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OU3NYECKUN OAKYJIBTATHUB

POBOIALLNN LA B

OHOPOAHOM MoJe

A xADITOOAT

9TOM CTATHE Mbl PACCMOTPUM

O/IHY-€/IMHCTBEHHY IO 32/1a4y — O MPO-
BOJISIIEM IIape, BHECEHHOM B OJHOPO/I-
Hoe aJjieKTpudeckoe noJie. ITosHoe pere-
HHUe BKJIOYaeT B ceGsl KaK BbIYKCJEHNE
pacrpejiesieHust 3apsijia 1o MOBEPXHOCTH
1apa, Tak 1 olpejiesieHe Halpsi>KeHHO-
CTH TI0JIS1 B OKPYZKAIOIIEM ITPOCTPAHCTBE.
TpyaHoCTb 3a/laui COCTOUT B TOM, YTO
pacrpejiesieHne 3apsijia 3apaHee He U3Be-
CTHO, U TI09TOMY JIJISI BBIYUCJIEHUS T1OJISk
HeJIb3s TIPOCTO BOCIIOJIb30BATHCS METO-
JIOM CYTIEPIIO3UIIH.

J1J151 IOJTHOTO WJIH XOT$S GBI YaCTHYHOTO
pellleHns TaKuX 3a/1a4 MOPOoil OMOTaT
co00pa’keHus CUMMETpUH, HO B GOJIb-
MIMHCTBE CJIy4aeB NpUXoautcst dhaxkTu-
YeCKHW yraJipiBaTh OTBeT. B 0cHOBe Bcex
«yraabIBaTE€JbHBIX» IMOAXOJA0B JICKUT
meopema eOUHCMEEHHOCTU, CMBICI KO-
TOPOW COCTOMT B TOM, YTO XOPOIIO yTa-
JlaHHOE pelleHre W eCThb eJINHCTBEHHO
npaBusbHoe. MHorga ypaercst yrajarb
pacipejieJieHue 3apsiioB Ha IIPOBOJIHU-
Ke, MCXO/Sl M3 KOTOPOTO BBIYUC/ISETCS
1oJie, MHOT/Ia HA00OPOT — CHayvaJia yra-
JIBIBAIOT T10JI€, & TIOTOM YK€ BbIYHCJISIOT
pacnpezesienue 3apsaa. CaMbIM Kpacu-
BbIM METOIOM yrajbiBanus (uam noa6o-
pa) pelleHusl SBJISETCA U3BECTHDIA Me-
Mmoo INEKMPOCMAMULECKUX UI00PAKe-
HUIl, C TIOMOIIBI0O KOTOPOTO PEIIAITCS
TaKWe BAJKHbIE 33/[a4l, KaK TPOBOAIIAS
MJIOCKOCTD UJIN TPOBOJISIIM 1Tap B MOJIE
TOYEYHOTO 3apsijia.

3asaya o MPOBOJSIIEM IIape B OJ[HO-
PO/IHOM M0JIe HHTEPECHA TEM, YTO MTO3BO-
JISIET TPOJEMOHCTPUPOBATH HECKOJIBKO
MO/IXO/I0OB, B TOM YHUCJE COOOpasKeHUs
CUMMETPUM U METOJ| 3JIEKTPOCTATHYEC-
KuX uzo6paskennii. O HAKO HAYHEM MBI
€ TOTO, YTO JAJIUM TOUHYI0 (POPMYINPOB-
Ky 3a/layd U Ccpasy JKe IpHUBEJEeM ee
OTBET — TOT CaMblil, KOTOPBIN 3aTeM
Oy/ieM TIOJIy4aTh Pa3JUYHbIMU CIIOCO6a-
MU U C Pa3HbIX CTOPOH.

dopmynupoBka 1 oTBeT
DopmynpoBKa:
B OTHOPO/HOE T10JI€ C HaIIPAXKEHHOC-
TbIO EO IIOMEeN[aT IIeSapH}KeIIHbeI 1Ipo-
BOJSAIINH map paauycoM R.

a) TpeGyercss Haiitu pacnpeje/eHue
HABEJIEHHOTO 3apsi/ia 110 ITOBEPXHOCTH
mrapa. JcHo, 9YTO MOBEPXHOCTHAS TJIOT-
HOCTB 3apsifia O MOJKET 3aBHCETH TOJIHKO
or yria 6, Kotopblii 06pa3yer ¢ BEKTO-

poM E; paauyc, IpOBe/leHHBII K JaHHOII
Touke moBepxHoctu (puc.1). 3Hauwr,
OTBET JI0JUKEH BBIpAXATbes (DYHKIIMEi

a(e).

EO
—>

—>

Puc. 1

6) TpeGyercsa onpeseauThb I10Je, CO-
3/1aBAEMOE ITUM HaBeEHHBIM 3aPSI[OM B
npocTpancTBe BHe mapa. OTBeT Lo/nKeH

BbIpaxarbcs 6o dpyukuueii E,_ (r,9),
rje ¥ — pPaccTosiHUe OT BBIOPAHHOI TOY-
ku a0 uenrpa wmapa (r > R), mu6o
dynxumeit ¢, (7,8), inbo yxasanuem
AJITOPUTMA O UX Bbruncyenuio. [lonas
HATIPSDKEHHOCTD OY/ET TMPH 9TOM paBHA

E = EHaB+ Eo . 3aMeruM, 4TO TaK Kak
MOJTHAST HANPSDKEHHOCTh BHYTPH Imapa
JI0JIKHA OBITh PaBHA HYJIIO, HABE/ICHHDII
3apsa npu ¥ < R [IOJDKEH CO37aBaTh
HATPSKEHHOCTh — E

OrTser:

a) 3aBUCHMOCTD [IOBEPXHOCTHOM ILJIOT-
HOCTH 3apsijia OT yria 6 umeer BU[

0"

0 =0,cos8, 1)

rge MakCcuMaJibHad IIJIOTHOCTb 0'0 BbIpa-

JKaETCA 4Yepe3 HAIIPAKEHHOCTb EO:

0, = 3¢,E, 2)
(g, — aiekTpHUECKAs NOCTOAHHAA).
6) Ilose BHe apa COBHAJAET C MOJIEM

Moueunoz0 OUnoLs C JUIIOJIbHBIM MO-
MEHTOM

p =3Ve, Eo (3)

(V — o6bem mapa), HOMENIEHHOTO B
LEeHTp HIapa.

Ecsm b1 ycnesn 3a6bith (nmn He ycre-
JM y3HATH), YTO TaKOe JHUIONb U UTO
TaKOe JMIIOJbHBIII MOMEHT, HAIIOMHHA-
eM: JUIOJIeM Ha3blBaloT CHCTEMY JBYX
TOUYEYHBIX 3aPS/IOB § U —(¢, & TATOJbHBII

MOMEHT p TaKOI'0 UTIOJIA paBeH (,]l , Tle

[ — Bexrtop, npoBeseHHbIi OT OTpUIa-
TEJbHOTO 3apsjla K TOJOKUTEIbHOMY.
Ha 6oubinom paccrosunu (# >> [) mose
JIUTIOJISL ONPEJEIISIETCS €r0 JUIMOTbHBIM
MoMeHTOM. CooTBeTcTBYIOIME (HOPMY-
JIbl BbIBeJleHbl B [Ipusioxenuu, a 3/ech
HaM OCTAJIOCh MOSICHUTD, YTO TaKOE TO-
YEeYHBIN AUINOJb. DTOT MJCAJTbHbIH Gec-
KOHEYHO MAJIBII 0GBEKT I10JTy 9aeTCs Tpe-
JIEJIbHBIM ITePEXOJ0M | _, (), § — %, IpH
KOTOPOM JIMIOJIbHBIH MOMeHT p = ¢l
OCTAETCS TIOCTOSIHHBIM.

Teopema eANHCTBEHHOCTU

Kak yske 6BLJIO CKAa3aHO, TeOpPeEMA €[IH-
CTBEHHOCTH SIBJISIETCSI BaJKHBIM II0/ICTIO-
pbeM IS BCSIKOTO, KTO IIBITAeTCs pe-
AT KaKylo-HUOY/Ib He OYeHb TPUBH-
QJIbHYIO 3a/ja4y 3JIEKTPOCTATUKHN WJIH
X0YeT JIOCTATOYHO CTPOro OOGOCHOBATD
Kakoe-HUOyZb yTBep:kzaeHue. Iloatomy
Mbl COUYJI YMECTHBIM BBIJCJIUTD OT/EJb-
HBII maparpad 71 ee 06CYyKIEHVS.

OTMeTnM, 9TO 33/la4il C TTPOBOJIHUKA-
MH MOTYT (pOPMYJINPOBATHCS IO-PA3HO-
My — JJ8 KaX/J0ro M3 IIPOBOJHHMKOB
MOKeT OBITb 3a[jaH WJIM €ro 3apsiji, HJIH
ero noreniman. Ho B mo6oM ciyuae
CYIIECTBYET €JIMHCTBEHHOE pelleHue 1o-
craBjeHHOl 3azaun. [l pasbHeiiero
YI0OHO «3ar0TOBUTbY 1B (DOPMYJIHPOB-
K1 TeopeMbl €¢IMHCTBEHHOCTH.

Iepras ¢popmyauporka. CyuiectBy-
eT eMHCTBEHHOE pdacnpedeseHue 3apsi-
006 TI0 TTIOBEPXHOCTHU TIPOBOHUKOB, TPH
KOTOPOM HAIIPSYKEHHOCTb I10JI1 BHYTPU
MPOBO/IHUKA PaBHA HYJIO, a 3apsibl (1am
[OTEHIIMAJIbI) TPOBOJHUKOB PABHBI 3a-
JIaHHBIM 3HaueHusM. Vcxons us takoro
M0/IX0/1a PelaeTcsi, HalpuMep, 3aja4a o
paclipe/ieJIeHuu 3apsi/ia 10 TOBEPXHOCTH
TOHKOTO TPOBOAsero aucka (cM.
«KBant» Nel 3a 1998 r.).

Bropast ¢popmyauposka. Cyuiectsy-
eT eJIMHCTBEHHOE pacnpedenenie Hanpsi-
JKEHHOCMU MNOJs. B TPOCTPAHCTBE BHE
[POBO/HUKOB, MPH KOTOPOM TOBEPXHO-
CTH TPOBO/IHUKOB OKAa3bIBAIOTCS 3KBU-
IMOTEHIINAJbHBIMU, a 3apA/bl (I/IJII/I 110~
TEHI[MAJbI) TPOBOJAHUKOB PaBHbBI 3a/laH-
HbIM 3HavyeHusAM. VIMeHHO Takoil nomu-
xon (Iog60p TPaBUIBHOTO TIOJISA) JIe-
JKUT B OCHOBE METO/Ia 3JIEKTPOCTATHYEC-
kux usobpaxenuii (cm. «Kpant» Neil
3a 1996 r.).
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Coobpa)xkeHusi cMUMMeTpUn

Vcxoasa us coobpaxkenuii cummerpun (1
e[IMHCTBEHHOCTU) MOXKHO [AaTh CTOJb
MPOCTOE U W3SINHOE [0KA3aTEJbCTBO
dopmyasr (1), uro Kaxercs, GyaTO OHA
BO3HUKAET <13 HUYETO», KAK KPOJUK 13
sl (POKyCHUKA. Mbl  TIPeJCTaBUM
3TO JI0KA3aTeJIbCTBO B BHUE IEMOYKH
110CJIe/IOBATE/IbHBIX YTBEPIK/ICHHIA.
YrBepxkaenne 1. Bo Bcex Toukax ok-
PY’KHOCTH GOJIBIIIOTO Kpyra, HeprieH/n-
KyJIAPHOrO HaNpsKennoctu E (ree. B
Toukax ¢ © =90°), HOBEPXHOCTHAS ILJIOT-
HOCTb 3apsija pasHa HyJo (puc.2). Ito

o=0

Puc. 2

caeayeT U3 CUMMETPHU MEKIY HOJIOXKH-
TEJIbHBIMU M OTPUIATEJbHBIMU 3apA/ia-
M.

YrBepxkaenne 2. Eciu nipu momernie-
HUU TIapa B MOJIE ¢ HANPSAKEHHOCTDIO |
MIOBEPXHOCTHAS TIJIOTHOCTD 3apsiia B He-
KOTOPOH TOUKe paBHa @, a IPH HOMellle-
HUH B TI0JI€ C HATIPSIKEHHOCTBIO lfz OHA
paBHa 0,, TO B II0JIE C HAIPSKCHHOCTDIO
E + E, noBepxHOCTHasI IJOTHOCTb 3a-
psjia B 910t Touke Oyjer 0, + 0,. To, uto
TIOBEPXHOCTHBIE IIJIOTHOCTH, HaBE/ICHHbIC
Pa3HBIMU IOJISIMU, CKJIAAbIBAIOTCS, CJIe-
NIYET U3 TeOPEMbI €INHCTBEHHOCTH: KaXK-
J1as1 TIOBEPXHOCTHAS MJIOTHOCTb YHUUYTO-
JKUT CBOIO HANIPSDKEHHOCTb U NOAHAS
HANPAKEHHOC® OCTAHETCS PaBHOM
HYJIO, & CYIIECTBYET eOUHCIMEEeHHOe Pac-
npejieJienue 3apsia, yIOBJIEeTBOPSIOIee
3TOMY YCJIOBHIO.

YrBepxkaenue 3. Eciii HanpsKeHHOCTD
BHENIHEro TOJsl yBEeJIM4uTh B O pas
(E'=0a E), 10 MOBepXHOCTHAS MIOTHOCTD
3apsjia B KXol TOuke yBeJUYUTCA B
O paz (0" = 00). JleiicTBUTENBHO, YBE-
Judenne B O pa3 MJIOTHOCTH 3apsija
MpUBEJET K YBeJMYeHU0 B O pa3 co6-
CTBEHHOI1 HAIIPSPKEHHOCTU U TIOJIHAST Ha-
MPS’KEHHOCTb BHYTPH IIIapa OCTAHETCS
PaBHOIT HYJTIO — B JI€JIO OTISITh BCTYHAeT
TeopeMa eINHCTBEHHOCTH. ..

OcHoBHOe paccyxzaenue. PaccMor-
PHUM IIap, MOMEIIEHHBbI B OJHOPOIHOE

mose E, (puc.3). IlycTh MakcuMambHas

IJIOTHOCTb HaBefeHHOro 3apaza (mpu
6 = 0) pasna 0,. Uro6b! HaiiTh 0(9),

PA3JIOKUM EO Ha /IB€ B3aMMHO IIE€PIICH-

KBAHT:- 2000/Ne5

Puc. 3

AMKYJISIpHbIE cocTaBstiomue: Ey = E, +
+ E, , 0jiHa U3 KOTOPBIX (E1 ) cocraBJis-

eT C Eo yroax 6. Iockoapky E; =

= EO cos® , IpU ITOMEMIEHUU TIIapa B I10JI€

E1 MaKCUMaJibHad IIJIOTHOCTH 3apda B

Touke A Gyzer 0 cos® (cM. yrBepsK/ie-
Hue 3). A ecJau NOMECTHTb LIAp B I0JIE

E, , noBepxHOCTHasA IJIOTHOCTD 3apsi/ia B
Touke A Gyaer pasHa Hymio (cM. yTBep-
skaenue 1). 3HAuuT, B COOTBETCTBUH C
YTBEPK/ICHUEM 2, B I0J1e E ) MOBEPXHO-
CTHas IJIOTHOCTD 3apsi/ia B Touke A Gy et
0(8) = o, cosh.

KoHeuHo, Takoe paccysk/jeHue He I10-
3BOJISIET CPa3y ONpPeeJUTh, YeMy paBHA
0,. Ho sra 3agaua ropasao npouie, 1em
3aj1a4a 00 OIpe/leJIeHNH HEU3BECTHOTO
pacupegesnenus 3apsaa. Korga pacnpe-
JleJIeHe yKe U3BECTHO, MOXKHO BOCITOJTh-
30BaTbCd TMPUHITUIIOM CYIIEPIIO3UINN,
BbIPA3UTD HANIPSIKEHHOCTD, CO3/1aBAEMYI0
ATUM paclpe/iesieHIEeM B IIEHTpe 11apa, 1
npupaBHATh ee K E,. Ecim BbI ymeere
MHTETPUPOBATH, MOMPOOYHTE TAKUM 06-
pasom nosyunts popmyay (2).

OpHako 3asaua O HANPSIKEHHOCTH,
C03/1aBaeMOll HaBeJ[EHHBIMH 3apsi/laMu
BHE IIapa, B paMKaX 3TOTO TOAXOJa
ocTaeTcsl HepelleHHo. /[Ba [pyrux mos-
X0/la TO3BOJIAT HaM MOJY4YUTh GoJee
MOJTHOE PellleHre TTOCTABIEHHOM 3a/[auH.

MeTog 3neKTpocTaTnuieckmx
n3o0paxkeHnmn

MeToz 3JEKTPOCTATHYECKUX M306paske-
HUH TTO3BOJISIET HE yTajaTh pacipesesie-
HUE HaBCJACHHDIX 3apAA0B 110 ITOBEPXHO-
CTH, a ONPEIEJTUTh CO3/aBAEMOE HUMHU
moJie, 3aMEHHWB €ro moJjieM BooGpakae-
MbIX 3apan0B (M306paskenuii), pacmoio-
JKeHHBIX BHYTPH IIPOBOJIHUKA. 3apsi/ibl-
n300paykeHust MOAOGUPAIOTCS TaK, YTOObI
MOJTHOE T0JIE, CO3/[aBaeMOe MMHU W BHeE-
MIHUMHE 3apsIIaMI, IMEJIO «TPaBUJIbHbIE>
CBOIiCTBa Ha TpaHuWIle MpoBogHNKa. Ha-
MpUMEp, €CJH MPOBOAHUK TI0 YCJIOBUIO
3a3eMJieH, TO HTO MOJIE JOJIKHO MMETh
BCIOJIy Ha TPaHMUIlEe HYJEBOI MOTEHIIHA.
Ecuin ke 3aan 3apsii TPOBOJHUKA, TO,
BO-TIEPBbBIX, MMOBEPXHOCTH ITPOBOJHUKA
JOJUKHA GOBITh HKBUIOTEHIIHAJIBHONW 1,

BO-BTOPbBIX, CyMMa 3apsiloB-U306paxe-
HUil J0JoKHA ObITh PaBHA 3aJaHHOMY
3apsany. IlockosbKy cymiecTByeT eimH-
CTBEHHOE TIOJIE, YAOBJIETBOPSIOIIEE Ta-
KUM, KaK WX Ha3bIBAIOT, <«TPAHUYHBIM
YCJIOBUSIM», TO TOJIE€ 3apsIoB-u3o6pa-
JKEHUiT TOJHKHO COBIIAJIaTh C MOJIEM HaBe-
JIEHHBIX 3apAA0B MPOBOAHUKA. BoT He-
CKOJIBKO TIPUMEPOB.

IIpumep 1. Toueunsrii 3apsi 1 NIPOBO-
AAmAs MIOCKOCTb. JTOT MPUMEP XOPO-
1110 U3BECTEH MHOTHM IMKOJIbHUKaM. Ecom
TOYEYHbIH 3apsi| ¢ MOJHECTH HA PACCTO-
sHME d K 6eCKOHEYHOH POBOIstIIeH 1110¢-
koctu (puc.4,a), TO BO3HUKAIOLIEE IPU
ITOM TI0JIE COBIAMAEeT C TOJEM JBYX
ToueuyHblx 3apanos (puc.4,6): camoro
3apsila ¢ U 3apsja-uzobpaxkeHus —q,

a) _

6

N’
=2
Il
(e

Puc. 4

PaCIOJIOKEHHOTO 32 TJIOCKOCTBIO CHM-
MeTpuuHo 3apsay g (Kak msobpaxenne
MCTOYHWKA CBETA B IJIOCKOM 3EpKaje).
JleficTBUTEIbHO, SKBUIOTEHIIMAIbHAS
IOBEPXHOCTD MOJS JABYX TaKMX 3apS/I0B
¢ ¢ = 0 coBmamaer ¢ TOBEPXHOCTHIO
npoBogHUKa. MHaue ToBOps, moje, co-
3/1aBaeMO€ HABEJEHHbIMU 3apsfaMi B
IlyCTOM TIPOCTPAHCTBE, COBMAIAET C MO-
JIeM OJTHOTO TOYEYHOTO 3apsaa —(.
IIpumep 2. Toueunsrii 3apsiu 3a3eM-
Jaennbii map. Ecam K 3a3eMiIeHHOMY
mapy paanycom R Ha paccrosinue L ot
ero nenrtpa (L > R) NOAHECTH TOYEY-
HbI 3apsaa g (puc.5,a), TO BOZHUKAIO-
1ee 10JIe COBNAJAET C MOJEM JBYX TO-
yeuHbIX 3apanos (puc.5,6): caMoro sa-
pasa g u 3apsaa-n306pakeHust, PaBHOTO



a)

Puc. 5

r

q = -qR/L n pacnooxenHoro Ha pac-
CTOSAHUU | = RZ/L OT IIeHTpa HIapa.

ToxnaecTBenHnoe CcoOBIaJeHHe 3THX JBYX
ToJIel cJelyeT U3 yTBEepoK/IeHNs, YTO SKBHIIO-
TeHIMaabHas TOBepxHOCTh ¢ ¢ = 0 s
10JI 3apAJI0B ¢ U ¢' COBHAaJaeT ¢ MOBEPXHO-
cTpio mapa. Y6emumcs B aToM. Bosbmem
ITPOM3BOJIbHYIO TOYKY A Ha II0BEPXHOCTH 1ITapa
(puc.6) i 0603HAUNM Yepes 7, PACCTOSHHE OT

Puc. 6

nee 710 3apsiia g (touka B), a uepes 7, —
paccrostaue 10 3apsaga g' (rouka C). Ilo-
ckoabky AO : OC =R/l =L/R = BO :
OA, tpeyrosnpuuk AOC 10g06eH TpeyroJib-
nnky BOA. 3naunt, a1 mo6oii Touknm A
orHomenue 7, /#, pasuo L /R u moTeHiman
®(A) = kq/r, + kq'[r, pasen nymo (nanom-
M, uto g’ = —gR/L).

Muave ToBOPS, HOJE, CO3JaBacMOe HaBe-
JIEHHBIMH 3apsilaMil BHe Imapa, COBIAIaeT C
110J1EM OJHOTO TOUEUHOTO 3apsiga ¢ .

IIpumep 3. Toueunsrii 3apsag u 3aps-
skeHHbI map. Eciu B ycoBuM 1pe/bl-
JYIIETO TIpHMepPa 3aMEHHUTb 3a3eMJIeH-
HBIII Iap Ha 3apsDKeHHbIN 3apsoM Q, To
K 3apay-U300pakeHIIO ¢' HeoO6X0IUMO
N06aBUTh BTOPOU 3apsi-u306pakeHue
q" = QO — ¢', TOMeleHHbI B LEHTP
napa.

Kakum ke 06pazoM MOKHO HCITOJIb30-
BaThb METOJ| HJIEKTPOCTATHYECKUX H300-
pPaskeHHil B carydyae TIPOBOJISIIETO TTapa B
onHOpoaHOM 1ntosie? IlockosbKy pe3ysib-
TaT He JIOJKEH 3aBUCETh OT TOTO, KaKas
cHCTeMa 3apsi/IoB SIBJISIETCS UCTOYHUKOM

OU3UYECKUN DOAKYJIBTATUB

Puc. 7

nounst E, , Gy/ieM CUMTaTh, 4TO OHO CO3/1a-
erca aBymsa 3apsgamu g u —q (puc.7),
PACIIOJIOKEHHBIMU CUMMETPUYHO OTHO-
CUTEJIBHO IIeHTPa Iapa Ha GOJIBIIOM OT
uero paccrosauu (L > R). Bemmunny
3apsI/IOB HAJIO0 BBIOPATh TaKUM 06pa3oM,
4TOGBI CO3/IaBaeMas MU B IIEHTPE 1apa
HAIPSXEHHOCTh Gblia paBHa K :
2q

— = EO .

4T L
[ToJsie HABEJICHHBIX 3aPA/IOB B IPOCTPAH-
CTBe BHE Tapa Gy/IET COBNAJAATH C MOJIEM
JIBYX TOYEYHBIX 3aps/I0B q' u —q', rie

1

q' = —qR/L, pacnonoxeHHbIX Ha pac-
2
crognun [ = R /L ot 1nerrpa. /[Ba 3a-
psizia-n306pakeHst 06pasyioT AUIOJb C
JIUTIOJIbHBIM MOMEHTOM, PaBHbBIM
3
2gR

p=q @I = I

=3Ve,E,,

yro cosnagaer ¢ ¢opmyJoi (3). Ecin
pPacCMOTPETH MIPEJIeJIbHbII TIEPEXO/T, IPH
KOTOPOM 3apsiJibl yAAJISIOTCST Ha GecKo-
HEYHOCTb, HO OJTHOBPEMEHHO MX BEJINYH-
Ha MeHseTcs Tak, YTO HANpPS’KEHHOCTb
noJist ocTaercsl pasHoit Ej, To nose Gy-
JIeT CTPEMUTbCS K OJHOPOJHOMY, a JIU-
1noJib OyJIeT CTPEMUTHCS K TOUYEUHOMY
(Ipu coXpaHeHUH JUINOJBHOI0 MOMEH-
Ta).

Ocraercsi OTBETHTb Ha BOIIPOC: KaK B
paMKaX MeToJa 3JeKTPOCTaTHYeCKUX
M300pKEHNIT HAWTH He TOJbKO IoJie
HaBeJIeHHbBIX 3aPs/I0B, HO U UX pacIipe/ie-
JIeHHe TI0 TIOBEPXHOCTH? ITO MOKHO
C/leTaTh ¢ IOMOIbIO COOTHOLIEHUSI, CBSI-
3BIBAIONIETO HANPS)KEHHOCTD TI0JIS Y 1O-
BEPXHOCTH TIPOBOJHHMKA C MOBEPXHOCT-
HOUl TJIOTHOCTBIO 3apsijia:

= (4)

Hanpumep, B ciIydae 3apsiia U IPOBOJS-
el TJI0OCKOCTH HETPYJHO BBIYHCJUTD
HAIPSKEHHOCTD M0JIs 3aPs/10B ¢ U —¢ Ha
PACCTOSAHMU X OT TOYKH, JIexKalleil moce-
E
E1 EZ

I
I

Puc. 8
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peaune Mexay numu (puc.8), u Haiitn
OBEPXHOCTHYIO IJIOTHOCTD 3apS/IOB:
qa

2r[(x2 N )3/2 .

B c/1yuae mapa B 0JHOPOIHOM HOJIE HAJ0
BBIYMCJIUTD NOJIHOE II0JIe, PABHOE CyMMe
OJTHOPOZHOTO BHENIHETO TOJS W TOJIA
toueynoro gunosa (cm. Ilpuiosxkenue)
Bo3Jie nosepxHoctu cdepbl. ITompobyii-
Te c/lelaTh 9TO CaMOCTOSTENbHO.

Kak y6Geautbcsi B CHPaBeJMBOCTH
dopmyanr (4)? Tlpome Beero ato ce-
JIaTh ¢ IOMOIIBIO TeopeMbl 'aycca (k1o ¢
Heil 3HAKOM), HO MOKHO 060HTHCH U 6€3
Hee. [IpeacraBum moJsie BOJIM3N TIOBEPX-
HOCTHU B BU/i€ CyHepHO3I/IHI/II/I ABYX HOJIeI‘/JI
(pnc.9): mona E,, CO3TAHHOTO MaJbIM

o=¢g)E=

Puc. 9

6TU3IEKANMM Y4ACTKOM TTOBEPXHOCTH,
KOTOPOE MOKHO CUHTATh PaBHBIM I10.TIO
Geckoneuroii miockoern E, = df(2e,)
(B Ipesiesie, Kor/ia paccTosiHue 10 TIOBEP-
XHOCTH MaJIo 110 CPaBHEHUIO C PA3MEPOM
5TOTO Y4acTKa), U TOJISl OCTANbHBIX 3a-
psazos E, . BuyTpu 1poBoJIHIKa 5TH 1Ba
10711 JIOJKHBI COKPATHTh APYT JAPYTa,
noatomyE, = E, = 0/(2¢,). Bue npo-
BOJHMKA 5TH HAINPSKEHHOCTH CKJa/bl-
BaIOTCsI, OTKY/Ia U MOJydacTcs (popMyia
(4).

Koneuno, MoeT BO3HUKHYTh BOIIPOC,
a kak (6e3 Teopembl [aycca) MoaydnTh
dopmyny E = 0/(280) JUISL HATIPSIKEeH-
HOCTH GEeCKOHEYHOH PaBHOMEPHO 3aps-
JKEHHOIT MI0CKOCTH, Ha KOTOPYIO OIHUpa-
eTcsl ATOT BbIBO? MOXKHO cieiaTh 9To,
paccMoTpeB MoJie PABHOMEPHO 3apsIsKeH-
noii ccepbl, kotopoe cosnasaer (BHe
chepbl) ¢ 10JIeM TOYEUHOTO 3apsija, a
BOJIU3H NOBEPXHOCTH PaBHO 0/¢, . Ecim
IIPOBECTH TaKoe K€ paccysk/IeHue, Kak
BBIIIE, HO B 06PATHOM TIOPSIKE, TO IOy~
YHM UCKOMYIO (DOpMY.JIy.

MeTop Hano)xeHus Wapos

HOC]ICHIII/Iﬁ 13 pacCMaTpUBa€MbIX 3/€Cb
IIOJIXO0J0B K pEHICHUIO 3aJa4n O IPOBO-
JAIEM I1ape B OZHOPOAHOM IIOJIE€ JaeT
HanboJjee TIOJTHOE, U IIPUTOM JOCTATOYHO
IIpOCTOE, €€ penieHune. Kaku paHblIe, MbI
paSOébEM M3JI0KEHUE 9TOro0 METO/[a Ha
HECKOJIbKO IIOCJIeJ0BAaTEJJIbHbIX 3TallOB,
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KaSK/BII 13 KOTOPBIX IIPE/ICTABJISIET CBOIO
MHTEPECHYIO 3aauy.

1. PaBHOMepHO 3apsKEHHBI mIap.
Paccmorpum map paauycom R, paBHO-
MEPHO 3apsKEHHBbIH ¢ 06beMHOU TJIOT-
HocTbio P . HampsokeHHOCTD 1MOJIST BHE
mapa, mpu # > R, coBmajaer ¢ mojeMm
TO4YeuHOro 3apsiia g = pV:

=_L oY (5)
4T[E0 72 ’

Buytpu mapa, npu r < R, BKJIag B
HATIPSKEHHOCTD JIAI0T TOJIBKO 3apsiIbl,
HaxXoJsIIMecss BHYTpU cepbl pajnycoMm
¥, a BKJIaJ] BHEIIHHUX CJIOEB PaBeH HYJIO:

1 q(r) _ pr

rae g(r) = p 4/3 1>, Jlng panbueiiero
yZI00HO 3aIUCcaTh TMOCIEAHION (GOPMYyTy
B BEKTOPHOM BUJIE!
E=—1! (6)
3g,

2. Hanoxenue aByx mapoB. Pac-
CMOTPHM /[BA PABHOMEPHO 3aps’KEHHbBIX
mo o6beMy Imapa: OAuH € OObEeMHOI
IJIOTHOCTBIO P, APYyroit ¢ o6beMHOIt
mIoTHOCTBIO — P . IlycTh maper pacmoJio-
JKEHBI TaK, YTO PACCTOSTHUE | MEXAY UX
IIEHTPAMK MeHbIIle CYMMBI UX PaJNyCOB,
T.e. CYIIeCTByeT 00J1acTh WX Iepecede-
nusg (puc. 10). O6beMHass ILIOTHOCTD
3apsaa B 9T0i 06JacTH paBHA HYJIO, a

1T

Puc. 10

1I0JIe PABHO CYTIEPIIO3UIINN MOJIeH ABYX
mapoB. BeiGepeM MPOM3BOJBHYIO TOUKY
B 2TOI 00J1acTH ¥ 0603HAYMM Yepe3 ;1
paanyc-BeKTOp, ITIPOBEJEHHBI K 3TON
TOYKE U3 TEHTPA TOJOXKHUTETbHO 3apsi-
JKEHHOTO 11apa, a 4yepes ;2 — paamyc-
BEKTOD, MPOBEJEHHBIIl U3 MEHTPA OTPH-
IaTeJbHO 3apsKeHHOro mapa. B coot-
sercteun ¢ dopmysoit (6) mosryyaem

L 7 i
E=E+E, :pi_pi:_p_
3¢, 3¢, 3¢

)

0

(7

rae [ = ;2 - ;1 BEKTOp, TPOBE/IEH-
HBIH U3 TIeHTpa OTPUIIATENbHO 3apsKeH-
HOTO Tapa K HeHTPY TMOJOKUTETHHO 3a-
DSDKEHHOTO.

MbI yCTaHOBHJIM, YTO MOJIE€ B 06J1aCTH
nepecedennst IBYX PasHOMMEHHO 3apsi-

KBAHT:- 2000/Ne5

sKeHHBbIX (¢ OJMHAKOBOH IJIOTHOCTHIO)
IAPOB SIBJISIETCST OHOPOHBIM . DTOT (paKT
MOYKHO HCTIOJIb30BaTh /ISl KOHCTPYUPO-
BaHUsI TAKOTO PACIpe/eIeHus 3apsijioB
I10 TIOBEPXHOCTH Iapa, KOTOPOe YHUUTO-
SKUT BHEIIHee 0JiHOpojiHoe ToJie. [Toka-
JKeM, KaK 9TO CJeJaTh.

3. llap B oaHopogHoM moJe. Pac-
CMOTPUM [[Ba DPA3HOMMEHHO 3apsiKeH-
HBIX IIapa OJIHOTO U TOTO JKe pajuyca R,
IEHTPBI KOTOPBIX CMEIIEHBl Ha MAajoe
paccrosiame [, ([; <R). Bapsj mouy-
YUBIIEHCS CUCTEMBI IOUTH BCIOIY PaBeH
HYJII0, KPOME JIByX TOHKUX PAaBHOMEPHO
3apsKEHHBIX cermenToB (puc.11): ogHo-
TO C TJIOTHOCTBIO P, APYTOTO C TIOTHO-
ctbio — P . TosuHa 9TUX CErMEHTOB B

l

Puc. 11

CaMOM TOJICTOM MECTe paBHa [, M yMeHb-
maeTrcss ¢ yraom 6 1o 3akony
[ = [,cos8. fcHo, Kak mepefiTn K 110~
BEPXHOCTHOMY 3apsiy: HAJ0 PacCMOT-
perb npezesbHblil nepexox I, — 0, Ho
IpU 9TOM TaK MEHSITb OOBEMHYIO ILIOT-
HOCTB 3apsiia P, 4TOObI 3aPsi/] eIUHUI[bI
TIOBEPXHOCTH, PABHBIH Pl cTpeMuics K
onpejenenHoMy npegeny o,. ITockoub-
Ky TI0Jle 9THX 3apsIZIOB BHYTPH MOJOCTH

JIOJKHO YHMYTOXKATh BHEIIHee 1noJie .,

B coorBercTBuu ¢ (popmy.toi (7) mosy-
qaeM

_ply __
g 0
(BexTop 70 IIPOBE/IEH OT IIEHTPA OTPHIIA-
TEJIBHOTO 1Mapa K IIEHTPY MOJIOKUTEb-
HOrO). 3HAYUT, NPEACJTbHOE 3HAYCHHE
MaKCHMaJIbHOH OBEPXHOCTHOU TIJIOTHO-
CTH BbIPA)KAETCS Yepe3 BEJMUNHY BHEII-
Hero 1ot popMyIoit

0, =pl, - 3¢,E,,

coBnagaomeii ¢ popmynoii (2). 3aBucn-
MOCTb OT yrJ1a 6 TO’e MmosTyyaeTcs npa-
BUJbHOW: O = pl = pl, cos®

= 0, cos 8. Kpowme Toro, 1noJie Bie cucre-
MBI [IBYX TITAPOB COBMAJAET C TIOJIEM JBYX
ToueuHbIX 3apsaaoB g = PV (cm. dop-
myaty (5)) U B ipejieJie IepeXouT B [10J1e
TOYCYHOTO JUIIOJIA C AUIIOJIbHBIM MOMECH-
TOM

p=ql,=pVIi, - 3Ve, E,-

MpunoxeHwue. None annonsa

YT06bI BBIYUCINTD TI0J€ TOYEYHOTO AUIIO-
JISl, MOKHO CHauaJa HalucaTh TOUHOE BbIpa-
SKeHue JII TOJs IBYX 3apsAioB g W —(, a
TIOTOM PacCTOSTHIE MeX/Ty HUMH YCTPEMHTD K
mymo. OAHAKO Jiyulle BBIYUCIUTH TOJE KO-
HEYHOTO JUIOJA Cpasy Ha GOJIbIIOM PacCTos-
nun ot uero (r > [), rae mnoast 060X
JIUIIOJIE COBIIAIAIOT.

[Ipoie Bcero BbIYMCAUTD IOTEHIUA 10
aunonisa. O603HauuB PacCTOSAHHE A0 LEHTpa
JIUTIOJNS Uepe3 ¥, PACCTOSTHUE JI0 OTPHIaTe b
HOTO 3apsifia 7, , a J10 MONOXKUTE/IBHOTO 7, ,

Puc. 12

nouyunm (prc.12)

St ja_al.
4Tl£0 72 71
- | q _ q -
[
ATE, r——cos® r+—cosH
2 2
1 qglcosB
= - .
4TLI»:0 7

IT0 BBIpAXKEHHE YACTO 3allMCHIBAIOT Yepes
CKAJISIPHOE MPOU3BE/IEHNUE:

7]
¢ = Er—g, (8)
e r — pajinyc-BeKTOp, IPOBEACHHbI U3

HEeHTpa JIUIOJIS.

Jl1s1 BBIUUCJIEHUS] HANPSIKEHHOCTH T10JIS
MOKHO BOCIIOJIb30BATbCS CBSI3bI0 MEX/y Ha-
MPSPKEHHOCTBIO M MOTEHIINAIOM. Mbl OCTaBUM
3TO yIpa)KHEHHEe TeM, KTO YK€ Hay4YHJICs
yBepeHHO nddepeHnpoBarh CJI0KHbIE Bbl-
pPasKeHusi, M MOKa)KeM, KaK MOXHO 0GOITHCH
6e3 ATOrO.

BorumcauM cHavyasma HapsiKeHHOCTDb IS

- | g E E  E
Puc. 13

JIBYX TPOCTBIX CJIyYaeB — KOI/Ja TOYKA TOJIst
JIESKUT Ha ofiHO# urnu ¢ 3apsagamu (puc 13):

E =E, -E_ =

1 q q

_ 1 2ql
dre, | (r-1/2)  (r+12)" ] 4T, 7

3

)



E,
E,€
\\\ a
Ei\
-
-q ] >q
Puc. 14
WM B BEKTOPHOM BH/E:
. 1 2p
E = 3 9
ATE 7

1 KOT/Ia TOYKA [OJISI JIEXKUT Ha TIePIeH/INKY JIsi-
pe K aunoabHoMy MomeHty (puc.14)
1 2g12_ 1 ql

ATE, 12 1 ATE, PO

E, =2E, sina =

OU3UYECKUN DOAKYJIBTATUB

nJjimn B BCKTODHOM BU/AE:

1 p
3

4Tl£0 r

E,=- (10)

Tenepb, 4TO6bI HAIITH HATIPSYKEHHOCTD 110JIST
B TOYKE, /IS KOTOPOI PaJinyc-BeKTOp 06pasy-
eT ¢ JUTOJIbHBIM MOMEHTOM yTroa 6 , Tmocty-
muM caegyomuM o6pasoM. CoenHUM OTpH-
HarteJabHbIA 3apsi ¢ Toukoi moas (puc.15),

Puc. 15

OITYCTHM 13 TIOJIOKHTETHHOTO 3aps/ia MeprieH-
JUKYJSp Ha 3Ty JMHUIO W MBICTEHHO HOMec-
TUM B OCHOBaHNE MePIeHINKYIApa Ba 3aps-
na: q u —q. TlockombKy MBI TOMECTHIN UX B
OZlHy TOYKY, TOJe He HM3MeHWJI0Ch, HO MBI
HOJIyYUIM BMECTO OJHOrO AUIONA JBa. ¥
OZIHOTO M3 HUX JUTIOJBHBII MOMEHT p, Ha-
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IIpaBJieH apaJiie]bHO PaJNyCy-BeKTOPY r,
a'y JIpyroro JUIOJbHBII MOMEHT P, TepIieH-
JUKYJISIpeH r . Jlerko y6eauThes, 4TO
p, = pcos® (HanomuuM, uto ¥ > [), umm

B BEKTOPHOM BH/I€ L
(p r)

[ 2
7

N

a p,=psin®, uim B BeKTOpPHOM BHJE
p, = p=p, . Omnpasicy ma dopmyst (9) u
(10), MOXHO BBIYHCJHTH TAPAJIEIbHYIO W

NEPIEHAUKYIAPHYIO BEKTOPY 7 COCTaABJIAIO-

1He ToJIs:
1 2 0 1 in®
E = (pcos6) E = psin
1 3 Y 3
4TE r ]|, 7
(11)

a MOJKHO, TIOJACTaBUB BEKTOPHBIC BbIPAKEHUA

JULA p1 n p2 , IIOJYUYUTb OTBET B BEKTOPHOM

{ 3(;)7]7 ';)

BU/IEC!:




