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BBEJIEHHE

B naHHBIX METOAMYECKHX YKa3aHHUSAX IO TEME «QIIEKTPOCTATHKA
COZEpIKATCsl TEOPETUUECKHE CBEICHMS W MPUMEPHI PelIeHHs 3a1ad, MpH-
3BaHHBIX CIIOCOOCTBOBATH CAMOCTOSTEIBHON paboTe CTYACHTOB B KAUeCTBE
BHEAYAUTOPHOTO YTCHHUS U BHIITOIHEHNS pacu€THO-TpahuIecKux padorT.

Haunnas ¢ ncTOpUYEecKOro acmeKTa, pacCMaTPHUBAIOTCS AKCTIEPH-
MEHTBI 110 TeHEepaluy EKTPHIESCKUX 3apsI0B U UCCICIOBAHUIO UX B3au-
MojieiicTBus (3akoH KyrnoHa), BBOISTCA MOHATHS HANPSDKEHHOCTH IO,
noTteHuuana. PaccmarpuBaercs UX CBsA3b. BBOOUTCS MOHATHE MOTOKA. Teo-
pema Octporpanackoro-I'aycca BeIBoAnUTCS B MHTErpanbHON u auddepen-
uuaigbHOU opme. [laroTcs HeoOXOaMMbIe MaTeMaTHUECKUE OTpeACTICHHs
B (popManm3alii C UCIIONb30BaHKEM orepatopa 'ammmsToHa. O6CYyXIa-
eTCsl BU3yaln3alysl 3JeKTPUIECKOTO MO C IOMOIIBIO CHIIOBBIX JIMHUM
SKBUIMOTCHINATBHBIX TOBEPXHOCTEH.

Kaxnp1if u3 pa3nenoB CHa0KEH MpUMEpPaMH 33129 C PEIISHHISMHU.

B koHIIe npeanararoTcs 3aaa4n A1 CAMOCTOSATENFHOTO PEIICHUSL.

HOPEIMET JIEKTPOCTATUKHU

CJ0XXHO CKa3aTh KaKye OIBITH HABEJIM YEJI0BEYECTBO Ha MBICIb O
CYILIECTBOBAHHHU JJIEKTPHUYECKHX 3apsiioB. BO3MOXKHO, 3TOMY MOCITYKUIN
OTIBITHI C STHTAPEM, 00JIaJA0NIHM, TOBOPSI COBPEMEHHBIM S3bIKOM, CIIOCO0-
HOCTBIO K 3JICKTPU3alUuu. OTOT OIBIT JIETKO IMOBTOPUTH B JOMalIHUX YCJI0-
Busix. Ecm HaTepeTh Kycouek sIHTapsi TKaHbO, K HEMY OyayT MpPUTATH-
BaTbCA MEJIKUC JUIJICKTPUICCKHUC IIPECAMEThI, HAIIPUMEDP, KIIOYKHU 6YMaFI/I.

SIBneHnE SNEKTPU3ALUH TaKKe MOKHO HaOII0AaTh MPU HOLICHUH
OJICKIbl, B COCTaB KOTOpPOW BXOOUT CHHTETHKA. IIpH HOIIEHWMH Takoiu
OJIEK/IbI MEXK/Ty BaMU M OKPYKAIOLIUMH MPEAMETaMH MOT'YT IIPOCKaKHBATh
HCKDBIL.

Camu 1o ce0Oe yKka3aHHBIE OIBITHI €I HE CBUAETENILCTBYIOT O
HAJIMYUM B NPHUPOAE JIEKTpUUECKUX 3apsinoB. CKopee, OHU MOT'YT HABO-
JIATH HA IT0JO0HBIE MBICIIH.

Ecnu monpocuth cTyIeHTOB OOBSICHUTH OMBIT C SHTAPEM, MOXKHO
yCIbIIaTh OpuMepHo cieayromee. «lIpu TpeHnn sHTapst TKaHbIO, 3JIEK-
TPOHBI MEPEXOIAT C SIHTaps Ha TKaHb. M M0O3TOMy, MOCKOJIBKY DPa3HO-
WMEHHBIC 3apsbl MPUTATUBAIOTCS K KYCOUKY sIHTapsl (Wi 300HUTOBOU
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HAJIOYKE, MU pacu€cKe, €CIU OIbIT IPOBOIUTH HE C SHTAPEM, a C 300HU-
TOBOW MAJOYKOW MM pacdy€cKkoi) OyAyT MPUTITUBATHCS KyCOUKH Oyma-
ri». XOTs B Hayajle Kypca «DJIEKTPUYECTBO M MAarHeTH3M» CTYACHTHI
emé «ouIranbHOo» He 3HAKOMBI ¢ TIOHSATHEM 3JIEKTPHYECKOTO 3apsaa U
YCIIOBUSMH B3aMMOJICHCTBUS 3apsloB, Y CTYICHTOB €CTb 3HAHHUS U3
LIKOJBHOTO Kypca (M3MKH ¥ MCTOUYHUKOB MH(OpMAIMU 1O 3JIE€MEHTap-
HOW (U3MKe, TaKHX, KaK Hay4dHO-TIOMYJSIpHAs JUTEpaTypa U WHTEpPHET.
[TosTOMy CTyZmeHTBI OyMarOT, YTO MOTYT OOBSCHHTH 3TOT Ha IEPBBIN
B3I IIPOCTOM OMBIT «c Oymaxkkammu». Ha camom nene B mpeuiaraeMoM
OOBSICHEHHN COJICPKHUTCS JOTUYECKOe HECOOTBETCTBHE. ECIU 351eKTpOHEI
MEPEeXoAAT ¢ SHTaps Ha TKaHb (YTO COOTBETCTBYET ACHCTBUTEIBHOCTH),
TO MOYEMY K SHTApIO NPUTITUBAIOTCS 3JIEKTPUUECKU HE3apsKEHHBIE Ky-
COYKH OyMakku? 3apsiapl BpA[ JIM CMOIJIM NEPEHTH ¢ TKAHH Ha 3TH Ky-
COYKH, TOTOMY YTO KaK TKaHb, TaKk U Oymara o0jaJacT OYeHb BHICOKHUM
IEKTPUIECKUM COINpPOTHUBICHUEM. CIe0BaTeNbHO, NPEAIaraeMoe CTy-
JeHTaMH 00BSICHEHHE SIBJISICTCSI HEBEPHBIM.

C IMpaBUJIbHBIM 00BSICHEHHEM JaHHOI'0 sBJICHUA Mbl ITIO3HAKO-
MHUMCS B TIPOLIECCE U3YyUCHHUS DIICKTPOCTATHKH.

dnekmpocmamuKkou Hazvleaemca pazoen QuuKu, 3aHUMAI0-
WuIicA U3YYEHUEeM CHMAUUOHAPHLIX (He 3Q6UCAWUX OMm 68pPeMeHu)
INEKMPUYECKUX NOJIeHl, CO30AHHBIX HEHOOBUICHBIMU (8 1AOOPaAmMOpPHOIl
cucmeme omcuéma) 3apA0amu.

SKCHCpI/IMCHTaHLHOC IMOATBCPIKACHUC CYLICCTBOBAHHUA JJICKTpPU-
YeCKHX 3apsioB cienyeT u3 3akoHa Kynona. st Toro 4toObl mpoBecTH
onblT Kynona, He00X0IUMO, HONTY4UTh 3IEKTpUUEcKUe 3apsaasl. OxHuM
13 crnoco0O0B MX MOIYyYEHHS SBISETCS ONBIT ¢ sHTapéM. B mabopaTopHbIx
YCIOBHUAX MJIA MOJYYCHHA, @ TOUHEC, Pa3ACIICHUA JJICKTPUUCCKUX 3aps-
JIOB UCTIONIB3YIOT YCTPOICTBO, Ha3bIBAEMOE IEKTPOPOPHOI MAIIMHOH.

OIIBIT ITO PA3ZJIEJIEHUIO 3APS/10B

OKCIeprMEHTANIFHO Pa3/IefieHHe 3aps/ioB TPEHHUEM peaM30BaHO B

TaK Ha3bIBaeMOH MeKTpodopHO MammHe. IMEHHO Takoe yCTpOWCTBO JUist

paznenenus 3apsioB moib3oBaock o0 koHIa XV Beka B TeXHUYECKHX

UCTOYHMKAX TOKa. B anexTpodoproii Mammae (OM) AMCKH MAIIMHBI IPH-

BOJIATCS BO BpAIlleHHE B NMPOTHBOMOJIOXKHBIX HampasieHusx. Ha anckax

HAaHECEHbl METAJUIMYECKUE TMOJOCKH, 3aps] C KOTOPBIX CHUMAIOT
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HETIOJIBIKHO 3aKpeIUIEHHBIE KUCTOUKH. KOHCTPYKIMS MalllMHbI O3BOJISIET
CHMMATh 3apsii TaKUM 0Opa3oM, 4YTOOBI MOJOXKUTEIBHBI U OTPULIATENb-
HBIN 3aps/bl HAKAIUIMBAIMCH HAa Pa3HBIX OOKIIAJKaX KOHAEHCATOpPa, Mpea-
CTaBJIAIOUIETO B HALIIEM CIIy4ae TakK Ha3bIBAEMYIO JICHICHCKYIO OaHKY.

IIpocteiimras Jleimenckas OaHK BBITISAUT KaK CTEKIISTHHBIN ITH-
JUHAP, OAHA W3 00pa3yIOMNX
KOTOPOTO OOBEpHYTa JHCTOM
MeTaumaeckod (oneru. Cu-
CTeMa, COCTOSsILAas M3 [JBYX
neeHCKuX OaHOK, MpeACTaB-
nsieT co0oil OOBIYHBIN 3JEK-
TPUYECKUHA KOHJIEHCATOp, B
KOTOpPOM 3apsJ] OJHOIO 3HaKa
HAaKaIUTMBAeTCsl Ha OIHOW, a
MPOTUBOIIOJIOXKHOTO — Ha JpYy-
roi oOKmamke, pa3ae’éHHBIX
JMANEKTpUKOM. B nanHOM npu- Puc. 1. DnektpodopHas MammHa.
Mepe MEXaHW4YecKas JHEeprus
peodpazyeTcst B 3IEKTPUUECKYHO SHEPTHIO.

Ecimm moacoequHAUTh K pa3HBIM TOJIOCaM JICHACHCKOH OaHKK TIPOBO-
Jia U CONMBUTH WX KOHIIBL, 3apsibl HAUHYT HEePEXOIUTh C OJJHOTO MMPOBOAA Ha
npyroii. Takoit mporiecc B BO3IyXe COMPOBOXKAAETCSI 00pa30BaHUEM HUCKPHI U
XapaKTEePHBIM TPECKOM.

ONeKTpUYecKHe 3apsiibl, MOTYyYECHHBIC C TIOMOIIBIO ANIEKTPOGOPHON
MaIIMHBI, MOYKHO MCTIOJIB30BaTh U1l IOCTAHOBKY oIbITa KymoHa.

3AKOH KYJIOHA

Paccmotpum nBa mpoBosnux mapuka. OAuH U3 HUX HETOIBIK-
HO 3a()MKCHPOBaH, JPYrol ypaBHOBEIIEH Ha YNPYrod HUTH Tak, 4TO B
YPaBHOBELIEHHOM COCTOSIHUM colipukacaeTcs ¢ nepsbiM. [lapuku Oynem
CYUTATh a0CONIOTHO OJMHAKOBBIMU. COOOIIMM OTHOMY M3 HIAPUKOB 3JIEK-
TPUYECKHIA 3apsijl, HarpuMmep, CHATHIN ¢ JleliaeHckoit OaHKu. 3apsiabl pac-
NpeAeNATbCA MEXAy HUMU OJuHaKoBo. K mpumepy, eciii Ha mepBblid Ie-
pemwio 1000 31eKTPOHOB, TO TOCTIE CONPHUKOCHOBEHUSI Ha 000MX OyneT
o 500. U Tyt Oynem HaOmogaTh To, uto Habmonan Kynon. OnHonMmeH-
HO 3apsDKEHHBIC IIAPUKH HAuYHYT OTTalkuBaThes. Cuily, ¢ KOTOPOH OHHU
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OTTAJIKUBAIOTCS, JIETKO HAWTH, 3Has BpamlaTeNbHYIO YIPYTOCTh HHTH.
Oxkaxkercs, 4TO CHJIA, ¢ KOTOPOH MIApUKHA OTTATKUBAIOTCS, OOPATHO IPO-
MOPIIMOHATIbHA KBAJPATy PACCTOSHUS MEX/y IIEHTPaMHU IMapukoB. Buo-
M3MEHUM OTBIT. YUYUTHIBasA, YTO 3apsabl Ha JlelaeHCKuX OaHKaxX B TOY-
HOCTH PaBHBI U TPOTHBOIOJIOKHKI MO 3HAKY, IMepeNagrM Pa3HbIM MIapH-
KaM pa3sHOMMEHHBIC 3apsnmbl ¢ pa3HbIX JleWmeHckux OaHok. IlpemBapu-
TENBHO NOOBEMCS TOTO, YTOOBI PABHOBECHOMY TTOJIOKEHHIO COOTBETCTBO-
BaJI0 HEKOTOPOE YTIIOBOE PACCTOSIHWE My Iapukamu. Torma HATH, Ha
KOTOPOM MNOJBELICH BTOPOM IIAPUK, 3aKPYTUTCS HA HEKOTOPBIM yrodi,
yKa3bIBasi Ha MPUTHKEHNE MIAPUKOB, CHJIa KOTOPOro OyneT oOpaTHO Mpo-
MOpIMOHANIbHA KBAApaTy PacCTOSHUS, TaK jK€ KaKk ¥ B MEPBOM ClIydae —
CHJIa OTTaJKUBAHMSL.
3agymaeMcs 0 HOCHUTENSIX 3apsfja B IEPBOM M BTOPOM M3 pac-
CMaTpUBaeMbIX ciaydasx. Hocurenem OoTpuUIATENBHOTO 3apsiia SIBJISCTCS
anekTpoH. IloHATHE «dNEKTPOH» Kak HeAeTnMasi YaCTHIIA BBEN AIIEKTPO-
xumuK JIx. Ctoyam B 1894 1., oOHapykeH oH ObLT mo3ke: B 1897 T.
3. Buxeprom u Jxx. Tomconom. HemHoro 3a0erast Briepén 0OTMETUM, YTO
TaKOW «yHOOHOW» YaCTHIIBI, KaK AJIEKTPOH, JUIA MEePEHOCa TOJI0KHUTEITb-
HOTO 3apsijia He cymecTByeT. llomokutenpHbIN 3apsaa HecET B cebe Tak
Ha3bIBAEMbIH «IIPOTOHY», KOTOPBIM TOCTATOYHO TPYAHO NPUBECTH B JIBU-
xenue. [loueMy ke MOXXHO TOBOPHUTH O MEPETCKAHUHU TOJOKHUTEIHLHOTO
3apsaa? [la mpocTto moToMy, 4TO TiepeTekaHne B OJHY CTOPOHY (HAIpH-
Mep, ClieBa HalpaBo) OTPHLATENBHOTO 3apsja paBHOCHIBHO TepeTeKa-
HUIO B TIPOTHBOIIONIOKHYIO CTOPOHY (CIIpaBa HAaJEBO) TOJOKUTEIHLHOTO
3apsga. O6o6mas, MoxHO chopmynupoBaThk 3akoH Kynona. Cuna B3au-
MOJICHCTBUS IBYX TOUYCYHBIX HETOABIKHBIX 3apsHKEHHBIX TENl B BAaKyyMe
OpSMO TPOTIOPIMOHANIFHA TIPOU3BEJICHUI0 MOAYJIEH 3apsIoB ¥ 00paTHO
MPOTNOPLMOHANBHA KBaApaTy paccTosiHus Mexxay HuMHu. OHa HampaBieHa
BJIOJIb MPSIMOM, coenuHsomen 3apsaasl. OHa SBISIETCS CUIOW HPUTSHKE-
HUS, €CJIM 3HAKH 3aps/IOB pPa3HbIe, U CHIJIOW OTTAIKUBAHMUSI, €CIIM OTH 3Ha-
ku onuHakoBel (Puc. 3). B nannoii popme 3akoH chopmynuporai Llapib
Kymon B 1785 1. B ckansipHoit hopme (yIpomeEHHO) 3aKOH MOXKHO 3aITH-
caTh KaKk
G -|92
P - kl3]e] |r2| | )



re I — paccTosiHIE MKy 3apsaamu (puc. 3).

WXANS PICCTORNMA
Meway CHepamn

yNPYraa cepebpanaa wume

MI0AMPYIOULMA CTOPENHL 3
(xopoMBICNO)

YPIBHOBOWNBAOWMA
S Gymawnwi gucx
HeNOABIOKHIA

JAPRONEHHIA COepa HIPYWHIAR WKAND

Yrna noBopoTa
MANEHLKS TOKXIA
HEIIPAWEHHIA
3000138 cdepa

Puc. 2. Cxemarmdeckoe nzobpakenue omnbita Kymona.

Bonee npaBuibHO 3anucats 3akoH KynoHa B gexkmopnoti popwme:
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rne O,u O,3apsiasl, U T, paanyc-BeKTOpbI, NPOBEAEHHBIE M3 Hayaa

KOOPJMHAT K B3aMMOJCHCTBYIOIIMM 3apsizaM. [Ipu 3toM OyaeM yd4uThI-
Bath (Puc. 4)":

=i

R ©)

,
Il
o

N
Il
o
|
V=

u
r=[F| =4 4
WNuorna mons3ytoTcst popMyIHPOBKOM B HECKOIBKO HHOH opme
3aIMCH.

1 —
HaHOMHI/IM, YTO 3HAYOK « =) UMCET CMBICJI «rlepe0603HaquI/Ie» Wi, no-aApyromy,
«TOXIOECTBEHHOC PABCHCTBOY.
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Puc. 3 K 3akony Kymona Puc. 4. HamomuHaHue mpaBuia

BbIYUTAHUSA BEKTOPOB.

Kosdpdumuent k B hopmyrnax, 3anucaHHbIX BBIIIE, HE HMEET CITe-
IMaabHOro Ha3BaHus. ClipaBeUInBO:

k=t (6)
Are,
rae
£,=8,85-10" ®/m, ()

Y Ha3bIBACTCS EKTPUYECKO# mocTtossiHHOW. Tak ke, kak u K, & BcTpeya-

1oTcst Tonbko B cucteme CU | CyIIEeCTBYIOT AJsl IPUIAHHUS BEIUYMHAM
pa3MepHOCTH, MIPUHATON B MH)KEHEPHBIX pacuérax. OHU HE UMEIOT 0C000-
ro ¢pmsmdeckoro cmeicna. B cucreme CI'C ux Het. Enunna snekrpudecko-
ro 3apsga «Kymon» (Ki) paBHa 3apsy, NMEpEeHOCHMOMY TOKOM CHIIOH
OJIVIH aMIIep 3a OJIHY CEKYHIY.

Hanvnooeiicmeue 3axkona Kynona. 3axon KynoHa sBIsieTcsl Tak
Ha3bIBAEMBIM <«(IaJIbHOJICHCTBYIOIIUMY 3aKOHOM, IMTOCKOJIIBKY CHJIa B3aHMO-
JICUCTBUS 3apsA70B MPOIMOPIMOHATBHA KBAJpaTy PACCTOSIHUS B CTEICHU
MHHYC JBa. Takyo k€ 3aBUCHMOCTb UMEET IPABUTALMOHHOE B3aUMOIEH-
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CTBHE, TIPO KOTOPOE M3BECTHO, YTO OHO CBS3BIBACT 3BE3IBI B Ipemeliax
OJTHOM TATAKTUKU W TAJJAKTHKHU B CKOIUICHUAX. OIHAKO HAa OOIBIINX pac-
CTOSIHUSIX €r0 HUKTO HE MPOBEPSUII, MOITOMY «IAJLHOJECHCTBUE» 3aKOHA
Kynona HOCHUT XapakTep MaTeMaTHYeCKH 0OOCHOBaHHOH rurores3sl. OT-
METHM, YTO B3aUMOJCHCTBHS, IPOMOPIHOHAIBHBIC 00JIee BRICOKUM CTe-
MEeHsIM PAacCTOSIHUA B 3HaAMEHaTene, Kak, Hanpumep, Ban-Jlep-BaanscoBo
(Tabnumna. 3), B OTIHYHE OT AATBHOACHCTBYIOIINX, HA3bIBAIOTCS OJIU3KO-
JEHCTBYIOLIUMU.

CBOMCTBA DJIEKTPUHYECKOT O 3APSIA

O6cyxnas 3akoH KynoHa MPUXOAUTCS CYUTATHCS C IKCIICPUMEH-
TaJbHO YCTAaHOBJICHHBIM (DAKTOM: Ha3JICKTPU30BaHHBIC MPEIMETHI B3au-
MOJIEUCTBYIOT (TIPUTATHBAIOTCA WM OTTANKWBAIOTCS) HA PACCTOSHHM.
[Ipu 3TOM U1t TOTO, YTOOBI OXapaKTEPU30BATh CHITYy B3aMMOICHCTBUS,
BBOJIAT MOHATHE 3apsia, a JUIs TOr0, 4TOObl OOBSACHUTH caM (hakT B3au-
MOJICHCTBUS, BBOMSAT TOHATHE dIIeKTpudeckoro mois. IIpo smextpude-
CKO€ T10JI€ MO’KHO CKa3aTh TOJIBKO TO, YTO OHO TIPOSIBIISIETCS MTPH B3aUMO-
NEHCTBUM 3apsjioB, U 3TO (opMa CYIIECTBOBaHUS Marepuu. Eciu Obl He
3akoH Kymona, 00 anexTpuyeckoM 1ose He ObUIO OBl HUYEro W3BECTHO.
Haunrém pa3bupaTbcs ¢ BBEAEHHBIME MMOHATHSIMHE 00Jiee moIpoOHO.

BaxHelMy cBOMCTBaMU 3JIEKTPUUECKOTO 3apsifa sIBISIOTCS:
— JIUCKPETHOCTE,;

— COXPaHSIEMOCTb.

WMHBapraHTHOCTH MO OTHOIICHHUIO K MpeoOpa3oBaHuio JlopeHia.
CBOMCTBO AUCKPETHOCTH 3aKJIIOYAETCS B TOM, UTO MEIbUYaNIINe MOPIIUU
M3MEPSEMBIX JKCIIEPUMEHTAIBHO 3apsI0B PaBHBI WM KPAaTHBI 3apsry
anekTpona. M3 aaepHo#l (hM3UKH W3BECTHO, YTO CYMIECTBYIOT U APOOHKIE
3apsJibl, paBHBIC OJTHOM TPETH U JBYM TPETSAM 3apsiia dJeKTpoHa. Yactu-
IIBI, HOCSIIIIUE TAKUE 3aps/Ibl, HA3BIBAIOTCSA KBapKU. M3 KBapKOB COCTOST
MPOTOHBI U HeHTpoHBI. OHAKO B CBOOOHOM COCTOSIHWU KBapKH OOHa-
pyxuth He ymaércs. OTCyTCTBHE B IIPUPOJIE CBOOOTHBIX KBAPKOB Ha3bl-
BAEeTCs MPHHIIMIIOM KBapKOBOTO orpanuucHus (koHpaiiHmenTa). Bmpo-
4eM, OOCYXIAIOT HaIW4YHe CBOOOJHBIX KBAPKOB, OCTABIIUXCS IIOCIE
Bonpuioro B3peiBa, 0qHAaKO HAUTH HX, €CIM OHU ACUCTBUTENBHO ECTh,
OYEHb CJIOXKHO.



Hawnbonee BaKHBIMU [T HAC HOCUTEIIAMH 3apsifa, TIOMUMO dJIEK-
TPOHOB, SBIISIOTCS MPOTOHBI (TabJ1. 1)3apsiq KOTOPBIX B TOYHOCTH PaBEH
3JIEKTPOHHOMY, HO MPOTHUBOIIOJIOKEH MO 3HAKy. Tak ke MOJIE3HO pa3iu-
4aTh NO3UTPOHBI — YaCTULEI C 3apsA0M, COBIAJAIONIUM C 3apsJIOM JIEK-
TPOHA, HO NMPOTHUBOMOJIOXKHBIM IO 3HAKy, © MacCOi B TOYHOCTH PaBHOM
Macce 3JIeKTPOHA, U aHTHIIPOTOHBI — YaCTHUIIBI C 3aPSIOM, PABHBIM 3aps Ty
3JIEKTpOoHAa (TO €CTh OTPULATENBHBIM 3apsIoM), U Macce, paBHOH Macce
npoToHa. JlJig MONMHOTH KapTHHBI OTMETHUM, YTO CYIIECTBYIOT YaCTHIIBI,
HEHTPOHBI, Macca KOTOPBIX ONHM3Ka K Macce MPOTOHA, HO 3aps paBeH
HyJt0. B oTnudne oT paHee OoMMCAaHHBIX YacTHII, HEUTPOHBI HE SABIIAIOTCA
crabunpHBIME. CpeHee BpeMsl X KU3HH COCTaBIIseT mopsiaka 18 MuHyT,
YTO HE MHOTO M HE MaJIO C TOYKHU 3PEHUS SIEPHON (DU3HUKH.

CrabuinbpHOCT MO3UTPOHOB U aHTHIIPOTOHOB JTOBOJIBHO YCJIOBHA.
Bynyun cTaOMIBHBIMU «II0 OTAETHHOCTIY» OHH SIBIAIOTCS TaK HasbIBac-
MBIMH «aHTUYACTHUI[AMHI» — TO €CTh «IIPOTHBOIOJIOKHOCTIMI) KIACCH-
yeckux vactul. Hamra BceneHHas cOCTOMT M3 KJIaCCHYECKMX YACTHII.
OTO 3HAYUT, YTO €CJIU MO3UTPOH B Pe3yJIbTaTe KaKOW-IMOO SIACPHOU pe-
aKIWU 3apoANTCs B Hamield BceneHHO#, oH OyneT CyIecTBOBaTh 0 TEX
TOp, TIOKa HE BCTPETUTCS C DIIEKTPOHOM. A 3Ta BCTpeda, eCiIi He PUHU-
MaTh HUKaKHX CIENHANbHBIX Mep, MPOU30HAET CKOPO, MOCKOJIBKY 3JIEK-
TPOHBI BXOAAT B COCTaB Bcex MoJiekyll. [Ipu B3aumoaeiicTBuM 31eKTpoHa
C MMO3UTPOHOM HJIM TTPOTOHA aHTUIPOTOHOM TPOU3OUIET AHHUTHIISIIHS —
MpeBpalleHne BElIeCTBA B «YHCTYIO» DHEPTHIO B COOTBETCTBUHU C (op-
MyJIOH DUHINTEHHA

Tabauya 1.
HekoTopeie 31eMeHTapHbIE YaCTULBI U UX OCHOBHBIE XapaKTEPUCTUKU .
HazBanue
XapaxTepu- IIporon Hetitpon OnexktpoH | Awxrtumnporon | Ilozutpon
CTHKA
apsig, Ki +1,6-10"° 0 -1,6-10™° -1,6-10%° +1,6-10°
Macca, kr 1,67-10% | 1,67-107 | 9,1.10% 1,67-10% 9,1.10*

E=mc? (8)

,Z[J'IH Hac B 3TOM KypC€ HMMCIOT 3HAUCHHUE TOJIbKO 3JICKTPOHBI U
IIPOTOHBI. TeOpeTI/I‘-IeCKI/I BO3MOKHO IIOJIYYUTb aTOMBI, COCTOAIIHE U3
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OTPULIATEIBHO 3aAPSDHKEHHBIX AHTHSACP U MO3UTPOHOB, HAXOASAIIMXCSA Ha
KBaHTOBBIX OpOMTaxX BOKPYT HUX. BelecTBo, clenaHHOEe M3 TaKUX aTo-
MOB, HOCHUT Ha3BaHUE aHTUBEIIeCTBAa. Eciu aToM, cocTosLui U3 MPOTOHA
U DJIEKTPOHA, HA3bIBACTCS BOJOPOIOM, TO OMUCAHHBIA BEIIIE aTOM, CO-
CTOSIILIMIA U3 aHTUIIPOTOHA U MO3UTPOHA, HOCUT HA3BAHHUE aHTHUBOJIOPOLA.
AHTHBOJIOPOJT B MAJIBIX KOJIMYECTBAX YAAETCS MOMYUUTh B yCKOPUTEIIAX.

3aKkoH coxpaHeHwus eKkTpuueckoro 3apsna (3CI3) seisercs Ta-
KHUM k€ (pyHIaMEeHTaIbHBIM 3aKOHOM, KaK M 3aKOH COXPaHEHHS UMITYIIb-
ca, MOMEHTA UMITyJbCa U 3HEpruu. JJis WUIFOCTpaluy JaHHOTO 3aKOHA,
paccmotpum 3CO3 B XUMHU U SAACPHON PHU3HKH.

UToOBI JTy4Ilie MOHATh 3aKOH COXPAHCHHS JICKTPUUECKOTO 3apsi-
J1a ToJIe3HO c(hOopMyIHpOBaTh MPUHITUI, KOTOPHIM XOTS HE SBISIETCS 3a-
KOHOM, HO BCE )K€ SIBJIICTCS JOCTOBEpPHBIM (hakToM o BceeneHnoi. Dtor
NPUHIUI HA3bIBACTCS MPUHIIMIIOM 3JEKTPOHEUTpambHOCTU BceneHHOM.
Jpyrumu cinoBamu, KOJIMYECTBO MOJIOKUTEIbHBIX U OTPULATENIBHBIX 3a-
pSIOB B TOYHOCTH oauMHakoBo (Puc. 5). DTa OJMHAKOBOCTH SIBIISETCS
yCpeaHEHHOU. [pyrumMu cioBaMu, B KOHKPETHBIX TOYKaX MPOCTPAHCTBA
MOTYT MPeo0IagaTh SIEKTPUIECKIE 3apsabl OJTHOTO THOO APYTOro 3HAKA.
Marematuuecku 3CIO3 MOXKHO 3aMucaTh Kak

9)

2.0, +2.4,=0,

(rmobanbpHO) Wiu:
10
qu =const, (10)

(JIOKanBHO).

Puc. 5. CBoiicTBO cOXpaHEHHS IEKTPUUECKOTO 3apsijia.

ITpumep 3CO3 B xumuu. PaccMoTprM pacTBOpeHHUE MOBAapEHHOM
COJIM B BOJE:

11



NaCl— Na" + CI’

B TBEépmoM cocTosHMM KyOWdeckas MOJPEmETKAa HOHOB HATpPUs
BXOJIMT B KyOUYECKYI0 MOJPEmETKY HOHOB xyopa. [Ipu mepexoze B pac-
TBOp HOHBI O0OWX 3HAKOB HAYWHAIOT JBHUTAThCS XAOTHYECKH, OJIHAKO
ANEKTPOHEUTPATILHOCTh PACTBOPA B IIEJIOM COXPAHSICTCS B CTPOTOM COOT-
BercTBuM ¢ 3COC.

IIpumep 3CI3 B siaepHOi pusnke. PaccMoTpuM peakmuio aHHH-
THJISIIIAY TIO3UTPOHA M DJIEKTPOHA:

+

e +e > 2hy, (11)

rae h — mocrosanas Ihnanka, v — gactora. (11) mpemiaraer TOIbKO OOWH
13 BO3MOXKHBIX (HO HanOoJiee BEPOSITHBIX) KaHAIOB B3aMMOYHHUYTOXKECHUS
3JIEKTPOH — IO3UTPOHHOM Iaphl, B pe3y/bTaTe KOTOPOH MOJIydaeTcs napa
BUPTYaJbHBIX (DOTOHOB, CIIOCOOHBIX AATh POXKIACHMS Mape MPaKTUYECKU
JMOOBIX YaCTHIl, HO Yallle BCErO 3TH (JI0ObIe» YaCTHIBI OKa3bIBAIOTCS
peansueiMu GoToHamu.” CyMMapHBIH 3apsi/l YACTHI] B JICBOH 4aCTH pPeax-
UK paBeH Hymo. Kak n3zBectHo, poToHbI — 0€33apsii0Bble YaCTHLIB, 110-
3TOMY CyMMapHBIH 3aps]] 4aCTHULl B IIPABOM YaCTH TAK K€ PAaBEH HYJIIO.

Yro ke KacaeTcsi TpeThero (hyHIaMEHTaBbHOTO cBoicTBa D3 —
WHBapUaHTHOCTH 10 OTHOLICHMIO K IpeoOpazoBaHusM JlopeHua, To 0HO
3HAYUT, YTO 3apsil IPU HEPexXole K PEIITUBUCTCKUM CKOPOCTSM HE HC-
TIBITHIBAET PENIATUBUCTCKUX MOMPABOK.

Onekrpuyeckoe noiye 3akoH Kymona umeer mecto 3a cuér cymie-
CTBOBaHMA 0CO00H (HhOpMBI MAaTEpUH — ITEKTPUUECKOTO MO, O KOTOPOM
B 3JIEKTPOCTaTHKE MBI M 3HAE€M TOJIBKO MOTOMY, YTO C €ro IOMOIIBIO
OCYILIECTBIISIETCd B3aWMOJIEHCTBHE MEXIY 3apsAaMH. OJIEKTpUUYecKoe
1oJIe SIBJISIETCS] BEKTOPHOIN BENMYMHOW M OOBIYHO 00O3HAYAETCS JAaTHH-

ckoii OykBoii E . PasmepnocThio snektpudeckoro mnons B cucreme CHU
sBisiercss BonbT Ha Mmerp (B/m). [na ciydass HemoIBMXKHBIX 3apsioB
JNEKTPUUECKOe TOJIE TaK K€ MHOIJAa HA3bIBAIOT «QJIEKTPOCTATHYECKUM
HOJIEM».

Taxum 00pazom, MOXKHO chOpMYITHPOBATH CIEIYIOLINE BaXKHEH-
M€ CBOMCTBA IEKTPUIECKOTrO MOJIS:
ITogunHsieTcss npuHLKIY cynepro3unuu. [[efdcTByeT Ha 3apsibpl B COOT-
BETCTBHH ¢ 3aK0oHOM Kyrona.

12



[Ipuammn cyneprosurnmu moneir. CyMMapHOE TOJie, CKJIaabIBa-
FoIIeecs U3 OTACTBHBIX MOJIeH, BRIYMCIISETCS KaK BEKTOPHAs CyMMa Kax-
JIOTO U3 TOJIeH B OTIETLHOCTHU:

- . -
=E+E,+...+E =) E (12)
rae Ej, — mouns, co3aaBaeMble KaxIbIM U3 3apsiI0B CHCTEMBI, COCTOSILEH

U3 N 3apsI0B, B OTACIBHOCTH, YTO rPpa)MueCK MOKA3aHO I CHCTEMBI,
cocrosiieil U3 IByX 3apsiIoB, Ha Puc. 6.

Puc. 6. [IpuHIMI CyNepIo3HIIH TTOJIEH.

HeiictBue nons Ha 3apanbl. [lonaras, yTto cuiia B3auMoI€MCTBUA
3apsA0B MPONOPLUUOHATbHA HANPSHKEHHOCTH AJIEKTPUYECKOro  IOJI,
MO>KHO 3aMucaTh:

E-E.q (13)

[lepeniceiBast manHyro ¢Gopmyiy depe3 3akoH KymoHa, MOXKHO
OIIPEENINTh HANPSHKEHHOCTD MOJIS KaK:

= 1 (g9,
E= —Mr : (14)
4re, 1t |7
rne [ =T, —I — BEKTOp, COCAMHSIIOLMII 3aps/bl, F/‘F‘ — eIMHUYHBIHI

BEKTOP, ONpEIENAIONNi HampaBieHue oT 3apsaa ( Ha '.OTMeTHM, 4To
13



gacto 1/4ney obo3HauaroT uepes K, ubé 3HAYEHHE OKPYTIIEHHO MOKHO
npuHsTh paEbIM 9 -10° M/D.

TakuMm  0o0pa3oM,  HampsDKEHHOCTh  SBJISETCS  CHIIOBOM
XapaKTePUCTUKON JIEKTPUIECKOTO IO, 00paTHO MPOIOPIHOHATBEHON
KBaapary paccrosHusi (puc. 7). B 1r000d Touke mpocTpaHCTBA
ANEKTPUIECKOE TI0J€ HANPABIEHO MO JIydy, COSIUHSIOMEMY 3Ty TOYKY
MPOCTpPaHCTBA C 3apsaoM. HampaBineHwe BEKTOpa TOJNS CYUTAIOT
COBIIQ/IAIONINM C HampaBJICHHEM ABIKEHHS MPOOHOTO TMOJIOKUTEIHHOTO
3apsiza, MOMEMIEHHOTO B TOUKY, TJIe €CTh SIEKTPHUYECKOE TOJIE.

| Ny N
TN /N

g<o0 g>0

r

Puc. 7. 3aBucumocts HampspkéHHOCTH OT Puc. 8. I'padudeckoe nzobpaeHne BEKTO-

PaccTOsIHUS pa HanpsHKEHHOCTH AJIEKTPHYECKOTO T10JI,
C03[1aBaeMOT'0 TTOJIOKUTENBHBIM M OTpPHUIIa-
TEJILHBIM 3apsiiaMi

KOHCEPBATUBHOCTbD 2JIEKTPUYECKOI'O IIOJIA.

B mnpenpigymeit Teme OBUIO TOKa3aHO, YTO B3aMMOJEHCTBHE
MEXy MOKOSALIMMHUCS 3apsJaMHi OCYILECTBIISIETCS uepe3 IEKTPUUECKOe
MOJIE, XapaKTEPU3yEMOE BEKTOPOM HanpspKEHHOCTH. [Tokaxkem, 4To CHUITbI
9JIEKTPUYECKOT0 MOJIsI KOHCEPBATHUBHEIL, 4 CaMO T0JI€ TOTEHIUAIBHO.

PaccmoTpum mose, cozmaBaeMoe HEMOJBHKHBIM TOUYEYHBIM 3a-
psaom Q. B moboit Touke 3TOrO MOJNSA HAa MPOOHBIA TOYEHHBIN 3apsia ('

neiictByet cuna F , KOTOpyro MOXHO NpenCcTaBUTh Kak
. 1 qqTF F
F:—%T:F(r)T (15)
4re, r® |F| ¥

14



rae F(r) — moayns cunbl. J{iist TOro, 9T00OBI 10Ka3aTh, YTO AIEKTPUUECKOES
oJIe TIOTEHINAIFHO, HYXXHO J0Ka3aTh, YTO CHJIBI AJIEKTPUYECKOE II0JIe
T10JIs1 KOHCEPBATHUBHBI.

W3 kypca MexaHUKH H3BECTHO, YTO
m000€e CTalMOHAPHOE TOJie IEHTPAITBHBIX
CHUI SIBJISIETCSI KOHCEPBATUBHBIM, T.€. paboTa
CHWJI 3TOTO TIOJISl HE 3aBUCHT OT (DOPMBI ITyTH,
a TONBKO OT TIOJOXEHHWS KOHEYHOH U
HAYaJIbHOW TOYEK. OIEKTPHUYECKOe TIoJe
SIBJISIETCSI  LIGHTPAJIBbHBIM,  CJIEIOBATENbHO,

OHO KoHcepBaTuBHO. [ToaTBepauM 3T0 pac-
pacuéramu. Beraucnum paboTy, KOTOPYIO
COBEpLIACT  AIEKTPOCTATHYECKOE  IIOJIE,
CO3/IaHHOE 3apsIOM ( MO MEePEeMEIICHHIO
3apsaa Q' u3 Touku 1 B Touky 2 (puc. 3). [lepemerenue mo TpaekTopuu
(dl) MmoxHO Pa3nOKUTH HA JBE COCTABJIAIOIINE: MO MPSIMOM, COCIMHSIO-

Puc. 9. UmmocTpanus K JoKa-
3aTENIBCTBY KOHCEPBaTHBHOCTH
NIEKTPUIECKOTO OIS

meit sapsnet (dl), u nepnenmuxynspuo eii (dl ). Pabora dA Gyner pas-

Ha:

dA=F-dr=F(dl +dl ) (16)

Yautesas, uro dl[[r=F-dl =F-dl, .c0s0’ = Fdr, rze
r=|7#|udl, Lr=F-dl, =F-dl, -cos90° = 0. Taxum oGpasom:
dA= |<q'_q2 .dr (17)
Are,r
U nosnHas paboTa Npy TepeMelleHHH U3 TOUKU 1 B TOUKy 2 paBHa

Azzq'_q.rz ﬂzq’_q( )J' qq 1 rl) (18)

2
drg, v T r o,

W3 sTOr0 ypaBHEHHs BHIHO, YTO PabOTa SIEKTPOCTATHUECKUX
CHJI HE 3aBHCUT OT ()OPMBI IyTH, a TOJBKO OT KOOPJAWHAT HaYaJlbHOH M
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KOHEYHOM TOYEK MEPEMCUICHHA, YTO IIOATBEPKIAACT, YTO CHUJIBI ITOJIA KOH-
CCPBATUBHEI, 4 CaMO I10JI€ — IIOTCHIHUAJIBHO.

I[Ipumep. Beruncienue padoThl 10 NepeMenIeHUIO 3apsiaa

OnpexnennmM paboTy MO MEPEMEIICHUIO 3apsijia Ui CIEAYIOIEro
ciydas: 3apsan 1 HKin mepeHocuTCs M3 OECKOHEYHOCTH B TOUYKY, HAXOJIS-
mytocs Ha paccTosHuU 0,1 M OT TTOBEPXHOCTH METAJUITMYECKOH ceps
pamuycom 0,1 M, 3apsKEHHOI ¢ TTOBEPXHOCTHO# MmIoTHOCTBIO 107 Kin/m?.
Ha 3apsan co cTOpOHBI 3JIEKTPOCTATUUECKOrO Mois AekcTByeT cuna. [lo-
3TOMY TpH MTEPEMEIEHUH 3aps/ia B 3JIEKTPOCTATUIECKOM IT0JIE COBEpIIa-
eTcs paboTa. DIEKTPUUECKOE TMOJIE SABJISCTCS MOTCHIUATBLHBIM, JTO 3HA-
YUT, 4TO paboTa MO MEPEMEIICHHUIO 3apsa He 3aBUCHUT OT IYTH, 10 KOTO-
pOoMy TiepeMeriaeTcsi 3apsiji, a 3aBUCUT TOJBKO OT HAYAIBHOTO M KOHEU-
HOTO TIOJIOXKEHUS 3apsija.

Pabora MokeT OBITH MpeCcTaBICHA Yepe3 Pa3HOCTh MOTCHIUAIb-
HBIX YHEPTUN YaCTHUIIHI B IIEKTPHUECKOM TI0JIE:

AHOJI}I :W1 _WZ = (plq - ¢2q = q(¢1 _(02), [Aw,vz]: ﬂ.?fC .

[Tnomane mIOCKOCTH OSCKOHEYHA M TakkKe OCCKOHEUCH 3apsil,
HAXOAIIMIACSA Ha TUIOCKOCTH. IIOBEpXHOCTHOH IIOTHOCTBIO 3apsiias
Ha3bIBACTCs OTHOIICHHUE 3apsijia mockoctu Q k € tromanu S.

G=9 , |o]=
s [o]=—
HOBerHOCTHaH IUIOTHOCTD 3apsga — KOHEYHasA BEJIMYMHa, Xa-

pakTepu3yromas CTereHb 3apsHKEHHOCTH 0ECKOHEYHON TUTOCKOCTH.
Brruucnenuns:

Hano:

q=10"° Kn q r,
R=01m ( )
c=10"° K/m*

r,=01m

I =

16



Pemenne:

A=W2—W1;
W:¢q’ ¢1:0’
1 Q
A: —_ = = —,
a(¢, -4)=0a¢, drze, T+R
Q =06S =4nR’%c,
4R’ R’c 10°-102

= = = =56497 Ix.
dree(r+R) ee(r+R) 8,85-10™-0,2 s

Ortser: A =56497 JIx

IIpumep peiieHus 3axa4u

3apsanasl mo 1 HKn momemieHsl B BepIIMHAX PaBHOCTOPOHHETO
TpeyronbHuKa co ctopoHoi 0,2 M. PaBHonelcTByIOmAsl CUjl, ACUCTBYIO-
IIMX HA YETBEPTHIM 3aps], HOMENIEHHBINA HA CEPEAUHE OJIHOM U3 CTOPOH
TpeyroiabHuka, paBHa 0,6 MkH. OmnpenenuTs 3TOT 3apsi W HaNpsHKEH-
HOCTB ITOJISL B TOUYKE €T0 PACIIONO0KECHHUS.

Hano:

g =1uKm.
a=0,2wm,

H =0,6mMmkH.

Pemenune:

U3 pucynka BugHO, 4TO paBHOACHCTBYIOMmAs 3apanoB (1) u (3) Ha
4eTBEPTHIN 3aps paBHa Hym0. ClieloBaTeNnbHO, CUla JCHCTBYIONIAs Ha
3TOT 3apsijl, OnpenenseTcs aeiicteuem 3apsaaa (1) u MokeT ObITh HaleHa
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o 3akoHy KyroHa, paccTrosiHue MeXIy 3apsaamMu HaXOAWM U3 TPSIMO-
YTOJBHOTO TPEYTOIHHHUKA.

q-9
F= ~,r=aCos™..
4ne r* A

O0603Hauast pOOHBIN 3apsan yepe3 (,, BBIYMUCIAEM €ro 3HauCHHE
Y TIPOBEPSIEM Pa3MEPHOCTD:

_ Q99,4 _ qq,
4ne a’3 3me,a’’

211380& F

o 1

q
Kni?-Mm*-H

[0 ]= = =K.

H-m" - Ko
_ 3.3,14-8,85-10%.0,04-6-10"
o 10°

IIo COOTHOLIEHUIO MEXAY 3apsiAoM U CHJIOH HAaXOIUM Hamps-
KEHHOCTB!

=2-10"Kun.

_F 6107
— = =300 El=
~ g, 2-10° /Kﬂ[ ]

Orset: 0,=2-10°Kn, E = 300%._

INOTEHIIHUAJI

MoHO BBeCTH (PYHKIIHIO COCTOSIHUS, 3aBUCSIIYIO OT KOOPIMHAT
— NOTEHLIHAJIBHYIO HEPrui0. ECiIM NEHTPAIBHBIX CUJI HECKOJIBKO, TO MC-
X0/ U3 PUHLUIIA CYIIEPIIO3ULIUN CUIT

F=YF.
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rae N o0Iee YUCTo CUl, | MHAEKC CYMMHUPOBaHHs. MOYHO 1TOKa3aTh, YTO
obmast pabota Ay, paBHAS PA3HOCTH MOTEHITHATBHBIX YHEPTHI

A‘lz = Wz _W1 (19)

Oyzert paBHa cymMme paboT, COBEpIIaeMON Ka)KAOH CHIION B OT/IETPHOCTH
(20)(19). 3mech kaxka0€ caraeMoe He 3aBUCUT OT (OPMBI TyTH, HE 3aBH-
CHUT OT (DOPMBI ITyTH M CYMMa: CJIEIOBATEIHEHO

A = Z A (20)
i=1

MOXHO MOACYUTATH PabOTy, COBEPIIACMYIO TP H3MECHECHUH
paccTOsSHUS MEXIYy 3apsiiaMu OT I 10 ;. IlockonbKy BhIIIE MOKa3aHo,
YTO CHJIBI AJEKTPUUECKOTO MOJII KOHCEPBATUBHBL, a CaMO I0JI€ MOTEHIU-
aNbHO, TO Takas paboTa He 3aBHCUT OT (DOPMBI TPAEKTOPUH, & TOIBKO OT
PacCTOSHUS MEXKIY 3apsiiaMu.

q Fdr gq-q, 1,5
A= b [ S5 qq(———) (21)

4ne, r> 4me, ' dme, w

n
e q U q' — paccMaTtpuBaeMsble 3apsibl. Takum 06pasom:
q-q ,1 1
A, = e (=--).

me, LT,

Ecnu 3apsiipl cOmmKaroTes 10 paccTOsSHUS I'; 13 0ECKOHEYHOCTH
(puc. 10), To paboTa OyaeT paBHOIA:

q.,1 1 "1
00 d 1y _l

= 22
Ame, 1, T, |r2:°° Ame, 1, (22)
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q.‘
Puc.10. K moacyéry sHepriu CHCTEMBI 3apsiioB

BCHOMI/IHaH, 4qTo pa60Ta paBHa HU3MCHCHUIO MOTSHITAIbLHOMN
OHEpruu, B3SITOH C MOPOTHUBOIIOJJIOKHBIM 3HAKOM U 0003Hayas pacCcTodgHuc
MEXKy 3apsaamMu 4epes I’ MoJIyYum

_qq' 1
W= dug, v’ (23)

rae I = I, — ry. Ilpu 5ToM HE0OXOAMMO YYUTHIBATh 3HAK 3apsimoB. OTMme-
TUM CXOJICTBO 3TOW (opMyJbl ¢ (HOPMYIION SHEPTHHM TPaBUTAIUOHHOTO
B3auMoeiicTBus. OTCYTCTBHE 3HAKAa MHUHYC TPOHUCXOAUT OT HEOOXOaH-
MOCTH yYHUTHIBATh J[BA 3HAKA 3apsJoB. B ciydyae rpaBUTAIIMOHHOTO B3au-
MOﬂCﬁCTBHH MacCChl BCeraa HpI/IT}IFI/IBaIOTCﬂ. Maccm HC 6I)IB3}OT pa3HLIX
3HAKOB. B ciyyae B3aMMOJEUCTBUSA OJJHOMMEHHBIX 3apsI0B, SJHEPIHSI CU-
CTeMbI OyJIeT OTPUIIATEILHOM, 1 HA000pOoT. OTHAKO OTHOIIECHHE SHEPTUN
K 3apsiny OymeT JUIs BCeX 3apsjoB OJHHUM U TEeM JKe. JTa BEIHUYUHA U
Ha3bIBACTCsI MOTCHIIMATIOM, PABHBIM OTHOIICHHIO pabOTHI MO MepeMerie-
HUIO 3apsja u3 OCCKOHEYHOCTH B JIAHHYIO TOUKY K BEJTHYUHE STOTO 3apsi-
na. 13 (23) nmeem:

_W_ a
® q 4ne,

e

' (24)

BuaHo, uro ¢u3MUECKHil CMBICT MMeeT He MOTEHIHA, a pas-
HOCTb IOTEHIMAJIOB, MTO3TOMY JOIOBOPWIIMCH CUMTATh, YTO MOTEHLUAI
TOYKH, YAaJEHHOW B OECKOHEYHOCTb, paBeH Hyito. Korna roBopsr «io-
TEHIMAJI HEKOTOPOM TOYKM» — MMEIOT B BUAY Pa3HOCTh MOTEHIMAJIOB
MEX]y 3TOW TOYKOW ¥ TOUKOW, yAaaEHHOW B OECKOHEYHOCTb.

Takum 00pa3oM, MOTEHIMAl TOYKH MPOCTPAHCTBA, CO3JaHHBIN
JIEKTPUYECKUM II0JIEM, YHCIEHHO paBeH paboTe, KOTOPYIO COBEPIIAIOT
CWJIBI IIOJISI HaJ €IMHUYHBIM IIOJOKUTENbHBIM 3apsioM IIPU YIAAJICHUU
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€ro W3 TaHHON TOYKH B OECKOHEYHOCTHh (MM HA00OpOT — TaKyIo K€ pa-
00Ty HY)KHO COBEPIIHTh, YTOOBI IEPEMECTHTh CITUHHYHBIA TOJI0KUTEIb-
HBIi 3apsij] U3 OCCKOHEYHOCTH B JJAHHYIO TOUKY TIOJIS).

[MoTteHnman sIBISETCS CKAISIPHOW BEIUYMHOM, YTO JEJIAaeT €ro
yIOOHBIM JIJIsl BRIYUCIIeHNs HanpspkEHHOCTH D11

ockonbky D1 moguuHsIeTCs] MPUHIUIY CYIEPIO3UIUH, TO TI0-
TEHIMAN 00JIaaeT CBOWCTBOM aJMUTUBHOCTH. [loTeHIManm B TOUKe, CO-
3AHHBI CHCTEMOU 3apsijioB, PaBEH CyMME IOTCHIHANIOB, CO3JIAHHBIX
KXJIBIM U3 3apsIOB.

Ps =P TP+ Qs+ :Z(Pi- (25)

PaszMepHOCTBIO TOTEHITHANA SBIISIETCS «BOIBTY (B).
SHEPI'US CUCTEMBbI 3APSIJIOB

Benuuunna, onpezenéunas B (23) onpeaesnseT SHEPTU0 CHCTEMBI,
cocrosmei n3 AByx 3apsamoB. O0o6mas (23) Ha cucTeMy, COCTOSIIIYIO U3
HECKOJIBKUX 3aps0B IMOJTy4acM, YTO BSHCPIrusaA CHUCTEMBI 3apsaI0B paBHA
paboTe, KOTOPYIO HYXKHO COBEPIIUTH ISl TOTO, YTOOBI COJIU3UTH 3apsi/ibl
Ha JJAHHOE PAacCTOSIHUE U3 OECKOHEYHOCTH.

Beruucnennas Takum o0pazom paboTa M Ha3bIBaeTCsl dHEpruen
CHUCTCMBI 3apA10B. 3aMeTI/IM, YTO 3HEPrusd CUCTEMblI OJHOUMMCHHBIX 3aps-
JIOB OTpUIIATENIbHAS (3aps/Ibl OTTAKUBAIOTCS), @ PA3HOMMEHHBIX — I10JIO-
KUTENbHAs (3apsAbl IPUTATUBAIOTCS).

Puc. 11. K HaX0/I€HHIO SHEPTUH CHCTEMBI 3apsII0B

Brruncinm OHECPrur0 CUCTEMBI, COCTOSIH_Ieﬁ 13 TPEX 3apsAa0B:
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U= 1 (qlqz +q1q3 +q2q3). (26)

dme, 1, I3 s

O060011ast Ha HEOTPAaHMYSHHOE YHCIIO 3aPSA0B!

T2 2 47'[80 ZZ_ @7)

i=1 j=1 r.

rae N uucio 3apsinos, (7). s uckitoYeHrss CyMMUPOBaHHS TIaph
JBaX]IBI, B 3TOW (popMyJie TpruMeHEH Kodddurment 1/2.

IIpumep. BorunciieHue 3Heprum KPUCTAINYECKON peléTKI

BriBenem QopmMyny mopcyeTra 3HEPTHH CBS3M aTOMOB KpUCTaJ-
JIMYECKOW peIIeTH, 0o0pa3ylomieid O0BbEMHYIO TI'paHEIEHTPUPOBAHHYIO
CTPYKTYpy, Hanpumep, nmoBapenHoi comu (NaCl) (puc. 12).

B ocHOBe »HEpPrUM CBSI3M JIEKHUT DIIEKTPOCTATHUECKOE B3aUMO-
)IeﬁCTBHe, CJICA0BATCIbHO, MOXHO NIPUMCHUTL 3HAHUA, ITOJTYYCHHBIC ITPU
BEIYHCIICHUH DHEPTUU CBSI3U AJIEKTPUYECKHUX 3apSAIO0B, IJIS BEIYHCICHUS
BHYTPEHHEH SHEPIUH CBSI3U KPUCTAJUIMYECKON PELIETKHU.

Puc. 12. I'paneneHTpUpOBaHHast PEIIETKA, COCTOSIIIAS U3 AaTOMOB [[BYX COPTOB.

B 00bEMHOI TpaHELIEHTPUPOBAHHOM peleTke, KyOudeckas moj-
pelieTka aToMOB OJHOTO BUJa (HAaTpHsl) HAXOJUTCA B MOJPEUIETKE aTo-
MOB Jpyroro Buia (xjiopa). PaccunTaem 3HEpru KyJIOHOBCKOTO B3aw-
MOJEHCTBUS, IPUXOIAILYIO HAa OJHY HOHHYIO napy. Jlid noacuéra, yurém
B3aMMOJICHCTBUE TOJBKO OJFDKAMIINX aTOMOB U MPOCYMMHUPYEM IO HX
yucny ¢ ucnonb3oBanueM (27). Cymmupys 1o OnvKaiImuM COCEmsM C
Y4E€TOM KOJIMYECTBA OJMHAKOBBIX I1ap, MOIYy4YaeM:
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U _i(_6_e2+%_£+ )
4n80 a \/ia \/§a e (28)

HCpBOG claraeMoe TMOSBIISIETCS OT IIECTH OJMIKAWIINX HOHOB
HaTpHs, PACIOJIOKCHHBIX Ha pacCTOSHHUM 4a, BTOpOfI OT JBCHaALATH
HNOHOB XJIOpa, pacCIlIOJIOKCHHBIM 110 YTJIaM I(Y6a, nT.nAO.

Yem OoJbIIee KOJIUIECTBO mnap B3aNMOJICHCTBHE YYUTBIBATh, TEM
TOYHCC MOJYYaCTCA pPC3yJIbTaT. B nepBOM HpI/I6J'II/I)KeHI/II/I €ro MOXXHO

OCTaBUTH B 3allMCaHHOM BHE. IloacdeT maeT oTBeT:

2 2
U=-1748—° = q—°

a )
4meqa 4me a

(29)

IIe 4 — Kpardaifliiee pacCTOSIHHE MEXIy aTOMaMH OJHOTO BHJA,
o = 1,748 — nocrosiHHas MazenyHra.

OmnpeneneHne SHEPTHH CBSI3M KPHUCTAJUIA MOBAPEHHOM COJIM 3KC-
HCpI/IMCHTaIH)H])IMI/I MeTOAaMHU ,I[aéT 3HAYCHHUC 6HH3KO€ K TeOpeTH‘IeCKO-
MY, YTO CBHJICTEIBLCTBYET O MPABUILHOCTH PHMEHEHHOTO MOAXO0/1a.

CBA3b IOTEHIIUAJIA U HAIIPSIZKEHHOCTH
SJEKTPUYECKOI'O I1OJIA

PaccMmoTpuM CBsI3b NOTEHIMANIA (¢ C HAIPSDKEHHOCTBIO DJIEKTPH-
4yeckoro nonsg E. 3anumieM BbIpakeHue A paboThl, coBepinaeMon Ol
IIpH [IEpEHOCE 3apsaa:

dA =qEdI. (30)

Haiiném oTHoIIEeHUE 3TOM pabOTHI K 3apsy:

dA/q=de=qEdl /q = Edl. (31)
Takum ob6pazom:

do = Edl. (32)
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Ecnmm pasHOCTh mMOTeHIMAIOB co3maércst HampspkenneM U, mpu-
KJIaJIbIBAEMBIM MEXKY ITACTHHAMH, HAXOSIIMMHUCS Ha paccTosiHud |, B
00JIaCTH OTHOPOAHOCTH CIIPABEIIUBO:

U=¢p - =El (33)

Tenepp MOHATHO, TOYEMYy pa3MEpHOCTHIO HampspkéHHOCTH Ol
ssisiercst B/m. U3 (32) cnenyer:

dp=E, dx+E,dy +E,dz. (34)

Pa3nensis nanHOe BhIpaxkeHHE B MPOEKIUAX Ha J{ekapTOBbI OCU
HOJTydaeM:

E - d_(p , (35)

dx
e __do (36)

y dy
e __do (37)

dz

YuauteiBas, 4To:

E=iE, + JE, +kE, (38)

rae i, j, K— optel, MOxHO «cobpaTh» E dyepes ero mpoekimu Ha ocu Jle-
KapTOBOH KOOPAMHATHOW CHUCTEMBI, HCHOJB3ysl omeparop ['amunbTOHA

«HabmIa» (6)):

(39)

void, ;9
dx

dy
Jannbpiii omeparop ynoOeH Tem, 4To Oyaydu (OpMaibHO MOJ-
CTaBJIsieM B pa3Hble MaTeMaTnieckue (GOpMYJIbl B BHJIE JINOO BEKTOPHOTO

oo CKaJIIPHOI'O NPOU3BCACHHA, OH AaCT MAaTCMATUYICCKU KOPPCKTHLBIC C
TOYKHU 3PCHUA BEKTOPHOI'O aHAJIN3a BbIPAKCHUS. Xots oreparop Ha0ja u
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sBisieTcs auddepeHImaibHBIM OIepaTopoM, UM MOXKHO allreOpandecKu
OTIEPUPOBATH KaK C OOBIYHBIM BEKTOPOM.
Ioxacrasnss (24) B (39), MoxkHO 3anmcarh:
= 0 d - d P d 0 d = d e d
E=—(it J 2t K—2)=—(—+ ] —+k—)p. (40)
dx ~dy dz dx. “dy dz
B npuMmeHeHHM K cKajsipy omepatop ['aMHIbTOHA Ha3bIBACTCS
TPaJMEHTOM, YTO B OYKBAJILHOM IEPEBOJIE C AHTITMHACKOTO O3HAYACT «U3-
meneHue» (grad). Takum oOpazom

E = —grade. (41)
Nin

3aMeTHM, YTO MOTEHLHAN COACPKHUT BCIO MH(pOpManmio o0 3meKkTpude-
CKOM I10JI€, ABJISAACH IIPU 3TOM CKaJIHpHOﬁ BEJIMUYMHON B OTJIMYHE OT BEK-
TOpHOU — HampspkeHHocTH Oll, 9TO B psAnme ciaydaeB nemaer ero Oomee
ynoOHo# xapakTepuctukoi I, uem HanpsuxkeHHOCTH DI

N\

—>0<—

SN .

My

STV
(RN RRRE

\:fc_,
AT~
P4 EARRANY
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Puc. 13. Jluaun nanpspxeHHoctd Ol mis ciaydaeB: A — TOUEUHOTO IOJIOKH-
TEIBHOTO 3apAna; b — ToueuHoro oTpuLIATENBbHOTO 3apsaaa; B — npou3BobHON cUCTEMBI
3apsanoB; I — IBYX pa3sHOMMEHHBIX 3apsDKEHHBIX IIOCKOCTel; [l — CHCTeMBI, cocTosmIIei

U3 BYX OJHOMMEHHBIX 3apsjioB; E — CHCTEMBI, COCTOSIIIEN W3 3apsia W MPOBOISIIEH
CKOPOCTH

Jlvann HampspKEHHOCTH (WITH CHIIOBBIE JIMHHUU JJIEKTPHUYIECKOTO
TIOJIST) — 3TO HETPEepHIBHBIE JTIMHUH, KacaTeIbHbIE K KOTOPBHIM B KaXKIOH
TOYKe, Yyepe3 KOTOPYI0 OHHM MPOXOAST, COBMANAIOT C BEKTOpaMM Harps-
xkéunoctu. Ilpumep cumoBeIX TuHUKA DI IS 3apsmoB pa3aIUIHBIX KOH-
¢urypanuii mokasan Ha puc. 13. Kak BumHO, CHIIOBBIE JTHHAN BOIHM3HU TO-
YEyHOro 3apsAa BCErja pacxoAsTcs pagualbHO OT TOYKH, B KOTOPOH
Haxomurcst 3apsia (A, 1, b, E). Oto u noustao: mpu r—0 B dopmyre
(14) E —»co, cienoBaTenbHO, BIUSIHUEM JAPYTUX UCTOYHUKOB DI BOIM3H
3apsiia MO>KHO TpeHeOpedb. [Ipu JocTaTouyHOM ynaneHuH OT 3apsia Jiu-
Hust OI1 MoxeT ObITh UCKpuUBIEHHOH (B).

Hns cinyyast [ByX pa3HOMMEHHO 3apsKEHHBIX IUIOCKOCTEH, mpu-
MEHSS IPUHIIMI CYNIEPTIO3UIIUH, TIOJy4aeM KapTHHY, U3 KOTOPOH BHUIHO,
YTO Ha JIOCTAaTOYHOM YyJaJeHHUU OT KpaeB JIMHUM HaNpsHKEHHOCTH mapaj-
nenbHbl, (IN). s mocTpoeHus] KapTUHKA JTHHHANA, CO3/IaBA€MBIX 3aPsIOM
U MPOBOJSLIEH IUIOCKOCTH, NIPUMEHSEM, TaK HA3bIBAEMbIi, MIPUHIUI OT-
PaKCHHUS, 3aKIIOYAIOIIMICA B TOM, YTO 3apsij, HaXOISIIUNCA BOJIM3H
OECKOHEYHOH MPOBOMAIIECH IUTOCKOCTH B3aHMOJEUCTBYET C IJIOCKOCTBHIO
TaK JKe, KaK €clii OBl 0 JAPYTYI0 CTOPOHY TUIOCKOCTH TIOMECTHIIN 3apsij
PaBHBIN 1O BEJIUYHMHE, HO IPOTHBOMNOJIOXKHBIN 1m0 3HaKY (E). Takumu 00-
paszoM, cuiioBeie JuHMM Ol Bceria HAYMHAIOTCS Ha TMOJIOKHUTEILHOM, a
3aKaHYMBAIOTCS HA OTPULIATEIILHOM 3apsije.

Dkeunomenyuanvuvle nogepxnocmu. J1ns rpapudeckoro otoo-
paXeHHsd TOTEHIHala CIyXaT «IKBUIMOTEHIIHAIbHBIE MOBEPXHOCTH» —
MIOBEPXHOCTH, COEJUHSIOIIUE TOUYKH, C OIMHAKOBBIM MOTEHIIUAIIOM.

PaccmoTpuM nmpumep MOCTpOEHUs! SKBUIOTEHLIHUAIBHON MOBEPX-
HOCTH JAJISl ciy4asl IByX MPOBOJHUKOB, HAXOISAIIMUXCA TOJ pPa3HBIM IO-
TEHIIHAIOM: MeTayuindeckoi Turactubl (1) u crepxkHs (2). Takyio cu-
CTeMY MOHO cOOpath cienyrmumM o0pa3oM. Bo3bMEM mpsMOyTONBHYIO
KIOBETY, 3allOJJHEHHYIO JJIEKTPOIPOBOMASAIINM PAacTBOPOM, HampuMep,
OJTHOTIPOIICHTHEIM PacTBOPOM MOBapeHHOU conu (puc. 12). Pacmonoxum
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MapajyuieIbHO OMHON W3 CTOpPOH IacTHHY (1), a ¢ TMPOTHBOMIOIOKHON
CTOPOHBI TIOMECTHM DPACIOJIOKEHHBI BEPTHKAIBHO OTPE30K MPOBOIIOKU
(2). barapes (4) cozmaétr mexnay (1) u (2) pa3HOCTh OTEHITUANIOB. Pa3-
HOCTB TIOTCHLIMAJIOB MEXKIY 30HIOM (3) ¥ 31€KTPOAOM (2) CHUMAET BOJIb-
T™eTp V.

st mocTpoeHusl AKBUTIOTEHITMABHBIX TTOBEPXHOCTEN JTOCTATOU-
HO HaHECTU SMIOPY TOYEK, JISKAIIMX MO OAMHAKOBHIM MOTECHIHAJIOM,
BHYTPH NPSMOYTOJIBHAKA CO CTOPOHAMH, COOTBETCTBYIOIINMHE TPaHUIIAM
KIOBETHL. B 3TOM ciydae 3KBHUIIOTEHITHAIBHBIE TTOBEPXHOCTH OYAYT BEI-
TTISAETH KaK JIMHUH, TIOCKOJIBKY CIy4aid IBYyXMEPHBIH.

Puc.14. KroBeta s rpaguyeckoro ompe- Puc. 15. Ilpumep SKBUIOTCHIUATIBHOM

JIeJICHUS TIOTeHIHaa HOBEPXHOCTH JUIA Cllydasl, MOKa3aHHOTO
PHCYHKOM BBIIIE. OKBHIIOTCHIHAIBHEIE
MOBEPXHOCTH JJaHBI TyHKTHPOM

[Ipu ananm3e momydeHHOW KapTUHBI MOKHO 3aMETHUTh, YTO TIO-
TEHIIHAN TOYeK, OJMM3KUX K IJIOCKONH METaUIMYeCKOW TUTaCTHHE MPUMeEp-
HO OJWHAKOB, HE3HAYUTCIIbHO OTJINYasACh B CTOPOHY YMCHLIUICHUA. Cie-
JOBaTEIhHO, TOTEHITHAI BCEX TOUYEK MPOBOAHUKA MOXKHO CYHTAThH OJTMHA-
KOBBIM. Pedp 3/1ech HIET TONBKO O «XOpOIIeM» MPOBOIHHUKE, HATIPUMED,
o MenHOM. B ciydae oOpasiia ¢ MEHbIICH YICIBHOM AIEKTPOIPOBOIHO-
CTBIO, HAIIpUMeEp, IUIaCTMAacce, CMEUIaHHON ¢ YaCTHYKaMM YIiiepoja, mo-
TEHIUAJI B €T0 PA3IMYHBIX TOYKAX yKe He OyJIeT OJIHAKOB.

Hepr)Z[HO 3aME€TUTH, SKBUIIOTCHUIHAJILHBIC MMOBEPXHOCTU U CUJIOBLIC JIM-
Huu DI1 Bcersia neprneHIuKyIspPHEL.

MOJSIPUBALIMS TUDJIEKTPUKA. DJIEKTPUYECKHI
JATIOJTH
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Jlns Hac mMeeT ocoboe 3HaYCHHUE CiTydail ABYX pa3HBIX 10 3HAKY,
HO OJMHAKOBBIX 110 MOJYJTIO JEKTPUIECKUX 3apsAI0B, N300paKEHHBIN Ha
(J1). Takast cuctema Ha3bIBaCTCs AIIEKTPUUECKUM AurosieM. [loroBopum o
Hel 6oJiee oPOOHO.

DNEKTPUUYECKUM IHUIOJIEM Ha3bIBae€TCS CHUCTEMa, COCTOSIIAs W3
JIBYX PaBHBIX IO MOIYJI0 Pa3HOMMEHHBIX TOYEUHBIX 3apsI0B, pa3HECEH-
HBIX B MPOCTPAHCTBE HAa HEKOTOPOE PACCTOSIHHE, HAa3bIBAEMOE ILICUOM
JUTIONSI, KOTOPHIM Ha3bIBAETCS OTPE30K, COSNUHSIONINA OTPUIIATEIbHBIH
3apsif ¢ OMOKUTEbHBIM.

JunonsHeIM MOMEHTOM P HazbIBaeTCs BEKTOpP, PABHBIA MPOU3-
BEJICHHIO TUIeYa WO Ha MOy 3apsijia, U HaIpaBJIeHHBINH OT OTpHUIa-
TENBHOTO 3apsi/a K mosoxurenpaomy (Ki m).

—

I 0 Sa
>

a

Puc.16. DnekTpuvecKkuil U0
Bl (43)

[onsTre AWIIONS MMEEeT OONbLIOE MPAKTHYECKOE 3HAYCHHUE I10-
TOMY, 4YTO MpPH ONPEAEIEHHBIX YCIOBHAX MHOTHE JJIEKTPUYECKU
HEHTpaIbHBINA MOJIEKYINBI CIIOCOOHBI MPHOOpPETaTh CBOWCTBA MUTIONS. SIB-
JICHUE MPHOOPETEHHS BEIIECTBOM JMIIOJIBHOTO MOMEHTA T10]T JICHCTBUEM
BHEIIIHETO 3JIEKTPHUUECKOro OIS Ha3bIBAaETCsl MOJISIpU3aIeld U ITOAPOOHO
paccMaTpuBaeTcsi B pasfenie (HU3MKH KOHACHCHPOBAHHOTO COCTOSIHHMS.
JleTanbHOE OMMCBHIBACT HOJISIpU3aLMIo Teopus Jledas.

prOHIéHHO MEXaHHU3M IOJApHU3allui MOKHO IPCACTAaBUTL CJIC-
aOyromuM o0pazom. Beskoe BemiecTBO MMEET B CBOEM CTPOCHUH PaBHOE
KOJINYECTBO IOJIOKUTEIBHBIX U OTPULATENBHBI 3apsiaoM. [Ipumepom mo-
KET CIYXUTh KPUCTAJUI TOBAPEHHON COJM, UMEIOIIUNA HOHHOE CTPOEHHE
(Na + CI"). Ipyrum npumepoM sIBJISIETCS aTOM BOJOPO/ia, B KOTOPOM BO-
KpPYI' TOYEYHOI'O IOJIOKHUTEIBHO 3apsHKEHHOTO sipa chepryecKu CHM-
METPHUYHO paclipejielieHa OTPULIATENbHO 3apsKEHHAs! 3JICKTPOHHAs IUIOT-
HocTh. [Ipyu BHeceHUU BelllecTBa B IEKTPUUECKOE 10N, 3apsAbl HE3HA-
YUTEIIBHO CMELIAIOTCS OTHOCHTEJIBHO CBOETO IOJIOKEHUS! PaBHOBECHS,
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(hopMHUpysl CTPYKTYpPY, COCTOAIIYIO W3 JNEKTpuueckux aumoneit (Puc.
17).

[Monsipuzarust MOJIEKYJ BEIECTBA MOJ ACUCTBUEM JIIEKTpUYe-
CKOTO TIOJS, 3aKITIOYAIOMIascs B BO3HUKHOBEHHWH B BEIIECTBE IHITOJEH,
MIPUBOJUT K OCIIA0JIEHUIO AJIEKTPUIECKOTO IO BHYTpHU BemecTBa. Ko-
JMYECTBEHHO TaKOTO Poja OCialiieHHe MOKHO OXapakTepH30BaTh C IO-
MOIIBIO TAK HA3bIBAEMOM «JIUANEKTPUUCCKOU MMPOHUIIAEMOCTI.

00000, 3.
00, @

VloHHBIH (ONSPHBII) TUAIEKTPUK HenounspHblii AUAIEKTPUK
b

Puc. 17. [Ipumeps! mONSpU3aIUK JUIEKTPHKOB IPH BHECEHUH BO BHEITHEE JIEKTPHIE-
CKOe ToJIe.

JManeKTprudeckod MPOHULAEMOCTBIO HA3BIBAETCS OTHOLLIEHUE
HaMpsHKEHHOCTU JICKTPUIECKOTO TI0JIS B BAKYyME K TAKOBOM B BEIIIECTBE
(EBaK/EB-Ba) .

COOTBETCTBEHHO, €, paBHa eauHuIle. [IOCKOJIBKY MOAABISIONICEe OO0JIb-
IIMHCTBO BEIIECTB OCIAOIIAIOT AIIEKTPUUECKOE TOJIe, TO B HUX € OOIBIIe
enuunnsl (Tabmuma 2).

Tabnuya 2.
3HAYCHHUS AUIICKTPUYCCKON IIPOHUIIAEMOCTH HEKOTOPBIX BEIICCTB.
BemectBo €
Baxyym 1
Boznyx (u.y.) ~1
Bona 81
ITnacTmacchl 3-7

IMpumep. BorunciieHne NOTEHIHAJIA, CO3IaBAEMOT0 YIEKTPHIECKUM
AUTIOJIEM
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BcnoMHMM, 4TO AUTIOND SBISETCS CUCTEMOM, COCTOSIIIIEN U3 JBYX
PasHOMMEHHBIX TOUeUHBIX 3apsanoB (Puc. 18).

q 1 q 1 q
+p = — - —= r—r
e T 4me, r. 4me, v 4merr (r-r)

ITpu BemonHeHnH ycaoBus ' > 101, MOXHO NONOXKHUTH, YTO

re~r'u |r7 —r+| =1, Cos0 .
Torna:

Q.+ :%IOCOSO.

0

Wnm ¢ ya€ToM B TOUKaX, PACIIOIIOKEHHBIX TOCTATOYHO JAIEKO OT
JTUTIONS, TIOTEHIIMAN JUTIOJSI PaBeH:

_ pCosH
4nee r*’

(44)

TO (44) yno6HO nepenucaTh yepe3 CKaIsIpHOE MPOU3BEIICHUE KaK

__pr
4nee 1

(45)

r+

\
\
\
\
i

\O

A L

Puc.18. K BuIUKCIEHNIO TOTEHIMAIIA JUIIOJIS

Mpumep. BrluuciieHue HANPSAKEHHOCTH JIEKTPUYECKOT0 110JISA, CO-
31aBaeMOro AUIoJIeM
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Jnis Toro, 4To0bl BBIYUCIUTH HAMPSHKEHHOCTDH DIIEKTPUIECKOTO
MOJIsI, CO3/IaBa€MOro JIMIIOJIEM, BOCHOJIB3yeMcsi cooTHomeHuem (41)
npumenuB ero (45). Ilpu sTom Oyzmem y4uThIBaTh, JBa 3apsijia, COCTaB-
JSFOLIME JIMTIONB M TOYKA MPOCTPAHCTBA, B KOTOPOW BBIYMCIISICM HArpsi-
KEHHOCTh, 00pa3yroT ImIockocTh. (Tpu TOYKM Bcerma 3aMaroOT ILIOC-
KocTh). CleoBaTelbHO, MOKHO peliaTh 3a/1a4y B MOJSPHBIX KOOPIHWHA-
Tax, npoBoas auddepeHInpoBaHHEe 1O PACCTOSHUIO M YTy IMOJB3YAICH
MaTeMaTHYECKUMU TPaBHIIAMH, CYIIECTBYIOIIAMH YIS 3TOTO.

__0¢ _2pCosb
o Admeer
_ 13¢ _2pCosH

" ro0  dmesr’’

OtmerHM, 4TO KOMIIOHEeHTa Ey HanpasieHa neprneHIuKyIsIpHO
E,. Tornma Moynb HanpsHKEHHOCTH PaBEH:

E=JEE+E =—" 113Cos'0,

4nee I

W3 nomyyeHHbIX (opMyJT BUIHO, YTO Ha MPOOJILHON OCH JUIIONS:

0=0,E,=0,E=E ——2P
4mee I’

a Ha NEPICHIUKYIISIPHON OCH:

0=n/2,E, =0, E<E,=—P
4mee 1

Beruricnmum cuiibl, IEHCTBYIOIME HA JUIONb B JIEKTPUYECKOM
nosie. PaccMoTpuM n1iBa citydas:

1. Cnyuait 00nopoonozo nonsa. Ecinu >meKTpUYIECKOE TI0JIe OJTHO-
POIIHO, TO HA MOJIOKUTENBHBIA M OTpUIATENbHBIN 3apan OynyT AeicTBo-
BaTh OJUHAKOBBIE CHIBI. B ciydae, Korja HampaBlIEHHE IOJIA Hapai-
JIENbHO JTUTIOIBHOMY MOMEHTY, CHJIBI TOJHOCTBIO KOMIIEHCHUDPYIOT JIPYT

Jpyra W ¢ aumnoneM Hudero e mpoucxoaut (Puc. 19). Ecnn gunonbHbIH
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MOMEHT HE MapajulefieH TOJI0, TO Ha JUIONb OyIeT IelcTBOBaThH Bpa-
A0 MOMEHT, CTPEMSIIHIICS pPa3BEPHYTh €TO B HAIIPABICHHUH OIS

F. 9 | g F +g

Puc. 19. [lunoss B 0HOPOZHOM 3JIEKTPUUECKOM II0JIE, HAIPABICHNE KOTOPOTO Mapaj-
)IBHOMY MOMEHTY

OTOT Bpamawmuii MOMEHT OyIeT paBeH IPOW3BEICHUIO IH-
MOJILHOTO MOMEHTA Ha HAIPSDKEHHOCTD AJISKTPUYECKOTO OIS,

N=q[T.E]=[p.E].

2. Cnyuaii HeoOHOpoOHo20 noas. Eciv moje HEOJHOPOIHO, TO,
KaK ¥ B MpeIbIayIIeM ciIydae, OyAeT MpUCYTCTBOBATh CHJIA, CTpeMsLIasi-
Csl pa3BepHYTh JWIIONBHBIA MOMEHT 110 HallpaBlIeHUIO Tojs. B ciydae,
KOTJla JUIMONb YK€ pa3BepHYT, a IOJIe CYIIECTBEHHO HEOJHOPOJHO Ha
paccTosIHUAX, CPAaBHUMBIX C IIJICYOM JUIIOJNS, HA OTPULATENbHBIA U TO0-
JIOXKUTENBHBINA 3aps OynyT AeHCTBOBATH pasHbIE CHIIBI, PE3YJIbTUPYIO-
1as KOTOphIX OyJeT HampapiieHa B CTOPOHY ycujleHus mouist. [lyis ompe-
nenéHHOCTH OyJeM CUMTATh, YTO IMOJI€ CO3JAHO TOYCUHBIM IOJIOKHUTEb-
HBIM 3apsaoM. Paccuntaem BeTMYMHY ATOW CHIIBI UCXOAS U3 3akoHa Ky-
JIOHA.

FoF+F - R , (+qQ

4nee I’ 471:88 r’

rje . u I, pacCTOsIHUSA OT mpoOHoro 3apsaa Q g0 3apsmoB (-() u (+Q).
BbiHocHM 00IIH#T MHOXKHTENH 38 CKOOKH M HCIIOJIb3yeM (hOpMYJTy pa3Ho-
CTH KBaJpaToB:

ﬂ( ) QQ(r—r)(r+r)

4nee, I’ Amee,r'r’

Jajie€ yUYUMThIBACM, YTO HA IPOJOJLKCHHUH OCH JUIIOJIA.

(r—=r )(r +r)=2Ir,
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roe Il — cpcaHcee apI/I(bMeTI/I‘-IeCKOC pacCTOAHUC OT AUIIOJIA 10 HpO6HOFO
3apsaa:

TOorga

F_ 2Qlgr 1 2qu

4nee ' 4meg, r’

OTO cmia, ¢ KOTOPOW MOWIIONG BTATHBAaeTCS B 00JIacTh Oojee
CIJIBHOTO ToyiA. Terneph CTAaHOBUTCS TOHSATHBIM OOBSCHEHHE OIBITa C
KyCOYKaMy OyMaru, MPUTSITUBAIONIMMHUCS K HA3JICKTPU30BAHHOW Ma0y-
Ke, 00CyKJaeMOM BBIIIIE.

Kycouku Oymaru SBISIOTCS TUAIEKTPUKOM, TOISPHUYIONIMCS B
00JIaCTH HEOAHOPOTHOTO TI0JIS, CO3AaBaeMOro najao4koi. [loaToMy oHu u
MPUTATUBAIOTCS K MaJ0YKe, BTATUBAsCH B 001aCTh 00Jiee CHIIBHOTO TOJISL.
OTMeTHM, 4TO B DIIEKTPUIECKOM TIOJI€ TIOSIPU3YIOTCS HE TOJBKO TUAIIEK-
TPHUKH, HO U TIPOBOJIHUKH, KOTOPBIE TaK )K€ OYAyT BTATHBATHCS B 00J1aCTh
00Jiee CHIIBHOTO 3JICKTPUIECKOTO TIOJIS.

BoopyxuBIINCh 3HaHUSAMHU O TIOBEIEHUH AWIIONS B HEOIHOPOJ-
HOoM OIl, Tenepb MBI MOXKEM TTOMBITATHCS OOBSCHUTH MPUHITUI ASHCTBUS
anekTpodopHoii MarmmHbl (OM), 4TO HE Tak MPOCTO, KaK KaKETCsS Ha
MepBbId B3rJsA. MTak, mpu BpalleHHMH JHUCKOB BO B3aMMHO OOpaTHBIX
HaIlpaBJICHUSX B KAKOW-TO MOMEHT BO3HUKAET CIIyYalHBIN TUIONb, OOUH
W3 3apsAI0B KOTOPOTO CHHUMAETCS CO CTOPOHBI CIydalHO OKa3aBIIeiCs
MOJIOKUTENIBHOM, a JPYyroil — oTpuIlaTeabHONW 0O0KIaaAKu. [{UMonb BBI3HI-
BaeT HEOJAHOPOJHOE AIEKTPUIECKOE IT0JIe, 3aCTABIISIONICE BTATHBATHECS B
HEro Jpyrue JWIONA. B CHily CHMMETPHUYHOTO XapakTepa KOHCTPYKIIMH
O®, 370 ONATh-TAKU JMIIONN, BO3HUKAIOIIME HA Pa3HbIX OOKIajaKax. 3a-
PAABI POJOIDKAIOT Teub Ha JleWmeHckre OaHKHM, HA KOTOPHIX HaKarlld-
BalOTCS BCE YBEIMYMBAIOIINECS 3apsbl 10 TOTO MOMEHTA, KaK 3HAYeHHE
3apsA7I0B CTAHOBUTCS HACTOJBKO OOJIBIIIMM, YTO BBI3BIBACT MOBEPXHOCT-
HBIE TOKHU MO JMDJIEKTPUKY M MPOOOH BO3Ayxa, YTO U JEMOHTHUPYETCS
BeCbMa KPacoO4HO B OIBITaX IO (pHU3UKe.
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KOHIAEHCATOP

bbu1o Obl HENONHBIM, 00CYKAas 3aKOHbBI IEKTPOCTATHKH, YITy-
CTUTb BAXKHBIA IIPUMEP NPAKTUYECKOTO IPUMEHEHUS BIEKTPUUECKOTrO
MOJIsl B yCTPOICTBE, CIOCOOHOM €ro HaKamjnBaTh, HA3bIBAEMBIM «KOH-
JEHCATOPOM.

KonnencatopoMm Ha3bpIBaeTCs IBYXIOMIOCHUK, NPENCTABISIOIINN
co0Oli Ba MPOBOJHMKA, pa3AeiEHHBIC TUAIIEKTPUKOM. Takoe yCTpou-
CTBO, CIIOCOOHO HAaKallJIMBaTh JHEPTUI0 B BHUJIE 3JIEKTPUUECKOIO IOJIS.
OCHOBHOI XapakTepUCTUKONW KOHIECHCATOpa SIBISETCS EMKOCTb, SIBIISIO-
11ascsi OTHOUICHUEM 3apsijia K MOTEHIMATy Ha OOKIaaKax.

C=0Q/U (46)

Ha Puc. 20 mokasana KOHCTPYKIHsI SJIEMEHTAPHOTO KOHJEHCA-
Topa U o0O3HaueHHe ero Ha cxeme. KOHCTpyKIMsS KOHIEHCAaTOpOB HE
OTPaHUYUBACTCS IIOCKONAPAJIIEIIbHBIMU IIJIACTUHAMHU.

1 = +

Luanermpux

A b C

Puc. 20. YcrpoiictBo miockoro kouaeHcatopa (A, b) u o6o3nauenue ero Ha cxeme (C)

[TpOMBIIIIEHHOCTh BBIMYCKaeT MHOr00Opa3ne KOHICHCATOPOB,
Pa3IMYAONIMXCSI KaK [0 CIOCO0Y HAKOIUICHHs 3apsiia, Tak M 10 KOH-
crpykimu (puc. 21).
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&(W \{,\3?

\ \
Puc. 21. DieMeHTHOE HCIIOTHEHHE Pa3IMYHBIX KOHACHCATOPOB.

JIEKTPUUYECKAS EMKOCTbD
TTomcumraem 3apsi, HaKAIIMBASMBbI Ha OOKJIaIKax KOHIEH aTopa.

a4
 — )

Puc. 22. K nozacuéry 3apsiga Ha KOHIEHCATOpe

v
d B
Y

ITo onpeneneHno HAMPSHKEHHOCTH OIS Uepe3 Pa3HOCTh MOTEH-
I[HAJIOB:

- B
E=(|)1 ?, ,[E]Z—
d M
Huxe MBI BBIYMCIMM HanpPsKEHHOCTH IIOJISI, CO3/1aBacMOE 3apsi-
KEHHOMW TUIOCKOCThI0. [ToKa Bocmosb3yeMcst 3TUM pe3ylbTaToM 0e3 BbI-
BOJA:
o

E= : 47
2¢ € 47)

B konneHcarope 1Be OOKIIaIKH, MOITOMY HAaNpsHKEHHOCTH ITOJIS
MEXJy HUMHU OyzeT B JiBa pa3a Oosblie. BbipasuM MIIOTHOCTH 3apsiioB
4yepe3 Pa3HOCTh NOTEHIMAIOB U PACCTOSHUE MEKITY OOKIaIKaMu:

oc=¢geE= 808%. (48)
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TToMHOXX¥M TIOTyYeHHBIN pe3yIbTaT Ha TIOMAAL OOKIAJ0K KOH-
JeHcaTopa S, mpuHUMasi BO BHUMaHHE, YTO

Q=oS. (49)
Torma nomy4daem:
Q=A4¢e,e/d=C(p, - 9,). (50)

Benuuuna, sBrstonytocst Ko3gpgpuiuueHToM nponopuruoHaaIbHO-
CTH MEXAY 3apsA0M U HalpsbKEHHEM Ha KOHJCHCATOpE, Ha3bIBAeTCs eM-
KOCTBIO M 0003Ha4daeTcs OykBoit C.

C=¢eS/d,
OHEPI'A KOHAEHCATOPA

OHepruro 3apsHKEHHOr0 KOHIEHCATOPa MOKHO BBIUUCIIUTD ITyTEM
BBIYUCIICHHUS DHEPTUH, KOTOPYIO HEO0OXOAWMO 3aTpaTHTh AJs MepeHoca
AIIEMEHTAPHOTO 3apsiaa ¢ OAHOM OOKIaIKK Ha Apyryto. s aToro ymHo-
KUM CHITY, JeficTBytomIyto Ha 3apsia (F), Ha paccTossHue Mexmy oOKias-
kamu d:

A=F-d=E-q-d=¢-q (51)
q qdg

dW =¢ dg=—dg=— 52

¢ do=dg=-2 (52)

T7I€ (12 — PA3HOCTh MOTECHIMATIOB MEXAY OOKIaIKaMHU.
Hanee npounTterprposas (52), momrydum

2

1 q
W == [qdg=—L. 53
= [ada =2 (53)
B pesysbTate nmomyunm tpu (GopMyJIbl ISl SHEPTHU KOH/IGHCATOpA:
1 qg° CU°?
W=Zug=L == 54
2 - 2¢7 2 &9

BerunciieHne MJIOTHOCTH JHEPTUHU IEKTPHYECKOT0 MO
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s Bpuncnenus mioTHocTy 3Hepruu Ol mpoine Beero noacyu-
TaTh SHEPTHIO [UIOCKOTO KOHIEHCATOPA, B3sB 3a OCHOBY (27):

W :%(8‘23)(&) =g, E?Sd :sso%. (55)

Haiiném muotHocTh 3Heprum, paszmenuB (55) Ha 00beM Mexmy
obxmankamu (V) B BUAC:

2

—ge —. 56
o =e, = (56)

[TpounTerpupoBas mIoTHOCTH dHeprun J11 mo 06bEMyY, HecTIOXK-
HO BBIYHCIIUTH SHEPTHIO, 3AKIIOUYEHHYIO B JJIEKTPUYECKOM I10JIE€ ITPOU3-
BOJIBLHOM (POPMBI:

W= [0 dv :eeOI%EZ(\/)dV. (57)

Takum 00pa3oM, BUAWUM, YTO IUIOTHOCTH SHEPTHU MPOTOPILHO-
HaJbHA KBAJIpaTy HANPSHKEHHOCTH 3IIEKTPHUUYECKOTO MOJIS.

INPUMEPBI PEHIEHUA 3AIAY

3agauva 1l

OnpenenuTts NOTEHIUAT MIOJISI B TOUKE
pacroyioxxeHus 3apsiaa 4.

Pemenue:

[loTeHnan SBISETCS SHEPreTUUYECKOU
XapaKTEePUCTUKOM anekTpudeckoro moist. OH 00-
JlafiaeT CBOMCTBOM aJJUTHBHOCTH, MO3TOMY IIO-
TEHITUAII TIOJIA B Touke 4 Oyner paBeH anreOpau-
YEeCKOH CyMMe MOTEHIMAJIOB OT OCTaJbHbIX 3apsi-
J0B. J{J1s1 ero HaxoKJAEHUS BOCIIOJIb3YEMCs IIPUHLUIIOM CYIIEPIIO3ULIIH U,
YUUThEIBad, 4TO IMOTCHIUAJIBI OT 1u3 3apsA10B OJMHAKOBBI U IIPUMCHSAA
bopmyiy (24) st mOTEHIMANA TOUYSYHOTO 3apsiia MOTYYUM:

-4L.4 (58)
dme, r r

37



Y IpUMEHSIS TaHHYI0 QOPMYITYy K CHCTEME 3apsi/IOB, TOIYIHM:

g, 19 , 1 _Ko-wm'-H _

= = —+ ,
¢ dng,  a/2 r 4mea Cos30°)[(P] Kr’ - M

B

¢= 10 4+ i) =232B.
47-8,85-107-0,2 /3

Y4uTeiBas, 4TO BCE 3apsAbl OJOKHUTEILHBIC, B TAHHOW 3a/1a4ue
IMOTEHIINANIBI CKJIABIBAIACE.

OtBet: ¢ =232 B.

3agaua 2
JBa mapuka mo 0,2 T moaBeIIeHBI B 0OIICH TOUYKE HA HUTSX JTH-

Hoit 0,5 M. [llapukaM cooONUITN 3apsia U HUTH pa3onuIich Ha yron 90°.

OHpCZICJ'H/ITB HaIpsKEHHOCTh U IOTCHIIUAJ I10JI B TOUYKE IMOJABECA Iapu-
KOB.

Hano:
m=m =m,=0,2T,
1=0,5Mm,
a=90°
Pemenue:

3anuiieM ycioBHe
OanaHca cuj B paBHOBECHH:

mg+F_+T=0.

CnpoenpyeM BEeKTOpHOE ypaBHEHHE OajaHca CHJI Ha OCH KOOp-
JMHAT:

Ox:F_ =T Sina,
Oy:mg =T Cosa.
Paccrosane mexay mapukamu Haitém o teopeme Ilndaropa:

d =2l
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TTockobKy MIAPUKHA OJUHAKOBBIE W MMCIOT OIMHAKOBBIA 3apsij,
MOKHO pPacCMOTPETh OJUH U3 HUX. CHIIBI, IEUCTBYIONINE HA TAPUK:

F. =TSina,
mg =T Cosa.
13 storo cnenyer:
F.|=[p|

[Moncrasmsist popmyinsl aist 3akona Kynona u Beca, ¢ yu€tom pa-
BEHCTBA 3apAJ0B, IOJIy4aeM:

2
kq—zzmg:qz 2I’mg /K.
21
N3 paBeHcTBa 3apsAJI0B U PACCTOSHUM J10 TOUKU MOABECA UMEEM,
YTO HAIpPAXKECHHOCTHU BJICKTPHUYCCKOI'O MOJIsA, CO3AaHHBIC 3TUMH IIapHKa-
MU B TOUYKE IIOABECA, paBHBI 10 MOAYJIIO:

k4

BC|: Iz'

[E.|=|E

CymMapHas HanpsKeHHOCTb B TOUKE I0JIBECa paBHa!

EC = \)Ezc +E:c :\/§|EAC :klgz’
E - 2,/9-10 625-10 98 _1 68eB/m.

N3 Tex ke caMbIX COOOpa)XeHWH, MOTCHIUAIBI IEKTPHIECKOTO
0JIsA, CO3/IaHHBIE 3TUMU IIAPHKaMH B TOUKE MOJBECA, TAaK XK€ paBHBI IO
MOJZYJIO:

9g
z

CyMMapHBIii TOTEHIIHAN B TOYKE TIOJIBECa PaBEH:

(PAC :(pBC = k
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O =0, TP, = k? =2,/2kmg,

0.=242-9-10°-2-10*-9,8 =1,188«B.

Otset: Ec=1.68 kB/M; ¢c = 1.188 kB.

3agaya 3

3apsan 1 uKn nmepenocurcst n3 GECKOHEYHOCTH B TOUKY, HAXOJIS-
mytocs Ha pacctosHud 0,1 M OT MOBEPXHOCTH METAJUTMUYECKOW Chepsl
pamguycom 0,1 M, 3apsDKEHHOW C  TOBEPXHOCTHOH  IUIOTHOCTBIO

107> Kn/m2. OnpenenuTs paboTy MO MepeMEIEHHIO 3apsa/a.
Hano: <

q=1uKn=1- 107° K
r=0,1wm;

R=0,1wm;
c=10"Kn/m’.

Pemenue:
Pa3HoCTh MOTEHIIMANOB MEXAY HAYAIbHOM M KOHEYHOH TOYKOM
MepeMeleHts 3apsa paBHa

A
¢,-0,=—.
q
[MoTeHnMan TOYKH, KOTOpask HAXOAUTCSI B OECKOHEYHOCTH PaBEH
Hymo, 1 = 0. (@, — moTeHIMaI oSt B TOUYKE Ha paccTosHuM (R + ) oT
ueHrtpa cgepsl. Onpenenum ero:

%

:k—’
P = R4r)

rae: k= 9-10°H - M2 /Kn?. qo — 3apsz Ha IOBEpXHOCTH cepbl. 3aps Ha
MOBEPXHOCTH CePbI ONMPEIETUM, 3HAS TOBEPXHOCTHYIO TUIOTHOCTb.
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o=t 5% =47R’c.

5% anr
Onpenennm paboTy MepeMeneHus 3apsaa;
47R’c
A=(p,—k—)q,
(o, Re1) )q

e |A| = 5,652 10~° . 3HaKk paGOTHI 3aBUCHT OT 3HAKOB 3apsIoB. IIpu
OJHOMMEHHBIX 3HaKax paboTa OTpHI@ATENbHAs TaK KaK BBIOIHIETCS
OpOTUB CHJT ToJisl. [Ipyu pasHOMMEHHBIX 3HAKaX paboTa MOJOKUTETbHAS
(moze BEIMOTHSIET padoTy).

Otser: 5,652- 1075 Ix.

3anaua 4

Ibumaka Maccoit 8-107"° kr yepkiBaeTcst B paBHOBECHH MEXTY
TOPH30HTAJBHO PACIIOJIOKEHHBIMUA OOKJIaIKaMH IJIOCKOTO KOHJEHCATO-
pa. Pa3HocTh moTeHumanoB mexay obOknamkamu 490 B, a 3a3op Mexay
HuMH 1 cM. OnpenenuTs, BO CKOJBKO pa3 3apsia MbUIMHKUA OOJblIe 31e-
MEHTapHOTO 3apsija.
Hano:
m=810"kr;
g=981m/c?
U =490 B;
d=1cm=0,01 m; mg
e=1,610"Kn :
Haiitu:
n-?

my

ey
|

Pemenune:
B npoeknun Ha BEpTUKAIBHYIO 0Ch, OaJlaHC CHIT, JEHCTBYIOIINX
Ha MBUIUHKY'

F =mg.

CI/IJ'Ia, HeﬁCTBYIOmaH Ha 3apdaa CO CTOPOHBI JJICKTPUYCCKOI'O I10-
Jid, YpaBHOBCHIUBACTCA CHUJIOM TSOKCCTH TBUIMHKH. 9Ty Cuiy,
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JISHCTBYIONIYIO CO CTOPOHBI AJIEKTPHIECKOTO IOJISl, HECIIOXKHO BBIPA3UTh
Yyepe3 MOTCHIIMA Ha OOKIaIKaX:

U
F: E: —,
q qd

riae ( — 3apan Ha nelmuHKe. OTcroa:

TIpoBepum pazMepHOCTb:

k(oo kr()Kn  kr(S2 MK
Ak

Ao KT( ﬁz)
c

Beruncnum KoaIn4ecTBO NU30BITOYHBIX 3JIEMEHTAPHBIX 3apsA10B HA
TBIJIMHKE

._g_mgd _810°-9,81-0,01
Ue  490-1,6-10°

Ortser: 10.

3agaua 5
DJIEKTPOH BJIETACT B MPOCTPAHCTBO MEKAY OOKIIaIKaMH IJIOCKO-
I'0 KOHJICHCATOpa B CEPEMHE 3a30pa B HAIPABICHHUH, TapaJUICILHOM 00-

M N N
KJagkaM co ckopocthio v=2-10"—. Tlpu Kakoii MHHUMAILHON pa3HO-
c

CTH MOTEHIIMATIOB Ha OOKJIaIKaX JIEKTPOH HE BBIICTUT M3 KOHJCHCATOPA,
eClIM JUTMHA KOoHJeHcaTopa 10 cM, a pacCTOsIHUE MEXIy ero OOKJIaKaMu
1cm?
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Hano: y A
v=2-10"%;

l=10cm = 0,1 m; prMT

d=1cm=0, 01 m; ‘ e

e=1,6- 10719Ku; Yo=—=>" .
m=91-10"31kr v 19

Haiiti: Ui, » ‘ %

Pemenue:

DJNEKTPOH B KOHACHCATOPE JBUTACTCS MO mapabdose. DieKTpude-
CKO€ TI0JIe CTPEMUTCS MPUTIHYTh JIEKTPOH K oOkiazake. [Ipu HekoTopoMm
KPUTHYECKOM 3HAYCHUU TIOJIS DJIEKTPOH ymajaeT Ha oOkianky. JlanHoe
3HAYEHUE MOXKHO BBIYMCIIUTh, COCTABUB YPaBHEHHUS ABUKEHHUS IO OCIM
BJIONTb M TIEPIICHANKYISIPHO OOKJIaIOK KOHAeHcaTtopa. HampaBum ock op-
muHaT OY nepreHIUKYIISIPHO HAITPABIICHUIO BIICTA:

2

y=Yy, +voyt+%. (59)

3a1aquM Y KaK Vigur = 0 - Yo, @ Yo Kak TOUKy BIETa, TOTAA:
2

atkpm
You =Y, 0,1+ — (60)

7€ typyr — KPUTHYECKOE BPEMs, 38 KOTOPOE YaCTHIA HE BBIHET 32 mpe-

JIeTTbl KOHJICHCATOPA TIPU PABHOMEPHOM JIBUKEHUH BJIOJb OCH X.
ITo ocu OX nBrxeHUEe paBHOMEPHOE U MOXKET OBITh 3aIIMCAHO
KaK

X=X, +v,t.

BriOupast koopJMHATy TOYKH BJIETa paBHOM HYIIO, HAWAEM KpU-
TUYECKOE BpeMs, IoJaras KOOpAHHATY PaBHOM JJIMHE KOHAEHCaTopa

- (61)
LV

KpUT



Ioxcrasmss, (61) B (60) , HaxoauM yCKOpeHHE, ¢ KOTOPBIM TOJI-
’KEH JIBUTaThCS 3JIEKTPOH, YTOOBI HE BBUICTETH 3 MPEAENbl KOHAEHCATO-
pa. OHO oka3sbiBaeTcs paBHbIM 410" M/C%. Teneph HETPYIHO BEIYUCITHTH
MUHHMANBHYIO Pa3HOCTh MOTEHLIMAIOB MEXy OOKIaJKaMH
U, adm
ma=F=eE=e—"=U =—ro,
d e
YTO B pe3yNbTaTe BRIUUCIEHUH qaet 2275 B.
OtBeT: Upnin=2275B

TEOPEMA OCTPOTPAACKOI'O-TAYCCA

Teopema Octporpazackoro-I'aycca (TOI'), koTopyro Mbl coOupa-
eMcs 00CyIuTh, SIBJISETCS, TaK e Kak ¥ Teopema CTokca, MaremMaTuye-
CKOIl TeopeMoil, 1okazaHHONW yueHbIMH OcTporpaickum u ['ayccom mms
HEKOTOPBIX BEKTOPHBIX (pyHKIMA. BolsicHuiock, uto Teopema Octpo-
rpaackoro-I'aycca 0e3 Kakux-muOo MOAM(UKAINA YCTaHABIUBAET CBS3b
MEXIY SJIEKTPUYECKUMH 3apsiaMyd M CO3JaHHBIM HUMH JJIEKTPUIECKUM
noJieM, TPEeICTaBIIsisi cOO0H B KaKOW-TO cTeneHr Ooiiee 0OLIyI0 W W3-
Hy10 GopMynupoBky 3akoHa Kymona. Mnorna TOI™ st kpaTkocTH Ha3bl-
BaroT Teopemoii 'aycca.

Brnepsrie TOI' npumensin (uatyutuBHO) Jlarpamxk B 1867 roxy,
npeoOpa3oBbIBasi TPOHHBIE UHTErPAIIBI B JBOWHBIE C MIOMOIIBIO HHTETPH-
poBaHus o yactsM. Mcropuueckas crnpaska: ['aycc Kapn @punpux npo-
BOJIWJI UCCIIEIOBAHUS B MHOTHX pa3aenax (pu3uku.

B 1832 r. cozgan abcomoThyto cucrtemy mep (CI'C), BBenst Tpu
OCHOBHBIX €IMHHMILBL: €AMHUILY BpeMeHU — 1 ¢, eIuHHIly UIMHBI — 1 MM,
eAMHUIy Macchl — 1 mr.

B 1833 r. coBmecTHO ¢ B. Bebepom moctponn nepssiii B ['epma-
HUH JJIEKTPOMAarHUTHBIN Tenerpad.

Eme B 1845 r. mpuiien K MbICIM O KOHEYHOM CKOPOCTU paclpo-
CTpaHEHHUsI JIEKTPOMArHUTHBIX B3auMojaeicTBuil. M3yvan 3emHOi mar-
HEeTH3M, n300pen B 1837 r. yHHITONSpHBIA MarHUTOMETp, B 1838 1. — O1-
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dbunspasii. B 1829 1. chopMynupoBan IpHHIAIT HANMEHBIIIETO TTPHHY K-
nenwst (mpuHiun ["aycca).

OnuH U3 mepBbIX BbICKasan B 1818 r. mpeamonoxeHue o BO3-
MOXHOCTHU CYIIIE€CTBOBAHUS HEEBKIUJIOBON T€OMETPHH.

B 1813, 1830 rr moka3zan oOmuit MeToa IpeoOpa3oBaHMs TPOH-
HOTO MHTETpasia K TOBEPXHOCTHOMY.

Octporpanckuit Muxaun BacuinbeBud, 0T€UeCTBEHHBIN MaTeMa-
THK U MEXaHHUK. YYmics B XapbKOBCKOM YHHBEPCHUTETE, COBEPIICHCTBO-
BaJ1 3HaHus B [Tapuxe.

OCHOBHBIC HayuyHBbIC Pa0OTHI HANMCAHBI UM B 00JACTU MaTeMa-
TUYECKOTO aHajIM3a, MaTEeMaTUYeCKON (DU3HUKH, TEOPETUUCCKONH MEXaHU-
KH. Pemm psi BaKHBIX 3a[1a4 THAPOJAMHAMUKH, TEOPUH TEIUIOTHI, YIIPY-
rOCTH, OAJUTMCTUKHU, SJICKTPOCTATUKH, B YaCTHOCTH 3aJa4y pacrpocTpa-
HEHUS BOJIH Ha MOBEPXHOCTH x)uakoctu (1826 r.). [onyunn nuddepen-
[MABHOE YPaBHEHHE PACIpPOCTPAHEHHsS TEIUIa B TBEPIBIX TeJaxX H KUJ-
kocTsix. B 1826 romy BbIBen MaTeMaTHUECKYIO (POPMYITHUPOBKY TEOPEMBI
Octporpanckoro-I"aycca B 001eM BHJie, IPEJACTABUB €€ B BUJC TCOPEMBI
B 1831 rogy.

Hns Toro, uto6s1 chopmynuposBats TOI', BBeneM MOHITHE TTOTO-
Ka crIOBBIX JiHMHA D11

[ToTokoM JMHUN OAHOPOAHOTO 3JEKTpuueckoro mnojs @ Hazbl-
BalOT KOJMYECTBO CHIIOBBIX JIMHUH, MPOHU3BIBAIOIINX IUIOMANb S TIep-
neHauKyspHo mromanu. (Puc. 23).

Ecnu Bce aneMeHTHI TUIOIIa Ky TePIeHIUKYISIPHBI CHIIOBBIM JIH-
HUSM | TI0JI€ HAPSOHKEHHOCTHIO £ OTHOPOIHO, TO MOKHO 3aITHCaTh:

® = ES. (62)

Jlnst HeorHOpOAHOTO MOJA U Ionaaku dS Mponu3BONBHON OpH-
SHTALMHU 110 OTHOLICHHIO K CUIIOBBIM JIMHHUSAM HEOOXOMMO HCTIOIb30BATh
nudepeHInaIbHOEe COOTHOIICHHE Ul dJeMeHTapHoro mnoroka dd B
BUJIC CKAJIAPHOI'O IIPOU3BEACHUSA

do = EdS. (63)
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HamoMHMM, 9TO IO BEKTOPOM ILIOMIATH MMOHUMAETCS BEKTOP,
MMCIOIIMIA HaIlpaBiIcHUE HOPMAIM K IUIOMAAN, W YHCICHHO pPaBHBIN
TUIOIIA M.

S =ns, (64)

Puc. 23. Ilpumep noroka nunuit D11 yepe3 MOBEPXHOCTh TPOU3BOIBHOMN (GOPMBI

MosxHO chopMynHPOBATH CIEAYIONINE CBOWCTBA MIOTOKA:
1. TToTok 4epe3 3aMKHYTYIO MOBEPXHOCTh, CYMMapHBIH 3apsia BHYTPH
KOTOpOI paBeH HYJIIO, TaK )K€ paBeH HYJIO;
2. IloTok — 3TO cKaysAp, KOTOPBIH, B 3aBUCHMOCTH OT HAIPaBICHHS OIS
MOKET OBITh MO0 MOJI0KUTENBHBIM, THOO OTPULIATETIHHBIM

B kadecTBe mpumepa pacCMOTPHUM MOTOK Yepe3 paziINyHbIe M0-
BEPXHOCTH, H300pakeHHbie Ha Puc. 4. IloBepxHOCTH A; OKpYyXKaeT Mo-
JIO)KUTENBHBIN 3apsii U MOTOK 3/1eCh HalpaBleH Hapyxy, T.e. @ > 0 [lo-
BEPXHOCTh A, OKpY)KaeT OTpHULIaTeNbHbIN 3apsf, 3aech @ < 0 u Hampas-
nieH BHYTph. Ecnm cantaTh, 4T0 00a 3apsiia OJMHAKOBEI, TO TIOTOK 4Yepes
MOBEPXHOCTH A, OKpYKaloLIyI0 00a 3apsiia, paBeH HYIIIO.

ud >

Puc. 24. Totok yepe3 pa3InvHbIC MOBEPXHOCTH, OKPYKAIOIINE CUCTEMY 3apsII0B

st Toro, yto6s1 chopmymupoBars TOI 3anuieM MoToK BEKTO-
pa HanpspKEHHOCTU AIIEKTPUYECKOTO I10JIs YePe3 IPOU3BOJIbHYIO JIEMEH-
TapHyIo wiomanky dS B Hanpasnennn Hopmanu (Puc. 25):
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d®, = EdS = EdS coso=E,dS. (65)
Wurerpupys (63), moaydaem:
®, = [EdS=[E,ds. (66)

+4q
Puc. 25. Pacuér noroka uepe3 3aMKHYTYIO IIOBEPXHOCTh HPOU3BOJIBHO# (OPMBI

[Moxcuér motoka nunwmiA D11 yepe3 chepruiecKkyro 3aMKHYTYIO T10-
BEPXHOCTb.

[TpumennM moy4eHHbIe (OPMYITBI IS TOACYETa TOTOKA BEKTO-
pa uepe3 chepuuecKyto 3aMKHYTYIO MMOBEPXHOCTh S;, OKPYKAIOIIYIO TO-
4yeqHbId 3apsin q (puc. 25).

BribepeM 1ieHTp cdepbl COBIAIAONINM C IIEHTPOM 3apsaa. Paam-
yc cdepbl S; paBeH R;. B kax/oii TOUKe MOBEPXHOCTH S; Mpoekius £ Ha
HaTpaBJIcHUE BHEIIHEH HOPMaJi OIMHAKOBA M PaBHA

g 1
=—1 - 67
" 4me, R (67)
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Puc. 26. Beruncienne noToka yepe3 chepruueckyro moBEpXHOCTD

TOrJJa MOTOK 4Y€pEe3 NOBEPXHOCTH Sl PaBCH:

TESO RlZ 0

®, = [Eds = 4nR? =1, (68)
S €
NJIn
o -3 (69)

AHAJIOTUYHO MOXHO TO/ICYUATATH IOTOK Yepe3 chepy S;:

o, =[EdS=—dnR: =1 (70)

4dne R g,

Teopema I'aycca 115l HANPAKEHHOCTH IJIEKTPHYECKOT0 N0JIs B
BaKyyme

MoxHO ToKa3aTh, uTo (69) ompeaenseT MOTOK Yepe3 MPOHU3BOIIb-
HYIO TIOBEPXHOCTb S, OrPaHHUYUBAIONIYIO 3apsi (. AHAJOTMYHOE CIIpa-
BEJIJIMBO ISl HECKOJBKHMX 3aps0B BHYTPH MOBEPXHOCTH HHTETPUPOBA-
HUA.

>q
D, = j EdS="—o. (71)
S €

0
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Takum 00pa3om, MOTHEIH TTOTOK BOKPYT CUCTEMBI 3apsIIIOB, aJl-
reOpamdgeckas CyMMa KOTOPBIX paBHa ( OyeT:

o =4 (72)

U paBHBIM HYJIO BOKPYT 00JacTH, He cojaepxkaiueil 3apsasl. Dopmyiy
(71) naseBatoT Teopemoii Octporpaackoro-I'aycca (TOI) mis ciyyas
ANIEKTPUYECKUX 3apsTOB, XOTS B JCHCTBUTEIBHOCTH ypaBHEHHE CKOpee
sBIsieTCsl cheacTBreM u3 Gopmyisl [aycca-Octporpackoro, MaTeMartu-
YeCKyI0 (POPMYIIMPOBKY KOTOPOI PUBEIEM JIaJiee.

Dopmyiny (71) Hepenko pacIHpsIIOT Ha CiIydail 0biacTH, comuep-
JxKauieil pacrpenenénusle 3apsaael. [lockonbky

2.0 = [pav (73)

1 j pdV. (74)

@, :U:]Edgzsov

IToTok MO>KHO 3amUCaTh.
®, == [pav. (75)
€,V

Dopmyna (75) pacmpoctpansier Teopemy OCTpOrpaackoro-
l'aycca Ha ciyuail pacnpeelIeHHbIX 3apsAI0B.

IHonsiTe 0 AMBEPreHUN

s moHMMaHMs JaNbHEHIIero M3JI0XKEeHUS! He0OXOOMMO BBECTH
BEJIMYKMHY, Ha3bIBAEMYIO JIMBEpreHIueid. PaccMoTpuM BEeKTOpHYIO (DyHK-
LU0 E, HENPEpBIBHYIO BMECTE CO CBOMMM IPOU3BOJHBIMU. Brrunciaum ee
MOTOK Yepe3 3aMKHYTYIO NOBEPXHOCTb M pa3leliuM ero Ha oobeM AV,
KOTOPBIM OrpaHUYMBAET 3aMKHYTasl IIOBEPXHOCTb, 3aT€M BBIYHCIIUM IIpe-
JIeJT OTHOILIEHUS, YCTPEMUB 00BEM K HYIIIO, B PE3YJIbTaTE TOTYUHM:
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jiEdS. (76)

Puc. 27. TIoTok BeKTOpHOW (GYHKUIUHM dYepe3 3aMKHYTYIO MOBEPXHOCTH MPOU3BOJIBHOM
(bopMEI (Citydaii INIOCKOCTN)

BBIPpA’XXCHUE, KOTOPOEC ABIACTCA MAaTEMATHYCCKUM OIIPEACIICHUEM OUBEP-
réHuyy, HE 3aBUCAIINM OT CUCTEMbI KOOPJAUHAT. B HeKapTOBOI‘/'I CUCTEME
AUBEPIreHINUIO MOXKHO 3alIMCaTh KaK

GE, E, CE

divE = —- 4 —L 4 =z,
ox oy oz

(77)

CIoBO «JTUBEPTECHITUS SIBIISICTCS TPAHCIUTOM aHTIUHACKOTO «di-
vergence» (ucredenne). JleWiCTBUTENEHO, €CITU IMPEICTaBUTH ceOe BEK-
TOpPHYI0 (YHKIHIO KaK TOTOK BOIBI dYepe3 HEKOTOpOe IMOIEepPEIHOe
CCUCHHUEC, TO JUBCPTCHLUA 6YZ[€T KOJIMYECTBOM BOJbI, IMPOXOJAIINM 3a
€IMHUIlY BpDEMEHH.

Kak u rpagueHTt, MUBEpreHIMIO MOXKHO 3allMcaTh C MOMOIMIBIO
oreparopa «Habna». Hamomanm, 4To omeparop Hablla B IPUMECHEHHH K
CKaJISIPHOM (PYHKIIMM MMEET CMBICI TPAIUCHTA, a B IIPUMCHCHHUU K BEK-
TOPHOU — TUBEPreHIUU.

divE =V -E. (78)

Teopema ['aycca ainsi HanpsHDKEHHOCTH SJIEKTPHUYECKOTO ITOJIST B
BakyyMme B AuddepeHnansHoin Gopme.

Y100HO IPUMEHATH B psijie ciydaeB nuddepeHnanbayo Gop-
mynupoBky TOI'. Becniomuum (74). Iyctsb 3apsia pacnpenenéH B 00béme
CO CpefHEeN IIOTHOCThIO <p>. Torxaa:
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flEds = (p)AV. (79)

—f1EdS =£. (80)

Teneps yctpemum AV K HyJIO, CTATHBAs €r0 K WHTEPECYIOMIEH
Hac Touke. [Ipu ycrpemiennn o0bEMa K HyNIO cpenHssl TNIOTHOCTh 3apsi-
Jla CTAaHOBUTCS PaBHOM JIOKANbHOM MJIOTHOCTH:

) _»p (81)

O606mmast (76) u (81), momy4nm:

divE =2, (82)

80

gro sBisieTcs GopmyiaupoBkoii TOI' B mpUMEHEHUH K DIEKTPUUYECKAM
3apsgaMm B nuddepeHmmanbHOR  Qopme. 3amuchiBas  CKaISAPHOE
MIPOU3BENIEHUE, TOUYKY HEPEAKO IMPOITyCKAIOT TaK K€, KaK M CTPEJIOYKY
Haj «Habma» (omeparopoM [amunbTOHA):

vE=F (83)

80

JuddepennnansHas hopmynupoBka Teopemsl ['aycca yepes mo-
tenrman. Yuuteisas (78) nepermmiem (83) kak:

divE = VE =V (-Vo)=V’¢=-A0¢. (84)

BeiBaeT yno6Ho 3anuceiBath TOI uepes moTeHIna:

Ap=—F. (85)



Ipwu 3ammcn(84) MBI BBEIM Tak Ha3kIBaeMEIi omeparop Jlammaca
(A), koropslit B [leKapTOBBIX KOOPAMHATAX UMEET BUJL
da d d
A=—+—+—.
dx* dy* dz

(86)

Mexnay omepatopom Jlammaca u 'amMuiabTOHa CyliecTBYeT clie-
JyIollee COOTHOIICHHE, B CIPaBEeIMBOCTH KOTOPOro YuTarenb JeTrko
yOemIuTCsl CaMOCTOSITENTFHO:

V(Ve)=V? = Ag. (87)

®opmy.aa I'aycca-OcTporpaackoro

B 3akmrouenne npuBeneM MareMaTudeckyto hopmymupoBky TOI
0E30THOCHTENBHO K AIIEKTPUIECKOMY TTOIIIO:

[T divA = j AndsS, (88)

311eCh A - moGas HENpephIBHAS BEKTOPHAs (DYHKIHUS, 00agaromas HeKo-
TOPBIMH MAaTEMaTHYECKHMMU OCOOEHHOCTSIMM, MMEIOIIUMH OTHOIICHHE K
HEMPEPBIBHOCTH, KOTOPbIC JIFOOO3HATEIbHBIA YUTATE)Ib MOXKET HAWTU B
CHeTMaTN3NPOBaHHbIX yueOHnKax [2]. CnpaBemmmBocTh (88) u ee mpu-
MEHHMMOCTb K 3JIEKTPOCTATUKE HECJIOKHO IPOBEPHUTH, MOJICTABUB IUIOT-
HOCTh 3apsiila B JICBYIO YacTh AAaHHOTO YpaBHEHHUS, MOHMMAas Moj A
HaIpsOKEHHOCTD 3JIEKTpudeckoro nois £. Torga, ocyliecTBUB UHTEIPU-
poBaHHe 1O 00BEMY, MEpeEM K TONHOMY 3apsAny (, 3aKIOYEHHOMY
BHYTpH ToBepxHOCcTH. [IpaBas xe wacth (88) mact morok. dopmysia
(88) u naswiBaror hopmystoit [aycca-Octporpaackoro.

HeTpyaHO 3aMeTUTBh, 4TO ¢ MareMaTu4eckol Touku 3penus (88)
YCTaHaBJIMBAET CBSA3b MEXIY TPOWHBIM MHTErpajioM (o o0bemy, Tpex
MEPEMEHHBIX) U ABOMHBIM (II0 IOBEPXHOCTH, ABYX IIEPEMEHHBIX), TO €CTh
TMMO3BOJISICT TIOHUKATh NOPAAOK MHTCTPUPOBAHUA.

2
®uxtenroinsl] [.M. OcHOBBI MaTeMaTHUYeCKOT0 aHanu3a. MockBa: V3narenscTBo
«Haykay. ['maBHas penakius GU3NKO-MaTeMaTHIecKon Iureparypsl, 1968.
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B nmanmpHelimeM B 3TOM Kypce (BBIXOIAIIEM 33 PaMKH JAHHOTO
moco0wust) OyIeT u3ydaThCs elle OJHa TeopeMa Mo I00HOTo pojaa — Teope-
Ma CToKca, MO3BOJISIONIas EPEXOUTh OT UHTETpalla Mo LI (IBYX
MEPEeMEHHBIX) K HWHTErpajy IO KpuUBOH (OIHOW NEpEeMEHHOH), Cyle-
CTBEHHO OOJIeTJas perieHne MHOTHX 3a/1a4.

HNnuTterpansuas ¢opma TOI' B npuMeHeHUN BHIYUCIEHUIO XapaKTe-
PHMCTHK 3JIEKTPUUYECKOTr0 MOJIsi

[lepenucas mpenpiayiee ypaBHEeHHUS IJIs AJIEKTPUUIECKOTO OIS,
MOJIy4aeM yHUBEpCcanbHy0 GopMynupoBky TOI B €€ «MCTHHHO MaTeMa-
TUYECKOM» BUJIE:

[[fdivE = jf E - fidS. (89)

3nayenue TOI' mo3BOMsIET B HEKOTOPBIX CIIydyasiX 3HAUYUTEIHHO
YIPOCTHUTH MOJACYET HANPSHKEHHOCTH JEKTPUYECKOTO OIS, YEM MOKHO
yOequThCs, U3YUUB CIEAYIONINE IPUMEPHI.

[Mpumenenue TOI' qyis BEIYUCTECHUS HANPSHKEHHOCTH TMOJIsT Oec-
KOHEYHOI paBHOMEPHO 3apsKEHHOH MIIOCKOCTH

Jns BplUMCIIeHUS HANPsKEHHOCTU MOJIA, CO3JaBaE€MOr0 pPaBHO-
MEpPHO 3apsHKEHHOW OECKOHEUHOH IIOCKOCTBIO, pPACCMOTPHM OECKOHEY-
HYIO IUIOCKOCTb, 3apsDKCHHYIO C IUIOTHOCTBIO 3apsiia O, IPEICTAaBUB B
BH/JIE ITPOU3BOIHOM 3apsija M0 IUIOIAIN:

o=

ds
Pacceuém MmIOCKOCTh HUIIMHIAPOM, 00pasyrolinue KOTOPOro Imep-
MEHINKYISAPHBI TUTIOCKOCTH, & OCHOBAHWS, COOTBETCTBEHHO, Mapalieib-
HBl. ByZeM cuuTaTh, YTO MECTO MEPECCUCHHUS IUIOCKOCTHIO HAXOIUTCS
TOYHO B CEpeJHMHE CTOPOH HuWinHapa. [lojcyrtaeM CyMMapHbIi MOTOK
JINHUH 3J1€KTpUYecKoro noist @y yepes 3aMKHYTYH0 TOBEPXHOCTh LIUJIMH-
npa. OH OyzeT paBeH CyMMe IOTOKOB 4epe3 00pa3yrollue IWINHApPA U
IUTOCKOCTH €r0 OCHOBaHWi. B CHily ompeeseHus MOTOKa, MOTOK 4Yepe3
00pasyrolue paBeH HYJII0, TOCKOJIbKY BEKTOP HANPsHKEHHOCTH MOJIS T1a-

paitesnen crenkam nunuaapa (E, = 0).
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Puc. 28. MmmocTparus K BEIYUCICHHIO HANIPSDKEHHOCTH MOJIS, CO3]aBaeMoro OecKoHed-
HOM paBHOMEPHO 3apsKEHHON TUIOCKOCTBIO

IToTok yepe3 MIOCKOCTH OCHOBAHUI NWJIHHIIpa OyIeT paBeH:
@_ =2ASE.

BHyTpH mOBEpXHOCTH 3aKm0uéH 3apsaa. ClienoBaTeIbHO, U3 TEO-
pemsr Octporpaackoro-I"aycca momyanm:
o =3 _oasE—oas L, (90)

E
80 80

OTKYJa BHITHO, YTO HANPSHKEHHOCTH TOJIS, 0ECKOHEYHOU TUIOCKOCTH S
paBHa:

=2 (91)

IIpumenenue TOI nus1 BbIYHCIEHNS HANPSKEHHOCTH MOJIsSI 6eCKO-
HEYHOH PABHOMEPHO 3apsSiKeHHOH HUTH

AHaOTUYHO TpeapIayIeMy ciiydaro, npuMmenuMm TOI ans BvI-
yucieHus HanpsbkéHHocTr DI, co3maBaeMoro OECKOHEUYHOM paBHOMEPHO
3apsKEHHOMN HUTHIO.

[IpencraBum HUTH B BUE IMIMHApA paauyca R, 3apspkeHHOTO €
MTOCTOSTHHOM JIMHEHHOW TUIOTHOCTBIO 3apsizia A

dq
A=—, 92
T (92)
re dg — 3apsi1, cocpeIOTOUEHHBIN Ha oTpe3ke muauHApa dl.
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Puc. 29. K BBIUHCIICHHIO HAIIPSHKEHHOCTH OIS, CO3/1aBaeMOT0 OECKOHEUHOH paBHOMEp-
HO 3apsKEHHON HUTBIO

[IpencraBum BOKpYr LMIMHApa (HUTH) KOAKCHAJBHYIO 3aMKHYTYIO IIO-
BEPXHOCTh (LWIMHIAP B IWIMHIpPE) paauyca I u amuHou | (ocHOBaHMS
LWINHIPOB MEPIEHAUKYIApHO ocn). IloTox @ yepe3 ocCHOBaHMSA LMIIMH-
IpoB paBeH Hymo. i1 60KOBOH MOBEPXHOCTH LMIMHAPA NOTOK 3aBUCHUT
oT paccTogHus I'. CreoBaTeNbHO, TOTOK JTMHUM BEKTOpa 3JIEKTPUIECKO-
ro nons £ yepe3 OOKOBYIO MOBEPXHOCTh WJIMHApPA IpU I > R, paBeH:

@, =E(r)S =E(r)2mnrl.

Ha nosepxHocTy nunuHapa 3apsz paBeH (= Al , I03ToMy II0 TepeMe
Octporpanckoro-I'aycca noaydnm:
A

E(r)= .
) 2ne I

IIpu r <R E(r) =0, uro rpadpuuecku u3obpaxeHo Ha puc. 30.

IIpuMeHUM NOJIyYEHHBIN pe3ynbTar JUIsl BBIYUCIICHMS [TOTEHIUA-
J1a Ha HEKOTOPOM PAacCTOSTHUM OT 3apsyKEHHON HUTH. DTO MOXHO CAENaTh
C IOMOUIBIO UHTEIPUPOBAHMUSL!

¢, =—|E-dS=—[2h/dr=—2AInr/2+20InR.

CoracHo CBOCMY (I)I/I3I/I‘IGCKOMy CMBICITY, IOTCHIIUAJT OTIPCACIICH
C TOYHOCTBHIO 10 KOHCTAHTBhI.
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>
0 .
Puc. 30. 3aBHCHMOCTb HANPSDKEHHOCTH TIOJISL OT PACCTOSIHUSA JUIS ClIydas paBHOMEPHO
3apsHKEHHOM MOAMOBEPXHOCTEH HUTH KOHEYHON TOJIITHHBL.

OTMeTnM, 4YTO MOTEHIMAT Ha OECKOHEYHOCTH B JaHHOM CJIydac
B3STh PABHBIM HYJIIO HE yIaCTCH.

[Tone3HO comocTaBUTh 3aBUCUMOCTS TOJIsl M TIOTEHIIMAIA OT pac-
CTOSTHHS 711 OOBEKTOB PasiuYHON pasMepHOCTH (Tabi. 3) u 00ayMath
MOJTyYCHHBIC PE3yNbTaThl. MIHOTAA MPHUXOAWUTCS CIBINIATh, YTO HAIpS-
’KEHHOCTH TOJIsI BHYTPH CEPUUECKU 3apPsDKCHHON MOBEPXHOCTH IO TEO-
peme Octporpajckoro-I'aycca paBHa HyJItO, TIOCKOJIBKY B HEil HET 3JIeK-
TpUYECKUX 3apAnoB. B geiictButensHOCTH Teopeme OcCTporpanckoro-
laycca yTBepKIaeT, YTO TOJBKO JAUBEPTEHINS 3JIEKTPUUYECKOTrO IOJIS
BOKpPYT' 00JIacTH, HE COJCpJKallleid 3apsibl, paBHA HYJIO, HUYEro HE
YTBEpXK/Iasi IPU 3TOM IPO HAMPSHKEHHOCTD 3JICKTPUIECKOTO TOJISL.

Ha camom jese mosie BHyTpU C(HepUYECKON MOJOCTH JCHCTBH-
TENILHO PABHSAETCS HYJIIO, €CIIH MOBEPXHOCTh 3apsuKeHa PaBHOMEPHO, HO
He 1o Teopeme Octporpajckoro-I'aycca, a 1Mo CJIEACTBHIO U3 TEOPEMbI
Bepkoga [3].

3'Birkhoff, G. D. (1923).Relativity and Modern Physics. Cambridge, Massachusetts:
Harvard University Press. LCCN 23008297.
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Tabauya. 3.
XapakTep 3aBUCUMOCTH IIOJIsl U NOTEHIMAA OT PACCTOSHHS Ul 00BEKTOB pas-
JUIHOU (POPMBI/Pa3MEPHOCTH.

OOBexT Ilone ITorenuuan IIpumeuanue
He omnpeneneno 1 1

r ! r n-1

n>5
Ksagpymnons 1 1 Ban nep Baanbcossl

— - (mucniepcuOHHBIC)

r r B3aUMOJCHCTBUSA
Jurons 1 1

v =
Todeunslii 3apsn 1 1

re r
Huts 1 Inr

r
ITockocTh Const r

3AKJIIOYEHUE

B pesynbprare u3ydeHus 3TOM KHUTY Bbl Y3HAIH, KaK BBIYHCIIATD
MOTEHIHAT U HAPSHKEHHOCTh JIEKTPHUYECKOT0 IOJIs, CO3AaBaeMOI0 CH-
CTEMOW 3apsiJIOB WM POBOJIHUKAMH PA3TUIHON (POPMEL.

[Tonyunnu HavyalbHBIE NMPENCTABICHUS 00 SHEPTUU IIEKTpUUe-
CKOTO TI0JIsI, CBOMCTBAX 3MEKTPUUECKHUX 3aPsI0B.

O3HaKOMUJIMCH C IPUHIUIIOM JeMCTBUSA KOHJEHCATOpa U Hay4du-
JIUCH OTIPENETATh ero mapaMeTphl B LEMSIX MOCTOAHHOTO Toka. [lomyuen-
HbIE 3HaHMS OyIyT MOJE3HBI NMpPU AalbHEHIIEM HM3yYEeHHH Kypca dJIeK-
TpUYECTBA U MarHeTHU3Ma.

3AJAHUS UISI CAMOCTOSITEJIBHOM PABOThI

3akon KyJsona
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1. 3apsamer mo 1 K1 MOMeENIeHs! B BepIIMHAX PaBHOCTOPOHHETO
TpeyrojapHuKa co ctoponoit 0,2 M. PaBHOIEHCTBYIOMmAs CHII, JEHCTBYIO-
1Ias Ha YeTBEPTHIH 3apsill, MOMEIICHHBIA Ha CepelnHe OJHOW M3 CTOPOH
TpeyroipHHKa paBHa, paBHa 0,6 MkH. Onpenenuts 3TOT 3apsa, Hamps-
KEHHOCTb M IOTCHLUAJI IIOJIS B TOUKE €0 PacIioIOKEeHUsI.

2. Ecnn B ieHTp KBazpara, B BEPIIMHAX KOTOPOT'O HaXOMISTCS 3a-
psabl o +2 HKI, MOMeCTHTh OTpUIATENbHBINA 3apsia, TO PEe3yNbTUPYIO-
mas cuiia, JeWCTBYIOMIAast Ha KXl 3apsia, OyneT paBHaA HyIto. Beramc-
JIUThH YHUCIIOBOE 3HAUYEHHUE OTPULATEIBHOTO 3apsiza.

IMorennman. Padora moJs

3. /IBa 0IMHAKOBBIX 3apsAa HaXOASTCS B BO3AYXE Ha PACCTOSIHUU
0,1 M mpyr ot apyra. Hanpsok€HHOCTH 1MOJIsl B TOUKE, YAAJIEHHOM Ha pac-
crossanu 0,06 M ot oxuoro u 0,08 M oT apyroro 3apsaa, paBaa 10 kB/m.
OnpenenuTe NOTEHIMAN MO B 3TON TOUKE U 3HAYEHHUE 3apSA0B.

4. 3apsin —1 uKn nepemectuiics B noste 3apsiaa +1,5 HKim u3 tou-
ku ¢ norteHuuanoM 100 B B touky ¢ morennuanom 600 B. Onpenenuts
paboTy CHII IOJISI U PACCTOSIHUE MEXKITy STUMHU TOUKaAMHU.

5. /IBa 0IMHAKOBBIX 3apsAa HAXOASTCS B BO3/AyXE Ha PACCTOSIHUU
0,1 M gpyr ot mpyra. Hanpspk€HHOCTH TONIA B TOUKE, YAAIEHHON Ha pac-
crostanu 0,06 M ot omuoro u 0,08 M oT Apyroro 3apsaa, paBaa 10 kB/m.
OnpenenuTs NOTEHIMAT B 3TOW TOYKE U 3HAUEHUE 3aps/I0B.

6. 3apsapl o 1 HKiT momemeHsl B BepIIMHAX PaBHOCTOPOHHETO
TpeyronbHuKa co ctopoHoi 0,2 M. PaBHonelcTByIOmAs CUjl, ACUCTBYIO-
IIMX HA YETBEPTHIM 3aps, NOMEUIEHHBINA HA CEPEAUHE OJHOW U3 CTOPOH
TpeyroiabHuka, paBHa 0,6 MmxH. OnpenenuTs 3TOT 3apsii, HAIPSKEHHOCTh
Y TIOTEHIMAJI TI0JIS1 B TOUKE €TO PACIOI0KEHHUSL.

7. 3apsn 1 uKn nputsayncs k 6eCKOHEYHOU TIIOCKOCTH, PaBHO-
MEPHO 3apsDKEHHO ¢ MOBEPXHOCTHOH miotHOCThio 0,2 MxKi/M*. Ha Ka-
KOM PacCTOSIHUU OT IJIOCKOCTH HAXOIMJICS 3apsi, ecy padoTa CHII MO
0 €ro nepeMeneHuto paBHa 1 MxJx?

8. 3apsin 1 HKn nepenocutcss u3 OECKOHEYHOCTH B TOYKY, HAaXO-
nsiytocst Ha pacctosiHud 0,1 M OT MOBEPXHOCTH METAJUIMYECKOH cdepbl
pamuycom 0,1 M, 3apsKEHHOM ¢ OBEPXHOCTHOH mnoTHOCTHI0 10 Kin/m?.
Omnpenenuts paboTy 1Mo MepeMeIeHHI0 3apsijia.
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9. Jlpa mapuka Maccoil 1o 2 Mr MOJABEIICHBI B OOIIEH TOYKe Ha
HATAX pauHOM 0,5 M. [laprkaM coOOIMITN 3apsa U HUTH Pa3oIUINCh Ha
yron 90°.0Onpenenuts HaNpsKEHHOCTh M MOTEHIMAT MOJSI B TOUKE MOA-
Beca IIapUKOB.

10. Kakyro paboTy HY>KHO COBEPIIHThL YTOOKI 3apspl 1 u 2 K,
HaxonuBIIrecs Ha pacctosauu 0,5 M commsmmmcs 1o 0,1 m?

IMorok. Teopema I'aycca

11. TloBepxHOCTHAs TUIOTHOCTH 3apsijia OCCKOHEUHOW paBHOMEp-
HO 3apsDKCHHOM TuTocKocTH paBHa 30 HKi/M?. OIpenenTs moToK BEKTO-
pa HanpsHKEHHOCTH Yepe3 IOBEPXHOCTh cepsl muameTpoM 15 cM, pacce-
KaeMOM 3TOM ITIOCKOCTBIO MOIO0JIaM.

12. B nojie 6€CKOHEYHOH pPaBHOMEPHO 3aPsDKEHHOM IIOCKOCTH C
IOBEPXHOCTHOI IUIOTHOCTBIO 3apsima 10 MkKi/M? mepemermaercst 3apsin
13 TOYKH, Haxojasieics Ha paccrostaud 0,1 M OT TUIOCKOCTH, B TOUYKY Ha
paccrosiHuu 0,5 M oT Hee. OnpeaenuTs 3apsai, eclid Ipyu 3TOM COBepIla-
etcs pabota 1 mJ[x.

Konpaencarop. JHeprus 3/1eKTPUYECKOI0 MOJIsl.

13. Beruncnutb EMKOCTh OaTaper, COCTOsIIeH U3 TpeX KOHIeHCa-
TOpOB EMKOCTBIO 1 MK®D Ka)KIbI{, IPU BCEX BO3MOXKHBIX CIydasX MX CO-
CIMHCHHUS.

14. Dueprus mmockoro Bo3aymmHOro KoHaeHcatopa 0,4 uHIIK,
Pa3sHOCTh MOTEHIMANIOB Ha 0b6Knamkax 600 B, miomans miactun 1 e’
OnpenenuTh pacCcTOSIHUE MEXAY OOKIIaAKaMH, HaNpsHKEHHOCTh U 00bEeM-
HYIO TUIOTHOCTb HEPTHH MOJISI KOHAEHCATOpa.

15. Inockmii BO3MYIIHBINA KOHACHCATOP 3apsKEH J0 Pa3HOCTH I0-
terrmanos 300 B. [lnomans mwiactun 1 cm?, HanpsHKEHHOCTD TIOJIS B 3a-
3ope mMexay HumHu 300 kB/mM. Onpenenuts MOBEPXHOCTHYIO IUIOTHOCTh
3apsi/ia Ha IUIaCTHHAX, EMKOCTb M SHEPIUI0 KOHAEHCATOPA.

16. B none OeCckOHEUHOM, PABHOMEPHO 3apsKEHHOMN TUIOCKOCTH €
TIOBEPXHOCTHOI IUIOTHOCTRIO 3apsza 10 MxKi/M® mepememaercs 3apsij
W3 TOYKH, Haxosueiics Ha pacctosHuu 0,1 M OT MIOCKOCTH, B TOUKY Ha
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paccrostauH 0,5 M oT He€. OnpeaenuTs 3apsy, €clu IpU dTOM COBEpIIa-
ercs padota 1 mIIx.

17. JIBa xoHIEHCATOPa OJUHAKOBOW eMKOCTH 1o 3 MKD 3apsuke-
Hbl onuH A0 HampsbkeHus 100 B, a npyroit — no 200 B. Onpenenutsb
HaIpspKeHHE MEXIy OOKJIaIKaMu KOHIEHCATOPOB, €CIIM WX COSAMHHTH
MapajuIeIbHO: a) OJHOMMEHHO; 0) pa3HOMMEHHO 3apsDKEHHBIMH OOKJIaI-
KaMHu.

18. 3apsin Ha KaXJIOM U3 JIBYX MOCIEIOBATEILHO COCITUHEHHBIX
koHmeHcaTopoB EMKOCThIO 18 MK® u 10 mkd paeen 0,09 aKn. Onpene-
JUTH HampsDKeHHe: a) Ha OaTapee KOHIEHCATOPOB; 0) Ha KaXKIOM KOH-
JeHcaTope.

19. Tlox nmefictBueM cuibl NpUTsDKeHHs | MH quanekTpuk Mexmy
oOKJIagKaMu KOHJeHcaTtopa Haxoautcsl mox AasnenueM 1 Ila. Onpene-
JUTH SHEPTHI0O M O0BEMHYIO IUIOTHOCTH SHEPTHU IMOJS KOHIEHcaTopa,
€CIIA PACCTOSTHHE MEXTy ero oOKiaakamu 1 M.

20. Konnencarop EMKocThiO 6 MK®D TOCIEIOBATENFHO COSTUHEH
C KOHJIEHCATOPOM HEU3BECTHOM EMKOCTH M OHU IMOAKIHOYEHBI K UCTOY-
HUKY IMOCTOSHHOro HampspkeHust 12 B. OmpenenuTs €MKOCTH BTOPOro
KOHJICHCATOpa W HAMPSDKEHUS Ha KaKIOM KOHJEHCaTope, eCid 3apss Oa-
Tapeu 24 MxKi.

21. Haiitu 00bEMHYIO INIOTHOCTh SHEPTHH AIEKTPUICCKOTO TIOJI,
CO03/1aBaeMOTr0 3apsHKEHHON MEeTaTHYecKor cdepoil pammycoM 5 cM Ha
paccTOSTHUM 5 CM OT €€ MOBEPXHOCTH, €CJIM IOBEPXHOCTHAS IUIOTHOCTH
3apsia Ha Heil 2 MKKi/M.

22. 3apsan 1u Kin vHaxonutes Ha pacctosanu 0,2 M 0T O€CKOHEYHO
JUIMHHOM paBHOMEPHO 3apsbkeHHOM HuTH. Ilox peiicTBueM MONIsl HUTH
3apsan nepemernaetcs Ha 0,1 M. OnpeneauTs TUHEHHYIO IIOTHOCTE 3apsi-
Jla HATH, ecu paboTa cui o pasHa 0,1 Mk k.

23. Konnencarop ¢ mapauHOBBIM AMIIEKTPUKOM 3apsDKEH 10
pasHoctu noteHimanos 150 B. HanpsxéunocTs nosist 6 MB/M, tutommaas
mmactuH 6 cM’. OnpeenuTh EMKOCTh KOHIEHCATOPA H MOBEPXHOCTHYIO
TUIOTHOCTB 3apsijia Ha 0OKIJIaJKax KOHAEeH caTopa.

24. Ilnomanp TIACTHH IDIOCKOTO CIIOASTHOTO KOHJIEHCATOpa
1,1 cm?, 3a30p Mexay Humu 3 M. IIpu paspsiae KOHIEHCATOPA BBIIEIH-
nack 3Heprus 1 mxJlx. Jlo kKakol pa3HOCTH MOTEHIIUAIIOB OBLT 3apsHKeH
KOHJIeHcaTop?
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KOHTPOJILHBIE 3AJIAHUA 11 CAMOCTOSATEJABHOM
PABOTbI

Bapuanr 1
1. B BepmmHAax NPaBWIBHOTO MIECTUYTOJBHUKA DPACIOIOKEHBI
TPH TOJOXKUTEIBHBIX M TPU OTPUIIATEIHHBIX 3apsiia.
R +( Haiinure mMonynb M HampaBiIEHHE BEKTOpa HaIps-
+( q SKEHHOCTH DJICKTPUYECKOTO MOJS B LEHTPE IIECTH-
yronbpHIKa Momyinb Kaxkaoro 3apsaa paseH 1,5 aKur,
BCE CTOPOHBI IIECTUYTOJIHLHUKA — TI0 3 CM.

2. Toukuii crepxeHb amuHON 20 cM HEc€T paBHOMEPHO pacrpe-
nenéunbii 3apsan T = 0,1 mxKn. Onpenenurte HanpsHkEHHOCTH 3JIEKTpHYE-
CKOTO II0JIs, CO3/JaBaeéMOT0 paclpeeIEHHBIM 3apsaI0M B TOUKE A, Jexa-
IIeH Ha OCH CTePKHsI Ha paccTossHuHU a = 20 CM OT ero KOHIIa.

3. [lmomane TIACTHH IUIOCKOTO BO3IYNIHOTO KOHZEHCATOpPa
S = 0,01 M%, paccrosuue mexay aumu d = 5 MM, K miacTiaaM npumosxe-
Ha pasHocth noreHmanos U; = 300 B. [locne oTkiroueHUsT KOHIEHCATO-
pa OT WCTOYHHWKA HANPSHKEHHS, MPOCTPAHCTBO MEXAY IUTACTUHAMH 3a-
nonHsieTcs 30oauToM (€1 = 3). KakoBa Oyzner pazHocts moreHuuanos U,
MEXIy TUTaCTUHAMHM Tociie 3anonHenus? Halnure EMKOCTh KOHIEHCATO-
pa C; u C,u MOBEepXHOCTHBIE TUIOTHOCTH 3apsIoB G; M G, Ha IJIACTHHAX
JI0 ¥ TIOCJIE 3aIlOJIHEHUSI.

-q +q

Bapuanr 2

1. B BepmmHAaxX NPaBUIBHOTO MIECTUYTOJBHUKA PACIOIOKEHBI
TPU TOJIOKUTEIBHBIX U TPU OTPHUIATECIBHBIX 3apsfa.
Haiinute Monynp u HampaBieHHe BEKTOpa HAIPSHKEH-
HOCTH DJIEKTPUYECKOTO TIONSI B LIEHTPE IIECTUYTOJb-
HuKa. Monynb Kaxaoro 3apsaa paBen 1 uHKi; ctopora  -q -q
MIECTUYTOJIEHUKA — 2 CM.

2. Ilo ToHKOMY TONYKOINBIYy pamuyca 10 cM paBHOMEpHO pac-
mpenenéH 3apsija ¢ JuHeWHOW TUIOTHOCThIO T = 1 MxKi/m. Ompenenute
HaNpPsOKEHHOCTH AIIEKTPUYECKOTO TIOJISI, CO3AaBaEMOTO PaCIpe e IEHHBIM
3apsoM B Touke O, COBIAAAIONICH ¢ IIEHTPOM KOJIBIIA.

+q +(
-q +q
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3. I[Inomane WIACTHH IUIOCKOTO BO3AYIIHOTO KOHIEHCATOpa
0,1 M°, paccrosuue Mexay Humu 0 =5 wmm. K mIacTHHAM TpHIOXKeHa
pasHocts moteHumanoB U; =100 B. Ilpu BKIIOYEHHOM K HCTOYHHKY
HAINpPsDKCHUSI KOHJCHCATOPEe, MPOCTPAHCTBO MEXy IUIACTHHAMH 3arloJi-
Hsietcs d0oHUTOM (g1 =3). KakoBa Oymer pasHocTh moTeHuuanoB U,
MEK1y IUTaCTHHAMH Tociie 3anoiHenus? Halinnte éMKOCTh KOHIEHCATO-
pa C; u Cou MOBEepXHOCTHBIE IUIOTHOCTH 3apsi/IOB G; U O, Ha IJIACTHHAX
70 ¥ TIOCTIE 3aIIOJTHEHHSI.

Bapunant 3

1. B BepmMHax MNPaBUIBHOTO MISCTUYTOJb- .
HUKa PaCMOJIO0KEHbI TPU MOJOXKUTEIBHBIX U TPU OT- q +q
pulaTeNbHBIX 3apsga. Haliaure HanpspkEHHOCTH -G -q
AIEKTPUYECKOTO TMOJISI B ILEHTPE MICCTUYTOJLHUKA. +q g

Monyne kaxaoro 3apsjaa paseH 2 HKII; Bce cTOpOHBI
IIECTUYTOJIEHUKA — TT0 2 CM.

2. YeTBepTh TOHKOTO Koubla, paaumycoM R = 10 cm Hec€T paBHO-
MepHo pacrpenenéunbiii 3apsn Q = 0,05 mxKun. Onpenenure HanmpsxeH-
HOCTB JIEKTPUYECKOTO MOJIsI, CO31aBaeMOI0 pacrpeesIEHHBIM 3apsaoM B
TOYKE, COBIAJAIOLICH C LIEHTPOM KOJIbIIA.

3. laH MmIOCKHH KOHACHCATOP, UMEIONIMIA TPH TUJICKTPHUSCKUE
MPOKIIAAKN TOJIIWHOW 2 MM U3 cTekna (g, = 7), cmoasl (g, = 6) u mapa-
¢uHa (e, = 3), 3amoMHAIONINE BeCh 00bEM MeXIy oOkmankamu. [lromans
o6KIanky KoHgeHcatopa 200 cM?. Ompenennute EMKOCTh STOTO KOHICH-
caropa W MaJicHHe HAMpPsHKCHUS HA KaXIIOM JUDJIEKTPUKE MPHU Mojade Ha
KoHJIeHcaTop HamnpspkeHus B 50 B. Ompenenurte sHEpPruro mossi, HAKOI-
JICHHYI0 B KOHJEHCAaTOpe, W IMOBEPXHOCTHYIO IUIOTHOCTH 3apslOB Ha
KaXXIOM JHIJICKTPHKE.

Bapuanr 4

1. DnexkTpuveckoe Ioyie CO3[aHO JIBYMSI TOUYEYHBIMH 3apsaaMu
0: = 40 uKit u ¢, =10 uKn, Haxogsammmucs Ha paccrostauu 10 cM apyr
ot apyra. OmpenenuTs HANPsHKEHHOCTH IMOJSI B TOYKE, yMaIEHHOM OT
mepBoro 3apsiia Ha ;= 12 cMm 1 oT BToporo Ha I = 6 cM.

2. JIBe TpeTu TOHKOTO Kojblla pagumycom 10 cMm HecyT paBHO-
MEPHO pacupeleNEHHbIA 3aps)l ¢ JUHEHHON mioTHOCThI0 0,2 MkKi/M.
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Omnpenenvre HAMPsHKEHHOCTD DIEKTPUIECKOTO TMOJIS, CO3aBAEMOT0 pac-
MpeeI€HHBIM 3apsA0M B TOUKE, COBIAIAOIIEH C IIEHTPOM KOJIbIIA.

3. Ilnmockuii KOHAEHCATOpP 3apsAWid C TOMOIIBI0 HCTOYHHKA
OC — £ =200 B. 3arem KoHACHCATOp ObLT OTKIOYEH OT MCTOYHHUKA.
OnpenenuTs HaNpsHKEHUE MEXAY MIIaCTHHAMU, €CIIM PACCTOSHUE MEXAY
HuMHu yBennauTh ¢ 0,2 10 0,7 MM, a TPOCTPAaHCTBO MEXAY IUIACTHHAMHU
3aMoHUTh ciofoi (¢ = 7). HaliauTe MOBEpPXHOCTHYIO MIOTHOCTH CBS-
3aHHBIX 3aps/I0B.

Bapuanr S

1. B Tpéx BepummHax KkBaapaTa co cropoHoil 0,4 M HaxomsaTcs
OJIMHAKOBBIE TOJOXKUTEIBHBIE 3apsbl 10 5%10°Kn kaxnasii. Haifti
HaIpsDKEHHOCTD U MOTEHIUAI NIOJIA B YETBEPTOM BEPIIMHE KBAJpaTa.

2. Tonkoe momykonblo paguyca 20 cM 3apsHKEHO PaBHOMEPHO
3apsgom 0,7 aKn. Haiigure Momynp HampspKEHHOCTH DIEKTPUYECKOTO
MOJISI B LICHTPE KPUBU3HBI ATOrO MOIYKOJIbLA.

3. DnekTpo€MKOCTh IIOCKOr0 KOHACHcaTopa paBHa 1,5 nd, pac-
crostare Mexay mnactuHamu d =5 mMm. Haiitn éMKoCTh KOHAEHCATOpA,
€CIM Ha HIDKHIOW IUIACTUHY TIOJIOKEH JHUCT JSO0O0HUTA TONIIMHOMN
d; =3 MM (g1=3). OmpenenuTh MOBEPXHOCTHYIO IUIOTHOCTH CBSI3QHHBIX
3apsAA0B B D00HWTE, €CIM K KOHIEHCATOPY TPWIOKHTh HANpsHKEHHE
8,5 B.

Bapuanr 6

1. B neHTp kBajzpara, B BEPIIHHAX KOTOPOTO HAXOSITCS TTOIOXKH-
TeNbHBIE 3apsaabl BenuuuHou 2,3 HK1, moMenén oTpuaTeIbHBIA 3apsil.
Haitnute 3HaueHue 3TOro 3apsja, €ciii pe3yJbTUpYIOllas cuja, Jeu-
CTBYIOIIIASl HA 3apsil, paBHA HYITIO.

2. JIBe OeckOHEYHO UIMHHBIE PABHOMEPHO 3apsDKEHHbIE HHUTH
pacmosoXKeHbl MapayiebHO ApYT Apyry Ha pacctosnuu 10 cm. Haiitu
TeOMETPUYECKOEe MECTO TOYEK, TJie Pe3yJNbTHPYIOIIas HaIpsKEHHOCTh
TOJII paBHA HYIIO, €CJIM JMHEWHBbIE IUIOTHOCTH 3apsoB HUTEH WMEIOT
3gaueHus 1, = 0,2 mxKa/m, 1, = 0,6 MxKia/m.

3. Konpencatop émkocthio 16 Mk® mocienoBaTesibHO COSIUHEH
C KOHJICHCATOPOM HEU3BECTHON EMKOCTH, U 00a OHH MOJKIIOYCHBI K UC-
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TOYHHUKY TIOCTOSTHHOTO HampspkeHus 12 B. Onpenenute EMKOCTH BTOPOTO
KOHJIeHcaTopa, ecim 3apsn 6arapen 24 MK

Bapuanr 7

1. /IBa mONOXKUTENBHBIX TOYEUHBIX 3apsina Q u 9 - Q 3akpernieHb
Ha paccrossHUM 100 cM mpyr ot apyra. Ompenennre, B KaKOi TOYKE Ha
NPSAMOM, POXOSIEH uepe3 3apsiibl, CIEAYyeT MOMECTHTh TPETHH 3apsy
TaK, 4YTOObl OH HAXOJWJICS B PaBHOBECHH. YKa3aThb KaKOW 3HAK JOJDKEH
HUMETb 3TOT 3apsA VI TOTO, 4YTOOBI PaBHOBECUE OBIJIO YCTOWYHBBIM, €CIIU
MEPEeMEILCHNS 3apsi0B BO3MOXKHBI TOJBKO BIOJb MPSIMOM, MPOXOIsIIeH
yepes 3aKpeIIEHHBIE 3apsiibl.

2. ToHKHI CTEepXKEHb, HUMEIHO-
muit amuHy 10 cM, paBHOMEpHO 3a- L X
PSDKEH  TIOJIOKUTETBHBIM  3apsiioM I
0,05 mxKn. Haiinute cuiy, melcTBy- o q
IOLYI0 Ha TOYEUHBIH 3apsan (], pacmo-
JIOXEHHBIA Ha paccTossHUK X = 20 ¢M OT Hero, JeKaIIWi Ha MPOJoIDKe-
HuU cTepxHs. Halitn HanpspkEHHOCTD MOJISA B TOYKAX, JEXKalllUX Ha Ipo-
JOJKCHUN CTEPKHSI, KaK ()YHKIIUIO PACCTOSIHUS 10 CTEPIKHSI.

3. OnHOM U3 MIACTHH IJIOCKOTO KOHAEHcaTopa miomansio 0,2 M2
coobmmnn  3apsx 3,14 - 10°Kn.  PaccrosHme MekAy —IUIACTHHAMH
d = 2 MmM. Mex 1y I1acTHHAMH, NapajIeIbHO UM, HAXOIUTCS CTEKIISTHHAS
miacTuHKa, tomuuHoi d; = 0,5 MM. Omnpenenuth HanpsHKEHHOCTH 3JICK-
TPUYECKOTO MO B cTekie (€ = 7) u B Bozayxe (€ = 1), MOBEPXHOCTHYIO
IUIOTHOCTD CBSI3aHHBIX 3apsA0B U HalpsDKEHUE Ha KOHAEHCATOpeE.

Bapuant 8
1. B BepmmHax NpaBUIBHOTO IIECTH-
YTOJIBHUKA PACIIOJNIOKEHBI J[Ba TIOJOKUTEIEHBIX
-q -q Y YeThIpe OTpULIATENIbHBIX 3apsaja. Halaure Mo-
JIyJb W HaIpaBlieHHE BEKTOpa HANpPSKEHHOCTH
AIIEKTPUYECKOTO TTOJISI B IIEHTPE MIECTUYTOJLHU-
ka Moaynbs Kaxaoro 3apsna paeeH 1,5 HKi; kaxnas CTOpOHa IIECTU-
YTOJIbHHUKA — 3 CM.
2. UeTBepTh TOHKOTO Kouiblia, paauycoM R =10 cMm HecéT paBHO-
MepHo pacrpenenéunbiii 3apsn Q = 0,05 mxKun. Onpenenure HampsxeH-
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HOCTb 3JICKTPUYECKOIO IMOJISA, CO31aBaeMOro pacipeeaEHHBIM 3apsiaoM B
TOYKE, COBIIAAIOIICH C IICHTPOM KOJIbLIA.

3. Konpencatopsr émrocthio C; = 5 Mk®D u C, = 10 Mx® 3apsike-
Hbl 70 Hanpspkeruid U; = 60 B u U, =100 B cootsercTBenno. Ompee-
JIUTh HaNpPsLDKEHHE Ha OOKJIaaKax KOHIECHCATOPOB IOCIC MX COCIUHCHHS
00KJIaJIKaMH, UMCIOIIMMU OJJHOMMEHHBIC 3apsIIbl.

Bapuant 9
1. B BepmmHax MpaBWIIBHOTO MIECTHYTOJIEHUKA
+q +q pAacHoJIOKEHB] YETBIPE MOJIOKUTEIBHBIX U 1Ba OTPULIA-
TENbHBIX 3apsfa. Haiiaute MOaynb W HampaBiCHHE
R %H} BEKTOpa HANPsDKEHHOCTH DJIEKTPUYECKOIO IIOJST B
-4 +q LEHTpPE LIECTUYTOJIbHUKa MoAyib KaKooro 3apsiaa

paseH 1,5 HKJI; CTOPOHBI MIECTUYTOIBHUKA — TIO 3 CM.

2. JIBe TpeTH TOHKOTO KOJIbI[A HECYT PaBHOMEPHO pachpeeacH-
HBIW 3apsj ¢ TUHEWHOW MIOTHOCTHIO T = 2 MKKI/M. Onpeaenuts Hampsi-
XEHHOCTh JIEKTPHUUECKOTO TOJIS, CO3/]aBAEMOT0 PACTpeACIEHHBIM 3apsi-
JIOM B TOYKE, COBMAJAONICH C IIEHTPOM KOJBIA, €CIA PATUYC KOJbIa
R =10 cm.

3. Konpencatoper émkocthto C;=2Mk® u C,=5Mxk® wu
C3 =10 Mx®d coeauHEHBI TOCTENOBATEILHO U HAXOJSTCS O] HANpshKe-
HueMm U = 850 B. OnpenenuTh HaNpsHKCHUE M 3apsil Ha KaKJOM U3 KOH-
JICHCATOPOB.

Bapuanr 10

1. B BepmmHax NpaBHIBHOTO IIECTUYTOJIb-
HUKa PacIOJIOKEHBI JIBa MOJIOKUTEIBHBIX U YETHIPE
OTpULIATEIBHBIX 3apsiia. Haipure wmomynb u -q
HaIlpaBJICHUE BEKTOpPa HAMPSLDKEHHOCTU 3JIEKTpUYE-
CKOTO TOJISI B IIEHTPE MIECTUYroJbHUKAa MOIyib
KaXX70r0 3apsiia paseH 1 HKIT; cTOpoHa ImIecTHyTroIbHUKA — 3 CM.

2. Toukoe konbio Hec€T pacrpenenénnsiii 3apsm 0,2 MK
Ompenenure HAPSDKEHHOCT AJIEKTPHYECKOTO TOJISI, CO3/1aBaeéMOr0 pac-
MPEACIEHHBIM 3apsioM B TOYKe A, PaBHOYJAJIEHHON OT BCEX TOYEK
KoJbIla Ha pacctosiHue I = 20 cM. Pagnyc konbia R = 10 cm.
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3. Ira xonmeHcaropa EmkocTsiMu C; =2 MK® u C, =5 Mx®d 3aps-
skerbl 10 Hanpspkenuid U; = 100 B u U,=150 B cootBercTBenHo. Ormpe-
JICITUTh HAMpPSHKCHHUE Ha OOKITaKaxX KOHACHCATOPOB MOCIE HUX COCTUHE-
HUS 00KJIaJIKAMHU, HMCIOITUMU Pa3HOMMEHHBIC 3aPsI/IbI.

Bapuanr 11
1.B BepmmHax TPaBUIHHOTO IIECTH-
YIOJIBbHUKA PACIHOJIO0XKEHBI YETBIPE IOJIOKUTEIb- +q +(

HBIX U JIBa OTpULATENbHBIX 3apsana. Haliaute mo-
Iyldb W HaIpaBleHHE BEKTOpa HANPSKEHHOCTH
JJIEKTPUYECKOTO TOJIS B IIEHTPE MIECTHYTOJbHHUKA -q +q
Monyne kaxnaoro 3apsna paseH 2 HKi; kaxnas

CTOpPOHA HMIECTUYTOJIFHUKA — 2 CM.

2. 1o ToHKOMY KOJIBITY pajuyca 20 cM paBHOMEPHO pactpeneiéH
3apsaa 10 sKn. Onpenenute HanpsKEHHOCTH ANIEKTPUUECKOrO MOJIs, CO-
3/1aBa€MOro paclpefeNeéHHbIM 3apsaIoM B TOuke A, Jexaiieil Ha ocu
KOJbIa M YAANEHHONW OT €ro LEHTpa Ha pacCTOSHUE, PAaBHOE paauycCy
KOJIbIIA.

3. JIea OAMHAKOBBIX IUIOCKMX BO3AYIIHBIX KOHACHCATOpa EMKO-
cteio 100 md kaxkmelii coenmnHEeHBI B OaTapero mocienoBaTensHo. Omnpe-
JeNUTe, Ha CKOJBKO M3MEHMTCS EMKOCTh OaTapeu, eCiid HpOCTPaHCTBO
MEX[y IUIAaCTHHAMU OJHOTO W3 KOHICHCATOPOB 3allOJHUTH MapaduHOM

(81 = 3)

Bapuant 12

1. DnexkTpudeckoe IMoyie CO3JaHO IBYMS TOUYEYHBIMH 3apsaaMH
01 = —20 K1 u q, = 10 aKn, Haxogsmmmucs Ha paccrostaun 10 cMm apyr
ot apyra. OmpenenuTs HANpsHKEHHOCTH IMOJSI B TOYKE, yMaIEHHOM OT
MEepBOTro 3apsijia Ha 1 = 8 cM U OT BTOporo Ha ;= 6 cM.

2. I1o TonkoMy monykoIbIly paamyca 20 cM paBHOMEpPHO pacmpe-
NeNnéH 3apsn C JHUHeHHOW IioTHocThio T = 2 MKKi/mM. Ompenenute
HaMpPsDKEHHOCTH AIIEKTPUYECKOTO TIONSI, CO3AaBaeMOTO PaCIpeeIEHHBIM
3aps/IoM B TOUYKE, COBIAIAIOIICH ¢ IIEHTPOM KOJIBIIA.

3. IBa konpencatopa éMkocTsMu C; =5 Mk® u C, =8 Mxd co-
€JIMHEHBI MOCJIC/I0BATEIbHO U IipucoeauHeHbl Kk 6atapee ¢ DJIC € = 80 B.
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Onpenenuts 3apsiibl KOHICHCATOPOB M PAa3HOCTH IOTCHIMAIOB MEKIY
UX OOKJIAKAMU.

Bapuant 13

1. B tpéx Bepmmuax kBaapaTta co croponoii 0,1 M HaxomsaTcs
OJIMHAKOBBIE OTPHUIATEIbHBIE 3apsAlibl IO 10°Kn kaxmeiit. Haiigure
HaIpsDKEHHOCTD U MOTEHIUAI NIOJIA B YETBEPTOM BEPIIMHE KBAApaTa.

2. ITo TonkoMy Koublly paguyca 10 cM paBHOMEpPHO pacmpenenéH
sapsin Q = 1 uKn. Omnpenenute HampsHKEHHOCTH AJIEKTPUYECKOTO OIS,
CO3/1aBa€MOTr0 pacrpeneiI€HHbIM 3apsioM B TOUYKE A, Jexarleidl Ha OCH
KOJIbIIa U yIaJd€HHOH OT ero IeHTpa Ha pacCTOsTHUE, PaBHOE ABYM PaJny-
caM KOJIbIIa.

3. DIeKTpoéMKOCTh TIOCKOTO KOHIeHcaTopa paBHa 1,5 md, pac-
crostHue Mexay miactuHamu 0 =5 mm. Haiitu éMKOCTh KOHEHCATOPA,
€CTd Ha HIDKHIOIO IUJIACTHHY IIOJIOKEH JHCT 9Y00HUTA TOIIMHOM
d; =3 MM (g, = 3). OmpeaenuTh MOBEPXHOCTHYIO IJIOTHOCTH CBS3aHHBIX
3apsioB B 00HUTE, €CM K KOHIEHCATOPY MPHIIOKHUTh HAIMpsSKCHUE
8,5 B.

Bapuanr 14

1. 3apsapr o 1 HKn moMerieHs! B BeplIMHAX PaBHOCTOPOHHETO
TpeyrojibHuKa co ctopoHoil 0,2 M. PaBHoneHcTByIOmas cuil, JeicTBYyIO-
IIUX Ha 4eTBEPTHIN 3apsijl, NOMEIIEHHBIA Ha CepeAUHE OAHOU U3 CTOPOH
TpeyronbHuka, paBHa 0,6 MxH. Ompenenute 3TOT 3apsii, HAMPSKEHHOCTD
Y TIOTEHINAI TIOJIS1 B TOUKE €TO PACIOI0KEHHUSI.

2. Toukoe xompmo Hecér 3apsanm 12,56 mxKn. Omnpenenunte
HaMPsDKEHHOCTH AIIEKTPUYECKOTO TIONSI, CO3aBaEMOTO PacpeaeIEHHBIM
3apslIoM B TOUKE A, paBHOYIaJEHHOM OT BCEX TOUYEK KOJIbIIA Ha PACCTOs-
nue 20 cm. JInHeiiHas mIoTHOCTH 3apsna T = 2 MkKi/M.

3. OnHOM M3 IUTACTHH IIOCKOTO KOHJIEHCAaTOpa Miomaapto 0,2 M
coobmmm  3apsny 3,14 - 10° Kn. Paccrosuue MEXNIy IUTaCTUHAMH
d =2 MM. Mexy TIacTHHAMH TIAPaJUICIbHO UM HAXOJUTCS CTEKIISTHHAS
mracTrHka, TommuHoi d; = 0,5 mm. Omnpenenure HAMPHKEHHOCTH JJIEK-
TPUYECKOTO TOJIs B cTekie (€ = 7) u B Bo3ayxe (€ = 1), MOBEpXHOCTHYIO
TUIOTHOCTD CBSI3aHHBIX 3aps/I0B M HANpPsDKEHUE Ha KOHJIEHCATOPeE.

2
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Bapuanr 15

1. Ha paccrossaun 10 cM apyT OT ApyTa B BO3AyXEe HAXOIATCS IBA
TTOJIOXKHUTENBHBIX 3apsna mo 1 HKim kaxapii. Onpenenure HanpsHKEH-
HOCTb U MTOTEHLIMAJ TOJI B TOUKE HaXOJALIecs Ha pacCTOSIHUM 12 ¢M OT
3apsI0B.

2. ToHkWid cTepKeHb, UMEIOIIUI AnuHY 20 CM, paBHOMEpHO 3a-
pSKEH TOJNOXKUTEIbHBIM 3apsiioM C JIMHEWHOW TJIOTHOCTh 3apsia
1 =0,2 MmcKi/m. Haiinure cumy, L X
JEUCTBYIOLIYI0O Ha TOYEUYHBIN q
3apsi (, pPacroJIOKEHHbIM Ha
paccrosiuun x =0,2M oT Hero. T
Halitn Hanpspk€HHOCTH MO B
TOUKaX, JIeXKAIUX Ha MPOJOIKEHUN CTEPXKHS, KaK QYHKIUIO PACCTOSHHUS
JIO CTEPIKHSL.

3. Ilnockuii KOHAEHCATOP 3apsSAMIHM C IIOMOINBIO HCTOYHHKA
3JIC — £=100 B. 3atem xoHAeHCAaTOp ObUT OTKIIOYEH OT MCTOYHHUKA.
OnpenenuTs HaNPsDKEHHUE MEXAY TIACTUHAMHE, €CIIA PACCTOSHUE MEXITY
HUMHU yBenn4uTh ¢ 0,3 MM 10 0,8 MM, a MPOCTPaHCTBO MEKAY IJIaCTUHA-
MU 3allOJIHUTH Cirooi (¢ = 7). Haligure MOBEpXHOCTHYIO ILIOTHOCTH
CBSI3aHHBIX 3apPsIJI0B.

Tabauya 4
OCHOBHBIC KOHCTAHTBI
HaszBanue O0o03HaucHUE Bennunna
DnexTpudeckas IOCTOSHHAS €0 8,85418781762039-107%
D/m
3apsiz AMeKTPOHa e -1,6021766208-107° K
(3neMeHTapHBIN 3apsi)
Macca 3neKkTpoHa me 9,10938291-107%! xr
DEKTPOMArHUTHASI TOCTOSH- C 299 792 458 m/c
Hast (CKOpOCTh CBETA)
Macca npoToHa 1,672 621 89810 ' kr
Tlocrosnuas [nanka h 6,626 070 040 -10~>" Jik-c
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3C33 3aKOH COXpaHEHMsI DJIEKTPUUECKOTO 3apsiia
TOI Teopema Octporpajackoro-I'aycca
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