ІII. Магнитное поле
Лекция 9
9.1 Теорема о циркуляции вектора В
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Hupxyaangua BektTopa B

BBoauTCA aHATOINYHO NUPKYJIAINA BeKTODA HAIPAXKEHHOCTH 2JIEK-
TPOCTATHYECKOTO II0JIs

[di — BexTOp SEMeHTAPHOM ATMHEI KOHTY DA, HAIPABJIEHHBIH BAOJb 06X0A8 KOHTYDA;
B, = Bcos o — cocTaBnAoman BeKTOpa B B HampasleHNN KacaTelbHOM K _KOHTYDY (c
y4ueToM BHIGPAHHOIO HanmpaBJeHus 06xo0/a); oL — yroJ Mexay Bexropamu B u dl]

TeopeMa 0 UUPKYJIAUU BeKTOpa B

Lupryaanus BekTopa Bmo IPOU3BONLHOMY 3aMKHYTOMY
KOHTYDY paBHA IpOM3BEAECHHIO MATHUTHOM IMOCTOSHHOMN L
Ha anreOpau4ecKyio CyMMYy TOKOB, OXBATEIBAEMEIX 3THM
KOHTYPOM.





[image: image2.png]Yyer TOKOB, OXBATHIBAeMBIX KOHTYpOM

Kaxablil TOK yYUTHIBAETCA CTOJABKO pas, CKOJBKO pa3 OH
OXBATHIBAeTCA KOHTYpOM. I10/I0:KnTEIBHEIM CUUTACTCH TOK,
HaIpaBJjeHNe KOTOPOr'o CBA3AaHO C HallpaBjieHNeM 00Xxoza 110
KOHTYPY NPABUJLOM NPaszo 6UHMA; TOK IPOTHBOIIONOKHOTO
HAIPABJICHUA — OTPHUUATENLHEIN, [/ TOKOB HAa PUCYHKe:

n
i; I,=1I,+2I,-1,.
& IlpuBesenHad TeopemMa 0 HUPKYIAIMN BEKTODA B cOpaBegInBa
TOJIBKO JJIA NMOJISA B BAKyyMe, IMOCKOJIbKY JAJIA NOJIA B BeIecTBe Ha-
BO YYUTHIBATH MOJIEKYJSPHBIE TOKH.

I, I,





[image: image3.png]NMpuMeHeHue TeopeMb 0 NEPKYIANMUHK BeKTOpa B
AN pacueTa MATHHTHOrO MOJAA MPAMOTrO TOKA

3aMKEYTHIH KOBTYD IpeicTaBuM cebe B Bule OKDYIKHOCTH
pagryca r. B Kax o0 TOuKe 3TOro KOHTypa BeKTop B 1o moxy-
JII0 OFMHAKOB M HAIIPABJIEH II0 KaCATEeJHLHOU K OKPYKHOCTH. .
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9.2 Магнитное поле соленоида и тороида
[image: image4.png]Conenoupn

CBepHYTHII B CIHPAJIL N30 INPOBAHHBII IIPOBOAHUK, 110 KOTODOMY TEUeT 3JIeKT-
PHUUecKHil TOK.




[image: image5.png]MarauTHas MHAYKIDHEA NOJA BHYTPH COJNeHOHAa (B Bakyyme)

- BrifepeM 3aMKHYTHIHI npsaMoyroibHblii KoHTYp ABCDA (cM. DHCYHOK).

Warerpan no ABCDA MOMHO mpeACcTaBUTb B BHAE 4YeTblpeX HHTErDAIOB:
no AB, BC, CDu DA. Hayuactkax AB u CD KOHTYp HepIeHIUKYJIAPEH




[image: image6.png]NUHAAM MarHUTHOX MHAYKIWMN u B, = 0.
Ha yuacTke BHe CcoJeHouja B = O Ha
yuacTre DA nupKyIAnus BeKTopa B pas-
Ha Bl (koHTYD coBuagaeT ¢ JMHVEH Mar-
HHUTHOY MHIYKIINH); CleZOBaTeIbHO,

IB,dl=Bl=p0NI,

OTKyAa MAarHNTHaA MHIYKIINA IIOJNA
HoATI
i .

(6 saxyyme) B =

BriBog 2T0it POPMYJIBI HE COBCEM KOPPEKTEH (IMHHUM MATHHTHON MHAYKIUKA
3aMKHYTHI, M MHTETPaJ 10 BHEIIHEMY YYACTKY MAarHUTHOI'O IOJIA CTPOTO HY-
710 He paBeH). KoppeKTHO PACCUNUTATE [10JI€ BHYTDPH COJCHOMJA MOXKHO, IIPU-

mensa 3akod Buo—Capapa—Jlannaca B pe3yJIbTaTe IIoJIydaeTcs Ta e
dopmyna.
[pp — MarEMTHAA ODOCTOAHHAS; [ — ANWHA coleHOMAZA; N — YHCJIO BUTKOB COJIEHONAS;

I — cuya Tora]




[image: image7.png]Topoun

KonbneBada KaryHika C BUTKa@MM, HaMOTAHHLIMM Ha CepACYHHMK, MMEIOIuH
(opmy TOpA, ITO0 KOTOPOIl TeUeT TOK.

MarauTHad HHIYKHHKA NOJMA BHYTPH Topouaa (B Bakyyme)

MarHUTHOE I10Je, KaK TIOKa3bIBAeT OILIT, COCPEIOTOULHO
BHYTPH TOPOMNJa, BHe €ro I0Ji€ OTCYTCTBYeT. JIMHUM Mar-
HUTHON MHAYKENH B JaHHOM CJIydae, Kak CJIeayeT M3 CO-
ofpaskeHnit CHMMETDHUH, ECTE OKDYMKHOCTH, IEHTPHI KOTO-
PHIX PacIOJIOMKEHE! 110 OCH Topouza. B KauecTse KOHTypa
BBIOGEPAIOT OZHY TAKYI0 OKDYIKHOCTE pagmuyca r. Ilo Teope-
Me O IUPKYAALUH

B 2nr=pyNI,

T. €. MaTHUTHAA UEIYKOHUA 6HYMPU TOpouza (8 6axyyme)
roNI

B=
2nr
[1g — MarauTHa# NOCTOAHHAA; N — 9HCJIO BUTKOB TOpouza; I — cuia Toka]

.




9.3 Поток вектора магнитной индукции
[image: image8.png]MoT0K BEKTOpAa MArHUTHOX MHAYKI KN (MArHUTHBIN MOTOK) CKBO3b maomaaxy ds

- Craxrapras GU3NYECKas BeJUYHHA.

B, = B cos o — IpoexnusA BeKropa B Ha HampaBjeHHe
HOpMasH 7 7t k nomanke dS (o0 — yros MesXLy BEKTODaAMH
nu B), dS =dSn — BEKTOP, MOAYJb KOTOPOT'O PABEH dS
a HampaBJieHHe COBHAJaeT C HAIDABJEHHEM HODMAIHU Il

K IUIOMIagKe.




[image: image9.png]MarHUTHBINH NOTOK CKBO3b NPOM3BOJIBHYI0O MOBEPXHOCTL S
HuTrerpan 6epercs 10 IPOU3BOJIbHOM II0BEPXHOCTH S.

9ra dopmyna — ANA OFHOPOSHOTO IOJA M ILIOCKOH IIQBEPXHO-
CTH, PAachoOJIOXKEeHHOIH meprueHguRyaapHo BekTopy B. Torga

B, = B = const.

Enmluua MATHUTHOIrO MOTOKa

1 B6 (BeGep) — MAarsMTHHIH HOTOK, NPOXOAAINHil depe3 ILIO- |
_ CKYIO IOBEPXHOCTE IIOMaALI0 1 M2, PACIIONOCIKEHHEYIO IEPIeH-
IFUKYJIAPHO OFHOPOAHOMY MarHUTHOMY IIOJII0, MHEYKIUA KOTO-
noro pasga 1 Tn.
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Teopema Taycca gaa moas B .

IloTox BekTOpa MATHUTHON MHIYKOWHM CKBO3bL MPOM3BOJLHYIO
3aMKHYTYIO [IOBEPXHOCTEL PaBeH HYJIO.

9Ta TeopeMa OTpaKaeT (PAKT OTCYTCTBUA MATHUTHBLIX 3apALOB,
BCJIEACTBHEe Uero JUHUHN MArHATHON MHAYKIUM He HMEIOT HHU
Havasa, HY KOHIA U ABJAAIOTCA 3aMKHYTHIMH.




[image: image11.png]MoToK BEeKTOpa MArHHTHON HHAYKHHHM CKBO3b COJEHOH[

MaruurHasa HHAYKOHUA OTHODPOAHOI'O IIOJIA BHYTPH COJIEHON A C CEPIEeYHH-,

HouNI

{
@, = BS ITonmupiii MarEWTHBII MOTOK, CUEIJIEHBHIH CO BCEMH BHT-

KaMH COJIEHOHN A
®=®,N = NBS = pp

xoM B = MarsuTHbLIR [IOTOK CKBO3b OHH BHTOK COJICHONAA

2
NIIS'

[p — MarHATHaA TPOHHIAEMOCTh CEPAEYHMKA; |i, -—— MATHUTHAd HOCTOSHHAM;
N — YnCII0 BUTKOB COJIEHOMAR; S — IIOIAAbh BUTKA CONEHONAs; | — AnuHsa cole-
"Houpa; I — cuna Tora]





9.4 Электромагнитная индукция. Закон Фарадея

[image: image12.png]INEeKTPOMArHHTHAA MHAYKIUS

fIBnenye, 3aKI0IAIONIEECH B TOM, YTO B 3AMKHYTOM IIPOBOAALIEM KOHTYDE HPHE
HM3MEeHEeHUH IOTOKA MAarHUTHON MHAYKINH, OXBATHIBAEMOI'0 3TUM KOHTYDPOM,
BOZHUMKAET 3JIeKTPUIECKUN MOk, oMy NBIINI Ha3BaHNe uHIYKYUOHRO020.




[image: image13.png]OAC pAEeXTPOMArHUTHON HHAYKIHMK

OGobuian pesysanTaThl onblToB, Papazeii Mokasan, UToO BCAKHI pas, Koraa
TIPOUCXOZUT U3MEHEeHHe CLEeNJIeHHOT'O C KOHTYPOM IIOTOKA MAarHUTHOM UHAYK-
UM, B KOHTYypEe BOSHUKAET MEIYKIMOHHBI TOK; BOSHUKHOBEHNE UHAYKIH-~
OHHOIO TOKA YKAa3biBAET HA HAJNYNE B IeNH 3JeKTPOABUKYINEH CUNE, HAa3kl~
BaeMoii anexmpodsuicyweii cunol InexMmpoMAZHUMHOU UHOYKYUY.

3axon ®apanes

SMIC §, oneKTPOMATHUTHOMN HHEAYKINH B KOHTYPE YHUCACHHO DABHA U IIDOTHBO-

IIOJIOYKHA II0 3HAKY CKOPOCTH H3MEHE€HHNA MarHiTHOT'O IIOTOKAa CKBO3b IIOBEPX-~
HOCTb, OTPDAHNYEeHHYIO 3THM KOHTYPOM.

91oT 3aKOH YyHUsepcaner: IC §, He 3aBUCHT OT criocofa N3MeHEeHNA MarHUT-
HOT'O IIOTOKA.

(]
3HaK MHHYC [IOKAa3bIBAET, YTO yBeJMYECHNE [IOTOKA (%? > 0) BriseiBaeT SIC

6, <0, T. e. Ho%e MEAYKIMOHHOrO TOKA HAITDABJIEHO HABCTPETY IIOTOKY; YMEHb-

(]
IIIeHHe IMOTOKA (Cl— < 0) BBIBBIBAET £, > 0, T. €. HANpaBIeHHA IOTOKA U HOJIS

dt
MHIYKIOHOHHOIO TOKA COBIAJA0T. S3HAK MUHYC B 3aKoHe Dapaznes onpeness-

eTca npasuaoM JleHna — o6IMM HPaBHIOM A/ HaXOXKACHUA HalpaBJIeHUE
HHIYKIUOHHOI'O TOKA




[image: image14.png]Npaguao Jdeunna

I/IH,I[yKILI/IOHHHﬁ TOK B KOHTYPE BUMEET BCETAa TaKoe HalIpaBJeHe, YTO Co3aa-
BaeMO€ NIM MarHUTHOE II0JI€ HIPDEeHATCTBYET U3MEHEHUIO MAZHUMHOZ0 noNoKa,

BBI3BaBHIETO STOT HHAYKIMOHHBIH TOK.

IIpm npubamKeEun MarHUTA K 3aMKHYTOMY ITpO-
do 3

BOZHUKY R > 0, B, — MarauTHaA HHIYKIUA 1I0-

JA MHAYKIMOHHOIO TOKA [;, IpuieM HaIpaBJeHHE

B, n HanipaBienKe WHAYKINORHOTO TOKA NOTINHA-

IOTCHA HpaBUIIy IPABOTO BUHTA.























