Ixk3amMeH. MarHuTHoe 110Ji€ B IiIeHTPe KPYIroBOI0 BUTKA C TOKOM.

Bce Toku 1 TOuKa HaOIIOCHUS HAXOAATCS B OJJHOM 1tockocTH. Torna
1 d(p

dB—— =>
1 2l
B=®dB= dp=— -Qdop=—21r=—""— =>
gg CJScr ¢ (JS ¢ cr cr
B:27zl
cr
BCI/ICTGMCCHIl%& => B:‘u—ol.
c 4 2r

Ik3aMeH. MaruiuTHoe 1oJie IPsIMOro IMpPoBoJia ¢ TOKOM.
PaCCMOTpI/IM HpHMOfI IIpOBOJ C TOKOM U OJHY TOYKY Ha6J'IIOI[€HI/I}I MargamMTHOI'O

I10JI4. q€p€3 [IpAMYIO 1 TOYKY BHC HCC IIPOXOJUT IIJIOCKOCTD. CHGI[OB&TGHBHO, 3ajJada
IINTOCKas 1 MOKHO BOCITIOJIB30BaTbhCA (bOpMy.]'IOﬁ

gL .49

c r
Ha sk3amene »toil popmysioit MOKHO BOCIIOJIB30BATHCS, KAK UCXOTHOM.

R 1 cos(p)
— =cos = —=_"7J
r (¢) r R
1 I do
[TomCTaBUM 3TO BBIpAXKEHHE I — B BEIpAXKeHUE dB = —-—— U HOIy4nM
r c
gl .
c R
i z
B= IdB Ti cos(9) dp=-L j‘cos( )-d 2 g2t
- C 4 cR o vy ae cR CR
2 2

[lepeobo3HauuM R — r U MOIyIUM

B=— , IC I — PaCCTOAHHC OT IIPpOBOAA C TOKOM 1O TOYKH Ha6JIIOI[€HI/I$I.
cr



B cucreme CU: l—>& => B:’u—ol.

c 4 2xr

@dakyabTaTuBHO. IIpaBHJI0 IPABOr0 BUHTA.
Tok 1 MarHuTHOE MOJie 00Pa3yIOT MPaBbId BUHT.
MarsHuTHOE T10JI€ HampaBJI€HO BOKPYT TOKA IO MPABHIIY MIPABOr0 BUHTA, U TOK
HAITPaBJIEH BOKPYT MAarHUTHOIO TI0JI IO ITPAaBUJIY MPABOr0 BUHTA.

I B
C:;j;) >
I
I B

—

Ecnu HapucoBaTh 00JblI€ JIUHUNA MONST B, TO KAPTUHBI IEPECTAHYT OBITh TaK
ITOXOXKHU.

B
I B B
=" I

dakyvabTaTHBHO. B3anumMoaeiicTBrue NapajalaeJbLHBIX M AHTHIAPAJLIEJILHBIX
TOKOB.
PaccmotpuMm napasuienbHsle TOKU [} U 15 .

I,

< T °B,

HapanneanbIe TOKH HPUTATUBAIOTCS, AaHTUIIAPAJIJICIIBHBIC — OTTAJIKHUBAIOTCA.

5 =2h dﬁzl_z.[di,gl] — ar=L24.3 =
cr C C
dF 204,

Jl 5 — CHJIA, ﬂGﬁCTBYIOHI&H Ha CAMHUIY JJIMHBI IIapaJICIIbHBIX TOKOB.
cr



d 4z r

[TapannenbHbple TOKM OPUTIATUBAIOTCA. [ pOMOOTBOJT U3 METAJUIMYECKOU TPYOKH
CXJIOIBIBAETCA B CIUIOIIHOW IPYT MPU NONALAHUKA MOJIHMM. TOKOHecylue IpoBoja
AIIEKTPONOE3/1a OPSAKAIOT IPYT O Apyra IpH cTapTe moes3zaa.

B cucreme CU:

DakyJbTaTUBHO. MarHMTHBIE CHJIbI, KAK PEJATUBUCTCKUN 3P deKT
JJIEKTPHYECKUX CHJI.

PaccmoTpuMm ABa napasuiesIbHbIX TOKA.

OOBSICHUM NPUTSHKEHHE TOKOB 0€3 MPUBICYEHUSI MATHUTHOTO TOJIS.

[lonoxxutenbHble HOHBI JBYX IIapajUICNIbHBIX ITPOBOAHUKOB HEIMOJABUKHBI.
IlycTh BCE BIEKTPOHBI 3TUX NPOBOJHUKOB JBHKYTCA C OJHOW U TOU K€ CKOPOCTHIO
BJIOJIb ITIPOBOTHUKOB.

Jns Havana 3aMeTMM, 4TO B MCXOJHOW CHCTEME OTCUETa B CUCTEME OTCYETA
ITOJIOKUTENIBHBIX NOHOB IPOBOJHUKH HE 3apsKEHBL, & B CUCTEME OTCUETA DJIEKTPOHOB
IIPOBOJHUKHU 3aPSKEHBI.

W nelCcTBUTENBHO, MABIKYLIUMHCA MPEIMET CHKUMAETCs B HaIPaBICHUU
JIBHKCHUS.

Torma mpu nepexoie B CHUCTEMY OTCYETA DIIEKTPOHOB PACCTOSHUS MEXKIY
JJIEKTPOHAMM  BJOJIb IIPOBOJHUKA YBEIWYUBAIOTCA, A PACCTOSHUA MEXKIY
IIOJIOKUTEJIbHBIMU MOHAMU YMEHBILIAKOTCH.

[Ipy 3TOM KOHLIEHTpAIUsA OJJIEKTPOHOB YMEHBINACTCS, a KOHLIEHTPALUs
ITOJIOKUTENIBHBIX MOHOB BO3pacraer. B cucTeMe oTcuera dJEKTPOHOB MPOBOJIHHUKHU
OKa3bIBAIOTCS MOJIOKUTEIBHO 3apsKEHHBIMU.

Bb1 nymaere, 9TO MONOXKHUTENBHO 3apsHKCHHBIE MTPOBOJAHUKHU OTTAJIKHUBAIOTCS?
He TyTt-TO OBLIO!

YroObl 000MTUCH 0€3 PaCCMOTPEHU MAarHUTHOTO MOJIA HY’KHO paccMaTpuBaTh
CHILy, TEHCTBYIOIIYIO Ha Ka)/bIi 3apsi B TOM cucrteme orcyera, rae cuia Jlopenna
OTCYTCTBYET:

V=0 = F=2.[v7.B]=0.

c

CrnenoBaTenbHO, HY)KHO pacCMaTpuBaTh CUIIY Ha KaXAbld 3aps] Tam, Ile
CKOPOCTb 3apsiJia paBHA HYJIIO.

Cuity, JeMCTBYIONIYIO Ha IMOJIOKHUTEIbHBIE HOHBI HYKHO paccCMaTpUBATh TaM,
I'JI€ MOHBI MIOKOSATCS, ¥ IPOBOJHUKHU HE 3apsKEHbl. TaMm cuiia paBHA HYIIIO.

Cuity Ha 3J€KTPOHBI HY>)KHO pacCMaTpHUBaTh TaM, IJ€ MOKOSATCS 3JIEKTPOHBI, U
r7ie TPOBOAHHUKH TIOJIOKUTENBHO 3apsHKeHbl. TaM cuiia, JeiCTByIOmas Ha JIEKTPOHBI,
MPUTATUBACT MPOBOIHUKH JPYT K IPYTY.

DTO0 ¥ €CTh NPUTSHKEHUE MPOBOTHUKOB C MAPAIIICIBHBIMU TOKAMHU.

dakvabTaTBHO. B3aumojaeiictBue TokoB U 3-i 3ak0H Hu10TOHA.
PaccMorpum n1Ba 3neMeHTa TOKa, MNEPHNECHAMKYJISPHBIE JIPYyr  JAPYry:

Ldl L Lydl, .




[TokaxeM, 4YTO cCUIBl B3aUMOJEHMCTBHS OITHX JJIEMEHTOB TOKa HE
YILOBJIETBOPSIIOT TpeTbeMy 3akoHy Hetotona: dFy_,, # —dF,_,,.

dF_, == [dlzadBHz]

=>
- dl,r
dgzz.g
c r
L | s s || n
dFy_yy ===-| dl,~ [ 3 ] = [dlza[dlb’izﬂ
¢ R ) iy
L1 I
== {dll(dlzarlz)—ﬁz(dlzadh)}
¢ ’”12
Ho me1 Beibpamu dl, L di => (a’iz,dil) =0 =>
= L, -/ - _ _ -
dFi_y; =—3-2-dly(db, 7, ) = dF_,, | d]
¢ n2
Anayormano dF, L, || dl, . Torna
dFyy; || di
dFy |l dl = dF, LdF, .y, = dF_,#-dFy ),
dl, L dI,

YTO U TPeOOBAJIOCH I0KA3AaTh.

Ecim nmpocyMMUpOBaTh CUIIbI, AEMCTBYIOLIME HA BCE DJIEMEHTHI 3aMKHYTOIO
KOHTYpa C TOKOM, TO BBIACHAETCS, YTO IS 3aMKHYTBIX TOKOB F ., =—F, .|, HO
Mapajioke He HMCYEPNaH, Tak KAk JUis Mapbl TOYCYHBIX 3apsOB, ABHKYIIMXCS C
Pa3sHBIMU CKOPOCTSIMM Fl o F FZ -

Jleyio B TOM, 4YTO KOIJa TOYEYHBIE 3apsjbl IPOJETAIOT APYr OTHOCHTEILHO
Apyra, BO3HHMKAET DJJIEKTPOMArHUTHOE U3IYy4YEHHE, KOTOPOE YHOCHT JHEPIHIO H
UMITyJIbC. be3 yuera 5Toro umiysabca 3aK0H COXpaHEHHU MMITYJIbCa HECIIPABEIJIUB.

3aKOH COXPAaHEHHUS HMIIYJbCa TECHO CBA3aH C TPETbUM 3aKOHOM HeroToHa,
[I03TOMY JUIA Iapbl TOYEYHBIX 3apsA0B, IBIKYLIUXCS C Pa3sHBIMM CKOPOCTSAMH, HE
CIIpaBEJIMB TPETU 3aKOH HproTOHA.

DakyJabTaTUBHO. DPOpMYyJia VISl OTHOM M3 COCTABJISIIOIIMX MATHUTHOIO I10JIsI
INOBECPXHOCTHOI'0O TOKA.




g |dlF] .
dg=-.L " 1 o1 [z,r}
c 3 = dB=— 3 -dS — 3akoH buo — CaBapa
- ¢ r
1dl —idS
. odl
JUTSI IOBEPXHOCTHOTO TOKA, TJI€ | = —— — IUIOTHOCTh MIOBEPXHOCTHOI'O TOKA.
L

3amMeHuM 7 — —7, TOT/ia HOBBIH BEKTOp ¥ — PaJNyC-BEKTOp DJIIEMEHTA TOKa,
€CJIM Hayajo KOOPJAMHAT BHIOPATh B TOUKE HAOIIOJCHUS MarHUTHOTO ojsi. Toraa

-1 [F,i }
dB=—- s ds
¢ r
HaiineM cocTaBisIoNy0 MArHUTHOTO 1O B | Takylo, 4TO
dB, Li
dB, Ln
JIroOoii BEKTOp MOXKHO Ppa3joXKHTh Ha TPH B3aUMHO OPTOTOHAIBHBIX
COCTABJIAIOIIUX

, TAC n— HOPMaJIb K ITIOBCPXHOCTH, I10 KOTOpOﬁ TCUYCT TOK.

B L P O Y o B s I s I B p

ri,i
no 1o
c 3 cr’ cr’ cr’ cr’

B mpaBoil 4acTM mepBOE CllaraeéMoO€ pPaBHO HYNIO, Tak Kak 7: |1 . Tperbe
cllaraeéMo€ IEepIEeHAUKYIISIPHO BEKTOpY 7|, TaK Kak [71,1‘ ] 17 . Tormna Ttperbe
cllaraeMoe NepreHIuKYJISIpHO BEKTOpY B , Tak Kak 7| || B . CiaenoBaTenbHO, TPEThE
cllaraéMoe He JaeT BKJIaJ B MHTEPECYIOLIYI0 Hac BeIUuuHy B . Bropoe ciaraemoe,
HA00OpOT, LEIMKOM BXOIWT B BEIMYMHY B, Tak Kak [Fn,i ] || B| , moTOMY 4TO

dBJ_ 1
dB ik 1ln

Torna Bki1an B BeTU4HHY B| IEITUKOM OMPEEIIETCS BTOPBIM ClIaracMbIM:

L
= dS r. -
dB | :—3-[rn,z ]
cr
C yderoM TOTO, 41O 7, L i , MOIy4HM

i
dB) =~ pi=—-2 =t AL L U L =140

cr c r C 7 c r c r C
I o

dB = —dQ, rne dC) — TenecHbIH yT0J1, 104 KOTOPbIM IMMOBEPXHOCTH C TOKOM
C

ds . i ndS i (f:ds’)_i rodS ; i dS|;
_L . 2

BHJHA N3 TOYKH Ha6HIOII€HI/IH nons B ; B | COCTaBJAIOIIAasi MaroHuTHOI'O IIOJIA Takasd,



YTO ZEL i , THe | — IUIOTHOCTh TOBEPXHOCTHOTO TOKA, 7 — HOpPMalb K
B, 1ln

MOBEpXHOCTH ¢ TokoM. CocTapistiomas B | HampapJI€Ha TaK, YTO MarHUTHOE I10JIe

oOpa3yeT NpaBblii BUHT BOKPYT TOKA.

Ix3aMeH. MarHuTHoOE 10Jie BHYTPH 0€CKOHEYHOI'0 COJEHOMIA.
ConeHousy — 3TO HNWIMHApPUYECKAs KaTyIIKa ¢ MpoBojsiier ooOmortkoil. Ilo
MPOBOJIY COJICHOWJA ITYyCKAIOT JICKTPUYECKUN TOK. MOXHO CKa3aTh, YTO TOK TE€UET
110 OOKOBOM MOBEPXHOCTH IUJIMHIPA BOKPYT OCU LIMJIMHJIPA.
PaccMoTpruM MarHMTHOE TOJIE KPYTJI0TO BUTKA C TOKOM.

MBICIEHHO CHOXKMM IOJS HECKOJIBKHX BHTKOB, PACIIOJIOKCHHBIX OJHWH HaJ
APYIUM H IIOJYYHUM IIOJIC COJICHOMIA.
Y o/

B

BHyTpu cosieHOHMIa MarHMTHOE II0JIE B OCHOBHOM HAINpPAaBJICHO BIOJb OCH
COJICHOM/IA.

JIMHMY MarHUTHOrO TOJA MPOXOISAT BHYTPH COJICHOWZA BIOJb €r0 OCH, a
BO3BpAIIAIOTCSl CHapy»kKu cosieHouja. CHapyyd MeCcTa MHOI0, MO3TOMY IIJIOTHOCTH
JIMHUI MaJia, ¥ IoJIe MaJo.

JInsi GECKOHEYHOr0 COJICHOWJIa MarHUTHOE T0JIE CHApY»HU COJECHOHUIA PaBHO

HYJIIO.
Jlnst m0060ro 31eMeHTa TOKOHECYIIEH MOBEPXHOCTU COJEHOMIa OKa3bIBAETCA,
~ B Lli
4TO COCTaBIAIOLIAs B| Takas, 4To 5 _ , HarIpaBJI€Ha BJIOJIb OCH COJICHOU/IA.

B, Lii



i i
dB| =—dQ => B =—Q=B_, rae ocb z HalpasleHa BJOJb OCH
c c
COJICHOMIA.
Buytpu OeckoHeuHoro coneHonaa Q=47 — TOJNHBIA TEIECHBIA YIroi
(TenecHbIl yros BO BCE CTOPOHBI), TaK KaK KyJa HHU IIOCMOTPHUINb U3 TOYKH
HaOIIOI€HHS 110151, B3I YIIUPAETCS B IOBEPXHOCTH C TOKOM.

Torna
i 4r :
B=4r—=—nl — mone BHyTpU OECKOHEYHOTO COJICHOMJAA, TAE [ —
c c
IUIOTHOCTh IIOBEPXHOCTHOIO TOKA COJICHOWAA, # — YHUCIO BUTKOB Ha EIUHUILY

JJINHBI COJICHON A, I — cuna Toka B OJHOM BHMTKC COJICHOHAA.

dakyJbTaTHBHO. MarHUTHOE 110JI€ HA OCH COJIEHONIA KOHEYHOM JJINHDI.
Haitnem MarauTHOe mosne B Touke O Ha OCH COJEHOWJA C TMOBEPXHOCTHOM
IUIOTHOCTBIO TOKA i =nl , TA€ #n — YUCJIO BUTKOB Ha €IUHHIIC JUIMHBI coJicHOuaa, [
— CHJIa TOKAa B OJJHOM BHTKE.

3necy 6 u 6, — yrioBele paauycChl NOHBIIIECK LHAIMHIPA NPH B3TISLAC W3

Touku O Ha6J'IIOI[GHI/I}I MardmMTHOI'O ITOJIA.

Ocsp COJICHOHMAA ABJIAACTCA HOBOpOTHOﬁ OCbKO CHMMCTPpHH 3aJavu. Pemenue
JOJIDKHO 06H3I[aTI> ATON KE CPIMMGTpHGﬁ. Torz[a Ha OCH CHMMCTPHH MOKCT OBITh
TOJIBKO OCCBasdA COCTaBJIAIOIIAA MAalrHUTHOI'O ITOJIA.

I[J'I)I JIFO00T0 BJIEMEHTAa IMOBCPXHOCTHOT'O TOKAa COCTABJIAIOIIASA B | HallpaBJICHa

BAOJIb OCHU COJIEHOM1A. Torna I10JIC Ha OCH:
i 0
B=B =-Q=2"p]
C C
HaﬁHGM TEJICCHBIN yIroJ Q , IIOJA KOTOpPBIM BHJIHA ITIOBCPXHOCTHL C TOKOM M3
TOYKHU Ha6JHOII€HI/IH MAaArHuTHOTIO ITOJIA.

dQ=sin(0)-d0-dp  =>

Q=[d0= Zfdgofsin(e)-de =27+ (cos(6) —cos(6,))

Torna B _82 :Z—Enl-(cos(é’l)—cos(éz))

c c
2z
B===nI-(cos(6)—cos(6,)) — none Ha ocu coneHonna, IAe 7 — UUCIO
c
BUTKOB Ha €IWHMILY JJIMHBI COJIEHOMAA, /| — Cuila TOKa B coleHounae, 6 u 6, —

YIJIOBBIC paanyChbl TOPLOB COJICHOM A IIPpU B3ITLAAC U3 TOYKH Ha6J'IIOI[eHI/IH I1IOJIA.



B cucreme CU: l — &.
c 4

IK3aMeH. MarHuTHoe moJie HaJ{ TOKOHeCYIIeH MI0CKOCTBIO.
MarHuTHOE MOJI€ 3aKpYYE€HO BOKPYI TOKOB IO MpaBWJIy MPaBOro BUHTA. B
TAKOM CJIy4a€ MarHUTHOE MOJIE TNIOCKOCTH C TOKOM UMEET CIICAYIOIINN BU/I:

B

_—

ie @ @ @ ® @ ® @ @i

_—

B

OTO 1MOJe TNEPHEeHIUKYJSIPHO TOKY W TEPHEHAUKYISIPHO HOPMAIA K
MIOBEPXHOCTU C TOKOM. Torja MarHMUTHOE TMOJ€ MOXHO HaWTh mno ¢opmyre

i .
dB| =—d(). TenecHblil yros, noj KOTOpbIM BHMJHA OECKOHEYHasl IJIOCKOCTb C
c

TOKOM, paBeH 27 . Torma

—

27 .
B=—1i, rne none B 3akpydyeHO BOKPYr TOKa IO MPaBWIy MpaBOro BUHTA,
C

I10JIE MapalIeTbHO TOKOHECYIIEH TUIOCKOCTH U B 3TOM INIOCKOCTU TNEPHEHAUKYJISPHO
TOKY.

JK3aMeH. BeKTopHbBIM NOTEHIIUAJ.

- I dl
dA==-2" — BeKTOpHBIH MOTEHIMAT dIeMEHTa ToKa Jd] Ha PacCTOSHUU F

c r
OT JJICMECHTA TOKaA.

B cucteme CU: dA = Ho [— dl
Az r
dl

r

—

Bripaxenue d4 = 9

IMIOXO0KC HAa BBIPAXKCHUC @ =—, I'IC @ — CKaHHpHBIfI
r

QIN

—_

IIOTCHI M AJI. HOC—)TOMy A Ha3bIBAIOT BCKTOPHBIM IIOTCHHOHAJIOM, XOTA K
HOTCHHH&HBHOﬁ OHCPIrur OH HC UMCCT OTHOLICHMA.

PaccmoTpum rot ( d;l) :

rot(dA) = v,L. a1 [v dz} L [ﬁl,di}
c r c c r
(0=2
r
- 1 v - v
[ToxcraBum crona V—=——, 4To ciaeayer u3 3 £ =q— , U TOJTyInM

b
r r3

ool

Il

|<1 ~
RS




rorfad) <2 [ | L[ Lt |4 [dﬁ’%}_g[d@q
r

c r c c r

I dl N
CpaBHHMM 3TOT pe3yJbTaT ¢ 3aKkoHoM buo-CaBapa dB == [—3] U TIOJIy4YUM:
c r

rot(d;l) = dB =>

B= I/'OZ(A)— CBSI3b MArHUTHOTO 110JIsA B U BCKTOPHOI'O IIOTCHIIMAJIa A.

d*51.£ =
c r o
i7)= L0 g
e [F=7]

DakyJbTATUBHO. IloTeHIMAJIbI IEPEMEHHbIX 3JIEKTPOMATHUTHBIX I110JIEH.
HOTGHHI/IaJ'IBI IICPCMCHHBIX 3JICKTPOMArouTHBIX oJIeH (/! A

B= rot(ﬂ)
(S 10¢
B kanuopoBke JlopeHiia a’zv(A) =———
E=———-Vop
c Ot
3aBUCAT OT 3apsA0B M TOKOB TaKXe KaK B JJIEKTPOCTATHKE @ =4y
r
- Idl y
MarHUTOCTaTHKE dA =——, HO 3aBUCAT OT 3apsJI0OB M TOKOB B IMPEIICCTBYIOIIHA
cr

MOMCHT BPCMCHH. MomeHT BpEMCHH IMPCAMICCTBYCT Ha BPCMA PACIIPOCTPAHCHUA
\r 7

CUTHaJa OT MUCTOYHHMKA B TOYKE 7' HO TOUKHU HAOIIOIECHUS 7 :
L, =7
q|r,t—
- c
p\r,t)= R,
( ) ‘I/' _7 v‘




HNHTepecHo, 4YTO — 4-X BEKTOp OTHOCHUTEIBHO MNpeoOpa3oBaHUI

®
AX
Ay
AZ
ct

JlopeHna, Tak e Kak
y

y4

[TogpoOHee 3TOT BOMPOC PACCMOTPEH B JIEKIUMH, KOTOpas O0O3HAuYe€Ha Kak
nekuus 34 u3 30 nexuuit 3a npouuislid rog. Ha camom nene nekuus 3a 2011 rog.



