Idnexmpuuecmeo
u Ma2Hemusm

— Inexmpocmamurxa



dnekKmpuyeckul 3apso U e20

ceoucmeaa.
To4ye4yHbIU 3apsio.

3akoH KysioHa — OoCHO8HOU
3aKOH 3asieKmpocmamuku



Apeensan I'peyusn II‘ AHTAPb

Cpedu3emHoe ||‘ «AIEKTPUUECKHUE
Mmope, baccein PBIOBD)
Huna

AH2nuucKuu epayu ||‘ «O marnwure,
Bunvsam I'unbepm MAarHuTHBIX TEJIaX U
(1540-1603) BE€JINKOM MArHuTe

3eMJIN», TEPMHUH
— «ANEKTPUYECCTBOY

[IPOCTENIIIAs
Ommo ¢gon I'epuxe II‘ DJICKTPHYCCKAs

MAIIInHA



PasacCIICHUC TCJI HA

Cmedpan I'peii IPYIIIBI: IPOBOJIHUKH
(1670-1736) 1 HCIPOBOJIHUKH
IHlapns PpaHCcya II‘ CYLIECTBOBAaHUEC JIBYX
HAroghe (1698-1739 BHJIOB DJICKTPHUCCTBA
(OTTaJIKUBaHMUE,
[IPUTSIKECHUE )

IIumep eaHn
MrocceHbpyx u ezo0

yeHux KroHeyc _
~;i.Aeiweﬂ); g ||‘ Jlennenckas OaHka

Hemeuxuul yueHolU
Kneucm
(IlomepaHusi)




"
1752-1753 2.2. — JlomoHOCOB 1 PuxMmaH B
Poccuun, @paHKINH B AMEPUKE —
IKCHECPUMEHTAJIBHO JO0Ka3aId OOIIHOCTh

aTMOC(EePHOro AJICKTPUUECTBA U JICKTPHU3ALMU IPH
TPEHUU

PuxmaH — Co31aHNE NEPBOIo ICKTPOCKOIA
AOMOHOCOE6 — 1IepBas TEOPHUs aTMOCPEPHOTO
AICKTPUYECCTBA
DPpaHKAUH — N300pETCHUE MOJIHUEOTBOIA




[ QneKkmpu4yeckul 3apsid —  3TO )

dousnyeckas BeJfiniunHa,
XapakTtepusyruiasas CBOUCTBO 4YacTuy,
nnu Ten BCTynaTb B
3NIeKTPOMarHUTHbIE CUNnoBble

B3aMMoaeUuCcTBuUA.
.~

O0o3Hauenue — ( uau Q,

equHuLa n3mMepeHus — Kynox (K).



"
Ceolicmea 3nexmpuuecKux

3apsooe
» Bzaumooeilicmsue 3apsa008: PA3HOUMEHHO
3apsDKCHHBIC Tella IIPUTITUBAIOTCS, OJJHOMMEHHO
3aPSKCHHBIC — OTTAJIKHUBAKOTCS.

A Anexmpomemp —
+ i N IpuGop IA
SN ' ' OOHapyKEeHUd U
AT N N3MepPEeHUs
DAEKTPUYECKUX
3apsIa0B




"
» Jluckpemuocms 3apsa0a: SACKTPUICCKUM 3apsi]
JTFO00U CUCTEMBI TEJI COCTOUT U3 IIE€JIOTO YHUCJIA
eMeHTapHbIX 3apsaoB (1,6-10-19 Ko)

C COBpEMEHHOM TOYKH 3PEHUS, HOCUTEIISIMU 3aPsI0B
ABJISIFOTCS DJIEMEHTAPHBIE YACTULIbL. [[pomonbl N HeumpoHubsl
BXOIST B COCTAB aTOMHBIX SAEP, 21eKMpPOoHbl 00PaA3yIOT
AJIEKTPOHHYIO 000J0YKY aTOMOB. DJICKTPUYECCKHUE 3aPs bl
MIPOTOHA U BJIEKTPOHA 10 MOJYJIFO B TOYUHOCTU OJUHAKOBBI U
PABHBI JJIEMEHTAPHOMY 3apsay €.

€=1,602177-101° Kn~ 1,6-101° K.


http://college.ru/physics/courses/op25part2/content/chapter6/section/paragraph9/theory.html#1

» Jaxown coxpanenus 3apsoa: anreOpandeckas
CyMMa DJICKTPUYSCKHUX 3apsI0B TSI WX YaCTHII,
00pa3yILIMX AJIEKTPUUECKHA U30IMPOBAHHYIO
CHUCTEMY, HEC N3MEHSETCS MPH JIFOOBIX IIPOILECCaX,
IIPOUCXOJAIINX B 3TOU CUCTEME.

a4 A

g, +9, +g; +...+Q, = const

\_ J




" NN

3arxoH KynoHa

-

TOHKAaA
KEapleead
HHTE
2 &'—‘5
sapAXeHHEH .
e
LHIapHK T

IIITEKAaIIAa

KpyTWibHbIE BECHI C
YpPE3BBIYANHO BBICOKOU
YYBCTBUTEIILHOCTHIO

(HampuMep, KOPOMBICIIO
BECOB IMOBOPAYUBAJIOCH
Ha 1° 1mox nencTBUEM
cuibl mopsiaka 10-° H).



/ Cvna B3anmoaencTeug aByx TO‘—Ie‘-IHbIX\
3apa40B B BaKyymMe HanpasrieHa BOOMb
NpsMOWN, COeaNHALEN 3TN 3apsabl,
nponopunoHarbHa nx BennymHam d, 1 g,
n obpaTHO nponopuMoHarnbHa KBagpaTy

PACCTOAHUA MEXAY HUMMW T4,
- v

I: _ k q1(212

r12



1 YUCJICHHBIN KO3(P(OUIIMECHT,
k — 3HAYE€HHUE KOTOPOIo
OIIPEIETACTCI CUCTEMOM
A7e, pen
¢ IUHUII

&y = 8.85-101°Kn4/H-m? (®/m) —

QJICKTPHUUCCKAsA ITOCTOAHHAS



Toueunwiii 3apa0 (Q) —
HARJIEKTPU30BAHHOE  TEJIO,  pPa3MeEphI

KOTOPOTO  IPEHEOPEC:KHUMO Majabl IO
CPAaBHCHHIO C PACCTOSHHEM JI0 JPYTUX
TEJI, C KOTOPHIMH OHO B3aUMOJICUCTBYET.



Ecan 3apsipl HAaXOAATCS B HEIIPOBOAAILICH
cpelie, TO CHJIa B3AUMOJICUCTBUS MEXKIAY HUMU 10
CPAaBHEHUIO C BAKYYMOM YMEHBIIIAETCA B £ Pas.

£ - TUAJIEKTPUUECKASA IPOHUIIAEMOCTh CPEIBI,
ITOKA3bIBAET BO CKOJIBKO pPa3 CHJIa B3aUMOJICUCTBUA
3aps10B B BAKYyME IIPEBBIIIACT CHIY B3aUMOACHCTBUSI
UX B CpEIE, T.C. =
_ o
E = —
F
F, — cMna B3anmoencTena B Bakyyme,
F — B cpene



Toraa E — q1 ' qZ

— >
Areg o F,
B BEKTOpPHOM BHU/JIE:
= 0.-4, -
I:12 3 P

Areg 1),

— paguyC-BEKTOP, NPOBEIAECHHBIA OT
3apsaa 4, K J..

[15



+ ; T 2

|

I, -cuna, neiictByromas Ha 3apsn g,
CO CTOPOHBI 3apsa (.



of 2



I IpuHyun cynepnosuyuu

Ecau 3apAKEHHOE TEAO
B3aUMOAENUCTBYET OLHOBPEMEHHO C

HECKOABKHUMU 3apda’KE€HHBIMHU TEAAMHU, TO
PE3VABTUPYIOIIIAA CHAQ, MOEUCTBYIOIIad Ha
JAHHOE TEAO, PaBHA BEKTOPHOHU CYMME CHA,
JEUCTBVIOIIINUX Ha 3TO TEAO CO CTOPOHBLI BCEX
OPYTUX 3apA’KEHHBIX TEA.






" N
J/IeKmpu4ecKoe rnoirsie

Jnekmpuyeckoe __nojie —  MaTepUalibHbIN
HOCHUTEIIb B3aUMOIAECHUCTBUSA MEXKAY 3apsIaMU.

Ilome  3amomHsAeTr Bce  NPOCTPAHCTBO U
IIPOSABIACTCSA, B YACTHOCTH, B BHUAE CHUJIbI, C KOTOPHIM
OHO BO3JICUCTBYET HA IIOMEIIAEMBIM B PA3JIUYHbIC
TOYKH TOJISI IPOOHBIN 3apsif (.

CUIIOBOM  XapaKTECPUCTUKOM  DBJIEKTPUYECKOTO
I1OJIA ABIAETCA HANPAHCCHHOCHD E.



"
Hanpsi)keHHOCMb
3J1IeKmpuU4YeCcKo20 noss

( Hanpsok€eHHOCTBIO  DJIEKTPUYECKOTO IO

Ha3bIBAIOT (PU3UYECKYIO BEIMYHWHY, PaBHYIO
OTHOILIEHUIO CHUJIbI, C KOTOPOH II0JIE€ JEHUCTBYET HA
MOJIOKUTEIBHBIN MPOOHBIN 3apsijl, TOMCIICHHBIN B
JAHHYI TOYKY HNPOCTPAHCTBA, K BEIIMUYMHE 3TOIO

\ 3apsja. )

e_F
0







"
HanpsixeHHoCcmb nosns
moyYyeyHo20 3apsioa




" S
llpunyun cynepno3uyuu

Bexmop mnanpsaswcennocmu  3J1€eKMpPUUECKO20
NOIAA CUCHEMbBL 3APA008 PABEH 2e0MempPUUECKOU
CyMMe HANPAICEHHOCmeU noJel, C030a6aemulx 6
OAQHHOU  MOUYKEe  KaxycoviM U3 3apaooe @6
omoeibHOCmuU

E->E

1=1



" MEENNT
Cunoesbie nuHuu
Cunoeana quHusa — 3TO MareMaTU4eCKas JIMHUA,
HaIlpaBJICHUE KACATEJIbHOW K KOTOPOHM B KaXKIOH

TOYKE, Yepe3 KOTOPYI0 OHA IPOXOJAMT, COBHAMNACT C
HAIIPaBJICHUEM BEKTOpPA HAIPSKEHHOCTU IIOJIA B TOM

KC TOYKC.




" J

3a MOJIOKUTEIBHOE HAIIPABJICHUE CUIIOBOM
JIAHUY IIPUHSATO CYMTATh HAIPABICHUE CAMOI0
BEKTOpA HAIIPSL>KCHHOCTH.

[1o rycToTe CUIOBBIX JJUHUU MOXHO CYIUTH O
BEJIMYUHE HANIPSIKEHHOCTHU 3JIEKTPUUECKOTO TIOJIA.

r




'__
Paboma cun
3JIeKmpocmamu4ecKo_20 I10Jis1

AA=F -Al-cosa = E-gAl-cosa = E,; -qAl



" AN
Pabora cHI  DIEKTPOCTATMYECKOIO OIS IIPH
EepEMEIICHUM 3apsaa U3 OJHOM TOYKH MOJS B APYTYHO HE
3aBUCHUT OT (POPMBI TPACKTOPHUH, a OMPEACIICTCS TOJBKO
IIOJIOKEHUEM HAYaJIbHOW WU KOHECYHOH TOYEK M BEIIMUYUHOU
3apsaa.
e )
Paooma cun inekmpocmamuuecko2o nous
npu nepemeuieHuu 3apaoa no 000 3aMKHymou

mpaexKkmopuu paeHa H)JiI0.

J

CuioBble 1o, o0namarolIue 3TUM CBOMCTBOM,
HA3bIBAIOT WIN




AA=F-Al-cosa =
= EQAr =
1 QqAr

47&90

Qg (1 1°
472'50 \rl r2/




"

O4eBUIHO, UTO B CIyYae 3aMKHYTOM TPAEKTOPUU

JIaHHBIN UHTETPAJT HA3BIBACTCA L UPKYIAUUEC
6EKMOPA HANPAIHCCHHOCHIU.



" NN
flomeHuyuanbHasi aHepa2Us
3apsida 8 asziekKmpocmamu4eCcKoOM

rnoJie

CBOMCTBO MOTCHIMAIBHOCTH DJICKTPOCTAaTHYEC-
KOI'O TOJIS ITO3BOJISCT BBECTH IIOHSATHE
HOMEHUUAIbHOU _IHep2uu 3apsiia B JBICKTPHYCCKOM
nojie. Jss »TOro B IIPOCTPAHCTBE BBIOMPACTCS
Hekotopasg Touka (0), u moOTeHIHMadbHAs SHEPTHS
3apsiga (, IMOMEIICHHOIO B 3Ty TOYKY, NPUHUMACTCS
PaBHOU HYIIIO.




"
4 3apsaa q,\

IIOMEIICHHOTO B I100yI0 Touky (1) mpocrtpanHcTBa,
OTHOCUTEIbHO (ukcupoBaHHoin Touku (0) paBHa
pabote A;j, KOTOPYIO COBEPIIUT BIEKTPUUECKOE MOJIE

Ipu repeMenieHnn 3apsaa ( u3 Touku (1) B Touky (0):
. /

W1:A10

Pabora, coBepiiaemMasi dJEKTPUYECKUM IIOJIEM IPH
IepEeMEIICHUN TOYCYHOro 3apsaaa ( u3 Touku (1) B Touky
(2), paBHA pa3HOCTH 3HAYCHHI IMOTCHIIMAILHON SYHEPTHH B
3TUX TOYKAX M HE 3aBHCHUT OT IIyTH IIEPEMEIICHHS 3apsaa
1 oT BeIOOpa Touku (0).




" A

[ loTennmansrHas SHEPI U 3apsaaa d,
IIOMENICHHOTO B AJIEKTPUYECKOE 10JIE,
IIPOTIOPIIMOHAJIbHA BEIMUYUHE DTOTO 3apsaa.
)

PU3NYECKYIO BEJINYHHY, PaBHYIO
OTHOIIEHUIO MOTEHIINAJIILHOM SHEPIruu
AJIEKTPUYECKOTO 3apsjia B DJIEKTPOCTATHYECKOM
[I0JI€ K BEIWYHMHE JTOr0 3apsAja, Ha3bIBaOT

\ ( JIEKTPHUYECKOTO TMOJIS: /

P =— [qp] = Boniem



[ToreHnyan mojii B AAHHOM TOYKE HIPOCTPAHCTBA
paBeH padOTE, KOTOPYIO COBEPIIAIOT AICKTPUIYCCKUAEC CHIIBI
OpH yIAJCHUW €OUHUYHOIO IIOJIOKHUTEILHOIO 3apsia M3
TAHHOU TOYKH B OECKOHEUHOCTD.

_ A

*

IHlomenyuan @ nonsa _moueunozo 3apsaoa_Q Ha
pacCTOAHUM I OT HEro OTHOCUTEIBHO OECKOHEYHO
yIaJCHHON TOYKH BBIYMCIISIETCS CICAYIOLIIUM 00pa3oM:

1, ijEdr_
a7 4re,

ES

r

e

1 Q

)

472'80

I
J




" A

Pabora A, TIO0 MEPEMEMIEHUIO JJIEKTPUUYECKOTO
3apsaga U3 HadaabHOW TOYkd (1) B KOHEUHYIO TOUKY
(2) paBHA TIPOM3BEIACHHUIO BCIMYMHLI 3apsiga Ha

PA3HOCMb ROMEHUUAIN08 (go1 — gaz) HAYaJIbHOU WU
KOHEYHOHU TOYCK.

Ap =W, W, =

= Jo, —qp, = 4(@1 — ¢,)



'._

Pa3HOCTh, IMOTEHIMAIIOB MEXKIY JBYMA
TOYKaMH ITPEACTABISACT COO0M padOTy, KOTOPYIO
HEOOXOAMMO 3aTrpaTuTh OIS MEePEeMEIICHUS

CAMHUYHOI'O MOJIOXKUTEIIbHOI'O 3apsaga U3 OJHOU
TOYKHU B JIPYI'YIO.

Bennuuny Pa3HOCTH IIOTEHIIMAJIOB
[IPUHATO TAaKXE Ha3bIBATh JICKHMIPUUCCKUM
HaAnpA}ceHuem Ui IPOCTO HANPAHCEHUECM.




" N
Cesi3b Memay nomeHuyuaiom u
HANPpSIIHKEeHHOCMbIO

[loTeHuMan paBeH OTHOIIEHWUIO MOTEHIIMAIBLHOU
SHEPTUM B3aUMOJICUCTBUA 3apsAaa C IOJEM K BEIUUYNHE
3TOTO 3apsAaa.

B TO K€ BpeMs CHIIOBOE IEHCTBUE I10JIA HA 3aps/
OIPEACIACTCA HAOPSKECHHOCTBIO AJIEKTPOCTATHYEC-
KOoro 1moJis E.

3Has pacIpeaciICHUe OTECHIANa B
IPOCTPAHCTBE,  JICTKO  HAWTHM  HAOpPSKEHHOCTH
ANEKTPUUECKOIO ITOJI.



" N

[IycTh TOUKa @ MMeeT KOOpAUHATHEI (X,V,Z), TOUKa
b (x + Ax,y,z). Pabora 1o nmepeMenieHuio eauHIIHOTIO
3apsja M3 TOYKHM a B TOYKYy D mo mpsmoii x paBHa

paBHOCTI/I IIOTCHIINAJIOB B ABYX TOUKAaX.
AW = (X, y,2)—p(X+AX, Y, 2)= ?;0 AX
X

[Io ompeneneHuro, padora II0 IEPEMEIICHUIO
COIUHUYHOIO MOJOXKUTEILHOTO 3apsja BIOJbL OCH X

paBHa

AW = [(E,d r)=E,AX



AHAJIOTMYHBIM 00pa30M IOJIy4aeM

- %0 g __00

oy ‘o2
BuHO, 4TO HANPSOKEHHOCTh K 3JIEKTpHUYECKOro moJist
HaIIpaBJICHA B CTOPOHY YMEHBIIICHUS TOTCHI[AAJIA.



"
B BeKTOpHOU (pOpME 3aIUCH UMEEM

E=— ia(P | j(a(P | ka—(P
oXx oy Oz

BeipaxkeHrne B CKOOKax  Ha3bIBACTCS
2paoueHmom MOTEHIHAJIa ¢ U 0003HAYaeTCs KaK
grad ¢ umm Vo:

e 3

E=—gradp=—Vog

- S




"

Broabs  PNCKTPUYECKHX  CHJIOBBIX  JIUHHUHU
IOTCHIINAJI M3MCHSICTCS MAaKCUMaJIbHO OBICTPO W,
CIEIOBATEIIbHO, BEKTOp E  nmepneHaukynsapeH
IIOBEPXHOCTSAM paBHOro nmoreHmuama ¢(X,y,z) = const —
IKGUNOMEHUUAIbHBIM NOGEPXHOCHIAM.




" N
BexTrop HaOps>KEHHOCTH JJIEKTPUYECKOTO IT0JIs

E HampaBieH NOpOTHB HANPABICHUS HAWCKOPEWIIIETO
M3MEHEHHUS ITOTCHIIMAIA

O + d@ = const

(p(xj V.Z




" S
ITpuHuun cynepno3uyuu

N3 npuHIMna Cynepno3vuiiii HaMpAKEHHOCTEN
MOJIEU, CO3aBAEMBIX DJJIEKTPUUYECCKUMU 3apsAJaMH,
CIENYET NPUHUUN CYNEPROZUUUU 013 NHOMEHUUAIOE:

P=P, TP TPy ...



" S
PacnipedesnieHHbIU 3apsio U e2o

Xxapakmepucmuku
3apsii, COOOLWIEHHbIN  Teny, MOXeT

pacrnpenensaTteCa MO €ero MNOBEPXHOCTU
(MeTann) unn no oobLemy (ANINEKTPUK).

Xapaktepuctmkamu pacnpegeneHHoro
3apsaa cnyxar:

m  JluHeuHas nnnomHocms 3apsioa (7).
m  [logepxHOocmHas rriomHocms 3apsioa (O).

m  ObvemHas ninomHocms 3apsoa (0).

44



B
_AQ
AL

_AQ
AS

_AQ

T o = .
AV

yo,

30ecb AQ — 3apsg marnoro
yyacTKka COOTBETCTBEHHO:

= 3aps)KEHHOU NMUHUKN annHou Al,

= 3aPAXKEHHON NOBEPXHOCTU
nnowaanblo AS,

= 3aPSHKEHHOro  Tena obbemMom
AV .

45



L nupkynﬂ Uusi eKMmopa

Harnpsi>KeHHocmu
aJIeKmpocmamuy4ecKo20 roJisi

PaboTa cun anekTpoctaTu4eckoro rnong,
CO3aHHOro 3apsaom g, npuv nepemeLleHnm

TOYEYHOro 3apsaaa gy U3 TOYKU 1 B TOYKY 2

paBHa:

A1—2 — jdA:

46

49

2

dr 1

Are,

|

1

I

2

/qu

qu\

Are,

N

I,



B
P00t He saBMcMT OT TpaekTopuM, a

onpenensaeTcda TONbKO NONIOXEeHUAMU HavanbHOU 1 n
KOHEYHOUN 2 TOYEK.

CrnegoBarenbHO,  DJIIEKTPOCTATHYECKOE  MOJIC

TOYEYHOI'O 3apgaaa — NOMEHUUAJIbHO, a
IJICKTPOCTATHUCCKHUC CHUJIbI — KOHCEPEANUBGHDBL.
N3 dpopmyibl
2 2
Al_zzj‘dA: qqojdr: 1 d%9 Y99,
) ey s r Aze,\ 1, T,

CIIEJyEeT, UTO padoTa, coBepIiiacMas Ipy IepeMelleHUN
ICKTPUUCCKOTO 3aps/ia BO BHEITHEM JICKTPOCTATHYCCKOM
110JI€ MO JII000OMY 3aMKHYTOMY ITyTH, paBHA HYIIIO.

47



To ecTb §dA:O
L

Ecan B Ka4eCTBE NEPEHOCUMOTO B3STh €AMHUYHBIN
MOJOKUATEIBHBIN 3apsiji, TO IS DJIEMEHTAPHOM padOThI CHII
noJist Ha myTH dl MOXHO 3amnmcars:

(E.d1)={Edl =0

E,dl)=¢Edl
JlaHHBIN UHTErpall ( i( ) { I )HA3bIBACTCS
UUPKYIAUUCH 6eKMOPA HANPAHCCHHOCHU.

48



—— fNfomok

NIeKmpocmamu4ecKoeco roJisd

(4,
: £
- v
ds _ g n
. \Q ds
4 ‘n /

d® = vdSdt
d® =udS | dt = v, dSdt = 0dS cos(v,n)dt =
= (v,ndS )dt = (v,dS)dt

49
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" A
KonndecTBO )KUIKOCTH, BBITCKAIOIIICH B
CIUHHITY BpeMeHH uepe3 dS:

d—djz(u,dS) = P= j(u,dS)

dt (S)
(v,dS)

- MOTOK BeKkTOpa D 4yepe3 MOBEPXHOCTH S.

|
(S

)
I(E1 dS) - IIOTOK BEKTOpa E yepe3 moBEepXHOCTH S.
S)

(

50



" B
CJI0BO «ITOTOK» UMEET CMBICII IIOBEPXHOCTHOTO
MHTETpana OT HOPMaAJIbHOM COCTABJISIONMIEN BEKTOpa E.

Bennunaa @ paBHaA YKUCITYy CUJIOBBIX JINHUM,
IIepEeCeKaIOIINX NOBEPXHOCTH S.

@ZE(“ﬂﬁz): 4;0 r(jz (47” 2)=%

o= [ dS)=[(E.dS)
ITo cpepe S’

S' — 3aMKHyTas MOBEPXHOCTh JHOO0M (DOPMBEL,
OXBaThIBAIOIIAA 3aps (.

51






"
DJIEMEHTAPHBIM ITOTOK BEKTOpA HANPSXKEHHOCTH
gyepes miomanky AS:

AD = EAS-COs o = E,AS,

—

E_ — monyns nopmanbhoii cocrapnsromeit nons E




\QD:§(E,dS)=§EndS\




" S
Teopema laycca

IloToxk BEKTOpA HAMPSKEHHOCTH
AIEKTPOCTATUYECKOTO  TI0JIA yepes
IIPOMU3BOJIBHYIO 3aMKHYTYIO IIOBEPXHOCTh PABEH
anreOpandecKoiu CyMME 3apsa0B,
PACIIOJIOKEHHBIX BHYTPH JTOW MOBEPXHOCTH,

IEIECHHOU Ha DJIEKTPUYECKYIO IIOCTOSHHYIO & -

1
D = g_ozqewmp



" A
PaccMoTpuM CceprUUecKyr0 ITOBEPXHOCTh S, B
[ICHTPE KOTOPOM HAXOAUTCS TOUCUHBLIN 3apsi (.

1
E=E = 1 R — paguyc cdepsr.

" 4z, R?

1
1 q2 47Z_R2 _ q
Are, R &

D=E-S =



—— p
E dS)=—

S0
\_ J

/ HUtak, nomok eexmopa nanpaxceHnocmu
INEKMPUUECKO20 NOJIA Uepes3 A00yI0 3aMKHYMYI0
NOBEPXHOCHIb DABEH NOJIHOMY IIEKMPUUECKOMY 3apAoy,
3aKJI0UEeHHOMY ROO OAHHOU NOBEPXHOCHIbIO, OCTIEHHOMY
Ha & — meopema I aycca 6 unmezpanvhou hopme.

\_

~




(o)

(5)

[IOTOK 5AEKTPHUYECKOTO IMOASI TOYEYHOTO 3apdaa
yepes3 IIPOU3BOABHYIO IIOBEPXHOCTE 1S,
OKPYZKaIOIIYIO 3apsi



AS AD, = E,AS,
A5 '= AScoso
AD = EAS cos o = EAS’

E./ R’
(5;) %_ %rz’
()
AS% _Ry
AS' T /2

CrenoBaresbHoO, A@O — AOD.



qszcbozj
0

MIOJIHBI TIOTOK DJJIEKTPUYECKOIO IOl TOYEYHOIO
3apsjia  4epe3  IPOU3BOJIBHYIO  ITOBEPXHOCTb,
OXBAaTBIBAIOILIIYIO 3aps], paBeH MOTOKYy @, uepes
IOBEPXHOCTh BCIIOMOIaTeJIbHOM C(EPHI.

Ecnn 3aMKHyTass MOBEPXHOCTh HE OXBATbhIBAET
sapsan, To @=0 — Jokazamsb camocmoAmensHo.




" BN
Pacuem nonst MoOHKOCMEHHO20
NO/1020 OOHOPOOHO 3APSANEHHO20
MOHKOCMEHHO020 UUNUHOPA

paduyca R

3aj1aya UMEET OCEBYIO CUMMETPHUIO.

Jliit npumeHeHuss teopeMbl l'aycca 3aMKHYTYIO
IIOBEPXHOCTh YAOOHO BBIOpAaTh B BHJE COOCHOIO
MUJIAHApPA HEKOTOPOTO pamuyca I W JIUHBL |,
3aKpPBITOIO0 ¢ 00OHX TOPIIOB.
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BcnomorarenbHas 3aMKHYTasl IIOBEPXHOCTD
— TayccoBa — BBIOMpACTCI LEICCOOOPAZHOM
(opMBI (HCXOAs W3 BHUAA CUMMETPHUU CHUCTEMbI
3apsI0B.

B ciaydyae _uenmpainvHou _cummempuu _—
c(epa ¢ LIEHTPOM B TOUKE CUMMETPUHU.

B cnydae oceeou cummempuu — COOCHBIU
[UIAHJIP, 3aMKHYTBINA C 000MX TOPIIOB.




" B
Pacuem nonst paéHOMEPHO
3apsrKeHHOU nNiocKocmu

B 3TOM cliyvyae

["ayccoBy IIOBEPXHOCTH

yI0OHO BBIOpaTb B BHIEC

[UJIUHIPA HEKOTOPOU

___3; . mHbI, 3aKPBITOT0 C 000OMX
TOPIIOB.

()

Ocp nuInHApa | MIOCKOCTH.
Top1ibl pacIiooKeHbl Ha
OJIMHAKOBOM PACCTOSIHUM OT HEE.
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S — 3amkHyTasg layccoBa IIOBEpPXHOCTS,
0 — MOBEPXHOCTHAS IJIOTHOCTH 3apsga IIOCKOCTH.



As [ N
O

2EAS =222 = | E=
2&,

&0 g Y,

- HaIIPAXKEHHOCTH [10AL PaBHOMEPHO
3apAKEHHOU ITAOCKOCTH.

[Tony4yeHHOE BBIPAXECHUE MPUMEHUMO W VIS TUIOCKUX
3apsHKEHHBIX IUIONMIAI0K KOHEYHBIX pa3MepoB (B clydae, Koraa
PACCTOSIHUE JO TOYKH, B KOTOPOMU OIPEACIACTCS II0JIE,
3HAYUTEIIBHO MEHBIIIE pa3MEPOB TUIOIIAJIKH ).



" NN
3akoH aycca e
dugppepeHyuanbHOU ¢hopme.

IIycte p(r) — HempepsiBHAs IIJIOTHOCTH
pacrIpeieICHHS 3apsa B MPOCTPAHCTBE;

Ar — JIOCTaTOYHO MaJbId paguyc CQEPHI,
BBIJICJICHHOW B 3TOM IIPOCTPAHCTBE;

AV — 00beM 3TOU CHEPHI.



" S
(E,dS) = div E-AV

HanpsKeHHOCTB SIIEKTpUYECKOro 1ot E ot
HEIPEPBIBHO pacOpeiCICHHOTO 3apsia ¢ INIOTHOCTBIO
p(r) B o6beme AV paBHa

E= I P )ndV ~
47z50

~_F (r) ~NAV
A7, Ar




" S

C yyeToM AS=n4TTAr? NOSy4nM:

div E-AV = 'O(r) AV(n,n47zAr2)

dre, Ar*
OTKYyIa CIICOYET: e ,0( r)x
divE =
N\ 0

ougpgpepeHuuanbHasi hopma meopemMbi
[‘aycca.



