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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
HaIpPsHKEHHOCTH KOTOPOTO HAIPaBJIeH BAOJIb BEKTOpPA CKOPOCTHU 3apsi/ia, YTO BBI3HIBET
nosiBinenue apaneeBoit J1C, BUXpEBOii B clIy4yae KOJIBIIEBOTO KOHTYpA.

[IpeameTom maHHOM CTaThU SBISETCS PACCMOTPEHHE BOMPOCA O HABEICHUH BTOPUIHOTO
anekTpudeckoro ((hapaneeBa) Mojsk YCKOPSHHBIMU 3apsiIaMHU.



2. KopoTko 0 cocTaB/siionux 3gpupa

[Toxpo6Ho 3T0T MaTepuan uznoxet B (1), (3), (11). CornacHo emy 3¢dup (OH ke BaKyyMm)
COCTOHT U3, KAK MUHHUMYM, JIBYX CyOCTaHIIMK:
® TIEPBOIA, KOTOPYIO MOKHO Ha3BaTh ‘“‘“TOHKOM COCTaBIISAOIICH 3upa’ uiun “TeMHOM
sHepruei”, neopManusaMi KOTOPOU SBIISFOTCS AJIEKTPHUUECKOE M MAarHUTHOE
T0JI U KOTOpasi, TaKUM 00pa3oM, OTBETCTBEHHA 3a BCe (KpOME IPaBUTALIMOHHOTO)
SHEPreTUYECKUE B3aUMOJICHCTBUS HA MAKPOYPOBHE U IPUHUMAET
HEMOCPEJACTBEHHOE YYacTHe B IIPOlieccax Ha MUKPOYPOBHE,
® BTOpOH — “CBETOHOCHOM COCTaBIIAIONICH d¢upa’ (OHA KE SIBIAETCS OCHOBHOM
4acTbI0 «TEMHOW MaTEpUN»), KOTOPOM SIBJIIOTCSI aHHUTHIIMPOBABILINE 3JIEKTPOH-
MIO3UTPOHHBIE MAPbI, MOISIPU3YIOLIUECS PU HAIOXKEHUU AJIEKTPUUYECKOTO OIS U
pPEeTPaHCINPYIOIINE FIEKTPOMArHUTHYIO BOJIHY.
«Tonkas cocraBustonas 3pupay» (Jajnee ymoMuHaAETCs Kak «Cpeiay), Mo BUAUMOMY,
SIBJIIETCSL BCEIIPOHUKAIOILEH B CBOEH chepe BIHUSAHUS U HENOJIBUKHON B HEKOM CHCTEME
KOOpJUHAT CBSI3aHHOM C IIEHTPaMU TpaBUTAIMH (3TO €AMHCTBEHHAS CBSA3b IPABUTALIMH C
AJEKTPOMAarHUTU3MOM, KOTOpasi BO3MOXKHO ITpocMaTpuBaercs ceituac) (1). Kakosa ee
JMHAMHKA U UMEET JIU OHA MHEPIMOHHYIO M TPABUTALIMOHHYIO MacCy, K COXKaIECHUIO,
HEU3BECTHO.
CooTBeTCTBEHHO, Bce JUHaMHUecKue 3((HEeKThl B 2IEKTPOMArHETU3ME CBSI3aHBI C
OTHOCHTEIIbHBIM JIBIDKEHHEM 3apsiJl — Cpeia U aOCOIOTHBIM YCKOPEHUEM 3apsizia.

3. Tpu Buaa nepopmanuu

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

e [lepBas — craTHUECKOE DIIEKTPUYECKOE M0JIE, BBI3BAHHOE HETIOIBUYKHBIM
OTHOCHTEJIBHO cpens! 3apsnom. Ilone 3-x mepHoe, BexTop E pannanen k
3apsany. Takum obpaszom, none E siBnsiercs cratnyeckoit gedopmarueit aTou
Cpelbl U B CUCTEME KOOPJAMHAT 3aps1/la HEMOABUKHO, TO ECTh HE BpaIlaeTCs
BMECTE C 3apsJIOM U He IepejaeT Kpy TN MOMEHT Opyrum 3apsaam. [Ipu atom
BpalaroImuiics 3apsay (pacrpeesieHHbI B HEKOM 00beMe HITU 110 TTOBEPXHOCTH,
HE TOYEYHBII) CO3/1aeT MarHUTHOE T0JIe U MAarHUTHBIA MOMEHT (CM. HIXKE).

e Bropoe — MarHuTHOE NOJIE — AMHAMHUYECKas JepopMalus Cpebl, CIEICTBUE
nsrxenust 3apana OTHOCHUTEJIBHO cpenel. [lone nMeeT nMIMHAPUYECKYIO
CUMMETPHIO C OChIO, COBIAAAIOIIEN C BEKTOPOM CKOPOCTH 3apsia V.
HanpspkeHHOCTS OISt B mponopiiioHanbsHa CKOPOCTH 3apsiia v, IPU YCKOPEHHOM
JBUKEHHUH 3apsijia UCKaXKaeT («3apsikaeT SHEpruei») 3Ty cpery, Kak Obl yIpyro
neGopMupysl HEKYIO IJICHKY. DTa SHEpPIUs PeBEPCUBHA U OTAAETCS Cpeor pu
OCTaHOBKeE 3apsiaa. MarHUTHOE MoJjIe SIBJISETCs Kak Obl XpaHUTETIEM
JIMHAMHYECKOH SHEPruu 3apsa (4To-To BPOJE €ro KHHETHYECKOH YIHEPTUH).

e TpeThbe — BTOPUYHOE 3JIEKTpUUEcKoe moiie (ppapaaeeBo), 3T0 UCKAKEHUE CPEIbI,
Bb1i3BaHHOe Y CKOPEHUMEM 3apsna. Ono ABCOJIFOTHO (Tak kak abconoTHO
m060€ YCKOpEHHE) M He 3aBUCUT OT HauYaJIbHOM CKOPOCTH 3apsijia. DTO MoJie 1o
NeMCTBHUIO aHAJIOTUYHO MHEPLIMK MAaCCUBHOTO Teja MPU YCKOPEHUHU (UTO OJIU3KO K



uzesiM, n3J10keHHbIM a kaure Jlopenua «Teopus anextpona»(9)), rae B taHHOM
cily4ae Maccoit sBisercs 3apsa. B ornmmunu ot Jlopenna (9), aBrop nanHoit
CTaThbU CUUTAET, YTO HJIEKTPOH UMeeT (PaKTUUYECKH JBE MACChl — PEAIbHYIO,
BBI3bIBAIOLIYIO IPABUTALIMIO U HHEPLMIO U AIEKTPUUYECKYIO0, 3 UMEHHO 3apsif,
KOTOPBIN IPaBUTALIMM HE BBI3bIBAET (UTO MOATBEPIKIACTCS HIKCIIEPUMEHTAMM ).
Kpome Toro, MOHO IPEAIOI0KUTh, YTO BTOPUYHOE IJIEKTPUUECKOE MOJIE 110
IIPUPOJIE HE OTIIMYAETCS OT JIEKTPOCTATHUECKOro (Ta ke aedopmanus), HO
MPUHIUIHAIBHO OTIMYAETCsl OpHEHTAIel 1oist. Takum oOpa3oM, Ipu ux o01mei
CXO0’KECTH, MHEPLMSI MACChl U 3apsAAa Pa3InyatoTCsl MIPUHIMIIAAIBHO.
DnexTpoauHaMUUYEcKas HHEPIUs 3apsiia (He MyTaTh ¢ MEXaHUYECKOM)
BbI3bIBAa€TCs BHEIIHUM TosieM E, nelicTBYIONMM TakkKe Ha COCeIHUE 3apsbl, B TO
BpEMs, KaK MEXaHUUYECKasl MHEPLMsI MacChl HE HABOJUT BHEIIHEE 110JI€ U
COCe/IHUE TeJla HUKAK He pearupyroT Ha YCKOpeHUe JaHHOro Tena. To ecTs,
YCKOpPEHHE MacCHBHOTO TeJla HE BBI3bIBACT HUKAKUX I'PAaBUTALIMOHHBIX 3((eKToB,
C KakuM Obl YCKOPEHUEM TeJI0 HE JBUTaloCh U, COOTBETCTBEHHO,
TOXJIECTBEHHOCTh YCKOPEHHOT0 Tejla U rpaBUTallMOHHOr0 Bo3aeiicTeus B OTO
ABJISIETCSA NPUHLIMIINAIBHO HeTpaBuiIbHOU. B TO ke Bpems, none E, BbI3BaHHOE
YCKOpPEHUEM 3apsijia, He SBISIETCs 3-X MEPHBIM (KaK y HEIOJABUKHOTO 3aps/ia), a
ero Bektop E HamnpaBieH BI0Jb BEKTOpa YCKOPEHUS U IPOTUBOIIOIOKEH EMY 110
HaIpaBJICHUIO 110 NpUHIMIY JIeHIa, B TOUHOCTHU KaK CUjla MHEPLUH IIpU pa3roHe
Mmaccsl (cM. puc.l.1). HanpskeHnHocTs BropuuHoro nojist E B Touke HaxoxaeHus
3apsizia IPOIOPLMOHAIbHA 3apsiy U ycKopeHHIo 3apsana a: E oc Kga oc zy40a [1],

rae K — koapduiment nponopruonansaoctu (K = z4), 0 — 3apsin, a —

yckopeHue 3apsaa. [Ipu yckopeHuu 3apsiia oH, OISITh )K€, Kak Obl «3apspKaeT
CpeAy MarHUTHBIM I0JIEM, TO €CTh IPOU3BOAUT PabOTY, a IPH TOPMOKEHUU —
cpelia OTAaeT ATy SHEpPruto. B To e BpeMs, He Bce YCKOPEHHUs 3apsijia BbI3bIBAIOT
ycuseHue (ocnabieHre) MarHUTHOTO T0JIsl M, COOTBETCTBEHHO, MMOSBICHUE
BropuyHoil D/IC. Eciin yckopeHue HANIpaBJIeHO NepHeHAUKYJISIPHO Iy TH
3apsiia (HanmpuMep HEeHTPOCTPEMHUTETbHOE YCKOPEHHE), TO TAK0E YCKOpPeHHe
He YBeJIMYMBaeT CKOPOCTh 3apsiia, He yCHJIMBaeT (4 He 0cJ1a0JisieT)
MArHUTHOE I0JI¢ U, COOTBETCTBEHHO, He MPOU3BOAUT padoTy. Takum ciydaem
SIBJIIETCS KOJIbLIEBOM MTPOBOJAHUK (COJIEHOU) C TEKYILIIUM B HEM ITOCTOSIHHBIM
ToKOM. To ecTpb, Moysb BekTopa E nponopunoHaieH ckaasipHOMY
IIPOM3BEICHNIO YCKOPEHUS & Ha BEKTOP CKOPOCTH JABMKEHUS 3apsaa V, a cam
BekTop E Hanpasien Biosb BekTopa V B MPOTHBOIOIOXKHOM HarnpasyieHuH. C
Y4€TOM CKa3aHHOT0, BBIPAYKEHUE JIJIsl HAPSYKEHHOCTH BTOPUYHOTO
ANEKTPUYECKOTO OIS B TOUKE HAXOKIAEHUS 3apsiia IPUHUMAET BUA:

E:—,u,uoq\%(ﬁ\m [2]

B cirydae KoJIbLIEBOr0 KOHTYpa ¢ IEPEMEHHBIM TOKOM, YCKOPEHHUE 3aps0B a
HaIpaBJIEHHO BJ/I0JIb MPOBOJHUKA (M COBIAAAET MO HAMIPABICHUIO C BEKTOPOM
CKOPOCTH 3apsaoB V) 4TO, COOTBETCTBEHHO, BBI3BIBACT MOSBICHUE BTOPUYHOTO
ANEKTPUYECKOTO T0JIsI, pe3yJIbTaTOM 4ero siBisiercs (apaaeeBa nHayKuus. Tak
KaK YCKOPEHHE He MOKET MPOJ0DKATHCSI OECKOHEYHO, TO BTOPUYHOE
anekTpudeckoe noiue E aBnsercs nepemeHHbiM. IlosiBjieHHe BTOPUYHOTO



3JIEKTPUYECKOT0 M0JIsl BbI3BaeT TOKH CMeLlleHUsl B BAKYyMe U, KaK
CJIe/ICTBHE, JJIEKTPOMATHUTHYIO BOJTHY. OOBIYHO B IUTEPATYpPE NEPECKAKUBAIOT
OJIHY CTyNEHb, a, IMEHHO, MOSBJICHUE BTOPUYHOT'O JIEKTPHUUECKOr0 MOJIS ¥ cpasy
3asBJISIIOT, YTO YCKOPEHHBIN 3apsi/i BBI3BIBACT 3JIEKTPOMArHUTHYIO BOJIHY. [1pu
3TOM MOILHOCTb, U3JTy4YEHHYIO0 YCKOPEHHBIM 3apsiIoM, ONPEAEsIoT o popmyrie
2,2
Jlapmopa: P = _a3 , [JIe € — 3aps], a — YCKOPOEHHE, C — CKOPOCTh CBETA.
67e,C
e Takum 00pa3oM MOXKHO MPEIOIOKHUTh, YTO CyIIecTBYIOT Bcero JIBE
nedopMaIuu Cpepl - ICKTPUUSCKas U MarHUTHAS, TaK Kak, IO BUIUMOMY,
BTOPUYHOE AJIEKTPUUYECKOE TOJIE IO CBOEH MPUPOJIE HE OTINYAETCA OT
ANEKTPOCTATUUYECKOTO (Ta ke JedopMaliusi), HO MPUHIUITHAIBHO OTIHYAETCS OT
HEro MEXaHW3MOM HaBEACHHS U OpPUEHTAIUEH MO,

4. MaruuTHas uaaykuus u ¢papaaeesa IJC

MOHO BBIpa3UTh TOK, MAarHUTHYIO HHAYKIMIO U papaneeBy DC uepe3 ckopocTs U
YCKOpEHHE 3apsAA0B B KOHTYpe (HarpuMep, B KOJIBIEBOM).
BI)Ipa)KCHI/Ie AT TUIOTHOCTH 3apsaa0B B IPOBOAHHUKE UMCCT BU:

_
pr= 3],

rae Q, - cyMMapHBbIii TOABMXKHBIN 3apsf B npoBoaHuke, W = 27RS, — o6bem
HPOBOJHMKA (AJIs1 KPYTOBOT'O BUTKA), S, - MJIOIIA]b CEUCHUS IPOBOAHUKA.

Jliig Toka BeIpakeHHUEe OyJ€T UMETh BU/I:

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

rae R —paaunyc KoHTypa.
BolpaskeHue 1 MarHuTHOM MHAYKIMH (B LIEHTPE KOHTYypa) Oy1eT UMETh BUI:

I
Bc = Hil, ﬁ = Ky %Vq [6]!

rne S =7R? - miomaas BUTKA.
BripakeHue Ji1st MarHUTHOTO TIOTOKa OyJIeT UMETh BUJI (CUMTAs B IIEPBOM HPUOIMKEHUH,
4yT0 B B KOHTYpe 0JJHOPOJIHO U paBHO B B 11IeHTpe BUTKA):

Q
D = py, TZVq [7],
Torna Bepakenue s GapageeBoil HHAYKIUH OyeT UMETh B
dd Q
U=——"—-—--= =x3 8],
dt luluo 4 q [ ]

rjie @, - YCKOPEHHE 3apsi/IoB.



Takum o6pa3om Beipakenust 1 |, B, © Beipaxkarorces uepe3 Q, - cymMapHbIit
HOJIBIKHBIH 3apsi] B IPOBOJHUKE M CKOPOCTh 3apsaoB V, a papaneesa DJIC U uepes Q,

u yckopenue 3apanoB a. [lomydaercs, uro popmyna Dapazest (oHa ke nepsas popmyia
B ypaBHEeHUAX MakcBeiia) He siBisieTcsl (pyHAaMeHTaIbHOH, a SBISIETCS CIIEACTBUEM
dbopmyiist [2]. Kpome Toro uszBecTHo, uto hopmysia Dapajes He IPUMEHUMA IS
HaxoxaeHus D/1C B pa30MKHYTOM IIPOBOJHUKE U B YaCTHU KOHTYpa. boiee Toro,
dapaneeBa hopMyIia UCIIOIB3YET OYEBUAHYIO (PU3HUECKYIO (DUKIIHIO O] Ha3BAaHUEM
«MarHUTHBIA TIOTOK» (HEOOXOIMMO HE 3a0BIBAaTh, YTO «MAarHUTHOT'O TIOTOKa» HE
cymecTByeT (2) 1 Huuero Tam He «reyeT»!). [IoHATHS «MarHUTHBIN TOTOK», «KMarHUTHBIE
CHJIOBBIE IMHUMY», «MAarHUTHBIE MOJIIOCa», BEKTOP B 1 ux «pusnueckue cynHoCcTu»
noApoOHO onKcaHbl B (2) U HET CMbICIIA B IAHHOM CTaThe MOBTOPATH JOKA3aTEIbCTBA 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.

5. @apaneeBa HHAYKIHUS KOJbIEBOr0 MPOBOIHUKA € NePeMEHHbIM
TOKOM

Cxema naBenenust BTopuuHoit 3/1C B KOJIbIIEBOM KOHTYPE C TOKOM INpPUBEJIeHA Ha puC. 1.

P
E E
EE B
-
E a—= J— B

= 2

_— conductor

Puc. 1



VYckopenue a (Ui TOpMOKEHHUE) SJIEKTPOHOB B DJIEMEHTE MPOBOAHMKA (cM. puc. 1.1)
BBI3bIBACT MOSIBJICHUE BTOPUUYHOTIO 3JIEKTPUUECKOT0 011, BEKTOphl E KoTOpOro
HaIpaBJIEHBI 110 KacaTeJbHOH K MPOBOJIHUKY U B HAIIPaBJICHUH, TPOTUBOMOIOKHOM
BEKTOPY yCKOpEHUS (TOpMOKEHHUs) 3apsiaoB a. COOTBETCTBEHHO, U3Iy4YaeTcs
AJIEKTpOMarHuTHas BojiHa, ¢ koMmnoHeHntamu E u B, pacnipoctpanstomiascs B
HarpasieHuu BekTopa [loitnTunra P. B cirydae, koraga BEKTOp yCKOpEHUs 3apsioB a
COBIIAJIACT 110 HAIPABJICHHIO C BEKTOPOM CKOPOCTH 3apsaoB V (Tokom |), To u3inyueHue
HaNpaBJICHO PaJIlaIbHO OT MPOBOAHUKA (cM. puc.l.1). Tak paboTaroT MOHOIIOJBHEIE U
JTUTOJIbHBIC TIepeatoniie anTeHHbl. TyT, BoOIIe-T0, Hy’>KHO UIMETh B BU]LY, YTO B
HEMOCPEJACTBEHHON OJIU30CTH OT MPOBOHUKA (OMvkHEH 30He), BeKTopsl E 1 B
HaXOJATCs B MPOTUBO(]A3e (YTO COOTBETCTBYET NIPUHIIUITY COXPAHEHUS SHEPTUN) U
TOJILKO B JJAJIbHEH 30HE OHM CTAaHOBATCS B (paze (“TiepexBaThIBAIOTCS TUIICKTPUIECKON
cocraistomiei a¢upa) (4), (11). Tak uro Bekrop P Ha puc. 1 mpuBeaeH HILTFOCTPATHBHO.
Yckopenue (WM TOPMOKEHHE) AIEKTPOHOB B KOJIBIIEBOM IMPOBOJAHUKE (CM. pHC.
1. 2) BbI3BIBAET MOSIBJICHHE BTOPUYHOTO JIEKTPUUYECKOTO 1MoJsl, BekTopa E xoToporo
HaIpaBJIEHBI 110 KacaTeJIbHOM K MPOBOJIHUKY U B HAIllPaBJIEHUH, IPOTUBOIOI0KHOM
BEKTOPY YCKOpPEHUS (TOPMOKEHHUsI) 3apsAoB a. TakuM 00pazoM, B MPOCTPAHCTBE PSAIOM C
KOHTYPOM TOSIBIISIETCS] BAXPUBOE IEKTPUUYECKOE I10JI€, B YaCTHOCTH, HABOJIALIEE B
MeTaln4eckux npeamerax Toku @yko. Buxpesoe nose E Taxke BHI3bIBACT U3ITyUCHUE
3JIEKTPOMArHUTHOM BOJIHBI, B YACTHOCTH, PAMOYHON aHTeHHOW. TO ecTh, TaK Kak B
KOJIBIIEBOM KOHTYpE BEKTOpP BTOPUYHOTO AekTpudeckoro noys E Hanpasiex no
KacaTelbHOU K OKPYKHOCTU KOHTYpPa, TO OH, COBMECTHO C BEKTOPOM MarHUTHOTO IOJIS
B, 006pa3zoBaHHBIM TOKOM B KOHTYpE, BbI3bIBAET U3IYUYCHHE SJICKTPOMArHUTHOM BOJHBI,
HaIpaBJICHHON paAnajabHO OT KOHTYpa (puc. 1.3.) u noasipu30BaHHON B INIOCKOCTH
KoHTypa. Takum oOpa3om GopmupyeTcs TuarpaMMa HarpaBJIeHHOCTH paMOYHOI
aHTEHHBI B BUJE TOpa C MUHUMYMOM B HAIPaBJICHUH OCH PaMKH.
YckopeHue (M TOpMOXKEHHE) 3JIEKTPOHOB B MPOBOIHUKE BO3HUKAET MIPU IIEPEXOTHOM
(HecTaMOHapHOM) PEKUME, HAPUMED, MIPHU MPOTEKAaHUH TEPEMEHHOT0 TOKa. Takum
00pa3oM, B JaHHOM KOJIbIIEBOM KOHTYPE U B KOHTYpaX, pacHoiI0KEHHBIX PSAJIOM C HUM,
BHUXPEBOE T0JI€ HABOJUT BTOpHUHYIO (papaneeBy) I/1C, koTopas ciBuHyTa 110 ¢a3e Ha
180 rpanycoB oTHocuTenbHO BHeHIHeNH DJC, MpUI0KEHHOM K TepBOMY KOHTYPY (H,
COOTBETCTBEHHO, OTHOCUTEJILHO HAIIPaBJICHUs TOKA B MPOBOJIHUKE). DTO SBIIAETCS
¢usnueckoit ocHoBoit npununa Jlenma. Kpome toro, konblesble TOkU DyKO MOSBIAIOTCS
Kak cieAcTBHe (papazeeBoil MHAYKIMU Ul KOJIbIEBOro MPOoBOIHUKA. [l TMHEHHOTO
MIPOBOJIHUKA C IEPEMEHHBIM TOKOM , TOK DyKO — TMHEHHBIH, HO TOJIBKO Ha HEOOIBIIOM
KBa3WJIMHEWHOM y4dacTke. B “manbHeit 30He” OH Bce paBHO KaKUM-TH00 00pazoM
3aMKHYT — GopMyJibl papaeeBoil HHIYKIMH pabOTaOT TONBKO JJIS 3aMKHYTBIX
KOHTYpPOB.
BropuuHo€e BUXPEBOE AIEKTPUUECKOE 10JI€ OUEHD IIUPOKO HUCIIOJIB3YETCS Ha MPAKTUKE U
SIBJIIETCS. OCHOBOM COBPEMEHHOM 3JIEKTPO- U PATUOTEXHUKH (TpaHCHOpPMaTOPHI,
9JIEKTPOMAIIIUHBI U T.11.).

6. Cayuau orcyTcTBus (papageeBoil HHAYKIMHU

B 10 xe Bpemst U3BECTHBI Clly4au, KOI1a ABMXKYLIMECS (Jaxke C YCKOPEHHEM) 3apsiabl HE
HaBoAIT BTopuyHOi D/IC 1 He u3IydaroT.



Hanpumep, U3BECTHO, YTO IBUXKYIIMNACS C TIOCTOSIHHON CKOPOCTBIO 3apsijl HE
CO3J1a€T BTOPUYHOE IEKTPUUECKOE MOJIE U HE U3ITy4aeT HECMOTPS Ha TO, YTO JIOKAJIbHOE
MarsuTHoe nose B Touke X,Y,Z npocTpaHCcTBa MEHSETCs 110 Mepe IpoJieTa 3apsjaa. JT1o,
B IIPUHIUIIE, TPOTUBOpEUUT opmyie Papases, COrIaCHO KOTOPOH Tr000e U3MEHEHHE
MarHUTHOI'O TOJIsI B IPOCTPAHCTBE BBI3BIBACT MOSIBIIEHUE BTOPUYHOTO 3JIEKTPUUECKOTO
nojsi. Ho o0iee MarauTHoOE 10j1€ B IPOCTPAHCTBE (HE JIOKAJIBHOE) HE MEHSETCA U €CIIH
HailTu HeKuil PUKTUBHBIA KOHTYp C OECKOHEUHBIMU I'PAaHUIIAMHU, TO CyMMAapHbIH
«MarHUTHBINA TIOTOK» B HEM TOXXE HU U3MEHTCS, YTO, OISITh JK€ YAOBIETBOPUT (popmyie
®apanes (GUKTUBHOCTH TAKOr0 MOJAX0Aa oueBUAHA). Ho 3TOT mapanokc nerko
OOBSICHACTCS B paMKax MPUHIIHIA, IPUBEIEHHOTO B IaHHOU CTaThe, COTIACHO KOTOPOMY
TOJIbKO TAHTCHIIHAJIbHOE YCKOPEHHUeE 3apsi/ia BbI3bIBACT NOSIBJIEHHE BTOPUYHOI0
3J1eKTPHYECKOr0 0JIs.

Kpome Toro, nu3BecTHO, 4TO KOJIbLIEBOI KOHTYP € HOCTOSHHBIM TOKOM HE HAaBOJUT
BropuuHyto DJIC 1 He u3nyyaer, HecMOTps Ha popMaJIbHOE HATTMYKE PaUaIbHOrO
(LLEHTPOCTPEMUTENIBHOT0) YCKOPEHUS 3aps/10B, IOBOPAYMBAIOLINX UX TPAEKTOPHIO 110
Kpyry. [lony4aercs 4To BTOpUYHOE JIEKTPUUECKOE T10JI€, BBI3BAHHOE TaKUM JBUKEHUEM,
OTCYTCTBYET, HACMOTPSI Ha TO, YTO 3apsi/ibl B IPOBOJHHUKE JIOJKHBI HCIBITHIBATh
YCKOpPEHHUE HalPaBJIEHHOE K LIEHTPY KOHTYypa. DTO HAXOAUTCS B COTJIACUHU C
BBIIICIIPUBEACHHBIM IPUHIUIIOM, IIpY KOTOpoM BTopu4Hasi J/1C nosBisieTcsi TOJLKO
B CJIy4ae, KOTr1a NPOeKUHs BEeKTOPAa YCKOPEHHs a HA BEKTOP CKOPOCTH 3apsaaoB V

wim Bektop | (rme | - BekTop, coBIamaromuii o HarpaBICHUIO C AIEMEHTAPHBIM
OTpPE3KOM IIPOBOJIHUKA, B KOTOPOM K 3apsijiaM MPHI0KEHO YCKOPEHHE a), He paBHA

HYJIIO, TO €CTh CKaJISIPHOE MTPOHM3BEICHHE BEKTOPOB a U V' wiiu BekTopoB a u | (BekTop
V/ B IIPOBOIHUKE COBIIAIAET M0 HAIPaBJICHHIO ¢ BeKTopoM | ) He paBHO Hyr0 aV =0,
wi al #0. O4eBHUIHO, YTO B CITydae KOJBIICBOIO KOHTypa YCKOPEHUE HANIPABJICHO 110

HOPMaJIH K TIPOBOJHKKY H, cooTBeTcTBeHHO, al =0 u @V =0. Hano orMeTuTh, 4T0
JAHHBIN CITy4ail aHAJIOTMYCH YCKOPEHHIO MAaTEPUAILHOTO TeJa TIPU BpaIaTeIbHOM
JBHKEHUH, TP KOTOPOM LIEHTPOCTPEMHUTEIBHOE YCKOPEHHE HEe COBEpIIaeT paboThI, TaK

KaK OHO MEePHEeHMKYJISIPHO MyTH U MTHOBEHHO# ckopocTh (M (a‘l ) =0). Takum o6pazom,

3apsl, ABMXKYIIUICS C YCKOPEHUEM, HAITPaBJICHHBIM BJIOJIb IIyTH 3apsiia, HABOJIUT
BropuyHyo JJ[C, Tak KaK B 3TOM ClIy4ae OH Kak Obl «3apsKaeT» Cpeay MarHUTHBIM
TOJIEM, TO €CTh YBEJIIMUMUBACT €T0 YHEPTHUIO U, COOTBETCTBEHHO, MPOU3BOIUT pabOTy, B TO
BpeMs, KaKk paJlajibHOE YCKOPEHHUE 3apsi/ia B KOJIBLIEBOM KOHTYPE HE MEHSIET YHEPTHUIO
MarHMTHOI'O TOJIS U, CJI€I0BATENIbHO, HE TPOU3BOIUT padoTy.

/. CunxpoHHnble (papageeBbl) 3JIeKTPOMAIIMHBI

Jlanee, U3BeCTHO, UTO Bpalaromiasics pamka (KoHTyp) ¢ TokoMm HaBoaut DJ[C B
CHUHXPOHHBIX ((papasieeBbIX) AIEKTpOreHepaTopax. 3apsabl B Hel, B JaHHOM ciydae,
JIBMDKYTCSI BJIOJTb KOHTYpa (Kak Obl B MOTEHIMAIbHOM TpyOe). Kpome Toro, oHu
BpaIalOTCsl BMECTE C PAMKOH M, TAKUM 00pa3oM, IBUKEHUE 3apsI0B SBISETCA
cnupaigbHbIM. M3BecTHO Takke (cM. yueOHUKN), uyTo 3Ta DJ{C — nepeMeHHas u
MaKCUMaJIbHasi aMIUIUTY /1A IOCTUTAETCs KOT/la paMKa C TOKOM MEpPIEeHINKYJIIpHa paMKe,
B kotopoit HaBoautcsa DJIC. Bee aTo oueHs xopoio onuceiBaetcst popmynoit Dapazes, a



BOT IMOCTPOEHUE YCKOPEHUH U, COOTBETCTBEHHO, BropuuHoi DJIC cTamkuBaercs ¢
ONpeICICHHBIMHU TPYAHOCTAMHU, TaK KaK BCE YCKOPEHUS SIBISIOTCS PE3yIbTaTOM
BpalllaTeIbHOrO JBUKEHHS U HAIIPABIICHBI MIEPICHIUKYIISIPHO POBOIHUKAM, TO €CTh,
COTJIACHO (PM3UYECKON MOJIEIH, MPEIOKEHHON B TaHHOM cTaThe, ykasanHas DJ[C He
JIOJDKHA HABOAUTHCS (OTCYTCTBYIOT YCKOPEHHUS, HAIPABJICHHBIC B/IOJIb TPOBOAHUKORB). B
TO K€ BpEeMsl, MOXHO I0Ka3aTh, YTO TAKHE YCKOPEHHUS UMEIOT MECTO.

[IpencraBuM, 4TO €cTh HEKUI KOHTYp (CXema NMpUBECHA Ha PHC. 2), HAlpUMeED,
KoJbIIeBas TpyOa, B KOTOPOU 0€3 COMPOTUBIICHUS C MOCTOSHHON CKOPOCTHIO V IBUKETCS
HEKOe MaTepualbHOE TeJ0, HallPpUMep, KaTUTCS MapUK (WU TeYET BOJA).
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e T\ P>

/-” }{ // VI

‘ postion position 1

position 1 /

\ 77

N[ %

wat 1
Y=Vcos{iyt)

Puc. 2a

Puc. 20



KoHnTyp HenmoaBuxeH U pacroyiokeH B TOpu30HTAIBHOM IIIOCKOCTH (ToJioxkeHue 1 Ha
pucyHke 2a). HaunHaem Bpamath KOHTYP BOKPYT OCH, PACIIOJIOKCHHOW B
TOPU30HTANILHOM IMJIOCKOCTH, JI0 TE€X MOp, IT0Ka OH He noBepHeTcs Ha 180 rpamycos
(monoskeHue 3 Ha PUCYHKE) U HE BEPHETCS OMSATH B TOPU3OHTAIBHYIO IJIOCKOCTb.
HetpyaHo BuaeTs, yTo Tenepb CKOPOCTH IIapuKa (BOJIbI) OKa3ajiach HAIIPaBICHHOHN B
IPOTUBOIOJIOKHYIO CTOPOHY. DTO MOXKET IIPOU30MTH TOIBKO €CIIH MIAPHK (JICMEHT
HUJKOCTH) BO BpeMs IOBOPOTA UCHBITHIBANl YCKOPEHHE, HAITPABJIEHHOE BJIOJIb KOHTYpA.
C TOUKM 3peHUs1 MEXAHUKH 3TO BBIMVIAIUT JOCTATOYHO CTPAHHO, TaK KaK CKOPOCTb
JBUKEHUS IIapuKa (KUAKOCTH) B INIOCKOCTU KOHTYpa HE MEHSETCS, @ MEHSIETCS TOJILKO
IIPOEKIIMSI CKOPOCTU Ha TOPU3OHTANIBHYIO IUIOCKOCTh. B TO k€ BpeMsi, MO>KHO C/Ie€NaTh
SKCIIEPUMEHT, KOT/1a IapuK (PU3MUECKU NEPEHOCUTCS U3 mojoxeHue 1 (cM. puc.2a) B
10JIOKEHHE 3 U3MEHSIS IPU 3TOM CKOPOCTh JIBUYKEHUS Ha IPOTHUBOIOJIOXKHY0. TO ecTb,
3TO (hu3nueckas pealbHOCTh. B mpuHIIMIIe, MpH BpallleHUH TaKOTO KOHTYpa BOZHUKAET
TUPOCKOMMYECKU MOMEHT, HO, IIPU 3TOM, CHJIa MIPUJIOKEHA K OCH, IEPIEHIUKYIISIPHOI
IJIOCKOCTH KOHTYpa (IIPEMATCTBYET MOBOPOTY), a HE K JIEMEHTY Ha 00oze (1 He
HalpasJieHa BAOJIb 000/1a).

Tax wnu Have, HO BBIpaYKEHUE JJISl CKOPOCTH IIapuKa (KUAKOCTH) OYAET CIEeTYIOIINM:

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

I7I€ O — YIJI0Basi CKOPOCTh BPAILICHUS PaMKHU.
Torna BelpaXkeHHe AJI YCKOpEHUE 1apuKka (JKUAKOCTH) OyIeT:
d—V:a:—VOa)sin(a)t) [10]
dt
Omnste xe, GpopMalibHO, 3T V U a — 3TO NPOEKLNHU BEITUYHUH Ha FTOPU30HTAIBHYIO
10¢KOCTh. COOTBETCTBEHHO, IPOEKIIMS BEKTOpPa CKOPOCTH V Ha TOPU30HTAIBHYIO
IUIOCKOCTB TIPOXOJUT Yepe3 HyJb (IPOEKIUH CKOPOCTEH OT MPOTHUBOMOIOKHBIX CTOPOH
KOHTYpa KOMIIEHCUPYIOTCS), KOTJ1a KOHTYp pacrnojioxkeH noa 90 rpanycoB k
TOPU30HTAILHON TUIOCKOCTH (ITOJIOKEHHE 2 Ha pUCYHKE). A mipu noBopoTe Ha 180
IpagycoB KOHYp (PU3NYECKHU PACIIOIOraeTCsl B TOPU30HTAIBHON MIIOCKOCTH, HO CKOPOCTh
nrapuka (KMJIKOCTH) HalpaBlieHa B IPOTHBOIONIOXKHYIO cTopoHy. Ilomydaercs, uro
LIapUK 3aTOPMO3HJIICS 0 HYJISl M CHOBA Pa30THAJICS, HO BIIPOTUBOIOJIOKHYIO CTOPOHY.
DTO e OTHOCUTCS K KOHTYPY € TOKOM (CM. pHC. 20), TO €CTh JIEKTPOHBI B
MIPOBOJHUKE MPU €r0 BPALLEHUH JI0JKHBI UCIIBITHIBATh YCKOPEHHE, HAIIPABJIEHHOE BJI0JIb
IIPOBOJHMKA. 37€Ch HaJJ0 MOBTOPUTH, UTO JBUKEHUE U YCKOPEHUE MATEPHAIIBHBIX
(He3apsKEHHBIX) TEJI HE 0Ka3bIBaeT HUKAKOI'O BIMSIHUS Ha MTOJIOKEHUE, IBIKEHUE U
HHEPreTUYECKOe COCTOSIHME COCEHUX TeJl (TpaBUTALUs HE YUYUTHIBAETCS), B TO BpeMs,
KaK MOJIOKEHHUE, TBUKEHUE U YCKOPEHUE 3apsiI0B MPUHLUIINAIBHO BIUSIET Ha
MOJIOKEHHUE U SHEPreTUYECKOe COCTOSHUE COCEHUX 3apAaoB. Takum oOpa3om,
JBUKYLIMECS 3aps/ibl BO BPALLIAIOLUIUMCS KOHTYPE C TOKOM HCIBITHIBAIOT
TaHTe€HIMAJIbHOE (HAIPaBICHHOE BJ0JIb IPOBOIHUKA) YCKOPEHHE, KOTOPOE HABOJIUT
AJEKTPUYECKOE T0JI€ B TPOCTPAHCTBE U, COOTBETCTBEHHO, BHI3BIBAET MOSIBICHUE
BropuuHoi DJ[C B coceIHUX KOHTYypax.
[MTepexops k BpamiaromieMycst KOHTypY ¢ TOKOM U B cOOTBeTCTBHHU ¢ hopmyoit [10]
MOJIy4aeM:

E =—uu,0, (af) = 1O NVoosin (@t) = gl wsin(wt) [11],
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[ne @, = p,S, - IIOTHOCTE 3aps/I0B, YMHOKEHHAs HA CEYEHUE MPOBOIHUKA, TO €CTh

3apsijl, CKOHIICHTPUPOBAHHBIN B €JMHHUIIC JJTUHBI TPOBOAHUKA (cM popmyiy [4]).
Tak Kak MarHUTHast UHIYKIUS B LIEHTPE KPYTrOBOIO KOHTYpa ONPENEIAETCS KaK

B. =ﬂﬂozl—R=ﬂﬂo%V ,

u Qv =BS,

to 3J1C, HaBe/leHHAs B KOJIBIIEBOM KOHTYpe OyJIeT paBHa:

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

B To xe Bpems, cornacHo ¢popmyne Papanes E = T =-B pm (cunTas MarHUTHYIO

MHIYKIUIO B mocTosHHOM 10 1I0maam KoHTypa), rae dS, - mpoeknust KOHTypa (paMKH)
C TOKOM Ha IIJIOCKOCTh HEIIOABHKHOM paMKHU. O‘IeBI/I,I[HO, YTO BCIMYHWHA SJ_ MCHSCTCA I10
dS, Scoswt

dt
pamku. Torna dapaneesa D/]C, HaBeeHHAs BpaIlalOICCsS PaMKO# ¢ TOKOM OyieT
paBHa U = BSwsin ot = ® wsinwt (2), uro coorBercTByeT hopmyie [12]. Takum

3aKOHY KocuHyca. Torna =-Swsinwt, rae @ - yrioBas CKOPOCTb

obpazom, Gpopmyia Dapanes u BeipaxkeHue [12] TOXAeCTBEHHBL, YTO MOATBEPKIACT
U3JI0’KEHHYIO B CTaThe TMIIOTE3y O BropuyHoi (papaneesoit) IJC kak o cieacTBUU
HaBEJICHUSI BTOPUYHOTO 3JICKTPHYECKOTO IMOJISl YCKOPEHHBIMHU 3apsiaMu.

8. lIMKJI0TPOHHOE H3JTyUeHHe

E1te oJHUM HCTOYHHUKOM M3JTyUEHHs SBIISIOTCS YCKOPEHHBIE JIEKTPOHBI B
LIUKIOTPOHE (IIUKJIOTPOHHOE U3JIyUYEHHE). DTOT 7K€ MPUHIIUI UCII0JIb3YETCS B
MarHeTpoHax. Hajgo oTMeTuTh, 4To 0OBIYHO B IUTEpaType NPUUMHON U3ITyUeHHs
Ha3bIBAIOT PaIUAIbLHOE YCKOPEHHUE, MpHIoKeHHoe K 3apsaaam (4), (5), (6) u,
COOTBETCTBEHHO, JUarpaMMa M3J1yudeHHs! €JMHUYHOIO 3apsi/ia HalpaBJeHa o
KacaTenmpHOU. B TO ke BpeMsi, B IUKJIOTPOHAX U MarHETPOHAX 3apsiJIbl, TIO ONIPEIEIICHUIO,
YCKOPAIXTCH (a B MarHeTpoHax yCKOPSIIOTCSI U TOpMO3sTcst). Takum oOpa3oM, K
3apsiiaM MPUIIOKEHO TAaKXKe U TAHTCHIIMAIBHOE YCKOPEHHE, KOTOPOE, TI0 BUIUMOMY, U
SBIISICTCS IPUUMHOM 3J€KTPOMAarHUTHOTO U3TY4YEeHHUsI M KOTOPOe 0053aHO HAaBOIUTh
BTOPUYHOE AJIEKTPHUECKOE ToJIe. PajinanbHOe YCKOPEHHE IPU 3TOM MPHCYTCTBYET, HO B
HaBesieHuH BTopuyHOi /]C 1 B BO3HUKHOBEHMH U3TYYEHUH YUaCTHUs HE IPUHUMAET TaK
ke, Kak U B CIIy4ae PaMKH C TIOCTOSTHHBIM TOKOM (XOTS B 9THX CITydasiX CKOPOCTH
3apsI0B HECOTOCTABUMEI U oTHdaiotes B 1x10 pas, Tak kak cKOpocTh 3aps/ioB B
MIPOBOJTHUKE COCTABIISIET BCETO OKOJIO 3 cM/cek). B To ke Bpemsi, HEBO3MOKHO
HKCHEPUMEHTAIBHO ONPEIETUTh, UCITYCKACTCS JIH HUKIOTPOHHOE U3ITyuyeHHE 1O
KacaTelbHOM (ClIeACTBHE PaiuajIbHOTO YCKOPEHHUS) WK MO paJnycy (CleaCcTBUE
TaHTE€HIIMAJIBLHOT0 YCKOPEHHsI ), TaK KaK [IMKJIOTPOHHOE M3JIy4YeHHUE, BEI3BAHHOE
TaHTEHIIHAFHBIM YCKOPEHHEM UMEET TaKHhe Ke XapaKTEPUCTHKH, KaK ecIi ObI OHO OBIJIO
BBI3BAHO PaJHaJIbHBIM YCKOpeHHeM. Takum o00pa3oM, COTJIacHO U3JI0KEHHOH B TaHHON
CTaThe TUTIOTE3€e, YCKOPEHHBIHN 3apsi/] H3ITydaeT MePIEeHANKYISIPHO TPASKTOPHH €ro
JIBYDKEHUS, a 3apsJibl, ABIXKYIIHecs 0€3 TaHT€HIIMAJIbHOT'O YCKOPEHUS C TOCTOSTHHOM
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CKOPOCTBIO TI0 OKpYyx)HOCTH rocTosiHHOTO paauyca HE U3JIYYAIOT (xoTs k HUM
IIPUIIOKEHO pajalibHOE YCKOpeHue) 1 He HaBoaaT BropuuHoi D/[C. Keratu, ns
MIEePBBIX HCCIe0BaTeNe cTpoenus atoMa (Hanpumep, Pesepdopra) ato siBunock
[1apaJIOKCOM, XOTsl, B paMKaX IIPUHSTOHN B IaHHOM CTaThe TUIIOTE3BL, ITO ABISAETCS
BIIOJIHE €CTECTBEHHBIM (XOTS HaJI0 OTMETHUTb, YTO OPOUTAIIH SJIEKTPOHOB B aTOME — 3TO
HE COBCEM OpOMTHI, a, CKopee, 3-X MepHbIe GUrypsl JInccaxxy B HEKOM pe30HATOpE, I7Ie
3aJ1aloleil YacTOTOM SIBJISIETCA HEeKas YacToTa aTOMHOTO siJipa, PONPOLIMOHANIbHAS YU CITY
npoToHOB). HacueT e n3mydeHus 3apsiioB, 3aXBa4€HHBIX B HOHOC(EpPEe MarHUTHBIM
nojieM 3emitd (COrJacHO COBPEMEHHBIM MPEICTABICHUSAM 3TO YHUCTO JIOPESHICBA CHJIa
0€30 BCSIKOTO TaHT€HIIMAJIBHOIO YCKOPEHHS), TO BOIIPOC OCTAETCS OTKPBITHIM BCIICACTBUU
OUYEBUHOTO HE3HAHUS acTPO(U3UKAMU MPOIECCOB, TPOUCXOASIINX B MarHuTOoChepe
3emuu (8) u, Tem Oosiee, B MarHuTOC(Epe 3BE311 U MYIHCAPOB.

9. TopMo3HOe H3TyYeHHEe

Topmo3snoe uznyuenuk (bremsstrahlung, repm, aHri.) BbI3bIBa€TCS TOPMOKECHHEM
3apsI0B MPU MPOXOXKICHUH UMH MorIIomaoleii cpenst (4), (7). Xapakrep u
HAIPABJICHOCTh M3JTyYCHUS MTOJHOCTBIO COTIACYIOTCS C IPUBEICHHOM B JAHHOM CTaThe
TUIIOTE30M.

10. /lonmoTHUTE/IbHBbIE 3aAMeYaHUs OTHOCSIIIIHECHA K TeMe JaHHOH CTaTbH

[IpuBeneHHbIN B JaHHOM CTaThe (PU3NIESCKUN TPUHIIUIT — BTOPUIHOE
JIEKTPUUYECKOE T0JI€ KAK CIEICTBHE IEKTPUUECKON MHEPIIMH 3apsijia IIPU ero
YCKOPEHHUU - MOXKET OBbITh (hyHAaMEHTaIbHBIM (€CIIM OH, KOHEUHO, NpaBuibHbIN). Kpome
TOTO, 000 3apsa (3apsKeHHAs 4acTHIA, TeJI0) UMEET MacCy WHEPLUHU U IIPU
YCKOPEHUHU K HEMY MPUIJIOKEHA U MEXaHWYeCKasi CHJla MHEPLIUHU, CONTPOTUBIISIOLIAsICS
pasroHy AaHHOTO Tela U AneKkTpuueckas. [Ipuuem 06e 3TH Cuilbl (MHEPIMH) TPUII0KEHBI
B HaIlpaBJIEHUH, IPOTUBOIIOJIOKHOM YCKOPEHHIO ( [UIsl yCKOPEHHOTO 3apsijia 3TO MPUILIUIT
Jlenua). B ciyuae 3apsiaa, ¢puszndeckuii CMbICI BpOe MOHATEH (BTOPUYHOE TOPMO3SIIee
ANEKTPUYECKOE T0JIE), & KAKOE II0JI€» BBI3bIBAET MEXaHMUECKYIO HHEpLHio? OueBUIHO,
YTO HE T'PaBUTALMOHHOE, TaK KaK CUJIa MHEPLUH (B MPOTHBOIOIOKHOCTh JIEKTPUUECKOM
MHEPLNH), IPUIOKEHHAs! K OJJHOMY Telly HUKaK He pacloCTpaHseTcs Ha IpYyTue,
cocennue Tena. Y ecnu 3To «1ose», To OHO JIOKAJIM30BaHO BHYTpH Maccel. Bompoc
OCTaeTCs! OTKPBITHIM.

Kpome Toro, BO3HHKaeT BOIPOC, KaK CBA3aHbI MEXy cO00I «TOHKasi COCTaBIISIOLIAS
a¢upa», OHa )Ke «TeMHasl SHEPTus», NehopMalusIMu KOTOPOH ABIISIOTCS AIEKTPUUECKOE,
MarHUTHOE ¥ BTOPUYHOE IEKTPHUUECKOE MOJIsl, C TPABUTALMOHHBIM NOJIeM (Ipupoaa
KOTOPOTO TAaK)K€ OCTAaeTCsi HEeM3BECTHOM). TyT MOXKHO MPEANON0KHUTH, YTO ITH MOJIS
CBSI3aHBI B OJJHOI cCUCTEMe KOOPIUHAT (€CTh HEKOTOpbIe OCHOBaHMs Tak mojnarats (10),
(11)). Hannpumep, MarHuTHOE TOJIC M, COOTBETCTBEHHO «TEMHAsi SHEPTHsD («TOHKAs
cocTaBisitolIast 3(pupar») HEMOABMKHBI B TE€OILIEHTPUUYECKON cHCTeMe KOOPAMHAT U He
BpaliarTcs BMeCTe ¢ 3emyiel (TIpu ee BpallieHuu BOKpYT ocH). To ke u 1yt
rpaBUTallMOHHOTO 1o 3emin. Takum oOpaszoM, 06a stux nonst HE CO3JAIOT
TaHT'€HIIMAJIbHBIE CUJIBI M HE TIEPEAOT APYTUM TeslaM KpYyTSIuid MOMEHT. J{is
MarHUTHOTO TOJISI ATY TUIIOTE3Y MOXKHO CUUTATh J0KazaHHOH (3), 1s
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IPABUTALIMOHHHOTO K€ I10JIs JOCTOBEPHBIE CBEIETENBCTBA MEpEJaut KPYTAILLIEro
MOMEHTa OTCYTCTBYIOT, HECMOTps Ha T0, 4To B OTO durypupyer Hekoe
«3aKpy4YMBaHUE» IPOCTPAHCTBA, KOTOPOE HEOJJTHOKPATHO MBITAJICH ONPEIEIUTh
JKCIIepUMEHTaIbHO. Ho, B CBSA3M C COBEPILIEHHON HUYTOXKHOCTBIO IpeackazaHHoro OTO
s¢dekTa 1 ero oYeBUAHBIM OTCYTCTBHEM, BCE YCUITUS «HUCKATeNei» JaHHOTO A eKTa,
HECMOTPS Ha UX OTPOMHOE XKEJIaHUE, 3aBEPIININCh HUUeM. TakuMm 00pa3oM MOXKHO
MIPEINOJIOKHUTD, YTO TPABUTAIIIOHHOE T10JI€ U «TOHKAsl COCTaBJIstonIas 3pupay KakumM-To
00pa3oM CBsI3aHBI M, B YAaCTHOCTH, UMEIOT HEKOTOpbIE 00III1e CBOKWCTBA (B YaCTHOCTH,
Macca 1 uHepius). O4eBUIHBIM OTIIMYUEM SIBIISIETCS MOJIIPHOCTD 3apsija U,
COOTBETCTBEHHO, HAIPaBJIEHUS 3JIEKTPUUECKOI0 MOJIs, TAK KaK OTPULIATEIILHOTO
IPABUTALMOHHOTO MOJIsl HE CYIIECTBYET.

11. 3aka4yeHue

MO3KHO ¢ 10CTaTOUYHBIM OCHOBAHUEM IPENIOJIOKHUTD, YTO IEKTPUUECKOE
(meKTpocTaTHYECKOE ), MATHUTHOE U BTOPHYHOE IeKTpuueckoe ((apameeBo) mous
SBIISTIOTCS] HCKOKCHUSIMUA HEKOW CPeIbl — «TOHKOM CTPYKTYphI ddupay. [Ipu aTom nBa
MIOCJICAHUX SABJISAIOTCS AMHAMUYECKUMU, KOTJa IBUKEHHUE 3apsiia OTBETCTBEHHO 32
MOSIBJIEHHE MAarHUTHOTO 110JIsl, @ YCKOPEHUE 3apsi/ia — 3a MOSIBJICHHE BTOPUYHOTO
astekTpuueckoro (papaaeea) nois. Takke MOXKHO MPEAIONOKTh, YTO BTOPUUHOE
JIEKTPUUYECKOE TI0JI€ IO IPUPOJE HE OTIIMYAETCS OT IEKTPOCTATUUECKOTrO (Ta XKe
nedopmarus), HO IPUHIUIHNAIBHO OTJINYaeTcsl opueHTanuel nons. Kpome toro, B
MOCJIETHEM CIIydae 3apsi U3Iy4aeT dJIeKTPOMAarHUTHYIO BoHy. [Ipu aTOM yckopenue,
IIPWJIOKEHHOE K 3apsily HE BCEI/la HAaBOJUT BTOPUYHOE DIIEKTPUYECKOE TOJIE.

Taxum 00pa3zoM, ycKopeHHbIH 3apsil HABOAUT BTOPUYHYI0 I/IC U, COOTBETCTBEHHO,
H3J1y4aeT JJIEKTPOMATHHUTHYIO BOJIHY IIPH yYCJIOBHH:

e Eciaun yckopeHue HanpasJIeHO B0JIb BEKTOPa cKOpocTu. B o0mem ciaydae B
coznanmnu JJIC yyacreyer TOJIBKO npoekuusi yckopeHusi Ha BeKTOp
CKOPOCTH 3apsiia.

e Co0TBeTCTBEHHO, CHJIAa, IPUWJIOKEHHAS K 3apsA1y A0/IKHA MPOU3BOIUTH
padoTy MeHssl HANPSKEHHOCTh MATHUTHOIO T0JIs1 (3apsi’kas MM pa3psKasi
ero).

BropuuHoe 371€KTpUUYECKOE MTOJIE MOJIE TIO CBOEMY JEHCTBUIO aHAJIOTUYHO UHEPLIUU
MacCHBHOIO Te€Jia MPU YCKOPEHHH, I7I€ B JAHHOM ClIy4ae Kak Obl Maccoi sIBISIETCS 3apsil.
To ecTb BTOpHYHOE 2IEKTPUUECKOE MOJIE NPENATCTBYET PA3rOHY 3apsAa U,
COOTBETCTBEHHO, BEKTOP HAIPSKEHHOCTH I10JIS HAIIPaBJIEH B CTOPOHY,
MPOTHBOIOJIOKHYIO YCKOPEHUIo (mpuHIHUI JIeH1a).

371ech HaJl0 OTMETUTh, UTO, IPHU UX OOIIEH CXOXKECTH, MHEPIIMS MACChl U 3apsaa
pasnuyaroTcs NpUHIMNHUAILHO. VIHepuus 3apsaa BbI3bIBAETCS JIEKTPUUECKUM IOJIEM,
pacrnocTpaHsIIOIIUM CBOE IEHCTBUE TaKKe Ha COCETHUE 3apsi/ibl, B TO BpeMs, KaKk
MHEPLMS MacChl HE HABOJUT BHEIIHEE I10JI€ U COCEAHME Tela HUKAaK HE pearupyoT Ha
YCKOpEeHHe AaHHOTro Tena. To ecTh, yCKOpeHHuEe MaCCUBHOT'O TeJla HE BhI3bIBAET HUKAKUX
IPaBUTALIMOHHBIX YPPEKTOB, C KAKMM OBl YCKOPEHHEM TEJIO HE IBUTalIOCh.
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