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AHHOTANUS
Ha ocHOBe M B TepMMHAX KIIACCMYECKOM MEXAHUKHU JIOKA3aHbl TPU TEOPEMBI,
CBS3aHHBIC C WBJIYYCHHEM YCKOPEHHBIX »JJICKTPUYECKUX 3apsaaoB. OOIIEM3BECTHHIM
00CTOSITETLCTBOM SIBJISIETCSI TO, YTO IIEHTPOCTPEMHTENIbHAS CHiia PabOThI HE COBEpIIACT,
(TOCKOJIBKY CKaJISIpPHOE TPOM3BEIACHUE OPTOTOHANIBHBIX BEKTOPOB HEOOXOJIMMO PABHO
HyJt0). JlokazarenbcTBa TeopeM | U 2 BBINIOJIHEHBI B T€PMUHAX CHIL. {151 MHEPTHBIX Tel
nepexo]l K TEpMHUHAM YCKOPEHHUI OCYIIECTBISIETCS B COOTBETCTBUM CO BTOPBIM 3aKOHOM
Hetorona. [Ins  snekTpuueckux  3apsoB  IEpexol K TEPMHUHAM  YCKOPEHUU
OCYIIECTBIISIETCSI B COOTBETCTBUU C Teopemoul 3. MCXOAHBIM HYyHKTOM HCCIEAOBAHUS
SABJISIETCA JIOCTOBepHOE yTBepxkaeHue. C HHUM BBINOJHSETCA PAJl MaTeMaTUYECKU
KOPPEKTHBIX TpeoOpa3oBanuil. (CrenoBaTenbHO, peE3yJbTaT SBISETCS HEOO0XOIMMO
JNOCTOBEPHBIM. Pe3ynbTaThl HMCCIAEAOBAHWS MOTYT HCHOJIB30BATHCS IPU IMOCTPOEHUU
TEOPETUUECKUX MOJIETIEH SBJICHUN U MPOLECCOB, a TAKKE YUYHUTHIBATHCA B TEXHUYECKHX

IMPUITOKCHUAX.
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KuaroueBble cJioBa: QJICKTPOMArHUTHBIC BOJIHBI, CKaJIsIpHOC IIPONU3BCACHHUC,

OpPTOTOHAJIbHBIC BCKTOPLI, MHCPTHOCTD.

AKTUBHOE Pa3BUTHE TEOPUM ABHAIMOHHO-KOCMHUYECKUX HOHHBIX M TIA3MEHHBIX
nsurareneii [1-4] 3aTparuBaer psn acneKkToB, JBa U3 KOTOPBIX PacCMaTpUBAIOTCS B
HacTosimed paboTe, a MMEHHO: JMHAMHUKA 3apsHKCHHBIX 4YacTull [5—7] w
AJIEKTPOMArHUTHOE U3JIy4YCHHUE MPU UX yYCcKopeHuu [8—14].

CuuTaercs, 4YTO MEKTPUUECKUN 3apsijl, IBUXKYIIHICS 1O KPYrOBOM TPaeKTOpUH, T.€.
c LEHTPOCTPEMUTEIIbHBIM YCKOPEHHUEM, HE00XO0MMO JOJKEH M3JIy4YaTh
AIEKTPOMArHUTHBIC BOJHBI. ITO PACIPOCTPAHSIETCS, B T.U., HA [IUKJIOTPOHHOE U3TyUYCHHUE.

Janee paccMaTpuBaeTCsl SHEPIETUKA YCKOPEHHBIX 3apsI/IOB.

MeToauka

Hcrnonb3yroTcss TEepMUHBI U METOJIbI KJIACCMUECKOW MEXAaHHKH, KOTOPbI€ B YacCTH
CWJI, YCKOpPEHUH, MepeMelnieHuil, padoThl M JIHEPruu PacCHpOCTPaHSIOTCS, B T.4., Ha
JTUHAMUKY JIEKTPUUYECKUX 3aPsI0B.

HcxoaHbIM MYHKTOM SIBIISIETCSL docmoeeproe yTBepxkaecHue. C HUM BBITIOJHSIETCS
Pl MaTeMaTUYECKU KoppeKkmHulx nipeoOpazoBanuii. Clie10BaTeNIbHO, PE3YyJIbTaT SIBISETCS
Heo0xX00umMo 00CmOBEePHHIM.

[TeyanbHblld OMNBIT TOKA3bIBAET, YTO [JI MHOTMX CIHEHHAIHACTOB 3Ta JIOTHKA
HeJIoCTynHa. B cityyae, eciu Takoil Heo0xo00umo 0ocmosepHwlil pe3yibTaT IPOTUBOPEUUT

CYHICCTBYIOHICI‘/’I mapagurmMe, IpCAIOUYTCHUC IIPAKTHUUCCKH BCCTIa OTAACTCA IIapaaurme, He
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B3Wpasd Ha Y6C,Z[I/ITCJ'IBHOCTB J0Ka3aTcJIbCTB. DTO0 O0OCTOSTEILCTBO SBJISIETCS MOYTH

HENPEOJOJUMBIM MPEMATCTBUEM TOJYYCHUSI HOBOIO 3HaHWA. Beap ecim OHO He
MPOTUBOPEUUT MAPAIUTME, TO OHO HE HOBOE U LICHHOCTH HUKAKOW HE MPEACTABIISET.

Ocraercst JnHillb HAACATHCS, YTO B JAHHOM KOHKPETHOM CIllydae MPOU30UAET
UCKIIIOUCHUE W3 TIPABUWI U HE0OX00umMo O00CMOGEepHblil pe3yibTaT OyIeT NpHU3HaH
TaKOBBIM.

YcioBue u31ydeHus 3apsjaa

DNEeKTPOMArHUTHBIE BOJTHBI 00J1aal0T UMITYJIbCOM U DHEPTHCH.

DHEprur BOJIHA MOJYyYaeT OT €€ UCTOYHUKA, B PE3yJIbTaTe YEro DHEPTUsl caMoro
HWCTOYHUKA YMEHBIIIAECTCA.

B To ke Bpems, 51000€ YMEHBIIIEHHE HSHEPrUd HEO0OXOAMMO OOYCIOBIMBACTCS
BBITIOJIHEHUEM COOTBETCTBYIOIICH pabOThI

AE = A,
Pabora paBHa
dA = F-ds.

Teopema 1. TanreHumanbHO YCKOPEHHBIM 3apsAn u3ayuaem HIEKTPOMArHUTHBIE

BOJIHBI.
Loxaszamenvcmeo.
Ilycts
F=F>.
S
Torna
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dA=F-ds=F§-ds=Fds=AE¢O.

Teopema nokasana.

Teopema 2. HopMmallbHO YCKOPEHHBIA 3apsifi He uziyuaem HICKTPOMArHUTHBIE
BOJIHBI.

lokazamenvcmeo.

ITycTh
F=F L, rls.
Torna

dA=F.ds=FX.ds=0.
r

Teopema okaszaHa.

Teopema 2 dopmanuzyer o0OIIEU3BECTHOE B  MEXaHHKE OOCTOSITEIBCTBO,
3aKJTIOYAIONIEeCss B TOM, YTO IICHTPOCTPEMHUTENbHAs Cwia paboOThl HE COBEpIIACT
(TTOCKOJIBKY CKJIIPHOE TPOW3BEACHUE OPTOTOHAIBHBIX BEKTOPOB HEOOXOIUMO PaBHO
HYJIIO).

O nuHamMuke 3apsjaa

JlokazarenbcTBa TeopeM | M 2 BBINOJHEHBI B TE€pMUHAX CUJI. J[7Is MHEPTHBIX TeI

nepexo] K TEpMUHAM YCKOPEHUM OCYIIECTBIISIETCS B COOTBETCTBUHU CO BTOPBIM 3aKOHOM

HrrorToHa.

JUIst 2NeKTpUYECKUX 3apsA 0B MOJOOHBIN EPEXO] BO3MOKEH C YUETOM BBIPAKEHUS
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e
m =k-Ho, (1)

IJie m, — Macca 3IEeKTPOHA, e — €ro 3apsj, [, — MarHUTHAs IIOCTOsSHHAsA, b — BennuuHa,

UMEIOIIast Pa3MEePHOCTh JUTHHBIL, K — 6e3pazmepHsIil koaddumment [15, 16].
Teopema 3. DnexTpuueckuii 3apsij yAOBIECTBOPAET BTOPOMY 3akoHy HbroTOHA.
Jloxazamenbvcmeo.

HYCTB 3JICKTPOH ABMKCTCA B HAIIPABJICHHUH S CO CKOPOCTBIO V = VS/ S.

Beipaxxenne (1), cTporo roBops, HE MNpPEANoJaraeéT KakoW-TO KOHKPETHOM
reOMEeTpPUUYECKOil (POPMBI INIEKTPOHA, MPU ITOM OHO IO3BOJISIET BPEMEHHO (hOpMaIbHO

NpEeACTaBUTh €T0 B BUJE YKBUBAJICHTHON 0e3MaccoBoi 3apsikeHHOH chepbl paanyca Kb .
3nece k; — ko3dduIMEHT TPOMOPIMOHATIBHOCTH, KOTOPBIA TpH JajbHEHIEM

PacCMOTPEHHH OTIPEACIISETCS OTHO3HAYHO.

DHeprus 3JIeKTPOCTATUIECKOTO OIS PABHOMEPHO 3apsDKEHHOM cdepsl paamyca Kb

H 3apsAa0M € OIIPCACIICTCA BbIPAKCHUCM!

e2

—_—. 2
Ame kb @

€

w, =1
2

[TockonpKy 3apspkeHHas cdepa MOCTymaTeNIbHO JBIKETCS, UMEET MECTO MAarHUTHOE
T10JIe, HANPSKEHHOCTh KOTOPOT'O PaBHA

1
lvloc2

H= [v,E],

rac E - HAIPsKCHHOCTD 3JICKTPUYCCKOI'O ITOJIA. 9HepFI/II/I QJICKTPUICCKOIO U MAaroHuTHOT'O

MIOJIEH COOTHOCSTCS CIIEIYIOIINM 00pa3oM.
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2 2
aw, =25 gv =5 gv,
2 2c°u,
2 2 2,2 2
aw, =HM gy Bl Ly bl gy ok = av =k,dw, ¥
! 2 2 | 1,C 24, c
rae K, — kod(pduIMeHT MpONnOPHUOHANBEHOCTH, OOYCIIOBICHHBIH NPOCTPAHCTBEHHOM
KOH(Uryparueir MarauTHoro moJst [17].
C yuetom (2)
2 2,,2 2 2
W =k2W8V—2=£ k,ev __ eV
8 ¢ 24ngykbc 2b

CootBetcTByIOImMM 00pa3oM noadupast K,, MOKHO JOOUTHCS paBEHCTBA

I(2

k= :
4k,

Cuna sBisercs I'paAuCHTOM SHCPIUn

dW 2 2 2 2
oW e dv) | e dv e dv/dt
dr 2b dr b dr b dr/dt

2 2 2 2 2 2
_ 8 povd_v:ke MonV/dt:ke “ovld 2r:ke i, d 2r
b dr b dr/dt b wvdt b dt

C yuerom (1)

Teopema nokazana.

Teopema 3 no3BOJIAET IEPEUTH K TEPMUHAM YCKOPEHHI B Teopemax 1 u 2.
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3akioueHue

Cuuraercs, YTO MarHETPOHHOE HU3JIyYEHUE IMPOUCXOIUT B PE3YyJbTaTe€ HOPMAIBHOIO
YCKOPEHUS 3aps0B.

OT0 M ecThb MNapajgurmMa, O KOTOpPOM IUIa peyb B METOAMKE. OJTa MNapajaurma
MPOTUBOPEUAT HEOOXO00UMO O00CHIO8EpHOMY PE3yNbTaTy — Teopeme 2. CleaoBaTeNbHO,
oHa (mapaaurMa) HeIOCTOBEpHa. B 3TOM HET HHUYEro mioxoro M JAake CTPAHHOTO.
Hcropust Hayku TOBOPUT O TOM, UYTO 6Ce HayuHble Napaouemvl AGIAMCA
HeO00CmoB8epHbIMU.

B cBere TteopeM | m 2 mpuYMHY MAarHeTPOHHOIO M3JIyYEHMS CJIEAYET HCKATh B
TAQHTCHIIMAJTbHOM YCKOPEHHH, OOYCJIOBIEHHOM KYJIOHOBCKUMHU B3aUMOJICHCTBUSIMU
3apsaoB myuka [18-20].

HukTo He comMHeBasCs, YTO TAaHTEHIMAIbHOE YCKOPEHHUE DJIEKTPUYECKOTO 3apsiia
OPUBOIUT K M3JIYYEHUIO OJJIEKTPOMAarHWTHBIX BOJH. BOT TOJIBKO yKOpEHUBILIEECS
o0o0menne ¢eHoMeHa W3IydeHUs Ha YCKOpPEHHE «BOOOIE», B T.4. HOPMaIbHOE
YCKOpEHHE 3apsiia, HEPABOMEPHO.

[lapagoKkcanbHOCTh CUTyallUM COCTOMT B TOM, YTO TE€OpeMbl 1 M 2 HE BBITISAIAT
CEHCAllMOHHBIMH.

Pe3ynbTaThl UCCaEAOBaHUSA MOTYT UCIIOJIB30BaThCS MPHU MOCTPOECHUH TEOPETHUECKUX

MOHCHCﬁ SIBJICHUM U IIpoHecCCOB, a TAKIKC YUUTBIBATHCA B TCXHUYCCKUX IMPUIOKCHUAX.
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Classical mechanics methods application to electric charges

Popov I.P.
Kurgan State University,
63/4, Sovetskaya str., Kurgan, 640020, Russia

e-mail: ip.popow@yandex.ru

Abstract

The article proves three theorems associated with studying accelerated electric
charges on the basis and in terms of classical mechanics. Active development of aerospace
ion and plasma engines theory touches upon a number of aspects, the two of which are
being considered in the presented work, namely the charged particles dynamics and
electromagnetic radiation at their acceleration. It is assumed that the charge moving along
the circular path, i.e. with the centripetal acceleration, should necessarily radiate
electromagnetic waves. It spreads, inter alia, to the cyclotron radiation.

The terms and methods of classical mechanics are being used, which spread, inter

alia, to the electric charges dynamics in a part of forces, accelerations, displacements,
11
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work and energy. The starting point is a credible statement. A number of mathematically

correct transformations is being performed with it. Thus, the result is necessarily reliable.
Electromagnetic waves possess momentum and energy. The wave receives energy from
the energy source, which leads to energy reduction of the source itself. At the same time,
any decrease in energy is being necessarily stipulated by the corresponding work
performing. Three theorems has been proved. Theorem 1. A tangentially accelerated
charge does emit electromagnetic waves. Theorem 2. A normally accelerated charge does
not emit electromagnetic waves. Theorem 2 formalizes a well-known in mechanics
circumstance that the centripetal force does not perform work (since the scalar product of
orthogonal vectors must be zero). Theorem 3. Electric charge satisfies Newton's second
law. In view of Theorems 1 and 2, the cause of magnetron radiation should be sought in

the tangential acceleration caused by the Coulomb interactions of the beam charges.

Keywords: electromagnetic waves, dot product, orthogonal vectors, inactivity.
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