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Kontponsnass pabGora Ne 3 BijIOwaeT BOCeMb 3agad IO  pasieiam
«Onektpoctatuka» W «llocTosstHHBIM TOK». [{n uW3ydeHHs HITUX pas3geioB
PEKOMEHIYETCS UCITOJIb30BaTh CIEAYIOIIYIO JIUTEPATYPY.

1. CasenbeB U.B. Kypc o6mieit ¢pusuxu. - M.: Hayka, 1982-1998.

2. Tpodumona T.U. Kypc ¢pusuku. - M.: Beicmas nrkomna, 1990.

3. ABopckuit b.M., Jletnadp A.A. CnipaBounuk o ¢usmke. - M.: Hayka, 1985.

4. Upono M.E. OcHOBHBIE 3aKOHBI 3JeKTpoMarHetusma. - M.: Beicmas mikona,
1983.

5. Kanamaukos C.I'. Dnekrpuyectso. - M.: Hayka, 1979.

KpoMe BbITIOTHEHUS U 3alIUTHI KOHTPOJIBHBIX PabOT, B IEPUOJ CECCUU CTYICHTHI
WHCTUTYTa JUCTAHIIMOHHOTO OOpa30BaHUS BHIMIOJIHSIIOT U 3alMINAIOT JTaOOpaTOpHbIE
paboTHI 10 U3yYaeMbIM pasjaenaMm GU3UKH.

HamomMuHaeM OCHOBHBIE TpeOOBaHUs, TMpEabABISIEMble K O(QOpMIIECHUIO
KOHTPOJIbHBIX pa0OT: yCIOBHS 3a/1a4 CJIEAYeT NePEnucaTh MOTHOCTHIO, 3aTEM HYXKHO
CAeNaTh KPAaTKylo 3alUCh YCIOBHS, UCNONL3Ys eAuHullbl CU, nmoayduTh pelieHue B
oOllleM BHJIe, TPOBEPUTH PA3MEPHOCTh PE3yJbTaTa M TOJBKO MOCIE 3TOr0 JEenaTh
BbluucieHus. Eciau ucnonb3yembie GopMysibl He SIBIAIOTCS (U3UYECKUMU 3aKOHAMH,
TO HE0OX0aUMO WX BhIBeCTH. lIpu pacuerax coOmrogaiiTe mpaBuiia TPUOIUKEHHBIX
BBIYMCJICHUH.

Bonpocel, BBIHOCMMBbIE HA 3K3aMEH 10 pa3jaejaM
«daekTpocraTuka», «IlocCTOSTHHBIH TOK».

1. DnemeHTapHbIl 3apsii. 3aKOH COXPAHEHUS SIEKTPUUECKOTO 3apsija. 3aKoH
Kyinona.

2. DnekTtpudueckoe mone. HampsokeHHOCTs monsa. [IpuHIMT Cyneprmo3wmuu s

BEKTOpa HANPSKEHHOCTU. CUIIOBBIE JIUHUM.

ITorok BekTOpa HanpskeHHOCTH. Teopema [Maycca.

Brluncnenve HanmpspKEHHOCTH AJIEKTPUUYECKOTO TOJIsl OECKOHEUHOM 3apsiKeHHOM

IJIOCKOCTH.

5. Bbruncienue HanmpsSKEHHOCTH AJIEKTPUYECKOTO TOJIS JIBYX Pa3HOMMEHHO
3apSKEHHBIX O€CKOHEUHBIX TIOCKOCTEH.

6. BrruucieHune HAMPsHKEHHOCTH AJICKTPUUYECKOTO OIS 3apSKEHHON cephl.

7. Bpruncienue — HAMpSOKEHHOCTH — BJIGKTPUYECKOTO  MMOJs  MPSAMOJUHEHHOM
OECKOHEUYHOU 3apsKEHHON HUTH.

8. Pabota cwi anexTpudeckoro noist. [L{upkysius BeKTopa Hanps>KeHHOCTH.

9. Iotenmuman. [loTeHnuan monst To4edHOTO 3apsna. [[puHIHMT Cynmepmo3uuu s
MOTEHIIMANA.

10.2OnexTpudecKkuii JUMoIb. JIUMoas B OTHOPOHOM SJIEKTPHUIECKOM ITOJIE.

11.CBs3b MEXly HAIPSAKEHHOCTHIO U TOTEHIIUAJIOM.

12.B3auMHOE pACIOJIOKEHUE DKBHUIIOTCHIIMATBHBIX TOBEPXHOCTEH M CHIIOBBIX
JIUHUH.
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13.2nekTprudecKkoe mojie BHYTPH U CHAPYKU MMPOBOTHUKA.

14.Onextpudeckas emkocTb. Konaencaropsl. CoeiMHEHUE KOHIEHCATOPOB.

15.9Heprust cucTeMsl 3apsiIoB. DHEPTUs 3apsKEHHOTO MPOBOJAHUKA M KOHJIEHCATOPA.
DHeprus 3JIEKTPUYECKOTO MOJIS.

16.CtopoHHHEe W CBsi3aHHBIC 3apsabl. [lomspusarust audJIeKTpuka. BekTtop
%
MOJISIPU30BAHHOCTU JUATIEKTpUKa P .

%
17.Bekrop anextpuyeckoro cmenienus D, ero cBoiicTaa.
%
18.YcnoBusi Ha TpaHUIE IUAICKTPUKOB JUIs BEKTOPOB HAMPSHKEHHOCTH E u

- > o
cmemenust D . [Ipenomnenue nuuuit E u D . Tlone B 0oqHOPOHOM AUAIEKTPUKE.

19.Cuna Toka. ImoTHOCTH TOKA. 3akoH OMa JyTsl y4acTKa IeMu.
20.DOnmexkrpoaBmwxkymas cuia. Hanpsokenne. 3akon Oma 1J1sl TOJTHOM TIETIH.
21.TTpaBuna Kupxroda.

22.PaboTa u MOIITHOCTH TOKa. 3akoH J[koyns-JIenma.

Tema 1. 3AKOH KVYJIOHA. TEOPEMA I'AYCCA
1.1.0OcHOBHbBIE OHATHS U COOTHOIIEHUSA
Inekmpuueckuii 3apa0

B mpupose cymecTByroT 1Ba BUAA SIECKTPUICCKUX 3aPSIIOB. MOJIOKUTEIBHBIC U
oTpHIIaTeNIbHbIC. BhIOOp Ha3BaHUs OBLT HCTOPHUCCKOM CIIy4aHHOCTHIO.

Kak momoxurtenbHbIC, TaK M OTPHUIATEIBHBIC 3apsJbl COCTOSIT M3 PaBHBIX
AJIEMEHTAPHBIX 3apsA0B BEITMYHMHOMN le | = 1,6021892-10™"° Ku. MarepuaabHbBIMU
HOCHUTEJISIMH TaKHUX 3apSIOB SBIISIOTCS MHKPOYACTHUIBI. B 4acTHOCTH, MaTepHaIbHBIM
HOCUTEJIEM OTPHUIATEIBHOIO0 JJICMEHTAPHOI'O 3apsja SBISICTCA DJICKTPOH, a
MTOJIOXKUTEIILHOTO - IIPOTOH.

DKCIEPUMEHTAIPHO YCTAaHOBJICH 3aKOH COXPAaHCHUS 3apsja. B aleKkTpuyecku
M30JIMPOBAHHOW CHCTEME ITOJTHBIA SJICKTPUUYCCKHM 3apsi, T.e. aaredpandeckas cyMMa
IOJIOYKUTEILHOT0 M OTPUIIATESILHOTO 3aPSAI0B, OCTASTCS IMOCTOSHHBIM.

[Ipu 3TOM MOJ ANEKTPUUYCSCKH H3OJIMPOBAHHON MOHMMAETCS TakKas CHCTEMa,
4yepe3 TPaHMIIbl KOTOPOW HE MOXKET MPOHUKHYTh HUKAKOW 3apsa. COOTBETCTBYIONINE
WCCJICIOBAHUS TTOKA3aJIH, YTO TOT 3aKOH YJOBJICTBOPSET YCIOBUIO PEISITUBUCTCKON
MHBAapHAHTHOCTH, INPHUYEM HE TOJBKO B TOM CMBICJIEC, YTO IPHUBCACHHAS BBIIIC
dhopMyIHMpoOBKa CIpaBejiuBa B JIOO0W 3aJaHHOM WHEPIIMAIBHON CHUCTEME OTCYETa,
HO M B 00JIee CTPOrOM CMBICIIC. PACIOIOKCHHBIC B Pa3IMYHBIX CHCTEMax OTCUeTa
HAOJIFOIATeNN, U3MEPSS 3apsij, MOTY4YaloT OJHO U TO K€ YUCo. [[pyrumu cioBamH,
MTOJTHBIA DJICKTPHYCCKUN 3apsij U30JIUPOBAHHON CHUCTEMBI SIBISICTCS PEISATHUBUCTCKH
WHBAapUAHTHBIM 4ucioM. OTCilo/la ClieyeT, 4TO BEIWYHMHA 3aps/ia MaTepPHAIBHOTO
HOCHUTEJISI HE 3aBUCHT OT CKOPOCTH €T0 JIBHXKCHHUS.




Henpepuvienoe pacnpedenenue 3apaoa

B GonbmmHCTBE MaKpOCKOMUYECKUX SIBICHUN YYacTBYET TPOMAIHOE YHCIIO
AIIEMEHTAPHBIX AJIEKTPUYECKUX 3apsaaoB. Tak Ha KaxaoW W3 OOKIAJOK TUIOCKOTO
koHaeHcaTopa eMKocThio 10 Mk® mpu pasnoctu moreHnuanoB 1008 copepkutcs
okormo 7-10"° HeCKOMIIGHCHpPOBAHHBIX DIEMEHTAPHBIX 3apsmoB. Llpm JTOM HX
JTUCKPETHOCTh HUKAK HE MPOosBIsLeTcs. [[03ToMy MOKHO CUUTATh, UTO 3apsia Kak ObI
HEMPEPBIBHO paclpeeieH Ha o0kIaakax. Pa3nnuaioT 00beMHY0, TOBEPXHOCTHYIO U
JUHEHHYTO TUIOTHOCTH 3apsi/IOB.

OOBEeMHOW IUIOTHOCTBIO 3apsiOB O HA3bIBAETCS OTHOIICHHWE 3apsga AQ k

00beMy A V, B KOTOPOM 3TOT 3apsiJ] HAXOIUTCS:

1 A
p=i Y =t @
AV & T AV

rae € - dIeMeHTapHble 3apsael B oobeme AV (¢ yderom ux 3Haka); AV -

¢uznyeckn Manbli 00beM, HO HE OECKOHEUHO Majblii B MAaTEMAaTHUYECKOM CMBICIIE.
du3nuecKku Malblid - 3TO 3HAYUT, YTO €r0 MOJOXKEHUE B MPOCTPAHCTBE JIOCTATOYHO
TOYHO XapaKTEPU3YETCs KOOpJIWHATAMH KAaKOW-TO TOYKH, PACIOJIOKEHHOW BHYTPHU
Hero. OgHAKO B 3TOM OOBEME JOJAKHO HAXOJUTHCS TaKO€ JTOCTATOYHO OOJIBIIOE
KOJIMYECTBO DJIEMEHTapHBIX 3aps/I0B, YTOObI HEOOJIBIIOE M3MEHEHHE WX YHUCIa HE
MPUBOJUIO K CYIIECTBEHHOMY M3MEHEHUIO TUIOTHOCTHU, BBIYUCISIEMON 1o (opmyre
(1).

[loBepXHOCTHAs IJIOTHOCTH 3apsJIOB G onpeAesieTcs Gopmyoit

1 A
o=—-) § =—Q, (2)
AS A3 AS
rae AS - OECKOHEYHO Maias B (PU3MYECKOM CMBICIE IUIOIAdb, HO KOTOPOU

pactipenensiercs 3apsij. JInHelHas MIOTHOCTD 3apsJiOB T - 3TO OTHOILIECHHE 3apsija K
0ECKOHEYHO Majoi B (PU3NYECKOM CMBICIIE JIJIMHE, 110 KOTOPOU pacIpeiesieH 3apsi:
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T

B3aumooeiicmeue mesxncoy nokoauwgumucs
INEeKMPUUecCKUMU 3apAa0amu

JIns  TOYEUHBIX 3apsAOB, HAXOASAIIUXCS B BaKyymMe, B3aWMOJICHCTBUE
ONUCHIBAETCS SKCIEPUMEHTAIbHBIM 3aKOHOM KyrnoHna, koTopslii B cucteme CH nmeer
BUJI
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12 4re, r? r
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rae \ql\ u \qz\ - MOZAYJH B3aUMOAEUCTBYIOIIMX 3apsifoB; I, - PaauyC-BEKTOD,
ONPEAEIAONINM TOJIOKEHUE TOYEUHOrO 3apsaa (; B IIOJE€ TOYEYHOro 3apsana (,,
r =‘r12‘ .

'
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F, - cuma, neiictByromas Ha 3apax (; CO CTOpPOHBI 3apsna (,. Benuuuna

o =8,85-10 ">/ m HasbiBaeTcs >MEKTPUUECKOH mocTosHHOM. Ha 3apsin g, co
CTOPOHBI 3apsiia (;, COIJIaCHO TpeTheMy 3akoHy HpIoTOHa, melCTByeT cuia

- -
Fo=-Fp.
dnekmpuueckoe none

Bzaumonencreue Mexay MNOKOSIIMMUCS 3apsAlaMU  OCYILIECTBISECTCA Yepe3
AJIEKTPUYECKOE TIOJIE, CO3AaBAEMOE KaXIbIM M3 3apsSJ0B B OKPYXKAKOIIEM €ro
npoctpaHcTBe. CHUIOBOM  XapaKTEPUCTUKOW DJIEKTPUYECKOTO MHOJISl  SIBJISIETCS
BEJIMYMHA, HA3bIBAEMasl HAINPSHKEHHOCTHIO. B JaHHOM TOYKE MNPOCTpaHCTBA OHAa
ONpPEAEHACTCS KAaK OTHOIIEHUE CHUJIbI, C KOTOPOM IOJE IEUCTBYET HA TOYECYHBIN
3apsijl, MOMEIIEHHBIN B 3Ty TOYKY MPOCTPAHCTBA, K BEJIUYMHE 3apsAa;

i
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E-F (5)
q
%

N3 (5) cnemyer, 4To HampaBlieHHE BekTopa E coBmamaer ¢ HampaBlieHUEM CHITBI,
JNEUCTBYIOIIEH Ha MOJIOKUTENbHBIA 3apsa. OCHOBHAs 3amada 3JIEKTPOCTATHUKHU: IO

BEJIMYMHE U MECTOHAXOXKJEHUIO 3apsioB, CO3JAIOUIUX TOJE, ONPEAEIUTh 3HAYCHUS
%
E B pasHbIX TOuykax HpOCTpaHCTBA. DJTa 3ajada MOXKET OBITh pelleHa JTubo ¢

MOMOIIIBIO MPUHIIMIA CYNEPIO3UIIUH, IUOO C TOMOIIBIO TeopeMbI ['aycca.

Ilpunyun cynepnozuyuu

- -
E=> E, (6)

T.€. HAOPSOKEHHOCTD IOJIS JIFOOOro YMciia TOYSUHBIX 3apsiJIOB B JIAHHOW TOYKE paBHA

BEKTOPHOM CYMME HampsLKCHHOCTEM ITOJICH, CO3JaBA€MBIX KaXKIBIM 3apsiioM B

OTJIENILHOCTH B 3TOM Touke. [[pUHIIMIOM Cyneprno3uiui yA0OHO MOJIb30BaThCS MpPU




pacdeTe TOJsl CPAaBHHUTEIBHO HEOOJBIIIOTO YHWCiIa AUCKPETHBIX 3apsiioB. B ciydae
HEMPEPBIBHOTO  pPACTIPECIICHHUs]  3apsiIoB  pacdeT TOJss C IMOMOIIBIO  3TOTO
YHHUBEPCATHHOTO METOJa CTAaHOBUTCS TPOMO3IKKMM. B 3TOM cimyuae dacto ymoOHee
BOCTIOJNIb30BaThcsl Teopemoit ['aycca. OHa (opmynupyercs claeayroumM o0pa3oM:
IOTOK BEKTOPA HAMPSHKEHHOCTH SACKTPUUYECKOTO MO Yepes JTH00YI0 BOOOpakaeMyto
3aMKHYTYIO TTOBEPXHOCTh S PaBEH B BaKyyMe OTHOIICHUIO alreOpandecKoll CyMMBbI
3apsI0B, 3aKIIOUYEHHBIX BHYTPH JTOW IMOBEPXHOCTH, K AJICKTPUYCCKOW MOCTOSHHOU
Eo-

Eds-L.y 7
i - .21 Ui (7)
rae N - KOTHYeCcTBO 3apsIOB BHYTPH 3aMKHYTON TTOBEPXHOCTH S.
[loTokoM BekTOpa HaAMpPsSKEHHOCTU d@Pg dYepe3 DIEMEHTapHYI0 IUIOCKYHO

wioniaaky dS Ha3pIBaeTCS BEJTUYHHA PaBHAS

- -
d®, =(E-dS)=E-dS-cosa=E, -dS.
_ - &~ d ',
A E SO
- — — = Y

Puc.?

- -
N - HopMaJyhb K Twiomanke dS; £, - mpoekius BekTopa E Ha HanpaBiieHUue HOpMaIU K

wiomanke dS
- -
dS=dS-n.
[py HaTMYKK AUAJIEKTPUKOB TeopeMa ['aycca 3amnuchIBaeTCs B BUIC

- —-> N
§D-dS=3q;, (8)
S i=1

rae N - KOTHYeCTBO CTOPOHHUX 3apSA0B BHYTPU 3aMKHYTOU MMOBEPXHOCTH S.

5
BekTop 2 HAa3bIBAETCI BEKTOPOM AJIECKTPUUYECKOIr0 CMEIIECHUST

— - -
D=¢,E+P, (9)
%
rac E - CyMMapHas HaIlPps>KCHHOCTb HOHCfI, CO3JaHHBIX CTOPOHHUMMU N CBA3dHHBIMU

%
3apsagaMu B IUDJICKTPHKCE, P - MOJIIPU30BAHHOCTD JUDJICKTPUKA.



P- (10)
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_)
rie AV - ¢usmdeckn OECKOHEUHO Manblii 00beM; X P; - CyMMa JAUIOJBHBIX
AV

QJICKTPUICCKUX MOMCHTOB MOJICKYJ, COCTAaBJIAIOOIUX O3TOT 00BeM AUDJICKTPHKA.

N
JIuHuM BCKTOpa D HaAYMHAIOTCA U 3aKaHYWBAIOTCS HaA CTOPOHHHX 3apsaax. B Toukax
oe3 CTOPOHHHUX 3apsAa0B OHHM HCIPCPBIBHBLI, BKIHO4YaA TOYKH CO CBA3aHHBIMHA

N
3apsagaMu. NubIMU CJIOBaMH, IIOTOK BCKTOpa B onpeacaiacTCa TOJIbKO CTOPOHHHUMH

3apaaaMi, HO IPH TAKOM HX PACIIPCACIACHHH, KOTOPOC BO3HHMKACT B IMPHUCYTCTBHUH
AUDJICKTPHKA.
I[J'If[ HU30TPOIIHBIX AUIJICKTPHUKOB Jr000r0 THIIA IMOJIIPU30BAHHOCTh CBsA3aHa C

HaIIPAKCHHOCTBIO I10JIA B TOM K€ TOYKE IMPOCTBIM COOTHOIICHHC
- -

P=ye, E, (11)
TIe: ¥ - AUDIICKTPUYUECKAst BOCIPUUMYUBOCTb.

[Toxcrasus (11) B (10), momydmnm

- - - - -
D=¢, E+ ye, E=¢,(1l+ y)E=c¢e, E, (12)

T7e. € - OTHOCHTENIbHAS JUAJIEKTPHUYECKas MPOHNUIIAEMOCTD AUDIICKTPHUKA.

BennunHa ¢ mokasbIBaeT, BO CKOJBKO pa3 0CIA0IIeTCa JIEKTPHIECKOE M0JIe BHYTPH
OZTHOPOJTHOTO JTMAJIEKTPHUKA IT0 CPABHEHHMIO C TTOJIEM B BaKyyMe.

Fpanu!mbte ycaosun

['paHWYHBIMH YCIIOBUSIMM Ha3bIBACTCSl CBSA3b MEXAY BEKTOpAMHU TOJS TIO
pa3Hble CTOPOHBI TMOBEPXHOCTH, pasrpaHuuyuBaronied nse obnactu. IlycTh

pasacisaCMbIMU 007aCTAMH  SIBJISIOTCS ABa OUDJICKTPHUKAa C OTHOCHUTCIIbHBIMU
%
AUDJICKTPUYCCKUMHU IPOHULIAEMOCTAMU &1 U &5 . TOFI[a I HpOeKI_[I/Iﬁ BCKTOPOB Enu

_)
D nHa HampaBieHHS HOpMaJU M KacaTeJIbHON K MOBEPXHOCTH paszjeiia, Ha KOTOPOM

OTCYTCTBYIOT CTOPOHHMEC 3apsiAbl, BEIIIOJIHIIOTCA CICAYIOMMNUE COOTHOMICHUS .

E
T _ %2 E., =E,., (11)
Eox &
D
Dy, = Dy, o =j—1, (12)
27 2

N3 (11) u (12) cnemyeT, 9TO CHJIOBBIC JIMHUU MPEIOMIISIFOTCS Ha TPaHUIIEC pas3zeiia

MEXIy OuIIeKTprukaMu. Ha puc. 2,a mokazad nmpuMep MpenoMIICHUs CHIIOBBIX JIMHUAN
- -
Bektopa E nans cmydas, xorma &, > ¢, a Ha puc.2,0 - Bekropa D mns ciyuas,

KOrja &; > &5.
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13 (13) criemyer, 94To TYCTOTA CHJIOBBIX JTMHHA MEHSETCS MPH MEPEX0JIe uepe3
rpaHully paszaena ABYX AUAJIEKTPUKOB.

1.2. Knaccuukanusi 3a1a4 ¥ MyTH U3 pellleHUs

3agauu 3TOM TeMbl MOXKHO Pa3JeIUTh HA YETHIPE TUMA!

1. 3amauu, B KOTOPBIX pacCMaTPUBAETCS B3aUMOJCICTBHE TOUEUYHOIO U
pacIpeneneHHoro 3apsioB.

2. 3amaum, B KOTOPBIX pPAacCMATPHUBACTCS B3aWMOJICHCTBHE TOYECYHOTO W
pacnpeneseHHOro 3apsi0B.

3. 3amaun, B KOTOPHIX TpeOyeTCS  OMPEACIUTh  HAMPSKECHHOCTH
AIEKTPUYECKOTO MOJIS 10 U3BECTHBIM BEJIMYMHAM U PaCHpeaeeHUI0 3apsiIo0B.

4. 3agauu, B KOTOPBIX paccMaTpPUBAETCS B3aUMOJCHCTBHE paclpeeIeHHbBIX
3apsi/iOB.

Cpenu 3aay mepBOrO THUMA WHTEPEC MPEJACTaBISIIOT 3aayd, B KOTOPBIX
B3aMMOJICHCTBYIOIINE TOYCUHBIE 3apsA/Ibl HAXOASATCSA B COCTOSIHUM paBHOBecHs. OHU
pemarorcst myreM npuMeHeHus: 3akoHa Kynona w mpunmnuna cynepnosunuu. [Ipu
ATOM TOCJIEI0BATEILHOCTH ONEPAINil JOJIKHA ObIThH CJIEAYIONICH:

1. Caenath pUCYHOK U MPOBECTH HACAIM3ALUIO0 PacCCMaTpUBAEeMOil B 3ajaye
(hbU3UYEeCKON CUCTEMBI.

2. BpiOpath kakoi-nmm00 3apsig ¥ yKazaTh Ha PUCYHKE JNEHCTBYIONTUE HA HETO
CUJIBL.




_)
3. lns BEIOpaHHOTO 3apsija 3anucaTh B BEKTOpHOI Gopme ypaBHenue X F, =0,

N
rae F; - cuiel, neiicTByromue Ha BBIOPAHHBIN 3apsif.

4. CrnpoekTHUpOBaB MOJYYEHHOE BBHIIIIE BEKTOPHOE YpaBHEHHE Ha BBIOpAHHOE
HalpaBlIeHHE, TMOJYYUTh ypaBHEHHE B CKaIApHOM ¢opme. 3a BbIOpaHHOE OOBIYHO
MIPUHUMAETCS HalpaBJI€HUE, BAOJIb KOTOPOTO CHIIbI IEUCTBYIOT B TPOTHUBOIOIOKHBIX
HaITpaBJICHHSIX.

5. IloacTaBUTh B MOJYYEHHOE BBINIEC CKAISPHOE YPAaBHEHUE BBIPAXKEHUS IS
cui 1o 3akoHy KyroHa u, ucxo/is U3 reoMeTpuYecKux cooOpaxxeHui, npeoopa3oBaTh
€ro TakuM 00pa3oM, 4TOOBI OCTaJIaCh TOJBKO OJJHA HEM3BECTHAS BEIMYHHA.

6. Pemmth ypaBHEHHE C OJTHUM HEH3BECTHBIM.

33,[[&‘-11/1 BTOPOI'O THUIId MOT'YT OBITH pEeUICHBI ABYMA MCTO/aMU.
HCpBBIfI COCTOHUT B IPUMCHCHHUHU 3aKOHA Ky.]'IOHa " IIpUHOMIIA CYIICPITIO3HUITNH.
BTOpOﬁ 3aKJII0YaCTCd B HAXOXKIACHHUU JTFOOBIM IIyTEM HaIIPSKCHHOCTH I10JI,

CO3/1aBa€MOT0 pacHpeaeICHHBIM 3apsiA0M B TOUKE, IJIe HAXOIUTCS TOUSUYHBIN 3aps (
- -
, U BBIUMCIICHUM CUJIbI U3 COOTHOlIeHus F =(-FE, T.e. MO CyIIeCTBy CBOAUTCS K

PELICHUIO 3a/1a4d TPETHETO THUIIA, a MOTOMY OTHAEIBHO MBI €r0 PACCMAaTPUBATH HE
OyneM.

IIpn pemenun 3amad  NOEPBBIM  METOJOM MOXHO PYKOBOJCTBOBATHCS
CHEAYIOIIAM aNTOPUTMUYECKAM MPEANACAHUEM

1. Caenath pUCYHOK U MPOBECTH HACAIM3ALUI0 PacCMaTpUBAeMOil B 3ajaye
(hU3NYECKON CHUCTEMBI.

2. Pa3nenuth 3a1aHHBIA JTUHCHHBIA, TTOBEPXHOCTHBIN MM 0OBbEMHBIA 3apsi1 Ha
TaKHe 3JIEMEHTBI, YTOOBI HAXOIAIIMICS Ha HUX 3apsaa coorBerctBenno 7 -dl, o -dS

u p-dV MOXHO OBIJIO CYMTATH TOYCUHBIM.

3. BpiOpath Kkakoi-mubO U3 JJIEMEHTOB W TO 3akoHy KyroHa 3ammcath
BBIPAYKEHUE JJIS1 CHIIBI, IEUCTBYIOIIEH C €r0 CTOPOHBI HA 3aIaHHBIA TOYEYHBIN 3apsi/l.

4. VYka3zaTb BEKTOp JTOM CHJIBI Ha PUCYHKE W Pa3JIOXKUTh €ro Ha
HEPICHIUKYIAPHYIO (TI0 OTHOMICHHUIO K PAaCIpeACICHHOMY 3apsay) U MapajlieIbHYIO
cOoCTaBJIstomMue. /[ Kaxka0i U3 COCTABIISIONIMX 3anmucarh 3akoH Kynona.

5. BpiOpath nNEpeMEHHYI0 HUHTETPUPOBAHUS U OMNPEACIUTh MPEAeIibl, B
KOTOpPBIX OHa Mu3MeHsAeTcsA. lIpu 3TOM 3a NMEepEeMEHHYIO HMHTETPUPOBAHHS CIEIYET
NPUHAMATH BEJIUYHHY, ONPEACIIAIONIYIO MOJIOKEHNE BRIOpaHHOTO 3nemMenTa 7 - dl,

o -dS u p-dV OTHOCUTEIBHO TOYCUHOIO 3apsa.

6. M3 reomerpuuecknx COOOpaXCHWW BBIPA3UTHh BEIUYHMHBI, BXOIIINIUNEC B
yYpaBHEHUs ISl TEPHEHIUKYISIPHOM M TMapajUIeIbHOW COCTABIISIONIMX, 4Yepes
W3BECTHBIE U IEPEMEHHYIO UHTETPUPOBAHUS U MOJYYEHHBIN PE3YIAbTAT MTOACTABUTH B
3TU YPaBHEHUS.

7. Wuaterpupys ypaBHEHHsS, TOJYYCHHBIC B TyHKTE 6 MO TIEPEeMEHHOM
WHTETPUPOBAHUS C YYETOM TIPEACNIOB, HAWJEHHBIX B TNYHKTE O, ONPEACIHUTH
BEJIMYUHBI NEPIICHANKYIIIPHON U NApPaJUIENbHON COCTABIAIOIIUX.



8. Cymwmupys  BEKTOPHO  MEPICHAUKYISPHYID W TapajuIebHYIO
COCTaBJISIFOIINE, ONMPEACTUTD CUJY, JEUCTBYIOIIYI0 Ha TOUYEUHBIN 3apsi[i CO CTOPOHBI
pacnpeneneHHOro.

3a/1auu TPETHETO THIA MOTYT OBITH PEIICHBI TPEMST METOAMH.

1. ITyTeM UCTIONB30BaHUS IPUHITUATIA CYTIEPIIO3HITHH.

2. [Ipumenenuem Teopemsl ['aycca.

3. Ilyrem BBUHCIEHUS TOTCHIMANA C MOCIEIYIONIUM HAaXOXKICHUEM

_)
HaNPsOKEHHOCTH U3 ypaBHeHus E = —grade.

B npunnunuanbHOM CMbICTIE BCE 3TH METO/Ibl PABHOLICHHBI, B MPAKTUYECKOM -
B 3aBHCUMOCTU OT KOHKPETHBIX OOCTOSITEILCTB Pa3IMYHbl, TaK KaK CBS3aHBI C
HEOJMHAKOBBIM 00bEMOM BBIYUCIUTENBHON paboThl. [lockonbky TeMa «IloTeHnman»
paccMaTpUBaEeTCS MOCJIE 3TOW, 31€Ch Mbl OTPAHUYUMCS PACCMOTPEHHUEM TOJBKO
MEPBBIX IBYX METO/IOB.

[lepBblii OPUHIIUIIMATBHO TO3BOJSET HAWUTH HANPSHKEHHOCTh MOJS JIF00OH
cUCTEMBI 3apsiioB. [IpakTruuecku oH y100€H MPU HaXO0XKACHUU HAMPSXKEHHOCTH MO,
CO3/JaHHOT'O0 CUCTEMON OTHOCUTEIBbHO HEOOJIBIIOT0 YKCIa JUCKPETHRIX 3apsaaoB. [Ipu
BBIYUCJICHUU K€ HANPSKEHHOCTEN TMOJIeH, CO3JJaHHbIX paclpeeICHHbIMU 3apsiaMH,
€ro MNpPUMEHEHUE CBA3AHO, KaK MpPaBUIO, C OOJBIIMM OOBEMOM BBIUHUCICHUM.
AJNTOpPUTM perieHus 3a1ad YTUM METOJIOM TIOKa3aH Ha puc.3.

Co31aTh PUCYHOK U ONPEACIUTh MOIEb 3apsiaa (TOUCUHBIN, THHEHHBIH,
MOBEPXHOCTHBIN WJIM 00bEMHBIH), CO3/IAFOIIETO MOJIe

Eciiu cucteMa ToOUeUHBIX Ecamu 3apsia pacnpenesieHHbIH
3apsiioB
1.TTo dpopmye E = 1 % 1.Paznenuth 3a1aHHBIN 3apsj Ha
Ar-g, T TaKue 3JIEMEHTBI, YTOOBI
OIIPEACIUTH BECINYNHBI HaxOIAIINNCS HAa HAX 3apsz
HaOps2KECHHOCTH, cogﬂaBaeMoﬁ MO’KHO OBLUIO CUYATATHh TOYECUHBIM
KaKIbIM W3 3aps0B B TaHHOH
TOYKE
2.YKa3aTb Ha pUCYHKE BEIHUUHY 2.Br16paTh kakoil-mudo u3
Y HampaBJICHHE BEKTOPOB 3JICMEHTOB U 3aIIMCaTh
HATIPSKEHHOCTH 15. ’ BBIpQKCHHUE — HaHpH)KteHOCTI/I,
CO3IABAEMEIX B JAHHON TOUKe CO3aBacMOM UM B JAaHHOU TOYKE
KaXXbIM U3 3apsa0B, U,
MPOU3BOIS UX BEKTOPHOE
CYMMUPOBAHUE, HAUTHU E




3.Yka3aTh BEKTOp 3TOU
HaIpsHKEHHOCTU Ha PUCYHKE U
Pa3JIOXKUTH €ro Ha
COCTaBJISIIOIIME. 3alMcaTh
YpaBHEHHsI, ONUCHIBAIOIIINE
KaXyI0 U3 COCTABISIONINX

S
3.Boruncnuts Bennuuny E 10
TEOpEME KOCHHYCOB

4. Bp1OpaTh NEPEMEHHYIO
WHTETPUPOBAHUS U ONIPEACTUTH
npeeibl, B KOTOPhIX OHA
M3MEHSETCS. 3a IEPEMEHHYIO
WHTETPUPOBAHUS CIETYET
MPUHUMATH BEJIUYUHY,
OMPEIEIAIONIYIO TTOJIOKEHHE
BBIOPAHHOTO AJIEMEHTA
OTHOCHUTEJIbHO TAHHOU TOYKH
5.3 reomeTprueCcKUxX
CcOoOOpaXeHU! BBIPA3UTh
BEJIMYUHBI, BXOSIINE B
YpaBHEHHUS JJISI COCTABJISIONIUX,
Yyepe3 U3BECTHHIC U NIEPEMEHHbIC
MHTETPUPOBAHUS U MOTYyUYCHHBIN
pe3yabTaT MOACTABUTH B ATH
ypaBHEHHUS
6.UnTerpupys ypaBHeHHS,
HaliJICHHbIE B MPEIBITYIIIEM
IyHKTE I10 IEPEMEHHOMN
MHTETPUPOBAHUS C YUYETOM BBIIIIE
HAWJICHHBIX MIPENIEIIOB,
ONPEIETUTh BEJTUYUHBI
COCTaBJISIOIINX
/.CymMupyst UX BEKTOPBI, HAUTH
HaIpPsHKEHHOCTD MOJIS B IAHHOM
TOYKE

Puc.4

OO6paTtuTe BHUMaHUE, YTO TOJBKO UTO MPUBEACHHBIN AJITOPUTM PEIICHUs 3a1au
TPEThEr0o THUMA JUIS Cllydasi pacHpeielIeHHOTO 3apsija MO CYIIECTBY TOXIECTBEH
QIrOPUTMY pEIIEHHUs 3ajad BTOPOTO TUIA MepBbIM MeTtojgoM. OmHako juisi Bamiero
yA00CTBa MBI IPUBEIHU €TI0 OTAECIBHO.

Btopoit meton, Ga3upyroiuiicss Ha MpUMEHEHUU Teopembl ['aycca, Hanbonee
3 dexTUBEH B TEX CilyyasX, KOrja 3apsiKEHHbIE Tejaa 00JIa/laloT SPKO BHIPAKEHHOU
cumMmeTpueil. B oOmiemM ke ciiydyae BBIYUCICHHUS OKAa3bIBAIOTCS YPE3BBIUYANHO



clnokHbIMU. [loaTOMY TmpakTHUYeCKHM OH MOpuUMEHseTCsl JHOO Il BBIYUCICHUS
HANPSOKEHHOCTEH TOJIeH 3apsHKESHHBIX Tell CHMMETPUYHON (GopMbl (IUIOCKOCTH,
[Iapel, IWIAHAPHI), JHO0 3apsHKEHHBIX Tel, (GopmMa KOTOPBIX MOXET OBITh
anmpoKCUMHUPOBaHA TEJIaMU CUMMETPUYHOU (POPMBL.

[Tpu BeIUKCIIEHNN HANPSHKEHHOCTHU MOJI ’TUM METOJAOM MOXHO MCIOJIb30BaTh
CIEYIOIINAMN aITOPUTM.

1. Cnenatp pUCYHOK U YyKa3aTb Ha HEM HalpaBJCHUS BEKTOPOB
HaIps>KEHHOCTH.

2. IlocTpouTh Ha PUCYHKE MMOBEPXHOCTH, YEPE3 KOTOPYIO OYACT OMPeneIsaThCs
%
notok Bektopa E. Ilpum ee mocTpoeHHM cieayeT pPyKOBOICTBOBATHCS IMPABUIOM:

9JICMCHTHI ITIOBCPXHOCTHU JOJIKHBI OBITH JTHOO NEPHICHAUKYJIAPHDBI h15(e10) napamiCiIbHbI
JIMHHUAM HaIIPAKCHHOCTH.

N
3. OnpeaenuTh HaNpsbKEHHOCTH 1ot E n3 ¢opmyier (7). [Ipu aToM B JeBy10
4acTh CIIEAYEeT NOACTAaBISITh TIpous3BeAcHMe E Ha 1oomanasr MOBEPXHOCTH,
MEPECEKACMON JIMHUSIMU  HANPSDKEHHOCTH, a B TMPaBYI - TIOJHBIA 3apsf,
3aKJIIOUYCHHBIA BHYTPU BbIOpaHHON moBepxXxHOCTHU. l[lonmHbIN 3apsn s ciydyaes
00BbEMHOT0, TMOBEPXHOCTHOTO JMOO JIMHEMHOrO 3apsAJIOB OMNpEeAeNseTcss Kak
MIPOU3BE/ICHUE COOTBETCTBYIOIIEH IMJIOTHOCTH 3apsjia Ha 00bEeM, MOBEPXHOCTh WU
JUIMHY, 3aKJIFOYEHHBIE BHYTPHU MTOBEPXHOCTH, YEPE3 KOTOPYIO BBIUUCIISIETCS MOTOK.

B cnydae, ecim mone co3maercs CHCTEMOM paCIpeNeNICHHBIX 3apsAlloB, TO
HaIpPsKEHHOCTD TMOJIs, CO3JaBAEMOTr0 KaXKJbIM U3 pAaCHpeIeICHHBIX 3aps/I0B, MOKHO
ONpENeNUTh C TOMOIIBI0 PACCMOTPEHHBIX BbIIE MeTOA0B. CymMMapHylo ke
HaIpPsKEHHOCTh MOKHO HAWTH, UCIOJIb3YS IPUHIIUI CYTEPIIO3UIUU.

Koneunble GopMynbl ajisi pacueTa HaMpsHKEHHOCTEW molsie Hambolsiee 4acTo
BCTpevaromuxcst GopM UCTOUHUKOB MPUBEACHBI B Ta0I. 1.

3ajauy YETBEPTOrO TUMA PEIIAIOTCS, UCXOAS U3 COOTHOUIECHUS

- -
F=Q-E (13)
-
rae Q - BeJIMYMHA JTAHHOTO PAcIpeeICHHOTO 3apsiia, a E -HanpsyKEeHHOCTh IOJI,
CO3/1aBaeMOT0 JIPYTUM pacHpeleiCHHBIM 3apsaoM (WId 3apsiiaMu), T.e. pEIICHHE
3aJla4M B 9TOM CjIydae, [0 CYIIEeCTBY, CBOJUTCS K PEIICHUIO 33Ja4H TPETHETO TUIIA.

Tabmuma 1
I'eoMeTpUs NCTOYHUKA NOJIS Hanps:xkeHHOCTH B BAKYyyMe
Touxa 1 q
A gy 12
beckoHeuHas MI0CKOCTh, pABHOMEPHO o
3apsKEHHAs C MOBEPXHOCTHOU B 2¢,
IJIOTHOCTBIO &




JIB€ pa3HOMMEHHO 3apsSI)KEHHBIE C o
IMOBEPXHOCTHOM IUIOTHOCTBIO O
OeckoHeYHbIe TUIOCKOCTH (0071aCTh
MEXKTy TUIACTHHAMM)

PaBHOMEpHO 3apsKEHHBIN € 1 27
JUHENHOU INIOTHOCTBIO 7 LWJIMHIP 4 - g, r
pamuycoM R ( r>R<<h),

rae h - BeIcOTa HMIHHAPA

PaBHOMEPHO 0OBEMHO 3apSKEHHBIH 1 q

mrap paguycom R (r <R) E:m'ﬁ'r

Ecin mosie HeoTHOPOIHO, HCIIOJIB30BaTh cooTHomeHue (13) Henb3s. 3amaun B
ATOM CJIy4ae PEenialoTcsi METOJAOM CYMEPIO3UIUU. AJITOPUTM PEIICHHUS MOXKET OBITh
CHEAYIOLINM.

1. Cnenatb pUCYHOK U ONPEETUTH MOACIH B3aUMOICHCTBYIOIINX 3apsI0B.

2. BwiOpath pacmpeneneHHBIM  3apsll, HAXOAAIIUWCA B TOJE, W
pacnpenesieHHbId 3aps, CO3Aarolmuil noje. Eciu oavH W3 3apsigoB KOHEYEH, TO
yn00HEee UMEHHO €ro paccMaTpUBaTh HAXOASIIUMCS B TIOJIE.

3. Pazmenuth HaAXOAITUICS B TOJIC 3apsij] HA TaKUE DJIEMEHTBI, YTOOBI 3apsi
KaXJIOr0 »JIEMEHTa MOXHO OBUIO CUMTaTh TOYEYHBIM. BBIIEIUTh KaKoU-ITHu00
3JEMEHT W 10 3akOHY KynoHa 3amucaTh BBIpaXKEHUE NI CUIIbI, JEHUCTBYIOIIEH Ha
HEr0 CO CTOPOHBI CO3/IAIOIIET0 MOJIE 3apsiaa.

4. BpiOpaTh NEPEeMEHHYIO HHTETPUPOBAHMS U OINPEIETUThb Mpeaebl e
n3MeHeHus. B kauecTBe nepeMeHHON MHTErPUPOBAHUS ClIeAyeT OpaTh BEIUYHHY, OT
KOTOPOM 3aBUCUT CHJIA, ICHUCTBYIOIIAsA HA KAXKIbIM JIEMEHT.

5. Yka3aTh Ha PUCYHKE BEKTOP CHIIBI, ICMCTBYIOIIEH Ha BBIICIICHHBIN AJIEMEHT,
U PA3JIOXKUTh €ro Ha B3aUMHO MNEPHECHAUKYJSPHBIC COCTABISAIOIIME. 3alucaTh
YPaBHEHHUS, ONUCHIBAIOIINE KaXAyl0 U3 COCTaBJSIIOIIMX, BBIPA3UB B HHUX
HEW3BECTHBIC BEJIMYMHBI YEPE3 U3BECTHBIE U NIEPEMEHHYIO HUHTETPUPOBAHUSA.

6. Uuterpupyst ypaBHCHHS, HalJICHHBIC B 1.5 C YYCTOM HaHJACHHBIX BBIIIC
MPEIETIOB, ONPEICIIUTh BEIMYUHBI COCTABIISIIOIINE CUJIBI.

/. CymMmMupyss HUX BEKTOPHO, OINpEAEIUTh CHIYy B3aUMOJCUCTBUS
pacnpeneeHHbIX 3aps10B.

B 3akmroyeHne OTMETHM, 4YTO €CJIM B 3aJadax pacCMaTPUBAIOTCS SIBJICHHS
AJIEKTPOCTATUYECKON MHIAYKIUM WU TMOJISIPU3ALMU, TO CUCTEMa 3apsi/IOB OKa3bIBACTCS
4acTO 3aJlaHHOM HEsIBHO. B  HUX, MNOpexae YeM MNeperTH K PEeIICHHI0 C
WCIIOJIb30BAaHUEM TIPUBEJACHHBIX BBIIIC aJITOPUTMOB, HEOOXO0IMMO, UCTIONb3Ys 3HAHUS
00 3THX SIBICHHUSX, YCTAHOBUTD 3aJJaHHYIO CUCTEMY 3apsiI0B.



1.3. lIpumepsl penieHus 3agaqy

3agaua 1

B BepmmHax kBagpaTa HaXOJATCS paBHBIC OTPHIIATCIIBHBIC 3apsabl (, a B
IIEHTPE - TMOJIOKUTEIbHBIN 3apsan Q = 2,2 - 10 Kn. Kaxoii 1o/kHa GbITh BEIHUNHA
OTPHIIATEIIBHBIX 3aPSIOB, YTOOBI BCSA CHCTEMa HAXOIMJIACh B COCTOSTHUU PABHOBECHS ?

Penienue

, @dusnyeckasgs CcUCTeMa COCTOMT W3  IISTH
éq B3aMMOJICMCTBYIOIIUX TOYEYHBIX 3apsa0B. 3apsipl,
- o pacmojIOKCHHBIC B BEpIINHAX, HaXOosTCs B
f’ OJIMHAKOBBIX YCIOBHUAX. 1103TOMYy MCKOMYIO BEIWYHHY

= MOKHO OIPEJEINUTh, UCXOAS W3 YCJIOBUS PaBHOBECHUSA
) i . mo0oro, Hampumep (i, 3apsga. B coorBeTcTBUM C
= \qr;v_[)\:,% MNPUHIMIIOM CYINEPIO3UIIMU Ha JTOT 3apsj Oyner
= (V) (v [V
E,  JEHUCTBOBAaTh KAXKIBIM 3apsA] HE3aBUCUMO OT JCHUCTBUS
octanbHbIX (puc.5). OdueBumHO, (1 OyJIET HAXOIUTHCS B
Pac. 5 PaBHOBECHH, €CJIM CyMMa JCUCTBYIOIIMX Ha HETO CHJI
paBHa HYJIO!

1
o

N T
- -
Tak kak cuia Fl n paBHOHeﬁCTBYIOIHaH TPEX APYyrux Cuil F HaIIpaBJICHbI BAOJIb

OJTHOM TIPSIMOM, TO BEKTOpPHOE paBeHCTBO (14) MOKHO 3aMEHHUTH CKAJIIPHOW CYMMOM:
F,-F=0 (15)
N3 reomeTpruecKkux COOOpaKeHUM CIEIyET, YTO PACCTOSIHUE MEXAY (1 U (3 paBHO

\/E,aMen(,quH ql—g-r.

C yuertom 3Toro, mpuMeHsist 3akoH Kynona, neperumem (15):

2 2
Z.L.q_z.cos450+ 1 . q 2: 1 . qQ ,
Ar gy r 4r - g, (/Z-r) 4r - g, Q-r
2
OTKyJ1a
4Q



HOI[CTEIBJ'I?DI YUCJICHHBIC 3HAYCHUA, ITOJTYyUYUM

-9
q:—4 2,2-10 z2,3-10_9K/l
22 +1
3agaua 2
Toukmit  crepkenp mmuuo 1=30cm  (puc.6) Hecer paBHOMEPHO

. , =
Puc. b 2

pachpesieNieHHbI 10 JJIMHE 3apsi[ ¢ JuHeNHOM mioTHoCTh0 7 =1uxKn/m. Ha

pacctostHau I, = 20 cM or crepkHs Haxomutes 3apsan (; = 10 vKn. 3apsn
paBHOYIIAJIEH OT KOHIIOB CTEepXkHS. ONpeneNuTh CUIy B3aMMOJEHCTBUS TOUYCHHOTO
3apsia ¢ 3apsHKEHHBIM CTEPKHEM.

Penienue

dusnyeckas CUCTEMa COCTOUT U3 B3aUMOJCHCTBYIOIIUX TOYEUYHBIX H
JUHEHHOro 3apsaoB. [[is perieHus 3agadyd MPUMEHHM IPHUHIMII CYIEPIIO3HIIHMH.
PasnennmM cTepKeHb Ha CTOIb Majbie neMeHThl dl, uTo6s 3apsan dQ =7 - dl moxHO
OBLTO paccMaTpPUBATh KaK TOUCYHBIN. Toraa cuiia B3auMOJICHCTBUS MEXIY 3apsIaMu
g 1 dQ MoskeT OBITh onpeieNieHa mo 3akoHy Kyiona:

gF -t Grd

(16)

4r - g, r
rzie I - pacCTOSIHUE OT BBIACICHHOTO 3JIEMEHTA JI0 3apsia (.
N3 puc.5 cnenyet, uto

s r-da

. u d/ =

CoSu CoS

[ToxcraBuB 3TH BeIpakeHus B (16), momydanm

r=




dF=— 1T 4q (17)
Ar g4 - 1,

- - -
Paznoxxum nmamee dF wa HopmameHyto dF, wu TamrenmmansHyro dF,

coctapJistomue. 13 puc.5 BUgHO, 4TO

dFlzd-F-cosa:ql—'T-cosa-da
Ar g4 -1,

dF, =dF -sina - WT Sina - da
Arc g4 - 1,

Od4eBUAHO, YTO MJIsi HAXOXKIEHUS CHJIBI HEOOXOIMMO MPOWHTETPUPOBATH
nocneaHne BbIpaxkeHHs. [10CKONBbKY MOJOKEHUE BBIJCICHHOTO 3apsijia Ha CTEp)KHE
OTIpEETSETCS YIJIOM O, 3TOT yrojl W CJEeAyeT B3ATh B KadyecTBE IMEPEeMEHHOMN
uHTerpupoBanus. 3 puc.5 BUIHO, 4TO 0 MeHsieTcst B peAenax ot — 3 mo +f. C
Y4ETOM 3TOTO MOIYIUM

+p . .
F= Wt cosa-da=—1T  sing. (18)
g Amegg Ty 21 - gy - 1y

B cunmy cuMMmeTrpum pacmonioKeHds 3apsga  (;  OTHOCHUTEIIBHO  CTEPKHS
WHTETPUPOBAHUE BTOPOTO BBIPAKECHUS JTA€T HYJIb!

+p ) .
=] — 1" Sing.da=——2"" (cosp-cosp)=0.
B Ar-g,-1, Ar - g4 - 1y
Takum oOpaszoM, cuiia, AeiCTBYOMIas Ha 3apsij Jy, Oyaer
FoF+ 27 §ng (19)
21 g4 1

W3 puc.5 BuaHO, 4TO

sin 3 = 1/2 I

JZ 2 \Ja.r2 412
o+
4
[Toxcrasus (20) B (19), momydnm
Fo_ 7 (21)

27 - €4 - Ty 1[4['02 +12

Berauciug (21), oyaem umets F = 540 uxH.

(20)

3amaua 3
DJEeKTpUUYECKOe MOoJIe CO3JaHO ABYMsS TO4YeuHbIMHU 3apsgamu O =30uKn wu

0, =—10uKn PaccrossHue Mexay 3apsaamu d = 20 cm. Onpenenurhb

HAIMPSHKEHHOCTD JJICKTPUYECKOTO TOJISI B TOUKE, HAXOMSIICHCS Ha PACCTOSHUU [ =
15 cm ot mepBoro u Ha pacctostHUU I = 10 cm oT BTOpOTO 3apsIIoB.



Penienue

dusznyeckas CUCTEMa COCTOUT U3 ABYX TOUYCUYHBIX 3apsAa0B U CO3JaHHOTO MU
ITI0JIA.

JIns pemeHust 3aJauyd BOCHOJIB3YEMCSl MPUHUHUIIOM CYIEPIIO3ULIAH, COTJIACHO
_)
KOTOPOMY HAIPSPKEHHOCTh TOJISI B UCKOMOM Touke E MOXeT ObITh HaljieHa Kak
- -
BEKTOpDHasg CyMMa HampsbKeHHoOcTed FE; u E, T1oneH, CO31aBaeMbIX KaKIbIM

- - -
3apsA70M B OTIENBHOCTH. £ = E+ E, .

HaHpH)KeHHOCTB, co3aaBacMas IIEPBBIM 3apsa0M:

0, )
E=———0; (22)
Ar e, - 1y
BTOPBIM:
P
Ep=—2 (23)
Ar ey 15
—l-
E
A i
[+
-
- T — i
-~ Ez
r}f - “
™,
-
i rz‘\
- "
.
o —————— —————— O,
Puc. 7
- -

Bektop E; HampaBileH OT 3apsfa (], Tak Kak 3apsj (; HOJOXKUTENIEH; BEKTop £,
HAIpaBJIEH K 3apsay O, TaK Kak 3apsij (| OTpULATEIIEH.
AOGcooTHOE 3HaUueHue E Haiiem 1o TeopeMe KOCUHYCOB!
E=\E? + E} + 2E,E, - cosa, (24)

_)
_)
TIE€ O - YTOJI MeXAy BeKropamu £; m  E,, KOTOPBIM C UCHOJIB30BAHUEM TEOPEMBI

KOCHUHYCOB MOYET OBbITh HalJICH U3 TPEYToJbHUKA CO CTOPOHAMH Iy, I U d:



2 2 .2
cosa = d°-n -1 (25)
2r -1,
[Moncrasnss (22) u (23) B (24), morydanm
E-_t . qi qi 2. q; qé .COSa . (26)
4r-gg |1 N -1

Beraucnus pesynerat, Oyaem umets £ =167 .10% B/ M.

3agaua 4

PaccuuTaTh HanmpsHpKEHHOCTh NOJIS MPAMOM OECKOHEYHOW HUTH, PaBHOMEPHO
3apsUKEHHOM C JIMHEWHOW IUIOTHOCTBIO T, B TOYKE A, YJAJIEHHOM OT HUTH Ha
PAcCCTOSIHUH [,

Penienue

+1 dusnyueckas CUCTEMa COCTOUT U3 OECKOHEYHOTO
JIMHEMHO PAaCIpEeeICHHOTO 3apsiia U CO3JaHHOTO WM
noig. Pemmm 3amauy aByms MertoxaMu. [lpumenum
_ ~ CHadana TeopeMmy Iaycca. B cuiny cHMMETpHH BEKTOD
o HalpsbKeHHOCTH B JMOOOM  TOUKE  HOpPMAJIeH
B A UWIMHIPUYECKON MOBEPXHOCTHU, MPOXOIALIEH YEPE3 ATY
Al
|

Ty

— &

TOYKY H I/IMCIOIHeﬁ OCb CHMMMCTpPHH, COBIAAAOMIYIO C
HUTBIO. HOBTOMy B Ka4YCCTBEC SaMKHYTOﬁ IOBCPXHOCTH
BO3bMCM IUWIHWHIP I[JII/IHOP'I { ¢ OChIO CUMMCTPHH,

COBIAJAIOIIECH C HUTHIO, OOKOBast MOBEPXHOCTh KOTOPOTO
%
npoxoauT 4yepe3 Touky A (puc.7). [Torok BekTopa E depe3 TOPIBI MHJIUHAPA PABEH

HyJI0, 4epe3 OOKOBYIO TMOBEpXHOCTb Pp =2r-I,-(-E. Tlonubli 3apsn,

PacToNIOKEeHHBIM BHYTpU ImuHApa, Q=17-/. C yuerom sToro mo teopeme ['aycca
OyJeM UMETh

)
€9

T

OTKyJa E= CY (27)
V(s 80 . ro
47 Tenepb MIPUMEHUM TIPUHITUTIT
dlL 0 cynepno3uiiud. Pa3znenuM HUTH Ha  CTOJb
TE Majble  DJIEMEHTBI d/, 49ToOBl 3apsan

7 dQ =7 -dl, maxomgmmiics Ha KaXKIOM TaKOM
JJIEMEHTE, MOXHO OBLIO CUHMTATH TOYEUYHBIM.

D o4 &  BpiOepeM oauH u3 3aeMeHTOB (puc.8). B Touke
| o ﬂd—g A OH cO3/1aeT HANPSKEHHOCTb:
| dE’2

Puc. 9



d t-d/
dE = Q 5= R (28)
Ar-ey-1° Adm-gy-r
rzie I - pacCTOsIHUE OT BEIOPAHHOTO AJIEMEHTA 0 TOYKHU A.

el - -
Pa3noxxum Bextop d F Ha HOpMmanmpHyl0 d E£1 W TaHreHumuanbHylo dE,

cocrapisromue. M3 puc.8 BugHO, 9TO

d E; =dE-COSa=L€2-COSa, (29)
A ey -1

dEZ:dE-sina:ng-sina. (30)
A ey -1

[TockoNbKY MOJIOXKEHUE BRIOPAHHOTO TOYSUHOTO 3apsijia Ha HUTH OTPECIIICTCS
YIJIOM « , BO3bMEM YTOJI B KauecCTBE IMEPEMEHHONW MHTErpUpOBaHus. B cBs3M ¢ 3TUM
BeIpasuM Bxosarue B (29) u (30) Benuunusr d/ uruepe3 o u o .

r
U3 tpeyronsauka ADB maxomum r = —>—. U3 tpeyronsanka BCO crenyer
CoSu

59 - rOdza , Tak Kak [BO|=r-da = "o 4.

dl =
CoOSa Ccos“ o CoSu
[ToncraBuB HaliieHHbIC 3HaUYeHUs B ypaBHeHus (29) u (30), morydanm

dE, —— ' .cosa-da (31)
A -y - 1,

dE, -—— ' sina-da (32)
A gy - 1,

Wuterpupys (31) u (32) B npenenax or -% 70 +% Oynem uMeTh

V3
™
T T
E=] ——— .cosda=———;
x Ar-gy -1, 21 - gy - Iy

2 T
E, = [ ——= .sina-da=0.
r Ar-gy -1,
2

T
E=——"— qTO COBIIAJae€T C

Takum o0pa3oM, OKOHYATEIbHO :
21 -gg - 1y

BBIPAXCHUCM, ITOJTYUYCHHBIM C ITIOMOIIBIO TCOPEMBI Faycca.
Hepr,HHO BUJACTb, 4YTO B MAaHHOM CJIydacC BbBIUYMCIICHUA 110 IIPUHIOUITY

CYNEepHo3ullMd OKa3alduch Oojee TPYJOEMKHUMH, YeM IMPHU HCIOJb30BAHUU TEOPEMBI
["aycca. OqHako CylecTBYIOT 3a1a4, B KOTOPBIX BCE HA00OPOT.



3agava 5
DNEeKTpUUECKOE TMOoJie CO3/IaH0 JBYMs MapajliedbHbBIMU OECKOHEUHBIMU
3apSKEHHBIMH  TIJIOCKOCTSIMH ¢ TIOBEPXHOCTHBIMH  IUIOTHOCTSIMH  3apsijia

o1 = 0,4MKKJZ/ m? U 0O,= 0,1MKK/Z/ wm®.  Onpemenuth  HANPSKCHHOCTE
AIIEKTPUYECKOTO TIOJIS, CO3aHHOTO 3TUMH 3aPSKEHHBIMH IITIOCKOCTSIMH.

Pewenne

1 | - i dusnueckas CHCTEMa COCTOMT M3 JBYX
% %, _,  3apOKCHHBIX IUIOCKOCTEH M CO31aBaeMOro MMH
- - E  moma. [lna pemieHus 3ajadd  BOCIOJb3YeMCs
- P . 1 __ . #$puHOHIOM CyHEPIO3UIIUH, COTJIACHO
- ; o =  KOTOPOMY  TMOJS,  CO3[laBaeéMble  KaXJIOu
— — |~ —— —|~ — ™  IUIOCKOCTBIO, HaKJaJbIBAIOTCS JIPyT Ha Jpyra.
iz T "~ "  HampsokeHHOCTH — TMOJIA,  CO37AaBaeMoro, K

- | - . . .
- _ _  [puMepy, TEPBOM IUIOCKOCTBIO, HaigeM 1o

| | teopeme ['aycca.

' Puc. 10 | Jlns 3TOTO MMOCTPOUM 100207040301 0] C

oOpa3yroummy, NEPHEHIUKYIIPHBIMU

IUTOCKOCTH, ¥ C OCHOBaHMSIMH BeMInHON AS (puc.9) u mpuMeHuM K HEMY TEOpeMy

l'aycca. IloTox uepe3 OOKOBYHO 4YacThb IIOBEPXHOCTH OYJET OTCYTCTBOBATH,

- -

IIOCKOJIBKY OHAa IapajuleabHa BekTopy £ . i ocHoBaHui FE, coBmamaer ¢ E.

CrnenoBaTenbHO, CyMMapHBIH MOTOK Yepe3 BCIO MOBEPXHOCTH paBeH 2E - AS . Baytpu

MOBEPXHOCTH 3akmiodeH 3apsag o -AS. CormacHo Teopeme [aycca Ao0mKHO
BBINIOJIHATHCS COOTHOLIEHUE

- A
2E, - AS = Q’
€9
13 KOTOPOTO
o
E =1
! 280
AHAJIOrMYHO
o
E,=—%.
2 280

[TnockocTu mensaT Bce nmpocTtpancTBo Ha Tpu obmactu: 1, I1, 1. Kak BuaHO 13
puc.9, B epBoii U TpeThel 00JACTAX IICKTPUUSCKUES CHUIIOBBIC JIMHUU OOOUX ITOJICH
HaIpaBJICHbl B OJIHY CTOPOHY, BO BTOPOU - B MPOTHUBOMOJIOKHBIE. B cOOTBETCTBUM C
TUM

E(l)ZE(111)=E1+E2 :£_0'1+0'2;
2 2
1 ‘0-1_0'2‘

E(ll):\El—Ez\:E- >



[IpousBenast BbIYUCICHUS, TOTYyUYUM E ®_ 283- 10* B/ Mm, E 11) =17 .10% B/ M

3agaua 6
Otpe3ox mmuOW ¢ =40cm, paBHOMEPHO 3apsDKCHHBIH C JTUHEHHOM

TIOTHOCTBIO r1:+1,5-10_7 Kn/m wn GeckoHeuHas mpsMas HHUTh, 3apsDKEHHAs C

JUHENHOW IIJIOTHOCTBIO T, =+4.1077 Kn/m pacmonoxeHbl B OJHOW ILIOCKOCTH

NEPICHIUKYIISAPHO APYT ApYry Ha pacctosHuu o = 20 cm (puc. 10). Onpenenuthb
CHITY B3aMOJICHCTBHS MEXKTY HUMHU.

Penienue

| B ¢usuueckyro cucteMy BKIIFOYHMM JBa TEJIa '
' HUTb U  OTpe30K. Dusnmueckoe  sBJICHUE
. - 3aKJII0YaeTCs B BO3JCHCTBUH TIOJIST HUTH Ha 3apsia
orpe3ka. [1ocKoJbKy TOJie HUTH HEOAHOPOIHO, a
3HAYUT, Ha pa3IuYHble (HO paBHBIC IO JJIMHE)
YYacTKU OTpe3Ka / JEHCTBYIOT pa3IUYHBIC CHIIBI,
| UCIIOJIB30BaTh JIJIS ONPEACIICHUS CHIIBI (OPMYITY

Puc. 11 (13) Henb3s.
JIss HaXOXICHHWS CHJIbI TPUMEHHM TPHHIMUI CYNEPIO3uIuU. Pasmennm
orpe3ok | Ha cToap Mamble wacti OX , 9TOOBI 3apsii, HAXOMAIIMICA Ha HHX
dQ =7 -dx, MOXHO OBUIO CUMTATh TOYCYHBIM. Toraa Ha MPOU3BOJILHO BHIOPAHHBIN

3apsia dQ OyaeT nefcTBOBaThH CUITa

dF =E-dQ=

T
—1 "2 gy, (33)

27 -y - X
rae x - paccrostaue 3apsaa dQ ot HuTH; E - HaNpsHKEHHOCTH TMOJS, CO3/1aBaeMOr0

HUTBIO (CM. 3amauy 4).

Cuia, AefcTByIOIIas Ha KaXIBIH 3JICMEHT OTpe3Ka, 3aBHCHT OT PACCTOSIHHS X.
[TosTomy x BEIOEpEM B KauecTBe NepeMeHHO# uHTerpupoBanus. U3 puc. 10 cienyer,
YTO X U3MCHSETCS B Ipeiesiax oT Fy 10 I, + (. UaTerpupys (33) mo x, momydum

ro+/¢
E= | M.%:M.gn 1.4 (34)
rp, 2m-&, X 2m-g&, Iy

[loxcTanoBKa 4MCIOBBIX 3HAUYEHUH naet F :1,2-10'3 H.



Tema 2. IOTEHLHUAJL. PABOTA. DHEPT U SDJIEKTPUYECKOI'O ITOJIA
2.1. OcHOBHbIE MOHATHS U COOTHOLLIEHUS

[ToTeHManoM 3JIEKTPUYECKOrO MOJs B JaHHOM TOYKE HA3BIBAETCSA CKaspHas
BEJIMYMHA (), PaBHAsi OTHOLICHMIO NMOTCHLHMAIBHOW dHepruu mpobHoro 3apsma W,

IIOMCUIICHHOI'O B 3Ty TO‘IKy I10JI K BEJINYHUHEC HpO6HOFO 3ap;ma qO .
_ P
Q=— (35)
Jo

CBs3b MCKAY IMOTCHIHWAJIOM JJICKTPUYCCKOI'O IOJIA ¢ W HAIIPSAKCHHOCTBIO E
OIpeacisieTCs COOTHONICHUSAMMU.

_)
E=-Ap=—grade; (36)
- -
p=—[(E.dr), (37)
rae A - nuddepeHnuanbHbIi onepaTop BUaa
>d —2d 7d
A=i—+ j—+k—.
dx dy dz
_)
OTU COOTHOLIEHUS MO3BOJIAIOT HAWTH HAINPSKEHHOCTh Moyl E mocpeacTBom
_)
auddepeHurpoBaHus MOTEHLIMANa ¢ MO KOOpAMHAaTaM X,Y,Z paauyca-BeKropa I
_)
TOYKHU HAOJIIO/ICHUS], @ TAK)KE HaWTU MOTEHLHAJ (¢ MOCPEICTBOM MHTErpupoBaHus E

%
no I . IlocTossHHass WHTETPUPOBAHUS TPU 3TOM Uil KOHEYHOW CHUCTEMBI 3apsiiOB

yamie BCEro OIPENENAeTCs W3 YCJIOBUS PABEHCTBA IOTEHIMANA IO HYJIK Ha
0eckoHeuyHOCTU. C yd4eTOM 3TOr0 yCJIOBUS, MOTEHIIUAI MOJIsl TOYEYHOTO 3apsiia ( B

OJTHOPOJIHOW M M30TPOMHOM Cpelie C AUAIEKTPUUECKON MPOHUIIAEMOCTBI0O £ MOXKHO
onpeneNuTh 1o hopmye

q
=) 38
4 Aregr (38)
_)
rae r=\rj.

CnencrBueM coortHomenuit (36),(37) sBaseTcs yCIOBHE OPTOrOHAIBHOCTH
CHJIOBBIX JIMHUW IIOJII SKBUIOTCHIIUAIBHBIM IMOBEPXHOCTSAM, ypaBHEHHE KOTOPBIX
OTIPEICIISAETCS BhIPAKCHUEM

o(X,y,2) =const. (39)
JIpyruM CIIeICTBHEM ITHX BBIPOKCHUH SIBIISICTCS] IPHHIIAI CYTIEPIIO3UIINHT, COTJIACHO
KOTOPOMY ITOTCHIIMAT 3JCKTPHYECKOTO TIOJsI, CO3JaBacMbI CHCTEMOU 3apsjoB,
paBeH ajareOpandyecKoil CyMMe IOTCHIIMAIOB, CO3JaBAeMbIX KaXKIbIM 3apsIoM B



otnenbHOCTH. ClIeIOBATEIBHO, MTOTEHITUAT TOJs CUCTEMBI M3 N TOYEUHBIX 3apsI0B
J; MOXKHO OIIPEACIIATH BBIPAKECHUEM

N
i )
0i=1"i
riae I - HoMmep 3apsja U I; - pacCTOSTHUE OT | - TO 3apsA/a 10 TOUYKU HaOII0IeHUS.
W3 onpeneneHus NoTeHUMANa CIEAYET, 4TO 3apsa (, HAXOASIIMICS B TOYKE
NOJIA C MMOTEHIUAIOM (0, 00J1alaeT MOTEHIMAIBHON YHEPTrUei
W,=q¢. (41)
CrnenoBaresibHO, NOTEHLMATIbHAS YHEPTUSl B3aUMOJIEUCTBHSI IBYX TOUEUHBIX 3apsAJI0B
paBHa

!
Aregyr
HerpynHo mokas3aTe, 4YTO MOTEHIMAJbHAs D3HEPrUsl B3aUMOJECHCTBUS CHCTEMBI
TOYEUHBIX 3apsA0B ONpPEAEIIeTCs BRIpaKEHUEM

W, :%2 qi i » (43)

rIe ¢; NOTCHIUAN IOJIA BCEX 3apAlOB, KpoMe 3apsia (;, B TOYKE PACIOIOKECHUS
3apana (;.13 mocimenHero BBIpaKEHUs CHEAYET, YTO INPOBOJHUK C 3apsaioM ( H
MOTEHLMAJIOM ¢ 00JIalaeT MOTEHIMAIIbHON YHEpTrUuei

1
W, = 2 qo . (44)
YennHeHHbIN MIPOBOJHUK MOKHO 0XapaKTEepU30BaATh MTOHATUEM
AJICKTPUYECKON EMKOCTH
c=9 (45)
%

OTO JnenaeT BO3MOXKHBIM BBIPA3UTh JHEPTHUIO 3apsHKEHHOTO MPOBOJHUKA dYepe3
BenuunHbl (| 1 C 1rbo yepe3 BenwuuHbl @ u C:

2 2

Pooc 2
Cucrema AByX HNPOBOJAHUKOB C 3apsaaMu +( W —( Ha3bIBAETCA KOHAEHCATOPOM.

DTy CHCTEMY MOKHO OXapaKTE€pU30BaTh NOHATUEM B3aUMHOW €MKOCTH:

_9
C=3 (47)

rae U - pa3HOCTh MOTEHIIUATIOB MEXTY TIPOBOTHUKAMH.
IToTeHuanbHas YHEPrus 3apsHKEHHOTO KOHJIEHCATOpa MOXKET OBITh HalieHa ¢
MMOMOIIBIO BBIPAXKECHUMN
quU g% cu?
Wp = = = .
2 2C 2

(48)



SHGPFI/I}I 3aPSOKCHHBIX TCJI - OTO SHCPTIHUA HUX JJICKTPHUUCCKOI'O ITOJIA. BHpaxcaﬂ €C
qCpe3 XapaKTCPUCTHUKH 1TOJIA, MOXKHO ITOJTYYUTh

W:ja) dv,
Vv

(49)

raie V o0beM Mmojs, a @ - INIOTHOCTh SHEPIHHU IOJIS, KOTOpas BBIpa)kaeTcs depes

%

- -

BEKTOPBI HANpsDKEHHOCTU E 1 anexTpuueckoro cmemenus D =¢ggy E:

=

- - )
E-D egkE
2 2

(50)

Pabora siexkTpuuecKkux CUil MpHU MEepeMelleHUur 3apsiga ( W3 TOYKU MOJs C

MNOTCHIUAJIOM (1 B TOYKY € IOTCHIHAJIOM (p, paBHa

A=W, =W, =q(p; — ¢,).

(51)

B 3axntouenue npuBenieM TabiuIly, B KOTOpor coOpaH psan Gopmyll, CBA3aHHBIX C
BBIYHCIICHUEM TOTEHIIMAIA U TTOTEHITHAIbHON SHEPTUHU AIECKTPHUIECKOTO TTOJIS.

Tabnuna 2
dusznyeckas BeJIHYHHA dopmyJaa O003HaYeHHUSA
CBs13pb HamnpspkeHHOCTH E de X - KOOpJIMHATA OCH;

U [TOTEHIIHANA ¢ B T dx E - npoekius BekTopa
OJHOMEPHOM CJIy4dae Q=- J’ Edx + const HallPps’KEHHOCTHU
AIIEKTPUYECKOIO MOJIs Ha
0Ch X
Cesa3b E u ¢ B _de I' - pacCTOsIHUE OT Havaja
TpEXMEPHOM ChEepHUIECKU- Cdr KOOpJIMHAT,
CUMMETPUYHOM CIIy4Yae. o=- J’ Edr + const E - mpoekuust BekTopa
HAIPSHKEHHOCTH

DJIEKTPUYECKOTO I10JI HA
HAIlpaBJICHUE BEKTOpa I

[Torenuman 3aps>KEHHOU
TUIOCKOCTH

X
+ const
2¢¢g

O - IOBEPXHOCTHAs
IJIOTHOCTH 3apsia
IJIOCKOCTH;

X - pacCTOsIHUE OT
IJIOCKOCTH J0 TOYKH, B
KOTOPOM OIpeNeIIsieTCs

MTOTEHITNAT

[Torenuman 3apsoKEHHOU
HUTHU

T
@ =——Inr +const

2rtgeg

T - JIMHEWHAs MIOTHOCTh
3aps]a HUTH;
I' - pacCTOsIHHUE OT HUTHU
110 TOYKH, B KOTOPOW
OIPEAEIIETCS MOTCHINAI




[Torenuman 3apsoKEHHOU . q r<R g - 3apsan cdepsr,
IPOBOISAIIEH Cepb 4reggR ’ I' - pacCTOsSIHUE OT LIEHTpA
q chepsr;
=— >R R - pamuyc cdepsl
Aregr panuyc chep
DHeprus 3apsHKeHHON q2 g - 3apsa cdepsl;
MPOBOISIICH cdhepbl = D .
8ree,R R - paguyc cdepsl
DHeprus ImIoCKOoro W q%d g - 3apsa KOHACHCAaTopa,
KOHZICHCATOpa "2 £€,5 d - paccrosHue MexIy
0OKJIaIKaMH,
S - mmomaae 00KIAOK
EMKkocTh cdhepruueckoro C =4regyR R -panuyc
HpOBOZTHIKA chepryeckoro
ITPOBOJTHHKA
EMKoCTh TIIOCKOTO £EYS S - mmonrank 00KIAMOK;
C="=2
KOHJIEHCATOpa d d - paccrosHue MeXIY
oOKJIaIKaMU

2.2. Knaccudukamnus 3a1a4 M MyTH WX pPelieHUs

3amaun JaHHOTO pa3jiesia MOKHO pa3eiuTh Ha TPH THIIA.

1. 3amaum, CBS3aHHBIC C BHIYHUCICHUEM HAIMPSHKEHHOCTH JJICKTPUUYECKOTO TOJS IO

3aJJaHHOMY pacIpeIeICHHUIO MMOTeHITHaa (M 0OpaTHBIC 3a1auH).
2. 3amauu, CBA3aHHBIC C HAXOXICHUEM MOTCHIIMAJIA TI0 33IaHHOMY PaCIIPEICIICHUIO

3apsa0B (M 0OpaTHBIC 3aJa4H).
3. 3agaun, B KOTOPBIX PAacCMATPUBAIOTCS BOIPOCHI BBIYUCICHHS MOTCHIIMATBHON

DHEPTUH, PAOOTHI U IICKTPUIECCKUX CHIT B CUCTEMAX 3apsHKCHHBIX Tell

3amaun MepBOTO THUIIA PEIIAOTCS MyTeM MPSMOTO WCIOJIB30BaHUSI COOTHOIICHUI
(36),(37).

3amaun BTOPOTO THUMA JOMYCKAIOT pernieHue aBymsi criocobamu. [lepBriii criocod
UCIIOJIB3YeTCsl Il pacueTa TOTCHIMAla TOJII TMPOTSHKCHHBIX 3apsDKCHHBIX Tell
HEMPaBUJIBbHOM (QOpMBI M 3aKIOYaeTCs B caeayromieM. Temo pa3OuBaeTcs Ha
DJIEMEHTApHbBIC 00BEMBI :_y ¢, 3aps]l KOTOpbIX paBeH dq= p-dV , roe p — oObeMHas
IUIOTHOCTh 3apsiga. [locie 93Toro mOTEHIMan ¢ Ompeaensercs Kak CcyMMa
MOTCHITNAJIOB TIOJICH AIIEMEHTaPHBIX 3ap;mOB dg ¢ momomrsio hopMyIIEI
j Pav, (52)
472'880
rae I - pacCTOSHUE OT DJIEMEHTapHOTO 06LeMa dV 1o ToukH, B KOTOPO#l HIIETCS
MOTEHITHA (.

AHAJOTUYHBIA TOJXOJ MOKHO HCIIOJIB30BaTh I HAXOXKICHHS IMOTEHIIMAIa

TIOJISL T, 3apsil KOTOPBIX PACIIPEACIICH O TUIOCKOCTH WIIH BJIOJTh HATH.




Bropoii  cmoco®  3akmouaeTcss B MEPBOHAYAIBLHOM  OTPEICICHUU
HaIpsDKEHHOCTH nost E u joumbs 3atem nmoreHnuana ¢ . Crnocob ynoOeH ans Ted,

obmamaromux cummeTpueit. [lpu pemreHuM 3ama4 Kak TEpPBbIM, TaK W BTOPBIM
CHIOCOOOM CJIeTyeT BBITIOJHUTh PHUCYHOK C yKa3aHHUEM pACCTOSIHHM, OOJIACTH, IO
KOTOPO# MPOBOAMTCS MHTETPUPOBAHKE, HATIPABICHUS TIOJS U T.1I.

3amauM  TPETbEero TUMNA pemaroTcs cieayrommM oOpazom. CHavana
paccuuThIBACTCS IOTCHIIMAIbHAS JHEPrus CUCTeMBl. B ToMm ciydae, eciu
paccMaTpUBAIOTCS TPOBOJAIINE Teja, JJISI BBIYHCICHHUS SHEPTrUU HCIOIB3YeTCS
dopmyna (43) mubo cneayromue u3 Hee popmyits (44),(46),(48).

[lpy  BBIYMCIIEHUM OSHEPIrUM  HEMPOBOAANIMX TEI  Oojee  yIOOHBIM
npeJcTaBisieTcs ucnoiibzoBanue popmyir (49),(50).

2.3. Ilpumepsl penieHus 3aaaqy

3agaua 1.

Haititu paboTy, KOTOpPYIO HYXKHO 3aTpaTuTh, YTOOBI BBIHYTH JIHAJEKTPHK,
PACIIONIOKEHHBINM MEXIy OOKJIagKaMU IUIOCKOTO KOHAEHCATOpa, MJis JIBYX CIy4acB:
KOTJia 3apsi/l Ha OOKJIaJKax SBJISETCS MOCTOSHHBIM M PaBHBIM (| M KOTJIa HaNpsDKEHUE

MEXIy 0OKTaIKaMu TIOIIEPKUBACTCS ITOCTOSTHHBIM ¥ paBHBIM U .

[Tnomanp kaxaoit 0OKIaAKKU KOHAEHCATOPA U PACCTOSIHUE
MEKy HAMH paBHBI cOOTBeTCTBeHHO S M O . Tommuua
AWPNIEKTpUKa paBHa Oy, a ero JWIJIEeKTpUYecKas

T IIPOHULACMOCTD €& .

Penienue
PaccmoTpum cHauana mepBwIi ciydaid, Korja 3apsa ( Ha OOKJIaaKax sBISIETCS

nocTosiHHBIM. PaboTta BHemHUX cuil A 10 yJalleHUI0 TUAJIEKTPUKA U3 KOHAEHCATOpa
paBHa B3STOH C OOpaTHBIM 3HAKOM pabore 3nekTpudeckux cua A, . CoracHo

3aKOHY COXpaHEHMsI DHEPruu padoTy JJIEKTPUUECKHUX CHI A, MOXKHO ONpPEIEIHUTH

qu,

KaK pa3HOCTh MEXIy HadaJbHOW 3Heprueil kongeHcatopa W :T U KOHEYHOU

U
W, =M, rre U; m U, - cooTBeTcTBEHHO HadaigbHOEe (0€3 AMANEKTpHKa) H

koHeyHoe ( C [JMAIEKTPHKOM) 3HAYEeHHS HANpsOKEHHMS Ha  KOHAEHCATope.
CnenoBaTeibHO,

A=W, —W, Z%(Uz —Uy). (53)

YroOsr waiitu U; um U,, Bocmomb3yeMcs HW3BECTHBIMH BBIPDAKECHUSMHU JIs

HANPSOKEHHOCTH  JJIGKTpHYECKOro Tmojii  E  Mexnmy oOKiIaakaMu — IJIOCKOTO
KOHJICHCATOpa!

o
E=—— B nudnekTpuke,



-2 BHE JUDJIEKTPHKA, (54)

rae o =% - IOBEPXHOCTHAS TIOTHOCTH 3apsa. [lomcTaBisisi maHHBIE BRIPAKCHUS B
bopmyny st U momyanm

U = [Edx, (55)
0

IJIe HalpaBJ€HUE OCH X BBIOMpPAETCS OPTOrOHAJIBHBIM ILJIOCKOCTH OOKJIaIO0K,
IIOJIyYUM

thzfqd—Q+9%, (56)
£ g
u, =29 (57)
€o
" KaK CJICACTBUC
2 J—
a-LhED) (58)
Eo€ S

PaccMoTpuM Temeps BTOpOHM cCilydail, Korja HampspkeHue Ha oOkiaakax U
MOJ/ICPIKUBAETCSI TOCTOSTHHBIM (HAIIpUMep, 3a CYET MOJKIIOYCHHOTO K KOHJICHCATOPY
BHEIIIHETO WCTOYHHWKA nuTaHus). Kak m B mpenmeinymem ciydae, pabora A 1o
YAAJEHUIO TUAJIEKTPUKA U3 KOHJEHcaTopa OyJeT paBHA B3ATOM ¢ 0OpaTHBIM 3HAKOM
pabote snexrpudyeckux cua A .OnHako mNociaenHAS B JaHHOM Cllydae Oyner

OIIpCACIATHCA nHaye.
A, =W =W, + Ay, (59)
U

rne W, = - HayanbHas »Heprus KouaeHcaropa, W, :T - KOHEYHas,

qU
2
Aq =U(d; —q;) - pabota no nepenocy 3apsia OT HCTOYHHKA MUTaHKsA, & () U (, -

COOTBETCTBEHHO HaYaIbHBIM M KOHEUHBIN 3aps1 Ha KOHAEHCATOPE.
CnenoBaTeinpHO,

U
A=E(Q1—CI2)=W1 -W,. (60)

Omnpenensist 3apsiapl (; U (), U3 BbIpaxkeHus a1t U, KOTOpble MO aHAJIOTUU C
MPEIBIAYIIUM CIIy4a€M MOKHO 3aIUCaTh B BUJE

uzﬂ(d—dﬁﬁ), (61)
o g

u=22-9 (62)
€o

TAe 07 =% U Oy :C;—Z, MOJTYy4YUM



q1=—d; (63)
d—d,+-1
&
go'U'S
b 64
2 q (64)
" KaK CJICACTBUC
2
R (65)
2 |g-_g+% d
&

3amava 2

JIBa nanexko pacmoyIOKEHHBIX METAJUIMYECKUX IIApUKa, MEPBBIA C 3apsaiIoM
0, =10nKn un panuycom R; =3cm, a BTOpoil ¢ moTeHUHANOM @, =9kB U paanycom
R, =2cm, coeauHAIOT MIPOBOJIOKON, EMKOCTbIO KOTOPOIl MOXHO NpeHebpeus. Haiitu

a) saepruto W; u W, kaxmoro mapa g0 ux coegunenus, 0) suepruro W

0 KOTOpAs

BBIACIIAACTCA B IIPOLECCC YCTAHOBIICHUS PABHOBECHUA ITOCJIC COCANHCHM S IAPHUKOB.

Penienue

[TockonbKy 1mapsl pacoIOKEHBI JAJIEKO APYT OT IPyra, TO UX MOKHO CUUTATh
YeIMHEHHBIMA. B 3TOM ciTydae MX SHEPTHIO MOXKHO ONpeAesuTh 1o ¢popmyiiam (48):

2
W, = AN ,
2C,
C (p2
2
EMkocThb mapa B BakyyMe onpezensiercs Gopmyoi
C =4ngyR.

CJ'ICI[OB&TGJIBHO, OHCPIHUH HIApPOB J0 UX COCANHCHUS PAaBHEBI

2
W= 0 -15.107 e,
871'80R1

_Are Rz(pzz

W, =90-10"° Zfoc.

IIpu coeauHeHNN MAapOB MTPOBOJIOKOW OHU CTAHOBATCS €IMHBIM IIPOBOJHUKOM,
MOTEHIMAJ KOTOPOro, MOCJE€ YCTAHOBJIEHUSI PABHOBECHOI'O PACHPENECICHUS 3apsiaoB,
BO BCEX TOYKAaX CUCTEMbI OJuHaKkoB. [Ipu sToM oOmuii 3apsan coxpansercs. bynem
o003HavyaTh BEJIMYMHBl B KOHEYHOM COCTOSIHUM 3Be3foukoil. Torma cucrema
YpPaBHEHUW MJI1 ONPEAETEHUs KOHEUYHOrO MOTEHUMAA U JAJIe€ KOHEYHOM JHEpPruu
CUCTEMBI OyJIeT UMETh BU/I:

s s 4 O,
= = - —_— =,
PL=P2=9 c, ¢,



Gy + 0 =0 +0,
92 = Co0,,
< 2 < 2
W, - Cil) N Clo’)
2 2
Pemas cucremy, nonyunm W, ,, = 81-10° Ziorc.

DHeprus, KOTopas BBIAEIUTCS K MOMEHTY YCTaHOBJIIEHUS PaBHOBECHOIO
COCTOSIHMS, paBHAa PA3HOCTH HAYAIBHOM M KOHEYHOM DJJIEKTPUYECKOW HHEPIUU
CHUCTEMBI:

W, =W, +W,)-W_ =24-10"° Joic = 24mrTonc .

8
Tema 3. 3AKOHBI IIOCTOSAHHOI'O TOKA
3.1. OcHOBHBbIE MOHATHS U COOTHOLLIEHUSI

DJIEKTPUYECKUA TOK TMPEJACTaBIIeT COO0OM  HampaBiICHHOE JIBIKCHHUE
JIEKTPUYECKUX 3apsnoB. HocurenmsimMu 3apsiia B MeTaulaxX SBJSIOTCS BaJICHTHBIC
DJICKTPOHBI, MOTEPSBIIME CBSI3b CO CBOMMH aTOMaMH B Ipolecce OOpa3OBaHUs
KPUCTAJUTMUECKON  perieTkd. [IpuHATO  cUMTaTh, YTO HANpaBlICHHE TOKa
OTIPE/ICISACTCS TI0 HAIPABJICHUIO JIBUKCHHS TOJOKUTEIBHBIX HOocHTenei. [ToaTomy
HaIpaBJICeHUE TOKA MTPOTUBOIIOIOKHO HAIIPABJICHUIO JBHKCHHS JICKTPOHOB.

[ToHATHE CWJIBI TOKa BBOJUTCS JUI XapaKTEPUCTUKH HAIPABJICHHOTO
JBYOKCHUS 3apsAI0B B TOHKOM IPOBOJIHUKE. B 001IeM ciiydae B 3JICKTPHYESCKON CXeMe
MOJKHO BBIJICIUTH TOYKH, B KOTOPBIX CXOJATCS HE MEHEEe TpeX MPOBOIHHUKOB. Takue
TOYKHM HA3bIBAIOT y3JIaMH. BBeleM NPOU3BOJLHO MOJIOKUTEIHLHOE HAIpaBlICHUE HA
y4acTKe OJHOTO W3 IPOBOJOB, COCAMHSIONICTO JBa COCEAHMX Yy3na. I[loctponm
tenepb ¢yakmuio ((t) mo ciaemyromemy mnpaBuiy: 3HadeHue ((t) paBHO pazHOCTH

BEJIMYMHBI 3apsiOB, MPOLICANINX YEpPe3 NONEPEYHOE CEYEHHWE MPOBOJHUKA B
MOJIOKUTEIBHOM W OTPHIATeILHOM HampaBieHusx 3a Bpems t. Cumima Toka |(t)

orpeaenseTcs kak nmpousBoaHas ynkum q(t):

t
1) = 290,
dt
Eciu | (t) >0, TO 3apsasl IBHXKYTCS B IOJIOKHTEIHLHOM HAINPaBICHUH, CCIIH
I (t) <0 - B oTpuniaTensroM. Enunwiia cuinsl Toka ammep: 14 = 1Ku/c.

Ecau B mpoBogHuKe uMeeTcsl TOK, TO MOTEHIMAN 3JIEKTPUYECKOro MO B
pa3IUYHBIX TOYKaX TMPOBOJHUMKA HE OJAMHAKOB. lloTeHIuan yMmeHbIIaeTcss B
HaIpaBJICHUH JBUKEHUS MOJOKUTEIBHBIX 3aPsI0B.

Jlns  monnepkaHusi TOCTOSIHHOTO TOKa, T.€. JBIJKEHHUS SJIEKTPOHOB C
MOCTOSTHHOM CpeAHEN CKOPOCThIO, HEOOXOJMMO HEMNpPEepPhIBHOE IEHCTBHE HA HUX
CWJIBL. A 3TO 3HAYMUT, YTO BJEKTPOHBI B MPOBOJHUKAX ABUKYTCS C TPEHHEM, WIIH,
MHa4ye roBOPS, YTO MPOBOJIHUKHU 00JIAIAI0T ANEKTPUYECKUM COMPOTUBICHUEM.



Ecnu cocrosiHue mNPOBOJHHMKA OCTAaeTCS HEHM3MEHHBIM (HE MEHSETCS €ro
TEeMIepaTypa 1 T.J.), TO JJIs KaKJIOro MPOBOJHUKA WM YYacTKa IIEMH, COCTOSIIETO
U3 HECKOJBKMX IPOBOJHHMKOB, CYIIECTBYET OJIHO3HAUHAsi 3aBUCUMOCTb MEXIY
Pa3HOCTHIO MOTEHIIMATIOB Ha KOHIAX y4acTKa U CUJION Toka B HeM. OHa BbIpakaeTcs
3akoHOM OMa JiJis y4acTKa LEeTH, HE COJIePKalllero HCTOUHUKOB TOKA

| =0
.
Kospduuuent R HazpiBaeTcss O0OMIMM CONPOTHUBICHHEM Yy4yacTKa LeNd U
OMpeNeINAeTCs MO CICAYIOMUM POopMyiaMm:

OpH  TOCJICIOBATCILHOM — COCJAMHEHWH  PEe3UCTOpoB  (Y4acTKOB  IICTIH,

00J1a1ar0IIMX 3aMETHBIM COIIPOTUBICHUEM)

R06u; = Z Ri ,
HpI/I HapaJ'IJ'IeJ'IBHOM COCINHCHHNU pGBI/ICTOpOB

1 1
R _ZE'

CornpoTuBneHre MPOBOJHUKA 3aBUCUT OT €ro (POPMBI U BEIIECTBA, U3 KOTOPOTO
OH WU3roToBieH. [l mNpoBOAHMKA MUIMHAPUYECKONW (POPMBI  MOCTOSHHOTO
MOIMEPEYHOTO CEYEHHUS

o0bwy

|
Rep. L
P

rac | - AJIMHA IIPOBOJHHKA, S - IIomaab IMOIepeYHOro CCHCHUs NMpPOBOAHUKA, O -

yAEJIbHOE COMPOTUBIICHUE BEIIECTBA.

UToObI MOAAEPKUBATH TOK JIOCTATOYHO JUIMTEIIbHOE BPEMsl, HYy’KHO OT KOHIIa
MPOBOJHUKA C MEHBIIMM TOTEHI[MAJIOM HEMPEPHIBHO OTBOJIUTH MPUHOCUMBIE CIO/A
TOKOM 3apsbl (IIPeaInoiaracTCs, YTO OHM IMOJIOKHUTEIbHBIC), @ K KOHIY C OOJIBIINM
MOTEHIIMAJIOM UX HENPEPBIBHO MOJIBOJUTh. JTO 03HAYAET, YTO B 3aMKHYTOM KOHTYpE
Hapsiy C ydacTKaMH, Ha KOTOPBIX IOJIOKUTEIIbHbIE HOCHUTENIU TOKa JABUXKYTCS B
CTOPOHY YMEHBIIICHHS MOTEHIIMANA, IOJKHBI UMEThCA YYACTKH, Ha KOTOPBIX MEPEHOC
ATUX 3apsAJI0B MPOUCXOAUT B HANpPaBICHUM BO3pACTaHMs MOTEHIIMANA, T.€. MPOTHUB
cuJ 3neKkTpocTaTuyeckoro nos. I[lepemenienne HOCUTENEW TOKAa Ha ATUX Y4acTKax
BO3MOXKHO JIMIIb C TOMOIIBI CHJI HERJIEKTPOCTATUYECKOIO MPOUCXOKICHHUS,
Ha3bIBAEMbIX CTOPOHHUMH CHJIAMHU.

CropoHHHE CHJIBI MOXHO OXapaKTepu3oBaTh pabOTOH, KOTOPYIO OHH
COBEpIIAIOT IPHU MNEpPEeMEIICHUU MO ILenu 3apsna. BennunHa, paBHass OTHOIIECHUIO
paboTel A., CTOPOHHMX CHJI Ha HEKOTOPOM ydacTke 1enu 1-2, k Tomy 3apsaay (, Haj

KOTOPBIM 3Ta padoTa COBEpIICHA, Ha3bIBACTCS JIEKTPOIBMXKYIIEH cwion (3.1.c.) E
Ha JJAaHHOM y4acTKe:

et

g
B obmem ciydae, nmpu mepeMeIieHnn 3apsaaa mo y4acTky uenu 1-2, Haax HuM
COBEpIIAIOT PaboOTy KaK CHUJIBI AJIEKTPOCTATUYECKOW MPHUPOABI, TaK U CTOPOHHUE.
Bennmunna U, paBHas OTHOIICHHIO 3TOW CymMMapHO# paboTel A K 3apsany (, Hax



KOTOPBIM OHa COBCPHICHA, HA3BIBACTCA IIaJCHHCM HAIIPAXKCHUA WK IIPOCTO

HaNpsOKEHUEM Ha JaHHOM ydyacTke menu 1-2:
U= ASJZ + Acm — é
g g

Hcnonb3ys CBI3b pa3HOCTH MOTEHLUUATIOB ¢ pa0OTON 3JIEKTPOCTATUYECKUX CUIT
U 3.71.C. ¢ padOTON CTOPOHHUX CHJI, TOJIy4aeM (pOpMYITy AJIsl HANPSKEHUS B BUJIE

U=Ap+E.
Jlns ygacTtka nenu 1-2, comepikamiero HICTOYHUK 3.1.C., 3aKoH OMa nMeeT Bu
| U
R06u;

Ecnmm y4acTtok menw 3aMKHYT, TO TOYKH 1 u 2 CO€MMHEHBI, U, CIE0BATEIBHO,
MMEIOT paBHbIE MOTEHIMANBI. B 3TOM ciiyudae 3akon Oma npuoOpeTaeT Buj

Ecnu BHemiHee CONMPOTHBIIEHWE 3aMKHYTOM LIENM PaBHO HYJIO, TO B HEH
MPOTEKAET TOK KOPOTKOT'O 3aMBIKAHUSA .

E

IK =
3 ’
r

rae I - BHyTPEHHEE CONMPOTHUBIEHUE UCTOYHNUKA TOKA.

Pacuer pa3BeTBIEHHBIX LIENIEH 3HAYUTENBHO YIPOUIAETCS, €CJIM MOIb30BAThCS
npaBuiaMu, copmynupoBanHbiMu Kupxrodom.

[lepBoe mpaBUIO OTHOCUTCS K y37aM DJIEKTpUYECKOW 1enu. AnreOpanyeckas
CyMMa TOKOB, CXOJSIINXCS B Y3JI€, paBHA HYJIIO:
S =0.

[Tpu 3TOM TOK, TEKymIUH K Y3Jy, CUMTAETCS HMMEIONMM OJWH 3HaK (IUTFOC WA
MUHYC), a TOK, TeKYIIIUN OT y3JIa - JPYTO.

Btopoe mnpaBuio OTHOCUTCS K JI0OOOMY, MBICIEHHO BBIJICJIEHHOMY B
Pa3BETBJIECHHOMU LIENH, 3aMKHYTOMY KOHTYpY.

[Ipu o6xone kKOHTypa anreOpanueckas CyMMa HaNpsKEHUW Ha KaXIOM €ro
HEPA3BETBICHHOM Yy4YacTKE paBHa aire0Opandeckoil cymMme 3.7.C., JIEUCTBYIOIIUX B

KOHTYpE:
Y IR=>E.

[Ipu cocTaBieHWH ypaBHEHWH HampaBieHHE 00X0/la KOHTypa BBIOMpaeTCs
npou3BOJIbHO. [Ipom3BeneHwe CHUIBI TOKAa HAa  COMPOTUBICHUE CUHUTACTCSA
MOJIOKHUTEIIBHBIM, €CIIM HAMpaBlIeHWe TOKA, TakKKe MPEABAPUTEIBHO BBIOPAHHOE
MIPOU3BOJIBHO, COBITAJIAET C HAMPABIEHHEM 00X0Ja KOHTYpPa, OTPUIATEIBHBIM, €CIIH
HE coBmagaer. I.J.C. OepyT TMOJIOKUTEIbHOW, €ClIM OHa JEUCTByeT Ha
MOJIOKUTEIIbHBIE HOCUTENN TOKA B HANpaBJICHWH 00X0aa, U OepyT OTpUIIATEILHOM,
€CJIM - Ha00OPOT.

[Tockonbky 0611as paboTa ANEKTPOCTATUYECKUX U CTOPOHHUX CUJI HA YYacTKe

nenu 1-2 paBHa
A=Uq =Ult,



TO AJI1 MOIITHOCTH, paBBI/IBaeMOﬁ TOKOM Ha 9TOM Y4YaCTKE, IMOJIyIUM

P:A:UI :
t

DTa MONIHOCTh MOXET PacXOJOBaThbCs HAa COBEpIICHHE PaOOThl HaJ BHEIIHUMU
tenamMu  (IIPU TOM TPOBOJHUK JOJDKEH IEPEeMENIaThCsi B TPOCTPAHCTBE), HA
MPOTEKaHUE XUMHUYECKUX PEaKLUi U, HAKOHEL, HA HarpEBAHHUE TAHHOTO IPOBOJHUKA.
B nmocnennem ciydae, 1oclie YCTAHOBJEHHUS TEIJIOBOTO PaBHOBECHS
HarpeBaeMoro TOKOM IPOBOJIHUKA C OKPY’KaoIIen cpeaoi, paboTa Toka Oyner paBHa
KOJIMYECTBY BBIJEISIEMOTO POBOAHUKOM TEILIA:
2
Q:UIt:U—t:IZRt.
R
CooTHomeHue Ha3bIBaeTcs 3akoHOM J[xoyia-Jlenna.
Ecniu cunma TOka W3MEHSETCs €O BpPEMEHEM, TO KOJIMYECTBO TeIa
onpenensercs no popmyJie

Q=[1°Rdt.
N3 3akona Oma Ju1s 3aMKHYTOH LEIH MT0Iy4aeM
E=IR+Ir,
rae | - cuna Toka, R - BHelIHee CONPOTUBIIEHUE, I - BHYTPEHHEE CONPOTHUBIICHUE

MCTOYHUKA TOKAa. YMHOXHUB JIEBYK0O M IIPAaBYK0 4YacTH 3TOTO BbIpaXeHUs Ha |,
IIOJIyYUM

El=1%°R+1%r .

3nece El - momnas momHocTe, mctounuka P I°R - monesHas momHoctes P,

KOTOpPasa BBIACIIACTCA (paCCCI/IBaeTCH) Ha BHCIIHEM COIIPOTHUBJICHUH, I Zr - MOIIHOCTH

IIOTCPb Pnom , KOTOpas BbIACIIACTCS Ha BHYTPCHHCM COIIPOTHBIICHHUUN MCTOYHHKA.

BripazuB, ¢ mnomompio 3akoHa Owma, TOJIE3HYIO MOIIHOCTh  4Yepe3
CONPOTHUBIICHHE

E°R
non — 2
(R+r)
U HUCCJENOBaB 3Ty (PYHKIMIO Ha MAaKCUMyM, MOKHO IOKa3aTh, 4YTO HamOOJIbIIas
MOJIE3Has MOIIHOCTh BBIAENSAETCA TIPU PABEHCTBE BHEIIHErO0 CONPOTUBIICHUS
BHYTpeHHEMY: R =T .

OTHOImIEHNE TONE3HOW MOIMHOCTH P, K MOJHOM MOIIHOCTH P, pasBHBaeMOM

HUCTOYHUKOM 3.]1.C., HasbiBaeTcs Kodd¢uuuentom mosesHoro aewctBus (KIL) n
P

noJjl

P

ATOr0 UCTOYHHKA: 7] =



3.2. IlpuMepbI pelieHUs 32124

3amaua 1
D.xa.c. anemenToB Eq = 2,1B u E; = 1,98, conportusnenus R; =450m ,

R, =100m u Ry =100m (cwm. puc.). Haiitu Toku |; Bo Bcex ydacTKax HEmH.

B

]
£

Penienue

N300paxeHHast Ha pUCYHKE CXeMa MMEET JiBa y3ia B Toukax A u C, a Takxe
Tpu He pasBerBistomuxcs ydactka ABC, AC u ADC. DTo 3Ha4uT, 4TO B IICTH
UMEeTCs TPU HEHW3BECTHBIX cuiubl Toka Iy, |, m |3, JIna pemenus samayu

Bocmnoibs3yemcs: npaBunamMu Kupxroda. [IpousBonbHO BeIOEpEeM HampaBieHUs 3TUX
TOKOB B KaXJIOM M3 COOTBETCTBYIOIIMX YYaCTKOB. byaeM cuWTaTh, YTO TOKH IO
yaactkam ABC, AC u ADC texyT oT y31a A. KoHe4uHO, peaqbHO TaK OBITh HE MOXKET:
00s13aTe€NIbHO JIOJKEH CYIIECTBOBATh XOTS OBl OJUH TOK, BXOMSIIMA B y3ed. ITO
cleayeT U3 3aKoHa coxpaHeHus 3apsana. OgHako, TeM u yaooHs! npaBuia Kupxroda,
YTO WX MNPUMEHEHUE [AE€T MPABUWIBHBIM PE3yJbTaT Ja)k€ NPU TAKOM 3aBEIOMO
HEMPAaBWJIBHOM BBIOOpE HAIMpaBICHUM TOKOB: T€ TOKH, HAMpaBIECHUE KOTOPHIX
CIy4yalHO OKa3ajucCh BBIOPAHHBIMM MPABWIBbHO, TMOJIyd4aTcsi TMpPU PEUICHUU
MOJOXUTEIbHBIMU, A  TOKH,  HAlpaBJI€HHUE  KOTOPBIX  MPOTHUBOMOJIOKHO
MPEINOIaraeMoMy, MOJy4aTcsl OTpUIATENbHbIMU. [[OCKONBKY HEM3BECTHBIX TOKOB
TPH, TO JJISl X HAXOXKJICHUSI HEOOXOJIUMO COCTaBUTh CUCTEMY U3 TPEX HE3aBUCUMBIX
ypaBHeHuil. [lepBoe ypaBHeHHE MOJyYUM € MOMOIIIBIO MepBoro npasuia Kupxroda,
KOTOPOE 3aluIlIeM JJIsl OJHOTO U3 JBYX y3JIOB LIENH, HATPUMED, y3JI1a A.
-1, -1,-15=0.

IIpu cocTaBneHnn ypaBHEHUS BCE TOKHU B3SIThl CO 3HAKOM MHUHYC, T. K. BCE OHU
MPEIIONIAral0TCs BBIXOISIIMMHA U3 y3J1a A.

3anuckiBaTh TeNeph € MOMOIIBIO TepBoro mpasBuia Kupxroda crnenyroiiee
ypaBHeHue sl y3i1a C OeCCMBICICHHO, TaK KakK MOJYYUTCS JIMHEWMHO 3aBUCHMOE
YpPaBHEHHUE, OTIMYAIONIEECS TOJBKO TEM, YTO BCE WICHBI €r0 YMHOXXEHBI HA MUHYC
CAUHUILY.

JIBa ocTaBIIMXCA YPaBHEHUS MOKHO COCTaBHUTH C IMOMOIIBIO BTOPOTO MpaBUIa
Kupxroda. [Ins 3TOro MbICIEHHO BBIJIENISIEM B CXEME€ 3aMKHYThIE y4acTKH. Takux
koHTypoB B mnpuBenennoir cxeme Tpu:. ABCA, ACDA u ABCDA. Bribepewm,



HarpuMep, JIBa NEPBbIX U MPOU3BOJBHO 3aJaUM HampaBieHUE 00X0Ja KaxJaoro u3
Hux. bymem o0xomuts koHTypel ABCA um ACDA 1o HampaBlIeHHIO IBWKEHUS
yacoBoil ctpenku. [lpu cocTaBneHMH ypaBHEHUW y4TE€M, UTO OTCYTCTBHE
nH(pOpMalMK O BEIUYMHE BHYTPEHHETO CONTPOTUBJICHUSI UCTOYHUKOB TOKA B YCIIOBUU
3a/1a4d MO3BOJISIET MPEANOI0KUTh, YTO 3TO CONPOTUBIIEHUE TTpeHeOpekuMo Maso. Ha
cxemax Oojiee JUIMHHBIM HW TOHKMM  OTpPE3KOM TMpsAMOM  0003HAYaeTcs
MOJIOKUTENbHBIN MOJI0C UCTOYHHUKA TOKA, @ KOPOTKUM U TOJICTBIM — OTPUIATEIbHBII.
VYuuthiBas BhIOpaHHBIC HANpaBICHHUS TOKOB U HAMpaBlIeHUS 00XO0Ja KOHTYpOB, a
TaKK€ 3HAKHU MOJIOCOB UCTOUYHUKOB TOKA, MOIYUYUM CIEAYIOUIUE ABa YPaBHEHUS IS
koHTYpoB ABCA 1 ACDA co0TBETCTBEHHO:

l,-Ry—1,-R =8,
[ToncraBuM B NONYYEHHYXO CHUCTEMY TPEX YPABHEHHUM YHCIIEHHBIE 3HAYECHUS
COHpOTI/IBJ'IeHI/Iﬁ h 3.1.C., 3aJIaHHBIC B YCJ'IOBI/II/I 3a1a4M.

—45.1, =21,
451, -10- 15 =-19.

_|1

OOpaTtuTe BHHUMaHUE, YTO CHUCTEMa YpPaBHEHUM 3amucaHa TakKUM OOpa3oM,
9TOOBl MCKOMBIE TOKH C OIpPEJEICHHBIM 3HAaU€HUEM MHJEKCa paclojarajiuch IAPYT
noj Apyrom, oOpasyst cToiOubl. B Tex mecrax, rae B cTosnbiie mMeeTcsl MpoIycK,
MOXHO CUUTATh, YTO COOTBETCTBYIOIIMM TOK YMHOXEH Ha HYJIEBOU KO3 (OUIIMEHT.
[IpaBass yacTb ypaBHEHUN Takke O0O0pa3yeT CBOMl cTONOEl CBOOOJHBIX YJICHOB.
Cnenano 3T0 1y TOro, 4TtoObl yjgoOHee ObUIO HCIOJIb30BATh METOJ PEUICHUS
CHCTEMBI alIreOpamdecKuX YpaBHEHUM C IIOMOIIBIO OMpeaeNuTencii. DTOT METO/,
MPEIOKCHHBIH mBemapckum MartematukoM . Kpamepom B 1750r., Haxomut
IIUPOKOE IPUMEHEHHUE JIJISl UCCIIECIOBAHUS U PEIICHUS] CUCTEM YPAaBHEHUM.

CocTtaBuM ONpeeIUTelNb MOTYYEHHON CUCTEMBbI:

3aMeHsIsl MepBBIM, 3aTe€M BTOPOM M, HAKOHEN, TPETHM CTONOEI] OMpeAeTuTeNs
CUCTEMBI CTOJIOIIOM CBOOOIHBIX YJICHOB MOJIYYaeM €Il TPU ONpeaeTUTENs

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

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




Ecim B onpenenurene cuctemMbl A HET HM OJHOM Tapbl CTPOK C
MPOMOPLUHUOHATILHBIMUA 3JIEMEHTAMU U OH HE PaBEH HYJIO, TO PEIICHUE CHUCTEMBbI
€MHCTBEHHO U OmpeesieTcs no Gopmynam

LA A A
AT T A A

BriuncnuTh KaxIblii OnpenenuTeab MOXKHO, MOJb3YSACh €ro CBOMCTBAMH IO
M3BECTHOMY QJITOPUTMY: ONpPEACNIHUTENh PABEH CyMME IPOU3BEIACHUN SJIEMEHTOB
KaKoW-IM00 CTpoku (WM KaKoro—jiuOo CcToyi0Ila) Ha WX ajdreOpamdecKue
JOTIOJIHEHUS. ANTeOpandyecKuM JOMOJHEHHEM 3JIEMEHTa OMPEACIIUTEINSI Ha3bIBACTCA
€ro MHUHOpP, B3ATBIA CO CBOMM WIM C MPOTUBOMOJIOKHBIM 3HAKOM. 3HaK
anreOpanyecKoro JAOMOTHEHUSI ONPEESETCs MO CIEIYIOIEMY MTPAaBUITY: €CIIU CyMMa
HOMEPOB CTOJIONA ¥ CTPOKH, HA MEPECEUCHUN KOTOPBIX CTOUT DJIEMEHT, €CTh YUCIIO
YeTHOe, TO MHUHOp Oepercs CcO CBOMM 3HAKOM, €CJIM HEYEeTHoe, - TO C
MIPOTUBOMOJIOKHBIM. BhIUHCIIsis onpeaenuTens yI00HO €ero packiaabiBaTh MO CTPOKE
(v1n 1o ¢TOJI01Y), CoaepIKaIlel HYIIH.

Brruuciaum BHavalie onpeaeanuTeab CUCTEMbI

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

3

Tenepp BeruucnuM onpenenurend Ay ,Ay u Ay .

21 0 21 —-45
10 —10 1o 45|
=1-(-21)-1-(21-45-(-45)-(-19))=-30

AX :+1

21 0| |10 2
~19 10 |0 -19
—_1.(21-(~10)) —1- (10- (~19)) = 40

AY :—1

-45 21 10 21
AZ = (_1) . + 1’ =
45 -19 0 -19

=—1-((-45) - (-1,9) - 2,1-45) +1-10 - (-1,9) = -10

Beraucnue ompenenuTenu MO TPUBEASCHHBIM BbIMe (HOopMyiaM, MOIYIHM
oreer: 1;=0,03A, |,=-0,04A, 1;,=0,01A. Ortpunarensusiii 3Hak ToKa |,
TOBOPHUT, YTO ATOT TOK Te4YeT Ha camoM Jeie oT Touku C k A. HampaBieHwme ke
OCTaJIbHBIX TOKOB OBLIIO BBIOPAHO BEPHO.



3amgaua 2
MOIIHOCTB, paccenmBaeMas ~ Ha  PE3UCTOPE  CONPOTHUBICHHEM Ry,

MOJCOeIMHEHHOM K OaTapee, paBHa P . Uemy paBHa 3.1.c. 6atapeu, eciid MOITHOCTh
P He m3aMeHmIach pu 3aMeHe conpoTuBiIeHus R; Ha npyroe conpotusnenue R,?

Pemenue
MomHocTh, paccenBaeMas Ha Pe3UCTOPE CONPOTHBIEHHEM R;, MOXeT OBITH

HalijieHa o opmye

P = |12 Ry,
a Ha COIPOTHUBIEHUH R, -
P,=15R,.
Cwuutbl TOKOB 110 3aK0HY OMa 7151 ITOJIHOW LIETIN PABHBI
E
Iy =——,
Ry +r
E
I 2 -
R, +r

3nech I' - BHYTpEHHEE CONIPOTUBIIEHHE Oatapen. CUnNTaTh €ro paBHBIM HYJIO B DTOU
3aJa4e Helsb3sl, TaK KaK B 3TOM CIIy4ae OJMHAKOBBIE MOIIHOCTH MOTYT pPacCE€UBATHCS
TOJIBKO Ha OJUHAKOBBIX COIIPOTUBIICHUSIX.

ITo ycnosuto 3amaun P, = P, =P. IIpupaBuuBas Beipaxenus nia P u P,, a
3aTeM MOJCTaBisAs B HuUX (popmynsl it TokoB |y u |,, momyuuMm ypaBHeHue, U3

KOTOPOT0 MO>KHO BBIPAa3UTh BHYTPEHHEE COIIPOTHUBIICHHE OaTapeu:
. Ri-v/Ry =Ry /Ry
VR =Ry
Torna moacraBus ero B (popMyiy Uisi MOIIHOCTH, PACCEUBACMOM, HAIIPUMED,
Ha CONpOTUBICHUN Ry

E%-R,
(R, + r)z |

U BbIpaxas u3 He€ 3.7.C., I0Jly4yaeM OTBET 3aJlauu

0P (R, + )

P=

Taﬁ.lmua BapuaHTOB 3aj1a4

Homep Homepa 3aga4
BapHaHTAa

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 |INO|OP|WIN(F

309 319 329 339 349 359 369 379

3AJIAUM
301. J[Ba OMMHAKOBBIX IOJOKUTEIBHBIX 3apsiaa ( =1,0-10"" Kz naxomsircs B
Bo3ayxe Ha paccrossuuu | =8,0cm nmpyr ot apyra. Onpenenure HaNpsKECHHOCTh

AIIEKTPOCTATUYECKOro moiisi: a) B Touke O, HaxozsIeicss Ha CepeHe OTpe3Ka,
COCIUHSIONIET0 3apsiabl; 0) B TOUke A, paclolOXEHHOW Ha PAaCCTOSHHUH
r =5,0cm oT Kaxaoro 3apsaa.

302. OrpunatenbHbli 3apa (; = —5( U MOJOXKHUTEIbHBIN (, = +2( 3aKperieHbl
Ha PacCTOSIHUU I IpyT OT Apyra. [ie Ha JMHWYU, COSAMHSIONICH 3apsiibl, CIeAyeT
MIOMECTHTB TOJIOKUTEIbHBIHN 3apsia Q , YTOOBI OH HAXOAHIICS B PABHOBECUH ?

303. PaccrosiHMe MexIy [JByMs TOYEUYHBIMH 3apsgamMu (; =7 10°K1 m

q, = ~14-107° Kz paBHo 5,0cm. Haiinute HanmpsHKEHHOCTH DJIEKTPOCTATHIECKOTO
MOJISE B TOYKE, HaxosmIelcs Ha pacctosann 3,0cm OT TOJIOKHUTEIBHOTO 3apsiia U
Ha 4,0cm OT OTPHIATEIIHLHOTO.

304. B BepmmHax KBajapaTa CO CTOPOHOH a HaXOIATCS OJUHAKOBBIC 3apsaabl + (.
Kaxoii 3apssn Q HE0OX0IMMO MMOMECTUTH B IIEHTPE KBaaApaTa, YTOOBI BCSI CUCTEMA

3apsI0B HAXOUIACh B PABHOBECHH ?
+q e 305. B BepmmHax paBHOCTOPOHHETO TPEYTOJIBHUKA CO
CTOPOHOM a=0,2m [IOMEILEHBI 3apsiIbl

\q\ =2,0-107% Kz .Haiture HaTPSHKCHHOCTH

QJICKTPOCTATHUYCCKOI'O IIOJIA B TOYKC B, pacnonoxceHHoﬁ

i +¢ Ha cepeIMHE CTOPOHBI TPEYTONbHUKA.

l e 306. 3apsasl q; =10mxKn u q, =—-10mxKn Haxomarcs

g2 Ha paccrossaud | =10cm. Onpenenure HaIPsSKEHHOCTD
AIEKTPOCTATHYCCKOTO OISl B TOUKEe A, Jnexameid Ha
NEPICHINKYIAPe K JIMHUHW, COCTUHSIONICH 3apsipl, U
yJaJIeHHO! 0T (; Ha paccrosiHue I =10cm.

307. JIBa paBHBIX MO BEIWYUHE 3apsaa ‘ql‘ = ‘qz‘ =3,0-10° Kz PaCIOIOXKEHBI B
BEPIIMHAX OCTPHIX YTJIOB PaBHOOEIPEHHOTO MPSMOYTOJHHOTO TPEYTOJbHUKA Ha



paccrosstauu | = 2,0cm. Onpenenure, ¢ Kakoil cuiod o0a 3apsga IEHCTBYIOT Ha
TpeTHH 3apsia (g =+1,0-10° Kz, maxomsumiics B BEpUIMHE TMPSAMOr0 yria
TpeyrojbHHKa. PaccMoTpuTe ciydad, Korja TIIepBbIe JBa 3apsia. a)
OJTHOMMEHHBIC; 0) pasHOUMeHHBIE. OTBET MOSCHUTE PUCYHKAMH.

e 308. Tpu OIWHAKOBBIX TMOJOXKHUTEIBHBIX 3apsa BEIMUYMHOW (| KaXIbIH

pPacCIoJIOKEHBI B BEPUIMHAX PABHOCTOPOHHETO TPEYTrOJIbHHKA CO CTOPOHOM a.
Kakoit otpunarensablii 3apsn Q Hago MOMECTUTH B IIEHTPE TPEYTOIbHUKA, YTOOBI

CUCTEMA U3 YETHIPEX 3apsI0B HAXOIUIACh B PABHOBECUN?

e 309. /Ia mapuka maccoi M =10z Kaxaplii IMOABEIICHBI Ha HUTAX, BEpPXHHUC
KOHIIBI KOTOPBIX coenuHeHbl BMecTe. JlnmHa kaxkiaod Huth paBHa | =10cm.
Kakue onunakoBbie 3apsiapl HEOOXOJUMO COOOIIUTH IIApUKaM, YTOOBI HUTH
pasonuuck Ha yroa o = 60° ?

e 310. Tpum OOWHAKOBBIX 3apsga BEIUYUHOU (] =10-10° Kz  xaxuplil

PacmoIOKEHBI B BEPITUHAX MPSIMOYTOJIBLHOTO TPEYTOJbHUKA, HMEIOIIETO KaTeThI:
a=40cm u b=30cm. Haiimute HampsHKEHHOCTH DJIEKTPOCTATHYECKOTO IOJI,
CO3/1aBa€MOT0 BCEMHU 3apsiaMd B TOYKE TIE€PECEYEHUs] TUMOTEHY3bl C
MEPICHANKYIISIPOM, OITYIIICHHBIM Ha HEE U3 BEPIIUHBI MPSMOTO yTJIa.

e 311. Ha OeckoHEUYHOW BEPTUKAIBHO PACIIOIOKEHHOW IJIOCKOCTH DPAaBHOMEPHO

pacrpeneneH 3apsa C TOBEPXHOCTHOM INIOTHOCTBIO o = 400mxKn/ u?. K
MJIOCKOCTA Ha HUTH TojBemeH mmapuk maccor M =10z. Ompenenure 3apsin

mapyKka , €cIM HUTh 06pas3yeT ¢ MI0CKoCcThio yroa ¢ = 30°.

e 312. IlapamrenbHO OECKOHEYHOH INTOCKOCTH, 3apsDKEHHON ¢ IMOBEPXHOCTHOM
IUIOTHOCTRIO 3apsaa o = 4,0mxKn/ M, pacrmojio)keHa OCECKOHEYHO JIJIMHHAS
mpsiMasi HUTb, 3apsDKCHHAS C JIMHEHHON ILIOTHOCTbIO 3apsiia 7 =100mKa/ m2.
Omnpenenute cuiy F, AEHCTBYIONIYIO CO CTOPOHBI TJIOCKOCTH Ha OTPE30K HUTH
mmaoi L =1,0m.

e 313. C xakoii CWJION, IPUXOISIICHCS Ha SIUHUITY TIIOMIATN, OTTATKUBAIOTCS JBE
OJITHOMMEHHO 3apsKCHHBIC OSCKOHEYHO IMPOTSHKEHHBIC INIOCKOCTH C OJUHAKOBOMH
MTOBEPXHOCTHOM INIOTHOCTBIO 3apsjia O = —2,0mKKnl m??

+'-"1: e 314. DbeckoHeyHas mpsiMas ~ HUTh, PaBHOMEPHO
' 3apsKEHHAs C JIMHEHHOU MJIOTHOCTBIO 3apsaa
4 O =+3,0-10_7KJZ/M, u orpe3ok Huth mmuHOoM | =20cm,

1—?‘.,—-|_l—m PaBHOMEPHO 3apsHKEHHBIM C JTMHEMHOM TUIOTHOCTBIO 3apsijia

T, =+2,0-107 K/ m, pacronoxeHsl B OXHOM IUIOCKOCTH

| HNEepHIEHIUKYJIIPHO JpYyr Apyry Ha paccrosHuu I, =10cm.

OnpeﬂeJmTe 97014 BBaHMOHCﬁCTBHH MCKIYy HUMU.



e 315. DiekTpuyeckoe TOJIe CO3JaHO OCCKOHECUHOM
+7, IUIOCKOCTEIO, 3apSOKCHHOM ¢ TIOBEPXHOCTHOM IIJIOTHOCTBIO
7

&3 7 3apsga o =V400HK/Z/ M, n 6eVCK0HeqH0171 IPSIMOM HHUTHIO,
y 3apsDKEHHOM ¢ JIMHEHHOM ~ IUTOTHOCTBIO  3apsija
7=100nKn/ m. Ha paccrosamu r =10cm oT HUTH
HaxoauTcs TodewHbld 3apsa  (=10rwKn. Omnpenenute

Y BEJIMYMHY W HAIMpPABICHHE CWIIbI, ACHCTBYIOWIEH HA 3aps,
3 €CIIM  3apsil W HUTh JIeXKarT B OJHOU IUIOCKOCTH,

MapauIeIbHON 3apsI)KEHHON IIOCKOCTH.

e 316. IliacTuHBl IUIOCKOrO KOHAeHcaTopa miomanso 1,0-1072n%  kaxnas

NPUTATUBAIOTCS C CHJIOU 1,2-10_2H. [IpocTpancTBO MEXAYy IUIACTUHAMM
3aloJIHEHO  JudJiekTpukoM ¢ &£=2,0. Ompenenure: a) MOIyJb BEKTOpa
AIEKTPUYECKOTO CMGIHCHI/ISI‘ D‘; 0) 3apsia KakJI0H IJIaCTHHBI.

e 317. DrexkTpocTaTHYecKoe TOJIe O0Opa30BaHO TOJIOKHUTENBHO 3apsHKEHHOUN

OCCKOHEYHO JUIMHHOW HUTHIO. [IpoTOH, ABUTAsSCh MOA AEHCTBHEM ATOTO MOJS OT
TOYKH, Haxofsmencss Ha pacctosHuu X; =1,0cm oT HuTH, 10 Touku X, =4,0cm,

M3MeHH CcBOW ckopocts ot 2,0-10° mo 3,0-10°m/c¢. Haiinure JTUHEHHYTO

IUIOTHOCTH 3apsija HUTH 7. Macca mpoTtoHa M = 6,67 - 10" k2.
T e 318. ToucuHblii 3apsa Q:+3,0-10_5K/z, HaXOJUTCS B
B neatpe cheper  pammycom R =20cm, paBHOMEPHO

9 » 3apSDKEHHOM €  TOBEPXHOCTHOM  IUIOTHOCTBIO — 3apsja
o =+2,0-10" Kz / m?. Haiigure CUILy, JIEHCTBYIOLIYIO Ha

3apsag (= +2,0-10° Kz, KOTOpBI  MOCJIEIOBATEIIHHO

MOMEIIAIOT CHayana B Touky A, a 3atem B Touky B. Touxa

A HaxoauTcsa Ha paccTosHMM I, =16cm oT neHtpa chepsl,

a Touka B - mHa paccrosnum rg =30cm. M3006pa3ure
rpaduyecku 3aBucuMocTh E(r), rme r - paccTosHHE OT
1eHTpa chepsl.
e 319. Mexny IUTACTHHAMH TUIOCKOTO BO3AYIIHOTO KOHJECHCATOpPA HAXOMHUTCS
toueuHblit 3apsan ( = 30uKn. [lone koHmEHCATOpa ACHCTBYET Ha 3apsj C CHION

F =10mH . OnpenenuTe Cuity B3aMMHOTO TPUTSDKCHUS TUTACTHH, €CJH TUIONIA b

ka0l riactuasl S =100cm?.
e 320. Toueunsplii 3apsym (= 25#Kn7 HAXOAUTCA B TIOJIE, CO3JaHHOM IPSMBIM

O0ecKkOHEUHBIM MHIMHAPOM pamuycoM R =10cm, paBHOMEpHO 3apsHKCHHBIM C
MIOBEPXHOCTHOM INIOTHOCTBIO 3apsaa o = +0,20nKn/ cm?. Omnpenenute cuiy,

JCHCTBYIONIYIO Ha 3apsijl, €CIIH 3apsi HaxoauTcs Ha paccTossHun ' =10cm ot ocu
UJIUHPA.



e 321. [lo TOHKOW HWUTH, U30THYTOU IO TYT€ OKPYKHOCTH
pamuycom R =10cm paBHOMEpHO pacmpeneneH 3apsa
q=20uKn. Vcnonp3ys TPUHIUI  CYNEPIO3UIIUH,
OTIPENICIINTE HAMPSIKCHHOCTD AJIEKTPOCTATHICCKOTO MOJIS

E, co3maBaemoro sTmM 3apsjoM B ILEHTPE KPHUBHU3HBI
AYTH, €CIIM JIIMHA HUTH paBHA 4YCTBEPTU JITHMHBI
OKPYXHOCTH.

o 322. Ilo TOHKOMY KOJIbIY paanycom
I = 8,0cm paBHOMEPHO pacrpeieieH 3apsa] C JIMHCHHOM
wioTHOCThIO 7 =10uKn/m. Vcmone3ys  IpUHIMIT
CYTIEPITO3HUIINH, OTIPEICIINTE HaIPSOKCHHOCTH

3JIEKTPOCTATUYECKOTO  TOJIS E B  TOYKE O,
PaBHOYNAJIEHHOM OT BCEX TOYEK KOJIbIa HA PACCTOSIHUE

| =10cm.
+7 o 323. Tonkoe MOTYKOJNBIO paguycoM R paBHOMEpPHO
R 3apsSDKEHO € JIMHEMHOW TJIOTHOCTBIO 3apsana  +7.

I/ICHOJ'H)SYH IIPpUHIOMII CYHICpIIO3HIINH, OoIIpCaACINTC

HaAIIPSAKCHHOCTD JJICKTPOCTATHYCCKOI'O I10JIA Es LHCHTPC
KPHUBH3HBI ITOJTYKOJIbIIA.

324. 3apsn  =10nKn paBHOMEpPHO pacmlpeesieH MO TyTre OKPYKHOCTH, Paguyc
kotopoit R =10cm, a yrom pactBopa « :?ﬂ. Ucnons3ys mpuHIUI

CyHneprno3snnauu, OMnpcACIUTC HAIPAKCHHOCTb IJ3JICKTPOCTATHYCCKOIO II0JIA E B

HCHTPEC KPUBU3HLI IYTH.

2
325. Ilo nyre, qyinHa KOTOPOU paBHA 3 JUTHHBI OKpY>KHOCTH paguycoMm R =10cwm,

PaBHOMEPHO pacHpelelieH 3apsii C JIMHEWHOW TIUIOTHOCThIO 7 = 0,2MxKn/ m.

Vcnonp3ys ~ OPMHLIUI  CYIEPIO3MLMH,  ONpPEACIMTE  HAIpSKEHHOCTh
5JIEKTPOCTATHIECKOTO 110/ E B LIEHTPE KPUBHM3HEI TyTH.
=T e 326. Tomkmii crepxens mmHONM | =10cm 3apskxen ¢

JAMHEHHON MIoTHOCTRIO 3apsina 7 = 400uKun/ m. Ucnons3ys
NPUHIUI ~ CYHEPIO3UIMH,  HAWIWTEe  HANPSHDKEHHOCTD

AIEKTPOCTATUIECKOTO TTOJIS E B Touke A, KOTOpasl yJaJieHa
OT KOHIA CcTepkHA Ha  paccrosaue I =8,0cu
MEPICHAUKYIISIPHO CTEPIKHIO.
327. ToHKOE KOJBIO paanycoM R paBHOMEpHO 3apsDKEHO C JUHEHHOU
IUIOTHOCTBIO 3apsaa 7. VIcmonb3ys TPUHIMI — CYNEPIIO3WIUH, HaHauTe
HANPSHKEHHOCTh 3JICKTPOCTATHUECKOTO TMOJISI: a) B IEHTPe KOJjblla, 0) B TOUKE,
PacIoNI0KEHHON Ha OCH KOJIbIIa Ha PacCTOSTHUK N OT ero IeHrpa.



e 328. Ha tonkom momykombie paguycoM R =20cu paBHOMEpHO pacmpeneieH
3apsan Q; =2,0 10° Ka. Wcnonp3yst npuHLIMN CYNEPIIO3UIUHU, ONPEICTUTE CUIY,

JEUCTBYIONIYIO Ha ToueuHbld 3apsa Q, = 4,0 1078 K, PACIIOJIOKEHHBIN B IIEHTPE
KPUBHU3HBI TTOTYKOJIBIIA.

e 329. Tonkuit crepxenb jmHOM | =05m paBHOMEpPHO 3apsHkKeH C JMHEWHOMN
IJIOTHOCTBIO 3apsiaa 7:1,0-10_6[01/ M. Hcnonb3ysi MPUHIUIT CYNEPIIO3UIUH,

HANUTE HANPSHKEHHOCTh AJIEKTPOCTATUYECKOrO MO B TOYKE, HAXOMIAIIECHCS Ha
pacctossau & =01m oOT cTepkHS W pPaBHOYJAJICHHOW OT ero KoHIOB. Kak

U3MEHHUTCS HAMPSHKEHHOCTD Touts, ecnn: 1) a <<1; 2) a>>1?
e 330. MHcmomp3ys TPHUHIUI CYNEPIIO3UITNN, HAUIUTE

o+ |
h |  HaOpsHKEHHOCTH SJIEKTpocTaTH4eckoro mons E, koTopoe
* L 'l‘_;j_ CO3Jal0T B TOYKe A  mapaieibHbIEe PaBHOMEPHO
+r R 3apsHKCHHBIC c JIMHEWHON IUIOTHOCTBIO 3apsaa
i T =1,0-10_8K/Z/M tokue HuTHA JumHOM | = 0,504 . Touka

A HaxoJUTCS B OJHOHM IJIOCKOCTH C HUTSMHU U yAajeHa OT
Kax10¥ HUTH Ha paccTosare h =0,20m.

e 331. Okon0 3apsHKEHHOW OECKOHEYHO MPOTSHKCHHOW IUIOCKOCTH — HAXOIUTCS
toueuHbli 3apsan ( = 0,66nKz. 3apsn mepeMernaeTcs 1Mo JUHUHA HAIPsSHKEHHOCTH

mons Ha paccrosaue | =2,0cm. Ilpu »>TomM coBepiiacTcss  pabota
A=50-10"" Joc. Haiigure MOBEPXHOCTHYIO TUIOTHOCTh 3apsga o Ha

IJIOCKOCTH.

o 332. [lpm paamoakTUBHOM pacmaje W3 sApa aToMa TOJOHHS BBUIETACT o -
JacTUIIa CO CKOpOCThIO V =1,6-107M/ c. Haligure pa3HOCTh ITOTCHIIMAJIOB
anekTpudeckoro moyst U, B KOTOpOM MOYXHO pa30rHATh MOKOSIIYIOCS o - YACTHILY
1o Tako# ckopoctu. ((, = 3,2 107K, m, = 6,67 107% Ke).

e 333. DaekTpHuUyecKkoe moyie 00pa30BaHO IMOJIOKUTEIBHO 3apsHKEHHONH OSCKOHEUHO
JUIMHHOW HWTBIO ¢ JIMHEHHOW IioTHOCThIO 3apsna 7 = 0,2wmxKn/m. Kakyro

CKOpPOCTh V TIOJYYHUT 3JIEKTPOH IO ACHCTBUEM IOJISA, MPUOIU3UBIINACH K HUTH C
paccrosHus I =1,0cm g0 paccrosnus r, = 0,5cm ?

o 334. [loBepxHOCTHasT ~ IJIOTHOCTh  3apsiia  MeTauiMueckod  cdepbl

o = 0,33uxK/ m? Torenuman cheppl Ha paccrosHEM  Ar =15cm ot
MOBEPXHOCTH paBeH ¢ = 7508 . Haitnure paguyc R chepsr.

e 335. DaekTpruyeckoe 1moyie 00pa30BaHO IMOJIOKUTEIBHO 3apsHKEHHONH OSCKOHEUHO
JJIWHHOM HUTHIO. [[BUTrasch mod AEMCTBHEM ATOrO MOJsS OT TOYKH, HAXOJSIIEHCs
Ha pacctossHuM I =1,0cv OT HHUTH, O TOUKH, HAXOIAIIEHCS HAa PacCTOSTHUU

r, = 4,0cM OT HUTH, ¢ - YACTHIIA H3MEHHIA CBOIO CKOPOCTh 0T V; = 2-10° /¢ 1o

V, =3.10%m/c. Halinute InwmHEWHYIO IUIOTHOCTH 3apsiia 7 Ha HUTH.
(q, =32-10 Kz, m_ =6,67-10"%" ko).



e 336. DIEKTPOH JIETUT OT OJAHOW TUIACTHUHBI IIOCKOTO KOHJIIEHCATOpPA JO JPYTOM.
Paznocts motenmmanoB Mexnay miactuHamu U =3,0kB, a paccrosHue MEXITy
Humu 0 =5,0mm . Haiigute ckopocth V, ¢ KOTOPO# 3JEKTPOH MPHUXOIUT KO
BTOPOH TUTACTHHE, W TIOBEPXHOCTHYIO IUIOTHOCTH 3aps0OB Ha IUIACTUHAX O .
(g =1,6-10° Kz, m, =91-10"* x2).

e 337. DnekTpoH, MPOHIS B IIIOCKOM KOHJEHCATOPE IMyTh OT OJHOM IIJIACTUHBI JI0
apyroi, mpuobperaer CKOpocTh V =10-10°m/c. Paccrosmue MEXTY

wractuHamu d = 5,3mm . Halimute pasHoCTh oTeHIManoB U Mex 1y TuracTHHAMU
¥ TIOBEPXHOCTHYIO TUIOTHOCTH 3apsifa ¢ Ha TUIACTHHAX.

e 338. DnexTpuueckoe moje oOpa30BaHO ABYMsI MapajUICIbHBIMU IIJIACTHHAMH,
Haxoasmumucss Ha paccrosauu d =2,0cm  apyr or npyra. K mractuHam
npuiiokeHa pasHocTs mnoreHiuanoB U =120B. Kakyio ckopocTh MOMydUT
DJIGKTPOH TMOJ| JCWCTBHEM IIOJIsA, TPOWIS BIOJb JIMHWH HANPSKCHHOCTH
paccrostare AX = 3,0mm ?

e 339. Ha TtoHkoM kombile pamumycom R =80cm

B paBHOMepHO pactpeneneH 3apsg Q =3,0mxKz. Ha ocwm
o KOJBIA HA PACCTOSHHH | =12c¢m ot mentpa O HaXOmUTCS
-0 { ¢ rtoueunstit 3apsin ( = —0,luxKn. Kakyio paboTy HeoOX0auMO

COBEPIIUTH, YTOOBI YAAIUTH 3aps (| Ha OECKOHEUHOCTH?

e 340. B omHOpPOOHOE DOIEKTpUYECKOE Ioe HampsukeHHOCThIo E =200B/m
BiIeTaeT (BIOJb CHJIOBOW JIMHUM) DJIEKTPOH CO CKOpPOCTBhIO V) =2,0-10%u/c.
Omnpenenure paccrostaue |, KOTOpoe MPO#IET AIMEKTPOH A0 TOYKH, B KOTOPOH €ro
CKOPOCTB OyJIeT paBHA MOJIOBUHE HAYAIHHOM.

| | e 341. Haiinute paboTy, KOTOPYIO HYXHO 3aTpaTUTh,
U/' W YTOOBI BbIHYTb JHUJJICKTPHUK M3 IIJIOCKOIO KOHAECHCATOPA,
5 %‘_% €CIM  HalpsHKEHWE Ha  IUIACTHHAX — TOJCP)KUBACTCS
nmoctosHHBIM ©  paBHeIM U =5008. Ilnomans miacTuH

S =50cu®, paccrosuue Mexay rutactuHamu O = 0,50cm, a

TVDIICKTPUYECKAst IPOHUTIAEMOCTh TudJIeKTpuka & = 2,0.
' e 342. Haiinute paboTy, KOTOPYIO HYXHO 3aTpaTUTh,
% 9TOOBl BBIHYTH OMAJEKTPUK U3 IJIOCKOTO KOHJEHCATOpa,
///////‘jﬁ €CIIM 3aps] Ha IJIACTUHAX MOAJAEP)KUBAETCS MOCTOSIHHBIM U
0 paBubiM (= 6,0mkKr. IDmomans miactur S =100cm?,

+q
—q

pacCTosIHHE MEXKTY IUTACTUHAMUA d =0,3cm, a
TUAJICKTPUYCCKAs IPOHUIIAEMOCTh IuJeKTpuka & = 2,0.

e 343. Haiimute pabotry A, KOTOpYIO HYXKHO 3aTpaTUTh, UYTOOBI YBEIUIUTH
paccTosiHME X MEXIy IUTACTHHAMHM TUIOCKOTO BO3IYIIHOTO KOHJIEHCATOPA,
3apsHKEHHOTO  pasHomMeHHBIMH — 3apsmamu  Q =0,2uxkKn, Ha BenWuuHy

AX = 0,2 mm . ITnomanp Kax 0¥ U3 IJIACTUH KOHJIEHcaTOpa S = 400cm?.



e 344. Kakyro pabOTy HAJO COBEPIIUTH, YTOOBI YBEIUYUTH PACCTOSHHUE MEXKIY
IJJAaCTUHAMM TUIOCKOTO BaKyyMHOTO KOHJIEHCATOopa C IUIOMIAJbI0 IUIACTUH

S =100cm? ot paccrosHus X, = 0,03m no paccrosnus X, =0,10m? Hanpsbxenue
MEX Iy TIaCTHHAMU KOHAeHcaTopa ocTossHHO U paBHO U = 2208 .
e 345. Haiinute paboTy, KOTOPYIO HYXHO 3aTpaTUTh,
9TOOBI BBIHYTh OJIHY TOJIOBUHKY IUAJICKTPUKA U3 TUIOCKOTO
W ., KOHIEHCATOpa, €CM HANpsUKEHHE MEKAY —IUIAaCTHHAMH
s noanepkuBaeTcss moctosHHRIM  u  paBHRIM U =3008.

T e L ot et it 1)

\\\\\\Q [nomans mmactua S = 250cm?,  paccrostHEe — MEXIy

mwiactuHamMu 0 =1,0cm, a nudIeKTpUYecKas MPOHUIIAEMOCTh
mudnnekTpuka € = 3,0.

e 346. Haiinute paboTy, KOTOPYIO HYXHO 3aTpaTHUTh,

YTOOBI BBIHYTb OJHY ITOJIOBHMHKY JUI3JICKTPHUKA M3 IIJIOCKOIO
KOHACHCAaTOpa, €CIM 3apiad Ha INIaCTHHAX IMOAACPKHUBACTCA

MOCTOSTHHBIM W paBHBIM ( = 5,0mxKn . [lmomane miacTtuH

S =50cm?, paccrosHue mexay iactuHamMu d =0,3cu, a
TURJICKTPUYECKAs IPOHUIIAEMOCTh IujIeKTpruKa & = 2,0.

e 347. Ilnomans IMIACTHH IUIOCKOTO BO3AYIITHOTO KOHJEHCATOpa S =0,0].MZ,
paccrosiaue Mexay Humu 0 =5,0mm . Kakas pasnocte moreHrnuanioB U Obuta
MpWIOKEeHa K TUTACTHHAM, €CJIM W3BECTHO, YTO TPU pas3psne KOHAeHcaTopa
BeIIeMIOCch Q =4,19m/[oc Tenna?

o 348. [Ilmockuii KOHACHCATOP, 3alOJHCHHBIH IJKUIKAM JUDJICKTPHUKOM C
TVDIICKTPUYECKONH TpoHunaeMocteio & = 3,0, 3apsamuiam, 3aTpaTHB HAa 93TO
srepruto W, =10mx/owc . 3aTeM KOHIEHCATOp OTCOETUHUIN OT UCTOUHUKA, CIWIN
U3 Hero AWdJIeKTpuK u paspsaaunu. Omnpenenute sHepruto W,, KoTopas
BBIICITAIIACH TIPH Pa3psIKE.

o 349. [Tnockuit KOHAEHCATOP 3aNOJHEH MTUAJIEKTPUKOM U Ha €T0 TUIACTUHBI MOjaHa
HEKOTOpasi pa3HOCTh TOoTeHNuanoB. Ero sneprust mpu stom W = 70mx/xc.

[locne Toro Kkak KOHJEHCATOP OTKIIOYUIM OT MCTOYHHKA HaIpPSIKEHHUS,
IUAJIEKTPUK  BBIHYJIM M3 KOHJAEHcaTopa. Hailaure  AMDIEKTPUUYECKYIO
MIPOHUIIAEMOCTh TUAJIEKTPUKA £, €CM padoTa, KOTopas ObLIa COBEpPILEHA MPOTUB
CHJT BJISKTPUYECKOTO TOJIsS, YTOOBI BBIHYTh AMAIIEKTpUK, A = 20mx/ic .

e 350. Ilmomamp MIaCTUH TUIOCKOTO BO3MYITHOTO KOHJIEHCATOopa S =125cm°, a
pacctostare Mexay Humu d; =5,0mm. K mnactuaam KoHIEHcaTOpa MpHIIOXKeHa
pa3sHoCTh  moTeHIHanoB U =6-10°B. Haiiure W3MeHeHHE EMKOCTH

koHaeHcaTopa AC M M3MEHEHWE MJIOTHOCTH YHEPTUU A@ BICKTPUIECKOTO OIS
IpU YBEINYCHUH PACCTOSHUSA MeXy mactuHaMu 10 d, =10mm , ecnn ncTouHUK

HaIIPsAKCHUA HC OTKIIIOYACTCA.



351. OOxyaaKky KOHJEHCcAaTopa C HEM3BECTHOH eMKocThio C;, 3apsyKEHHOTO M0
HanpspkeHuss U, =808, coeauHsAOT ¢ 0OKJIaAKaMU KOHAEHCATOpa €MKOCTBIO
C, =60mx®, 3apspkenHoro no HampsbkeHuss U, =16B. Onpenenute eMKOCThb
C,, ecnu HampspKeHHME Ha KOHJeHcaTopax mocie ux coeauHenus U; =208.
KonpeHcaTopbl COCIUHSAIOTCS OOKJIaJKaMH, HWMEIONUMH. a) OJHOMMCHHBIC
3apsiabl; 0) pa3HOMMEHHBIC 3apsIJIb.

352. 3apsokennsbiit map 1 paguycom R; = 2,0cv npuBoauTCsa B COPUKOCHOBEHUE
C He3apsKEHHBIM 1IapoM 2, paauyc kKotoporo R, =3,0cm. Ilocne Toro kax maps
pa3beIMHMIIM, 3apa] Lapa 2 okasaics paBHbIM (|, = 3,0mxKn. Kakoi 3apsn 0
ObLT Ha mape 1 10 conmpuKOCHOBEHMS C mapom 27

353. Kongencatop emkoctbio C;, 3apspkeHHbI 10 Hanpsbkenus U, =100B,
coenuHseTcss ¢ KoHAeHcaropoM eMKkocTelo C, =2C;, 3apsKEHHBIM [0
Harpspkernss U, =200B  mapamnensHO — (HONMOXUTENbHAas — OOKIaAKa ¢
MOJIOKUTENIBHON, OTpHIaTebHas C oOTpuIatenabHoi). Kakoe HampsbkeHue
YCTaHOBUTCS MEXTYy OOKIaKamMu?

354. Konpgencarop emkocteio C; =10mx@ 3apsoken no Hampsbkenus U =10B.
Omnpenenure 3apsag Ha OOKIAaIKax O3TOT0 KOHAEHCATOpa IOCIHE TOro, Kak
napajielbHO €My OBUI TOAKITIOYEH JPYroil, He 3apsoKeHHBIH, KOHACHCATOP
eMkocTbio C,y = 20k

355. Kongencatop emkoctbto C; =1,0mk®@, mpeaBapUTEIbHO 3apsKEHHBIH 10
Hanpsokeranss U =300, moakmoumiId — MmapauielbHO K HE3apsDKCHHOMY
KOHJIeHcaTopy eMKocTbio C, =2,0mx@. Haiinute npupalueHue 31eKTpHUYecKOn
sHepruu Toi cucteMbl AW K MOMEHTY YCTaHOBJICHHSI PABHOBECHSI.

356. B miockuii KOHAEHCATOp BIBHWHYJW IUIACTHHKY TapaduHa TOJIUHON
d =10cm, xoTOpas BIUIOTHYIO TMpWiIeraeT K IUIACTHHAM KOHJEHCATOpa.
Jvanektpudeckas mpoHuriaeMocth mapadpuaa & =2,0. Ha ckoabko HYXHO
YBEJIMYUATHh PACCTOSIHUE MEXY IUIACTUHAMH KOHJICHCATOpPa, YTOOBI IMOITYYUTh
MPEKHIOI0 EMKOCTH?

357. JIpa Mmeraiudeckux mapuka paamycamu R; =50cm m R, =10cu umeror
sapsinbl Q =40nKn u Q, = -20uKn cootBercTBeHHO. Haiinurte suepruro W,
KOTOpAast BBIJICIUTCS TIPU pa3psje, €CIIH Mapbl COSTUHUTH TPOBOTHUKOM.

358. Ha mutockuii BO3AYIIHBIA KOHJEHCATOP C TOJIIMHOW BO3IYIIHOTO CIIOS
d =1,2cm monaercs wanpspbkernne U =32xB. bynmer nu mpoOUT KOHIEHcCATOp,
eCM  TpefenbHas — HAMPSHKEHHOCTh  DJIEKTPUYECKOTO MO B BO3JAYXE
E" =30xkB/cm?

359. Ilnomans TIACTHH ILIOCKOTO BO3AYIIHOTO KOHIEHCaTopa S =125cm°, a
paccrossane Mexay Humu dy =50mm. Halizure u3MeHeHHE eMKOCTH
koHaeHcaTopa AC M M3MEHEHWE MJIOTHOCTH SHEPTUU A@ BICKTPUIECKOTO OIS



IpU YBEINYEHUH PACCTOSHUS MeXy miactTuHaMu 10 d, =10mm , ecnn ncTouHuK

HAIPSHKEHMS TIEpe]T STUM ObLI OTKIIIOUEH.
360. IIpocTpaHCTBO MeXay IIACTHHAMHU IUIOCKOTO KOHJIEHCATOpa 3aroJHEHO
ABYMs CIOSIMH JHMJIEKTpHKa. cioi crtekna TtommumHOW Oy =0,2cm wm cioit

napaduna Tomumuod d, =0,3cu. Pa3HOCTH MOTEHIIMAIOB MEXIY OOKIaIKaMH
U =300B. Haiinute TUIOTHOCTh SHEPTUU DIICKTPUUECKOTO TOJS B KAKIOM CIIOE
(. =906, =3,0).

361. Ot Garapewn, 3.1.c. kotopoir E=600B, TpeOyeTcs mepenaTh SHEPTHIO HA
paccrostaue | =1xm . Tlorpebasiemast momuocts P = 5xBm . HaiiT MUHMMaIbHBIE
MOTepH MOIIHOCTH B CETH, €CIM JUaMeTp MOABOMSIIUX MEIHBIX TPOBOIOB
d =0,5¢cm.

362. K 6arapee, 3.4.c. kotopoir E=2B u BHyTpennee conporusiienne I = 0,50m,
NPHUCOCJWHEH TMPOBOAHHMK. Omnpenenuth. 1) TpH  KaKOM CONPOTHBICHUU
MIPOBOJIHMKA MOIIHOCTb, BBIZCNIAEMas Ha HEM, MaKCHMalibHA? 2) KaK BeJIMKa MpHU
ATOM MOITHOCTb, BBIJIE/sIEMasi B IPOBOTHUKE?

363. AKKyMYJIITOp 3aMBIKAIOT OJWH pa3 TaKMM COIPOTHBIICHHEM, UYTO CHJIA TOKA
paBHa 3A, a BTOpOH pa3 TaKMM COIPOTUBICHHEM, YTO CHJIA TOKa paBHa 2A.
OnpenenuTs 3.7.C. aKKyMYJISITOpPa, €CIU MOIIHOCTh TOKA BO BHEITHEH IenH B
000uX CIy4asiX OJUHAKOBA, a BHYTPEHHEE COMPOTUBIICHUE aKKYMYJISITOpa PaBHO
r=40m.

364. D.x.c. Gatapen E=24B. Haubonpimas cuma TOKa, KOTOPYIO MOXET AATh
Oartapes, |, =104. Onpenenuts MakcUMallbHY!0 MOMIHOCTh P, , kKoTopas
MOJKET BBIJIEISITHCSI BO BHEIITHEH TICTIH.

365. [Ipu BHemHeM conpoTuBiaeHuu [ =80m cuia Toka B uenu pasHa |, =0,84,
a mpu conpotusieHuu r, =150m cuna toka |, =0,54. Onpenenure cuiny Toka
| 3 KOPOTKOrO 3aMbIKaHHsI UCTOYHHKA 3.]1.C.

366. Halitn BHYTpeHHEE CONMPOTHUBIICHHE TEHEPATOpa, €CIH W3BECTHO, UYTO
MOIIIHOCTh, BBHIACNIIEMasi BO BHENTHEH IEMH, OJMHAKOBA MPHU JIBYX 3HAYCHUSIX
BHEIIHero conporusienus Ry =50m u R, =0,20m.

367. Ot renepatopa, 3.1.c. kotroporo pasHa 1108, TpeGyeTcs mepeaarh SHEPTHUIO
Ha pacctossare 2504 . MomHoCTh Harpy3ku paBHa lkBm . Halith MuHMMambHOE
CEUYCHHE MEIHBIX MOABOMSAIINX IMPOBOJOB, €CIIM MOTEPH MOIIHOCTHA B IEMU HE
JIOJKHBI TIpeBBIMATh 1% OT MOITHOCTH HArpy3KH.

368. D.x1.c. 6atapen E=12B. I[Ipu cuie Toka | =44 k.m.a. 6atapen paBen 0,6.

Onpenenute BHyTpEeHHEE COMTPOTUBIIEHUE OaTapewu.



£

e 369. [Ilorenmuomerp compotuBiearneM R =1000m
nojakiaodeH k Oartapee ¢ »3.4.c. E=1508 u BHyTpeHHUM
cornporuBiaeHrueM I =500m. Omnpenenuts. 1) mokasaHus

BOJITMETpa comnpoTtusienueM R, =5000m, coeguHeHHOTr0O

C OJTHOM U3 KJIeMM ToTeHImoMeTpa (Touka B) ¥ moaBmKHBIM
KOHTakKTOM (TOo4ka A), YCTAaHOBJICHHBIM IOCEPEIHHE
MOTEHIIMOMETpPA; 2) pa3HOCTh IMOTCHIIMAIOB MEXIy TEMH JKe
TOYKAMHU MOTCHIIMOMETPA TPU OTKJIIFOYCHHOM BOJIBTMETPE.

e 370. Cua Toka B mpoBoaHuKe conpotuBieHneM R =200m HapacTaeT B TeueHHE

BpeMeHu At =2C no nuHeiiHoMy 3akoHy oT |5 =0A nmo | =6A. Ompenenure
TeroTy Q;, BHLAEISIONIIYIOCS B 3TOM IPOBOJHUKE 32 MEPBYIO CEKYHIY, U TEIUIOTY
Q, - 3a BTOpy10, a TaK)Ke HAlIUTEe OTHOILIEHUE 62

1

£

R o 371 Ompenenure HaIpPsKEHHE Ha

4 —

1 :IT conporusienusx R, =20m, R,=R;=40nm,

2 —

A R, =20m, BKIIOYEHHBIX B LEeIb, KaK MOKa3aHO
:R3— Ha pucynke, ecmu E=10B, E=4B.
:IR_4J ConpoTUBJICHUAMHU HUCTOYHHUKOB TOKa

npeHeopeyb.

& I

1

- I T e 372. Onpenenure HaNpsDKCHUE Ha 3aKMMax peocTara,

&z r BKJIIOYEHHOTO0 TakK, KaK IMOKa3aHO Ha PHUCYHKE, €CIU

2y |2 E=5B, r,=10m, § =3B, r, =0,50m, R=30x.

-+

R
373. Tpm Oarapen (E=8B, E =3B, E=4B) ¢ BHyTpeHHUMH

CONPOTHUBIICHUAMHU 1O I =20Mm KaxkJaas COCAMHEHBI OJHOMMEHHBIMU ITOIIOCAMH.
[IpeneOperas CONMPOTUBICHUEM COCIUHHUTEIBHBIX IPOBOJOB, OMPEASIUTE TOKH,
uayiue uepes darapeu.

&1 |11
=1 + e 374. [lse Oatapen (E=10B, r,=10m, E =8B,
&, Iy r, =20m) u peoctatr (R=60m) coemuHeHsl, Kak
___'I + MOKa3aHo Ha pucyHke. Ompenenute CuIy TOKa B
R OaTapesix U peocrare.
.1 A B e 375 Tpu pesuctopa ¢  CONPOTUBJIEHHUAMH
'I|+ I3¢ R,=60m, R,=30m u R3=20m, a rakke
R, R, R;




UCTOYHUK Toka B =2,2B coenuHeHbl, Kak MOKa3aHO Ha pucyHke. Onpenenurte
a.4.c. E ucrounnka, KoTOpeIi HAZO MOAKIIOYUTH B IETh MEKIY TOUKaMu A u B,
4TOOBI B PE3UCTOPE CONPOTUBIEHUEM Rj mien Tok cunoi |3 =14 B HampaBneHuw,
yKa3aHHOM CTpenkoit. COmpOTUBIEHUEM UCTOYHUKOB TOKA MMPEeHEOPEUb.

R R, 376.  Ompepenute  CcuIy  TOKa B
CONpOTUBICHUH R; M HampspkeHHe Ha

1

KOHIOax 9TOT0 COIMPOTUBJICHUA, cClin

- — E=4B, =3B, R =20m, R,=60u,
T- &1 Zh R; =10m. BuyTtpennnmu
CONPOTUBICHUSAMH  HCTOYHHKOB  TOKa
npeHeopeyb.

Z R,
o | - e 377. Tpu HCTOYHMKA TOKa C 3.1.C.
£, R, E=11B, E=4B, E=6B u 1pu
1 - | n — conpotusinenuss R;=50m, R, =100m,
&, R, R; =20Mm coenuHeHbl, Kak IOKa3aHO Ha
_ i n pucynke. Omnpenenure CHIbl TOKa B

CONPOTHBIICHHSIX. BHyTpennee
CONPOTHUBJICHHE HCTOYHMUKOB TOKA IIPECHEOPEIKUMO MaJIo.
e 378. Tpu wucrounmka Toka (F =138,

Iy

-I + 59?3 Ir3 %:1’53; %:23, r1:r2:r3:0,20ﬂ/l)
Iy _I |+
+

&)

—

COCJIMHCHBI, KaK II0Ka3aHO Ha PHUCYHKE.
Comporusnenne R =0,550m. Omnpenenute
CHJIBI TOKA B UCTOYHHKAX.

R

e e 379. Ha cxeMme, moKa3aHHOW Ha PHCYHKE,

COIPOTHUBJICHHUSI
R, =R, =Ry =R, =10000m, E =158,
E =18B. Onpenenure TOKH B

COTIPOTHUBIICHHSIX. BryTpennee
COTIPOTHUBJICHUE HUCTOYHUKOB TOKa
npeHeOpe kMo MaJo.

e 380. KakoBbl BHyTpEeHHHE CONPOTUBJIECHHUA HMCTOYHUKOB TOKa ¢ 3.4.c. =165,
E =14B, B =118, eciu, Oyayuyun COECIUHEHBI MAPAJLICIBHO IPU BHELIHEM
conporusieHnu R =10m, onu paror Toxu 1, =084, 1,=0,64 u 13=-0,247
Tok, mpoTekaromuii Yepe3 MaHHBIH UCTOYHUK, CUATACTCS MOJIOKHUTECIIHBHBIM, €CITH

BHYTPH WCTOYHHMKA OH TE€UYET OT MHHYCa K IUTIOCY, M OTPUIATEIHHBIM, €CITH -
Ha00OpOT.



