ІII. Магнитное поле
Лекция 7.
7.1. Магнитное поле, основные характеристики
[image: image1.png]MarguTHOE noJje

CuioBoe 1oJie B NIPOCTPAHCTBE, OKPYyKaoieM TOKH 1 IIOCTOAHHbIE MArHuThl.




[image: image2.png]Hasmume MarHMTHOTO 1OJA OOHapPYyKHBaeTCs
IO CHJIOBOMY AEHCTBHIO HA BHECEHHHIE B HETO
IIPOBOAHUKM C TOKOM WJIM IIOCTOSAHHBIE Mar-
HHUTHI.




[image: image3.png]XapakTepHas 0co6€HHOCT, MATHHTHOLO MOJA

Maznummnoe noae cosdaemcsa moavko Osuxywumuca sapadamnu u deiicmsy-
em moJabKO HA JBUICYU,UeCs 8 IMOM noje lexmpuieckue 3apadvi. JIEKT-
PHYECKOe II0JIe CO3JaeTCsd U AeMCTBYyeT KaK Ha HEIOABI)KHEIE, TAK U HA JBU-
KYLMecs 3apsAabL.




[image: image4.png]XapaKkTep BO3gelicTBHA MaCHHTHOIrO NOJA Ha TOK

3aBucur ot GopMsl TPOBOJHUKA, 10 KOTOPOMY T€UET TOK, OT PACIIONOXKEHUA
NIIPOBOJHUKA ¥ 0T HaNpaBIeHUs ToKa. UTolnl 0XapaKTepU30BATH MATHUTHOE
1oJie, HaZl0 PACCMOTDPETH ero AefCTBHE HA onpedefieHHblil TOK.



[image: image5.png]3aMKHYTBIH NJIOCKHMHA KOHTYP € TOKOM (PaMKa ¢ TOKOM)

KonTyp, pasmMepsl KOTOPOTO MaJkI II0 CPABHEHHIO C pac-
CTOAHMEM [0 TOKOB, 00pasyomux MAarduTHOE IIoJe.
WcnonsayeTesa A/ UCCIAEIOBAHUA MATHUTHOTO II0JIA.

OpHeHTAIMA KOHTYPA B IIPOCTPAHCTBE XapPaKTepPHUsyeTcs
HanpaBJIeHNEeM HOPMaIM K KOHTYpy. HampaBiieHue HOD-
MAaJIH OIpejesieTCa nPpacuiom Npa6ozo 6UHMA: 32 I0-
JIOXKUTEIFHOE HAIPABJIeHWE HOPMaJW NDUHUMAETCS HAa-
IIpaBjieHre IIOCTYIAaTeJLHOTO ABHKEHUsl BUHTA, TOJOBKA
KOTOPOro BpanjaeTcsi B HANPABJIEHWH TOKA, TEKYILErO B
paMKke.
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[image: image6.png]BsiGop manpaBieHHsaA MarHUTHOIO MOJA

3a HaTmpaBJieHMe MArHUTHOTO IIOJIS B JAHHOI TOYKE IIPU-

HUMAeTCs HallpaBJIeHue, BIOJIb KOTOPOTO PACIOJIaraeTcs
IIOJIOKUTEJbHAA HOPMAJh K CBOOOJHO IOIBEINEHHOH S N
paMKe ¢ TOKOM (CM. DHCYHOK), MJIX HaIlpaBJIeHUe, COBIIA-
JAaloIee ¢ HalIpaBjeHueM CHJIIBL, JefCTBYIOIel Ha ceBep-
HBIHM IIOJIOC MAarHUTHOM CTPEJIKH, IIOMEINeHHbIN B JaH-
HyI0 Touky. Tax Kak of6a Iojroca MArHUTHOH CTPeJIKH
JIeKaT B GIM3KHMX TOUKAX ITOJISA, TO CHJIbLI, AefiCTBYIONHE Ha 064 IMoIroca, paB-
HBl Ipyr apyry. CilexoBaTelbHO, HA MArHUTHYIO CTPEJIKY AeHcTByeT mapa
CHJI, TIOBODAUMBAIOIAS €e TaK, YTOGHI OCh CTPEJKH, COeIUHAIONIAA I0MKHBIH
IIOJIIOC C CeBEePHBIM, COBIIaAAJIA C HAIIPABJIEHHUEM ITOJIA.
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[image: image7.png]Bpamalom;nﬁ MOMEHT CHJA HQ pPaMKy ¢ TOKOM B MAarauTHOM mnoJje

-

PnBl

Pavka ¢ TOKOM HCHOLITHIBAET OPUEHTHDYIOmEeE ACHCTBUE IOJA, MO3TOMY HA
Hee B MATHUTHOM II0JIe AeicTByeT napa cujl. M 3aBHCHUT KaK OT CBOMCTB IOJIA
B JAHHOII TOYKe, TAK U OT CBOMICTB PAMKH.

[ ﬁm — MATHHTHBI MOMEHT PAMKH C TOKOM; B_— BEKTOP MATHHUTHOH MHAYKOMH; oL —
Yrox MeXAy HOPMAJbIO K IIZIOCKOCTH KOHTYpa M BeKTopoM B; Mogynb BeKTopa Bpa-
maromero MmomerTa M =p_ B sin a]



[image: image8.png]MarsdHTHEIf MOMEHT PAMKHM € TOKOM

3. =ISh Hanpasnenue ﬁm COBIAAAET C HATIPABJIeHMEM IIOJOXKUTEJIFHOH HOPMAaJIH.
m

[S — mmomazap MoBepXHOCTH KoHTypa (PAMKH); 7l — eJHHUYHEIN BEeKTOp HOPMAIH K
MOBEPXHOCTH PaMKH; MOAYJb BeKTOpa MarHXTHOrO MoMeHTa p,, = IS]



[image: image9.png]MarHMTHaa MHAYKIHS B JaHHOH TOUYKE OAHOPOAHOTO MArHHTHOIrO MOJH
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Eciu B JaHAYIO TOYKY MArHUTHOTO IOJS IIOMEIaTh PAMKH C Pa3JIHIHBIMU
MarHuTHHIME MOMEHTAaMH, TO HA HUX JeHCTBYIOT pas3jHYHble Bpamjaionyue

M, o .
MOMEHTBI, OJHAKO OTHOIICHHE % (M, — MaKCHMAJILHBIH BPAIAIOTIIA
m
MOMEHT) I BCEX KOHTYPOB OJHO U TO K€ 1 IIO3TOMY MOJKET CJIY KUTh XapaK-
TePUCTHKOM MArHUTHOT'O II0JIA.

MarsuTHas HHAYKOUA OIPENeNAeTCsI MAKCUMAJLHEIM BPaalomM MOMeH-
TOM, JEHCTBYIOIM HA PAMKY ¢ MArHUTHLIM MOMEHTOM, PABHBLIM €JUHHUIIE,
KOTJa HOPMAaJb K paMKe NepueHIuKYIApHa HAIPABIeHUIO IO,



[image: image10.png]JuHMY MaArHMTHOH MHIAYKIIUHK

JIluauu, xacaTeJbHEIE K KOTODHIM B KajXXIOH TOUKe COBIALAIOT C HANpaBIe-
HHeM BeKTopa B.

JIuHIYM MAarHUTHON HHAYKIIVHY BCETAR 3AMKHYMblL ¥ 0X6AMbLEAIOTN NPOBOOHU-
KU ¢ MOKOM. JTUM OHM OTJIMYAIOTCS OT JUHUN HaNPAKeHHOCTH 3JIeKTPOoCTa-
THUYeCKOr0 II0JI, KOTOphIe ABJIAIOTCA DA3OMKHYMbIMU.



[image: image11.png]HanpaBienue AuHMi MArHHTHOH MHAYKIMHK

Hx nanpaBieHVe 3anaeTci RPAGULOM NPAE020
6UHMA: 2006KA BUHMA, 66UHYUBAEMOZ0 NO HA-
npasieHul0 MoKa, 8pau,aemcs 6 HAnpagieHulu au-
HUll MazHumMHOU UHIYKYUU.

B6/13u 1pAMOJIMHEHOro IPOBOJHUKA C TOKOM Mar-
HUTHBIE CTPEJKH YCTAaHABJIMBAIOTCSA 110 KacaTeabHOH
K OKDY’KHOCTH, OUYEPUYEHHOH BOKDPYT TIPOBOJHUKA.
Hanpasnenne TraEN# MATHUTHON UHIYKIUY YKa3HI-
BAeTCs CeBEPHBIM IIOJI0COM MArHUTHOMN CTPEJIKH.



[image: image12.png]T'unore3a Amnepa

B nr060M Tese CyIecTBYIOT MHKDOCKOIMYeCKHe TOKY, 00yclIoBIeHHbIe JBU-
JKeHHEM 3JIEKTPOHOB B aTOMaXx M MOJIeKyJax. JTH MHKPOCKOIIMYeCKHe MoJIe-
KyJIspHbIE TOKM CO3AAI0T CBOE€ MArHHUTHOE II0Jieé M MOTYT NOBOPAYHUBATHLCA B
MaTHUTHAIX ITOJISAX MakpoTokoB. Hanpumep, eciu BOJIN3H KAKOT0-TO TeJIa IIO0-
MECTHUTH IIPOBOJHUK C TOKOM (MaKpPOTOK), TO IOJ AeliCTBHEM ero MarHUTHOIO
TIOJIT MEKPOTOKHM BO BCEX aToMax OnpeiesieHHBIM 00pa3oM OpPHEeHTHDPYIOTCH,
CcO31aBas B TeJle JOIOJHUTEILHOE MAarHUTHOE II0JIe.

S
BekTop MmaruutHON MEaAykuuu B

XapaKTepusyer pe3yavmupyioujee MaTHUTHOE 1I0JIe, CO3aBaeMOe BCEMU MaK-
PO~ ¥ MUKPOMOKAMU, T. €. IPU OJHOM B TOM )K€ TOKE K IIPOYHX PABHBIX YCJIO-
BHAX BeKTOp B B pasauunvix cpedax OyneT UMeTh pa3Hbie 3HaAYeHUS.

L
BexTop manpaxeHnuoctu H

OnuceiBaeT MarHUTHOE TOJIe MaKpOTOKOB.



[image: image13.png]Cesiss B u H
B= H 9Ta cBA3H CIIpaBefJINBa IJIs1 OJHOPOLJHON M30TPOMHOM Cpeasbl.
= Holt

[4y — MarmmrHas mocroaHHad ; u — GespasMepHasa BeIMYHHA — MAZHUMHAR
nporuyaemocms cpeduvi, IOKA3RIBAIONIAA, BO CKOJbKO Pa3 MarduTHOE II0Jie MAKPOTO-
k0B H ycHiHMBaeTcd 3a CHeT ITOJIA MEKPOTOKOB CPEALI]





6.2 Закон Био-Савара-Лапласа
[image: image14.png]IIpyHEuMN Cynepno3MIHHE MATHUTHBIX moieil

MaruuTHasS MEIYKIMA Pe3yIsTHUPYIOMIEro I0Jsd, CO34aBaeMOro HeCKOJIbKH-
i | MU TOKaMM WV JBUXYIUMUCA 3apANAMH, PaBHA BEKTOPHOU CyMMe MATHHT-
HBIX WHIYKIIWH II0JIeH, cO34aBaeMblX KaKIbIM TOKOM WJIH JBIKYI{IMCS 3a-
PAIOM B OTHEJIBHOCTH.
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MNpumep npumMeHeHus npuHuuna cynepnoauunu. Ha pn-
CyHKe B TOYKe A ompejesneHa MHAYKIMA B MarHMTHOTO IO-
Js, co3xaBaeMoro JByM#A NMPOBOXHMKaMM ¢ Tokamu I, (Ha-
mpaBlieH MePHeHUKYIAPHO YepTerky oT Hac) u [, (Hampas-
JleH MePHEeHIUKYIAPHO YePTEXKY K HaM)

B-B, + B,

(¥x HanpaBlleHUA YKa3aHL Ha PECYHKE).




[image: image15.png]3axon Buo—Casapa—Jlanxaca

Ldg ok I[dl,7]
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Kokt
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OnpepgenseT B TOUKE A MHAYKIIHAIO moJss dB, co-
371aBaeMyIo 3JIeMeHTOM IIpoBOAHMKA d/ ¢ ToOKOM
I Ha PACCTOSIHUH I OT HETO.

[dz — BEKTOpP, II0 MOZYJIO paBHbIi gaune dl saemeH-
Ta MPOBOAHMKA U COBIQAAONIU 10 HAIIPABICHHIO C
TOKOM;  — PaJNyc-BeKTOpD, MPOBENeHHLIH U3 SIeMeH-
Ta d! IpoBOAHKKA B TOUKY A MOJA; I — MOAYJIb pa-
ARYCa-BeKTOpa I'; |l — MATHUTHAA [HOCTOAHHAS H
| — MarHMTHaA IPOHHIAEMOCTH CPeibl]




[image: image16.png]Hanpasanenne BexTopa dB

Bexrop dB nepueHguKyIApeH diurn HANIPaBJIeH IO KacaTeNIbHOH K JIMHIY
MarsuTHOW uMEAYKnuH. Hanpasinenue dB onpeagensaercsa 1O npaséuny npa-
6020 6URMA: HAIDABJIEHNE BPAIIleHUs FOJIOBKY BUHTA AaeT Hanpasjexnue dB,
€CJIM IIOCTYIaTeJLHOE ABM)KEHNE BHHTA COOTBETCTBYET HAIIDABIEHHIO TOKA B
3JIEMEHTE.

IIpumeHeHnHe 3aKOHA: MardHHTHOE MOJIé NPAMOro TOKa

Tox TedeT 1o TOHKOMY IPAMOMY IPOBOAY GECKOHEUHON
gauebl. B KayecTBe MOCTOAHHOM HHTETPHPOBAHUSA BhI-
R _ rda

6epeMm yroi o.. I3 pucyuka umeem r = ——, dl = — .
peMy. pucy sina’ sina

Mokt Idlsine
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sina do. ¥Yroa o 4J1s BCceX aIeMeH-
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TOB IPAMOTO npoBoaa nsmensercs ot 0 xo . Iogyuaem

noayuum dB =
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[image: image17.png]Hpumenenue 3aKOHA:
MATHHTHOE NOJeé B IIEeHTPEe KPYrosoro nNnpoBoagHNKa C TOKOM

Kak ciaemyerT M3 pHUCYHKA, CIOXKeHHe BeKTopoB dB

MOXXHO 3aMEHHUTH CJIOKEHHNEM HUX Monyneﬁ: al

&
ol
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