, u, =1,256-10"° H/A? -

permeability of vacuun.
The obtained own radius of electron turned out to be half

as large than classical electron radius R, = 2,81-10_15M. It’s

worth noting here that the limiting accuracy of measurements
for geometric dimensions is restricted by Planckian length
Ip =16 10704, [24]. Obviously, quantum properties of
electron don’t exert significant influence on accuracy of
electron radius determination (9).

Taking into consideration the used method for mass
determination (7), the mass should be called inertial. However,
this leads to an issue of gravitational mass and phenomenon of
gravitation proper. This issue (plus the problem of equivalence
of inertial mass and gravitational mass) will be discussed in one
of the subsequent sections.

Let’s discuss the obtained result and its validity. We
have analyzed the process of acceleration of a single electron
and equated the work of accelerating force to kinetic energy
acquired by electron. Of course, the energy of electron
interaction with physical vacuum changes when an electron is
accelerated, and magnetic field is generated. This gives rise to
the following question regarding electromagnetic field energy
— should we add the energy of electron field to the kinetic
energy of electron or not? Such a question involves hypothetic
separation of the motion process: at first an electron moving in
emptiness is considered (and its Kinetic energy is determined),
and then an ambient environment is included in consideration
and energy of ambient environment disturbance resulting from
electron motion is determined. Such an approach is used/ for
instance, when analyzing the motion of bodies in a viscous
medium. However, the thing is that the known expression for
kinetic energy was derived for motion of material objects in
physical vacuum — not in emptiness. That’s why it takes into
account the change in energy of object relation with this
medium. In our case kinetic energy of electron and energy of
electron field are one and the same. Formulas for mechanics and
electrodynamics for energy look differently, but they reflect one
and the same essence. That’s why these energies in our case are
equated, rather than being summed up.

As is well-known, particle mass depends on velocity of
particle motion:

magnetic

My

J1-v2/c?
The value of charge does not depend on particle motion
velocity (in contrast to mass). The charge is a relativistic

invariant [25]. Obtained relationship (10) is in conformity with
these properties of charge and mass. Relativistic increase in

m= (10)



mass stems from reduction in particle dimensions in the
direction of its motion according to (1).

Let’s analyze another elementary particle — namely,
proton. It is well-known that proton mass is 1836 times greater
than electron mass:

m, =1672-10"kg.

At the same time proton radius is approximately 3.2 times less
than the classical electron radius. Usually the following value
is used:

R, =0,8751-107°m.

Reverse nonlinear dependence between mass and size of
elementary particles is observed. Hence, true radius of proton
calculated using formula (9) is significantly smaller than
electron radius:

2

r=*. 9 _0761.10%m.
P 8r m,

Let’s calculate the relationship:

& =1150.
"o
The similar relationship for electron is equal to 2.

These relationships verify the above-described
standpoint regarding nature of mass — namely, the smaller is the
size of elementary particle, the stronger it is connected with
physical vacuum.

Of course, this gives rise to an issue of mass of
electrically neutral particles — e.g. neutron [15]. It is well known
that in free state neutron breaks down to form electron, proton
and antineutrino. Hence, it is possible to represent neutron as a
set of oppositely charged particles and to determine their total
mass taking their interactions with one another into account.
The problem of photon mass can be also solved on the basis of
comprehensive picture about electromagnetic wave [13].

Conclusions:

1. The suggested model of lone electron enables to
adequately describe its motion in the physical vacuum medium
and determine electromechanical analogies.

2. The mass of a charged particle is unambiguously
determined by its charge and own size, which is calculated in
the chosen frame of reference.

3. The mass of moving charged particle in the chosen
frame of reference grows depending on velocity solely due to
relativistic contraction of its size in the motion direction.

3. Inertia and gravitation

Let us analyze a case of accelerated motion of a charged
particle. The convection current won’t be direct anymore;
therefore its time derivative will be different from zero:

|':8_|:g av :ia, (11)
ot ot\2ry) 2r,

ov . . .
where a = ri is particle acceleration.

According to the law of electromagnetic induction, such
current causes EMF of self-induction that hinders the change of
the current that generates it:

U=-LI.
Taking into account (4), it’s possible to put down the following:
U:_'uo_re.ia:_’u_oqal (12)
2r 21, 4z
The following work is done as a result of charge motion:

2
ug=-_29 5 (13)

Az

In the case of positive acceleration work has a negative sign,
while in the case of particle deceleration positive work is
performed. Let us determine the force that performs this work
for motion distance being 2r,:

F Uq /JOq2 1
21, Az 2rg

Force (14) is directed opposite to the acceleration
direction regardless of the charge sign. Hence, that is the inertia
force. Thus, the inertia force origin is explained by
electrodynamic process.

It is well known that forces emerge as a result of the
interaction between material objects. The inertia forces must
not be an exception. A charged particle is one of the interacting
participants. A question arises about a second participant of this
interaction. The model (used by us) assumes that the particle
does not move in absolute vacuum, but that it moves in a
material medium with physical properties. Such concept has
been used in physics in different variations for a long time [26].
The conclusion is that the inertia forces emerge as a result of
interaction between bodies and vacuum medium. Within the
frames of such scientific concept, the inertia forces cease to be
a “special” class of forces, to which the “action and reaction”
law cannot be applied.

It follows from (14) that inertia appears only in the case
of accelerated motion of a charged particle relative to physical
vacuum. In the case of uniform and rectilinear motion of the
particle relative to physical vacuum inertia does not appear.
This corresponds to Newton first law.

Let us discuss the issue of usability of a frame of
reference related to physical vacuum. Since physical vacuum
seems to be as a continuous medium, in which “currents” and
“deformations” may take place, it is clear that it is impossible
to associate a single frame of reference to it and accept this
frame of reference as absolute. But it is always possible to
introduce and apply a conditionally motionless “local” frame of
reference, in which a sufficiently large volume of physical
vacuum stays practically motionless at least in one of the
directions.

The above-described notion of mass determines its
inertial properties only. However, the concept of physical
vacuum opens the way to explanation of gravitation. It is shown
in monograph [27] that one and the same physical process
represents a reason for inertia and gravitation — namely,
interaction of charged particles with accelerated fluxes of
physical vacuum. And it is not important, which of the objects
of interaction is regarded to be in motion and which is
considered to be conditionally motionless. If we assume that

a=-ma. (14)



there are radial accelerated fluxes of physical vacuum close to
stars and planets, then the reason behind the gravitation
becomes obvious. When using this concept, it becomes possible
to give natural explanation to the issue of equivalence of inertial
mass and gravitational mass - they are equivalent because they
are preconditioned by one and the same physical phenomenon.

A conclusion can be drawn that the phenomena of inertia
and gravitation are equally explained by the interaction of
charged particles with physical vacuum in the course of their
relative accelerated motion.

4. Electromagnetic field of charged particle

As follows from the results obtained and described
above, mechanical phenomena and values are connected with
electrodynamics that describes the state and evolution of the
vacuum medium. Let us advert to electrodynamic values with
the aim to clarify their characteristics and possible
interpretations.

The electrical field of a conditionally motionless
charged particle is spherically symmetrical. It is completely
determined by scalar potential. If a charged particle is in motion
within a chosen frame of reference, magnetic field also is
generated around it. This field is characterized by
electrodynamic vector potential 4. 4-vector (A, ¢/c) can be

adopted as the main characteristic of an electromagnetic field
of moving charge.
According to Helmholtz theorem [28], any physical field
(that is unlimited in space) has two components: potential
component and vortex one. It us usually considered that the
potential component of the electromagnetic field is fully
determined by scalar potential ¢, and this is why vector
potential is deemed to be purely vortex. It is shown in [11-14]
that such an approach leads to the loss of the physically
substantial part of the field of moving charged particle. In the
general case, electrodynamic vector potential should be
presented as a superposition of two components:
A=A +Ay, (15)

where A, = A - is the vortex (solenoidal) component,
Ay = Agrag - Is the potential component.

Hence it is possible to put down the following:
VxA=VxA =B, (16)

V-A=V-Ay=-B", (17)

where B — is the vector of vortex magnetic field induction, B” —
scalar function that characterizes the potential component of the
magnetic field.

The last component is usually called scalar magnetic
field (SMF). It is usually excluded with the use of Coulomb and
Lorentz gauges. The theory that takes into account both
components of the magnetic field is called generalized
electrodynamics [11-14].

Within the frame of reference Kp that accompanies the
charged particle, there is only electrical field:

Eo=0, Bg=0 BS =0. Correspondingly, for the
potentials we have: gy #0, Ay =0.

We need to determine the 4-potential components and
characteristics of electromagnetic field in a conditionally
motionless frame of reference K, relative to which the particle
moves rectilinearly with velocity v. We will use the following
notations in the frame of reference K:

E=0, B=0, B #0ugpz0, A=0.

After using Lorentz transformations in the SI system
[29] for a positive particle we have:

p=y(pg —V-A), (18)

A:Ao—yci2¢0+<y—1)vi2(v~Ao), (19)

-2
where y = (1—v2/02) .
In the case of rectilinear and uniform motion of particle,
its field in K has the following characteristics:

E=y[Eg-Vv-VA-vx(Vx A)]=}/(E0 +v-B —vx B),(ZO)

B=2vxEg, (21)
2
c
* /4
B =C—2V' Eo. (22)
Galilean transformations are used at low velocities:
E=Eg+v-B —vxB, (23)
1 HoQ VT
B=—vxEy=2" , 24
2 0= s 2 (24)
»_ 1 HoQ V-1
B =—v-Ej="A—. 25
2R (25)

Formula (24) represents Bio-Savart Law (Laplace’s
law), while (25) represents an analogue of the same law for
SMF. The distribution of vector and scalar magnetic fields of a
particle in motion is determined by formulas (24) and (25). Fig.
1 shows a schematic generalized magnetic field of a positively
charged particle in motion.

Fig. 1. Schematic representation of magnetic field of a
positively charged particle in motion

If a positively charged particle moves along axes Ox
(v << c), the vortex magnetic field in spherical coordinates is

represented by function:

B(r..0,)= 220 Jsin2 gsin2 p + cos? 0. (26)
4ar

Distribution of SMF takes place according to law:



B*(r,(p,e,t)zﬂ—wlsin fcosg . (27)
dr r2

Here r=r(t) — is the distance from the center of moving

particle to a point in space, in which the field is determined.
Angles @ and ¢ - are also functions of time. Therefore,

magnetic field of a lone charged particle in motion is always
nonstationary.

It follows from (25) and (27) that in the plane going
through the particle center orthogonally to the vector of its

motion velocity B*(r,%,e,tjzo. Ahead of the positive

particle in motion, function B” has positive sign, while behind
the particle SMF has negative sign (Fig.1). For a negative
particle in motion, polarity of SMF will be reverse.

Time derivative aB*/at has a dimension of charge

density. The phenomenon of vortex-free electromagnetic
induction is theoretically and experimentally substantiated in
[11] and [13] — nonstationary SMF generates potential electrical
field. The corresponding law is written down in the following
form:

v.p=%8_
ot
where D — vector of electric induction. In other words, a point
in space, in which nonstationary SMF is created within the
chosen frame of reference, is similar to the point electric charge.
We will call it quasi-charge.

It turns out that charged particle in motion additionally
acquires properties of electric dipole. A positive quasi-charge
arises ahead of the positively charged particle in motion (in the
direction of its motion), while behind it — negative.

For a negatively charged particle, the sign for the
velocity should be changed to the opposite in formulas (18)-
(25). In this case the signs of dipole quasi-charges also will
change to the opposite ones.

Thus, the electric field of a moving charge has a complex
configuration in the frame of reference K. The electric field
represents a superposition of Heaviside’s ellipsoidal field [1]
and electric dipole field. Since the quasi-charges that make up
the dipole have different signs, the potential energy of their
interaction is negative. It follows from here that negative sign
must be attributed to SMF energy. Due to this reason,
V.D.Andreev [30] proposed to describe SMF as an imaginary
function.

If we use electrical fields of such complex configuration
when studying the interaction of mobile charges, mathematical
expressions will be lengthy. That’s this problem is usually
presented in a structured form — namely, superposition of a
spherically symmetric (Coulomb) electric field and
superposition of an additional electrical field that does not
spherical symmetry are subjected to consideration. This last
component of the electrical field is called the magnetic field. As
is well-known, it depends on the choice of the frame of
reference.

Let’s analyze an electron in an accompanying frame of
reference Ko. It is considered to be motionless, while the

vacuum medium flows around it with a constant velocity. In this
case the electron experiences a “vacuum wind”. Hence, its
electric field is deformed, and magnetic field appears. To detect
it, another trial charge is needed. Let’s place it motionless
relative to the electron in Ko. The trial charge also experiences
“vacuum wind”, and its magnetic field appears. The overall
result of electric and magnetic interactions of electron and trial
charge will be expressed by usual Coulomb force. Hence, it
won’t be possible to detect magnetic field in this experiment
even if the charges are located in a flux of vacuum medium.

Let’s change the conditions of experiment. Let the
electron still be in an accompanying frame of reference Ko,
while the trial charge is located motionlessly in the frame of
reference Ko connected with the local flux of physical vacuum.
Such a frame of reference is usually called inertial. If Ko moves
translationally and uniformly relative to K, it is also inertial. The
trial charge does not feel the “vacuum wind”, and its electric
field is not deformed. In this case within any of the frames of
reference Ko or K interaction of a mobile charge with the
motionless charge takes place. The trial charge has a spherically
symmetric (Coulomb) field, while the electric field of electron
is deformed by the “vacuum wind”. The interaction force of
these charges is different from Coulomb force. Hence, it is
possible to determine the energy of interaction between electron
and physical vacuum in this experiment. This is the energy of
the magnetic field. It can be deduced from the given imaginary
experiments that magnetic field can only be detected only in the
case of relative motion of the main and trial charges. Besides,
both charges should be connected with inertial frames of
reference.

Thus, the phenomenon of magnetic field itself proves
the existence of physical vacuum. If one imagines a charged
particle moving through absolute vacuum, it would be
impossible to specify a factor that leads to distortion (described
above) of the electric field of this particle. Of course, relativistic
effect for a lone electron is manifested in accordance with (1),
although in the case of charge-drift velocity of several
millimeters per second, it is very small. Integral expression for
this effect for the current in a conductor can only give an idea
about the vortex magnetic field. Relativistic effect is incapable
of describing the second component of the magnetic field —
namely, potential component.

Conclusions:

4. Magnetic field emerges in the course of charged
particle motion relative to vacuum medium.

5. Magnetic field of a lone charge has two components
— vortex (vector) component and potential (scalar) component.

6. Energy of scalar magnetic field has negative sign.

5. Energy of electron’s magnetic field

Using (26) let’s write down expression for energy
density distribution of the vector magnetic field of mobile
electron:

B? _&(ﬂ)z . (sinzesinch+c0329

| s
2ug 2 \4r 4 (28)

Wg =
r



We assume that limits of integration in radial direction
are from r, to oo. Using spherical coordinates (r,¢,8), we

derive energy of vector magnetic field:
n 2r  ©

2,2 2,2
Wpg =%J‘(sinzé)sin2go+coszé))dej.d¢J‘i2dr=ﬂoq v .
R T 127,
re
(29)

Using expression (7) for particle mass at | =2r,, we
obtain:

2.,2 2
_MoQTVT _Amve 4 (30)
24nf,

3 2 3
This result is known under the name “problem 4/3” [1].
The energy of vortex magnetic field exceeds kinetic energy of
a particle.
Let’s calculate the energy of scalar magnetic field of this
particle using (27). As is shown above, this energy is negative:

0

B*Z 2V2 T2 in o 2
WB*:—J—dV:—ﬂOq s Jd@jo@j[W} r2sin & .
v 24g 2r° 44 Y r

Taking into account (7), we obtain the following value:

2,2 2
w. - feave _tme 1 (31)
B 487, 3 2 3
After adding (30) to (31), we derive energy of
generalized magnetic field, which is exactly equal to kinetic

energy of electron:

4.1
Wg, g =5 K- K=K.

Conclusion: problem 4/3 is solved when mass is defined
as purely electromagnetic phenomenon taking into account
vortex and potential components of magnetic field.

The same result can be obtained without using
characteristics of magnetic field intensity B and B". Let particle
having charge g and radius r, accelerates in the frame of

reference K connected with local vacuum medium. We restrict
ourselves to the case when final velocity is significantly less
than light velocity. The interaction of moving particle with the
medium is determined by vector potential:

A(t) = %"(t) . (32)
e

Distance r, is used here because the action of medium upon the

particle takes place on its spherical surface. We believe that
spherical particle moves translationally. Therefore, when
describing its motion, one can use differential equation for
particle dynamics. In the case of acceleration in an external
medium a particle is subjected to external decelerating action
(force of inertia):
dA

F=-ag (33)
The force that accelerates a particle is characterized by the same
modulus, though having an opposite sign:

dA
F=q i (34)
In the case of particle deceleration dA/dt <0, that’s why signs
of forces in equations (33) and (34) will be changed to opposite
ones.
Let’s imagine (34) as momentum theorem for particle:
Fdt=qdA.
The right side represents differential for momentum of particle:
dQ =qdA,
where Q =mgv.
Taking (32) into account, let’s write down:

2
dQ = £09 gy
4,

After multiplying scalarly both sides of this equation by v/2,
we obtain differential of kinetic energy (in the left side):

2
dk =409 Y gy
Anty 2
As a result of integration (taking into account (8)) we derive the
following expression:

K — 109’ ﬁ _ MgV
8ary 2 2

As can be seen, with such an approach one does not
encounter any problem with energy relationship because vector
A completely takes into account the interaction of moving
charged particle with vacuum medium.

Conclusion

It is impossible to visually observe elementary particles
and fields (related to these particles). That’s why the problem
of modeling particles and fields becomes of conceptual
importance. Evolution of our ideas and notions about
microcosm is directly connected with the development of such
models and evaluation of their adequacy at each stage of
knowledge gaining. Therefore scientific discussion on issues
related to this problem is always important.

One of the possible concepts (the roots of each are
connected with the names of Newton, Faraday and Maxwell) is
substantiated and developed in this article. It forms a unified
scientific platform for mechanics and electrodynamics. It can
be stated that mechanics represents macroscopic generalization
of electrodynamics of physical vacuum [31]. This thesis enables
to work out an adequate model for electron and logically
substantiate the following results:

4. Electron mass has solely electromagnetic nature.

5. Inertia and gravitation arise due to interaction of
charged particle with vacuum medium in the course of their
relative accelerated motion.

6. Magnetic field emerges when a charged particle
moves relative to vacuum medium. The energy of magnetic
field of a sole charged particle is equal to to kinetic energy of
this particle.

Further development of relationships and analogies
between mechanics and electrodynamics on the basis of

2




adequate models of microcosm would allow natural science to
move to a totally new level.

The authors are grateful to professor V.D.Andreyev for

his helpful advices given in the course of preliminary discussion
of research results.
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