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DJIIEKTPOCTAaTUKA

3akon Kysnona. lIlpuanun cynepno3unuun.

Nel
YcaoBue: Ha ménakoBoit HUTHU TOABEITEH ITap MACCHI 771, 3apsi/i KOTOPOTO
q;r. Paccuurarh Ha Kakoe paccTOsiHHE HEOOXOIUMO IIOJHECTH IT0JIOXKIU-

TeJbHO 3apdAKEeHHBbII Map, ¢ 3apsajaoM q; , 9TOOBI CHUJIa HATSIKEHUS HUTH

yMeHnblIInJI1aCb BJBOE.

Pemenue:

21{3 + +
Otser: [ = 4/ 289192
mg

Venosue: K morosiky B OfHONW TOYKEe Ha MISTKOBBIX HUTAX JIJIAHBL [

Ne2

MIO/IBEIIIEHBI JIBA OJWHAKOBBIX ITapa 00JIaIAIONINX OJIMHAKOBBIM 3apsiJIOM (

u Maccoii M. Paccroaame mex iy mapamu & << [. PaccauraTh cKOpoCTb

d
YTEUYKH 3apAIOB d_(tz € KazKJIOTO Iapa, €CJd CKOPOCTh UX COJIM>KEHUsI, KaK

bynxmus ot & umeer Bu: V(T) = \% (v — HEKOTOpAST TIOCTOSTHHASI ).

Pemenune:

Puc. 1. llogcugaromuii pucyHOK.



ITycTh mapbl OTKJIOHAIOTCA Ha yrod 0, oT BepTmKaim, KOT/a pPacCTOSHHUE

MEXK 1y HUMU paBHO XT.

ITpumensis Bropoit 3akon HbioToHa 11 J1I0060T0 IIapuKa, MOy InM,

T cosf = myg (1)
u
T'sinf = F, (2)
W3 ypaBuenmii 1 u 2
F
tgd = —=< (3)
mg
N3 pucynka
tgd = ‘ Mo < (4)
212 = (3)°
N3 ypasaenus 3 u 4
2
mgx q mgx
F = _ 5
© o Amreyx? 21 5)
7 = 2meymgr> (6)

Huddepenrnupysa ypaBaenne 6 110 BpeMeHM

dq 2megmg,, dx
2q— = 3 7
at T g

der _ ., _ _a_ dx
Cornacuo 3anaue jy = U = NG (ckopocThb cOmuKenus ‘7 ).

2megmyg 3@ __ 3megmg 2 a
Urak, \/ —F—x° g, = — — & 7z
2
CitemoBaTebHO, % = %CL\/ M.



.dg _ 3a /mg
OTBer: i = 5 5%1

Ne3
Ycaosue: Paauyc BeKTOpPbI JIBYX IOJIOKHUTEIbHBIX 3apA/loB (1 U (o
— — -
COOTBETCTBEHHO 1| U Tg. PaccuumraTh OTpUIATENIbHBIN 3apall (3 U €ro
—
pPaJIiyCc-BEKTOP 7’3 TOYKHM B KOTOPYIO €ro HaJl0 IIOMECTHTb, YTOOBLI CHIa,

JIEHCTBYIONIAA Ha KaXKJIbIM U3 3apsioB Oblaa pasHa 0.

Peinenne:

> X

Puc. 2. Ilosgcuaiomuii pucyHOK.

Bribepem KoopauHATHBIE OCH, KaK IIOKA3aHO Ha PUCYHKE, U 3aUKCUPyEM
TpU 3apana, 1,(o ¥ (3 C BEKTODAMH IIOJIOXKEHUs T'y,To M T3 COOTBET-

CTBCHHO.

Tenepn njia paBHOBECUS (3

+00q5(Ty —73) | q1q3(F] —T3)

‘7’2_7“3| ‘7’1_7“3|
do _ 51
T, [Po—73[3 |7 —73|?
Po—Tg _ T—Ts
HOTOMY O Trg=ra] ™ =]

I, \/@(771 - 773) = v4 (773 - 772)



N T+ T
v, 7“3 — V42711744172
V411+/42

s pasHoBecud ¢y,

To —T To —T
q3_,<3_,z13>+q%,<2_,:13>:() (9)
‘7“3_7°1| ‘7’2—7“1|
nju, quﬁ |7_;1_'?3‘2

o
IToncrapnss sHadenue 7'y, IOJIydaeM,

g3 = 0192 . (10)
(V& + v2)

S S S Va1T2+,/q271
(Vartva)™ 2 VR

OTBeT: @3 = —

Neg
Yeaosue: Toueunstit 3apsy ¢ = 50 MKRI pacnosiozken B Touke ¢ paauyc-
BeKTOpOM Ty = 27 + 37. Haiitn HanpsikéHHOCTD F 3/I6KTPHYECKOro 1ot

1 eé MOJIyJb B TOUKe ¢ paauyc-BekTopoM I = 81 — 57J. Koopaunarsl Bex-

TOPOB 33JIaHbl B MeTpPaX.

Pemenne:

Puc. 3. Ilosicusrommuii pucyHOK.

Z—Z, = 60— 8] (11)
1
E— . % (12)
Amey T



2=1Z—Z| =V36+64=10m (13)

5-10°
E=9-10°- — g = 4500 B/m = 4.5 xB/n (14)

EEE I | (15)

= (2.7i — 3.6j) xB/m.
Otser: F = 4.5 xB/wm; E==27i— 3.67.

Neb
YcaoBue: Toueunbie 3apsiibl q<Jr> " q(_> PAaCIIOIOXKEHBI TI0 yTJIaM KBa/Ipa-
ta (Puc. 4), nuaronans koroporo pasua 2(. Haiiti Moty b HAIPSKEHHOCTH

AJIEKTPHUYIECKOI'O II0JId B TOYKE, OTCTOHHLGIZ Ha pacCTodHHnEe I OT IIJIOCKOCTH

KBaJApaTa, CAMMETPHUYIHO OTHOCHUTEJIbHO €I'0 BEPIIINH.



Puc. 4. Ilosicastonuii pucyHoOK.

Peienne:

Otser: F = kﬁqlg.
(12+xz2)2

Ne6
YcaoBue: B nieaTpe paBHOCTOPOHHETO TPEYTOILHAKA PACIIOIOXKEH 3PS/l
qdo = 10 BKn. Paccunraiite, kakue oJuHAKOBBIE 3apSIbl (] HEOOXOIMMO

PACIIOJIOZKUTH B BEPIIUHAX ITOTO TPEYTOJbHUKA, YTOOBI PE3yIbTUPYIONIA
cmJia, JeWCTBYIOIAas Ha KaK/bIi 3apa, Obljaa paBHA HYJIIO.

Peiienne:

Otset: q; = —17 HKuL.

Ne'7
YcaoBue: CucremMa COCTOUT M3 NMPOTOHA P W JIEKTPOHA €, PACCTOSTHUE
Mexk Iy KoropbiMu 7 = 50 mm. Paccamrarh MOmy/ih HANPAKEHHOCTH SJIEK-

10



TPUYIECKOrO II0JIsI, CO3IaBAEMOI0 STUMI YACTUIIAMU B TOUKax A u B, Korma
9TU YACTUIIBI HAXOJATCS B MOJIOKeHNH, n300pakénnom Ha (Puc. 5).

Puc. 5. Ilogcusaronuit pucyHoK.

Pemmenne:
Orser: £, = 4.3-10 B/m, E5 = 4.2- 10! B/m.

Ne8
Ycaosue: B Bepmunax ksagpara co croponamu a = 0.08 M pacnomoxe-

HbI OJIMHAKOBBIE 3aPsJIbl q<+) = 5 HKJI. PaccunraiiTe MOLy/Ib HAIIPAZKEH-

HOCTH 3JIEKTPUYECKOI'O II0JId B CEPECINHE OJHOU 13 CTOPOH KBa/JpaTa.

Pemmenne:

OtBer: F ~ 10 KB/M.

11



Ne9
Venosue: CBUHIOBBIH MApUK JuaMeTp KoToporo d = 7 MM IOMECTHIN

B OJTHOPOJTHOE JEKTPUIECKOe T0JIe B TJIMIIEPUHOBBIN pacTBop. Paccunrarh
3aps/] ITOTO IMapuKa, €CJAU IJEeKTPUYECKOe TOoJie HAIPaBJIEHHO BBEPX, a

MOy b ero Hampaxénroctn = 9 kB/cm.

Pemenue:

Orser: ¢ ~ 20 K.

Nel0
YcaoBue: Kycok TOHKO# TMTPOBOJIOKW U30THYTHIN MOJIYKOJIBIIOM PaInyCOM

R wmeer paBmOMepHO pacnpemenéHmblii 3apan . Paccamrarh MOIyIIH

HAIPSKEHHOCTH 3JICKTPUYECKOro 1oJig [ B eHTpe 3Toro moJryKoJblia.
Pernienne:

OtBer: F =

q
2n2e R?"

Nell

YcaoBue: Haittu MOIyIb HAPSKEHHOCTU JIEKTPUUECKOTO IIOJISI HA OCH
3apsI?)KEHHOI'0 TOHKOT'O KOJIbIA, KaK (DYHKIIUIO PaCCTOSHUS JIO IIEHTPa

kombia — F(z), ecrm 3apan kombia pasen ¢, a paguyc R. Wccmemosatn
HOJIy9eHHYIO 3aBUCUMOCTD pH 2 > . Paccunrars MakcuMaJbHOE 3HAYE-

HUEe MOJLYJIsl HAIPSIPKEHHOCTH [/ ¥ COOTBETCTBYIOILYIO €My KOODMHATY

X

rouku Ha ocu OF.

Pemenue:

kqz R 2kq
OtBet: F(z) = —~=— 2 = = F = .
( ) (22+R2)% ) “max \/57 max 3%R2

Nel2
YcaoBue: Paccunrarh MOIYIb CHJIBI B3aUMOJAEUCTBUS MEXKJIY TOHKHUM

KOJIBIIOM paamyca [, 3apsan KoToporo paBeH ¢ W JJIMHHON PaBHOMEPHO

3apAXKEHHOM HUTbHIO, UMEIOIell JIMHEWHYIO IIJIOTHOCTL 3apdaa PaBHYIO A,

€CJIM HUTh PACIIOJIOXKEHa BJIOJIb OCU CUMMETPHUM KOJIbIla, TaK, YTO OJINH eé
KOHET] COBIIQ/Ia€T C IEHTPOM KOJIBIIA.

Pemenue:

12



OTtBet: IF' = %.

Nel3
VceaoBue: Tonkuit crepzKenb JIJIMHbI [ nMeeT paBHOMEPHO Paclpe1e/éHHbII
3apaya (. Paccanrarh, MOJIY/Ib HANPSIKEHHOCTUA JIEKTPUIECKOTO TIOJIS B
TOYKE PACIIOJIOKEHHON HA PACCTOAHUU (4 OT OJIHOTO U3 KOHIIOB CTEPXKHS, 110

JINMHUM CTEP2KHA.

Pernenne:

) _ _ kg
OtBer: F = alta)

Nel4
Yeaosue: JIuneiinas II0THOCTh TOHKOT'O 3aPAKEHHOI0 KOJIbIa pajauyca

3aBUCUT OT a3UMYTAJLHOIO yIJa II0 3aKOHYy A = >‘O COS ()xo — IOCTOSAH-

Haﬂ). Paccuaurars MOIYJIb HaHpﬂ}KéHHOCTI/I AJIEKTPHUYIECKOI'O II0JIA B HEHTPa
KOJIbIla WM Ha OCH CHMMETPHH KOJIbIla B 3aBHCHUMOCTH OT PaCCTOAHUA OO
OeHTpa KOoJIbIA.

Pernienne:
A Ao R2
Orser: £ = =%, E(z) = 0 T
£0 4eo(R2+22)2
Nel5

YcioBue: CucreMa COCTOUT U3 pABHOMEDPHO 3aPSI?KEHHOT'O CTEPKHS JJTAHBI

2@, pacIoyIoXKEHHOr0 B BaKyyMe. PaccauTarb MOLY/Ib BEKTOpA HAIPSKEH-

HOCTU KaK (DYHKIIMIO PACCTOSAHUSA T OT IEHTPa CTEPKHHA IO TOYKU HA

IPAMOIL:

e IIEPHEHIUKYJIAPHON CTEPKHIO U IPOXOJAIIEA Yepe3 ero IeHTp;

® CcoBHOaAIONIEN C OChIO CTEPXKHL, IIpU 7" > Q.
3apsJ] CTPEXKHs paBeH (.
Pentenne:

B =_k  p_ _Fka_
Orser: F/ = 71\/W,E = 7.

13



Nel6
VYeaosue: Cdepa paguyca R 3apsizkeHa ¢ IIOBEPXHOCTHOM IIOTHOCTBLIO

- — — - - —
o = (7’, CL), rae a HEKOTOPBIH ITOCTOAHHBIA BEKTOP, & 1" — PaJuyC BEKTOD
TOYKHU Ha chepe OTHOCTUTEJIHLHO €€ IeHTpa. PaccauraTh BEKTOP HAIIPIKEH-
HOCTH JIEKTPUIECKOTO MOJIA B IIEHTPE CEPHI.

Pemenue:

Otger: F = 28¢5
3eq 2

Nel7
YcaoBue: Paccuntarh BEKTOpP HANPSKEHHOCTU B IIEHTPE 3aPSzKEHHOTO

mapa pajuyca R ecim 06béMHast IIIOTHOCTD 3apsjia mapa p = (7, d), e

End o o — o
(d HEKOTOPBIil ITOCTOSHHBIA BEKTOP, a T — PaJiiyC BEKTOP IIPOU3BOJIBbHOM

TOYKHU I1apa, MPOBEJEHHBINA U3 €ro IeHTpa.

Pemenune:

Nel8

YcaoBue: beckoneyno JyMHHAS TTUJIUHIPUIECKAs MOBEPXHOCTH KPYTJIOTO
CeYeHMnd 3apdAKeHa TaK, 9YTO MOBEPXHOCTHAA MJIOTHOCTb 3aBUCUT TOJBKO OT

yTila (O TUIMHAPUYIECKONR CHCTEMBI KOODJAUHAT: 0 = O COS . Paccunrarn

MO/LYJIb BEKTOPA B ITPOU3BOJILHOI TOYKe, JiexKalllell Ha OCU IUJIMHJIPA.

Perienne:

OtBet: F = 20—0.
€0

PacuyeTr Hanpsa>XeHHOCTH HEINIPEPBIBHOTO pacIlipejiejIieHus 3apdaaa
Ha ocHOBe TeopeMbl I'aycca.

Nel
YcaoBue: HanpsKEHHOCTD JIEKTPUIECKOTO TI0JIA, KaK (PYHKIUS KOOP/IH-
_’ azritoyg - -
HAT UMeeT BUI: B/ = Wﬁy]’ rje & = const, a ¢, 7 — OpThI KOOPUHATHBIX

—

oceit OX u OY coorsercrsenno. Haittu notok Bextopa F depes chepy

paguyca R ¢ nenTpoM B Hadase KOOPAMHAT.

Pemenue:

14



Otser: P = 4maR.

Ne2
YcaoBue: O0bEMHAS TJIOTHOCTD ITOJIOXKUTEIBHO 3apPAKEHHOIO Iapa pa-

nuyca I 3aBuCHT TOJIBKO OT paccTosHUS JI0 IIeHTPa IIapa. p(?“) = Py <1 —

%), rie po = const. Haiirn:

e MO/IYJIb HAITPS?KEHHOCTH JIEKTPUIECKOTO TI0JI BHYTPU U BHE IIapa, Kak
PYHKIHIO T;
MaKCHMaJIbHOE 3HAYCHUS MOLYJIs HAPSKEHHOCTH | ¥ COOTBETCTBY-

IoIlee eMy 3Ha4YeHue 7.

JlmsnexTprdeckasd IPOHUIIAEMOCTDb BCIoay € = 1.

Pemenue:

T r R3
Otset: £, .(r < R) = &( — 3—), E.(r>R)= 1p2(:;-0r,a27 Mmax =
R, E.(r

Yeaosue: CucreMa COCTOUT M3 PABHOMEPHO 3aPSKCHHOTO IIIapa PaImyca
R = 0.2 ™, o6bémuasg niotHoCTh Kotoporo p = 20 HKi/ M°>. Paccaurars

MOIYJIb H&HpH}KéHHOCTI/I AJIEKTPUIECKOI'O IIOJIA:

* mna paccrogann = (0.1 M or nenrpa mapa;
e HAa IOBEPXHOCTHU IIAPa;

* na paccrogaun = (.25 M oT menrpa mapa.

JmajtekTpudeckasi MPOHUITAEMOCTh MaTepuaJia U3 KOTOPOTO COCTOUT IIap

g =H.
Pelnenne:

OTBer: FE(0.1) ~ 15 B/m, FE(0.2) ~30B/m (r <
R), FE(0.25)~96 B/m, FE(0.2)~ 151 B/m (r > R).

Neq
Yeaosue: Ilap paguyca R 3apskKeHHBI paBHOMEPHO IOMEIIEH B HEKO-

TOPYIO Cpely IU3JIeKTpUYecKad IpOHUIaeMocTh kKoropoir € = 1. Cpena

15



. 8
3al0JTHEHA 3apsoM, OObEMHAs MJIOTHOCTH KOTOPOTO 0 = S, nme o -

IIOCTOSIHHAS, & 7" — PacCTOsdHUE OT IeHTpa Imapa. PaccuauraTh 3apsi mapa
P KOTOPOM MOTYJIb HAIIPAXKEHHOCTH 3JEKTPUYECKOTrO IOJIsi BHE IIapa He

3aBUCUT OT T.
Pemenue:

Orset: ¢ = 2T R?.

Neb
YcaoBue: Cucrema mpejcTaBiieHa 001acThio TpocTpancTsa. [lo mpocrpan-
CTBY pacHOpeiesIEH 3apsjl, MJIOTHOCTb KOTOPOT'O 3aBUCUT OT PAaCCTOAHUS

A0 IEHTPa II0 3aKOHY p — pO eXp<—OéT3>, rae (X HEKOTOpasl IIOCTOAHHAsA.

Haittu Moayib HAPs2KEHHOCTH, KaK (DYHKITUIO 7.
Pemenune:

Otser: B, = L2 (1 — exp(—ar?)).

— 2
3egar

Ne6
YcaoBue: Paccuntarth HaANPSKEHHOCTH JJIEKTPUUECKOTO TOJIA OEeCKOHed-
HOI IIJIOCKOCTH, 3apsKeHHO! paBHOMepHO. [loBepxHOCTHAs IJIOTHOCTD

3apsja — 0. Pacuét npousBectu 2-Ms criocodamu:

e ¢ MCHoJb30BaHMeM 3aKoHa Kysona;
e C WCIOJIb30BaHUEM TeopeMbl ['aycca.

Pemmenue:

OTtBet: F = QLﬁ
€0
Ne'7

YcaoBue: Paccunrtarh HAIPEXKEHHOCTD JIEKTPOCTATHIECKOTO TIOJIS CO3/1a-
BaeMOro OECKOHEYHOH JJIMHHON HUTBHIO, 3aps?KeHHOI paBHOMepHO. [loBepx-

HOCTHasl IJIOTHOCTD 3apsaa — A. Pacdér nmpoussecTu 2-Ms CII0COOAMMU:

e C HCIIOJIb3OBaHHMEM 3aKOHa KYJIOHa;
e C HCIIOJIbB3OBaHHEM TE€OPEMBI Faycca.

Pemenue:

OtBer: F = 5 A3
TEYT

16



Ne8
YcaoBue: PaccunraTth BEKTOP HAIPSIKEHHOCTU JIEKTPOCTATUIECKOTO TIO-
JIZ B 00JIaCTU TepecedeHus BYX ITapOB, PABHOMEPHO 3aIlOJTHEHHBIMU

Pa3HOMMEHHBIMHU 3apAaMi ¢ 00BEMHOI IIIOTHOCTBIO P U —p. PaccToanua

MEXK/Y IIeHTpaMHu IIapoOB XapaKTEPU3YETCA BEKTOPOM A.

Pemenue:
— p N
OtBet: E = 30
€0
Ne9
VYcaoBue: Hanps:KEHHOCTh aKCHAJIBHO CUMMETPHUYHOTO JIEKTPOCTATHIE-
—
a —_
CKO€ TIOJIs 3aBHCUT OT PACCTOAHHUS [0 UCTOYHUKA II0 3akony F = =T

(v — mocroginHasg). Paccamrarh 3apan BHyTpH cdepbl pagamyca [T, menTp

KOTOPOU PAaCIIOJIO?KEH Ha UCTOYHUKE.
Pemenne:

OTBer: x3.

Pabora KYJIOHOBCKHX CHJI. HOTGHHI/IaH AJIIEKTPOCTATUIECKOTI'O IIO-
JI<.

Nel

YcijoBue: HOTeHL[I/IaJI 3JIEKTPHUYIECKOI'O II0JId 3aBHUCUT OT KOOPDAWUHAT I, Y

110 3aKOHY:

* o, y) = ala® +y°),

* p(z,y) = axy,

riae @ = const. Haiitu BeKTOp HANIPS2KEHHOCTH 3TUX IOJIEH.
Pemmenne:

Orser: E = —2ar, E = —Qyl — ax).

Ne2

Ycaosue: Haiitu mnoreHrnuasbl, Kak (QYHKIAUT KOOPIUHAT CJIEJIYIONINAX
JICKTPUYECKUX II0JICI:

a) E = a(yt + x7);

17



b) E = 2axyi + a(z? — y?)7
) E = ayil + (ax +b2)7+ byk.
Pentenue:

OTBer: P, = —axry + C) Yy = ay(y?Q _ 372) + C’ 0, =
—y(ax 4+ bz) + C.

Ne3
Ycaosue: lloTeHrnuasn 3/eKTPUYECKOTO TIOJIsT WMEET BU/I: go(x, Y, Z) =
a(zy — 2%), e av = const. HaiiTu MPOeKIHIo HATPSIKEHHOCTH SICKTPH-

geckoro mosig B Touke M {2, 1, —3} na nanpasnenue sekropa @ = 7 + 3Kk.

Pemenune:

()

a — ~ —6a.

Negq
YcaoBue: ToHKMIT KyCOK TPOBOJOKUA HU3OTHYTHIM IMOJYKOJIBIIOM HWMEET

PaBHOMEPHO pacIpeesIéHHbII 3apsi/l, JIMHefHAd IJIOTHOCTh KOTOPOro A =

5 K / M. PaccunraTrs noreHmuai @, co3maBaeMblil 3aps10M IIPOBOJIOKU B

IEHTPE TOJIYKOJIbIIA.

Pemenue:

Otser: ¢ = TkA ~ 0.14 B.

Nej
Veaosue: Touknit crepxkenb jmunoit | = 10 cM 3apsarken paBHOMEpPHO.
Paccaurarh NOTEHIUAT (0 SJEKTPUIECKOTO TOJIA B TOUKE, PACIIOIOKEHHOM
Ha OCH CcTepxKHd Ha paccroguuu ¢ = H0 CM. oT ero GumxKaiimmero KoHIa,

ecJIM TOJIHBLI 3apgan crepxug ¢ = 10 MK

Pemenue:

Orser: p = kq ln<l+a) ~ (.16 MB.

1\ a

18



Ne6
YcaoBue: ToHKas TPOBOJIOKA CBEPHYTad B KOJBIIO HECET PaBHOMEDPHBIMN

sapan ¢ = 20 HKII. Paccuurars MOTEHIIMAI 3JIEKTPUYECKOIO IOJIs KOJIbIA
B TOYKE, JIe’KAIlell Ha Ocu KoJblIa Ha paccrogaum @ = 90 CM oT menTpa

Kosbla. Paguyc kosbia K = 8 cM.

Pemenue:

OTrBer: @Y = 260\/+27+GQ ~ 036 KB.

Ne'7
YcaoBue: PaccuntaTh pa3HOCTH MOTEHIIMAJIOB MEYKIY TEHTPAMU TOHKUX

IPOBOJIOYHBIX Kouten paguyca 2 = 30 ¢M, ecm meHTpBI KoJiel JIesKaT Ha
OJIHOI ocH, a paccTodHue MexKay IenTpamu [ = 52 cM. 3apdaibl KoJell

pasubt ¢ u —¢q. |q| = 0.4 MxKu.

Pemenue:
Oteer: Ap = 2kq<% — \/R%m) ~ 12 kB.
Ne8

VYeaosue: Koubno pamuyca R 3apsizkeno nHepasHOMepHO. PaccumTarh

paboTy, COBepIIaeMyIo IPH IIepEeMeIleHUH 3apala (, U3 LeHTPa KOJbIA
B IPOU3BOJIBHYIO TOYKY JIEXKAILYyI0 HA OCH KOJbIIA, €CJAU IIOJHBIN 3aps

KOJIBITA PaBEH (.

Pemenne:
Oreet: A = kqq, (% — Vﬁ)

Ne9

YcaoBue: Paccantars pa3HOCTb MOTEHIMAIOB MeXkay Toukamu (1) u (2)
9JIEKTPUIECKOTO T0JIsl, CO3/[aBAEMOT0 TOHKONH DABHOMEDHO 3apsiKEeHHOI
HUTBHIO OECKOHETHOM JJIMHBI, €CJIM U3BECTHO, YTO TOYKA (2) pacrojioxKeHa B
7 pa3 gasbiie or HUTH, YeM To4Ka (1). JIuHeitnas mIoTHOCTH 3apsijia HUTH

A =9 mMxKi/m.

Pemenue:

19



Oreet: Ap = % In7 ~ 0.32 MB.

Nel0
Ycaosue: IIpoBon, nzobpaxkénusiit Ha (Puc. 6) 3apssken paBHOMEPHO C

mmnetinoit morHocteio A = 0.5 HKin/mM. Jlymma npsvoro yuactka @ =
50 cM, pammyc moaykosbma B = 20 cM. Paccumrarb, Kakyio pabory
COBEPIIAT 3JIEKTPUYECKHUE CHUJIbI IPU yIAJEHUU TOYCYHOrO 3apsma ¢ =

10 uKi or nenrpa momykonabna Ha 6ECKOHEYHOCTD.

.
a ()

Puc. 6. Ilosicasronuit pucyHoOK.

Pemenne:

Otset: A = kq)\<7r + 1n(R+a>) ~ 0.2 Mk][[x.

a

Nell
YcioBue: DIeKTPUIeCKOe TOJIe CO3IaH0 PABHOMEPHO 3aPAXKEHHBIM IIapOM
pagunyca R = 20 cM. O6bémmnas miaornoets 3apsga p = 10 aKi/ MO,
Paccunrars pa3sHOCTDH IOTEHIMAJIOB MEXKIY TOYKAMM, JIESKAIIAME HA Pac-
crosnu 7 = 1 CM u 7y = 20 CM OT meHTpa Imapa COOTBETCTBEHHO.

Juatek Tpudeckast IIPOHUITIAEMOCTb BCIOIY paBHa 1.

Pemmenne:

Orset: Ap ~ 11 B.
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Nel2
YcaoBue: B Bepmuuax paBHOCTOPOHHETO TPEYTOJILHHUKA, CTOPOHA KOTO-
poro @ = H CM, PACIOJIOXKEHBI 3 TOYEYHBIX 3apdna ¢ U —2¢, KaK 3TO
nokazano Ha (Puc. 7). Paccanrars paboTy SJeKTPUIECKUX CUJI TIPHU TIepe-

Mermenun 3apsia —2q u3 Touku B B Touky C' eciu ¢ = 3 HKIL

Puc. 7. IlosicauTe/IbHBINT PUCYHOK.

Perrenne:
2
OtBetr: A = % ~ 6.5 MK/IK.

Nel3
YcaoBue: Konnmyeckast MMoBEepXHOCTb, PaJNyC OCHOBaHHS KOTOPOUM paBeH
Y
R pasnomepHo 3apsizkeHa ¢ IOBEPXHOCTHOM IIJIOTHOCTBIO O. PaccumraThb

IHoOTeHIMAJI SJICKTPOCTATUYICCKOI'O II0JIsd B BEPIIMHE KOHYCA.
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Pemenue:

oR
2eq°

OTBeT: =

Nelq
YcaoBue: Paccuntarh TOTEeHNWAJ B TOYKE, PACHOJIOXKEHHONW Ha Kparo

TOHKOT'O JIUCKa, pajuyca [, eciin nmoBepxHOCTHas IJIOTHOCTL 3apsja, pac-

IIPEJIEJIEHHOTO 110 JUCKY paBHA 0.

Pemenune:

Orser: = %
0

Nelb
YcaoBue: [lorennman 3JeKTPOCTATUYIECKOTO TOJIA BHYTPH 3aPIKEHHOTO

mrapa 3aBUCHUT TOJIBKO OT pacCTOAHUA 0 HEHTpa Imapa: ¢ = CL?“Q + b

Paccuntarh 00bEMHYIO IJIOTHOCTH 3apdjia, KaK (pyHKIIAIO 7.
Pentenne:
Otser: p(r) = —6¢,a.

Nel6
YcioBue: 3aps ¢ pacupesiesiéH paBHOMEPHO 1Mo 00bEMY IMapa pajanyca

R. Paccunrars:

e IIOTEHIMAJI B IEHTPE IIapa;

® MOTEHIUMAJ BHYTPHU Iapa KakK (PyHKIUIO 7.

Pemenue:

2

3 T
Omser: ¢(0) = 5olrz,  o(r) = 9(0)(1 — 775
DIEKTPUYIECKUl AUIOJIb.

Nel
YcaoBue: 3apsg @ nOMeNiEH B TOYKY C KOOPIUHATAMU (a,O). Haittu

BEKTOpP AUIIOJIBbHOI'O MOMEHTa, €CJIU 3apdAld —({ IIOMECTUTh B TOYKY C KOOpP-

JANHaTaMM:
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* (—CL, 0>a
* (O,CL);

* (—a,—a).

Pemenue:

=\, —
3 .

OTser: p = 2qar;p = q(at — aj); p = q(2a7 + aj)

Ne2
YcaoBue: Paccuurarh MOTEHIMAIBI U MOJIYJIA HAIPSAKEHHOCTU JIEKTPU-

YEeCKOI'O II0JIfdA, CO3daBaceMOI'0 JUIIOJIEM B TOYKaX A n B, PAaCIIOJIOZKEHHBIX

Ha PacCCTOAHMM T° OT LEeHTpa AUIIOJIA Ha IIEePHEHAUKYJIdpe K JUIIOJNI0 U Ha
OCH JUIIOJIA B HalIpaBJACHUUN JUIIOJIA, COOTBETCTBEHHO. MO,ZLyJIb JAUITIOJIBHOI'O

momenta p = 0.12 aKn/m, |¢| = 1 uKi,r = 8 cm.

Pemenune:

Oteer: (A) =0B,p(B)~ 386 B, F(A) ~ 1.08 kxB/m, E(B) =
22 xB/m.

Ne3
Ycaosue: Ilokazarb, 4TO MOTeHNIMAN OIS JUIOIA C JICKTPUUECKUM MO-
- — <Z_577_;>
mertom p (Puc. 8) MoxkeT 6LITh MpesicTaBIeH, Kak @ (1) = Trnegrd TRET —

paInyc-BEKTOP.

* HaiiTi ¢ mOMOIILIO 3TOrO BBIpAXKEHUsI BEKTOp HanpsikénHoctu F kax
PYHKIIHIO 7', P U MOYJIb BEKTOPA HATIPSAYKEHHOCTHU SJIEKTPUIECKOTO TIOJIsT

TATIONS, KaK hyHKImo 7 u 6.
e HaiiTu mpoekinm HAPAKEHHOCTH JIEKTPUIECKOTO IOl JUTIOJIA Ha OCh

Z — E,, u na nmockocTh nepreHauKyispayo ocu 4 — B .
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Puc. 8. Ilosicusirommuii pucyHOK.

Pemienne:
Orser: E’(I‘j, T) = k(3(12757“)7“ _ %)) E(p,0) =
. TF 300520, F, = ®(3cos?0— 1), E, = Skpeondsing

Ne4q
Vcesosue: Iunoss ¢ 3J1eKTPUYECKIM MOMEHTOM P PABHOMEPHO BPAIAETCs
C 9aCTOTO# V BOKPYT OCH, IIPOXOSIIEN Yepe3 ero MeHTP MePIeHINKYITPHO
wiedy aunosd. 11oyduTh HOTEHIHA CO3/IaBaeMBblil JUIOIEM B TOUKe S,
OTCTOAIeH OT IEeHTpa JAUIOJSA Ha paccTogHue 1 > [ (l — TIEYO JIATIONS ),

KakK ysakimio Bpemenn. Cuutarh, 9TO <,0(0> = 0.

Pemenne:

_Fkp

% sin(2mvt).

OTset: p(t) =

Neb5
YcaoBue: /g cucrtembl cocTodAlIeil M3 2-X COHAIIPABJIEHHBIX TOYETHBIX

o o o — —
JIUIIOJIeH, JIeXKAIIUX Ha OJHON IPAMOM, Pq U Doy, PACCUUTATL MOJLY/Ib CHUJIbI
B3aUMOJICACTBUAA MEXKJly STUMU JUIONAMU €CJIU Py = 1 HKJI/ M, Dy =

4 nKn/m,r = 0.02 M (r — paccTosHIe MKy TIEHTPaMU U0 )
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Pemenue:

3
Otsert: F' = 2p1p2 1 ~1.35 mxH.
Wgo T

Ne6
YcaoBue: CucremMa COCTOUT U3 PABHOMEPHO 3aPsKEHHON HUTH, N30THYTOM
B (opMe TOIyOKpyzKHOCTH paguyca R ¢ zapamom ¢ > 0, m orpunaresn-
HOTO 3apsa —(, pacloJ0KEeHHOTO B e€ neHTpe. Haiitn:

e Momgynb 37IeKTpUIeCKOTO JUTOJHHOTO MOMEHTA 3TOU CUCTEMBI;
e Momgynb HaAIPAKEHHOCTH JIEKTPUIECKOTO IIOJII B TOYKE, PaCIIOJI0XKEH-

HOIl Ha ocu JMIIONS Ha paccrognuu 1 > R.

Pemenune:

YciaoBue: Cucrema cocTouT u3 OECKOHEYHON PaBHOMEDPHO 3apsi?KEHHOM

TOHKOM HUTU U JUNOJIA, PACIOJIOZKEHHOI'O HA PACCTOAHUU 1" OT HUTHU. ﬁ -
JIATOJIBHBIIE MOMEHT, A\ — JinHefiHas IIJIOTHOCTD zapsna HuTtu. Haiitu cuiy,

JEeNUCTBYIONIYIO HA JUATOJb, €CJIU ) OPUEHTUPOBAH:

e BJIOJIb HUTU,;

* 110 BEKTOPY T, HEPHEHIUKY/ISIPHOMY K HUTH;

* [IePIEHAUKYIAPHO HUTU U BEKTOPY 7.

Pemenue:

—

OTBeT:an; F=_—_1

50WT2.

Ne8

Ycnosue: Iunoss P pacosiozKeH BO BHEIIHEM OAHOpoaHoM moste By, tak

aro P 11 Ey. Ilpu TakoM pacrooKeHnH OJHA M3 SKBUIOTEHINAIbHBIX

IIOBEPXHOCTEN MHpeacTaBiseT u3 cedda cdepy. Paccuurars paamyc 3Toit
cdepsil.

Pernenne:

OTBer: x3.
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SJ'IeKTpOCTaTI/I‘-IeCKOG I1oJie 1Mpu HaJInIumn ANIJIEKTPUKOB.

Nel
YcaoBue: B nenTpe 1mapa, COCTOSIIEr0 M3 OJIHOPOIHOIO JIUIJIEKTPUKA C

MIPOHUIIAEMOCTBIO € PACIIOJIOXKEH TOUEUHBIN 3apsay . Haiitu mongapuzoBan-

—

HocTh P, Kak (pyHKIMIO pajlyc-BEeKTOpa 1° OTHOCUTEILHO IEHTpa IIapa,
o / o
a TaKXKe CBA3aHHBIN 3apd]l ¢ BHYTPU CQEpPbI, PAJIUYC KOTOPO MEHbIIEe

pajimyca Imapa.

Pemenue:

—

Otser: P = —L—(e —1)7; ¢ = —g(&‘ —1).

4mr3e

Ne2

YciaoBue: PaccautaTh MOBEPXHOCTHBIE IJIOTHOCTU CBS3aHHBIX 3apPsJIOB,
MOJLyJI1 BEKTOPOB MOJIAPU30BAHHOCTU U HANPAXKEHHOCTU TOJIA, WHIYITUPO-

BAHHOTO TOYEYHLIM 3apAJOM (¢, HOMEMISHHBIM B LIEHTDP JBYX KOHIEHTPH-
geckux cdep paguycamu [, u R,, ecim cdepuveckuii cyoii 3amosnen

BEeCTBOM C ,ZLH&HGKTPH“IGCKOﬁ IIPOHUIIAEMOCTBIO £.

Pemnienne:
Orser: E(r<R,) = Tregr? P(T‘<R )=0; E(R, <r<
Rz) m’P(Rl <r< R2> 471'67“2 <8 — 1) E(T > RQ) —
quzap(r > Ry) =0;0(r=Ry) = _47%%5(5— 1),0(r=Ry) =
47TR2 <€ - 1)

Ne3
YcaoBue: Ilokazarh, YTO Ha I'PAHUIE OJHOPOIHOIO IMIJIEKTPHUKA C IIPO-

_ _o(e=1)

BOJHMKOM IIOBEPXHOCTHAasA IIJIOTHOCTD CBA3aHHBIX 3apPAI0B O'CB - R

e € - JUJIEKTPpUYECKad IPOHUILAEMOCTD, & 0 — IIOBEPXHOCTHAA IIJIOTHOCTD

3apsIIOB Ha IPOBOITHUKE.
Pernenne:

OTBerT: x3.
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Neqg
YciaoBue: CucremMa COCTOUT U3 JIMIJIEKTPUIECKOTO TejIa MMEIOIIEro (popMy

cdepuaeckoro caost ¢ paguycamu [y u Ry (Ry > Ry) u ausnekrpudeckoii
TPOHUTIAEMOCTBIO €, PACIIOIOXKEHHOTO B BaKyyMe. HaifTH MOIyab Hampd-

»KEHHOCTH, KaK (DYHKIIUIO PACCTOSHULA 7" OT IIEHTPa TeJja, eCJIN:

e BHYTPEHHsIA ITOBEPXHOCTH TeJia HECET CBOOOIHBIN OBEPXHOCTHBIN 3aPsIT
q;

® cBOOOIHBIN 3aps]l  PABHOMEDPHO PACHPENEIIEH IO OOBEMY TeJta.

Pemenue:

OTBer:

E,(r<R)=0E —0;E SLENY ) —
a(r < 1) — D Hb(r<Ry) — Y Ha(Ri<t<Ry) — £E0T2] b(R,<t<Ry) —
pr (1 _Ri. g _ oRi. p _ p(R3—R})

3550 r3 ) CL(T‘>R2> - 807"2’ b(’l”>R2) - 50r2

Neh

VYcioBue: Boym3u HEKOTOPO# TOUKY JIeXKallell Ha TPAHUIE MEXK Ty CTEKJIOM
U BaKyyMOM MOZYJIb HAIIPAXKEHHOCTH 3JEKTPUYECKOTO IIOJd B BaKyyMe

.
— E, a yron mexuy BekropoM [ M BEKTOpDOM HOpMAaJHM K CTEKIY —

OCO. Paccaurars MOLYJIb BEKTODA HaHpH}KéHHOCTI/I B CTEKJIE, YyI'OJI ME2KIY

BEKTOPOM HANPAXKEHHOCTU B CTEKJIE 1 HOPMAJIbIO, & TAKKe OBEPXHOCTHY IO
IIJIOTHOCTH CBA3aHHBIX 3apPAI0B.

Pemenue:

E .
Ortger: E = =0, /cos? o + €2 sin? oy; ctg o =

ctg Ey(e—1)e
g0, 5 — Loleleo g,
g g

SJIGKTPOCTaTI/I"IeCKOe IIoJie 1nMpm HaJIn4Yuu IIPpOBOJHMKOB.

Nel
YcaoBue: Ha mpoBojdiieli ropu30HTAIBHON TJIOCKOCTHIO Ha M30JIUPYIO-

meit HnTr, KodM@UIMEHT KECTKOCTA KOTOPOH (4 BUCUT HEOOJIBINON MapUK.
Kora mapuk 3apsiiniv, OH OIyCTUJICA Ha X, & PACCTOSTHUE JIO TIPOBOJISIIEH

IJIOCKOCTH cTaJjio pasHO [. Paccunraiite 3aps i mapuka.

Pemenune:
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Otser: ¢ = 41, /pxme,.
Ne2
Vcaosue: Cucrema COCTOUT U3 TOUEYHOTO JUIONSA P W NPOBOJAAIIE

mIockocTu. Paccrosinume ot AUIIOJIA O IIJIOCKOCTH l Paccuurars CHUJLy

JeACTBYIOIIYIO Ha JIUIOJb, €CJAU JUINOJbHBIA MOMEHT IEePIeH/IUKYIspeH
IIJIOCKOCTH.

Pemenne:

—

OtBer: F' = _3p° =
’ 32e,04J"

Ne3
YciaoBue: C ofHON CTOPOHBI TPOBOJAIIEH ILJIOCKOCTU PACIIOJIOXKEHBI 2
3apafa ¢ U —(. PaccrogHue MexKjy 3apsaigaMd PaBHO [, paccTOSHHE OT
KasKJI0OTO 3apsjia JI0 MJIOCKOCTH PaBHO % Paccunrars Momy/sib cuibl, Jeii-

CTBYIOIIEN Ha KaXKAbI 3apdl.

Pemenue:

OtBer: F' = ¢ (2\/5— 1).

87'('50

Negq
VYcaoBue: CucreMa COCTOUT U3 TOUYCYHOTO 3apdda ¢ pacCloJIOZKEHHOT'O Ha

pacCTOAHUU Y OT MPOBOJAIIEH MIOCKOCTH. PaccunTaTh MOBEPXHOCTHYIO
IJIOTHOCTD 3apsA/10B, WHJIYIIUPOBAHHBIX Ha IJIOCKOCTU, KaK (PYHKIIUIO Pac-
CTOdAHUA L OT OCHOBAHUSA NEPIIEHAUKYIAPA, ONYIIEHHOIO U3 TOYKU Paclo-

JIO2KEHU A 3apdda Ha IIJIOCKOCTD.

Pemenune:

qy
27 (x24y?)

OtBeT: 0 = — 7.
2

Neb
YciaoBue: Cucrema COCTOUT U3 HUTH M IPOBOJAIIEH TIocKocTH. HuTh
3apsKeHa PABHOMEPHO, C JIMHEHHOH ILIOTHOCTBIO A, ¥ OPHEHTUPOBAHA
MEPIEHINKYJIAPHO TJIOCKOCTU. Paccrogume oT OJMKAMNIIEro KOHIa HUTH,
GmKaiillero K IJIOCKOCTH, 110 ILIOCKocTH [. PaccuuTaTh IOBEPXHOCTHYIO

IIJIOTHOCTb MHAYIUPOBAHHOT'O Ha IIJIOCKOCTH 3apA1a:
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* B rouxe (O, aABgtomeiics cjaeI0M HATU Ha ILIOCKOCTH;

®* KakK (PpYHKIIMIO PACCTOAHUS L IO TOUYKHU 0.
Pemenue:

OTBer: U(O) = A O'(ZU) = —ﬁ
m(x2412)2

Ne6
YcaoBue: PaccunTaTh MOTEHIMAI HE3aPAKEHHOM TPOBOIAIIEH cephl pa-

muyca R, Bue koTopoii Ha paccroguun d pacIoIozKeH 3aps, (.

Pernienne:

OTBeT: p = %.

SHepI"I/IH AIJIIEKTPOCTATUYIECKOTI'O IIOJIA.

Nel
Vcnosue: B sepmunax npaMoyTobHEKa co ctoponamu @ = 40 cMmu b =

20 cM pacrosoKeHbl 9eThIpe OJMHAKOBBIX 3apsna ¢ = 2 MKKII. Paccuu-

TaTh YHEPIUI0 B3AUMOJACUCTBUA ITOU CUCTEMBI.

Pemienue:
Orser: W = 2q2/€(% + % + \/ﬁ) ~ 0.7 JIx.
Ne2

YeaoBue: Cucrema cocrout u3 4-x ommuakosbix 3apsanos ¢ = 500 HKI,
PACIIOJIOXKEHHLIX B BepIIMHAX KBajapara cTopoHa koroporo a = 20 cM.

Paccunrarn IIOTEHIUAJIbHYIO 9HEPI'UIO BBaHMOﬂeﬁCTBHH ,ZLaHHOfI CHUCTEMBI.

Pemienune:
OtBer: W = @(2\/5 + 1) ~ 61 mJIx.

Ne3
YcaoBue: Bo BHelTHEM 3/1€KTPOCTATUYIECKOM TI0JI€, MOJIY/Ib HAIIPSIKEHHO-

ctu xoroporo F/ = 300 kB/M, pacrosoxen TodewHBI IHIIONL, MOJLY/Th

numosibHOTro MoMenTa kotoporo p = 12 mKu/m. Tlog meiicteuem storo

MOJIsl JIUTIOJNIb HAYWHAET BpAIaThCs BOKPYT OCH, IIPOXOJIAIeil depe3 ero
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1eHTp. PaccauTaTs MOIY/Ib YIJIOBOIT CKOPOCTY BPAIIEHUS JTUITOJIsI B MOMEHT
YCTaHOBJIEHUA PABHOBECHUs, €CJIM B HAYAJbHBI MOMEHT BPEMEHW TUTIOJH
OBbLT OPUEHTUPOBAH MEPIEHINKYIIPHO TOJI0. MOMEHT WHEPIUU TUIIOJIS

orHocHTeBHO ocu Bpamenns - 1 = 2 - 1079 xr/m2.

Pelnenne:

OtBeT: W = 4/ @ = 60 panx/c.

Neg
YcaoBue: CucremMa COCTOUT U3 JBYX KOHIIEHTPUYIECKUX PABHOMEDPHO

3apsizkeHHbIX cdep, pamquycamu [y =1 M u Ry = 1.5 M, ¢ nosepxHOCT-

HBIME TIIOTHOCTSIME 3apsnos 01 = 4 MK/ M? u oy = 10 mxKi/ M2,

PACITOJIOZKEHHBIX B BakKyyMme. PaccuuTaTh SHEPrHUio 3JEKTPUIECKOTO IOJIS
3aKJIIOUYEHHYIO MEXKJ1y chepamu.

Pemenue:

2no? RY —
Orger: W = £%1°1 <R2 Rl) ~ 3.8 JIx.
€0 R, R,

Neb
YciaoBue: Crucrema COCTOUT U3 JIBYX KOHIIEHTPUUIECKUX ITPOBOIAIINX cep

pamuycamu Ry = 10 cm u Ry, = 40 cM, umeomumu OMuHAKOBBIH 3apsiT

q = 200 HKII. PaccauraTh 3HEPIUIO 3JIEKTPUYECKOrO OIS 3aKII0IEHHOTO

MEXKJIy JIByMs STUMU Cepamu.

Pemenue:

OtBer: W = g (RQ_R1> ~ 1.35 mn[lx
’ 8meg \ RyoRy ’ ’

Konaencaropsl.
Nel

YcaoBue: [lonyautb (popMyJIbl 1151 pacdéra EMKOCTH CJIEIYIOIMUX KOHIeH-

caTopOB (€ Cpeibl MEXKIy OOKJIAJIKAMU TIPUHSTH PABHON 1):

* Cdepudeckoro, ecim U3BECTHO YTO PaJUyC BHyTpeHHeH oOkiagku [Ty,

a BHemHel Ro;
e IIuIMHIPUTECKOTO, €C/IM W3BECTHO, YTO PAINyC BHYTPEHHeH OOKJIaIKN

R, Baemmneii R,, a Boicora pasHa d;
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* IIiocKoro, ecam M3BECTHO, YTO ILIOMIAIb OOKJIAIOK paBHA O, a paccTo-

SHIe MeXKIy obKaagkaMu d.

Pemenue:
. __ 4dmegRi Ry _ 2meqd _ €08
OTBer: Cccp = “R,—R, s Cooin = ln% y Cnn = =4
Ne2

Ycaosue: [11ockuit BO3AyITHBIN KOHJIEHCATOP, PACCTOTHAE MEXKTY TLJIACTH-

HaMK KOTOPOro d, pacHojioXkKeH BepTUKaJbHO. KOHjeHcaTop 3apsxKeH 0
paznoctu nnorernuaaos U. Ha paccrosgaun b oT oTpunaTebHO 3apaKeHHOM
IJIACTUHBI HAXOJUTCHA IOJIOYKUTE/ILHO 3apsrKeHHas MbLIMHKA Maccoil M u
3apaoM (. PaccuuTaTh BpeMs 3a KOTOPOE HLLIMHKA JOCTUTHET ILIACTAHLI

KOHJICHCATOPA.

Pemenune:
L4 2bmd
Orsetr: { = 4/ U
Ne3

YcaoBue: K oaHOI M3 MJIaCTUH IJIOCKOTO 3apsi?KEHHOI'O KOHJIEHCATOPA

IPUJIEraeT JAUJIEKTPUIecKas IIIACTHHKA TOIIMHON d ¥ JIUJIEKTPIIECKOi
IPOHUIIAEMOCTBIO £. PaccTosgHue Mexkjly IJIacTUHaMH KOHjieHcaTopa d, a
passocTh norennumasos U. Paccaurars Moxynu Hanpsikénsoctu ) u P

B IUSJIEKTPUKE U BO3AYXE.

Pemenue:

: S O — — _ Ue
OTBer: El — d,ted—edy’ E2 - di+ed—ed;

Neg
YcaoBue: K o/HOII M3 IJIACTUH MJIOCKOIO KOHJEHCATOPA IPUJIETaeT ILjIa-

CTHHa JJUIJIEKTPHUKa TOJIHII/IHOfI dl n ILI/ISJIGKTpI/I‘IeCKOﬁ IIPOHUIIAaEMOCTBIO

. Paccrosnue mexk 1y miacTuHaMu KoujeHncaropa d. Ilocie oTk/odeHust

KOHJIEHCATOpa OT MCTOYHUKA MMUTAHUSA IJIACTUHY BbIHY/IM. PaccauTaTh BO
CKOJIBKO Pa3 BBIPOCJIa PA3HOCTDb IMOTEHITNAJIOB MEXKIy TJIACTUHAMU KOHJICH-
caTopa.

Pemenue:
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ed

OTBeT: N = m

IlocTossHHOE MarHuTHOE IoJie

NuayKnuss MarHuTHOTO 110JIsi. 3akoH Buo-CaBapa

Nel
YcaoBue: 3apsrKeHHasd dJIEeMEHTapHasd 9acTUIA JIBUKETCS CO CKOPOCTHIO,

Moy kotopoit ¥ = 900 M/c. B HEKOTODBIt MOMEHT B TOYKe Hab/IIO/e-
nust P Moysib HanpsizKEHHOCTH 3JIEKTPUYECKOro 10JIsl 3Toi yacTunbl F =
600 B/M, a yros mMesx Ty BekTOpaMu ckopocTn n Hanpskénroctn o = 30°.

Paccaurars WHAYKOWIO MarHUTHOTI'O ITOJIA ILaHHOfI HJaCTHUIBI.

Pemenne:

Puc. 9. IlosicanTe/IbHBIN PUCYHOK.

B— —“OZ;EO‘ (16)
1

YMHOKUM U pasgenuM 16 ua € 4T0o0bI cAenarh 3aMeny Ha B

B = pgvsinagy & (18)

HO,HCTaBI/IB quciia, IIOJIy9IuM:

1
B=1900-600-=-12.75-10"7 - 8.85 - 102
2 (19)

=3.10712 = 3 nTa.

OrBet: B = 3 T
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Ne2

Ycaosue: Ncnonb3ys 3akon Buo-Capapa, moayunTth (hopmyay [jist pac-
cuéTa MOJIYJsi BEKTOpa MHAYKIIMU MATHUTHOIO II0JIsI, CO3JaBAEMOI0 TOKOM

I, nporekaomemM B JUHEHHOM GECKOHEYHOM IIPOBOJIHUKE B TOYKE, PACIIO-

JIO2KEHHOI Ha, PacCCTOAHUU 7"0 OT IIPOBOAHUKA.

Pemenne:

Puc. 10. Iosicusronuii pucyHOK.

MarauTHOe 110JIe TPAMOTO TOKA, T.€. TOKa, TEKYIIEro IO TOHKOMY TTPAMOMY
MPOBOy OeCKOHEeYHOU JIuHBI. [lo CBOMCTBY BEKTOPHOIO TPOU3BEIECHUS

.
cjaeayer, 9To B HpOI/ISBOJIbHOﬁ TOYKE A BEKTOPbI dB OT BCEX IJIEMEHTOB

TOKOB MMECIOT OJHO HallpaBJICHHE — 3a IIJIOCKOCTL PUCYHKAa.

— —
[TosTOMy MOXKHO CKJIaAbIBaTh mpocto monyau dB. B namem ciayuae dB

yIob6He# BLIPa3uTh He depe3 yros Mexay dl u T, a gepes v, Torma

dB:@Idlcosa. (20)
4w 73
Kak snapo w3 Puc. 10 dlcosa = rda n 7 = —2-. 3uaunr dB = {2 -

I cosad
—E2AEE . MnTerpupys mocjie/iHee BEIPAYKEHIe 0 YTy, MOy auM
0
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po . :
B="2"(sina, —sinay). (21)
41 b
DTO BbIpayKeHUE TO3BOJIAET HAXOIUTh MArHUTHYIO WHTYKITUIO OT KOHETHOT'O
MPOBOJAHUKA. B cirydae OECKOHEYHOTO ITPOBOIHUKA, (042 = %, = —%):
o 1
B=20. 2 (22)
2T Ty

I
OtBer: B = 2’u0 )
71'7’0

Ne3

YcaoBue: PaccunTarh MOIYJIb BEKTOpPa WHIAYKIIMA MATHUTHOTO IIOJIS,
CO3/1aBAEMOTI0 KOHEYHBIM MTPSIMOJJIUHENHBIM YYaCTKOM HPOBOJITHUKA, JTJITUHBI

[, mo KoTopoMy mporekaer TOK I, B ToUKe OTCTOAINEH Ha ITPOU3BOJLHOM

PaCCTOAHNI TO OT OCH IIPOBOIHHKA.

Pemenne:
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i e E—

Puc. 11. Ilosicusiroruii pucyHOK.

Jlns perreHusi 3a/1a9¥M BOCIIOJIB3yeMCs HMPUHIMIIOM CyTepro3unuu. Paszo-
—

ObeM IIPOBOJHUK Ha 3JIeMeHTapHble y4acTKH dl, 1o KOoTopbIM TedeT TOK [

(Puc. 11). Cormacuo 3akony Bmo-CaBapa, BEKTOp MarHUTHOM WHIYKIIWH,

cozzaBaeMoro B Touke A KaxkibiM seMenToM Toka I - dl pasen

1)dl,7]
i = Mo ﬂ (23)
7 —
BeKTOpr dl ur ILJIH BCEX yqaCTKOB HpOBOrILHI/IKa Jie2KaT B IIJIOCKOCTHU ‘{ep—
—
Te)Ka, HO9TOMy B TOYKE A BeKTOpr dB NMEIT O,ZLI/IHa,KOBoe HaHpaBJIeHI/Ie,
HEePIEeHINKYJISIPHOE TLIOCKOCTH YepTeka (0T Hac &), 9TO MPOJIEeMOHCTPUPO-

.
BaHO Ha HUzKHeM pucyHke. CjioxkeHne BeKTopos d B cBoIUTCs K CJI0YKEHUIO
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nxX MojyJieii. B KauecTBe mepeMeHHON MHTErPUPOBAHUA BBIOEpEM YTOJ (X

(yroa Mexky T ur). BblpaBI/IM Jepe3 yroJ (X Bce OCTaJbHbIe BeTMIUHbI. 113

Puc. 11 BunanO, uTO T = [ = xtg a, mosTomy MHA 3JI€MEHTa TOKA

Cosa’

CB4d3aHa C IIpUpalmeHueM (¢ COOTHOIIECHUEM

d
dl = —s—. (24)
COS” &«

MaruuTtHas NMHAYKIOUA, CO3JaBaeMad 3JIEMEHTOM ITPOBOJHNKA, PaBHAa:

I rd i
dB = Mo Tao S.in<E —0—05) — Ho® cos ado. (25>
47r? cos « 2 At

Yroa « AJId BCEX IJIEMEHTOB IIPAMOI'O TOKa M3MEHACTCA B IIpedesiax OT Oél

10 0y (Puc. 11), Torma

*2 ol ol
/dB / Ho” —cos ada = £02 (sin a, — sin ey ), (26)
A
B— fol

1 x(sm .y — Sinay ), (27)
7T

rae (v; U (g YIJIBbL, MOJ, KOTOPBIMU MbI BUAUM U3 TOYKU, B KOTOPONA

omrpegesideM I10J1€, KOHIIBI ITPOBOJHHUKA. Shvi YIUIbL ABJIAIOTCHA aﬂre6pa1/1qe—
CKHMM BCJIMYMHaMKW W OTCUHUTBLIBAIOTCA OT IIEPIEHAUKYJIAPa, OIIYIICHHOI'O

N3 TOYKH Ha IIPOBOIHUK. ITonoxxuresnbroe HallpaBJIEHUE OTCYeTa yrja

COOTBETCTBYET YIUVIY, OTCHUTbIBa€cMOMY OT IIE€PIIEHAUKYJIdPa B HallpaBJIE€HUN
TOKa.

pol
OTser: B = (cos aq + cosa,).

Negq
YcioBue: 3aMKHYTBI KOHTYD C TOKOM HMEET BUJI MPAMOYTOJbHUKA C

muaronasbio d = 16 cM, yros mexty nuaronanamu o = 30°. Cuma Toka,

nporekaomero 1o kouTypy I = 5 A. PaccunTaTh MOMYIh WHIYKITMHA Mar-

HUTHOTO NOJId B IIEHTPE KOHTYPA.
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Perenne:

Puc. 12. Ilosicugiomnuii pucyHOK.

B cucreme CUI: d = 16 cm = 0.16 m.

[Io mpuHIMTY CyHEePTO3UIIAN /TSI MATrHUTHOTO ITOJIS:

B=DB,+B,+ B;+B,. (28)

—

Tak Kax Bce B.

; conanpasJyensl, To B = 2(B; + Bs). Tlo 3akony Buo-

Casapa-Jlamaca:

B_s pol ( cos 55~ N cos & _
27 \ Lcos2  4sin¥
(29)
_ kol 1 _ Apel
o7 4 gin £ cos £ ~ mdsing

[loncTraBuB Umcaa n3 yCaOBUSA, TTOJTYIUM:
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4-47-1077 .
g A Am 1075 g (30)
7-0.16 - sin 30°

Oter: B = 0.1 mTn.

Neb
Venosue: OnpeneauTs MOLYIb BEKTOPA WHIYKIIMH MArHUTHOTO ITIOJIA HA
ocm kpyrosoro Toka I pammyca R, xax bynxmato B(2), tie 2 paccrosmme

JI0 TIeHTPpa KOHTYPA.

Pemmenne:

dl

X

Puc. 13. Iloscugatomnuii pucyHoOK.

MaruauTtHOE 110JIe Ha, OCH KPYTOBOI'O TOKA.

o Ldl
dB="0""" 31
4 12 (31
I
B:/dBT:/stingp: 'uozsingo/dl:
l ; Adrr ]
I IR (32)
_ Mot . _ Ho -
= 12 sin 2T R = 572 sin
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B2
T

[Tpeobpasyem MoOJIyde€HHOE BbIparKeHUe, YIUThIBasl, 9TO SIN (0 =

R? + a?. Tloc/e mOACTAHOBKE IIOJIYIHM

2
212 2(R* +a?) VR2 +a?  (R2 + a2)?
. _ polR?
OTBerT: B(Z) = —2(R02+z2>§.

Ne6
Ycaosue: Ilo Tonkomy 3amrHyTOMY TpOBOAHUKY (Puc. 14) Teuér ToK,

cuita koroporo I = 5 A. Pagmyc msormyToii "actu mnposogHmka R =
120 MM, yron ¢ = 90°. Paccunrarh MOIy/Ib BEKTOPA MAHUTHON WHLYK-

I B TOYKE O

J

y:

7N \ﬁ

7.9 N
-

Puc. 14. IIpoBognux.

Pemenne:
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il - 4_..1.:..dh__ S N

Puc. 15. Iosicusiroruii pucyHoOK.
— ¥ _ o
[Mycrs 0 = & = 45°.

s gacTu OKpy2KHOCTU:

2m—20
_ ol _ I (m—0)
Bl—mf Rdo="" "7

s orpeska:

to Idl

Slﬂé(dl ) E'TTCOSQ

_ o Ldl

dB
27 4r 12

40
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I"'-I{,
R

o

[Togcaaromuit pucynok. 16. Puc.

d
cosadl = zda = dl = “aa (36)
COS (¢
b
z = , b= Rcosf (37)
COS (¢
0
tol da - cos « tod _ tod
B, = — T = ——— .2sinfl = ——1t

2 Ag g COsa-b S tRcosg “TM 2R E¥)
B=B,+B :“Ll(w—eﬂane) (39)

1 27 27R

HO,ZLCT&BI/IB quciia, IIOJIy9IuM:

A7 -1077 -5 T 78
B= ( _ Ty —)%28 Tn. 40
o012 " 18] MR (40)

OTBeT: B = 57?11%(1 + %W) ~ 28 MKT.
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Ne'?
YeaoBue: 3aMKHYTBIE KOHTYpP, 110 KOTOPOMY Te4YéT TOK cuibl I ummeer
dbopmy nokazannyio Ha (Puc. 17). Paguyc okpyzxxuoctu R, nymaa cTopoHs!

KBaJpaTa (. HafitTn uHayKmuio MarauTHoro nosid B Touke O.

Puc. 17. KouTyp.

Pemenne:

OtBer: B = %(g’—g + ?)

Ne8
VYcaoBue: ToHKHIT TTPOBOJ ¢ M3OIAIAEll OOpa3yeT ILJIOCKYIO CITUpPaJIb W3

N = 200 mnorHO npHIErarIUX BUTKOB, 110 KOTOPLIM Teuér Tok [ =
5 MA. Pamnyc sayrpennero sutka ¢ = 100 MM, paguyc BHEMIHETO BUTKA

b = 200 mM. PaccunTaTh UHIYKIIMIO MATHUTHOTO 110151 B IIEHTPE CIUPAJIH.

Penrenne: MaruutHasi HHAYKIWS OJHOTO BUTKA (OKPYXKHOCTH):

_ kol 41
B, = 5, (41)
N
dN = dz (42)
b—a

IloncraBum 41 u 42 B
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oI N /b dz  pgIN s HoIN
B=[|BdN=-">— [ —=_—-2"—"_1 = h
/ 1 20—a)) = 20b—a) nz e = (b—a,qg3

HO,ZLCT&BI/IM qHrcCJIa U IIOJIY9YUM

47-1077-5-1072-.200. 0.2
B = ) In ~ 4.4 mxTm. (44)
2(0.2 —0.1) 0.1

polI N

W 111 ~ 4.4 MKT1.

OTBeT: B =

Ne9
YcaoBue: B nmapajsielbHBIX TJIOCKOCTIX, PACIOJIOKEHHBIX Ha PACCTOAHUN

d = 8 ¢cM Apyr OT Jpyra Ha OJHON OCH HAXOJATCS JBa KPYTOBBIX BUTKA
paguyca R = 5 cM kaxknpni. Ilo BUTKaAM B OJHOM HAIIPABICHUH TEKYT
toku I} = Iy = 2 A. Paccuurarh HaIps:KEHHOCTH MATHUTHOIO IIOJISI B

neHTpe OJHOI'O M3 BUTKOB.

Peinenne:

L]
Puc. 18. Iloscugatomnuii pucyHOK.

CoracHO IPHUHIAIY CyTEPIO3UINT HaIpszKeHHOCTh B Touke (' paBHA

I

2R’ (45)

ﬁ:ﬁl—l—ﬁ2, rne H = —
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I 2
g, =2 (46)

2(R? + d2)?

Eciu Toku TekyT B onHOM Hanpasienun, o H = H| 4+ H,. Tlo ycaosuio

L[ =L=1I (47)
Torna
1 IR?
H=_——+ 5. (48)
2R 2(R2 + d2)2
HO,HCT&BI/IB qucJia, HOJIy‘{I/IMZ
2 2 -0.052
H ~ 23 A/m. (49)

Njw

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

Nel0

YcaoBue: Paccautarth MOIyIb BEKTOPA MArHUTHOW WHIAYKIIMW HAa OCH

OrBet: H =

NI~
=

R? ~
‘|‘ m) ~ 23 A/M

COJICHOUJIA, JIJIMHA KOTOPOro [, KOJUYeCTBO BUTKOB IPOBOJIOKH, IIJIOTHO
IpuUIeralomux Ipyr K apyry pasio N . Yepes Butku TeuéT Tok I, paguyc

BUTKOB [7).

Peinenne:

_ MoIN 3—% 5tz

. 2
Otser: B(2) = 21 \/R(%Jr(%_z)? + \/R8+(%+z)2 '
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3aKOH ITOJIHOTO TOKa

Nel
YcaoBue: Vcrnoab3yst 3aKOH MOJHOTO TOKa, HAUTU MOJYJIb BEKTOPa WHIYK-
IIM1 MArHUTHOT'O TO0JISA, CO3JaBAEMOr0 TOKOM TEKYIIIUM IO KOAKCHUAJIbHOMY

kabesro. Tok I meuér no nenrTpasbHOil kuse paguyca [y, u Bosspaia-
ercd 10 000JIOYKE, BHYTPEHHUI W BHEITHUN pPaMychbl KOTOPOit R2 u R3
cooTBeTcTBeHHO. [IpocTpaHCcTBO MEXKTy KHJIONH M 0DOJOYKON 3AIOJIHEHO

IA3IEKTPUKOM. MardHuTHyI0 IIPOHUIIAEMOCTD BCIOAY CYUTAThH PABHOM 1.

Pemenne:

Oteer: B(r < Ry) = %, B(R, <r<Ry) =

r2_R2
Ry) = 2W<1 - ﬁ) B(r > Ry) = 0.

B(R, <r <

27rr )

Ne2
YcaoBue: OnpenesnTb WHAYKIIAIO MATHATHOTO TIOJIsi TOKa, PABHOMEPHO

pacIpeaeJIEHHOTO:

* 110 6ECKOHEYHOM TJIOCKOCTH C JIMHEWHOM TIJIOTHOCTHIO J;
e II0 JIBYM MapaJsljIeJIbHBIM OECKOHEUHBIM IJIOCKOCTSM C JTUHEWHBIMU TIJI0T-

HOCTSIMU ] U —.

Pemmenne:

a)
E—

—
] [— e

==

TR R

Puc. 19. Ilosicusiroruii pucyHOK.

’ — /i

IIo 3akoHy MMOJIHOrO TOKA:
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(50)

Otset: a) B = ”Toj, 6) B = 7.

dl = / B, -dl +/ By-dl-cos— +/ B3dlcosO+/ B4dzcé§'%5 = 28I
by ly 2 ls Ly
IHO.TIH — .] -l <52>
: r
2Bl = pgil = B = SHo] (53)
6)
J
z z
g —l
=L
o7
8T
. 4
{4
Puc. 20. Iosicasroruii pucyHOK.
B = 0 Bue mwockocreii.
B = 2B, = [1(p] MeXAy IJIOCKOCTIMIU. (55)




Ne3
YcaoBue: OHOPOHBIH TOK, IJIOTHOCTH KOTOPOT'O J TEYET BHYTPU HEOIDa-
HIYEHHOM IIACTHHBI TOMMMHLI 2d HapaJsieabHo ed mosepxuHoctu. Haiitn

WHAYKIOUKO MarHUTHOI'O IIOJId 3TOI'O TOKa, KaK (bYHKI_H/IIO paccrodHud I
oT cpe,quI‘/'I IIJIOCKOCTH IIJIaCTHHBI. MaFHI/ITHYIO IIPOHUIIAEMOCTDb BCIOY

cUuTaTh paBHOil 1.

Pemmenne:

Puc. 22. Ilosicusironuii pucyHoOK.

ITo Teopeme o mupKyadTIAN
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}{de = loJ2xl (56)

I =2xlj (57)

Eciu [ >> x, To uaTerpajoM 1o L cocTaBisSioONMM MOXKHO IIpeHeOpedb,

TOTIA:
B2l =, - 2xlj (58)
Bosbmem © > d
%de = pol = pg - 2dlj (60)
B2l = py-2dlj, B=pydj (61)

Otser: B(z > d) = pydj, Bz < d) = pyzj.

Neq
YcaoBue: HaiiTu BeKTOP MJIOTHOCTH TOKA, KaK PYHKIIUIO PACCTOTHUASA T° OT

OCH aKCHAJIbHO-CHUMMETPHUYIHOI'O IIapaJlJIEJIbHOI'O IIOTOKa JJIEKTPOHOB, €CJIN

VHAYKIHAA MAIHUTHOI'O IIOJISA BHYTPHU IIOTOKa 3aBUCHUT OT 7T° KaK B(T) —

Br®, rae B 1 (v HOJIOXKUTEJILHBIC TOCTOSHHLIE.

Pemenue:
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e ]
T —
-
g —
- —

Puc. 23. llosicHuTeIbHBIII PUCYHOK.

BosbMmeM KoHTYD, | myuky pajmyca T U IEHTPOM B IeHTpe IydKa, TOrJa
der = Br? . 2nr = 2mBrot! (62)

[ycrs j = j(r), Torma

/r jdS = /O omaj(x)da (63)

Uroro

Huddepenmupyem 1o 7
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Bla+1) .4 (65)

Bla+1)r = porj(r) = j(r) = —————r
Fo
() = BlatbreTt o
Otser: J(r) = " €,.

Neh
YciaoBue: Vcnonb3ysd 3aKOH MOJHOTO TOKA, PACCUUTATH MHJIYKIIUIO Mar-

HUTHOI'O 1101 BHYTpH costenonia aunoit L = 0.5 M, conepxkamero N =
1000 BuTKOB IIOTHOI OOMOTKM, €CJIM COINPOTHUBJIeHHE OOMOTOK R =

120 OmM, a nanpszxenue na eé xonmax U = 60 B.

Pemenne:
7{ BdL =y » I, BL=p,IN (66)
L )
U toUN
I=—, B="__ 67
R RL (67)

IloncraBum unciaa:

4w -1077- 60 - 1000
a 120 - 0.5

B ~ 1.25 mT. (68)

OtBer: B = 1.25 mTo.

NeG
Ycaosue: [1o 6ecKOHETHOMY TTPSIMOMY ITPOBOJLY, PAINYC CeYeHUT KOTOPOTO
R, Teuér nocrognublil TOK, IJIOTHOCTL KOoToporo J. HaiiTu BeKTOp Marnut-
HON WHJIYKITUU TIOJIsA, CO3JaBA€MOr0 3TUM TOKOM, B TOYKE, TOJIOKEHUE

o e
KOTOPO# OTHOCUTEIBHO OCH ITPOBOJIA OIpee/sdeTcd pajalnyCc-BEKTOPOM 7.

Pelnenne:
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Puc. 24. Tlosgcugrommuii pucyHOK.

%é'dZ:/B'dl-COSOOZB'QTF’P (69)
L
o= / 7S = / jdS = j - mr? (70)
S
IIpu r < R:
2 L 71
B-27r7°:]7r7“,u0:>B:§,u0]7“ (71)
(72)
Puc. 25. llosgcagrommuii pucyHoK.
IIpu r > R:
I,.=7j TR? (73)

51



2 .
_ Mol (74)

(75)

OTBerT: E(r < R)= “Og;q],é(r > R) = MOR;[J*;?']'

Ne7
YcaoBue: [lo gauHHOMY IHJIMHIPUYIECKOMY IIPOBOJY TEYET TOK, ILIOT-
HOCTb KOTOPOro j. BHyTpum HpoBoIa HMeeTCs IUJINHIPHYECKAs II0JIOCTD,
Uaymias mapaJjie;IbHO OCH ITpoBoja. PaccTogdHme oT ocu MPoOBOAA IO OCH
ITOJIOCTHU 331aETCI BEKTOPOM Z HaiiTu BeKTOp MHIYKITMYA MArHUTHOTO TOJIs

BHYTpPHU IIOJIOCTH.

Pemenne:

e _':h_______ = S —
P iy
;.f" f; . &
- v

Puc. 26. Ilosicagrommuii pucyHOK.
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B=B,— B, (76)
rjie BO - €CJIU TTPOBOJIHUK CILJIOIITHOMN.

S/ -
B - OT TOKa7 TeKyU_[eI‘O II0 TOU YaCTu HpOBO,ZLHI/IKa, KOTOPYIO y,ﬂa;JII/IJII/I.

To Teopeme 0 MUPKYyAATNN:

1
2mzBy = pgnzj = By = §,uozj (77)
WNnu B BekTOpHOI (hopme
- 1 oL
By = S holJ: 2] (78)
B = L (79)
B = 5#0 7; 2]
-1 1 .
B = puoliiZ =21 = Su0 (7] (80)
Orser: B = 2° [ij]
Ne8

VYeaosue: Tok I Teudr o AyMHHOMY IPOBOJLY U 3aTeM PaBHOMEPHO pacTe-
KaeTCsl TI0 BCEM HAIIPABJICHUSIM OJTHOPOHOM TpoBosIeit cpejbl (Puc. 27).

Paccaurars WHAYKOWIO MaIr'HUTHOI'O II0JIA B TOYKE A, OTCTOHHLeﬁ OT TOYKN

O na paccrosauu 1 mox, yriom 6.
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Puc. 27. IlpoBogsmiaga cpena.

Pemenne:
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Puc. 28. Ilosicugromuii pucyHOK.

Cucrema obJtajiaeT akCUaJbHON CUMMETPUE.

B(0;B,;z) = f{ Bdl = p,l,. (81)
B = B(R) (82)
B-2mR = B27nrsinf (83)
dl 1
J o= o const (84)
0 27 T
I = / I. sin@d@/ dp = —2mcosf |§ = I(1 — cos H)85)
0 0 27

83 u 85 mojacrapisieM B 81
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B -2mrsinf = pgl(1 — cosb) (86)

el _ ol O 87
B_Qﬂrsine(l cosf) = tg —. (87)

I
Orser: B = HoL tan 2.
2nr 2

Ne9

Yeaosue: Tok [ Tedét no JIMHHOMY IPSMOMY IPOBOLY KPYIJIOTO CEYCHHUS.

PaccunTarh mOTOK MarHUTHOTO TOJIA Yepe3 IIOJIOBUHY OCEBOI'O CEYCHUS
IIPOBOJIA TIPUXOALAIIENCA Ha OJUH METP €ro JIJINHbI.

Pemnienne: CunraeM, 9TO TOK pacCIpejiesieH 0 CEYEHUI0 PAaBHOMEPHO C
ILJIOCKOCTHIO

= 88
J mR2 (88)
Cormacao Teopeme Crokca:

%Bdr = ol (uepes ceuenne). (89)
217 B = pgjmr? (90)

pol 121
B(r)=52".__ 91
() 2w R2%r O

[ToTok wWepe3 MOJOBUHY CeYeHUs Ha €TUHUILY JTJTUHBI

R R
fro L rdr
b = drB(r) = — — =7 92
/0 rB(r) 27 /0 R? An (92)

I
OtBet: ¢ = ZL.
7T
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MaruutHoe noJie ipu Hagn4uum MarmetukoB. MarauTHbIT MO-
MEHT.

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

ecsu paguyc Butka [ = 100 MM, a uHAyKIUS MATHETHOTO HOJIS B IEHTPe

B = 6 mxTmx.

Pemenue:

Puc. 29. Ioscasgrommuii pucyHok

T -1 -27- R 1 B -
Py, =1-5; B:'uo _ Ho " _ Ho :[:—@5

47 - R? A1 - R? 2R Lo
B2 21 - B - R3
pp= g pr = O (94
Ho Ho

HO,ZLCT&BI/IM qucJjia U I10JIy 9uM

 6.28-6-1076.0.13

g~ 30 MA/? (95)

Dm

Ortsert: p,, = % ~ 30 MA/M2.

Ne2
VYcsioBue: MarnuTHbIA JUMONB, MOMEHT KOTOPOTO D, TIOMECTHJIA HA PAC-

CTOAHUE T OT JJIMHHOT'O IIPOBOJIa 110 KoTopoMy TeuéT Tok [. HaiiTu BekTOp
CWJIbI JefCTBYIOIEN Ha JIMIIOJIb CO CTOPOHBI MArHUTHOTO IIOJIdA, CO3JlaBae-

MOI'O TOKOM I €CJIM BEKTOP MalrHUTHOI'O MOMEHTaA:

e IIapaJijiejieH IIPOBOJIHUKY:;

-
® HalpaBJIeH 110 BEKTOPY 7';

o7



d COBITaJa€T IIO HallpaBJICHWIO C MalrHUTHBIM IIOJIEM TOKa I

Perenne:
a)
¥l
30.
0B
F=p, —cosa (96)
ox
cosa=0=F =0 (97)
6)

4 P

= —p,, Bcosp (98)
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B— pol fol (99)

211’ 27 cos @
r’ =rcosp (100)
oB ol 1
F, = —p,,— cosp = — = = “2101)
v Pm gy €059 ( " 2mcos @ ( r2 ) ) CORY T o
B)
0B Prmtbod
E, = P oS = 27”2 (102)
Orser: a) F =0, 6) ' = —“223’;2]@, ) F = —"Qfgfér
Ne3

YcaoBue: Toukwnit TUCK U3 JIUIJTIEKTPUKA, HECYIIIUN 3apsi/] TOBEPXHOCTHAS

IJIOTHOCTHh KOTOPOT'O 0 PaBHOMEPHO BpAITAeTCd BOKPYT CBOEi OCH C yIJIO-

BO#l CKOpPOCThIO W. Paccuurarh:

e WHJYKIIMIO MAarHUTHOI'O TI0JIA B IIEHTPE JAUCKA;
e MAIHUTHBI MOMEHT JUCKA.

Pemenue:
dq dq
— — 1 — od 103
1 e o 75" dq = odS (103)
7 odSw  ocw2mrdr siordr (104)

2 2

5_ Mo I[dl, ] :,uOI/dlrsina:,LLOI-27r~7°:,uO‘\I1O5>
47 73 47 73 4 - 12 2r

_ R pgowrdr _ pgowR
a) B = fo 2R~ 2

6) Py, = [ 1dS = [owmrrddr = —U“’ZR4

roR*

Orser: B = %UQ}R, Pm = 5

59



Negq
Yeaosue: Cddepudeckas IOBEpXHOCThL pajmyca [, cocrosimas u3 au-

9JIEKTPUKA, BpalllaeTcss PaBHOMEPHO BOKPYT CBOETO JWaMeTpa C YIJIOBOM

CKOPOCTBhIO W. PaccunTarh MarHUTHYIO MHIYKIUIO B IIEHTPEe cephl ecin

IIOBEPXHOCTHAs ILJIOTHOCTH 3apsiJiOB PaBHA O .
Pemenue:

Otser: B = %MOJwR.

Nej
YcaoBue: Bnosib ocu 6€CKOHEYHOTO TPSIMOTO ITUJIMHIPA PaIdyCca RO TEJET
JIMHeHHbIH TOK cuioit /. Marauraas OPOHUILAEMOCTD BeIleCTBa IUJINHIIPA

(. Bokpyr munmaapa BakyyMm. Hatitu:

—

* HaIpsAXKEeHHOCTL MarHuTHOro mojs H;

—

° MHAYKOWUA MarHUTHOT'O IIOJIA B,

-

® HaMarHUYeHHOCTDb J;

BO BCEX TOYKaX ITPOCTPAHCTBa. PaccunTaTh OOBEMHYIO UM TTOBEPXHOCTHYIO
IIJIOTHOCTH MOJIEKY/ISIPHBIX TOKOB.

Pemenune:
OTBeT: E’(T < R0> — 2_71_‘_7.@90 — FI(T > Ro), B(T < R0> —
wilg J(r< Ry) =1"Ne  B(r> Ry) =5le Jr>R) =

07]M0 — 07JMH - 27TRO :

Ne6
YcaoBue: Cpesa COCTOUT U3 OJHOPOJHOIO U3OTPOITHOIO MArHETUKA WU
Bakyyma. Moayip BEKTOpa HHIYKIIUA MATHHUTHOI'O IOJIsI BOJIM3U IIOBEPX-

HOCTH MarHeTHKa CO CTOPOHBI BaKyyMa pasen B. HaiiTu Moxyanb mHLyKImun
/
MarHuTHOro nojg B’ B MarmeTuke BOJIM3U €ro MOBEPXHOCTH, €CJIA BEKTOP

B cocrasiger yroJj (& ¢ HOpMaJIbIO K IIOBEPXHOCTHU pal3iesia MarHeTukKa un
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BaKyyMa (IIOBEPXHOCTb MOXKHO CUUTATH MJIOCKOCTBIO), & MATHUTHAS IPOHU-

IaeMOCTDb MarHETHUKa ILL .

Pemenne:

Puc. 32. Ilogcugaromnuii pucyHOK.

B =+/B2 + B? (106)

B2n — Bln <107>
H,y, = H,, (108)
B, = Bcosa (109)

BT - ,LL/LOHT - /’L/’LOHOT — M<B>T - NB sin « <110>

B’ = By/cos? o+ p2sin? a (111)

Otrser: B = By/cos? a + p? sin2 a.

Ne7
YcqaoBue: Bocro/ib30BaBIUCH YCTOBUSAME IIPEIBLIYINER 3aadd pPacCau-

TaTh IMPKYJIAIUIO BEeKTOpa [3 10 3aMKHyTOMY KBaJpaTHOMY KOHTYDY,

JIIMHa CTOPOHBI KoToporo [. I'pamuria paszjena cpell IepeceKaeT KOHTYP

HapaJiieJibHO ABYM €I'O IIPOTUBOIIOJIOZKHBIM CTOPDOHAM.

Pemmenne:
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Orser: 99L (é, di) = Bsinal(l — u).

Ne8
YcaoBue: Ilo nmEHOMY MUJIMHAPUYIECKOMY ITPOBOJY TEYET TOK IIEPIIEH-

JIMKYJISPHO ILJIOCKOCTHU TonepedHoro cedenus. Cusa Toka I. IIposoj usro-

TOBJIEH U3 MTapaMarHeTuKa ¢ MarHUTHON BOoCOpUUMYNUBOCTBHIO ). HaiiTu:

® CWJIy TOBEPXHOCTHOTO MOJIEKYJISPHOTO TOKA IHOB,

/
* cuiy 00bEMHOIO MOJIEKY/IAPHOrO ToKa I g

Ormpene/nTh KaK 93TU TOKH HAITPABJIEHBI IPYT OTHOCUTEIBHO JAPYTa.

Pemenue: BuyTpu muInHIPUYIECKOrO TPOBOJA WMEETCHA BHEITHUM TOK

I
MJIOTHOCTH —r=. DTO Jlaer MarauTHoe mose H, o C

r2 Ir
H,2mr = Iﬁ wit, Hy = o R2 (112)
13 sroro qu /;/; 3{; J¢ = “2—;1% = ;;%dl = yI = namarnuden-
HOCTb.

CaemoBareibHO, OObEMHBIN MOJIEKYJISIPHBIN TOK,
Jy - dF = /—dl (113)
R

HOBerHOCTHbIIU/I TOK IIOJIyd9aeTCd C HCIIOJIb30OBAHUEM 3IKBUBAJIEHTHOCTU

N
IIJIOTHOCTH IIOBEPXHOCTHOI'O TOKa K J X 7, 3TO IIpUBOAUT K IIJIOTHOCTH

1
IIOBEPXHOCTHOI'O TOKa B Z-HAalIPpaBJIE€HUU _2>7<T—R

[ToBepXHOCTHBIN MOJIEKYIAPHBINA TOK
I' .= ———=27R) = —xI (114)
Ob6a ToKa UMEIT IIPOTUBOIIOJIOKHBIE 3HAKMH.

Orser: I, = L, I,, = —1,.
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Ne9
YcaoBue: JIUHHBIA COJIEHOHI 3aII0JIHEH HEOIHOPOIHBIM IIapaMarHeTHU-
KOM, MArHUTHas BOCIIPUUMYUBOCTH KOTOPOI'O 3aBUCHUT OT PACCTOAHULA JI0

ocHh Kak X = ar?. Ha ocu COJIEHOWJIa MATHUTHAdA WHAYKIIUA PaBHA BO'

Paccuurarsh, kKak pyHKIUIO 7

e HAMArHMYEHHOCTh MArHETHUKA;
e IUIOTHOCTH OOBEMHOTO MOJIEKYJISPHOTO TOKA.

Pemenue:

OTser: J(r) = BOM—O;TQ, j(r) = %T.
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T‘IaCTI/II_[a B MaroHmTHOM IIOoJI€e

Nel
YcioBue: SJIeKTpOH BJIeTa€T B OJHOPOJHOE MalHUMTHOE€ IIOJIE CO CKOPO-

CTBIO TIePIEeHIUKYJIAPHOH moso. HanpszkénnoeTs MarauTHOro mosa H =
103 A/M. Yckopsiomas pa3sHOCTh MOTEHIUAJIOB, MPHIABIIAS 3JEKTPOHY
ckopocts U = 400 B. Paccumrars paguyc KpuBmsHbI Tpaekropunm [ u

JacTOTy U OOpallleHus 3JIEKTPOHA B MATrHUTHOM TIOJIE.

Pemenue:

Orsetr: R = 1H, /g—U ~ 5.37 cM,V = ”05% ~ 35 MI'm.

Mo

Ne2
YcaoBue: B omHOpPOHOE MATHUTHOE I10JI€ ¢ MArHUTHOMN WHIYKITAEHi B =
0.4 Ta nepnenuKyJIgpHO MOJIO C IOCTOAHHON CKOPOCTBIO BJIETAET 3apsd-
JKeHHad JacTula. B Tedennn 6 MKC BKIIIOYAETCA IIOCTOSTHHOE JICKTPUYe-

ckoe mosie Hanpsxkénnocteo F = 300 B/M comanpasiiento mMarauTHOMY

nmoJiro. PaccunTaTh 1mar BUHTOBOM TPpaeKTOPUHU YaCTHUIIBI IIOCJI€ BBIKJIIOYEC-
HHA SJIEKTPUYIECKOI'O I10JIA.

Pemmenne: [lo dbopmyne cubr Jlopenma:

—

F—q(E+vxB) (115)
J1o BKIIOUEHUS SJTEKTPUIECKOTO TOJIS:

E=0, F=q(ixB) (116)
Yactuma ABUXKeTCS 10 OKPYKHOCTHU

E. = quB. (117)

Mmar

Cuna JlopeHntia paBHa MEHTPOCTPEMUTEILHON CUJIe:

mu muv
B=—=R=— (118)
v R qB
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YriaoBag gacroras:

_ v _4qB 119
W= = (119)

Korma BkifouaeTcst 3JIeKTPUYECKOE I10JI€ BJIOJb MArHHUTHOTO IIOJIA, Ha
gactuny Broab B geiicreyer F' = qF. CoorsercrBenno Bmonb ocu B

E
yCKOpeHue @ = %.
3a Bpemsa At cKOpOCTb BJOJIb OCH CTAHOBUTCH:

E
v = alAt = q—At (120)
m

[Tocne BBIKTIOUEHUS JEKTPUIECKOTO TIOJIA YaCTUIA JETUT B MArHUTHOM
I10JI€ C IOCTOAHHOM IEPHEHIUKYJJIAPHON CKOPOCTBHIO U IIapaJlIe/IbHOU, TO
€CTb 110 BUHTOBO! TPACKTOPUU.

Paccrostnue 3a ogun 000poT:

h =T, (121)
roe 1" = %ﬂ = 2;—,?1 - TIEPUOJI, KPYTOBOT'O JIBUKEHMUSI.
IToncraBum:
E 2 2 E AL
h=ol = L&A 20 _ 27 (122)
m qB B
IloncraBum unciaa:
27 -300 B/m-6-107°
h = T /™ ¢ ~ 0.28 m. (123)

0.4 Tn

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

Nel
Yeaosue: B ogHopoHOe MarHuTHOe 1oJie, nHAyKius koroporo B = 1 Tn
BHECJIM KBaIPATHBINA KOHTYp co croponoit & = 10 ¢M, mo koTopomy Tedér
tok I = 100 A, nocse gero KoHTyp cBOGOJHO yCTAHABINBACTCS B MATHUT-

o /
HOM IIOJI€ 110 A€ CTBUEM MEXaHMYICCKOI'O MOMEHTA. Paccaurars pa60Ty A y

COBEpIIa€EMYIO BHEITHUMU CHJIaMMW IIPpKU IIOBOPOTE KOHTYPpa OTHOCHUTEJIbHO

OCH, TIPOXOJIAIIEl Yepe3 cepeJInHY ero MPOTUBOIIOJOKHBIX CTOPOH Ha YTOJI

_
a= 3.

Pemenue:

Otser: A = Bla? =1 k.

Ne2
YcaoBue: MaruutHoe 1oJie Co31aéTCdA JJIUHHBIM TPSIMBIM ITPOBOTHUKOM,

110 KOTopoMy TedéT TOK . B 01HO# IIOCKOCTH € IIPOBOJHUKOM PACIIOJIO-

JKeHa KBaJIpaTHas paMKa ¢ TOKoM I, cropona pamku a. Paccuurars:

e CHJIy aMmIlepa JIeNCTBYIONIYIO Ha PaAMKY;
e paboTy, KOTOPYIO HEOOXOJMMO COBEPIIUTH HPU MEJJIEHHOM IOBOPOTE

pPaMKH BOKPYT OCH HapaJiiesbHoil mpoBoanuky Ha yrosa 180°, mpoxo-

AdAIeil yepes3 IeHTPhI ITPOTUBONOJIO?KHBIX CTOPOH PaMKM;

€CJIN PaCCTOSHHME OT ITOI OCH JI0 IIPOBOJHUKA B 1) pa3 OOJIbIIIE CTOPOHBI

pPaMKH.

Pemenune:
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Puc. 33. Iloscugatonuii 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),

_ Mo Tl (124)
Lo (n—3)
u Ha (3),
11
F = 5_00_1 (125)
T(n+3)
Nrak, pesynprupyomas cuia Ha pamke = [ — P, (OCKOJIBbKY OHU IIPO-
THUBOITOJIOYKHBI).
_ 2ol (126)
w(4n? —1)

6) BoinosHenHast pabora Ipu MOBOPOTE DAMKHM Ha HEKOTODBbIi yroa A =
[1d® =1(®,,, — Pyoy)s Tie Dy, - NOTOK Wepes pamMKy B KOHETHOM

IIOJIOZKEHHUU, a q)Haq - B UCXOJHOEC IIOJIOZKCHUC.
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Urax, |(I)K0H| = ‘(I)Haq| =du @Haq = —(I)KOH 3HAYIUT,

AP =20 u A=I2d (127)
CureioBaTeIbHO
L antz)  Ia pollya (21 +
A:QI/B-dS:QI/ 00 g =220y —@2)
1y 2w s 2n—1
a(n—3)
Orser: [ = ﬁfg—ﬂ%, A= ’UO{SM 1n<§2t1>
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DJIeKTPOMAarHuTHasT WHTY KIS
Nuayknus TOKOB. 3aKOH 3JIEKTPOMAarHUTHON mMHAYKIun Papaaest

Nel
YcaoBue: B oHOPOIHOM MArHUTHOM IT10JI€, C HHIYKITUEH MOJYJIb KOTOPOt

B, pacnionoxen zamkuyToiii kKoutyp (Puc. 34). BepxHion 4acth KOHTYDA,

IIPEJCTABJISIONIYIO ¢ OO0 IOIyOKPY’KHOCTDL paauryca [T Bpamaor BOKpyT
/ o o o o

ocu OO’ ¢ mocroaunoit yryiopo#t wacroroii w. HaiiTum 3.1.c. MHIyKIUK

BO3ZHUKAIOILYIO B KOHTYPE, KaK (DYHKIMIO BpeMeHu, ecau B MoMenT t = 0

MAarHUTHBIA IIOTOK Yepe3 KOHTYP MaKCUMAJIbHBIN.

Puc. 34. Koutyp.

Pemmenne:

OrBet: EMHA = %R%Bw sin wt.

Ne2
YcaoBue: B 0aHOPOIHOM MarHUTHOM II0JI€, MOY/JIb WHIYKIIUU KOTOPOTO

B = 0.4 Tn, ¢ nocrosmnoit wactoroit ¥ = 480 06/MuUH Bpamaercsa 3a-
MkHyTasg pamka, cocroamada u3 [N = 1000 surkos npososoku. Ilmomans

orpanniennas koHTypoM pamku S = 200 cM?. PaccunTars 3HAUEHHE 3¢
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WHAYKOWUHW B MOMEHT, KOI'Ia YI'OJI ME2KIY HOPMaJIbIO K PaMKE€ M BEKTOPOM

MarHuTHON mHAyKImr pasen 30°.

Pemenne:

/ —p Bud cbepxty
NS

=

)

™
"f, B I
TS

"

Puc. 35. lloscusiomuii pucyHOK

B obmem caydae MarauTHBI ToTOK P gepes HEKOTOPYIO IIOCKYIO IMOBEPX-

HOCTD, IIOMEIIEHHYIO B OJHOPOJHOM MArHUTHOM IIOJI€, MOYKHO OITPEJICIUTD
110 Takoit popmyie:

® = BScosa (129)

B sToit dpopmysie B - uHAyKIMS MarHUTHOrO 1OJdA, O - ILIOMAL HOBEPX-

HOCTH, Yepe3 KOTOPYIO OIpe/iesigeTcs MArHUTHBINA ITOTOK, (X - YTOJI MEKTy

HOPMAaJIbIO K ILJIOIAKEe U BEKTOPOM MArHUTHON WH/LYyKIIUH.

Ecmu yuects, uro pamka umeer [N BUTKOB OOMOTKH, IIPA 3TOM CaMa, PAMKA,

BpaIllaeTcd B II0JIE C HEKOTOPOW YTJIOBON CKOPOCTBIO W, TO (popmysa 129

NPUMET CJIEJIYIONUI BUJT:

® = NBS coswt (130)

Corytacuo 3akony Dapajiest fjist jieKTpoMaraHuTHON wHayKiun, IJC nH-
JNYKIIMU, BO3HUKAIONIAS B KOHTYpe IPH W3MEHEHHM MATIHHUTHOI'O IIOTOKA,
[IEPECEKAIOIIET0 TOT KOHTYP, PaBHA IO MOJIYJIIO CKOPOCTH HU3MEHEHWUSI
MArHUTHOTO MOTOKa (TO €CTh MEePBON MPOU3BOIHON (DYHKIMU W3MEHEHUSsT
IIOTOKA OT BPEMEHM ):

e, = —®'(t) (131)
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Tormna
g, = —(NBScoswt) = NBSwsin wt (132)

Yra0oBasg CKOPOCTH BpaIlleHN W CBA3aHAa C YaCTOTOI BpallleHus I MO TaKOM

dopmyie:
w =27V (133)

[TosryauM oKOHYATETBHYIO (POPMYITY:
e, = NBS2nvsin 2nvt (134)

Mz 3nagem, uro wt = 30°. Torna:

1
ei = NBS2mwsin30° = NBS2mv - = NBSmv (135)

HO,HCT&BI/IM qucCJjia 1 IIOJIyIUM:

480
e; =1000-0.4-0.02 7w — ~201 B (136)

Otetr: £™* = NSBvrm ~ 201 B.

Ne3
YcaoBue: B 01HOPOIHOM MarHUTHOM MOJI€, MOIAYAb UHAYKIIMH KOTOPOTO

B = 0.1 Tn pacnosoxken mIOCKUil IIPOBOJIOYHBIA BAUTOK, 3aMKHYTBIA Ha

raapBaHoMerp. 1Lomanp orpaHmueHHAs KOHTypoM BuTka S = 1072 M2.

B nagabHBII MOMEHT BpPEMEHHU IIJIOCKOCTH BUTKA PACIIOJIarajach IepIieH-
JUKYJISIPpHO MaruHuTHOMY T0J10. [locsie moBopoTa BUTKa HA HEKOTOPBIN YTOJ

(v, "epes rasgbBaHOMETp Hpouda 3apan ¢ = 7.5 - 107% K. Paccuuraitre

yTOJI (¥ Ha, KOTOPBIi IIOBEPHYJIM BUTOK eC/iu ero conporusienue B = 2 OM.

Pemrenne: [IpoBostoanblii BUTOK (3aMKHYTBI KOHTYD) B MATHUTHOM TIOJIE.
MarauTHbIN MTOTOK, MPOHU3BIBAIOIINI KOHTYP, HAXOIAINNCST B MATHUTHOM
oJie:

b =B-5- cosa. (137)
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[Ipu moBOpoTE BUTKA, MEHSIETCS YTOJI, TIO9TOMY MEHSAETCS MarHUTHBIN I10-
TOK, 9YTO MPUBOJUT K BO3HUKHOBeHUIO I/1C muaykinu. 3a BpeMs IoBOPOTa

At 1o BuTKy mpoiiner 3apam:
N (138)
sneck I - cniia MEAYKIMOHHOTO TOKa. Bocmosb3yeMes 3akoHoM Oma:

=% (139)

DJ1C MHIYKIINK, COITIACHO 3aKOHA JIEKTPOMAarHUTHON nHaAyKInu Papaiest:

A
= 140
82 At Y ( )

A® = P, — O, - usmenenne marnmraoro moroka. P, = BS, T.x. mno

YCJIOBHUIO YTOJI MEXKJy HOPMAaJIbIO K KOHTYPY W MHIYKIIMEH NOoJId paBeH
HYJIIO.

d, =B-5:cosa, (141)

F AP B-S-cosa—B-S
TR R R (142)
_ ¢ R+B-5 . q R 143
cosa = | 5.5 | 5.5 (143)

oy — 1 Ra o
OtBer: @ = 1 BSN12O.

Negq
YcaoBue: K UCTOYHUKY CTOPOHHUX 3/C COMPOTUBJIEHUE KOTOPOT'O TIPEHE-

OpeKuMO MaJIo, a €y = 2 B moakiouniu coseHoun | HHIyKTHBHOCTD KOTO-
poro L = 0.1 T'H, a conporusnenne K = 0.02 OM. Paccuurars 3apsn,

KOTOPBIH IPOHIET Yepe3 COJCHOn I 3a, IIepBhIe O C.

Pemenue:

OTBer: ¢ = %(t + %(exp [—%t] — 1)) ~ 184 Ku.
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Neb
Yceaosue: Ksagparnas pamka co croponoit ¢ = 70 ¢M momemena B mar-

HUTHOE IIOJIe TaK, 4YTO HOpMaJylb K paMKe cocTaBjseT yrosg o = 45° c
HaITpaBJIeHUEM MarHUTHOTO IoJjisd. VIHAYKIIMS MarHUTHOTO TOPsT MEHAETCH

no sakony B = Bycoswt, tne By = 0.2 Tn, w = 6c~!. Paccunrars

9/1C mEAyKIMM, BOSHUKAIOICH B paMKe B MOMEHT BpemeHu t = 3 C.

Pemenne:

a=70cm

Puc. 36. KBasiparnas paMKa B TepeMeHHOM MarHATHOM ITOJI€E.

ITo bopmysie MAarHUTHOTO MTOTOKA YEPE3 MJIOCKOCTh:

® = BScosa (144)

[Lnomans pamkm:

S = a? (145)
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Tax xak B = By cos(wt):
® = Bya? cos B cos(wt) (146)
Ilo saxony Dapaes:
& = —d'(t) = Bya*w cos Bsin wt (147)
TTO/CTABME THCITA M3 YCIOBHS, TIOJTYHHM:
£=0.2-0.72-6-cos(45°) - sin(6 - 3) ~ —0.31 B.  (148)

OtBeT: € = \%Bow sin(wt) ~ —0.31 B.

Ne6
VciioBue: B npsaMoM 66CKOHEYHOM IIPOBOJHUKE TEYET TOK, CUJIa, KOTOPOT'O
mensiercst 1o 3akony I = B3, rne B = 2 A/c3. B onmoit miockocTH ¢ mpo-
BOJJHIKOM, TapaJIIeJbHO eMy, PACHOJIOXKeHa KBaJIpaTHas PaMKa, CTOPOHA

kotopoit @ = 20 ¢M, a conporussieHue Matepuasa pamku R =7 OwM.
Paccrosguue oT GJmzKaiiiieii cTOpoHBI paMKu jo0 nposogauka [ = 20 cM.

Paccuurars cuiy Toka B pamke B MoMeHT Bpemenn ¢ = 10 c.

Pemenune:
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Puc. 37. Ilosgcugionuii pucyHoOK.

MarH. uHIYKIUS I0JId, CO31aBaeMOT0 OECKOHETIHBIM ITPOBOIHUKOM:

B Mol (149)
27mr

HafmeM IIOTOK 9TOI'O MarHMTHOI'O IIOJId CKBO3b KOHTYP:

Iy . (150)
Ho 111(1 —)
27 [
_do, LoQ a\dl 151
T Ta o ln(l z) dt (15
I
% = %(ﬁt?’) — 35t (152)
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2
. SpoPat” 1n(1 n 9) (153)

21 [
el _ 3peBat® ( a)
7= &l _ Skepat” (@ 154
R omR M (154)

HO,ZLCT&BI/IM quCJIa U IIOJIYy9YHrM:

0.2
11’1(1 + ﬁ) ~ 2.4-1076 A(155)

3-47-1077-2-0.2-10?

I
2w -7

Otser: [ = w 10g<1 + %>t2 ~2.4-107% A.

Ne'7
YcaosBue: 11-06pa3ubrit TPOBOTHUK PACIIOJIOXKEH B OJTHOPOTHOM MAarHUTHOM
1oJie, MEPIIEHIUKYJIAPHOM K ILIOCKOCTU IPOBOJHUKA. MaruutHas WHITyK-

A T10JIS U3MEHSETCH C IIOCTOAHHON CKOPOCThIo (3. B1osb mapasuiebHbIX
CTOPOH MPOBOJIHUKA C TOCTOSTHHBIM YCKOPEHUEM ( TIEPEMEITAI0T ITPOBOJIHUK
HepeMbIuKY, JJIMHa KoTopoil [. Paccunmrarh 3/1¢ MHAYKIMU 4Yepe3 BpeMs
t mocyie HadaJia MEepeMeIleHus MEPEMbIUYKH, €C/IU B HadaJbHBI MOMEHT

BPEMEHU M MHIYKIUS U ILIOMAIbL KOHTypa pasHbl (.

Penienne: Ilnomank koHTypa Kak QYHKIUS BPEMEHH:

St =1-st)=1.“F (156)

Nupykipua MarHuTHOTO TOJs KaK (DYHKIIUA BPEMEHU:
B(t) = ft (157)

/C nanykmm (6€3 yIeTHOro 3HAKA):

d d d
e=| @ =] Z(B0)-51) | =] —
:g-ﬁ-ﬁ-l-a.
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OTBerT: € = —%tg

Ne8
YciaoBue: BHyTpu JUIMHHOTO COJIEHOMIA PACIIOJIOXKEHA KATYIIKa COCTOS-

I1iad 13 N BHUTKOB. HJIOH.I&,H‘]: IIOIIEPEIHOT'O CEYCHUA KaTyIIKHN S KaTYI_HKy

IIOBOPpaYuBarOT C OCTOSAHHOMI erIOBOfI CKOPOCTBIO W BIOJIb OCHU COBIIaJa-

IOIEN ¢ e€ TmaMeTPOM | MEPIEHINKYIIPHON K ocH cojleHona. PaccunTarh
3JIC WHIYKIINW B KATYIITKE €CJIU, WHIYKIINS MarHUTHOTO TIOJISI B COJIEHOUIE

m3menstercs co BpemeneM kak B = By sin(wt), a B MomenT Bpemenu ¢ =
0 och KaTymKm coBmagasa ¢ OCbIO COJICHOUIA.

Pemtenne: CoracHo 3akoHy 3JjeKTpoMarHuTHOM wHaykimn Papases,
OC uHAyKIUN B KATYIIIKE PABHA

.= 99 (159)

PTod
e
* ¢ = N® - nonmoe MOTOKOCTIETLIEHNE KATYTITKH,

* N - 4ucj0 BUTKOB,

* ® - MarHUTHBI IIOTOK Yepe3 OJIUH BUTOK.

MarauTHBIN TTOTOK Yepe3 OJIMH BUTOK ONpPEee/IaeTCs BhIpaXkKeHueM

®= | B,dS= | BcosadS (160)
S S

rae

o —>
BTL - IIPOEKIUA BEKTOPA MarovMTHOU HWHAYKIHNKA B Ha HOPpMaJIb Tl K ILJIOC-

—

—
KOCTHU BUTKa, (X - YI'OJI MEXKJly BEKTOpaMU B un.

[TockobKy KaTyIKa BpaIaeTcsd C yIJIOBON CKOPOCTHIO W, yYIOJI MEXKLy

HOPMaJIbIO K BUTKY U HallpaBJICHUEM MalHUTHOI'O II0JId MEHAETCHA I10 3aKOHY

a = wt. (161)
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B moment Bpemenn t = (0 och KATyIIKKH COBIAZAET C OCHLIO COJICHOWIA,

nostomy < (0) = 0.

[loe BHYTpM JIUHHOTO COJIEHOWIA OJHOPOIHO, CJE/I0OBATEIHHO, MArHUT-
HbII TOTOK 4Yepe3 OJMH BUTOK pPaBEH

® = BS coswt, (162)

rie S - oA b BUTKA.

Torna moTokocIenIeAne KaTyITKQa

¢ =N® = NBS coswt. (163)
ECJH/I MalrduTHasd MHAYKIOWA USMEHACTCA CO BpEMEHEM I10 3aKOHY
B = By sinwt, (164)

TO
1
¢ = NB,S sinwt cos wt = §NBOS sin 2wt. (165)

Teneps maiinem 9/1C wHyKIIAN:

d 1
€; = d—(f = §NBOS - 2w cos 2wt = N BySw cos 2wt.  (166)

Otser: € = By N Sw cos(2wt).

Ne9
Ycaosue: [lo jymmHHOMY TPAMOMY COJIEHOU/LY, PAJINYC CEUYEHUsT KOTOPOTO

R u nnorHOCTBIO HAMOTKH T, TEYET TOK, CKOPOCTH M3MEHEHHS KOTOPOrO
OT BpeMeHu paBHa . PaccunTars BEKTOP HAIPSXKEHHOCTHA BUXPEBOI'O 3JIEK-

TPUIECKOTO TI0JIsI, KaK (DYHKIIUIO PACCTOAHUA 1" OT OCH COJICHOUIA.

Pelnienne:

OTBer:
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