I'naeal
IJIEKTPOCTATUKA

Paznen ¢uszuku, NOCBSIIEHHBIA U3YyUYEHUIO B3aUMOJICHCTBHS HEMOBUXKHBIX 3apsi-
JOB, OCYIIECTBIIIEMOIO  IOCPEACTBOM DJIEKTPOCTATUYECKOI'O I10JIs1, HA3bIBACTCS
JICKTPOCTATHKOIA.

1.1. DaexkTpuyeckuii 3apsi U dJeKTpPHUUYECKoe MoJie

CJI0BO 2JIEKTPUYECTBO MPOUCXOAUT OT IPEUECKOTO HA3BAHUS SIHTAPS — «IJEK-
TpoH». M3BECTHO, UTO €clii MOTEePETh SHTAPb KyCKOM TKaHH, TO OH OyAEeT MpHUTs-
IUBATh JIETKUE NMpeaMeThl. [IputsaruBath npeMeThl MOCae HaTUpPaHUs, 00IydeHus,
CONPUKOCHOBEHHSI MOTYT, KpOME SHTapsl, CTEKJISHHbIE WJIM 300HUTOBBIE MAJTOYKH,
JAHEWKU U3 IUIACTMACChl U IUIEKCHUIJIaca U MPEAMETbl U3 JIPYTHX MaTEpHUasoB.
JJIeKTPHU3alMs — MPOLECC MOJYYEHUS DIEKTPUUECKH 3aPSIKEHHBIX MAaKPOCKOIH-
YECKHUX TEJ U3 DJEKTPUUECKH HEUTPAJIBbHBIX. 3apsj CIYKUT MEPOU HAJIEKTPHU30-
BAHHOCTH Tena. B nanbpHeleM moj cioBoM «3apsa» OyaeM MOHUMAaTh «3apsiKeH-
HOE TEJION.

OCHOBHBIE CBOMCTBA JIEKTPUUYECKOTO 3apsa.

e lmMeerca naBa BUIA DIIEKTPUUYECKUX 3aps0B, YCIOBHO HAa3bIBAEMBIX ompuyad-
MebHbIMU U NOJOHCUMETIbHBIMU.

e B HesapsoKeHHBIX Tennax BCErja €CTh 3apsAbl IPOTUBOIIOIOKHBIX 3HAKOB U B
TaKUX KOJIMYECTBAX, YTO UX CyMMa paBHA HYJIIO.

e BHyTpH 3aMKHYTOH CHCTEMBI TEJ HpPHU JIOOBIX B3aUMOJECUCTBUIX anreOpanye-
CKasl CyMMa DJIEKTPUYECKHUX 3apsf0B OCTAaeTCs MOCTOSHHOU. [Ipu siexTpusanuu tei
(HampuMep, TPEHUEM) IIEKTPU3YIOTCA 00a Tejla, IPUTOM BCerja OJHO M3 HUX MOJIO-
KUTEJIBHO, & IPYro€ — OTPULIATEIBHO.

e [Ilpu B3auMOAECHUCTBUU 3apsAAbl OAHOTO 3HAKA OTTAJIKUBAIOTCS, IPOTUBOIOJIOK-
HOI'O 3HAKa — IPUTIATUBAOTCS.

e CymecTBYIOT KakK IOJIOXKUTENbHBIE, TaK WM OTPULATENbHbIE MHHHMAaJbHBIC
SIEKTPUYECKHUE 3aPsIbl, PABHBIE 110 MOAYIIIO dJIEMEHTAPHOMY 3apsaay e = 1,6726 « 10™°
K (MeHbIlIe UX B MPUPOJE HE 0OHapykeHO). [1010KUTENbHBIN 3JIEMEHTAPHBIN AJIEK-
TPUUYECKUN 3apsii UMEET MPOTOH, OTPULIATEIBHBINA — JJIEKTPOH. M3BECTHBI U apyrue
AJIEMEHTAPHBIE YaCTHULIbI, UMEIOIINE MUHUMAJIbHBIN 3apsii.

e 3apsabl JUCKPETHBI. DTO O3HAYAET, YTO JIFOOOW OTpUUATENbHBIN 3aps]] KpaTeH
3apsy 3JEKTPOHA, a 000U MONTOKUTENbHBIN 3aps]l KpaTeH 3apsy NpoToHa g = £Ne.

e DJEKTPUYECKUI 3apsi]l ONpENesseT UHTEHCUBHOCTh 3JIEKTPOMArHUTHBIX B3au-
MOJICMCTBHUI (4yeM OoJiblIe 3apsiabl TeN, TeM OOJIbIIE MOJYJIb CHUJIbl B3AUMOIEHCTBHS
MEXIy HUMH).

Toueunvlil 3aps0 — 3apSHKEHHOE TEJIO, pa3MepPaMu KOTOPOTO MOXKHO MpeHeOpeyb B
YCJIOBUAX JAHHOW 3aJayd IO CPABHEHMIO C PACCTOSHUEM OT DTOrO Teja J0 APYrUx
TeJI, HECYIMX DJIEKTPUYECKUN 3apsii.



YacTo 3aps Helb3sl CYMTATh TOYCUHBIM. PaccMOTpuM aOCONIOTHO TBEPAOE TEO,
uMeroIee 3apsia . MpICJICHHO pa3o0beM 3TO Teslo Ha N 9acTeil U MpoHyMepyeM Kax-
nyto u3 Hux ot 1 10 N. Homep mpou3BoiapHOM yacTu Tena 0yjaeMm o0o3HaYaTh OyKBOM
«i» (puc. 1.1). 3apsiapl, COCPETOTOUCHHBIC HA MAJIbIX TeJIaX KOHEYHBIX pa3MepoB, 000-
3HAYarTCH Agj, HA OCCKOHEYHO MAJIBIX — d(.

Cpeonssn ob6vemuas niomHocms 3aps0a BHIOPAaHHON YacTH Tella — 3TO OTHOIIEHUE
3apsiia Aq K 00beMy AV, B KOTOPOM COCPEIOTOUEH ITOT 3apsi]l

_ Aq
Pep = AV
IIpu paccMOTpeHHMH IOJIEH, CO31aBAEMbIX MaKpO-
CKOMUYECKUMHU 3apsiaamu (T.e. 3apsjamu, o0paso-
BaHHBIMU OTPOMHBIM YHCJIOM 3JEMEHTapHBIX 3aps-
JIOB), OTBJIEKAIOTCA OT JUCKPETHOM (IIPEphIBUCTON)
CTPYKTYpBI 3THX 3aps0B U CUUTAIOT MX pacupene-
JIEHHBIMH B MPOCTPAHCTBE HEMPEPBIBHBIM 00pa3oM ¢
Puc. 1.1 KOHEYHOHM IIOTHOCThIO. Q0BbeMHasi IJIOTHOCTH 3a-
psiia p B JaHHOM TOYKE OIpejaessieTcs Kak IMmpejael
OTHOIIECHMS 3apsia Ag K GpU3MYecKu ManoMy o0bemMy AV, B KOTOPOM 3aKIHOYEH 3TOT
3apsl, IpU CTPEMIICHUU TPaHULbl 00beMa K JAaHHOM TOUKe

p— lim Ad_dd (1.1)

AV - 0 AV dVv

[Tox ¢gusnueckn ManbiM 00beMOM AV MOHUMAIOT 00bEM, KOTOPHIH, C OJHOU CTO-
POHBI, JOCTATOYHO MaJj JJii TOTO, YTOOBI IUJIOTHOCTh B €ro Mpejenaax MOXHO ObLIO
CUMTaTh OJIMHAKOBOM, a C JAPYroi CTOPOHBI, IOCTATOYHO BEJIMK JIJIi TOrO, YTOOBI HE
MOTJIa MPOSIBUTHCS TUCKPETHOCTD 3apsija.

Ecnu Bce 3apsiabl CIOKUTH, TO MOTYYUM MOJHBIN 3aps g. Cl0KeHHe KOHEYHBIX
3apsiIOB MOKHO TMPEJICTABUTh B BUJIE CYMMBI

N
q = ZAq iy
i=1
a OECKOHEUHO MajibIX — B BUJI€ UHTETpaja

q= [dq.

\Y%

beckoHeuHO Mablii 3aps MOXKHO BBIPA3UTh

dg =p (x,y,2)dV = p (x,y,z) dxdydz. (1.2)



UToObI HaTH BeCh 3apsi/l, 3aKJIIOUCHHBIA B 00beMe V, HaJl0 MPOUHTErPUPOBATH MO
BCEMY 00BbEMY

q= \j/dq = \j/pdV. (1.3)

B wactHOM citydae, Korna 3apsij pagHomMepHo pacupeiesieH Mo BCeMy Tely U 00b-
€MHasl TUIOTHOCTB 3apsijia OCTOSIHHAS, p MOXKHO BBIHECTH 3a 3HAK MHTErpasa

q= p_[ dVv =pV. (1.4)
\Y

Takum o0Opazom, ecinm TpPEeXMEpHOE TENIO0 3apsHKEHO PaBHOMEPHO, TO OO0beMHas
TUTOTHOCTB 3apsijia p ONPEAEIISIeTCS] COOTHOIICHHEM

o= % (1.5)

Ecnu 3apsin cocpenoroueH Ha moBepxHocTH S (puc.l.2), pacmpeneienue 3apsia
MOYXHO OXapaKTepHU30BaTh C TTOMOIILI0 MOBEPXHOCTHOW MJIOTHOCTH G, KOTOpas OIl-
penenseTcs BBIpaKeHUEM

dq
= —_— . 1-6
o= 5 (1.6)

3aech dq — 3aps, 3aKIOUeHHBIN B cioe miomanu dS. Ilox dS moapasymeBaeTcs
¢u3ruecKkr OECKOHEUHO MaJlblii y4aCTOK OBEPXHOCTH.
W3 nanHOrO ypaBHEHUS CIELYET, YTO
dq=ocdS. (1.7)
YtoObl HAWTU MOJHBIA 3aps]l, paclpeeeHHbIN 0 BCEH MOBEPXHOCTH, HAJO CJIO-

KUTh BCE 3apsbl (1151 OECKOHEUHO MaJIbIX BEJIMYMH dg 3TO 3HAYMT, YTO HAJAO IMpoO-
MHTETpPUPOBATH)

q= qu = chs (1.8)

B yactHOM criydae, Korza 3apsiji pagHomMepHo PACIIPEICIIeH 0 BCel TOBEPXHOCTH,
C MOYKHO BBIHECTH 3a 3HAaK MHTErpaa

q= o[dS = oS. (1.9)
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CJICI[OB&TGJ'IBHO, CCJIM MOBCPXHOCTH 3apsKCHA PABHOMCPHO, TO IOBCPXHOCTHAA
IJIOTHOCTD 3apsaga ¢ OIpCACIsACTCSA COOTHOIICHUEM

q
=2, 1.1
o= (1.10)

Ecnu B 3amade paccMarpuBaeTCsl y9acTOK JIMHUH, TOCTATOYHO HCTIONB30BATh JIUIITH
OJTHO M3MEpeHHe — ero JummHy L. Pa30uB ydacTok miwHOMN L ¢ 3apsiioM g Ha (usnde-
CKH MaJIble 3JIEMEHTHI JUIMHBI dL, Ha KOTOPBIX
COCPEIOTOUYCHBI 3aps/ibl dq, BBEACM JIUHEUH)IO
NJIOMHOCHIb 3aps0a M

d
=1, 1.11
A=l (1.11)

N3 5TOr0 COOTHOLIEHHUS CIEAYET, YTO

dg =1 dL. (1.12)

WnTerpupys no Bced anuue L, momyuum
TIOJIHBIN 3apsi

q= [dg=[AdL. (1.13)

Ecnu 3apsi paBHOMEpHO pacrpeielieH 1Mo BCel JIMHUM, TO

q= [AdL=2jdL=AL, (1.14)
L L

B »TOM ciiydae nuHelHas IUIOTHOCTh 3apsiia A — YUCJIEHHO paBHaA 3apsAny (, IpH-
XOASAIIEMYCsl Ha €IMHUILLY IJIMHBI MPOBOIHUKA L

_4a
= (1.15)

B3aumopenictBue Mexay 3apsaaMu OCYLIECTBIIETCS YEPeE3 dIeKTPpHYecKoe 1oJie.
Besikuii 3apsa n3MEHsIET CBOMCTBA OKPY’KAIOLIEr0 €ro MpOCTPAHCTBA — CO34AET B HEM
ANEKTPUYECKOE MOoJie. ITO TOJIe MPOSIBISET ce0s B TOM, YTO Ha MOMEIIEHHBIN B Ka-
KYI0-TH00 TOYKY 3JIEKTpUYECKUU 3apsia AedcTByeT cuna. CieqoBaTesibHO, ISl TOTO
YTOOBI BBISICHUTH, UMEETCS JI B JAHHOM MECTE JIEKTPUUYECKOE I0JIe, HYKHO MOMEC-
TUTH TyJla 3apsDKEHHOE Telo (MPOOHBIA 3apsiA) U YCTAHOBUTD, UCTIBITHIBAET OHO JEH-
CTBHUE DJIEKTPUUECKOW CUIIbI WJIM HET. 110 BeTMUnHEe CUJIIbI, JEUCTBYIOIEN HA JaHHBIN
3apsll, MOXKHO CYJMTh 00 «MHTEHCHUBHOCTH» mouis. YToObI cuia, JEHCTBYOIIas Ha
MPOOHBIN 3apsJl, XapaKTepu30Baya MoJie «B JAHHOW TOUKE», MPOOHBIN 3aps]l JOHKEH
OBITh TOYCHYHBIM.
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Bonpocwl u 3a0anus ona camonpoeepKu

IIepeuncinTs OCHOBHBIE CBOMCTBA 3apsija.

JlaTb ompeneneHue 3JIEMEHTapHOrO 3apsja.

Kak cBsi3aH mpou3BOJIBHBIN 3apsij q C 3JEMEHTAPHBIM 3apsiioM?

Kaxoit 3apsin Ha3pIBaeTCsl TOUCUHBIM?

Kakum 00pa3om U3 NpOTSKEHHOTO 3apsaa MOYKHO MOJYYUTh CHCTEMY TOUEUHBIX 3apsii0B?

Jatb onpenenenre 00bEMHOMN, TOBEPXHOCTHOM U JIMHEHHOM MIIOTHOCTEN 3apsija.

CKOJbKO M3MEpPEHMH MMEIOT NPSIMOW TOHKMM JIMHHBIA IPOBOJ M IPOBOJ, CBEPHYTHIH B

KOJIbIO?

8. OmnpenenuTh pa3MEpPHOCTH TOHKOTO TUIOCKOTO JIMCTa OyMaru M cAeNaHHBIX U3 HETO TPYOKH,
JcKa U cepsl.

9. CKOJBKO M3MEPEHHI UMEET CIUIOMIHON KOPOTKHH TOJICTHINA CTEP)KEHb U CIIOMIHOM 1map?

10. ITo xaxoii popmysie MOKHO HAUTH 00BEMHYIO IIIOTHOCTH 3apsijia MPOTSHKEHHOTO TeJla, eCln

OHO 3apsDKEHO HEPAaBHOMEPHO?

NooswdhE

1.2. 3akon KyJiona

3aKOH, MO KOTOPOMY ONpPEAEISAECTCS CUJIa B3aMMOACHUCTBUS TOYEYHBIX 3apsJIOB,
BIIEpPBbBIC DKCIIEpUMEHTAIBHO ycTaHoBWI Kynon (puc. 1.3). B pe3ynbrare cBoux ombi-
TOB OH MPUIIIEN K BBIBOJY, YTO MOAYJIb CHJIbI B3aMMOAEiiCTBHUSA JABYX TOUEYHBIX 3a-
PSA0B MPONOPLUMOHAJIECH MOAYJISIM 3aps/0B M 00pPaTHO NMPONOPILHOHAJIEH KBaIpa-
Ty PACCTOSIHUA MEKAY HUMH

IFl~ % (1.16)
€ +02
*(y a
Cuna KyJjona HampaspiieHa BA0JIb NpH- /’mr E '
MO#, mpoxoasie yepes 3apsaabl. B BekTop- Ty,
HOM BujJe 3akoH Kynona 3amuchiBaeTcsi ciie-
JIYFOIIHM 00pa3oM: S
= _ 4,
F= CH (1.17) O
er’ Puc. 1.3

I71€ 3aps] (i, HAXOASIIUIICS B TOYKE C PaIMyC-BEKTOPOM T, AEHCTBYET HA 3apsi] g, B
TOUKE C PaJUyC-BEKTOPOM T C CHJIOH F; r — paccTOSHHE MEXKIY 3apsafaMu; & - €lIu-
HUYHBIA BEKTOp, UMEIOIIUI HANPABICHUE OT 3apsAaa (i K 3apsay Jz; € - OTHOCUTEIb-
Has JMAJIEKTpUYECKas MPOHUIIAEMOCTb CpPEbl, XapaKTepUCTHKA CPeAbl, B KOTOPOM
JEMCTBYET IEKTPOCTATUUECKOE MOoJIe (B BakyyMme € = 1, moapoOHee 0 HEl HallMCaHo
B niyHkTe 1.12.2); K — k03 punmeHT nponopunoHaIbHOCTH, YUCICHHO PaBHBIN CHIIe
B3aMMOJIEUCTBHS €JUHUYHBIX 3apsAJI0OB B BAKyyME€ Ha PAacCCTOSIHUM, PABHOM €IMHUIIE
nnmusbl. B cucreme CU BenmunHa 3apsana uzmepsierca B KyjnoHax (Ki), paccrosinue B
MeTpax (M), a Ko3QPUIUEHT NPONOPLUUOHAIBHOCTH

k =1/ 4ne, = 9 - 10° H-M?/Kor’. (1.18)
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Bennuuny €p Ha3bIBaOT JIEKTPUUYECKOMN ITOCTOSHHON

g = 0,885 .10

K.]IZ

5 -

(1.19)

H-Mm

Bonpocwvl u 3a0anus ona camonpoeepKu

=

Cdhopmymuporats 3akoH Kynona.

2. Kax nampaBliieHa cuiia B3auMOJICUCTBUS OJHOMMEHHO 3apsDKEHHBIX Ten? VM3MeHUuTCs i Ha-
npasyieHue cuibl Kynona, ecinu tena 3apsIuTh pa3HOMMEHHO?

3. Hammcars dopmyny aiisi BRIUMCICHHS CUJIBI, IEHCTBYIOMEH B BaKyyMe Ha OTPHUIIATEIbHBIN
TOYEYHBIN 3apsAJl, MOAYJIb KOTOPOTO PaBEH (1, MOMEMIEHHBIA HA PACCTOSIHUE I OT MOJOXKH-

TCJIBHOT'0 TOYCYHOTO 3apsaa (s.

4. Kak u3MeHUuTCs cuja B3aUMOJCHCTBHUS JIBYX TOUEUYHBIX 3aps/IOB, €CJIM PACCTOSHHE MEXIY

HUMU yBEITUUUTCA?

1.3. HanpsizkeHHOCTb 3J1eKTPHYeCKOro MmoJist

Hcenenyem ¢ mOMOIIbIO TOYEYHOTO MPOOHOTO 3apsiia +g, MoJie, CO3/1aBaeMOe TO-
YEYHBIM 3apsJOM +q;. B Touke, MoN0oKeHUEe KOTOPOH OTHOCHTENBHO 3apsiia (; ompe-
JIENSAETCS paqMyC-BEKTOPOM T'€, Ha 3apsa O, AeicTByeT cuna F (puc. 1.4).

3anuiem 3akoH Kynona

H IpeacTtaBuM €ro B BUAC

|
o | x

s (1.20)
r

T

= gE. (1.21)

Ternepb €ero MOXXHO MPOYUTATH TaK: CWJIA B3au- ~ F E

. re
MOJEHCTBHS IBYX TOYEYHBIX 3apslloB (1 U (2 paB- [ ARARIRER

v
v

Ha MPOU3BEJCHUIO BTOPOTO 3apsijia Ha HEKHUMl BEK- +0h +p
Top E, 3aBHCANIMI TOJBEKO OT MEPBOTO 3apAaa U OT

pacCTodHuA 10 HETO. 9T10T BCKTOp ABJIACTCA Xa-

Puc. 1.4

PAKTEPUCTUKON CBOWCTB JJIEKTPUYECKOrO IIOJIA,
CO31aHHOrO 3apsanoM (1. OTHomenne E = F/g, Ha3BbIBAIOT HANPSKEHHOCTHIO dJIEK-

TPOCTATHYECCKOI'O IMOJIsA

Ecnu B aT0olt hopMyIie MOTOKUTH 0,

L Y (1.22)

= +1 K, T0 E 1O BEIUYUHE U HaIlpaBJICHUIO

coBrazaer ¢ cwio F. Takum 00pa3soM, HANPSKEHHOCTb JJIEKTPOCTATHYECKOTO
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N0JIA B HEKOTOPOH TOYKe SIBJISACTCH BEKTOPHON BEJUYHMHOU, YUCICHHO PaBHOH
cuIIe, AefCTBYIOLIEH Ha eJMHUYHBIN MOJIOKUTEIbHBIN 3aps/, IOMEUIEHHbIA B 3Ty
TOYKY, M HMeEIollel HAIPpaBJIeHHEe 3TON CHJIBI.

Bonpocwvl u 3a0anus ona camonpoeepKu

=

B xakux To4kax NpPOCTPAHCTBA 3apSHKEHHOE TEJIO CO3AAET AIEKTPHUECKOE 1oJIe?

2. Ecmm 3apsin maxonutest B ExkarepunOypre, To ecTh JIM I0JI€ 3TOTrO 3apsiaa B BammHrrone?
OmnpenenuTs HANPSHKEHHOCTH IEKTPUYECKOTO 10JIs, CO3/JaHHOTO Ha OECKOHEYHO OO0JIBIIOM
PACCTOSHUM OT TOYEYHOT'O 3apsja.

Kakoii BEeKTOpHOI BEIMYMHON MOYKHO XapaKTepU30BaTh IEKTPUUECKOE 10JIe?

Kak onpenenuTs HanpaBieHWE BEKTOPA HAMPSHKEHHOCTH DJIEKTPUUECKOTO TOJIs?

Hamnucats dopmyny s pacuéra HanpsHKEHHOCTH SJIEKTPUYECKOTO I0JIA, CO3IaHHOTO TO-
YEYHBIM 3apsIIOM (| Ha PACCTOSIHUU .

o s w

1.4. PaGoTa CHJI 2JIEKTPOCTATHYECKOTO TOJIST
Beruucnum padoty cuibl Kynona Ha anemenTapHoM myTa dL (puc. 1.5)
dA=(F dL).

B cko0Kax 3amMcaHo CKalsSpHOe mpousBeacHue BekTopoB F m dL. Ecom o - yron
MEX/Ty 3TUMHU BEKTOPaMH, TO

dA=FdLcosa, (1.23)

B cnyuae nepemenienus 3apsana gz B
noJie 3apsaa (s

dA = kq—lgz dL cos a.
er

YurewMm, uto dL cos o = dr

dA = kq—lgz dr.

er

Orcrona s paboThl CHJ BJEKTpUUYECKOT0 moJis Ha nyTu 1 — 2 monyuaercs
BBIpaXEeHUE

Iz Iz
A= J‘ ka,d, dr = ka,d, d_!’
1§

2
er € 1 r

' Tlepen HavaOM H3y4eHHs AaHHOTO maparpada peKOMEHIyeTcs OBTOPUTH IIaBy 3 yueOHO-
MeTorueckoro nocodus «Kypc obmeit ¢pusuku. MexaHukay.
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A= kqlqz _ kqlqz_ (124)

ery er,

OTOT pe3yabTaT CBUIETEILCTBYET O TOM, YTO paboTa HE 3aBUCUT OT (POPMBI MyTH, IO
KOTOPOMY IE€pEMEIAeTCA B AJIEKTPUUECKOM MO0JIE 3apsi] (o, a 3aBUCHUT JIMIIb OT Ha-
YaJhbHOTO M KOHEYHOTO TOJIOXKEHUH 3Toro 3apsina (oT I U Ip). I3 MeXaHMKH U3BeCT-
HO, YTO CWJIOBOE I10JI€, paboTa B KOTOPOM ONPEIENSIETCS TOJIBKO HAadaJIbHbIM U KO-
HEYHBIM MOJIOKEHUSMHM TeJla, Ha3bIBA€TCA KOHCEPBATUBHBIM. ClieI0BATENbHO, JJIeK-
TPOCTATHYECKOE TO0JIe SIBJSETCH KOHCEPBATUBHBIM WM MOTEHUHAJNbHBIM. CHIIbI,
JNEUCTBYIOIIME Ha 3apsij (; B MOJIE HEMOJABHIKHOIO 3apsiaa (i, ABISAIOTCS KOHCEpBa-
TUBHBIMU (IOTEHLHATBHBIMHU). PaboTa KOHCEPBATUBHBIX CHJI MO 3aMKHYTOMY IYTH
paBHa HYJIIO

3aMKHYTBINA
MyTh

= §$F-dL =q§E-dL =0.
L L
Hupkyasinueil BeKTOPa HANPSKEHHOCTH IEKTPUYECKOrO IMOJSl BIOJb 3aAMK-
HYTOT'O KOHTYypa L, MpOBEAEHHOIO B I10J1€, HA3bIBACTCS JIMHEHHBIA HHTEIPAJI

jSEdE = jSEchos(E,dE).
L

L

JUJ1st 3IEeKTPOCTATUUECKOTO MOJISl CIPABEAJIMBA TEOPEMA O LUPKYJIALMH: HHPKYJIsi-
M BEKTOPA HANIPSI)KEHHOCTH 3JIEKTPOCTATHYECKOI0 1OJIsI PAaBHA HYJII0

§EdL = § EdLcos(E,dL) =0.
L L

OTO COOTHOILIEHHUE, BBIPAXKAIOIIEE MOTEHIUANbHBIA XapaKTep 3JIEKTPOCTATUYECKOIO
T0JIsA, CIIPaBEUIMBO KakK JUIsl MOJIsl B BAKYyM€, TaK U B BELIECTBE.

Teno, Haxoasnieecs: B NOTEHIMAIBHOM T0JIE CHJI, 00J1a1aeT MOTEHLUAIbHOM YHEP-
TMel, 32 cueT KOTOpOH cosepiiaercs padorta cuiamu nois. CienoBaTenbHo, paboTa
(1.24) moxet ObITh NMpeACTaBICHAa KaK PA3HOCTh 3HAYEHUI MOTEHIMAIbHON 3HEPIHH,
KOTOpBIMH 00J1aaal 3apss g, B Toukax 1 u 2 moins 3apsiaa (s

A = Wnl - Wn2-

OTcrona A NOTeHUMANbHOW SHEPTUU MOIy4aeM

WH - kqlqz + C
€r

3HayeHue KOHCTaHThl C OOBIYHO BBHIOMpAETCS TaKuM 00pa3oM, 4TOOBI MpHU yjiale-
HUM 3apsiga Ha OCCKOHEYHOCTH (I — o) ero MOTCHIMAJIbHAs SHEpPrHsl oOpaiianach B
HOJIb. [Ipu 5TOM yclioBUM MOJTydaeTcsi, 4To
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W, = Kl (1.25)

er

Bonpocwvl u 3a0anus ona camonpoeepkKu

1. Ot xakux ¢uU3NYECKUX BETUYMH 3aBUCUT padoTa CUJIBI MIPU MEPEMEIICHUH 3apsiia (, B MoJie
TOYEYHOTO 3apsiza ;? 3aBUCUT JIK OHA OT (POPMBI TPACKTOPUU?
2. 3amucats (HOPMYITy JUIS BBIYUCIICHUS MOTCHIIMAIBLHONH YHEPTHH B3aUMOJCHCTBHS JIBYX TO-
YEUHBIX 3apSAA0B (1 U (2, HAXOSIIMXCS HAa PACCTOSIHUU @ APYT OT Apyra.
3. Kakum 00pazoM 0ObIYHO BBHIOMPAETCS 3HAUCHUE KOHCTAHTHI B BRIPAKEHUU TSI TOTCHITHAI b-
HOU PHEPTHH B3aUMOJCUCTBHSI IBYX TOUYCUHBIX 3apsI0B?
. Ha kakom ocHoBanuu cuity KynoHa MOXKHO OTHECTH K KOHCEPBAaTUBHBIM CHIIaM?
. JlaTe ompeneneHue UUPKYJIALMH BEKTOpa HAMPSHKEHHOCTH BJAOJb 3aMKHYTOTO KOHTYpA.
O000mHUTh MOHATHE MUPKYISAIUU JUIS TIPOU3BOJILHOTO BEKTOpa. B KakoM ciydae UPKYIs-
1IUS IPOU3BOJIBLHOTO BEKTOPA MO 3aMKHYTOMY KOHTYPY paBHa HYJI0?

[SalE N

1.5. IloTeHMAJ 3JIEKTPOCTATUYECKOTO TOJIA

W3 ypaBuenus (1.24) cnenyer, 4ro

0L e P2
kg, kK ., J——
A= qz(i - &). (1.26) 1 e e
Srl ng /‘ .......... //// 2
/ -7
/ prad
| = // v
Pabota cuibl Ipy NepeMELIeHUH 3apsiaa [T, - F)
g2 B TIOJIE TOYEUHOTO 3apsja (; Mpomop- "// Puc. 1.6
uc. 1.
[MOHAJIbHA TIPOU3BEICHHUIO BEITMYHUHBI +Q1

nepeMeuacMoro 3apsgja M pasHOCTH

3HAYEHUH OTHOIIEHUS 1 B HayanbHON M KOHEUHOH TOUKax TPAEKTOPHUH, IO KOTOPOU

r
nepemeniaeTcs 3apsia.
Beenem dyHkiuto ¢, onpeaensieMyo paBeHCTBOM

A
=4 1.27)
d, (

Ona Ha3pIBaeTCS MOTEHITUATIOM D3JIEKTPOCTATUYCCKOTO TOJIS, CO3IaHHOTO TOYCU-
HBIM 3apsioM (. [loTenmuamom @(I) 3J1eKTPHYECKOTo MOJs B JaHHOW TOYKe Ha-
3bIBAETCSl OTHOIIIEHHE K ITOMY 3apsily padoThl BHEIIHUX CHJI, 3aTPauyeHHOil Ha
nepeMenieHue NpPoOOHOro 3apsaa U3 0€CKOHEYHOCTH B JIaHHYI0 TOUYKY. [loTeHunan
HE 3aBHCHT OT BEJIUYMHBI IPOOHOTO 3apsiia (, U UCTOJIB3YETCS HAPSIy C HaINpsIKEH-
HOCTBIO JIJISl ONTMCAHUS DJICKTPUUYECKUX Toyiel. [ToTeHnman 3neKTpocTaTHYecKoro mo-
7. B TOUKE, YAAICHHOM OT 3apsijia Ha OECKOHEUHOCTh, paBeH HYI0. B Touke 1 (puc.
1.6) ero 3HaueHHE

_ ka,

Pr1=—,
et
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B TOUKE 2 —

o K
er,
®dopwmyna (1.26) npuHEMaeT BH]T
A=02(91-92) =02 Ap = Q2U. (1.28)

Pa6ora cuJ1 moJisi npu nepeMenieHU 3apsa YUCJIEHHO PABHA NMPOU3BeIeHUI0
€ro BeJIMYMHBI M PA3HOCTH MOTEHUHMAJIOB B HAYAJLHOI UM KOHEYHOH TOYKAaX.
Pa3nocTh noteHmmanoB U = ¢; - ¢, HA3bIBACTCS DJICKTPUUECKUM HANPSIKEHUEM MEXK-
ny Toukamu 1 u 2.

Bonpocwvl u 3a0anus ona camonpoeepKu

=

3anucarh BBIpa)KEHUE, KOTOPBIM OINpEAENseTcs] NOTEHLMal TOYEUHOTO 3apsja.

B uem 3akmiouaercst (pU3MUECKUN CMBICH MOTEHIHAIA?

3. Kaxkoit 3HaK MMeEeT MOTEHIHAI, €CIIU JIEKTPOCTATUIECKOE TOJIe CO3MAET OTPUIIATEITHHBIN
3apsn?

4. Hamucatb ¢popmyny s pacyera MOTSHIMANA, CO3MAaHHOTO 3apsaoM d( B TOYKe, HaXO[s-
1ieiicst B BaKyyMe Ha pacCTOSIHUU I OT 3aps/a.

5. Kaxk uzmenurcs Boipaxkenue (1.28), ecnu koHctanta C Oyner otinyHa oT HoJisi? [louemy?

no

1.6. CBsI3b MeKIY JJIEKTPUYECKUM MOTCHIHATIOM
U HANIPS2KEHHOCTBIO 3JIEKTPHYECKOr0 MOJIs

&g, Puc. 1.7 +Q Puc. 1.8

DnekTpuueckoe 1mojie, o0yCIOBIEHHOE TEM WJIM MHBIM paclpeielieHUueM 3a-
pPALOB, MOJHO XapakTEepU30BaThb BEKTOPOM HAIPSKEHHOCTU U ITOTEHIMAIOM
(puc. 1.7). OueBUAHO, YTO MEXKAY 3TUMHU BEIMYMHAMH CYIIECTBYET CBs3b. Jleii-
CTBUTEIJILHO, paboTa CHUJI MOJs Haja 3apsaaoM (. Ha oTpes3ke nytu dL (puc. 1.8)
MOYET OBITH NpeAcTaBieHa, ¢ OJHOW CTOPOHBI, KakK (.E dL, rae E. — npoekuus
BekTOopa E Ha HampaBieHHME dIEeMEHTapHOro mepememenus dL, ¢ apyroi cro-
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POHBI — KaK yObUIb MOTEHIHAIBHON DHEPrUu 3apsijia, TO €cThb d(q.¢) = -ng—(i

IIpupaBHUBAs 3TU BBIPAKEHMUS, IOTYUYUM

OTcroga HaXo UM, 4TO

OTKyJa

BeipaskeHue, crosiniee B CKOOKaX, Ha3bIBAE€TCS IPAAUEHTOM CKAJSAPHON (PyHK-
MU ¢ U obo3Hayaetcs grad ¢ win V. Mcnons3ys o00o3HaueHUe rpaueHTa, MOXKHO
HaIucaTh

E =-grad ¢ =-Vo. (1.29)

Takum 006pa3zoM, HANPAKEHHOCTH IJTEKTPHUUYECKOro MOJIsi PABHA TPAaIMEHTy I0-
TEHI[HAJIA, B3ATOMY C OOPATHBIM 3HAKOM.

['pagueHT HEKOTOPOH CKaIsIpHOU QYyHKIUU ¢(X,y,Z) €CTh BEKTOpPHAs BeIWYMHA, 00-
Jajaomas CleayruuyMu cBoucTBamMu. Hampasnenue rpaareHTa COBIAJAET C Ha-
MpaBJeHUEM, B KOTOPOM MpU MEPEMEIICHUN U3 TaHHOW TOUKH (PYHKIIUS (p BO3pacTaeT
c HauOoJbIIeH CKOPOCThIO. YacTHbIE TPOU3BOIHBIC 8_(p’ 8_@’ % MPEACTABISIOT CO-

oXx oy oz
001 MPOEKINU TPaIUCHTa HAa KOOPJIMHATHBIC OCH X, Y, Z.

®opmyna (1.29) mo3BosieT MO M3BECTHBIM 3HAYCHHUSAM ¢ HANUTH HAMPSHKEHHOCTH
MoJisl B KaX10i Touke. MOXKHO peluTh U 00paTHYIO 3a7a4y, 10 3aJaHHbIM 3HAYEHU-
AM BeKTOpa E B KaxJ0il TOUKE HAWTH PA3HOCTH MOTEHLUATIOB MEKIY ABYMs IIPOU3-
BOJIbHBIMHM TOYKaAMM TOJISI

2
P1- Q2= _[ E dL. (1.30)
1

WNHuTerpan B mpaBod 4acTU MOXKHO CUMTATh IO JIOOOW JTMHUM, COSTUHSIOMIEN
Touku 1 u 2.
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Bonpocwl u 3a0anus ona camonpoeepKu

1. 3amucarp BeIpa)k€HHUE, CBS3bIBAIOIIEE MEXKIY COOOM AIIEKTPHUYECKHI MOTEHIMAT W Hampsi-
KEHHOCTb AJIEKTPOCTATUUECKOTO MOJIS.

2. Jlatp ompeneneHne TpaueHTa CKaIIpHON (QyHKINH.

3. Kak nampasnen Bektop grad ¢? [Touemy unTerpan B BoipakeHuu (1.30) MOXKHO CUMTATh 110
JII000H JIMHUH, COETUHSIONER TOUK 1 1 27

4. Yemy paBeH uHTerpain B BoipaxkeHuu (1.30), ecnu ero cuurars 1o 3aMKHYTOM JTMHUU?

1.7. llpyuHOMI cynepno3uuun

Cuita, ¢ KOTOpOW crcTeMa 3apsAa0B ACHCTBYET B IPOU3BOJIIBHOM TOUYKE HA BHECEH-
HBI B Hee MPOOHBIN 3apsiji, paBHA BEKTOPHOMW CyMME CHUJ, C KOTOPBIMH Ka)Abld U3
3aps/I0B CUCTEMBI B OTACIBHOCTHU ACHCTBYET HA IPOOHBII

N
F=F+F+F+.=> F.
i=1

[

DTO COOTHOIICHUE TPEJCTABISIET COOOU mpunyun cynepnosuyuu (HanioNHceHus)
cun. OH MOATBEPKIEH IKCIIEPUMEHTAIBbHO, U UCKIIIOUEHUHN U3 HEro He HaOsroaaeTcs.
VuurteiBas, uto F = (E, TOIy4UM npunyun cynepnosuyuu Ois HANPSAICEHHOCTU —
HAIPSHKEHHOCTh E 3JIEKTPHYECKOTO I0JIs, CO3JaBAEMOr0 B JaHHOM TOYKE HECKOJIb-
KHUMH TOYEYHBIMH 3apsilaMy, paBHA BEKTOPHOW CyMMeE HAaINpsKEHHOCTEH, co3aaBae-
MBIX B 3TOM TOYKE KaXKIbIM 3apsiIOM B OTAEJIBHOCTH

N
E=E, +E,+E;+..= ) E;. (1.31)
i=1

Ilpunyun cynepnosuyuu 01 nomeHyuala — MOTCHIHAT ¢ JJICKTPUUYECKOTO MOJIs,
C03/1aBa€MOT0 B TOYKE HECKOJIBKUMH TOUEYHBIMU 3aps/ilaMH, paBeH ajareOpandeckoit
CyMME€ MOTEHIMAJIOB MOJIEH, CO3/IaBAEMbIX B 3TOM TOUKE KaXKJbIM 3apsiJIOM B OT/EJIb-
HOCTH

N
P=@1+ @+ @z +...= Z(pi. (1.32)
i=1

[IpyHIMI Cyneprno3ulMK NEKTPUUECKUX MoJiel Hapsaay ¢ 3akoHoM Kynona siBiis-
€TCSl OCHOBHBIM 3aKOHOM 3JEKTpOCTaTUKU. OH MO3BOJISIET BBIYMCIUTH HaNpsHKEH-
HOCTb U MOTEHIMAI OIS JIFOOOH CUCTEMBI 3apsiA0B B JIFOOOH TOUKE MPOCTPAHCTBA.

Bonpocwvl u 3a0anus ona camonpoeepKu

1. B uem 3axitoyaeTcsi NPUHIUI CYNEPIIO3UIINN IEKTPOCTATUUECKUX MOJIEH?
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2. Hammcats COOTHOIICHHE ISl BRIYUCIICHUS CUIIBI, JISHCTBYIONIEH Ha 3apsii +(;, €CIIM U3BECT-
HbI CHUJIBI, IEHCTBYIOLIME HA 3TOT 3apsii CO CTOPOHBI 3apsioB +0, U —(z. DTO COOTHOUIECHHE
BEKTOpPHOE UJH cKaisipHoe? Crienarh yepTe’k, OTMETUB Ha HEM 3aps/ibl U CHIIBIL.

3. Tlo kakoit popmysne BBIUUCIAETCS HANPSHKEHHOCTH DJIEKTPUYECKOTO IMOJIS B MPOU3BOIBHOMN
TOYKE, €CJIM U3BECTHBI HANPSKEHHOCTH TOYEYHBIX 3apsA0B +(; , U —(2, CO3JAOIIUX I10JIE B
9TO# TOuKe? JlaHHOE paBEHCTBO BEKTOPHOE MJIH CKaJsipHOE? BBIMOTHUTE YepTEK.

4. Hamucatb ¢Gopmyiy Uisi BEIYUCIEHHUS MOTEHIIHANA JIEKTPHYECKOTO TOJISI B MIPOU3BOIBHOMN
TOYKE, €CJIM U3BECTHBI NOTECHIMAIBI TOYEUHBIX 3apsaA0B +(;1, U —(2, CO3JAOIIMX I10JIE€ B 3TOU
Touke. JJaHHOE COOTHOIIEHNE BEKTOPHOE UM cKaisipHoe? Crienarb YyepTex.

1.8. DaexkTpuvecKuii AUMOJIb

Inexmpuyeckuti Ounoib — cucmema 08yX 0OUHAKOBLIX NO GeUYUHE PAZHOUMEH-
HbIX MOYeYHbIX 3apsi008 +( U —q, paccmosHue medxcdy komopvimu L. Tpsimas, mpoxo-
asuias yepes o0a 3apsija, Ha3bIBAETCSl OCbI0 OUNOIAL.

Jlnst ompejieneHuss OpPUEHTAIIMU JIATIONS B
IPOCTPAHCTBE BBOIAT BEKTOP L, IMPOBEIEHHBIN
OT —q K +Q, U OUNOAbHBIU JIeKMPUYECKUll MO-
MeHm

=qL. (1.33)

o
1
o)

N3 cootnomenust (1.33) BUgHO, YTO HAmNpaB-
JIEHUE JUINOJBbHOTO MOMEHTAa COBMANAET C Ha- >
IpaBIEHUEM BEKTOpA L. q

HanpskeHHOCT, E B IIPOM3BOJILHOM TOYKE
MPOCTpPaHCTBAa MPEJCTaBIsET CO0O0M Cymnepro3u-

M0 HanpsKeHHOCTeW E, u E., co31aBaeMBIX
TOYEYHBIMHM 3apsA/laMd +( U —Q B ITOH TOYKE
(puc. 1.9). Tlonp3ysch MPUHIIUIIOM CYTIEPIIO3H-
LMY TOJIEH, MOXHO MMOKa3aTh, YTO B MPUOIMKE-
HUU  >> L BeJIMUMHA HANPSKEHHOCTH MO JU-
MOJI B MPOU3BOJIbHONW TOYKE BBIYUCISIETCS 10

dbopmyne

E= k—:',F:\/l+3cos2 : (1.34)
r

OOpatuM BHUMaHUE, 4YTO HaMpPsHKEHHOCTb
ANEKTPUYECKOTO TMOJsl, CO3AAaHHOTO TOYEUHBIM Puc. 1.11
3apsAI0M, yOBIBaeT ¢ paccrosuuem kak 1/r’. Ha-
IPSOKEHHOCTH TI0JIS IUTIONS YObIBAeT Kak 1/r°, To
€CThb OBICTpEE.

Cuctema 3apsiioB, U300pakeHHBIX Ha pucyHke 1.10, Ha3bIBaeTCs K8aodpynoiem, a
Ha pucyHke 1.11 — oxmynonem. Hanps>keHHOCTh TOJIA KBaJpyIoJisi yObIBaeT ¢ pac-
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CTOsIHHEM Kak (yHKIms 1/r', a okTymosst - eme GsicTpee — Kak 1/r°. OGmum st 1u-
MoJIsi, KBAJPYIOJsl U OKTYIOJISI SBJISIETCS TO, YTO ajreOpanyeckasi cymMmma o0pas3yro-
IIUX MX 3apsI0B paBHA HYIIIO.

Bonpocoi u3a0anus ona camonpoeepku

JlaTe onpeneneHue NEKTPUIECKOro JUIIOJISL, OCH JUIIOJIS, €ro JIEKTPUYECKOr0 MOMEHTA.
JIUnoIbHBIN MOMEHT — 3TO BEKTOP WJIU CKaJIsIp?

Kak HanpaBjeH TunoJibHbIi MOMEHT?

UYemy paBeH MOJIHBIN 3apsii JUMOJA?

Hanmcate hopMymy Asisi BBIYHACICHUS HANPSHKEHHOCTH JIEKTPHUUECKOTO OIS AUTIOINS B TIPU-
OmmkeHuu I >> L B mpou3BOJIBHON TOUKE.

[omyunts GopMyily JUIS BBIYUCICHHS HANPSHKEHHOCTH SJIEKTPHUYECKOTO TOJS B TOYKE, Ha-
XOJAIIEHCS HAa CepEAMHHOM NEPIEHANKYIISAPE K JUIIOJIIO.

HapucoBatb KBaapyIosib U OKTYNOJb?

UeMy paBeH MOJIHBIN 3apsi KBAAPYIIOS U OKTYIOJSA?

TBepaoe teno cocrout u3 N okrynoseit. UeMy paBeH MOJHBIN 3apsi/] 3TOTO Tena?

ISAEE S

o

© N

Hpumeps pewmenuns 3a0au

3agaua 1.1
Ckounbko aekTpoHoB N creyeT mepenaTh YeIUHEHHOMY METaNTMYeCKOMY MPOBOTHHUKY, YTO-
651 OH HMe 3apsin q = -1,6 - 10° Kn?

Hano: q=-1,6 - 10° K.
Haiitu: N.
[To ycioBuI0 3a/1auu MPOBOJHUKY MEPEIAIOTCS AIEKTPOHBI, HMEIOINE OTPUIIATEIbLHBINA 3apsi]l

_ -1
(e = -e=-1,6-10 YK [Ipu 3TOM 3apsix NPOBOJHUKA TAKKE CTAHET OTPULATEIbHBIM

g = Nde = -Ne.
Orcroga Haxogum N
N=-3.
e
IToacTaBuM 4HCIIEHHOE 3HAYCHHE
— —1,6'1075 — 1014
-16-10" '

14
Otget: mpoBoTHUKY cienyeT nepenarb N = 107 anekTpoHOB.
3anaua 1.2
CrmomHO#M Ky0 cO CTOPOHOM @ pPaBHOMEPHO 3apshKeH ¢ 00BeMHOM MIOTHOCTRIO p. Haiith ero

IIOJIHBIN 3apsy (.

HaHo: a; p.
Haiitu: q.
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Ky6 — 310 TpexmepHoe Tero obsemoM V = &%, Tak Kak, [0 yCIOBHIO, OHO 3apsLKCHO pAHOMED-
HO, MOHO HCIOJIB30BaTh hopmyiy (1.5)

-9
p VA
Otcrona
g=pV.
CnemoBaTtenabHO,
q = pa’.

OTBeT: TIOHBIH 3apsi KyOa paBeH ( = pa’.

3anaua 1.3
ITo ToHKOCTeHHOH cdepe pamuycoM R = 10 cM paBHOMepHO pacmpesernen 3apsia = 10° K.
Ha¥iT moBepXHOCTHYIO IJIOTHOCTH G 3apsa cepsl.

Hano: R=10cm = 0,1 m;
q=10°Kn.
Haiitu: o.
TonkocreHnHas cdepa — 3To AByMepHOeE Teno. Tak Kak, Mo YCIOBHIO, 3apsiji paBHOMEPHO pac-
MIPEJIEJICH 110 TOBEPXHOCTH C(hephl, MOKHO HCIIOIB30BaTh hopmyiy (1.10)

o=
S

2
[Tnomane moBepxHOCTH cdheprl S = 4nR”, cnenoBarenbHO,

q .
47R ?

HOZICTaBI/IM YHUCJICHHBIC 3HAUYCHUA

10™° _10°

c= = = =0,0796 -10° = 8 - 10° Kn/m’.
4-3,14-(0,1)> 12,56

— - 2
OTBeT: MOBEPXHOCTHAs IIOTHOCTE 3apsifa chepsl 6 = 4 p2 =810 ® Kon/m’.

3anaua 1.4

B /1ByX mpOTHBONOJIOXHBIX BEPIIMHAX KBaJ-
para co cropoHoi a = 0,3M HaxozsTCs pa3HO-
UMCHHBIC TOYCYHBIC 3aps/ibl, BEJIMYMHA KaXKIOTO
u3 kotopsix ( = 1 MxKi. Haiitu HanpspKeHHOCTD . T
E onektpuyeckoro mois B TPETheil BepIIUHE E,
KBajpara.

Hano: a=0,3 m;
q=0:= .= ImMxKn=10°Ku.
Haiitu: E.
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Tak xak cBOOOJIHBIE OT 3apsAA0B BEPLIMHBI KBaJpaTa CUMMETPHUYHBI OTHOCUTEIBHO 3apsi/ioB,
BEJIMYHMHBI HAIPSDKEHHOCTEH 3JIEKTPUUECKOI0 MOJIS B 3TUX TOUYKaX OJUHAKOBBL. PaccMOTpUM TOUKy
A, OTMEYEHHYIO Ha PHCYHKe. 3apsia +(; CO3/aeT B 3TOH TOYKE IEKTPUUYECKOE I0JIE, BEKTOp Ha-

MpsSKEHHOCTH KoToporo E i HampaBiieH ot 3apsiaa, T.K. +(; MOJOXKUTENbHBIA. 3apsi —(, CO3/1aeT B

TOYKE A BIIEKTPUUECKOE M0JIe, BEKTOP HAMPSKEHHOCTH KOTOporo E, HampaBieH K 3apsay, Tak Kak
OH oTpuuareabHbIi. COTJIACHO MPUHIUITY CYNEPIO3UIINH TOJIEH pe3yIbTUPYIOIIUN BEKTOP HaIpsi-
JKEHHOCTH B TOYKE A

Ha ueprexe Bexkrop E crpoum no mpasuity nmapamienorpaMma. Tak Kak yroa Mexay BEKTOpa-
mu E1u E, npsamoii, Benmuunny Bektopa E MoxHO HaiiTh o Teopeme [Tudaropa

E=E’+E.

Hcnons3ys popmyny (1.22), 3anumem 3nauenus Eq u Ey:

)

Kq kg
El :a—zl, E2 :a—zz

TOTJa, YYUTHIBAS, YTO (1= (2 = (

o}

HOZICTaBI/IM YHUCJICHHBIC 3HAUYCHUA

e 9 :10°-10°-1,41  9-10°-1,41
(0,3 9-10°

=1,41-10°B/m.

OrBeT: HAMPSHKEHHOCTB EKTPUHIECKOTO TOJTs1 B TPETHEH BEpITIMHE KBaypara E = k—? V2 =14110°Bm.
a

3apaya 1.5

B 1Byx BepmMHaxX paBHOCTOPOHHETO
TpeyrojbHuKa co ctopoHoit a = 0,3 m, mo-
MEIIEHBI [T0J0KUTENbHbIE TOUEUHBIE 3apsiIbl
BennuuHOM = 1 MK kaxasiii. Haittu cu-
ny F, nedicTByrollyr0 Ha MOJOXHUTEIbHBIN
3apan Qs = 5 MkKi, MOMEIEHHBIN B TPETHIO
BEPIIMHY TPEYTOJbHUKA.

Hano: a=0,3 m;
01=G2=q =1 mxKn = 10° Ku;
gs=5 MxKn =5 - 10° K.
Haritu: F.
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Co cropoHsl 3apsaa +0:1, Ha 3apsj (s aeiictByer cuna F . Tak xak o0a 3apsiia MOJIOKUTENbHBIE,
OHM OTTaNKuBaroTcs. [lockosibKy 00a 3apsiia TouedHbIe, MOKHO MCIOJIb30BaTh 3aKoH KynoHa
F - kq1q3
1 az .

Co cTopoHB! 3apsaa +0, Ha 3apsn +0s aeicTByeT cuwia F,. Oba 3apsiia MojgoXKUTEIbHbIE, OHU
OTTAJIKMBAIOTCA. 3apsi/ibl TOUYEUHBIE, CIIEJOBATEIBHO, MOXHO MCIOIB30BaTh 3akoH KynoHa
F _ kq2q3
2 2
a

CorynacHO TNPUHLHUITY CYNEPHO3ULMU CWI, pe3yapTupyromas cuna F, neiictByromas Ha

3apsan (s,

Benuuunny 3T0M CHIIBI MOKHO HAWTH IO TEOPEME KOCUHYCOB

F= \/Ff + F22 —2FF,cos(n-a),

F=F2+F,2+2FF,cosa,

rze o - yron Mexay Bekropamu K u F,. Tak kak TpeyrojibHUK paBHOCTOPOHHUH, 0. = 60°.

2 2
Fo [kqlzqu {quzqs] 22K KT o,
d d

a a
2 2 2
[kzgsj +[%] +2(%] c0s60°,

F= kgg‘S V3= kg‘jsl,?.

F

OtBert: cuiia, AeCTBYOIIAs Ha TpeTui 3apsia F :l,7kq—qzs =0,85H.
a

3anaya 1.6

B 1ByX BeplIMHAX TPEyroJIbHUKA IOMEIIEHBI TO-
gyeuHsle 3apsaabl t(; (paccTosHue 10 CBOOOAHOM +
BepmmHbl L;) u —Q (paccrosHume 10 CBOGOIHOI 41 - 0
BepunHbl Ly). HailTh moTeHmuan ¢ 3meKTprUuecKoro
0JIS1 B TPEThEH BEPIIMHE TPEYTOIbHUKA.

Hano: q1; Li; 02; Lo. q
Haiitu: o. 2
Toueunsie 3apsapl +0; U -0z B TOYKE A CO3aI0T 3JIEKTPOCTATUYECKOE T0JIe, TOTEHIIua-
JIBI KOTOPBIX
k(_qz)

— I:ql
_— — I/I =
0, 1 P2 2
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[1o mpuHLMITY CYNIEpIIO3ULIUN TTOJIEH:

OTBeT: NOTeHIHAJ 3JEKTPUUECKOTO OISl B CBOOOJHON BEPIIMHE TPEYTOJIbHUKA (Q = %—%
1 2

3agaua 1.7

[To meTamyeckoMy KOJIbIY paguycoM R paBHOMEpPHO pacupenelsieH 3apsij ¢ JUHEMHOW TI0T-
HOCTbIO A. HaliTu HanpsbkeHHOCTh E 31eKTpHuecKkoro nosis Ha pacCTOSIHUMM a BJOJb OCH KOJIbLIA,
NEPIEeHIUKYISIPHON K IMJIOCKOCTH KOJIBLIA.
JNano: R; A; a;
Haiitu: E.

Kosb110 He SBISETCS TOUYCYHBIM 3apsI0M, TTO3TOMY HEJb3s HCIIOJIb30BaTh hopmyiy (1.22)

Pa300béM KOJIbIIO Ha OeckoOHEeuHO Maible yuacTku AL u BwIOEpeM npouseonsubiii U3 HUX. Ha
HEM cocpeoToueH 3apss dJ, KOTOPbI MOKHO CUUTATh TOUCUHBIM. JIJ1s HETo

rjie I - pacctosiue ot 3apsiaa dg o Touku O (cm. puc.).
Hcrmonp3yeM JTHHEHHYIO MIIOTHOCTH 3apsiia

dg = AdL,
TOTaa

kdL
L (1)
r

Bektop dE HampaBieH BIOJBb MPSMOU, COSAUHSIONICH ToueuHbId 3apsan dq ¢ Toukoir O. BeI-

dE=AXA

6epem koopauHatHeie ocu OX n OV, kak moka3aHo Ha pucyske. Pasnmoxxum Bektop dE Ha nBa

BEKTOpa: dEX - BEeKTOp BJ1os1b ocu OX u dEy — BekTop Bosb ocu OY.
dE = dE, + dE,.
Hanpspk€HHOCTB 3ieKTpryeckoro mnoss B Touke O, co3gaHHast BCeM KOJIbLIOM,
E =[dE =[dE, +[dE, .
B cuny cummerpun 3aauu kasxcoomy BEKTOPY dEy HaAETCSA COOTBETCTBYIOUIMN €MY BEKTOD,

PaBHBIM O BEJIMYMHE U MPOTHUBOIOJIOKHBIM MO HANpaBICHUID. DTU BEKTOPHl CKOMIEHCHPYIOT
ApYr Ipyra, cIeJ0BaTelbHO,

X"

JdE, =0, E=JdE
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CropoenrpoBaB KaXkJIlii BEKTOP B 3TOM ypaBHEHUH Ha och OX, momyunm

E=]JdE,. )
BaenéM o — yrox mexay sekropamu dE u d E, Torma
dE, = dE cosa, E= _[ cos a dE. 3)

IToncraBum Boipaskenus (1) u (3) B (2)

cosa ki dL
r
y‘-II/ITBIBaSI, qTO r2 = RZ + 8.2, HOJIy‘II/IM

_a__ a2 dL, dq
CoSa= " (R2+a2)1/2.

BriHOCS M3-mIOJI 3HAKa WHTE-
rpaja TOCTOSHHBIE BEIUYU-
HBI, UMEEM

ak\

E:mjdL.

31ech MHTErpupoBaHHUE Be-
n€rcs Mo KoJiblly JuInHOM L =
2nR.

E_ akA2nR arR

(R2 +a2)3/2 280(R2 +a2)3/2 '

arR
280(R2 + a2)3/2 .

OTBeT: HaPSKEHHOCTH JEKTpUUecKoro nojis E =

3anaua 1.8

[To GeckoHEYHO IMHHOMY TOHKOMY MPOBOJy PAaBHOMEPHO PACIPENENICH 3apsii C JTUHEHHOM
IUIOTHOCTBIO A. Ha paccrosHuu a OT MpoBOJA HAXOIUTCS IMOJOKUTEIBHBIA TOYCUHBIH 3apsn (.
Haiitu cuny F, neficTByIOIIYyI0 Ha 3TOT 3apsiji CO CTOPOHBI MPOBO/IA.

Hano: A; a; Q.
Hatitu: F.

Cuny F, neiicTByromyto Ha 3apsij (f CO CTOPOHBI MPOBOJA, MOXHO HAaWTH, BOCIIOJIb30BABIINCH
dbopmynoi

F=qE.

3nece E — BekTOp HampsyKEHHOCTH AIEKTPUUYECKOTO IOJISI, CO3AaBAaEMOT0 IIPOBOJIOM B TOUKE A, B
KOTOPOM HaxoauTcs 3apsan (. B ckamsspHOM BHze
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F =qE.

Ilepeiinem Kk pacyeTy BEIMYMHBI BEKTOpPA HAIPSHKEHHOCTH 3JIEeKTpudeckoro noius E. [[ns atoro
pazo0beM TPoBO Ha OeckoHedHO Manbie yuactku L. OTMeTHM KOOpIHHATHBIE OCH TakK, Kak Mo-
Ka3zaHo Ha puc. 1. Beibepem npousBosbHbIid yaactok dL = dy. Ha Hem cocpenoroueH 3apsia dg, ko-
TOpBIﬁ cyuTacM TOYCYHBIM. HaHpSDKeHHOCTI), CO3JlaHHasd 3THUM 3apsaA0M B TOUYKC A, o MOoAayJsro
paBHa

dE = ¥99.
r
rjie I - paccTosiHue OT 3apsja dg 10 Touku A.
Y

dq
dy

A

o +q  dE,
a ! X
Puc. 1 dEy dE

Hcnonb3yem JnHEiHYO MI0THOCTD 3apsaa dq = Ady, Toraa

kidy

rr

dE =

Bektop dE HampamiieH BIOJIb MPSIMOM, COSMUHSIONICH TOYeUHbIH 3apsin dg ¢ Toukoit A. Pa3-
70uM BekTop OE 1o mpaBmiTy mapajurenorpamma Ha jBa Bekropa: dE, — Bekrop Bmosb ocu X H

dEy — BEKTOD BJIOJb OCcH Y.

dE = dE, + dE

X y -
HanpskeHHOCTh 3JIEKTPUYECKOTO MOJIs B TOUKe A
E= o= [dE, +[cE,
B cuiny cumMMeTpus 3a1a4M Kajicoomy BEKTOPY dEy HaWJETCs COOTBETCTBYIOLIUN €My BEKTOD,

PaBHBIM O BEJIMYMHE W MPOTHUBOIOJIONKHBIM MO HANpaBICHUIO. DTU BEKTOPHl CKOMIEHCHPYIOT
ApYr Ipyra, caeJ0BaTeIbHO,
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CripoeKkTHpoBaB Kaxk/Iplii BEKTOp Ha ocb OX, Moydum
E = JdE,.

Beenem yroa a mexy d E udE,, Torna
dEx= dE cosa,
E = [ cosa dE.

[ToxcraBuM BhIpakeHUE Ui dE, MOJIyYCHHOE
. HaMHU paHee:

\ E-] cosock?»dy.

| l’2

[Mepeiinem ot wHTerprpoBanus mo dy K uH-
) TErPUPOBAHUIO 110 yriy. [y 3TOro paccMoOTpuM

. OeckoHeuHO Maiyio ayry dS okpyxHOCTH C pa-
Tl auycom I (puc. 2)

dS = rdo.

C npyroii croponsl, dS = cosa dy.
[TpupaBHuBast 06a Beipaxenus s dS, moyaum

r da = cosa dy,
OTCIOA

rdo
dy = .
cosa

[ToncTaBum 0y B BhIpaskeHHUE IS HATIPSKCHHOCTH

E- ICOSOLk?»I’dOL :I kida
rcosa ro

Tak xkak r =

, TIOJIy4YuM
cosa

E- J‘kkcowdoc :Q

I cosada.
a a

OnpenenuM npenensl UHTErpupoBaHus. s OECKOHEUHO JUIMHHOTO MPOBOJIa KOOpJWHATa Y
MEHSIETCS OT -00 JIO +00, a yroj o oT -7t/2 1o +1/2.
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it 2
2
kv . . T kA
E:_ —_— - :_l_ _l y
a(Sln2 sm[ 2]] a( (-1))
2.
a
F:qE:2K%.
a

OTBeT: cuiia, IEHCTBYIOIIAs HA TOUEUYHBIN 3apsi (, HAXOASIIUKCA Ha PacCTOSHUU a OT OecKo-
HEYHO JUIMHHOTI'O TOHKOT'O IIPOBOJIA, 3apsKEHHOTO € JIMHEHHOMN IVIOTHOCTBIO A, paBHA

FZZK%.

a

1.9. JInHnu HANPAKEHHOCTH IJTEKTPHYECKOro MOJIst

- JIMHUY HAYMHAIOTCSI Ha TMOJIOKUTENbHBIX 3aps/lax U 3aKaHYMBAIOTCS Ha OTpUIla-
TEJBHBIX; TUOO0 MPUXOAAT U3 OECKOHEYHOCTH U YXOJSIT B OECKOHEUHOCTH;

- IMHUW HE MOTYT MepPeceKaThCs, MOCKOIbKY B KaXJI0W TOUKE MPOCTPAHCTBA TMOJIE
OTPEeIeNIEHO OJTHO3HAYHO.

[Ipu BBIOTHEHUU ATUX YCIIOBUM MO KApTUHE JTUHUN HAMPSHKEHHOCTH MOXHO CY-
JIUTH O BEIMYMHE W HANPABJIEHWH BEKTOPAa E B pasHBIX TOYKaxX MPOCTpaHCTBa (pHC.
1.12). B kauectBe mpumMepoB Ha puc. 1.13 — 1.15 nzo0pakeHbl JIMHUKM HATPSKESHHO-
CTH DJIEKTPUUECKOTO TOJISI, CO3aHHOTO TMOJIOKUTEIBHBIM TOYEYHBIM 3apsiIOM, MOJIO-
KUTEIBHO 3aPSYKEHHOMN 10 TOBEPXHOCTU CPEPOid U IMEKTPUUECKUM JTUTIOJIEM.

A
Eq \
B
//g\
v
Puc. 1.12 Puc. 1.13
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Puc. 1.14 Puc. 1.15

1.10. DxkBUNOTEeHUHMAJIbHbIE IOBEPXHOCTH
JUist HarsaIHOTO U300paKEHUSI AIEKTPUUECKOTO MO TAaKKE UCIIONb3YIOT MOBEPXHO-
CTH PABHOI0 NMOTEHUHAJIA - IKBUIOTEHIMAJTbHbIE OBEPXHOCTH. B npocTpancTBe
MOTEHLMAJI (¢ 3aBUCUT OT KOOpAMHAT X, Y U Z. CienoBaTreabHO, YpaBHEHUE HKBUIIO-
TEHUUAJIbHOU MOBEPXHOCTH UMEET BUJ

¢ (X, y, z) = const.

Ha puc. 1.16 nyHKTUpHBIMHU JTUHUSMU U300pa’ke€Hbl SKBUIIOTEHIUAIbHBIE TIOBEPX-
HOCTHU OTPHUIIATENILHOIO TO4YeUHOro 3apsiaa. 13 ypasaenus (1.29) cnenyet, 4To 9KBU-
MOTEHLMAJIbHBIE MMOBEPXHOCTH BCErAa MEPHEHAUKYJISAPHBI JHUHHUIM 3JIEKTPUYECKOrO
MOJIA.

Puc. 1.16
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1.11. IToTok BeKkTOpa HANPSKEHHOCTH U Teopema ["aycca

IToToK BeKTOpa HANIPSIAKEHHOCTH FJIEKTPUUECKOTO TOJISI

PaccMoTpuM MpOM3BOIBHYIO MOBEPXHOCTH S, KOTOPYIO MPOHU3BIBAIOT JTUHUH Ha-
NPSHKEHHOCTH AJeKTprueckoro moiist (puc. 1.17). PazoObeM ee Ha OECKOHEYHO Malibie
IUIOMIAIKK dS, KOTOPBIE MOXXHO CYHMTATh MJIOCKHUMH. BhiOepeM Mpou3BOJIBHBIN dJIe-
MEHT dS W TOCTPOUM K HEMY EAMHHYHBIN
BeKTOp HOpManu fi. OH HampaBleH Bcerna
HApyXy, €CIH TMOBEPXHOCTh S 3aMKHYTas
(puc.18).

BBesieM BeKTOp dS, BEMYMHA KOTOPOTO
paBHa dS, a HampaBJIEHUE COBMAJAET C BEK-
TOpPOM 1

ds

fids. (1.35)

Puc. 1.17

BeauunHa 3JIeMEHTAPHOIO0 IOTOKA
BEKTOpa HANPSKEHHOCTH JJIEKTPHYECKO-
ro noas d®, MPOHM3BIBAIOLIEr0 IUIOLIAAKY dS, paBHaA CKAJISAPHOMY IpoM3Beje-
HHIO BEKTOPOB E u dS
dd = E dS. (1.36)

qTO6BI HOquI/ITB TIIOTOK HaHpSI)KeHHOCTI/I 3HeKTpI/IquKOFO HOHH, HpOHI/ISBIBaIOIHI/Iﬁ
IIOBEPXHOCTH S, HANO CIOKHUTH (IIPOMHTErPHPOBATH) BCE MOTOKH dd, MPOHM3LIBAIO-
1M KaXIyl0 21EMEHTAPHYIO OBEPXHOCT,
. n g
® = fdo= §E dS, ds
S S

—

@ZIECOSOLdS, E
S

B B Puc. 1.18
e a - yroia Mexay Bekropamu E u dS.

Ecnu npou3BosibHASI MOBEPXHOCTh S, KOTOPYIO MPOHU3BIBAIOT JIMHUU HANPSKEH-
HOCTH 3JIEKTPUUECKOTO MOJISL, ABJIAECTCS 3AMKHYMOLU, TO UHTETPUPOBAHUE 110 3aMKHY-
TOW MOBEPXHOCTH 0003HAYAETCS TaK:

® = §E dS. (1.37)

W3 onpenenenus cienyeT, YTO NOTOK — CKAJSIpHAs BEJIMYMHA. Tak Kak B ciy4ae
3aMKHYTBIX ITOBEPXHOCTEH BEKTOP (S HampaBieH HapykKy, 3HAK IIOTOKA 3aBUCHT OT
HanpasyieHus BekTopa E. B Tex mecrax, rae nMHMU E BBIXOAAT U3 00bEMaA, OXBAThI-
BAEMOTO IOBEPXHOCTHIO, dd MOJNIOKUTENBHBIN; TaM, TJI€ BEKTOP E HampapieH BHYTDb,
d® - orpunaTenbHbli. MOAyNb MOTOKA BEKTOpPAa HANPSIKEHHOCTH 3JIEKTPUYECKOTO
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MOJIA YHUCIIEHHO PaBEH KOJIMYECTBY JIMHUM, MEpeceKaroluX BbIOpaHHYIO MOBEPX-
HOCTBb.

IToTok BeKTOpPa HANIPAKEHHOCTH JIEKTPHUYECKOI0 IOJIA TOYEYHOI0 3apsaa
yepes c(pepuuecKyI0 NOBEPXHOCTH
PaccMoTpuM IpoOM3BONIBHBIN TOYEYHBIN 3apsan g > 0. IIposenem BOKpyr sToro 3a-
psaa chepy paanyca R U HallJleM MOTOK HANPSYKEHHOCTH 3JIEKTPUUECKOr0 MOJIs Yepes
Hee (puc. 1.19).
Pazobnem chepy Ha OecKOHEUHO Majbie JIeMEHTHI dS. Beibepem mpou3BOJIbHBIN
JJIEMEHT U HalJIeM dJIEMEHTApHBIN ITOTOK

d® = E dS =E cos a dS,

e o - yron Mexay Bektopamu E u dS. Bekrtop dS HampapieH Hapyxy, T.K. HO-
BEPXHOCTh 3aMKHYyTas. JIMHUM BEKTOPa HANPSHKEHHOCTH DIEKTPHYECKOTO IOJIS TO-
YEYHOIO 3apsAfa MPECTABISAIOT OO0l COBOKYIHOCTh PaJMalbHBIX IPAMBIX, HAYH-
HAIOMIUXCS HA 3apse M yXOAAIMX B OECKOHEYHOCTh. Jlus mo6oro BexkTopa dS Ha-
npasienne E M dS coBmamaror. TO 3HAYMT, YTO B JIIOOON TOYKE Ha MOBEPXHOCTH
cepst o = 0°% cos 0° = 1,

dd =E dS,

A

q>=§dq> =§Eds. E
S S

Hanps>keHHOCTh  3JE€KTPUYECKOTO MOJIs
TOYEYHOI0 3apsjia Ha MOBEPXHOCTH CPEPHI

aly

v

. Puc. 1.19
OZIMHAKOBA B Ka)KHOH TOuKe cepsl, T.K. BCE €

TOYKH PaBHOYAAJICHBI OT IeHTpa. [103TOMYy KOHCTaHTY E MOYKHO BBIHECTH 3a 3HAK HH-
Terpaia

q>=E§ dS =E - 4nR?,
S

o= k_qz . 47-[R2 = m .
eR €
[ToacTaBuMm B mocinenHiow0 Gopmyity k = I
TE,
-1  Wr_ 9 (1.38)
dne, € €g,
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Ilomox eéexmopa HanpssCeHHOCMU SNEKMPULECKO20 NOs Yepe3 chepuiecKyro no-
8EPXHOCMb 3A6UCUM MOJILKO OM BEIUYUHBL 3apsA0a GHYMPU IMOU NOBEPXHOCIIU U He
3asucum om paouyca cgepvi. ITOT pe3yNbTaT CTAHET MOHITHBIM, €CJIU BCIIOMHHUTD,
YTO MOTOK YMCJIEHHO PaBeH KOJIMYECTBY JUHUM, nepecekatomux chepy. 13 puc. 1.20
BUJTHO, YTO YKCIIO JIMHUH, MEPECEKAOMMX CPEPbl pa3InYHbIX PAANYCOB, OJUHAKOBO.
bonee Toro, He U3MEHUTCS YUCIIO JIUHUM, IEpeceKaroNINX chepy U B TOM cllydae, ec-
M 3apan OyleT HaXOAMThCS HE B LIEHTpe cepbl, a B IPOU3BOJIBHON TOYKE BHYTPHU
Hee (puc. 1.21).

A
+
v

A
+
v

Puc. 1.20 Puc. 1.21

Ecnu 3HaK 3apsja OTPULATEBHBINA, TO M3MEHHMTCS TOJIBKO HAIPABICHHE JIHMHUIA,
HampaBleHue BekTopa E. Yroa o Mexmy BekTopamMu E u dS crameT paBHbIM 180°,
IIOTOK U3MEHUT CBOM 3HAK:

d® = E dS = E dS cos180°,
d® = E dS cos180° = -E dS,

® = §(-E)dS = —E§dS = —ES.

Uraxk, eciu enympu cghepvr nomecmumos ompuyamenbHulil 3apsio, Mo 3HAK NOMOKA
8EKMOPA HANPANCEHHOCMU INeKMPUYECKO20 NOJisL CIMAHem OMmpUuyameibHulM, MOOYIb
NOMOKA OCMAHemMcs NPEHCHUM

IToTok BeKTOpa HANPSKEHHOCTH YJIEKTPUYECKOr0 MOJIs

yepes3 3aMKHYTYIO IOBEPXHOCTH NMPOU3BOJIbHON (GOpMBI
W3 puc. 1.22 u 1.23 BUIHO, YTO YHUCIIO JIMHUN, TPOHU3BIBAIOIIMX MOBEPXHOCTh, HE
3aBUCUT OT €€ (hOPMBI, €CIU 3apsi] HaXOJAUTCS BHYTPU 3aMKHYTOM MOBEPXHOCTH CO
CKJIaJKaMU WM 0e3 CKIafok. Yucino mepeceveHuii MUHUEH E «MOPIIUHKU» MOMKET
OBITH TOJIBKO HeuemHbiM, IPUUEM ITU TIEPECEUEHUs BHOCIT B OOIIUI MOTOK Momnepe-
MEHHO TO MOJIOKUTEIBHBIN, TO OTpUIIATEIbHBIN BKIIaI. B utore, ckoibko ObI pa3 JaH-
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JlaHHasl JIMHUSI HE MepeceKasa MOBEPXHOCTh, PEe3YJIbTUPYIONINI BKJIA] B MOTOK paBeH
00 TUIIOC euHuULe (IS TMHUM, BBIXOJAIIECH HAPYXKY), TUOO MUHYC €IUHUIIC (s
JIMHWU, BXOJSIIEH BHYTPb).

A
v

C

Puc. 1.22 Puc. 1.23

Taxkum oGpazoM, 0 11000t opmbl 3AMKHYMOU NOBEPXHOCMU, 0X8AMbIEAIOWEl
moueunviii 3apsao 0, NOMOK 6eKmopa E CK603b 2my NOEepXHOCHb ONpeoeisemcs
Gopmynou (1.38).

Ecnu BHYyTpH HEKOTOPOM 3aMKHYTOW IMOBEPXHOCTU HECKOJIBKO TOYEYHBIX 3aps10B

Q1, G2, ... On, TO B CHJIY IIPUHIMMIIA CYNEPIO3UIIUM TOJIEN HAIPSHKEHHOCTh E B K000
TOYKE [TOBEPXHOCTH

CrnenoBaTteiabHO,
N
D=0+ D+ ...+ Dy = ) D,
i=1
rje
®l:ia ®2:q_21 ’ ®N:q_N
gg, gg, gg,
Takum oOpazom,
l N
D=—>q. (1.39)
880 i=1

Ilomox 6ekmopa HAnPANCEeHHOCMU INEeKMPUYECKO20 NOJs, CO30AHHO20 CUCTEMOU
OUCKDEMHBIX MOYEYHbIX 3aps008, Hepe3 3AMKHYMYI HOBEPXHOCHb NPOU3BOIbHOU
Gopmbl, pagen ancebpauieckou cymme 3apsio008, 3aKIOYEHHbIX GHYMPU IMOU No-
8epXHOCMU, OeJIeHHOU HA €go.

34



IToToK BeKTOpPAa HANPSIZKEHHOCTH JIEKTPUYECKOT0 MOJIst
yepe3 3aMKHYTYI0 IOBEPXHOCTh, HE 0XBATHIBAIOIIYIO 3apPsi/l
Jlo cux mop paccMarpuBanach CUTyalus, KO-
raa 3apsjbl HAXOAWINCh BHYTPU 3aMKHYTOH TO-
BepxHocTH. Ecnu 3apsn naxonutcst BHE ee (puc.
1.24), xaxnas JUHUS HANPSHKEHHOCTH TOJIS Tie-
peceKaeT MOBEPXHOCTh YemHoe YUCIIO Pa3, BBIXO-
I HapyXKy CTOJBKO € pa3, CKOJIBKO U BXOJ
BHYTpb. BKia/l, BHOCUMBIA B MOTOK Ka)KJOM JIU-
HUEH, paBeH Hym0. Mrtak, nomox eexmopa Ha- v
NPAACEHHOCMU  JJIeKIMPUYECKO20 NOJA  4epes Puc. 1.24
3AMKHYMYI0 HOBEPXHOCHb PABEH HYJII0, eCiU 3apsiobl HAX00AMCS 8HE MO NOBEPXHO-
cmu.

A

v

Teopema I'aycca
JlokazaHHOE yTBEpIXKACHHME HOCUT Ha3BaHHUE TeopeMsbl ['aycca: BeJIMYMHA MOTOKA
BEKTOpPa HANPSKEHHOCTH JJIEKTPHYECKOro mnojs @ yepe3 3aMKHYTYIO NOBepXx-
HOCTh NPOU3BOJIBHOKM (POPMBI paBHA AJredpamyeckol cymmMme 3apsi/ioB, 3aKJII0-
YEHHOMY B 00beMe, OTPAHMYCHHOM IAHHOH MOBEPXHOCTHIO, AEJIEHHOMY HA €€

o- 1 3, (1.40)

€&y ia
Ecau yuects, yto no onpeaenenuto noroxa (1.37)
® = {E dS,
S
TO Teopemy ['aycca MOKHO 3amucaTh B BUIC

fEdS = (1.41)
s €€,

371€eCh g — NOJIHBIN 3apsA]l, BHYTPH 3aMKHYTOM MOBEPXHOCTH. ECiI BHYTpb ITOBEPXHO-
cTu nomnaaaer N JUCKPETHBIX 3apsaoB qy, U, ... Oy, TO

N
4=Qu+ G+ ... + Qv = 20,
i=1
a Teopema ['aycca npuHUMaeT BUJ

jeas =L yq =2 (1.42)



Ecnu 3apsa BHyTpU 3aMKHYTOW IMMOBEPXHOCTHU pACHpPEAEICH HENMPEPBIBHO, TO
q:J'p dV B ciydyae 00bEMHOTr0O pacrnpejieieHus 3apsiioB, q:J' cdS mpu MoBeEpPX-

HOCTHOM pacIpeAeiIcHUuH 3apsaaoB U (=|AdL, eciu pacmopeaciicHUEC 3apsIoB
pacip P q pacip P

JIMHEHUHOE.

Teopema ['aycca ycTaHAaBIMBAET CBS3b MEXKAY DJIEKTPUUECKUMH 3apAJaMU U DJIEK-
TPUUECKUM ToJieM. B anekTpocraTuke oHa MpeACcTaBiIsieT cOO0OM CIeACTBHE 3aKOHA
Kynona. HanpsikeHHOCTb 3JIEKTPUYECKOTO MOJsl, CO3/JaBa€MOI0 KaKUM-JTMOO pacripe-
JEJIEHUEM 3apsii0B, MOKHO BBIUYMCIUTH ¢ MOMOLIBIO 3akoHa Kymona. OgHako 3a uc-
KIIFOUEHUEM CaMbIX MPOCTBIX CIy4aeB, BBIYUCINUTH 3Ty CYMMY WJIM MHTETpai KpailHe
cnoxHo. Ecnu pacnpeneneHue 3aps/ioB SBISIETCS CUMMETPUYHBIM, 4acTo yJoOHee
noJib30BaThes Teopemont ['aycca. IIpu 3TOM ciieayeT MOMHUTB, YTO:

1. TIoTOK HampsKEHHOCTH SJIEKTPUYECKOro Noyisi @ U BEKTOP HANPSIKEHHOCTH
5JIEKTPUYECKOTO 1O E - 3TO pasHble GU3UUECKUE BETUUMHEL

2. IIpu pacuere MOTOKa Yepe3 MOBEPXHOCTh CIEYET OpaTh He 6echb 3apsij, a TOJIb-
KO TOT, KOTOPBIA HaXOAUTCS BHYTPH 3aJaHHOU IMOBEPXHOCTU. ECiu BHYTph 3aJaHHOU
MTOBEPXHOCTH MOMNAJI0 HECKOJIBKO 3apsA0B PA3HBIX 3HAKOB, TO CyMMAapHbIN 3apsan Q
BHYTPH MOBEPXHOCTH CIEAYET CUUTATD C YUEMOM UX 3HAKOS.

3. IIpu pacyeTe HANpPSKEHHOCTH JIEKTPUUYECKOTO MO, CO3IaHHOTO CUCTEMOM 3a-
PSZOB B 33JJaHHOM TOYKE MPOCTPAHCTBA, CIEAYET M03a00TUTHCS 00 yI0OHOM BhIOOpE
noBepXxHOCTU. [loBepXHOCTh A0MKHA ObITh 00S3aTE€NBHO 3AMKHYMOU, WHAYE HEINb3s
OyJzeT BOCIOIb30BaThcs Teopemoit ['aycca. B kauecTBe 3aMKHYTON MOBEPXHOCTU pe-
KOMEHJyeTCsl BbIOMpaTh MOBEPXHOCTb, MPOXOASAIIYI0O Uepe3 3aJaHHyl0 B 3ajade
TOYKy. EcCiM B Ka)KI0il TOYKE Ha MOBEPXHOCTH E OJIMHAKOBA, €€ MOKHO BBIHECTH 32
3HAaK MHTErpaia

® = §E dS = §E cosadS = E§cos a.dS. (1.43)

YacTo uHTErpupoBaHKe MPU FTOM CYLIECTBEHHO YIPOIIAETCS.

4. Ecnu B 3a71a4e HE TOBOPUTCS, B KAKOM cpejie CleAyeT CUMTATh HAPSHKEHHOCTD,
TO pacyeThl HaJ|0 MPOBOIUTH I Bakyyma (g = 1).

5. He cneayer myTath 3apsiKeHHBIE TENa, KOTOPBIE CO3/Ial0T HAMPSKEHHOCTD JJIEK-
TPUYECKOTO MOJsI, U TOBEPXHOCTH, IOTOK YEPE3 KOTOPhIE HEOOXOAMMO COCUUTATb.

Hpumepo pewmenun 3a0au

3anaua 1.9

BHyTpr paBHOCTOPOHHETO TETpa’Apa CO CTOPOHOM a HAXOMATCS 3apsSKEHHAs! C MOBEPXHOCTHOM
IUIOTHOCTBIO +0 cepa paauycoM R U 3apsHKEHHBIN ¢ 00bEMHOH IIIOTHOCTHIO —p MHJIUHAP PaJIHy-
coM I u BeicoTol h. Haiitu moTok @ BekTOpa HAIPSHKCHHOCTH 3JICKTPUUYECKOTO OIS Yyepe3 TeTpa-
37p.

Jano: a; +o; R; -p; h.
Haiitu: @.
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IToBepxHOCTH TeTpa’/pa 3aMKHYTas, MIO3TOMY I PEIICHUs 33Ja4d MOKHO BOCIIOJIb30BaThCS
TeopeMoii ['aycca. BennunHa noToka Hanps>KEHHOCTH 3JIEKTPUYECKOTO MOJIS Yepe3 TeTpadp paBs-
Ha TOJHOMY 3apsiy, HaXOsIIEMYycs 6Hympu TETpajdapa, AeIeHHOMY Ha &. [I0CKOIbKy HE TOBO-
pHUTCS B YCIIOBUHM, B KaKOH cpejie HaxoaTcs 3apsuKEeHHbIE Tena, cuntaeM € = 1. Urak,

r1e ( — 2JIEKTPUYECKUN 3apsil BHYTPU TETpa’apa.
Haiinem 3apsibl chepbl U IUIMHIpA:

Jg.=06-S= c4nR?,
Qu=-p V= -pTEI’Z-h,
rae S — wionaas noBepxHoctu chepsl, V — o0beM 1u-

nuuapa. Cdepa U MUWIMHAP MOTHOCTHIO HAXOIATCA BHYT-
pH TeTpaspa, Mo3TOMY

q=0u+ e

q = o4nR’ - pur’h,

o= 4 c4nR?* —pnr’h .
€ €9

OOpatuTe BHUMaHUE, YTO BeIUYUHA NOMOKA He 3A8UCUmM OM pa3mepos U hopmbl mempa’opa,
TaKk Kak, B COOTBETCTBHH C TeopeMoil ['aycca, 3aMKHyTasi TOBEPXHOCTh MOXET ObITh JTF000i (op-
MBI.

c4nR? — pnr’h
. .

OTBeT: NOTOK HANPSKEHHOCTHU AIEKTPUUECKOTO MOJIs yepe3 TeTpasap O =
0
3agaya 1.10

Cdepa pagmycoM ' paBHOMEpPHO 3apsbKe€Ha C MOBEPXHOCTHOW TUIOTHOCTBIO ©. Haiitu Hamps-
KEHHOCTh E snexTpudeckoro moiisi B TOUKE BHE cepbl, Haxomsmielcs Ha paccTosHud R ot ee
LIEHTpA.

Hano: r; o; R.
Haiitu: E. J

1. Halinem HOTOK BEKTOpa HANPSKEHHOCTH / CA 5
4yepes3 3aMKHYTYIO [TOBEPXHOCTb 110 €Tr0 OINpe/erne- ' ¢ —> >
HUIO \ ;dS

®= fE s, R
S,

Jljist 3TOTO HAZO0 BHIOpPATh 3aMKHYTYIO TIOBEPXHOCTH S;. HampsmkeHHOCTH AJIEKTPUIECKOTO TTOJIS
cdepbl paguyca I UMeeT CPepuIecKyr0 CHMMETPHIO, TI03TOMY TOBEPXHOCTh BBIOEPEM TaK)KEe B BHJIE
cdepbl, MPoXosIel Yepe3 TOUKy A, B KOTOPOU CIeAyeT HalTH HANPSHKEHHOCTH (CM. pPHC.).
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BexTop HampspkKeHHOCTH 3JeKTpudeckoro mojii E B Touke A HampaBlieH OT 3apsijia, Tak Kak
3apsijl, CO3AOIIMN ITO TI0JIe, MOJOKUTENbHbIA. BexkTtop dS B Touke A HampaBiieH mapauielibHO

BEKTOPY E.

<p=§Ed§=§Eds
S, S,

BreiOpannas cdepa paguycom R sSBIsSeTCS SKBUIOTEHIIMATHHOM MOBEPXHOCTHIO. DTO O3HAYACT,
9T0 BeMnunHa E B KaXkJI0# TOYKEe HAa MOBEPXHOCTH ITOW cdepbl oJMHaKOBa. E BeIHECEM 3a 3HAK
WHTETpaja

®=F §ds -E-S,,
St

® =E - 4nR’. (1)

2. Haiinem monHBIA 3apsii BHYTPU BBIOPAHHOW MOBEPXHOCTH. 3apsia HaxoauTcsi Ha chepe pa-
IMyCOM I, UMEIOIIeH TUIoImap Ss.

g=06-S;=0-4nr’,
2
o= 9 - o4 ()
€9 €

3. IlpupaBHuBas npaBble yacTu cooTHoueHui (1) u (2), umeem

2
ocdnr
E4nR*= ——
€
OTcroga Hagem
2
or
E= 5
goR

OTBeT: HaNpsHKEHHOCTh 3JIEKTPUYECKOTO TOJIs, CO3JaHHOro cepoil ¢ OECKOHEYHO TOHKMUMH CTEH-
KaMU U PaJycoM I, paBHOMEPHO 3apsHKEHHOH C TIOBEPXHOCTBIO G, B TOUYKE CHAPYXKH cephl, Haxo-

nsielicsa Ha pacctosiHuu R oT nientpa cdepsl, E = “RZ
0

3agauva 1.11

[Mummaap ¢ OECKOHEYHO TOHKMMH CTEHKaMH OSCKOHEYHOM JITMHBI 3apsKEH C MOBEPXHOCTHOM
IUIOTHOCTBIO 6. Paanyc nununapa r. CHapyu HWIMHAPA, B TOUKY, HAXOAALIYIOCS Ha PacCTOSHUU
R or ocu nuianHzapa, MOMEIIAOT MOJIOXKUTENIBHBIN TOUeUHBIN 3apsay (. Halitu cuny F, nelictByro-
LIYIO Ha 3TOT 3apsAJ CO CTOPOHBI HUIUHIPA.

Hano: o; 1; R; Qo.
Hatitu: F.
1. 3anumeM Gopmyny, CBA3BIBAONIYI0 BEKTOP HANPSKEHHOCTH JJIeKTpudeckoro mois E ¢

cunoit F, neiicTByrouiei Ha TOUEUHBIN 3aps] (, TOMEIIEHHbIH B TOUKy A (puc. 1)
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F :qOE.

Bextop E B TOuke A HampaBieH OT IWIMHJIPA, TaK KaK OH 3apsKeH IOJIOKHUTENbHO. Bekrop

cusl F, JICHCTBYIOLIEH Ha TOYEYHBIM 3apsij
+(o, HaIIpaBJIEH TaK e, TaK KaK OJJHOUMEHHbIE
3apsAabl OTTAJIKUBAIOTCS.

Bribepem ock X, kKak mokazaHo Ha puc. 1.
CrpoeunpyeM KaxIblii BEKTOp B YpPaBHEHHHU

Ha BBIOpaHHYIO 0Ch X = 3
_ > >
F = qoE. (1)
2. Haiinem HanpsiKE€HHOCTb 3JIEKTPUUECKO- >
ro moJjs B Touke A. [jst 3TOro BocmoJib3yeMcs X
Teopemoii ['aycca:
Puc. 1

=4 _ O
@—iEdS—S—,

0 i

rie S; — 3aMKHyTasi IOBEPXHOCTh B BHJIE HWIIMHAPA paauycoM R u BeicoToit h (puc. 2). Ona co-
CTOUT M3 JIBYX OCHOBaHHUN U OOKOBO MOBEPXHOCTH

OCH ,

+
—

sl

o

Ser, * [EdS,,.

Sl Socul Socuz S6m<

BekTop HampsyKEHHOCTH 3JIEKTPHUYECKOTO TIOJIS B JIFOOOW TOUYKE HAa MOBEPXHOCTH BBHIOPAHHOTO
HaMU IWIMHJIpAa HaIlpaBleH OT
3apsja, Tak Kak 3apsij MOJIOXKH- |

TenbHblid.  Bextoper dS,,  m

dS,,, B Kaxmoil TouKe Ha OC-

HOBAHMAX LWIMHApPA Halpasiie-
Hbl TIEPIEHIUKYIIPHO OCHOBa-
HUAM. YTJbl MEXKIY BEKTOPaMH

Eu dS_, . paBHbI 90°, cos 90°
=0.

[EdS,,, = [Ecos90°

ocul

S,

OCH

AHAJIOTHYHO PACCYXk/ast, MOIyIHM I EdS,, , =0.
S

ocu2

Bekrop E B xaxxjoi Touke Ha OOKOBOM MOBEPXHOCTH LIMJIMHJPA COBIAAAET C HAIPABICHUEM BEK-

Topa d S 6or. VrOM MEXTy BEKTOpaMH E udS g, paBeH HYJII0, COS 0°=1,

® = I E cos 0° dSg,,,

S6m<
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®= [E dSe
SG\)K
BoxoBas moBepXHOCTh MUIMHAPA paanyca R SBiIseTCs SKBUMOTEHIIMAIBHOM. JTO 03HAYAET, YTO
BenuunHa E B Kax10# TOuke Ha OOKOBOW IMOBEPXHOCTH ITOTO MHIJIMHApPA ofuHaKoBa. KoHcTaHTy
MO>KHO BBIHECTH 32 3HAK MHTErpaja

®=E j ds
SG\)K

® = E 2zRh. )

=E S60K1

60K

4. Haiinem 3apsiq BHYTpU BbIOpaHHOM noBepXHOCTU. OH pacIpeseseH Mo HWINHIPY paguycoM I
U BBICOTOI h.

q =0 - 2mrh,
O o2nrh . 3)
€

5. Ilpupasusiem mpasbie yactu Gopmy (2) u (3)

E 2nRh = @ ’
€
OTCIOJIa TIOJTYYUM
E=9"
g,R

6. Vcnonb3ys popmyny (1), HaiineM BETUYUHY CHITBI

F= qoE = 1°°°
€

OtBeT: neicTByIOLIas Ha TOYEUHBIN 3apsa] (|, HaXOAIIMICS Ha paccTOsSSHUU R OoT ocu muiIMHApa

. c-r
paauyca I BHE HHJIMHIPA, 3apsSKEHHOTO C IIOBEPXHOCTHOM IIIIOTHOCTHIO G, CHJIa F= qO—R .
€
0

3agaya 1.12
Haiitn HanpsbkeHHOCTh E 3leKTpHuYecKkoro mojisi B TOYKE, HaXOJIencs Ha paccTosHuu 0 oT

0eCKOHEYHOW TOHKOW TUIACTHHBI, PABHOMEPHO 3apsHKEHHOM ¢ TOBEPXHOCTHOH IJIO THOCTHIO G.

Hano: d; o.
Haiitu: E.

1. Jlng pewienus 3aga4uu BOCIoJib3yemcs Teopemont ['aycca

_fEg=9
@ iEdS N

2. HaiineM NMOTOK HAmNpsyKEHHOCTH 3JIEKTPUUYECKOTO IOJISI Yepe3 3aMKHYTYI0 MOBEPXHOCThH 10 OII-
pElENIEHUI0 IOTOKA
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= §E ds.
5,

Jlnst 5TOTO BBIOEPEM 3aMKHYTYIO MOBEPXHOCTH S1, HCIIOJIB3YSI CHMMETPHIO JIMHUI BEKTOpa Ha-
MIPSKEHHOCTHU JIEKTPUYECKOT0 MOJIs IIacTUHBL. [I0BEpXHOCTH TOJKHA IPOXOAUTH YEPE3 TOUKY, B
KOTOpOH ClielyeT HAUTH HAPSKEHHOCTD.

Bovibupaem 3aMKHYTYI0 TIOBEPXHOCTh B BHJE IIMJIMHJIpPA BBICOTOH 2d M TUIONIABI0 OCHOBAHUI
Socn. OHA COCTOUT M3 TPEX YacTel: ABa OCHOBAHHUS U OOKOBAsi IOBEPXHOCTb.

o= {EdS= [EdS,, + [EdS,, + [EdS,, .
S

Stox Socnt Socny

BekTop HanpsyKEHHOCTH SJIEKTPUYECKOTO IMOJIs B JIFOOON TOYKE Ha MOBEPXHOCTH BBIOPAHHOIO
IMJTMHIPA HANIPABJIEH OT 3apsijia, TAK KaK 3aps| MOJNOKHTEIbHbIH. Bektopsr dS, BO BCex TouKax
Ha OOKOBOHM IMOBEPXHOCTH IMJIMHJpPA HAINPaBJIECHBI MEPIECHANKYISIPHO 3TOM MOBEPXHOCTH. YTOI
MEKy BekTopamu E u d§60K pasen 90°, cos 90° = 0,

[E dS,, = [Ecos 90° dSsu = 0,

Stox Seox

IJ1aCTHHA

Bekroper dS, m dS_, = BO Bcex TOUKax Ha OCHOBaHMAX LWMIMHIPA HATIPABICHBI HAPYKY

napauIeNbHO BeKTopaM E B 3THX TOUKax. YTIIBI MEXIy BEKTOPaMH PaBHEI Hyimio, c0s 0° = 1.

®= jEcosOodSml+ jEcosOodsz.

S, S

o= [Eds,,, + jEds

ocH] Socuz

OCH , *
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O6a ocHOBaHUS ouiInHApa ABJIAIOTCSA YaCTAMH SKBUIIOTCHIUAJIBHBIX HOBerHOCTeﬁ. 9T0 03Ha-
9acT, 4TO BCIHMYHHBI E B Ka)KHOfI TOYKC OCHOBAaHHWA HUJIMHIApPAa OAWHAKOBBI. KOHCTaHTy MOKHO
BBIHCCTH 3a 3HAK MHTCTpAJIa. Hnomazm OCHOBaHHUH OUIMHAPA TAKKC OJJUHAKOBBI U paBHBI S.

@:jEds+ jEdSzszds,
S q>=zsiz-s. S 1)

3. Haiinem noJiHbIi 3apsij, MONABIIMK BHYTPh BEHIOPAaHHO HAMHM NOBEPXHOCTHU. 3apsi]] HAXOAUT-
Csl Ha IUIACTHHE, UMEIoLIel OECKOHEUHbIE Pa3MeEpPbI, HO OH MONaJl BHYTPh BEIOPAHHOM MOBEPXHOCTH
He Bech. BHyTpu okazascs 3apsj, pacupeie/eHHbIH 10 06CKOHEUHO TOHKOMY JHUCKY IUIOIAAbI0 S:

qg=o-S, ®:%' ()
0

4. Tlpupasusiem notoku (1) u (2):

OrtBeT: BeIHMYUHA BCKTOpPAa HANPSKCHHOCTU JJICKTPUYCCKOT'O I0JIA, CO3AAaHHOTO PAaBHOMCPHO 3a-

. . . . o
PAKCHHOU OECKOHEUYHOM TOHKOH IJIaCTUHOM OJIMHAKOBA BO BCCX TOYKAX MPOCTPAaHCTBA U E= 2— .
€
0

1.12. IndnexTpuKku

IHonsipHble U HEMOJSIPHbIE MOJIEKYJIbI

JunneKTpuky (MU U305 TOPhl) HE MPOBOJST MNEKTPUUECKUM TOK, TaK KaK B HUX,
B OTJIMYHME OT IPOBOJHUKOB, HET CBOOOJHBIX 3apsiiOB, CIIOCOOHBIX JBUTATHCA IO
00BbEMY TUAJIEKTPUKA MO IEUCTBUEM DIECKTPUUECKOTO T0JIst. MOJIeKyJIbl, U3 KOTOPBIX
COCTOUT JIUDJIEKTPUK, OBIBAIOT IBYX BUJIOB.

IHonsipHble MOJIEKYJBI — IIEHTPHI MOJOKUTEIBHBIX U OTPUIIATENIBHBIX IIJIOTHO-
CTEH 3apsJIOB HE COBIAJAIOT. DTH MOJEKYJIbl 00J1alal0T COOCTBEHHBIM JUTIOIBHBIM
MOMEHTOM P B OTCYTCTBUM BHEIIHETO AJIEKTPUUYECKOTO MoJjsi. JIMMmoibHbIE MOMEHTHI
MOJISIPHBIX MOJICKYJT TUAJIEKTPUKA PACHpe/iesieHbl B MPOCTPAHCTBE XaOTUYECKH, IO-
ATOMY €T0 CyMMAapHBIM 3JIEKTPUUECKUA MOMEHT PaBeH HYJIIO.

Henoasipubie MoJ1eKYJIbI — IIEHTPHI JIOTHOCTEH 3apsi0OB pa3HbIX 3HAKOB COBME-
mieHbl. Takue MOJIeKyJbl HE UMEIOT COOCTBEHHOTO JUIOJIBHOTO MOMEHTA.

Bo BHEIIHEM >JIEKTPUYECKOM MONE Eo noispHbie MOIEKYJIbI-IUIONA CTPEMATCS
BBICTPOUTHCS TaK, YTOObI MX MOMEHTHI ObUIM HampaBieHbl BIOJL mojis. [lomHOro
YHOPSAMOYEHHS [0 HANPABIECHUIO Eo HE MPOUCXOIWT, T.K. STOMY IIPEMATCTBYET TEII-
JIOBOE€ JIBUYKEHUE MOJIEKYI.
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B nenonapnvix Monekynax noja AEWCTBUEM BHEIIHETO IMOJIS MOJOKUTEIBHBIE U OT-
pHULIATENBHBIE 3aPA/Ibl CMEIIAKOTCS BIOJb MOJIL, HO B Pa3HbIE CTOPOHBI. J(MMOJIBbHBIN
MOMEHT TaKUX MOJIEKYJ HE 3aBHCUT OT Temreparypbl. OH onpeaensieTcs: BEIUUYnHON
BHEIITHETO IOJIS

p =PBeoEo, (1.44)

IJI€ & — DJIEKTPUYECKAsi MOCTOSIHHASA, KO3 (ULIHUEHT MPONOPLIUOHAIIBHOCTH 3 Ha3bIBa-
€TCS MOAAPHU3YEMOCTBIO MOJICKYJIBI.

Honsipusanusa TUIIEKTPUKOB
CrtpemiieHue AWMONEH B AUDICKTPUKE BBICTPOUTHCS BIOJIb MOJS MPHUBOIUT K TO-
My, YTO Ha €T0 KpasiX MOSIBISIOTCS HaBEACHHBIC 3apsiibl, U CaM AMAJICKTPUK CTAHO-
BUTCSI 10J100€H OonbiioMy aunoiito (puc. 1.25). BHyTpu ausnekTpuka co3gaeTcs J0-
NOJHUTENBHOE Tone E'. Pesymbrupyromee moje E okasbIBaeTCs OCIa0JIEHHBIM I10
CPaBHEHHIO C BHEIIHUM TOJIEM

E=Eo+ = o
Tak kak HanpaBJIeHHUs BEK- - T
TO E E' - 9099 o0 %o . - E'
poB Eo u E' mpoTHBO [ - n.% +
HOJOXHBI, B CKaJIPHOM “.. ob o® - —
BHJIC ot ob N % - 4
E = Eo- E* 0
o+
3apansl  Ha CTOpOHax Puc. 1.25

JTUDJICKTPUKA,  TEPIEH/IU-
KYJSIPHBIX K HalpaBJICHUIO BHEIIHETO MOJIs, Ha3bIBAIOTCS NOIAPUSAYUOHHBIMU CBSI-
3aHHBIMU 3apsgamMu. CaMo Ke MOSIBJICHUE ITUX 3apsJIOB HA3bIBACTCS MOJsIpU3anueit
nudeKkTpuka. UToObl OXapakTepu30BaTh BEIWYMHY MOJISIPU3AlMKM BBOJST BEKTOP
nosipu3anuu P . JJ1g 5TOro BBLIENSIOT (pusuyecku Maiblii 00beM AV, HAXOAAT CyM-
My JIMMOJBHBIX MOMEHTOB pi, 3aKJIFOYEHHBIX B 3TOM 00bEME MOJIEKYJ, U pacCMaTpu-
BaIOT OTHOIIEHHUE

Pt (1.45)

(Du3nvecKku Majblii 00BEM COACPKUT JOCTATOYHOE IJISI YCPETHEHHUS KOJUYECTBO
MOJIEKY).

Y nudnekTpuka Jr00ro THma (KpOME CETHETOINEKTPUKOB) BEKTOP MOJIAPU3ALNU
P CBSI3aH C HAIPSYKEHHOCTBIO TIOJIS COOTHOIIEHUEM
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P =yeoEo, (1.46)
¥ — HE 3aBHCALIas OT E BeJIMYMHA, Ha3bIBAEMAs AMDJIEKTPHYECKO BOCIIPHHMYHMBO-
CTBIO JUDJICKTPHUKA.

DJIEKTPHYECKHM CMelneHneM (WM YJIEKTPUYECKOil MHIYKIHUeil) Ha3bIBaeTCs
BeKTOp D

D = oo + P. (1.47)

[loncraBuB B 3Ty hopmyiy Beipaxkenue (1.46), nomyunm

D =gyEo +xg0Eo = €o(1 + %) Eo = goe Eo. (1.48)

be3pasmepnas BenmuumHa € = (1 + ) ABISAETCA OTHOCUTEJBHON IAMIJIEKTPHUYECKON
NPOHHUIIAEMOCTBIO CpPe/bl.
Teopema ["aycca s moJist B AUDIEKTPUKE BBITJISIAAT TaK

jous = 3. (L.49)

1.13. IIpoBonHUKHN

PaBHOBecHe 3apsi/10B HA IPOBOJHUKE

IIpoBoaHUKM - BeUIECTBa, COJAEPXKAILME CBOOOAHBIE JIEKTPUUYECKUE 3apsibl, TO
€CTh 3apsJibl, KOTOPbIE MOTYT CBOOOJHO NEpeMeIaThcsa Mo 00bEMY NpoBoAHMKA. Bee
METAJIJIBI SIBIISIOTCS] IPOBOTHUKAMH.

Ilpu nomeweHuu He3apPANCEHHO20 UZOIUPOBAHHO20 NPOBOOHUKA 60 GHeulHee
anexmpudeckoe none E,nporcxoaut crepyromee (puc. 1.26):

e CBOOOJIHBIE DJIEKTPUYECKUE 3apsiibl MOJ JI€WCTBUEM BHEIIHErO MOJs IepemMe-
IIAIOTCS TaK, YTO Kpasi MPOBOJHUKA OKAa3bIBAIOTCS
3apsKCHHBIMU;

e WHAYIMPOBAHHBIC Ha Kpasx 3apsibl CO3AAIOT
COOCTBEHHOE TI0JI€ HANPSHKEHHOCTBIO E ., Ha- — 7
TIPaBJICHHOE MPOTHBOIOIOKHO Eo. — T

[Tepemenienne 3apsioB IMPOIAOIKAETCA OO0 TEX E uux "
Mop, TIOKa BHEIIIHEE TMOJIe U TI0JIe HHyIIUPOBAHHBIX
3apsAI0B HE CPABHSIOTCS IO BEJIUYMHE; MPU 3TOM
CyMMapHO€ II0J€ B NPOBOJHHMKE HCYE3HET, Eo +
E ux = 0, M IBIDKEHHE 3aPSAI0B IPEKPATHTCS.

Ecnu Ha n301MpOBaHHBIA MPOBOJHUK TOMECTHUTH
M30BITOYHBIA 3apsifi, TO OH PacHpeiesuTCs TOJIbKO Puc. 1. 26
Ha TIOBEPXHOCTH MPOBOJHUKA IO CJEAYIOLUIUM
NpUYUHAM:
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e IOCKOJIbKY OJHOMMEHHBIE 3apsiibl OTTAJIKUBAIOTCS, HU30BITOUHBIE 3JIEKTpUYE-
CKHE 3apsJbl CTPEMSITCS PACTIONOKHUTHCSA KaK MOXKHO JIajibllle ApYyr OT JApyra; 3TO CO-
OTBETCTBYET pacClpeesICHUIO 3apsia Ha MOBEPXHOCTH;

e TO € MOXHO JI0Ka3aTh, UCIOJIb3Yys TeopeMy ['aycca: mosst BHyTpu MPOBOJIHUKA
OBITH HE MOXKET (MHaue 3apsbl €€ Obl IBUTAINCH, U HE ObUIO OBl paBHOBECHSI), CJie-
J0BaTENIbHO, U MOTOK MOJIsl Yepe3 JIF0OYI0 3aMKHYTYIO MOBEPXHOCTh BHYTPH MPOBO/I-
HUKA paBeH HyII0; U3 Teopembl ['aycca cieayer, YTO BHYTpU NMPOBOJHUKA HET HE
CKOMIIEHCUPOBAHHBIX 3JIEKTPUUECKUX 3apsJI0B.

DiIeKTpUYecKoe 1Mojie BHYTPH 3aPSA’KEHHOr0 NMPOBOJHUKA OTCYTCTBYeT: U3-
OBITOYHBIN 3aps] paclpenesnsieTcss 1o NOBEPXHOCTH MPOBOJAHUKA TaK, YTO €ro Io-
BEPXHOCTb CTAHOBUTCS HKBUIIOTEHIMAIbHOU. MHaUe BJOJIb MOBEPXHOCTU CYIIECT-
BOBaJIO ObI AJIEKTPUUECKOE MOJIe, MPUBOASIIEE K NEPEMEIIEHUIO 3apsI0B, TO €CTh
K OTCYTCTBHIO PABHOBECHS.

BekTop HampsyKeHHOCTH S3JEKTPUYECKOro MOJIA, CO3JIaHHOIO 3apsiiaMu Ha IIO-
BEPXHOCTH U30JIMPOBAHHOTO MPOBOJAHMKA, BCET/1a HAMPABIIEH NEPHEHAUKYISPHO 3TOM
noBepxHocTH. [lojie HE MPUBOAUT K «BBIPHIBAHUIO» 3apsIIOB, U OHU HE MOTYT MOKH-
HYTh IPOBOJAHHUK (Ha MOBEPXHOCTH METalljla CYIIECTBYET MOTEHUHUAIbHBIA Oapbep,
«3alUpPAOIIN» 3JIEKTPOHBI BHYTPU MeETajula, TaK Ha3biBaeMas «paldoTa BBIXOJA
9JICKTPOHA U3 METaJlIa»).

N30bITOUHBIE 3apsibl, cOOOIaeMble MPOBOJAHUKY, PACHPEEISIOTCS PaBHOMEPHO
TOJIBKO IO TOBEPXHOCTU MeTaNTn4ecKux ceprl win 1mapa. Bo Bcex ocTanbHbIX CiIy-
qasx 3apsbl pacpenesssioTCsl HEpaBHOMEPHO: YeM OO0JIbllle KpUBHU3HA MOBEPXHOCTH,
TeM OOJIbIlIe MOBEPXHOCTHAS TIOTHOCTD 3apsA0B. JlokaxkeM 3T0. Bo3pMeM jaBa mapa
paanycaMu R; ¥ R;, C 3apsigamu o; U ¢, , COOTBETCTBEHHO (puc. 1.27). CoeanHuM X
MPOBOJIOYKOM. 3apsabpl OyayT mepemMenaTbesi ¢ OJHOro 1apa Ha APYroM a0 TeX mop,
MOKa TMOTEHILIMall BCEH CUCTEMBbl HE CTaHET OAMHAKOBHIM. BinsHHEM MPOBOJOYKH
npeHeoperaem.

[loreHumansl 3apsykeHHbIX cdep 10 coequHe-

HUS
Q’?I qz% 9
T
_ka, _o,-R; @@M
0= = ]
R, &
_kqg _GQ'RQ PI/IC 127
Q=== .
R, &

[locne coeMHEHNs MIApOB OOLINI MOTEHIMA PABEH @
¢, =0,=¢ = o,R, =0,R,. (1-50)

3apsa pacnpeaessieTcsl 0 MOBEPXHOCTH TaK, YTO €ro MOBEPXHOCTHAS MJIOTHOCTH
0 00paTHO NMPONOPUMOHAIBHA PAaAUyCy KPUBHU3HBI

o-R =const, o ~ 1/R.
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HanpsizkeHHOCTB 3JIeKTPUYECKOro moJisi BOJIM3HM MOBEPXHOCTH NMPOBOIHUKA

Hailinem HampsiKeHHOCTb IMOJIS 3apsSKEHHOTO MPOBOAHMKA BOJU3HM €ro MOBEPXHO-
CTH, UCTIOIB3Yys Teopemy ["aycca. Bech npoBoiHUK mpeacTaBisieT co00il OJJHY IKBH-
MOTEHIUAJIBHYIO TOBEPXHOCTh. CHIIOBBIE JIMHUM TIEP-
MEHIUKYJIIPHBI 3KBUNOTEHIIMAIBHBIM [TOBEPXHOCTSIM.
Bribepem B KauecTBe rayccoBOW MOBEPXHOCTH S IIH-
JUHAP OYEHb MAJIOTO pa3Mepa, 00pa3yrolrue KOTOpo-
ro NEpPHEeHAUKYJISPHBI IOBEPXHOCTH NPOBOJHHKA
(puc. 1.28), a Top1ibl EPIICHIUKYIISPHBI €H.

E=8

§EdSCOSa=8i_[dQ- Puc. 1. 28
S 0q

B mpeaenax nunvHApa NOBEPXHOCTHYIO IUIOTHOCTH 3apsiia ¢ CUMTAEM IOCTOSH-

Hol. PazoObeM wmHTErpas §EdS COSeo. Ha TPU MHTErpajna: 1mo OOKOBOHM, MO HIKHEH
S

TOPLIEBOM U 110 BEPXHEU TOPLIEBOM IOBEPXHOCTAM. [lepBbIil MHTErpan paBeH HYIIIO,
T.K. C0S o = 0, BTOpOW MHTErpaJl paBeH HYJ0, T.K. BHYTpU NpoBoaHUKa E = 0. [loiy-
YUM:

c6-S
E . S — 3aHITpI/[X .

TOpI
BEpX € )

Tak kak 3alITpUXOBaHHAs IUIOLIA[b PaBHA BEPXHEW TOPLIEBOW IUIOLIAAW, TO Ha-
NPSKEHHOCTD TI0JI1 HEMTOCPEACTBEHHO Yy CaMOW IMOBEPXHOCTH OKa3bIBAETCS IMPOIIOP-
LHMOHAJIbHOM ITOBEPXHOCTHOM IIJIOTHOCTH 3apsiia

BOIM3M = g ' (1 ' 51)

TIOBEPXHOCTHU 8 0

Yem bon1ee uckpueiena no6epxXxHoCmy 3apA3NCEHHO20 NPOGOOHUKA, meMm Do1buLe
CKanueaemcsa Ha Hell 3apadoe u mem 0071buie OKA3bl8ACMCA HANPANCEHHOCHLb
noaa. Ha puc. 1.29 nokas3aHbl CUJIOBBIE JINHUW U JKBU-
MOTEHIMAJIbHBIE TTOBEPXHOCTU MOJISI 3apsSHXKEHHOTO Tela.
HauGonbiias HanmpsiKEHHOCTh MOJy4aeTCsl Y OCTPBIX BbI-

CTYNOB MMOBEPXHOCTU. ITO MPUBOJUT K TaK HA3bIBAEMOMY “ a
«CTCKAHHUIO 3apsA0B». B JIEHCTBUTEIBHOCTH M3-3a BBICO- ,x
P //////A(((

KOU HANpsHKEHHOCTH BOIM3HM OCTPHS BO3HUKAKOT CJIOXK-
HEBIE SABJICHHS: MOTYT HOHM3HPOBATHCS MOJIEKYIILI BO3IY-
Xa, TUMOJIbHBIE MOJIEKYJIbI BTSTHUBAIOTCS B 00J1aCTh OoJiee
CHJILHOTO TOJIsA, B PE3YJILTATe CKOPOCTH IOTOKA YACTHIL
OT OCTPHS OKa3bIBAeTCA OOJBIIEH, N 0OpaszyeTcs «dJIeK- Puc. 1.29
TPUYECKUI BETEP». ITOT BETEP MOXKET IPUBECTH BO

BpAILEHHE JIETKOE KOJIECO, HAXOAMIEECS BOIM3U OCTPHSI.

\S==2m
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Boznyx craHOBUTCS TPOBOSLIEH Cpelo, BOZHUKAET pa3psil, BOJIM3U OCTPHIX KOHIOB
4yacTo HaOmonaercs cedeHue. [1oaromy BceM AeTansiM B 2JIEKTPOYCTAHOBKAX, HAXO-
JSUIMXCA TI0JT BBICOKUM HANpPSKEHUEM, MPUAAIOT 3aKPYIJIEHHYIO (DOpMY U JI€TAI0T UX
MOBEPXHOCTH IIaIKUMHU.

JIEKTPOEMKOCTh YeJHHEHHOI0 POBOJIHUKA U B3aMMHAasl 3JIEKTPOEeMKOCTh

[lycte umeercs npoogsuiee Teno. CoodmuM eMy 3apsaz ¢, KOTOpbI pacnpene-
JIUTCS 1O MOBEPXHOCTH. BOKpyT 3apskeHHOro Tesa 00pa3yercs dJIEKTPUUECKOe MOoJe,
a ero MoBEepPXHOCTh OyJeT UMETh MOTeHUHAN ¢. Eciu mpoBOAHMKY, YK€ MMEIOLIEMY
3apsn (, COOOIIMTD €ellle 3apsii TOM e BEIMYHUHBI, TO BTOPOH 3apsij paclpeaeauTcs
10 IPOBOJHUKY TaKUM k€ 00pa3oM, Kak U MepBblil. B MpoTHBHOM ciiyyae OH co3AacT
B IIPOBOJHUKE I0JIe, HE paBHOE Hymt0. CieayeT OroBOpUTh, UYTO 3TO CIPABEIIUBO
JMIIb B TOM CIIy4ae, €CJIM yBeJIMYEHHUE 3apsiia He BhI3bIBAET U3BMEHEHUI B pacnpese-
JICHUU 3apsi/IOB Ha OKPYXKAIOIIMX TenaX. TakuMm 00pa3oM, pa3iMyHbIe MO BETUYHHE
3apslibl pacnpesenssoTCa Ha yIaJeHHOM OT JAPYrux Tesl (YeAUHEHHOM) MPOBOJIHUKE
TaK, 4YTO OTHOUIEHUE TUIOTHOCTEH 3apsiaa B JBYX MPOU3BOJIBHBIX TOUKAX MOBEPXHOCTH
MIPOBOJIHUKA MPH JII0O00H BeIMUYMHE 3apsiaa oJHO U To xe. OTcrofa cieayer, uTo IMo-
TEHUMaJ YeIUHEHHOIO MPOBOJHMKA MPOMOPLMOHAJIEH HAXOAUIEMYCS HA HEM 3apsi-
ny. JlelcTBUTENbHO, YBEIMUEHNE B HEKOTOPOE YKCIIO pa3 3apsiaa NPUBOJUT K YBEIH-
YEHHUIO B TO K€ YHCIIO pa3 MOBEPXHOCTHOW IUIOTHOCTHU 3apsija, a ClIeJOBATENbHO U
HaIpPsHDKEHHOCTU TOJISL B KaXKJOM TOYKE MPOCTPAHCTBA, OKPYKAIOIIETO MPOBOAHUK. B
TaKoe K€ YUCJIO pa3 Bo3pacTaeT padoTa mepeHoca mno JodoMy NyTH eIMHUYHOTO 3a-
psiaa u3 0ECKOHEYHOCTH Ha TIOBEPXHOCTh MPOBOJHUKA, T. €. MOTeHMan. Takum oOpa-
30M, ISl YEAUHEHHOTO MPOBOJIHHUKA

q = Co.

Koaddurment npomnopiimonanbHOCTH C MEXIy MOTSHIIMATIOM H 3aps0M Ha3bIBa-
€TCs IJIEKTPOEeMKOCTbIO (COKPAIIEHHO eMKOCTBIO) IPOBOAHUKA. EMKoCcmb yucienHo
pasHa 3apsoy, coobujeHue KOmopo2o HPOBOOHUKY NOsblulaem e20 NOMeHYUdnl Ha
eOUHUYY

(1.52)

S |

B cucreme CU enunuiia uzmepenus snektpuueckoit emxkoctu 1 dapana (D). Ito
€MKOCTh MPOBOJIHUKA, MIOTEHITHAT KOTOPOTo U3MeHseTcst Ha | B mpu cooOmiennn emy
apspaB 1 Kim: 1 @ =1Ku/lB.

Ecnu BONM3M MPOBOJHKUKA €CTh JAPYTHUE TMPOBOASAIINE HE3APSHKEHHBIC TENa, TO MPHU
COOOIIEHUN TMPOBOJHUKY AJIEKTPUYECKOTO 3apsifa ero MOTEHIuan OyaeT MEHBIIe,
YeM MOTEHIHUANl YEJUHEHHOT0 MPOBOJHUKA TaKUX ke (HOPMBI U pa3MepoB. ITO 00y-
CJIOBJICHO TE€M, YTO Ha TIOBEPXHOCTSAX TeJ, OOPAIICHHBIX K 3apsSHKCHHOMY TPOBOIHH-
Ky, WHIYIHUPYIOTCS JJICKTPUUECKHE 3apsibl MPOTHUBOIOJIOKHOTO 3Haka. ClemoBa-
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TENBHO, 271eKMPOeMKOCMb NPOBOOHUKA 603pacmaenm, eciu 60u3u He20 HAXOOAMCS
opyaue nposooswue meia.

PaccmotpuMm nBa Meramnuueckux Tena. IlepeHecem ¢ ogHoOro rteina Ha Apyroe
3apan g. Tena 3apsaaaTcs OAMHAKOBBIMU 110 BEJIMYMHE PA3HOMMEHHBIMU 3apsiaMu.
Mexay HUMHU BO3HHUKHET Pa3HOCTh IOTeHLIUANOB. Ha 3apsiKeHHBIM NPOBOIHUK
CHOBAa IIEpEHECEM TaKOM e 3apsi. BennuuHa 3apsna Ha KaxkJaoM INPOBOJHUKE
YBEJIIMYUTCS. YBEIUYUTCS U PA3HOCTh NMOTEHIMAT0B. OTHOIIEHUE BEIMYHMHBI 3apsi-
Ja K Pa3HOCTU IIOTEHLMAJIIOB OCTAHETCs INPEXKHUM. B3amMHast 3J1€KTPOEMKOCTh
NPOBOAHUKOB C - OTHOLIECHUE 3aps/a Ha OJHOM U3 IIPOBOJHUKOB K Pa3HOCTH I10-
TEHLIMAJIOB MEXY HUMU

c=49 (1.53)

1.14. Kongencaropbl
JInd HakOIUIEeHUs JJEKTPUYECKOM SHEPIUU MCIIOJIB3YIOT YCTPOMCTBA, COCTOSILIHUE

U3 JIBYX MPOBOJHUKOB (OOKJIAIOK), KOTOPBIE pa3AeyieHbl MPOCIOMKON IUAIICKTPUKA
(puc. 1.30). OTu ycTpoiicTBa B AJIEKTPOTEXHUKE HA3BIBAIOTCS KOHIEHCATOPAMM.

E = Uf-f.‘o

Puc. 1.30

YToOBI BHEIIHME TEJIa HE OKa3bIBAJM BIMSHUS HA €MKOCTh KOHJEHCATOPOB, UM IPH-
Jar0T Takylo (OpMy M TaK pacmojiaraloT WX OOKJIAIKH JIPYT OTHOCHUTENBHO JIpyTa,
4TOOBI TI0JIe, CO3/]JaBaeMOE HAKaIJIMBAeMBbIMU HAa HUX 3apsaaMH, ObLIO COCpeIoTOYe-
HO BHYTPH KOHJIEHCATOpa. DTOMY yIOBIETBOPSIOT:

- ZIB€ TIapajliebHbIE TIACTHHBI — NJI0CKUL KOHICHCATOP,

- JIB€ KOHIIEHTpU4eckue cheprl — cihepuieckuii KOHIACHCATOP,

- IBa KOAKCUAJIbHBIX IUIUHAPA — YUIUHOPpUYeCKUll KOHACHCATOP.

[Tpubnuxas BTOpyr0 OOKJIAJIKy K MEPBON M TOMEIass MEXAY HHUMH BEIIECTBO C
BBICOKOW JTMAJICKTPUYECKOW TIPOHUIIAEMOCTBIO &, MOXHO CO3/1aTh KOHJEHCATOPHI
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OOJIBIIION €MKOCTU W HaKaIuIMBaTh Ha UX OOKJIajkax Oombinue 3apsaasl. Ecnu npuiio-
KUTh K KOHJICHCATOPY Pa3HOCTh MOTEHIHAIOB U, €ro 0OKIaJIKU 3apsiAsTCS PaBHBIMU
M0 BEJIMYMHE 3apsiiaMU ( MIPOTUBOMOJOKHBIX 3HAKOB. DJIEKTPUUYECKOE T10JIe KOH/ICH-
caTopa COCPEIOTOYMBAETCS MOUTH IIEJIMKOM B Y3KOM 3a30p€ MEXIY ero oOKIaaKaMH,
MOATOMY €ro JIEKTPOEMKOCTh HE 3aBUCHUT OT HAJUYUA APYTUX MPOBOJHUKOB U JIU-
AJIEKTPUKOB BHE KOHJIEHCATOPA.

B3aumHas 3;1eKTpPoeMKOCTh KOHAeHcaTopa C - OTHOIICHHUE 3aps/ia OJTHON U3 €ro
00KJIaI0K K Pa3HOCTH MOTEHIIMAIOB MEXAY OOKIaIKaMu

-4
=1, 1.54
C U (1.54)

B naockom KOHACHCATOPE JJICKTPHUICCKOC II0JIC MCKAY INIAaCTUHAMU IMPAKTUYCCKU
OAHOPOAHO, a HAIIPAKCHHOCTDL, COIJIaCHO TCOPEME Faycca, paBHa

E=_9_
Seego

rae S — mIomaab OJHOM U3 IUIACTUH KOHAEeHcaTopa. HampspkeHHOCTD 3IIEKTpUUYECKO-
o NOJIs1 KOHJIEHCATOpa TaKKe MOXKHO OIPENEIUTh 10 popmyIie

P U
d

d — paccTosiHHE MEXKAY INIAaCTUHAMU.

CpaBHI/IBaH ABa IMOCJICAHUX COOTHOIICHUA, HaﬁﬂeM

u=_99
Seego

[ToactaBum 310 BhIpakeHue B ypaBHenue (1.54). IMomyunm dopmyny mais 3Jiek-
TPOEMKOCTH 1JI0CKO20 KOHOEHCamopa

C = g0 ;- (1.55)

AHaJOTUYHO MOXHO MOJIYYUTh (OPMYIIbI JUIsl BBIYMCICHUSI €MKOCTH chepuiecko-
20

C = drgg R (1.56)
2-R1
U YUTUHOPUHECKO20
h
C =2negp———— (1.57)
In (R2/Rx)
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KOHJIEHCATOPOB. R; - BHYTPEHHUH paauyc, R, - BHEIIHUI paauyc, h - BbICOTa LIMJINH]I-
pOB.

VYBennuuBaTh 3JEKTPOEMKOCTh KOHJIEHCATOPAa MOXHO ITyTEM YMEHBLIECHHS pac-
CTOSIHUSL MEXIY IJIACTUHAMM. DTO BEAET K BO3PACTAHMIO HANPSHKEHHOCTH AJIEKTPU-

U o o
gyeckoro nois E = g B JIUAJIEKTPUYECKON MPOCIoiiKe. B oueHb CUIIbHBIX MOJsAX (I10-

psiaka 107 B/M) Bo3HHKaeT mpoGoil AUAIEKTPHKA M KOHACHCATOp paspymaercs. Jls
Mpe0TBPAIICHUST TPOOOST PACCTOSTHUE MEXKY IUIACTUHAMU TIPU BBIOPAHHOM JUAJICK-
TPUKE HE CJIEAYET JejaTh MEHbIIIe HEKOTOPOr0 MUHUMAJIBLHOTO 3HAUCHUS

U

mnpod

(1.58)

Amin =

[Tpu 3amaHHOM paccTosSHUU d MEXIY IJIACTUHAMHU K KOHJIEHCATOPY HEJb3s TPH-
KJIQJbIBaTh PAa3HOCTh MOTEHITUAIOB, MPEBBIMIAIINIYI0 HEKOTOPOE MAaKCHUMAILHOE 3HA-
YEHUE Umax = Eppos d.

Pacrionaras HEKOTOpEIM HAOOPOM KOHJICHCATOPOB, MOXHO 3HAYUTEIHHO PACIIH-
PUTH YHUCIIO BO3MOXKHBIX 3HAYCHHH €MKOCTH M Pab04ero HampsHKCHHsI, €CJIA MpUMe-
HUTh UX COCJIMHEHHUE B OaTapeu.

¢y
Cl C2
|| ||
1
Cy
Puc. 1.31 Puc. 1.32

e Ilpu napannenvnom coequuenun (puc. 1.31) onHa 3 OOKIIaIOK KaXKIO0TO KOH-
JeHCATOpa UMEEeT MOTEHINAI ¢1, & ApYyTas - ¢,. Ha kKaxmoil U3 AByX cucTeM OOKJIaI0K
HAKaIUTMBAETCS CYMMapPHBINA 3apsil

4= q«= ZCK((Pl'(PZ):((Pl'(Pz) D Gk

k=! k=1 k=1

LN

PaznenuB cymMmapHbiii 3apsii Ha MPUIIOKEHHOE K OaTapee HaIpsHKEHUE, MOJTyYuM M-
KOCTh 3KBHUBAJIEHTHOTO KOHJEHCATOPA, KOTOPHIM HAKAIUJIMBAET 3aps]l  IPU TOM KE
HanpsiH>KEHUH
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Cuapan = 3 Ci. (1.59)

Ilpu napannenvnom coeduneHuu KOHOEHCAMOPOB8 eMKOCHMU CKIAObIEAIOMCA.
[IpenensHOE HanpsiKeHUE OaTaper paBHO HaAUMEHbIIEMY U3 3HAUCHUN Umpax.

e Ilpu nocneoosamenvnom coenunenuun (puc. 1.32) BTOpas oOKJagKa MEPBOrO
KOHJIeHCaTopa 00pa3yeT ¢ NepBoi OOKIIaIKOH BTOPOro €IMHbIN MPOBOJHUK, HA KOTO-
pPOM TIpHU TOJjaue HaMpsOKEHHsI Ha 0aTapero BO3HUKAIOT WHIYLMPOBAHHBIC 3apsiibl Ta-
KOM K€ BEJIMYMHBI, UTO U 3apsi/i Ha IEepBOW OOKJIaJKe MEPBOTO U BTOPOM 0OKIaake N-
ro KoHgeHcaropa. To ke cripaBeJIMBO AJIsi BTOPOil OOKJIaJAKH BTOPOTO KOHIEHCATOpa
U TmepBoi oOkmagku Tperbero u T.A. ClemoBaTenbHO, JUIsi BCEX KOHJIEHCATOPOB,
BKJTIOYCHHBIX TIOCTIEIOBATENIbHO, XapaKTepHa OJMHAKOBAs BEIIMYMHA 3apsaa ( Ha 00-
knaakax. [loaToMy HampspkeHne Ha KaXI0M U3 KOHIEHCAaTOPOB

Uk = i .
Ck

CyMMma 5TUX HampsDKeHUW paBHA Pa3sHOCTU MOTEHIMATOB, MPHIOKEHHBIX K

Oartapee:

P1- 2= Ui = — =092, .
' k=1 i Ck i Ck

OTCIOIIa nojrydacm, 41O AKBUBAJICHTHBIN KOHACHCATOP, KOTOPBIM 3aMCHAIOTCA I10-
CJICAOBATCIIbHO COCAMHCHHBIC KOHACHCATOPLI, MMCET CMKOCTD Criocn TaKylo, 4TO

L -y Ci (1.60)

Criocn k=1 k

Ilpu nocneoosamenvHom coeduneHuu KOHOEHCAmMOPO8 CKI1aA0blealOmcs 6enu-
YuHvl, oOpamuvle ux emkocmam. J{ons oOIIEro HampsHKEHUs, MPUXOAIIAiCT Ha
JTAaHHBINA KOHJIEHCATOp, 00paTHO MpOIOpIMOHaIbHA ero eMkocTh. Heo6xoaumo, 4To-
OBl HU JIJIs1 OJTHOTO U3 KOHAeHcaTopoB Uy He MpeBbIIIaIO YKa3aHHOE JIJI HETO 3HaYe-
Hue Unax. Ecu Bce koHAEHCATOPHI OJIMHAKOBBI U UMEIOT €MKOCTh C; M MpeiebHOe
HanpsbkeHne Upmay, TO

Croen = Cy, (Umax)nocn = NUpa. (161)

1
N

1.15. DHeprus 3J1eKTPUYECKOr0 MO
J/IBa HeNMOABMKHBIX TOUEYHBIX 3apsaa

[TycTh mBa TOYEUHBIX 3apsnia (; U (z HAXOIATCS HA PACCTOSHUU I IPYT OT Jpyra.
Haiinem paboty no ux nepeHocy B 0eckoHedHOCTh (puc. 1.33):
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ki
Alzqz'@zzqz%;

k
A, :ql'(plqu%'

¢z - TOTCHOHUAJI ITOJIA 3apsAaaa (1 B TOUKE, rAC HaXO0-

JATCA () @1 - TIOTEHIIMAI MOJIS 3apsAaa ¢, B TOUKE, 4 49,
.:-'—'_‘—\-\.\_'
rae HaxomutTes ¢i. T. K. A; = A,, paboTy MOXKHO 1 Fr---1) =
—p—
3aIKCcaTh B BUJIE —
28 @---03
1
A:E(ql(Pl"'qz(Pz)' Puc. 1.33

PaboTa mMoeT ObITh MpeCTaBIeHa KaK PA3HOCTh 3HAYCHUHN MOTEHIIMAIBLHON dHEP-
ruu A = AW. TloteHimanbHas SHeprusi Ha 0ECKOHEYHOCTH paBHA HYJIO, CIIeI0Ba-
TEJLHO, JICKTPUYECKASI DHEPTUS CUCTEMBI U3 JIBYX TOUCUYHBIX 3apsJI0B

1
W:E(ql@l"'qzq)z)' (162)

CucreMa N TOYEYHBIX AUCKPETHBIX 3apsi/ioB
PaCCY)KIIaH AHAJIOTUNYHO, MOXHO ITOJYYUTb SHCPIruro CHUCTCMbI N TOYCUYHBIX 3aps-
aoB (i=1,2,...,n):
1
WCI/ICTCMBI = Equ Qi (163)

TO4Y.3apsi 0B

(0| — MOTEHIUAJI, CO3/IABAEMBI BCEMU 3apsAiaMH, KPOME i-TO B TOUYKE, T'ZI€ HAXOAUTCS
i-bIA 3apsii.

3apsiKeHHbI MPOBOAHUK
Ecnu 3apsanbl pacnpeneseHbl HENPEPbIBHO, TO CYMMHUPOBAHHUE 3aMEHSETCS UHTET-
pUpOBaHUEM. YUTeM, UTO JIJIsi TPOBOJIHUKA (p = CONSt M MCTOJIb3yeM BhIpakKeHUE st
eMKocTH npoBojHUKA C = g/¢. [lomyunm BeIpaskeHUs! AJIsl SHEPTUU MPOBOJHUKA

1 1 qg¢ Co° ¢
_(o-dg==g[dg=T0_Z® _4 1.64
npOBOZ[HI/IKa 2 ‘(!I. ('p q 2 ('p-(!l. q 2 2 2C ( )

3apsisKeHHbI KOHAECHCATOP
PaccMoTpuM 11Be mapasuienbHblE OJIMHAKOBBIE HE3APSHKEHHBIEC IIACTUHBI. MbIC-
JIEHHO MEPEeHECEM C OJIHOW TUIACTUHBI Ha JPYTyH0 OECKOHEUHO Mauibli 3apsiy +dq. Jis
ATOrO He TpeOyeTcs HUKAaKoW padoThl, T.K. IJIACTUHA MOKa He 3apsikeHa. [locie aToro
MJACTUHBI OKAXYyTCS PAa3HOUMEHHO 3apsKEHHBIMM, M MEXAY HUMM MOSBUTCS pas-
HOCTh MOTEHIIUANIOB A@. J{JIs mepeHoca Cleayrolei «mopiumy 3apsaa yxxe Tpedyercs
pabota dA = dg-A¢ = dg-(g/C), rie C — eMKOCTh KOHAeHcaTopa. Kaxkaas HOBasl «11op-
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us» 3apsaa OyJaeT NMOBBILIAThH 3aps] ( HAa IJIACTHUHE, U BCe TpyAHee OyIeT MepeHo-
CUTh HOBbIE Topuuu. PaboTa, KOTOpYIO HalO 3aTpaTUTh, YTOOBI 3apA/IUTh KOHAECHCA-
TOP 3apsAJIOM ¢, paBHA UHTETPAILy

2 lq qZ
A=|dA==|q-dg=—.
! c!q %2

Tak kak A = AW, dHeprus 3apspKEHHOr0 KOHJIEHcaTopa

q° _q-A¢ _C-A¢’

WKOHZ[CHCaTO a
P 2C 2 2

(1.65)

JHePrusi JIeKTPOCTATHYECKOr0 MOJIst
B npenpiaymmx gpopMynax 3neKTpUuecKas SHEPrus BbIpa)kanach 4epe3 XapakTe-
PUCTHKH, CBA3aHHBIE C MPOBOJJHUKOM: EMKOCTb, 3apsi/l, PA3HOCTh MOTEHIUAJIOB.
[Tomyunm Gopmynbl il SHEPTUH, BbIPA3UB €€ Yepe3 XapaKTePUCTUKHU 3JIEKTpHUUe-
CKOT'O TOJIsl, CYHIECTBYIOIIETO BOKPYT 3apsSyKEHHBIX TeJ: HANpPS)KEHHOCTh E U 3JIeK-
TPUUECKYI0 MHAYKIMIO D. PaccMOTpUM IIIOCKHI KOHAEHCATOP, CUUTAs MOJE MEXKIY
0OKJIaIKaMH1 OJJHOPOAHBIM. DHEPrusl 3aps>KEHHOTO KOHAEHcaTopa

_C-A(p2

KOHZeHcaTopa 2
Ap=E-d,
C= ‘C"C’JS, V=S-d.

A¢ - pa3HOCTb IOTEHIMAJIOB MEXKAY OOKIaakamu, C - eMKOCTh IIJIOCKOIO KOHJEHCa-
TOopa, V — 00BEM MPOCTPaHCTBA MEXAY OOKJIagKaMU. DJIEKTpUUecKas dHeprus, co-
CPEIOTOYEHHAs B IPOCTPAHCTBE MEXTy OOKJIaJKaMH1 IJIOCKOTO KOHIEHCATOpa,

2
_egE

KOHZCHcaropa 2

V. (1.66)

BBeneMm nossTHe 0OvemHas nAOMHOCMb 3Hep2uu - SHEPIUs, NMPUXOAAIIAsACcS Ha
eANHUIY 00beMa MPOCTPAHCTBA

_dwW

=—. 1.67
w Y (1.67)

3amac PHepruu B dIeMEHTapHOM o0beMe dV, T.e. B TAKOM MajoM o0heMe, B Ipejie-
Jax KoToporo E = const,

dwW =w-dV.
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3anac SHEepPruu EKTPOCTATUUECKOTO MO B 00beme V

ee E?
W:jw-dV:jOTdv. (1.68)
Vv Vv

I[J'ISI OAHOPOAHOIO ITOJII B KOHACHCATOPC

2 2
W:ﬂ:&eoE _ D _ ED. (1.69)
\V 2 2¢g 2

0

B pasnuuHbIX ciaydasix 3jleMeHTapHbIl 00beM BbIpaxkaercs mo-pazHomy. llpu
UCIIOJIb30BAaHUU JI€KAPTOBbIX KoopAauHat dV = dxdydz; npu cpepuyeckoi cUMMET-
puu (map, chepa) 3JeMEHTApHBIH 00BEM — 3TO TOHKHHI cdepuueckuil cioi (3a-
mITPpUXOBaH Ha puc. 1.34) dV =4nr’.dr; npu oceBod cummeTpun (LMJIMHIP) dJie-
MEHTapHbIl 00BEM — 3TO TOHKMM LMIMHAPUYECKUH clod dV =2nr-dr-L (3amTpu-
XOBaH Ha puc. 1.35).

CpaBHUM 3amac 2HEPryU JIEKTPOCTATHUECKOTO MoJisa (B eauHuIle o0beMa) B Ba-
KyyMe (W_) U IIpU HAIU4YUU JudJieKTpuka (w ). [l IpocToThl pacyeToB OyeM cuu-

TaTh, YTO HANpPsDKCHHOCTH IOJIA B BaKyyMe€ U B JUIJICKTPUKE HE3HAYMTCIIBHO OTJIM-
JarTcsa ApyT OT apyra E = E,

2 2 2
Aw=w—w, = 2B _EoEo _ (o 5)8E" (1.70)
2 2 2

Takum 00pa3oM, Aw MOJIOKHUTEIbHA, T.€. IPU BBEACHUU AMIJIEKTPUKA DHEPIUS
YBEJIMUYUBAETCA. DTO OOBACHSIETCS TEM, YTO B SHEPTUIO W BXOAMUT HE TOJBKO COOCT-
BEHHAs DHEPrUs IOJIs, HO M DHEPrus NOJSIPU3ALUM JUAJIEKTPUKA — Aw . OTa 4acTh
DHEPIUM NEPEXOAUT B TEIUIOBYIO, T.€. TUAJIEKTPUK, BHOCUMBIN B 3JIEKTPUUYECKOE I10-
JIe, HAarpEeBaeTCA.

’:I_..,:,:.r.r.rf-i"-i"-i' D

i
. 4"-"’*-"-'::.: [ TR

0 g g Py

Puc. 1.34 Puc. 1.35
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OcCHOBHBIE OJIOKCHUS

e 3aKOH COXpaHEHHUS IJIEKTPUYECKHUX 3apsi-
JI0B

3apsiibl HE CO3JAl0TCSA M HE MPOMNaJaroT, OHU
MOTYT OBITh JIMIIb MEPeaHbl OT OJHOTO Teja
IpYyroMy WM TNEPEMELICHbl BHYTPU JAHHOTO
Tena.

e Toueunblii 3apsia —

3apsDKEHHOE  TEJNO, pa3MepaMu  KOTOPOro
MOYHO MpeHeOpeyUb 0 CPAaBHEHUIO C PacCTOs-
HHUEM OT 3TOr0 Tela JI0 APYruX TeN, HECYIIUX
BIEKTPUYECKUI 3apsil.

e O0beMHasi IIIOTHOCTH 3apsAaa —

_ dg

-
L] HOBerHOCTHaH IVIOTHOCTD 3apsia —
_dq
~ds’

e JluHeiiHAA IVIOTHOCTH 3apsaa —

9

e 3akon KyJiona

£0= 0,885-10®/m; k =1/47y=9-10° H-M*/Kr°.

e Hanps:keHHOCTDh 3JIEKTPUYeCKOro MOoJIs —
BEKTOpPHAsI BETWYMHA, YHCIIEHHO paBHas CUIIE,
JNEUCTBYIOIIEH HA E€IUHUYHBIA IOJOXKUTEIb-
HBIM 3apsiji, ¥ WUMEIOIasl HalpaBJIe€HUE 3TOU
CUJIBL.

E = F/q.

Benuunna BekTOpa HaAMpPsSKEHHOCTU JJICK-
TpocTaTudeckoro mnoJisg E, co3maHHoTrO TOUEY-
HBIM 3apsIoM (] B TOYKE, HAaXOJsIIECHCs Ha
paccTosTHUU I' OT 3aps/a,

_ ka
er’

o IloTreHuuaua —

CKaJsIpHAsl BEJIMYMHA, YUCIICHHO paBHas pado-
T€, KOTOPYIO COBEPIIAIOT CUJIBI MOJISl TP Tie-
pEMEIIEHUN EIUHUYHOTO TMOJOKUTEIHLHOTO
3apssia U3 JAaHHOW TOYKH B OECKOHEYHO yna-
JICHHYI0, TOTEHLHAJI KOTOPOM pPaBEH HYJIO.
[ToTeHuMan HIEKTPOCTATUYECKOTO TONS O,
CO3/TAaHHOTO TOYEYHBIM 3aps/ioM ( B TOYKE,
Haxo/AIIelcs Ha pacCTOSIHUM I,
k

o= —
er

e CBsi3b MeKIAYy JIeKTPUYECKHUM TMOTEH-
HHMAJIOM U BEKTOPOM HANPSIZKEHHOCTH JJIeK-
TPUYECKOTO0 MOJIs —

E =-grad o.

e Pa3HOoCThL NOTEHUMATIOB, HANPSKEHHE
MEXJy TPOU3BOJBHBIMU JIByMS TOYKAMHU B
MPOCTPAHCTBE —

U= P1- Q2.

o [lpuHuun cynepno3uuum 3JeKTpUYe-

CKHX MoJied —

N
E=E +E,+E;+..= ) E,.
i=1

N
P=0QP1 T Q2T Q3 +...= Z(pi .
i=1

e BesuumHa moTOKA BEKTOpa HANpPSHKEHHO-
CTH DJICKTPHUYECKOTO TOJIsI, IPOHU3BIBAIOIIETO
MOBEPXHOCTH S,

o= _[Ecosoc ds.
S

e Teopema I'aycca —
o=
gg,
[ToTok BekTOpa HANPSKEHHOCTH DSJIEKTpHUE-
CKOrO MOJISI Yepe3 3aMKHYTYIO IOBEPXHOCTh
MPOU3BOJIBHON (DOPMBI pPaBEH TOJIHOMY 3apsi-
1y, 3aKJIFOUEHHOMY B 00beMe, OTpaHUYEHHOM
JTAHHOW MOBEPXHOCTHIO, AEIEHHOMY Ha £&o.
e /IMnoabHBbIN 3JIEKTPUYECKUIT MOMEHT
p=qL.
e JIunoJbHbIH MOMEHT HEMOJSPHOU MOJE-

KyJIbl B TIOJIE HATIPSUKCHHOCTBIO E -
f) = BSO E.
e BekTop nmoasipusanuun
N
2P
P =
AV
e DjleKTpHYecKoe cMelIeHHne
(ameKTpuvecKast MHIYKIUS) —
|_j =& Eo + I_j

e Teopema I'aycca nis moist
B INDJIEKTPHUKE -

§f)d§ = ZN:qi.
s i1
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® JJIeKTPOEMKOCTH
YECANMHCHHOT'O ITPOBOJHUKA

cdepsl pagyca R

€
C=—R=4negR;
k

KOHJICHCATOPa

L4 3HeKTp06MKOCTH IKBUBAJCHTHBIX

KOHACHCATOPOB -

e JHeprus KOH/AeHcaTopa -

q.

U’ CA9p® @2

W= —="-" =

IUIOCKOTO KOHJIEHCATOpa 2 2C
S
C=¢eg—;
d
cepruuecKkoro KOHaeHCaTOpa
RiR- .
R.-R:

MUJIMHAPHUYCCKOTIO KOHACHCATOpA —

C =4neg

C =2negg———m.
In (R2/Rx)

0003HaYeHMS, HCITOJIL3YEeMbIe B rjase 1

q — 3apsan,

N — KOJIMYECTBO 3apsJIOB,

p — 00beMHas TIIOTHOCTH 3apsija,

G — MMOBEPXHOCTHASI TUIOTHOCTD 3apsijia,

A\ — TUHEeNHas MIOTHOCTH 3aps/ia,

k = 1dneo = 9 - 10° H-m /Ko,

€0 — DJIEKTpUUECKasi TOCTOSIHHAS,

€ — OTHOCHUTEJbHAS JUAJIEKTPUUECKAs POHUIIAEMOCTh CPE/IbI,

F — cua,

E — Hanps»KeHHOCTh 3JEKTPUUECKOTO OIS,

¢ — NOTEHLIHMAJ 3JIEKTPUUECKOIO MOJI,

U = A¢p — HanpsixeHue, pa3HOCTh NOTEHIIUAJIOB,
W — sneprus,

A — pabora cuIbI,

C — 2IIEKTPOEMKOCTb,

Vo, grad ¢ — rpaueHT QyHKIHHU O,

p=q L — AMmonbHbIiT NIEKTPUYECKUI MOMEHT,

N — eIMHUYHBII BEKTOP HOPMAaJIH K TIOBEPXHOCTH,

Ao _

2

geoE

2

\

o :§ E dS — notok BekTOpa HAMPSHKEHHOCTH IEKTPHYIECKOTO TIOJIS Yepe3 3aMKHYTYIO TOBEPXHOCTb,

S
W — 00beMHas IJIOTHOCTh OHEPTUH SJICKTPOCTATUUCCKOTO TOJIA,

D - snekTpuueckoe CMEIICHHE, JICKTPHIECKast HHIYKIIUS,
P — BEKTOp MOJIPU3AIUH,

X — IUDJIEKTPUYECKas BOCIIPUMMYHUBOCTb,
B — mossipu3yeMoCcTh MOJIEKYJIBI.
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TecTbl A5 IJICKTPOHHOI'0 JK3aMEHA

T1.1 /IBa 0iMHAKOBBIX METAUNINYECKUX IIApUKA 3apsKEHbl PA3HOMMEHHBIMU 3apsiiaMy Tak, 4ToO
OJIMH M3 HUX B 5 pa3 Ooublle 3apsaaa apyroro. llapuku npuBenu B CONPUKOCHOBEHHUE U pa3/IBUHY-
JIM Ha npexHee paccrosgHue. Cuia B3auMOoJeHCTBYSI U3MEHUIIACh 110 MOJYIIIO B

1) 5pa3 2) 25 pa3 3) 2,5 paza 4) 3 paza 5) 1,25 paza

T1.2. B BepmmHax KBajpaTa HAXOAATCS MOJOKUTEIbHBIE OJIMHAKOBBIE TOUCUHBIEC 3apsibl ( =
3,3°10°Kn kaxzpiit. UToOBI BCSL CHCTEMa HAXOMIACH B pPaBHOBECHUH, B LICHTP KBaApaTa HYXHO
MIOMECTUTh TOYEUHBIH 3apsiz

1) -3,2¢10°Kn  2) 3,2¢10°Kn 3) -6,6¢10°Kn  4) 6,6e10°Kx 5) -9,9¢10° Kn

T1.3. B BepmuHax KBajpaTta pacrookKeHbl OJMHAKOBBIE ToueuHsle 3apsapl = —107° Ki ka-

xab1i. UToOBI cucTeMa HaxoAusaach B paBHOBECUH, B LIEHTP KBajpaTa cJelyeT IOMECTUTh TOUYeU-
HBIN 3aps]
1) 2¢10°Kn  2) 0,1¢10°Knx 3)0,95¢10°Kn  4) 4¢10°Kn 5) 0,2¢10° Kn
T1.4. B Tpex BepmmMHax kBajpara co cTopoHoi a = 0,1 M pacnoyioKeHbl OJIMHAKOBBIE TOUEY-
HBIE 3apsaael ( = 10° K. Harnpsisk€HHOCTB 3JI€KTPUYECKOTO I10JIS B UETBEPTOM BEPLIMHE PaBHA
1) 2420 B/m  2) 17100 B/m 3) 610 B/m 4) 3650 B/m 5) 860 B/m
T1.5. B Tpex BepiinHax kBajapaTa co cTopoHod a = 0,1 M pacrosokeHbl OJMHAKOBBIE TOYEY-
HBIE 3apsaael ( = 10® K. ToTenmuan NIEKTPUYECKOTO IT0JIS1 B YETBEPTOM BEPIINHE PaBEH
1) 122B 2)143 B 3)244 B 4)345 B 5)450 B
T1.6. PaccTosiHue Mexy ABYMst TouedHbiMH 3apsagamu 8+10 ° K u - 6010 ®° Kit pasro 10cM.
HanpsikeHHOCTB 37IEKTPUYECKOro MoJs B TOUKE, JeKallell mocepeiMHe HUMHU, paBHa
1) 2¢10 * B/m 2) 3¢10 * B/m 3) 4¢10 * B/m 4) 5410 * B/m 5) 6210 * B/m
T1.7. Ha IByX OJMHAKOBBIX KAIUIAX BOBI HAXOIMTCS [0 OJHOMY 3apsiay g = 1,6010™° Kur. Cuna
AJIEKTPUYECKOTO OTTAJIKUBAHMSI Kallellb YPaBHOBEIINBAET CUJYy UX B3aUMHOIO TAroteHus. ['paBu-
TanHoHHas moctosiHHas G = 6,627+10™ m°/(krec?). Macca kammu paBHa
1)0,2410°Kr  2)0,93+10°Kr 3)1,86+10°Kr 4)295+10°Kr 5)3,74«10°Kr
T1.8. /IBa oauHAKOBBIX TOYEUHBIX 3apsja Haxoadrcs B mapaduHe Ha pacctostHuM 20 cm. Ju-
AJIeKTpUYEcKasi MPOHUIAeMOCTh napaduna paBHa 2,2. UToOBI crjia B3aUMOJICHCTBUS MEXITy HUMU
B BO3/1yXe Oblila TaKOH k€, OHU J0JKHBI HAXOAUTHCSI HA PaCCTOSIHUN
1) 10 cm 2)20 cm 3)30 cm 4) 40 cm 5) 50 cm
T1.9. Tonkas menkoBas HUTh BbIAEP)KUBAET MakcuMaibHyto cuity HaTspkeHus 0,01 H. Tlonse-
IIEHHBIN Ha 3TOW HUTHU MIapuK Maccou 0,6 T UMeeT 3apsi 10 K. CHH3y K HEMY MOJIHOCAT IIapUK
¢ 3apsgom -4-10° K. HuTh pa3opBeTcs, €cii pacCTOSHIE MEX/Iy ITAPHKAMH CTAHET PABHBIM
1)l cm 2)2cMm 3)3cm 4) 4 cm 5)Scm
T1.10. /IBa oauHakoBbIX HeOoOJbmIMX HIapuka mMaccod 0,1 T KakIpli MOJBEIIEHBI HAa HUTSIX
mmHoM 25 cM. Tlocne Toro kak mapukaM ObBUTH COOOIICHBI OJMHAKOBBIC 3apsibl, OHU Pa30ILINCh
Ha paccTosiHUE 5 cM. 3apsj KaKJI0TO IIapuKa paBeH
1) 0,2+10° Kn 2) 1,2¢10° Kn 3) 3,2¢10° Kn 4) 5,2¢10° K 5) 7,2¢10° Kn
T1.11. /IBa 3apspKEHHBIX OJIMHAKOBBIX MAJIEHBKHMX IIApHKa IOJBEIIEHbI B OJHON TOYKE Ha
JUTHHHBIX HEMPOBOISIINX HATSX U HAXOIATCS B KepocuHe. IInoTHOCTS Kepocuna 800 kr/m®, mioT-
HOCTb MaTepuana mapikoB 1600 kr/m’. B BO3/IyXe HUTH PACXOATCS HA TAaKOH Xe yroy, Kak W B
kepocuHe. OTHOCUTENbHAS AUAJIEKTPUUYECKasi IPOHUIIAEMOCTh KEPOCHHA paBHA
1)5 2)8 3)4 4) 2 51
T1.12. JIBa MaJeHbKHX IPOBOISIIMX IIAPUKA OJMHAKOBOTO pajuyca ¢ 3apsaamu -1,5¢10° Ki u
+2,5-10° K1 BcleCTBUE NPUTSKEHHs CONPUKOCHYINCH ¥ BHOBb PAa30MLIACh Ha 5 cM. Cuia drek-
TPUUECKOI'0 B3aUMOJECUCTBHSI MEKy HUIMU II0CIIE COIPUKOCHOBEHUS paBHA
I)ISH 2) 90 H 3)25H 4) 60 H 5)20H
T1.13. /IBa 0IMHAKOBBIX METAUIMUECKHUX IIAPUKa, 3apsiibl KOTOPBIX OTJIMYAIOTCS B N pa3, Ha-
XOJSITCSl HA HEKOTOPOM PacCTOSTHUU Apyr ot apyra. [lapuku 3apsbxkensl pazHouMmeHHo. [Tocne Toro

57



KaK X IMPUBCIIU B COIIPUKOCHOBCHHUEC, CUJIA BSaHMOI[GfICTBI/ISI MCXKIY HUMHU IO CPAaBHCHHIO C IICP-
BOHAYaJIbHOM He M3MeHuIachk. PaccrosHue MCXKY HIapuKaM U3MCHCHO B

1) 3vn pas 2) 2dn I(n+1) pas 3) 3Jn/(n—1) pas
4) 3Jn/(n+1) pas 5) 24n/(n-1) pas

T1.14. Tpu oaMHAKOBBIX TOUEUHBIX 3apsiia MOMEIIEHbI B BEPILIMHAX PAaBHOCTOPOHHETO Tpe-
yrosnbHHKa co cropoHoi 0,1 m. Cuna, aelicTByromas Ha Kaxablil 3apsa, pasHa 0,173 H. 3apsiab
HaxXoJATCs B BO3ayxe. BennunHa kaxa0ro 3apsijia paBHa

1) 0,3+10" Kn 2) 1,3°107 Kn 3) 2,310 Kn 4) 3,3¢107 Kn 5) 4,310 Kn

T1.15. B Bepmunax pomba ¢ yraamu o = 60° u B = 120°, pacnonoxens! TOUeUHbIe 3apss 0 =
02 =03 = 2q u (s = - q. CropoHa pom0a paBHa a. 3aps/ (s HAXOIUTCS B BepiiuHe ¢ yriaom 3. Cua,
JEUCTBYIOMIAs HA 3aps/ (s = J, MOMEIICHHBIN B IIEHTP poM0Oa, paBHa

1) 4kq?/a’ 2) 6kg*/a’ 3) 8kqg*/a’ 4) 10kq’/a’ 5) 12kq?/a’

T1.16. B 1ByX npOTHBOIIONIOXKHBIX BEpLUIMHAX KBaJpaTa HAXOATCS OJUHAKOBbIE TOUYEUHBIE 3a-
paasl 01 = (2 = 1 MxKn. Ecniu B 1Be pyrue BepIInHbI KBaJpaTa IOMECTUTh TOUYEUHBIE 3apsbl (s =
1 mxKu u g4 = -1 MxKi1, TO cuna, neicTByromas Ha OUH U3 OTUX 3apsa10B, YBEIUYUTCS B

1) 1 pa3 2) 2 paza 3) 3 paza 4) 4 paza 5)S pa3

T1.17. /IBa 01MHAKOBBIX pa3HOMMEHHBIX TOYEUHBIX 3apsiaa 101l = 0] = 4+10° Kn HaxoJATCs Ha
paccrosinuu I = 0,6 M Apyr oT Apyra. HanpsikeHHOCTH OISl B TOYKE, PACIOJIOKEHHOW Ha cepeIuHe
OTpe3Ka, COESANHSIIONIETO 3apsi/ibl, paBHA

1) 800 B/m 2) 900 B/m 3) 1000 B/m 4) 1100 B/m 5) 1200 B/m

T1.18. [IBa 1monoXKUTENbHBIX TOUEUHBIX 3apsiia HaxoJsaTcsl Ha pacctosHuu I = 0,1 M apyr ot
npyra. Ha paccrosiHun X = 8 ¢M OT HepBOro 3apsja HalpsLDKEHHOCTH MOJs paBHA Hymo. OTHole-
HUE BEJIMYMHBI IEPBOTO 3aps/ia K BEIMUYUHE BTOPOTO paBHO

1)4 2)8 3) 16 4) 32 5) 64

T1.19. HampsokeHHOCTh 3JIEKTPUYECKOTO IMOJISI B TOYKE, JEKallel MocpeInHe MEXIy Toued-
HBIMU 3apsgamMu q1=2-10'7 K u q= -4¢107 K, Haxoasimumucs B ckunuaape (€ = 2,2) Ha paccTos-
Huu a = 0,1 M apyr ot apyra, paBHa

1) 80 B/m 2) 100 B/m 3) 810° B/m 4) 3+10° B/m 5) 10° B/m

T1.20. Tpu paBHBIX IO BEJIMYUHE U 3HAKY TOUEYHBIX 3apsJ]ia pacloJIOkKEHbl BJIOJIb MPSIMOM Ha
OJIMHAKOBBIX paccTosHuAX L apyr ot npyra. Moaynbs BekTOpa HalpsKEHHOCTH JIEKTPUUYECKOTO
MOJIsl, CO3AaHHOTO ATHMH 3apsilaMd B TOYKE, PACHOJIOKEHHOW IMOCepeinHe MEXIy ABYMs OJH-
KaNUIIUMU 3apsilaMH, PaBeH

1) q/(9me, L) 2) 3q/(me, L) 3) 9q/(ne,L) 4) q/(3me, L) 5) 6q/(ne,L)

T1.21. PaccrostHre MEX Ty ABYMS ToUedHbIMH 3apsiaamu 2+107 Kit i -2¢107 K1 paBro 54107 M.
HampsikeHHOCTD SIEKTPHYECKOTo IO B TOUKe, HAXOJSIIeics Ha paccTosHuy 4¢107 M oT moso-
JKUTEIBHOTO 1 30107 M oT OTPHULATEIBLHOTO 3apsija, paBHA

1) 0,3+10° B/m 2) 1,3+10° B/m 3) 2,310° B/m 4) 3,3¢10° B/m 5) 4,3¢10° B/m

T1.22. B 1ByX NpOTHBOMOJIOKHBIX BEPIINHAX KBaJgpaTa co cTOpoHOM 20 cM HaxoAsTCs OJMHa-
KoBble ToueuHble 3apsapl o 0,2 MxKn kaxasiidi. HanpsKeHHOCTh 3J€KTPUYECKOro MOoJisl B JABYX
JpYyrux BEpIIMHAX KBaJpaTa paBHA

1) 2,4¢10° B/m  2) 4,4+10" B/m 3) 6,4¢10°B/M  4) 8,4+10° B/m 5) 12,410° B/m

T1.23. JIBa ToOU€UYHBIX MOJIOKUTENBHBIX 3apsaaa o ( = 1 HKu kaxaplil pacnosoxeHsl B BEpILIH-
Hax MPSIMOYTOJILHOTO TPeyroyibHUKa ¢ kareramu a = 40 cm u b = 30 cM. 3apsipl HAXOAATCS B Ba-
Kkyyme. HarnpskeHHOCTB 10JIsI, CO3/1aBa€MOT0 STUMHU 3apsiiaMy B BEpIIMHE MPSMOTIO yIia, paBHa

1) 25 B/m 2) 45 B/m 3) 65 B/™m 4) 85 B/m 5) 115 B/™m

T1.24. B yrinax paBHOOEIPEHHOI'O MPSMOYTOJIBHOTO TPEYrOJbHHUKA, KATETHl KOTOPOro b = 3M,
pacronoxensl 3apsipl 0y = 107 Ki, g, = -4¢107 Kit u g3 = 410 'Ku1. 3apsia (s pacroiosxeH B Bep-
IIMHE OPSIMOTO yriia. Moynnb BEKTOpa HAMPSKEHHOCTU IEKTPUYECKOTO MOJIs, CO3JaHHOTO STUMHU
3apsaMM B CEpeMHE TUIIOTEHY3bl, paBEH

1) 0,1 kB/m 2) 1 kB/m 3) 10 kB/m 4) 100 kB/m 5) 1000 kB/m
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T1.25. B BepmnHax OCTpHIX yriIOB poM0Oa CO CTOPOHOW a = 2 M MOMEUICHBI MOJO0XKHUTEIbHBIE
TOYeyHbIe 3apsAabl 0 (1 = 3 HKJ KakIplid, a B BEPIIMHE OJHOTO U3 TYIBIX YIJIOB — TOYEYHBIN 3a-
psan O, = 9 HKu. Ecniu MeHblias quaroHans pomba paBHA €ro CTOPOHE, TO HANPSKEHHOCTb AJIEK-
TPUUECKOIO MOJIS B YETBEPTOI BeplIMHE poMOa paBHA

1) 17 B/m 2) 27 B/m 3)37 B/m 4) 47 B/m 5) 57 B/m

T1.26. B Tpex BepiiMHax MpaBUJIBHOTO IIECTUYTOJIbHUKA, YE€PE3 OHY, IOMEIIEHbl TOUYEUYHbIE
3apsabl paBHble 4 HK kaxapiii. CTopoHa mecTuyroibHUKa 3 cM. BennumHa BeKTOpa HanpsHKEH-
HOCTHU AJIEKTPHUYECKOTO TIOJIS, CO3/ITAHHOT'O 3TUMH 3apsiaMH B J1I000# cBOOOIHOM OT 3apsia Bep-
LIMHE, paBHA

1) 0,5¢10° B/m 2) 1,5¢10° B/m 3) 3+10° B/m 4) 5¢10° B/m 5) 9¢10* B/m

T1.27. YeTslpe TOuEUHBIX 3apsiia (] OJHOTO 3HAKA PACIOJIOKEHbI B BEPIIMHAX KBaJpara co CTO-
poHoii a. HampsKeHHOCTb 3JEKTPUUECKOTO MOJIs Ha pacCTOSIHUM 2a OT LIEHTpa KBajpaTa Ha Ipo-
JOJKEHUM TMaroHaliy paBHA

1) kg/(8a%) 2) kq/(80a?) 3) kq/(0,8 a*) 4) 8 kq/a’ 5) 0,8 kg/a®

T1.28. Ha aByx mpoBoAsmux KOHIEHTpHUECKuX cdepax ¢ paamycamu 20 u 40 cM HaxomsTcs
3apsaasl -0,2 MxKit n 0,3 MxKn. HanpsokeHHOCTB 251eKTpudecKoro moJisi Ha pacctosiHuu 60 cM oT
MOBEPXHOCTH BHEIIHEH cdephl paBHA

1) 900 B/m 2) 600 B/m 3) 500 B/m 4) 300 B/m 5) 200 B/m

T1.29. B 0HOPOAHOE 3IEKTPHUECKOE MoJie HanpshkeHHOCThio 10° B/M, co3naHHOe ABYMs pas-
HOMMEHHO 3apsKEHHBIMU BEPTUKAIBHBIMM IUIACTUHAMU, TOMEIIIEH MAapUK Maccoi 1 r, mojBeeH-
HBIi Ha TOHKO} HuTH. HUTH OTKIOHMIACH OT BepTHKamM Ha yroa 30°. 3apsi mapuka paBeH

1) 28 uKn 2) 34 uKn 3) 57 uKn 4) 73 uKn 5) 92 uKn

T1.30. Karuist pockl B BUje 1apa MOJYYUJIach B pe3ysbTare CiIMsHUS 216 0MHAKOBBIX 3apsi-
KEHHBIX KareJieK TyMaHa. HanpskeHHOCTh MOJs Ha MOBEPXHOCTH KaIUIM POCHI OOJIbIIE HAIps-
KEHHOCTH Ha IOBEPXHOCTHU KalleJIbKU TyMaHa B

1) 0,2 paza 2) 2 paza 3) 4 pa3za 4) 6 pa3 5) 8 pa3

T1.31. Kanenska suakoct Maccoif 10 I HAXOIUTCA B PAaBHOBECHM B HATIPABJICHHOM BEPTH-
KaJbHO BBEPX OJHOPOJHOM DJIEKTPUYECKOM I0JIe, HAMPSHKEHHOCTh KoToporo 98 B/m. 3apsn ka-
NEIbKU PaBEH

1) 10* Kn 2) 10° Kn 3) 10° Kn 4) 107 Kn 5) 10°® Kn

T1.32. XKenesuslii map paguycoM | cM IUIaBaeT B KEPOCHHE, IIOTHOCTh KOTOPOro 800 Kr/m’.
Bapsiy mapa 10° Kir. ITnotHoCTs %ernesa 7800 kr/v’. HampsikeHHOCTD E 0IHOPOXHOTO 2MEKTpHUe-
CKOTO IT0JIsl paBHA

1) 3¢10° B/m 2) 5¢10° B/m 3) 7+10° B/m 4) 9¢10° B/m 5) 1110° B/m

T1.33. Meramnyeckuil mapuk, UMEIOLMN oTpulaTenbHblid 3apsan 11 = 0,5 MK, noasemexn
Ha mpyxuHe xectkocTbio K = 0,002 H/M B 0fHOpOIHOM, HANpaBICHHOM BEPTHKAIbHO BBEPX,
ANIEKTPOCTATUYECKOM TI0Jie ¢ HanpspkeHHOCThI0 E = 400 B/M. Ecnu anekrpocraruyeckoe moiie yo-
paTh, TO pacTSKEHUE NPYKUHBI U3MEHUTCS Ha

1)1 mm 2) 0,1 cm 3) I cm 4) 10 c™m 5) 100 cm

T1.34. B 1ByX NpOoTHBOINOJIOKHBIX BEPIIMHAX KBajpaTa co cTopoHo# 0,3 M HaXxoJsATCsl OJMHa-
KOBBIE TOJIOKUTENbHBIE TOUEUHBIE 3aps/bl. B MpOTHBOMOIOXKHBIX BEpIIMHAX KBaJpaTa OHU CO3-
naroT noreHuuan 12 kB. 3HaueHus Kaxa0ro U3 3THUX 3apsJI0B PaBHO

1) 7¢10° Kn 2) 24107 Kn 3) 5¢10°® Kn 4) 3410° Kn 5) 6210 K

T1.35. YenuHeHHbIM METaIIIMUECKUN 11ap HAaXOJUTCS B BaKyyMe, €ro paguyc 7,2 ¢M, HOTEHIIH-

ann -6 kB. Uncio 31eKTpoHOB, NepeJaHHbIX Iapy, COCTABIISIET
1) 9¢10° 2) 3+10™ 3) 610" 4) 410 5) 610"

T1.36. B aByx BepmmHax paBHOCTOPOHHETO TPEYroJbHUKA CO CTOPOHOU 0,5 M pacroioKeHbl
7IBa OJIMHAKOBBIX IOJIOKUTENbHBIX TOUEUHBIX 3apsafa no 1 MxKn xaxnapiil. HampsikeHHOCTD 3iiek-
TPUYECKOIO MOJIS B TPEThEW BEPIIMHE TPEYTOJIbHUKA PaBHA

1) 5¢10°kB/m  2) 62,35¢10°kB/m  3) 12,81+10°%kB/m  4) 133,3¢10%B/™m  5) 74,12¢10"xB/m
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T1.37. 1000 oguHaKOBBIX MIAPOOOPA3HBIX Kamelh BOJIBI 3apsKEHBI 0 OJIMHAKOBOTO MOTEHIMA-
na 0,01 B. INorenuuan 60mabmol mapooOpa3HON KalulM, MOJIYYMBILEHCS B pe3ybTaTe CIUSHUS
MaJbIX Kareib, PaBeH

1) 0,01B 2)0,1B 3) 1B 4) 10B 5) 100B

T1.38. apsr paguycamu 15 cm u 10 cm 3apsixensl 10 norernuanos 20 kB u 40 kB cooTBet-

CTBEHHO OJJHOMMEHHBIMU 3apsaaMu. [loTeHIran mapoB Mociie uX CONPUKOCHOBEHUS PaBEH
1) 0,28 kB 2) 280 xB 3)2,8xB 4)28 B 5) 28 xB

T1.39. 3apsokennslii mapuk paauycom R; = 4 ¢M npuBeln B CONMPUKOCHOBEHUE C HE3aAPSIKEH-
HBIM IIIApUKOM BJIBO€ MEHBLIETO pajnyca U MOocJe ATOr0 pa3ABUHYNIN Ha paccTrosiHue I' =9 cm. Ilpu
3TOM OHU CTaJIM B3auMojieicTBoBaTh ¢ cuioil F = 0,5 mH. [lepBonavaibHbIi 3apsi IapuKa paBeH

1) 3,5 uKn 2) 13,5 uKn 3) 33,5 uKn 4) 43,5 uKn 5) 53,5 uKn

T1.40. Metannuueckuit map paauycom 5 cM 3apspkeH 10 notennunana 150 B. [Motennuan mosns

B TOuke A, yJIaJIeHHOU OT MOBEPXHOCTH I1apa Ha pacctosiuue 10 cM, paBeH
1)0,7B 2)10B 3)30B 4)50B 5)60B

T1.41. Metannuyeckuii map paanycom 5 cm 3apsbkeH 10 notennuana 150 B. HanpsokeHHOCTB

MoJjisi B TOuke A, yJaJIeHHOM OT MOBEPXHOCTH I11apa Ha pacctostHue 10 cM, paBHa
1) 111 B/™m 2) 222 B/m 3) 333 B/™m 4) 444 B/m 5) 555 B/m

T1.42. MetanueckoMy 11apy, HaxoJsmiemMycs B Bo3ayxe, cooommunu 3apsan 1 uKi. Pagmyc

mapa 15 cm. [loTennuan nosist BHE mapa Ha paccTossHUU 10 cM OT ero MOBEPXHOCTU PaBEH
1)13B 2)21B 3)36 B 4)74 B 5) 128 B

T1.43. MetanueckoMy Iapy, HaxoJsmiemMycs B Bo3ayxe, cooobmunu 3apsn 1 uKin. Panuyc

mapa 15 cm. HanpsikeHHOCTD 10J1s BHE 11apa Ha paccTossHUM 10 ¢cM OT ero NoBEpXHOCTH paBHA
1) 53 B/m 2) 10 B/m 3) 144 B/m 4) 220 B/m 5) 77 B/m

T1.44. MetainueckoMy IIapy, HaxoJsmieMycst B Bo3ayxe, cooommiu 3apsan | uKn. Pamuyc

mapa 15 cm. HanpsikeHHOCTh 11011 Ha MOBEPXHOCTH Iapa paBHA
1) 50 B/m 2) 100 B/m 3) 200 B/m 4) 300 B/m 5) 400 B/m

T1.45. MetanueckoMy 1Iapy, HaxoJsieMycss B Bo3ayxe, cooommiu 3apan | uKin. Paguyc

mapa 15 cm. [loTeHman nosis Ha MOBEPXHOCTH 1Iapa paBeH
1)60 B 2)80B 3) 100 B 4) 120 B 5)140 B

T1.46. UtoObl nepenectu B Bakyyme ToueuHbId 3apsia 20 HKI u3 OeCKOHEYHOCTH Ha paccTos-
Hue 28 ¢M OT MOBEPXHOCTU YEJAMHEHHOTO MPOBOJSALIETO 3apsHKEHHOTO I1apa, paauyc KOTOporo 2
cMm, a noreniman 300 B, Heo6xonumo coBepInTh paboTy, paBHYIO

1) 84107 JIx 2) 4107 [Tk 3) 124107 JIx 4) 162107 JIx 5) 23107 JIx

T1.47. YToOBI TOYEUHBIE 3aPSI/IBI 3¢10° K u 2¢10® Knn, naxomsuuecs B BaKyyMe Ha paccTosi-
Huu 1,5 M apyr ot apyra, cOMM3UTE 10 paccTosiHUs | M, TpedyeTcs coBepimuTh paboTy, paBHYIO
1) 0,13¢10™ JIx 2) 0,410 [Tk 3) 1,810 [Tk 4) 4,310 JIx 5) 9,110 [Tk

T1.48. B Tpex BepinHax kBaapara co cTOpoHO# a = 10 cM HaXOJATCs TOYEUHBbIE 3apsbl (1 =
J2 = - (3, OAMHAKOBBIE IO MOAY/IO U paBHble | HK kaxapiii. PaboTa 1o nmepeHocy TOYEUHOro 3a-
psna go = 2 K u3 cBOOOJHOM BEpIIMHBI B IIEHTP KBaJparTa, paBHa

1) 128 uJlx 2) 220 nlx 3) 380 u/lx 4) 430 nlx 5) 512 uJlx

T1.49. [Torenuuan Ha nosepxHoctu mapa 200 B, ero paauyc 2 cm. Ilpu nepeHoce ToOUe4HOTO
3apsana 30 HKi u3 6eckoHEUHOCTH B TOUKY, OTCTOSIIYIO Ha paccTostHUU 10 cM OT MOBEPXHOCTH 3a-
PSDKEHHOTO IIapa, HaJlo COBEPLIUTH padoTy, paBHYIO

1) 1 mxJx 2) 5 mxJlx 3) 10 mxIx 4) 50 mx/Ix 5) 100 mx/Ix

T1.50. HanpspokeHHOCTH 1mossi ToueuHoro 3apsga Q B Touke A paBHa Ea, a B Touke B — Eg.

Pabora A, HEoOXomuMast JUTs IepeMeIlIeHus 3apsia ( u3 Touku A B Touky B, paBHa

1) gkQ(yE, —+/Eg) 2) q\kQ(E, —Ey) 3) qkQ /(JE, —Es)
4) qkQ(JE, —E5 ) 5) qvkQ /E, —E,

T1.51. [To okpyxHocTu paguycom R = 10 cM, B IeHTpe KOTOPOU HAXOJUTCS MOJIOKUTEIbHBIN
toueunblii 3apsn Q = 0,02 mxKin, mepememniaercss Opyroil MOJOXKUTEIbHBIA TOYEUHBIN 3apsin
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0=0,1mxKn. PabGota, 3aTpaueHHas npu nepeMenieHnu 3apsjaa ( mo Ayre, COeIUHAIONICH aABe Aua-
METPaIbHO MPOTHBOIIOJIOKHBIE TOYKH OKPY>KHOCTH, PaBHA
1) 40 2) 30 3) 20 4) 10 5)0
T1.52. Daexrpon (Macca s1ekrpona 9,110 kr, a zapsx -1,6010™° Kir), mposereBumii ycko-
psoIy0 pazHOCTh NoTeHIManoB 200 B B 0qHOpOIHOM 3JEKTPUYECKOM T10JI€, TPHUOOPETET CKO-
pocTh
1) 1,3¢10° m/c 2) 2,8410° m/c 3) 3,7+10° m/c 4) 5,5¢10° m/c 5) 8,4210° m/c
T1.53. lapuk maccoit 40 mr, umeromuii 3apsn | K, nepemeniaercs n3 OECKOHEYHOCTH C Ha-
JaapbHOU CKOpOCThio 10 cM/c. MUHUMaNbHOE PAcCTOSHUE, HA KOTOPOE MOKET MPUOTU3UTHCS IIa-
pUK K ToueuHoMy 3apsay 1,33 uKi, paBHO
1) 40 cm 2) 16 cm 3) 14 cm 4) 6 cm 5)2cm
T1.54. DnexTpoH BJIETAET B IUIOCKUI KOHJIEHCATOP MapauIeIbHO €ro TUIACTUHAM CO CKOPOCTHIO
10° m/c. Macca smektpona 9,1¢10°" kr, a sapsig -1,6010™° Ki. JlnuHa mIacTHHB KOHACHCATODPA
lcM, HATPSKEHHOCTH YEKTPUIecKoro mous B HeM 5¢10 ° H/Ki1. CKOpPOCTH 3MEKTPOHA MPH BBIXO-
7ie U3 KOHAEHcAaTopa paBHa
1) 2,410 ® m/c 2) 4,6210 ® m/c 3) 8,7+10 ® m/c 4) 16,6210 ° m/c  5) 19,2¢10 ° m/c
T1.55. AHonHOE HampsbKeHHE ABYXAJIEKTpOAHON anekTpoHHOU jdamnsl U=180 B. Macca anek-
tpora 9,1¢10™" kr, 3apsi -1,6010™° K. HaansHasi CKOPOCTb 9I€KTpOHa (BOIM3H KaToaa) paBHA
HYITI0. DJIEKTPOH MOJIETAET K aHOY CO CKOPOCTBHIO
1) 210° m/c 2) 410° m/c 3) 8¢10° m/c 4) 16+10° m/c 5) 32¢10° m/c
T1.56. JleTsmumii ¢ HEKOTOPOH CKOPOCTHIO IEKTPOH MOTAJACT B AIIEKTPHUIECKOE TIOJIE U, JTBH-
rascb BJOJb JUHUH HAIPSHKEHHOCTH STOTO TOJISA, TIOJHOCTBHIO TEPSIET CBOIO CKOPOCTh MEXIY TOY-
KaMH C pasHOCTBIO moTeHmuanoB 400 B. Macca snmextpona 9,110 kr, a sapsg -1,6¢10™° K.
JIBI>KEHUE 2JIEKTPOHA POUCXOIUT B BakyyMme. HadanbHasi CKOPOCTh 2JI€KTpOHA paBHA
1) 14,9¢10" m/c  2) 6,3+10" m/c 3) 4,810 m/c 4) 1,2¢10" m/c 5) 0,017+10" m/c
T1.57. Jletsimuii ¢ HEKOTOPOU CKOPOCTHIO JEKTPOH MOMAAAET B JIEKTPUUECKOE T0JIE€ U, JABU-
raschb BJOJb JUHUH HAIPSHKEHHOCTH TOTO MOJISA, TIOJHOCTBHIO TEPSIET CBOIO CKOPOCTh MEXIY TOY-
KaMH C pasHOCTBIO moTeHmmanoB 400 B. Macca snextpona 9,110 kr, a sapsn -1,6¢10™° K.
JIBI>KEHHUE AJIEKTPOHA MPOUCXOIUT B BakyyMe. CKOpPOCTh 3JEKTPOHA YMEHBIIUTCS B JIBa pa3a MpH
Pa3HOCTH MOTEHINAJIOB MEXKAY STHMH e TOUKaAMHU
1)300 B 2)400 B 3) 500 B 4) 600 B 5) 700 B
T1.58. DnexTpoH BieTaeT B IJIOCKUN BO3AYLIHBIM KOHJIEHCATOP MapauIeIbHO €ro IUIaCTUHAM
co cKOpocThIo 5,9¢107 M/c. Macca amexrpona 9,110 kr, 3apsix -1,6¢10™° Ki. PaccrosiHne Mexy
mwiactuHaMu 10 MM, pasHocth noreHuuanos 600 B, mnmunaa nnactusasl 50 MM. OTKIIOHEHHE 3J€K-
TPOHA, BBI3BAaHHOE T0JIEM KOHIEHCATOPa, PaBHO
1) 1,2 mm 2) 3,8 MM 3) 6,3 MM 4) 8,2 MM 5) 13,4 mm
T1.59. B snexkrpuueckoM moJie MIOCKOTO BO3AYIIHOTO KOHJAEHCATOpA, MJIACTHHBI KOTOPOTO
PAacIoNoKEeHbl TOPU30HTAIFHO, HAXOIUTCS BO B3BEUIICHHOM COCTOSIHUH KallelbKa Maciia, Hecylas
3apsijl, PaBHBIM 3apsay 2JIEKTpoHA. Pa3HOCTh MOTEHIMAJIOB MEXIy IUIACTHHAMH KOHJIEHCATOpPa
U=510° B, paccrosianie mexay miactuaamu d = 50107 M, mrotHOCTS Macna p = 900 kr/m’. 3apsin
smekTpoHa (e = -1,6¢10™° Ki1. Paguyc kanensku pasen
1) 3,4¢10° m 2) 6¢10° M 3) 9,5¢10° M 4) 12,8410° m 5) 15,2¢10° m
T1.60. DnexTpoH BieTeN B IJIOCKHI KOHAEHCATOP, HAXO/SCh HAa OJJMHAKOBOM PAacCTOSIHUU OT
KA 0} IUTACTMHEI ¥ MMest CKopocTh V = 107 M/c, HampaBieHHYIO IapalIebHO IIacTHHAM. Macca
snextpona 9,1+10%" kr, sapsix -1,6¢10™"° K. Paccrostaie Mexay miactuaamu d = 2 cM, JTHHA Ka-
#7101 macTuHbl L = 2 cM. UToOBI 371€KTPOH HE BBIJIETEN U3 KOHAEHCATOPA, K €ro IUNIACTUHAM HYX-
HO MPHJIOKUTh HAMMEHBIIYIO Pa3HOCTh MOTEHINATIOB, PABHYIO
1) 130 B 2)280 B 3)360 B 4)420 B 5)570 B
T1.61. [IpoToH BieTEN B rOPU3OHTAIBHO PACIOJIOKEHHBIN MIJIOCKUI KOHJIEHCATOp, HAXOMACh
HAa OJMHAKOBOM DACCTOSHHMM OT KaX/IOH IUIACTHHBI M mMes ckopocTh 10° m/c, HampaBIeHHY:O
napaluIeIbHO IUIACTHHAM. 3apsix mporoHa 1,6010™° Kii, ero macca 1,67¢10% kr. Paccrosmue
MEX/y IUIACTUHAMHM 2 CM, JUIMHA KaxJaou w3 Hux 10 cm. UToOBl Ha BbUIETE M3 KOHACHCATOpa
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MJIaCTUHAMU 2 CM, JjuHa Kaxa0i u3 Hux 10 cm. UToOBI HA BhUIETE U3 KOHACHCATOpPA HAIIpaBJIEHUE
JIBMKEHHS IPOTOHA cOcTaBIsuo 30° K FOPH30OHTANH, K IUIACTHHAM HY)KHO TPHJIOKHTH HAMMEHb-
LIYIO0 Pa3HOCTb MTOTEHINAJIOB, PABHYIO
1) 10,3 xB 2) 8,4 xB 3)3,9xB 4) 1,2 xB 5)0,1 xB
T1.62. IIpoToH BieTaeT B TOPU30OHTAIBLHO PACHOJIOKEHHBINA MIOCKUI KOHAEHCATOP, HAXOMACh
HA OJIMHAKOBOM PACCTOSHHMM OT KaXIOi IIACTHHBI W MMesi ckopocTh 10° M/c, HampaBIIeHHyiO ma-
pasnenbHo macTuHaM. Ha BbleTe U3 KOHAeHcaTOpa HalpaBlIeHUE IBUKEHUS IPOTOHA COCTABIISIET
30° k ropusoHTanH. PaccTOsIHIE MEKIY IUTACTHHAME 2 CM, [UTHHA KaXa10# u3 Hux 10 cM. 3apsia
npotoHa 1,6¢10™° K, ero macca 1,67¢10 kr. BepTuKaapHOE CMEIIEHHE IPOTOHA IIPU TOM PABHO
1) 4,6 mm 2) 3,9 mm 3) 2,8 MM 4) 1,7 mm 5) 0,3 mm
T1.63. B mpocTpaHcTBO, I/1€¢ OJHOBPEMEHHO JEHCTBYIOT TOPU30HTAIBHOE U BEPTUKAIBHOE OJ-
HOPOJIHBIC AIEKTPUUIECKUE T0JIs ¢ HanpsbkeHHocTssMu E; = 400 B/m u E; = 300 B/M cooTBeTcTBEH-
HO, BJIOJIb HAIIpaBJICHUs CHUJIOBOM JIMHUM PE3YJbTUPYIOIIETO IOJIs BIETAET EKTPOH, CKOPOCTh
KOTOPOTO Ha ImyTH S = 2,7 MM H3MeHsieTcsi B N = 2 pasa. 3apsix sekrpona -1,6010™° Kur, ero macca
9,1¢10™*" kr. CKOpOCTB 3EKTPOHA B KOHIIE ITyTH PABHA
1) 1210° m/c 2) 2¢10° m/c 3) 4+10° m/c 4) 8+10° m/c 5) 1610° m/c
T1.64. DyiekTpoH BiIeTaeT B OJHOPOJTHOE DIEKTPUUYECKOE TOoJie ¢ HampsikeHHOcThio E = 120
B/M meprneHauKyIspHO CHIIOBBIM JIMHUSIM €O ckopocThio V = 1000 km/c. 3apsia snekrpoHa -1,6 ¢
10™ K, ero macca 9,1¢10°%! kr. Kunernueckas sHeprus uepes Bpems t = | MKC H3MEHHTCS B
1) 446 pas 2) 214 pa3 3) 184 pas 4) 60 pa3 5) 38 pa3
T1.65. Mex 1y rutacTUHaMU IIOCKOT0 KoHeHcaTopa npu HanpstkeHun U = 3000 B naxoaurcs
B PAaBHOBECHM NBUIMHKA MAaccoul M = 5¢10° r. PaccrostHue Mexay tiactuaaMu d = 5 oM. Bapsin
MBUTMHKA W3MEHWICA Ha A(Q = 1,610 K. Yto6bl OHA ocCTanach B PaBHOBECUHU, HEOOXOIUMO
YMEHBIINTH PA3HOCTH MOTEHIAJIOB Ha
1)28,3B 2)56,5B 3)70,4 B 4)113,2B 5)175,8 B
T1.66. IlocepenrHe MIOCKOTO BO3AYIIHOTO KOHJEHCATOpa B3BEIIEHA Karmelbka pTyTu. Pac-
CTOSTHHE MEXJy IulacThHaMu KoHjeHcatopa d = 1 c¢M, pa3HOCTh MOTCHIUAIOB Mex 1y HumMu U; =
1000 B. Bue3zanHo pa3HocTh noTeHImanoB nagaetr 10 U, = 995 B. Kanenbka JOCTUTHET HUXKHEH
TUTACTHHBI Yepe3 BpeMsi, paBHOE
1)4,16 ¢ 2)3,14 ¢ 3)2,15¢ 4)19c 5)0,45¢
T1.67. Mertaymnueckuil map HaXoAUTCs B Bo3ayxe, ero eMkocth 4,5n®, 3apsa 180 uKu. Ilo-
TEHIMAaJ 11apa paBeH
1) 10-10* B 2) 8+10°B 3) 6210 B 4) 4+10° B 5) 2¢10° B
T1.68. Merammueckuil map HaxoauTcst B Bo3ayxe, ero 3apsa 180 uKi, emxocts 4,5n1®. Pa-
JMYC 11apa paBeH
1) 40107 m 2) 8010 M 3) 16107 m 4) 200107 m 5) 24+107% m
T1.69. /IBa mapa, paauycsl KOTOphIX 5 ¢cM U 8 cM, a noteHuuainsl 120 B u 150 B, coenunenst
poBoJIOKOH. [ToTeHMabl mapoB MOCie UX COCTUMHEHUST PAaBHBI
1) 160,5 B 2)111,5B 3) 149,5B 4)125B 5)138,5B
T1.70. [IBa mapa, paanycsl KOTOpbIX 5 ¢cM U 8 cM, a notennuainsl 120 B u 150 B, coenunensl
MIPOBOJIOKOM. 3apsl, mepelieIui ¢ OJHOTO IIapa Ha IpYyroil, paBeH
1) 10°Kn 2) 10°Kn 3) 10°Kn 4) 10" Kn 5) 10™ Kn
T1.71. OquHakoBO 3apsKEHHbIE MPOBOAHUKHN UMEIOT noTeHuans ¢; = 40 B u ¢, = 60 B. Ec-
JIM UX COETMHUTH TOHKOM MPOBOJIOKOH, TO OTEHIIHAI ATUX MTPOBO THUKOB Oy/JeT paBeH
1) 14B 2) 20B 3) 100B 4) 150B 5) 48B
T1.72. ap paguycom Ry = 15 cM, 3apsbkeHHBbIN 10 noteHuuana @1 = 300 B, coenunaioT ¢ He-
3apsKEHHBIM [IaPOM TOHKOM NPOBOJIOKOM. Ilocie coenquHeHns MOoTeHMal Ha KaXKI0M 11ape CTall
paBubiM @ = 100 B. Pagquyc R, BTOpoOro mapa paseH
1)0,3m 2)0,9m 3)2,7wm 4)4,1m 5)5.8wm
T1.73. JIBa mapuka, HaXoICh B BaAKyyM€ Ha PACCTOSHHUH I = 2 CM APYT OT Jpyra, UMEIOT dJIeK-
TpoeMkocTh C; = 2 H® u C, = 3 H® u 3apsas! (1 = 3 MxKin u g, = 2 mxKn coorBercrBenno. la-
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PHUKH COSIMHUIIM U 3aT€M pa3BeNid Ha MpekHrue Mecta. OTHOIIEHUE CHJT B3aUMOICHCTBHUS IIAPHKOB
710 ¥ TIOCJI€ COCTMHEHUSI PAaBHO
1) 0,03 2)0,2 31 4) 5 5) 12
T1.74. [1nockuil BO3ayMIHBINA KOHJEHCATOP 3apsAIuid 10 pasHocTH noteHuuanos U; = 600 B.
[Tocne OTKIIFOYEHUS OT MCTOYHHMKA TOKA PACCTOSHUE MEXAY OOKJIaIKaMH YBEITHMYWIM BJIBOE U 3a-
MOJIHWJIN AUAJIEKTPUKOM € € = 5. Pa3HOCTh NOTEHIMANIOB MEX Y IJIaCTUHAMH KOHEHCATOpa cTaia
1) 120B 2)240 B 3)360 B 4) 480 B 5)520B
T1.75. Hanpsoxkenne Ha koHaeHcatopax ¢ eMkocTsiMu Cy = 2 Mx® u C, = 0,5 Mx® 10 coenune-
Hus coctasisuio U; = 100 B u U; = 50 B cooTBerctBenHo. [Ipu coenmmueHnn 0 JHOMMEHHO 3apsi-
’KEHHBIX TIACTUH KOH/IEHCATOPOB BBIICITMIIOCH KOJIMYECTBO TEIJIOTHI, PABHOE
1) 510° ik 2) 20107 Ik 3) 3¢10° Ik 4) 7+10° JIx 5) 5010 Tk
T1.76. B paguocraniusx, npuMenseMsix B POO BepT0JI€TOB, HCIOJIB3YETCsl KOHJEHCATOP €M-
kocTeio 30 Mk®, paccunTtaHHblil Ha HanpsbkeHue 150 B. 3apsg koHzneHcaTopa paBeH
1) 4,5¢10° Kn 2) 8,5¢10° Kn 3)12,5¢10°Kn  4)16,5¢10°Kn  5) 20,5¢10° Kx
T1.77. B paguocraniusx, npuMenseMsix B POO BepT0JIeTOB, HCOJIB3YETCsl KOHJEHCATOP €M-
kocTeio 30 Mk®, paccunTtaHHblil Ha HanpsbkeHue 150 B. DuHeprus, 3amaceHHas B HeM, paBHa
1) 0,12 Ik 2) 0,34 Ik 3) 1,76 Ix 4) 2,23 JIx 5) 3,45 x
T1.78. Ha nBa mocnenoBarenbHO coequHeHHBIX KoHaeHcaropa Ci = 100 nd u C; = 200 nd mno-
naHo noctostHHoe Hanpsbkenue U = 300 B. Dueprus, 3amaceHHasi B nepBOM KOHJIEHCATOpE, paBHA
1) 10 mx/Ix 2) 8 mMx/lx 3) 6 mx/lx 4) 4 mxJlx 5) 2 mx/Ix
T1.79. Ha nBa mocnenoBarenbHO coequHeHHBIX KoHaeHcaropa Ci = 100 nd u C; = 200 nd mno-
naHo noctostHHoe HanpsbkeHue U = 300 B. Dueprusi, 3amaceHHas BO BTOPOM KOHJIEHCATOPE, paBHA
1) 0,5 mx/Ix 2) 1 mxx 3) 10 mx/Ix 4) 15 mxJlx 5) 20 mx/Ix
T1.80. Bo3aymHblil KOHAEHCATOP COCTOUT U3 JABYX KPYIJIBIX MAapaJJIeNIbHBIX IIJIACTUH PaJAnyCcOM
10 cm. Paccrosnue Mexay niuactuHaMmu 1 cM, pazHocTs noteHuuanos 120 B. 3apsn konaeHcaropa
1) 9,9¢10° Kn 2) 7,7+10° Kn 3) 5,5¢10° Kn 4) 3,310° Kn 5) 1,1¢10° Kn
T1.81. [Tnockuit BO3AYHMIHBIA KOHAECHCATOP, PACCTOSIHUE MEXIY OOKIaaKamu kotoporo d; = 1
CM, 3apsaIuiau 10 pa3HocTH moTeHimanoB U; = 100 B, a 3aTeM OTKIIIOYMIM OT UCTOYHUKA HAMps-
KCHUS ¥ Pa3[BUHY/IH 00KIaaku 10 paccTosHus d; = 2 cM. Pa3HOCTh MOTEHIIMAIOB MEX Ty OOKIIa -
KaMU TI0CJIe TOTO, KaK UX pa3IBUHYJIU, paBHA
1) 200 B 2)400 B 3) 600 B 4) 800 B 5) 1000 B
T1.82. JIBa KOHIeHCAaTOpa OJIMHAKOBOM €MKOCTH 3apsKEHBI 10 pasHocTH noTeHnuanos 100 B u
300 B, a 3areM coequHEHbI OJHOMMEHHO 3apsDKEHHBIMU O0O0KiankaMu. HampsokeHue, ycTaHOBHUB-
eecst Mex Iy OOKJIaJKaMH KOHIEHCATOPOB, PaBHO
1) 500 B 2)400 B 3)300B 4)200 B 5) 100 B
T1.83. JIBa koHIeHCaTOpa, EMKOCTH KOTOPBIX 4 U 2 MK®D, 3apsKeHbl 10 pa3HOCTH MOTEHLHA-
108 300 u 600 B coorBeTcTBeHHO. KOoHIEHCATOPHI COeMHMIN NTapajuieabHO. Pa3HOCTh O TEHIMA-
JI0B Ha 0OKJIaikax OaTapen paBHa
1) 800 B 2) 600 B 3)400 B 4)200 B 5)40B
T1.84. Kongerncarop emxoctbio C; = 4 Mk®D, 3apsmkeHHBIN 10 pazHocTH noTeHimanos U, = 100
B, coenuHMIM OHOMMEHHO 3apsKEHHBIMH OOKJIaJKaMH C KOHIEHCATOPOM eMKOCThI0 Cy = 6 MKD,
3apsUKEHHBIM 710 pa3HocTu noTeHnuanoB U; = 150 B. PasHocTh moTeHIIMANOB MEXTy OOKIIaKaMU
KOH/ICHCAaTOPOB IMOCIIE UX COSANHEHHS paBHA
1) 130B 2)220B 3)360 B 4) 480 B 5)512B
T1.85. JIBa mocnenoBaTebHO COEAMHEHHBIX KOHAEHCATOPa, eMKOCTH KOTOphIX C1 = 2 MK®D un
C; = 3 Mx® coeauHEHBI MapaLlIeNbHO ¢ KOHAeHcaTopoM eMkocTH Cz = 0,8 Mk®. OTHOIIEHHE 3a-
psina Ha kKoHaeHcaTope Ci K 3apsiay Ha KoHJeHcaTtope Cs paBHO
1)1,5 2)3 3)6 4)9 5) 15
T1.86. IlbimuHka, notepsBmas 20 371€KTPOHOB, HAXOAUTCS B PABHOBECHM B IOJIE IJIOCKOTO
KOHJIeHcaTopa. PaccrosiHre Mex Iy rmiacTiHaMu KOHJeHcaTopa 2,5 MM, ero emkocts 0,015 Mx®, a
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macca meimaakE 1,010 . 3apsg snextpona -1,6010™° Kii. 3apsi, mepesaHHbIA KOHIEHCATODY,
paBeH
1)5,16¢10° K1 2)3,98¢10°Kn  3)1,17°10°Kn  4)4,81¢10°Kn  5) 7,14¢10° Kn

T1.87. JIBa miockux KOHAEHCATOpa OJAMHAKOBOW €MKOCTH COEIUHEHBI MOCJIEIOBATENHLHO U
MOJAKJIIOUEHBl K UCTOYHUKY ToKa. ITpocTpaHcTBO Mexay MIacTUHaMM BTOPOTO KOHJEHCATOpa, He
OTKJIIOYasi MCTOYHHMKA TOKA, 3alOJHWIM JUUIEKTPUKOM C JUAJIEKTPUUYECKOW IPOHULIAEMOCTHIO
paBHO# 3. Pa3HOCTh NOTEHIIMAJIOB HA TUIACTUHAX IEPBOT0 KOHJIEHCATOPA YBEIUUUTCS B

1) 15 pa3 2) 12 pa3 3) 6 pa3 4) 3 paza 5) 1,5 paza

T1.88. K 1ByM 0MHAaKOBBIM COEAMHEHHBIM NapauIeIbHO KOHJIEHCATOpaM IMOJICOEIUHUIN I10-
CJIEIOBATENbHO TPETUM KOHAEHCATOP TaKoM ske eMKkocTH. HanpsixeHue Ha Bcell 6atapee cocTaBis-
et 1000 B, a ee sneprus pasHa 2 J[>x. EMKOCTh Ka)X/10TO KOHIEHCATOpa paBHA

1) 30 Mx® 2) 15 Mx® 3) 12 Mx®d 4) 6 Mmx® 5) 3 MxD

T1.89 Ecnu paccrosiHue MeXIy IByMsl TOUEUHBIMU 3apsAaMH YBEJIUYMUTH B 3 pa3a, TO MOIYJIb
CHJIBI KyJIOHOBCKOTO B3aUMOJIEHCTBUS

1) yBennuures B 3 pasza 2) yBenuuures B 9 pa3 3) ymenbuTCs B 3 pasa

4) ymenpmutcs B 9 pas 5) He U3MEeHHUTCA

T1.90 YToOb! npu yMEHbIIEHUN BEIMYUHBI JBYX TOUEUHBIX MTOJIOKUTENbHBIX 3apsiioB B 4 pasza
CHJIa B3aUMOJICHCTBUS MEX 1y HUMU HE U3MEHUJIACh, CIIEAYET PACCTOSIHUE MEXIY HUMU

1) ymeHbmuTh B 16 pa3 2) yBenMuuTh B 16 pa3 3) yMeHBIIUTH B 4 pa3za

4) yBenuuuTh B 4 paza 5) yBennuuTh B 2 paza

3agaum 11 KOHTPOJIBHBIX padoT

11

JsnexTpuueckuil mapuk, Hecymuit 3apsag 4,9 uKin, n umeromumii maccy 0,4 r, moaBelIeH B Ba-
KyyMe€ B II0JIE CHJIbI TSKECTH Ha KECTKOW TUIIEKTPUYECKOW HUTH. Ha Kakol yromn o OTKIOHHUTCS
IIapUK, €CJIM €ro MOMECTUTh B OJTHOPOJHOE TOPU30HTAIBHOE AIEKTPOCTATUYECKOE I10JI€ C HAIpSI-
KeHHocThIo 10° B/M?

1.2

JlBa mpoBoasmux mapa paguycamu R; = 10 cm u R; = 5 oM, 3apskeHHBbIE 10 NTOTEHIMAIOB
001=20 B 11 o2 = 10 B, coenuHsIOT MPOBOIHUKOM, EMKOCTHIO KOTOPOT'O MOXHO NpeHeOpeub. Haii-
TH 3aps/bl Ha I1apax MOCJIe UX COSAUHEHHUS.

1.3

Tonkoe konbuo pamuyca R Hecer 3apsin Q, paBHOMEpPHO pacrpeieieHHbIH 1Mo Koubily. Onpeze-
JUTh MOTEHIMA 3JEKTPOCTaTUYECKOTO IMOJsI B TOUKE A Ha OCH X
KOJbIla Ha pacCTOSHMM a OT Kosbla. Och X NEpHEHAUKYISIpHA
IJIOCKOCTHU KOJIbIIa M POXOAUT YEPE3 €r0 LIEHTP.

1.4 A

Tonkoe kombilo pamumyca R Hecer 3apsn Q, paBHOMEpHO pac- a
IIpe/IeNIeHHbI 10 KoJiblly. OINpenenuTbh HaNpsSKEHHOCTb 3JIEKTPO-
CTaTMYECKOTO IOJISI Ha OCU X KOJIbLIa HA PACCTOSIHUM a OT LIEHTpa.
Ochp X neprneHuKyIsIpHa MIOCKOCTH KOJbIa U IPOXOIUT Yepe3 ero
LIEHTP.

1.5

B mentpe miockoro kosblia paauyca R, Hecylero paBHOMEpHO pacrpeeseHHbIH 3apsa +Q,
PAacIioNoKEeH OTPHUIIATENbHBIN TOUeuHbId 3apsa -Q. Onpenenuts HaMPSHKEHHOCTh AIIEKTPOCTaTHde-
CKOTO TOJISi TAKOW CHUCTEMBI 3apsJI0B B TOUYKE HAa OCH X KOJIbLIa Ha PACCTOSTHUU A OT IUIOCKOCTH
KOJIbLIA.
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1.6

JIBa TOHKHX IPOBOJIOYHBIX KOJIbIA OJAMHAKOBBIX Paguy-
coB R = 30 cm pacrnosioskeHbl cOOCHO Ha pacctostHuu d = 52
cM japyr ot npyra. Kombiam cooOmiens! 3apsael -Q u +Q =
0,40 mxKn. OmnpenenuTs pa3HOCTh MOTEHIHUAIOB MEXIY
LIEHTPAaMHU KOJiell.

1.7

Halitn BenmnumHy BEKTOpa HANPSKEHHOCTU JJIEKTpHYE-
CKOTO TIOJIfl, CO3/1aBa€MOI'0 OYEHb JJIMHHBIM 3apsyKEHHBIM J
PaBHOMEPHO C JIMHEWHON IUIOTHOCTBIO 3apsijia -A CTEPKHEM - -
B TOYKE, HAXOJALIEICS Ha PaCCTOSIHUU I OT HETO.

1.8

Haiiti pa3HOCTh NOTEHLIMATIOB 3JEKTPUUECKOTO MOJISI MEXAY JIBYMsI TOUKaMH, HAXOIAUIUMUCS
Ha paccTosHUsIX R; u R, oT GeckoHEUHO JUIMHHOTO CTEPXHS, 3apsPKEHHOTO PaBHOMEPHO C JIMHEH-
HOM MJIOTHOCTBIO 3apsijia A.

1.9

Paccuntarh HampspDKEHHOCTh JIEKTPUYECKOTO TIOJIA, CO3JaBa€MOT0 TOHKUM 3apshKEHHBIM
CTEpKHEM B TOYKE, HAXOSALICICS Ha CEpeAMHHOM NEPIEHANKYIISIPE K CTEP)KHIO Ha paccTostHUM R
OT CTEpPKHSI. DJIEKTPUUYECKUHN 3apsii pacnpeaensercs no JiuHe L paBHOMEPHO ¢ JTUHEHHON TIIO0T-
HOCTBIO A > 0.

1.10

Haiitu Moaynb BeKTOpa HaNpsKEHHOCTH JIEKTPUYECKOTO IOJIs, CO3/1aBaEMOI0 OECKOHEUHOM
IJIOCKOCTBIO, 3apsKEHHOM paBHOMEPHO € MOBEPXHOCTHOM IJIOTHOCTHIO 3apsaa ¢ < 0.

111

Hailitn pasHOCTh MOTEHIMANIOB MEXy ABYMs TOYKaMH, HaXOJSIMMHUCA Ha paccTOsHUAX Ri u
R, 0T paBHOMEpHO 3apsKEHHOM C MOBEPXHOCTHOM IMIIOTHOCTHIO 3apsiia ¢ > () MIIOCKOCTH.

1.12

DJNEeKTPUUECKOE TOJIE CO3[JaH0 JBYMSI OECKOHEUHBIMHU IMapajuIeIbHBIMH IJIACTUHAMH, HECYIIH-
MM PaBHOMEPHO PACIPEAEIEHHbBIN TUIOIIAJN 3apsiji C TOBEPXHOCTHOM IUIOTHOCTBIO G = | uKi/m? 1
6, = 3 HKi/M’. OnpeennTh HANPSHKEHHOCTD SMEKTPHYECKOTO OIS MEKY IUIACTHHAMI.

1.13

Paccuntarh HampsyKEHHOCTb 3JIEKTPUYECKOTO IOJsI, CO3JaBaEMOT0 JBYMsl OECKOHEYHBIMH
IUIOCKOCTSMU B MPOCTPAHCTBE MEXKJIY HUMHU. DJIEKTPUUECKUN 3apsi/i pacHpeiesieH paBHOMEPHO C
[TOBEPXHOCTHBIMU IUIOTHOCTSIMU +G U -G.

1.14

Paccuntarh pa3HOCTh MOTEHIMAIOB MEXKIY ABYMs OECKOHEUHBIMHU IJIOCKOCTSIMH B IPOCTPaH-
CTBE MEXIY HUMHU. DJIEKTPUUECKUH 3aps]l paclpeaesieH paBHOMEPHO € MOBEPXHOCTHBIMU TUIOTHO-
CTMHU tG U -G, 0 - pacCTosTHIE MEKTY TUIOCKOCTSIMH.

1.15

ToHkuil AMAIEKTPUUYECKUNA TUCK paauyca R 3apspkeH paBHOMEp-
HO C NOBEPXHOCTHOM IUIOTHOCTHIO 3apsiaa ¢. OmnpenenuTbh Hamps- A
XKEHHOCTD AJIEKTPOCTATUYECKOTO MOJS B TOUKE A, pacroiaoXeHHOU d
Ha OCH X JIMCKAa Ha PAacCTOSHUU a OT aucka. Och NMPOXOAUT vepes
LEHTP JUCKA NEPIIEHIUKYISPHO €ro MIOCKOCTH.

1.16

Tonkuil quck paguyca R 3apsikeH paBHOMEPHO MO MOBEPXHOCTH C IUIOTHOCTHIO 3apsaa ¢. Omn-
peAenuTh NOTEHLHAT 3JIEKTPOCTaTUYECKOrO MOJIs JUCKA B TOUKE A Ha OCH X, IPOXOJAIIel uepes
LEHTP JUCKA NEPIIEHIUKYISIPHO €ro MIOCKOCTH, HAa PACCTOSTHUY a OT LIEHTpA.
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1.17
ToHKMIT KECTKUM TUAIEKTPUUECKHUM TuCK paauyca R 3apsiken

PaBHOMEPHO € MOBEPXHOCTHOM IUNIOTHOCTBIO 6. Ha ocu x 1ucka Ha ¢
PacCTOSIHMM a OT €ro LEHTPa HaXOAUTCS TodedHbIi 3apsaa Q. On- a . %
peAenUTh CUIIY B3aUMOJIEHCTBUS 3TOrO 3apsiia C 3apsKEHHBIM
JIICKOM.

1.18

B nenTpe miockoro ToHKOro aucka paguyca R nmeercs kpyr-
noe otBepcte paauyca R;. OcraBmiasics 4acTh IUCKa 3apsKeHA
PaBHOMEPHO MO TOBEPXHOCTH C IIOTHOCTBIO 3apsaa o. Ompene- £
JIUTh HAIIPSKEHHOCTh 3JIEKTPOCTATUYECKOTO IOJIS JUCKA C OTBEP-
CTHEM B TOYKE A Ha OCHM JIUCKa Ha PAacCCTOSIHMM a OT €ro IoBepX- | A
HOCTH. =

1.19 4

OTpe3Ky TOHKOH AMANEeKTpUYecKo HUTH JUIMHOU L cooOmieH
3apsin Q u mpugana Gpopma Ayru OKpyKHOCTH paamyca R. B nen-
tpe O 3T0i#l OKpYKHOCTH MMOMEIeH TOYeuHbIN 3apsia (. Haiitu cu-
JIy B3aUMO/JICHCTBH 3apsHKEHHOM Jyr'y U TOYEYHOTIO 3apsza (.

1.20

Ha npomoikeHnu TOHKOTO IUAJIEKTPUYECKOTO CTepkHs (HUTH) JuuHOM |, Hecymuero 3aps,
PaBHOMEPHO PACTIPECICHHBIN 0 JJIMHE C JTUHEWHOU TJIOTHOCTBIO A;, PACIOJIOKEH TOUCUHBIN 3a-
psan Q. Ha paccTosiHMM D OT OJHOTO M3 KOHIOB cTepkHsA. ONpeneuTh CUIIy B3aUMOJCHCTBHS
CTEpXKHS U 3apsija.

1.21

DJNEeKTPUUECKOE TOJIE CO3[JaH0 JBYMSI OECKOHEUHBIMU IMapajuIeIbHBIMH IJIACTUHAMH, HECYIIH-
MU PAaBHOMEpPHO pacHpelesIEHHBIN M0 IUIOLAAM 3aps] C MOBEPXHOCTHOM IJIOTHOCTBIO o1 = 1
uKi/M® 1 6, =3 uKin/m%. Onpenennts HanpsHKEHHOCTD OIS BHE IIACTHH.

1.22

B nentpe miuockoro TOHKOTO Jaucka paauyca R, umeercs kpyrioe otBepcrue paauyca R;. Oc-
TaBIIASICA YacTh JUCKA 3apspKEHAa PaBHOMEPHO MO MOBEPXHOCTH C MOBEPXHOCTHOW IUIOTHOCTHIO
3apsaaa 6. OnpeaenuTs NOTEHIUAN JIEKTPOCTaTUYECKOTO TMOJIs IUCKA C OTBEPCTHEM B TOUKE A Ha
OCH JTUCKa Ha PACCTOSIHUM a OT €r0 MOBEPXHOCTH.

1.23

B mentpe miockoro kosblia paauyca R, Hecylero paBHOMEpHO pacrpeneneHHbIi 3apsaa +Q,
PAacIioNoKEeH OTPHUIATENbHBIN TOUeUHbIH 3apsin -Q. OnpeaenuTs MOTEHIMAT IEKTPOCTATUIECKOTO
I10JIsl TAKOW CHUCTEMBI 3apsJI0B B TOUKE HA OCH X KOJIbIla HA PACCTOSIHUU & OT IJIOCKOCTH KOJIbIIA.

1.24

HaliTn HanpsyKeHHOCTb 3JEKTPUUECKOIO IOJIsl, CO3/1aBAEMOIr0 CPEpUUYECKO MOBEPXHOCTHIO
paguycoM R, Mo KOTOpOW paBHOMEpPHO paclpenen€H SJIEKTPUUYECKUN 3apsii ¢ MOBEPXHOCTHOU
IUIOTHOCTBIO G > 0. Touka HaXoIUTCs Ha paccTosiHUM I OT neHTpa (I < R).

1.25

HaliTn HanpsyKeHHOCTb 3JEKTPUUECKOIO TIOJIsl, CO3/1aBAEMOIr0 CPEpUUYecKOl MOBEPXHOCTHIO
paguycoM R, Mo KOTOpOW paBHOMEpPHO paclpenen€H SJIEKTPUUYECKUN 3apsii ¢ MOBEPXHOCTHOU
IUIOTHOCTHIO G > 0. Touka HaXOIUTCS HAa paccTOsTHUM I OT eHTpa (I > R).

1.26

Haiitu moTeHIuan 3/eKTpUYecKoro MmoJis, CO3AaBaeMoro CepruuecKoil MOBEPXHOCTHIO PaIHy-
coM R, 1o KOoTopoii paBHOMEPHO pacHpelesi€H ANEKTPUUYECKUI 3aps] C MOBEPXHOCTHOM IUIOTHO-
cthio 6 > 0. Touka HaxoIUTCS HA paccTosiHUM I OT neHTpa (I < R).

1.27

HaiitTu moTeHIuan 3/eKTpUYecKoro IMmoJis, CO3AaBaeMoro CepruuecKoil MOBEPXHOCTHIO PaIHy-
coM R, 1o KOoTopoil paBHOMEPHO pacHpelesieH JIEKTPUUYECKUI 3aps] ¢ NOBEPXHOCTHOM IUIOTHO-
cThio 6 > 0. Touka HaXOIUTCS HA PacCTOSTHUU I OT eHTpa (I > R).
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1.28

[Map panguycom R M3 0AHOPOIHOTO M3OTPOIHOTO AWUIEKTPUKA C OTHOCUTENILHON MpOHMIIAe-
MOCTBIO € PAaBHOMEPHO 3apsiKeH M0 00beMy C IUIOTHOCTHIO p > 0. HaliTh HampsKeHHOCTh AJIEK-
TPUYECKOTO TOJIs1 B TOUKE, HAXOASAIICHCS Ha paccTosiHUU I OT neHTpa (I < R).

1.29

[Map panuycom R M3 0AHOPOIHOTO M30TPOIHOTO JAWUAIEKTPUKA C OTHOCUTENILHON NMpOHMIIae-
MOCTBIO € PAaBHOMEPHO 3apsiKeH M0 00beMy C IUIOTHOCTHIO p > 0. HaliTu HanpsKeHHOCTh AJIEK-
TPUYECKOTO TOJIs1 B TOUKE, HAXOSAIICHCS Ha paccTosTHUM I OT neHTpa (I > R).

1.30

[Map panguycom R M3 0AHOPOIHOTO M3OTPOIMHOIO AMAJIEKTPUKA C OTHOCUTENBHOW MpOHUIIae-
MOCTBIO € PaBHOMEPHO 3apsiKeH Mo 00bEMY ¢ TIIOTHOCTHIO p > 0. HaifTu moTeHIman snexrpuye-
CKOT'O TIOJISl B TOYKE, HAXOISIICHCS Ha pacCTOSIHUM I oT 1ieHTpa (I > R).

1.31

[Tonblil CTEKJIAHHBIN 1Iap HECET PABHOMEPHO pacHpenesi€HHbIN 1o 00béMy 3apsa. Ero o0bEm-
Hast mIoTHOCTH p = 100 HK1/M®. BHyTpennuit paguyc mapa Ry = 5 cM, a HapyxHbIii Ry = 10 cm.
Haiitn HanpspkEHHOCTD AMEKTPUUECKOTO TOJISE HAa PacCTOSIHUM: a) 1= 3 cM; 0) I, = 6 cM; B) 3= 12
OT LIEHTpa LI1apa.

1.32

HekoTopblil 3apsa paBHOMEPHO paclpeieieH BHYTPH Ilapa U3 AU3JIeKTpHUKa. Bo ckosibko pa3
SHEPrus JIEKTPOCTaTUUECKOIO IMOJs, JIOKaIu30BaHHas B oObeme mapa Wi, MeHbIlIe SHEPrUH, J10-
Kanu3oBaHHOM BHe mapa W,? JlusnekTpuyeckass IpOHUIAEMOCTh € = | U B AUAJIEKTPUKE U B OK-
pyXKaroIieM NpoCTPaHCTBE.

1.33

IIpu nocnenoBaTeIbHOM COEMHEHUH JIBYX Pa3IMYHBIX KOHJIEHCATOPOB UX 0011as EMKOCTh CTa-
na paBHOU Cioey = 0,75 MxD, a npHu napamieIbHOM COSIUHEHUN OHA crana paBHOU Cyap = 7 MKD.
HaiiTn eMKOCTh KaX0T0 KOHJIEHCATOPA.

1.34

JIBa KOHJEHcaTopa, eMKOCTH KOTOphIX C,=3 MK® u C,=6 MK®, coeaAMHEHbI MEXay cO00i U

noaxitoueHsl k 6arapee ¢ DJ{C = 120 B. Onpenenutsd 3apsapl KOHAEHCATOPOB U Pa3HOCTh MOTEH-
[IAAJIOB MEXIY X OOKJIaKaMH, €CIIM KOHACHCATOPhl COCTUHEHBI: 1) mapaienbHo; 2) mocieaoBa-
TEJIbHO

1.35

JIBa OAMHAKOBBIX IUIOCKHX BO3IYLIHBIX KOHJEHCATOPA COEIMHEHBI MOCIENI0BATENFHO U I10/I-
KJIIFOUYEHBI K UCTOYHHKY ¢ nocTosiHHOM DJIC. Kak m3aMeHuTCs MOIyNnb HaNpsHKEHHOCTH DJIEKTpUYe-
CKOTO TIOJISI B TIEPBOM KOH/ICHCATOPE, €CIIH MPOCTPAHCTBO MEXy OOKIIaJKaMU BTOPOTO KOHACHCA-
TOpa 3aMOJHUTH TUDJIEKTPUKOM C TUICKTPUIECKON MPOHHUIIAEMOCThIO € = 27

1.36

Konnencaropsr 2 Mx® u 0,8 Mk® coequHEHBI OCTIEI0BATEIBHO M MOAKIIOYEHBl K HCTOYHUKY
HanpspkeHus. OnpeaeauTb OTHOIICHWE YHEPTUi IEPBOTO M BTOPOTO KOHJICHCATOPOB.

1.37

Paccrosinme Mexay MIacTUHAMHU 3apsDKEHHOTO OTKIIOYEHHOTO OT HMCTOYHUKA HANpsIKEHUS
TUIOCKOTO BO3YIIHOTO KOHIEHCATOpa YBENMYMBAeTCs B 2 pa3za. Bo CKOJBKO pa3 BO3pacTaeT MpH
ATOM DHEPTHUs AIEKTPOCTATUIECKOTO MOJIsi B KOHAEHcaTOpe?

1.38

Opna Garapest cocraBiieHa u3 Ny = 15 mapawieabHO COSAMHEHHBIX OJMHAKOBBIX KOHACHCATO-
POB, 3apsHKCHHBIX 10 pasHocTy nmoTeHnuanoB U; = 10 B. [Ipyras Garapest cocraBnena u3 N, = 10
TaKUX e OJMHAKOBBIX MOCIIEAOBATEIILHO COSTMHEHHBIX KOH/ICHCATOPOB, HAa KaXJIOM M3 KOTOPBIX
pasHocTh noteHuuanos U, = 40 B. Halitu oTHomeHne 3Hepruu nepBoil OaTapen K SHEPruu BTO-
poii baTtapen KOHAEHCATOPOB.
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1.39

[Tnockuil Bo3myniHbld KoHAeHcaTOp eMKocThio C = 20 H®D 3apsKeH 0 pa3HOCTH MOTEHIIMAIOB
U = 100 B u otkiroueH ot uctoynunka. Kakyro paboTy HaJ0 COBEpUINTH, YTOOBI YBEIMYUTH pac-
CTOSIHME MEXIy ero oOKJiaakamMu BABOE?

1.40

Kakoe KoJIMuecTBO 3JEKTPUUECKOI SHEPTUU TMEPEHIET B TEIJIOTY MPU COCTUHEHUN OJHOUMEH-
HO 3apsDKEHHBIX TUIACTHH KOHAEHCATOPOB eMKOCTAMHU 2 MKD u 0,5 Mx®D, 3apspkeHHBIX 10 Harpsi-
xenuit 100 B u 50 B cootBeTcTBEeHHO?

1.41

Mexay IUTaCTHHAMU TUIOCKOTO KOHJIGHCATOpa IMOMEIIEHO JIBA CIIOS JUAJIEKTPUKOB — CIIOJIS-
Has mactuHa (g, = 7) tonuuHon d; = 1 MM u mapadun (&, = 2) tonuuHon d; = 0,5 mm. Ompene-
JUTh HAINPSDKEHHOCTh MEKTPHUECKUX TMOJIEH B CIOSAX TUAJIEKTPUKA, €CIH PAa3HOCTh MOTEHIINATIOB
MeX Iy TiacTuHamMu konneHcaropa U = 500 B.

1.42

[Tnockuit kKoHAEHCATOP, eMKOCTh KoToporo C, Haxomutcs B Bakyyme. [nomans miactuss S, a
HaNpsHKEHHOCTh BHYTPH KoHneHcartopa E. Ompenenutb CKOpPOCTb, KOTOPYIO NMPHOOpPETAET 3JIeK-
TPOH, MPOWJIA B KOHJICHCATOPE OT OJHOW IUIACTHHBI K Apyroil. HayanbHas CKOpPOCTH AJIEKTpOHA
paBHa Hy;10. CHITY TSDKECTH HE YUUTHIBATb.

1.43

DNeKTPOHBI, BhIIETAONINE 0€3 HaYalbHON CKOPOCTH C OJHOM TIACTHHBI 3apsHKEHHOTO MII0CKO-
ro KOHJIEHCATOPa, JOCTHTAIOT APYroi IUIACTHHBI, UMesi ckopocTh V. UeMy Oyner paBHa KOHEYHas
CKOpPOCTb JIEKTPOHOB, €CIH TMapajuleIbHO NMEPBOMY KOHJEHCATOPY MOAKIIOYHTH HE3apsHKEHHBIN
KOHJICHCATOP TaKOW e €MKOCTH?

1.44

V3Kuii yd40K MOHOPHEPTeTHYECKHX MPOTOHOB, CKOPOCTh KOTOPHIX cocTaBiseT Vo= 9,5¢10"m/c,
BJIETAET B OJHOPOJHOE 3JIEKTPOCTa-
TUYECKOE MOJIe TIOCKOTO KOHJEHCa- B /
TOpa TMapajulebHO €ro IJIACTUHAM.
Ocp myudka paBHOyAaJleHa OT Iula-
ctuH. [Ipu HanpsokeHun Ag = 14BHa 7§
IUTACTHHAX KOHAEHCATOpa MPOTOHBI V,
CMEIIAIOTCS OT HANpPaBJICHHUS TEPBO- | f ) )
HAYaJIbHOTO JIBKEHHS W TIOTAJAI0T B """'-1‘..\ h,
Touky A skpaHa. Omnpenenure cMme- | \ ¥ ¥ T ¥
meHrue h mpoTOHOB Ha JKpaHe, eCiu 1
paccTosiHie MEXIy MJIacTHHAMH KOH- h,
nencatopa d = 2,4 cM, IJIMHA TUTACTHH A
b = 6,2 cM u paccTosiHHE OT KOHJCH-
caTopa 1o ’kpana L =45 cwm.

1.45

Bbruncinure eMKOCTh KOHAEHCATOpa, COCTOSIIMIETO M3 JIBYX KOHIEHTPUYECKUX C(HEpUIECKUX
000J104eK, eClii painyc BHYTPEHHEH 000JI04KH paBeH Ri, a BHemnmHeH R,.

1.46

Konnencarop emxocteio C; = 4 Mx® 3apspkeH a0 pazHoctu noteHiuanos U; = 100 B. ITocne
OTKJIIOYEHHUsI OaTaper KOHIEHCATOpP COEAMHSIOT MapajulelbHO C HE3apsHKEHHBIM KOHIEHCATOPOM.
Omnpenenure eMkocTh C, BTOPOTO KOHJIEHCATOpa, ecinu KoHeuHoe HanpsbkeHune U = 30 B. Kakoe
KoandecTBo 3Heprur AW npu 3TomM notepsHo?
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1.47
Haiitu cuny F B3aumoaeiicTBus AByX MOJIEKYI BOJIbI, OTCTOSIIIKX JPYT OT APYyra Ha pacCTOSIHUU
L = 10 HM, ecnu UX 3IEKTPUYECKUE MOMEHTHl OPUEHTUPOBAHBl BJIOJIb OJHOM NpsAMON. Oiek-

] ] -2
TPHYCCKUI MOMEHT KaXkHo# Monekyis p = 0,62 ¢10%° K« m.
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1.48

Tlo TOHKOMY KOJIbIy pammycoM R = 0,03M paBHOMepHO pactpexnenet 3apsg Q = 10° K. Omn-
peAenuTh NOTEHLHAN (@ B LIEHTPE KOJIbLIA.

1.49

Mertannuueckuid JUCK paauyca R Bpamiaercs ¢ yriioBoi CKOPOCTBIO ® BOKPYT OCH, IIEpIIEHIU-
KYJISIpDHOM JUCKY M NPOXOJAIIEH 4yepe3 ero UeHTp. HalTh BeIMYMHy BEKTOpPA HAINPS)KEHHOCTH
AJIEKTPUYECKOTO0 TOJIs, BOSHUKILIETO Ha KParo JUCKA.

1.50

Toueunsie 3apsaast ;= 1 MxKi u g2 = 0,1 MxKi HaxoasaTes Ha pacctostHuu ;= 10 cM 1pyr oT
npyra. Kakyro paboty A HE0OXOIMMO COBEPIUINTH, YTOOBI: 1) YBETHMYUTH PACCTOSTHUE MEXKY HUMH
10 ;= 10 M; 2) yMEHBIIUTH PACCTOSIHUE MEXY HUMH 0 3= 5 cMm?

151

Nwmeercss GeCKOHEYHO IJUHHASA MpsiMasi HUTb, 3apsHKeHHAss PaBHOMEPHO C JTMHEWHOM IJIOTHO-
cteio A = 0,4 MxKi/mM. BeraucnuTh pa3HOCTh MOTEHIIMATIOB TOUeK 1 U 2, eclii TOYKa 2 HaXOAUTCS
BT = 2 pa3za jajbllie OT HUTH, yeM Touka 1.

1.52

Onpenennuth BEKTOP HANPSKEHHOCTH AIEKTPOCTATUYECKOTO MOJIs, HOTEHIIMAI KOTOPOTo 3aBU-
CHT TOJIBKO OT KOOPJMHAT X Y B COOTBETCTBHE ¢ ByHKIHIMHE: ) ¢ = A(X’ — Y°); 6) ¢ = Axy, rae A
B 00eux opMysax KOHCTaHTA.
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