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Hactosmee ydeOHOe mocoOMe TMpenHa3HAuYeHO i CTYJEHTOB HWHCTHUTYTa
IMCTAaHIIMOHHOTO oOpa3oBaHusa. B HeMm paccMaTpuBaroTCs [IBE TEMBI pasJelna
«DnexTpocTatukay u pasnen «IIocToSHHBIN TOKY.

Marepuan H3M0XKEH CcileaylommM o0Opa3oM. JlaHbl ompeneneHus: OCHOBHBIX
(U3NUECKUX BEIUYMH M COOTHOIICHUSI MEKAY HUMHU. PaccMoTpeHa kiaccugukanms
3a71a4 ¥ BO3MOJKHBIE CIIOCOOBI WX perreHus. [IpuBeneHbI TaOMWIIa BapHaHTOB U
YCJIOBUS 32144 JJIS1 CAMOCTOSITEIIFHOTO PEIICHHSI.

CocraButenn  O.b. CenmuBaHOBa, KaH/I. TIe/l. HAYK, JOII. (TeMbI 1 - 2),
B.4. Yeuyes, kana. Tex. Hayk, fo1l. (tema 1.1, 1.2),
C.U. Bamykos, kaH. ¢pu3.-Mat. HayK, joi. (tema 2.1 - 2.3),
JI.M. PognukoBa, accuct. (tema 1.3),
B.B. Xpucrodopos, kaHa. Tex. HayK, 101l. (Tema 3),
A.A. Iloropenbckasi, accuct. (Tema 3).

Peniensent A.A. XapbKoB, KaH/. (u3.-MaT. HAYyK, JOII.

PaboTa noarorosiena kadenpoii oomie Gpusnku



Kontponbnas paGora Ne 3 Bkmoyaer BOceMb 33dad IO  paszjaenam
«Onekrpocratukay H  «llocTosHHBIM TOK». [ln8 wW3ydeHus OTUX pPA3IEIOB
PEKOMEHIyEeTCS MCIIOJIb30BaTh CICAYIOLIYIO JINTEPaTypy.

1. CagenneB 1.B. Kypc o6mieit ¢pusuku. - M.: Hayka, 1982-1998.

2. Tpodumona T.U. Kypc ¢pusuxu. - M.: Beiciias mkoza, 1990.

3. ABopckuit b.M., lletnap A.A. CnpaBounuk no ¢usuke. - M.: Hayka, 1985.

4. NponoB M.E. OcHOBHBIE 3aKOHBI 3JIEKTpoMarserusMa. - M.: Beicimiag mkosna,
1983.

5. Kamamnukos C.I'. Dnekrpuuectso. - M.: Hayka, 1979.

KpoMe BbINOTHEHUS U 3allUThl KOHTPOJIBHBIX PabOT, B MEPUOJ CECCUU CTYICHTHI
WHCTUTYTA JUCTAHITMOHHOTO OOpa30BaHUS BBIMOJIHSAIOT W 3aIUIIAIOT JIAOOPATOPHBIC
paboTHI 10 U3yYaeMbIM pazjesiaM (PU3UKHU.

HamomuHaeM oOCHOBHBIE TpeOOBaHMs, MpEabsBISIEMblE K  O(QOpMIICHHIO
KOHTPOJIBHBIX PabOT: yCIOBUS 3a7a4 CIEAyeT NepenucaTh MOJTHOCTHIO, 3aTEM HYKHO
CIeNaTh KPAaTKYIO 3allMCh YCJIOBUSI, UCMOJb3ysl equHuIlbl CU, MOay4uTh perieHrue B
oO1eM BHJIe, TIPOBEPUTH Pa3MEPHOCTh pe3yJjbTaTa W TOJBKO IIOCJIE ATOTO JIeNIaTh
BbIuncaeHus. Ecinu ucnonp3yembie popMysibl He SBISIOTCS (GU3UICCKUMHU 3aKOHAMH,
TO HEOOXOJMMO WX BbIBeCTH. IIpm pacuerax coOmrojaliTe mpaBuiia MpUOIMKEHHBIX
BBIUMCJICHUH.

Bonpocsl, BBIHOCHMbIE HA IK3aMEH 110 pa3jaeiaM
«JeKTpocTATUKAY, «[I0CTOSTHHBIH TOKY.

1. DnemeHTapHbI 3apsii. 3aKOH COXPAHEHUS OJIEKTPUUECKOTO 3apsija. 3aKoH
Kynona.

2. Dnextpuueckoe mone. Hampspkennocts mons. [lpuHiun cynepmo3unuu IJis

BEKTOpa HanpspKeHHOCTU. CHITOBBIE JIMHUU.

[Torok BekTOpa HanpsikeHHOCTH. Teopema ["aycca.

Bbluncienre HanpsyKeHHOCTH JJIEKTPUYECKOro MOJsi OECKOHEUYHOW 3apsKEHHON

IJIOCKOCTH.

5. Boluncnenue HampsOKEHHOCTH — BJIEKTPUUECKOTO  MMOJsl  ABYX  Pa3HOMMEHHO
3apsKEHHBIX O€CKOHEUHBIX IUIOCKOCTEH.

6. Bbruncnenue HanpsHKEHHOCTH JIEKTPUUYECKOTO MOJIs 3apsKEHHOU chephl.

7. BpruncieHue — HamnpsHKEHHOCTH — DJIGKTPUYECKOrO0  MOJA  MPSAMOJIMHEHMHOM
OECKOHEYHOM 3apsHKEHHON HUTH.

8. Pabota cun anextpudeckoro nosist. L{upkynsiius BeKTopa Hanps>KeHHOCTH.

9. Iorenuuan. IloreHuuman mosjst ToyeyHoro 3apsna. [IpuHIMO cynepno3uuuu ass
NOTEeHIIMAaNA.

10.9OnexTpuyeckuil AUMNOJIb. U0as B OAHOPOIHOM AIEKTPUUYECKOM TMOJIE.

11.CBs13b MEXly HAPSHKEHHOCTHIO M TIOTEHIIUATIOM.

12.B3auMHOE paCMOIOKEHUE HKBUIOTCHIMAJIBHBIX TMOBEPXHOCTEH U  CUJIOBBIX
JUHUMN.
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13.2nexTpruyecKkoe 1moyie BHyTPU U CHAPYKU MPOBOJIHUKA.

14.Onextpuueckas emkocTb. KonneHncaropsl. CoeluHEHNE KOHIEHCATOPOB.

15.OHeprust cuctemsl 3apsAa0B. DHEPIHsl 3apsHKEHHOTO IPOBOJIHUKA M KOHJIEHCATOPa.
DHeprus 3JIEKTPUYECKOTO IOJIA.

16.CroponHue u cBsizaHHble 3apsabl. [lomspusamus nudiexTpuka. BekTtop
%
MOJIIPU30BAHHOCTHU JUAJIEKTpUKa P .

%
17.BekTop 3eKTpUUECKOro cMelieHust D , ero CBOMCTBa.
ﬁ
18.YcnoBust Ha TpaHUIE IUAIEKTPUKOB JJii BEKTOPOB HANpPSHKEHHOCTH E U

- > o
cmeuienusa D . [Ipenomnenue muauii £ u D . [lone B OHTHOPOAHOM AUABJIEKTPHUKE.

19.Cuna Toka. ITnotHOCTh TOKA. 3aKk0oH OMa JiJIs y9acTKa IeTH.
20.9nexrpoaBuwxkyias cuia. Hanpspkenue. 3akon OMa 115 TTOJTHOM 1IETIH.
21.TTpaBuna Kupxroda.

22.PaboTa 1 MOITHOCTH TOKa. 3akoH JIkoys-JleHra.

Tema 1. 3AKOH KVYJIOHA. TEOPEMA I'AYCCA
1.1.0cHOBHBIE NIOHATHSA U COOTHOIIEHUS
Inexmpuyeckuil 3apao

B mpupoae cymecTByroT 1Ba BUAA ANEKTPUUECKUX 3aPSAI0B: MOJO0KUTEIBHBIE U
oTpuuaTeiabHbie. BIOOp Ha3BaHUs OBLT UCTOPUUYECKOH CIIYyHailHOCTBIO.

Kak mnonoxurtenbHble, TaK U OTPULATEIbHBIC 3aps/ibl COCTOSIT W3 PaBHBIX
JJIEMEHTApHBIX 3apsigoB BenmumHOi | e | = 1,6021892-10™"° K. MarepuanbHbIME
HOCHUTEJISIMUA TaKUX 3apsiIOB SIBJISIOTCS MUKPOYACTHUIIBI. B yacTHOCTH, MaTepualibHbIM
HOCHUTEJIEM OTPUIATEIIBHOTO 3JIEMEHTApHOTO 3apsifa SBISETCA JJEKTPOH, a
MOJIOKUTEIBHOTO - TPOTOH.

DKCNEPUMEHTAIBHO YCTAHOBJIEH 3aKOH COXpaHEHUd 3apsja. B snekTpuyecku
M30JIMPOBAHHOW CUCTEME MOJTHBIN IEKTPUUYECKUH 3aps, T.€. anredpanueckas cymma
MOJOKUTEJIBHOT0 U OTPULIATEIBHOIO 3aPS/IOB, OCTAETCS MOCTOSIHHBIM.

[Ipu »TOM MO 3AEKTPUYECKH HM30JIMPOBAHHOM MOHUMAETCS TaKash CUCTEMA,
4yepe3 TPaHUIlbl KOTOPOM HE MOKET MPOHUKHYTh HUKaKOU 3apsig. COOTBETCTBYIOIINE
MCCIIEIOBAHUS MOKA3aJIM, YTO 3TOT 3aKOH YJIOBJIETBOPSAET YCIOBHUIO PEISITHUBUCTCKOM
WHBApUAHTHOCTH, MPUYEM HE TOJIBKO B TOM CMBICJIE, YTO MPUBEACHHASA BBIIIE
dbopMyIMpOBKa CIpaBeIuBa B JIIOOOW 3a/laHHON MHEPIHUAIBLHON CHCTEME OTCYUETa,
HO W B 00JIEE CTPOTOM CMBICIIC: PACIOJOKEHHBIC B PA3UYHBIX CHCTEMaxX OTCUETa
HaOJII0/1aTeNu, U3MEpss 3apsijl, MoJy4daroT OJHO U TO K€ 4Kcio. JpyrumMu ciioBamu,
MOJTHBIM DJIEKTPUYECKUM 3apsij] U30JUPOBAHHON CHUCTEMBI SIBISIETCS PEISTUBUCTCKU
WHBapUaHTHBIM yucioM. OTCroa clienyer, 4yTo BeJIWYMHA 3apsiia MaTepUATbHOTO
HOCHUTEJISI HE 3aBUCUT OT CKOPOCTH €0 JIBUKCHMUS.




Henpepuvignoe pacnpedenenue 3apaoa

B OGosblIiMHCTBE MaKpOCKONMUYECKUX SIBICHWN Y4acTBYET TPOMAJHOE YHCIIO
AIIEMEHTAPHBIX JJEKTPUUYECKUX 3apsfoB. Tak Ha KaxaAoW W3 OOKIAJOK TIOCKOIO
KOHJeHcaTopa eMKOCThio 10 MKk® npu pazHocTu noTeHuuanoB 1008 coaepkutcs
okono 7-10"° HECKOMIICHCHPOBAHHBIX SIEMEHTAPHBIX 3apsaoB. IIpH 3TOM X
JMCKPETHOCTh HUKAK HE MposiBIsAeTCs. [103TOMYy MOXHO CUMTaTh, UTO 3apsi Kak Obl
HEIPEPHIBHO pacnpejiesieH Ha o0kaaKax. Pa3nuyaioT o0beMHYI0, TOBEPXHOCTHYIO U
JMHENHYIO TUIOTHOCTH 3apsi0B.

OObeMHOM TMJIOTHOCTBIO 3aps/IOB © Ha3bIBAETCA OTHOIIEHHWE 3apsiaa AQ k

00Bbemy A V, B KOTOPOM 3TOT 3apsi] HAXOAUTCS:

1 A
p= Y =2 (1)
AV iy AV
rIe e; - 2JIEMEHTapHble 3apsabl B oO0beme AV (¢ yueTtoM uX 3Haka), AV -

bu3nuecKku Malblii 00beM, HO HE OECKOHEYHO MaJlblii B MaT€MaTHYECKOM CMBICIIE.
@U3NYECKN MaJbli - 3TO 3HAYUT, YTO €r0 MOJIOKEHUE B MPOCTPAHCTBE JIOCTATOYHO
TOYHO XapaKTEepPU3YyEeTCs KOOPAMHATAMH KAKON-TO TOYKH, PACIIONIONKEHHOW BHYTpPH
Hero. OgHako B 3TOM 00BEME JOJKHO HAXOAMTHCS TAKOE JOCTATOYHO OOJIBIIOE
KOJIMYECTBO 3JIEMEHTAPHBIX 3apsA0B, YTOOBI HEOOJBIIOE M3MEHEHHWE MX YHCa HE
IPUBOJWIO K CYIIECTBEHHOMY M3MEHEHMIO IJIOTHOCTH, BBIYMCIAEMOH 1Mo (opmyiie
().
IloBepxHOCTHAs MIIOTHOCTD 3aPSAA0B G OMNpeaesercss GopMyoi
o= T =02, @
rie AS - OeckoHEYHO Majas B (U3MUECKOM CMBICIE IUIONIA/lb, MO KOTOPOU
pacnpenensercs 3apan. JIMHeHas NIIOTHOCTB 3aps0B T - 3TO OTHOLIEHUE 3apsiaa K
OECKOHEYHO Majol B PU3NYECKOM CMBICIIE JUIMHE, 110 KOTOPOU paclpeesieH 3apsi:
1
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B3aumooeiicmeue meixncoy nokosawmumucs
INEKMPUYECKUMU 3aPAOAMU

JIns  TOYEUHBIX 3apsAI0B, HAXOMAIIMXCS B BaKyyme, B3aUMOICHCTBUE
OMUCHIBAETCA YKCIEPUMEHTAIbHBIM 3aKOHOM KysnoHna, koTopslii B cucteme CU1 nmeer
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rae “]1‘ u ‘qz‘ - MOJAYJH B3aWMMOJECHUCTBYIOIIMX 3apsllOB; r, - PaJdyC-BEKTOD,
OHpeIleJIHIOHII/Iﬁ IMOJIOKCHHUC TOYCYHOI'O 3apsaa q, B IIOJIC TOYCYHHOI'O 3apAanad /b
r :‘rlz‘ .
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F|, - cuma, OEHCTBYIOIlAas Ha 3apsx ¢; CO CTOPOHBI 3apsna ¢,. BenuunHa
& =8,85-10"°®/m HasbiBaeTCs DIIEKTPUYECKON NOCTOssHHOM. Ha 3apsan ¢, co

CTOPOHBI 3apsla ¢;, COINIACHO TpeTbeMy 3aKoHy HploTOHa, nelcTByeT cuila
- -
F 21 — F 12 -

Jnexmpuueckoe none

B3anmonelicTBue Mexay MOKOSIIMMUCS 3apsiaMu OCYLIECTBIIIETCS 4eEpe3
AIEKTPUYECKOE TMOJIE, CO31aBAaEMO€ KaXIbIM M3 3apsAI0B B OKPYKAIOLIEM €ro
npoctpancTBe. CHIOBOM  XapaKTEPUCTUKOW  DJIEKTPUYECKOTO TOJs  SIBJISIETCA
BEJIUYMHA, Ha3blBaeMas HAOpsLKEHHOCThIO. B aHHOM TOYKe MPOCTPaHCTBA OHA
ONpENEIAECTCS KaK OTHOIIEHUE CHJIBI, C KOTOPOW TOJIE AECHCTBYET HAa TOYEYHBIN
3aps/l, TOMEIIEHHBIN B 3TY TOUKY IIPOCTPAHCTBA, K BEJIMUMHE 3aps/a:

"

.

=L (5)
q

%
N3 (5) cnenyet, 9ro HampaBieHHE BEKTOpa E COBNAJAeT C HAMPABICHUEM CHIIBI,

JNEUCTBYIONIEH Ha MOJIOKUTENbHBIN 3apsan. OCHOBHas 3ajaya 3JEKTPOCTATHKHU: IO

BEJIMYMHE U MECTOHAXOKJECHUIO 3aps0B, CO3AAIOIINX IOJIE, ONPEACIUTh 3HAYCHUS
%
E B pa3HbIX TOYKax MMPOCTPAHCTBA. JTa 3agada MOXET OBbITh pelieHa J1ubo ¢

NOMOUIBIO IPUHIMIIA CYNEPIIO3ULINH, JINOO ¢ IOMOIIBIO TeopeMsl I'aycca.

Ilpunyun cynepnozuyuu

- -
E=Y E,, (6)
T.€. HAOPSODKEHHOCTh MOJA JIFOOOTO YMCIa TOYEUHBIX 3apsA0B B JaHHOW TOYKE paBHA
BEKTOPHOM CYMME HampsDKSHHOCTEHM II0JICHM, CO3JIaBACMBIX KaXKJBIM 3apsiioM B
OTNIETBLHOCTH B ATOW Touke. [[puHIIUIIOM Cymepmno3uiuu yI00HO MOIh30BaThC MPHU




pacdeTe TOJiI CPaBHHUTEIILHO HEOOJIBIIIOTO YWCIa JUCKPETHBIX 3apsiaoB. B ciydae
HEIMPEPHIBHOTO  pPACTIPENECNICHHs] 3apsiIoB  pacueT TMoJsi C MOMOIIbI 3TOrO
YHUBEPCAIBHOTO METOJ[a CTAHOBUTCSI TPOMO3JKUM. B 3TOM cityyae dacto ynoOHee
BOCIIOJIb30BaThCsl Teopemor [Maycca. OHa QopMynupyercs: clenyroumM 00pa3oM:
IOTOK BEKTOPa HANPSXKEHHOCTHU AJIEKTPUUECKOTO MOJIsl Yepe3 JIFo0yI0 BOOOpakaeMyIo
3aMKHYTYIO TOBEPXHOCTh S PaBEH B BAKYYME OTHOIICHHIO aareOpandyeckoil CyMMBI
3apsI0B, 3aKJIIOUYEHHBIX BHYTPHU 3TOW MOBEPXHOCTH, K IIEKTPUYECKON MOCTOSHHOM
€o-

- -

fE-dS= ZN (7)
! —~

rae N - KomTu4ecTBO 3apsiioB BHYTPH 3aMKHYTOM TTOBEPXHOCTH S.
[TorokoM BeKTOpa HampsHKEHHOCTH O@p dYepe3 3JIEMEHTAPHYIO IUIOCKYHO
wiomaaky dS Ha3pIBaeTCs BEJIUYMHA paBHAs

-> >
d®p =(E-dS)=E-dS-cosa=E, -dS.
_ - U
A E SO
- - — ==

Puc 2

- -
n - HopMaJb K mionianke dS; E, - mpoekius BekTopa £ Ha HampaBlIeHHE HOPMAIU K

rioranke dS
ﬁ

%
dS=dS-n.
[Ipu HanMuMy QUAJIEKTPUKOB TeopeMa [ aycca 3anucbiBaeTcsi B BUAE
- > N

§D dS=3q;, 8)

i=1
rae N - KOTU4ecTBO CTOPOHHUX 3ap$[,£[OB BHYTPH 3aMKHYTOM MOBEPXHOCTH S.

N
BekTop D Ha3bIBAETCS BEKTOPOM DJICKTPUYECKOTO CMEIICHUS

- - -
D=¢,E+P, (9)
%
rac E - CyMMapHas HAIIPsSKCHHOCTDb HOHeﬁ, CO3JaHHBIX CTOPOHHHMH U CBA3dHHBIMHU

%
3apsiiaMu B TUAJIEKTPUKE, P - MOJIIpU30BAHHOCTD JIUAJIEKTPUKA:



- 1 -
P=—%Xp., 10
AV s b (10)
%
rie AV - ¢usndyecku OECKOHEYHO Majblii 00beM; X p; - CyMMa JHUIOJbHBIX
AV

QJICKTPUICCKUX MOMCHTOB MOJICKYJI, COCTABJIAIOIIUX 3TOT 00BeM JAUDJICKTPHUKA.

N
JIuaun BCKTOpa D HaYWHAIOTCA U 3aKaHYMBAIOTCSA Ha CTOPOHHHX 3apsaax. B Toukax
oe3 CTOPOHHHUX 3apsaJ0B OHHW HCIPCPBIBHBI, BKJIIOYasAd TOYKH CO CBA3AHHBIMH

N
3apsaaaMu. 1402180071 CJIOBaMU, IOTOK BEKTOpa D oOpeAcasicTCsI TOJIbKO CTOPOHHUMU

3apAaMy, HO OPH TAKOM HMX paclpeiesIeHHH, KOTOPOE BO3HUKAET B MPUCYTCTBUU
JUDJICKTPUKA.
JUIsl U30TPOMHBIX TUANEKTPUKOB JIFOOOr0 TUIA MOJSIPU30BAHHOCTH CBSI3aHA C

HaIps’KCHHOCTBIO ITIOJIA B TOH 7K€ TOYKE IMPOCTBIM COOTHOIICHHC
- -

P=ye, E, (11)
TIe: ¥ - MUDIICKTPUYCCKast BOCTIPUUMYUBOCTb.

[Toacrasus (11) B (10), momyuum
%

- - - -
D=¢, E+ yeo E=¢,(1+ y)E=c¢¢, E, (12)
TIe: & - OTHOCUTEINIbHAS JUAICKTPUUECcKas IPOHUIIAEMOCTh AUAJICKTPHUKA.
BennunHa & mokKa3bIBaeT, BO CKOJBKO Pa3 0CIalbisieTcs IEKTPUIECKOe T0JIe BHYTPH
OZHOPOJIHOTO AUAJIEKTPHKA II0 CPAaBHEHHUIO C TIOJIEM B BAaKyyMe.

I'panuunsie ycnosus

I'paHMYHBIMM YCIIOBUSIMM Ha3bIBACTCSl CBA3b MEXKIAY BEKTOpPAMHU IOJISA IO
pa3Hble CTOPOHBI TOBEPXHOCTH, pasrpaHuuuBaronieii ase oOmactu. Ilyctsb

pasacisiCMbIMU 007aCcTIMH  SIBJISTFOTCS ABa OUIJICKTPHUKA C OTHOCHUTCIIbHBIMHU
%
AUBJICKTPUYICCKUMU IIPOHUIACMOCTAMU &1 U &5 . Tor):[a pInIb: | HpOGKHI/Iﬁ BCKTOPOB E u

%
D Ha HanpaBieHUs HOPMaJIM M KacaTEJIbHOM K IOBEPXHOCTH pa3jiena, Ha KOTOPOH

OTCYTCTBYIOT CTOPOHHHUC 3aPAAbl, BBIIIOJHAKOTCA CIICAYIOIMNE COOTHOIMICHU !

E
S _ %2 E, =E,,, (11)
E,, &
D
Dln:DZn’ D1T :j_l, (12)
27 2

N3 (11) u (12) cnexyer, 4TO CUJIOBBIE JIMHUU MPEIIOMIISIFOTCS Ha TPaHMIIE pa3zena

MeXy audnekTpukamu. Ha puc. 2,a mokazaH npuMep npeoMIeHUs CUIOBBIX JIMHUM
- -
BekTopa E nmns cimywas, korma &, > &, a Ha puc.2,0 - Bektopa D 1is ciaydas,

KOrja & > &,.
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N3 (13) cnenyer, 4To rycTOTa CUJIOBBIX JIMHUN MEHSIETCS MPU TIEpPEeXoje yepe3
TpaHUILy pa3zena IBYX JUAJIEKTPUKOB.

1.2. Knaccudukanus 3aaa4 ¥ NyTH U3 PeLICHUS

3amauu 3TOW TEMbI MOKHO Pa3/IelIuTh HA YEThIPE TUMA!

1. 3amaun, B KOTOpBIX pPACCMATPHUBAETCS B3aUMOJCHCTBUE TOUYEHYHOTO U
pacnpeneneHHOro 3apsaoB.

2. 3amauM, B KOTOPBIX pPACCMATPUBACTCS B3aUMOJCHUCTBUE TOUYEHYHOTO U
pacnpeneneHHOro 3apsaoB.

3. 3amauu, B KOTOpPBIX TpeOyeTcss  ONPEAENUTbh  HANpPSKEHHOCTb
AIIEKTPUYECKOTO MOJIS IO U3BECTHBIM BEJIMYWHAM U PACIPEIEICHUIO 3aps/I0B.

4. 3agaun, B KOTOPBIX PACCMAaTPUBAETCS B3aWMOJCHCTBUE PACIPEIECICHHBIX
3aps0B.

Cpenu 3ajad mepBOro TUOA WHTEPEC MPEACTABISAIOT 334a4d, B KOTOPBIX
B3aMMOJICUCTBYIOIINE TOYEUHBIE 3apsi/ibl HAXOIATCS B COCTOSIHMM paBHOBecus. OHHU
pemaroTcs myreM npuMeHeHus 3akoHa KynoHa m npuHunmna cyneprozunuu. Ilpu
ATOM MOCJIEA0BATENbHOCTD ONEpaluid JOJIKHA ObITh CIeAYIOLIEH:

1. Caenatb pUCYHOK M IPOBECTH HJICATU3ALMIO pacCcMaTpUBaeMoOW B 3ajaye
(U3UYECKON CUCTEMBI.

2. BpiOpaTh kakoil-nubo 3apsia U yKa3aTh Ha PUCYHKE JCHCTBYIOIIME HA HETO
CHJIBI.




%
3. Jlns BBIOpaHHOTO 3apsija 3anucaTh B BEKTOPHOM (opme ypaBHeHue X F; =0,

5
rae F; - cuibl, JEHCTBYIOIINE HA BBIOPAHHBIN 3apsl.

4. CopOoeKTHpOBaB IMOJIYYEHHOE BBIIIE BEKTOPHOE YpaBHEHHE Ha BBIOpAHHOE
HanpaBlIeHUE, TOJYYUTh ypaBHEHUE B CKalsipHON (opme. 3a BbHIOpaHHOE OOBIYHO
[IPUHUMAETCS HAIIPaBJIEHUE, BJIOJIb KOTOPOrO CHJIbI IEUCTBYIOT B MTPOTUBOIIOIOKHBIX
HaIlpaBJICHUSIX.

5. IloacTaBUTh B MOJYYEHHOE BBIIIE CKAISIPHOE YPAaBHEHHUE BBIPAXKEHUS IS
cul 1o 3akoHy KysoHa u, ucxozst U3 reoMeTpudecKkux cooOpakeHui, npeodpa3oBaTh
€ro TaKUM 00pa3oM, 4TOOBI OCTANACh TOJBKO OJJHA HEM3BECTHAs BEJIMYMHA.

6. Pemnth ypaBHEHUE C OJHUM HEU3BECTHBIM.

3a/1a4¥ BTOPOTO THUIIA MOTYT OBITh PEIICHBI JBYMS METOIaMH.
ITepBeIii cocToUT B TpuMeHEHUH 3aKoHa KysioHa U pUHIMIIA CYTIEPHO3ULIIH.
Btopoii 3akitoyaeTcs B HaXOXKICHUM JIOOBIM IyTE€M HaNpPS>KEHHOCTH TOJI,

CO3J1aBacMOI0 pacCripCACICHHbIM 3apsAJ0M B TOYKE, I'/IC HAXOAUTCA TOYECYHBIN 3apsana g
- -
, 1 BBIYHMCJIICHHHN CHUJIbI N3 COOTHOIICHUHA F =q °E, T.C. IO CYmECCTBY CBOJUTCA K

PELICHUIO 3a/1a4d TPEThEro THUIIA, & MOTOMY OTAEJIIBHO MBI €r0 pacCMaTpUBATh HE
Ooynem.

[Ipu pemenun 3amady  MOEPBbIM  METOAOM MOXHO PYKOBOJCTBOBATHCS
CJIEIYIOLIUM aIrOPUTMHUYECKUM IPEANUCAHUEM

1. Cnenatp pUCYHOK W NPOBECTH MACAIM3ALMIO PACCMATPUBAEMOM B 3a/1a4e
(bU3UYECKON CUCTEMBI.

2. Pa3nenuthb 3aJaHHBIN JTMHEHHBIN, TOBEPXHOCTHBIM MM OOBbEMHBIN 3apsij Ha
TaKHUe DJIEMEHTBI, YTOOBI HAXOISAITUICS Ha HUX 3apsij COOTBETCTBEHHO 7 -dl, o -dS

u p-dV MOXHO OBLIO CYUTATH TOYECUHBIM.

3. BriOpaTh kakoi-nub0 U3 sJIeMEeHTOB M Mo 3akoHy Kynona 3zamucaTh
BBIPAKECHUE JJIs1 CUJIbL, ICUCTBYIOIIEH C €r0 CTOPOHBI HA 3aJaHHbIA TOUYCYHBIN 3aps/I.

4. VYkazarb BEKTOp OTOM CHJIBI Ha PHUCYHKE H PAa3JIOKUTh €ro Ha
MEePICHINKYJIIPHYIO (IT0 OTHOIICHHUIO K pacIpeaeICHHOMY 3apsiy) U HapalieIbHYIO
cocTaBiistronme. st Kaka0M U3 COCTaBIISIONINUX 3anmucaTh 3akoH KyroHa.

5. BpiOpaTh TIepeMEHHYI0 HWHTETPUPOBAHUS M ONPEACIUTH INIPEACHbl, B
KOTOPBIX OHAa W3MEHsAETCA. IIpy A3TOM 3a MEPEMEHHYK0 WHTETPUPOBAHUS CIIEAYET
PUHAMATH BEJIMYHMHY, ONPEACIISIONIYIO TOJI0KEHNE BBIOpAHHOTO 3JieMeHTa 7 - dl,

o-dS u p-dV OTHOCHUTEIBHO TOYEUHOTO 3apsiia.

6. U3 reomerpuueckux coOOpa)k€HHH BBIPA3UTh BEJIMYHMHBI, BXOJALINE B
YPaBHEHMS Ul NEPIEHAUKYJISAPHOW M MAapAJUICIBHOM COCTaBIIAIOLIMX, Yepe3
W3BECTHBIC U IIEPEMEHHYIO UHTEIPUPOBAHUSA U MOJYYEHHBIN PE3YJIbTaT II0ICTaBUTh B
OTU yPAaBHEHHS.

7. WHrerpupys ypaBHEHHs, IOJYYEHHbIE B IIYHKTE 6 IO IEPEMEHHOU
UHTETPUPOBAHUA C YYETOM IIPEAEIOB, HAUACHHBIX B IIYHKTE 5, ONPENCIIUTH
BEJINYMHBI IEPIIEHINKYJIIPHON U NMAPAJJIENbHON COCTABISIOIIMX.



8. CymMmupys  BEKTOPHO  MEpPIEHAUKYJSIPHYIO M [apajuleNIbHYIO
COCTaBIIAIOLINE, ONPEACIIUTh CUILY, AEUCTBYIOLIYI0O Ha TOYEUYHBIN 3apsij CO CTOPOHBI
pacIpeeIeHHOrO.

3a/1ayy TPETHEro THIMA MOTYT OBITh PEIEHBI TPEMS METOIAMH.
1. Ilyrem ncnonb30BaHUs IPUHLNIIA CYTIEPIIO3ULUN.
2. IIlpumenennem teopemsl ['aycca.

3. Ilyrem BblYMCIEHHS TMOTEHOHAIA C TOCIEAYIOIIMM HAXO0KJICHUEM
%
HaIpsHKEHHOCTH U3 ypaBHeHust E = —grad .

B npuHIMNuanbHOM CMBICIIE BCE 3T METO/bI PABHOLIEHHBI, B PAKTUYECKOM -
B 3aBHCUMOCTH OT KOHKPETHBIX OOCTOSITEIBCTB PAa3JIMYHbI, TaK KaK CBSI3aHBI C
HEOJIMHAKOBBIM 00bEMOM BhIUUCITUTENBHOU paboThl. [Tockonbky Tema «IloTeHunam
paccMaTpuUBaeTCs IOCI€ 3TOM, 3J€Ch Mbl OTPAHUYUMCS PACCMOTPEHUEM TOJBKO
IIEPBBIX JIByX METOOB.

[lepBbIil TMPUHIMIHUAIBHO TMO3BOJIIET HAWTH HAMPsHKEHHOCTh TMOJs JII00O0H
cUcTeMbI 3apsioB. [IpakTruecku oH ya00eH MpH HAXOXKACHUHN HANPSXKEHHOCTH TOJIA,
CO3JJaHHOT'O CUCTEMOM OTHOCUTEIHLHO HEOOJIBIIOr0 YKCiia TUCKPETHBIX 3apsiaoB. [Ipu
BBIUHCIICHUHU K€ HANPSKEHHOCTEN I0JIEH, CO3MAHHBIX PACIPEACICHHBIMU 3apsiiaMu,
€ro MNPUMEHEHHUE CBS3aHO, KakK NpaBUJIO, C OOJBIIMM OOBEMOM BBIUUCICHHM.
AJITOpUTM pEeILICHUA 3a/1a4 3TUM METOJIOM MMOKa3aH Ha pUc.3.

CoznaTh pUCYHOK U ONPEIEIUTh MOJIENb 3apsiaa (TOUCUHBIHN, IMHEHHBIM,
MMOBEPXHOCTHBIN WM 00BEMHBIN), CO3/IAIOIIETO MOJIe

Ecau cucrema To4e4HbIX EcJin 3apsia pacupeneseHHbIN
3apsiA0B
1 1.Paznienuthb 3aqaHHbIN 3aps]l HA
1.ITo bopmyne E = % . A P
Ar-g, r TaKue AJIEMEHTHI, YTOOBI
OIPECIACIUTh BEIUYNHBI HaXOJSIILMICS Ha HUX 3apsii
HaMpPs>KEHHOCTH, cogHaBaeMoﬁ MO>KHO OBLIIO CUMTATHh TOUYEUHBIM
KaXJIbIM U3 3apsiJI0B B JaHHOU
TOYKE
2.Yka3aTh Ha PUCYHKE BEITUUUHY 2.BbiOpaTh Kakoi-mudo u3
Y HAIpaBJICHUE BEKTOPOB 3JIEMEHTOB U 3aIHUCaTh
-
HATIPSKEHHOCTH E, | BBIPaXKCHHE JUIsl HAIIPDKEHHOCTH,
. CO3/1aBa€MOM UM B JAHHOU TOUKE
CO3/1aBa€MbIX B JAHHOW TOYKE
KaXXIbIM U3 3apsJIOB, U,
MPOU3BOJS UX BEKTOPHOE
-
CYMMHMPOBaHUE, HAUTH E




3.Yka3atb BEKTOp 3TOM
HaIpsKEHHOCTH Ha PUCYHKE U
Pa3JIOKUTH €T0 Ha
COCTaBJIAIOIIME. 3aIUCaTh
YPaBHEHMS, OMMCHIBAOIIINE
KaXXIYI0 U3 COCTaBJISIIOIINX

5
3.BeruncnnuTh BeIuYuHy E 1o
TEOpEME KOCHHYCOB

4.BpIOpaTh MepeMEeHHYIO
UHTETPUPOBAHUS U ONIPECITUTD
MIpE/eIibl, B KOTOPBIX OHA
U3MEHAETCS. 32 MEPEMEHHYIO
UHTETPUPOBAHUS CIIETYET
OPUHUMATh BEIUYUHY,
OTIPEAEISIOLIYIO TOJI0XKEHHUE
BbIOPAHHOIO AJIEMEHTA
OTHOCHUTEJIHO JAaHHOW TOUKH
5.3 reomeTpuuecKkux
COOOpaKEHU BBIPA3UTh
BEJIMUMHBI, BXOJIAIINE B
ypaBHEHUS JJIsl COCTABIISIOIINX,
Yyepe3 U3BECTHBIE U TIEPEMEHHbBIE
WHTETPUPOBAHUS U TOTYICHHBIN
pe3yNbTaT NOJACTaBUTh B 3TU
ypaBHEHUs
6.UnTerpupys ypaBHeHus,
HallICHHbIE B MPEAbIAYIIEM
IYHKTE I10 IEPEMEHHON
UHTETPUPOBAHUS C YIETOM BBIIIIE
HAWJICHHBIX TTPEIECIIOB,
ONPEEIUTh BETUUHUHBI
COCTAaBJISIFOLIIUX
7.CymMHupy$ UX BEKTOPBI, HAUTH
HaNpsHKEHHOCTD MOJIs B JAHHON
TOYKE

Puc.4

OOparute BHUMaHUE, YTO TOJIBKO YTO MPUBEICHHBIN aITOPUTM pELICHUS 3a/1a4
TPETHErO THUMA [JIs ClIy4as PACHPEACIICHHOrO 3apsia MO CYIIECTBY TOXKIECTBEH
aNrOpUTMY PEILICHMS 3aJad BTOPOro TUIA MEpBbIM MeToxoM. OpHako s Bamero
y100CTBa MbI PUBEJIU €r0 OTACIIBHO.

Bropoii meton, 6asupyromuiics Ha MpUMEHEHUH TeopeMbl ['aycca, Hambomee
7 (}EeKTUBEH B TeX Claydasx, KOT/a 3apspDKeHHbIC Tella 00JafaroT SPKO BBIPAKEHHOU
cummeTpueii. B oOmem ke ciydae BBIUMCICHHMSI OKa3bIBAIOTCA YpPE3BBIYANHO



CIOXHBIMH. [lOPTOMY TIpakTHYeCKH OH TPUMEHSETCS JUOO0 ISl BBIYMCICHUS
HaIpPsHKEHHOCTEW TMOoJied 3apsKeHHBIX TeJl CUMMETPUYHOM (PopMbl (IIIOCKOCTH,
mapbl, MWIAHAPHI), JHUOO 3apsDKeHHBIX Tell, ¢GopMa KOTOPBIX MOXKET OBITh
anmnpOKCUMUPOBAHA T€JIaMU CUMMETPUYHON (DOPMBL.

[Ipu BBIYUCIEHUH HAMPSKEHHOCTH IOJISI STUM METOJIOM MOXHO HCIIOJIb30BaTh
CJIEIYIOLIUN aNTrOPUTM.

1. Cpenarb pHCYHOK MW yKa3aTb Ha HEM HampaBlICHUs BEKTOPOB
HaIpPS>KEHHOCTH.

2. IlocTpouTh Ha PUCYHKE MOBEPXHOCTh, YEPE3 KOTOPYIO OYJET ONpEAeNIThCS
%
noroxk Bekropa E. Ilpm ee mocTpoeHum cienyeT pyKOBOIACTBOBATHCS NPABUIIOM:

9JICMCHTBI ITIOBCPXHOCTH JOJIKHbBI OBITH 0O MNCPIICHANKYJIAPHBI o0 napaJuiCJIbHbI
JIMHUAM HAIIPAKCHHOCTH.

N
3. Onpenenuth HanpskeHHOCTH ot E w3 popmynel (7). [lpu aToM B JeBy1o
4acTh CJEAYyeT TMOJCTaBJIATh mpou3BeneHue E Ha miomans MTOBEPXHOCTH,
nepecekaeMor JIMHUSMU HANpsDKEHHOCTHM, a B IMpaByl0 - TIOJHBIN  3apsj,
3aKJIIOYEHHBIM BHYTPH BBIOpaHHOW mOBEpXHOCTH. [lonHBIA 3apsan ais ciaydyaeB
O0OBEMHOTO, TOBEPXHOCTHOTO JHOO JMHEHHOro 3apsa0B OMNpENEseTcss Kak
MPOU3BEJECHUE COOTBETCTBYIOIIECH IUIOTHOCTU 3apsiia Ha 00bEM, MOBEPXHOCTh HIIU
JUTMHY, 3aKJIFOYEHHbIE BHYTPH MOBEPXHOCTH, YEPE3 KOTOPYIO BHIYUCIISIETCS IOTOK.

B ciywae, ecnu mone co3maercss CUCTEMOM pPACHPENENICHHBIX 3apsANOB, TO
HaIPSKEHHOCTD T0JIS, CO3JaBAEMOT0 KaXKbIM U3 PACHPEACIICHHBIX 3apsAI0B, MOXKHO
ONPENENUTh C IIOMOILIBIO PACCMOTPEHHBIX BbIIE METONO0B. CyMMapHyK ke
HaIPSHKEHHOCTh MOYKHO HAWTH, UCIIOJIb3Ys IPUHIIMII CYNIEPIO3ULUH.

Koneunsie dopmynbl 71 pacdyeTra HaANpsHKEHHOCTEH Mosie Hanbosee 4acTto
BCTpEYArONXxcst JopM UCTOUHUKOB MPUBEICHBI B TAOI. 1.

3a/1ayy 4YeTBEPTOrO TUIIA PEIIAKOTCS, UICXOAS U3 COOTHOLIEHUS

- -
F=Q-F (13)
-
rae Q - BelMYMHA JTAHHOTO PaCIpeIeNIEHHOTO 3apsiia, a £ -Hanps>KeHHOCTh IO,
CO37aBa€MOI0 JAPYTHMM pacClpeAesIeHHbIM 3apsaoM (MW 3apsaaMu), T.€. PelIeHue
3a/1a44 B 3TOM CJIy4ae, IO CYIIECTBY, CBOJUTCS K PEUICHUIO 3314l TPETHErO THIIA.

Tabnuua 1
I'eoMeTpHus HCTOYHHMKA OJIA HanpsizkeHHOCTB B BaKyyMe
Touka 1 q
Arc-e, 1
beckoHeuHas MI0CKOCTh, PABHOMEPHO o
3apsKEHHAs C IOBEPXHOCTHOM ) &g
IJIOTHOCTBIO O




JIBe pa3sHOMMEHHO 3apsiKEHHBIE C o
MOBEPXHOCTHOM TJIOTHOCTBIO &
OCeCKOHEUYHBIE TIJIOCKOCTH (00J1aCTh
MEXKTy TIJTAaCTHHAMM )

PaBHOMEpHO 3apsKEHHBIN C 1 2z
JMHEHHOW TUIOTHOCTBIO 7 IWJIHH/IP Ao
paguycom R ( r>R<<h),
rae h - BeicoTa IuMHapa
PaBHOMepHO 00bEMHO 3apsyKEHHBIN 1 q

map paguycom R (r <R) E= o, i~

Ecnu none HeogHOPOAHO, UCIONB30BATh cooTHOIIEHUE (13) Henb3s. 3amauu B
ATOM Cllydae PEeiaroTCs METOJOM CYNEPIO3UIIMU. AJITOPUTM PEIICHUS] MOXKET OBITh
CIEAYIOLINM.

1. CnenaTe pUCYHOK M OIPEACIUTH MOJIENIA B3aUMOICUCTBYIOIINX 3apPsI/IOB.

2. BolOpath pacnpeneieHHbIA — 3apsifl, HaxOJsAlIUMHCA B TMOjJe, U
pacupeneneHHbld 3aps, CO3JarlMK noJjie. Eciu oauH W3 3apsIoB KOHEYEH, TO
ya00HEEe UMEHHO €ro PacCMaTPUBATh HAXOSIIUMCS B MOJIE.

3. PazaenuTh Haxomsuuics B TOJI€ 3apsA]l HA TaKue DJIEMEHTHI, YTOOBI 3apsij
KKJIOro »JJEMEHTa MOXHO OBbUIO CYMTaTh TOYEUYHBIM. BbIAEIUTh Kako-11bo
AJIEMEHT W MO 3akoHy KynoHa 3ammcaTh BBIPaXEHHE JJISI CWJIbI, AEHUCTBYIOIIEH Ha
HEr0 CO CTOPOHBI CO3/IAIOIIETO TOJIE 3apsiaa.

4. BpiOpaTh NEpPEeMEHHYIO HMHTEIPUPOBAHUS U ONPEACIUTHh TMPEIETbl €€
n3MeHeHus. B kauecTBe mepeMEeHHONW MHTETPUPOBAHUS CIIETyeT OpaTh BEIUYUHY, OT
KOTOpPOM 3aBUCUT CHJIA, IEMCTBYIOLIAs] HA KaXIbIi SJIEMEHT.

5. Yka3aTb Ha pUCYHKE BEKTOP CHUJIbI, IEUCTBYIOIIEH HA BBIACICHHBIN JJIEMEHT,
U Ppa3JIOKUTh €ro Ha B3aMMHO NEPHEHIUKYJSPHBIE COCTABJISIOIIME. 3alucaTth
YPaBHEHHUsI, ONMUCHIBAIOIIME KAXIAYH0 M3 COCTaBJISIIOIIMX, BBIPA3UB B HUX
HEU3BECTHBIC BEJIMYMHBI UEPE3 U3BECTHBIE U IIEPEMEHHYIO HHTETPUPOBAHUS.

6. aTerpupys ypaBHEHHUS, HAaWJEHHbIC B M.5 C Yy4E€TOM HalJECHHBIX BBIIIEC
MPEIEIIOB, ONPEICIIUTh BEIMUMHBI COCTABIISIIOIINE CUJTBI.

7. CyMmmupys HX BEKTOPHO, ONpPEACIUTh CUJIY  B3aUMOJIECHCTBHS
pacnpeeeHHbIX 3apsia0B.

B 3akitoueHue OTMETHM, YTO €CIM B 3aJadyaxX pacCMaTPUBAOTCS SIBICHUS
AIEKTPOCTATUUECKON MHIYKIIMU W MOJIIPU3AIMU, TO CUCTEMA 3apsi0B OKa3bIBACTCS
4acTO 3aJaHHOM HEIBHO. B HHX, Npexiae 4YeM IMEepEeUTH K PEHICHUI0 C
WCITOJIb30BAaHUEM MTPUBEICHHBIX BBIIIE aJITOPUTMOB, HEOOXOIUMO, UCTIONB3YS 3HAHUS
00 ATHX SBJICHUSIX, YCTAHOBUTH 33JaHHYIO CHCTEMY 3apsJIOB.



1.3. Illpumepsl pemenus 3aga4

3agaua 1

B BepmmHax KBajpara HaXOJATCS pPaBHBIC OTPHIATCIIBHBIC 3apsjabl (, a B
IIEHTPE - TOJIOKUTENIbHBIN 3apsn Q = 2,2 - 10° Kn. Kakoi JIOJKHA OBITH BEJIUYWHA
OTPHUIIATEIBHBIX 3aPSI0B, YTOOBI BCS CHCTEMAa HaXOAWJIACh B COCTOSTHUM PaBHOBECHS?

Pemenue

| | dusznueckas CUCTEMA COCTOUT n3 IIATH
q(J—_',i éq BSaHMOHGﬁCTBYIOHIHX TOUYCYHBIX 3apAO0B. 3ap5m51,
PaCIIOJIOKCHHBIC B BCpIIMWHAX, HaxoIATCA B
< OJHNHAKOBLIX YCIIOBUIX. H03TOMy HCKOMYIO BCIMYHNHY
- MOJKXHO OIIPCACIINTb, UCXOJAA M3 YCIIOBHA PABHOBCCHA
P El\( I?L JIIO60F0, HampuMep (i, 3apsaa. B cootBercTBUM C

9

E

4

= 2 TPUHIUIIOM CYNEPHO3UIIMM Ha ITOT 3apsg  Oyner
‘I% JNEUCTBOBATh KaXJbIM 3apsij HE3aBUCUMO OT JCUCTBHUS

ocTaibHBIX (puc.5). OueBuaHO, (; OYJIET HAXOAUTHCS B
Puc 5 PaBHOBECHUH, €CJIM CyMMa JCHCTBYIOIIMX HA HETO CHII

paBHA HYJIIO:
-> o > >
Fi+F2+F+F, =0. (14)

- -
Tak kak cuna F; W paBHOJAEUCTBVIOIIAS TpPeX IPYrux cuia F HaOpaBlIeHBI BIOJb
1

OJIHOM TPSIMOIA, TO BEKTOPHOE PaBeHCTBO (14) MOXKHO 3aMEHUTH CKAIAPHON CYMMOM:
F-F=0 (15)
N3 reoMeTpuiecKux COOOpPakKeHHI CIEyEeT, YTO PACCTOSTHUE MEXAY (; U (3 PaBHO

@,aMemnyQH q —Q-r.

2
C yderom storo, nmpuMensist 3akoH Kymnona, nepenuriem (15):
1 2 1 2 1 :
2-—-q—2-cos450+ 4 > = L 4© ;
Ar-g, r Ar- g, (/2,,,) Ar-e, (2 )

2
OTKyZa
_ 40
=1



HOI[CT&BJI?[H YU CJIICHHBIC 3HAYCHUS, TTIOJTYYHUM
_4-22-107

~23-107" Kz
1 242 +1
3ajgaua 2
Toukmit  crepxkenb jumHOH 1=30cm  (puc.6) HeceT paBHOMEPHO

, . =
Puc. h dl

pacrpesieseHHbId [0 JUTHHE 3apsa C JIMHEHHOW IIOTHOCTRIO 7 =1mxKi/m. Ha

paccrossHuM I, = 20 cM or crepxkHsA Haxomutrca 3apsan (; = 10 vKun. 3apsan
paBHOYJIaJIEeH OT KOHIIOB CTepxHsA. OnpeAenuth CHIy B3aUMOJEUCTBHS TOYEYHOTO
3apsa ¢ 3apsSKEHHBIM CTEPKHEM.

Pemenune

duznueckass CHUCTEMAa COCTOMT W3 B3aMMOJEHUCTBYIOIIMX TOYEYHBIX U
JMHENHOTO 3apsAnoB. [[ns pemieHus 3ajadyud NPUMEHUM OPUHIMI CYHEPIIO3HLMH.
Pasnmenum cTep)eHb Ha CTOIb Majble AeMeHTHl dl , aTo0bl 3apsn dQ =7 - dl MoxHO
OBLJIO paccMaTpuBaTh Kak TO4eUHbIN. Torga cuia B3auMOACMCTBUS MEXY 3apsiiaMU
g; u dQ MoxkeT ObITh onpe/iesieHa mo 3akoHy Kyona:

gr =t atd

(16)

4r-¢, r
rae I - pacCTOSIHUE OT BBIAEICHHOTO 3JIEMEHTA JI0 3apsiaa (.
N3 puc.5 cnenyer, 4to

r r-da
9 u drs =
cosa cosa

[ToacraBuB 3T BeipaxkeHus B (16), mosrydum

r=




T
dF=—N"" g (17)
dr-¢, -1,
- - -
Paznoxum nanee dF Ha HOPManbHY0 dF, W TaHreHIManbHylo dF,
cocrasiisttonue. 13 puc.S BUAHO, 4TO
97

dFy =d-F-cosa =
4r-¢, -r,

-cosa-da

dF, —dF-sina=—2""  sina-da
Ar-¢, -1,

O4eBUIHO, YTO I HAXOXKACHHUS CHJIBl HEOOXOAMMO NPOUHTErPUPOBATH
nocyieHue BbIpakeHUs. [10CKONbKY MOJOKEHHUE BBIJEICHHOIO 3apsjia Ha CTEp>KHE
ONpENENSIETCS YIiIOM O, 3TOT YIroJl W CIEAyeT B3AThb B KAauyeCTBE NEPEMEHHOMU
uHTerpupoBanus. M3 puc.5 BugHo, 4T0 0 MeHsaercs B mpeaenax or — 3 go +f. C
YY4ETOM 3TOr0 MOJIYYUM

+f . .
Sp g, 1, 2r-g, -1,

B CHJIy CHMMCTPHUHM DACIIOJOXCHHA 3apsaga (; OTHOCHUTCIBHO  CTCPIKHA
HHTCTPUPOBAHNC BTOPOTO BBIPAKCHUA AACT HYJIb:

+p
Fy=] ql—r-sina-daz—ql—r-(cos,B—cos,B):O.
B 4r-g, -1, Arr-¢g, -1,
Takum o0pa3zom, cuiia, IeUCTBYOIas Ha 3apsij J;, Oyner
F=F+—1"" sngp (19)
2r-g, -1,
N3 puc.S BuaHO, 4TO
: 1/2 I
sin ff = == — (20)
I 4. I
r02 +— \/ fo ¥

[Toxcrasus (20) B (19), momyuum
po_0T | (21)

27Z-"90 o ﬂ4l’02 +12

Boruucnus (21), 6ynem umers F = 540 muxH.

3agaua 3
DNEeKTpUYECKOe MOJIE CO3JaHO JABYMsI TOYEHYHBIMH 3apsaamu g, =30nKn u

q, =—10nKn PaccrosHue wmexnay 3apsaamu d = 20 cm. Onpenenutsb

HaIpPsHKEHHOCTh AJIEKTPUYECKOTO TOJISI B TOUKE, HaXOMASIICHCS Ha pacCTOSIHUU I =
15 cm ot mepBoro u Ha pacctosiHuU I, = 10 cm OT BTOpPOTO 3apsiioB.



Pemenue

dusuyeckas cucreMa COCTOUT M3 ABYX TOYCYHBLIX 3apAA0B U CO3aHHOI'O NMU
I10JIA.
I[J'ISI peuiCHUA 3ada4n BOCIIOJIB3YCMCA IIPUHIOUIIOM CYIICPIIO3HUIINH, COTJIACHO
-
KOTOPOMY HAIIPAXKCHHOCTDL IIOJIA B HCKOMOM TOYKe FE MOXET OBITh HaI\(,II[eHa KaK
- -
BCKTOpHAasA CyMMa HaHpH}KeHHOCTCﬁ El Hu E2 HOJ'IGI\/'I, CO3JaBa€MbIX KaXXIbIM

- -S> -
3apsAJIOM B OTIENBHOCTH: £ = E+ E, .

HaHpH}KeHHOCTB, co3aaBacMasd IMCPBLIM 3aPAa0OM:

q )
Elz—lz, (22)
477,"80 . I’l
BTOPBIM:
q
E2:—22 (23)
A -y - 15
—
E
et B
[+
-
L~ - e
-~ Ez
r}f - “
",
-
~ rg‘\
- H
L *,
O e O
Puc. 7
- -

Bekrop E; HampaBileH OT 3apsia (;, Tak Kak 3apsan (; MOJOXHUTENIEH; BEKTOp £,
HAIIpaBJICH K 3apAny (z, TaK Kak 3apsn (, OTpULIATEIICH.
AGconoTHOE 3HaueHue E Haiiem 1o TeopeMe KOCUHYCOB:
E=\E? + E2 + 2E,E, - cosa, (24)

%

%
II€ O - IOl MEX1y BeKTopamu E; U FE, , KOTOPBIA C UCIOJIB30BAHUEM TEOPEMBI

KOCHHYCOB MOET OBITh HAWJICH U3 TPEYrOJbHUKA CO CTOPOHAMHU 1, I, 1 d:



22 2
d“—n" —nr;

cosqg=———= (25)
2n -1y
[ToncraBisist (22) u (23) B (24), nonyyum
2 2
E-_ Y . q—i+q—i+2-%-c03a. (26)
dr-gg R 1 -1

Boruucnus pesynbrart, Oyaem umets £ =167 .10* B/m.

3anaua 4

PaccunTtaTh HanpsyKE€HHOCTb NOJIA MPSAMON OECKOHEYHOW HHUTH, PaBHOMEPHO
3apSKEHHOM C JIMHEMHOW IJIOTHOCTBIO T, B TOYKE A, yJAJE€HHOW OT HUTH Ha
paccTosTHUH [,

Pemenune

+e dusnyeckass CUCTEMa COCTOUT U3 OECKOHEYHOIO
JIMHENHO PpACHpEACIICHHOIO 3apsia M CO3JaHHOTO UM
nons. Pemmm 3amauy aBymsa meropamu. IIpumennm
cHayana teopemy [aycca. B cmiy cuMmeTpum BEKTOp

E - »E HampsLDKEHHOCTH B 000 TOYKE HOpMaJeH
ey HWIMHAPUYECKON MOBEPXHOCTHU, MPOXOIAIIECH Yepe3 ATy
—
l | 2" TOYKY M HMCIOIIEH OChb CHMMMETPHH, COBHAJAIOIIYIO C
|

HUTBIO. HOBTOMY B Ka4YCCTBC SaMKHYTOﬁ ITOBCPXHOCTHU
BO3bMCM IMHIIMHAP HHHHOﬁ { ¢ OChIO CUMMCTPHH,

COBITAJIAIOIICH ¢ HUTHIO, OOKOBAs MTOBEPXHOCTH KOTOPOTO
_)
npoxoauT uepe3 Touky 4 (puc.7). [lorok BekTopa £ depe3 TOpIBI IUIMHIAPA PaBeH

HYyJI0, 4epe3 OOKOBYIO MOBEPXHOCTb Dp =271, -(-E. IlonHslii 3apsn,
pacrnoyioKeHHbIA BHYTpHU nuiuuApa, Q=7-¢. C yderoMm sToro mo teopeme [ aycca
OyJ1eM UMETh

T/
2 ry-l-E=—0,
80
T
OTKyJia E=—— (27)
21 -gg - Iy
47 Teneps MPUMEHHM TIPHHIIATT
j_l
10 Cymeprio3unuu. Pa3mgenmuM HUTH Ha CTONb
TE Majble  JJIEeMEHTBl d /, d9TOOBI  3apsf
F dQ=r1-dl, naxonsmuiics Ha KaXxJaO0M TaKOM
do
AJIEMEHTE, MOXHO OBIJIO CYHTATh TOYCYHBIM.
D ef~4 4 BpiOepem oauH U3 yieMeHTOB (puc.8). B Touke
dE

A oH CO31acCT HAIIPAKCHHOCTD!:

[t

Puc. 9



dg-—9Q __©d (28)

- 2 2
A ey 1" Amw-gy-r
r7ie I - pacCTOSIHUE OT BHIOPAHHOTO 3JIEMEHTA JI0 TOUKH A.

- N -
Paznoxxum Bexktop d F Ha HOpMmanmpHyl0 d £1 W TaHreHuuansHyio dE,

cocrasisitoue. M3 puc.8 BUgHO, 4TO

d E;, =dE-cosa = al 5+ C0Sa, (29)
A ey - I

dEZ:dE-sina:ng-sina. (30)
A gy -

[TockoJibKy MOJIOKEHNE BBIOPAHHOTO TOYEYHOTO 3apsJia HA HUTH ONPEeNaeTCs
VIJIOM ¢, BO3bMEM YIOJI B KAYECTBE MEPEMEHHON MHTErpupoBanus. B cBs3u ¢ 3TUM
BbIpa3uM Bxoasmue B (29) u (30) Beauunubl df u r yepe3 L U o .

N3 tpeyronsuuka ADB Haxomum r = o U3 TpeyroiibHuka BCO crnenyer

cosa
BO d
de = 0 = Lo 2a , TaK KaK [BO|=r-da = o da.
cosax cos o cosa
[ToncraBuB HaliieHHbIC 3HAUeHUs B ypaBHeHUs (29) u (30), momyyum
dE; = ' cosa-da (31)
A gy -1,
dE,=—sina-da (32)
A -e4 -1,

WNurerpupys (31) u (32) B npenenax ot -% 10 +§ Oya1eM UMeTh

T
i)
T T
E=] ——— cosda=———;
x Am-gg-ry 27 -, - 1,
2
T
+i
2 T
E,=] —————sina-da=0.
x Am-gg -y
2
T
Takum  oOpa3oMm, OKOHYAaTellbHO FE=————, 4YTO COBHAJacT C
21w - &g - Iy

BEIp2XEHHUEM, TTOJIYICHHBIM C TIOMOIIBI0 TeopeMbl ['aycca.

HerpyaHo BuIeTh, YTO B JAaHHOM CiIydac BBIYUCIICHUS TI0 TMPUHIIHITY
CYIIEPTIO3HIIMHA OKa3JINCh 0oJiee TPYJOSMKUMH, YeM TIPU HCITOJIb30BAaHUH TCOPEMBI
['aycca. OiHAKO CYNIECTBYIOT 3a/1a4H, B KOTOPBIX BCE HA00OOPOT.



3amaua 5
DJIeKTPUYECKOe TI0JIE CO3JaHO JIBYMsI MapaJUieIbHBIMU OECKOHEUYHBIMU
3apSDKCHHBIMH  TUIOCKOCTSIMH € TIOBEPXHOCTHBIMH  TUIOTHOCTAMH  3apsja

2 2
o= O,4M7<K/z/ M U O, = O,IMKK/Z/ M~ . OmnpenenuTs  HaIpPSHKEHHOCTD
IIEKTPUYECKOTO I0JISA, CO3AAHHOTO ATUMH 3aPSKEHHBIMU IUIOCKOCTSIMH.

Pemenne

1 | I Com duznueckas CHCTEMa COCTOHT H3 JIBYX
% %, _, 3apSDKCHHBIX IUIOCKOCTEHl M CO31aBaeMOr0 UMM
- - E  momsa. g pemieHMs 3aJadd  BOCIOJIB3YEMCS
- A e | _ _ .  OpuHIMIOM CYNEPIO3HUIINH, COTJIaCHO
- 5 — =  KOTOPOMY  TIOJII,  CO37aBaeMble  Kaxaou
= —[— —="— —|= — "  IIOCKOCTBIO, HAKIAALIBAIOTCA APYI Ha JApPyra.
is ~ *  HanpsokeHHOCTh  IIOJI,  CO3[aBaeMoro, K

- | - ] o o
B _ _  TpHMEpy, IIEPBOM IUIOCKOCTBIO, HAaWIEM IIO

| | Teopeme ['aycca.

' Puc. 10 ' st 3TOrO MOCTPOUM HWIAHAD c

00pa3yIolrMH, NEePHEHAUKYIIIPHBIMU

IUIOCKOCTH, M ¢ OCHOBaHMSIMHM BETMUMHON AS (puc.9) v mpuMEHUM K HEMY TEOpeMy

['aycca. IloTox 4epe3 OOKOBYIO YacTh IOBEPXHOCTH OylIeT OTCYTCTBOBATb,

- -

IIOCKOJIBKY OHa IapajulenbHa BekTopy £ . Jlig ocHoBaHumi FE, coBmagaer ¢ FE.

CreoBatesbHO, CYMMApHBIN ITOTOK YEPE3 BCIO MIOBEPXHOCTH paBeH 2L - AS'. BuyTtpu

MOBEPXHOCTH 3akitoueH 3apsg o -AS. CormacHo Teopeme [aycca AOIBKHO
BBITNIOJIHATHCS] COOTHOILIEHHE

2, - AS = o, 45 ,
€o
U3 KOTOPOTO
o
E =1
! 280
AHaJIOTUYHO
o
E,=—%.
2 280

[Tnmockoctu nenst Bce mpocTpancTBO HA Tpu obnactu: 1, I1, 1. Kak BugHO 13
puc.9, B nepBoi U TpeTheil 001ACTIX INEKTPUUECKUE CUIIOBBIC JIMHUU O00MX IMOJeH
HaIpaBJICHbI B OJHY CTOPOHY, BO BTOPOU - B IIPOTUBOIIOJIOKHEIE. B cooTBeTCTBUH C
TUM

FO_p)_p g -t o1ton,
2 2
E(ll):‘El_EZ‘ZE.M.
2 2



ITpou3sBest BHIYKACIEHNUS, TOIydnuM E @ _ 283.10* B/m, E @y _ 17-10% B/ m

3agaua 6
Otpe3ok nmmuHOM ¢ =40cm, paBHOMEpPHO 3apsUKCHHBIH C  JIMHEHHOU

MIOTHOCTBI0 7, =+1,5-107 K1/M U GeckoHeuHass NpsAMas HHTb, 3apKCHHAS C

JUHENHON IJIOTHOCTBIO 7, =+4-1077 Ki/m pacnonokeHbl B OJHOH IUIOCKOCTH

NEPHEHANKYIIAPHO APYr Apyry Ha paccrosHuu r, = 20 cm (puc. 10). Onpenenutsb
CHITY B3aUMOJICHCTBHUS MEXKITy HUMH.

Pemenune

| B ¢usuueckyro cucremy BKIIOYHMM J[BA TENA:
! HUTb U oTpe3ok. Dusmyeckoe  sBICHUE
T ] dX}_'_ ; 3aKJII0YAETCS B BO3ACHCTBUM IOJSI HUTU Ha 3apsij
oTpe3ka. [lockonbKy mojie HUTH HEOAHOPOJHO, a
3HAUUT, HA pa3M4YHble (HO paBHBIE IO MJIUHE)
YYaCTKU OTpe3Ka / JEUCTBYIOT PAa3JIMYHbBIC CHUJIBL,
| UCIIOJIb30BaTh JJIs ONpPEAENIEHUsI CHIbl (opMyITy

Puc. 11 (13) Henmb34.
JUIsT HaxOoXJIEHHsA CHUJIbl NPUMEHUM NPUHLUI cylepno3uuuu. Pasznenum
otpe3ok | Ha crtomp mambple dactu OX , 4YTOOBI 3apsja, HAXOJSIIUICS HA HUX

dQ =1-dx, MOXHO OBUIO CUMTATh TOYEHYHBIM. TOr/a HA MPOU3BOJIHLHO BHIOPAHHBIN

..-—I'D—--u-—-g—--

3apsa dQ Oyzaer neiicTBoBaTh crja

dF =E-dQ=

71T
_ "2 gy, (33)
21 - g4 - X
rie x - paccrosiHue 3apsina dQ OT HUTH; E - HaNpsHKEHHOCTH TMOJs, CO3/1aBaeéMOro

HUTHIO (CM. 3as1auy 4).

Cuna, neicTByOIAas Ha KKAbIA SJIEMEHT OTPE3KA, 3aBUCUT OT PACCTOSHUS X.
[ToaToMy x BeIOEpEM B KauecTBE MepeMEeHHON uHTerpupoBanus. 13 puc. 10 cnenyer,
YTO X U3MEHSIETCA B MpeJieNax ot I, 10 I, + /. Uuterpupys (33) no x, momydnm

ot it dX 77 14
Fo [ &% OX_n? g, ° (34)
r, 2m-&, X 2m-g, ry

IToxcTanoBKa YMCIOBEIX 3HaUeHUM gaeT F :1,2-10'3 H.



Tema 2. IOTEHILIAJL. PABOTA. DHEPI'MA DJIEKTPUYECKOI'O I10JIA
2.1. OcHOBHBIC NOHATHA W COOTHOLIICHHUS

HOTCHHH&HOM QJICKTPHUYCCKOT'O IIOJIA B IIaHHOﬁ TOYKC HA3BIBACTCA CKaJIApHAA
BCJIMYMHA @, paBHAsA OTHOIICHHIO HOTCHHH&HBHOﬁ OHCPIUHU HpO6HOFO 3apsaa Wp’

IIOMCIICHHOI'O B C—)Ty TO‘IKY I10JI K BCIIMYUHC HpO6HOFO sap;ma qO .
_ P
Q=— (35)
90

CBs13b MCIKAY IMOTCHOHUAJIOM J3JICKTPHUYCCKOI'O IIOJA @ W HAIIPSAKCHHOCTBIO E
OoNIpCACIACTCA COOTHOIICHUAMMU!

E:—Agp:—gmd(p; (36)
p=-[(Edr), (37)

rae A - nuddepeHnuanbHbIN orepaTop BUaa
>d —d 7d
A=i—+ " t+k—.
dx dy dz
%

OTH COOTHOIICHUS TIO3BOJISTIOT HAWTH HAMPSHKEHHOCTH MOJSI £ TIOCPEICTBOM
%
mudpepeHnnpoBaHUs MOTCHIMAIA (@ TI0 KOOpAWHATAM X, ),z paduyca-BeKTopa r

%
TOYKHU HAOJIOACHUS, a TAK)KE€ HAWTU MOTEHIIMA ¢ TIOCPECTBOM MHTETPUPOBaHUs E

%
1o v . IlocTossHHass WMHTErpUpOBaHUS IPU ITOM Uil KOHEYHOW CHUCTEMBI 3apsioB

qJame BCCro OHnpeacisieTCsa M3 YCJIOBHUA PAaBCHCTBA IIOTCHIHMAJA IIOJSA HYJIIO Ha
oeckoneunoctu. C Y4C€TOM OTOr0 yCJIOBHUS, MOTCHUOWA IIOJISA TOUCYHOIO 3apsiaa ¢ B

OJTHOPOJTHOM M M30TPOITHOU Ccpejie ¢ AUIICKTPUUECKON MPOHHUIIAEMOCThI0 & MOXKHO
OTIPEICTUTH 1O (HopMyJie
q
P= ! (38)
4dree or
%
rae r=|r|.

CnencrBueM cootHomieHud (36),(37) sBISIETCS YCIOBHE OPTOTOHAIBHOCTH
CUJIOBBIX JIMHWM TIOJIS SKBUITOTCHITMAIBHBIM TIOBEPXHOCTSIM, YPaBHEHHE KOTOPBIX
OTIPEICISICTCS BhIpAKEHUEM

@(x,y,z)=const . (39)
Jpyrum creacTBUeM ITHX BBIPAKECHUN SBISETCS MPUHITUI CYNEPIO3UITUHU, COTJIACHO
KOTOPOMY TOTEHITMAT DJICKTPUYECKOTO TOJIsA, CO3/JaBaEMbI CHCTEMOHW 3apsjoB,
paBeH anreOpanvecKkol CyMMe ITOTSHITMAIOB, CO37aBaCMbIX KaKIbIM 3apsSaoM B



OTACIBHOCTH. CJ'IGI[OBaTeJIBHO, MOTCHIMAN MOJISI CUCTEMBI U3 N TOYCUYHBIX 3apsAa0B
¢d; MOXHO OIIPpEACJINTD BBIPAXKCHUCM

| qi
p=—">", (40)
drge g o 1

rac I - HOMCD 3apsiada U r;- PaCCTOAHUC OT 1-TO 3apsaaa 10 TOUKH H&6JIIOI[€HI/I$I.
N3 onpenenenns moreHumana CIeAyeT, YTO 3apsid ¢, HAXOMSIIUKCSI B TOUKE
IIoJrsA € IMOTCHIHUAJIIOM @, 06J'IaI[a€T HOTGHHH&HBHOfI BHGPFHCﬁ
W,=qp. (41)
CrnenoBatenbHO, MOTEHINAIbHAS YHEPTUS B3AUMOJICUCTBHS IBYX TOUYEUHBIX 3apsAI0B
paBHa

!

94
W,=——"——. 42
P Amge or (42)

Hepr,IIHO A0Ka3aTb, 4YTO IIOTCHHOHUAJIbHAA OJOHCPIHUA BSaHMOHGﬁCTBHH CHCTCMBbI
TOYCYHBIX 3apPAd0B OIIPCACIIACTCS BBIPAKCHUCM

1
w, =5; 9P (43)

rle ¢; NMOTEHIHMAJl IO0JA BCEX 3apsAfoB, KPOME 3apsana ¢;, B TOYKE PACIIONIOKECHHS
3apsnga g;.J3 mociieqHero BBIPAKEHHs CIEAYET, YTO MPOBOAHMK C 3apsaioM ¢ H
NOTEHIMAJIOM ¢ 00J1aIaeT NOTEHIIMAIIBHON SHEPrUen

1
w,= 599 (44)
yeI[HHeHHBIﬁ IMPOBOJHHK MOKHO 0XapaKTCPU30BaATb [TIOHATHUEM
BHeKTpI/I‘-IeCI(Oﬁ CMKOCTH.:
c=1 (45)
¢

DTO fefnaer BO3MOXHBIM BBIPA3UTh SHEPrUI0 3apsDKEHHOrO IMPOBOJHUKA Yepe3
BenuuuHbl ( U C nubo yepes BenuuuHbl @ U C:

2 2

C

=L ¥ (46)
20 2

CucrtemMa ABYyX MPOBOJHUKOB C 3apsjiaMH + (] U —¢g Ha3bIBACTCS KOHJEHCATOPOM.

3Ty CUCTCMY MOKHO OXapaKTCPU30BATh IIOHATHUCM B3aMMHOM €MKOCTH:

c=42, (47)

rae U - pa3HOCTh MOTEHIIUAIOB MEK/1y TPOBOIHUKAMM.
[ToTenmuanpHas SHEPTHs 3apSHKEHHOTO KOHACHCATOPA MOXKET ObITh HalJIeHa C

ITOMOILBIO BBIPAXKEHUN
U q¢* CU?
2 2C 2




OHeprus 3apsHKEHHBIX TEIl - 3TO SHEPTUs UX JIEKTPUYECKOro noiid. Belpaxas ee
yepe3 XapaKTePUCTUKH MO, MOXKHO MOJyYUTh

W=[wadv,
14

(49)

rac V' o0bem noJjrl, 4 @ - IIJIOTHOCTHb DHCPIHUU IIOJIA, KOTOpASA BBIPAKACTCA 4YCPC3

%

- -

BCKTOPBI HAIIPSKCHHOCTH E n QJICKTPUYICCKOI'O CMCIICHUA D= 2N E:

=

- >

E-D_&SOE2
2 2

(50)

PabGota smeKkTpuUeCKUX CUJI MPU MEPEMENICHUN 3apsifa ¢ U3 TOYKH TOJIS C

IIOTCHIIMAJIOM @) B TOYKY C IIOTCHIINAJIOM (¥, pPaBHA

A=W =W, =q(p, —p,).

(51)

B 3aximrodenue npuBeaeM TaOiuily, B KOTOpoil cobpaH psia popmys, CBSI3aHHBIX C
BBIYMCJICHUEM MOTEHIIMANAa U NOTEHIIUATbHON SHEPTUH SJIEKTPUUYECKOTO MOJIS.

Tabmuma 2
DusuyecKas BeJUYHHA Dopmy.ia O603Ha4eHNs
CBs13b HAIPSKEHHOCTH E do X - KOOpJIMHATA OCH;
Y MIOTEHIMAa @ B - e E - mpoexuus BekTopa
OJHOMEPHOM CJIy4dae p=— J’ Edx + const HAaIIpSIKCHHOCTH
AIEKTPUYECKOTO OIS Ha
0oCh X
Ces3b E 1 ¢ B £ _do ¥ - PACCTOSIHHME OT Havaja
TpEXMEPHOM ChepHUUISCKH- Cdr KOOpJUHAT;,
CUMMETPUYHOM CITyYae. Q=- .[ Edr + const E - mpoekuus BEKTOpa
HaIMpPsSKEHHOCTH

DJIEKTPUYECKOIO MOJI Ha
HallpaBJICHUE BEKTOpa 7

[Torennuman 3apsyKeHHON
IIJIOCKOCTH

o-X
Q= + const
288

O - TIOBEPXHOCTHAs
IJIOTHOCTH 3apsiia
IIJIOCKOCTH;

X - pacCTOSIHHUE OT
TJIOCKOCTH JI0 TOYKH, B
KOTOPOM OIpENEHsACTCS
MOTEHIUAI

[Torenuuan 3apsyKeHHON
HUTU

T
@ =——Inr+ const
2

T - JIMHEHHAs MJIOTHOCTD
3apsjia HATH;
¥ - pacCCTOSTHUE OT HUTHU
J10 TOYKH, B KOTOPOH
OMPEIICIISACTCS MOTEHINAT




ITorennuman 3apsyKeHHON q <R q - 3apsia cdepsl;
o =—r
IIPOBOSILICH Chepbl ¢ Ame R ¥ - pacCTOSIHHUE OT LICHTpA
q cepsl;
p=—""—7r>R R - pamuyc cdepsl
e or pamuyc cgep
DHeprus 3apsKEeHHOU qz q - 3apsn chepsl;
. Ww=—=1__
npoBoJsIIeH chepbl -
87e R R - paaunyc chepsl
DHeprus miocKoro qz d g - 3apsi] KOHAeHcaTopa;
KOHJEeHcaTopa =5 o -
2ee,S d - paccTosiHUE MEXIY
0OKJIaIKaMH;
S - uromanb 0OKIaT0K
EMkocTh chepruueckoro C=4me (R R - pammnyc
NpOBO/IHIKA cheprIecKoro
IPOBOJTHUKA
EMKOCTB IUIOCKOTO C E&(S S - mIomanab 00KJIAI0K;
KOHJIEHCaTopa - d d - paccTosiHUE MEXKITY
0OKJIaIKaMu

2.2. Knnaccuduxanus 3a1a4 ¥ yTH UX PeLICHUs

3ama4yn TaHHOTO pa3/iesia MOKHO pa3/elnTh Ha TPU TUIIA.
1. 3agaun, cBA3aHHBIE C BBIYMCICHHEM HAMPSHDKEHHOCTH SJIEKTPUYECKOTO TOJS IO
3aJJaHHOMY pacIpelelIeHUIO MOTeHIMana (1 0OpaTHbBIE 3a7a4un).
2. 3anaum, CBSI3aHHbIE C HAaXOXJACHUEM MOTEHLMaa MO 3alaHHOMY PaclpeaeseHUIO
3apsAn0B (M OOpaTHBIE 3a/1a4n).
3. 3amaum, B KOTOPBIX PAacCMaTPHUBAIOTCS BOMPOCHI BBIYMCIEHUS MOTEHUUATbHON
SHEPruu, paboThl U MEKTPUUECKUX CHJI B CUCTEMAX 3apsHKEHHBIX Tel
3aayy MepBOTO THUMA PEHIAIOTCS MyTEM IPSIMOIO HMCIOJIb30BAaHUS COOTHOILIEHUMN
(36),(37).
3amayn BTOPOTO THIMA JOMYCKAIOT pemieHue AByMs criocobamu. [lepBriii cmocoO
UCTIONB3YETCsl ISl pacdera TOTEHIHala TOJs MPOTSHKEHHBIX 3apsDKEHHBIX Tell
HEeMpaBWIbHOM (OpMBI M 3aKiloyaeTrcsa B cieayromeM. Temo pa3zduBaercs Ha
AJIEeMEHTapHbIE O0BEMBI i 5 ;, 3apsAJl KOTOPBIX paBeH dq = p-dV , tae p — oObeMHas

IJIOTHOCTh 3apsna. I[locie »3Toro moTeHnWan ¢ omnpeAensercss Kak CcymMma
MOTEHIIMAJIOB TOJIeH dJIEMEHTAPHBIX 3apSA0B dg C MOMOIIBIO (HOPMYIIBI
p=—1[Lav, (52)
dreey " r
IJIe 7 - PaAcCTOSHHE OT dJIEMEHTapHOro oobeMa dV 10 TOYKH, B KOTOPOW MIIETCS
MOTCHITHAT .

AHaNOTUYHBIN moaxoa MOIXHO HCIIOJBb30BATb JJI HAXOXICHHA ITOTCHIIHMAJIA
IIOJIA TCJII, 3apsaad KOTOPBIX PpaCIIPCACIICH 110 IINIOCKOCTHU WJIM BJOJb HUTH.




Bropoit  cmoco®  3akmiodaeTrcss B IEPBOHAYAIBHOM  ONpPEIEICHUU
HANpsUKEHHOCTH Mo E W Juib 3aTeM noreHuuana ¢. Crnocol yaoOeH i Ten,

obOnamarorux cummeTpuei. [lpu pemieHun 3amad Kak TMEPBBIM, TaK M BTOPHIM
CHIOCOOOM CJIETyeT BBIMIOJHUTh PUCYHOK C YKa3aHHUEM pACCTOSHHM, 005acTu, 1O
KOTOPO¥ TIPOBOJUTCS MHTETPUPOBAHKE, HATIPABIICHUS TTOJIS U T..

3agaun  TPEThEro THUIA PpEIIAOTCA  claeayromuM  obpazoM. ChHavana
pacCUMTHIBACTCS TOTCHIIMAIbHAS DJHEPrusi CHUCTeMBl. B ToMm ciydae, ecim
paccMaTpHUBAIOTCS TPOBOJAIINE Teia, JUISI BBIYUCICHUS DHEPTUU HCIOJIB3YeTCS
dopmyna (43) nudo caeayromue u3 Hee popmyiisl (44),(46),(48).

[Ipy  BBIYMCIEHUM HSHEPTUM  HENPOBOIAIIMX Tea  Oojee  yAOOHBIM
MpeCTaBIsAeTCS Ucoiab3oBanue Gopmy (49),(50).

2.3. IIpumepsnl pemienns 3a1a4

3amaua 1.

Haiitu paboTy, KOTOpYIO HY)XHO 3aTpaTUTh, YTOOBI BBIHYTh JTUAJIEKTPUK,
PACIIOJIOKEHHBIM MEXy OOKJIaJKaMU IJIOCKOTO KOHJEHCATOpa, JJIs ABYX CIy4daeB:
KOTJIa 3apsii Ha OOKJIaIKax SIBJISICTCS MOCTOSTHHBIM U PABHBIM ¢ U KOTJIa HAMPsSHKEHUE

MCIXKIY O6KH3,Z[K3MH MOoOACPKUBACTCS ITIOCTOSIHHBIM M PAaBHBIM U.

HJ'IOIHaI[B Ka)K,HOI;’I O6KJIaIIKI/I KOHICHCATOpa U PpaCCTOAHUC
MCXKAY HUMHU paBHBI COOTBCTCTBCHHO Snud. TOJIIHI/IHa
JUIJICKTPUKA paBHA dl , a Cro JUIJICKTPHUYCCKasd

T IMPOHUIIACMOCTD & .

Pemenne
PaccmoTpum cHauana mepBeIif Citydail, Koraa 3apsij ¢ Ha oOKJIagKax siBISETCS

NOCTOSIHHBIM. Pa0oTa BHEIIHUX cul A 1O YJAJICHUIO IUAJIEKTPUKA U3 KOHJIEHCATOpa
paBHa B3ATOW C OOpaTHBIM 3HAaKOM paboTe dnekTpudeckux cumil A, ,. CormacHo

3aKOHY COXPAHEHMs PHEPIUU pabOTy 3JIEKTPUUYECKHX CHI A,, MOXXHO ONPEAEIUTH

y y U y
KaK PasHOCTb MCKAY HadaJlbHOW SHCPIruUcU KOHIACHCATOpPaA VVI I% U KOHCYHOU

U
/% zq—z, rne U, u U, - COOTBETCTBEHHO HaudaiabHOe (0€3 IUDJIEKTPUKA) U
2 5 1 2

KOHeYHOe ( C JUAPJIEKTPUKOM) 3HAYEHUs HAOpsKEHWsT Ha KOHJEHcATope.
CraenoBaTteibHO,

A:Wz—Wl:ng—Ul). (53)

Yrobsr Hatitu U; u U,, BOCHOIB3yeMCS M3BECTHBIMH BBIPAXKECHUSAMHU JUIS

HaNpsOKCHHOCTHU  OJICKTPHUYCCKOIO  ITOJIA E MCXKOY O6KJ'Ia)1KaMI/I IIJIOCKOTO
KOHACHCATOpa:

(o
E=—— B nuanexrpuxe,



E=2 BHE JIMDJICKTPHKA, (54)

rac o Z% - HOBCPXHOCTHAA INIOTHOCTD 3apsa. HOI[CT&BJ'I?I}I JaHHBIC BBIPAXXCHHA B

bopmyny s U nostyaum

U= Eax, (55)
0

IJIE HalpaBJI€HUE OCH X BBIOMPAETCS OPTOTOHAIBHBIM IUIOCKOCTH OOKIIAJIOK,
MIOJTyYUM

&o P
v, =24, (57)
)
U KakK CJIEICTBUE
2 R
&€ S

PaccmoTpum Temepb BTOpOM Cilydail, Korja HampsbkeHue Ha oOkiagkax U
MO/IJIEP>KUBAETCS TOCTOSIHHBIM (HAIIpUMED, 32 CUET MOJKIIOUYEHHOTO K KOHICHCATOPY
BHEIIIHETO0 HMCTOYHMKAa mutanus). Kak u B mpenpiaymieM ciydae, pabora A4 10
YIAJICHUIO TUAJIEKTPUKA U3 KOHJIEHCATOpa OyJIeT paBHA B3ATON C OOpPATHBIM 3HAKOM
pabote nanexkTpuueckux cuil A,,.OnHako MoOciIenHAs B JaHHOM ciydae OyneT

OIpCACIATHCA NHAUC!
A,y =W =Wy + 4, (59)

U
- HadaJibHass OJOHEPIUA KOHIACHCATOpPA, W2 :qz— - KOHCYHa“,

2
A4, =U(q, —q) - paboTa 1o mepeHocy 3apsiia OT HCTOYHUKA MUTAHUS, & ¢ U ¢, -

COOTBETCTBEHHO HAYaJIbHBIM U KOHEYHBIN 3apsij Ha KOHJICHCATOpe.
CnenoBartesbHO,

U
A:E(Cll_QZ):VVI_WZ' (60)

Omnpenensast 3apsaasl ¢; U ¢, U3 BbpaxkeHus g U, KOTOpbIE IO AHAIOTUU C
MPEIBIAYIIUM CIIy4a€M MOYKHO 3allMcaTh B BUJE

U:ﬁ(d—d1+ﬁ), (61)
&o g
U:O'Z-d’ (62)
&o

riae o =% U o, :%, NOJIy4YUM



G=—"—""7" (63)
&
gy U-S
qz=—°d , (64)
1 KaK CJIICACTBUC
2
e et (65)
2 |gg+9 4
&

3agaua 2

JIBa nanexo pacroioKEHHBIX METAUTMYECKUX IIapuKa, MEPBBIA C 3apsaioM
q, =10nKn n paguycoM R; =3cm, a BTOPOH ¢ NOTEHIHAIOM @, =9kB u paguycoM
R, =2cm, coeMHAIOT IPOBOJIOKOM, EMKOCTBEO KOTOPOIl MOKHO IIpeHeOpeub. Halitu
a) sHepruto W, u W, xaxzoro mapa 10 X COeIuHeHus, 0) suepruto W, ,, KoTopas
BBIICIISIETCS B IPOLIECCE YCTAHOBIICHUSI PAaBHOBECHS MTOCIIE COEAMHEHUS IIIAPUKOB.

Pemenue

[TockonbKy HIapbl pacmoIOKEHbI 1aJeKO APYT OT Apyra, TO MX MOKHO CUHTAThH
yeIMHEHHBbIMH. B 3TOM cilydae uX 3HEpPTHIO MOKHO ONPEAEIUTh 1o (hopmyiam (48):

2
_ 4
'ag
Cz(”%
W2 i
2
EMKoCTHh m1apa B BakyyMe onpesensiercst popmyon
C = 472('9 OR .

CJ'IC)IOB&TCJ'H::HO, OHCPIuv HIapoB A0 UX COCAMHCHUS PABHbI

2
q, -6
W, =———=15-10 oic
: 87 o R, 4

_4= oRop3

W, =90-10"° Jionc.

[Ipu coequHeHnN MIAPOB MPOBOJIOKOW OHU CTAHOBSTCS €AUHBIM MPOBOJHUKOM,
MOTEHIMAJl KOTOPOro, MOCJE YCTAHOBJIIEHUS PABHOBECHOI'O PACIPEACICHUS 3apsa0B,
BO BCEX TOYKAX CHCTEMbI OJWHAKOB. [Ipu 3TOM 0Omuii 3apsin coxpansiercs. bymem
0003HauaTh BEIWYMHBI B KOHEYHOM COCTOSIHUM 3Be3l04YKod. Torma cucrema
YPaBHEHUM JUISI ONPEAEIEHUS] KOHEUHOTO IMOTEHIMANIA U J1AJIe€ KOHEYHOU DHEpPruu
CUCTEMBI Oy/IE€T UMETh BHI:

@ _a

P =0, =@ C, Cz’



G +9,=9] +¢,

72 =Cr0,
W _Cl((o*)z +C2(§D*)2
KOH — )
2 2
Pemas cucremy, noiyuum W, =81- 107 Jonc.

OHeprusi, KoTopas BBIJIEIUTCS K MOMEHTY YCTAHOBJIEHUS pPAaBHOBECHOIO
COCTOSIHUSI, paBHAa pPA3HOCTH HAYaJIbHOM W KOHEYHOM OJIIEKTPUYECKOW JHEPTHUH
CUCTEMBI:

W, =W +W,) =W, =24-10"° Iioc = 24mxlonc.

6bi OH

Tema 3. 3BAKOHBI ITOCTOAHHOI'O TOKA
3.1. OcHOBHBIC TOHATHA U COOTHOLICHUS

DONEeKTpUYECKUd TOK MPEACTaBIseT COOOW  HampaBlIEHHOE JIBM)KCHHE
ANEKTpUUECKUX 3apsaoB. Hocurenmsmu 3apsiza B MeTaiiax SIBJISIOTCS BaJCHTHBIC
AJIEKTPOHBI, MOTEPSABIINUE CBS3b CO CBOMMU aTOMaMH B Mpoliecce o0pa3oBaHUs
KpUCTAJUIMUECKOW  pemieTku. [IpuHATO cuuTaTh, UYTO HANpaBJICHHE TOKa
OTIpEJIEIISIETCSl TI0 HAMPABJICHUIO JABUKEHUS TMOJIOKUTEIbHBIX HocHuTeneh. [lortomy
HaIpaBJIeHUE TOKA MPOTUBOMOI0KHO HAIIPABICHUIO ABUKEHUS JIEKTPOHOB.

[TonsiTHEe CHIBI TOKA BBOAWTCS JUIA XapPaKTEPUCTHKHA HAIMPaBICHHOTO
JIBH>KCHUS 3apsi/IOB B TOHKOM MPOBOJIHUKE. B 00111eM citydae B AJIEKTPUUYECKON cXeMe
MO>KHO BBIZICIUTh TOYKH, B KOTOPBIX CXOJSATCS HE MEHEE TPEeX MPOBOJHUKOB. Takue
TOYKH HA3BIBAIOT y3JIaMH. BBeZieM MpPOW3BOJBLHO TOJOKHUTEILHOE HAINpPaBJICHHE HA
y4acTKE€ OJIHOTO U3 IPOBOJIOB, COCAMHSIONIETO JBa COCeAHMX Yy3ia. [locTpoum
Tenepb PyHKIUIO ¢(f) TO ClEnyIoleMy MpaBwily: 3Ha4eHUue ¢(f) paBHO Pa3HOCTU

BEJIMYMHBI 3apsA0B, MPOLICAIIMX Yepe3 IIONEPEYHOE CEYEHHE IMPOBOJHUKA B
MOJIOKUTEIIBHOM U OTPHIIATEIbHOM HarpaBieHusix 3a Bpems ¢. Cwma toka (1)

onpenesnseTcs Kak Mpou3BoiHast pyHKIMHU g(7):
dq(?)
1(t)=——7+

() o

Ecmu/(¢)>0, TO 3apsapl OBUKYTCA B TMOJOXHUTEIBHOM HAIMPABICHUU, €CIU

1(t) <0 - B orpuniatenbHoM. Equauna cuiel Toka amnep: 14 = 1Kn/c.

Ecnu B NpoBOAHMKE MMEETCS TOK, TO MOTEHLHMANT AJIEKTPUYECKOTO MOJIA B
pa3nuYHBIX TOYKAaX MPOBOJAHMKA HE oJauMHaKkoB. [loTeHuman yMeHbIIAeTCs B
HAIpPAaBJICHUU JIBU)KEHUS TIOJIOKUTENIBHBIX 3aps/IO0B.

Jist monnep:kaHusi TOCTOSIHHOTO TOKa, T.€. JBUMIXKEHHUS DJEKTPOHOB C
MOCTOSIHHOM CpeHEed CKOpPOCThbIO, HEOOXOJUMO HEMpEPHIBHOE IEHCTBUME HA HHX
CWJIbl. A 3TO 3HAYUT, YTO DJEKTPOHBI B MPOBOJHMUKAX NIBMXKYTCS C TPEHUEM, WIIH,
MHa4ye roBOPsl, YTO MPOBOJHUKHU 00JaAAI0T JIEKTPUUECKUM COITPOTUBIICHUEM.



Ecau cocrosHue IMPOBOJHUKA OCTACTCd HCU3MCHHBIM (He MCHACTCA €TI0
TEMIICPATypa U T.I[.), TO AJIA KaXXJ0ro nNpoBOAHWKA MJIM YYaCTKa LCIIH, COCTOAIICTO
N3 HCCKOJIBKUX IIPOBOAHHUKOB, CYHICCTBYCT OIHO3HAYHASA 3aBHCHUMOCTL MCIKIAY
Pa3HOCTBIO ITIOTCHIMAJIOB HAa KOHIAX YY4aCTKa U cuiioit Toka B HeM. OHa BBIPAKACTCA
3akoHoM OMma I y4aCTKa OCIIW, HC COACPIKAIICIO NCTOYHHUKOB TOKa

1=22
R

Kosddumment R HaszpiBaeTcs OOUIMM CONPOTHUBICHUEM Y4yacTKa IeNU U
OTIPEJIEIISIETCS IO CAEAYIOMUM (PopMyiam:

Opy  TOCIIEOBATEIbHOM  COEIMHEHUU PE3UCTOpPOB  (Y4acTKOB  IIEINH,
00J1a1ar0IMX 3aMETHBIM COITPOTUBIICHUEM )

R06u4 = ZRI 1
IIpH MMapaJuICJIbHOM COCANHCHUU PE3UCTOPOB

1 1
R _ZE'

COHpOTI/IBHeHHe IMPOBOJAHHKA 3aBUCHUT OT CT'O q)OpMI)I H BCUICCTBA, U3 KOTOPOI'O
OH H3IOTOBJICH. I[JUI IIPpOBOJHHKA HHHHHHpH‘{eCKOﬁ (1)OpMI>I ITIOCTOAHHOTIO
IMOIICPCUYHOI'0 CCUCHHUA

0owy

!
R=p-—,
P

rac [ - JJIMHA IIPOBOJHHKA, S - Iiomaab ImoICpcYHoOro CCUCHUA IIPpOBOAHHUKA, O -

YAEIBHOE CONPOTUBIICHUE BELIECTBA.

YroObl MOAIEpKUBATH TOK JOCTATOUYHO JIMTEIbHOE BpEMs, HY>KHO OT KOHIIa
IIPOBOJHUKA C MEHBIIUM IOTEHIMAJIOM HEIPEPBIBHO OTBOAUTH IPUHOCHUMBIE CHOIA
TOKOM 3apsJibl (IIPeAIoaraeTcsi, YTO OHU MOJOKHUTENbHBIE), @ K KOHILYy ¢ OOJbIINM
NOTEHIMAIIOM UX HENPEPBIBHO MOABOJUTH. JTO 03HAYAET, YTO B 3aMKHYTOM KOHTYpE
Hapsly C y4acTKaMM, Ha KOTODPBIX ITOJIOKUTEJIbHBIE HOCHUTENIM TOKA JBUKYTCS B
CTOPOHY YMEHBILICHUS ITOTEHIIUAJIA, JOJKHBI UMETHCA YYaCTKH, HA KOTOPBIX IIEPEHOC
JTUX 3apsN0B INPOUCXOAUT B HAIIPABICHUM BO3pPACTAHUSA IOTEHLMANIA, T.€. HMPOTUB
CHJI DJIEKTPOCTAaTHYECKOTO Mnouist. Ilepememienre HocuTenen ToOKa Ha ITUX y4acTKax
BO3MOXHO JIMIIb C TOMOIIBKD CHJ HEJJIEKTPOCTATUYECKOIO IMPOUCXOKICHHUS,
Ha3bIBAEMBIX CTOPOHHUMH CUJIAMH.

CropoHHME CHJIBI MOYHO OXapaKkTepU30BaThb pabOTOM, KOTOPYHO OHH
COBEpULIAIOT IIPU MNEPEMEUIEHMH N0 LIENH 3apsia. BenuuuHa, paBHas OTHOILIEHUIO
paboThl A4, CTOPOHHMX CHJI HA HEKOTOPOM ydacTKe Lenu 1-2, kK ToMy 3apsiny g, Haj

KOTOPBIM 3Ta paboTa COBEpIIICHA, HA3bIBACTCS DIEKTPOJABIDKYIIEH cuioit (3.1.c.) E
Ha JAaHHOM YYacTKe:

=t

q
B obmem ciyuae, npu nepeMenieHuu 3apsja Mo y4yacTky uenu 1-2, Haa HUM
COBEpIIAIOT PabOTy KakK CHJIbI 3JIEKTPOCTATUYECKOW MPUPOJbI, TAK U CTOPOHHHUE.
Benmnuuna U, paBHas OTHOIICHHUIO 3TOW CyMMapHOW paboThl A K 3apsay ¢, Haj



KOTOPBIM OHA COBEpIICHA, HA3bIBACTCS TAJCHWEM HANPSKEHWS  WIM MPOCTO
HanpsDKEHHEM Ha JIJAHHOM ydacTke menu 1-2:
U = A3Jl + Acm — é
q q
Hcronb3yst CBsI3b Pa3HOCTH MOTEHIIMAIIOB C pa00TOH 3JEKTPOCTATUIECKUX CHIT
M 3.71.C. ¢ pabOTOI CTOPOHHUX CHJI, TOTy4aeM (GOpMYITy JJIsl HAPSOKSHUS B BUZC
U=Ap+E.
Jlnst yuactka nenu 1-2, copeprkalero HCTOUHUK 3.1.C., 3aKoH OMa uMeeT BUJ

I:U

Ro6u4
Ecmu Y4aCTOK IICIH 3aMKHYT, TO TOYKH Il u?2 COCIHUHCHBI, U, CJICJ0BATCIBHO,
HMCIOT PaBHBIC IIOTCHIMAJIBI. B sTom cjiydac 3aKOH Owma HpI/IO6p€TaeT BU/

Ecau BHemiHee COIIPOTHUBJICHHC SaMKHYTOﬁ LOCIIKM paBHO HYJIIIO, TO B HEH
IMPOTCKACT TOK KOPOTKOI'O 3aMbIKAHHU !

E

I = —
K3 ’
r

I7i€ ¥ - BHYTPEHHEE CONPOTHUBICHHE UCTOYHUKA TOKA.

Pacuer pa3BeTBICHHBIX LENEH 3HAYUTEIBHO YIPOILAETCS, €CIU I0JIb30BaThCS
npaBuiiaMu, copmyiaupoBanHbiME Kupxropom.

[lepBoe mpaBUIO OTHOCHUTCS K y3/1aM 3JEKTPUUECKOM Lenu. AnredOpandeckas
CyMMa TOKOB, CXOJAILIUXCS B y3JI€, paBHA HYJIO:
S I=0.

[Ipy 3TOM TOK, TEKyIIMl K Y31y, CUMTAETCAd HMMEIOLUM OAWH 3HaK (IUI0C WU
MHUHYC), & TOK, TEKYIIHI OT y311a - APYTOK.

Bropoe mnpaBuio OTHOCUTCA K JIIOOOMY, MBICIIEHHO BBIJIEJIEHHOMY B
Pa3BETBJICHHOW LIENN, 3aMKHYTOMY KOHTYpY.

[Ipu ob6xoxe kKoHTypa anredpaumveckas CyMMa HANpsHKEHUM Ha KaXa0M €ro
HEPa3BETBJICHHOM Y4YacTKEe paBHa ajreOpandyeckoid cymme 3.1.C., JEHCTBYIOIIUX B

KOHTYDE:
Y IR=>E.

IIpu cocraBieHHHM ypaBHEHUW HalpaBieHUE 00X0/la KOHTypa BbIOMpaeTcs
npou3BOJIbHO. [Ipow3BeneHne Cuiabl TOKa Ha  CONPOTUBICHHE  CUHUTAETCS
MOJIOKUTENIbHBIM, €CIIM HAaNpaBJIEHWE TOKA, TaKXe MPEABAPUTENIbHO BBIOpaHHOE
POM3BOJIBHO, COBIAAAET C HAIpaBJICHUEM 00X0/a KOHTYpa, OTPULIATENIbHBIM, €CIIU
HE coBmajzaer. OJ..c. OepyT TMOJOXKHUTENbHOM, €cad OHa JeHCTBYyeT Ha
MOJIOKUTEIbHBIE HOCUTENM TOKa B HAIpaBJIEHUU 00X0/Aa, U OepyT OTpHUIATEIbHOM,
€CJIH - Hao0OoPOT.

[Tockonbky 001mas paboTa 3JIEKTPOCTaTUYECKMX M CTOPOHHHMX CHUJI Ha yYacTKe

nenu 1-2 paBHa
A=Uqg =Ult,



TO AJII MOIIIHOCTH, paBBI/IBaeMOfI TOKOM Ha 3TOM y4aCTKE, IIOJIy4YUM

P:é:Ul.
t

DTa MOIIHOCTh MOXET pacxoJ0oBaThCsi Ha COBEpIICHHE pabOThl HaJ BHEIIHUMU
TegamMu (IIPU 3TOM MPOBOJHHMK JIOJDKEH IIEpeMENIaTbcsl B IMPOCTPAHCTBE), HA
MpPOTEeKaHNE XUMHUECKUX PEaKIMi U, HAKOHEIl, HA HarpEeBaHKE JIAaHHOTO MTPOBOJIHUKA.

B nmocnepnem cnydae, Tmocii€ YCTAaHOBJICHUSI TEIUIOBOTO PAaBHOBECHS
HarpeBaeMoro TOKOM IMPOBOJIHKKA C OKPY>KaloIen cpeioi, pabota Toka OyneT paBHa

KOJIMYCCTBY BBIACIISICMOTO ITIPOBOAHUKOM TCILIA:
2

Q=Ult=%t=12Rt.

CooTHomieHue Ha3biBaeTcsa 3akoHoM J[xoyns-Jlenia.
Ecnu cuma Toka uW3MEHSETCS €O BpEMEHEM, TO KOJIMYECTBO TeIlia
ompenensercs mo GopmyJe
O=[1’Rdt.
N3 3akona OMa Jy1st 3aMKHYTOH 1I€NU TOJTydaeM
E=IR+Ir,
rae / - cuna Toka, R - BHEIIHEE CONPOTHUBJICHUE, ¥ - BHYTPEHHEE COMPOTUBIICHHE

HCTOYHMKA TOKA. YMHOXHUB JICBYI0O M IIPpaByH0 4YaCTH DTOrO BbIpAKCHHUSA Ha [,
IIOJIy4UM

B =1°R+1°%r .

3necs El - mosnmas MomHOCTH McTounMka P; I°R - monesHas Mommocts P,

KOTOpast BbIIEIAETCA (pAcCeMBaeTCs) Ha BHEITHEM COMPOTUBIICHUM; [ %y - MOLIHOCTB

noreps P, ., , KOTOpasi BbLAEISAETCS Ha BHYTPEHHEM CONPOTUBIICHUH HCTOYHUKA.

BripazuB, ¢ mnomompio 3akoHa Owma, TOJE3HYI0 MOIIHOCTH  4epe3
COITPOTHUBJICHUE

2
E°R
2 ]
(R+r)
U UCCJIENOBaB ATy (PYHKIIMIO HAa MaKCHUMyM, MOKHO IOKa3aTh, YTO HaWOOJIbIIIAs
[0JIE3HAsA MOIIHOCTb BBIAEISIETCS [PU PABEHCTBE BHEIIHETO CONPOTUBIICHUSA
BHYTPEHHEMY: R=r.

OTHoOIIEHNE TI0JIE3HON MOIIHOCTH P, . K IOJHOW MOIIMHOCTU P, pa3BUBAaEMOMN

MCTOYHHUKOM 3.1.C., Ha3biBaeTcsi Kordpduumrentom mnonesnHoro aeicreus (KIIT) 7

P =

noin

nomn

9TOI'0 UCTOYHHUKA: 7] = P



3.2. [IpumMepsl pelieHud 32124

3agaua 1
D.x.c. aneMeHToB E; = 2,18 u k; = 1,98, conpotusienus R; =450m,

R, =100m n R3 =100m (cM. puc.). Haiitu Toku |; BO Becex yyacTKax LEMH.

A ] | B
|
&,
_- R3
D C

Pemenune

N300paxkeHHass Ha PUCYHKE CXeMa MMeeT JABa y3ia B Toukax 4 u C, a Takxke
Tpu He paszBeTBistommxcs ydactka ABC, AC u ADC. D10 3HayWT, 4TO B IENH
UMeeTCs TPU HEM3BECTHBIX cuibl Toka Iy, |, wm |3, g pemenus 3anauu

BocHojb3yemcs npaBuwiamu Kupxrodga. [Ipon3BonbHO BbIOEpEM HANpaBiICHUS ITHX
TOKOB B Ka)KJIOM M3 COOTBETCTBYIOIIMX YYacTKOB. byJaeM cuuTarh, 4YTO TOKH IO
yuactkaM ABC, AC u ADC TekyT oT y31a A. KoneuHo, peajgbHO TaK ObITh HE MOXKET:
00513aTebHO JOJKEH CYIIECTBOBATH XOTS Obl OJMH TOK, BXOJSIIMHA B y3eld. DTO
ClIelyeT U3 3aKoHa coxpaHeHus 3apsaa. OnHako, TeM U ynooHs! npaBuia Kupxroda,
YTO WX NPUMEHEHWE JAeT NPABWIBHBIA pE3ylbTaT AAKE IPU TAKOM 3aBEJOMO
HEMpaBUJIBLHOM BbIOOpPE HANpPABJICHHM TOKOB: TE€ TOKH, HANpaBJIEHHE KOTOPBIX
CIly4ailHO OKa3aJuChb BbIOPAHHBIMU MpPaBUJIBHO, TMOJY4YaTCs TMpPU pPELICHUU
MOJIOKUTEIbHBIMA, @  TOKH,  HallpaBJI€HUE  KOTOPBIX  MPOTHUBOIOJIOKHO
MpPEeAnojIaraeMoMy, Mojay4daTcs oTpuuareabHbIMU. [IOCKOJIBKY HEM3BECTHBIX TOKOB
TPH, TO JJI1 UX HaXO0XKJIEHHSI HEOOXOIMMO COCTaBUTh CUCTEMY U3 TPEX HE3aBUCHUMBIX
ypaBHeHuH. [lepBoe ypaBHEHHE MOIYyYHMM ¢ OMOLIBIO repBoro npasuia Kupxroda,
KOTOPOE 3aIlUIleM I OJHOTO U3 ABYX Y3JIOB LIEMH, HAPUMED, y3J1a A.
-1, -1,-153=0.

[Ipu cocTaBieHUU ypaBHEHUSI BCE TOKU B3AThI CO 3HAKOM MHUHYC, T. K. BCE OHU
MPEANnosararoTcs BEIXOAAIIMME U3 y3ia A.

3anuceiBaTh TeNepb C MOMONIbI0 IepBoro mnpasuiia Kupxroda cruenyromiee
ypaBHeHue st y3ia C OeCCMBICIEHHO, TaK KaK IMOJYYUTCS JIMHEHMHO 3aBUCUMOE
ypaBHEHUE, OTJIMYAIOIIEECS TOJbKO TEM, YTO BCE WIEHBI €r0 YMHOXEHbI Ha MHUHYC
CAVHMUILY.

JIBa OCTaBIIMXCS YPAaBHEHUSI MOKHO COCTABUThH C MTOMOILBIO BTOPOTO MpaBuja
Kupxroda. [{nst 3T0ro MbICIEHHO BBIIETSEM B CXEME 3aMKHYTblE Y4acTKu. Takux
koHTypoB B mnpuBenenHoir cxeme Tpu: ABCA, ACDA u ABCDA. Bribepewm,



HaIpUMep, /1Ba MEPBBIX U MPOU3BOJIBHO 3a/1aUM HampaBieHHE 00X0Ja KaXI0ro 3
Hux. bynem o6xomute koHTypel ABCA u ACDA 1o HampaBieHUIO IBUKCHHS
qacoBoil cTpenku. Ilpm cocTaBieHMHM ypaBHEHHH YYTeM, UYTO OTCYTCTBHE
uHGOPMAITUU O BETMYMHE BHYTPEHHETO COMPOTUBIICHUSI HCTOYHUKOB TOKA B YCIIOBUHU
3aJ]a4M MO3BOJISIET MTPETIOJIOKHTh, YTO 3TO COIPOTUBIICHHUE MpeHeOpeknmo Maio. Ha
cxemax Oosee JUIMHHBIM ¥ TOHKHM OTPE3KOM MpsAMOM  oOo3HadaeTcs
TIOJIO’KUTETBHBIN TIOJIOC UCTOYHUKA TOKA, @ KOPOTKUM M TOJICTBIM — OTPHUIIATEIBHBIH.
YuutbiBasi BBIOpaHHBIC HAIpaBJICHUA TOKOB W HampaBlieHHs 00X0Aa KOHTYPOB, a
Tak)Ke 3HAKW MOJIIOCOB MCTOYHUKOB TOKA, MOTYYHM CJICIYIOIINE ABA YPaBHEHUS AJIs
koHTYpoB ABCA 1 ACDA cOOTBETCTBEHHO:

Il'R3_I2°R1:§’
|2 'Rl— |3R2 :—%
HOI[CTaBI/IM B IIOJYYCHHYIO CHUCTCMY TpPCX ypaBHCHI/Iﬁ YUCJIICHHBIC 3HAYCHUA
COHpOTI/IBJIeHI/Iﬁ H 3.4.C., 3aJaHHBbIC B YCIIOBHH 3a/la4U.

—45.-1, =21,
45-1, -10- 1, =-19.

_Il
10- 1

OOparure BHMMaHHE, YTO CHUCTEMa YpPAaBHEHMI 3amucaHa TaKUM 00pa3oM,
YTOOBI UCKOMBIE TOKH C OIpPEAEJICHHBIM 3HAYEHHWEM HHJIEKCAa pacIoyiarajuch APYT
noJl Apyrom, odpasys croybupl. B Tex mecrax, rae B crtonlue uMeeTcsl MpOIMycCK,
MOKHO CYHMTATh, YTO COOTBETCTBYIOIIMNA TOK YMHOXXEH Ha HYJIEBOW KOI(PPUIUEHT.
[IpaBas vacTh ypaBHEHMI Takxke oOpa3yeT CBOW cTOJOEl] CBOOOAHBIX UJICHOB.
CnenaHo 3To Il TOTO, YTOOBI yM00HEE OBLJIO HMCIOJIB30BaTh METOJ PEIICHUS
CUCTEMbI aJireOpadyecKuX YpaBHEHHUI C IMOMOILBIO ONpeAeNuTeNed. ITOT METON,
NpeIOKEHHbI 1BelapckuM Matematukom I'. Kpamepom B 1750r., Haxoaut
HIMPOKOE NPUMEHEHUE IS UCCIEAOBAHUS U PELIECHUS CUCTEM YPABHEHMIA.

CocTaBuM ONpEAENTUTEND OJIYYEHHON CUCTEMBL:

-1 -1 -1
A=[10 -45 Q0.
0 45 -10

3ameHsisi MepBbId, 3aTEM BTOPOW W, HAKOHEI, TPETUN CTOJOEI] OMpeIeTUTENs
CUCTEMBI CTOJIOIIOM CBOOOHBIX WICHOB TMOJIyYaeM €I TPU ONPEACITUTENS

o -1 -1 -1 0 -1 1 -1 0
Ay =| 21 -45 O, Ay=|10 21 0|, A, =10 -45 2].
-19 45 -10 0 -19 -10 0 45 -19




Ecnmu B onpenenurene cucteMbl A HET HH OJHOM TMapbl CTPOK C
MPOMOPIMOHATIBHBIMU AJIEMEHTaMH M OH HE PaBEH HYJI0, TO PEHICHHE CUCTEMbI
€IMHCTBEHHO U ONpeensiercs mo popMyinam

LA LA A
AT A A

BbluucinTh KaxIplii onpeneauTesb MOXKHO, MOJb3YSCh €r0 CBOWCTBaMH I1O
U3BECTHOMY QJTOPUTMY: OIpPENEITUTEh PAaBEH CyMME IPOU3BEJCHUN 3JIEMEHTOB
KaKoOH-11M00 CTpOKHM (MM Kakoro—JimOo cTojiona) Ha wuX anredpanyeckue
JOTIONTHEHUs. ANreOpanyecKuM JOMOTHEHUEM 3JIEMEHTa ONpPEeIeTUTENs] Ha3bIBACTCs
€ro MHHOp, B3ATBII CO CBOMM WJIM C TMPOTUBOIOJIOKHBIM 3HAKOM. 3HAaK
aredpanyecKoro JIOMOJHEHUS ONPEeIseTCs MO CIEIYIONIEMY MPAaBUITY: €CJIM CyMMa
HOMEpPOB CTOJIOLIa U CTPOKHU, HA MEPECEUYCHUH KOTOPBIX CTOMUT 3JIEMEHT, €CTh YHUCIIO
YeTHOe, TO MHHOpP Oepercs cO CBOMM 3HAKOM, €CIM HEYEeTHOEe, - TO C
IPOTUBOTMOJIOKHBIM. BRIUHUCIIAS ONpeenuTeNs YI00HO €T0 pacKiIagblBaTh MO CTPOKE
(wu Mo cTo0I1Ly), coAepKaIlIe HyJH.

Brruncnum BHavane onpeneanTenb CUCTEMbI

-45 0 -1 -1
A=-1 -10- =—-1-450-10-((~1) - (-10) - (-1) - 45)=—-1000
45 -10 45 -10

Teneps BeruncnuM onpenenurend Ay , Ay u Ay .

21 0 21 —-45

119 —100 " |_19 45
—1.(=21)—1- (21- 45 — (—45) - (—1,9)) = ~30

21 0 . 10 21
~19 -10 0 -19
—_1-(21-(~10))=1-(10- (~1,9)) = 40

AY:

-45 21 10 21
45 -19 0 -19

=—1-((-45) - (-1,9) — 2.1- 45) +1-10- (-1,9) = 10

BorurcnuB omnpeaenuTend MO MPUBEACHHBIM BbIIE (opMysnaM, MOIYYUM
oreer: |, =0,03A, |,=-0,04A, 1;=0,01A. OrpunarensHeiii 3HaK Toka |,
TOBOPHUT, YTO 3TOT TOK TeueT Ha caMoM Jene oT Toukn C k A. HampaBnenue xe
OCTaJIbHBIX TOKOB ObUIO BBIOPAHO BEPHO.



3agaua 2
MomHOCTh,  paccerBaecMas  Ha  PE3UCTOPE  COMPOTHUBICHUEM R,

MOJCOCIMHEHHOM K OaTtapee, paBHa P . Uemy paBHa 3.1.c. 6atapeu, eciii MOITHOCTh
P He m3aMeHWIach NIpH 3aMEHE CONPOTHBIIEHUS R; Ha npyroe conportusieHue R, ?

Pemenune
Mo1HOCTh, paccenBaeMas Ha PE3UCTOPE CONPOTHBICHHEM R;, MOXeT ObITh

HaijeHa o popmyne

P1 = I12 ) Rl’
a Ha COIIPOTHUBJICHUHN R2 -
P,=15-R,.
CI/IJ'IBI TOKOB II0 3dKOHY OMa JAJIs1 MOJIHOU LCIIN paBHBI
E
I, = ,
Ry +r
E
ly=—.
R, +r

31ech I - BHYTpEHHEE CONpoTuBiIeHUE Oataper. CUMTaTh €ro paBHBIM HYIIIO B OTOU
3a7jade HeNb3sl, TAK KaK B 3TOM CIIy4ae OJMHAKOBBIE MOIIHOCTH MOTYT PACCEUBATBCS
TOJIbKO Ha OJJMHAKOBBIX COIIPOTHBIICHUSX.

ITo ycnosuro 3anaun P, =P, = P. IlpupaBHuBas Bepaxkenus nust P u Py, a
3aTeM HOJCTaBIIAd B HUX (OpMyisl Ais TokoB |; m |,, momyuum ypaBHEeHue, W3

KOTOPOT'0 MO>KHO BBIPA3UTh BHYTPEHHEE COIIPOTUBIIEHUE OaTapen:
r= R -yRy =Ry -yRy
VR =Ry

Torna noacraBus ero B (popMyily a1 MOIIHOCTH, PACCEUBAEMOM, HAIIPUMED,
Ha COMpOTUBICHUN R;

E%.R,
(R + r)2 |

H BbIpakast U3 Hee 9.4.C., IIOJTy4dacM OTBCT 3aJlauu

E= VP (R, +Ry).

P=

Tabauua BApUaHTOB 32124

Homep Homepa 3axau
BAPUAHTA

0 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380




301 311 321 331 341 351 361 371

302 312 322 332 342 352 362 372

303 313 323 333 343 353 363 373

304 314 324 334 344 354 364 374

305 315 325 335 345 355 365 375

306 316 326 336 346 356 366 376

307 317 327 337 347 357 367 377

308 318 328 338 348 358 368 378

OO |NO|OTBWIN|F-

309 319 329 339 349 359 369 379

3ATAYHN
301. /[IBa omMHAKOBBIX IOJOKHUTENBHBIX 3apsAna ¢ =1,0-107" Kz HaxomiTcs B
Bo3ayxe Ha paccrosiHuu [ =8,0cmu apyr ot napyra. OnpeaenuTte HanpsHKEHHOCTh

AIEKTPOCTATHYECKOro MMoJisi: a) B Touke O, Haxojsmielcs Ha cepeHe OTpe3Ka,
COCMHSIONICTO 3apsabl; 0) B TOUYKe A, pacrojJoKeHHOM Ha pacCTOSHUHU
r=5,0cm OT KaxA0ro 3apsja.

302. OrpunarensHblid 3apal ¢; = —5q W NOJIOKUTENbHBIA ¢, =+2¢g 3aKPEIUICHBI
Ha PACCTOSIHUM r JPYT OT Apyra. ['1e Ha MMHUU, COEUHSIONIEN 3aps/ibl, CIEIyET
MIOMECTHUTH MOJIOKUTENBHBIN 3apsia O, 4TOObl OH HAXOAWIICS B pABHOBECUU?

303. PaccrossHMe MexQy IByMs TOYEYHBIMU 3apsigamMu ¢, =7 - 10°Kr u

q> = ~14-107° Kx paBHO 5,0cm. Haliiure HanpsyKEHHOCTH AJIEKTPOCTATUYECKOTO
IIOJIL B TOYKE, HaxosIencs Ha paccTossHuU 3,0cm OT MOJIOKUTENBHOIO 3apsia U
Ha 4,0cm OT OTPULIATENBHOTO.

304. B BepunHax KBajpara co CTOPOHOW @ HAXOASATCA OJIMHAKOBBIE 3apsbl + ¢ .
Kakoii 3apsan Q HeoOX0AMMO MOMECTUTH B LIEHTPE KBajpaTa, 4ToObl BCS cUCTEMa

3apsAI0B HAXOUJIach B pAaBHOBECUU?
+q e 305. B BepmmHax paBHOCTOPOHHETO TPEYTOJbHHUKA CO
CTOPOHOM a=0,2m MTOMEIIEHBI 3apsiabl

‘q‘ =2,0-10"° Kz .Haiinure HaIPSKEHHOCTD
AJIEKTPOCTATUYECKOTO TOJIsI B TOUYKe B, pacmosiokeHHON

—q +q Ha CepeIMHE CTOPOHBI TPEYTOJIbHUKA.

q2 Ha pacctosHuu [ =10cm. Onpenenure HanpsHKEHHOCTb
AJIEKTPOCTATUYECKOrO0 MOJs B TOUKE A, Jexalled Ha
NEPHEHANKYJIApEe K JUHUHU, COCAUHSIOEH 3apsiibl, U

@~ - R & ° 306. 3apansl g, =10mxKn n q, = —-10mxKn Haxonarcs
E

r

|

|

e YIAJIEHHOM OT ¢; Ha paccTostHue » =10cm.

307. [IBa paBHBIX 110 BEJIMYHMHE 3apsiaa ‘ql‘ = ‘qz‘ =3,0-107 Kz PacCIOJIOKEHBI B
BEPIIMHAX OCTPHIX YIJIOB PaBHOOEIPEHHOTO MPSMOYTOJBHOTO TPEYroJIbHUKA Ha



paccrosinuu [ =2,0cm. Onpenenute, ¢ Kakoil cuioi o0a 3apsiia AEUCTBYIOT Ha
TPETUN 3apsif ¢ =+1,0-10" K7, Haxomsmmiics B BEpILIMHE IPAMOrO yruja
TpeyrojibHHKa. PaccMoTpure ciayyau, KOrja IIepBble JBa 3apsjga: a)
OJTHOMMEHHBIE; 0) pasHOMMEHHbIe. OTBET MOSCHUTE PUCYHKAMH.

308. Tpm OOMHAKOBBIX IIOJIOKUTENBHBIX 3apsAa BEIMYMHOM ¢ KAXKIBIU

PacCIOJIOKEHBI B BEPLIMHAX PAaBHOCTOPOHHETO TPEYIOJbHHUKA CO CTOPOHOU a .
Kakoil orpunatenbubiid 3apax Q) Haa0 MOMECTUTD B LIEHTPE TPEYTOJbHUKA, YTOObI

CHUCTEMa M3 YETHIPEX 3apsiI0B HAXOIUIaCh B paBHOBECHUU?

309. /Ipa mapuka maccord m =1,0¢ KaXabpldi MOJABEIICHH HAa HUTAX, BEPXHHUE
KOHIIbI KOTOPBIX CO€quHEHbl BMecTe. JlnmmHa kaxaol Hutu paBHa [ =1,0cm.
Kakue onuHakoBble 3apsabl HEOOXOIMMO COOOIIMThH IIapuKaM, 4YTOOBI HHUTH
pasouuuck Ha yroa o = 60°?

310. Tpu OIMHAKOBBIX 3apsijia BEJIMYUMHOU ¢ :1,0-10_9101 KaK bl

PacIoI0KEHbl B BEPUIMHAX MPSMOYTOJBHOIO TPEYrOJIbHUKA, UMEIOIIETO KATEThI:
a=40cm u b=30cm. Haligute HanpsHDKEHHOCTb 3JIEKTPOCTATHYECKOTO TOJIA,
CO3[1aBa€MOT0 BCEMHU 3apsJaMH B TOYKE TIEPECEUYEHHUs] THUIOTEHY3bl C
MEPIEHIUKYJIIPOM, ONYIIEHHBIM Ha HEE U3 BEPIIMHBI IPSIMOTO yTJIA.

311. Ha OeckoHEYHOIl BEPTUKAIBHO PACIOJIOKEHHOM TUIOCKOCTH PaBHOMEPHO

pacripesiesieH 3apsJl C MOBEPXHOCTHOW IOTHOCThIO o =400mxKn/ Mm*. K
IJIOCKOCTM Ha HUTH MOJBElIeH Iapuk Mmaccod m=10z. Onpenenure 3apsn

IIApUKA ¢ , ECITH HUTh 00pa3yeT ¢ MIOCKOCTHIO yroa ¢ = 30°.
312. IMapamnenbHOo OECKOHEUHOH IJIOCKOCTH, 3apsSKEHHOM C MOBEPXHOCTHOM
IJIOTHOCTBIO 3apsina o = 4,0mxKn/ M, pacrosoxkeHa OECKOHEYHO JIJTMHHAS

npsiMasi HUTh, 3apsDKEHHAsl C JIMHEWMHOW IIOTHOCThIO 3apsaa 7 =100nKn/ M.
Onpenenute cuily F', IEMCTBYIONIYIO CO CTOPOHBI IJIOCKOCTH Ha OTPE30K HUTH
mmHoM L =1,0m.

313. C xako# cuJiol, MPUXOIAIICHCS HAa €IUHUILY TUIOIIAJAH, OTTAIKUBAIOTCS JIBE
OJITHOMMEHHO 3apshKEHHbIE 0CCKOHEYHO IMPOTSKEHHBIE IUIOCKOCTH C OJMHAKOBOM

OBEPXHOCTHOI [IOTHOCTBIO 3apsina o = —2,0mkKn/ m*?

+7 e 314. DbeckoHeuHas mOpsiMas  HUTb, PAaBHOMEPHO
L 3apsKEeHHAs C JIMHEWHOM JIOTHOCTBIO 3apsaa

Ty 7 :+3,O-10_7K/z/ M, U OTpe3oK HUTU JiauHON [ =20cm,

PaBHOMEPHO 3apsKEHHBIA C JIMHEMHOW TUIOTHOCTBHIO 3apsija

75 =+2,O-10_7K/z/ M, PACIOJIOKEHBl B OJHOW TJIOCKOCTH

! NEPIEHANKYJIIPHO IpYyr APYry Ha paccTossHuU 7, =10cm.
Onpenenute cUly B3aMMOICHCTBUS MEXTY HUMMU.



+F

e 315. DnexkTpuueckoe TOJI€ CO3MaHO OECKOHEYHOM
47, IIOCKOCTBIO, 3apSDKCHHON C IOBEPXHOCTHOH IIOTHOCTBIO
e

a3 » sapana o = 4001 K1/ m?, n 6eVCK0HeqH01?I NpsIMOM HUTBHIO,
r 3apsOKEHHOM ¢ JUHEMHOW — TUIOTHOCTBIO  3apsija
t=100nKn/ m. Ha pacctosuuun r=10cm 0T HUTH
HaxoAUTCs ToueuHbld 3apan ¢ =10rKn. Omnpenenurte
e BEJIMYMHY M HaIlpaBJCHUE CHUJIbI, JECUCTBYIOIIECH Ha 3apsl,

s CCJIM 3apdad W HHUTb JIC)KAT B OI[HOI‘/’I IIJIOCKOCTH,

HapaHHGHBHOﬁ SapHH(GHHOﬁ IITTOCKOCTH.

316. IlnacTuHBI TIOCKOTO KOHJEHCATOpa IUIOMIAbIO ,0-102 0% xaxmas

IPUTIATUBAKOTCS C CHJIOU 1,2-1072H . [IpocTpancTBO MEXAYy IUIaCTUHAMU
3aMOJHEHO JudNiekTpukoM ¢ ¢=2,0. Omnpegenure: a) MOIyJb BeKTopa

QJICKTPUICCKOI'O CMGIHGHI/IH‘D ) 6) 3apan Ka)KOW IJIACTHUHBHI.

317. DnexTpocTraTMyeckoe TMojie O0O0pa30BaHO TOJOXKUTEIBLHO 3apsKEHHOU
OECKOHEUHO JIIMHHON HUTHIO. [IpoTOH, ABUTAsACH MOA ACHCTBUEM 3TOTO IMOJS OT
TOYKH, HaxXo4saueucs Ha paccrosHun x; = 1,0cu ot HUATH, 10 TOUkU X, =4,0cm,

W3MEHWJI CBOKO CKOPOCTH OT 2,0-10° o 3,0-10°m/c. Haiigure JIMHENHYIO

IUIOTHOCTH 3apsAaa HUTU 7. Macca rporoHa m = 6,67 - 1077 ke,

e 318. Toueunslil 3apsn Q:+3,O-10_5 Kn, Haxomgutcs B
B uentpe cohepol  paguycoM R =20cm, paBHOMEPHO
9 r 3apsDKEHHOM C TOBEPXHOCTHOW IUJIOTHOCTBIO  3apsijia

o =+2,0-10" K1/ m?. Haiigure cuny, AeiCTBYIOLIYI0 Ha
3apsag g = +2,0-107 Kz, KOTOpPBIA  MOCJEA0BATEIIHLHO

IIOMEIIAI0T CHayana B TOUKY A4, a 3arem B TOUKy B. Touka
A HaxoIWTCS Ha PacCTOsHUU 7, =16cm OT ueHTpa chepsl,

a Touka B - Ha paccrogHun rz =30cm. W300pasute
rpaduuecku 3aBUCUMOCTh FE(7), TA€ r - PacCTOSHHUE OT
1eHTpa cepsl.
319. Mexny miacTUHaMHM IUIOCKOTO BO3AYIIHOTO KOHAEHCATOpa HAaxXOIMUTCS
ToueuHbId 3apsan g =30uKn. [lone koHAeHCAaTOpa ACHCTBYET Ha 3apsii C CHIIOW

F =10mH . Onpenenute cuily B3aUMHOTO MPUTSIKEHUS TUIACTUH, €CJIM TUIOMIAAb

Ka)KJI0M IUIACTUHBI S = 100cm? .
320. Toueunwlt 3apsin g =25#Kn HaxoAuTCS B MOJIE, CO3JAHHOM MPSIMBIM

OECKOHEYHBIM MWJIUHIApPOM pamuycoM R =1,0cm, paBHOMEPHO 3apsiKEHHBIM C

MTOBEPXHOCTHOM INIOTHOCTRIO 3apsaa o =-+0,20uKn/ om’. Onpenenure cuiy,

JEWCTBYIONIYIO Ha 3apsiji, €CIU 3apsi HaXOAUTCS Ha paccTosiHuu » =10cm OT ocu
HWINHAPA.



e 32]. [lo TOHKON HWTH, U30THYTOW MO JIyT€ OKPYXKHOCTH
paauycoMm R =10cm paBHOMEPHO paclpenenceH 3apsij
q=20uKn. MHcnonp3ys NOpUHLUI — CYNEPHO3ULMH,

ONpCACINTC HAIIPAKCHHOCTD 3JICKTPOCTATHYCCKOIO ITOJIA

E, co3maBaeMoro 3TUM 3apsioM B LIEHTPE KPHBU3HBI
YTy, €cld JUIMHA HUTU paBHA YETBEPTU JJIMHBI
OKPYHOCTH.

o 322 ITo TOHKOMY KOJIBbITY paanycom
r = 8,0cv paBHOMEPHO paclpeaeseH 3aps] C JIMHEWHOU
IIOTHOCTBO 7 =10nKn/m. Hcnome3yds  OpHHLMI
CYIIEpIIO3ULIHH, ONpEeEIUTE HaIpsHKEHHOCTh

QJICKTPOCTATUICCKOI'O I10JI E B TOYKC O )
paBHOYHaHeHHOﬁ OT BCCX TOYCK KOJIbIId Ha PACCTOSHHC

[ =10cm.
+7 e 323. TOHKOE MOJYKOJNBIO paguycoM R PpaBHOMEPHO
R 3apsDKEHO € JIMHEWHOW IUIOTHOCTBIO 3apsiga  +7.

I/ICHOHBB}/}I IIPUHITUIT CYIICPIIO3HIINH, OIIPCACIIUTC

O HaIIPAKCHHOCTD 3JICKTPOCTATHYCCKOI'O IT0JIA E B LHCHTPC
KPHUBHU3HBI ITIOJYKOJIbIIA.

e 324 3apsan g =10uKn paBHOMEpPHO pacHpeaesieH MO Iyre OKPY>KHOCTH, PAANyC
. 2
koropoit R=10cu, a yrom pactBopa o= 3 HUcnone3yss npuHUUIT

CYNEepHO3UIIUU, ONPEICTUTE HANPSHKEHHOCTh AJEKTPOCTAaTUUECKOTO mojs £ B
LUEHTPE KPUBU3HBI TyTH.

e 325. Ilo nyre, nnuHa KOTOPOM paBHA 3 JUTMHBI OKPYKHOCTH paguycoM R =10cm,

PaBHOMEPHO paclpeiesieH 3apsif ¢ JUHEWHOW IUIOTHOCThIO 7 = 0,2mxKn/ m.

Hcnonw3ys MPUHLINI CYIEPHO3ULINH, OIIPEEIINTE HaIPsKEHHOCTh
AJIEKTPOCTATUYECKOTO MOJIsI E B LIEHTPE KPUBU3HBI TyTH.

i e 326. Toukuii crepxenp mmHOW [=10cm 3apskeH c

JUHEWHOU TIOTHOCTHIO 3apsifa 7 =400uKn/ m. Ucnonb3ys

{ OPUHIIAIT  CYNEpPIIO3WIIMK,  HAWAWTe  HaMpPsHKEHHOCTH

AIEKTPOCTATUYECKOTO MO E B Touke A , KoTopas yjaieHa

g __"_._.A OT KOHIA CTepkHA Ha  paccrosgaue  r =8,0cu
MIEPIICHIUKYJIIPHO CTEPHKHIO.

e 327. ToHKOE KOJBLO paguycoM R PaBHOMEPHO 3apsKEHO C JIMHEWMHOMN

IJIOTHOCTBIO 3apsna 7. Mchnonp3ys TOPUHLUI — CYNEPHO3ULUU, HaWAUTE

HAMPSHKEHHOCTh JJIEKTPOCTATUYECKOTO TOJIS: a) B IIEHTPE KOJbIla; 0) B TOYKE,

pacnonomeHHoﬁ Ha OCH KOJIblla Ha PAaCCTOAHUU h oT ero OCHTpA.



e 328. Ha ToHKOM monykoJiblie paguycoM R =20cu paBHOMEPHO pacnpeaeiieH
3apsan Q) = 2,0-10° K. Hcenonp3yst npUHIMI CYTIEPIIO3ULMHA, ONIPEIEIUTE CUITY,

JEHCTBYIOLYIO HAa TOYEUHbIN 3apsan O, =4.,0- 108 Kz, PAacMoJIOKEHHBIN B IIEHTPE
KPUBH3HBI MOJTYKOJIbLA.
e 329. Tonkuid crtepxeHb IIUMHOW [ =0,5Mm paBHOMEpPHO 3apsKEH C JIMHEWHOU

IJIOTHOCTBIO 3apsiia r=1,0-10°Kn/ m. Hcnonp3yss nmpuHOMI CYNEpPIIO3ULUH,
HalUTE HAMPSHKEHHOCTh JIEKTPOCTATUYECKOTO IMOJS B TOUYKE, HAXOMSIIEHCS Ha
pacctositHun a =0,lm OT CTEepkKHA M PAaBHOYJAICHHOM OT €ro KOHHoB. Kak

U3MEHUTCS HAMPSKEHHOCTD ToJIs, eciu: 1) a <<[; 2) a >>1?
+T_}_| e 330. Hcnonp3ys NOpPUHLUMI CYNEPHO3UIUU, HAWJINUTE
h |  HampsHKEHHOCTb AJIEKTPOCTATUYECKOTO Mojs FE, KOTOpoe
) Y TA CO3Jal0T B TOYKE A  mNapauieJbHble PaBHOMEPHO
+7 hoi 3apsKCHHBIE C  JMHEHWHOU IIJIOTHOCTBIO 3apsaa

I r=1,0-10" K1/ m ToHkue HutH mmHOi [ = 0,50 . Touxa
A HaxXoauTCs B OJHOM IUIOCKOCTH C HUTSMHU M yJaJieHa OT
KaXJ1I0M HUTH Ha pacctosaue /7 = 0,20 .

e 331. Okono 3apsHKEHHOW OECKOHEYHO MPOTSHKEHHOW IUIOCKOCTH — HaXOIUTCS
TOYeUHbIN 3apan g = 0,66nKn. 3apsa nepemMenmaercs 1no JMHUA HAPSKEHHOCTH

nons Ha paccrosHue [ =2,0cm. Ilpu »sTomM  coBepmiaercs  pabota
A=5,0-10"7 rc. Haiimure IIOBEPXHOCTHYK0 IUIOTHOCTh 3apsla O Ha

IIJIOCKOCTH.
e 332. Ilpm paguoakTHBHOM pacmaje U3 sapa aroMa IOJIOHUS BBUICTAET « -

yacTHUlla CO CKOpOCThrO V =1,6- 10’ m/c. Haitnure Pa3HOCTh IIOTEHIIMAJIOB
aneKTpruyeckoro nosst U, B KOTOPOM MOKHO Pa30rHATh MOKOSIIIYIOCS « - YACTHUILY
10 Takoi ckopoctH. (g, =3,2- 107" Kn ,m, =6,07- 107 k2).

e 333. DnekTpuueckoe mosyie 00pa3oBaHO MOJIOKUTEIBHO 3apsSKEHHONU O0ECKOHEYHO
JUIMHHOW HUTBIO ¢ JHMHEHHOH TuIoTHOCThIO 3apsga 7 = 0,2mxKi/m. Kakyro

CKOpOCTb V' HOJY4MT 3JEKTPOH MOJ AEHCTBUEM IOJIA, MPUOIU3UBILNCE K HUTH C
paccrosiHus 7y = 1,0cm no paccrosHus r, =0,5cm ?

e 334. [loBepXxHOCTHAsE  IUIOTHOCTh  3apsiia  MeETajulnueckod  cdepsl

o = 0,33mxKn/ m* ToreHmman cheppl Ha paccrosHun  Ar=15cm ot
MOBEPXHOCTH paBeH ¢ = 7508 . Halinute paguyc R cdepsl.

e 335. DaekTpuueckoe 1mosie 00pa30oBaHO IMOJIOKUTEIBHO 3apsHKEHHON OSCKOHEYHO
JUIMHHON HUTBIO. /[BUTasCh moj JEHCTBUEM ATOTO IOJSI OT TOYKH, HAXOJSIIEHCS
Ha pacctodHuM 7y =1,0cm OT HUTH, JO TOYKH, HAXOISALIEHCS HAa PACCTOSHUHU

7, =4,0cm OT HUTH, ¢ - YAaCTHUILA U3MEHWIIA CBOIO CKOPOCTh OT V) =2- 10° /¢ 1o

Vs =3.10%u/c. Haiipure nMHEHHYHO IUIOTHOCTH 3apsja ¢ HAa HUTH.
(g, =32-100"Kn,m, =6,67-107 k2).



e 336. DIIEKTPOH JIETUT OT OAHOW IUIACTHUHBI IJIOCKOTO KOHJEHCATOpa A0 JAPYrou.
PasHocth moreHnmanoB Mexay miuactuHamMu U =3,0xkB, a pacCTOSHUE MEXIY

HuMu d =5,0mm. Haligure ckopocTh V', ¢ KOTOPOH 3JIEKTPOH MPUXOIUT KO
BTOPOM IUIACTMHE, W MOBEPXHOCTHYIO IUIOTHOCTHh 3aps/ioB Ha IUIACTUHAX O .

(¢, =1,6-10"" Kn,m, =9,1-107" x2).
e 337. DneKkTpoH, NpOHAsS B INIOCKOM KOHJEHCATOPE IyTh OT OJHOM IJIACTHHBI JI0

JIpyro, mpuoOpeTaer CcKopoctb V' =1,0-10°xm/c. Paccrosuue MEXIY

miactuHamMu d = 5,3 mm . Haitaute pasHocTh noTeHuuanoB U Mexay MIacTUHAMU

Y TIOBEPXHOCTHYIO TUIOTHOCTh 3apsifia ¢ Ha IJIACTUHAX.

e 338. Dnektpuyeckoe mojie 00pa3oBaHO ABYMsS NapalieIbHBIMU IUIACTUHAMU,
HaxoJsAmuMuca Ha paccrosuud d =2,0cm apyr ot apyra. K mmactuHam
MPUIIOKEHA Pa3HOCTh mnoteHuuanoB U =120B. Kakyr CKOpPOCTh MOJYYUT
ANIEKTPOH TMOJ JEUCTBUEM TIOJIsl, MPOWAsS BAOJAb JIMHUM HANPsHKEHHOCTH
paccrostare Ax = 3,00mm ?

R
0 I ¢

e 339. Ha ToHkOM KojJblle paguycoM R =80cm
paBHOMEpHO pacnpeneneH 3apsaa (O =3,0mxKz. Ha ocu

KOJIbIIa Ha paccTosHuu [ =12cm oT neHtpa O HaXOIUTCA
toueuHblit 3apsaa g = —0,luxKn . Kakyio paboty HEOOX01UMO

COBEPILIUTD, YTOOBI YAAIUTH 3apsi)i ¢ Ha OECKOHEUHOCTH?

e 340. B omHOpOIHOE »SIEKTPUUECKOE T0Jie HampshkeHHOCThio £ =200B/m

BJIETAET (BIOJb CUJIOBOM JIMHHMH) JIEKTPOH CO CKOPOCTBIO V) =2,0-10%m/c.

Omnpenenute paccTosiHue [, KOTOPOE MPOUJIET JIEKTPOH 10 TOUKH, B KOTOPOH €ro
CKOPOCTb OyJIeT paBHa MOJIOBUHE HAYAJIbHOU.

LiWW

P

_—

e 34]1. Haligute paboTy, KOTOPYIO HY>XHO 3aTpaTUTh,
qTOOBl BBIHYTH JHMAJICKTPUK M3 TUIOCKOTO KOHACHCATOPA,
€ClM  HampsbKeHHWE Ha  IJIacTUHAX — MOJCPKUBACTCS
MOCTOSIHHBIM W paBHbIM U =500B. Ilnomanps mmiacTuH
S =50cu*, paccrosHue Mexay ruactuHamu d =0,50cm, a
JIADJICKTPUYECKAsi IPOHUIIAEMOCTh TUAJIEKTpUKa & = 2,0.

e 342, Haligute paboTy, KOTOPYIO HYKHO 3aTpaTUTh,
9TOOBl BBIHYTH JMAJICKTPUK M3 IUIOCKOTO KOHJIEHCATOpa,
€CJIM 3aps] Ha IUIaCTHHAX MOIACPKUBACTCS MOCTOSHHBIM U
paBHbIM ¢ = 6,0mxKn. Ilnomaas mmactun S =100€M2,
paccTosiHue MEXKITY IUIAaCTUHAMHU d=03cm, a
JUBJIEKTpUYECKask MPOHUIIAEMOCTh IUAJIEKTpUKa & = 2,0.

e 343. Haiinure paboty A, KOTOPYIO HYXXHO 3aTpaTUThb, 4YTOOBI YBEIUYUTH
pacCToOAHME X MEXAY IUIACTUHAMHU IUIOCKOTO BO3AYLIHOTO KOHAEHCATOpa,
3apSDKEHHOTO  pa3HOMMEHHbIMM  3apsimamu Q =0,2uxKn, Ha  BEIMYHHY

Ax = 0,2 mm . TTnomaae Kaxa0M U3 IIACTUH KOHJIEHCaTopa S = 400cm?.



344. Kakyio paboTy HaJ0 COBEpPUINTb, YTOOBI YBEIMUYUTH PACCTOSHUE MEXIY
IUIACTUHAMU IIJIOCKOTO BaKyyMHOTO KOHJIEHCATopa ¢ IUIONAbl0 TUIACTHH
S =100cm?> ot paccrosHus x; = 0,03m no paccrosHus x, = 0,10 ? Hanpsokenue

ME¥K]y TUIACTUHAMH KOHAEHCATOpa NOCTOSAHHO U paBHO U = 2208 .
e 345. Hailimute paboTy, KOTOPYIO HYXXHO 3aTpaTHTh,
YTOOBI BBIHYTh OJHY IMOJOBUHKY JHUAJIEKTPUKA U3 TIOCKOTO

W KOHJICHCATOpa, €CJIM HalpsOKCHHE MEXIy IUIaCTHHAMU
/:’ MOJJICPKUBACTCSI TOCTOSSHHBIM W paBHbIM U =30085.

iactuHamu d = 1,0cm, a AU3IeKTpuyecKas NpOHUIAEMOCTh
IudJiekTpuka € =3,0.

k\\\\\\:‘ [omans maactuH S =250cm?,  paccTOSHHE —MEXIy

e 346. Haiimute paboTy, KOTOPYHO HYXXHO 3aTpaTHTh,

YTOOBI BbIHYTb OAHY ITOJIOBHMHKY AMJ3JICKTPHKA U3 IIJIOCKOI'O
KOHACHCATOpPA, €CIIM 3apsJ Ha INIACTHHAX IIOAACPKUBACTCA

MOCTOSIHHBIM U paBHbIM ¢ = 5,0mkKn. 1lnomane rmiactuH

S =50cm>, paccrosiHre Mexay ruiactuHamu d =0,3cm, a
JABJICKTPUYECKAsi TPOHUIIAEMOCTD IUAJIEKTpUKa & = 2,0.

347. Ilnomaap MIACTUH IUIOCKOTO BO3AYIIHOTO KOHJEHcaTtopa S =0,01n%, a
pacctostHue Mexay Humu d =5,0mm. Kakas pasHocte noreHuuanoB U Obuia
NpPWIOKEHA K IUJIaCTUHAM, €CIM HW3BECTHO, YTO NpPHU pa3psje KOHAEHcaTopa
BbLIeMIOCh QO =4,19m/orc Terta?

348. [Ilnockuiét KOHIEHCATOP, 3AMOTHEHHBIM KUIAKUM JIUDJIEKTPUKOM C
JTADJICKTPUUECKON MPOHMUIAEMOCThIO & = 3,0, 3apsauiu, 3aTpaTuB Ha 3TO
snepruto W, =10mx/oc. 3aTeM KOHIEHCATOP OTCOEAMHWINA OT UCTOYHHKA, CIIAIIN
U3 HEro JAMRIEKTpUK W paspsawmd. Onpenenure dsHepruto W,, Koropas
BBIJICJIAIIACH TIPU pa3psJIKe.

349. ITnockuil KOHAEHCATOP 3aMOJHEH JUAJEKTPUKOM U Ha €r0 IUIACTUHBI MOo1aHa
HEKOTOpasi pa3HOCTh mNoTeHuanoB. Ero sueprus mpu stom W =T70mx/xc.

[locne TOro Kak KOHJEHCATOp OTKJIIOUWIM OT HWCTOYHUKA HaNpsHKEHUS,
JOUBRJIEKTPUK  BBIHYJIM W3 KOHAEHcartopa. Haligute  IuUBIEKTpUUYECKYO
MIPOHUIIAEMOCTDb TUAJIEKTPUKA &£, €Clii paboTa, KOTopas Oblia COBEpIlIEHA MPOTUB
CHJI DJICKTPUYECKOTO TI0JIsA, YTOOBI BBIHYTh AUAIEKTPUK, A = 20mK/[owc.

350. Ilmomane MiIacTHH IUIOCKOTO BO3AYIIHOIO KOHAEHcaTopa S =12,5cm”, a
paccTostHre Mexay HUMu d; =5,0mm. K miactuHaM KOHAEHcaTOpa MPUIIOKEHA
pa3HoOCTh  moTeHuuanoB U =6-10°B. Haiiure W3MEHEHHE EMKOCTH

KoHzieHcaTopa AC M M3MEHEHHE IUIOTHOCTU SHEPIUU A@ JIIEKTPUUYECKOTO MOJIS
IIPU YBEIMYEHUHU PACCTOSTHUS MEXKy IUIACTUHAMU 10 d, =10Mmm , €clii UCTOYHUK

HaIIPAKCHUA HC OTKIIIOYACTCA.



351. OOxyiagku KOHIEHCATOpa ¢ HEU3BECTHOM eMKOCThIO (), 3apsKEHHOrO J0
HanpsbkeHuss U; =808, COeAMHAIOT ¢ OOKJIaAKaMHM KOHIEHCATOPa EMKOCTBIO
C, =60mx®D, 3apspkeHHOro 10 Hampsbkenus U, =16B. Omnpenenure €MKOCTb
C|, ecau HalpspDKEHHE Ha KOHIEHCATOpax Iocie ux coeaunenus U, =20B.
KonnencaTtopbl coenMHAIOTCS OOKJIaJKaMu, HWMEIOIMMU: a) OJHOWMEHHbIE
3apsbl; 0) pa3HOMMEHHBIE 3apsiIbl.

352. 3apspxennslii mwap 1 paguycom R, =2,0cm NPUBOIUTCS B COIPUKOCHOBEHUE
C HE3apsHKEHHBIM 1IApOM 2, paauyc Kotoporo R, =3,0cu. Ilocae Toro xak mapsl
pasbeIVHUIIM, 3apsj 11apa 2 OKa3ajics paBHBIM ¢, = 3,0mxKn. Kakol 3apan g,
ObLT Ha ape 1 10 CONPUKOCHOBEHUS C IIapoMm 2?7

353. KonpneHncarop emkoctero C, 3apspkeHHBIA 10 HampsbkeHus U, =10085,
COCAMHAETCS C KOHIEHCAaTopoM eMKoCcThio C, =2C), 3apsKEHHBIM [0
HanpsokeHuss U, =2008  napamuiensHO  (IOJIOKUTENbHAass — OOKJIagka ¢
MOJIOKUTENIBHON, OTpUIlaTeNIbHas C oTpuuarenabHoil). Kakoe HampsikeHue
YCTaHOBUTCS MEXTy OOKIIaIKaMu?

354. Konnencarop emkoctero C; =10mx@ 3apspken no Hanpsbkerus U =108.
Onpenenure 3apsAl Ha OOKJIaJKaX 3TOr0 KOHJEHcATOpa TMOcie TOro, Kak
napajjielbHO €My ObUT TOAKJIIOYEH JPYrod, He 3apssKeHHbIN, KOHACHCATOP
eMKOCTbI0 C, = 20MKD.

355. Konpencarop emkoctbto C; =1,0mx@, mpenBapUTeIbHO 3apsKCHHBIA 110
Hanpsokeauss U =3008, NOAKIIOUWIA NapalleJbHO K  HE3apSKEHHOMY
KOHJeHcaTopy eMKOCThi0 C, = 2,0mk@. Halimure npupameHue 3JIeKTpUYECKOn
SHEPIruM ITOU cucTteMbl AW K MOMEHTY YCTaHOBJICHUSI PABHOBECHSI.

356. B mnockuil KOHJEHCATOp BABUHYJIW IUIACTHHKY TapauHa TOJIIUHOM
d =1,0cm, xoTOpas BIUIOTHYIO TMpWJEraeT K IUIAaCTUHAM KOHJEHCATOpa.

Jusnexktpuueckass mnpoHUNaeMocTh mapapuuHa & =2,0. Ha ckoJbKO HYXHO

YBEJIUYUTh PACCTOSTHUE MEX]y IUIACTUHAMHM KOHJIEHCATOpPa, YTOOBI MOIYYUTh
MIPEKHIOK EMKOCTB?

357. JIBa MeTayumm4yeckux mapuka paguycamu R; =5,0cm u R, =10cm umeror
3apanel Q) =40nKn n Q, =—-20uKn coorBercTBeHHO. Hanpure sHepruro W,
KOTOpasi BBIAEIUTCS MPU pa3psJie, €CIU apbl COEAUHUTH MPOBOIHUKOM.

358. Ha myiockuid BO3AYIIHBIA KOHJIEHCATOP C TOJIIMWHOW BO3AYIIHOTO CIOS
d =1,2cm mopaercs HampsbkeHue U =32xB. byner nu npoOUT KOHAEHCATOD,
€CIM  MpefeibHas  HaMpsSHKEHHOCTh  DJIEKTPUYECKOrO TMOJs B BO3JAYyXe
E* =30kB/cm?

359. Ilnomanp MIACTUH IUIOCKOTO BO3IYLIHOrO KOHJAEHcartopa S :12,5@142, a
pacctosHue Mexnay Humu d; =5,0mm. Haiinute u3MEHEHHE E€MKOCTH
KoHsieHcaTopa AC ¥ U3MEHEHHE IIOTHOCTU SHEPIUU A@ 3JIEKTPUUYECKOTO MOJIs



IIPHU YBEIMYEHUU PACCTOSHUS MEXy IUIACTUHAMU 10 d, =10Mmm, €ciii HCTOUHUK

HaMpPsHKEHUS TIEpe]l STUM ObLIT OTKJIFOYEH.
360. IIpocTpaHCTBO MeXAy IUIACTUHAMHU IIJIOCKOTO KOHJAEHCATOpa 3aIlOJIHEHO
IBYMsI CIIOSIMM JOMDJIEKTPHUKA: CJIOM CTeKiaa TommuHou d; =0,2cm u cioi

napaduHa tonmuHou d, =0,3cm. Pa3HOCTh MOTEHIMATIOB MeEXay OOKIIagKaMu
U =300B8. Haiigure MIOTHOCTh 3HEPTUM 3JEKTPUUYECKOTO MOJS B KAXKIOM CIIOE
(&.y =906, =3,0).

361. Ot Garapewu, 3.1.c. kotopoir E=600B, TpeOyeTcs nepenaTh HEPrUI0 Ha

paccrosinue [ = lxm . [loTpednsemas MomHOCTh P = SxBm. HaliTu MUHUMAIIbHbBIC
NOTEPU MOIIHOCTH B CETH, €CIU JUaMEeTp MOABOAAIIMX MEIHBIX IPOBOJOB
d=0,5cm.

362. K 6arapee, 3.4.c. kotropoit E=2B u BHyTpeHHee conpoTusienue » = 0,50m,
NPUCOEIMHEH MNpoBOAHMK. Ompenenutb: 1) TOpu  KakoM CONPOTUBIECHUU
IIPOBOJIHUKA MOLIHOCTb, BbIJE/sIEMasi HA HEM, MaKCUMalibHa? 2) Kak BEJIUKA MpHU
TOM MOULIHOCTb, BBIJIENISIEMAsi B IPOBOJIHUKE?

363. AKKyMYJISITOP 3aMBIKAIOT OJWH Pa3 TaKUM COIPOTUBIIEHUEM, UTO CHJIA TOKa
paBHa 3A, a BTOpOW pa3 TaKUM CONPOTUBIECHHWEM, UYTO CHJIa TOKAa paBHAa 2A4.
OnpenenuTe 3.1.C. aAKKyMYJIATOpa, €CIM MOIIHOCTh TOKA BO BHEIIHEH ILIENH B
0o0oMX CiIy4asX OJAMHAKOBa, a BHYTPEHHEE CONPOTHUBIIEHUE aKKYMYJIATOPAa PAaBHO
r=40m.

364. D.n.c. 6atapen E=24B. HaubGonpinas cuiia TOKa, KOTOPYIO MOXKET JaTh
Oarapes, [, =104. Onpeaenurs MakCHMalbHYH0 MOLIHOCTH P, , KOTOpasd
MO>KET BBIJEIATHCS BO BHELIHEH LIETIH.

365. Ilpu BHEmIHEM cONIPOTHUBIIEHUH 7; = 8OMm cuia TOKa B nenu pasHa /; = 0,84,
a IIpU CONPOTHUBIICHUH 7, =150m cuna toka [, =0,54. Onpenenure cuity ToKa
1 ;3 KOPOTKOTO 3aMBIKaHWsI HCTOYHUKA 3.]11.C.

366. HailTu BHYTpEHHEE COIMPOTUBICHUE TE€HEpPATOpa, €CIU HU3BECTHO, YTO
MOIIHOCTh, BbIIEISIEMasi BO BHEIIHEH LENMH, OJWHAKOBA IMPU JBYX 3HAYEHUAX
BHEIHETo conpoTtuBienus R =50m u R, =0,20m.

367. Ot reneparopa, 3.1.c. Kotoporo paBHa 1108, Tpedyercs nepeaarb SHEPTHIO
Ha paccrossaue 250 . MomHocTh Harpy3ku paBHa lkBm. Halith MuHMManbHOE
CEUCHHE MEIHBIX MOABOASIIMX MPOBOJOB, €CIM MOTEPHU MOIIHOCTA B LEMU HE
JIOJKHBI IPEBBIIATH 1% OT MOLIHOCTH Harpy3KH.

368. D.a.c. 6batapeun E=12B. Ilpu cune toka [ =44 k.m.a. 6atapeu pasen 0,6.

Onpenenure BHyTPEHHEE COMTPOTUBIICHUE OaTapeu.
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e 369. [IloreHumomerp conpotuBieHueM R =1000wm
NMoAKIOUeH K Oartapee ¢ 3.1.c. E=150B u BHyTpeHHUM
conpoTtuieHueM r =500m. Onpenenutsh: 1) mokazaHus

BOJIETMETpa conpotusieHueM Rj =5000m, cOeIUHEHHOTO

C OJIHOW M3 KJIEMM NOTeHIIMoMeTpa (Touka B) v moaBMKHBIM
KOHTaKTOM (TO4ka A), YCTaHOBJEHHBIM [OCEpPEIUHE
MOTEHIIUOMETPA; 2) Pa3HOCTh MOTEHIIUAJIOB MEXY TEMHU KE
TOYKaMH MOTEHI[MOMETPA IIPU OTKIIOYEHHOM BOJIbTMETPE.

e 370. Cuna ToKa B IpOBOAHUKE conpoTuBieHueM R =200m HapacTaeT B TCUCHHE
BpeMeHU Af =2c¢ 10 nuHeWHoOMYy 3akoHy OoT [, =04 go [ =6A4. Onpenenure

TEIIOTY (J), BBIACIAIONIYIOCSA B 9TOM IPOBOAHUKE 34 IIEPBYIO CEKYHY, U TEILIOTY

0O, - 3a BTOpPYIO, a TaK)Ke HAHIUTE OTHOLICHHUE % :
1
g 4 ZRI_I o 371. Onpeenure HapsKCHUE Ha
55:2 * R, conporuBieHusx R, =20m, R, =R;=40m,
Al R, =20m, BKIIOYEHHBIX B LIellb, KaK MTOKA3aHO
:R3— Ha pucynke, ecmm =108, K =4B.
:IR4_ CompoTHBICHUAMH MICTOYHUKOB TOKa
npeHeopeyb.
&la | 11
- T e 372. Omnpenenure HamnpspKeHHE Ha 3a)XKHMaX peocTarta,
z rs BKJIFOUEHHOTO TaK, KaK IIOKa3aHO Ha PHUCYHKE, eCIn
__2| " E=5B,r,=10u, E =3B, 1, =050, R=30m.
R

373. Tpu OGatapeu (E=8B, E =3B, KE=4B) c BHyTpeHHUMHU

CONPOTHUBJICHUAMU IO I =20Mm Kaxkaas COCIUHECHBI OJJHOMMEHHBIMHU ITOJFOCAMHU.
[TpeneOperasi CONMPOTHUBIICHHEM COCIMHHUTEIBHBIX IPOBOJOB, ONPEICIUTE TOKH,
UIyIIHRe yepe3 Oarapeu.

R

o 374. [lee Oarapen (K =10B, r,=10m, E =8B,
r,=20m) u peoctar (R=60m) coenuHeHbl, Kak

&la | 11
4 |-
& I
— |5

nmokazaHo Ha pucyHke. OmpeaenuTe CHIy TOKa B
OaTapesix u peocrare.

e 375. Tpu pe3ucropa C CONPOTUBICHUIMHU

&1 A B

= N g IJ' R =60m, R,=30m u R3=20m, a Takxe
3

R, R, R,




UCTOYHUK TOKa E =2,2B coenuHeHsl, Kak MOKa3aHO Ha pucyHke. Ompenennre
3.4.c. E ucrounuka, KOTOpbIA HAZ0 MOAKIIOYUTH B LIETh MEXKIY TOUKaMu 4 U B,
YTOOBI B PE3UCTOPE CONPOTUBIEHUEM R mien Tok cwioil |3 =14 B HanpaBieHuy,
yKa3aHHOM cTpeikoil. COnpOTUBIEHNEM HCTOYHUKOB TOKA MPEHEOPEUb.

R R, 376.  Ompegenure  cuily  TOKa B
COIIPOTHBIIEHUM R; M HampspkeHUEe Ha

1

KOHIax 9TOTO COIIPOTHUBJICHUS, cClin

1= — E=4B, E=3B, R =20m, R,=60m,
T- &1 4 T- Ry =10m. Bryrpennumu
CONPOTUBJICHUSIMA ~ WCTOYHUKOB  TOKa
npeHeopeyb.
gl Rl
- | - e 377. Tpu HCTOYHHKA TOKa C D3.J1.C.

E=11B, E=4B, KE=6B u 1pu

&, R,
- | n —% conporusiieHuss Ry =50m, R, =100m,

&, R, R; =20Mm coeauHEHBl, Kak IOKa3aHO Ha
_I n pucynke. Omnpeaenure Cuiabl TOKa B
COTIPOTUBJICHUSX. BryTpennee

CONPOTUBJICHUE UCTOYHUKOB TOKA MTPEHEOPEKUMO MaJIo.

I e 378. Tpu wucrounuka Ttoka (K =13B,

= + {’ %3I R E=15B, B=2B; n=r,=r;=0,20m)

H gzl 2 L COCMHEHBI, KaK II0Ka3aHO Ha PHCYHKE.
- + Comporusneane R =0,550m. Onpenenure

R

CHJIbI TOKA B HICTOYHHUKAX.

e 379. Ha cxeme, NMOKa3aHHOW Ha PHUCYHKE,

COTIPOTUBIICHUS
R, =R, =Ry =R, =10000m, E =158,
E =188. Onpenennre TOKH B
COTIPOTHBIICHUSIX. BuyTpennee
COTIPOTHBIICHUE UCTOYHUKOB TOKa

MIPEHEOPEKUMO MaJIo.

e 380. KakoBbl BHYTpEHHHE CONPOTUBIEHHUS UCTOYHUKOB TOKa ¢ 3.4.c. =165,
E =148, E=11B, eciu, Oyayuyu COEIMHEHBbl MapalIeIbHO IPU BHEIIHEM
conpotuBieHu R=10wm, ouun nator toxku |, =084, 1,=0,64 u 13=-0,24?
Tok, MpOTEKAIOMIMK Yepe3 TAaHHBIM UCTOYHUK, CYUTACTCS MOJOKUTEIBHBIM, €CIIN

BHYTPH HCTOYHHKA OH TE€UET OT MHHYCa K TUIIOCY, M OTPUIATCIbHBIM, €CIH -
Hao00OpOT.



