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YIAK 538

Kuura [I:KekcoHa MpejicTaBisieT COGOfi COBPEMEHHBIl KypC 3JeKTpPOfH-
HaMHUKH. B ee ocHOBY moJsioXeH Kypc JeKLHi, KOTOpPhle aBTOp YHTaJ B Te-
yeHHe MHOruX Jjet B MniuHOiCCKOM yHHBepcuTeTe M YHHBepcuTeTe Mak-
Tunna (CIUA).

Buaronapst He3aypsiiHOMY MeJarorHyecKoMy MacTepcTBY, C KOTOPHIM
HalHcaHa KHHra, ¥ yMeJloMy moiGopy MarepHasa B Heil yJauHO COYeTalOT-
Cs1 YeTKOCTb M MPOCTOTa H3JIOKEHHS CO CTPOrocThi0 M TiayGHHOi. ABTOp
CTaBHT nepej co0ofi 3azayy He TOJbKO JaTbh fICHOe NpeJCTaBJjieHHe O (pU3U-
4YeCKHX OCHOBaX 3JIEKTPOAMHAMHKH, HO M NPHUBHTh YHUTATENI0O HaBBIKH CaMo-
CTOSITE/ILHOTO pelleHHsT 3JeKTPOJHHAMHUECKHX 3ajauy. DToMy CnocoO:TBYIOT
Xopolo moxoGpaHHbBIE 3aJaud M yNpaX<HeHHs, MOMelleHHble B KOHIE KaXk-
Jlo# rJaBbl.

Hapsiny ¢ TpaAHUHOHHBIMH pa3fesiaMH 3JIeKTPOAHHAMUKH (OT 3JIEKTpO-
CTaTHKH JO ClelHaNbHOH TEOPHH OTHOCHTEJbHOCTH) B KHHre pacCMaTpHBa-
10TCsI HauGoJiee WHTEpecHble ee MPHJOXKEHHs, HanpuMep B pPajHOTEXHHKe
(Teopust BOJIHOBOLOB U Pe30HATOPOB, TeOPHsI H3JyueHHsI) U B sfepPHOH (H3HKe
(coynapeHust 3apsixKeHHHIX YaCTHI, H3JyuyeHHe JBHXYIIMXCHA 4aCTHL).

KHaura paccuntaHa Ha HayuHBIX pabOTHMKOB — (U3HKOB, HHXKeHepoOB,
a TakXKe acMUPAHTOB U CTYLEHTOB CTAPUIHX KYpCOB, CIEHAJH3HUPYIOMHXCS
no Teoperuyeckoil ¢pusuke, AnepHoi ¢u3nke, pH3MKe Maa3Mbl H 3JEKTPOHHKe
(B ocobennoctu B o6aactu CBY).

Pedaxyus aumepamypst no usuke



IIpeducaosue pedaxmopa nepesooa

[Mpennaraemass KHura nocBsilileHa pasfedy GH3HKH, 1aBHO yiKe
CTaBIIEMY KJIaCCHYECKHM,— 3JIeKTpojHHaMuKe. TOJbKO 3a MOCJefHHe
rofbl COBETCKHMH H3JaTeJbCTBAMH H3JaH M TNeped3faH NeJblil psf
KyPCOB 3/1eKTPOAHHAMHKH ). OLHAKO 3TO OTHIOAb HE MCKJIOYaeT
HeOOXOJYMOCTH H3JlaHHsl HOBBIX KYPCOB, OTJIHYAIOIIHXCS OT TNPEKHUX
00beMOM MaTepHaJjia, YpOBHEM H MeTOAMKOH H3JIOXKEHHS.

Kunra J:kekcoHa paccuuTaHa Ipexje BCero Ha CTYAEHTOB H acIu-
paHTOB (H3MYUECKHX H TEXHHYECKHX CIeHHaJbHOCTelH, KeJaloliuX
He TOJILKO TOJIYUHTh SICHBIe (hH3HUeCKHe NPeACTaBjeHHs] U KOHKPETHbIe
3HAHHS NMPHPOAH JIEKTPOMArHUTHEIX SIBJEHUH, HO U NPHOOPECTH HaBHI-
KM CaMOCTOSiTeJIbHOrO pelleHHs] NPHKJAAHBIX 3ajad B 3TOH 006JacTH.
ABTOp yjensieT JOBOJILHO MHOIO MeCTa ONHMCAHHIO PasJIMUHBIX MeTo-
JIOB pellleHHs] 3JIeKTPOJHHAMUUECKHX NPoOJeM, OT NMpocTelilero MeToAa
3epKaJibHbIX H300paxKeHHH 10 MeToja MapHBIX HHTerpasbHBIX YypaBHe-
Hufi. K xaxao#l riaBe nojobpansl NOy4YHTeNbHBIE YIIPaXKHEHHsI U 3aja-
4H, SBJSIONMECS LEHHBIM JOMOJHEHHEeM K OCHOBHOMY TEKCTY H HJLIIO-
CTPHUpYIOILiHe NPUJIOKEHHS ONHCBIBAEMBIX MeTOROB. Dosiee moJsiHO, ueM
B JPYTHX DYKOBOACTBAaX MO 3JEeKTPOJHHAMHKE, 31eCh IpeACTaBJ/eHbI
MeTof, pyHKIMH I'puHA M MeTox pasJioxKeHHs moJield MO MYJbTHIOJNSIM.

Jpyroii ocoGEHHOCTBIO SBJSIETCS] AKTYyaJbHOCTh MaTepuaja, BKJIO-
YeHHoro B KHury. Hapsay c TpagHuHOHHBIMH pasfenamu (3JeKTpo-
CTaTHKa, MarHHTOCTAaTHKa, NepeMeHHble NO0Jsi, ypaBHeHHs Makcaesa,
3JIEKTPOMArHUTHBIE BOJIHBI) 3[€Chb PacCMaTpHBAeTCsl LEJBbIH Psifi, BOIPO-
COB, KOTOpBEIe B INOCJEJHHE T'OfBl NPHOOpesH BaXKHOe 3HaueHHe C NpH-
KnajgHo#t Touku 3peHus. Ciofa OTHOCATCS, C OfHOH CTOpPOHBI, pasfedsl,

1) Tamwm U. E., OCHOBBI Teopuu 3/€KTPHUECTBa, 3-e mepepaboTaHHOE H3Aa-
Hue, M., 1946 (to ke, 7-e usgaiue, M., 1957); UBanmenko IO. ., Coxko-
108 A. A., Knaccuueckas teopus mosas, M., 1951; Baacos A. A., Makpo-
CKonmuyeckas 3JeKTpoiuHamuka, M., 1955; Jlaupgay JI. 1., Jluomun E. M.,
neKTpoaMHaMUKa CrOMHLIX cpell, M., 1957; 3oMMepdenna A., DiekTpoxn-
Hamuka, WUJI, 1958; Jlangay JI. ., Jluomun E. M., Teopus moas, M.,
1960; Tommema M. A., OCHOBH 5JeKTPOMarHeTH3Ma H TEOPHH OTHOCHTEJIBHO-
cru, UJI, 1962; HoBaky B., Beegenue B snekrpopuHamuky, WJI, 1963; TIa-
HoBcxu#t B., ®uaunc M., Knaccuyeckas 3/1eKTPOAHHaMMKa, M., 1964.
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NOCBSILIIEHHBIE BOJHOBOAAM, PE30HATOPAM, H3J1yUYaloliiM CHCTEMAM U pas-
JIHYHBIM MeTOJaM pacyeTa HajaydyeHusi. [ToMuMo obiuedranueckoro HHTe-
peca, 3TH pasfieibl OCOGEHHO MOJe3Hbl BCeM CIeIHaTH3HpYIOLIMCs
0 TeXHHKe CBEPXBBICOKMX 4YacTOT, IO aHTEHHOH TeXHHKE U B APYTHX
cMexHbIX 06s1acTsix. C Apyroil CTOPOHBI, Psifi IV1aB KHHTH NpeJCTaBsieT
0coOkifl HHTepec 1Jis (U3UKOB-TEOPETHKOB H KCIIEPUMEHTATOPOB, 3aHU-
MarolMXCcsi H3yYeHHeM 4YacTHl, BhICOKMX 3Hepruil. Ilomumo crasuiero
yXKe TpPaAULIHOHHBIM JJI KYpPCOB 3JIEKTPOAMHAMHKH PacCMOTPEHHs
OCHOB PEJIITHBHCTCKOH MeXaHHKH, 3JleCb HMEIOTCS ClielldalibHbie [JI1aBhl,
NOCBSILIIEHHBlE AHAIU3Y COYAApeHHsl 3apsKeHHbIX YacCTHI, H3JyueHHs
JBHKYIIMXCSI YacTHL, B TOM 4HCJEe CHHXPOTPOHHOTO, TOPMO3HOTO
Y 4ePEHKOBCKOTO H3J1yYeHHsl U 0OpaTHOH peaklyy H3J1yUeHHsl Ha JBHKe-
Hue yactul. Crefyer Takxe yNOMSIHYTb KPaTKOe, HO SICHOE H3JIOKEeHHe
OCHOB MarHUTHOH T'MAPOJMHAMHUKH H (OH3MKH TJIA3MBL.

HanGonee 6nu3koll K HACTOSILIEMY KypCYy SIBJAsI€TCS YIOMSHYTast
phille Kuura B. Ilanosckoro u M. @uuunc, BhblIeALIas HEJABHO
B pycckoM mepeBofe. OxBaTbiBasi NPHMEPHO TOT K€ KPyr BOIPOCOB,
OHa, OJHAKO, OTJIMYaeTcsi KOHCIEKTHBHOCTBIO, pacCYHTaHa Ha XOPOLIO
NOATOTOBJIEHHOTO YWTATejisl U yCTynaeT KHHUre [[3keKcoHa B JeTajbHOMH
pa3paboTKe MeTOJOB pelLIeHHs 3JIEKTPOJMHAMHYECKHX 3ajadu.

Tperbeit xapakTepHO#l 0COGEHHOCTBIO KHHrH JIXKEKCOHA sIBJSIETCS
NeJaroruiyeckoe MacTEepCTBO, C KOTOpbIM HanucaHa KHura. MasoxeHnue
JOCTYIIHO LUIMPOKOMY KPYry 4HTaTejied, BeCbMa siCHO, B TO e BpeMs
JOCTaTOYHO CTPOrO M BIIOJIHE COBPeMeHHO. Bclony ¢uanueckoe copepxka-
HMe TOHATHH BBICTyNAeT HA mepejHuil myiaH. B 3TOM OTHOLIEHHH TOKa-
3aTeJIbHBI, HAaNpPHMep, pasjiesibl, NOCBSIIEHHbE COYLAPEHUSIM 3apsiKeH-
HBIX YacCTHI[ M M3JydYeHHIO 4acTHll. [ljis mosyueHHsl COOTBETCTBYIOLIUX
KBaHTOBBIX COOTHOIIEHHHA H3 KJ1acCHYECKHX aBTOP HCIOJB3yeT MOJy-
KJIaCCHUeCKHe COOOpaKeHHsl C y4eTOM INpHHIMNA HeoNpeLeseHHOCTH.
[Ipu TakoM moxxome uMTaTeMIO CTAHOBHTCS OCOGEHHO $SICHO, KaKHe
SIBJIEHHs] OTHOCATCS K CYIIEeCTBEHHO KBAHTOBBLIM, a KaKHe — K KJacCu-
YEeCKHM.

B menoM MOXHO HajesiTbCsl, YTO TpejJjiaraeMbifl Kypc 3J€KTPOAMHA-
MHKH, COBpEMeHHBIl MO COAepIKAHHIO, BeCbMa IOJHBIH H HANHCAHHBIN
C BBICOKHM MNeJarOrd4yeCKHM MacTepCTBOM, OyJeT LEHHBIM H IOJIE3HBIM
nocobyeM AJsi BCeX H3YYalollUX 3JIEKTPOAUHAMHUKY.

IlepeBox kuuru Boimonnen 2. JI. BypmrefiHom (mpepucioBue
ura. 1), I'. B. Bockpecenckum (ra. 4; rai. 5, § 1—7; ra. 13—17 unpu-
jgoxenue) u JI. C. ConosreBbiM (ri1. 2, 3; rai. 5, § 8—12; ru. 6—12).

3. JI. Bypwmetin
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Knaccudeckasi Teopysi 3/eKTpoMarHeTHaMa Hapsfy € KJacCHYecKOf
U KBaHTOBOH MeXaHHKOM SIBJIseTCS B HACTOsilliee BpPeMsl OLHOH M3 OCHOB-
HBIX TEOpPeTHYeCKHX AMCUHIJIMH NPU NOArOTOBKe ¢u3uKoB. Cepbe3Hoe
3HaHHe 3THX NpPeAMeTOB — HeOOXOAHMMOE YCJOBHE YCIEIIHOrO H3y4YeHHs
ClelHanbHBIX AUCIHUIINH.

Tunuunaa nporpaMma no 3JeKTPUYeCTBY W MarHeTH3My AJisl BBICLIE-
ro yueGHOrO 3aBefeHHMsl paccyuTaHa Ha JBa WJH TPU CeMecTpa mocnae
U3yYeHHs] Kypca 3jeMeHTapHO# ¢uauku. [IpenMyliecTBeHHOe BHHUMaHHUe
ylensieTcss B Hefl OCHOBHBIM 3aKOHaM 3/IeKTPOJHHAMHKH, HX Jsabopa-
TOPHOMY NOATBEPXKAEHHIO 1 PaCCMOTPEHHIO CIEACTBUN M3 HHX, aHAJIU3Y
1enefi, NPOCTHIM BOJHOBBIM SIBJEHHSIM H H3ayuenwio. M3 martemaTnue-
CKHX CpeICTB HCHOJB3YIOTCS BEKTOPHOE HCUHC/IeHHe, OObIKHOBEHHBIE
JuddepenHanbEble yPABHEHHS] € IOCTOSIHHBIMH KO3(MdHULHEHTaMH,
psaapl Pypre, HHOTAa npeobpasoanus Pypre u Jlannaca, ypaBHeHHs
B YAaCTHBIX NPOM3BOAHBIX, MONHHOMEI Jlexannpa u ¢yHkuuu bBeccens.

Ins acnupaHTOB OCBIYHO JaeTcsi ABYXCEMECTPOBEIfl KypC TeOpHH
3JIeKTpOMarHeTuama. FIMeHHO TakoMy KypCy COOTBETCTBYeT MOsI KHHTIa.
[Tpn oGyueHnu acmupaHTOB 3J1€KTPOAMHAMHKE sl CTAaBJIIO Nepex cobof
1o KpailiHell Mepe TpH uesnH. Bo-nepBrix, BCe COfepKaHUue Kypca JOJKHO
ObITb MpeJCTaBJeHO KaK eHHOe CBsi3HOe 1ejioe. OCOGEHHO BaXKHO MOA-
YEePKHYTh €JUHCTBO 3JEKTPHUECKHX M MArHUTHBIX SIBJEHHH KaK C TOUKH
3peHHs1 UX (H3HUYECKOH CYIHOCTH, TaK M C TOYKH 3PeHHsl MaTeMaTHye-
CKOHl TpakTOBKH. Bo-BTOpDBIX, He MeHee BaxKHOH 3ajauell ABASETCS
H3JloXeHHe M NpPUMEHeHHe Pa3jIMYHBIX MEeTOJOB MaTeMaTH4ecKOH (usu-
KM, BeCbMa MOJIE3HBIX KaK B -3JIEKTPOAMHAMHKE, TaK H B KBaHTOBOH
Mexanuke. Ciofa otHocsaTcst TeopeMa ['puna u ¢yHkuuu ['puna, opro-
HOpDMasibHbiE PAas3/IOKeHHs, CdepuyecKue TapMOHHKH, UHJIHHAPHYE-
CKHe u cdepuueckue ¢YHKUHMH Deccemsi. Hakomer, TpeTbeél H, OBITh
MOxKeT, BaxKHeHIeH 3ajadedl sBJsieTCs M3/I0KEeHHe HOBOrO MaTepHana,
B 4aCTHOCTH BONPOCOB, KaCaloIIMXCst B3aUMOJAEHCTBUS PeAATHBHCTCKHX
3apsiKeHHBIX YacTHI[ C 3JEKTPOMAarHUTHBHIM MojeM. 3heCb, KOHEUHO,
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B CHJIbHOH CTeNeHH CKasbiBAIOTCS JIMYHBIE BKYCH aBTOpa. Bwibop MaTe-
puaJia onpejiensieTcst TeM, 4TO, Ha MOH B3rJisij, HauboJiee CYIeCTBEHHO
1 TIOJIE3HO JJIsl JIMI], HHTEPeCYyIOIMXCsA TeOpeTHUeCKOH (QU3HKOH, IKCIe-
pUMeHTaJbHON SIAEPHOH (U3HKOH, QU3HMKON OOJNBIIMX 3HEPTHH U MOKa
ellle HeJI0CTaTOYHO ONpee/eHHOM «(PH3HKOH M1a3Mbl».

KHura HaynHaeTcs NO TpaAHIMHU C 371€KTPOCTAaTHKH. B nepBbix 1iecTn
rjaBax [MOCJEJOBAaTeIbHO H3j1araeTcsi TeOpHs AJeKTPOMarHeTHaMa
Makcgemna. [To xony u3noxeHHs BBOAUTCS HeOOXONMMBIM MaTeMaThye-
CKHil anmapaT, 0CO6eHHO B I'1. 2 U 3, Ile AeTaJbHO PacCMOTPEHb! I'pa-
HUYyHble 337a4d. [IpH 3TOM MBI HCXOAMM U3 HANPSKEHHOCTH 3JIEKTPH-
geckoro noJist E v MaruutHo#l nupykuuu B. [lpousBonnbie MakpocKoOmy-
dJecKHe XxapakTepucTuku D u H BBOAATCS NMyTeM yCpeAHEeHHsl MO aHcaMO-
JI0 aToMOB H MoJekyJa. Ilpn paccMOTpeHHHM [13/€KTPUKOB AalOTCSs
NpPOCTHIE KJaCCHYECKHEe MOJENH TNOJsIPHU3alld aTOMa, OfHAKO NpH OIH-
CaHMHM MAarHUTHBIX CBOMCTB MOJI€JIbHbIE NPEJCTABJIEHUsl HE UCIOJMb3YIOT-
ca. YacTuuHo 3To 0OGYyC/OBJEHO HELOCTATKOM MeCTa, HO B OCHOBHOM
OOBSICHAETCS TEM, YTO NMOCTPOUTH UHCTO KJIACCHUYEECKYIO MOJEJb MarHMT-
HOM BOCIIPMHMYHMBOCTH BOOOIIE HEBO3MOXKHO. Kpome TOro, TOJbKO AJsl
pasbsiCHEHHS TAaKOrO HHTEPECHOTrO SIBJEHUs, Kak (eppOMarHeTusM,
notpe6opasnach Obl YyTh JIM He liesasi KHWTa.

Crnenyomue Tpu raapbl (ra. 7—9) NOCBAILIEHH Pa3HYHbIM 3JIEKTPO-
MarHUTHBIM SIBJIEHHSIM I'JIaBHBIM 00pa3oM MaKPOCKONHYECKOrO xapakTe-
pa. B ran. 7 paccmaTpuBaloTCsl NJIOCKHME BOJIHBI B PasjiMYHBIX Cpelax,
B TOM 4MCJIe B IJia3Me, a TaKKe JMCIIePCHS U paclpoCTpaHeHue 3Je-
KTPOMarHUTHBIX UMIYJBbCOB. B ri1. 8 o6CyxaaloTcsi BOTHOBOAL M pe3o-
HaTOpHl MPOH3BOJILHOIO MONEPEeYHOro cedeHusi. Bompoc o 3aryxaHuu
BOJIH B BOJIHOBOJAX H O JOOPOTHOCTH PE30HATOPOB peliaeTcs B BeCbMa
o611eM BHie, YTO NMO3BOJIsAET MOAYEPKHYTh (DH3UUECKYIO CYTh MPOLECCOB.
I'm. 9 mocesuieHa 3neMeHTapHOH TEOPHH MYJBTHIONBHOIO H3Ty4YeHHS
OTpaHHYEHHBIX HCTOYHHKOB H TeopuH Audpakuuu. IlockonbKy npocras
CKajlsipHasi TeOopus JAHQPaKUUM H3jaraeTcs BO MHOTHX YyueGHHKax
N0 ONTHKe U B YydYeOHMKAx MO 3JEKTPHYECTBY W MarHeTusMy MJsi
BBICIUMX Yy4YeOHBIX 3aBeJeHHil, B 3TOH IJyiaBe jaeTcss Gojee CTpOroe,
XOTsl TakxKe NPUOJHKEHHOE, U3JI0XKEeHHe TeOPHH AHPPAaKIHU Ha OCHOBe
He CKaJsipHbIX, a BEKTOPHBIX TeopeM I'puHa.

B nocnepnee Bpemsi npo6seMbl MAarHUTHOH T'MAPOAHHAMHUKH U AHMHA-
MHKH IJ1a3Mbl BCe GoOJiblile NPHUBJEKAlOT BHHUMaHHe (H3HKOB H acTpo-
¢usukoB. B ri. 10 maercsi 0630p 3TOro BecbMa CJIOXKHOTIO pasjiena
H M3J1araloTcs OTHOCSIIHeCs CIOfa OCHOBHBIE (PU3HYECKHE TOHATHS.

[lepBrie eBATH UM AeCsATH ry1aB 06pas3ylOT OCHOBY KJIaCCHYeCKOMH
TEOPHH 3JeKTpH4ecTBa H MarHeTuama. Ilpexgnonaraercs, 4To acupaHThE
y2Ke 3HAKOMbI C GOJbIIeH YacThlO 3THX BOIPOCOB, MOXKeT ObiTh, B 6oJee
3/eMeHTapHOM H3jnoxeHHH. Ho u3y4yuB 3TH ke BOmpocel npu Gosee
CTPOroM NOAXOJ€, NPHHSITOM B HACTOslllell KHHUre, YHTaTesNb NPHOOpeTeT
6osiee MOJNHOE NPEACTaBIEHHE O MpeAMeTe, IyOxKe NMOMMET OTAeJbHblE
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BOINPOCH M B 3HAUYMTEJBHOH CTENeHH OBJajeeT TEXHHKOH NpPHUMEHEeHHs
pa3HYHBIX aHAJUTHYECKHX MeTOAOB peiueHusi 3amau. [locme 3toro
OH CMOXeT BOCHPHUHATb 0OJiee CJIOXKHBbIE NPOOJEMbl, paccMaTpHBaeMbie
B nocjefywoomux raasax. Ciofa OTHOCATCS IVIaBHBIM 06pasoM BOIPOCHI
B3aMMOJEHCTBHUS 3apsXKEHHBIX YacTHIL JPYr C APYIOM H C 3JIeKTpoMar-
HHUTHBIM IOJeM (B YaCTHOCTH, YacTHL, JBHXKYIIMXCS C PeJSTHBHCT-
CKHMH CKOPOCTSIMH).

CneunanpHasi TeOpUsl OTHOCHTEJNBHOCTH BEJET CBOE NPOHCXOXKIEHHE
OT KJaccuueckoil anmekTpopuHamuku. M cefiuac, yepes 60 ser, knaccu-
yecKasi 3JIeKTPOAHHAMHKA MO-TIPEKHEMY CJIYXKHUT OJIeCTAIIUM NPUMEPOM
KOBaDHAHTHOCTH 3aKOHOB INPHPOABl Npu mNpeobpa3oBaHuH JlopeHIa.
CrenyanbHOH TEOPHH OTHOCHTEJBHOCTH NoCBsllleHa ra. 11. B weft onu-
ChiBaeTCsl BeCb HeOOXOAMMBIH (OpPManbHBIH annapar, HCCIeLyIoTCs
pasnu4Hble KHHeMaTHYeCKHe CNeJCTBHS M yCTaHABJIHBAaeTCd KOBapHaHT-
HOCTb 3aKOHOB 3j1eKTpoauHaMuku. Ciefymoollias ryaBa NocBsllieHa KHHe-
MaTHKe ¥ JHHAMHKe PeJATHBHCTCKON 4acTullbl. [JIMHAMHKY 3apsiKeHHBIX
YACTHI, B 3JIEKTPOMArHUTHBHIX TOJNSIX, KOHEYHO, MOXKHO OTHECTH
K 3JeKTpojuHaMuke. UuTaTenb MOXKeT, ONHAKO, YCOMHHUTBbCSI B TOM,
HACKOJIbKO NPaBOMEPHO OTHOCHTBH K 3JIEKTPOJMHAMHKE, CKaxKeM, KHHe-
MaTHyeckue npeobpasoBaHust Npu coyjapenuu. Ha 3to ciepyer oTse-
THTB, YTO KOJIb CKOPO YCTAHOBJIEH YeThipeXMepPHEBIHl XapaKTep HMIYJbCa
W SHEPTUH YacTHlpl, HCIOJb30BaHHE TAKHX IPHMEPOB BIIOJIHE OIpaB-
JlaHO, TOCKOJbKY INIPH 3TOM Yy 4YHTaTessi BbIpabaTbIBAlOTCs NOJIe3HbE
HaBbIKM OOpallieHHsi ¢ mpeoOpa3oBaHusiMH JlopeHua, a nosyudaemble
pesysbTaTbl BeCbMa IMOJIE3HBI M MaJjo TAe NPHUBOASTCS.

B ra. 13, rme ofcyxKmaloTcsi COyAapeHHsl 3apsiKeHHBIX YacTHIL
1 UX paccesiHde, 0co60e BHUMaHHUe yAesseTCsl SHepreTHYeCKHM ToTepsiM
U BBOASITCS INOHSTHS, HEOOXOAMMBIE NJIsl TNOC/AENYIOMIUX IvIaB. 3Jech
B NIepBbIfl pa3 B 3TOH KHUIe sl HCNOJIb3YIO MOJYKJaccHuecKHe coobpaxe-
HHSl, CBsI3aHHblE C INIPHHILMIIOM HEONpPENEeNeHHOCTH, YTOObl MNONYYHThb
M3 KJaCCHYECKOTO PacCMOTPeHHsl NMpHUOJIMIKEeHHble KBaHTOBOMeXaHHUe-
CKHe BBIpaXKeHHsl JJIs SHepreTHUeCKHX MOTepb W T. N. Takofl MoAxof,
OKa3aBIUHMCS CTONb MJIOAOTBOPHBIM B pykax Hunbca bopa ¥ Buabam-
Ca, MO3BOJIIeT SICHO MOHSITh, Ile U KaKUM 06pa3oM KBaHTOBOMeXaHHUe-
CKHe 3(beKTbl BHAOU3MEHSIOT KJ1aCCHUYECKHE INpeACTaBJeHHs.

Baxknomy BOmpocy 00 H3/JydYeHMH JBHKYILErocsi C YCKOPEHHeM
TOYEYHOrO 3apsja NOCBAIEeHH . 14 u 15, npudeM ocoboe BHHMaHMe
YAENEHO PeNATHBHCTCKHM 3(@eKkTaM. BripakeHus IS CNEKTPaJbHOIO
H YIJIOBOTO pacCHpejiesieHns] H3JIyYyeHHs] BBIBOASATCS AOCTATOUHO OOIIHMM
NyTeM, a WX NpPHUMEHeHHe HJUIIOCTPUpPYyeTcsl Ha CTOJIb PAs3JUYHBIX IIPH-
Mepax, Kak CHHXPOTPOHHOe W TOPMO3HOe H3JlyueHHe M H3JyueHHe NPH
B-pacnage. O6cyxknaercss Takke usiayyenne Uepenkosa — BaBHioBa
W MeTop BHpTyanbHbIX (oToHOB Beiingekepa — Busbsimca. Ilpu pac-
CMOTpeHHH MPOIECCOB aTOMHBIX M SIIePHBIX COyJAapeHH#l /s MOJNy4YeHUs]
NPHOIMKEHHBIX KBAHTOBOMEXaHHYECKHX COOTHOIUEHHIl BHOBb IpHMe-
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HSIIOTCSl TIOJIyKJacCHYeCKHe coobpaxeHusi. $l chmenuasbHO MORUYEPKH-
Bal0 3TO, TaK KaK CYHTAl0 BeCbMa CYIECTBEHHBIM, 4TOGHI YHTATeNb
NOHMMaJ, YTO TaKHe pajuHallMOHHbIe 3(deKTbl, KakK, Hampumep, TOp-
MO3HOe H3JydYeHHe, SIBJISIOTCH [0 CBOEMY XapaKTepy IOYTH MOJIHOCTBIO
KJIaCCHYECKUMH, XOTsl Mbl 3[1eCh U HMeeM JIeJI0 C COyAapeHUsAMH Ha MaJbiX
paccTosiHusX. Ecay e 4nTaTtenb BCTPETUTCS C TOPMO3HBIM H3JyYeHHEM
BIepBble B Kypce KBaHTOBOH TEOpHH, OH He NOHMeT ero (uanueckoi
CYIILHOCTH.

ITpeameToM ra. 16 ABASAIOTCS MYJBTHNOJBHBIE NOJsS. Pasjnoxenue
CKaJIIPHOTO H BEKTOPHOTO MoJiell M0 chepHYeCKUM BOJTHAM IPOM3BOAUT-
Cs1 Ha OCHOBE CaMbIX OOLIMX NMPEANOCHIIOK, NPH 3TOM He HaKJaJblBaeTcsi
HMKaKHX OrPaHHYEHHH HA COOTHOLIEHHS MeXJAy pasMepoM o006sacTH,
3aHMMaeMOfi HCTOYHHKaMH, H JJIMHOH BOJHBI. 3aTeM paccMaTpHBAIOTCS
CBOJICTBA 3/JEeKTPHUYECKHX W MArHHTHBIX MYJBTHIIOJbHBIX MOJEH H3Ty-
YeHUsl U YCTAHABJHMBAeTCHd HX CBfI3b C MYJBbTHIOJbHBIMM MOMEHTaMH
ucrounuka. Ilocne 3Toro B kKauecTBe mpuMepoB OOCYXKAaeTcs: aTOMHOe
U siiepHOe MYJIbTHIIOJNbHOE H3Jy4YeHHe, a TaKXe MaKPOCKOIHYeCKHH
HCTOYHHK, PasMepbl KOTOPOrO CPaBHUMBI C AJIHHON BOJHBEL. Jas ummo-
CTpally TPaHHYHON 3aJa4d C BEKTOPHBIMH CHEepHYECKHMH BOJHAMHU
JIOBOJIbHO TOAPOGHO HCCNeJOBaHa 3ajlaia O PaccessHHH IIOCKOH 3Je-
KTPOMarHUTHOM BOJIHBI Ha C(epHuecKoM NpelsiTCTBHH.

B nocnenneil rinaBe paccMOTpeH CJIOXKHBIF BONPOC O peakLHH H3JTY-
dyeHHs1. PaccMoTpenue 31ech cKopee (u3HUECKOe, 4eM MaTeMaTHyecKoe.
Oco6oe BHHMaHHe YyienasieTcss ONpejeseHuto obsaacTefl NPHUMEHHMOCTH
npuOHKEeHHBIX BBIpaXKeHUH AJs1 pajUalMOHHBIX IONPABOK M BHISBJE-
HHIO CJyyaeB, KOTAa CYILECTBYIOLIME TEOPHH HENMPUMEHHMBl. 371eCh
H3jnaraeTcsi Kak nepBoHayanbHasi Teopuss A6parama — JlopeHua, Tak
1 OoJiee MO3AHUH KJacCHMECKHH NMOAXOL.

Kuura s3akanyusaeTcsi NpuJIOXKeHHeM, B KOTOPOM paccMaTpHBAeTCs
BONPOC 06 eJMHHIIaX U Pa3MEPHOCTSX (U3MYECKHX BEJIHUMH, U OuOIHO-
rpajgueii. B npunoxeHuu s crapajics NOKasaTbh JIOTHKY IIOCTPOEHHS
CHCTEMBl €JlMHMI, He INBHITascbhb yOeQuTb duTaTenss B OCOOBIX IpEUMY-
IecTBaX BBIOPAaHHOH HAMH CHCTEMBl €JMHHL. 3JeCb MNpPHBEJEHBl ABe
TaOJHIbl, KOTOpPBlE, KAaK MOMKHO HaJeATbCsl, OKaXKyTCA MOJIE3HBIMH.
IlepBas cayxuT A1s nepeBoja (OpMyJ H3 OJHOH CHCTEMBI B APYTYIO,
BTOpasi — JJIf NepeBOfa YHUCJICHHBIX 3HaUeHHH (H3MYECKHX BEJHUYHH
u3 rayccopoil cucteMel B cucremy MKC u obpatHo. B 6ubnunorpaduio
BK/IIOYEHB KHUTH, KOTOPble MOTYT, Ha Hall B3IJIfJ, NPHUIOAUTHCH
yhTaTeq0 AJAs CIOPAaBOK WM AJs JajbHEHNIero H3ydeHHs MpeaMeTa.
CcpiiKM Ha HHX JaloTcsl B TeKCTe B KBaJpaTHBIX CKOOKaXx.

DTa KHHMra BO3HHMKJAa Ha OCHOBE JIEKIHOHHOTO Kypca MO KJjaccuye-
CKOH 3/IeKTPOJMHAMHKE, KOTOPHIH s 4HTal JAJsl aCIHPaHTOB MOCJEAHHE
OAMHHAALATH JeT B MNHHOMCCKOM YHHBEPCHTETE M B YHHBEPCHTETE
Mak-T'uana. §1 xouy no6GmarofapuTe MOHX KOJJIET M CjymiaTenei
B 000HX YHHBEpPCHTETaX 3a Gecunc/eHHble ToJe3Hble 3ameuanus. Ocobo
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clieflyeT ynoMsiHy T npoceccopa ¥ osiieca (yHuBepcuteT Mak-I'unna), Ko-
TOPHIH MpPEJOCTABUJI MHE BO3MOXKHOCTb BECTH 3TOT BeCbMa HEOPTOIOK-
CaJIbHBI{l IO TEM BpeMeHaM Kypc, 1 mpodeccopoB ¥Yanbja u Ackonu (M-
JIMHOACCKUIH YHHBEPCHTET), KOTOPBLIM 51 00513aH MHOTHMH LIeHHBIMU TIpej-
JIOXKEHHSIMH N0 MeTOJMKe H3JI0XKeHMs pas3NuuHBIX BompocoB. $1 Gjaro-
JapeH Takxe A-py Kaydmany, npouuTaBiieMy IlepBOHAYaJbHBIH
BapHaHT PYKONHUCH U CAesaBLIeMy Psifi 3aMedaHuil, u M-py Kafiny 3a no-
MOIIb NPH COCTABIEHHH NPEAMETHOrO yKasaTeJss.

o, JIncexkcon

¥p6ana, Unnunoitc
sluBapr 1962
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Iaasa 1
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BBEJAEHUE B 3JIEKTPOCTATUKY

XO0Ts1 AHTapb ¥ MarHWTHBIM 3KeJe3HsIK OblIM W3BECTHBL elle B APeB-
Hell ['peunn, sJeKTpovHAMUHKA KaK KOJUYECTBEHHAsl HayKa BO3HHUKJA
¥ pasBuJach 3a Kakue-HUOYIb NOCJefHHe BoceMbpecsiT JeT. Haburo-
nenust KyJjioHa Haj cuiaMyl B3aUMOJEHCTBHUS 3apsiXKeHHBIX TeJl OTHOCSHT-
csa K 1785 r. [IpuMepHo uepe3 nsATbrecaT JjeT Papanelt uccaenosan aei-
CTBHE TOKOB ¥ MarHUTHHIX noJiell. B 1864 r. Makcses ony6/11KOBaJ CBOIO
3HAMEHHUTYIO paboTy O JUHAMHUYECKOH TEOPHU 3JIEKTPOMATHUTHOTO MOJIS.

Mpl HauHeM Hallle H3JI0XKEHHe C 3JIeKTPOCTaTHKH, T. €. C ONHCAHUSA
3JIEKTPUUECKUX TIOJiell, He 3aBHCAIUX OT BpeMeHu. Majoxkenue Gyner
6oJIbIlell YacThIO BeCbMa KPaTKHM, IIOCKOJIbKY OHO, TIO CYIECTBY, HOCUT
0030pHBI XapaKTep. DJIEKTPOCTATHKA MOCAYKHT HAM NPOOHBIM KaMHEM
JJIsT PasBUTUSL M INIPHUJIOKEHHS] OOLIMX MaTeMaTHYeCKHX MeTOZOB.

§ 1. 3axon Kyaona

Bcsi ssekTpocTaThHka Mo CylecTBY OCHOBaHA Ha 3akoHe KyJioHa,
OTpeNeNIoeM CHJY, C KOTOPOHl B3aHUMOJEHCTBYIOT 3apsixKeHHble
Tesa, HaXOAAIMeCs B IOKOe OTHOCHTeJbHO APYT Apyra. KyioH (a eme
paHblle KaBeHuII) 3KCIepHMEHTAJbHO MOKas3aj, 4YTO CHJIa B3aUMO-
JeHCTBHA JBYX HeOOJbILHX 3apsKEHHBIX TeJs, pPacCTOSTHUE MeXAy
KOTOPBIMH BEJIUKO IO CPABHEHHMIO C UX pasMepaMi,

1) mponopnuoHasbHa BeJUYHHE KaXIOro 3apsiia,

2) o6paTHO NMPONOPLMOHANbHA KBaJpaTy PAacCTOSTHUS MEXKAY HUMH,

3) HampaBJeHa BJOJb NPSIMOH, COENUHSIOMWEH 3apsijbl,

4) mpencraBssieT co60i MPUTSIKEHUE, €CJIU Tesla 3apsiKeHbl TPOTHBO-
TIOJIOKHO, W OTTaJKHBaHHE B CJyyae OXHOUMEHHBIX 3apsijiOB.

Kpome Toro, 6bJI0 NOKa3aHO KCIIEpHMEHTANbHO, YTO TMOJIHAs CUJa,
C KOTOPOH COBOKYNHOCTb MaJIbiX 3apsiXKeHHBbIX TeJ JeHCTBYeT Ha KakKoe-
Ju0O0 OJHO MaJsloe 3apsiXKeHHOe TeJslo, NMPeACTaBJsieT COG0H BeKmOopHYI0

CyMMy cua KyJIOHa, COOTBETCTBYIOIIUX JIeHCTBHIO KaXJoro 3apsapa
B OTJAEJbHOCTH.
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§ 2. Hanpsocennocmsd 3aekmpuueck020 noas

XoTsl HenocpenCTBEHHO W3MepsieMOH BeJIMYHHOM ABJSETCA CHJA,
1eJ1ecO06pasHO BBECTU IIOHSITHE, HECKOJIBKO OTJIMYAIOLLeeCs] OT CHJIBI,
a HIMEHHO IOHSATHE O HANPSIXKEHHOCTHU 3JIeKTPUYECKOro MOJIs1, 00yCJIOB/IEH-
HOrO0 COBOKYNHOCTBIO 3apsiKeHHBIX Tes. Mbl MOXeM NOKa ONpenesuTh
3JIEKTpUUYECKOEe TOJie, HJM, TOYHee, HaNPSIXKEHHOCTb 3JIEKTPHYECKOTO
NoJIA, Kak CHJy, HeHCTBYIOILYIO HAa €AMHUILY 3apsjia, IOMeIleHHOro
B JaHHOH TouKe npocTpaHcTBa. OHa sIBJIsIETCS BEKTOPOM, 3aBHCSLIEM
OT KOOpAMHAT, U o6o3Hauaercsi yepe3 E. OnHako NpuMEHSITb 3TO OIN-
pefesieHde CleflyeT C OCTOPOXHOCTbIO. Hanp axkeHHOCTb 3JIeKTpU4eCKOro
1oJIsT He BCerha COBNajaeT C CUJIOH, KOTopas OeHCTByeT Ha ILApUK,
3apsAXKEHHBIH elUHUYHBIM 3aPSA0M ¥ BHECEHHBIH B HCCAEAYEMYIO TOUKY
npocTpancTBa. [emo B TOM, YTO €QMHHYHBIA 3apsin (CKaxeM, 3apsf,
MOJIyYaroIUHCS Tocae TOro, KaK CTO pa3 NMpOBeCTH KOmlaubell LIKYp-
KOH IO SIHTapHOU NaJioyKe) MOXKET OKa3aThCsl CTOJb OOJBIINM, YTO OH
3aMeTHO H3MeHHT KoHturypauuto mnoss. [lostomy cienyer paccma-
TpUBaThb NpeJeNbHbIl TIpolecc, T. €. U3MePSATb OTHOIIeHHe CHJBI, Jel-
CTByIOIllel Ha MaJibli NpoOHBIM 3apsj, K BeJHYHMHe 3apsiia NpH Bce
MeHbllle#i ¥ MeHbIneil BesuuuHe 3apsifa. [Ipu gocratouno Majioii BeJsu-
YlHe 3apsijia BeJUYWHA 3TOro OTHOILEHWS ¥ HalpaBjJeHHe CHJbl CTaHoO-
BATCS NMPAKTHYECKH MOCTOSTHHBIMY. ITH NpefesbHble 3HAUEHUsl BEJHYH-
Hbl OTHOUIEHHSI U €ro HaNpaBJIeHUs U ONPEAEJSIOT BeJIMYMHY M Halpa-
BJIEHHE HAMpPSIXKEHHOCTH 3JIEKTPUUYECKOrO IOJs B paccMaTpHBAeMOH
Touke. MaTeMaTHYeCKH 3TO COOTHOIIEHHE 3alHIleTCs B BUIE

F=gE, (1.1)

rne F — cuna, E — HanpsoKeHHOCTb 3JIEKTPHYECKOro moJist, ¢ —
3apsin. B 3TOM COOTHOIUIEHHH NPEANOJaraercs, 4YTO 3apsj ¢ Toded-
HBbIf, a4 CHJIa W HaANpPSKEHHOCTb 3JIEKTPHYECKOIO I0JIsI BBIYUCISIOTCS
ISl TOUKH, B KOTOPOH DPAacCHoJIOXKeH 3apsj.

AHanoruyHo MOXHO 3anucath ¥ 3akoH Kymona. Ecau 0603HaukTh
uepes F cusly, ¢ KOTOpO#i Ha TOUeUHbIHi 3apsifi ¢y, PAaCHONOKEHHBIH
B TOYKE X, AEHCTBYeT APYroil TOYEUHbIH 3apsi §a, PACIOJIOKEHHBIH
B X,, TO 3aKOH KyJIOHA 3amyILeTCs CJIeAyIOMHUM 00pasoM:

X1 —X2
szqwzm . (1.2)
3aMeTuM, 4TO g H @, — ajreGpanuecKue BEeJHUMHbI M MOTYT OBITH
KaK NOJIOXKUTeJbHBIMH, TaK ¥ OTPHIATEJbHbIMH. MHOXHUTENb NpONOP-
[MOHAJBHOCTH R 3aBHCHT OT MCHOJb3yeMOH CHCTEMBI eNHHHIL.

DeKTPHUECKOE T10JIe€ B TOYKE X, CO3]|aBaeMOe TOUeUHbIM 3aPANOM ¢4,

PACIIOJIOKEHHBIM B Touke X4 (¢pur. 1.1), pasHo
E(x) = kg —— 1o . (1.3)

[ x—xq[3
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[TocTosiHHas k ompejesisieTcsi BHIODAHHOH efuHuuell 3apsja. B anek-
TPOCTATHUECKON CHCTEME eJHHHIL (CI:CQ) 3a eJUHHMUY 3apslia NPHHAT
3apsill, KOTODBIi feficTByeT Ha PaBHBIN eMy 3apsiji, HaXOAAMWUNCA Ha pac-
croaHuM 1 cm, ¢ cunoit 1 duw. Takum ob6pasom, B cucreme CI'C2
k03(QULHEeHT % paBeH eluHulle. B paunuoHanM3MPOBaHHOW CHCTeMe

dur. 1.1.

MKCA kosdpuuuent k pasen 1/4mey, rae e, = 8,854-10712 ¢h/m—
NPOHUIIAEMOCTb CBOGOJHOTO TNPOCTpaHCcTBa. Mbl OyneM MOJb30BaThCs
cucremoit epunul, CI'CI 1),

DKCNepUMeHTaNIbHO YCTAaHOBJIEHO, YTO JJs CHJI, OOYCJIOBJIEHHBIX
pasJMYHBIMU 3apSNaMH, BBHIIOJHAETCS YCJIOBHE JIHHEHHOH Cynepnosu-
1y, 6Jaarofaps STOMy IoJjie B TOUKe X, CO3iaBaeMoe CHCTeMOH TOYeUHbIX

3apsifioB ¢;, PACMOJIOXKEHHBIX B TOukax Xx; (I = 1, 2, ..., n), MOXHO
3amucaTh Kak BEKTODHYIO CYMMY
n
— . _x'—.—_.xi -
E)= 2975 5,7 - (1.4)

Eciu 3apsinoB oueHb MHOTO H OHM BeCbMa MaJjibl, TO MX MOXKHO OINCHI-
BaTb 0OBEMHOH IJIOTHOCTBIO 3apsifia @(x’); mpu atom Ag = @ (x') X
< Ax Ay Az — 3apsin, snemeHTapHoro oOveMa Ax Ay Az B Touke Xx'.
B stoM cayuae cymma (1.4) mepexoiut B MHTerpal

E(X): g Q(x’)ﬁ,ﬁ‘ dix’, (15)
rae d3x’ = dx’'dy’dz’ — TpexMepHBIi 3neMeHT oOneMa B ToukKe X'.
Ceiiuac yMecTHO BBecTH Oesvma-gynkyuto Hdupaxa. OnHomepHas
Jenbra-pyHKIUs, o6osHauaeMasi § (x — q), mpeacTas/sieT coboil Heco6-
CTBEHHYIO (DYHKUIMIO ?), 06Jajalollylo CJIeAYIOUMHY CBOHCTBaMMU:
Dé(x—a)=0 s X + a,
1, ecnu o6nacTe MHTErpUpOBAaHHS COZEp-
2) S 8 (x — a) dx = { KHUT TOYKY a,
0, ecu ob6acTb MHTETPUPOBAHUS HE COJED-
KUT TOYKH Q.
!) Bonpoc o cHcTeMaX eHHHI PacCMaTPHBAETCS B TPHJIOMKEHHH.

2) B MaTemaTHKe QYHKUHH THNA 8-GYHKIIMH OTHOCATCH K KjacCy «o60OLieH~
HBIX GyHKuui» (cMm. [124])).— [pum. ned.
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JenpTa-QyHKUMH MOXKHO JaTh CTPOIYIO MHTEpIpeTalyio, a HMEHHO
paccMaTpuBaTb ee KakK Npefies, K KOTOPOMY CTPeMHTCsl NMHKooOpasHast
KpuBasi THIIa rayccoBOH, KOrJa ee IIMPUHA YyMeHbIIAeTCs, a BBICOTa
yBeJINYMBaeTCsl, NpHYeM NJOMAaAb, OrpaHMYeHHas KpPHBOMH, OCTaeTcCs
noctosiHHo#. CTporoe M BCeCTOPOHHee MaTeMaTHYeCKOe PacCMOTpeHye
S-pyHKUH ¥ 1efiCTBU C HUMHU JaHO B TeopuH pacnpenenenui [lIBapual).
M3 npuseneHHoro ompepeneHusi cjaeayeT, 4TO JJIsl JoGOH (QyHK-
uun [ (x) :

3) (Fws(x—aydx=f(),
4) Sf(x)é’(x—a)dx:—f’ (a).

31ech WTpPUX O3HAYaeT NPOU3BONHYIO 1O apryMeHTy (yHKIHH.

Henbra-GyHKUMSA, apryMeHTOM KOTOpPO# CJayXUT (yHKuus [(x)
OT He3aBHCHMOH INepeMeHHO#l X, MOxKeT ObiTb Ipeo6pasoBaHa NO npa-
BHJTY

5) dlf(x)]= 8 (x — xo),

1
ar

dx

IJie X o — 3HaueHue X, [Jis KOTOPoro f(xo) = 0. DTO COOTHOLIEH}HE BHITE-
kaeT u3 paseHncrsa O(f) df = 6(x) dx.

B ciyuae HeCKOJIbKMX H3MepeHHil HYIKHO NpPOCTO B3SiThb NPOHU3Be-
nenve O-OyHKIME OT Kaxuo# KoopauHatbl. Tak, HanpuMep, B Tpex-
MepHOM caydae O-QYHKUHS paBHa

6) 6 (x—X)=0(xs—X1) 8 (xa— X2) 6 (x3— X3).

Oua paBHa HYJIIO BCIOAY, KpOoMe TOUKH X = X, H 06JajaeT TeM CBOH-
CTBOM, 4TO

7) S 8 (x—X) d3x=[ 1, eciu o6bem AV copepkut Touky X=X,

AV 0, ecsu o6beM AV He cofiep3KUT TOUKH X = X.

3ameTHM, YTO pasMepHOCTb O-pyHKuUuH oOpaTHa pa3MepHOCTH oOneMa
npH Jo00M YuClie H3MEPEHHH.

C nomorupio 6-pyHKIMH AUCKPETHYIO COBOKYNHOCTb TOYEUHBbIX 3aps-
JIOB MOXKHO OIHCaTb pachpejesieHHeM IIOTHOCTH 3apsja.

Tak, HanpuMmep, pacnpefeseHude

e(x)= igi q:8 (x — x;) (1.6)

1) Xopomee crporoe onucanue O-pyHKuUHI npuBeieHo B KHUre JlalHTXuuaja
[66]. (CM. Takxke npekpacHywoo MoHorpaduio [124].— [Ipum. ped.)
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COOTBETCTBYET 1 TOYEUHBIM 3apsifiaM ¢;, PacloOJIOXKEHHBIM B TOUKaxX X;.
IMoxpcraBasas pacnpenenenue nuotHoctd 3apsaga (1.6) B (1.5) u wuHTe-
rpUPYs C yUeTOM CBOHCTB O-pyHKIHUH, MBI IPHAEM K BblpaxeHuio (1.4).

§ 3. Teopema laycca

Wurerpanbuoe Boipaxenue (1.5) He oueHb ymOoGHO JJIsT pacyera
anekTpuueckoro noJsi. CymecTByeT Jpyroe HHTErpajbHOE COOTHOIIE-
HHe, HoCsillee Ha3BaHue meopemst I aycca, KOTOPoe HHOTAA 3HAUUTENBHO
yaoOHee ¥ KOTOpPOe, KpOMe TOro, N03BOJsieT HalTH AuddepeHIyalbHOe
ypasuenue s E (x). Uro6sl nosmyuuts Teopemy ['aycca, paccmoTpum
CHayajia OTHEJbHBIl TOYEUHBIHl 3apsii § ¥ 3aMKHYMyYO TOBEPXHOCTb S
(dur. 1.2). Ilyctb r — paccrosiHue OT 3apsiia JO TOYKH Ha TOBepX-
HOCTH S, n — eJVHUYHBIH BEKTOp, HallpaBJEHHbIH 10 BHEIIHeH HOpMasu
K NMOBEPXHOCTH S B 3TOJi TOUKe, a da — 3JIeMeHT IJIONaj} IOBEPXHOCTH.
Ecnu cospaBaemoe 3apsiioM ¢ sJjekTpudeckoe nosne E B paccMmarpuBae-
MO TOYKe NOBEPXHOCTH 00pasyeT yroJ 6 ¢ eUMHUYHBIM BEKTOPOM HOP-
MaJd n, TO TpOU3BeJEHHE HOPMaJbHOH cocramisitomeil BekTopa E
Ha 3JIEeMEHT IJIOLajH DaBHO

cos 0 da.

r2

E-nda=gq (1.7)

IMockoabky BekTOp E HampasseH no npamoi, coepuHsoume 3apsn q
¢ 3JeMeHTOM TNoBepxHocTH da, To cosO da = r2dQ, rae dQ — age-
MEHT TEeJIECHOrO yrJya, MOA KOTOPBIM BHAHA ILIOMmIafKa da M3 TOYKH
HaxOXJeHus 3apsiga. TakuMm oOpasoM,

E-nda=qdQ (1.8)

Ecnu Temepb NpPOMHTErPHPOBATh HOPMAaJbHYIO cocTaBjsiomyilo E
no BCell MOBEPXHOCTH, TO JIEFKO BHAEThb, UTO

: 4nq, ecay g BHYTPH S
& E‘ n da — l q? q y p !
S

0, ecau g BHe S. (1.9)

10 U ecTb TeopeMa [aycca s eUHUYHOTO TOUeyHOro 3apsja. OueBua-
HO, JIJIsl CHCTEMBI JUCKPETHBIX TOUEUHBbIX 3apsJIOB OHA 3aNUILeTCsl B BHJE

$E-nda=4x Y g, (1.10)
S i

rae cymma Oepercsi JHIIb 1O TeM 3apsijiaM, KOTOpble HaXOAATCS
enympu S. JIN HENPEPBIBHOIO PaclpejesieHus 3apsjoB ¢ MIOTHOCTBIO
0(x) Teopema I'aycca umeer BHUJ

@E-ndazzlngg(x)d%c, (1.11)
s %
rae V — o6beM, orpaHH4eHHBIl TOBEPXHOCTBIO S.
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S

n
qo——"

® ur. 1.2. K BuBoay Teopemn ['aycca.

HopmanbHas cocTaBasiiomasi 5AeKTPHYECKOrO MOJsi HHTerpHpyeTcsi 0 3aMKHYTOH NoBepX-

HocTH S. Ecau sapspg naxomutcss BHYyTpH S (cayuai#t a), To E ¥ n o6pa3yioT Bcerja ocTphii

YroJI, ec/iH e 3apsAfg HaXxoAauTcsi BHe S (cayva# 6), To yroa Mexay E ¥ n mHOrjga ocTpoif,
a MHOrja Tynoi.

YpaBHenune (1.11) — 0HO M3 OCHOBHBIX COOTHOILIEHHH 3JIEKTPOCTa-
THKH. 3aMeTHM, 4TO €ro CIIpaBeJJIUBOCTb OOYCJIOBJeHA CJELYIOUWHMH
(bakTOopamu:

1) obpaTHO#i TMPONOPIHOHAJIBHOCTBIO CHJIBI B3aUMOAEHCTBUSA 3apf-
J0B KBajpaTy pacCTOSIHHSI MeXIy HHUMH,

2) LeHTpaJbHBIM XapaKTepOM CHJ B3aHMOAEHCTBHUS,

3) nuHelHOH cynepno3unuedi 3¢gpekToB, 00YCJOBJIEHHBIX pPa3JHy-
HEIMH 3apsjiaMi.
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OueBupHo, TeopeMa I'aycca cnpaBefsuBa M ]ISl HBIOTOHOBCKHX
rpaBHTAllHOHHBIX CHJI, KOHEYHO, eCJH IUIOTHOCTb 3apsiia 3aMeHHTb
MUIOTHOCTBIO paclpejieJieHis] MaTepuu.

HHTtepecuo sametuTh, uto Kasenauiu eme 1o onsitoB KyJona, npu-
MEHHB (paKTHYECKH HEIOCpe[CTBeHHO TeopeMy ['aycca, mocTaBHJ ONBIT
C JByMsi KOHHEHTPUUYECKHMH IIPOBOAALIMMHU cdepaMu H TNOKasaj, 4To
cuJia B3auMOJIEHCTBHS 3apsiioB yObiBaeT 06PAaTHO NMPOMOPIUOHANBHO 1™,
rie n= 2,00 £ 0,02. YcoepuleHCTBOBaB TEXHUKY 3KCIIEDHMEHTa,
Maxkcsesn nokasad, uto n = 2,0 4 0,00005 (cMm. kuuru Ixunca [55]
niad Maxkcsenna [73]).

§ 4. Jugpgpepenynarvnas gopma meopemot I'aycca

Teopemy I'aycca MoxHO cyuTaTh HHTerpasbHON (GOPMYJIHPOBKOM
3aKoHa »aJekTpocTatuku. [Ipumensia Teopemy I'aycca — Octporpapn-
CKOTO M3 BEKTODHOTO aHalii3a, MOXKHO IIOJYYHTb COOTBETCTBYIOIee
JuddepeHnyanbHoe COOTHOILEHHE, T. e. AudepeHIuanbHOe ypasHe-
Hue pJs noasi. Teopema I'aycca — OcTporpazackoro («reopema o auBep-
reHIIUU») TJIACUT, YTO JJisl JiIoGOro BeKTOPHOro moJjsi A(X), OmnpeneseH-
HOro B o6peMe V, OKPYKEeHHOM MOBEPXHOCTBIO S, CIIpaBeiIHBO CJENYIO-
ee COOTHOLIEHHE MeXAy OGBheMHBIM WHTerpajoM OT AHBepreHuuH A
U TIOBEpPXHOCTHBIM HHTErpajioM OT COCTaBJjsiioiieldl A 1O HalpaBjeHHIO
BHelllHe#l HOpMaJii K NMOBEPXHOCTH S:

§A-nda= S div A d®x.
s

A

ITo cymecTBy 3TO COOTHOLIEHHE MOXKET CJYKHUTb OTpeJeJeHHeM AUBep-
reHuuu (cM., Hanpumep, kuury Crpsarrona®[106]).
PaccMoTpuM UHTerpasbHyio Gopmy TeopeMbl Iaycca:

§E-nda=4n S o(x) d3x.
S v

TeopeMa O AVBEPreHIIUM II03BOJISAET 3allCaTb €ro B BUIE
S (div E — 4m0) d®x =0 (1.12)
v

115 moboro o6veMa V. Otciofa ciefyeT, 4TO NOABIHTErpabHOE BhipaxkKe-
HHe paBHO HYJIO, T. €.

div E = 4mnyg. (113)
3to u ecTh puddepeHiuanbHas popma TeopeMbl [aycca B 3seKTpocTa-

THKe. ITO YpaBHE€HHE MO2KET CaMo IIO cebe NPpUMEHATBCA IJId pelieHus
3JIEKTpOCTaTHYECKHX 3anady. OIlHaKO 4aCTO OKa3biBaeTCs IpoIlle HMeTb
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AeJI0 He C BEKTOPHOi, a CO CKaNApPHOH (pyHKUMeHl TOYKH, a BEKTOPHbBIE
BEJIMUVHbI B C/ly4ae HEOOXOAUMOCTH ONpEeNATb YKe B KOHILE PEIIeHHs
N0 3TOH CKaJIAPHOH QYHKUHH. DTy CKAIAPHYIO DYHKIUHIO Mbl PACCMO-
TPUM HHXKeE.

§ 5. Bmopoe ypasuenue 3aekmpocmamuru
U CKAASPHBLE NOMERUNAn

Onnoro ypasHenusi (1.13) HemocTaTo4HO AJISE TOro, 4YTOGBI MOJIHO-
CTBIO OIpEeJieNIUTb TPH COCTaBJSIOMHE 3jeKTpudeckoro moasi E (x).
UwuraTeno, JOMKHO ObITb, U3BECTHO, YTO BEKTOPHOE IMOJIE OMpPENEEHO
IOJIHOCTBIO, €CJM BO BCeM IPOCTPAHCTBE 3aJaHbl €ro JWBEPTeHINs
u porop. Takum o6pasoM, HaM HeoOXOMMO elle ypaBHEHHE, Ompeje-
Jsiioiee poTop BekTopa E B Kaxnolt Touke. T0 ypaBHEeHHe HMeeT BHI

rot E=0. (1.14)

‘OHO BbITEKaeT HemoCpPeACTBEeHHO U3 obiero Beipaxenus (1.5) njs 3ako-
Ha Kynona

E(x)= S o(x’) —l—x’%‘,—lg—d%’.

BeKTOpHBIi MHOXKWTENb B NOIBIHTErPAJbHOM BBIPAXKEHHH, pac-
CMaTpuBaeMblil KaK (YHKUIHUS OT X, paBeH B3ATOMY C OOpaTHBIM 3HAKOM

rpanuenty or 1/] x — x|
x—x’
T

1
= — gl'ad —I—x:;,T .

HOCKOJIbe onepanusi rpajHeHTa OTHOCUTCA K HepeMeHHOﬁ X,
a He K nepeMeHHoﬁ UHTErpupoBaHus x,, €€ MOXHO BBIHECTH 3a 3HaK
HHTEerpaJa. Takum 06p330M, ToJie MOXkKeT OBITh 3alHCaHO B BHJE

e (x’) ,
E(x)=—grad | 7250 dox'. (1.15)
Ho porop rpaamenta awboli cKajdsapHOH (YHKIUUH paBeH HYJIO
(rot grad ¢ = O npu smro6oM P), Tak uTo u3 (1.15) cpasy ciepyer (1.14).

3ameTuM, 4TO CrpaBelMBOCTb cooTHowmeHusi rot E = 0 o6ycnos-
JieHa IEeHTPaJbHbBIM XapaKTepoM CHJI B3aMMOJCHCTBHS 3apsiiOB U TeM,
YTO 3TH CHUJIBI 3aBUCST JIUIIb OT PACCTOSHHSA MEXY 3apsfiaMy, HO He CBsl-
3aHa C 3aKOHOM OOpaTHBIX KBaJpaToB.

Cootnoiense (1.15) mo3BoJseT BoIpa3uThb C NIOMOIIBIO ONepaliy rpa-
JHeHTa BEKTOp 3JeKTPHYeCKOro MOoJs 4Yepes CKalsIpPHYI0 (YHKLHMIO.
Opnnoit (yHKUKEH NoJib30BaThCsl yHoOHee, 4eM TpeMsi, NI0OSTOMY BBEIEM
ckarapuvii nomenyuas D(x), omnpenessieMblii COOTHOILEHHEM

E= —grad ®@. (1.16)
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Torpa u3 (1.15) camepyeT, 4TO CKaJsIPDHBIH TOTEHIMal BbIpaXKaeTcs
yepe3 IJIOTHOCTb pacnpefe/ieHusl 3apsja CAeAylomuM o6pasoM:
_ e (x") ,
CD(X)—S o X (1.17)
3nech MHTerpupOBaHWE NPOH3BOAHMTCS MO BCEMY OECKOHEYHOMY MpO-

cTpaHcTBy H BeqnunHa @ onpenessieTcsi ¢ TOYHOCTBIO IO TOCTOSIHHOI,
KOTOPYIO MOXKHO 100aBHTb K NpaBoil yacTu paseHcTBa (1.17).

dur. 1.3.

Ilna mosicHeHust (U3HYECKOrO CMbICJIA CKAaJsIPHOrO TNOTeHIHasna
paccMoTpHM paboTy, COoBepiiaeMylo NpH IepeMelieHuy NpoOGHOro 3aps-
la g u3 To4kH A B TOYKY B npu Hajauuuu sjnektpuyeckoro noas E (x)
(pur. 1.3). Cuna, ¢ KOTOpo#l 3JMeKTPHYECKOE MOJe JeHCTBYeT Ha 3apsj,
B JI00OH TOYKe paBHa

F=gE,
TaK yTo paboTa 1O NepeMelleHUIO 3apsina U3 A B B paBHa
B B
W=—§F-dl=—qg E-dl. (1.18)
A A

3HaK MHHYC MOCTaBJeH NOTOMY, YTO MBI BBIYMCHsieM paboTy, cOBep-
L1aeMyI0 TIpU NepeMelleHUH 3apsja NPOTUB CUJ 3JEKTPUYECKOTrO NOJS.
Corqacno (1.16), aTy paGoTy MOXKHO 3anucaTb B BHIE

B B
W=q§ gradd)-dl=quCD=q(CDB—(DA), (1.19)
A A

Tak yTo BeMu4uHy O MOKHO CUMTAThb PaBHOH NMOTEHIHAJbHOH SHEPrHH
NpOGHOTO 3apsiia B 3JEKTPOCTATHYECKOM IOJIE.

Nz (1.18) u (1.19) cienyer, uTo JMHEHHBIH HHTErpas.oT 3JeKTpHye-
CKOTO TOJIsi, B3SITHIH MEXIY AByMsl TOYKaMH, He 3aBUCHUT OT NYTH HHTe-
TPHPOBaHVsI ¥ paBeH B3SITOH C 06paTHBIM 3HAKOM Pa3HOCTH NOTEHIHAIOB
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MEXAY 3THMH TOYKaAMHU:
B

S E-dl= —(®p—Dy). (1.20)
A

Aro cnenyeT, KOHeYHO, M HENOCPEACTBEeHHO u3 ompenenenus (1.16).
Ecny wHTErpHpOBaHye NPOUSBOAWTCA MO 3aMKHYTOMY MYTH, TO JHHEH-
HBIH MHTErpaj paBeH HYJIO

§E-d1=0, (1.21)

YTO MOXeT OHITh HENOCPEJCTBEHHO IOJNy4YeHO M3 3aKoHa KyuoHa.
CoraacHo Tteopeme Crokca, ajsi BEKTOpPHOTO mosisi A(X) WHTerpas
N0 3aMKHYTOMYy KOHTYpy C, OrpaHHYHBaIolleMy HE3aMKHYTYIO TOBEpPX-
HOCTb S, paBeH

§A~dl= § (rot A)-nda,
c 5

rie dl — JguHe#HBIH 37eMeHT KoHTypa C, n — eJUHUYHBIH BEKTOD
HODMaJu K NOBEPXHOCTH S, a HanpasieHue o6xona Kourypa C obpasyer
NPaBOBHHTOBYIO CUCTeMy ¢ HanpasieHueM n. [To Teopeme Crokca MoxHO
u3 (1.21) BHOBb npuiiTH K cootHomeHuo rot E = 0.

§ 6. IMosepxHOocmHbie pacnpedeseHus 3aps008 u Ounosei.
CKauKn 3MeKmpuuecKo020 noAs 1 NOMEHUUANA

OpnHoli w3 ofmuX 3ajay 3JEeKTPOCTATHKM SIBJISETCS OIpefeseHue
3J7IeKTPUYECKOrO TOJI WJHM NOTeHNIyasa AJs 3afaHHOTO IOBEPXHOCT-
HOrO pacnpeneseHusi 3apsinoB. TeopeMa [aycca (1.11) noaBossier
Cpasy HanucaTb HEKOTOpOe 4aCTHOe COOTHOLIEHHE HJIsl 3JIEKTPHYeCKOro
nojsi. Ecaiy Ha noBepxHOCTH S C eAMHUYHOH HOPMAJIbIO N 3apsif pacnpe-
JeJeH C TIOBEpXHOCTHOH IIJIOTHOCTBIO O(X), a 3JeKTpu4ecKoe moJe
1o o6e CTOPOHbLI MOBEPXHOCTH paBHO cooTBeTcTBeHHO E4 M E, (dur. 1.4),
To, coryacHo Teopeme I'aycca,-

(EZ—Ei)'n =4no. (1.22)

310 cooTHoIeHHe eme He onpenensieT camux nosei Ey u E,; uckmoue-
HHEe COCTaBJISIIOT JIMIIb Te CJAydYal, KOTAa HeT JPYTUX HCTOYHHKOB NOJ,
KpPOMe IOBEpXHOCTHHIX 3apsifioB C IJIOTHOCTbIO G(X), a pacrnpenesneHue
o(x) umeer oco6o mupocroir Bui. CoorHomenue (1.22) mnokaseiBaer
TOJIbKO, YTO IpPH INepexojie C «BHYTPEeHHeH» CTOPOHbI IOBEPXHOCTH,
Ha KOTOpPOH pacnojioXeH NOBEPXHOCTHHIH 3apsifi O, Ha <BHELIHIO»
CTOPOHY HOpPMaJIbHasi COCTABJAIOMIASl JIEKTPHUUYECKOIO MOJIS HCIBITHI-
BaeT CKauok 4mo.
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Hcnonwsysi coornoutenve (1.21) ana auHeliHoro uHTterpana ot E
[0 3aMKHYTOMY KOHTYPY, MOXHO IOKa3aTb, YTO TaHTreHI[HaJbHasi
COCTaBJISIIOILAsl 3JIEKTPUYECKOrO TIIOJIS HeNpephiBHA IIpH Iepexoje
yepe3 NOBEPXHOCTb.

® ur. 1.4. CKauok HOpPMaabHOH CO-

cTaBasOMel 3JeKTPHYECKOro NoJs NpH

nepeceueHHH TNOBEPXHOCTHOrO pacrpe-
JeJIeHHsl 3apsjoB.

O6uiee BbIpaXkeHHe JJIS NOTEHIHAJA, CO31aBAEMOTO MOBEPXHOCTHLIM
pacmpejieieHHeM 3apsijia B IIPDOM3BOJIBHOH  TOYKE MPOCTPaHCTBa
(B TOM uHC/Je Ha CaMOH IOBEDXHOCTH S, Ha KOTOPOH pacClOJOMKEHbI
3apsijbl), MOXHO HaiTu u3 (1.17), 3amensis od®x Ha oda:

@ (x) = é ) da. (1.23)

BeipaxkeHue A/l 3JE€KTPUYECKOTO IOJIsI MOXKET ObiTh IIOJIYYEHO
orciofa JuddepeHIIPOBaHUEM.

[IpencraBisieT uHTepec Takke 3a7ada O MOTeHIHAJe, CO3LABAEMOM
JABOHHBIM CJIOEM, T. €. paclpefie/ieHHeM IHIOJEH [0 NOBEPXHOCTH S.

S

SI

o(x)

d(x)

® nr. 1.5. Ilpemenbuslil nepe-
XoJ npH 06pa3oBaHUH JABOHHOTO

cJ10s.
S

SI
Heoitnoii cnoft MoxHO npexcTaBuTh Ccebe ciefyroIUM o6pasoM: NyCTb
Ha NoBepXHOCTH S 3apsj PACHONOXKEH C HEKOTOPOH IJIOTHOCTBIO O(X),
4 Ha moBepxHocTH S’, 6iU3KOH K S, IOBEPXHOCTHAS MJIOTHOCTb B COOT-
BETCTBYIOWKMX (COCENHNX) TOUKAX COCTaBJSIET —0, T. €. PaBHA IO BEJH-
UHHE ¥ mpoTuBOMONIOKHA 1O 3HAKY (dur. 1.5). [lBoiiHo# cioi, T. e.
AUMONbHOE pacmpejiesieHrie C MOMEHTOM eIMHHIB! IoBepxHOCTH D (X),
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NOJIYYUTCSl KaK INpelesbHBIE Iepexon, Npu KotopoM S’ GeCKOHEYHO
6a13Ko mpubmuKaeTcss K S, a MOBEPXHOCTHAasi IJIPTHOCTb O(X) CTpe-
MUTCl K GeCKOHEYHOCTH TakK, UTO INpOH3BelleHHe O(X) Ha paccTosiHUe
d(x) Mexxpy S u S’ B COOTBETCTBYIOLIEH TOYKE CTPEMHUTCSI K Hpenesy

lim o(x)d(x)=D (x). (1.24)

d(x)—0

JunonbHbI# MOMEHT €JIOSl MEPNEeHAHKYJsSpEH MOBEPXHOCTH S U Ha-
npasjieH OT OTPULATEJIbHOIO 3apsijia K MOJIOXKHUTEJIbHOMY.

Uro6bl HaWTH NOTeHIHAJ], CO34aBaeMblil JBOMHBIM CJIOEM, MOXKHO
CHayaja pacCMOTpeTb OTJeJIbHbIH AUIOJNb, a 3aTeM MepedTH K pacnpeze-
JIEHHIO JUIOJIeH IO MOBEPXHOCTH. K TOMy Ke pesysabTaTy MOXKHO
NpUHTH, ecqu HCXOAUTh HM3 moTeHUuana (1.23) ansi MOBEPXHOCTHOrO
pacnpejieJieHUs1 3apsiia, a 3aTeM NpPOH3BECTH OMMCAHHBIH BhILIE Mpe-
JenbHbli  mnepexox. Ilepmeiil cmoco6 pacueTa, moxKaayHd, Ipolue,
HO 3aTO BTOPOH SIBJISIETCS MOJIE3HBIM YIpaxKHEHHEM B BeKTOPHOM aHa-
JU3e, TaK YTO Mbl [PEANOYTEM 3/leCh HMEHHO BTOPOH.

® ur. 1.6. [eomeTpus ABoHHOro cjoA.

[TycT eqMHHYHBIH BEKTOp HOpPMan¥ n HampasjaeH oT S’ K S
(¢ur. 1.6). Torna noTenuuan, o6ycaOBNeHHBIH ABYyMs OJIH3KHMH ITOBEpX-
HoctaMd S u S’, paseH

. o (x') ' \’ o (x’) "
@ (x)= S oo da’ = | S da.
8 I
[lpu Manbix d Mbl MOXKEM DAasJOKHTb Belpaxenue | x — x’ + nd |*
B psx. PaccmoTpuM ofmee BbipakeHHe | X + a |-1, B kOTOpOM
|a] « | x| Ilpu arom

1 1 1 a-x
= =—(1—-"01... )=
| x+a| V x®Ffa®+2a-x x< x% )
1 1
=—x——|—a~grad<7>+....
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OueBHIHO, 3TO MPOCTO pa3jokeHHe B psx Teilsiopa B TpexmepHOM
cayuae. TakuMm ob6pasoM, nmepexofss Kk npefeny (1.24), monyuaem jis
NOTeHIMaNa BhIpaXKeHHe

D (x) = g D (x’) n-grad’ (\T~lx—|> da’. (1.25)

CoorHomenne (1.25) MoxkeT OBITb OYeHb IIPOCTO HCTOJKOBAHO TIeoMe-
TPUYECKH. 3aMeTUM, 4TO

e 1 r cosQda’
n'grad ‘\ lx__xll )da - |X—XI ]2—' dQ’
rjae d2 — 3/IeMeHT TeJIeCHOTO yTJia, MOJ, KOTOPBIM M3 TOYKM Habsofe-
HUSA BUAeH 3JeMeHT momand da’ (¢ur. 1.7). Benuunna dQ mosoxu-
TejibHA, €CJM YroJ © OCTpbIH, T. €. U3 TOUKM HaOMIOfeHUs BHIHA

® ur. 1.7. K BuBOAy NMoTeHIHANa ABOHHOTO CJOS.

IloTreHuuan B Touke P, cospmaBaeMbld 3J1eMeHTOM IloulagH da’ ABOHHOTrO CJIOS C MOMEH-
TOM eJHHHIbl NOBEPXHOCTH D, paBeH B3ATOMY C OOpaTHbIM 3HAKOM IIPOH3BEJEHHIO MOMEHTa
D Ha TesecHbl yros dQ, nmoj KOTOpPHIM BHJAEH 3JeMeHT IJIoulagd da’ U3 TOuKu P.

«BHYTPEHHAA» CTOpOHA JIBOMHOTO CJIOS. Bpra)KeHl/Ie JAJIs1 TIOTEeHL HaJa
ABOHHOIO CJIOS MOXeT ObITb 3allKCaHO B BHJE

O (x)= — g D (x') dQ. (1.26)

8

Eci noBepXxHOCTHAasi MJIOTHOCTb AMMONBHOrO MOMeHTa D ToCTOsIHHA,
TO MOTeHIMa] IPOCTO paBeH B3ATOMY C OOpaTHBIM 3HAKOM IIPOU3Be-
JA€HHIO JUNOJBHOTO MOMEHTA Ha TeJeCHBbIH YroJ, MoJ KOTOPBIM M3 TOUKH
HalaiofleHHs1 BHAHA BCSl NMOBEPXHOCTb HE3aBHCHMO OT ee (POpMbI.

[Ipn nepeceyeHnu ABOKHOTO CJIOS MOTEHIMAN MpeTepIeBaeT CKAuoOK,
PaBHBI MOBEPXHOCTHOH MJIOTHOCTH JHUMOJBHOTO MOMEHTa, YMHOMXKEHHOH
Ha 47, B 5TOM JIerKO yOeQUuThCs, eC/I PACCMOTPETh TOUKY HaGJIONeHuUs,
Npnbmmxaromyiocst 6eCKOHeuHO GJM3KO K NMOBEPXHOCTH S C BHYTPeH-
Hen cropouwl. Torma, corsacHo (1.26), moTeHuHan Ha BHYTPEHHeH
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cropoHe OygneT paseH ')
' @, = —2nD,

TaK KaK MOYTH BECb TeJIECHBIH yroJ 27 onupaeTcsa Ha MaJiblil Yy4acCTOK
[IOBEPXHOCTH S B6JM3H TOUKH HabJII0JIeH 1S . Ananoruuso ecau npu-
6JIHXKaThCs K [IOBEPXHOCTH S ¢ BHerHeH CTOpOHBI, TO NOTEHIHaJ CTa-
HOBUTCA paBHbBIM

3HAK MEHSIeTCs Ha OOpaTHbIH KM3-32 U3MEHEHHs] 3HaKa TEJIECHOTO yrJa.
TakuM 06pasoM, CKauyoK MOTEHIHANa NPH MepPeceyeHnt ABOKHOTO CJIOS
paseH

®,— @, = 4aD. (1.27)

3To cooTHOLIEHHE siBJsieTcs: aHajoroM gopmyael (1.22) aas ckauka
HOPMaJIbHOH COCTaBJISIIOIEH 3JeKTPUYECKOro MOJIl NPH IepecedeHHH
«IPOCTOro» C€Josi, T. €. IOBEPXHOCTHOrO pacHopefie/ieHus 3apsija.
CootHomense (1.27) MOXHO (U3HUECKH WHTEPIPeTHPOBATb KakK Naje-
HHe MOTEHLHaNa «BHYTPU» ABOHHOTO CJOSi. DTO MajeHHe MOTeHIHala
MOxeT OBbITh BBIYHCJIEHO (JO Nepexofa K IpefieNy) Kak NpOU3BeJeHHe
HaNpPSDKEHHOCTH MOJIs MeXAy OOOMMH CJIOSIMH, HeCYIIMMH MOBEPXHOCT-
HBIN 3apsifi, HA PacCTOsSIHUE MEXLY HUMH.

§ 7. Ypasuennsn Jlanaaca u Ilyaccona

B § 4 u 5 ObIO MOKa3aHO, YTO 3JIEKTPOCTATHUECKOE MOJie OIHCHI-
BaeTcsl ABYyMsl AuddepeHnaJbHbIME YpaBHEHHAMH:

div E = 4mo, (1.13)
rot E=0. (1.14)

Ilocnennee ypaBHeHue 3KBHBaJEHTHO YyTBepXKIAeHHIO O ToM, 4to E
SIBJIIETCSI TPAJHEHTOM HEKOTOPOH CKaJsipHOH (YHKIHM — CKaJsp-
Horo moreHnuana @:

E= —grad @. (1.16)

Ypapuenus (1.13) u (1.16) MOXXHO OOBEAMHHTb B OJHO ypaBHEHHe
B YACTHBIX MPOU3BOAHBIX AJIsi €MHCTBeHHOH dyHKIMH D(x):

V2D = — 4mp. (1.28)

1o Tak HasbiBaeMoe ypasuenue Ilyaccona. B Tex o06aacTsax mpo-
CTPAHCTBa, Tjie MJIOTHOCTb 3apsiia PaBHA HYJIO, CKaNfPHBIH MOTEHIHA

1) JTokasaTe/bCTBO aBTOpa CNPaBENJHBO JIHIIL AJA MJOCKHX LBOHHBIX CJIOEB,
Ho cama dopmysa (1.27) BepHa B oblieM cJydae MNPOU3BOJLHOIO NBOHHOIO CJI0A. —
Ilpum. peo.
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yIoBJeTBOpsieT ypaBHeHuto Jlammaca:
V2D =0. (1.29)

Beitile MBI yKe mosiyunsiu Beipaxenue (1.17) ajist CKaJdsipHOTO MOTEH-

1Hana :
e (x) ,

O (x)= | 20 dx. (1.17)

UTo6bl Y6EAUTLCSI B TOM, YTO 3TO BhIpaKeHUe NEeHCTBHTENBHO YHO-

BaeTBOpsieT ypaBHeHuio [lyaccona (1.28), nopeiicTByem omepaTopom

Jlanyaca V2 Ha o6e yactu paseHctsa (1.17):
op_ve ( Q) s ’ 2( 1 3,7

VI — S ) s _Sg(x)v e ) 6 (1:30)

Uro6bl paccuntath V(1/|x — X' |), mepeHeceM Hauaio KOOPIHHAT

B TOYKY X' (4YTO BIOJIHE JONMYCTHMO); TOTAA 3TO BBIpAXKEHHE CBeLETCs

x V2 (l/r), rme r — a6comoTHas BeJuYdHa X. HemocpeacTBeHHBIH
pacuer mokaseiBaeT, yTo V2% (1 /r) = 0 mpu r = 0:

1 1 d2 1 1 d2
2 -_— = — —— _— _ ——— ==
v <r> rdr2<rr> rdr2(l) 0.
‘Onnako npu r = 0 3T0 BbIpaXKeHHe ocTaeTcsi HeonpesejeHHbIM. [Toaro-
My Heo6XOHMO TNpHOerHyTb K NpefenbHoMy mnepexopy. ITockoabky
Mbl MOXKeM mpejnoJarath, uro V2(1/r) seper ce6st mogo6HO O-pyHKINH,
IIPOUHTETPUPYEM 3TO BhIpaXKeHHe MO HeGosblIoMy o0beMy V, comepixka-

lieMy Hadano KoopauHar. [IpuMeHsisi TeopeMy O JHBepreHIHH, Mbl MO-
JKeM Npeo6pa3oBaTh ITOT HHTErpas K II0OBEPXHOCTHOMY

g V2 <—:—> d*x = K div grad <—]r—> d3x =
v v

_ E n-grad () da= E 5 (5)rde=—4n.

Takum o6pasom, V2 (l/r) =0 mpu r == 0, a oGbeMHBIi HHTerpan
or V2(1/r) paseH —4n. CnenoBaTeNIbHO, Mbl MOXEM IOJIOXKHTb, YTO
V2 (1/r) = — 4xd (x), unu B 6oJsiee OGLIEM Coiydae

v (F—_l—;(—,—l>=——4n6(x—x’). (1.31)

YCTaHOBHB TakMM 06pa3oM 3HaueHHe Jamjackiada oT 1/r, Mbl MOXeM
3aKOHYHTb JOKa3aTeJbCTBO Toro, uTo (1.17) ynoBneTBOpsieT ypaBHEHUIO
IMyaccona. [HelicTButensHo, coraacHo (1.30),

V0= { 0 (x') [ 470 (x —x')] 4%’ = —4ag (x),

uTo H TpeﬁOBaJIOCb JIOKa3aTb.
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§ 8. Teopema Ipuna

Ecau 6bl B 371€KTPOCTATHYECKHX 3ajadyaX MBI BCEria MMeJH AENO
C JUCKDeTHbIM HJIM HeIpepLIBHBIM paclpejesieHieM 3apsja Ge3 BCAKHX
rpaHHYHBIX MOBEPXHOCTeH, To ofiee pemteHue (1.17) 6bio Gbl caMoi
YIOOHO# ¥ HENOCPeACTBeHHOH OPMOH pellleHHs TAKHX 3afa4 U He HYXK-
Hbl ObLH OBl HU ypaBHeHue Jlannaca, Hu ypaBHenue [lyaccona. Onnako
B JIeHCTBUTENIbHOCTH B IeJIOM psifie, eCaH He B OOJIBIIMHCTBE, 3a1ay
3JIEKTPOCTATHKH Mbl MMeeM JeJI0 C KOHEeUHBIMH OGJIAaCTSIMH MpPOCTpaH-
cTBa (CoZepKall¥MHU HJIH He COepKallluMH 3apsj), Ha TPaHHUYHBIX MO-
BEPXHOCTSIX KOTOPBIX 3aJaHbl ONpejieieHHble TPAHUYHBIE (KKPaeBhIe»)
ycI0BUSl. DTH TPaHUYHBIE YCJOBUSI MOTYT GBITb 3aMeHEHbl HEKOTOPHIM
COOTBETCTBEHHO NOJ00PaHHBIM paclpesieleHHeM 3ap 0B BHE PacCMaTpH-
BaeMoil 06/1aCTH (B YaCTHOCTH, B GECKOHEUHOCTH), OHAKO COOTHOIIeHHE
(1.17) B >2TOM cjayyae yxKe HENPUrOJHO AJsI pacueTa MNOTeHIHana,
3a MCKJIOYEHHEM HEKOTOPBIX UYAaCTHHIX CJy4yaeB (HalpuMep, B MeToje
u3obpaxKeHu#).

Insi paccMOTpeHMs 3ajad C TPAHUYHBIMH YCJIOBHSMH HEOOXOLMMO
paCIINpHUTb HCNOJb3yeMbIH HaMH MaTeMaTHYeCKHil almapar, a UMeHHO
BbIBECTH TaK HasblBaeMble ¢opmysst, unu meopemor I'puna (1824 r.).
OHHU NOJYy4arOTCS HENOCPENCTBEHHO 13 TeOPeMbl O NMBEPTeHIH

S divAd%:SﬁA-nda,
S

\%

KOTOpasi ClipaBefJuBa JJs JI0O0ro BeKTOPHOrO IoJisi A, ONpeleseHHOro
B obpeMe V, orpaHuYeHHOM 3aMKHYTOH mnosepxHocTbio S. IlycTh
A = @grady, raie ¢ u P — NPOU3BOJIbHBIE CKaJsipHblE (YHKIHH.
Torza

div (¢ grad ¥) = V%P + grad ¢-grad ¢ (1.32)

0
pgrady-n=g3’, (1.33)

rie 0/0n — HOpMaJibHasl NPOH3BOJHAS Ha MOBEPXHOCTH S (MO Hampa-
BJIEHHIO BHelHeH HOpMasu Mo OTHomeHHI0 K o6vemy V). Iloacrasnsis
(1.32) u (1.33) B TeopeMy O HuBepreHIMH, Mbl NMpHAEM K nepgoil ¢op-
myre I'puna

S (9V2p -+ grad g-grad y) d®x :é‘; o g, (1.34)
v S

Hanumem Takyio xe (OpMyJay, NOMeHsIB B Heldl MecTaMdH ¢ U ),
u BbiuTeM ee u3 (1.34). Torna unens ¢ npoussenenueM grad ¢- grad ¢
COKPaTATC U MBI NOJY4YUM 6émopyw ¢opmysy [pura, Ha3hBaeMyio
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uHaue meopemoti I'puna:
0 0
S(@Vzw—szw)d”’x: §[CP6—:1P——1P%] da. (1.35)

v S

C noMoripbio TeopeMbl I'pHHA MOXKHO TpPeACTaBUTh JuddepeHIHanb-
Hoe ypaBHeHue [TyaccoHa B BHJe HHTerpajibHOTO ypaBHeHus. ns aToro
pacCMOTPUM KaKOH-1MO0 OmpejeseHHbld BuL (QyHKuuH P, Hanpumep
fonoXkuM ee paBHo# 1/R = 1/| x — x’ |, rae x — TouKa HaO/IONEHHUS,
a X' — mepeMeHHasi MHTerpupoBaHusi. [lanee (yHKIMIO ¢ HOJOKHM
paBHOH cKalsipHoMy morenuuany @, KOTOpHIH, KaK Mbl BUJENH, YJIO-
preTBopsieT ypaBHeHuio Ilyaccona V*® = — 4mp. Corsacho (1.31),
V¥(1/R) = — 4nd (x — x'), Tak uro (1.35) maer

g [ —4n®( x’) § (x—x’)+%g(x')] d3x’ =
P
~§log (1) 4]
Orciofa ClefyeT, 4To JJf TOYKH X, Haxojsieiics BHYTpH oObeMa V
ox)={ P&+ & [ g 5=V (1) ] da (1.36)
v S

Jlisi TOYKH X, HaxONSIIEHCS BHe MOBEPXHOCTH S, mpaBasi 4acTb COOT-
HouteHus (1.36) paBHa HyJi0. 3aMeTHM, YTO ITO COIJIACYeTC C HHTEp-
nperanyeil MNOBEPXHOCTHOTO HHTErpaja KaK MOTeHIHaja IPOCTOro
¢JI0s1 3apsJI0B C MJIOTHOCTBIO 0 = (1 /4m) (0 /0n’) 1 ABOHHOrO (MUIOJb-
HOT0) CJIOSE C IVIOTHOCTbIO MoMeHTa D = — (1 /4m) @. Ckauku 3JeK-
TpuyecKoro nosisi ¥ noreHudana (1.22) u (1.27) Ha rpaHuyHOH MOBEpPX-
HOCTH KaK pa3 00eCleuynBaloT PaBEHCTBO HYJIIO MOTEHLMAaJNa H I0Jsl BHE
obvema V.

[To noBony dopmynel (1.36) caenyer chaenaThb ABa 3aMeyaHHSf.
Bo-nepBbix, eciM NMOBEPXHOCTb S yaansieTcsi B 6ECKOHEYHOCTb U 3JIe-
KTpHYecKoe Mojie yObiBaeT Ha Hell GwicTpee, yueM R~!, TO moBepxHOCT-
Hplfl uHTerpan obpamaercs B HyJb U (1.36) mepexonuT B u3BeCTHOe
BoipaxkeHue (1.17). Bo-BropeixX, Assi o6beMa, He CofepIKallero 3aps-
JIOB, TOTEHLHaJ B JI000H TOuKe BHYTPH oObeMa (HaloUil pelleHue
ypaBuenus Jlammaca), corsacHo (1.36), BbIpa)kaeTcsi TONBKO uepes
3HayeHue MOTEHIMANa U ero HOpMaJibHOH NPOU3BOLHON Ha OBEPXHOCTH,
OrpaHuyuBampollefl 06beM. IDTOT HOBOJBHO HEOXKHUIAHHBIE Pe3yJbTaT
HEe fBJ/seTcs, OAHAKO, pellleHHeM TPaHHYHOM 3ajauyd, a NpejCTaBJsieT
Co00i1 b HHTErPANbHOE YPaBHEHHE, IOCKOJbKY, 3a1aB U @, u 0D /dn
(eparuunsie ycarosus Kowwu), Mpl mepeonpesenuny 3afgauy. Mul 06Cy1HM
STOT Bompoc GoJsiee MOAPOOHO B CJAEAYIOMIMX Haparpadax, B KOTOPBIX
OyAyT pacCMOTPeHb! METOZbl HAXOXKIEHHS PelleHU il ¢ TIOMOIBIO TeOPeMbI
I'prHa (1.35) mpu COOTBETCTBYIOMIHX TPAHHUHEBIX YCJOBHSIX.
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§ 9. Eouncmeennocms pewenus
npu zparudnoix ycaosusx Hdupuxae usn Helimana

IlpencraBasieT uHTEpeC BONPOC O TOM, [IPH KAaKHUX TPAHHUYHBIX YCJO-
BUSIX BHYTPH OrpaHHYEHHOro 00beMa CYIIeCTBYeT elHHCTBEHHOe U (pH3H-
YecKH pasyMmHoe perteHue 3axayu Ilyaccona (unu Jlannaca). Ha ocnose
JaHHBIX (PH3UUECKOrO OIbITa MOXKHO [0JIarath, YTO 3aJlaHue MOTeHIHala
Ha 3aMKHYTOH IIOBepXHOCTH €IUHCTBEHHBHIM 06pa3oM OIpeJesisieT pac-
npejesieHne MOTEHIMAJNOB (IPUMEPOM MOXKET CJYXKHUTb CHCTeMa IIpo-
BOJAHHUKOB, Ha KOTOPHIX MOAJEPKUBAIOTCA pasjiuyHble NOTEeHIHaJbl).
Ito TaK HasbiBaeMas 3adaua Jupuxae, Wiy 2panuinsie ycaosus Jlupuxae.
AHanorHYHO MOXKHO OXHIATh, YTO 3aJaHue 3JEKTPUYECKOTO MOJs
(T. e. HOpMaJIbHOH NMPOM3BOAHOK OT MOTEHI[HANA) HA IPAHHUYHOH [TOBEPX-
HOCTH (4TO COOTBETCTBYeT 3aJdaHHIO paclpelesieHHs [OBepXHOCTHOTO
3apsja) TakxKe OJHO3HAYHO ONpejesisieT pelleHue. Takue rpaHuyuHbe
YCJIOBHSI HOCAT HasBaHWe epanudnbix ycaosuil Hetlimana. oxkaxem
Telepb CIPaBeJUBOCTD ITHX IPEANOJOKEHHH C IOMOLIbIO NEPBOH
dopmyasl I'puna (1.34). ’

HaM HyXHO JIOKa3aTh €JHHCTBEHHOCTb periteHusi ypasHeHus [lyac-
coHa VXD = — 4n@ B o6beme V npu rpaHuuHbIX ycaoBusax Hdupuxse
unu HefiMmaHa Ha mosepxHOCTH S, orpaHuuuBaroiieil aror o6wveMm. [Ipen-
TMOJIOXKHM, HaoGOpoT, uTO cylnecTByioT Apa peinedus @, u @, ygo-
BJIETBOPSIIOIINE ONHMM M TeM K€ TPAHUYHBIM YCJOBHSM, U MOJOXKIM

U=D,—,. (1.37)

Torna V2U = 0 aytpu V u U = 0 unu 0U/on = 0 Ha rpaHuue S
o6beMa V COOTBETCTBEHHO JJIsi TPaHUYHBIX YycjoBuH Hupuxse uin
Hefimana. [lonmarass ¢ = ¢y = U, u3 nepsoél dopmyan I'puna (1.34)
nosy4yaem

{ wvew 1 grad U-grad V) dix = § U Y da. (1.38)
y S

v

YuuteiBast cpoiicTBa ¢yHkuuu U, Mbl npujiem Ajisi o60MX TPaHUYHBIX
YCJOBUH K COOTHOLICHHIO

g |grad U 2 dx =0,
\%

oTkyaa caenyet, uyro grad U = 0. Takum o6pasoMm, BHyTpH obpema V
¢yukuuss U nocrosinHa. Jasi rpanuyneix ycnosuit Hdupuxmae U = 0
Ha rpaHuie S, Tak yto BHYTpH V Bcioay @, = @D, u pemeHue eiHH-
crBeHHo. [Jlsis rpaHuuHbix ycmoBuik HelimMana perreHue Takxke eJHH-
CTBEHHO C TOYHOCTbIO O HeCYIEeCTBEHHOH aJAUTHBHOH IOCTOSIHHOH.

Vs Bupa mpasoii uactu coorHomeHus (1.38) cienyer, 4To M CMe-
[IaHHasl rpaHUYyHas 3ajlaya, KOrAa Ha YacCTH TI'PaHHYHON MOBEPXHOCTH
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3afaHo ycjosue [upuxJe, a Ha OCTalbHOH IOBEPXHOCTH — YCJOBHE
HeiiMaHa, TaxkKe ¥MMeeT eIMHCTBEHHOE PeIleHHe.

W3 ckasanHoro caenyer, yro ypaBHeHue [Tyaccona, BooGuie rosops,
He HMeeT pelleHHsl, NPHHHMAIOIEro 3aiaHHble 3HaueHuss @ u 0D /on
Ha orpaHuuMBarollell mnosepxHocTH (rpaHuuHble ycsiosus Komm), Tak
Kak yxe yciaoBusi Jupuxne unun Hefimana, B3siThie B OTAEJbHOCTH,
ONpefieIsiOT eAHHCTBEHHBIM 06pa30M pellleHue, ¥ 3TU pellleHusi B o6ieM

Bupx rpaHuuHOro

Tun ypasHeHHS

ycaoBHs SJITHIITHYECKHHA runep6oaHIecKHl napa6o/THIecK i
(ypaBuenue IlyaccoHa)| (BOJHOBOE ypaBHEHHE) (ypaBH:g;:o::E?onpo-
Ycaoeue Lupuxae
Ha HesaMKHyToH | HegocTaTouyno HexocratouHo EnuncrBeH-
MOBEPXHOCTH HOe YCTOH-
4YHBOE pe-
1IeHHe B
OJIHOM Ha-
npasJ/IeHHH
Ha 3aMKHYTOH EnuncrBennoe N36biTounble ycs1o0- | U36bITOUHBIE yCIO-
NOBEPXHOCTH ycToHuyuBoe BHSA BHUSI
pelueHue
Ycaosue Hetimana
Ha He3aMKHyTo# | HelocTatouso HepocraTtouno EnnHcTBenHOE
NOBEPXHOCTH ycToiunsoe
peleHue B
OJIHOM Ha-
npaBieHHH
Ha 3aMKHYTOH Enuncteennoe | |H36biTounbie ycio- | Us6hiTounbe YyCaO-
NOBEPXHOCTH yCTOHUHBOE BHS BHS
peleHye B
obuem cay-
yae

Ycaosue Kowu

Ha HE3aMKHYTOH
NOBEPXHOCTH

Ha 3aMKHYTOMH
TIOBEPXHOCTH

ITpumewanue.

Pewenne HE HMeeT
¢usnyeckoro
CMBICJIa

H36biTouHbIE yCI0-
BHSA

EnuucreenHoe
ycToiuHBoOe
peleHue

Hs6biTouHbIE YCJI0-
BHS

YcToYMBBIM H43bIBAaeTCs pelleHHe, KOTOpOe TMpH He6O0IbIIOM

H36riTounble ycio-
BHSA

H36biTouHbE yC/I0-
BHS

H3MEHEHHH

TDaHUYHKX YCJOBHH MeHseTCsl 3aMeTHbIM 0GpasoM JIHIIE B OKPECTHOCTH T'DaHHIbL.
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clyyae He COBNafawT. Bompoc o ToM, onpenesiioT iU rpaHuYHbIE YCJI0-
Busi Koly Ha wesamxnymoti MOBepXHOCTH eAMHCTBEHHBIM 06pa3oM pellle-
HUE 3JIEKTPOCTaTHYECKOH 3afaul, TpebyeT Gosee AeTalbHOrO paccMoTpe-
HMSl, BbIXOASIIETO 32 PaMKH HacTosilied KHuru. YuTaTenab MoXeT HaiTH
JieTanbHOe M3JI0XKEH e ITHX BOMPOCcoB B paGoTax Mopca u Pembaxa [77]
uny 3ommepdenbia [103]. Mopc u dembax 3aMeHSIOT ypaBHeHUe
B YaCTHbIX MPOHM3BOLHBIX COOTBETCTBYIOIIMM YypaBHeHHeM B KOHEUYHbIX
PasHOCTSIX, KOTOPOE 3aTeM pelIaloT METOAOM HTepauuu. 3oMmepdenb
2Ke TJIaBHbIM 06pa3oM MOJb3yeTcss MeTOAOM XapaKTepUCTHK. Pesyiib-
TaTbl HCCIENOBAHHH JOCTATOYHOCTH pAa3iUYHBIX TPAHHYHBIX YCJIOBHH
cBefieHbl B Tabmuue Ha cTp. 31 (ocHOBaHHOM Ha Tabiuie, NpuUBeAcH-
Holl B KHure Mopca u @ewmbaxa [77]); B Hee BKJIIOYEHB Pa3JHYHBIE
THOBl  AdddepeHNUalbHbIX yDaBHEHHH B UYACTHBIX MPOM3BOLHBIX
4 pas3jiuuHble BHJBl FPAHHYHBIX YCJIOBHH. :

W3 Tabauipl creayeT, 4TO 1€KTPOCTaTHYECKHe 33aauld MMEIOT OfHO-
3HayHOe pelleHHe JIMIIb NPH 3afaHuH TpaHWYHBIX ycaoBui Jlupuxae
4 Hefimana Ha 3aMKHYTOH NMOBEPXHOCTH (KOTOpas YaCTHYHO HJIH BCS
LEJMKOM MOXKET, KOHEUHO, HaXONHUTbCsl B GeCKOHEUHOCTH).

§ 10. dopmasvroe pewmenne 2panunnolx 3a0ax
aaekmpocmamurkn ¢ nomoubro pyuxuyun I'puna

Pemenue ypasHeHuii [lyaccona umu Jlammaca B KoHeuHOM 0Obe-
Me V, ecaiu Ha orpaHuuuBaomieil MOBEPXHOCTH S 3afaHbl IpaHHUHbIE
ycaosus [Llupuxsie uau HefiMaHa, MOXKHO NOJIyYHTb C MOMOIILIO TEOPEMbI
I'puna (1.35) u Tak HaswiBaeMmblx yHKuu# ['puna.

[pu BwiBoge cooTHouteHusi (1.36) (Koropoe He sIBJsIETCA pelleHHEM
rpaHuYHON 3ajaun) Mbl mMojaranu (GyHKuumo ¢ pasHoi 1/|x — x' |,
T. €. PABHO NOTEHIUaTy eAUHHYHOTO TOUEYHOT0 3apsjia, yA0BJIETBOPSIIO-
1IeMy ypaBHEHHIO

V2 (‘T_‘—ﬂ):—zmmx—x'). (1.31)

Dynguus 1/| x — x’ | — qump ofHa u3 MHOXecTBa (yHKUMH, 3aBH-
CAMHUX OT X U X' u yposaersopsiomux (1.31) (Tak HasbiBaeMbIX QYHK-
yuid I'puna). B obmem ciaydae

V'2G (x, x') = —4nd (x—x'), (1.39)
rie

G(x, x’):‘—l———l—F(x, x'). (1.40)

x—x’ |
3pecy F yposieTBopsieT ypaBHeHHIo Jlammaca
V2F (x, x')=0 (1.41)

BHyTpH oOpema V.
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Ilpu oTeickaHuu pelueHusi ypaBHeHust Ilyaccona, npuHuMaloiiero
3ajanHoe 3HayeHue @ wau 0D /On Ha rpaHulle, MbI MOXKEM HCXOAUTb
u3 ypaBHeHus (1.36). Kak Mbl yxe yKasblBajiil, 3TO COOTHOILIEHHE He $IB-
JISIeTCsl PeIleHHeM, YAOBJETBOPSIOLIMM KOPPEKTHBIM TPAaHUYHBIM YCJO-
BUSIM, TOCKOJIbKY B TOBEPXHOCTHBIH uHTerpan Bxoasat u @, u 0D /on.
B syuiieMm caydyae 31O Bcero Juillb MHTerpasibHoe ypaBHeHue jast @.
OnHako, ecy UCXOXUTDb U3 obiiero noHsTUs QyHKI MY ['puHa U BoCIOvIb-
30BaTbCsi CBOOONOH B ONpejesieHHH 3TOH (yHKUuHM [MOCKOABKY (yHK-
uust F(x, x') He omnpejgesneHa OjHO3Ha4HO), MOXHO B Teopeme [puHa
NpUHATh QyHKUHIO ¢ paBHOH G(x, x') u BbiOpath F (X, X') Tak, 4TOOHI
OJI¥H M3 JIBYX [TOBEPXHOCTHBIX HHTerpasoB B ¢opMyse I'puna obparuaJics
B HyJb. Torga c¢opmyna ['punHa Oyner couep:arb JHIIb IPAaHHYHBIC
yeaoBust Jupuxne u Helimana. KoneuHo, eciu Obl BUA He0OXOAHUMOH
¢yHKIMH G (X, X') OYeHb CJIOKHO 3aBHMCeJ OT TPAHMYHBIX YCJOBMH,
TO 3TOT MeToJ, HeJb3si Obln0 Obl cuuraTh 0OmUM. OJHAKO Mbl ceHuac
nokKaxeM, 4To 3T0 He Tak: G(X, X') yIOBJIETBOPsieT JOBOJBHO NPOCTHIM
rPaHUYHBIM YCJIOBHAM Ha S.

Hcxons us teopemsl 'puna (1.35), nosaras ¢ = ® u ¢ = G (x, x)

U yuurbiBasi cootHowende (1.39) ana ¢yHkuuu I'puna, Mbel nmpugem
K COOTHOIIEHHIO

o= ex)6(x, x) & + = & [ Gx, x) 08—
v %

—D(x )"_GM] da’, (1.42)

apasiouemycss obobuennem (1.36). Ilombaysice cBoGomoO# B ompeje-
JeHuu QyHKUMM [pHHA, MBIl MOXKEM OCTaBUTb B MOBEPXHOCTHOM WHTe-
rpaje JIHIIb KeJiaTejbHble IPaHHYHble 3HauyeHWsi. Tak, NpH 3aJaHUU

epanudnslx  ycaosuli dupuxase Mbl noTpebyeM, d9TOOBI BBINOJHSJIOCH
yCJIOBHe

Gp(x, x')=0 pgaa x’ Ha S. (1.43)

Torna mepBolil uleH B MOBepXHOCTHOM HWHTerpase B (1.42) obpatutcs
B HYJIb U Mbl NIOJIYYUM peLIeHHe

O (x)={ e(x)Go(x, x) )5
v

da’.  (1.44)

Ecnu 3anasbl epanudnsie ycaosus Hetimana, TO Mbl JOMKHBI ObITH
BoJiee ocTopoxKHbl. Ha nepBeiii B3risi MOXeT oKasaTbCsl, YTO yCJIOBHeE,
HajaraeMoe Ha ¢yHkuuto I'punHa G(X, X'), JOMKHO UMETb BHUJ

OGN( x)=0 gna x'wHa S,
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TMOCKOJIbKY TpU 3TOM BTOPOH 4JieH B NOBEpXHOCTHOM HHTerpaJe B (1.42)
obpamaercsi B Hyab. OpHako, npumeHsisi teopeMy [aycca k (1.39),
MOXKHO yOeLUTBCSl, 4TO

oG
on'
s

da’ = —4mn.

[Tostomy nmpocreiimiee pomycTMMoe TpaHW4YHOe YycjaoBue s Gy
¥iMeeT BHJ
0G

-a—n—,(x, X') = _An g x' Ha S, (1.45)

S
rie S — noJsiHasi IJIOLIAAb TPaHUYHOH MoBepxHocTH. Toria peuieHue
3aNuILeTcs CJeAyoUUM o0pa3oM:

O(x) = (@)s+ { 0(x) O (x, x) %'+ = § 2 Gyda’,  (1.46)
\ S

rie (DP)s — cpenHee 3HaueHue MOTEHIMasa Ha- MOBEPXHOCTH S.

O6niuHo 3ajaua HefiMana mnpencraBasieT co6oii Tak HasblBaeMylo
«BHEIILHIO 3aJauy», Koria o6seM V orpaHudeH AByMsi IOBEPXHOCTSIMH,
OflHa W3 KOTOPbIX 3aMKHYTa M KOHeUHa, a BTopas HaXogurcs B GecKo-
HeyHocTH. B sTOM ciydae muomans nosepxHoctd S GeckoHedHa, rpa-
HuuHoe ycsoBue (1.45) cTaHOBUTCS OZHOPOAHBIM U CpefHee 3HaueHHe
(D) obpaiiaercss B HyJb.

3ameruM, uto QyHKUMH ['puHA yLOBJETBOPSIOT MPOCTHIM I'paHNY-
HeiM ycsoBusiM (1.43) unun (1.45), He 3aBHCAIIUM OT TPAHUYHBIX YCJIO-
Buii [upuxne (uau Heitmana). Tem He MeHee oTbiCKaHue (YHKIHH
G (x, x") npexacraBasier cobofi moayac BecbMa CJIOXKHYIO, a WHOTAA
¥ HEBBIOJHUMYIO 3a[ady ¥3-3a 3aBHCHMOCTH 3TOH (GYHKIHH OT (opmst
nopepxHoctH S. C 3ajauaMut 10g06HOTO PoJa Mbl BCTPETHMCS B V1. 2 1 3.

®yukiuu 'puHa, ypoB/jeTBopsiolide rpaHudHbBIM ycjaoBusaM (1.43)
win (1.45), obnamaior cBoiicTBoM cuMMerpun G(x, x') = G(x', x);
3TO MOXKHO J0Ka3aTh, NMOJb3ysChb TeopeModl ['puHa u mnosaras @ =
= G(x,y) u ¢ = G(x', y), e y-— nepeMeHHass WHTerpHUpPOBAHHS.
[Tockonbky ¢yHkuus I'puHa, ecau paccMaTpuBaTh ee Kak (PyHKLMIO
ONHOW W3 TepeMeHHbIX, ONUCHIBAeT MOTEHIHaJ eJUHWYHOrO TOYEYHOro
3apsijia, CBOMCTBO CHMMETPUH OTpaKaeT (pu3nyecKuil (akT BO3MOXKHOCTH
nepecTaHOBKM MCTOYHUKA ¥ TOUYKH HabmopeHus. M3 coorHomenus (1.40)
s G(x, x') caegyer, uro F(x, x’) Takxke sBJseTCsi CHMMeTPHYHOH
(pyHKLMEH apryMeHTOB.

B saksioueHue cjenaeM BaKHOe 3aMedaHue OTHOCHTEJNBHO (usnye-
ckoro cMbicia ¢yHKuuu F(x, x'). dra (yHKUHs npeacTaB/sieT coboi
peileHue ypaBHeHusi Jlammaca BHyTpu obsactu V u, caeoBaTesibHO,
OMUCHIBAET MOTEHIIHAJ CHCTeMBl 3apsiiOB, PAacClOJIOXKEeHHBHIX BHe o0be-
Ma V. Oysxuuio F(X, X') MOXHO NpeicTaB/IsTb cebe KaK MOTEHIHaJ
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TAKOTO BHELIHEro pacrpejie/ieHist 3apsLoB, KOTOPOe B COUETAHHHU C TOUed-
HbIM €IHHUYHBIM 3apsAJOM, HaXONSIIMMCS B TOYKe X', YIOBJIETBOpSieT
Ha TOBEPXHOCTH S OJHOPOJHOMY TPaHMYHOMY YCJIOBHIO paBeHCTBa
HYJIO TOTeHIHaJka (MK ero HopMmasibHOH npousBofHoii). ITockombky
OTEHIHAJ B TOYKE X Ha IOBEPXHOCTH S, CO3/laBaeMbiil TOUEUHBIM 3aps-
70M, 3aBHCHT OT MOJIOXKEHHsi X' 3TOro 3apsijia, NOTEHIHas] BHEIIHEero
pacTipefie/leHHsi 3apsizioB F(x, x') TakXKe JOJXKeH 3aBHCeTb OT «lapa-
meTpa» x'. C 3TOf TOYKH 3peHHst MeToJ H300paKeHuH, KOTOpPBIH
Mbl GyJleM paccMaTpuBaTh HHXKe, B I. 2, (H3HUECKH 3KBHBAJIEHTEH
HEKOTOPOMY  croco0y  ompelesieHusi COOTBETCTBYIOWIEH  (DYHKIMH
F(x, x"), ynoBnerBopsitoniedl rpaHudHbiM ycjaoBusaM (1.43) uam (1.45).
Jlnsi rpaHnduHbiX ycaoBuii Jlupuxje Ha TOBEPXHOCTH NPOBOJHHKOB
dyHKuHIO F(X, X') MOXKHO TaKKe HHTEPIPETHPOBAThb KaK MOTeHIHaJ,
cO3/laBaeMblii TIOBEPXHOCTHBIM paclpefiesieHeM 3apsiioB, HHIYIHpYe-
MbIM Ha TMPOBOJHHKAX €IWHUYHLIM 3apsiIOM, HaXOJSIIUMCS B TOUKe X'.

§ 11. Ilomenyuanrbnas 3Hep2ust u nAOMHOCHLL
dHep2un 3NeKmpocmamuuecK020 noas

B § 5 6bu10 nMoxasaHo, 4To NMpousBeleHKHe CKaJSIPHOIO MOTEHIMAJa
Ha BeJIMYMHY TOUEUHOro 3apsila MOXKHO HHTePIPETHPOBATb KaK IMOTeH-
UHAJbHYI0 9HEPIHI0 3TOro 3apsijia. boJjiee TOYHO, eCIH TOUEUHBIH 3apsij
¢; BHECTH M3 GECKOHEYHOCTH B TOYKY X;, HaXOAsILylocsi B 06JacTH, Ije
uMeeTCs1 3JeKTPHYeCKoe IoJe, ONMHChiBaeMOoe CKaJsPHBIM IOTEHIHa-
JdoM @ (obpamaromumMcs B HyJb Ha GeCKOHEYHOCTH), To paGoTa, CoBep-
llaeMasi IPH NepeMellleHHH 3apsaja (a ciefoBaTesbHO, H NOTeHIHANbHAS
SHeprus 3apsja), paBHa

Wi :q,d) (Xi). (147)
Cuuras, uyro noteduuan @ cosmaercs cucreMoit (n — 1) 3apsiioB g;
(j=1,2, ..., n— 1), HaxoAfAWKXCs B TOYKAX Xj, MOJydaeM
n—1
N T qj
@ (x;) = Z TR (1.48)
=1
TaK YTO NOTEHLHaJNbHasi SHePrus 3apsjia ¢; paBHa
n—1
= q; 4
Wi=q: > T (1.49),

i=1

i

OueBuano, noanas TNOTeHIMANbHAS SHEPrHsi Beell CHCTEMbI 3apsioB,
o0yc/ioB/IeHHasi CU/IaMH MX B3aUMOJEHCTBHs, PaBHA

i

W= D i, (1.50)

i=1 j<i
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B 4eM MOXHO yOGeIUTbCS MOCJEN0BATeNbHbIM JOGABJEHHEM IO OLHOMY
3apsily K CHCTeMe. JTO BBIpAXKeHHEe MOXHO 3alucaTh B Gojee CHMMe-
TPHYHOH (popMe, CHSIB OTPaHUYEHHE j < [ NPH CyMMUPOBAHHH W MOJe-

JUB CyMMy Ha 2:
W=y SIS (1.51)
i

[xi—xj| "’

Npyu 3TOM MOAPAa3yMEBAeTCsi, YTO UYJeHbl C i = j B JBOHHOH cymMe
(cooTBercTByIOIME GECKOHEYHOH «COGCTBEHHOH» 5HEPTUHM TOYEUHBIX
3apsoB) ONYCKAIOTCH.

Jlsisi HenpephIBHOTO pacrpefiesieHusi 3apsif0B MOTeHIHANbHAs SHep-
rusi TIpHHUMaeT BHJ,

1 x) o (x’
W= g S %’_%ﬂﬁd%d%'. (1.52)

10 BbIpaXKeHWe MOXKHO CUMTATh CIPaBEIJIMBHIM M B ofleM ciyuae,
ecnd Bocnosib3oBathbesi §-¢yHkiuelt Hupaka (1.6) 1). Idpyroe Bhipaxe-
Hue, KBHBasieHTHOe (1.52), MOXKHO MOJYYUTb, €CJH YYeCTb, YTO BHY-
TpeHHHH uHTerpand B (1.52) Kak pas paBeH CKaJsipHOMY MOTEHIHANy
(1.17). CrnenoBaTenbHo, Mbl MOXEM HaNHcaTh

=5 S 0 (x) @ (x) d*. (1.53)

B Boipaxkenusx (1.51) — (1.53) asekTpocraTHyecKasi MOTEHIHAJb-
Hasi SHeprus NpeACTaBleHa KaK (QYHKIMsS [OJOXKEHHsI 3apsifioB; 3TO
nofAYepKHBaeT, 4YTO B3aWMOJEHCTBUE 3apsiIOB ONMUCHIBAETCA 3aKOHOM
Kynona. BoaMoxeH MHOHM MOAXOJ, NMPH KOTOPOM SHEPTHs BblpaXKaeTcs
gepe3 3/IEKTPUUECKOE I10JIe; TeM CaMbIM MOAYepPKUBAeTCs HIes O JoKa-
JIM3allU{ SHEPTUH B NPOCTPAHCTBE, OKPYKaloleM 3apsiabl. UTo6bl mosay-
YUTh TaKoe BhipaxeHue AJisi SHEPTHH, HCKIIIOUMM C IOMOLIBIO yPaBHEHHS
ITyaccona miotHocTh 3apsigoB u3 (1.53)

W= ._SL g DOV2Dd3x.

JT
HHrerpupys no uyacrsm, nosaydaem

1 1
W:S—S|grad®]2d3x=8—“-g]E|2d3x, (1.54)

T
IJie MHTErpHpOBaHHE NMPOM3BOJMTCS IO BCceMy mpocTpaHcTBy. B (1.54)

pacnpeeneHue 3apdaioB sABHO He BXOJIHUT; SHEPrusi BbIpaxKaeTcs 4yepes
HHTerpaJd OT KBajpaTa 3JEKTPHUYECKOTo MOoJisg M0 BCEeMY INPOCTPAHCTBY.

1) Buipaxkenue (1.52) B npuMeHeHHH K §-paclpejliesieHUsIM JaeT 6eCKOHeUHbIe
cllaraeMble, COOTBETCTBYIOI[HE «COOCTBEHHON» S5HEPTMM TOYEYHHX 3apsifioB, TakK
4TOo, CTpOro roBops, Aasi O-pacmpefmenennit uuTerpan (1.52) pacxogurcs. Tlpu
onpejeleHHH B3aHMHOH 3HepPTHHM CHCTeMbl 3apsJ0B 3TH GecKOHeuHBIe cJlaraeMmble
clleflyeT ONyCKaTb, YTO COOTBETCTBYET ONYyUIeHHIO uieHoB ¢ [ = j B (1.51). —
IIpum. peod.
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ﬂOSTOMy €CTECTBEHHO OTOXKAECTBUTb TNOABIHTErpasbHOe BbIpaXKeHHe
C TJIOTHOCTBIO SHEpPruH

1
w=g|E] (1.55)

1o BblpaXeHne AJisg JIOTHOCTH 3HEPruH COrJacyercs C WHTYUTUBHbIM
TNpEeICTaBJAEHHEM O TOM, 4YTO B 06JacTAX C GOMBbIIMM MOJIEM SHEprus
«IOJIZKHA» ObITb GOJIbILE. .
Beipaxkenue (1.55) 1/ TJIOTHOCTH 3HEPTHH MOXKET I0KA3aThCs
CTpPaHHbIM B OfHOM OTHOWIeHHH. OHO BCerja MOJIOXKMTEJBbHO Ompejelie-
HO, TakK 4TO ¥ oObeMHbI#l HHTerpas (1.54) Bcerna Gymer HeoTpHuAaTeseH.,

P

dur. 1.8.

3r0, Kasanoch Obl, MPOTUBOPEUMT ToMy (akTy, 4rto, corsmacho (1.51),
NOTeHIMaJbHasi SHEepPrusi CUCTeMbl JABYX 3apsiioB [POTHBOIMOJOXHOIO
3Haka oTpuuarenbHa. IlpuunHa 3TOrO Kaxymerocss NPOTHBOPEUHS
3aKJoyaeTcsi B ToM, 4To Bhipaxenus (1.54) u (1.55) BK/IOYalOT U «CO0-
CTBEHHYIO» HEPruio 3apsifoB, Torga kak (1.51) He BKmiodaer ee. Pac-
CMOTPHM, HanpuMep, [Ba TOYEUHBIX 3apsiia ¢4 U (2, HAXOASLIMXCS
B TOYKaX X; U X, (¢pur. 1.8). diekrpuueckoe nose B Touke P ¢ pagnycom-
BEKTOPOM X paBHO
E— 9 (x—=X1) | ga(x—Xp)
[x—x4 3" [x—x33 "’

TaK 4TO IJIOTHOCTBb SHEepruu cocraBJsdgeT
2

91 93 9192 (X—X4)* (X —X2) 1.56
8n| x —xy4 |4+ 8m| x—xy |4 + 47 | X—xq |3 x—x2 3 (1.56)
HBa NIePBbIX CJjaraeMbiX COOTBETCTBYIOT, OYE€BHAHO, CcO6GCTBEHHOH 3HEep-
TMU 3apsifioB gy U @a. UTOGBI yGeAMThCs, YTO TpeTbe cJaraemMoe AaeT
NpaBu/bHOe BbIpaXKeHWe JJisl MOTEeHIMaJbHOH 3HEPruu B3aHMOJEH-
CTBUS, NPOHHTErPUPYEM €ro Mo BCeMY MpPOCTPAHCTBY:

W =

__q192 T (x—xq)-(x—x3)
WBsaHM'_ yr TX—x; 3] x —xg [3 dadx. (157)
[epexops k nepemennoit @ = (x — x,)/| x4 — X2 |, moxydaem

—_ 992 1 ( e (e+m)
Wason =T 51 i | 1ot aB 0 (1.58)
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rie n — eJWHUYHbIA BeKTOpP B HalpaBJeHHHW BeKTopa X, — X,. Herno-
CPeJCTBEHHbIM HHTEIPUPOBAaHUEM MOXKHO YOEIHTbCS, YTO BXOASILHIH
B MOCJeJHee BblpaxkeHWe Oe3pa3MepHbIH HWHTerpas paBeH 47, TaK 4TO
Mbl MoJygaeM OXKHJaeMOe BblpaKeHue JIJsi HEePTUH B3auMOJEeHCTBHS.
. Cusbl B3aUMOJIEHCTBUSI 3apsiKEHHBIX TeJ MOXKHO HalTH, ONpeleNuB
H3MeHeHUe IOJHOH 3JeKTPOCTATHYECKOH SHePruH CHCTEMBI IPH MaJjblX
BUPTYyaJbHbIX NepeMeleHusix. Heckoabko npuMepoB Takoro poja pac-
4eTOB NMPUBEJeHO HUXKe (CM. 3ajaun K ra. 1). Tlpu sToM sHepruto HyKHO
npelCTaBUTb B TAKOM BHJe, YTGOB! OblJIO BUAHO, KaKKe 4JieHbl MEHSIOTCSE
NpY H3MeHeHHH KOH(HUIypallMd H KaKue OCTAIOTCs IOCTOSIHHBIMH:

B kauecTBe nmpocreiiniero nmpuMepa paccuuTaeM CHay, AeHCTBYIOLLYIO
Ha eJIVHHIYy NOBEPXHOCTH IMPOBOJHHMKA C NOBEPXHOCTHOU MJIOTHOCTBHIO
3apsAna o (x). B6ausu NoBepXHOCTH NPOBOAHHKA IIOTHOCTb SHEPTHH

w=g-|E[?=2n0% (1.59)

ITycte Temepp s/eMeHT MOBEPXHOCTH INPOBOAHMKA Ag cMellaeTcs
Ha BeJauuuHy Ax Hapyxy. Toraa sjekTpocTaTHyecKkasi SHEPrusi yMeHb-
IIaeTcsl Ha BeNWYHHY, PABHYIO IPOU3BEJeHUIO MJOTHOCTH 3HEPTHH W
Ha McKJouYaeMbll o6beM AxAa:

AW = —2no?Aalx. (1.60)

1o 03HayaeT, YTO Ha eMHUYHYIO IJIOWAKY Ha NMOBEPXHOCTH IPOBOJ-
HUKa JeficTByeT cusa, paBHasd 2m0o? = w, HampaBJeHHasi U3 NPOBOJ-
HuKa Hapyxy. O6bIY4HO 3TO BblpaxkeHue [Jsi CUJbl HaXONAT Kak IpoO-
U3BelleHUe IOBEPXHOCTHOH IIJIOTHOCTH 3apsja O Ha 3JeKTPHYecKoe
noJsie, NpyU4eM NPH HAXOXKAEHUH MOCJENHEro CjelyeT HCKJIOYUHTb IoJe,
CO3JlaBaeMoe CaMuUM paccMaTpHBaeMbIM 3JIEMEHTOM II0OBEPXHOCTH. -

PEKOMEHIYEMAS JIMTEPATYPA

B kuure Jladitxunna [66] ¢ mMareMaTHyecKofi TOYKH 3pEHHS NPOCTO H Jo-
CTAaTOYHO CTPOTO PacCMOTPeHH O-QYHKIMH.

Pa3nuyHele THOH AH$depeHHaJbHEX YDaBHEHHH B YaCTHHIX NMPOH3BOJHBIX
H COOTBETCTBYIOLIME I'PAaHHYHBIE YCJIOBHS paccMOTpeHHl B KHurax Mopca u demw-
6axa [77], ra. 6, 3ommepdensaa [103], ra. 2, n Kypanra u 'manbepra [32],
ra. 3—6.

O6wast Teopusi ¢yHkuuit I'puHa noAapo6Ho H3joxkeHa B KHHrax ®Ppuama-
Ha [42], ra. 3, u Mopca u ®embaxa [77], ra. 7.

O6uue BONPOCH 3JEKTPOCTATHKH pPacCMOTPEHH BO MHOTHX CTapEHX pyKo-
BOJACTBaX 110 3JEKTPOCTAaTHKE, H3 KOTOPHIX, HECMOTPSl Ha ycTapeBllMe o603Haue-
HHSI, CTOMT YIOMSIHYTb MOHorpabuu Makcseana [73], . 1, . 2 u 4, u JIXuHca
[55], ra. 2, 6, 7. U3 Gosee mo3fHuX paGoT yNOMsiHEM OGIIHPHYH MOHOTpadHio
Crparrona [106], rxn. 3, u oTAenbHBIe yaCTH M3 TIj. 2

Honoanenue pedaxmopa. OOmasi MaTeMaTHuecKash TeopHsi 06GOOIIEHHBIX
GYHKIMH, YacTHHIM CAydYdeM KOTOPHIX siBasieTcsl O-QyHKuHMs, H3J0XKeHa B MOHO-
rpapuu Tenvdanga u Ilugosa [124]. Kparkoe uanoxenue cBoictB O-pyHKIHi
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i HX NMpHMeHeHHs MOXHo HaiTh B Kuure Msanenko u Cokososa [53]. Ilpexpac-

HOe [usn(])meaue (H3HYECKHX OCHOB 3JIEKTPOCTaTHKH JaHo B yueGuuke Tawm-
ma [130]}.

SALAYHU

1.1. C mnoMomkbio Teopembl I'aycca joKa3aTb CJIERYIOUIME YTBEPXKIEHHS:

a) Jlhio6oi#t 3apsifi, BHOCHMbI Ha NMPOBOJHHK, MOXKeT paclosaraThbes JIHIIb
Ha ero noBepxHocTH. ([To onpefeseHHI0, B NPOBOJHHMKE 3apsiibl MOTYT CBOGOKHO
nepeMellaTbCsi MOJ AeHCTBHEM 3JEKTPHUYECKOro IOJSs.)

6) 3aMKHYTHIH MOJBIH NMPOBOAHHK 3KPaHHpYeT BHYTPeHHHH o6beM OT Aeil-
CTBHSI 3apsJi0OB, PacOJIOXKEHHBIX CHapY:KH, HO He 3KpaHHPYeT BHellHero o6beMa
OT JeHCTBHS 3apsifioB, DPAaclOJIOKEHHBIX BHYTpPH.

B) DJIeKTPHYECKOe II0JIe Ha IOBEPXHOCTH IPOBOJHMKA BCerfa HOpMaJbHO
5ToH MOBEPXHOCTH M PaBHO 470, rjie O — [IOBEPXHOCTHAas IJOTHOCTb 3apsijia.

1.2. JIBe OGecKOoHeuHble NMPOBOASIIHE IJIOCKHE IJIACTHHBI MOCTOSIHHOM TOJI-
U[HHBE [y U {5 TNOMEIeHH MapaJsyiejbHO APYr APYry Ha paccTosiHMH L (Mexnay
COCeTHHMH noBepXHocTsiMu). [TonHbIfl 3apsf Ha eRMHHIY mJaowagu (T. e. cymMMma
3apsifioB Ha o6eMX CTOPOHAX MJIACTHHBI) paBeH ¢4 AJIs1 NMepBOH MNJACTHHH H §o
st Bropo#t. Mcnonb3ys cimMerpuio 3afiauul) u teopemy laycca, mokasars, 4To

a) MOBEPXHOCTHBIE IJIOTHOCTH 3apsiioB Ha BHYTPEHHHMX II0BEPXHOCTAX
IJIaCTHH DaBHB MeXAYy co60f MO BelHYMHE H IPOTHBOIOJOXKHB IO 3HaKY;

6) MOBEpXHOCTHBIE NJOTHOCTH Ha BHEIMIHMX MOBEPXHOCTAX MJIACTHH OJHMHA-
KOBBI;

B) 3HAYeHHS IJOTHOCTeH 3apsafoB M o6yCJOBJIHBaeMbIX HMH IoJied He 3aBH-
csiT OT ¢4, ty 1 L. HaliTH siBHOe BBIpaXKEHHE IMOBEPXHOCTHBIX IJIOTHOCTEH M moJei
uepe3 g4 MU o M PAaCCMOTPETh YACTHHIH cayuall ¢;= — ¢= Q.

1.3. IaHel Tpu 3apsxeHHble chepnl paguycoM a. OfHa M3 HUX NpOBOASALLAfA,
apyrasi ORHOPORHO 3apsiKeHa 1o BceMy o6beMy, a Ha TpeTbell 3apsii pacnpefenex
cepryecKH CHMMETPHYHO, PHYEM IJIOTHOCTD 3apsfia MeHseTcst Kak r™ (n > —3).
[Monuwift 3apsp Kaxkpo#l chepn paBeH Q. ITosb3ysce Teopemoit Iaycca, HaliTH
3JIeKTpHYECKOe MoJie BHYTPH M BHe KaxJo#H cheprl. IlocTpouTs rpaduku 3aBHCH-

MOCTH NOJISI OT pajiiyca RJsi NMEPBHX ABYX CIy4aeB H JJIsi TPETbero caydas mpH
n=—2mun=-+2.

1.4. YcpenHenHoe (0 BpeMeHH) 3HAayeHHe NOTEeHIMasJa AJs HeHTpaJbHOro
aroMa BOJOpPORa ONHCBHIBaeTCA (OPMYJIOH

e o ar
D =e r <1+§> y

rle ¢ — 3apsj 3JeKTpoHa, a o '= q;/22). Halitu pacnpefesenie 3apsifoB
(senpepEIBHOE M AHCKpETHOe), obecleynBaiouiee TaKoi BHI MOTeHLIHaNa, H MOsC-
HUTb €ero (H3MYeCKHH CMBbIC.

1.5. Tlpocrefimunii KOHAeHcaTop NpeAcTaBisieT coboif ABa PANAOM pacHoJo-
KEHHBIX M30JIHPOBAHHBIX NMPOBOAHKKA. Ec/H Ha NPOBOXHHKH NOMECTHTb paBHHIE,
HO NPOTHBOIOJIOXKHbIE IO 3HAKy 3apsifbl, TO MeXJAy HHMH YCTaHaBJMBAeTCs
onpefie/leHHass pasHOCTb MoTeHNHaNoB. OTHOLIeHHe BeJMYHHBI 3apsifia Ha OJHOM
3 NPOBOJHHKOB K BeJHYHHE Da3HOCTH IOTEHIHAJOB HAa3bIBAETCS EMKOCThIO
KonJeHcaTopa (B 3JeKTpocTaTHYeCKO# cHcTeMe eJMHHIl €MKOCTb M3Mepsercs
B caHTHMerpax). Mcrnosb3ysi teopemy Iaycca, paccuuTaTe eMKOCTb MJS CJIY-
4yaeB, Korjla HMeIOTCs CJefyIollHe CHCTeMbl NMpPOBOAHHUKOB:

1) B sToM mpumepe B YCJIOBHS CHMMETDHH CJIeAyeT BKJIOUHTb H YCJIOBHs
OJMHAKOBOCTH MoJiefi BRaiu OT MJACTHH (BO BHeWHMX obsactsix).— [lpum. ped.

2) 3mechb ay— TaK Has3hHBaeMHHl pajgMyc 3JEKTpPOHa, paBHuIH e?/mc? (e —
3apsx, m — Macca 3JeKTpOHa, ¢ — CKOpOCTb cBeTa).— [llpum. peo.
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a) nBe GoJiblUKe NJOCKHE MJIACTHHBI Mo anbio A Ha HeGOoJbIIOM paccTosi-
HuM d JApyr ot Apyra;

6) nBe KOHIEHTpHUeCKHe IPOBOAsILMe chephl pajuycamu a u b (b > a);

B) JBa KOHLEHTPHUECKHX NPOBOASIIMX LMJIHMHADA, NJIHMHA KOTOPHX L MHO-
ro Gosblue WX pajgHycoB a B b (b > a).

1.6. JlBa NJIMHHBIX HHUJMHAPHYECKHX MPOBORHMKA PAJHYCAMH a4 M ay pac-
10JI0XKEHBl TapaJienbHo APYT APYrYy Ha pacCTosHHH d, KOTOpoe MHOro GoJiblue
HX pajuyca. IlokasaTh, 4TO €MKOCTb €RMHMIB JJHMHB NPHOIH3HTESbHO DaBHA

-1
C%(‘llni) ,
a

rie a — cpefHee reoMeTpHuyeckoe 0OOMX pajHyCOB.

Kakoro pamaMeTpa mnpoBoJiOKa INoTpebyeTcs MAJIsS JBYXNPOBOAHOM JIMHHH
nepefayn c MoroHHo# emkocToio 0,1 ngh/cm, ecnu paccTosHHE MeXAYy IPOBOJAMH
paBHo 0,5 cu? 1,5 cm? 5,0 cm? .

1.7. a) lna Tpex BapMaHTOB KOHJEHcaTopa, PacCMOTPEHHHX B 3ajaye 1.5,
PACCYMTATD MMOJHYIO 3JEKTPOCTaTHYECKYIO SHEPTHIO W BHIPAa3HTh ee 4Yepes3 3apsiib
(Q ¥ —Q) na NpoBOZHMKAX M UYepe3 Pa3HOCTb MOTEHUHAJOB MeXJY HHMH.

6) TlocTpouTh rpaduku 3aBHCHMOCTH MJIOTHOCTH SHEPTHH OT COOTBETCTBYIO-
med JHHeHHOM KOOpPAMHATHI JJisi BCEX TpPeX CJaydaes.

1.8. PaccunTaTh CHJY NMPHUTSIKEHHs MPOBOJAHHKOB B IJOCKOM KOHJeHcarope
(3amaua 1.5, m. «a») W UMIMHAPHYECKOM KOHAeHcaTope (3ajada 1.6) B ciyuwae:

a) 3ajaHHBIX 3apsAfoB Ha OoOKJajAKax KOHJeHcaropa,

6) 3ajaHHOW pa3HOCTH MOTEHLHAJOB MeXAy OoOKJIaaKaMu.

.
1.9. oka3aTb meopemy o cpeOHem 3Ha4eHUU: 3HAUEHUE BJIEKTPOCTaTHYECKOTO

noTeHIKaJaa B J1060H Toyke o6bema, He COAEPIKallero 3apsifloB, paBHO CPEJHEMY

3HAYeHHIO NMOTEHIMaJJa Ha MOBEPXHOCTH 4/000f chepbl C LEHTPOM B 3TOH ToyKe.

1.10. C nomombio Teopemsl 'aycca fokasarb, YTO Ha HCKPHBJEHHOH mosepX-
HOCTHM 3apsiKeHHOTo INPOBOAHHKA HOpMajbHAs I[iPOM3BOAHAS 3JIEKTPHYECKOTO
noJssi YROBJETBOPSIET COOTHOLUEHHIO

1 0E 1 1
ran=—(ates )
rie Ry ¥ Ry — rJjaBHble pafiiychl KPHBH3HBI IOBEPXHOCTH.

1.11. TlokasaTb meopemy é3aumnocmu I'puna: ecnu @ — morenunasn, obyc-
JIOBJIEHHEI! 06BEMHBIM paclpefieleHHeM 3apsiia Q W MOBEDPXHOCTHBIM paclpefe-
JeHHeM O, a ®'— norenuuan, 06yCIOBIEHHEIH APyTHM OOBEMHEIM pacnpefene-
HHEM Q M TOBEPXHOCTHHIM pacrnpejiejieHHeM G, TO CIDaBefJIHBO COOTHOLUEHHE

( QCD’_d3x—]—:§ o®’ da= g o' D d3x I § o' ® da.
v s v s

1.12. Jlokasate meopemy Tomcona: npH (DHKCHPOBAHHOM IOJIOXKEHHH MpO-
BONAIIMX MMOBEPXHOCTe# M 3aJaHHOM IIOJHOM 3apsfie Ha KaXJoH NOBEpPXHOCTH
3/IeKTpoCTaTHYeCKasi JHeprus moJst B o6jacTH, OrpaHHYEHHOH STHMH IOBepX-
HOCTSIMM, MHHHMaJbHa JJs TaKOIO PacloJIOXKeHHs 3apsifioB, MPH KOTOPOM KaX-
Jasi IOBEPXHOCTb ABJISIETCS SKBHUIOTEHIHMANbHOMN.

1.13. [lokasaTb CJIEAYIOILYIO TeopeMy: NpH (PHKCHDOBAHHOM IIOJIOXKEHHH
NPOBOAAIIKX MOBEPXHOCTeH H 3aJaHHOM I[OJHOM 3apsifie Ha KaXxJoH M3 HHUX
BHECEHHe He3apseHHOT0 M30JMPOBAHHOTO NMpPOBOJHKHKA B 06,1acTh, OrpaHHMYEH-
HYI0 3THMH MOBEPXHOCTSIMH, CHHIKAeT 3JeKTPOCTATHYECKYI0 3HepTHI0 CHCTEMBI.
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IF'PAHHYHDBIE 3AJAYH 3JIEKTPOCTATHKH. 1

Bo MHorux 3ajayax 3JeKTPOCTATMKH PacCMaTPHBAIOTCS I'PaHHYHLIE
[I0BEPXHOCTH, Ha KOTOPLIX 3aJaH MOTEHLHMaJ HJH MJOTHOCTb IOBEpX-
HocTHoro 3apsipa. B rau. 1, § 10, mano dopmanbhoe peluenue 3ajgau
TAKOrO THNIAa ¢ nomombio ¢yHkiui I'puna. B nmpakruyecku BcTpeyaio-
IUXCsl cay4asix (Jaxke NPH BecbMa CHJIBHOH HIeasn3alliu) onpejese-
HHe COOTBeTCTBYIoWeH GYyHKIUM I'puHa nmogyac BecbMa 3aTpPyAHUTENb-
Ho. B cBs3u c 3TuM Obl1 paspaboTaH psj APYrMX METOIOB pelleHus
rpaHWYHBIX 3ajia4, MPHYeM HEKOTOpble W3 HUX J0BOJBHO JaleKH
oT Meroga ¢yHKuu# ['puHa. B 3Toll riaBe Mbl MO3HAaKOMUMCS C IBYMS
TaKUMH MeTonaMu: 1) MeTonoM msobpakeHHH, BeCbMa TeCHO CBSI3aHHBIM
¢ MeTozioM (GyHKIHMH I'puHa, U 2) METOLOM pa3soXKeHHUsl 0 OPTOroHasb-
HbIM (GYHKIUAM, B KOTOPOM HCIOJb3yeTcsi caMmo AuddepeHInasbHOE
ypaBHeHue, a HeNMoCPeACTBeHHoe NocTpoeHue (yHKuuuM ['puHa He mpo-
u3BoguTcA. Jlpyrue MeTOAbl peIIeHMs 3JeKTPOCTaTHYeCKuX 3ajad,
KaK, HarnpuMep, MeToi KOH(OPMHBIX mnpeo6pa3oBaHuil B JABYMepHBIX
3ajlayax, paccMaTpuBaTbcs He OynyT. Uwuratenu, uHTepecyromwuecs
MeTOJ0M KOH(OPMHBIX Npeobpa3oBaHuil, MOryT NMO3HAKOMHUTBCSA C HUM
N0 JjuTepaType, NPHUBOAMUMOH B KOHIe TIJaBbl.

§ 1. Memoo u3o6padicenunii

Meron nso6paxeHnil NpuMeHHM B TeX 3ajayaX, rje HYXHO HaHTH
N0Jle OJHOr0 WJIM HECKOJbKHUX TOUeUHBIX 3apsiioB MpPU HaJAuuyuu rpa-
HHYHBIX MOBEPXHOCTeH, HanpuMep 3aseMJIEHHBIX UJH NMOJJEPKHUBAEMbIX
NPH NOCTOSHHBIX TMOTeHIManax mnpoBogHUKOB. IIpu onpeneseHHBIX
YCJIOBHSIX MOXKHO NM0A06paTh TaKylo CHCTEMY 3aps0B, HMEIOLIMX Hajjie-
Kallylo BeJIHYMHY W HajJjiexkalluM oO6pa3oM pacloJiOKeHHbIX BHe MHTe-
pecyiomeii Hac o6JiacTH, 4TO JeficTBue 3TuX 3apfAgoB obecrnedyunBaeT
TpeGyeMble rpaHUYHBIE YCJAOBHsi. DT 3apsifbl HasplBalOTCA 3apA0amU-
usobpascenusami, a 3aMeHa HCTHHHOH 3a[aud ¢ rPaHUYHBIMU YCJOBHSAMH
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Ha SKBUBAJIEHTHYIO 33jia4y ONpejesieHUsI MOJSA B pacliipeHHoH obJacTu
6e3 TrpaHMYHBIX YCJIOBUH, HO C Y4YeTOM 3aps]oB-u3o0paxkeHuil Hasbl-
BaeTcst memodom uzobpaxcenuti. 3apsiabi-u3006paKeHust NOJIKHBI HAaXo0-
JUThCA BHE MHTepecylollero Hac o6beMa, MOCKOJbKY MOTeHLnald Co3aa-
BaeMOr0 MMM [NOJsi JOJXKeH YJOoBJIeTBOPSATb ypaBHeHuto Jlansaca

|
7 [

A ®=0 r—cp:o
|
|
|
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® ur. 2.1. K pemennio 3aiayd MeTOAOM H306paKeHHH.

CneBa — HMCXOAHast 3ajaya, COpaBa — 3KBHBaJleHTHast 3ajaya, TNOJYUYEeHHas® MeTOJOM
uso6paxkeHHui.

B 3ToM oObeMe; YacTHOe e pellleHue ypaBHeHus Ilyaccona paercs
CYMMO¥ TNOTEHIHAJIOB, COOTBETCTBYIOIINX peasbHBIM 3apsiiaM, Haxons-
muMcsi BHYTPH 0ObeMa.

B kauecTBe mpocreiillero mpuMepa pacCMOTPHM TOYedHHIH 3apsi,
pacrosioxkeHHbIH y GeCKOHEYHOH NPOBOASIIIEH MJIOCKOCTH, HMerolleh
HyJeBod noreHuuan (¢ur. 2.1). OyeBngHo, 3Ta 3amaua 5KBUBaJIeHTHa
3anaye 00 oNpefeseHNM MOTeHIMAaJa CHCTEMBl JBYX 3apsoB — IepPBo-
Ha4yasbHOIo 3apsifia 1 PaBHOTO eMy IO BeJIHYHHe, HO IPOTHBONOJIOXKHOIO
70 3HaKY 3apsifia, PacCroJIOXKeHHOro 3epKajbHO CHMMETPUYHO MepPBOMY
OTHOCHUTEJIbHO MOBEPXHOCTH MPOBOJHHKA.

§ 2. Toueunwtii 3apsad 86au3n 3a3eMACHHOZ0
cihepuneck020 nPOBOOHUKA

Ias wamocTpauuu MeTofa u300paKeHWH PpaccMOTPHM — 3ajauy
O ToJie TOYeYHOro 3apsija ¢, PacroJIoKeHHOro B ToukKe y BOMU3H Chepu-
YeCcKOro 3a3eMJIEHHOro ') mpoBoJHHKA paJuyCcoM a ¢ LeHTPOM B Hauale

1) Tlox 3a3emaeHHbiM Mbl TIOHHMAeM IPOBOAHHMK, Ha KOTOPOM C IOMOIIbIO
TOHKOTO NPOBOJla MOAAEPKHBAETCS TOT 3Ke MOTeHLHAN, YTO ¥ Ha GeCKOHeUHOCTH.
Ipennonaraercsi, 4To 3TOT CBS3YIOMMH NPOBOA HE HCKa)KaeT paclpejeneHHs
norennHana. OfHAaKO oOH Mo3BossieT 3apsijaM NepeMelaTbcsi H3 GeCKOHEYHOCTH
Ha IpPOBOJAHHK H 06paTHO TaK, 4ToGH O0GecHeyHTb Ha NPOBOAHHMKE IOTEHLHaNX
«3eMJM» (IpHHMMaeMbli OGBIYHO 3a HYJeBOH). AHaJOrMYHO cjelyeT HOHHMATh
H TPOBOAHHK, TOAAEPXKHBEMBIH NpPH MOCTOSIHHOM MOTeHLUHaJe, ¢ Tol pasHHLeH,
4YTO B 3TOM CJyuae MeX1y 3emJyieH H NIPOBOJAHHKOM BKJIOYEH HCTOYHHK HAlPSIXKEHHUS .
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koopauHar (dur. 2.2). HyxkHo Ha#iTu noteHuuat @ (x), yI0OBIeTBOPsIO-
wuit yeaosuo @(x) = 0 npu | x | = a. VI3 cuMmerpun 3ajaun sCHO,
uTO 3apsij-u3obpaxenue ¢ (mpexnosaraercss, 4ro AOCTaTOYHO OJHOTO
3apsifa-u3o6paxKeHus) NOJKeH ObITb PACHOJIOXKeH Ha MPAMOH, coefu-
HAOWEeR HAayajlo KOOPAHHAT ¢ 3apaioM ¢q. Ecau 3apsan g HaxonuTcs eHe

D ur. 2.2.3apsaj g 86u3u chepu-
4eCKOro NPOBOAHHKA PajiHycoM a
i H306paKenHe 3TOrO 3apsija ¢ .

cepel, TO TOYKa H300paKeHUsl y' JoJKHA OblTb BHYTpH chepnl. [Toren-
uHaJ 10Js, CO3/aBaeMoro SapﬂllaMI/I g 4 ¢, paBeH

, .

® (%)=l + s (2.1)
Me! JOJIKHEL TIOTBITAThCS M10106paTh ¢ H |y’ [ TaK, 4ToObl 3TOT NOTEH-
1HaJI ofpalascs B HyJb IpH | X | = a. OG03HAYHB Yepe3 N eAHHHYHDIH

BEKTOD B HalpaBJeHUH X, a Yepe3 n’ eJMHHYHBII BEKTOp B Halpabiie-
HuH y, npeacrasuM @ B Buge

® (%) = g+

BbiHocst 3a cKOOKM B [IEPBOM CJlaraeMoM X, a BO BTOpPOM y' W HoJaras
X = @, moJy4yaeM

I

(2.2)

jxn—y'n’| "

’

— ) — q
O (% =0) = ora—ram| + T =@ Ta] (2:3)
U3 (2.3) caenyer, 4TO €C/U MOJOKHUTD
9__9 y_a
a - y/ K a - y/ 4

TO Nmpd x = @ noreHuxas D paBeH HyJO JJis BCeX 3Ha4YeHHH n-n'.
Takum o6pasom, Be/MUHHA H TNOJIOXKEHHe 3apsija-H300paxKeHHs oInpe-
IeJSIIOTCS. COOTHOILEHUSIMHU

2
g=—70 y=5. (2.4)
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3ameTuM, 4TO MO Mepe NPHONMKEHHS 3apsiia ¢ K NOBEPXHOCTH chepbr
BeJIHUHHA 3apsia-u3o0paKeHHss CTAHOBUTCS Bce GOJibllle W OH BCe
GoJibllie yaanasieTcss oT LieHTpa chephl HaBcTpeuy 3apsiny g. Koraa 3apsn
G HaxXOAHTCA y MOBePXHOCTH cdephl, ero u3oOpaxeHHe PaBHO eMy
0 BeJIMUYMHE H NPOTHBONOJIOXKHO IO 3HAKY U PACHOJIOXKEHO TOXKe y CAMOH
NOBEPXHOCTH C(ephl.

® ur. 2.3. Pacnpenenende no-
BEpXHOCTHOH IJIOTHOCTH 3apsifia
0 Ha 3a3eMJyieHHOH cdepe paauy-
COM @, HHAYLHpPOBaHHOEe TOYeu-
HBIM 3apsAA0M ¢, PacOJIOXKEeHHHIM
HAa pacCTOSHHH Y OT IeHTpa
cepH.
TlpuBefenbl KpHBble ISl ABYX 3Ha-
yenu#t y. [Mo ocu abcuHcC OTIOXKEH
yrojl Y MeXJAy pajuycaMH-BeKTOpa-
MH, IDOBeleHHBIMH H3 UeHTpa chepn
K 3apsily H K TO4YKe HaﬁJ’llOJleHHﬂ.

: : )
g

Haiins 3apsan-usobpaxenue, Mbl MOXKeM BEPHYTbCSL K NepBOHAYaJIb-
HOl 3ajaue O 3apsjle § BHe 3aseMJieHHOH npoBopsueil chepr. Herun-
HYIO IUIOTHOCTb 3apsiioB Ha MOBEPXHOCTH cdepbl MOKHO HAHTH IO HOP-
MaJIbHOH NpPOM3BOAHOH NoOTeHnHajJa Ha NOBEPXHOCTH

1o __ 49 a 1 —a?/y? . (2.5)
4n Ox |x=a 4na® y (14 a2/y2--2 (a/y) cos y]*/2 ? ’

3JleCb Y — YroJ MeXJAy X U y. 3aBUCHMOCTb [TOBEDXHOCTHOH IJIOTHOCTH
(oTHeceHHOH K — ¢ /4ma®) oT y AJs ABYX 3HAUeHMH y/a TNpuBeleHa
Ha ¢ur. 2.3. Kak BHIHO M3 KDPHUBBHIX, 3aps] KOHLEHTPHPYeTCs BOJIH3H
Hanpas/jeHuss Ha TOdYeuHbIH 3apsifi ¢, OCOGEHHO B ciydae y = 2a.
HernocpencrBeHHEIM HHTErpUPOBAHUEM JIErKO yOEAMTbCS, YTO MOJIHBIH
HHAYLUUPOBaHHBIH 3apsii Ha cdepe paBeH IO BeJHYMHe 3apsAy-H30-
OpakeHHIO, KaK U JOJ/IKHO ObITb corjacHo TeopeMme ['aycca.

Cuay, AefiCTBYIOILYIO Ha 3apsili §, MOXKHO ONpefesdaTb PasIM4YHBIMH
cnoco6amu. Ilpome Bcero HemocpencTBEHHO HaHTH CHJY B3aMMoOJeH-
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cTBHSA 3apsija g ¢ ero uaobpaxeHnueM q'. PaccTosiHue MeX 1y HUMH PaBHO
y—y =y (1 —a’/y?), TaK uTo CuJla IPHUTSAKEHHs, COTIACHO 3aKOHY

KyJsiona, paBHa
2 3 2\ -2
|F|=%<%> <1—% . (2.6)

Ha janekux pacCTosiHHsIX 3Ta CHJla yOblBaeT 06paTHO NMPONOPIHOHAIBHO
KyOy pacCTossHusA, HO BOJIH3H MOBEPXHOCTH Chephl OHa MeHsieTcs: obpar-
HO NPOMNOPIMOHAJLHO KBajpaTy PacCTOSIHHA OT NOBEPXHOCTH Cdephl.

dF =2mo?da

D ur. 2.4.

Cuny, nefiCTBYIOILYIO Ha 3apsifi ¢, MOXKHO TaKMXKe HaHTH, BHIYHUC/IHB
TIOJIHYIO CHJy, JeHCTBYIOILYI0O Ha mnoBepxHocTb cepol. Ha Kaxiawi
3JIEMEHT NMOBEPXHOCTH da JeHcTByer cuia 2no*da (dur. 2.4), rae o onpe-
JejsieTcs cootHomeHueM (2.5). M3 cuMmeTpuu sicHO, YTO IoJiHasi CHJa
onpejielisieTcsl JHUIIb COCTaBJsOLeH, napaJljeJbHONH paauycy-BeKTOpY,
NpoBeleHHOMY U3 1leHTpa cdhepbl K 3apsay ¢. Takum oOpa3oM, NoJjHast
CHJla, JeiicTByiomas Ha cdepy (paBHas N0 BeJHYHHEe W NPOTHBONOJIOXK-
Has MO HaNpaBJ/IeHHIO CUje, JEHCTBYIOIeH Ha 3apsj ), paBHa HHTe-
rpany

g a\2 a2\ 2 cos ¥
Fl=ga(5) (1-2)" rramsmenr @ @D

BrinosiHsiss WHTErpUpOBaHHe, HENOCPELCTBEHHO nosydaeM (2.6).

Ho cux nop Mel npeanoJiaraju, YTo TOYEUHBIH 3apsj] ¢ HaXOLMTCA
éne cepbl. OnHAKO BCe NpHUBeJeHHbIE pe3yJ/ibTaThl COPaBeAJUBbEl U AJIS
clyyasi, KOTAa TOYEUHBIH 3apsj, ¢ HaXoxutcs ewympu chepsl. B sToM
clydae HYXKHO JIMIIb U3MEHHTb 3HaK Ha oOpaTHBIf B BBIpaXeHUH IJId
TIOBEPXHOCTHO! MJIOTHOCTH 3apsiia (2.5), NOCKOJBKY BHEIIHsIsT HOpMaJb
K NPOBOJHUKY HanpabJjieHa Telneph K IeHTPy cdeprl. Mbl npepocTabisieM
4nTaTesI0 HaNucaTb Bce (GOopMyJbl AJIs 3TOTO Clydast C yyeTroM TOro, 4To
Tenepb y << a. YIJOBOe pacnpefiejieHHe NOBEDPXHOCTHOrO 3apsja aHa-
JIOTHYHO NpUBeJEeHHOMY Ha ¢ur. 2.3, HO NOJIHBIA HaBeleHHBIH 3apsp
paBeH, KOHEYHO, —§ HE3aBUCHMO OT Y.
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§ 3. Toueunwviii 3aps0 86au3n 3apANHCEHHOZ0
U30ABPOBAHHO020 chepuuecKk0z0 npoBOOHUKA

B npeppiaymeM naparpade Mbl pacCMOTpesH 3ajady O IoJie Toyed-
HOTO 3apsifia g BOJH3H 3a3eMJIeHHOH cdepbl M HAUUIH NOBEPXHOCTHYIO
IVIOTHOCTb 3apdja, HHAyuupyemoro Ha cdepe. IloHbl HHAYyHHpPyeMBl
3apsii, paBHbI ¢ = — ag/y, pacnpeleseH IO NOBEPXHOCTH chepbl
TaKUM 00pa3oM, YTO OH HAXOJLHUTCS B PaBHOBECHH MOJ AEHCTBHEM 3JI€K-
TPHYECKOTO MOJIS.

[Tepexoms x 3ajaue o ToyeyHoM 3apsiie ¢ BOJIM3H H30JMPOBAHHOU
NpoBoAsleil cdepsl ¢ 3aJaHHLIM NOJHBIM 3apAI0M (, MBI MOKEM IOCTPO-
UTb pellleHHe NyTeM JUHEeHHOH CyNepnosHlUHU noteHuuasnoB. Has ypo6-
CTBa pacyeTa NpeJiCTaBUM cefe, YTO CHayaJja NpoBojsinas cdepa 3aseM-
JieHa (TOJIHBIH 3apsij ee MOBEPXHOCTH NPH 3TOM paBeH ¢'). PasoMkHeM
Tenepb 3a3eMJSIOIIKHA NPOBOJ M BHeceM Ha cdepy HOMOJHHTENbHBIH
3apsii Q — ¢'. TlonHblll 3apsj Ha chepe CTaHET NpPH 3TOM pPaBHBIM Q.
UTo6E HalTH MOTEHIMAJ, JOCTATOYHO 3aMETHThb, YTO BHOCHMBIH JOIOJ-
HUTeJbHBIH 3apsii Q — ¢’ pacnpenesisieTcss pagsHomepHO O MOBEPXHO-
cTH cdepbl, HOCKOJIbKY 3J1€KTPOCTAaTHYECKOe NoJie, 06y CI0BIEHHOE TOYey-
HBIM 3apsfioM ¢, yXKe ypaBHOBellleHo 3apsifioM ¢ . Takum oGpasom,
BHe cepbl MOTEHLIHAJ JONOJHUTENBbHOrO 3apsiia Q — ¢’ paBeH NOTeH-
LHa/lly TOYEYHOro 3apsijia TOH e BeJHYHHBl, MOMELIEHHOr0 B IHTpe
cdepsl.

[ToaHbllt moTeHuMas npeacTaBisier COGOH CyNEPHNO3UIMIO IOTEH-
nuana (2.1) ¥ noreHnuajsa TOYEYHOro 3apsiga Q — ¢', HaxojsLlerocs
B Hayajle KOOpAHHAT (B LeHTpe cdepbl):

aq Q+(a/y) q
)= eyt e (2.8)

Cualy, HefCTBYIOILYIO Ha 3apsj] §, MOXKHO HaiTH HeNOCPeACTBEHHO
¢ noMombio 3akoHa Kysona. OHa HanpaBseHa BAOJb pajuyca-BeKTOpa
TOYKH HaXOXKJEHHd 3apsja ¢ U pPaBHa

3(2y2— a2
[Q qZ(wy 02;12) Y (2.9)

B npenenpHOM cilydae y » a cooTHoweHue (2.9) nepexoiuTr B OObIY-
Hblii 3akoH KyJsioHa AJIsi CH/IBl B3aUMOJEHCTBHS 1BYX MaJblX 3aps-
KEHHBIX TeJ. Eciu Ke TOueuHbll 3apsii HaXoauTcsi BOIM3H cdepsl,
TO CKa3blBaeTCsl BJIHsIHHE 3apsiia, HHAYLHPOBAHHOIO Ha IOBEPXHOCTH
cthepel. Ha dur. 2.5 nokasaHa 3aBHCHMOCTb CHJIBI OT PacCTOSIHHA AJIs
pa3iuuHbIX 3HaueHu# Q/g. ITo ocu opauHAT OT/I0XKEHA CHJla, OTHECeHHas
K ¢*/y®. TlojoxurenbHble 3HayeHHs1 COOTBETCTBYIOT OTTaJIKMBAHMIO,
OTpHIaTe/IbHble — NpUTsKeHH0. Ecau 3apsin cdepbl paBeH HYJIO HIH
NPOTHBONOJIOKEH M0 3HAKY 3apsily ¢, TO HA BCEX PACCTOSIHUSIX HMeeT






