Bonubl Xonna B nnasme

3anuiueM ypaBHeHHs1 MakcBesia [5]:

VxH="S+] (5)
i |

VXE = —5 (6)

D=¢,E (7)

B=uH (8

J =o(E+V xB) )

IInotHOCTE TOKAa J B 06001IEHHOM 3aKOHe OMa (9) y4MTHIBaeT
BIMSTHHME 3IEKTPUYECKOro nosist £ u cuny JlopeH11a Ha 3J1EKTPOH CO
CTOPOHBI MAarHUTHOIO NoJs B .

YpaBHeHME NBUXEHMS 3JEKTPOHOB C 3apsiioM e, Maccod m,,
JOBYDXYIIMXCS CO CKOPOCTBIO V, B 3JIEKTPUUYECKOM U MarHUTHOM I10-
J5IX 3a4a€TCS ypPaBHEHUEM: '

dav. = = =
m,—~=e(E+V,xB) (10)
dt

I1n0THOCTE TOKA MOXET OBITh BhIpaXXeHa Yepe3 CPEedHIOI CKO-
POCTb 3JIEKTPOHOB V' M MX KOHLUEHTPALIUIO A,

J=enV (11)

CpelqHIo CKOpOCTbh MOXHO TOJMYYUTh UHTETPUPOBAHUEM YpaB-
HeHus asuxeHus (10) mo BpeMeHU Ha uHTepBaie 7 =1/v, rae v —
4acToTa COyAapeHU

e

V= -e—(E+r7,x1§)dz=—[E+( ﬁdt]xé}ﬁ@u?xé) (12)
m m
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Unu 2
j:e f’le

L

(E+VxB) (13)

o=—= (14)

BonnoBoe ypaBHeHue, KoTOpOE ClenyeT u3 ypaBHeHui (5-9), no-
JIYYUM CTaHOAPTHBIM IyTeM [5].

Haitnem onepauuio poropa 1ist ypasHeHust (5) u nponuddepen-
LHApYyeM ypaBHeHKE (6) MO BpEMEHM.

V(v.ﬁ)—vzﬁzvXZ_It)+ij (15)

- - )=

yxPE_ 1y, D __ 3B

ot g, Ot or*

O6benunsis (15) u (16) ¢ yuyetom (7) u (8), monyyuM BoJIHOBOE
ypaBHEHHE

(16)

5=

V(V-E)—sz?:—é‘og—:iwh,uOij (17)

Bynem cunrats, YTO TOK NPOBOAMMOCTH, CBA3AHHBI C IBUKEHMU-
€M 3JICKTPOHOB B YpaBHeHUH (17), nmpeobianaeT Ham TOKaMU cMme-
IIEHNA, YTO MO3BOJIAET BOTHOBOE YPABHEHUE NIPUBECTH K BULY:

VxJ=0 (18)

0(VxE+Yx(VxE) +Vox(E+VxB)=0 (19)

Ilo smomy noeody onnonenmot 06brumo eoeopsam: «To, umo moxcro
OZPAHUMUMDBCA MONLKO 9MUMU YAeHaMU, HA00 ewje Jokazambls Mol Hu-
ye20 00KA3b186ams He 6y0eM, a ckaxicem: «Paccmompum maxyro modens
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naazmol, 8 komopoii (19) ebinonnsemcs», uau euye Kopote: «[lycmbs (19)
cnpageonugo».

CHayasia pacCMOTPUM OJIHOPOIHYIO cpeny (Vo =0), g KOTO-
poit BOJIHOBOE YPaBHEHUE BBIIJISAUT KaK

VxE+Vx(I7x§)=0 (20)

TycTb JIEKTPOH ABUXKETCS B MArHUTHOM MoJie. 31eck MBI OyleM
MIMETh BBUIY HE BHELIHEE, 8 COOCTBEHHOE MarHUTHOE IMOJI€ BOJIHBI.

COBMECTHM [I€KapPTOBY CUCTEMY KOOPAMHAT C UEHTPOM OIHOU U3
HETMOABMKHBIX HEHTPAIbHBIX YaCTHL], YIAIEHHYIO OT COCENIHMX Ha
JUTMHY CBOGOIHOTO TTpo6era 3JIEKTPOHOB A .

MarHuTHOE Tosie B, , HaIIpaBJIeHHOE BIOJIb OCH Z , BBI3OBET JIap-
MODOBCKOE BpallleHUe JIEKTPOHa B INIOCKOCTH (x, y) . Panuyc nap-
MODPOBCKOM OKPYXKHOCTH R, orpezensiercs Kak:

- ¥
R, = 21
20e UUKAOMPOHHAS 4aACMOma @, 3a0aemcs COOMHOUEHUEM:

_ 8. (22)

me

30deco: V, — npoekuyus ckopocmu 31ekmpoH06 Ha naockocms (x,y)
[14].

Ecau R, > A/2, 31eKmpoHbl 0BUXCYMCA NO KPY208bIM 1aPMOPOE=
cKuM opeUmam, He umes NOAHO20 060POMA U3-3a CMOAKHO8EHU ¢ Hell-
mpansroimu wacmuyamu. Jna moeo, 4mobsl onpedenums MpAaeKmo-
PUI0 2NEKMPOHA, PACCMOMPUM NPOYECC €20 CMOAKHOBEHUA C yacmuuyeil.
Coydaperue moxcem Obimb KAK ynpy2um, mak u Heynpyeum (puc. 6-7).

Ecny pa3Mepbl HEMTpaJbHOM YacCTULBI 3HAYMTECJBHO MEHBILC
JUIMHBI CBODOIHOro Ipobera (Hampumep, ISl BO3dyXa 3TO COOT-
HOLIEHUE — THICSIYA), YTO MTO3BOJISIET CYUTATh, YTO BCE JIEKTPOHBI,
JBIDKYILUECS N0 JIAPMOPOBCKUM OKPY>XKHOCTSIM M CTOJIKHYBLINECS C
yacTUIIEH, UMEIOT OTHOCUTEJIBHO HEE OJHO3HAYHO OMNpENEIIsieMYy10
MArHUTHBIM MOJIEM B, ¥ pallycOM 7 TAHTEHLUATbHYIO KOMITOHCH-
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Puc. 7. Heynpyeoe coydapenue 08yx anekmporos ¢ Helimpanbroli wacmuyeii.
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Puc. 8. Cxema pacvema maneeHyuanbHOU CKOpOCMU CMOAKHY8UE20C
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Puc. 9. Kpyzoeoit mok eokpye HelimpanbHoU Hacmuyb..
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Ty JIMHEHO CKOpoCcTH V, - B ionspHoit cucteMe KoopauHar (r, Q)
CBA3AHHOMW C HEMTpaLHON YaCTULIEH, B TUIOCKOCTH z = 0 3Ta KOM-
MOHEHTa UMEET BEJIMYUHY

_reB,
 2m,
BbiBox hopmyssl (23) nosicHsiercst puc. 8.
DJIEKTPOHBI, KaK MpsIMBbIE, TaK U OTpaxeHHbIE, 00pa3yloT BOKpYr
YaCTHULIbI KPYroBO# TOK (puc. 9).
TaHreHUMaNbHasE CKOPOCTD 3JIEKTPOHOB BOKpYT Hee (23) B Bek-

TOPHOI OpMe UMeeT BUL

, r<il/2 (23)

V=2

B, xF 24
5B 249

e

Hcnone3ys BblpaxeHue 1151 CKOPOCTH (24), Haitnem BekTOpHOE
npoussenaeHue (V' xB_):

LIS

(Vxl}z)ng' FeE () (25)

e

@opmyina (25) onuceiBaet 3dhdext Xomna u O3HAYaeT, YTO Kax-
Hast HEATPaIbHAsl YaCTHIIA MJTa3Mbl, C KOTOPOI TPOUCXOIAT CTOJ-
KHOBCHUS! SJIEKTPOHOB NPU HAJTMYUHU MarHUTHOTO MOJISI, SIBJISIETCS
T€HEPATOPOM HAMPSKEHHOCTH JEKTPUIECKOTO Nostst E, , 3aHUMa-
IOLIEM Ha MJIOCKOCTH  z = const TIOWanb S, ~ 1>, a BIOJb OCH z
BBICOTY /, , CBA3aHHYIO C 3 (EKTUBHBIM CEYEHHEM COYLAPEHMUIL 0
Kak h, ~0 [12].

HamnpsixeHHocTh  3nexTpuyeckoro mons B MHKpOIeHepaTope
Xosia uMeeT pa3MeEpHOCTb:

[E,,]:A_I s kg-m=V-m

B otinume ot npaktuuecku peanuzoBaHHpix MI J1-reHepaTopos
9JIEKTPUYECKON 3HEPruu Ha addekte Xosma [6], paccMaTpHUBaeMBlii
HaMW MUKPOT€HEPAaTOp UMEET KBAAPaTUYHYIO 3aBUCUMOCTb OT Mar-
HUTHOI1 MHAYKUWU. [IpuynHa B TOM, YTO 31€Ch MOJIE UTpaeT ABOM-
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HYIO pPOJib; BO-IIEPBBIX, OHO SIBJISIETCS «BHELIHWM», TIPUBOASILIUM K
3¢ pekTy Xoiia, BO-BTOPBIX, OHO BbI3bIBAET YIIOPSALOYEHHOE KPYro-
BOE IBMXKEHME 3JIEKTPOHOB U BXOIUT B (POPMYITy TSI MX CKOPOCTH.

Haiinem cpenHee (MaKpOCKOIIMYECKOE) 3JIEKTPUUECKOE TOJIE C
NPOCTPAHCTBEHHBIMU MaciuTabamMyu MHOTO O0bllIe IJIMHBI CBOOO -
HOTo Tpobera A , Bo30yXaaeMoe MUKporeHeparopamu XoJsuia.

Bocrnonb3yeMcst onpeaeeHUEM HaNPSI)KEHHOCTH JIEKTPUYECKO-
TO ITOJISL Yepe3 CKaISIPHBIN MOTEHUUAT @ :

E=V¢

Pa3zHocTh noreHuuanoBs U = @, — @, MEXNY IByMS TOYKaMH OIIpeE-
JEISACTCA KakK:

UzbjEdf

HaijineM HanpspKeHUE JIEKTPUYECKOTO MOJISi Ha MPOTUBOIOIOX-
HBIX KOHLIAX TeHepaTtopa Xomia a=-A4/2, b=A/2, nexauero Ha
OCH X .

HanpsikeHHoCTb nonst E,; OTHOCUTEJILHO LIEHTpa HalpaBsJieHa B
IIPOTUBOIOJIOXKHBIE CTOPOHBI, HO HAJIMYME MPOU3BOAHOM

OB,

Ox
NPUBOIUT K aCUMMETPHUM FeHepaTopa BAOJb OocU x. HampsikeH-

HOCTb T10J151 Ha ONHO M3 TpaHull paBHa
OB, A . OB, A
B, +—=—, na dpyeoii B, ——=+—.
Ox 2 Ox 2
HanpsixeHre Mexay NpOTUBOIOJIOXHBIMUA TOYKAMU TeHepaTopa
PaBHO:

A2 2 in 2
h=i j Bz+aBzx xdx ——— Bz——aﬂ xdx =
2m, Ox 2m, & Ox (26)
Al2 3
_2e J.B« aB’xzdx: Ae B, OB,
m, s = Ox 12m, ° Ox
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Puc. 11. Cxema ycpednenus noas.
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Haiinem HanpsbxeHue U, MexXIy TOYKaMU a U b, npearonaras,
YTO PACCTOSTHUE MEXAY HUMMU MHOro 0oJsibuie JUIMHBI CBOOOIHOTO
npobera (b—a)>> A .

Tenepb och x He NPUBsI3aHa K LIEHTPY N'eHEpaTopa, a MOXeT nepe-
CEKaTh €r0 C PaBHOI BEPOSITHOCTBIO OTKJIOHEHHUS 10 TOMEPEYHOM
KOOpAMHATE, YTO TPUBEIET K YMEHBLUICHUIO BKJIaga KaXI0ro reHe-
partopa B pe3yJibTupylollee HanpsokeHue (puc. 10-11).

YureM 3TO yMeHbIIEHWE BBEAEHUEM KO3 PUIlMeHTa

z
4

HanpsixeHue ycpeIHeHHOTO MOJIsl B ITPEANOJ0XKEHUU, YTO KOJIU-
YeCTBO NEPECEKAEMBIX TEHEPATOPOB PaBHO # ~ dx/ A MOXHO 3aIlu-
caTh KaK

K, = 27

U, =x2¢p B i (28)
m, ox
T
K== 29
48 (29)

be3pasmepHblit k03 duuueHT (29) nonaydyeH LI JTUHEHHOrO
BO3paCTaHMsI MO paJuycy TOKa B MUKPOT€HEPATOpe, KOria 1Jis BCex
CTOJIKHYBIIUXCS 2JIEKTPOHOB

> AeB,
Y 2m,

Bosnee pealMcTUYHOE pacTipeieieHUe 3JIEKTPOHOB 10 CKOPOCTAM
JacT ApYyroe 3HayeHue Ko dUlIMeHTa, YTO, TEM HE MEHEE, He T0-
BIMSET Ha (PU3UKY pacCCMaTPUBAEMbIX MPOLIECCOB.

HanpskeHHOCTb 2JIEKTPUYECKOrO MOJisl B IIOCKOCTH (X, y) Oy-
IET UMETDb BU]L

2 2
Pep Bej g lep Lej (30)
m, ° 0x m, ~ oy "

Jlig HaxoXaeHus1 (PyHKLIMU pOTOpa 3JEKTPUYECKOTIO I10J1s, BO3-
OyXIaeMoro MMKporeHeparopaMu Xosuia (25) ¥ OGHOBPEMEHHOTO

E, =K
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€ro yCpeIHeHHs, BOCIosb3yeMcs TeopeMoii Crokca: [ToTok poTopa
Y€PE3 IOBEPXHOCTD PABEH LMPKYJISILIMH BEKTOPA BIOJIb €€ IPAHUIIEL '

[(VxE,)-ds = jE,, dl 31)
S L

3aganMM JUIMHY KOHTYpa MHTErPUPOBaHUS L >> A
Boruncnsisi UMpKyYISILMIO BEKTOpA 37EKTPUYECKOro MOJsl BAOb
rpaHulbl CDABC (puc. 10) nonyyum: |
(VxEH)-&'=K£Bz%xy—Ki-e—Bz%xy (32)
m, 3 m, = Oy
Unu >

VXEH:K.jﬁB,%_K_ZﬁBz% (33)
m, ~ Ox m Oy

e e

31ech Mbl BOCTIONb30BATUCH TEM Xe TMTOAXOIOM, YTO U P HAXOX-
ACHUU CPETHETO IEKTpUYecKoro noJis (26-30).

Hcnonn3ys (6) u (33), MOXHO MOJYYUTH BOJHOBOE YDaBHEHHE
IUIS MATHUTHOTO TIOJIS.

OB, % AeB_( OB, OB.
ot m, \ Ox Oy

e

=0 (34) !

Benuuuna

m

e

[K AeB::,zm-s'l ?

MMEET Pa3MEPHOCTh CKOPOCTH.

YpaBHeHHe B YAaCTHBIX NPOU3BOAHBIX MEPBOTO nopsiaka (34) xo-
POILIO MU3BECTHO U €ro 00bIYHO HA3bIBAIOT ypaBHEHUEM Pumana 1
NPOCTOM BOJIHBI. DTUM YPaBHEHUEM OMUCHIBAETCA GOJIBLION KIIace 5
GU3MYECKMX SABICHUIA: BOJIHBI B TPAHCIIOPTHOM MOTOKE, pacHpo-
CTpPAaHCHME MoOXapa, npolecc reHepuposaHuss CBY xose6aHuii B
KJIMCTPOHAX, HEYCTONYMBOCTD IIa3Mbl M MHOTOE Apyroe [16, 17].
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PaccMaTpuBaeMblii BOTHOBOM MPOLIECC TAKXKE MOXET ObITb OTHE-
CEH K OTHOMY M3 TUIIOB HEYCTOMYUBOCTH TJIa3Mbl.

Tenepb, UCMOJb3Yysl MOJNyYEHHbIE PE3YJbTaThbl JUISI OQHOPOLHOA
IU1a3Mbl, PACCMOTPHUM MOJIEJIb HEONHOPOJHOM M1a3MBbl, T.€. ypaBHE-
Hue (19), B koTopoM Vo #0.

ByneM cyuTaTh, YTO 3JTEKTPHUUYECKOE T10JIE BHYTPH IUIa3Mbl Ofpe-
pensiercst Toibko DJ1C MukporeHepaTopoB XoJsuia

2 2
AeBzaBsz+KleBzaBzi
m Ox m oy ’

e e

E, =K

OnepaLusi BEKTOPHOTO YMHOXEHMUSI J1aeT:
A’e , 0B, 3o A’e , OB, 0o

VoxE, =-K-—B, +KZ=-B —=— (35
m, = Ox Oy m, Oy Ox
YpaBHeHue (35) nepenuiuemM B 6osiee NOAPOOHOM BUIE
- 0B, % AeB. OB, % AeB. 0B |
ot m, Ox m, Oy (36)

% lid— leB:%+K( g_q_)/leB_, B. _¢
oy ) m, Ox ox ) m, Oy

JIonoMHUTE/IbHBIE MTPOCTPAHCTBEHHBIE TMPOU3BOAHBIE, CBsI3aH-
Hble C TPAaJUEHTOM NPOBOAMMOCTH, COOTHOCATCA C WIEHAMM, CO-
AepXaLMMH QYHKLHIO TPOBOAMMOCTH KaK:

AVo
p

1

1 B CWJIy CBOEI MaJIOCTH MOTYT HE pacCCMaTpUBAThCSI.
BosiHOBOE YpaBHEHHE B HEOIHOPOIHOM I1a3Me NPUMET BUA!

- 0B, K AeB, 0B, LK AeB, OB,
ot m, Ox m, Oy

B (37) npoBOOUMOCTb G MOXKET 3aBUCETb OT NPOCTPAHCTBEHHOM
Y BpEMEHHOM KOOpAWHATBHI.

=0 37
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JL1s1 yMCNeHHOM PacyeTOB BOTHOBOIO ypaBHeHHUs (34) B onHOpOX-
HOM 1ma3Me 6yIeM MCroib30BaTh CYMMapHO-pa3HOCTHYIO MIEPBOTO |
MOpsIKa TOYHOCTH YCJIOBHO-YCTOHYUBYIO CXEMY:

r+ 1 ' ' aAt , t '
B = 7By + B, +B, . +B, )+ Ty By (Bl —BL,)-
B (B~ B,) G8)
S B
raec
a=K Ae

m

e

3nech BepXHUE UHAEKCHI ITpU B COOTBETCTBYIOT BPEMEHHOI KO-
OPAMHATE f, HMXXHHE UHAEKCHl — MPOCTPAHCTBEHHBIM KOOpPIHHa-
TaM X U y .

YcnoBue yCTOYMBOCTH Pa3HOCTHOM CXEMB] (31) TpebyeT BbIMOIN-
HEHHUS COOTHOLUEHUI MEXNYy LIarOM IO BPEMEHU Af M ILAraMu 1o
MIPOCTPaHCTBEHHBIM KOOPAMHATaM Ax, Ay [7]:

Ar<BY A< BV (39)
aleax aleax

[IpuBeneM pe3ynbraThl YMC/IEHHBIX pacyeToB MO CyMMapHO-
Pa3sHOCTHOM cxeMe (38) mis onHOMepHOI 3anayu, Koraa 0B /oy =0

Ha puc. 12 nokazano NIPOCTPAHCTBEHHOE pacrnpencacHUe Mar-
HUTHOTO NMOJISA B, Y 37IeKTPUYECKOTO MOJis E, B MOMEHTHI BpeMeHH
0, 50 1 100 HC A1 HAYVIBHOTO OIS raycCoMIaJbHOI (hOPMBI.

HavanbHoe MarHutHOe mnone CUMMETPUYHOU raccounanibHOI
(GhOpMBI HAYMHAET MepeMeIaThCs BJICBO, IIPY 3TOM €ro JIeBasi rpa-
HULla CTAHOBUTCS Kpy4Ye, a IpaBasi IOJIOXE. Bospacranue mnpo-
CTPAaHCTBEHHOM NPOM3BOMHOM JIEBOIA I'paHULIbI NPUBOJUT K TIIO-
SIBJIEHHIO OOJIbIION HANpPSIKEHHOCTU SJICKTpHUYecKoro nonst. Ipu
AallbHEUIIIEM OIBUXEHUY, TCOPETUYECKHU, TPOU3BOAHAS MATHUTHOTO
TTOJIS M HAIPSIKEHHOCTD 3JIEKTPUYECKOTO CTaHYT OECKOHEYHBIMHU, U
BOJIHA OTIPOKUHETCS.
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Puc. 12. Hucnennboiii pacuem maznumnozo u anekmpuueckoeo noas.
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