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Ot aBTOpa 3a7aHUSA

D710 3amaHUe NpeIHa3Ha4YeHO UL MMOBTOPEHHUS 3JIEKTPOCTATHKH M 3aKOHOB IIO-
CTOSIHHOTO TOKa. 3aJlaHUe CHENaHO ABYXYPOBHEBHIM: OCHOBHOWH YpPOBEHb U IOBBHI-
IICHHBI ypoBeHb. B TekcTe 3agaHMs MaTepHall IOBBILICHHOTO YPOBHS BBIACJICH
3BE3MOYKOH. DTOT MaTtepual MOXKET IMOHATOOUTHCS IpU paboTe ¢ MpeaHa3HAYCH-
HBIMH JUI CaMOCTOSTEIBHOTO PELICHUs KOHTPOJBHBIMH BOIPOCAMH M 3aJav4aMH
MOBBIIIEHHOTO YPOBHS (OTMEYEHBI 3BE30YKO).

OIeKTpHU4ecTBO, 0COOEHHO €ro 4acTb — 3JIEKTPOCTATHKA — TPAJULHOHHO TPYH-
HBI pasgen. [lo3ToMy OGONBIIMHCTBO KOHTPOJBHBIX BOIIPOCOB M 334ad IJISI CAMO-
CTOSITENIFHOTO PELICHUS] aHAJIOTHYHbI, Pa300paHHbIM B 33/IaHUU, U PACIIOJIOKEHBI B
TOH ke mocienoBarensHOCTH. Hazmerock, uTo Takas CTpyKTypa 3aJaHHs MOMOXKET
Bawm Oonee aexTHBHO cucTEeMaTH3UPOBATh M yriyouts Bamm 3HaHus. Pexomen-
JyeTcsi o Mepe paboThl Haj maparpadaMu 3aaHusi HaXOAUTb COOTBETCTBYIOIIHE
KOHTPOJIbHBIE BOIPOCH! M OTBEYATh HA HUX, 3aKPEIUIAA ATUM IIPOUYUTAHHBIA MaTepH-
al.

§ 1. 3apsia. HanpsiakéHHOCTDb 2JIEKTPUYECKOT0 MOJIS

MHoro4ucieHHble ONbITHBIE (DAKTHI MOATBEPXKIAIOT, YTO OOJIBILIONW KPYT SIBIIE-
HHUM IpUPOABI MOXKHO OIMCATh, BBEAS MOHATHUS JIEKTPUUIECKOTO 3apsAaa U dIEKTPU-
9YeCKOro 1noJis. EMuHuIy 3JeKTpHUecKoro 3apsiia MOKHO BBECTH Pa3HBIMU IIyTSIMHU B
3aBUCHMOCTH OT BbIOOpa cucrtembl eauHHL. Ceifuac HET BO3MOXKHOCTH Ha 3TOM
OCTaHABJIMBATHCS, NMO3TOMY Oy/leM CUMTaTh, YTO YK€ €CTh HNPHHIHUINAIBHBIA CITO-
co0 n3MepsATh 3apsa KoamdecTBeHHO. [Toiiném manbie.

IIpn Bcex B3amMOAEHCTBUSAX B MAakpOMHPE M MHUKPOMHPE BBINOJIHIETCS 3aKOH
COXpaHeHMsI YJIEKTPHYECKOI0 3apsja. areebpauieckas Cymma 3apsaoos cucmembl
COXPAHAEMCA, ecliu Yepe3 epanuybl CUCIEMbl He NPOX00am d/IeKmpuieckue 3apsobl.
Crnenyer emé pa3 OTMETHTb, YTO 3aKOH COXPAHEHHUS 3apsAja CIpaBeAIUB HE TOJIBKO
IpY B3aUMOACHUCTBUHM MaKPOCKONMYECKHUX TeJ, HO U NPH B3aUMOJICHICTBUHU 3JI€MEH-
TapHBIX YAaCTHII, KOT/Ia B pPe3yJIbTaTe SJICPHBIX PEaKIUi OJTHU YAaCTHUIIBI MCUE3aloT, a
JpyTHe TOSBISIOTCS.

BaxXHBIM ITOHATHEM SIBIIACTCS MOYEUHbIl 3aps0, TO €CTh 3apsDKCHHOE TEJIo, pas-
MepaMH KOTOPOTO MOXKHO NpeHeOpedb 10 CPAaBHEHHUIO C JPYTMMH XapaKTEePHBIMH
PacCTOSHUSAMH, HAIPUMEP — PACCTOSIHUEM 10 JPYTHX 3apsiIoB (3apsSHKEHHBIX TE).

OnBIT MOKA3bIBAET, YTO XapaKTEPUCTHKOHN 3JIEKTPHUYECKOTO IO B KaXKJOH ero

TOUYKE ABJISACTCA BEKTOPHAA BECIIMYUHA E, Ha3bIBaCMas HanpﬂDICéHHOCmblO NleKmpu-
YyecKoeo noJisi 1 onpeaeisieMas u3 paBeHCTBA:

e-F

q
3necy F — cuma, geiicTByromas Ha HEMOIBM)KHBIA TOYCUHBIN 3apsij], TOMEIIEH-
HBII B HCClleyeMyto TO4Ky mnossi. IIpu 3ToM 3HaK 3apsiia ( 1:000H, a caMm 3apsin

Ha3bIBaeTCsl MPOOHBIM, T. K. UM «poOYIOT» moiie. Hanpspk€HHOCTD TOJISt OT BeJH-
YHMHBI IPOOHOTO 3aps/ia HE 3aBUCHT, KaK HE 3aBUCHUT TeMIepaTypa BOJbI B 03epe OT
BUJA TEPMOMETpa, KOTOPEIM e€ m3MepstorT. CieayeT, OJHAKO, 3aMEeTHTh, YTO IS
M3MEPEHUs] HAPSHKEHHOCTH OIS, KOTOpoe OBUIO 110 (a He mociie) BHECEHUS Mpoo-
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HOTO 3apsia, CICAYCT 6paTL 3apsn ( HacTOJbKO MallbIM, yTOOBI OH HE BBI3BIBAI

3aMETHOrO IepepaclpenenecHus 3apsaioB, CO3MAONMIMUX TI0ie, U He BBI3BIBAN CyIle-
CTBCHHBIX M3MCHEHHH B OPYIHX BO3MOXHBIX MCTOYHHMKAX JJIEKTPUYECKOIO IIOJIS.
VlcToYHMKAaMH DIIEKTPUYECKOTO TIOJISL SBIIOTCS ISKTPHYCCKHE 3apsi U U3MEHSIIO-
Imeecsi MarHuTHoe noste. U emé oJHO 3aMevaHue 110 3alIHCaHHOMY BEIIIE PaBEHCTBY

st E . Toueunslit 3apsan  co30aéT BOKpYT ceOs COOCTBEHHOE HIEKTPUUECKOE MO-
JIe, HO 3TO II0JIC HMKAK HE BXOJUT B PABEHCTBO JJIS ONPEACICHUS HANPSKEHHOCTH

E , nockoneky E ecTh Hampsyk€HHOCTH BHEIIHETO IOJSL, T. €. IOJSI, CO3AaHHOTO
BCEMU 3apsAfaMu (WK IPYTMMU UCTOYHUKAMM), KpOMe 3apsiaa (. 3apsi (| CIIyKHT

JIMIIb MTHCTPYMEHTOM IJIS1 U3MEPCHUA HaHpH)KéHHOCTI/I 3TOro BHemIHero moist. U ato
TMPUHIUIIHAIBHO.

YacTHbEIM CJIY4acM DJICKTPHUUCCKOTO IOJIA ABJISICTCA d/ieKmpocmamuiecKoe noiie,
T. €. IOJIC, CO3JITaHHOC HCIOABMKHBIMU 3apsaaaMu.

W3 ombiTa N3BCCTHO, YTO JJId BJICKTPUYCCKOT'O MOJIA CIPpaBCIJIMB NPUHIMUII CYy-

NEPNO3NINH: 8 KadCOOU mouke Hanpsixcénnocms E anexmpuueckozo nons pasua
BEKMOPHOU CYyMMe HANPANCEHHOCMel noael, CO30aHHbIX 8 IMOU MOoYKe 8CemMu UC-
MOYHUKAMU LEKMPULECKUX NOAEL

EZEﬁEﬁ‘”:ZEi-

§ 2. 3akon Kyaona. IToJsie ToueuHnoro 3apsjaa.
CuJjioBble JIMHHM 3JIEKTPHYECKOT0 MOJIsI

OnbITHBIM ITyTEM YCTaHOBIICH 3ak0H KyJona: cura e3aumooeiicmsus 08yx mo-
YEUHBIX HENOOBUIICHBIX 3APSIO08 8 8AKYYME NPONOPYUOHATLHA NPOU3BEOEHUIO MOOY-
Jell 3apsa008, 0OpamuHo NPONOPYUOHATILHA K8AOPAMY PACCMOSAHUSL MeAHCOY HUMU U
Hanpaenena 60016 NPAMOLL, NPoxXoosaujell uepes dmu 3apsobvl.

0 e
F k. hl%l 2.1)
2
r
3mech F —monymb cuibl, K — KO3 OUIMEHT MPOMOPIHOHAIEHOCTH, 3aBUCSIIUN OT
BbIOOpA CHCTEMBI €[IMHMI, (), H (|, — BENMYMHBI 3apANO0B, I —PacCTOSHUE MEXKIY

3apsamMu.

OO6paruTe BHUMaHUE, YTO HAPYIIIEHNE B KOHKPETHBIX YCIOBUSIX OMBITA TOUEYHO-
CTH 3apsji0B, UX HETOJBMHOCTH WM HAXOXJEHHE 3aps0B HE B BaKyyMe MOXKET
TPUBECTH K HEBBITIONHEHHIO cOOTHOMIEHHUS (2.1).

OCHOBHOM €QUHHUIIEH B JII000H CHCTEME €QUHMI] HA3BIBAETCS €IMHMIIA, IJII KO-
TOPOH CYIIECTBYET YCTAHOBJIEHHASI MO JOTOBOPEHHOCTH MPUHIUIHAIBHAS BO3MOXK-
HOCTb CO3[aHUsl 3TaJIOHA 3TOW equHUIIbl. HanmoMHUM, 4TO OCHOBHBIMHM €JUHULIAMHU
cuctembl CU ABISFOTCS €IUHHIBI JITUHBI METp (M), MAacChl KHIIOTpaMM (KT'), BpeMe-
HU CeKyHJa (C), CHJIBI AJIEKTPUUECKOTO TOKa amriep (A), TepMOJAUNHAMHYICCKON TEM-
neparypbl kenbBuH (K), KomudecTBa BemecTBa MOJIb (MOJIb), CHJIBI CBETa KaHena
(xkm). Octanpable enuHuUIBl B cucteMe CH mpou3BOAHBIE, X Pa3MEPHOCTH (BIpa-
KEHHAsl Yepe3 OCHOBHBIC WIJIM JIPYTHE €IUHHIIBI CUCTEMBbI) TaéTcs Yepe3 ompeselie-
HUS 1 PU3NUIECKUe 3aKOHBI, YCTAaHABIMBAIOIINE CBSA3b MEXKY Pa3IUIHBIMU (Pu3nye-
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cknMu BenmmunHamu. Equnauneid 3apsna B cuctreme CU sBisercs xkymoH (Ki) — 3a-
psiO, IpoXoImuid 3a 1 ¢ Yepe3 momepevyHoe CeYeHHE NMPOBOMHHMKA IPH CHIIE TOKA
1A

Haiiném pasmepHOCTh (0003HaUaeTCss KBaApaTHBIMH CKOOKaMH) KO3 HUIIHEHTa
k B dopmyne (2.1) 3akona Kymona. [ns pasmepHocTedl (HDH3MYCCKUX BEIHYHH B
(2.1) BRIMONHSAETCS COOTHOIICHHE, aHAIOTHYHOE COOTHOMIEHHIO (2.1) Mexay camu-

[ ][a]

MU BEJIHYHHAMH: [F] = [k]ﬁ .
r
TTocKoNbKy [F]: H=xr-m/c?, [ql]Z[qz]ZKJI=A-C, [r2:|=M2, TO
[k]= [F] [rZJ _ H-m’ _ KT -M°
[ql] [qz] KJ_IZ AZ ‘C4 .
3anoMUHATE BBIPAKEHHUE JUIS Pa3sMEPHOCTH K HeoOsA3aTeNnbHO, HO YMETh BEIBO-

IUTh, NcTioNb3ys (2.1), Hano.
[MpuBeném 3uadenue koadumuenta K B (2.1) ms cucremsr CU:

3
9 K['*M

k=9-10 =9.10%ex. CH.

A?.¢*

3aMeTnM, 4TO BMECTO BBIPQXKEHHS AJISI Pa3MEPHOCTH IOCIJIE YUCICHHOTO 3Hade-
HUs MOXHO nucath «ea. CU» (eaunuupl CU). Uuoraa B cucreme CU xoadduiipert

1

k B (2.1) 3amuceiBaiot B hopme K = .
4ne,

3nech g, = 8,85-10’12 en. CH HazpIBaeTCs NEKTPUIECKOM MOCTOSTHHOM.

Haiiném HanpsiKEHHOCTH AJIEKTPUYECKOTO MOJs, CO3IaHHOIO0 TOUEYHBIM 3aps-
JoMm Q Ha paccTostHMM ' OT 3apsija. [t 3TOro IOMECTHM MBICIEHHO Ha PaccTos-

Hin I or Q mpoOHeni 3apsa (. Ilo 3akony Kynoma Ha ( meiicTByer cuima
= 2 .
F :|F| = k|Q||q|/ r°. HanpspkéuHocts moust (co3manHOro 3apsimoMm Q) B mecte

pacnonoxkenus ( pasHa E =F/(q. Orciona E = |I§| = |If|/|q| . C y4éToM BBIpaKe-
Hus 1 F HanpspKEHHOCTH Mot ToueuHoro 3apsifa Q Ha paccTOAHMH I OT HETO
e 2 2.2)

r.2

my

q>0 §q>0 X
£

Q>0 3 Q<0 3

Puc. 2.1 Puc. 2.2
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Ha pucynkax 2.1 u 2.2 nokasauns! ciaydaun 111 Q >0 u Q <0. 3nak npobnoro
3apsna ( BHIOpaH MOJIOKHMTENBHBIM U3 COOOpaXkeHMH yno00CTBa, T. K. IPU TAKOM
BBIOOpE HANpABIEHWE CHIbI, NCHCTBYIOIIEH Ha (|, COBINANAET C HaIpaBICHHEM

HaNPsKEHHOCTH.
dopmyiy (2.2) MOKHO 00600IINTD, M30aBUBIIKCH OT 3HAKA MOJTYJISL:
3nece E, — npoexuus HanpsKEHHOCTH Ha OCh X, HANpaBJIEHHYIO OT 3apsaa Q u

MPOXOIAIIYIO Yepe3 uccienyeMmyro Touky. CrpaBeqnmBocTh (2.3) mpu Jo60M 3HaKe
Q mpoBepsieTcst HEOCPENCTBEHHO (cM. puc. 2.1, 2.2).

Harnmsaao smextpudeckue Mo n300pakaroT ¢ IMOMOIIBIO CH-

noBeIX nuHUN. Cunogou aunuen (HuHuel HANPANCEHHOCMU)

NEKMPUYECKO20 N0/l HA3bIBACMCSl HeNnpepbleHas TUHUS, Kaca-

MeNbHASL 8 KANHCOOoU MouKe KOMOopoll cosnaoaem ¢ HanpasieHu-

emM 8eKmopa HANpaANCEHHOCMU DJIeKMPU4ecko2o Nois 6 2mou

mouxe. Ha puc. 2.3 npuBesieHa KapTUHA CUIIOBBIX JIMHUNA DJIEK-

Puc. 2.3 TPUYECKOTO MOJIA MOJOKUTEIBHOTO TOUYSUHOTO 3apsia.

Crpenkoil Ha KaXAOH CHJIOBOM JIMHHUM YyKa3bIBaeTcs e&

HalpaBJICHUE, T. €. HallpaBJICHHE BEKTOPa HANPSHKEHHOCTH B KaXKIOH TOYKE CHIIO-

BOM nHMU. [l0e3HO MOCMOTPETh M HAPHCOBATh CAMUM KApTHHBI CHJIOBBIX JIMHUH
TOJICH W3 MKOJIBHOTO YIeOHUKA.

Bce cBolicTBa CHIIOBBIX JIMHUH KaK 3IIEKTPHICCKOTO IOJISA, TaK M AIICKTPOCTATHU-
YEeCKOT'0 HOJIs, CIACTYIOT U3 ONpPEeNICHHUs CUIIOBBIX JIMHUM U U3 3aKOHOB AJIEKTPOAH-
Hamukd. [IpuBeiéM HEKOTOPBIE CBOMCTBA.

1. CunoBble THHUU 3JEKTPUUECKOTO MO He TepecekaroTcs. B mpoTUBHOM ciy-
4yae B TOUKaxX MepeceueHus Obuta Obl HeOMpeIeIEHHOCTh B HAMPABICHUH HAMPSIKEH-
HOCTH TIOJIS.

2. 'ycToTa CHIIOBBIX JIMHUH AIIEKTPUIECKOTO OIS B IIPOCTPAHCTBE MPOTIOPIIHO-
HallbHA HATIPSHKEHHOCTH 3JIEKTPUIECKOTO TIOJIS.

3. CuiioBbIe JIMHUH 3JIEKTPOCTATHICCKOTO TOJ HEe 3aMKHYTHL. OHU HAYMHAIOTCS
Ha MOJIOKHUTENBHBIX 3apsaaax (WIn B OECKOHEUHOCTH) M 3aKaHUYMBAIOTCS HAa OTpHUIlA-
TENBHBIX 3apajax (mim B 6eckoHeyHOCTH). IIpu 3TOM HEKOTOpas rpymma CHIIOBBIX
JUHAN (ydeBas TpyOKa) CBSI3bIBACT PABHBIC MO MOYJIIO 3apsijibl U YKHCIIO CHUIIOBBIX
JUHUH, BRIXOJSIINX (BXOISIINX) U3 3aPsDKEHHOTO Tella, HE 3aBUCUT OT (JOPMBI Tea,
a 3aBUCHT TOJIKO OT BEJTMYUHBI 3apsia (MPONOPIHOHAIBHO 3apsiTy).

OOparuTe BHHMaHHE, YTO TICPBBIC JBa CBOICTBa
CIIPABENJIMBBL U I JJIEKTPOCTATHUECKOTO MOJsl, Kak
YACTHOTO Ciyyasi JIeKTpUUYecKoro. TpeTbe e CBOWCTBO
CHPaBEINBO TOJBKO JUIS 3JCKTPOCTATHYECKOTO MO, a
JUTS TIPOU3BOJILHOTO DJIEKTPUIECKOTO TOJIST BBITIOTHSIETCS
HE BCerja.

3agaya 2.1. B 1Byx BepmMHAX PaBHOCTOPOHHETO
TPEYroJjbHUKA CO CTOPOHOW & =1 M pacmoio)eHsl TO-

deunsie 3apaasl o, =Q=14-10" Knu ¢, =—2Q. Haiirn Puc. 2.4
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HampsHKEHHOCTD (MOJIYJIb) HJIEKTPUIECKOTO TIOJIs B TPEThEH BEPILIMHE TPEYTOIbHHKA.
Pemenne. Ilycts HanpsHkEHHOCTH MOnell, co3paHHBIX 3apagamu Q u —20Q B

TpeTheil Bepunne Tpeyronsuuka E, u E, (puc. 2.4). [To npunnumy cynepnosuuuu

5
ToJIeH HANPsHKEHHOCTL pesyabTupytomero nois E = E + E, . Hcnonesys teopemy

KOCHUHYCOB IJIsI TPCYTOJIbHUKA, COCTAaBJICHHOTO U3 BEKTOPOB E, El u EZ‘ nojydacm
E?=E]+ E?- 2E,E,c0s60° . Tlockonbky E=kQ/a? E,=2kQ/a? c0s60°=1/2,

10 E =«/§k%z2,2-103H/Kn.
a

§ 3. [loJie 3apsina, paBHOMEPHO pacHpeaeJ éHHOT 0
1o cepryecKoil MOBEPXHOCTH

Camblif IpocTOil CrIoco0 co3aaTh PAaBHOMEPHOE pacHpeeNieHne 3apsiaa no cge-
PHUYECKOH MOBEPXHOCTH — 3TO 3apSAUTh NMPOBOSIINH MAPUK U YEIUHATH €ro. 3a-
psiz, B CIUIy PaBHOIIPABHOCTH BCEX HAIPABJICHHWH M3 LEHTPA IIAPHKA, PACIPEICIUT-
Cs1 110 TIOBEPXHOCTH PAaBHOMEPHO.

CpasuuM mone uckomoro 3apsna Q Ha cepe pagumyca R u moie touedHoro

3apsia, paBHOTO 3apsay chepsl. Ha puc. 3.1 moka3aHbl KapTHHBI CHIIOBBIX JIMHUI
noJiel 3THX 3apsAnoB ang ciaydas Q > 0.

YuCIo CUIOBBIX JIMHUH, BBIXOMAIINX M3 3apsAA0B CPepbl U TOYEYHOTO 3apsja,
OJIMHAKOBO, T. K. 3aps/Ibl PaBHBI (CBOMCTBO 3 mpempIayIiero maparpada). 9to o3Ha-

YaeT, YTO KAPTHUHBI CHIIOBBIX JIMHHN

/ oboux Tmoneil (a 3HAYUT, W HAmps-

“Ic KEHHOCTH) COBIAJAIOT HA PacCTOs-

>—— 1 ) Husix > R, cumras ot uenrpa cde-

! B PBl WM OT TOYEYHOTO 3apsiia. BHYT-

R * \ R pH cepbl CUIIOBBIX JIMHHUIA HET, HET U

1oJisl. B IpOTUBHOM cCily4ae CUJIOBBIE
JIMHUHM, HA4YaBIIKCh Ha cdepe, MOriu

Puc. 3.1 Obl MJTH B CHJIy CUMMETPHHU TOJBKO K
ueHTtpy chepsl. Ho B neHTpe HeT 3apsiaa, HA KOTOPOM OHU MOTIIM Obl 3aKOHYUTHCS.
Uraxk, sne chepuvl nanpscénnocms nons sapada Q , pasnomepHo pacnpedenénnozo

no ceepuneckoti nogepxnocmu (cghepe) paouyca R, cosenadaem ¢ nanpsiowcénno-

CMbIO NOJISL MOYEUHO20 3apsdd, PAGHO20 3apsdy chepbl U NOMEWEHHO20 8 Yenmpe
cghepul, a sHympu cghepuvl nos Hem:

E:kg ompu >R, E=0 mpu r <R.
r
3neck I' — paccrostHMe OT HeHTpa cdepbl. I 3anucu BBIpaKEHHsT HAIPsKEH-

HOCTH BHE cpepbl MOKHO TPUMEHUTH U popmyiy (2.3).
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T'oBopuTh 0 HATIPSDKEHHOCTH OIS TipH I = R HET cMbIcha, T. K. B paMKax Teo-
puM, Korja HE paccMaTpHBAIOTCS pa3Mepbl KOHKPETHBIX HOCUTENEH 3apsjga Ha
aTOMHOM YPOBHE, HalpsDKEHHOCTH pu I = R He onpexneneHa.

3agaua 3.1. B nentpe cdepsl paguycom R Haxoaurcsa toueunslii 3apsx Q > 0.
Ilo cepe pacnpesenén pasHOMepHO 3apsan —4Q < 0. Halitn nanpsxénnoctn E;, u
E, Ha paccrosunax R/2 u 2R ot nentpa chepsr.

Pemenue. B 10001 Touke HanmpsKEHHOCTH paBHA BEKTOPHON CymMMe Hamps-
XKEHHOCTEH moneil, co3nanubIx 3apsgamu Q u —4Q:

- - —
E= EQ+ E-4Q .

3TO0 BEKTOPHOE PAaBEHCTBO MOXKHO 3aIlUCaTh B MPOEKIIH-
SIX Ha OCb X, MPOBEAEHHYIO U3 LIEHTpa cephl yepe3 uccie-
ayemyro Touky: E, = Eq, +E 4o,
st touek A u C (puc. 3.2) na paccrosausx R/2 u

Pac. 3.2 2R ot neHtpa cdepsl MPOeKIHsA HAMPsHKEHHOCTH HA OCh X
(cBotro JUTSL KaXKJI01 TOYKH): E, =k L +k ﬂ = _§ k g )
(2R)*  (2R)* 4 R?
E = | E, |=4k % ,  HanpsbKEHHOCTh ~ HampaBleHa  OT  LEHTpa  CQepslL
" R

Ez :|E2x

3, 0 )
= — k —2 y HaHp?DKCHHOCTL HanpaBneHa K ].[eHpr C(i)epBI.
4 R

§ 4. TTone GeckoHeYHOIi pABHOMEPHO 3apPsI?KEHHOM MJI0CKOCTH

[TycTh MOBEpXHOCTHAS TJIOTHOCTB 3apsijia (3apsi/i eAMHUIBI TIOBEPXHOCTH) paBHA
6. CunoBble JIMHUN TIEPIIEHINKYIISIPHBI IIJIOCKOCTH, TYCTOTa MX BE3JE OJMHAKOBA.
Oro crnexyet 3 coobpakeHuit cumMetpuu. Ha puc. 4.1 mokaszano mone mist ¢ > 0.
Hanpsx€HHOCTE MO O KaXXAYI0 CTOPOHY IIOCKOCTH OJHA M Ta K€, He3aBHCHUMO
OT PacCTOSHUS JO TUIOCKOCTH (TIoje ofHOpoaHO). [IpuBeném Oe3 mokazaTreabCTBa
BBIPAXKECHHUE TSI MOJTYJISl HANIPSDKEHHOCTH AJICKTPHUYECKOTO OIS IO JIF0OYIO CTOPOHY
TUIOCKOCTH:
lel
2,

Oty dopmyny MoxHO 0000muTh. [lycTh o mpousBosibHOTrO 3Haka. Hampasum
0Ch X TEpNeHIUKYIIpPHO IutockocTh (puc. 4.2). MoxHO yOemuThCs Hemocpen-

E :k27r|0|: (4.1)

CTBEHHOM NPOBEPKOM, 4T0 pH x>0 E, -9, mpn x<0 E, :;_U IpH JTI000M
&o &

3HAKC O . 3HGCB E IpoeKIUs HaHpFDKéHHOCTI/I Ha OChb X. Z[J'ISI 3allOMHUHAaHUA

X
00001IEHHBIX (PopMyTT MOXKHO (opmanbHO cuutaTh o >0 ¥ HHCaTh BBIpaXCHHUE
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as E, nmpu X >0 n X<0. IonyueHnsie popMyIibl OKaxKyTCsl CIIPABEUIMBBIME 1

npu o < 0. O600IIeHHE TTIOIE3HO TEM, YTO HET 3HAKa MOIYJIS.
3anaya 4.1. PaBHOMepHO 3apsHKEHHBIC IUTACTHHBI APAJUICIBHBI M HAXOAATCS Ha
paccTOsIHUHU APYT OT Apyra MHOTO MEHBIIEM HX pa3MepoB. Haiftu muiotHOCTH 3aps-

I0B 0, U O, Ha IIIACTMHAX, 3HAfA, YTO HANpPKEHHOCTh mons B Toukax A u B
BOmM3M WwiacTuH E, =6000 H/Kn, E; =2000 H/Kn (puc. 4.3).

Pemenue. HampaBuM ock X Ha puc. 4.3 NepneHANKYIIPHO IIACTHHAM, OT TIEp-
BOW KO BTOpOH. B 1000l TOuke MO0 NMpUHLMIY CYNEpHO3UIUU TOJIeH HanpsKEH-

— —

HOCTH E =E+E,, tne El u Ez— HANpsHKEHHOCTH MOJIEH, CO3IaHHBIX MEPBOH U
BTOPOM IUIACTMHAMH. 3alUINEM IIOCIEAHEE PABEHCTBO B MPOEKIMAX HA OCh X!
E, =E, +E,,. D10 paBenctBo cnpaBenmso s moboi Toukn. s touex A n
B oo umeet Oosiee KOHKPETHBII BU/I.

Huit. At E, :&—&.ﬂHHT. B:E, =i+&
2¢, 2g, 2g, 2s,
>0 o o, o,
-t A
'ﬁ
E
- A B
—>
- B
-— 1 -
Puc. 4.1 Puc. 4.2 Puc. 4.3

Pemas cucremMy U3 MOCIIEIHUX JIBYX ypaBHEHHH, HAXO/IUM:
- -8 2
0,=&,(E, +Ez)=7,08-10°Kwm’, o, =—¢,(E, —Egz) =—354-10 " Ki/m”.
3aMeTHM, YTO Ul pelIeHHs 33Jadd C HCIOJB30BAHHMEM IS HANPsSKEHHOCTH
(hopMyTBEI C MOAYJNIEM MpPUILIOCH OB MepedpaTh BO3MOJKHBIE CIIydau AJIsl 3HAKOB
3apsAA0B IUIACTHH, MOCKOJBKY 3HAKH 3apaHee HEM3BECTHHI. DTO YCIIOKHMIO OBl pe-
menne. [TorpoOyiiTe pemmTh 3a1a4y BTOPBIM CIIOCOOOM M CPABHHUTE €0 C IIEPBBIM.

§ 5. Morenuuan

ITycTs poOHBIi 3apsf ( MEPEMEINACTCs B IEKTPOCTATHUECKOM I0JIE U3 TOUKU

1 B TOYKY 2 10 HEKOTOPOH TPACKTOPUH MO/ ISHCTBUEM HECKOJBKUX CHJI (puc. 5.1).
Kaxnast cuna coBepiaet HaJ 3apsiaoM pabdorty. Hac mHTepecyer pabora, coBepiuéH-
Hasl HaJl 3apsAA0M CHIIAaMH JJIeKTpocTaTuueckoro mons. OkasbiBaeTcs (JOKa3aTelb-
CTBa HE NMPHUBOJIMM), YTO 3Ta paboTa He 3aBUCHUT OT (OpMbI TpaekTopuu. Hanpumep,
paboThl Ha TpaekTopusix 1— 3 — 2 u 1— 4 -2 paBubl. 13 He3aBUCUMOCTH PabOTHI OT
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(hopMBI TpaeKTOpHUHU CIIEyeT PaBEHCTBO HYJIO pado-
THI TI0 3aMKHYTOH Tpaektopmu. Hampumep, pabota c
CHJI DJIEKTPOCTATHYECKOTO MOJIS HaJl epeMeniaeMbIM 2
no 3amkaytoil Tpackropun BCDB (puc. 5.1) 3aps-
nom ( paeHa Hymo: A, . =0. B

[ost, nuist KOTOPBIX paboTa CUII MOJISI HE 3aBUCHT 1 D
OT (DOpPMbI TPACKTOPHH, HA3BIBAIOTCS NOMEHYUalb- —— o
HblMu. B Takux moyisiX MOXKHO BBECTH IIOHSATHE IIO- Puc. 5.1
TeHIManpHOW SHepruu I1 M morenumana ¢@. Jus
JNEKTPOCTATUUECKOTO IMOJIsl padoTa CHJI MOJISl HaJ TepeMellaeMbiM M3 TOYKH | B
TOYKY 2 3apsA0M paBHA yOBUIH (IPHUPALICHUIO C OOpAaTHBIM 3HAKOM) MOTCHIIHANb-
HOM oHeprum 3apsaa B mone: A, =11 —I1, =—-All.

Ilomenyuan NaHHOW TOYKHM TOJS BBOJUTCS KAaK OTHOLICHHE IOTEHIHAJBHOI

IT
SHEPruy POOHOTO 3apsijia B TONE K BENMYMHE 3apsja: @ = —.

[oTenmman — ’HEepreTHYEcKast XapaKTEPUCTHKA TOJIA, HE 3aBHCAIIAsl OT BEIHYU-
HbI IpoOHOTO 3apsna. C BBeieHHEM TIOTEHIMANA 1)1 paboThl A, MOXKHO 3aIIHCaTh;

A, =d(p, —9,). (5.1)

Pasznocms nomenyuanoe @, — @, (Hanpsicenue) 3aBUCHT TOJIBLKO OT TOJIOXKEHHUS
Touek 1 u 2.

[ToTeHumanpHas 3HEprus M MOTEHLUAN OMNPEAENICHbl C TOYHOCTBIO JI0 MPOM3-
BOJIHOU TOCTOSHHOH. [loTeHInan (M MOTCHIHAIBHYIO SHEPTHIO) MOYKHO OTCUHTHI-
BaTh OT HEKOTOPOH TOYKH, ITOJIOKUB B HEH MOTCHIIMAN paBHBIM HYI0. OOBIYHO T10-
JararoT PaBHBIM HYJIO MOTCHIHAN OSCKOHEYHO YHANEHHON TOYKH Mmool (OecKoHed-
HOCTH) WJIM TIOTCHIIAAT 3EMJIH.

[Tepenecém MbICTIEHHO TIPOOHBIN 3aps] U3 JAHHON TOYKH SJIEKTPOCTATHUECKOTO
10JIs ¢ HOTEHIMANIOM ¢ B OeCKOHeYHOCThb. CHIIBI MOJIA COBEPIIAT HaJl 3apsAJ0M pa-

6oty A. Cornacno (5.1) A=q(@—¢, ). Ecniu mpunats ¢ =0, 10

A
¢ = —, (5.2)
PaBencTBo (5.2) y100HO A7 HAX0XKICHUS MOTEHIMAa JaHHON TOUKHU TIOJIS.
W3 npuHIMNa Cyneprno3uiuu IEeKTpU4ecKux moyieil u (5.2) MOXHO BBIBECTH,
YTO MOTEHIHAN MO, CO3JaHHOTO HECKOIBKHMH 3apsaMH, paB€H CyMMeE MOTEHIIH-

aJloB MOJIEH, CO3/IaHHBIX OT/IEJbHBIMU 3apsiIaMu: ( = O @, = Zgoi.

1

Emunnmeit motennuana (pasHoctu noteHnuanos) B cucteme CU ciryxut BoisT (B):

1B =1]x/Kn.

He caenyer 3a0bIBaTh, 9YTO HE3aBHUCHUMOCTH PAOOTHI CHII TOJS HAJ MepeMelae-
MBIM 3aps70M OT ()OPMBI TPACKTOPHUH M TIOHATHE MOTEHIIMAJIA CIIPABEIJIUBI TOJBKO
JUTST DJIEKTPOCTATHIECKOTO TOJISI 1 MOTYT HE UMETh MECTa JIJISl IPOU3BOJIBHOTO DJIEK-
TPUYECKOTO TIOJIS.

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
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3agauya 5.1. B HEOTHOPOIHOM 2JIEKTPOCTATHIESCKOM ITOJIE DJIEKTPOHY COOOIIHITH
B Touke B ckxopocts v, =1000 kM/c. DIEKTPOH, JBUrasich CBOOOJHO B IOJE IIO

KPUBOJIMHEIHON TpaexTopuu, jgoctur Toukn C co ckopocTeio v, = 2000 km/c .
Kakyro pasHOCTb HOTEHIHANIOB (g — () TIPOLIEN 3JIEKTPOH?
Pemenne. PaGota cri 3IeKTpOCTATHYECKOTO MOJIA HaJ JIEKTPOHOM paBHA U3-
2 2
mo; Moy
2 2
3neck e =1,6-10"°Ki — Moayms 3apsana snextpona, m=9,1-10kr — macca

MEHEHHIO KHHETHYECKOW SHEPTHH 3JIEKTPOHA: (—e)(Ppg — @) =

m
31eKTpoHa. meeM ¢@g — @ = —Z—(Z)é -v5)=-85B.
e

§ 6. IloTeHMA MOJIS TOYEYHOTO 3aps/Ia U 3apsiia, PABHOMEPHO
pacnpeeéHHOro no cepuueckoii MOBEPXHOCTH

[IprmeMm moTeHIMan OeCKOHEYHOCTH paBHBIM Hyimio. Torma, mcmons3ys (5.2),
MO>KHO BBIBECTH, YTO HA PACCTOSHUHU I OT TOYEYHOro 3apsaa QQ MOTEHIMaI JJeK-

TPOCTATUYCCKOTO MOJIA

o=k 9 (6.1)
r

Bo3pméM Temeps 3apsax Q, paBHOMEpHO pacmpe-
nenéuupii mo cdepe pammyca R (puc. 6.1). s
HaxXOX/ICHUS MOTEHIMaa Ha PacCTOSHUU I OT LeH-
Tpa cdepsl epeHecéM MBICTIEHHO NMPOOHBIH 3apsn (
U3 HCCIEIyeMOH TOYKH B OECKOHEYHOCTh M IpUMe-
HUM hopmymy (5.2).

Hust  mpomseombHOW  Toukn K BHE  cdepsr
0=A./q, tne A, — paboTa cun mons Haj ( Ipu
ero nepemeniernu u3 T. K B GeckoHedHOCTH. DTa paboTa He H3MEHHUTCS, €CITH BECh
3apan Q cdepsl moMecTuTh B LEHTp cdephl, T. K. mois oboux 3apsgoB Q mpu

Puc. 6.1

r >R cosmazator (cm. § 3). Jlna Toueunoro 3apaga Q ornomenue A, /( ecTh
notenuain ero moist B T. K, xoroperit Haxomurcs mo ¢opmyse (6.1). Urak, st
coheprr @, =kQ/r. B npenensrom ciydae npu I' = R momyunm notenmman coe-
per, paBubii KQ/R.

Jlnst mpowsBosbHOM Toukk B BHYyTpH chepsr ¢ = A, /9= (Age +Ac)/ Q.

3neck Ag,, Ay U ACoo — paboTa cuIl 1o Hajl 3apaA0oM (| Ha yyacTKax BCw,
BC u Coo. BHyTpu cdepsl 0I5 HET, CUila HA (] CO CTOPOHBI MOJIS He AefiCTBYeT n
A, =0. Torna ¢, = A.,/Q. Ho npasas yacTb mociie/Hero paBeHCTBa €CTh MO-

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
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tenman 1. C, T. e. norexuuan cdepsl, paBubiii KQ/ R . 3Haunt, notenuuan moooit
TOYKHM BHYTPH cepbl paBeH noteHuuany chepsr: ¢, =KkQ/R.
WUrax, oxa 3apada Q, pasnomepno pacnpedenéunozo no cepe paouyca R no-

MeHYUan noist 6He cghepsvl pageH NOMEHYUALY MOYEUHO20 3apsaod, PAGHO20 3APsOY
chepvl u nomewénnozo 8 yenmpe cgepoi (Kax u 0N HANPSANCEHHOCML), A NOMEHYU-
an 6Hympu cghepvl 0OUH U MOM dHce U pageH NOMeHYudny cgepoi.

¢;=k9npu r>R,¢)=k%an/I r<R.
r

3amaua 6.1. B nByx BepliuMHAX NPSIMOYTrOJbHHKA CO CTOPOHaMH @ u 2a
(puc. 6.2) 3akperneHsl Togednsle 3apsaapl Q u 3Q . Kakyro MHHHIMAaNbHYIO paboTy
HAJ0 COBEPLIUTb, YTOOBI IEePEMECTUTh TOueuHbIH 3apsan 4Q U3 COCTOSHUS MOKOS

u3 BepnHel B B Bepmmny C ?
Pemenue. 3nech uaét pedus o pabore A, Ko-

B c TOPYI0O HEOOXOJHUMO COBEPIIMTH HaM IPOTHB
JNEKTPUYECKUX CHII IpU HepeHoce 3apana 4Q .
a Pabora A B cymme c pabotoil A, cui 35eKTpo-
CTaTHYECKOro Mo Hapg 3apsaoM 4Q paBHa u3-
Q 2a Q MeHeHo KAHETHYIECKON SHEPTHH TepeMeriae-
MOTO 3apsiza:
Puc. 6.2 A+ A =AK.

Orcrona A=-A +AK.
Pa6ora A Gymer MHHHUMAIbHOM, eciu BennunHa AK MuHHMaJbHA, T. €. 3apsi]
4Q npunér B Bepmmny C ¢ HyneBoii ckopocTsio, T. €. AK =0. Urak, A=-A .

Pabota cun mons Hax 3apsaaom A = 4Q(goB - ), Tme
3 3
—kQ+k Q , oo =k—¢= Q X Q
a5
MOTEHIHAIBl PE3YIBTHPYIOMIETO nonﬂ, co3zanHoro 3apsaamMu Q u 3Q B BepmmHAX
B u C. OkonyarensHo
8(+/5 —1) kQ? -4Q
———>0.
V5 a c
3agaya 6.2. B nentpe chepsl pamgmycom R
Haxonurcs ToueuHsli 3apsx Q > 0. ITo chepe pas-

A=

HOMepHO pacnpenenéH 3apsn —4Q < 0. Haiitu no-

TEHLMaNbl ¢, U @ Ha paccrosuusax R/2 n 2R or Puc. 6.3

nenTpa chepsl (puc. 6.3).
Pemenue. ITorennuan B o000l ToUYke paBeH CyMMe HMOTEHLHAIIOB IOJIeH, co-
3JaHHBIX B 9TOH Touke 3apsiaamu Q u —4Q . s touek A u C:

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
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P =ki+kﬂ=—2k%

RI2' R
Q =R __3,0Q

—k Sy
Pe=f5RT" R TT2°R

§ 7. CBs13b MekKAY HANPSKEHHOCTHIO YJIEKTPOCTATUYECKOTO
MO0JISl U PA3HOCTHIO MOTEHIHAJIOB

[TycTb MMeeTcs OJJHOPOJHOE ANIEKTPOCTATHUECKOE TM0JIe ¢ HaNpsHKEHHOCThIO E
(puc. 7.1). Bo3bMméM Toukn 1 W 2 Ha CHIIOBOW JIMHHWH Ha pacctosHud d mpyr ot
Jpyra Tak, 4ToObl HalpaBieHue 1-2 COBMajajo C HalpaBJICHHEM CHJIOBOW JIMHUH.
MOo3xHO 10Ka3aTh, YTO Pa3HOCTh NOTEHIUANOB (HANPSIKEHUE) () — @, MEXKIY TOY-

kamu | u 2, HanpspkEHHOCTD ot E u paccrosiaue d cBsi3aHBI ypaBHEHHEM

o, — ¢, =Ed. (7.2)
/x
= %
1 2 1
/
Puc. 7.1 Puc. 7.2

3aBucumocTts (7.1) MoxkHO 00001HTE. I1ycTh B OMHOPOTHOM TOJIE €CTh MPOU3-
BoJbHBIE TOUkH 1 1 2 (puc. 7.2). [IpoBeaém yepes3 3TH TOYKH B HampaBiieHUH 1-2
ocb X. MoXHO MmokasaTh, 4TO

O =P, = Exd’ (72)
rae E, — mpoekius HanpsyKEHHOCTH MOJIS HA OCh X,

Cootrouienue (7.2) MOXXHO IPUMEHHUTH ¥ JUIsl HEOJHOPOIHOTO TIOJISI, €CJIU TOJb-
ko d HacToNBKO Majo, YTO TOJIE B OKPECTHOCTH TOYEK | U 2 MOKHO CUHUTATH OJHO-
POHBIM.

[Mpoananuzuposas (7.1), MOKHO 3aKIIOYHTh, YTO MOTEHIIMA yObIBAECT B HAPaB-
JICHUW CUJIOBOW JIMHHH ITOJISI. DTO YTBEPXKICHUE CIPABEIJIMBO U IS HEOTHOPOHO-
TO TOJISL.

§ 8. IIpoBoaHUKHU

IIpoBogHMKAaMU HA3BIBAIOT TeJa, B KOTOPBIX HAXOIUTCS JOCTATOYHO MHOTO 3a-
PSKEHHBIX YAaCTHUII, IMEIOIIUX BO3MOKHOCTh MEPEMEIIATHCS TI0 BCEMY MPOBOJIHHUKY
MOJI JACWCTBHEM OJJICKTPUYIECKOTO IOJIA. DTH YaCTHUIBI HA3BIBAIOTCS CBOOOJHBIMHU
3apsiaMu, TaK KaK MOTYT OTHOCUTEIBHO CBOOOHO MEPEMEIIAThHCS TI0 TNy MPOBOJI-
HuKa. B MmeTtamnax TakuMM 4YacTULAMM SIBJSIIOTCSL 3JIEKTPOHBI, B JJIEKTPOJIUTAX —
HWOHBEI.

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
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Ilycte uMeercs 3apsyKeHHBIM MPOBOJHUK, TTOMEIIEHHBIM BO BHELIHEE 3JIEKTPO-
cTatudeckoe moje. [lox meicTBHEM BHEITHETo MO U COOCTBEHHOTO TOJSI CBOOOI-
HBIX 3apsI0B CBOOOMHBIE 3apsApl OyIyT IMepeMenIaThes 1Mo TeTy MPOBOJHIKA U I1e-
pepacnpenensaTbes A0 TeX MOp, IOKA HE HACTYIUT PaBHOBECHE, U JBUKEHUE 3apsi-
JIOB HE NpeKkpaTUTcs. SIBleHue mepepacnpeneneHus 3apsaoB NIPOBOJHHUKA, BbI3BaH-
HOE BIIMSIHUEM BHEIIHEr0 3JIEKTPOCTATHUECKOTO OIS, Ha3BIBACTCS 21eKMpoCmamu-
yeckoli uHoykyueu. J{ns 3apsHKeHHBIX NIPOBOJHUKOB BO BHEIIHEM DJIEKTpOCTaTHYe-
CKOM I10JI€ B PAaBHOBECHOM COCTOSTHUU CIIPaBEAJIMBHI CIEIYIOIUE YTBEPKACHU:

1. DnexTpocTaTHdecKoe Mojie BHYTPH IMPOBOJHUKA OTCYTCTBYeT. Jloka3areis-
CTBO OT MIPOTHBHOTO: NIPH HAIWYHH OIS CBOOOIHEIC 3apsAbl IPUIYT B ABIDKCHIE, U
HapyLIUTCS PaBHOBECHE.

2. Hanpsnx€HHOCTH OIS BOJTM3M IOBEPXHOCTH IIPOBOJAHUKA U CHAPYKU TPOBO/I-
HUKa NEepIeHANKYJIIpHAa OBEPXHOCTH. J[pyruMu ciIoBaMu, CHJIOBBIE JTMHUU BXOJSAT
B NPOBOJHHUK M BBIXOAAT U3 HETO MNEPINEHAMKYJISIPHO MOBEPXHOCTHU INPOBOJHUKA.
Jloka3aTenbCcTBO OT HMPOTHBHOTO: B IMPOTUBHOM Ciydae MOSIBUTCS COCTaBIISAIOIIAS
CHJIBI BJIOJIb TIOBEPXHOCTH, ACHUCTBYIOILIAas Ha CBOOOMIHBIE 3apsabl HA MOBEPXHOCTH
MPOBOAHMKA, 3aps bl IPUAYT B IBUKEHUE U PAaBHOBECHE HAPYILIHUTCS.

3. IInotHOCTH O0O0BEMHOTO 3apsna (0OBEMHAS IUIOTHOCTH 3apsia), T. €. 3apsm
eINHUIIB 00bEMa, BHYTPH IPOBOJHMKA PaBHA HYJO. /l0Ka3aTeIbCTBO OT MPOTHBHO-
TO: IMyCTh CKOJIb YTOJHO MAJbIi MaKpOCKOIHMYECKHH OOBEM BHYTPH NPOBOIHHUKA
3apsKeH MOJIOKUTETBHO (OTPUIIATENIhHO), TOTa U3 HEro BBIXOIAT (BXOJIAT) CHUIIO-
BBIC JIMHUH, T. €. BOJIM3U 3TOTO 00bEMA €CTh IICKTPUICCKOE MOJIC — MPOTHBOPEUHE C
TEeM, 4TO I10JIe BHYTPHU IPOBOAHUKA OTCYTCTBYET.

4. BHyTpeHHOCTh NPOBOJHUKA HE 3apshKEeHa, BeCh 3apsijl MIPOBOJHHUKA COCPENO-
TOYEH HAa €r0 MOBEPXHOCTH. DTO YTBEPHKACHUE CIEIYET U3 PABEHCTBA HYJIO IJIOT-
HOCTH 00BEMHOTO 3apsa.

5. Pa3HOCTh MOTEHIMATIOB JIFOOBIX IBYX TOYCK MPOBOJHHKA, BKIIOYAS TOYKH I10-
BEPXHOCTH, paBHa HYJ0. DTO 3HAYUT, YTO NOTEHLMAJ BCEX TOYEK POBOJHUKA OJJUH
U TOT xe. [103TOMy TrOBOPAT O MOTEHIMAJIe TPOBOIHIKA, HE YKa3bIBast KOHKPETHON
TOYKH TPOBOHHUKA.

Jl1g nokaszarenbcTBa BO3BMEM JIBE MIPOM3BOJIBHBIE TOUKH IIPOBOJAHUKA U MIEpeHe-
céM IpOOHBIN 3apsAa U3 OAHOM TOYKH B IPYTYIO IO MPOU3BOJILHOM TPAaeKTOPHUH, Jie-
JKaleil BHYTpH MpoBOoAHUKA. [1ons BHYTpH MPOBOJHUKA HET, HAa MPOOHBIH 3apsi co
CTOPOHBI TTOJIS CHJIa He IEHCTBYeT, paboTa CHJI IO HaJ 3apsIoM paBHA HYyI0. To-
raa, cormacHo (5.1), pa3HOCTh MOTCHIMAIIOB MEXIY 3THMH TOYKaMHU TOXKE paBHA
HYIIIO.

6. CpnemaeM BHYTpPM HPOBOAHHMKA IOJIOCTb, H3bSIB coaepxumoe. W3bstue
HEUTPaAIFHOTO COJEPKUMOTO TIOJIOCTH HE BBI30BET M3MEHEHUS OIS BO BCEX TOUKAX
BHE M BHYTPHM NPOBOJHWKA M B IOJIOCTH. 3HAYWT, HE M3MEHHTCS paclpeieieHne
3apsA0B 0 TIOBEPXHOCTH MTPOBOIHHUKA, a HANPSDKEHHOCTH OISl BHYTPH MPOBOJIHUKA
U B mosiocTu OyneT paBHa Hyiro. VTak, 1mojsle IPOBOAHUKH BEAYT c€0sl TOUHO Tak
K€, KaK U CILIOUIHBIE.

3agaua 8.1. CHapyxu npoBogsiero mapa ¢ 3apsaoM Q >0 Haxomurcs Toved-

Heli 3apan (| >0 Ha paccTosHME R 0T meHTpa mapa. Mo)XHO M HAWTH CHITY B3a-

umoieiicTHs 3apsios mo popmyne F = kQq/R??
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Pemenne. 113-3a siBeHUA 3IEKTPOCTATHUECKOM MHIYKLIMU 3apsA/bl Ha TOBEPX-
HOCTH I1lIapa Nepepacrpeiensarcs, yAanuBmuch ot (. Cuna craHeT MeHbIIE, YeM
paccunTaHHas 10 IPEeATIOKECHHON Gopmyrre! DToit hopMynoit MOXKHO OBLTO OBI BOC-
TIOJI30BATRCS, €CITU OBl 3aps/ Ha MMOBEPXHOCTHU Iapa OCTajJCs paBHOMEPHO pacmpe-
IEIIEHHBIM.

3agauya 8.2. /IBe mpoBozsmue mIacTHHE ¢ 3apsaamMua Q m 3Q pacmomokeHbI
MapajieNIbHO M HAIIPOTHB JAPYT Apyra. [Imomany miacTHH OIMHAKOBEL, HX Pa3MepHl
BEJIMKH 110 CPABHEHHIO C PACCTOSHHEM MEXITy HUMH U MOKHO CUHTATh, UTO 3apsAbI
pacmpesieneHsl Mo KaxI0W MOBEpPXHOCTH IIACTUH paBHOMepHO. Haiitu 3apsans! Ha
MOBEPXHOCTSX IUIACTHH.

Pemenne. ITycTs uromans MiacTHH S, a 3apsiabl HA TOBEPXHOCTSAX TUIACTHH

0,, 05, 03, 9, (puc. 8.1). BHyTpu npoBoAsIMX MIIACTHH 3apSAI0B HET, 3apsasl Q u

3Q pacmpenenensl no nosepxHocTaMm miactun: ¢, +0, =Q, ¢, +0, =3Q.
HanpaBuM och X MNEPIEHAMKYJIAPHO miacTuHaMm. Jlus mo00M TOYKH BHE U
BHYTPH ILIACTHH CyMMa HalpsuKEHHOCTEH 107Iei, CO3MaHHBIX 3apsiiaMu O, 0,, O,

d Q 3Q
W (, paBHa HampsokéHHOCTH E pesymbTupyromero -\ ~
noms: E+E+E+E, =E [+ - e
n: E+E,+E+E =E. + +
. S —>
st touek A u C, B KOTOPBIX HAMPSHKEHHOCTD + c * o
[0Sl paBHA HYJIIO, IOCIENHEE BEKTOPHOE paBeH- <—]+A + 4=
CTBO, 3allMCAaHHOC B MPOCKIHUAX HAa OCh X, NPHUHU- + +
. <]+ +H—>
MaeT BUL: .
L/ RN
9 9 9 Q9 _ 4@ % % 4
W
26,S 28,5 2g,S 2g,S Puc. 8.1

% , % | % _
26,S  26,S 2gS 2g,S
Pemas cucreMy U3 4eThIPEX 3alMCAHHBIX CKAJIPHBIX YPAaBHEHUN, HAXOAUM
q1:q4:2Q1 qzz_Q’ q3=Q-
ITonmy4eHHBIH OTBET CIpaBEUIUB IPU JHOOOM
3nake Q. Ha puc. 8.1 mokasaHa kapTHHA CHJIOBBIX
JVMHUIH W paclpeieieHue 3apsioB Uil Ciaydas

Q>0.

3apauya 8.3. IlpoBojsmuil mnoneld  map
(puc. 8.2) ¢ pagmycamu chepHiecKux IMOBEPXHO-
creii R u 2R umeer 3apsn 2Q (Q >0). B uen-

Tpe IIapa HaxXoAWTcs TodeuHbld 3apsn Q. Haiitu

Puc. 8.2

paccrosiausix R/2 u 3R ot uentpa mapa. Haiiti noTeHnuan noioro mapa.

HaNpPsHKEHHOCTH U noTeHnuan B Toukax A u C Ha

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
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Pemenue. Bce critoBele MMHKH, BBHITIICAIINC 13 30
To4e4Horo 3apsga Q, 3akaHYMBAlOTCS Ha BHYT-

peHHEHl MOBEpPXHOCTH MoJoro mapa (Ha puc. 8.3

MOKa3aHa TOJIbKO YacTh CHUJIOBBIX JIMHHHN). [103TO- -

My 3aps] Ha BHYTPEHHEW IMOBEPXHOCTH PaBEH IO /é}‘

MOAYJIO ¥ IPOTUBOIOJIOAKEH IO 3HaKY 3apany Q, c
T. e. paBeH —Q. Tak Kak 3apsa IPOBOJHUKA MO- ‘

XKET PacIoNarathCsl TOIBKO HA €r0 MOBEPXHOCTSX
¥ CyMMapHBIH 3apsn paBeH 20, To 3apsj BHeIU-

Hell moBepxHOCTH mapa coctaBut 3Q . Mrak, nme- Puc. 8.3

€M CHCTEMY 3aps0B, COCTOAIIYIO U3 ToueyHoro 3apsana Q u 3apamoB —Q u 3Q

Ha cdepax paguycamu R u 2R.

JIlnst touek A u C o NpUHIHKIY CYNEPIO3MIMN TTOJIEH TPOESKIHUs HAMPSKEH-
HOCTH Pe3yJbTHPYIONIETO TOJ HA OCh X, MPOBEAEHHYIO W3 IIEHTpa Iapa uepes
uccnexyeMyro Touky (st Touek A m C ocu X pasiMuHBI), paBHA CyMMeE IPOEK-
LMl HanpsDKEHHOCTeH moutel, co3nanubix 3apsigamu Q, —Q, 3Q:

Ey =K _Q +0+0= 4kg>0
(R/2)*
E. =k Q +k _Q2+k Q__1 QZ
(3R)>  (3R) (3R)° 3 R
HpOGKHI/II/I TMOJIYYHIIUCH TTOJIOKUTCIIBHBIC. 9710 3HA4YUT, YTO HaHp}I)KéHHOCTI/I I10-
JIs1 B TOYKax A " C HalpaBJICHBI OT HCHTPA Iapa U paBHbI

Q 1, Q
E,=4k—=, E.= .
3 R
Haiiném notenmuans. 110 IPUHIMIY CYIEpPIIO3UINH MOJEH MoTeHunan B T. A pa-
BCH CyMMe IOTEHIHAJIOB B 3TOI TOUKE OT MoieH, co3maHHbIX 3apsgamMu Q, —Q u

. Q -Q 3Q 5 Q
3Q: 0, —k—2 k2.
Qiop=kp kg kg =3y

Amnanornusdo noreHuai B T. C :
—kQ+k Q+k3Q kQ.
3R 3R 3R

INotennuan mapa mpolie BCEro HaWTH, ONpeieInB HOTCHHI/IaJ'I Hapy>KHOW HOBEpX-

HOCTH IIapa:
ok 2 =9 R_3,0
2R 2R 2R 2 R’

§ 9. ImiiekTpukn

WneanpHple TUAIEKTPUKN — ATO BEIIECTBA, HE COAEPIKAIINE CBOOOIHBIX 3apsI0B.
B xycke He3apsHKEHHOTO TURJIEKTPUKA, TOMEIIEHHOTO B AJIEKTPOCTATHIECKOE TOJIe,
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HOSBIIIOTCS TaK HA3bIBaGMbIE C@A3aHHble 3apAdbl. B pesynbprare HanpsHKEHHOCTD
HOJIS BHYTPU M BHE AMDJICKTPUKA U3MEHSETCs 10 MOIYJIIO M HAIIPABJICHHUIO 10 CPaB-
HEHHIO C TeM, 4TO OBIJIO B COOTBETCTBYIOLIMX TOYKAX HPOCTPAHCTBA O BHECECHHS
IudnekTpuka. [Ipupona BO3HMKHOBEHHS CBS3aHHBIX 3apsAloB CBsS3aHA C SIBJICHHEM
noaspuzayuy — OpUEHTAIMEH HEWTPAIBHBIX MOJIEKYJI IO MOJIIO0 U3-3a TOTO, YTO MO-
JIeKyJIbl OBUIM WM CTAJH TOJ JIEWCTBHEM BHEIIHEro IOJIs AUNOoiIsMu. CBs3aHHBIC
3apsi/ibl, BOSHUKIIUE B HOJISPU30BAHHOM AMAIICKTPHUKE, CO3/IAI0T COOCTBEHHOE JJIEK-
TPOCTaTHYECKOE T10JIe, KOTOPOE HAKJIAIbIBACTCS Ha BHEIIHEE, IPOTUBOACHCTBYSI EMY
U TBITASCh OCHAaOHTh. PesynpTHpyromiee Iojie BHYTPH IHMAICKTPUKA CTaHOBHTCS
OTJINYHBIM OT BHEIIHETO.

XapaKkTepuCTHKONW OJHOPOIHOTO M30TPOITHOTO JWIJICKTPHKA SIBISACTCS JUIJICK-
TpUYecKasl NMPOHHUIAEMOCTh €. EciM rpaHWIA TaKOrO AWAICKTPHKA MEPICHANKY-
JpHA BHEIIHEMY JIEKTPHYECKOMY IOJIO0, TO HANPSHKEHHOCTD TOJS B IHAJICKTPUKE
OyzneT B & pa3 MEHbIIE, UM B BaKyyMe.

Hamnpsxk@HHOCTE MOJIsE paBHOMEPHO paclpeneiéHHOro Mo cdepe 3apsaa, Touey-
HOTO 3apsja 1 OECKOHEUHOH paBHOMEPHO 3apsDKEHHOW IIIOCKOCTH, OMEUIEHHBIX B
JFRIICKTPUK C JUAJICKTPUYSCKOH IPOHHUIIAEMOCTBIO & , OYeT B & pa3 MEHbIIE, YeM
B BakyyMme. {1 ToueuHoro 3apsina u chepsl (mpu I > R) BMecto (2.2) u (2.3) cipa-

Q
BeUTUBBI hopMmynel E =K Q E =k % .
er er
o
Juist utockocT BMecTo (4.1) cpaBeymBo E = ——— .
2¢eg,
B GeckoHEYHOM OIHOPOIHOM M HM30TPOITHOM JHUAJIEKTPHKE BMECTO (HOpMyIIbI

(2.1) 3axona KynoHa MOXHO 3amucath F = kw .
er

3agaua 9.1. Toueunslit 3apsn Q HaxomUTCS B LICHTPE
MOJIOTO Iapa C JAWRJICKTPUYECKOH MPOHHLIAEMOCTRIO &
(puc. 9.1). Haiitin HanpsHKEHHOCTH AIIEKTPHYESCKOTO OIS B
TouKax 1, 2 U 3 Ha pPacCTOAHUAX I, I, U I, OT TOYEUHOIO
3apsza.

Pemenne. [Tycts ectsb 3apsgy Q B Bakyyme. C mosiBie-

HHEM CJIOSl U3 JURJICKTPUKA HANpsDKEHHOCTH I0JIS, TEePIIeH-
JUKYJISpHasl TPaHULAM JAMAJICKTPHKA, U3MEHSETCS] TOJIBKO B
JIMRJIEKTPUKE, IPUYEM yMeHbLIaeTca B & pas. [loatomy Puc. 9.1

E, =kg, E, =kg, E, =kg.
1 el s
§ 10. Konaencaropnl

KOHHGHC&TOpOM Ha3bIBACTCAd CUCTEMA, COCTOALIAd U3 JIBYX MHNPOBOJHUKOB, pac-
MOJIOKCHHBIX JOCTATOYHO OJIU3KO ApyT OT Apyra. HpOBO,Z[HI/IKI/I Ha3bIBaKOT 06KJ'Ia,Z[-
KaMHU KOHACHCATOpA. Ecmu Ha O6KJ'IaI[KI/I KOHACHCATOpa MOMECTUTh PaBHBLIC IO MO-
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JYJTIO0 U MPOTHUBOIOJIOXKHBIE MO 3HAKy 3apsigbl, TO PAa3HOCTH MOTEHINAIOB (HArps-
JKeHHE) MEeXIy OOKIagKaMH OyIeT MpOoNOpUHOHATIbHA 3apiay OOKIAIOK, T. €. OT-
HOIIIEHNE 3apsa K HaNpsOKEHUIO He OyJeT 3aBUCETh OT 3apsga. Ha ocHoBaHMM 3TO-
IO YTBEP)KICHHUs, KOTOPOE TNPHUBOAMM 0O€3 IO0Ka3aTelbCTBA, BBOAMTCS MOHSITHE
INEKTPOEMKOCTH (EMKOCTH KOHJICHCATOPA).

EMKOCTBIO KOHJIHCATOpa HA3bIBAETCS OTHOLIEHUE 3apsga Q oHON u3 oOKIa-

JIOK K pa3sHOCTH moTeHmaioB U Mexay 3Toi 0OKITagKoi U coceTHei:
c-9 (10.1)

Ecitu B35T 3apsi Ha MOJIOXXHUTEIBHO 3apspkeHHon obkmanke, 70 Q >0, U >0 un
nomyaurcss C > 0. Ecnm 3apsin B3AT Ha oTpuuarensHoi oOkmanke, o Q <0,

U <0 u omars 6ymer C > 0. Urak, u3 onpenesieHusi EMKOCTH CICAYET, 4TO EM-
KOCTh BEJIMYMHA TOJ0KHTeNbHAsA. B cucteme CU émMkocTh m3MepsieTcs B (apaaax:
1®=1Ku/B.

TpeboBanue G1u30cTH OOKIIAIOK APYT K JAPYTY CBSI3aHO C TEM, YTO JJIsl HE3aBH-
cumoct C or Q B (10.1) HyXHO, 4TOOBI TOJIE OT 3apsAOB Ha OOKIaAKax OBUIO

COCPEIOTOUCHO MPAKTHYECKU MOJHOCTHIO MEXAY OOKJIaIKaMH, T. €. BCE CHJIOBBIC
JIMHUY, HAUMHAIOIINECS Ha OJTHOU OOKIIaIKe, 3aKaHUMBAIMChH TOJIBKO Ha JAPYroi U HE
YXOIMJIM Ha OKpYy’Karolue Teja. B aToM ciydae okpykaronye tena He OyayT BIu-
ATh Ha EMKOCTH KOHJICHCATOPA.

MO>KHO BBIBECTH, YTO EMKOCTbH IDIOCKOTO KOHIEHCATOpa

Co &‘9;3 (10.2)

3nmeck S —mumomanb OOKIANOK, d — pacCTOSIHAE MEXIYy HUMH, & — TUIJICKTPH-
YyecKasi MPOHUIIAEMOCTh JUAJIEKTPUKA MEX Ty 00KIIaKaMu.

[Tpu mocnenoBaTeNbHOM COEAMHEHNN M3HAUAJIBHO HE 3apsHKEHHBIX KOHJIEHCATO-
poB ¢ émkoctamu C,, C,,... oOwmuil 3apsa paBeH 3apaiy KakIoro KOHIEHCATopa,

oOI11ee HaNpsHKEHWE PaBHO CyMME HaIlpsDKEHHH Ha OTAETIbHBIX KOHJIEHCAaTopax, 00-

1 1
mrast EMKOCTB OnpeiensieTcss U3 GopMyinbl — = — + — +
¢ G
[Tone3no moMHUTH QOpPMYITy AJIST YACTHOTO CIIydasi MOCJIEeI0BATEIBHOTO COENH-
C,C,
HCHUSA ABYX KOHACHCATOPOB!: C = —
C, +C,

JI151 IOCTEI0BATENBHO COEMHEHHBIX N OJMHAKOBBIX KOH/IEHCATOPOB EMKOCTBIO
C, xaxupiit C=C,/n.
Ecii m0Ci1e10BaTelIbHO COSANHEHbI IPEBAPUTEIBHO 3apsKeHHBIC KOH/ICHCATO-

PBL, TO MIPIMEHEHHE TIEPEUYNCIICHHBIX BEINIE CBOMCTB U (OPMYI MOXKET MPUBECTH K
HENPaBWILHOMY PE3yJabTaTy!
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[Tpu mapajienbHOM COeMHEHMH KoHaeHcatopos ¢ émkoctamu C, C,,... 00-
Ui 3aps] paBeH CyMMe 3apsioB OTICIbHBIX KOHICHCATOPOB, 00IIee HAMpsHKEHHE
PaBHO HAIMPSHKSHUIO HA KAXKIOM, 00111asi EMKOCTh paBHa CyMMe EMKOCTEH:

C=C,+C, +--

3agaya 10.1. B mrockuii KoHIEHCATOp MapauIeNbHO ero 0OKIaakaM BCTaBICHA
IUIACTHHA U3 JHMAJICKTPHKA C TUIJICKTPUYCCKOW MpoHHIaeMocthio & (puc. 10.1).
[Tnomaae 0OKIaI0K KOHACHCATOPA U IIIACTHHBI S, TONIINHA IUTACTHHBI d, paccTo-
sHUe Mexy oOknaakamu 3d . Haiitu éMKoCTh Takoro KoHIeHcaTOpA.

Pemenue. IlycTtb paccTosiHHE OT IIACTHUHBI A0 JIEBOW OOKIAJKH KOHAEHCATOPa
X . Hakjienm MBICIIEHHO Ha 00€ CTOpPOHBI IJIACTHHBI TOHKYIO MPOBOMSIIYIO U HE3a-
psokeHHy0 Qonbry. OT 3Toro Hu4ero He u3MeHuTcs. O0e QONbru MOXKHO paccMar-
pUBaTh Kak cBOoeoOpa3Hble MPOBOJA, COCTUHSIOIINE TPH IOCIEOBATEIBHO COEJU-
HEHHBIX KOHieHcaTopa ¢ paccrosausiMu X, d u 2d — X . Jlnst oOueit émxoctu C

1 X d 2d —x
+—.

C &S &,S &S
€,
d(2e+1)

X «mcye3nay B MpoIiecce perieHus.

3agaua 10.2*. B ruiockuii koHaeHcaTop €MKOCThi0 C BCTaBlieHa MapaielbHO
oOKJaskaM IUIocKasi MpoBOAsIIas miIacTuHa ¢ 3apsanoM Q (puc. 10.2). Konnenca-
Top noacoequuén k ucrounuky ¢ DJC & Ilnomanu NIacTHHLEL U OOKIAZ0K KOH-

OKOHYATEIIHHO C= . 3aMeTI/IM, YTO HC 3a/laHHAasg B YCJIOBHUU BCJIMYUHA

-q — q
Q
d/271d/ald /4
<—> K A,
| x
P F| N[ M
X |
g
_|Ig+ ]
3d I |
Puc. 10.1 Puc. 10.2 Puc. 10.3

JIeHcaTOpa paBHBL. TONIMHA IUTACTHHBI paBHA PACCTOSHUIO OT He€ J0 MpaBoil 00-
KJIAJIKH M COCTaBJSIET YETBEPTh OT PACCTOSHUS MEXIy oOkmankamu. Haiftu 3apsia
KOHJICHCATOpA.

Pemenne. ITycte d — paccrosiHme Mexmy oOKIaakamMu, S — HMX IUIOIIAfb.
ITycts g —3apsan mpasoit oOkmanku. Torma 3apsp sieBoit OyneT —(, T. K. 3apsj B
3HAYUTENILHBIX KOJIMYECTBAX HE MOXKET HAKAIJIMBATHCA HA COCAUHUTEIBHBIX IPOBO-
Jlax 1 B uctounuke. HampaBum och X Bieso (puc. 10.3).

3ameTHM, 4TO TOJie BHYTPH IUIACTHHBI OTCYTCTBYET M Pa3HOCTh TMOTEHIIMAJIOB
@y — @ MEKIY TOUKAMU N u F pasna uymo. Kpome Toro, 3apsijisl Ha moBepx-

HOCTAX INIACTUHBI CO3AAI0T BHE IUIACTUHBI TAKOC K€ I1OJIC, KaK U 3aps] Q , €CJIIN ObI
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€ro PacroJIOKUTh Ha JF000H U3 JBYX MOBEPXHOCTEH IIACTHHBL. JTO JIETKO MOKA3aTh
OTIEIBHO.

PasHOCTb MOTEHIHANOB (), — @, Mexay Toukamu M u P pasua & . IToato-
My
((pM gDN) (gDN _¢F)+((PF _¢P):g.

d
Y uac Pu — Py =Ea— Ay oy =0 =0, o —po=E,—

3pecs E, u E; — npoexnun HanpskEHHOCTH PE3yNbTHPYIOIIETO MOJIA HA OCh
X . Ilo mpuHIMITY Cynepno3HLIUY MOJIEN
q Q —9
28,5 2508 2808 250

(29-Q),

AT

q Q —-q
+ - (29+Q).
2e,S 2e,S 2¢,S 2 0S
Hoxcransas seipaxenns a1 E,, E, u pasHocrell moTenuuanos B mepsoe

£,S

ypaBHEHHe, TOTy4HM MocJe Ypomennii 6¢ + Q =8& OT

K =

€,5
=C,10 q=(8C& -Q)/6. C, c,
Il ]
CrefyeT 3aMeTHTh, 4TO 3HAK HAWIECHHOro 3apsga [A ' B v c,
HpaBOﬁ 06KH3I[KI/I 3aBUCHUT OT COOTHOIICHUS 3aJaHHBIX B ”
YCIIOBMH 3a/1a4¥ BEJIMYMH. Kb

3agauya 10.3. Ha cxemy (puc. 10.4) mogano Hamps-
xenne U =24B. Emkoctn xonaencatopos C, =1 Mx®,

g U

C,=2mx®, C,=3mk®. Haiitm HampspkeHHs Ha KOH-

JieHCaTopax. Puc. 10.4
Pemenue. B 3anauax, rue ecTh cXeMbl ¢ KOHJIEHCATOpaMHM, OOBIYHO Mpe/Ioiara-

€TCsl, UTO CXEMbI COOPaHbI U3 MEPBOHAYATHHO HE3aPSHKEHHBIX KOHICHCATOPOB.
Emkocts mexny Toukamu B u K C, =C,+ C,=5mkd.

CCa _5 o,

C,+C, 6

O6mmit 3apsn Beelt Gatapen koHaeHcaTopoB (, =C,U =20-10"°Kun. Tak

O061mas éMKOCTh CAK =

KaK 3apsj (, KonaeHcatopa C, paBeH 3apsy Oataped, TO HampsDKCHHE Ha STOM
xonnencarope U, =q,/C, =q, /C, =20 B. Hanpsuxenns Ha konnencaropax C,
u C, paBHBI HanmpsKeHHI0 Mexay Toukamu B u K u B cymme ¢ U, mator U . Ilo-

sromy U, =U,=U_, =U-U, =4 B.
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[IpuBenéunas B 3aaue cxeMa HETPOMO3JIKasl, M OTBET JIETKO MOJIYIHUTh B 00IIeM
BHJIE:

C,+C c
U =—273 y-20B U,=U,=— =2 __U=4B.
C,+C,+C, C,+C, +C,

§ 11. DHeprus 3J1eKTPUYECKOT0 MOJIA

DnekTpuueckoe mnoje obmamaer 3Heprueit. [lmotHocTs 3Heprum W (3HEprus
eanHUIBl 00BEMa) JIFOOO0TO AIEKTPUUYECKOTO IOJII B HEKOTOPOW TOUYKE 3aBHCHT OT
HanpsokéHHOCTH E mosist B 9T0# Touke. B 0HOPOIHOM H30TPOIHOM JUAJIEKTPUKE C
JUBJICKTPUICCKON MPOHUIIAEMOCTBIO &

g,eE?
2

DHeprust 3JIEKTPUIECKOTO OIS KOHACHCATOpa eCTh SHEPTHs KoHAeHcaTopa. [To-
YTH BCS DHEPTHS IUIOCKOTO KOHJEHCATOpa COCPEIOTOYCHA B OJHOPOIHOM ITOJIE
MEXIy ero 0OKIIaJKaMH.

[TapameTphl 3apsHKEHHOTO KOHACHCATOPA XapaKTePU3YIOTCS TPeMs BETUUINHAMU:
émkocteio C, zapsmom ( u HampspkeHmeM U . Mexmy HUMH mpocTast CBSI3b!
C =q/U . Dueprust koHAeHcaTOpa MOXeT ObITh BbIpaXKe€Ha 4yepes Jro0ble 1B M3

.. U 2 CU?
TpEX BenuuuH: W = q_ q_
2 2C 2

3agaya 11.1. ITnockuit KoHAeHCcaTOp nMeeT 3apsaa Q u oTCoeAMHEH OT MCTOY-

Huka. [lnacTiHa ¢ AMAIEKTPHYECKOH NPOHMLAEMOCTBIO & 3allONHAET BCE Mpo-
CTPaHCTBO MEX Ty OOKIaaKaMu. EMKocTs KoHmeHcaTopa 6e3 mimiaekTpuka papHa C .
Kakyio MuHUMaBHYIO paboTy HaI0 COBEPIIUTH, YTOOBI YIAINUTH TUTACTHHY U3 KOH-
JeHcatopa?

Pemenne. Mckomasi pabota A BHENIHHX CHII MOWAET HA MpPHUpAIEHUE SHEPTHH
xonzencatopa: A=W, —W,. 3apsan xongeHcatopa He H3MeHseTCs, a EMKOCTbH
Q@ Q Q-1
2C 2¢:C 2C ¢
§ 12. DnexkTpuyecknii TOK

ymenbiraercs or ¢C g0 C. Torma A=

VYropsioueHHOe JBIDKCHHE DIICKTPUYECKUAX 3apsIOB HA3bIBACTCS JJICKTpHUE-
CKHM TOKOM. DTH 3apsiibl HA3bIBAIOTCSA HOCHTEISIMH TOKA. B MeTaiax HOCHTEISIMH
TOKA SIBILSIFOTCS JICKTPOHBI, B JICKTPOJIUTAX — IIOJOKUTEIBHBIC U OTPULATEIHHBIC
WOHBI, B MOHU30BAaHHBIX Ta3aX U IJIa3Me — HOHBI 000MX 3HAKOB U AJICKTPOHBIL.

Cunoii moxa (moxom) Ha3bIBaeTCs OTHOIIEHHUE 3apsaa AQ, mpoxomsiero yepes

HonepevHoe ceYeHre MPOBOAHMKA 3a Bpems At, k At:

| - AQ (12.2)
At

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
21



2013-2014 yu. rom, Ne3, 11 k1. ®usuka. DJIEKTPOCTATHKA M 3aKOHBI IIOCTOSHHOTO TOKA

Ecmn meperocumerit 3apsn AQ mpomoprmoHaner At, To cuma Toka | mocro-

SHHa ¥ TOBOPSAT O IIOCTOSTHHOM TOKe. B octanbHBIX cimydasx ¢opmyrna (12.1) maér
MTHOBEHHOE 3HaueHue Toka mpu At — 0.

3a HampaBJICHHE TOKa NPHUHUMAETCS HAIPaBICHUE JBIKCHUS IMOJOKUTEIBHBIX
3apsnoB. [IpoxoxaeHue yepes MONEpeYHOE CEUeHHE MPOBOJHHUKA OTPHUIATEIHLHOTO
3apsiia SKBUBAICHTHO B CMBICIIE IIEPEHOCA 3apsiia NPOX0XKICHUIO TAKOTO JKe 110 MO-
IyJIIO TTOJIOKUTEIILHOTO 3apsijia, HO B IIPOTUBOIIOJIONKHOM HampasieHud. [lonx AQ B
(12.1) moHmmaercst anrebpamyeckas CyMMa 3apsOB, NEPEHOCHMBIX HOCHTEIISIMH
000MX 3HAKOB.

Cuity toka | ymoGHO MHOTZHA CUMTATh MONOXKUTEIHHON WM OTPHIATEIHHON B
3aBHCHUMOCTH OT BBIOOpPA ITOJIOXKUTEJIFHOTO HAIPaBICHHs BIOJb NMPOBOIHUKA. Ecmu
HalpaBJICHUE TOKAa COBIIAJAET C BEIOPAHHBIM HAIPaBJICHHEM BJOJb IPOBOJHHKA, TO
AQ>0 u | >0. B nporusaom ciysae AQ <0 n | <0. Ho uacro nox cuioit
TOKa IIOHUMAIOT €€ aOCOTIOTHOE 3HAYCHHE, YKa3bIBas JOMOJIHUTEILHO HANPaBICHHE
TOKA.

§ 13. 3akon Oma ays yyacTka uemnu, cogepxamiero IAC

Ilycte Ha cBOOOAHBIE 3apsabl ydacTKa Lenmu 1-2 NeHCTBYIOT CTOPOHHHE CHIIBI
(cumBl HERNEKTPOCTATHUECKOTO MPOUCXOKIeHHUA). Torma roBopsT, YTO Ha ydacTKe
1-2 neiictByer anektponsikymas cmia (3JC). 3a manpaBnenue apeticteus DC
Oyznem cunTaTh HANpaBJICHHUE ICHCTBHUS CTOPOHHHX CHJI HA TIOJIOKHUTEIIBHBIE 3apsiIbl.

Jns yqacTka menu 1-2 MOXKHO BBIBECTH, MCIONB3YsI 3aKOH COXPAHEHHUS U TIpe-
BpallleHUsl SHEPTUH, 3aKkoH OMa Il yYacTKa uemnu, cogepxxamero I1C:

(p—@,) & =%IR. (13.1)
3neck (¢, —@,) —Ppa3sHOCTH MOTEHIUANOB (HANPSKEHNE) MEXIY ToukaMu 1 u 2,

& — DJIC, neiictylomas Ha yuactke 1-2, | — cuma Toka, R — comporusnenue
yuactka 1-2. B (13.1) Benmuunbl | n & B3ATHI ONOKHUTENBHBIMH, YTO YIOOHO HA
npakTuke. [Ipu 3TOM CIpaBeIMBO MPABUJIO 3HAKOB: Tiepen & (wim | ) Gepércs
3HaK «+», ecau HanpasiieHne aeictBus DJC (nnm HampaBiIeHHE TOKa) COBIIAJIAET C
HanpasieHueM oT 1 k 2 u Hao6opor. Benmunna |R HasbiBaetcs majeHuneM Hampsi-
JKEHUSL. e
Ha cxemax D/IC Ha yyacTKax IeTTd 0003HAYaETCs, _| = hammane y y4act-
Ka IIeTd CONpOTUBICHUs o0o3Hawaercss ——1—. Ilpuuém DJIC u compoTuBICHUE
MOTYT OBITh «pa3MasaHb) 10 yJacTKy 1-2 MPOM3BOJILHBIM 00pa3oM U MO3TOMY MO-
PSIIOK PACIIONIOKEHHUS ITUX JIByX CUMBOJIMYECKUX 0003HAYEHHH JUIS yyacTKa LIeNH B
cxeme He urpaeT ponu. Hampasnenue nerictusi 9JIC coBmamaeT ¢ HalpaBiIeHUEM
OT «—» K «+» Ha CHMBOJIMYECKOM 0003HAYCHHH.

CrnenyeT OTMETHTh, 4TO paBeHCTBO (13.1) cmpaBemIMBO HE TOIBKO AJISL MOCTO-
STHHBIX 110 BpeMeHu |, & , R, HO ¥ JUI1 X MTHOBEHHBIX 3HAYCHUH.

3agaua 13.1. Ha yyactke uenu 1-2, umeromiem | g R

compotusienne R =50m, unét tox | =2 A u ngeit-
p — ey

creyer DJIC & =12B. Haiitu nHa yuactke 1-2
(puc. 13.1) nmasieHre HANPSHKEHMST U HATPSHKEHHE. Puc. 13.1
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Pemenne. [Tagenue nanpsokenus ects IR =10 B. Ilo 3akony Oma 1iist yuactka
ey, coxepxamero OJC, (¢ —@,)—-& =IR. Orcronga  HampsbkeHHE
U,=¢0-9,=IR+&=22 B.

§ 14. 3axon Oma 1711 yyacTka nenu 6e3 I1C

IycTb Ha yuactke 1-2 Het D/IC (puc. 14.1). Torna paBenctBo (13.1) npuanmaer

BUJT
¢, — @, =%IR. (14.1)
3nech MpaBWIO 3HAKOB Takoe ke, kak B (13.1), R
T.e. Gepércs s ymobera | > 0 u 3HaK «+» mepen ]
| craBurcs mpu COBIaACHHM HAINPABJICHUI TOKa C 1 2
HanpaBieHueM 1-2. Eciu 0003HauUTh —o,|=U
P 2. - 2| =V, Puc. 14.1
TO MOJydyaeTcsl mpuBbIdHas (opmyna 3akoHa Oma
Jig yyactka uenu 6e3 IC:
U=IRum | =9 (14.2)
R

3ameruM, 4to s ydactka uenu Oe3 DJIC nampsoxkenne U paBHO majeHuro
HarpspkeHust IR .

§ 15. 3akon Oma 1519 3aMKHYTOH Lenu

INox 3aMKHYTOH LIEMBI0 TIOHUMACTCS cXeMa, B KOTopoi ydactok nenun ABD ¢
SJAC & wu conmpoTuBIeHUEM I MOJCOSTUHEH K ydacT- | B
ky menn DKA ¢ comporuBiennem R u 6e3 DJIC 1
(puc. 15.1). Yuacrok ABD Ha3bIBaeTCsI UCTOYHUKOM &.x ll
TOKa WM TPOCTO HCTOYHHKOM. ComnporuBieHHe I

yuactka ABD HasbiBaeTCs BHYTPEHHHM CONpOTHBIC- ' D}
HHEM HCTOYHHKA W Ha CXeMax 0003HadYeHHWEe B BHIC R
OpSIMOYTOJIBHUKA OITYCKACTCSI, YKAa3bIBAETCS TOJBKO Kr—

o LT
cama OykBa I'. Yuactok ABD 3aMKHYTOI Lienn Ha3bl-
BAalOT BHyTpeHHUM, yyactok DKA — BHemHum, a co- Puc. 15.1

NpOTHBIIEHHE R — BHENIHUM COMPOTHBIIEHUEM.

[Ton neficTBUEM CTOPOHHUX CHUJI B UCTOUYHMKE B 3aMKHYTOH LI€NIH BO3ZHUKAET TOK
| , uaynwmii BHE UCTOYHMKA OT «+» K «—». [lpumenum 3akoH Oma JUIs y4acTKOB
ABD u DKA: ¢, —¢p +e=1r, o -, =IR.

C1oxuB MOClIeHUE J1BA yPABHEHUS, TIOJTYYUM

Z=Ir+IR. (15.1)
Ir HasbiBaeTcsl BHYyTpeHHHMM TMajieHueM Hampspkenus, IR — BHemHum magenuem
HanpspkeHus. OObIYHO 3aKkoH OMa I 3aMKHYTO# IeNH 3aliChIBAIOT B OJHOHN U3

. R+r Ha3bl-

IByX (opM, KoTopble nomydarores u3 (15.1): £ =1(R+r), | =

Ba€TCA IMOJHBIM COITPOTUBJICHUEM IICTIN.
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§ 16. IlocaenoBaTesibHOE U MapajJie/ibHOE COeJMHEHNE TPOBOAHUKOB

HpI/I IIOCJIENOBATEIIBHOM COCAWHECHNU IIPOBOAHUKOB C COIIPOTHUBJICHUAMHU Rl’

R,, R;, ... ToK | paBeH TOKy B Ka)I0M:

| R1 R,

Ha puc. 16.1 nokasano nocnenosarensHoe coenn- g—s[ |— ¢

HEHUE JBYX IIPOBOJHUKOB.

OO1ast pa3HOCTh MOTCHIIMATIOB (HANPSHKEHUE) BCErO Puc. 16.1
y4JacTKa IelHd, KaK JIETKO IIOKa3aTh, paBHA CyMMe
HaIpsUKEHUH HAa OTAEIbHBIX NPOBOJHUKAX!

u=U,+U,+U, +--

MOoO3KHO BBIBECTH, UTO 00IIlee COMPOTUBIIEHUE MTPH TOCIEA0BATEIHLHOM COEIHHE-

HHUU NIPOBOJHUKOB
R=R +R,+R; +---

B vacTHOM ciiydyae mociieloBaTeIbHOIO COEUHEHU N ¢

TIPOBOJIHMKOB CONpoTUBIeHHEM R, kaxapii R =nR,.

IIpu mapaiienbHOM COEIMHEHWH MPOBOJHMKOB TOK |
paBeH CyMM€ TOKOB BO BCEX NMPOBOAHHUKAX:

=L+, +1;+-
Ha puc. 16.2 nokazaHo mapajuiensHOE COSIHMHEHUE NBYX MPOBOAHUKOB. Obmiee
HanpsOKEHUE PaBHO HAMPSHKEHUIO HAa KaXKJIOM MPOBOTHUKE:

U=U,=U,=U,=--
Moo IIOKa3aTb, 4YTO 0611166 COIMPOTUBJICHUE R Ipy napajjieJJbHOM COCANHE-
HHUU NPOBOJHUKOB C COIIPOTHUBJIICHUAMHA Rl' RZ’ ... HAXOAUTCS U3 PAaBCHCTBA

1 1 1
==
R R R,
B 4acTHOM cily4ae mapaiebHOrO COeIMHEHHUS IBYX IIPOBOIHIKOB
_ RiR, R,
—1 2z
R, +R, R { | R

4

B npyrom uactHOM citydae napasuiesibHO-
rO0 COEQUHEHUs N MIPOBOJHHUKOB COINPOTHUB-

nenmeM R, xaxupii R=R /n.

3agaya 16.1. B cxeme Ha pmc. 16.3
Ri=1 Om, R,=20m, R;=60m,

R, =90m, R, =50m, £=12 B,
r = 0,50m. Haiitu Tox uepes pesuctop R, . Puc. 163
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Pemenne. 3a1a4u ¢ TPOMO3IKMMH CXeMaMHU YAOOHO PacCUHUTHIBATH HE B 00IIEM
BUJIE, @ YHCJIICHHO, T. €. MOCJIEJ0BATEIbHO HAXOIUTh YUCICHHbIC 3HAUCHHS Mapa-
MeTpoB cxeMbl. PacctaBum Touku A4, B, D, M, N, P, Q Ha cxeme. ConpoTuBieHne

yuyacTka PQ Rpo =R +R, =30m. CompoTHBIeHHE  ydacTKa AB
o = ﬂ =20m- Comnporusnenue yuactkoB DA, DB u MN Oyayr
R, + Reg
RDB R5
Ron=R,/3=30m, Ry =Ry, +R;s=50m, R, =—2 2 =250m. 3amernm,
Rps + Rs

49ro oOKazanock Ry, =R, =50m. Torma moxHO OBUIO OB Cpa3sy Hamucarh
Ruw=R/2=2,50m.
[To 3akony OMa Ui 3aMKHYTOH 1lenH | :i =4 A. Tenepb modaém «o0-
Run +1
PaTHO», BBIYHMCIIAA MApaMETPBI CXEMBI M TIpHOMMKasch K R . Hanpsokenne mexmy
wn = IRun og =Uyy =10B. Tok Ha
yuactke DB |, =U; /Ry = 2A. Hanpsikenne U 3 =1 ;R,; =4B. Tak kax

U,=U

toukamt M u N U =10B. Hanpsoxenue U

pg » TO TOK uepes R, Oyner

I =1, =—2
1 PQ
Reo  Reo

§ 17. llocaenoBaTesibHOE U MApaJJieIbHOE
coeHEeHHe HCTOYHUKOB

[Ipn mocnenoBaTeIbHOM cOeqUHEHUN MCTOYHUKOB obmias DJIC paBHa anrebpa-
nuaeckoit cymme DJIC OTneNBbHBIX HCTOYHUKOB, 00IIee BHYTPEHHEE CONPOTHBIICHHE
PaBHO CyMMe€ BHYTPEHHHX COIIPOTHBICHHMH OTAENbHBIX MCTOYHMKOB. [l ompene-
nenus 3Haka DJ[C KakKJ0ro HCTOYHMKA HYKHO BBIOPATh MOJIOKUTEIHHOE HaIpaBJie-
HUE JBIKEHHUS Ha ydacTke ¢ 3TUM HcTOouHHKOM. DJIC uctounmuka Oepércst co 3Ha-
KOM «+», ecnu HanpasieHue aeicTeus 3/C coBnanaeT ¢ BRIOpaHHBIM HAIIPaBIICHH-
eM. B mpoTHBHOM ciTydae CTaBHUTCS 3HAK «—».

[Ipn mapanneabHOM COETMHEHWH NCTOYHHUKOB ¢ ofMHAKOBBIME JJIC 1 BO3MOX-
HO pa3jIMYHBIMH BHYTpeHHHMH comnpoTusieHusmMu obmas DC (3[C OGarapen)
paBHa D/IC onHOro McTOYHMKA. BHyTpeHHee conpoTuBieHne 6artapen paccunThIBa-
eTcs KaK MPH MapauIeIbHOM COEIMHEHWN TPOBOJHHUKOB C CONPOTHUBICHUSMH, PaB-
HBIMU BHYTPEHHHUM COIIPOTHBIICHHSIM HCTOYHHUKOB.

[Ipu mapanienbHOM COSIMHEHUH MCTOYHHMKOB C pa3inndHbiMU DJ]C BbIpakeHue
st DJ1C Gatapen yCIOKHSAETCS U 3716Ch HE TIPUBOIUTCSL.

3agaua 17.1. B cxeme Ha puc. 17.1 & =12B, & =3B, r, =10Mm, 1, =20m,

R =6 Owm. Haiitu HaIllpsKCHUS Ha 3aKUMaX UCTOYHHUKOB, T.C. pa3HOCTb IOTCHIIUA-

JIOB @y —@Pg U Qg —Pp .
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Pemienne. DJIC Oatapen TOCIENOBATEIPHO COCOUHEHHBIX HCTOYHUKOB
& =& — &, =9B. IIpuuém, nonspHocTh 6aTapen COBMNAAET C TOJAPHOCTHIO UCTOU-

HUKa &, T. K. gl > gz Tox mno 3akoHy Owma Ui 3aMKHYTOM Lenu
I =& /(R+r1 +r,)=1A. Ilo 3akony Oma 11 y4acTkoB nenu 48 u BD:

Pa— P tE =10, 9y —p =&, =11,
Orcrona ¢, —@p =1 —& =-11B, ¢ — ¢, =11, + &, =5B.

3agauya 17.2. Haiiti TOK 4epe3 pe3wCTOp C CONPOTHBICHHEM R B cxeme Ha
puc. 17.2.

Pemenne. Mexny Toukamu 4 1 B uMeeM mapaieibHOE COEAMHEHNE UCTOYHU-
koB. Ha puc. 17.3 noxasaHa OKBMBAJIEHTHas CXeMa, U1 KOTOpoH & =&,
r=r-2r/(r+2r)=2r/3. O6mas DJC n BHYTpEHHee CONPOTHBIICHHE MOCIEI0BA-
TENBHO COCMHEHHBIX HCTOUHUKOB ¢ DJIC 3& n &

&E=38 -&=3&-&=2¢, r,=3r+r=3r+2r/3=11r/3.

Toxk | = % :i_
R+r, 3R+11r &r
&,.r &, I
| v 22 35,3[' +I - 3&,3r g]_)rl
Ty +'- | |
A B D| 1| L
-+A| . _ |B -+ A +-B
Y | S ol
&2r
R R R
— 1 [ 1 1
| I I |
Puc. 17.1 Puc. 17.2 Puc. 17.3

§ 18. IIpaBusa Kupxroga

CoeauHeHns pe3ucTOPOB M MCTOUYHMKOB B CIIOXKHBIX LIEMSAX HE BCETAA MOXHO
CBECTH K COBOKYIHOCTH NOCJEAOBATENbHOIO W MAapajuIebHOTO HUX COEAMHEHMH.
Jyist pac4€TOB CI0XKHBIX IeTell Y00HO MPUMEHATh npasiia Kupxroda.

V3n10m snextpuueckoit nenu OyaeM Ha3bIBaTh TOUKY, T/I€ CXOJSATCS HE MEHee
TpEX MPOBOIHUKOB. TOKH, MOAXOMAIINE K Y31y, Oy/IeM CUUTATh MOJIOKHUTEIHHBIMU,
a BBIXOJSIIKE U3 y3JIa — OTPULIATEBHBIMU. Y3el — 3T0 He 0OKIIaJK1 KOHJeHCcaTopa,
T7ie MOXET MPOUCXOIUTh CYLIECTBEHHOE HaKoIUIeHHe 3apsaa. OTcroaa ciaenyeT nep-
Boe mpaBmiio Kupxroda: areebpauueckas cymma mokog 8 y3ie paguHa Hyo.

VYyactok nenu Mexay JBYMs y3JIaMH Ha3bIBaeTCsl gemevio. Bo3bMEM B CIOXKHOM
LEMH IPOU3BOJIEHBIN 3aMKHYTHIH KOHTYP, COCTOSIINIA U3 OTACIBHBIX BeTBei. BriOe-
peM HampaBiieHre 00Xxo0Jla KOHTYpa M0 9acoBOM cTpenke uiu npotus. DJ[C B kaxk-
JIO BETBM KOHTypa OyJeM CUWTATh MOJOXHUTEIbHOW, €CIM HalpaBiieHue €& aei-
CTBUSI COBIMAJIA€T C BBHIOpAaHHBIM HAIpaBJICHHEM 00X0Ja KOHTYpa, a B MPOTHUBHOM
ciydae — oTpuiarenbHol. [lageHne HampspkeHUs (MPOW3BEACHHE TOKAa HAa COMpO-
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THUBJICHUE) B 000N BETBH KOHTYpa OyAE€M CUUTATh MOJOKHUTEIBHBIM, €CIIH HAIIPaB-
JICHHE TOKa B 3TOH BETBH COBIIAJIa€T C HANpaBJICHHEM 00X0Ja KOHTypa, B MPOTHB-
HOM CiIydae — OTPHLATENbHBIM. 3alicaB Ul KaKIOH BETBH KOHTYpa ypaBHEHHE
3akoHa OMa miis ygacTka mend, conepxamero J/1C, u c1oXuB Bce ypaBHEHUS, TO-
JTyduM BTopoe mpaBuio Kupxroda: ¢ npousgonvrnom samxHymom Kowmype mobou
INIeKMPULECKOll Yenu cyMMa nadeHuli HanpAXCeHUll 860 6cex 6emesax KOHMYpa pasHa
aneebpauueckou cymme D]JIC 6o 6cex 6emasx KoHmypa.

O6a npasuna Kupxroga cripaBeaniBbl He TOJIBKO JUIsl TOCTOSIHHBIX BO BPEMEHU
3HAUYEHUH BCEX BEJIMYMH, BXOJIINX B COOTBETCTBYIOIINE YPaBHEHHUS, HO M JJISI UX
MTHOBEHHBIX 3HAUCHHH.

IIpu cocraBnennn ypaBHeHHH 1m0 npaBmwiaM Kupxroda Hy)XKHO IpHAEpPKUBATHCS
CIIEMYIONINX peKOMeHAanui. Ecnm B memm comepXUTcst 7 y3I0B, TO IO IEPBOMY
npaswy Kupxroda M0oXHO COCTaBUTH TOJBKO # — 1 He3aBUCHMBIX ypaBHeHuil. [Ipn
COCTaBJICHUH ypaBHEHHU N0 BTopomy mnpaBuiny Kupxroda Hano criemurs, 4ToOBI B
KaXXJI0M HOBOM KOHTYpPC 6I>IJ'Ia XO0TA 6])1 OJHa paHEC HC MCIIOJIb30BAaHHAA BCTBb. OT-
CTYIIZICHHUC OT 3TUX pCKOMeHI[aHI/Iﬁ NPpUBOJUT K MOSABJICHUIO ypaBHeHHi/lI, SIBJISIFO-
IIUXCS CIEICTBUEM CHCTEMBI PaHEE COCTABICHHBIX ypaBHEHHH. B mporecce perre-
HUS TaKOH «IIEPETOTHEHHOI» CHCTEMBI MOXET BO3HHUKHYTH TokaecTBo 0 = 0, uro
NPUBOANT B 3aMEIIATEIHCTBO PEIIAOIIEIO M3-32 (HCUC3HOBCHMS» HEM3BECTHBIX
CHCTEMBI.

3anaya 18.1. B cxeme na puc. 18.1 & =4,2B,

_ _ _ o & R,
&=38B, R, =R, =100m, R, =450wm. Haiitu : :1 —
CHJIY M HAlpaBJIEHHE TOKa BO BCEX YYaCTKax IEMH. —
CunTarh, YTO BHYTPEHHHE COMPOTHUBIICHHUS HCTOY- R, :
 — 3
HUKOB BOLLIM B R, u R,- A l c

Pemenue. 3a1aauM HanpaBiIeHUsI TOKOB IPOU3- R
BOJIBHO, HAlIpUMeEp TakK, Kak MoKazaHo Ha puc. 18.1. & 2 b

JUis HaxoXIeHUs TPEX HEU3BECTHBIX TOKOB HAago0 1 —1 =
COCTaBUTh TPH HE3ABHCHMBIX ypaBHeHUs. B cxeme
n=2 y3ma. [lo mepeomy npaeuny Kupxroga co- Puc. 18.1
craBiasieM N —1=1 ypasuenue. s y3na C :

I,-1,+1;,=0.
Henocraromue nBa ypaBHEHHUsI COCTaBIIeM 110 BTOpoMy mpaBuiny Kupxroda must
xonTypoB ABCAu ABCDA:! | R - I,R, =%, |,R +I,R, =& -& .

PerieHre cucTeMbl MOJTYYEHHBIX TPEX YpaBHEHUU B 00IIEM BUIE TPYAOEMKO U
JIaéT TPOMO3IKUE BBIpaXEHUs it TOKoB. CHCTeMy yIOOHO pemiaTh, MOJCTABHB B
He€ 3HaueHus DJ]C u conpoTHBICHUN:

l,—1,+1,=0, 101, —451, =4,2, 101, +101, =0,4.
Pewas cucreMmy nocnenHuil Tp€x ypaBHEHUM, HAXOUM:

I,=006A, 1, =-0,02A, 1, =-0,08A.

OTpI/IL[aTeJ'H)HLIe 3HA4YCHUA TOKOB

n ToBOpAT O TOM, YTO HCTHUHHBIC

I, I,
HaIpaBJICHUs STUX TOKOB MPOTHUBOIIONIOKHBI YKa3aHHBIM Ha puc. 18.1.

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
27



2013-2014 yu. rom, Ne3, 11 k1. ®usuka. DJIEKTPOCTATHKA M 3aKOHBI IIOCTOSHHOTO TOKA

§ 19. 3akon /Ixoyusi-Jlenna. JHepreruyeckne
NpeBpallleHus B 3J1eKTPHYECKOH Lenu
Hnst moboro ywactka 1enu, gaxe coaepxkamero 2JIC, chpaBeasuB 3aKoH

I[)KOyJ]ﬂ - JIeHua: KoJjiudecmeo menjiomaol, sbloesisieMoe Ha ydyacmke yenu ¢ conpo-
musnenuem R npu npoxoofcdeﬂuu nocmosinnoz2o moka | 6 meuenue BpEeMEHU t, ecmo

2
W =1°Rt.

Ortciozia MOIIHOCTH BIAeseMoro Tenma P =W /t = 1 °R.

Ilycte Ha yuactke 1-2 upér mocTosHHBIE TOok |, mepeHocs 3a Bpems t
oTrT. l K T. 2 3apan = It.

Pabomoii moxa na yyactke 1 — 2 Ha3bpIBaeTcsi paboTa CHII 3JIEKTPOCTATHIECKOTO
1014 1o HnepeMetnennio q u3T. 1 BT.2: AL =q(p, —¢,) .

OG603Ha4NM pPa3HOCTb IOTEHILMANOB (HampsbkeHue) ¢ —¢, depes U . Torma
A, =qU =UlIt. B 3aBucumoctn ot 3Haka U momydaetcst u 3HaK A, .

Mommocts Toka P.= A /t=UI .

Pabomoii ucmounuxa ¢ 3C & npu NpoXOKIEHUH Yepe3 HEro 3apsa ( Hasbl-
BaeTCsA paboTa CTOPOHHMX CHJI HaJ 3apanoM . A =0%.

Ecnu 3apsn nepeHoCHTCS NOCTOAHHBIM TokoM |, T0 A =+&It.

Korza 3apsna (TOK) yepe3 MCTOYHMK UAET B HANPABICHUU NEHCTBHSI CTOPOHHUX
CWJI, TO paboTa MUCTOYHMKA TOJOXKUTENbHA (OH OTHAET PHEPrui0). AKKYMYJISTOp B
TaKoM pexume paspspkaercs. [Ipu oOpaTHOM HampaBieHHH TOKa paboTa HCTOYHHKA
oTpuuaresbHa (OH HOIJIOIIAET SHEPTHI0). B 3TOM pexuMe akKyMyJsTop 3apspKacT-
cs1, 3amacasi SHepruro. MoOIHOCT HCTOYHHKA

P.=A,/t=t&I.

Hns yuactka nenu 1 — 2, conepxkamero 3/1C (ucTounuk), pabora Toka A, pa-
00Ta MCTOYHUKA A W BBUIEIAEMOE KOIMYECTBO TEIUOTH W CBA3aHbBI ypABHEHHEM
3aKOHa coxpaneHus sHeprum: 4 +A =W .

s ywactka nenn 6e3 JC A =0, 4, =W #n Konu4ecTBO TEMIOTHI paBHO

pabote Toka. B 3TOM cilyyae KOJMYECTBO TEIUIOTHI MOXKHO BBIPA3UTh, HCIIOJB3YS
sakon Oma | =U /R, uepes mro0bie aBe u3 tpéx Beanuun: |, U u R:
2

W=A =I°Rt =Ult=?t.
AHaJIorMyHoe COOTHOIIICHUE H JJIA MOIIIHOCTCf/iZ
2
P, =1’R=UI YU
R

3agaua 19.1. HaliTu KOIMYECTBO TEIUIOTHI, BBIACISIONIEECS HA BHYTPEHHEM CO-
NPOTHUBIICHUH KAXJIOr0 aKKyMyJsTopa u Ha pesuctope R 3a Bpems t =10c¢ B cxeme

© 2013, 30T MPTU, Yusunés Bukrop MBanosry
28



2013-2014 yu. rom, Ne3, 11 k1. ®usuka. DJIEKTPOCTATHKA M 3aKOHBI IIOCTOSHHOTO TOKA

Ha puc. 17.1. Kakne paboThl COBEpPUIAIOT aKKyMyJIATOPHI 3a 3T0 BpeMs? & =12 B,
%=3B,1,=10mr1,=2 O™, R=6 Om.
Pewenue. Tox | =(&—-&)/(R+1,+1,) =1A. Konnu4ecTBo TEMIOTH Ha aKKyMYy-
naropax u Ha pesuctope W, = 121t =101k, W, = 1 °r,t = 20 Jix,
W=I?Rt = 60 .

Hamnpasnenue neiicteus D/1C nepBoro akkyMmyJisiTopa COBIaJaeT ¢ HalpaBICHH-
€M TOKa, OH Pa3psKacTcs, €ro pabora monoxkurenbHa: A =ZIt=120 Tx. O/IC

BTOPOTO aKKyMYJISITOpa HalpaBlieHa IPOTHUB TOKA, OH 3apsDKAETCs, MMOTIIOMAs SHEp-
THIO, ero paboTta oTpuuaTenbHa: A, =—&lt =-30 [x. 3ameTnm, 41O
A+A =W +W, +W,

YTO COTJIACYeTCS C 3aKOHOM COXPaHCHHS YHEPTHH. o

3agaua 19.2. Kongencarop émkoctu C, 3apssKEHHBIA 110
HaIpsKEHUS &, momKimoyaercs K barapee ¢ D/1C 3 +
(puc. 19.1). Kakoe KOTHYECTBO TEMIOTHI BBIACTMTCS B Lemn _ - 3& &3
MocJjie 3aMbIKaHUs KaroJa?

Pemenne. Ilocne 3aMpIKaHus KIIFOYa TOK B LIENH CKAYKOM
JOCTUTAeT HEKOTOPOTO 3HAYCHHUS W 3aTeM CIaJaeT A0 HyJd, I
IOKa KOHEHCATOp He 3apAfuTCsA 0 HaNpsKeHud & .

oIk

OHeprust KOHAGHCATOpa yBEIHUUTCS Ha Puc. 19.1

AW, =C(3%)?*/2—c&?|2 =4C&”.
UYepes Oarapeto mpoiaér 3apsan Q, paBHBIH W3MEHEHHUIO 3apsAia HE BEepXHEH 00-
KJIaJIKe KOHJEeHCcaTopa:

AQ=3C& -C& =2C&.
PaGora Gatapen A=AQ3& =6C&>. Ilo 3aKOHy COXpPaHEHHS OJHEPTHH
A=AW_ +W . B uenu BeIeIMTCSA KOIUIECTBO TerIOThl W = A— AW, = 2C&2.

KOHTpOJ’IbeIe BOIIPOCHI

1. [ToueMy CHIIOBBIE JTMHAHU HIEKTPHUECKOTO TOJISl HE MOTYT IepeceKaThes?

2. B tpéx BepmmHax kBajpara co croponoii @ =10cm HaxonsTcs Toueunsbre
sapaael Q =20 uKn, 2Q u 3Q . Haittu manpskéHHOCTH (MOJYIb) M HOTEHIHAN
3JIEKTPOCTATHYECKOTO MOJIS B 4eTBEPTOI BeprmHe. OT 4eTBEPTOi BEpIIMHBI HAH60-
nee ynanén sapsan 2Q .

3. 3apan —9Q(Q > 0) paBHOMEpHO pacripesienén 1o cdepe pamuycom R . B
neHTpe cdepsl HaxoaUTCs Todeunslit 3apan Q . Haiitu nanpsxénnocTH E1 u E2 c
YKa3aHUEM HAIPABICHMS M MOTEHUHMANBl ()] M (D, BIEKTPOCTATHYECKOIO MO Ha

paccrosusax R/4 u BR or uentpa chepsr.
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4. PaBHOMEpHO 3apspKEHHBIE TUTACTHHBI MTAapaJUIeIbHBI M HAXOIATCS Ha paccTos-
HUM JPYT OT JPyra MHOTO MEHBIIEM UX Pa3MepoB. HaliTH INIOTHOCTH 3apsA0B O U

O'Z Ha IJ1aCTUHaXx, 3Had, 4To HaHpﬂ)KéHHOCTI/I II0JI1 B TOYKaXxX A u D BOIM3HM I1a-

crun E, =50H/Kn, Ey = 40H/Kn (puc. 20.1).

5. DJIeKTpoH MoMeIEH B T. A HEOJHOPOIHOTO 3JEKTPOCTATHYECKOTO MO U
oTmmymieH 6e3 HadapHOW ckopocTH (puc. 20.2). HaprcoBaTe KaueCTBEHHO TPAcKTO-
PHIO JICKTPOHA U 1aTh 0OBSICHEHHE.

6. DneKTpoH, IBUTasiCh B HEOAHOPOAHOM BJIEKTPOCTATUYECKOM II0JIE 110 Y4aCTKY

KPUBONMMHEIHOH TpaekTopuu Mexay Toukamu A u B, ysemuumn cBoro ckopocTs ¢
v, =1000 km/c no vy = 3000 xm/c. Haiitn pasHOCTh MOTEHLHMANIOB MEXy TOH-
kamu A u B.

&
1 |+
|
E A i ?
T b e N
C
| > d%d_7d
D lEA

Puc. 20.1 Puc. 20.2 Puc. 20.3
7. CpaBHUTH (60IblIIe, MEHBIIIE WX PABHBI) CHIIBI B3AaUMOICHCTBUS ABYX TOUCY-

HBIX 3aps/10B C](q > 0) u —8( , Haxonsmuxcs Ha pacctosHuu R apyr ot apyra, u

JBYX TIpoBoAIEX mapoB ¢ paguycamu R/4 u R/ 2 u sapanamu q u —8q . Pac-
CTOsIHME MEXTy LieHTpamu mapos R .

8. B IByX NpOTHBOMNOJIOKHBIX BEPIIMHAX KBaJpaTa cCO CTOPOHOM & 3aKperuieHb
toueunsie 3apagsl Q u 3Q . Kakyio MUHEMAaIbHYIO paboTy Hal0 COBEPIIUTH, 4TO-
661 epemecTuTh 3apsan 2Q U3 TpeTheil BeplIMHbI KBajipaTa B €ro HeHTp?

9. IpoBoasmuii mosblil map ¢ pamuycamu cdepuueckux nosepxHocteit R u
7R wumeer 3apan 2Q >0. B nentpe mapa naxoautcss Toueunsiit zapsa —3Q .
Haiitn HanpsKEHHOCTD (C yKa3aHWEM HalpaBJIEHUs) U MTOTEHITHAJ JIEKTPOCTaTHYIE-

ckoro mons B Toukax A u C ma paccrosmmax R/2 u 8R or nenrpa mapa.
Haiiti norenuman nosioro mapa.

10. Toueunsiit 3apsy Q HaxoauTCA B HEHTpE MONOTO IMapa U3 JAMAJIEKTPUKA C
JIURJIEKTPUYECKON MPOHUIIAeMOCTRIO € . Pamnycel ceprndecknx MOBEpXHOCTEH Mmo-
noro mapa R u 8R . Haiitu HanpssxéHHOCTD 5I€KTPHYECKOTO MO HA PACCTOSHH-
ax R/4,6R u 10R or nenrpa mapa.

11. Pemmts 3amauy 10.1 3amaHust Ui pacCTOSHUS MEXITY OOKIIaAKaMHK 8d.

12. OtBeTHTh Ha NPEIBIAYIINI KOHTPOIBHBINH BOIIPOC, 3aMEHHB IUIACTUHY U3 JIU-
3JIEKTPHKA MPOBOJAIICH IIacTHHOM. PaccTosiHre Mexay oOKIaakaMu 8d .
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13. B 1uI0CKHii KOHACHCATOP BCTABJICHA MApajLICIbHO €ro OOKIaaKaM IIOCKas
MPOBOAINIAS TUIACTHHA C 3apsSAoM Q (puc. 20.3). Kongencarop moacoeanHEH K

ucrounuky ¢ DJC E’ I[Inomiagy MIacTHHBI U OOKIAJOK KOHAEHCATOPA PaHBl O
kaxkaas. PaccTosuus ot miactiubl 1o ookitamok d u 7d . Haiitu 3apsiapl 0OKIIAIOK.
14. Tpu xonpencaropa ¢ émxoctsimu C,4C u 2C coemunens nocnenosa-

TENBHO ¥ MOJKITIOYEHBI K HCTOUHHKY ¢ DJIC & =14B. Haittu HaIpPsUKEHUE Ha Kax-
JIOM KOHJICHCATOpe.

15. TInockuii Bo3aymHbIH KoHAeHcaTOp EMKOocThI0 C  3apsbkeH 10 HaNpsKEeHUs

U u orcoennnén ot nctounnka. Kakyro MHHMMaIbHYIO pabOTy HaJ0 COBEPIIMTH,
4TOOBI Pa3ABHUHYTH OOKIAJKH KOH/ICHCATOPA, YBEJINYUB PACCTOSHHE MEXKAY HUMH B

7 pas?
16. JIBa mocne1oBaTeNbHO COeNUHEHHBIX KoHaeHcaTopa ¢ émkoctamu C u 4C
MOJICOEIMHEHBI K UCTOYHUKY ¢ TiocTostHHON DJIC. Kak 1 BO CKOJNBKO pa3 U3MEHHUTCS

HanpskeHne Ha KoHzaeHcatope emkocthio 4C mocne mpo6os (Mexmy o6KIamkaMu
TIOSBUIIOCH KOHEUHOE CONPOTHBIIEHHE) KoHeHcaTopa émkocthio C ?

17. Ha yuactke nenu 1-2 (puc. 20.4) tox | =0,5A, BJIC £=12 B, conpo-
tusnenne R =150wm. Haiitu Ha yuactke 1-2 majieHue HanpsKeHUs 1 HANPSKEHHE
(pa3HOCTb MOTEHLIUATIOB (7] — (P, ) JUIsl CllydaeB, Korjaa Tok Maér o 1 k 2m ot 2 k 1.

18. B cxeme Ha puc. 20.5 81: 3B, 52= 24B, n= 30um, r,= 20w,
F\)1 =100m, R2 = 6 Om. HaiiTu HanmpsbkeHHs HA 3aKUMaX UCTOYHHKOB, T. €. Pas3-

HOCTH IIOTEHIHANIOB @) — Py U P — Pp.
Tr

Ry Rs3 Ra

-
py)
311
JN
o
1 &t
T
o}

R2
Puc. 20.4 Puc. 20.5 Puc. 20.6
1 Ry
—

T 56Lr
o O P B
T Igr _ﬁs R3 j

Puc. 20.7 Puc. 20.8 Puc. 20.9
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19. B cxeme Ha puc. 20.6 R, =40m, R, =80m, R, =90m, R, =30m,
€ =8B, r =1,2 Owm. Haiftu Tok uepes pesuctop R,.

20. HaiiTu Tok 4epe3 pesucTop ¢ conpoTusnenueM R B cxeme Ha puc. 20.7.

21. B cxeme (puc. 20.8) €,=3,0B, £,=4,0B, €3=50B, R =100wm,
R, =200wm, R, =300wm. Haiitn cuny n Hanpasnenne Toka BO BCEX yd4acTKax

1eny. BHYTpeHHIM COTIPOTHBIICHHEM NCTOYHUKOB IPEHEOPEUb.
22. Kaxoe xomudecTso TemnoTsl Beiaeautces 3a t =10c¢ na ucrounukax u pesu-

cropax R u R, (mo ornensroctn) B cxeme na puc. 20.5? =3B, £=24B,
L=30m I,=20m, R, =100m, R, =60mMm.
23. K barapee ¢ D/IC & nonxmouén xonjeHcatop émkocthio C, 3apsskeHHbIit

JI0 HATIPSDKCHUS 55 (puc. 20.9). Kakoe KOTMYECTBO TEIUIOTHI BBIACIUTCS B LI
rocJjie 3aMbIKaHus KIroJa?

3agaun

1. B anexTpudeckoii cxeme, cocrosimer n3 dartapen ¢ 3/C £=10 B, pesuctopos

F\’1 =500m, R2 =100 0m u xompmencaropa (puc. 20.10), zambikator kmou K .

1) Haiftn HampspbkeHHe Ha KOHIEHCATOpE B YCTAHOBHUBIEMCS peskume. 2) Haiitu Tok
yepe3 O6aTapero B TOT MOMEHT, KOT/Ia HallpsDKCHWE Ha KOHJCHCATOpe JOCTHUIJIO 3HA-

yermsa € /2. BayTpennum conpoturienuem 6atapeu npenedpeus. (MDTH, 1999)

K Ry K X
r-o €
E nZna
T R, | ==¢C Ry | =C
R, I
| T
Puc. 20.10 Puc. 20.11 Puc. 20.12

2. Kakoe konm4ecTBO TEIUIOTHI BBIACTUTCS B cxeMme (puc. 20.11) mocne pa3Mbl-
xanus kmoua K ? (MOTH, 1995)

3. TInockuii KOHIEHCATOP, MIACTHHBI KOTOPOTO UMEIOT TIOMAAh S U PACTIONO-
KeHbl Ha paccTosuuu O , 3amoiHEH TBEPABIM THANEKTPHKOM C AHANEKTPHUECKOi

nponuraeMocteio € . Konmencatop mojcoenuueH k O6atapee ¢ DJ[C & [TpaByro
IUIACTUHY KOH/IEHCATOpa OTOJBMIAIOT TaK, YTO OOpa3yeTrcst BO3AYLIHBIH 3a30p
(puc. 20.12). Ha xakoe paccrosHHme X OTOABHHYTa IUIACTHHA, €CIH TPH 3TOM
BHEIIHUMHU CUJIaMH Oblia coBepiuieHa padota A ? BHyTpeHHHUM CONPOTUBJIEHHEM
Oarapeu nmpeHeOpedb.
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