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BBEJEHHE

JlanHoe mocobue mpencrasiger co0oii cOOPHHK 3ajad IO BTOPOI 4acTu Kypca
obmelt Gpu3MKy, IpeIaraeMbIX IJIs CAMOCTOSTENIBHOTO PEIIEHHs CTYAEHTaM TeXHHU-~
YEeCKMX HalpaBJIeHHH HOATOTOBKH 0akajaBpOB, W COIEPXUT 3aJa4yd IO TeMaM
«OneKTpocTaThKa» «DICKTPHIECKUH TOK» U «MarHUTHOE II0JIey.

ITocobue HampaBneHO Ha (OPMHUPOBaHHE OOIIEKYJIBTYPHBIX U IPO(PECCHOHAID-
HBIX KOMIIETEHIINH, COOTBETCTBYIONMX TpeOOBaHMSM (eepaibHbIX TOCYAapCTBEeH-
HEIX 00I1e06pa3oBaTeNbHBIX CTaHJApTOB BHICHIETO HMPO(ECCHOHAIBHOIO 00pa3oBa-
HUS U OOImuM oOpa3oBaTeNbHBIM IIPOTpaMMaM /Ui HAMpaBIEeHHH HOATOTOBKH
140400 (13.03.02) «OnexTposHepreTHKa W 3JIEKTpOTeXHHKa», 150100 (22.03.01)
«MarepuranoBenieHre U TEXHOJOIMH MarepuaioB», 150400 (22.03.02) «Meramtyp-
rus», 151900 (15.03.05) «KoHCTPYKTOPCKO-TEXHOIOTHIECKOe ObeceueHre Marliv-
HOCTPOHTENBHBIX TPOU3BOACTB», 220700 (15.03.04) «ABTOMATH3AIHS TEXHOIOTHYE-
CKHX IPOIIECCOB U MPOU3BOACTB», 231000 (09.03.04) «I[IporpamMMHas HHXEHEPHsi»,
261400 (29.03.04) «TexHOMOTHS XyHOXKECTBEHHOU 00pabOTKM MaTepraioBy, 270800
(08.03.01) «CTpoHTEIBECTBON.

Ilo xaxmoMy pasnelly Ipeanaraercs ABaJLATh THUIOBBIX 3afad M CaMOCTOS-
TEIHFHOTO PelIeHus 10 BapuaHTaM. [lecsaTh pa3iesoB JOMONHEHE! II0OJPOGHEIM pa36o-
PpOM THIIOBEIX 3axad. OOmenprHIThe TpeOoBaHu K 0(OPMIICHHUIO 3a1a4:

® II0CIIe 3aIMCH HOMepa 3a/ladH [OJIHOCTHIO IEPENIMChIBACTCS €€ YCIIOBHE;

e BBOAATCS 0O03HaueHus («/lano:y, «Halitn:», «Pemenue:», «OTBeT:»);

® BBINOJHACTCS OSICHUTENBHbIH PUCYHOK, HA KOTOPOM JOJDKHBI OBITH OTMEUYEHBI
6ce 00BEKTHI, yIIOMHHAEMBIE B YCIIOBUH U B PEIICHHUH 33124l (B PEAKUX CITyIAsX PH-
CYHOK He TpeOyercs);

e 3aj1aya, KaK IPaBUJIO, pelllaeTcsi B 00IIEM BHJE, T.€. BEIBOXUTCS KOHEUHas pac-
yeTHas (opMyia, B KOTOPYIO BXOAST TOJNBKO M3BECTHBHIE BEIUYUHEI (B TOM CIydae,
KOTZIa pellleHHe 3a1aui IPOMO3JKO, HOILyCKalOTC IPOMEXKYTOUHBIE BEIYUCIICHHS);

® BCE HCTOJB3yeMBIE B PELICHUN 3a1a4y 3aKOHbI ¥ (OPMyYITEI IIPUBOJIATCS [IOJHO-
CTBIO, pacyeTHbIE (OPMyYJIBI IONPOOHO BBIBOAATCS, IOCHE KaXTOH MaTeMaTUdecKoi
BBIKJIQZIKH JOJDKHO OBITH AaHO HCUEPIIBIBAIOIIEE MIOSICHEHNE;

® 110 pacueTHHIM (POpMyJIaM IIPOBEPSIOTCS PA3MEPHOCTH UCKOMBIX BEJIMYHH, pac-
Y&THI BHIIOJHSIOTCS C TOM TOYHOCTHIO, C KOTOPOH 3aiaHbl HCXOAHbIE AaHHbIE (00BIY-
HO ZBe-TPY 3HAUaIHUX NUQPHI), 3alHACHIBAETCS HOJHEIM OTBET Ha BCE BOIPOCHI 3a11a-
qH.

[pennaraemMoe mocobue MOXET TaKkXKe MPUMEHSTHCS IIPU OpraHU3alK WHIUBH-
IyalbHBIX TOMAIIHUX KOHTPOJIBHBEIX paboT. B 3TOM cilydae mcrmoib3yeTcs CIemyo-
mee NpaBWIO BEIOOpa BapuaHTa: M3 KAXHOTrO pasjiena CTYHEHT BHIOMpaeT 3ajady,
HOMep KOTOpOH COBIafaeT ¢ IOPSIKOBBIM HOMEPOM CTYyZEHTa B XypHale IPyIIIBL.
3ajauu pelaroTcs M CAAIOTCA Ha IPOBEpKy MO Mepe M3ydeHHS Marepuaia IHOo B
CPOKH, yKasaHHbIe mperofiaBateneM. Ilpu coctaBieHun JaHHOro mocobus —aprop
HCIIONB30Ball  COOPHUKY 3a1ad 1o ¢usuke [1-3], A1 u3ydeHns TeOpeTHIECKOro Ma-
Tepuala CTyIeHTaM IpeyiaraeTcst oJib30BaThesl yaeOHuKaMu o ¢usuke [4, 5].



JIEKTPOCTATHKA

1. aﬂeKTPOCTaTH‘leCKoe moJie TOYeYHoro 3apsiga

IlIpumep 1.1

B geThIpex BepIMHaX KBajJpara co CTOpoHOH 0,5 M HaxOAATCS YeThIpe OAUHAKO-
BBIX 110 MOJYJIO 3apsza 3107 Kir Ka eI, 3apsasl O) u O, oTpULaTeNbHbIe, a O3 U
Q4 — nonoxurensHsle (puc. 1.1).

Haiimu:

1) HanpsDKEHHOCTH Y ITOTEHIMAT SIEKTPHIECKOTO OIS CHCTEMBI 3apsioB B TOUKE
A 1 cuny, AelCTBYIOILYIO Ha 5JIEKTPOH U IPOTOH B 3TOH TOUKE;

2) paboTy 1o HmepeMeIeHNIO IPOTOHA U3 TOYKH A B TOUKY B B anmekrpocTaTnde-
CKOM II0JIE CHCTEMBI 3apsI0B.

Tano: O O
0,=-3-107 Kn
0,=-3-10" Kn "1 2
0;=310" Kn P
0,=310"Kn B ¢ 4
a=0,5m ” A rs
E—Z;F—?;A—?; (o) 0;
Q-

Puc. 1.1
Peuwenue

Ecnmu QJICKTPOCTATHYIECKOE I10JIE CO3AAHO CHCTEMOI QJICKTPHUICCKHUX 3apsaa0B, TO
Pe3yJIBTHpPYIOIIIE HANPSHKEHHOCTh M HNOTEHIHAN B JIFOOOH TOYKE 3TOro 0N HaXo-
JATCA 110 IIPUHIUILY CYIEPIIO3HIUH:

E,=Y E=E +E,+..+E,; (1.1)
?, =Z¢’=¢’1+¢2+~~+¢n- (1.2)

HaiineM pe3ypTHPYIOIIYIO HAPSXKEHHOCTh B Touke A. B maHHO# 3amade geTrIpe
TOYEYHBIX 3apsA/a, CeA0BaTEIbLHO,

Ep=El+EZ+E3+E4. (1.3)
N306pa3um stu BekTOpsl B Touke A (puc. 1.2). HanpsykeHHOCTE OIS TOYEYHOTo
3apsiia HaxoJuTcs 1o GopMyiie

q
b -ild v
rae k — k03 pUIMeHT TponopIHoHaNsHOCTY B cucteMe CH,
1
k= ,
4res, (13)
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O o} l q | — MOJYJIb 3apsifia, CO3MAIOIIET0 K-
(S) TpUYECKOe IOJIe, ¥ — PacCTOSHHE OT 3apsia
IO TOYKH, B KOTOPOH OIpeJesseTcs Hamps-
E, E, JKEHHOCTB; & — JUAJIEKTPUYECKas IIPOHHUIIAe-
MOCTB Cpenpl; € = 1 11 Bo3yxa U BaKyyma,
= = &= 8,85~10’12 ®/M — 3neKTpUYUecKas MoCTo-
E, E,
A SHHAs.
o ycrmoBuro
Q1I=|612|=|Q3l=|44], (1.6)
a TaKkxKe
(O DO
4 3 o
FI=r=13=1y, (1.7)
TaK Kak 3apsIbl HaXOZIATCS B BEpIIMHAX
Puc. 1.2 KBajpara, a TOUKa A — B €ro IeHTpe.
U3 puc. 1.1 no teopeme Iudaropa

aY a 2 a
N=n=r=r&s E +E 275_5

roe a - cropona ksampata. M3 (1.4), (1.6) u (1.7) cnemyer, uTO

’Ell = 'E2| = ’E3' = ’E4’ — MOJZYJIH BEeKTOpOB HampspkeHHOCTH. Haiinem reomerpude-

CKYI0 CyMMy BekTopoB (puc. 1.3):

E, B .
? g By, =E, +E;; (1.8)
—> ? N - -
E] 4 E24 = E2 +E4
y Bexropst EII/IEZ,E3I/IE4 IOTIapHO CO Ha-

IIPaBJIEHE], OTCIO/Ia CKAISPHBIA BHJ IaHHBIX BbI-
Puc. 1.3 paKeHHii:

E,=E +E,=2E,

E,=E,+E,=2E,| - E,=E, =2E. (1.9)
Pe3ybTUPYIONH BEKTOp HANPSDKEHHOCTH B

TOuKe A: Ep =E,3 +E'24 (puc. 1.4).

Mopnyns Bexktopa £, HaiiieM mo TeopeMme

ITudaropa, Tak xak E,; nepneHmuxynspe E,,
(3TH BEKTOPHI HAIIPABIECHE! 1I0 JUArOHAISIM KBajl-

para),
Prc. 1.4 E,=\EL+E} =E 2. (1.10)
C yuetom (1.9) E,=2\2E, (1.11)

¢ yuerom (1.4) u (1.8) Moxynp pe3yNbTHPYIOIETO BEKTOpa HANPSKEHHOCTH B
TOgKe A



Ep=2'\[2_ 1Iq1| :2\/51|q1|2=ﬁ Iq1|

drey?  a’dne, ne,at’
3-107 B
E =2 =611—.
’ 3,14-8,85-107%.0,5% M
HaiineM pe3ynbTUPYIOIIHIA TOTEHIUAT B TOUKE A
P, =010, T3+ @,. (1.12)
TloTeHI¥AN OIS TOYEYHOTrO 3apsiia
q
Prs =k7- 1.13)
Torna pesynprupyronmii notenuuan A ¢ yaerom (1.8) u (1.13)
gop=kg‘—+kq—2+kgi+kq—4=o, (1.14)
r r r r

TaK Kak @; = P, <0, a ¢3 =4 > 0.
Haiinem cuiry, IeiicTBYIOIIYIO0 Ha IPOTOH U SJIEKTPOH B TOUKe A:
F,, = Eq. (1.15)
JTO 3NeKTpUIecKast CuIa, NEWCTBYIOIIAs CO CTOPOHBI AIEKTPOCTATHUECKOTO OIS
Ha 3apsiji, IOMENIeHHBIH B 3TO IOJIE.
Torpa cuia, nefcTByrommas Ha IPOTOH,

Fy=E,qy (1.16)
N cuia, [eHCTBYIOIIas Ha SJIEKTPOH,
EP Fe =qu85 (117)
% - -
F, PAEIPAR qn>0,aqe<0—>]Fp’=Fe,
HO HarnpapJIeHHe CHJI IPOTHBOIIOIOXKHO ApyT Apyry (puc. 1.5):
-f 2 |F,|=|F,| = 611-1,6:10™° = 978107 H.
4 Hatinem paboTy 1o nepeMenieHuIo IPOTOHA U3 TOUKY A B
= TOuKy B:
F, 4=-q8¢=q(91- ). (1.18)
Prc. 1.5 Jtst Hatmeit 3anaun

A=~3,(9a— Pp)- (1.19)
PesynpTupytomuii moteHman B Touke A HaiifieH u paseH 0.
Haiinem pe3ynbTupyromuii HoTeHnuan B Touke B:

P =0+ 0, + Q3+,
— [0 HPU3HAKY CYIIEPIO3UIIHH.

a
W3 puce. 1.1 n =5

W3 puc. 1.6

(=)}



rn=r;
04 =- 0. —>¢z+¢s=0-\
2 Taxum 00pa3oM pe3yIbTUPYIOIIUAN MOTEHLIHAN B
Touke B
B o P, =P+ P, +P;+¢,=0.
CrenoBarensro 4 = g, (¢4 + @p) = 0.
& Omeem: E, =611 B/m;
. 9 =0, |F,| =|E|=97810"H;4=0.
Puc. 1.6

Ilpumep 1.2

B ueTsIpex BepIIMHAX NPaBHIBHOTO IIECTHYTOJbHHKA co cTopoHo# 0,5 M Haxo-
JSATCS YeThIpe TOYEUHBIX IneKTpuueckux 3apsga O =-—20wmxKn, O, =10 MK,
05 =10 mMxKi, Q4 =— 10 MxKu (puc. 1.7).

Haiimu:

1) HanpsDKEHHOCTH M IIOTEHIUAN DNEKTPHIECKOTO TI0JIsSI CUCTEMEI 3apS/IOB B TOUKE
A ¥ cuity, NefiCTBYIOILYIO Ha 3JIEKTPOH U IIPOTOH B 9TOH TOYKE;

2) paboTy 10 IepeMeIeHHIO IPOTOHA U3 TOUKH A B TOUKY B B anekrpocratuye-
CKOM II0JIe€ CHCTEMBI 3apsiiOB.

Mano:
0,=-2-10"Kn
0,=10" Kn
=107 Kn
0,=-10"Kx
a=0,5m

E-2%F-17
A-%0,-7

Pewenue )
Ecii 55eKTpocTaTHYecKoe MoJie CO3/JaHO CHCTEMOI DIIEKTPUYECKUX 3apsAioB, TO

Pe3yJIBTHpYIOLIE HAPsDKEHHOCTh U MOTEHIHAll B JIF0OOH TOYKe 3TOro IOJI HaXo-
IATCS 1O IPHHIHITY CYIepHO3UIHIN:
E,=Y E=E +E,+..+E,;
9, = Zgo =0, +Q, +..+0,.
HaiizeM pe3ynsTUPYIOIIYIO HAIIPSHKEHHOCTH B Touke A. B nanHO# 3amade geTbipe
TOYEYHBIX 3apsaa, ClI€I0BaTECIIBHO,



E,=E +E,+E;+E,.

HarpspkeHHOCTB OIS TOYEHHOTO 3apsiia HaxXOMUTCs 1o Gopmyiie

rze k — xoaddunpenT nponopruoHansHocTH B cucteme CH,

k= ! ,
4ree,

|q |- MOJYJb 3apsifia, CO3/IAIOMIEro dIEeKTPUIecKoe IoJie,  — PaCCTOSHUE OT 3a-
psina O TOYKH, B KOTOPOH ONpeAeNnseTcs HalpsHKEHHOCTb; & — IUINIEKTpHYecKas
TIPOHMIIAEMOCTb CPeisl; & = 1 Ul BO3AyXa U BakyyMa, & = 8,85-107" ®/M — smek-
TpU4ecKas IOCTOSHHAs.

ITo ycnoswuzo:
q92=q3
A
rm=r=a _,EZ_E3—k?. (1.20)
ITo Teopeme KocuHycOB U3 puc. 1.8 paccrosHue oT Q) A0 TOUKH A
1 =ya* +a* -2a*cos 120° = a3, (1.21)
paccrosiHue OT (4 HO TOUKH A
ry=yJa® +a* —2a% cos 120° = a3 =, (1.22)
Torna
llg,
E =k ;
' 278,42 (123)
llg.|
E, =k ; .
27,0 (124

U3 ycnosus u Belpaxkenuit (1.20), (1.23) u (1.24) BuAHO, YTO B OTIMYMM OT NPH-
Mepa 1, B JaHHOH 3amade I HaXOXACHHS pe3yIbTUPYIONIeH HalpsHKEHHOCTH B TOY-
ke A ynoOHee MPHUMEHUTH METO]] IPOEKIHii BEKTOPOB Ha OCH KoopauHAT. VI306pasum
3TH BEKTODHI HAIPsDKEHHOCTH (cM. puc. 1.8):]

E, =E;=15E,=3E, (1.25)

Haiizem mpoexmuu Bcex BektopoB Ha ocu Oy u Ox (puc. 1.9).

C yuerom (1.20) u (1.26) npoexnus Ha ock Oy

E, =FE cos30°+E,cos60°-E, +0=

Py
E;-087 E, o, 8107g|
==+ = -E =810"E =——3-, i
L5 2 3 3 471'80612 (1 26)
Ha och Ox: E, =-E cos 60° +E;cos 30° - E, +0-E, =

E, E 0,2)g5|
=—1+FE;-087-—==0,2E, = .

3 3 3 3 475, (1.27)
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Y
9
E .
AN\ — 2
] 30 60 ,
£7 s a
| f30 |
: =
x EIX E A E3x X
Puc. 1.8 Puc. 1.9
M Mogyns BekTOpa pe3yJsbTHPYIOUIeH HalpsXKeH-
- HOCTH HaiineMm c¢ momomtsio puc. 1.10 u Teopembl
E IMudaropa:

.% ...............
E, | E,=\|Ep, +Ep,. (1.28)

Ioncrasmm (1.26) u (1.27) B (1.28), Moxmymsb
BEKTOpA Pe3yNBTHPYIONIeH HAIPSKEHHOCTH B TOUKe

Puc. 1.10 A

64-10%¢% 4-1024>
Ep=\/ b e V64107 +410° =L 4641071 29)
0

lon‘gga” 1677sya”  4mgya

107 ) 3
V4,64:107 =77,5-10° B/m.

E =
7 4.3]14-8,85:10™.0,5°
Haiinem pe3ynsTHpyIOmui DOTEHIIUAN B TOUKe A:

P, =0+ P+ 03+ @, (1.30)
HOTeHHI/Iaﬂ TIOJIA TOYETHOTO 3apsaaa
9rs=k 1 >

r
0,=0s
n=r; —P2=Q3,

TOT/Ia pe3yNbTHPYIOIHI TOTEHIMAN B TOYKe A



q, 9> q; 94 9 2g, q4

0, = + + + = + + =
P Ameg  dmey, 4meyr,  Angr, dre,a\3  dmega dmega3
1 9 q4
= —=+2q,+F|,
4ﬁsoa(ﬁ 7 NG)
10-5 -5
0y = L (2007 g5 1070 g0,
4.314-885-102.05 3 NG}

Haiinem sneKTpr4ecKyro CHILy, JEHCTBYIOIIYIO CO CTOPOHEI 31€KTPOCTaTHIECKOTO
TIOJIS Ha 3apsif, IOMEIIEHHBIH B 3TO IIOJIE B TOYKE A

F,=Egq, (1.31)
TOT/Ia CHJIa, NEeHCTBYIOIas Ha IPOTOH,

Fn =Ep qns (132)
CHJIa, JeHCTBYIOIIAs Ha 3JIEKTPOH,

F.=E,q., (1.33)

F,

|q,, | = I q. | ,HO ¢,>0,a¢g,<0— ‘F”p| =|F,|, HO HanpaBIeHHe CUI NPOTHUBOIIO-

JI0XHO Ipyr Apyry (puc. 1.11):
|F,|=|F.| =77,510° -1,6:107" = 124- 107" H.
Haiinem paboTy 1o nepeMeIeHuIo IIPOTOHa U3 TOUKH A B TouKy B:
4 =—qAp =q(¢1— ¢2).

Jna Haeit 3agaumn
A4 =—q,(¢a— Pp)-
PesynpTupyromuii moTeHIMAaN B Touke A HaiifieH. HalineM pe3ynsTUpYIOIHi 0-
TEHIHAJ B TOUKe B:
Qp =@+ @, + @3 + @, — 110 IPU3HAKY CYIIEPIIO3UIIHH.

W3 puc. 1.12 BugHO: 11 =a; 1, = a«/g;r3 =aVv3;n=a.

9
E,
9
F,
-> >
-qe A +qn
._>
F,
D O3
Puc. 1.11 Puc. 1.12

Torna pe3yIbTHPYIOINUI TOTEHIAAT B ToUKe B:

10



% 9, q; 94 1 2q,
5= + + + = +—2+q, |,
" dmgia Amea3 dre,a3  4me,a  4ne,a [ql NG 1

-5
= ! — (—2-10-5+3l—10'5 =-333-10° B.
4.3,14-8,85-101.0,5| N

A4=1,610"°(48,2:10° - (- 333:10%) = 610-107' JIxc.

¢pB

Omgem: E, = 71,510° B ¢, = 48,2:10° B; |F,|=|E.| = 124 10" &,

A4=610-10" JIx.

3aoauu ona camocmoamenvHozo peuienun

3adanue 1. Halitu Hanps)kEHHOCTh W MOTEHIMAN BIIEKTPOCTATHUECKOTO OIS
CHCTEMBI 3apsAioB B TOUKe A M Cuily, NelCTBYIOIIYIO Ha BIIEKTPOH M IIPOTOH B 3TOM
TOUKe.

3aodanue 2. Haiiti paboTy 1o nepeMelleHHIo IPOTOHa U3 TOYKH A B TOUKY B B
SNIEKTPOCTATHIESCKOM TI0JIe CHCTEMBI 3aPIIOB.

Kondurypauuu cHCTEeMEI 3apsaoB U BapUaHTOB IPEACTaBIeHk Ha puc. 1.13—
1.32. VicxoHble NaHHbIE YKa3aHbI B Ta0. 1.

Tabnuma 1

o e, | @ Q Q Q | Q@ | Q |ampoulen
1 11.13] +2uKa | +6 aKn | -5 5Kn — - - 01| -1 -
2 |1.14 [+20 mxKi|[+20 MxKi|—20 MK |20 mxKn — — 03| -1 -
3 |1.15|+10 aKn | =10 5K | +30 5K | —20 uKn - — 05| -1 —
4 [1.16] +10 aKx | =20 5K | 20 5K | +10 5Kn - — 02| -1 -
5 11.17 | +20 5K | +10 5K | +20 5K — — - 0,15 — | —
6 |1.18|-15 MxKu|—15 mxKn|-15 MxKn - — — (A
7 |11.19| +25 5K | =35 5Kn - - - - 03| -1 -
8 |1.20 [+20 mxKin|-10 mxKn|+15 MxKn — - - 03| -1 -
9 |1.21| +15 8K | -30 aKu | —15 aKun | —15 aKir {+30 aKn|[+15 aKin| 0,4 | — | -
10 |1.22 |+20 MxKi|—10 MxKn|—10 MxKn|[+10 mxKn} — — 03| -1 -
11(1.23 |+20 mxKn|-20 MxKn|-15 MxKn|[+10 mxKn| - — 02| - | —
12 {1.24 | +15 uKn | +30 uKu | —15 aKn | -30 aKo [+15 aKn|-30 uKn| 0,2 | — | —
13 ]1.25|+15 5Kn | +15 5K | —=30 5Kn | =30 aKn — — 0,604 —
14 {1.26 | =30 K | =30 uKu | +10 5K | +10 5K - - 0,6 04| —
15 (1.27 [+20 mxKn|-20 mxKn|-10 MmxKn|+10 MxKn] — — 0,604 —
16 {1.28 |+20 mxKin|+30 MxKn|—-20 MxKn — — — 0,6103] —
17 [1.29 |40 CI'Cq[+20 CI'Cq - - - — 0,6 04| —
18 [1.30 [+50 CI"Cq|-10 CI'Cq - — - - 0,310,4/0,5
19 {1.31 =20 CI'Cq+30 CI"Cq - — - — 0,310,4]0,5
20 |1.32]-30 CI'Cq|-10 CI'Cq - - - - 0,310,4]0,5
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Puc. 1.14

Puc. 1.13

Puc. 1.16

Puc. 1.15

Puc. 1.18

Puc. 1.17

Puc. 1.20

Puc. 1.19
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Puc. 1.23

Puc. 1.26

Puc. 1.25
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Puc. 1.28

Puc. 1.27
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Merammnyeckas cdepa pamxaycoM 2 cM HecET Ha cebe 3apsi 1,510 K. Coepa
OKpY>XeHa KOHueHTgmeCKof/i METaJUTHIeCKO# 000JI04KO0# paxuycoM 4 cM, 3apsm Ko-
TOpoii paBeH —2:10~

Haiimu:

1) HanpsDKEHHOCTD M MOTEHIIMAN ITOJIS Ha pacCTOSHUAX 1 ¢M, 3 CM U 5 cM OT IleH-

Tpa cheps;

2) paboty 1o mepeMmeneHuro 3apsiga go = 1 HKi u3 Touku A B Touky B B anek-

| ~ o/
I AN //
| g
| //
L
| //
I 7
| //
¢

A

Puc. 1.29

b2 | /
1 /
/
B o /
I /e
w2 |/
[
I//
¢
A
Puc. 1.30

2. dnexTpocTaTHYeCcKoe MoJie HeTOYeYHOro 3apsa.
Teopema Ocrporpaackoro — I'aycca

Ki (puc. 2.1).

Ipumep 2.1

TPOCTATUIECCKOM ITOJIE 3aPSKEHHBIX TEJI.

Mawno:
R=210"m
¢1=1.510° Kn
R=410"7m
=210 Kn
ra=1-107 m
=310 ™
rc=5'10_2 M

E,-%¢,-74-?

Pewenue

Puc. 2.1

Pe3ynpTHpyIOLIyIo HAMpsHKEHHOCTh HAWAEM 110 IPUHIIMAIY CYHESPIIO3UIINN:

E,=E+E,+..+E,.
Tornma, B 1aHHOH 3afjade pe3ylbTHPYIOIas HaIpsHKEHHOCTh paBHA TeOMETpHYe-
CKO# cyMMe HampsDKEHHOCTeH moneit 1Byx céep:

14



B =E+E,

HanpspxkeHHOCT 01 3apsDKeHHOM chepbl HaxoauTes 1o GpopMyie

2.2)

2.3)

- k chs
rie ¥ —pacCcTOSHUE OT LEHTpa cq)epbl JI0O TOU TOYKH, I/Ie ONpeaeNseTcs HalpsKeH-
HOCTb.
B 1ouke A

E, =E, +E, =0,

Tax Kak TOUKa A JIEXXUT BHYTpH 00eux cdep, a BHyTpH npoBoaHuKa £= 0.

B Touke B
Ep=Ep+Ep=E;+0= Ep,
TaK KaK ToYKa HaXOJUTCS BHE IIEPBOM, HO BHYTPH BTOPOH chephl.
PesynpTHpyromas HanpsXKeHHOCTb B Touke B

7 |4
E . =k'=,
'pB rB2
9-10°[1,5-10
Ep =¥=84,4-m3 B
(4-107) M
B touke C E,,c =E, +Ezc-

U3 pucyHKa BUAHO, 4TO pe3yIbTUPYIOLIas HalpsDPKEeHHOCTh B Todke C

E = ElC +Ezc =k— |q1| iq22| = izqqll—]%l)
7, re

C C
9.10°
(5-102f
Pe3ynbTHPYOIIHi ITOTEHIMA HAMAEM II0 IIPHHIHILY CyHePIO3UIV:
P, =+ P+ 4,
Css3b HaIIPsDKEHHOCTU M Pa3HOCTH IIOTEHITAAJIOB!

E:—d—(/’—)d(p=—Edr.
ar

By = Q—2~10‘8‘— ’

] B
f)=18-10° =

ToTeHuaN MoJIs 3apsHKEHHON Chephl HaXOUTCS 10 GopMyJie

)
Peo dre,r
IIpounTerpupyem ode gactu
I W = I - 47r.9

2.4)

2.5)

(2.6)

@.7)

23

2.9)

(2.10)

@2.11)

2.12)

rae r — pacCTosiHHEe OT LEHTpa C(i)epm JI0 TOH TOYKH, TAe OIpeaensae€TCAd MOTECHIMAT,

Ipu4YEM B MPOBOJHUKE Peuyrpn = Prua nosepxuoctu-

15



Pe3ynpTUpyIoIHi NOTEHIHAN B TOUKE A

Do ¢1A+¢2A—k2+k;€—k[1€ quzj (2.13)
R
PesynpTupyronuii noTeHIMan B Touke B
w,,fcowww=k3—;+k%=k(f—;+%} 2.14)
g =10(1510 210",

PesynpTupyronmii noteHman B Touke C

k
Q’pc=¢1C+¢2c=ki+kg’2“=—(%+%)a (2.15)
e c It
9.10°

O =107 (1,5-10 +(-2-10%))=-900 B.

Haiiném paboTy mo mepemerieHuro 3apsina go=1 HKJI u3 Touku A B TOUKy B:

A =40 Ap =—qo (Pt — (DpB),
=-1-107 (2,25 10°- 0)=2,25- 107 Jhx.

Omeem: 0; 84,4-10° B/vm; 18-10° B/m; 2,25-10° B; 0 B; —900 B; 2,25-107° Ix.

Ilpumep 2.2

Yenosue

DNeKTpIUYEcKoe II0JIe CO3ZaH0 OAHO3HAYHO 3apsHKEHHBIMHU IIOCKOCTBIO M HUTHIO.
IToBepXHOCTHAs ILUIOTHOCTh 3apsifa Ha INIOCKOCTH —5SHKII/M’, muHeiHas MIOTHOCTH
3apsiia Ha HuTH —10 HKn/M. Paccrosaue r= 0,1 M.

Haiimu:

1) HanpsDKEHHOCTH DJIEKTPOCTATHYECKOTO MOJIS 3apsHKEHHBIX Tell B ToUKax A u B.

2) pa3HOCTh ITOTEHIMANIOB MEXIy TOUYKkaMid A U B B aneKTpocTaTHdecKoM Iole
3apsDKEHHBIX TEl.

3) paboty o mepememeHuto 3apsina qo = 1 HKi u3 Touku A B Touky B B anex-
TPOCTaTHIECKOM IIOJI€ 3apsKEHHBIX Tell.

Hano: oA —1,
r=0,1m
1=-10 5K/m = 10-10~ Kn/m ,
o =-5 aKi/m® = 5-107° Ki/m®
B Puc. 2.2
E,-? Ap-? 4-? r

16



Pewenue

B nanHHOM 3ajade dIIEKTPOCTATHYECKOE IOJIE CO3MASTCS 3apsHKEHHBIMH ILIOCKO-
CTBIO M HUTBIO, CIIEXOBAaTENBHO, BEKTOP Pe3yIBTHPYIOIIHI HAPSHKEHHOCTH

E,=E,+E,, (2.16)

rae E,, — HanpsHk€HHOCTD II0JIA 3apsDKSHHOH INIOCKOCTH U K, — HaNpsDXEHHOCTH HOJIS
3apsHKeHHOM HuTH Haxozsrces no Teopeme Octporpazckoro — ["aycca:

(o2

E = ;
-t g m > 2.17)
E. 4 E 2¢g,
< @— — E _ T
" 2megyr 2.18)
Jlna Bosmyxa ¢ = 1. M306pa3um Bexk-
TOPHI HAaIPsDKEHHOCTH B Toukax A u B
— (puc. 2.3).
E. Ha puc. 2.4 uzob6pazum BeKTOp pe-
3yJNbTHPYIOLIEH HaNpsKEHHOCTH B TOY-
et kax A u B.
E.
Puc. 2.3
: E.
Ep EEL"!
0 x
Puc. 2.4

Pe3ynbTHPYIOIYIO HAPSDKEHHOCTh B TOUKEe A HalWAEM C MOMOIIBIO MIPOEKIMH Ha

ock Ox:
E,=E,-E,
u ¢ yaéroM (2.17) u (2.18) nomyunm
g -_CT o
= _2
27e, — 28
Torma
10-107 ) 5-107

B
= - =3317=.
P 2.314.885-10"%.0,05 2-885-10™ M

17
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Pesynprupyronryio Hanpsx€HHOCTs B Touke B Haiiném mo teopeme Iudaropa

(cwm. puc. 2.4):
E, = JE2+E2. (2.21)

C yuérom (2.17) u (2.18) momyuum

T (o)

E,= | R e (2.22)
P .
2”80£ 28,
2
10-10” 5.10”° B
E - 2, 2 _1821=.
Torza » \/(2-3,14-8,85-10“2-0,1) g0 M

Haiiném pa3sHOCTH IOTEHIMANIOB MeXAy ToukamMu A u B. B oTimuuu oT npexsi-
JyIIero npuMepa MOTEeHUWal B TOYkax A W B HailTé He mpocTo H3-3a CIOKHOCTH
uHTerpupoBaHus. IlosToMy OymeM HaxomuTh Cpa3y pa3HOCTh MOTEHIMAIOB KaK CyM-
My pa3HOCTel MOTEHIMANIOB MEXIy ToukaMi A u B B mose miockocTy U B oie HU-
TH:

Ap=Ag, +Ag,. (2.23)

ITo dhopMyse cBSI3U HANPsDKEHHOCTH U Pa3HOCTH IOTEHIIATIOB:

E=—Q—>d(o=—Edr.
ar

IpouHTerpUpyeM ABe 4acTu:

@B
jdq) =- JEdr;
o

O Pp= IEdr.
Jlns mmockocT
"o o ry or
Ap = |E dr=|—dr=—/\r——|=—. 2.24
O -[ " ;’-26‘0 230( 2} 4g, (2.24)
2
Jlis HuTH
Tor T r T
Ap, = |Edr= dr = In—= In2. 2.25
O '[ ! ;[ 27Ke, 2me, T 27w, (2.25)
2 2

Ipenens! uaTerprpoBanus B (2.22) u (2.23) BEIOHPAIOTCS C HOMOIIBIO PUC. 2.2.
TakuM 00pa3oM pa3HOCTDH MMOTEHIIHATIOB MEX Ay ToUKaMu A U B HaiinéM noncra-
BuB (2.22) m (2.23) B (2.21):

In2, (2.26)

_—5-10‘9-0,1+ -10-10”In2

== = - =-139B.
4-885-10™ " 2.3,14-8,85-10

18



Haiingém paboty no nepememntenuro 3apsina go=1 HKx 13 Touku A B Touky B:

4=—qAgp,

Omeem: 1821 B/m; —139 B; 139-107° JIx.

2.27)

A=-1107(-139) =139-107 Jix.

3aoauu ona camocmoamenvhozo pewtenun

3aoanue 1. HaliTi HanpspKEHHOCTH SNIEKTPOCTATHYECKOTO TOJIS 3apsDKEHHBIX Tel

B Toukax A u B.

3aoanue 2. HaliTu pa3sHOCTH MMOTSHIMAIOB MEXIY TOUKaMu A M B B 3JeKTpocTa-

THYCCKOM I10JI€ 3apsDKEHHBIX TEJI.

3aoanue 3. Haiitu paboty o mepeMerieHuto 3apsna qp = 1 HKi u3 Touku 4 B
TOUYKY B B 3JIeKTPOCTaTHIECKOM IIOJIe 3apsDKEHHBIX Tell.

Konpurypanuu cucreMsl 3apsioB sl BapuaHToB 1-20 mpencTaBieHBl Ha
puc. 2.5-2.24. VicxonHsle JaHHbIE BapUaHTOB yKa3aHbI B Ta0lI. 2.

R; Gl

Puc. 2.5. 3apsxenHsie

map u chepa

Puc. 2.8. 3apsoxeHHEIe
IIap ¥ IJIOCKOCTh

Tl

Puc. 2.11. ige
3apsDKEHHBIC HUTU

Puc. 2.6. 3apsixeHHBIE

WS N O\
1
1
1
1
Ld
1
1
—
~

AR
~
EN

O

IUIOCKOCTh U HUTH

!
1 rp B 977 20K |
I

ir/2

“ ]
; S -
A r A
401

Puc. 2.9. 3apspxeHHas IOCKOCTh

U TOYECYHBIN 3apsan

Puc. 2.12. Jise
3apsIKEHHBIE CEpH!
19

0'1:;

Puc. 2.7. JIBe 3apskeHHBIE

IUIOCKOCTH U HUTh

G0

Puc. 2.10. [ige 3aps-
JKCHHBIE HUTH

(9]

Puc. 2.13. JIBe 3apsxen-
HEIE INIOCKOCTH



Puc. 2.14. 3apspkeHHbIe
map 1 chepa |

Puc. 2.17. 3apsbken-
HbIE [ap U IIHHIP

Puc. 2.20. JIBe 3apsiKeH-
HEBIE IUIOCKOCTH M chepa

/R,—\Tl
N |

Puc. 2.15. 3apsoxeHnbrit u-
JIMHAP ¥ TOYESUHBIH 3aps

Puc. 2.18. 3apsxeHHbI
IWIAHJP U HATh

Puc. 2.21. 3apsxeHHbIe
HHUTH U chepa

T1 o1

/3
"4

r/3 B

————-—— - ——]

DA AT AN,

T2

Puc. 2.23. JIBe 3apsokeHHBIE

HUTHU

T T

Puc. 2.16. Tpu 3apsoxen-
HEIE HUTH

T2

Puc. 2.19. 3apsxeHHbIH
HWIHHAP A HUTH

Puc. 2.22. JIBe 3apspKeH-
HEIE IIOCKOCTH

71

Puc. 2.24. 3apspkeHHbIe

INIOCKOCTh U HUTH

20



Tabmwua 2

Ne | Ne 1, T ol oy o,
Bap.| puC. oM | Riia| Ry, HKJI'I/M HKJZI/M HKJ'II/MZ 1-11<J12/M2 I{I<J13/M2 HK‘?II/’MS
1125]0610,11]0,3 - — 2 — - 5
212602 - - 10 — 5 — - -
3127102 - — 20 - 20 10 — —
4 128(02]01 | — — - 5 - - 10
5129106 | — — - - 10 _ _ _
6 121004 | — — 30 30 — - — -
7 (2.11]04] 0,2 | 0,2 - — 15 — — 50
8 1212/0,2] 02 | — 20 — — — — -
9 1213]0,2 | — — - - 20 30 — -
1021404 | — — 50 50 - — — -
112.15/06 | 04 | 0,2 | 20 — —_ - - 10
12121605 | — -~ - - 50 —20 - -
13217106 | 0,1 | 0,3 — - 2 4 — —
141218102 | — - 1 — 4 - — -
15121906 | 03 | — 20 20 - - - —
1622004 | 0,2 | — - - 20 30 -20 -
17122102 | 02 | — 15 — 10 — — -
181222(02| 03 | — 10 30 — - - -
191223]06 | — — 10 60 — — — —
20224103 | — — 20 20 — — — -

st 7
3. EMKocTh yeANHEHHOr 0 MPOBOJHHKA H KOHAEHCATOpa

HOpumep 3.1

Haiinite EMKOCTD CHCTEMBI OIUHAKOBBIX KOHIEHCATOPOB, BKIIOUEHHBIX MEXITY
ToukaMu A u B, xak mokasaso Ha puc. 3.1. KonieHcaTops! IWIMHAPUYIECKHE, IPH-
4yéM BHEIIHHE IIMIMHAPHI U3TOTOBIICHH! U3 INTACTUHEI ¢ pasMepamu 20x100 My, a
BHYTpEHHUE — U3 IIACTHHEI ¢ pazMepamu 20x80 MM. B xauecTBe quanekTprKa Haxo-
JIUTCSI Maclo.

JHano:

C]=C2=...=C5=C

a; =ay =20 mm =20-10° M

b; = 80 MM =80-107° M
b, = 100 MM =100-10" ™

Coty—?

C4||
R]
4 g GG g G B
—
C5||
I
Puc. 3.1
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Pewenue

PemmM 3Ty 3amauy MeTo oM paBHBIX moTeHImanos. Konnencarop C, MOAKIIIOUEH
k ToukaM D u E, moTeHnuansl KOTOPEIX OAMHAKOBHI B cuily cummerpud. CiemoBa-
TENBHO, Pa3HOCTh MOTEHLUAN0B MexX 1y ToukaMy D u E paBHa Hymro, a 3Ha4uT, U 3a-
psn xonneHcaTopa C, paBeH HyJIIO U MEXIy STHMH TOYKAMH IMONYYaeTcs «PasphiB»
nenu. TakuM o6pa3oM, JaHHYIO B yCIOBHUY 3aJaqil CXEMY MOXHO Ipeofpa3oBarh B
SKBUBAJIEHTHYIO (puc. 3.2).

ITo mosry4yeHHOM SKBUBAJICHTHOM

CII D 'C|4 cxeMe BHIHO, 9TO KOHAeHcaTops! C)
——= 11 u Cy, Cs 1 C3 COeIMHEHE! MEXIY CO-
A F B 0oii IocJIeT0BaTENbHO. A KOHJIEHCa-
o—r +—o TopHI obmeit EmxocTbio Ci4 1 Csz co-
c c €IUHEHBI MEXTy COGOM mapaliesb-
W E |1_[ Ho. Torna o61mas 8MKOCTh OCIIEN0-
a ' BaTeJILHO COETUHEHHEIX KOH/IEHC Ca-
TopoB C1u Cy
Puc. 3.2 P
C-C c: c
C14=1—4=_=_; (31)
C,+C, 2C 2
o611as EMKOCTb ITOCIIEAOBATENbHO CoeJMHEHHBIX KoHieHcaTopoB Cs u Cy
2
_GG _C _C, 62)
b .
TC+C 2C 2
001ast EMKOCTS ITapajlIeNIbHO COeqUHEHHEIX KOHaeHcaTopoB Cyy u Cs;:
Copyy = Crs+ Cs3 (3.3)
¥ KOHEYHOe BhIpaxenue jyisi C
c C
Cosy =5+5=C- (3.4)
HaiinéM EMKOCTH HUITMHAPUIECKOTO KOHAEHCATOPA.
c=4. (3.5)
@
Pa3HOCTE MOTEHIHATIOB MEXTy OOKIa{KaMy
R
o R "k
ar r
U= [Edr= j = In=2= L (3.6)
i 2meggr 2meg, R, 2megl
EMKOCTP IVITHHAPAYECKOTO KOHJICHCATOPa,
q2neg,]  2meg,l
C =—
R R’ 3.7
gln—= In—2
R, R

r1ie / — MHa KOH/IeHeaTopa, Ry U R, — pajdychl BHYTPEHHETO ¥ BHEIIHETO LIIMH/POB
(puc. 3.3).
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Papuycsl MuIMHIPOB M JUIMHY KOHIEHCATopa HaWAEM U3 YCIOBHUS IO pasMepy
mwiacTu (puc. 3.4):

a=1I (3.8)
b=2mR=> R=-=>R = 2L, 39
2z 2x’ (39
b
R,=-Z.
= (3.10)
Ry~ N
S a
: : !
] :
Puc. 3.4
<T=OR,
Puc. 3.3

IToxcrasum (3.8), (3.9) u (3.10) B (3.7) u (3.4) ¥ mOIyYHUM KOHEIHOE BBIPKEHHUE
IU1s EMKOCTH CHCTEMBI KOHJIEHCATOPOB:
_ 2meeq  2megyq
T _—1nb_2 ) 3.11)
27b, b
_2-3]14-5-885-107.20-10
100-10°°
n_.___..—_
80-107°

In

Cc =24,9-10" ®.

Omeem: 24,9107 @.

Ilpumep 3.2

TTnockyii BO3MYIIHEINA KOHISHCATOP 3apsiIUiIM IO pasHOCTH roTeHnuanoB U;. Kak
U3MEHUTCS 3apsill, EMKOCTb, Pa3HOCTh IIOTEHIMAIOB, HAUPSHKEHHOCTH M 3HEPIUS
JIIEKTPUYECKOTO MOJIST BHYTPU KOHJEHCATOpA, NP YBEIMYECHUH PACCTOSHHS MEXIY
IUIACTAHAME B 2 paza? InacTUHEI pa3sqBUTajId, HE OTKIIFOYAs KOHAEHCATOP OT UCTOY-|
HUKA THTaHMUSL. |
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Hano: Pewenue

dr=24d, W3mMeHeHne reoMeTpHYecKUX MapaMeTpoB WM JUIIEKTpHUKa
g= MeX/ly OOKJIafKaM{ MPUBOIHUT K H3MEHEHUIO EMKOCTH KOHIEH-
— |  caropa. [Ipuuém, ecinu 3TH U3MEHEHHs IPOM3BOJAT, HE OTKIIO-

—q—l_ _o ﬂ _9 qasi KOHACHCAaTOp OT MUCTOYHUKA, TO HEU3MEHHBIM oCcTaércs Ha-
9, * C2 * IIPSPKCHUE MEXKAY 06KHaZ[KaMI/I. A €CJIH, OTKJIro4Yasa, TO HCU3MECH-
HBIM OCTaéTcs 3aps KOHaeHcaropa.
_E_l_? W 9 B naHuO# 3aade 10 yCIOBHIO KOHAEHCATOP HE OTKIIOYAeTCS
Ez VVz OT UCTOYHHKA, CJIICTOBATCIIPHO, HAIIPDSXKCHHE HE U3MEHUTCS:
U = U (3.12)
EMKOCTB IUIOCKOr'0 KOHZICHCAaTOpa HaXOAUTCs 110 Q)opMlee
C= 5‘3‘3, (3.13)

rIe &— IUdJIeKTprdecKas IPOHUIaeMOCTh CPEbl MeX Ty oOKIIafKaMH, S — IUIOIaab
oIHOM 00KIIaaKy, d — pacCTOSHIE MeXTy 0OKIaAKaMH.
Torma eMKOCTH KOHAEHCATOpA JIO | II0CTIE pa3ABIKEHHUS TUIaCTHH:

gg,S
C ==,
1 d (3.14)
&g,S
C,=—"",
2 4, (3.15)
Paznemum (3.14) ua (3.15):
C, ¢egSd, d, 2 C
__1=L=_2=_1=2:>C2=_1’ (3.16)
C, ¢egSd, d, 4 2
EMKOCTh KOHZIEHCATOpa YMEHBIIHUTCS B 2 pa3a.
EMKoCTh KOH/IeHCaTOpa HAXOUTCSA 1o (hopMyITe
c=I=q=cu, 3.17)

Tae g — 3apsag KoHAeHcaropa.
Torna 3apsaa KOHASH caTopa 10 U ITOCJIe Pa3iBHIKEHUS IUIaCTHH

q,=CU;; (3.18)
q, =C,U,; (3.19)
Pazpenmnm nowienso (3.18) Ha (3.19):
9 _ QU 9
—— = 2 = =, .
7, GU, o 2 (3.20)

3apsi YMEHBIINTCS B 2 pasa.
Hanpshx€HHOCTB IIOJIs IUIOCKOTO KOHJIEHCaTopa HaXoquTes 1o hopMyre
U
E=—. 3.21
y (321)
Toraa HanpsHKEHHOCTH NOJISL KOHEHCATopa IO U [TOCIe pa3BIKEHHUS IIIaCTHH:
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U,
E =—1L
] (3.22)
U
E,=—Z%.
27 (3.23)
Pasnemum nounenHo (3.22) Ha (3.23):
ﬂ:Ul—dZ:ﬁ.:%zsz =£ (324)
E, dU, d, d, 227 '

HAIpPsDKEHHOCTB ITOJIS YMEHBIIUTCS B 2 pasa.
OHeprus 3apsHKeHHOTO KOHACHCATOPa MOXET OBITh HaliieHa 10 TpEM (hopMyiam:

¢ _CU*_qU

Y 5 > (3.25)

Bocnonbe3yemcs nocieHeit U3 HuX. DHeprusl KOHIeHcaTopa O U [0CTe pa3BH-
JKE€HHS IJIaCTHH:

U,
W, = 2‘2—‘. (3.26)
U.
W, = q22 2, (3.27)
Paznennm nounenHo (3.26) wa (3.27):
Z=M=ﬁ=2:>ﬂlz=ﬁ (328)
W, 2¢,U, q, 2 '

OHEPrus YMEHBIIUTCS B 2 pasa.

3adauu ona camocmoamenbHo20 peuieHusA

1. ITnockuii KOHAEHEaTOp C IUIOMmaAbo IuacTuH 100 MM2, PAacCTOSHUEM MEXIy
Humi 0,1 MM, 3amonHeH kepocuHoM. Ompe/ienTuTh EMKOCTh KOHIEHCATOpPa, eCIH I1e-
peKphIBaHHE TUIACTHH COCTABMET 60 %'

2. Ompenenuts EMKOCTh IWJIMHAPHYECKOTO KOHJEHCATOpa, €CIM BHYTpPEHHHMIt
LWIMHP M3TOTOBJIEH U3 IUTacTHHEI ¢ pasmepaMu 20x100 MM, a BHYTpEeHHHH LH-
JIMHAP — U3 TUIACTUHEI ¢ pasMepamu 40x80 MM. B xauecTBe MUANIEKTPHKA UCIIONB3Y-
eTCsI KEPOCHH.

3. Cdepuaeckuii KOHASHCATOP U3TOTOBJIEH U3 INapa ¢ 00péMoM 4 eM chepsl, ¢
IO b0 moBepxHOCTH 50 oM. IIpocTpaHCTBO MEX/y TellaMH 3allONHEHO CTEKIOM.
Haiitu éMKoCTE KOHAEHCATOpA.

4. Konpencatop ¢ napa(uHOBEIM JUINEKTPHKOM 3apsXKeH N0 Pa3sHOCTH HOTEH-
muanoB 150 B. Hanpsx€HHOCTE AJIeKTpHYEecKoro Mo B HEM 6-10° B/M, mnomans
ILIaCTHH 6 CM. OrmpeienuTh EMKOCTh KOH/IEHCATOPA M MOBEPXHOCTHYIO ITOTHOCTH
3apsa Ha ero o0KJIaKax.

5. IIpocTpaHCTBO MEXIy IUIACTHHAME IUIOCKOTO KOHJEHCATOpa 3aloiHEHO IU-
anektprkoM (dapdop), 066EM KoToporo paser 100 . TToBepXHOCTHAS IIOTHOCTD
3apsyia Ha INIACTHHAX KOHJIeHcaTopa paBHa 8,85 HKi/M”. Berauciuts paboty A, ko-
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TOPYIO HEOOXOIYMO COBEPIINTD JUISl TOTO, YTOOH! YIAIHUTh IUAIEKTPUK U3 KOHAEHCa~
topa. TpeHHeM NUdIIeKTpHKa O ITaCTHHBI KOHAEHCATopa peHeOpeys.

6. DmexTpo&MKOCTb HIIocKoro dapdopoBoro kongeHcaropa pasaa 111 n®. Kon-
JIEHCATOp 3apsId A0 PasHOCTH NoTeHImaioB 600 B u oTKIHOYMIM OT WCTOYHHKA
HanpsokeHua. Kakyro paboTy Hy»XHO COBepINHTH, YTOOBI BEIHYTH M3 KOHACHCATOpa
IudekTpuk? TperneM nmpeHeOpeds.

7. Tlnoma s TUIACTHH TUIOCKOTO CIOMITHOTO KoHaeHcaTopa 1,1 cM?, 3a30p Mexmy
muMu 3 MM. Ilpu paspsane xonneHcaropa Belenmnach dsHeprust 1 mxJx. o xaxoit
Pa3HOCTHU HOTEHIUATOB OBLI 3apsDKeH KOHAeHCaTop?

8. Oneprums mnockoro BosxymHoro kouaeHcaropa 0,4 HIX, pa3HOCTH IOTCHIUA-
1I0B Ha o0kiaakax 600 B, mromans miactuH 1 oM OnpenenuTts paccTOSHIE MEKIY
obKknagKaMy ¥ 00BEMHYIO IUIOTHOCTS SHEPTHH HOJIs KOHIEHCaTopa.

9. Hackombko ;[43MeHI/1Tc51 Macca NWIHHAPHIECKOTro KOHACHCATOpa, €CIIH €ro 3a-
PAIUTH 1O pasHoCTH moTeHmuanos 200 B. Pajuyc BHyTpeHHero mummHApa 1 oM, pa-
Jyc BHEIIHero IuuHApa 3 cM. JIusnekTpuk — BoJa.

10. CxoJbKo SHEPrUM BBIAENUTCS IIPH paspsizie chepraeckoro KOHAEHcaTopa, 3a-
PSDKEHHOTO 10 pa3sHocTy noteHnuanos 500 B. Pamyc BHemHe#t chepsl paseH 10 oM,
pazuyc BHyTpeHHeit cdepsl 4 cM. JIUIEKTPHK — CTEKIIO.

11. B mrockuii KOHJEGHCATOp BJBHHYJIHM Iapa(UHOBYIO IUIACTHHY, BIUIOTHYIO
HpHIETalonIyio K IutacTHHaM. IInomans mIacTHHEL COCTABISLET IIOJIOBUHY OT IUIOMIa-
J miactiH. Kax nsmennnachk EMKOCTs KOHEHCaTopa?

12. IunuaaprYecKuii KOHAEHCATop IIUHOH 10 cM HAONOBHHY IIOIPY3IIA B Ke-
pocun. Hackonsko H3MeHHTCS €MKOCTE KOHAEHCAaTOpa?

13. Kakyro paboTy COBEpIIUT MCTOYHUK IOCTOSHHOrO HampspkeHus 200 B, 3aps-
*Kasl IWUTUHAPHIecKuii KoHAeHcarop. J{nuaa kognencaropa 10 oM, paguyc BHYyTpeHHe-
ro LIUTHHIpa paBeH | cM, pajiyc BHENIHero IIMHApa 3 cM. J{uareKTpHK — napaduH.

14. TInockwuit Bo3xyMIHEIN KOHIEHCATOP EMKOCTEIO 1 MKD 3apsumu 10 PasHOCTH
noterrpanos 200 B. Ilocne oTkmoueHns] KOHAEHCATOPa OT HCTOYHUKA PAcCTOSHUE
MeXIy ero IacTHHAMM YBEIUJIIH B 1Ba pa3a. Kaxas paGoTa Oplia coBepiueHa?

15. ITnockuii Bo3myImHbIH KoHIeHcaTop EMKOCThIO 0,1 MKD 3apsaaunu K0 pasHo-
cru noternuanos 300 B. Kak u3sMeHuTCs 3apsij Ha ero INIACTHHAX, €CIIM PACCTOSHYE
MEX/ly HIMH YMEHBIIWIN B [Ba pa3a, He OTKII0Yas KOHAEHCATOp OT HCTOYHHKA?

16. Onpepenuts 3JIeKTPOEMKOCTh YEAUHEHHON MeTamdeckoll cepsl pauycoM
5 cM, norpyx€Hnoii B Bofy.

17. ap paguycom 10 cm 3apspxer no moterunuana 300 B, a map paguycom 5 cm
— o norenrmana 500 B. OnpenenuTs 061yro sHeprito u obmmii 3apsaz mapos. Kak
H3MEHSTCS 3aPsAfbl, HOTEHIMANEl ¥ SHEPTHS MIAPOB IIOCIE COSTUHEHN UX METaJLIU-
4ecKoif IPOBOJIOKOH, EMKOCTBIO KOTOPOH MOXHO TIpeHeOpes? |

18. Meranmudeckuil map paguycoM 3 cM 3apspm o noreHmuana 100 B u co-
€IMHAIA METaUTHYecKO} IPOBONIOKOH ¢ TaKUM e He3apshkeHHBIM InapoM. Omnpene-
JIMTH 3apsf X IOTEHIHAN [apoB B COeNUHEHHOM cocTosHuu. Halitu motepn sHepruu
TIPH ITepeMeleH T  3apsia. EMKOCTBIO MPOBOIOKH MpeHeGpets.

19. Tpu napanenbHbIe IIACTHHBI ILIOMAB0 10 cM” Kayasi, TOMEIEHE! Ha pac-
crosare 1 MM apyr ot apyra. [IpocTpaHCTBO MeXXIy IITaCTHHAMU 3aIl0IHEHO Kepo-
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cusoM. IToternuansr miactux 100 B, 50 B u 20 B. Haiiti &émxocTs U 9HEpruro 3apsi-
JKEHHOH! CHCTEMBEI.

20. Mexxny AByMs METAUIMYECKUMH IUIACTUHAMU IUIOCKOTO BO3IYIIHOTO KOH-
JleHcaTopa, OJHa U3 KOTOPHIX 3apsbkeHa o noTeHnuana 10 B, npyras — 5 B, BHecnu
TPEThI0 METAJUIMYECKYIO IUIACTHHY TaKOH jXe IUIOMaJy Ha PaBHOM DPAacCTOSHHUHM OT
oboux miactuH. IToTeHnuan tpetsed miactussl 7 B. Haiitn u3MeHeHue EMKocTH H
SHEPIHH 9TOH 3apsS>KEHHOM CHCTEMBI.

4. JIBuzxeHne 3apsoKeHHON YaCTHIBI B DJeKTPOCTATHYECKOM MoJie
Ilpumep 4.1

K 3apspxeHHON HUTH ABMWKeTCs o-dacTtuna (4.1). Ha paccrostauu 30 cM ot HUTH
YacTHIA BMeNa CKopocTh 5+10° M/c. JIuneiinast mioTHOCTS 3apsiaa Hutd — 20 HKI/M.
Haiitu ckopocTs 9acTuIel Ha pacctosHuy 10 cM.

Jlano: -t
qda= 2qn ﬂ; . E’: E; Uy
m=4m, @----- {‘q
r= 30 cMm @
v =510° m/e s
r,=10cMm

=20 aK/m "

v;-?

Puc. 4.1

Pewenue

ITo TEOpEME O KHHETHIECKOMU OHEPruu pa60Ta CHIIBI

2 2
m,v,  m,u,

A=AW, ="22 :

KT, D) 4.1)
C nmpyroit cTopoHsI, paboTa CHIIBI ONpeeNsieTCs CIIeIYIOIIUM BEIpaKeHHEM:

A= [F, dr, 4.2)

rae F,, — snexTpudeckas cuia, NeiiCTByIoImas Ha O-4aCTHILy CO CTOPOHBI 3JIEKTPO-
CTATHYECKOT'O ITOJIS 3apsHKSHHOM HUTH.

OnexTprdecKas CHia OIpeelsieTcs ClIeAyIoIiM BEpaXeHUEM:
F,=Eq,, 4.3)
rre E, — HanpspkEHHOCTH SIIEKTPOCTATHIECKOTO TOJIS 3apsKEHHOM HUTH;
qo— 3apAx Oi-4acTHULBL.
HanpspkeHHOCTS 1T0JIs 3apsPKeHHOM HUTH HaxoxsT 1o TeopeMe OCTporpaicKoro —

T

I'aycca: 4.9

" 27gg,r
Toncrasum (4.4) B (4.3) u (4.2):
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¥,
—*In-2. (4.5)

4= I B j 2reg,r 27[880 n

JleBBle 9acTU BBIPAXKCHUIHA (4.1) u (4.5) paBHBI, ClleOBAaTEIBHO, MOXKHO IPHPAaB-
HATH U IPaBBIe YaCTH:

q In2
mok_maf " i
2 2 2mee, (4.6)
Ortcrozia CKOPOCTB O-9aCTHIIHI HA PACCTOSHUH 75
7q, In’2 )
: 27ee, 2 "m,’ @.7)
rae €= 1 — audneKTpudeckas IpOHUIIAeMOCTh BO3LyXa;
m = 4m,— Macca o-4acTHIIbI, paBHas YETHIPEM MaccaM BO3IyXa;
qo=2q, —3apam o.-4aCTHULE], paBHBIN BYM 3apsAaaM IIPOTOHA;
-90-10°-2:16-10™-In M
0-102  4-1,67-107(5-10°) 2
v, =1( ~12 + ) 27 T
2-3,14-8,85:10 2 4-1,67-10
=5,4-10° m/c.
Omeem: 5,4-105 m/c.
Ilpumep 4.2

IIpoToH, BiIeTEB CO CKOPOCTRIO 5 MM/C B ION€ INIOCKOTO KOHAEHCATOpa BJOJb
€ro IUTaCTHH, BEUIETEN CO CKOPOCTBIO 7 MM/C. JInuMHAa ILIacTMH KOHAEHCATopa — |
10 cM, paccrostaue Mexay HuMH — 1 oM (puc. 4.2). Halitu pasHoCTh HOTEHIHAIIOB [
MeXTy TUTACTHHAMH. |

Jano: —
¢,=1,6:10" Kn
m,=1,67-10"" kr
V=5 Mw/c =5-10° m/c
v=7Mwm/c=710°wm/c T
b, LE
1=10eM=10-10" M

d=1cm=110%m ; E
U-?

Puc. 4.2
Pewenue

B miockoM KOHZICHCATOPE Pa3HOCTh IIOTCHIIHAJIOB MEXy IIIaCTUHAMU CBsI3aHa C
Hal’IpSI)KéHHOCTLlO JJIEKTPOCTATHUYECKOI'O IIOJIA CICAYIOIIUM BBIPAXKCHUEM!
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U=Ed. (4.8)
Hamps:x8HHOCTB 3MEKTPOCTATHIECKOTO MOJIsL KOHEHCaTopa HaiiéM 110 BTOpoMy
3akoHy HeroroHa:
ZF =ma.

F,=m,a, 4.9)
TaK KaKk CyMMY CHJI, A€HCTBYIOIIMX Ha IIPOTOH, COCTaBIIAET IEKTpHUYeckas cuia (cu-
JIOH TSHKECTH MOXKHO IIpeHeOpedb, IOTOMY YTO OHa MHOTO MEHBIIE JJIEKTPUYECKOM
CHUIBI). OTa NEeKTpUYecKas CIIa U coobIaeT MpoToHy ycKopenue a (cM. puc. 4.2).
OnexTpryeckas cuia

Otcrona

F,, = Eg,. (4.10)
IToncrasum (4.10) B (4.9):

Eq,=m,a. 4.11)
VYckopenue HaliIEM C IIOMOILBIO BYX OCHOBHBIX KHHEMATUYECKUX YPaBHEHHH:

o . . ar

S=vot+—2—; 4.12)

D=0yt +at’. (4.13)

Crupoerupyem (4.13) Ha ocu koopauHaT (cM. puc. 4.2):
cKkopocTh 1o ocu O,

O 0,= vg; (4.14)
ckopocTs 1o ocu O,

Oy:v,=at. (4.15)
Cnpoerupyem (4.12) Ha och O,. [Tepememenus mo ocu O,

Sy =1 vot. (4.16)
U3 (4.16) onpenenum BpeMs JBIDKEHHS IPOTOHA B KOHJEHCATOpE:

/

t . 4.17)
IToncraBum (4.17) B (4.15):

b = al

e (4.18)

KoneuHast CKOPOCTh IIPOTOHA IIPH ABKEHUH B KOHAEHCATOPE HAXOMHUTCS TI0 TeO-
peme ITudaropa (cM. puc. 4.2):

v =0} +0. (4.19)
IToncraBum (4.18) u (4.14) B (4.19):
212
=2+ 4.2
P+ (420)
Y
Ortcrofia ycKopeHue
2 2)2
a= Y 1’2)0 0 4.21)

IToacrasum (4.21) B (4.11):



2, 2)2
Eq,=m, “—l‘zii (4.22)
Orcrona
2, 2}2
m, v 112)0 o
E= —q—— (4.23)
KoneuHoe BeIpaxkeHH€ A7 pa3HOCTH ITOTEHIMAIOB [TOy4UM, IoJcTaBuB (4.23) B
(4.8):
W - v i
m,d 7
U= -q—, 4.24)
10702 JE10T G107 0]
v= 167 10—1510'10 ) =25,6-10°B.

Omeem: 22,6:10° B.

3aoauu onsa camocmoamenvHozo pewieHun

1. B ogHOpOAHOE 3IEKTPOCTATHYECKOE TI0JIE ¢ HApsDKEHHOCTEIO 10 KB/M, BIOIb
CIJIOBBIX JIMHUI BIIETaeT 3JIEeKTpoH, obnamaromuit sHeprueii 20 sB. Halitu TopMo3-
HOU IIyTh JIIEKTPOHA.

2. B anextpoctaruyeckoe noie ¢ HanpsokéHHOCTRIO 500 B/M BietaeT o-gactuna
co ckopocTeio 10 Mm/c U IBHXKeTcs MomepéK CUIIOBBIX JMHMH. HaliTu cMmemenue
yacTuIpI3a 3 C. |

3. B anexTpocTaTHdeckoe moje ¢ HanpshkEHHOCTEIO 3 KB/M Biereno sapo Na co
ckopocThio 5 Mm/c oz yriom 30° K CHIOBBIM JIMHHSM OHOPOIHOI'O 3IIEKTPHIECKO-
ro nons. HaliTi ero ckopocTs B KOHIIE BTOPO# CEKyH/IBI IBIDKECHHUS.

4. DneKTpoHBI BHIPHIBAIOTCS C IIOBEPXHOCTH 3apsUKCHHOTO IIapa 6e3 HadalbHOl
ckopoctu. Pamuyc miapa 10 cm. Illap 3apsbkeH ¢ 0OBEMHOM ILIOTHOCTBIO 3apsija
40 Ka/v®. Haiira ux cKopocTh Ha paccrosHud 30 cM OT IeHTpa Iapa.

5. K 3apspxeHHON HUTH ABIDKeTcs o-dacturia. Ha paccrosHum 30 cM OT HUTH
yacTuna umena ckopoctb S00 m/c. Jluneitnas mioTHOCTh 3apsnaa HuTH 20 HK/M.
Haiitu ckopocTh gacTuIls! Ha paccTosHud 10 cm.

6. DneKTpOH OTPBIBAETCS OT OTPULATENBHO 3apsHKEHHON IUIACTHHEI C IOBEPXHO-
CTHOM IIOTHOCTBIO 3apsAnoB 20 MKK11/M” Ge3 HagambHOM CKOPOCTH M JOCTUIaeT II0-
JIOXXUTENBHO 3apsHKCHHOM IUIACTHHBI C IIOBEPXHOCTHOM INIOTHOCTBIO 3apsoB
10 MxKo/M?. TInacTamsr HapaJuleNIbHB] U PacIONIOXKeHB! Ha PACCTOSIHUM 1 MM ApyT OT
npyra. HaliTu cKOpoCTh 3I€KTpOHa IPH yAape O IOJOXHUTENbHO 3apsHKEHHYIO IUia-
CTHHY.

7. DNeKTpoH BBHIPHIBAETCS C IOBEPXHOCTH OTPHIIATENHHO 3apsHKEHHOTO Iapa co
ckopocthio 30 Mm/c. Pamuyc mapa 1 M. Ilap 3apsoxeH ¢ 0OBEMHON INIOTHOCTHIO
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400 sKn/v’. Haitr paccTosiHie OT OBEPXHOCTH I1apa, Ha KOTOPOM 3JIEKTPOH H3Me-
HHT CBOIO KHUHETHYECKYIO SHEPIHIO BIBOE.

8. DOnexTpoHBI BEIPHIBAIOTCS C MOBEPXHOCTH OTPHULATENHHO 3apsDKEHHON cdephl
co ckopoctbio 30 MM/c. Pamuyc chepsl 10 cM. Chepa 3apsukeHa ¢ IIOBEPXHOCTHOM
mrotHocTsio 10 HKi/M?. Haiita I[yTh, KOTOPBIH MPOUAET DIIEKTPOH O HOJHOU OCTa-
HOBKH.

9. HaiiTu cKOpOCTB Ol-4aCTHIIBI IIPH €€ ABIDKEHHU B SJIEKTPOCTATHIECKOM IIOJIe
gepe3 3 C, €CIIM OHa B HAaYaJIbHBIII MOMEHT BPEMEHH BJeTela B II0JI€ CO CKOPOCTHIO
10 Mwm/c nonepék cunoBbIX JuHUH. HanpspkéarocTs noist 500 B/M.

10. Haiitu cmemenue sinpa Na BRoJb M NONEPEK CUIOBBIX JIKHUH B 3IEKTpPO-
CTaTHYECKOM II0JIe, €CIIM OHO BJIETEJIO CO CKOPOCTHI0 5 Mwm/c mox yrioMm 30° k cuio-
BBIM JIHHUSIM OTHOPOZHOTO 3JIEKTPHYECKOrO IO ¢ HANPsDKEHHOCTHIO 3 KB/M.

11. BnereBmast B IIIOCKHMH KOHASHCATOP Ha PaBHOM PacCTOSHUHU OT IUIACTUH CO
ckopocTeio 8 MM/c oi-yacTHIla He CMOIIa BBUIETETh W3 Hero. PaccTosiHHe Mexmy
IUlacTHHAMHU 15 MM, HampsbDkeHHe Ha KoHjeHcartope 3 kB. HaliTu MHHHMaNBHYIO
JUIVHY IUIACTHH INIOCKOTO KOHJIEHCaTopa.

12. BrereBInii B INIOCKUH KOHAEHCATOP HA PaBHOM PacCTOSHMH OT IUIACTHH CO
CKOpocThI0 5 MM/C IpoTOH He BBUIETEN U3 Hero. J[yMHa IUIaCTHH KOHJEHcaTtopa
20 cM, paccrosiHe Mex Iy HuMH 20 MM. HaliTh MUHUMaBHYIO pa3HOCTh NOTEHIMA-
JIOB MEX/y INIaCTUHAMH IFIOCKOTo KOHAEHCAaTopa.

13. Haiiti yckopeHHe, KOHEUHYIO CKOPOCTh ¥ BpeMs ABHKCHHUS JIIEKTPOHA OT Ka-
TOJa K aHOMY DIIEKTPOHHOM JIAMIIBI, €CIIU Pa3sHOCTH IOTeHIMAIoB Mex Ty Humu 220 B,
a paccrossHue — 2 MM. |

14. Ilapux mMaccoi 10 r, Hecymuit 3apsiz, paBHBIN CTa 3apsiiaM SJEKTPOHOB, pa3-
TOHSIETCS B QNEKTPOCTATUUECKOM II0JIe C pa3HOCThIO noTeHImanos 1 kB. Haiitu mMax-
CHMAJIbHYIO0 KHHETHYECKYIO SHEPTHIO ¥ CKOPOCTh MIApHKa, a TakKe BPEMs JABIKCHHS,
€CJIX ITyTh, IPOHACHHBIN IapyuKoM, paBeH 3 cM.

15. DnexkTpoH, BIeTEeB B KOHJICHCATOP BIOJb €ro IUIACTHH, BBUIETEN IIOJ YIIOM
30°. HaiiTu ero Ha4yaJbHYIO CKOPOCTB, €CIIH JUIMHA IUTaCTHH KOHJeHcaTopa 15 oM, a
HaNpPsHKEHHOCTD [OJSL B KoHeHcaTope 3 kKB/M.

16. IIpoToH, BIeTEB CO CKOPOCTHIO 5 MM/C B HIoJTe IIIOCKOTr0 KOHAEHCATOpa BONb
€ero IUIACTHH, BBUIETEN ¢O CKOpocThio 7 MM/c. HaiiTi pa3sHOCTb IOTEHIIAANOB MEXITY
IIaCTHHAMH.

17. IIpoTOH BBIPBIBAETCS C MOBEPXHOCTH MOJIOKUTENBHO 3apsHKEHHOTO BHYTPEH-
HEro UIMHApA IHIHHIPHIECKOTo KOHASHCATOpa co CKopocThio 1 MM/c 1 rocturaer
BHemHero muiuHApa. Haiiti ero ckopocts B koHIE ABIKeHHA. KongeHcarop 3aps-
el ¢ JinHelHo# mioTHocThio 10 HKi/M, paguyc BHyTpeHHero mumuaapa 0,5 oM, pa-
JIMyC BHEIIHETO HUIUHAPa 1 cM.

18. TIpOTOH BEIPHIBAETCS C MIOBEPXHOCTH BHYTpPEHHEH cephl MOTOXUTETBHO 3a- |
PSDKEHHOTO | chepHIecKoro KOHAEHCATOpa cO CKOPOCTB0 1 MM/C ¥ I0CTHTaeT BHEII-
Hel coepsl. HaliT ero ckopocTs B KoHIE ABrkeHUA. KonmeHcarop 3apskeH ¢ IIo-
BEPXHOCTHOM mioTHOCTHI0 10 HK/M%, pammyc BHyTpenHero mamaaapa 0,1 cM, pamm-
yc BHemHero muuHapa 0,2 cm.
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19. Haiitu yckopeHHe, KOHEYHYIO CKOPOCTh M BpeMsl JBIDKEHHUS DJIEKTPOHA MEX-
Iy INIaCTHHAMH C(epHYecKoro KOHAEeHcaTopa, eClii pasHOCTh HOTEHIUATIOB MEXIY
HuM 220 B, a paccrosiHUe 2 MM.

20. CKOpOCTh (-4aCTHUIIBI, BIETeBIIel B LIIMHAPHYECKUI KOHIEHCATOP BIOJH
TIOBEPXHOCTH ITOJIOKHTENBHO 3apsDKEHHOrO MMIIMHAPA CO CKOPOCThIO 2 Mwm/c mpu
BBLIETE M3 KOHZIEHCaTopa Bo3pocia fo 5 Mwm/c. Halitu nuHelHyI0 IIIOTHOCTS 3apsa
Ha OWIMHIApaX, ecd JUIMHA KoHAeHcatopa 10 cM, pajuyc BHYTPEHHErO IWIHHApPA
0,2 cM, paguyc BHemHero mumHApa 0,4 cM.

SJIEKTPUYECKHAN TOK

5. DaexkTpuyeckuii TOK B IPOBOTHUKE

Ilpumep 5.1
Yenosue
. { ~
Tok B ey U3MEHSETCs 10 3aKOHY [ = 8+4t2,| A. HaliTu KOITH4YeCTBO 3IIEKTPOHOB,

MPOLIEIIKX IO IPOBOJHUKY 332 HHTEPBAI BPEMEHH MEX/y IepBO U TPEThel CeKyH-|
JIaMH.

Mano: Pewenue
I(t) =8+ 4¢* KomnuuecTBo 311eKTPOHOB MOXKHO HaiTH 110 GopMyIe
h=2c v=~L (5.1)
h=4c la.|
N_2 TJIe g — BECh 3apsijl, IPOILE M [0 IPOBOIHHUKY,
o Ig.| — MOZYJIb 3apsaa OXHOTO IEKTPOHA, Ig,| =1,6'10"", Kx.

KonmyecTBo aiieKTpHyecTBa WIH 3aps) OIpeelsieTcs BRIpaXKeHHeM
q= [idt, (5.2)
rAe i — CHIa TOKA, # — BpeMs.
IToncraBuM aHHOE B YCJIOBHHU BBIpaK€HUE JUIS CHIIBI TOKa B (5,2)\1/1 IIPOUHTETPH-
pyeM:

¢, t. t
2 2 2 4
g = |(8+4t)dt = |8dt+ |4’dt =8(t, —t)+—(t, -1)). 53
t:[ t]_[ ;:[ 2~ T LT, (5.3)
DTO BBIpOKEHHE ONpEAEISIET 3apsijl, MPOIIEIIINi IO MPOBOAHKUKY 32 HHTEPBAI
BpeMeHH oT #; 10 f.IToxcraBmm (5.3) B (5.1):

4
(1) + 2@ -1)

N= (5.4)

2l
IMoacraBum B (5.4) dnciIeHnbe 3HaUeHus 1 noxyunm N ~56,6:10".

Omeem: 56,6-1019.
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Ilpumep 5.2
Yenosue

ITo mensHOMY Hg)OBOI[HI/IKy MIPOTEKaeT ANEKTPUIECKUH 3apsil, U3MEHSIOMUNCS 10
3aKkoHy g = 10 + 5¢°, K1, onipeieniTh COMpOTUBIIEHUE IPOBOIHIKA, €CIIA NpU £ =2 C
najieHne HalpsDKeHUS Ha MPOBOJHUKE paBHsuIoch 20 B.

Jano: Pewenue
q()=10+ 5 ConpoTuBlIeHHe IPOBOAHHMKA MOXKHO HalTH IO 3aKOHY
t=2c¢ OMa 11 OTHOPOHOTO yYacTKa LieTIH:
U=20B .
i=—, 5.5
2 (5:5)
R-?

rae i — cwia Toka, U — NajieHne HalpsDKeHHS WM PasHOCTh IMOTEHIUANOoB, R — co-
IIPOTHUBJICHNE PoBogHKKA. 13 (5.5) BEIpa3iM CONpOTHBICHHE:

U
R=—. (5.6)
l
Cua Toxa OpeACIISIETCS. BhIPpAXXCHUEM
dg .
i=—=gq, 5.7
o ¢ (5.7

e g — 3apsi, MPOLIE/IIIIA [T0 IIPOBOIHUKY, ¢ — BpeMsi, ¢ — MPOM3BOAHAS OT 3apsia
mo BpeMeHH. IIoICTaBUM JaHHYIO B YCJIOBHH 3aBUCHMOCTH ¢(f) B (5.7) u Haiinem
MIPOU3BO/HYIO:

i=(10+5%) =10"+(5t") =10z, A. (5.8
IoxncraBum (5.8) B (5.6):
R= v, —g— (5.9
i 10¢

IToxcrapum B (5.9) uncnennsie 3Havenns: R= 20/(10-2) =1 Om.

Omeem: 1 OMm.

3adanua ona camocmoamenvHo pabomol

1. Tok B memu MeHsieTcs IO 3aKOHy i =12— 2£*, A. Haiitn CYMMapHBIH 3apsn,
TPOIIEIIN 110 NPOBOAHMKY 3a MHTEpBall BpEMEHU MeXIy NepBOH M TpeThell ce-
KyHIaMH.

2. Curna ToKa B IIpOBOJIHUKE paBHOMEpHO Bo3pacTaeT oT 0 o 2 A B TedeHue 5 c.
OmnpenenuTs MMEKTPUIECKUH 3apsi, IPOIIEAIIHIA 10 MPOBOAHKKY 32 3TO BpeMs.

3. DneKTprdecKuii 3apsy, MPOTEKAIONIHII 10 IPOBOHUKY, H3MEHAETCS 10 3aKOHY
q =20-2¢, Kn. HaliT cpefHee 3HaueHHE CHIIBI TOKA JUIs HHTEPBala BPEMEHH MEX-
Jly BTOPOH U TPEThEH CEKyHAaMHu.

4, 3aKOH U3MEHEHHUS INIOTHOCTU TOKa UMeeT BHJ j = 4+ 2f + 2, A/M%. Haitty ma-

JACHHUEC HAIIPSDKCHUS Ha IIPOBOAHUKE C COIPOTHUBIICHUEM 2 OM H IUIOIIAIBIO Tomnepey-
2
HOT'O CeYeHUSA 4 MM~ B MOMEHT BpPEMEHH [ = 4c.
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S. HanpsbxkeHne Ha NMPOBOXHHKE M3MeHsercs Ho 3akony U = 220003(100721‘), B.
HaiiTn 3ak0H M3MEHEHHs CHJBI TOKa M 3JIEKTPHYECKOTo 3apsiia, MPOTEKAIOIIero B
TIPOBOJHHUKE C DIEKTPUIECKIM conpoTuBieHreM 10 Om.

6. DnexTpudecKuil TOK B IPOBOJHUKE U3MEHSETCS 110 3aKOHY i = 5005(1007;1), A.
Kaxoe cpefHee 3HaUCHHE HMEET CHUJIa TOKA U KBa/[paT CHIIBI TOKa?

7. DnexTpudecKoe CONpPOTHUBICHHE HarpeBareibHOro mpubopa 50 Owm. Haiitu
SHEPTHIO, BEIEIIOLIYIOCS B 9TOM HpubOpe 3a IEpBYIO CEKyHAY ero pabGoThl IpH
IPOXOXKIEHHH I10 HEMY DJIEKTPUIECKOT0 TOKA, CHIIa KOTOPOTO H3MEHSETCS 110 3aKOHY
i=220sin(10072), A.

8. OnpenenuTp 3NIEKTPUYECKU 3apsif, MPOLIEALINA [0 IPOBOJHUKY C CONPOTHB-
nenueM 30 OM npu paBHOMEPHOM pOCTe HalpsDKEHHS Ha ero KoHnax ot 2 B 1o 40 B
B Teuenue 20 c.

9. OnpenenuTh 3aKOH U3MEHEHHMS! IVIOTHOCTH TOKA B JKEJIE3HOM IIPOBOJIHUKE [TH-
Ho# 10 cM, eciii B IPOBOIHUKE CO3MACTCS HANPSIKCHUE, U3MEHSIOIIEecs | IT0 3aKOHY
U = 5cos(12072), B.

10. DiekTprUecKuii TOK B LENH M3MEHSETCS [0 3aKoHy [ = —4 + 2¢*, A. Haiitn
KOJIMYECTBO IEKTPOHOB, IPOIIE/IINX 10 IIPOBOJHUKY 32 UHTEPBAIl BPEMEHH MEXIY
2 U 5 CeKyHIJaMH.

11. OnexTpuyeckoe HalpsDKeHHE Ha MeIHOM IIPOBOAHMKE JUIHHOHK S0 cM 1 cede-
HreM 30 MM’ H3MeHseTCs 1o 3akoHy U = 5cos’ (1 00711), B. Haiitu cpennee 3HaueHUe
CHUIIBI TOKa.

12. Cuna ToKa B IIPOBOJHUKE COIpOTUBIEHHEM 15 OM paBHOMEPHO BO3pacTaeT
OT HyJIS IO HEKOTOPOr0 MaKCHMAJIPHOIO 3HAYCHUS B TEUCHHE ILITH CeKyHA. 3a 5To
BpeMs B IIPOBOAHHKE BBLICIIUIOCH KOJNMYECTBO TEIUIOTH, paBHoe 10 x/lx. Haiitu
CPERHIOIO CHILy TOKa B IIPOBOJHHUKE 3a STOT IIEPHO]] BpEMEHH.

13. TOK B IPOBOJHHKE CEUCHHEM 5 MM’ M3MEHSETCS TI0 3aKoHy I = 67 + 2t% | A.
Omnpepenuth 3Ha4€HNE IUIOTHOCTH TOKa B MOMEHT BpeMeHH =5 C.

14. HanpspxeHue Ha MeIHOM IPOBOJHHUKE IIMHOH 1 M M3MEHSETCS IO 3aKOHY
U = 6t +2¢t*, MB. Onpe/IeTuTh 3HaYeHHE TUIOTHOCTH TOKA B MOMEHT BpeMeHH =2 C.

15. Cuna Toxa B IPOBOJHUKE CONPOTHBIEHHEM 15 OM H3MEHSETCS IO 3aKOHY
i=2+4t+2¢, A. OnpenienuTh KOIMYECTBO TETIOTE], BEIEUBIIEECs B IPOBOTHUKE
3a IIPOMEXYTOK BPEMEHU MEXAY BTOPOH M TpeThell CEKyHAaMHU.

16. Cuna Toka B IPOBOHUKE PABHOMEPHO YBEIMYUBACTCS OT HyJIs IO HEKOTOPO-
ro MakCHMAJIBHOTO 3HAUEHHS 3a NECATh CEKyHJ. 3a 3TO BpeMsl B IIPOBOAHMKE BBIJE-
JIFUTOCH KOJIMYECTBO TEIIOTh! paBHoe 1 k/[x. Onpenenute ckopocTh HapacTaHUS TO-
Ka B IPOBOJIHHKE, €CIIH €T0 CONPOTHBIICHHE paBHO 3 OM.

17. Hanpsoxerue Ha poBoHUKe conpoTuBieHreM 20 OM U3MeHSeTCs 10 3aKOHY
U =1+3t+2¢*, B. OupesenuTs KOIMYECTBO TEIUIOTH, BEIEIUBIIEECS B IPOBOJHE-
Ke 3a IPOMEXYTOK BPEMEHU MEXX/ly BTOPOH U TpeThell CeKyHAaMH.

18.Ilo MexnHOMY IPOBOAHMKY IIPOTEKAeT SJIEKTPHUECKUH TOK. 3apsn, mepece-
KaloImuii MoGoe CeYeHHe 3TOTO MPOBOIHMKA, M3MEHSETCs IO 3aKOHy g = 20+2f%,
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K. Onpenenuts COnpoTHBIICHHE IPOBOJHUKA, €CIIM B MOMEHT BpPeMeHH /=2 ¢ majie-
HHe HalpsDKEHHs Ha 5TOM IPOBOIHUKe paBHsuIoch 20 B.

19. HanpsokeHue Ha MeHOM MPOBOJHAKE MTHHOM 50 cM H cedenreM 30 MM® H3-
MeHseTcs 1o 3akoHy U = 3cos(1007zz‘), B. Haittu 3HaueHre CHIIBI TOKa B MOMEHT Bpe-
MeHH =3 C.

20. Cuia TOKa B IIPOBOJHHUKE PaBHOMEPHO BO3PACTaeT OT HYJIs JI0 5 A B TeyeHHe
ATy ceKyHA. IIpu kakoM IOCTOSHHOM TOKe 4yepe3 IOIEepedHOe CeYeHHe 3TOTO Mpo-
BOJIHHKA 32 TO XK€ BpeMs IIPOHAET TaKoe iKe KOJIMIECTBO IIEKTPUIECKOro 3apsaaa?

6. Pacuér s1ekTpHuecKux nenei

Ilpumep 6.1
Yenosue
JBa snementa umetor OJIC 220 B u BHyTpeHHHEe compoTuBieHus r1=50 OM u

7,=100 Om. Conpotusnenus R; = R , = R; =100 Om. CompoTrusieHre aMIiepMeTpa
200 Om. Haiitu nokasaHue aMnepMerpa.

Jano: Pewenue
€=220 B IpencraBnennas nems (puc. 6.1) — pasBeTBICHHas X
£=220B BKIIO4aeT B cebs Heckonbko mcrognukoB OJIC. Tlostomy
r1=50 Om 3ajiady JIydllle periaTh ¢ IOMOIIBIO 3aKkoHOB Kupxroga.
=100 Om
Ri= R= R=100 Om A~ B - €
Ro=200 Om & "
IA -? R] R3

-+ E R,

F I D
Puc. 6.1

Ilns mpuMeHeHHs mepBoro 3akoHa Kwpxroga ompenenum Ha cxeMme y3ibl. JTO
Touku B u E, 1 ypaBHeHHE 110 JaHHOMY 3aKOHY COCTaBIISETCS JUIsl KOJIMIECTBA Y3II0B
Ha eJUHUIy MEHbIIe UX o0uIero 4ucia. 3Ha4uT B JaHHOH 3aJade — Ui OHOTO y37a,
HanpuMmep y3ia B. [IpumeM npon3BoibHOE HalpaBlIeHHe TOKOB, TaK KaK OKa3aHO Ha
puc. 6.2.

Iepssrit 3axon Kupxroda:

iln =0. (6.1)

Cuita ToKa, BXOJAIIETO B y3el, B CyMMe OepeTcsl ¢ OMHUM 3HAKOM, BBIXOAAIIETO
u3 y31a — ¢ ApyruM. Torma mis y3na B:

I,-1,-1,=0, (6.2)
Bropoii 3akon Kupxroda:
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zsn =ZliRi . (6.3)
n=1 n=1
A I B I, - + C
- :
Ry R;
I Y- |+ Iz~ I,
F I E R, D
Puc. 6.2

Jlns ero mpuMeHEHHs ONpeenM KOHTYPBI U BBIOEpeM IPOM3BOJIGHOE HalpaBile-
HHe WX 00Xxoma. YpaBHEHHS IO JAaHHOMY 3aKOHY COCTaBIITIOTCSA JUIS KOJIHYECTBA
KOHTYPOB Ha €IMHHMIy MeHbIe MxX obIero uucia. B HamieMm ciydae TpU KOHTYpa,
[O3TOMY B JaHHOH 3a7ade HeOOXOMMMO 3aliCaTh ypaBHEHUS IV JBYX JTIOOBIX KOH-
TypoB (cM. pHc. 6.2). BennduHb1, HarpapieHHe KOTOPHIX COBIIANAET C HAallpaBICHHEM
00xo0/1a, OepyTcs cO 3HAKOM «ILTIOCY», HAaIPaBJIEHHBIX IPOTHBOIIOIOXHO — CO 3HAKOM

CMHHYC».
Torga s I xoutypa (FEBAF)
g, =L R +Iin+L,R,+R,. (6.4)
s xoutypa II (EDCBE)
€, =LR +1I,r+1,R,. (6.5)

VpaBHenue s KoHTypa III MoXkeT OBIT NOJYYeHO aHAJOTHYIHO WIIH CIIOXCHHEM
ypaBHeHu#t 11t KoHTypoB I u II, Ho B 3TOM HeT HeoOX0qUMOCTH. MBI IMeeM TpH He-
H3BECTHBIX BENIMYUHBI U TPU ypPaBHEHUS, B KOTOPEIX OHU Haxojircs. Temneph HeoO-
XOJIIMO COBMECTHO PeIuTh ypaBHeHUs (6.2), (6.4) u (6.5), cocTaBUB U3 HUX CHCTe-
Mmy. Tox I, =1, no3TOMy HEOOXOIMMO M30aBUTECS OT HeM3BeCTHHIX I, U [5. U3 (6.2)
BEIpasuM [p:

L=1,~1, (6.6)
IToncraum (6.6) B (6.5):
g, =LR +(I,-1)r,+(I; -I)R,. 6.7)

U3 (6.7) BBIpasum I3

Iy =(&, +I;(r, +Ry))(r, + R, + Ry) . (6.8)
INoxcraBuM B (6.4) 1 BeIpasuM I

& =L(R+r+R)+R, le(rz'i&—);

r+R,+R,
f-— R aner DOAR))
n+R,+R, n+R,+R,
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&R
& ————
n+R,+R,
Ri(r,+R,) -
n+R,+R,
Pacyer naet 3navenue 0,07 A. 3HaK «IUTFOC) IIOKA3BIBAET, YTO TOK Yepe3 aMIep-
METp TeYeT B HallpaBJICHUH, BEIOpaHHOMY HaMH.

Omeem: 0,07 A.

I,=1=
R+nrn+R,+

3aoanua ona camocmoamensvHoii pabomst

PaccuntaTs 3HaueHHe CUIIBI TOKa, IPOTEKAIOIIEro Ha KaXIOM yYacTKe JIIEKTPH-
YyecKoll cxeMe M OIPEeNeNUTh IOKa3aHUs MpUOOpPOB. DIIEKTPUYECKHE CXEMBI Ipef-
cTaBieHsl Ha puc. 6.3.1-6.3.20. Mcxonnsie naHHBIE BapUaHTOB yKa3aHbl B Tabi. 3.
Bce HCTOYHMKY UMEIOT BHyTpeHHee conporusieHue 10 Om.

Ta6muna 3
INe Bap.|R;, OM|Ry, OM|R3, OM|R,, OM|Rs, OM|Rg, OM| &1, B | &, B | &3, B [Ry, OM|Ry, OM
1 12 55 60 — - — 40 36 | 24 | 0,5 | 1500
2 20 16 34 — - — 12 24 — 0,5 | 1500
3 40 40 50 — - — 8 10 12 | 0,5 | 1500
4 50 50 50 25 25 - 36 30 24 | 0,5 | 1500
5 20 10 10 20 40 20 40 - — 0,5 | 1500
6 20 20 40 40 - — 24 12 — 0,5 | 1500
7 10 10 10 10 — — 36 — — 0,5 | 1500
8 30 20 40 — — — 12 24 — 0,5 | 1500
9 20 40 20 40 — - 10 12 — 0,5 |1500
10 40 40 20 20 30 - 24 12 — 0,5 | 1500
11 36 20 20 40 - — 36 — — 0,5 |1500
12 50 50 30 30 — — 48 24 — 0,5 | 1500
13 20 30 40 50 - — 24 12 — 0,5 | 1500
14 40 |, 40 40 40 - - 12 10 8 0,5 | 1500
15 30 20 40 40 - — 12 18 24 | 0,5 | 1500
16 10 10 10 10 - — 12 6 — 0,5 | 1500
17 20 20 40 10 10 — 36 - — 0,5 | 1500
18 40 20 20 20 - - 12 36 — 0,5 {1500
19 30 30 40 - - — 12 10 12 | 0,5 {1500
20 20 10 40 40 - — 24 — — 0,5 | 1500
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Puc. 6.3.1 Puc. 6.3.2
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Puc. 6.3.7 Puc. 6.3.8
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Puc. 6.3.9
R Ry LR
] @
&
Puc. 6.3.11
&
&1
R
0.0
R
Ay R2
A
Puc. 6.3.13

Puc. 6.3.15

Ry

LT

LT
25

Rs

&

Puc. 6.3.10

Ry &1

Puc. 6.3.12

& & &

Puc. 6.3.14

Ry €1

Puc. 6.3.16
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Puc. 6.3.19 Puc. 6.3.20

7. JaexTpUYecKHii TOK B ra3ax M JKHAKOCTAX

IIpumep 7.1

Haiitu conpotuBnenue TpyOKu UIHHOM 84 cM M INIOINA[BIO IOIEPEYHOro cede-

2
HHS 5 MM, €CIIi OHA 3aIlOJIHEHA BO3LyXOM, HOHH3HUPOBAHHBIM TaK, YTO B €IHHMUIIE
o6bema Ty paBHOBecHH HaxozuTes 107 M~ 0qHO3APATHEIX HOHOB KaXIO0r0 3HAKA.

M
-4
TTOBIXHOCTD MOJOXMTENBHEIX HOHOB paBHa 1,310 B

4 M
TeBHBIX HOHOB paBHa 1,810

Hano:
U=1B;/=84cm
S=5mm’
n=10"u>
2

—13.107 X

by B-c
. M

=18-10" —
b B-c
R-?

2
o’ IOABUXKHOCTE OTpHIIa-

2

Pa3HoCTh MOTEHIMANIOB Ha KOHIaX TpyOku 1 B.

Pewenue

U
3anmmrem 3axon Oma: R=— (7.1)

I b
rae R — conporuBnenue TpyOku, U — HampspkeHue, I — cuia
ToKa. IITOTHOCTH 3MEKTPHYECKOr0 TOKA OIpeAeNseTcs BbI-
PaKEeHUSIMH:
f=— 7.2
J=3 (7.2)
u j=qn(b, +b)E, (7.3)

40



rae S — IWIOIMaAs MONEPETHOTO CevYeHus TPYOKH; g — 3aps] HOCHTeNs ToKa (MOHa),
1 — YHCJIO IIap HOHOB Ka)XKIOro 3HaKa B eIMHHUIIEe 00beMa, by U b_ — IOBIKHOCTE HO-
HOB KaXJI0T0 3HaKa, F — MOIyJIb HaIPsHKEHHOCTH DIIEKTPUIECKOTO IIOJIS.

HanpsoxeHHOCTD 37E€KTPUYECKOro IMOJsl MOXKHO HaiTH, MCHOJE3Ys CBS3b HAIps-
JKEHHOCTH ¥ Pa3HOCTH IOTE€HLHANIOB JULS OJHOPOIHOTO MOJIS:

U
E=—, (7.4)

rae d = [ — paccTosIHHe, OTCUUTaHHOE BIOJb CHIIOBOU JIMHUK IIOJISL, B JAHHOM CIIydae
paBHOE JUTHHE TPYOKH C HOHU3UPOBAHHBIM BO3/LYyXOM.

. U
Ioacrasum (7.4) B (7.3): J=qn(b, + b_)T. (7.5)

ITpupaBHsieM npaBble YacTu Beipaxkeruit (7.5) u (7.2):
I _gn(b, +b)U

S ] (7.6)
BoipasuM u3 (7.6) cuny Toka I: [ = M{ . ‘ (7.7)
Iloncrasum (7.7) B (7.1): .
R= Ul
(b, +b)US - 7:8)

IIpoBepka pa3sMepHOCTH:
[R] = _ mBe _B_ OM:|
Ki-m?-M* M A :

IlepeBomum B cuctemy CU:
1=284 cm= 84107
S=5mMM*=510" "
q=1,6 107" Kut — Tax KaK o yCIIoBHIO HOHBI OZIHO3ApSI/THEIE.
Toxcranoska gricen B (7.8):
1-84.107
R= 19 413 ") ") 3
,6-107-10°(1,3-10™ +1,8-107)-5-10

Omeem: R =3,4-10" Om.

=3,4-10“0m.

Ilpumep 7.2

IIpu anekTponu3e MEAHOro Kyrmopoca 3a OOuH yac Belgenmiocs 0,5 r mequ. [Tno-
b KaXI0ro ayeKkTpoaa 75 cM”. HaifTi II0THOCTH TOKA.

Pewenue
IInoTHOCTE TOKA,
1
= — 7.9
=5 (7.9)

rae I — cuna TOKa, S — mromans IOIIEPEIHOr0 CEYCHUS JJIEKTPOaa.
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Maccy BEIIECTBA, BBIACIIAIOMIEIOCS Ha J3JIEKTPOAax, ONpeaeisieT OGBC,HHHGHHLIf;I

3aKOH (I)apa,ueﬂ JUIA 3JIEKTPOJINA3a:

m——A—It 7.10
Fn ’ (7.10)
Kn

MOJIb

rIe m — Macca BEIIENSIOIIErocs Bemectsa, A — atTomapHas macca, £ =96 485

IIOCTOsSIHHasA @apaneﬂ, 7 — BaJICHTHOCTH BEIIECTBA,  — BpEMA BJIEKTPOJIHA3A.
ITo YCJIOBUIO IIPOUCXOAUT JJIEKTPOJIM3 MEOHOI'0 KyIIiOopoca, Uil KOTOPOro ypas-
HCHHUA 3J]eKTp0J'II/ITI/I‘-IeCKOI71 Jucconuanyuu 6y;[eT HUMETh BUA:
+2 -2
CuSO, - Cu* +(S0,)7,
T.€. BAJICHTHOCTb ME€JU B IAHHOM CJIy4dae n = +2

mFn
Bripasum u3 (7.10) cty Toka I: [ = TR (7.11)
IoxcraBum (7.11) B (7.9):
= mn 7.12
T s (-12)

IIpoBepka pa3MepHOCTH:
[I]z[ kr - K1 - mons =_§_}
Moub -kr-c-M? Mm% |
IlepeBon B cucremy CH:
t=19=3600 c;
m=05r= 5107 KT
§=75cm =75107 M7

A= 63,5-10‘3ML — u3 Tabmunsl Menneneesa.

-4
5-10™ -96485-2 56 A

63,5-3600-75-10° -10° > "

IoxcranoBka uucer: J =

. A
Omeem: J =56— .
M

3aoanusa ona camocmoamenwvHoii pabomol

1. A30T MOHM3HpYETCS PEHTITeHOBCKMMHM Jydamu. Onpenenurs NpOBOIMMOCTH
a30Ta, eI B KaXX/IOM KyOHMYEeCKOM CaHTHMETpe I'a3a HaXOIWUTCSA B yCIOBUIX AWHA-
MmuecKoro papHoBecHs 107 map noroB. [T0ABMKHOCTS MOTOKHUTENBHBIX HOHOB PaBHA
1,27 eM*/B-c, OTpUIaTeNbHBIX — 1,81 cM?/B-c.

2. Bo3gyx MexIy IUIOCKHMH 3JIEKTPOaMH MOHM3AIMOHHONW KaMephl HOHH3HPY-
eTcs peHTreHOBCcKMME Jydamu. Cuiia TOKa, TeKyIlero depe3 KaMepy, paBHa
1,210 A. ITnomazs Kaxmoro snektpoxa 300 cM’, pacCTOSHHE MeXITy HUMHE 2 CM,
pazHocTh noreHnuanoB 100 B. Onpexenuts KOHIEHTPAUUIO IIap HOHOB MEXIY IlIa-
CTHHAMH, €CJIH TOK HaIEK OT HachImeHUA. IIoABIKHOCTh IIONOXKHTENBHBIX HOHOB
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paBHa 1,4 CMZ/B'C, OTpHUaTeNbHBIX — 1,9 cM?/B-c. 3apsi; HOHOB paBeH II0 MOMYJIIO
3JIEeMEHTapHOMY 3apsify.

3. O6BéM raza, 3aKIIOUYEHHOTO MEXAY 3JIEKTPOJaMd HOHM3AIIMOHHON KaMepel,
paBeH 0,5 1. 'a3 HOHM3HpPYeTCS PEHTI€HOBCKUMM Jydamu. Cuia TOKa HaCBHIIIEHUS
paBHa 4- 10 A. Cxonbko Tap HOHOB obpasyercs B 1 M’ rasa? 3apsi| HOHOB paBeH 110
MOZYJIIO JJIEMEHTapHOMY 3apsiy.

4. B HOHM3ALMOHHON KaMepe, PacCTOSHHE MEXIY IIOCKUMHU 3JIEKTPOJaMH Ko-
Topoii 5 cM, IIPOXOJUT TOK HacklmeHus mioTHocThio 1,6:107° A/em?. Ompenenuts
YHCIIO ITap HOHOB, 0OPa3yIOIIXCs B KaXXIOM KyOMIeCKOM CaHTHUMETpe IIPOCTPaHCTBa
KaMephI B 1 c.

5. B aTMocd)epHOM Bo3IyXe B cpemHeM copepxutcs 700 map moHOB Ha 1 oM.
TIOMBIXHOCTS TIOJOXKHUTENLHEIX HOHOB paBHAa 1,4 cM*/B-C, OTpHIATENBHBIX —
1,9 cM’/B-c. OmnpeneuTh MIOTHOCTh BEPTHKATHHOTO TOKA, €CIH HANPKEHHOCTH
anextpudeckoro ot 3emiu 130 B/cm. Cuntath 3apsasl HOHOB PaBHBIMU 10 MOJLY-
JIO 3apsdy 3IEeKTPOHA.

6. KakoBa cuia TOKa HaCBHIIIEHHS IPH HECAMOCTOATEILHOM Ia30BOM paspsfe,
eC/TH HOHHM3aTOp eXeceKyHmHo obpasyer 10° map HOHOB B OfHOM KyGHdecKOM CaH-
THMETpe, TLTOMIa b KaX/IOTO H3 JByX INTOCKHX MapajlIelbHBIX 31eKTposoB 100 cM* i
paccTosiHIe MeXAy HAMH 5 cM?

7. TIpy KaKkoM PacCTOSHMM MeXIy IVIACTHHAMH, IUTOmasio 100 oM Kaxnas, yc-
TAHOBUTCS CHIIa TOKa HachlmeHus, paHast 1070 A, ecii moRM3aTOp 06pasyeT B 065~
éme 1 e’ raza 12,5-10° map uoHoB 3a 1 ¢?

8. Ilpu cune Toka 5 A 3a Bpems 10 MUH B 3IIEKTPOTUTHYECKOH BaHHE BBIEIH-
sock 1,02 r nByxBaneHTHOro Metayua. OmpenenuTh ero OTHOCUTEIBHYIO aTOMHYIO
Maccy.

9. Cuna TOKa, MPOXOASIIETO YEPe3 SNIEKTPONUTHUECKYIO BaHHY C pacTBOPOM
MeJHOro KyIiopoca, paBHOMEPHO Bo3pacTaeT B TeueHue BpemeHH 20 ¢ oT 0 mo 2 A.
Haiit Maccy Meqd, BELIEIMBILEHCS 32 3TO BpeMs Ha KaToJie BAHHEL.

10. OnpeznenuTh KOIHMYECTBO BEINECTBA JBYXBAICHTHOTO MeETallla, OTIOXKHUBIIE-
rocs Ha KaTozie 3JIEeKTPOIUTHYECKON BaHHBI, €CIIH Yepe3 pPacTBOP B T€UYEHHE 5 MUH
&N TOK CHIoi 2 A.

11. CxonbpKO aTOMOB JBYXBaJIEHTHOTO MeTajUla BRIAEIHTCS Ha 1 M TIOBEPXHO-
CTH 3JIEKTPOJIa 32 BpeMs 5 MHH IIpU ITIOTHOCTH ToKa 10 A*?

12. OnpezenuTs KOIMYECTBO MEAH, OTIOXUBILEHCS Ha KaTOJe BIEKTPONHTHYIE-
CKOH BaHHBI, €CJIX YePE3 pacTBOP B TeUEHHE 5 MUH IIEN TOK CUIOMH 2 A.

13. Menp Beimensercs u3 pactBopa CuSOy4 npu HanpspkeHuu 10 B. Hailitu suep-
THIO, He0OXOIMMYFO IJIs TOydeHHs Meau Maccoit 1 kr (6e3 yuéra notepsb).

14. Tlpu anexTponu3se BoABI Yepe3 BaHHY mpomén 3apsan paBHsii 1000 Ki. Kako-
Ba TeMIlepaTypa BBIIEIUBIIErocs KHCIOpPOJa, ecild OH Haxoxmics B o0béme 0,25 n
nox masienneM 129 xI1a?

15. Tox Kako{ CHIIBI TOJDKEH IPOXOJUTH Yepe3 PacTBOP 3JIEKTPONUTA, YTOOH! 32
1 muH pasnarancs 1 r Boasl? KakoB 00EM BELIENIUBLIETOCS IIPH 3TOM I'PEMYyUero ra-
3a (rpemyunii ra3 — cmech 2 Hp u O,)?
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16. lapux paguycoM 3 cM HOKpBIBaeTCs HUKEJEM B TEUEHUE 5 YacoB IPH CHUIIE
toka 0,3 A. OnpenenuTts TONIIUHY CIO0S HAKETIS.

17.TIpu kakoif IUTOTHOCTH TOKa B pacTBOpe a3oTHOKHCIOro cepebpa (AgNOj;)
TOJIIWHA OTJIOXUBIIETOCs ClIos cepedpa pacTéT co CKOpocThio 1 Mm/4?

18. Kakast MOIITHOCTb pacxofyeTcsi Ha HarpeBaHWe pacTBOpa a30THOKHUCIOrO Ce-
pebpa (AgNO;), ecnu 3a 6 4acoB M3 HEro BBIAEISETCS B IIPOLIECCE DIEKTPOIIH3a Ce-
pebpo Mmaccoii 120 r? Conporusnenue pacrsopa 1,2 Om.

19. Ilpu HUKENMPOBaHUY IUTACTHHEI €€ IIOBEPXHOCTE IIOKPHIBAETCS CIIOEM HHUKEJT
tommuHol 0,05 MM. Ompeznenute CpemHIO IUIOTHOCTh TOKA, €CJIA HUKEIMPOBAHHE
MIPOJIOJDKANOCH 2,5 4.

20. OnexTponu3 pactBopa cepHokucioro Hukens (NiSO4) mpoTekaer IpH IUIOT-
HocTH ToKa 0,15 A/mm”. CKONBKO aTOMOB HHKEJIS BEIIGTHTCS 33 2 MHHYTHI Ha KaTOZe
nomasio 1 cm*?

MAT'HUTHOE I1OJIE

8. MaruuTHoe noJsie NPOBOJHUKOB ¢ TOKOM

Ilpumep 8.1

Haiitn HanpspkEHHOCTH MarHUTHOTO TOJISI, CO3[aBaeMOro OTpe3koM AB mpsmo-
JIMHEHHOTO MPOBOAHMKA C TOKOM, B Touke C, pacloNoXEeHHOM Ha MEPIECHAUKYIIpE K
CepelluHe 3TOro OTpe3Ka Ha pacCTOSHUM 5 cM oT Hero (puc. 8.1). ITo mpoBomHUKY Te-
yér ToK 20 A. Otpesox AB BuauM u3 Touku C mox yriom 60°.

Hano: Pewenue
I=20A
AB I

AD =DB =—
2

d=5cMm
ZACB = 60°

H-?

Puc. 8.1

Hanpapnenue CUIOBBIX JMHUI IIOJI CBA3aHO C HAIpaBIeHWEM TOKa B IIPOBOIHH-

Ke IPaBHIOM «IIPaBOro BHHTa». Bexrop H HampaBleH IO KacaTENbHBIM K HHM.

N306pa3uM IpOBOAHUK, CHIOBYIO JIMHUIO U BeKTop H Ha puc. 8.1. Bemmiuny Bek-
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Topa H HaxozaT o 3akoHy buo — Capapa — Jlamnaca. I npsiMoro npoBoja ¢ To-
KOM KOHEYHOM AJIMHEI

H=%m;(cosal—cosa2), (8.1)

rae I — cuila ToKa B IPOBOJHUKE, d — KpaTdaiilliee pacCTOSIHUE OT HPOBOIA [0 TOM
TOYKH, [Jie HaXOnsT H, o) ¥ Oy — YIJIBI MEX/y IUHAYHBIME BeKTopamu d! , yKasbl-
BaIOIIMMHY HATIPaBJIeHHE TOKA M BEKTOPOM 7 , IpOBEIEHHBIM U3 Hauala Bektopa dl B
Ty TOYKY, I7ie OIpeeNsIOT HalpsDKEHHOCTh, B Hayaye ¥ B KOHIIE OTPe3Ka COOTBETCT-

BEHHO, T.e. & = dIF . I306pa3iM 5TH BEKTOPHI U yIJIbI Ha puc. 8.2,
Tak kak no ycnosuto DC — 3TO NepHeHAUKYNAp K cepenuHe oTpeska AB, To

AB
BD=DA4= 5 HyrmI ZADC wu £BDC pasnbi 90°, a yrosl ZBCD u ZACD 6ynyT

paeHs! nonosuHe yriaa ZACB, 1.e. 30°. 3nauur, yrias1 £ZBAC nu ZABC 6yxyT 1o 60°.
Takum ob6paszom,

=/ZBAC=60°u o, = 180°-ZABC = 120°.
HOLICTaBI/IM oTH 3Ha4eHus B (8.1):|

I
H =——(cos60°—cos120°
2 ﬂd( ), (8.2)

rae H — Hanpsox€HHOCTH MAarHUTHOTO IIOJIS,
co3ziaBaeMoro oTpe3koM AB B Touke C.
IlepeBox B cuctemy CU:
d=5cmM=510" m.
[TopcranoBka uucen B BeIpaxeHue (8.2):

d 20 1 1
H=— (——(-—))=32 /
dasa02 g ()T AM
Prc. 8.2 Omeem: H =32 A/m.
ITpumep 8.2

Haiiti BenuumHy 1 HanpaBlieHAe HAIPKEHHOCTH U HHAYKIUH MarHUTHOTO ITOJIS
B Touke 4 (puc. 8.3).; Cua kpyrosoro Toxa 1 A, cmra mpsivoro Toka 2 A. Pajuyc
BuTKa 1 M. PaccTosiHUE OT IIEHTpa BUTKA JIO IPSMOTO IIPOBOAHKKA C TOKOM 1,5 M.

Hano: Pewenue

L=1A Hanpasnenne CHIOBBIX JIMHHNA MarHUTHOTO ITOJNS CBS3aHO C
=2A HaIpaBIeHHEM TOKa B IPOBOXHUKE MPABUIIOM «IIPABOTO BUHTA.

R=1m Bexropsl H u B HampaBieHsl [0 KacaTelqbHOM K HaM. Ha

d=15m puc. 8.4:moka3aHbl HalpaBJIeHHs] 3TUX BEKTOPOB, ONPEACIEHHbIE

IO TaHHOMY TIPaBHILy.

Ecny MarHUTHOE TONie CO3JaHO CHCTEMOIl IIPOBOJHHKOB C
TOKOM, TO Pe3yNBTHpPYIOIas HanpsDKEHHOCTh M MArHUTHAs WH-
KIS HAXOAATCS II0 NIPUHIIAITY CYTePIIO3ULIUH:
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H,=Y H=H+H,, (8.3)

B,=Y B=B+B,. (8.4)

l'IpH 3TOM E = wloﬁ »» TI€ |\ — MarHUTHAs IPOHULIAEMOCTE CpeAsl (11 Bo3xyXa
=1), Yo = 4w 107 T'm/M — MarHuTHas mOCTOsHHAs. VI3 5100 BBIPa)XEHMs BUIHO,

YTO BEKTOpa H u B BCEeTZ1a COHAIIPABJICHEI. Torpa mns Hame# 3agauu HanpaBneHHe

BexTopoB H u B BTouKe A COOTBETCTBYeT yKa3aHHOMY Ha puc. 8.4.
BenuuuHy BEKTOPOB HaNpsDKEHHOCTH M MarHUTHOH HMHIYKIHH ONpPENENSIOT IO
3akoHy buo — CaBapa — Jlamnaca. J{ns npssMoro 6eCKOHEYHO JUTMHHOTO IIPOBOJA
I
H np = 2 ﬂ'd > (8‘5)
rae I — cuiia ToKa B IpoBoJie; d — KpaTdajiliee paccTOsHUE OT IIPOBOJA A0 TOH TOUKH,
rie onpenensor H.

e

I
I
|
!

d I

> <

Puc. 8.3

Jist KpyroBoro Toxa B [IEHTPE BUTKA

I
H =—
Kp 2R ’ (8‘6)
rae I — cuna Toka B BUTKe; R — pamuyc Butka. Torga ¢ yuétom BelpaxkeHui (8.5) u

(8.6) i Hamiel 3a1a9K MOYIHM:
[ 1

1= ﬁ; (8.7)
1,
H,=—= .
o (8.8)
Crpoextripyem Beipaxxenue (8.3) Ha ocb X, HapaBIeHHYIO K HaM (puc. 8.5):
H,=H +H,. 8.9)

IToncrasum (8.7) u (8.8) B (8.9) u HaiineMm pe3ynbTHPYONTYIO0 HaNPSXKEHHOCTH B
Touke A

46



11+12

0] 5 ® » =R o (8.10)
i ® 5 ® Hoz:c*raHoTKa qncenzB (8.9):
H—'p@ B—,p‘@ H”=2_'l+m=o’7A/M'
Puic. 8.5 PesynpTupyromas MarHUTHAs. HHTYKIAT
B, =puuH,,

B,=1-47-107.0,7=88-107Tn.

Omeem: H, =0,7é; B, =88-107 Tn.
M

3aoanun ona camocmoamenvHoii padomot

HaiiTn Benu4uHy U HalpaBlleHHe HaNpsDKEHHOCTH H ¥ MHIYKIMU B MarHUTHOTO
nons B Touke 4. Kongurypauuu crucrem npoBOAHMKOB st Bapuantos 1-20 mpen-
CTaBIIeHHI Ha pHc. 8.6. 1—8.6.20,] HcxonHble JaHHbIE BapHAHTOB YKa3aHH! B Ta0. 4.

a
\\\ /,/ a a
b /:'(\A 11
/// \\\\ 11 Il
Puc. 8.6.1 Puc. 8.6.2 Puc. 8.6.3
I L I // A>\
N R { a
T nCaNele Yy
.......... Y A 4 N
b a
Puc. 8.6.4 Puc. 8.6.5 Puc. 8.6.6
A a
14
: . L
o5 o a| etb
Il b 12
b
Puc. 8.6.7 Puc. 8.6.8 Puc. 8.6.9



I, I 4
] .
/ AN 60 a AN
al 4 w4 @i e
// ,:*/\\ \\\ je “@
ZA TN I @ L
& B L b
Puc. 8.6.10 Puc. 8.6.11 Puc. 8.6.12
I L I A
| \\\ // i g b %Of?"’ 60°
ai XA 4°* b
E // \\ E Il 12
- a
13 14
Puc. 8.6.13 Puc. 8.6.14 Puc. 8.6.15
I
613:‘"‘:9 “““ b Y 6312
.b a
A b
Puc. 8.6.17 Puc. 8.6.18
I
AU
11 12 A \\\ ///
L 4X | b
a b
a
Puc. 8.6.19 Puc. 8.6.20/
Tabmuma 4
Bap. | I, A b, A L, A I, A a,M b, M ¢, M
1 4 — — — 0,6 0,5 —
2 2 - - — 0,2 — —
3 4 - — — 0,3 — —
4 6 3 — — 0,1 0,2 —
5 2 3 — — 0,8 0,6 —
6 6 3 — — 0,4 — —
7 4 6 — — 0,2 — —
8 4 2 — — 0,2 0,4 —
9 2 3 — — 0,3 0,6 —
10 4 - — — 0,4 — —
11 3 — — — 0,5 — —
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Oxonuanue Tab. 4

Nemap. | 1, A L, A L, A I, A a,M b, M c,M
12 4 8 — — 0,4 0,3 0,5
13 4 4 2 2 0,8 0,4 -
14 3 — - - 0,4 0,4 —
15 4 6 - - 0,6 — —
16 2 4 — — 0,2 0,4 —
17 5 2 — — 0,7 0,3 —
18 4 4 — - 0,3 0,3 -
19 2 3 — - 0,4 0,4 —
20 4 — — — 0,4 0,4 —

9. CutoBoe }JeﬁCTBﬂe MarHHTHOIO noJif Ha NPOBOAHHUKH € TOKOM

Ilpumep 9.1

Pamxka ransBaHoMetpa JUHHOM 4 cM u mmpuHo# 1,5 oM, comepxaias 200 BUTKOB
TOHKOH IIPOBOJIOKH, HAXOAUTCA B MarHUTHOM Itone ¢ uaayknueit 0,1 Tn mapannens-
HO JIMHUSIM HHIYKIH (puc. 9.1). Kakoii Bpamiaromuii MOMEHT eHCTByeT Ha paMKy,
KOT/a 10 BUTKaM TeYET TOK CHioi 1 MA?

Hano: Pewenue
a=4cm=410"m B B B
b=15cm=1,510% M 7
B=0,1Tn o
I=1MA=110"A v
N=200 i
M=2 B ! h

—D

FA

a
Puc. 9.1

Ha mmockocTs pamku AeiicTByeT cuila AMIepa, Tak Kak JBe I'paHH MapajlleNbHEI
JIMHUSAM HHIYKIUH, TO Cliia AMIepa Ha HUX He AeHCTByeT U3-3a TOro, 4TO yrol Me-
KTy HallpaBICHHEM BEKTOpa MHAYKLUH MarHUTHOIO IO M HaIpaBlIEHUEM TOKa B
pamke paBeH Hymo. Ha nBe npyrue rpasHu aeiicTByeT cuia AMiepa, KoTopas Co3faéT
BpAaIIaIoIIKii MOMEHT. Bpaiaromuii MOMEHT MOXHO HailTH II0 GopMyIIe

i1 = [, B| ©.1)
WK B CKQJSIPHOM BHJE M=p,xBxsina, 9.2)
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rae B — MarHUTHAs MHAYKLWSA, p, — MarHUTHBII MOMEHT KOHTYpa, KOTOPBIH MOXHO
HalTy 10 popMyIe p,=1'S-N, 9.3)
S — oAb MOBEPXHOCTH PaMKH, OTpaHUYCHHAass KOHTYPOM, N — YKCIIO BUTKOB
KOHTYpa, I — cunia Toka.
I[Tno1ans MOBEPXHOCTH, OrPaHUIEHHAs KOHTYPOM, HaXOJUTCS 110 (hopMyITe
S=ab, %4
rze a u b — JUIMHA ¥ IIUpHHA.
IoctaBuM B dhopmyiy (9.2) dopmyist (9.3) u (9.4), monydum
M=I-a-b-N-B. 9.5)
[MoncraBuM YmcIOBBIE 3HAUCHHS B hopmyiy (9.5):
M=0,04-0,06-200-10-0,1 = 4,8-10™* Hm.

Omeem: 4,8-10_4 H-m.
ITpumep 9.2

Yenosue

[Ilunel reHepaTopa NpPEACTABISIOT Co0Oi JBe HMapaiieNbHble MEIHBIEe I0IOCHI
JUIHOM 2 M, CTOSIIMe APYT OT Jpyra Ha paccrosauu 20 cM (puc. 9.2). Onpenenuts
CHJTy B3aUMHOT'O OTTQJIKMBaHMS INVH B CIIydae, KOria [0 HUM B pa3HbIE CTOPOHEI Te-
gér Tok curoi 10 kA. Kakyio paboTy Hajo COBEPUIUTE Ha KaXKABIA METP JUIUHEI IIPO-
BOJIHHKA JIJISI YMEHBIICHHS PacCTOSHUS MeXTy HUMH 1o 10 cm?

Hano: Pewenue
L1=L2=2 M
a=20cM=0,2 M
b=10cMm=0,1Mm L I,
L=L=10xkA=1-10'A |
B B
F—? - 2 1 —
A2 Feo® ® &
a
Puc. 9.2

I1IuHEl, HpencTaBisIONUe co00i MapajulebHble NPOBOXHUKH C TOKOM, OyAyT
B3aMMHO OTTAJIKABAaTHCS, €CIIH 10 HAM TeYeT TOK B IPOTHBOIOJIOXKHBIX HAIlPaBIeHH-
sx. Cuity AMnepa, IeliCTBYIOIIYIO IIPH 9TOM Ha KaXXABIH IIPOBOJHUK, MOXHO OIIpe-
JIeITUTH 110 hopMyIte

dF,=1-|dLxdB|. (9.6)

B cnyyae npsAMOJIMHEHHOT0 POBOJa B MOCTOSHHOM MAarHUTHOM IIOJIe CHIIa, OeH-
CTByIOIIAst Ha BTOPO IIPOBOIHHUK,

F,=I,-B L, sinc, ©.7
rae I, — TOK, TeKynmii BO BTOPOM MPOBOAHUKE, L, — €ro JrHa, B) — MarHuTHas WH-
JYKIHS TIOJIsI, CO3aHHOTO IEePBEIM IPOBOJHUKOM, Sin 0. — CHHYC yIJla MEX/IY BeKTO-
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POM MarHUTHOM MHIYKITMH M €IMHUYHBIM BEKTOPOM dr, yKa3bIBAIOIIUM HalpaBlie-
HUS TOKA.

B namem ciyuae yroa coctasiser 90° u cuHyc paBeH 1. MarHuTHas WHIYKIUS
TIOJIS TIEPBOTO IIPOBOAHUKA HAXOJUTCS O (hopMyIte [yis IpsiMOro 6eCKOHEYHO JUTHH-
HOTO TIPOBOJA:

B =t 2l 9.8)
4 a
rZie a — paccTossHue Mexxay muHamu. [logcraBum B popmyiy (9.8) dopmyiy (9.7) u
TIOJIyYHM BBIpaK€HHE IJI pacdeTa CHIIBI B3aMHOTO OTTAIKUBAHUS:
17:&211 I, L, )
4z a
IToxcraBuM B 3Ty hopMyITy YHUCIOBBIe 3HAUSHHS U onyduM F = 200 H.
Pa6ota, coepmiaeMas Ipd IepeMelNeHWH NPOBOXHUKOB B MAarHHTHOM IIOJe,
MOXET OBITh paccuuTaHa no Gpopmyiie

163
A= [F,-dF 9.10)
n
B HamreM cirydae NOACTaHOBKa BhIpaxkeHus (9.9) 1 BBMUCIEHHE MHTETpaa IpH-
BOJUT K BBIpa)I(eHHIO

(9.9)

MU 21,1, b
4,=—"L2L In—.
) . 2 0 (9.11)

PaGora 3a eMHULLY JUTHHBI IPOBOJHUKA

w201, . b
4,="""""2In—, 9.12)
4z a

Pacuer mo 310t popMyne faeT 3HAUSHHUE -1,39-107 Jixc/m.
3HaK «—» 03Ha4aeT, 4To paboTa coBepIIaeTcs NPOTUB CUIIbI OTTAIKUBAHUS, JieH-

CTB}’IOI.U;eﬁ Ha IIPOBOAHUKH.
Omeem: —1,39-107 Jix/m.

3aoanun ona camocmoamenvHoli pabomol

1. Tlo %&CTKOMY NpPOBOJIOYHOMY KOJBIY JuaMeTpoM 10 cM u cedeHmeM 5 MM
TeyéT Tok cuiod 5 A. ITmockocTe Konbla IepHeHAUKYISIPHA MarHUTHOMY IIOJIO.
Wupyxups MarauTHOrO nois pasHa 1 Tin. Haiitu cuiry, nefcTByIOIIyIO HA eIUHUIYY
JUTHBI KOJIBI[a CO CTOPOHEI ITOJIS.

2. JIBa OGecKOHEYHO MIMHHBIX NapalieNbHbIX IPOBOAHUKA C OJUHAKOBEIMU TO-
KaM¥, TeKyIIMMH B OHOM HAIpaBICHUH, HAXOJATCA Ha PacCTOSHUU L Ipyr oT apy-
ra. IIpu yBenuueHU pacCTOSHUSA MEXIy HUMH 10 2L, Ha KaXblil CAHTUMETp JUIMHBI
[pOBOZHMKa ObLIa coBepIleHa pabota, paBHas 138 m/lx. Omnpexenure cuiIy Toka B
IIPOBOJHHKAX.

3. IIpoBoNOYHEIA BHTOK PajiycoM 5 CM HaXONWUTCS B OJHOPOXHOM MarHHTHOM
moste Hanpspk€HHOcThI0 100 A/M. IDtockocth BuTKa obpasyer yrox 60° ¢ Hampasie-
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HueM nons. Ilo BuTKy Teuer Tok 4 A. OnpenenuTs BpallAroOLIMii MOMEHT, HeicT-
BYIOIIWH HA BUTOK.

4. PaMka ranpBaHOMeTpa JUIMHOM 4 cM M mupuHO# 1,5 cM, comepxamas 200
BUTKOB TOHKOM IIPOBOJIOKM, HAaXOAMTCS B MarHUTHOM mnosie ¢ uHayknued 0,1 Ti.
ITnockocTh paMKH IapajienbHa JIMHEAM HHAyKnuH. Kako# Bpamaromuii MOMEHT
JefiCTByeT Ha paMKy, KOTZa [I0 BUTKaM Te4€T TOK criioi 1 MA?

5. IIlunHkl reHepaTopa IPEeACTaBISIOT co00il [Be MapajliebHbIe MEeHBIE MTONOCH
JUTHHOH 2 M, OTCTOSIIUE APYT OT Apyra Ha paccTosHuH 20 cM. OnpesenuTs CULy B3a-
HMHOTO OTTaJIKMBaHMS IIKH B ClIy4dae, KOTra 110 HUM Ted&T ToK cuioii 10 KA.

6. B ogHopomHoe MarHuTHOE moite ¢ mHAyknueit 0,1 Tn momemeHa KBagpaTHas
pamKa, epumeTp Kotopoil paseH 20 cM. HopMaip k IIIOCKOCTH paMKH COCTaBIISIET C
HalpaBleHUeM JIMHME HanpspKEHHOCTH MarHuTHOro mons yron 30°. Onpepenutsb
BpaIaloNHii MOMEHT, JeHCTBYIOLIHI Ha paMKy, €CiH 1o Heli TeuéT Tok 1 A.

7. B omHOpomHOM MarHWTHOM moie ¢ mHaykmued 0,5 Tn maxomurcs mpsmo-
yroipHas pamka JUIMHOU 8 cM M mmpuHOU 5 cM, comepkamiasg 100 BUTKOB TOHKOM
npoBonokd. Cyiia Toka B paMke paBHa 1 A. ITocKocTs paMKy NapajiienbHa JIMHIIM
MarHuTHOH HHAYKIKHU. OnpeenyuTs Bpallaroluii MOMEHT, JeHCTBYIOMIUI Ha paMKy.

8. B oxgHOoposHOM MarHWTHOM Ioie ¢ uHAykuued 1 Ti Haxomurcs KBaapaTHas
pamKa co cTopoHoi 10 cM, 1o koTopoii Teu€r Tok 4 A. ILTOCKOCTh paMKH HepIeHH-
KyJIsipHa JMHHAM MarHuTHOM mHaykimu. Onpenenute paboTy, KOTOPYIO Hauo CO-
BEpIINTH JUII ITIOBOPOTa PaMKH OTHOCHTENBHO OCH, HPOXOAAIIEH depes3 cepeauHy
IPOTHBOIOJIOXHEIX CTOPOH Ha 90°.

9. KouTyp u3 mpoBoza, H30THyTOro B (hopMe KBaapara co cTopoHoi 0,5 M, pac-
TIOJIOEH B O/THOM IIOCKOCTH C OECKOHEYHO JUTMHHBIM IPSIMBIM IIPOBOJOM Tak, YTO
JIBe ero CTOPOHBI IIapaJlIeNbHE! IpoBody. Cuiia Toka B KOHType paBHa 1 A, cuia To-
Kka B npoBojie — 5 A. OmnpeznenuTte cuity, IeHCTBYIOIIYIO Ha KOHTYD, €cly OmmKkaiias
K TIPOBOJTy CTOPOHA KOHTYpa HaXOAUTCS Ha paccTosHuu 10 cM.

10. KonTyp u3 mpoBoza, M30THYTOro B (hopMe IPSIMOYTONBHUKA CO CTOPOHAMH
0,4 M u 0,3 M, pacrooxeH B OJTHOM IUIOCKOCTH ¢ OECKOHEYHO IJIMHHBIM IIPSMBIM
IIPOBOJIOM Tak, YTO JJBE €0 CTOPOHBI MapajuienbHbl IpoBoay. Crna Toka B KOHType
paBHa 2 A, cuna Toka B mpoBozie — 6 A. HanpasneHue Toka B Givpkaiimeii cropore
KOHTYpa COBII3JIaeT C HaIpaBJIeHHEM TOKa B IpoBoze. Cuia, neiicTByrommas Ha KOH-
TYp CO CTOPOHBI MarHUTHOro mous, paBHa 1 MxH. Haiitu paccrosHue, Ha KOTOpoM
HaxonuTcs 6imKaiiimas K MpoBOIY CTOPOHA KOHTYpa.

11. B omHOpOHOM MarHUTHOM Iiojie ¢ uHAyKIimei 0,5 Tn xBmkercs paBHOMEPHO
npoBozauk muHoH 10 oM. ITo mpoBoxHuKy Ted€T Tok cuioii 2 A. CKOpOCTh JBHXKE-
HUS IpoBOAHMKa paBHA 20 cM/C M HampaBlieHa NEepIeHAUKYJIIPHO MarHUTHOMY II0-
so. Haiiti paGoTy, 3aTpadeHHyI0 Ha epeMelleHue IpoBoAHNKa 3a Bpems 10 c.

12. Topu3oHTAIBHEIE PENbCH HaXoAsATcs Ha paccrostauu 0,3 M npyr oT apyra. Ha
HUX HepPIeHIVKYISIPHO pebcaM JEXHUT crepikeHb. Kakoil nomkHa 6bITh MHHMMAIIb-
Hasl MHIYKIWS MarHUTHOTO IOJIA, 9TOOBI CTEP)KeHb Hadajl ABUTAThCA PABHOMEPHO,
€CIIH 110 HEMY IMPOILYCKAaTh AIIEKTPHIECKHil TOK cuioit 50 A? KosddumueHT TpeHus
cTepxkH: 0 penbeHl paBeH 0,2. Macca crepxas 0,5 k.
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13. IIpoBomuuk muuHOM 0,6 M HaxOOWTCS B MarHWTHOM MOJie, HANpPsHKEHHOCTH
KoToporo u3MeHsercs 1o 3akoHy H = 1000sin(nf), A/m. ITo mpoBoJHUKY GEXHUT TOK
5 A. OmpezenuTs MakCUMAaIbHOE 3HaY€HNe CHIIBL, AeiiCTBYIOIEl Ha IPOBOTHUK.

14. B ToHKOM IIPOBOJHMKE B BHAE Koiblia paauycoM 20 cm mpotekaeT Tok 100 A.
IlepneHUKYIAPHO INIOCKOCTH KOJIBIIa CO3JAHO OAHOPOAHOE MarHUTHOE IOJe C HH-
IyKuuei 2- 102 To. UeMy paBHa CHIIa, pacTATHBAIOIIASA KOJIBIO?

15. T1o npoBoxy, COTHYTOMY B BHAE KBaJgpaTa co CTopoHoi 10 cM, mpoxomur mo-
crosHHBIH TOK cuioit 20 A. IDnockocTh kBagpara cocrapisteT yron 30° ¢ JuHHAMEA
Hanps>KEHHOCTU MarHUTHOTO IOJIs, MHAYKIHsA Kotoporo paBHa 0,1 Ti. Hanpasnenus
MarHUTHOTO MOMEHTa KOHTYpa ¥ MHAYKIWY I0JIs coBnanaioT. Halitu nefictBue mar-
HHUTHOTO IIOJISI Ha KaXIyI0 CTOPOHY PaMKH.

16. B ogHOpOAHOM MarHUTHOM Hole ¢ uHmykuume# 0,25 Tn HaxomuTcs miockas
KaTymka pagaycoM 0,25 M, comepikaias 25 BUTKOB. [ITOCKOCT KaTyIIKH COCTABIIS-
eT yrox 60° ¢ HanpapieHreM HHAYKIWH. OmNpeneluTe Bpaalomyi MOMEHT, JeHCT-
BYIOIIMH Ha KaTyIIKy B MarHUTHOM II0JIe, €CIIM CHJla ToKa B Hell paBHa 3 A. Kakyro
paboTy Hafo COBEPIIUTD, YTOOHI YAAIUTH KAaTyIIKY W3 MATHUTHOTO IOJIS?

17. Y3 npoBonoku anuHO# 20 cM clienaH KBanpaTHBIH KoHTyp. HaiiTu Bpamiaro-
My MOMEHT CHJI, JeHCTBYIOIUX Ha KOHTYD, IOMEIIEHHBIN B OXHOPOIHOE MarHUT-
Hoe moje ¢ uaaykmueit 0,1 T mox yriiom 45° k cuioBeM JimHEsAIM. Ciita TOKa B KOH-
Type paBHa 2 A.

18. 13 npoBonoku amuHo#i 20 cM caenaH KpyroBoit koHTyp. HaliTu Bpamaromuit
MOMEHT CHJI, IeHICTBYIOIUX Ha KOHTYpP, HOMEIIEHHEINA B OJJHOPOJHOE MarHUTHOE I10-
ne ¢ uapykiwmeit 0,3 T mox yriom 60° x critoBeM JHMIM. Crila TOKa B KOHTYpe
paBHa 5 A.

19. OHOopoaHOE MarHuTHOE Hone ¢ mHAykuuei 1,5 Ta nepemelnaer MpoBOAHUK
mmanoi 0,2 M Ha paccrosuue 0,25 M. Cuna Toka B mpoBomuuke paBHa 10 A. Ha-
IpaBJeHre NepeMeNIeHNs NEePIeHUKYIIPHO BEKTOPY MarHUTHOW MHIYKLWU M Ha-
npaieHuio Toka. IIpoBomHuK pacmonoxeH moj yriaoMm 30° K BEKTOpY MarHHTHON
unnykun. Kakas paboTa coBepmiaercs mpu 3ToM?

20. OmpenenyuTe MUHMMAIbHOE 3Ha4C€HHE WHIYKIMH TaKOTO OJHOPOJHOTO Mar-
HUTHOTO IIOJIS, HANIPaBJICHHOI'O IOPH30HTAIBHO, KOTOPOE MOXET OTOpBaTh OT IIO-
BEPXHOCTH 3€MJIM IIPOBOAHUK Maccoi 0,1 kr u JymHOM 1 M, M0 KOTOPOMY TE4ET TOK
10 A.

10. /IBu:xkeHHe 3apsizKeHHBIX YaCTHI B MATHUTHOM H0JIe

ITpumep 10.1

OJEeKTPOH, ABWXXYIIUHCI CO CKOPOCTHIO 10° M/c, monajaeT B MarHWTHOE IIOIe
MIPSIMOTO TIPOBOJIA, IO KOTOpoMy Teu&T Tok cuiioit 10 A (puc. 10.1). Haiitu Tpaekto-
PHIO JIBHDXKCHHS JIEKTPOHA B CIIydae, €Cli IepBOHAYaNbHO OH JBUIAJICS BAOIb IIPO-
BOJIa IIO TOKY.
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Pewenue

Mano:
L=1A v
L=2A
R=1m . ®
d=15m B
A2 §
B-? i

a |

Puc. 10.1

Ha puc. 10.1 noka3aHbl HalpaBieHHEe MarHUTHOTO IIOJSI ¥ CKOPOCTH JBIDKEHHUS
snekTpoHa. [To mpaBwity JIeBOil pyKH C Y4E€TOM OTPHLATEIBHOTO 3JIEKTPUIECKOro 3a-
PpsiIa SNeKTPOHa olpejiellaeM HallpaBlIeHue JelicTByomeit Ha Hero cuisl Jlopenra. B
JIAaHHOM Cliydae IIoJlydaeTcsi, 4To cria JlopeHna xanpasiena ot nposoga. Ilox neii-
CTBHEM 5TOM CHIIBI 3EKTPOH HAYHET JBUIaThCS IO JyT'e OKPY>KHOCTH, PaJiyCc KOTO-
poii Gyzmer 3aBHCETh OT BENMYUHBI MHAYKIHM MAarHUTHOTO IOy, MarHutHoe Ione
TPSIMOTO IIPOBOJIA C TOKOM SIBIISIETCS HEOAHOPOIHBIM, [TO3TOMY IO Mepe yAaleHHs
3NIeKTPOHA OT IIPOBOJHUKA PajiiyC TyTH OKPYKHOCTH HauHeT yBeJIW4HBaThci. B on-
pelieNeHHbIi MOMEHT BPEMEHH HaNpaBlIeHHe CKOPOCTH 3JIEKTPOHA H3MEHHTCS Ha-
CTONBKO, YTO OH HAdHET JBHUIAThCA KaKoe-TO BpeMs B CTOpOHY IpoBoaHMka. Ilpu
aToM Oyner HabIIFOaThCsl YMEHBIICHHe PaJiyca KpUBH3HEI ero TpaeKTopur. Tpaek-
TOpHS 3aMKHETCSI M IIPUMET (OPMY HETIPaBIIBHOIO HILIMIICA.

PaccuntaeM panuyc KpUBH3HBI TPAacKTOPHHU 3JIEKTPOHA B HAudalbHBIH MOMEHT
BpeMeHH:

F,=qlpx5B|. (10.1)

CxaspHBIM BHI 3TOTO BBIPaXKCHIU:

F,=qvBsina (10.2)

¥ B HallleM ciydae sin o = 1.

BenuunHy BeKTOpa MarHUTHOH MHIYKIMH ONpelelsIoT Io 3axoHy buo — Casapa
— Jlanmaca. J{jist npsiMoro 6ecKOHeYHO JUIMHHOIO IIPOBOJa

by 21
T 4m od’

rae [ — cuna Toka B IIpoBoJe; d — Kparyaiilliee pacCTOSHUE OT IPOBOJA IO TOH TOUKH,
rjie onpenensor B.

(10.3)

P _<n 7
ITo BrOpoMy 3axoHy HrloTOHA o = Z ; (10.4)
i=1
I F =ma. (10.5)

Jlanee, yauTHIBaS HANpPaBIICHHUS AEHCTBUA CHJIBI H CKOPOCTH U MPOELUPYS Ha OCh,
HanpaBJIeHHYIO K IIEHTPY OKPYKHOCTH, II0 JyTe KOTOPOH ABHKETCS DNEKTPOH
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F=ma,. (10.6)
B sTom BbIpa’K€HHH HOPMAJIbHOC YCKOPEHHUE BJIEKTPOHA MOXHO 3aME€HUTH

a,=—
=R (10.7)
Torna
M2V
v iz d m R (10.8)
BrIpazuM pajiyc, OQHOBPEMEHHO BBIIIOJIHKB COKpallleHUe:
R= 27dmy (10.9)
779 o '
CrenaeM IONCTaHOBKY YHCEIL.
Ilpumep 10.2

B oxgnOpoaHOM MarHUTHOM moJie ¢ uHAYyKIMel 2 T nBukercs npotoH. Tpaekro-
pus IBYDKEHUSI — BUHTOBAs JIMHUA ¢ pagmycoM 1 cM m marom 6,28 cMm (puc. 10.2).
Haiiti cxOpoCTh POTOHA U €ro KMHETHYECKyIo dHepruio. Kakyio pasHOCTh IIOTEH-
LHAJIOB JIEKTPUYECKOr0 MOJsi HeOOXOAHUMO HPOMTH MPOTOHY IS pa3roHa J0 3TOH
CKOPOCTH.

Pewenue
[ano: y
B=2Tn
M=1,6710""Kr
g=1610"Ka | |
R=1cm=1102u WYl by
=628 cM = . 7
=6,28-102 M \e
T ANNSE
w=2

Puc. 10.2

JIBrkeHVe IPOTOHA [0 BUHTOBOM JIMHUM — 3TO JBI)KCHHE MO OKPYXXHOCTH CO
CKODOCTBIO V,, 0[] fieficTBHeM CHIb! JIopeHIa NepeHANKYIISPHO MArHUTHOMY IIOJIIO
¥ paBHOMEPHOE JBIDKEHHE BJIOJE MO CO CKOPOCTBIO V,

V¢ =V COSO. B Vv, =V sina. (10.10)

Torna Voow =V=AVE 4V (10.11)

Io BTopoMy 3axoHy HproToHa B mpoexuuu Ha ock Oy

F =m-a,. (10.12)
Cuua Jloperna onpezessieTcs: BEIpaXKeHHEM
F,=q-B-v,. (10.13)
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Torma

mv2

q-B-v, = Ry' (10.14)
ITocine HeOONBIIOro Npeobpa3oBaHus IOIYYHM BEIpaKeHHE
q-B-R
), =, (10.15)
m

rJie g — 3apsiy IpoToHa, B — maruuTHas uHAyKuus mois (Ti), R — paguyc TpaeKTopuu
mpoTtoHa (M), m — Macca IPoToHa (KT).
CKopocCTS v, HalizieM u3 cooTHomenus /# =V, -T u nomyanm
v, =— (10.16)

r1ie 4 — Imar BUHTA, BEIPaXEHHBIA B MeTpax, 7 — BpeMsi OZHOro o6opoTa IpOTOHa,
BBIP2XEHHOE B CEKyH/aX, X OHO PABHO

27-R
T="2 (10.17)
Vy
C ygerom dopmyn (10.2) u (10.4) zanmmem
_h-qB
T (10.18)

Ioncrasnsgem dopmynst (10.5) u (10.2) B dopmyiy (10.1)
h2.q2_32 hz_qz_Bz q-B > -
v= + = VA +47% - R* .
\/ 47 -m* m’ 27-m (10.19)
IloncraBuM yrcnOBBIE 3HaYEHUS M IONYIUM Vv=2,7- 105 m/c.
Kunetndeckyio SHEpruio NpoToHa HaiieM u3 GpopMyIisl

mvz

We=—, (10.20)

e m — Macca IpOTOHa, V — CKOPOCTh IIPOTOHA.
—1
IToxcraBuM umciioBele 3HaueHHus: W= 6,1:10 5 Jx.
Ilo 3aKoHY COXpaHEHHUS SHEPTUH

AW, =4, (10.21)
riae A — paboTa 3JIeKTpHUIeCcKOro MO, ONpeessieMast 10 BEIPaXKEHUIO
A=q-U. (10.22)
Torma
W,
U= j. (10.23)

IoxcraBum ymcna u noxyunm 38 125 B = 38,1 xB.
Omeem: 2,7-10 m/c; 6,1-107"° I, 38,1 kB.

3aoanua ona camocmoamenvHoii pabomol

1. /IBa oHO3apsOHBEIX WOHA, IIPOH/II OAUHAKOBYIO YCKOPSIOIIYIO Pa3HOCTh IIO-
TEHIIAANOB, BIETENH B OAHOPOAHOE MarHATHOE II0JI€ EPIEHAUKYIIAPHO IMHAAM HH-
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nykuud. IlepBriii HoH ¢ Maccoit 12 a.e.M. omucan xyry paguycoM 4 cM. Onpenenytsb
Maccy BTOPOTO MOHA, €CIIU OH ONKCANl B MATHUTHOM II0JIe YTy PafiuycoM 6 CM.

2. Haiitu meprof ¥ 4acToTy oOpallleHus 3JIeKTPOHA II0 KPyroBoil opOuTe B Of-
HOPOJHOM MarHMTHOM IIoje ¢ HHAyKIMeHd 1 T nepneHuKysipHO €ro CUIOBBIM JIH-
HYSM.

3. TIpoToH, ABIXYLTHHCS CO CKOPOCTHIO 10° M/C, BIeTaeT B MPOCTPAHCTBO, IZE
HMEIOTCS  B3aMHO IIEpIEHIUKYJISIPHBIE 3JIEKTPOCTaTHYECKOE II0J€ C HAIpsKEHHO-
cteio 10* B/M 1 MarauTHOe MoNIE C ungyknueit 0,1 MTin. VI3sHauansHO IPOTOH JBH-
XKETCS [0 HalpaBIEHMIO CHIIOBBIX JMHUM 3neKTpocTaTHdeckoro mois. Haiftu tas-
reHIHaNbHOE, HOPMAaJIbHOE U IOJTHOE YCKOPEHUS [IPOTOHA B 3TOT MOMEHT BPEMEHH.

4. B 0IHOPOZHOM MarHMTHOM mojie ¢ uHmykuueit 2 Ti gBwKeTcss npotoH. Tpa-
€KTOpHs JIBIKSHHs — BUHTOBAs JIMHUA ¢ pajguycoM 1 cM u marom 6,28 cm. Haiitu
CKOPOCTB IIPOTOHA U €I'0 KHHETHYECKYIO SHEPIHIO.

5. OnexrpoH ¢ sHeprueit 20 k3B BIeTaeT B OXHOPOJHOE MarHUTHOE IOJE C WH-
nyknued 1 MTa oz yrimoM 45° 1o OTHOIIEHHIO K €T0 CHJIOBBIM JIMHUSIM M IBIDKETCS
10 BUHTOBOH TuHMu. Hality paguyc u mar 3Toif BUHTOBOM JIMHHH.

6. TIpoToH, ABMXXYLTUHCS CO CKOPOCTHIO 10* m/c, YIPYTo CTANKKUBAETCS C OKOS-
HIAMCS IO 3TOTO SIIPOM aToMa Teius W IpHoOpeTaeT CKOpOCTh 6-10° m/c. Tocne
CTOJIKHOBEHHS IIPOTOH M [P0 aroMa Telius IONaJaloT B 00NacTh ¢ OXHOPOIHBIM
MarHUTHBIM IIOJIEM HEPICHIAVKYISIPHO €ro JUHUAM HMHAYKIUH. CpaBHHUTH PaiyChl
OKPYXHOCTEH, IT0 KOTOPBHIM ABMXKYTCSI B MATHUTHOM I10JI€ 5TH MUKPOJACTHIIBL.

7. Ilpu ABMXEHUH IPOTOHA B OAHOPOAHOM MarHUTHOM IIOJIE 32 CYET CTOIKHOBE-
HHUS C MOJEKylaMH BO3IyXa PafuyC KPHUBHU3HBI €ro TpPaeKTOpHM YMEHBIUHICS C
12 mm 110 3 MM. Kak npu 5ToM U3MeHMIach CKOPOCTh IPOTOHA?

8. DnexTpoH U NPOTOH IOCIE Pa3rOHA B DNEKTPUYECKOM IO OJUHAKOBOH paz-
HOCTHIO TTOTEHIIUANIOB BIIETAIOT B OFHOPOJHOE MarHUTHOE 1oNe nox yriom 30° K yiu-
HUSIM MarHUTHOM MHAYKUUH. CpaBHUTH PafiuyChl BUHTOBBIX JIMHHH, BIOIb KOTOPBIX
JBIDKYTCS 9TH MMKPOYaCTHIBI B MArHUTHOM IIOJIE.

9. B macc-criektpomerpe uonsl > CO; u '>CO} pasroHSIOTCS B SMEKTPOCTATH-
4gecKoM Ioiie ¢ HampspkeHHeM 30 kB 1 monmajaloT B MarHUTHOE IOJIE TEPIEHIUKY-
JSIPHO €T0 CHJIOBBIM JIMHHUAM. Y CTaHOBJIEHO, YTO IIPU IBI)KEHUH B MarHUTHOM IIOJe
panMychl MX TpaekTopuil oTimgarorcs Ha 0,1 MM. Haiitu mHIyKuuro ¥ HampspKEH-
HOCT5H AeHCTBOBABIIEro Ha JaCTUIIBI MATHATHOTO IIOJIS.

10. IIpoToH U O-9acTHIIa IIOCTE pa3roHa B JEKTPOCTATHYECKOM I10JIe ONUHAKOBOM
Pa3HOCTEIO NOTEHIUAJIOB BJIETAIOT B OJHOPOJAHOE MAarHUTHOE IIOJe IOA yriioM 60° k
JIVHASIM MarHuTHOX MHAYKIMU. CpaBHHUTH PajiyChl JYT OKPYXHOCTEH, COOTBETCT-
BYIOIIMX TPAEKTOPUH JBIPKCHHS STHX MUKPOYACTHI] B MATHUTHOM II0JI€ TPACKTOPHH.

11. DIeKTpoH, ABHXYIIHICS co ckopocThio 10° M/c, momaiaeT B MarHuTHOE moje
IIPSIMOT'0 IIPOBOJA, IO KOTOpoMy Teu€T Tok cuioi 10 A. Haiitu pamiyc qyru okpyx-
HOCTH, COOTBETCTBYIOIEH TPaeKTOPHH ABIDKEHHS 3IEKTPOHA Ha PACCTOSIHUM 5 CM OT
TIPOBOJIA B CIIydae, €CIIM NIEpPBOHAYAIBHO OH JBHTAJICH K IPOBOJY. TOK B IPOBOJHUKE
ITOSIBWJICSI B MOMEHT, KOT/Ia 3JIEKTPOH JOCTHT YKa3aHHOI'O PACCTOSHHA.
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12. Yactuna mon AEHCTBHEM 3JIEKTPOCTATHYECKOrO IIOJS C PasHOCTBIO IIOTEH-
manos 4,15-10° B mpuo6pena ckopocts 2-10% m/c. JBHrasch ¢ 3TOM CKOPOCTHIO B
MAarHuTHOM Iojie ¢ HHAyKuuel 1 M1 neprneH UKy IsIpHO JIUHUSAM WHIYKIUW, YacTH-
1a McTbITaNa felictBue cuitkl Jloperma, paBHoi 6,4-107'* H. Haiitu Maccy u 3apsin
yacTunel. Yto 3T0 32 yacTuna?

13. Yactuua, Hecymias 3apsy B [Ba pa3a OOJbIINH, YeM 3JIeMEHTapHbIN, IBHKET-
Cs B OTHOPOJJHOM MarHUTHOM IIoJie ¢ HHAyKIuei 2 M1 nepIeHUKYIAPHO CHIOBEIM
JIMHMSM IIOJIS IO OKPY>KHOCTH pafuycoM 5 cM. HaliTi UMITyJIbC U MOMEHT UMILyJIbCa
3TOM MUKPOYaCTHIIBL.

14. DnexTpoH W NPOTOH JBIDKYTCS B MarHUTHOM Iojie ¢ uuaykuueir 10 MTa mo
OKpPY>XHOCTH pazuycoM 1 MM. HaliTi u CpaBHUTD KHHETHYECKHME SHEPTHU STHX MHUK-
podacTuI.

1S. Tlpu OBWKEHUH B MAarHUTHOM IIOJIE M3-32 CONPOTHBICHMS CPEIbI DJIEKTPOH
CHHU3MII CBOIO CKOPOCTH B 4eThIpe pasa. Kak mpu 5ToM H3MEHHTCS paiilyCc KPUBU3HEI
€ro TpaeKTOpuu?

16. DnexTpoH, yCKOpeHHBIH pasHOCThI0 HoTeHnuanos 300 B, aBmkercs mapain-
JENBHO NPSIMONUHEHHOMY IIPOBOJHUKY Ha paccTosiHHM 4 MM oT Hero. Kakas cuia
JieficTByeT Ha SIIEKTPOH, €CIIU TOK B IIPOBOJHUKE paBeH 5 A?

17. B obnactu neicTBUS OXHOPOJHOTO MarHUTHOro moisi ¢ umaayknueit 0,1 Tn
IPOTOH ABIDKETCA IO Jyre OKpYKHOCTH pamumycoM 4 cM. Kaxyro pa3sHOCTh HOTeH-
I[UAJIOB JJOJDKEH IIPOMTH 3TOT IIPOTOH B OZHOPOJHOM 3JIEKTPHYECKOM IIOJIE IPOTUB
HalpaBJIeHUsI CUJIOBO}I JINHHUH, YTOOHI er0 CKOPOCTh H3MEHUIIACh B 2 paza?

18. IIpoiinsg yCKOpSIONIyI0 pa3HOCTh NoTeHnuanoB 104 B, o-yacTuna Bierena B
00JacTh B3aMMHO IEPIIeHAUKYAPHBIX 3IEKTPUYECKOro W MarHuTHoro moneii. Ha-
HPsDKEHHOCTH dIeKTprdeckoro nonst 10 xB/M, maxykuums MarauTHOro mois 0,1 Ti.
Haiity ynensHBIA 3apsiy 0-4acTHIBL, €CIH, JABHTAsCh NEPIEHIUKYIIIPHO 000MM I1o-
JISIM, YaCTULIA He U3MEHHJIA CBOEH TPaeKTOPHH.

19. VYckopennas pasHocTeio noTeHnuanos 20 kB o-yacThlia HajleTaeT Ha HEMoJ-
BIKHBIH IpoToH. Ilocie meHTpaibHOro, abCOMIOTHO YNpyroro yxapa obe YacTHII
MONaJaloT B 00JAaCTh OJJTHOPOIHOTO MarHUTHOTO IIOJS, {BUIAsACh IEPHEHAUKYISIPHO
CHJIOBBIM JMHUSIM. CpaBHHUTE CHIIBL, AEHCTBYIONIME HAa YaCTUIIBI CO CTOPOHBI MarHUT-
HOTO TIOJIS.

20. B omHOpomHOM MarHUTHOM mojie ¢ uHxyknued 0,1 T 3apsokeHHas dactuna
IBIDKETCS IO OKPY)KHOCTH paguycoM 1 cM. Ompenenure NpOMEXYTOK BPEMEHH, B
TedeHre KOTOPOro MOJDKHO IeHCTBOBATH DJIEKTPHIECKOE IIOJIE C HAIPSKEHHOCTBHIO
100 B/M, coznaBaeMoe mapajuienbHO MarHUTHOMY IOy, JUIS TOTO YTOOBI KHHETHYe-
CKasi 9HepIHsl YaCTHIBI BO3POCIIa BABOE.

11. dnexTpoMarHuTHast HHAYKIHUS

1. Karymxa, cocTosmas i3 JecsITH BUTKOB pafycoM 1 cM, HaXOOUTCS B Ilepe-
MEHHOM MATHHTHOM IIOJIe, HHIYKIIHS KOTOPOro M3MEHseTcs 1o 3aKkoHy B = 0,01 7.
Haiitu cpennee 3Hadenue OJIC MHIYKIWH, BO3HUKAMONIEH B KaTyIIKe MEXAY 2 U 5
CEKYHZOM.
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2. ITnockas karymika, cocrosimas u3 20 BUTKOB, BpaIllaeTCsi C MOCTOSHHOM dac-
TOTOM 5 06/c”' B IIOCTOSHHOM MATHHTHOM IONe ¢ HampsokéHHOCTEIO 10* A/M. Max-
cuMansHOe 3HadeHHe DJIC MHAyKuww, Bo3HMKaomee B Karymike, 0,3 MxB. Haittu
JUaMeTp BUTKOB KaTyIITKH,

3. Camon€T ¢ pa3sMaxoM KpBUIBEB 35 M H3MEHSET NpU B3JIETE CBOIO CKOPOCTh
memxenus ot 180 xm/g o 720 xm/4. Haiitu cpenuee 3navenne DJIC uuayKuuy, Bo3-
HUKarollled B Kpblte. HanpskEHHOCTh BEpPTHKaIBHON COCTaBISIOIISH MarHUTHOTO
monst 3emiu 20 A/m.

4. BUTOK U3 IIPOBOJA C PAANYCOM 5 CM HaXOIWTCS B MArHUTHOM IIOJIe C HHIYK-
mweit 107 Tir. TInockocTs BATKA HNEepIEeHINKYJIIpHa CHUIIOBEIM ITuHUAM. [lox meficTBu-
€M BHEIIHMX CHJI BUTOK IIpeBpalaercs B KBaJlpaTHyI0 paMKy 3a 10 mc. Haiita 3JIC
MHIYKIUY, BO3HUKIIYIO B IIPOBOJJTHUKE B MOMEHT €T0 JAe(OpMAaIHH.

5. CpaBauths MakcumansHble 3HaueHdss DJC uHIyKIHY, BO3HWKAIOUIWE B KBaj-
paTHOM paMKe CO CTOPOHOM 2 CM U IPSAMOYTOJIBHOMH paMKe co cTopoHamu 1 cM u 3 cM
TIPY UX BpalleHHX C OMHAKOBOM YaCTOTOH B OJJHOM U TOM Y€ MarHUTHOM TI0JIe.

6. MeyHEI CTepXeHb BpallaeTcs B MarHHTHOM Iojie ¢ dactotoii 10 o6/c™.
Cpasauts OJIC MHIYKIWH, BO3HUKAIOIINE B CTEPXKHE IIPH BPAICHUN OTHOCUTEIIHHO
ocelf, IPOXOAAIINX Yepe3 CEPeaHHy CTepKHI U ONUH U3 €ro KOHIIOB.

7. UenoBek, CTOSBIINI JHUIIOM Ha ceBep Ha dKBaTope, IoBopaumBaercs 3a 0,1 ¢
Ha 90°. Ilpu 3TOM NpOEKIHS IJIOIAAN ITONEPETHOrO CEYCHHUS YeIoBeKa Ha IUIOC-
KOCTb, HEpIEHJUKYISIPHYIO BEeKTOPY MHAYKIWH MarHUTHOTO IIOJIS, U3MEHSETCS OT
0,35 M’ 110 0,1 M°. Haiitu 3/1C mHAyKUMM, BO3HUKAOIIYIO B TEJE YeIOBEeKa, BEICTY-
MAfOIIEro B KaYyeCTBE NPOBOAHMKA. VIHIYKIMS MArHUTHOTO HOJIS 3eMIIM Ha DKBATOpeE,
TIpeACTaBICHHAs TONBKO ee TOPH30HTAIBHON COCTaBIIIOMmEeH, cocTaBmseT 32 A/M.

8. Ilpsamoit mpoBox anmuHON 40 cM IBMXKETCS B OMHOPOIHOM MAarHMTHOM TIOJE CO
CKOPOCTBIO 5 M/C HepIIeHAHKYISPHO JIHHUAM HHAYKUMH. PazHOCTh MOTEHIMANIOB
MeX Iy KOHIIaMu IIpoBoja paBHa 0,6 B. BeraucnnTs HHIYKIUIO MATHUTHOTO ITOJIA.

9. IlposonouHoe xobro paguycoMm 10 cM HaxomuTes B OJHOPOJHOM MarHUTHOM
ToJe, HHAYKIHSA KOTOPOTo IePIeHINKYIIspHA INIOCKOCTH KOJIbIa U MEHSIETCS C Tede-
HueM BpeMenn 1o 3akoHy B =0,5¢, Tn. Onpepenurs DJC MHIYKUMM, BO3HHKAKO-
IyIO B KOHTYpE.

10. MHmyKUs MarHUTHOTO ITONSI BHYTPH COJIGHOMZJA MEHSETCS II0 3aKOHY
B=0,02cos(nt), mTn. Hatitu 3JC wHAYKIHH, BO3HHUKAIOIIECH B COICHOWUAE B MO-

MeHT BpeMeHH 10 c. Conenony uMeeT 100 BUTKOB U €ro paguyc paBeH 4 cM.

11. C xakoif MHHHMAaNBHOM YTIOBOII CKOPOCTHIO HOJDKHA BpAILATHCS IPSMO-
yroinbHasl paMKa OTHOCUTENIBHO OCH, COBNAJAONIEH ¢ OHO#1 U3 e€ CTOpOH, YTOOHI B
moMeHT BpeMeHH 1 ¢ DJIC uHayKIMH B paMKe paBHsuIach 07

12. KBazpaTHas paMKa Bpall[aeTCcs B OJHOPOIHOM MarHHTHOM II0JI€ OTHOCHTEIb-
HO OCH, NIepIeBAUKYJISIPHON JUHUSIM HaIpsOKEHHOCTH IIOJIA, C IIOCTOSHHOM YIIIOBOU
ckopocThio 5 pag/c. Uunykuus nons pasa 18 MxTir, mpmuHa cropoHs! pamku — 10 oM.
Haiitu MaxcumanbHoe 3HaueHue DJIC nHAyKIuY, BOSHUKAIOIIEH B paMKe.

13. Merajutnueckuid cTepikeHb JUIMHOM 1 M BpaigaeTcd B OJHOPOIHOM MarHWT-
HOM TI0JIE€ C TIOCTOSTHHOM CKOPOCTBI0 OTHOCHTENIBEHO OCH, IIPOXOJIAIIeil depe3 cepenu-

59



Hy crepxHsi. Hanpsx€anocts marsmrHOro mois 100 A/m. Omnpenmenuts yrioByio
CKOpPOCTB BpalIeHMs CTEPXKHS, €CIIM Ha €ro KOHIaX o6pa3yeTcs pa3HOCTh HOTeHIHa~
1oB 0,6 MB.

14. BunT nporennepa caMonéra, JETSAINEro Ha 3KBaTOpe CTPOro Ha ceBep, Bpa-
ImaeTcst ¢ yrioBoit ckopocthio 60 pan/c. [nuHa BuHTa 2 M, HaNpPSDKEHHOCTh MAarHHT-
Horo noist 3emin 32 A/Mm. Onpenenuts pasHOCTh HOTEHIUAIOB, BO3HUKAIOILYIO Ha
KOHIIaX BUHTA.

15. TIp cmeHe HanpaBleHHs BeTpa C CEBEPHOTO Ha BOCTOUHBIN METaILTMIECKUit
dmorep mwiomansio 0,2 M’ TOBOPAYMBAETCS OTHOCHTENBHO BEPTHKATBHON OCH 34
0,5 c. T'opuzoHTaNBHAsT COCTABIAIOINAs HANPSHKEHHOCTH MAarHUTHOTO IION B MecTe
yCTaHOBKHM irorepa pasHa 20 A/m. Onpenenuts O/IC HHAYKINH, BOSHUKAIOLIYIO BO
durrorepe.

16. O6MoTKa snekTpomarauTa umeeT 800 ButkoB. Cevenne cepaednuka — 15 cv?,
MHAYKIHS MarHEuTHOTO nons paBHa 0,1 Tun. Onpenenuts cpepsee 3nauenue D/IC us-
JIYKLIMM, BO3HUKAIOIed B OOMOTKe IPH BHIKIIOUEHUH TOKA, eCIIH CHJIA TOKa YMEHb-
maetcs go 0 3a 0,001 c.

17. Tok cuno#t 5 A GexXUT o CONeHOUAY, HAMOTAaHHOMY Ha HEMarHWTHBIN Kap-
kac. MaxykTuBHOCTH coneHouza 3 mI'H. Onpenenuts cpexnee 3Hauenue OJC uH-
JIYKIMY, BOHUKAIOMEH B HEM IpH yMeHbIIeHUH Toka 1o 1 A 3a 0,02 c.

18. I'opusoHTaNBHEIE PENBCHI, PacIONOXEeHHBle Ha paccrosHuu 0,2 M Ipyr or
Ipyra, HaxOmSTCS B OFHOPOZHOM BEpPTHKANHLHOM MAarHWTHOM IIONEe ¢ WHAYKIMen
1 Tn. Io penscaM ABHXKETCS MepeMBItKa, 110 KoTopoi 6exut Tok 0,5 A. Hatitu O/IC
HWHIYKIUY, BO3HUKAIOILYIO B KOHTYDE.

19. 13 mpoBoxa amunoi 30 cM U3roToBNeHa KBaJipaTHas paMKa, KOTOpYIO IoMec-
THIN B MATHUTHOM IIOJIE ¢ UHAYKIHEH 10~ T ITnockocTs PaMKH MEPICHIUKYIIIPHA
nuHVSM uHAyknud. [lon neficTBHeM BHEIMHUX CHII paMKa IIpeBpalaeTcs B KpyroBoi
Burok 3a 10 mc. Haittu D/IC mBAyKIWMY, BO3HUKIIYIO B IIPOBOAHHKE.

20. Ompenenuts MakcumanbHoe 3HadeHue DJIC mHIyKHMY, BOSHHKAIOIIEH TIpH
BpallleHUU KBaApaTHOM paMKM CO CTOPOHOH 2 CM B MarHUTHOM II0JIe ¢ HAIPSHKEHHO-
cteio 1 KA/M. Pamxa nenmaer oqus nonHs! odopor 3a 0,2 c.
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