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NPEAHUCJIOBHE

OcHOBHasi Hies TpelnaraeMofl KHHTH —.opram]qecxn COBMEETHTB
B OJHOM YueGHOM MOCOOHH H3JIOMEHHe NDHHLHIIOB TEODHH H IPAKTHKY
pemenus 3agay. C 3Tol Ue/blo B K&XK/IOHA IM1aBe CHayala H3/1araeTcs TeOpHs
COOTBETCTBYIOIIErO BONMpOca (C WJWIIOCTpalivell Ha KOHKDETHRIX NPHMepax),
a 3aTeM JaeTcss pas3bop psja sajiay, rje NoKashBaeTcs, K a K, IO MHEHHIO
@BTOpa, HAlO MOAXOXHTb K HX pellleHHI0. 3allayH TeCHO CBS3aHHl C OCHOB-
HBIM TEKCTOM, 9acTO SIBNSIOTCS ero pa3BHTHEM H JONOJHEHHeM, IO03TOMY
paboTa Hall HUMH JOJIKHAa NPOBOJHTLCS MapalsIeIbHO ¢ H3yUeHHEM OCHOB-
HOro MaTepuana. KpoMe Toro, mpejsaraeMslii Habop 3afad JOMKeH, NO 3a-
MHCJY aBTOpa, JaTh BO3MOXKHOCTb YyualleMycsi NOMOJHHTEJbHO OGAyMaTh
psil BAXKHEIX BONPOCOB M IIOMOYb NPEACTaBHTh (Raxe eC/H MHOTHe 3ajlauu
He pemaTh, a MPOCTO NMPOYHTATh) GOJLINOA HHAMa30H NPUJIOKEHHS H3ydae-
MBIX HIeH. ~ .

Ilpn H3JIOXKEHHH TeOPETHYECKOro MaTepHana aBTOP CTPEMHJCS HCKJIO-
YHTb H3 TeKCTa BCe BTOPOCTENeHHOe, C TeM YTOGh CKOHLEHTPHPOBaThb BHH-
MaHHe Ha OCHOBHBIX 3aKOHAaX S/IeKTPDOMarHeTH3Ma H, B YaCTHOCTH, Ha
pornpocax HauGoJiee TPYAHBIX A/ TOHUMaHus. CTPeMJIEHHE H3OKHTb OCHOB- -
Hble HIeH KPaTKo, JOCTYNHO H BMeCTe C TeM NOCTaTOYHO KODPEKTHO nofy-
WO aBTOPA HACKOJBKO BO3MOXKHO OCBOGOAMTb MaTepHas OT H3JHIIHeH
MaTeMaTH3allUH # DePEHeCTH OCHOBHOH aKLEeHT Ha (H3HYECKYI0 CTOPOHY
paccMaTpuBaeMBIX sBJeHHH. C ®TOH iKe LeJbI0 IIHPOKO HCNOJb30BAHB
pasyiHuHble MOJeJbHEIE MDEACTaBJIEHHS, ynpomaiomue (GakTOpH, YacTHb
cIydas, coo6GpakeHHs CHMMETPHH H Jp. '

Hanoxenne Begercs B CH. BmecTe ¢ TeM, yUHTHIBasi JOCTaTOYHO MIHAPO-
KOe HCIOJb30oBaHME cucTeMbl I'aycca, B [IpusioxkeHnu JaHa CBOAKa OCHOB-
HEIX eJHHAUL K HauboJslee BaXKHBIX GopMmy. kak B CH, Tak u B cucteme 'aycca.

Paspaakofi H KypCHBOM Bbille/ieHb BaKHeHIiHe MNOJNIOKEHHS H
TepMHHH (KYPCHBOM BBIA€JIeHH TaKKe - yCJIOBHSI NPHMEPOB H 3ajauy).
Iletut mcnosb3yerca s MaTepHaja NOBLILEHHOH TPYAHOCTH H OTHOCH-
TeJIbHO I'POMO3JKHX PacyeToB (3TOT MaTepHaJ NpPH NEePBOM YTEHHH MOXKHO
Ge3GoIe3HEHHO ONYCTHTD), a Takxke AJs PHMEPOB H sajad.

Knura Kak yde6HOe mocoGHe paccuWTaHa Ha CTYNEHTOB BY30B C pac-
(IHPeHHOM mporpammoli no Guanke (B paMkax obmero kypca ¢usuku), Ona
MOXKeT ObITb TaKxKe NOJIE3HOH H MpenojaBaTelsiM BY30B.

ABTOp IpH3HaTeNeH pelleH3eHTam KHuru npod. A. A, Hemiady u zou,
Jl. H, Kanuosy sa no/iessbie COBeTH M 3aMeYaHHHA, .

H. Hpodos



NPHHATHIE OBO3HAYEHASA

BekTopn 0603HaueHH KHPHBIM NpsMbIM wWpHPTOM (Hanpumep, r, E);
Ta )Xe OykBa CBeTIhIM WIpHQTOM (7, £) O3HAuaeT MOAYJb BeKTopa.
Cpenue BeIMUMHBI OTMEYeHH CKOOKaMH ( ), Hanpmmep (v}, (P).
CumBoOJIB DIepejl BeJMYHHAMH O3HAYaloT:
A — KoHeuHOe NpHpalleHHe BeJHYHHBEI, T. €. Pa3sHOCTb ee KOHEYHOro H
HayaJbHOrO 3HadeHulH, Hanpumep AE = E;, — E;, Ap = ¢ — @y}
d — nuddepenunan (6eckoHeyHO Masnoe npupaimenue), HanpuMep dE, dg;
0 - ssemenTapHOe 3HaueHHe BeJHUHHB, HanpuMep OA -~ s/ieMeHTapHasA
paborTa.
OpThl — eAHHHYHLE BEKTOPH: .
€x, €y, €, (BaH i, j, k) — OpTH JeKapTOBHX KOOpIHHAT X, Y, 2}
€y €g, C; — OPTH LHNHHADHYECKHX KOOPAHHAT P, @, 2;
N — OPT HOPMAaJH K SJEMeHTy NOBEepPXHOCTH;
T — OpPT KacaTeNbHOH K KOHTYPY HWJIH IpaHHLE pasjena.
Mpou3Bonyas no BpeMeHH OT NPOHM3BOJNBLHOH (QyHKUHH [ 0G03HaYeHa
0f/0t mau Toukofi, cTosmeh Haxn dyHKuRed, f.
HHTerpanmn /060l KPaTHOCTH OGO3HAYEHH ONHAM-EJUHCTBEHHHIM 3Has -

KOM S H pa3iH4aioTcs JHIUb OGO3HAYeHHEM SJIEMEHTa HHTErPHUPOBAHHMA:
dV — snement ob6wvema, dS — 31eMeHT moBepxHOCTH, dl — sjeMeHT KoOH-
Typa. 3Hak ) 0603HaYaeT MHTErPHPOBAHHE IO 3aMKHYTOMY KOHTYPY HJIH
DO 3aMKH NOBEPXHOCTH. .

BekTopamil onepatop y (#aGna), Onepannu ¢ HEM 0003HAYEHH TaK:

V® — rpannent @ (grad ),
v'E — guseprennas B (div E),
v X E = porop E (rot E).
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I'nasa 1
JJIEKTPOCTATHYECKOE IIOJIE B BAKYYME

—§ 1.4. JJEKTPHYECKOE HOJIE

dnexTpuueckufi sapaj. B Hacrosilee BpeMs H3BECTHO, 9TO
B OCHOBE BCEro pasHoo0pasHs siBJIeHHH NPHPOMB! JiexaT geTHpe
(yHIaMeHTaJbHHIX B3aUMONEHCTBHS MeXIy SJeMeHTapHHEMH
YaCcTHIIAMH — CHJIbHOE, 3JIeKTPOMarHuTHoe, cjiaboe M IpaBH-
TauuoHHoe, KaXpiii BH B3aUMOJEHCTBHS CBA3BIBAETCA G ONpe-
AeNeHHOM XapakTepucTHKOH uwactunel. Hanpumep, rpasuTa-
IHOHHOE B3aHMOJEHCTBHE 3aBHCHUT OT MAacG YacTHI, SJEKTPO-
MarHHTHOE — OT 3JIEKTPHUECKHX 3apsloB.

DnekTpHUECKHA 3aps] YACTHIB! SIBJSIETCS OXHOA M3 OCHOB-
HHX, [epBHYHBIX ee XapaKTepHCTHK. EMy mnpHcymu cieny-
jomue (yHIaMeHTaJlbHbE CBOMCTBA:

1) sieKTpUUYeCKUH sapsil CymeCTByeT B IBYX BHIaX: Kak
fIOJIOXKHUTENbHBINA, TaK H OTPHUIATEbHBIH;

< 2) B MOGOH SNEKTPHUYECKH H30JHPOBAHHORA cHCTeMe anrel-
paudecKass CyMMa 3apsiioB He H3MeHseTcs, STO YTBEpXJeHHe
Bblpaxaer SaKOH COXpaHeHHA SNeKTpHUE
CKOTro3sapsaAaa; -

3) snempuqecxuﬁ sapsaj fBJISETCA peJIATHBHCTCKU HHBa-
PHAHTHBIM: €ro BeJIHYHHA He 3ABHCHT OT CHCTEMBI OTCYETa,
@ 3HAYHT, He S3BHCHT OT TOTO, ABHMXKETCS OH HWJIH NOKOHTCS.

Ot dyHLaMeHTaJbHble CBOHCTBA SJIEKTPHYECKOro 3apsiia
HMEIOT, KaK Mbl YBHIAHM, JajJieKO HAYIIHe NOC/eNCTBHS,

Auextpuueckoe noJe. CorsiacHO COBpeMeHHHIM MpeJCTaBJe-
HHUAM B3aHMOJEHCTBHe MeXK]y 3apsaMH OCYLIECTBJsETCs yepesd
nosie. Besikui sIeKTpHUECKHH 3apsl ¢ USMeHsIeT OnpeiesIeHHEIM
06pa3oM CBOACTBA OKPYKaIOILEro ero NpocTpaHCTBa — CO3/a€eT
®NeKTpUHYECKOe noJae. D10 noje nposBaser ceba
B TOM, YTO NOMEUIEHHBI B KaKylo-1u60 ero TouKy JHpyros,
«npoGHHIf», 3apsAA HCNLITBIBAET AEACTBHE CHJIBI

- 8



Onur nokaswiBaert, uro cuna F, zefictByiomas Ha HenonBHX-
HBI TOYeUHH NPOGHHIH-3apsA @', BCeria MOXeT OLITh IIpeACTaB-
JeHa Kak ‘

F=¢'E, (.-

rne BekTop E Ha3BBaloT Hanp A XK eHHOGTbH 0 3/IEKTPH-
9eCKOro noJia B JauHod Touke. Bekrop E, kak Buauo u3 (1.1),
MOXHO OMNpeNeJHTb KaK CHJy, JeACTBYIOmYI Ha €NHMHHYHBIA
TNGJIOXKHTEJIbHBIH HENOJABHXHBIA 3apsal. 31ech nmpeanosaraercs,
4TO NPOGHBIH 3apsil §° NOJKeH ObITh AOCTATOYHO MAJLIM, YTOOMI
€ro BHECEHHE He BBI3SBAJO 3aMETHOTO HCKaXEeHHA HHTepecyio-
Hlero Hac moJjsi (BCJEACTBHE BO3MOXKHOTO NepepachpeiesieHHs:
CO3JIAIOLIMX MOJe 3apsioB). ‘
MMone Toueunoro 3apsaga. M3 onwira (3akon Kysona) nemno-
CPENCTBEHHO CJeflyeT, YTO HANpPSXKEHHOCTh TMOJIS HENOABHIK:
HOTO TOYEYHOrO 3apsiJa ¢ Ha PACCTOSHHHU T OT HErO MOXKHO Npef-
CTaBHTb KakK ' ‘

g

= m —r? €y, (1.2)

TIe & — 3JeKTpHYecKas NOCTOsIHHAsA; €, — OpPT pajuyca-BeK-
TOpa r, MPOBeJEHHOrO M3 IIeHTPa N0Js, B KOTOPOM PacioJoxeH
sapan ¢, Ko uMHTepecyiowefi Hac ToukH. Popmyaa (1.2) sanu-
cana B CH. 3pgecb koadduument

1/4neq=9-10° mM/D,

sapAA g uaMepsiercd, B KyJoH ax (Kua), HanpsKeHHOCTH
nons E—B BoabrTax Ha Mmetp (B/M). B 3aBucumoctH
OT 3HaKa 3apsijia q Bektop E Hampas/ieH Tak e, KaK H r, HIH
NPOTHBOMNOJIOXKHO €eMy. o

[lo cymectBy dopmyna (1.2) BrpaxkaeT He 4TO HHOE, Kak
sakoH KyusoHa, Ho B «<nosieBofi» opme. BecbMa BaxHo,
9T0 HanpskeHHOcTb E moas TouedyHoro sapsiza ofpaTHo mpo-
NOpIHOHA/NbHA KBajfpaTy paccTosiHua r. Besi cOBOKymMHOCTH
9KCIEPUMEHTAJbHEIX (DaKTOB [OKA3LIBAaeT, YTO ~STOT 3aKOH
CrpaBeIuB A paccrosnuit ot 1071% cM 0 HecKONbKHX KHJO-
MeTpPOB, H MOKa HeT HHKAaKHX OCHOBaHMH OXHJaTh, YTO STOT
8aKOH He BBHIQJIHSAETCS M NpH OOJBIIHX PACCTOSHHUSIX.

3ameTHM elle, 4TO B 10J€, CO3/laBaeMOM HENOABHXKHBIM TO-
YeuHLIM 3apsjOM, CHJa, NeHCTBywoUlad Ha NpOOHLIA 3apsh,
He 3aBHCHT OT TOIO, MOKOMTCS NPOOHBIA 8apsifi HJH ABHIKETCH.
OTO OTHOCHTCA M K CHCTEMEe HENOJBHXKHBIX 3apsifoB.

NMpunuun cynepnosnuuu. Jpyroft onbiTHH# ¢akKT, Kpome
sakoHa (1.2), sak/ouaercs B TOM, YTO HAMPAXKEHHOCTb MOJS

9



CHCTEMB! TOYEUHHIX HEMOJBHXKHBIX 3apsJ0B paBHAa BeKTOPHOMH
Cymme HanpsiKeHHOCTe#l nosieH, KOTOpHie CO3AaBajH Obl Kax-
JIblii U3 3apAJ0B B OTAEJIbHOCTH:

E—ZE =4l ig. K

£ rs

TIEe 7; == PAcCTOSIHHE MEXIY 3apsAloM ¢; M HHTepecyioume#d Hac
TOYKOH MOJIs.

1o yTBepKJEHHEe HA3LIBAIOT MPHHIL HUMOM cCymep-
No3HIUHUH (HaJOXKeHHs) deKTpHuecKuX moJeli. OH BbIpa-
JKaeT OJHO M3 CaMBIX 3aMedaTesIbHbIX CBOHMCTB MOJIeH M IO3BO-
JifeT BBIYHCJATH HANpPSXKEHHOCTb NOJA JIOOOH CHCTEMBI sapsi-
OB, NMpPEICTaBHB ee B BHJE COBOKYNHOCTH TOYEUHHIX 3apsilOB,
BKJIal Ka)KIOro H3 KOTOphIX jaaercss dopmydaoh (1.2).

Pacnpenenenue 3apagos. [l1s ynpouleHHsi MaTeMaTHYeCKHX
pacueToB BO MHOTHMX cjyyasx OblBaeT yJIOOHO HTHOPHPOBATh
TOT (bakT, YTO 3apslbl HMEIOT JHCKDETHYIO CTPYKTYPY (3/€KT-
pOHBI, fiIpa), H CYMTaTh, YTO OHH pasMasaHbl ONpeleseHHBIM
of6pasoM B npocrpaHcTBe. JIpyrHMH cJIOBaMH, YHOGHO 3ame-
HHTh HCTHHHOE pacnpejesieHHe TOUeUHBIX JTHCKPETHHIX 3apsijioB
(GHKTHBHBIM HENPEPLIBHEIM pacnpefie/ieHHeM. JTO TNO3BOJSET
SHAYHTEJIbHO YMPOIIATh PacyeTel, He BHOCA CKOJBKO-HHOYIb
3HAYKUTEJBHOH OLIHOKH.

[lpu nepexoje K HeNpepbIBHOMY pacnpefeseHHIO BBOAAT
NOHATHE O IJIOTHOCTH 3apsiioB — OO0beMHOH p, noBepXHOCT-
HOl ¢ W JsuHelHo# A. [lo ompenenenHio,

dg dg

d
pzdv, 0= A 4

s M= (1.9)
rae dg — 3apsil, 3aKIOYEHHBIH COOTBETCTBEHHO B o6beMme dV/,
Ha nosepxHoctd dS # Ha namHe dl.

C yueroMm 3THX pacnpene.neﬂnﬁ tdopmy.ia (1.3) moxkeT GHITh
npeiactasieHa B apyroit ¢opme. Hanpumep, ecnn sapsg pac-
npeneneH no o6beMy, TO Hal0 3aMeHHTb ¢; Ha dq = odV u
2 Ha [, Toraa

1 pe dV 1 (oprdv
E 41ey S A dme, s (1:5)

rlle HMHTETPHPOBAaHHe NPOBOAHTCA II0 BCeMy HPOCTPAHCTBY,
B KOTODOM Q OTVIHYHO OT HyJId.

Taxkum o6pasoM, 3Has pacipejesieHHe 3apsJoB, MBI MOXeM
TIOJTHOCTBIO pEILIHTh 3aJauy O HaXO0XIEHHH HaNpAXKEHHOCTH
S/MeKTpHYyecKoro nojas no gopmyJe (1.3), ecan pacnpegenenue
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IACKpeTHO, Man no ¢dopmyne (1.5) w am

pacnpesiesieHHe HenpepbiBHO. B ofliem ciyuae pacder conps-
JKeH CO 3HauMTesbHBIMH TPYAHOCTSIMH (mpaBja, He NpPHUHIH-
NHAaJbHOTO Xapakrepa). JJeHCTBHTENbHO, AJISi HAXOXKIEHHS BeKs.
Topa E Hano BbUHMCAHTH cHauana ero mpoekuun E,, E,, E,
a 3TO 1O CYIIecTBY TpH HHTerpana tuna (1.5). M TosabKo B Tex
clydasxX, KOrja CHCTeMa 3apsijioB o0sajaeT TOH HJIH HHOH
CHMMeTpHeH, 3aJaua, Kak MpaBHJIO, 3HAUHTEJIbHO obserdyaercs,
IlpuBenem nBa npumepa.

Ipumep 1. IMoAae Ha OCH TOHKOrO PaBHOMEPHO 3apsiKEHHOIO KOJbLA.
3apsd q > 0 pasromepro pacnpedeser no MOHKOMY KOAbYY PAOUYCOM
Haimu HanpascerHocms E SNeKMPUHECKO20 NOAA HA OCU KOAbLUA KaK ¢yﬂl€'
YUK paccmosHus 2 om eeo yeHmpa.

Jlerko coo6pasuTh, uTO B JaHHOM ciyuae BekTop E jomken 6u1;2
Hanpas/ieH 10 ocH Kosibla (pHc, 1.1). BollennM Ha KoJblie OKOJIO TOYKH

dl

rde;

B
Ym

Puc, 1.1 Pue, 1.2

anement dl. 3amumem BHpaxenme Ans coctasasiomel dE, OT TOro anes
MeHTa B Touke C:
1 Adl

dL , == ~——=——C0s &
27 4ngy, 2 ’

rie A= q/2na. Jlns BCex SMeMeHTOB KoJablia r B & GyAyT OLHEMH H TeMA
e, N03TOMY HHTErPHPOBaHHE STOrO BHIpa)KEHHsS CBOZHTCH NPOCTO K 3a-
meHe Ad/ Ha g. B pesayabTate

q 2

dney (@297
B#igno, uto npH z > a none E ~ g/4ney2?, T. e. Ba GONBMHX PACCTOSHHAR
oTa cHCTeMa BeJieT ceGsi KaK TOYeYHbHi 3apsi.

Mpumep 2. Mone paBHOMEpHO 3apsikeHHOH npsaMoi HUTH.Towkas nps-
Mas Hump Oaunou 21 sapsscena pasHomepro 3apadom q. Hadmu nanpamcer-
noemo E noas 6 mouke, omcmosueli Ha PACCMOSHUL X OM YeHMPa Humu u
PACNOAOHCERHOU CUMMEMPULHO OMHOCUMENLHO €€ KOHY08,

1



- U3 coobpaxeHuft CHMMeTPHH SICHO, UTO BeKTOp £ NOJKeH HMeTh Ha-
JipaBJieHHe, NMOKa3aHHOE Ha pHC. 1.2. D10 noAckasniBaeT, Kak Halo mnocry-
MHTb Aajiee: HafifleM cocTaBasomyo dE . oT sneMenta d! HETH ¢ 3apsioM dg
H 3aTeM IIDOHHTErpPHpyeM MO BCeM SJeMeHTaM HHTH. B Hamem cayuyae

—-’"d‘lc (2
4negy r? i

rae A = /2] «» nuHefinast NJIOTHOCTh 3apsiga. IlpHBelleM STO YypaBHEHHe
K BHLY, YAOGHOMY 151 HHTerpHpoBaHHs. K3 puc. 1.2 Buawo, 910 dl cos & =
== rda u r = x/cosa, nosToMy .
1 Arda A
4ngy 12 4negx

dE,=dE cosa==

dE,= cos o dat,

- 910 BBIpAaXKEHHE JIETKO NPOHHTETPUPOBAThH:

@0
E=—L2 gcosada=
£0X o

% 2 si
4n 4megx 1 %,

e &, — MaKCHMaJibHOe 3HaueHHe yria @, sino, = I/ B+ x3, nostomy

E= 92 o 1 q
dneex  YP+x2  dnex VB2
U spech B = g/4nsyx® npu x > | Kak mnoJe TOYeYHOro 3apsiaa.

TeomeTpHueckoe onMcaHHE 8JEKTPHYECKOro noas. 3Has
BekTop E B Kax/0/i TOUuKe, MOXKHO NPENCTABHTb JIEKTPHYECKoe
foJie OYeHb HATJISAJHO C TIOMOIIbIO. JIMHHA HAnpsiKeHHOCTH,
Wi JIHHAH BekTopa E. OTH NMHMH NpOBOAAT TaK, 4TOGH Kaca-
TeJIbHas K HHM B KaxJOH TOUKe COBNajana C HanpasjeHHeM
Bektopa E, a rycrora JIHHHH, T. e. YHCJIO JHHHH, NPOHH3H-
BaIOIKX eJHHWYHYIO IJIOIANKY, NEepNeHIHKYASPHYIO JHHHIM
B JaHHOH TouKe, Obuta Gbl TMPONOPLHOHAIbHA MOAYJIO BEK-
Topa E. KpoMe Toro, sTHM JIHHHSIM MPHIHCHLIBAIOT HampasJie-
HHe, coBnajaioulee ¢ HanpassieHHeM BekTopa E. Ilo mosyueH-
HOM KapTHHe MOXHO JIeTKO CYAHTb O KOH(QHIypaUHH AaHHOro
3/IEKTPHYECKOTO NOJIsi — O HanpaB/IeHHH H MojyJie BekTopa E
B pasHbIX TOYKaX MOJS.

06 o6uux coficreax nousi E. Onpesnenennoe Bbiue nose E
obnajgaer, Kak BBIICHHJIOCH, [BYMS YpE€3BBIYAHHO BaXKHBIMH
CBOHCTBAMH, 3HaHHe KOTODBIX HOMOIJIO TIJyGXKe NPOHHUKHYTh
B CyTb CaMOr0 NOHATHSA NoJsig H chOpPMYJIHPOBATh €ro 3aKOHH,
a TaKXKe OTKPBIJIO BO3MOXKHOCTb PELUIHTb PSJ BOIPOCOB BecbMa
fIpOCTO M H3fINHO. ITH CBOHCTBA.— TaK HashiBaeMble TeopeMa
Faycca m TeopeMa O uUMPKYJAsiuMH BekTopa E — cBsisaHm
C JByMs BaX{HeHLIHMH MaTeMaTHYeCKHMH XapaKTepPHCTHKaMH
BCEX BEKTOPDHLIX IOVIEA: TOTOKOM H UHPKYy A AL HEH,
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Kak wul YBHAHM, MNOAB3YACb TOJAbLKO 3THMH JByMS TNOHS-
THAMH, MOXKHO ONHCaTb BC€ 3aKOHW He TOJIbKO 3JIEKTpHUe-
CTB4a, HO H MArHeTH3Ma. I'lepemleM K nocJaenoBaTe/;ibHoMYy pac-
CMOTPEHHIO 3THX CBOMHCTB.

§ 1.2. TEOPEMA TAYCCA

TMorok Bektopa E. [lns Gonbluefi HarJsAHOCTH BOCIMOJb3Y-
€MCsl TeOMeTPHYECKOH KapTHHOH OITHCaHHA 3JEKTPHYeCKoro
nosia (¢ noMoribio HHUA BekTopa E) H ewe, ais ynpoueHus
paccyxnedu#i, 6ynem c4uTaTh, 4To rycrora JuHuil E pasua mo-
nymo Bektopa E. Toraa yucno JvHHE, NPOHHU3BLIBAIOIIMX 3Je-
MeHTapHylo mJomanky dS, HopManb n KOTOpo# cocrasiasier
. yron o ¢ BektopoM E, onpepeasiercs- cornacHo puc. 1.3 Kak
EdS cos a. dra BenuunHa M eCThb 2

notok d® Bektopa E cKBO3b mJ0- o

maaky dS. B Gonee kommakTHOH /

gopve z g

: d®=E, dS=EdS, , =
ds

rae E, — npoexkuus Bekropa E Ha

HOpMaJb n kK miowaznke dS; dS — Puc. 1.3
BEKTOp, MOZAYJb KOTOporo paseH dS,

a HanpaBJieHHe COBNajaeT C HOPMaablo N K rmomanxe 3ame-
THM, YTO BHIOOD HanpaBJieHHs BeKTopa N’ (a c/efoBaTesbHO,
H dS) YCJIOBEH, ero MOXHO OblJIO Ob HanpaBHTb H B MPOTHBO-
NOJIOKHYIO CTOPOHY.

- Ecau uMeeTcsi HeKOTOpasi NPOW3BOJILHAf noaepxnocn: S,
TO NOTOK BeKTopa E cKBO3b Hee -

®={EdS. - (1.6)
Ry

Dra BenHuyHHa ajrebpanyecKas: OHAa 3aBHCHT HE TOJNBKO OF
‘KoHpurypauuu nosas E, HO H or Beifopa Hanpas/ieHHsi HOp-
Masii. B ciryuae 3aMKHYTBIX MOBepXHOCTeH NMPHHSTO HOpMaJb n
6patb Hapyxy o61acTH, OXBATHIBaeMOH 3THMH MOBEPXHO-
CTIMH, T. €. BHIOHpaTh B H e Il H |0 I0 HOpPMajab, YTO B Ja/lb-
HelilleM OyZer Bcerja M MnoJpa3yMeBaThCH.

Xora. 3pech peub 1LIa 0 notoke BekTopa E, monsTue no-
TOKa B ‘paBHON CTeneHH OTHOCHTCA K JI060My BEKTOPHOMY
noJIo. .

Teopema Iaycca. Ilotok BekTopa E CKBO3b IpPOH3BOJIBHYIO
3aMKHYTYIO TIOBEpXHOCTb S 06JafiaeT yAHBHTEJNbHBIM H 3aMe-
yaTeJbHBIM CBOFCTBOM: OH 3aBHCHT TOJNbKO OT anrefpanue-
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CKO CYMMBl 3apSJ0B, OXBATHIBAEMBIX 3TOH MOBEPXHOCTHIO.
A uMeHHO j ,

1.7

1
§ E d5=—8;‘lsnyrp »

rje KpyXOK y MHTerpana o3Hayaet, YTo HHTETpHpOBaHHe Ipo-
BOAMTCA 1O 3aMKHYTOH IOBEPXHOCTH.

1o BEIpaXKeHHe U cocTaB/seTcyTbTeopeMBE [aycc a1
nomok eexmopa E ck8036 3aMKrYmMy0 nosepxrocme pasex arced-
pauseckolt cymme 3apsdoe GHympu MO nogepxXHoCIL, deaeHrol
Ha €. ;

JoxasareabrcTBo TeopeMmH., CHavaga pace
CMOTPHM T[OJIe OJHOrO TOYeyHoro 3apsna ¢. OKpy:KHM 3TOT
$8pAL TPOH3BOJIBHOM 3aMKHYTOH moBepXHOCThiO S (pHc. 1.4)
Y HaiizeM notox BekTopa E cKBO3b aseMeHT dS: ;

q 1 ,

dD=E dS=F dS cos ¢ == 7

1
4neh

rne dQ — TesecHBIf} yros, onvpaiooUics Ha 3JeMEeHT IoBepX-
Hoctu dS, e peplliMHOH B TOUKQ pacmosIgKeHHs 3apsia (.

Puc. 14 Puc. 1.5

WurerpnpoBanye STOro BHIpAXXEHHS MO Bcell moBepXHOCTH S
SKBUBAMACHTHO HHTErpUPOBAHUIO 1O BCEMY TEHAECHOMY YTy,
7. e. sameHe dQ Ha 4m, # Vbl monyuuM @ == g/g;, KaK W Tpee
Gyer dopmyaa (1.7). ' ,

_ 3ameruM, uro npu GoJee cioxHOH (opme 3aMKHyTOH mo-
BEPXHOCTH YIVIbl ¢ MOTYT ObITh GoJsibllle 7/2, a 3HAYHT, COS Cf
u dQ B (1.8) npunuMaer, Boo6me roBopsi, KaK MNOJIOXKHTENbs
Hble, TaK H OTpHIATeNbHEe 3HaueHHs. HTak, dQ = BesHunHa
anre6pauyeckasst ecqu df2 omupaercsi Ha BHYTPEHHIOIO CTO-
pony nosepxHoctd S, To dQ > 0, ec/iH e Ha BHELIHIOW CTO-
pony, 10 dQ2 <0,
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~ Orciona, B 9acTHOCTH, CNeAyeT! €CNR 3apsf ¢ PACHONOKeH
BHE 3aMKHYTOH NOBepXHOCTH S, TO mMOTOK BekTopa E uepes
Hee paBeH HyJo, [l 3TOr0 ZOCTaTOYHO MPOBECTH M3 3apsija §
KOHHYECKYI0 IOBEpXHOCTb Tak, 4TOGE OHAa OKasajach Kaca-
TeJbHOH K 3aMKHYTO} noBepxHocTH S. Torna uHTerpupoBanue
BhipaxkeHus (1.8) mo noBepxHocTH S SKBHBAJIEHTHO UHTETPHPO-
Banvio no Q (puc. 1.5): BHemIHAsT CTOPOHA NOBEPXHOCTH S
Oyner BHIHA H3 TOYKH ¢ noj yriom Q >0, a BHyTpeHHss
nox yriom —  (o6a yriia mo Mozysio paBHb). B cymme mo-
ayyuM Hyab, H @ = 0, 4TO TakXKe COBMAJAET C YTBEPK/IEHHEM
(1.7). Ha s3eike sunuit Bektopa E 310 03Hauaer, 4TO CKONBKO
JIHHHA BXOAMT B OOBEM, OrpaHUYEHHBIH MOBEPXHOCTBIO S,
CTOJIBKO W BBIXOJHT.

Tenepp ofpatuMcsi K ciIyyaio, KOrja 3JeKTPHUECKOe MoJie
CO31aeTCsA CHCTeMOH TOYEUHBIX 3apsiioB ¢y, ¢, M T. 1. B 3ToM
cJlydae coryiacHo npuHuuny cynepnosuuud E = E; 4+ E; +...,
rie E; — noJse, co3gaBaemoe 3apsioM ¢y, ¥ T. A. Torma moTok
BekTopa E MOXHO 3amucaTh Tak:

§E dS=§(El+E,+...) AS=§ E, dS+§ B, dS =Dy + Dy +...

CorsnlacHO mpeibAymieMy KaXIblfi HHTerpaq B NPaBOf 4YacTH
paBeH @;/ey, €ciu 3apsAA §; HAXONHTCH 6HYMPU 3aMKHYTOH
NOBEPXHOCTH S, H HYJIO, €CIH CHApYXcu TOBEPXHOCTH S.
IlosToMy B mpaBoii 4YacTH OCTaHeTcs ajrebpauyeckas cymma
moAbKO TeX 3apAjoB, KOTOPHE HAXOAATCH BHYTPH MOBEPXHO-
cta S.

Jlns 3aBeplueHHs JOKA3aTesIbCTBA TEOPEMBI OCTAETCS YYECTh
cayyad, KOTAa 3apsiibl pacnpeje/ieHbl HeNpephBHO ¢ OGBEMHOM
IJIOTHOCTBIO, 3aBHCSAILEH OT KOOpAUHAT. B 9TOM ciiyuae MOXHO
CYHTaTh, YTO KaXIBIH sJjeMeHTapHLHIA o6bem dV comepxkur
«toveunslity 3apan pdV. Torza B mpasoit uactu (1.7)

GeryTp = S pdv, (1.9)

rlie HHTerpHpoBaHHe NPOBOLUTCA TOJBKO MO OGBEMY, 3aKJI0-
HYeHHOMY BHYTPH 3aMKHYTOH IIOBEPXHOCTH S.

Heo6xoznuMo o6paTuTe BHHMaHHe Ha CJENYIOUIEe BaxKHOE
06CTOATENBCTBO! B TO BpeMsl Kak camo nose E 3aBucur or
KOH(HIypauuH BcCe X 3apsjoB, NOTOK BekTopa E CKBO3b
NPOU3BOJILHYIO 3aMKHYTYIO' MOBEPXHOCTb S onpenensercs
TOJILKO anre6panyecKodl CyMMOH 3apslioB BHYTPH IOs
BepXHOCTH S. 3T0 3HAYHT, YTO €CJAM MEPEeABHHYTH 3apsijH,
TO noJie E H3MeHHTCA BCIOAY,.B YaCTHOCTH, H Ha MOBEPXHOCTH S,
M3MEHHTCs, BooOWle rosopsA, W NoTok BekTopa E uepes S,
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OHaKO ec/IM mepeABMIKKA sapsijoB npoH3olifa fes mepeceue-
HHsl MOBepXHOCTH S, noTok BeKkTopa E uepe3 3Ty MoBepXHOCTB
ocTaHeTcsi 1N P €K H H M, XoTd, nosropsieM, camo nose E
MOXeT H3MEHHThCS, NIPHYEM BeCbMa CYIIECTBEHHO. ¥ IUBHTE/b-
Hoe CBOHCTBO 3JIEKTPHUECKOTro noJs!

§ 1.3. IPUMEHEHHA TEOPEMBI I'AYCCA

IMockonbky mnosne E 3aBHCHT OT KoH(urypallhh BcCe X 3apsios,
TeopemMa ['aycca, BooGime roBopsi, He NaeT BO3MOXHOCTH HaHTH 3TO moJe.
OnHako B psifie ciyyaeB Teopema aycca OKasbiBaeTcsi BecbMa 3((peKTHB-
HHIM AHAJHTHYECKMM HHCTPYMEHTOM: OHA TO3BOJISIeT MOJYYHTh OTBETH Ha
HEKOTOphle NPHHUMIIHAIbHBE BONPOCH, He pellas 3ajJayd, a TakKxke Haxo-
AMTh H camo nose E, mpuueM ype3BbiualiHO NpoCThiM NyTeM. PaccMoTpam

HECKOJIbKO TIPHMepOB, a 3aTeM CHOpPMYJHPYeM HEKOTOpbie O6iiMe BEIBOABL

O TOM, B KaKHX CJ1yyasiXx NpUMeHeHHe TeopeMml I'aycca oxasniBaeTcsi HaHGO-
Jiee Les1ecoo6pasHhIM.

Mpumep 1. O HeBO3MOXHOCTH YCTOAYHBOrO PaBHOBECHS 3apsia B aje-
KTpPHYeCKOM noje. [Tycmb 6 6aKyyme umeemcs CUCMEMa MenoOBUNCHbIX mo-
ueyHnix 3apados, Haxodauwuxca 8 paswosecuu. Paccmompum o0un u3 smux

8apAa008 — 3apad q. Modxem au cocmosxus ezo
pasnosecus. 6uime Yycmouuusoim?

S UTo6rl OTBETHTb Ha STOT BONPOC, OKPYKHM
3aps ¢ He6ONbIIOHA 38MKHYTON HOBEPXHOCTBIO S
(prc. 1.6). JomycTuM, Ana onpeleeHHOCTH, 4TO
g > 0. Toraa ans Toro 4TtoOM DaBHOBECHe 3a-
psila ¢ GHIO yCTORYHBHIM, HEOOXOLHMO, 4TOGH
BO. BCeX ToyKax noBepxHocTH S nose E, oGpa-
. S0BAHHO@ BCEMH OCTaJ bHB M H 3apslaMH
Puc. 1.6 CHCTeMbl, ObIJIO HanpaBJIeHO K 3apsilly §: TOJAbKO
i B STOM CJlyyae NpPH JI060OM -MaJOM CMelleHHH
3apslla ¢ H3 IOJOXEeHHS DaBHOBECHS Ha Hero
6yfeT AeHCTBOBaTb BO3BpalaloL as CHIA, H NONOXKEHHe PAaBHO-
Becns JeficTBuTenbHO 6yleT ycrofiumBuM. Ho Takas konburypauus noas E
BOKPYT 3apsiia ¢ NpoTHBOPeuHT TeopeMe I'aycca: moTox Bexktopa E ckBO3b
NOBEPXHOCTb 8 OTpHIIaTe/leH, COIVIACHO Xe TeopeMe [aycca oH JomxkeH
GHTh paBHBIM HYJIIO, NOCKOJIBKY 3TOT MOTOK CO34a€TCS 3apsiiaMH, Pacnoso-
*KEHHHIMH B H e N0BepXHOCTH S. A paBeHCTBO BekTopa E HyJio 03Hauaer,
4TO B KaKHX-TO TOYKax nosepxHocTH S BekTop E HanpaBneH BHYTpb, a
B K4KHX-TO 00sisaTeslbHO Hapyxy. OTClola H caledyeT, YTO yCTOHYHBOe paB-

HOBecHe 3apsifia B JI060M SJEKTPOCTATHYUECKOM I10JIe HEeBO3MOXKHO.

Mpumep 2. Tone pasHomepHo 3apsikenHoli niockocT. ITycTh moBepx-
HOCTHasl MJIOTHOCTb 3apsia paBHA 0. M3 cHMMeTDHH 3ajayH OYEBHJHO,
49r0 BeKTOp E MOxeT ObiTh TOMbKO TNepneHIHKYJIAPHHIM 3apsKeHHOH
naockocTH. Kpome TOro, sicHo, uTo B CHMMETPHYHBIX OTHOCHTEJIbHO 3TOM
TIJIOCKOCTH TOYKaxX BeKTOP E ofHHAKOB 1Mo MOLY/IO H NPOTHBOMNOJIOKEH 110
HanpasyenHio. Takas KOHQUIypauus NoJis MOACKA3bIBaeT, YTO B KayecTBe
SaMKHYTOA NMOBEPXHOCTH CJlegyeT BHOPATh NPSIMON UHJHHLD, PaCIOJIONKEH=
MBI, Kag Ha puc. 1.7, rae mpennonaraercs ¢>0.

[Totox cKBO3b GOKOBYIO MOBEPXHOCTb STOr0 LHMHHADA paBeH HYJIO,
H NO3TOMY NOJIHBIH NMOTOK Yepe3 BCIO MOBEPXHOCTh LHJAHHApPA OyneT 2EAS,
rie AS — nnomane Kaxioro Topua. BHYTpH LMJAHHADA 3aKMIOYeH 3apsg
0AS, Coryacho TeopeMe I'aycca 2EAS = 0AS/e,, otkyna E = 0/2¢,. To

16



