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IlocTossHHOE MarHuTHOE II0JIE
Nunyknuss MarHuTHOrO mnoJisi. 3akon Bbuo-CaBapa

Nel
YcioBue: 3apsizKeHHas dJIeMEHTapHasd JacTHUIA JIBUXKETCS CO CKOPOCTHIO,
MOy Th KoTopoit v = 900 M/c. B HEKOTOPBIT MOMEHT B TOUYKE HAOJIIO/IEHUS
P wvonynb HapsyKEHHOCTH 3JIEKTPUUECKOTO TOJIA 3TOH YacTullbl B =
600 B/M, a yros Mexkjy BEeKTOpaMu CKOPOCTH U HampsiKEHHOCTH o = 30°.
PaccunTarh MHIYKIINIO MATHUTHOTO TIOJIS JTAHHOW YACTUIIH.

Pemenne:

Puc. 1: IlosicHuTE IbHBIIT PUCYHOK.
o Sin o
B="Y

472 (1)

1

YMHOXKUM U pazfeauM 1 Ha €, 4TOObI cliesiaTh 3aMeHy Ha E:
B = pgusinagyE (3)
[lomcraBuB Ymnciia, MOy YAM:
1
B =900 - 600 - 3 12.75-1077 - 8.85 - 1012

=3-1072 =3 uTn.
OrBer: B =3 oTm.

Ne2
YciaoBue: Ucnonb3yss 3akon bBuo-Capapa, moaydnTb GOpPMYyIy JJIs
paccuéra MOyJIg BEKTOpPAa WHIYKIIUA MATHUTHOTO TIOJs, CO3JaBaeMOrO
ToKOM I, TIpoTeKaroIeM B JIMHEHHOM OECKOHEYHOM ITPOBOJHUKE B TOYKE,
PACIIOJIO’KEHHOU HA PACCTOSHUU T OT IIPOBOJIHUKA.



Pemenne:

Puc. 2: Ilosicusirouii puCcyHOK.

MarauTHOe 10JIe TPAMOTO TOKA, T.€. TOKa, TEKYIIEr0 IT0 TOHKOMY TTPSIMOMY
MPOBOy OeCKOHeYHOU JIIuHBbI. [lo CBOMCTBY BEKTOPHOIO TPOU3BEIECHUS
cJIe/lyer, UTO B IPOU3BOJILHON TOUYKe A BEKTOPBI dB OT BCEX 3JIEMEHTOB
TOKOB MMEIOT OJIHO HaIlpaBJICHUE — 3a IIJIOCKOCTh PUCYHKA.

[ToaToMy MOXKHO CKJIaJbIBATH TpocTOo Mojyau dB. B namem ciaydae dB
y100Hel BBIpa3UTh He depe3 yroJ Mexay dl u 7, a depe3 «, TOraa

B @Idlcosa.

d
A7 73

()

Kax suano us Puc. 2 dlcosa = rdaur = C(;Oa_ SuauuT dB = Z_g . _fcoiada_
0

UNuTerpupys nocsienee BbIpayKeHWe MO YTULY, TOJIYIUM

I
B = Z—;g(sinaz—sinal). (6)

Shve BbIDazKE€HHUE TTIO3BOJIAECT HAXOAUTH MAalrHUTHYIO MHAYKIIUIO OT KOHEYHOI'O

IpOBOJHIKA. B cirydae GeckoHeIHOTO IpoBOHUKA (g = §, 0 = —%):
1
=t L (7)
2m 7y

OrBer: B = ;L
777"0



Ne3

YcaoBue: Paccunrarh MOJYJIb BEKTOPa HWHAYKIIMUA MATHUTHOI'O ITOJIs,
CO3/1aBa€MOr'0 KOHEYHBIM ITPAMOJAHENHBIM YYaCTKOM HPOBOJIHUKA, JIJTUHBI
[, mo xoropoMy IpoTekaer TOK I, B TOYKE OTCTOLAINEH Ha ITPOU3BOJIHHOM
PaCCTOAHUA T OT OCU IIPOBOJHUKA.

Pemenne:

Puc. 3: Ilogcasatonuit pucyHoK.

s pemreHus  3amadW  BOCIOJB3YEMCsS  IPHUHIUIIOM  CyIIEPIIO3UIUN.
Pazobbem IpoBOIHUK Ha 3JIeMEHTAPHbBIE YIACTKHU dl, IO KOTOPBIM T€YeT TOK
I (Puc. 3). Cormacuo 3akony buo-CaBapa, BeKTOD MArHATHOH MHIYKIIH,
cO31aBaeMOro B ToUKe A KarKIbIM 3jieMeHTOM TOoKa I - dl paBeH



o 1|dl,7|
ar 3 (®)
Bekropst dl u 7 ;I BCeX yIaCTKOB IPOBOAHUKA JIEKAT B IIOCKOCTH
JepreXka, IMOdTOMYy B TOuke A BEKTODHI dB uMeT OIMHAKOBOE
HAIlpaBJIEHUe, MEPIEHINKY/ISIPHOE IIJIOCKOCTH depTexka (0T Hac ),
YTO IMPOJIEMOHCTPUPOBAHO Ha HEKHeM pucynke. (CjioxkeHue BEKTODPOB
dB CBOENTCA K CIIOMKEHHIO KX Mojyseii. B KadecTBe TmepeMeHHOI
WHTETPUPOBAHUS BbIOEPEM yTOJI « (YyroJl MeXIy T U T). Bblpa3I/IM Jepes
YTOJI @ BCe OCTaJIbHble Beimaunbl. VI3 Puc. 3 Bugano, utor = =, | = xtga,
MIO3TOMY JIJTUHA JJIEMEHTa TOKA CBA3aHA C MPUPAIEHUEM (¢ COOTHOIIIEHUEM

dl = 1———. (9)

MarauTHas WHIYKIIMs, CO31aBaeMasd JIeMEHTOM ITPOBOTHUKA, PaBHA:

ol rda (77 ) fol
dB = — d 10
drrZcosa T\ 2 ta dmp A (10)

YTosI @ JI7IsT BCEX JIEMEHTOB MPSIMOTO TOKA M3MEHSIETCs B IIPesieax OT Oy
10 a5 (Puc. 3), Torma

2 gl pol . .
/dB / U — cos ada = 47(;:1: (sin gy — sinay ), (11)
1
B = Ziac (sina, —sinay), (12)

rie oy W Oy YIVIBL, 1OJ, KOTOPBIMU MBI BHJIUM U3 TOYKHU, B
KOTOPOH oIlpejiesisieM T0Jjie, KOHIIbI MPOBOIHUKA. IDTU YIJIbI SIBJISTIOTCS
aJredOpanvIecKuMi BeJIUYUHAMU M OTCUYUTBHIBAIOTCS OT IEePIEeHIUKYJISIpa,
ONYIIEHHOTO W3 TOYKW Ha MTpOoBOAHUK. IlojokuTenpbHOE HampaBJIeHUE
oTcYeTa yIJjla @ COOTBETCTBYET YIJIY, OTCUATHIBAEMOMY OT IIE€PIEHIUKYJISIPaA
B HAIIPaBJIEHUU TOKA.

pol
OTtBet: B = (cos aq + cosay).

Ne4q

YcaoBue: 3aMKHYTBIE KOHTYP € TOKOM WMEET BHJ[ IIPAMOYTOJIbBHUKA
¢ jguaroHajbio d = 16 cMm, yroa wMexay amaronagsavMu o« = 30°. Cuia
TOKa, IpoTeKarIlero 1mo Kourtypy I = 5 A. Paccunrarh MOMy/Ib MHIYKIIAN
MarHUTHOI'O TOJIsI B IIEHTPE KOHTYPA.



Perenne:

Puc. 4: Tlosgcusaromnuit pucyHoOK.

B cucreme CU: d = 16 cm = 0.16 M.

HO HpI/IHHI/IHy CyHepHOBI/IHI/II/I JJ1A MAaroHmuTHOI'O IIOJIA

Tak kak Bce B; comampasiensi, 0 B = 2(B, 4+ B,). Ilo 3akony Buo-

Casapa-Jlamraca:
B_o pol cos%_i_ cos & _
27 \ Scos?  gsin?
(14)

_ kol 1 _ Apel
oo 4 sin £ cos £ ~ 7wdsing

(13)

2

HO,II;CT&BI/IB YuUcCJia U3 yCJIOBUA, ITOJIYyIUM:

4-47-1077-5
7 -0.16 - sin 30° (15)

OrBer: B =0.1 mTo.



Neb
YcaoBue: OnpeneanTb MOMLYJIb BEKTOPA HHIYKIIMKA MAaTCHUTHOI'O ITOJIS HA

ocu Kpyrosoro Toka I pammyca R, kax dyukimio B(z), rie z paccrosHue
JIO IIEHTPa KOHTYPA.

Pemenne:

dl

X
Puc. 5: Tlosicasromuii pucyHOK.
MarauTHoe 1oJIe Ha OCH KPYT'OBOT'O TOKA.
W Idl
dB = ——- 16
47 12 (16)
/dB —/stmgo— singo/dl:
l
17
4o IR (17)
471'7"2 sin 2T R = 271'7"2 sin ¢
[IpeobpasyeM moJiydeHHOE BBIpAXKEHUE, yUUTBIBas, 9TO Sinp = %, r? =
R? + a2. Tlociie TIOACTAHOBKY TIOJIYIHAM
IR IR R IR?
p="to sin p = ,ug 5 - Mo - (18)
212 2(R%?+a?) /R? + a2 2(R2 + a2)2
OrBer: B(z) = _HolR”

3 .
2(R2+22)2




Ne6
Ycaosue: [To ronkomy 3amruyTOMY TpoBOaHUKY (Puc. 6) Teuér Tok, cuia
koTtoporo I =5 A. Paamyc m3ormyrtoit wactu npoBojgauka R = 120 mwM,
yroa ¢ = 90°. PaccanTarh MOIYJIb BEKTOPa MATHUTHON WHJIYKITUA B TOYKE

0.

Puc. 6: IIpoBogHux.

Perienne:

Puc. 7: Ilosicasronuit pucyHoOK.

Ne}



IIycts 0 = % = 45°.

g gacTu OKpy2KHOCTU:

2mw—260
pol pod (m —6)
B, = do = ———. 1
LT 4nR? /0 fidor =" R (19)
Inst orpeska:
dB, = T2 smé(dl, z) =, 72 cosa (20)
4
’ }
! -
-,4 i'g_ i "l
’ R

[Tosicasaromuit pucynok. 8: Puc.

d
cos adl = zda = dl = = (21)
Ccos o
b
z = , b= Rcosf (22)
cos o
0
tol do - cos tol : ol
B, = — —_ = ——— - 2sinf = ——1tgf (23
27 4n /_0 cosa-b YT 4rRcosd O onR ° (23)
BzBl—i-Bz:'uLI(ﬂ—O—l—tanH) (24)
2R

HO,ZI;CT&BI/IB qucJjia, IMOJIy49IHNM:

10



™

471'-10_7~5( T
— _7'('__
4

B= ¢
o1 - 0.12 g8

) ~ 28 MK T (25)

OrBer: B = ;fé(l + %7‘(’) ~ 28 mMxTmn.

Ne'7
YcaoBue: 3aMKHYTBIE KOHTYP, IO KOTOPOMY TEYET TOK Cujbl I mmeer

dopmy nokazanuyio Ha (Puc. 9). Paguyc okpyxuoctu R, JjuHA CTOPOHBI
KBaJparTa a. HaliTn MEAYKIWIO MArHUTHOrO 1ojd B Touke O.

Puc. 9: Konatyp.

Pemenne:

OrBer: B = ZL
T

~
VR
N
SIS
+
=[S
SN—

Ne8
YciaoBue: ToHKuii MpoBOJ ¢ U30JIAIMEl 00pa3yeT IIOCKYIO CIUPaJb W3
N = 200 njIoTHO TMPHJIETAIOIIIX BUTKOB, IO KOTOPBIM TeYET TOK I = 5 MA.
Pammyc BryTpennero BuTka a = 100 MM, pajmyc BHeENIHETO BUTKa b =
200 mMm. PaccunraTh MHIYKITUIO MArHUTHOTO MOJIsS B TIEHTPE CIUPAJIN.

Pemtenne: Marantaast HHIYKIUS OTHOTO BUTKA (OKPYXKHOCTH):

_ kol

B, = 26
=R (26)

11



dN =

b—a
IToncraBum 26 u 27 B

IN [%4d IN
B:/Blsz—”‘O Zot

_ b= polN b
2(b—a)J, z 2(b—a)

In — (28)

] — ot
12l 2(b—a) a

HOI[CT&BI/IM qucJjia 1 II0JIy9YUuM

471077 -5-1073 -2 2
_4m 100510 001n0 ~ 4.4 MxT. (29)
2(0.2—0.1) 0.1

B

OTBeT: B = 2’?2?1) ln% ~ 4.4 mxTmn.

Ne9

Ycaosue: B napainebHbIX JIOCKOCTAX, PACIOIOKEHHBIX Ha PACCTOAHUI
Y

d = 8 cm Apyr OoT apyra Ha OJHOIl OCH HaXOJATCS JIBa KPYTOBBIX BHUTKA

pagumyca R = 5 cm Kaxkapiil. [Io BuTKamM B 0/1HOM HallpaBJIeHUN TEKYT TOKHU

I, = 1, =2 A. Paccuutarb HaIpaKEHHOCTb MArHUTHOI'O IOJIA B IIEHTDE

OJITHOTO U3 BUTKOB.

Pemmenne:

Puc. 10: Ioscasaromuii pucyHoOK.
CortacHO TIPHUHITAILY CYTIEPIIO3UIINU HAIIPS>KeHHOCTb B Touke C' paBHA

. . . I
H=H +H H =L 30
1+ 29 rae 2R7 ( )

12



I,R?
2(R? + d2)®

H2:

(31)

Ecmm Toxm TekyT B ogHOM Hampasienuu, To H = H, + H,. Ilo yciosuio

Tormna

I IR?

H = + )
2R 2(R2—|—d2)%

HO,ZLCT&BI/IB quciia, IIOJIy9IuM:

2 2.0.052

H =
2-0.05 " 2(0.052 + 0.082)>

~ 23 A/m.

OrBer: H =

NI~
N
v

+ R—QS) ~ 23 A/wm.
(d2+R?)2

(32)

(33)

(34)

Nel0

YcaoBue: PaccuntaTh MOMYJ/Ib BEKTOPAa MArHUTHON WHIYKIIUUA HA OCH
COJIEHOW/IA, JITMHA KOTOPOTO [, KOJIWYECTBO BUTKOB ITPOBOJIOKH, ILJIOTHO
MpUJIETalonuX JApyT K Apyry paBuo N . Hepes BuTku Tedét TOK [, pajmyc

BUTKOB .

Pemenue:

i, 1
OtrBet: B(z) = “°2IlN ( 2 + 2t2 ) :

VRE+H(L—2)®  \JRI+(4+2)°

13



3aKOH ITOJIHOTO TOKa

Nel

YcaoBue: llcnonb3ys 3aKOH IOJHOIO TOKa, HAWTH MOIYJIb BEKTOPA
WHIYKIMA MATrHUTHOTO TIOJIS, CO3/IaBAE€MOTO TOKOM TEKyIIUM IO
KOaKCHaJIbHOMY Kabesto. Toxk [ TedéT 1o neHTpabHON Kuje paguyca Ry,
¥ BO3BpAIAaeTcd 10 000/I09Ke, BHYTPEHHUN W BHENTHUN PaINyChl KOTOPOI
R, n R5 coorBercrBeHHO. IIpocTpaHCTBO MeXKIy »KMJION W 0OOJIOYKOI
3aIlOJTHEHO JIMIJIEKTPUKOM. MArHuTHyO MPOHUIIAEMOCTH BCIOAY CUYUTATDH
paBHOIT 1.

Permrenne:
Orser: B(r<Ry) =220 B(R, <r<R,) =% B(R,<r<Rjs) =
I r2—R2 !

Ne2
YcaoBue: OupenesnTb WHIAYKIAIO MATHATHOTO IIOJIsI TOKa, PABHOMEPHO

pacipeaeJIEHHOrO:

e 110 OECKOHEYHO! TLJIOCKOCTH C JIMHENHOI TTJIOTHOCTBIO j;
e II0 JIByM THapaJlIeTbHBIM OECKOHEYHBIM TIJIOCKOCTAM C JIMHEHHBIMU
IIJIOTHOCTAMU ] U —].

Peienne:

TN S

Puc. 11: Ilosicasroruii pucyHOK.

| r ~ [

ITo 3akony MOJTHOTO TOKA:

f E ) dz: :U’OIHOJIH (35)
L

14



%BME/Brﬂﬁ/@dkw€+/Bﬂwﬂ+/3ﬁm%@wﬂ
L ! ! Iy

2 l4

L. =j-1 (37)

II0JTH

1

=\
Gy & —s>
=4
— = B _—a>
()97 -6
—

Puc. 12: Tlosgcagarommii pucyHoK.

— —

B=B;+B_; (39)

B = 0 BHe 1mwj10CKOCTEIA.

B =2B_, = jipj MEXIY IIOCKOCTIMIU. (40)

|‘:

Otser: a) B = £ 6) B = p,j.

N

Ne3
YcaoBue: OgHOPOAHBINA TOK, IIOTHOCTH KOTOPOTO j TEYET BHYTPHU
HEOIPAHUYEHHOW TJIACTUHBI TOJIIUHBI 2d TMMapaijie;IbHO €€ TMOBEPXHOCTHU.
Haiitr nHIyKIIMIO MArHUTHOTO TOJIS 3TOTO TOKa, KaK (DYHKITUIO PACCTOSHUSI
T OT CpeJiHell MJIOCKOCTH ILIACTUHBI. MaruuTHyio TpPOHUIIAEMOCTH BCIOJLY
cYuTaTh paBHOI 1.

Pemenne:



l
™S 1:
I

| I
- ] L ] L3 e ; al.—_—a.-. —
1 | i
i i } §

- —

Puc. 14: Ilosicugionuii pucyHOK.

ITo Teopeme o mupKyagTIIN

%de = poj2xl (41)

I = 2zlj (42)

FEcmu [ > x, To uaTerpasoMm mo L coCTaBASIONIM MOXKHO NTpeHeOpeyb,
TOTJIA:

B -2l = pg - 2zlj (43)

B = pyxj (44)

16



Bosbmem © > d
dez = pol = pg - 2dly (45)

B2l =pg-2dlj, B = pydj (46)

OtBet: B(x > d) = poydj, B(x < d) = pozj.

Negq
YcaoBue: Haittu BeKTOp TJIOTHOCTU TOKA, KAK (DYHKIIUIO PACCTOSHUS T OT
OCH aKCHAJIbHO-CUMMETPUYIHOTO MapaJLIETbHOTO IMOTOKA JIEKTPOHOB, €CJIN

WHIYKIUS MAIHUTHOTO MOJIsT BHYTPH IIOTOKA 3aBUCUT OT T Kak B(r) = fre,
rie B U « MOJIOKUTEJIbHbIE TIOCTOSTHHBIE.

Pemmenne:

Puc. 15: IlosicanTeIbHBIIT PUCYHOK.

BosbMeM KOHTYD, | Iyduky pajuyca r ¥ IEHTPOM B IIEHTPE Iy4Ka, TOTIa
7{Bdr = Br? . 2nr = 27 Brott (47)

[Tycrs j = j(r), Torma

17



/de = /01“ 2rxj(x)dz (48)

T

Nroro

2 Brotl =/ 2pgzj(x)de =

r (49)
— 5 atl _ ; d
= [ it
Huddepenmupyem 1o r
Bl + 1) = por(r) = (r) = LDy (50)

Bla+1)re=t
—€,.
Ko o

OTser: j(r) =

Neb
YcaoBue: lMcnonmb3ysda 3aKOH TOJHOTO TOKa, PACCUYATATH WHIYKITUIO
MarHATHOT'O TOJIA BHYTPHU coJieHouaa ajmHoi L = 0.5 M, coiepzKaliero
N = 1000 BATKOB ILIOTHOW OOMOTKH, €CJIM COIPOTHUBJICHUE OOMOTOK R =
120 Owm, a mamnps:kenune Ha e€ koHrmax U = 60 B.

Pemenne:
t%EML:WME:L, BL = pioIN (51)
L )
U uoUN
== B= 52
7 R (52)

IloncraBum uncaa:

_ 4m-1077-60 - 1000
a 120-0.5

~ 1.25 mTo. (53)

OrBer: B =1.25 mTu.

Ne6

Ycaosue: [1o beckoHETHOMY TPSIMOMY ITPOBOJLY, PAJINYC CE€YEeHUT KOTOPOTO
R, TeuéT TMOCTOSHHBIA TOK, IJIOTHOCTH KoToporo Jj. Haiitu BekTOp
MarHUTHOW WHJYKIIUM TI0JId, CO3J[aBA€MOr0 3TUM TOKOM, B TOYKE,

18



ITOJIO’KEHNE KOTOPOH OTHOCUTEJHBHO OCH IPOBOIA OIPENIEISIeTCsS PaInyc-
BEKTOPOM 7.

Pernenne:
Puc. 16: Ioscasarommuii pucyHoOK.
%E-di=/B-dl-cosO°=B-2m~ (54)
L
Lom = /j- s = /jd§ = j-mr? (55)
s
IIpu r < R:
. 9 .
B - 2nr = jnréu, = B = HodT (56)
— N — 1 N N /,L N
B, =B, -¢, Blziuojer?O[,r (57)
Puc. 17: Ilosicusio1uii pucyHOK.
IIpu r > R:

L. =j mR? (58)

IIOJIH

19



. R?

2 ¢
n o MR (57
B, = 60
OtBer: B(r < R) = ”O[Zj;?],é(r > R) = ”OR;[J’T]

Ne'7

Ycaosue: Ilo anuHHOMY TIMJAWHIAPUYIECKOMY TIPOBOAY TEYET TOK,
IJIOTHOCTh KOTOPOro Jj. BHyTpu mpoBoga uMeeTcss ITUJIMHIPUIECKAST
ITOJIOCTD, UJIyIas MMapaJsiieJIbHO OCH TTPpoBojia. PaccTodanme oT ocn mpoBojia
JO0 OCH TIIOJIOCTH 33JaéTCAd BEKTOPOM . Haiitu BEKTOD WH/IYKIIAN
MATrHUTHOTO TI0JIsT BHYTPH ITOJIOCTH.

Pemenne:

& 3
w e —-._..._,-, _...'l__'
—— il

Puc. 18: ITosgcuaiomuii pucyHOK.

B=B,—- B, (61)



rae By - ecau IPOBOTHUK CILJIOITHOM.
B’ - or ToKa, TEKYIIEro Mo TOil YacTh MTPOBOIHUKA, KOTOPYIO YIAJIUIIN.

To Teopeme o MUPKyAATINN:
1
212By = pomz?j = By = §,u0zj (62)

WNnu B BeKTOpHOIT (hopme

I
o = 5hol7:7] (63
D/ 1 = =/
B = nolf 7] (64)
- 1 . . 1
B = Spgl5: 2= 21 = S [3:1] (65)
B Hol3]
OTBer: B = 02 :
Ne8

YcaoBue: Toxk I Tedér 10 AJWUHHOMY IIPOBOJY W 3aTeM PaBHOMEPHO
pacTeKaeTcd MO BCEM HAIPaBJIEHUAM OJHOPOIHON TPOBOIAIIEN CpeJIbl
(Puc. 19). Paccunrars WHIYKIMIO MATHUTHOTO TIOJI B TOYKe A, OTCTOAMIEH
or Touku O Ha PACCTOSTHUM T IO yIJIOM 6.

21



Puc. 19: IlpoBogsmias cpena.

Pemenne:

22



Puc. 20: [loscugromuii pucyHOK.

Cucrema obJtajiaeT akCUaJbHON CUMMETPUE.

0 B, z jl{Bdl oL oy

B = B(R)

B -27R = B27rsinf

S_dr_ 1 _
Tdw 2w W

OXB
™

0 2w
1
I :/I-sin9d0/ dg0:2—27rcos9|2=1(1—0089)
0 0

68 u 70 moacrasasieM B 66

B -27rsin® = pyl(1 — cos6)

23



pol 0
1 —cosb) = —tg—.
(1= cosf) omr © 2

B— NO.I
27rr sin 6

I
Orser: B = 20 tan &,
2nr 2

(72)

Ne9

Ycaosue: Tok [ Te4éT M0 JJIMHHOMY TPAMOMY TTPOBOLY KPYTJIOTO CEUEHUSI.
PaccunTaTth TOTOK MArHUTHOTO IIOJIA Yepe3 IIOJIOBUHY OCEBOI'O CEYEHUS

ITPOBOJIA IIPUXOAINENCS Ha OJUH METP €ro JIJINHbI.

Pemmenune: CuuraeMm, 9TO TOK pacHpeeieH MO CEYEHHI0 PABHOMEDPHO C

IIJIOCKOCTBIO

Cormacao Teopeme Crokca:

%Bdr = pol (uepes ceuenue).

21rB = pgjnr?

kol r? 1
B = ey

IToTrok gepe3 IIOJIOBUHY CedYeHUd Ha € JUHUILY JJINHDBI

R R
I d
@:/ drB(r):“L/ T _Hog
0 0

2m R2 ~ 4r

I

OrBer: ¢ = ’ZL.
T
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MarautHoe noJie npu Haanduu MaraetukoB. MarauTHbIi
MOMEHT.

Nel
YcaoBue: HaiiTu MarHUTHBI MOMEHT TOHKOTO KPYTOBOTO BUTKA C TOKOM,

ecam paganyc BuTka R = 100 MM, a WHAYKIMS MarHUTHOTO TIOJIS B IEHTPE
B = 6 mxTx.

Pemtenne:
P I
Puc. 21: Ilosicusiromuii pucyHoK
o Il py-I-2r-R  pol B-2R
=1-5;, B= = = =[=——(78
Prm 47 - R? 47 - R? 2R Lo (78)
B-2R 2r - B - R?
P = —— - R2 = T (79)
Ho Ho
[ToncTaBuM Yucaa U IOJIYIUM
6.28-6-107%.0.1°
Dy = ~ 30 MA/m? (80)

1.27-10-6

OTBerT: p,, = % ~ 30 MA/m?.

Ne2
YcaoBue: MaruuTHbI JUI0JIb, MOMEHT KOTOPOIO P, IOMECTUJIUA HA
paccTosiHue T OT JJIWHHOTO IMPOBOjJA MO KoTopoMy Tedér Tok [. Haiitm
BEKTOD CHJIbI JEUCTBYIOMIEH Ha JIMIIOJb CO CTOPOHBI MAarHUTHOTO ITOJIs,
€03/1aBaeMOro TOKoM [ ecjiu BEeKTOP MarHUTHOI'O MOMEHTA

e TapaJijiesieH TPOBOIHUKY;
e HAIIPABJIEH 110 BEKTOPY T;
e COBITAJAET IO HAMPABJIEHUIO ¢ MATHUTHBIM TIOJIEM TOKa 1.

Pelnienne:

a)
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F;::_pm

0B

or

cosa=0=F =0

o«

|44

II

B— pol o

o
=

23:

= —p,, Bcosy

pol

© 27’ 27Wrcos

r’ =rcosp

coscpz—(p

pol
™27 cos p
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(-5)) -

pm/"’OI
2mr?

(81)

(82)

(83)
(84)
(85)
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E,=—p,, 5. 08¢ = 5 (87)
OTBer: a) F =0, 6) F = A;(;Sl“gléw B) F= —’;;—’Zi“f?
Ne3

YcaoBue: Toukuil AUCK U3 AUIJIEKTPUKA, HECYIITUN 3aps]l ITOBEPXHOCTHAL
IJIOTHOCTH KOTOPOT'O 0 PABHOMEPHO BPAITIAETCS BOKPYT CBOEM OCH C YTJIOBOM
CKOPOCTBHIO w. Paccunrars:

e WH/IYKIIMIO MArHUTHOI'O MOJIA B IEHTPE JIUCKA;
e MATHHTHBIII MOMEHT JAMCKA.

Pemenue:
dq dq
I —_ — —_— — p—
7 7= 3o dg = odS (88)
dS 2mrd
=280% _ 90T rdr (89)
2m 2m
po [IldlLr]  pol / dirsinae  pogl - 2m-1r  pol
B = — = = =
47 rd 47 rd 47 - r2 2r (90)

R pgowrdr _ pgowR
a) B= fO 2R 2

6) p,, = [1dS = [ownrddr = %RLL

roR*
1 -

OTBeT: B = %owR, Dy =

Negq

YcaoBue: Cdepudeckass MMOBEPXHOCTh pajamyca R, cocrosimas wu3
JMRJIEKTPUKA BpAIIaeTCsd PaBHOMEPHO BOKPYT CBOETO JHaMeTpa C yTJIOBOM
CKOpPOCThIO w. Paccunrarh MarHUTHYIO WHAYKIIAIO B IIEHTPe cdepbl ecim
ITIOBEPXHOCTHAs MJIOTHOCTh 3aps0B PaBHA O.

Pemenue:

OTtBet: B = %,uoawR.
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Nej
Ycaosue: Bronas ocu 6eCKOHEYHOr0 IPSAMOTO NUJINHIPaA pajuyca Ry TedéT
JIMHEIHbIN TOK cujoii I. MaruuTHasi IpOHUIIAEMOCTh BEIEeCTBA IIUJIMHIPA,

. Bokpyr munmmaapa Bakyym. Haiirnu:

—>

e HAIPSXKEHHOCTb MAarHUTHOTO moJjisd H;
e WHIYKIUS MarHUTHOI'O IOJst B;
e HAMArHWYEHHOCTH J;

BO BCEX TOYKAX MPOCTPAHCTBa. Paccumrarb 0OBbEMHYIO U TTOBEPXHOCTHYIO
IJIOTHOCTb MOJIEKYJIAPHBIX TOKOB.

Penienne:

OtrBer: H(r < R,) = 2—7IW§¢ = H(r > Ry), B(r < Ry) = “2”;‘;4]6@, J(r <
I(p=1) = 3B Sy 2 o 11—

R,) = 14— )e@, B(r> Ry) = 5%€,,J(r > Ry) = 0,7, = 0, s 2(le;)

Ycaosue: Cpesa cOCTOUT U3 OJHOPOJTHOTO WM30TPOITHOTO MATrHETHUKA
n BakyyMa. Mojyib BeKTOpa WHIAYKIUSA MarHUTHOIO TOJs BOJIM3M
IIOBEPXHOCTU MAarHeTWKa CO CTOPOHBI Bakyyma paBeH B. Haiitu momymnb
UHAYKIMA MarHUTHOrO moJjis B’ B MarsHeruke BOJIM3HM €ro MOBEPXHOCTH,
ecJim BEKTOp B cocraBisgeT yrosm o ¢ HOPMAJbIO K TOBEPXHOCTH paz/iesia
MarHeTuka W BaKyyMa (IMOBEPXHOCTb MOXKHO CUHUTATH ILIOCKOCTHIO), &
MarHuTHas MMPOHUIIAEMOCTb MarHETUKA (.

Pemenne:

Puc. 24: Tlosgcagrommuii pucyHOK.

B =+/B? + B2 (91)

B2n = Bln (92)
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HQT = Hl’T (93)

B, = Bcosa (94)
BT = :U’:LLOHT = :U’:LLOHOT = ILL(B)T = /"LB sin o (95)
= By/cos? a + p? sin? o (96)

Otset: B’ = By/cos? a + p2sin? o

Ne'7?
YcaoBue: Bocnojib30BaBIIUCH  YCJAOBUSAMHU — OPEAbIAyIIEil  3aja4du
paccamTarh NUPKYIAINI0 BeKTOpa B 10 3aMKHYTOMY KBaJIpaTHOMY
KOHTYPY, JJIMHA CTOPOHBLI KoToporo . I'panuiia pasmeia cpen mepecekaer
KOHTYP IapaJijIeIbHO JIBYM €r0 IPOTUBOIIOJIOXKHBIM CTOPOHAM.

Pemenune:

OTser: 39L (é, df) = Bsinal(1 — p).

Ne8

YcaoBue: I[lo pmuaHOMY TMIWHAPUYIECKOMY ITIPOBOJY TEYET TOK
IIEePIIEHINKYJISPHO IIJIOCKOCTH Ttoriepevdnoro cedenusi. Cuita Toka I. IIpoBos
M3TOTOBJIEH U3 TTapaMarHeTUKa ¢ MarHUTHON BOCIPUUMYNBOCTHIO X. HaiiTn:

¢ CHJIy MOBEPXHOCTHOI'O MOJIEKYJISIDHOTO TOKa I/
e CHIy 0OBEMHOTO MOJIEKYJISIPHOTO TOKA, [ ¢

OHpe,ZLeJH/ITb KaK 3T TOKH HallIpaBJICHBI IPYT OTHOCHUTEJ/IbHO JIpYyTa.

Pentenue: BryTpm mmanHIpUYIECKOro MTPOBOJA MMEETCs BHENTHUN TOK

ILJTIOTHOCTH %RT DTO maeT MaruuTHOe 1oJie H 6 C
2
r Ir
H¢27T’I°:Iﬁ nimn, H¢:W (97)
uuofr —1Ir _ xI 37 _ _
U3 sroro By = 55z u J, = 27T =7 = 5.0l = XI = HAMArHUYEHHOCTD.

CrnenoBareibHO, 0O bEMHBIN MOJIEKYJISIPHBIA TOK,

75: T, - dr_/—dl_xl (98)
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HOBerHOCTHbIﬁ TOK IIOJIYy4da€TCd C MCIIOJIb3OBAHUEM 3IKBUBaJICHTHOCTHU
IIJIOTHOCTHU IIOBEPXHOCTHOI'O TOKa K J x ’fi, 9TO IIPpUBOAUT K IIJIOTHOCTH

1
IIOBEPXHOCTHOI'O TOKa B z-HallpaBJICHUU —;T—R
[ToBepXHOCTHBIN MOJIEKYIAPHBIN TOK
I
ro_ X —
IHOB - _27TR (27TR) - _XI (99)

Ob6a ToKa UMEIOT IIPOTUBOIIOJIOXKHbIE 3HAKH.

Otrser: I, = 1,, I, = —1L,.

Ne9
YcioBue: JInuHHBIT COJIEHOU,T, 3aI10JTHEH HEOTHOPOJIHBIM
mapaMarHeTUKOM, MAarHUTHAs BOCHPUUMYUBOCTH KOTOPOTO 3aBUCHT OT
paCCTOAHUS 110 OcU KakK x = ar?. Ha ocu cosleHOM/1a MArHUTHAS WHILYyKIUS
paBHa B,. PaccunTaTh, Kax OYHKIUIO 7

e HaMal'HMYCHHOCTbL MaIl'HCTHKA;
e IIJIOTHOCTH OOBEMHOT'O MOJIEKYJIAPHOI'O TOKA.

Pemmenne:

Otset: J(r) = —B‘;f;ﬁ, j(r) = —Zifo r.
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T‘IaCTI/II_[a B MaroHmTHOM IIOoJI€e

Nel
YcioBue: DJIeKTPOH BJIETAET B OJIHOPOJIHOE MArHUTHOE TI0JI€ CO CKOPOCTHIO
IepIeH uKyJIdpHoil  moao. HanpsizkéHHocTh MaruuTHOro moysas H =
103 A/m. Yckopsiomas pa3HOCTh MOTEHIUAJOB, PUJIABINAS JIEKTPOHY
ckopocth U = 400 B. Paccumrarh pajmyc KpuBU3HBI TpaekTopuu R n
JacTOTy v OOpallleHud 3JeKTPOHA B MAarHUTHOM ITOJI€.

Pemenue:

OTBeT: R = uc;lH’ /% ~ 95.37 cM, vV = % ~ 35 MI'l.

Ne2

YcaoBue: B omHOpomHOE MArHWTHOE TIOJIE C MArHUTHOUW WHIyKITUEN
B =0.4 Tn nepneHIUKYJIAPHO TOJIO C TOCTOSHHON CKOPOCTBHIO BJIETAET
3apsKeHHas dYacTulla. B TedeHun 6 MKC BKJIIOYAETCS TOCTOSTHHOE
9JIeKTpUYecKkoe Toje HanpskéarocTbio E = 300 B/mM  conampaBjeHHO
MaruuTHOMY TOJII0. PaccumTaTh mar BUHTOBOU TPAEKTOPUN YaCTHIIBI TTOC]TE
BBIKJIIOUEHUS JIEKTPUUECKOTO TIOJIS.

Pemenne: [lo dbopmyne cunbr Jlopenma:
F=q(E+7xB) (100)
1o BKITIOUYEHUS JIEKTPUIECKOTO IOJIS:
E=0, F=q(3xB) (101)

YacTuma ABUKETCS 110 OKPY>KHOCTHU

E,..= quB. (102)

mar

Cuna JlopeHntia paBHa MEHTPOCTPEMUTEIHHON CHUJIe:

mv2 mv

B=—=>R=— 103
qu 7 B (103)
YryioBag gacrTora:
v qB
= = = — 104
w=p= (104)
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Korma Brmovaercss sJeKTpUYecKoe IIoJie BIOJb MATHUTHOIO IOJsI, Ha
qacTtuiy BIosb B geiicrByer F = gqFE. CooTBeTcTBeHHO BHOJAbL ocu B

_ 9&
yCKOpeHue a = - —.

3a BpeMst At CKOPOCTb BJIOJIb OCU CTAHOBUTCH:

v =alAt = ﬂAt (105)

m

[Tocne BBIKTIOUEHUS JEKTPUIECKOTO TIOJIT JaCTUNA JETUT B MArHUTHOM
1oJjie ¢ IOCTOAHHOI TNMEPHEeHJUKYJIIPHON CKOPOCTHIO W NapaJlIeJIbHON, TO
€CTh 110 BUHTOBOI TPAEKTOPHUM.

Paccrosgnue 3a ogun 060poT:

h =T, (106)
rae 1T = %’T = 2;—;” - TIEPUOJT, KPYTOBOT'O JIBUKEHMUSI.
IToncraBum:
qF 2rm 2w EAt
h =uT = A = 107
v m qB B (107)
IloncraBum uncaa:
27-300 B/m-6- 1076
h="" /™ ©~028m (108)

0.4 Tn

OTBer: h = %t ~ 0.028 m.
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Pabora o ImepeMelnieHno IIpoBoJHNKa C TOKOM B MarHuTHOM IIOJI€

Nel
YcaoBue: B oIHOpPOIHOE MarHUTHOE TOJI€, WHAYKIAS KOTOporo B =
1 Tn BHEcs M KBaJpaTHBI KOHTYP CO CTOpOHO# a = 10 cM, O KOTOpOMY
teuét ToK I = 100 A, mocjie 4ero KOHTYP CBOOOJIHO YCTAHABJIMBAETCS B
MarHuTHOM IIOJIe TIOJ AefiCTBMEM MeEXaHWYeCKOTo MoMeHTa. Paccuamrarhb
pabory A’, coBepiiaeMyio BHEIIHMMEU CHJIAMU IIPU IIOBOPOTE KOHTYPa
OTHOCHUTEJIbHO OCH, TPOXOJIAIIEN depe3 CepeInHy €ro MPOTUBOMOJIOXKHBIX

CTOPOH Ha yToJl o = 3.

Pemenue:

OtBetr: A = Bla®? =1 [Ix.

Ne2

YcaoBue: MarauTHoe IToJie CO3AAETCA JIMHHBIM TPAMBIM ITPOBOJHUKOM,
o KOoTopoMy TedéT TOK [,. B omHO#l 1IOCKOCTM C TIPOBOJHUKOM
pacroJjiokeHa KBaJipaTHas paMKa C TOKOM [, CTOpOHa paMKH a.
Paccunrars:

e CHJIy aMmIlepa JIeNCTBYIONIYIO Ha PAMKY;

e paboOTy, KOTOPYIO HEOOXOJIMMO COBEPIIUTH MPU MEJIEHHOM MOBOPOTE
paMKH BOKpPYT OCH TapajijleIbHOW MTpOBOAHWKY Ha yroa 180°,
ITPOXO/IATIENR depe3 MEeHTPHI ITPOTUBOIOJIO?KHBIX CTOPOH PaMKMH;

€CJIM PaCCTOSHUE OT ITOH OCH JIO ITPOBOJHUKA B 1) pa3 OOJIbIIE CTOPOHBI
pPaMKH.

Pemenue:
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Puc. 25: Iloscugaronuii pucyHOK.

a) Kak BugHO n3 yciosusg, cuibl Amnepa Ha ctoponax (2) u (4) paBHBI 110
BeJIMYMHE, HO IIPOTHBOIIOJIOXKHBI 110 Hanpasjenuio. Crie10BaTeIbHO, YUCTAs
s deKkTUBHAS CHIIA HA PAMKE SABJISETCA Pe3YIHLTATOM CHJI, UCIBITHIBAEMbIX
croponamu (1) u (3).

Tenepn cua Ammepa wa (1),

11,

Ho
F=Ho_ " (109)
b2 (n—3)
u Ha (3),
po Aol
B=Ho_ ot (110)
Po2m(n+g)

Urak, pesymbrupytonias cuiaa Ha pamke = F} — F3, (IIOCKOJIBKY OHE
IIPOTUBOIIOJIOKHBI ).

2pod 1

= w@r =T (111)

6) Boimosnennas pabora HpU MOBOPOTE PAMKH HA HEKOTOPBIH yroJi
A= [1d® = I(®,, — Pyy), TO€ B, - HOTOK U€PE3 DAMKY B KOHEUHOM

KOH Hau
nosioxkeHuu, a ., - B UCXOMHOE IIOJIOKEHUE.

Urak, |D .| = Py = P u @, = —P,,, 3HAUHT,
AD =20 u A=1I20 (112)

CileroBaTesibHO
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L a(ntz) T I, 2+ 1
A:2I/B-dS:2I/ Yok, o 0a1n< Nt )(113)
a(n—1) 2 r s 2n—1

2011, 1,1 2n+1
Orset: F, = %0 A—“Ooaln("Jr).

w(4n2—-1)’ _ T 2n—1
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DJIEKTPOMATHUTHAS WHIY KIS
Nuayknus TOKOB. 3aKOH 3JIEKTPOMAarHUTHON mHAYKIuu Papagest

Nel
YcaoBue: B oHOPOIHOM MAarHUTHOM IT10JI€, C MHIYKIIUE MOJYJIb KOTOPOt
B, pacmosiozken 3aMKHYTHIT KOHTYD (Puc. 26). BepxHuioro 1acts KoHTyDa,
IIPEJICTABIILAIONIYIO ¢ CODOI MOIYOKPY2KHOCTh pajauyca Ry BpamalT BOKPYT
ocu OO’ ¢ mocrostHHONM yTyIOBOI wacToToil w. Haiitm ».1.c. MHIyKIun
BO3HUKAIOILYI0 B KOHTYPe, Kak (PYyHKIIUIO BpeMeHu, ecjau B MoMeHT t = ()
MAarHUTHBIA NOTOK 4Yepe3 KOHTYP MaKCUMAJIbHBIN.

Puc. 26: Koutyp.
Permrenue:

OTBeT: £MHA = %R%Bw sin wt.

Ne2
YcaoBue: B omHOPOJIHOM MArHUTHOM IIOJIe, MOJIYJb  HWHIYKITUHA
koToporo B = 0.4 Tu, ¢ nocrosiaHO# gacToroit v = 480 06/MuH Bpaaercs
3aMKHyTas paMKa, coctosmad u3 [N = 1000 Butkos mpoBojioku. [Lmoman
orpanmueHHasg KoHTypoM pamkn S = 200 cm?. PaccunmTaTh 3HaUeHHE 3IIC
WHJIYKIIMA B MOMEHT, KOTJIa yTOJI MEXK/y HOPMAJIbIO K PpaMKe M BEKTOPOM
MarHATHON WHIyKIuu paseH 30°.
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Pemenne:

NS

~

ol
LT (1) Efr;'.-_?x —7

i L

Puc. 27: Ioscagromuii pucyHok

B obmem ciydae MarHuTHBIE TOTOK P dYepe3 HEKOTOPYIO ILJIOCKYIO
IIOBEPXHOCTb, TIOMEMIEHHYI0 B OJHOPOJHOM MArHUTHOM TIOJ€, MOXKHO
OIIPEJIEIUTh II0 TaKOi popmy.ie:

® = BScosa (114)

B »s7oit dopmysie B - uHAyKIUS MarHUTHOIO TOJIsg, S - ILIOMIAb
MTOBEPXHOCTH, Yepe3 KOTOPYIO ONPEJIeIIeTCs MArHUTHBIN MOTOK, (¢ - YTOJI
MEYK/Ty HOPMAaJIbIO K ILJIONMIA/IKE M BEKTOPOM MATHUTHOU WHTYKIIUH.

Ecnu ydecth, uro pamka umeer N BUTKOB OOMOTKH, ITPU STOM CaMa PaMKa
BpaIllaeTCcd B II0JIe C HEKOTOPO# YIJIOBO CKOPOCTBIO w, TO (hopmynaa 114
[IPUMET CJICAYIOIIUNA BUL:

® = NBS coswt (115)

Cornacuo 3akony Papames aId 3JeKTpoMarHuTHON wHayKimu, DC
WHIYKIIUNA, BOSHUKAOIIAS B KOHTYype IIPU M3MEHEHNH MAIHUTHOI'O IIOTOKA,
IIEPECEKAIONIET0 3TOT KOHTYP, PaBHA II0 MOJYJIIO CKOPOCTU W3MEHEHUS
MArHUTHOT'O TOTOKa (TO €CTh MEpPBO#l MPOU3BOIHON (DYHKIMYA U3MEHEHUS
IIOTOKA OT BPEMEHH):

g, = —d'(t) (116)
Tormna

g; = —(NBScoswt) = NBSwsinwt (117)

VryioBasi CKOPOCTH BPAIEHUS W CBI3aHA C YaCTOTOI BpPAIEHUS V 110 TaKO#
dopmyie:
w =21y (118)
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[TonyunM okoHYATETHHYIO (DOPMYJTY:

e; = NBS2nvsin 2nvt (119)

Mpur 3navem, uto wt = 30°. Torma:
e, = NBS2mvsin 30° = NBSQT(‘I/% = NBSnv (120)
[ToncTaBuM YuUCTIA U IOy IUM:
g; =1000-0.4-0.02 - 7 - % ~ 201 B (121)

OTBet: £"* = NSBrm ~ 201 B.

Ne3

YcaoBue: B 0aHOPOIHOM MarHUTHOM II0JI€, MOJY/Ib WHIYKIIUU KOTOPOTO
B = 0.1 Tn pacroJio:keH IIJIOCKA#N TPOBOJIOYHBIN BUTOK, 3aMKHYTBHIM Ha
ragbBaHoMeTp. lLiomaab orpaHmYeHHas KOHTypoM BuTKa S = 1072 m2.
B mnagagbHBII MOMEHT BpEMEHM IIJIOCKOCTh BHUTKa paclioJiarajiach
MepIeHIUKYJIApHO MaruuTHoMy mnojo. Ilocie moBopora BUTKa HaA
HEKOTOPBIA yTOJT «, depe3 TaJbBaHOMETD IIPOIIET 3apsaa ¢ = 7.5 -
10~* K. PaccunTaiiTe yroa o Ha KOTOPBIH ITOBEPHYIM BHTOK €CJIH €ro

comporuBjieane R = 2 Om.

Pemtenne: [IpoBosioanblii BUTOK (3aMKHYTBI KOHTYD) B MATHUTHOM TIOJIE.
MarauTHBIN MTOTOK, MPOHU3BIBAIOIINI KOHTYP, HAXOIAINNCSA B MATHUTHOM
oJe:

®=RB-S5:cosa. (122)

I[Ipu moBopoTe BUTKA, MEHSETCSI YTOJ, TOITOMY MEHSAETCHd MarHUTHBIN
IIOTOK, YTO HPpUBOIAT K BO3HMKHOBeHHMIO D/IC wmHayKimm. 3a BpeMs
moBopoTa At 110 BUTKY IIPOMIET 3apsi;

qg=1-At, (123)
31ech I - cuita MHIAYKIIMOHHOTO TOKa. Bocmosb3yemcs 3akoHoM OMma:

== (124)

O C MHIYKINK, COIIACHO 3aKOHA 9JIEKTPOMArHUTHON nHayKiu Papagest:
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a®
gl_At7

(125)

A® = &, — @, - u3MeHeHre MaruuTHOIO 1noToKa. ®; = BS, T.K. 110 ycaoBuio
YTOJI MEZKJIy HOPMaJIbIO K KOHTYDPY M MHIYKIHe 110Jid paBeH HYJIIO.

®, = B-S-cosa, (126)
g; AP B-S-cosa—B-S
= At = = 127
=5 = 7 (127)
-R+B-S ‘R
cosa:\q B—i-_S \1—;‘;—'5, (128)
OTBGT:O[=1—%%12OO.
Neg

YciioBue:

K wucTouyHmKy CTOPOHHUX 3J/C COINPOTHBJIEHUE KOTOPOTO

IIPEHEOPEKNMO MaJio, a £y = 2 B NOAKIIIOYNIN COJICHOW WHIYKTUBHOCTD
koroporo L = 0.1 T'u, a conporuniienne R = 0.02 Om. Paccuurarh 3aps,
KOTOPBIN TIPORIET Yepe3 COJIeHOU/ T, 3a IEPBBIE D C.

Pernenne:

OTBerT: q = %(t + %(exp [—%t] — 1)) ~ 184 Ki.

Ne5

VYcaoBue: KsajaparHasi paMKa €O cTopoHoil a = 70 cM 1IoMellleHa B
MarHuTHOE II0JIe TaK, YTO HOPMaJb K PaMKe COCTaBJIAET yroja « = 45° c
HallpaBJIEHUEM MAarHUTHOTO 10Jid. VIHIyKIust MArHUTHOTO TIOPsi MEHSETCS
o 3akony B = Bjcoswt, rme By = 0.2 T, w = 6¢!. Paccuurars SIC
WHTYKIIUY, BO3HUKAIONIEH B paMKe B MOMEHT BpeMeHu t = 3 c.

Pemenue:
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a=70cm

Puc. 28: Kpajparnas paMKa B IIepeMEHHOM MarHUTHOM ITOJI€.

ITo bopmyse MarHUTHOTO TTOTOKA, Uepe3 IJIOCKOCThD:

® = BScosa (129)
[Lromans paMku:
S = a? (130)
Tak kak B = By cos(wt):
® = B,a? cos B cos(wt) (131)
ITo 3akony Papaies:
& = —®’(t) = Bya*wcos Bsinwt (132)

HO,D;CTaBI/IB qucCJjia U3 YCJIOBUA, IIOJIyIHUM:
£=0.2-0.72.6- cos(45°) - sin(6 - 3) ~ —0.31 B. (133)

OTBert: € = %Bow sin(wt) ~ —0.31 B.
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Ne6
YcioBue: B nipsiMoMm 6eCKOHEYHOM MTPOBOJIHUKE TEUET TOK, CHJIA KOTOPOTO
MeHsieTca 1o 3akony I = f(t3, rme B =2A/c3. B ommoit miockocTH
C TPOBOJTHUKOM, TapaJiIeJIbHO €My, PACIOJIOXKeHa KBaJpaTHas paMKa,
cTopoHa KoTopoil a = 20 cM, a CONpOTUBJIEHWE Marepuasa pamku R =
7 Om. Paccrognme or OamKaiiiieii CTOPOHBI paMKK 0 IIPOBOIHUKA [ =
20 cm. PaccunTarh cuimy ToKa B paMKe B MOMeHT Bpemenu ¢t = 10 c.

Pemenne:

Puc. 29: Tloscugarommuii pucyHoK.

Mars. uHIYKIUS TI0JI, CO3/aBa€MOT0 OECKOHEYHBIM TTPOBOTHUKOM:

pol
B=— 134
2mr (134)

Haﬁ,ﬂ;eM IIOTOK 9TOI'O MalrHMTHOT'O IIOJIA CKBO3b KOHTYD:
l+a l+a
I
o = /BdS / B.a-dr ="t~ / dr _
S 2 J, T

(135)

tola ( a)
= In|1+ -
o * !

41



e dOm _ _phoa ln(l + 9) df (136)

dt 27 1) dt
% = %(5753) = 34t (137)
e = —w ln(l + %) (138)
I:%:%ln(u%) (139)

HO,ZI;CTaBI/IM qucJjia 1 IIOJIyIUM:

_ 3-47-1077-2-0.2- 10

I
2m - 7

2
ln<1 - 8—3> ~24-1005 A, (140)

Otser: [ = % log(1+ 4)t* ~2.4-107% A,

Ne'?

YcaoBue: [1-00pa3HbIit TPOBOIHUK PACIIOJIOXKEH B OJJTHOPOIHOM MATHUTHOM
moJie, TMEPHEeHIUKYAIPHOM K ILJIOCKOCTH IIPOBOJAHUKA. MarauTHasd
WHIAYKIUS TOJsI M3MEHSeTCsd C IIOCTOSHHOI CcKopocTbio (3. Bmosab
mapaJjijieIbHbIX CTOPOH TPOBOJHWKA C IIOCTOSHHBIM YCKODEHUEM @
IIepeMeIraioT IIPOBOJHUK MEPeMbIUKy, JJnHa KoTopoi [. Paccumrars 37c
WHIYKIMYA 9epe3 BpeMs t Mmocje HadaJja IepeMelleHns epeMbIuKy, €CJT B
HaYaJIbHBIT MOMEHT BPEMEHUW U WHIYKIUA M IJIOIAIb KOHTYpa paBHbI (.

Pemenue: [Lnomans kouTypa Kak pyHKINSA BPEMEHU:

2
St)=1-st) =12 > (141)
WHtyKiust MArHUTHOTO TOJIs Kak (DYyHKIUS BPEMEHU:
B(t) = pt (142)
/1C nmunykiun (6e3 yIeTHOro 3HAKA):
d d d a-t?
e=| =@ |=]—(B()-S1) |=]—|Bt] | =
dt dt dt 2
(143)

3
:é.ﬁ.t2.l.a'
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OTBer: ¢ = —%t?

Ne8

YciaoBue: BHyTpu JUIMHHOIO COJICHOWJIA  PACIIOJIOZKEHa  KaTyIIKa
cocrodiiasg u3 N BATKOB. lLiomajap momepedHoro cedeHus KaTyIkd S.
Katymiky moBopaduBaiOT ¢ IMOCTOSTHHOM YTIJIOBON CKOPOCTBIO W BIOJIb OCH
COBITQIAIONIEN ¢ €€ auaMeTpOM W TEPHEHINKYJIAPHON K OCU COJIEHOW/IA.
PaccunraTh 371 MHAYKIIUU B KATYIIKE €CJIM, WHIYKIMSA MArHUTHOTO TOJIS
B COJICHOW/IE M3MEHSIEeTCs CO BpeMeHeM Kak B = Bjsin(wt), a B MOMEHT
Bpemenu t = (0 OChb KATYIIIKU COBIAIAJIA C OChIO COJIEHOUJIA.

Pemienne: CorsiacHo 3aKOHY 3JIEKTPOMArHuTHOM wuHaykKimn Papaies,
OC nHAyKINN B KATYIIIKE PABHA
d¢
S— (144)
dt
e
e ¢ = N® - noHOE TOTOKOCIIETJIEHNE KATYIIKH,
e N - 9KCJIO BUTKOB,
e ® - MArHUTHBIN TOTOK Yepe3 OJINH BUTOK.

MarHuTHBI TIOTOK Yepe3 OJINH BUTOK OIPEJIEISETCS BhIPAXKEHUEM
¢ = / B,dS = / BcosadS (145)
S S

rae

—

B, - mpoexius BeKTOpa MarHUTHON WHLYKIIH B ma HOpManp n K

IJIOCKOCTH BUTKA, (v - YTOJI MEXKJTy BeKTopamu B u 1.

[TockobKy KaTyIIKa BpPaIIaeTcs C YIJIOBOI CKOPOCTHIO W, YTOJ MEXKIY
HOPMAaJIbIO K BUTKY W HaITpaBJIeHNEM MarHATHOTO TI0JIs MEHSETCH 110 3aKOHY

a = wt. (146)

B moment Bpemenu t =0 oChb KATYIIKM COBIAJaeT C OChIO COJICHOUJIA,
nostomy a(0) = 0.

[lore BHYTPM JJIUHHOTO  COJIEHOWJIA  OJIHOPOJHO,  CJIETOBATEHHO,
MATrHUTHBIN TTIOTOK Yepe3 OJWH BUTOK paBEH

® = BS cos wt, (147)
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e S - IJIOMAIb BUTKA.
Torma moTokocHerneane KaTyrKu

¢ = N® = NBS coswt. (148)
Eciu MarHuTHas MHIYKIUS U3MEHSIETCS CO BPEMEHEM 110 3aKOHY
B = B, sinwt, (149)

TO
1
¢ = NB,S sinwt coswt = §NBOS sin 2wt. (150)

Teneps naiinem I/ 1C nHIyKINAN:

d 1
g, = d—f = §NBOS - 2w cos 2wt = N BySw cos 2wt. (151)

OtBet: € = By N Swcos(2wt).

Ne9
Ycaosue: [lo jymmHHOMY TPAMOMY COJICHOU/LY, PAJINYC CEYEHUsT KOTOPOTO
R v myIoTHOCTHIO HAMOTKH 7T, T€YET TOK, CKOPOCTH W3MEHEHUS KOTOPOTO
OT BpeMeHHW paBHa ¢. PaccumTarb BEKTOpP HANPSKEHHOCTU BUXPEBOTO
IEKTPUIECKOTO TOJIs, KaK (DYHKITUIO PACCTOTHULA " OT OCU COJIEHOUJIA.

Pemenue:

OTBer:
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