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ITokazaHo, YTO 3JIEKTPOMArHWTHOE B3aWMOICHUCTBHE HE SIBISETCS OCOOBIM BHIOM
BSaHMOﬂeﬂCTBMﬂ MCXKAY MaT€puajibHBIMU YaCTULlaMU. ypaBHeHI/lH QJICKTPOMArHuTHOI'O ITOJIA
MOTY4EHBl KaK IPSIMOE CIEICTBHE 3aKOHOB MexXaHWKH. OHM BBIBEICHBI N3 PAaCCMOTPEHUS
KPUBOJMHEHHOTO JBIDKCHHS KJIACCHUYECKOW YaCTHI[Bl [0 HMHEPUUH, O€3 HCIOIb30BaHUS
THIIOTE3Bl O CYNIECTBOBAHWHU 3JIEKTPUYECKHUX 3aps/IOB, CHOCOOHBIX MOPOXKIATh KYJIOHOBCKOE
noisie. Ilpu yka3aHHOM [BMKEHUM HMHAYLUPYIOTCS KaK JJICKTPUUYECKUN, TaK U MAarHUTHBIN
3apsiael gacTHbl. OcoOEHHOCTh MHIYLIMPOBAaHHBIX 3apsioB COCTOMT B TOM, YTO OHH HE
JIOKAJIM30BaHbl HAa YacTUIlE, TOPOXKIAIOIIEH 3MEKTPOMarHuTHOE MoJie, a «pa3Ma3aHbl» B TOI
00JIacTH ITPOCTPAHCTBA, B KOTOPOW NMPOMCXOAWT IABHMIKCHHE YAcTUIIBI 10 WHepiuH. Hammume
WHIyIUPOBAHHOI'O MAarHUTHOTO 3apsiia O3HAayaeT, 4YTO MAarHUTHOE TII0Je, MOPOXAEHHOE
JOBIDKYIIEHCS YacTUIICH, COAEPIKUT, TOMAMO OOBIYHON BHXPEBOW KOMIIOHEHTHI, HEOOBIYHYIO
CKaISIpHYIO (MOTEHIIMAIBHYI0) KOMIIOHEHTY. Ha cyllecTBOBaHHE CKaJISPHOW KOMITOHEHTHI
MarHWTHOTO T0Js BriepBhle ykazan [. B. HukomaeB [1-3]. CormacHo ero pesynpTatram, ydet
CKaﬂﬂpHOﬁ KOMIIOHCHTBI MArHuTHOI'O 1I0JId TO3BOJIACT YCTPAHUTHL MHOI'ME TPYAHOCTU
OOILETIPUHATON  TEOpPUM  JJNEKTPOMArHUTHOIO  IIOJII M IOJNYyYUTh  OOBSICHEHHE
9KCTIIEPUMEHTANBHBIX (AKTOB, KOTOPBIE HE YyIAaeTcsi OOBSICHUTH, OCTaBasCh B paMKax
YKOPEHUBIIUXCS NPEACTaBIECHUI AMEKTPOJUHAMUKY.

Kniouegvie cnosa: mpoGnema Jlupaka, 3IE€KTPOMarHUTHOE B3aMMOJCHCTBHE Kak
CJIEJICTBHE 3aKOHOB MEXaHUKHU, KPUBOJIMHEHHOE IBIDKEHHE MO HWHEPLUU, WHAYLMPOBAHHBIE
IEKTPUUECKUH 1 MAarHUTHBIN 3aps/bl, MOTCHIAIbHAS KOMIIOHEHTa MArHUTHOTO TIOJIS.

1. BBegeHue

Hannas paboTa sIBIsSCTCA NPOAODKEHUEM U Pa3BUTHEM HCCIECAOBAaHMH [4], TOCBSILEHHBIX pe-
HIeHuro npoonemsl Jupaxa.

Kak BugHO M3 aHanmm3a TpyAHOCTEH 3JEKTPOJMHAMHUKH, OHH KOPEHATCS B TOM, YTO B 0OIIe-
OPUHATON (OPMYIHPOBKE TEOPHH 3JIEKTPOMATHUTHOTO MOJSI HCIONB3YeTCs (DEHOMEHOIOTHYEeCKUi
10JX0J, 0a3upyrOIUiica Ha MOHATUX, (HU3NUECKOE COACPIKaHNE KOTOPBIX OCTAETCS 10 CUX IIOP HEU3-
BeCTHBIM. K 4MCIly TaKHX IMOHATUH OTHOCSTCS, B YACTHOCTH, DJIEKTPUUYECKUH 3apsill, dJIECKTPUIECKOE U
MarHuTHoE 1ojisl. [IpuHATO cuuTaTh, UTO PIEKTPHUUCCKHUM 3apsiz ABISIETCS TEHEPATOPOM (MCTOYHUKOM)
NEKTPUIECKOTO IO, HO HUKTO HE 3HAET, YTO TAKOE 3apsaja ¢ PU3MUECKON TOUKH 3PEHHs, KaK OH 00-
pasyercsi, 1 HIKTO HE MOXXET yKa3aTh T€ (U3MYECKHE MPOIECChl, KOTOPBIC MPUBOAAT K TEHEPUPOBa-
HUIO 3apAJOM BJIEKTPHYECKOTO (KYJIOHOBCKOro) mojsi. Kak mokasbslBaeT OMBIT, MATHUTHOE IOJIE TO-
POXKAAETCS ANEKTPUUECKUM TOKOM, T. €. TOTOKOM 3JIEKTPUUYECKH 3apsSKEHHBIX YaCTHILI, WM U3MEHSIO-
IIMMCA CO BPEMEHEM JIIEKTPUUYECKHAM MoJieM. McTHHHOE copep:kaHne MOHATHUS MarHUTHOE IIOJIE He-
BO3MOXKHO, OYE€BUIHO, YSCHHUThH B YCIOBHSX, KOTAa QU3nUecKas NPUPOJIa IIEKTPUIECKOro 3apsiaa He-
M3BECTHA M HE YCTaHOBJICH (PU3NYECKUH MEXaHU3M I'€HEpaluH 3apsioM 3JeKTpuueckoro mous. [pu-
IIJI0 BPeMsI PacKpbITh (PU3NUECKOE COAEepPKaHUEe OCHOBHBIX IIOHSITHH, B TEPMUHAX KOTOPBHIX OINMCHIBA-
eTcs DIEKTPOMAarHUTHOE B3aMMOJICHCTBUE, a Takke (U3UUECKUE MEXaHM3MBI TeHEPHPOBAHHS JIICK-
TPUYECKOTO U MarHUTHOTO TOJIeH, Oe3 4ero yCcTpaHeHHE CEePbE3HBIX TPYAHOCTEH W JanbHeifiee pas-
BUTHE JJEKTPOJANHAMUKHI HE MPEICTABIAETCS BO3SMOKHBIM.

B cranpaptHO# (opMyTUpPOBKE 3IEKTPOAMHAMUKU 3JIEKTPUUYECKUI 3apsijl, dJIEKTPUUYECKOe U
MarHUTHOE IOJISl BBICTYMAIOT, B CYIIHOCTH, KaK aOCTPAaKTHBIC 3JIEMEHTHI MATEeMAaTHYECKOW CXEMBI,
CITy’Kallel IS OMMCaHUS JIEKTPOMATHUTHBIX SBJICHUH, HO (U3MYECKOE COAEPKaHUE ATHUX 3IEMEHTOB
HE PacKpbIBAETCS.
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[IpuBenem mpumep paccykKAeHU, XapaKTepHBIX Ul HCIIOb3yeMol cxeMbl. CoriacHo ob1ie-
IPUHATHIM [IPEICTABICHUAM (CM., Ha1p. [5]), ToueuHas yacTuLa C 3apsiioM ¢, , HaxosIascs B TOUKe

C paJyC-BEKTOPOM 7, TOPOXKIAET B TOUKE HAOMIOACHUS C PaANyC-BEKTOPOM 7* IICKTPHUYECKOE MOJIe
- =T, I
E(#)=kq, ”—*F’ k =const . TInotHocTs 3apsma P, P =¢,O(F —7,), CIYKUT UCTOYHHKOM DIIEK-
-7
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TPUUYECKOTO TIOJIS: VE = 4rtkp (V- oreparop Ha6na). Ecim B TOUKy HaOMOJEHMS TOMECTUTH MPOO-
P,

HBIH 3apsa ¢, TO Ha Hero gaeiictByer cuna F =kq,q, . IIpu nBuxeHuu 3apsga ¢, B TOUKe

- P
7 -7
HABITIOICHNS BO3HUKACT MArHUTHOE Toe H | KOTOPO€ MOXHO HaliTH ¢ TIOMOLIbIO YpaBHEHUN Makc-
BeJUIA.

Kak BuaHO M3 mpuBeneHHOTo parMeHTa paccyXIeHHH, HCITONb3Ys OOMIETTPUHATYIO 3JIEKTPO-
JMHAMUYECKYIO CXEMY BBIYMCICHUH, MOXKHO ONMCATh IMOBEACHUE AJIEKTPUUECKOTO 3apsA/ia U OpoxKaa-
€MOT0 MM 3JIEeKTpOMarHuTHoro noist. Ho 3To onucanue umeer yucto GpopManbHbIN, MaTEMAaTUICCKHIA
XapakTep, TaK KakK M3 IMOJIsl 3pEHMsI BBINAIal0T BOMIPOCHI, Kacaromuecs o0pa3oBaHus 3apsna, pusmde-
CKMX MEXaHHU3MOB I'€HEPUPOBAHMS 3apAIOM AJIEKTPOMAarHUTHOIO MHOJIS, T. €. «3a KaJApOM)» OCTAIOTCS
Bce (PU3MUYECKUE MPOIIECCHI, MPOUCXOISIIUE PU ABMKCHUU U B3aUMO/ICHCTBIH 3apsoB U monei. [lo-
CKOJIBKY 3apsijibl M TOJISI BHICTYIIAIOT JIMIh KaK a0CTPaKTHBIC AJIIEMEHTHI CXEMBI, (PH3NIecKoe Cofep-
JKaHWE KOTOPHIX HE OIpeneieHo, (hu3udeckas CyIIHOCTh YKa3aHHBIX IPOIIECCOB OCTAETCS HE BBISC-
HEHHOMW, HECMOTPA Ha COBEPILIEHCTBO UCIOJIb3yEMBIX MAaTEMAaTUUECKUX METO/IOB.

['maBHBINM HETOCTATOK OOLICHPUHATON 3JIEKTPOIMHAMUYCCKOW CXEMBI COCTOMT B TOM, YTO B
3TOM cXeMe HE YUUTHIBAIOTCS 3aKOHBI JUAJIEKTUKU — OCHOBHBIE 3aKOHBI ABM>KEHUsI MaTepuu. Cornac-
HO 3aKOHAM JIMANIEKTHKH, Jt00as (usnyeckas peanbHOCTH MPECTaBIseT coOOH COCYyIIeCTBOBaHUE
MIPOTHBOIOJIOKHOCTEH, KOTOPBIE, C OJHOIM CTOPOHBI, 00pa3yloT HEPa3pbIBHBIN COI03, €IUHOE LIETIoe, a
C IpYrol — HEMPEpBHIBHO MPOTUBOCTOST, MPOTUBOACHCTBYIOT Apyr Apyry. OUeBUIHO, YTO IPUBECTH
JIEKTPOTMHAMUKY B COOTBETCTBHE C 3aKOHAMH JHAJEKTHKH MOKHO €IMHCTBEHHBIM CITOCOOOM: HE00-
XOJUMO 00OOLTUTh M PacCIIMPUTh MaTeMaTHUECKyI0 CXeMy TaKUM 00pa3oM, 4TOObI ee Y3JIOBBIE diie-
MEHTBl UMENH YETKUH (U3NYECKHi CMBICI. DTO IMO3BOJIAET BHIIBUTH B PAacCMaTpHUBaeMOW MOIEIH
MIPOTUBOIIONIOKHOCTH, COOTBETCTBYIOIHE HMCCIEAYEMONH PEeabHOCTH, M Y4ecTh (PU3MUYecKd CyIie-
CTBEHHEIC CBSI3M MEXKy HUMH.

Crnenyer MOAYEPKHYTh, YTO OOIICTIPUHSTAS SJICKTPOJANHAMHUKA CYIISCTBEHHO HE TMOJHA. DTO
cienyer u3 Toro GaxTa, 4To OHa JaeT popmanabHOe, a0CTPAKTHOE OMMCAHKE SBIECHUH U ITPOIIECCOB, HO
He crocoOHa 00BICHUTD WX (PU3NYECKYIO CYITHOCTh. OUEeBUIHO, YTO HUKAKOE YCOBEPIICHCTBOBAHUE
MaTEeMaTHYECKOTO armapara He MOXKET PEIIUTh MPOoOJIeMy HETIONHOTHI U YCTPAHUTh TPYIHOCTH (hU3H-
YECKOW TEOPHH, €CITH €€ OCHOBHBIE MCXOJHBIE MMOHSATHS OCTAIOTCS B MpEeXHEH aOCTpaKTHOH, HeDU3u-
gecKoit opme.

PykoBoacTBysiCh coobpaxeHussMu JlekapTra 0 TOM, YTO OKPY>KAIOIIUNA HAC MHP TPEICTABISET
co00if MaTepuro, HAXOIAIYIOCS B COCTOSHUM JIBHXKEHUS, €CTECTBEHHO MCXOUTh U3 TOTO, YTO OCHOB-
HBIE 3JIEMEHTHI 3JIEKTPOAMHAMUYECKOW CXEMBbl — 3JIEKTPUUECKHUM 3apsii U 3JIEKTPOMAarHUTHOE IOJIe
MOPOKAAIOTCS IBIKYIICHCS 0COOBIM 00pa3om Marepueil. OyHIaMEHTATbHBIMU JIBIDKCHUSIMH MatTe-
pHYH, OTBETCTBEHHBIMHU 32 DIICKTPOMArHUTHOE B3aMMOJICHCTBUE, SIBJISIIOTCS, OYEBUIHO, KPUBOJIMHEH-
HbIE IBKCHUS KJIACCUUYECKUX YACTHI] [0 UHEpUUU [6-8], MOCKOIBKY TaKUE IBUKECHUS IMPOUCXOIAT B
OTCYTCTBHE KaKUX-THOO SHEPreTHUECKUX 3aTparT.

B nanHoii paboTe moka3aHo, YTO 3JICKTPOMArHUTHOE B3aMMOCHCTBUE MAaTEPUATBHBIX YACTHII
HE SBJISAETCS 0COOBIM BHIOM B3aMMOJCHCTBUS; OHO MPEICTABIIICT COOOH MPSAMOE CIECTBHE 3aKOHOB
MEXaHUKH. DJEKTPOMATHUTHOE TIOJIE MTOPOXKTACTCS KIIACCHUSCKON TOYEHYHON YacTHIICH, COBepIIaro-
el YCKOPEHHOE JIBMKEHUE M0 MHEPLMU. BhIBEAEHBl ypaBHEHHUA, YNPABISIOUIME TOBEACHUEM 3JIEK-
TPOMArHUTHOTO TIOJIs, KOTOPBIE TIO BUY aHAJIOTWYHBI OOBIYHBIM ypaBHEHUSM MakcBelia Il 3JCK-
TPOMATrHUTHOTO MOJIsl, TEHEPUPYEMOTO AIIEKTPUUYECKU 3aPSKEHHBIMH YaCTULAMU.

CortacHO OTYyYEHHBIM pe3ybTaTaM, MPU YCKOPEHHOM JIBHKCHUH 10 MHEPITUH KIacCHIecKast
YacTHIla MOPOKAAET KaK IICKTPUUCCKUI 3apsfl, TaK U MarHUTHBIN. NHIylIMpoBaHHBIC 3apsiIbl YaCTU-
LBl OTJIMYAIOTCS OT THIOTETHYECKOrO 3JIEKTPUUYECKOro 3apsla, pacCMaTpUBAaeMOro B CTaHIAPTHOM
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3NIEKTPOAMHAMUKE, TEM, YTO OHU HE JIOKAJM30BaHBl HAa YACTHLE, a «pa3Ma3aHbD» IO Bcel oOiactu
JBIDKEHHUS yacTHibl. OHM IpPeACTaBIIAIOT co00i 001aka 3apsyKeHHOM MaTepuu, KOTOPBIE OKYTBIBAIOT
YacTHIly, HEIIPEPBIBHO U3MEHSACH BO BPEMEHU H B IIPOCTPAHCTBE.

Kpatko u3noxxum conepkanue MociaeIyonux pa3aeaoB paboThl.

B paznene 2 BbiBeneHBI B 001IEM BHUIE YPAaBHEHUS 2JIEKTPOMArHUTHOIO IOJIS, TIOPOKIAEMOTO
KJIACCUYECKOM TOYEYHOW 4YacTULEH, NBUKYIIEHCS YCKOPEHHO IO MHEPLUUU. YPaBHEHUS MOIYUYEHBI C
MIOMOIIBIO METOAA, U3JI0KEeHHOTO B padote [4]. [lokazaHo, 4To mpu IBMKEHUH KIACCHYECKOW YacTu-
16l IO KPUBOJIMHEHHON TPAeKTOPHUU MO MHEPLHHU Ha YaCTHIy AEHCTBYET, IOMHMO IIOJISI CHJIBI UHEp-

uuu F |, JONOJHUTEIbHOE 1ojie H , SBJIAIOIIEECs aHaJ0roOM OOBIYHOI'0 MarHUTHOIO nojd. Ilons F wu

H mnpencraBistroT co00i KOMIIOHEHTHI €IMHOTO 3JIEKTPOMATrHUTHOTO MO, 00pa3yeMoro Impu ycKo-

PEHHOM JBWKCHWH YacTHIbI 1o mHepimy. CucTeMa ypaBHEHHH ams moneid F u H , aHaTormdHas
ypaBHEHUSIM MakcBelia, COACPKUT MOMPABKUA K U3MEHSIOUIUMCS CO BPEMEHEM DJIEKTPUUYECKOMY U
MarHATHOMY TIOJISIM. YUeT 3THX IMOMPaBOK MOXET MPUBECTH K 0OHapY)eHHI0 (u3ndeckux 3(h(eKTos,
BBIMTABIINX M3 IIOJIA 3PEHUS JIeKTPoANHAMUKN MakcBeiura. Kak BHIHO U3 MOTyYeHHBIX Pe3yIbTaToB,
3JIEKTPOMAarHUTHOE B3aUMOJICHCTBHE, KaK W TpaBuTanus [6,8,9], mpeactaBisior coOoit MposBICHUS
0COOBIX IBMYKEHUH KITACCHYECKHX YaCTHI] 10 HHEPIIHH.

B paznene 3, B kauecTBe WIUTFOCTPAIMH K OOIIEH TEOPUH, N3II0KCHHON B TIPEIBIIYIIEM pa3Jie-
JIe, pACCMOTPEHA IIPOCTEHIIIasi MOJENb KIACCHUECKON YaCTHUIIBI, HAXOMAIIEHCS B ABYXIUMIOILHOM CO-
CTOSIHUM M JABIDKYIICHCS MO MHEPLUMHU MO JIUIUNTHYECKOM TpaekTtopuu. [lokazaHO, YTO MOJE CHIIBI
WHEPILUH, NSHCTBYIOMIEH Ha YaCTHILY, COACPKHUT KaK MOTEHIMAIBHYI0, TaK U BUXPEBYIO COCTaBJISIO-
e, Hanmane moTeHInaabHOM COCTABIISIOIICH OIS CHITBI MHEPITUH O3HAYAET, YTO YACTHIIA, JABIKY-
asics M0 KPUBOJUHECHHON TPACKTOPUHM MO WMHEPIUHU, O0JNaJacT MHIYIHUPOBAHHBIM 3JICKTPUYCCKHM
3apsagoM. UHIynnpoBaHHBIN 3aps]] XapaKTepU3yeTcs TeM, YTO OH He JIOKaJM30BaH Ha MOPOXKAAOIIEH
€ro JacTHIIe, a pacipezesieH o 00JIacTH MPOCTPAHCTBA, B KOTOPOI MPOUCXOANT ABM)KEHNE YACTHIIHI.

B pasnene 4 nmomydeHbl U UCCIEIOBAHbI PEIICHUS YPaBHECHUHN IS JICKTPOMArHUTHOTO OIS,
CO371aBa€MOT0 KJIACCUYECKON YacTHIIeH, NBIKYIICHCS MO0 MHEPLUUU MO TPACKTOPUM B BUJE AJUIUIICA.

COrNIaCHO MONMyYeHHBIM pe3y/bTaTaM, MArHHTHOE Moie H , MOpOXKIAeMOe YaCTHIEH, ABHKYIIeHCs
[0 MHEPLUUH MO 3JUIMICY, COAEPXKUT NOTCHLUAIbHYIO KOMIIOHEHTY, KOTOopas oOpaiiaercs B HyJb
TOJIBKO NIpU e =0 (e —dKCIeHTpUCHTET 3iuunca). Hannune noTeHunanibHOH KOMIIOHEHTHI MarHUTHO-
IO MOJISL 03HAYAeT, YTO BO3HUKACT MHIYLUPOBAHHBIN 3apsa 4acTHLbl. Kak v MHIYIMPOBAaHHBIN 3JIEK-
TPUUYECKUH 3apsi, MarHUTHBIN 3aps]] HE JIOKAJU30BaH Ha YacTHLE, a «pa3Ma3aH» Mo 00JacTH JABHKE-
HUS 4acTHIBl. MHTepecHo, 4To MpH e” <<1 MOTeHIHaabHas KOMIIOHEHTa MArHUTHOTO MOJS 3HAYH-
TEJBHO MPEBHIIIAET M0 BEJIMYMHE BUXPEBYIO KOMIIOHEHTY. Ha cyriecTBoBaHue CKalIIpHONW KOMITOHEH-
TBI MAaTHUTHOTO TOJIS1 BriepBbIe 00paTii BHUMaHue ['. B. Hukonaes [1-3], koTopsiii okasai, 4TO y4eT
CKaJIIPHOM KOMIIOHEHTHI MAarHUTHOI'O IOJIS IIO3BOJSIET YCTPAHUTh MHOTHE NPOTHBOPEUHs OOLIeNpH-
HATON (POPMYJIMPOBKH BIIEKTPOAUHAMUKA U OOBSICHUTH Psifl IKCIIEPUMEHTANBHBIX (PaKTOB, HE HaXO-
JUBIINX 00BsIcHEeHHs paHee. OTMETHM, YTO CKAJIIPHOE MarHUTHOE Toye 001aJaeT MOBHILIEHHOH Ono-
JIOTUYECKOH aKTHBHOCTHIO, KOTOpasi ObLTa BriepBhle 00HapyskeHa emie B 1961 r. b. B. bomotoBeM [10].
B 3axiroueHnn GopMyITHPYIOTCSI OCHOBHBIE BHIBOIBI PAOOTEI.

2. KpuBonuHenHoe ABWXEHUE KIacCUYeCKOM YacTULbl NO MHEPLIMKN
KaK MICTOYHUK 3NEKTPOMarHMTHOro noss (odwas reopusn)

B npenpinyuieii pabote [4] monydyeHbl U UCCIIEIOBAHBI YPaBHEHHS 3JIEKTPOMArHUTHOTO OIS,
MOPOXKIAEMOr0 KIaCCHYECKOW TOUCUHON YacTULel, 00IaJaromeil SIeKTPUUIeCKUM 3apsIoM H, CIeI0-
BaTENIbHO, TEHEPUPYIOIIEH B OKPY’KaIOIIeM MPOCTPAHCTBE KyJIOHOBCKoe moje. CorimacHo pesynbTa-
TaMm, MOJlyuYeHHBIM B [4], nelicTBUe MPOOHOTo 3apsia, CIyXKallero B KauecTBe MPOCTEHIIero mpuoopa,
HEOOXOJMMOTO AJIsl IPOBEICHHS MPOLEAyphl U3MEPEHUS MO, Ha MCCIEAYEMOE HIIEKTPOMAarHUTHOE
1oJjie, He SIBJIAeTCS MaJbIM Bo3MyIueHueM. [IpoOHBIN 3apsia HE TOJIBKO HUCKa)KaeT MCCIeIyeMOe IoJIe.
Ero B3anMoneicTBHE C MCXOMHOM YacTHIIEH, MOPOXKAAIOIIEH KyJIOHOBCKOE I0Je, JAeaeT HeoOXoIu-
MBIM BHECEHHE CYLIECTBEHHBIX MU3MEHEHUI B YpaBHEHUS IBM)KEHUS JJIEKTPOMArHUTHOTO mois. Mo-
JU(QUIIPOBAHHBIE YPaBHEHUS IO COLEpXAT IONPAaBKH, MOSBICHHE KOTOPBIX YKa3bIBA€T Ha BO3-
MOXHOCTb CYHICCTBOBAHUA (1)I/ISI/I‘IGCKI/IX 3(1)(1)CKTOB, BBITIABIIMX W3 IIOJA 3PCHUA DJICKTPOAUMHAMUKU
Makcsema.
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BBumy TOro, 94TO KPUBONWHEWHOE NBIDKEHHWE IO MHEPIIMH OTHOCHUTCA K YHCIy HamOojee
YCTOWYMBBIX JBIKCHHHA KJIACCHYECKUX YaCTHIl, MPEACTABIIICT OCOOBI WHTEpEeC BHIBOJ YpaBHEHWIH
JIBIDKEHUS. U JIETaJbHOE HCCIIECOBAHUE AIEKTPOMATrHUTHOIO MOJISl, KOTOPOE MOPOKAAeTCs Kiacchue-
CKO YacTHIIeH, HAXOSIIEHCS B COCTOSTHUY KPUBOJIMHEWHOTO JBIDKEHHS TI0 HHEpHHU. B manHOM pas-
JieJie MBI BBIBEIEM YPaBHEHHSI SJIEKTPOMAarHUTHOTO TIOJISI, TeHEPHUPYEMOT0 YCKOPEHHO BIKYIIEHCS M0
WHEPITUHU YaCTUIIECH, NCTIONB3YS METO/, U3JIOKCHHBIN B paboTe [4].

CyTb 3TOro MeTo/a COCTOUT B cienyiomieM. Kimaccuueckasi yacTuna, IBIXKYIIAsICS MO TPaeK-
TOPUHU B HEKOTOPO# mHepuuaibHOi cucreMe orcuera (MCO) n mopoxaaromas cHiioBoe moje (Hazo-
BEM €ro MepBHYHBIM), 00JIaaeT TeM CBOMCTBOM, YTO OHA MPU CBOEM JBIKEHHH C HEOOXOANMOCTHIO
TCHEPUPYET JOMOJHUTEIbHOS (BTOPUYHOE) CHIIOBOE Toje. [lepBHYHOE M BTOPUYHOE CHIIOBBIC OIS
00pa3yroT CBsI3aHHYI0 MEXAY co00# crcTeMy TOJei, KOTOphIe eCTECTBEHHO WHTEPIPETUPOBATh KaK
KOMITOHEHTHI €IMHOTO 3JIEKTPOMArHUTHOTO TIOJIS.

Ecnu nepBuyHOE 10JI€ SIBJISETCS KYJIOHOBCKHMM, a TOUKa HAOJIOICHUS PE3YIbTUPYIOLIETO OIS
HETOJIBUKHA, TO, KaK MOKa3aHo B [4], pe3yibTUpYolIee MoJie OMUCHIBAETCS YPaBHEHUSIMU MakcBel-
na. Ecnu ke B TOUKy HaOJIOAEHWS TONS BHECTH MPOOHBINA 3apsill, TO, BCIEACTBHE €TO JBIKEHUS U
B3aHMOI[eﬁCTBHH C UCXOOHBIM 3apaa0M, TCHEPUPYIOIINUM KYJIOHOBCKOC I10JIC, YPAaBHCHUA, YIIPABJIAIO-
LIUE TOBEICHUEM PE3YIBTUPYIOUIETO MOJIs, CYIIECTBEHHO U3MEHSIOTCSI.

Ecmn knmaccuueckas wactuna aeuxercs B MCO yCKOpeHHO, TO COTIIACHO KHHEMATHYECKOMY

OTIPEICNICHHUIO CHJIbI, TIPUHITOMY B MEXaHWKE, Ha YacTHIly JCHCTBYeT cuia WHepuuu F =mr (m-—
Macca 4acTHllbl, 7 - paJlyc-BEKTOP, ONMMCHIBAIOIIMI TTOJIOKEHHE YacTUIBI Ha TpaekTropuH). [lone cu-

JBl MHEpUWU F siBisieTcsl peajbHbIM (U3UYECKUM TOJIEM, B OTIUYUE OT (PUKTHBHOTO KYJIOHOBCKOT'O
OJIs, KOTOPOE B TIPUPOJIE HE CYLIECTBYET, HO LIMPOKO MCIIOJIB3YETCS MIPHU MPOBEACHUH PAacueToB (QH-
3UYECKHUX MPOIIECCOB B deKTpoauHaMuke (cM. [11-13]). B cuimy ycTaHOBHBIIEHCS TPATUITIH, PACICTHI
MPOBOJATCS O OOIIETPUHSITON (HEHOMEHOJIOTUYECKOW CXeMe BBIYUCICHHH, OCHOBBIBAIOIICHCS Ha
ypaBHEHUsIX MakcBesia 1 PeICTaBICHNH O CYIIECTBOBAHUH B IPUPOJAE JIEKTPUUECKUX 3apsIO0B.

EcrecTBeHHO 0KHAATh, YTO 3IEKTPOMArHUTHOE IOJIE, T€HEPHUPYEMOE KIACCHUECKOW YacTH-
e, IBIDKYIIEHCS YCKOPEHHO 10 MHEepInH, 0oliee amekBaTHO mpupose [13], gem moire, mopoxmaaemMoe
3apsUKEHHBIMH YacTHULIAMH, KOTOpble MoMuuHAI0TCA 3akoHy Kyrona. IloaTomy mowck ypaBHEHUH,
YIPaBISIOMINX TOBEICHUEM JIEKTPOMArHUTHOTO MOJIsI, HA OCHOBE KOHLEIMY KPUBOJIMHEHHON HHEP-
UM KJIACCUYECKUX YaCTHIL, 3aCIyKHBAE€T 0COO0r0 BHUMAaHHUA.

PaccMOTpHM KITacCHMUYECKYIO0 TOUEUHYIO YAaCTHIy MAacCOl m , ABWXKYIIYIOCS IO MHEPLUH IO
KpHUBOJIMHEIHOH TpaekTopuu B UCO; monokeHne 4acTUIbl HA TPACKTOPUU B MOMEHT BPEMEHHU ! OIH-
CBHIBACTCS PAZMyC-BEKTOPOM 7 , ¥ =7(¢). YUHWTHIBasg, 4TO Ha YacTUIy ACHCTBYET CWJIa MHEPLIUHU

F=dp/dt, p=mv, V=F,ycnoBue yka3aHHOTO JIBHKCHHUS MOKHO 3aIKCaTh B BUJIC:
dA=Fdr =vd(mv)=0. (1)
VYcnosue (1), KOTOpoe A0IKHO UMETh MECTO TIPH IBHKCHUHM YaCTHUIIBI HA KaKIOM Y4acTKe dF Tpaek-

TOPHH, BBITIOJHACTCS, €ClU | mV |= p, = const . OTcro[]a Macca YacTHIbI cocTaBisieT: m=p, /v . Cue-
JI0BATEJbHO, CHITy HHEPIIMH MOYXKHO TIPEICTABUTE B BH/IE:

. d
F=p,—&, &=v/v 2
pO dt v v ( )
BplunciuM IUBEPTEHIINIO BEKTOPA CUIIbl UHEPLIMU (V = V; ):
VF = p,(Vde, | dt)=p. (3)

Bemnuuna P P MpeaACTaBIsACT Cc000¥ MCTOYHHUK MOJIS CHUIIBI HUHCPpUUHU, ):[CI‘/'ICTByIOH_[eI\/'I Ha YacTuly. ,HJ'IH

YIPOLICHUS 3alMCH BBEJeM 0003HAUYCHUS:

dé,/dt=4, p,/p,=p;. (4)
Torma npeapiayniee paBeHCTBO NPUMET BU:
VA=p - ()

Cunrast, uT0 QyHKIMM P, U A 3aBUCAT TOJIBKO OT 7, F =7 (t), Haligem:
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S T 0=,

d - v 0 vl 7 av BAB

V| =- 2 A=- -

[dt 1 E) [ 1 P arB or, Zar ZAﬁ oy %‘Aﬁar arﬁ
2 ~

ITockonbky z ai arB arB ; = —rﬁ(Vv) TO HOCIIEAHEE BBIPAXKEHUE MOXKHO 3alMCaTh TaK:
[%,ﬂ A==V ((AV)7 )+ (AV)VT) ==V ((4V)7 }+ V (A(VD))-p ,(V¥). (6)

0 -
Beritre wictionb30BaHb clieAyrone 0003HAUYCHUS: V= Ze A= Z%Aa , €,— OpTHI JeKapTo-

or,’ "
BOM CHCTEMBI KOOPJMHAT, KOTOPbIE CUMTAEM q)HKCI/IpOBaHHI)IMH (HEe M3MEHSIOIUMHUCS BO BPEMEHH);
[d/dt,V]. =(d/d)V -V (d/dt) — xommyratop onepatopos d/dt n V; v =v(F)— BEKTOp CKOPO-
CTH YaCTHIIBI, PACCMATPUBAEMBIM KaK (QYHKIMSA PaJUyC-BEKTOpa F , KOTOPBIA ONMpPENEISETCS U3 yCIo-
Bust v(7) = (7).
Jlasiee, HCTIOJB3YsI OUEBHIHOE PABEHCTBO

4= VdA+[d V} A (7)

dt dt |
U yuuThiBas (5), HaXO,Z[I/IM

(P a) == = = ==

——Zv ar g, a;a —p; (V) =V(p,v)—p; (V). ®)

Huddepentupyst mo BpeMeHN 06e 4JacTH paBeHCTBa (5) 1 ucronb3ys (6)-(8), moryaaem:
d (=~ (dA - oe oo
0=E(VA—pA7):V[Z+A(Vv)—(AV)v—pgvj. 9)

U3 mocneaHero paBeHCTBa CIEAYET, YTO CYNIECTBYET HEKOTOpOE BEKTOpHOE monie H , KoTopoe yIo-
BJIETBOPSICT COOTHOIICHUIO:

%+ AV = (AV)5 —p 5 =, [VAT), (10)

aipAT

rie A=dé, /dt, p,=VA, =V(p.%)-p,(V¥), ¢ =const.

BBeHeM HCTOYHUK ITOJIA [j[
Py =VH. (11)

Huddepentnpyst 06e 4acTH 3TOTO paBEHCTBA IO BPEMEHH, UMEEM T10 aHAJIOTHU C PAaBEHCTBOM (9):

d (o5 )
O—E(VH—pg)—V{?+H(Vv)—(HV)v—pﬁv}

Ortcrona ciemyeT ypaBHeHHE, aHamorndHoe ypaBHeHuto (10):

‘;—Ij+H(Vv) (AN —p, T =c[VAL ¢, =const. (12)

Htak, MBI IPUXOIUM K CIEAYIONICH CUCTEME YPaBHEHUN 00IIEro BUA:

dH -~ - = " 4 NV A

- +D,(V)-p;v=¢[VA], VH=p_,
7 (13)

dA = = = VA1 VA

E+D3(V)—PAVZCI[VH]’ VA=p;

rue
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D. (%)= A(V9)—(AV)%, A=de,/dt=Fp,. (13a)
dusndeckuil CMbICT CUCTEMbI ypaBHeHHH (13) COCTOUT B TOM, YTO €CJIHM KJIACCUYECKAask YaCTH-
I1a IBMDKETCS 110 WHEPITMH YCKOPEHHO (cM. ycioBue (1)), TO Ha 4acTHITy ACHCTBYET, TOMUMO TIOJIS CH-

JIbI UHCPUI U F= pOA , JOIIOJITHUTCJIbHOC I10JIC H , KOTOPOC MBI Ha3bIBACM MAIrHUTHBIM ITIOJICM. Ions

F u H eCTeCTBEHHO PAaCCMATPHBAaTh KAK COCTABIISIOIINE EIMHOTO 3EKTPOMATHUTHOTO OIS, CO3/a-
BaeMOI'0 YaCTULEH IIPU €€ YCKOPEHHOM JIBH)KEHUH 110 UHEPLIMU.

VYpaBuenus (13) aHanornyHsl ypaBHEHHSAM MakcBeia, XOTS MEXIY HUMH UMEIOTCS CyIIe-
cTBeHHBIE pazinnuust. O0cyaum 3TH pasnuuus Oonee moapodbHo. B otnuume ot ypaBHeHuit Makcsena,
B ypaBHeHus (13) BXOJAT MONHBIE MPOU3BOHBIE TIOJIeH OT BpeMeHH. Kak paszbscHseTcs B [4], 3TO cBs-
3aHO C TEM, 4YTO ypaBHEHHUs MakcBesla ONUCHIBAIOT IOBEACHUE 3JICKTPOMArHUTHOTO IHOJS B TOYKE
HaOJIOAEHHS TOJIs, KOTOpasi CUMTaeTCsl HenoABIKHON B n3bpanuoii UCO, B To BpeMs KaK ypaBHEHUS
(13) ommchIBaIOT 3MEKTPOMATHUTHOE I10JI€ B TOUKE HAXOXKICHUS KJIACCHYECKOM 4aCTHLbI, COBEPILAIO-
el yCKOpeHHoe ABMkeHue 1o uHepnun. [lomuMo sToro, B ypaBHeHHSX (13), comepikamux poTop-

HBIE YJICHBI, UIMEIOTCS TOMPABKU K U3MEHSIONIEMYCS CO BPEMEHEM MArHUTHOMY T0J0 (D (V)) 1 K

ToKy cMentenus (D (v) ). [lossnenue 5TX MomnpaBok 00yCIOBICHO YCKOPEHHBIM JIBUKEHUEM 4aCTH-

IIBI TI0O MHEPITUH. YUeT YKa3aHHBIX ITOMPABOK MOKET MPHUBECTH K OTKPHITHIO (Ppu3mdecKkux 3PQeKToB,
BBITIABIIINX U3 TOJIS 3PSHUS DJIEKTPOAMHAMUKN MakcBesia.

Crnegyer MOAYEPKHYTh, YTO 3JECKTPOMATrHUTHBIE TOJISA, OMUCHIBAEMbIE YpaBHEHUsSIMU Makc-
Beuta U ypaBHeHUsMH (13), M0 cCBOeMy MPOMCXOXKACHUIO KA4eCTBEHHO OTIIMYAIOTCA IPYT OT JpyTa.
YpaBHeHuss MakcBeljia ONMUCHIBAIOT 3JEKTPOMAarHUTHOE T0JIe, CO3/1aBaEMOE KIIACCUYECKON TOUEYHOMN
YacTUIeH, KOTOPOH MPUIHCHIBACTCA 0c00ast (hu3Mueckas XapaKTepUCTHKA — DJICKTPHUYCCKUH 3aps,
SIBIISTFOIIIUICS, TIO TIPEATION0KEHNI0, HCTOYHUKOM KYJIOHOBCKOTO ToJsl. YpaBHeHUs ke (13) omuceiBa-
FOT DJIEKTPOMArHUTHOE TI0JIe, KOTOPOE MOPOKAAETCS KIIACCHUESCKON JacTHIICH, ABMKYIIEHCS YCKOPEH-
HO TI0 WHEPIMU M HUYErO HE «3HAIOIICH» 00 3JIeKTpuuecKkoM 3apsie. Jlanee OyneT moka3aHO, 4TO
KJIaCCUYECKas YacTULIA, IBIKYIIAsICS YCKOPEHHO MO UHEPLUU, NEHCTBUTEIHHO, MOPOKIAET KaK dJICK-
TPUYECKUH, TaK M MAarHUTHBIN 3apsiibl, HO OTH 3aps/bl HE SBIIOTCS JOKAIBHBIMU XapaKTEPUCTHKAMHU
TOYEUYHBIX YACTHUII, COXPAHSIONIMMUCSI CO BPEeMEHEM. DIIEKTPUUYECKUN 3apsi, TEHEPUPYEMBIA YacTh-
LIeH, BUXKYIICHCS YCKOPEHHO IO MHEPIIUHU, OKa3bIBACTCS 00JAKOM 3apsKCHHON MaTepuu, U3MEHSIO-
IIMMCST CO BPEMEHEM U pacrlpelieNieHHbIM M0 Bcel MPOCTPAHCTBEHHON OOJIACTH NBIKEHUS YaCTHIIBI;
€ro JIMHEHHBIC pa3Mephl MOpsAAKa JTHHEHHBIX pa3MEpOB TPaeKTOpPHH YacTHIbl. [logoOHBIE 3apsmbl,
OUYEBUIHO, HEBO3MOXKHO OIUCATh B PaMKaX OOIICTIPUHSITON TeOpHUH.

Takum oOpazom, cuctema ypaBHeHHH (13) OmMCHIBaeT 3NMEKTPOMATHUTHOE TIOJIE KaK CIel-
CTBHE KPUBOJIMHEWHOTO IBIKCHHS KJIACCHYIECKOM YACTHITHI IO WHEPITHH, T. €. KaK MPsSMOE CIIEACTBHE
3aKOHOB MexaHuKH. [10700HO rpaBuTanuu [6,8,9], 3IEKTPOMAarHUTHOE B3aMMOJCHCTBUE HE SIBIISCTCS
0COOBIM BHJIOM B3aUMOJICHCTBUS MEXAY YacTUIAMH; 3TO IMPOSBICHHE OCOOOr0 BHJA YCKOPEHHOTO
JBIOKCHUST MaTepUANIBHBIX YacTHIl 10 wHepuH. Kak ciemyer u3 3aKOHOB TUANIEKTUKH, Jt00ast Ghu3n-
YecKasi peaIbHOCTh MPECTABIIICT COOOH COCYIECTBOBAHUE IPOTHBOIOIOKHOCTEH: C OHOIM CTOPOHBI,

HAMEET MECTO COKO3 IPOTHUBOIIOIIOXKHOCTEH, & ¢ APYrOM CTOPOHBI — UX npoTtuBoxciicTeue. [lons 4 u

H , Bxongamue B cucteMy ypaBHeHu# (13), u mpeacTaBisioT co00M AUANEKTHYECKH MTPOTHBOIIOIOXK-
HbIE KOMIIOHEHTH! €JMHOTO 3JIEKTPOMArHUTHOTO T0JIS, HEMPEPHIBHO B3aUMOAEHCTBYIOIINE MEXKIY CO-
0011 BcaeacTBUE KPUBOJMHEHHOIO ABUKEHUS YaCTULIBI TI0 HHEPLIUY.

3. Mogenb AByXAUNONBHOIrO COCTOSAAHUS KNacCU4eCcKon YacTuubl,
coBepLUaloLLeil KpUBONUHEHOe ABUXEeHWe Mo MHepLun

B kauectBe WITIOCTPAlU K 06]].[6171 TCOpUH, Hpe[[CTaBJ'ICHHOfI B IpCAbIAYLIEM pa3aciie, pac-
CMOTpUM HpOCTCﬁMYIO MOACIb HBH)KymeﬁCH YCKOPEHHO MO MHCPUHHU KJIaCCHYECKOM TOYCYHOM dYa-
CTHIIBI A maccoit m B PIHCpL[HaJ'ILHOﬁ CHCTEME OTCYeTa S C HayajoM KOOpAWHAT B TOYKE 0. Hpe;[—
nojiaras, 4YTo 4YacThulla HaXOAUTCA B ABYXAUIIOJIBHOM COCTOSIHUH, pPAAUYC-BCKTOP YAaCTHUIILI 7 5

7 =0A, 3amuiieM B BUJE:

F=R+R,., (14)
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rae RC =0C- paguyc-BekTop Touku C , ABIAIOIIEHCSA LEHTPOM BUXpS; R =7, +7, — paluyc-BeKTOp
yacTulbl A, OTCUUTAHHBIN OT 1ieHTpa Buxpst C ; 7, U 7; — paJlyC-BEKTOPbl KOMIOHEHT IBYXIHUIOJIb-
HOTO COCTOSTHUSI YaCTHLIBI.

Hcnone3ys noiaspHble KOOPAUHATEIL, IPEACTABUM BEKTOPHI 7, U 7, B Clexyromen Gopme:

= raéra 4 ’7;) = rhérb’ éru = (COS(I)OHSin q)a)’ é.rot = q)(xéq)a’

(15)
€oo = (=sino,,cosd,), ¢, =+ (1)2?), oa=a,b.
Pagu ynporieHust BEIKIIAZOK Jajiee MoJIaraeM, 4YTO BBITIONHSAIOTCS PaBEHCTBa
r, =const, 0,=w,=const, O\ =const. (16)
VuntsiBas coorHomenns (15), pagnyc-BeKTop R MOXKHO 3aIlicaTh B CIICAyIOME (popme:
R=(r, +1,)c0s07& +(r, —1,)sin ¢, a7
€ =(cos¢™,sin¢™), & =(-sin¢™, cos¢™), 0 =(0, £0,)/2.
B mansnefimem Oyaem mojarartb, 9To
r,=r,+¢&, r=r—-¢ 0<e<r, ®,=-0,6 =const. (18)

B stom ciydae ¢ = (0" +6\")/2=const, ¢ =w,t+(0"” —\”)/2 u, 3Hauur, opte €. u é; HE
U3MEHSIOTCS] CO BPEMEHEM.
WMiynbe yacTHIBl p M IEWCTBYIOIIas Ha Hee cwia uHepimu F, F=dp/dt, B cucreme oT1-

cuera S AAar0TCAd PaBECHCTBAMMU:

p=mi=P+B., P=mR, B.=mR., F=dP|dt+dP.]dt. (19)
3 YCJI0BUA ABUIKCHUS YaCTHULIBI IO HHEPLIUN
dA=0, (20)

rae dA — snemeHTapHas paboTa, coBepliaeMas CHJIOW WHEPIMH HaJl YacTHLEH Npu ee mepeMenieHnn

Ha y4acTKe dr 3a Bpems dt, dr = ?dt,

dA=Fdi =V +V)dm(+V,)), V=R, V.=R., Q1)
TOJTy JaeM:

m|V + 170 |= p, = const . (22)
IMocsemHee paBEHCTBO OMPEAENISIET MACCy YaCTHIIBI, IBIKYIIEHCS YCKOPEHHO TI0 HHEPIIUH:

m=p,/ |V+V.|, (23)

BeJIMYMHA p, MIPEACTaBiIsAeT co00H MOIYyJb MMITyJbca yacTUlbl. Mcnomns3ys paseHcTsa (19) u (23),
CHITy MHEPIIMH F MOKHO 3amucaTh B cleayromeii hopme:

F=pgé, &é=v/|v|, v=V+V,, (24)
€, — OpT BEKTOpa CKOPOCTH YacCTULIbI V = 7.

OrpaHuIuMCs pacCMOTPEHUEM CITydasi HEMOABIKHOTO IIeHTpa Buxpsi: R. =const, V.=0.B
criny cootHotmreHni (20)-(24), B 3TOM ciIydae IoiTydaeM:
dA=Vd(mV), m=p,/V, F=pe, & =VIV, (25)
rae V =V |. Ucnions3ys pasencra (17) u (18) i BBOAS 0603HAYCHHS: r,+rn =a, r,—r,=b, nomy-
YaeM CJICTYIOLINE COOTHOIICHHS:
R=acos$ € +bsin ¢<‘>é;, a=2r,, b=2e,

R=a\l-e*sin® 07, e=+a’-b*/a, (26)
V =—, (asino"é —bcos 07¢)), V=alwo,|yl-¢ cos’ .

v
YuuThIBasi, 4TO OPTHI €, , €, ONpeeseHnble Gopmyaamu (17) u BXOAALIME B BHIPAKECHHUS JUIs

BEKTOpoB R u V (26), B3auMHO NEpPNEHANKYIISIPHBI U HE U3MEHSIOTCS CO BpeMEHEM, MOXKHO Harpa-
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“ v - = -, - -
BUTb UX BAOJIb OCEU X,y HEKAPTOBOU CUCTEMbI KOOPDAMHAT U MOJIOXKHUTH: €. = ex, €¢ = ey , IAC ex u

éy — OPTBbI, HAIIPABJICHHLIC BAOJIb ocer x u y. n TOraa paanyc-BEeKTOp R MOXHO 3ammcath B BHUIAC (B

JIEKapTOBBIX KOOPJIMHATAX):

R=Ré, + Reé, R, =acos o, R, =bsin o). (27)
CornacHo (27), TpaekTOpHell YaCTUIBI SIBISIETCS HILIUIIC
(R, /a)y + (R, /b)Y =1 (28)

C TIOTyOCSIMHA @ W b ¥ dKcueHTpucuTeToM e (cM. (26)). C mpyroif CTOPOHBI, €CH Paguyc-BEKTOp R
BBIPA3UTh Yepe3 MOJISIPHBIC KOOPAUHATHL R,(p :

R=Ré,, é,=(coslg,sind,), & =06 , €, =(=sin¢,,cos0;), ©;=0bg, (29)
TO, KaK JIETKO IMPOBEPHUTH, YPABHCHUE TPACKTOPUH YACTUIIBI UMEET BUJL:
b
R=——w— (30)

2 24
\J1—e cos™ O,
ITocnenHee paBEHCTBO OMMCBHIBACT BJUIUIIC B YCJIOBUSAX, KOTJa LEHTP AJUIUICA COBMANACT C HA4alIoOM

JICKApPTOBBIX KOOPAUHAT (M MOJIOCOM MOJIIPHBIX KOOPAHMHAT). ECiu ke MONIOC MOJISPHBIX KOOPJAUHAT
IIOMECTUTH B mpaBoM (okyce amiumca (ae,0) W paguyc-BeKTOp YacTHIBI R IPENCTaBUTh B BHIE

R=aee_+p, rne p - paauyc-BeKTOp YacTHIIBI, OTCYNTAHHBIN OT ToukH (okyca (ae, 0), To ypaBHe-
HUE TPAeKTOPHU YACTHULBI IPUMET BUIL:
- P
1+ecos¢’
B nocnenmeii hopmyne p=b>/a — pokanbHbIi mapametp, p U ¢ — HONSAPHBIE KOOPAMHATHI PaHyC-
BEKTOpa P .
B cuiny (27) u (29) cBs3b MeX Ay AEKapTOBBIMH U MOJIIPHBIMU KOOpAMHATAMU pailyC-BEKTOpPa
R 1aetcs paBeHCTBAMIL
R, =acosd'” = Rcosd,, R, = bsin¢'” = Rsin¢,,. 31
Hcnonb3ys yka3aHHbIE paBEHCTBA, HETPYAHO MOMYUYHUTH CIIEAYIOIINE MPEICTABICHUS A1 MOAYJS BEK-
Topa ckopocti V (26), KOTOpIE MMEIOT MECTO, COOTBETCTBEHHO, B IEKAPTOBBIX KOOPIAMHATAX H B IO-
JSIPHBIX KOOPIUHATAX C ITOJIOCOM, COBIIAJAIONINM C LIEHTPOM JJUIUIICA:

2 2
V:|coa|‘/—2Rf+Z—2Rf) u V:|0)a|%R\/l—e2(2—ez)cosz¢R, bla=N1-¢ . (32)
a

W3 (31) mosrydaem ciieAyroIre COOTHOIICHHUS

126, =(b/a)gd”, cosd, =(a/R)cosd"”.
Huddepenuupys nepBoe U3 HUX MO BPEMEHH M UCIIOJNL3Ys BTOPOE, MPUXOAUM K (opMyIie IS YIio-
BOI CKOPOCTH:

b, =w, =abw, / R*. (33)
[IpuBenem takxke hopmyibl, BeITekatonue u3 (26) u (31), kotopsie OyayT UCTIONH30BAHEI B TATBHEH-
em:

5 25 2 2 2172 4.2 2 4 p2p2 272
R=-w,R, R=\R.+R;, RV =dw,(1-e +e'RR;/a’b"), (34)
R=—(a/ b)e’w,Rcosd,sind, =—(a’e’®, / R) cosdsino”, = —o)iRR.
®opmynsl (33) u (34) npeacTaBIIAIOT UHTEPEC IO TOW MPUYUHE, YTO OHH MO3BOJISIOT BHIPA3UTh IPOU3-
BOJIHBIC TIO BPEMEHH OT MapaMeTpoB 331a4M Yepe3 JeKapTOBbI KOOPAUHATHI PaJINyC-BEKTOPA YaCTHUIIBI

R.

[IepeiineM K BBIYHMCIIEHUIO BEKTOpa é,,, ONPEIEISIIOUEr0 CUILy HHEPLUU F (cM.(25)). Hc-

MoJIB3YS MpesicTaBienue (29) nns paguyc-BekTopa R U yUUTHIBasi PaBEHCTBO V=R, nonyvaem ¢op-
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Myy:
&, = (Ré, +Roze, )/ V. (35)

Bekropsl €, u éV MOYKHO 3amucaTh B clieayroieit Gpopme:

é, =(cosdy,sind,,0), &, =w,(-sind,,cos0,,0)=w,[e.,é,], (36)
rme o, = (i)V, é. =(0,0,1). IIpu BeIBome mocnenHei u3 Qopmyn (36) HCIOIB30BAaHBI PABEHCTBA:
le..ex]=¢,,. [e..é, ]=—€. B cuuy (35)u (36) BBIIONHAIOTCS PaBEHCTBA

& = (@, [V)(RE, —R;&,). e, H oy, |. (37)

C apyro# CTOPOHBI, UIMEET MECTO CICAYIONIAs [[EMOYKa PABEHCTB:

. d(R) R R.
. d[R) ;

2 =

o - R

6 =—|—|= =———2R-—V. 38
Tod\v | vov? Voo %)

IIpu BEIBOZE TIOCHHEMHEH (hOPMYITBI OBLITO UCTIONB30BAHO TIepBOe M3 paBeHCTB (34). CpaBHUBAS MEXIY

coboit paBerctsa (37) u (38) u ucnonb3ys Gopmydy (33) u mocnennee u3 paBeHcTB (34), MPUXOIUM K

cleyromumM (Gopmynam 11 yrioBoil ckopocTu M, :

©, =0.0R* IV =abw, | V. (39)
OtMmeTuM CJICAYHOIIECC COOTHOMICHUE, KOTOPOC BLITCKACT M3 CPABHCHUA KOB(I)(I)I/ILII/IGHTOB npu éR B
(37) u (38):

VR
TR = O - . (40)

Beie cootnomenust (39) u (40) BbIBeICHBI IyT€M BBIYHCICHHS BEKTOPA €, ABYMs pa3HbIMHU CHOCO-
6aMH C HOCIIEIYIOUIUM CONOCTABIEHHEM MOIY4YEHHBIX BBIPAXKEHUH Ui €, . JIerko yOenuTscst B TOM,
4YTO YHNOMAHYTBIC COOTHOIICHHA MOXKHO IIOJYYWUTH U HCIOCPEACTBCHHO, HC BBIYHCIIAA BEKTOPD éV , a

HCTIONB3ys paBeHcTBa (26), (33) — (36). Kak Bumno u3 pasencts (33) u (39), mpu e’ #1 yrioBele cKo-
POCTH M, M @, CYIECTBEHHO OTJIMYAIOTCS APYT OT JPYTa, MPHYeM M, =®, =0, Tipu e” =1.

YToOB!I yIIpOCTUTH TOCIIETYIOIINE BEIYHCICHHS, KOMITOHEHTHI BeKTOpa €, (38) BeIpa3uM uepes aeKap-

TOBBI KOOPJAMHATHI pajuyc-BeKTopa R . Mcnons3ys paBenctsa (26), (31) u (34) U BEITEKAIOIIHE U3 HUX

COOTHOILLICHUA
R =—(a/b)o,R,, R =(b/a)o,R, VV=(a/b)e’w,RR, =—.RR, (41)

attxtty T

MOJyYaeM CIeIyoIee MPeACTaBICHHE BEKTOPA éV :
2
é, = —%((1 —e} (@ /bR [V*)R,, (1+°. R [V*)R, )s Crrsbrn)s (42)
rae pyukims V =V(R ,R,) naercs nepsoii u3 popmya (32).

ITpuBenem GopMyIbl 11 YACTHBIX IPOU3BOIHBIX KOMIOHEHT BEKTOpa €, (42):

J R R 9 | R? R’
ae‘/-& :_ij_é[1+3ez(DZV_§ A ﬁeV,Ry =—(DZV—'3 1-3¢°w} (a’ /br‘))V—y2 ,
y

X

J ; 4RXR 2 2Rx2 0 . 4Rny 2.2, 2 2 R2
& =0, V3y 1+3e‘w; = ﬁe%&_:(ﬂa z 1-3e"w,(a” /b )V—y2

C HOMOLIBIO MOCHEAHHX (POPMYT BEIUUCIISEM THBEPTEHIMI0 U POTOP BEKTOPA CHIIBI MHEpHuH F (25):
2

o R*R? RR
=—p,®, —| 1 -3¢’ o (a , =-3p,e® a +R’]e..
(VF) == pyt | 1=3e'ai (@ 10)25 % | (VF]==3pyel (@ ()R + R (43)

R2 V2 5

Yuureias pasenctso .[(a’ /b’ )R)Z) +R =V +’ @R}, nocneaniorn u3 Gopmyi (43) MOKHO Tpu-

a”tx
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BECTH K BUJIY:
. RR R} .
[VF]1=-3p,e’ o, V3y 1+e'w sz .

Kak BUJHO M3 IMOJTYYCHHBIX PE3YJIbTATOB, KIIACCUYCCKAA YaCTHUla, ABUXKYIAACIA YCKOPEHHO 110
HUHCPUHHU, TTOPOKAACT B OKPYIKAIOUICM IMPOCTPAHCTBE MOJIE CUJIbI MHECPUHUU, KOTOPOC B O6I.LICM ciIydae
COACPIKUT KaK MOTCHIUUAJIbHYIO, TAK U BUXPCBYIO COCTABJIAIOIIHC. DTO 10JI€ OKA3bIBACTCS YHCTO II0-

TEHIMATBHBIM TOJBKO B Tpejiene e — 0, Koraa TpaeKTopHell IBMKEHHs YaCTHIbI ABJISETCS OKPYK-
HOCTh, Tak Kak B ykasanHoMm npenene (VF)=const/ R, [VF]=0 (cm. coornomrenus (32) u (43)).

[pu ncnonb3oBaHuK HEHOMEHOIOTHYECKOTO MOAX0Aa K OMMCAHUIO JABHKCHHUS YaCTHIIBI CIIOCOOHOCTH
YacTHUIBI CO3/IaBaTh B OKPY’KaroOIeM MPOCTPAHCTBE MOTCHIUATBLHOE CHIIOBOE T0JI€ MPHUIKCHIBAIOT TO-
My, 4TO YacTHIa 00JIaaeT Mo caMoi MmpupoJie Beuield 0co00i (pU3nIecKol XapaKTepHUCTHKOM — JJIeK-
TPUYECKUM 3aps10M, KOTOPBIH U MIOPOXKIAET B €€ OKPECTHOCTH CUIIOBOE I10JIE HE3aBUCHMO OT COCTOSI-
HUS ABMKEHUs yacTuubl. Kak pasbsicHseTca B padote [13], yacTuua, HOKOsIAsACS B HEKOTOPOI HHEP-
[MAJIBHON CHCTEME OTCYeTa, He CIIOCOOHA B NMPHHIMIE IOPOJUTH Kakoe-Tibo cuioBoe moie. [lona-
YepKHEM, Y4TO B Pa3BHBAEMOW 31€Ch TEOPHH IOJIE CHJIBI MHEPIMH T€HEPHUPYETCs YaCTHUIeH NpH ee
JBIDKEHHUH 110 MHEPIUH 10 KPUBOJIMHEHHON TPaeKTOpHH U oOpamiaercst B HyJb (T. €. CYe3aeT) B OT-
cyTcTBHE ABIKeHHs (B cuty (24) i (42) F =0 npu o, =0).

Pa3noxxuB BEeKTOp CKOpPOCTH V' dYacTHUIIBI Ha MOCTyMAaTeNbHYIO (paAuaibHYI0) U BpallaTeilb-
HYI0 KOMIIOHEHTHI COTacHO (hopMyaaM

V=Vy+V,. Vi=Ré, V, =R0& =[0,R], @, =0¢., (44)
BeTMIUHY paboThl dA (25) MOXHO MPEACTABUTH B BUIC PA3IIOKCHIS:

dA=dA, +d4, , (45)
rie

dd, = F,)Vydt, dA, =F, V, dt, (46)

F R = F, R é R )51 F or = F:PR é¢R — IIOCTyINaTeJibHass W BpallaTCJIbHAA KOMIIOHCHTBI CHJIbI HWHCPIUHU
F=d(mV)/dt.B cuny (24) u (37) - (41) numeem:

R R VR R RV
Fr==p, ;mRO‘)V = _po; (Di +ﬁ , Fy, = Do ;O‘)V ==D lee- (47)

I/ICHOHL3y$I mpeaACTaBJICHUC (29) IUIA pagnyC-BEKTOpa E , IOJIy4aeM CJICAYONIMC COOTHOILICHUSA:
dA, | dt=F,R, F,=mR+m(R—R4>),

dA, | dt=F, Ré,=@dL/dt, F, =L/R, Rd,#0.

(48)

3nech L — MOMEHT HMITyJ/IbCA YaCTHIIBI OTHOCHTENBHO IeHTpa Buxps C :

L=[RmV]=Lé., L=mR},. (49)

U3 ycnosus (20) aBukeHHs YacTUIBI IO MHEPLUUH U paBeHCTB (45) u (48) momyvaercs cieny-

IOIlIee BBIPaKEHHE, CBA3BIBAIOIIEE MEXIY COO0H KOMIOHEHTHI CHIIBI HHEPLIUH, KOTOPOE HMEET MECTO
npu R r %0

EpR =—(R/ROp)Fy . (50)
CornacHo (50), BpamaTenbHas KOMIIOHEHTa CHIIBI HHEPLMH 00paliaeTcsi B HyJIb JIMIIb IpU R = const ,
T. €. TIPH YCJIOBUH, YTO TPACKTOPHEH YaCTHIBI SABISAETCS OKPYKHOCTh. OTMETHUM, YTO B CHIIy COOTHO-
menuit (33) u (49) MoMeHT UMIyJIbca L ¢ TOYHOCTHIO JO MIOCTOSHHOMW COBITAJIaeT ¢ MacCOi YaCTHIIHL:
L =abw,m . Vicnonesyst (48), nosyyaem ciieyromee NpeCTaBIeHUe 1Sl BEIMIUHbL Fy

£,

C nomomipro cootHomeHnH (25), (41) u (51) MOXHO TOITyYUTh CIIEAYIONIee BBRIpaKEHHE I Bpalla-
TEJIBHON KOMITOHEHTHI CHJTBI HHEPIIMH, CIIPABEUINBOE PU R # const :

 =abw, i/ R, upuuem dd, | dt = Lo, = abw,o,n. (51)
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F =é*d? s BR, R.R 52
¢R—eap0(1)a R2V3 (_ ) x)‘ ( )

Hcnons3ys dpopmyiy (52) 1 aHaIOrMYHYIO (GOpMYITy Ul KOMIIOHEHTBI CHIIbI HHEPLUUH [ , HETPYIHO

MOKa3aTh, YTO KaKJas U3 yKa3aHHBIX KOMIIOHEHT CHJIbI MHEPIMH COJACPKUT KaK MOTEHIUAIBHYIO CO-
CTaBJIAIOILYIO, TAK U BUXPEBYIO.
Bhauane paccMOTpHUM YCKOPEHHOE JBUKEHUE YACTHUILbI II0 MHEPLUHU B CUIIBHOM cMbIcie. [1o-

narasi, 9To ©, # 0, U3 yclIOBUH ABWXEHUS 1O MHepuuu dA = Vd(mV)=0 u d4,, = 0. Ldt=0 (cMm.
(20), (45) u (48)) momy4aeM COOTHOIICHUS:
mV = p, =const, L=mR*®, = const, (53)

rae V:./R2+R2(of?. Kax moxazano B [14], cootHOmeHus (53) BBITONHSIOTCSA JHINb IIPH

R=R,=const, npuaem R,=L,/p,, L,=|L|. CnenoBarensHo, KpUBOJINHEHHOE NBHKEHHUE YACTU-

116l 110 MHEPLUU B CUIIBHOM CMBICIIE MIPEJICTABIAET CO00H paBHOMEPHOE BPAILIEHHE YACTHUIIBI C TIOCTO-
o o 2

STHHOW Maccoil 1o okpy>kHOCTH (e~ =0, cMm. ypaBHeHue Tpaekropuu (30)). [TapameTps! ABMKCHHS Ta-

KOBEI:

R=R,=Ly/ py=a=b, Ly=mR}V,, V=R|0,[=V,, (54)
m=p,/V,, 0,=0,=0,.

Kak u nomkHo ObITh, hopMyItel (54) cornacytotcs ¢ Bepaxerusmu (32) u (40).
B cinyvae cunbHOW wHepuuu, T. €. npu e¢=0, NSHCTBYIOUIYI Ha YaCTHUILy CHIY HHEPIUU

F= pOéV MOYHO BBIYHCITHTH CJIEAYIONNM 06pazoM. YuuteBas, uto R=0 n ©, =| 0, | signw, #0,
u3 paBeHcTs V =Ve, = Ré, + Rwgé,, BBIBOIHM:

é, =&, signw,, & =—|w,|é, w,=0,. (55)
3HauwT,

F:_p0|mR|éR:_p0|ma|éR¢O’ (56)
HO TIpH 3ToM dA = FVdt =0, d4,, :}7“17% dt =0 . Kax Bugso u3 (56), F :FR, F¢R =0 B COOTBeT-
ctBun ¢ hopmynamu (50) u (51). Ha ocHoBaruu (56) MOKHO 3amucaTh:

F=-VU, U=p,|o,|R. (57)
[TomuepkuaeM, uto BeipaskeHus (56) u (57), Kak SBCTBYET U3 HAIIETO aHAIN3a, CIIPABE]IMBHI JIUIIH PU
e >0, e opu R—R;.

B ciyuae cnaboit mHEpIUM HYKHO BOCIIONIL30BAaThCS ypaBHeHHEeM Tpaektopuu (30), B KOTO-
pom temiepb e #0, T. e. R=R(¢) . Uckmrouas Benuunny R u3 coorHomenuit (30) u (33), mpuxonum K

maddepeHnnaTbHOMY YpaBHEHHIO
L/ T (o, /1= Ja. (58)
l1—e”cos” ¢,

Ero pemenne MOKHO MOJYYHTh, HCHONB3Ys TaOMUUHBIA HHTETpai (cM. [15], ¢.94, 446.7):

d. 1
J 5 zx —= arctg & a’*>b*, a>0.
a —b°cos”x  gia* —b?

[onaras B nocnennei gopmyne a=1, b*>=e’ <1, pemenue ypasHeHus (58) MOKHO MpEICTAaBUTh B

180,
NIEE
- CC=_ Y= s
npu ¢ =t,, kotopoe naer: C=-,f,. BBons o6o3Hauenne o, (f—17,)=¢ ', IpUXOAUM K CIIETyIOIIEN
hopmyre:

BUIE: arctg =m,t+C. IlocrosHnyto uaTerpupoBanus C ompeznenuMm u3 yciaoBus ¢p =0

arctg _180x_ =0, (59)

J1=¢é?
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TocneiHEE PaBEHCTBO SKBHBATEHTHO CIIEyIOMEMY (€CiH riaBHOe 3Hauenue Gpynkuun O = arcigx

nexut B obmacty —m/2< 07 <w/2):

- Z -
1o =—88%_ o 60 <n/. (60)
Ji-é
HerpynHo ybeauTescst B TOM, YTO TOCIIEAHEE PABEHCTBO HAXOAWTCA B COTJIACHH C COOTHOLUCHUSIMHU
(31). Bo3Bens o6e gactu paBeHcTBa (60) B KBapaT, MOIydaeM IOCIE MPOCTHIX MPeoOpa3oBaHUiA Clie-
IyToTIHe GopMYJIbL:
1 sin” ¢ cos” ¢
— = 1_82)2—¢H+1_> COSZ¢R :2—'¢2H’
cos” O, cos” ¢ 1—e"sin” ¢

23 02 ()
.2 (1—-e")sin” 0
sin = 61
O 1—e*sin’ q)(*) D)
Hcnone3ys nocnennue Gopmyiibl, Beipakerue aas R (30) MOXXHO MPUBECTH K BHILY:

R=ay1-e*sin® . (62)

Huddepentnpys 06e 4acTi 3TOT0 BRIPAKECHUS 110 BPeMEHH, rorydaeMm dopmyay (34) mns R.
B cBsi3u ¢ BbipakenueM (60) BO3HUKAET BOIPOC: KaK BBINIAAUT 3aBUCUMOCTL O, oT 0!~ BHe

obnactu ¢ € (-m/2,+m/2)? UToObl OTBETHTH HA HTOT BOIPOC, YMHOKHM 00€ YaCTH ABYX TIO-

crenHuX paBeHcTB (61) Ha R’ u ucnons3yem popmyiy (62). Tlocne u3BneUeHNs KBaIPATHOTO KOPHSI
13 00eHx yacTeil MoMyYeHHBIX PaBEHCTB MojlyyaeM 00o01eHune paBeHcTB (31):

tacos®” =Rcosd,, *hsind” =Rsind,.
Ecnu B 3THX paBeHcTBax 3aMKCUPOBATh KAKMM-JIMOO CIIOCOOOM OJIMH U3 3HAKOB, TO 3TU PaBEHCTBA
JIaJyT HENmpephIBHYIO 3aBHCHMOCTE R = R(0\™)), Ompeiensiontyio TpaeKTOpHIo JBHKCHHS YaCTHIB,

TIpH Mepexojie uepes rpaHuIly coceaHux obmacteii sHavennit ¢ : or @, x @, ,, rme ®, — obmacTs

n+2 o
3HAYCHUI q)(*), JISKAIMX B MHTEpBalie MM/ 2 < (])H <(mn+2)rw/2, n=...,—-1,1,3,... B yactHOCTH,

€CITM B yKa3aHHBIX PaBEHCTBaX BHIOpaTh BEPXHHI 3HAK, TO MOJy4atoTcs paBeHcTBa (31).

B 3akmrouenue pasznena odparumcs K TeopeMe [aycca A moist CHiIbl HHEpUUH (CM. TIEpBOE
u3 paBeHCTB (43)), cpaBHUB ee ¢ TeopeMoil ['aycca Ui 3meKTpudeckoro (KyJIOHOBCKOTO) MOJI, IMO-
POXKIIAEMOT0 JIEKTPUUSCKUMHU 3apsiiaMu. PaccMOTpUM /1Be KJIacCHUECKUE TOUEUHbIE YaCTHULIBI C 3apsi-
JIaMH ¢, U ¢,, pacnonoxeHHsle B HekoTopoit MCO B Toukax 7 =7 u 7 =7,. Ilo 3akony Kynona, Ha

yactuny 1 gefcTByeT co CTOpPOHBI yacTullsl 2 cuia fj,,

= - - - ) = - - - -
F, =kq1q2(rl—r2)/|rl—l’2| :_Vak%% /|rl—r2 , =K #0.
U3 sToro BeIpaxkeHus cieayeT teopema ['aycca:
V. E, =—V§1kq1q2 /|F1—Fz| = dntkq,q,8(F ,—7,), (63)

KOTOPYIO MPHHSITO TPAaKTOBaTh ClCAyHOIMM oOpasoM. ILnotHocTs 3apsina ¢,0(7 ,—F ) =p, sBIsETCS
HCTOYHHUKOM DJICKTPUYECKOTO TI0JIS, TOPOJKAAEMOT0 3apsaoM ¢, B TOYKE HAXOXKICHHMS 3apsijia ¢,, a
IUIOTHOCTH 3apsina ¢,0(F ,—7 ) =P, — HCTOYHUKOM II0JIsl, TIOPOKAAEMOTO 3apSIOM ¢, B TOUKE HAXOXK-
nenus 3apsaa g, . OTMeTum, 9To

V.F,=0npu r,—7 #0. (64)
W3 cpaBrenus cootHommenuit (63) u (64) ¢ nepBbIM U3 paBeHCTB (43) BHIHO, 9TO WMEETCS CyIile-
CTBEHHOE pasnIue MEXKIY BEITUIMHAMH VF 43) m V,.,IF"IZ (63). Tlockombky VF #0,T0 MOXHO

YTBEP)KAATh, YTO YACTHUIIA, JBIKYIIAsICS YCKOPEHHO 110 MHEPLUH, HHAYLHUPYET dJEKTPHUUECKUH 3apsi,
HO B cwity (43) 3TOT 3apdf, B OTIMYKE OT 3aps/aa, MOPOKIAIOIIETO KyJIOHOBCKOE IT0JIe, HE JIOKAIN30-
BaH Ha YaCTHIIE, a «pa3Ma3aH» MO0 BCEH 00NacTH ABMKEHHUS YacTHUIbL. MIHIyIIMPOBAaHHBINA 3aps/ Mpe/l-
cTaBmsieT co0oi 00aKO DIIEKTPUUECKH 3apsDKEHHOM MaTephH, KOTOPOE OKYTHIBAET YacTHILy, HEIpe-
PBIBHO U3MEHAA CBOIO (OPMY M IEpEeMEIIasch BMECTE C YacTUIICH; ero JIMHEHHbIE pa3Mephl MOpsiKa
pa3MepoB TPAaeKTOPHH, TI0 KOTOPOH IBHKETCS YaCTHIIA.
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4. YpaBHEHUA INEKTPOMarHUTHOro Mnorssi, NOPOXAaeMoro yCKOpeHHO ABUKYLLENCS
Mo UHEPLIMM KIacCCU4EeCKOM YacTULIEN, U UX peLLeHne

IlepeitnemM K BBIBOAY YpPaBHEHHM 3JIEKTPOMArHUTHOIO MOJISl, TEHEPUPYEMOTO KIIACCHUECKOMH
YacTUIIEH, OMMCAHHOW B IpeAblaylIeM paszeine. i ynpolleHus BhIKIaJ0K J1ajiee OrpaHuYuMCs pac-
cMoOTpeHHeM obmactu e’ <<1 .

o 2
Pasnoxum cuity uaepuun F', paccmarpusast ee Kak GpyHkuuio ot R ,R , mo crenensm e”. C

3TOi 11ETIBI0 BOCTIONB3yeMcs opMyinoii b / a® =1—e”, pasnoxenueM (cm. (32))

1 R-R’
V=|(Da|\/(1—ez)Rf+URi =|0)a|R(1—esz}+...] (65)

¥ paBeHcTBaMH (24) u (42). HecnoxHble Ipeo6pa3oBaHus JAI0T B e~ — MPUOIMKEHIH:

- 1 e R —3R? e 3R? —R?
F=-plo |—|R|1+———2L| R|1+———2L1]. 66
Pl “|R[ [ 2 R Y 2 R (66)

IpuBeneM Takke BBHIPAKEHHS JJIsI TUBEPIeHIMH W POTOpA CHIIbI HHEPIIUH, CIIPABEIIMBBIE C TOYHO-
2
cThio e (cM. (43)):

.o 1(. 3 ,RI-R; -
(VRF):—p0|ma|E[1+EeZTy} [VEF]=[

(éz[vkﬁ]):(vk[ﬁéz]) :_3]90 |(Da |62Rny /R3

OF, 9F,
OR, OR,

- 2 Rny —
ez__3p0‘0‘)a|e —3627
R (67)

YuutsiBas paBeHcTBa (41), BEKTOp CKOPOCTH V' MOXHO 3amucaTh B BUAE (DYHKITHUH, 3aBUCS-
meit or R = R(f) = (R.,R):
V=R=-0,(a/b)R,,~(b/a)R,)=V(R) . (68)
Cuuras, 4TO BCe paccMaTpHBaeMbIe aajee (HYHKIUH SIBISIOTCS CJI0XKHBIMU (QYHKIIUSIMHA BPEMEHH BHIQ
7 ()= f(R()), BoiBOIMM (CM. pazgen 2):

RIS B IV S I
dt  "OJR. T OR, b "OR. a oR,
(69)
= . d _ 0 d = _b d _aod
Ve=é,—+é,—, |-, V;| =-o,|é,——-¢ —— |
oR, oR, dt _ adR, b R,
B cuy (68) u (69) BeITONHSAETCS paBEHCTBO
V.V =0, (70)
BCJIEZICTBUE KOTOPOTO UMEET MECTO COOTHOILICHHE!
dp & = =+_ 7
Y =-V_(j), j=-Vp. 71
4 (), J=-Vp (71)

Hubdepenupys mo BpeMeHH o0e 4yacTh Teopembl ['aycca aist Cuibl uHepiwmu, V. F =p

(cm. (3)), momyuaem:

d o = o dF [d o = dp;
—(V.,F) =V, —+|—,V_ | F=—£X. 72
dt( )=V dt [dt R} dt (72)
C nomouipto mociegHen u3 Gopmyi (69) BEIBOAUM:
~ - oF
[i,vﬁ} Fomo,| 20 0| (73)
dt _ adR, boR,
Eciiu HapsiTy ¢ BeKTOpOM F =(F,F,) BBECTH BEKTOP
= a b
F= _F5__F; 5 74
( P T ) (74)
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TO IPaBYIO YacTh (73) MOXKHO 3alMCaTh B BUJIE AUBEPIEHLUU: (O, \4 RF )=V P (o)al5 ).
CrenoBatenbHO, paBeHCTBO (73) MOXKHO MPEACTaBUTE B hopme:

d = - =
[E,Vﬁ} F=V(0,F). (75)

Ucnonezys (71) u (75), cootHOmeHue (72) MOKHO 3arucaTh B BUJE:
. dﬁ = =
VR E'F(DGF—VPF JZO (76)

MpbI npuX0UM, TAKUM 06pa30M, K CIIELYIOIIEH Nape ypaBHEHHIA:

dF = = _ V — v =
d +(DaF_VpF,—C1[ kaH]a EF_pﬁa (77)
rae ¢, =const, H — HEKOTOpOe BEKTOPHOE T10J1e (Oy1eM Ha3bIBaTh €0 MarHUTHBIM), COITYTCTBYIOLICE
KJIACCUYECKOH JaCTUIE, KOTOpass ABMKETCA YCKOPCHHO 110 MHEPLIUU. OTMeTI/IM, YTO €CJIN 110 aHAJIOTUHU

C BEKTOPOM ﬁ (74) BBecTH BEKTOp 13 = (%Ry,—éRx) , TO BEKTOP CKOPOCTH 14 (68) MOXXHO 3amHCcaTh B
a

Buzte: V =—o R.
[Iepeiinem k BbIBOIy MEpBOM Mapbl ypaBHEHUU OBUXKEeHUS noJisi. BBoas Tteopemy [aycca s
MarHUTHOTO 1101,
Vel =p,, (78)

IJI€ P ; — UCTOYHUK MAarHUTHOTO NoJis, tuddepenunpyem obe yactu papenctsa (78) no spemenu. Hc-

dp- = = d = IO = =
MTOJIB3YsI PABEHCTBA! 5” =V,(Vp,) u [E,VR} H=V (o,H), rae H:(%Hy,—éHr), em. (71),
t _ a
(74) u (75), mocie HECIMOXKHBIX MPEOOPA30BAHMIA, AHATIOTUYHBIX TEM, KOTOPHIE MPUBETH K YPABHEHUAM
(77), nony4yaem COOTHOIICHHE:

Vk[i—iﬁmaﬁ[—ﬁpﬁ ]:0. (79)
Tax MBI IPUXOIUM K TIEpBOH Mape ypaBHEeHHH (cp. ¢ (77)):

il—lj+waﬁl—ﬁpgzcz[vkﬁ], V.H=p,. (80)
OTMEeTHM COOTHOLLICHHUS:

D.(")=w,F, V.D,)=V.(0,F) (81)
rae

B, (V)=F(V )~ (FV )V . (82)

Brinumem MOJHYH CHCTEMY YPaBHEHUH, YIPaBISIOLIMX II0JIEM, KOTOPOE WHIYLMPYETCS
KJIACCUYECKOM YacTuIlel, COBEpIIarOINeH YCKOPSHHOE JABMXKECHUE 110 MHEPIIMU TI0 TPASKTOPUU B BHJIC
ammmrica (cp. ¢ (13)):

I i+, =l FL, Vel =p,,
dt (83)

o F e, =alV L Y F=p,.

r1e P, U P, — UCTOYHUKM o€l F u H ; j.=-Vp, u j; =—Vp; — IIOTHOCTU SIEKTPUYECKOTO U
MarHMTHOTO ~ TOKOB, MOPOXKJAEMbIX  YaCTULEH, JBMXKYIIEHCA YCKOPEHHO IO  MHEpIHH;
V=-0, ((a/ b)R,,—(b/ a)Rx); ®,F n ®,H — nonpaBku K 3J1€KTPHYECKOMY ¥ MAarHUTHOMY TOKaM.

[ImoTHOCTH 3aps70B M TOKOB yIOBIETBOPSIOT TokAecTBaM (cM. (71)):
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Pr 49 (Gy=0, LPiLy 7 )=0. (84)
dt t

VYpaBuenus (83) mpenctaBisiroT coOoi 4acTHBIN cirydail cucteMbl ypaBHeHUi (13), omuceiBarommi
3JIEKTPOMArHUTHOE I10JIe, TIOPOXKAAEMOE NP JBUKEHHU KIACCHYECKOW YaCTHUIBI O MHEPLHHU IO 3JI-
JUNTAYECKOW TpaeKTopuH. YpaBHeHHA (83) aHAIOTWYHBI OOBIYHBIM YpaBHEHHSM MakcBesuia: Kak U
ypaBHEHUs] MakcBesia, OHU OIUCHIBAIOT ITI0JIe, TOPOXKIAEMOE KIacCUYecKoll uactuueu. Paznuuue
MEXJTy HUIMH COCTOUT B TOM, YTO ypaBHEHHUS (83) OTHOCATCS K HE3apsHKEHHOM YacTHUIlE, IBHKYIIEHCS
10 MHEPIIMU TT0 KPUBOJIMHEHHON TPaeKTOpHH, a YpaBHEHHsT MaKcBea OTHOCATCS K TOUSYHOMY JJIeK-

TPUUYECKOMY 3apsILy, KOTOPBIA CO3/1a€T TUIOTETHIECKOE KYJIOHOBCKOE TOJIE.
[epeiinem k pemieHuio ypaBHeHuii (83). 3agaga COCTOUT B TOM, YTOOBI IO U3BECTHBIM KOMIIO-

HCHTaM BEKTOpa CHIIbl HMHepuuu F =(F,,F,) BBIYACIUTH KOMIIOHCHTHl MAarHHTHOIO MOJIs

H=H .»H,,H_). 110CKOIBKY paccMaTpUBACTCs IUIOCKAst 3a/1a4a, T. €. R= (R,,R,), TO cunraem, 4to
H, = H[(RX,Ry), i=x,y,z

Brauane BeIIICHIBaGM TUBEPTCHTHEBIE COCTABIIIONINE ypaBHEHHH (83):

R*—R? . . oH OoH
W3t o oy =9, %% (g
R| 2 ;

Rz
JleBble yacTH IBYX OCTaBLIMXCS ypaBHEHUH (83) y1o0HO 3anucaTh B BUAE:

z = 04, 04, F = . [04. 04
d—H+coaH+jH: - ”,dHZ , d—F+can+jF= - L
dt oR,  OJR. ~ dt dt

oR,” OR

,0 ] (86)

X X

F

e A, =o, (QRXHX+%RyHy ) A

=, (QRXFX +%R F, j Jlerxko mpoBepuTh, yunuThiBas (66) u
a a

(67), 9TO IMEIOT MECTO PABEHCTBA!

- szRy
Aﬁz_poma|coa|R, [VRF]Z 0,0,-3p, |, |e R [

87

o H, 0H, oH, oH
(v, )= 2=, O oM, |
oOR, OR, OR, IR,

TozelicTByeM BEKTOPHO OMepaTopoM V 7 Ha 00€ 4acTu MepBoro u TPEThEro ypaBHEHHH (83).

VuurbiBas (86) ¥ IpUHAMAsi BO BHUMAHUE, YTO BENIMYUHBL A; U A He 3aBUCAT OT R_, Halinem:
0 dH. 0 dH, ° 9 - o =

> > Tt o0 a
oR, dt ~ OR, dt oR; OR;

(88)
ARSI VR S A
0, 0, — W—FW Aﬁ = k( RCIH)_ kclH'
ITpu nosryuenun paBeHcTB (88) MbI mosyarany, 4ro B ypaBHeHUsX (83) ¢, =1 u ¢, =¢,(R), n no3Tomy
BEJIMYMHA cl[V R[j] ] 6bLTa 3aMeHeHa BenmuuanHO# [V R,clljl ]. [lepBoe u3 ypaBHeHul (88) SKBHUBaJICHTHO
CIIEYIOIUM TPEM YPABHEHUSAM:

0 dH, _ 9 <2 0 dH, _ 9 o [az 32]

A4,=0.  (89)

ok 4 RV Tom a o TVH |t

3aMeTHM, YTO €Clii MOJAEHCTBOBAThH orepatopoM d/dR Ha o0e yacTu mepBoro u3 ypasHeHuii (89) u

oneparopom 0 / aRy Ha 00€ 9acTH BTOPOTO M 3aTeM 00a YpaBHEHHUS CIIOKHUTH MOWICHHO, TO TIOTydJaeT-
07 0

Cs, KaK W JIOJDKHO OBITh, TOXIECTBO: [8?+8?]p B —V% 4% B F)=0. Bropoe u3 ypaBHenwuii (88)
X y
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OKBUBAJICHTHO CIICAYIOLINUM:

0> 9
oR’ ’ OR;

Hecnoxwnsle mpeoOpa3oBaHus NpuBOIAT MepBble ABa U3 ypaBHeHHH (90) K cle Ty ommm:

0 & o .
87(V1301H)=V§(61Hx), aT(VﬁclH)=V§(ClHy)a [

J0 | a0 o) 0| d 0
—| —(H)——(,H, ) |=0, —|—(H,)——(c,H,)) |=0.
aRy[aRx (Cl )f) aRy (cl x)] aRx[aRy (Cl x) aRx (Cl y)]

OTtcronia ciemyeT, 4To

) 0

—(¢,H,))———(c,H )= B, =const.

o (@) 5 (=5

YuutsiBas paBeHcTBa (86), ccTeMy ypaBHEeHHH (83) MOXKHO 3aIcaTh B BHIE:

04 04 R R
—=0, —L=0, o, _4p i...éin Hz=—3p0|(na|eZL
oR, oR, b "OR., a oR, R
b) %) deH,) I(qH,)
—(4: —cH.)=0, —(A4.—cH_,)=0, oL,
or e maft:) or_ e et IR, OR

y x x v

JAF =Vi(¢,H.). (90)

C2))

(92)

OtmeTuM, yTO TIepBbIe ABa ypaBHeHUs (92) cornacyroTcs ¢ mocieAHuM U3 ypaBHeHuit (89). U3 cpas-
HEHMS MocjeqHero u3 ypasHenuii (92) c¢ (91) Buano, yto B, =0. 13 ueTBepTOro U mATOr0 ypaBHEHUN

HPUBEJEHHON CUCTEMBI OTYyYUM:
Az —cH_ =B, =const,

a U3 TPEThEr0 YPAaBHEHUS HAWJEM:

H_=-3p,

¥4

CARS
It

a

[Monaras B, =0, n3 AByX MMOCJIEAHUX PABEHCTB BHIBOIHM:
2 p2
¢ =w,R" /3.
OtmetnmM, uto BeipaxkeHue (93) cormacyercs ¢ mociaenHuM u3 ypasaernuit (90).

(93)

(94)

(95)

W3 ypaBHeHwmii (92) HaM 0CTaJOCh PacCMOTPETH TEPBHIC IBA YPaBHEHUS, PEIICHUE KOTOPHIX

A. b a
MOJKHO 3aIlicaTh B BUJIC: AF[ =B, B=const, Tne —L= —R H, +ZRyH , » W TIOCJIETHEE YPABHEHHUE.
4 )

®

a

3Ha‘II/IT, OCTaeTCsI HaliTU TaKoe PCHICHUC YPAaBHCHUA
d(c,H ) ~ Ac,H,)
OR oR

x y
KOTOPOC MOAYNHACTCA JONOJHUTCIIBHOMY YCIIOBUIO

0,

B
éRer +£RyHy =—=const .
a b o

YuuThiBas paBeHcTBO (95), BBEe/IeM HOBBIC MTEPEMECHHBIC:
X=RH, Y=R'H,.
B stux nepemennsix ypasaenue (96) u ycnosue (97) mpuHAMAIOT BUI:

o9, % Prx+lry =L
oR, OR, R'\a b o

a
Ecan mojoxuTs:

X=0.R, Y:OLyRy, o, =const, O, =const,

10 ypaBHeHHe (99) yIOBIETBOPSIETCS, a JONOJIHUTEILHOE YCIOBUE IPUBOIUTCS K BHJLY:
1 (b a B

—| =R} +—0 R} |=—.
R\ a b 0\

a

20

(96)

97

(98)

99)

(100)
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Orcrona, nomaras o, = o'” +e’a”, i=x,y, B HylIeBOM NPHOTIKEHNH IO ¢ U B e’ —TIPHONMKEHHH
noJayvaem:
) _ () M) — _y(©®
o’ =B/w, o’ =o"/2, o, =—o /2.
OkoHYaTeNNbHbIE (OPMYITHI UMEIOT BH/I;
H,=oR /R, i=x,y, o, =a%(1+e/2), o =a¥(1-¢/2), o”=B/n, (101)

Ha ocnoBanum cootromenuti (87), (94) u (101) nomyuaem ciemyroniiue paBeHCTBA:

.o R} -R’
pg ZVEHz—e2oc(°)'R—4},
102
vV 1= R, R, 202 (O)Rny -3 o, | (12
[V:H]= F, _BF’ e o T, B= Pow_-

a

Kak Bunno u3 (102), p; =0 yums npu e’ =0.TIpu e’ #0 marauTHOe moje H COMEepIKUT, TOMUMO

BHXpeBOfI KOMIIOHCHTHI, U TIOTCHIIUAJIBHYIO KOMIIOHCHTY.

MarunutHoe nosie H MOXXHO NIPEACTAaBUTH B BUIE CYNEPIO3ULMH 00CHX KOMIOHEHT:
r7 rr’ rr” rr’ v, rr” vay
H=H"+H", H =V, H"=[V;A], (103)
rie ¢ U A — CKanApHEI ¥ BEKTOPHBII MOTEHINAIB MATHUTHOTO HONA. B e — MpuOIHKeHuy oTeH-

ITUAJTBI BRIPAYKAIOTCS (POPMYIIaAMH:
2 2

-R* - (R R _ RR,
¢:cllnR+czT}, A= B?,—B?,Zcz RZ}

, (104)

|, |

a

Tae ¢, = o, c, =" /4, B=3 Do . Jlerko y0emuThCS B TOM, YTO BBINIOJHICTCS PAaBEHCTBO

V:4=0, 1. e. Bektop-noTenuuan 4 (104) onmceiBaet umucTo BUXpeBoe mone. IIpuBenem okoHva-

TCJIBHBIC (I)OpMy.]'IBI JJIA KOMIIOHCHT MAarHuTHOI'O ITOJIA:
H' =o (R, / R+ R,/ R*), (R, /R)1-&'R}/ R*), 0),
: (105)

H'"= (eza(O)Rx (R} -R})/(2R"), ¢’a'"R (R} -R})/(2R*), —P/ R),
Corxacro (105), |H/|/|H]

i=x,y MAarHHTHOTO IIOJIS OKA3bIBAIOTCS 3HAYUTEILHO OOJBIIUMH IO BCJIMYUHE, Y€EM BUXPCBLIC. C

2 .
~e Ipu 1=x,y, T. €. IpAU 82 <<1 IIOTCHHHUAJIbHBIC KOMIIOHCHTHI

(1)I/ISI/III€CKOI\/’I TOYKHU 3pCHHUA, HAIINYUC MMOTEHIIUAIFHON KOMIIOHEHTHI MarHUTHOTO MOJIS O3Ha4YacT, 4To
KIIaCCHUYCCKas 4acTula, ABMXKYIIAsACSA YCKOPEHHO IO MHEPIUH, O6HaIIaCT MAarHuTHBIM 3apsaa0M, BEIIU-

< 2 o o
4MHA KOTOPOro nponopuxoHanbia V H =V56 . Kak u snekTpuueckuil 3apsji, MHIYIUPYEMbIi ya-

CTHIICH, HHAYLUPOBAHHBIA MarHUTHBIN 3apsil He JOKAJIU30BaH Ha YaCTHIIE, a PacIpeesieH B BHIE 00-
JlaKa MarHUTHO 3apsDKEHHOW MaTepud B TOW OOJIACTH MPOCTPAHCTBA, B KOTOPOH JIGKHUT TPACKTOPUS
JBUKEHUS YaCTHUIIBL.

OTMeTHM, YTO BIEPBbIC Ha CYIIECTBOBAHUE JIBYX THIIOB MAarHUTHOTO ITOJIS — OOBIYHOTO, BUX-
pEBOro, U HE M3BECTHOTO paHee, cKalsipHoro, ooparun Buumanue I'. B. Hukomnaes [1-3]. CormacHo

I'. B. Hukonaey, eci 00bI9HOE MATHHTHOE T0JIE ompenensiercs hopmynoit H = [VA], To HOBBIi ThIT
MarHUTHOTO TOJSI OTpENeNsieTcs Yepe3 MOTEHIUAIbHYI0 KOMIIOHEHTY BEKTOpP-TIOTEHLMANA CIETyIo-
wmum obpasom: H| = —VA.Ecm A=-V¥, rxe W - ckanspHas BeIM4HHA, TO H = V¥ . Dnextpu-
9YeCKO€ M MAarHUTHOE MOJS CIEAYyeT PacCMaTpHBATh, OUYEBHIHO, HA PAaBHBIX OCHOBAHUSX, MCIOJB3YS

OJIHOTHUITHBIC TIOHATHUS M ompenecHus. [103TOMy eCTECTBEHHO CUMTaTh, uyTo cKamsap ¥V, Bxozsmuii B
MOCTIeTHIOI (hOPMYITy, COBIIAZAET CO CKAJISIPHBIM MOTEHIIHAIOM ¢, OTIPEAETISIONINM OTEHIIHATBHYTO

xomnonenty H’ wmarautaoro mons (cm.(103)). Torma cKaaspHOE MarHUTHOE TIOJIE H,, BBeneHHoe

HuxonaesbiM, 1 nonte H' cBsi3aHbl Mexty coboii Gopmynoit: H =VH’. OTciona BUIHO, 4TO CKaIAp-
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HOC€ MAarHuTHOC II0JIC I—IH nUMeCT CJ'IC,I[YIOH_II/Iﬁ (1)H3H“I€CKPIIZ CMBICJI: €TO BCJIMYMHA IMPONOpHHUOHAJIbHA

WHAYIIUPOBAHHOMY MarHUTHOMY 3apsiay 4acTHIBL. TakuM oOpa3oM, Gpu3ndeckas CyIHOCTh OTKPBITHS
HukomaeBa cocTouT B TOM, YTO IBHXKYIIASCS DIEKTPUIECKH 3apsDKEHHAs! YacTHIA 00JIa[aeT MarHuT-
HBIM 3apSI0OM, KOTOPBIA T€HEPHPYET B OKPYIKAIOIIEM ITPOCTPAHCTBE MOTEHITHAIIEHOE MATHUTHOE TTOJIe
(mog06HO TOMY, KaK B OOLIECHIPUHATON TEOPHH FIEKTPUUCCKHIA 3apsijl FTCHEPUPYET KYJIOHOBCKOE IOJIE).
Pesynbrarel uccieoBanuii, NpeACcTaBIeHHBIX B [1-3], MOKa3bIBalOT, YTO OTKPHITHE CKAJISIPHOTO Mar-
HUTHOTO TIOJISI TIO3BOJIMIIO YCTPAHUTh MHOTHE TPOTHBOPEUUS U IMAPaJOKChl COBPEMEHHOHN AIIEKTPOIU-
HAMUKHA U OOBSCHHUTH Pl SKCIIEPUMEHTAIBHBIX (DaKTOB, HE HAXOAWBIIMX OOBSCHEHUS paHee. DTO
CBSI3aHO C TEM, YTO MO0 CBOMM (PMU3UYECKHM CBOWCTBAM CKAJSPHOE MarHUTHOE I0JIe CYIIECTBEHHO OT-
JMYaeTCsl OT BUXPEBOTO MATHUTHOTO TOJs. Tak, eCiy IeKTPUIeCKHIA 3apsij IBUKETCS BIIOJIb MATHUT-
HBIX CHJIOBBIX JIMHWH, TO CHJIa B3aMMOJEHCTBHA 3apsAaa C MarHUTHBIM TOJIEM OOpamaercs B HylIb B
CJly4ae BUXPEBOIO IOJIsA, KaK 3TO CJCIYeT M3 BhIpaKeHHs JJIs CWiibl JIOpEHIla, U JOCTUTaeT MaKCH-
MaJbHOTO 3HAYCHHUS B CIy4yae CKAISIPHOro 1mojisi. [loMuMo 3TOro, ckansipHOe MarHUTHOE T10JI€, B OTJIU-
9Ue OT BUXPEBOTO, HE B3aUMOICHCTBYET C eppOMArHUTHEIMHU MaTepraiamu [3].

CkassipHOoe MarHUTHOE MoJie 00yazaeT 0osee BBICOKOH OHMOJOTMYEecKOd aKTHBHOCTBIO, YeM
BuxpeBoe. Oka3aioch, HAIPUMEP, YTO 3€pPHA IMIICHUIIBI, 00pa00TaHHBIC CKAJISIPHBIM MAarHUTHBIM I10-
JieM u OOBIYHBIM, OTIIMYAFOTCA 10 TIPOPACTAHUIO CEMSH MOYTH Ha TOpsAIoK [1]. B skcniepumenTanpHOM
MEIWIMHE yAaJI0Ch HAWTH YUCTO OMBITHBIM ITyTeM TaKHe KOH(HUTypariu MOCTOSHHBIX MarHUTOB, PH
KOTOPBIX 3(P(PEKTUBHOCTh JICUCHUS MarHuTamMu (MarHUTHas TEpaluvs) 3HAYMTEIBHO Bo3pacraeT [16].
DKCIIepUMEHTHI TIOKa3bIBAIOT, YTO JieueOHbIE CBOMCTBA MarHUTOB OOYCJIOBIIEHBI, TJIABHBIM 00pa3zoM,
CKaJISIPHBIM MarHUTHBIM IIOJIEM, KOTOpoe (haKTHdecKH BIepBbie ObuT0 0OHapyxeHo b. B. bomotoBeM
[10]. M3ydas moiie, co3maBaeMoe ICKTPOMArHUTOM C TOPOUIAIBHBIM cepaedHukoM, b. B. bomotos
00HAPYXWJI, YTO, IOMUMO OOBIYHOTO MAarHUTHOTO IOJIsl BHYTPU TOPOHJIA, B MPOCTPAHCTBE OKOJIO TO-
poria HHAYIMUPYETCs MOTOIHUTENBHOE TT0JIe, KOTOPOE OH Ha3BaJl OMOIOJIEM B CBSI3U C €r0 BBICOKOM
6HOJ’IOI‘I/I‘ICCKOI71 AKTUBHOCTBIO U «KHEIJICKTPOMAIrHUTHBIM ar€HTOM MAarHuTHOT'O I10JISD).

5. 3aknouyeHue

Ha ocHoBanuM pe3ysbTaToOB UCCICAOBAaHUM, U3JI0KEHHBIX B JJAHHOW paboTe, MOXHO CJeaTh
CJICAYIOIINE BHIBOJIBI:

1. QHCKTPOMaFHI/ITHOC B3aPIMOI[eI710TBPIe SABIACTCA MPAMBIM CJICACTBUEM 3aKOHOB MEXAaHUKH.
DNEKTPOMArHUTHOE TI0JIE MOPOXKIACTCS KIACCHYSCKOW TOUEYHOMN YaCTHIICH, NBIXKYIIECHCS 1O KPUBO-
JUHEHHON TpaekTopuu 1o uHepuuu. CucremMa ypaBHEHH, YIPABIAIONIMX JBHKCHUEM DIICKTPOMAr-
HUTHOTO TI0JISI, MOXET OBITh TOJyYeHa M3 PACCMOTPEHHS YKA3aHHOTO BBIIIE JIBMXKECHHSI KIIACCHUYECKON
HJaCTUIbI. CHGI[OBaTeJ'IBHO, (bI/ISI/I‘-IeCKI/Ie XapaKTCPUCTHUKU DJICKTPOMArHuTHOI'O IOJIA MOXKHO ONpEac-
JIMTh, UCTIONB3YS 3aKOHBI MEXaHHKH.

2. I1pu yckopeHHOM JIBU)KEHUH KIIACCUYECKOH YaCTHIIBI 0 HHEPIUH HHAYIIUPYETCS KaK dJIeK-
TPUYECKUI, TAaK U MarHUTHBIN 3apsiibl. MHIYyIMpOBaHHBIE 3apsbl XapaKTEPU3YIOTCS TEM, UTO OHU HE
JIOKAJIN30BaHbI Ha MMOPOXKIAIONICH MX YacTHUIlE, a «pa3Ma3aHbl» B TOW 00JIACTH MPOCTPAHCTBA, B KOTO-
pOYi MPOUCXOJUT JBUKECHUE YACTHIBL. MHIYIUPOBAHHBIN 3apsi MPEICTaBIseT OO0 00Jako 3aps-
JKCHHOW MaTepHH, OKYTHIBAIOIIEE YACTHILY; €0 BEIMYMHA HE COXPAHSETCS, U3MEHSSICh CO BPEMECHEM
P JBWKEHUU dacTuibl. CyliecCTBOBAHHE MAarHUTHOTO 3apsia CBA3aHO C TEM, YTO MAarHUTHOE IIOJIE,
BO3HUKAFOIIEE MPU JBUKCHUHU YACTHUIIBI, COMEPKUT MOTCHIUATBHYIO KOMITIOHEHTY .

3. O6menpunaTas GopMyIHPOBKA IEKTPOTMHAMHUKN UCXOIUT U3 MPEACTABICHHA O TOM, 9TO
ANEKTPUYIECKUHN 3apsi — 0cobast XapaKTepUCTHKA YaCTUIbI, OTBETCTBEHHAsI 32 00pa30BaHKe KYJIOHOB-
CKOTO IIOJISL B OKPYKAIOIIEM MPOCTPAHCTBE. DIIEKTPUUSCKUN 3apsjl, Oyyuu Kak Obl COOCTBEHHOCTBIO
YaCTHIIBI, JIOKAJTM30BaH HA HEH W COXpAaHSAETCS CO BpeMEeHeM. MarHuTHOE IoJie, MOPOKIaeMOe JBH-
KYIIUMCS 3apsiJIOM, SIBJISIETCS] YACTO BUXPEBBIM. M3 MOJTy4YeHHBIX B JaHHOW paboTe pe3ysbTaToB BU-
HO, YTO YTIOMSHYTBIC TPEJCTABICHUS, JICKAIINE B OCHOBE JICKTPOAMHAMUKH, HE UMEIOT HUYErO 00-
IIEr0 ¢ pealbHOCThI0. [103TOMY HEe YIMBUTEIBHO, YTO TEOPHUS DJICKTPOMATHUTHOTO TMOJIS, UCXOSIIASL
U3 YIOMSHYTBIX TIPEJICTaBICHHN, MPUBOJUT K HEBEPHBIM OCHOBHBIM ypaBHEHUsM mois. OueBUIHO,
YTO TPYAHOCTH JJICKTPOAUMHAMUKH HEBO3MOXHO YCTPAHUTH IIYTEM COBCPHICHCTBOBAHHA MU YCIIOXKHE-
HUS UCIOJIb3YEMBIX B TEOPUH MATEMATUISCKUX METOJIOB, COXPAHsA MPU 3TOM 0e3 M3MEHEHUH yKope-
HUBIIKECS MPECTABICHUS 00 DIIEKTPUIECKOM 3apsijie U KyJIOHOBCKOM IIOJIE.
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4. B nanHOW paboTe paccMaTpUBAaeTCs DJICKTPOMATHUTHOE IMOJIE, TEHEPUPYEMOe MPU YCKO-
PEHHOM IBIDKEHUH TI0 MHEPIIMH OJHOHN Kiaccudeckoi gactuibl. CoriacHo [4], ydeT mpoOHOTO dJIeK-
TPUYECKOTO 3apsijia, pACCMATPUBAEMOT0 B KaYECTBE JCMEHTAPHOTO U3MEPHUTEIBHOTO Ipubopa, Ciy-
JKAIEero JUIsS MPOBEACHHSI MPOLEAyPhl U3MEPEHHI B 3JICKTPOMArHUTHOM I10JIe, TPEOYET CYIIECTBEHHO-
IO M3MEHEHHS YPaBHEHHH JBHKEHUS 1oJisl. [1o3ToMy cieqyronuii mar JIOJKEH COCTOATh B PACCMOT-
peHUU I0JIsl, TEHEPUPYEMOTO JBYXUYACTUYHOM CHUCTEMOH, HaXOZSAIIEHCs B COCTOSHHUHU YCKOPEHHOTO
JIBUKCHUS TI0 WHEpUuU. PemeHne 3Tol 3a7auu MO3BOJIMT ONPEACIUTh CUITY B3aUMOJICHCTBHS MEXKITY
YaCTHUIIAMH, JBIKYIUMUCS YCKOPSHHO MO WHEPIIHH.
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Oleinik V. P.
The Dirac problem, part 2.
Electromagnetic interaction as a direct consequence of the laws of mechanics

It is shown that electromagnetic interaction is not a special kind of interaction between material particles.
Electromagnetic field equations are obtained as a direct consequence of the laws of mechanics. They are derived
from consideration of the curvilinear motion of a classical particle by inertia, without resorting to the hypothesis
of the existence of electrical charges that can generate the Coulomb field. At the specified motion, both the
electric and magnetic charges are induced by particle. The peculiarity of the induced charges is that they are not
localized on the particle generating electromagnetic field, but are «smeared out» in the space region in which the
particle motion by inertia takes place. The presence of the induced magnetic charge means that the magnetic
field generated by moving particle contains the unusual scalar (potential) component, in addition to the usual
vortex one. The existence of scalar component of the magnetic field was first discovered by G. V. Nikolaev [1-
3]. According to his results, taking into account the scalar component of the magnetic field allows one to remove
a lot of difficulties of standard electrodynamics and to explain a number of experimental facts that can not be
explained, while remaining within the rooted ideas of electrodynamics.

Key words: Dirac problem, electromagnetic interaction as a result of the laws of mechanics, curvilinear motion
by inertia, induced electric and magnetic charges, potential component of magnetic field.
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