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OT PEJAKLIVN

ITpennaraemast BHUMAHMIO uwWTareneft Kuura npodpeccopa
C.T. KajnamuukoBa <«JJEKTPHYECTBO» HAIMCAHA HA OCHOBE JIeK-
UHil, KOTOpPBIE ABTOP YMTAJ B TEYEHUE pANa JieT Ha (PUIHUECKOM
dakymbrere MOCKOBCKOrO rOCYIapCTBEHHOTO yHuMBepcHTeTa. Jlex-
mun C.I. Kanammukosa nmo kypcy oduieit (pU3MKU U CO3MAHHBI WM
Kypc 1m0 (pU3HUKE TOSYNPOBOJHUKOB BCErAd OTJIMYAIMCH CuiyOuHON
COIEPXKAHHUS, TOUHOCTBI) M TPO3PAYHON SICHOCTHIO UBIOXKEHUS
B HEW3MEHHO COBPEMEHHBLIM YpOBHEM. ITa 0rOOEeHHOCTE JIEKIHi
[IPUBJIEKAJIA K HUM He TONBKO CTYIEHTOB, HA KOTOPHIX OHH MPEXKJE
BCero ObLAM PACCUUTaHbl, HO W ACTUpPAHTOB, IpenojaBaresefl u
HAYYHBIX COTPYAHUKOB BCEX DAHIOB.

Kuura Bnepsrie ysuzgena cser B 1956 roxy, GuicTpo mosydmiia
IIMPOKOE NPH3HAHME M CTAJA ONHHM M3 OCHOBHBIX Y4UeDHBIX IOCO-
Ouil 11 CTYIeHTOB (PH3UYECKUX CTIENUATILHOCTEH BBICIIMX YieOHBIX
3aBejieHuit. IIpH MOAroTOBKE MEpeU3JaHuil aBTOp MOCTOAHHO COBEP-
HIEHCTBOBAJI KYPC, JOTOJIHSL €r0 HOBBIM MATEDHAJIOM M PACHIMPSS
collepKaHne. 3a HEeCKOABKO JHEH 10 CBOell KOHYWHEI, TIOC/ef0BaB-
uteit 23 ampensa 1984 roga, Cepreit 'puropresny Kanmamuukos 3a-
BepIIMJ paboTy HAJ OCHOBHBIM TEKCTOM HACTOSIIETO, TATOTO, U3-
JAHHS «DJEKTPUYIECTBAY ; HE HATTUCAHHLIM OCTAJIOCH TOMLKO NPERH-
CJIOBUE,

Kak ¥ B mpenpiaymux u3JaHHsX, aBTOD BHEC B KHHI'Y HEKOTO-
pbl€ YIyUIIeHns U W3MEHEHNs!, COXPAHsis MPH 9TOM OOIIUi 3aMbICelt,
CTPYKTYPY KypCa B CTHJIB M3J0XKeHus. Tak, pacuipensl U nepepa-
Goranbt § 113 (Marautusie 3apsagpl. PopMmanbHast TeOpHsi MarHe-
tu3ma), § 117 (MarsuTHbiil 1 MEXAHUYECKHH MOMEHTDI SJIEKTPOHA),
§ 246 (DsekTpoMarHUTHAsS Macca JBHXKYLIerocs 3apsga). obas-
JIEHB! Ba)XKHblE CBeJEHMA 00 M30TPOUHBIX M AHU3OTPOUHEIX JHIJIEK-
rprkax (§ 42), npsMoM 1 06paATHOM MbE303MEKTPUIECKUX 3hdeKTax
(§ 42, 51), suepruu 3apszKeHHOTO KOHjeHcaropa (§ 34) um sHeprum
marsuTHoro nosst (§ 47), a rakxke o TepMoanekrpudecrse (§ 199).
BxJmouen BOnipoc 06 OpUEHTHPOBKE NOJIIPHBIX MOJIEKYJI B 3JEKTPH-
yeckom nosre ([lobasmenne 2). Kpome T0ro, CIeraHo 3HAMUTENIBHOE
yueno Gosiee MENIKUX BCTABOK M 3aMEH B APYTHX MECTaX KHUIH.

B npouecce pelak THPOBAHUS ¥ OKOHYATEILHOM TOATOTOBKH pPy-
KOIMCH K IyOJUKALUMHM IPOBEJEHO YTOYHEHHE TePMHHOJIOrHH; 060-
3HAYEHUs eJuHNIL DUINIECKUX BEJIUINH IPUBEAEHE] B COOTBETCTBHH
¢ peiicreyromum ['OCT 8.417-81 (CT C3B 1052-78).
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Hacrosmana kHura 3ajgyMaHa Kak yueGHoe mocobue mo pazje-
JIy «DJIeKTpHUYeCTBO» 001ero Kypca (hM3UKU, KOTOPBIA s YHTA) B
TeYEHHE PaAjia JIeT Ha u3uueckoM ¢paxkynsrere MOCKOBCKOro yHH-
BEPCHUTETA.

B 0cHOBY u3JI0)KeHHsI MATEPHANA, 38 PEOKUMHU HCKIIOYEHUAMH,
0OYCIOBNEHHBIME METOJIHYECKUMH COOOPAKEHUAMH, 1 CTPEMUIICS
MOJIOXKUTh ONBIT. ¢ CTAPAJIC TAKMXKe YAEJIUTh BHUMAHHWE PAa3bsCHE-
HHUIO NPUHIUIIOB U3MEPEHHs] OCHOBHBIX JIEKTPHYECKHX M MArHUT-
HBIX BEJIMYHH, KOTODOE, 10 BO3MOXKHOCTH, CIeJlyeT HemocpeiCTBEH-
HO 33 BBEJIEHUEM COOTBETCTBYWOIIUX husmueckux nouatuit. Onuako
OTHCAHWE PA3MHYHBIX ONBITOB OTHIOIb HE TPEeTEHAYET Ha IOJHO-
TY W, KPOME TOTO, KACAETCA TOJILKO MPHHIMIIOB THX OIBITOB; TaK
KaK Ipejro/araercs, YTO HHUTATEJNH 3TOJ KHUIU CJIYyIIAOT JEKIH-
OHHBIH KypC C JEMOHCTPAUAMHE M PabOTa0T B y4eOHBIX JTabopaTo-
pusax. Ilo s7oit e npuuuHe GOILIINHCTBO PHCYHKOB BBIIOJIHEHO B
BHJIE YMBIIUIEHHO MPOCTHX CXeM, JIEFKO JOCTYIHBIX BOCIPOH3BEjIE~
HUIO CTYIEHTAMH.

TexcT KHUrH pa3fiesied Ha TPH rpynnst. Marepuan, Habpauubiii
OCHOBHBLIM HIPUGTOM, COOTBETCTBYET NPUHSATON IporpamMme M, IO
MHEHUIO ABTOPA, SIBJISETCS 00s3aTeNbHBIM OJId u3ydenus, Pakyib-
TATHBHLII MaTepHaJl jas meTuroM. Hakouner, B 100aB/I€HUA BbIHECE-
HBI HEKOTODBIE ((PaKyJIbTATHBHBIE) BOIPOCH!, KOTOPHIE HMEIOT YUCTO
BLIYHCIUTEILHBIR XapakTep.

Tak Kax B HACTOAIIEE BPEMST HMEIOTCA 33Ja4YHUKH, COOTBETCTBY-
IOIIME YHUBEPCUTETCKOMY KypCy (PH3MKM, TO BKJIOYEHHE B KHUTY
33129 ¥ YOPAKHEHUN Ka3ajJoch MHe H3JUIHNUM. TT0TOMY B KHU-
re MPUBENEHB! JUUIL CPABHUTENLHO HEMHOTOYUC/IEHHBIE MPHMEDHI,
WUTIOCTPUPYIOIIHE IpUMeHeRHe HauOosee BayKHBIX 3AKOHOB U CO-
CTaBJISIOLINE, KAK IIPABWIO, OPTAHUYECKYI0 YaCTh TEKCTA.

Hions 1956 C.I" Kasawnuros



QJIEKTPUYECKOE ITIOJIE

FJIABAI

QJIEKTPUYECKHWE 3APAADI

§ 1. BBeneunue

HamoMHMM HEKOTOPBIE 3JeMeHTapunle (aKThl, KACAIONIHECs
SJIEKTPUUECKUX 3apsaJioB. TaK Kax OHHM JOMKHBL ObITh H3BECTHB! HU-
TATEJISIM M3 Kypca (DUBHKH cpelHeH UIKOJIBI, MBI OCTAHOBHMCH HA
HUX JIMIIL OUEHBb KPATKO.

Vxke B rinyboKOil APEBHOCTH OBLIO M3BECTHO, YTO SIHTAPbL, IIO-
TEPTHIA O MIEPCTh, TPUOOPETAET CIOCOOHOCTH IPHUTSTHBATH JIEMKUE
mpeaMmerst. OnHako ToMbKO B KoHuUE XVI Bexa anrmuiickuii Bpau
JlxunnbepT nopobHO HCCIIeIOBAJI 3TO ABJIEHHE U HAIUEN, 9TO aHa-
JIOPHYHBIM CBOWCTBOM 06J13/1al0T MHOTHEe Apyrue Bemecrsa. lesa,
criocobHbIe, MOA0OHO SHTAPI, NOCIEe HATUPAHUS IPUTITHBATL Jer-
KM€ MpPEJIMEeTH, OH Ha3BaJl HAIEKTPU30BAHHBIMU (OT IpPEYecKOro
3J€KTDOH— aaTapb). Tenepb MbI TOBOPHM, YTO Ha TEJIaX B Ta~
KOM COCTOSIHMM MMEIOTCS JIEKTPUYECKHUE 3aPAAbl, & CAMH 3TH Tesa
HA3bIBAEM 3apPsKEHHBIMHU.

VKaxeM, YTO CaMO TPEHHE IIPH <«VIEKTPU3AUKN TPEHHEM> He
HrpaeT HUKAKOH NMPUHUMIHAJBHON POIM. DJIEKTPUYECKUE 3APsiIbl
BCETJd BO3HHKAKT IPH TECHOM COINPHKOCHOBEHHU PAa3J/IMUHBIX Be-
mecTB. B ciyuae TBepABIX T TCCHOMY CONPHKOCHOBEHHIO TIPEITAT-
CTBYIOT MHKPOCKOIIMYECKHUE BBICTYIIBI M IIEPOBHOCTH, BCETJA HMEK-
mecss 11a mosepxHocTyd. CHABINBAS Tega W NPUTHPAs HX JAPYT K
JPYTY, MBI Jydire cOMDKaeM NOBEPXHOCTH 000MX TeJsI, KOTOophbie Oe3
NPUTHPAHHS CONPHUKACAIUCE Obl TOJIEKO B HEMHOTHX TOYKAX.

B HexoTOpBIX Tesax 3/IeKTPUYECKHE 3aPsi/ibl MOr'yT CBODOHO 11e-
PEMEIIATRCSA MEXK/IY Pa3/IMYHBIMU YaCTAMM TEJIA, B APYTUX XKe Te-
JIaX 3TO He UMeeT MecTa. Tesia mepBOrO POJia HA3BIBAIOT NPOSO0HU-
KaMU TEKTPUYECTBA, & TCJIA BTOPOrO POJA — OUIAEKMPUKAMU HITH
udoaamopamu. [IpOBOTHUKAMH SBJIAIOTCA BCE METAJJIBL B TBEPJIOM
M XXHUJKOM COCTOSIHUAX, BOJHBIE PACTBOPBI cosell 1 KUCJIOT W MHOTHE
npyrue Beumiecrea. IIpuMepaMu w30/I9TOPOB MOPYT CJIYKHTD SIHTaph,
KBapil, 900HAT ¥ BCE Ta3bl B HOPMAJLHEIX YCIOBUSIX.

OrmeTHM, 9TO pa3leseHHe Ted Ha MPOBOAHUKY U JHUIIEKTPHKH
BeChMa ycuoBHO. Bce u3BecrHBle BelllecTBa B GONBuIEH WM MEHb-
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miefl CTemeHH HpOBOJAT 3JeKTpudecTBo. Korma Mbl roBopuM, 4TO
IAHHOE TEJIO eCTh M30ISITOD, TO TUM MBI BRIPAXKAEM TOIBKO TO 06-
CTOATEJILCTBO, YTO B AAHHBIX YCJIOBHSX ONBITA 3apsij], MPOILIEIIIH
gyepes TEeJ0, MAJ [0 CPABHEHUIO ¢ APYTCUMH 3apamaMu, y4acCTBYIO-
UIMMH B PACCMATPUBAEMOM $IBJIEHHH.

OnelT MOKA3LIBAET, AAJiee, UTO B 3APSKEHHBIX TeJIa, MOryT JIH-
60 OTTANKMBATHCH, JTHOO IPUTATHBATLCA APYT K Apyry. Ecnu 3apsa-
JIUTH JBa JIETKHUX TeJla, MOJIBeNIeHHbIX Ha H30MUPYIOUIUX [IeJKOBBIX
HUTAX, IPUKACAACH K HUM CTEKJIAHHON MAJOYKOHK, IOTEPTOI O LIENK,
T0 0ba Tena orrankuparoTca. To xe Habmojaercs, ecnu 06a Tena
3aPSAXKEHB! TPH MOMOUTH 5O0HUTOBOM MANOYKH, moTepToi 0 Mex. Ho
€CJIH 3APSAJHTH OJIHO M3 TeJI OT CTEeKJSHHOM IajoukH, a JApyroe —
oT 360HHTOBOM, TO 00a Tejga NPUTATMBAIOTCA JAPYT K APYry. ITO
O3HAMAET, YTO 33PsA/ibl CTEKJIAa U 300HUTA KAMeCTBEHHO PA3IHYHBL.

HecMoTps Ha 00MHe pa3MUYHBIX BELIECTB B IPHPOJIE, CYIIECTBY-
10T TOJIBKO JIBA BHUJA JJIEKTPUYECKHUX 3apAfOB: 3apsibl, NOA00HBIE
BO3HHUKAIOIINM Ha CTEKJIe, TIOTEPTOM O IIeJIK, U 3apsijibl, HonobHbie
MOSIBJISTIOLTIMCA Ha 300HHTE, MOTepTOM 0 Mex. IlepBble U3 HUX 1O-
JIyUMJIH HA3BAHUE NOA0NHCUMEALHUT 3aPAJ08, & BTOPbIE — 0Mpuya-
meabnunir 3apados. CilenoBATEIBHO, OSHOUMEHHBIE 3aPAIbl OTTAN-
KUBAIOTCS, & PA3HOUMEHHBIE IPHUTATHBAIOTCS.

SIBneHue MEKTPUYECKOTO OTTAIKMBAHHUS HCIOIB3YIOT [JId
YCTPOHCTBA NIEKTPOCKONA, NpPEeNHA3HAMEHHOT0 sl OOHADYIKEHHs
JIEKTPUYIECKMX 3apsifioB. OH COCTOUT H3 H30JUPOBAHHOTO METAJI-
JIMYECKOTO CTEPXKHSA, K KOTOPOMY IPHKDPEIUIEHbI JIETKHEe MeTaJIJIH-
yecKue uiaH OYMaKHble JUCTOYKH. IIpH CONPHUKOCHOBEHHH C 3aps-
JKEHHBIM TeJIOM YacCTh 33PANa TeJa MePexofuT Ha JIEKTPOCKON H
JHUCTOYKH 107, AefiCTBHEM CHUJI SJIEKTPHYECKOTO OTTAJKHBAHUA OT-
KJIOHAIOTCS Ha HEKOTODBI yroi.

§ 2. 3akoH B3auUMOAENCTBUS 3EKTPUIECKUX 3aPATOB

Havago KOJIMYeCTBEHHOTO U3yUeHHs JEKTPUYECKUX SBJICHHI
orHocurcs K KoHny XVIIT Beka, korja Kysmon (1785 r.) ycraHosmi
Ha ONBITE 33KOH B3AHMONEHCTBHA JIEKTPUYECKUX 3APSIOB.

J1J1s1 3apsayKeHHbIX TeJl MPOU3BOJIbHBIX Pa3MePOB TAaKOH 3aKOH B
obweit hopMe garh HEMb3sA, TaK KaK CHJIa BIAHMOICHCTBHS TpOTS-
JKEHHBIX TEJI 3aBUCUT OT UX (POPMBI M B3AMMHOTO PACIOIOXKEHH.
Onnako ¢dopma Tesl 1 UX B3AUMHAs OPHEHTHUPOBKA MEPECTAIOT CKa-
3bIBATLCA, €CJIM PasMEephbl TeJI BEChMa MaJibl IO CPAaBHEHHIO C pac-
CTOSAHMEM MeXJly HEMH. 1103TOMy 3aKOH B3aMMOJIEHCTBUSA, MMEIO-
Uil obiiee 3HAMEHHE, MOXKHO YCTAHOBHTBL TOJIBKO IS TOYEYHBIX
3apAJIOB.

Tak KakK JIEKTpHUYECKUE 3apsijibl BCErNa PaclpejiesieHsl B 00b-
eMe, TO HHKAKNX KOHEUHBIX 3apsijloB B MaTeMaTHYeCKOH TO4YKe, pa~
3yMeercs, ObITh He MOXKeT. I1og TOYeYHbIM 3apsoM B JU3UKe BCe-
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r/la TOHUMAIOT IPOTAXKEHHOE 3aPSKEHHOE TEJIO, Pa3Meph! KOTOPOro
BECbMA MaJibl IO CPABHEHUIO C PACCTOSIHUEM OT APYTHX 3apPsiI0B.

Cxema onbiToB Kysnorna usobpaxkena Ha puc. 1 (a — obmuit Bug
1ipubopa, 6 — ero roJIoBKa, 6 — IPOBOJHHUK JJIsl 3aPSAKH 1ApH-
koB A u B). Ha Tonkoit Meramtngeckoil HuTH H mojBelleHo Jierkoe
HM30IUPYIOUIee KOpoMbicio K, uMero-
Iee Ha OJHOM U3 KOHIOB IIa-
puKk A, a Ha IpyroM — MPOTHBO-
Bec II. BepxHuii KoHeln HUTH 3a-
KPEIUIeH Ha BPAIAIOIIEHCT T'OJIOBKE
mpubopa, MO3BOJIAKNIEA TOYHO OT-
CYHTHIBATE YTOJI 3aKpyYHBAHUS HU-
td. BuyTph npubopa MOXHO BHO-
CUTHL BTOPON H30JHUPOBAHHBLIA IIa-
puk B Takoro e pasMepa, Kak H
mapuk A. Bonpuioit crexiasiHHbLA
UUIHHAP 3aIMUIIAET TyBCTBUTE/b-
HBle 4acTH Npubopa OT ABMXKEHUS
BO3JYXA.

Yrobpl yCTAHOBUTH, KAK 3aBH-
CHT CHJIa B3aMMOJIEHCTBHS OT PAC-
CTOSIHUST MEXJY R3apsajaMH, IIapy-
kaM A u B cooBIaioT Ipou3BOJIL-
Hble 3apsifibl, KacasiCb UX TPETHUM
3aPSDKEHHBIM IAPDUKOM, YKpensieH-
HBIM Ha M30JIMpyloueh pyqke. 1la-
PHKM OTTAJKMBAKTCS M YCTAHABJIMBAIOTCS HA HEKOTOPOM PACCTOS-
HHUH, KOTOPOE U3MEPSIIOT, NOJIL3YSCh HIKAMo# mpubopa. 3areM Bpa-
WIAIOT TOJIOBKY Npubopa M 3aKPy4YHBAKOT HUTH IOJABECA, 3aMedast
[IPU STOM PACCTOSIHHUS, JIO KOTOPBIX COJIMMKAIOTCS UIAPHKH MPH pas-
JIMYHBIX YIJIAX 3AKPYUHBAHMS HUTH. KaK HM3BECTHO U3 MEXaHUKH,
npu jedopmanui Kpydenus (B obsactd oOpaTUMBIX YUPYTHX Je-
hopmaruii) yros 3akpydHBaHUs IPOIOPIMOHAJIEH MOMEHTY KPYyTsi-
WIei CHJIBL; 3Hasl, BO CKOJIBKO Pa3 Mbl YBEJIMYHIAM YTOJ 3aKPydIHBa~
HHUSI HUTH, MBI TEM CAMBIM ONIPEJIEJISIEM, BO CKOILKO Pa3 YBEJMYUIICH
MOMEHT CHJIBI, & OTCIO/Ia MOXKHO ONPEJENIUTE U CUITY, JeHCTBYIOIIYIO
Ha MIAPHK KOpOMbiCia. B pesynapraTe 3THX OMBITOB KysIoH 3ak/io-
YHJI, YTO CHJIA B3aMMONEHCTBHSA ABYX TOYEUHBIX 3apsiJIOB HATIPABJIE-
Ha BJIOJIb JIMHUH, coemuHsIomel 00a 3apana, 1 06paTHO IPOmopnu-
OHAJIbHA KBaAPATY PACCTOSIHUS MEXIY 3apsiJIaMu:

F~1/r2

Cuna B3anMOogefiCTBUST MeXK/Ty MIAPUKAMY 3aBHCHT €I OT 3apsi-
JIOB IIAPUKOB. ITY 32BUCHMOCTE MOXKHO BLISICHATE IIPH IIOMOIITH CJle-
JLYIOIIEro ONBITa. ECNU KOCHYTBCsT Ha KOPOTKOE BPeMsl OJHOr0 H3 13-
pukoB, A win B, APYrUM IIAPHKOM, UMEIONMM TaKue XKe pa3Mephl,

Puc. 1. Kpyrunsusre secst Kynona
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HO HE 3apPAXKEHHBIM, TO B CHJIY TOXJECTBEHHOCTH 000MX COMpUKa-
CAQUIUXCS HIAPUKOB 3apsij] PACHPEENIAeT s MEXIy HUMU IOPOBHY.
ITpu 5TOM OKa3BIBAETCS, YTO CHJIA B3AUMOJEHCTBUA MeXK 1y IIapuKa-
M A ¥ B, Ha 0JHOM U3 KOTODBIX Telneph HaXOMUTCA JUINE OJIOBHHA
HNEPBOHAYATILHOrO 3apsJa, TPU TOM K& DACCTOSIHHH YMEHBIIIACTCS B
n1Ba pasa. [ToBTopsis 3TOT npHeM, MOXKHO YMEHLUINTD 3apsi)] MIAPHKS
B JIBa, YETHIPE U T.JI. pa3 U yOeauTLCs, YTO CHJIA B3AUMOJeACTBUS
HIPOTMOPIHOHANBHA 3APANY KasKJ0TO M3 HIAPUKOB.

Bonee TouHO 3TOT BOMPOC MOXKHO HCCIEAOBATH CHAETYHOIIHM
ob6pazoM. Coobuum mapukamM A u B HeKoTopbie (HeM3BecTHbIE)
3apAnbl U M3MEpUM CHIY B3aumMojeicTBust Fap MexXly HUMH LIpH
HEKOTOPOM OIpPEJeNEHHOM PACCTOAHNH. 3aMeHHM, Jajee, Wapuk b
JPYTUM 3apsKEHHBIM IMapukoM B W u3MepuM CHOBa CHJY B3ad-
Mozelicreust Fap Mexny A u B npu TOM e PacCTOSHUM, YTO H
B MEPBOM CiIy4ae. Ecnu Tenepbh H3MEHHTL NPOH3BOILHBIM 00pa3oM
3apAM IIAPHKA A ¥ OsAThH U3MEPHTH CHUJIB B3aMMOJEHCTBISA LIAPUKA
A ¢ mapukaMu B u B, TO OnbIT IOKa3bIBAET, YTO OTHOMIEHHE CHJ
Fyp/Fap B 0b0OuX cinydasgx OAMHAKOBO, T.e. HE 3aBUCHT OT 3apsi-
Ja mapuka A. D10 3HAYMT, YTO YKAZAHHOE OTHOIIEHUE CHJ 3aBUCUT
TOJBKO OT 3apsJIOB MIAPUKOB B u B, a (IeI0BATENBHO, MOXKHO IIO-
JIOXKHUTH €r0 PABHLIM OTHOIIEHHIO 3aPAN0B 000MX IIAPHUKOB, T.€.

Fap/Fap = qp/qs-
DTO COOTHOILIEHUE SIBJISIETCs! OMpeesieHieM OTHOUIEHUS ABYX 3apsi-
JIOB H YKa3bIBaET CIocob CpaBHEHHS 3apsijiOB..

Mony4enHpiit pe3yIbLTAT MOKA3BIBAET, UTO CHJIA B3AMMOJIEHCTBHUS
NPONOPIMOHAIbHA 3apsa)y ojnsoro u3 mapukoB (A). Tak kak 006a
LIAPHKa B 9THX OILITAX PABHOIPABHLI, TO OTCIONA CIEAYCT, YTO CUIIA
B3aMMOJEUCTBH S IPOMOPIHONANEHA KaXXA0OMY H3 3aps0B ¢; U ¢o.

TaxuM 06pazoM, CuIa B3aUMOAENCTBUS ABYX TOYEYHbBIX 3apPAI0B
paBHa

F =722, (2.1)

3nech [ — koaddpUunuenT NpONOPHUOHAJILHOCTH, 3ABUCAIIHN OT BHI-
fopa equHNI 3apsANa, PACCTOSHUS U CHJIBL

J1st TOTO YTOGLI BHIPA3UTD HE TOJIBLKO MOJIYJIb CHJIbI, HO B €e Ha~
npaBJienne, 3ak0H Ky/ona MOXKHO MPeJCTaBUThL B BEKTOPHOM dhopMe:

Fip=f2Ep), (2.1a)
1

r

rae Fio — BexkTOp cuibl, jeficTByromeli Ha 3apsapn £ co CTOPOHBL
3apaga I, a rjp — pajuyc-BeKTOD, HAIIPaBJIEHHBIA OT 3apsAna | K
sapany 2.

Onviret KyJsioHa, KOHEWHO, HE SIBJISIOTCA €QUHCTBEHHBIM JOKa-
3aTEJIECTBOM CIPABEIINBOCTH 3aKOHA OOPATHBIX KBaIparoB. B Ha-
cToslee BpeMsl uMeeTcst GObIIoe KOJIMYECTBO APYTUX 9KCICPHMEH-
TANBHBIX JAHHBIX, TOKAZKBAIOIINX, YTO 33KOH KyJI0HA BBITOMHAETCH



§3 ABCOJIIOTHAS SJIEKTPOCTATUYECKAA CUCTEMA EJHMHUIL 15

O04YeHb TOYHO H IIPUTOM KaK JJIft O4UeHb OOMBIIMX, TAK U AJIA OUeHb
MaJibIX paccTosnuii. B 4acTHOCTH, MCCIEI0OBAaHUS ATOMHbBIX sBJIe-
HUif NO3BOJISIOT 3aKJIYUTh, YTO OH CIIpaBelJIUB, IO KpaitHeil Mepe,
BIUIOTH 10 PACCTOSIHMIT ropsiaka 10715 M.

§ 3. AOcoaOTHAS TEKTPOCTATHYECKAS CHCTEMA €TUHMI]L

s onpepenenns xoadUUeHTa IponopuHoHaIbHOCTH f B 32~
xoHe KymoHa MBI JIOJDKHB! OCTAHOBHTBCS Ha KaKO#-11b0 ompeeses-
HOf cuCcTeMe eQUuHUIl.

Beakag cucreMa eyHMI COCTOHT M3 HEKOTOPOrO YHCIA OCHOB-
HBIX E€JUHHI[, BBIOMpaeMbIX HE3aBHCUMO JIPYT OT ApYra, W COBO-
KyNHOCTH Ipou3BoaHbIX equnui,. ITocienHue o6pa3ylorcest H3 OCHOB-
HBIX (M JPyruX IPOU3BOJHBIX) €JIMHUI] C MOMOUILI) MOAXOLSIINM
006pa30M BBIOPAHHBIX COOTHOIIEHHUN, BLIPAXKAWOIMUX OIpeneIeHHbIe
bu3MYecKHe 33KOHBI U CBS3BIBAIOIIMX MexXAy coboit pammyro du-
3UYECKYIO BENHYHHY, OJIs KOTOPOH YCTAHABJIABAETCA €JHHHIA, C
OpyTUMH BeIUUMHAMHU, €JUHHUILI KOTOPHIX Y2Ke onpejesnedb:. Kax-
o€ TAKOE COOTHOLIEHHE, HCIOAL3YEMOE IJIsl YCTAHOBJIEHUS] TOW MK
HHOH [MPOM3BOIHON eNUHUNb!, MBI OYeM Ha3bIBATH ONMpPENesIsSIIOIUM
COOTHOIIEHUEM MJIst JAHHOW eHHUIIBL.

B ¢bhusuke g0 HACTOSUIETO BPEMEHH YaCTO ynoTpebssiorT abco-
JIOTHYI) CHUCTEMY €QUHHI, (MeXaHHYIECKUX, IEKTPUYECKHX M Mar-
nurHbix) CI'C, mOCTPOEHHY0 Ha TPeX OCHOBHBIX €IMHUIIAX: JJIHHBL
(canTuMmerp), Macchl (rpaMm) u BpeMeHn (cekyHja). Enununeii cu-
JIbI B 3TOM CHCTEME CIIYKHUT JUHA. ECiH BBIPAXKATH PACCTOSHUE T B
cagTHMETpax, a cuny F B muHAxX, TO B 3akoHe Kysona Oyzner enuH-
CTBEHHAsi HEONpeNeIcHHAs eUHHMUA — EIUHUHA 3apsa. 11osToMy
MOXHO BBIOpATH 3Ty eIMHULY TaKUM 00pa3oM, urobwl Obuo f =1,
T.e. wT00B 3ak0H Kymora npuobpen naubosiee npocryio ¢opumy. Ta-
Kas eIUHUNa 3apsAfa NoIydHia Ha3BaHue abcoaromnotll ssexmpo-
cmamuNeckoll edunuyb, 3apada.

Honaras & dopmyne (2.1) r =1, g1 = g2 = 1, nonywaem F =1.
DTO 3HAYUAT, UTO AHCOAOMHAA IAEKMPOCMATNUNECKAA e0UHUYA 30~
pada ecmb maxot 3apad, xomopud deticmeyem 6 eaxyyme Ha pas-
nwoull emy 3apad, yoasennwii na paccmosanue 1 cm, ¢ cusoti 1 dun.

Ecnu BblpaskaTh 3apsinl B abCOIOTHBIX 3IEKTPOCTATHYECKHUX
eNMHHIAX, CHWJIYy —— B JHHAX, 4 PACCTOSHHE — B CAHTHUMETPax, TO
saxon Kymnona (2.1) npunuMaer Buj

_. Q192
F — ""’T. (3.1)

Bribupas 3a OCHOBHBIE €JIMHHIBI CAHTHMETD, TPAMM U CEKYHAY
¥ TOJB3YACH a0COMIOTHOM 3JEKTPOCTATHYECKON efuHuneil 3apana,
MOXKHO ONpeleuTh eUHUIbI BCEX IEKTPUYESCKUX U MArHUTHBIX
BeJIUYHH, C KOTOPBIMH MBI NMO3HAKOMHMCHA B JajbHehmueM. Takas
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CHCTEMa, eIUHHI, HA3LIBAETCHA abCoatomuoll saexmpocmarnueckot
cucmemotdi u obo3nadaerca cuMmponom CICD.

TaxuMm obpazom, B cucreme CI'CD egunnya 3apsifa eCTb IIPOU3-
BojiHas enuaUnA. OnpeseasiomuM COOTHONIEHUEM JIJI Hee CIIYKHT
3axkoH Kynona.

B nanbHeiimeM Mbi 6yJeM NOMb30BATHCA OONIENPHUHATHIM CIOCO-
6oM 0b03HAMEHUsI IPOUIBOJHBIX equHnl,. JIjis 5TOro JaHHYW BeJId-
guHy Oy/JeM BbIPAYKATEH U3 OIPEIeJAIONIero COOTHOIIEHUs U B TIOIY-
YeHHOE BBIPAXKEHHE IIOACTABIATH BMECTO (DU3HYECKUX BEIMYIHH MX
enuuunsl. Tak, HanpuMmep, u3 GopMyas (3.1) nmeem

q= rF1/2 ;
oTCIoAa enuHuna 3apsaga B cucreme CI'CD pasHa
1 CI'CYy = 1 oM - nunt/2,
Takoit crocod ofo3HaxieHHs TPOU3BOAHBIX eIUHUL yIobeH HoTo-
MY, UTO OH ONpPENEeJISIeT UX PAa3MEPHOCTH, T.€. IOKA3hIBAET, KaK M3-
MeHsIeTCsl eNUHUIA NAHHON (DH3UUECKON BeJINIUHEI TPYU H3MEHEHUU

APYyrux efHHNL, CUCTEMBI. Ta,K, HallpuMep, IIPpUBEJACHIIOE BblpaXKe-
HHe IIOKa3blBaeT, YTO IIPpKW YBeJIHYEeHHU €IUHMUBI IJIMHBI B @ pPa3 H

eIMHHIB! CHUIBI B b Pa3 eMHNIA 3apsijia yBelndusaercs B abl/? pas.

TTpousBoAHbIE eIHHUIBI MOXKHO TAKKE BRIPA3UTDH TOJIEKO Hepes
OCHOBHBIE €INMHULBI. TAK, HAIPUMEp, YYHTHIBas, 4yTo | JHH €CTh
1 r-em-c™2, momyvaem

1CTCoy =1 em®? . pl/2 L

§ 4. Mexxagynapoagnas cucrema eqununy, (CH)

ITomumo cucremsbt CI'C, MOXKHO NOCTPOUTE U ApPYrHe abCOIIOT-
HBIE CHCTEMBI 3JIEKTPHYECKHUX M MArHUTHBIX €IuHuL. Tak, Hampu-
Mep, B § 77 Mbl IOSHAKOMEMCS C SJIEKTPOMAIHUTHON CHCTEMOU €11~
uun, CI'CM, xoropas, xax u cucrema CI'CD, mocrpoena ma Tpex
OCHOBHBIX €IMHMLAX: IJINHBI (CAaHTHMETP), Macchl (FpamM) U Bpe-
MeHH (CeKYHJA), HO OCHOBAHA HE HA 3aKOHE 3JIEKTPOCTATHIECKO-
ro B3auMOJIeACTBUA 3apsA0B, & HA 3aKOHE MATHUTHOIO B3aKMO/Jeit-
CTBHA TOKOB. DTa CUCTEMA SIBJAETCHA TAaK»Ke abCONIOTHOM, TaK KaK B
Hell BCE MATHWTHEIE €IHHUIBL ONPEACIISIIOTCA TAKHM 00pa3oM, 4To-
661 K0 DUUHEHThl MPOMOPIHOHAIEHOCTH B 33KOHAX MArHeTH3Ma
obparmmuck B exununy. Cucrema emunui; CI'CD Becbma ynoGHA
OJIS1 OITMCAHUA JEKTpuueckux apjienudl, a cucrema CI'CM — maa
MAarHMTHLIX sBaeHuil. OCOGEHHO MMUPOKO B (DU3UUECKON JIUTEPATY-
pe NpPHMEHSETCA TaK:Ke TaK Ha3hbiBAeMasi CUMMETPUYHAs CHCTEMa
EKTPUUECKUX U MArHUTHEIX eauuul (cucreMa ejunuu, [aycca),
mpejcraBisiomas coboit coueranue obenx cucrem CI'CD u CI'CM
(cM. Hdobasnenne 13).
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Opraxo 9TH abCOMIOTHBIE CHCTEeMbl eIUHHUI, HApPALy C BECbMA
BOMBIIMME HX JOCTOMHCTBAMH, O0OJIANAIOT TEM HEJOCTATKOM, 4TO
€IUHHNILI MHOTHX JIEKTPHYIECKHX H MarHHUTHBIX BEJIMYUH MOJIy4a-
I0TCA B HUX HEYJNOOHBIMU NS MeJell NMPaKTHKH, TAK KAK OKA3bIBa-
IOTCH WJIM CJHIIKOM OOJLITUMY, WM CIMnIKoM MansiMu. [losroMy
B HaCTOsmiee BpeMs IOJYUYMIA NIMPOKOE pacrpocrpaHenue Mex-
AYHAPOJHASA CHCTEMa EIUHUL, COKpPAIeHnHo ob03HaYaeMas JaTHH-
ckumu 6yksamu SI (The system international of units) u pycckumu
Gyksamu CU (cucreMa unTepnaunonanshas). I1pu paspaborke s1oit
CHCTEMBI CTPEMHIJTHCH K TOMY, 4T00b! €IMHHILI OCHOBHBIX SJIEKTPH-
YECKMX U MArHUTHBIX BEJHUHH COBIIAJIH C COOTBETCTBYIOUIUMH IPaK-
THYECKUMH €IUHUIIAMH, JABHO YCTAHOBUBIIMMUCS U NPHHSATHIMHU B

SIEKTPOTEXHAKE U PAJMOTEXHHKE ).

Cucrema CH mocTpoeHa Ha, OCHOBE CEMH OCHOBHBIX €IMHUIL: €1~
HUIA JJIMHBI — MeTp (M), eIHHIA MACChl — KWIOrpaMM (Kr), ean-
HUIA BPEMEHH — CEeKyHJa (C), eaMHMIa CUiIbl TOKa — ammep (A),
eJMHUIA TepMOJHHAMUYIECKOH TeMmepaTypbl — kesabBul (K), enu-
HUUA CHJIBI CBeTa — KaHJjena (KJ) U eJUHHIA KOJHYECTBa Belle-
crBa — Mok (Monb). Kpome cemu ocroBHbIX, cucrema CU mmeer
JIBE IOMOJIHUTEIbHbIE eJUHAB!: €AUHUILY TUIOCKOrO yIIa — DaJUaH
(paj) ¥ emMHHILYy TEJIECHOTO yIyIa —— CTepajuaH (cp).

Kaxgasg U3 9THX eJJUHHI] IO3BOJIAET 06PA30BATL BCE NPOUIBOJ-
Hble eAMHHUIB! )i BEJIMYHH, MMEIONNX HEMEeXAHUYECKYIO IIPUPOY:
aMIlep — eIHHHUbI DJIEKTPHUECKUX U MArHUTHHIX BEJNYHMH, Kejib-
BHH — E@IMHWIbI TEIJIOBBIX BEJIMYUH, KAHJENA — EJUHHILI CBETO-
BBIX BEJIMYUH, MOJIb — EJHHHUIBI BEJTHYHH MOJICKYJISIPHON U3HKY U
XUMHH.

Ennruna snekrpudeckoro 3apsaga B cucreme CU ects KyjaoH
(Kn) — zapsn, npoxonsinuit 3a 1 ¢ gepe3 cedeHne NPOBOIHUKA, B
KOTOPOM HMEETCH HEH3MEHSIOMNNACA TOK cuioil 1 A, T.e.

1Kn=1A-1c=1A-c.

Onpenenedne aMIepa OCHOBAHO HA 3aKOHE MATHUTHOrO B3au-
MOJIEHCTBHA TOKOB U OyaeT mano B § 83. M3 sroro onpejesnerus
crenyer, uro 1 kymnon comepxur 0,1 ¢ epunun 3apana CI'C3, rue
¢ = 2,99792458 - 100 ecTh CKOPOCTD CBETA B BaKyyMe, BHIPAKeHHAs
B cM/c. B maibHeiimeM Mbl OyJieM MOJB30BATHCH OKPYTJIEHHLIM 3Ha-
YEHUEM 3TOH BEJIMYMHBL H CIYUTATEL, YTO 3apsi,

1 K =3-10° CI'C3,.

') Mocranosnennem Tocypapersennoro komurera CCCP no crasmapram or
19 mapra 1981 r ¢ 1 smBapa 1982 r B Cosercxom Coro3e BBegeH B aelicTBue
roc yaapcrsernsii crangapr TOCT 8 417-81 (CT C3B 1052-78), cornacHo ko-
TOPOMY 00632 TENEHOMY TIPUMEHEHHIO 1O/ VIEKAT eAMHANBI MexX JyHapoaHoh cu-
crembl (CH), a Tak:Ke JeCATAIHBIE KPATHbIE U HOAbHbIe 0T HEX. ([Tpusmen. ped.)
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Ommune cucrembl CH ot cucremsr CI'CD 3axiioyaercs eme U B
TOM, YTO B Hell HCIOJIBIYETCH TAK HA3LIBAEMAS POUUOHAAUIOBAHHAA
hopMa 3anuCH 3aKOHOB WIEKTPUYECTBA DTO H3MEHEHUE 3AKJIOUa-
ercad B ciiegyiomeM. Bo Muorue ¢hopMysibl 3JeKTPHYECTBa, B 0CO-
GEHHOCTH B Te, KOTOPBIE YACTO BCTPEYATCA B INPAKTHKE, BXOIUT
MHOXUTeNb 47. UT00h M30aBUTECA OT HETO B IPAKTHUECKM BaXK-
HBIX (HOPMyNax, B BhIpakeHue juis 3akona KysoHa ¢ caMoro Hava-
7a BBOAAT MHOXKHTeAb 1/4m. Taxoit e MHOXHTeNb OKa3bIBAETCSH
yI0OHBIM BBECTH U B OCHOBHOM 3aKOH MArHUTHOTO B3aMMOJEHCTBUS
TokoB (cp. § 79). IMostomy zakon Kysona B cucreme eauuuy, CU
3AMHCBIBAIOT B BH/E

1 ae (4.1)
dmeg 13, :
rje BMecTo kK03 dUIHeHTa IPONOPUUOHANBHOCTH [, BXOJASIIIETO B
dopmyiy (2.1), Hanucano 1/(4wep). 3aecy €9 — HEKOTOpas MOCTO-
siHHAdA, 3aBUCAIAs OT Buibopa enuuun. OJHAKO, TAK KAK €IUHU-
IIa 3apsifia yoKe ONpefesieHa, 3Ty IMOCTOSAHHY HeIL3sa 00paTHTh B
equunny. IToatomy B cucreme CU, B owmune or cucremnt CI'C3,
B 33aKONB! IEKTPUYUECTBA, BXOAUT HOBAS MOCTOSHHAS £¢, UMEKOIIAs
ONpEAEIEHHYI0 PA3MEPHOCThL. DTy MOCTOSIHHYI0 MBI OyJieM HA3BIBATE
B JANMbHEHIIEM 2AEKMPUNECKOT NOCTNOAHHOU.

Herpynmo waiiTi, YeMy paBlO 3HaUeHHME £y B CHCTEME €JMHHUIL
CH. TTonoxkum, 4To qBa TOUEYHHIX 3apsaaa ¢ = g = 1 Kui, ynanen-
HbIX 11a paccrosare 1 M = 10? cM, B3aMMOZEACTBYIOT B BaKyyMe.
Torpa, cornacHo dopmydie (3.1), cula B3aRMOACHCTBUSI PABHA

gy 2
Fz(i('lézi)z)-:l-lom,anl:&l()gﬂ

C apyroii croponsl, cornacio gopmyie (4.1), ra xe cuila ectb

1 1-1 1
- dreg 1?2 - 47eg H.

Orcroga
1

£0= 109
O enuHUIE MEKTPHYECKON MOCTOANHOM £g cM. § 32.

=8,85-107'2 CH,,.

§ 5. INybBaHMYeCcKHue IJTEeMEHTH

DNEKTPUUECKHE 3APAIbl MOXKHO IOJIYUHTE PA3JUYHBIMU CIIOCO-
6aMHu, C KOTOPBIMH MBI MO3HAKOMHUMCH B ganbneimeM. Ceiigac xe
MBI yIOMSIHEM O IIOJYyYeHHH 33apsii0B C MOMOIILIO FAIbBAHHYECKHX
3JIEMCHTOB.

TaneBaHUYECKHUM 3JIEMEHTOM HA3BIBAIOT JIBA PA3ANYHLIX IIPOBOJ-
HUKa, COEIMHEHHBIX 3JIEKTPONPOBOASAIINAM PAcTBOpoM (0OBIYHO BOJI-
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HBIM PAcTBOPOM KHMCJIOTHI Mim coiM). Ha puc. 2 mokaszan ojuH u3
IIPOCTEHIIHX 37EMEHTOB — 31eMeHT Bosibre. O COCTOMT n3 MeIHOM
U IUHKOBOW ILTACTHH, HA3bIBAEMbBIX JAEK-
Mpodamu 3JIEMEHTa, IIOrPY’KEHHBIX B CJla- Cu Zn
Oblli BOJHBIA DPACTBOP CEPHOW KHCIOTHL. *
Menb 3aparKaeTcs NOJIOXKUTENLHO, a [UHK —
orpunaTenbHo. [IONOXKUTEIbHBL IEKTPOS
YaCTO HA3BIBAIOT aHOOOM, & OTPUIATENIb-
HBII — Kamodom. —|
YCTpOKCTBO  pas/IMYHBIX —TajbBaHHYe- —— 4
CKHX 9JIEMEHTOB M NPOLECCH, B HUX MIPOUC-
xousuiue, 6yayr paccMorpersl B . XVIII.  Puc. 2. Dnement Bomsrst

L YL

T T T T T

§ 6. DnexTpH3anusa KakK pa3zeseHHe 3apsAnoB

OnbiT NOKa3BIBAET, YTO BO3ZHUKHOBEHUE 33apafa Ha JIIOOOM Tese
BCETJIA COMPOBOXKIAETCS TOSABJIEHHEM JIPYTOTO 3apsijia, PABHOTO eMy
0 MOJYJII0, HO NPOTHBONOJIOXNKHOTO 110 3Haky. Tak, HaIpuUMeEp, B
TaabBAHHYECKHUX DJIEMEHTAX MBI HMeEM BCErJla JBa 3JeKTPOa, OLUH
U3 KOTOPBIX 3apAXKaeTcs MOJIOKHUTENBHO, a APYrol — OTPHIATEb-
HO. IIpu sneKTpU3AMM TPEHMEM TAaKXKe BCErja 3apsizKaioTcs oba
IPUTHPAEMBIX Tela W IPUTOM PABHBIMU 10 MOJYJIIO, HO POTHUBO-
MOJIOKHEIMHU 110 3HAKY 3aPAJaAMU.

O 110BpeMeHHOE TTOSIB/IEHUE PA3HOUMEHHBIX 3aPsiI0B IPH BCIKOM
MPOLIECCE 3APSKEHHS NPHUBEI0 K 3aKJIIOUEHHUI), YTO BO BCEX Tejax
BCETZA CONEPXKATCA MOJIOXKUTEJILHbIE W OTpUIIATEIbHBIE 3apsiabl. B
OOBIYHBEIX YCJIOBHSAX, OJHAKO, KOJIHYECTBO IOJIOXKUTEJBHOTO 3apsiia
B KaXKJAOM 00bEME TeNIa PaBHO KOJMYECTBY OTPHUATEILHOTO 3aps-
Oa, U [IO9TOMY TEJNO MPCACTABNAETCI HAM He3apsKeHHBIM. Bcesikmii
OPOIECC 3APSKEHNS eCTh IPOUECC PasJiejICHUs dJAEKTPHUCCKUX 33~
PSIOB, IPH KOTOPOM HA OJHOM K3 TeJ (HJIM YACTH TEJIa) MOsBJISIeTCSE
H30BITOK NOJOXKUTENBHOIO 3apsija, & Ha APYroM (MIM APYTrofl 4acTu
Tesa) — U30BITOK OTPHUIATENRHOrO 3apsana. Obuee KOIUIECTBO NO-
JIOXKHUTENBHOIO H OTPHIATEILHOIO 3aPA/I0B, COAEPKAIHXCST B TEIAX,
He U3MEHAETCs, & 3TH 3apsiJbl TOJLKO EPePACIpEeIeNII0TC MEeX Iy
TesiaMu. [losromy asnrebpanteckas cyMMa 3apsiJOB, BOSHUKAIINX
IIpH J1I060M JIEKTPHYECKOM TIPOIECCe Ha BCEX TENaX, y4UaCTBYIOMIMX
B IIPOIIECCE, BCEr/Ia PABHA HYJIIO.

§ 7. DueKTPOHLI

B Hacrosiniee BpeMsi TBEPAO YCTAHOBJIEHO, YTO 3IJEKTPUUECKUE
3apAAbl CYIIECTBYIOT B IPHPOJIE B BHIE 3aPSAKEHHBIX YACTHL, KOTO-
Pbie MBI CHHTAEM TPOCTEMIINMN, UH TEMEHTAPHBIMHA. DeMeHTap-
Has OTPUIATENLHO 3apsXKeHHAs! YaCTULA, C KOTOPOH HAM IPHUXOIUT-
Cdl BCTPEYATHCS B MEKTPUUECKUX SBJIEHUAX, NOJYYHI3 HA3BaHHE
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2AeKMPONa. 3apal KaKIOro M3 3/1eKTpoHos pasen 1,60 - 1071 Ka
(§ 144). Macca a/1eKTPOHA Ype3BBIYAMHO MaJjja H COCTABJSET BCe-
ro oxono 10730 xr. [TosToMy MOXKHO NPUEECTH HA Teo i y6paTh ¢
HEr0 OrpOMHOE YHUCJIO HNEKTPOHOB 063 3aMeTHOTO U3MEHEeHUs MACCH
Teaa.

B cocraB aroMa KakJ0ro 3JIeMEHTa BXONHT OUpeJieIeHHOe CBO-
CTBEHHOE €My YHC/IO IEKTPOHOB. ATOM B IIEJIOM, OINHAKO, He 3aps-
JKEH, TaK KaK B HEM UMEETCsT W TMONMOXKHUTEILHBIN 3aps i, PaBHbIH 1m0
MOZYJIIO CYMMe 3apsiJIOB BCEX 25ieKTPOHOB aroMa. llonokurenbHbii
3apsij ATOMa 3aKJIIOUEH B siJpe€ aTOMA, B KOTOPOM COCPEJOTOYUEHA
IPAKTHIECKU BCSI MacCa aToMa.

Ecnu aToMm TepsieT 0OjMH MM HECKOJILKO MIEKTPOHOB, TO OH 00pa-
IIAETCS B IOMOXKUTENBUO 3aPSIKEHHBIA aTOM, MJIH NOJ0KUTEIbHBIH
noH. Ecnu aToM 3aXBaThIBAET NOTIONHUTEIbHBIE JIEKTPOHEL, 00pa3y-
eTCsl OTPUIATETLHO 3apsXKEHHBIN aTOM, WM OTPUIATENbHBLIH HOH.
IIponecc s3apsKkennst Kakoro-aubo Tena npeacraBiager coboil mbo
IIEPEHOC Ha 3TO Teso, Jub0 YBOX € HEro HeKOTOPOro KOJHYEeCTBA
JEKTPOHOB HJIM HOHOB,

Teopust, 0O bACHAIONIAS PA3JIXYHBIE CBOACTBA BENIECTBA HAJHUYH-
€M B HEM IEKTPOHOB U MX IBKI)KEHHEM, HOCHT HA3BaHHE 3JIEKTPOH-
HOHI Teopu.

Xopomune NPOBOJHUKH JIEKTPHIECTBA — 3TO TAKHE TeJsad, B KO-
TOPLIX 3JEKTPHYECKHE YACTHIBI MOIYT CBOOOZHO IEPEMENIAThCA.
DJIeKTPONPOBOLHOCTE METAJIJIOB 00YC/IOB/IEHA T€M, YTO YACTh IEK-
TPOHOB, COJEPKAMXCS B METa/Ie, HAXOJNUTCA B TOABHKHOM CO-
cTostHUK. TaKye /IeKTPOHEI HA3LIBAIOTCS C60000HbBLMU INTEKTPOHAME
WIH IALKMPOHAMU TPOSOJUMOCTIU.

Eciin x #30/1MpOBAHHOMY HC3APSKEHHOMY METAJUTMYECKOMY IIPO-
BOIHHKY NPHOIH3NTE 3apsi2KEHHOE Tesi0, TO Ha NMPOBOAHHKE NOSB-
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Puc. 3. Cxema 00bsicHEHHA 37eKTPHICCKON HHIAYKIMA B 3ICKTPOHHON TEOPHH

JISIOTCS HABEJEHHbIE, MM WHAYUUPOBaHHbIE, 3apsiabl (puc. 3, riae
KPYKKH C TIIOCOM — ITOJIOXKHUTEIbHble HOHbI METAJINA, TeMHbIE TOY-
KU — 3JIEKTPOHB!I NPOBOAUMOCTH). B paMKax 3yIeKTpOHHO# TEOpUH
3TO 0OBACHSETCS T€M, YTO IPUOJIMXKEHNE BIUSIOIIEr0 T3, BRI3bIBA-
€T IIOABJEHUE CHJI, JIEHCTBYIONIUX 114 3JIEKTPOHA! IPOBOSUMOCTH Me-
TaJlj1a, OTYEr0 OHU MEePEeMEeLIAINTC U [ePePaclpe e siOTCs, T0Ka He
OyzeT DOCTHTHYTO HOBOE NMOJIOXKCHUE papHoBecus. Eciu, nanpumep,
BAHSIONIEE TeJIO 3APSIPKEHO MOJIOKHUTENbHO, TO 3JIEKTPOHEL TPOBOJM-
MOcTH OYJIyT IPUTAIMBATLCS K HEMY U HA OJIMKHEM K Tejly KOHIE
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TIPOBOJIHVKA MOABSATCH W30OBITOUHBIE SVIEKTPOHBI, T.€. OTPULATENb-
HbIH 3apsR; Ha YAaJeHHOM KOHIe 00pasyercs HeJOCTATOK SJIEKTPO-
HOB, & CJIEJIOBATENILHO, 3/1€Ch MOABNSETCA H3BbITOK MOIOKHTEBHBIX
HOHOB, T.€. BO3HHUKAET IOJOKHTENbHBIA 3apsas (puc. 36).

B nasbHejiineM Mbl PACCMOTPYM OCHOBHBIE OIBITHI, JOKa3bIBAIO-
Y€ CYIIECTBOBAHHE IEKTPOHOB, MO3BOJAIONIHE OINPERENHTb HX
CBOMCTBA U BBIACHSIONUME YYBCTHE EKTPOHOB B DA3JIMUHLIX jIeK-
TpHYecKHX sBJieHnax. OnHAKO CymecTBOBAKUE IEKTPOHOB 1ie/Ieco-
06pa3HO YUecTh yKe ¢ Hadala H3Y4eHHs 3IeKTPHIecTBA, TaK Kak
9TO CPa3y NO3BONAET NPOCTO U HANIAIHO OOBLACHATH MHOTHE JJIeK-
TpHYECKHUE SIBJICHUS.

TJTABA II
QJIEKTPUYECKOE ITIOJIE

§ 8. ITonsiTne 00 3AEKTPUIECKOM II0JIE

Ilpu wucciaepopannu B3aHMOJCHCTBHA 3INCKTPHIECKHX 3aPAIOB,
eCTECTBEHHO, BO3HHMKAET BOIPOC, NOYeMy HOABIAKTCA CHIbIL, Heii-
CTBYIOUIME HAa 3apajbl, ¥ KakK OHM IIEePenarTcs OT OJHOro 3apaja
K apyromy? COBEpIICHHO TAK XK€ MOXKHO IOCTABWTL W CAEAYIOUMH
BOIIPOC: MEXAHUYECKHE CUJIbI BOSHUKAIOT TOJIbKO IIDH HAJIUYUHK ABYX
3apsIOB; TPOUCXONAT JIH, OJHAKO, KaKHe-nb0 U3MEHEeHHS B OKPY-
»KAlIOMieM NIPOCTPAHCTRE IPH HAJIUYHH TOIBKO ONHOTO 3apdna, Korja
BTOPOTO HET BOBCE?

B nponecce pasputus QUIHKH CYIECTBOBANU JBa IPOTUBOIO-
JIOXKHBIX TI0/IX0/ia K OTBeTY Ha ITocTaBilerHble Bonpockl. lpu onrom
U3 HUX NIPEANONaranoch, 4YT0o TeJaM IIPUCYHIe CBORCTBO AeHCTBOBATD
HA JIpyrue Tesa Ha paccTOAHuH, 6e3 yuacTus npoMeKyTOUHBIX Tell
WU CPEABI, T.€. IPESIONAraloCh, YTO CHIILI MOTYT NEepCAABaATLCH OT
ORHOIO TeJa K APyTOMY 4epe3 IIYCTOTY W MPUTOM MTHOBEHHO (Teo-
puu ganbHOAeiicTeust). C 3TOH TOYKYM 3PEHUsI NPU HAWYHH TOJILKO
OIHOTO 3aPANd HUKAKHX H3MCHEHHH B OKPYXKaIIEeM NPOCTPANCTRE
He IIPOUCXOIHT.

CornacHo BTOPOMY B3IVISIAY CHJIOBBIC B3AHMOJIEHCTBUS MEXIY
Pa300IEHALIMH TeJIaMU MOTYT IIEPEAABATHLC TOMLKO IPU HAIHTHH
Kakoi-mubo cpeanl, OKpysKawuel 3Tu resa, NI0OCIeAOBATENbHO OT
OIHO 4ACTH 9TOH Cpenbl K OPYTOit, U ¢ KOHEYHOH CKOPOCTHIO (Teo-
pun 6IM3KOAEACTRBHSA); AaXKe NPU HAJIUYUM ORHOTO-€IUHCTBEHHOrO
3apAfa B OKPYZKalOMEM NPOCTPAHCTBE MPOUCXONAT OIpeIesIeHHbIe
H3MEHCHHUH.

CoepemenHast (HH3UKA COXPAHSIET TOILKO HEI0 OIU3KOAEHCTBISI
U OTBEpraeT naibHogeiicTBuUEe. JleficTBHTENLHO, MOMYeHe BO3MOK-
HOCTH [epenadu CHJAOBBIX B3aHMOJEHCTBHH, T.€. JBHKEHHH, Hepes
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MyCTOTY, 6€3 y4acTHsi MaTepHH, PABHOCHIBHO JONYIUEHHI) BO3ZMOXK-
HOCTH IBHXKEHUs 0e3 MaTepuu, 4T0 6ecCOmepKaTesibHO.

Takum obpa3oM, I NOHUMAHHMS [IPOMCXOXKJEHHS U [epela-
YW CHJI, NeHCTBYIOMMX MEXKAY HMOKOAIHMHUCH 3apsafaMu, HeoOXoqu-
MO AOTIYCTHTBL HANMMYHE MEXAY 3apAlaMH KAKOTO-TO (PUIHYECKOro
areHTa, OCYMIECTBIAIINEro 9T0 B3aUWMONEHCTBHE. JTUM AreHTOM M
ABJIRETCA IEKTPHYECKOe Mosie. Korna B KaKoM-j1nb0 MecTe TOsABJIs-
eTCs WIeKTPUIECKHUil 3apsk, TO BOKPYT HEr0 BO3HUKAET JIeKTpHYe-
ckoe nose. OCHOBHOE CBOHCTEO 3JICKTPHUECKOTO MOJIA 3aKJIH0UAETC
B TOM, YTO Ha BCAKHUYM APYTOH 3aps, IIOMEIMEHHLIR B 9TO ToNe, Jeii-
CTBYeT CHJA.

PaccmaTpuBas B3auMOZEHCTBHE MOKOSIINXCS 3aPALOB, MBI IIPH-
X0AMM K MOHATHIO 9yieKTpHdeckoro moud. [ogobHbIM xe obpasoM,
paccCMaTpHBas MAarHWTHOE B3aMMOIEHCTBHE ABYXKYMIMXCH 3apAgoB
(TOKOB) WJIM MOCTOSHHBIX MATHHTOB, MBI IPHIEM K MOHATHIO MAr-
autHOrO nojst. Mer yeuauM (o XIID), uto snexrpudeckue u mar-
HHTHBIE [IOJIS MOIYT TIPEBPAIIAThCH APYT B APYTa H YTO KaXKJI0e U3
HUX €CTb JIMHIb 9aCTHbIH CIy4dail 6os1ee 0611er0 1eKTPOMArHuTHOrO
noss. Janee 6yger mokasano, uTo NeKTpudeckue (M MATCHHTHbIE)
HOJIsL MOIYT CYIIECTBOBAThL M 0e3 3apsioB (M TOKOB), NEPBOHAYAb-
Ho ux nopoauemmx (ra. XXIII), 1 4T0 HMEHHO B 2/IEKTPOMArHUTHOM
10JIe HYXKHO BHIETh OCHOBHYIO IDUYUHY IEKTPUIECKUX ¥ MArHHUT-
HbIX ABJEHHH. DIEKTPOMATHUTHOE IIOJIe 3AKII0UYAET B cede U nepe-
HOCHT OlpeleieHuyio suepruio (§ 242), a Takxe ob1agaeT UMITYJIb-
com u Maccolt (§ 245). CiepoBaresbHO, WEKTPOMArHATHOE T10J1€ HE
ecTb a0CTpaxTHbil 0Opa3, BBEJAEHHLI HAMH AJisl ONUCAHHSA K-
TPHUYECKHX W MArHWTHBIX B3aUMOAeACTBHIT, HO IpeACTaRIseT coboi
O6beKTHBHYIO PEaJIbHOCTh, 00/Iaatomy0 PUIHIECKUME CBOHACTRA-
mu. OHO ABISeTCH OnNpeneneHHoN GHOPMON MaTepHH, KOTOpas OCy-
LIECTRIAET YICKTPHYECKHE W MATHUTHbIE B3aMMOReHCTBHSA. Taxum
obpazoM, coBpeMCHHAA (PU3UKA, IIPH IOMOTIY IOHIATHS OIS PACIIH-
pseT npeAcTaBieHne O ONU3KOMeMCTBHY M PACIPOCTPAHACT €ro Ha
HEeMeXaHWYECKHE SRJIEHUS.

§ 9. HanpsakeHHOCTDb 3JIEKTPHUYECKOTO IOJIA

s xonuvecTBeHHOH XaPaKTePHUCTHKH INIEKTPUYECKOTO IO
CNIyKHT CleNuaibHas (HU3INIECKaA BENIUIHHA — HANPSXKEeHHOCTh
IEKTPUYECKOTO TIOJSH.

PaccmoTpuM TOYeUHBIN MEKTpHYeCKUH 3apAX g U OyJeM BHO-
CHTb B 3JIEKTPHUECKOE MOJIe 9TOTO 3apsijia Jpyroil TodedHblH npob-
ubii 3apan q;. Ha npobuslit 3apsn ¢q; Oyner meitcTeoBaTh cuia F,
pasNuYHas B PA3HbIX TOYKAX IO/, KOTOPasd, COMNIACHO 3akoHy Ky-
JIoHa, Oymer mponoplHoHaJIbHA IpobHOMY 3apany ¢;. Ilosromy or-
HOlIEHMe 3TOH CHNbI K NpobHOMY 3apaay F/qp yxe He 3aBucur or
BBIOOpa NPODHOrO 3apsna H XapaKTePH3yeT JEKTPHYECKOe IToJie B
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TOH TOYKE, [JIC HAXOAWTCH NMPOOHBIN 3apa/j. DTa BeJUYUHA U IIOIY-
Yusa Ha3BAHHE HANDANCEHHOCTIU OIS,

Eciu anekTpuyeckoe MoJie BHI3BAHO OAHUM TOYEYNbIM 3aPsI0M
g, TO HAIPAKEHHOCTDb IIOJIsl NOIYIaeTCs HEMOCPEACTBEHHO U3 33KO0-
Ha Kynowa nyrem JeseHust o0eMx 4YacTell paBeHCTBA Ha NPOOHBIA
3apax. O603HaUas HANPSKEHHOCTh NOJIA Yepes I, uMeeM

1 g (9.1)

4dmeg 127

HanpsaxeHHOCTD N0 TOYEYHOTO 3apsia yObisaeT 06paTHO DIponop-
[HOHAJbHO KBAAPATY PACCTOSIHUA OT 3apH/a.

Tak Kak 3JeKTPHICCKUH 3apAJ eCTh CKAJISP, & CHJIA — BEKTOD, TO
HAIIPSIKEHHOCTD [IOJIs, IONYIaeMas OT Je/leHis BeKTOPa Ha CKaIdp,
ecTb BekTop. Hamnpasnenue 3TOrO

BEKTOpa OmpelenseT Hampaeaesue  , (P-——————— o—— —
CUJIbI, NEACTBYIOMEH HA IIOJIOXKU- E
TeJIbHBIR 3apdal, IOMEIEHHbIA B pac-

CMATPUBAEMYI0 TOYKY mnojas. Taxk, 6O~ ————
HaIIpUMep, eC/id II0Jie BLI3BAHO I10- E

JIOKHTENbHBIM 3apsioM, TO BEKTOP

HADIKCHHOCTH Ralpanfen BIOMb o b CEMerioe BT

paiuyc-BEKTOpPa OT 33psja BO BHEHI- '
JIABAEMOT0 MOIOKUIeILRbIM (a) 1

Hee TPOCTPAHCTBO (OTTAIKMBAHHE oTpHIATeTbHBIMH (6) 3apaTaMH

THOJIOAKHTENILHOTO MPOGHOrO 3apsaa.);

eC/TH TI0JIE BBHIZBAHO OTPUUATENBHBIM 3apSJIOM, TO BEKTOD HAIpH-

JKeHHOCTH HAIlpaBJieH K 3apsay (puc. 4).

Tonb3ysce zakonom KynoHa B BeKTOpHOUN (hopMe, MOXKHO Ha-
[IHCATh BHIPAJKEHWE NJIS HANPSKEHHOCTH EeKTPUUECKOrO IIONS TO-
YeYHOro 3apsja Tak>Ke B BEKTOpHo# dopme:

_ 1 g

P 2 (9.1a)
3meck r — MOJYNb DACCTOAHUSA OT 3apsSa 10 PACCMATPHBACMON TOY-
KH TT0J1d, a T — paJluiyC-BEKTOp, HAIIPABJIEHHDIN OT 3apAAa B JAHHYIO
TouKy. VI3 cCKa3aHHOrO C/iefIyeT, YTO eCIH W3BECTHA HAIPHXKEHHOCTD
IOJISL B Kako#-u60 TOYKe, TO TEM CaMbiM OUpCAe/IeHa W Cuiia, mei-
CTBYIOMIAs HA IEKTPHUUIECKUN 3aps]], NOMEHIEHHLI! B 3Ty TOYKY. A
HAMEHHO:

F = gE. (9.2)

OTMeTHuM B 3aKJIIOYEHNE, 4TO AJI8 CIyUas 1OJs, BRI3BAHHOTO TO-
YEYHBLIM 33PAJ0M, BEIOOD BEJIMIMHBI MPOOHOTO 3apsa 6e3pa3Iuded.
B Gosee cnoxuBIX Ciiydadgx, paCCMATPUBAEMbIX HIKE, MOXKET OKa-
3aTbCsl, UTO CAMO ero BHeCEeHHe BhI3bIBACT [lepepacipeieeHue 3aps-
JOB, CO3JAOIINX II0JIe, W II0STOMY NPOOHBIH 3apd MOYKET BLI3BATH
uckaxkernue noss. Irobnl 93T0 HE UMeNIo MecTa, IPOBHbLIH 3apsan KO-
KeH ObITh JOCTATOYHO MaJIbIM,



24 3JIEKTPUYECKOE T1QJIE . 1

§ 10. CaorkeHune 3JIeKTPUYECKUX Moseit

PaccMmorpum Tenmephb 37eKTpHUIECKOe IOJIE ABYX TOUEeYHbIX 3apd-
0B g1 ¥ g3. [lycTt By — Hanps>keHHOCTDb IO B TOYKE G, CO3IaBA-
eMas 3apaaoM ¢ (Koraa 3apafa qo Her BoBce), a By — nanpsikes-
HOCTb IOJIA 3apafa go (KOorga HeT 3apsima ¢j). ONBIT IOKa3bIBAEeT,
YTO HANPSKEHHOCTh E pesynbTupylomero nois (Ipu mammyun 060-
UX 3apsA0B) MOXKET ObITh HaligeHa [0 IPABUIY CIOXKEHHS BEKTO-
poe (10 TpaBuily ITapassIeiorpamMMa)
(puc. 5). M, unave, HaNpsSKEHHOCTDb
PE3YALTHPYIOUIETO 3MeKTPHIECKOro Io-
JISl eCThb BEKTODHAsS CYMMa HaIpAXKeH-
HOCTeM IIOJIel, CO34aBAEMBIX OTIEIbHbI-

- MH 3apAJAMH.

& ar IlpaBufio BEKTOPHOTO  CIOXKEHUS
IIEKTPHUIECKUX I[I0jelf CIpaBe[IUBO

Puc. 5. Croxerue snextpuue- HE TOJIBKO JJISL JBYX, HO M /IS KAKOTO
CKUX. YIOJIeit yroguo 4ucia 3apsagoe. Ecomm Eg, Eo,
Ej3, ... — Hanps:XeHHOCTH IoJel,

CO3ABAEMBIX OTHEJbHBIMH 33pPAJaMH B Kakoi-mubo Toudke, TO
HAOpsiXKeHHOCTh E Pe3ysIbTHPYIOIIEro Mos B TOU Ke TOYKe PaBHA

E=E +E+E3+...=) E. (10.1)
k

Coorromenne (10.1) BblpakaeT NMPHUHUMI CYNEePHO3NUAN (MJIH Ha-
JIOJKEHHs1) IEKTPHIECKHUX NONEH M NPEACTABISET BaXKHOE CBOHCTBO
UIEKTPUIECKOTO OIS

OTMerHM, 9TO CIPABEAIHBOCTD ITOTO IPHHITKIIA 3apaHee He OUe-
BHHA H B ero IPABWJILHOCTH HAC yOerK 1aeT TOMbKO OIbIT. A HMEHHO,
BBIYMCISISE MEKTPUIECKIE [IOJIA [TPH TOMOIIH IPUHIMOA CYyHEePIIo3H-
1M, Mbl BCETHA MOIYYAeM Pe3YJILTATHI, CONIACYIONMECH C OIBITOM.
Opnako Npw odeHb Masbix paccrosnuax (~ 107'3 cM) u skcrpe-
MaJIbHO CHJIbHBIX 3JIeKTpudeckux noisx (cp. § 245) upunumn cy-
NEPIIOINIHUA JIEKTPHUECKUX [10J1e, BO3MOXKHO, ! HE BbINOJIHSETCH.

§ 11. O6beMHasa M NOBEPXHOCTHAA IJIOTHOCTH 3apsaga

Monbsysce gpopmyaamu (9.1a) u (10.1), MOXKHO BHIYHCINTL Ha-
PSIYKEHHOCTD MEKTPUYECKOrO TMOJIS, CO3AABAEMOro JOoObIMHE 3apsi-
JKEHHBIMH TE/IaAMH.

Ecnm nunefinble pa3Mepbl KaxK[IOTO H3 3aPSKEHHBIX Tel MaJlbl
M0 CPABHEHUIO C PACCTOSHHAMH MEXJy ITHMH TelaMH H paccMa-
TPUBAEMOH TOYKOM ITO/IsI, TO KAXKJI0€ U3 TNl MOXHO PaCCMATPUBATD
Kak TOYeuHblM 3apsif. B arom wiywae mo dopmyne (9.1a) mMoxHO
BLIYHCIHMTE HAIPAZKEHHOCTD TIOS, CO3JaBAEMOr0 KarkKAbIM H3 3aps-
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JKeHHbBIX TeJI, ¥ 3aTeM, [MOJIb3YSCh NPHUHIKIIOM CYNepIO3UIHUM oIl
(10.1), HaliTH MX BEKTOPHYIO CYMMY.

Eciu 3apsKEHHOE TeJI0 HACTONBKO BEJIHKO, YTO €r0 HeNlb3s Pac-
CMaTPUBaTh KAK TOYEYHBIH 33psx, TO B ITOM CIydae HEoOXOAMMO
3HATh PACHpeeieHHe 3apsA0B BHYTPH Tea.

BolgenuM BHYTPH 3apsKeHHOTO Tesla Majblii obbeM AT u 060-
3HauMM depe3 Aq aMexTpuueckuil 3apa), HAXONAMMICA B 3ITOM
obbeme. Ipenen orvomenuss Ag/A7T, Koraa 06beM HEOrPAHMIEHHO
YMEHBIIIAETCS, HA3bIBAIOT 065eMHOY NAOMHOCMbIO 3apAJda B TAHHOH
rouke. ObozHagas ee yepes p, UMeeM

im 29 = p, (11.1)
AT—0 AT
TakuM 06pa3oM, 00bEeMHAS INIOTHOCTb 3aPAAa H3MEPSeTCS 33PaIoM
eJIUHALLI 00beMa Tenma. 3apall, HAXORAIUHIcA B IeMenTe obLeMa
dr, pased pdr. B obmeM ciiyyae HepaBHOMEPHO 3apSXKEHHOTO Teja
p PAa3JMYHO B Da3HBIX TOYKAX. Pacnpenenenue zapsana B obbeme
TEJIa 33JAHO, eCJIM W3BECTHO p KaK (QYHKIMA KOOPHHAT.

Ougenb 9acTo 3apsajbl PACIpPeNendiOTcs B Tenax TOJbLKO BHYTPH
TOHKOTO CJIOS!, IIPHUJIETAIONIETO K IOBEPXHOCTH. B 3T0M Ciiydae y106-
HO TOJB30BATLCH NOGEPTHOCTIHOU NAOTMHOCTILIO 3aPAJE, KOTOPad,
IO OIIPeMeNIeHUI0, eCTh

im 29 =g, (11.2)

AS—0 AS

3mecy Aq — zapaz, Haxoasuuuicsa Ha yeMenTe nosepxHocTH AS.
UnpiMy cioBamMu, MOBEPXHOCTHAS IIOTHOCThL 3apAfa H3IMEPHETCs
3apSAOM eIMHHUIb] IIOBEPXHOCTH Tea. 3apall, HaXOAAIMKCa Ha, JJle-
MenTe noeepxuocTu dS, paBen o dS. Jlyid 3a43Hus paclpeneIeHus
3apANOE HA IOBEPXHOCTH TEJIa HYXKHO 3HATH 0 KakK PYHKIMIO KOOp-
AUHAT [MOBEPXHOCTH.

Ecnu uzrecTHO pacHpefieneHne 3apaloB BHYTPH Tela, TO MOXK-
HO BLIUMCIHUTL U CO3JABAEMOE HMU JIeKTPHYIecKoe moe. [ aToro
3aPSXKEHHOe TeJI0 Pa3buBaloT Ha GECKOHEYHO Mallble YacTH H, pac-
CMaTpUBas UX KAK TOYEYHbIE 3apsAbl, BHIYRCIAT HAIPAXKEHHOCTh
TIOJIS, CO3MABAEMYI0 OTIENbHbIME JaCTAMH Teja. ILoaHoe moie Haxo-
JAT 3aTeM CyMMHDPOBAHHMEM TIOJIEH, BLI3BIBAEMbIX OTOEILHBIMHA Ya-
CTAMHA TeJla; CYMMHPOBAHHE OOBIYHO CBOAMTCH K WHTETPHPOBAHMIO.

Cremyer, 0OAHAKO, OTMETHTh, YTO OIPEAEJEHHE ITEKTPHICCKOTO
HOJIA 110 33JaHHBIM 33PSAaM 4Yanie BCEro NPOU3BOAAT IIOCPEACTBOM
BbIYNC/IeHHS pasHocTH noTennuannos (. III), Tak kak B 9ToM ciiygae
pacyeThbl MpoIIe.

§ 12. JIMHMM HATIPAIKEHHOCTHU FJIEKTPUUECKOTO 10/

,D;JIH OIIHCAHHA JIEKTPHYECKOTO IIOJIA HYXKHO 33a4aTh BEKTOP Ha-
HPSAKEHHOCTH B KaXXI0H TO4YKE ITOJISL. DTO MOXKHO CAeJaTb aHAJIUTH-
YeCKH, BbIpaKasd 3aBHCHMOCTDb HAIIPAXKEHHOCTH II0JId OT KOOPAUHAT
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B Buge ¢dropmya. OOHAKO TAKYH 3aBHCHMOCTL MOXKHO NPEACTABHTH
U rpadWuecKu, HCIIONL3YH JUHUN HANPSKEHHOCTH ICKTPHYECKOTO
TIOJISL.

JIUHUAMY HANPANCEHHOCTU TEKTPHUIECKOrO OIS (MK JIMHHS-
Mu ekTopa E) Ha3bIBAIOT JIMHHUHA, KACATENbHbIE K KOTOPBIM HaIllPaB-
JIeHBI TaK YKe, KAk H BeKTop HanpszKenHocTH B B TaHHON TOYKe N0

(puc. 6). IlockombKy KacaTelbHasl, KaK H
E BCAKAs [IpAMasi, OIpeAenseT JBa BIaHMHO
E'  IpOTHBONOMOKHBIX HAIPABJIEHWs, TO JIK-
HHH HAIPs’KEHHOCTH TPHUIHCHIBAIOT OIIpe-
JIeNICHHOe HAIPaBJIEHHEe, OTMEYasi €ro Ha

YepTexe CTPEeNIKOH.
Yrobb IpH MOMOIIM JIMEAH HAIPsIZKeH-
Puc. 6. K oupegenermio HOCTA H300Da3sHTh HE TONLKO HAmpaBie-
JIMHMM HANIPAXKEHHOCTH HHe, HO M MOAYJIb HAIPAXKEHHOCTH IO,
YCIOBHIUCE HA rpadUKaX MOMAsT IPOBOJHTD
JIMHWYM HANPSKeHHOCTH C ONpejeNeHHOH TycTOTOH, 3 MMEHHO Tak,
$TOOBl YHCAO JIMHUH, MPOXORAUIHX Hepes eJuHHIY IIOBePXHOCTH,
IepNeHIUKYJASPHON K HUM, ObIO DAaBHO (MJIH IPONOPUHOHAIBHO)

HaIIPA>KEHHOCTH [OJIsl B JAHHOM MecCTe.

N3z06pazkas TUHUH JIEKTPHYECKOTO TIOJS, MBI TOJIYHMAEeM CBOeOD-
pasHble rpadUKH WK KapThl IO, KOTOPbIE Cpa3y HaIvIsJHO IIOKa-
3bIBAIOT, YeMY PaBHA HAIIPSXKEHHOCTb B PA3HBIX YACTAX IIOJS W KAK
OHA M3MEHSIETCST B MPOCTPaHCTRe. BeaeacTsre GOMBIION HATIISIIHO-
CTH ITOT CIIOcob NPeACTABICHUS NOJel ITUPOKO IPUMEHSIOT B 3JIEK-
TPOTEXHUKE.

W3 ckazanHOro CliefyeT, d4TO JMHUIO HAIPAXKEHHOCTH MOXKHO
IPOBECTU HYepe3 BCAKYH TOYKY Iois. Jlajiee, Tak Kak B KayKJol
TOYKe II0JI BEKTOD HAIPAKEHHOCTH UMEeT BIIOIHE OINpPEJeNeHHOe
HAIIPABJICHNE, TO JIMHWH HANPSXKEHHOCTH HHUrIEe He [IePeceKaroTCs.
JInHuY HaIpsSKEeRHOCTH 33KaH-
UMBAOTCA (MM HAYMHAIOTCS)
Ha OKDPYXAIOUIUX IpeaMerax,
HAa KOTOPBLIX BO3HUKAIOT HH-

y AYKUUOHHLIC 3apdAibl.

Ha puc. 7 B xagecree mpn-

Mepa JaHa KapTuHa JHHHAR

HAIIPSKEHHOCTH TOYETHOIO 33-

Puc. 7. JInmuu HanpsykeHHOCTH Touew- PAAA- Tycrora Junuit Hanps-

HOTO 3apANA JKeHHOCTH Ha KAKOM-nbo pac-

CTOSHHM 7 OT 3apsia pasHa

OTHOIUEHHWIO OJHOrO YHCaa N JIHHHHA HANPSKEHHOCTH, BbILIEJIINX

U3 3apAna, K nosepxHocTH cdephl paguyca 7, T.e. N/(4xr?). Ona

ybbiBaeT o6paTHO MPOMOPUMOHANLHO KBAAPATY PACCTOSHHS OT 3a-
psajia, T.e. Tak e, KaK ¥ Halps»KeHHOCTh TIOJIA.
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Ecnu yzaercs BBIMUCIUTbL HALPSXKEHHOCTh DIEKTPUYECKOTO MO~
JIfl, TO MOXKHO TOCTPOHTD ¥ MePTEXH JIMHUHA HAIIPSYKEHHOCTH 3T0TO
nons. OxHako B CIydae 3apsKeHHBIX Te CMOXKHON GopMbl Takue
BLIYHCIEHUS MOrYT OBITb
TpyAHbl. B.3THX CIyda-
AX KapTHUHY JIUHKUHA HaIIpH-

JKeHHOCTH MOXKHO IIOJY- @,__,
YUTb HA OIbITE. N E E

Ecin B anexTputec- U
KOM IIOJI€ NOMECTHTb Ka-
Kue-100 MeEJIKHUE YaCTH- a 6

Ibl, TO Ha HHUX BO3HUK-

HYT HHIYKUHOHHbIE 3apsi- Puc. 8. Mesikue =acTumpl B SMeKTPHYECKOM
jp1 (puc. 8a). Takne wa- 1O

cTHIB! OYIYT NepeMemaTbCs MOJ], BIAHSHHEM B3aHMHOIO IIPUTSIZKe-
HHS PA3HOMMEHHBIX 3aPsiIOB H OTTAJIKHMBAHUA OJHOHMEHHbIX, [TOKA
He YCTAHOBATCS B BUJE IENOYKH, HANPABICHHOHN BIOJb JIHHUM Ha-
npskeHHocTH (puc. 8 6). DTUM U MOIBL3YIOTCA AJIS IKCIEPHMEHTAb-
HOTO MCCIeA0BAHHA JIEKTPHIECKOTO TIONSI: B H3Yy9aeMoe [IoJIe BHOCHT
NOAXOASAIINA XKUIKUA HI0IATOP, K KOTOPOMY IIOJMEIIaH IOPOLIOK
N3 MEJIKUX TBEPObIX YaCTUUCK; YaCTULIBI IIOPOIIIKa 06pa.3yIOT B 3JIeK-
TPHUECKOM I10JIe MHOZKECTBO LENOUEK, MIPOCTUPAIIINXCS OT OAHOr0
3apSKEeHHOr0 MEeKTPOna JI0 APYForo, U BOCHPOU3BOAAT GHOpMY H
PACIIONIOKEHHE JHHUH HANPSKEHHOCTU
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Puc. 9. JIuEmn HAnpsAKeHHOCTH 3JIEKTPHYECKOro MOJS MeXAy ABYMS pa3HO-
KMMEHHO 3apSyKeHHBIMH IIAPHKAMHU

Ha puc. 9 nokazaso ajeKTpUYecKoe NoNle MeXJY ABYMs OfdHa-
KOBBIMH HIADHUKAMHM, 33PSKCHHBIMEM PAa3HOHMeHHO. 1306paxkennoe
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HOJIE BO3HHKAET B TOM C/IYYAE, eCIM IPYTHE OKPYKAOIIUe TeNIa Pac-
IIOIOXKEHb! IOCTATOYHO JAJEKO, T.e. Ha PACCTOAHHNAX, 3HAYUTENLHO
OOMbIINX, 9eM PACCTOSHHE MEXKJLY LWIAPHKAMM.

PaccMoTpuM emie JIeKTpHYecKoe Ioje MeXay ABYMs Iapasi-
JIEJIbHBIME METAJIMYeCKHMH IUIACTHHAMM, 3aPSXKEHHLIMH Pa3HO-
UMEHHLIMK 3apsaaMu. Takas CHCTeMa HA3BIBAETCA NAOCKUM KOH-
dencamopom. ,

DIeKTpUYecKoe IIONe IIOCKOTO KOHJEHCATOpa IIOKA3aHO Ha,
puc. 10. Eciu paccrosiHre MEXay NJIACTHHAMHE MAJIO 110 CPABHEHHIO
C pasMepaMu IJIACTHH, TO IPAKTAYECKY BCE IMHHUA HATIPAKEHHOCTH,
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Puc. 10. DnexTpudeckoe MoJe MIOCKOr0 KOHIEHCATOPA

HCXOOAIINe H3 OJIHOH INIACTHHBI, 3aKaHYUUBAIOTCA HA JAPYPOH. DTo
3HAYHT, YTO OPH 3aPsKeHUH ONHOMN [IJIACTUHEL Ha IPYroH BO3HHKACT
WHIYKITMOHHbBIH 3apsa, paBHbBLH eMy 1o Mogymwo. [lajee, B cpeiHeit
YaCTH KOHJICHCATOPa JIMHHH HANPAXEHHOCTH HMEIOT BHJI I1apal-
JIEJILHBIX JIMHUH, PACIONIOXKEHHEIX ¢ ONuHaKoBOM rycrorot. Creno-
BaTeJbHO, HAOPAKEHHOCTL NOJA B IJIOCKOM KOHJEHCATOpe OAWHa-
KOBa B Pa3HBIX TOUYKax nond. Takoe mosie siBJIseTCs MPOCTEHIINM
¥ HasbiBaeTcd odnopoduuim. Ha puc. 10 Taxyke BHOHO, 4yTO BOIH-
3¥ KPaeB IJIACTHH JIHHHU HANPAXKEHHOCTH HCKPHBJISIOTC, T.€. II0JIe
AeJIaeTcsd HeOAHOPOIOHDBIM.

OTMeTHM B 33KJIOYEHHE, YTO JIHHWYU HAIPSKEHHOCTH IepIeH-
IUKYJSPHBI K TIOBEPXHOCTY METAJIIHIECKUX IEKTPOIOB. ITO U I10-
HATHO. Ecmu 661 HanpsKeHHOCTb o ObL1a He TEPHEeHANKYIISIPHA K
[OBEPXHOCTH NMPOEOJHUKA, TO CYIIECTBOBAJIA OBl COCTARJIAIONIAN I10-
JIfl, HallpasJIeHHas 0 KACATeIbHOH K IoBepxHocTH. 1loa aeiicTBremM
3TOH COCTARJAIOMIEH 3JICKTPOHBLl NPOBOOUMOCTH IPOBOJAHHKA IIPH-
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nuig Obl B ABUIKEHHNE BIOJIb IIOBEPXHOCTH, ¥ Mbl He HMEJIV OBl paB-
HOBeCHA IEKTPUYIECKHUX 3apALO0B.

§ 13. Teopema Ocrporpanckoro-Taycca

Briunciienre 3MeKTPHYECKOTO 1IONIsT BO MHOTHX CJIY4afX CHIIb-
HO YNIPOIIAETCH IIPHMEHEeHHEeM BasKHON TeopeMbl, H3/IaraeMoil Huxe.
Ona 6b1a ycraHosaera M.B. Ocrporpagckum B BHIE HEKOTOPOH
obmielt MaTeMaTH4yecko#t Teopembl u ['ayccoM -~ NPHMEHHTENbHO K
CIYYAE0 MEKTPUYECKOTO TIOJISL.

Yrobsl chOpMYyIHPOBATE 3Ty TEOPEMY, BBEIEM HOBOE MOHATHE
INEKXMPUNECK020 CMeweHus. [ BaKyyMa ICKTPHYECKOE CMellle-
HYle, II0 OMPeeIeHUI0, PABHO

D = gE. (13.1)

O600mieHne ITOr0 NOHATHS Ha, CAydail MPOH3BOJIBHON cpenpl Oyaer
nauo B § 41, Ecan snekTpryeckoe [oe cO3AAeTCs ONHUM TOYEUHbIM
3apsAAOM, TO MIEKTPUHYECKOe CMEemIeHne Ha PACCTOIHUHU 7 OT 33Psa
PABHO 10 MOAYJIIO .
:E%’ (13.2)
a Hanpaejenne cMerienus D cornagaer ¢ HanpasiaeHHeM noad E.
OrmernM, 4ro B cucreme CI'CD HanpsasKeHHOCTb IOS B IMEKTPHUECKOE
CMelleHne B BaKyyMe paBHbL IpyT Apyry. B cucreme »xe CU oMM pa3imaHbL
Tlo aHaMOr¥H ¢ JUHWAMH HATPSKEH-
HOCTH 3jexTpuyeckoro moas (§ 12) mas D
rpadpHyYeckoro u300paKeHHs paclpese-
JICHUS JICKTPHYIECKOTO CMENIEHHA B IIPO-
CTpPAHCTBE MBI OY/IeM MONb30BATLCH AU-
HUAMU IAEKMPUECK020 cmeuerus. Ha-
IIPaBJICHUEC ITHUX JIMHHUN B KaKIOW TOUKe
IPOCTPAHCTBA CORIAJAET ¢ HAIPABJICHH-
€M BEKTOPA IEKTPHYECKOTO CMEMIEHHUA, & S
HX TYCTOTA PaBHA IEKTPUIECKOMY CMe-
HMICHMIO. Puc. 11. Tlotok 3nekrpn-
Besem  jamee  HOHATHE  HOTOK® gecxoro cwemerns Hepes
MEKTPHIECKOTO CMemeHust. PACCMOTPUM  papmyio nosepxmocts
B 3JIEKTPUUECKOM IIOJE€ TLIOCKYIO [O-
BEPXHOCTH S U BHIOEpEeM OnpemesicHHOe HAIIPABJIEHHE HOPMajn n
K Heit (puc. 11). Bygem cumraTh cHadasa, 9To IOJE OLHOPOAHO,
HO COCTABJISET MPOM3BOJLHLIH yrol ( ¢ HAlIPABIEHHEM HOPMAJIH.
Bemnupny
N =S8Dcosa= 8D, (13.3)

HA3bIBAIOT NOMOKOM INEKMPUNECKO20 CMEUEHUS depe3 AAHHYIO 110-
BEPXHOCTh. 34echk depe3 [, obo3HadeHa mpoekuusst D Ha Halpae-
JeHHe HopMaad n. Tak Kak TycToTa JHHHWI 3IeKTPHYIECKOTO CMe-



30 AJIEK'T PUYECKOE MNOJIE I'JI. 11

uleHust papHa [, TO MOXKHO CKa3aTb TaKXKe, UTO IIOTOK BEKTOpA
NEKTPHYIECKOTO CMEIEHHS Yepe3 JaHHYIO IOBePXHOCTh PaBeH IIOJI-
HOMY YHCJIY JIMHHHA 9JIeKTPHYECKOTO CMEUIeHHS, MPOXOISINX depe3
9TY NOBEPXHOCTb.

Ecnu nose HeOAHOPOIHO H MTOBEPXHOCTb, Yepe3 KOTOPYIO pa3blc-
KUBAIOT II0TOK, HE ABJISETCA IJIOCKOCTBIO, TO 9TY HOBEPXHOCTD MOXK-
HO pa3’OUTb Ha 6ECKOHEeYHO MaJIble 1eMEeHThl dS U KaXKiblil 3/IEMEHT
CYMTATH IUIOCKHM, 3, II0jIe Bo3Je Hero — ogHopoaubiM. Iosromy ans
JII0OOFO IEKTPHYECKOTO 1OJA NOTOK CMeIIeHHs Yepe3 IeMeHT Io-
BepxHOCTH ecTb dN = D, dS. Honusl#t IOTOK cMeleHns yepes Io-
BEPXHOCTb S B J1I060M HEOMHOPOIHOM IEKTPUYECKOM IIOJNE PAaBeH

N= [ Dypds. (13.4)
S

OrMeTHM, 4TO HOTOK CMEIIEHHs, ONPEAESISIONHI YHCIO NPOXOA-
IMHUX JIWHAUA CMeIeHHs, eCTh CKAIAp.

W3 (13.3) BUAHO, YTO NOTOK MOMKET ObITH KaK IIOJOXKHATEIbHbIM,
TaK M OTPHIATENLHBIM. Ecy HanpaB/ieHrne JHHUN CMEIIEHHs COCTa-
BJISIET OCTPbIH YIoJI C HANpaBieHueM HopMaiw (cos o > 0), To morok
6yzer nosoxuTenbHbIM. Ecm ke 3ToT yroa Tynoi (cos o < 0), mo-
TOK OyZeT OTPUIATENbHBIM.

PaccmoTpuM Tenepb TOYEUHBIH NOJIOKUTENbHEBIA 33PAA ¢ U Bbl-
YHCGIHM IIOTOK JIEKTPHYIECKOrO CMEMICHHs Uepe3 3aMKHYTYIO cde-
pHIeCKy10 HOBEPXHOCTh S (puc. 12), OKpyKAKILYO ITOT 3apaj H
HMEIOIYI0 IEHTD B TOUKE Ha-
XOXKJEHUA 3apAana. 3a I[IoJIo-
JKATENRHOE HAMPABICHHE HOP-
MaJiu BblOepeM HalpasJjeHue
pHemiHe#l HopMand. B 9Tom
ciy4dae D Bo Bcex Toukax cde-
Pbl OOUHAKOBO H, KPOMC TOrO,
Be3ge cos o = 1. Tloaromy

-1 4 2

N = 4WR247TR =q.
Jlerko BUIOeTb, YTO 3ITOT pe-
3YJILTAT CHPABEJJIHE He TOJILKO
oSl cpepHiecKoil IIOBEPXHO-
CTH, HO U Aj1s1 JI000H 3aMKHY-
TO TIOBEPXHOCTH U JJIs JIOOOro
[IPOM3BONIBHONO  PACITIOVIOKEHHST
3apsafa BHYTPH 3TOH IIOBepx-
HOCTH.

JefcTBUTeIBHO, TOTYYEHHbIN Pe3YIbTAT II0KA3bIBAeT, YTO IOTOK
cMeltleHHsl Yepe3 cepUdIecKylo MOBEPXHOCTL He 3aBHCUT OT Pajuy-
ca cdepbl, OH OIHH U TOT Xe jjid cdepbl S u 1000 Ipyroil KoH-

Puc. 12. K snBogy teopemnr Ocrpo-
rpanckoro-Taycca
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HEHTPUYEeCKOi ¢ Helt cdepnl S7 (puc. 12). DTo 3HAYNUT, 4TO JHHHUH
CMeImeHusT B IIPOCTPaHCTBe Mexay S # Sy, rae He UMeeTcs 3aps-
LIOB, HeIpepbIBHLL. JIHHHH 31eKTPHYIECKOr0o CMEIUEHUS HAYHHAIOTCS
¥ 3aKaHYUBAIOTCH TOIBKO HA MIEKTPUYECKHX 3aPArax.

Ho u3 nenpephlBHOCTHM JIMHHMHA CMeUIeHHWS CAeNyeT, YTO IOIHOe
YHUCJIO JWHHH CMeEIleHHns, NPOXOAAIMMX depe3 NPOU3BOIbHYIO I0-
BepxHOCTb S (puc. 12), 0XBATHIBAIOILYIO 3PS, T.€. [IOTOK CMerIe-
Hust N, uMeeT Takoe »Ke 3latieHne, Kak u Jua cgep St u S, Te.

N= [DndS=q (13.5)

Hanporus, eciii 3aMKHY Tasi HOBEPXHOCTh He OXBATLIBACT 3apAna. (S3
Ha puc. 12), To OTOK CMeINEHUs Yepe3 3TY NOBEPXHOCTb PAaBEH Hy-
JIFO, TAK KaK YHCIO JIMHUH CMenieHns, BXOSIINX Yepe3 IOBEPXHOCTD,
paBHO YHCIY JIMHHU{, BHIXONSAIIAX W3 Hee.

W3 (13.5) Takake ciefyeT, ITO NOTOK 4Yepe3 3aMKHYTYIO [OBEDX-
HOCTb HE 3aBUCHT OT PACIIOVIOXKEHH 33pANa BHYTDH IOBEPXHOCTH.
DTO 3HAYHT, ITO IOIYYeHHbIH Pe3yJIbTAT CIPABEIJIHB HE TOJNbKO JJIs
OAHOTO 3apsAJa, HO W AJIA KAKOr0 YrOAHO THCIIA IIPOU3BOJIBHO Pac-
TIOJIOXKEHHBIX 3aPSAN0B, ECIH TONLKO IOAPa3yMeBaTh 07, g ajredpa-
HYEeCKYIO CYMMY BCEX 3apsiZiOB, HAXOASUIUXCS BHYTPH MOBEPXHOCTH.

®opmyna (13.5) seipaxkaer teopemy Ocrporpaackoro-Iaycca:
NOMOK  FAEKMPUMECKO20 CMEWCHUA YEPE3 IAMKHYMYIH NoGepI-
HOCTNL paseM anzefpauteckoti cymme 6Cer 3apados, PaCnoAOHCEH-
HOLT GHYMPU NOBEPTHOCTMU.

OrMmeTuM, 9TO IPK AOKABATEILCTBE ITOH TEOPEMbl Mbl HCXOAMIIN
3 3akoHa KyJoHA, ¥ IIOTOMY OHa eCTb CAeACTBHe 3TOr0 3aKOHA.
Ecu 661 nokasarelb crelleHd y paccTosiHus B dopmyde (2.1) 6bun
He 2, a KaKuM-JIuOO IPYruM, TO W OOKAa3aHHAs TeopeMa Oblia Owbl
HeCnpapeaauBoOii.

U3 dbopmydst (13.5) BUOHO, 9T0 Pa3MEPHOCTb MOTOKA CMELIEHNS]
TaKas >Ke, KAK M JIeKTpUYeckoro 3apsga. Ilosromy emunmmeit mo-
TOKA, CMEIIEHHsI, KAK U 3aPsa, CIYKHT KYJIOH. ITO — MOTOK Hepes
3aMKHYTYK [OBEPXHOCTD, OKPYKarolryro 3apaz 1 Ka.

DJIEKTPUIECKOE CMEIIEHNE MOXXHO ONPEAEIHTh KaK IOTOK CMe-
IIeHUS 4Yepe3 eQHIuiy NOBEePXHOCTH, HOPMAJIBHOH K HAIIPABJICHHIO
CMeIIeHnsl, WiIH, HHaYe, KaK IJIOTHOCTb NOTOKa cMemerus. Ilosro-
MY eqWHHMIA WIEKTPHIECKOI'O CMEINEH s eCTh KYJIOH Ha. KBaJPATHBI{
merp (Ki/m?).

Paccmorpum  HekoTopble NIpOCTble IIPUMEPbl  BBIYHUCJIEHHS
SMIEKTPUIECKOr0 IO C TNoMombio TeopeMbl Ocrporpaackoro-
laycca.

II puwmep 1. Pasnomepro sapascennas naockocmy. Vmeer-
¢ Ge3rpaHUdHAs MJIOCKOCTb, 3apsi?KeHHasi PABHOMEPHO C MOBepX-
HOCTHO}1 IJIOTHOCTBIO 3apsifia 0. I3 CHMMeTpHHU 33Ja49H OUeBHHO,
YTO JIMHWMA CMENIEHUS MOTYT ObITh HAMPABJIEHLI TOJIBKO IIEePIIeH-
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IUKYISPHO K ILUIOCKOCTH. B 3TOM Ciiyyae B KavecTBe 3aMKHYTOM
nosepxHocT B TeopeMe Octporpanackoro-laycca yno6HO BHIGPATH
npsAMOf UMIHHAD, IepleHIHKyIsp-
E HbIH K 3apAXKEHHON INIOCKOCTH ¥ Orpa-
n HUYEeHHbIH OBYMSHA IIOCKMMHU OCHOBa-
HHSAMY TEPHeHIHKYIAPHEIMEA K JIMHH--
I 1 SIM HAIIPSKEHHOCTH IOJIS B PACIoIo-
! I JKeHHBIMH N0 00eHM CTOpOHAM 3aps-
+ 1+ )+ 1+ 11+ |+  xennoit mmockocrn (puc. 13). Tak kax
i | obpasyonpe NHIHHAPA TapaJllebHbL
fls avHMAM cMmemeHusa (cosa = 0), To
} n [IOTOK CMelleHHs depe3 OOKOBYIO mo-
E BEPXHOCTb IWIHHADPA DaBeH HYJIIO H
[I09TOMY IIOJIHBIA IIOTOK CKBO3b IH-
JUHAP PAaBeH CyMMe IOTOKOB 4epes
ero ocuoranus: N = 2DS. Ton-
HBIA 3aps]1, 3aK/JIIYEeHHBINA BHYTPH IH-
auHApa, pased o8. [loaromy, npumensasa Teopemy OcTporpaickoro—
laycca, nMeem

1
|
-
I
|
1“1
]

Puc. 13. Dnexrpudeckoe nose
PABHOMEDHO 3apAXKECHHOH nnoc-
KOCTH

2DS =08,

OTKYa
D=o¢/2

HamnpskeHHOCTb Hosisi paBHOMEPHO 3APSKEHHOH IIJIOCKOCTH B

BaKyyMe DaBH3
E =0/2¢. (13.6)

IIpuwmep 2. [Hoseprruocmv sapascennozo nposoduuxa. lo-
CMOTPHM TeNepb, YeMy PaBHA HAIDSIKEHHOCTDb N0/IA BOJIM3H TOBEPX-
HOCTH NPOH3BOJILHOTO 3apPsKeHHOr0 MeTaIIHIeCKOro MPOBOJHWKA,
€CTH 3apAIBl Ha HEM HaXOIATCA B PABHOBECHH.

Ilpu pemenuu 3afa4uM MBI Y9TeM, YTO B OTCYTCTBHE IJIEKTPH-
YECKOI'0 TOKA JIHHWH HAMPAXKEHHOCTH BCErNa IepreHauKyJIspHbL
K nosepxHocTH nposozuuka. (§ 12). Ja-

Jiee OYEBMJIHO, ITO B ITOM CIydae Ha- E
OPSKEHHOCTD OIS BHYTPY NPOBOIHM-

Ka Beerga pasHa. Hyo. JeiicTBuTensHo, I i
ec/in Obl 9TO ObLIO HE TaK, TO JIEKTPO- [

Hbl IPOBOLMMOCTH METAJJIa IPHLILIH 1/ds

6bl B OBWXKEHWE, T.e. B IIPOBOJHHKE /////,// 77 ////%
BO3HMK Obl 7IeKTpudeckuil TOK, 9yro  b—o—ee oL
IPOTUBOPEYHT YCIOBHIO.

BrigenuM Ha MOBEpXHOCTH NPOBO-
HHKA OECKOHEHO MaJblil MEMEHT 1o-
sepxnocTy dS (puc. 14) u obo3xadnm
OBEPXHOCTHYIO IJIOTHOCTD 3apsARa Ha HeM depe3 o. B kauecree 3a-
MKHYTOH IIOBEPXHOCTH BhIGEpEM ONATH MNPIMON UUAHHAD € OCHO-

Puc. 14. OSnexrpudeckoe mno-
JIe ¥ NOBEPXHOCTH 3apAKEHHOrO
IPOBOJHIKA,
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Baunamu d.S u 6eckoHeuyHO MaJsioil BeICOTON dh. B manHOoM ciyqae
HYKHO pacCMaTPHBaTb DECKOHEYHO MaJblit 3JIEMEHT MOBEPXHOCTH
POBOJHMKA, TAK KaK B O0IIIEM CIIyUae ¢ MeHSETCs OT TOYKH K TOUKe
MOBepxXHOCTH. BhICOTa NMIMHIPA NOKHA ObITH TakzKe OGeCKOHEYHO
MaJjIoff, HOTOMY HTO B C/Iydae NPOBOAHWMKA NPOU3BOJILHON QOpMEI
JIMHEY cMelleHUs OYAYT NepleHAUKyAapHbIMYA K IOBEPXHOCTH HpPO-
BOIHUKA TOILKO B HEMIOCPENCTBEHHOH Oin3ocT oT Hee. B aTom city-
“ae IONHBIA TOTOK CMEMIEHHS PABEH MOTOKY 4ePe3 OJHO OCHOBAHHE,
K MLI MUMEEM

DdS =o0dS.

Ioaromy
D=0, E=o0/e. (13.7)

Takum 06pa3oM, 3Hauenne [ y MOBEPXHOCTH NMPOBOAHUKA, PUB-
HO HEMOCPEeACTBeHHO MOBEPXHOCTHON IJIOTHOCTH 33paja, T.e. 3apd-
Iy, CMeCTMBIIEMYCsI BHYTPH IPOBOJHHKA, B PAacUeTe HA eIWHHUILY
MTOBEPXHOCTH. DTHM OOLACHAETCS NPOUCXOXKACHHE TEPMUHA «IJIEK-
TPHYECKOE CMETIEHNE> . 3aMEeYATENIBHBIM B 3TOM PE3YJILTATE SIBJIAET-
Cs1 TO 0OCTOATENBCTRO, YTO HAIPSXKEHHOCTh MO U JIEKTPUHIECKOE
cMemenne BOIH3YW PaCCMATPUBAEMON TOYKH NOBEPXHOCTH He 3aBH-
cAT ABHO OT (HPOPMBI MPOBOIHUKA, OT PaACTpesieNeHus 3apsioB Ha
HEM, a TAKXKe OT PACHONOKEHUs! IPYTUX COCEAHUX NMPOBOAHWKOB.

IIpu cpasnenuu dopmyn (13 6) 1 (13.7) Bo3HMKaeT KaxKyujeecs IPOTHBO-
peqre: B 0G0HX C/Iy4YaAX MBI MMEEM 3apsiKEHHBIE [MOBEPXHOCTH, OJHAKO HAIps-
JKEHHOCTB IIOJI4 OKOJIO HHX OTJIMYAeTCs B JBa pa3a. Ha caMoM Xe mee HH-
KaKoro mpoTuBopeqns 3aech Her. Popmyna (13.6) BripaxkaeT mone, BHI3BAHHOE
TOMBKO 3apdgiaMH, DAacojo-

JKEHHBIMH Ha IUIOCKOCTH. B ]

cIyHdae e HOBePXHOCTH Npo- / E =;; /

BOOHHKA HCXOAALHE H3 Hee + =

JIUHMK HAIPMKEHOCTH BCe- --— 7»_— .9
raa 3aKaHYMBAIOTCA Ha JpPY- 7. 7/ ! 2gg
THX TeNaX, Ha KOTOPLIX BO3- / /

HHKAIOT MHAYKUMOHHBIE 3aps- R /753 o e — —

apt. @opmyia (13.7) yaurbisa- / //(

€T neicTBre BceX (haKTUYeCKu —— [, &% —— P
CYUIECTBYION(UX 3apfa/oB KakK / % / Ey=-—
Ha, PaCcCMaTpPUBAEMOI MOBEPX- ——— 7/— - 2g9
HOCTH, TAK H HA OKDYXKAOIIKX %

Tenax.

CrazanHOe MOXKHO MOfC-
HHTb Ha MNpEMEpe ILUIOCKO-
ro xommencaropa (pmc. 15).
IIpu nosBaeHEM Ha KaKOii-
b0 nnacTHHe 3ap4aaa ¢ 0T~
HOCTBIO +0 Ha BTOPOH ILIa-
CTHHE BCEraa BO3ZHHKACT 3apdj| IPOTHBOIOIOXHOTO 3HAKA C ILIOTHOCTBIO —O.
OTu 3apaanl N BAKAIHEM B3aWMHOrO NPUTAXKEHKA 6YAYT COCPEIOTOYEHbl Ha
BHYTPEHHMX IOBEPXHOCTHX NJIACTHH. 3apAKEHHAA TIOCKOCTh KAXKIOH ILIACTH-

Puc. 15. DieKTpHtaecKoe HOIE BHY TPH IIOCKO-
ro KOHJIEHCATOPA eCTh CYMMa MOJeil, Co3maBa-
€MBIX 3aPAMKEHHBIMA IJIOCKOCTAMH ero obKJ/a-
JOK
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HbI CO30aeT 10 06e CTOPOHKL OT cefs HAPSKEHHOCTD 110JI1, BBIpaskaemy1o dop-
mysiolt (13.6) u pasHy10 *0/2¢0. BHyTpH MeTa/UIMYeCKHX NIIACTHH M BHE KOH-
[EHCATOPA ITH 101 HANPABIEHH! IIPOTHBOIIONOXKHO K MNO3TOMY B CyMMe JAIOT
HyJsb. BEYTpPR KOHIEHCATODA 3TH IOJSA, HAIPOTHB, HAIIPABJEHB! OJWHAKOBO U,
CK1a/IbIBRSCh, NAI0T ¥ JIOBCPXHOCTH ILTACTHH HANPIKEHIOCTh 0/gg B COOTBET-
crBun ¢ (13.7). B JaHHOM HaCTHOM ClIydae MEKTPHYECKOE MOJe OZHOPOJHO, H
HI03TOMY €r0 HAIPHKEHHOCTE ¥ [TOBEPXHOCTH INTACTHH TaKas e, KaK M B APYIHX
TOYKAX IIOJIs. ITO Mbl M BUJEIH Ha OMbITE, ONHMCAHHOM B § 12,

T puwmep 3. Pasnomepro sapascennnti wap. Paccmorpum
INEKTPUIECKOe MOJEe MEXKAY IBYMS NIAPOBLIMH KOHIIEHTPUYECKU-
mu snekrpogamu (puc. 16). Takas cu-
CTeMa. IEKTPOJOB HA3LIBAETCS WAPO-

8ttM KOHOEHCATNOPOM.
Ecnn 3azeMnuTh BHEIHWH 3JeK-
TPOA H cOOOULIUTL BHYTPEHHEMY IIapy

3apsJ -+q, TO Ha BHEIIHEM 3JIeKTPO-

; 6 BO3HHUKAET WHIAYIHUPOBAHHBIN 3a-
pan —q. [Hon meficTBrHeM B33aMMHOTO
OPUTAKEHHs 9TH 3apsabl PACIoNo-
2KATCA TONBbKO HA [OBEPXHOCTH BHY-
TPEHHEero Iapa U Ha BHYTPEeHHe# I10-
BEPXHOCTH BHEITHErO JIEKTPOIA.

N3 ycnopuit cUMMETpHM 33Ja4M
OYUEeBHAMO, YTO 3apaabl Ha 000UX IIla-
pax 6yayT paclupeaesieHbl paBHOMED-
HO W YTO JIHHHH CMeIIeHns MOTYT ObITb TOJBKO paJualibHBIMU
npsiMbIMu. IloaTOMY B KadecTBe 3aMKHYTOI MOBEPXHOCTH YIOGHO
BBIOPATH Chepy ¢ PAAHYCOM ', PACTIONOKENHYIO MEXKAY IAEKTPOIA-
MH ¥ HMEIyo obmuii meHTp ¢ oboumMu sjaexTpogamu. Torma w3
reopembl OcTporpasckoro—Taycca ciempyer

N=D 4’ =g,

Puc. 16. 2nekTpuyeckoe nose
LIAPOBOTO KOH/EHCATODA

OTKYJa

_ 1 gq
= e (13.8)
Ita hopMyJia NOKA3HIBAET, YTO HAIPSKEHHOCTD 10 MEXKAY ICK-
TPOIAMH 33BHCHUT OT PACCTOSHHHA 7 PACCMATPHUBAEMOH TOYKW 11015
oT ueHTpa BHyTpeHHeI‘O miapa, HO He 3aBUCHT BOBCE OT pa3Mepos
BHeIInero 3JIeKTpO,7_I&. HOSTOMy Mbl HOJI}"II/IM TY Xe HaHpH)KEHHOCTb
n0JIst, €CNH PAJHYC BHEIIHETO WIEKTPOJa OYAeT Kak YTORHO BEIHK.

Ecnu BHemHHl 3K TPOS, 3HAYUTEIbHO OOJIbIE BHYTPEHHETO, TO
sneKTpnquKoe II0J1e B6J11/I31/I BH}’T})BHHGI‘O mapa He 3aBUCHT M OT
OPMB! BHEHIHETO 3JIEKTPOAR. ITO HPOUCXOMUT IO TOH IPUYUHE, YTO
npu yIaJICHHOM BHEUIHEM 3neKTpo,£(e H3MEHEHue ero (l)OprI He OKa-
3bIBAET BJUAHULA Ha PacClpeneleHue 3&1)5{,[{08 Ha BHYTPCHHEM mape,
KOTOPOe OCTAeTCH MO-TIIPeKHEMY paBHOMepHBIM. Clief0BaTebuo, u
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B TOM CJIy4ae, KOIJA pOJIb BHEIIHETO 3JIEKTPOAa UIPAIOT pasjind-
Hble YJaJIeHHbIE 3a3eMJIeHHbIC 1IPeIMeThl, HAITPUMED CTCHBI, MO U
MOTONOK KOMHATHI, (popmyna (13.8) Gyaer Taxzke upuMeHHMa Jjist
YYaCTKOB 101¢1 BOsn3u mwapa. [losromy 9acTo ropopsT npocTo o no-
JIe 3aPSIKEHHOTO IAPA, HE YKA3bIBas, 9TG UMEHHO ABJSETCS BTOPhIM
BIEKTPOJOM.

DnekTpHYeCcKoe IIoJIe UIApa, PABHOMEPHO 3aPSDKEHHOro 1O 1M0-
BEPXIIOCTH, BO BHEIIHEM NMPOCTPANCTBE COBIAJAET ¢ JI0NEeM TOYeHIIO-
TO 3apsa, PABHOTO IIOJTHOMY 3apsLy MApa H MOMEIIEHHOIO B LEHTpe
HIapa.

Eciau 6b1 MBI paccCMOTpe/IM IIAP, 3aPAXKEHHLI DPABHOMEPHO 110
00beMy, TO HANPSKEHHOCTH MMOJIS BHE IIapa BhIPAXKaJIach Obl TO-
xe ¢opmynoit (13.8). HanpsixeHHOCTb 2Ke ITON BHYTPH IIApa B
obonx caydasx pasanyna. B ciydae niapa, pasHOMEpHO 3apsizKeH-
HOI'O TI0 MIOBEPXHOCTH, HAIPSZKEHHOCTL oM B J1000H BHYTpeHHel
TOYKe paBHa Hymoo. Ecau ke map 3apsikKeH PaBHOMEDHO O 00b-
eMy, TO HalpsI’KEeHHOCTb IIOAS PaBHa HYJIIO TOJbKO B IEHTpe Iapa
H ¢ yBeJIMHeHWeM pPACCTOAHUS 7 OT eHTPAa BO3PACTAET NPOIOPIHO-
HANBHO 7. B CIpaBeAMMBOCTH 9TOr0 MOXKHO YOERWTBCA TaKiKe NpH
nomouty Teopembl Ocrporpaackoro-Taycea.

IIpuwmep 4. Pasromepro sapasicenunti yusundp. Boraucinm
HAIPAYXKEHHOCTb 3IMEKTPUIECKOro MOJAS MEXKAY JBYMs KOAKCHANb-
HbIMM METAUIMYECKHMH NUIUHADaMu. Takas cHCTeMa Ha3bIBAETCs
YUAUHIPUHECKUM KOHIEHCATODOM.

Hpcamomoxum, 4TO BHeMNWH UWIHHIAD COeAWHEH C 3emJiel, a
BHYTPEHHEMY UHIMHIPY cooblien 3apsan +¢q; Ha KAXKAYIO eJIHHHILY
IJIHHBL DUIHAPa. Toraa Ha BHeEIHeM MJIMHIApPE HOSBUTCA 3apsj
—@) Ha €JUHWLY er'o JJIMNLI ¥ 3TH 3apsiibl OyIyT COCPenoTOYenbl
TOJLKO Ha OBPAINEHHLIX JApYT K JPYry MOBePXHOCTAX 0DOUX IH-
JMHAPOB. JIuHy nuiMHAPOB OyaeM
CUWTATL BEChMa BONLINOH MO CpaB-
HEHHIO C WX PAJAUYCAMIL.

W3 ycnosuii cuMMerpum SCHO,
YTO 3apaApl OYAYT pacnpeleneHbl
PaBHOMEDPHO 110 IOBEPXHOCTH IHU-
JIHHJIPOR, & JINHUH CMETICHus Oy Iy T
PaUalbHLIME [pPAMBIMU, IepITeH-
JEKyJSPHBIME K [OBEPXHOCTYM 060- PHC- 17. K perancienmo noms nu-
HX HMTHAAPOB. B 9TOM ciyuae B Ka- T IVAPHHECKOTO KOLAeRCATOPA
4eCTBe MOBEPXHOCTH JJ15I BLITHC/ICHUS [IOTOKA K TPHYECKOIO CMe-
UIeHHs yA00HO BHIOPATH UMIHHIPUYECKYIO IIOBEPXHOCTH, MOKA3aH-
HYI0 Ha puc. 17. Tak Kax IOTOK JIEKTPHUYECKOro CMEUIEHHs 4Jepes
OCHOBaHMSI NMIUHIAPa PakcH HYJO (cosa = 0), a GokoBasa NOBEPX-
HOCTb IIepIeH AUKYIAPHA K JIHHUAM cMmenleHus (cos o = 1), To dop-
myJa (13.5) paer

D 2xrl = ql.
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Orciona momy4aeM, 9T0 HANPSKEHHOCTD 11011 MEXKAY NIEKTPOZAMHA
B TOUKe, OTCTOAIIeH Ha PACCTOAHHM r OT OCH LUIMHIPOB, PABHA
=1 & (13.9)
2meo T

DTOo BbIpaXkeHHWEe CIOPABENINBO AJA BCEX YYACTKOB KOHIEHCATO-
pa, He CJIHIMKOM ONM3KHX K ero KpasM. lIpakTudyecku ero MoXHO
IPHMEHSATD V2Ke Ha PACCTOSIHHH OT KPas NOPsAJKa OZHOTO AHAMETpa
BHEIIHETO [MIHHIPA.

Tak e KaK ¥ B IpejplAyIIeM MpHMepe, HAIPSKEHHOCTh IO
MEXKAY JIEKTPOAAMY He 33BHMCHT OT PAJUyCa BHEIIHEr'O I[HIWHIDA.
Ec/in pasMepbl BHOIUHETO MEKTPOAR 3HAYHTEILHO OO/bHIE Paguyca
BHYTPEHHETO LWJIHHAPA, TO HANPSKEHHOCTh MO BONHM3U HEro He
3aBUCHT B OT GHOPMBI BHEIIHEro 37eKTpoaa. IlosToMy u 3aecCh da-
CTO TOBODAT O IIOJIE PABHOMEPHO 3apsi>KEHHOTO IMJIHHjpa. Hampsa-
»KEHHOCTb TIOJIs1, BbipaxkaeMyio ¢opmyioii (13.9), Mbl umeem BO3JIE
MeTaLTNYIeCKUX [IPOBONIOK, VASJIEHHBIX OT OKPYKAIONIRX IPeaMeTOB
HA PACCTOSHHNS, 3HAYUTENbHO [IPERbIMNAIINE UX PaHYC.

§ 14. VpaBuenne Ilyaccona

Teopema Ocrporpaackoro-Taycca B dopme (13.5) cBasbiBaer
MEKTPHYCCKOE CMEHIEHNEe B TOYKAX HEKOTOPO! 3aMKHYTO! IIOBEpX-
HOCTH C 3apsioM, HAXOAAIIEMCA BHYTpH obbeMma, OrpaHH4YeHHOrO
3TON NOBEPXHOCTHIO, T.€. CBARBIBACT BEIWYHHDL, OTHOCIIINECA K Pas-

HbIM TOYKaM moJjis. MOXKHO, OAHAKO,
Z} a(xy.z) AD: IpHIATH ITOM TEopeMe TaKyio GopMy,
9To6bl B HEe BXOMHIH BEJIUYHHBI, OT-
dz HOCAMHECS K OOHONH M TOH xe TOUKe
= Dy mons. st 9TOro Hy>KHO IPHMEHHTD
dy TeopeMy K GECKOHEYHO MaaoMy 00b-
D, ¥ emy.

o BBemeM npsMOyrosbHYIO CHCTE-
/X/ My koopmuHar X, Y, Z u obo-
BHAUMUM 3JIeKTPHUECKOE CMeUIeHHE B
Puc. 18. K BemBoay Teopemsl kakoM-H00 Touke a(T,y,z) depes
Ocrporpascxoro-Tayeca 8 mud- D(D,, Dy, D,). Paccmorpum  Gecko-
deperumanbroit hopme HEYHO MaJIblil NpAMOYTONbHbIN MapaJ-
JIeJIETTHIIeN, C BEPUIHHOR B TOUKE @
u pebpamu dzr, dy, dz, napanenbHBIMH KOODOWHATHBLIM OCAM
(puc. 18), W BEIYMCIMM NIOTOK CMEMIEHHs Hepe3 ero MOBEPXHOCTb.

IloTok 4epes rpaub dy dz, NIpoXoJgiy10 Yepe3 a, eCThb

—D, dydz,
rae 3HaK MHHYC O3HAYAET, YyTO BHEIIHss HOpMasib K dydz W noyo-
»KUTeIbHOE HAlpaBieHne [y coCTABISIOT yron a = 7 (cos o = —1).

IloTox 4Yepez MapaJuIEALHYRO €l rpaHb, CMEIeHHYI0 Baoa, X Ha d
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oD,
ox

(OHA 3aLITPUXOBAHA), €CTh (Dz dm) dy dz. Iloaromy moTOK ue-

pe3 obe 9TH TpaHH paBeH

(D + 2= d:c) dydz — Dy dydz = 222 ar,

rae dr = drdydz — obbeMm mapamnesenuiens. BblYACIgs aHAIO-
THYHBIM 06pa3oM HNOTOKH depe3 Are APYyrue Imapbl TpaHeidl W CKJTa-
IBIBAA VX, MOJYYUM [OJHLIA IIOTOK Yepe3 BCH0 IIOBEPXHOCTD HMapal-

JieJienunesa

oD oD aD,

L AP
Oz Ay 0z
Ecnu B paccMaTpHBaEMOM IIPOCTPAHCTBE MMEETCS PaclpenelieH-

HBIT B 06beMe 3apsz ¢ 00beMHOM WIOTHOCTBIO P = p(Z, Y, 2), TO Be-
JIMYHHA, 33PAJa, COAEPKAIIEToCs B 00beMe napasiiesellnle/ia, paBua
pdr. [lpupasrusas ee, corsacHo (13.5), 3HAYEHUIO TTOIHOTO IIOTOKA
4yepes MOBEPXHOCTh NapasieNeNnunea, Mbl TOayInM

ap, , @D, , aD, _

DTO COOTHOIIEHHE, BhIpaXKarotiee Teopemy Octporpaackoro-laycca
B nuddepeHnuanpaoil popMe, HOCUT HazBaHue ypasherus Ilyacco-
Ha.

B BeKTOpHOM aHa/IM3e MOKA3BIBAIOT, YTO IIPEAesI OTHOIIEHHS 110
TOKa KaKOTo-aub0 BeKTOpa A uepe3 3aMKHYTYIO IOBEPXHOCTH S K
obbeMy T, OTPAHUYEHHOMY MOBEPXHOCTHIO S, pu T — 0 (ecsim 3TOT
npejesl CyImecTBYeT) He 3aBHCHT 0T hopMbl nosepxHocTH S. IIpenen
3TOr0 OTHOINEHHUS IOy HAa3BaHue Jueepzenyut Wik Pacrodtcde-
Hus BekTOpa A ¥ 0D03HAUAETCH CHeNHANbHLIM cHMBooMm div A.
Taxum 06paszoM, Mo OUpeneeHuIo,

divA = lim X [ 4, dS.
T=0 7T

Tax xak MOTOK BeKTOpa ¥ 06'bEM CYTb CKAJISAPDI, TO ¥ AHBEPreHIus]
BEKTOPA TOXE €CThb CKAJISIP.

Honb3ysch 3TMM DOHATHEM, MOXKHO 3amucaTs ypasHenne Ilyac-

COHa B BHJE
divD = p.

Ecnn cocrapnsgoomue MeKTprIeckoro cMemeHuss D 3ananbl B
KaKOH-TiH00 CHCTEME KOOPAMHAT B BUAC PYHKUMH ITHX KOODIUHAT,
TO BCErga MOXKHO BBIYUCAWTH W 3HadeHHe divD B Kaxknoit Touxe.
Tak, nanpuMmep, Mbl BHAEJN BLIIIE, YTO €CIH II0Ab30BATLCS MPSIMO-
YTONBHLIMH LeKAPTOBBIMU KOODAMHATAMHE, TO

divD = 22z 4 9Dy | 9D:

oby,
6:::+8y+8z
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§ 15. Junoab B 3JIEKTPUYIECKOM I10JI€

PaccMoTpuM /iBa. TOYEUHBLIX 3apdfa +¢ H —¢, XKEeCTKO CBA3aH-
HBIX MexX/y coboil U CMEIEHHbIX Ha PacCTosHue | Apyr oT Japyra.
Cuenienue obonx 3apsaos Oy1eM XapaKTepH30BaTh BEKTOpOM 1, Ha-
[paBJIeHHbIM OT OTPHUHATENbHOIO 3apsja K MoJoxuTesbroMy. Ta-
KYIO TTapy 33psSA0B HA3bIBAIOT IAEKMPUYECKUM JUNOAEM.

C 2JIeKTPHYECKMMH JMIOASMH HAM [PHXOOWTCHA BCTPEYATHLCH
BecbMa 4acTo. Hebomkioe npoBoisiiee TEIO B IEKTPUTIECKOM H0JIe
MOXKHO NMPHOIMZKEHHO PACCMATPUBATL KAK THIONb, TAK KaK Ha €ro
KOHIaX BO3HHKAIOT HILAYKIIHOHHBIE 3apANbl, PABHEIE 10 MOV H
IPOTUEOMOMOXKHBIE 110 3HaKy. B ri. V Mbl yBHIHM, 9TO HOA00HBIE
3apsigbl BOZHUKAIOT W Ha AUNIEKTPUKAX, M [IOITOMY 1eboabUIoe Ju-
IEKTPUIECKOE TEJIO B ICKTPHYCCKOM IOJIC TAKMKE MOKHO paccMa-
TPHUBaTL Kak JuHoab. HakoHen, MHOI'HE MOJEKYJB! NOCTPOEHb! U3

IIOAOKUTEIbHBIX ¥ OTPUIATENbHbIX HO-
g HOB, UEHTPB! KOTOPBIX CMEIEHbl IPYr
—_—%F OTHOCHTENRHO JApyra. Taxkue Monexy-
[l E  Jihl MOXKHO CYUTATH BO MHOIHX CJIydasX
{l( IMEKTPUIECKUMH JHITOVISIMU.
F*‘-@j——l————* Haiinem cuny, neficTsyiomyno Ha
JHIIONb B 9JIEKTPUTECKOM T0Jie, IPHdeM
OGyzeMm cUMTATH CHA4Yasa, 4TO lIOJIe OA-
nopoato (puc. 19). Ha xoHus! gumons
JefiCTBYIOT PABHBIE TIO MOLY/IIO CUIIbI
F = qE, tne E — HanpseiHOCTL MO, DTH CAJbI LANPABJIEHLI
B ITPOTUBOIQICXKHLIE CTOPOHLI U 00pazyioT mnapy cii. Momenr M
3TOH Iapbl PaBeH

Puc. 19. dunoian B omropod-
HOM 1oJIe

M = gFElsin,

FIe @ — yroa Mexy sektopoum l v HampsikennocTsio noss E.

Mb1 BEAUM, 9TO MOMEHT TAaphl CHJ 33BHCHT OT IPOHU3BEIEHHS
3apana ¢ Ha IJIHHY AUIToJisi . DTO MPOU3BEJEHHE HA3BIBAKT IACK-
MPUYECKUM MomeHmom dunoas. MoMenT numoas P eCTb BEKTOD,
PaBHbIi

p =gl (15.1)
On mampaBbJeH Tak Ke, KaK U 1, T.e. OT OTPHUIIATENLHOIO 33PAAa. K
OJIOXKMUTE/ILHOMY. EAMHAIA 93/IeK TPHYECKOTO MOMCHTa JUNONA eCTh
Kysion-Merp (Kur-M).

IMoab3ysch TOHATHEM JIEKTPHTIECKOI0 MOMEHTA QUITOJIS, MOXKHO
HAIIMCATh BulpaKempe JJs MOMEHTa Iaphl CH, JeHerTByromelt Ha
AHIOAL, B BUAE

M = pEsin (p, E). (15.2)

Hanpasiedne MOMeHTa 9TO# napbl COBINAJAET C HAIIPABIEHUEM OCH
BPAlllcHUS OUIONSA, T.€. TEPIEeHAUKYJIApHO K p 1 K.
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Mogyib # HaIIpaBIeHIe MOMEHTA Iapbl M MOXKHO BBIPA3UTH O
HoMt (POPMYIIOH, ecilu BOCITONB30BATLCA O0O3HAYEHHSIMN BEKTOPHOM
aarebpst. Kak 13BecTHO, BEKTOPHBIM NPO-
usselenneM [ab] nByx BekTopos a u b Ha-
3bIBAIOT BEKTODP, MOAYJIb KOTOPOIO DAREH
absin (a,b), T.e. paBen IOmAM Napa-
JIeJIOTPaMMa, IIOCTPOEHHOI'O Ha BEKTODPAX
a u b KaK Ha CTOPOHAX. DTOT BEKTOP nep-
OeHAVKYJSPeH K a u b v HaupasJieH B CTO-
pOHY IlepeMernienns OypaBHUHKa C IPaBOIi
Hape3Koil, BpamaeMoro oT a K b (puc. 20).
TTosTOMY BEKTOP MOMEHTa Napbl cuia M,
JeHCTBYIONIEH HA JIMMONb, MOXKHO BBIPa3HTb (POpMyIIoH

M = [pE]. (15.3)

Mgyl BHAEM, 9TO B OZHOPOLHOM IIOJIE Ha, JUUIONbL AEHCTBYET TOJIBKO
napa CHJI, KOTOpasi CTPEMHTCsI IIOBEPHYTH OHUIIONb TAKUM 0BpazoM,
y1obbl p B E Ob1iu mapassieabHsl.

Jast Toro 4Tobbl MOBEPHYTH AMNOIb B MEKTPUIECKOM MOJe 113
HEKOTOPbI Yrojl, Hy»KHO COBEpIINTb OnpejeneHHyio pabory. Tak
Kak 9Ta paboTa paBHA YBEIHUEHHUIO IIOTEHI[UAJILHON SHEPIUN JUITO-
71, TO MOKHO Ha#TH BHLIPAYKEHNUE /1Jisl 9HEPTUH JAMIIONS B JIeKTprYe-
ckoM moie. IIprMem 3a HyJsib SHEPIUIO JUIOJIs, HEPHEH UK YISAPHOTO
K HanpasjeHuio oo (o = 7/2). Torma sHeprusa nuIos, MOMEHT
KOTOPOTO COCTABJISIET YIOJ ¢ C HAPABJIEHHEM II0JIs1, PABHA

[ab) |[ab)i= ab sina

Puc. 20. BexropHoe npou3-
BeJICHHE ABYX BEKTODOB

[#
W = f pEsinada = —pE cosa. (15.4)
/2

PaccMoTpuM Tenepb IMNONL B HEOJHOPOLHOM IIOJE M IIONOXKHUM
IJ1S IPOCTOTBI, YTO MOMEHT AUINOJIS MApaJLiesien IanpaBIeHHio Ho-
aa (o = 0). B srom cayqae cu-

Jbl, JefCTBYIOLIKME HA KOHIbl IH-

/ noJist, yXKe HCOQUHAKOBLI, M IIO-

- 9TOMY HX PpC3YJILTHPYIOL@AS He

F, O 1 @ g Pasaa nymo (puc. 21). Ha puroms

M B HEOAHOPOAUOM TMOJe JieHCTByer

CHJIA, CTPEeMAILAsICs 1IepPeBUHYTh

\ AUNONbL B 06J1aCTE 1TONs ¢ Bosbuleil
HAIPSKEHHOCTHIO.

Haiizem sty cuny. Hanparum
KOOPIOMHATHYIO ockb X BIOIb MO-
MEHTa Tunois u OyaeM CYuTaTh,
49T0 AnuHa Aunons Al ecbMa masa (amemeHTapHbI aunons). Cu-
J1a, OefcTBYIOIAsA Ha OTPHLATENbLHBIN KOHEN OWIOIs, ecTh —qk,
Tfe E — HANPIKEHHOCTb [OJS B TOYKE HAXOXKICHHH 3apsija —(.

Puc. 21. [dunone B HeogHOPOTHOM
nose
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Cua, meffcTByolnasi Ha IOJIOKHTENbHBIA KOHew JMIONS, DaBHA
+q[E + (dE/dz)Al], tne Al — pnuna punons. Ilosromy nonnas cu-
Ja F' oxasbiBaercsa paBHOMN

dE

~ , dE dE
F:q(bﬂ-E;Al—E):quE:pdw

(15.5)
B opnopoauom none dE/dz = 0 w pe3yJbTHDYOIas CWId PAaBHA
HYJO.

Ecin punonb HaXOMUTCS B HEONHOPOZHOM I0JIe M HE Mapasiie-
JIeH TOJII0, TO Ha Hero JefiCTBYIOT U Mapa CHJI, CTPEMSNIasics oBep-
HYTh AWIOJb NAPAJIESLHO OO0, W CUJIA, BTATHBAIOIAS AUTOIb B
obnacTb 60jee CHABHOTO HOJ.

Ilycts E;, By, E, — COCTaBJIAKIINE HAPAXKEHHOCTH 3IEKTPHU-
4eCKOTO 10/ B IPSMOYIOJMBHLIX OCAX KOODIMHAT, a P, Py, Pz —
COCTaBJIAIONIE MOMEHTA AMIIONS B TeX ke ocax. Torza, mocrynas
TaK e, KAK ¥ BBIIIE, JIETKO TOJIyYHTh, YTO COCTABJISIOMAst CUIILI II0
ocu X pabHa
OFE, + JE, + OFE,
Bz Py, TP
Cocrapnsiomue cuibl Fy u F, BbIPaXKaoTCA aHAJOTHYHBIME (op-
MYJIAMH.

DTOT Pe3yJIbTAT MOKHO BHIPA3UTh BEKTOPHOM GOpMyJIOi:

F = (pgrad)E, (15.7)

I7ie BBeICH NHGpepeHnuabbiil onepaTop

Fy=ps (15.6)

o o o
(pgrad) = Pz5- + Pyg; +Pz3;- (15.8)

TJITABA III
PA3BHOCTB ITIOTEHIIMIAJIOB

§ 16. PaboTa B 3JIeKTPOCTATUYIECKOM I10JIE

st monuManus CBOHCTB JIEKTPHUIECKOro [oMst BONbIIoe 3HaYe-
HHe HMeeT I[OHATHE DA3HOCTH NOTEHIHAJIOB, MIH NIEKTPHYECKOIO
Hanpsokenus. K 9ToMy [OHATHIO Mbl IPHXOOUM, PACCMATPHBASA pa-
6OTY CHJI JIEKTPUIECKOrO II0JIsL.

IpeanonoxuM, 4TO NIEKTPHIECKHH 3apsjy MepeMeliaeTcsa B
KakOM-HHOYAb 2JIEKTPUYECKOM IIOJIe U3 HEKOTOPO# TO4YKH I B Apy-
ryio 7o49ky 2. Tak xak Ha 3apsij B WIEKTPHIECKOM MONe JeHCTByeT
CHJIa, TO TIPH TAKOM mepeMmelieHnn Byner IIpoM3BeeHa OIpe/eNeH-
Has pabora, KOTOPyw Mbl 00o3HauuM yepes Aje. dAcuo, 9To eciu
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TOT K€ 3apsji NepeMelaercs 110 NpeXXKHeMYy MyTH B 00paTHOM Ha-
npasyennn {(or TOUYKH 2 K Touke I), To paBora Gymer Toii xe, HO
N3MEHUTCA ee 3Hak, T.e. Ajp = —Ag;.

PaccMmoTpuM Teneps afieKTpUiecKoe Noje, CO3JaHHOE HeMOBH K-
HBIMH 3apagamu (aaexmpocmamuyeckoe noae). JIerko BUIETh, 4TO
B JIEKTPOCTATHYECKOM ILosie paboTa npu NepeMenieHuu 3apsifa. He
3aBUCUT OT (POPMBI ITyTH, 110 KOTOPOMY JBUKET-

cd 3apan, U onpenendaercsa TOJNbBKO IOJOXKEHHEM 7/”\
0

ToYeK ] ¥ 2 — HavYaia ¥ KOHIA ILyTH 3apsja.
JefCcTBATEIbHO, JONYCTHM, YTO 3TO HE TaK g/"\’
L N -
u 4To pabora ASQ TP MEpPEMEEHUN 3apsaa /A /
Bjosab KoHTypa L (puc. 22) He paBua pabote 5 _
a /
A§21) s KonTypa Ly, mpudeM oba OHH Coemu- + L
HAIT OnHH ¥ Te ke Touku I um 2. Torga, me- * -
peMernast 3apAjg 110 3aMKHYTOMY KOHTYpY, CO- N _
crapieHHOMY 3 myTteit L w L1, MBI Haiiiem, 4To I~
INIEKTPHIECKUE CHJIBI COBEPLININ paboTy a\’—/c

L L L L
AgQ) + Agll) = Agz) - AgQI)v

KOTOpada He paBHa HyJiio. Ho 310 mpoTUBOpeYuT
ofmeMy 3aKoHy coxpaHenusd sHepruu. Ecim 3a-
PSLOBI, CO3JIAfOIIHe T0JIC, HENOABUAKHBL, TO MPH
TepeMeIeHny TOABUAKHOTO 3aPaa B OKPYKaIo-
IUX TeJaX HE MPOHUCXOAUT HUKAKUX IPOIECCOB.
Iocne Bo3BpameRus 3apsa)ia B HCXOAHYIO TOUKY | MBI HE HMEEM HHU-
KAKHMX H3MEHEHHH B paccMaTpuBaeMoifi CHCTEMe TeJl M I1O3TOMY He
MOXKeM TOJIy YU Th Hi BHIMIPHIIA PaboThl, HE €€ TIOTEPH. DTO 3HAMHT,
YTO HAllle MPEIIOJ0XKeHNe HEeBEPHO W YTO B AEHCTBUTEILHOCTH

(L) _ p(La)

Ay = Ay
TaxuMm obpa3zoM, B 3JIeKTPOCTATHYECKOM Tojie paboTa mepeme-
LIEHU S 3aPsa MEXKAY IByMs TOYKAMH HE 3aBHCUT OT (POPMBI Ty TH,

COEQUHAIOIIEr0 3TH TOYKU. [Ipn mepeMerienuy 3apsja 1o 3aMKHY-
TOMY KOHTYpPy paboTa paBHA HYJIO.

Puc. 22. Pabora npu
TIepeMeneHdd  3apd-
Jia B 3EKTPOCTATH-
YeCKOM II0Ne He 3aBH-
cut 0T POPMBI IIyTH

§ 17. Pa3HOCTH MOTEHIINAJIOB

IonoxuM Teneppb, 9T0 B 3JEKTPOCTATHYECKOM IIOJIE€ W3 TOYKH
1 B Toyky 2 nepememaercda noJoKUTENbHBIR 3apax +1. Cornacno
§ 16 paboTa, coBepliaeMas CAUJIAMH TIOJIA TIPU TOM MEPEMENICHHU,
He 3aBHCHT OT (pOopMEI TyTH. TaK Kak 3apsaj BbIOpaH ONpeaesieHHbIM
(+1), To 318 paboTa 3aBUCUT TOJBLKO OT CYIIECTBYIOIETO JIEKTPH-
9ECKOTO IO W MOITOMY MOXKET CJIYKHThH €ro XapakTepuCTHKOM.
Ona Ha3sbIBAETCA PAZHOCTIBLIO NOMENUUAL0E TOYEK I U 2 B JAHHOM
MEKTPHUECKOM TIOJIE UJIH IAEKMPUNECKUM HONPANCEHUEM MENK LY
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ToukaMu I ¥ 2. Paznocrh noreHiuasioB gsyx touexk I u £ B 3nex-
TPOCTATHYECKOM TIOJI€ M3MepseTcsl paboTol, COBepIIaeMOi CHIIAMHE
1018 TIPY TepeMeriennn 3apana +1 w3 Touku I B Touky 2.

3paa HAOPAXKEHHOCTD 1018 B KaXX ZOM TOUKe, MOXKHO BBIYHC/IHTL
W PasHOCTh NOTEHUUAJOB Jobbix AByX ToueK. Ecnu ds — snement
TepeMenieHud 3apana, By — npoekius Bek-
TOpa HANPIKEHHOCTH TOJs Ha Hapapile-
nue ds (puc. 23), To paboTa npu nepemele-
HnM 3apaga +1 na orpe3ox ds ecrs Fjds.
IlosToMy pa3HOCTH NMOTEHITMAJIOB TO4YEK I
u 2 pasHa

2
Uiy = [ Esds, (17.1)
1

TJle HHTerPUpPOBaHNe TPOU3BOIUTCA BJOIb
Puc. 23. K onpemenesmio JHO60TO KOHTypa L, coeauHswoomero pac-
Pa3HOCTH ITOTEHI[HATIOB CMaTpuBaeMble TOYKHK, B HAIDaBJIEHHU OT
Touku | K Touke 2.

Ecnu B aneKTpHYECKOM IOJIE TepEMENiaeTcsa He eguHHYHbIA 3a-
Az, a 3apa] TPOU3BOJbHON BEJIMYUHBI ¢, TO B KaxKA0H TOUKE CHIA,
AeNCcTBYIOmas Ha 3apsam, yBeauuauTes B ¢ pa3. [losromy pabora Ajo,
coBeplLIaeMas CUIAMU TOJd NPH NEePeMEeUieHHH 3apsaga ¢ H3 TOYKHU
1 B8 Touky 2, paBHa

Az = qUys. (17.2)

W3 ckazannoro ciaegyer, 4To GUIHIECKAN CMBICT HMEET TOJBLKO
PA3HOCT D TIOTEHUHAIOB, HAW HATPAXKEHHE, MEXKIY ABYMsA TOUYKAMH
oJsA, TaK Kak pabora ompejnesena TOJbKO TOT/A, KOTIA 3aaHbl JBeE
TOUKM — 11a4ajJ0 M Kouel TyTH. HecMoTpst Ha 3TO, YaCTO FOBOPAT
IPOCTO O OTEHIIHANE, UM HAIPSIPKEHWY, B IAHHOM TOYKE, HO BCET/IA
HMEIOT B BHJY Pa3HOCTDL ITOTEHIIHAJIOB, 110Apa3yMeBas, YTO OfHA U3
ToYeK BHIOpaHa 3apaHee. Taxyw MOCTOSHHYIO TOYKY 4YacTO BhIOH-
parT «B DECKOHEYHOCTH», T.e. HA JOCTATOYHOM YIAJEHHH OT BCEX
3APAKEHHBIX TEJI.

Mgl Bugienu, ¥To B SJIEKTPOCTATHIECKOM TOJIE HANPSIKEHNe MeXK-
Jly ABYMSI TOYKAMH He 3aBHCUT OT (POPMEI MyTH, COEANHSIOMIErO
atu Touku. [losromy, ecn 3apsix +1 1epememaercs no 3aMKHYTO-
MY KOHTYDY, HATIPHMeED, CHavaJa W3 TOYKH [ K TOYKe 2 1o KOHTYPy
L (puc. 22), a 3areMm ot 2 k I Bions Ly, To pabora Oyger paBHa

Ui + Uz = Uz — U2 = 0.

B snekTpocTaTHdeckoM MOJie HAlIPSKEHUEe BHOJIb 3AMKHYTOrO KOH-
TYpa BCerAa PaBHO HYJIIO.

Tlocnensee yTBepkieHRE BHIPAXKAET BAXKHOE CBOMCTBO 3JICKTPO-
CTATUYECKOro mosis. MIMEeHHO TIo 9TOi NpUYuHe I8 VIeKTPOCTATH-
HMECKOTrO NoJIg MOKIO BBECTH PA3HOCTh IIOTEHIIMANOB, KOTOPas OBHO-
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3HAYHO ONMpe/esigeTcs AefCTBYIOMHM 110/1eM (He 3aBUCHT OT (DOPMBI
MyTH) U TI03TOMY MOXKET CIYXKHTh XapaKTepUCTUKO NOJIs.
Honvsysacs dopmymnoit (17.1), MOKHO BLIPA3UTHL 3TO CBOKCTBO

IEKTPOCTATHYIECKOrO TONA B clexyromeit popme:

$ Ecds =0, (17.3)

rae KPyKOK y MHTerpajia 03Ha4yaeT, YTO MHTErPUpPOBAHHE ITPOU3BO-
IATCA IO 3aMKHYTOMY KOHTYpy. KpuBoaMueiHbili HHTerpat Kakoro-
aubo BexTopa BAOAEL 3aMKHYTOTO KOHTYDPa HA3LIBACTCH UUPKYAAUU-
eti BeKTOpA BJIOJL 3TOTO KOHTypa. CJieqoBaTe/lbHO, MOXKHO TAKXKe
CKa3aTh, YTO NUPKYIALMA HAMPAXKEHHOCTH 3JIEKTPUYECKOTO IO
BJOJb JI0HOro KOHTYpa paBHA HYJIO.

IonaTre pa3HOCTH MOTEHINANIOB HIMPOKO HUCIONL3YIOT TO JBYM
OCHOBHBIM TIpHIHHAM. Bo-mepBLIX, OMHcane IEKTPHICCKOTO 110JI
IIPH TOMOIIH ITOTEHTIHAIA TOPa3/0 IIPOIe, YeM IIPH IOMOIIY Hanps-
skeHHOCTH nosis. Hanpsi>keHHOCTD TOJIA €CTH BEKTOD, 1 NOITOMY JJ1
KaxK o TOUKY THOJIA HYXKHO 3HATL TPH CKAJIAPHbIE BEJIMUWHbl —
COCTABJAIOIMIUE HANPAMKCHHOCTH 00 KoopiauHaTaMm. [loreHuman xe
eCThb CKaJIsp I BIIOJIHE ONPEENsieTCs B KaX /0 TOYKE OJHOH BeJIH-
YUHON — CBOMM YHCJIOBEIM 3HavenweM. B § 19 mul yBujuMm, uto,
3Had TOTEHIHAT B KaXKAOH TOuYKe IOIH, MOXKHO HaHTH H BEKTOD
HAIPS>KEHHOCTH.

Bo-Bropsix, pa3HOCTh TOTEHIMAJIOB FOPA3A0 JIerye U3MEPIHThL Ha.
OTIBITE, YEeM HANDSIIKEHHOCTD MoJs. Jly1st H3MepeHus HanpsizKeuHoCcTil
moJid Her yA00HBIX MeToZoB. HampoTHB, mJd W3MepeHHs pa3lioCcTu
NOTEHIKAJIOB CYIIECTBYIOT MHOTOYNC/IEHHbIe METO/IbI ¥ PA3HO00Das3-
Hbic npubopsl. [103TOMY U OIMKUCLIBATH 3JIEKTPHUECKOE TIOJIC TOPa3/0
yI0DHCE IIPH ITOMOIIH TOTEHIHAIA.

Epunuia pasnocri norenunasos (nanpsikenusi) B cucreme CH
ectb BosibT (B). BonbToM naskbiBaercs 1HOTEHIUA B Takoi TOYKe,
JIUTSE TIEPEMETEHHST B KOTOPYIO 113 BECKOHEYUHOCTH 3apsjAa, PABHOrO
1 K, napo ceepmurs pabory 1 JIx.

Ormerum, 9TO, MONLE3YSACH popmysnoi (17.2), MOKHO BbIpAXKATE
JHEPIUIO HE B MEXAHHYECKUX EAMHUNAX (SPrax, JUKOYISAX u T.IL.), a
B yteXTpudecknx. JIJIst 3T0T0 CIy KUT BUECUCTEMHAs eJIHHNUIIA SHEP-
THM, Ha3bLIBaeMas 3MeKTPOHBOMbTOM (3B). DylekTpoHBOIBT -- 3TO
9HEPTHs, KOTOPYIO IpHobpeTaeT MacTHIIA C 3aPAI0M, PABHLIM 3apd-
ay snexrpona e = 1,60 - 10719 Ku, npoGeras B Bakyyme pasHOCTh
notennuanoB 1 B, te.

15B =1,60-10"" ix = 1,60 - 1072 apr.

B snexTponBosibrax 06LIMHO BRIPAKAIOT SHEPTHIO PA3IMYIbIX 3Jie-
MEHTapHBIX YacTHl (J1eKTPOHOB, IIPOTOHOB U Ap.). Ilpu sToM upu-
MEHSI0T TakXKe 6oj1ec KpyIlibie eQUHHIL SHEPTHI: 1 KH/I0IeK TPOH-
BosbT (k3B) = 103 3B, 1 merasnekrponsonsT (MsB) = 10° 3B u ap.
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§ 18. Vcnosua pasHoBecus 3apsiicB B ITDOBOJHMKAX

Ecsn snekrpuveckyie 3apaapl HAX0OATCA B PABHOBECHH B KAKOM-
Jinb0O TPOBOAHUKE, T.€. B 9TOM MPOBOJHUKE HET /IEKTPUIECKOTO TO-
Ka, TO HAIPSKEHHOoCTh nona E; B moboit Touke BHyTpHU TPOBOIHUKA
pasua Hymio. elicrBuTenbHO, ecau OB 3TO YCIOBHE HE BBHITOJIHS-
JIOCh, TO TOABHKHBIE SJIEKTPHYECKHE YACTHIILI, HMEIOUIMECS BO BCH-
KOM TIPOBOJHHUKE, IOJ] AeiiCTBHEM CHJI OIS IPUIIUIH Obl B IBUKEHHE
H paBHOBecue ObUIo 6bI Hapyueno. KpomMe Toro, B § 12 MbI Haum,
YTO TIPM PABHOBECHM 3apSFOB BEKTOP HANPSI’>KEHHOCTH TIONH Y I[O-
BEPXHOCTH TIPOBOAHMKA MEPIEHIHUKYIAPeH K HoBepxHocTu. OTcioma
clenyeT, 9TO 4J1s NepeMenIeHns 3apaaa u3 Jio00# TOUKH IpOBOJHH-
Ka B J10BYyI0 OAPYTYIO €ro TOUKyY He Tpebyercsa Hukakoit paborsl. Ho
cornmacHo (17.1) 3o obosHaYaeT, YTO Pa3HOCTL MOTEHIHAANOB JIIOHOH
Iapsl TOYEK KaK BHYTDH TPOBOJHHKA, TaK H HA ero MOBEPXHOCTH
paBHa Hymo. B oTCyTCrBHE 3/IEKTPHYECKOTo TOKA BCE TOYKM ITPO-
BOJITHHKA UMEIOT OFUHAKOBBIH JIEKTPUYECKUN TOTeHIIHAJ.

3eMJid ABJIAETCA TAKMKE IPOBOIHUKOM. XOTH B 3eMJle CyUIeCTBY-
0T TOKH, HO OHH HEBEJIMKHM, ¥ MOXKHO CUUTATh, YTO 3aPAIbl 3EMIH
Hbmuzku K pasHOBecHio. [ToaTOMY /19 MHOTHMX C/Ty4aeB MOMKHO TIPH-
HSITh, YTO BCE TOYKH 3eMJId MMEIOT ONMHAKOBHIH moTenmumas. [lo
3TOH UPHYMHE NOCTOAHHYI TOYKY IPH M3MEpPEeHHH MOTEHHAIE, a-
CTO BhIOHMPAKT B 3eMJIE B T'OBOPAT O IIOTEHIHANE OTHOCUTE/ILHO 3eM-
JIH.

Ecnu coegquuuTh aBa MPOBOAHHKA METAJIJIMYECKON ITPOBOJIOKOI,
T0 063 TPOBOIHVEKA ¥ IIPOBOJIOKA 0DPa3yIoT eJMHbINH IPOBOIHHK. Ec-
JIL 10 COeIMHEHUs] MEeK/y TTPOBOIHHKAMM CYINECTBOBAJIA Pa3HOCTh
MOTEHIIMAJIOB, TO PAaBHOBecHe 3apanoB OyxeT HeBo3MoxkHO. Hamps-
’KEeHHOCTb o B BHYTpH NpoBOJIOKH He Byer paBHa HYJIIO, W SJIeK-
TPOHBI IPOBOIUMOCTH B HPOBOJIOKE MPUAYT B NBUKEHHE, T.e. B Heil
BOBHHKHET 3JIEKTPHYECKUN TOK. ITOT TOK OyHer npomo/iKaThCst JI0
TeX Mop, MOKA MOTEHIIMAIB 060X ITPOBOIHUKOB He CHEJIAIOTCH PaB-
HBIMH.

§ 19. Pa3HoCTb NOTEHUMAJIOB M HANPAXKEHHOCTE 11019

Ecnn m3pectno pacnpezesieHue MOTEHNMAIA, T.€. €r0 3HAYEHUE
B KaxKJIO# TOUKe IOJIfA, TO MOXKHO HaiTH M HANPIXKEHHOCTh 3TOTO
OJIS B KaXXJOU TO4YKeE.

PaccMmoTpuM B OMHOPOAHOM 3EKTPHYECKOM IOJIE JBe TOYKH [
1 2 B NpemnoJIOKUM, YTO 3apal +1 mepeXxomuT U3 TOYKHA I B TOUY-
Ky 2 Boonb mpsaMmounneitHoro orpe3ka As (puc. 24). Pabory anex-
TpUYeCKnX CU AA IpH 3TOM HEPEMEemeHNN MOXKHO BLIPa3WTh, BO-
MEPBBIX, YePE3 HATIPAKEHHOCTD TTOJIS:

AA = E, As,
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rne BEg — npoexiusa BexTopa HamnpsakenHoctw E Ha HampaBienue
As. C apyro#l cTOpoHEL, Ty »Ke paboTy MOKHO BbIPA3HTb Ycpe3 pas-
gocTb norenmuanos AUis Touex 1 u 2:

E P
AA = AU, f .
~
BBedem Teneph HpHpAUIEHHE [IOTERIUANA AN
npu nepeMenenun As, T.e. Pa3HOCTL 1IOTEH-
muastoB AUy Touky 2 (koHeY IyTH) H TOUKH

1 (mauaso myr#), u 0603Ha1UM ero yepes AU. 2
Torma

AU = AUp = —AU1,. /o

IpupapHuBasa oba BHIPaKeHUH AJjid paboOTHI,
LOIYYaeM I HANDSKEHHOCTH 3jeKTpndec- I uc. 24 K coornoure-

KOT'O TIOJISI BhIparkeHHe zg;';:;ﬁﬁf; Bpf’:f:;;i
E; = —-AU/As. JKEHHOCTBIO TIOJS

B o6uiem cnyuae BHeogHOpomHOro mossi obe Touku I U 2 HyXKHO
BLIOHPATH JOCTATOYHO BJIM3KO APYT OT APyra, CTPOro roBopsi, Hecko-
HEeYHO OJIM3KO, 4TOOBl MOXKHO OBLIO CUMTATH HAMPSKEHHOCTD IIOJIS
Ha orpeske As nocroannoit. [lepexona x mpemeny mpu As — 0,
Oy UM

Es = —dU/ds. (19.1)

TIpoussoanas, crogmas B TPABOM YACTH PABEHCTBA, BhipaxkaeT Obi-
CTPOTY W3MeHeHHs MOTEHIHANA B JAHHOM HAmpaBieHuu. Mbl Bu-
JHM, 4TO TIPOEKIIMA BEKTOPA HANIPAXKEHHOCTH HA JAHHOE HAIIPaBJe-
HHe paBHa DLICTPOTE M3MEHEHMs MOTEHLMAJIa B 9TOM HAIMPaBJICHAH
¢ 06paTHLIM 3HAKOM.

TI'pagnenTom nwoboit ckangpHoll BeJIMYUHEL (0 B BEKTOPHOM aHa-
NM3e Ha3bIBAIOT BEKTOpP, HAMPABJIEHHE KOTOPOTO COBIAJAeT C Ha-
TpaBJieHneM OpIcTpeilinero yBemuuyeHus . Mojynb Ke 3TOro Bek-
TOpa paBeH M3MEHEHUIO (0 MPH NMepPEMEeINeHNH Ha eINHHIY IJMHBL B
HaIIpaBJIeHH# DnIcTpefinrero u3MeHeHus. JTOT BEKTOp 0003HAYAET-
ca cumBosiom grad ¢. M3 ckazanHoro ciienyer, 9T0 HANPSAKEHHOCTH
TEKTPUYUECKOTO TIOAS PaBHA TPAJWEHTy HOTEHIHANa ¢ OBpaTHLIM

3HAKOM:
E = —gradU. (19.2)
Takum 0o6pa3oM, 3Has pacipejeiieHne MOTEHIMAA, Mbl BCETRa
MOXKEM OIpeJesUTh M TIPOEKIHIO HAIPSIKEHHOCTH ToJIs Ha Jroboe
HAIIPABJIEHNe, a 3HA4YWT, 1 npoekunu E;, By, E, Ha KoOpAUHATHBIe
OCH.
Ecnu mone oAHOpoAHo, T.€. CO3AA€TCS IIOCKHM KOH/IEHCATOPOM,
a U — nanpsiokenue mMexay IUIACTHHAMH, d -— DACCTOSIHHME MEXIY

HHEMH, TO

E=U/d. (19.3)
STO COOTHONIEHUE HCTIONBL3YIOT /I ONpEeNIeHHs CARIHILI HATIPs-
>KEHHOCTH TeKTPHYECKOro Noig. EauHuna HANPSKEeHHOCTH BOJILT
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Ha meTp (B/M) — 910 HapsiZKeHHOCTh OZHOPOJHOTO 3/1€KTPHYECKO-
I'o [oJis, CO3TaBaeMasi pa3HOCThIO oTeHmanoB 1 B Mexay Touxa-
MM, HAXONAIMMHUCH Ha pacCTOSHHMU 1 M Ha JIHHWK HAIPAMKEHHOCTH.

113 ¢cka3aHHOIO SICHO, YTO €C/U MEXJY KaKUMH-HUOYIL ITPOBOJL-
HHKaMH eCTb 3JIEKTpHUECKOe HAIPsZKeHHe, TO MEXKJy HUMH Cyllle-
CTBYET H 3JIEKTPHYECKOE [10Jie. IT0 00CTOATENBCTBO PA3bACHAET TAK
Ha3BIBAEMOE OTBEJEHUE 3apAA0B B 3eMyii0. Korga Mbl KenaeM pas-
pATUTE KaKoi-ubo MPOBOTHUK, TO COEMUHSAEM €r0 C 3a3eMJIeHHEBIM
npeaMeToM, Halpumep, ¢ BOAOIPOBOIHLIM KPaHOM, HJIHU HaXKe fpo-
CTO KacaeMCs erg pykoif, ¥ rosopum, 4TO 3apa/js! C MIPOBOAHHAKA
YLLK 4Yepe3 Halle TeJI0 B 3eMJIIO».

Bonee Tounio 3To siBrenne 3axaovaercd B ciegyomem. Bee sek-
TpudecKne JeHCTBus 00yC/IOBJIeHbl SJIEKTPpUYEecKUM mosieM. IloaTo-
My MBI HabJIIOMAEM WX TOJILKO TOTHA, KOTHA HMEeTCa HallpsKeHue
MeXKJy pacCMaTpUBAEMBIM TEJIOM U OKPYXXAIUMMHU IpeIMETAMH.
IIpu coenmuenuu Tesa ¢ 3eMJIel ©CYE3aeT HAMPSAKEHUe MEXKIY STUM
TeJIOM U OKPYKAlOMKAMU 3a3eMJICHHBIMHU NIpeAMeTaMy, a 3HAYHT, U
JIEKTPHUYECKOE ITOJTe, H BCE INEeKTPUYeCKHUE QEACTBUS IPEeKPallaloT-
ca. CaMo coenyHeHue C 3eMJieit He UrpaeT NPUHIHINATLHON pou.
Mu nabnogann 6u1 TO XKe caMoe, ecid Obl BMECTO 333EMJIEHHBIX
IIpeaMeTOoR, HAIpUMep CTeH KOMHAThl, UMEJH 3aMKHYTBHIH IpOBOI-
HUK, H3OJIVPOBAHHBIA OT 3€MJIH.

§ 20. DKBHIIOTEHIINAJIBHBIE [TIOBEPXHOCTH

Ob6benuuast B 3JIEKTPHIECKOM TOJIE TOYKH, 00J13/1a10MIMe OJHHA-
KOBLIM TIOTEHIIMAJIOM, MLl TOJY4YAeM HEKOTOpPHIE MOBEPXHOCTH, Ha-
3BIBAEMEBIC TOGEPTHOCTNAMY PAEHO20 NOMENUUGAG WITH IKEUTOMEH-
YUGADHBIMY  NOBEPTHOCMAMU. [IONB3YACH IKBUMOTEHIIUANLHLIMHA
MOBEPXHOCTSIMU, MOXKHO M300paxkarh IEKTpHYECKHE Hoas rpadu-
YEeCKH, MOA00HO TOMY KAaK MBl 3TO HEJAJH C TIOMOIIbIO JuHui Ha-
OPSIZKeHHOCTH. 1lepeceKasch ¢ NMIOCKOCTBLIO YePTeXa, IKBUITOTEHIIH-
aJIbHble TIOBEPXHOCTH AAIOT SKBUIMOTEHUHAILHBIE JmanM (puc. 25).
IIpouepuuBas 3KBUNOTEHUMATLHBIE JTHHUN, COOTBETCTBYIONIHE pa3-
JIMUNIBIM 3HAYEHMAM TOTEHIMAJa, Mbl MOJyYaeM CPa3y HarlsgHoe
[IPeICTABJIEHHE O TOM, KaK W3MEHSeTCd MOTEHIHAT B JAHHOM TOJe.

Tak KaK BCe TOUKH SKBUIOTEHIIMATILHON MOBEPXHOCTH HAXOAAT-
csl TIPH OZMHAKOBOM IMOTEHIHAJIE, TO NepeMelieHHe 3apsaaa BHOJb
Hee He Tpebyer paboThl. DTO 3HAMUT, UTO CHJIA, AEACTEYIOUAS 1A
3apsij, BCe BpeMs NepIeHAUKY/IsIpHA K nepememieno. OTciona Mbl
3aKJII0YAEM, YTO JTHHUY HATIPAKEHHOCTH BCETZA. [ePIeH MK YISPHbI
K 9KBHIIOTEHIUAJbHBIM TTOBEPXHOCTAM.

Ecnu npoyepuuBaTh 5K BUMTOTEHIHAILHBIC JIMHUHK TAK, YTODb] OHH
COOTBETCTBOBAJIM OJIMIIAKOBBIM IPUPAIEHKSM MOTEHIIHAJIA, HAIPH-
mep 1, 2, 3 1 1.4 BomkT, TO BBICTPOTA M3MEHEHMA IOTeHNUAJA B
HanpaBJeHUH JIHHHA HAIPAXKEHHOCTH OyleT o6paTHO MPOUOPLHO-



§ 21 HU3MEPEHME HAIIPAXKEHUA MEAKIOY HIPOBOOAHMKAMU 47

HaJIbHA PACCTOAHUIO MEXKJYy COCEIHUMH SKBHIIOTEHIIMAAbHBIMYA JIW-
HHAMH. DTO 3HAUMT, YTO ryCTOTA SKBUIIOTEHIIUAJILHBIX JIHHUA Ipo-

Puc. 25. DKBANOTEHIUANIBHBIE JUHAM (CIJIOUIHKIE) M JIHHHM HANPSKEHHOCTH
(urrpuxoBLIe) MO OBYX OHHOHMEHHO 3aPSKEHHLIX METAJLIMYeCKMX MIapoB

MOPIMOHANbHA HAMPAXKEHHOCTH TONA: TaM, rae DobIuc HanpsaKeH-
HOCTb IIOJISi, TAM H SKBHIOTEHIHAJNLHLIE JIMHHH PACIOJIAraloTcs
TecHee APYT K APYTY.

Mbl BuAMM, dYTO, 3HAA SKBHIOTEHIIMAJLHLIE TIOBEPXHOCTH,
MOXKHO BCET[a TOCTPOUTH JHHHM HANPAKEIHOCTH JAHHOTO OIS ¥
naobopor. llosToMmy J000E 3TEKTPHUYECKOE [MTOJie MOXKHO rpaduye-
CKH H300pa3uTh TIPU [TOMOIUIM IKBUIIOTEHIIMAJIBHBIX NOBEPXHOCTEH
TAK K€ XOPOIIO, KaK ¥ MPH MOMOIIM JHHMH HAIPAXKEHHOCTH.

B § 18 Mb! Bufiesd, 4TO €CIH 3apsiibl HAXOAATCA B DABHOBECHH,
TO BCE TOYKH ITPOBOJIINKA UMEIOT OMHAKOBBIH TOTEHIHAI. ITO 3HA-
Y9UT, 4YTO B OTCYTCTBHE TOKA IOBEPXHOCTH IIPOBOJAHUKA €CThL OJHA K3
3KBUMNOTEHIIHAJILHBIX ITOBEPXHOCTEH.

§ 21. MIsmepeHne HATIPS2KEHUS MEXJAY TPOBOOHUKAMMU

DnekTpuiecKoe HANPSKEHHe MOXKHO IPOCTO U3MEPUTD HA OTbI-
Te. g 9T0r0 CIy:KaT NpuOOpPBI, HAZBIBAEMBIE IAEKINPOMEMPIMU
WITH 2AeKMPOCTNATMULECKUMY GOABTNMENIDAMU.

Ha puc. 26 w3obpakeH omuH U3 TPOCTEHIINX 3JICKTPOMET-
poB. IITpHXOBbIMM JIHHUAMH M300pa’keHbl CEYEHUs] SKBHIOTEHIIH-
AILHBIX TOBCPXHOCTEH IUIOCKOCTHIO YEPTErKA, CILIOIIHBIMH JIHHUS-
MU -— JIHHUK HAIIPAKEHHOCTH 3JIEKTPUYECKOTO TOAfA. JJIEKTPOMET]P
COIEPKUT JIETKYIO AJIOMHHUEBYIO CTPEJIKY G, YKPENJIEHHYIO Ha Me-
TaJIIMIeckoM crepkHe §. Crpesika MOXKeT TTOBOPAYHBATLCH BOKPYT
ropu3oHTaNbHOM ocu. Crep)KeHb CO CTPEKOM 3akJIOUeHbl BHyTPU
METaJIIHYECKOT0 KOPIYCa 6 H XOPOHIO H30JMPOBAHbLI OT HEro Ipu
nomorau npobku 2 u3 HEIPOBOAAIIEI0 MaTepHata (AHTApb, KBapIl,
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36ouuT 1 T.0.). [IpuGop uMeeT [MKATy, NO3BOAAOUIYI0 OTCYHTHIBATE

yroJT OTKJIOHEHHS CTPeNKH.

PaccmoTpuM cradasna, Kak H3MEPSIOT HAIIPAIKEHVIE MEXKLY JIBY-
Mf IPOBOAHHKAMH. /I 3TOr0 COEMUHAT KOPIYC 3JIEKTPOMETPa C

Puc. 26. Dnexrpomerp co ¢Tpen-
KOi

OHUM H3 IIPOBOJHHKOB, 8 €ro cTep-
XKeHb — ¢ gapyrum. Ecnu HyXHO u3-
MEPHTb HAIpPsXKEHHE MeXKJIYy 3aps-
JKeHHEBIM IPOBOMHUKOM H 3eMJIelt, TO
KODPIIYC 3J1eKTPOMETPA COEIUHSIIOT C
3eMJIel, a CTEpXKeHb IPUCOEHHHSIOT
C TOMOILIBI0 METa/INYeCKOd IIpOoBO-
JIOKH K 3apsiKeHHOMY HPOBOJHUKY
(puc. 27).

Jlerko Buzerh, 4TO OTKJIOHeHHE
CTpenKH 3jleKTpoMerpa 6yaer 3asu-
CeETh OT HANPHXKEHUsl, CYIIECTBYIO-
MEero MeXXAy CTPEJKON W KOPIycoM.
HeticreurensHo, Ha CTpeaky mefi-
CTBYIOT CHJIbI, TTOBOPAYHBAIOIIHE €€,
LIOTOMY, 4YTO BHYTPH 3JIEKTPOMET-
pa BO3HHUKAET 3JIeKTPUYECKOe IIoje.
Tak KaK 3JeKTPOMETP UMEET KOPIIyC
HeM3MeHHOH! PopMBI, TO 310 moNe By-
JleT 3aBUCETh TOJMHKO 0T HAIIPSKEHHUs,
NPHJIOKEHHOT0 K 3JeKTPOMETDY.

Co3zaBasg KaxKzblit pa3 OAHO U TO K€ HAIPSIKEHUE MEXAY CTpes-
KOt ¥ KOPITYyCOM, MbI ByZeM IIOJIyYaTh OAHY H Ty Ke HalparKeH-

HOCTB II0JIL ¥ TIOBEPXHOCTH CTPEJKH,
a 3Ha9nT, 6YIYT OAMHAKOBB! ¥ CHJIBI,
AEHCTBYIOIHE Ha CTPEIKY, H ee OT-
KJIOHEHHe. A 9TO W O3HAYaeT, 4TO
3JIEKTPOMETP U3MEPSET HAMPSIXKEHHUE.
Taxoit npubop MOKHO TPOrpaLyu-
POBaTh, T.e. ONPEIENHTb, KAKUM
HaNPsKEHUAM COOTBETCTBYIOT Da3-
JNIAYHLIE YIJIBl OTKJIOHEHUA CTPEIKH.

Takum 06pa3oM, IITEKTPOMETP
BCEI[Ia M3MEpSeT HalpsKeHHe, Cy-
UIECTBYIOIEE MEXK Y €ro CTPEIKON U
KoprycoMm. Ilo3ToMy B OMBITE, H30-
OpaskeHHOM Ha puc. 27, MOXKHO ObI-
J10 OBl M30THPOBATH KOPIYC B COEIH-

Puc. 27. Hsmepenue Hamnpsxe-
HHUS MeX 1y 3apsXKEHHBIM IIPOBOI-
HHUKOM W 3emuIeii

HUTBH €r0 C HCCIEeAYeMbIM TEJIOM, a CTEpIXKeHb COSOVHMTL C 3emJeil,

U TIpU 9TOM NOKA3AHUA BNMEKTPOMETPA HE UIMEHUJIUCH ObI.
Tlone3ysich 3MeKTPOMETPOM, JIETKO YOEAUThCs, YT0 MOBCPXHOCTD

NPOBONHUKA BCETN4 SIBJSETCH SKBHIOTEHUHAJIBHON NOBEPXHOCTDIO.
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Ecnm B onbiTe, H300pasKeHHOM Ha pHC. 27, COEIUHATEL JIEKTPOMETD
C pa3JMYHBIMH TOYKAMH IPOBOJHUKA, TO, KaK OBl CIOKHA Hu Oblia
opMa TPOBOJHNUKA, OTKJIOHEHHE CTPEJIKH 3JIEKTPOMETPa HE u3Me-
HsIeTCH.

Onucaunbiil smeKTpoMeTp yA0obeH I M3MEPEHHS BBICOKMX Ha-
IpsKeHUH (TBICAYN U JECATKH THICAY BOJBT). JJIs u3MepeHus Ma-
JILIX HAIpPSKeHUH MPUMEHSIOT JIEKTPOMETPHl APYTHX THIIOB.

§ 22. HopmasibHbIe 3JIEMEHTbI

Jinst Toro 9Tobhl ¢ TOMOIIBIO TEKTPOMETPOB U3MePATh HAIpH-
AeHHe, UX HeoDXOAMMO IpOorpajyupoBaTs. s rpagyupoBKy siek-
TPOMETPOB B HacToAmEee BpeMA 4aCTO NOJIL3YIOTCA HOPMAJIbHBIMU
37eMEHTAME, KOTOpPble IPeACTABJIAIT co00H raabBaHUYECKHE 3JTe-
MeHTBI, COCTABJICHHBIE U3 TAKHX BEMIECTB, KOTOPble 00eClednBaroT
BeCbMa OOJIBILIOE MOCTOAHCTBO HaIPAXKEHUA MexXNy 3JIeKTpOoLdaMH.
OTo HanpsKeHue OBLIO THIATESBHO H3MEPEeHO H Tellepb XOPOLIO HU3-
BECTHO, NIO3TOMY HOpPMAaJIbHBIE JIEMEHTHI ABJIAIOTCA y,IIO6HI)IMI/I 3Ta-
JOHaMH Ha.HpH)I(eHI/Iﬁ, KOTOpbIE JIErKO BOCIIPOU3BECTHU B JIIO60fI Jia-
Goparopun. HopmanbHble 3/1eMEHTBl UIPAIOT B JIEKTPUYECKOR H3-
MePUTEILHOU TEXHUKE TY K€ POJIb, YTO H ITAJOHBI JJIMHBL (METpa)
U MaCChl (KH.TIOFpa.MMa.) TIPY U3MEPCHUN MCXaHUYECKUX BEJIHYIHH.

Bosbuioe pacnpocTpaHeHHe MOMYUYHJI KaIMueBblH HOPMAaJbHBL
asiemedT. Ero nanpsxenue npu 20 °C pasuo 1,0186 B.

IIpy KOMHATHLIX TeMIEPATYPAaX HANIPSIKEHHE 3TOT0 3UIeMEHTa
MOYTH HE 3aBHCUT OT TeMIepaTypbl: IPH IOBBIMIEHUN TEMIIEPpATY-
pul Ha 1 °C ono ymenbimmaerca meHee gem Ha (,0001 B.

YeTpoiicTBO kKaMHEBOro HOPMAaJIbHOTO JeMeHTa IT0Ka3aHo Ha puc. 28, On
COCTOMT M3 JBYX COSOMHSIIOUIMXCSE CTEKIISHHBIX IIPOOHPOK, B JHOG KOTOPBIX BIIag-
HBI IIATHHOBBIE [IPOBOIOKM. Ha JHe 0OHON u3 nNpobupOoK HAaXOPUTC HeDOMbIIoe
KOJIHYECTBO PTYTH, 4 MOBEPX HAJIOWKEHA TIACT2 U3 CMECH CEPHOKMCJIOH PTYTH
W CepHoKHCaoro kaamus. Ha
JHe Apyroi npobupku mMmeer-

— Y—
ca amanmerama Kamaus. IIpo- I ||||||l|![ Mapaghus
GMPKM 3aII0OHEHbI HACKIIIEH- | -
HBIM PACTBOPOM CEPHOKHCIO- £ Acmeop

ro KaaMmug. B aToMm asneMente CdSO, ™=

OJIOKHATEMLHEIM 3MEKTPOLOM
(amomom) cmyxur PrYTH, a CdSO4] CdS0,, HgSO4
oTpHIaTeNHEM (KATOZOM) — HgCd

aMaJibraMa Ko MHus.

OT Takoro aneMenTa MOXK-
HO 6paThb TOMLKO O4YeHb Cla-
Gble TOKM, He IIpPeBLINAIONIAE
HECKOJIBKMX MHUKPOAMIIED, TaK
KaK TOABKO IPHM 3TOM YCJIOBHH erc HaIpsKeHHe MOXKHO CHHTATh HeH3MeHo-
wuMca. OaHaKo 3TOrO BIGAHE AGCTATOYHO /IS MPOBEJEHHS U3MepeHuii.

g nonydenus Gojiee BLICOKHX HANPAKEHUNH HOPMAaJIbHbIE 3Jie-
MEHTBl MOXXHO COEIMHATH MeXay coboil mociegoBaresbHO B Hara-

Puc. 28. Kanvuesniif HopMasIsHell 31eMeHT
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pen Tak, 4ToObl MOJOXKHUTENBHBIM IMOMIOC KaXXJOTO Npeablayniero
3/IeMeHTa ObLI coeMHeH C OTPHIATENBHBIM MOJIIOCOM TIOCTIEeNyIOIe-
ro. Ilpu n 3/1eMeHTaX, COEIMHEHHBIX TTOCTIEAOBATEIbHO, HAIIPAXKEHHE
MeX Iy KpalHuMHu ek Tponamu batapen byaeT B 1 pa3 Gosbine, dem
y OMHOI'C JIEMEHTA.

OrMeTnM, OAHAKO, YTO HA HPAKTHKE COEIMHEHHE HOPMAJIbHBIX
3JIEMEHTOB IPUMEHSIOT PeaKo. 1Ipu HCTIONb30BAHHH KOMIIEHCATIHOH-
HEIX CXEeM u3MepeHHst Hanpsrkenuit (§ 70) okas3blBaeTCsi BOSMOXKHBIM
H3MEPUTDh HAIIPHKEHHE KAKOTO-HUOYAb UCTOYHHIKA, IPUMEHSIS BCero
OIMH HOPMAJLHBIM 3JIEMEHT, JaKe eClId M3MepseMoe HaIpSKeHue
HAMHOro GOJibIlle HJIM HAMHOTO MEHbINIE, YeM y HOPMAJILHOI'O 3ile-
MEHTA.

§ 23. Dmekrpuueckuii 30H7,

IlocMoTpuM Tenepb, KAk MOXKHO M3MEDPHTh HMOTEHUWAJI BHYTPH
JII3JIEK TPUKA.

IlycTh Tpebyercs u3MepuTh TMOTEHIIMAN B KaKoW-THOO TOUKe B
BO3JyXe OTHOCHTEJBbHO 3eMJIH. ECIH MBI TTOMECTHM B 3Ty TOYKY
MeTAJUINYIECKHI apHK, TO HA UIADHKE BOSHUKHYT HHIYKIHOHHDLIE
3apsigbl. DTH 3apAObl BHI3OBYT AOTOMHHUTENBLHOE TONE, U TIOITOMY
PE3YJIBTUPYIOUIEE TI0JIE H3MEHHTC. DJIEKTPUUIECKOe Tojie ByaeT uc-
Ka’KeHO BHECEHUEM IIapHKA.

Ecnu, ogHako, mapuk Maji, TO ¥ PA3HONMEHHLIE WHIYKIMOHHbIE
3apAnbl OYAyT pacmonioxKeHsl BIH3KO APYT K APYTY, U UCKAXKeHHE,
BHOCHMOE HMH, OyIerT OposABIATBHCA TOALKO B HEIOCPERXCTBEHHOI
6nuzoctn or mwapuka (puc. 29a). IlosToMy mapHK TpakTHYECKH

Puc. 29. Manensxuii MeTajin4ecKuii wapux c1abo uckaxkaer noxe {a), HO ipu
COEAMHEHNH WAPHKA C JEKTPOMETPOM HMCKAXKEHHe TIoJs yBenwgupaerca (6):
CIVIGUIHEIE JIMHUHM — JIMHWUK HATIPSIZKEHHOCTH, UITPMXOBhie — SKBUIIOTEHIHAI b~
Hble JIHHIA

TIPUMET IMOTEHNUAJ, KOTOPbI CYIIEeCTBOBAM B JAHHOHM TOUKe JO BHE-
CeHHUs IIapHKA.
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OpfHakO MBI MOJIYYHM COBCEM HHYIO KapTUHY, €ClIH, Keaasd HU3-
MEPUTH 3TOT OTEHLMAJ, COBNUHMM IMIAPHK ITPOBOJIOKOH C 3JIeKTpOo-
merpoM (puc. 29 6). B srom ciydae na mapuke GyyT HaXOZUTHCS
HHIyKIIMOHHbBIE 3apa bl TOIBKO OTHOTO 3HAKA, & 3ap/Ibl IIPOTHUBOIIO-
JIOXKHOTO 3HAKa OyayT BHyTpu snexTpoMerpa. I1oaToMy BOZHHUKHET
CHJILHOE HCKAKeHHe TIEPBOHAYAIBLHOIO MOJIST K €r0 3KBUIIOTEHIHAb-
Hble TIOBEPXHOCTH H JINHHH HAIPSAKEHHOCTH CyUIECTBEHHO H3MEHSAT-
csi. DIEKTPOMETD H B 9TOM ClIy4ae, KaK ¥ BCErya, MOKAXKeT MOTeH-
LIMAJ CTPEJIKH OTHOCHTEBHO KOPIIYCa, PABHBIN TOTEHIUAIY HIAPHKA,
oTHOCKHTENBHO 3emin. OpHako 3TOT MoTeHuua s GymeT COBCeM apy-
PHM, HEXKeJIH TOT, KOTOPBI# CYIECTBOBaJ 1O BHECEHHS IAPHKA.

M3 ckasaHHOrO ACHO, YTO MBI IIOJIy YHM TIPABHILHOE SHAYEHHE TT0-
TEHIMATA, eClIi yDepeM MHAYKIHMOHHBIE 3apsabl, HCKAKAIOUIAE IT0-
Jie. DT0 MOXHO CaeJiaTh, eclM BOJM3M IIApHUKA CO3JATh B BO3JyXe
HeGOIBHIOE KOJIMYeCTBO HOHOB. 10orma HMOHBI, IIPOTHBONOJIOXKHBIE TIO
3HAKY 3apady MapuKa, OyayT nepexomauTh Ha MIapuK A0 TeX Hop, o-
KA MHJIYKIUHOHHBIH 3apsiji He HCYe3HeT BOBCe. DTO OBCTOATEILCTBO
HCIOAB3YIOT Ha TPAKTHKE JJIg YCTPOHCTBA 37€KTPHYECKOr0 30HA.

DnekTprudeckuil 30HA IpeicTaBageT coboit Hebonpiuoit MeTas-
JIMYECKHi 3JIEKTPOX, BOKPYT KOTOPOTO CO3AAETCHd HOHW3AIMS rasa.
Ee moxHO ocymiectBuTh, moMemas 3001 B Hebojblioe 1aMs rops-
IIEro CBETHJIbHOTO Ta3a (riaMenHbli 30um). JIjis 3T0r0 MOXKHO TaK-
JKe MCIIOIb30BATh METAINIECKYIO TMPOBOJIOKY, HAKAIUBAEMYIO TO-
KOM (30HJ C HAaKAJEHHOH HHUTbIO), HJIM IPHUMEHHTH JIFODOH Apyroit
npueM MOHM3AINH ra3a. 30HX COSAUHAIOT MeTAIMIYEeCKOR TpOBOIO-
KO C 3JIEKTPOMETPOM, KOPIYC KOTOpOro 3a3eMJieH. Torga mokasa-
HHE 3JIeKTPOMeTpa AACT TOTEHIM A OTHOCHTENLHO 3eMJIH TON TOUKH
IIOJIdA, THe HAXOAUTCH 30HZ,.

§ 24. ITorennuana B IpocTefilINX MEKTPUUECKNX HOJIAX

BrrvucinM moTeHIyan B IeKTPHYeCKOM oJIe, CO34aBAeMOM OJI-
HMM TOYEUHBIM 3apsijioM ¢. PaccMOTpuM B 3TOM IOJie HCKOTOPYIO
TOYKY, YAAJEHHYIO Ha PAcCTOAlNe T OT 3apAa, 1 HalijleM IoTeHIu-
anm B 3TOil TOUYKe OTHOCHTEJNbHO DeckoneuHocTh. Tak Kak pasHOCTH
NOTEHIIMAJIOB HE 3ABHCHT OT (DOPMBI IIYTH, TO MEl TIPEIIIOIOKIM,
4To 3apan +1 nepeMmentaercsa U3 TOYKH 7 B HECKOHEIHOCTH BHOJB
panuyca, T.e. BAOJIb JIMHWUE HAIPAXKEHHOCTH IEKTPUIECKOTO ITOJIA.

Torna o

oo
v= [Bar=L [%=1
T

1

(24.1)

4reg T2 dmeg T
T

IMorennuan y6eiBaeT 06paTHO NPONOPIIMOHAIBHO TEPBOR CTENeHH
PaccrosHuda OT 3apaga.

IMocrynag mogobuBIM 0bBpa3zoM, MOXKHO BLIYKUCIHTL pacIIpeaee-
HHUe TIOTeHI[HAJIOB U B IPYTUX HOJAX, €C/IN N3BECTHA HAIPSKEHHOCTh
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OoJIg B KaxkJ0# Touke. PaccMoTpuM HEKOTOpble MPAKTHYECKH BaK-
Hble IMPHMephL.

IIpuwmep 1. Ulaposod xondencamop. Umelorcs aBa 31€KTPO-
14 B BUJIE KOHIEHTPUUeCKUX cdhep ¢ pajuycamu a (BHYTPeHHss) U
b (Buewnss). HanpsikeHHOCTh TONsA F MEXKAY TAKUMH IEKTPOAA~
MH Bblpaxkaercs dopmysof (13.8) u usMeHsleTcst B NPOCTPAHCTBE
TaK YK€, KaK ¥ B CJyyae ToueuHoro 3apaga. CiemoBaTenabHo, pas-
HOCTb TIOTEHIHAJIOB MEXK Iy BHyTpeHHeil cdepoil u Kakoii-inbo To4-
KOH BHYTDH KOHJEHCATOPA, yJAJEHHOH HA PACCTOAHME T OT LEHTPA
KOHJIEHCATOPA, paBHa

g éf__z_(l-l)
U= fEdr_Mre:g 2 dweg \a 1/
a

B 3710t dopMysie MOXKHO BHIPasHTE 3apsia ¢ Yepe3 Pa3HOCTh TOTeH-
uuanos Uy Mexay BJIGKTPO,II&.MI/IZ

1 1
Uo = 41reo (E—.—b_)’

OTKYJad OKOHYATC/IBHO TIOJNYyYadeM

l/a—-1/r
U=0Up Vasifs (24.2)
Takum ob6pazom, uamepas Uy mexay snexTpomamu, 1o dopMmylie
(24.2) MOXKHO BBIYMCIMTH MOTEHIMAT B 060 TOUKe MO
Opuwmep 2. Mrockuili xondencamop.
BarunciuM pa3zHOCTh NOTEHIHMATIOB MEXKIY
TIOJIOXKHUTENbHO 3apSAXKEHHON IMIIACTHHOU Hu
IIPOU3BONLHON TOYKOH, yOaJIeHHOH Ha pac-
cTosgHHe  OoT Hee. HampsKeHHOCTL 104 B
IUIOCKOM KOHZEHCATOpPE BhIpakaercs ¢op-
MyJoi (13.7). HosTOMy

U= fde~——fd v=Za (243)

IMonuas pasunocts morenmuanos Uy Mexmy
3JEKTPOAAMHE PABHA

Up = ggd, (24.3a)

Puc. 30.  Iksunorenuu- e d — pacCTOAHHE MeXAy IACTHHAMH.

aJdbHble NUHMA H JTUHHHA HOSTOMy TAKKE
HanpsAaXeHHOCTH IosId

IJIOCKOTO KOHAGHCATOPA U = Uy 52- (24.36)

B mIockoM KOHJEHCATOpe NOTEHIIHAJ H3MEHSACTCS C PACCTOSHUEM
110 JIHHEeHHOMY 3aKOHY.
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B aTnx pacuerax Mbl He YUUTHIBAJM UCKAXKEHHE SJIEKTPHYECKO-
ro nojs BO6aM3M Kpaes miacTuH. IloaToMy monydenHsle popMymbl
OPUMEHUMBl TONBKO I CpeqHeill 4acTu KOHAEHCATOPA. DJIEKTpU-
YecKoe T0Jjie IIOCKOTO KOHAEHCATOPA KOHEYHBIX PA3MEPOB HOKA3aHO
Ha puc. 30.

Mpumep 3. Quaundpuuecxud xonderncamop. PaccMoTpum emme
pacrpesie/ieHie TOTEHIAATA MEXKIY KOAKCHALHBIME [IUJIMHIPAMH.
HanpstxkeHHOCTB 3TOrO 110414 BhIpaskaercst popmy.roit (13.9). Ilosto-
MY Pa3HOCTb IMOTEHIHAJIOB MEXKJYy BHYTPEHHHM I[MJIHHJIDOM U TIPO-
H3BOJILHOM TOYKON MEXIy JIeKTPOAAMU PAaBHA

T
U=_2 f dr_ @1 g7
2mweq r 27eq a

a

31ech ¥ — paccTOsiHHE OT PacCMaTpPHUBaeMOB TOYKH JI0 OCH LIMJIMH-
IPOB, ¢ — PaAMyC BHYTPEHHEr0 MMJINHADA, ¢ — 3apAa BHYTPEHHEro
OUIMHOPA Ha eJUHHIY ero aadubl. IlonHast pa3HoCTh MOTEHIHAIOB
Up Mexay UMIHHIPaMH PaBHA

_ @ b
Uo = 2mep In a’
rae b — pamuyc BEemsero muausapa. OTciona
— 77 In(r/a)
U=U, In(b/a)’ (24.4)

Torenuyan B UHIMHAPHYECKOM KOHACHCATOPE M3MEHAETCS 10 JIora-
PHUPMHYUECKOMY 3aKOHY.

§ 25. BolupclieHre MOTEHNMAJA B MOJe 3aJAHHBIX 3apsafos

B npumepax mpempiaymero naparpada Mbl BHIYUCTAIH TTOTEH-
OHaJl IO HAIPAKEHHOCTH MOJifA, KOTOpasa ObLia u3BeCTHA 3apaHee.
Osnako 9acTO HAIPAZKEHHOCTDb OIS ObIBAeT HeM3BECTHA H MMEHHO
ee 1 Tpedyercd BHYHUINTL. B 3THX CllydaaxX HAXOJAT CHAYAIA I10-
TEHIHAJ, YTO OKa3pIBAETCA rOPa3mo MPOINe, a 3aTeM BbIYHCIAKT U
HANMPSIKEeHHOCTh HoJs 1o dopmyite (19.1).

[Tpu BbrYMCIEHUU TTOTEHUHAA CAEAYET PA3/IA4aTh ABA CIIy4ad:
a) 3aJ1aHO pacrpeJesieHHe 3apsiJIOB, BLI3LIBAIOMUX TOTe, u 6) 3a1a-
HBl TIOTEHIMANB] 3apPAXKEHHBIX TeJI, CO3JANMUX moe. PaccMoTpum
CHa4aJa MepBLii crydaii.

Ecnu none co3maercss OmHUM-€JUHCTBEHHLIM TOYEYHBIM 3aps-
JIOM, TO TOTEHIMAJ STOrO 10 Bbhipaxkaerca dopmyJioit (24.1).

Ecnyn uMmeercss HeCKOJNLKO TOYEYHBLIX 3apsAgoB, TO, COTJIACHO
NPUHLIKIY HAJIOXKEHHUs JIeKTprdecKux mojeit (§ 10), pesyabrupyro-
Iuee moJie PaBHO CyMMe [oJell, CO3/IABAEMBIX OTAE/LHBIMU 3apama-
MH. [To3TOMy ¥ THOTEHITHAT ITOTO MONS PABEH CYMME TIOTEHIINAJIOR,
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BbI3bIBa€MbIX OTZEJIbHBIMHU 3apdAdaMiu, T.e.
1
U= L (25.1)

T 4yeg A~ 1,
1
3aeck U -- noreHnuan pe3ynbTHPYIOHIErO Mo/ B PACCMATPUBAEMOL
TOYKE OTHOCUTENHLHO DECKOHEYHOCTH, T, — PACCTOSIHHE ITONH TOUKH
[0 1-T0 3apaja, & CyMMMPOBAHNE TTPOU3BOAUTCH 110 BCEM TOHEUHBIM
3apagaMm.

IlogobupiM 06pa3oM MOXKHO PACCUNTATE ITOTEHIIMAT IO U TIPO-
TAXKEHHBIX 3apAXKeHHBIX Tel. B 3ToM caydvae HyKHO CHAYaJIa HaliTH
MOTEHINAN, CO3LABAEMbI OTIAE/IbHBIM OeCKOHEYHO MAJIBIM 3JIEMEH-
ToM OfbeMa Tena dT, KOTOPBIA MOXHO PaCCMATPHUBATH KAK TOYEY-
HBI{ 3apag. DTOT MOTEHIHUA €CTh

dU = 1 pdr

dweg 1

rge p — ofbeMHad IJIOTHOCTb 3apsfid, 3 © — PACCTOAHHE OT Pac-
CMaTpUBAeMOli TOYKH Hoiad 10 d7. IloaHoe 3HAaYeHHE TOTeHIUANIA
PaBHO
1 dr
e (25.2)

4dmeg r
T

r7ie HHTEIPUPOBAHNE PACHPOCTPAHAETCH HA BeCh O0BEM T 3apAXKeH-
HOT'O TeJIa.
Ecnu 3apaapl pacmosoxkenbl TOJBKO Ha MOBEPXHOCTH TeJid, TO

U= [ 28 (25.3)

T Adreg r
S

3eck ¢ — UOBCPXHOCTHASA IIOTHOCTH 3apsafa, dS — 3JIeMeHT
MIOBEPXHOCTH TeJIa, ' — PACCTOSHHE PACCMATPUBAEMON TOYKH MOJIS
20 dS, a HMHTErpHpOBaHHE pACHPO-
CTPaHSAETCA MO BCel 3apsKEeHHOH Mo-
BEPXHOCTH S.

DieKTpUYecKoe IIoJjie IUIo-
aa. TlpuMeHuM pe3yabTaTbl [pPEeIbI-
aymero mnaparpada K BBIYHCIEHHIO
3JIEKTPUYECKOTO TIONA, CO3JaBAEMOr0
muarosieM (puc. 31). Cormacno (25.1)
HOTEHINAJ B HEKOTOPOH# TOYKE 110J14
a ecTh

q 1 1 q r1 — T2
U= 1 1y 4 n-r
4d7eg T2 ri 4meg  rire
By,ZIEM Tenepb CYHTATh, YT0 JAJIMHA

Puc. 31 K prrumcrenmio snek- JUIONA | BECbMa Majia MO0 CPABHEHUIO
TPHYIECKOTQ IO JUIIGT S C PacCTOAHHAMH 171 M T9 OO TOYKH G
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(ameMeHTapHBIA OMIOML). B 9TOM Iydae MOXKHO MOJIOXKHUTH

ri—rp=1lcosa, TiTQ=7°

M BbIparkeHHe JJId NOoTeHIIHaJIa NPUHHUMAET BUI

1 pcosa
dmey  r?

(25.4)

3nech p ecTb MOAYJIb MOMEHTA IWTIONS, & O — YrOJ MeXJy Ha-
[PABJIeHHEM MOMEHTA JUIIONA P H HANPABICHUEM DaJUyC-BEKTOPA
r, IPOBEAESHHOTO U3 JUIOIS B PACCMATPHBAEMYIO TOUKY TIOJS.
3nas U B 3aBUCHMOCTH OT KOOPAHHAT, MBI MOXKEM BBIYUC/IHTH
HanpsiXkeHHocTs Mot E mo dopumyne (19.1), nuddepennupys Bbl-
paxkenne ana U no koopauHaTaM. Byziem mMoab30BaThCs TTOAPHBEIMA
KOOPAHHATAMH 7 ¥ ¢ C HAMAJIOM B TOYKe HAXOXKAECHUSI JUIIONS U Ha-
TIpaBUM MOJEAPHYI0 OCh B HampaBJIeHHM MomeHTa, gunong p. Torma
COCTABJIAIONIAS HANPAXKEHHOCTH B HAIIPDABJIEHUU PagUyca I ecTh

(25.5)

E = —a_U = pbcosa
r ar 2meqrd

Cocrapisiomas, NepueHIuKyaapHasd K It

E,=-9U _ psina (25.6)

roa dreqrs

Honnas manpsKeHHOCTHb N0 B TouUKe a(r, a) Oymer

= \/E2+E2 =
V3cos?a+1. (25.7)

BekTop nmanpskenHocTu ofpasyer ¢
HAIIpaBJIEHHEM YT yTOJ 3

tgB = Eo/Er = (1/2)tga. (25.8)

91 popMy/IEl BIIOJIHE ONPENETIAT
HAIpPSKEeHHOCTh MO TI0 MOIYJIO W
110 HaIPaBJIEHUIO B Ka K10l ero Touke. Puc. 32. Jlunum Hanpsaxenno-
Ha puc, 32 n306pakeHbl JINHUM TIOJI CTH 3/MEMEHTAPHOTO JUIIONs
JUTIONS.

47(5 3

§ 26. O6maa 3aaa4a NEKTPOCTATUKH

Haubosee gacro BeTpedaroTca TaKue CIydad, KOTHA pacrpeie-
JleHHe 3apsA0B HEU3BECTHO, HO 3aaHbl NOTEHIHAb! IPOBOIHHKOB.
Takue 3amau MOryT ObITH CHOPMYTUPOBAHLL CIEAYIONIHM OBIIAM
obpazom: umeercs cucrema nposoaHukos A, b, B u T.n. 3amaHHOMN
$bopMbI 1 33JaHHOTO B3AMMHOTO PACIIOJIOKEHHS W W3BECTHbI IIOTEH-
uHasnbl Beex npoBogHukoB Uy, Up u T.7. (HampuMmep, OTHOCHTEIbHO
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HeCKOHEYHOCTH HUJIH OTHOCATEIBHO OXHOTO U3 IPOBOJHHKOB); Tpeby-
eTCH OIpexeuTh 3HAYEHNE TOTEHIHMANIA B JI0DOH! TOYUKe TOIA MEXKIY
MPOBOJHUKAMH.

Maremaruueckn 3Ta 3afada cBogmTca K caexyromeit. Cocras-
JIAIIRe HAmpsKeHHocTy mond E 1Mo KoopaMHaTaM MOXKHO BhIpa-
3uTh, cormacuo (19.1), yepes noreHnuai:

_auU _ U _ U
E - %‘7 y FJJ Ez'— Ez“

Moncrasnss sty Beipakenus B ypasHenue Ilyaccona (14.1), Mbl mo-
Jy4HUM 0DIllee ypaBHeHHE, KOTOPOMY YIOBJIETBOPSET MOTEHIMAJ, B
BHJE
UL PU PV p (26.1)
8x? oy? 822 o )
Ecnn Mexzy TpoBOJHHKAMH HET 3apdgoB, TO BO BCEX TOYKAX
p =0, u ypaBrenue (26.1) nepexomut B Bosee mpocroe:
2 2 2
oU LU L0V (26.2)
dz? 9y? 922
Ha3bIBaeMoe ypasHewuem Jlanaaca. ITosToMy BRIUMCIIEHME TOTEH-
uHaga B obmeM clydae CBOZUTCA K HAXOXKIEHUIO Takol yHKUHH
koopaunar U(z,y,2), KoTopas BO BCEM MPOCTPAHCTBE MEXJIY
MPOBOMHUKAMY YAOBJIETBOpaeT AU EPEHIINaIbHOMY yPABHEHHIO
(26.2), a Ha caMnx TPOBOAHMKAX NPUHHMAET 3aJAHHBIE MOCTOSH-
uble 3Havenns Uy, Up u 7.0, MoxHO nokazars, 4yTo permeHue Takoit
33Ja4d OJHO3HAYHO.

Jlerko ybenurhes, uro HajineHHsie HaMu B § 24, 25 BHpaXKeHUs JJIsl TIOTEH-
IHala B IPOCTEHIINX TONAX YIAOBAETBOPAIOT YpaBHeHHO (26.2) u rpaHuvHbIM
YCIIOBHAM.

HeficTBUTENBHO, A7 GOHOPOAHOrO MO IVIGCKOrO KOHAEHCATOPA TIOTeHIH-
an eoipaxkaercs dopmynot (24.3). IloTeHuMan 3aBHCUT JMIIB OT OXHOH Koop-
OHHATHL T, H TIO3TOMY B ypasHeHuw Jlamnaca (26.2) umeercs BCero OfuH WieH,
Borunciiag Npou3BOIHEE OT TIOTEHIMANA 10 KOOPAUHATAM, KMEEM

log dU log d*U
U=—32 —=—, ——=0
€0 dz g dr

ITorenuuasn, KpoMe TOrG, yAOBIETBOPHIET 'PAHHYHEIM YCIOBMSIM, TAK KaK OCTa-
eTCH [IOCTOSIHHBIM BO BCEX TOUKax omnoi o6knaiku (x = () u npyroii obxaaaxu
{z = d).

Jis paaManbHOrG IONS MIAPOBOCC KOHAEHCATOPa MBI HAUUIH (DOpPMYILY
(24.2), rpe v = /2? + y? + 22. Juddepenuupys BbIpaKeHHE [ IOTEHIHA-
JIa TI0 KOODZMHATAM, TIONYy4YaeM

ouU 6(1)_1::: o*U _ri-32?

Bz Bz r

= — o

r rz r’  Qz? 5

M ananoruano ) R ) . R .
‘U _r* -3y o) UC\:> r° — 3z

o) —
By? I P r5
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ITosromy

2 2 2 2 _ 2 2 2
3U+6U BUN31' 3(x+y+z)=0-
dr2  Jy: 022 r3
Tlorenuman, eupaxaeMslii dopmynoi (24.2), ymAOBIeTBOpSeT M TPAHHYHBIM
YQIOBHSIM, TAK KAK [IOCTOSHEH BO BCEX TOYKAX KaxkoH obknasku (pur =a u
r =b).
TlonobHBIM ske 0BPA30M MOXKHO IPOBEPUTH, 9T0 Gopmyna (24.4), nalizennas

IJ1s MIOTEHIHANA, B 1T0JIe HMIHHAPHYECKOTo KOHIEHCATOPA, TAKXKE YIOBIeTBOPSI-
er H ypasHeHuo (26.2), U rPaHUYHAIM YCI1OBHAM.

Peinenue ypasuerus (26.2), Boobuie roBopsi, CJI0KHO U COCTABIIS-
eT COfiepKaHUe CrelMaIbHOTO Pa3zelia MATeMaTHIeCKOH QU3UKH —
TEOPUHU TIOTEHIIAAJIA.

Ecnmu ¢opma 3/1eKTPOJIOB HACTOJILKO CIOXKHA, YTO pacmupejese-
HHe TOTeHIHANa TPYIHO BBIYHCIHTH, TO €r0 BCEraa MOXKHO Olpe-
[ETUTh 3KCIEPUMEHTATBHO. JJ1A 3TOT0 MOXKET CIYXXUTh 3JIeKTPH-
veckuit 3087 (§ 23). Eme yaobHee npuMeHenne a1eKTPOIHTHIECKOT
BaHHBI, OMMCAHHOI B § 62.

§ 27. IIpoBOOHHMKUY B IEKTPUUYECKOM II0JIE

PaccmoTpum Teneph, KaKHM 006pa3oM paclpeieidioTCs 3K TPU-
YecKHe 3apaibl BHYTPH IPOBOIHIKOB B OTCYTCTBHE 3JIEKTPHYECKOrO
TOKa.

B § 18 Mpl BHpenu, 4TO OJiS PABHOBECHS 3apsioB Heobxomumo,
9robbl HAPAKEHHOCTh ToNg E; B 060l TOYKe BHYTDPH TPOBOJ-
HUKka Oblita pasHa Hymo. Ho Torga u3 ypaBrenns Ilyaccona (14.1)
crnegyer, 410 0DbeMHAH MJIOTHOCTh 3apsAAa p; BHYTPH POBOLHUKA
Tak>Ke paBHa Hyaw0. B OTCyTCTBHE 3jIEKTPUYECKOI0 TOKA 3aPS bl
PACIIpeeIsaIoTCa TOJIBKO HA MOBEPXHOCTY MPOBOAHHUKA.

Ecmu Mbl npepcraBuM cebe, 4TO u3 CIJIONIHOTO TPOBOJHUKA Yaa-
JIeHa BHYTPEHHAH 4aCTh, TO MOJYYUTCH OJIbIA 3aMKHYTBHIA IPOBOJ-
HUK. Tak KaKk BHYTPEHHAA YaCTh HE MMeJa 3apsiIoB, TO e yIaJIeHue
He W3MEHHUT HU PACIpPejeseHHe IO, HU DPACIpeneseHHe 3apsajioB
BHYTPH OCTABIIEHCA YACTH HPOBOJHHKA. 1103TOMy paBHOBeCHOe pac-
Tpese/leHHe 3apa 0B B IIOJIOM TPOBOAHUKE DyJleT TaKMM Ke, KAK U B
CILUIONIHOM TPOBOJHHKE, T.e. 3apsijibl OyAyT TOILKO Ha BHEIUHeH mo-
BepxHocTH. Hanps:keHHocTs ke monst 6yAeT paBHA HYIIO B Jioboil
TOUKe BHYTPH CTEHOK K B J1r0b0il TOUKe BHYTPH HOJIOCTH.

3apsaAbl B COCTOSHUM PABHOBECUS PACIPEIENSIOTCA Ha [HOBEpX-
HOCTH IPOBOAHUKA BCETA, HE3ABUCHUMO OT TOr0, KAKUM 06pPa30M OHM
BO3HUKJIM. EC/KM 3aMKHYTHEA TOJIBIA METAIIMYeCK il TPOBOJHHK Ha-
XOMMTCS BO BHEIIHEM JIEKTPH4ecKoM nosie (puc. 33 a), To Ha HeM
TMOABATCH UHIYKUHOHHbBIE 3apAIbl. DTU 3apaip! 6yyT TakKe cocpe-
A0TOYEHbI TOILKO HA BHEHTHEH TOBEPXHOCTH, 3 IEKTPHYECKOE MIOJIE
H B TOJIIIIE MeTaJLIa, ¥ BHYTPHU TosocT ByeT pasHo Hyio. [loaTomy
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TIOJIBIMT METAJUIMYEeCKUN NMPOBOJHHUK 3KPAHUPYET 3JIeKTPHYECKoe I10-
JIe BCEX BHEIIHHMX 34PAJA0B. ITHUM MIMPOKO MOTML3YIOTCH Ha IIPaKTH-
Ke 1 yCTPOMCTRA, 3JIeKTPOCTATHIECKOH 3aIuThl. g Toro uTobsl
OrpaguTh YYBCTBUTEJbHbIE JIEKTPUYeCKHe TMPHGOPHEI OT BO3MYIIa-
IOIIEro AefCTBUA BHEIIHUX JIEKTPHYECKHX TT0Jel, HX 3aK/I0YaloT B
3aMKHYTbIe METAJUIMYECKHE AMIUKH, KOTOpble COeAUHSAIOT C 3eMJel.

OrMeruM, 4T0 3aMKHYTBII TOJTbINR TPOBOJAHHUK 3KPAHUPYET TONb-
KO TI0JI€ BHENTHUX 3apsajoB. Ecin anexTpudecKue 3apdabl HAXOOAT-
CAd BHYTPH IIOJIOCTH, HHIYKIH-
OHHble 3apsafbl BO3HUKHYT He
TOJILKO Ha BHeIIHeH MOBEepXHOCTH
TPOBOJHUKA, HO U HA BHYTpEH-
Heit (puc. 33 6). Pacupenenenue
TUX MHIyIHPOBAHHBIX 3apPIiOB
ByneT TaxuM, 4TODBI MOJIHOE MO-
Jle, paBHOe CyMMe IIojefi, co3ga-
BAEMBIX 3apAA0M BHYTPH TIONOCTH
¥ UHIYKIUOHHBIMH 3apAnaMH, B
moboit TOYKe B TONIE MEeTaa
GbLT0 paBHO HyMO (YCJIOBHE paB-
HoBecus). OaHAKO BHYTPY HIOJIOC-
TH 1oje He OymeT paBHO HYJIO,
¥ 37eCh By AyT NpoXoauTh JIHHHUU
HAMPAXKEHHOCTH, COEQUHAIONIME
3apAK, 3aKMIOUEHHBIN B MOIOCTH,
C MHAYKIUOHHBIME 3apARaMyu Ha,
BHYTDeHHel TOBEPXHOCTH. MHAyKIIMOHHbBIE ¥Ke 3apsIbl Ha BHENIHEH
MOBEPXHOCTH BBI3OBYT IIOJIE BO BHEIIHEM TIPOCTPAHCTBE, H MOITOMY
3aMKHYTas NPOBOJANIAA [TOMIOCTh He SKPAHHPYeT HoJe 3JIeKTpude-
CKMX 3apAA0B, MOMEIEHHBIX BHYTpH Hee.

B cBA3M C HM3/I0KEHHBIM BbINIE HAXOAUTCA BAXKHBIN MpaxTHye-
CKHIT TIpHeM TepeJadd 3apsaja OT OJHOTO HPOBOAHHKA K JAPYTOMY.
Iycrs, Hampumep, TpebyeTcs THepedaTh 3apdal C METAJUTHYECKOTO
MPOBOMHUKA Ha 31eKTpoMeTp. UTobhl OCYHIECTBHTL 3Ty mHepema-
Yy MOJIHOCTHIO, JIEKTPOMETP COEHHHSIOT C TOJIBIM IIPOBOJHIKOM,
pubIHAKAIEMCH 0 DOpMe K 3aMKHYTOH TIOJIOCTH, HAIIpHMED C
METAJUTHYeCKUM [MuIHHIPOM («dapaieeB HUIHHIDP» ), B BHOCAT 3a-
PAKEHHBI NPOBOAHHMK BHYTPb 3TOM MmOJIOCTH. Toria TPOBOJHUK
PaspAKAETCH [OJHOCTHLIO U €r0 3aPs/] HeIHKOM IePEXOHHT HA WIeK-
TPOMeTp.

Puc. 33. 3apsg sue (a) u ryrpu (6)
METaJUIHIeCKol [I07I0CTH

§ 28. Tounaga nposepka 3akoHa Kysiona

B mpemniaymem maparpadpe, obbAcHSsS, ToYeMy 3apsanbl pac-
PEEIAIOTCH TONBKO Ha MOBEPXHOCTH TIPOBOJHHKA, MBIl OCHOBBIBA-
guck Ha Teopeme QOcrporpanckoro-laycca. Ho sta Teopema ecThb
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cnejcTere 3akona KysioHa, w mosroMy HalfigeHubie HaMu ocobeH-
HOCTH PaCHpee/ieHls 3apaioB ABJIAIOTCH TaK¥Ke (JIeJCTBUEM 3TOr0
3aKOHa.

M vaobopoT: MOXKHO MOKa3aTh, YTO eciiu Dbl Cujia B3auMometi-
CTBUS TOYEYHBIX 3APSAOB BbIPAKAIACH 3AKOHOM

q192
Foeo F3ES

TO NpH JIOOOM §, OTJIWYHOM OT HyJs, Teopema OcTporpagckoro—
Taycca He umesta Obl MeCTa 1 3apabl PACIPEAETANUCH Dbl HE TOIBLKO
HA MOBEPXHOCTH, HO U B 06beMe MpoBogHuka (cMm. Jobaenenue 1).
ITosroMmy, Hccnenysi Ha OMBITe, HECTBHTENBHO M B obbeMe Ipo-
BOJHMKA HET 3apsAR0B, MOXKHO NPOBEPHTH CIPaBeJJIMBOCThL 3aKOHA
Kymnona n npuroM ropazjo Honee TOUHO, HeXKesln B ONBITAX C KPy-
THJILHBIMH BECAMH.

Takue onbIThl TPOW3BE)] BHepBble Kapewauin, KOTOpBI 3a
HeckosTbKo Jier no KynoHa ycraHOBmII, 4TO cHMsla B3aUMOeHCTBHS
3apsAJ0B ofpaTHO MPOMOPIMOHANLHA KBaJpaTy paccroanus. B srux
OTbITAX MeTajndeckuit wap I (puc. 34) Gpl1 yKperuied Ha H30JIH-
pywomei nogcraske 2. JIpe MetasuiHdeckue mosuycdepsl 3, H30/H-
pOBaHHBIE OT 3eMJiH, OBLIN YKPEIUIeHbl Ha NOABHKHBIX IIOJICTABKaX
(#a pHCyHKe He M300pa’KeHbl) H MOIVIH OBITH
COeAWHEHBI B OJHY Cdepy, OXBATLIBAIOHLYIO
wap 1. B ognoit u3 nonycdep uMenock MaJgoe
OTBepCTHE, B KOTOPOE MOXKHO OBLIO BCTaB/ISATH
KOPDOTKHIT MeTa/UIH4eCKUH MPOBOAHUK 4, MOJ-
BeIeHHBIH Ha M30JUPYIOUel HUTH 5§, H coemu-
HATH Wap u cdepy, He pa3paxad npubopa.

Cam omblIT 3aK/Ir0vaCs B ciegyromeM. [To-
jaycdepbl 3 CKIAIBIBAJIN BMECTE, COeIUMHSIN
HX TPOBOZHUKOM 4 C IIapoM I H 3apsKaJlu.
O 3apste cdeprl CYAUIH IO TIOKABAHHAM 3JIEK-
TpoMeTpa. 3areM MOPOBOJAHHUK 4 C TIOMOIIBIO
HUATH § yRaJIAIH, 0be momycdephl PasABHTANN pu. 34  Oumr Ka-
U pa3psDKanM, coequHada uX ¢ 3emiein. Ilocme
ITOTO IEKTPOMETp NPHCOEAWHAIH K mapy I
U IPOBEPSUIN, UMEETCH JIM Ha HeM Kakon-ubo zapsaa. OnwiT Bcerma
NOKa3bIBAJI, YTO HA INApe HeT HHKAKHX CJIEeJ[OB 3apsia.

Benegereue 601boro IprHUMIHAIBHOTO 3HAYEHUS BOIIPOCA O
3aKOHE CHJIOBOI'O B3aMMOMJEHCTBUS 3apAHOB IOHZODHbBIE ONBITHI DbI-
JI TIOBTOpeHHI mo3aHee MakcBeyyioM B yiyuinennoit dopme. Vexo-
J15% U3 YYBCTBHUTEILHOCTH CBOMX ONBITOB, MaxcBes1 paccauTal, 4ro
OTKJIOHeHHe § OT BeJuumHbl 2 B mOKazarese 3akoxa KysoHa eciu
u cymecrsyer, To He npesbimaer 1/21600. B nacrosamee BpeMsa 3a-
KoH KyJiona 1/ MAKPOCKOIMYECKHX PACCTOSHHUIN [IPOBEPEH MOPA3I0
TOYHEE,

BEHIUIIIA,
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§ 29. Ocrpus

Ilpu wuccnemoBaHWM pacHIpenesieHHa 3apsAJ0B Ha TNPOBOIHUKE
crnoxHolt Qopmbr (puc. 35a) 0ka3bIBAETCs, YTO ITOBEPXHOCTHAA
IJIOTHOCTD 3apajia PA3/IMyHa B pasHbIX TOYKAX IOBEPXHOCTH: OHA
6aM3Ka K HyJII0 BHYTPH yruIy6sieHus (Touka I ), npuHuMaeT Haubosib-
ee 3HAYEHHWE HA, 3a0CTPeHHH (TO4YKa 2) M UMeeT HPOMEeXYTOUHYIO
BEJIMYHHY B TOYKAX OOKOBOR mosepxHOCTH (F).

Ho nanpsxkentocts noss F, cornacho (13.7), nponopruoHansbha
TTOBEPXHOCTHOM TIJIOTHOCTH 3apsiia o. 1109ToMy M HAIDPs>KEHHOCTD
Mojisi ¥ TIOBEPXHOCTH TMPOBOIHHKA CIIOXKHON (hOPMBI TAKXKE BECHMA
HeoguHakosa. OHA 0COBEHHO BEJIMKA BO3JIE YYACTKOB C MAJIBIM pa-
JIUyCOM KPHBHU3HBI, T.€. Y 3a0CTpPEHHIA.

9TO IPHBOJUT K CBOEOOPA3HOMY ABJIEHHIO «CTEKAHHA» 3apANOB
C MeTaJUIHYecKUX ocTpuii. EIn coeMHUTE U30JHPOBAHHOE METAJI-
JINYECKOE OCTPHE C UCTOYHUKOM BBICOKOTO HATPSIKEHHUA, TO HaXOHs-
upecs TOBIM30CTH H3CMNPOBAHHLIE TPOBOAHUKHN 3apsaxkawrcs. [To-
Memias HeJajleKo OT OCTPHH 3JIEKTPOMEeTP, COeANHEHHBIN ¢ MeTas-
JNIUYECKOM TIIIACTHHOMN, MOXKHO BUAETh, YTO TUIACTHHA 3aPAXKAETCH 110
3HAYUTETHHOTO HANPAMXKEHNA H IPUTOM 3aPAJIOM TOTO XKe 3HaKAa, YT
u Ha ocrpue. Ecin, HaobopoT, mpeaBapUTeSIbHO 3aPAAUTD TIIACTHHY
C IeKTPOMETPOM, & OCTpHe MPHUCOSAHHHTE K 3eMJlie, TO NIPH IIOHe-
CEHHH OCTPHUSA K MAACTHHE MOCTAERHAA PAZPAMXKAETCHA: UHIYKIIHOHHLIE
3aps/ibl CTEKAIOT C OCTPUA U HEHTPATM3YIOT 3apA TUTACTHHBL.

IIpuyuna 3T0r0 sAIBAEHUS 3AKJIOYAETCH B GOMBIION HANDAKEH-
HOCTH TIOJIA BO3JIe OCTpHsA. Korjua 9ma HATPAMKEHHOCTh CTAHOBUTCS
JIOCTATOYHO DOJBIIOH, B OKPYZKAIOIEM BO3IyXe HAYUHAETCA MOHHU-
3anua (moxpobree cM. § 166) ¥ MOSIBISIOTCH TOMOKHTENbHbBIE H OT-
pHnaTenbuble HOHBL (puc. 35 6). Monsl ¢ TeM >Xe 3HAKOM 3apdaJa,

6

Puc. 35. HanpsxeHnocTs 3/1eKTPUYECKOro 10 ¥ TIOBEPXHOCTHAS IVIOTHOCTH
¥ 330CTpeHus NPOBONHKKA (a); NPUYHHA CTEKaHUs 3apanos (6)

YTO H y OCTPUSA, JBUKYTCH OT OCTPUS; HOHBI C IIPOTHUBOIIOIOKHBIM

3HAKOM 3apaa JBMKYTCA K OCTPHIO M YMeHBIIAIOT ero 3apafl.
Houbl, IBUAKYIIHECT OT OCTPHs, YBJIEKAIOT B CBOEM ABUIKEHHU U

HEATPaNbHBIE MOJEKYJIB, OTYEro BO3HUKAET HAMPABIEHHOE TeYeHUE
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BO3AYXa OT OCTPHs, HJIU 3jleKTpudeckuil Berep. Ero Moxkno obrapy-
JKHTh, ITOJHOCS K OCTPHIO 38KKEHHYIO CBEYY: IJIaMS CB€YH CHJILHO
OTKJIOHSIETCs] OT OCTPHSL X MOXKET OBITh ITOTAIUEHO CTPYEH 9JIeKTpH-
9eCKOTO BETpa.

PaccMoTpeHHOE CBOMCTBO 3a0CTPEHHEBIX MPOBOAHUKOB UCIIOIB3Y-
10T HA NPAKTHKE JJIs ChEeMa 3aPSI/IOB B PA3MHYHBIX YCTPOMCTRAX.

Jns npenoTBpallleHHsi CTEKAHHSI 3apAJOB y BceX NpPHGOpPOB M
MaIluH, paboTAIOIHX 110/ BEICOKHM 3JTeKTPUYECKHM HANPSIKEHHEM,
METAJUIMYECKHE HACTH AT XOPOUIO 3aKPYIVIEHHBIMH, 8 KOHIIBI
METAJIJINYECKUX CTepXKHeN CHA0XAIT MVIAAKAMU MAPHKAMHU; HAJIH-
Yhe 3a0CTPEHUM BBIZBAJIO GBI CTEKAHME 3APSIIOB M HAPYIIEHUE H30-
JISIITHHL.

§ 30. DaexTpocraruyeckuil reseparop

To obcToATENBECTBO, YTO 3APAABI BCErVIA PACIPEALISIIOTCS TO/b-
KO Ha BHeIITHeH II0BEePXHOCTHU IIPOBOIHHUKA, HCIONB3YIOT IJIsl yCTPOH-
CTBA JIEKTPOCTATHUYECKUX TEHEPATOPOB, IPEJHASHAYEHHBIX [JIF TI0-
JIydeHHsl BeCbMa BBICOKMX Hampsikenwil. Ilpueumn ux geficTBusi
Pa3bACHSIETCS ONBITOM, H300paxeHHbM Ha puc. 36. CoemnHEM H30-
JIMPOBAHHBIA IIPOBOAHUK @ C MCTOYHHKOM Hanpspkennst B (yzobuo
BOCITOJIB30BATECS  3apsi-
JEHHBIM  KOHJIEHCATOPOM
WM TEXHUYECKUM BBITPS-
MHTeJIeM Ha 2-3 TeICAYH
BOJIET) H DACIOJIOXKUM
noOJIM30CTH TTONBIH M30JIH-
DPOBaHHEIH [IPOBOJHUK 6,
COeINHEHHBI C 3JIEKTPO-
Merpom. CoenuHHM  Ha
MOMEHT IPOBOJHHKH 4 H 6
MEeTaJUINYeCKHM CTepXK-
HeM (Ha H30AUpYIOIEH
pyuke). ITposoguuk 6 3a-
PAOUTCA [0 HAIPSDKEHUs
OPOBOLHUKA @, KOTOPOE H
OIpe/Ie/ MM N0 TIOKA3AHHSIM
anekTpoMerpa. BozbpMmem
TENEepp METAIMYECKHI IIap 6, YKPENJIEHHBH Ha H30aupylomei
PYy4Ke, KOCHEMCSI UM NIPOBOJHHMKA @, & 3aTE€M BHYTPEHHEN ITOBEepX-
HOCTM TpOoBOJHHMKA 6. 3apajn mapa 8 MepelzeT DOJHOCTBIO Ha
OPOBOAHMK 6, OTHero HaNpsKeHue HAa 6 yBesmuurTcs. IIoBTOpPSS
STOT IIPOLECC MHOTOKPATHO, MBI CMOXKEM CHEJIATH HANPSKEHHE
Ha NpoBOAHMKEe 6 HAMHOrO GO/IBIINM, 4eM Ha NPOBOAHHKE a; B
IPHHIHIIE MOYKHO YBEJIHYMBATH €r0 HEOrPAHMYEHHO.

e w &

Puc. 36. IIpuHumm AeHCTBHA 3JEKTPOCTATH-
YEeCKOr0 reHepaTopa
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Tlpy noMOIM OMHCAHHOrO MPOUECCA MBI NEPEHOCHM MOJIOKHTENBHbIE 3apsi-
OBl OT Tesa ¢ BGoslee HU3KMM NOTEHIHMAJIOM K Teay ¢ Gosee BBICOKMM NOTEHIIH-
anoM. Ha nepuniit B3TAsSA 3TO MOXKET [TOKA3aAThCS YAMBHTENIBHBIM, TaK KAK [IpU
COEAMHEHMH ABYyX IPOBOJHHKOB HOJNOXXHTENBHEIE 33aPSIb BCETA TIEPEMENAIOT-
ca oT Gojlee BHICOKOrO NOTEHUMANA K 6onee vuzkomy. Ha camoMm ke nesne 3nece
HHMKAKOro IPOTHBOPEYNS HET, TAaK KaK IIpH NepeMemeHuy Iapa 8 OT 6 K 6 Mb!
UPEOOIERAEM CHJIY OTTAJKHBAHMS ¥ COBEPINAeM MexaHn4yeckyo pabory. Ioaro-
My, TiepeMeniad é No HAIPaBJIEHWID K 0, Mbl yBeJHUHBaeM MMOTEHIMA UIAPA 6.
Korga 8 okaxercss BHyTpH NOJIOCTH §, €r0 TIOTEHIMAJ CPABHAETCH ¢ MOTEHIMA-
oM 6. Takum o6pa3om, MEHON COBEPIIEHNA MEXaHMYECKON PabOTHL MBI MOXKeM,
pacroIaras MCTOMHHKOM HeDONBIIOr0 HAUPHKEHHS, 3aPAIUTL KaKoi-1u60 mpo-
BOJHUK [0 HAIPSAKEHHdA Gojiee BEICOKOrO.

TO ¥ OCYUIECTBJISIETCS B JEKTPOCTATHYECKOM reHepaTope. Oun
cOCTOUT U3 BOJIBIIOrO MOsI0ro NpokonHuKa I (puc. 37), 06BIYHO mIa-
poobpasuoit (bopMEl, YKPEIJIEHHOTO Ha H30JUDYIOLIeH KoJoHHe 2.
BHyTpH KOJIOHHBI TPOXOAUT OGECKOHEYHAS JIEHTa J W3 IPOPE3HHEH-
HOM TKaHH, ABMXKYIIAACS HA ABYX IIKMBAX 4 M MIPAIOIIAA POJE HIa-

pa 6 Ha puc. 36. Jlenta 3apsxaeTcs mpu
2MB MOMOIIH CUCTEMBI OCTPHI §, COeTHHEHHBIX
+ et C OOHWM M3 ITOMIOCOB WCTOYHHKA HAIpPH-
JKEHHS, BTOPOII IOJIIOC KOTOPOT'O 333eMJIEH.
IIporur ocrpuit, ¢ 06paTHON CTOPOHHI JIEH-
THI, [IOMEIIAIOT 333EMJIEHHYI0 IJIACTUHY 6,
KOTOpasl YBEIMYUBAET 3aPAIbl, CTEKAIIIHE
c octpust 5 Ha Jentry. llpoxoms MuMo cu-
CTEMBI OCTPHI 7, COeIWHEHHBIX C IapoM I,
2 PE3UHOBas JIEHTA OTJAeT UM IPHHECeHHBE
3apaabl, KOTOPHIE MOMHOCTEI) MEPEXOAST
HA BHELIHIOK [MOBEPXHOCTHL IIapa He3aBH-
- f,' CHMO OT TOTr0, KAKOe HANpAXKEHHe HMEeeTCs
IREEIEE MEXK/y U1apOM B 3eMJIeH.
@ 20xB MakcuManbHOE HanpsizKeHWe, KOTOPOe
4 7 IPaKTHYECKN MOXKHO IOJIyUYHTH Ha Iuape,
= OIIpEeJeNIAeTCsl yTeUKaMH 3apsSfoB C IIapa
(rnmaBHBIM 06Pa30M BCJIEACTBHE HOHH3AINH
Bo3ayxa). Hanpsokenue iapa mnepecraer
IIOBBILIATECS, KOrjia 3apsf, NPHUHOCHMbBIH
JIEHTOH B €AUHALY BPEMEHH (TOK JIEHTBI), JeJIAeTCsl PABHBIM 3apsay,
TepsieMOMy BCJIEACTBHE YyTCYKM (TOKY yredkm). [JoaroMy Ha Ipak-
THKe CTPEMSITCS 110 BO3MOXKHOCTH YBEJHYUTE TOK JIEHTHI.

DJIeKTPOCTATHIECKIE PEHEPATOPEI IPUMEHSIOT B HACTOSIIIIEE BPEMST
JUIsL YCKOPEHNS! 3apsKEeHHBIX 4acTuIl (JEKTPOHOB H MOHOB). C nx mo-
MOIBIO YJAeTCH TONYYHTh HANPSIKEHUS J0 3~5 MHJJIHOHOB BOIBT.
BricoTa Takux reneparopos gocturaer 10-15 M, a guamerp mapa —
HECKOJIbKMX METPOB, INEeKTPOCTATHYECKUE FEeHEepaTOpHl MHOTIA
IOMEIAKT B KAMEphl CO CXKATHIM Fa30M, TAK KAK WOHW3AIMS Tra3a
TIDU NOBBIIICHUW JABJIEHHS HACTYIAET NPH OGIBLIINX HANPSKEHHSIX.

NN\

I ———-

Puc. 37.  BDaexTpocTarn-
4eCKMH reHeparop
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THAABA IV
OHEPTUA SJIEKTPUYECKOI'O IIOJIA

§ 31. DuexTpUueckas eMKOCTh

PaccMmoTpuM jBa MpOBOIHHKA, MEXAY KOTOPHIMH CYIIECTBYET
3IEKTPHYIECKOe HANpPsKEHNe, U IIPE/IIONIOKHUM, YTO BCE JINHHK CMe-
MIEHHA, HCXOASIIME U3 OSHOTO NPOBOJHMKA, 3aKAHYUBAIOTCS HA, JADY-
rom. Takyoo napy HIpoBOAHMKOB ML Oy 1eM HA3BIBATE NPOCTbIM KOH-
0eHCAmMOPOM WA TIPOCTO KOHOEHCAMODOM.

ITpocTEIM KOHIEHCATOPOM SIBJISIETCS MIAPOBOH KOHJIGHCATOD, CO-
CTOSIIMA M3 JByX NPOBOAHHKOB B BHJE KOHHEHTPHYECKHX cdep
(§ 24), Tak KaK JMHHAN CMEIIEHHs, UCXOIAINME U3 BHYTPEHHEN cde-
phl, 00si3aTe/NpHO BCe 3aKAHYMBAKOTCA Ha BHemHeR cdepe. [Ise
NapaJjiellbHble NpPOBOASIIAE IIACTUHBl (IIOCKMA KOHAEHCATOD)
MOYKHO CYHTATH TaK»Ke NPOCTHIM KOHIEHCATOPOM, €CJIH PACCTOSTHHE
MeXAY IVIACTUHAMM MAJIO [T0 CPABHEHHIO C HX pasmepamu. IIpocTeiM
KOH/ICHCATOPOM SIBJISIETCS M LWANUHAPUIECKHH Kouaercarop (§ 24),
eCJIH JUTHHA [UIHHPOB BEJIHKA [I0 CPABHEHMIO C 3330POM MEXKY HH-
mu. Oba mpoBoznHHKa, 00pa3yOMKe KOHJEHCATOP, HA3BIBAIOTCS €0
obxaadKamu.

Tak Kak JIMHHH CMEIIEHHS HAYUHAIOTCA M 3aKAHYHUBAIOTCS HA
3JIEKTPUYECKUX 3apsifiaX, TO OTCIONA CJIEAYET, YTO 3apsifibl, HAXO-
Oampecs: Ha obKIaJKaxX IPOCTOTO KOHAEHCATOPA, BCEr[a PABHBI IO
MOZYJIO M IPOTHBONONOXKHBI [0 3HAKY.

HamnpsixkenHocTs moJist B 060 ToYKe MEXKAY OOKJIaIKaMM KOH-
JEHCATOPA BCErJa IPOTIOPIHOHAIBHA 3apsany o0kaanok. Ilosromy,
cornacto (17.1), u nanpsukenne U mex gy oOK/IagKaMn Bceraa mpo-
[OPUMOHAJIBHO 3apsifly OOKJIAN0K ¢

qg=CU. (31.1)

Koabduuuerr C' B 310it bopMysie HABIBAIOT IAEKMPUYECKOT M-
KOCMBIO KOHJEHCATOPA WK NPOCTO €r0 eMKOCITbIO.

Vs (31.1) cnenyer, uro ¢ = C nopu U = 1. Dro 3mauur, 9TO
€MKOCTE KOHJEHCATOPA W3MEPSIeTCs 3apsifioM, HAXOASIIEMCH Ha
KaXKJ0H 13 00KJ/IAI0K, CId HANPSIKEHUE MEXK Ty OOKJIaIKaMi PaBHO
SAUHALE.

Enunnneit emxoctn ciaysxur dapajy (P) — emkocTh Taxkoro yeau-
HEHHOT'O IPOBOAHKKA, MOTEHIIMAJ KOTOPOro NoBbimaerca ua 1 B npu
coobiiennu emy 3apsga 1 Ko

1®=1Kna/l1 B=1Kn/B.

Ha npaxTike IpUMEHSIOT TakXKe Gojee MejKHe eJUHULB eMKOCTH:
1 muxpodapan (Mk®) = 107¢ @ u 1 mukodapag (n®@) = 1012 @.
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EMKoCTL KOHAEHCATOPA 3aBHCHT OT €ro pasMepoB, POpMBI U OT
CBOMCTB CPeJbl, HaXOASencs MeXy ero o0KIaaKaMu.

IIycrs Cy — emKocTs M06OTO KOHJEHCATOPA, KOraa ero ob-
KJaJKH HAXOAATCS B BakyyMme. [IpakTUdeckn Mbl NMOJNYHIMM TY e
eMKOCTh, eCIM MeXJy oOkJyazkamu Oyner aTMochepHBIH BO3ILyX.
Ilycre gamee C' — eMKOCTE TOrO XKe KOHAEHCATOPA, €CIH BCE IIPO-
CTPAHCTBO MEXK/Iy ero OOKJIAJKAMU 3al0JHEHO KaKUM-JIu00 ApyruM
OAHOPOAHBIM AWIeKTPHKOM. OTHOIIEHUE

C/ Co=c¢ (31.2)
HAa3bIBBIOT OMHOCUMEALHOU JUINEEMPUYECKOT NPOHUUAEMOCTNDIO
HJIV TIPOCTO QUIAEKMPUNECKOT TPOHUYAEMOCTBIO JUAEKTPHKA. Ju-
IJIEKTPUYECKAs] NMPOHUIAEMOCTb € €CTh BeJHYMHA, XapaKTepU3yIo-
Iast 3JeKTPUYECKHE CBONCTBA BEIECTBA W 3aBHCSIAS OT POAA Be-
IIECTBA M OT €r0 COCTOSIHYSA (TEMIIEPATyPhl, JABJICHAS U T.1.).

OTMeruM, 4TO BeIMYMHA, ompeaessieMast popmyoit (31.2), ecTs
OTHOIIEHUE abOCONMIOTHON MHUIIEKTPUIECKON MPOHUIIAEMOCTH JTaHHO-
ro BemecTBa (£p€) ¥ BakyyMa (£9). Kak Bugno uz (31.2), sta Benn-
upHa Oezpa3MepHa. 3HadeHne abCOMOTHON ITHAMEKTPUHECKOH MPO-
HHUIAEMOCTH £gf 3ABHCHT OT TOTO0, KAKYIO Pa3MEpPHOCTs U KAK0e 3HAa-
YeH¥e NMPUITHCATH £9. B a6CONIOTHOHR 3/IeKTPOCTATHYIECKON CHCTeMe
JHHHI[ [TOJIATAlT £¢ = 1 W CYNTAOT BeIUUMHOH OGe3pasMepHOii.
ITostomy (31.2) onpegensier ofHOBPEMEHHO U a6CONIOTHYIO AMA/IEK-
TPHYECKYI0 IpOHUIaeMocTh B cucreMe enuuu CI'C.

B cucreme emunun CH gy ecTh BesimurHA padMepHas u He paBHad
exuunne (§ 4). Iosromy abcomoTnass AHIEKTPHYECKAsT IPOHHIAE-
MOCTE Berectsa B cucreMme eauxun CH ects gge.

B kauectBe mpuMepa npuBoguM B 1abi1. 1 JHSIEKTPHYIECKHE TPO-
HHUI[AEMOCTH £ HEKOTOPBIX BELIECTR:

Tabauya 1
Bemectso £ Beutecrso £
Bakyym 1 Crekno 510 **)
Bosayx *) | 1,000594 || Crmpr sTmmoseri 27
D6ouur 2,7-2,9 Bona 81

*) TIpn 0 °C u 760 MM pr. cT.

*%) B 3aBHCHMOCTH OT COpPTA.

§ 32. EMKOCTH IIPOCTHIX KOHJEHCATOPOB

EMKOCTB KOHZEHCATOPOB NpOCTOl (hOpPMEI MOXKHO BBHIYHCJIUTH.
Hast aTOro mpeaonaraiorT, 4To Ha KaXX[o# K3 OBKJIAJOK HAaXOIHT-
Csl HEKOTODBI# 3apsift ¢, B BEIMUCASIOT TOTEHIUAN B SJIEKTPUYECKOM
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ojie paccMaTpuBaemoro Kougencaropa U(z,y, z). Eua ypaercs pe-
AT 9TY 33Ja4y, TO OTCIONA IIOYIAETCs] U SHAYEHHE HAIpPSKEHUs]
Mexay obknankamu koHaercaropa U. Tlocne aroro eMKocTh MOKHO
Haittu no dopmyne (31.1).

PaccMOTpPHM HEKOTOPBIE MPUMEPHI.

IIpuwmep 1l Iiocxutl xondencamop. Bymsem caurars, 9T0O
3a30p MEXAY ITACTHHAMH MaJl 110 CPABHEHHIO C MX pa3MepaMH, Tak
uyTo KpaeBbiMi 3dbdekTaMK MOXKHO NTpeHebpeys. Pacnpenenenne no-
TeHIHajia B NoJe IIJIOCKOr0 KOHJEHCATOPa HAMH yXKe BRIYHCIEHO B
§ 24. Ecyin Ha eiMHHIE TOBEPXHOCTH OOKJIAJOK MMEETCS 3apsi] O U
JIU3JIEKTPHKOM SIBJISIETCSI BAKYYM, TO IOJHOE HANPSIXKEHHE MEXJy
00KJIaJKAMU PABHO

U= Ud/ €0,

rae d — PaccTosiHNe MeXay nuacTHHamMi. Ecnd miomans Kaxmaoi
[JIACTMHBL PABHA S, TO MOJHBIN 3aPsI MIACTUHEL eCcTh ¢ = 0S. Ilo-
3TOMY
C = q/U = g S/d. (32.1)
Ecnu IU3IeKTPUKOM SIBJISIETCS He BAKYYM, a BEIIECTBO C JUJIEK-
TPHYECKOR IPOHMIAEMOCTBIO £, 3allOHSAIOIEE BCE NMPOCTPAHCTEO,
r/Ie KMEETCsI AJIEKTPHIECKoe mosie {[TPOCTPAHCTBO MEXK Iy OOKJIaIKa~
MH), TO eéMKOCTb Byner B £ pa3 Gonpuie:

C = egpS/d. (32.1a)
Ilpu ymenbmennn paccroguus d Mexay oOKIaIKaMid eMKOCTh yBe-
JIATIHBAETCHL.

O pumep 2. Laposoti xondencamop. Ecnu Ha 0O6K1agKaxX KOH-
JIEHCATOpa HMeeTCH 3apsiji ¢, TO HANDsDKEeHHe MeX 1y oDKIaJIKaMHu B

Bakyyme (§ 24)
. 4 11
U= dmeg (E b) ?

rae a u b — paguychkl BHyTpeHHeR M BHewHelt obknanok. ITosTomy
e€MKOCTb B BaKyyMe

_q _ A4meo
C_U"l/a—l/b' (32.2)
Ecnu premnnil paguyc b ropasgo Gonsire BHyTpeHHErO @, TO dop-
MyJa YIIPOMIAeTCs:
C = 4mgpa. (32.3)
DTOT pe3y/BTAT CHPABEIJINE U B TOM CJIy4ae, eCIM BHEeNTHAA 06-
KJ1aaKa nMeeT He cheprudeckyo dhopMy, a KaKYI0 YrOZHO, PH YCI0-
BHH, 4TO ee pa3Mephl HaMHOro OosibIlle pajnyca BHyTpeHHel cde-
pel. B TakoM cMbIC/IE JACTO TOBOPSAT O EMKOCTH YeJHHEHHOIO [1apa,
XOTSI 3TO BBIPa’KeHHe BCerga 0003HauaeT eMKOCTh KOHJEHCATOpA,
y KOTOpOTO pOJIb BHeIIHelt 00KJIaJKKM MIPAOT YIaJeHHBIe MpejMe-
TLI,)H&XO,Z(HIU,I/IGCSI IPH OAMHAKOBOM IIOTEHIHAJNE (CTEHBI KOMHATH H
T.IL.).
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Ecin, maoGopot, 3az0p Mexay obkiazkamu b — e = d BecbMa
MaJl TI0 CPaBHEHHIO CO CpeJHHM paauycoM cdep 7, To (32.2) MoxHO
NpeJCTABHTL B BUJE

2
C=41r50b—'ibz~41r50% =50~‘3,
roe S = 4nr? ects IJIOMA s MOBEPXHOCTH 00Knam0K. Mel BHINM,
YTO IPH MAJIOM 3a30p€ BhIpaXkeHHUsl JJIg eMKOCTH C(hepHIecKoro M
IIJIOCKOTO KOH/IEHCATOPOB COBMA/IAIOT.

Opuwmep 3. Huaundpuuecxkut xondencamop. Ilycrs KoHzmeH-
CaTOp COCTOMT U3 [BYX KOAKCHAJILHBIX IMIMHADPOB C PAlUyCaMH @
(syTpennuit) u b (BHewHuit). JnuHy nUIREAPOB GyaeM CUHTATH
BEChEMA OOMBINOH [0 CPABHEHHIO C 3a30pOM Mexay HuMH. Hampsixe-
HUE MeXay oOknaikamu (§ 24)

b
U=-2 In2
meg o’

rie g1 — 3aps] Ha eOWHHUIY JIHHBL MuIMHEAPOB. IlosToMy eMKoCTh
IHMHIPHYIECKOTO KOHJEHCATOPA B BaKyyMe Ha KaXIYIO eJHHHIY
JJIUHL] PaBHA
_q _ 2meo
C) = U= /ey (32.4)
Ot1a dopMyna BEIPAXKAET, B 4aCTHOCTH, EMKOCTh Kabess, KOTOPBIi
COCTOMT H3 METAJIJIMIECKOr0 IIPOBO/IA, OKPYKEHHOTO CJTOEM H30JISITO-
pa n MeTasuIHdeckoit Gponeit; Beipakenue (32.4) cieyer YMHOXKHATE
ellle Ha JUSJIEKTPHYECKYIO TPOHHIIAEMOCTE £ BEIECTBA H30JISITOPA.
Ecnu paccrosiane Mex gy mwiuaapaMu b — o = d Masro no cpas-
HEHHIO ¢ HX paguycamu, To (32.4) ympomaercs. B stom ciyuae
In (b/a) MOXKHO Pa3/IOKATE B Psii B OrPAHMYUTECS TOJNBKO 4IEHOM
NEPBOr0 HOPIIKA:

In(b/a) =In(1 + d/a) =~ d/a.
IosTomy

dfa = d’
rae depez S o603HaveHA IIOMAAE MOBEPXHOCTH OOKIAJOK HA eH-
HHIY JJIHHBI KOHZeHcaTopa: § = 2ma. U B 3ToM ciiy4ae eMKOCTh
BEIpazKaeTcst TOH e (POPMYJION, YTO U IJIS IUIOCKOTO KOHJEHCATO-

pa.

2
¢, = Zmeo _ &S

OTMeTHM, 4TO TOT Pe3yJabTAT HMeeT OBHIMI XapaKTep M CIOpa-
BEJJINB JNsl KOHIEHCATOPOB C OOKMamkaMu Jio6ol (bOpMEIL, ecamu
TOJILKO 3330p MeXJAy 0OK/IaJKAaMH MaJl [I0 CPABHEHHMIO C PAJUyCOM
KpuBH3HE 06Knamok. OH sIBJSIETCS CJIEACTBHEM TOro, 4To Jroboe
HEOJHOPOAHOE ITOJIE HA MAJILIX PACCTOSHUSIX MOXKHO PACCMATPHBATE
KaK OJHOPOIHOE.
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ITpuwmep 4 Hsyrnposoduas aunusa. PaccMoTpuM Temeps
JIBa HapaJlJIeJIbHBIX LMIHHIPHYECKMX INIPOBOJA C pajHUycaMHM a H
paccroguaueM Mexay ocsmu d (puc. 38). Bynem cumrarh, 4To BCe
OCTaJIbHBIE TeJIa, BKJIOYAsi M 3€MJII0, Ha-
XOHSATCS HA PACCTOAHHUSX, OOJBIIMX IO
CPaBHEHHMIO C d, ¥ IT03TOMY Oyzmem paccMma-
TpuBaTh 064 IPOBOA KAaK IPOCTON KOHIEH-
carop.

Ecnu paccrosiHre d cpaBHEMO C @, TO

3apsiipl OYAYT pacnpenesnieHbl 110 IIOBEPX-
HOCTH NPOBOJIOK HEPAaBHOMEPHO, ¥ BBIYHC-
JNeHre JIEKTPUIECKOro monst Gyfer cnox- p . aq Snexrprdeckoe
HbiM. [To9ToMy MBI NDEANONONKHM, 9IO povo noosrmononuod s
d > a. B sTom ciy4ae oba DUIMHIPAE 3aP9-  ypy
JKeHBl PABHOMEPHO, U HANPSDKEHHOCTH I10-
JIs1, CO3MaBAEMYI0 UMH, MOXKHO HaiTi no dopmyse (13.9). Tak kak
HAIIPSIKEHHE B JJIEKTPOCTATHIECKOM I10JI€ He 3aBUCHUT OT (POPMHI ITy-
TH, TO JJISI €r0 BBIYHCJIEHHs Mbl BHIOGepeM NPOCTERIMUN NYTH B BHJIE
NPsIMOii JIMHEH, COEIMHSIIONIENl OCH IPOBOJOB M NEPINEHARKYIADHOMK
K nx nosepxHocTy. Hanpspkennocts nons F B kakoit-nu6o Touke
Ha sroit umny (puc. 38) pasHa

1 q1 1
E=_2 -
2nep £ @ 2meg d—1x

Tle i — 3apsiji Ha eIMHHUINY JJTMHB NPOBONOK. [losTOMy Hanpsixke-
HREe U Mexay nposogamu

d—a d—a d—a
d—
U= f Edg = 2 f dz & f e _ @ qpd-e @ d
27eq r 2mep d—=zx wEQ a TEQ a
a a a
EMkocTs ABYXIpOBOJLHOM JUHUMA HA KAKAYIO €IUHHUILY JJIHHBL
S
Or=2 = (32.5)

Enunnia ay1eKTpuyecKoil ocToaHBoM €. [TousTue anek-
TPUYECKON €MKOCTH MCIONL3YIOT B cucTeMe exuuun CH mnst ompe-
JAeJIeHUs] eIUHUIBI IEKTPUIECKO MOCTOAHHON £y. Ilonp3ysach, Ha-
npumep, ¢dpopmysiont (32.1), umeem

g0 = Cd/S.

Hopcrasnss croga BMmecto C, d u S UX eJMHULBI, HAXOIUM €IIHUITY
AIEKTPHUIECKOR ITOCTOAHHON:

leg=1@-1Mm/1M2=1®/y;

OHa nosryunsia Ha3saHue dapan Ha MeTp (P/m).
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§ 33. MeTon 3epKANLHBLIX N300pazKeHuii

IIpu pacuere SMEKTPHYECKOTO NOJA M BEIYHCIEHUH €MKOCTH
OBIBAET I0JIE3€H BCIIOMOTATEILHBIM IpHeM, HA3BIBAEMBIH METOHOM
3EPKAJIBHBIX H300paKeHUH 3apsagoB. DTOT METOI OCHOBAaH Ha CJie-
JAVIOIEM OUEBHIHOM ITOJIOKEHMH: €C/IM B SIEKTPHIECKOM I10JIe 3aMe-
HATH KAKYI0-JTNO0 9KBUNOTEHIUANBLHYIO TOBEPXHOCTH MPOBOJHIKOM
TOi ke HOpMEI M CO3JATH HA HEM
IIOTEeHNHAaJ, PaBHBI IOTEHIIMAJIY pac-
CMATPHBAEMO! IKBHIIOTEHIIHAIBHON IO-
BEPXHOCTH, TO 3IIEKTPUUECKOe IOJIe HE
HU3MEHUTCS.

[IpuMeHMM 3TO ITOJIOKEHKE K 3JIeK-
TPHYECKOMY TOJIO JABYX TOYEUHBIX 3apsi-
JI0B +q ¥ —q, PACIMOJIOKEHHBIX HAa pac-
crosgunu 2h apyr ot gmpyra (puc. 39).
PaccmaTpusaemoe nosie MOXHO pasgme-
JIUTh IINOCKOCTbIO AA Ha JABe paBHBIE Ya-
CTH. DTa IIOCKOCTE OyeT Be3jle nepies-
Pnc. 39. Ssexrpuueckoe no- ukynspHA K JHHHSM HAIPSKEHHOCTH
7€ MEXAY TOHUEHHBIM 3api- pong g CcIegOBATENbHO, GYJIET 3KBUIO-
AOM B MPOBOASINEH TIOCKO™  popyiya mpHOfi NMOBEPXHOCTHIO. I103TOMY
creIo ecit B AA HAXOOUTCS HEOrPAaHHUYEHHAS
HIPOBOJAINAS TIOCKOCTh, TO [0JI€ MEXKAY ITOH IJIOCKOCTHIO M 3apsi-
JOM +q He H3MeHUTCs u OyAeT COBHaNaTh C MOJIEM JABYX TOYEUHBIX
3apsifioB +¢ U —¢. DTO HO3BOJISIET MNPOCTO YUECTh JIEHCTBHE HHIY-
HHMpPOBAHHBIX 3apsiZIOB HA MPOBOJAINEH [IJIOCKOCTH.

3apa; —q PacCIIoJIOXKEH 33 IVIOCKOCTHIO HA TOM Ke PACCTOSIHAY h,
YTO W 3aPSLT +¢ HaJ, IVIOCKOCTEIO, U TIO3TOMY SBJISETCS €70 3ePKaJTh-
HBEIM H300paskeHHeM B NpOBOjsiIIel mjockocTu. Ilostomy wHaitnen-
HBI# pe3yJsIbTaT MOXKHO COPMYJIMPOBATE TaK: EKTPHUECKOE IOJNEe
MEXIY TOYeIHBIM 3apsifoM M OeCKOHEeUHON NpoBOAsmIeH IJIOCKO-
CTBIO COBIIAJAET C IOJEM, CO3JABAEMEBIM DACCMATPUBAEMEBIM 3apsi-
JIOM H ero 3epPKaJbHbIM H300pakeHHeM B IPOBOAAINEHN NJIOCKOCTH.
Wnm, nrade: peficTBre NpoBOAALIel MJIOCKOCTH C ee HHAYIHPOBAH-
HBIMH 33psiiaMH MOXKHO 3aMEHHTh JEHCTBHEM TOYEYHOIrO 3apsia,
SIBJISIONIErOCH 3€PKAJBHEIM H300pakeHueM JaHHOTO 3apsi/ia B IIPO-
BOASIINEHN IJIOCKOCTH.

IIpuMeRHM PACCMOTPEHHBIM METOX K BHIYMCICHMIO EMKOCTH IIH-
JIHHAPUYECKOT0 IIPOBOJA C PAJMYCOM @, MOABELIEHHOTO HA BBICOTE
h unap 3emJieit. Takoif cayuat Mbl HMeeM B BO3AYIIHOM Tenerpad-
HOIt UHUHE. JIMHUE HANPSKEHHOCTH ITOr0 NOs (B IIJIOCKOCTH, Hep-
IEHAMKYIISIPHOI K MpOBOAY) OyayT H306parkarsCsd TaK Ke, KaK Ha
puc. 39. [Tone B mpocTpaHcTBe MeXxJAy NPOBOAOM M 3eMieit 6yzer
COBNIAZATE C HOJIEM NPOBOJA M €0 3epKAJBLHOTO u300pakemus, w
[I0TOMY 33/1a4a CBOMUTCS K CJAYYal0 ABYX MapaJulebHEIX NPOBO-
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n0B. OJHAKO HAIPSDKEHHE MEXJY HOBEDPXHOCTHIO 3€MJIM M MPOBO-
JOM IIPH TOM >Ke 3apsifie IPOBoja OyAeT PaBHO TOJBLKO IIOJIOBHHE
HANPSDKEHUs MEXAY JBYMS [IPOBOAAMH, &, 3HAYUT, EMKOCTb Gyer
B gBa pa3a Goablie. YMuOXas Ha 2 cooTHomenue (32.5) u nonaras
B HeM d = 2h, HaiiieM BbIpa’keHHE /il EMKOCTH €JHHHIBI JAJIMHEI
npoROAa Haj 3eMJell B BUIe

27e

§ 34. DHepruda 3apA>KEHHOT0 KOHIEHCATOPA

Ecnu o6kmamxu 3apaKeHHOr0 KOHAEHCATOPA 3aMKHYTH METaJ-
JIMYECKHM ITPOBOJHUKOM, TO B HEM BO3HUKHET 3JIeKTPUYECKUil TOK, a
KOHAEHCATOD PaspsaauTcd. DJIEKTPHIeCKHHE TOK Pa3psaia KOHJEHCA-
TOpa BLLOE/AET B [IPOBOJHUKE ONpPEAEeHHOe KOMUYECTBO TEIJOTH,
a 9TO 3HAYHUT, YTO 3APsKEHHHIN KOHIeHcATOp 00MagaeT sHepruei.

Tak, ecmu B cxeme puc. 40 nepesecT nepekaoyarens K B no-
Jaoxenne I, To koupencaTop C OKaXKeTCst COeJMHEHHBIM C GaTapeeit
2J1IeMEeHTOR B W 3apsiiUTCs [0 HANpsKe-

mus barapen. IIpu nepebpackisanuu me- 2Ky
peKJIIodaTesIs B IOJIOXKeHHe £ KOHAEHCa- 1
TOP Pa3pIKAETCs Hepe3 MEKTPUIECKYI0 -
JIAMIOYKY, KOTOPas JaeT BCIBILKY. ‘X’ c _:_5
BuiugciuM  3HEPTrUI0 3apPAKEHHOT'O T T

KOHJieHCaTopa. Jns 9Toro mpeacTaBum
cebe, YTO KOHIEHCATOD 3apSDKACTCH, W
0603HaMHM Hepe3 u MrHOBeHHoe 3mawe- uc. 40. IIpu paspsaxe xom-
HUEe HANPAXKEHUS MEXJAy ero obkjaj- HeHCATOpa HEDE3 S/eKTpmHe-
kamu. Ilpomecc 3apsiKé OymeM CUi- oo JaMuy ero Sueprud npe-
BpalaeTCcd B TEILIO

TaTh 6ECKOHEYHO MEJIEHHBIM {KBa3UCTA-

THYECKUM), OJIarasi, YTO HANpPsDKEHHe 0ATADEH M PABHOE eMy Ha-
IpsIKEHUE MEXJY OOK/IAJKAMM GECKOHEYHO MEJJIEHHO yBeIUdUBa-
oTca. B aToM ciydae moTeHuMan KadkIolt 3 obKIanok B JIOOOM
MOMEHT BpeMeHH Oyjer HMeTh Be3je OfHO U TO e 3Hadenue. Eciu
3apsi/ 0OKJ/IAZ0K YBEJIMIMBAETCH HA, MANYIO BEIHUYMHY dg, TO COBEp-
MIaeMasi IPH 3TOM BHeruHsist pabora 6 A (B JanHOM ciy4ae 6atapen),
corytacuo § 17, pasua

0A = udg.

Bsipaxast B aroi#i dopmysie 3apsa 00KIAJ0K ¢ Yepe3 HANPsKEHHe
no dopmyse (31.1), nonyunm

6A = Cudu.

Ecmu eMKOCTB He 3aBUCHT OT HAIPSIXKEHHUS (IEKTPUYECKOro 1oJd ),
To paboTa A uaer Ha yBeJWYEeHHe SHEPruM KoHAeHcaTropa dW. Nu-
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Terpupysi BeIpakeHue s 6A Mex;y sHaueHHSMM Hanpspkerus 0
(nauamno zapsaku) u U (xoHer 3apsaKH), notydaeMm

U
A=W =C [udu=;CU (34.1)
0

3aBHCHMOCTb IHEPIHUH KOHAEHCATOPA OT EMKOCTH U HATPSIXKEHUST
MOXKHO TAKe [0KA3aTh B ONUCAHHOM Bhiiue onbire (puc. 40). Ecim
YBEJIUYUTE HampsoKeHue Oartapew (yBeJHYMBAs, HANpUMep, WHCIO
MOC/IEJOBATENEHO COEAUHEHHBIX SJIEMEHTOB), TO JAMIOYKA BCIBIXH-
BaeT ropasmo spde. Ecau, ocraBnsst Gatapero HeM3MEHHOMN, u3Me-
HATb €MKOCTh KOHJIEHCATOpa, TO C YBEJHYEHHEM €MKOCTH HAKaJs
JIAMITOYKH YBEJHYHBAETCS.

Honeaysick cooTHOmerneM (31.1), MOXKHO NPEACTABHTE BLIPAXKE-
HHMe JJIs1 SHEPrHH 33PsKEHHOr0 KOHIEHCATOPA TaKxke B JIIo6OM U3
CIIEAYIOIIUX BUJIOB:

_1 2_ 1 2 1

Brnaromapst cnocobrocTr 3anacars B cebe 3HEPIHIO KOHAEHCATO-

PBl HTpaloT GONBIIYIO POIL B JIEKTPO- H PAJUOTEXHHUKE.

§ 35. CoeaquHenue KOHOEHCATOPOB

Ecnu manpsikeH#e Ha KOHAEHCATOPE CAENATH CIWIIKOM O00Jb-
HIAM, TO KOHZEHCATOpP <«NpOBHBAETCH», T €. MEXAY €ro oOKJajKa-
MM BO3HMKAET MCKpa (BHYTDH AHAIEKTPHKA MJIH IO €0 NOBEPXHO-
CTH) B KOH/JIEHCATOP HOPTHUTCH BCJICACTBHE HADPYIHEHUS H30JISII{HH.
IosToMy KaxKIplit KOHAEHCATOD XapaKTepH3yeTcsl He TONBKO CBOEH
eMKOCTBIO, HO €Ill¢ § MAaKCHMAJIBHBEIM pabounuM HANPSAKEHHEM.

JJ1s1 Toro 4To0HI, pacrosarasi OnpeesIeHHbBIMH KOHIEHCATOPAMH,
OCYIIIECTBUTE JKEJIAEMYIO €MKOCTh IIPpH HYKHOM pabodeM HAIpsKe-
HUH, KOHJECHCATOPLI COeAUHAIOT B GaTapen.

HH
<

Puc 41 CoeapHeHus KOHAECHCATOPOB

Ha puc. 41 a mokazano napaJsulespHOe COETHHEHNE KOHIEHCATO-
poB. B 3atom cinydae obmM AJist BCeX KOHJEHCATOPOR SIBJISIETCS Ha-
npsikenne U, 1 Mbl HMeeM

q =CU, gq2=CoU,
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CyMmMapHbIit 3apsj, Haxogdmuiicsa Ha 6aTapee, paBeH

q:ZQt:UZCH

U TO3TOMY e€MKOCTh OaTapen

c=1=3 0. (35.1)

EMkocte 6aTaper KOHAEHCATOPOB, COEIWHEHHBIX NapaJljelbHO,
paBHA CyMMe eMKOCTelt OTAebHBIX KOHZEHCATOPOB. TakK Kak B 3TOM
clIydae HaIpsXKeHHe Ha KaXK/IOM KOHIEHCATOPE PABHO HANPSIKEHHIO
Ha GaTapee, TO M JAOoNycTHMOe pafodee HaNpspkeHue baTapen Gyzer
TAKUM >Ke, KaK ¥ y OJHOr0 KOHJIEHCATOpA

Ha puc. 41 6 n306pakeHO HOCJIEN0BATE/EHOE COEIUHEHHE KOH-
IIEHCATOPOB. B 3TOM Cilyde OAUHAKOB JIJISI BCEX KOHJEHCATOPOB 3a-
PsiT ¢, PABHBIN NOJHOMY 3apsny OaTaped, H MEl MOXKEM HAIMCAThH

Ui =4q/Ci, Us=q/Ch.

Hanpsxerne xe Garapen Oymer paBHO CyMME HANPS’KEHWHA HA, OT-
IeNBHBIX KOHJEHCATOPaX, T.€.

U= U=4¢3 &

TTosromy mnst emxoctu C Bceit 6aTapen, HAXOZUM

1 1
== > & (35.2)
ITpn mocyIeI0BATENEHOM COEIHHEHHH KOHIEHCATOPOB CYMMHDY-
IOTCsi 00paTHBIE 3HAYEHHsI eMKocTeit B 3TOM ciydae HampsKeHHe
Ha KaXkJIOM KOHZeHcaTope OymeT MeHbIle HAIPSIKeHUs Ha Oarapee,
| T03TOMY JonycTuMoe pabouee nampsixenwe byner Gonbiue, dem y
OJTHOTO KOHJEHCATOPA.
Ha puc. 41 6 nokazano CMeIIaHHOe COeIUHEHHE KOHIEHCATOPOR.
EmkocTb Takoit 6aTaped JIerKO ONpeAeInTb, NONB3YsICh (hopMyIaMu
(35.1) u (35.2), 4TO MpeAOCTABNAEM CAENATH CAMUM UMTATENISIM.

Hicrions3ys Ha npaKTHKe COeNMHEHHE KOHAEHCATOPOR, CIeAYeT BCErJa MMETh
B BHAY, 9TO AU3JEKTPHK JI000T0 KOHAEHCATOPA HE ABAACTCH HMIEAIHHBIM M30-
JAATOpOM H, XOTA OB 04YeHb C/1abo, NpoBOJUT 3jeKrpudecTso IlosToMy BCaxwmit

C2 Cl C 2 C 1

— e

1o H

8
”\ =0
=

7] 8

Puc 42 DxsuBajeHTHBIE CxeMbI KOHJEHCATOPOB C yTeIKAMHM

PeAJILHELH KOHAEHCATOD MMEET HEKOTODPYIO YTEUKY 3apAJOR M MOXeT GRITh u30-
Bpaken sxeupamenTHON cxeMOH (puc 42 a) B BHIE MIEATHHONO KOHIEHCATODA
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C (6e3 yreyku) B NApaUIEIBHO NPUCOEARHEHHOTO BOIBIIOro CONPOTHBIIEHNUS T.
B cnyuyae nmapaj/uienbHOTO COeUHEHNs KOHIEHCATOPOB YTEYKH He HTPAIOT OCo-
60it ponM ¥ HApsXKeHHe Ha Kad oM KOHIeHcarope Oyier paBHO NO-TIPEKHEMY
TonmHOMy HanpsskeHuio 6atapen. He To, opHaxo, 6yJeT NpH IOCIEN0BATETBHOM
coenpmenmu. Ecn xonnencarop Cy (pHc. 42 6) 6e3 yTedxH CoequHeH NOCAE0pa-
TennHO ¢ KougencaropoM C1, 061aa10uM yTedKOH 71, TO C TedeHHeM BpeMeH:
koupencarop C, Gyzer pa3psaxkaThcs, M B KOHIE KOHLIOB Ha KoHLeHcarope Cf
oKaXkeTcs TIOJIHOe Hanpskenue 6atapen. B peanpuom caygae obomx KonaeHca-
TOPOB c yTeukamu (puc. 42 6) yCTAHOBMBIINECA HANDsIXKeHus 6yLyT 3aBHCeTH He
OT eMKoCTeH, a oT yreuek. Ha xopnercaTope ¢ Meubliielf yregkoii 6y et Gonbmee
HanpsixeHHe, ¥ oE Moxer boirs 1npobur. IlosTomy nocrenosarenphoe coequne-
HHE KOHAEHCATOPOB He NPHMEHAIOT IPH paboTe C MOCTOAHHBIME HAODAKEHHAMH,
a MCHOJIB3YIOT €ro B LENAX TIePEMEHHOTO TOKA.

§ 36. Cio2kHBIE KOHIEHCATOPEI

Jlo cux mop MBI paccMaTPHBAJIH JIKIIL NPOCTHIE KOHAEHCATOPHI,

B KOTOPBIX BCE JIMHHYW CMEILEHMSI, UCXOJsIINie U3 OJHON OOKJIAIKH,
3aKAHYMBANUCL HA JApyro#f obran-

ke. Omuaxo Moryt ObITE M Bosee

% CJIOKHBIE CIydad, KOTAA JIMHUH
CMEIUEHNsI PACTPEeNIsIOTCS  MeX-

[y HECKOJIBKHMH  IPOBOXHHKAMH

(puc. 43). Takyw cucremy mpo-

’ BOJHUKOB Mbl OymeM Ha3bIBaThb

& @ CAOHCHBIM KOHJIEHCATOPOM.

‘ B sroMm ciydae s3apsim Kakoro-
' qubo ®3 Ten OyAET 3aBUCETh OT

A NOTEHOMAJOB BCEX NPOBOJHUKOR,

VYACTBYIONIHX B OOpa30BaHHM
Puc. 43. TTone criosuoro xompen- PIEKTDHHEECKOrO MONS. DTOT 3apsij
caropa MOJKHO HAHUTH CJIEAYIONIM O6paz3oM.

Paccmorpum nposoguuk 1 (puc. 43)
M BHIJEJIMM HA HEM YaCTh [OBEPXHOCTH af, KOTOpas COeIMHsSeTCS
JIMHUSIMM CMEINEHHs. TOAbKO C MpOBOZHMKOM 2. 3apsis Takoro
y4acTKa paBeH g5 = CasUrs, e Cgs — eMKOCTh yuacTka ab
oTHocuTeNnsHO Tena 2, a Ujg — Hanpspkeduwe Mexny Tteaamm [
H 2. AHaJOTMYMHO JJIst APYTOro Y4YacTKa MOBEPXHOCTH 08 HMeeM:
gse = CgeUr3 1 T.11. TloaToMy mostHBI# 3apan Tena ! 6ymeT paBen

q1 = CosUrz + CosUrs + Coal1s. (36.1)

3necs depes U4 0603Ha4EHO HAIPSDKEHHE MEXK Y IPOBOAHHKOM [ U
TEM TEJOM, HA KOTOPOM 3aKAHYUBAIOTCS JIMHUM CMEINEHHS, HAYIINE
C y4acTKa 6q.

BMecTo HanpsiKeHHi WM PA3HOCTE! MOTEHINAJIOB MEXIY KaK-
Joit mapoit nposoguuKoB Ui, Uyg, ... Mbl Moxem BeecTH B (36.1)
norenipasisl Uy, Us, ... KaXKI0ro U3 IPOBOAHUKOB (HANPHEMED, OT-
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HOCHTEJILHO GECKOHEWHOCTH):
Urp =U1 — Uz, Uz =U;—Us,

IMoacraensia stu Beipaxenuss B (36.1), monyumm st 3apsiga ¢
ONIATH JHHEHHYIO (DYHKIHIO MOTEHIHAIOR BCEX MPOBOAHUKOB B BHIE

q=CnlUi +CpUs+...= ZCIkUk- (36.2)
k

W aBajioruyHO 4151 3apANOB APYTUX NPOBOTHHKOE MMEEM

¢ = Z Cik U, (36.2a)
k

riae i — HoMep npoeonHuka. Koadpdunuenror Cy B 3THX dopMynax
HMEIOT NPOCTOH bu3mydeckuit cmuica. W3 (36.2) puamo, uro Ch; pas-
HO 3apsiiy NPOBOAHUKA I, KOrJa ero NOTEHIHAJ PABEH €IUHHUIE, a
DOTEHIMAIBL! BCEX APYTUX MPOBOJHUKOB PABHBI HYJIO; K03hdUiu-
enT Clo paBeH 3apsiiy HA Tejle I, KOTJa MOTEHIHAN Tea 2 paBeH
eIUHUIE, & MOTEHIMAbI BCEX OCTAJBHBEIX Tell (BKJOUas u Teno 1)
paBHbI HYI10, ¥ T.0. Cjr 3aBUCAT OT (DOPMBI H PAa3MEPOB paccMa-
TPHBAEMBIX NPOBOJHHMKOB, OT HMX B3aHMHOTO DPACHONOXKEHHS M OT
CBOMCTB OKDPY2KaloIIeil Cpesl.

Curcremy ypapneHu#i (36.2a) MOXHO pa3pemHTh OTHOCHTEBHO NOTEHIMA-
aos Uy u# BBIpa3uTs, HA060POT, BCE MOTEHUHAJL Yepe3 HOJHBIE 3apaisl Mpo-

BOOHVKOB. IloTeHIHa bl IPOBOMHUMKOB OyAyT Takke JHHEHHBIMH DYHKIHUAMHE
3apsiZIoB, M MBL MOXKEM HAIMCaTh:

Ur=)  puds- (36.3) }

+
T

ul QY1118 5
Mo:xHo nokasaTs, uro Kosbdn-  _p=y | il /: i a2 :_\

meHTsl C,x M Pk VAOBJIETBOPHIOT 5 =

YCIIOBHSIM CHMMETPUH ~-IH+ | +- H=1- | -+
Ci = Ckz, Pk = Pk, —

= i 4 =

Ha 9YeM, ONHAKO, Mbl Hé OCTaHAaBJIM- ] \\

BaeMcd. = = —1

Msi BHAMM, UYTO B CJOy- =
Jae CJIOKHOIO KOHJEHCATOpa
3apaj mo60ro U3 NPOBOAHH- Puc. 44. Ilpumep CIOKHOFO KOHEEHCA-
KOB ONpejessiercss HOTEHIMA- Topa
JIaMH BCeX NPOBOJHHUKOB. [lo-
SCHMM 3TO HA [POCTOM IpHMeEpe. PaccMOTpUM UM/IMHAPHYECKHit
KOHJeHCAaTop BO/IM3M IOBEPXHOCTH 3eMJIM (3a3eMJIEHHBIX IIpe/Me-
ToB) (puc. 44). MBI uMeeM 34€Ch TPH NPOBOJHHMKA: BHEIIHIOK 06-
KJIaJKy, BHYTPEHHIO OOK/IaHKY M 3€éMJIIO, ¥ B mpaBoid gacTu ¢bop-
Myaisl (36.1) 6yayT asa unena. O6o3uaunm gyepes C' eMKOCTh 06erx



74 SHEPI'HH SJEKTPHYECKOTO NOJS I 1v

00K/ 0K, & 9epe3 ¢ — €MKOCThL BHelrHe# O0OKJIaJKH OTHOCHTE/Ib-
HO 3eMJIM (€MKOCTBIO CTEPXKHSI OTHOCUTEBHO 3eMJIH npeHebperaeM).
Ecnu coeIMHATE BHEIIHIOW 00KaaKy ¢ 3emieit, To Uyg = 0. IlosTo-
MY NpH 3apsPKEHMM KOHJEHCATOPA 0 HampsKeHWst U OH HAKOIHUT
3apsj

q = CU.

Ecnn ke coenMHUTH ¢ 3eMJielt BHYTpEHHIOW 00Kk1aaky, To Uiz He
PABHO HYJ/IIO M PABHO HaNpsKeHHio HA Komaencarope U. IlosTomy
IIPH TOM >Ke HAIIPSDKEHHMH 3apsiji KOHeHcaTopa 6yaer Gosble, wem
B MEPBOM CJIy4ae, a HMEHHO

g2 = CU + cU.

§ 37. DHepruga 3NeKTPUIECKOr0 I10JId

Mgl BHenn, 4TO 3aps’KEHHBIR KOHAeHcarop objajaer onpeie-
neHHoft 9Heprueii. [TosToOMy MOXKHO MMOCTABHTE BONPOC O TOM, THe
HMEHHO COCpPEIOTOYEeHA, JIOKAJH30BaHa 3Ta 3Heprusa. Moxkno, Ha-
IpHUMep, NPEe/No/araTh, 4TO SHEPrHsl COCPeJOTOYeHa Ha, O0KJIa-
KaX KOHJEHCATOPA, T.€. Ha IeKTpuyeckux 3apsgax. OgHaKko MOXK-
HO TAKXK€ JOMYCTHTH, YTO SHEPrusl KOHIEHCATOPA COCPEAOTOUEHA B
€ro 3JIEKTPHYECKOM I10JIE, T.e. B IIPOCTPAHCTBE MEXKAY OOKJ/IaJKaMH.
TosibKO OUEBIT, OYEBHIHO, MOXKET JATHL PEIIEHUE 3TOrO BOMPOCA.

TToka MBI paccMarpuBaeM MOCTOSIHHEIE 3/IEKTPHUYECKHE TIOJIS, Ta-
KOIi OIBIT HEBO3MOXKEH, TaK KaK B 9TOM CJIy4ae MbI BCErJa HMEEeM
3apsbl, OKPYKEHHbIe 3JIEKTPUUECKIM T0JIeM, i, Ha060pOT, — 3/1eK-
TPpHYECKHE MOJIsSi COBMECTHO C d/eKTpHYecKHMH 3apsaiamu. Opna-
KO HMHTEPECYION[He HAC OMBbITHHIE NaHHBIE MOXKHO IOJYHYMTh, pac-
CMaTpHBasl NoJsl, NepeMeHHble BO BpeMeHH. Hmke Mbl yBHAHM
(r1. XXIII), uro CymecTByOT 3IeKTPOMAIHUTHEIE BOJIHBI, IIPEJCTA-
BJISIIOIIME COBOM MIeK TPUUECKHE W MATHUTHBIE IIOJIS, H3MEHSIIOINECs
BO BPEMEHH U PACUPOCTPAHAIOIMIMECS C ONPEJEIEHHOM CKOPOCTHIO B
MPOCTPAHCTBE. DNEKTPUUECKHE TOJA B NEKTPOMATHUTHBIX BOJIHAX
MOKHO IIOJIy4IuTh 083 3JIEKTPHYECKHUX 3aPsi/IOB, IIePROHAYAJILHO I10-
POAUBINMX ITH MO (TAK XK€ KaK W MArHUTHbIEe Noast — 6e3 aiek-
TPHYECKHX TOKOB, HX Mojep:kuBaionyx). ONBIT [OKa3HIBAET, 4TO
3JIEKTPOMAarHUTHBIE BOJIHBI 3aKJIIOYAIOT B cebe U IePeHOCHT HEep-
PHIO, W 3Ty JHEPTHIO MBI C YCIEXOM HCIOJIB3YEM B PATHOTEXHUKE
JJIST TieJIell CBSI3H M B APYTHX TEXHUYeCKHX ycrpoitcTeax. Pakr cy-
HIECTBOBAHUSH WIEKTPOMATHHMTHEBIX BOJIH ITO3BOJISIET OTBETHTH HA I10-
CTABJIEHHBI! BBILIE BOIIPOC ¥ 3AKIIOYUTL, YTO SHEPTHUSI COCPEIOTO-
YEHA B IEKTPHYECKOM IOJIE.

YunThiBas 3TOT PE3YJILTAT, MBI MOXKEM ITPe00pa30BaATE BEIPAXKe-
mue (34.1) mns 3Heprum KOHAEHCATOPA TaKHUM 00pa3oM, UTOOHI B
HEr0 BXOAWIA XaPAKTEPHUCTHKA IO — €0 HANPSKEHHOCTh.
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PaccMoTpuM CHauasa ogHOpomHoe moje W npumenuM (34.1) k
IIJIOCKOMY KOHJEHCATOPY. MBI monyunm

_leeaS 42 1 U\?

=5 U —5550(-&—) Sd.

Ho U/d (cp. § 19) ecrs manpspkenrocts nois E, a Sd — obbew,

3aHUMAaeMblit osieM. MBI BHJHM, 4TO YHEPTHS OJHOPOIZHOTO IMOJIS

OPOIOPIHOHANBHA 00beMy, 3aHuMaeMoMy noseM. [fosToMy neneco-

06pa3HO TOBOPHTH 00 SHEPruH Kaxkmaoi emuuuisl obbeMa, wiau o6

00bEeMHOI MJIOTHOCTH 9HEPTHHU 3/1IeKTpHyecKkoro nonst. OHa paBHA
u= %EsoEz. (37.1)

[pu nony4denun dopmyn (34.1) u (37.1) MbI IpeAnonaraiy, To
eMKOCTE KOHJEHCATOpa, & 3HAYMT, U JUIEKTPHIECKas MPOHHLAe-
MOCTE NMOCTOSTHHEL. IIpH 9TOM MBI CYMTAINH, YTO BCS BHEIIHAS paboTa
(ncToYHHMKA TOKA) IPEBPAINAETCH B SHEPTHIO JIEKTPHUECKOTO IIOJIS.
DTO COBEPILIEHHO TOYHO JAJist BaKyyMa, U nodroMmy ¢opmyna (37.1)
op# € = 1 BHpaxaer 06bEMHYIO IJIOTHOCTL SHEPIHH 3JIEKTPHYECKO-~
ro Mojist B BaKyyme. B auaneKTpHukax, Boobime TOBOPSI, 9TO He TaK.
IIpy co3maHUM 3JIEKTPHYECKOrO MOJs JHIMEKTPUKH MOTYT Harpe-
BaThCA. X 00beM M MJIOTHOCTEL B IEKTPHYECKOM I0J€, JaXKe MpH
HEM3MEHHON TeMIIepaType, MOIYT U3MEHATECH (BCIeJCTBHE SBIIEHUS
anekTpocTpukimd § 45). JIussiekTpudeckasn ke NPOHUIAEMOCTD 38~
BHCHT OT TEMIIEPATYPHl ¥ IJIOTHOCTH BEIIECTBA U HE OCTAETCS IIO-
crosinuoit. Kpome Toro, BHemHSs paboTa MCTOYHHKA TOKA MOMKET
He IIeJIHKOM IEepPEeXOUThL B IHEpruto mosnd. IloaroMmy B obineM ciy-
qae dbopmyna (37.1) He To4HA.

B panvueitiieM Mbr OyieM cYMTATH, 4TO O0BEM 7 CpeABl H ee
IUNIOTHOCTh OCTAIOTCS [OCTOSHHBIME (HE M3MEHSIIOTCS B IEKTPHUE-
CKOM TI0JIe HJIH MONJEPKHUBAIOTCS HEM3MEHHBIMH).

Dopmyna (34.1) BEIpakaeT TOYHO BHEUIHIOK paboTry (HCTOYHM-
Ka TOKa) A, eC/id TeMIEpaTypy AUIEKTPHKA, a CJIeJOBATENLHO H £,
OOAJepKHUBATh MOCTOSHHON. JTa paboTa pacxXoayeTcsl Ha YBeJHwde-
HHe 3HepTuy nosss W u Ha BeigeneHue Temna (, KOTOpoe HyKHO OT-
BOAUTH OT AWSEKTPUKA (WM IIOJBOJUTE K HEMY, TOTJA OHO BOHJET
€O 3HAKOM MMHYC) JJIsl IOAJEPKAHUS HEU3MEHHOH TeMIIepaTyphI:

A=W +Q. (37.2)
Ho w3 TepMoguHaMUKM M3BECTHO, 4TO paboTa BHEITHHX CHJI, CO-
BepraeMasl HaJl CHCTEMOM P KBa3HCTATHUECKOM M30TEPMUYECKOM
Hporecce, paBHA NPUPAIIEHUIO (DYHKIHH COCTOSHUSI CHCTEMBI, Ha-
SBIBaeMoil ceob00not snepeuet. IToaromy dopmyna (37.1) Beipaxa-
€T He BHYTPEHHIOK IHEPTHI0 WIEKTPHUECKOTO NOJH B JHAIEKTPH-
Ke, a ciaraemoe B CBOOOIHON 9HEPTHH JAM3NEKTPUKA, 3aBUCSIIEE OT
SJIEKTPUYIECKOTO MO/, SIBJISIIONIEECH MepOoii BHEHIHeH paboThl ITpH
H30TepMUYECKOM H3MEHEHUH IJIEKTPHYECKOTO TIOJIS.
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Ecnu gusnexTpHuecKyo TpPOHHIAEMOCTh [PH MNOCTOSIHHOM 06b-
eMe 7 MOXKHO CYHTATh He 3apucameil or teMmneparypsl: (0e/0T) =
=0, To ¢ = const npu @ = 0, u dbopmyaa (37.1) onsare gaer 06b-
E€MHYI0 IJIOTHOCTh SHEPIHH 3JIEKTPHUECKOro nojig. B aToMm ciywae
IMEKTpUYeCKHe YacTH CBODOZHON IHEprWH M BHYTPEHHEH Hepruu
JIUJIEKTPHKA COBMAJAIOT JAPYT C APYTOM.

B panpueiinzem Mbl OyzieM OpeamosaraThk, 94To Temio @@ B dop-
myJsie (37.2) mané mo cpasHeHuIO ¢ dHepruell nons W u, ecnu me
OroeBOpeHo obpaTHoe, OyAeM CYHTATH BHEIIHIOW paboTy mpH co3ma-
HUU 3JIEKTPUYECKOTO TOJIsi B JAUIJEKTPUKE DABHON JHEPTHHM ITOrO
1(0)5: 8

IIpu BeiBOgE dopmysst (37.1) GBUIO CHeNAHO TAKIKE MPEATIONO-
JKEHHe, YTO wieKTpuyeckoe cMmemerne D = gggE ecTs nnueiinas
dbyuxuust manpskernocry noast E (¢ = const). Mexay Tem jist
HEKOTOPHIX BermecTs 3aBucumMoctt D or E, maxe npw mocrosuHo#
TemrepaTrype, okaswiBaerca Gosiee cyioxkuo#. Herpymso oGobimurs
MOJIydeHHRE Pe3yJLTaTH Ha cayuail HegwweliHoi#t zapucumoctun D
or E. Jias 3T0T0 y4TEM, YTO HNOBEPXHOCTHAS IJIOTHOCTh 3apsiia @
Ha NpPOBOAHMKaX (OOK/IaJKax) paBHA HOPMAJIBHOM COCTABJISIIOIIEN
BEKTOpa d/eKTpuyuecko uHaykuud Dy, (§ 13, npumep 2; cM. Takxe
§ 41). ITosTomy, paccykaast, Kak ¥ Biuie (§ 34) B ciiyvae OfHOPOIHO-
PO 3JIEKTPHIECKOr0 IO, MBI MOJIYUMM [ IPUPAIIEHUS] BHEITHEH
paboThl npH 3apsijike KOHASHCATOPA

0A =udg = uSdD,.
3aece u = Ed, a Sd = 7 ects 06bem monst. CrenoBaressHO,
d0A = Ed- SdD,, = 7(E dD).

[Monuas pabota nmpy CO3ZAHUY ITEKTPUUECKON0 NOJS B TUIEKTPHKE
paBHa

A=r [ (EdD). (37.3)

Cwmemenre D 3aBucuT He TONBKO OT 3dsekTpudeckoro nossi E,
HO €Ie M 0T TeMIEPaTypH Tesda H ero miorsHoctd. [fostomy byuk-
must D(E), a 3uaunt, u pabora A 3aBUCAT OT YCJIOBHN CO3AHHUS
IEKTPUYECKOr0 TIOJISI ¥ PA3IHYHEI IS TETLJION30JHPOBAHHOIO TEJa,
NOJJIEP?KHUBAEMOr0 NIPH MTOCTOSIHHON TeMIepaType, u T.4. B ciygae
U30TepMudeckoro nponecca dopmyna (37.3) maer obiuee BbIpaXke-
HHe JJis NPUpAIeHus CBODOJHON HEPrHM Tela B 3JIEKTPUUECKOM
ToJIe.

Ecnu eeiaensiromMcs TensioMm (M BHemHed paboToif IpH H3Me-
HeHun 00beMa Tesla) MOXKHO NpeHeOpeds 0 CPaBHEHHIO C SHEpruei
MOJIst, TO BCSI BHEIIHSIS paboTa A NpeBpamaercs B SHEPTHIO MOJS.

U3 dbopmyast (37.3) caegyer, 4To B 9TOM ciydae o6beMHAS [LIOT-
HOCTh YHEPI'HM SJIEKTPHIECKOTO [OJsI PABHA

u= [(EdD). (37.4)
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ITpu HCYE3HOBEHHH IIEKTPHYECKOTO HOAs (pa3psifie KOHIEHCa-
TOpa) T4 JHEPrus BHIAEISETCS BO BHemrHell nenn. Jnsg smuHenHON
cemsu D = egoE (dopmyana (37.4) nepexogur B dbopmyny (37.1)).

Ecinu anekTpudeckoe mosne HeOTHOPOAHO, TO ero MOXKHO Pa3bUTh
Ha 3JIeMEHTapHLIe 00beMbl d7 B CUMTATH, UTO B Npejesax OeckoHed-
HO MaJoro ofbeMa 3To mose ogHopoaHo. Ilonsas sHeprust MeKTpH-
YeCKOTO I10/1d PaBHA

W= [udr, (37.5)

rge u Boipaxkaercst dbopmynoit (37.4), a HHTErpHPOBAHKE MPOU3BO-
JUTCA 10 BCeMy 00BbeMY T 9IeKTPHYECKOTO MOJIs.

OTMeTHM B 3aKJIIOYEHHE, YTO [PH HAJMYHH JAUIEKTPHYECKOTO
rEcTepesnca (cerneroanekTpuku, cM. § 50) Brensist paboTa npu co-
34aHHM JIEKTPUYECKOro IOJIsi TO-NPEXKHEMY onpeaessercs hopMy-
aoit (37.3). OgHako B 9TOM CiIydae BHEIUHSS paboTa yxe HE PaBHA
HNpPUPAIIEHHIO SHEPTWHU MOJIst, TAK KaK ee 3aMeTHAs 4acTh NIpPeBpa-
maercst B Temwio (cp. § 111). ITosromy u dbopmyna (37.4) yxe me
BBIPA’KAET 06'bEMHYIO MJIOTHOCTh SHEPTHHU ITOJIS.

' TABA V
ANDJIEKTPUKHN

§ 38. Ionapuzanusa JUATEKTPUKOB

IIpu BHECEHUH B JIEKTPHUECKOE I10JIE KAKUX-JHOO0 AHIIEKTPHKOB
WIEKTPUYECKOE IIONIe U3MeHsdeTcsa. B HacTosmell TiaBe MBI PaccMo-
TPUM, KaK OHO H3MEHAETCSI B IPUCYT-
GCTBHH JUAIEKTPUKOB M B HeM 3aKJ/IH0Ya-
I0TCsl TPHYMHBI €70 U3MEHEHHS.

Jl1st BRISICHEHHSA 3TOro Bompoca obpa-
THMCsI K ONBITaM. 3apsiiiM IEKTPOMET]D
H OTMeTHM ero nokasanue. I1pubausum k
EKTPOMETPY Kakoe-THbo HezapsiKeHHOe
JU/IEKTPUIECKOE TeJIO, HAMPHMED TOJI-
CTyI0 CTEKJITHHYIO IIacTuHy (puc. 45).
Ms1 ysugum, 4T0 nOKa3aHUS 3JIEKTPOMET-
Pa yMEHBINAXOTCH, KOUJA ILJIACTHHA Ha-
XoAuTcst BOJIM3U 3JIeKTpoMeTpa, M BHOBh [HC. 45. Ilpm moamwecennn
BOCCTAHABJIMBAIOTCA IIPH YVIAJIEHHH IJla- HE3aPAMEHHOro JH3JeKTpu-
CTHHEL. Ka IIOKa3aHud 3JIeKTpOMEeTpa

Ecnu 6w BMecTo amaieKkTpuka Mpr O OTPHAIOTCE
NPUOIMZKAIN K IEKTPOMETPY IIPOBOMHUK, TO MBI Habmoganu Onl
nono6uoe xe Apnerne. Ho Mpl 3HAEM, YTO HAa NPOBOJHUKE BO3HUKA-
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0T MHAYKUMOHHBIE 3aPsibl, KOTOPLE H U3MEHSIOT 3JIeKTPHYeCcKoe
nosnte OTCioma MOXKHO 3aKJIOYHTh, YTO HA AUINEKTPUKE B 3IeKTpPH-
YECKOM MOJIe TAKXKe BO3HHKAIOT 3apsiibl, Ha OJiMzKaifiell K Teny 4a-
CTH JHINEKTPUKA MOSIBISIIOTCH 3apaibl, PA3HOMMEHHEIE C 3apsIOM
BJMAIOIIEro Teja, a Ha yIaJleHHON ya-
CTH JM3NEKTPHKA -— OJHOMMEHHEIE 3a-
psigpt (puc 45)

[ToaBnenue 3apsiaoB Ha AUINEKTPH-
KaX BelJeT K BO3HHKHOBEHHIO CHIJI,
DeHACTBYIOIMUX HA AU3JIEKTPHKH, A3Ke
€Cc/IM OHM NEepBOHAYAJIBFHO OBLIN HE3a-
psxedHbIME [losBecumM Ha TOHKOIM HE-
TH CTEKJITHHYIO HJIN NapahUHOBYIO Ia-
nouxy (puc 46) u npubamsum K Hei
3apdxeHHerit map Ilasouka HavHeT
[OBOPAMHUBATECH H YCTAHOBHTCS CBO-
el OCBIO BIOJb JIMHUI HAIPAXKEHHO-
CTH TIOJIsI, T€ TAKHUM 00pa3oM, 4To ee
OCh OKAXKETCS HAMPABJIEHHOHN K LEHTPY
mwapa ITo CBUAETEILCTBYET OIATEH O TOM, ITO Ha OyiKalinreit K ma-
PY YACTH NAJOYKU MOABIAIOTC 3apsAAbl, PA3HOUMEHHBIE C 3aDAI0M
mapa, & Ha yOaJIeHHOH! 4acTH — OJHOMMEHHEIE

IMomoGHBle CHIBI MOXKHO HAOIIOAATE W B TAKOM OIIBITE Y KpeInM
HEIOABHKHO JBe H30JIMPOBAHHBIE METAJUIMYECKHE IIJIACTHHEL IJIOC-
Koro KongeHcaropa [lomsecum Ha opHOM
KOHIIE KODOMBIGIA BECOB CTeKJISIHHYIO
NJIACTHHY, TIOMECTHB ee MeXIy obKmaj-
KaMH KOHJeHcaTopa 0e3 CONpHMKOCHOBE-
HMS C HHMH Tax, YTOOB OHa 3aIOJIHSIA
TOJILKO YaCTh MOPOCTPAHCTBA KOHIEHCA~
Topa, ¥ ypasHoBecuM Bechl Cozmamum
Temeppr MeXny OOKITagKaMH KOHAEHCA-
TOPa NMEKTPUYECKOe II0Jle, COEJHHHB HX
C WCTOYHHKOM HANPSXKEHUSI B HECKOJIb-
KO ThICSY BOJIET MBbl YBHJIUM, 9TO CTEK-
JISTHHAs TJIACTHHA HAYHET BTSATHBATHCS B [
3NIEKTPHYeCKoe TO0JIe, H PABHOBECHE BECOB
mapymmres  IIpHuuHy nDosBleHns CH7,
JeHCTBYIOIINX Ha CTEKJISHHYK IJIACTH-
HY, pasbscHgeT puc 47 Ha creknsumol
ITACTHHE B JJIEKTPUYECKOM IIOJIe IIOfAB-
JAI0TC 3apansl B obsacTh HeomHOPOJ-
Horo nojsi (B6Ju3u KpaeB 0OKIAJ0K) Ha~
OPSDKEHHOCTL ot KougeHcaTopa E mMmeer coctasnsouryro Ei,
napaJulesbHYI0 0OKJIagKaM a ¥ 6, ¥ [I03TOMY Ha CTEKJISTHHYIO ILJIac-
THHY AeHCTBYIOT CHWIH F', BTATHBAIOIIHE €€ BHYTPh KOHJAEHCATOPA

Puc 46 Jdusnexrpuyeckad na-
JI0YKa B 3JIEKTPHYECKOM TI0J€E
IOBOPAYMBAETCS M YCTaHABJIK-
BaeTCA BOOJIb JIMHMHR HanpdAXeH-
HOCTH ITOJId

Puc 47 Ilnactuna auanek-
TPHKA BTATHBACTCH B 3JIEK-
TPHYECKOe TIOsIe
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PaccMOTpHM B 3aKJIIOYMEHME el OOMH NOyUMTenbHblM onuT Coemmuumm no-
CIeNOBATEBHO IVIOCKHH KOHIEHCATOD, MCTOYHHK HANpsKEHMS B u uyBcTBH-
renpHBIN rasibsasoMerp (puc 48) Ecmm nso-
NAUMA KOHJEHCATOPAa JOCTATOYHO XOpOIila, TO
raJgbBaHOMETD He IIOKaXKeT HMKAKOro TOKa Dri-
CTPO BOBMHEM Tellephb B KOHIEHCATOD CTEKJISAH-
HYIO IUIACTHHY MBI 3aMeTHM, YTO DM BABUraHMH
IH3IEKTPHKA raJIbBAHOMETD TIOKA3HIBACT KPATKO-
BpEMEHHBIH TOK, KOTODBI HCYE33€T, KAaK TONBKO
IJIACTHHA [IEPECTAET nepeMemarbcd IIpu BLIABH-
TAHUH IVTACTHHLL B TN NOSBASETCI TOK obpat-
HOT'O HAIIPABJIEHUSA

Bo3uukHoBeHMEe TOKA B 3TOM OIBITE OMATD
CBHAETEJILCTRYET O TIOABJICHUH 3aps0B HA JU3JICK-
TpUKe ODTH 33pAIbl YACTHYHO KOMIEHCHDYIOT
nmeiicTere 3apsaoB Ha obkyaakax YTo6br Hanps-
JKeHHe MeXxny OOK/IaKaMM OCTAJIOCh HEeM3MEH-
HbiM (KOHJEHCATODP TOJKIIOYEH K MCTOYHHKY),
Ha IUIACTHHH [OOJXKHBI mepefiTH C MCTOYHMKA
JONOJHHTENBHEIE 3apAAL, DaBHble 3apajam na I HC 48 Hpu  snpuranmu
JMANEeKTPHKE, M TI03TOMY B LEIH BO3HMKAET TOK /WSIEKTPHUECKOH  MIacTH-
Ilpyn BLIABHTAHMH AMIJIEKTPHKA 3TH Jonojuun- MBI B KOHJCHCATOD B NEIH
TeJIbHBlE 3apHAbl YXOAAT CHOBA B MCTOYHMK ¥y BO3HHKAET IIEKTPHYCCKHH
B IIEIIH NOABJISAETCA TOK OOPATHOro HalpapsieHus  TOK

~

VA ZZ+ 72237 - 71 )

ITpuBegeHHLIE OMBITH TOKA3KIBAIOT, YTO HA I€PBOHAYATIEHO HE3a-
PSAKEHHBIX AUAIEKTPHKAX B JEKTPHIECKOM II0JI€ BO3HUKAIOT JieK-
TpudecKue 3apsabl Ha AH3IEeKTPHKe IOSBISIIOTCH JIEKTPHUECKHE
IMOJIKOCH], OTYEr0 U CaMOe SIBJICHHE TOIYUNIIO Ha3BAHNE NOAAPU3AUUU
Jussaexmpuroe 3apsiipl, BOHUKAIOIINE HA, ANJIEKTPUKAX B JIEKTPH-
YECKOM I10J1€, MBI OY/IEM Ha3BIBATE NOAAPUIAUUOHHHMY 30PA0GMU

SpyIeHne TONSIPH3AIUA AUITEKTPUKOB HMEET CXOACTBO C MHAYK-
ueit B npoBogHUKax OIHako Mexy 000UMHU SIBJEHUSIMHE HMEETCA U
Ba)KHOE pas3iuydue Pa3benuHsisi B 9J1eKTPHYECKOM [OJIE MTPOBOJHIK
Ha YACTH, MOXKHO OTIENHTE APYT OT APYTra WHIYKUMOHHBIE 33Psiabl,
M MO3TOMY I[0CJIE NCUE3IHOBEHHUSI MOJis PA3beAUHEHHBIE YacTH IIpO-
BOJHHK3 OCTAIOTCS 3apsKeHHBIMH Paznhenuusis ke B 3JIeKTpHYe-
CKOM II0JIe JUAJIEKTPHKH, Mbl HaliJIeM, YTO 110G YCTPAHEHHUS OIS
KaxJasl 4aCcTh JUIeKTPUKA OCTAETCS IO-TIPeXKHEMY He3apsKeHHON
OrpenuTs APYr OT ApYyra MOJSIPU3ANHOHHEIE 3APsiIbl HEBO3MOMXKHO

1o paznuune 00BLACHIETCS TeM, YTO B METAJIAX OTPUNATENE-
HBIi 3apsif] CYIECTBYET B [IOABHXKHOM COCTOSIHHM B BHJIE IEKTPOHOB
OPOBOJUMOCTH, KOTOPBLIE MOTYT MEPEMEIIATHCS HA 3HAYUTEILHBIE
paccrosaust [109TOMY MHAYKIMOHHEIE 3apsiibl B METAJLIaX MOXKHO
OT/Ie/INTH JIpYr OT Apyra B amanekTpukax ke 3apaabl o6oux 3HA-
KOB CBSI3aHBI JPYT C APYIOM M MOTYT TOJBKO CMEIIATHLCS Ha, MaJible
PaccTOsIHYSI B IIPEJeiaX OIHON MOJIEKYJIBI

Henossipu30BaHHbBIH AUANEKTPUK (B OTCYTCTBHE 3JIEKTPHIECKOTO
HOJIs1) MOYKHO CXEMATHYECKH N300Pa3NTh B BHAE COBPAHU MONEKYJI,
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B KaXKA0M W3 KOTOPKIX PaBHBIE IOJOXKHTEILHBIE U OTPHIATE/IBHEIE
3apAABL PACHpeeeHbl PABHOMEPHO IO BCEMY 00beMYy MOJEKYJIBI
(puc. 49 a). lpu nonsIpu3any JUNEKTPHKA 3aPSAbl B KaXK 10 MO-

0Q0Q0Q0 PODDD
010201020 RO RC R RO
010102020 CRCRCROCRC

a 6

Puc. 49. Mogens Henonsapu3zoBaHHoro (6) ¥ MoJIAPH30BAHHOTO (6) NUBIEKTPHKA

JIEKYJIE€ CMEIAIOTCs B POTUBOMNONIOXKHEIE CTOPOHB!, X HA ONHOM KOH-
11 MOJIEKYJIBl NOSIBISAETCSA IOJIOYKUTE/ILHBIN 3apaj, a Ha JPyroM —
orpurnarenbbiit (puc. 49 6). Ilpu 5ToM KaxkAast MONEKyna IIpeBpa-
MAETCH B 3JIEeKTPUYECKUN TUITOJIb.
CMerueHEe 3apsifiloB BHYTPH MOJIEKYJl GyIeT MPOSIBIATHCH KAK
BO3HWKHOBEHHE HEKOTODBIX 3apsiIOB HA IHaJeKTpHKe. JleitcTBu-
TeJbHO, HEMONSPU3OBAHHBINA JUAJIEK-
2R TPHK MOXKHO NpEJCTABHTH KakK [JBa
TOXKJECTBEHHBIX 00beMa, COBMA/a-
R % : IOIMX APYr C JIpYroM, KaKIAepld #3
KOTOPHIX PABHOMEPHO 3alojIHeH IIo-

«Q
3%
ot

O Ry JIO’KHTENbHBLIM WM OTPHIATENLHBIM
6 LR 5 'iﬁ sapsitom (puc. 50a). Tonspuzanuro
7 LRI IHVIEKTPUKA MOXHO PaCcCMaTPHBATH
E KaK CMelneHne 3Tux 00hLeMOB Ha Ma-

JIOE PACCTOSAHHE B MPOTHBOLOJIOXKHBIE
Puc 50 TMomspusamus musrex- CTOPOHEI (puc. 506). Ilpu arom BHy-
TpuKa Kax cMemenme 3apsmos: TPY AMSIEKTPHKA IO-NPEXHEMY KOJIH-
@ — HenoJIAPH30BAHHLI, 6 — mo- 1€CTBO TIOJIOKUTEILHOTO 3apsana Oyaer
JIAPHU30BAHHBIA JIU3IEKTPHK PaBHO KOJIAYECTBY OTPHIIATENLHOIO,
HO HA OJHOM H3 KOHIIOB JUIEKTPUKA,
BO3HHKHET TOHKHMI! CJIOHM C HEKOMIIEHCHPOBAHHBIM IIOIOXKHTEIBHBIM
3apsIiOM, a Ha JAPYroM MOABHTCA HEKOMIEHCHPOBAHHBIN OTDHIA-
TeNbHBIN 3apsiz, T.e. BOBHUKHYT TO/SPU3AMUOHHBIE 3aDAMAHL.

§ 39. [losspusoBaHHOCTH |)

[Mpu monapU3amuy JUIIEKTPUKS, Kazasl ero MOJIEKYJla IpeBpa-
WAETCd B EKTPUYECKHl AWIONb M, CJIEJOBATEIBHO, NMPUOGPETAaET
OlIpe/ie/IeH bl eKTpuyecKuit MomenT (§ 15), paBHblit

p = ql.

1) IMpesknee HamMeHOBaHHE STOR (DUSHUECKOHR BENUMHHBI — BEKTOD IIOJISpH-
sampn ([Ipumes. ped.)



§ 39 110JIAPHM30BAHHOCTE 81

Ilpu sTOM, KaK M mpexzge, BEKTOP CMelleHus | cumraerca Hampas-
JIEHHBIM OT OTPHUIATENLHOTO 3aps/ia K NONOKUTENLHOMY.

s KoNMV4eCcTBEHHOM XapaKTEPHCTUKH MNONSAPH3ALNN JUJIEK-
TPHKA CIIYyKHUT CHEIMAaJbHAs hU3NYeCKast BeJMYMHA, Ha3biBaeMas
NOAAPUI06AHHOCTB1. T10IAPHU30BAHHOCTHIO OUWIEKTPYKA HA3biBa-
0T gaexmpuyeckut momenm edunuyst obsema dussexmpuxa. OH
paBeH BEKTOPHON CyMMe 3JIeKTPUYECKHX MOMEHTOB BCEX MOJIEKYJI,
3aK/II0YEHHBIX B eauHule obbheMa:

P= }sz. (39.1)

Ecnu jusnekTpuk ofHOPOJEH ¥ CMelleHre 3apanos | oguHakoso
BO BCEX TOYKAX, TO U BEKTOP P GylJeT 0JMHAKOB IO BCEMY VIJIEK-
TpuKy. Takylo HOISApPU3aNUI0 HA3LIBAIOT 00HOPOOHOU.

3Hag  TONAPUM3OBaHHOCTL P,
MOXKHO ONPEJENIUTh IMOJAPU3AIH-
OHHBbIE 3apanbl, nu Haobopor. Byxem
CYHUTATH NOJAPU3ALMIO OJHODOIHOM
¥ DPacCMOTPHM B 3JIEKTPUYECKOM
NoJIe KYCOK JMIIEKTPUKA B BUIE Ha-
KJIOHHO NPU3MBI C OCHOBaHueM S u
pebpom L, napautensHBIM BEKTOPY Puc 51 K onpeneneswio moss-
P (puc. 51). Ha ogHOM 13 ocHOBaHuU# pusopannocty P
OpU3MBbI TOSBATCA OTPULATENbHBIE
NOJIAPU3AIIMOHHbIE 3aPAJiBl C TOBEPXHOCTHOH ILJIOTHOCTBIO —0', a Ha
JIPYTOM — HOJIOXKUTEIbHBIE 3apsAsibl ¢ IIIOTHOCTHIO +0’, U IpU3Ma
nproGpeTeT AEKTPHIECKUT MOMEHT

p=0'SL.
Ecny a — yroa mex 1y HanpaBjieHueM HOPpMAaJIH K OCHOBAHMIO MTPH3-
Mbl 1 BeKTopoM P, 10 06beM npusmel T paBeH
7= S8Lcosq,

1 HO9TOMY

a'r

cosa’
Ho, ¢ npyroff CTOPOHBI, 3Ty K€ BEJIHYMHY MOKHO BLIPA3HUTb depes3

SJIGKTpI/I‘-IeCKI/II‘/JI MOMEHT €IUHUIIbI obbema:

p= Pr.
CpaBHuBast 062 11OC/IeIHAX PABEHCTBA, Mbl HAXOJUM COOTHOIICHNE
o' =Pcosa = P,. (39.2)

B aroit dbopmyne P, obo3zHavaer npoeKnuio sekTopa P Ha Hampas-
JIeHne BHeIIHe# HopMaJju K paccMmarpuBaeMoil nosepxhHocTu. Jng
paBoif IpaHl NPHU3MbI HA puc. 51 yron a ocTpwiit (cosa > 0) u o’
HONOXKATENLHO. JIist eBoit rpanu yron a tymo# (cosa < 0) u of
OTPHIIATENBHO.
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ITony4ennblii pe3yabTaT NOKA3bIBAET, YTO HOBEPXHOCTHAA IJIOT-
HOCTH NOJAPU3AIMOHHBIX 3apAJ0B PaBHA HOPMAJIBHON COCTaBJISIO-
et moIpU30OBAHHOCTH B JAHHOH TOuKe nopepxmocTd. OH Takxe
03Ha4aeT, 4YTO INEKTPHYECcKH# 3apsaj, npoienmii dyepe3 eAuHHILY
[IOBEPXHOCTH, MEePIEeHAUKYISAPHON K HAIIPaBACHHIO CMEIEHH 3aps-
J0B, paBeH MOLYJIIO NOJAAPU30BAHHOCTH.

Ecnu sekrop P pasninyed B pa3HbIX TOYKaX (HEOJHOPOIHAS MO-
JISIPU3al¥s), TO B JUIIEKTPUKE MOTYT BO3HHKHYThH €me o6heMHbIe
3apsAab].

O6beMsible NONAPU3AIHORHBIE 3aPAB] MOXKHO HANTH CJISAYIONHM 00pa3oM.
PaccMorpuM BHYTpH TOJISPH30BAHHOTO JUINEKTPHKa OeCKOHEYHO MaJjbli Iia-
pajuesnienunes ¢ pebpamu dr, dy u dz, DapannebHBIME IPAMOYTONBHBIM OCAM

xoopauraT X, Y u Z Ilycrs, najiee, nonspuso-

7 P, BaHHOCTb UMEET B TOYKE (Z,y, Z), TOe HAXORUT-

*,3,2) c OJHA3 M3 BepIIHH Iapajulesenunesa, cocTan-

nsouwe no ocam P, Py, P, (puc 52). Torna,

cornacuo (39 2), nonoxuTe/bHbL 3apsl, BHXO-

ASIHH B3 Mapajuieenunesia. depe3 3aurTpuxo-
BaHHYIO TDaHb, DABEH

P
0P,

= Pr+ d:l:) dydz.
/X/ 0 ( o2

IonoxureNbHBIY 32psf, BXOASWHA B Napasie-

Puc 52 K onpeseneHuio jenumesn uepes mpyryio napajuiebHYI0 TDaHb,
00beMHBIX NONAPU3ALUMOHHBIX  ecrp

3apag0B P, dydz

Ilosromy mpupamente mOJIOXUTENBHOrO 33PsAA2 PABHO

OP;
dx

8P:
Oz

P,dydz — (Pz + dx) dydz = — dr,

rae dr = dz dydz — obbem napasenennnesa PaccMarpusas noaoOHbIM obpa-
30M JBe APYTHE Maphbl rpaHel, NepNeHIUKYJISPHbIE K 0CaM Y ¥ Z, MBI HaHaeM,
4TO TOJHBIH TONOXKHUTENBbHBIN 3apas, Bolle Uil BHYTpb HapaJiiesenunesa Ipu
nONAPHU3aUUY, J2eTCA BbIpaKeHueM

~ (apx oP, BPZ) @

Bz T oy T oz

C apyrofi cTOpOHBI, TOT e 3apaj paser g dr, rae o) — O6BEMHAS TUIGTHOCTh
HCKOMBIX NOJISPU3ALMOHHEIX 3apaaos [losTomy

4 _ 0P, + opP, , OP,

4 oz Ay 0z

(39.3)

Ecnm nonspusanms ogHopoana, To P = const u (39 3) maer o' = 0. 3ame-
THM, 9TO B HEKOTODBIX CJIy4asiX M NPY HEOJHOPOJHOH NONSPU3AIIY BHIPAKEHHE
(39.3) Takxe moxer obpamarsca B Hysib (cp. § 44)
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§ 40. Hanpsi>KeHHOCTDb JIEKTPUYECKOro NOJs BHYTPH
OUIeKTPUKA

B 1. 11 Mb1 onipesesiniy HanpsaKeHHOCTD 3JIEKTPUYECKOT0 110N B
BAKyyMe KaK Culy, HIeCTBYIOLIYIO Ha €IMHAUYHBLIA TOIOXKUTENHHBIH
npobHbi 3apazg. [Ipu mepexone K AUSMEKTPUKAM 3TO OlpeNesieHue
TpebyeT AONOJHUTENHHOIO yTOUHEHS.

Ilpencrarum cebe, uTO pa3sMepbl NpobHOro 3apsga Majibl [0
CPABHEHUIO C PACCTOSHUAMY MEX/Y MOJeKy/IaMy AUIeKTpuka. To-
rAa Mbl HafZeM, YUTO JIEKTPUYECKOE M0J€ BHYTPH JIMIIEKTPHKA
BECHMA PA3JIMYHO B PA3HBIX TOUKAX U JOCTUTALT 0COBeHHO GOABITUX
3HAUEHUH BOIM3Y 3aPsKEHHBIX KOHI[OB MONEKYJI — IUMOJIeH. DTh
HA3MEHEHUA IO MPOUCXOAAT JIMIITh B MUKPOCKOITMYECKUX MaCIlTa-
6ax ¥ HeJOCTYIHBI HEeNOCPeACTBeHHOMY Habmogenuno. OnpenencH-
HOe MoJ0OHBIM 06pa30M MOJIe HOCHT Ha3BaHHE MUKPOCKONUYECK020
nonst (By).

OnHAKO BO BCEX peasibHBIX ONBITAX MLI MMEEM OO0 C TelaMu
(mnu uwacTAME 9THX Tend), Pa3Mepbl KOTOPHIX BEJIMKH IO CPaBHe-
HHUIO C MEXKATOMHBIME PACCTOAHUAMY. B Takux ciiyuasix HaC AHTe-
pecyer ycpeIHCHHOE N0 06beMy 3HaueHre MUK POCKOMHYCCKOrO OIS
E,, T.e. MaKpOCKOIHYECKOE [I0JEe. DTO cpelHee 3HAYEHWe HAMps-
JKEHHOCTHY 3JEKTPUUECKOTO IO H HA3BIBAIOT HANPAINCEHHOCTMBIO
AAEKMPUNECKO20 NOAA SHYMPU Jusaexmpura. Takum obpazom, mo
OnpeseeHIo

E=E,= % [ Bydr. (40.1)

OrtMeruM, 410 00BEM T B 3TOH hopMmysie JOJKeH OBITH BeIHK
MUKPOCKOTIMYECKH, T€ B HEM JIONYKHO COAEPYKATHCS DOIBINOe YUCI0
Mostekys. QHAKO OH JOJKeH OBLITH JOCTATOYHO MAaJI MaKpPOCKOIH-
YeCK¥, T.€ Ha IPOTSKEHUH €ro pa3MepoR MaKpOCKOIHYeCKoe 3Have-
HHUE TS JOMKHO OCTABATHCA MPAKTUYECKH Heu3MeHHBIM. [10/106-
Hble MaJThie 00heMBI, YOBJIETBOpAIMmHEE 000UM TUM TpeBOBAHUAM,
Ha3bIBAIOTCs PHu3nyecKy HECKOHEYHO MajIbIMK (B OTIMYHE OT MaTe-
MaTHuecKu GECKOHEUHO MAJIbIX).

CoBepiieHHO aHAJOTHMYHO I[MOTEHIUAJIOM BHYTPH JIMIEKTPUKS,
Ha3bIBAIOT MAaKPOCKOMUYECKUH HOTENIuaJ, T.e. CpejHee ero 3Hade-
Hue 10 HeKoTopoMy dusmuecku MajntoMy obbemy. Makpockomnuye-
CKue 3HadeHus noig F 1 noreHimana U cBs3aHbl TEMH Ke COOTHO-
MEeHNAMH, UTO ¥ B BakyyMe. B ciiydae niockoro KOHJEHCATOPA MBI
uMeeM

E="Ul/a, (40.2)

rae U -- pa3HOCTH ITOTEHIMAJIOB MEXJY 00KJIAQJ(KAMHU, ¢ — PacCTOsi-
HHE MEX]ly HUMH.

PaccmorpumM mnockuii koHjieHcaTop (OJHOPOZHOE 110J1e), LeH-
KOM 3aHOJHEHHBIH ONHOPOJHBIM JW3JIEKTPUKOM. HanpsxkedHOCTD
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noisi E BHYTpPH JguasieKTpuKa eCTh CyMMa JABYX noneil: nonsa Ky,
CO3JAHHOIO 3apsaMH Ha MeTaJlimdecKuX obkjagkax, u noas E',
BLI3BAHHOrO MOIAPU30BAHHBIM auaekTpukoM (puc. 53). Ione Ey
paBHO 0 /€p, TIe 0 — HNOBEPXHOCTHAS
ILIOTHOCTD 3aPAfia Ha METAJITHIECKHX

: _ obkaankax. JleficTBue e mnoAspHU-
+ - 30BaHHOTO AMJIEKTPHKA MOXKHO BhI-
+ - pasuTh depe3 MOIAPU3AIMOHHbIE 3a-
o+ ~s  pazel (§ 39), BosHmKamUWE HA €ro
i - TOBEPXHOCTH. Mostomy E' = —a'/ey,
+ - rne o' — NOBEPXHOCTHasl IJIOTHOCTH
+ - MOJApA3AIUOHHEBIX 3apanoB. Cneito-
BATENLHO,

Puc. 53. HampsxeHHocTh iek- E = (c—0")/e.

Tpurdeckoro nong B vuyrpn mt- - gapnowennocrs  moms  BHyTpE

SNCKTPHKA, €CTH DASHOCTD MEXK- HJIEKTPHUKA COBHaJdaeT C Hanp#da-
gy noneMm Eg 3apsioB 00KIIafoK A p 4 p

# nonem E' monspusanpomnpx KCHHOCTBIO IOJIH B BaKyyMe, KOTAR
3apaoB MOBEPXHOCTHasl IUIOTHOCTh  3apsja

Ha oOKJIasKaX KOHJEHCATopa DaBHA
(¢ — ¢). D1y pasnocTs Mexy 3apamoM OODKIANO0K ¥ IOAAPU3AIH-
OHHBIM 3apsJOM YaCTO HA3BIBAIOT C80000HBIM 3aPACOM.

B cBa3u co ckazaHHBIM BHIIE HEODXOAHNMO 0CODO OTMETHUTE, UTO
cuna, JEeHCTBYIONast Ha MAaKPOCKOMIHYECKOe TEN0 C 3aPAJIoM ¢, TOo-
IPY7KEHHOE B JUIMEKTPUK, B 0DMIEM CIydae yke He paBHa ¢, Kak
3TO MMEJI0 MECTO B BaKyyMe.

JeficTBUTENBHO, PACCMOTPUM CHAYANIA TBEDABIH JHUANEKTPHK.
Yrobsl BHECTM B HEro 3apsKEHHOE TeJO, MBI JOJKHBI CHEIaTh B
Hem rostocts. Ho Ha ee noBepxuocTd 6yJyT BOSHHMKATL [ONAPU3a-
[YOHHBIE 3apAfbl, U TIO3TOMY CHUNA, MEMCTBYIOWAs Ha TEJNO, OyjeT
3aBUCETL OT HOPMBI TOJOCTH.

B ciayuyae xuakux #u ra3000pasHBIX JIMINEKTPHKOB 9TO TAKIKE
COpaBeJ/IVBO, TAK KAaK [PW BHECEHUHW 3aPAKEHHOT'O TeJla Mbl BbI-
TECHSIEM TeJIOM HaCTh CPeJbl ¥ CO3J3aeM B HEM TOXE <(IIOJIOCTHY,
COBTIA/IAOIIYI0 O doPMe C 3apskeHHbIM TesoM. OfHAKO B Ciydae
JKUAKOCTER M Ia30B HA Tejo 6yaer AefiCTBOBATH €Ie HOTOMHHTE -
Hast MEXAHWYECKas CHUNa, BHIZBAHHASA jJedopMaluell JUSIEKTPUKA B
3JIEKTPUYECKOM 110J1€ (3/IeKTPOCTPUKIMS, cM. § 45).

Tem He MeHee HANIPSIXKEHHOCTDH MOJIsl BHYTPY IUANEKTPHUKA MOXK-
HO ONpPEIENUTh ¥ C MOMOIOLIO CHJIBI, AefCTBYIOmEe Ha MPobHbIR 3a-
psn. Jdnas sroro npeacrasum cebe y3xyI0 JUIMHHYIO IIeJib, IPOPEe3aH-
HYIO BHYTDH AUSIEKTPHUKA NapaJuleNlbHO HANIPABJIEHUIO CMENIEHUS
3apsasioB (puc. 54), u 6yjeM cuuTaTh, YTO NPOOHLIA 3apsi HE Kaca-
eTCs CTeHOK HOJIOCTH. 1lonapu3alioHHbie 3apaabl OyAyT BOHUKATD
TOJMLKO Ha TOPIAX MOJOCTH, ¥ €CJIM €e OHAMEeTp MaJl [0 CpaBHe-
HUIO C JJIMHOM, TO ¥ 1noJje, cO3JaBaeMoe TUMH 3apsigaMu, byjer
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nperebpexumo maso. [1oaToMy BHYTDH 1OA0CTH GyLeT HANpsKeH-
HOCTb ITOJISl, CO3/IaBaeMast TONBbKO CBODOHbIMI 3apsaamu (0 — o) y
BHEIIHEH IMOBEPXHOCTH OUJIEKTPHKA, a
5TO, KaK MBbl BUJEIH, U €CTh HANPAKEH-
HOCTh TOJS BHYTPH AM3JeKTpHuka. Ha-
NPSKEHHOCTh TOJs BHYTPH JUJIEKTPHA-
Ka paBHA HaNpsKeHHOCTH NoJs BHYTpHU
Y3KO# HONOCTH, BLIPE3AHHOH B AHIJIEK-
TpHKEe NapaUleIbHO HALPABJIEHUIO CMe-
mesna 3apsnoB. OHa paBHa cuite, gedi-
cTByIOWIell Ha 3apajy +1 BHyTpm 3TOH
TIOJIOCTH.

J1s  NPAKTHYECKOro ONPEAENEHHS puc £4 K onpemenesmio na-

HAIPSKEHHOCTH TONA BHYTPU JM3NEK-  nooxenocTH sneKTpUHYEcKo-
TPHKA JOCTATOYHO M3MEPUTh HANPSIKE- ro mons pHYyTPH ZUNICKTPHKA
HHUEe MexXJy o0K/IaJKaMy KOHJIEHCATOPA.
Torpa A/ IJOCKOTO KOHIEHCATOPA HAIPSKEHHOCTD IO MOXKHO
HaliT o dpopmyne (40.2), a A7 KOHAEHCATOPOB APYro#t hopMbr —
O COOTBETCTRYIOIVM (hOPMyIaM, HOJYYEHHBIM HAMH PaHee JTs Ba~
KyyMa.

a
Rk

§ 41. DaexTpUvYecKoe CMeUICHUE B JUITCKTPHKE

PaccMoTpuM Teneph TPaHUILy ABYX OJHOPOJHBIX H OJHODOIHO
HONAPN30BaHHBIX AuanekTpukoB I u 2 (puc. 55). B kaxjom us
JU3JICKTPUKOB BOJIM3YM NOBEPXHOCTY pasfesia MOsBATCS [OISpU3a~
IMOHHLIE 3apsAAbl C [UIOTHOCTAMYU Oj W 0%, KOTOphle OyayT HMeThb

[POTUBOMOMAOKHEIE 3HaKM. | DaHu-
(o] ~05)/ 2, 114 pas3jesa OKaXXeTCd 3apA’KeHHOH
R DRy € TOBEPXHOCTHOM IIOTHOCTHIO 33~
sy  PAAd 0] — 09, OTYEro MOABUTCA 10-
o HONHHTENBHOE SICKTPHYECKOE Noe
(0] — 05)/2e0, nepuneHmUKyNSIpHOE
K TpaHWIE pa3jeia W Hampab-
1 ~(c]-03}/ 2, JIEHHOE B KaXKIOM W3 AW3JIEKTPU-
KOB B IIPOTHBOIOJNOXKHBIE CTOPOHBI

Puc. 55. Tlonspusanucnnble 3aps- (puc. 55).
L HA. TPAHMIIE ABYX JMSICKTPHKOB O6o3HauuM HANPSKEHHOCTh
M CO37aBaEMOE UMM IeKTpuueckoe HNOJHOTI'O IIOJAA B KaxXIOM U3 IU-
nosne 3eKTpUKoB ucpes Ky u Ey m
Pa3IOKUM KaXKA0e W3 ITUX Iojed
H3, NBe COCTABJAIIIME: KACATENIbHYI0 K rpaHune paspena (Fy u
Ei) u mopmameHyio K rpamune (En) u Eyp). Hopmann Bynem
CYHTAThL HANPABAEHHOH! OT nuanekTpuka I k juaiektpuky 2. Tak
KaK 3JeKTpHYECKOE TI0JIe 3apsj0B IIOBEPXHOCTH pa3jiesia NepreH-
AUKYIApHO K 3TOHl TMOBEPXHOCTH, TO KACATEJbHbIE COCTABJISIONUIAE
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HOJIs He W3MEHATC M WX 3HaveHHe B o0DoMX AAIICKTPUKAX 6yp;eT
OLUHAKOBO!:

Eﬂ = EtQ. (411)
Ha.HpOTI/IB, HOPpMaJIbHBIE COCTABJAAOINE HOJIA 6y|11}7T Pa3nIHbI; UX
Pa3HOCTL paBHaA

Eny — Epy = (0’1 - 012)/50 = (Pn1 — Pa2)/e0,

rae Py1 u Pp2 — HOpMaJIbHEIE COCTABIISIIOIIME TIOJASAPU30BAHHOCTH B
KaXXJI0oM u3 nuasiekTpukos. Ho, cornmacho § 13, HopmanibHasA cocTas-
JISIOIIAst IAaNPAXKEHHOCTH NOJIA €CTh NMOTOK JIMHUA HANPsKEeHHOCTH
Yepe3 eJuHULY ToBepxHOocTH. [109TOMY 4UCIO NUHUE HATDSIKEHHO-
CTH, TIPOXO/SAIMIMX Yepe3 eUHUILy OBEPXHOCTH pa3fiena, B JUIJIEK-
Tpukax I u 2 He PaBHO APYT APYTY, & 3HAYUT YaCTh JIMHUI TIPEPbI-
BAETCs Ha IPAHMNE Pa3jena

Eciy Ha moBepxXHOCTH pa3jelia KPOMe MOAApU3AIMOHHBIX 3aps-
OB MMeeTCd 3apsi]] C IOBEPXHOCTHOHN IIOTHOCTLIO 0, TO BMECTO TIpe-
JIBIJIYIIEr0 COOTHOIIEHUS UMEeM

Eno — Eqy = (Ppy — Pa2)/eo + 0 /eq.
B § 13 mbI BBeIM 2MEKTpPHYECKOE cMemeHue B Bakyyme goE.

O60buM Ternepb 3TO MOHATHE HA CIYYaji TPOU3BOJBHOIO JUIJIEK-
TPUKA ¥ ONPEAETNM SJIEKTPAUECKOE CMEIIEHHUE B JUITEKTPUKE KAK

D =¢gE+P. (41.2)
TOI‘Aa U3 CKa3aHHOr'O BbINIEC djieAyeT, 9TO

Dypa — Dyy = 0.
B ciyuae 3apsizKeHHON MOBEPXHOCTH Pa3jiesia HOPMAaJbHAsS COCTAB-

JISTFOITAS 3JIEKTPHYECKOI'O CMEIeHU s UCTIBIThIBAET CKAvOK, PABHEI .

Ecnu BMecTo juanekTpuka [ uMeeTcs MeTajul, TO

Dy =0 u D, =g, (41.3)
rie uHaeke 2 y D, onyien. Hopmansuaa coctaBnaomas aiekTpu-
YECKOrO CMELIEHUS B AUIJIEKTPUKE Y TOBEPXHOCTH METajjIa B OTCYT-
CTBWE TOKA PABHA [I0BEPXHOCTHOH [LUIOTHOCTH 3apaaa MeTalia. DTOoT
pe3yabTaT Mbi yKe nmostyumiau B § 13 /st HoBepXHOCTH MeTajuia B
BaKyyMe,

Juis1 He3apsKeHHBIX JiuauteKTPuKoB (o0 = () HOpMaJibHbIE K I'pa-
HUIIE Da3/ieNla COCTABJSIONINE WIEKTPHYECKOr'0 CMEIEHUs Hempe-
PLIBHEL

D1 = Dpo. (41.4)

Tax kax Dy paBHO 4YHCy JMHHMH CMEUIEHUS!, HEPECEKAIIINX
eIUHULY ITOBEPXHOCTH pa3fiesa B AudiexTpuke I, a D,o — uuciay
JIMHA# CMENIeHHus Ui TO# Ke IJIONIAJKH B JMINEeKTpuKe 2, TO u3
(41.4) cnenyer, 410 NUHUM IEKTPHHECKOTO CMEINEHUS He IPEpHI-
BAIOTCS Ha I'paHule pasjena juanektpukoB. [losromy mirs ouuca-
HUS] JEKTPUYECKOr0 MO B HEONHOPOAHBIX JHUNIEKTPHKAX ropas-
10 ynobHee NOJB30BATLCS TEKTpHYecKUM cmenierneM D Bmecro
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HalpAZXKEHHOCTH [TOJIA E, W B 3TOM 3aKJIOYAE€TCs OCHOBHOM CMBIC
BBEAEHU A IEKTPUYCCKO'O CMEHIEHUA.

Jlerko MoKa3aTh, YTO JUHUM JIEKTPUYECKOI'O CMENIEHHs OCT2IOTCH Henpe-
PHIBHBIMH ¥ [IPH HEQAHOPOAHOM IONAPHSAIMHI, KOrJ2 B JUIEKTPHKE BOSHUKAIOT
06 bEMIEIE NONAPU3ANROHMbBIE 3apasbl leficTBuTensuo, cornacuo (39 3), obvem-
Ha3 MJIOTHOCTDb 3aPAA0B B JUINEKTPHKE DABHA

; 0P, 08P, 0P,
p= (6::: + dy *t % )
IIoaromy no teopeme Ocrporpaackoro-Taycca

. (BEI dE, aE,)_ (ap, oP, apz>
0 - = 3

ox "oy | o2 5z T oy T oz
Han

a (i) 0
a—x (EOE_-D + Pm) + a (€0Ey -+ Py) + 5; (eoE; + Pz) =0

Ho nonyvennsiii pe3ysibTaT NOKa3blBALT, 4TO MOTCK BekTopa D = ggE 4+ P ue-
pe3 3aMKHYTYIO NOBEDXHOCTE PDaBeH HYJI0, & 9TO SHAYAT, YTO JIUHUY CMEIIECHUs
HUTJIE He BO3HUKAOT U He o0pBIBAIOTCA BHYTPH JUIICKTPHKA

PaccmoTpum onaTh nUIOCKUE KOHAEHCATOP, 3aMOJAHEHHBIA O/IHO-
poxHeIM auasekrpukoM (puc 53) Torma, cormacuo § 40, HanpsizkeH-
HOCTDb NIOJA BHYTPH AHUIJIEKTPHKA PaBHa

E = E() - O'I/E() = E() - P/Eg.
CnenosarensHo,
D =¢E + P =¢gEy, (41.5)
T.6. B (JIY4ae OTHOPOAHOTO JIUAIEKTPUKA SIMEKTPHIECKOe CMEIeHune

BHYTPHY JHIJIEKTPUKA COBHaAaeT C JIEKTPUYECKUM CMeeHueM B Ba-
KyyMe, cOo3jaBaeMbIM OJHUMH 3apddaMu

06KIan0K KoHxeHcaTopa. Ecim ¢ — 3apsin T

0OKJIaIOK KOHJleHcaTopa, S — II0Manb o' o' o o'||”
Kaxqoit oOKIasIKA, TO T
D=0=gq/S (416) o . ‘l=+41_ o
iv3 + - - -
13 310t hopMysbl BRITEKAET IPAKTH-
gecKkuil crocob usmepennsa 7. UTober uz- o | P IR R |
MEDPUTH ITEKTPUIECKOE CMEIEHNE BHYTPH
AUNIEKTPUKA, JAOCTATOYHO U3MEPHTH 3a- A | IS |
P Ha 0O6KIaIKaX, OTPAHUYMBAIONINX JU-
SJIEKTPHK. Puc 56 K onpenenensio

Onpenenenne sJIEKTPUYECKOTO CMEUIE-  giekTpuHuecKkoro CMemenus
HUS MOXKHO NIPEICTABUTL U B JPYTroit DOP- suyTpu amenekrpuxa
Me. PaccMOoTpuM B OZHOPOJHOM JU3MEK-
TPHKe y3KYIO JIUHHYIO IIEb, BHIPE3AHHYIO NEPIIeHIHKYIAPHO K Ha-
IpaBJIeHUIO cMerenns 3apagos (puc. 56). Torna, cornacno dbopmyie
(41.4), IEKTPUHECKOEe CMeIeHle BEYTPH e OyeT Takoe XKe, Kak
H BHYTpY OU3JEKTPHKA. [[09TOMY WIEKTPHUYUECKOe CMEIIEHHEe BHY-
TPH IUAJIEKTPHKS, PABHO IEKTPUYECKOMY CMEMIEHHIO BHYTPY Y3KOi
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JUTMHHON TIONOCTH, BLIPE3AHHOH B JUAJIEKTPHKE MEPIeHAMKY/IAPHO
K HaIpaBJIeHAIO cMenieHus 3apanos. Cuna, AeficTByoas Ha 3apsay
+1 B 9TOM monocTH, pasHa D/egg.

§ 42. H3o0TponHbie U aHU3OTPOMNHBIE JUNIEKTPHKHA

Ecnn u3MepsTh 9/IeKTpHYECKOe CMEIEHNEe B CTEKJISAHHbIX IJIa-
CTHHKAX, BbIPE3aHHBIX Pa3/IMYHBIM 00pa3oM U3 MACCHBHOTO KyCKa,
TO OPY OMHAKOBOM 3HAYeHHH Noust F 3JIeKTpUYecKkoe CMeIIeHue BO
BCceX IMJIACTMHKAX OKa3biBaercs: ojuHakoBeIM. Cornacuo (41.2) aro
3HAYUT, YTO U [OIAPU30BAHHOCTE P 0ZHA 1 Ta *Ke BO BceX IIACTHUH-
KaX, a (JIeJJOBATEIBHO, NOJAPU3ALMA HE 3AaBHCUT OT HALIPABJICHUS
nons. Takne JUaMeKTPUKY HA3LIBAIOTCA u3omponuumu. B nzorpomn-
HBIX JIU3JIEKTPUKAX CMEIIEHHE 3apsi/ioB NPOKCXOJUT B HANPABIECHAH
IEKTPUYECKOrO MOJIs, U N03TOMY BekTopbl E u P nmapasnnensHsl.

Has MHOMEX KpHCTaJIIOB 3TO, OfHAKO, He MMeeT MecTa. Ecim
MCCIIEA0BATh JIEKTPUYECKOe CMeNIeH e B IINIACTHHKAX, BRIPE3aHHbIX
Pa3/IMuHBIM 06pa30M U3 TAKMX KPUCTAJUIOB, TO D mpy 0HOM U TOM
xe note E OyaeT pa3muyuHo. DTO TOKA3BIBAET, UTO JUNIEKTPAIECKHIE
CBOMCTBA 3aBUCAT OT HANPABJIEHHS I10JIs8 OTHOCHTENBHO OCel KpH-
crasuta. [logobHBIE JUIEKTPUKHA HA3BIBAIOTCA GHU3OMponHuwmy. B
AHM3O0TPONHKIX JUIEKTPUKax Hanpabienus E u P, Boobuie rosops,
He COBM3JIAIOT, ¥ M0o3TOMY HampasieHust E u D takike pa3nndHBL

OneiT MOKAa3LIBAET, YTO B IUMPOKOM HHTEPBAjle H3MEHEHus
IEKTPHYECKOTO HOJIst OISIPU30BAHHOCTL MOXKHO CYMTATbH IPOIOp-
UMOHANBHON HanmpsikeHHocTH o B B nanHoi Touke. [losToMy anist
M30TPONHOIO JUAIEKTPUKA MOXKHO HAIUCATH

P = agE, (42.1)

rae & — CKaJIsIpHAsl BeJIUYMHA, [IOJyUUBINasg Ha3BaHUe JusAeKmpu-
wecKol 8OCNPUUMNUBOCTNYU JAHHOTO BemecTBa. B a1y dbopmyny Mb
BBOIUM £q, YTOOH ¢ OBLIO Be3pa3sMepHBIM.

oncrasnsas (42.1) B (41.2), nomyuaem

D = egE, (42.2)
rjae 4depes ¢ 0003Ha4EeHO!
e=1+a. (42.3)

Jlerko Buperh, UTO OnupenensdeMast TaKUM 00pa3oM BeJMUYUHA, £
€CTh JIM3JIEKTPUYECKast TPOHUIIAEMOCTh BEMEeCTBa (OTHOCUTeIbHAS),
KOTOPYIO MBI y2Ke BBesin B § 31, paccMaTpHBast 3aBUCHMOCTEH €MKO-
CTH KOHJEHCATOPA OT CBOMCTE AuaneKrpuka. JeficTBUTENBHO, TONO-
AKHEM IJIsL ONPEeAeJIeHHOCTH, YTO IIPU 3aI0JIHEHU KOHAEHCATOPA JiH-
SEKTPHUKOM KOHAEHCATOD OCTAETCH MPHUCOEHHEHHBIM K UCTOYHUKY
HATPAXKEHAS. JTO 3HAYUT, UTO HANPSKEHNE MEXAY 0OKIagKaMu, a
CJIEJIOBATEJBHO, ¥ HAIPAXKEHHOCTh IO B KOH/IEHCATOPE He U3MEeH -
torca. Torna u3 dopmyisl (42.2) cienyeT, UTO JEKTPUUECKOE CMe-
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IleHre BHYTPY KOHJEHCATOPa YBEIWIHUBAeTCs B € pa3. Ho, cornacHo
dopmyse (41.6), 3TO 3HAYAT, YTO BO CTOJIBLKO XK€ Pa3 yBEJIHYHTCA H
3apAan O6KJ’I3..,1IOK, a GJIeIOBATE/IBHO, U €MKOCTh KOHAEHCATODA
B ammsoTponseix cpexax (KpucTasnax) nunefimas sapucuMocts D ot E
HMEET BHJ
Dy = egzeoE: + Ea:yEOEy + €x.€0F,,
Dy = eyze0E: + eyyeo By + £y.80E;, (42.4)
D, = g,260E: + ezy€0 By + EzzEOEz,
WY, B COKPAINEHHON 3aIIMCH,

D, = Z excoF, Lk=2zvy,z (42.5)
k

JeBAThL BeNHYHH €,; 00pa3yIOT KOMIOHEHTHl TEH30pa U1K TPHIECKON IPOHU-
O3EMOCTH 2-10 panra. ITOT TEH30D CUMMETPHYUCH: £, = £f,, & IOITOMY UMEETCH
TONMBKO IIECTh He3ABUCHMBIX KOMIIOHEHT.

W3 MaTeMaTHK# HM3BECTHO, 4TO JJIH BCAKOIO CHMMETDHYHOIO TEH30Da
2-T0 P2aHTa MOXKHO BRHIODATh TaKKe OCH KOODIMHAT (24G6HbE OCL TE€H30DPA), 4TO-
6Ll HeAMArOHAIBHbIE KOMIIOHEHTHI CO CMEUIAHHBIMM HMHICKCAMH OOpPaTHIIMCL B
HyJdb. B 3TOM Ciiy4ae OCTAOTCA TONLKO TPH HE3ABHCHMBIX 3HAYEHHMH TEH30pA:
Ezz =E1, Eyy=E2, £, =3, HASBIBAEMBIE 2AG6HUMYU UIAEKTNPUKECKUMU NPONHUUA-
emocmamu Kpuctayuta. Ecnu €1 = g2 = €3, 1o nanpasnenuss D u E coBnagasor
¥ KPHCTaJUL BelleT ce0s KaK M30TPONHAA Cpela.

B oYenp CANBHBIX EKTPHUECKHX NONSX cooTHoweHud (42.4) mapywaoTrca
u cBasu mexay P m E u coorsercrsenno D 1 E cranoBaTca HenmueinbiMu.
Takue moisg CYWECTBYIOT B M3JyYeHHH TaK Ha3bIBAEMBIX ONMUMECKUT K6aHTO-
8biT 2enepamopos, uiH aczepos. Henunetinada 3asucumocts D ot E cymecrsenna
U siBJieHui HennpediHoi ontuky. Jlunelinaa 3asucumocts D ot E rapymaercs
TaK>X€ B CPABHUTEJIBHO CIabbIX sEKTPUYECKHX NONAX B BEmECTBaxX ¢ Gonnmoi
NONSPHU3YEMOCTbIO, HAIIPHMED B cerHeroanekrpurax (§ 50).

§ 43. IlpemomiieHue JIMHUH CMEIEHUS U HANPAXKEHHOCTH
noJs

CootHomenus (41.1) u (41.4) BHIMONHAIOTCA BCEra HAa TPaHUIE
pa3jiena AByX CpeJ] ¥ HPeICTABJIAIOT o0 rpaHuYHbIE YCIOBUSA IJIs
anekTpuueckoro nonsa, Mz Hux cie-
JYeT, uTO HampaBJieHWsa JUHUI cMe-
INEHUS ¥ HANPSXKEHHOCTH MO/ U3Me-
HAIOTCA TpH Hepexojie Yepe3 TPaHully
pazjesna.

Ilyets Dy m Dy — cocrasasio-
IMHe 2JEKTPUYECKOro cMemieHus DD
O HOPMAJIX K TTOBEPXHOCTH pas3jena u
BJIO/Ib Hee B auasiektpuke 1 (puc, 57),
a Dyo u Dy — cocTaBaSIOmnE CMeEIe-
HuA Do B quanextpuke 2. O603Ha9uM Puc. 57. IIpenomsenue musmit
gepes3 aig Yyroi MeXAy BeKTOpOM Do B cmemenus Ha Ipanvne ABYX [Iu-
AUDIEKTPUKE 2u HOPMAJIBIO K I'DaHU- 3JIEKTPHUKOB
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e pa3fena, a 4epe3 @] — COOTBETCTBYOmu yroi ais Bekropa Dy
B nuanekTpuke 1. U3 puc 57 BHaHO, 4TO
tgar = Dy /Dy, tgag = Dip/Dpo
Ho Dy1 = Dy5, 1 noatomy
tgas/tgoy = Dypa/Dy.
Hanee, uz (42.2) u rpanuutoro yciaosus (41.1) umeem
Dy = e2e0Ey2, Dn =e160En, Ey = Ep.
Orcioza noy4aeM OKOHYATeJbHO
tgag/tgan = er/e;. (43.1)
9Ta dopMmyna BbIpaikaeT 3aKOH HIPEIOMJICHHA JIMHUI CMeleHus
OHa moKa3bIBaeT, uTo, BXOAS B AUNIEKTPUK ¢ OOMbIIed fU3/IeKTpH-
4ecKOif MPOHHUIIAEMOCTLIO €, JIMHUM CMEITeHUs yJAJIsIoTcd OT HOp-
MaJm
3aKOH TpelOMJIeHAA JUHUN HANpPSKEHHOCTH HOJs B M30TPOI-
HBIX IN3JEKTPHKAX, OY€BH/IHO, TaKOH e, KaK ¥ 3aKOH IIPeJIOMICHHUS
JIMHUH CMEIeH! s, HOCKOJIBKY B
a 6 KaXKJOM M3 JIUIEKTPHKOB Ha-
’ npagyieavsa D u E cosnagaor.
OnHako KApTWHBI JHHAN
‘ CMEIUEHUSA U JIMHUK Hanpd-
JKEHHOCTH OyAYyT BCce Ke pas-
’ Ju4HH. Paznuume 3akitovaer-
. ﬂ CAA B TOM, YTO JIMHUH CMEIEHHS
- HelpEePHIBHBI, B TO BpeMsA Kak
4acTh JIHHUA HaIPAXKEHHOCTH
Puc 58 Jlumum cmewenns (a) u nunns  OPEPHIBAETCS HA T'PAHUIE pa3-
HanpsKeHHOCTH (6) B IUIACTHMHE AMITCK- TeyTa (§ 41) Ha puc 58 mo-
TpHKa Ka3aHbl B Ka4yecTBe HOpUMepa
JIVHUY CMEMIEHUS ¥ JIMHUM HAIPSKEHHOCTH B JUIIEKTPHYECKOH
IINACTUHKE
Ilpu sToM npeamosiaraeTcs, Wro JYIMHA U IUIWUPWHA ILIACTUHKH
OYeHb BEJIWKH, TaK “TO HCKAKEHMS MONA, BHOCHMBbIE KpasgMH ILJIa-
CTHHKY, HE CKa3bIBAIOTCSI B PACCMATPUBAEMON YacTH MIACTUHKH B
cooTBeTcTBUH ¢ (42 2) rycToTa JMHAK HANPSKEHHOCTH BHYTPH IUIa-
CTHHKH MeHbIUE, YeM BHe miacrunku OTMeruM emie, 4TO JMHUH
CMeITeHysl BHyTpY NJIACTHHKA BCJIEJCTBHE NPEIOMAEHHS CTYIIAl0T-
csl, IYTO YKa3bIBAaeT Ha yBenuueHue cmemenns [ B MIacTHHKE

H
= ]
;Y
=
<

§ 44. 3axkOHBI IEKTPUYECKOT0 NOJS B JUITEKTPUKAX

OcHOBHBIM 3aKOHOM B 3JIEKTPOCTATHKE ABjseTcs 3akoH Kyiouna
ITosTomy mpexje BCEro PacCMOTPUM, KaK W3MEHUTCHA 3TOT 3aKOH

TlycTh B OMHOPOIHOM HM30TPONHOM JUAIEKTPYKE C AUJIEKTpUte-
CKOW HNPOHUIIAEMOCTBIO € HAXOAUTCHA TOYEYHBIN 3apAl ¢, KOTOPBIH
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MBI 6y1eM IPeJICTABASATE cebe B BUJIe PABHOMEPHO 3aPSXKEHHOTo IIIa-
pa (puc 59) BoiunciuM HaNpsiKEHHOCTH MOJISt HA PACCTOSHUAM T OT
uentpa mapa Ha rpanuiie nuasiekTpuka, mpuierawomei K mapy, no-
ABUTCA OTPULIATEILHBIN NONAPU3aLUOHHBIN 3apa] ¢ HOBEPXHOCTHOHN
IJIOTHOCTBIO —0', KOTOpas, COIIACHO

CKa3aHHOMY B § 42, paBHa

o' = aggE(a) = (¢ — 1)epE(a).
3neck E(a) — HanpsuKeHHOCTH OIS B
JUIEKTPUKE HAa PACCTOSIHAM @ OT LIEH-
Tpa Inapa, a — paauyc mapa. [losTomy
NOJIHBIA NONAPU3ANMOHHBIN 3apdj pa-
BEH

R S R

¢ =4ma’c’ = 4dmaeo(e — 1) E(a). Puc 59 K onpejenenuso Ha-
W3 cummerpuu 3anaym CHO, HWTO Jjiy- MPANCHHOCTH MO TOYSHHOrO
HHUY HANPSIKEHHOCTH MOTYT GBbITH TOJIb- OoP#A2 B AMSIICKTPUKE

KO PaJiHaIhbHBIMYU NPAMBIMH, CYCTOTa KOTOPHIX 00PAaTHO IPOIOPLMO-
HAJIbHA KBAJIPATy PAacCTOSHUA OT 3aps/ia, a IHAUMNT,

E(a)/E(r) = r?/a’.
TlosTromy
q' = 4nrleg(e — 1) E(r)

HanpsizkeHHOCTh 1Ot B TOYKE 7 pABHA HANPSXKEHHOCTH MHOJIA,
cozasaemoro csoGomubiM 3apsaom (¢ — ¢') B Bakyyme Crenosa-
TebHO,

Ery=—1"9-_1 ¢ _(._1nEr).

dmeq 12 4meg T2
Bripaxkas orciona E(r), Haxogum
_ 1 q _ Eo(r)
Er)= gz = =5 (44.1)

roe uepes FEy(r) ofo3HadeHa HANPSXKEHHOCTH MOJsA, CO3/laBaeMasi
TOYEYHBIM 3aPAZiOM B BaKyyMe

[Monyuennas gopMyna BeipaxkaeT 3akoH KynoHa mis auanek-
TpukoB. OHa MOKA3bIBAET, YTO HANPSAKEHHOCTDb MO/ TOYEUHOr'o 3a-
PA7a B OJHOPOLHOM JM3JIEKTPHKE YMEHBIIAETC B £ Pa3 Mo cpab-
HEHMIO C er0 3HAaY€HHEeM B BaKyyMe Mbl BUAUM, UTO (U3NYECKAs
NPUYKMHA 3TOr0 3aKJIOYAeTCH B NOSABJIEHHY MOJISPU3ANUOHHBIX 3a-
PAI0B B JM3IEKTPUKE, yMEHBIIAIOUUX 3AEKTPUYIEcKoe ToJe.

Onnako ecnu Obl MBI, XKeJlasi MOJYYHTh CHIy B3aMMOAEHCTBUA
ABYX TOYEUHBIX 3apsJI0B, Pa3jenuia eoipaenve (2 1) Ha £, TO MBI
Hojyunsm Obl B 0OIIEM CJIy9ae HEBEPHBIA PE3YJIbTAT, TaK KaK CHJIa
!(»/Io;xeT 3aBUCETH OT (POPMBI [IOIOCT U, IJle HAXOAUTCH NPOBHBII 3apsi
cp. § 40)
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Iipu BoiBoge opmynbi (44 1) MBl cumTamm, YTO OGBLEMHBIX MONAPU3AINM-
OHHBIX 3apsafoB HET Jlerko yBeQuTbCs, ¥TO B CIy4ae DATUAIBLHOTO TIOJIA ITO
AeHCTBUTENBHO Tak Mpl uMeeM

P=asoE=sT_1D

Tak Kak JHHAM CMELEHUs HeNpepbIBHEL BCETAA, TO B CHIly CepHuecKod CuM-
MeTpHY 334291
2,2 2
D(r) = D(a)a”/r°, D = D(a)a r/'r'3
Toaromy, Burumcasas o Gpopmyne (39 3) 06beMHYIO MNOTHOCTE TONAPUIAIUOH-
HBIX 3apajoB p’, HMeeM

dP; e-—1 20 e—-1 2% — 3rz?
ox € (a)e oz r3 € (@)a s
oP, e-1 272 — 3ry?

oy T e D(a)a rb !

P, _e~-1 27 — 3722

az Dla)e ré

(. 0P 0Py, 0P _
P="%z "8y Bz

W3 (44.1) cnenyer, 4To moTeHHal (OTHOCHTENBHO GECKOHEUHO-
CTH), CO3ZABAEMBIN TOYEUHBIM 3aPSIAOM B JUIIEKTPUKE, €CTh

v=_1_1¢ (44.2)

dmege

Obparumcs Tenepn k teopeme Ocrporpaackoro—-Taycca (§ 13).
W3 dopmyn (42 2) u (44.1) cnemyer, 9TO IeKTPUHUECKOE CMEIIEHUE,
€O3/12Ba€MOe TOUEYHHIM 3apANOM B JAUJICKTPU-
Ke, eCTh
+ - D = g/(4nr?).
. Ono Takoe xe, Kak M B OTCYTCTBHE [JH-
ame 3/IeKTpUKa B Bakyyme. Ilosromy Teopema

o[- +]o Octporpagckoro-laycca g OUIIEKTPHKOB
K‘_) nMeer ToT xe Bup (13.5), uTo M JUia Bakyy-
+ - Ma, rae ¢ 0bo3Ha4YaeT (pakTHYECKHe 3apsi/ibi
—— Ten 6e3 yuyeTa NONAPU3ANYOHHBIX 3aPAJ0B
+ - AUNIEKTPHKA.

Orciona, B 4aCTHOCTH, CJIEY€ET, YTO MDY 3a-

Puc 60 Kommenca- TOJHEHHH JIOGOr0 KOHIEHCATODA (OTKIIIOYEHHO-
TOp ¢ HeomHOpomEbM [0 OT MCTOYHHMKA) ONHOPOJHBIM JMS/IEKTPUKOM
IH3ICK TPHKOM anekTpuueckoe cMemenue D He mensierca. Ha-
HpskeHHOCTh ke monst B = D/ege B moboi

TOYKe HOJS YMEHBIUUTCH B £ pa3. OjHAKO HyKHO HMETh B BHAY, 9TO
T10/1€ YMeHBIIAeTCs B £ Pa3 TONBKO B TOM CJIY4ae, KOIa IUIEKTPHK
3aloHseT BCe MPOCTPaHCTBO KoHjeHcaT