PoTop MAaroHuTHoro nmoJs B noCTOAHHBIX TOKOB.

B=rot(d) = rot(B)=ror(ror(4))=[¥.[¥.4]]

Pa3noxxum npaByro 4acTh paBEHCTBA MO MpaBuiTy "0all MUHYC [an" ¥ MOJyYUuM

—

rot(é) = ﬁ(ﬁ,;l) - A(ﬁ,ﬁ)
[IepBoe cnaraemoe B MPaBOM YaCTU PABHO HYJIO, TaK KaK (?,2) = div(;l) =0,

TOorga
rot(B)=-A(9,9) = ~(9.9) d=-v2A =-Ad - sy -

— —

rot(B): yoj — MAarHuTHOE I0JIE B 3aKpy4eHO BOKPYI TOKOB IO IPABUILY

IIpaBOI'0 BUHTA.

4r -

B cucreme CI'C T'aycca: rot(B):
C

I1oTOK MArHUTHOIO 110151 B Yyepe3 3aMKHYTYIO IOBEPXHOCTh.
[To Teopeme TI'aycca-OcTtporpaackoro (j‘D(E,dS’ ) = J div(l?)-dV, HO
S 14

div(g)zO.
Torna
§(Ba5)=0 -
S

Jlns moboro oobema, CKOJIBKO JUHUN TOJII B BTEKaeT CTOJBKO U BBITEKACT.

Jlvanu monsg B HWUrEe HEe HAYMHAIOTCS M HE 3aKaHuuBaroTcsa. Jluaum nonga B
3aMKHYTHI.

—

IToTOK m0JIsi MATHUTHBIX 3aPsI/IOB.

Ecan yYaacTCA HAWTH MarHUTHBIC 3apsabl, TO KpOME€ 3aMKHYTBEIX BOKPYI' TOKOB
JIMHUM MAarHUTHOI'O TIOJIS IOSIBATCS JIMHUM MAarHUTHOTO II0JIsA, KOTOPBIC OOJIZKHBI
BBIXOAUTb M3 IIOJIOKUTCIBbHBIX MAIrHUTHBLIX 3apsaJ0B M BXOAWUTb B OTPHLATCIIBHBIC
MAarouTHBIC 3apsA/bl.

Ecan moTox MarHMWTHOTO IIOJIS 4epe3 3aMKHYTYHO ITOBCPXHOCTH OTJIMYCH OT
HYJIsI, TO B 06T>CMG, OIrpaHUYICHHOM 3TOH MOBCPXHOCTbIO, €CTh MAI'HUTHLIC 3apPsbl.

IHupKyJasgnus MArHUTHOTO noJjs B.
(WM TeopeMa o LUPKYIIALNA TI0Is B B HHTErpaabHOil hopme)
[To Teopeme CTOKCa LUPKYJSALHS MAarHUTHOTO IOJISI IO 3aMKHYTOMY KOHTYpPY
paBHA IIOTOKY POTOpa 3TOrO IOJIS Yepe3 MJIOIMAJKY OTPAaHUYECHHYIO KOHTYPOM:




Bydi = [(ror(B).dS).

/ S

Ho panee MbI BBISICHUIIN, UTO rot(é) = ,uoj', TOTr A

¢ Byl = [(107.dS) = o [ (7.4S ) = o [ dl = pao1 —
[ S S S

gSBldl = il , Tne I — TOKHM NPOHU3BIBAIOILME KOHTYP MHTErpupoBaHus. J{ns
[
[IOJIOKUTENBbHBIX TOKOB [ HampaBjeHHE 00X0/Ja KOHTypa M HAampaBiCHUs TOKa
00pa3yIoT MpaBblil BUHT.

B cucreme CI'C I'aycca: gﬁBldl:ﬂl .
[

C

Ckavyok MarHMTHOIO 110Jis1 B npu nepexojie Yepe3 TOKOHECYHIYIO TOBEPXHOCTb.

(rpaHMYHBIE YCIOBHS JUIA IO B B BaKyyMe)

CKadoK HCHBITBIBAET TAHICHIMAIbHAS COCTABIIAIONIAS MArHUTHOTO IOJIS
HalpaBJICHHAass MO  KacareJbHOM K TOBEPXHOCTHM MW  IEPIEHAUKYISpPHAs
IIOBEPXHOCTHOMY TOKY.

Ecnmu nmomoWTu K MOBEPXHOCTHM € TOKOM Ha PAaCcCTOSIHUE, KOTOPOE Tropaszo
MEHBIIIE PAANYCOB KPHUBHU3HBI IMOBEPXHOCTH, TO IMOBEPXHOCTh OyIET BBIMISACTD
IJIOCKOM. PaccMOTprM NOBEPXHOCTHBIM TOK, KOTOPBIM ITPOTEKAET MO IOBEPXHOCTU
IIEPIICHIUKYJISIPHOW INTIOCKOCTH pUCyHKa. IIyCcTh TOKM TEKyT OT Hac.
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PaccMoTpuM 1UpKYISALMI0O MATHWUTHOTO TOJISL IO MPSIMOYTOJIBHOMY KOHTYDPY,
pPacnoJIOKEHHOMY B IUIOCKOCTH IEPHEHAMKYJIAPHOM TokKaMm. IIycTe BepTHKalIbHBIE
OTPE3KH 3TOr0 KOHTYpa OYEHb MaJibl, TOTJ1a UX BKJIAJ0M B LUPKYJSILUIO MarHUTHOTO
0JIs1 MOKHO ITpeHeOpeyb.

13 Teopemsbl 0 HUPKYJIALMA MATHUTHOTO TOJIS

¢ Byl = pyl
l

Imojrydacm BZZZO + BUIO = lLloilo => le + Bll = ILlol .

Ha BepxHem oTpe3ke HampaBiieHUE BJOJb KOHTypa d/ coBHagaer ¢
- o2
BBIODAaHHBIM  HAIpPAaBICHHMEM E€IAMHUYHOIO BEKTOpa 7 =|—,7j_,5 |, IOTOMY
i



By, =B,,. Ha HwkHeM OTpe3Ke BEKTOpPbl dl ¥ 7 TPOTUBOIOJIOXKHBEI IIO

HAIIPABJIEHUIO, IOOTOMY Bj; =—B,,. Toraa

—

, S y .
By, — By, = fyi , TA€ T =| —,Mlj_,y | — CAMHUYHBIA BEKTOP, HAIIPABJICHHBIN 110
i

KacaTeJIbHOW K MOBEPXHOCTU ¢ TOKOM. CKadoK B, NMPOUCXOAUT BOKPYT BEKTOpA [ IO
IpaBUJly IPaBOro BUHTA.

B cucreme CI'C 'aycca: B, —B,, :4—7[1' .
C

PaccMoTpuM Tenepkb, YTO MPOUCXOIUT ¢ HOPMAIbHON COCTABIIAIOLIEN B, IO
B Ha rpanule ¢ NOBEpXHOCTHBIM TOKOM 1 .

PaccmorpuM motoxk @ p uepe3 MOBEPXHOCTh LUIMHIPA HACTOJIBKO MAaJlOH
BBICOTHI, YTO MMOTOKOM 4epe3 OOKOBYIO MOBEPXHOCTh LIMJIMHAPA MOXKHO MpeHeOpeyb.
IlycTh nBa TOHBIIKA HWJIMHAPA HAXOAATCA C IBYX CTOPOH ITOBEPXHOCTHU C TOKOM.

Z S0 Ny .9

S
1 0

¢(B.dS)=0 = $B,dS=0 =>  By,Sy+B,Sy=0,rne ii —
S S
BHCIIIHAA HOpMAJIb K O6’beMy MUWJINHIOPA.

Ecan JIIs1 oboux JAOHBIIICK IIPOCKTHUPOBATHL BEKTOP B Ha OJHO U TO XK€
HaIrpaBJICHUC HOpMaJIn ﬁl—)?_’ TO AJIsI HMIKHETO AOOHBIINIKA HAIIPAaBJICHUC HOPMAJIA

U3MEHHUTCS Ha POTUBOIIONIOKHOE, U B, — —B,, . Torna
BynSo = BinSo =0 =>
By, —B,,=0, tne n=n_,, — €IWHUYHBIA BEKTOpP, HANPABICHHBIA IO

HOpMAaJIA K ITOBCPXHOCTU C TOKOM.

Tpu popMbI TEOPEMBI 0 MOTOKE U TeOPeMbI 0 HUPKYJIAIMHU MoJis B.

div(g)zo rot(é)zyoj .
(B.a5)=0 Byl = 1y %
S / 1
By, =By, =0 By, = By, = Myl

Ecnu B unTerpase CJSBIdI HampaBjeHre 00X0Ja KOHTYpa U HampaBlieHUE TOKa

/
B MpaBOil YacTH paBEHCTBAa OOpa3ylOT MpaBblii BUHT, TO TOK B MPaBOM YacTH

- S
PABEHCTBA IOJI0XKHUTEIIECH; n=n_, W T= 7,n1 O,



CpaBHI/IM C aHaJIOTUYHBIMHY COOTHOMICHUAMM AJIA I10JIA EB BaKyyMCc:

w(E) =L
dlv(E) - &0 rot(E) =0
15(?7,61*):% <_lf>Eld1=0

MaraurHoe noJje CHMMMeTPHYHLIX pacnpenaejJeHu TOKA.
1. I1oJie coJteHONIA 0€CKOHEYHOH UINHDI.
Kaxk MbI yxe o0cyxaanu paHee, COCTaBIISIONYI0 MAarHUTHOTO TIOJISl BAOJIb OCH

= &iQ :
4
B, = pyi = pyyn] — MarHUTHOE NOJIE BHYTPH COJICHOM/IA, HAIIPABICHHOE BIOJb

COJIEHOUJA MOXHO HalTH 10 opmyiie B

€ro ocu. 3aech i =n/ — IVIOTHOCTb NOBEPXHOCTHOI'O TOKA COJICHOUAA, 71 — YHCIIO
BUTKOB Ha €IMHUILY JUIMHBI COJICHONIA, | — CWJla TOKAa B KaXKIOM BUTKE COJICHOM/A.
B=B,+B,.+B,
Jlokaxxem Tenepp CTPOKe, YTo:
0CeBasl COCTABIIAIOIIAA IO CHAPYXKH coneHouaa B, =0 — OTCyTCTBYET;

B. =0 — otcyTcTBYeT panuanbHas COCTABIIOIIAS MOJISI BHYTPU U CHApYXKHU

COJICHOMA WJIM COCTaBILIOIIAs, HANpaBlI€HHAas II0 paguyCcy B IUIOCKOCTH
IIEPIICHIUKYJISIPHOW OCH COJIEHOUAA;
B, =0 —asumyTanbHas COCTABIAIONIAs IIOJIA, HANPABICHHAs BOKPYr OCH

COJIEHOM/Ia, OTCYTCTBYET BHYTPU U CHAPYX U COJIEHOM[A, €CIU MPOBOJ MOAXOAUT U
OTXOZUT C OJHOTO U TOTO 7K€ TOPLA COJIECHOUAA.

JlokaxkeM OTCYTCTBHE paJHAIBHOM COCTABIIOMIEM MArHUTHOIO  ITOJIS
COJICHOUIA.

PaccMoTpuM OTOK MarHUTHOTO MOJIA YEPE3 MOBEPXHOCTh LIWJIMHAPA:

I

=

— —

IToTox MOXeT CO31aTh TOJIBKO COCTaBJIAIOIIAs Br' COCTaBH}IIOH_IaSI B, moxer

r
CO3JaThb IIOTOK TOJIBKO 4Y€PE3 6OKOBYIO MOBCPXHOCTb HUJIMHAPA. Torna
(DB :q)Br :B}, 2727”1



—

DTO ¢ OJHOW CTOPOHBI, & C IPYrod CTOPOHBI MOTOK MarHUTHOTO MOJIsL B 4epe3
1r00YI0 3aMKHYTYIO IOBEPXHOCTh paBeH Hymo @, =0. Toraa

B, =0.

JIokaxeM Tenepb OTCYTCTBUE a3UMYTaIbHOM COCTABIIAIOIIEH MATHUTHOTO TI0JIS
COJICHOU/A.

PaccMOTPHUM LUPKYJISLMIO HONsS B MO OKPYKHOCTH BOKPYT' OCH COJICHOM/IA:

[To Teopeme 0 NUPKYJISIMHA MATHUTHOTO TTOJIS
CJSBIdl =pol, tne I=0, TaKk KaKk HET TOKOB ITPOHU3BLIBAIOIIUX KOHTYD
/

MHTETPUPOBAHUSL.

Cocrapmstiomast B, — 9T0 COCTAaBISIONIAs BOKPYT OCH COJCHOU[A, TOrZa
By = B(p. Torna

qSB(pdl:o => B(/,c]Sdlzo =>  B,-27r=0 =>  B,=0

) /

OtcyTcTBHE a3UMYTaldbHOM COCTaBISIONIEH MAarHUTHOTO TIOJIsi COJIEHOMJA
JOKAa3aHo.
Ha camom niente cocrapiisitomias B, CHapy»H COJICHOUIA MOXKET OBITH HEpaBHA

Hy1t0. OOBIYHO TOK MOABOAUTCS K COJICHOWTY Ha OJTHOM €TO TOPIIe, & OTBOJIUTCS Ha
apyrom Toprie. Torma, ecnm pamuyc KOHTypa WHTETPHPOBAaHUS OOJBIINE paauyca
OOMOTKH COJICHOW/A, TO KOHTYP MPOHU3BIBAET TOK [, PaBHBIM TOKY B KaKJIOM BUTKE
COJIEHOM/Ia, TAK KaK IUIOMIAJIKy, OTPAHUYEHHYIO KOHTYPOM, IMPOTHIKAET MPOBOJ C
TOKOM [ .

B atom cayuae

I
GBl=pgl = B2mr=pl = 13¢=BI=§L —  noze
/ nr
CHapy»>Ku1 COJCHON A COBIIAAACT C IMOJIEM IIPAMOIO IIpOBOAa C TOKOM 1.
Hol
Drto mome B,="—"— TrOpa3a0 MeEHbIIE, YEeM TIOJ€ BHYTPH COJICHOM]A
 2xr
B, = pynl, tak kak 2znr>>1, TAe n — YUCIO BUTKOB HA EIUHUILE JUIUHBI

COJIEHOWJA, N7 — YMCIIO BUTKOB COJICHOUJA HA JJIMHE PAaBHOW PaguyCy COJICHOUIA.
O6pruHO mosieM B, mpeHeOperarot, naxe Korga oHo ecrs. Y1obsl B, ObLIO CTPOro

PaBHO HYJIIO HYKHO CIeNIaTh OOMOTKY CcoJeHou 1a B Ba cyiosi. OJIMH CIION HaMOTaTh,



HalpuMep, CHU3Y BBEpPX, a BTOPOWM CJIOM HAMOTaThb B KAayeCTBE MPOJOHKEHHE
IPOBO/IA TIEPBOTO CJIOSI CBEPXY BHU3, HO B TY K€ CTOPOHY BOKPYT OCH COJICHOU/IA.

JlokaxxeM Tenepb, UTO CHapyXHd COJICHOMZA HET OCEBOW COCTaBISIOIIEH
MarLuTHoro nossa B, =0.

PaccmMoTpuM DmpsAMOYTOJBHBIM KOHTYP, B IUIOCKOCTH KOTOPOTO JIEKHT OCh
LAJIMH]PA.

1
By By

['opu3oHTaNbHBIE YYACTKH MPSIMOYTOJBHOTO KOHTYpa JAaloT HYJIEBOM BKJIaa B
LUPKYJIALUIO, Tak Kak B, =0. KpoMe TOro, ropu3oHTalbHblE YYaCTKH HAaXOATCS B

paBHBIX YCIIOBUSIX, MOSTOMY OHHM JaBaid Obl HYJEBOM CyMMapHbIA BKJIaa B
LHUPKYJSIUIO, TaXKe €CIU Obl pajuaibHasi COCTABIISIONIasi MAarHUTHOTO MOJIs ObLia Obl
OTJINYHA OT HYJIS.

Tornma o Teopeme 0 UMPKYJISIIUMA MAaTHATHOTO TOJIS:

<j>B,dl = Hol => Byly+(=By.)lo = toily By, =By, — pyi
/

Ho BHyTpu coneHouna B, = i , TOT1a CHapy»KU COIEHOUA
B,, =0, 4T0 U TpebOBAIOCh JOKA3aTh.

2. MarauTHoe€ 110Jie B BHYTPU M CHAPYKH JUIMHHOT0 HWINHAPUYECKOI0
NMPOBOAHMKA C 3aaHHO IJIOTHOCTHIO TOKA j.

R
i
B=B,+B,+B,
HokaxeM, 4ro B, =0 — OTCYTCTBYET COCTABJIAIOIIAsA IOJI1 BIOJIb IIPOBOAA
BHYTPU U CHAPY>KU MIPOBOJIHUKA.
o, [47] .
I[1o 3akony buo-Casapa dB = El r—3 3amenuMm Idl — jdV w nosyuum



_ ], 7 .
dB:ﬂ-de = dBlj —  dB,=dB;=0

iy 7
= B, =0.
I[OK&)KCM TCICPb, YTO B,, =0 — OTCYTCTBYCT paaualibHasA COCTaBJIAIOLIAA

II0JIS1 BHYTPHU M CHApy>KU IPOBOIHUKA.

r

C=

—

PaccmoTpum noTok BexkTtopa B uepe3 moBepXHOCTh nuiauHApa. [loTok Moxer

CO3/1aBaTh TOJILKO COCTaBJIAIOIIAs B, .
OZ(DB:(DB},:BI”.ZEFZ => B},:O
PaccmoTpum Tenepp a3uMyTalIbHYIO COCTABIISIOIIYHO B(p.

R

E—

—

-+

11

—

PaccmoTpuM mMpKyJsinuio noiass B MO KOHTYpY B BHUAE OKPY)KHOCTH B
IJIOCKOCTU MEPIEHANKYISIPHOM OCU MPOBOAA ¢ TOKOM. IIyCTh LIEHTpP OKPYKHOCTH
HaXOJMTCS HA OCU IPOBOJA. PaccMOTpuM cHauana OKpy>KHOCTb, pailyC KOTOpPOH 7

MEHbIIIE pajnyca MPOBOJHUKA R .
. . 2
gSBldl = ol =>  Byl=uyjS =>  B,-2mr=pyj-zr
[

=>

B¢ =%jr — Aa3UMYyTaJIbHasA COCTaBJIAIOIIAA IIOJIA BHYTPU IIPOBOIHHKA C

IUIOTHOCTBIO TOKA j OpH » < R, COCTaBIIAIOIIAs OIS B BOKPYT OCH ITPOBOJIA.
PaccMoTpuM Temepbp OKpYXKHOCTb, paauyCc KOTOpOM 7 Oojblie paauyca

IIPOBOJIHUKA R.



=
i
. . 2
gSBldlzﬂOI =>  By-l=pyj-S ==  B,-2zr=uyj 7R =>
[
Hy R
B, :70 Jj— — a3uMyTallbHas COCTAaBIIAIONIASl TOJISI CHApY>XH MPOBOJHUKA
r

Ipu 7 = R, cocTaBistomas noist B BOKPYr OCH IPOBOJA HAIIPABIECHHAsI BOKPYT TOKa
110 IIPAaBUILy IPABOTO BUHTA.

3. MarauTHOE 110J1€ IJI0CKOI0 CJI0S1 ¢ TOKOM.
HYCTB B 00BEME MCXKAY ABYMs HapalJICIbHBIMHU IIJIOCKOCTSAMH TCKYT TOKH C

OJIMHAKOBOW BO BCEX TOYKAaX IJIOTHOCTBIO TOKA J .

B=B;+B,+B,
Hokaxem, 4to B; =0 — OTCYICTBYEeT COCTABIAIONIAS MArHUTHOIO IIOJIs

BJI0JIb TOKA BHYTPHU U CHapYX M IUIOCKOTO CJIOSI.

[di ,f]

Io 3axony bro-Cagapa dB = 5—01 ~—— 3amenum Idl — jdV w nomydnm
T r
_ P .
dB:&-MdV —> 4Bl = dB;=0
47 r3
Torna B ;= 0.

JlokaxeM Temepb, 4YTO OTCYTCTBYET COCTAaBISIIOIIAs MAarHUTHOTO MOJIS
NEePIEeHAUKYIIIPHAs INIOCKOMY cJio0 B, =0.
PaccMoTpyM MOTOK MarHUTHOTO TIOJSL 4Ye€pe3 MOBEPXHOCTh LMWIUHJPA,

AOHBINIKHW KOTOPOIr'o IMapauICJIbHbI INIOCKOMY CJIOI0 U CUMMMCTPHUYHO PACIIOJIOKCHBI
OTHOCHUTCIIbHO CJI04.

R e e 8

IToTox MoXxeT COo34aBaThb TOJIBKO COCTAaBJIAIOIAsA MAarHUTHOI'O IIOJIA Bn. OTa

COoCTaBJAOIasd CO34ac€T IMOTOK TOJIBKO 4YC€pPE3 AOHBIIMIKK HUJIMHAPA. 3 CUMMCTpPUHN
3aJlauy IOTOKH YCPE3 00a JOHBIIIIKAa OJUHAKOBBIC, TOIr' Jad



Dy :CI)Bn =2B,S.

OTO ¢ OIHOM CTOPOHBI, & C APYrOoll CTOPOHBI MOTOK MAarHUTHOTO IOJISI Yepe3
1r00YH0 3aMKHYTYIO IOBEPXHOCTh paBeH Hymo @ 5 = 0. CnenoBaTeinsHo,

B, =0 BHYTpHU U CHapyXH IIJIOCKOTO CJIOS C TOKOM.

Ocranock HaWTH COCTABIAIOIIYI0 B, HAaNpaBICHHYIO II0 KaCaTEJIBHOW K
IUIOCKOCTSM CJIOSI M IEPIICHIUKYJISIPHYIO TOKaM.

PaccMoTpum nupkyasuuio noist B 1o npsAMOyrojJbHOMY KOHTYDY.
ITyctp ‘Z‘ <a.

i®Q_8 & @kt

k-—,__i\/_'_,_,_—*'
0

Bxnaa B IUPKYJSALMIO JAlOT TOJBKO FOPU3OHTANbHBIE OTpEe3KH. Bkilag aByx
TOPU30HTAJIBHBIX OTPE3KOB 0JMHAKOB. Torma

 Bydl = ol = 2B ly=myjS == 2Bly=ppj-2zl =>

/

B, = pjz — MarHuTHOe IOJIE BHYTPU CIOs ‘z‘ <a B HalpaBJCHUU
napajieIbHOM I'PaHULAM CJI0S U EPIEHANKYIISIPHO TOKY.

[TycTp Teneph ‘z‘ >a.

iR K &  \Bpfla

'\_.__il/___,_i
0
SSBldlzﬂoI = 2Bly=pyjS  => 2By =ppj-2aly =
!
B, = ppja — MarHMTHOG IONE CHAapykH CNOS |zZ[>a B HanpaBieHnH

IIapaJuIeIbHOM TPAHMIIAM CJI0sl M IEPIEHAUKYIAPHO TOKY. HanpasieHne MaraHuTHOTO
1oJist 00pa3yeT MpaBblii BUHT C HAIIPABJICHUEM TOKA.



