1.5 TIoTOK BEeKTOpA HANPAKEHHOCTH YICKTPUUYECKOI0 MOJIs \

PaHee oTMe4YasioCh, 4YTO BeJHYHMHA BEKTOpPa HANPIKEHHOCTH
IEKTPUUYECKOT0 TMOJI PAaBHA KOJUYECTBY CHJIOBBIX JIMHMH,
MPOHM3bIBAKINUX NEePHEHAUKYJISIPHYI0 K HUM eOUHUYHYI0 TITIOLHAIKY.

Bri0epemM Majiy1o miomaaKy dS, PACIOJIOKEHHYIO Mo YyriioMm O K

CHJIOBBIM JIMHHSIM. .
[10TOKOM BEKTOpA HANPSUKEHHOCTH [ depe3 3Ty ILUIOIIAAKY
HA3bIBAETCS YMCJI0 NPOHU3BIBAIOIINX €€ CHJIOBBIX JUHUH
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PHCYHOK IOSICHSIET OIIpeesIeHHEe MOTOKA BEKTOPA E




Ecan miomaaka uMeeT eIMHUYHYI0 ILIOIIAAb dS = 1 m? u

NePHeHAUKYJIAPHA BEKTOPY E , T0 O — O, cost =1 u nmoJiyyaem
_ 2
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3HAUNT, GeruuuHa 6eKMOpPA HANPANCEHHOCHMU INEKMPUUECKO20 NOJIA
YUCNIEHHO PABHA NOMOKY IMO20 6eKMOpa 4epe3 NepneHOUKYIAPHYIO K
HeMYy eOUHUYHYI0 NIIOULAOKY .

3a eqMHMIY IOTOKA BEKTOPA HANPSKEHHOCTH NIEKTPUYECKOI0 IMOJIs
NPUHAMAIOT OTOK BEKTOPA [  BeJMYMHON E=1B/m yepes
MEePHEHIUKYJISPHYIO K HEMY eTUHUYHYIO TUIOIIAAKY
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BBeaeM BeKTOp IJI0IIAAM d§ — dS . ﬁ

toa  d®, =E dS =(E -1i)-dS = (E - dS)

IycTs 1aHa NPOU3BOJIbHAA MTOBEPXHOCThH S . Torok BEKTOpa E
yepes ITY MOBEPXHOCTH PABEH MOBEPXHOCTHOMY MHTEIrPAJIy
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IIoTOK 3aBHCHUT OT HAIIPABJIEHUSA HOPMAaJIH n . JlJ1s1 3aAMKHYTBIX
IOBEPXHOCTEMN 3a NOJ10MCUmME/IbHOE HANPABIeHUE HOPMAIU RPUHUMAIOM
BHEULHIOI0 HOPMAJIb, HANPABICHHYIO HAPYXMCY 00]1aCmU, 0X8AMbIEAECMOTL
nosepxnocmoio. Toraa u3 (1.5.2) ciaeayet, 4To 10OTOK MOJI0KUTEIbHBII,
€CJIM JIMHUU HANPSKEHHOCTH BBIXOAAT U3 MOBEPXHOCTH, H MMOTOK
OTPULATEJLHBIN, €CJIU JUHUHU BXOAAT B MOBEPXHOCTD.




HaiineM nmorok BeKTOpa [, CO3JaHHOI0 TOYEYHBLIM 3apPAIOM, Yepes3

chepruvecKy0 NMOBEPXHOCTH S paauyca . Ilycth 3apsaa HaxoauTcsl B
uenmpe 310U cpepsbl. BeTHUNHA BEKTOPA HANPAKECHHOCTH TAKOI0 3apsaa

paBHa E=-k &2
I

CuiioBble JIMHUM NEPHEHIUKYJIAPHbI cdepe, MOITOMY YHUCJIO0 JUHHUI N,
nepeceKkaoIux cepy, PaBHO MPOM3BEACHUIO TYCTOTHI JIHHMIA, TO ecTh I |
Ha IJI0IaaAb chepbl 1 0 4 71,’/,2 q
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MoTok paBen uncay Junmii [N, mosromy @E =N = & (1.5.3)
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CienoBaresibHO, MOTOK OAMHAKOB s cdepbl J1000ro paamyca, a
€ro 3HAK COBIAJAAeT €O 3HAKOM 3apsaa. /[ia noioxcumenbHulX 3apsa00e
HOMOK NOJIOHCUMENEH, 0J1 OMPUUAMETbHBIX — OMPUUAMETTbHBLIL.




ITOT Ppe3yjabTrar CHpaBelJUMB M JJISA CJydas, KOIrjaa 3apsj
0XBATHIBAECT 3aMKHYTasl MOBEPXHOCTb J1000U (opmbl. JIeHCTBUTEIbHO,
KAK/1asi CHJIOBAsSI JIMHHUS NepeceKaeT MOBEPXHOCTb BCEIIA HeUeHHOe YUCLO
paz, a BXOASIHUM H BbIXOAAINIMM M3 IOBEPXHOCTH CHJIOBBIM JIMHHMAM
OTBEYAKT IOTOKH Pa3sHbIX 3HAKOB. Ilo3Ttomy wHe ckomnencupoeannwvim
Oyoem 6K1a0 6 NOMOK JUlib OmM 00HO20 Nepece4eHus NO6epXHOCmU W,
CJIeIOBATEJIbHO, INOTOK 4epe3 INPOM3BOJBHYI0O OXBATHIBAKIINYI0O 3apsj
IOBEPXHOCTHh PABEH MOTOKY 4Yepe3 JJ100YI0 0XBATHIBAIOIIYIO ero cdepy.
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Ecnu 3amknymas noeepxmnocmov He
oxeamuvleaem 3apsao, mo NOMOK uepe3 Hee
paeen 1y, IT0 NOKA3aAHO HA PUCYHKE.

/

I/ITaK, CCJ/IM 3aMKHYTas IOBEPXHOCTDb

3aKJI04aer B cede ToYeyHBId 3apax (, 1o
NOTOK BEKTOpPa [ uepe3 Hee paBeH
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1.6 Teopema Octporpaackoro-I'aycca ajist 3JIeKTPUYECKOI0
I10JISI B BAKYYMe

Ilycth BHYTPH 3aMKHYTOH TOBEPXHOCTH S Haxoautca |

3apsagaoB () (I = 1,...,n). ComlacHO NPUHOUNY CYHepPHo3UIUHU
HAIPAKEHHOCTD I0JISl, CO31aBA€MOI0 BCEMH 3apAiaMH, paBHAa

-YE,
1=1

[ToaCcTABHM ee B BbIpajKeHHe /ISl MOTOKA Yepe3 MOBEPXHOCTh O

D, gSE dS = ZE -dS = Zcp 1y, @6

Go i=1

JT1a dopmyJia Beipaxaer codou Teopemy Ocrporpaackoro-Iaycca :
HOMOK 6eKMOPA HANPAHCEHHOCHU ITIEKMPUUECKO20 NOJIA Yepe3 3AMKHYMYI0

NOBEPXHOCMb PABCH a12e0pauuecKoil cymme 3apa0oeé eHympu 3Imou
NOCCHXHOCIU. OCTTCHHOLL HA Y1CKIMDUUCCKVIO NOCTMOSHHVIO0 ©~



B o0mem ciaydae 3apsa MOXKeT ObITh pachnpeaejieH HeNnpepbiBHO ¢

00bEeMHOH NMJOTHOCTBHIO
p(r)=

dVv

JIeMeHTapPHbIii 3apsa dq B masiom oobeme 0V moxkHo paccMarpuBaTh
KAK TOYE€YHbIH, MOITOMY MOTOK BEKTOPA HANPSKEHHOCTH CO3JMAHHOTO UM

0JIA paBeH
i, = dq pdV

¢ ¢
CyMMaprlﬁ IHOTOK OT BCe¢EéX 3JIeMeHTaprIX 3apHI[OB, 3AKJIIOYCHHLBIX B

KoHedHOM 00beMe \/, 0XBATHIBa€MOM MOBEPXHOCTBIO O , paBeH

@, =[do, gSE dS = Vj”
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31ech nHTErpa’ no oonemy \

jpdV
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JAaeT MOJHbIN 3aps] BHYTPHU IOBEPXHOCTH S, oxBarbiBaoeii 06bem V.

W, D, = Cﬁ E.dS= l_[,IM’V (1.6.2)
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yTa (opmysa BbIpaxkaer codoim Teopemy Ocrporpaackoro - laycca B
UHTErPAJbLHON (POpMeE: HOMOK 6eKMOpa HANPANCEHHOCHIU ITIEKMPUUECKO20
nonsa  uepe3 3AMKHYmMyl0 HOGEPXHOCHIb PAGEH 3apaldy GHYmpu 3Imou
nogepxnocmu, oenennoi Ha & .




1.7 Ilpumenenue Teopembl Ocrporpajackoro-I'aycca K
pacyery JNIEKTPUYECKHMX I0JIed B BaKyyMe

DJIEKTPUUYECKOe MMoJIe CUCTEeMBbI 3apSA0B MOKHO HAWTH € MOMOUIbIO
NPUHUHUNA CYHEPHmO3UIMHM IOoJeid, HO OObIYHO TAKOW PpacyeT CJO0KEH.
Teopema Ocrtporpaackoro-laycca mnmo3BoJisieT 3HAYUTEJIBHO YIPOCTUTH
BbIYUCJICHUS.

PaccMorpuM  moJiss  3aps0B, HEINPEPbLIBHO W PABHOMEPHO
pacnpeaeJieHHbIX B IHpPOCTpPaHcTBe. BBeaeM MOHATHA NOBEPXHOCTHOU M
JJMUHEHUHOM IJIOTHOCTH 3apsja.

Ilycrs 3apsii HaAXoAUTCA B TOHKOM cJjoe. Ero pacnpeneieHue
MOKHO ONMCATH ¢ MOMOIIbIO MOBEPXHOCTHOU IVIOTHOCTH (O , paBHOU

_ d_q [0] _ Kn (1.7.1)
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rue dq — 3apsi, HAXOASTIHIicH B c10e momaxn 0S.




Ecau 3apsiq HaXoAMTCA BHYTPHM ULWIMHAPA, TO HCHOJIb3YIOT
JIMHEHHYI0 IVIOTHOCTD 3apsaa e PAaBHYIO

_dg (2]= Kn (1.7.2)
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e dq - 3apsJa BHYTPH OTPe3Ka MMJIMHAPA AJIHHOM dl.




A) Iojie paBHOMEPHO 3aPAKEHHOM 0€CKOHEYHOM IMJIOCKOCTH

PaccMoTpUM  IUIOCKOCTH, HA KOTOPOW MOJIOKHUTEIbHBIN 3apsjl
pacrpeae/ieH ¢ NOCTOAHHOU MOBEPXHOCTHON IVIOTHOCTBID O

U3 cumMMeTpuH 3a1a4M CJICAYET, YTO JIEKTPUYECKOE 110JI¢ B TOYKAX,
PACIOJIOKEHHBIX 3€PKAJbHO OTHOCUTEJIbHO ILIOCKOCTH, J0JKHO ObITh
OJMHAKOBBIM 10 MOAYJ HU NPOTHBONOJJOKHBLIM II0 HANPABJICHHUIO, A
CUJIOBbIC JJUHUHU IEKTPHUUYECKOTO MOJA T0JKHBI ObITH NMEPHNEeHANKYJISIPHBbI
K IJIOCKOCTH.

Bbi0epeMm B KauecTBe 3AaMKHYTOM
MOBEPXHOCTH HUJIMHAP, OCHOBAHUS
KOTOPOI0 MapaJlIeIbHbI IJIOCKOCTH.
HaiieM noTOK BEKTOPA HANIPHAKEHHOCTH -
yepes MOBEPXHOCTh HUJIUHAPA. — <
Ilomok uepe3 00Ko08y10 nogepxnocma E .
paeeH Hyn10, maK Kak culoevle TUHUU S
ee He nepecexkarom.
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I1o3TOMY MNOJHBIM TMOTOK PaBeH CyMMe II0OTOKOB 4epe3 /aBa

OCHOBaHHSI, IUIOMIAAb KAJKIOT0 M3 KOTOPHIX paBHa o. Ilo Teopeme
OcTtporpajackoro-I'aycca moayqyaem S

OT1Ky1a E=_0 (1.7.3)
2¢,

CaenoBarejibHO, HANPSIXKEHHOCTh IEKTPUUYECKOI0 OJIst
PABHOMEPHO 3apAKeHHOM OeCKOHEYHOM IMOBEPXHOCTH HEe 3aBHCHUT OT
JJMHBbI HAJIHHAPA U OAMHAKOBA HA JIIOOBIX PACCTOAHHUAX OT IJIOCKOCTH, TO
eCThb 3TO H0J1e 00HOPOOHO.

Jls oTpULATEIbHO 3aAPSAKEHHON MOBEPXHOCTH PacyeT aHAJIOIHYEH,
MEHSIeTCH JMIIb HAIIPABJIEHUE MOJIS.




b) Ilose ABYX pa3HOMMEHHO 3aPSAKEHHBIX 0€CKOHEUYHBIX MJIOCKOCTEH

Ilycte uMeTCcsi JABe 0eCKOHEYHbIE IUIOCKOCTH, NapajiiejibHbIe
JAPYT APYIY M 3apsizKeHHbI€ MPOTHBONMOJIOKHBIMH 10 3HAKY 3apsaaaMu. s
HAXO0KACHHUSA HANPSAKEHHOCTH BOCIOJb3yeMCH Pe3yJbTaTOM Npeabiayluen
3ala4¥M M NPUHOUIIOM cynepno3dunuud. CieBa M cmpaBa o0OT JABYX
IMOBEPXHOCTEH IJIEKTPUUECKHE IO0JI HANMPABJEHbI B NPOTHBONOJJIOKHbIE
CTOPOHBI U TACAT APYI ApYyra,

M07TOMY B 00.,1aCTAX 1l a3 O O
CYMMAapPHOE 110JI¢ PABHO HYJIIO
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Me:kay miockocTsiMu ( 06JacTh 2 ) MOJISI HANPABJIEHBI B OHY CTOPOHY

E _E

HO3TOMy BCJINYHMHA HAIIPHA’KCHHOCTH CYMMAPHOI'O ITIOJIA 31€Ch PaBHA

C_E +E =0 (1.7.4)
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B) Ilojie paBHOMEPHO 3apS’KeHHOM chepruUYeCcKOl NOBEPXHOCTH

Ilyctes cepa paguyca R 3apsikena rak, uro ee 3apsy Q
PaBHOMEpPHO  pachnpelejied 1o  noBepxHocru. Toraa
OBEPXHOCTHAA IJIOTHOCTH 3apsiia paBHA

c= Q >
AR )

I1os1e TakoM chepbl o0J1aaaeT K
chepuueckoii CMMMeETpHE — CHIOBLIE |«
JIMHUM HAINIPABJIEHbI PAAMAJIBHO.
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IlocTpouM 3aMKHYTYI0 IOBEPXHOCTDh O
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B Bu/Je cephl paauyca | 1 umeomyw | -
O/IMH LIEHTP C 3apsAKeHHON cepoi.



Ecin ' < R |, To BHYTpH 3aMKHYTOii IOBEPXHOCTH HET 3apsiIOB,

MOITOMY I10JI€ PAaBHO HYJIIO E=0.
UTak, énympu 3apasxceHnou cghpepul nonie pagno HyJio.

Ecm >R, 1o BHYTPb 3aAMKHYTOH MOBEPXHOCTH NONAAeT
Bech 3apsAaa cepbl, mo3TomMy no teopeme Ocrporpaackoro-I'aycca
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Takum o0pa3zom, ene chepovl nosie mosrcoecmeeHHo OO MOUEUHO20

sapaoa moii ace eenuuunvt Q u pacnonoycennozo ¢ wenmpe cehepor.
HemocpencTBenHo Ha cepe HANPSIZKEHHOCTH MOJIs paBHa |[= = g/go




Ha pucyHke moka3aHO pacnpeejieHue HaIPAKeHHOCTH
ICKTPUIECKOr0 MOJISl 3aAPAKCHHON cdepbl B 3aBUCUMOCTH OT
PACCTOSAHUSA, OTCYUTAHHOIO OT €€ HEHTPA.
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O

Ha MMOBEPXHOCTH chepnl HANIPAKEHHOCThH
ICKTPUYECKOI0 IOJIS TEPINUT CKAYO0K, PABHBIH O / &y




I') Ilojie 00beMHO 3apsSIZKEeHHOI0 Iapa

PaccMorpuM map paauyca R 3apsKeHHBIH ¢ NOCTOSHHOIM
o0beMHOli maoTHocThi0 O . Ero snekrpuyeckoe mojie Toke 00;1agaer
chepuyeckol CHMMeETPHEN.

CHoBa  mocTrpouM  3aMKHYTYK)  MOBEPXHOCTbL B  BHJE

KOHIeHTpuYecKoii cepnl paguyca . Ecomm [ > R, 1o BHYTPH I3TOM

noBepxHocTH Oyaer Bech 3apsa mapa Q, paBHbIii

Q=pV = p2 7R’

3

I1o Teopeme OcrTporpajackoro-I'aycca, Kak u paHee, nmojy4aem

D, =4nar°E = Q
&

OTKyIla HANPANCEHHOCMb NOJiA 6HE wapa paBHa

c-_1 Q__1 4Rp_p R (179
Are, r dne, 3r° g, 1’




Eciu ' < R |, To BHYTpH 3aMKHYTOil NOBEPXHOCTH

HAXOIUTCH 3apsa/l, paBHbIN A ;
Q=p_ar
3

nmosTomy no teopeme Ocrporpajackoro-I'aycca

3¢, 4nmng, R’

(1.7.7)

3aBHCHMOCTh HANPSIZKEHHOCTH I0JIsi BHYTPH miapa oT paccrossHuss [
JIUHEUHAA.




Ha pucyHke moka3aHo pacnpejeieHue HANPSKeHHOCTH
IEKTPUYECKOT0 TMOJA O00bEMHO 3apsiKeHHOro IHapa B
3aBHCUMOCTH OT PACCTOSTHUS, OTCYMTAHHOIO OT IIEHTPa Iapa.
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J1 ) Ilojie 0eCKOHEYHOT0 3aPAKEHHOT0 IUJINHAPA

PaccMOTpUM LMJIMHAP paguyca [ 3apsikeHHbIl PaBHOMEPHO ¢

nuHeliHoOl ioTHOCTRIO A . U3 CUMMETPUH HUWJIMHAPA Kak (PUIypbl
CJeAyeT, 4YTO HANPSKEHHOCTb MOJS B JIIO00H TOYKe JO0KHA OBITH
HAIIPpaBJICHA M0 NPAMOM, nepneHOUKYIAPHOU OCA UJITHHIPA.

BbiOepeM 3aMKHYTYI0 TOBEPXHOCTh
B BH/I€ KOAKCUAIbHO20 UUTUHODA

paauyca I u qunoii L. ITorok uepes

€ro TOpubI paBeH HYJI0, TAK KaK
CHJIOBbIE JIMHUHU UX He IePeCcEKaIOT.

Myers I > R torna norox uepes

OOKOBYI0 IOBEPXHOCTH HMJIMHAPA
pPaBeH

qSEd§ :Ecjids =E - 27rL =
S S




rue Q —  3apsAJd BHYTPM BbIOPAaHHOW 3aMKHYTOH IOBEPXHOCTH
(MyHKTUPHBIA HUJIMHAP). OTCIONAa MOJNYYaeM HaAnpAMCCHHOCHb NOJIA 6HE

UCXO00HO020 UUTUHODA
e 1 Q1 1 2
2re, Lt 27e, r| (L78)

A - IMHeiiHasl IVIOTHOCTH 3aps/a.

BBeaeM MOBEPXHOCTHYIO IUIOTHOCTH 3apsiga COIJIACHO

Q Q A
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e S — mIomags GOKOBOil MmoBepxHOCTH. BhIpaxkas A yepes O wu

noacrasiass (1.7.8), momyqaem opyzoe svipascenue ons nanpasxcennocmu
noJjia 6He UUIUHOPA

E = 1.7.9
2rrg, T -




Mpu I' = R nanpsokennocts nonsi pasna E = o /80

Ectu I' < R |, To BHyTpH 3aMKHYTOii HOBepXHOCTH

3apAJA0B HET, MO3TOMY FH0Jie _GHYMPU 3APAHCEHHO20 WUTIUHODA
PABHO HYIIO.

3HAYUT, IPY MPOXOKIACHUH 4Yepe3 O0OKOBYI0 NMOBEPXHOCThH
HANPSKEHHOCTh  JJIEKTPUYECKOI0 MOJS TEePHHUT CKAYOK,
PaBHBI O /80 , KAK 1 B CJIy4ae 3apssKeHHON cdephl.




E ,

Ha pucyHnke nmokasaHo /g,
N3MeHeHNe HANPSIKEHHOCTH
IEKTPUYECKOTO TOJISI OT
PACCTOSAHUS, OTCYUTAHHOTO

OT OCH IIMJIMHAPA.

E=(cR)/(g,r)

Ha O00KO0BOW MNMOBEPXHOCTH HMJIMHAPA HANPSKEHHOCTb
ICKTPUUYECKOI0 MOJISI TEPHUT CKAYOK , PABHBIH O / &y -




