JABOPATOPHAA PABOTA 2.12

OIIPEAEJIEHME YAEJIBHOI'O 3APAIA QJIEKTPOHA
METOJIOM MATHETPOHA

1. HEJIb PABOTbI

1. O3HaKOMUTBCS C OJJHUM M3 METOJOB OINpPEAEIEHUs YACIbHOIO 3apsaa 4a-
CTULBI ¥ ONPEIEIIUTD YACIbHBIN 3aps]l dJIEKTPOHA.

2. Nzydenue moBeAeHUs 3apsDKEHHOM YacTHIIBI B AJEKTPUYECKOM M MAarHUT-
HBIX MOJISX.

2. BUBJIMOT' PA®UYECKHI CIIUMCOK

1. CaBenbeB U.B. Kypc dhuszuku: Yueb. mocodbue st CTyJICHTOB BTY30B. — [B
3-x 1.]. — T.2: DnexrpudecTBo 1 MarHeTu3M. Bomasl. Ontuka. — M.: Hayka, 1989. —
496 c.

2. Tpodumona T.U. Kypc dusuku: yued. nocooue st By3oB / T.U. Tpodu-
MoBa. — 19-e m31. - Axkagemus, 2012. — 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc puzuku. — Akanemus, 2009. — 720 c.

3. TEOPETUYECKOE BBEJIEHUE

SIBIIeHUS 3JIEKTPOHHOM 3MHUCCUU U pa3pslia B ra3e MO3BOJISIOT MOJIy4YaTh IO-
TOKH DJICKTPOHOB M MOHOB, JIBIKYIIMXCS B BAKyyMe ITPaKrH4ecku 0€3 coyaapeHu.
3J'I€KTpPI‘I€CKI/IC W MarHuTHBIC 11014, BOBHCﬁCTBYH Ha IBMXXYIOHCCA 3apsKCHHBIC Ya-
CTHIIbI, U3MEHSIOT UX CKOPOCTh U TPACKTOPHIO. B aeKrpuueckoM 1mose HampsoKeH-
HOCTH E Ha YacTHILy, 00JIaaoNIyt0 3apsaoM (, IEHCTBYET cuia

F = qF. ®)

B MarHuTHOM 1oJIe HAa IBHKYIIYIOCS 3apsSKEHHYIO YACTHIY JIEMCTBYET Cuia

Jlopenua
Fy = q[7,B]. (2)
rac 1._7) — CKOPOCTHh ABHMXKCHHA YaCTHUIIBI, § — BCKTOp MarHUTHOM UHAYKIUH.

ypaBHeHI/Ie ABMIKCHUS YaCTHILBI B IIPOCTPAHCTBE, A€ UMCIOTCA U 3JICKTPHUYIC-
CKO€, U MarHUTHOE TIOJIS, COTJIACHO BTOPOMY 3aKOHY HbIOTOHA MMeEeT CIIeayFOIIHiA
BHU:

.
W _ 9§ 1[5 5]) 3)
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DTO ypaBHEHUE MOKA3bIBAET, YTO JBUIKCHUE 3apsKEHHOW YaCTHUIBI B CUJIIOBBIX MO-
JISIX 3aBUCUT OT OTHOIICHUS ¢ /M, KOTOPOE HAa3bIBACTCS yOe/IbHbIM 3apA00M TAHHOU
yactulbl. CieqoBaTeIbHO, U3y4das JBUKEHUE PA3TUYHBIX 3apsDKCHHBIX YacTHUIl B
AIEKIPUYECKOM M MAarHUTHOM MOJISIX, MOKHO OMNPENEIUTh yAENbHbIN 3aps]l ya-
CTHUIIbl U TEM CaMbIM MOJYUYUTh CBEICHUS O IPUPOE YACTHIL.

VY aenbHbIA 3aps] 3JIEKTPOHA MOKHO OMNPENEIUTh PA3IMYHBIMU METOJIaMHU.
Hauboee pacripocTpaHeHHBIMU U3 HUX SIBJISIOTCS METOJI MAarHUTHOU (DOKYCUPOBKHU
Y METOJl MarHeTpoHa.



B manno# paboTe 1715 onpeiesieH s yASTbHOTO 3apsiia JIEKTPOHA UCTIOJIB3YIOT
METO/]] MarHeTpoHa.

Maznempon — 3TO IBYXDJIEKTPOJAHAS JICKTPOHHAS JlaMiia (AU0a), B KOTOpO
yIpaBJIEHHE TOKOM OCYIIECTBIISIIOT BHEIITHUM MAarHUTHBIM MOJIEM. DTO TOJIE CO3/a-
€TCsl COJICHOUIOM, BHYTPY KOTOPOT'O pacmoioxkeHa Jamia. HakanuBaemslii KaToa 1
XOJIOJHBIN aHOJI JIaMITbl UMEIOT (POPMY KOAKCHAIBHBIX (COOCHBIX) IIHIINHAPOB (PUCY-
HOK 1).

JIMHMY SIEKTPUYECKOro molsi E BHYTPH MArHETPOHA Ha-
IIPABJICHBI PAJIMAIBLHO OT aHOJA K KAaTOMAY, a MOCTOSHHOE Mar-

! HUTHOE T0Jie B HampaBi€HO BJOJIb OCH Karoja. Takum obOpa-

T 30M, MarHUTHOE U 3JIEKTPUUYECKOE OISl B3aUMHO NEPIICHAUKY-
7~ nspubl. Hanpsioxennocts nonst E makcumanbHa y katona. B
< A ciydae, eciy KaToJ umeer (opMy TOHKOM HUTH, BenuuyuHa E,
nponopiuoHasnbHas 1/r, ObICTPO YMEHBIIIAETCSI C POCTOM pac-
crosiHUA I' oT KaToaa. [loaToMy u3MeHeHUEe CKOPOCTH IIEKTPO-
HOB JI0 3HAQY€HUs, PAaBHOTO V, IPOUCXOJIUT, B OCHOBHOM,
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' A BOJIM3M KaTO/1a, a MPU JaJbHEHUIIEM IBUKEHUH MOKHO CUUTATh

DL

.’
i

\

|

/
/ \
I

CKOPOCTB MPAKTUYECKU TTOCTOSHHOM.
DIIEKTPOH, YCKOPEHHBIM pa3HOCThIO TOTeHIuanoB U,
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B MpUOOpETT KHHETHYECKYIO YHEPTHIO
muv? U
=e
Pucynok 1. Jlamna 2
U UMEET CKOPOCTh
2eU
v= [—. (4)
m

B OTCYTCTBHC MArHMTHOI'O IIOJIA 3JICKTPOHBLI, DMHUTHPOBAHHBIC KAaTOAOM, IABH-

JKYTCSl TOJ JEUCTBUEM DJIEKTPUYECKOTrO Mojss E TPSIMOJIMHENHO B paaHalibHbIX
HarpasyieHusX. [Ipu 5ToM B aHOIHOM LeNy MPOTEKAET TOK, BEJIMYMHA KOTOPOIr'o 3aBU-
CHUT OT aHOJTHOTO HAIPSDKEHUS U TOKA HakKajia KaToja. [lpu nmomenienuu gamiibl B Mar-

HUTHOE 10Jie B Ha JBMXKYIIUECs 3JIEKTPOHbI AeicTByeT cuia Jlopenna. Ona neprieH-

JIUKYJIIPHA JIMHUAM B, T.€. JIE)KUT B OJHOU INIOCKOCTH C BEKTOPOM CKOPOCTH JJIEK-
TpOHAa V, HOPMaJIbHAa €My M COOOLIAeT YacTULE LEHTPOCTPEMUTEILHOE YCKOPEHHE.
CornacHo BTOpoMy 3akoHy HbroToHa

muv?

- (5)

Takum 00pa3oM, PJIEKTPOH B MarHeTPOHE OYAET NBUTATHCS MO OKPYKHOCTH, pa-
JINYyC KOTOPOU

evB =

R mv ©)

eB’
YMEHBIIAETCA C POCTOM MHIYKIIMU MarHuTHOro moiisg. Ha pucynke 2 moka3zaHo, Kak
N3MCHAKOTCIA TpaeKTOpI/II/I JABUXCHUA SHGKTpOHa B I_II/IJ'II/IHI[pI/I'-IeCKOM MarHeTpOHe I10

MCPC YBCIIMYCHUA MarHUuTHOM MHAYKIOUH.



CyuiecTByeT Kpumuueckoe 3Ha-
YEHUE MATHUTHOW MHAYKIUU Bip, IPH
KOTOPOM, KaK MOKa3aHO Ha PUCYHKE
2, TPaeKTOPHUU DJIEKTPOHOB KAacArOTCs
IIOBEPXHOCTH aHO/A, a UX PAUYC

R=r1/2,
rje I' — paJanyc aHoja.

CornacHO coOTHOIIEHUsIM (4) U
(6) 3Hauenue By, 3aBUCUT OT CKOPO-
CTH DJIEKTPOHA UV U COOTBETCTBYIO-
Iero el aHOAHOTOo HanpsuKeHUs Uy:

2 |2mU, 7
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Pucynoxk 2. Tpaexkropust 1BUKEHUS
3JIEKTPOHA IIPU YBEJIMUYEHUU MAarHUTOMN
WHTyKIIAH



Ecnu BenmuunHa B < By, TO BCE JIEKTPOHBI JOCTUTAIOT aHOJA M AHOJHBIN TOK
MMEET TAaKOE K€ 3HAaUE€HHUE, KaK U B OTCYTCTBME MAarHUTHOIO IOJs (TOPU30HTAIbHBIN
yyacTok rpaguka Ha pucyHke 2). Ecnu B > Byp, TO 3JIEKTPOHBI HE JIOJIETAIOT 10 aHOJa
U TOK 4uepe3 Jiamity paBeH Hylo. [Ipu B = By, TOK JOKEH PE3KO CHUXKAThCS (ITyHK-
TUpHAas JIMHUS HAa PUCYHKE 2), OJHAKO HAOJII0/IaeTCs MIIaBHBIN X0 KpUBOU. ITO 00y-
CJIOBJICHO psIOM IPUYMH: HETOYHAs KOAKCHAJIbHOCTh KaTOJa U aHOJa, KpaeBble 3(-
(beKTbI, BBUIET AJIEKTPOHOB U3 KaTOAA C Pa3INYHBIMU CKOPOCTSIMU U JP.

OnpenenuB KpUTHUECKOE 3HAYCHUE WHIYKIIMM MAarHUTHOTO MO By U UCTIOIb-
30BaB COOTHOIIEHUE (7), MOKHO pPacCUUTaTh YJICIbHBIN 3apsij] 3JIEKTPOHA 1Mo popMmyJie

e  8U, 6
" (Byr) ¥
Nuaaykuuio B BBIUUCISIOT 110 (hOpMyIie JJIsl TTOJIsl KOPOTKOT'O COJICHOUIA:

UoIN(cosa; — cosas,)

B = o , (9)

rae fo = 47107 T'H/M — MarauTHas NOCTOSHHAS, | — TOK, TeKyIuii B 00MOTKe; N —
YHCJIO BUTKOB COJICHOWIA; | — jiMHa OOMOTKH, (7 M (&, — YIJIBbI, TOKa3aHHBIE Ha
pUCYHKE 3 mIpU pa3MEIICHUH JIaMIIbl B IIEHTPE COJICHOU/IA,

[

COSa; = —COSQy =

rjae d — muaMeTp COJICHOU/aA.
[ToncraBmnsst 3HaueHUs: KOCUHYCOB B hopmyity (9), momydaeM KpUTHUYECKYIO Be-
JIMYUHY MarHUTHOW UHIYKIIUU

I N
= Low (10)

Po = Ty ar
rae |y — 3HaueHue Toka B COJIEHOUE, COOTBETCTBYIOLIEE KPHU-
TUYECKOMY 3HAYEHUIO0 MarHUTHON MHIAYKIUHU Bip.
C yuerowm Beipakenus (10) pacuetnast popmyina (8) mis
OnpeaeseHUs yAEIbHOr0 3apsia 3IEKTPOHAa IPUHUMAET CJie-

1% {0)1007078:32 01

e 8U.(I*+d?)

. 2 (11)
(uorNIg)
Pucynok 3. Conenounnt
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Pucynok 4. Onpenenenne KpUTUIECKOTO TOKA



Jns onpeneneHust KpUTHYECKOTO TOKa |y MCTONB3YIOT SKCIIEPUMEHTAIBHYIO 3a-
BHCHMOCTH aHOJIHOI'O TOKa OT Toka B coienouze: I, = f(I) (pucynok 4a), KoTopas 1o
BUIY 110100Ha 3aBUCHUMOCTH I, = f(B): Ipu KPUTHIECKOM TOKE B COJICHOH 1€ HAOIIFO-
JTaeTCsl pE3KOE CHUKEHNE aHOAHOIO TOKa I;.

Kpyrtusny kpusoii I, = f(I) moka3pIBaeT OTHOIIECHHE MPUPAILIEHUA aHOIHOTO
Al

Al .
TOKA U TOKA B COJICHOMIC A—Ia. [Ipu 3TOM MakKCUMyM KPHBOM A—;l = f(I) (pucynok 40)

COOTBETCTBYET HCKOMOMY 3HAYEHHUIO |yp.
4. ITIPUBOPHI U TIPUHAJUIEZKHOCTH

1. PerynupyeMsblil HCTOYHUK IOCTOSIHHOTO HaIPSDKEHHUS.

2. CTaObunn3upoBaHHBIA UCTOYHUKH [TOCTOSTHHOT'O HAMPSKEHHUS.
3. Munub6s10k «MaraeTpon».

4. MynpTUMETpHI.

5. OIMCAHUE YCTAHOBKHA

Jlns onpeneneHus yIenbHOro 3apsija 3JIeKTpOHa METOAO0M MarHeTpoHa codupa-
IOT 3JIEKTPUUYECKYIO II€b, CXeéMa KOTOpOH MpHBEeJeHAa Ha PUCYHKE S5, MOHTa)KHas
CcXeMa — Ha pUCYHKe 6.

1 - UICTOYHUK MOCTOSIHHOTO HaMpsHKeHUst «+15 By;
2 - MyJABTUMETpP ISl U3MEPEHMsI aHOJIHOI'O0 TOKa
(peosrcum A = 2 mA, 6xoovr COM, mA); 3 - BakyyM-
HBII A10; 4 - CONEHOU; 5 - MYJIBTUMETP AJIS U3-
MepeHus Toka cosneHouna (pexcum A = 200 m4,
6x00b1 COM, A); 6 - perynupyemMblii HCTOYHHUK I10-
cTosHHOTO HanpspkeHus «0...+15 By; 7 - Hanpsike-
Hue Hakana karoga Uy, 8 - muunOnox «Marse-
TPOH»

Pucynok 5. Dnexrpudeckas cxema

BakyymHubIli auon 3 NOAKIIOYAIOT K MCTOYHHMKY IOCTOSHHOI'O HANpPSKEHUS
«+15 B». AHOIHBIN TOK JTaMIIbI |a U3MepsIOT M POBHIM MyIbTUMETpOM 2. Hampsixe-
Hue U, Ha HUTh Hakaja JIamIlbl MTOJAIOT OT MCTOYHHUKA MOCTOSHHOI'O HAIpPSKEHUS
«-15 B». Jluoxa ycTaHOBJIEH BHYTPHU COJIEHOUA TaK, YTO OCh aHOJA JIAMIIbI COBIIAaeT



Pucynok 6. MoHTaxkHas cxema

¢ ochio cosieHona. CosleHOUT 4 CO3/1aeT MAarHUTHOE TT0JIe, HHAYKIIHIO KOTOPOTO pery-
JUPYIOT ITyTeM U3MEHEHUs Toka | B 0OMOTKE C MOMOIIBIO KHOTIOK YCTAHOBKU HATIPSI-
weHus «0... 15 B». Tok B oOMarke cojiecHOUa U3MEPSIIOT MYJIbTUMETPOM 5.

6. IIOPATOK BBIIIOJIHEHUA PABOTBI

1. Cobepute 2JIEKTPHUUECKYIO IETh 10 MOHTAXKHOUW CXeMe, TPEeACTaBICHHON Ha
pHUCYHKeE 6.

2. Brmrouute kHOMKOM «CeThb» NUTaHuEe OJIOKa TeHEpaTOpPOB HANPSHKCHUN.
Haxxmute kHOTIKY «VICXOHAsA yCTAaHOBKAY.

3. Knonkamu ycranoBku HanpspbkeHus «0...15 B» ycranoBure ok 1 = 90 MA B
0OMOTKE COJIEHOMJIa U UBMEPHTE 110 MYJIbTUMETPY 2 MOJyUYEHHBIE 3HAYEHUS aHOTHOTO
ToKa la. PesynpTarer (3HaueHus: TokoB | u la) 3anummre B Tabnuiry. [IpoBeaure ana-
JIOTUYHBIC U3MEPEHUSI yBEINYNBas TOK Ha =~ 5 MA 10 185 MA.

4. Breikmounte kHOTIKaMu «CeThy» muTaHue OJI0Ka TeHEePaTOPOB HANIPSDKEHUS U
0JI0Ka MyJIBTUMETPOB.



Ta0onuna

Ne I, MA la, MA Al, MA Ala, MA %
1
2
3
20

ITapameTpsr maruerpona: d = 37 mm, | = 36 mm, N = 2800 ButkoB, I = 3 MM, Ua =15 B.

7. OBGPABOTKA PE3YJbTATOB U3MEPEHUH

1. Haiinure usmenenue (yobuib) anoaHoro toka Al = Al,, — Al

Al
Houne Al = Al; — Al; 4. Beruucinure BeIUYuHY A_Ia PesynbTaThl 3anuimuTe B Ta0IUIY.

Ajy1 N TOKa B COJIC-

2. IlocTpoiiTe HAa OHOM JHUCTE (Ha OJHOM MoJje TpaduKa, CM. PUCYHOK 4) 1B 3aBH-

cumoctu I, = f(I) I/I% = f().

3. Onpenenure 3HaYEHUE KPUTUYECKOTO TOKa |, OOMOTKE coieHOMa MO MOJIoXKe-
Al

Sa = FO).

HUIO 110 TTOJIOKEHHUIO MaKCUMyMa Ha rpaduke :

e
4. ITo popmyne (11) BeuncanTe BETUYNHY YACITBLHOTO 3apsiia dJIEKTPOHA e

5. CpaBHHTE MOJTYyYEHHOE 3HAYEHHE C TAOJUYHBIM (COTJIACHO CIPAaBOYHBIM JIaHHBIM

e
p” =1,7588047-10% Kn/kr u o1ieHHTE OTHOCTUENBHYIO HOTPEIIHOCTD PE3yabTaTa U3Mepe-
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8. KOHTPOJIBHBIE BOITPOCHI

1. Onumure noBeeHUE 3aPsHKEHHOM YaCTULIBI B AJIEKTPUYECKOM U MAarHUTHOM
HOJISIX C BHIBOJIOM MapaMeTPOB TPACKTOPHH YACTHIIBI.

2. TTokaxuTe, KaK HalpaBieHsl BekTopa E u B B MarHeTpoHe.

3. BeiBenute pacueTHyto GopMyity s YACIBHOTO 3apsiia.

4. OnummTe Apyrue crnocoObl onpeaeeHus YASIbHOTO 3apsiia YacTHIL.

5. 3anummTe BeIpaskeHUe sl CHITBI JIopeHIia B BEKTOPHOM opMe B yKaxKuTe,
KaK OIpeesieTCs HallpaBJIeHUEe dTON CHIIBI.

6. O0bsicHHTE, KaK U3MEHUIAach Obl (hopMa TPACKTOPHUH, €CITU OBl 3apsKEHHAS
YJacTHUIAa UMeNa BABOE OOJIBIITYIO MACCy, BABOE OONBINHIA 3apsia?

HUl 1o hopmyre

- 100%.

6. Caenath BBIBOJIBI TIO paboOTe.



