1. 3AKOH KYJIOHA U HAIIPA’)KEHHOCTD
IJIEKTPOCTATHYECKOI'O ITOJIA

1.1. OcHoBHbBIE (hOpMYJIBI

3akoH KysioHa B pallMOHAIIM30BaHHOM BUJIE:

01/

F= 5

Areeqr
rae F — cuna B3aMMOJEHCTBUS TOUSUHBIX 3apsilOB WIM 3apsSXKEHHBIX PAaBHOMEPHO

11apOoB; \Q1HQ2\ — MOIYJIH 3apsloB; £ :8,85-10_12 KJIZ/(H-M) (d/m) -
DIIEKTpUYECKash  TMOCTOSHHAs; €& —  OTHOCUTENbHAsA  JAUAJICKTpUUYECKas
IPOHUIIAEMOCTh CpPEIbl, B KOTOPOW B3aUMOJCHCTBYIOT 3apsi/ibl ‘Qﬂ U ‘QZ‘;

e=16 107 Kn - AJIEMEHTAapPHBIN 3aps.
Hanpsi»KeHHOCTD AJIEKTPUYECKOTO MOJIS:
q Lm] 4dmegqg 2
HanpsikeHHOCTb TOJIsl TOUEYHOTO 3apsija:
E-kJ,

r2

rae q — 3apsj, CO3JaloUUi MoJe; I' — pacCTOSIHUE OT TOYKH, II€ HaXOIUTCS 3apsij,
710 TOYKH, TJI€ CO3AETCs MOJIE.

2

1 H-Mm
K = ~9.10°

ECJ'II/I Sap}I,Z[OB HCCKOHBKO, TO pCBYJIBTI/IPYIOHIa}I HaHp}I}KCHHOCTB E .

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

1.2. IIpumepsbl penieHus 3a1a4

3anaua 1. /IBa mapuka OIMHAKOBBIX PaJMyCca U MacChl MO/IBEIICHbI HA HUTAX
OJIMHAKOBOM JIJIMHBI TaK, YTO UX MOBEPXHOCTH conpukacaroTcs. [locie coobmieHus
mapukaMm 3apsga (g =0,4 MKKJ OHM OTTOJIKHYJIHMCH IPYr OT Apyra U pa3oLUIACh

Ha yroi 20 = 60°. Haiftm Mmaccy M KaX7oro mapuka, eciid pacCTOSHUE OT IIEHTpa
mrapuka g0 touku mojaseca | =20 cm (puc. 1.1).



Puc. 1.1

AHanu3 W pemeHue. Ha kaxapli mapuk JEHCTBYIOT TpU CHJIBL CHJIA
TSOKECTH MG , cuia HaTSOKEHUsI HUTU 1, CUila 3JIEKTPOCTATUYECKOTO OTTAJIKUBAHUS

—

F.
Y cnoBue paBHOBECHS IIIAPUKOB B BEKTOPHOU (hopme:
F+T +mg=0;
B MIPOEKIUAX HA OChb X!
F-Tsina=0;
Ha OCb ).
T cosa —mg =0.
-
N3 (1) T=—-—.
SIino
-
N3 (2) T=——.
cosa
CienoBaTeIbHO T=T,
F mg
sino. cosa’
=~ _sin _
F =mg—a:mgtgoc.
cosa
W3 pucynka r/2=Isina
r=2lsino.

[lo 3akoHy coxpaHeHHUs 3apsija, OH pacopenenuwics Ha JBa
PaBHOMEPHO

(1)
(2)

3)
(4)

HIapuka
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F= 9

4n880r2

YuuteiBas (3) u (4):

q° B q°

4meeq 4l 25in? o 16meel 2 sin

mg . thL = '
2 o
rae q=0q /2 — 3apsa Ha KaXKI0M LIapHKe.
2 2
Yo 9o
m= 2.2 . 2 2
4gtgalbreegl “sin“a  4-16- g -tgasin® aneggl
0,4-0,4-107°107°

' 4.16-10-0,2-0,2-314-885-10"12tg30° - sin 30°

=156 r.

3anaua 2. HailiTu 1mJI0THOCTH MaTepualia p IIApUKOB M3 3amadu 1, eciu
U3BECTHO, YTO MpPH IMOTPYKEHUH ITHUX IIAPUKOB B KEPOCHH YIOJI PACXOKICHUS

HUTEU cTall paBHBIM 20k = 54° (puc. 1.2).
»y

Ll

Puc. 1.2

AHaiu3 U peuwieHue. IIpy norpyXeHuMH mAapuKOB B KEPOCHH HA KayKIbIA

HIapyvK cTajia JelCTBOBATh BhITAIKUBaOMIas cuia Apxumena FA.
Jlns1 maprka Ha BO3ayxe u3 3aaauu 1:
2
_ q |
— 2 s 2
dree, 4l sin” atga

: (1)

rae € = 1 — nusnekTpruyeckas MPOHUIIAEMOCTh BO3/IyXa.
J1st miapuka rnpu norpy»KeHur B KEPOCHH:
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q
mg—F, =
&0 dre, £,41 sin” o, tgar, )
TakK KakK mg_FA =pVg_p1{Vg=(p_pK)Vg’ (3)
rac p — IMIOTHOCTb MAaTCpHUajia MIapUKa.
qz

—_ ) V - o) 2
(p p") & Are g,407 sm” a tgor

Henum Ha (1)

(p—p Ve  q’dmee Al sin’ atga  esinatga

2 - 2 s 2
Vg Are g,40" sin” a tga, & sin” o tgo,
OTcroia MIOTHOCTh MaTepualia
=2
g sm” o tga,

p=p1{ - 2 . 2
g sm-a tga, —esm aAga

Otcroma p = 2,55-103 KF/M3.

3amauya 3. B meHTpa kBajpara, B KaXIOW BEpIIMHE KOTOPOTO HAXOIUTCS

3apsn = 2,33 uKi, noMelen otpuuartenbHblid 3apsa 0. Haiitu 3ToT 3apsa, ecinu
Ha KaXJIbli 3apsj ( IelCcTBYyeT pe3yibTupytomas cuna F = 0 (puc. 1.3).

B
A F4
q q,
F,
F,
G
qa{ q}
Puc. 1.3

AHaau3 W pemieHue. PaccMOTpUM CHUJIBI, ACHCTBYIOIIME Ha JIIOOOM U3
3apsiIOB B BEpUIMHAX, Hanpumep, Ha 3apsy (2. Co cTopoHsl 3apsiaoB (1, (3, (3 Ha
HETO JIEUCTBYIOT Clilbl F;, F, U F,, COOTBETCTBEHHO, IIPUYEM

kg
AR

riae k =

4rg,



qZ
F,=k—.
Y 2a?

Cuna, neiicTByrOIIast Ha 3apsij (2 CO CTOPOHBI 3apsna (o, paBHA
2ka|d|

2

R="

YcnoBue paBHOBecHs 3apsaa (2
F+F+F+F =0. (1)
B npoexunu Ha ock x ypaBHeHue (1) nmeer Bz
F cos45’ + Fcos45 +F, - F, =0,

qu q2 2q|qo|
——+k=+/2+k =0.
2a’? az\/_ a’
Otcrona
0> . a2 g
o= 4Ne 811 0./2)=-0,95q = —2.23 HKL.
o) 720" 20 2" V2) q
0, =-2,23 HKL.

3apaua 4. /Ia 3apspKEHHBIX [IAPUKA, IMOJBEIIEHHBIX HAa HUTAX OJUHAKOBOM

JUIMHBI OITyCKAIOTCSl B KEPOCUH IUIOTHOCThIO 0,8 r/em>. Kakoit JOJHKHA OBIThH
IUIOTHOCTh MaTepuaja IMapuKoB, YTOOBI YTOJl PACXOKICHHUS HUTEH B BO3AYyXE U B

KepocuHe ObUT OAWH U TOT ke? JludmekTpruyeckasi IPOHUIIAeMOCTh KEPOCHUHA € = 2
(puc. 1.4).
AHAJIU3 U pelIeHue.




F_ K . _ &P .
mg mg-F, Poe1

28107

~16-10% KT/M® (16 F/CM3).

3amava 5. Haiitu Hanps»KeHHOCTbh £ 3JIEKTPUYECKOr0 TOJISI HA PACCTOSHUM
r = 0,2 HM OT OJJHOBAJICHTHOT'O MOHA. 3apsi] HOHA CYUTATh TOYCUHBIM.
AHaJaM3 W pemleHue. 3apsa]  OJHOBAJCHTHOIO HOHA MO aOCOJIOTHOM
BEJIMYMHE PABEH 3apsjly JIEKTPOHA.
OHOBAJICHTHBIM HOH CO3/IA€T JIEKTPUUECKOE MOJIE C HAIIPSAKEHHOCTHIO
o .
B 471€€0r2 ’
B 1,6021892-107* y 16,03
"~ 4.314-1.0,2-0,2-10°10°  12.0,04

~ 36 Ki/m.

1.3. 3agayu A9 CaMOCTOSITEILHOTO pelleHust

1.1. J/IBa onrHaKOBBIX MajeHbKuX Iapuka Maccou no 0,01 r moaBenieHsl Ha
IIEJIKOBBIX HUTIX JUIMHOW 1Mo 1 M Tak, 4TO OHU KacaroTca Apyr apyra. OauH u3
IAPUKOB OTBEJM B CTOPOHY, 3apsIAMJIM U NPUBEIU B COMPOTUBIICHHE C APYTUM
HIaPUKOM, TOCJIE YEro WIAPUKKM OTOUUIM APYr OT JApyra Ha paccrosiHue 14 cm.
OnpenenuTh BEJIMYMHY 3apsifa TMEPBOTO IIApUKa JI0 COMPUKOCHOBEHHS €ro ¢
JTPYTUM IIAPUKOM.

[q=+7,8-10° K]

1.2. Haiftu HanpspkeHHOCTh £ 3JeKTPOCTaTUYECKOTro MOJISI Ha PACCTOSHUU
r=2108cmor OJIHOBAJICHTHOTO MOHA. 3apsii HOHA CUUTATh TOUCUHBIM.

[E = 3,6-10'° B/m]

1.3. Haiitu HanpsKeHHOCTh £ 3JIEKTPOCTAaTHYECKOTO MOJIS B TOUKE, JIeyKalen
nocepeHe MeXJy TOYEYHBIMH 3apsaaMu (1 =810° Kn u g2 =610 Ku.
Paccrostnue mexy 3apsiaamu I = 10 cm, € = 1.

[E = 5,04 B/™]

1.4. Bo CKOJIbKO pa3 3HEPrusi 3JIEKTPOCTATUYECKOTO B3aUMOJICUCTBUS JIBYX
YacTUIl C 3apsAaoM ( M Maccod M OoJbplIe SHEPrUU WX TPaBUTALUOHHOIO
B3aumoeicTBus? Pemuth 3anauy /uist: 1) 3JIeKTpOHOB; 2) MPOTOHOB.

WBJI

=417-10%; Wep _ 1,24-10%
p p
1.5. 3apsaner 90 u 10 HKn pacnonokeHsl Ha paccTOIHUU 4 CM IPYT OT JIpyra.
['ne Hago pa3MecTUTh TPETHMl 3apsii, YTOOBI CHJIbI, JEHCTBYIOUIME HA HErO0 CO
CTOPOHBI APYTHX 3apsAoB, OBLIM PaBHBI MO MOIYJIIO W MPOTHBOMOJIOKHBI TI0
HanpaBJICHUIO?
[B 1 cMm oT MeHbIIIEro U B 3 ¢M OT OOJIBIIIETO 3apsiI0B]



1.6. /IBa 3apsima, oAMH W3 KOTOPBIX MO MOIYJIO B 4 pa3a OoJjblie Apyroro,
pacnoioKeHbl Ha PAcCTOSIHMM @ APYT OT japyra. B kakoill Touke MpocCTpaHCTBA
HAlpsHKEHHOCTh ~ TOJIA  paBHA  HYJIO, €CIAM  3apsibl:  a) OJIHOMMEHHBIE;
0) pa3sHOMMEHHBIE.

[a) Ha mipsimoii, coeuHsroel 3aps/ibl, Ha paccTOSSHUU 1/3a OT MEHBIIEro u
2/3a ot Gonblero; 0) Ha TOM ke MPSIMOI HA PACCTOSHHUU @ OT MEHBIIETO U 2a OT
O0JBIIIeTO |

1.7. B BepumHax paBHOCTOPOHHETO TPEYTOJIbHUKA CO CTOPOHOM @ HaXOIATCS
3apsabl +q, +q u —(. HaliTi HanpsKEHHOCTh 1o £ B LIEHTPE TPEYTOJIbHUKA.

RS
27e,a

1.8. Ha pacctosauu r = 30 cM OT OBEPXHOCTH 3e€MJIM HAXOAUTCS TOUCUHBIN
3apsa = 1-10-3 Ki, koTopelif HHAYIUPYET B HEH 3apsapl MPOTHBOIIOJIOXKHOTO
3Haka. ONpeaenuTh CUITy IEKTPUUECKOTO MPUTSIKEHUS 3apsia K 3emiie.

[F _ K 55100 H}
ar

1.9. DnekTpoH BpamaeTcs B BaKyyme 10 KpyroBoi opOuTe paauyca I BOKpYyT
YacTHULIBI C TIOJIOKUTENbHBIM 3apsaaoM (. OmnpeneiauTb CKOPOCTb M MEPUOJ
BpalleHus 1eKTpoHa. CHI0i TpaBUTALIMOHHOTO NMPUTSHKEHHS YacTUIl TpeHeOpeyb.

b= eq ;T:Zﬂr:zﬂr Are,mr
Are,mr v eq

1.10. Hlapuk maccoit m = 5 r u 3apsaom ( = 10-5 Kin 6pocunu o yriom o K
ropu3oHTy. HampspkeHHOCTh TOPH30HTAIBHOTO HANPABICHHOTO AJIEKTPHUECKOTO

— 3 o .
nonst £ =5-10 B/m. Halitu o, eciiu B BepxHel TOYKE TPACKTOPUU KMHETUYeCKas

SHEprus IMapuKa paBHa HYJ0 (g = 10 M/CZ).
{tga L 45‘}
Eq

1.11. Meramnyeckuii mapuk maccoi m=10 r u c 3apsgom = 10-4 Kn
MOJIBEIICH Ha HUTHU B DJEKTPUUYECKOM TI0JIe C HampspkeHHOCcThio E = 500 B/m,
HampaBJICHHOW BepTHKadbHO BHU3. [llapuk OTBOASIT B  CTOPOHY IO
TOPU30HTAJIBLHOTO YPOBHS M OTIyckatoT. OmnpenenuTs HaTsHKeHHME HUTH 1 B

HIDKHEH Touke TpaekTopuu mmapuka (g = 10 M/Cz).

[T=3(mg + Eq) = 0,45 H]

1.12. ]IBa OIWHAKOBBIX 3apsHKCHHBIX TeJa HAXOMATCA B BO3AyXe Ha
TOPU30HTANILHONW TMOBEepXHOCTH. llojg gJeicTBHEM DJIEKTPUYECKHX CHUJI  OHHU
JBIDKYTCS B MIPOTHBOIIOJIOKHBIE CTOPOHBI. Ha KakoM paccTosHUM I' MEXITy HUMU
UX CKOPOCTHM MaKCHMaJIbHBI? Macchl Tem M, 3apsasl (|, KOG UIIMEHT TpeHus
MEXIy TeJIaMHu U TIOBEPXHOCTHIO |L.

o

- N Ame, umg
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1.13. JIBa oAMHAKOBBIX MaJICHBKUX IIapUKa TMOJABEIICHb HA HUTSIX IJIUHOU
L =2 M Kk ogHOM Touke moTojika. Korja mapukam coOOIIMIA OTMHAKOBBIC 3aPsi/IbI
J, OHU Pa3OILIUCh HAa pacCTOSHUM I'. ONpeeuTh HaTsHKECHUE KaKI0M HUTH.

2
{FH _ 2kq3 L}
r

1.14. B pe3ynpTaTe TpEHUS C MOBEPXHOCTU CTEKISIHHOM MalOUuKH ObLIO

yAaJIeHO 6,4-1010 ANEeKTPOHOB. OmpenenuTh ANEKTPUUYECKUN 3apsi] Ha MaJouKe.
Hackonbko ymeHbIagach Macca najouku? Macca aiekTpoHa m = 9,1-10'31 KT.
[1,02:10® Kn, ma 5,8-107%0 kr]
1.15. B BepTUKaJIbHO HAIpPaBICHHOM OJHOPOJHOM 3JIEKTPHUYECKOM II0JIE

o - -17
HaXOOUTCSA NBUIMHKA C Maccou 1-109 r u 3apsaom (= 3,2-10 Kn. KakoBa
HAMPSHKEHHOCTh  DJIEKTPUYECKOTO  TOJS, €CIAM CWIa TSOKECTH — TMBUITMHKA
YpaBHOBEIIICHA CHJION 3JIEKTPUUECKOTO OIS ?

[3,1-10° H/Kn]

2. HOTEHHHUAJI SJIEKTPOCTATUYECKOI'O I10JIsA
N PABOTA IO IIEPEMEINEHUIO 3APS)KEHHBIX HACTHIL

2.1. OcHoBHBIEe GOpPMYJIbI

Pa3HocTh mOoTEHIHANIOB MEX Ay ToUuKamu 1 u 2:

. Al,Z
P = 1
q
raie A12 — paborta, coBepuiaemasi D3JEKTPUUYECKUM TMOJEM IO MEPEHOCY
IIEKTPUYECKOr0 3apsAja M3 TOYKM | B TOUKYy 2; ( — BEJIMYMHA IEPEHECEHHOIO
3apsna.
[ToTeHnman 1moJss TO4e4YHOro 3apsaa:
__ 1
drsg, r
1
Jisa chepsl Q= a,
4drsey R

rae R — paguyc cdepsi.
Ecnu 3apsim mepeHocWTcs M3 TOYKM ¢ I1 B TOYKy I2, To paboTa 1o
NEepEeMEIICHHIO 3apsiia:

1 1
A=q(¢1—¢2)=q( a_ ﬂjzAw —W, W, ,
Arse, 1, Amee, T,

rge W, 1 W, — 3Ha4€HUs SHEPIUHU MOJISI B TOYKax € I'1 U I2.

4%
W=—""—[/Ix
Arse,r o]
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2.2. lIpuMepnl penieHust 3a1a4

3amaya 6. B BepmmHax mnpu OCTPBIX Yriax pom0Oa, COCTAaBJIECHHOIO U3

JIBYX PaBHOCTOPOHHUX TPEYrOJIbHUKOB

co croponoi 1= 0,25 M, momerieHbI

3apsanel 1 = g2 = 2,5-10-9 Kn. B BepiiuHe npu OJHOM U3 TYNBIX yTJI0B pomba
nomerieH 3apsaa 3 = —5-10-9 K. OnpenenuTs pa3HOCTh MOTEHIIHAIOB MEXIY

Toukoi O — TOYKOM TMepecedyeHus auaroHajie pomoda.

Taxxxe onpenenure

paboTy 10 mepeMenIeHuto 3apsaaa (4 u3 Touku A B Touky O (puc. 2.1).

18,
1 -

il )

1

13K = —
i | . o
\'L._ __.r'J ol B
l"l .J'..
\ .,
L Az
.1|. | _.J
i |
ﬂ :_.J'
J
+4.,
Puc. 2.1

AHaau3 u pemienue. [loTeHIMan Mmomisi, CO3AaHHOTO CHCTEMOUN TOYCUYHBIX
3aps70B, paBeH anreOpandeckod CyMMe MOTCHIIMAJIOB TIIOJsI, CO37aBaeMOTO

KaXJIBIM 3apsoM, T.€. B TOUKe A

ql q2 q3 2ql+q3
=@, +Q,+ @, = = =
V=T 0205 Arel Armel Amel  Ameyl
[Torenunain nons B Touke O paBeH:
_ 2% G 1 (209, G
Po = = + 1
dreb  Admeja drme,\ b a
HO a = 1/2, b = /3 /(2)I, Torma
Ucpy g 2343 _ 0y
67zg,
A=q,U :_M% =-3,07-107" JIx
67e,

3HaK «—» O3Ha4YacT, 4YTO pa60Ty COBCpIIAJIM BHCHIHUC CHIIBI IIPOTHUB

SJICKTPHUYCCKOI'O I10JIA.

CHJI
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3agaua 7. HaiiTu noTeHIMan (¢p TOYKH TOJIS, HAXOAAIIMICS HA PACCTOSIHUM
r=10 cM OT HLeHTpa 3apsLKEHHOro mapa paauycoM R =1 cM. 3agady pemmurs,

€CJIM: a) 3aJlaHa MOBEPXHOCTHAs IUIOTHOCTH 3apsaa Ha mape o = 0,1 MKKJ'I/MZ;
0) 3agan noteHuuai mapa ¢ = 300 B.
AHaiu3 U pewieHue. [loTeHIMan TOYKM BHE Iapa Ha PAaCCTOSHHUM I OT €ro
LIEHTpa
q

brse,r’

2 2
a) Tak kak q=0S =0c42R*, TO go:47mR _ R

Arsg,k gy r
01-10°-10"
=——— =113 B
¥~ 88510710
0) Ilorenmuan mapa

__ 9
4reg,R’

jits

q=¢, -4rsg,R.

Torna

a__dmeeR R, _lan-30B
r 10

Aregyr  Ameeyr

m

3agaua 8. [llapuk maccoit m = 1 r u 3apsigom q = 10 K1 nepemeriaercs u3
To4yku 1, moTeHuuasn kotopoit ¢, = 600 B, B Touky 2, moTeHnuan Kotopou ¢, = 0.
Haiitu ero ckopocth v, B Touke 1, eciu B TOuke 2 OHa cTaja paBHoU v, = 20 cM/c.

AHaau3 u pemieHue. Pabota mo nepeMenieHuio mapuka u TOYku | B TOUKY
2:

A=a(p-9,)-

C npyroit croponsl, pabota A — 3T0 HpUpaleHUE KMHETHUYECKOW SHEPTHH
nrapuka
_mo; my}
2 2

A

CJIEIOBATENIbHO,

OTCIOZIa

3apaua 9. [Ipu GomOapaUpPOBKE HEMOABMXXHOTO SiApa HATPUS O-4aCTHUIEH
CWJIa OTTAJIKMBAaHHUS MEXAy HUMH naocturia 3HadeHus F =140 H. Ha kakoe
HAaMMEHbIIIEE PACCTOSHUE T MPUOJIM3WIACH CL-4acTHIlAa K SAJIpy aToma HaTpusi?
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Kakyto ckopocTs L UMena a-yactuna? BrausHueM 37eKTpOHHON 000J0YKH aToma
HaTpus nperedpeus (puc. 2.2).
AHaJIM3 M pelIeHue.

Puc. 2.2

[ToTeHuman mojs siapa HaTPUs
_ze
dre,r

1o 3akony KynoHa cuia OTTaJKMBaHUS MEXIY siApoM Na U o.-4acTHIICH:
— ZlZZe2
4rgr®’

rne z, =2, TaK KaK O.-4acTHIIAa PEACTABISLET COOOM PO TeIusl.
MuHuManbHOE pacCTOSIHUE COMMKEHUS SApa M O-4aCTHIIBL:

(o= |52 26,0110 M.
2\ e, F

[To 3akOHY COXpaHEHUs IHEPTUU

mov® 7€’
2 dre,r
TOT]Ia CKOPOCTh Ol-YACTHIIBI
2
ze
v=_ |—+—=159-10" wm/c.
27me,rm

2.3. 3apa4um AJ151 CAaMOCTOSITEJILHOTO pelleHust

2.1. JIea 01MHAKOBBIX IIapUKa, UMEIOUIUX OJIMHAKOBBIN 3apsij (|, COCTMHEHBI
npyxxuHoi. [llapuku K0ae0MI0TCSA TaK, YTO PACCTOSIHUE MEXIY HUMH MEHSETCS OT
1 mo 41. HaiiTu >XeCTKOCTh MPY>KUHBI, €CJIU €€ JIJIMHA B CBOOOJHOM COCTOSTHUU
paBHa 21.

1 q°
{k z”ﬂ

2.2.llpu BHeceHuu 3apsana 1,0-10'6 Kn wu3 OeckoHeuHOCTH B JaHHOE

-5
AJIEKTpUUYEcKoe Tojie Obula TpousBedeHa pabora 6,0-10° [k, KakoB mo

OTHOLICHHUIO K 6CCKOHC‘1HOCTI/I MMOTCHIOUAJ TOYKH ITI0JIsI, B KOTOPYIO BHCCCH 3ap;m?
[60 B]
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2.3. 3apsiapl +1,0-10'8 Kinu —1,0-10'8 Kn Haxonsarcs Ha paccrosiuuu 30 cMm
Ipyr OT apyra. HaiiTu mnoTeHmMan TOYKH, KOTOpas HaxXOJIWUTCS Ha JIMHHH,

coenuHstoniel 3apsaasl, B 10 cM oT niepBoro u B 20 cM OT BTOPOTO 3apsiJIOB.

[450 B]

2.4. ]Ipa 3apsima 1o 5,55-10'9 Kn naxopsitcs Ha paccrosuuu 1,0 M. Kakyto
paboTy HY>KHO COBEPILUTH, YTOOBI COMM3UTH 3apsiabl 10 10 cm?

[2,5 mxJ1x]

2.5. a-gactuna (M = 6,7-10'27 KT, ( = 3,2-10'19 Kir) BeIIETAGT M3 Anpa paaus
CO CKOpOCTHIO L = 20 M/C ¥ MOMAAAET B OJJHOPOJHOE ANEKTPUUECKOE M0JIe, JIMHUU
HaMpsHKEHHOCTH  KOTOPOTO  HAMPABJIEHBI  MPOTUBOMOJIOKHO  HAMPABICHUIO
JBH>KEHUST yacTullbl. Kakyto pa3HOCTh MOTEHIMATIOB JOJKHA MPOWTH YacTUIla A0
OCTaHOBKH?

[4,2-10° B]

2.6. B HEKOTOpBIX JABYX TOYKaxX MOJS TOYEYHOTO 3aps]ia HaIpPSKEHHOCTH
oTinyaroTcs B 4 paza. Bo ckosibko pa3 oTaMYaroTCs MOTEHUMAIbl MOJsL B ATHX
TOYKax?

[B 2 paza]

2.7.3aps ¢ mapa CTEKaeT B BO3AYX NPHU HAMPSKEHHOCTH AJIEKTPUIECKOTO
noJisi BOJIM3W TIOBEPXHOCTH IIIapa 2:10* B/em. Jlo kakoro mnoTeHIMana yAacTcs
3apsAIUTh METaNIMYecKuil map paguycom 0,1 m?

[210° B]

2.8. IlocTosiHHBIE TOTEHIMANBI JBYX MNPOBOJAHUKOB OTHOCHUTEIBHO 3eMIIH
cooTBeTCTBeHHO paBHbI 24 B n —8 B. Kakyro paboTy HYXHO COBEPIIUTH, YTOOBI

MIEPEHECTH 3apsij -1-8,0-10'5 Ki1 co BTOporo npoBoiHMKA HA MEPBHIL?

[2,6-10™ Tx]

2.9. Kakyto pa3HOCTb MOTEHLIHMAIOB JODKEH MPOUTH BJIEKTPOH, YTOOBI
cKopocTh ero yBenuuuiiach ot 0 1o 8000 xkm/c?

[182 B]

2.10. B ogHOopoaHOM Moje HanpsbkeHHoCcThio 60 kB/M mepemecTunu 3apsia
5 vKn. Ilepememenue, paBHoe mo wmoaymo 20 cMm, oOpasyer yrom 60° c
HaIpaBJIeHUEM CUJIOBOM MHUU. HaliTu paboTy mossi; u3MeHeHHe MOTeHIUaIbHON
OHEPruy B3aUMOJEHUCTBUA 3apsija W MOJs; U HANpsDKeHHE MEXAY HadalbHOM U
KOHEYHOM TOuKamu rnepeMenieHus. Jlatb OTBETHl Ha T€ K€ BOMPOCHI JUIs Cyvas
nepeMenieHus] OTPULATENBHOTO 3apsija.

[30 mx/Dx, —30 mMx/x, 6 kB, —30 mx/x, 30 mx][x, 6 kB]

2.11. Kakast coBepiiaercss paboTa Mpu MEPEHECEHWH TOUEYHOrO 3apsaa B
2.10® Kn u3 6eckoneunoctn B TOYKY, HAXOJSIIYIOCS Ha paccTOsSTHUU 1 cM ot
MOBEPXHOCTH IlIapa pagdycoM 1 CM C MOBEPXHOCTHOM IUIOTHOCTBIO 3apsja

o =107 Kn/em?.
[4=1,13-10" Tx]
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2.12. Ipa mapuka c 3apsaamu 1 = 20 CI'Cq u 2 =40 CI'Cq HaxonsaTcs Ha
pacctosinuu 1 = 40 cMm. Kakyro Hamo coBepmuTh padoTy, YTOOBI CONU3UTH UX JIO
paccrosiHus 2 = 25 cm?

[4=1210° 7]

2.13. HaliTi CKOpOCTh L JIEKTPOHA, MPOIICAIIETO PAa3HOCTh MOTeHIMaloB U,
pasnyto 1,5; 10; 100; 1000 B.

[5,93-105 m/c, 1,33-106 m/c, 1,87-106 m/c, 5,93-106 m/c, 1,87-107 m/c]

2.14. B OJHOPOJHOM OJJIEKTPUUYECKOM II0Jie¢ C HalpspKeHHOCThio 1 kB/M
nepeMecTiin 3apsan —25 HKi B HampaBiieHWW CWIIOBOW JTWHUM Ha 2 cM. Haiftn
paboTy ToJIsl, M3MEHEHHE TMOTCHIUATBLHON DHEPTUM B3aWMOJCHCTBUS 3apsiaa |

T0JI51, U HAMPSDKEHUE MEXKAY HadalbHOM M KOHEYHON TOUYKAMHU NIEPEABHKEHUS.
[<0,5 mx]Ix, 0,5 mx/Ix, 20 B]
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3. BBIYMCJIEHUE DJIEKTPHUECKHX ITOJIEH,
CO3JABAEMBIX 3APAKEHHBIMU TEJIAMH
PA3JIMYHOU KOHOUT'YPAIIUU

3.1. OcHoBHBIE GOpPMYJIbI

[ToBepxHOCTHAs TUIOTHOCTH 3apsijia o
o= % [Ki/m2].

JInHelHas NIIOTHOCTH 3apsia Ha HUTH
q

T=—",
d
rIe ( — 3apsi Ha HATH; d — pacCTOSIHUE OT HUTH.
HamnpsikeHHOCTh ~ DJIEKTpUYECKOTO  MOJs,  CO3JaHHOTO  OECKOHEYHO
3apsHKEHHON HUTHIO:

T

- 27eg,d

Ecnmr HATP MMEET KOHEUHYK JUIMHY, TO 3HAYCHHE HAIPSIKEHHOCTH Ha
NEPIEHANKYIISIPE, BOCCTAHOBIEHHOM W3 CEPEAWHBI HUTH Ha PACCTOSIHUU d OT
HUTH:

rsiné
E= :
2res,a

riae 0 — yroia Mexmay HampaBlI€HHEM HOpPMajdd K HUTH W PaguyC-BEKTOPOM U3
paccMaTprBaeMOW TOYKH K KOHILY HUTH.
HanpspkeHHOCTh O€CKOHEUHOM 3apsiKEHHOM TIIOCKOCTH
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__c q

- 2¢¢, B 2£8,S

rae S — mwromaap INIOCKOCTH.
Ecnu mmonmanpro siBsieTCst AUCK paauycom R, To

(e} a

E= 1- .
2¢¢, ( VR? +a2]

3.2. IlpuMepsl penieHus 3a1a4

3agaya 1. 3apspkeHHas 6eCKOHEUHAs TVIOCKOCTh U OJHOMMEHHO 3apsKEHHBIN
mapuk maccod m = 0,4 mr u 3apsaom (= 667 uKn. Cuna HaTsHKeHHs HUTH, Ha
KOTOpo# BUCHUT mwapuk, ' = 0,49 mH. HaiiTh NOBEPXHOCTHYIO IIOTHOCTH 3apsJa G
Ha rIockoctu (puc. 3.1).

AHAJIN3 U pelIeHue.

Puc. 3.1

[110cKOCTh M MIAPUK 3apsSKEH OAHOMMEHHO, IMO3TOMY Ha HIAPHK JEWCTBYET
3JIEKTPOCTATHYECKAst CHJIa OTTAIKUBaHus F . HUTh OTKIIOHAETCS OT BEPTUKAJIH JIO
TEX IO, ITOKa BCE CHJIbI, IEUCTBYIOIINE HA IIAPUK, HE YPABHOBECAT IPYT Apyra:

F.+mg+T=0.
U3 A-ka DCB: F, =T?-(mg)’ st OECKOHEYHOW 3apsHKEHHOM MIOCKOCTH
E=—2

2¢¢g,

= 2 2

e, F, o F o AT (mg) .
q 2e, Qq 2es, q
26604/ T2 —(mg )’
o= 22T =) 70000 K

q

3anaua 2. /IBe JIMHHBIE OJHOMMEHHO 3apsOKCHHBIE HUTH PACIOJIONKEHBI Ha
paccrossuuu I = 10 cM gpyr ot apyra. JIuHeilHas NJIOTHOCTH 3apsia Ha HUTSIX

r,=7,=10 MkKn/M. Haiith Momyias W HampaBjieHHE HANPSHKEHHOCTH E
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PE3YIBTUPYIOMIETO TOJIsi B TOYKE, HaXoAsmielcs Ha pacctosHud a = 10 cMm ot
KaXJ104 HUTH (puc. 3.2).
AHAaJIU3 U pelieHue.

Puc. 3.2

IlycTh 7, =7, =7 HaNPsIKEHHOCTH MOJI KAXKJI0M HUTHU B TOuke C:
E,=E,=—"—.

2meg,a

PesynpTupyromas HanpsyKeHHOCTD T0JIA

E_E+E,.

r =a (AABC — paBHOCTOpOHHMI) ZABC=60"; E NEPIEHAMKYIAPHO IUIOCKOCTH,
IIPOXOJSILEH YEPE3 HUTH.

[To TeopeMe CUHYCOB:

£ _ B (a=120° B =307

sinag sin 8
E=+3E, E= A 312 MB/m.
2res,a

3agaua 3. Meraymmmueckuii map nuamerpoM d 3apsokeH € MOBEPXHOCTHOM
IJIOTHOCTBIO 3apsiAoB ©. HaWTm moreHmman ¢ 3TOro mapa, €CliM OH OKPYXEH
3a3eMJICHHOM TIpoBojsIIei chepoi, nMeroreid oomuii ¢ mapom 1eHtp. Juametp
chepnr D. Cpena — BO31yX.
AHaJu3 M penleHue. 3apsj mapa:
q=05,
rae S, =zd° — MOBEPXHOCTH MIapa, CIEIOBATEIHHO,
q=om’.
3apsi Ha mape 00yCIOBUT MOSIBICHUE MOTEHIMANA
q ond? _od

1= = = .
Aregyr  Amesyr  2s¢g,
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Cdepa 3azemiieHa, clefOBaTEeNbHO  BCIEICTBUE  DJIEKTPOCTATHUECKOU
VHIYKUAW TPUOET 3apsd, PaBHbIM 1O MOIYIIO  3apsay  Liapa, HO
IIPOTUBOIIOJIOKHOT'O 3HAKa, CJIIEA0BATEIILHO

P .
V2= 472'880R_ 2¢e,D

[ToTenman mapa, oOyCIOBJIEHHBIA 3apanaMud chepbl U METATIMYECKOrO

mapa:

p=¢,+(-p,) =

od odz_ad(l dj
D

2¢s, 2¢&ed - 2¢s,
3.3. 3agaum I CaMOCTOSATEJILHOIO PeLIeHUs!

3.1. CpaBHUTH pabOTHI MOJS MPH MEPEMEILEHUH 3apsia U3 TOUKH A B TOUKU
B, C, D.

Puc. 3.3
3.2. OnpenennuTh TMOTEHIIMAT (p TOYKHU IOJIS, HAXOJAIICHCS Ha PaCCTOSHUU
a@a=9 cM OT TMOBEPXHOCTH 3apsHKEHHOro Imapa paaumycom R =1 cm, eciu

MOBEPXHOCTHAS TUIOTHOCTD 3apsiIOB HA 1ape o =1-10™" Kn/em®. Cpena — Bo3yX.

[¢=11,3B]

3.3. Mexkty IByMST TOPU3OHTAIBHBIMU  TUIOCKOCTSIMH,  3apsSKEHHBIMU
pPa3HOMMEHHO M PACMOJIOXKCHHBIMH Ha paccTosHuu d =5 MM Apyr oT Jpyra,
HAaXOJUTCA B paBHOBECHM Kamenbka Macina wmaccoit 20 Hr. Haiitu wucno
n30bITOUHBIX 3JeKTpoHOB N Ha 310l Kamenbke. Cpena — Bo3ayx. PasHocTth
NOTEHIMAIOB MeX 1y mockocTsimMu U = 2 kB.

[N =3-10%]
3.4. [IpoBogsmiast cepa paguycomM R HeceT MONOKUTENbHBINA 3apsia (o,
pacrpeieJIeHHbI paBHOMEPHO 1O ee MoBepXHOCTU. B HebGombinoe orBepcTre O B

3TOM c(hepe BCcTaBlieH OECKOHEUHO TOHKHH cTepkeHb AB ¢ mapukamu paguycom I
Ha KoHIax. Havtu 3apsn ( Ha mapukax.
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LR
°2R

3.5. [lbumaka ¢ 3apsaoM (=1 HKJI HEMOABMKHO BHUCHUT B OJHOPOJIHOM

— 4
ANEKTPUYECKOM  ToJie ¢  HampsbkeHHocThio £ =2-10 H/Kn, Bektop
HaANPSOKEHHOCTH KOTOPOTO HampasiieH BBepX. Haiitu maccy mputmHKE M. CKOJIBKO
U30BITOYHBIX IEKTPOHOB COACPKUT MBUIMHKA?

A

o
1

A

i

!
gl

Puc. 3.5

[m =210 kr, N = 6-10°]

3.6. K OeckoHeuHOI, BEpTUKAIbHON, PAaBHOMEPHO 3apsHKEHHOU IIOCKOCTH
MPUKpPEIJICHA OJHUM KOHIIOM HEBECOMas HHUTh, HAa JPYroM KOHIIE KOTOpPOU
HaXOJUTCS OJHOMMEHHO C HHUTHIO 3apsDKEHHBIM Imapuk paauycoM R =0,5 cwm,

HeCcylui 3apsa ( = 1-10%% K. TInorrocts BEILIECTBA IIApUKa P = 2.10% xkr/m3.

Harsoxkenue nutu T = 4,9-10'2 H. Kaxkoii yron o oOpa3yeT ¢ miIoCKOCThIO HUTH, Ha
KOTOpo# BucuT mapuk? Cpena — BO3ayX.

[a =78°]

3.7. YeTblpe OAMHAKOBBIX TOYEYHBIX 3apsiia ( pAaclojOXKEHbl HAa OIHOU
OpsIMOM Ha pacCTOSIHUM T Apyr oT apyra. Kakyioo paGoTy A Hago COBEpIIHTS,
9TOOBI TIEPEMECTHTh 3TU 3apsiibl B BEPIINHBI TeTpadapa co ctoporHoi r? Cpena —
BaKyyM.

2
A=
127g,r
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3.8.C kakoit cuwimoil Fs Ha enuHMIly IUIOIIAJM OTTAJKUBAIOTCS JIBE
OJTHOMMEHHO 3apsKEHHBIE OECKOHEYHO MPOTSIKEHHBIE IIJIOCKOCTHU?
[ToBepxHOCTHAs IIOTHOCTH 3apsnaa ¢ = 0,3 MK/m?.

[Fs =5,1 H/m™]

3.9. JIBa oauHAKOBO 3apspKEHHBIX Imapuka auamerpamu d = 0,5 cM Kaxablit
pacIoyIoKEeHbI Ha PacCTOSHUM | =2 cM Mexay uX MmoBepxXHOCTAMHU. J[0 Kakoro
MOTEHIHAJIa (O OHU 3apsDKEHBI, €CIIM CHJIA WX OTTaJKMBaHUS JpPyr OT Jpyra
F =2 mxH? Cpena — Bo3ayx.

[¢ = 1340 B]

3.10. Mexay BepTUKaIbHBIMH PA3HOMMEHHO 3apsKEHHBIMH IUIACTUHAMHU
HOMeIlleHa Tajouka JauHoH | =2 cM, u3roToBieHHas W3 audiiekTpuka. Ha ee
KOHIIaX HaxoAsATCs ToueuHble 3apsanbl ¢, = —1 MkKn u gq,= +1 mxKn. PasHocts
noTeHuaioB Mexay mactuHamu U =2 B, pacctossaue mexay Humu d =4 cwm.
Kakyto paboTy HyXHO COBEpIINThH, YTOOBI TOBEPHYTh 3Ty MaJIOYKy Ha YToJ
o = 180° BokpyT BepTUKATHHOU OCH, POXOAIICH depes ee eHTP?

[4 = -1 mx]]x]

3.11. JIBa mapa, 3apsHKeHHbBIE OJJMHAKOBO UMEIOT oTeHuuan ¢ = 10 Bu ¢, =
40 B. HaiiTu noteHMan ¢ 3TUX IPOBOJAHUKOB MOCJIE UX CONPUKOCHOBEHUS APYT C

JPYTOM.
[0 =16 B]

4. ABUKEHUE 3APSAKEHHBIX YACTHULL
B JIEKTPUYECKOM I10JIE

4.1. [IpuMepsl pelieHUus 32124

3amaua 4. DIEKTPOH BIIETACT B OAHOPOJHOE ANEKTPUUECKOE TT0JIE CO
CKOPOCTBIO 0,, HAIPABICHHON MNEPIEHIUKYIAPHO BEKTOPY HANPSIKEHHOCTH E .
[Tox kakuM yTI0M ( K JUHUSM BEKTOPA HAMPSIKEHHOCTH OYyIeT HAMpaBlieH BEKTOP

€ro CKOpocTHu uepe3 Bpems t mosera B nosie? Yemy OyzaeT paBHa padoTa CHUJl MO
A 3a 310 Bpems? UeMy OyneT paBHa KMHETHYECKasi SHEPTUS 3JeKTpoHa W, yepes

Bpems t? HampsbkeHHOCTh moJis E, Macca 3J€KTpOHA Me U €ro 3apsii U3BECTHbI
(puc. 4.1).
AHAaJIU3 U pelieHue.



21

Puc. 4.1

JIBUKEHHE 3JIEKTPOHA, BJIETEBLIETO B II0J€ MEPHEHAMKYJISIPHOM JIHMHUIM
BEKTOpa E TIPeICTaBIseT COOOU CYIEPIO3UIMIO IBYX JABHKEHUMN, pABHOMEPHOTO
U TpPSMOJMHEHHOrO0 B HAIPaBICHWU BEKTOpAa HAYaJIbHOM CKOpOCTH U, (Ha
NIEKTPOH B HSTOM HANPABICHUH HUKAKWE CWJIbl HE JCHCTBYIOT), a TaKKe
PaBHOYCKOPEHHOI'O BHU3 IO JCHCTBUEM DIIEKTPUUYECKON CHilbl F . JIBUKEHHE O
napabouie. [Ipoekius ero HauanbHON CKOPOCTH Ha ochb Oy:

v=4lUs +0; . (1)

v, =0y, +at - v, =at (v, =0),
F

noacTaBuM B (1)

m m
tgazﬁ—nga:—u" e—>oz=agctg( Uoj.
v, eEt eEt

0=180"-a, T.€. =180 —arctg( mé)oj :

eEt
mvs
A=W -W_,roe W_ = 5
m,vZ
A=W ——=—-,
3amaua 5. B OJHOPOIHOM DJICKTPUICCKOM [0JIE  HaNPsSHKCHHOCTBIO

E =2 xB/cm nepemectunu 3apsaa ( =-20 uKn B HampaBieHMH CHIIOBOM JTUHHUH
noiist Ha paccrosaue d =10 cm. Haiitu pabory mons A, H3MCHCHHE
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noTeHuanbHon sHeprun nonust AWy u HampsikeHue (pa3HocTh nmoTeHimanos) U
MEXy HayalbHOW U KOHEYHOW TOYKAMU MepeMEICHUSI.
AHaJIN3 U pelleHue.

R e i - —

ML =
1% i - -

fo - —

Puc. 4.2

Co cTOpOHBI TIOJIST HA OTPUIIATEILHBIN 3apsi] OyeT NelCTBOBATh MTOCTOSTHHAS
cuna F =€, aHTUIapaIeNbHas ero nepeMeNeHIo U3 TOUKU 1 B TOuKy 2:
A=Fdcosa,
rae o = 180°, cosa = -1.
CnenoBaTeLHO
A=—qed.
A=-AW, > AW =-A—> AW, =qed,

A=qu >U =§.

A=-2.10°.2.10°-01=-4-10" JIx.
AW, =410 JIx.
_—410"

—W:2'104 B.

3amaya 6. B miockuil KOHAEHCATOP BIETAET 3JIEKTPOH CO CKOPOCTHIO
v, =2-10° W/c, HaITpaBJICHHON MapaJIeIbHO OOKJIaKaM KoHJeHcatopa. Ha kakoe

paccTrositHue h cMecTuTCs SJEKTPOH K HIDKHEW OOKJIajgke 3a BpeMs MpoJieTa

KoHJIeHcaTopa? PaccrosiHue Mexay oOkiaakamu KoHjaeHcatopa d =2 cMm, JiuHa

KoHJIeHcaTopa | = 5 cM, pa3HOCTh MOTEHIIMAIOB MeXay oOkiIaakamu U = 2 B.
AHAaJIN3 U pelieHue.

Puc. 4.3
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HpI/I BJICTC 3JICKTPOHA B BapH)I(CHHBIﬁ KOHACHCATOP Ha HET'O CO CTOPOHLI ITOJIA
KOHIACHCATOpa Cpa3y HAYUHACT I[CﬁCTBOBaTL IMIOCTOAHHAsA CHJIa |E = meé )

HampaBlieHHass B  CTOPOHY  TIOJIOKUTENBHOM  OOKIAaAKM  KOHAEHCATOpa,
NEPIICHINKYJIIPHON ITIEPBOHAYAIIBHOMY HANPABJICHUIO IBUKEHUS DJIEKTPOHA

TaK Kak v,, =0.

JBH>KEHUE IO Tapadoe

E:EaF:eE;E:BaF:e!,
e d d
eU eUl? eU (1 2_
a:——)h: 2 = R ,
m,d 2mdov,  2m.d { v,
~19 2
_ 18 10731 2 [0,056j _55.10° M.
2-91-107°.0,02\ 2-10

4.1. 3agauu 11 CAMOCTOATEILHOTO peleHMsI

4.1. B onHopoaHOM 1oJie HanpsikeHHOCThIO E = 20 kB/M nepemectuinu 3apsij
g =2 #Kn nox yrmom o = 30° K HampaBJICHUIO CUJIOBBIX JIMHHMK Toysl. Moayib
IepeMCIICHUA |AF|: 80 cMm. Haiitu pabGoty mosis 4, u3MEHEHHE MOTECHIIMAIbHON
DHEPIUMM B3aUMOJICUCTBUA 3apsna Cc mojeM AW, u HanpsokeHue U mexmy
HA4aJIbHOU U KOHEYHOM TOYKaAMU MNCPEMCIICHUA.

[A=0QE|AF|cosar =2,7-107° [k, AW, =-2,7-107° JIx,

U = E|AF|cosa =1,4-10° B]

4.2. Kakyro pa3HOCTh MOTEHIMAIOB ¢, —¢, JTOJDKEH MPOJIETETh JIEKTPOH II0

CHJIOBOH JIMHUM, YTOOBI €r0 CKOPOCTh yBEIUYMIIACHh B 5 pa3, € ero HadajibHas
CKOPOCTh v, = 1 Mm/c?

m,v?
{(M_(Pz =12 o : }

4.3. HpI/I PAaaAMOAKTUBHOM pacriaac M3 AApa aroMa IIOJIOHHMA BBIICTACT

OL-4aCTHUIIA CO CKOPOCTBIO L = 1,6-108 cM/c. HaliT pa3HOCTh MMOTEHIIMAJIOB M TIOJIS,
— -27
B KOTOPOM MO’KHO Pa30THATH MOKOAIIYIOCS O-4acTuiry m = 6,65-10 “" kr, ee 3apsn
-1 o
paBeH 2e, rae e = 1,6-10 9 Kn (371IeMeHTapHBIH 3apsif).
2
mo
U=

4e
4.4, DneKTpoH BBUIETAET CO CKOpOCThI0O L =10 M™/c, mnapamuieabHON
IJIaCTUHAM ~ TUIOCKOTO — TOPU30HTAIBHO  PACIIOJIOKEHHOTO  KOHJEHCATOopa.
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—_1n4
HanpsokenHocTs monst B koHaeHcarope £ =107 B/M, npnuHa nactuH

KOHJeHcaTopa | = 5107 . HaiimuTe BeauMuMHY W HalpaBi€HUE CKOPOCTHU
AJIEKTPOHA NEPE] BBUIETOM M3 KOHAEHCATOpa.

[V =1,33-10" m/c, a = 41,3°]

4.5. Kakyro paboTy HY>KHO COBEPILIUTH, YTOOBI MEPEMECTUTH 3apsij 5,0-10'8
K Mexiy 1ByMsi TOUKaMHM 3JIEKTPUYECKOTO TOJIs C PAa3HOCTHIO MOTeHIManoB 1600
B?

[8-10™ JT]

4.6. 3apspKkeHHas: YacTHIla MoCie MPOXOXKICHUS pa3HOCTU NoTeHuanos 1 kB
npuobperaet sHepruto 8000 3B. Onpenenuts 3apsia 4acTULIbI, BEIPA3UB €r0 Yepes
3aps]l AJIEKTPOHA.

[8e]

4.7. o-gactuia (M = 6,7-10'27 KT, ( = 3,2-10'19 K1) BeuteTaeT us siapa paaus
CO CKOpocThio L =20 MM/C U TOMagaeT B OJHOPOJHOE SJIEKTPUUYECKOE IIOJIE,
JIMHUYW HAIPSKEHHOCTH KOTOPOI'O HANpaBJIEHbl MPOTHBOIOJIOKHO HAaIPABIECHUIO
JBUKEHUA yacTulbl. Kakyro pa3HOCTh MOTEHLHAIOB JOJDKHA MPOWTH YacTULA 10
OCTaHOBKH?

[4,2-10° B]

4.8. lllapuk maccoii M u 3apsgoM +(, MOABCIICHHBIM Ha HUTH JUIMHOM |,
pPaBHOMEpPHO  Bpallaercss B  OJHOPOJHOM  DJIEKTPOCTATUYECKOM  TOJIE
HaIpPSHKEHHOCTHIO £, IMHUM HANPSHKEHHOCTH KOTOPOTO HAMPAaBIIEHbI BEPTUKAIBHO

BHM3. YTOJ OTKJIOHEHHS HUTH OT BEpPTHKaIM paBeH o. OnpenenuTs CUILy
HATSHKEHUS! HUTU U CKOPOCTD BPAILICHUS IIapHKa.

a2
U:\/Ism a(mg + Eq) F :mg+Eq

H

mcos a ’ cosa

4.9. BerauciuTh OTKIOHEHHE JIyda Ha IKpaHe JIEKTPOHHOTO ocimuniorpada S

B Clly4ae, €clid ycKopstollee anojqHoe HanpsbkeHue Ua = 900 B, HanpsbkeHue Ha
orkionsromux twiactuHax U =100 B, u3 mmuna | =5 cM, paccrosiHue MexmTy
IJIacCTUHaMU o = 1 cM, paccTOsiHUE OT PacCMOTPEHHBIX IJIACTUH 110 3KpaHa L = 10

CM.
s U+L) _og,
4dU

a

4.10. Meramnuueckuii mapuk maccod M=10 r u ¢ 3apsaoMm (= 10 Kn
MOJIBEIIICH Ha HUTH B DJEKTPUYECKOM TIOJie C HampspkeHHOCThIo E = 500 B/m,
HamnpaBlIeHHOW BepTUKadbHO BHM3. lllapuk oTBOmAT B  CTOPOHY 1O
TOPU3OHTAJILHOTO YPOBHS M OTIycKaroT. OmnpenenuTh HaTsOKeHWe HUTH 1 B

HWKHEN TOYKE TpaeKTopuu 1mapuka (g = 10 M/Cz).
[T =3(mg + Eq) = 0,45 H]
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4.11. TIpoTOH U O-yacTHIla, JBUTASICh C OJIMHAKOBOW CKOPOCTBLIO BJIETAIOT B
MJIOCKUM KOHAEHCATOP MNapajuieNibHO IJIacTUHAM. BO CKOJBKO pa3 OTKIOHEHUE

MPOTOHA T0JIEM KOHIeHCATOpa OyaeT OOJIbIIe OTKIOHSHHUS O.-4aCTHIIbI.
[B 2 pa3a]
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5. AMDJEKTPUKHA B SJIEKTPUYECKOM I10JIE
5.1. OcHoBHBIE (hpopMyJIbI

HaHpH)KeHHOCTB n IIOTCHIOMAaJI QJICKTPUICCKOTO I10JI4 CBs3aHbI
COOTHOIICHHUEM

E-_d2
dr
B OI[HOpO,HHOM I10JIC IIJIOCKOI'O KOHﬂeHcaTOpa
eV
d

rae U — pa3sHOCTh MOTEHIMAJIOB MEXKIY IUIACTHHAMHU; O — pacCTOSHUE MEXITY
MJJACTUHAMM.
[1;mockuid KOHAEHCATOP

U=%4 g=Y_-°,
g, d eg
[unuHapuYecKnii KOHAEHCATOP:
R
zln—
u=—=,
2res,
rie R — pamuyc BHemHed OOKJIagku: ' — paguyCc BHYTPEHHEW OOKIIAJIKH;

T — TUHEHHAs TIOTHOCTH 3apsia.
Cdepuuecknii KOHIEHCATOP

u=_J (1—1].
dreey \r R

Cuna npuTsHKeHMs INIACTUH KOHJEHCATOpa APYT K APYTY:

= g, E’S
2
I[I/IG)J'ICKTPI/I‘{CCKa}I IMPOHUIACMOCTDb IUIJICKTPHUKA
E
&E=—,
EB
rne Ep — HAIpsKCHHOCTL IIOJII B BAaKYYyMC, E - HaApsHOKCHHOCTh IIOJIA B

JIUDJIEKTPUKE.
Jlnanexrpryueckas BOCIPUMMYMBOCTD BEIIECTBA & CBA3aHA C €!

c=1+cR.

5.2. IlIpumepsnl pelieHns 3a1a4
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3auaqa 1. CJ'IIO,Z[HHa}I I1aCTuHa 3aloJHACT BCE IIPOCTPAHCTBO MCKIAY
06KJ'Ia,Z[KaMI/I IMJIIOCKOI'0 KOHACHCATOpAa EMKOCTBIO C]_ =10 Mk®. I[I/IG)JICKTPI/I‘ICCKa}I

MPOHUIIAEMOCTh CHtObl €1 = 6, 3apsa konaeHcaropa (=100 mMxKn. Kakyro
paboTy HaI0 COBEPIINTD, YTOOBI BBIHYTh TUTACTHHY M3 KOHJIEHCATOpa?
AHaJIM3 M pelIeHue.
A=-AW, =-W,, -W,,).
2

W, = qu — MOTEHLIMAJIbHAS SHEPIUs KOHIEHCATOpa C IJIACTHHOW;
1
2

W, = 2qC — OTEHLUAIbHAs SHEPTUs 0e3 TIaCTUHBI.

2

C - £,E0S c - 665 G _&&Sd &
od TP d C, &:50S &,
C _Clgz

2 , )
a’s
3HAYMT, =

2Cs,

A=_ ngl _ q2 —_ q2 i_l

2Ce, 2C, 2C \e, )’
10° (6
A=- —-1|=-25-10"° JIx = -2,5 JIx.
(32 -2s10° = 25 X

CJ'ICI[OB&TCJ'IBHO, 9HCPIUsAd MoJisi KOHACHCATOpa YMCHBINNJIACH.

3agaya 2. Mexay IUlacTUHAMHU IJIOCKOTO KOHJEHCATOpa BIIOXKEHA TOHKas
cmodHas IiacTuHa. Kakoe JaBiieHWE p WCHBITBIBAET OJTa IUJIACTUHKA IIpU
HANPSLKEHHOCTH AyeKTpudeckoro oy £ = 1 mB/m?

AHaJIM3 U peleHue.

o F
S ]
rac F — CWJIa MMPUTAKCHUA MCKAY IIACTUHAMU KOHIOCHCATOPA.
Fo ggoEZS
2
2 -12 6. 6
_ 8802§ 3 _ 6-8,85 102 10710 _ 265 Tla.

3agaya 3. [Inockuil KOHAEHCATOp 3allOJIHEH JUJIEKTPUKOM M Ha €ro
IUIACTUHBI IIOZaHa HEKOTOpas pa3HOCTh IMOTEHUMAIOB. Ero sHeprus mpu 3TOM
W =20 wmk/[x. Ilocie TOro, kak KOHAEHCATOp OTKIIOUMWIM OT MCTOYHHUKA
HANPsDKEHUs, TUAJIEKTPUK BBIHYIIN U3 KOHAEHcaTopa. PaboTa, KoTopyro Haao ObLI0
COBEpIINTh NPOTHUB CHUJ 3JIEKTPUUYECKOTO IO, YTOOBI BBIHYTH JUAJIEKTPHK,
A =70 mx/lx. HaiiTu AM3I€KTpUUECKYI0 TPOHUIIAEMOCTD € IUAJIEKTPUKA.

AHAJIN3 U pelIeHue.



27

Cu’

W, = ==L — KOHJEHCATOp 3aMOJIHEH TUDJIEKTPUKOM.

(O

C, =— — €MKOCTb NOCJI€ YJAJIEHUS AUDIIEKTPUKA.

)

q=CU —3apsa OCTaJICS NPEKHUM.
U,=¢U,;
_ CU/e?

W
2 2¢

=W,& — SHEpIUsl MOocie yJaIeHUs AUIEKTPUKA.

WA A 70

& +1; e=—+1=4,5.
W, W, 20

3agauya 4. Ha 1muracTUHBI IUIOCKOTO KOHJEHCATOpa, pAacCTOSTHUE MEXIY
koTopeiMu d =3 cMm, momana pasHocTh moreHimanoB U =1 xB. IIpoctpancTBo
MEXy IJIACTUHAMHE 3aIOHACTCS AUAICKTPUKOM (€ = 7). HaliT moBepXHOCTHYIO
IUIOTHOCTb CBSI3aHHBIX (MOJISIPU3ALMOHHBIX) 3apsAa0B 6CB. Hackonbko n3MeHsercs
IIOBEPXHOCTHAS IJIOTHOCTH 3aps/a HA IUIACTMHAX MPH 3AIIOJHEHUN KOHJIEHCATOpa
JUAJIEKTPUKOM? PemuTh 3a1ady, eciid 3al0JIHEHHE KOHJIEHCATOpa JAUAJIEKTPUKOM
IPOM3BOAUTCS: a) /10 OTKIIOYEHHUS KOHJIEHCAaTopa OT WCTOYHHKA; 0) mocie
OTKJIFOYEHUS KOHIEHCATOPa OT UCTOYHUKA HAIIPSHKCHUS.

AHAaJIN3 U pelleHue.

oc=0,-0,, (1)

A€ Op — IMOBCPXHOCTHAS INNIOTHOCTH 3apsiaa Ha INIACTMHAX KOHJIACHCATOpa B
INPUCYTCTBUU JUBJICKTPUKA, OGc¢cg — IMOBCPXHOCTHAA IINIOTHOCTH CBA3aHHbIX

(HOHHpI/IBaHI/IOHHBIX) 3apsaa0B Ha JUBJICKTPUKE, G0 — IMOBCPXHOCTHAA IJIIOTHOCTDH
3apsaaa Ha INIaCTUHAX KOHACHCATOPA B OTCYTCTBHUC JUIJICKTPUKA.

o, U
E, = 8_0 = Fl (2)
0
- B OTCYTCTBHEC OUDJICKTPHKA.
g,-%_o_ Y 3)
? g, g

- B IPUCYTCTBUU JUIJICKTPUKA.
N3 (1) cnenyer

N3 (3) cnenyer
U
o, =€, E, —e,E, = &,E,(e-1) =¢,(¢ _1)F2 :
a) 10 OTKJIFOUEHUS KOHJIEHCATOpa OT UICTOYHHKA HAMPSHKEHUS
Uir=U2=U,
u
o.=¢&(c-1)—,
CB 0( ) d

O = (7—1)%8.85-10‘12 =177 MK /M2,
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N3meHeHue HOBCpXHOCTHOﬁ IIJIOTHOCTHU 3apsaaa Inpu 3aII0JIHCHUN
KOHACHCATOPa AUIJICKTPHUKOM

0,—0y= 80(6—1)% =o, =177 MKK1/M?

-Ha  IUIACTMHAX  KOHJAEHcaTopa  MOSABIAIOTCA  J00aBOYHBIE  3apsiibl,
KOMITEHCHPYIOIIUE YMEHBIIEHHE 3apsi/ia N3-3a NOJSPU3ALNH TUIIEKTPHUKA;
0) mocine OTKIIOYEHHsI KOHJIEHCATOpa OT HCTOYHHKA HATIPSKESHUS

g = const.
U

U2 — 1~1 ,
&,

&,
)

U
= ) -1
O, =&(e-1) q & (e-1) 2d

TaK Kak ( = const, TO o, =0, — NOBEPXHOCTHAs IJIOTHOCTh 3apsija Ha IUIACTHUHE
KOHJICHCATOpa HE U3MEHSETCSL.

5.3. 3agauu 1151 CAMOCTOSITEILHOIO pelIeHust

5.1. IlpocTpaHCTBO MEXy MIIACTUHAMHM IUIOCKOTO KOHJIEHCATOpPA 3al0JIHEHO
maciioM. Paccrosiare mexny riactuHamu d = 1 M. Kakyro pa3HOCTh IOTEHIIMAIOB
U Hazmo nmojxaTh Ha IJIACTUHBI KOHJEHCATOPA, YTOOBI MOBEPXHOCTHASI MIOTHOCTD
CBSI3aHHBIX 3apsAJI0B Ha MacJe Obuia paBHa o, = 6,2 MKKi/mM27?

[U=1,75«B]

5.2. [IpocTpaHcTBO MEXAy MJIACTUHAMH IIOCKOTO KOHJEHCATOpa 3alOJHEHO
ctekioM. [Tnomans mnactun konneHcatopa S = 0,01 2. ThnacTrusI KOHJIEHCaTOopa
NPUTATUBAIOTCS JIpyr K Apyry ¢ cuimod F =49 mH. HaliTu moBepXHOCTHYIO
IJIOCKOCTBH CBSI3aHHBIX 3aps0B o, Ha CTEKIIE.

[¢.,=0,6 MKKJ’I/MZ]

5.3. [IpocTpaHcTBO MEXAy MIACTUHAMH IUIOCKOTO KOHJEHCATOpa 3alOJHEHO
napadunom. [Ipu npucoenvHeHUU MIACTUH K UCTOYHUKY HANPSDKEHUS JaBJICHHE
IUIaCTUH Ha mnapaguH cramo paBHbIM p =5 [la. Haiftu: a) Hanmps>KeHHOCTH
3NeKTpuUeckoro monsg FE U anekTpudyeckoe cMmeuienne D B mapadune;
0) MOBEPXHOCTHYIO IUJIOTHOCTh 3apslia o, Ha napapuHe; B) MOBEPXHOCTHYIO

IUIOTHOCTh 3apsiia o, Ha IUIACTHHAX KOHJAEHCATOpa; I') 00bEMHYIO IJIOTHOCTh
sHeprun  WQ DJEKTpUYECKOTO TMOJs B mapaduHe; 1) IUIICKTPUICCKYIO

BOCIIPUUMYHBOCTH & TapaduHa.

a)E= 2p 752 kB/™; D = g, E =13,3 MxkKn/m?; 6) o, = 6,7 MxKn/m?;
| €&,

B) o, =133 MkKn/m?%; ) W, =5 Jox/m®; n) & = O _ 0,08

e E
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— 2
5.4. [InacTuHbl IUIOCKOTO KOHAEHcaTopa muomanpo S =0,01 M° kaxnas
nputaruBarorcs Apyr k apyry ¢ cuwiod F =30 mH. IlpoctpancTtBo Mexny
IUIACTUHAMU  3aIl0JIHEHO cirojgo. Haiitu: a)3apsasl (, Haxojsdmuecs Ha
IUIACTHHAX; ©) HAIPSDKEHHOCTh £ MONs MexAy IUIaCTUHAMHU; B) OObEMHYIO
10THOCTB 3Heprun Wo noJsi.

[q = 178 1K, E = 336 xB/m, Wo = 3 JIx/v’]

55 HpOCTpaHCTBO MCXKAY IIaCTHHAMM IIJIOCKOTI'O KOHJACHCATOpa 3aIl0JIHCHO
TUAJIEKTpUKOM. Paccrosune wmexay turactuHamMu d =2 mMm. Ha rmuractussl
KOHJIGHCaTopa mojaHa pa3HocTh mnoTeHnuanoB Ui = 0,6 kB. Ecaum, orkimouus
NCTOYHHK HaHpH)KeHI/IH, BBIHYTb I[I/IBJ'ICKTpI/IK n3 KOHI[eHCElTOpa, TO paBHOCTB

NOTEHIMAJIOB Ha IUIACTHMHAX KOHJAeHcartopa Bo3pactaeT no Uz = 1,8 kB. Haiitu
IIOBEPXHOCTHYIKO IUIOTHOCTb CBS3AaHHBIX 3apsAlOB o, Ha JMDIEKTPUKE U

CB

JTUDJICKTPUYIECKYIO BOCIIPHMMYHBOCTD & JTUAJICKTPHKA.
[c.,.=5,3 MxKn/Mm2, & = 0,159]
5.6. [IpocTpaHcTBO MEXIy IIACTUHAMHU TUIOCKOTO KOHJICHCATOpA 3aMOJHEHO

AUBJICKTPUKOM,  OUIJICKTPHUYCCKAd  BOCIIPUHUMYHUBOCTL  KOTOPOTO = 0,08
Paccrosinue MCXKAY III1aCTUHAMMH d =5 mm. Ha mmactunbl KOHACHCATOpa IoAaaHa

pazHocth noreHuuanoB U =4 kB. HailTu moBepXHOCTHYIO IJIOTHOCTH 3apsifia Gp
Ha MJJACTUHAX KOHJIEHCATOopa.

[O‘H = % =14 MKKJ'I/M2i|

5.7.Bo CcKkombKO pa3 M3MEHUTCS €MKOCTh IUIOCKOTO  BO3AYIIHOI'O
KOHJIEHCATOpa, €CJIM YMEHBIINTh IUIOU[a/lb €ro 00KIaaoK B 1,5 pa3a, yMEHbIINUTH
paccTosiHUE MEXAYy HHUMHU B 2 pa3a M HPOCTPAHCTBO MEXAY OOKIagKaMu

3aMOJTHUTH CIFOAON C JUAICKTPUIECKON MMPOHHUIIAEMOCTHIO €2 = 67

[C2/C1 =8]

5.8. [Inockuil KOHAEHCATOP COCTOUT U3 JIBYX KPYIVIBIX IUIACTHH JHAMETPOM
D=2 cM, Mexay KOTOpPBIMHU HaxoOUTCs CJIOH mapauHa € IUIIEKTPUUYECKOU
npoHunaeMoctelo € = 2. Kakolf MakCUMallbHbIM 3apsii ( JOJDKEH ObITh Ha
IUTACTHHAX, YTOOBI TMPHU HANPSIKEHHOCTH 3JeKTpuueckoro momst E=5 MB/Mm
IPOU30ILET IPOOOH TUANEKTPUKa?

[g = 5,6 K]

5.9. [Ipn BBeneHUM B BO3AYUIHBIA KOHACHCATOP IUAJIEKTPUKA HAIpsKEHUE
Ha HeMm ymeHpmmiiock ¢ U =240 B na AU =160 B, a 3apsin ocrancs nNpeXKHUM.
Haitu pusinekTprudecKyo MpOHUIIAEMOCTh JUAJIEKTPUKA €.

[e = U/(U-AU) = 3]

5.10. Mexnay oOkiIagkaMu IUIOCKOTO KOHJEHCAaTOpa 3a)kaTa CTEKJISTHHAs

minactuHa.  [lmomaae  oOkmamok  koHaeHcatopa S =100 CM2. OOKaaku

NPUTATUBAIOTCA JIPYr K ApPYyry ¢ cuioil F = 4,9-10'3 H. Haitun noBepxHOCTHYIO



30

IUIOTHOCTh ~ CBOOOAHBIX  3apsaoB oG Ha oOkinankax. OTHOcCUTENbHas
JIURJIEKTPUYECKasi MPOHUIIAEMOCTh CTeKIIa € = O.

{o - /@ ~7.10"° KJ‘I/MZ:|
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6. KOHAEHCATOPBI
6.1. OcHoBHBIE (hOPMY.JIbI

EmkocThio  HazbiBaeTcd  KOI(POUIMEHT MPONOPUUOHATIBHOCTH — MEXKIY
3apsiI0M U OTEHIMAJIOM

c=4
0

3a eauHUIly €MKOCTH TPHHUMAETCS €MKOCTh TaKOro IPOBOJHWKA, MOTCHIIHAI
KoToporo usmensercs Ha 1 B mpu cooOmennn emy 3apsina 1 K (1 papana)

1 ® = 1& .
1B
EMKocTh KOHJIEHCaTopa
co_ 9 _a
¢1 -9 U
rie U=¢1 -0y — HanpsHKeHMe Ha OOKIagkax KOHJeHcaropa (pa3HOCTb

MOTEHITNAIOB OOKJIaI0K KOHJICHCATOPA).
1. EMKOCTB IJIOCKOTO KOHJIEHCATOpa
€0€S
d

C=

riae S — miomaab Kaxa0i mIacTUHBL.

2. EMKOCTb LIMJIMHIPUYECKOTO KOHEHCATOPa
2megqgl
R

In—

r
rae L — BbicoTa KoakcuanbHBIX IWIMHAPOB; ' U R — paauycbl BHYTpPEHHErO U
BHEILHET0 HUJIUHAPOB.

3. EMkocTh chepuueckoro KoHaeHcaTopa

_ A4meggrR
R-r
rae I u R — paguycel BHyTpeHHeH U BHEUTHEH cdep.

B vactHOM ciyuae, korga R = oo

C =4neeqr.
EMKOCTB cHCTEMBI KOHACHCATOPOB paBHa:
IIPYU apaJUICIbBHOM COCITMHEHUH KOHJIEHCATOPOB

C=C1+Co +C3+...;

IIPU MOCIEA0BATEIbHOM COETMHEHUH

1 1 1 1
=+ —+....
C C C, Cg

C:
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9HCpI‘I/IH YEAMHCHHOT'O 3aps’KCHHOI'O ITPOBOJHUKA

2
w=lqu, w=lcu?z w9
2 2 2C

B wacTHOM ciydae III0CKOro KOHAeHcaTopa

_goeSU 2 B aosEZSd B 52sd

o2 2 - 2e0c

riae S — IIomaab KaKIOM IJIaCTHHBI; O — IMOBEPXHOCTHAS IUIOTHOCTH 3apsia Ha

nactuHax; U — pa3HOCTh MOTEHIIMATIOB MEXY IJIACTHHAMM.
Bemnunna

W

e0eE% ED
Wo="""=7

HAa3bIBACTCS 00bEMHOM IIJIOTHOCTHIO 9HCPIuU SJICKTPHUYCCKOI'O ITOJIA.
Cuna MNPUTAXKCHUA IVIACTHUH IIJIOCKOI'O KOHACHCATOpa

B 808EZS _gpeSU 2 B 825
2 2d 2 2e0e

F

6.2. IlpumepsI perieHus 3a1a4

3anaua 5. Onpenenuth eMkocTh C 6aTapen KOHACHCATOPOB, N300PAKEHHON
Ha pucyHke. EMkocTs kaxmoro konaencaropa Cj = 1 mx® (puc. 6.1).

i H b

Cs

Puc. 6.1

Anauau3 u pemernue. Konaencaropsl C3 u C4 COEIMHEHBI ApaUIEIbHO, UX
ob6mas eMkocth C34 = C3 + (4.
Tenepp MBI uUMeeM OaTapeto u3 4-X TOCJIEAOBATEIBHO COEAUHEHHBIX
koHjieHcaTopoB: C1, C2, C34 u Cs. VX o011as eMKOCTb:
1 1 1 1 1
—=—+ + + ,
C Cl C2 C3 + C4 C5
T.K. Cl = C2 = C3 = C4 = C5 =1 MKO.

1 11 1 1 7
—=s 44+ s=—,
c 11 2 1 2
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C= g =0,286 (MkD).

3amauya 6. [Inockuil KOHAEHCATOp 3alOJIHEH JUAJEKTPUKOM U Ha €ro
IJACTUHBI MOJaHa HEKOTOpasi pa3HOCTh IMOTEHIMaNoB. Ero sHeprus HeEkoTopas
pa3HoCTh noteHuanos. [locie Toro, Kak KOHJAEHCATOP OTKJIIOUMUIIA OT UCTOYHHKA
HaIpPsDKCHUS, TUICKTPUK BRIHYJIN U3 KOHJAeHcaTopa. PaboTa, kKoTopyro Hajo0 ObLIO
COBEPIIUTD MPOTUB CHJI AJIEKTPUUECKOTO TOJIsI, YTOOBI BBIHYTh TUAJIEKTpUK, A = 70
Mk /JIx. Haiitu & nusnekTpuka.

AHaJIM3 ¥ penieHne. DHEPTUsI KOHJEHCATOPA, 3alI0JTHEHHOTO TUJIEKTPUKOM

2 2
Q- Gl
2Cq 2
JIM3IIeKTpUK 0CcIadIIsIeT ToJie B € pa3, yBEIIMYUBAs EMKOCTh KOHJICHCATOpA B €

pas. ITocne YAAJICHUA AUDJICKTPHUKA €EMKOCTbh KOHACHCATOPAa YMCHBIINIIACh B € Pa3
H cTajia

W =

]

e
Q Ha KOHI[eHcaTOPe OCTAacTCA IMOCTOAHHBIM, T.K. OH OTKJIIOYACTCA ITOCJIC SapﬂI[KI/I
OT HCTOYHHKA ITUTAaHUA, CICAOBATCIIHBHO paSHOCTB IIOTCHIIMAJIOB YBCHI/ILII/IBaeTC}I
Mocie yaaneHus audniekTpuka B € pa3: U, =gUq sHeprus koHaeHcaTopa mocie

2.2
C1U18

Co

W

ynanenus auanekrpuka Wy = =Wie u ¢ =—2 Wy —W; = A — pabora
2¢ Wl

10 U3BJICYECHUIO JUAJIEKTPUKA U3 KOHIAEHCATOpa.

A paBHa »>HepruM, KOTOpas pacxojoBajach IIOJIEM KOHAEHcaTopa Ha
IIPEOAOJICHHE TI0JIsI CBSI3aHHBIX 3apsiIoB B IUAIEKTPUKE, ciaenoBaTesbHo: Wo > Wy,
T.e. Wy =Wq + A.

Wi +A 90
g=—2 =245
Wy 20
3anava 7. [nomaap miacTuH IIOCKOTO BO3IYIITHOTO KOHJEHCATOpa
S=0,01 M2, paccrossaue Mexay Huma 0 =5 mm. K mmactuHam mpuiiokeHa
pasHocth mnoreHuuanoB Ujg =300 B. Ilocne oTkiatoueHuss KOHAEHcATopa OT

UCTOYHUKA HaNpsDKEHUS MPOCTPAHCTBO MEXKIY IUIACTUHAMU  3aIlOJIHSETCS
s0oonutom. KakoBa Oymer pazHocTh moTeHImanoB U2 Mexay miacTUHaM# TOCIe
3anonHenusa? Haiitu emkoctu kKoHaeHcatopa C1 W C2 W TIOBEpPXHOCTHbBIE
IUIOTHOCTH 3apsiia 01 U O9 Ha IJIACTHHAX JI0 U I1OCOJIE 3alI0JIHEHUS.

AHanu3 W pemeHue. Tak Kak 3amojJHEHHE KOHJEHCATOpa S00HUTOM
IIPOU3BOJIMIIOCH TIOCJIE OTKJIFOYEHHUS OT MCTOYHMKA HANPSDKEHUS, TO IO 3aKOHY
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COXpaHEHUs 3apsja 3aps]] Ha IUIACTHHAX KOHJEHcATopa ( = const Cle0BaTeIbHO
6=ﬂ:cmmnraq1:qb 51:31252:ﬂ;,
S S S
d=¢gegqE.
Otcrona egE1 =eeqgEy,

U U U
T.K. E=%,TO 80—1=88072 nwm U =eU» orcrona U ==1
€

d

~3.102

U, =115 B;

€S 885.10712.1072
d 5.1073

_ 8805 _ £Cq =2,6-17,7 = 46 nd;
_CU.

Cy =17,7 nd;

Co

g=CU; &

CiU; CoU,
S S
4610712 .115

1072

01

5, =8, = =531-1079 Kim?,

6.3. 3aga4u 17151 CAMOCTOSITEJILHOTO pPellIeHusl

6.1. B kakux mpenenax MOXXET U3MEHUTHCS eMKOCTh C CHCTEMBI, COCTOSIIIEH
U3 JIByX KOHJIEHCATOPOB IIEPEMEHHOM €MKOCTH, €ciIu eMKOCTh C1 Kakaoro u3 HUX
u3Mensercs ot 10 go 450 nd?

[Cmin =5 H(D; Cmax =900 HCD]

6.2. Ha nnacTuHbl INIOCKOTO KOHJIEHCATOPA, PACCTOSHUE MEXIY KOTOPBIMU
d=3 cm, momana pasHocts moteHmuanoB U =1 kB. IIpoctpanctBo Mexmay
IUIACTUHAMU  3aIlOJHAECTCA  JUAIEKTpUKoM (£ =7). HaliTu NOBEPXHOCTHYIO
IUIOTHOCTb CBSI3aHHBIX 3apsA0B (IOJSAPHU3ALUOHHBIX) Oy . Hackombko n3MeHseTcs
IIOBEPXHOCTHAS IUIOTHOCTD 3apsiia Ha IUIACTUHAX IIPU 3alI0JHEHHUU KOHAEHCATOpa
IOUDJIEKTPUKOM? 3afady pelIuTh, €CIU 3all0JHEHUE KOHIEHCATOpa AUDICKTPUKOM
IIPOU3BOJUTCS: a) 10 OTKIIIOYEHHs KOHJEHCATOpa OT HCTOYHMKA HAIPSKCHHUS;
0) moce OTKIIIOYEHHsI KOHIEHCATOPa OT UCTOYHUKA HATIPSIKCHHUS.

[a) 8k, =17,7-1077 Ki/m?; 6) 8L, = 2,53-1077 Ki/m?]
6.3. Paznocte motennmanoB mexay toukamMmu A u B U=9 B. Emxoctb
KOHJ€HCATOpOB cOOTBETCTBEHHO paBHa C1=3 MK® u C2=6 Mx®. Onpenenure:
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1) 3apsiapl Q1 u Q2; 2) pasnocts nmoteHnuanoB U1 u U2 Ha oOkIagkax KakIoro
KOHJIeHcaTopa (puc. 6.2).

Cy Co

A | | | |
N N

Puc. 6.2

[U1=6 B; U2=3 B; Q1=Q2=18 mxKi]
6.4. B IJI0CKOM BO3IYIIHOM KOHIEHCATOPE, 3apsLKEHHOM [0 HEKOTOPOi
Pa3sHOCTH MMOTEHIUANOB, IJIACTUHBI IPUTMHBAIOTCS APYr K Apyry ¢ cuioii Fo. Bo

CKOJIBKO pa3 U3MEHUTCS CHJIA MPUTSIKEHUS IIJIACTHH, €CIIM KOHJIEHCATOpP OIYCTUTh
B KCPOCHH Eyep =2. 3ajady pemmTs JUId JABYX CiydaeB: 1) KOHJEHCATop

OTKJIIOUAETCs OT OaTapeu 0 OMyCKaHHs B AUAJIEKTPUK; 2) KOHACHCATOP BCE BpeMs
OCTaeTcs COEIMHEHHBIM ¢ OaTapeei.

F
{Fl :70; F, :ZFO}

6.5. /IBa 0MHAKOBBIX MJIOCKUX KOHIEHCATOPA MOJAKIIOYEHBI K MCTOUYHHUKAM
HanpspkeHust U. IIpocTtpaHCTBO MeXIy IUIACTHHAMHM KOHJEHCATOPOB 3aIlOJHEHO
CIOSMHM  JMDJIEKTPUKOB  OJMHAKOBOW  TOJIIMHBI C  JUBJIEKTPUYECKUMU
IPOHULIAEMOCTMU €| M €2. B OOHOM KOHIEHCATOpE CJ0€ PaCIOIOKEHBI

napajielbHO OOKJIaJKaM, BO BTOPOM — IMEpHEeHAuKYIsipHO. Bo ckonbko pa3
OTJIMYAIOTCS JIEKTPOEMKOCTH 3TUX KOHJEeHCATOpOoB (puc. 6.3)?

1 G £
ESSSN
|

€2
e e
2) 6)

Puc. 6.3
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6.6. /IBa OJIMHAKOBBIX BO3IYIITHBIX KOHJIeHCaTopa CO€IUHEHBI
MOCJIe0BATEILHO U MOJKIIOYEHBI K 0atapee ¢ noctosHHOM DJIC. OnuH 13 HHUX
3aMOJIHSIOT JTUAJIEKTPUKOM ¢ € = 4. Bo CKOJBKO pa3 U3MEHHUTCS HaIPSKEHHOCTh
AIEKTPUUYECKOTO TOJISI B ITOM KOHJeHCaTope?

Ua _ 014(gj
Uy 5

6.7. Konnencarop HeusBecTHOM emkocth (1 3apsHhkeH [0 HaIMpsDKEHUA
U1 =80 B. Ilpu mnapamienbHOM TOJKIIOUEHHH JTOrO KOHJIEHCATOpa K

KOHJIeHcaTopy eMKOCThI0 C2 = 60 Mk®d, 3apsikeHHOMY 10 Hamnpsbkenus U2 = 16 B,
HampspbkeHue Ha Oatapee cranoButcs U =20 B, ecim KOHIEHCATOPHI COCTUHUTH
obxmankamu ogHOTO 3HaKa. Onpenenuts eMKkocTh C1.

[C1 =4 MkD]

6.8. K Bo3mymHOMYy KOHJEHcaTopy, HampspbkeHue Ha kotopom U1 =210 B,
NPUCOCIMHUIN TapaUIeIbHO TaKOW >K€ He3apsiKeHHBbIM KOHAEHCAaTop, HO C
JTUAJIEKTPUKOM U3 cTekia. KakoBa nuasiekTpudeckas NpoHUIIaeMOCTh CTEKIa, €Cln
HanpspKeHue Ha 3akuMax Oartapeu crano U = 30 B?

6.9. [nockmii KOHIEHCATOP TMOTPYXKAIOT B KHUAKOCTh C € U 3apSDKAIOT [0
Hanpspkenust U. [locie OTKIIOYEHHS] MCTOYHMKA HANPSDKEHUS  TUIACTHHBI
HAYMHAIOT BBIHUMATh U3 AUAJIEKTpUKa. [Tpy KakoM pacCTOSIHUM X MEXKIY YPOBHEM
KUJIKOCTU M BEPXHUM KOHIIOM IUIACTUH MPOU30MIET MpoOOH KOHIEHCATOpa, €Cliu
npoOOKHOE 3HAYCHHWE HANPSKCHHOCTH JJIEKTpH4YecKoro mnons FEpp? Ilupuna
actuH h, paccrosaue Mexay miactuaamu d.

A
A 4

Puc. 6.4

6.10. [TputrHKA Maccoii M BUCUT HETIOJIBIPKHO MEXKY TUIACTHHAMH TIJIOCKOTO
BO3YIIHOTO TOPHU30HTAIBHO PACIOJIOKCHHOTO KOHACHcaTopa. IloBepXHOCTHas
IIJIOTHOCTH 3ap;ma Ha IJ1aCTHuHax 8 KaKOBa BCIIMUMHA 3ap;ma HI)IJ'II/IHKI/I?

Mgeq
0
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6.11. JIra onrHAKOBBIX BO3AYIIHBIX KOHJeHcaTopa C=103 nd 3apskeHbl 10
HanpspkeHuss U=600 B. OauH u3 KOHJAEHCATOPOB MOTPYKACTCA B 3apSHKEHHOM
COCTOSTHUM B KEPOCHH, TOCJE 4Yero KOHACHCATOPhI COCAUHSIOTCS IapasuieNIbHO.
OnpenenuTs paboTy MPOUCXOIAIIETO PHU 3TOM paspsijia.

[-3-10° Jix]

6.12.* 1) Hatitu Pa3HOCTh MMOTEHIIHATIOB MEXTY oOKJIaIKamMu
KOHJICHCATOPOB, a TaK)Ke MEXAy TOYKaMHh D u ¢ B cxeme, M300paKeHHOW Ha
pucynke. 2) Kakoi 3apsa npoiaer Mexay TOYKaMH D M ¢, eCliM UX COCIUHHUTH
npoBoaaukoM? 3) KakoBa OyaeT pa3HOCTh IMOTCHIIMAIOB MKy dTHUMH TOYKAMHU,

€CJIM K HUM TOJKJIIOUNTh KoHAeHcaTop C47?

<
I — 1t
i I b }_‘d a .;jlll b -t d

o+

| | | |

i s ] ~ s

| +
i =
o1 & e )

Puc. 6.5

6.13. IInomanp MiIacTUH IJIOCKOTO BO3AYyIIHOrO KoHaeHcaropa S = 0,01 M2,
paccrossaue Mexay HumMu d =5 MM, K 1uractiHam KoHACHCAaTOpa IMPHIIOKCHA
pazHocth mnoreHiuanoB U =3 kB. KakoBa Oyner HampspkeHHOCTh E  mouis
KOHJIEHCATOpa, €CJIM, HE OTKIIoYas €ro OT MCTOYHHUKA HAMPSHKECHUS, TIACTHHBI

pa3aBuHyTh 10 paccrosHus d2 =5 cm? Haiitu sueprum W1 n W2 koHaeHcaropa
JI0 ¥ TIOCJI€ Pa3JABUKEHUSI TUIACTHH.

[W1 =20 mx]Ix; W2 = 8 mx/Ix; E = 60 kB/m]

6.14. PemuTh npenpIAyIIyro 3aj1ady Mpy YCIOBUHU, YTO CHavYajia KOHJACHCATOP
OTKJIIOYAETCS OT WCTOYHWKA HAMNPSOKCHHS, a 3aTeM pPa3[BUTAIOTCS TUTACTHHBI
KOHJIeHCaTopa.

[W1=20 mx[Tx; W2=50 mx]Ix]

6.15. Onpenenuts HaNpsKE

HHOCTb 3JIEKTPOCTATUYECKOTO TIOJISI Ha PACCTOSIHUM X =2 CM OT IIEHTpa
BO3IYIIHOTO Cc(eprudecKoro KoHJAEHCAaTOpa, OOpa30BaHHOTO JABYyMs IIapaMu
(BHyTpeHHUN paauyc 1 =1 cm, BHEHHUUA — 2 =3 cM), MEXIy KOTOPBIMHU

IPUIIOKEHa Pa3sHOCTh moTeHIanoB U = 1 kB.
[E=37.,5 kB/Mm]
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7. MPABUJIA KHPXT'O®A JIJISI PASBETBJIEHHBIX IIENTEN
7.1. OcHOBHBIE (POPMY.JIbI

I anreOpanyeckas cymMMa CUJl TOKOB, CXOJSIIIUXCS B JTFOOOM Y3JI€, PaBHBI

HYJIIO, T.€.
S7,=0.
II st m060r0 3aMKHYTOTO KOHTYypa anredpandeckas CyMMa MPOU3BEICHHIA

CUJI TOKOB Ha CONPOTHUBJIEHUE COOTBETCTBYIOLIMX YYacCTKOB II€MH paBHA
anredpanueckoii cymme Beex D/1C, neicTByIONUX B 3TOM KOHTYpE:

z IR IZSZ'.
[Topsnok pemenus 3anay:
1) 0003HAaYUTH TOKM Ha BCEX y4acTKax;
2) BbIOpaB HampaBiieHHE 00X0Aa, COCTaBUTh ypaBHeHue mno Il mpaBuiy
Kupxroda, npuuem [R Oepercs ¢ «+», €ciau HampaBjieHue [ COBIaJaeT IIo

HAIpPaBJICHUIO C 00X0JJ0OM KOHTYpa U Hao0OpOT. € Oepercs ¢ «+», eCliu CTOPOHHEE
II0JI€ COBIAJIAET 110 HAIIPABICHUIO ¢ 00X00M U «—», €CIIM HA000POT;
3) cocraButh ypaBHenus no | npaBuny Kupxroda.

7.2. llpumepnl pemieHUd 3a1a4

3apayva 1. barapes umeer JIC €1 =2 B u € o =3 B, conporuBienne Rj=1

KOM, Ry =0,5 kOM u R3 = 0,2 kOM, CONpOTHUBIEHHE aMIIEpPMETPa R4=0,2
kOwm. Halitu nokazanue amrepmerpa (puc. 7.1).
K B C
R, l L @)l 4
I T Ry
5 —— _—— &
1 R, 2
—
L A D
v
Puc. 7.1

Anaau3 u pemenue. Bribepem u paccmorpum naBa koHtypa: KLAB wu
BCDA. [lns xontypa KLAB BriOepem HampaBieHue 00xo1a MPOTUB YacOBOM
cTpesikd, a s kKoHtypa ABCD — mo uacoBoii crpenke. Torma mo II mpaBuimy
Kupxroda:
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NRy+1yRy=¢y,
[A(RA+R3)+[2R1=82.
ITo I mpaBuny Kupxroda nis yzna A:
]2 =]1 -I-[A .
Pemaem cucremy u3 3-x ypaBHEHUH:
7,82 TaRy +R3)
2= ’

Ry
e1-12Ry e1—€p+14(Ry +R3)
[1 = = ,
Ry Ry
e2—I14(R4+R3) e1—ex+14(Ry +R3)+I
_ 4
Ry Ry
14004 _1+40014
1000 500 4>
1 — 40074 =2 + 8007 4 + 1000/ 4,
S22007 4=1  I4=———=—-045mA.
2200
3HaK «=» IIOKAa3bIBACT,4YTO
HaIpaBJICHUE TOKa

I4  TPOTUBOMNOJIOKHO
HaIIpaBJICHUIO, YKa3aHHOMY Ha
PHUCYHKE.
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3agaua 2. B cxeme mnpeacraBieHHOW Ha &
pucynke €1 =21 B, €2 =1,9 B, R1 =45 Om, R2
= 10 Om, R3 = 10 Om. Haiitu cuiny Toka BO Bcex
y4acTKaxX Lenu. BHYyTpeHHUM CONpPOTHBICHUEM
AJIEMEHTOB MPEeHEOpEYb.

AHaJIM3 M pelIeHue.

[Ipumenum npapuna Kupxroda nis naHHOM
pa3BeTBICHHOW 1enu. Hamerum HanpaBieHuUs
TOKOB CTpPEJIKAMHU HA CXEME.

I[M y3ﬂa C. fa=nN+12 .
Jns Y3ma A nosydnm TOXKJIECTBEHHOE YPABHEHHE.

Jns xoutypa ABC no BTopomy npasuiry Kupxroga: {38+ 1Fz= &1

Jlnst koutypa ACD: 1+ l2Re= &3

(Bmecto konTypa ACD nnu ABC moxHO Ob1710 ObI B35iTh KOHTYp ABCD)
Hmeem Tpu ypaBHEHHS C TPEMST HEM3BECTHBIMU, T.€. CHCTEMa pa3pelinma:

L=+,
101, +451, = 2.1
451,101, = 1,9

pemas 3ty cuctemy, noinyuum: I} = 0,04 A; I, =-0,01 A; 3= 0,03 A.

OTtpunaTtenbHbIil 3HaK y Toka [, ykas3blBaeT Ha TO, YTO HampaBieHHUE ObLIO
BbIOpaHO HeBepHO. Hampasnenue Toka [, B gelictBuTenbHOCTH OyaeT uatu ot D k
C, a He Ha00OPOT, KaK 3TO OBUIO MPUHATO MEPE COCTABICHUEM YpaBHEHUH.

Otser: [; = 0,04 A; 1, =-0,01 A; I3 = 0,03 A.

3agaua 3. Tpu ucrounuka Toxka ¢ 9JIC el =11 B,

€2 = 4 B u €3 = 6 B u Tpu peocrara c & —
conpotuBienusmu R1 =5 Om, R2 = 10 Om, R3 = 20 e
OM coenuHEHbI Kak MokKa3aHo Ha cxeme. OnpenenuThb L b
cwiel  TOKOB | B peocrarax. BHyTpeHHee 4 g —— B
CONPOTHBJICHUE UCTOYHUKA MPEHEOPEIKUMO MaJIO. il
AHanu3 u pemieHue. BocnonszyeMcs npaBuiiaMu L )
Kupxroda. Bribepem mnpou3BOJIbHBIE HaNpaBiICHUSI & T
ToKOB. W HampaBieHre 00Xx0/Ja KOHTYpPOB MO 4acOBOM -
CTpEJIKE.
CocTaBuM cHUCTEMY YPaBHEHHIA:
— -1 +1, =0 h+iy=14
LR —LR =¢—¢ 55 —10i, =7
LR, +1LR =¢,— g 10y +2f; =—4
n=Lyor
S L=—1-50, I,=1+1, —1-5, = I, +1,

I =-1-61,
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E+2f2 =-1-61,
I[TpupaBusiem: 3
f,=-034  _ Hanpasnenue Toka
1 =%—2-D,3=D,8ﬂ
I,=0B8-03=054

Orger: 1= 084 1, =-034 I,=054

3amjaua 4. B cxeme, ImoOKka3aHHOM Ha
PUCYHKE, HANTH CUJTy TOKA Yepe3 raJlbBaHOMETP,
ecm el =1,5B, Rl =3 kOm; e2=3 B,R2=6
KOM. ConpoTuBiieHHEM raJbBaHOMETPA
npeHeopeyb.

AHaiu3 1 pemienue. Ham Hen3BecTHO
CONPOTHUBJIEHUE TAIbBAHOMETPA, 3aMULIEM IS
HaIIPSDKEHUS Ha HEM JIBa YPaBHEHHUS:

U=F —I1R

' =Fs — Iahs

[IprpaBHUBas1, MOIyINM

Ey—-nIR =FEy— IsRs

3ametum, uto, ecim {1 = I2, T0o paBeHCcTBO OyneT BhIMoNHEHO. TakuM

00pasoM, TOK 4epe3 rajibBaHOMETpP HE TEUEeT.
OTtseT: [=0 A.

3agaya 5. B menu €1=65 B, &2= 39B,
R1=20 Om, R2= R3= R4=R5=10 Owm. Haiitn
pacrpeneneHie TOKOB B Iliend. BHyTpeHHee
CONPOTHUBJIEHUE UCTOYHUKOB TOKA HE YUUTHIBATb.

AHaau3 u pemenue. O603HaUYaeM TOKU B
BETBSIX IPOMU3BOJIBHO, BBIOMpAEM HaIpaBICHUS
00X0/JI0B KOHTYPOB U caMH KOHTYpbI. CocTaBiisieM
cucreMy  ypaBHeHui. CHauama  cocTaBUM
ypaBHEHUE 1O MepBoMy 3akoHy Kupxroda — y
HacC TpU y3Ja, MOATOMY YpaBHEHHMH OyneT IBa.

3arem, 00X0/s1 KOHTYPbI, COCTAaBHM TPU YPABHEHUS IO BTOPOMY 3aKOHY: UX HYKHO

COCTABUTb UMCHHO TPH, TAK KaK HCU3BCCTHLIX TOKOB B IICIIU HMICCTh.

i

h+Ilg+1Is=0
—Ii—NH+1:=10
—Ir— 14— I5=1
IRy —I3R:s = —F)
IsRy + I3y — 4Ry =0
(| [aRy — IsRs = Ey — E»

-

Pemaem cucremy n Haxoaum otBeT: [;=-2,3 A, ,=-0,4 A, [,=1,9 A, L=1,5 A,



43

Is=-1,1 A, I=3,4 A.

7.3. 3agaum 1JI CAMOCTOATEILHOTO PellieHust

7.1. barapen wumeror IJC €1 =2 B u €7=3 B, conporusieHue
R3 =1,5 kOwm, conporusnenue amnepmerpa Ry = 0,5 kOm. [Tagenue noreHumana

Ha conpoTuBieHuu R, paBHO U5 =1 B (TOK uepe3 R, HampaBlieH CBEPXY BHU3).
Haiitn nokazanue amnepmetpa (puc. 7.2).

Ry lfz @Dl 4
IIT R
2 P R3 — E2
3
I3
Puc. 7.2
[L4=1 MA]

7.2. batapen umeror DJIC €1 =2¢,, comporuBieHuss Rj=R3=20 Om,
R> =15 Om u R4 =30 Om. Yepes amnepmerp teueT Tok / = 1,5 A, HanpaBiIeHHbIN
cHusy-BBepx. Haiitm DJIC €1 u €5, a Takke TOku /) U [3, TEKylIHe YeEpeE3

conpotusnenus R2 u R3 (puc. 7.3).
&1 &2

Puc. 7.3
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[2=12A;13=03A; E1=24 B; E2=12 B]

73.Ha puc. € =10 B, €,=20 B, €3 =40 B, a conpoTusicHus
Ri =Ry =R3 =R=100 ™. Ompenenure CcHIly TOKOB, IPOTEKAIOIIUX YEPE3
conportusienus (I) u yepes ucrounnku IJIC (/' ). BHyTpeHHEE CONPOTHBICHIE
HMCTOYHUKOB HE YUUTHIBATh (puc. 7.4).

—1 1
R, R,
T El
R, |"‘32
—L 1 | I
&3
I
Puc. 74

[3=1A;02=3A;13=2 A; [y =2 A; I, =0; I5 =3 A]
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7.4. Onementsl umeroT OJIC €1 =€ = 1,5 B u BHyTpeHHHE CONPOTUBIICHUS

r1=r2=0,5 Om, conpotussieaus R1 = R2=35 OMm u R3 =1 Om, ConpoTusieHue

amriepmerpa RA = 3 Owm. Halitu noka3anue ammnepmerpa (puc. 7.5).

-

[75 MA]
7.5.Haiitu €, U €3 ecmm g =25 B, mnameHus TOTEHIMaNa Ha

conpoTtuBieHusix R1, R2, R3pasusl Uy = U,y =Uz =10 B (puc. 7.6).

Puc. 7.6

[e9=30B; ¢3=45 B]
7.6. barapeun umerotr SIC €] =¢ 7 = g3 =6 B, conpotusnenus R1 =20 Owm,

R2=12 Owm. Ilpu KOPOTKOM 3aMbIKaHUU BEPXHETO y3J1a CXEMbI C OTPUIATEIbHBIM
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3)KMMOM OaTapel yepe3 3aMbIKAIoIIMi TpoBo1 TeueT Tok /= 1,6 A. Halitu Toku /;
BO BCEX y4acTKax LIeMU U cOnpoTuBiIeHue (puc. 7.7).

L M
Y Y
B 1 F 3 C
— 1
I I
e +
— 5 - 2 — 3
A E D N
Puc. 7.7

[[1=03A;1,=0,5A;13=0,8 A; R3=7,5 OmMm]
7.7. IBa snementa ¢ oquHakoBbiMu DJIC €1 =€ 9 =2 B u BHyTpeHHUMU
conpoTuBieHUAMH 1 = 1 OM u 2 =2 OM 3aMKHYTbI Ha BHELIHEE COITPOTUBJICHUE

R. Yepes snement ¢ DJIC €1 Teuer Tok /1 = 1 A. Halitu connpoTuBiienue R u Tok

12, Texymmii uepes anemeHT ¢ D/IC ¢ 5 . Kakoii Tok / TeueT uepe3 COpOTUBIICHHE
R (puc. 7.8)?

A N D
Lrl Iz[
— 5 lf £ — &,
B M C
Puc. 7.8

[[=1,5A; R =0,66 Om]
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7.8. Haiitu TOKM /; B OTIENBHBIX BETBSAX MOCTUKA Y UTCOHA IIPU YCIOBUU, YTO

gyepes raapBaHoMeTp uuer Tok Ig = 0. OJIC snementa € = 2 B, conpoTHBICHHS
R1=300mM, R2=45Omu R3 =200 Om (puc. 7.9).

[[1=102=26,7MA; 3=14=4 MA]
7.9. batapeu umeror IJIC €1=110B u ¢, =220 B, conporuBneHus

R1=R2=100 Om, R3 =500 Om. HaiiTu nokazanue amnepmerpa (puc. 7.10).

*)
@ =|
R, lfl FB R,
El 2
g —
| —
IE

Puc. 7.10

[[=0,4 A]
7.10. [1Ba ucrounuka ¢ 3/1C €1=2Bu €,=1,5B uBHyTpeHHUMU

conporuBiieHusiMu ¥l = 0,5 Om u 2 = 0,4 OmM BKIIOYEHBI NAPAIUIEIBHO

conpoTuBieHuo R = 2 Om. OnpenenuTts CHIIy TOKa 4e€pe3 3TO COIMPOTHUBIICHHUE
(puc. 7.11).



Puc. 7.11

[/=0,775 A]
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8. MIOCTOSIHHBIN TOK
8.1. OcHoBHBIE (hOpMY.JIbI

Cuna Toka u3MepseTcs KOJIUYECTBOM JIEKTPUUYECTBA, IPOXOIAIIUM YEPE3
MONEePEYHOE CEUCHUE MTPOBOJIHUKA B €IMHUILY BPEMEHU
dq
I ="".
dt
ConpotuBiieHre R METaNINYECKOro MPOBOIHUKA AJTMHOM / U MJI0IA b0
MONEPEYHOro ceueHus S

!
R:P? p=po(1+at),

rJie p — YACJIBbHOC COIIPOTHUBIICHUE MAaTEpHUaia IIPOBOJHUKA; P () — YACIBHOC

conpotunenue npu 0°C; oo — remnepaTypHblii KOOPHUIUEHT COMPOTUBICHHUS.
Jlna ydactka uemnu, He coaepakanero 3/1C (0qHOpOIHOrO yyacTKa LIenHn)

I= ¢1 —¢2 :
R
JIJIs HEOAHOPOIHOTO y4acTKa 1e!
—Q) +¢
I= ¢1 =92 :
R
JUJIS1 3AMKHYTOM 11ETIH
I €
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e o1 —¢p — PA3HOCTL NOTCHIMAJIOB HAa KOHIIAX pacCMaTpuBa€MOro y4acTka

nenu oOmmMm compotuBieHueM R; ¢ — OJIC wuCTOYHMKA C BHYTPEHHUM
CONPOTHUBIICHUEM 7.

[Ipu nociienoBaTENBHOCTH COEAMHEHUH IIPOBOJHUKOB CHJIAa TOKA BO BCEX
YacTAX LENU OJUHAKOBA

Ii=1,=1.

Hamnpsbkenue Ha KOHIIAX y4acTKa IEMH paBHA CyMMa HaNpsDKCHHUN Ha 4acTAX
ydacTka (puc. 8.1)
L=1, =1,
U=Uj+U»j,,
Rogmy =R1+ Ry

Puc. 8.1

[Tpu napanienbHOM COEAMHEHUH MPOBOAHUKOB (puc. 8.2).

II-.
Ill Izl
]
r Ry Ry
)
Puc. 8.2

Cuna ToKa B HEpa3BETBICHHOM LENU PaBHA CYMME CHJI TOKOB, TEKYIIIHX B
Pa3BETBIICHHBIX Y4aCTKAX L(EIIN:

I=L+1,,
Uy=U,=U,
o L1
Roomy R1 R
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PABOTA U MOITHOCTb TOKA. 3AKOH JUKOYJISI-JIEHLA.
KIIA QJIEKTPUYECKOMU LEIIN

Pabota Toka Ha TaHHOM y4YacTKe LIeTH paBHA
A=Ult, A=PFt.
[Ipu pemenuu 3aay Ha paboTy A U MOIIHOCTh TOKa P B MOCIeA0BaTeIbHO
COETMHEHHBIX MPOBOJHUKAX YAOOHO UCIOIB30BATh (HOPMYJIBI:

A=1Ut wn A=1>Rt,

P=I%°R wm P="UI,

IMOCKOJIBKY CHJIa TOKA B TAKUX ITPOBOAHUKAX OAWMHAKOBA.
Ecnu IMPOBOAHHUKHN COCAWMHCHBI IIApaJUICIIbBHO, TO MOXHO IIPUMCHATH

bopMyIIBI:
2 2
U
A= U—t um P=—,
R R

T.K. B 3TOM CJIy4ae OJMHAKOBO HANpPsHKEHHE HA MPOBOJIHUKAX.
Eciu nenu cocroutr u3 wucrounuka Toka ¢ OJC € W BHYTpEeHHUM

COIIPOTHUBJIEHUEM 7, TO BCS pabOTa TOKa B 1eNH (Azarp) €CTh cyMMa pabOThI Ha
BHEIIHEM (Apuemn) U HA BHYTPEHHEM (Apuyrp) yUaCTKaX LIETIH:
Agan = ABHGH_IH + ABHyTp’

Appemm — mone3Has pabora.

Asarp = ¢€lt,
Agyorn = Ult =1 Rt ,

Ayt =I1°rt.

A
T] — II0JIE3H 100% )

A

3aKkoH I[)KOYJIH-HCHH& OonpeCACIIsICT KOTMYCCTBO TCIIJIOTEI, BBII[CHPIB[HCﬁCH B
IMPOBOJHUKE ITPH IPOXOKACHHUHA 110 HEMY JJICKTPUUCCKOI'O TOKA:
2
2 U
Oo=1 Rt:Tt: Ult .

3atp

8.2. IIpumeps! pemieHus 3aaa4

3anayva 1. OnpenennTh HANPSHKEHUE HA 3AKUMAaX HCTOYHUKA TOKA, UMEIOILErO
O/JIC 2 B u BHyTpeHHee conpoTusienue 0,5 Om, 10 U noclie NOJKIIOYEHUS K HEMY
BHEIIHEro conpotusiieHud 4,5 Om (puc. 8.3).

AHAJIU3 U pelieHue.



Puc. 8.3

U 1=€= 2 B.
[enb pazomkHyTa, najgenue HanpsixeHus (IR)=0 (TOK OTCyTCTBYET).
£,7

= J —=

2

| |
L — - —
Uy
HanpsHKEHUE Ha KIEMMAaX UCTOYHHKA.
I 114 3aMKHYTOTO KOHTYpA:

= ° .
R+r
Uy=g-—T _eRrer—er . R _igm
R+r R+r R+r
[TaneHue HANPsKEHUSI BO BHELHEH LICMH:
U=IR= R=18 B.
R+r

YuciieHHOE 3HAYCHUE PAa3HOCTHU IMOTCHHOUAIIOB Ha 3aKHMMaX HWCTOYHUKA H
MMaJACHUA HAIIPSAKCHUA BO BHEIIIHEH Oe1M COBIIaAaroOT. OT0 BO3MOKHO TOJIBKO Toraa,
Koraa BO BHEIITHECH S HCT APYTUX UCTOYHUKOB TOKA.

3agaua 2. 5 aneMeHToB ¢ oguHAKOBEIMHU DJIC, COeIMHEHHBIX ITOCIICI0BA-
TEJIbHO Ha BHEIIHUI PE3UCTOP COMPOTHBICHUS. Ry =3 Om, gamu Tok ;=25 A.

Te ke »IEeMEHThl, COEJUHEHHbIC MapaJJIEIbHO Ha BHEUIHUM PE3UCTOP
CONIPOTUBJICHUCM R =2 .46 OM, Janu TOK 15=0,8 A. Onpenenuts IIC n

BHYTPEHHEE COIPOTUBIICHHE KAXKI0T0 3eMeHTa (puc. 8.4).
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AHAJIU3 U pelIeHue.

P P P .
IE
E,7
E,7
4 R I R R,
+ [+ [+ [+ |+
! I
—
Puc. 8.4
3akoH Oma 11 3aMKHYTOM LIenH
st 1 cyyast
5S¢
Iy = ; (1)
S5r+ Rl
o711 2 ciydast
g
Iy =——. (2)
2
— 4+ R2
5
7
N3 (2) naxogum e=1, (ngsz. (3)
r
o r+
IToacrasus (3) B (1), Hangem /| = ' _ 22 2
Sr + Rl S5r+ Rl
N3 nocneaHero BeIpaKCHUS HAMACM ¥
5[1F+[1R1 =[2F+5[2R2,
5[ Rr — IR 5:08-246--25-3 234
p=22 1L r= d = =0,2 Om.
511 - 15 5.25-028 11,7
N3 (3) maiimem DJ1C
0,2
820,8( +2,46j:2 B.
5
3amaua 3. YUacTOK LENU COCTOUT U3 CTAILHOM IPOBOJIOKHU JIJIMHOM h=2ymc¢
IJIOIIABIO MTOIEPEUHOrO CEUEHHUS 1 = 0,48 pm2, COCIMHEHHOM T10CIIeI0BATEIbHO
C HUKEJINHOBOU ] npOBOJ_IOKoﬁ mmeoi 12 = 1 v u MJIOIIAbIO
nonepeunoro cedenus ©2 = 0,21y, Kakoe HampsikeHMe Hajmo TOIBECTH K

y4acTKy, 4T06bI ToTyunTs cuny Toka I = 0,6 A9

AHaau3 u pemieHue. Onpenenum CoOnpoTUBIIEHUs 00enX MPoBoJoK (OM).

pely  0.12.1076.2
R, = — = — =)
T TG, 0.48- 100 ?
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Pricla 0,42.1075. ]
R = _ 1,
TS 0.21-10°°

Tak kak IMPOBOJIOKHN COCIHMHCHBI IIOCJICA0BATCIBHO, WX COIIPOTUBJICHUA
CKJIaJAbIBAIOTCA:

R.‘\.‘f + RJ?-J‘L' = [:]. E' + 2 = 2. o

Tenepb paccuntaem HanpsoxeHue (B):
U=1IRs+ Rpp) =0,6-2,5=1.5

Otrser: U = 1,5 B,

3apaua 4. J[Be crmmpany W3 pa3IMYHBIX MATEPHAIIOB COCIMHEHBI IMapajuIelbHO.
OtHouenus ux qiauH 15:14, a mnoniaaeit nonepeyHbix ceuenuii — 5:4. Okazanock, 4To
3a OJMHAKOBOE BpPEMS B HUX BBIICIACTCS OJIMHAKOBOE KOJIMYECTBO TEILJIOTHI.
OnpenenuTh OTHOIIEHUE YACTbHBIX COMMPOTUBIICHUN dTUX MaTEPUAJIOB.

AHAJIN3 U pelIeHue.

Ecnu BeIACINIOCH OJHO U TO K€ KOJIMUECTBO TEILIA, TO

1 = Q2
2 a
IRy =150
Tak kak MPOBOJOKH COCIAMHEHBI IMapaJICIbHO, TO HANPsSIKCHHE Ha WX KOHIAX
OJIMHAKOBO:
'=05LHR, =1I:2H>
Otkyna Haitaem:
U =Uly
I
I

COHpOTI/IBHeHI/Ie nepBoﬁ IMPOBOJIOKK 3aBUCHT OT YACJIBHOTO COIIPOTUBJIICHUA
MaTrcpuraia, JJIMHbI U IIONCPCYHOIO0 CCUCHMUA:

p1l
R =—
91
AHaJIOTUYHO U JJI1 BTOPOU ITPOBOJIOKHU:
p2la
Ry = —
959
«BpITalmmmy yaenpsH0e CONPOTUBIIEHHE:
5
Pl =
[
R9 5
P2 =

l2

Pa3znenum nepBoe Ha BTOpOE:

o 1511 B S1 I Is B 5 14 B T

pa RoSeIy  S: Iy I 4 15 6
[ —{

OtBeT: P2 ~— 6

3agauya 5. DnexTpojBHUraresab NOJABEMHOIO KpaHa MOJKIIOYEH K MCTOYHHKY TOKa
HarpspkenueM 7 = 380 B, npu 3ToM cuna Toka B ero oomotke I = 20 A. Kakos KII/I
YCTaHOBKH, €CJIM TPy3 MACCOM i = 1 T KpaH MOJHUMAET HA BBICOTY i = 19 M 3a
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Bpemsi t = 50 ¢?

AHaJIM3 M pelieHue.

DNeKTpoABUTATENb COBEPILIAET PaboTy
A =magh

MomHOoCTb ((hakTHUecKas) paBHa
P— A _ mgh _ 1000 -_l(} - 19 _ 3800
t t a0
MommHOCTh ABUTATENS PaBHA:
P=UTI =380-20 = 7600
Torma KIII xpana

f;:?":m.a

Otsert: KIIJ[ kpana 50%.
8.2. 3aga4u 1J151 CAMOCTOAATEILHOTO pPelIeHu sl

8.1. Akkymynsitop, DJIC koToporo € =25 B u BHyTpeHHEE CONPOTUBICHUE
r =1 Owm, 3apskaercs oT cetu HanpsbkeHueM U = 40 B yepe3 nonoJHUTEIBHOE

conpotusieHue R = 5 Om. Haiitu nHanpsikenue Ul Ha 3a)KUMax aKKyMyJIsiTopa.
[27,5 B]
8.2. [Ipu KOpOTKOM 3aMblKaHUM OaTaped BO3HUKAeT TOK [, a Tpu
MOJKJIIOYCHUHN pe3ncTopa conpotuBieHrneM R Tok B nenu /2. Onpenenuts IJIC €

6aTap[en. ( ; 2\—|

-

8.3. AKKyMyJsiTOp, BHYTPEHHUM CONPOTUBJICHUEM KOTOPOTO MPEHEOpeyb,
0OYepeHO 3aMbIKAIN Ha JIBa pa3HbIX pe3ucTtopa. B mepBom ciyudae Tok 6611 1, BO
BTOpOoM — [2. OnpenenuTh TOK MPU 3aMbIKAHUU aKKyMYJISITOpa Ha 3TU PE3UCTOPHI,
COEIMHEHHbIE MTOCJIEI0BATEIBHO.

[1=n1,(11+15)]

L8=12R
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8.4.Isa osmementa ¢ DJC €1=2 B um &7=1 B u BHyrpeHHHUMH

conpotuByieHusAMU 1= 0,7 OM u rp = 0,3 OM COOTBETCTBEHHO COCMHEHBI TaK,

KaK ITOKa3aHO Ha PUCYHKC. OHPCHCHHTB Pa3sHOCTh IMOTCHIIAIOB ®1— O (pI/IC
8.5).
El . .?"'1
]
|
1+ 7
||
| |
52 . .rz
Puc. 8.5
[-0,1 B]

8.5. BoapT™meTp co mikanoi Ha U = 100 B umeeT BHyTpEHHEE CONPOTUBJICHUE

R =10 kOm. Kakyro HauOo0JIbIIYIO pa3HOCTh MOTEHIIMAIOB MOKHO U3MEPHUTH
3TUM NOPUOOPOM, €CIIH TMOACOCAUHUTH K HEMY J00aBOYHOE CONPOTHUBICHUE
Ry =90 xOm?

[1000 B]

8.6. AMniepmeTp paccuuTaH Ha U3MEPEHNE MAKCUMAJILHOTO TOKa

Imax = 0,1 A, pu 3TOM maneHue HamnpsbkeHus Ha amnepmerpe U = 0,2 B. Kakum
COIIPOTHUBJICHUEM HEOOXOJIUMO 3alTyHTHPOBATh MPUOOpP, YTOOBI UM MOKHO OBLIO
U3MEpATH TOK 110 [ =2 A?

[0,1 OMm]

8.7. K Gartapee uepe3 mepeMeHHOE COMPOTHUBIICHHE TMOIKIIOUEH BOJIBTMET.
Ecnmu compoTuBieHne yMEHBIIUTH BTPOE, TO MOKAa3aHUS BOJBTMETPA BO3PACTYT
B/IBOC. BO CKOJBKO pa3 M3MEHUTCS MOKa3aHUE BOJILTMETPA, €CIIM COMPOTHUBIICHHE
YMEHBIIUTH 0 HYJIsA?

[B 4 paza]

8.8. Jlea akkymymsitopa ¢ OJIC g/ =57Bu ¢, =32 B coequHeHsl, Kak

MOKa3aHO Ha puUCyHKE. UTO TMOKaKET BOJBTMETP C OECKOHEUHO OOJBIINM
COTIPOTHUBIICHUEM, €CITM OTHOIICHHS] BHYTPCHHUX COMPOTUBIICHUIA aKKyMYJISTOPOB
r1/ry=1,5 (puc. 8.6)?



Puc. 8.6

[-47 B]

8.9. Eciin Ha BXOJ 3yIeKTpHUYecKor enu nojgano Hanpspkenue U1 = 100 B, to
HanpsbkeHne Ha Bbixoae U2 =40 B. Eciu Ha BBIXOJ LIeNM oAaTh HanpsikeHne U3
= 60 B, To HanpsiKEeHME Ha BXOJ1€ OKaxkeTca paBHbIM U4 = 15 B. ConpoTusiienue R2
= 60 OM. Onpenenuth conpoTuBneHus R1i, R3 (puc. 8.7).

Puc. 8.7

[R1=20 Om, R3 =40 OmMm]

8.10. AKKymMynsTOp 3aMKHYT Ha HEKOTOpbIM  pe3uctop. B  1eHb
MOCJIEIOBATEIBHO PE3UCTOPY BKIIIOUAETCS MapajlieIbHO JIBa aMIIEpMETPa, KOTOPhIE
MOKa3bIBAIOT TOKK COOTBETCTBEHHO [1 1 [2. 3aTeM 3T aMniepmMeTphl BKIIOUAOTCS B
LETH, OcNe0BaTeNbHO. B 3TOM cityyae ux nokazanus pasHsbl [3. Onpenenuts TOK
I B ienm npy OTCYTCTBMM aMIIEPMETPOB.
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8.11. /Ins  ompeneneHuss MecTa  NOBPEXKICHUS  M3OJBILIUM  MEXAY
JIBYXIPOBOAHON Teae(OHHOW JTUHUU JJIMHOW [ = 6 KM K OJHOMY KOHITY JIMHHUH
noacoeaunum 6arapeto ¢ IJ[C & = 24 B. [Ipu aToM 0Ka3anock, 4To €Ciu mpoBoaa
y JIpyroro KOHIIa JUHUU Pa30MKHYTHI, TO uepe3 Oatapero Teder Tok /1= 1,5 A, a
€CJI 3aMKHYThI HAaKOPOTKO, TO CHJIa TOKa uepe3 Oatapero /o =2 A. Onpenenuth
MECTO MOBpexaeHHUs u3o0yAuuu. CONpOTHUBICHHE OJHOTO KHUJIOMETpa MPOBOJA
Ry =6 OM. BHyTpeHHUM CONpPOTUBIIEHUEM OaTapeu MpeHeoOpeyb.

[2,29 kM OT MecTa OAKIIIOUCHHS OaTapeH |
8.12. Haiitu 3apsn Ha koHaeHcaTope C. BHyTpeHHUM CONPOTHBIEHHEM

6arapeu npenebpeun. IJIC 6aTapen paBHa & (puc. 8.8).

s

8.13. HaiiTu pa3HOCTh TOTEHIMAJIOB MEXIy OOKIaJKaMH KaXIOTO U3
KOHJEHCATOpOB, €MKOCTU KOTOphIX Cj=4Mk® u ()= 1 MkD, eciiu S/C

uctoyHukoB &1 =2 B, § » = 6 B (puc. 8.9).

e
|
|

[U1=0,8B, U2=32B]
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8.14. HaiiTu pa3HOCTh NOTEHIUAIOB MEXy ToukamMu A u B. Benuuunbl
&1, &2, Cy, Cy 3anansl (puc. 8.10).

__ m
—_

— m

1T a2

B

Puc. 8.10

|_(PA —¢op _C1&1- 0oy |

t Cl +Cy J

8.15. Haiitu pa3HOCTh MOTEHIMAIOB MeXAy ToukaMu a U b. DJIC kaxmoro
arieMeHTa &, BHyTpeHHee conpoTuBieHue » (puc. 8.11).

)
L

Puc. 8.11

[0]
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