Gravitation as a manifestation of the force
of radiative friction of an accelerating electric charge.
Tsapurin L.M.

Abstract: The article shows that the force of radiation friction acting on an electrically charged
particle moving with acceleration relative to the ether is the cause of the gravitational force.
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I'paBuTanus, kKak nNposiBjieHne CHUJIbI
PAMALMOHHOIO TPEHUS YCKOPEHHO ABHKYIIEr0ocs 3JIeKTPHYECKOro 3apsaaa.

Hanypun JI.M.

AHHOTanuaA: B crarbe 1oka3aHo, 4YTO IPUYMHOM TPABUTALMOHHOM CHJIBI SIBJISIETCS CHJIA
pazvalliOHHOIO TPEHUS, IEHCTBYIOIIAs HA 2JIEKTPUUECKH 3apSHKEHHYIO YaCTUILY, JBUKYIIYIOCS C
YCKOpEHHEM OTHOCHUTEJIBHO 3upa.

KiroueBble ciioBa: cuia, pagualliOHHOE TpeHHE, 3(Up, YCKOpEHHE, 3JIEKTPOMArHUTHOE
110JI€, TPABUTALM.

W3BecTHO, YTO OOJBIIMHCTBO TEOPHH TPABUTALMU HOCSAT TUINOTETUYCCKHI XapakTep, a
¢du3nveckas CyniHOCTb JeHCTBUS CHJI TPABUTAIINH HESICHA.

M. ®@apaneii B 1850 romy mpomén mepmeie ombiTel [11] ¢ mombITKOW HaWTH
AIIEKTPOMArHUTHYIO CYIIHOCTh CHJI TpaBuTanuu. [1o mpusnanuio camoro Mapasest OnbITh OBUIH
HEyJauHbIMU, HO YOexaeHue Papages 00 SJIEKTPOMArHUTHOM MPHPOJEC TPABUTALMOHHBIX
B3aUMOJICCTBUI OCTAJIOCH.

Hamu B pesysbraTe BBIMOJHEHHBIX SKCIEPUMEHTANbHBIX paboT [12,13] mokaszano, uro M.
@apayneit ObUT MpaB, CUIIBI TPABUTAIIMHA UMEIOT AJIEKTPOMArHUTHYIO CYITHOCTh M TPOSIBIISIOTCS
BCAKUN pa3 MpH H3MEHEHWU CKOPOCTH MABIIKEHMS SJIEKTPUUYECKH 3apsDKEHHBIX YacTHI U
MaTepHaJbHBIX TEJ, KOTOPBIE 00pa30BaHbl TAKUMH YaCTHIIAMHU, OTHOCUTENBHO d¢upa. [Ipu sTom
SBJICHHE CONPOTHUBIIEHUS 3(Upa U3MEHEHHIO CKOPOCTH 3JIEKTPUYECKU 3apsHKEHHOH YacTUIIbI
HE3aBUCHMO OT TOTO YacTHUIIA IBUKETCS OTHOCUTEIHHO dHpa Uik 3PUP OTHOCUTEIHEHO YaCTHIIHI
Ha0Jr01aeTCsl B 9KCIIEPUMEHTE.

[Topa3uTenbHO TO, UTO B TEOPETUUECKUX U3BICKAHUSAX BUIHBIX QU3UKOB KOHIIA 19 1 Havana
20 BexoB HaMEKH Ha BBILIE MPUBEIEHHBIC BHIBOJIBI YK€ UMEIH MECTO OBITb.

B 1903 roay Jlx. . ToMcoH B cBoeii paboTe [6] mpHumién Kk BBIBOLY, YTO HA AIEKTPUICCKU
3apsHDKEHHYI0 4acTUIly, JBMTaloOIIyOCs C YCKOpPEHHEM B MpocTpaHCTBe (3dupe-cpene c
AJIEKTPOMAarHUTHBIMU CBOWCTBAaMU) JEHCTBYET CUJia, IPOTUBOAECHCTBYIOIIAs €€ yCKOpeHnto. Tam
xe Jx. JIx. TOMCOH HMPUXOIUT K BBIBOAY, YTO Macca 3JEKTPOHA MMEET 3JIEKTPOMAarHUTHYIO
($U3NYECKyI0 CYINIHOCTh, YTO B JajbHEWIIEM IOATBEP)KICHO H3BECTHBIMU SKCIIEPUMEHTAMHU
B.Kay¢mana u AGparama.

B 1907 rony I'. Jlopenir B cBoeit uzBectHoii padore [4 ctp.84, npum.18] mokasan, uro Ha
YCKOPEHHBIM 3JIeKTpOoH, UMeumil chepuueckyo Gopmy, B 3dupe Oyner neiicTBoBaTh cuia,
KOTOPYIO MTPOBOLMPYET IEKTPOMArHuTHOE 1oJie, 00pa30BaHHOE CaMOM YacTHIeH. DTy cuily OH
OTIpeNieNIuI, KaK CUJIa COnpOmueieHus O8UICeHUI0 3apsSHKEHHOW YacTUIBI M MONYyYMI Ui Heé
BeIpakeHHe. CIieyer OTMETHTh, YTO 3TO BBIPAKCHHE OIPENEICHO W JEHCTBUTEIHLHO IS

CKOPOCTH JIBXKCHHS YaCTHUIIbl 3HAUUTEIILHO HIKE CKOPOCTH CBETA.
_ e? dv, dv
(2) ==z ——p o A —-— YCKOPEHHE dJIEKTPOHa;

€ - BeJIMYMHA 3JICKTPUUICCKOI'O 3apsaa,
C — CKOpPOCTb CB€TA,




R — panuyc cdepsl 3apsna.

Kak BUIOHO U3 3TOro BeIpakK€HUs cuja F MpoTUBOAEHCTBYET M3MEHEHUIO CKOPOCTH JBUXKECHHUS
JNIEKTPOHA, BEKTOp OSTOM CHJBI BCErJa HampaBlIeH NPOTUB BeKTopa YyckopeHus. JlopeHi
MPEATONIOKHII, YTO ITa CHiIa Ae(HOPMHUPYET AIECKTPUIECKOE MOJIE IITEKTPOHA.

B mocnenyromux pabotax HM3BECTHBIX (DM3UKOB 3Ta CHJIa MOJYyYWIa ONpENeNiCHHE Kak cuid
PaouayuoHHo20 mperus, BOSHUKAIONIAs MPH JABHKCHUH JIICKTPUYCCKH 3apsHKCHHOW YacTHUIBI C
YCKOPEHHEM OTHOCHTENBHO ddupa.

B [3] pammanmoHHOE TpeHHE ONpEAEICHO KaK CHiia, JCHCTBYOMIas Ha 3JCKTPOH, WK Jp.
3apsHKEHHYIO YaCTHILy CO CTOPOHBI CO3/[aBaEMOT0 MM TI0JISI SJIEKTPOMAarHUTHOTO M3JTyYEeHUSI.
I'mu3oypr B. JI. B pabote [2], cchutasce Ha paboTsl JlopeHa, TPUBOAUT APYTYIO (opMyily,

MOKa3bIBAIOUIYI0 3aBHCUMOCTH CHJIBl PAJMAllMOHHOTO TPEHUS OT YCKOPEHHS JIICKTPUYECKH

3apsDKEHHOM YaCTHIIBI OTHOCHTEIBHO dHpa.

2e? da o
(3) F=s=— rJie; 8 — YCKOPEHHUE AIICKTPUUECKH 3apsKEHHOM YaCTHIIBL.

I'. Jlopenn, aeiictButenbHO Ha CTp. 84 B [4] npuBoauT Takyro GopMyily, HO yTBEPKIACT, UTO

TaKasA 3aBUCUMOCTb MOKET MIPUMCHATHCS TOJIBKO IIPH YCJIOBUU KOHG6JHOH.ICI‘OC$I 9JICKTpOHA, KOrjga

da
Pyt n?-v; rme: v=>b-cosn-t— CKOPOCTB JIBM)KECHUS DJIIEKTPOHA;

N - wyacToTa Kojebanuii cek ! ;
b — ammunTyna KonebaHuit;

da
Hcxons u3 Toro, uro B Gopmyse (3) uMeeTcsi MHOKUTEIb g™ I'un36ypr B. JI. ytBepxknaer,
YTO MPU PAaBHOYCKOPEHHOM JBM)KEHUH 3JICKTPOHA CHJIA PaMallMOHHOIO TPEeHUs oOpaiiaercs B
da
HYJIb, TAK KaK MPH TAKOM PEKMME JBIKEHUS — - = 0. ®dakTUYECKU U IPU IOCTOSHHOM YCKOPEHUH

WM 3aMEJUICHUU BIUSHUE PAJAUAlMOHHOTO TPEHHUS HA SJEKTPUUYECKU 3apsHKCHHYHO YacTHUILY
nposiisieTcsi. Clie1oBaTeNIbHO, TOCTOBEPHOCTH (hOPMYJIbI (3) BBI3BIBACT COMHECHHE.

B 1913 rony poccuiickue yuénsie JI.W. Mannensmram u H.JI. [lananexkcu npoBeiau ONbIThI
[0 OMNPEACIICHUIO MACChl HOCHTEJIS AJICKTPUISCKOTO TOKA M OOHAPYKHITU SIBIICHUE HHEPIIHH dTHX
yactull. B 1916 rogy Oosiee TOUHBIN SKCIEpUMEHT MpoBenu amepukanckue ¢puszuku P.Toamen u
T. Ctroapt 1 J0Ka3aly HAJTUYKUE MACCHl y SJIEKTPOHA.

YcTaHoBneHO 3TO ObUI0O TYTEM TOPMOXKEHHS TPOBOJHHKA, IO KOTOPOMY JIBHTaJCs
ANEKTPUUYECKUNA TOK. DTOT OMBIT TMOATBEPKIAET TOSIBICHUE CHIIBI PATUAIMOHHOTO TPEHMUS,
HaIIPABJIEHHOM B IIPOTUBOIIOJI0KHYIO CTOPOHY BEKTOPA CKOPOCTH IPU TOPMOKEHHUH.

B pa6otax [8,9] onpenenena cuiia, ¢ KOTOPOH AIIEKTPUUECKOE TOJIE, TOPOKIEHHOE YCKOPEHHO
JBUXKYILEWUCS DIEKTPUUECKU 3apSKEHHOW YaCTULIbl, B3aUMOJICHCTBYET € AJIEKTPUUYECKUM IOJIEM

camMoi yacTUIIbl. DTa cuja paBHa
2

4) F=- :_—;’T . er—t ca; tae: Mo = 4 m-1077 emunun cucrembl CH, MarHuTHas
MOCTOSTHHAS,
€ — BeJIMYMHA DJISKTPUIECKOT0 3apsia yacTuilsl B Kynonax;
7; — 3G (EeKTUBHBIN paNyC YaCTULIBI;
@ — OTHOCHUTEJIBHOE YCKOPCHHE JICKTPUUICCKH 3aPsHKCHHOMN YaCTHIIBL.
Cxema aeiicTBUSI 3TOM CUIIBI Ha YCKOPEHHO ABUTAIOIIUIACS SIEKTPUUECKUH 3apsi] OTHOCUTENHHO

MIPOCTPAHCTBA MOKHO MPECTABUTH KaK MoKa3aHo Ha Puc.1 u 2.



Puc. 1. Cxema [BMKEHUS DJIEKTPUYECKH 3apsSKEHHOW YacTUIBI U 00pa30BaHUS BOKPYT €€ B
MPOCTPAHCTBE AJICKTPOMATHUTHOTO TMOJsl. (CHJIOBBIC JMHUM MAarHUTHOTO TMOJII O0O3HAYCHBI
TOYKAMHU M KPECTUKAMU KPACHOT'O [BETA, JICKTPHUCCKOTO BUXPEBOTO CHHHE JINHKH).

Puc.2. TpéxmepHas cxema oOpa3oBaHMSI  BUXPEBOTO  JJIEKTPUYECKOIO  IOJIA
B3aMMOJICHCTBYIOIIETO C JJIEKTPUYECKHM 3apsOM €ro MOpOAMBIIETO (TIOHAEPOMOTOPHOE
B3anMo/eiicTBre). CHHUM 1IBETOM OKpAIIeHbl CUJIOBBIE JINHUU 3JIEKTPUYECKOT0 OIS, a KpaCHBIM
BHUXPEBOI0 MarHUTHOTO MOJIS.

W3 BoIpaxkenus (4) BUIHO, YTO JBHXKEHUE HJIEKTPUUYECKH 3apsXKEHHBIX YaCTUI] C U3MEHEHHEM
WX CKOPOCTH OTHOCHUTEIBHO OKpyKaromieil cpeabl (ddupa) BbI3BIBACT CHIY, KOTOpas
COIIPOTHUBIIAETCS U3MEHEHUIO OTHOCUTEJIHOM cKopocTu. MIMEeHHO 3Ta cuiia U GUrypupyer, Kak
CWJIa paJiallMOHHOTO TpeHUsA. BcE BBIIEN3I0KEHHOE CTIPaBEAJIMBO KaK JUIs IOJIOKUTENIBHO, TaK
U JUIsl OTPULIATEIBHO JIEKTPUUECKHU 3apsKEeHHBIX YacTull. [lonTBepkieHnemM 3Toro sBisiercs To,
4yTO B (hopMmyIie (4) BeIMUMHA 3JIEKTPUUECKOI0 3apsiaa 0003HaueHa B KBajpare.

Bceraér Bompoc, MOryT /M Tak € pPEarupoBaTh Ha YCKOPEHHOE JIBJKEHHE YacCTHIIbI
HEUTpabHBIE OTHOCUTEIFHO DIIEKTPUYECKOTO TIOJS?

Ha 3ToT BOmpoC MaroT OTBET SKCIEPUMEHTHI, MpoBeA¢HHbIE B CTIH(GOPACKOM YHUBEPCHUTETE,
KOTOpBIE CBUETEIbCTBYIOT, YTO HEHTpaibHO 3apsDKEHHbIE 4YacTHUIBI OOpa30BaHbI TaKke
pa3HOHANpPaBICHHBIMU AJIEKTPOMarHUTHBIMU MOJISIMU, UMEIOLIIMHI BBICOKYIO
SHEPrOHACHIIIEHHOCTb U CIOXKHYI0 KOHPUTypaHIo.



Tak, HanmpuMep yCTaHOBJICHO, YTO HEUTPOH MPEJICTABIIAECT COOOM COUETaHNE MOJIOKUTEITHLHOTO
U OTPHIIATEIBHOTO 3JICKTpUUecKoro 3apsia (cm. puc.3). CriemnoBaTenbHO, B3aUMOJCHCTBHE €ro
3IEKTPOMArHUTHBIX MOJIEH ¢ YCKOPEHHO ABUTAIOIUMCS 3PUpoM OyAeT aHAIOTUYHO OMMCAHHOMY
BbIIIC, & UMCHHO, NMPH OTHOCHUTCJIBHOM YCKOPCHHOM IABHXXCHUHU OTHOCHTCIBHO 3(bnpa 6YI[6T
TeHepUPOBATHCA CUJIA HAIIPABJIEHHAs! IPOTUB BEKTOPA €r0 yCKOPEHUSI.

|4xrip(r), eiom

Puc. 3. Cxema pacnpeneneHust 3JIeKTPUIECKOT0 3apsaa B: P — MPOTOHE, N — HEUTPOHE.
(mo nauubiM CTaHOpackoro yauBepcutera CIIIA).

Bepuémcs k ciywatro, koraa 3¢up COBEpLIAET YCKOPEHHOE [BUKEHUE OTHOCUTEJIBHO
DIIEKTPUYECKH 3apsDKEHHOM YacTUIBl WM MaTepHaIbHOTO Tejla, OO0pa30BaHHOTO TaKUMHU
yacTUlaMd. B 3ToM ciiyyae Ha Bce 3JIEMEHTApHbIE YaCTHUIIBI, KOTOpbIE OOpa3yloT 3TO
MaTepualibHOE TeJI0, OyAeT BO3/IeHCTBOBATh CyMMAapHasi CHJIa, KOTOPYIO MbI OITPEEIIHIIN KaK CHJIa
palualMOHHOIO TPEHUsl YCKOPEHHO JBIJKYILErocs »3jeKTpudeckoro 3apsaga. [ .Jlopenn
yKa3bIBaeT 00 3ToM B padore [4].

Ham cooreuectBenHuK, uHxkenep SpkoBckuil 1.0. B 1889 roay BBIABMHYI TaK Ha3bIBaeMYyIO
KHHETUYECKYI0 Tunote3y [14], cyTh KOTOpOii 3aKitoyanack B TOM, YTO CYIIECTBYET MOTOK 3hupa,
HalpaBJIEHHBIN K LIEHTPY 3eMJIU, KOTOPBIN ABJISETCS MIPUUYNHON TATOTEHUS.

[Mozanee bauno B.®. [1] pa3Bui u IOMOMHKUI MICH O JBHXXCHUH MOTOKA 3(Upa K EHTpaM
IUTaHEeT U 00Pa30BaHUIO MAaTEPUH.

Y4YuTBIBast TO, YTO B HACTOSIIEE BPEMS CYIIECTBYIOT IKCIIEPUMEHTAIBHO JTOKa3aHHBIE (PaKThI
[7,10,12], xoTOpbIe CBHICTEIBCTBYIOT O HAIMYUH MOTOKA pHpa K LEHTPY Macc, Hampumep K
HEHTPY 3eMJIM, TO MOKHO YTBEP)KIaTh, YTO TPABUTALUS M €CTh MPOSIBIEHUE CYMMAapHON CHIIBI
paIualoOHHOIO TPeHHs, NeHCTBYIOIIEH Ha 3JeMEHTapHble YacTHIbI 00pa3yloline MacCHBHOE
TEJIO.

JIeWCTBUTENbHO, €CIAM  CYLIECTBYeT  YCKOPEHHO  JBIDKYIIMICS  MOTOK  Cpeabl ¢
AIIEKTPOMArHUTHBIMH CBOMCTBAMH K IEHTPY 3€MIIH, KOTOPHI IPOHU3BIBAET BCE MaTepHAIIbHBIC
TeJa, TO YUYUThIBasE OTHOCUTEIBHOCTH JIBUKEHUS MOKHO 3aMEHUTh ATOT MPOLECC YCKOPEHHBIM
JBI)KEHUEM MaTepHAIIbHBIX TEJT OTHOCHTEIBHO d(hupa.

Taxum 0Opa3oM, 1715 CUJIbI TPAaBUTALUH, ACHCTBYIONIEH Ha MACCUBHBIE TeJa, MOKHO 3aIUCaTh:

(3) F, = Y0F rae: F; — cuia rpaBHTaLuu.
N — Habop yacTuil, 00pa3yroumx
MaTepHATLHOE TEJIO.
BeiBoabI:
1. Cuna rpaBuTanyu, ACHCTBYIONAss HA MaTepUAIbHBIE OOBEKTHI €CTh MPOSBICHUE CyMMapHOW
CHJIBI paIMAIIIOHHOTO TPEHHUS, ISHCTBYIOIIEH Ha BCE JIEMEHTAPHbIE YaCTHIIbI, 00pa3yIoIIne 3T
00BEKTHI M BO3HUKAIOIIEH TIPH IBIKEHHUHU TIOTOKA d(Upa K IEHTPY MAaCCUBHBIX TEJl.
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