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[Ipennosxena runoTesa, NpeAnoiIararas 4YTo yCKOpeHue
3apsi/10B, HAIIPABJICHHOE BJIOJIb BEKTOPA CKOPOCTHU 3apsi/IOB,
SIBJIETCS IPUYUHOM BOZHUKHOBEHHUS BTOPUYHOTO
anekTpudeckoro most (dapaneesoit I/C), paboTaroriero
KaK MHepLus IPU pa3roHe 3apsioB. JTa runoresa
OCHOBaHa Ha JIOCTOBEPHBIX IKCIICPUMEHTAIBHBIX JaHHBIX,
TaKUX, KaK U3BECTHBIN (PAKT U3ITydeHUS
ANIEKTPOMArHUTHOW BOJTHBI YCKOPEHHBIMU 3apsIaMH.
PaccMoTpens! mpuMepbl MpUMEHEHUS TaHHOM TUTIOTE3bI B
pa3nUYHBIX ciydasx HaBeneHus apaneesoi D/1C, a,
TaK)Ke, IPUMEPHI €€ OTCYTCBHUS B HEKOTOPBIX CIIydasx Jaxe
MIPY HAJIMYHUH yCKOpEHUs 3apsiioB. Kpome Toro, B
MPOIOJDKEHKE B pa3BuTHe padoT (1), (2), (3) BrIckazaHO
MIPEIIOJIOKECHHE, UTO JIEKTPOCTATHISCKOS, MATHUTHOE U
BTOPUYHOE ANEeKTpudeckoe (hapaaeeBo) mos ABIsI0TCs
nedopmalusiMiu HEKOM cpefibl — OJTHON U3 COCTABIISIOIINX
a¢upa, ee «TOHKOM COCTABIIAIOIICH» UITH «TEMHOM
SHEPTUN, IPUUYEM BTOPUIHOE JICKTPHUECKOE MMOJIE,
BBI3BAHHOE YCKOPEHHEM 3aps0B, HE OTIUYAETCS OT
AJIEKTPOCTATHUECKOTO (TOT k€ BUA nedopmarun) 3a
WCKITIOYEHUEM HAIlPaBICHHOCTH.

1. BBenenue

Marepuain, U310KEHHbIE B TAHHOW CTaThe SIBIIAETCS MPOAOTKEHUEM U PA3BUTHEM
Marepuana npeapuaymmx crarei (1), (2) u (3). Ha ocHoBaHMU U37I0)KEHHOTO B HUX
Marepuana MOXKHO NPEJIOKUTh TUIIOTE3Y O TOM, UTO JIEKTPUUYECKOE U MAarHUTHOE MOJIs
SIBJISIFOTCA JehopmarusiMu (pEBEPCUBHBIMU ) HEKOM Cpeibl — OHOM U3 COCTABIISIOIINX
a¢upa (1). [Ipu 3TOM HEMOABUIKHBII OTHOCUTEIIBHO CPEJIbI 3apsijl HABOIUT 3-X MEPHOE
AIEKTPUIECKOE TOJIE, a IBYKYITUHCS OTHOCUTEIIBHO CPEIbI 3apsi] — IMJINHIPHIECKHU-
CUMMETPUYHOE MarHuTHoe nojie. Kpome Toro, Ha OCHOBaHUM TOTO, UTO YCKOpPEHUE
3aps/ia BBI3BIBACT M3ITYUEHUE DIIEKTPOMATrHUTHOM BOJIHEI (4), MOYKHO JJOCTOBEPHO
MPEANOI0XKHUTh, YTO YCKOPEHHBIH 3apsij] TaKKe HAaBOAUT JEKTPUUYECKOE T0JIE, BEKTOP
HaIpsHDKEHHOCTH E KOoTOporo HampasiieH BJIOJIb BEKTOPAa CKOPOCTH 3apsiaa U
MIPOTUBOIMOIOKEH €My IO HallpaBJIeHUIO (TpuHIHUIT JIeHI1a), 9TO BBI3BIBET MOSBICHUE
dapaneesoit DJIC, BUXpEBOil B Cilydae KOJIBIIEBOTO KOHTYpA.

[IpeameTom TaHHOM CTaThU SIBISETCS PACCMOTPEHHE BOIPOCA O HABEIEHUH BTOPUYHOTO
AIEKTPUIECKOTO (hapameena) Mojsi yCKOPEHHBIMU 3apsiIaMH.



2. KpaTko o cocraBiasiiomux 3¢gupa

IToxpo6no 3ToT Martepuan uznoxked B (1), (3), (11). CormacHo emy 3dup (OH Ke BaKyyMm)
COCTOUT M3, KAK MUHUMYM, JIByX CyOCTaHIIHIA:
® [IEPBOIl, KOTOPYIO MOXKHO Ha3BaTh “TOHKOW cocTaBistouied 3¢upa” («TOHKOI»
IIOTOMY, YTO €€ JUCKPET, €CIIM OH €CTh, HAMHOI'O MEHBLIE pa3Mepa YacTUILl) U
“TeMHOM PHeprueit”, neopManrsIMu KOTOPO SBISIFOTCS AJIEKTPHUECKOE U
MarHuTHOE MOJIsI U KOTOpasi, TAaKUM 00pa3oM, OTBETCTBEHHA 3a Bce (KpoMe
I'PaBUTALIMOHHOI0) SHEPI€TUYECKUE B3aUMO/IEHCTBUS HA MAaKPOYPOBHE U
IIPUHUMAET HENOCPEACTBEHHOE Y4acTHE B IIPOLECCaX HA MUKPOYPOBHE,
® BTOpPOH — “CBETOHOCHOM COCTaBJIAIONICH dupa’ (OHA KE BO3ZMOKHO SIBIISETCS
OCHOBHOM YaCTbIO0 «TEMHOM MaTepum»), KOTOPOl SIBJIAIOTCSI aHHUTMIIMPOBABILINE
IEKTPOH-TIO3UTPOHHBIE MAPBI, MOIAPU3YIOIIUEC IPU HATOKEHUU
AJEKTPUYECKOTO TOJISI U PETPAHCIUPYIOIINE JIEKTPOMArHUTHYIO BOJIHY.
«ToHkas cocraBisromas 3gupa» (Jlajnee ynoMUHaeTcs Kak «cpesiay), 10 BUAUMOMY,
SIBJIIETCSL BCEIIPOHUKAIOILEH B CBOEH chepe BIUAHUS U HENOJIBUKHOM B HEKOM CHCTEME
KOOP/IMHAT CBSI3aHHOM € LIEeHTpaMy I'paBUTALUU (3TO €IMHCTBEHHAS CBSI3b IPABUTALIUU C
AJEKTPOMAarHUTU3MOM, KOTOPasi BO3MOXKHO ITpocMaTpuBaercs ceituac) (1). Kakosa ee
JUHAMMKa U UIMEET JIM OHA HHEPLIMOHHYIO U ITPABUTALIMOHHYIO MACCY, K COXKAJIEHUIO,
HEU3BECTHO.
CoOTBETCTBEHHO, BCE TUHAMUYECKHE IPPEKTHI B JIEKTPOMArHETU3ME CBS3aHBbI C
OTHOCHUTEIIbHBIM JIBIDKEHHEM 3apsisl — cpeia U abCOIOTHBIM YCKOPEHUEM 3apsijia.

3. Tpu Buaa nedopmanuu

OcCHOBBIBasICh Ha MaTepualle, u3J0KeHHOM B cTathsx (1), (3), (11) moxHO
MPENOI0KHUTh, UTO CYLIECTBYIOT TP BUJA 1€POPMALIUU KCPEbI»:

e [lepBas — craTHUECKOE IIEKTPUUECKOE NOJIE, BBI3BAHHOE HETIOIBUYKHBIM
OTHOCHUTEJIBHO cpens! («TemHoit sHeprun») 3apsaom. [loae 3-x mepHoe,
BekTop E panunanen k 3apsaay. Takum o6paszom, nosne E sBisiercs craTnueckoi
nedopmarueit 3Toi cpeabl U B CUCTEME KOOPIMHAT 3apsijia HeTOABHXKHO, TO €CTh
HE BpAILlaeTCsl BMECTE C 3aps0M U HeE NepeaeT KPYTAIUA MOMEHT IpyTuM
3apsiiaM. [Ipu aToM Bpamaromuiics 3apsj (pacupeeeHHbI B HEKOM 00beme
WJIM 110 TIOBEPXHOCTH, HE TOYEUHBII) CO3/]a€T MarHUTHOE T10JI€ M MarHUTHBIN
MOMEHT (CM. HIXKE).

e Bropoe — MarHuTHOE NoJe — JUHAMUYecKas Aeopmarius cpesibl, CIeCTBHE
nerokenud 3apsga OTHOCUTEJIBHO cpenpr. [lone nmeeT HHIMHAPUYECKYIO
CUMMETPHIO C OCBIO, COBII/IAIOIIEH ¢ BEKTOPOM CKOpPOCTH 3apsana V.
Hanpsioxkennocts nosst B nmponopirionanbHa CKOPOCTH 3apsiia U, IPU YCKOPEHHOM
JIBYDKEHUH 3apsia UCKaXaeT («3apsKaeT SHepIruei») 3Ty cpeny, Kak Obl yrpyro
nepopMupys HEKYIO IUIEHKY. JTa S3HEpIHsi peBEpCUBHA U OTIAETCS CPEAoN MpH
OCTaHOBKeE 3apsjia. MarHUTHOE T0JIe ABSETCA Kak Obl XpaHUTEJIEM
JTMHAMHYECKOH SHepruu 3apsaa (4To-To BPOJE €ro KHHETHYECKON SHEPTUH).



Tpetbe — BropuuHOE 351eKTprueckoe moie (ppapaneeBo), 3T0 UCKAKEHUE CPEbI,
BeI3BaHHOe Y CKOPEHUMEM 3apsina. Ono ABCOJIFOTHO (Tak xak abconroTHO
M000€ YCKOPEHUE) U HE 3aBUCUT OT HA4aJIbHOW CKOPOCTH 3apsia. JTO MOJIE 110
JEHCTBHUIO aHAJIOTUYHO MHEPLIUK MAaCCUBHOTO TeJja MPU YCKOPEHHUH (UTO OJIU3KO K
uzesM, U3JI0KeHHBIM a kaure Jlopenna « Teopust anekrpona»(9)), rie B JaHHOM
cllydae Maccoi siBistercst 3apsia. B otmmunu ot Jlopenna (9), aBrop maHHOM
CTaThH CYUTACT, YTO JIECKTPOH U JII00Aas 3apsKCHHAS YaCTHUIIA UMEET KakK ObI JBE
MAacChl — pEaJIbHYIO0, BBI3bIBAIOIIYIO IPABUTAIIMIO U UHEPLIUIO U (DUKTUBHYIO
3IEKTPUYECKYI0, @ UMEHHO 3apsijl, KOTOPBIA IPaBUTAIMU HE BBI3BIBACT (UTO
MOATBEPKIAETCS SKCIIEPUMEHTaMU ), HO MPU €r0 YCKOPEHHUH BbI3BIBACT
npotuBoAeiicTBue (mpuHIUM JIeH1a) — 4to-1o Hamogooue naepuu. Kpome Toro,
MO>KHO MPEIIOI0KUTh, YTO BTOPUYHOE IIEKTPUUECKOE T10JIE MO MPUPOE HE
OTJIMYAETCS OT AIEKTPOCTATUYECKOTO (Ta K€ AepopMalus), HO IPUHIUIHAIBEHO
OTIIMYAeTCsl OpueHTanuei nous. Takum oOpa3om, mpu UX OOIIEH CX0XKECTH,
WHEPIMS MaCChl U 3apsijia pa3inyaroTCsl IPUHIIMIHAIBHO. DJIEKTPOIMHAMUYECKAs
MHepLHUs 3apsaa (He MyTaTh C MEXaHUYECKOI) BbI3bIBACTCS BHEITHUM 1ojieM E,
JIEHCTBYIOIIMM Ha CBOM 3apsi/l, a TAKXKE M Ha COCEHUE 3aps/ibl, B TO BpeMs, KaK
MeXaHMYeCKas MHEPILIHsI MacChl HE HABOJUT BHEIIHEE I0JI€ U COCEAHHE Tea
HUKAK HE pearupyroT Ha yCKOpEHHUE JaHHOTrO Teja. To ecTh, yCKOpeHHe
MAacCCHUBHOTO T€Jia HE BBI3BIBACT HUKAKUX TPABUTALIMOHHBIX 3PPEKTOB, C KAKUM
OBl YCKOPEHHEM TEJIO HE JIBUTAIOCh U, COOTBETCTBEHHO, TOXKIECTBEHHOCTh
YCKOPEHHOT0 Teja U rpaButaiinonHoro Bosaeiictsus B OTO sBnsiercs
MPUHIIMIIMAIIBHO HENPaBUIbHOU. B TO ke Bpems, none E, BeI3BaHHOE
YCKOpPEHUEM 3apsijia, He SIBISETCs 3-X MEpHBIM (KaK Y HEMOBUKHOTO 3apsa), a
ero BekTop E HampaBiieH BI0Ib BEKTOPa YCKOPEHUS U MPOTHUBOTIONIOXKEH MY T10
HaIlpaBJIEHUIO MO NPUHIMITY JIeHIa, B TOUHOCTH KaK CUJIa UHEPLIUHU [IPU Pa3roHe
Macchol (cm. puc.l.1). HanpspkerHocts BTopudHoro mojst E B Touke HaxoxXIeHUs
3apsia MPOTOPIMOHANIFHA 3apsily ¥ yCKOpeHuto 3apsina a: E oc Kga oc mu,qa [1],

rae K — koapdurment nponopruonansaoctd (K = z4), 0 — 3apsn, a —

yckopeHue 3apsa. [Ipu yckopeHun 3apsjia OH, OISTh ke, Kak Obl «3apsiKaeT
Cpely MarHUTHBIM TOJIEM, TO €CTh IIPOU3BOJUT paboTy, a IPU TOPMOKEHUU —
cpelia OTAAET ATy PHEPTHUI0. B TO ke BpeMs, HE BCe YCKOPEHNUs 3apsija BbI3bIBAIOT
ycuieHue (ociaabiieHne) MarHuTHOTO TOJIsL U, COOTBETCTBEHHO, MOSIBIICHUE
BropuuHOi D/IC. Eciin yckopeHne HanpaBJIeHO NepHeHAUKYJIAPHO Iy TH
3apsiaa (HanpuMep HEHTPOCTPEMHUTETbHOE YCKOPEHHE), TO TAKOE YCKOPEeHHe
HE YBeJIMYMBAET CKOPOCTH 3apsiia, He yCHJIMBaeT (M He 0c1a0Jisier)
MATrHUTHOE I10JI€ M, COOTBETCTBEHHO, He IPOM3BOAUT padoTy. Takum ciydaem,
HaIpUMep, SIBISIETCS KOJIbLEBOW MPOBOJHUK (COJIEHOU) C TEKYILIUM B HEM
ITOCTOSIHHBIM TOKOM. To ecTb, MOAyJib BekTOpa E nmponopunoHanes ckaasspHOMY
MIPOU3BEICHUIO YCKOPEHUS @ Ha BEKTOP CKOPOCTH JIBWXKEeHHU 3apsiia V, a cam
BekTop E Hanpasnen Bnosib BekTopa V B IPOTUBOIIOJIOKHOM HarnpasieHuH. C
Y4€TOM CKa3aHHOTO, BBIPAKEHUE JIJIS1 HANPSYKEHHOCTH BTOPUYHOTO
SJICKTPHUYCCKOTIO IT0JIA B TOYKEC HAXOKACHUA 3apsaaa IPUHUMACT BU:

E= —uﬂoq\%(fN ) [2]



B ciydae konbp1ieBOro KOHTYpa C IEpEeMEHHBIM TOKOM, YCKOPEHHUE 3aps/10B a
HaIPaBJIEHHO BJ10JIb IPOBOJHUKA (M COBIAAAET IO HAIIPABJIEHUIO C BEKTOPOM
CKOPOCTH 3aps10B V) 4TO, COOTBETCTBEHHO, BBI3bIBACT ITOSIBICHUE BTOPHYHOTO
AJIEKTPUUYECKOTO MOJIs, Pe3yIbTaTOM 4ero siBJsieTcs ¢apaaeeBa HHAYKIus. Tak
KaK YCKOPEHHE HE MOKET MPOJOJDKATHCSI OECKOHEYHO, TO BTOPUYHOE
anekTpuyeckoe noiie E sBisierca nepemeHHbIM. [losiB1eHHe BTOPMYHOIO
3J1eKTPHYEeCKOr0 I0Jisl BbI3BAET TOKH CMEIleHHsl B BAKYyMe H, KaK

CJICACTBUE, JJICKTPOMArHUTHYIO BOJIHY. OOBIYHO B JIMTCPATypPC NCPECKAKUBAIOT
OAHY CTYIICHB, 4, UMCHHO, ITOABJIICHUEC BTOPHUYHOI'O 3JICKTPHUYCCKOI'O II0JIA U Cpasy

3asBJISIOT, YTO YCKOPEHHBIN 3apsi/i BHI3BIBACT 3JIEKTPOMArHUTHYIO BOJIHY. [1pu
ATOM MOIIHOCTh, U3JyUYCHHYIO YCKOPEHHBIM 3aps0M, ONIPEACISIOT 1o (hopmyie
2a2
Jlapmopa: P =——, rie € —3apsj, a — YCKOPOEHHUE, € — CKOPOCTh CBETA.
67e,C
e Takum 06pa3oM MOXKHO MPEANONIOKHUTb, UYTO CylIecTBYIOT Beero JIBE
nedopmaluu Cpeibl - SICKTPUUYECKas U MarHUTHasA, Tak Kak, 10 BUIUMOMY,
BTOPUYHOE 3JIEKTPUUECKOE T0JI€ MO CBOEH MPUPOJIE HE OTIUYAETCS OT
ANEKTPOCTATUYECKOTO (Ta K€ AeopMaIius), HO MPUHITUITHAIEHO OTIIHYACTCS OT
HETr0 MEXaHU3MOM HABEJCHUS U OPUCHTALIUEH MOJIA.

4. MaruuTHas naaykuus u ¢papaaeea IJC

MO>HO BBIPa3uTh TOK, MArHUTHYIO HHAYKIMIO U papaneeBy DJC uepe3 ckopocTs U
YCKOpEHHE 3apsAA0B B KOHTYpE (HarpuMep, B KOJIBIEBOM).

BripakeHue Ju1st II0THOCTH 3apsAA0B B IPOBOJHHUKE UMEET BU/I:

Q

W

rae Q, - cyMMapHBIN MOABMXKHBIN 3apsz B npoBoanuke, W = 27RS, — o6bem

Py = [3],

HPOBOJHMKA (AJIs1 KPyTOBOIO BUTKA), S, - IJIOMIAb CEUCHUS IPOBOIHHKA.

Z[J'ISI TOKa BBIPAKCHHUEC 6yneT HUMCTb BU:

dg
=g PaSVe [4],
rie V, - CKOpPOCTb JIBIKEHHS 3aps/I0B.
1
Torna ans kpyroBoro koutypa | = ﬁQqu [5],
z

rne R — paanyc kKoHTYypa.
BripaskeHnue 1 MarHuTHOM MHIYKIUH (B LIEHTPE KOHTYpa) OyaeT UMETh BUI:

|
B, = bty 5 = it 4Q—§Vq [61,

rne S =7R? - miomaas BUTKA.

BBIpa)KCHI/IC JJI1 MaroHuTHOT'O IOTOKa 6y,I[CT UMCTH BU (C‘II/ITaH B IICPBOM HpI/I6J'II/I)KCHI/II/I,

4yT0 B B KOHTYpe 0JJHOPOJIHO U paBHO B B 1IeHTpe BUTKA):

D = pp, %Vq [7]1,



Torna BeIpaxkenue 11 GpapagaeeBo HHAYKIIMU OyJeT UMETh BU/I;
do Qs

U=—"=uu,~2a 8],
dt /uluo 4 q []

7€ 8, - YCKOPEHHE 3apsiIOB.
Takum o6pa3om BeipakeHust 1 |, B, © Beipaxkarores uepes Q, - cymMapHbIit
HOJIBIIKHBIH 3apsi] B IPOBOJHUKE M CKOPOCTHh 3apsaoB V, a papaneesa DJIC U uepes Q,

u yckopenue 3apanoB a. [lomydaercs, uro popmyna Dapazest (oHa ke neppas popmyia
B ypaBHEHUAX MakcBeiia) He sIBiseTcsl pyHAaMeHTATIbHOM, a SBJISETCS CIIEACTBUEM
dbopmyiist [2]. Kpome Toro uzBecTHo, uto hopmysia Dapajies He IpUMEHUMA IS
HaxoxaeHusa D/1C B pa30MKHYTOM IIPOBOJHUKE U B YaCTU KOHTYpa. boiee Toro,
bapaneeBa hopMyIia UCIIOIB3YET OYEBUAHYIO (PU3HUECKYIO (DUKIIHIO O] Ha3BAaHUEM
«MarHUTHBIA TIOTOK» (HEOOXOIMMO HE 3a0BIBaTh, YTO «MAarHUTHOTO TIOTOKa» HE
cymecTByeT (2) 1 Huuero Tam He «reueT»!). [IoHATHS «MarHUTHBIN MOTOK», «KMarHUTHBIE
CHJIOBBIE JIMHUMY», «KMAarHUTHBIE TIOJIOCa», BEKTOp B 1 ux «dusnueckue cynHocTu»
moApoOHO orKcaHbl B (2) U HET CMbIC/IA B TAHHOM CTaThe MOBTOPATH J0KA3aTEIbCTBA UX
(UKTUBHOCTH.

CrnenoBatenbHO, TOK — 3TO JIBH)KEHHUE 3apsiI0B B IPOBOJHUKE CO CKOPOCTHIO V,
KOTOPOE BbI3bIBAET MATHUTHOE I10JI€ (UTO U3BECTHO U HE BBI3bIBAET COMHEHUH), B TO
Bpems kak (apaneea DJIC — sto ciencrsue Y CKOPEHU S 3apsinos.

4.1 «CTOpOHHHE CUJIbI» B JIEKTPOJIMHAMUKE

Hacuer Tak Ha3bpIBa€MBIX CTOPOHHUX CHII». B TaHHOM ciiyyae «CTOPOHHUMH
CHJIaMU» MOYHO Ha3BaTh CUJIbl, MEXaHUYECKH BO3/IEHCTBYIOIINE HAa HOCUTEH 3apsi/IOB,
BBI3bIBas UX ABM)KCHHUE WIM YCKOPEHUE U, COOTBETCTBEHHO, MIEKTPOJANHAMUYECKUE
a¢dekTsl. Jleno B TOM, 4TO 3J€KTPOHBI (U APYyTHe HOCUTENH 3aps/ia) SBIISIOTCS
MaTepHalbHBIMU TeJIaMHu. 3apsioB 6e3 HocuTens He ObiBaeT. 1 eciam nux MexaHu4ecku
HaIpaBUTh JIBUTAThCS 110 KAKOH-HUOYAb TPAGKTOPUH, TO IBUKEHUE 3aPsI/I0B,
CKPEIUJICHHBIX C HOCUTEJISIMHU, BBI30BET TOK (ITPU MOCTOSIHHOM CKOPOCTH), & PU pa3roHe -
dapaneeBy naaykiuio. Ho Tyt mosiBnsiercst mpobiema - "mryTka apsiBona’,
3aTpyIHAIONIAS aHAJIN3 U CMEIINBAIOIIAs MEXAaHUUECKOE BO3/IEHCTBUE HA HOCUTEIIN C
aNeKTpoAnHaMuyeckuM. Hanpumep, nopeHiieBa HHIYKIUS BbI3BaHa IEepEeMEIICHUEM
3aps/10B (He MyTaTh C HOCUTEISIMU) MO JAEHCTBUEM JIEKTPOANHAMHYECKON CHIIBI
JlopeH1ia, K MEXaHHKE OTHOILIEHUSI HE UMeroIeH (B GOpMYJIbl 31EKTPOAMHAMUKHI Macca
HOCHUTEJIS HE BXOJUT). A 3apsi/ibl TAHYT 3a c000ii HocuTeau. Ho Toro xe adpdexra
MOYHO JTOOUTHCS C OBICTPOBPAIIAIOIIMMCS MPOBOASIINM JUCKOM (TpaB/ia, HAMHOTO
xyxe). Tam mox neiicTBueM HEHTPOOEKHOTO YCKOpeHHs (Kak B IEHTPU(YTE) IEKTPOHbI
CABUTAIOTCSA K mepedepun (KpucTauTMdecKast pemeTka OCTaeTCsl Ha MEeCTe) U TOSIBIISIETCS
Pa3HOCTb MOTEHIMATIOB. TYT yske HOCHTEJIN TAHYT 3apsaabl. Taxxke, eCilv y1apUTh 110
OpycKy MeTaiia, TO 32 CUeT MHEPIIMU AJIEKTPOHBI OCTAIOTCS HA MECTE, a pPelIeTKa
nBkercs u nosisisiercs umiryiabe D/C (papaneeBoit). 3[C B 3TUX ciiydasx 04eHb
HeOOoJIbIINE , HO OHHU €CTh (IKCIIEPUMEHTAIBHO POBEPEHO).

Taxke MOXHO MEXaHUYECKHU CO3/1aTh YCKOPEHUE (HalpuMep, TAHTeHIIHAIbHOE
YCKOpEHHUE NP pa3roHe MaxOBHKA) M OHO TMepelacThbCs 3apsijiaM M BOZHUKHET (papaneeBa
3/1C. B wactHoctH, hapaneeBa IJ]C MOKET BOZHUKHYTh IPH JBUKEHHUE 3apSAKEHHBIX
YacTHI IOJ1 IEHCTBUEM IPaBUTALIUU U T.II.



Boo0Omem, Tak kak HocuTenu (pU3NUECKH CBSI3aHBI C TeJlaMU, TO, XOTSI B
ypaBHEHUS JIEKTPOJIMHAMUKN Macca Tejla HE BXOJUT, HO MOJIYYaeTCsl, 4YTO
ANEKTPOAMHAMUKA KOCBEHHO CBSI3aHA C MEXAHUKOM , YTO 4acTO 3aIyTHIBACT aHAJIU3.
Kcratu, sanexkrpoannamuka (JIOpEHIIEBBI CHIIBI B 3JIEKTPOMOTOPAX) MPOU3BOIST padoTy
TOJIBKO MTOTOMY, YTO 3apsiibl MEXaHUYECKU CKPETLIICHBI C HOCUTEIISIMH.

5. ®apajgeeBa HHAYKIUA KOJIbLIEBOI0 NMPOBOAHUKA € NepeMEeHHbIM
TOKOM

Cxema HaBenenust BTopuuHoit 3/1C B KOJIbLIEBOM KOHTYPE C TOKOM IMpHUBEJIeHA Ha pucC. 1.

P
E E
EE B
-
E a—= J— B

= 2

_— conductor

Puc. 1

TanrennuanbHOe yCKOpeHHE a (MM TOPMOXKEHHE) JJIEKTPOHOB B AJIEMEHTE MPOBOIHUKA
(cM. puc. 1.1) BbI3bIBaET MOSBICHUE BTOPUUHOTO AJIEKTPUUECKOTO N0JIs1, BeKTOpHl E
KOTOpOT'0 HaNpaBJeHbl M0 KacaTeJIbHON K MPOBOJAHUKY U B HAIIPaBJIECHUH,
IIPOTUBOINOJIOKHOM BEKTOPY YCKOpPEHUs (TOpMOXkeHU) 3apsA10B 8. COOTBETCTBEHHO,
U3ITy4daeTcs 3JIeKTpOMarHuTHas BojHa, ¢ komnonentamu E u B, pacnipoctpassitomiasics B
HanpasiieHuu Bektopa [loiinTuHra P 1, COOTBETCTBEHHO, M3/Iy4EHHE HAIIPABIECHO
paguanbHO OT MpoBOoAHUKA (cM. puc.1.1). Tak paboTarOT MOHOIIOIBHBIE U TUTIOJIHHBIC
nepeaaonme anTeHHsl. TyT, BOOIIe-T0, Hy>KHO UMETh B BUJLY, YTO B HETIOCPEICTBEHHOM
OJIM30CTH OT MpoBOAHUKA (OnmxkHeH 30He), BekTopsl E u B HaxonsaTcs B npoTrBodasze
(4TO COOTBETCTBYET MPUHIIMITY COXPAHEHUS SHEPTHH) U TOJIBKO B JIaJIbHEH 30HE OHU
cTaHOBATCA B (hase (“mepexBaThIBAlOTCS” AMIJIEKTPUIECKO# cocTaBJstomei adupa) (4),
(11). Tak uro BekTOp P Ha puc. 1 mpUBeICH WILTFOCTPATHBHO.



VYckopeHue (M1 TOPMOKEHHE) 3JIEKTPOHOB B KOJIBLIEBOM IPOBOJHUKE (CM. PHUC.
1. 2) BI3BIBACT MOSIBJICHUE BTOPUYHOTO AJIEKTPUUECKOTro noJisi, BekTopa E xotoporo
HaIIPABJICHBI 110 KACaTEJIbHOM K IIPOBOJHUKY U B HAIIPABJICHUH, TPOTUBOIOI0KHOM
BEKTOPY YCKOpEHUS (TOPMOXKEHHUsI) 3apsa0B . TakuM 00pa3oM, B IPOCTPAHCTBE PSAIOM C
KOHTYPOM MOSBIISIETCS] BAXPUBOE MIEKTPUYECKOE I10JIE, B YACTHOCTH, HABOJAILEE B
MeTaJuIM4ecKux npeamerax Toku @yko. Buxpesoe nosie E Takxke BbI3bIBACT U3IIy4CHUE
JIEKTPOMAarHUTHOM BOJIHBI, B YACTHOCTH, PAMOYHOM aHTEHHOU. T0 €CTh, Tak Kak B
KOJIbLIEBOM KOHTYpE BEKTOpP BTOPUYHOIO AeKTprudeckoro noss E HanpasieH no
KacaTelbHOU K OKPYKHOCTH KOHTYpa, TO OH, COBMECTHO ¢ BEKTOPOM MarHMTHOTO IO
B, 00pa3zoBaHHBIM TOKOM B KOHTYPE, BbI3bIBAET U3IYUEHHUE 3JIEKTPOMArHUTHOMN BOJIHBI,
HaIpaBJICHHON paauajibHO 0T KOHTYpa (puc. 1.3.) ¥ MOAAPU30BaHHOH B IIIOCKOCTH
KoHTypa. Takum 0Opa3om GopMupyeTcs TuarpaMMa HarpaBJIeHHOCTH PaMOYHON
AHTCHHBI B BUJE TOPAa C MUHMMYMOM B HaIllpaBJICHUH OCH PAMKH.

W BaxHO TO, uTO apaneesa J/1C nosB/asieTcs: TOJBKO B €JIy4ae YCKOPeHHs
3aps/10B, HANIPABJIEHHOI'0 BJ0JIb BEKTOPA CKOPOCTH (WM IPOSKIMH YCKOPEHUs Ha
CKOpoCTh 3apsia). [Ipu 3ToM 3Heprus moJisi 3apsiioB (MATHUTHOTO MOJIs) I0JKHA
WIH YBEeJIMYHBATHCH WM yMeHbIIAThCsA. Eciin oHa He MeHsieTcs1, TO (papaseeBoi
IJC ner. Karymka ¢ moctostHHBIM TokoM (apazgeeBy I/IC He co3qaeT U u3IIydeHus He
BBI3BIBACT, XOTS Ha 3apsi/ibl JEHCTBYET LIECHTPOOE)KHOE ycKopeHue. To ecTb,
LEeHTPOCTPEeMHUTeIbHOE U LIeHTPOOeKHOe YCKOPEeHH s, HAlIPpaBJIeHHbIe 110 HOPMAJIM K
BEKTOPY CKOpPOCTH 3apsifnoB, I/ C He co31aK0T. ITO, ONATH Ke, 04eHb BAKHbIN
MOMEHT, KOTOPBIH HE YUYUTBIBAETCS 0 CUX NOp (CM. pa3feln 8 JaHHOU cTaThH). B
yacTHOCTH, Pe3epdopa, OTKpBIBLIMIA BpallleHHE JIEKTPOHOB BOKPYT aTOMa, HE MOT'
PELINTD [apaIOKC CBSA3AHHBIN C TEM, UTO, COTJIACHO TOT/IALIHEN 3JIEKTPOJUHAMUKE,
3JIEKTPOHBI O] IEHCTBUEM LIEHTPOOEIKHOIO YCKOPEHUS TOJKHBI ObLTH U31TyyaTh (Ha HUX
e JIEHCTBYeT ycKkopeHue!), TepATh SHEPTHUI0 U 3aTEM yIacTh Ha aTOM. A 3TO He
IIPOUCXOJIUT.

VYckopenue (M TOpMOKEHHE) STIEKTPOHOB B IPOBOJHUKE TAKKE BO3HUKACT MPU
NEePEeXOAHOM (HECTALMOHAPHOM) PEeXHUME, HAIIPUMED, IIPH MPOTEKaHUH IEPEMEHHOTO
Toka. Takum 00pa3oM, B JAHHOM KOJIBLIEBOM KOHTYpPE U B KOHTYpax, PacroyoKEeHHbIX
PSI0M ¢ HUM, BUXpEBOE 110JIe HaBOAUT BTopuuHYyto ((apaneeBy) I/IC, koTopas
casunyTa o (aze Ha 180 rpagycoB oTHOCcHTENbHO BHeMHEN DJ]C, mpuiokeHHON K
NepBOMY KOHTYPY (1, COOTBETCTBEHHO, OTHOCUTENILHO HAIpaBJIEHUs TOKA B
MIPOBOAHUKE). DTO sBiIsieTcs pusnueckoi ocHoBoM npununa Jlenna. Kpome toro,
KoJblieBble TOKM PYKO MOSABISAIOTCS KaK cielcTBUE (hapaeeBOr HHIYKIUH IS
KOJIbLIeBOI0 [TPOBOJHMKA. /{7151 TMHENHOTO MPOBOJHUKA C IEPEMEHHBIM TOKOM , TOK
®DyKo — IMHEHHBIH, HO TOJIBKO HAa HEOOJBIIOM KBa3WJIMHEHHOM ydacTke. B “nanpHeit
30HE” OH BCE PaBHO KaKMM-THO0 00pa3oM 3aMKHYT — popMyJibl (papaseeBoil HMHAYKIIUU
paboTaroT TOIBKO JJIsl 3aMKHYTHIX KOHTYPOB.

BropuuHoe BUXpeBO€ JIEKTPUUYECKOE 10JI€ OUEHb IIUPOKO HUCIOJIb3YETCs Ha MPAKTUKE U
SBIISICTCS OCHOBOW COBPEMEHHOM AJIEKTPO- U PATUOTEXHUKH (TpaHC(HOpMaATOPBI,
ANEKTPOMAILIMHBI U T.1.).

6. Cayuau orcyrcTBus (papageeBoil HHAYKINHU



B To e BpeMst H3BECTHBI ClTyyau, KOrjia IBUXKYIIHECs (JaXKe C yCKOPEHUEM) 3aps/ibl He
HaBoAAT BTopuuHOi D/IC 1 He U3nydaroT.

Hanpumep, U3BECTHO, YTO IBUXKYIIMNACS C TIOCTOSIHHON CKOPOCTBIO 3apsij He
CO3J1a€T BTOPUYHOE IEKTPUUECKOE MOJIE U HE U3ITy4aeT HECMOTPS Ha TO, YTO JIOKAJIbHOE
MarsuTHoe nose B Touke X,Y,Z npocTpaHcTBa MEHSETCS 110 Mepe IpoJieTa 3apsaa. JT1o,
B IIPUHIIUIIE, TPOTUBOpEUUT popmyse Papases, COrIacHO KOTOPOii Tr000e N3MEHEHHE
MarHUTHOT'O TOJIsI B IPOCTPAHCTBE BBI3BIBACT MOSIBJIEHUE BTOPUYHOI'O SJIEKTPUUECKOTO
nojsi. Ho o0iee MarHuTHOE 10j1€ B IPOCTPAHCTBE (HE JIOKAIBHOE) HE MEHSETCA U €CIIH
HaiTu HeKuil PUKTUBHBIA KOHTYp C OECKOHEUHBIMU I'PAaHUILIAMHU, TO CyMMAapHbII
«MarHUTHBINA TIOTOK» B HEM TOXXE HU U3MEHTCS, YTO, OISITh JK€ YIOBIETBOPUT (POpMYyIIe
®apanes (GUKTUBHOCTH TAKOrO MOJX0Aa oueBUAHA). Ho 3TOT mapanokc ierko
OOBSICHACTCS B paMKax MPUHIIHIA, IPUBEIEHHOTO B IaHHON CTaThe, COTIACHO KOTOPOMY
TOJIbKO TAHT€HIINAJIbHOE YCKOPEeHHUe 3apsiia BbI3bIBAET MOsIBJIEHHEe BTOPMYHOI0
3J1eKTPHYECKOr0 I0JIs.

Kpome Toro, kak OblJI0O OTMEUEHO BbIIIE, KOJIbIIEBON KOHTYp (KaTyllKa,
COJIEHOU[T) C ITOCTOSIHHBIM TOKOM HE HaBoAMUT BTopuuHy0 DJIC 1 HE u3nyyaer, HeCMOTps
Ha (opMaIbHOE HAJIMYUE PAUAIBHOrO (IEHTPOCTPEMHUTEIBHOI0) YCKOPEHHUS 3apsi/I0B,
[IOBOpPAYMBAIOIINX UX TPAEKTOPHIO IO Kpyry. [lonydaercs uro BTopuuHOE
JIEKTPUUYECKOE T10JI€, BBI3BAHHOE TAKUM JBH)KEHHEM, OTCYTCTBYET, HACMOTPS Ha TO, YTO
3aps/bl B IPOBOJAHMKE JIOJIKHBI UCIIBITHIBATh YCKOPEHHUE HAIIPaBJIEHHOE K LIEHTPY
KOHTYypa. DTO HaXOAUTCS B COTJIACUM C BBIIIECITPUBEACHHBIM IIPUHLIUIIOM, TP KOTOPOM
BropuyHas J/IC nosiBisieTcs TOJAbKO B ¢cJIyyae, KOrAa IPOEKIHA BEKTOPa

YCKOpPEHHS a Ha BEKTOP CKOPOCTH 3apsinoB V win Ha Bektop | (rme | - Bektop,
COBIAJIAIOLIUI 110 HAIIPABJIEHUIO C 3JIEMEHTAPHBIM OTPE3KOM IPOBOJIHUKA, B KOTOPOM K
3apsiiaM [PUIIOKEHO YCKOPEHHE a), He paBHA HYJII0, TO €CTh CKAISIPHOE IPOU3BE/ICHHE

BeKTOpoB a 1 V i BekTopoB a u | (BekTop V B MPOBOJHUKE COBMA/ACT I10

HarpasJIeHuIo ¢ BekTopoM | ) He paBHo Hys1t0 @V #0, wiu al = 0. OueBuano, 9TO B
Cclly4ae KOJIBIIEBOTO KOHTYPa yCKOPEHHE HAIIPaBJIEHO M0 HOPMAJIU K MPOBOIHHUKY H,

coorBercTtBeHHo, al =0 u &V =0. Hamo oT™MeTHTh, YTO TaHHBIN CIy4ail aHAIOTHYCH
YCKOPEHHIO MaTepUAILHOTO TeJa TIPU BPaIIaTeIbHOM JBH)KEHUH, TTPH KOTOPOM
LEHTPOCTPEMUTENFHOE YCKOPEHUE HE COBEPIIAeT padoThl, TaK KaK OHO

NEePICHIUKYJISPHO MTyTH ¥ MTHOBEHHOH ckopocTH (M (af) =0). Takum oOpazom, 3apsiz,

JBIDKYIIMICS C YCKOPEHUEM, HaITpaBJICHHBIM BJIOJb MyTH 3apsia, HABOJIUT BTOPHUHYIO
D/1C, Tak Kak B 9TOM cIy4yae OH Kak Obl «3apsikKaeT» Cpely MarHUTHBIM MOJIEM, TO €CTh
YBEITMYUBAET €r0 YHEPTUIO M, COOTBETCTBEHHO, ITPOU3BOAUT PabOTy, B TO BpeMsl, KaK
paauanbHOE YCKOPEHUE 3apsia B KOJIbIEBOM KOHTYpPE HE MEHSIET SHEPTHI0 MarHUTHOTO
T0JIA U, CJIEZIOBATEIbHO, HE MPOU3BOAUT PalboOTYy.

/. CunxpoHHnble ((papageeBbl) 3JIeKTPOMAIIMHBI

Jlanee, ©3BECTHO, YTO BpaLIalOIIascs pamka (KOHTYp) ¢ TokoM HaBogut D/1C B
CUHXPOHHBIX ((hapaeeBbIX) dJEeKTporeHepaTopax. 3aps/asl B HEl, B TaHHOM clydae,
JBHDKYTCSI BJIOJIb KOHTYpa (Kak Obl B MOTEHIMAIBHOM TpyOe). Kpome Toro, oM
BpalllaloTCsS BMECTE C paMKOMU U, TAKMM 00pa3oM, IBUKEHUE 3apsiIOB SBISETCS



cnupaibHbIM. M3BecTHO Takxke (cM. yueOHHKH), uTo 3T1a DJIC — mepeMeHHast u
MaKCUMaJbHasi aMIUTUTY/1a TOCTUTaeTCs KOTJJa paMKa C TOKOM MEPIICHIUKYJIIPHA pPaMKe,
B kotopoii HaBoautcsa DJIC. Bee aTo oueHs xopoino onuceiBaetcst popmysnoit Dapazes, a
BOT IIOCTPOEHUE YCKOPEHUN U, COOTBETCTBEHHO, BTOpruHOi D/IC crankuBaercs ¢
ONPEIIEICHHBIMHU TPYAHOCTAMHM, TAK KaK BCE YCKOPEHHUS SIBISIOTCS PE3YyJIbTaTOM
BpalIaTeIbHOTO JIBMXKCHUS M HAIIPABJICHBI IEPIICHANKYIISIPHO TPOBOIHUKAM, TO €CTh,
corjacHo (pU3MUECKOM MOICIH, TIPEIJIOKEHHON B TaHHOU cTaThe, ykazaHHas D/[C He
JI0JDKHA HABOAUTHCS (OTCYTCTBYIOT YCKOPCHHMSI, HAIIPABJICHHBIC B/IOJIb IPOBOHUKOB). B
TO 7K€ BPEMsI, MOYKHO MOKa3aTh, YTO TAKUE YCKOPEHHSI UMEIOT MECTO.

[IpencraBuM, 94TO €CTh HEKHI KOHTYp (CXeMa MPUBEICHA Ha PHC. 2), HalpuMep,
KoJbIieBas TpyOa, B KOTOpPO 0e3 COMPOTUBIIECHUS C MOCTOSHHOM CKOPOCThIO V IBUKETCS
HEKO€ MaTepUaJIbHOE TEJI0, HAaIPUMEp, KaTUTCS IApUK (WM T€YET BOAA).
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Puc. 26

KoHTyp HEMOABMKEH U PACIONOKEH B TOPHU30HTAIBHOM TUIOCKOCTH (TToyioxkeHune | Ha
pucynke 2a). HaurHaem Bpaiath KOHTYP BOKPYT OCH, PACIIOJIOKCHHOW B
TOPU3OHTAIILHOM TUIOCKOCTH, J0 TEX TOp, ToKa OH He moBepHeTcs Ha 180 rpaxycos
(monoxeHue 3 Ha PUCYHKE) U HE BEPHETCS OMSTh B TOPU3OHTAIBHYIO TNIOCKOCTbD.
Herpynno Buners, 4To Teneps CKOPOCTh MapuKa (BObI) OKa3ajlach HANPABICHHON B
MPOTHUBOIOJIOKHYIO CTOPOHY. DTO MOYKET IPOU30MTH TOJIBKO €CITH MIAPHK (JCMEHT
KHJIKOCTH) BO BPEMsI IOBOPOTA UCIIBITHIBA YCKOPEHHE, HAIIPABICHHOE BJIOJIb KOHTYPA.
C ToukH 3peHuss MEXaHUKH 3TO BBITJIIUT TOCTATOYHO CTPAHHO, TAK KaK CKOPOCTh
JBYDKEHUS MaprKa (KUAKOCTH) B TUIOCKOCTH KOHTYPa HE MEHSETCS, @ MEHSETCS TOJIbKO
MPOEKIUS CKOPOCTH Ha TOPU30HTANIBHYIO MJIOCKOCTb. B TO ke BpeMs, MOXHO clienaTh
OKCIIEPUMEHT, KOT/Ia MIAPHK (PU3NIECKU TIEPEHOCUTCS U3 TIoJoxkeHne 1 (cM. puc.2a) B
MOJIOKEHHE 3 M3MEHSS PU 3TOM CKOPOCTh JBM)KEHMS Ha MIPOTUBOIOJIOXKHYI0. TO ecTb,
3TO U3NIecKasi peaTbHOCTh. B TipuHIIHIIE, TPH BpaIleHUH TAKOTO KOHTYpa BO3HUKAET
TMPOCKONMYECKUI MOMEHT, HO, TIPH 3TOM, CHJIa MIPUIIOKEHA K OCH, MEPIEHIUKYIIIPHOM
IJIOCKOCTH KOHTYpa (IIPENATCTBYET MOBOPOTY), a HE K AJIEMEHTY Ha 0001€ (1 He
HarfpasieHa BA0JIb 000/1a).

Tak nnu Have, HO BBIPAKEHUE JIsI CKOPOCTH IIapuKa (3KUJIKOCTH) OyIE€T CIIeIYIOIINM:

V =V, cos(at) [9],

I7Ie ® — YIJI0Basi CKOPOCTh BPAIICHUS PaMKHU.
Torna BelpaXkeHHe A1l YCKOpEHUE mapuka (JKUAKOCTH) OyIeT:
d—V:a:—VOa)sin(a)t) [10]
dt
Onsts ke, GopMaibHO, 3TU V U a — 3TO IPOEKLNHU BEIMYUH Ha TOPU3OHTAIBHYIO
10cKocTh. COOTBETCTBEHHO, MMPOEKLUS BEKTOPa CKOPOCTH V Ha TOPU30HTAIBHYIO
IJIOCKOCTh MPOXOAUT Yepe3 HYJIb (IPOEKLUU CKOPOCTEH OT MPOTUBOIOJIOKHBIX CTOPOH
KOHTYypa KOMIIEHCUPYIOTCS), KOT1a KOHTYp pacrnojokeH nox 90 rpanycos k
TOPU30HTAIILHOMN TUIOCKOCTH (TTOJIOKEHUE 2 Ha pUCYHKE). A mpu moBopote Ha 180
IpajycoB KOHYp (pU3MUECKH pacronoraeTcst B rTOpPU30HTAIbHON TNIOCKOCTH, HO CKOPOCTh
miapuka (’KMJIKOCTH) HallpaBJieHa B IPOTUBOMOJIOXKHYIO cTopoHy. [lomyuaercs, uro
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IIapUK 3aTOPMO3HJIICS 10 HYJISl M1 CHOBA Pa30THAJICS, HO BIPOTUBOIOJIOKHYIO CTOPOHY
Kak MpH YIpyrom yjaape.

D70 K€ OTHOCUTCSI K KOHTYPY C TOKOM (CM. pHC. 20), TO €CTh JICKTPOHBI B
MIPOBOJIHUKE TIPU €T0 BPAILIEHUH JIOJDKHBI UCIIBITHIBATH YCKOPEHUE, HATIPABJICHHOE BJIOJIb
MIPOBOAHMKA. 37€Ch HAJI0 MOBTOPUTH, YTO JBUKEHHE U YCKOPEHUE MAaTEPHAIbHBIX
(He3apsKEHHBIX) TEJI HE OKA3bIBAET HUKAKOTO BIUSHUS Ha MOJIOKEHUE, IBUKCHUE U
SHEPreTHUECKOEe COCTOSIHUE COCETHUX Tel (FPaBUTALIMS HE YUYUTHIBAETCA), B TO BpeMsl,
KakK IMOJIOKEHHUE, IBUKEHUE U YCKOPEHHUE 3aps/I0B IPUHIIUIIUATILHO BIUSET Ha
MOJIOKEHUE U DHEPTeTUYECKOE COCTOSIHUE COCEAHMX 3apsaaoB. Takum oOpazom,
JBIDKYIIHECS 3apsiibl BO BPALIAIOUIUMCS KOHTYPE C TOKOM HCIIBITHIBAIOT
TaHTeHIIMAJIbHOE (HAIpaBIEHHOE BJIOJIb TPOBOAHHUKA) YCKOPEHUE, KOTOPOE HABOJIUT
3IEKTPUUYECKOE MOJI€ B TPOCTPAHCTBE U, COOTBETCTBEHHO, BHI3BIBACT MOSIBJICHUE
BropuuHoi DJ[C B coCeIHUX KOHTYypaXx.

[epexomst k BpalaromeMycst KOHTYPY ¢ TOKOM U B COOTBETCTBHHU ¢ (hopmyitoit [10]
MOJTy4aeM:

E =—uu,0, (él ) = 1O NVosin (@t) = gl wsin(wt) [11],
Tze g, = p,S, - IIOTHOCTB 3apsiI0B, yMHOXKCHHAS HA CEYCHHE IPOBOHMKA, TO €CTh

3apsiji, CKOHLICHTPUPOBAHHBIN B €IMHUIIC JJTUHBI IPOBOAHUKA (cM popmyiy [4]).
Tak kak MarHUTHAasi HHAYKIHKS B IICHTPE KPYTOBOTO KOHTYpA ONPEICIIIeTCs Kak

B, = sy 2I_R = Uity %Vq :

u Qv =BS,

to D/IC, HaBeieHHAs B KOJIBIIEBOM KOHTYpe Oy/€T paBHa:

U =BSwsin(at) = dwsin(at) [12].
do ds,

B 10 xe Bpems1, cornacHo ¢popmyne Papanes E = T -B Ty (cunTasi MarHUTHYIO

MHIYKIUIO B ocTossHHOM 1Mo miioma gy KoHTypa), rae dS, - mpoekuust KOHTypa (paMKH)
C TOKOM Ha TIJIOCKOCTh HEMOJABUKHOU paMKH. O‘{eBI/II[HO, 4TO BCIMYHHA SJ_ MCHACTCA 110
dS, Scoswt

dt
pamku. Torna dapaneeBa D/]C, HaBejeHHAs BpalarOLIeHCs PaMKOil ¢ TOKOM OyieT
paBHa U = BSwsin ot = @ wsin ot (2), uro coorBercTByeT hopmyiie [12]. Takum

3aKOHYy KocuHyca. Toraa =-Swsinwt, rae @ - yriosas cKOpocTh

obpazom, popmyna dapajes u Beipakenue [12] TokaeCTBEHHBI, UTO MOATBEPKIACT
U3JIOKCHHYIO B CTaThe THIIOTE3y 0 BTOpu4HOM ((papaneeBoit) DJIC kak o cliecTBUU
HaBCACHUA BTOPUYHOT'O SJICKTPUUCCKOTO IMOJISI YCKOPECHHBIMHU 3apsAgaMu.

8. {UKJIOTPOHHOE U3JIyUeHue

Eme oHUM HCTOYHMKOM U3ITy4EHHMS SIBISFOTCS] YCKOPEHHBIE JJIEKTPOHBI B
HUKJIOTPOHE (IIMKJIOTPOHHOE U3Ty4YeHUE). DTOT K€ MPUHIUIT UCTIOIb3YETCs B
Marterponax. Hamo oTMeTHTh, 4TO OOBIYHO B IMTEpaType NPUUUHON U3ITyUEHUS
Ha3BIBAIOT PaJHaiIbHOE (LIEHTPOOESIKHOE) YCKOPEHHE, MpHUiIokeHHoe K 3apsiaam (4), (5),
(6) 1, COOTBETCTBEHHO, AMarpaMMa U3IyUIeHHUs SMHUYIHOTO 3apsijia HarpaBJieHa 1Mo
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KacaTeJabHOU. B TO jxe BpeMs, B LUKJIOTPOHAX ¥ MarHETpOHax 3apsiJibl, IO ONPEIEIICHUIO,
YCKOPANXTCHS (a B MarHeTpoHax yCKOPSIIOTCS ¥ TOPMO3ATCs). Takum obpazom, K
3apsiiaM MPUIIOKEHO TAaKXKe U TAHICHLMAIBbHOE YCKOPEHHE, KOTOPOE, 10 BUAUMOMY, U
SABIISICTCS IPUYMHOMN 3JIEKTPOMAarHUTHOTO U3YYECHHUSI M KOTOPOE 0053aHO HABOIUTh
BTOPUYHOE 3JIEKTpUUecKoe nosie. PaguanbHoe (HeHTPoOekHOoe) YCKOPeHHe ITPU 3TOM
NPHUCYTCTBYET, HO B HaBeleHNU BTOPUYHOH I/1C ¥ B BOSHUKHOBEHHH U3Ty4YeHHH
ydacTHsi He IPMHUMAET TakK )K€, KaK M B ClIy4ae KaTyLIKH C IOCTOSIHHBIM TOKOM. B 1o
e BpeMsi, HEBO3MOXKHO 3KCIIEPHUMEHTAIILHO ONPEACIUTh, HCITyCKAeTCs JIN
LUKJIOTPOHHOE U3JTy4eHHE IO KacaTeabHOH (CIeICTBHE PaIUaIbHOTO YCKOPEHHUS) UITH 110
panuycy (CieAcTBUE TAHTCHIIMAIBHOTO YCKOPEHHSI), TaK KaK [UKJIOTPOHHOE M3IIy4YeHHE,
BbI3BAaHHOE TaHI'€HLMAIIbHBIM YCKOPEHUEM HMEET TaKUE JK€ XapaKTePUCTUKH, KaK €CIIH
ObI OHO OBUIO BBI3BAHO PAMAIBHBIM YCKOpPEHHEM. TakuMm 00pa3oMm, COTrJIacHO
U3JI0KEHHOM B JJAHHOM CTaThe T'MIIOTE3€, YCKOPEHHBIN 3apsi]l U3I1ydaeT
NEPIIEHANKYIISIPHO TPASKTOPHH €0 JBIKEHHS, a 3apsi/ibl, ABUKYIIHecs 0e3
TAHTeHIMAJIBLHOI0 YCKOPEHHS ¢ MOCTOSIHHOM CKOPOCTHIO N0 OKPYKHOCTH
nocrossHHoro paguyca HE U3JTYYAIOT (XoTs K HUM NPUIIOKEHO pauaibHOE
yckopeHue) u He HaBoaaT BTopuuHoi DJIC. OnsTh ke, Kak OblJI0O OTMEUEHO BbIIIE, JIs
MIEPBBIX MCCIIEAOBaTENICH cTpoeHus aToMa (Hampumep, Pesepdopra) ato siBUIIOCH
napagoKcoM, XOTs, B paMKax MPUHATON B JaHHOM CTaTbhe T'MIIOTE3bl, 3TO ABISAETCA
BITOJTHE €CTECTBEHHBIM (XOTSI HAJI0 OTMETUTH, YTO OPOUTAIN SJICKTPOHOB B aTOME — 3TO
HE COBCEM OpOMTHI, a, CKopee, 3-X MepHbIe GUrypsl JInccaxxy B HEKOM pe30HaTope, I1e
3aJJaroIIel YaCTOTOMN SBJISIETCS HEKast YacTOTa aTOMHOTO S1pa, MPONPOIMOHATIbHAS YHCITY
IIPOTOHOB).

Hacuer >xe u3iryueHust 3aps10B, 3aXBa4eHHBIX B HOHOC(EpEe MarHUTHBIM IOJIEM,
TO OHU JBHMKYTCS IO CIIMPAJIU BAOJIb «XMarHUTHBIX CUJIOBBIX JIMHUM»MarHuTocepsl 1
Pa3TOHSIOTCS MIPH MPUOIMKEHHUIO K TIOIIFOCAM U, 3aT€M, TOPMO3STCS MPH YIAICHUH, 9TO U
BbI3bIBaeT paauounsnydenue (13). 1 3to paanounsiyueHue, OmsITh JKe, BhI3bIBACTCS HE
panuanbHBIM yCKOpeHneM. Brpouem, BOompoc ocTaeTcst B HEKOTOPOU CTETIEHN OTKPBITBIM
BCJIEJICTBMM OYEBUIHOTO HE3HAHUS acTpOU3NKaMH MPOLIECCOB, MPOUCXOSANINX B
maraurochepe 3emin (8) u, Tem Gosee, B MarHuTochepe 3Be3/ U MyJIbCapoB.

9. Topmo3Hoe u3jIyueHue

Topmo3snoe uznyuenuk (bremsstrahlung, repm, anrii.) BbI3bIBA€TCSI TOPMOKEHHEM
3apsI0B MPU MPOXOXKICHUH UMH MOTIIoNIarolei cpensl (4), (7). Xapakrep u
HAIpPaBJICHOCTh M3ITyYCHHUS TMOJHOCTHIO COTIACYIOTCS C TPUBEACHHON B TAHHOW CTAThe
TUIIOTE30M.

10. HeckoJibKO 3aMe4YaHuil MPO IKPAHUPOBAHME MATHUTHOIO MOJIS

I[aHHLIC 3aMC€4aHUs OTHOCATCA K HCIIOJIb30BaHUIO (bapaneeBoﬁ UHIAYKIUW TJI
OKpaHUPOBAHHA MAarHuTHOT'O ITOJIA.

CormacHo COBPCMCHHBIM IPCACTABICHUSAM, MAIrHUTOC I10JIC — BCCIIPOHUKAIOMIECC,
YTO COBITAJIa€T C MHEHUEM aBTOPA JAHHOW CTAaThHU. DTO CBOMCTBO OCHOBAHO HA
BCETPOHMKAEMOCTH KTOHKOH CTPYKTYpBI 3upa» («TeMHO# sHeprum»). Ho Ha mpakTuke
OKa3bIBaACTCs, YTO OKPAHUPOBATHL MAarHUTHBIC ITOJII MOXKHO, HO 3Ta SOKPAaHUPOBKA
(baKTI/ILIeCKI/I SABJIACTCA KOMHGHC&L{HCIZ — CO3JaHUCM KIIPOTHUBOIIOJIA». duznvecku sTa
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KOMIICHCAIUsl OCHOBaHa Ha (papajieeBoil MHIYKIMU 1 IPHMEHUMA TOJIBKO K
NepEeMEHHOMY MarHUTHOMY TOJI0. [10CTOSIHHOE MarHUTHOE I0JIe He SKpaHupyercs. Eciu
€CTh KOHTYD C IIEPEMEHHBIM TOKOM U ITPOBOJISIINIA SKpaH, TO B SKpaHE HABOIATCS
BuxpeBbie Toku Toku Dyko (eddy curent). [Tpu 3ToM, Kak ObLIIO OTMEYEHO BBIIIIE,
HaBE/ICHHBIN B 9KpaHEe TOK HAIPAaBJICH MPOTUBOIOIOKHO TOKY B KOHTYpE (IIPHHIIHIT
Jlenna). COOTBETCTBEHHO, MAaTHUTHOE I10JI€, CO3/[aBaeMOE HaBEIEHHBIM TOKOM,
HAaITPaBJICHO BCTPEYHO IOJIF0 KOHTYPA M YaCTUYHO KOMIIEHCUPYET ero. YacTudHo,
OTOMY, 4TO TOKM DYyKO BCerja MeHbIIe, YeM UCXOIHBIN TOK B KOHTYpE (3aBUCAT OT
PAcCTOSHUS 10 PKpaHa M 4acTOThl, cM. popmyity [12]). DToT criocob SKpaHHPOBKH
0c00eHHO YPPEeKTHBEH Ha PaIMOYaCTOTaX M IIMPOKO TaM MpUMEHsSETCs (KaTyIIKH B
AIIFOMUHHEBBIX 3KpaHax). B 9TOM cityyae MHIYKIHMU IPOTUBOIIOIS TOCTATOYHO JUTS
NPaKTHYECKH MOJTHOM KOMITEHCAIMH (IKpaHupoBanus). list Gosee HU3KHUX 9acTOT
HNPUMEHSIFOT SKPaHbl U3 (PepPOMArHUTHBIX MaTEPHAJIOB, YCUIMBAIOIINX IIPOTHBOIIOJE,
TaK Kak Juis 00Jiee HU3KUX 4acTOT TOKOB DYKO «B UUCTOM BUJIE» yIKE HEITOCTATOUHO. U,
OISITh K€, TIOCTOSIHHOE MarHUTHOE TI0JIe He dKpaHupyercs. Kpome yka3aHHBIX METOI0B
IKpaHUPOBaHMsI, OCHOBAHHBIX Ha TOKaX DyKo, eCTh Psil METOI0B SKPAaHUPOBAHHUS
HH3KOYACTOTHBIX MArHUTHBIX TIOJICH TIOCPEICTBOM OTBEACHHS MArHUTHOTO MIOTOKA
(beppomarauTHeIME dKpaHaMu (12).

11. I[OHOJIHI/ITEJIBHLIC JaMCYaHUdA OTHOCHIIMECHA K TEME l[aHHOﬁ CTaTbH

IIpuBeneHHbIN B JaHHOM cTaThe GU3NUECKUN MPUHIIUIT — BTOPUYHOE
JIEKTPUUECKOE T0JI€ KAK CIEJICTBHE NIEKTPUUECKON HHEPLUH 3apsaaa IIPU €ro
YCKOPEHHUU - MOKET OBITh ()yHJAMEHTAJIbHBIM (€CIM OH, KOHEUHO, NpaBuiIbHBIH). Kpome
TOTO, JII000M 3aps] (3apsyKeHHas 4acTUIA, TEJI0) UMEET MacCy UHEPIUH U MIPU
YCKOPEHUU K HEMY NPHJIO’KEHA U MEXaHUUYeCKas CUjla MHEPLUH, COTPOTUBIISAIONIAsICS
pa3roHy JIaHHOTO Teja U AekTpuyeckas. [lpuyem o0e 3Tu cuiibl (MHEPIMH ) TPUIIOKEHBI
B HalpaBJIEHUH, IPOTHUBOIOJIOKHOM YCKOPEHUIO ( JJI1 YCKOPEHHOTO 3apsijia 3TO MPHULIUI
Jlenua). B ciyuae 3apsiaa, pusnueckuil cMbICI BpOJie MOHATEH (BTOPHUUYHOE TOPMO3AIIEe
JIEKTPUUECKOE TI0JIE), @ KAKOE «I10JIE» BhI3BIBAECT MEXAHUYECKYIO HHepIHio? O4eBUIHO,
4TO HC I'PaBUTAIIMOHHOC, TaK KaK CHUJIa MHCPIIUHU (B MMPOTHUBOIIOJIOKHOCTH BHGKTpHHGCKOﬁ
MHEPLUH), TPUIOKEHHAs K OJHOMY Telly, HUKaK He PacloCTpaHsAeTCs Ha IpyTHe,
cocenHue tena. U ecam 1o «11oney, To OHO JOKaIM30BaHO BHYTpHU Macchl. Bompoc
OCTaeTCsl OTKPBITHIM.

Kpome Toro, BO3HHKaeT BOIIPOC, KAK CBA3aHbI MEXy COO0H «TOHKas COCTABIIAIOLIAS
s¢upay, OHa )K€ «TeMHast SHEPTHs», NePOpPMALUIMU KOTOPOH SBIISAIOTCS JIEKTPUUYECKOE,
MAaroMuTHOC U BTOPHYHOC SJICKTPUUCCKOC I10JIs, C TPaBUTALIMOHHBIM IIOJIEM (npnpona
KOTOPOTO TAaK)K€ OCTAeTCsA HEM3BECTHOM). TyT MOXKHO MPEANIONO0KUTD, YTO ITH MOJIS
CBSI3aHBI B OJTHOM CHCTEME KOOPAMHAT (€CTh HEKOTOPhIC OCHOBaHMs Tak mojarath (10),
(11)). Hanpumep, MarHuTHOE T10JIE M, COOTBETCTBEHHO «TEMHAsi SJHEPTHsD» («TOHKAs
cocTapJstonias 3(pupay) HEMOABUKHBI B F€OLIEHTPUUYECKOM crucTeMe KOOPAUHAT U He
BpalarTcs BMecTe ¢ 3emiiei (pu ee BpallleHUH BOKPYT ocu). To xe u ams
rpaBUTallMOHHOrO NoJist 3emiu. Takum obpazom, oba stux nonst HE CO3JAIOT
TaHTeHIMAJIbHBIC CUIIBI M HE MEePeatoT IPYTuM TelaM KpyTAIuil MoMeHT. [lis
MarHUTHOTO TIOJIS ATy TUIIOTE3Y MOKHO CUMUTATh JOKa3aHHOM (3), mist
I'PaBUTALIMOHHHOTIO XK€ I0JI1 JOCTOBEPHBIE CBENETEILCTBA IIEPEAAUN KPYTALIETO
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MOMEHTa OTCYTCTBYIOT, HECMOTps Ha To, 4To B OTO durypupyer Hekoe
«3aKpyYHBaHUE» MPOCTPAHCTBA, KOTOPOE HEOJHOKPATHO MBITAJICH OMPECTUTh
SKCIepUMEHTaIbHO. HO, B CBSI3U € COBEPILIEHHON HUYTOXKHOCTBIO npeackazannoro OTO
s¢deKTa 1 ero 04eBUIHBIM OTCYTCTBHEM, BCE YCHIIUS «UCKaTeNei» naHHoro 3pdexra,
HECMOTPS Ha MX O'POMHOE JKeJIaHWe, 3aBEPIIUINCh HUYeM. TakuM 00pa3oM MOXKHO
MIPEIIIOJIOKHUTD, YTO TPABUTAIIMOHHOE ITOJIC U «TOHKAsl COCTaBIAIoNIas 3pupay KakKuM-To
00pa3oM CBsI3aHbI M, B YaCTHOCTH, UMEIOT HEKOTOPBIEC 0OIIIHME CBOWCTBA (B YaCTHOCTH,
Macca 1 uHepius). O4eBUAHBIM OTJIMYUEM SBIISIETCS TIOJIIPHOCTH 3apsija H,
COOTBETCTBEHHO, HAMPABJICHUS YJIEKTPUICCKOTO TOJIS, TaK KaK OTPUIATEIIHLHOTO
rPaBUTAIMOHHOTO MOJIsi HE CYIIECTBYET.

12. 3akaouyenue

MOHO ¢ 10CTaTOYHBIM OCHOBAaHHEM IPEIOI0KUTh, UTO IEKTPUUECKOE
(s;exTpocTaTUYecKoe), MArHUTHOE U BTOPHYHOE ANeKTpudeckoe ((apageeBo) moss
SIBJISIIOTCS] UCKAKEHUSIMU HEKOU Cpefibl — «TOHKOM CTpYKTYyphbl 3¢upax. [Ipu sTom nBa
IIOCJICAHUX SBJIAIOTCA JMHAMHUYCCKUMU. To ecThb ABWIKCHUC 3apsaaa OTBETCTBCHHO 3a
MOSIBJIEHHE MAarHUTHOT'O 10JIsl, @ YCKOPEHHE 3apsijia — 3a MOsBJICHUE BTOPUUHOTO
anekTpudeckoro (hapameesa) momus. Takke MOKHO TPEIIOIO0KTh, YTO BTOPHYHOE
JIEKTPUUECKOE TOJIE 10 MPUPOJIE HE OTIIMYAETCS OT 3JIEKTPOCTATUUECKOTO (Ta Ke
nedopmariiusi), HO MIPUHIMIIUAIIEHO OTIWYaeTCs opueHTanue nomisi. Kpome toro, B
MOCTIeTHEM CIIydae 3apsi/i U3IydaeT 3JeKTPOMarHUTHYIO BOIHY. [Ipu 3TOM yckopeHue,
MIPUJIOKEHHOE K 3apsily HE BCEI/1a HAaBOJUT BTOPUYHOE IEKTPUUYECKOE ITOJIE.

Taxum 00pa3zom, yCKOpeHHBIH 3apsil HABOAUT BTOPU4HYI0 J/IC H, COOTBETCTBEHHO,
U3J1y4aeT 3JIeKTPOMATHUTHYIO BOJIHY IPHU YCJIOBHH:

e Eciau yckopeHue HanpasJieHO B/10JIb BeKTOpa ckopocTu. B o6mem ciyuae B
co3nannu JJIC yyacrByer TOJIBKO npoexknusi yckopeHusi Ha BEKTOp
CKOPOCTH 3apsiia.

e Co0TBeTCTBEHHO, CHJIA, IPUJIOKEHHAS K 3apsA1y A0J’KHA IPOU3BOIUTH
patoTy MeHsIsl HANIPSIAKEHHOCTh MATHUTHOTO TOJIsl (3apsi’kasi WM pa3psiKas
ero).

BropuuHoe 31eKTpryecKoe MoJie MmoJie o CBOeEMY JEHCTBUIO aHAJIOTUYHO MHEPLIUU
MacCHBHOTO TeJa IPU YCKOPEHUH, I7I€ B IaHHOM ClTyyae Kak Obl Maccoil sIBJIsIeTCS 3apsl.
To ecTb BTOpHUHOE 3JIEKTPUUECKOE T0JIe KaK Obl MPEMSITCTBYET pa3roHy 3apsijia u,
COOTBETCTBEHHO, BEKTOP HAIPSKEHHOCTH I10JI1 HAIIPABJIEH B CTOPOHY,
MIPOTUBOMNOJIOXKHYIO YCKOpeHUIO (MpuHIuM JleHia).

311ech HaJl0 OTMETHUTD, YTO, TIPU MX OOILEH CXOXKEeCTH, HHEPIIMS MacChl U 3apsijia
pasnuyaroTcs NpUHIMIHAILHO. Hepuus 3apsia BbI3bIBAETCS JIEKTPUUECKUM MOJIEM,
PacroCTpaHSIOIIMM CBOE IEHCTBUE TAKXKE HAa COCETHUE 3apsi/ibl, B TO BPEMs, KaKk
MHEPIMS MacChl HE HABOJIUT BHEIIHEE I10JI€ U COCEHHE Tela HUKAK HE pearnpyroT Ha
YCKOpPEHUE TaHHOTO Teja. To ecTh, yCKOPEHUE MACCUBHOI'O TEJIa HE BBI3BIBAET HUKAKUX
TrpaBUTAIMOHHBIX 3(P(HEKTOB, C KAKUM ObI YCKOPEHUEM TEJIO HE JIBUTAJIOCH.
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