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DACKTPHUYECTBO U MarHeTU3Mm

OcHoBHble 3aKOHbl U GOPMYADI
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dnegyre r
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¢ Hanpsa:XKeHHOCTDh 9JIeKTPUYECKOro Mo E = g
¢ HanpaxeHHOCTH IIOJIA:
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0
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MeKAy ABYMSA PAaBHOMEPHO = —
1 PA3HOMMEHHO 3apAXeHHBIMU %o
0eCKOHEUYHBIMHU IapaleJbHbBIMU
IIJIOCKOCTAMHU
¢ Hanpsa:XeHHOCTH MoJIA, CO3aBaeMOI'o
MEeTaJIINYeCKOH 3apAXeHHOM chepoit
paaguycoM R Ha paccToOAHUM I OT e€ IeHTpa:
Ha nmoBepxHocTu cdepsl (r = R) E = —-—@—5
4neeggR
BHe cepsl (r > R) E=_—9
Amegyr?
¢ CMmelieHUe 3JIeKTpUYecKoe (MHAYKIIUA) D = ggyk
¢ IIoTOK HANIPAXXEHHOCTH 3JIEKTPUYECKOI'0 ®=[E dS
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2
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[image: image2.png]¢ TloTeHIMAJ 3NEKTPUUYECKOTO IIOJA MeTAaJJINUYEeCKOMN MOoJIoH
cheprl paguycoMm R Ha paCCTOAHUU I OT LIEHTpA Cheprl:

Ha IMMOBEPXHOCTHU U BHYTPH
cthepsl (r < R)

BHE cepsl (r > R)
¢ CBA3b MOTEHIIUAJIA
C HANIPAXEHHOCTBIO IIOJA

¢ Cusa npuTAXKEeHUA MEXIY
IBYMA PA3HOMMEHHO
3apAKEHHBIMH OOKJIaAKaAMU
KOHJeHcaTopa

¢ DJIeKTPOEMKOCTD:
VeAUHEHHOT'O0 IPOBOAHUKA

IIJIOCKOT'O KOHJAEeHCATOopa

CJIOHCTOTI'O KOHJAEHCATOPpa

¢ DJIEeKTPOEMKOCTSh OaTapeu
KOHJAEHCATOPOB, COeANHEHHBIX
nmapaJjjieJIbHO

IIOCJIeOBATEJIHLHO

¢ DHeprusa Mojad:
3apAXKEHHOTr0 IIPOBOAHUKA

3apAKEHHOr0 KOHJEeHcaTopa

IIOJIAPU30BAHHOTI'O
IUBJIEKTPUKA

¢+ O6'beMHAaA IJOTHOCTh dHEPIrUH
9JIEKTPHUUYECKOTO II0JIA

¢ Cuya ToKa
¢ 3akoH OMa naa 3aMKHYTOH
(mosiHOI) Nenu

¢+ 3akon Oma
B nuddepeHIuaIbHON PopMe
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[image: image3.png]¢ 3akoH [I:xoyna—JleHna

¢+ ConmpoTuBJIEHHE OJHOPOAHOIO
IIPOBOAHHUKA

¢ YneabHass IPOBOAHUMOCTD

¢ 3aBHCUMOCTH YAEIABLHOTO
COIIPOTHBJIEHUA OT TeMIIEPATYPLI

¢ Pabora TOKAa

¢ ITonHasa MOIITHOCTS,
BBIJIeJIAIONIasACA B I[N

L 2

KIII ncrounmka ToKa

¢+ 3axoH AMnepa

¢ MexaHnyeCcKHUII MOMEHT,
IeMCTBYIOIIUN Ha KOHTYP C TOKOM,
IIOMEIeHHBIN B MArHUTHOE I10JIe

¢ MarHuTHBIVI MOMEHT KOHTypa
C TOKOM

L 2

CBA3L MArHUTHOM MHAYKIINU
C HAIIPAXKEHHOCTHIO MATHUTHOTO
IIOJIsA

L 2

3axoH Buo—CaBapa—Jlanaca

¢ MarHuTHas HHAYKIIUSA B I[eHTpe
KPYroBOIro TOKa

¢ MarguTHas HHIVKIUA IOJA:
CO3AaHHOI'0O 6ECKOHEYHO
IJIMHHBIM IIPAMOJNHEHHBIM
IIPOBOAHUKOM C TOKOM

CO3ZaHHOT'O OTPE3KOM
IIPOBOAHUKA C TOKOM

II0JIsT 0ECKOHEUYHO NJIHUHHOI'O
COJIEHOH A

¢ Cuya B3aMOJeNCTBUSA ABYX
NIPAMOJUHENHBIX JJIUHHBIX
apajieJbHBIX IPOBOAHUKOB
C TOKOM, [ > d
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[image: image4.png]vsina
¢ HanpsasKeHHOCTh MarHUTHOTO noaist, H = Qusina

4mr?
CO3aBaeMOI0 ABUKYIIIMCHA
3apAaoM @
¢ Cuna JIopeHna F; = QE + Qb x B
¢ MarHuTHBIHM IIOTOK OJHOPOAHOIO D = BScosa

MardvTHOTO II0JaA

¢+ PaboTa 110 nepeMenieHUIO KOHTypa A=I1AD
C TOKOM B MAarHMTHOM II0JIe

¢ OCHOBHOI1 3aKOH 3JIEKTPOMarHuTHol &, = —N %%) = —%\g
MHAVKIINHT
¢ IloToKoCcnenaeHue v =N
¢ IIoToKoOCIIEIIIEHE COJIEHOU A v =LI
¢ DJIEeKTPOABUIKYIIIAA CUJia 6, = —L%
CAMOMHIAYKIINH
* MHAYKTUBHOCTDL COJIEHOU A L = puy,n2lS
2
¢ DHeprus MarsuTHOTO IO0JIsA W, I—‘—ZI—
coJIEHOU A
2 H?2
¢ O6'beMHAas MJIOTHOCTE 3HEPTUH w = %I—{ = Z—B— = EH %
MATrHUTHOTO IIOJISA HHo

lNMpumepbl pelueHus 3aAay

1. dAekTpocTaTHKa

lI] IIBa 3apsaga HaXoAATCA B KepocuHe (¢ = 2) Ha paccTosaHuu 1 cm
Ipyr OoT Apyra M B3aMMOJAEHCTBYIOT ¢ cuioir 2,7 H. Benrnuuna omHo-
ro 3apsaza B 3 pasa 6osipiie gpyroro. OnpenejuTh BEJUYHUHY KaKIOIO
3apdazna.

Aano: F=2,TH; r=0,01 Mm;e=2; q; =39; ¢, =4q.

Hantn: q,, q,.

PeweHne. Cusa BzauMoaeiiCTBHA TOUEUHBIX 3apANOB OIpee-
JsAeTcsa nmo 3aKkoHy KyJoHa

F= qd192 ,
4megyr?

rThie q; U g, — 3apdAfbl, € — JUIJIEKTPUUYECKasa IIPOHUIIAEMOCTE
cpenbl (B maHHOU 3azade — KEPOCHHA), £, — 3JIEeKTpHUYecKas IIO-
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[image: image5.png]crosiHHas g, = 8,85°10712 ® /M, r — paccrosHMe MeXIYy 3apsaa-
mu. Ilo ycnosuro sagauu ¢, = 3¢q; g, =q.

Toraa
F=_32
4nggyr?
OTKYyZa

4naaor2F 2,7-4-3,14:-2-8,85-10"12.10~%
q= » 4 = 3 -

1,4-10°7 (Kxn).
CnenoBarensHo, ¢; = 4,210 Kin; g, = 1,4+ 1077 K.

@ J[Ba TOUeUHEIX 3apAfa, HAXOAACh B BoJe (¢, = 81) Ha paccToaHNH [

APYT OT Apyra, B3anMOJEHCTBYIOT C HeKoTopol cuoi F. Bo ckoJbKO pas
HeoOXOAMMO H3MEHUTH PACCTOAHNE MEXAY HUMM, YTOOBI OHU B3aMMO-
HelicTBOBAIN C TAKOM e CUJIOH B Bo3ayxe (g, = 1)?

Aano: F,=F,=F;l,;e,=81;¢e,=1.

Hantu: [,/1,.

PeweHne. 3apAabl BO BCAKOI cpele B3aMMOJEHCTBYIOT C CH-
JIoM, onpefessseMon 1o 3aKoHy Kynona. Beipaxkenua aas cun F, u
F,, ¢ KOoTOpBIMU 3apsAbl B3aUMOAEICTBYIOT B BOJEe U B BO3AyXe,
UMEIOT BUI.

— 419 F. = 4142
2 ’ 2 2 ’
4ne el 4mEmElS

1

rAe ¢ U ¢, — 3apanbl, € U £, — JAUIJIEKTpHUYeCKasd IIPOHUIA-
€MOCTh BOABI M BO3JyXa, £, — 3JEeKTpHUUYeCKad NOCTOAHHAadA, [, u
l, — paccTodHMe MeXAy 3apsajaMH B BOJe U BO3JyXe COOTBET-
CTBEHHO. YUUTEIBasA, 4TO F; = F,, moay4yum:

1 1 g Lo

13 €1
— = —— ,0TKyJla = = = U = = [= = ,/81 =9.
g,lf £;l3 I3 ga U €2

@ IIBa miapuka oJMHaKOBOTO oO'beMa, oOsmagaromrue Maccoir 0,6 x
x 1073 r KasK LI, NOABEIIeHE! HA IIEJKOBLIX HUTAX JInHOHN 0,4 M Tax,
YTO UX IIOBEPXHOCTHU COIPUKACAIOTCA. YT'0JI, Ha KOTOPLIH pPa3oIJIUCE HU-
TH IPU COOOLIEHNHY IIapHKaM ONUHAKOBBLIX 3apaAfoB, paBeH 60°. Haiitu
BEeJIMYUHY 3aPAL0B U CUJIY dJIEKTPUYECKOI'0 OTTATKUBAHUSA.

Aavo: m = 0,6-103r = 0,6°-10"kr; I = 0,4 M; o = 60°;
d1 =4 =4q.
Hawtu: q, F..
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[image: image6.png]Pewenue. B pesysbTaTe 3JIeKTPOCTA-
TUYEeCKOTO OTTAJIKUBaHUA C cUJIoN F 3a-
pAABI pazodAyTCA Ha paccToAaHue r = [,
Kax BugHo m3 puc. 17, cuna F, Oyzer
VpaBHOBENIEHA MeEXaHUUYECKOH CUJION
F,, paBHOI1

_ o

F,=mgtg 5

Puc. 17 Ilo 3akony RyJIOHa2
F=—49 _,
4negyr?
Yuuteisad, 4yto F, = F , IOJTy4YUM
=m t g‘ ’
4regyr? £g 2

OTKyJa

q= ng tg % 4meeyr?;

qg=6-10"7.9,8-0,577-4-3,14-8,85-10712.0,16 =
=~ 17,8102 (Kn).

Toraa cuya oTTalKuBaHUA OyJIeT paBHA

. -18
F = 7,810~ ~ 3,4+1076 (H).
1-3,14-8,85-1012- 0,16

B aseMeHTapHOI TeOpHHU aTOMa BOAOPOAa IPUHUMAIOT, UTO SJIEKT-
DOH BpallaeTcss BOKPYT IPOTOHA MO OKPYyXHocTu. KaxoBa CKOPOCTE Bpa-
IIIeHUA 3JIEKTPOHA, ecau paguyc op6uts 0,53 « 10710 m?

Aano: ¢=1,6-10"1% r=0,53-10"m; m,=9,1-1073! kr.
Hantu: v.
Pewenne. Cuia 3JeKTPpUUYECKOTO B3aUMOJEiICTBHA BJIEKTPOHA

¢ AgpoM (IIPOTOHOM) ATOMa BOJAOPOJia OIpeessieTcA no 3akony Ky-
JIOHA

F=_9
9 27?
dneeyr
rje ¢ — 3apsAj 3JIEKTPOHA U IPOTOHA, I' — paguyC OpOUTHI — pac-
CTOAHME MEXXJYy 3JIEKTPOHOM M HIPOTOHOM, £, — 3JIEKTPpHUUYECKAasd
nocroAaHHad. lleHTpocrpeMurenbHas cuna F, onpegensioimias
BpallleHHe 3JIEKTPOHA II0 KPYroBOi opOuTe, UMeeT BhIpaAXKeHUe

2
mv
F =

a r
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[image: image7.png]1 YMCJEHHO paBHA CHJIe 3JEKTPHUUYECKOro B3aumMoAeucTBusa F..
IIpupaBHusas F | = F , mony4yum
r dneor?’

V= g ;
4dnegrm

v=J 1,62 10 % _
12,56 -8,85-10"12.0,53-10"10.9,1 . 1031
= 2,2+10% (m/c).

OTKyAa

[E BrLiuucauTh yCKOpeHUe, coobliaeMoe OJHUM 3JEKTPOHOM ApYro-
My, HaXOAAIIIEMYCA OT IePBOro B BaKyyMe Ha pacCTOAHUU 1 MM.

AaHo: ¢g=1,6-101"Kn;r=1mm=10"3 m.

Hantu: a.

PeweHne. Ilo 3akoHy KysoHa aJeKTpOHBI, HAXOAAIIMECHA Ha
PAcCTOAHUM ', BBAUMOAEMCTBYIOT (OTTAJIKUBAIOTCA) C CUJION:

2
F = _L .
4g,r?
Ilox neiicTBMEM 3TOM CHJIBI B COOTBETCTBHHU CO BTOPBIM 3aKOHOM

HrioToHA 3/1eKTPOH IpHOOpETaeT YCKOPEHUE
=L,
m

rae m — Macca 3JIeKTpoHa. Torga
2
4negrim
a p— 1962 . 10—38
4-3,14-8,85-10712.1076.9,1 103!

= 2,5+108 (m/c?).

JIBa paBHBIX 10 BesuuuHe 3apaza 3+ 10™° K pacnososxeHs! B Bep-
IIXHAX IPHU OCTPHIX YI1aX paBHOGEJPEHHOr0 IPAMOYIOJIBHOTO TPEYToIb-

HHUKa Ha PacCTOAHUH 2./5 cMm. OnpenenuTs, ¢ KaAKOW CHUJION 5TH OBa 3a-

paga nedcTByoT Ha TpeTui 3apan 107° K, pacnososxeHHBIH B BepIinHe
IIpU IPAMOM yrJie TpeyrojbHukKa. PaccMoTpeTs ciydyau, Korjga mepBbIe
[IBa 3apAga O4HO- 1 Pa3HOMMEHHEIe,

AaHo: g, = g, = 3:10°Ku; g3 = 109Kn; r = 22 cm =
=22 1072 M.

Haitu: F.
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Puc. 18

PeweHune. Cuia B3aMMOAEMCTBHUA MEXAY ABYMA TOUYEUHBIMU

zapAgaMH omnpejeaseTcAa mo 3akoHy Kysoma F = 49 110
4negyre
IPUHITUIIY CYIIepIO3UIINU II0JIe KaXKAOI'0 3apAfa q; U g, JeUCTBY-
eT Ha 3apAN g3 HE3ABUCHMO. BCJIEJICTBI/Ie 3TOr0 Ha 3apAj qg AEHCT-
BYIOT HE3ABUCHMO CHIIbI F13 171 F23 (puc. 18, a). BekTopHaa cymma
cun F = F13 + F23 Oyaer mcxkomoy BeaumuunHoM. Kaxk BuaHO H3
puc. 18, cuna F B oboux caydaax OyaeT ofMHAKOBOM IO abCOJIOT-
Ho¥l BesuuuHe. IlepeiigeM OT BEKTOPHOIO K CKaAJAPHOMY BEIpa’ke-
HUIO CUJI. BBenem o6o3HaueHue F 3 = F,5, = Fj. Torga us reomerpu-
YeCKHX COOOpaKeHuu
F = A/Ffs +F3; = J2F;= 2 919

2 ’
4neeyris

rAe ri3 (unu ry,) — paccToAHUE MeXAy 3apAlaMU ¢, U gz U (AIn)
q1 U gy,

s = —.
13 72
IloacTaBuM 4HnCJIOBBIE 3HAUEHUA U onpeneauMm F:
F= J2:83-109.1-10°9 ~9,5.1075 (H).

4-3,14-1-8,85-10712.22.10

[Z] IIBa paBHEIX OTPUIATENLHEBIX 3apaga 1o 9 HKi HaxomgATca B Boje
Ha paccToAHuU 8 cM Apyr orT apyra. OnpenenruTs HAIPAXKEHHOCTD U II0-
TEHII1AJ IOJIA B TOUKE, PACIIOJIOKEHHOM Ha pPACCTOAHUU S CM OT 3apALOB.

AaHo: Q; =Q,=-9-10°Km;, e =81;r;=0,08M; r; =1y =
= 0,05 M.
Hantu: E, .
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[image: image9.png]PeweHne. Hamps:xkeHHOCTh IIOJA, CO- A

zmaBaeMoro B Touke A (puc. 19) zapazamu B P
@, ¥ @, 0 IPUHIUIY CYNEPIOZULHU IIO- JEE - N
Jie¥l, paBHA BEKTOPHOMN CyMMe HAaIPAXKEH- //fl hIE 2NN
HOCTel, COo3JaBaeMbIX Ka’XAbIM H3 3apA- & - — - 57 - S
JOB. N N . Ql To Qz
E=E,+E,. (1) 2
Puc. 19
ITo TeopemMe KOCHHYCOB
E=,E?+E}+2E,E,cos2a. (2)
Hanps:KeHHOCTH ITOJIA TOUEUHOro 3apAaga @:
E=—-9 .
4negyr?

3apAaAabl @ U @, OTPULIATEJILHEI, CIIeA0BATEIbHO, BEKTOPEL E R
Ez HaIlpaBJIeHEI II0 JUHUAM HAIpAXKEHHOCTU K 3apaxaam. Ilo ycio-
BUIO 3aAa4y 3apAfAbl @, = @, PACIOJOKEeHbl HA OAUHAKOBOM pac-
CTOSAHUM OT TOYKU A, nmoatomy E,; = E,. CrenosaresbHo, popmyaa
(2) umeeT BUL

E = 2Ecos qa,
rae cosa= 12,
1
r
h=0A= r‘f’—z",

h=A(5+1072)2—(4+-1072)%2 =3-10"2 (m).
Toraa HaNpPAXKEHHOCTD IIOJIA B TOUKe A:
_ 2@k
dneeyrd’

- 2:9:1079- 3102
4-3,14-81+8,85-10"12-(0,05)3

~ 480 (B/m).

Iloreruman ¢, cosmaBaeMbIil CHCTEMOII TOYEUHBIX 3apALOB B
LJaHHOM TOYKe II0JIA, paBeH aJredpandyecKoil cyMMe IIOTEeHIIUAJIOB,
n
CO3aBA€MBIX Ka’XABIM U3 3apAL0B (¢ = ). ¢;. IloTennuan ¢ pesyius-
i=1

TUPYIOLIETro MOJIA B TOUYKe A paBeH ¢ = @, + @,. IloTeHIMaN mOJIA,
CO3aBae€MOI'0 TOUEYHEIM 3apANOM:

Q

dneeyr

(p:
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[image: image10.png]CraenoBaTenbHO,
Q Q _ 2@, |
(p:(pl-{-(pz:z__l__—{—___g_—___l_,
neggr;  4meggry 4megyry

-2:.9.107°
- = —40 (B).
? 4+3,14-81-8,85-10"12.5.102 (B)

B BepminHax KBajgpaTa co cTopoHoil 0,1 M moMernieHs! 3apALbl IO
0,1 aKs. OnpesennTs HAOPAXKEHHOCTh M HOTEHIIMAJ HOJIA B IEHTpPEe
KBajpaTa, eCJIid OJUH 13 3apAJ0B OTJINYAETCA 0 3HAKY OT OCTAJIbHLIX.
Aano: ¢, =0,1 HR1; ¢, =¢3=¢q¢q,=-0,1 HKn;a=0,1 ™.
Hantu: E, o.
Pewenne. HanpsixeHHOCTs E MOJA, CO3RABAEMOI'0 CHUCTEMOMU
3apsAf0B, paBHA IeOMETPUYECKOl CyMMe HallpAXKeHHocTell E; mo-

P 5 Jiell, co3qaBaeMbIX Ka)XAbIM U3 i 3apANOB:
CT} _______ ? E= > Ei. B nmaHHOII 3amaue
| E2 | = —> — — — —
: . : E=E, +E,+E;+E,.
| = El | a
, Ej 7 Kax Buguo ua puc. 20,
| 4 E=E, +E,,
& & L
3 4 a Tak Kak E, =E,, To E=2E; unn
Puc. 20 E=9._
dnegyre’

rje € — AUBJIEKTPHUeCcKad IIPOHUIAEMOCTh (AJNA Bo3ayxa € = 1),

r= 4l pPacCTOAHHKE OT IIEHTPAa KBajgpaTa 40 3apaga

=)

B 210710 2
4-3,14-1-8,85-10712.0,12

IloTeHnuan ¢ moJss, co3gaBaeMOro CHMCTEMOM 3apAAO0B, PaBeH
anre6paMyecKoil cyMMe IIOTEHIMAJIOB (; IIOJIed, COo3AaBaeMBbIX

~ 360 (B).

n
KaXJBIM M3 i 3apAROB: @ = D ¢;. B ycnoBusax faHHOM 3agaum
i=1

©=0; + Qs+ @3+ Q4.
YuuThIBasA 3HAKY 3apAA0B, UMEEM
¢ = Q3 T @y,
a TaK KakK Q3 = @4, TO ¢ = 20g.

p=2.-—94 = 2.10-10.,/2 ~ 25,4 (B).
4neggr  4+3,14-8,85-10712.0,1
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[image: image11.png]IIpocTpaHCcTBO MEXAY ABYMA HapallyIeIbHBIMU IIJIOCKOCTAMH C IIO-
BepPXHOCTHOIH IIJIOTHOCTBIO 3apaAnoB +5+ 1078 u —9 1078 Kn /M2 3amostue-
HO cTeKJaoM. Onpese/IUTh HAIPAMKEHHOCTD MOJIA: MEXY NIOCKOCTAMMU;
BHE IIJIOCKOCTEH.

Aano: o, =+5:108 Kun/m?; 6,=-9-108 Ku/m%, e = 7.

Hantu: E', E".

PeweHne. HanpsikeHHOCTD IIOJIA, CO34aBAEMOTO IIIOCKOCTBIO,
3apAXKEHHOHN C TOBEPXHOCTHOM IIJIOTHOCTHIO 3apAJa O, PABHA

— 0}
2eg,
rae € — AUIJEKTPUUYECKAdA IIPOHUILAEMOCTD o, + c, —
cpenb! (Ous cTexkaa g, = 7, AJA BO3AYXA €y = El E’l El
= 1). HanpaBienue BeKkTOpOB E 1moJei, CO- — > >
3MaBA€MBIX 3apPAXKEHHBIMHU ILJIOCKOCTAMH,
IIoKa3aHo Ha puc. 21.

OuyeBUAHO, UTO B 3a30pe MEXAY ILJIOC- S , S,
xoctaAMU E' = E; + E,, TaKk Kak IOJIA COBIIA- ﬁz £2 1;32
AAaI0T IO HaIPaBJIEHUIO: go=1] €,=7 | &=

E' = _gl_ + _(?_2_ — |01| + IGZI . Puc. 21
2e,8, 2g,gg 2€,¢&

E=—14-100 . 1130 (B/m).

 2.7.8,85-10"12

B mpocTpaHcTBe BHe 3a30pa MEXKAY ILJIOCKOCTAMHU HANPAMKEH-
HOoCTH £, u E, UMEIOT MIPOTUBOIIOJIOXKHEIE HANIPABJIEHNUS U

E"=E.—E,= O _ O1 _ |02| _ lcl .
2 L 2e,6p 2645 2g,¢
Er=_——_%107 - 9960 (B/m).

 2.1.8,85-10712

Ha paccroauuu 8 cM APYyr oT Apyra B Bo3JyXe HaXOAATCA ABa 3a-
pana oo 1 aKin. OnpegenuTh HANPAKEHHOCTL U NOTEHI[HAJ IOJA B TOY-
Ke, HaXOAAIlelcA Ha PACCTOAHUH O CM OT 3apALO0B.

Aano: r =0,08 m; ¢; = ¢, = 107° Ka; r; = 0,05 M.

Hantn: E, 0.

Pewenue. HanpsixkennocTs E ¥ IOTEHIMAT ¢ OJA, CO3AAHHO-
I'o TOYEYHBIM 3aPAOM B TOUKe A HAa PACCTOSHUM I OT 3apsAfa, OIl-
penesAIoTCA Mo PopMyIam:

E=—9 .¢p=_9

» ¢
4neg,re 4meeyr
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[image: image12.png]U3 puc. 22 BugHoO, uTo E = E, + E,, E, = E, u 3HaueHue E
onpejeseTcd 110 TeOpeMe KOCUHYCOB

E=,E2+E2+2E,E,coso = ,J2E?+ 2E%cosa =
= E,J2J(1 + cosa) = 2E;cos %;

Ccos % onpenenuM u3 AABC: cos % =2 =(,6.

ol

_ 10°.2-3
4.3,14+1-8,85:10712:25-1074- 5

IToTeHnuan nonsa @ B TOUKe A paBeH

= 4318 (B/m).

= + = —9.,__9Q .
PTPLT P 2(p1 2 dneeyr, ’
2-107 =~ 360 (B).

T 1-3,14-8.85-1012-5-102

¢

Eﬂ 3apaans 1o 1 HKJ noMeIeHE B BepIINHAaX PaBHOCTOPOHHETO Tpe-
YroJIbHUKA co cTopoHoii 0,2 M. PaBHozelicTByIOIIadA CUJI, JeHCTBYIOIHNX
Ha 4eTBEPTHIN 3apAl, IOMEIeHHBIN HA cepelrHe OAHOM U3 CTOPOH Tpe-
yroabHuKa, pasua 0,6 MmxH. OnpezennTs aToT 3apan, HaOIPAXEHHOCTD
1 IOTEHIIMAJ IOJIA B TOUKE ero PACIIOJIOMKEHNA.

AaHo: ¢, =¢,=q;=10°Km;a=0,2M; F=6-10"7 H.
Hantu: q,, E, .

Pewenne. HanpsaxeHHOCTs, E 1mOJIA TOYEYHOT'O 3apAla ¢ Ha
pPacCTOSAHUM I OT HEro onpepesyseTcs mo opmyJe:

E=__9

4neeyr?
Kak BugHo u3 puc. 23, HaIpAKEeHHOCTh IMOJIS B TOUKe A Ha pac-

CTOAHWM Iy = a./3 paBHA:
2

ds 10-9.4

Ey= e E2= — 300 (B/m).
? dnegori ? 4-3,14-8,85-10°12.0,22-3 (B/m)
q2
r—
B 35° 4 cMm e
QI@ o —';"3‘0;,1—/'QQZ a , r| \
1o/2 7 K '
AND'r=5cm , | .
E 7 @/ A \ g3
E, g E, & - e
\\ // E3 R N 1
E E, F
Puc. 22 PI/IC. 23
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[image: image13.png]3apsan q, onpenenum us popmynasl F = q,E, oTKyga

_F,
q4 z’

=6.10—7= ° -9
g5 =251 =210 (Ka).

IloTeHnman mossa @ B TOUKe A paBeH CyMMe IOTEHIIAJIOB:

@ =Q; + @y + @g.

IIpu sTom
_ _ 41
(pl - (P3 - a ’
4 a
nEEgg
10-9.2
= = 90 (B);
P17 41.3,14-8,85-10712. 0,2 ®)
_ g2
Py = ’
? dneeya /3
o -9
Py 2-10 = 52 (B).

- 4-3,14:-8,85-10"12.0,2../3
®=2-90+ 52 = 232 (B).

@ IIBa OMMHAKOBBIX 3apfAja HaXONATCA B BO3AyXe Ha PaCCTOAHUU
0,1 m gpyr ot Apyra. Hanps:xeHHOCTb HOJIA B TOUKeE, VAAJIEHHOI HA pac-
croauuu 0,06 m oT oguoro u 0,08 M oT gpyroro 3apsana, pasua 10 kB/mM.
OnpenesuTsL DOTEHIIUAJ II0JIA B 3TOM TOUYKE U 3HaUeHUe 3apAaja.

Tak Kak rf = ,/r? + r, ciegosaTensHo, o =

Aavo: E = 10* B/m; rg = 0,1 m; ry = 0,06 m; r; =0,08 m;

d1=42=4q.

Hantu: q, 0.

Peweune. Hanpsaxxennocts E u moTeH- ¢ rs ‘P
uaJj (¢ IOJA TOYEUHOro 3apfAna ¢ ompene- @\ """""" -
JIAeTCcA 110 (hopMyIam: re~ o .- I

N AN 0 7
4meeyr? 4dneg,r K 1
Kak sugHO U3 puc. 24, E’/
E= E}+E}, Puc. 24

(W)

E = ¢ L ¢ __q [1.1_gJritr;
(4neeori)?  (4negyr?)?  4negg Nry 1t 4dnegrird

2

+

117




[image: image14.png]OTkyna
_ E-4negorirs

Jrivrd
4 .4 e 1 . -12, . 2
q= 104:4-3,14-1:8,85-10-12.0,062- 0,08 ~ 3,510 (K1),
J0,064 + 0,084

IToTennman
= + =__ﬂ__+_9_=__q__(_1_+}_);
P01 P 4dneggry 4megyr;  4megy\rg 1
_ 3,5+107° ( 1 1 )__
= . + = 918 (B).
? T 1-3,14-8,85-10-12 \0,06 0,08 (B)

@ OJNEKTPOH ABUKETCA II0 HANpaBJIEHUIO CHJIOBRIX JIMHUHA OIHO-
POIHOI'0O NMOJIA HanpsAxKeHHocThIO 2,4 B/M. Kakoe paccTosiHie OH nIpoJie-
TUT B BaKyyMe€ JO IIOJHOW OCTAHOBKH, €CJH €ro HadyajJbHas CKOPOCTh
2+10% Mm/c? CKOJIbKO BpeMeHU Gy AeT AMUTHCA II0JIEeT?

Aavo: E = 24B/m; v, = 2:10m/c; ¢ = 1,6:1071% Ku;
m=9,1-10"3'kr; v_=0.

Hantu: s, t.

PeweHune. Ha 31eKTPOH B 3JIEKTPHUUECKOM IIOJIE JEeVICTBYET CHU-
na F = qFE, HanpaBJeHHAA HaABCTpeuy ero ABuxkeHuio. Ilo BTopomy

3aKkoHY HbpIOTOHa yCKOpeHMHe 3JIeKTPOHA IOJ AeNCTBHEM CHJLI F
pPaBHO:

a=L =9&,
m m

C apyroi CTOpoHBI, YCKOPE€HHE a PABHO:

IlpupaBHUBaA 3TH BhIpa*XeHUA, ONIPEAeIUM BpeMsA ¢ A0 IIOJTHOH
OCTAHOBKU JJIEKTPOHA:

Vo _ gE. ,_ MUo,
t m’ qE ’
. -31, o 6
;= 9,1 10 2 10 ~ 4,7. 10—6 (C).
1,6 10719.2,4

3a 9TO BpeMA 3JEKTPOH HIPOVAET NYTh S, PABHBIHN

2 vot? vt
0" 2 0" 2t 2
[} 6. ° ‘6
= 2:10:4,7-10° _ 4 o7

2
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[image: image15.png]- IIBe 6eCKOHEYHO AJIMHHBIE, pPABHOMEPHO 3a- 1 ! T
pPAXKEHHBIE HUTH C JIMHEMNHON IJOTHOCTBIO 3aps-
noB 6+107° Ki/M pacmosioskeHbl HA PaCCTOSHHUU \ /
0,2M apyr or apyra. HaiTu HanpaKeHHOCTH r
3JIEKTPHUUECKOI'0 0JA, CO3JaHHOTO B TOUKeE, yJa- \a

menHoi Ha 0,2 M OT KaKIOoit HUTH. A

AaHo: 1 = 6:10° Ka/m; r = 0,2 m;
»[=0,2 M.

Hantn: E.

PeweHne. HanpsaxxenHocTs mosaa E, co-
31aBaeMOro AJIMHHOM, PABHOMEPHO 3apAKeH-
HOM HHUTBHIO C JIHHEHHOM MJOTHOCTHIO 3apAja T HA PACCTOAHUU I OT
Hee, olpeaeaseTcd 1o popmyJie:

_tm
s Q
o)

[e>TIEN

Puc. 25

T
2ngyr

BexTop E HaNPAXEHHOCTH CYMMAaPHOr0 3JIeKTPUIECKOro M0
oyner PaBeH . E = E + Ez. Kax BugHo u3 puc. 25, Yroa o Mexay

BEKTOpaMu E )71 E2 paBeH 60°. BesrnmunHy BeKTOpAa E onpesenM
II0 TeopeMe KOCUHYCOB:

E= E}+E%+2E E,cosa.

Tak Kak E,=E,,

TO E=E, J2(1+ cosa) =

6105
2+3,14-8,85-10712.0,2

J2(1+0,5) =9,3-108 (B/m).

IIBe mapanjesibHbIE METAJJIUUECKHE IIJIACTUHBI, PACHOJIOMKEHHEBIE
B JUIJIEKTPUKE C JHUIJIEKTPUUECKON IIPOHUIIaAeMOCThIO 2,2, 00/1aZai0T 1IO-
BepXHOCTHOH NJIOTHOCTBIO 3apAna 3 u 2 mkKi/m2. OupesenuTs Haps-
KeHHOCTDb ¥ MHIYKIINIO 9JIEKTPUYECKOr0 II0JIA MEXK Y IIJIaCTUHAMU U BHE
IIJIACTHH.

AaHo: = 2,2; 6, =3:10"% Ki/m?; 6,=2+107% Ki/m2.
Hantu: E ,E_, D, D..
PeweHnne. HampsrkeHHOCTHL IOJIA, CO3ABAEMOT0 KaKJOH U3

IIJIACTHUH C IIOBEPXHOCTHOU IIJIOTHOCTBIO 3apANOB G, OIpeleideTCA
1o (popmy.Je:

E=_9

2¢eg,

HanpaBieHnA BEKTOPOB HANIPAMKEHHOCTH II0JIeH, cO3JaBaeMBbIX
IIJJaCTUHaAMU, IOKAa3aHbl Ha puc. 26. YuuTeiBad HallpaBJIeHHE BeK-
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[image: image16.png]TOPOB, IIOJYYHM, YTO HAIPAXKEHHOCTh IIoJA E, B 3a30pe Mexay
ILJIACTUHAMHY PaBHA!

o, o, a B IIPOCTPAHCTBE BHE IIJIACTUH —
El Ex ?1 E . =E,+E,.
E =21 - % -1 5 _5);
M 2egg, 2eg 2880( 17 62)
_ R -6
I ., E =-—13-2)10 ~ 2 57 - 104 (B/m).
E,| E, E, 2.2,2.8,85+ 1012
E, | E, | B, E =21 4% - 1 (5 45):
’ 5 2egy  2eg 2880( 1 2
Puc. 26 . -6
E =—8+2)10 ~ 1,28+ 105 (B/m).

® 2.2,2-8,85-10712

Naayxknusa D u HaIpAXXKeHHOCTh E 3/IeKTPUYECKOr0 II0JIA CBS-
saHbl cooTHoIIeHueM D = gg k. Toraa:

=_§£Q. — =01—02°D =!’2___62 . =7 2
M 2880(0'1 Cy) 5 Vu 5 5107 (Ka/m*).

D, = 9!2'_92 . D, = él—éi'f ~2.5+10°5 (K1 /m2).

OnpezenuTh IOTOK BEKTOPa HAIPAXKEHHOCTH 3JIEKTPHUYECKOr0 II0-
JIA CKBO3b 3aMKHYTYIO IIAPOBYIO MOBEPXHOCTh, BHYTPU KOTOPOH HAaXo-
OATCA TPU TOYEUHBIX 3apama +2, —3 u +5 uKa. PaccmoTpers ciyuau,
KOrJa CUCTeMa 3apAJ0B HaXOAUTCA B BAKYYMe U B BOJE.

Aavo: ¢; = +2°10° Ku; ¢, = -3-109Ku; g3 = +5-107° Ku;
g, = 1; &, =81.

Hamtu: @,

PeweHne. B obmiem caydae mMOTOK BEKTOPa HANPAXKEHHOCTH
@, CKBO3b IIOBEPXHOCTH S PaBeH

P, = iE"dS’

raie £, — npoexknua BekTopa E Ha HOpMasJb N K IOBEPXHOCTH,
E = Ecos a.

Il 1mapoBO#l IMMOBEPXHOCTH, B IIEHTPe KOTOPOM HIOMEILEH TO-
yeuHklil 3apafg, a =0,cosoa=1un E = E. B KaxJ0# TouKe Iapo-
BOM IMOBEPXHOCTH E — BeJIMUMHA NIOCTOAHHAA U OIpEAesaeTCs IO

dopmyse
E=—949 _ (1)

4negyr?
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[image: image17.png]Torga moTOK BeKTOpa HAIDPAXEHHOCTU P, CKBO3b IIAPOBYIO
IIOBEPXHOCTh OyaeT uMeTh BUJA

®, = $EdS = E$dS = ES = E - 4nr2. (2)
S S

IToacraBnasa (1) B (2), mociyie npeobpasoBaHUU AJd OLHOI'O TO-

Je4yHOro 3apsaja noaydaem @, = EZ_ . Ha ocHoBanuu Teopemsr OcCT-
0
porpaackoro—I'aycca njA cucTeMbl 3apAAOB MOJHBIN IIOTOK BeEK-
TOpa HAINPAKEHHOCTH CKBO3b 3aMKHYTYIO IOBEPXHOCTHL IIPOU3-
BOJILHOM (B TOM YMCJIe IIapOBO¥) (pOpMEI paBEeH
1 n
CI)E - — Z q;. (3)

€€pi=1

IlogcraBuM B (3) 4MCIIOBBIE 3HAYEHUA U MOJYIYUM:
a) B caydae, KOrja 3apAabl HAXOAATCA B BAKyyMe,

_ 1 . _(+2-3+5)-107° _ .
Dy = -0+ G+ G P = I N0 = 452 (B/m);

0) B caydae, KOTJa 3apAAbl HAXOAATCA B BoJe,

=(+2""3+5l'10—9256 BM
E  81.8,85.1012 ,6 (B/m).

JJIEKTPUYECKOe II0JIle CO3JaeTCA TOHKOM, 0eCKOHEeYHO AJUHHOU
HUTHIO, PAaBHOMEPHO 3apaKeHHOM C JMHENHOM NIJOTHOCTBIO 3apdAna
1071 Kn/m. OnpefmienTh HOTOK BeKTOpPa HANPAMXKEHHOCTH uepe3 I[U-

JUHIPUYECKYIO IOBEPXHOCTh JAJHHOU 2 M, OCh KOTOPOM COBHOAJaeT C
HUTBIO.

Aavo: t=10"10Kn/m; h = 2 m.

Hantu: @g.

PeweHnune. Hurp aiuHOM £ C JUHEMHON NMJOTHOCTBHIO 3apAga T
COIEPKUT 3apAn q = th. JIuHNKM HanpsAKeHHOCTY HAINpPaBJIEHBI IO
HOPMAJI K HUTH 10 BCEBO3MOKHBIM HaIPABJIE€HUAM U OYAyT IPO-
HU3BLIBATH TOJILKO O0KOBYIO MOBEPXHOCTD IIUJINHApPA. B cooTBeTCT-
BuM ¢ Teopemorr Octporpaackoro—I'aycca norok @, BekTOopa Ha-
IIPAXEHHOCTH CKBO3b 3aMKHYTYIO IOBEPXHOCTh PABEH

d,. =L,
E €€y
CinenoBaresbHO,
O, =, o =_100:2 996 @B/mM).
Eoegg” % 1.8,85.10712 (B/m)
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[image: image18.png]3apazn 1+107° Kx nepeHocurca u3 6eCKOHeYHOCTH B TOYKY, HAXO-
OAIYIOCA Ha pacCTOAHUM 1 CM OT IOBEPXHOCTU 3apAXKEeHHOro Inapa pa-
muycom 9 cMm. IloBepxHoCTHAA IIOTHOCTE 3apsga mapa 11074 Kia/m2.
OnpeznenuTh coBepliaeMylo Ipu 3ToM pabory. Kaxkasa pabora cosepiiaer-
cA Ha nnocyegHux 10 cm nyTu?

Aavo: ¢ =10°Kn; 6 = 10*Kn/m*;, R=9cm = 0,09 m; 1y =
=1em=0,01mMm;7,=10cmMm=0,1M;e=1.

Hantu: A, A,.

PeweHue. PaboTa BHellIHel CUJIBI A, 10 IIepeMeIlleHUIO 3apaja
¢ U3 TOYKHU II0JIA C IOTEHIIUAJIOM ¢, B ADYI'YyIO TOUKY C IIOTeHIHa-
JIOM (¢, PaBHA 10 abCONMIOTHON BeJUYNUHE, HO IPOTHUBOMOJIOKHA II0
3HaKy pabote A; cHJI oA IO IepeMeIeHUIO 3apAaa MeXXJy 9TH-

MU TOYKaMu mojasd, T.e. A; = —A;. Pabora cun ajneKTpuuecKoro
II0JIsI OTIpefesisaeTcsa o popmyne A; = q(Q; — @y).
Torga
Ay = q(02 — 9y), (1)

rame ¢, — IorednyaJj B HadyaJbHON TO4UKe, @, — IIOTEHIaJ B KO-

HEUYHOM TOUYKeE.

Ilorernuain, co3maBaeMbIM 3aps KE€HHBIM IIIapoM pajguycoM R
B TOYKE Ha DPACCTOAHUHU I OT €ro IMOBEPXHOCTH, ONPEeHAeIsaeTCs
o gopmyJie

— do 2
® dneey(R + r)’ (2)

rae g, = c4nR? — 3apsaj mapa.
Ilorernuan ¢, B 6eCKOHEYHO yJaJIeHHON TOuKe (IIpu r = O9)
Oyner paBeH Hymio. Ilorernuan ¢, u3 (2) noacraBuM B (1) u mocie

nnpeo0pa3oBaHUM MOJYUUM
— __goR? (3)
geg(R+ 1))

IloacraBiaasa unciaoBble 3HAYEHUS B (3), mojaydaem

1092.104.-81-10 -
A, = =0,2+107% (k).
1 1.8,85-10712.1.10" (flaxc)
Paboty Ha nociegrux 10 cM myTH MOKHO ONpeneJUTh Mo pop-
MYy.Jie
Az = Q((Pz - (Pl')’ (4)

rae ¢ = 90 — MOTEeHIUaJ B TOUYKe Ha PACCTOSHUU

4neeg(R+ry +1ry)
(R + ry + ry) oT medTpa mapa.
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[image: image19.png]IlopcraBnas BeIpaskeHue AJA @, 1 ¢, B (4), mocie npeobpa3osa-
HUU moJiydaeM:

A —_ QO'RZ _ q0'R2 (5)
eeg(BR+ry) ego(R+ry+ry)

IlepBoe ciaraemoe B (9) YMCJIIEHHO PaBHO A;.
ITopcTaBMM UMCJIOBBIE 3HAUEHUA U BRIYMCINM A,:

A,=9,2-104-1:107:1-10%-81-10 _ 4 5. 7104 ().
2 1-8,85-10712.2.10"! (Hx)

3apan 1 aKi nepeHocuTcs B Bo3Ayxe M3 TOYKU, HAXOAAIEMCA Ha
paccTrosHuN 1 M oT 6eCKOHEYHO AJINHHOM, pABHOMEPHO 3apAXKeHHON HUTH,
B TOYKY Ha paccroaauu 10 cMm ot Hee. Onpenenuts pabory, COBEpHUIAEMYIO
IIPOTUB CHJI IIOJIA, eCU JIMHEeMHaA NJOTHOCTh 3apAza Hutu 1 MxKia/M.
Kaxas paboera coBepinaerca Ha nociaegHux 20 cm nyru?

Aavo: ry=0,1m; r, =1m;r,=0,2M; Q@ = 10°Ku; ¢ = 1;
1=110%Ku/m.

Haintu: A, A,.

Pewenne. Pabora BHeNIHel CUJIBI IO IIepeMeIleHHIo 3apana @
U3 TOYKH MOJA C IOTEHIUAJIOM (¢; B TOUKY C IOTEHIHAJIOM @,
paBHA:

A= Q(9 ~ 9,)- (1)

beckoHeuHasa, paBHOMEPHO 3apsKeHHasd HUTL C JIMHEHMHOH
IIJIOTHOCTHIO 3apAja T co34aeT aKCHUaJbHO CUMMETPHYHOE IIoJIe Ha-
T
2neeyr
II0JISI CBSI3AHBI COOTHOINIeHUEM

E = —%% , OTKyza do = — Edr.

IPAXEeHHOCThIO £ = . Hanpsi:KeHHOCTh M IIOTEHIIMAJ 3TOrO

PasHocThb IIOTEHNMAJIOB TOYEK IIOJIsA HAa PACCTOAHUM I'y U Iy OT
HHUTHU

—¢,=—|Edr=-—1_[9r - T jpn1.
%o~ %1 !1 2negy T 2TEE nro ’
- _ T 8! - _ T I
— @, = In—; 0, — 0, = In-=. 2
%o~ P 2negy Iy Po ™ P2 2neey 1y (2)

IlopcraBnasa B ¢opmyny (1) HalinieHHOEe BhIpa)KeHHe OJIS pas-
HOCTHM IIOTeHIuaJoB ui (2), ompemeaum paboTy, coBepIllIaeMyIo
BHEIIIHMMU CHJIAMU IO IMEPEMENIeHHUI0 3apsja U3 TOUKH, HaXO4d-
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[image: image20.png]Imelica Ha paccTosHUM 1 M, A0 TOUKM, PACIOJIOKEHHOM Ha pac-
croaaun 0,1 m oT HUTU:

r
A, = _Qt In-;
2neg, Iy

102-10%-1n10 _
A, = ~ 4 11075 (IIx).
1 9.3,14.8,85+10"12 (Hox)

Pab6ora no mepemelesuio 3apsajga Ha nociaegaux 20 cMm nyTu
paBHa

r
n-=;

Az = '-'-——QT

2negy 1y

109-106-1n2 B
A, = = 1,24 - 1075 (IIx).
2 2.3,14-8,85+10712 (Hox)

B nmoJie 6eckoHe4YHO#, paBHOMEPHO 3apAMKEHHOU IIJIOCKOCTH C IIO-
BepXHOCTHOH niaoTHocThIO 3apana 10 MxKia/mM?2 nepeMerjaerca 3aapaj Uua3
TOYKU, Haxonsanieica Ha paccroauuu 0,1 M oT NJI0OCKOCTH, B TOUKY HAa
paccroaHuu 0,5 m or Hee. OnpenesiuTh 3apAkd, €CJIU IIPU 3TOM COBepIla-
ercsa pabora 1 mIx.

Aavo: 0 =10 Kn/m?; r; = 0,5 M; r, = 0,1 Mm; A = 1073 II>k.

Hantn: q.

Pewenne. HanpakerHocTs nnossa E, co3gaBaeMasn 3apsaKeHHOU
IIJIOCKOCTBIO C IIOBEPXHOCTHOM IJIOTHOCTBIO 3apAha ¢, paBHA

_ O
2eg,
a Ha 3apAld @ CO CTOPOHBLI II0JIA AEHCTBYET cCuJja
2e€,

PaGoTa sTo¥ cuibl Ha nyTu dr 6yaer paBHa dA = Fdr, a Ha nnyTn

OT 'y IO Iy

A= ;[1 Fdr = rj, qu;;dr= égg%(-)(’”z"rl)-
Orcrozna
~ _2o8A . _1-109-2-885-107 _ 4. q0-9 (g,
o(ry—ry) 1- 10—5(0,5—0,1)

@ Kaxyro paboTy HaJo CoBepHINTD, 4TOOR! 3apansl 1 u 2 HKi, Haxo-
nAIHUecs B Bo3ayxe Ha paccroauuu 0,5 M, conusuts 10 0,1 m?

Aavo: ¢; =10°Kiu; ¢, =2-10°Ku; r; = 0,5 m; 7, = 0,1 M.
Haintu: A.
PeweHne. Pabora A mo mepemerneHuio 3apsja ¢, B IIoje, CO-

3JaHHOM 3apALOM q,, onpejensercda Mo ¢popmyie A = q,(¢, — ¢4),
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[image: image21.png]rae @, 1 ¢ — MOTEHIIUAJ II0JIA, CO3JaHHOI0 3apALOM ¢, B COOTBET-
CTBYIOIIUX TOYKAaX Ha PACCTOAHUU Iy U I'y OT HEro:

= _9
P2 Ameeyry
q2
1 4neegyr,
A= ( d2 94 )= 7142 (l__l_)’
7 dneggry, 4megyr dneey \ro 1y

109.2-107° ( 1 1

= 1 _1)=~74.10" .
1-3.14-8.85-1012\0,1 0,5) (1Lx)

@ 3apang —1 uKa nepemectTuiica B moJe 3apaga +1,5 HKI 13 TOUKH ¢
notreHnuajgoMm 100 B B Touky ¢ noreuniuasgom 600 B. Onpenenuts pabotTy
CILJI IIOJIA ¥ PACCTOSSHUE MEXKAY TOUKAMH.

Aawo: ¢, = -1-10°%Km; ¢, = +1,56-10%Kiu; ¢, = 100 B;
¢, = 600 B.

Hantu: A, Ar.

Pewenue. IloTeHIuam ¢ moJjisa, CO3JaHHOIO TOYEYHBIM 3apALO0M
g, paBeH:

o=—9

- ’
dnegyr

rJie 7 — pacCcTOsHME OT 3apsja A0 JaHHOM TOYKH IOJIA.

= _ 4
1 4neegry
OTKYAAa ry = 47’55820([)1 :
. -9
r = 1,010 = 13,5102 ().
4.3,14-8,85+-10712.100
_ qs
P2 4megyry
OTK =_92 .
vAd T2 4mEEyQy

. -9
ry = 1,010 = 2,25+1072 (m).
4-3,14-8,85- 1012+ 600

Ar=r;—-r,=11,25-10"2 (m).

Pabora cun noansa:
A=q(p; —0,); A= 1079 (100 - 600) = 51077 (Ix).
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[image: image22.png]3apan —1 HKJ nputAHyJacA K 6eCKOHeYHOH NJOCKOCTH C IOBEPX-
HOCTHOI mioTHocThio 3apazga 0,2 MmxKia/m2. Ha kakoM pacCTOSHHUH OT
IIJIOCKOCTH HAXOAWJICA 3apfAk, ecJu paboTa CUJI IIOJIA IO ero nmepemelne-
Huio paBHa 1 MxIlox?

Aavo:|g|=1:10%8Kn1;6=2-10"Kn/m2; A=1+:10"° ITx.

Hantu: r.

Peweume. HanpsaxenHocts E monsa, co3gaBaeMoro paBHOMeEpP-
HO 3apsAXKeHHOM 0eCKOHEeUHOH MJOCKOCThIO, PABHA:

— O

2¢€g,

Benvuuuna E aBadeTcAa BeJINYNMHON IMOCTOAHHOM, a 3TO 3HAYUT,
uyto cuja F = qFE, pgedcTByoonias Ha 3apsan ¢, 6yaeT IMOCTOSHHOI.
Pa6ota dA cunel F Ha nyTu dr paBHa dA_ = Fdr. Pabora A, Ha nyTHn
ot r no 0 6ymer

r

A= [ Fdr= | qEdr= | e dr= 2128
0 0

0o 2€& 2eg,
oTCIOfA
-6 . ® . -12
p= 28804, _107°-2-8,85-10"% _ g g5, 102 ().
lglo 10221077

KonpeHcaTop ¢ mapa(MHOBEIM AUIJIEKTPUKOM 3apiaxKeH OO0 pas-
HocTu noreHuuanoB 150 B. Hanpsaskeuuocrs mona B Hem 6+ 10% B/m.
ITnomans naactud 6 cMm2, OnpefeIUTL eMKOCTh KOHAEHCATODA U ITIOBEPX-

HOCTHYIO IIJIOTHOCTB 3apAja Ha oOKJaxKax (e = 2).
AaHo: U=150B; E=6-10B/M; S=6+10"*m2; ¢ = 2.
Hantu: C, o.
PeweHue. B miaocKoM KoHAeHcaTope HAIPAXEHHOCTL IOJS
paBHa: E = -2, Orcioga
€€g
c=FEeg,=6" 106-2.8,85:10712=1,06-10"% (K1/™m2).

£€S
EMkocTes C niockoro KouzgesHcaTopa pasHa C = 7

y‘II/ITI:IBaH, 9TO B IIJIOCKOM KOHJAeHCaTope Pa3HOCTh IIOTEeHI1a-

JgoB U m HamnpsaXeHHOCTh E cBA3aHBI cOOTHOmeHUueM E = %, rae

d — 3a30p MexaAy oOKJIagKaMu, BRIPA3UM d = % . Temmepsp BeIpaXKe-

HHUEe NJId eMKOCTHN KOHJeHCcaTopa 3aliunieM B B e

. 6.9, . -12,4. -
C=88(z]SE;C___6 10°-2-8,85- 107126107 _ 4 o5, 10

10
150 (P)-
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[image: image23.png]BridyucjauTs eMKOCTD 6aTapen, COCTOAILEHN U3 TPeX KOHIEHCATOPOB
eMKOCTbI0 1 MK®P KaKablll, IPU BCEX BO3MOKHBIX CJAYyUYaAX HUX COENU-
HeHUud.

AaHo: C;,=C,=C;=1:10%®; n =3.

Haitu: Cg.

PeweHune. EMKocTh OaTapen KOHAEHCATOPOB BbIUMCJISIETCS IIO
dopmysam:

n

Cs = 'Zl C; — npu napaJjaeJbHOM COeAUHEeHUH,
=

n
1= > 1 _ IIPU IIOCJIEOBATEJILHOM.
C, ¢,

Ilpn HaIMYUM Tpex KOHJAEHCATOPOB OJAMHAKOBOM €MKOCTU BO3-
MOJKHBI CJIeVIOIIe CXeMBbI COEAUHEHU
1) mapannenrHOE COefUHEHUE a) ©
(puc. 27, a): C, C, C_sj
Cs=C,+C,+ Cy=3 (MKD); T

2) mocJaemoBaTeJbHOE COeIUHEHUE
(puc. 27, 6):

C; € G
Cs = % (MKD);

Cl

3) KOMOGMHHpOBaHHOe coexuHeHuHe ©) |

o cxeme (puc. 27, 8): I

1 1 1 1 1 _
Lfed-teiouswen b
c. ¢ tTeo.~1T g boux®)
CZ C3

—1—5 =~ 0,67 (MKD):;

CZ
4) KOMOMHUDOBAHHOE COeEZUHEHHE 2) c ———-l l—j

1o cxeme (puc. 27, 2): O_I li__, -

1 1
Puc. 27

Q
(=)
l
-

_—= ——-—2 MKD); C MEKD).
0t gy 720D Oy = 5 (e

Cs=C,+Co=1+0,5=1,5 (MrD).
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[image: image24.png]3apAan Ha KaKIOM M3 ABYX IIOCJEJOBATENLHO 3apAKeHHBIX KOH-
neHcaTopoB eMKocTbio 18 1 10 nk® pasen 0,09 uKa. Onpegenrurh Ha-
npsaKeHue Ha 6aTapee KOHAEHCATOPOB; HA KAXKJIOM KOHAEeHCATOPeE.

Aavo: C;=1,8-101®;C,=1-1011D;¢g=9-10"11 Kn.
Hawtu: U, Uy, U.

PeweHnune. Ilpu mociemoBaTeIbHOM COEAMHEHUU KOHAEHCATO-
pos Hanpsxxenue U Ha barapee pasHo U = U, + U,. Hanpaxenue

U, 3apang g u emkocTb C cBA3aHBI COOTHOIIeHHEM U = % . Torma

. -11

U,=4; —
1 ¢, 1,810

= 9 (B);

9-10-1
U2=g;; Up = "o =9(B); U=14(B).

KonpesncaTop emkKocTbio 16 MK®P mociaemoBaTesbHO COeIUHEH C
KOHAEHCAaTOPOM HEH3BEeCTHOM eMKOCTH, U OHU NOAKJIIOYEeHbl K HCTOY-
HUKY IIOCTOSHHOro HanpssxkeHua 12 B. Onpezeants eMKOCTH BTOPOTO
KOHJeHcaTopa, ecau 3apan 6arapeu 24 mxKi.

AaHo: C; =16 MkdD =1,6-10°D; U=12B; q=24-10°Kx.
Hantu: C,.
Peweuune. Hanpsasxenue U, 3apas q, eMKocTh KoHJeHcaTopa C
CBA3AHEI COOTHONIeHUEeM U = g :
Torpaa
1 Cl

2.4+1075
U, = 2 = 1,5 (B).
1 1,6-1075 (B)

IIpu mocnexoBaTeIbHOM COeIMHEHNH HampsxeHue U Ha 6Gara-
pee paBHO

aemxoers  Cy= L3 C,= 2";(')150'5 ~2,3-1076 (D).
2 ’

JABa KOHAEHCAaTOpa eMKOCThIO 10 3 MK®M 3apsKkeHBl OAUH IO HAIpA-
xeHusa 100 B, a gpyroit 5o 200 B. Onpenenurs HanpaxeHUe MeX Ay OOKJIa-
KaMH KOHAeHCaTopa, €CJH OHM COeJUHEHBl NapaJUlejIbHO OXHOUMEHHO
3apAKEeHHBIMU OOKJIaKaMU; PAa3HOUMEHHO 3apAXKEeHHLIMU 00KIaTKaMH.

Aano: C, =C, =3 mx®; U, =100 B; U, = 200 B.
Hantu: U', U".
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[image: image25.png]Pewenue. Hanpsaxenue U, 3apag q u eMkocTs C KOHAEHCATO-
poB cBA3aHBl cooTHomeHueM ¢ = CU; rorma q, = C,U,; q, = C,U,.
IIpu coegMHEeHNM KOHIEHCATOPOB OJHOMMEHHO 3apAKEHHBIMU 00-
KJaAKaMU 3apaj 6aTapeu

q=4q; 1t gy,
eMKOCTb C=C,+C,=2C,,
g UG +UC, _C(U,+U,),
HamnpsamxeHnue U 2C, 2C, 5C. X

IIpu coegMHEHNY KOHAEHCATOPOB PA3HOMMEHHO 3apAXKEeHHBIMU
oOKJIagKaMu 3apsan OaTapeu

qd=dqs~ 41
eMKOCTb C=C,+C,=2C
1 HanpsXKeHue U’ =91,
2C,
- u,C,-U,C C,(U,-U,)
T : Ur=92"0 _ Yv2 1V1 _ LilYy 1),
orAd 2C, 2C, 2C,

Co cxopocThio 2+ 107 M/c 3/71eKTPOH BJIeTaeT B IPOCTPAHCTBO MEXK-
Iy OOKJIaKaMH ILJIOCKOIO KOHAEHCATOpA B cepeiuHe 3a30pa B HaIIpaBJe-
HUH, ONapajjejJbHoM oOkJagxkam. IIpu Kakoil MUHUMAJBHON pPa3HOCTH
IIOTEHI[NAJIOB Ha OOKJIaAKaX 3JIEKTPOH He BBLJIETHT N3 KOHAeHcaTopa,
ecsiu IauHa KoHgencaropa 10 cMm, a paccTodgHre MeXX Ay ero ooKjJagxaMu
1 cm?

Aavo: v=2:10"m/c;1=0,1Mm;d =0,01 M.

Haintu: U.

Pewenne. Ha sneKTpoH, BileTaloI1i B oJie KOHAEHcCAaTOpa, CO
CTOPOHEBI IoJiA OymeT ameicTBoBaTh cuna F = gFE, rope q — 3apsan,

E = % — HAINPAXKEHHOCTh IIOJA KOHAeHcaTopa, U — pasHOCTH

IIOTeHIIAJIOB, d — 3a30p MeXay OOKJaAKaMM KOHAeHcaTropa
(puc. 28). Iloxg neiicrBueM cuibl F 3jeKT-
POH 1npuobOperaeT yCKOpeHUE @, paBHOe

[
v
, U, ABUTasCh C 3THM YCKODEHUEM, _,?"‘*~ - - d
F T~
IIPONAET IyTh

a=

3 |

DN
Q
~~

™o
+

5 - 9332 I'manckoii 129




[image: image26.png]YT00BI 3JIEKTPOH He «YyIIaJi» HAa HUIKHIOI IIJACTUHY KOHAEHCA-
TOpa, BpeMA ero moJiera t MeXJy oOKJIagKaMu JOJIKHO OBITH ¢ < =

YuuTbIiBast 3To 1 BTopoH 3aKoH HbIOTOHA, mMOTyduM:
d _at? _F 1* _ qE _ qUI
2 2 m 202 2mv?  2dmuv?’
oTcIOAa
d2mv2 .U = 1-104-9,1-1031.4.10! _ 22.75 (B).
q12 1,6-10719.1.10°2

Barapero u3s n8yx Konnencaropos eMKocTbio 400 u 500 n® coenu-
HUJIH IOCJeN0OBaTEeJbHO U BKJIIOYHUJIN B ceTh ¢ HanpaxeHueM 220 B. Ilo-
TOM 0arapelo OTKJIIOYHUJIH OT CETH, KOHAEHCATOPEI padbeJUHUIN U COeH-
HUJIN NapajljiesibHO OOKJaZKaMH, UMEIOIMMH OJHOUMEHHEBIE 3apsaldbl.
KakumMm OyzeT HanpsaKeHHe Ha 3aKUMaxX moJydeHHoi 6arapen?

Aavo: U, =220 B; C; =400 ndP; C, = 500 ud.

Hantu: U,.

PeweHnue. Y mociieoBaTeJIbHO COeAMHEHHBIX KOHIEHCATOPOB
3apAajbl Ha OOKJaAZKaX PaBHBI 110 MOAYIIO @, = Q, = @ u 3apax
6aTapeu paBeH 3apAny OAHOro KOoHAeHcaTropa. EMKocTe 6arapeu
II0CJIeOBATEJILHO COeIMHEHHBIX KOHAEHCATOPOB OIpeAessaeTcd IIo

dopmyie

- 1
A
s 6aTapeu n3 ABYX KOHJEHCATODPOB
= GGy
C,+C,’
_ C,CU, 1
a uUX 3apan Q& =CU 1
p 1= C1+C2 (1)

Ilpr oTKAIOUEeHHUM KOHAEHCATOPOB HX 3apdAlk COXpaHseTCH.
Y napajyiesibHO COeAUHEHHBIX KOHJIEHCATOPOB 3apanx OaTapeu pa-
BEH CyMMe 3apaAfoB KOHAEHCaTopoB @' = @, + @,, a eMKOCTb —

cymme emkocreit C' = C; + C,.
HanpsxxeHue Ha 3axuMax GaTrapeu u3 AByX IlapalleJbHO CO-
eJHEeHHBIX KOHJIEHCATODPOB

. =9 —@1+tQ: _ 29 (2)
2. ¢ c¢,+C, C,+C,
IlopcraBnsasa (1) B (2), monydyaem
2C,C,U, 2:45+.10720. 220 _
= U, = = 108,6 (B).
(Cl + C2)2 2 92 . 10—20 ( )

2
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[image: image27.png]@ HaiTu, Kak U3MEHATCA 3JIEKTPOEMKOCTE 11 9HEePrus IJIOCKOI'0 BO3-
OYIIHOTO KOHAeHCAaTopa, ecjiiu mapaJijieIbHO ero o0KJIaZKaM BBeCTH Me-
TAJIJIUYECKYIO IJIacTuHy ToamuHoin 1 mMm. Ilnomanes o6KIagKN KOHIEH-
catopa u miaacTuusl 150 cM2, paccroaHue Mexny oOKJIagxaMu 6 M.
Konnencarop 3apsaxeH g0 400 B u orkiaoueH or 6aTapen.

AaHo: ¢ = 1; dy = 103m; S = 1,5:102m?%; d = 6-1073 m;
U =400 B.

Hantn: AC, AW ..

PeweHne. EMKOCTL U 9Heprusa KoHAeHcaTOpa
IIDY BHECEHHUU B HETr0 METAJJINYEeCKO# MNJIACTUHBI
M3MEHSATCA. ITO BRI3BAHO TEM, UTO IPY BHECEHUU
METaJIJINYEeCKON IJAcCTHHBI YMEHbLIIAeTCcs pac-
CTOAHMEe MeXXAy mjacTHHaMmMu ot d go (d — d;)

(puc. 29). Ucnonsp3zyem dpopMyay 3J1eKTPOEMKOC-
TH IIJIOCKOT'O KOHJeHcaTopa:
€€4S
C= 22 1
rae S — naomangb oOKJanKu; d — paccTosAHUE
MeXAy oOKJagKaMy. B faHHOM cJiyyae HOJYy4dHuM,

YTO H3MEHEeHUEe 3JIEKTPOEeMKOCTH KOHJAeHcaTopa
pPaBHO:

AC=C,—-C, = E€9S _ €E9S _ €£¢Sd,
’ 1 d-d, d d(d-dy)

HO,ZICTaBI/IB YNCJIOBBIE SBHAYEHU A, IIOJIYUYUNM.,

AC—1:8,85-10712-1,5.1072-1073
6-103-5-1073

Taxk Kak IJIEKTPHUYECKOe IIoJIe B IIJIOCKOM KOHJAeHcaTope OAHO-
POAHO, IIJIOTHOCTB O9HEPIru BO BCeX €ro TOYKaxX OJMHAKOBa N paBHA:

w = %SSOEZ, (2)

=4,43+10712 (®) = 4,43 (uD).

rae E — HanpsaXKeHHOCTH IIOJA MeXXAY OOKJIagKaMU KOHAEHCATO-
pa. Ilpm BHeceHMH MeTaJJIUMYECKON ILJIACTHHBI IapaJjielIbHO
OOKJIaAKAM HAIIPAMKEHHOCTH IIOJIA OCTaJach HeU3MEeHHOI, a 00'b-
€M 3JIEKTPUYECKOI0 HOJIA YMEHbIINJICA HA

AV = S(d - dy) - Sd = ~Sd,.

CnemoBaTesbHO, H3MEHEHMe JSHEPruu (KOHeYHOoe 3HaueHuUe ee
MeHbIlle HAaYaJbHOI'0) IIPOM3ONLJIO BCJEACTBME YMEHBLIIEeHUS 00'h-
eMa [oJiA KOHJAeHcaTopa:

AW, = wAV = —-;- gegE28d,. (3)
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[image: image28.png]Hanps:xenHocTs nousa E onpepesnserca uepes rpajueHT MOTEH-
nuaja:

U
= 4
E=-= (4)
dopmy.ia (3) ¢c yueTtom (4) IpUHUMAET BUJ
AW, = —=5— Sd,. (9)

IlomcraBinsa yuciioBbie 3HAYEHUS B Gopmyay (5), moaydaem

AW, = _8,82 . ég_li(;_iooz +1,5+102-1+-10°38 =

= ~2,95-1077 (Ix) = —295 (a]lx).

@ Paccroanue Mexay oOKJagKaMU IJIOCKOT'O BO3AYIIIHOIO KOHJEH-
catopa 4 MmMm. Ha noMmenieHHBIN MeXX Ay OOKJIaJKaMU KOHAeHcCaTOpa 3apAn
Q = 4,9 aKx geiicteyer cuna F = 98 mxH. Ilnoniaas o6kaaaxku 100 cm2.
OnpenenuTs HATPAXXKEHHOCTD II0JIA M Pa3HOCTh HOTEHIINAJIOB MEXIy 00-
KJaAKaMU, 3Hepruio IIoJisd KoHJgeHcaTopa U 00'beMHYIO IIJIOTHOCTL dHEP-
run,

Aavo: F = 98:10°H; @ = 4,9°-10°Kn; S = 1072 m?;
d=4-103m;6=1;¢,=8,85-107"12 D/m.

Haitu: E, U, W _, w.

PeweHue. Ilome mMexxkay oOKJIaZKaMu KOHJAEHCATOpPA CUMTAEM
OMHOPOAHBIM. HanpsKeHHOCTD MoJIA KOHAEeHCATOPA ONPeAe UM U3
BbIDaKEeHUA:

E=£L,
Q

rae F — cuya, ¢ KOTOpoH moJjie AecTBYeT Ha 3apAn @, moMenieH-
HBIM MeXXAy OOKJIafKaMHu KOHAeHcaTopa.
IIoacTaBuB UMCIOBEIE 3HAYUEHUA, HAAEM

_ 981005 _ 5. 10129
E 29107 2+10 0 (xkB/m).

PassocTh moTeHuasoB Mexay ooxkaankamu U = Ed. Iloxcra-
BHB UMCJIOBbIE 3HAUYEHU S, IIOJYUNM:

U=2-10%-4-10"2 =80 (B).

JHeprusd moJs KoHJAeHcaTopa

CU2 _ &g SU?
W ——
2 2 2d

IIogcTaBuM UHCIIOBBIE 3HAUEHUA:

w,= 1885 107 10" : 80" — 7,08-10°8 () = 70,8 (ulx).
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[image: image29.png]IInoTHOCTE 3HEpPruM

rae V= Sd — obseM nosisa KoHAeHcaTopa;

7,08 1078 _
=L =1,77-102 3).
YT 1024107 (Hoxe/a)

@ 3apan xouaencaropa 1 mxKia, nuomans miaactur 100 cm2, 3a3op
MeXXKJy IJIACTUHKAMM 3amoJiHeH ciaiomoui. OnpenenntTs 06 beMHYIO IJIOT-
HOCTBb HEPIrUH IIOJIA KOHAeHCATOpa U CUJIY NPUTAKEHU IIJacTUH.

AaHo: @=10°%Kn; S=10"2m2; ¢ =6.

Haintu: w, F.

Pewenue. Cujia NIPUTAKEHUA MEXIY ABYMSA pa3sHOMMEHHO 3a-
PSAKEeHHBIMH OOKJaJKaMH KOHAeHcaTopa PaBHA:
__eggE*S

F R

(1)

rae £ — HanpsAXeHHOCTH II0JIS KOHJAeHcaTopa; S — miomanb o0-
KJIAJOK KOHJIeHCcATOopA.

HaHpH}ReHHOCTL OOHOPOAHOI'O IIOJIA IIJIOCKOT'O KOHJeHcaTopa

E=S% =% (2)

b
€€y  €€pS

- Q

rjgpe c = -§ — IIOBEPXHOCTHAA INJIOTHOCTD 3apdaja.

Ilogcrasnss (2) B (1), paccuuraeMm F':
2

 2¢g,S”

F= 1071 ~ 0,94 (H)
2:6+8,85+10712. 102 ’ )

O6BpeMHAS MJIOTHOCTh SHEPTHUHU 3JIEKTPHUUECKOTO MOJIA

_ egoE?

: (3)

ITogcraBasasa (2) B (3), moxyduM:
w= _Q° :
288082
10—12

B =~ 94,2 3y,
N 2:6:8,85-10712.104 94,2 (Ix /M%)
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[image: image30.png]K oaHoll u3 0OKJIAJOK IJOCKOIO KOHJZeHcaTopa IpuJjeraer CTeK-
JAHHAA IJIOCKOIapajesbHadA IJIacTHHKA (g, = 7) Toamuuou 9 mm. Iloc-

Jie TOrO KaK KOHIeHCATOp OTKJIIOUMJIN OT UCTOYHUKA HanpaxKeHueMm 220 B
M BBRIHYJIN CTEKJAHHYIO IJACTUHKY, MexXIy oOKJIagKaMu yCTaHOBHJIACH
pasHocTh nmoTeHuajgos 976 B. Onpegenurs paccTogHHe MeXXAy OOKJIan-
KaMU U OTHOIIeHNEe KOHeYHOHN U HadyaJIbHOM SHepruu KoHaeHcaTopa.

Aano: U, =220B; U,=976B;d=9-103m;¢,=T7; ¢, = 1.
Hawitu: d,, W,/ W,.
Pewenue. Ilocie OTKIIOUEHHs KOHJEHCATODA U YAaJeHUS

CTeKJSTHHOM MJACTHHKMY 3apsAj] Ha ero oOKJagKax OoCTaeTcs HeM3-
MEHHBIM, T. €. BBIIIOJIHSETCA PAaBEeHCTBO

C,U, =C,U,, (1)

rape Cl n Cz — JJIEKTPOEMKOCTH KOHJEeHCaATOpa B HAYaJIbHOM H KO-
HEeYHOM CJIy4yae.

IIo ycamoBuio 3azaym KOHAEHCATODP BHAUdajie ABJIsSETCA CJIOHC-
TBIM U €ro 3JIECKTPOEMKOCTb onpejeaserca mo popmyJie
_ €0S
- ’

d,  do—d,
€1 €9

(2)

C

rae S — IoIanhk o0KIafoK; d, — 3a30D MeXAy HUMH, d,; — TOJI-
IIMHA CTEeKJAHHON NJIACTUHKH; €, U £, — JUIJEKTPUUECKUe IIPO-
HHIIAeMOCTH CTeKJIa ¥ BO3AYyXa COOTBETCTBEHHO.

Ilocne ypaneHuUs CTEKJSAHHON IIJIACTUHKH 3JIEKTPOEMKOCTbD
KOHJeHcaTopa
€€GS
—&;—— .
IlopcraBnaa (2) u (3) B (1), monydaem:

goSU, _ £29SU,
dy + do—d, dy

C,= (3)

€1 €9

4= 52 (1-);

e Q. -3
(976 — 220) 7

HauvasrHasa 1 KoHeuHad dHEeprum KonjgeHcaTtopa

_ C,Uf C, U3

W, = :
2 2 2

OTKYJa

W,
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[image: image31.png]. C ygeTom (1) mo-

w W
Toraa oTHOIIIEHUE 3THUX 3HEPIUid VVZ =

JIYIUM:

&:g_%-_“ﬁ=_9__(763__)z444
w, U, W, 220(B) S

@ Ilnmockuii BO3AYIIIHBIA KOHAEHCATOP 3apAKeH A0 Pa3HOCTH IIOTEH-
nuaynos 300 B. Ilnomans naacrur 10 cM2, HanpAXKeHHOCTh MOJA B 3a30-
pe mexkay HumMmu 300 kB/Mm. OnpeZenuTs 10BepXHOCTHYIO IIJIOTHOCTD 3a-
pAfa Ha IIJIaCTHHAX, eMKOCTb U 3HEepPruio KoHJgeHcaTopa.

Aano: U=300B; S=103m2%; E=3-10°B/m.

Hawtu: o, C, W,

Pewenue. HanpsaxkenHocTs E mosa B 3a3ope MmexAy obKIanKa-
MU KOHIeHcaTopa

E=% ug=Y.
EE€g d

Orciona
d = % ,o=Eege,=3-105-8,85-1012 = 2,7-1076 (Ki/m?).

Emkoctb C KOHAEHCaTOpA
S egySE
C = EEQS _ € :
d U
.10-12.1.10-3:3 105
C — 8,85 10 1 10 3 10 — 8,85 . 10—12 ((I)).
300
JHeprusa W KoHAeHcaTopa

w= S, w = 8.8 10°72:9:10% ~ 4. 1077 ().

Hantu 06beMHYIO IJIOTHOCTD 9HEPTUU 3JIEKTPUYECKOI'0 II0JIA, CO-
3aBaeMoOro 3apAXXKeHHON MeTaJl/IndecKo chepoll pafuyCcoM 5 CM Ha pac-
CTOSIHMU 5 CM OT ee IIOBePXHOCTH, eCJIU IOBEePXHOCTHAA IIJIOTHOCTh 3apA-
na Ha Hei 2+ 1076 Ki/m2.

AaHo: R=5102mMm;r=5102M;06=2-10"% Ka/m2.

Hantu: w.

Pewexnne. HanpsamxenHocTs nmoasa E, co3maBaeMoro 3apsaKeH-
HOM cdepoy ¢ IIOBEPXHOCTHOM IIJIOTHOCTBIO 3apfAZa ¢ ¥ paguycoM
R, Ha paccrtoaHuu R + r oT umeHTpa ceprl onpeaendaerca mo Qop-
MyJie

E = q — cS
dneeg(R+ 1) 4neeg(R+r)?

rae S = 4nR? — niomans chepsl.
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[image: image32.png]O0beMHada IJIOTHOCTL SHEPTHUU W OoIpejelisdeTrca 1o gopmy.Jie
= gggE2 ggy* 02+ (4n)2+ R4

2 2+(4n)2+ (egg)2 (R+1)* ;

4-10712. 0,054
= 2 = 0,014 (dx/m3).
¥ 2.8,85-1012-0,1° (Foxs /)

IL1omans IJIACTHH ILJIOCKOTO CJIIOAAHOTO KoHmeHcartopa 1,1 cM2,
3a3op MeXay HuMu 3 MM. IIpu paspAge KOHAeHCATOPa BhIAEJINJIACE S9HED-
rufa 1 mxJlx. [lo Kakoi pa3HOCTH NOTEeHIIUAJIOB OBLI 3apAKEeH KOHJeHCa-
Top?

Aavo: ¢e=6; S=1,1-10%m2; d=3-103m; W=10° [Ix.
Haintu: U.
PeweHue. DHeprud monsd KoHjaeHcaTopa W, BelgenseMas IpHU
ero paspsaake, paBHA
W CU?
2 ?
egyS

rae C = — eMKOCTB ILIOCKOI'o KoHaeHcaTopa. Orciona

N C £€yS

U=J 2:10°-3-10% . 1014 (B).
6-885-1012-1.1-104

JHeprus IJOCKOT0 BO3AYILNHOI0 KoHAeHcaTopa 0,4 vk, pa3dHOCTh
IIOTeHIMaJOB Ha obkiIagkax 60 B, nmomans naactun 1 cm2. OnpeneauTs
paccTosiHe MeXXIy OOKJagKaMu, HaIlpPAKeHHOCTh U O0beMHYIO IJIOT-
HOCTBb DHEPI'HU IOJIA KOHAeHcaTopa.

AaHo: W=4+10"10T%; U=60B; S =10"* m2.
Haintu: d, E, w.

CU?

S
PeweHune. JHeprusa KoHgescaTopa W = ~5—» TAe c =%

€MKOCTb IIJIOCKOT'0 KOHJAeHcaTopAa.
_egySU?

w ,
2d

OTKYZA
_ egoSU?
2w’
;. 1-8,85:10-12. 10~ 602
2+.4-10710

d

= (0,004 (m).
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[image: image33.png]Hanpsa:xeHHocTs £ nmoyia paBHaA

U
E==;
d

~_60 _1=5.104
E 0,004 1,5+10% (B/m).

O6BbeMHAas MJIOTHOCTL W 3HEPTrUM pPacCUUTAeM CJEAVIOIIMM 00-
pas3oMm:

wW %4
w=__=__’
V Sd
4.10"10 _
w = = 1073 (II:x /m9).
104+ 41073 (Tloze/n)

ITox neticTBuem cuibl npuTaKennda 1 MH guajiekTpuk Mexay ob-
KJaJKaMU KOHIeHcaTopa HaxoxutcA nox gasiaeHueM 1 ITa. Onpexgenuts
3HEepruio, 06’beMHYIO IIJIOTHOCTh 3HEPIHN I0JIA KOHAeHcaTOpa, eCcJN pac-
CTOSTHHE MeXXay oOKJagxkaMu 1 MmMm.

Aavo: F=103H;p=11la;d =103 m.

Hantu: W, w.

PeweHune. I3BecTHO, 4TO JaBJeHUE P = I,'gf’ rape F — cumna, S —

miaomanb. Cuna F, ¢ KOTOpoil IpUTATruBaOTCA OOKJIAAKY KOHACH-
caTopa

eggE2S
F =22 ,
2
2F
e E= .
A €€QS
OJHeprus
w=CU
2

YuureiBada, utro u U = Ed — HanpsXKeHHe Ha oOKJagkKax, a

C= aac(l)S , TIOJYYUM:

_ €8S E2d? _ egS+ 2F - d? _

W .
d 2 d * 2 ¢ 8805 Fd’
W=103.103 =10 (Ix).
Ob6beMHas MJIOTHOCTL 3HEPI'UU
w=W W _Fd _,,_ 1 (I/m3).
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[image: image34.png]Q. NMOCTOAHHDBIA SACKTPHYCCKMHU TOK

IInoTHOCTE TOKA B HUKEJWHOBOM IPOBOJHUKE AJHUHON 25 M paBHA
1 MA /M2, OnpenenuTs HaOpAXKeHUe Ha KOHIAX IPOBOAHUKA.

AaHo: [=25m;j=10A/M%; p=4-10""Om* M.

Hantu: U.

Pewenue. ITo sakony Oma B auddepeHnnaibHoi gopMe IJIOT-
HOCTb TOKA& j B IPOBOJHHKE IIPOIOPIMOHANLHA HANIPSAXKeHHOoCTH E

II0JISI B IPOBOAHUKE j = YE, rpey = 1_ yAeJabHas IPOBOAUMOCTb.
)

C npyro# CTOpPOHHI,

E=Y,
l
rie U — HanpsaxKeHue Ha KOHIIaX NIPOBOAHUKA AJHUHOM [.
Toraa j= E_U ,
p Pl
OTKyZAa U = jpl;

U=106-4-10"7-25=10 (B).

OnpezenuTs NJOTHOCTh TOKA B HUXPOMOBOM IPOBOAHHUKE AJINHOM
5 M, ecJIM Ha KOHIIaX ero NojaepKHNBaeTcAa pa3HOCTbh IoTeHnuajaos 2 B.

Aavo: l=56mM;U=2B; p=1,1-10%0m - m.
Haintu: j.
Pewenue. Ilo 3axkoHy OMma B fudpPpepeHnnaIbHON hopMe IIJIOT-

HOCTh TOKa j = yYE, rae y = %) — yJAeJIbHAA IIPOBOAUMOCTD, p —

yAaeJIbHOEe COIIPOTHBJIEHN e IIDOBOJHHWKA, E = % — HAIIPpAXEHHOCTDb

II0JIST B IPOBOAHMKe, rae U — HanpsaKeHUe Ha KOHIIAX MPOBOIHU-
Ka IJjiuHou [.

Torpa j=vE = g;

O |-

. 9
- — 3,6 10° (A/Mm2).
I~ 11-10%-5 (A/M)

HanpsaxeHue Ha KOHIIaX OPOBOAHUKA compoTuBieHueM 5 OM 3a
0,5 c paBHOMepHO Bo3dpacTaeT oT 0 1o 20 B. Kakoi 3apajg npoXoauT depes
IIPOBOAHUK 3a 3TO BpeMdA?

Aavo: R=50m;t=0,5¢; U; =0; U, =20 B.
Hantum: q.
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[image: image35.png]PeweHne. 3a BpeMs dit 110 IPOBOAHUKY IIEPEHOCUTCS 3apsA]
dq = Idt,
rae I = ﬂR-t-) — TOK B IPOBOJAHHUKE, R — COIpOTHBJIEHUE IIPOBO/J-

HUuKa; U(t) — HanpsAM»KeHUe Ha KOHIax npopogauka. Hanpsaxenue
U nuHelHO HN3MEHseTCd CO BpeMeHeM, T. €. MOXHO 3amucaTh

U(t)= kt, rne k = éAl_t] — KO03(}pPUIMEeHT NPOIOPHHUOHAJIBLHOCTH,

E=20-0 _ 40 B/0).

0,5
3apsafn q, IepeHeceHHbIN 1o npoBogHUKY 3a 0,5 ¢, 6yzer
0,5 0,5 0,5 0,5 20,5
=[dg=[r1at=[ YWat= [ Esar=2L1",
q (I, q (I, { R { R RZ|,
40+ 0,52
= = =1 (Kixa).
q 55 (K.r)

TemuepaTypa BoJlbdpaMoBoii HuTH ajekTpoamnbl 2000 °C, nua-
metp 0,02 mmMm, cuya Toxka B Hell 4 A. OnpenesnuTs HANIPAXKEHHOCTD II0JA
B HUTH.

Aano: t=2000°C;d=2-105m;I=4 A; py=5,5-10"8 Om * m;
a=5,2-103 K1,

Hantu: E.
PeweHune. Ilo onipesesieHHI0 NJIOTHOCTh TOKA
|
] T T
S

d2
rae I — cuia Toka, S — IomepevyHoe ceYeHue HUTH, S = 22

ITo 3akony Oma B guddepeHnIaIbHOM (pOpMeE IIJIOTHOCTh TOKA
: E
j=vE==,
p

rae £ — HaAnpAXXKeHHOCTh IIOJISI B HUTH, p — YAEeJIbHOE COINPOTHB-
neHue, p = py(1 + at), py — yAesbHOE CONPOTUBIIEHHE BoJb(ppama

npu t =0 °C, oo — TeMnepaTypHBIA KO3 OUIIMEHT CONPOTUBIEHUA.
3 ypaBHeHUs

Ipo(l+at)-4
nd? ’

= 8000 (B/m).

j=2
p

 E=jp= épo(1+at)=

j= 4.5,5-1081+5,2-103-2-103)-4
3,14+4.10710
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[image: image36.png]Ha xoHIIaxX HUKeJHNHOBOI'O IPOBOJHUKA AJIUHON 5 M moaiepKUBa-
eTca pasHOCTh moreHuuaysos 12 B. OnpeneauTs NJIOTHOCTE TOKA B IIPO-
BOAHUKeE, eCJIN ero remueparypa 540 °C.

Aavo: I = 5m; U = 12B; t = 540°C; p, = 41077 Om * m;
a=10"K1.

Hantu: j.

Pewenune. ITo 3akony Oma B suddepeHIirajibHo opMe ILJIOT-
HOCTb TOKa ] = YE = E YuuTeiBasg, 4To

p

E=%;p=po(1+at),

IOJIYYUMM:

v__1 .
L po(1+at)’

j= 12 ~ 5,7+ 106 (A/m2).
5:4:1077(1 +107%. 540)

BuyTrpenHee conpoTuBjieHue akkymyJaaTopa 1 Om. Ilpu cuse Toxa
2 A ero KIIIT pasen 0,8. Onpenenuts 9[AC akkymyaaTopa.

Aavo: r=10m; I =2 A; n=0,8.

Haitu: E.
Pewenue. KIIJl McTOUHUKA TOKA | = E_
R+r
Orcrona
R=1'I
1-n
3akoH OMa 1da 3aMKHYTOM Ilenu
I=_%_.
R+r

Bripaxkas 6, Honydum:

5=I(R+r)=I(—Tl—-—1_';+r)= II_”n;g= 2L —10B).

Onpegenuts IJC akkymyasaTopHoi 6aTapeu, TOK 3aMBEIKAHUA B
KoTopoit 10 A, eciiu npu NOAKJIIOUYEHUH K HEM pe3NuCTOpa COIPOTUBJIEHH-
eM 9 Om cusa Toxka B Ilennu paBHa 1 A.

Aavo: I . =10A; R=90Mm; I =1A.
Hantu: 6.
PeweHue. Ilo 3akorny Oma

=6 us=
I R+rH5 I(R+ 7).
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[image: image37.png]IIp KOPOTKOM 3aMBIKaHUM Iielld BHeEIIHee COIIPOTHUBJIEHUE

R=OHI=;,OTRY,ZIa

Torga

nin

IR 9.1
2 1-1/1, 2 1-0,1 (B)

IIC akkymyasaTopa asromobusas 12 B. Ilpu cune Ttoxka 3 A ero
KIIII pasen 0,8. OnpenenuTsh BHYTPeHHeE CONPOTUBJIEHUE aKKyMYyJid-
TOpA.

Aavo: 6=12B; 1 =3 A; n=0,8.

Hauntm: r.
Pewenune. KIIII n = R , OTKYyJZla
R+r
R=1'T
1-n
N3 3akoHa Oma
R+r

BbIPa3uM 6.

=I(R+nr=I21L +rl= Ir .
6= IR+ 1) =1({L +r)= -
Toraa

r= ﬂll—‘_*li;r—-:l%ﬂﬁ = 0,8 (Om).

K ncrouHuky ToKa mOAKJIIOYUAIOT OAUH pas3 pe3arCTOpP COIPOTUBIIE-
unem 1 OMm, zgpyroit pa3 — 4 Om. B obfoux ciayuyasx Ha pesucTopax
3a OJHO U TO »Ke BPEMA BbLIJEJAECTCA OTUHAKOBOE KOJHUUECTBO TEILJIOTHI.
OnpenesuTh BHYTPEHHEE COIIPOTURJIEHNE NCTOYHMKA TOKA.

Aano: Ry =10m; R,=40Mm; ¢, =1,=1,Q, = Q,.

Hantu: r.

Pewenne. Ilo 3akony Oma

I=-f 1,=—¢ ,=_% |
R+r ! R,+r 2 Ry+r
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[image: image38.png]ITo sakony :xoyna—JleHnia Konu4yecTBO TeIJOThHI @, BbIIe-
JIsieMoe B IIPOBOJHYKe TP IIPOXO0XKJIeHNY TOKa 3a BpeMA I, paBHO:

Q@ = I°Rt.
Tak xkak Q; = Qs
TO I Rt = IZR,t,
62 _ 62 .
TOrZa R.t = Rot;
8 (R, +r)* ' (Ry+1)? ?
Rl R2

(Ri+1)?  (Bp+n)?
R,(R, + r)* = Ry(R, + r)?%;
41+ r)2=1-(4 +r)?%
4+ 8r+4r2=16 + 8r + r?;
3r2=12;
r’=4;r=2(0m).

IIBa ofMHAKOBBIX MCTOUYHMKA TOKA COeJMHEHEI B OLHOM CJydYae I10-
cJeIOoBaTeJbHO, B APYI'OM — IIapajljieJIbHO ¥ 3aMKHYTHI Ha BHEIIIHee CO-
npotusiaenue 1 Om. IIpu kakoM BHYTPEeHHEM CONPOTHUBJIEHAYN UCTOUHNKA
CHJIa TOKa BO BHeHIHeH 1enu 6yaeT B 000UX caydadaXx OqTUHAKOBOMN?

Aano: R=10m; I, =1, 6, =641 =T,.
Hantu: r.
Pewenue. Ilo 3axony Oma

R+r,” % R+r,
IIpu nocnenoBaTenbHOM coefuHeHuu (puc. 30, a) 6 = 6; + 6,
a BHYTPeHHee COIIPOTHUBJIeHNe I = 2r;.

IIpu mapannensHoM coeauHeHuu (puc. 30, 6) BHyTpeHHee CO-
IIPOTHUBJIEHNE UCTOYHUKOB I’ oIIpesiesseTca 1o dopmy.ie

I—_6 1 __§

i_1.1
r' 1 ry ’
oTrkygma r' =0,5r;.
a) 61 I 62| 0) 8,
:I !‘ s
6, |
.
—
R o
R
Puc. 30
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[image: image39.png]W3 ycnosusa I, = I, monyuyum

26 ___ 6 .
R+ 2r, R+ 0,5r,
(R + 2r1) = 2(R + 0,5r1); R+ 2r1 = 2R + ry.

Otcroga R=r; =1 Owm.

B MeZHOM NpOBOAHUKe cedeHMeM 6 MM2 U IJIUHOM 5 M TedeT TOK.
3a 1 muu B npoBogHuKe Bhigeasaerca 18 Ik tennorel. OnpenenuTs Ha-
OPAXKEHHOCTD IOJIA, IJOTHOCTDb U CUJIY 3JIEKTPUUYECKOT'0 TOKA B IIPOBOJ-
HUKE.

AaHo: S = 6:10°%m2;, I = 5 M; t = 60 ¢c; @ = 18 JIxk;
p=1,7-10"80m* m.

Hantu: E, j, I.

PeweHune. Ilna pelreHHs 3ajadyu HCIOJAB3yeM 3aKOHBI OMa U
I:xoyna—Jlenna. 3akoH Oma B guddepeHIaibHON QopMe UMeeT

BUJ _
J=1YE, (1)
a 3akoH [»xoyna—JleHna
Q = I’Rt. (2)
ConpoTuBjeHHne PaBHO:
R= %l . (3)

Cuny toka I maxogum u3 (2) c yuetom (3):

1= /2 - /9§-1=J 18:6-10° . 4 6 (A).
Rt plt’ 1,7-108-5+60 ’

Ilo onpeneneHunIo IJOTHOCTh TOKA PaBHA | =

4,6
6106

Hanps keHHOCTS II0JIA B IIPOBOLHUKe onpenesaum u3 (1), ya4uTsl-

Bas, YTO Y = % :E=jp; E=7,7-10%-1,7-10"8 = 1,3 102 (B/m).

.
’

i~

j= =~ T7,7+10° (A/m?).

IE BryTpeHHee conpoTrusiienne akkymyaaTropa 2 Om. IIpu 3aMbIka-
HUU ero OHUM DPE3UCTOPOM CHJia TOKa paBHa 4 A, npu 3aMbIKaHUM LPY-
ruM — 2 A. Bo BHenHeil 1enu B 000MX CJAy4YaAX BBILEJIAETCA OAUHAKO-
BasA MOomHOCTL. Onpegenuts I]IC akKyMyJaATOpPa U BHEIIHNAE CONPOTUB-
JIeHNA.

AaHo: r=20m; I, =4 A;1,=2A; N, = N,,.
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[image: image40.png]Pewenue. 3akon Oma Aaa 3aMKHYTOH (IIONTHOM) IleIM MMeeT
BU/I

11=E5:-;,12=R25+r. (1)
YpasHeHud (1) mpeacraBuM B BHJe
6=I1,(R,+r), 6§=I,(R,+r). (2)
M3 paBeHcTB (2) cneayer
I,(R{ +r)=1I,R,+r). (3)

MoLHOCTD, BhIie/iAeMas BO BHEIIHEeH [[ell! B IIePBOM M BTOPOM
cnydadax, N,=I2R,, N,= I{R,.
W3 ycnoBUs paBeHCTBA MOL[HOCTEH cleNyerT:

I? R, = I%R,. (4)
Peras coBMecTHO ypaBHeHu4 (3) u (4), mosriydaeM
_Lr g L
R, 11 ; Ry I (5)
Taxum obpasom: R, = —4—-— =1(Owm); R, = T =4 (Om).

IToncraBnasa (5) B (2), monyuaem

€=Ilr( 1); 6=14- 2( +1)=12(B).

@ Cunia Toxa B pesucrope JHHeHO BodpacTraeT 3a 4 ¢ or 0 1o 8 A.
Conporusienue pesucropa 10 Om. OnpenesnTh KOJINMYECTBO TEMJIOTHI,
BbIJIeJINBIIIEECA B pe3uCTOpe 3a IepBhle 3 C.

Aanvo: t,=0;t,=4¢; I=0;1,=8A;t,=3¢; R=10Owm.
Hantu: Q.
PeweHne. Ilo sakony xoyna—JleHiia

dQ@ = I’Rdt.
Tak Kak cujia ToKa ABJAeTcA QyHKI[Iell BpeMeHH, TO
I = kt,
rae k — KoadhdumeHT NPonoOpIUOHAIBHOCTH, YHCJIEHHO PaBHBIU
IIpUpalieHNIo TOKA B e AUHUILY BpeMeHU: k = (t_AI_t—S = g =2 (A/c)
1~ %0
CnenoBaTesbHO,
dQ@ = k?t2Rdt.
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[image: image41.png]3a 1nepBbie 3 C BBIAEJHUTCSA KOJIHMYECTBO TEIJIOTELI, paBHOE

t, ty
Q= [K??Rdt = KR [ 2dt = BB (¢ - 13).

to to

HO,ZICT&BJIHH YHNCJIOBbIEe SBHAYEHNA, IIOJIYUHNM

Q= 4-1030-27 = 360 (IIx).

@ Darapesa cocTouT M3 IATH MNOCJIENOBATEJbHO CO€JMHEHHLIX 3JJe-
meHTOB. JJIC Kaxgoro 1,4 B, suyrpennee conporusiaenue 0,3 Om. IIpn
KaKOM TOKe IoJie3Has MOIIHOCTL Oatapem pasHa 8 Br? Onpexenurs Ha-
n0O0JBUIYIO IOJE3HYI0 MOLIHOCTL OaTapen.

Aavo: 6,=1,4B; r,=0,30m; P,=8BTt; n=>5.

Hawtu: I, P ...
Pewenune. IlonesHas moorHoOCTh GaTapeu
P_=I?R. (1)
Cuna Toka ompenesnseTrcs 1o 3akony Oma:
né,
= . (2)
nr;+ R
3necy n+6, — IIC, a n+r, — BHyYTPeHHee COIIPOTUBJIEHUE I
II0CJIeJOBATEJbHO COeIMHEeHHBIX 3JIEMEeHTOB.
Bripasum R u3 (1):
_ Py
I
1, IIOZCTABHUB 3TO BEIpaKeHue B (2), IoayduM
[= b (3)
nr;+ F
e AN
5007 nr;+ Tz—) = né,. (4)

IIpeob6pasys BeIpakeHue (4), IONyYNM KBaApaTHOEe YPaBHEHUe
OTHOCUTEJILHO [:

nrl?—-ngl+P_=0.
Pemas kBagpaTHOe ypaBHeHUe, HaleM:

7. = né =+ ané'iz —4nr,P_
1,2 ‘

’ 2nr;
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[image: image42.png]IloacTaBnada yucjaoBbIe 3HAYEHU, IIOJIy4YH M.

51,4 +45%2+1,42-4+5-0,3 -8
I. = J ) 2 = 2,7 (A);
1 2:5+0,3 (&)
51,4—-.452+.1,42-4:5-0,3-8 _
2+5+0,3
IInsa Toro 4ToOBl OIpelNeJNUTh HAMOOJBUIYVIO ITOJIE3HYIO MOIII-
HOCTh OaTapeu, HaljieM 3aBUCHMOCTD ee OT BHEIITHEr0 COIIPOTHBJIE-
Hus. [logcraBum B ypaBHeHHUe (1) BeIparkeHue (2):
_ n®6iR
(nr,+ R)%

W3 3Tot GOpMYyJBI clefyeT, YTO IIPH IIOCTOAHHBIX BeJHUYHMHAX
6; U r, MOOIHOCTb ABJAeTCA (PYHKIHell ONHOM IlepeMeHHOM —
BHeEIIIHero conporusieHusa R. I3BecTHO, UTO 3Ta QYHKIIUA HMeeET

(9)

I

MAaKCHMYM, €CIU cfi;" = 0, ciefoBaTeIbHO, KMeeM
dP, _ n®*6}(R+nr)—=2n%6¢R _
dR (R+ nr,)?

UIU n’62(R+ nr)—2n22R=0. (6)

0,

Takum obpasoM, 3amada CBOLHUTCA K OTBICKAHHIO COIIPOTHBJIE-
HHUsS BHelllHed Ienu. M3 pemenmsa ypasHeHus (6) cieayer, 4TO
R = nr,. IloacraBnasa HalileHHOe 3HaYeHKUe R B dopmyny (5), uMeeM

p_ =T¢

II max 4r. *
l
IIpou3BosaA BEIYHUCTIeHUS, HAUJEeM

p._ =914 _g 17 Bn.

I1 max 4.0’3

3. MarHutHoe noAe. MHAYKLIMA U Hanps)KeHHOCTb
MarHMTHOT O NOAS

ITo n1ByM GeCKOHEUYHO AJIMHHBIM IPAMOJHUHEHHBIM IPOBOAHUKAM,
HaxoAAIIMMcSA Ha paccroaHun 50 cMm ApYyT OoT Apyra, B OZHOM HampasJe-
HUU TeKyT TOKHU I, u I, cunoii mo 5 A. Mexay npoBofHMKaMU Ha pac-

croAHann 30 CM OT IEepBOI'0 PaCHIOJIOKEH KOJILIIEBOM NPOBOAHUK, CHJa
Toka I3 B KoTopoM paBHa 5 A (puc. 31). Paguyc xoasna 20 cm. Onpege-

JIUTL NHAYVKIMIO ¥ HAIPAXKEHHOCTL MAariuTHOI'O IIOJIA, CO3[[aBaeMOT0 TO-
KaMH B II€HTPEe KOJILIIEBOT'O IIPOBOJHUKA.

Aavwo: I, =1,=1;3=1=5A;r;=0,83m;r,=0,2M; ry=0,2 m.
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[image: image43.png]Hawntu: B, H.

Pewenne. B cooTBeTcTBUM C IIPHUH-
IUIIOM CYIepPIO3UINYA HHAYKIHUA De3yb-
TUPYIOLIEro MardHUTHOI'O IOJSA B TOYKe A
paBHa:

B =B, + B, + B, (1)
rae B, u B, — MHAYKIUH II0JIeM, co3aBae-
MBIX COOTBETCTBeHHO ToKamu I, u I,, Ha-
IIpaBJIEHHBIMM 3a IIJIOCKOCTh PHCYHKA;

B, — HHIYKIUA II0Jd, co3gaBaeMas KOJb-
3
IIeBBIM TOKOM. KakK BHJIHO U3 puc. 31, BekK-

Topel B; u B, HanpaBJleHBl 110 OJHOU IIpA-
MO¥M B IIPOTHBOIIOJIOXKHBIE CTOPOHBI, II03TO- Puc. 31
My X cymma B, + B, = B, paBHa MOAYJIO

Blz = BZ - Bl' (2)

NHIYKIINA IT0JI, CO34aBaeMoro 0eCKOHEeYHO AJINHHBIM IIPOBOJ-
HHKOM C TOKOM,

I el
B —t ““0 ’ B = ———0 ’ 3
1 2nr, 2 27r, )
rgpe K, — MarummMTHas IIOCTOSSHHasA;, U — MAar"gmuTHasd IIPDOHUIA-

eMOCTb cpeAsl (1A Bo3gyxa pu = 1); r,, r, — pacCToAHUA OT IIPO-
BOOHHUKOB 10 1eHTpa Koabna. Iloacrasnasa (3) B (2), moayuaem:
I 1 1) ppod (ry—ry)
B.. = HBol _ (_ _ ) 0 1~ T2) 4
12 2n 2n  ryry (4)

rs
MHAyKIMA TTONA, CO3aBaeMOTr0 KOJbIIEeBBIM IPOBOJHUKOM C
TOKOM,

_ kpol
B, 2. (9)

rAe rs — paguyc Koabla.
Kax BugHO u3 puc. 31, BeKkTopsl B, 1 B; B3aNMHO NepleHAH-

KYJAPHBI, II03TOMY B = JB%Z + B2 uam, ¢ y4eToM BEIpakeHMil (4)
u (9),

B=P-HOI (rl_r2)2+_1_;
2 n2rir2 ré
B 1-12,56-10‘7-5J (0,3-0,2)° 1
2 3,14%2-.0,32.0,22 0,22
= 1581077 (Tn) = 15,8 (MkTx).

~
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[image: image44.png]Hanpsa>XeHHOCTH MAarHUTHOI'O II0JIA

- B .pg-_158-1007 _1 96 A/m).

nae ' 1-12,56 1077

@ ITo nByM 6eCKOHEUHO AJUHHLIM IPAMOJUHEHHLIM IPOBOAHUKAM,
HaXONAIIMMCA Ha paccToauuu 10 cM Apyr oT Apyra, TeKyT TOKH CHJION
5 A B kaxxzaoM. OnpenesnTbh UHAYKIINIO MAarHUTHOTO I10JIA, CO34aBaeMoro
TOKaMH B TOUKe, Jexkallleil mocepeauHe MeXAYy IPOBOAHNKAMHU B CIyda-
aX, Korzga: 1) 01poBOAHUKHN NapaJijieIbHbI U TOKM TEKYT B OJHOM Hamnpas-
JeHun (puc. 32, a); IPOBOAHUKHN NEePIeHAUKYJIAPHEI, HalpaBJIeHUA TO-
KOB IOKa3aHbl Ha puc. 32, 6.

Aavo:d=0,1m; I, =1,=1=35 A.

Hantun: B", B._L'

PeweHnne. PesynsTHUpyoOIaada HHAYKIIAA MATrHATHOTO IIOJSA B
IAaHHOM TOUYKe paBHA BEKTOPHOM cyMMe MHAYKIIUU ITOoJei, co3naa-
BaeMbIX KaX/IbIM TOKOM B OTZeJIbHOCTH:

B =B, + B,, (1)

— —

rae B, u B, — MHAYKIUHK IIOJIeHl, CO3aBaeMBbIX COOTBETCTBEHHO
ToKamMu I, 1 [,. Ecin TOKHM TeKyT 110 ITapajljleIbHbIM IPOBOAHUKAM
B ONHOM HAINIDaBJIEHWH, TO, MPHMEHHUB IIPAaBUJIO IIPABOTO BUHTA,
onpejesseM HanpasieHusa B, u B,. Kak sBuaHo U3 puc. 32, a, By u
Ez HaIlpaBJIeHbl B IIPOTHUBOIIOJIOXKHbBIE CTOPOHBI, II03TOMY BEKTOP-
HadA cymMa (1) B JaHHOM ciay4dae MOXKeT ObITH 3aMeHeHa aJirebpau-
YeCKOH:

By = (B, ~ By). (2)

NHIVKIHUY TT0JIel, co3JlaBaeMbIX O0€CKOHEYHO NJIHHHBIMH IIPO-
BOAHUKAMM, HAXOJAUM I10 opMyJe

_ Mol, _ Kols
B T B - 9 3
1 onr, 2 2nr, (3)

) B, 9) I A
1

Puc. 32
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[image: image45.png]rae ry{ 1 ro — COOTBETCTBEHHO PACCTOAHUA OT IIPOBOAHHUKOB 10 TOY-

KI, B KOTOPO# oIpeneysdeTcad WHAYKIIUA MarHuUTHOro mnoius. Co-
I'JIACHO YCJIOBHUIO 3a/lauMl I'y = I'y, = I' U TOrJja

2nr 2nr

B cnyuae, Korja NpoBOOHMKH IEePIEeHIUKYAAPHBI (puc. 32, 6),
pe3yIbTHPYIOMAA HHAYKIINA B TOUKeE, JiexKallell IrocepegHe MeX-
Iy IIPOBOAHHKAaMU, paBHA:

B, = JBIZ+B§ HHHBL=J(H££)2+(E‘£—)2 =_l'_‘_0_£

2nr 2nr 271r

HO,ZICT&BJIHH YHNCJIOBbIEe SBHAYEeHHU A, I10JIydaeM

B, =107:12,56" 542 98 98.1076 (Tm) = 28,28 (MxT).
23,145 102

N30 poBaHHEII IPOBOIHNK N30THYT B BU[€ IPAMOTI0 yrIJjia co CTO-
pouamu 20 cMm Kaxgaa. B IiI0CKOCTH yIJia IOMeIleH KOJMbleBOUl IPOBOJ-
HUK paguycoM 10 cM Tak, 4TO CTOPOHBI yIJjia ABJIAIOTCA KacaTeJbHBIMU K
koJabny (puc. 33, a). Halitu nHAYKIMIO B IleHTpe KoJblia. CHJIBI TOKOB B
IPOBOAHNKe paBHB 2 A. BiausaHue moaBoAAIIMX HPOBOJAOB HE YYUTHI-
BaThb.

Aavo: 1=0,2m;7r,=0,1Mm; B, =P, =45%1,=1,=1=2A.

Hantu: B.

PeweHne. UHayKIIMA dB B TOUKe IOJIA OT 3JIEMEHTA IIPOBOJAHH-
Ka dl ¢ Toxom I (IIpOBOAHUK HMeeT IIPOM3BOJIBHYIO KOH(pUrypa-
I[MI0) oIIpeleiseTcA 1o 3akoHY Buno—CaBapa—Jlannaca:

dB = pnoldlsina

4mr? (1)

rie r — MOAYJNh pajguyca-BeKTOpa, IIPOBEeJeHHOT'O M3 3JIEMEHTa B
TOUKY, T/ie omnpefielideTcd HMHIAYKIUA; O — YTroJ, COCTaBJIE€HHBIN
BeKTOpaMu dl U r; p, — MarHUTHas IIOCTOAHHAA.

a) 6) |

AN
I'o Bl
I Bﬁ M

/

Puc. 33
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[image: image46.png]HanpaBienue BeKTopa MHAVKIIUY IIePIeHIUKYIAPHO IIJIOCKOC-
TH, cofepkamnieil dl u r, 1 onpenensaeTca IPaBUJIOM IIPABOT0 BUH-
ta. HanpuMmep, B Touke OKPYKHOCTH (puc. 33, a) BEKTOPHLI MHAYK-
IIMY OT BCeX 3JIEMEHTOB IePIeHANKYJIAPHBI IIJIOCKOCTH OKPYKHOC-
TH ¥ HallpaBJIeHblI Ha Hac. UHTerpupysda Boeipakenue (1), mosydaem
MHIYKIMIO B IIEHTPe OKPYKHOCTH pajuyca rg:

Hol
= e, 2
B, =5 (2)

NHunykusa, co3gaBaeMasa B Touke M KOHeUYHBIM OTpe3KoMm AB
IIPAMOI'0 IPOBOJHUKA HA PACCTOAHUMU I'y OT Hero (puc. 33, 6), pas-

Ha B, = 4“ of (cos a; — cos a,). ITY XKe GOpMYyNy B HEKOTOPBIX
nry
caydasax yaoOHee 3amucaTh B BHE
_ kol . :
B, = sin B, + sin B,). 3
2= 4oy (in By +sin By) (3)

BexTop nHAYKI MU B TOuKe M IeprneHIUKYIspeH IIJIOCKOCTH, B
KOTOPOM JiexKaT NPOBOAHUK AB U r,, ¥ coBIazaeT 110 HAIIPABJIEHUIO
c B;.

Ilo ycnoBuro samaum B, = B, = 45°, U MHAYKIUA OT KaXKAOH
CTOPOHBEI YIJIa COCTABJIAET:

B, =By = olV2 | #old2 _ polf2.
dnry-2  4nrge 2 4nrg

(4)

Tak KakKk HampaBJeHHSA BEKTOPOB MHIAVKIIMHK IIOJIel, co3xaBae-
MbIX IIPOBOAHHKAMH, COBIIaJAIOT, TO Pe3VAbLTHPVIONIAd HHIYKIIUA
B I[EHTPe KOJIbIla paBHA CYMMe

B=BI+ZB3,HJIHB=BI+ZB3=%‘;-:{(1+[g);
0

L

_12,56-10"7.2 2 o 106 _
B oS (1+—_3’14) 18,22 - 1076 (Tu1) = 18,22 (MK To).

IIBa OECKOHEUHO AJMHHBLIX INPAMBIX IIPOBOAHMKA, CHJIA TOKA B KO-
TOPBIX 6 1 8 A, pacnoJIoKeHbl NEPIEHANKYIAPHO APYT ApyTy (puc. 34, a).
OnpenenuTh MHAYKINIO 1 HAIIPAXKEHHOCTh MATHUTHOI'O IIOJISI Ha CEPeIUHE
KpaTyaiiiero pacCTOAHNA MEXKIY IPOBOAHIKAMM, PABHOTO 2 CM.

Aavo: I, =6A;1,=8A;d=0,02m.

Hantn: H, B.

Pewenme. U3 puc. 34, 6 BUAHO, YTO HAIIpaBJIeHHe BEKTOPOB
B3aUMHO NepneHAUKYIApHO (o = 90°), cnegosarensHo, H 2=H % +

+ H$%. HanpsxeHHOCTh MarHuUTHOro nouasa H, cospauuoro Gecko-
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le -

® I,

Puc. 34

HeYHO AJMHHBLIM IIPOBOAHUKOM C TOKOM Ha PACCTOAHUHU I OT HETO
oripenesyigeTcAa 1o popmye

I
H = e— .
2nr
Ilo ycooBHIO 3amaun r = g , CJIeIOBaTeJIbLHO,
2 2
H= Hi+H}= |- _+ 121 [oip,

(2nr)2  (2nr)? zng

_ J36+64 _
H= 314001  1°9&/M)

Uuayknua B 1 HaIpsAKeHHOCTh H cBA3aHbI COOTHOILIEHUEM
B =pp,H.
B=1-12,56:10"7:159 = 2-107* (Tx).

ITo 1ByM 6eCKOHEUHO AJMHHBIM IPSIMbBIM IPOBOAHINKAM, PACCTOSA-
HUE MeXXJy KOTOphIMI 15 cM, B OfHOM HaIlpaBJIEHMU TeKYT TOKU 4 1 6 A.
OnpezennTs pacCcTOAHME OT IPOBOAHUKA C MEHBIIIEH CHJION TOKAa IO reo-
METPHUUYECKOI'0 MECTa TOUEK, B KOTOPOM HAaIPAXKEHHOCTL MATHMUTHOTIO I10-
JIs1 paBHA HYJIIO.

Aano: I, =4 A;1,=6A;1=0,15m, H;, = H,.

Hantu: r.

Pewenne. Touka, rae H, = H,, pacno-

H
JIO’KeHa Ha NPAMOM, COeAUHSAIOIIeNl IIpo-
BONHUKU ¢ TOKOM (puc.35). Hampsasken- I
HocTh H oA, CO34aBaeMOro mpsAMBIM Gec- g L-r 2
KOHEYHBIM IIPOBOJHHMKOM C TOKOM I Ha
pacctosHuu R oT Hero, ompepnensieTcs IIO
dbopmyne: H,
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[image: image48.png]I
Torma H= -1 = - I.(l-nN=1I,r; I,+I)r=1,1;
A 2nr  2n(l—r) 1l ) 2" (s L '

— Ill : = 4 ) 0,15 — 0,06 (M).
I,+1, 10

ITo AByM GeCKOHEUHO AJUHHBIM IPAMEIM HPOBOAHUKAM, PACCTOA-
HHIE MeXXJIY KOTOPBIMHU 15 CM, B IPOTHBONOJIOKHBIX HANpaBJEHUAX Te-
KyT TOKX 4 1 6 A. OnpenennTs pacCTOAHNE OT IPOBOAHUKA C MEHbIIIEN
CHJION TOKa O 'eOMETPHUUYECKOI'0 MeCTa TOUEK, B KOTOPOM HaNPAMKEH-
HOCTL MarHUTHOT'O IOJIsI paBHA HYJIIO.

Aano: I, =4 A;1,=6A;1=0,15m; H, = H,.

Hauntu: r.
ﬁl Pewenne. I3 puc. 36 BUAHO, YTO TOUYKA,
) I, | 1, THe H, = H,, pacnionoxeHa Ha IPOJOJIXKeHUN
----® ----0 nOpaMOH, COeIHHAIOLIeN ITPOBOAHUKH C TO-

KoM. Hanpsoskeunocts H mosnsa, co3gaBaeMoro
OPSAMBIM OeCKOHEYHBIM IIPOBOAHHKOM C TO-
Puc. 36 KoM I Ha paccrosHuu R oT Hero, onpegenser-
cA 110 hopmye:
_ I
27R°
Il — I2
2nr  2n(r+1)

1,1 4.0,15
I,-I)yr=Il; r=—"—; r==22--=0,3 (Mm).
(2 1) 1 1.2_1.1 2 ()

H,

Torma H,=H,;

s I(r+1)=1I,r;

B xosabiieBoM npoBogHUKe paguycoMm 10 cm cusa Toxka 4 A. Ilapau-
JIeJIbHO IIJIOCKOCTM HPOBOJHUKA Ha PACCTOAHMM 2 CM HAJ €ro IeHTPOM
OPOXOoaNT OECKOHEUYHO AJAHHBLIN NPOBOAHHUK, CUJIA TOKA B KOTOPOM 2 A.
OnpenesnuTh HANPAMKEHHOCTL M MHAYKIINIO MAarHMTHOIO IOJIA B IIeHTpe
KoJbIla. PaccMoTpeTh Bce BO3MOMKHBIE CIyUYan.

Aano: I, =4A;1,=2A;R=0,1m; r=0,02 m.

Hantn: H, B.

Pewenue. Kaxk BugHO M3 puc. 37, B KaXXJIOM U3 YeThbIpeX CJY-
yaeB BeKTopa H | moJs KOJbIeBOro NPOBOJHUKA U H , Tossa IpsaMo-

JIMHEeHHOTO IIPOBOJHHKA B3aMMHO IepPIEeHAUKYIAPHEI, a 3HaUYeHHe
BekTOpa H cymMMapHOTo mojsa 6yAeT paBHO:

H = H2+H2._ I% I% .
CNTL T2 T 2R)2  (2nr)?]

H=1J 4 2" ~ 25,6 (A/m).
21102  3,142-4-10%
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[image: image49.png]Puc. 37

Nunyknusa nonda B m HanpAXeHHOCTb H cBA3aHBI COOTHOIIIe-
HIEeM

B = ppoH,
B=1-12,56-10"7-25,6 = 3,2+ 1075 (Tn).

JIBa KPpYroBbIX BUTKA C TOKOM JIEXKAT B OAHOI IIJIOCKOCTH X UMEIOT
o6munii neHTp. Paguyc 6onbmiero sutka 12 cm, a meunuiero 2 cm. Hanps-
JKeHHOCTD II0JI B IIEHTPe BUTKOB paBHa 50 A/M, eCJi TOKU TEKYT B OX-

HOM HaIIpaBJIEHHN, 1 paBHa HYJIIO, €CJI1 B IPOTUBOIIOJIOMHBIX. Onpe,u;e-
JIUTh C1JIY TOKa B BUTKaX.

Aano: r; =0,12m; r,=0,02m; H =50 A/m; H' = 0.

Hawtn: I, I,.

Pewenne. HanpsxkenHocTs H MarHuTHOTO I10JIsI, CO3/laBaeMo-
o KOJIBIEBEIM ITPOBOAHHKOM paguyca ' ¢ TOKOM I, B IIeHTpe KOJb-

11a (puc. 38) onpenensierca mo dopmysae H = -21; .

Ilo ycnoBuro H' = LS —I-?—; H'" = LS 13-
2ry  2r, 2ry  2r,
H,
I, J
Iy
ap
H, |
H,
Puc. 38
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[image: image50.png]CocTaBisieM CHCTeMY VPaBHEeHHH M, pelllasg UX COBMeCTHO, I1O-
JydaeM

s I, s .
+ = 50, ~— = 50,
4 2.0,12 2:0,02 J 0,24 0,04
I, _ I, =0: I, _ I, =0:
2.0,12 2-:0,02 ’ 0,24 0,04 ’
I, +6I,=12,
I,-6I,=0,

I,=6A;I,=1A.

ITo xBazpaTHoOil pamKe co cTroponoil 0,2 M Teuer ToK 4 A. Onpexne-
JINTH HANPAMKEHHOCTb X MHAYKIINIO MAarHUTHOT'O IIOJIA B IIEHTPE PAMKU.

Aano: I=4A; 0=0,2 M.

Hautu: H, B.

PeweHnue. MarauTHoe 1oJie B IieHTpe paMKHu (puc. 39) co3naer-
CA KaXXJI0M U3 ero CTOPOH ¥ HAIIPaBJIeHO B OJHY CTOPOHY HOPMAJIb-
HO K IIJIOCKOCTH paMKHu. CieroBaTesbHO,

H=4-H,

rie H, — HaIpAXeHHOCTh NOJs, CO3aBaeMOr0 OTPEe3KOM IIPO-

BOAHUKA C TOKOM I ANMHON a, KoTopasA ompenenserca mo Gop-
MyJe

I
= —— (COS Oy —COS O
4nr( 1 ZL

rjue r = g — paccTOosHHe OT IIPOBOJHUKA A0 TOYKH moas. Ilo ycio-

BHMIO JJaHHOM 3ajayu o, = 45°%; o, = 135°.

I Torma H=4- I-2 (cos 45° — cos 135°);
— 47a
_ 4:2-4:2.2 _
| & H=13T102.3  18@/M
\ p—
N Y Nunyknua nonsa B u HanpsaxxenHocTs H
7 R CBS3aHBI COOTHOIIeHUEM B = pp H:
G B=1-12,56-10"7-18 =
Puc. 39 = 2,26+ 107° (Tn).

154




[image: image51.png]4, 3aKOHbI SACKTPOMArHeTM3ma

Butox paguycoM 5 CcM IOMeIeH B OJHOPOAHOE MarHUTHOE IOoJIe
HanpsxeHHocTsio 5000 A /M Tak, 4TO HOpMAaJb K BUTKY COCTABJIAET YyIOJI
60° c HanpasaeHuem noJsa. Cuia Toxka B BuTke 1 A, Kakyo paboty cosep-
IIIAT CMJIBI IIOJIA IIPU TOBOPOTE BUTKA B YCTONYMBOE MOJIOMXKEeHUEe?

Aano: r=0,06m; I=1A; H=5000A/m; o =60°.

Hantn: A.

Pewenue. PaGora A npu moBopoTe BUTKA C TOKOM I B MarHur-
HOM II0JIe paBHA:

A=I1AD. (1)

3aecb AP = P, — P, — U3MeHeHNe MArHUTHOTr'0 IIOTOKA CKBO3b
IJIoniagb BUTKA S = nre; @, = BScos 0. — MarHUTHBIA IIOTOK, IIPO-
HU3BIBAIOMIUY BHTOK B HAYaJbHOM IIOJIOJK€HUH, Tle o — YroJ
MeJKJy BeKTOpaMu 7l u B.

Y CcTOMYUBLIM ITOJIO’KeHHEM BATKA B MATHUTHOM II0Jie ABJIAETCA
TaKoe, IIPX KOTOPOM HAIIpaBJieHHe HOPMAaJIU K HeMYy COBIajaeT C
BeKTOPOM HHIAYKIUMH, T. €. cos o = 1. CienoBaTesbHO,

@, = BS.

Taxum o6paszom, AD = Brré(1 — cos o).
YuurseiBsasd, 4to B = yp,H, nmeem

AD® = pu Hr?(1 — cos a) * . (2)

ITopcraBasasa (2) B (1), mosrydaem
A = Inp Hnrr®(1 - cos a);
A=1+1-12,56-10"7:5-103-3,14-25-10"41 - 0,5) =
= 2,46+107° (IIxk).

IIpoitast yCKOpPAIOIYIO pa3HOCTL IOTEHIINANOB 3,52 KB, anekTpoH
BJIETaeT B OZHOPOAHOE MarHUTHOE II0JIe NePIeHANKYJIAPHO JUHUAM MH-
nykunu. Uagykuusa nouad 0,01 Ta, paguyc rpaekTopuu r = 2 cm. Onpe-
OEeJUTh YAEJbHBIN 3apAk 9JIeKTPOHA.

Aavo: U=3,52-103B; B=0,01 Txa; r =2 cm.

Hantu: e/m.

PeweHne. YIeJbHBIM 3apAJOM YaCTHIIbI Ha3bIBaeTCs BeJINYMU-
Ha, PpaBHas OTHOILIEHHUIO 3apAka K Macce, T. e. ¢/m.

B mMarHuTHOM IOJIe ¢ MHAVKI[MeN B Ha 3apsal, ABHXKVIIUNCA CO

CKOPOCTBIO UV IEPIHEeHAUKYIAPHO JUHUAM HHIYKIHUHN, AEeHCTBYeT
cuna Jlopenna

F = Bev.
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[image: image52.png]ITon meiicTBHEeM 3TOH CHJBI 3apAj IlepeMemiaeTcs II0 Ayre OK-
py:kHocTH. Tak Kak nmpu arom cuna JlopeHIla BBI3EIBAeT I[€HTDO-
CTPeMHUTeJIbHOE YCKOPEeHMe, TO, COTJIACHO BToOpoMy 3akony HproTo-

mu?
Ha, MOXKHO 3amnucars: Bev = —

2
L
KuHeTHuecKy0 3HepPruio, paBHYIO mT , 9JIEKTPOH mpuobpera-
eT 3a cueT paboTH A CHJ 3jeKTpHUecKoro nouada (A = elU), noaTomy
nMeeM:

IIpeo6pasysa mocJjefHNe JBa COOTHOIIEHNA U UCKJIOYNUB U3 HUX
CKOPOCTH, MOJNyUYUM HOPMYIY AJNA OIIpelieJIeHUA YAeJbHOT0 3apAaa

9JIEKTPOHA
e __ 2U

m B2r2

IToxcTaBUB UCXOAHBIE NTaHHBIE, HAXOAUM:

e 2+3,52+:108
——  — 2 = ’ i 1 11 .
~ = Tot 4.10 1,76 10 (Kn/kKr)

Burok pagnycom 2 ¢cM, cuiia Toka B Korepom 10 A, cBoGoxHO ycTa-
HOBHJICA B OJHOPOJAHOM MarsmTHOM moJie ¢ nmugykuueit 1,5 Ta. JIluaun
MHIVKINN IepHeHANKYJIAPHBI IJIoCKocTH BUTKa. Onpepenuts pabory,
COBepLIaeMy0 BHENIHMMM CHJIAMU IPH IIOBOPOTEe BUTKA Ha yroJy 90° Bo-
KpYT OCH, COBIIazaloIei ¢ xuamMeTpoM sBuTka. CunraTh, 4TO OPHU I1OBOPO-
Te BUTKAa CHUJIa TOKA B HEM IO JEPKUBAETCA HEM3MEHHOIM.

AaHo: I=10A; B=1,5Tn; r=0,02 m; o = 90°.

Hantu: A.

Pewenne. Ha BUTOK ¢ TOKOM, IOMeEIL[eHHBLIN B MarHuTHOe II0-
jle, IeMCTBYeT Bpamjaloliui MOMEHT

M = p, Bsin a, (1)

raep, =I1S=1 nré — MaArHUTHBIM MOMEHT BUTKA, B — MHAYKIUA
MarHUTHOTI'O IIOJIA, 0. — YToJ MeXAy BeKTopaMu p, U B.

B HauaJBbHOM IIOJIOXKEHMHM, COIJIACHO YCJIOBHIO 3aJayy, BHTOK
cBOOO/HO YCTAHOBUJICA B MAarHUTHOM II0Jie, CJIeJ0BaTeJlbHO, BEKTO-
pHI p,, 1 B coBnajaoT no HanpasJeHHUo, T. e. o =0, M = 0.

IIpu melicTBHMM BHEIIHHMX CHJI BUTOK BBIXOJUT M3 II0JOXKEHHUA
paBHOBeCHs, TIPH 3TOM BO3HHKaeT MOMEHT CHJI, OIIpeaesigeMBbIi
dopmynoi (1). MoMeHT cuy CTPeMHUTCA BO3BPATUTHL BUTOK B MC-
XOJHOe ToJiokeHHe. IIpy moBopoTe BUTKA BHEIIHHE CHJIbI COBEP-
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[image: image53.png]I1a}0T paboTy IIPOTHB 3TOTO MOMEHTa, KOTOPLIN SABJIAETCA Iepe-
MEHHBIM 1 3aBHCHUT OT yIJjla IIOBOpPOTA O

dA = Mdo unu dA = Intr’Bsin ada.

B3aB mHTerpan ot 3TOro BhIpakKeHUs, HaiiieM paboTy, coBep-
IIIaeMYVI0o IIPY IOBOPOTE BUTKA HAa KOHEYHBIHN YTOJI:

n/2 n/2
A= [ Inr?Bsin ado = Inr?B | sin ada =
0 0

=] nrzB(—cos Zzt' + cos O) = Intr?B.

IToxcTaBnAas YNCIOBBIe 3HAYEHUA, HAXOAUM
A=10-3,14-4-10"%-1,5=18,84-1073 (I>x) = 0,02 ([I:x).

Ksazparuas pamka co cTopoHoil 4 cm coxep:kuT 100 BuTKOB
IIOMeIlleHa B OMHOPOJHOEe MarHMTHOE moJe HanpAaKeHHocThio 100 A /M.
Hanpasienne mosis cocTasBjdeT ¢ HOpMaJibio K paMmke yroa 30°. Kakas
pafoTa COBepIIaeTCA IPM MOBOpoTe paMkKu Ha 30° B OLHY U B APYIYIO
CTOPOHY, €CJIN ciJia TOKa B Heil 1 A?

Aano: a=0,04 m; N=100; H=100A/m; o, =30°% I =1 A.

Hantu: A, A,.

Pewenune. IIpn nmosopore paMku Ha 30° mo yacoBo# CTpesKe
yron mexnay B u n Gymer o, = 0, T.e. paMKa pacIOJOXKHUTCA

epneHIUKYJIAPHO mojaw. IIpu nmoBopore pamku Ha 30° B Apyryio
CTOPOHY YroJ Mexxny B u n 6yner o, = 60°.

Pabora npu moBopoTe paMKU
A = IADN,

rae I — cuma ToxKa; N — KOJNHYeCTBO BUTKOB; AD = @ — D, —
N3MeHeHle MArHHTHOT'O IIOTOKAa, IITPOHM3BIBAIOIIEr0 IIJIOCKOCTD
pamku, @ = BScos o, S = a? — nnomans pamgu, B = p,H — un-
OIVKIMA MAarHuTHOTO MoJiA, H — HaIIpAXeHHOCTb.

P, = BScos a,; ®, = BScos a,; P, = BScos .

Torpa A = In,HSN(cos o — cos o),
A, = In,Ha?N(cos 0° — cos 30°);

A =1-12,56-1077- 104+ 42+ 1074(1 - -Jz—g) ~ 2,710 ().
A, = In,Ha?N(cos 60° — cos 30°);

Ay=1-12,56+1077-10%+42-1074(1 - "Jzé) = —7,4+107% (IIx).
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[image: image54.png]- ITox AeiicTBHEM OZHOPOLHOTO MarHUTHOTO IIONA NePIEHAUKYJIAP-
HO JUHUAM HHAYKIUM HauMHAET IepeMellaThbCs npamon IIPOBOSHUK
Maccol 2 kr, cujia Toxa B koropoM 10 A. Kaxkoi MarHuTHEIN OOTOK Iiepe-
cedyeT 3TOT NPOBOAHUK K MOMEHTY BpEMEHH, KOIJla ero CKOPOCTb CTaHeT
pasHa 31,6 m/c?

Aavo: I =10A; m=2«kr; v=31,6 m/c.

Hantn: AD.

Pewenue. Pabora nmepemenieHusa IMPOBOAHUKA C TOKOM I 1mox
neficTBMeM MATHUTHOrO moJsa paBHa A = IAD. 9ra pabora O6ynmer
YHCJEeHHO PaBHA KMHETUYECKOH d9Heprum, npuobperaeMoi IpoBOJ-

HHUKOM.
E = ””’2 A=E;

K

O = O = mv?, :
IA 2 A 2T

_2-31,62 _
AD 510 98 (B6).

KBajgpaTtHasa paMKa co CTOpPoHO#l 4 cM cogepKutT 100 BUTKOB 1
IIOMellleHa B OJHOPOJHOE MarHMTHOeE IoJie HanpsxxeHHocTbio 100 A/Mm.
Hanpasienune nons cocrasiaser yroa 30° ¢ Hopmaabio K paMKe. Kakasn
paboTra coBeplIaeTcs Ipy IOBOPOTE PaMKHU B IOJIOXKeHMEe, KOrJa ee I1JIoC-
KOCTL COBIAQJaeT C HalpaBJIeHUEeM JUHUYN UHAYKIUY nouas (puc. 40)?

Aano: a=0,04m; N=100; H =100 A/m; ay,=30°%1=1A.

Haintn: A.

Pewenne. Korga nimockocts _PaMKH cOBIajiaeT C HAIIPABJIeHH-
eM IIOJA, YroJl O; MeXny Buh paBeH 90°. Pabora A moBopoTa

paMKM ¢ TOKoM [ paBHA
A =IADN,

rae AP = @ — P, — u3MeHeHHe MAHUTHOrO NOTOKa P, IPOHU3HI-
BaIOLIEro IIJIOCKOCTh paMKu, @ = BScos a, rae B = puyH, S = a? —

IIJI0OIaAb PAMKH.
IToToxk @,, IPOHUIBIBAIONMIMY PAMKY B MCXOJHOM IIOJIOKEHUH,

6ynet @, = BScos a, a nnocJe nosopora — P, = BScos q,.

A=IAD = I(P, - P,) =IBSN(cos a; — COS ) =

= IuyHa?N(cos o, — cos ay);

B A=1-12,56-10-7-102-16-104-102(0_g)z

=—1,7-1075 (IIx).
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[image: image55.png]IIpoBogHUK, cniia ToKa B KoTopoM 1 A, nannoii 0,3 M paBHOMEDPHO
BpamlaeTcsi BOKPYI' OCHM, IIPOXOAAINEH uepe3 ero KOHEeIl, B IJOCKOCTH,
NePHeHANKYIAAPHON JMHUAM MHAVKINKA MarHUTHOI'O HOJIA HaIpPAXKEeH-
HocThlI0 1 KA/M. 3a 1 MmuH BpameHus cosepiuaerca pabora 0,1 IIx.
OnpegeauTh YriIOBYIO CKOPOCTEH BpallleHM s IPOBOAHUKA.

Aavo: I=1A;1=0383m; H=103A/m;t=60c; A=0,1 Ix.

Hantn: o.

Pewenue. Pabora, coBepuiaemad cHjiaMd MATrHUTHOT'O IIOJNA
IIPpU IIepeMellleHNU IIPOBOAHUKA C TOKOM I, paBHA:

A =]AD,

rae A® = BS — u3MeHeHHe MArHUTHOIO IIOTOKAa, T. €. MATHUTHBIN
IIOTOK, IlIepeceKaeMbIl IPOBOAHUKOM IIPH ero BpallleHUH.

S = nlz-zc’it — IIJI0IaAb, KOTOPYIO IlepecedeT IIPOBOAHUK IIPU
T

BpalleHHHU C YIJIOBOM CKOPOCTHIO ® 3a BpeMd ¢, | — IJIMHA IPOBOJ-
HHUKa, B = yyH — uaayKknud, H — HanpAXeHHOCTb.

A=IA®=1IBS = IuOHnlz-z-“-:-t t.

OTcroma

. -1
0= 24  _ 2:10 = 29,5 (c1).
H-Iuolzt 1-12,56--10°7-103-0,09 - 60

Ha paccrosanum 5 cM nmapajieIbHO OPAMOJHUHEHAHOMY AJIUHHOMY
IIPOBOAHUKY ABUMKETCA 3JIeKTPOH ¢ KMHeTHUecKoi sHepruein 1 kaB. Ka-

Kas cuiia OyzeT JeCTBOBATh Ha 3JIEKTPOH, €CJIN 10 IPOBOAHUKY NIYCTUTD
TOoK 1 A?

AaHo: E=1035B=1,6-10"11xx; I=1A; r=0,05 M.
Haitu: F,
PeweHne. DJIEeKTPOH, oOJanaroluii KHHETHUYECKON 3Heprueu

2
E= m_zv_, IBUKETCA CO CKOPOCTHIO U = /2—E IIpAMoONHMHEeHHBIH
m

IIPOBOAHUK C TOKOM [ co3taeT MarHUTHOe IIOJie, MHAYKIUA KOTO-
poro B Ha pacCTOAHUU r OT HEro olpejensaeTcs 110 popmyJie

Ip

B=--",
2nr
Ha aBM)KyHInnca 31€KTPOH CO CTOPOHHBI II0JA AeHCTBYeT CHUJa
Jlopenna F; = quB:
2E Iho,
m 2nr’
° -19 ® ° ° -7 ® . -16
F, = 1,6-10719.1-12,56-107/2+1,6+10716 _ 1,2-10°17 (H).
2-3,14-0,05./9,1 10731

Fp=q
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[image: image56.png]IIpOTOH ABUIKETCA B MATHUTHOM IIOJIe HanpAXeHHocTho 10° A/M
II0 OKPYXHoCTH paguycoM 2 cm. HaiiTu KMHETUYECKYIO 9HEPTUIO IPOTO-
Ha.

Aano: H=10%A/m; r=10,02 m.
Hantu: E.
Pewenne. Kuneruueckas sHeprus onpejgensaercs no dopmye:

2
mbv
E =

2

Ha npoToH, ABHMXXyHmIuiicse B MArHUTHOM II0Jie C HHAYVKIUeH
B = pp,H co cropocTsio U, AelicTByeT cuna JlopeHna

Fn;=quB,

2
KOTOpas YMCIeHHO PaBHa IeHTPOCTPEMUTeNbHOM cuie F, = T2,

W3 paBeHcTBa Fj = Fu BBIPa3uM U U IIOACTABUM B hopmyny anda E:

2
quB =12,
r
v — q&‘ — q_______.“HOHr'
m m
g = mv? _ mg®(upoH)?r?
2 2m?2 ’
£ — 1,62-1073. 12 562- 10714 0,022+ 1030 _
2+.1,67-10727

~ 4,8+10717 (I»x) = 300 (aB).

@ IJIeKTPOH, IPONAA YCKOPAIOIYIO Pa3HOCTh NMOTeHIHalIoB 88 kB,
BJIETAET B OJHOPOAHOE MarHUTHOE II0JI€ IEPHEHIUKYJIAPHO €0 JUHUAM
nHAyKOuu. Aagyknua noada pasHa 0,01 Ta. OnpezenunTs pagnyc Tpaek-
TOPUH JJIEKTPOHA.

Aano: U=88kB; B=0,01Tn;e=1,6-10"1° K.

Hantu: r.

PeweHne. B MarHuTHOM moJie ¢ MHAYKIIHell B Ha 3JeKTpPOH,
IBHXKYIINHCA CO CKOPOCTBIO U IIepNEeHAHUKYJISAPHO B, neiicTByeT cu-
sna JlopeH1ia

F,=evB, (1)

KOoTopasa O6YCJIOBJII/IBaeT IHeHTPOCTpeMUuTeJIbHOE YCKOPEeHHEe 3JIeKT-
POHA IIPDH €0 ABNKEHHNH IT1O0 OKPYXHOCTH.

evB = L’.’?“-Z . (2)
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[image: image57.png]IIpoiiga yCKOpAIOMIYIO PasHOCTH ImoTeHuuanoB U, 3JIeKTpOH
2

IIpuoOpeTaeT KHHETUYECKYIO S9HEPIUIo -'%v— , paBHYI0 pabore A cui
3JIEKTPUYECKOIO II0JIA

muv?
— =eU.
2

OTcioza HaX0AUM CKOPOCTD 3JIEKTPOHA:

v=f—§?. (3)

N3 ypaBHenud (2) ¢ yuetrom (3) HaMgeM pagjuycCc TPaeKTOPHUH:

1 fZUm 1 /2-88-103-9,1:10"31
r==|——; r= 2 = 0,1 (Mm).
BN e 10—2J 1,6-10719 ()

@ MOMEHT MMIIyJIbCa OIPOTOHA B OXHOPOJHOM MArHMTHOM IIOJe Ha-
npsxeHHocTsI0 20 KA/M paBeH 6,6 - 10723 kr » m2/c. HaliTu xuHeTHYe-
CKYIO DHEPr'HIo IPOTOHA, eCJU OH ABIXKETCA MepHeHAUKYIAPHO JHHIAM
MHAYKIUAY MAarHUTHOI'O IOJIA.

Aawo: H = 2:10*A/m; L = 6,6:1023kr-M%/c; m =
=1,67-102"kr;q=1,6-10"1% K.
Haintu: E.

2
Pewenue. Kunernueckas sHeprus paBHa E = -'%v— IIpoToH

IBHKeTCs 110 OKPYXHOCTH pajguyca r noj geicresueM cujasl JIopeH-
na F; = quB, KoTopasa YHCJIEeHHO pPaBHA IIeHTPOCTPEMHUTEIbHOM CH-

2 2
. mv — mve __

JJOMHOXKUB JIeBYIO U IIPaBYyIO YaCTH Ha % , HOJIYIHNM

2
W3 ypaBHeHUA AJI1 MOMEHTA UMITyJbCca
L =mur
BBIPA3uM vr = % .

IToxcraBasisi vr B ypaBHEHUE, IIOJYUYHUM:

E = 4BL _ qprpoHL,

2m 2m
E = 1,6-1019.1-12,56-107+-2-104:-6,6+10-23 ~
2+1,67+10°27

= 8.10717 (I:x) = 500 (aB).

6 - 9332 Inanckoit 161




[image: image58.png]JiBa napaJjeJbHEIX 6ECKOHEYHO JIHMHHBIX IIPOBOAHUKA C TOKAMH
10 A BzaumopgeiicTByioT ¢ cuyoit 1MH Ha 1 m ux gauabel. Ha xakoMm pac-
CTOSAHHU HAXOLATCSHA IIPOBOLHUKHU ?

Aavo: I, =1,=10A; F=103H;l=1 M.
Hantu: r.

Pewenue. Cuna B3auMoOAeMCTBHA ABYX O0ECKOHEYHO AJUHHBIX
IapajyiejlbHbIX IPOBOAHUKOB AJUHOM [ ¢ ToKamu [, u I, onpexnens-
eTcd 110 popmy.Je

7= BoliTl

2nr

OTrclona

Mol 15l 12,56 -10-7-102-1
s r= 2 = (0,02 (Mm).
InF 2:3,14+103 ()

HanTu pagunyc TpaeKTOpPUH IPOTOHA B MArHUTHOM II0JIe ¢ UHIVK-
nuen 0,5 Tia, ecoiu 0H ABMIKeTCA HEPIEHAUKYJIAPHO BEKTOPY HHAVKIINH
n obsazaeT KMHEeTHYECKOH sHepruei 3 MaB.

AaHo: B=0,5Tn; E=3M3B; m=1,67-10"27 kr.
Hantu: r.

2
Pewenune. Kunernueckas sHeprud nporosa E = 5'-123— , OTKYZAQ

ero CKOpPoCTb U = /-Z—E . Co cTOPOHBI MAarHUTHOI'O MOJISA C UHAYKIIH-
m

eii B Ha ABUIKYIIUMCA CO CKOPOCTBIO U IIPOTOH JAeMCTBYET CHJIA
Jlopernia F; = quB, KoTopas sBJseTCA IEHTPOCTPEMUTEJILHOM

2
m
F = mnv

. . IlpupasuuBasa F; = F , HalineM pajuyc TPaeKTOPHHU r

ABUEHUA IIPDOTOHA.

2 2 . . -13, . -27
pomv?:_ 1 2Em ;r=J2 4,8-1071%-1,67-107%" _ j 5 (\y.
m 1,6+10719.0,5

JyeKTpoH ¢ 3Heprueit 300 3B ABM)KeTCA NePOEHAUKYJIAPHO JHUHU-
AM MHAYKINM MArHATHOIO IIOJIA HaupsAXeHHOCThIo 465 A/m. Onpene-
JIUTH cuy JIopeHIia, CKOPOCTh 1 paflyC TPpaeKTOPHH 3JIEKTPOHA.

Aano: E = 3003B = 4,8:10 " Isx; H = 465 A/M; m =
=0,1-10731 kr.,

Haitu: Fy, v, r.

PeweHune. KuHeTHUECKaA 5Heprusa sJieKTPOHA paBHA:

_ muv?

2 ’
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[image: image59.png]OTKyZJa V= -Z—E ’

m

24,8101
V= 2 =107 m/c.
J 9,1-10731 /

Cuna Jlopenna F; = quB; B = pp H;
Fy = quupoH;
Fy;=1,6- 10719.1.107-1-12,56-10"7-465=9,3-10716 (H).

B MarasuTHOM moJie 3JIeKTPOH ABUIKETCA 10 OKPYXHOCTU pagu-
YCOM I IIOJ AelCTBHEM IEHTPOCTPEMUTEJIbHOM CUJIBI

2
mv
F = mv-

9
a r

YHCJEeHHO paBHoH cuJje JlopeH1a:

muv?

Fy=F , Toraa F,= — "
2 . —31 . . 14
R (1 9,1-10 1.101 _ 0,1 (m).
F, 9,3:10-16

5. DAeKTpOMarHMTHas MHAYKLUMA. CAMOMHAYKLMS.
DHeprusa MarHMTHOrO NOAS

Cousenonp piauuoi 20 cM 1 zuamMeTpoM 4 ¢M MMeeT IJIOTHYIO TpeX-
CJOHHYI0 0OOMOTKY M3 npoBoga xuamerpom 0,1 mm. ITo o6MOTKE coseHO-
nga redeT Tok 0,1 A. 3aBucumocTs B = f(H) x11a MaTepuaJia CepJiedHIKAa
raHa Ha puc. 41. OnpexesnTs HanpAKEHHOCTb U NHAYKIINUIO IIOJIA B COJIe-
HoHJe, MArHUTHYIO IPOHHUIIAEMOCTh CEPAEYHNKA, UHAYKTUBHOCTD COJIe-
HOU/ia, DHEPIr'UIio U 00beMHYIO IIJIOTHOCTEL SHEPIHHY IIO0JISA COJIEHONAA.

Aano:1=0,2M; D=0,04Mm; k=3;d=10*Mm; I =0,1 A.

Hantu: H, B, u, L, W, w.

Pewenue. ITosle BHYTPH COJIEHOUA MOKHO CUUTATH OLHOPO/-
HBIM. B 5TOM cllydyae HAIPAXKEHHOCTH I10JIA paBHA:

H=1In,

rae I — cuya ToKa B oOMOTKe, n = -}- . ék = g — YHCJIO BUTKOB,
NPpUXOOANINXCA HA €AUHULY AJHMHBI COJIEHOUIA, K — YMCJIO CJIOEB

o6MOTKM, d — guamMeTp nposoga. Torga

~Ik. g _0,1-3 _
H = =0 H = 2222 = 3000 (A/m).
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[image: image60.png]B, Tx ITo rpadbury B = f(H) (puc. 41) maxo-

2,0 oM, uyTo Hamnps:xeHHoctu 3000 A/M co-
1,5 orBercTByeT MHAYKIUA 1,7 Tin. HMcmosas-
1,0 3yd CBA3bL MEXIy HHAYKIIMEeH M HaIlpsd-
0,5 ’KeHHOCTBIO, OIIpeAeIMM MATHUTHYIO IIPO-
071234 5 g %A numaemocTs:
. B = ppH,
Puc. 41 | B
HoH
p= L7 = 451.
12,56 - 10-7- 3000
MNBEaAYKTHBHOCTE COJIEHOUAA
L = pp,yn?lS,
2
rae | — anuHa, S = % — MJIOIIAAL IIOIEPEYHOr'0 CeYeHHs coJie-

HOMXAaA. C Y4yeToOM TOro, 4TO n = g y IIOJIYIAEM.

k2 ,nD?
L= ==
. . 10-7.92. . D A2.10-4
[ —451:12,56:1077-32-0,2:3,14-42- 10 _ 195 ).
4108
O0BbeMHaA IMJIOTHOCTh 9HEPIr'uy MArHUTHOTO IIOJSA
— E'.-H ¢
w = L7 '23000 = 2,55+ 103 (IIx/m3).
OHeprus MarHUTHOrO II0JA COJIeHON LA
W = wSl
UJIN
LI?
W =—=",
2

ITogcTaBiasa 4ucIOBBIE JaHHBIE, ITOJyYaeM
W=128-10"2-0,5 = 0,64 (Ix).

Ha cosenouny (cM. ycJIOBHe U pellleHNe 3ajauu (7) HaJEeTO N30JIH-
poOBaHHOE KOJIBLIO Toro ke auamerpa. Onpezenurs IJIC mMHIYKIUUN B
KoJuable u IJIC camonHAYKIMU B cosieHouzme, ecau 3a 0,01 ¢ TOK B ero
00MOTKE paBHOMEDHO CHM)KAETCA 0 HYJIA.

Aavwo: B=1,7Tn; D=0,04m; I,=0,1A; L=128TH; At =
=10"2¢; I, =0.
Hantu: 6, 6.
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[image: image61.png]Pewenne. Ilo ycaoBuro 3agaum 3a Bpema At = 0,01 ¢ cuaa To-

Ka B 0OMOTKe coJIeHOHia paBHOMepHO yMeHbIIaerca ot 0,1 A 1o O,
II03TOMY MATHHUTHBIH IIOTOK, IIPOHU3BIBAIOIIHM ILJIOIaAb KOJIbIIA
2

S = nD* , yMeHbpIIaerca ot P, = BS go @, = 0. 3AC unayruuu,

BO3HUKAIOIIAA B KOJbIIe,

At At At 4At
1.7-3,14-16-104
=S ~ 0,21 (B).
g 4:107? (B)

JC caMOMHAYKIUH 6 ;, BOSHUKAIONIAaA B COJIeHOU/ e IIPH BbI-

KJIIOYEeHHUM TOKa B HEM, o = —L%. Tak xak IIpH BBIKJIOUEHWH

CHuJia TOKa yMeHBbIIIaeTCcdAa 40 HYyJId paBHOMEPHO, TO

dt At At At
Torma
_ LI,
T g
128-0,1
= - =12 .
6 0.01 1280 (B)

Cuia ToKa B cojJleHOHJe paBHOMepHO Bo3pacTaeT oT 0 mo 10 A 3a
1 muH, pu aTOM coJeHoup HakamiausaeT sHepruio 20 JI)x. Kaxkaa 9]1C
NHAYLIHPYETCA B COJIeHOne?

Aavo: [, =0;1,=10A;t=60c; W =20 Ox.

Hantu: &.

PeweHue. DQHepruss MarHuTHOIO IOJIA COJIEHOHA C MHAYVKTHB-
HOCTBIO L, 10 KOTOpOMY TeueT TOK I, paBHa

w= LI
2
_2W
OTKYyZa L—-—I—z—.

OIC caMOMHAYKIIUK, BOSHUKAIOMIAA B COJICHOHAE IPU U3MEHEeHUN
TOKa B ero oOMorke Ha Al = I, — I, 3a BpeM4a At, 6yner:

dI Al _ 2w I,
=-L=—;umé=-L= =-"— =,
p dt g At 1?2 At

§=-2:20-10 . 4 467 (B).

102 - 60

165




[image: image62.png]OxnocJuioliHbIll cosieHouy 6e3 cepaeuHumka aaunoit 20 cM m gua-
MEeTpPOM 4 CM HMeeT ILJIOTHYIO HAMOTKY MeAHBIM IIPOBOJAOM AHaMETPOM
0,1 mm. 3a 0,1 c cusra ToKa B HeM paBHoMepHO yosIBaeT ¢ 5 A go 0. Onpe-
neautb IJIC caMOMHAYKI MU B COJIEHOUIE.

Aato: 1 =0,2m; D=0,04M;d =10%m; ¢t =0,1c¢; [,=5A;
I,=0.
Haitu: ;.

PeweHne. JJIC caMOMHAYKIIMM, BO3HUKAMONIAA IIpH M3MeHe-
HUU ToKa Al B cosleHOU e 3a BpeMd At,

Gy = —L% U 6, = —L% :
NHIYKTHUBHOCTL COJIEHOUIA PABHA:
L = pp,n2lS,
rhe |, — MarsuTHas IIOCTOAHHASA; N — YHCJIO BUTKOB Ha eJUHUIIE

OJIUHEI COJIeHOU A (npn IIJIOTHOM HaMOTKe n = cll)’ [ — nnuHa co-

2
JeHOnAa, S = E% — IJIomiajAh IIOMEePeYHOro ceYeHUs COJIEHOH A,

D — nuamerp coseHoupga, u = 1.

_ 1 ,;aD2ATl,
Pt = Hogs g i
12,56-10°7-0,2- 3,140,042+ 5
L= 2 2 2 2 :1,6 Bo
B 108.4.0,1 (B)

OGmoTka comeHoua uMeeT conporusiaeHue 10 Om. KakoBa ero un-
AYKTUBHOCTD, €CJIX P IPOoXoXKaAeHnu ToKa 3a 0,05 ¢ B HeM BrIfenseTca
KOJHUYECTBO TEIJIOTH], 9KBUBAJIEHTHOE 9HEPIMH MATHUTHOIO II0JIA COJIe-
Houpa?

AaHo: R=100m;t=0,05¢c; W =@Q.

Hawntu: L.

PeweHue. OHeprusa MarHUTHOTrO OJIA COJIEHON A PaBHA:
__LI?
==

a KOJIMYECTBO TEIJIOTHI § onpefensaeTrca no 3akony J[xxoyaa—JleH-
na:

Q@ = I’Rt.
Tak KakK W =@, 0 LEIE = I2Rt,
OTKyHa L=2Rt; L=2-10-0,05=1 (Tn).
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[image: image63.png]B niiockocTH, NepuneHAUKYJIAPHON MAarHUTHOMY IIOJIO HAIIPAMKEH-
HOCTRIO 2+ 10° A/M, BpamaeTrcsa cTepxkeHb AauHON 0,4 M OTHOCHUTEJILHO
OoCH, IPOXOAAIel yepes ero cepaueBuny. B crep:xkHe naaynupyercsa J1C
0,2 B. OnpenesuTh YriIoBYIO CKOPOCTh CTEPXKHA.

Aavo: H=2-10°A/m;1=0,4mM; §=0,2B; p=1.
Hantu: o.

PeweHue. JJIC mHAYKOUN paBHA CKOPOCTH HM3MEHEHUS Mar-
HUTHOTO MOTOKAa P, mepeceKkaeMoro CTepKHeM IIPpH BpallleHUH.

5 - _d® __BdS
' dt dt ’

rae B = ppoH — vHAYKNUA 014, dS — niaoniaak, epecekaemMas
CTEP>KHEM IIPH BpalleHHH C YIJIOBOH CKOPOCTBHIO (.

ITosmoBuHA CcTep)xHs, UMeA paguyc r = é, IIpH IIOBOPOTE HAa

2
yroa d¢ nepeceuer maomansb dS' = %d(p, a BeCh CTEepyKeHb Iepece-
yer miaomans dS = 2dS’= r?deo.

_d® _ _BdS
Torga &, = = = = ppoHrz——(f = upoHrio.

OTkyna

W = _:_§i_ = —0,2 = —-920 (c"l).
woHr? 12,56+-10"7-2-10°-0,22

Conenoup 6e3 cepfeuHHKA ATUHON 15 ¢cM U fuaMeTpPOM 4 cM UMeeT
100 BuTKOB Ha 1 ¢M XJINHEI ¥ BKJIIOYEH B IIelIb UCTOYHMKA TOKa. 3a 1 Mc
cuja TokKa B HeM m3aMeHmiaachk Ha 10 MA. Onpexgenutrs IJ1C camMonHAYK-
I[M1, CYUTAaA, YTO TOK B IeIM N3MEeHAETCA paBHOMEPHO.

Aano: [=0,15em; D=0,04 Mm; n =104 L, u=1; AT=102 A;
At =1073c.

Hantu: 6.
— LE“_I _ AL

Peweuune. IIC camouHAyKIHU &, = e

UM 6 =
NHAYKTHBHOCTE cosleHOoua L = puonzlS S = 4 . Torga:
L=12,56-10"7-10%-0,15-3,14+0,042- i = 2,4+ 102 (I'n).
g, = —LAI, 5, =-2,4-102- 18 ~ —0,24 (B).
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[image: image64.png]Cosenonp ¢ cepaeuHnkoM (p = 1000) ginHON 15 ¢M 1 fuaMeTpPOM
4 cm nMmeer 100 BUTKOB Ha 1 cM JJMHBI M BKJIOYEH B I[€elIb NCTOYHMKA
Toxka. 3a 1 Mc cua Toka B HeM uamenuaach Ha 10 mA. Onpegeaurs IC
CAMOMHAYKIIN, CUNTAA, YTO TOK B IIeI N3MEHAETCA PABHOMEDHO.

Aavo: [ =0,15m; D =0,04Mm; n =10¢m!; p = 1000;
Al =1072 A; At =103 c.

Hantu: 6,;.

Pewenue. JJ1C caMOMHAYKIIMY paBHA:

__rdl _ _1 Al
531' - _La HJIN gsi - ""L-A—{ .

NHIYKTHBHOCTD COJIEHOHNAA BREIYHCIAsIETCA 0 hopmyie:

L = ppyn?lS; §= "2

4
L=10%-12,56-10"7-108.0,15-3,14 0,042+ 0,25 = 24 (T'n).
— 1AL,
6= -L;
g, =24 18 -240 (B).

OxHopoaHOE MArHnUTHOe IoJie HanpaAXeHHocTbio 900 A/M geticT-
ByeT Ha IIOMELIeHHBIN B HEero NpPOBOAHUK AJmHOM 25 cM ¢ cuiou 1 mH.
OnpegeanTs CUJIY TOKA B IPOBOJAHHKE, €CJIU YIOJ MEXKJAY HallpaBJeHUEM
TOKA M MHAYKIIMU II0JS paBeH 45°.
Aato: H=900A/m;1=0,25Mm; F=103 H; o = 45°.
Hantu: I.

Pewenne. Ilo 3akoHy AMIepa Ha IPOBOAHUK AJHHOM [ c TOKOM
I, moMeIeHHBIA B MarHUTHOe IIOoJie C MHAYKUMel B = upyH, co

CTOPOHBI MOJIA AeiicTByeT cuyia F = Bllsin o, rjie oo — yroJy MeXAY
HaIlpaBJ€HHEM TOKA M II0Jfd, |, — MarHuTHas IIocToAHHAaA. Torzaa

F .
puoHlsina’
1073+ 2
12 56 +10-7.900-0,25 - ./2

=95 (A).

IleprieHAMKYJISAPHO JUHUAM HHAYVKIINHA OJHOPOJXHOI'O MAruMTHOI'O
noJda ¢ nEAyKnueit 0,3 Ta gBUKeTCA NPOBOAHUK AJNHOM 15 cM co cKOpO-
cthio 10 M/c. HanpaBiieHHe HOpMAaJd K IPOBOAHUKY U CKOPOCTH COBIIa-
naiot. Onpegenuts I[1C, nHAYIHPYEMYIO B IPOBOJHUKE.

Aavo: B=0,3Tn;[=0,15m; v=10mMm/c.

Haitu: 6,.
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[image: image65.png]/
o dx=vdt ~

P
) J

Puc. 42 Puc. 43

PeweHne. JJ[C MHAYKIIMKE paBHA CKOPOCTH HU3MEHEHHUs Mar-
HHUTHOro 1notroxka @d:
dd
6i =
dt
MarauTHbiil notok @ = BS, rae S — nyoniagb, KOTOPYIO IIpo-

HU3LIBAET MarHUTHOE II0oJie ¢ HHAYKIuell B (puc. 42). dieMeHTap-
HbIM MarHUTHBINA NoTOK d® = BdS = Bldx. Torna

8, = —Bl%—’tf = —-Blv; §,=-0,3+ 0,15+ 10 = —0,45 (B).

Ha xonmax KpbeLIbeB camoJiera ¢ pasmMaxom 20 M, JeTALIero co
ckopocThbio 900 xm /4, Bosduukaer IJC munyxknun 0,06 B. OnpexenuTts
BEPTHUKAJIBHYIO COCTABJIAIIIYIO HANIPAXKEHHOCT! MArHUTHOTIO I10JISA 3eM-
JIN.

Aano: | =20 m; v=250mM/c; §,= 0,06 B.

Hantu: H.

PeweHnne. Jleramuii camMojieTr mepecekaeT MAarHHTHOE IIOJie
3eMJH, HAIpPSAXKEeHHOCTh KoToporo H cBA3aHa ¢ uHAyKIueii B co-
oTHoueHueM B = ppu H. 3[1C uHAYKIMY, BOSHUKAIONIAA IIPU 9TOM,

paBHa 6, = —%% CKOPOCTM U3MEHEHUS MArHUTHOr'O nmoroka P, me-
peceKkaeMoro KpeliIbsaMHU caMoJieta, @ = BS.
3a BpeMsa dit caMoJieT ImepecedeT NJOIaAb

dS = ldx = lvdt (puc. 43).

CrnenoBaTesbHO,
dd Blvdt
d®D = Blvdt = —— = = )
16, dt dt HuoH I
OTKYJa
H=_%_.p- 0.06 ~ 9,6 (A/M).
Hpoly 1-12,56 10720 - 250

169




[image: image66.png]ITo conmenonay Teuet TOK cuioit 5 A. Ilnuua conenonga 1 M, 4ucio
BUTKOB 500. B cosenons BcTaBiieH xeje3HbIN cepaeyHnK. HaviTn namar-
HUYEHHOCTh U 00bEeMHYIO IIJIOTHOCTEL 9HEPI'MH MATHUTHOIO IIOJIA COJIEHO-
nna. 3asucumocts B = f(H) nana Ha puc. 41.

Aavo: I =5A;1=1wm; N=500.

Hantu: J, w.

PeweHne. HaMarHn4eHHOCTH OIIpeiesiaseTCA OTHOIIIEHHEeM Mar-
HHTHOI'O MOMEHTAa K 00beMy MarHeTHKa U CBs3aHa ¢ HaIlpAXXeHHO-
CTHIO MardHMTHOTO II0JIA COOTHOILIEHHEM

J =yH, (1)

rpe yf — MargiHuTHasa BOCIIDHUMYHUBOCTB Cpehbl.
ITose COoJIeHOH Aa MOXHO CUHTaATh ONJHOPOAHBIM. B sTom cJIiydyae
HaIIpAMXEeHHOCTbD II0JIA BBIYHCIIAETCA I10 CI)OpMYJIe

H = In, (2)

rae I — cuja TOKa, TeKyIero o oOMoOTKe COJIeHOHA.
Torna

=1y, (3)

CBa3p MeXy MarHUTHOM BOCIPHUHMYHMBOCTBIO j, M MArHUTHOI
IIPOHUILAEMOCTBIO |l Cpebl BhIpakaeTca (GopMyJIoil

x=p-1 (4)
Onpep;eJmM HaIIpAXEeHHOCTbh MaArHmTHOroO IIoJigd COJIeHOoHuaa IIo
dopmyare (3)
H=5-" §91.9 = 2500 (A/m).
ITo rpajpmky Ha puc.39 HAXOAMM, UYTO HAIPAXKEHHOCTHU

H = 2500 A/M cooTBeTCTBYeT MHAYKIIMA MATHHTHOIO Iojnd B =
= 1,6 Tan. Ucnonpaya coorHomenue B = pp,H, onpenenum .

=B .= 1,6 = 509.
12,56 - 1077 - 2500

CornacHo ¢opmyae (4) umeem y = 509 — 1 = 508. Onpegenum
HaMarsu4eHHOCTD 1o opmye (1):

J = 5082500 = 12,7 (A/m).

O0beMHaA NJOTHOCTh YHEPrUM MATrHUTHOI'O IIOJISA COJIEHOHZAA
BRIYUCJIAETCA 110 hopMye:

w= %I—I; w = 1.0 °22500 = 2+108% (Tx/Mm3).
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[image: image67.png]m ITo o6MOTKe coNeHONAA C TapaMeTpaMu: dYucio BuTkoB 1000, xiu-
Ha 0,5 M, 1nameTp 4 cm TeueTr ToK 0,5 A. OnpezesuTs HIOTOKOCIEILIEHUE,
dHEPruio, 00 beMHYIO IIJIOTHOCTh 3HEPIHUH COJIEHOMUIA.

AaHo: N=1000;1=0,5m; D=0,04m; I =0,5A; n=1.

Hantu: vy, W, w.

Pewexnue. HanpsaxkeHHOCTs, MATHUTHOIO IIOJIA cojieHouga H =

=1 %7 , HARYKIUA B = ppuH = ppyl %7 , 00'beMHasd ILJIOTHOCTh 9Hep-

rnnw=%’ w BH

= S_l , a depe3 XapaKTEepHUCTHUKH IIOJIA W = ——2— .

1:12,56+:1077-0,25-10° 3
= ) 2 o~ , 3 .
w 5 0.25 0,63 (»x/m°)

W =wSl; W=0,63- 3214 ‘f 1107 . 0,5 = 4104 ().

HOTOROCHGHJIGHI/IG \y COJIEHOH 1a PaBHO.

W=BSN=B’I€_2N=WOI%’E€_2N;

. . -7, . 6. e 42, -4

4-0,5

OpuoponHoe MarsMTHOE IIoJie, 00bEeMHAA IJOTHOCTL dHEPIUHU KO-
toporo 0,4 II>x/M3, nelicTByeT Ha IPOBOAHUK C TOKOM, PACIOJIOXKEHHEIH
IepHeHANKYJIAPHO JUHUAM NHAYKIHY ¢ cuyoi 0,1 MH ma 1 cM ero gan-
HbI. OnIpee/iuTh CUJIY TOKA B IIPOBOLHUKE.

Aavo: w=0,4 /M3, F=103H; =102 Mm; a = 90°.

Hantu: I.

PeweHne. Ha npoBogHUK ¢ TokoM I ainmHOM [, moMelIeHHBIN B
MarHuTHOe IIoJie ¢ MHAVKIIuel B, neiicTeyer cuya AMmnepa F':

F = Bllsin a,

OTKY/Ja
—_— —F-‘.. ; © ==
B 7 (sin 90 1),

o0beMHas MJIOTHOCTD 9HEPITHH paBHAa.

B2 F2
y W= y OTKYIA
2pop 2poul?l? VA

F [ 1 10-3 1
=% / o [ = / =100 (A).
I N 2wppg 107242.0,4+12,56+ 107+ 1 (&)
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[image: image68.png]Yemy paBHa oO0beMHas IJIOTHOCTH d9HEPrHM MArHUTHOTrO IIOJIA B
coJieHOn e 6e3 cepAeuHN KA, MMEIOIIEero IJIOTHYIO OZHOCJIONHYI0 HAMOTKY
rnpoBogoM guamerpoMm 0,2 MM, ecsu cujia ToKka B Hem 0,1 A?

AaHo: d=2:-104*Mm:I=0,1 A.

Hantu: w.
PeweHne. JHEeprusa MarHUTHOTO I10JIS COJIEHOUJA paBHA.
2
W = %_ .

roe L = puonzlS — HMHAYKTUBHOCTH COJIeHouAa, I — TOK, My —
MarHuTHas IIOCTOAHHAaA, N — YHCJIO BUTKOB Ha 1 M coJeHoupga

(npn IIJIOTHOM HaAMOTKE n = cll ), [ — nnuHa, S — nJjgoniaxb IoIle-

PEYHOTr0 CeYeHHUA COJIeHOHAa.
O6beMHaA MJIOTHOCTD SHEPruu

W _ W _ upe1-ISI*

vV S 2d2S1

1-12,56-10"7+-1-102
= 2 = 0,16 (IIx/M3).
2.22.10°8 (loxc/ %)

w

Conenony 6e3 cepleyHNKA UMEET IIJIOTHYIO OJHOCJIOMHYIO HAMOT-
Ky nposoaoM auamerpoMm 0,2 MM, u no Hemy TeueT Tok 0,1 A. I{nmHa
coneHonga 20 cm, nuameTp 5 cMm. HaiTu sHepruo MarHUTHOI'O IIOJSA CO-
JeHOHuJa.

AaHo: d=2:10"*m;I=0,1 A; D=0,05m;1=0,2M; p=1.
Haintu: W.
PeweHne. JHeprua MArHUTHOIO IOJIA COJIeHOHJA paBHa: W =

2
= ILZI— , rie L = puyn?lS — MHAYKTHBHOCTEL COJIEHOMAA, [, — MAr-

HUTHAaA MIOCTOAHHAaA, N — YHCJIO BUTKOB Ha 1 M COJIeHOuaa (npn

- 2
IIJIOTHOM HAMOTKe n = %l ), | — nnuHa, S = E% — ILJIOIAAb IIOIIe-

pe‘{HOI‘O CeYeHUudA COoJIeHOnxa. TOI‘,U,'a
LI 1 ,nD? I
w==LLE ), 1 nD? 12,
2 Poz' 4 32
. T e . . 2., 2
W= 12,56:1077:0,2-3,140,052-0,12 _ g 9. 105 (70,
4-1058-4-2
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[image: image69.png]ITo conmenonnpy gauuoii 0,25 m, umeroremy 500 BUTKOB, TeUET TOK
1 A. IInomans monepevHoro ceuenus cosenonna 15 ecm2. HaiiTu sHepruzo
MATrHUTHOTI'O IOJIS COJIEHONA.

Aano: I=1A;1=0,25m; u=1; N=500; S=1,5-10"3 m2,
Hantu: W,
PewexHue. JHEprusa MarHUTHOIO II0JIA COJIEHOUJa paBHa
_Lr
2 ?
rae L = pponzlS — HHIAVKTHUBHOCTL COJIEHOHUAA, N = %7 :

N2 I2

12,56 -10~7+52+104+1,5+10-3 - 1 i
w = 12, ; ~9.4.104 .
2-0.25 ()

6. OCHOBbI TeOpPHHM MAKCBCAAA
AASl SACKTPOMArHMTHOIO NOAS

HanpsXeHHOCTB 3JIEKTPUUYECKOr'0 HOJIA B 3a30pe MeXAy oOKJIaz-
KaMHI KOHAeHCATOpa IIOIanbio 1 ¢M2, 3al0IHEHHOI'O AUIJIEKTPUKOM C
¢ = 1000, uameHnsaerca paBHOMepHO co ckopocThsio 0,17 MB/(™ * ¢). Onpe-
IEeJIUTH CUJIY TOKA CMEILeHNs B TAKOM 3JIEKTPHUUYECKOM II0JIe.

AaHo: S =1 cm?; %]?3 =0,17 MB/(M -+ ¢); € = 103,
Hamtu: I .

PeweHue. Ilo Treopun MakcBesjia NJIOTHOCTh TOKA CMeEIleHUA
Joy PABHA CKODOCTH H3MeHeHHs 3JEeKTPHYEeCKOro cmemleHus D.

. _ 0D —
Jog = Frk YuuteiBas, yro D = gg K, rae € — nualeKTpUUYecKas

IIPOHUIIaeéMOCTh CpP€Abl, £, — 9JJIEKTPpHUYECKas IIOCTOsHHAadd, E —
HAIIPDAXEHHOCTD JIEKTPHUYECKOroO II0JIA, MOXHO 3alluCaTh.

. oE
]cm_aao'a.

ITo onpexnesieHNIO MJIOTHOCTh TOKA CMELIEHHUS B CJy4dae IIOCTO-
STHHOT'O TOKAa paBHA

rge S — maoumanab IJIACTUHBI KOHAEHcaTopa.
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[image: image70.png]C y4d4eToOM 3TOI'O MOMKHO 3allNCaTh.

Iew _ .. OFE
s 0%
OTKYyJa I, =€gyS %E; :

HO,Z[CT&BJIHH YU CJIOBBIEe JaHHbIe, IIOJIYIUM
I, =10%-8,85-10"12-1-10%-1,7-105=1,5-10"7 (A).

IIpu pa3pafKe IJIOCKOI0 KOHAEHCATOPA, IJIOMALb OOKIaZOK KOTO-
poro paBHa 10 c¢cM2, 3aII0JIHEHHOI'O AM3JIEeKTPUKOM ¢ € = 103, B moxBoaA-
IIIMX IPOBOZAX TeueT TOK 1 MKA.

OnpezeanTs CKOPOCTh N3MeHEHUA HAIPAXKEHHOCTH 3JIEKTPUUECKOT0
IIOJIA B KOHZeHCATOpe.

AaHo: I=10%A;S =103 M2 ¢=108.

Hantu: ok .
ot

Pewenne. Cuia Toka IIPOBOAMMOCTH B IIOABOAAININX IIPOBOAAX
PaBHa CHJI€ TOKA CMEeIlleHHU A B 3JIEKTPHUHYECKOM II0JIe KOHAEHCATOopPa

Inp = Icm“
IIlnoTHOCTB TOKA CMENmIeHHUd j,, II0 OIpeJeIeHHUIO paBHA
S
JCM S *
C npyroi cTropoHBI, o Makcsesny
. __ 0D
Jou = ¢ 2

rae D — sJeKTpHUUYeCKOe CMeIlleHHe, CBA3aHHOEe C HaIpsaKeHHO-
cThIO osiA E cooTHomenueM D = ggy E. C ydeToM 3TOr0 3amumiem:

I. _1I
=5 7§
. _ 0D _ oOE
Jem = Et- =& O_a_t'
IIpupaBHUBaA nMpaBbI€ YaCTH 3TUX BHIPAKEeHUM, ITOJYIHUM:

I oE OE I
— =ggn— , OTKYJa — = .
S 05t A ot €€4S

IloncTaBuM UHCIOBBEIE faHHBIE:

0E _ 10-¢
ot 103-8,85-10712.10°3

~1,1+105 (B/(m" c)).
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[image: image71.png]Ilpn pa3psajaxke AJIMHHOIO NUJIMHIPUYECKOI'O0 KOHIAEHCATOpA IJIU-
HOI 5 ¢cM M BHeIIHUM paguycoM 0,5 ¢cM B mOABOAALINX IPOBOJAX TeUdET
TOK IpoBoguMocTu cuioii 0,1 MxA. OnpenenTs IJIOTHOCTh TOKA CMeLe-
HUA B JNDJIEKTPUKE MeXXAy oOKJIafKaMu KOHAEeHcaTopa.

Aavo: [=5cm; r=0,5cwMm; Inp = (0,1 MKA.

Hantu: j_,.

Pewenue. Cunraem 3apajx KOHAeHcaTopa paBHBEIM @. IIo Teope-
mMe Octporpagckoro—I'aycca A BEeKTOPa 3JIEKTPHYECKOro cMe-
meHua D moToK BeKTopa D CKBO3b 3aMKHYTYIO IITMJIHHAPUYECKYIO

IIOBEPXHOCTD pajuyca I paBeH 3apany &, oxBaTbIBaeMOMY II0BEepPX-
HOCTLIO HHTErpHPOBAHUA S

$DdS = Q.
S

Ilo ycinoBuI0 3aauyu IIOTOK BeKTOopa DD mMpoHU3BIBaeT OOKOBYIO

IHJIUHAPUYECKYIO IOBEPXHOCTL S = 27nrl HoOpMaJbHO K Hel, Tak
kak D=D .

ﬁDndS =D-+2nrl=Q, orkyna D = Q .
S 2nrl

IInoTHOCTH TOKA CMellleHud j,, PaBHA

| g
Ja = 5f T onrl "Bt 2mpl mP

. 1-10°7 _
= =6,4+107° (A/M?).
Jex 2:3,14:5°103:5.1072 (A/M7)

3aAa4U AASl CAMOCTOSITCABHOIO pPeLUeHMUS

1. OnpeneauTh CUIYy 3JEKTPUUYECKOr0 B3aMMOAEHCTBUA 2JIEKTPO-
Ha ¢ AOPOM B aToMe Bojgopoza. CpenHee paccToAHUE 3JIEKTPOHA OT AJLpa

cuuTaTh paBubIiM 0,5A. Ortsert: 9,2:-10°8 H.

Q. Ha xa’x0M MeTpe paBHOMEDHO 3apAKEeHHOI HUTHU pacupeje-
JeH 3apafg 21077 Ka. Okoso HMTH HaxXOOUTCA HBUIMHKA C 3apsafoM
-1,65+1071% K1, xoTopass mpuraruBaerca HuThIo ¢ cuuoit 10710 H, Ha
KaKOM PacCTOAHHH OT HUTHU HaXoAuUTCA NbUIMHKA? OTtBeT: 61073 M.

3. U3oaupoBaHHBI mapuK paguycoM 0,04 M 3apskeH oTpHLa-
TeJIbHO A0 noteHuuana 400 B. Haiitum mMaccy 3JeKTPOHOB, COCTaBJIAIO-
Iux 3apan mapuxa. Orser: 10720 xr.

4., Paccroanme Me)XAy TOuUeuHBIMH 3apamaMua —-5:108Kia u
+8+1078 Kn pasuo 40 cm. HaiiTu HanpaKeHHOCTD IIOJIA B TOUKE, HAXO-
AdAmeiica nmocepesuHe MexXAy 3apagamu. Oteet: 2,9-104 B/Mm.
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[image: image72.png]5. VeraHOBUTE, Ha KAKOM PacCTOAHUM OT 3apPAKEHHOIO IHJIMHL-
pa HaIpAXXEeHHOCTh II0JA paBHa 4-10° B/m. fuamerp nuaungpa 4 cm,
IIOBePXHOCTHaA IJIOTHOCTH 3apAza 8,85+ 107¢ Kia/m2. Orser: 0,03 M.

6. Kaxoit cuinsl TOK BO3HUKAEeT B DJIEKTPUUECKOH Jamme, pado-
raomeil nox manpsxesueMm 120 B, ecau ee BoasppaMoBad HUTH Harpe-
BaeTca mo 2000 °C? Comporusienme Hutu npu 18 °C pasuo 40 Om.
Ortser: 0,29 A.

7. Bo CKOJBKO pa3 cmia 3JeKTPHUYECKOr'o B3aMMOLeHCTBUA IBYX
3JIEKTPOHOB 0OJIbIIE I'PABHUTAIIMOHHOIO B3aMMOJZEHCTBUA 3TUX 3JIEKTPO-
HoB? OTBeT: B 4,2+ 1042 pas.

8. IIBa npoBogAImMX mapukKa Maccoit mo 0,004 Kr xaX bl ToxBe-
IIeHbl B BO3AyXe Ha HeIPOBOAAIIMX HUTAX AamHOu 205 cM K oxHOMY
Kprouky. IIlapukam cooO0minin paBHBIE OZHOMMEHHBIE 3apAAbl, BCJIEI-
CTBME Yero HIapHKH pasonuanchk Ha paccrodnue 90 cm. OnpegennTts 3a-
pap kaxgoro mapuka. Orser: 0,9 mxKi.

9. DiexTPOH ABMKETCA BOKPYT AApa BOLOPO/A 0 KPYroBOi op6u-
Te paguycoM 5,29 1079 cm. OnpesesuTs CKOPOCTH 3JIEKTPOHA HA 3TOMH
op6ute. OtBer: 2,2+-10°% Mm/c.

10. OmnpezenuTh mOTeHIMAN HOJA, OGPA3OBAHHOI'O AMUIIOJNEM, B
TOYKAX IJIOCKOCTH, NepPHeHANKYIAPHOI ero OCH M IMpOXOxAlieil uepes
cepefHHY OTPe3Ka, COeAUHAIONIEr0 3apAAnl gumoisi. Oteert: 0.

11. B nenTpe Kyba nomermieH 3apan 10,6 aKia. OnpegesuTs I0TOK

HAIIPAKEHHOCTU 3JIEKTPUUECKOI'0 II0JIsA, IIPOXOAAINEro uyepe3 I'paHb
KyOa. OrtBeT: 200 B M.

12. O6kIagKM IUIOCKOrO KOHAEHCATOPA IOMEINEHHI B KEPOCHUH
(e = 2). Kakyio paGory Hago cOBepUINThb, YTOOBI pa3fBHHYTEL OOKJIALKU
KOHJeHcaTopa Ha pacctosHue oT 2 10 11 cM, eciiu OHH 3apAMKEHBI O
HanpsaxeHuda 600 B u orxkirouens! oT ncroununka? Ilmomanes Kaxxgoit 06-
kaagku 628 cm?. Oreer: 0,81 mxx.

13. B meHTpe KBajgpaTa pacHOJOXKEH IIOJOKUTEIbHBIH 3apsapn
0,25 mxKxa. Kakoit 3apAx Haio IOMECTUTh B KaXXI0¥ BepIInHe KBajapa-
Ta, 4TOOBI crcTeMa 3apAJOB HaXOAHJIACh B paBHOBecuu? YTo MOKHO
CKa3aTh O 3HaKe 3apagoB? OTteeT: 0,26 MmxKJ; oTpuniaTeIbHbIH.

14. Mexay IIOCKMMM TOPH30HTAILHBIMHU IJIACTHHAMM, 3aps-
’KeHHBIMU PaBHOMEPHO, IOMeIlleHa IBIIMHKA Maccoii 1071% kr ¢ zapsa-
nom 4,8 - 10719 K. KaxkoBa NJIOTHOCTE 3apAKOB ILJIACTUH, €CJIM NBLINHKA
HaXoZUTCs B paBHoBecunu? Oteert: 1,8 1077 Ki/Mm2.

15. Mnomane kaxaoii OOGKJIALKH IJIOCKOTO BO3NYIIHOrO KOHIEH-

caropa 314 cm2, paccrogHmne Mexxay HUMH 2 MM. HanpsakeHHOCTh IOJIA
Mexay ooxkaagxkamu 60 kB/Mm. Kakyio paboTy Hy»XKHO COBEpIINUTE, YTOGBI
BIBUHYTE MeXKAY OOKJIaJKaMU KOHAEHCATOPa CTEKJAHHYIO IJIACTUHKY,
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[image: image73.png]ecJI OHa IIOJIHOCTHIO 3aIIOJIHAET KOHAEHCATOP ¥ KOHJAEHCATOP II0CJIE 3a-
PAXKH OTKJIIOYEH OT HCTOYHIKA Hanpsaxkenusa? Orset: —0,86 mx K.

16. Paccrosuue Mexxay OOKJagKaMM ILIOCKOrO KOHAeHCATOpa
paBHO 8 MM, IIomanb o6KIagzoK 62,8 cM2. Kakyio paboTy Hy»XHO CoBep-
OINTh, YTOOLI BABHHYTHh MeXXIY OOKJIaZKaMH KOHIEHCATOPA CTeKJIAHHYIO
IVIACTUHKY TOH Ke ILIOIaJAW M TOJIIUHOH 6 MM, eCcln KOHIEHCATOP
IIpHUCOEeMHEH K NCTOUHHKY HanpsaxkeHuda 600 B? Orser: 2,25 Mgk,

17. IlnacTUHE! IJIOCKOro CcIOfsHOro (¢ = 6) KoHgeHcaTopa ILIO-
maasio 0,01 M2 npurarusarorca ¢ cuaoit 30 MH. Hafitu 3apanx nacru-
Hbl, HANIPAMXKEHHOCTh M O00BEeMHVIO IIJIOTHOCTH dHEpruu nojsa. OreBerT:
178 uKn; 336 xB/m; 3 Ixx/M3.

18. Ilnomams mIacTHMH IIOCKOTO BO3AYIIHOTO KOHJAEHCATODA
0,01M2, paccTogHUEe MeXAYy HUMHU 2 CM, PA3HOCTEL IIOTEHIIMAJOB Ha 00-
KJaagkax 3 kB. IlnacTuHBI pa3agBUTraloT Ha pacCTOAHNE 5 CM, HE OTKJIIO-
Yyasdg OT MCTOYHMKA Hanpsxkennda. HaliTu sHepruio KoHZeHcCaTopa LO U
rocJe pasaBuKeHud miaactul. Oteer: 20 mr/lk; 8 M.

19. Ilnromazxs mJACTUH IJIOCKOTO BO3AYIIHOIO KOHAEHCATODA
0,01 m2, paccTogHUe MeXAy HMMH 1 MM, pasHOCTH IOTEHIIHAJIOB Ha
oorkamarkax 100 B. IlmacTmHBI pasgBurarmoTcsa IO PACCTOAHHA 25 MM.
HaiiTu sHepruio KOHAEeHCATOpPA SO 1 IIoCJIe Pa3fBUKEHUSA IIJIACTUH, €CJIHN
NCTOUYHNK HaIpAXKEeHHs IIepes pas3fABUKeHMEeM: a) He OTKJIIOYaeTcH;
0) oTkaouaerca. OrBet: a) 442,5 gllx; 17,7 ullx; 6) 442,5 sllx;
11,1 mx k.

0. HaiiTu 065eMHYIO IJIOTHOCTh 9HEPTHH 3JIEKTPUYECKOrO IOJIA
B TOUKe, HaXOJAALlIelCA HAa pacCTOAHNHN 2 CM OT IOBEPXHOCTH IIapa pa-
nuycom 1 cMm, 3apAKeHHOr0 C IIOBEPXHOCTHOH IIJIOTHOCTBHIO 3apAga
16,7 mxKa/Mm2. Orser: 0,19 Tk /M3,

Q1. Cuna Toka B IPDOBOLHIKE paBHOMEpPHO BodpacTaeT ot 0 10 2 A
B TeueHue 5 c. OnpenesnnTh 3apAn, IpomIeAINNii IO IPOBOAHUKY 34 3TO
Bpemsa. Oteer: 5 KiI.

9. OnpegennuTs NJIOTHOCTH TOKA, €CJIM 3a 2 ¢ Yepe3 IPOBOXHUK
ceuenneM 1,6 mm?2 opontio 2 - 1019 anexTporoB. Oteer: 108 A/Mm2.

23. Cuna Toka B mpoBOZHUKe compoTuBieHmeM 100 OM paBHO-
mepHO yosiBaeT ¢ 10 A mo 0 3a 30 c. OnpenesnTh KOJIMUYECTBO TEILJIOTHI,
BRIJEJINBIIIeeCA B IIPOBOAHUKe 3a 3T0 BpeMA. Oreer: 100 x]II:x.

Q4. IlnorHocTh TOKA B MeXHOM IpOBOAHHKe paBHa 0,1 MA /M2,
OnpepeuTh YAEJbHYIO TEILIOBYIO MOILHOCTL TOKa. OtBeT: 170 Br/Mm3.

25. ITnockuit KOHTYp MIOmWAABIO 4 cM2 PACIIONIOMKEH TapaJIeTbHO

OZHOPOAHOMY MArHHTHOMY IOJIO HanpsKeuHocThio 104 A/m. ITo xoH-
TYPY KPAaTKOBPEMEHHO IIPONYCTUJIH TOK cumJoM 2 A, M KOHTYpP HadaJ
cBOOOAHO BpamaThCca. CUnTas yCJIOBHO B Hayajle ABMMKECHUA CUJIY TOKa U
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[image: image74.png]BpaIllalolnyii MOMeHT HEeM3MEHHBLIMH, ONpEeJeJUTh YIJIOBOE YCKOpPEHMe
KOHTYpa, ecau ero MoMeHT HHepuuu 1076 kr-m2, Otser: 10 ¢ 2.

26. AnomMuBUNeBBIN IpPOBOJ IJHMHOM 5 M M guamMeTpoM 1 MM Io-
KpBIT m3oaanueii TomuimHoi 1 cm. IIpoBox corHyr momoJsiam, nmpuueM
o0e IIOJIOBHHEBI IIPUJIETAIOT APYI K APYyTry. C Kakoil cuioi feficTByeT OZHA
II0JIOBHMHA NIPOBOJA Ha APYIYyIO, €CJIHM IPH HPONYCKAHMH TOKA HA KOHIAX
IIPOBOZA CO3LaeTcda pa3HoCTh noteHnuagos 1 B? Orser: 7,910 H.

Q7. B upamoyroabHOl paMKe cO cCTOpoHaMu 4 U 6 ¢cM cuJa TOKa

5 A. OnpezgennTs HAIPAXKEHHOCTh MAarHUTHOrO II0JIA B IIeHTpe paMKU.
OtBeT: 96 A/Mm.

28. Burku ABYXCIOMHOrO AJUHHOTO COJIEHOMZA HAMOTAHBI U3
npoBosiokn paxuycom 0,2 Mmm. B nepBom cioe cmiaa Toxka 3 A, BO
BTOpOM — 1 A. OnpenesnTs HAIPAXKEHHOCTh MAHUTHOI'O NOJIA BHYTPH
cosmeHousia. PaccMoTpeTs ABa chaydas: TOKH TEeKYT B OJHOM HallpaBJie-
HUM W B IPOTHBOIOJIOXKHBEIX HampaBjeHuax. Orsert: 104 A/m; 0,5 x
x 104 A/m.

29. Ilo xoasny paguycoMm 15 cMm TeueT Tox cuioit 10 A. B oxHoi
IIIOCKOCTH C KOJIBIIOM HaXOLHUTCA MJUHHBIN IPAMOIl M30JHUPOBAHHBIMN
IIPOBOLZHUK, cuja Toka B KotopoM 10 A. IIpoBoxgHNK coBmazaer ¢ Kaca-
TeJIbHON K OKPYKHOCTH KOJIbIIeBOro TOKa. HaliTu HanpAKeHHOCTL MAar-
HUTHOT'O IOJIA B IIeHTPe KOJbIla IIPHU PA3JIMYHBIX HAIPABJIEHUSAX TOKOB.
OrtBer: 43,9 A/Mm, 22,7 A/Mm.

30. ITo npamMoMy HpOBOAHHUKY TedeT TOK cuioii 50 A. B mioc-
KOCTH IIPOBOAHHKA pAaCIOJOXKeHa IpPAMOYroJbHAsdA paMKa, JAJINHHBIE
CTOPOHBI KOTOPO#l IapaJijeJbHBI HPOBOZHUKY. Iljmomiags mnomeped-
Horo ceueHuss pamku 0,5 cM2, paccTosiHHMEe OT IIeHTpPa A0 HPOBOJHU-
ka 1 M. OmpeneJuTs, MArHUTHBIN IIOTOK, NPOHU3BLIBAIOIINII pPaMKYV.
Ortsert: 5-10710 BG,

31. Comenonp nmeer AuHY 1 M, IJIOmMALb IOIEPEYHOIO CEYEHMS
25 ¢M2 u yncso BuTkoB 1000. DHeprus noJss cojleHOUAA IIPU cuje TOKAa

1 A pasua 1,9 J['x. OnpegeuTs MariuTHYIO IPOHUIIAEMOCTh CEPACUYHU-
kKa. Orser: 1200.

32. B niockocTH, IepueHAUKYIAPHON MAarHUTHOMY II0JIIO HAIIPA-
xeHHOCTRIO 100 A /M, BpamiaeTca NpAMOJHHeNHEIN npoBogunk manuoii
1 M OTHOCHUTEJILHO OCH, IIPOXOAAINEN Uepe3 KoHell npoBogHUKA. I1o mrpo-
BOJHHKY HponycKamoT TOK cujor 10 A, yrioBasd CKOpPOCTH BpallleHUSA
npoBogHuka 50 ¢ 1. OmpegenuTe paGoTy BpallleHUA NPOBOAHUKA 3a
10 muH. OTtBeT: 18,8 JIX.

33. C xKakoif CKODOCTBIO ABHIKETCA IepPIeHIUKYJIADHO OTHOPOJ-
HOMY MATUHUTHOMY IIOJIIO0 HanpsaxxeHHOCThI0O 500 A/M IpaAMoOM IpPOBOJ-
HUK gauHoi 30 cm m conporusienueMm 0,1 Om? Ilpu 3aMBIKaHMHU IIPO-
BOLHUKA II0 HeMy nomieJ Obl TOK cuJoi 0,01 A. BanaHue 3aMBIKaIOIIEro
IIpoBOJA He YUHUTEIBaTh. OTBeT: 5,3 M/cC.
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[image: image75.png]34. B coneHouze cmia TOKa paBHOMepHO Bo3dpacTtaeT ot 0 10
100 A B TeueHMe 2 ¢ ¥ IpH 3TOM MHAynUpyerca 6, = 1 B. Kakyio aHep-

FHI0 HAKONUT IIOJIe COJIEHOMZAa B KOHIIEe BO3pacTaHHA CHJIBI ToKa?
OrtseT: 100 k.

35. Kaxkoit giuHB Hamo B3ATh NPOBOJOKY auamerpom 0,1 MM,
YTOOBI M3IrOTOBUTEH OJXHOCJOMHBIN COJIEHONJ ¢ HHAYKTHBHOCTRIO 1 mI'u?
ILromans moepeuyHoOro cedyeHus cogeHouna 7,5 cm2. CepledyHUK OTCYT-
crByer. OtBeT: 10,3 M.

36. BrruncanTs MaKCHMAIbHYIO HAIPAMKEHHOCTh MAarHUTHOTO II10-
JIsi, CO3JaBaeMOro o.-4aCTHUIeH B TOUKE, OTCTOSALIEN OT IPAMOJHUHENHOMN
TpaeKTOpUM dYacTUIbl Ha paccrosuuu 1078 cm. CropocTh o-4aCTUIIBI
5106 cm/c. OrBer: 1,27+ 105A /M.

37. DiexkTpOH BieTaeT B OXHODPOAHOE MAarHUTHOE I0JIe, HHAYKIINA
KoToporo 0,01 Ty, 1 HaumHaeT ABUraThCA M0 OKPYKHOCTHU. OIpeseuTh
IIepHroJ BpauieHnA 3JeKTpoHa. Oreer: 3,57 Hc.

38. ITo gBy™M mapasiie bHBIM IPDOBOSHUKAM TEKVT TOKU CHJIOH 8 U
12 A. Paccroaune mexay npoBogHukamu 20 cm. HaliTu reomerpuue-
CKOe MeCTO TOYEK, B KOTOPbIX MArduTHas MHAYKIHNA I10Jd TOKOB paBHA

HyJ0. HanpaBieHna TOKOB BeIOpaTh camMocToATeabHO. OTtBeT: 0,08 M,
0,12 m.

39. Ilo n30IMpPOBaHHOMY NPOBOLHUKY, UMEIOIIEMY (POPMY KOJb-
IIa paguycom 25 cM, TeueT TokK cujoy 15 A. JIBa npAMBIX OECKOHEUYHO
OJIHUHHBIX IIPOBOJHHNKA — OAUH B IJIOCKOCTH KOJIBIIEBOI'O IPOBOJHMKA,
OIpYyTroi HmepHeHZHUKYJIAPHO el — KacaloTCs KOJIBIIEBOI'O IIPOBOLHUKA B
TOYKaX, JIeXKAIIINX Ha IPOTHBOMNOJIOXKHEIX KOHIIaX AuamMerpa. CHJIBI ToO-
KOB B npoBogHukax 10 u 20 A. OnpegeJuTh HAIPAXKEHHOCTh B IIeHTpE
KOJIBII€BOI'O IIPOBOJHMKA IIPY Pa3HBIX HalpaBJEeHUAX TOKOB. PemieHue
NOACHUTL PUCYHKOM. OTBeT: a) 38,54 A/m; 26,85 A/m; 6) 43,21 A/m;
18,4 A/m.

40. Ia npoBOLHNKA B BU/E IOJIYKOJEL JIeXKAT B OLHOM IIJIOCKOC-
T X IMEIOT o0minii neHTp. OnpenenTh HANIPAKEHHOCTD B IIEHTPE II0JIY-
KoJIell IpHU CJeXVIOIINX AAaHHBIX: paguycC IepBOro mnojgykoJabiia 10 cm,
BTOpOoro — 20 ¢cM, TOKH TEKYT B OZHOM HampaBJIEHHMN H CHUJIAa TOKA COOT-
BeTCTBeHHO paBHa 1 u 4 A. Ilose oT NOABOAAIIINX IPOBOAHUKOB HE YUU-
ThIBaTh. OTBET: 7,5 A/M.

41. B cpexuell yacTH ZJIUHHOTO COJIEHOUZA HAXOLUTCS OTPE30K
NpOBOSHUKA, CHJIa TOKA B KOTOpoM 4 A u aiauna 2 cm. IIpoBogHKK pac-
IIOJIOXKEeH NEePHeHAUKYJIAPHO OcH cojieHouza. Ha aToT oTpe3ok mpoBoj-
HHUKAa geiicreyer cuia 107° H. OnpezeuTs CUIy TOKA B 0OMOTKE COJIEHO-
nja Npyu yCJOBUH, YTO Ha 1 cM AJIHMHEI coJieHOMAA npuxoautrcsa 10 Bur-
KOB U cepAeuHHUK oTcyTcTByeT. OtBeT: 0,1 A,

49. Ksagparnasa pamka miaomaznsio 20 cMm2, cOCTOAIAA U3 THICAYN
BUTKOB, PacloJIOXKeHa B OLJHOPOZHOM IIOJIE TNIEePHEeHANKYJIAPHO IOJIO C
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[image: image76.png]napyknueit 1073 Tia. B reuenne 0,02 ¢ paMKy yAaauau 3a IpejeJibl IO-
aa. Kakasa 9JIC naBogurcsa B pamxe? Orsert: 0,1 B.

43. B ogHOPOAHOM MarHWTHOM IIoJIe ¢ MarHUTHON HMHAYKIMe
4 Tn neprneHAUKYJIAPHO MArHUTHOMY IIOJIIO ABHYKETCA IPAMOJHNHENHBIN
IOPOBOAHUK AJUHONH 1 M co ckopocThio 25 M/c. BeKTop MarHuTHON HH-
OIVKIIUY IepHeHANKYJIApeH IPOBOLHHUKY M BEKTOPY CKOpPOCTH. KOHIILI
IIPOBOJHMKA COeJUHEHBI 'MOKUM IIPOBOZOM BHe 1oJs. O0Iiiee COIpoTHB-
JeHue nenu 5 Om. OnpeneslnTh MOIIHOCTh, HEOOXOAMMYIO AJIA IBHIKeE-
HUs OpoBogHuUKa. OtBer: 2 kBr.

44, Hanps:xeHHOCTh MArHUTHOIO IIOJA 3aMKHYTOrO KOJIBLIEO0-
pasHoro cosiesona paBaa 5600 A/m. Cpegauii suamerp KoJasia 20 cM,
IJIOIIALb CeYeHUA MarHHUTONPoBoZa 5 cM?. MaramuTHasa NPOHHUIIAEMOCTD
cepmeunuka 800 I'm/Mm. HaliTu 3Heprnio MarsUTHOI'O IIOJA COJIEHOMUZA.
Oreer: 4,9 JIX.

45. OguoponHOe 3eKTpHUYecKOe IoJIe HanpsaskeHHOCThI0 20 KB/M
1 OZHOPOJXHOE MArHuTHOEe IIoJie HanpsaxkeHHOocThi0 3200 A/M B3amMHO
IepHeHANKYJIAPHEI. B 9TUX MONAX NPAMOJMHENHO IBHIKETCA dJIEKTPOH.
OnpepennTh CKOpocTh 3jeKkTpoHa. OtBeT: 5000 KM/c.




