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OT PEJAKLIVN

ITpennaraemas BHUMAHMIO uMTaTesefi Kuura npodeccopa
C.T. KajnamuuroBa <«JIEKTPHYECTBO» HAIMCAHA HA OCHOBE JIEK-
Ui, KOTOpPBIE aBTODP YMTAN B TEUEHHE psAna JieT Ha (PUIHUECKOM
dakymbrere MOCKOBCKOrO roCysapCTBEHHOTO yHMBEpPCHTETa. JIek-
mun C.I. KanamnukoBa mo Kypcy obuielt UMK U CO3JAHHBIA UM
Kypc 1o pU3MKe TONYNPOBOAHHKOB BCErfa OTAWYANUCH TiyOuHOMl
COIEPXKAHHUS, TOUHOCTLI) M TPO3PAYHON SICHOCTBIO H3MOXKEHUS
B HEW3MEHHO COBPEMEHHBLIM YpPOBHEM. DTa OCODEHHOCTH JIEKIHi
[IPUBJIEKAJIA K HUM HE TOJBKO CTYAEHTOB, HA KOTOPBIX OHH NPEK]E
BCero ObLAM PACCUUTAHBI, HO M ACIUPAHTOB, IpeNojaBaresiell U
HAYYHBIX COTDYJHHKOB BCEX DAHTOB.

Kuura Bnepseie yeugena cger B 1956 rony, ObICTPO mOIydnsia
[MIMPOKOE NPHU3HAHHE W CTAjMA ONHHM M3 OCHOBHBIX YUeOHBIX MOCO-
Ouil 11 CTYIeHTOB (PU3MYECKUX CTIEIHNAILHOCTEH BBICHINX V4eOHBIX
3aBejieHuit. IIpu MOJroToOBKE NepeHsfianuii aBTOP MOCTOAHHO COBED-
HIEHCTBOBAJI KYPC, JOIOJIHSSI €r0 HOBBIM MaTePUAJIOM M PaCUIHpss
collepKaHne. 33 HECKOJBKO JHeH A0 CBoell KOHYWHBI, NOCIeI0BaB-
ureit 23 ampesrs 1984 roga, Ceprejt I'puropsesny Kanammukos 3a-
BepIIMJ paboTy HaJ OCHOBHBIM TEKCTOM HACTOSALIETO, MSATOTO, H3-
JAHHAS «DJIEKTPHIECTBAY ; HE HAMHCAHHBIM OCTAJIOCH TONLKO NPEXH-
CJIOBUE,

Kak » B npenbiiymux H3JaHEsAX, aBTOD BHEC B KHHTY HEKOTO-
pble YIydIIeHusl 1 U3MEHEHHUs, COXPaHss NPU 3TOM OOIIHii 3aMbicel,
CTPYKTYPY KypCa U CTHJIb M3JI0XKeHUs. Tak, Paciivupessl U Iepepa-
Goranbt § 113 (MaruuTHbie 3apsjgbl. PopMaibHas TEOpHUs MaTHE-
tu3ma), § 117 (MarHuTHbI U MEXaHUYECKHH MOMEHTH! SJIEKTPOHA),
§ 246 (DiexkTpoMmarHuTHas Macca JBHxkKyulerocs 3apsiga). Jdobas-
JIEHb! BaXKHbIE CBEIEeHUSA 00 M30TPOMHEIX H AHU30TPONHEIX JIHJIEK-
rprkax (§ 42), npssMOM 1 06paTHOM TbE30MEKTPHUECKUX dhpdeKTax
(§ 42, 51), sHeprun 3apskeHHOro KoHJjeHcaTopa (§ 34) u sHepruu
marsuTHoro nosnst (§ 47), a Takxe o TepMoanekrpudecrse (§ 199).
BxJmouen BOnpoc 006 OPHEHTHPOBKE NOJIAPHBIX MOJIEKYJ B 3JIEKTPH-
yeckom nosre (JJo6aBrnenne 2). Kpome Toro, ¢esaHoO 3HaUHTENbHOE
yucno Gosiee MenKuX BCTABOK W 3aMEH B JPYTHUX MeCTaX KHHUIH.

B npounecce penakTupoBaHUA W OKOHYATENBLHON TOJNOTOBKH pPy-
KOIMCH K IyOJIHKALHE [POBENEHO yTOYHEHHE TepMUHOJIOTHH, 000-
3HAYEHUS eJUHUT] HDUINYECKUX BEJTHIHH NPUBEJEHE! B COOTBETCTBHU
¢ peiicreyromum [OCT 8.417-81 (CT C3IB 1052-78).
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Hacrosmaa xHura 3ajyMaHa Kak ydebHoe mocobue mo pasne-
JIy «DJIeKTpHYecTBO» 00Iero Kypca (pH3MKH, KOTOPLIA s UHUTas B
TEYEHHE PAJA JIeT Ha ¢husudeckoMm daxynrrere MOCKOBCKOro yum-
BEPCHUTETA.

B 0cHOBY u3JI0XKEHUSI MATEPHAA, 32 PeIKUMH HCKIIOYeHUAMH,
00yCIOBNEHHBIME METOJIUYECKHMHE COODPAKEHUAIMH, 5 CTPEMHIICS
TMOJIOXKHTH OMBIT. $1 CTapajics TakkKe YAETHUThL BHUMAHHWE Pa3bsiCHE-
HHIO NPUHIMIOB H3MEPEHUs] OCHOBHBIX JIEKTPUYECKHX M MArHUT-
HBIX BEJIMYHH, KOTOpPOE, II0 BO3MOXKHOCTH, CJIEIYEeT HermocpeacTBeH-
HO 33 BBEJIEHHEM COOTBETCTBYIOUMX (husmdeckux noudatuii. Onuako
OTHCAHUE PA3MMYNBIX ONBLITOB OTHIO/AbL HE TPETEHJYET Ha MOJHO-
TY W, KDOME TOTO, KACAETCA TOJILKO MPHHIMIIOB 3THUX OMBITOB, TaK
KaK IpPeAloJlaraeTrcsi, YTO YHTATE/U ITOH KHHUIH CIYLIAT JEKIM-
OHHBIH KypC C JeMOHCTPaIusIMA U paboraroT B yuebHbIX JabopaTo-
pusax. Ilo 97Toif Ke npuuMHe OGOILIIUHCTBO PHCYHKOB BRIIOJHEHO B
BHJIE YMBIILIEHHO MPOCTHIX CXeM, JIerKO JIOCTYIHBIX BOCIPOU3BejIe-
HUIO CTYJEHTAMH.

TexcT KHUrA pa3mesieH Ha TPH rpynnst. Marepuas, HaOpauHbIi
OCHOBHBIM HIPUGTOM, COOTBETCTBYET NPUHATON NporpaMMe H, IO
MHEHUIO ABTOPA, SIBJISAETCS 00s3ATENbHBIM OJI U3ydeHust, Pakysb-
TATHBHBLIH Marepuas gaH meruToM. Hakonen, B oDaBAeHUA BblHECE-
HBI HEKOTODHIE {(DaKyJIbTATHBHBIE) BOIPOCH], KOTOPBIE HMEIOT YHCTO
BLIYHCIUTEBLHBIR XapakTep.

Tak Kax B HACTOALIEE BPEMS HMEIOTCA 3aJa4YHHKH, COOTBETCTBY-
IOlIKE YHUBEPCUTETCKOMY KYpCY (DHU3UKH, TO BKJIIOYEHHE B KHUTY
337149 ¥ YOPaXKHEHHI Ka3aI0oCh MHE H3JMHMHUM. I109TOMYy B KHH-
re MPHBENEHBl JIUUIL CPABHUTEILHO HEMHOIOYHCIEHHbIE MPHMepEI,
WUTIOCTPUPYIOUIME IpUMeHerue Haubosee BaXKHBIX 3aKOHOB M CO-
CTaBJISIOLINE, KAK [PABIIO, OPFAHUYECKYK) YaCTh TEKCTA.

Hions 1956 C.I" Kasawnuros



SQJIEKTPNIYECKOE I10OJIE

FJIABAI

QJIEKTPUYECKHWE 3APAADLI

§ 1. BBeneunue

HamoMHMM HEKOTOPBle 3feMeHTapuble (DaKThl, KACAIOMIHECs
SJIEKTPUUECKUX 3apsaioB. Tak KaK OHH JONKHBI OBITh W3BECTHB! UH-
TATEJISAIM M3 Kypca (HU3HKU cpefHel MIKOIBI, Mbl OCTAHOBUMCS HA
HUX JIMIIL OUeHb KPaTKO.

Vxe B rinyboKOH APEBHOCTH OBLJIO M3BECTHO, YTO SHTAPhL, MO-
TEPTHIA O IEPCTh, IPUOOpETAET CIOCOGHOCTD NPUTITUBATH JIETKHe
mpeamerst. Onuako Tonbko B KoHUe X VI Bexa aHmmuiickuil Bpay
JlxunnbepT nonpobHO HCCenoBaJ 3TO ABJIEHHE W HAIlleJ, YTO aHa-
JIOPHYHBLIM CBOKCTBOM 00aJai0oT MHOrWe APyrue Belecrsa. lea,
criocobHbIe, MONO00HO AHTAPIO, IOCHE HATUPAHUSA IPUTATHBATE JIET-
KM€ MpPEJIMEThl, OH Ha3BaJsl HAJIeKTPU30BAHHBEIMU (OT rPeuecKoro
3 € KTDOH— auTapb). Tenepb Mbl TOBOPUM, YTO HA TeJaX B Ta-
KOM COCTOSIHUM MMEKTCH IJIEKTPHYECKUE 3aPALE!, a CAMH 3TH Teja
HA3bIBAEM 3apPsKEHHBIMHU.

VKaxeM, 4TO CaMO TPeHHUE IPH <«3JIEKTPH3AUUN TPEHHEM» He
HrpaeT HUKAKOH TPHHUHUNHAJBHON POH. DIIEKTPUYECKHE 3aAPSbl
BCETJd BO3HHKAIOT NPH TECHOM CONPHKOCHOBEHHU PA3JIMYHBIX Be-
mecTs. B ciyyae TBepABIX TEN TCCHOMY CONMPHKOCHOBEHHIO TIPEMAT-
CTBYIOT MHKPOCKOIIMYECKHE BBICTYIIBI ¥ IEPOBHOCTH, BCET/IA HMEIO-
mecss 11a moBepxHocTU. CAaBAUBas Tena W IPUTHPAs HX JPYT K
JPYTY, MBL aydiine cOIMXaeM NOBEPXHOCTH 00OUX TeJl, KOTOphie 6e3
IPUTHPAHHSA CONPHKACANNUCE Obl TOJIEKO B HEMHOTHX TOUKAX.

B HexoTOpBIX TEIaX WIEKTPUYECKHE 3aPs/Ibl MOTYT CBOOOAHO me-
PEMEIIATECS MEXKJY PAa3JIMYHBIMU HACTIMHU TeJa, B IPYTHX XK€ Te-
JIaX 3TO He UMeeT Mecta. TeJia MePBOTO POJia HAZBIBAIOT NPOG0OHU-
KaMU TEKTPUYECTBA, & TEJIa BTOPOTO POJA ~— OUIAEKMPUKAMU HITH
udoaamopamu. [IpOBOIHUKAMHU SBJISIIOTCS BCE METAJJIB! B TBEPAOM
M XXHUJKOM COCTOSIHHSAX, BOIHBIE PACTBOpPEI coJtelf ¥ KUCIOT U MHOT'HE
apyrue Bemiecrsa. [IpuMepaMu H30JIATOPOB MOT'YT C/IY>KHThH SIHTaph,
KBapil, 900HUT 1 BCE Ta3bl B HOPMAJILHBIX YCIOBUSIX.

OrmeTHM, 9TO pasfeseHHe Ted HA MPOBOAHMKH U JAMIIEKTPUKH
BeCchbMa ycuoBHO. Bce u3BecrHhie BellecTBa B Oonbiieil miu MeHBb-
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miefl CTemeHH 1pOBOAAT ayleKTpudectBo. Korma Mbi roBopum, 4TO
IAHHOE TEJIO eCTh M30ISATOP, TO STHUM MBI BHIPAXKAEM TOJLKO TO 00-
CTOATEJILCTBO, YTO B AAHHBIX YCJIOBHSIX ONBITA 3apsil, MPOMIEIIH
gepes TeJ0, MaJ 0 CPaBHEHMIO ¢ APYTHMH 3apafaMu, yYacTBYIO-
UIMMH B PACCMATPUBAEMOM SIBJICHHH.

OmnelT MOKA3BIBALT, Jajee, UTO JBa 3APSKEHHBIX TEJIa MOTYT JIH-
60 OTTANKMBATHCS, JIUOO TIPUTATHBATECA IpYT K Apyry. Ecnu 3aps-
JIUTH JBa JIETKUX TeJIa, MOABEeHIEHHBIX HA W30JHPYIOUIUX IIETKOBBIX
HUTAX, IPUKACAACH K HUM CTEKJIAHHON MaJIOYKOH, IIOTEPTOH O 1UEJNK,
T0 06a Tenma ortankusatorca. To xe Habmonaercs, ecnu oba Tesa
3apSAXKEHB! TPH MOMONIH 360HUTOBOI MAIOYUKH, moTepToil 0 Mex. Ho
€CJIH 33PSAJUTL OJIHO M3 TeJl OT CTEeKJISIHHON IalouKH, a Jpyroe —
ot 360HMTOBOM, TO 00a Tena NPUTATMBAIOTCA ADPYT K APYry. ITO
O3HAYAET, YTO 3apsA/bl CTeKJIa U 300HUTA KadeCTBEHHO Pa3IUIHBI.

HecMoTps Ha 00MIHe Pa3/IMYHBIX BEUIECTB B IPUPOJE, CYIECTBY-
10T TOJBKO [Ba BHJA DJIEKTPHYECKHX 33aPAJI0B: 3apsifibl, NON00HbIE
BO3HHKAIOIINM Ha CTeKJIe, MOTEPTOM O IIeJIK, U 3apsijbl, I0J00HbIE
TOSIBJISTFOLMMCH Ha 300HuUTe, norepToM 0 Mex. IlepBble U3 HuX mo-
JIyUHJIH HA3BAHUE NOAOHCUMEALHWL 3aPAJ0E, & BTOPblEe — 0Mpua-
meabutir 3apados. CrenoBaTeIbHO, OJHOUMEHHEIE 3apsaabl OTTaJl-
KUBAIOTCH, & PA3HOUMEHHbIe IPUTATHBAIOTC.

SIBneHUe SIEKTPHYECKOTO OTTANKHBAHHUS WCOOMB3YIOT AJIs
YCTPONCTBa JIEKTPOCKOINA, NpeJHa3HaueHHOro Jasi OOHADYKEHUs
JIEKTPUYIECKNX 3apsafioB. OH COCTOMT U3 H30JUPOBAHHOTO METas-
JIMYECKOTO CTEPXKHA, K KOTOPOMY HPUKPEIJIEHB JIEFKUE MEeTaJIIH-
yeckue i OyMaKHble NUCTOYKH. IIpM CONPUKOCHOBEHHHU C 3aps-
JKEHHBIM TeJIOM HacTh 3apsala Tesa MePeXOfUT Ha JIeKTPOCKONn U
JUCTOYUKHM 1OJ AeHlCTBMEM CHJI JIEKTPHIECKOTO OTTAJIKHUBAHMSA OT-
KJIOHFIOTCS. HA HEKOTOPBIH yroi.

§ 2. 3akoH B3auMOAeHCTBUS WIEKTPUYECKUX 3aPAOB

Havago KOIUYeCTBEHHOIO H3yUeHHs SJIEKTPHIECKHX SBJIEHUN
orHocurcs K Kouny XVIII Beka, korpa Kymon (1785 r.) ycraHosmi
Ha OIBITE 33KOH B3AHMONEUCTBHA 3JIEKTPUYECKUX 3apPsgoB.

J1J1s1 3apsaKeHHBIX Teyl TPOU3BOJMLHBIX PA3MEPOB TAKO 3aKOH B
obweit hopMe JaTh HENb3s, TaK KaK CH/Ia B3aHMONEHCTBHSA IPOTS-
JKEHHBIX TEJI 3aBUCHT OT MX (DOPMEI M B3AHMHOTO PACIIOJIOKEHHUS.
Onnako ¢dopmMa Tesl ¥ UX B3AUMHAS OPUEHTUPOBKA IIEPECTAIOT CKa-
3bIBATLCA, €CJIM Pa3sMEpHl TeJl BECHMAa MaJbl IO CPaBHEHHIO C pPac-
CTOAHMEM MeXJly HuMH. [103TOMy 3aKOH B3aMMOAENCTBUSA, MMEIO-
uuii obuiee 3HAMEHHE, MOXKHO YCTAHOBUTH TOJIBKO MIJISi TOYEUYHBIX
3apAJIOB.

Tak KaK JIEKTpHYECKHe 3apsiiibl BCErja pacupelesieHs B 00b-
eMe, TO HUKAKAX KOHEYHBIX 3apsijIOB B MaTeMaTHYeCKOH TOYKe, pa-
3yMmeercs, OuTh He MOXeT. [log ToueurbiM 3apsagoM B (pU3NKe BCe-



§2 BAKOH B3AUMOIENCTBUSA JIEKTPUYECKUX 3APAL0B 13

r1a TOHHUMAIOT NPOTAKEHHOE 3APSKEHHOE TEJIO, Pa3MEPh! KOTOPOTO
BECHMA MaJibl 10 CPABHEHHUIO C PACCTOSAHUEM OT APYTHUX 3apPsiIOB.

Cxema oneiros Kynona uzobpazxena Ha puc. 1 (e — obuuit Bug,
npudopa, 6 — ero rojoBKa, 6 — NPOBONHMK JJIs 3aAPSIKH NIapu-
koB A 1 B). Ha ronko#i MeTaynnudeckolt HuTH H mOJBEINEHO Jierkoe
HM30JIUPYIOLIEe KOPOMEICTIo K, nMero-
Imee Ha OAHOM U3 KOHIOB IIa~
puk A, a Ha ApyroM — TPOTHUBO-
Bec Il Bepxuuit KOHEn HHUTH 3a-
KPEIUIeH HAa BPALAIOLIENCH TOJIOBKE
mpubopa, MO3BOJISIOIIENR TOYHO OT-
CUHTBIBATH yTOJ 3aKPydUBAHUS HU-
Td. BHyTph mpuGopa MOXHO BHO-
CUTHL BTOPOH H30JHUPOBAHHBLIA HIa-
puK B Takoro ke pasMmepa, KaK H
mapuk A. Boapimoi crexasHHbIA
HWIHHJP 3AIIUIIAET yBCTBUTEIb-
HbIe 4acTH Opubopa OT JBMKEHUS
BO3JYXA.

Urobpl yCTAHOBUTb, KaK 3aBH-
CHT CHJIa B3aMMOJIEMCTBHSI OT Pac-
CTOAHMS MEXJy 3apaAfaMHe, UIapH-
kaM A m B coOBUIaoT MpOM3BOIIL-
Hble 3apsifibl, KAcasiCh MX TPETHUM
3apSHKEHHBIM [IAPUKOM, YKPEIieH-
HBIM HA M30JiMpyouei pydake. la-
PUKH OTTAJKHBAKOTCA U YCTAHABJIMBAKTCS HA HEKOTOPOM PACCTOSsI-
HHH, KOTOPOE M3MEPSIIOT, NOJIB3YSACh HIKAI0H mpubopa. 3areM Bpa-
AT IOJIOBKY npubopa M 3aKPYYHUBAKT HUTH IOJBECA, 3aMedas
IDM 9TOM PACCTOSIHUS, 0 KOTODPHIX COJIMKAIOTCA HIAPHKH TpH pas-
JIMIHBIX YIVIAX 3aKPYUHBAHUS HUTH. KaK M3BECTHO U3 MEXAHMKH,
npu gecdopmanuu Kpyderus (B o6iacTd 0OPATHMBIX YIDPYTHX Je-
opmanuii) yros 3akpy4uBaHUs IPONOPIHOHAIEH MOMEHTY KPyTs-
Wiei CHJIBL, 3Hasl, BO CKOJIBKO Pa3 Mb! YBEJUYHIN Yroji 3aKpyHBa-
HUS HATH, MBI TEM CAMbIM OIPENEJIsieM, BO CKOJBKO Pa3 yBeJIHYHIICS
MOMEHT CHJIBI, & OTCKJa MOXKHO ONPEIAEIUTE U CHILY, AeHCTBYIOILYIO
Ha MIADHK KOPOMBICTA. B pe3ynbraTe 3THX ONMBITOB KyJIOH 3ak/io-
YHJI, UTO CHJIA B3AUMOMENCTBUSA JBYX TOUEUHBIX 3apsAI0B HANPABIIE-
Ha BJOJb JIMHUHM, COenuHsitomelt 00a 3apsaja, # o0paTHO NIpONopH-
OHAJIbHA KB3APATY PACCTOSHUS MEXIY 3apsfaMu:

F ~1/r2

Cuina B3anMOIefiCTBUST MEXK/IY HAPHKAMHU 3ABHCUT €IIe OT 3apd-
JIOB HIAPUKOB. DTy 3ABUCHMOCTE MOXKHO BHISICHUTE IIPH MIOMOIIN Clle-
JYIOLIEro ONBITA. FC/Ii KOCHYTLCSL Ha KOPOTKOE BpeMsl OJHOI0 W3 13-
pukoB, A wiu B, ApyruM IIaPHKOM, UMEIOUINM TAKHE XK€ PasMepsbl,

Puc. 1. Kpyrunsusre secst Kynona
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HO HE 3apPAXKEHHBIM, TO B CHIY TOXJECTBEHHOCTH 000X CONMpUKa-
CAIOUIUXCS IIAPHUKOB 3apsijl PACHPEENAETCS MEX Y HUMU ITOPOBHY.
ITpu 5TOM OKa3bIBAETCsI, YTO CHJIA B3AUMOAECHCTBUSA MEX 1y [IapUKa-
MH A ¥ B, Ha 0JHOM M3 KOTOPBIX Teleps HaXOANUTCs JUIIE 10JIOBAHA
HNEPBOHAYAILHOrO 33Ps/ia, TPH TOM XK€ PAaCCTOSHUH YMEHBIIAeTCs B
J1Ba pasa. [ToBropsis 3TOT IpHEM, MOXKHO YMEHBLIIUTD 3apsi ] apHKa
B JIBa, YETHIPE U T.J. pa3 U yOeJUThCs, UTO CHIA B3AUMOeiCTBHS
HIPOMOPIMOHAIIbHA 3APAAY KaXKJOTO U3 MIAPUKOE.

Bonee TOYHO 3TOT BOIMPOC MOXKHO MCCIEAOBATH CHEIYIOLIHM
obpaszoM. Coobumm mapukaM A u B Hekoropbie (Hen3BeCTHbIE)
3apAnbl U U3MEpPHM CHJIY B3AaHUMOJEHCTBHUst F4p MeXJy HUMH IpU
HEKOTOPOM OIpele/ICHHOM PACCTOAHNH. 3aMeHuM, Jajee, mapuk b
JPYTUM 3apsDKEHHBIM ITapukoM B M U3MepUM CHOBA CHJIY B3aH-
Mopelicreust Fap Mexny A u B mpu TOM Ke pacCTOAHUHN, 4TO U
B MEPBOM ciIy4ae. Eciu Tenepb W3MEHHThL NPOUIBOILHBIM 00pa3oM
3apaAn mapuka A v OllATh U3MEPHTH CUJIBI B3AaUMOAENMCTBUSA LIAPHKA
A ¢ mapukaMu b u B, TO ONbIT OKa3BIBAET, YTO OTHOIIEHHE CHJ
Fyp/Fap B 0boux ciydasx ONMHAKOBO, T.€. HE 3ABHCHT OT 3apsi-
Ja mapuka A. 970 3HAUMT, YTO YKA3aHHOE OTHOMIEHUE CUA 3aBUCUT
TOMBKO OT 3apsAN0oB MIAPHKOB b U B, a cleg0BaTeIbLHO, MOXKHO TO-
JIOXKHUTH €r0 PABHBIM OTHOIIEHHIO 33pAI0B 000MX IIAPUKOB, T.€.

Fap/Fap = qp/qs-
DTO COOTHOIIEHUE SIBJISETCs ONpeNeeHieM OTHOIIEHUs JByX 3apsi-
JIOB M YKa3bIBAET CHOCOD CpaBHEHHS 3apsijiOB..

Mony4enHuspilt pe3ynabTaT MOKAZHIBAET, YTO CHJIA B3AUMOAEHCTBUS
NPONOPIMOHAJIbHA 3apafy onnoro u3 mapukoB (A4). Tax xax 06a
LIAPHKA B 3TUX ONLITAX PABHOIPABHBI, TO OTCIOAA CJIEYET, YTO CHIA
B3aMMOJEUCTBUSA MPONOPUHMONAJILHA KAaXKIOMY U3 3apsioB ¢ U 2.

Taxum 0bpazoM, ciiia B3aUMOAEHCTBYUSA IBYX TOYEYHBIX 3aPAI0B
paBHa

F =722, (2.1)

3nech [ — koachdunmenT TpONOPIMOHAILHOCTH, 3ABUCAIIHA OT BbI-
b6opa eguHNL, 3apALa, PACCTOAHUST U CHJIBL
J11st TOTO WTOGB! BHIPA3UTh HE TOJIBKO MOJYJIb CHJIbI, HO H ee Ha~
npaBJienne, 3akoH Kysoma MOXKHO mpejicTaBUTh B BeKTOPHOH chopMe:
—_ 0192
F12 = f 3 rio, (21&)
1

r

rae Fi1o — BexTOp cuisl, JeficTByromieit Ha 3apax £ co CTOPOHbI
3apsaga I, a ry9 — pajuyc-BeKTOpP, HAIpPAaBJIEHHbIA 0T 3apdana | K
sapany 2.

Onviret KyjoHa, KOHEWHO, HE SBJISIOTCA €NUHCTBEHHBIM JOKa-
3aTEJIECTBOM CIIPABENJIMBOCTU 33KOHA 00paTHBIX KB3jparoB. B Ha-
CTOALEE BpeMs HMeeTcss HOMbLIIoe KOJIHYECTBO JPYruX SKCICPHMEH-
TANbHBIX JAHHBIX, MOKA3H BAIOIINX, YTO 3aK0H KyJIOHA BBITOIHAETCS
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O04YeHb TOYHO M IIPUTOM KaK JJI8 OUeHb OOMBIIMX, TAK U /I OUeHb
MaJIbIX paccrosgHuil. B 4acTHOCTH, MCCIIEJ0BAHHSA ATOMHBIX sBJIE-
HUi NO3BOJISIOT 3aKJIKYUTh, YTO OH CIPAaBeAJIUB, II0 KpaliHel Mepe,
BILIOTH 10 PacCTosiHuil ropsiaxa 10715 M.

§ 3. AOcosrOoTHAS WIEKTPOCTATHYECKAS CHCTEMA €IMHUI]L

s onpepenenust koadpunuerTa IponopuuoRansHocT f B 3a-
xoHe Kymoma Mbl IOJ2KHBL OCTAHOBHUTBCS Ha KaKoi-11b0 ompejesieH-
HoOlf cuCcTeMe eOuHUIL.

Bceakag cucreMa eMHMIL COCTOUT U3 HEKOTOPOrO UMCIA OCHOB-
HBIX E€JUHHI[, BbIOMpaeMbIx HE3ABHCHUMO JAPYT OT IpPYra, U COBO-
KyNHOCTH IPOU3BOAHLIX enuHuy. Ilocnennue o6pa3yoTcs U3 OCHOB-
HBIX (M JPyrUX NPOU3BOJHBIX) EJUHHUI] C MOMOUIBI IOAXOISILIM
00pa30M BBIOPAHHBIX COOTHOIIEHW, BHIPAXKAIOIIUX ONpeneIeHHble
u3MYecKHe 33KOHB M CBSI3BIBAIOIMX MeXAy coboft gaunyro ¢u-
3UYECKYIO BEIHYUHY, OJIs1 KOTOPOH YCTAHABINBAETCA €IUHHIA, C
OpyTUMH BeIUYMHAMMU, €JIHHULEBI KOTOPHIX YyKe onpejienenbl. Kax-
o€ TAKOE COOTHOUIEHUE, HCIONL3YEMOE AJIs YCTAHOBJIEHHS TOI HIH
HHOH [TPOM3BOAHON €AUHUUBI, MBI OYJ1eM Ha3bIBAThL ONPENeISTIOIIM
COOTHOIIEHUEM MJIsl JIAHHOH eIUHUIBL.

B ¢busuke m0 HACTOSINETO BPEMEHM YacTo ymorpebisaioT abco-
JIOTHYI) CHUCTEMY eaUHHUI, (MeXaHW4eCKHUX, EKTPHYECKHX M Mar-
nurHbix) CI'C, MOCTPOEHHYH Ha TPEX OCHOBHBIX €JIMHMIAX: AJIHHBL
(canTumerp), Maccot (rpaMMm) u BpemeHn (cexynpa). Epununei cu-
JIbI B 3TOM CHCTeMe CIY>KHUT OuHa. Eciii BeIpazkarh pacCTOsIHUE T B
CaHTHUMETPaX, a cuwiy F B guHAX, TO B 3akoHe Kysowa OyJer e uH-
CTBEHHAsi HEONPeJeeHHAs eUHMIA — ENUHHUNA 3apsana. [losToMy
MOXXHO BBIODATEL 3Ty eAMHUNy TakuMm oOpas3oM, 4robsl Obuio f =1,
T.e. wTo0k! 3akoH Kysona npuobpesn maubosiee npocryio ¢popmy. Ta-
Kas eIUHUNA 3apafs MOTydYduIa HasBaHue abcoaommuol saexmpo-
cmamuneckoti edunuub 3apada.

Honaras & dopmyne (2.1) r =1, g1 = g = 1, nonyuaem F = 1.
DTO 3HAYUUT, YTO AOCOAOMHAA IAEKMPOCMATNUNECKAA eOUHUYA 30-
pada ecmb maxotl 3apad, xomopwd deticmseyem 6 saxyyme Ha pas-
woull emy 3apad, yoarennmi wa pacemoanue 1 cm, ¢ cuaot 1 dun.

Ecnu BbipakaTh 3apsipl B abCOMIOTHBIX 2JIEKTPOCTATHYECKHX
eIMHHIAX, CHJIy — B JUHAX, a PACCTOSHUE — B CAHTHMETPaX, TO
saxkon Kymnona (2.1) npunnMaer Buj

_. Q192
F — ""’T. (3.1)

Bribupas 3a OCHOBHBIE €IMHHIbI CAHTHMETD, I'PAMM U CEKYHIY
¥ TOJB3YACh abCOIOTHOM 3MEKTPOCTATHYECKON eJJMHUIeH 3apana,
MOXKHO ONpeleauTh eIUHHIbI BCEX 3JEKTPUYECKUX U MATHUTHBIX
BeJIUYHH, C KOTOPBIMH MBI IIO3HAKOMHMCS B JaJbHedmeM. Taxas
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CHCTEMa, eIUHMI[ HA3LIBAETCA abrcoatommuotl ssexmpocmamuyeckot
cucmemotli u oboznavaerca cuMmposom CICD.

TaxuMm 0bpazom, B cucreme CI'CD enunnuya 3apsga ecTh IpOU3-
BOJIHAs emAUna. ONpesesaoiM COOTHOMIEHHEM JIJIS Hee CIIY XKUT
3akoH Kynona.

B nasibHeieM Mbi 6yJeM M0Ib30BaThCA OOIIENPHHATHIM CIOCO-
6oM 0003HaMeHNst IPOUIBOJIHBIX eauHMN. JijIg 5TOr0 JaHHYO BeJIH-
guHy Oy/ZeM BbIPAXKATHL M3 OIPeaeIaiolero COOTHOIIEHUs! U B TOJY-
YeHHOE BBIPAXKEHHE IOACTABIATH BMECTO (DM3HYECKUX BETHIUH NX
enuuunsl. Tak, HanpuMep, u3 dopmynsr (3.1) umeem

q= rF1/2 ;
OTCIOJa eluHuNa 3apsaga B cucreMe CI'CD pasHa
1 CI'CYy = 1 oM - nunt/2,

Takoit crnocod o6o3HaMeHUus MPOU3BOJHBIX eJJMHHL, yo0eH HoTo-
My, UTO OH OIpejesseT UX Pa3MEpHOCTh, T.e. MOKA3LIBAET, KaK W3-
MeHsIeTCsl eNUHHIA TAHHON (DU3UIECKON BeJIUYHHBI MPH U3MEHEHu!
JPYrHX e[UHHU, cucTeMbl. Tak, HaIlpuMep, NPUBEJIEHNOE BbIpaXe-
HHe NOKA3bIBAET, YTO IPH YBEJIMYEHUH eIMHHULI JJIUHH B @ Pa3 H

eIMHHIB! CHUIB B b Pa3 eMHNI@ 3apsijia yBeInunBaercs B abl/? pas.

TTpousBoHbIe eAUHUNBI MOXKHO TAKXKE BHIPA3SUTH TOJILKO depes
OCHOBHBIE €JMHUIBL. TaK, HAIPUMED, YYUTHIBas, YTO | JHH €CTh
1 r-cm-c™2, monyvaem

1CTCoy =1 em®? . pl/2 1

§ 4. Mexagynapoagnas cucrema eaunny (CH)

TTomumo cucrembt CI'CI, MOXKHO NOCTPOUTE U APYTHE aOCOIIOT-
HBIE CHCTEMBI JIEKTPHYECKUX ¥ MArHUTHBIX €QUHHL. TaK, HAmpH-
Mep, B § 77 MBI MO3HAKOMHMCS C DJIeKTPOMArHUTHOW CHCTEMOI ejiu-
uun, CI'CM, xoropas, xax u cucrema CI'CD, mocrpoena Ha Tpex
OCHOBHBIX €AMHHUIAX: AJIMHBI (CAHTHMETD), MaccH (IpaMM) U Bpe-
MeHH (CeKyHJa), HO OCHOBAHA HE Ha 3AKOHE 3JIEKTPOCTATHYECKO-
ro B3aUMOJIEMICTBUSA 3apsJIOB, a HA 3aKOHE MATHUTHOrO B3auMoJei-
CTBHSA TOKOB. DTa CUCTEMA SIBJISIETCA TaK>Ke abCOMIOTHOHN, TAK KaK B
Hel BCE MATHWTHBIE EIMHUIBI ONPEeJeISIIOTCA TAKHM 00pazoM, 94To-
661 K0 DunHeHTs TPOMOPIMOHAIBHOCTH B 33KOHAX MarueTH3Ma
obparmmuck B egununy. Cucrema emunury CI'CD BecbMa ymobHa
OJIST OITUCAHUA JIEKTpUYecKuX spjenuil, a cucrema CI'CM — s
MAarsMTHLIX siBaesuii. OCOGeHHO MHUPOKO B HUIMUECKON JUTEPATY-
pe NpHMEHSETCA TAKXKe TaK Ha3bIBAEMas CUMMETPUYHAS CUCTEMa
EKTPUUECKUX M MArHUTHEIX enuuui (cucreMa eimamy [aycca),
mpejcraBisiomas coboil coyeranue obeux cucrem CI'CD u CI'CM
(cM. Hobapnenne 13).
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Opraxo 9TH abCOMIOTHBIE CHCTEMBI eINUHHUIl, HAPALY ¢ BEChMAa
GoMbIIUMI UX IOCTOMHCTBAMH, ODJIAIAIOT TEM HENOCTATKOM, YTO
€IUHHUIBI MHOTHX 3JIEKTPHYECKUX W MACHHTHBIX BEJIMUWH NOJIyYa-
I0TCA B HUX HeyNOOHBIMM JJjd Ueseli IPaKTHKU, TaK KaK OKa3blBa-
IOTCA MJIM CHHIIKOM OOMBIIUMU, MM IMiiKoM MansiMu. HosroMmy
B HACTOsIIee BpeMsi IIOJIYYM/a IUUPOKOE pPacipocTpaHeHne Mex-
AYyHAPOJHAA CHCTEMa EJAHHUI[, COKPAINEHHO 0003HAMaeMast JIATHH-
ckumu 6yksamu SI (The system international of units) u pycckumu
Gyksamu CU (cucrema uHTepHaUmMOHaNbHasA ). IIpu paspaborke aToi
CHUCTEMBI CTPEMUJTUCH K TOMY, YTOOB! €qUHUIIE OCHOBHBIX 3JIEKTPHU-
YECKMX U MArHHTHBIX BEJIMIHH COBIIAIH C COOTBETCTBYIOMIUMHY IPAK-
THYECKHMH €IUHHUIAMH, JABHO YCTAHOBMBIUMMUCH W IPUHSTHIMUA B

SIEKTPOTEXHUKE U PAJHOTEXHHKE ).

Cucrema CH nmocTpoesa Ha OCHOBE CEMH OCHOBHBIX €IMHMUIL: €JIH-
HUIA JJIMHBI — MeTp (M), AMHHIE MACCHl — KUJIOTPaMM (Kr), eau-
HUIA BPEeMEHH — CeKyH[a (C), eQuHHUNa Cuiibl TOKa — amuep (A),
eJIMHUNA TePMOJAUHAMUYECKOH TeMmmeparypbl — keabBuH (K), eau-
HUUA CHJIBI CBeTa — Kamjena (KJ) W eJUHHMIA KOJIUYeCTBA Belle-
crBa — Moib (Monb). Kpome cemu ocHoBmbix, cucreMa CH mmeer
JIBE IOMOJHUTENbHbIE €IUHUIbL €IUHHUILY TUIOCKOTO YIJIA — PAJUaH
(paj) 4 eNMHHUILY TEJECHOTO yIyia -— crepajuaH (cp).

Kaxgasg U3 5THX eJIUHHI] IO3BOJIAET 006Pa30BaTh BCE ITPOM3BOJI-
Hble eAMHHUILl [ BEIMYHMH, HMEIOLIRX HEMEXAHUYECKYIO MPUPOY:
aMIlep — eIHHHIbI SJEKTPHUECKUX M MArHUTHBLIX BEJIHYHH, Kejib-
BHH — EIMHUIpb! TEILUIOBBIX BEIHYUH, KAHJEIA — EIUHHUIBI CBETO-
BBIX BeJIMYUH, MOJIb — EJHHUIb! BEJMYUH MOJIEKYISPHON (PU3UKH U
XUMHH.

Ennruna snekrpudeckoro sapsza B cucreme CH ects Kynon
(K1) — 3apsn, npoxoasuuit 3a 1 ¢ depe3 cedeHHe NPOBOJHUKA, B
KOTOPOM HMEETCH HEH3MEHSAMMHACA TOK cuioil 1 A, Te.

1Kn=1A-1c=1A-c.

Onpenenenne aMIepa OCHOBAHO HAa 3aKOHE MATHUTHOrNO B3au-
MO/JIEHCTBHA TOKOB U Oymer maso B § 83. U3 storo onpenesenus
crenyer, uro 1 kymnon cogepxkutr 0,1 ¢ exmrun 3apaga CIC3, rue
¢ = 2,99792458 - 10'® ecTb CKOPOCTD CBETA B BAKyyMe, BhIPasKeHHast
B cM/c. B maibHelimeM Mbl 6yjieM MONB30BATHCS OKPYTJIEHHBIM 3Ha-
YEHUEM 3TOH BEJIHYMHBI H CIUTATDL, YTO 3apsal

1 K =3-10° CI'C3,.

') Mocranosnennem Tocymapernennoro xomurera CCCP mo crangapram or
19 mapra 1981 r ¢ 1 susaps 1982 r B Coserckom Coroze BBemen B neficTBue
roc yAapcrsernsiii crangapr I'OCT 8 417-81 (CT C3B 1052-78), cornacuo xo-
TOPOMY 0Ds3aTeILHOMY IIPHMEHEHHIO NO/JIesKaT e uHUIb Mexk nyHapoaHoh cu-
crembl (CH), a TakKe /1eCATAIHDIE KPATHHIE W NOTbHbIE 0T HAX. ([Tpusen. ped.)
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Ormmune cucrembt CU ot cucremer CI'CD 3aksiroyaerca eme u B
TOM, YTO B Hell UCITOMB3YETC TaK HA3LIBAEMAs POUUOHAAUSOSAHHAA
dopMa 3anuUCH 3aKOHOB IEKTPUIECTBA ITO M3MEHEHUE 3aKJIOUa-
eTcad B ciieayromeM. Bo muorue opMysbl 2/IeKTpHYecTBa, B OCO-
GEHHOCTH B Te, KOTOPhIE YACTO BCTPEYAIOTCA B [IPAKTHKE, BXOAUT
MHOXUTeNb 47. U100 M30aBUTHCA OT HErO B IPAKTUYECKH BaXK-
HBIX (HOPMYJax, B BHIPAXKEHHE JIs 3aKoHa KysoHa ¢ caMoro Hava-
Ja BBOAAT MHOXuTeab 1/4m. Taxojt ke MHOXKHTENIb OKa3bIBAETCH
yA00HBIM BBECTH U B OCHOBHON 3aKOH MAarHUTHOTO B3aUMOLEHCTBHS
TokoB (cp. § 79). Iostomy 3axon Kysona B cucreme egmuun CH
3ANKCHIBAIOT B BUAE

= 22, (41)

dmeo T,

rje BMecTo K03hdUIHeHTa NPONOPUUOHANBLHOCTH f, BXOASIIETO B
dbopmyiy (2.1), Hanucano 1/(4nep). 3aecs eg — HEKOTOpasi MOCTO-
siHHAdA, 3aBUCAUasA oT Buibopa emunun, OJHAKO, TaK KaK eJIUHHU-
Ia 3apsifia yXKe OnpelesieHa, 9Ty MOCTOSHHYKI Helh3s 00paTuTh B
equunny. IToatomy B cucreme CH, B ommmune or cucremut CI'C3,
B 33KOHb! IEKTPUYECTBA BXOAUT HOBASI MMOCTOAHHAS £, UMEIOIIAL
ONpPEAEIEHHYI0 PA3MEPHOCTL. DTy MOCTOSIHHYIO MBI OyZieM HA3BIBATE
B JaJIBHEHLIEM 24eKmpueckoti nocmoanHod.

Herpynno maiiTu, 4eMy DaBIiO 3HAUeHHe £y B CHCTEME €MHHUIL
CH. TTonoxkum, 910 1Ba TOUEYHBIX 3apsaaa ¢ = g2 = 1 Kui, ynanen-
HbIX 11a paccrosiane 1 M = 10?2 cM, B3anMOEHCTBYIOT B BaKyyMe.
Torpa, cornacHo dopmyse (3.1), cusia B3anMOACHCTBHST PaBHA

1092
F= __(3(10120)2) — 110" gun =9-10° H.
C apyroii croponsl, cornacuo gopmysie (4.1), Ta ke cuia ectb
1 1-1 1
- 47r60 —].T - 47r50 H

Orcroga
1

= In(9- 109
O enunMIE 3/IEKTPUIECKON IOCTOARHOM €9 cM. § 32.

€0 =8,85-107!2 CH,,.

§ 5. INibBaHUYeCKME FTEMEHTHI

DAEKTPUUECKHE 3aPAJB MOXKHO IOMYUHTh PA3NUYHBIME CIIOCO-
6aMHu, C KOTOPBIMH MB!I MO3HAKOMUMCH B ganbneiinem. Ceiiuac ke
MBI YIOMSIHEM O IIOJYYeHHHA 3apsiZ0B C MOMOIUILIO FAJIbBAHHYECKHX
3JIEMCHTOB.

TaneBaHUYECKHUM 3JIEMEHTOM HA3BIBAIOT JIBA PA3IHYHBIX IPOBOJL-
HUKa, COEIMHEHHBIX SJIEKTPOIPOBOIAMIUM PACTBOPOM (OOBIYHO BOJI-
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HBIM PAcTBOPOM KHCIOTHI Mim coiu). Ha puc. 2 nokazan onun u3
POCTENIIHX 3/EMEHTOB — 3eMeHT Bosibrhl. OB cocTOUT 13 MeHO
U IUHKOBOW ILTACTUH, HA3bIBAEMBIX JAEK-
mpodamu 3JIEMEHTa, IIOTPYYKEHHBIX B CJla- Cu Zn
Oblli BOJHBIH pPACTBOP CEPHOM KHUCIOTHL. 7
Me b 3apaKaeTcs NOJIOKUTENLHO, a (UHK —
OoTpHHATENbHO. [I0JMOXKUTENBHEIH IEKTPOI
YaCTO HA3BIBAIOT aHOOOM, & OTPHIATENb-
HBI — Kamodom. —|
YCTpOKCTBO  pa3/IMYHBIX —TrajibBaHHYe- —— 4
CKHX 9JIEMEHTOB M MPOUECCHl, B HUX IIPOHC-
xousuiue, 6ynyT paccMorpersl B . XVIII.  Puc. 2. Dnemenr Boasrsl

NN
I

L YL

T T T T T

§ 6. DiexTpu3anus KaK pa3ZesieHue 3apsaioB

OnwbiT NOKa3kIBAET, YTO BOZHUKHOBEHME 3apsajga Ha JO0M Tese
BCETJIA COMPOBOXKAAETCS MOABJIEHHEM JIPYTOTO 3apsjia, PABHOIO eMy
[0 MOJYJII0, HO NPOTHUBOIOJOXKHOIO 1O 3HaKy. Tak, Hampumep, B
TaIbBAHHYECKHX DJIEMEHTAX MBI HMeeM BCEerjla JBa 3JIeKTPOA, ONHH
U3 KOTOPBIX 3apAXKAETCHA IMOIOKHUTENBHO, a APYTrofl — OTPHUATENb-
Ho. Ilpu snexTpusanuyM TPeHHEM TaKXKe BCEINA 3aPsKaroTcs 0ba
IPUTHPAEMBIX TeNa W MPUTOM PABHBIMH MO MOAYJIO, HO [TPOTUBO-
MOJIOKHBIMHU TI0 3HAKY 3aAPIJAMU.

O 110BpeMeHHOE MOSIBAEHUE PA3ZHOUMEHHBIX 3apAJ0B MPH BCIKOM
MPOLIECCE 3APSKEHHUS NPUBEJIO K 3AKJIOUEHHIO, YTO BO BCEX TEIaX
BCETZIA CONEPIKATCA MOJIOXKNTEbHbIE U OTPUIATENbHbIE 3apsiabl. B
OOBIYHBEIX YCIOBUSIX, OJHAKO, KOJHYECTBO IOJOMKUTEILHOTO 3aPsisa
B KaXJI0M oObeMe Teja PaBHO KOJHUECTBY OTPHUATENLHOIO 3apsi-
Oa, U IO9TOMY TENO MPEICTABNAETCS HAM He3apsrKeHHBbIM. Bestkuii
OPOIECC 3APSIXKEHNs eCTh IPOIECC pPas/ieICHUs TEKTPUUCCKUX 3a-
PSIOB, IPH KOTOPOM HA OJIHOM K3 TeJl (M1 YaCTH TeJa,) NOsIBJISIeTCs]
H30BITOK NONOKUTEIBHOIO 3aPsAJIa, & Ha APYroM (HJIM APYTOil YacTH
Tesa) — U30BITOK OTPHUATENLHOrO 3apsana. Obmiee KOJIHYECTBO IIO-
JIOXKHUTEIBHOIO H OTPHIATENBHONO 3aPSI0B, COAEPXKAIIXCS B TEIAX,
HE U3MEHAETCs, a 9TH 3apsAIbl TOJILKO IEePepacIpeeIssioTCa MeX LY
TenaMu. [losTomy anrebpantieckass cyMMa 3apsiioB, BOSHUKAKIIUX
IIpH J1I060M JIEKTPHUYECKOM TIPOTeCce HA BCEX TEJIAX, Y4aCTBYIOMIHMX
B IIPOIIECCE, BCETAA PABHA HYJIIO.

§ 7. DueKTPOHLI

B Hacrosiiee BpeMsl TBEPAO YCTAHOBJIEHO, YTO JIEKTPHUECKUE
3apAAbl CYIIECTRYIOT B IIPHPOJE B BUIE 3apPSAXKEHHBIX YACTHIL, KOTO-
Pbie MBI CUHTAEM TIPOCTEMIIUMH, WK 3AEMEHTAPHBIMHU. DIEMEHTAD-
Has OTPHUIATENLHO 3apsXKeHHast YaCTHIA, C KOTOPOil HaM ITPHXOIHT-
Cd BCTPEYATHCS B IJEKTPHUECKUX SIBJICHMAX, NONYYHIA HA3BaHUE
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2AEKMPONA. 3apAL KAXKIOT0 H3 31eKTpoHOoB paseH 1,60 - 1071° Kn
(§ 144). Macca seKTpOHA 4Ype3BBIYAMHO Majja U COCTABJSIET BCe-
ro oxono 10730 kr. [TosTOMy MOKHO MPUHECTH Ha Teao U y6paTh C
HEr0 OrPOMHOE YHCJIO0 SJEKTPOHOB (€3 3aMEeTHOTO H3MEHEeHU MACChI
Teaa.

B cocraB aroMa KaxkJI0ro 3JIEMEHTa BXOIMT OIPEJIEIEHHOe CBOI-
CTBEHHOE eMy 9HCJIO JIeKTPOHOB. ATOM B IeJIOM, OJIHAKO, He 3aps-
JKEH, TaK KaK B HEM MMEETCsT M MOJOXKHUTEIbHBIH 3apsj, PaBHBIH 10
MOJLYJIF0 CYMME 3apsiJIOB BCEX 3HEKTPOHOB aroMa. [TomorkurenbHbii
3apsij ATOMA 3AKJIUEH B si/ipe aTOMa, B KOTOPOM COCPEJOTOYEHA,
IPAaKTUYECKU BCS MAcCa aToMa.

Ecnu aToM TepsieT O/[MH MJIH HeCKOJILKO JMIEKTPOHOB, TO OH 00pa-
IIA€TCS B IOJIOXHUTEIBHO 3aPSIKEHHBIH aTOM, MJIH NOJT0KUTEIBHBL
noH. Ecnu aToM 3axBaThiBaeT HONO/IIHATENBHBIE SJIEKTPOHBI, 00pasy-
eTCs1 OTPHUIATEBHO 3aPSKEHHBIM aTOM, WIH OTPHIATEIbHBIH HOH.
IIponecc 3apskennst Kakoro-nubo Tena npeacraBiaser coboi mbo
IIEPEHOC Ha 3TO TeJO, JAUO0 YBOK C HEr0 HEKOTOPOro KOJHYeCTBA
3IEKTPOHOB HJIH HOHOB,

Teopust, 06 bsICHAIOIAA PA3JIHYHbIE CBORCTBA BEIECTBA HAJIHNYH-
€M B HEM IEKTPOHOB U WX JABHMYKEHHEM, HOCUT Ha3BaHHE 3JIEKTPOH-
HOHI Teopu.

Xopomune NPOBOAHUKH JIEKTPHIECTBA — 3TO TAKUE T4, B KO-
TOPLIX 3JEKTPHUYECKHE HUACTHILI MOryT CBODOIHO MNEPEMENIATHCA.
DJIeKTPONPOBOAHOCTE METAJIOB 00YCIOBJIEHA TEM, UTO YACTh JIEK-
TPOHOB, COJEPKAIMXCA B METAJUIE, HAXOLUTCA B TOJBHKHOM CO-
cTostHUY. TaKue SIeKTPOHBI HA3BIBAIOTCS C600001bIMU ITEKTPOHAMHA
WIH IAEKMPOHAMU TEPOGOJUMOCTIU.

Eciin x #301MpPOBaHHOMY HC3APSXKEHHOMY METAJITHYECKOMY NpO-
BOIHHKY NPHOJIM3UTE 3apsiKEHHOE TeJIO, TO Ha IPOBOJHEKE HOSB-

Do DB @ +
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Puc. 3. Cxema 00bsicHEHMA 3/1eKTPUIECKON HHAYKIMK B 3/IEKTPOHHON TeOpHH

JISIOTCS HABELEHHbIE, MM WHIAYLMPOBaHHbIE, 3apsiasl (puc. 3, rae
KPYKKH C TIFOCOM — IOJIOXKUTEJIbHbIEe HOHBI METAJLI1A, TeMHBIE TOY-
KU — 3JIEKTPOHBI MPOBOAUMOCTH). B paMKax 3JIEKTPOHHON TEOpUH
3TO OOBACHAETCSH TEM, YTO IPHOJINKEHNE BIUSIONIETO T€Ja, BhI3BIBA-
€T IOABJEHUE CUJI, JIEHCTBYIOIIUX 11a 3JIEKTPOHBI IPOBOAUMOCTH Me-
TaJlj1a, OTYErO OHU [EePEeMElIAIOTCS U [1ePePacIpeie/IAI0TCs, IOKa, He
OyzeT DOCTHTHYTO HOBOE IOJIOKCHME parHOBecus. Ecnu, nanpumep,
BAHSIONIEE TEJIO 3aPSKEHO MOJIOKHUTENbHO, TO 3MEKTPOHB IIPOBOJIM-
MOCTH OYJlyT NPUTAruBaThLCS K HeMy M Ha OMIKHEM K Tesly KOHIE



§8 NOHATHE OB 3JIEKTPUYECKOM TTOJIE 21

TIPOBOJIHVKA MOSBATCH W3OBITOYHBIE 3IEKTPOHBI, T.e. OTPULATEIIb
HbIH 3apsR; HAa YAAJIEHHOM KOHIe 00pasyercst HeJlOCTATOK JIEKTPO-
HOB, & CJIEJ0BATE/ILHO, 31eCh NTOSBISETCA H3GBITOK MOTOKHTENLHbBIX
HOHOB, T.€. BO3HUKAET IOJIOKHUTENbHEIA 3apsg (puc. 36).

B nanbHejiineM Mbl pacCMOTPHM OCHOBHBIE OIBITHI, JOKA3LIBAO-
e CYIIECTBOBARHME 3JIEKTPOHOB, NO3BOJSIONIHE ONPEACTIHTb HX
CBOMCTBA U BBIACHSIIOIME YIACTHE IEKTPOHOB B DAa3/IMUHBIX NIEK-
TpuYecKuX sByleHusX. OHAKO CYmECTBOBAHME 3JIEKTPOHOB fie/Ieco-
06pa3HO Y9ecTh yXKe ¢ HAYa/Ia H3YYEHHs JIEKTPHIECTBA, TAK KK
9TO CPa3y NO3BOJISAET IPOCTO M HAMISIHO OOBLICHUTL MHOTHE JJ1€K-
TPUYECKUE SIBIICHUS.

TJTABA II
QJIEKTPUYECKOE IIOJIE

§ 8. ITonsaTue 00 3IEKTPUIECKOM IOJie

Ilpu uccnepoBaHuU B3aHMOACHCTBHSA IICKTPHIECKHX 3apHJIOB,
eCTECTBEHHO, BO3HHUKAET BOIPOC, NMOYeMy IOABISIOTCA CHIBI, Iei-
CTBYIOUIME Ha 3apajbl, ¥ KaK OHM IEpPEenarTCsa OT OZHOro 3apsaja
K apyromy? COBEpIICHHO TAK Ke MOXKHO TIOCTABHTE M CIEAYIOUHIA
BOIIPOC: MEXaHUYECKHE CUJIBI BOBHUKAIOT TOJNBKO [IPH HAJIMYIHHA ABYX
3apSAIOB; TPOUCXONSAT JIH, OJIHAKO, KAaKHe-Jmbo M3MEHEHHs B OKpY-
»KAIoMieM NIPOCTPAHCTBE IIPH HAJIUYHH TOJBKO OOHOTO 3apdna, Koraa
BTOPOTO HeT Boce?

B npouecce paseutns GU3MKH CYyHIECTBOBANHN ABa IPOTHUBOLO-
JIOXKHBIX TI0JIX0/1a K OTBETY Ha 1ocrapieHHble sonpockl. Ilpu oxnonm
H3 HUX [IPEANOIarajoch, 9TO TEIaM IIPUCYIe CBOACTBO ACHCTROBATD
HA JIpyrue Tesia Ha PAcCTOAHUH, 0e3 yd9acTus IMPOMEeXKYTOUHBIX TeJ
WU CPEABI, T.€. IPENIOJIarajJoch, YTO CHIbl MOTYT NEPCAABATLCH OT
ORHOIO TeJa K APYTOMY uepe3 MYCTOTY W MPUTOM MTHOBEHHO (Teo-
puu ganbHOAeicTBus). C 9T0H TOYKH 3PEHUS NPU HAIMYHH TOJBKO
OIHOTO 3apANa HUKAKHX H3MEHEHHI B OKPYXKAIOIEM IIPOCTPalCTBe
He IIPOUCKOIHT.

CormacHo BTOPOMY B3IVISLY CHJIOBbIC B3AHMOJECHCTBHS MEXKIY
pPa30bImEHABIMHE TEIaMU MOT'YT IePEJABATHC TONBKO DU HAJIWHIHU
KaKo#-nb0 cpeapl, OKPY Kaowel 3Tu resa, NOCAef0BaTeNbHO OT
OZHO 43CTH ITOH cpenpl K APYTOil, 1 € KOHEYHOH CKOPOCTHIO (Teo-
pun 61u3KOAEHCTEHS); AaXKe NMPU HAJIMYUM OQHOTO-eIHHCTBEHHOTO
3apAfa B OKPYZKAOMEM NPOCTPAHCTEE MPOUCXOAAT OIpele/IeHHbIe
H3MEHCHHUH.

CoepemenHast (pH3NKA COXpAHSET TOJLKO He 6au3KogeficTeust
U OTBEPraeT fanbHoAelcTBue. JellcTBHTENBHEO, IOy nIeHHE BO3MOXK-
HOCTH [epenady CHJAOBLIX B3aHMOJECHCTBHMN, T.€. ABMIKEHHH, depe3
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MyCTOTY, 6€3 y4acTus MaTepyH, PABHOCHILHO NONYIIEHHID BO3MOXK-
HOCTH IBHXKeHUsA Oe3 mMaTepun, a0 OeccomepKaTesibHO.

TakuMm 0OpasoM, I7id NOHUMAHUSA NPOMCKOXKJIEHWs M Iepela-
YW CHJI, NefCTBYIOMMX MeXIy MOKOANMMHACH 3apsaIaMK, Heobxomu-
MO AOTIYCTHTbL HAJIWYHME MEXKAY 3apalaMH KAaKOTo-TO (PpUIHYECKOro
areHTa, OCYIIECTRIAINIEro 9TO B3aUMONeHCTBHE. DTUM areHTOM H
ABJIRETCA JIeKTPHYECKoe Mone. Korna B KakKoM-11ub0 MecTe MosB/Id-
eTCs WIeKTPUIECKHil 3aPa/i, TO BOKPYT Hero BO3ZHUKAET JIEKTpH4e-
ckoe nosie. OCHOBHOE CBOHCTBO 3/IEKTPHHIECKOIo MO 3aKJI09aeTcsa
B TOM, YTO HAa BCAKHI APYTOH 3apsl, IOMEMEHHLIK B 9T0 Noe, Jeki-
CTBYeT CHJA.

PaccmaTpuBas B3anMOZEHCTBHE MOKOAUIMXCS 3aPAI0B, MBI [IPH-
XOAMM K MOHATHIO 2/1eKTprudeckoro noud. logobHeIM e o6pasoM,
paccMaTpHBasg MarHHTHOE B3aMMOIEHCTBHE JBIKYIUMXCH 3apALOB
(TOKOB) WJIM NOCTOAHHBIX MATHHTOR, Mbl OPANEM K MOHATHIO Mar-
autHOrO nojst. Mui yBuauM (1. XIII), aro snextpuueckuwe u mar-
HHTHBIE [IOJIS MOT'YT TIPEeBPAINATLCE APYT B APYra H 9TO KaXKJ0e u3
HUX €CTb JUIIb JaCTHbIH cIydail 6o/1ee 06111ero ajieKTpOMariuTHOrO
noss. Janee 6yner nmokasano, 4ro 3neKTpudeckue (M MACHHTHBIE)
IHOJIsL MOIYT CYIIECTBOBAThL M 0e3 3apsnoB (M TOKOB), NepBOHAYAIIb-
Ho ux nopoausimx (. XXIII), 1 410 HMEHHO B 9/71€KTPOMAIHATHOM
HoJie HYXKHO BHJETb OCHOBHYIO [IPUYMHY JIEKTPUIECKHX W MAarHHUT-
HbIX ABJEHHH. DJIEKTPOMATHUTHOE IOJe 3aKIodaeT & cebe u nepe-
HOCHT OIpele/eHHy 0 HepTrio (§ 242), a TakxKe 06/Ia43eT UMITYJIb-
com u Maccoit (§ 245). CrnepoBaTenbHO, 3MEKTPOMArHHTHOE TOJIE HE
ecTb a0CTpaxkTibiii 00pa3, BBEJEHHbIH HAMH AJs ONUCAHUS SJIEK-
TPHYECKHX U MarHWTHBIX B3aMMOmelcTBUil, HO npexcrasiiser coboi
O6BbeKTHBHYIO PEaIbHOCTD, 00/1a42101My10 QUIHYECKUMHE CBOMCTBA-
mu. OHO dBJIfEeTCA oupenenerHol HOPMOfi MaTepHH, KOTOPasd OCy-
LIECTRJIAET JIEKTPUYCCKHE ¥ MATHUTHbIE B3aumMomeiicTeuA. Takum
ob6pa3oM, coBpeMcHHAA (PUIUKA, IIPH TOMOIIH NOHATHS HONS PACIHIN-
psieT npejcTaBieHre O ONMM3KOmefiCTBMM M PACIPOCTPaHAET ero Ha
HeMeXaHWdYEeCKHe ARJIEHUS.

§ 9. Hanpsi>keHHOCTb JIEKTPUIECKOT'O IOJIHA

s xonu4eCTBeHHOW XaPAKTEPUCTHKH ICKTPUYECKONO OIS
C/IYKHT CHeluajbHas (DUINUIECKAd BEIMIUHA — HAIPAXKEHHOCTb
TEKTPUIECKOTO TIOJH.

PaccmoTpum ToueuHbIH nMeKTpHYeckuil 3apaj ¢ U OyzeM BHO-
CHTb B 3JIEKTPHUUECKOE TIOJIe ITOTO 3apsaa Apyroil TouedHblH mpob-
ubii 3apsan q;. Ha npobusblit 3apsn ¢ Oyner neitctsopars cuia F,
pa3sNuYHas B PA3HbIX TOYKAX IIOJIA, KOTOPasd, COMIACHO 3akony Ky-
JIOHa, OyIer nponopuHoHaIbHA IpoGHOMY 3apany ¢q;. llostomy or-
HOlIEHMe 3To# cumibl K npobHOMY 3apsaay F/q) yxe He 3aBucCuT OT
BpIOOpa NPOBHOro 3apsaa H XapaKTepU3yeT 3JIeKTPHYecKOoe MoJe B
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TOH TOYKE, PAC HAXOOWTCH NPOOHBIH 3apAx. DTa BeJWYHHA H IOIY-
YuJa Ha3BAHUE HANPAANCEHHOCTRU MOJIS.

Eciu anekTpuyeckoe MONe BHI3BAHO OXHMM TOYEYNBIM 3apsijioM
g, TO HAIPAKXEHHOCTb NOJIs TOJIYIAeTCH HEmOCPeICTBEHHO U3 33KO0-
Ha Kynowa nyrem jgenenus obewx yacTeil paBeHCTBa Ha NpoOHBIN
sapax. O603HaYas HANPSKEHHOCTD MOJA Yeped [, uMeeM

1 g (9.1)

4dmeg 127

HanpsaxeHHOCTE HOJIs TOYEYHOTO 3apsifa yObisaeT 06paTHO Iponop-
[HOHAJIbHO KB3JPATY PACCTOSHUA OT 3apa/ia.

Tak Kax 3MeKTPHICCKUil 3apal eCTh CKAJISAP, & CHIIA — BEKTOP, TO
HAIIPSIKEHHOCTD [IOJIs, IOIydaeMas OT JeJIeHHs BEKTOPa Ha CKaJIap,
ectb BekTop. Hamnpaenenue 3sToro

BEKTOpa ONpejelseT Hampasreue (P ——————— o—— —
CUJIbI, NEACTBYOIMEHR HA IOJIOKHU- E
TeJbHBIN 3apsl, IOMEIIEHHbIA B pac-

CMATPUBAEMYI0 TOUky moast. Tax, 6O ——————o————
HaIIpUMep, eC/IM IIOJIe BbI3BAHO I10- E

JIO?KUTENbHBIM 3apsSOooM, TO BEKTOD

sanpxeiocTn nanpansen o, P11 Harpaeree anpeer

pamuyc-BEKTOpa OT 3apsAaa BO BHEI- ’
JIABAEMOT0 IOJOKHUTENbHBIM (a) 1

Hee TNPOCTPAHCTBO (OTTAJIKUBAHHE OTpHEATEBHBIMH (6) 3apIAMIT

HOJIOAKHTENIBHOIO NPOBHOro 3apsama.);

eCY TI0JIe BHI3BAHO OTPHIATENBHBIM 3apsIOM, TO BEKTOD HAIps-

JKEHHOCTH HallpaBJieH K 3apany (puc. 4).

Ionb3ysce 3axkonoM Kysnona B BexTOpHOM hopMe, MOXKHO Ha-
[IMCATH BhBIPAXKeHUE IJIA HANPAXKEHHOCTH NEeKTPUIECKOr'O MoJad TO-
YEYHOrO 3apsA/1a TAKXKE B BEKTOPHON (opme:

L4y (9.1a)

T dweo 73

3meck r — MOZYb PACCTOAHMA OT 3apafa 10 PACCMATPHBAEMON TOY-
KH OJH, & T — pajnuyCc-BeKTOop, HAIIPABJICHHLIN OT 3apada B JaHHYIO
TouKy. 3 cKa3aHHOrO Cjiefiyer, 4YTO eC/IH U3BECTHA HANPAKEHHOCTL
IOJISL B KaKo#-a1n60 TOYKe, TO TeM CaMbiM ONpCAe/ieHa W Cuna, Juei-
CTBYIOMIAsl HA NEKTPUHIECKUN 3apa)l, IOMEIIEHHbI! B 9Ty TOUKY. A
HMEHHO:

F = gE. (9.2)

OTMeTHM B 33KJII0YEHHUE, 9TO /IS CIYUas MOJsH, BhI3BAHHOTO TO-
YEYHBLIM 33PHA0M, BbIOOD BEIHYIUHBI TPOOHOTO 3apsa 6e3pa3audeH.
B Gosee cnoxkuBIX Ciiydasx, pacCMaTPHUBAEMbIX HHXe, MOMKET OKa-
3aTbCsl, YTO CAMO €0 BHECEHHe BbI3bIBAeT IIepepacipe,eieHne 3aps-
JOB, CO3JANNX TIoJIe, W N03TOMY NPOOHBIA 3apsf, MOXKET BLI3BATL
uckaxkernue mojst. Yrobsl 5TO HE UMeNo MecTa, IPobHbIH 3apay JoM-
KeH ObIThb JOCTATOUHO MAJTbIM.
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§ 10. CaoxkeHune 3JIEKTPUIECKUX ITOJiE

PaccMmoTpuM Temephb 3MeKTPHIECKOe MO IBYX TOYEUHBIX 3apsd-
OB g1 ¥ g3. llycth By — Hanpsa»keHHOCTD I10JI8 B TOYKE @, CO3/1aBa-
eMas 3apaaoM q; (Koraa 3apsfa g Her BoBce), a Eo — panpsikeH-
HOCTb IOJIA 3apsfia qo (koraa HeT 3apsna ;). OnbT MoKa3bIBaerT,
YTO HANPSKEHHOCTh E pe3ysbTHpyiomero mous (pu raanaru obo-
UX 3apsA0B) MOXKET ObITbh HAlAeHa [0 [IPABUIY CJIOXKEHHA BEKTO-
poe (10 TpaBWIy NApaslIeJorpaMMa)
(puc. 5). Vnn, unave, HANPAXKEHHOCTD
PE3YALTHPYIONUIETO JIeKTPHIEeCKOro Mo-
JIfl eCTh BEKTODHAS CYMMa HANpAXKeH-
HOCTeM IIOJel, CO34ABAEMBIX OTIE/IbLHbI-

- MH 3apAJAMH.

& ar IlpaBufi0o BEKTOPDHOTO  CIOXKEHUS
IIEKTPH'IECKUX I0JIel  CIIpaBe/JINBO

Puc. 5. Croxerme snextpiae- HE TOJIBKO JUISL JIBYX, HO M JJIsi KAKOTO
CKUX. YIOJIeit yroguo 4ucia 3apagos. Ecaun Ep, Eg,
Ej3, ... — HanpsXeHHOCTH IoJeli,

CO3JABAEMBIX OTHENbHBIMH 3aps/iaMH B Kakoii-mubo Touke, TO
HAIOPsKeHHOCTh E pPe3ynbTHpYIOIEro o k TOH Ke TOUKe papHA

E=E +E+E3+...=) E (10.1)
k

Coornomenne (10.1) pbIpakaeT NMPHHIUII CYNEepPIO3UIHA (UK Ha-
JIOJKEHHs1) JIEKTPHIECKHUX II0JIef U NPEACTABJISeT BAXKHOE CBOHCTBO
UIEKTPUIECKOTO MOJIS.

OTMeTHM, 9TO CHPABEAJIHBOCTD ITOrO NPHHIINIIA 3apaHee He ode-
BH/IHA H B €ro IPaBIILHOCTH HAC y0esK/JaeT TONBbKO OILIT. A HMEHHO,
BBIYMCIISISE JEKTPUIECKUE TIOJIA [TPH [TOMOUIH IPHUHIUIIA CYTePIIO3U-
MM, MBI BCEFA MOMYYaeM Pe3yJILTAThI, CONIACYIONMeCs ¢ ONBITOM.
Opanako Tpw odeHb Manbix paccrognuax (~ 1071 cm) u skcrpe-
MaJIbHO CHJIbHBIX 3JIEKTpHUecKux mnousax (cp. § 245) npunumn cy-
NEPIIOINIHUN WIEKTPHUECKUX [10JIe, BO3MOXKHO, ¥ HE BBINOJIHAETCS.

§ 11. O6beMHEas M NOBEPXHOCTHAA IIJIOTHOCTH 3apsaaa

Monbsysce popmynamu (9.1a) u (10.1), MOXKHO BBIYHCIATL Ha-
PSIKEHHOCTD 3JIEKTPHUECKOrO TIOJIS, CO3AABAEMOr0 JNIOOLIME 3apsi-
JKEHHBIMH TeJIaMH.

Ecnm nunefinble pasMepsl KaxKIOT0 U3 3apAKEHHBIX Tel MAaJibl
M0 CPABHECHMIO C PACCTOSHMAMH MEXKIY ITHMH TelaMH H paccMa-
TPUBAEMOH TOYKOM [OJIS, TO KAaXK/I0€ W3 TeJl MOXKHO PacCMaTPHBATh
Kak To4YeuHbld 3apsan. B arom ciaygae mo dopmyne (9.1a) moxno
BLIYHCIMTEL HAIPAKEHHOCTDL MOJIS, CO3AaBREMOr0 KarKIbIM H3 3aps-
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JKeHHbBIX TeJI, ¥ 33aTeM, [0JIb3YACh NPUHIMIIOM CYTIePIIO3UIUY TI0Ieil
(10.1), HaliTH MX BEKTOPHYIO CYMMY.

Ecnu 3apsKeHHOE TEJIO HACTONBKO BEJIHKO, YTO €r0 HeIb3sl Pac-
CMaTPHUBAaTh KAK TOYEYHBLIH 3apsj, TO B ITOM Cly4dae HEOOXOIMMO
3HATH PACHpeeJIeHHe 3apSII0B BHYTPH TeEJIa.

BolgenuM BHYTPU 3apsDKEHHOTO Teja Malibii o6bem AT u obo-
3HauMM depe3 Aq MeKTpUYEecKHil 33pdaj, HAXONAMUIACA B 3TOM
obbeme. Ipemen oromennss Aq/A7, koraa 06beM HEOrPAHUIEHHO
YMEHBIIIAETCH, HA3bIBAIOT 063eMHO NAOMHOCMbI0 3aPAJA B TAHHOM
rouke. Obo3HaUAsA ee yepes p, UMeeM

im 29 = p. (11.1)
AT—0 AT
TakuM 00pa3oM, 00 bEMHAS IVIOTHOCTD 3aPSA3 U3MEPAETCS 3apAI0M
eJUHALLI 00beMa Tesa. 3apsl, HaXONAIUMica B IeMeHTe obLeMa
dr, pased pd7. B obmeM ciydyae HEPABHOMEPHO 3apsKEHHOTO TEJIa,
p Da3JMYHO B pa3HBIX TOYKAX. Paclpenesnenwe 3apsana B obbeme
TEJIa 33JAHO, eCTH H3BECTHO P KaK (DYHKIWSA KOOP/IHHAT.

Ouenb gacro 3apaibl PACHPEIENAIOT S B TeNax TOJNLKO BHYTPH
TOHKOTO CJIOs!, IPHJIETAIOIIET0 K IOBEPXHOCTH. BB 9TOM ciydae y 100-
HO MOJB30BATLCA NOGEPTHOCMHOT NAOMHOCTLIO 3apada, KOTOpasd,
IO OIIpeNeNIeHuI0, eCTh

im 29 =g, (11.2)

AS—0 AS

3mecy Aq — 3apsz, Haxonamuica Ha sneMenTe nosepxroctr AS.
UnpiMy cioBaMu, HNOBEPXHOCTHAA IIOTHOCTb 33pAfa H3MEpSeTcs
3apSAA0M eIMHUILI IOBEPXHOCTY TeIa. 3apsl, HaXOIAIIHACS Ha, 3Jle-
MeHTe noeepxHocTH dS, paBen o dS. JIng 3a4aHus pPacIpemeieHust
3apANOE HA [TOBEPXHOCTH TeJIa HYKHO 3HATH 0 KaK (PYHKIHUIO KOOp-
AUHAT [MOBEPXHOCTH.

Ecnu uzsecTHO pacHpelenenye 3apaoB BHYTPH TEIa, TO MOXK-
HO BLIUMCIWTD U CO3AABAEMOe HMU IEKTpHYecKoe mose. [l aToro
3aPsXKEHHOe TeNI0 Pa3buBalOT Ha OECKOHEYHO MaJible YacTH H, Pac-
CMaTpuBas UX KaK TOUEYHbIE 3apPAAbl, BHIUHCIAIT HAIPAKEHHOCTD
TOJIS, CO3IABAEMYIO OTIENbHbIME JaCTAMHE Tejia. [To/Hoe moe Haxo-
JAT 3aTeM CYMMHPOBAaHMEM MoJiell, BHI3BIBAEMbIX OTHEIbHBIMHA Ya-
CTAIMHA TeJla; CyMMHUPOBaHHWE OObIYHO CBOAMTCS K WHTETPHPOBAHHUIO.

Cremyer, 0OQHAKO, OTMETHThL, YTO OIPEAEIIEHHE JIEKTPHISCKOTO
HOJIA 110 334aHHBIM 3apAJaM 4aue BCero IPOU3BOAAT MOCPEACTBOM
BbIYNC/IeHHS pasHocTH norermuasios (. I1I), Tak kak B 9TOM Ciiygae
pPacyeThl IMpoIe.

§ 12. JIMHUM HATIPAPKEHHOCTH IEKTPUIECKOTO I10JIA

,D;JIH OIIHCAHUS IEKTPHYECKOTO IIONA HYXKHO 33JaTh BEKTOD Ha-
HPSAKEHHOCTH B KaXKIOH TOYKe IIOJIH. DTO MOXKHO CAeJaTb aHAJIUTH-
YeCKH, BbIpazKaA 3aBHCUMOCTDb HAIIPAXXKEHHOCTH IIOJIST OT KOOPAHUHAT
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B Buge dropmya. OJHAKO TAKYIO 3aBHCHMOCTh MOXKHO NPEJCTABUTH
U rpadWiecKu, HCHOIL3YS JUHUN HAIPSIXKEHHOCTH IEKTPHYECKOTO
TIOJISL.

JTUHUAMY HANPAKCEHHOCTVY ITEKTPUIECKOrO o (MIN JIMHHSA-
My BekTopa E) Ha3bIBAIOT IMHHH, KACATEIbHbIE K KOTOPBIM HAIllPaB-
JIeHBI TAaK Ke, KaK W BeKTOp HalpsaxKenHOCTH B B NaHHOM TOUke MO

(puc. 6). IlockonbKy kacaTesibHas, KaK H
E BCIKAas [IpsMasi, OIpeensieT JABa B3aWMHO
E' 1poTHBONOMOKHBIX HAIIpABIEHHWsI, TO JIH-
HHH HAIPSKEHHOCTH NPUIIHCHIBAIOT OIIpe-
JeNICHHOE HAIlIPaBJEHHEe, OTMEeYas ero Ha

YepTexe CTPEeNIKOH.
Yrobb IpH MOMOIIK JUHEWH HAIPSIKEH-
Puc. 6. K omnpenesemmio HOCTH H300pa3uTb HE TOJbKO HApaeje-
JIMHMM HATIPAXKEHHOCTH HHe, HO M MOAYJIb HAIPAXKEHHOCTH IIOJIHA,
YCIOBHINCE HA rpadUKaX IHOJIs IPOBOAHTH
JIMHUY HANPAKEHHOCTH C ONpeJeseHHON TyCTOTOH, a MMEHHO TaK,
$TOOBl YHCAO JIMHMH, NPOXORSALIAX 4Hepe3 eJuHHUIY TOBEPXHOCTH,
IepNEeHIUKYISPHOA K HHUM, ObUIO DABHO (MJIH IPONOPIMOHAIIBHO)

HAaIIPA>KEHHOCTH HOJs B TaHHOM MeECTe.

N3z06pazkas JUHUN AJIEKTPHYIECKOTO TIOJIH, MbI TOIY1aeM CBOeoh-
passble rpaduKN WM KAPThl IOJs, KOTOPble cpa3y HalvIsJHO IIOKa-
3bIBAIOT, Y€MYy PAaBHA HAIIDSKEHHOCTh B PA3HbIX YACTAX IIOJIS M KAK
OHA M3MEHSIETCS B HPOCTPaHCTEe. BemeacTsre GOMBINONR HATVISIITHO-
CTH ITOT CII0cob NMPeCTABIeHUS [IOJIeil ITUPOKO IPUMEHSIOT B 3JIeK-
TPOTEXHUKE.

W3 ckazasHHOrO CJIeflyeT, 4TO JWHUIO HANPAKEHHOCTH MOXKHO
IPOBECTU Yepe3 BCAKYI TOYKY Iouist. Jlajee, Tak KaK B Kaxjoi
TOYKe II0JIsi BEKTOD HAIPsKEHHOCTH HMeEeT BIOJIHe ONpeencHHOe
HAIIPABJICHNE, TO JUHUN HAIPAXKEHHOCTH HHIJE He [TepeceKatoTCs.
JInHuY HaIpPs>KeHHOCTH 33KaH-
4MBAOTCA (MM HAYMHAIOTCH )
HA OKDPYXAIOUIHX IPEJMEeTax,
HAa KOTOPBLIX BO3HUKAIOT HH-

y AYKUUOHHDLIC 3apsSlbl.

Ha puc. 7 B xauecrse npu-

Mepa JaHa KapTuHa JHHHAHR

HAIIPSKEHHOCTH TOUEMHOIO 3a-

Puc. 7. JIummu nanpsixesmocTH Todew- DAA2. Lycrora junmit Hanps-

HOTO 3apANA JKEHHOCTH Ha KaKOM-JIu00 pac-

CTOSHHM 7 OT 3apsna paBHa

OTHOLIEHHWIO [TOHOrO YHcia N JINHAN HAIPSKEHHOCTH, BbIIIEIIIHX

U3 3apAna, K HosepxHOCTH cdeprl pamuyca 7, T.e. N/(4nr?). Ona

ybbiBaeT o6paTHO TPOMOPIMOHAILHO KBAJPATY PACCTOSHHA OT 3a-
psJia, T.e. TakK e, KAK W HaOPs2KEeHHOCTh TIOJIH.




§12 JJMHNHY HATIPAXKEHHOCTH 3JIEKTPUYECKOI'O 110OJIs1 27

Ecnu yaaercss BBIMHQINTbL HALPAXKEHHOCTL DMEKTPUYECKOrO I10-
JIfl, TO MOXKHO TIOCTPOHTDb M “EPTEXKH JIMHUHN HAIIPAKEHHOCTH ITOTO
nons. OxHaKO B CIYYae 3aPSKEHHBIX TeI CTOXKHON (HOpPMEI TaKUe
BLIYHCICHUS MOIYT OBITb
TpyJAHbl. B.3THX CIyda-
AX KapTUHY JIUHWHA Halips-

JKeHHOCTH MOXKHO IIOJIy- @,__,
YUTb HA OIbITE. N E E

Ecnn B 3amekTpuuec- U
KOM IIOJI€ IIOMECTHTb Ka-
Kue-I00 MeJKHEe YaCTH- a 6

Ibl, TO Ha HHUX BO3HHUK-
HYT HHIYKUHOHHbIE 3apsi- Puc. 8. Mejikue 9acTuupl B SI€KTPHYECKOM
1 (puc. 8a). Takue wya- T0%e

cTHIB! OYIYT NepeMeliaTbCst 10J BINSHHEM B3aHMHOIO IPHTsKe-
HHES PAa3HOMMEHHHBIX 33PAJ0B H OTTAIKHBAHHUSA OJHOHMMEHHbBIX, [TOKA
He YCTAHOBATCS B BUJE IENOYKH, HANPABJIEHHOH BIOJb JMHUH Ha-
Nps>KeHHOCTH (puc. 8 6). DTUM 1 MOVIL3YIOTCA AJIS IKCIIEPEMEHTAIb-
HOTO MCCIeA0BAHHASA MNIEKTPUIECKOTO NOJs: B H3Y4aeMOoe IIOJIe BHOCST
NOAXOASAIIN KUIKHHA M30JIATOP, K KOTOPOMY NOAMEIIaH MOPOLIOK
N3 MEJIKUX TBEPObIX YaCTHYCK; YaCTHIIbI IIOPOIIKA 06pa.3yIOT B 3JIeK-
TPHUECKOM I10JIe MHOKECTBO LIEINOUEK, MPOCTUPAIOLIMXCH OT OZHOIO
3apSKeHHOr0 3IMEeKTPONa JO JPYForo, W BOCIHPOM3BOIAT (DOpMY H
PACIONIOKEHUE JHHUH HANPSKEHHOCTH

Hiram
'(( ‘/Ju J\ :‘
‘1
Pf"u

Puc. 9. JIuEnn HanpsaXeHHOCTH 3IeKTPHYECKOrO HOJNSA MeXAYy ABYMd Da3HO-
HMMEHHO 3apAKeHHBIMH ITAPHKAMHI

Ha puc. 9 nokazaHo 3jIeKTpUYIeCcKoe I0Jle MeXAYy IByMs OmyHa-
KOBBIMH HIAPWKAMH, 3aDSKCHHBIMHM Pa3HOHMeHHO. 11306parkennoe
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HOJIE BO3HHKAeT B TOM (JIY9Yae, eCiii IPYTHE OKPYKAMIIME TEIa Pac-
IIOIOXKEHbl IOCTATOYHO IAJIEKO, T.e. HAa PACCTOAHHUAX, 3HAYUTEILHO
BOMbLINX, 9eM PACCTOAHME MEXKJY LIAPUKAMHU.

PaccMoTpuM emmie JIEKTPHYECKOe MONIE MEXAY ABYMS [apasi-
JIEJIbHBIME METAJNINYeCKUMH ILIACTHHAMM, 3aPsKeHHBIMH Pa3HO-
NMEHHLIMH 3apAJaMy. Takasg CHCTeMa HA3bIBAETCH NAOCKUM KOM-
dencamopom. ,

DIEeKTPUYECKOe MOoJIe ILIOCKOTO KOHJEHCATOPa IIOKA33HO Ha
puc. 10. Ecnu paccrosinie MeXay NUIaCTHHAME MaJio IO CPABHEHHIO
C pasMepaMy IJIACTHH, TO IIPAKTAYECKN BCE IMHUM HAIDSKEHHOCTH,

Puc. 10. DnexTpudeckoe HOJe MJIOCKOT0 KOHIEHCATODA

HCXOOAIINe H3 OAHOH ITACTHHBI, 3aKaHUMBAIOTCA Ha ApYrofl. Drto
3HAYHWT, YTO NPH 3aPAXKEHUH ONHOMN IIJIACTUHLL Ha IPYroil BOZHHKAET
WHIYKITMOHHBIN 33psm, paBHbLE eMy 1o monymwo. anee, B cpefnei
YaCTH KOHICHCATOpPa JIMHHH HANPAXKEHHOCTH HMEIOT BHJI ITapali-
JIEJILHBIX JIMHAK, PACIOIOXKEHHBIX ¢ oguHAKoBOU rycroroit. Cregno-
BaTeJbHO, HAOPAXKEHHOCTb IOJAA B IIJIOCKOM KOHAEHCATOpE OauHa-
KOBa B PAa3HBIX TOYKAX HOJA. Takoe moje sIBJISETCA TMPOCTeHHINM
W HasbiBaercd oduopoduwm. Ha puc. 10 Ttakxke BHAHO, 9TO BOIH-
3 KpaeB IJIACTHH JIHHHUH HANDAXKEHHIOCTH HCKPHBIAIOTCA, T.€. II0Je
JeJIaeTcsd HeOAHOPOIHBIM.

OTMeTHM B 3aKJIIOYEHHE, YTO JIHHWU HAIpPSKEHHOCTH IIepITeH-
MUKYJISAPHB! K TIOBEPXHOCTH METAJIHYIECKUX HIEKTPOIOB. DTO H 1TO-
HATHO. Ky Obl HaPAMXKEeHHOCTh MoUsT ObLIa He TePHEeHANKYIISPHE K
[IOBEPXHOCTH TIPOBOJIHHKA, TO CYIIECTBOBANIA Obl COCTABJISIONIAS 110
JIsl, HallpasJIeHHas 110 KacaTesibHOH K nopepxuocTH. Tloa geficrBuem
3TOH COCTARJISAIONIEH JJICKTPOHEL IIPOBOIUMOCTH IIPOBO/JHHKA IIPH-
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nuig Obl B ABHXKEHHe BOOJIb IIOBEPXHOCTH, ¥ Mbl HE MUMEJIN OBl paB-
HOBECHA IEKTPUIECKHUX 3apAROB.

§ 13. Teopema Ocrporpanckoro—Taycca

Briunciienne 3JeKTPHYMECKOrO 1O BO MHOTHX CJIY4YadX CHIIb-
HO YNpOIIaercs IIpHMEHEHHEM BasKHOHM TeopeMbl, H3/1aTraeMoil Huxe.
Ona 6b1a ycranoenesa M.B. Ocrporpasckum B BHIE HEKOTOPOif
obmelt MaTeMaTuyeckoil Teopembl n I'ayccoM - IpHMEHHTENBHO K
CIYYA0 MTEKTPHIECKOTO TIONS.

Yrobsl chopMyIMpOBATh ITY TEOPEMY, BBEIEM HOBOE MOHSTHE
anexmpuneckozo cmewjenua. JInsa BakyyMa JICKTPHYECKOE CMelre-
HYle, II0 OMPeJeIeHUIo, PABHO

D = gE. (13.1)

O600mieEne ITOrO MOHATHS Ha CAydal MPOH3BOIBLHONH cpenpl Oyaer
nauo B § 41, Eciu snexTpuyeckoe moyie CO3AATCs OOHHM TOUEYHBIM
3apsAAOM, TO NIEKTPUHECKOe CMENIeHHe Ha PACCTOSHUH 7 OT 3apsiia
PABHO TI0 MOAYJIIO .
_ q
D= ylbed (13.2)
a Hanpaejenue cMerienus D cornafaer ¢ HalmpabaeHneM noas E.
OrmernM, 4o B cucreme CI'CD HanpsakeHHOCTb IIOAA M 3NEKTPHYECKOE
CMelleHne B BaKyyMe paBHBL ApyT Apyry. B cucreme »xe CIl ouM pasauyHb.
Tlo aHaMOrWW ¢ JMHUSAMY HAIPHKEH-
HOCTH 3ajexTpudeckoro moas (§ 12) nma D
rpadpHyYeckoro H300paXKeHHs pacupeae-
JICHHS IJICKTPHYECKOTO CMEMIEHHS B IPO-
CTPAHCTBE MBI OYIeM NONb30BATLCH AU-
HUAMU IAEKMPUYECKo20 cmewenud. Ha-
IIPaBJICHUEC ITUX JIMEHUUA B K3aXKJIOW TOYKE
IPOCTPAHCTBA COBNAJAET ¢ HAINPARJICHH-
€M BEKTOPA DJIEKTPHYECKOTO CMEIEHUS, a S
HX TYCTOTA PABHA DJIEKTPUUECKOMY CMe-
HMICHMIO. Puc. 11. Tlorox aaekTpm-
Besem  jalee  NOHATHE  MOTOKA gecxoro  cvemenns Hepes
EKTPHUYECKOTO CMemeHns. PacCMOTPUM  panwyio nosepxmocTs
B 3IJIEKTPUUECKOM IIOJIE TLIOCKYIO MO-
BEPXHOCTH S W BbibepeM OnpenesielHOe HAIIPABICHHE HOPMAIHA N
K Heit (puc. 11). Byaem cuurath cHadana, 4TO IOJAEe OTHOPOIHO,
HO COCTABJISAET MPOM3BOJLHBLIA yTroJl & ¢ HANPABICHHEM HOPMAIH.
Bemnupny
N =S8Dcosa= 8D, (13.3)

HA3bIBAIOT NOMOKOM IAEKMPUNECKO20 CMEWEHUA Tepe3 JaHHYIO T10-
BEPXHOCTh. 3Jech depes D, obo3HadeHa npoeknus D Ha HaIpas-
JeHHe HopMaJH n. Tak Kak rycToTa NUHHE 3JEKTPHIECKOro cMe-
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uleHWst paBHa [, TO MOXKHO CKa3aTb TAKXKe, YTO IIOTOK BEKTOpA
JNEKTPHYIECKOTO CMeIIe s Yepe3 JaHHYI0 IOBEepXHOCTh PaBeH IOJ-
HOMY YHCIY JIMHHA 9JIEKTPHYECKOTO CMELIeHHS, MPOXOAIUX depes3
9TY NOBEPXHOCTh.

Ecnu nose HeoAHOPOMHO H MOBEPXHOCTD, Yepe3 KOTOPYIO Pa3blc-
KUBAIOT II0TOK, He SABJISIeTCA IJIOCKOCTBIO, TO 3TY MOBEPXHOCTH MOXK-
HO pa3’buTh Ha OECKOHEYHO MaJible 91eMeHTbl dS U KaXKplil 37IeMeHT
CYMTATH IUIOCKHM, 8 II0jIe BO3jIe Hero — ofHoponHbIM. llosroMy ana
JII0OOFO IeKTPHUECKOTO TONs MOTOK CMEUIeHHs depe3 IeMeHT I10-
BepxHOCTH ecTb dN = D,, dS. Ilonnsiit MOTOK cMeleHns yepes Io-
BEPXHOCTb S B J1I060M HEONHOPOLHOM 3JIEKTPUUYECKOM IIOJIE PABEH

N= [ Dypds. (13.4)
S

OTMeTHM, 4TO HOTOK CMEINIEHHs, ONPEAEIsIIONHE YHIO IPOXOs-
IMHUX JIWHAH CMeIeHns, eCTh CKAJAP.

W3 (13.3) BugHO, YTO NOTOK MOXKET OBHITH KaK MONOKHUTEIbHBIM,
TaK ¥ OTPHIATENLHBIM. ECIN HAPaBjIeHHe THHWH CMEIeHNs. COCTar
BJIAICT OCTPbIH YIrosl ¢ HalpasieHneM HopMmastn (cos ¢ > 0), To moTok
Oyzer nosmoxurenbHbIM. Ecim ke 3ToT yrou tyno#l (cos o < 0), mo-
TOK OyZeT OTPUIATENbLHBIM.

Paccmorpum Tenepb TO4edHBIN MOMOXKUTEIbHBIN 3aPAX ¢ ¥ BbI-
YHCAHM IIOTOK INIEKTPHYECKOIO CMEIICHHS epe3 3aMKHYTYIO cde-
PHIeCKYI10 HOBEPXHOCTh S (puc. 12), oKpy KAy ITOT 3apax H
HMEIOILY 0 UeHTD B TOUKE Ha-
XOXKJEHUA 3apsaga. 3a IoJo-
JKATENRHOE HAMPABIEHHE HOP-
MaJu BbIGepeM HampasJjeHue
pHenIHe#t HopManw. B 3rtom
ciy4dae D Bo Bcex Toukax cde-
Pbl OOUHAKOBO H, KPOMC TOrO,
Be3ge cos « = 1. Tlosromy

-1 9 2

N = i R247TR =q.
Jlerko BUIeTh, YTO ITOT pe-
3YJILTAT COPABEAJIHE He TOJLKO
oSl cpepHuecKoil IIOBEPXHO-
CTH, HO ¥ AJist 1000 3aMKHY-
TO TIOBEPXHOCTH ¥ 1151 060ro
[IPOM3BOJIBHOIO  PACITONIOKEHWST
3apsfa BHYTPH 3TOH IIOBEpX-
HOCTH.

JefcTBHTeNBHO, TOyYeHHBIR PE3YABTAT IOKA3bIBAET, YTO IOTOK
cMeltleHHsl Yepe3 chepuyecKyio MOBEPXHOCTb HE 3aBHCUT OT Pajuy-
ca cdepbl, OH OfUH U TOT ke juisi cdepbl S u J0O0# Ipyroi KoH-

Puc. 12. K sBuBogy teopemsl Ocrpo-
rpanckoro-Taycca
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HEHTPUYecKol ¢ Heil cdepbl Sy (puc. 12). DTO 3HAUMT, YTO JNHHUH
CMEIEeHHsT B IPOCTPAHCTBE Mexkay S u Si, e He UMeeTcs 3aps-
LIOB, HelpephlBHLL. JIMHWH 9eKTPUIeCKOro CMeleHns] HAYHHAIOTCS
¥ 3aKAHYHBAIOTCH TOILKO HA IEKTPHUUECKUX 3apAiax.

Ho u3 nHenpepulBHOCTH JIMHUH CMeIeHHA CAENyeT, YTo IOJIHOe
YHUCJIO JUHHE CMelleHus, MPOXOAAIINX Uepe3 NPOH3BOJIBHYIO IM0-
BepxHOCTb Sy (puc. 12), OXBATHIBAWOILYIO 3apsA, T.€. IOTOK CMere-
Hust N, uMeeT Taxoe »Ke 3lateHue, Kak u Juia cdep S; u S, Te.

N= [DndS=q (13.5)

Hanporus, eciii 3aMKHY Tasi IOBEPXHOCTh He OXBATLIBALT 33pana (S3
Ha puc. 12), TO NOTOK CMEINEHUs Yepe3 TY NOBEPXHOCTb PABEH HY-
JIFO, TAK KaK YHCJIO JIMHHH CMeIeHns, BXOAAIINX Yepe3 IOBEPXHOCT,
PaBHO YWy JIMHWH, BHIXOJSIINX U3 Hee.

W3 (13.5) rakske ciefyeT, ITO MOTOK Yepe3 3aMKHYTYIO OBEPX-
HOCTb HE 33aBUCHT OT PACIOIOXKEHWS 3apsja BHYTPH IOBEDXHOCTH.
DTO 3HAYHT, UTO [IOJYYeHHbIH Pe3yJIbTAT CIpPaBeJINB He TOJAbKO AJ15
OAHOTO 3apsA~a, HO W JJIA KaKOro YyroJHO YHCTIA IIPOM3BOJIBHO pac-
TIOJIOXKEHHBIX 3aPSIIOB, eC/IH TONLKO IOAPa3yMeBaTh II0J ¢ ajaredpa-
HYeCKYI0 CYMMY BCEX 3apsiIOB, HAXOLSIUXCA BHYTPH TOBEPXHOCTH.

®opmyna (13.5) eoipaxkaer Teopemy Ocrporpaickoro-Taycca:
NOMOK 3AEKMPUECKO20 CMEUWCHUA HEPES 3AMKNHYMYN NOBEPT-
HOCTL paseM an2efpauteckKoti cymme 6Cer 3apacos, PACNOAONCEH-
HOLT GHYMPU NOBEPTHOCTU.

OrMmeTuM, 9TO IpH JOKA3ATEIbCTBE ITOH TCOPEMbI Mbl HCXOAMIN
3 3akona Ky/oHA, ¥ IIOTOMY OHa €CThb CefCTBHE 3TOI'0 3aKOHA.
Ecu 661 nokazaresb CTeleHy y paccTosHus B (opMyae (2.1) 6bu
He 2, a KakuM-Iub0 IpyruM, TO H JOKa3aHHAs TeopeMa Oblia 0wl
HeCpapeJJIuBOi.

U3 dbopmysnst (13.5) BHOHO, 9YTO pa3MEPHOCTb NOTOKA CMELIEHUS
TaKas >Ke, KAK ¥ IeKTpHUYecKoro 3apsga. Ilosromy enwnuneit mo-
TOKA. CMEIEHNsl, KaK ¥ 3apsa, CIYKHUT KYJOH. DTO — IMOTOK Uepes
3aMKHYTYK IIOBEPXHOCTH, OKpyKaontywo 3apaz 1 Ka.

DJIEKTPUYECKOE CMEIIEHUE MOMKHO ONPEJEHTh KaK IIOTOK CMe-
IIeHUS Yepe3 eJUIIHIY [IOBEPXHOCTH, HOPMAJIbHOM K HaIPABJICHHIO
CMeIIeHus, WIH, HHaYe, KaK IJIOTHOCTb IOTOKA cMemieHns. IlosTo-
MY eIVHUIA NIEKTPHICCKOIO CMEIIEHHs! eCTh KYJIOH Ha KBaJPATHbIN
merp (Ku/m?).

PaccmorpuMm  HekoTOpble NIpOCTHIE IIPEMEPHI  BBIMUCIIEHHUS
SMIEKTPUYIECKOr0 INOAsi ¢ NoMombio TeopeMbl Ocrporpajckoro—
laycca.

II puwmep 1. Pasnomepro sapasicenuas naocxocmo. Vmeer-
csl Ge3rpaHutHAs IUIOCKOCTD, 33psiKeHHAs] PABHOMEPHO C IMOBEPX-
HOCTHO}1 IJIOTHOCTBIO 3apsifia 0. VI3 CUMMeTpHM 334341 OUeBHIHO,
4TO JIMHWMA CMEUIEHUS MOI'YT ObITh HANpABJIEHLI TOJNbKO IIEpIIeH-
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IUKYJISPHO K IUIOCKOCTH. B 3TOM (jiyyae B KadecTBE 3aMKHYTOHN
nosepxHocTH B TeopeMe Octporpanackoro-Iaycca ynobHo BHIGPATH
npAMOf UMIHHAD, IEpIeHIHKYJIsSAp-
E HbIH K 3apAXKEHHOH IJIOCKOCTH U Orpa-
n HUYEHHbIH OBYMHA IVIOCKMMH OCHOBa-
HHSAMY NEPHeHIHKYIAPHLIME K JIMHH--
I 1 SIM HAIPSKEHHOCTH OIS H PaCIoIo-
! I JKeHHBIMH MO O0eHM CTOPOHAM 3apsi-
+]+ ]+ 1+ ]+ |+ xennoit miockocru (puc. 13). Tax kak
[ | 0bpasyonpe HIHHAPA NapalIe/IbHbI
f1s avEMAM cMemeHusa (cosa = 0), To
} n IOTOK CMelleHHs 4depe3 OOKOBYIO mMo-
E BEPXHOCTb MWIHHADPA PAaBeH HYJIIO H
II03TOMY IIOJIHBIA NOTOK CKBO3b IH-
JUHAP PAaBeH CyMMe INOTOKOB depe3s
ero ocuoranus: N = 2DS. Tlon-
HBIA 3aps]1, 3aK/II0YeHHEIN BHYTPH IH-
auHapa, pased gS8. [oaromy, npumenss TeopeMy OcTporpackoro—
laycca, uMeem

1
|
-
I
|
1“1
]

Puc. 13. DnexrTputeckoe mnone
PABHOMEDHO 3apAXKEHHOH moc-
KOCTH

2DS =08,

OTKYa
D=o¢/2

HamnpskeHdocTh oI PaBHOMEPHO 3apsiZKEHHOH IUIOCKOCTH B

BaKyyMe PaBH3
E =0/2¢. (13.6)

IIpuwmep 2 Hoseprrocmv 3apasncentozo npogodnuxa. [lo-
CMOTPHM Terepb, YeMy paBHA HANPSXKEHHOCTh HOId BOIU3Y MOBepX-
HOCTH NPOH3BOJBLHOTO 3aPSZKEHHOTO METaJIHIECKOro MPOBOAHMKA,
€CTH 3apASBl HA HEeM HAXONATCsA B PDABHOBECHH.

Ilpu pemienvu 337a4u MBI Y49TeM, YTO B OTCYTCTBHE 3J€KTPU-
YECKOI'0 TOKA JIHHWHM HANPSKEHHOCTH BCErIa NepreHAuKYIsSpHLL
K nosepxHocTH nposoguuka (§ 12). Ja-

Jiee OYEBMJIHO, YTO B ITOM CJIy4ae Ha- E
OPSKEHHOCTD TIOJs BHYTPH IIPOBOHH-
Ka Beerna parHa Hymo. JeficTerrenbHo,
ec/in Obl 3TO OBIIO HE TaK, TO JIEKTPO-
Hbl IOPOBOIMMOCTH METAJIa IIPHILIH | /dS

O6bl B OBWXKEHHWE, T.e. B IPOBOJHHUKE //////f/ 77 ////%
BO3HMK Obl DJIEKTpUYECKu# TOK, yro b1
IPOTUBOPEYHT YCIOBHIO.

Brigenum Ha DOBEpPXHOCTH NPOBOI-
HHKA OECKOHETHO MAaJbIil TeMEeHT To-
sepxnocT dS (puc. 14) u 0603Ha4NM
OBEPXHOCTHYIO INIOTHOCTh 3apsAia HA HeM depes 0. B katecTse 3a-
MKHYTOH IIOBEPXHOCTH BbHIOEPEM ONATH NPSIMOH IUIMHAD € OCHO-

l'__ - _'T_ -

Puc. 14. Snexrpuveckoe 1uo-
JIe ¥ HOBEPXHOCTH 3PS KeHHOro
POBOJHNKA
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Baunamu d.S B O0eckoHeyHO MaJioil BeicotToill dh. B panHoM ciaydae
HYKHO pacCMaTpHBaTh DECKOHEYHO MaJfblil 3TeMeHT IOBEepXHOCTH
POBOJHMKA, TAK KaK B ODIIEM CIy'Iae 0 MeHseTCs] 0T TOYKH K TOUKe
MOBepxHOCTH. BHICOTa MUAMHIpA NO/KHA ObITh TaK:Ke DECKOHEeYHO
MaJIoff, HOTOMY 9YTC B CIydae NPOBOJHUKA NPOM3BONBLHON (OPMEI
JIMHEY cMelleHHs OYAYT NepleHAuKyIapHbIMY K TOBEPXHOCTH PO~
BOIIHUKA TOILKO B HEIIOCPEACTBEHHOM OIH30CTH OT Hee. B aToMm city-
“ae IONHBIA TOTOK CMEIIEHNS PABEH MOTOKY Yepe3 OHO OCHOBAHHE,
K MLI MUMEEM

DdS =o0dS.

Ioaromy
D=0, E=o0/e. (13.7)

Takum 06pa3oM, 3Hauenne ) y IOBEPXHOCTH NMPOBOJHUKA, PAB-
HO HENOCPEACTBEHHO IIOBEPXHOCTHON IJIOTHOCTH 3apsja, T.e. 3apsd-
Iy, CMeCTHMBIIEMYCsi BHYTPH IpPOBOAHMKA, B pacueTe HA eIHHUILY
MTOBEPXHOCTH. DTHM OOBACHAETCA IIPOUCXOXKIACHWE TePMHUHA «9JICK-
TPHYECKOE CMEIIEHUEY . 3aMedaTeIbHBIM B 3TOM PE3yJIbTATE ARJISAET-
€1 TO 0OCTOATENBCTBO, YTO HANPSKEHHOCTE MOJIA U JIEKTPHIECKOE
cMelnenne BOIH3W PACCMATPUBAEMON TOYKH NOBEPXHOCTH HE 33BH-
CAT ABHO OT (POPMBI MPOBOJHMKA, OT PACMpelesieHus 3apsaoB Ha,
HEM, a TAKXKe OT DACIONOKEHNs APYIuX COCENHUX MPOBOAHNKOB.

IIpn cpasnennn dopmys (13 6) u (13.7) Bo3HEKaeT KaxKyuieecsd IPOTHBO-
peqre: B 0G0HX CIyHasaX Mbl MMeEeM 3apsiKEeHHBIE MOBEPXHOCTH, OAHAKO HaIpd-
JKEHHOCTB IIOJI OKOJIO HHMX OTJIMYaeTcst B JBa pa3a. Ha caMoM e nejle HH-
KaKoro mpoTHBOpedHs 34ech Her. Popmyna (13.6) BripaxaeT mone, BRIZBAHHOE
TOMBKO 3apdiaMH, PacIioyo-

JKEHHBIMH Ha ILIOCKOCTH. B ]

cIyHdae e MOBEPXHOCTH IPOo- / E =;; /

BOOHHKA HCXOAAMHE U3 Hee + =

JIUHEK HAIDAXKEIHOCTH BCe- --— 7»_— =2
raa 3aKaHYMBAIOTCH Ha JpYy- —— S/ ! 2gg
THX TeNaX, Ha KOTOPDLIX BO3- / /

HHKAIOT MHAYKIMOHHBIE 3apd- R /753 o — —

apt. @opmyia (13.7) yaurnsa- / //(

€T neicTBHe BCeX (DaKTHYeCKHu —— [, &% —— P
CYUIECTBYIONUX 3apAfoB Kak / % / Ey=-—
Ha, pPacCMaTpUBaEMOIl MOBEPX- ——— 7/— - 2g9
HOCTH, TAK H Ha OKPYKaIOUKX %

Tenax.

CkrazanHOe MOXKHO mOfAC-
HUTb HA MNpPHEMEDPE ILIOCKO-
ro kommencaropa (puc. 15).
IIpu noseBaeHMn Ha KaKoil-
60 IaCTHHE 3ap4aaa ¢ II0T-
HOCTBIO 0 Ha BTODPOI Ilja-
CTHHE BCEra BO3HHKACT 3aps/[ NPOTHBOIOMOXKHOTO 3HAKA C IUJIOTHOCTHIO —0.
STy 3apaanl noA BIKAUHEM B3AWMHOrG NIPHTIXKEHKA BYIyT COCPENIOTOYeHbl Ha
BHYTPEHHMX IOBEPXHOCTIX IVIACTHH. 3APAKEHHAA TIOCKOCTh KaikKI0H ILIACTH-

Puc. 15. DieKTpHtIecKoe Moie BHY TPH ILIOCKO-
ro KOHJEHCATOPA eCTh CyMMa HOoJeH, co3maBa-
€MBIX 3aPAMKEHHBIMA IJIOCKOCTAMH €ro 0OKJIa-
JOK
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HbI cO30aeT 10 06e CTOPOHKL OT cebsl HANPAXKEHHOCTD 110/, BhipaXaemylo ¢op-
mysiolt (13.6) u pasHyI0 0 /2€0. BHyTpH METa/UIM4ECKHX IUIACTHH B BHE KOH-
JEHCATOPA ITH LIOAS HAPABIEHB! IIDOTHBOIIONOXKHO U NOTOMY B CyMMe IAIOT
Hysb. BEYTpPR KOHOEHCATOPa 3TH II0JIf, HAPOTHMB, HANPABJIEHH OJWHAKOBO U,
CKIa/IblBAsCh, JAIOT y MOBCPXHOCTH ILTACTHH HANDKEHUOCTh d/éq B COOTBET-
crBur ¢ (13.7). B H8HHOM FAaCTHOM CiIydae IEKTPHYECKOE IOJe OZHOPOAHO, H
HI03TOMY €r0 HAIIPAYKEHHOCTH ¥ [IOBEPXHOCTH IJIACTHH TaKad 3Ke, KaK H B JPYIHX
TOYKAX MO, DTO Mbl M BUAEIH Ha ONblTe, ONUCAHHOM B § 12,

T puwmep 3. Pasnomepro 3apascennnti wap. Paccmorpum
ANEKTPUIECKOE TOJe MEXKIAY IBYMS IIAPOBLIMH KOHIEHTPHYECKU-
mu snekrpogamu (puc. 16). Takas cu-
CTeMa. IEKTPOJOB HA3LIBAETCS Wapo-

8ttM KOHOEHCAMOPOM.
Ecnn 3azeMnuThb BHEHIHHE 3J1eK-
TPOA H cOOOUIUTL BHYTPEHHEMY IIapy

3apsJ -+q, TO Ha BHEIHEM 3JIeKTPO-

; 6 BO3HHMKAET HHAYUMPOBAHHBIN 3a-
pan —q. Hoa peficTBHEM B3aMMHOTO
OPUTAKEHHs 9TH 3apsagbl DPACTIONO-
2KATCA TONBKO HA IOBEPXHOCTH BHY-
TPEeHHEero LIapa U Ha BHYTpeHHel mo-
BEPXHOCTH BHEIHErO JIEKTPOIA.

W3 ycmopuil cuMMeTpHn 33Zadu
OYeBHANO, YTO 3apsAabl Ha 000UX IITa-
pax 6yayT pacupeieneHbl paBHOMEp-
HO W YTO JIHHWH CMEMIEHHs MOTYT OBITb TOJbKO PaNHaIbHBIMU
npsiMbIMu. I[03TOMY B KauecTBE 3aMKHYTOH [OBEPXHOCTH yIOGHO
BBIOPATH Chepy ¢ PasHyCcoM 7, PACIONOKENHYIO MEXAY WICKTPOAa-
MH ¥ HMewmyo obmuit meHTp ¢ ofoumu sjexTpogamu. Torma uz
teopembl Ocrporpaackoro-Taycca cienyer

N=D 4’ =g,

Puc. 16. 2nekTpuyeckoe none
LI2POBOTO KOHAEHCATODA

OTKYJa

_ 1 gq
= e (13.8)
IT1a dhopMyJia MOKA3HIBAET, 9TO HAIPSKEHHOCTD IIOJS MEXAY JICK-
TPOIAMH 33BHCHT OT PACCTOAHHA 7 PACCMATPHUBAEMOH TOYKH 110JId
oT ueHTpa BHyTpeHHeI‘O miapa, HO He 3aBUCHT BOBCE OT pa3Mepos
BHeIInero 3JIeKTpOJ_I&. HOSTOMy Mbl HOJI}"II/IM TY XKe HaHpH)KEHHOCTb
noJIst, eCNH PafUyC BHEIUHETO IeKTPona OyAeT Kak YrogHO BeJHK.

Ecnu BHemHu# 3/1eKTPoA 3HAYUTENBHO HOJIbIlle BHYTPEHHETO, TO
SJIeKTpI/I‘{eCKOG II0J1e B6J11/I31/I BH}’T})BHHGI‘O mapa He 3aBUCHT M OT
pOPMB! BHELIHEr0 SJIEKTPOAA. ITO HPOHCXOAUT 110 TOH IPUYUHE, YTO
npu yIaJICHHOM BHEUIHEM 3neKTpo,£(e H3MEHEeHue ero (l)OprI He OKa-
3bIBAET BJUAHHUA Ha PacCilpele/ieHue 3&1)5{,[{08 Ha BHYTPCHHEM mape,
KOTOPO® OCTAeTCH MO-IPEeKHEMY paBHOMepHbIM. CJieI0BATeNbHO,
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B TOM CJIy4ae, KOIZA POJIb BUEIIHErO 3JeKTPOJA UIPAIOT Pasiind-
Hble YJaJIeHHbIE 3a3€MJIeHHBIC ITPpeIMETHl, HApUMep CTCHEI, IO U
MOTONOK KOMHAThI, dopmyaa {13.8) Gyaer Taxxke upumenuma s
Y4aCTKOB 10151 BOm3u mapa. I1o3ToMy 4acTo roBopsaT IPOCTO O IO-
JIe 3apsKEHHOrO 11apa, He YKa3blBasi, 4T6 UMEIHO ABJISETCH BTOPhIM
BIEKTPOJOM.

DeKTpHYECKOe II0Je UIapa, PAaBHOMEDHO 3apsDKEHHOro Io mMo-
BEPXIIOCTH, BO BHEILIHEM MPOCTPAICTEE COBIAIAET C MI0JIEM TOYEHIIO-
TO 3apsa, PABHOIO TIOTHOMY 33y AP H ITOMENIEHHOrO B IIEHTPe
HIapa.

Eciau 6bI MBI pacCMOTpe/IH IHAP, 3aPSKEHHBIH DABHOMEPHO 110
00beMy, TO HaNpsKEHHOCTH TMOJIsl BHE IIApa BhIpasKaJjach Obl TO-
xe ¢opmynoit (13.8). Hanpsikennocth Ke Ionst BHYTpM IIapa B
obonx caydasix pasinyHa. B ciydae niapa, pasHOMEpHO 3apsizKeH-
HO'O TI0 MIOBEPXHOCTH, HAIPSZKEHHOCTH NOJS B JI0O0H BHYTpeHHEH
TOYKe paBHa Hya0. Ecin ke map zapsikeH PaBHOMEPHO 1o 00b-
eMy, TO HaIps>KEeHHOCTb IO PABHA HYJ/IO TOJILKO B IIEHTpe Iuapa
H ¢ yBeJMteHueM PACCTOAHHA 7 OT HEHTPA BO3PACTAeT NPOIOPIIHO-
HAJNLHO 7. B CripaBeAauBoOCTH 3TOr0 MOXKHO yOeAMThCS TakKe NMpH
nomouty Teopembl Ocrporpanckoro-Taycca.

IIpuwmep 4. Pasromepro sapasicenunti yuaundp. Beraucium
HAIPAXKEHHOCTh 3JIEKTPUYECKOIO MOJMH MEXKAY NBYMs KOAKCHAID-
HbIMM METAJUIMYEeCKMMH muiuHApamu. Takas cHCTeMa Ha3mlBAeTCs
YUAUHIPUHECKUM KOHIEHCATODOM.

pcamomoxkumM, 4TO BHEIIHWH [MWIHHAD COGAMHEH C 3eMieil, a
BHYTPEHHEeMY UMJIMHJIPY coobuien 3apsaa +q; Ha KaK/IyI0 eAHHHIY
IUIHHBL TUAWHAPA. Toraa Ha BHEITHEM LUJWHIpPE MTOSBUTCH 3apsj
—q) Ha €JUHWLY ero JJIMHbl ¥ STH 3apsAbl OyIyT COCPENOTOYENE
TOJILKO Ha OOpAaNEHHLIX JAPYT K JAPYry MOBEPXHOCTAX 000MX IfH-
muHApos. Juny nunuaapos 6yaem
CUWTATL BeChMa BOMBINOHE MO Cpas-
HEHHIO C HX PaJuyCaMI.

W3 ycnosuit cummerpun SCHO,
YTO 3apaAbl OyAyT pacnpeleseHbl
PABHOMEDPHO 110 IOBEPXHOCTH IH-
JIHH/JIPOR, & JIHHUY CMeTeHusA Oy 1y T
PaUalbHLIME NIPAMBIMY, IieprieH-
JUKyJNSPHBIMA K OOBEpXHOCTH 060- D¥C: 17. K mhruncienmo nota mu-
HX HMTHEAPOB. B 9TOM cilyuae B Ka- ' PHHECKONO KOUAGRCATOpa
4eCTBe MOBEPXHOCTHU [l BLITMCIICHUS [TOTOKA SJIEKTPHICCKOr0 CMe-
UleHus yA00HO BLIOPATL IMIHHEIPUYECKYIO TOBEPXHOCTD, MOKA3aH-
HY1I0 Ha puc. 17. Tak xax IOTOK JIEKTPHUECKOro CMELICHHS 4epes
OCHOBaHMSI LUIUHAPA PaseH HYMO (cosa = (), a Gokopan NOBEpX-
HOCTb NepHeHAVKYISPHA K JIHHUAM cmewtenus (cos« = 1), To dop-
myJa (13.5) paer

D 2xrl = ql.
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Orciona nony4aeMm, 9T0 HANPSIXKEHHOCTD 110JI MEXKIY JIeKTPOAAMH
B TOYKE, OTCTOsIIIel HA PACCTOAHUM 7 OT OCH LIMJIMHIDPOB, PaBHA
=1 & (13.9)
2meo T

DTOo BbIpajKeHHe CIPABENNIUBC JJisl BCeX YYACTKOB KOHIEHCATO-
pa, He CJIHIIKOM OJH3KHX K ero KpasM. IIpakTudecku ero MoXXHO
[IPHMEHSATDL Y2Ke Ha PACCTOSAHHHE OT Kpasi MOPARKA OJHOTO JTHAMETpPa
BHEIIHETO LHIWHAPA.

Tak e KaK W B IpeibIAYHIEM NMpHMEDPe, HAIPAKEHHOCTh IO
MEXKAY JIEKTPOAAMHU He 33aBHCHT OT P3AUYCa BHEUIHEro HJIHHIDA.
Ec/in pasMepbl BHEIUHETO JIEKTPONA 3HAYNTENbHO OONbIIe paguyca
BHYTPEHHETO LUIRHADPA, TO HANPSIXKEeHHOCTb MOy BOMH3M Hero He
3aBUCHT B OT (OPMBI BHEIIHero 3jekTposa. Ilosromy u 3aech 9a-
CTO TOBOPAT O IIOJIE PABHOMEPHO 3apsi>KEHHOTO IUIHHpa. Hampda-
»KEHHOCTb TOJTsl, Bhlpaxkaemyio dopmyioil (13.9), Mel uMeem BO3JIE
MeTALINYeCKHX [IPOBOJIOK, VAAJIEHHBIX OT OKPYKAIOIIUX IPEeIMETOB
HA PACCTOSHM, 3HAYMTEILHO NPEBbIHIAYOIMINE UX PAJAUYC.

§ 14. VpaBuenne Ilyaccona

Teopema Ocrporpaackoro-Taycca B dopme (13.5) cBasbiBaer
MEKTPHYECKOE CMEIHIEHHe B TOUYKAX HEKOTOPO! 3aMKHYTOH IOBEPX-
HOCTH C 3apsafoM, HAXOAAIIHEMCA BHYTPH 0ObeMa, OrpaHU49eHHOro
3TON NOBEPXHOCTHIO, T.€. CRIAILIBAET BEJIMYHHDL, OTHOCIIIMEC K Pa3-

HbIM TOYKaM moyiss. MOXKHO, OAHAKO,

Z} a(xy.z) kP: NpHIATH ITOH TeopeMe TaKkyio hopMy,

9To6bl B HEe BXONHIH BEeJIUYHHbI, OT-

dz o HOCAMHEC K OOHONH B TOI »Ke TOUKe

= Dy,  pons. Jns 9TOro Hy’>KHO IPHUMEHHTb

dy TeopeMy K OECKOHEYHO MaloMy 00b-

¥ eMy.

5 BBemeM npsMOYIONIBHYIO —CHCTe-

/X/ My koopmuHar X, Y, Z wu obo-

BHAUUM 3JIeKTPHUECKOE CMEILIEHHE B

Puc. 18. K BemBoay Teopemsr kakoit-nubo Touxe a(z,y,z) depes

Ocrporpancxoro-Taycca 8 mud- D (Dg, Dy, D,). Paccmorpum  6ecko-

depenumanbroi bopme HEeYHO MaJIblil OpsMOYTOILHBIN napaJ-

JIeJIETTHIIe], C BEPUIHHOR B TOUKE @

u pebpamu dr, dy, dz, mapannensHBIMM KOOPAMHATHBIM OCSM

(puc. 18), 1 BHIYMCIHM NOTOK CMENIEHMsI Yepe3 ero IOBEPXHOCTb.
IloTok 4epes rpanb dy dz, NpoXoJdINyI0 Yepe3 a, eCTh

—D, dydz,
rae 3HaK MHHYC O3HAYAET, YTO BHELIHsSs HOPMaib K dydz w nojo-
*KUTeIbHOE HanpasjieHue Dy cocTaBasmoT yron a = 7 (cosa = —1).

TloTox 4Yepes mapa/uIenLHYI0 el rpanb, CMellennyo saoas X Ha dr
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(OHA 33LITPHXOBAHA), ECTh (Dz 6(;1 2 dm) dy dz. TloaToMy moTOK 9e-
pe3 obe 9TH IpaHu paBeH

D, + 2 ”d:c dydz — Dy d dz_aDsz
( ) y

rae dr = drdydz — obbeM mapasenenunena. Bbqu/ICJIHH aHaJI0~
THYHBIM 06pa30oM [IOTOKH Hepe3 JABe Jpyrue Hapbl TpaHell U CKJla-
IBIBAs VX, MOJYYHUM IIOJHBIA TIOTOK 4epe3 BCIO IIOBEPXHOCTh MapaJl-

JieJIeTiuInena
(6D aD, )
dr.
Oz

Ecnu B paccMaTpHBaEMOM NPOCTPAHCTBE HMEETCS PacpeesieH-
HBI B 06beMe 3apsan ¢ 06BbeMHON IOTHOCTEIO p = p(Z,Y, 2), TO Be-
JIMYHHA, 33PAAA, COAEPIKAIIETOCH B 00beMe IapajuieelnIesa, paBia
pdr. Ilpupasrusas ee, cornacho (13.5), 3HAYEHUIO TOJHOTO OTOKA
qepe3 MOBEPXHOCTD napa.rmeﬂennneﬂ‘a MLI TIOIYIAM

oD,
= p. 14.1
o ay =p (14.1)
DTO COOTHOIIeHHE, BhIpakaloiiee Teopemy Ocrporpaickoro-Iaycca

B JuddepeHnnanpHoi popMe, HOCUT Ha3eaHue ypastenus [{yacco-
Ha.

B BeKTOpHOM aHa/IM3€ IOKA3bLIBAIOT, ITO IPEIes OTHOLIECHHS 110~
TOKa KaKOro-aubo BekTopa A duepe3 3aMKHYTYIO IIOBEPXHOCTH S K
obbeMy T, OTPAHMYEHHOMY MOBEPXHOCTHIO S, ipu 7 — 0 (ecau sror
npejes CyImecTBYeT) He 3aBHCUT oT (hopMbl mosepxHocTH S. Ilpeaesn
9TOTO OTHOIUEHWS TOJMyYH Ha3BaHUe JUGEp2enyuY WIH pacrostcde-
Hus BexTOpa A ¥ 0003HAUAeTCs CneMHaNTbHBEIM cHMBOJoM div A.
Taknm o6pazoM, 1o onpeneneﬁmo,

divA = llrn A,dS.
=0T
Tax xak moTOK BekTOpa W 00bEM CYTb CKAJIADBL, TO U JHBEPreHIHs
BEKTOPA TOXKE eCTh CKAJISIP.

Honb3ysach 3TVM TOHATHEM, MOXKHO 3aMucaTs ypasHerne Ilyac-

COHa B BHJE
divD = p.

Ecin cocrapnsiomue 1eKTprUYeckoro cMmemeHus D 3anaHbl B
KaKOH-Tu00 CHCTeMe KOOPJAUHAT B Buje (PYHKUUH STHX KOOPIMHAT,
TO BCErZa MOXHO BBIMUGINTL W 3HadeHHe divD B Kakno# Touxe.
Tak, nanpuMep, Mbl BHAEIN BhIIIE, YTO €C/IH NOIb30BATbCS PAMO-
YTOJIBHLIMHE JeKAPTOBBIMUI Koopﬂ‘m{amMn TO

divD = aD
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§ 15. Junoab B 3JIEKTPUIECKOM IOJIE

PaccMOTpHuM /1Ba. TOYEYHBIX 3apsifa +q U —g, XKECTKO CBA3aH-
HBIX MeX/y coboil M CMeWeHHbIX HA PacCTOsAHHE [ APYr OT JpYTa.
Cuenienue 0boux 3apsaos OyeM XapaKTepH30BaTh BEKTOPOM |, Ha-
IpaBJIeHHbIM OT OTPHUHATEbLHOIO 3apsijia K MojoKuTesbHoMy. Ta-
KYIO TIapy 33pAA0B HAa3bIBAIOT JAEKMPUNECKUM JUNOAEM.

C 2/IeKTPUYECKMMH JMIOIAMH HAM IIPUXOJUTCH BCTPEHUATHCSH
BechbMa 4acTo. Hebonmbuioe 1poBojisiliee TEIO B HIEKTPHIECKOM II0JIe
MOXKUO NMPHOJIUKEHHO PACCMATPUBATL KAK JMHIIONb, TaK KaK Ha ero
KOHIAX BO3HHKAIOT MIIAYKIHOHHbIE 3aPAMbl, PABHEIE IO MOAY/I H
IPOTUEOMOAOKHBIE TI0 3HaKy. B ri. V Mbl yBUAEM, 4TO mOJ00HBIE
3apsigbl BOZHHKAIOT U Ha AMWIEKTPUKAX, H M09TOMY neboabiioe mu-
IEKTPUIECKOE TEJIO B JICKTPHYECKOM I10JIC TAKXKe MOXKHO paccMa-
TPHUBATL KaK JUH0Mb. HakKoHen, MHOTHE MOJEKYJIbY IOCTPOEHBI M3

[IOJOKUTETbHBIX U OTPUILIATEIbHBIX HO-
g HOB, UEHTPL! KOTOPBIX CMEIeHbl ApyT
—_—%F OTHOCHTENBHO Jipyra. Takue Monexy-
[l E  Jihl MOXKHO CYMTAThL BO MHOTHX CJIyYasX
{l( INEKTPUIECKUMH JHITOVISIMU.
F*‘-@j——l————* Haiimem cuny, neficTByIOIIyIO Ha
JIHIIONb B 9JIEKTPUTECKOM I0Jie, IPHIeM
OyzmeM CUMTATH CHA4YAsIa, 4TO lIOJIE OJ-
Hopoaso (puc. 19). Ha koHub! aumnosns
AelficTBYIOT paBHBIE IO MOAYJIIO CUIIbI
F = qFE, tne E — HanpsxenHoCTh MOIsA. ITH CHJBL AIpPaBJIeHbI
B IMPOTUBOMOIOKHbBIE CTOPOHLI U 06pazyoT napy cui. Momentr M
3TOW Iapbl PaBeH

Puc. 19. dunonn B omiopon-
HOM 1oJIe

M = gFElsin,

FIE o — yTOa Mex/y sektopom I u Hanpszxenuocrsio nona E.

Mb1 BEAUM, YTO MOMEHT TApbl CHJI 33BHCHT OT NIPOU3BELEHHS
3apana ¢ Ha IUIHEY AUIoAst [. DTO NpousBeeHre HA3bIBAIT Jaek-
MPUYECKUM MOMeHMOM Junoass. MoMeHT mumosisi P eCTb BEKTOD,
PaBHbIi

p =gl (15.1)
On mampaBJeH TakK XKe, KaK u 1, T.e. OT OTpHIIATEILHOIO 3apHga K
[OJOXKHUTE/ILHOMY. EKINHHEIIA JIGKTPHYECKOT0 MOMCHTA JUIIONA eCTh
kyson-merp (Km-M).

Ioab3ysck DOHSTHEM IEKTPHYIECKOI'O MOMEHTA NUITOJA, MOXKHO
HAIIMCATh BLlpaXKeHue JJIsi MOMCHTA Iaphl CH, ACHCTBYIOMmel Ha
AHIIOML, B BUAE

M = pEsin (p, E). (15.2)

Hanpassedne MOMeHTa 9T0# naphl COBNAJAET C HAIPABICHNUEM OCH
BPAllleHNUS JUIOMA, T.€. NEPIEeHAUKYIApHO K p u E.
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Mogyub 1 Hampas/ieHMe MOMEHTa Iapbl M MOXKHO BRIPA3UTH OJ-
HOMt (POPMYIIOH, eCiTi BOCIIONIb30BATLCA 0003HAYEHHSIMU BEKTOPHOMN
aarebpst. Kak n3secTHo, BEKTOPHBIM PO~
ussenenneM [ab] nByx BekTopos a u b ua-
3bIBAIOT BEKTOD, MOJYJb KOTOPOI'O PaBeH
absin (a,b), T.e. paBen IIOmWEA/M Napa-
JIeJIOTPaMMa, IOCTPOEHHOI'O Ha BEKTOPAX
a u b Kak Ha CTOpOHAX. DTOT BEKTOD mep-
HeHAVKYJSPeH K & ¥ b W HApaBJ/ieH B CTO-
pOHY IiepeMelnieHusi OypaBdHKa C Ipapofi
Hape3Koil, BpamaeMoro or a K b (puc. 20).
IlosTOMY BEKTOP MOMEHTa Napbl cui M,
JEHCTBYIONIEN HA JAMMOIb, MOXKHO BLIPA3HTb GOPMYJIOH

M = [pE]. (15.3)

Myt BHARM, 9TO B OZHOPOLHOM IIOJIE HA, JUNOJL JEHCTBYET TOJIBKO
napa CHJI, KOTOpas CTPEMMTCs IIOBEPHYTH AMIIONb TAKUM 06pazoMm,
410o0bl p B E 66111 mapaliiebHbI.

Jast Toro 4Tobbl NOBCPHYTH AMIOIbL B JACKTPHUECKOM I10JIe 113
HEKOTOPbI Yroj, HY>KHO COBEPIINTbL OmpefeneHHyno pabory. Tak
KaK 9Ta paboTa paBHA YBEIHIEHUIO IOTEHI[MAIbHON SHEPIUu JUITO-
71, TO MOKHO HAWTH BhIPAsKEHUE /1J1si SHEPIUHN JUIOJS B JIEKTPUYe-
ckoM nosie. IIpuMenm 38 HyJib SHEPrU0 AUINONS, IIEPHEH UK YJISPHOTO
K HanpasjeHHio nons (o = m/2). Torga sHeprus nuItossi, MOMEHT
KOTOPOTO COCTABJISIET YIOJ ¢¢ C HAPABJIEHHEM ITOJsI, PaBHA

[ab] |[ab)i= ab sina

b

a

Puc. 20. BexropHoe npous-
BEJICHHE JBYX BEKTODOB

[#
W = f pEsinada = —pE cosa. (15.4)
/2

PaccMoTpuM Tenepb IMNONL B HEOJAHOPOAHOM IIOJTE U HOJOMXKHM
IJIS IPOCTOTBI, YTO MOMEHT AUIONS MapaJliesien NalpaBIen o I10-
aa (o = 0). B srom ciyvae cu-

Jbl, ZefCTBYIOLIKE Ha KOHIbl ITH-

/ nojist, yKe HEOAMHAKOBBLI, U IO-

- 9TOMY HX pC3YJALTHPYIOLIAs He

F, O 1 @ g Pasaa nymo (puc. 21). Ha numoms

M B HEONHOPOJHOM HOJe JIeACTByer

CHJIA, CTPEMAILAsICH 11epeBUHYTh

\ AUTIONB B 06J1aCTE 110N ¢ Bobuleil
HANPSKEHHOCTHIO.

Haiizem sty cuny. Hanpasum
KOODIOMHATHYIO ockb X BIOIb MO-
MEHTa TUNo/st W OyJeM CUMTATh,
9T0 AnuHa Aunouast Al BecbMa Masa (3memeHTapHBI Junoas). Cu-
J1a, OeHcTBYIOIIAA Ha OTPHULIATENbHBIH KOHEI] OWIIOAs, ecTh —qlky,
Tfe F — HANpPSKEeHHOCTb NMOJS B TOYKE HAXOXKICHHUS 3apsija —(.

Puc. 21. [dunons B neomHOpOmHOM
nose
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Cua, meficTBywolnas HA IOJOXKHTENbHBIA KOHeH AHIONA, DaBHA
+q[E + (dE/dz)Al], tne Al — pnnna punons. IlosroMy nonunas cu-
Ja F' oxasbiBaeTcsa paBHOMN

dE

~ , dE dE
F:q(b+E;Az—E)=qu(_1;=pd$

(15.5)
B ozropoasoM mone dE/dx = 0 u pe3ynbTHpYOIIas CWIa PaBHA
HYJO.

Ecin aunonb HAXOOMTCH B HEOAHOPOAHOM IOJIe W He Napajiie-
JIeH TIOJII0, TO Ha, HeT'o JAeHCTBYIOT W mapa CHJI, CTpeMsuiasics Iopep-
HYTh AUIONb NApaJjIeNbHO MO0, ¥ CUJIA, BTArHBAIOINAA JRIOIL B
obnacTb 60jee CHIBHOTG TIOJS.

Ilycts Eg, By, E, — COCTapAAIIIHE HANPAXKEHHOCTH 3JEKTPH-
94eCKOTO 10Jifl B IPSIMOYIOJBHBIX OCAX KOODIMHAT, & Pz, Dy, Pz —
COCTaBJIAIONIMEe MOMEHTa WIS B TeX ke ocax. Torpa, mocrynas
TaK e, KAK ¥ BBIIIE, JIEKO MOIYYHTh, YTO COCTABJAIOMAs CUILI IO
ocu X paBHa

F; :pzaa% +py%€f‘ +pz%%-
Cocrapnsiomue cunbt Fy u F, BbIPaXanTCA aHAIOIHYHBIME (Hop-
MYJIAMH.
DTOT pe3yJIbTAT MOXKHO BbIPA3UTb BEKTOPHOH hopMyIoii:

F = (pgrad)E, (15.7)

I7ie BBeICH AuddepeHuatpabiil onepaTop

(15.6)

o o o
(pgrad) = Pz5- + Pyg; +Pz5;- (15.8)

TJITABA III
PA3BHOCTB ITIOTEHIIMIAJIOB

§ 16. PaboTa B 31€eKTPOCTATUYIECKOM IIOJIE

st MoHUMAaHUSA CBOMCTE MEKTPHYIECKOrO IO GONMbIIoe 3Hade-
HHe HMeeT [OHATHE PA3HOCTH [OTEHIMAJIOB, WM 3JIEKTPHYECKOrO
Hanpsikenus. K 9ToMy NOHSATHIO MBI TPHXOAUM, PACCMATPHBASA Da-
60Ty CHJI 31K TPUIECKOro IIOJIS.

Ipegnonoxus, 9TO WIEKTPHUECKHE 3apsijf TEPEMEINACTCA B
KaKOM-HHOYIb JeKTPUYECKOM IIOJIe U3 HEKOTOPOi TOYKH ! B Apy-
ryio To49ky 2. Tak kak Ha 3apsj B IMeKTPHUIECKOM MMoje NeiicTryer
CHJa, TO TIPU TAKOM nepemelennn OymeT mpousBeJeHa OlIpeleNeH-
Has paboTa, KOTOPYW Mbl 0003HawuM depes Ajp. AcHo, 4T0 ecm
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TOT K€ 3apsji NepeMelIaeTcs 110 NpeXHeMy TyTH B 00paTHOM Ha-
npasyeHny (0T TOYKH 2 K Touke [), To pabora Gymer Toi Xke, HO
N3MEHUTCA ee 3HaK, T.e. Ajp = —Ag.

PaccMoTpuM Teneps aieKTPHYECKOe 110J1€, CO3TAHHOE HENOABH K-
HBIMH 3apagamu (aaexmpocmamuyeckoe noae). JIerko BUAETH, 4TO
B JIEKTPOCTATHYECKOM IIojie paboTa nmpu mepeMemieHNd 3apsjaa He
3aBUCUT OT (POPMBI Iy TH, II0 KOTOPOMY JIBHKET-
¢Sl 3aps, U OTPEJIEseTCs TONBKO II0JI0KEHHEM 7/’\
Touek ] WM £ -— HadaJga M KOHIA IIyTH 3apdaa. 0

JefCcTBATENBHO, OOMNYCTHM, YTO 3TO HE TakK 0

(L) a1+ -
u 4ro pabora Aj,’ TpH mepeMemieHHH 3apsia. /A /
BAosab KoHTypa L (puc. 22) He paBua pabore 5 _

L

A§21) s KorTypa L, mpudem oba OHH coequ- + / L
HAIT onHU ¥ Te ke Toukd I u 2. Torma, me- * -
peMenias 3apsdj 110 3aMKHYTOMY KOHTYpY, CO- N 7
crapieHHOMY u3 nyrteit L w L1, MBI Haliiem, 4To Ny
3JIEKTPHIECKYE CHJIBl COBEPIIMAM paboTy a\’—/c

L L L L
AgQ) + Agll) = Agz) - AgQI)v

KOTOpada He paBHa nyJiio. Ho 310 mpoTuBopeduT
ofmeMy 3aKOHY coxpaHennsd sHepruu. Ecim 3a-
PSLIBI, CO3JIAI0NIAE TI0JIE, HENOABUAKHBL, TO MPH
TepeMeIeHH: TOABUKHOTO 3apsaaa B OKPYKAIO-
IUX TeJaX He MPOUCXOAUT HUKAKHUX IIPOIIECCOB.
Iocne Bo3BpameHus 3apana B UCXOZHYIO TOUKY I Mbl He HMEEM HH-
KAKHMX U3MEHeHHHl B paccMaTpuBaeMoil CHCTeMe Tejl ¥ NOITOMY He
MOXKeM IOy YWTh Hii BHIUrpHIIA paboThl, HA €e OTEPU. DTO 3HAYHUT,
YTO HAllle MPENIOJIOKEeHNe HEBEPHO U YTO B AeHCTBHTEILHOCTH

(L) _ p(La)

Ay = Ay
TaxuMm obpa3omM, B 3IeKTPOCTATHYECKOM IIoje paboTa mepeme-
LIEHU S 3aps)ia MeXKIY ABYMS TOYKAMHU HE 3aBHCUT OT (DOPMBI TIYTH,

COeQUHAIOIIEro 3T TOYKH. [Ipu mepeMerienry 3apsi/ia 110 3aMKHY-
TOMY KOHTYpY paboTa paBHA HYJIIO.

Puc. 22. Pabora npu
TIepeMeneHdd  3apd-
Jia B 3EKTPOCTATH-
YeCKOM II0Ne He 3aBH-
cut 0T POPMBI IIyTH

§ 17. PasHOCTH MOTEHIHAIOB

Ionoxum Terepb, 9T0 B MEKTPOCTATHYECKOM TIOJE W3 TOUYKH
1 B Toyky 2 nepememaerca NOJOKHTENbHLIA 3apan +1. Cormacho
§ 16 pabora, coBepmaemas CHJIAMH OIS HPU STOM MEPEMEMIECHHH,
He 3aBUCHT 0T GopME! myTn. Tak Kax 3apsaj; BHIGpaH OMpeIeeHHbIM
(+1), To 318 paboTa 3aBUCUT TOJHKO OT CYLIECTBYIOIIETO SIEKTPH-
9ECKOTO TIOJIf U IO3TOMY MOXKET CJIYXKHTh €ro XapakTepUCTHKOM.
Ona HasbIBaETCA PA3HOCTNOIO NOMEHULAA06 TOYEK | U 2 B JAHHOM
MEKTPUUECKOM TIOJIE HIIH 3AEKMPUMECKUM HANPANCEHUEM MEKIY
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ToukaMu I ¥ 2. PasHocTh moTeHUMANOB ABYX Touek I u £ B 3MeK-
TPOCTATHYECKOM TIOJIe u3MepseTcsa paboToil, coBepmiaeMoi CHJIaMH
1018 TIPY 1epeMenennn 3apana +1 u3 Touku I B Touky 2.

3paa HAIPAXKEHHOCTD 110/18 B K&K A0H TOUKe, MOXKHO BBRIYHCINTL
H PasHOCTh NOTEHOHAJIOB JIOOLIX AByX ToueK. Ecnu ds — anement
TepeMenieHus 3apana, By — npoekius Bek-
TOpa HANPIKEHHOCTH TOJs Ha HAIpaBJe-
nue ds (puc. 23), To pabora npu nepemere-
HnM 3apaga +1 na orpesox ds ecrn Ej ds.
Iosromy pa3HOCTh MOTEHNIUWANOB TOYeK I
u 2 pasHa

2
Uiy = [ Esds, (17.1)
1

TJle HHTerPUpPOBaHNE NPOU3BOIUTCS BIOJb
Puc. 23. K onpegenemuio JOBOro koHTypa L, coepuusiomero pac-
Pa3HOCTH ITOTEHITHAJIOB CMaTpuBaeMble TOYKHK, B HAlIDaBJEHHN OT
Touku | K Touke 2.

Ecinu B aleKTpHYECKOM II0JIE TTePEeMEnIaeTcs He eIMHHYHBIA 3a-
Az, a 3apsa] NPOU3BOJIbHON BEJMYHHBI ¢, TO B KaXKA0H TOUKe CHIIA,
AeNCTBYIOmAA Ha 3apan, YBeJUIUTCA B ¢ pa3. [losTomy pabora Aqs,
coBeplIaeMasi CIWIAMH TI0JISl NPH NEPCMELeHHH 3apaaa ¢ U3 TOUYKH
1 B8 Touky 2, pasHa

Az = qUys. (17.2)

W3 ckazannoro cneayer, yTo GUIHIECKUN CMBICT UMEET TOJBKO
PA3HOCT TIOTEHIHAIOB, WM HAMPSXKEeHne, MeXIy AByMs TOUKaMH
oJsA, TaK Kak paboTa ompejesiena TOJBKO TOTAA, KOTHA 3a1aHbl 1B
TOUKM — I1a9asio M Kolien myTi. HecMoTpst Ha 3TO, YacTO TOBOPAT
IPOCTO O LOTEHIHATE, UM HAIPSIZKeHHN, B JAHHON TOYKE, HO BCETHA
HMEIOT B BUJLYy PA3HOCTL TOTEHIIHAJIOB, 10APa3yMeEBasd, YTO OJHA U3
ToYeK BHIOpaHa 3apaHee. Takyw MOCTOSHHYO TOUKY YACTO BbIOH-
parT «B DECKOHEYHOCTH», T.€. HA MOCTATOYHOM YAAJEHHM OT BCEX
3aPAKEHHBIX TeJI.

M&l Bujiesn, 9T0 B 3IEKTPOCTATHYECKOM TI0JIe HATIPSIKEHWe MeXK-
Jly ABYMSI TOYKAMH He 3aBHCHT OT (DOPMEI MYyTH, COERWHAIOMIErO
atu Touxu. [loaromy, ecnu sapsix +1 nepememaercs 1o 3aMKHYTO-
MY KOHTYDY, HATIPHMED, CHadana U3 TOYKH I K TOYKE 2 10 KOHTYpPY
L (puc. 22), a 3arem ot 2 x I Baoab Ly, To pabora Oyzxer pasHa

Ui + Uz = Uz — U2 = 0.

B snekTpocTaTHYeCKOM [0JIe HAlPSXKEHUE BJIOJIb 3aMKHYTOrO KOH-
Typa BCerAa PaBHO HYJIIO.

Tlocnensee yTBep:K/IEHUE BBIPAXKAET BAKHOE CBOWCTBO 3/ICKTPO-
craTuyeckoro mons. FIMeHHO TIo 9TON npuUuYMHe OJIA JIEKTPOCTATH-
HMECKOTrO0 MOJI MOXKIIO BBECTH PA3HOCTH IIOTEHIIMAIOB, KOTOPas OJHO-
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3HAYHO ONPEJAEISAeTCs NeHCTBY IOIHM NoeM (He 3aBHCHT OT (hOPMBI
yTH) U JI03TOMY MOXKET CIYXKHUTh XapaKTEPHCTHKON NOJIsL.
[onp3yace dopmymnont (17.1), MOXKHO BBIPA3UTL ITO CBOWCTBO

IEKTPOCTATHUECKOro ToJtd B clefywoieil popme;

§ Eids =0, (17.3)

rae KPy»KOK y HHTeIPajia 03HAYAeT, YTO HHTeCPUPOBAHHE IIPOH3BO-
JIITCA 0 3aMKHYTOMY KOHTYpY. KpuBomuueinbiit HHTETpas Kakoro-
Jub0 BeKTOpa BAOAEL 3AMKHYTOTO KOHTYpPa HA3LIBAETCH UUPKYAAYU-
etl BEKTOpA BJIOJEL 3TOro Kourypa. ClemoBaTe/ibHO, MOXHO TAKIKe
CKa3aTh, YTO MUPKYJIANUA HATPAKEHHOCTH IIEKTPUUECKOTO IOJIsT
BJOJB JI0HOT0 KOHTYDa PABHA HYJIIO.

Ionsarre pasHOCTH MOTEHIIHAIOB IIMPOKO HCTIOIL3YIOT 1O JBYM
OCHOBHBIM MpUYIHHAM. BO-TIEpBHIX, OMHUCAHUE SMEKTPUUCCKOTO OIS
P TOMOIIH HOTEHIHATA TOPa3Jo0 IPOIIle, YeM IIPH ITOMOIIIY HANPs-
>KEHHOCTH T10J151. HanpsKeHHOCTh TOJIsk eCTEh BEKTOP, U [T03TOMY 1S
KazKaof TOUKM TIONA Hy»KHO 3HATL TPH CKANADHBbIE BEJIMUWHBI —
COCTABJIAIOUINE HANpPSXKEHHOCTH 10 KoopauHaTam. IloreHuman xe
ecTh CKaJIAp ¥ BIIOJIHE ONPEAETAETCd B KaXJ0H To4YKe 0JHOM Besd-
YHHON — CBOMM YHCJIOBRIM 3HavenneMm. B § 19 mul yswmum, dro,
3Had MOTEHNUAT B KaXKIOHM TOYKe ITOJIs, MOKHO HAHTH H BEKTOD
HAIIPSYKEHHOCTH.

Bo-BTopLIX, PA3HOCTL TOTEHIMATOR rOPA30 JIerYe H3MEPUThL Ha
OTILITE, YEeM HANDSKEHHOCTE o, st n3MepeHus Hanps2KeunoCTi
mostst HeT yA00HRIX Meronos. Hamporus, mid w3MepeHus pa3lioctu
NOTEHIHAIOB CYIMECTBYIOT MHOTOYHCICHHBIE METOAB] U Pa3Hoobpas-
HBIC TpUOOpH!. 1]09TOMY U ONUCHIBATE JIEKTPHYECKOE TIOJIC TOpa3iao
yaobHee IpH TOMOINH TOTEHINAIIA.

Enynuia pasnocty norenunanos (wanpspkenus) B cucreme CU
ectb BosibT (B). BosmbToM Ia3bIBaeTCs HOTEHIHAJ] B TAKOH TOUYKeE,
JUTSL IEpEMEIIIEHHST B KOTOPYIO 13 GECKOHEYHOCTH 3apsa/ia, PaBHOro
1 K, nago cBepmuth pabory 1 k.

OrmeruM, 9TO, TONBE3YSACH dopmyJioit (17.2), MOXKHO BIpaKaTh
SHEPIUIO HE B MEXAHHYECKUX eQMHMUAX (9prax, /LKOyJIdX u T..), a
B jIeKTpudeckuX. /st 31070 CIYKUT BUECHCTEMHAS eIHHUIA SHEp-
THH, HasbLlBaeMas 2J1eKTPOHBONLTOM (3B). DyekTpoHBOIBT -- 3TO
JHEPTHsA, KOTOPYIO IPHoOpeTaeT TacTHIA C 3apsSaI0M, PABHLIM 3aps-
ay anexrpona e = 1,60 - 1071 K, npoberas B BakyyMe pPasHOCTh
notenruanos 1 B, te.

15B=1,60-10"" T = 1,60 1072 spr.

B snexTponBosibrax 00BIYHO BhIPAXKAIOT SHEPTHIO PA3IMUYIIBIX 3Jie-
MEHTAPHBIX 9aCTUL (IEKTPOHOB, IIPOTOHOB u Ap.). Ilpu sToM upn-
MEHSIOT TakKKe 6oj1ee KpyIllble eJUHHIBI SHEPTHH: 1 KHIOMIEKTPOH-
Bosbt (k3B) = 10 3B, | merasnexkrponsobT (MaB) = 10° 3B u ap.
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§ 18. VYcnosusa paBHoBeCHS 3aps0B B NMPOBOSHUKAX

Ecsn snexrpuveckne 3apgapl HAXOAATCH B PABHOBECUH B KAKOM-
JibO TPOBOAHUKE, T.€. B ITOM IIPOBOAHUKE HET IEKTPUUECKOTO TO-
Ka, TO HANPSKEHHOCTb 1o1A B; B 060t ToOYKe BHYTpH TIPOBOIHUKA
pasua Hymio. HeficTBuTenbHO, ecyin OB 3TO YC/IOBHE HE BBITOJHS-
JIOCh, TO TOABHKHLIE JIEKTPHYECKHE YACTHUIIbl, UMEIOIIHECS BO BCH-
KOM TIPOBOJHHUKE, IO AeACTBMUEM CHJI IOJIS IPUILIH Obl B IBUKeHHe
H paBHOBecHe ObuTo 6B mHapyweno. Kpome Toro, B § 12 MbI Haim,
YTO TIPM PABHOBECHH 3APSIOB BEKTOD HAIPS2KEHHOCTH TOJL Y I10-
BEPXHOCTH TIPOBOAHYKA MEPIEHAUKYAAPEH K noBepxuocTr. Orcioma
clenyeT, 9TO AJS TIepeMeIneHHs 3apaia u3 Jo00i TOUKY IpPOBOXHH-
Ka B Ji0BYI0 IPYTYIO €ro TOUKy He Tpebyercs Hukaxoit paborel. Ho
cornmacHo (17.1) 370 0oBo3HAdaET, YTO PA3HOCTH NMOTEHIAAIOB JHO6OH
mapsl TOYEK KaK BHYTPH IPOBOJHHKA, TAK H HA €r0 MOBEPXHOCTH
paBHA Hym0. B orcyTcrBre 37eKTpUYECKOTo TOKA BCE TOYKH IpO-
BOJTHHKA UMeIOT OJHHAKOBBIYA 3JIeKTPUYECKUI MOTeHIINAJ.

3eMJig ABIFETCA TAKXKe TPOBOMHHKOM. XOTA B 3eMJIE CYIIECTBY-
0T TOKH, HO OHH HEBEJIMKH, U MOX>KHO CUMTaTh, U4TO 3aPAIbl 3€MJIH
Hm3Kr K pasHOBecH10. [103TOMY /19 MHOTHX C/Ty9aeB MOXKHO TPH-
HSITh, YTO BCE TOYKH 3eMJIM HMEIOT OAMHAKOBbIM mnorennmaj. Ilo
3TOl HMPHYMHE TTOCTOAHHYIO TOYKY NPU U3MEPEHHUR TIOTEHIMAIA Ja-
CTO BbIOHMPAKOT B 3eMJIE B TOBOPAT O HOTEHIHAJE OTHOCKTEIHLHO 3eM-
JIH.

Ecnu coepuHuTh IBa TPOBOAHMKA METANIHYECKON IPOBOJIOKOII,
T0 063 TPOBOAHUKA ¥ TPOBOJIOKA 00Pa3yoT eJUHBIH IPOBOAHHK. Ec-
JIL 10 COeIMHEHUS] ME¥K/ly ITPOBOJHHKAMH CYIIECTBOBa/Ia Pa3HOCTH
MOTEHIMAJIOB, TO PABHOBecHe 3apsanoB OymeT HeBo3moxKHO. Hampsa-
KeHHOCTb 1ofd B BHYTpH TpoBOJIOKH He DyZer paBHA HYJIO, U 3/eK-
TPOHBI IPOBOAMMOCTH B TIPOBOJIOKE MPHAYT B JABUXKEHHE, T.e. B Heil
BOBHHKHET 3JIEKTPHIECKHUHA TOK. FTOT TOK GYIET MPOROIKATHCS 10
TeX Mop, MOKa MOTEHIIMA bl 060UX TPOBOJHUKOB He CAEJIAI0TCS PaB-
HBIMH.

§ 19. Pa3sHoCTh INOTEHIIMAJIOB U HANPAXKEHHOCTH NOJIS

Ecnn m3BecTno pacupejelsieHyue MOTEHNUANA, T.e. €0 3HAYEHUE
B KaxKJIOH TOUKe IOJIA, TO MOXKHO HAWTH M HANDIXKEHHOCTb 3TOTO
OJIS B KaXX OO ToYKe.

PaccMoTpHM B OZHOPOJHOM IEKTPHUYECKOM [oJie jgBe TOYKH [
1 2 B IpemnoJIOKUM, 4TO 3apan +1 mepexomuT u3 Touku I B Toy-
Ky 2 Boonb mpsMonuHeiinoro orpe3ka As (puc. 24). Pabory anek-
Tpudecknx cusi AA OpH 3TOM HmepeMemeHnn MOXKHO BEIPa3WTh, BO-
TEPBBIX, 4€PE3 HATIPAKEHHOCTh TIOJIA:

AA = E, As,
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rne Bs — npoeknusa BexTopa Hamps:ennocTd E Ha Hanpapienue
As. C apyro#t cTOpoHBI, Ty 2Ke paboTy MOKHO BbIPa3HTh 4yepes pas-
gocTb norenuaaos AU, Togex 1 u 2:

E P
AA = AU, f .
~
BBedem Telepp NpHpAIIEHHE [MOTEHIUANA AN
npu ImepeMemeHun AS, T.e. Pa3HOCTb IIOTEH-
muastoB AUy touku 2 (KOHel MyTH) H TOYKH

1 (mavaso nmyti), u 0603Ha1UM ero yepes AU. 2
Torza

AU = AUy = =AU, /o

IpupapHuBasg oba BHIpaskKeHHHA 1Jis paboThI,
LOIYYaeM /ISl HAIIPSKEHHOCTH 3jeKTpudec- [HC. 24 K coornoue-

KOT'O TIOJIsI BhIpajkeHHe Egﬁ:ﬂiﬁ; Bpf’:f:;;i
E; = —-AU/As. JKEHHOCTBIO TIOJIS

B o6uieMm ciyuae HeomHOpomHOro mosst obe Todku I u 2 HyKHO
BLIOHPATH JOCTATOYHO BJIM3KO APYT OT APYra, CTPOro roBopsi, Hecko-
HEeYHO OJIM3KO, 4ToOBl MOXKHO OBLIO CYMTAThL HANMPSYKEHHOCTh HOJIs
Ha orpeske As nmocrosnnoi. Iepexona x mpemeny npu As — 0,
Oy UM

Es = —dU/ds. (19.1)

TIpouspoanas, croaulaa B MPABON YACTH PABEHCTBA, BbIPAXKAET Obl-
CTPOTY W3MEHEHHs TOTEeHIHANA B JAHHOM HampaejeHnd. Mbl Bu-
UM, 4TO TIPOEKIIMA BEKTOPA HANPAKOHHOCTH HA JAHHOE HaTIpPaB/e-
HHe paBHa DLICTPOTE M3MEHEHHs MOTEHLMAJIA B 9TOM HANPABJIEHHU
¢ o6paTHLIM 3HAKOM.

TI'pagnenTom srobott ckangpioll BeJIMYMHBL (¢ B BEKTOPHOM aHa-
NM3e Ha3bIBAIOT BEKTOP, HANPABJIEHHE KOTOPOTO COBIARAET C Ha-
IpaBJieHneM ObicTpeiiiiero yBemuueHus . Mogysib XKe 3Toro Bek-
TOpa paBeH M3MEHEHUIO (o NP MepPeMelieHn Ha eINHHLY JJIHHEL B
HaIIPaBJICHUH OLICTpeliero u3MeHeHns. ITOT BeKTOP 0603HAYAET-
ca cumBojiom grad . M3 cxka3aHHOrO ClieAyer, YTO HANPSIXKEHHOCTL
TEKTPUUECKOTO TOMS PABHA TPAJIMEHTY TMOTEHIHATA C ODPATHLIM

3HAKOM:
E = —gradU. (19.2)
Takum ob6pa3oM, 3Has pacHpejiesieHHe MOTEHIMAIA, Mbl BCEraa
MOKEM OIpEJeSMTh M MPOEKILHMIO HANPSIKEHHOCTH ToJis Ha Jroboe
HAIIPABJIEHNe, a 3HauuT, 1 npoexuuu E, By, E, Ha KOOpAHHATHbIE
OCH.
Ecnu mone oaHOpoio, T.e. cO34aeTCsl IVIOCKAM KOHJIEHCATOPOM,
a U — nanpsixenue MexJy IUIACTHHAMH, d -— PACCTOSIIAE MEXIY

HHEMH, TO

E=U/d. (19.3)
STO COOTHOLIEHHE HCIIOAL3YIOT AJIS ONpPEAeTeHHs eIUHAILI HAIPs-
>KEHHOCTH TEKTPHYECKOro Nojis. EauHuNa HANPAKEHHOCTH BOJIBT
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Ha meTp (B/M) — 370 HaIpsiKEHHOCTh OTHOPOJHOTO 3JIEKTPHYECKO-
r'o [oJd, co3qaBaeMast pa3HoCcTHIo0 moTeHmanos 1 B mexay Touka-
MM, HAXOOANIMMHUCH HA PACCTOSHMU 1 M Ha JIMHUU HANPAXKEHHOCTH.

113 cka3aHHOrO SCHO, YTO €C/IM MeXJy KaKUMHU-HUOYIL 1POBOL-
HHKaMH eCTb JIEKTPUYECKOe HAIDsKEHHE, TO MEXKJY HUMHU Cylle-
CTBYET H 3JIEKTPHYECKOE 0. DT0 0OCTOATE/NBCTBO PAIBACHAET TAK
Ha3bIBAEMOE OTBEJEHHE 3apaioB B 3eMiii0. Korza Mbl xenaem pas-
pPATUTE KaKOH-7Ub0 TIPOBOAHWK, TO COEJIUNSEM €T0 € 333eMJIEHHBIM
npeaMeToM, HallpuMep, ¢ BOAOIPOBOAHBIM KPAHOM, HJIH JIaKe [po-
CTO KacaeMCs erc pyko#, M roBopuM, 4TO 3apalbl C OPOBOLHHKA
YLLK 4Yepe3 Halle Tejio B 3EMJIIO».

Bonee Touto 70 siBsieHHe 3aKTI09AETCA B CleayiomeM. Bee sek-
TpudecKne JeHCTBuS oOYCJIOBJIEHBl IEKTpuYecKUM mojieMm. [losro-
MY MBI HabJIIOMAEM HX TOJBKO TOTIA, KOTHA HMEeTCS HallpsKeHue
MeXKJy pacCMaTpUBAEMbIM TEJIOM UM OKPYKAIOUWWMH OpEeIMETaMH.
IIpu coenmuennu Tena ¢ 3eMJIEH nCYE3aLT HAIPSKEHHE MEKIY STUM
TEJIOM U OKPYXKAIOMMMHI 3a3eMJICHHbIMH IpeIMeTaMy, & 3HAYHT, U
JIEKTPUYECKOE ITOJTe, H BCE JIEKTPUYeCKHe ACHCTBUSA NpeKpallaloT-
ca. CaMo coeIuHeHHe C 3eMJielt He UrpaeTl MPUHOHIHATILHOR DOJIN.
Mu nabaroganu 6b1 TO e camoe, ecyii Dbl BMECTO 3a3EMJIEHHBIX
IIpeIMeTOoR, HAIpUMep CTeH KOMHAThl, UMEIH 3aMKHYTBI NPOBOA-
HUK, H3OJIVPOBAHHBIN OT 3€MJIH.

§ 20. DKBUIIOTEHIIUAJIBHBIE ITIOBEPXHOCTH

Ob6benuudst B 3JIeKTPHIECKOM TOJIE TOYKH, 00J1a/1a10LI4e OJHHA-
KOBLIM TIOTEHIIMAJIOM, MBI TONY4YaeM HEKOTOpPbIE IMOBEPXHOCTH, Ha-
3BIBAEMEBIC MOGEPTHOCTNAMY PABHO20 NOMEHUUAAL WIH FKEUNOMEH-
YUGADHBIMY  TOBEPTHOCTNAMY. [1OIB3YSACH SKBUMOTEHIIHALHEIMH
MOBEPXHOCTSIMU, MOXKHO M300pazkarh IEKTpHYECKHE 101 rpadu-
YEeCKH, MOA0DHO TOMY KAaK MBl 3TO IeJIJIA C TIOMOIIbIO JIHHUN Ha-
IpsizKeHHOCTH. [lepecekasch ¢ MI0CKOCTLIO YepTexka, JKBHIIOTEHIIU-
aJIbHble TIOBEPXHOCTH JA0T SKBUMOTEHUHAJILHbIE JuHnKM (puc. 25).
IIpouepunBas SKBUIOTEHUHAILHBIE JUHAN, COOTBETCTBYIONIHE Pas3-
JIMYNIBIM 3HAMEHUSM MOTeHIIMAJIa, Mbl IOJIydYaeM C(pa3y HarsgHoe
[IPeICTaBJIEHHE O TOM, KaK W3MEHIAeTCH MOTEHIHUAN B JAHHOM TOoJe.

Tak KaK BCe TOYKH IKBUIOTEHIMAILHOR MOBEPXHOCTH HAXOMAT-
csl TIPH OZMHAKOBOM IMOTEHIHAJIE, TO NepeMeleHue 3apsaaa BAOJb
Hee He Tpebyer paboThl. DTO 3HAMUT, UTO CHJIA, AEHCTEYIOWASA Ha
3apsj, BCce BpeMs NepHeHJuKyJIsIpHa K nepemerienuio. OTciona Mbl
3aKJII0YAEM, YTO JHHUY HAIPSKEHHOCTH BCETJa NePIeHINKYJISPHb
K 9KBHIIOTEHIMAJILHBIM TTIOBEPXHOCTSM.

Ecnu npoyepyuBaTh 95K BUMTOTEHIMAJILHBIC JIMIIHA TAK, 9TODb! OUH
COOTBETCTBOBAJIM OJMIIAKOBBIM HPHUPAINEHUAM ITOTEHIIHAJIA, HAPH-
mep 1, 2, 3 u 1A BoskT, TO OBICTPOTA M3MEHEHMd ToTeHnuasa B
HanpaBJeHuH JUHAN HAOPsAsKeHHOCTH OyJeT obpaTHO MIpolopuuo-
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HaJIbHA PACCTOSHMIO MEWJIy COCETHUMH KBHIIOTEHIHAJIbHBIMY JTH-
HHAMH. DTO 3HAYUT, YTO IYCTOTA SKBUNOTEHIHAILHBIX JHHUNA IPO-

Puc. 25. DKBUIOTEHIHAJIBHBIE JIMHUH (CIUIOWHKBE) M JIHHUM HAIDPSUKEHHOCTH
(urTpuxoBLIe) IO BYX ONHOMMEHHO 33PSKEHHLIX METAJUIMYeCKMX UIADOB

OPIMOHANBbHA HAPAMKEHHOCTH TOJIA: TaM, Tae DOIBIIC HATPAKEH-
HOCTb IIOJISi, TAM H JKBHUOOTEHIHANbHbIE JIMHHH PACIIOJIATaloTCs
TecHee APYr K APyTy.

Mrl BHAMM, 4YTO, 3HAS SKBUMOTEHIMAILHLIE I[IOBEPXHOCTH,
MOXKHO BCETZIa MOCTPOUTH JIMHHM HANPAKENHOCTH JAHHOTO IO |
rnaoboport. IlosTomMy n0boe 3aEeKTPHUYECKOE Moie MOXKHO rpaduye-
CKH HM300pa3uTh TpPH [MOMOUIM SKBHIOTEHIIMAILHBIX NOBEPXHOCTEN
TAK K€ XOPOIIOo, KAK W MPH ITOMOIMM JIHHHUH HAMPAKEHHOCTH.

B § 18 MbI Bugenu, 9TO eCTd 3apsiabl HAXOAATCA B PABHOBECHH,
TO BCE TOYKH IIPOBOJIINKA UMEIOT OJfMHAKOBBIH TOTEHIIUAT. DTO 3HA-
9UT, 4YTO B OTCYTCTBHE TOKA IOBEPXHOCTH IIPOBOJHHKA €CThH OJ{HA U3
IKBUITOTEHIIMAJILHBIX TOBEPXHOCTEMH.

§ 21. Msmepenne HAOpPS2KEHUS MEXKJY NMPOBOIAHVUKAMA

Diiek TpUUeCKOe HANPAXKEHHEe MOXKHO TPOCTO U3MEPUTL HA OMbI-
Te. g sToro ciayxkaT npubopbl, HA3BIBAEMBIE JAEKILDOMEINDAMU
WITH 2AeKMPOCTNATNMULECKUMY GOABITNMEMPAMU.

Ha puc. 26 wu3obpakeH omuH U3 OPOCTEHIINX 3SICKTPOMET-
poB. IITpuxOBbIMY JIHHUAME HU300parkeHbl CEYeHUs] SKBUIIOTEHIH-
AILHBIX TOBEPXHOCTEH IMJIOCKOCTHI) YepPTerka, CIHJIOLIHBIMH JIHHUS-
MU -— JIMHUH HAIIPSKEHHOCTH 3JIEKTPUUECKOro IM0jisl. DJIeKTPOMETD
COZIEPKHUT JIETKYIO AJIIOMHHUEBYIO CTPEJIKY G, YKPEIJIEHHYIO Ha Me-
TaJIMIeckoM crepkHe 6. CTpenka MoXeT MOBOPAaYUBATECH BOKPYT
TOPU30HTANBHON ocH. CTepkeHb CO CTPEJIKOM 3aKJIIYeHb! BHYTpU
METaJIINYeCKOTO KOPIYCa 6 H XOPOIIO H30JMPOBAaHBEL OT HErG IIPH
oMoy npobkH 2 ¥3 HeIIPOBOAAIIEr0 MaTepHasa (AHTApb, KBapll,
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360ouuT 1 T.0.). [IpuGop UMeeT KAy, NO3BOAAIOILYI0 OTCYHTHIBATE

yroJl OTKJIOHEHHS CTPENIKH.

PaccMoTpuM cHavasia, Kak U3MEPSIOT HAlIPAXKEHME MEXJIY JIBY-
MA IPOBOAHMKAMHU. L1 3TOro CoemuHAT KOPIYC 3JIEKTPOMETPa C

Puc. 26. Daextpomerp co cTpen-
KOi

OHUM H3 IIPOBOJHHKOB, & €r0 CTEp-
Xe’b — ¢ apyrum. Ecnu HyxHO H3-
MEPHTb HAIpsIXKEHHEe MeXJy 3aps-
JKeHHEBIM IPOBOIHUKOM M 3EMJIEN, TO
KODIIYC 31eKTPOMEeTpPa COeAWHSIIOT C
3eMJel, a CTepKeHb MPHCOEHHHAIOT
C TIOMOIIBI0 METaJUIM4YecKOl IIpoBO-
JIOKH K 3apsXKeHHOMY HpPOBOJHHUKY
(puc. 27).

Jlerko BHzeThH, YTO OTKJIOHEHHE
CTpenKM 3jleKTpoMerpa 6ymer 3aBu-
CETh OT HANPAXKEHWUs, CYIHECTBYIO-
Mero MeXXAy CTPeJIKOM ¥ KOPpuycoM.
HeticreurensHo, na CTpenky mefi-
CTBYIOT CHJIbI, TTOBOPAYHBAOIIHE €€,
IIOTOMY, 4TO BHYTPH 3JI€KTPOMeET-
pa BO3HHUKAET 3IEKTPUYECKOEe Moje.
Tak KaK 3IeKTPOMETP UMEET KOPIIyC
HeM3MeHHOH PopMBI, TO 310 moNte By-
JleT 3aBUCETh TOJLKO OT HAIIPSIKEHUS,
NPHJIOKEHHOr0 K 3JIeKTPOMETpY.

Co3zaBasg KaxKablit pa3 OZHO M TO K€ HAIPSIKEHUE MEXKIY CTpel-
KO#f ¥ KOPITYCOM, MbI DyZeM IIONy4YaTh ONHY M Ty K€ HAIpAKeH-

HOCTb TIOJISL Y TIOBEPXHOCTH CTPEJIKH,
a 3Ha9NT, 6YIYyT OQMHAKOBBI ¥ CHJIBI,
ACHCTBYIOIHE Ha CTPEJTIKY, U ee OT-
KJIOHeHHe. A 9TO m O3HAYaeT, 4T
3JIEKTPOMETP U3MEPSET HAMPSIXKEHHUE.
Taxoit npubop MOXKHO NPOTpagyu-
pPOBaTh, T.e. ONPEIEIUTb, KaKUM
HANPSKEHUAM COOTBETCTBYIOT Das-
JIAYHLIE YTJIBl OTK/IOHEHUSA CTPEJIKH.

Takum 06pa3oM, 3IIEKTPOMETP
BCEI[la M3MEpAeT HalpsXKeHue, Cy-
UIECTBYIOIEE MEXK Y €ro CTPEIKON |
Koprycom. IlosroMy B oOmbITE, H30-
OpazkeHHOM Ha puc. 27, MOXKHO ObI-
J10 OBl M30TUPOBATh KOPIYC K COEIH-

Puc. 27. Hamepenue Hanpsxe-
HHUS MeX 1y 3apsiXKeHHBIM TIPOBO/I-
HHUKOM W 3emMJIeil

HUTBH €r0 C UCCAeyeMbIM TEJIOM, a CTepPKeHb COeIUHHThL C 3eMJleit,

U TIpU 3TOM [OKa3aHus SMEKTPOMETPA HE U3MEHHIUCH ObI.
Tlone3ysich 3MEeKTPOMETPOM, JIErKO yOeHThCH, IT0 MOBCPXHOCTH

NPOBOMHUKA BCErNd SIBJISETCH SKBHIOTEHIHAJIBHON TOBEPXHOCTRIO.
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Ecnm B onbiTe, n306pazkeHHOM Ha pHC. 27, COEUHATDL JIEKTPOMETD
C pa3JMYHBIMH TOYKAMH HMPOBOJHUKA, TO, KaK Obl CJTIOXKHA HU Oblia
opMa TPOBOJHUKA, OTKJIOHEHHE CTPEJKH JIEKTPOMETDPa He u3Me-
HsIeTCH.

Onucaunbifl s;ekTpoMerp yaobeH AN W3MepeHHs BBICOKMX Ha-
IpsKEHUH (TBHICAYN U JECATKH THICAY BOJBT). s u3Mepenust Ma-
JILIX HAIPSXKEHUH TPHMEHSIOT 3JIEKTPOMETPHI APYTHX THUIIOB.

§ 22. HopmaJsibHbIEe 3JIEMEHTBHI

Jlnst Toro 9To6b! C TOMOLIBIO 3TEKTPOMETPOB M3MePATh Halp:-
AeHHe, UX HeoDXOJUMO IporpaayupoBath. Jrd rpayupoBKH iek-
TPOMETPOB B HacToAmee BpeMdA 4aCTo MNOJAL3YIOTCA HOPpMaJIbHbIMU
37eMEHTAMH, KOTOpble IpeACTABIAT cof0il raibBaHHYECKHE 3jIe-
MEeHTBI, COCTaBJICHHbLIC U3 TAKMX BEUIECTB, KOTOPLIE obecednBaroT
BeCbMa OOJIBIIOE MOCTOIHCTBO HAIPAXEHUA MeXAY 3JeKTpomaMH.
OTo HanpsxKeHue DBLIO TIIATENBHO U3MEPEHO H TellePh XOPOUIO M3-
BECTHO, NIO3TOMY HODMAJIGHBIE 3JIEMEHTHI ABJIAIOTCA y,IIO6HI)IMI/I 3Ta-
JOHaMH HaHpH)KeHI/Iﬁ, KOTOpbIE JIErKO BOCIIPOU3BECTH B JIIO60fI Jia-
Goparopun. HopManbHble 3/ieMeHTHl UIPAIOT B 3JMEKTPUYECKOH M3-
MePUTEIbHON TeXHHUKE TY JKe POJIb, YTO H ITAJNOHBI JJIUHBI (MeTpa)
U MaCChl (KHJ’IOFpaMM&) TIPY U3MEPCHUN MCXaHUYECCKUX BeJUIHH.

Bosnbuioe pacnpocTpaHeHHe HOIYYHI KaJMUeBbLH HODMAaJIBEHBIH
asiemedT. Ero nanpsxenue npu 20 °C pasno 1,0186 B.

IIpy KOMHATHHIX TeMIEpPATYPaX HAIPSXKEHHE STOrO 3MEMEHTA
IMOYTH HE 3aBHCUT OT TeMIlepaTypbl: IIPHU TMOBBIIEHHUHN TEMIIEPATY-
pul Ha 1 °C ono ymennmaerca MeHee dem Ha 0,0001 B.

YcTpoiicTBO KaAMHEBOr0 HOPMAJILHOIC 3JeMeHTa IIOKa3aHo Ha pHuc. 28, On
COCTOMT M3 JBYX COEMHSIONIMXCH CTEKISHHBIX TPOGHPOK, B HHO KOTOPEIX BIIA-
HBI IUIATHHOBBIE IPOBOJIOKK. Ha nHe onHoM u3 npobupok Haxogurcs Hebonsmoe
KOJIHYECTBO PTYTH, & MOBEPX HAJIOXKEHA TACT2 U3 CMECH CePHOKHCIOH PTYTH
u cepHokuciaore kKaamua. Ha
JHe Apyro# npobupku nMeer-

— —
ca amanmerama Kamuus. IIpo- I ||||||l|![ Mapaghus
GMPKM 3aII0HEHbI HACKILIEH- L _ A
HBIM PACTBOPOM cepHOKuCiao-  Facmsop

ro KaaMua. B 3TOM 3nemente CdS0,™
MOIOHTENLHEIM  JIEKTPOAOM CdSO
(aHomOM) cmyKuT PTYTb, a 4~
oTpHuIaTensHuM (KaTonom) — HgCd
aMaJibramMa KaJIMHs.

OT Taxoro 3neMenTa MoXK-
HO 6paThb TONLKO OYeHb Clia-
Gble TOKM, He MpeBBLIIAIONIHE
HECKOJIBKMX MUKDPOAMIIep, Tak
KaK TONBKO MPH 3TOM YCJIOBHU €rC HANPSXKEeHVe MOXKHO CHUTATHL HEH3MeHSIo-
wuMcs, OAHAKO ITOLO BIOIHE NOCTATOUHO AJIA POBELEHHS M3MEepPeHuii.

s nonydyenus Gojiee BHICOKHX HAUPSXKEHUH HOPMaJIbHbIE 3J1e-
MEHTBl MOXXHO COEZUHATb MeXKay coboii mocyiiemoBaTesbHO B barta-

Puc. 28. Kanvuesnit HOpMaIBHLIH 31eMeHT
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peH Tak, 4ToObl MOJOXKUTENBHBIM IOMIOC KaXKJA0TO HpPeIblIynlero
3JIeMEeHTa ObLI COeiMHEeH C OTPHUATEbHBIM IIOIIOCOM HOCTeRyIONe-
ro. Ilpu n 3/1eMenTax, COSIMHEHHBIX TTOCIIE0BATE/IBHO, HANIPAXKEHUE
MeX Iy KpalHuMu s1exrposamu bartapen GyzeT B i pa3 Gosbile, yeM
y OMHOI'C IJIEMEHTA.

OrMeTnM, OAHAKO, YTO HA TPAKTHKE COEIMHEHHE HODMAJIbLHBIX
3JIEMEHTOB IPUMEHSIOT peako. IIpu HCIoNMB30BAHHE KOMIIEHCATIHOH-
HEIX CXeM u3MepeHHs HanpskeHHi (§ 70) okas3bIBaeTCss BO3SMOXKHBIM
H3MEPUTh HANPSKEHHE KAKOTO-HUOYIbh HCTOYHHKA, IPUMEHSIS BCETO
OMH HOPMAJIbHBIM 3JIEMEHT, Ja’Ke eClId M3MepsieMOe HaIlpAKeHHe
HAMHOro GOJIbIIE WM HAMHOTO MEHbIIIE, 9YeM Yy HOPMAaJILHOI'O 3jle-
MEHTA.

§ 23. DmekTpuueckuii 30H7,

IlocMoTpuM Terepb, KaK MOXHO M3MePUTh MOTEHOUAJ BHYTPHU
JII3JIEK TPUKA.

{IycTh Tpebyerca M3MepHThL TIOTEHIMAN B KAKON-MO0 TOYUKE B
BO3JyXe OTHOCHTEJbHO 3eMJIH. ECIM MBI IOMECTHM B 3Ty TOYKY
MeTAJUINYIECKH MIAPHK, TO Ha UIAPHKE BO3HHKHYT HHIYKIIHOHHBIE
3apsigbl. DTH 3apAAbl BHI3OBYT JONOMHHUTENBHOE TOJE, H TOITOMY
PE3YJILTUPYIOLIEE TI0JIe H3MEHUTCS. DJIEKTPUYecKoe mose byaer Hc-
Ka’KeHO BHECEHHEeM IapHKa.

Ecnun, ogHako, mapHux Maj, TO U PA3HOMMEHHLIE WHIYKIIMOHHbIE
3apAnbl OYAyT PACIIONIOKEHbI BJIM3KO APYT K APYry, U UCKasKeHHE,
BHOCHMOE HMH, OyAer NOpoaBIATHCA TOAbKO B HEHOCPEACTBEHHOM
6nuzoctn or wapuka (puc. 29a). ITosToMy nrapuk npaxTHYecKu

Puc. 29. Maneuskuii MeTasuindeckuii wapux cnalbo uckakaer roke (a}, HO TIpH
COEAMHEHUH WAPHUKA C IEKTPOMETPOM HCKAXKEHHE ToJid yBenuuupaercd (6):
CIVIOUIHEIE JIMHWUH — JIMHUY HANPSIKEHHOCTH, IITPUXOBLIE — SKBUIIOTEHIHANb~
Hble JIHHIA

TIPUMET IMOTEeHHKa, KOTOPBI CYIeCTBOBA B JaHHON TOYKe JO BHE-
CeHHUs IIAPHKA.
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OnHAKO MBI HOMYYHM COBCEM KHYIK KAPTUHY, €C/H, JKeJad n3-
MEPUTH 3TOT MOTEHIMAN, COSAUHNM INAPUK TPOBOJIOKOH C 3/IeKTpOo-
merpoM (puc. 29 6). B sToM ciydae na mapuke 6y/LyT HAXOAUTHCS
HHIYKIIMOHHBIE 3aps bl TOJILKO OINHOIO 3HAKA, 8 3apPs/bl IIPOTHBOTIO-
JIOKHOTO 3HAKa ByayT BHyTPH siekTpoMerpa. [losTomy BO3HUKHET
CHJILHOE HCKAaKeHMe TePBOHAYAILHOTO OIS B €r0 SKBUIOTEHIIMA b~
Hble TIOBEPXHOCTH H JIMHHH HAMPSKEHHOCTH CYHIECTBEHHO U3MEHST-
csl. DIIEKTPOMETP U B 9TOM Cjiydae, KaK ¥ BCerja, MOKAXKeT MOTeH-
LIMAJ CTPEJIKH OTHOCHTEJIBHO KOPIIYCa, PABHEIN MOTEHIIMANY MIAPUKA,
OTHOCHTENBHO 3emin. OgHAKO 3TOT MOTeHHHa  DyHeT COBCEM fpy-
UM, HEXKeJIH TOT, KOTOPbIH CYIIECTBOBAJ N0 BHECEHHS ITAPHKA.

M3 ckasaHHOrO SCHO, YTO MBI IIOJIYyYHM IPaBHIBHOE 3HAUEHHE II0-
TEeHIMANA, eCIu ybepeM HHAYKIIMOHHBIE 3apsA/bl, HCKAXKAIOUIHE [0~
Jie. DT0 MOXKHO CaeslaTh, ecjid BOIM3M INapUKa CO3JATh B BO31yXe
HeBOIBHIOE KOTMYECTBO MOHOB. Torga MOHHI, IMTPOTHBOMOIOXKHbBIE IO
3HAKY 3apady mapuka, OyayT nepexofgdTh Ha HIAPUK J0 TeX mop, mo-
KA MHJIYKIHOHHBIA 3aps/l He HCYE3HeT BOBCe. ITO 0BCTOATETLCTBO
HCIIOAB3YIOT HA IPAKTHKE [JIsi YCTPOHCTBA 3MIEKTPHYECKOTO 30HJA.

DnekTprudecKnil 30H[ OpejacTaBisfeT coboif Hebombluol MeTas-
JIMYECKH 3JIEKTPOX, BOKPYT KOTOPOTO CO3AAETCH HOHWU3AIMS ra3a.
Ee MoxHO ocymecrsuTh, nomemasa 3044 B HebobIioe ImaMsa rops-
IIEro CBETHJILHOTO rasa (IiaMeHHbld 30ux). JIs 9TOr0 MOXKHO Tak-
JKe MCIIOIb30BATh META/NINYECKYO MPOBOJIOKY, HAKATUBAEMYIO TO-
KOM (30HJ C HaKaJIeHHON HHUTBIO), HJIM TMPHMEHUTH JII0b0# Apyroit
NpHeM MOHM3AIIHA ra3a. J0HA COEMUHAIOT METAJUIMYECKON IPOBOJIO-
KO C 3JIEKTPOMETPOM, KOPITYC KOTOpOTrO 3a3eMJieH. Torga mokasa-
HHE 3JIeKTPOMEeTpa ZACT TOTEHIM AT OTHOCHTEIBHO 3eMIIM TOH TOYKH
IIOJIA, THEe HAXOAUTCH 30HJ,.

§ 24. ITorenpuaj B OPOCTEeAINNX IEKTPUIECKUX MOJIAX

BuIvucinM moTeHIHANI B 3JeKTPHYECKOM II0JIE, CO3/IaBAaeMOM O
HMM TOYEYHBIM 3apsiioM ¢. PaccMoTpuM B 3TOM IOJI€ HCKOTOPYIO
TOYKY, YAAJEHHYIO Ha paccTodlNe 7 OT 3apsaja, U HafiieM IOoTeHIu-
asl B 3TOH TOUYKE OTHOCUTENBbHO OeckoHedHOCTH. Tak KakK pasHOCTh
NOTEHIIMAJIOB He 3ABHCHT OT HOPMbI IIYTH, TO MBI NPEIIIOJIOKUM,
4TO 3apan +1 nepeMerjaeTcs U3 TOYKH T B HECKOHEYHOCTH BRONL
panuyca, T.e. BZOJIb JIMHUN HANIPAXKEHHOCTH 3JIEKTPUYECKOTO ITO0JIH.

orga ~

oo
v= [Bar=L [&=_L2¢ (24.1)
T

4reg T2 dmeg T
T

IMorennuan y6piBaeT 06paTHO NPOIOPIUOHATLHO TIEPBOH CTEmeHH
Paccrosuuda oT 3apayga.

[Mocrynaa mogobubiM 06paz3oM, MOXKHO BBIYUCJIUTh pacIlpeaesie-
HHe TIOTEHI[HAJIOB U B APYTUX NOJIAX, €CJIN U3BECTHA HAIPSAXKEHHOCTh
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OIS B KasKJ0H Touyxe. PACCMOTPUM HEKOTOpbIE TPAKTUYECKH BAXK-~
Hble MMPUMepHI.

IIpuwmep 1. Hlapogot xondencamop. merorcs nBa 3JIeKTPo-
14 B BUJIE KOHIEHTpUYeCckuX cdep ¢ paguycamu ¢ (BHYTpPEHHss)
b (Buewnss). HanpsikernocTs moNa E MeXIy TAKUMH SJIEKTPOLA-
MH BblpaxkaeTca dopmysoft (13.8) u u3MeHsieTCss B HPOCTPAHCTBE
TaK JKe, KaK U B CJly4yae Todeunoro 3apsaga. CiemoBaTenbHO, pas-
HOCTb IIOTEHIIHAJIOB MEXKly BHYTPeHHelH chepoii u KakoH-ando Toq-
KOH BHYTDH KOHJAEHCATOpA, YIAJIeHHO! Ha PACCTOSHHE T OT LEeHTPa
KOHJIEHCATOPA, paBHa

g [ _ g (l _ 1)
U= f Edr = 4TI'€[) r2 dreg \a 7/

a

B a710it dopMysie MOXKHO BLIPa3HTE 3apsi)] ¢ YePe3 Pa3HOCThH HOTEH-
uuanos Uy Mexty BJIGKTPO,II&.MI/IZ

1 1
Uo = 41reo (E—.—b_)’

OTKYJad OKOHYATCJIbHO IOJMYy4daeM

1/a—1/r
U="0 Va—i/" (24.2)
Takum ob6pazom, usmepsst Uy mexay snekTpogaMu, 1o Qopmysie
(24.2) MOXKHO BBIYMCIMTH MOTEHIMAN B 000 TOUKE IOJIS.
Opuwmep 2. [Trockut xoudencamop.
BarumcauM pa3HoCTb NOTEHIIHAJIOB MEXKIY
TIOJIOXKHMTENbHO 3apAXKEHHON TIITaCTHHOU H
TIPOHU3BONBLHON TOYKOH, yAaJIeHHOH Ha pac-
crosHHe £ OoT Hee. HampsKeHHoCTh osis B
IJIOCKOM KOHZEHCATOpE BhIpakaercd ¢op-
mynoit (13.7). Ilosromy

T

T
_ _a _e
U= fde—-Eofdx Za. (243)
1]

IMonnas passocts norenuuanos Uy Mexmy
3JEKTPOAAMHE PABHA

Up = f; d, (24.3a)

Puc. 30.  Ixpumorenuu- rae d — pacCTOAHHE MEXAY [JIACTHHAMH.

aJdbHble NUHMWA H JTUMHHH HOSTOMy TAKKE
HanpAaXeHHOCTH IosId

IJIOCKOTO KOHZEHCATOPa U = Uy 52- (24.36)

B mIockoM KOHjeHCATOpe MOTEHIUHAJ U3MEHSICTCS C PACCTOSHHEM
10 JIHHEeHHOMY 3aKOHY.
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B aTux pacuerax Mpl He yHUTHIBAJIM MCKAJKEHHE IEKTPUYECKO-
ro noss BO6au3HM Kpaes mwiacTuH. IloaToMy mosydeHHble hOpMYyJIbl
OPUMEHUMBI TOJBKO /I CpeJHell 4aCTu KOHAEHCATOPA. DJIeKTpPU-
YecKoe ToJie IIOCKOr0 KOHAEHCATOPa KOHEYHbIX PA3MEpPOB MOKA3aHO
Ha puc. 30.

Mpumep 3. Quaundpuveckud xondercamop. PaccmoTpum eme
pacrpesie/ieHHe MOTEHIUAIA MEXKAY KOAKCHAJIbHBIMA IUJIHHIPAMH.
HanpstzkeHHOCTB 3TOrO 110417 BBIpaskaercs: gpopmyaoit (13.9). Iosro-
MY Pa3HOCTb TOTEHIHAJIOB MEXIY BHYTDPEHHHM LMJIHHADPOM M TIpo-
H3BOJILHOM TOYKON MEXKIY IeKTPOJAMH DasHa

T
U=_1_ f dr_ @ g7
2mweq r 2meg a

a

31ech ¥ — PacCTOSIHHE OT PACCMaTpPHUBAEMOR TOYKH J0 OCH ILIMJIHH-
IPOB, @ — PaIMYC BHYTPEHHEro MUINH/IPA, ¢ — 3apsA1 BHYTPEHHEro
OUIMHOPA Ha eAuHUANy ero aiufbl. [onHast pasHocTh MOTEHLHAJIOB
Up Mexay UMTHHAPAMH PaBHA,

Uy = -2 Int

T 2mep  a’
rae b — paauyc BHemHero uuauHIpa. OTCioga
— 77 In(r/a)
U=U, n(b/a)’ (24.4)

TMorenuyan B UUIMHEIPHYECKOM KOHIEHCATOPE H3MEHAETCS 110 JIOra-
PUPMHYECKOMY 3aKOHY.

§ 25. BoiupcleHue MOTEHIAJA B [MoJie 33JAHHbIX 3apsAgon

B npumepax mpempiayiiero rnaparpaga Mbl BLIYHCISAIM TOTEH-
OHaJ [0 HAIPHAXKEHHOCTH TOJIA, KOTOpasd DbIIa W3BECTHA 3apaHee.
Osinako 9acTO HANPAXKEHHOCTH 1O/ OblBaeT Hen3BeCTHA H UMEHHO
ee u Tpedyerca BHIYHCIUTDL. B 9TUX Cly<uasax HaXojAT CHaYasa mo-
TEHIHAJ, YTO OKA3BIBAETCA rOPa3n0 TPOIE, a 3aTEM BbIYHCIAIOT H
HANMpPsIKeHHOCTh mouis 1o dopmyde (19.1).

[Tpu BbIYMCIEHMU TTOTEHUHANIA CEMYET PA3IMYATD JBA, CIIydasd:
a) 3aJ1aHO pacrpe/eeHHe 3apsJIoB, BhI3BLIBAIOIMX TONe, 1 6) 3a1a-
HBbl TIOTEHIMAIbl 3APAXKEHHBIX TeJ, CO3JAMUX moje. PaccMoTpum
CHa4aJ1a MepBLIA CIy4dail.

Ecnu nosie co3maercs OgHUM-eXHHCTBEHHBIM TOYEYHBIM 3aps-
JIOM, TO TOTEHIMAJ TOr0 NOJs Bbipaxkaerca dopmysoi (24.1).

Ecnn uMeercs HeCKOILKO TOYEYHBLIX 3apAmOB, TO, COIVIACHO
IPUHIMIY HAJIO0XKeHUs eKTprudeckux nouseit (§ 10), pesynbrupyro-
Iuee mMoJie PABHO CyMMe [oJiell, CO3MABAEMbIX OTIENLHBIMH 3apaia-
MH. [To3TOMy ¥ TIOTEHIHAT TOTO MO8 PABEH CYyMMe MOTEHIIUANO0E,
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BbI3bIBa€MbIX OTAEJIbHBIMH 3apd/iaMu, T.e.
1
U= L (25.1)

dmgg £ 1,
1

3aeck U -- norennman pe3yIsTHPYIOMIEr0 IOV B PACCMATPUBAEMOIR
TOYKE OTHOCUTEJILHO DECKOHEUHOCTH, T, — PACCTOSIHUE ITOH TOUKH
JI0 4-T0 3apaja, a CyMMHPOBAHNE MPOU3BOJAUTCH TI0 BCEM TOYEUHBIM
3apagaMm.

IlogobuBIM 06pa3omM MOXKHO PACCUHUTATH TOTEHUMAN OIS U TIPO-
TAXKEHHBIX 3apAXKEHHBIX Tesl. B 3ToMm ciydae Hy>KHO cHadasia HafiTn
MOTEHINAN, CO3IABAEMbIA OTIENbHBIM OeCKOHEYHO MAJIBIM 3JIEMEH-
TOM OfbeMa Tes1a dT, KOTOPBIT MOXKHO PAaCCMaTPHBATbH KaK TOYed-
HBIH 3apa[. DTOT TOTEHUHA] €CTh

dU = _L_pdr

dweg 1

rae p — obbeMHasd IJIOTHOCTh 3aPAAa, a T — PACCTOAHHE OT pac-
CMaTpuBaeMoit Touyku mond g0 d7. [lomHoe 3HaveHHe TOTeHIMANA
PaBHO

_ 1 pdr
U= = f pér, (25.2)
T

T7ie HHTEIPUPOB3HHE PACTIPOCTPAHAETCH HA BeCh 0DbEM T 3aparKeH-
HOT'O TeJIa.
Ecnu 3apapl pacnooykeHbl TOMILKO HA TOBEPXHOCTH TEJA, TO

U= [ 28 (25.3)

T Adreg r
S

3ech 0 — TOBCPXHOCTHAsA TJIOTHOCTH 3apsaia, dS — aleMeHT
MOBEPXHOCTH TeJNa, I — PACCTOSIHHE PACCMATPUBAEMOI TOYKH IO/
o dS, a MHTErpupoBaHUE PACHPO-
CTpaHsAeTCsA o Bcell 3apsyKeHHOH Mo-
BEPXHOCTH S.

DieKTpuyeckoe IIoJe IOUIO-
aa. TlpuMeHuM pe3yabTaThbl IPELI-
aymero naparpada K BBIYUCIEHHIO
3JIEKTPUYECKOTO TIOJsA, CO3JABAEMOTr0
murosieM (puc. 31). Cormacno (25.1)
HOTeHIAJI B HEKOTOPOl TOYKe 110U
a ecTh

q 1 1 q r1 — T2
U=-4 (L _1)y_-_4 n-r
4d7eg T2 i 4meg  rire
By,ZIEM Tenepb CYUTaTh, 4TO AJIMHA

Puc. 31 K BoramcaeHmio snex- JMIIONS | BeCbMa MaJjid O CPABHEHHIO
TPHYIECKOTQ IO JHTION I C PacCTOAHHAMH 1T ¥ T O TOYKH G
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(ameMeHTapHBIN QUIIONL). B 9TOM wIydae MOXKHO MOJIOKHUTH
ri—rp=1lcosa, TiTQ=7°

B BbIpa’kKeHHe JJId NoTeHIHaJia NPHHAMAaET BUI

. (25.4)

_ 1 pcosa
4wep  r?

3nech p ecTb MOAyJb MOMEHTA JWIIONISA, & ¢ — yroJ MeXKAy Ha-
MPABJICHHEM MOMEHTA JUIIOJNA P H HANPABIECHMEM DPagUyC-BEKTOPA
r, IPOBEAEHHOTO H3 JUIONS B PACCMATPHBAEMYIO TOUKY TIOJS.
3uas U B 3aBHCHMOCTH OT KOODPJHHAT, MBI MOXEM BbIYMCIATH
HanpsKeHHOCTh Toaga E no dopuyne (19.1), auddepennupys Bbl-
paxkenne ana U 1o kooppuHaTaM. ByieM monIb30BaThCs TOIAPHBIMH
KOOPAUHATAMHE T M (¢ C HAYAJIOM B TOYKe HAXOXKJEHWS JUTIOJS ¥ Ha-
TIpaBUM TOJMSPHYIO OCh B HAIpaBJEHHM MOMEHTa aunons p. Torma
COCTABJIAIONIAA HANPHAKEHHOCTH B HAIIPABJIEHUM Paguyca I eCTh

_ _OU _ pcosa
B = ar  2meord’ (25:5)
Cocrapisou@as, IepleHJUKyIapHasd K I
Bo =20 - psine (25.6)

r Ho dreord’

Honnas manpskeHHoCTh mosist B Touke a(r, ) Bymer

=L __\/3cos2a+1. (25.7)

4meqr3

BekTop nmanpskenHocTH obpa3syer c
HAIIpaBJIEHHEM T YT oJ [

tgB = Eo/Fr = (1/2)tga. (25.8)

91 opmyJibl BIOJIHE ONPENETAOT
HAIpSKEeHHOCTh [OJIA TI0 MOOYJIO W
110 HAIPaBJIEHHIO B KaK oM ero Todke. Puc. 32. Jlunuu nanpaxenno-
Ha puc, 32 n300pazkeHsl JIMHAYN 1079 CTH 5/EMEHTAPHOIO JHUTIONS
JUTIONS.

§ 26. OOwiaa 3ama4ya NEKTPOCTATUKHA

HaubBonee dacTo BCTpedaloTcsa TaKue CIydaHl, KOrJa pacrpeme-
JleHHe 3apsA0B HEU3BECTHO, HO 33a4aHbl MOTEHIIUAIB! [IPOBOIHHUKOB.
Takue 3amaunt MOryT 6LITH CPOPMYIHPOBAHBI CIETYIONIHM OBIIHM
obpazom: umeercs cucrema npoBoaHukos A, B, B u T.n. 3a1aHHOi
dbopMbI 1 33aHHOTO B3AHMHOTO DACIIOJIOXKEHHS U W3BECTHLI ITOTEH-
upasnbl Beex npoBogHuKoB Uy, Up U T.j1. (HampuMep, OTHOCHTEILHO
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HeCKOHEYHOCTH MM OTHOCUTEIBHO OZHOTO M3 IPOBOJHHKOB); Tpeby-
eTCH OIpemeuTh SHAYEHNE TIOTeHIHANA B 000N TOUKE IO MeXK Iy
MPOBOHUKAMH.

Maremaruuecku 3Ta 3afiada cBommTCA K caegyromied. Cocras-
JIFAOLIHE HAmpsKeHHocTy nonid E mo koopauHaTaM MOXKHO BbIpa-
3uTh, cormacuo (19.1), gepes noreHnpuai:

B =_9%U — =_9%U
T 8z’ vy ey’ 2T 8z
HMoncrasnss 3tu Beipaxkenus B ypaenenue Ilyaccona (14.1), Ml mo-
JydumM obllee ypaBHEHHE, KOTOPOMY YIOBJIETBOPAET IOTEHIIMAJ, B
BHJE
FULPU L SV __p
8x? oy? 822 o
Ecnn Mexay npOBOJHHKAMH HeT 3apAm0B, TO BO BCEX TOYKAX
p =0, u ypaBuenue (26.1) nepexomur B bosiee mpocroe:
2 2 2
oU LU L0V (26.2)
dz? 9y? 922
Ha3bIBaeMoe ypaghenuem Janaaca. [Toaromy BHIUMCIEHHE TOTEH-
uHaga B obmeM cilydae CBOAUTCA K HaXOMXKIEHUIO TakKoill dbyHKIuH
koopaunar U(z,y,2z), xoropasg BO BCeM MPOCTPAHCTBE MEXK LY
MPOBOIHHKAMY yAOBJeTBOpaeT auddepennralbHOMy ypPaBHEHUIO
(26.2), a Ha caMHX OPOBOAHMKAX NPUHHMAET 3aJaHHBblE MOCTOSH-
uble 3Havenns Uy, Up u v.a. MoxHO mokazaTh, 4T0O permeHne Takoi
33Ja4d OJHO3HAYHO.

(26.1)

Jlerko ybenuThes, uTo HafineHHse HaMu B § 24, 25 BHIpayeHHs 1151 TIOTEH-
IHajla B IPOCTEAIINX TIONEAX YAOBJAETBOPLIOT ypasHeHH0 (26.2) u rpaHudHbIM
YCIIOBHSIM.

HeficTBuTeNBHO, /1S OOHOPOAHOTO MO IUIOCKOTO KOHAEHCATOPA IIOTEHIH-
an epaxkaerca dopuynoit (24.3). IoTeHuman 3aBUCHT JIMUIb OT OXHOH KOOP-
JHHATHL T, H TIO3TOMY B ypasHenuu Jlammaca (26.2) uMeeTCs BCEro OHMH 4JIEH,
Borunciiag Npou3BOAHEE OT MOTEHUHANA [I0 KOOPAUHATAM, HMEEM

log dU log d*U
U=—z —==—, =0
€0 dz g dr
ITorenuuasn, KpoMe TOro, YJAOBIETBOPSET TPAHHYHLIM YCIOBHSIM, TaK KaK OCTa-
eTCH IIOCTOSIHHBEIM BO BCEX TOYKax omuol ob6kiaaaku (z = 0) u apyroii obxnaaku
{z = d).

Jis paaMansHOro MO WAPOBOrG KOHAEHCATOPa MBI HAIH DOpMYIy
(24.2), rpe r = /22 + y? + 22, Juddepennupys BbipaKeHue IJIs IOTEHLIHA-
JIa TI0 KOODZMHATAM, TI0/1y4aeM

ou 9 1\ 1z 08U _r*-3*
dr Oz '

= — o

r rz r’  Qz? rs

M ananoruano ) R ) . R )
‘U _r* -3y U _r°—3z

o 2 oo
By? I P r5
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ITosromy

&*U U 8U  _ 3r?—-3(z? + 4% + 27
5z "o T2 -5 =0

Tlorenuman, euipaxaembiii dopmynoit (24.2), yacBneTBopaer M TPAHMYHBIM
YWIOBHSIM, TAK KAK IIOCTOSHEH BO BCEX TOUKAX KayK/oM obknanku (ipur =a u
r=b).

Tlono6HBIM ke 0OPa30M MOKHO IPOBEPUTD, 970 Gopmyna (24.4), naiizennas
U1 MIOTEHIMANA B II0/Ie HUIMHAPUYECKOro KOHAEHCATOPA, TAKKE YIOBIeTBOP-
er H ypasHeHu1O (26.2), 1 rPAHUIHEIM YCIOBHIAM.

Peinenue ypasuerus (26.2), Boobuie roBopst, CJIOXKHO U COCTABIISA-
eT CofiepKaHHe CIelHaTbHOTO pa3gesia MaTeMaTHIeCKol QpU3MKH —
TEOPUU TOTEHIIAAJIA.

Ecnmu ¢opMa 31€eKTPOIOB HACTOVILKO CJIOXKHA, UTO PacIpejeie-
HHe TOTeHHaja TPYJAHO BBIYHC/IHTH, TO €r0 BCErIa MOXKHO Ompe-
[ETUTh 3KCIEPUMEHTANBHO. JIJIA 3TOr0 MOXKET CIIyXKMTh JIeKTPH-
veckuit 3087 (§ 23). Eme yaobHee mpuMeHenue 3/1eKTPOTUTHYECKON
BaHHBI, OMUCAHHOI B § 62.

§ 27. IIpoBOOHUMKY B JIEKTPUIECKOM IOJI€

Paccmorpum Teneph, KaKHM 06pa3oM paclpeienioTcs JIeKTPU-
YecKHe 3apaibl BHYTPH TPOBOJIHUKOB B OTCYTCTBHE 3/IEKTPHYUECKOTO
TOKa.

B § 18 Ml Bugenu, 9To A/19 PABHOBECUS 3apsiIOB HeoDXOAUMO,
9robbl HAIPANKEHHOCTh TN F; B M0bofl TOYKe BHYTPH TPOBOX-
HuKa Obliia paeHa Hymo. Ho rorga u3 ypaBuenus Ilyaccona (14.1)
cregyer, 4T0 06beMHAH TJIOTHOCTb 3apsAa p; BHYTPHU TPOBOZHHUKA
Tak>Ke paBHA HYJII0. B OTCyTCTBHE 3/IeKTPUYUECKOTO TOKA 3APS bl
pACIIpeeIsaoTCa TOMBKO HA TTOBEPXHOCTH MPOBOJHHKA.

Ecnu Mbl npepcraBuM cebe, 9TO U3 CILIOIIHOTO TPOBOJHUKA Yaa-
JIeHa BHYTPEHHHAS 4acTh, TO TOJYYUTCH ITOJIbIH 3aMKHYTHIA IPOBOL-
HUK. Tak KaK BHYTPEHHAA YaCTh HE UMeJIa 3apPSIoB, TO ee yIAajeHHe
He W3MEHHT HU pACHpeesieHre TS, HU paCIpexe/ieHue 3apsaioB
BHYTPH OCTABIIEHCA YAaCTH IPOBOJHHKA. 1109TOMY paBHOBECHOE pac-
Tpese/leHHe 3apaA0B B IIOJIOM TPOBOAHUKE ByleT TaKMM e, KaK U B
CILUIOIIHOM TIPOBOJHHKE, T.€. 3apsAjbl OyAyT TOJBKO Ha BHEIUHeH IIo-
BepxHocTH. Hanps:xeHHOCTEL XKe 1onst 6yJer paBHa HYJIO B Jroboit
TOUYKe BHYTPH CTEHOK U B JTi0OO# TOUKe BHYTPH IIOJIOCTH.

3apsasbl B COCTOSHHM PABHOBECUS PACIPENeAOTCA Ha MTOBEpX-
HOCTH [IPOBOJHNKA BCETA, HE3ABUCUMO OT TOTO, KAKHM 06pa3oM OHM
BO3HUKJ/IM. Ecny 3aMKHYTBET OB MeTaJTHYeCKUit IPOBOIHUK Ha-
XONMTCS BO BHEIIHEM IEKTPHYECKOM Hoje (puc. 33a), TO Ha HeM
TOABATCH UHIYKIMOHHBIE 3aPAAbl. DTH 3apab! HyAyT TaKKe cocpe-
A0TOYEHb! TOJILKO HA BHEITHE MTOBEPXHOCTH, a JIEKTPHYECKOE HOJIe
H B TOJIIIle METAJLIA, X BHYTPH oJocTy ByaeT pasHo Hymo. [Tosromy
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TIOJIBIMT METAJIMYECKNI NPOBOIHHK 3KPAHUPYyeET JIeKTPHYECKOoe 110-
JIe BCEeX BHEIIHHUX 3aPAJ0B. JTHM MIMPOKO MOAL3YIOTCH Ha IIPaKTH-
Ke /1 yCTPOMCTBA 3JeKTPOCTATHYECKOM 3a1quThl. s Toro 4Tobel
orpaguTh YyBCTBHTENbHBIE DJIEKTPHYECKHE NMPHOOPBL OT BO3MYIIa-
IOIIEro AefCTBHS BHEITHUX 3IEKTPUYECKHX T0JIel, HX 3aKJII0YAoT B
3aMKHYTbIe METAJUIHYECKHE SIIUKH, KOTOPble COeIUHAIOT C 3eMJIell.

OrMeruM, 4T0 3aMKHYTBI TOJTBIY TPOBOAHHK 3KPAHUPYET TOJb-
KO TI0JI€ BHEHIHHX 3apsa0B. ECIH 3jiekTpudecKre 3apsIbl HAXOIST-
CAd BHYTPH IIOJIOCTH, HHIYKIH-
OHHble 3apajbl BO3HUKHYT He
TOJILKO Ha BHEIHeH MOBEPXHOCTH
MPOBOJHHKA, HO U Ha BHYTpEH-
Heit (puc. 33 6). Pacupeaenenne
3TUX HMHIyIUPOBAHHBIX 3apPIOB
Byner TaxuM, 4TOOBI TOTHOE II0-
Jle, paBHOe CyMMe IoJielf, co3la-
BAEMBIX 3aPI0M BHYTPH TIOTOCTH
¥ UHIYKIWOHHBIMH 3apAaaMH, B
moboit ToOYKe B TONIE MeTasa
GbLT0 paBHO HYJIIO (yC/IOBHE paB-
HoBecus). OaHAKO BHYTPU IIOJIOC-
T 1ojle He OyZer paBHO HYJIO,
¥ 37eCh By IyT NTpPOXOauThL JIHHHU
HAMPSXKEHHOCTH, COEQUHAIONIME
3apAK, 3aKMIOUCHHBIR B TIOJIOCTH,
C MHAYKIUOHHBIMH 3aPAJAMHA HA
BHyTPeHHell oBepxHocTH. MHAYKIMOHHBIE JKe 3apsabl Ha BHEITHe
MOBEPXHOCTH BBLI3OBYT I10JI€ BO BHEIIHEM HPOCTPAHCTBE, H MOITOMY
3aMKHyTas NPOBOAAIIAA IIOJIOCTh HE SKPAHHPYET ToJie JIeKTPUde-
CKMX 3apAAOB, MOMEIIEHHBIX BHYTPH Hee.

B cBA3M ¢ H3T0XKEHHBIM BbIIIE HAXOANTCA BAXKHBIM TpaxkTHYe-
CKHIT TIpHeM TepeJadd 3apsaha OT OJHOrO HPOBOJHHKA K JPYTOMY.
Iycrs, nampumep, TpebyeTcs mepedaTh 3apal C METAJIHYECKOTO
MPOBOMHUKA HA 3MIeKTpoMeTp. UTobbl OCyHmIeCTBHTH 3Ty mepena-
4y MOJIHOCTBIO, JIEKTPOMETD COEMHHSIOT C TOJIBIM IIPOBOJHUKOM,
npubiKaIUMea 0 PopMe K 3aMKHYTON TOJIOCTH, HAIpHMED C
METAJUTHYeCKUM UIHHAPOM («dapafeeB HUIHHID» ), X BHOCAT 3a-
PAKEeHHBI NPOBOAHMK BHYTPb 3TOM NOOCTH. TOrna TMPOBOHHUK
PaspAKAeTCH ITOJIHOCTHIO 1 €r0 3apsi)/ HeJIUKOM IEePEXOMUT HA IEK-
TPOMeTp.

Puc. 33. 3Bapsax sue (a) u Buyrpu (6)
MeTaJUIHIeCKoH Io/IoCTH

§ 28. Toumasa nposepka 3akoHa KyJsiona

B mpemniaymiem maparpade, obbAcHsSS, modyeMy 3apaibl pac-
PEJEATCS TOMLKO Ha, MOBEPXHOCTH TMPOBOJHNUKA, MBI OCHOBBIBA-
guck Ha Teopeme QOcrporpaackoro-laycca. Ho sra Teopema ecTh
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cnejcrere 3akonHa KyJioHa, w mosToMy HaligeHubie HaMu 0CobeH-
HOCTH paCHpefesIeHls 3apa0B ABISIOTCH TAKXKE CIECTBUEM 3TOr0
3aKOHa.

M HaobopoT: MOXKHO TOKa3aTh, YTO eciu Dbl Cuita B3auMojeti-
CTBUS TOYEYHBIX 3APSJOB BbIPAXKAIACH 3AKOHOM

q192
Foeo F3ES

TO NpH JIoOoM §, OT/IMUHOM OT HyJis, Teopema OcTporpagckoro—
Taycca He umena Bl MeCTa 1 3apsabl pACIPeAeAINCh Dbl HE TOILKO
HA MOBEPXHOCTH, HO U B 06beMe mpoBojgHuka. (cM. Jlobasienune 1).
ITosromy, Hccienysi Ha OnbITe, AeMCTBUTENbLHO JH B 0bbeMme Ipo-
BOJHMKA HET 3apAA0B, MOXKHO IPOBEPHUTH CIpABEIJIUBOCTh 3aKOHA.
Kynona n npuroMm ropasjio bonee TOUHO, HeXKeJM B OIBITaX C KPy-
THJILHBIMH BeCaMH.

Takue onbITHl TPOM3BEJ BUepBble Kapewgum, KOTOpbIi 3a
HECKOJIbKO JieT 10 KyJloHa yCTaHOBHJI, 4TO CHJIa B3aMMOAENCTBHS
3apsAI0B o6paTHO MPONMOPIUOHANLHA KBAJPaTy paccToanus. B sTux
OmbITaX MeTayndeckuit wap ! (puc. 34) 6bl1 yKpemieHd Ha. U30/I4-
pywomei nmogcrasxke 2. JIse Merasuindeckue noycdeprsl 8, H30/H-
pOBaHHBIE OT 3eMJid, OBUIH yKpPeIJIeHbl Ha IIOABHKHBIX TIOJCTABKAX
(2a pHCyHKe He H300paKeHbl) H MOMIH OBITH
COeAHHEHBI B OAHY Cdepy, OXBATBLIBAIIIYIO
wap 1. B ogno#t u3 monycdep wMesocs MaJioe
OTBepCTHE, B KOTOPOE MOXKHO OBLIIO BCTaB/ISATH
KOPDOTKHIT METAIHYECKHH TPOBOJHUK 4, HOA-
BeIleHHBIN HA H30JHPYOIIeidl HUTH §, U coemu-
HATH Wap u cdepy, He paspsaxKada npubopa.

Cam omblT 3aKa049ICs B cienyromenM. [1o-
jgycdepbl 3 CKJIAABIBANIN BMECTe, COeNUHSIH
X TPOBOZHUKOM 4 C mMapoM I H 3apsKajiu.
O 3apste cdepl CyaUIHA TI0 TTOKAZAHUAM HJIEK-
TpoMmeTpa. 3areM MPOBOJHUK 4 C TIOMOILILIO
HUATH § yRaasau, obe momrychepbl PasaBHTAIN py. 34  Ommr Ka-
U pa3psKaaM, coeqnHsas ux c 3emueit. Ilocme
ITOTO 3NEKTPOMETP TPHCOEAUHAIN K Iapy I
U IPOBEPSUIN, UMEETCH JIX Ha HeM Kako#-nubo sapsig. OnbiT BCerma
NOKa3BIBAJI, YTO HA IIape HeT HUKAKUX CJIeJIOB 3apsaa.

Benegerue 6obmioro IpUHUMIHAIBLHOIO 3HAYEHHS BOIPOCA O
3aKOHE CHJIOBOT'O B3aMMOEHCTBUS 3aPAAOB MOZ0DHBLIE OIBLIThHI OLI-
JI TIOBTOpeHbI To3aHce MakcBesuioM B ynydmenHoi dopme. Mexo-
A5 U3 YYBCTBHTEILHOCTH CBOHX OTbITOB, MaxCBeUT pacCuuTal, YTO
OTKJIOHeHHe 0 OT BeJu4mHBl 2 B mokasarese 3akona KysoHa ecin
U cymecrsyer, To ne npesbimaer 1/21600. B nacrosmee Bpems 3a-
KoH Kysiona /151 MAaKPOCKOITMYECKMX PACCTOSHUIN IPOBEPEH MOPA3I0
TOYHEE,

BEHIUIA,



60 PA3HOCTb NOTEHIMAIOB TJL. 11

§ 29. Ocrpus

Tlpu wuccnemoBaHWM paclpeeieHHa 3apAfoB Ha TPOBOJHHKE
crnoxHolt Qopmbr (puc. 35a) 0OKa3bBIBAETCSI, YTO IOBEPXHOCTHAA
IJIOTHOCTD 3apajia PA3/MYHA B PasHBIX TOYKAX IIOBEPXHOCTH: OHA
6iM3Ka K HyJ[10 BHYTPH yriybieHus (Touka 1), IpHHUMAET HauboIb-
iee 3HAYEHHME HA 330CTPEHHH (TOYKa 2) M MMeeT MPOMEXKYTOUHYIO
BEJIMYHHY B TOYKaX 6OKOBOi mosepxHoCcTH (&).

Ho nanpsxentocts nois E, cornacuo (13.7), nponopuuoHansna
MOBEPXHOCTHOM IJIOTHOCTH 3apsaja ¢. [103ToMy M HAIpPS>KEeHHOCTb
Mojisi ¥ TIOBEPXHOCTH NPOBOAHHMKA CIOXKHOM hOPMBI TAKXKE BEChMA
HeopuHakosa. OHA 0COBEHHO BeJIMKA BO3JI€ YYaCTKOB C MAaJjibIM Pa-
JUyCOM KPHBH3HBI, T.€. ¥ 3a0CTPEHHI.

9TO OIPHBOAUT K CBOEOOPA3HOMY ABJIEHHIO «CTEKAHHUS» 3aPAIOB
C MeTAJUIHYecKUX ocTpuii. Eeiu coeIMHUTE U30JIHPOBAHHOE METAJI-
JINYECKOE OCTPHE C UCTOYHUKOM BBICOKOTO HAIPSKEHHS, TO HaXO -
uHecs mOBIM30CTH H30JIMPOBAHHLIE TPOBOXHUKM 3apsakKaroTcsa. [lo-
Memias HeJaleKO OT OCTPHs 3JIeKTPOMETD, COeAUHEHHBIX ¢ MeTas-
JNUYECKOMN TIJIACTHHON, MOXKHO BIJIETh, YTO IJIACTHHA 3aPAXKACTCA JI0
3HAYUTEHHOTO HANPSAXKEHNA U IIPUTOM 3apda/I0M TOTO JKe 3HaKa, YTOo
u Ha ocrpue. Eciu, Hao6opoT, IpeaBapuTebHO 3aPAUTh TIACTHHY
C IeKTPOMETPOM, & O0CTpue IPHCOEHUHATL K 3eMJie, TO TIPH MOJIHe-
CEHHH OCTPHUA K ILJIACTHHE TOCHERHSA PA3PAKAELTCA: UHIYKITHOHHEBIE
3apsijibl CTEKAIOT C OCTPUA U HEHTPATUIYIOT 3apA MJIACTHHBI.

Ilpuyuna sTOr0 SIBJEHHS 3aK/II0YAETCA B OOMBLION HAIPAXKEH-
HOCTH 1101 Bo3Jie ocTpusa. Korma 3Ta HAIPAXKEHHOCTh CTAHOBUTCS
JIOCTATOYHO DONBIION, B OKPYZKAIOIEM BO3IyXe HAUMHAETCA WOHH-
3anua (moxpobuee cM. § 166) 1 NOSBASIOTCS TOMOXKHTENbHbIE H OT-
pHunaTenbuble HOHbL (puc. 356). Moubl ¢ TeM e 3HAKOM 3apaja,

6

Puc. 35. Hanpszxennocrs a/1eKTPUYeCKOro I0J8 U IIOBEPXHOCTHAS IIJIOTHOCTH
¥ 330CTpeHus NPOBOAHUKA (a); NpUUHHA CTeKaHud 3apsaos (6)

YTO H y OCTPHUSA, ABHKYTCH OT OCTPUS; HOHBI C IIPOTHBONOJIOKHBIM

3HAKOM 3apANa JMBUXKYTCA K OCTPHIO M YMeHbIIAT ero 3apaj.
Houbl, IBHXKYIHECS OT OCTPHH, YBJIEKAIOT B CBOEM JBUIKEHUHN H

HeHTpajbHble MOJIEKYJIbI, OTYEro BOZHUKAET HAIIPABJIEHHOE TeYeHHe
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BO3AYXa OT OCTPHS, MJIU 37eKTpUdecKull BeTep. Bro Moxno obnapy-
JKHTh, ITIOJHOCS K OCTPUIO 33K KEHHYIO CBEUY: ILJIaMsI CBEYH CHJILHO
OTKJIOHSIETCSI OT OCTPHS K MOXET OBITH IIOTAILEHO CTPYeH 3J1eKTpH-
9eCKOTO BETPA.

PaccMoTpeHHOE CBOMCTBO 3a0CTPEHHBIX TPOBOJAHUKOB HCITOJB3Y-
0T HA NMPAKTHKE IJIsl CheMa 3APS/IOB B PA3/HYHBIX YCTPONRCTBAX.

Jns npenoTBpalleHust CTeKaHHS 3apsaloB y BCeX IPHOOPOB U
MaIluH, pabOTAIONHX IO/, BEICOKUM 3JIEKTPHYECKUM HAIPSKEHHEM,
METAJUIMYECKHE YaCTH AEJIAI0T XOPOUIO 3aKPYyIJIEHHBIMH, & KOHIbI
METAJIJINYECKUX CTepKHeN CHAOMKAIT IVIAJKHMU [NapHKAMH, HAJIH-
4Yhe 3a0CTPEHHI BBI3BAJO GBI CTEKAHUE 3APSJIOB U HaPYIIEHUE W30-
JISIITHHL.

§ 30. Daexrpocrarndueckuil reaepaTop

To obcTosITEeNBECTBO, YTO 3aAPAABI BCEIVIA PACTIPEENISTIOTCS TOJb-
KO Ha BHEITHEH [TI0BEPXHOCTH TPOBOJHHUKA, HCIIOMLIYIOT JJIsl YCTPO-
CTBA JIEKTPOCTATHUECKUX T'€HEPATOPOR, IPETHAZHAYERHBIX JJ14 IT0-
JIydeHHsl BeCbMa BHICOKHX HanpspkeHwWi. IlpuHuum ux AelCcTBUS
Pa3bACHSIETC OIBITOM, H300paxeHnbiM Ha puc. 36. CoenmaumM u3o-
JIMPOBAHHBIA IIPOBOJHUK @ C HCTOYHHKOM Hanpsikenust B (yzobuo
BOCITOJIB30BATBECS  3apsi-
JKEHHBIM  KOHJIEHCATOPOM
WM TEXHUYECKUM BHITIPS-
MHTeJIeM Ha 2-3 THICAYH
BOJIET) H PAaCIOJIGKHM
no0IM30CTH TONBIR M30JTH-
DPOBaHHEIHT IPOBOJHHK 0,
COeIUHEHHBIR C 3JIEKTPO-
merpom. CoegMHuM Ha
MOMEHT IPOBOJHHKH 4 H 6
MeTaJUINYeCKUM CTepXK-
HeM (Ha H3OMMpYIOMEN
pyuke). ITpoBomuuk 6 3a-
PAOUTCA [0 HAIPSKEHUS
OPOBOLHHKA @, KOTOPOE H
OIpe/Ie/IMM 10 TIOKA3AHHSIM
3nekTpoMerpa. Bo3smeM
TENEph METAIIHYECKMI I1ap 6, YKpeIUIeHHBIH Ha H30JAHpYIoei
PYydKe, KOCHEMCsi UM IIPOBOLHHUKA @, & 3aTeM BHYTpEHHEH MOBepX-
HOCTH TpoBOJHHKA 6. 3apan Inapa 6 nepelzeT NOJHOCTHI Ha
OPOBOAHMK 6, OTYEro HaNpsiKeHWe Ha 6 yBesmuuTcs. IloBTOpsis
STOT IIPOLECC MHOTOKPATHO, MBI CMOXKEM CHEJIATh HANPHKEHHE
Ha NpoBofHMKEe 6 HAMHOTO OOJBININM, YeM HA IPOBOAHHMKE a; B
IOPHHIHIIE MOXKHO YBEJIHYHBATH €r0 HeOrpaHUYEHHO.

e % &

Puc. 36. IIpunumm neficTBus 37€KTPOCTATH-
YEeCKOr0 reHepaTopa
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Tlpy nOMOIY ONHMCAHHOIG NPONUECCA Mbl IEPEHOCHM TIOJIOMKHTEbHbIE 3apsi-
OBl OT Tesa ¢ bojee HH3KMM NOTEHIMAJIOM K Tejy ¢ 6ojee BLICOKMM NOTEHIIM-
anom. Ha nepnbiil B3rAsy 3T0 MOXKET IOKA3aThCS YAMBUTENBHBIM, TaK KaK [IpU
COeAMHEHMH ABYX NPOBOIHUKOB IIOJIOXHUTENBHEIE 3ADPSAAB BCELIA TTEPEMENIAI0T-
ca oT Gojlee BLICOKOrO MOTEHIMaNa K 6onee Hiuzkomy. Ha camom xe pene 3iecw
HHMKAKOro IPOTHBOPEYMA HET, TAK KaK IIpH NepeMemeHuu Wapa 68 OT a K § Mbl
UPEONOIERAEM CHJIY OTTAJIKMBAHMS M COBEPINAEM MeXaHu4IecKyo pabory. IToaro-
My, TIepeMeniasg 6 N0 HAIpaBJIeHUIO K 6, MBI YBEJIMTHBAEM TIOTEHIHAJ UIApA 6.
Korzga 8 okaxercsa BHYTpH TIONOCTH 6, €I0 TIOTEHIAJ CPABHAETCH C MOTEHIMA-
aoM 6. Takum 06pa3oM, EHON COBEPLUIEHHA MEXAaHMYECKOH PaGOTHL MBI MOXKeM,
pacroIaras MCTOYHHKOM HeOONBIIOr0 HANIDSKEHHUs, 3aPAAUTH KaKoH-Inb0 mpo-
BOJHHUK 1O HAIIPsKeHHA BoJiee BEICOKOrO.

TO ¥ OCYUECTB/SIETCS B JIEKTPOCTATHYIECKOM reHeparope. On
COCTOUT U3 BOJIBIIOrO MOI0ro NpoBomHKMKA [ (puc. 37), O6bIMHO mIa-
poobpa3uoit bopMBl, YKPEIJIEHHOTO Ha H30JIMpYIoUIell KojoHHe 2.
BryTpr kosmoHHBI TpOXOAUT GECKOHEYHAS JEHTa J U3 IPOPE3HUHEH-
HOM TKaHH, ABMKYIIALCH HA JBYX IIKUBAX 4 H UTPAIONIAA POJIE M1a-
pa 6 Ha puc. 36. Jlenta 3apshkaerca npu
MOMOTIIH CHCTEMEI OCTPHI §, COeTHHEHHBIX
C OOHWM M3 ITOJIOCOB WCTOYHHKA HAMpPH-
JKEHHS, BTOPOII IOJIIOC KOTOPOT'O 333€MJIEH.
IIporur ocrpuit, ¢ 06paTHOM CTOPOHH! JIEH-
THI, [IOMEIIAIOT 333EeMJIEHHYH IUIACTUHY 6,
KOTOpas YBEJIHIUBAET 3aPAIE], CTEKAIOIINE
c octpust 5 Ha Jenty. llpoxomst MuMmo cu-
CTEMBI OCTPHit 7, COEJWHEHHBIX C IIapPOM 1,
DE3UHOBas JIEHTA OTJAeT UM IPHUHECEHHEHE
3apAabl, KOTOPBIE TIOMIHOCTEIO MEPEXOAsT
HA BHEILIHIOK MOBEPXHOCTH HIapa He3aBH-
CHMO OT TOTO, KaKO€ HaIps>KeHHe HMeercs

—H-F1

! INHEIER MEXK/y L1apOM U 3eMJIeH.

i Q 20xB MakcuManbsHOe Hampsi>kKeHde, KOTOPOe
! 4 [ IPAKTHYECKA MOKHO TOJIyYHThH HA IIape,

= OIIpeJeNIAeTCs] yTeUKaMK 3apsAAoB C Iapa
(rnmaBHBIM 06Pa30M BCJIEACTBHE HOHHU3AINH
Bo3ayxa). Hanpsikeuue mapa mepecraer
IIOBBILIATECH, KOrja 3apsfz, NPUHOCHMBIH
JIEHTOH B €AMHUNY BPEMEHH (TOK JIEHTBI), IeJIAeTCs PABHBIM 3aps Iy,
TepsieMOMy BCIEACTBUE YyTe4KH (TOKY yreukn). IToaroMy Ha Ipax-
THKe CTPEMSITCS 110 BOZMOXKHOCTY YBEJHUUTE TOK JIEHTHI.
DJIeKTPOCTATHYIECKHE MNeHEPATOPEL IPUMEHSIIOT B HACTOSIIEE BPEMsT
JUIsL YCKOPEHNMST 3apsiZKeHHBIX 9acTUll (37eKTPOHOB B HOHOB). C ux mo-
MOIBI0 YJaeTCsl MOJNyYuTh HANpSIXKEHHS JO 3~5 MHJIIHOHOB BOJIBT.
BricoTa Takux reneparopor mocruraer 10-15 M, a quamerp mapa —
HECKOJNBKMX METPOB. JEKTPOCTATHYECKME TEeHEpaTOphl WHOrAa
IOMEIAKT B KAMEPHl CO CXKATHIM Ia30M, TaK KaK HOHM3AINS Ta3a
TIDU TMOBBITIEHUN JABJICHHST HACTYIAET NpH HGIBIITNX HAIPS>)KEHHsIX.

Puc. 37.  BDaexrtpocTarh-
4eCKMH reHepaTop
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THAABA IV
OHEPTHHA SJIEKTPUYECKOTI'O I1IOJIA

§ 31. DuekTprYyeckas eMKOCTh

PaccMoTpum fBa MPOBORHMKA, MEXJY KOTOPHIMH CYIIECTBYET
3/IEKTPHYIECKOe HanpsizKeHne, U IIPEJIOJIOKHM, YTO BCE JIMHUM CMe-
MIEHHA, HCXOASIIME U3 OJHOTO MTPOBOJHUKA, 3aKAHYHBAIOTCS Ha, APY-
roM. Takytoo napy HpOBOIHUKOB Mbi Oy1emM HA3BIBATH NPOCTGIM KOH-
0eHCamopoM WIH TIPOCTO KOHOEHCAMOPOM.

ITpocTEIM KOHAEHCATOPOM SIBJISIETCS IIAPOBOI KOHJEHCATOD, CO-
CTOSIIMA M3 JBYX IPOBOJHUKOB B BUJE KOHIEHTPHYECKHX cep
(§ 24), Tak KaK JIMHMA CMeIEHHs, HCXOASINIE U3 BHYTpeHHel ce-
phl, 00sI3aTeNLHO BCe 3aKAaHYMBAIOTCA Ha BHemHen cdepe. se
NapaJjielbHble NPOBOASIIAE ITACTHHBL (IUIOCKHMA KOHJEeHCcaTop)
MOYKHO CYHTATE TaK»Ke MPOCTHIM KOHAEHCATOPOM, €CJId PACCTOSTHHE
MEXAY IJIACTHHAMH MaJIO II0 CPABHEHHIO ¢ UX pasMepamu. [Tpocrsim
KOH/ICHCATOPOM SIBJISIETCS M IWMIUHIPUYECKUH KoHgeHcaTop (§ 24),
eCJIH JUTHHA [IUIHHAPOB BEJIMKA IT0 CPABHEHHIO C 3a30POM MEXK Iy HH-
mu. Oba mpoBopHHKA, 06pa3yOMmue KOHJEHCATOP, HA3BIBAKTCS €ro
0bxAAKAMU.

Tak Kak JMHMH CMENIEHHS HAYUHAKTCA U 3aKAHYMBAKOTCH HA
3JEKTPUYECKUX 3apsifaX, TO OTCHIJA CIeRyeT, YTO 3apsiibl, HAXO-
Iaipecs: Ha 06KJIaKax IPOCTOr0 KOHJEHCATOPA, BCETa PaBHEI 110
MOZYJIO ¥ IPOTHBONOJOXKHBI [0 3HAKY.

HamnpsixkerHocTs 1oM1st B J11000# TOUKe MEXKY OOK/IAJIKAMH KOTH-
JEHCATOPa BCErJa IIPOTOPIHOHANBHA 3apany obkmanok. Iosromy,
cornacto (17.1), n nanpsizxerne U mex /gy 0OKIaJKaMy BCErna Ipo-
HOPUMOHAJIBHO 3apsily OOKJIANOK ¢:

qg=CU. (31.1)

Koabdunuenr C' B 310l bopmyne Ha3BIBAIOT 24eKMpPuUMEcKot] em-
KOCMBIO KOHIEHCATOPA WK NPOCTO €0 eMKOCTBIO.

Vs (31.1) cnenmyer, uto ¢ = C mpu U = 1. D10 3mauuTt, 4TO
€MKOCTE KOHJIEHCATOPA H3MEPSIETCS] 3apsiiOM, HAXONSAIIMMCH HA
KaXKJ0H 13 0OK/IaI0K, €C/IH HANPsIXKEeHHe MeX Iy 00KJ/1aJKaMK paBHO
SAUHALE.

Enunnneit emxocrn cny»xut dapasy (P) — eMKOCTb TaKoTo yeau-
HEHHOT'O IPOBOJHMKA, MOTEHI[HA KOTOPOTro NoBbimaercs Ha 1 B npn
coobiiennu emy 3apsga 1 Ko

1®=1Kna/l1 B=1Kn/B.

Ha npaxTuke IpUMEHSIOT TakxKe Gojiee MeJKHe eIMHUIbI eMKOCTH:
1 muxpodapaa (Mk®) = 107° @ u 1 mukodapax (n®@) = 10712 @,
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EMKocTh KOHAeHncaTopa 3aBHCHT OT €r0 Pa3sMepoB, GOPMBI B OT
CBONMCTB Cpelibl, HaxXoAsAmehcs Mex Iy ero o6K1a KamMu.

Iycts Cy — emkocth J1060r0 KOHAEHCATOpA, KOTga ero ob-
KJaJKH HAXOASATCa B BakyyMme. [IpakTudeckw Mbl HOMYHHM Ty Ke
eMKOCTh, eCIM MeXay obkiagkamu Oyner arMocdepHBIN BO3JYX.
Ilycres gamee €' — eMKOCTB TOrO XK€ KOHJEHCATOPA, eCJIH BCe IIpo-
CTPAHCTBO MEXK/IY €ro OOKJIaIKAMU 3alOJHEHO KAKUM-JIH00 ApyruM
ONHOPOAHBIM Au3aexTpukoM. OTHOIEHHE

C/ Co=c¢ (31.2)
Ha3bIBBIOT OMHOCUMEASHOU JUIACKEMPUYECKOT NPOHUUAEMOCTIDIO
HJIV TIPOCTO JUIAEKMPUNECKOT NPOHUYAEMOCTIHI0 TUAIEKTPHKA. JIu-
IJIEKTPUYECKasl NPOHHIAEMOCTh € €CTh BeJIHYHHA, XapaKTEpHU3YIo-
Iast K TPUYECKHe CBOHCTRA BEINECTBA W 3aBHCAIIAS OT POJA Be-
IIECTBA M OT €ro COCTOSIHUS (TeMIEPATypPhl, JABICHAS U T.1.).

OTMeruM, 4TO BeIMYHHA, onpedensieMas dbopmyoit (31.2), ects
OTHOIIEHHE abCONIOTHON AMIMEKTPUYECKON MPOHUIIAEMOCTH JAHHO-
ro BemecTBa (£0€) M BakyyMa (£9). Kak sugno u3 (31.2), sta Besn-
uypHa Oezpa3MepHa. SHadeHWe ABCOMIOTHON JIMIEKTPHIECKOH Mpo-
HHUIAEMOCTH £(£ 3ABUCHAT OT TOTO, KAKYIO PA3MEPHOCTh U KAKOe 3Ha-
YeH¥e NMPUIHCATH £9. B abCO/IIOTHOM 3/IEKTPOCTATHYECKON CHCTEME
eJHHHI [TONIAraloT £g = 1 M CYMTAIOT BEMWYMHOH 6Ge3pazmMepHOil.
IMTostomy (31.2) onpenensier oZHOBPEMEHHO K aGCOIOTHYI0 AN3JIEK-
TPHYECKYI0 MPOHHIaeMoCcTh B cucreme equuuy CI'C3.

B cucreme enuunn CU £ ecTh BenuuiHa padMepHas U He PaBHAA
exunnne (§ 4). IHosromy abcomoTHas AHNEKTPUUECKAs! IIPOHHLIAE-
MOCTE BerecTsa B cucreMe caumnun, CH ects gpe.

B kauectrBe npumepa npuBoguM B 1abi1. 1 1usnekTpuiecKue mpo-
HHUI[AEMOCTH £ HEKOTOPBIX BEINECTB:

Tabauya 1
Bemecrtso £ Beutecrso £
Bakyym 1 Crekno 510 **)
Bozayx *) | 1,000594 || Crmpr srumosbii 27
SD6ouurT 2,7-2,9 Bona 81

*) Tpu 0 °C 1 760 MM pT. CT.

*%) B 3aBHCHMOCTH OT COpPTA.

§ 32. EMKOCTH NpPOCTHIX KOHJAEHCATOPOB

EMKOCTD KOHZEHCATOPOB HPOCTOil (hOPMEI MOXKHO BLIYHCIMTH.
Haist 3T0r0 mpemionaraoT, 9To Ha KaXXKA0# M3 OOKJAJOK HAXOIHT-
Csl HEKOTODBIft 3apsif ¢, ¥ BEIYHCAAIOT MOTEHIMAN B JIEKTPUYECKOM
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Iojle paccMaTpUBaeMoro Kouaencaropa Uz, y, z). Ecu ypaercs pe-
IIATEL 3TY 3334y, TO OTCION3 IONYyYaeTCsl i 3HAUEHHE HANPIXKeHWs!
Mexay obknankaMu korjaeHcaropa U. Tlocse aToro eMKkocTh MOXKHO
Haittu no dopmyne (31.1).

PaccMOTpPHM HEKOTOpHIE ITPHUMEDHL.

IIpuwmep 1l Iwockut xondencamop. Bynem cauraTs, uTo
3a30p MEXAY ILUTACTHHAMH MaJl 10 CPABHEHHIO C UX pasMepamH, TaK
uTo KpaeBbiMu addexkTaMu MoxxHO npeHebpeus. Pacnpenenenne no-
TeHIHaJIa B MOJE IIJIOCKOTO KOHJEHCATOPA HAMM yKeé BBRIUHCIEHO B
§ 24. Ecyin Ha eMHHIE TIOBEPXHOCTH OOKJIAI0K MMEETCs 3apAn 0 U
JIU3JIEKTPHKOM SIBJISIETCS BAKYyyM, TO TIOJIHOE HAIPSKEHHE MEXy
00KJIaIKaMU PABHO

U= Ud/ €0,

rge d — PacCTosIHHE MEXJy IJIACTHHAMH. BCIM IUIomanb Kask o
[JIACTMHBL PABHA .S, TO MOJHBIA 3aPsifi IUTACTUHEL ecTh ¢ = 05. ITo-

ITOMY
C = q/U = g S/d. (32.1)
Eciu guaneKTPHKOM SIBJISIETCS He BAKYYM, a BEIECTBO C JUAJIEK-
TPHYeCKOR IIPOHHUIAEMOCTBIO £, 3AlIOJIHAIONIEE BCE MPOCTPAHCTBO,
r/Ie KMEETCsI AJIEKTPHIECKOe ITosle (IPOCTPAHCTBO MEX Ay OOKJIAIKa-
MH), TO éMKOCTB OyeT B £ pa3 GoJbiue:

C = egplS/d. (32.1a)
Ilpu ymeHbpIIeHHH pacCTOAHNS d MEX Y OOKIAIKAMUA eéMKOCThH yBe-
JIATIHBAETCHL.

HOpuwmep 2. llaposoti xorndercamop. Ecian wa 06K1a1KaX KOH-
JIEHCATOPa UMEeTCd 3apsifi ¢, TO HAIPSDKeHHe MeX Iy oOKJ/IafKaMu B

Bakyyme (§ 24)
. 4 11
U= dmeg (E b) ?

rae a u b — paguyckl BHYTpeHHel U BHeImHei#l 00kaamok. IlosToMy
€MKOCTBb B BaKyyMe

_q _ A4meo
C_U"l/a—l/b' (32.2)
Ecnu premnuit paguyc b ropazmo Goseiile BHyTpeHHErO @, TO (op-
MYJa YIIPOIIAETCS:
C = 4mgpa. (32.3)
DTOT pe3yApTAT CIPABEAJINE U B TOM CIy4ae, €C/IM BHEIIHSS 00-
KJ1aaKa nMeeT He cepuieckyio hopMy, a KaKy0 yrOTHO, IIPH yCI0-
BHH, 4YTO ee pa3Meps! HAMHOI'0 0oJbLIle paanuyca BHYTpeHHelt cde-
pel. B TakoM CMBIC/IE YACTO TOBOPAT O EMKOCTH YeJIHHEHHOro 1Iapa,
XOTSI 3TO BBIpa’keHHe BCerja 0003HAYaeT eMKOCTh KOHJIEHCATOPA,
y KOTOpOTO PONb BHeMIHelt 00KJIaJKM MIPAlOT YIAJIEHHEBIE MTpeMe-

THI, HAXOAAIIMECS IIPH OJHHAKOBOM IIOTEHUMANEe (CTEHBI KOMHATHl H
T.IL.).
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Ecin, maoGoport, 3azop Mexy obkiagkamu b —a = d BecsMa
MaJl IO CPaBHEHHIO CO CpeHMM paauycoM cdep 7, To (32.2) MoxHO
NpeJCTABHTE B BH/IE

ab P _ 8
C—41r50b—_2~41r503——503,

roe S = 4nr? ecTs IJIOMAAb MOBEPXHOCTH 00KnamoK. Mel BHanM,
YTO IPH MAJOM 3a30P€ BHIPAXKEHHs JJIs eMKOCTH ChepHuecKoro
IJIOCKOTO KOHIEHCATOPOB COBITAJAIOT.

Opuwmep 3. Quaundpuneckutl kondencamop. Ilycres xoHIEH-
CATOP COCTOMT M3 JBYX KOAKCHAJLHHIX IHMIHHJIPOB C PajuycaMHd a
(sHyTpennuit) u b (BrewHuit). JnuHy MUIMHEAPOB 6yneM CUMTATH
BeChMA OOMBINOY 10 CPABHEHHUIO C 3a30pOM MeXK Iy HuMH. Hampsixke-
HUE Mexay oOknankamu (§ 24)

q1 ln b

2meg a

)

rie g — 3apsif Ha eIWHUIY AJIMHBL THIHHAPOB. JloaTOMY €MKOCTE
IHIMHIPHYIECKOTO KOHIEHCATOPA B BaKyyMe Ha KAXKAYIO eJUHHIY
JJIUHL] PaBHA
_q _ 2meo
C) = U= /ey (32.4)
Ot1a dopMya BEIPAKAET, B YACTHOCTH, EMKOCTh Kabess, KOTOpbIi
COCTOMT U3 METAJIHYECKOTO IIPOBO/IA, OKPYKEHHOTO CJIOEM H30JISITO-
pa n MeTasuIHdecKkol 6poHeit; Beipaxkenue (32.4) cregyer yMHOXKHUTE
ellle Ha JUAJIEKTPHYECKYI0 MPOHUIAEMOCTE £ BEIECTBA M30JTOPA.
Ecnu paccrosiHue Mex ay uunuaapaMu b—a = d Mano mo cpas-
HEHHI0 ¢ HX pagmycamu, To (32.4) yunpomaercs. B sTtom ciyuae
In (b/a) MOXKHO Pa3NOKUTE B Psifi M OPAHUIUTECH TOJIBKO YIEHOM
HEPBOIO MOPAIKA:

In(b/a) =In(1 + d/a) =~ d/a.
IosTomy
_ 2meo _ &0S
CL= dfa = d’
rae depez S o6o3HaveHA IOMWALE TOBEPXHOCTH OOKJIAZOK HA M-

HHIY JUTHHBI KOHzeHcaTopa: S = 2ma. U B 3TOM cliydae eMKOCTD
BEIpaKaercss Toi e (hOPMYJION, YTO ¥ IJISl TIJIOCKOT0 KOHIEHCATO-

pa.

OTMeTHM, ITO ITOT Pe3yJbTAT HMeeT OB XapakTep W COpa-
BEJJINB JNsl KOHJEHCATOPOB C OOKJIajKaMu Jiroboit (hOPMEBI, eciu
TOJBLKO 3a30p MEXAY 0OKIaJKaMH MaJl [0 CPABHEHHIO C PaJUyCcOM
KpuBH3HE 06Kk1am0K. OH SBJsSlETCS CIEACTBHEM TOro, 4rTo Jroboe
HEOJHOPOIHOE IIOJIE HA MAJIBIX PACCTOSHUSIX MOXKHO PaCCMATPHUBATE
KaK OJHOPOIHOE.
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ITpuwmep 4. Asyrnposodnes aunus. PaccMoTpuM Teneps
JiBa IapaJLJINIBHBIX IMIMHAPHYIECKHX IIPOBOAA C PAJNYyCaMH ¢ |
paccroguaueM Mexny ocsmu d (puc. 38). Bygem cumraTh, 4TO BCe
OCTaJIbHbIE TeJIa, BKJIOYAsi W 3eMII0, Ha-
XOHSATCS HA DPACCTOSHHUSIX, OOJIBIIMX IO
CPaBHEHMIO C d, U IT03TOMY OyAeM paccMa-
TpuBaTh 064 IPOBOJA KaK IIPOCTOH KOH/EH-
carop.

Ecnu paccrosare d cpaBHHMO C @, TO

3apsiibl OyAyT pachpeneseHbl 110 IOBEpX-
HOCTH NIPOBOJIOK HEPaBHOMEDHO, M BBIMHC-
NeHre JIEKTPUYECKOro mosst OyJeT CloX- p. . ag Snexrprdeckoe
HbiM. [TooToMy MBI IPEAMONONKHM, 9TO pove noownnononmof -
d > a. B sTom ciiydae 06a DHIHHADA 33D~ yyy
JKeHBl PABHOMEDPHO, M HAIPSIKEHHOCTH I10-
JI, CO3MaBAEMYIO MMH, MOXKHO HaitTu no ¢dopmyie (13.9). Tak kak
HAIIPSI2KEHHE B IEKTPOCTATHYECKOM I10JI€ He 3aBUCUT OT (DOPMEI ITy-
TH, TO JJISl €r0 BBIYMCJIEHNs] MBI BEIGEPEM NPOCTEHIIN NYTH B BHJE
NPsIMOit JIMHKUH, COEAMHSIONENR OCH IIPOBOAOB M IIePNEHAMKYISPHON
K nx nosepxaocty. Hanpsikennocts nons E B Kakoit-u60 Touke x
Ha srolt uEuK (puc. 38) pasHa

1 q1 1
E=% -
2nep £ @ 2meg d—1x

Tle 1 — 3apsiji Ha €JUHHUIY JJIMHB! TPOBOJoK. [foaroMy Hampsike-
HRe U Mexay mpoBojgaMu

d—a d—a
— _ @ dz
U= fEd:z:— f x+
a a

27eg

d—a

o [ o opdoe ) d

27ep d—z wED a wEo a’
a

EMmkocTs ABYXIPOBOZHOM JIHHAA HA KAKAYIO €IUHULY JJINHBL

p _q _ FLE]
Q_U_EWE (32.5)

Enunnia asieKTpnvecKoil nocToaHuoi €. [lonarue anex-
TPUYECKON €MKOCTH HCIONB3yIoT B cucTeMe eaununn CU mnst onpe-
JAeJIeHUs] eIUHUIIBI JIeKTPUUECKON NOCTOSHHON £g. Ilone3yscs, Ha-
npumep, ¢dpopmysoit (32.1), umeem

eo = Cd/S.

Hopcraensis cropa BMecto C, d u S BX eHHUNBL, HAXOIUM EINHUITY
AIEKTPHIECKOR TOCTOAHHOMN:

leg=1@-1m/1M=1D/y;

OHa mosiy4rsia HazpaHue dapas Ha mMeTp (P/m).
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§ 33. Meron 3epKANbLHBIX U300parkennii

[Ipu pacueTe 3MeKTPHYECKOTO INOJA U BBIYHCIECHWH €MKOCTH
OBIBAET I10JI3€H BCIIOMOTATENLHEIN IPHEM, HA3BIBAEMEBII METOLOM
3EPKAJIBHBIX M300PaKEeHUH 3aps0B. DTOT METOJ, OCHOBAH HA CJie-
JAYIOIIEM OUEBHIHOM IIOJIOKEHHH: €CJIM B IEKTPHIECKOM [10/1€ 3aMe-
HATH KAKYI0-JA00 SKBHNOTEHIHANBLHYIO IOBEPXHOCTL MPOBOJHHKOM
Tolt ke HOpPMEI M CO3JATh HA HEM
IIOTEeHNHAJ, PaBHBI MOTEHOMAJY pac-
CMATPHBAEMO SKBHIIOTEHIHANLHON I0-
BEPXHOCTH, TO WIEKTPUUECKOe IOJIe He
HU3MEHUTCS.

[IpuMeHMM 3TO ITOJIOKEHME K 3JIeK-
TPHYECKOMY TIOJIO ABYX TOYEHHBIX 3aps-
JI0B +q ¥ —@, PACIOJIOKEHHBIX Ha pac-
crosgunu 2h apyr ot apyra (puc. 39).
P Paccmarpugaemoe NoJE MOXKHO pasie-

JIUTh IINOCKOCTbI0O A A Ha JBe paBHbIe da-
CTH. DTa IIOCKOCTh OyeT Be3/ie nepiieH-
Prc. 39. Ssexrpuueckoe no- jpgyngpHa K JMHMSM HANPS KEHHOCTH
7€ MEXAY TOHMEdHBIM 3api- pong 5 CIeJ0BATENBHO, OyJeT 3KBUIO-
AOM B MPOBOASIICH IIOCKO- 1oy iiyanpeoffl NOBEPXHOCTEIO. 1103TOMY
creIo ecit B AA HaxomuTCs HeOrpaHUYEHHAS
IPOBOJAINAS TIIIOCKOCTh, TO MOJIE MEXKAY ITOM IJIOCKOCTHIO M 3apsi-
JIOM +q He H3MeHUTCst 1 OyeT COBIaaaTh C MOJIEM ABYX TOYEUHBIX
3apsifioB +¢ U —¢. DTO NO3BOJISIET MPOCTO YHECTh JeHCTBHE WHIY-
HHMpPOBAHHBIX 3apSiI0B HA MPOBOAAIIEH [JIOCKOCTH.

3apsa; —g PacIosIOKEH 33 IVIOCKOCTHIO HA TOM 2Ke PACCTOSIHUH h,
YTO W 3aPST +¢ HaJ, IVIOCKOCTHIO, M MOITOMY ABJISIETCS €0 3€PKaJIb-
HBEIM H300pakeHHeM B NpoBoasiiell miockocTu. Ilosromy Habinen-
HBI# pe3yJsIbTaT MOKHO COPMYJIMPOBATE TaK: IEKTPHUECKOE HONE
MEXIY TOYeYHBIM 3apsJoM K OeCKOHEYHOH NPOBOASAUIEH IMJIOCKO-
CTBIO COBIIAJAET C IIOJIEM, CO3/JABAEMEBEIM DACCMATPHUBAEGMBIM 3apsi-
JIOM M ero 3epKaJibHBIM H300pakeHHeM B MPOBOJAIIEN MTJIOCKOCTH.
Wnm, nrade: aeiicTBue NpoBOJAIIE MIOCKOCTH C ee HHAYIHPOBAH-
HBIMH 33psifaMd MOXXHO 3aMEHHMTBb [IefiCTBHEM TOYEYHOro 3apsija,
SIBJISIONIErOCH 3ePKAJIBHEIM H300pakeHHeM JAHHOTO 3apsifia B IIPo-
BOASIINEHN MJIOCKOCTH.

IIpuMeHHM PacCMOTPEHHBIM METOJ, K BHIYHCICHHIO EMKOCTH ITH-
JIHHAPUYECKOT0 IPOBOJA C PAUyCOM @, NOJBEIIEHHOTO Ha BBICOTE
h uap 3zemset. Takoit ciywait MBI HMeeM B BO3AYIIHOM Tejerpad-
HOI uHKH. JIMHIUM HANPAXKEHHOCTH ITOTO NOJst (B IIJIOCKOCTH, Iep-
IEHARKYJISIPHOH K TpoBoAy) 6yayr H300pakaThCs TaK K€, KaK Ha
puc. 39. [Tone B mpocTpaHcTBe MEXAY NPOBOZOM M 3emJjielt byder
COBNIAJATE C IOJIEM MPOBOJAA M €r0 3ePKAJIBHOTO H300pa)keHunst, M
[I0TOMY 337343 CBOAMTCH K CAYHal0 IBYX IapaJuleJbHBIX MIPORO-

\[_)‘_____
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n0B. OHAKO HANIPSDKEHHE MEX/Y [NOBEPXHOCTBIO 3eMJIM M MPOBO-
JOM IIPH TOM XKe 3apsifie IPOBoAa OyJeT PaBHO TOJIBKO MOJIOBHHE
HANPSDKEHUs MEXIY ABYMS NPOBOJAMH, A, 3HAYHT, EMKOCTL Byner
B gBa pa3a Gosbiie. YMHOXKas Ha 2 coorHomenue (32.5) u monaras
B HeM d = 2h, HaillieM BbIpaXkeHHe sl EMKOCTH eIMHHUIBI JJIMHBI
nporoda Hajg 3eMJ/eil B BUAE

27e

§ 34. DuHepruda 3apsAKEHHOT0 KOHJEHCATOPA

Ecnu obxknagku 3apsKeHHOro KOHAEHCATOPA 3aMKHYTh METall-
JIMYECKHM ITPOBOJHHUKOM, TO B HEM BO3HUKHET 3JIEKTPUYECKHUIL TOK, &
KOHAEHCATOP pPa3psiauTcd. DIeKTPUIECKHH TOK Pa3psaia KOHJIEHCA-
TOpA BLLOE/SET B IIPOBOJHUKE OIpeleseHHOe KOJMYECTBO TENOTHI,
a 9TO 3HAYHUT, YTO 3aPSKEHHBIM KOHIEHCATOD O0/IaNaeT SHeprueil.

Tak, ecnu B cxeme puc. 40 nepeeecTn nepekmiouarens K B no-
Jgoxkenne I, To KouaencaTop C OKaXKeTCsl COeTMHEHHBIM C BaTapeeit
3J1eMEeHTOB B U 3apsiiuTCs JI0 HANPIXKe-

mus barapeu. [Ipu nepebpacrisanuu me- 2Ky
peKJIIouaTesNs B IOJIOXKEHHe 2 KOHAEHCA- 1
TOpP Pa3psIKAeTCs Iepe3 IEKTPUIECKYIO -
JIAMIIOYKY, KOTOPas JaeT BCIBIUKY. ‘X’ c _:_5
BuiuuciuM  9HEPTUIO 3apAKEHHOT0 T T

KOHJigHCaTOpa. [ns 3Toro mpeacTaBum
cefe, 9TO KOHJIEHCATOD 3apsDKACTCH, W
0603HaMHM Hepe3 u MrHOBeHHoe 3mave- Duc. 40. IIpn paspanke xon-
HUe HANPXKEHUST MeXJy ero obKkjaj- #ACHCATOPa HEpes S/eKTpHHe-
kamu. IIponecc 3apsaikl GyoeM Cum- oo o laMiy ero SHeprus npe-
BpalaeTCA B TEIIO

TaTh 6ECKOHEYHO MEJJIEHHBIM {KBa3UCTA-

THYECKUM), MOJ1arast, 4T0 HAIpsiKeHHe 6aTtaper ¥ paBHOE €My Ha-
IpsIKEHUE MEXIY OOKIaJKaMM GECKOHEYHO MEJJIEHHO YBEJIMYMBA-
1oTcsa. B aTOM ciydae moTeHIMa Kadgoit M3 OOKNANOK B JIHOOOH
MOMEHT BpeMeHH OyJer HMeTh Be3/ie OIHO U TO e 3Hadenue. Ecau
3apsi) 0OKJIAZ0K yBEJMYMBAETCS HA MAJIyI0 BEIHYKHY dg, TO COBEp-
MIaeMasi IPH 3TOM BHelHsist pabora §A (B fjanuOM ciydae GaTapen),
cortacuo § 17, pasua

0A = udg.

Bsipaxast B ar0#t (opmyJie 3aps 0OKIAJ0K ¢ Yepe3 HAIpsiKeHHe
no dopmyse (31.1), nomyqum

6A = Cudu.

Ecmu eMKOCTE He 3aBHCHT OT HAIPSIKEHHUS! (/IEKTPHYECKOTO 10/ ),
To paboTa § A HIeT Ha yBeJIMUeHHE SHEPTUH Kouaencaropa dW . Uu-
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Terpupysi BeIpakeHHe JUist 0 A MeX Iy 3HauYeHHAMH HanpspkeHus 0
(mauamno zapsaku) u U (xoHer 3apsaky), nossydaeM

U
A=W =C [udu=;CU (34.1)
0

3aBHCHMOCTH JHEPTUK KOHIEHCATOPA OT EMKOCTH H HATIPSIKEHHUA
MOXKHO TAKXKe IT0Ka3aTh B ONMCAHHOM Bhie onbire (puc. 40). Ecin
yBEJUYUTE HanpspKeHue Garapen (yBeJHYMBasi, HAPHMED, WHCIO
MOC/IEOBATENEHO COEAUHEHHBIX SJIEMEHTOB), TO JIAMIIOYKA BCIIBIXH-
BaeT ropasmo spde. Ecnam, ocrapsstst GaTapelo HeHM3MeHHO, H3Me-
HATb €MKOCTb KOHJIEHCATOpPA, TO C YBEJMYEHMEM eMKOCTH HAKaJ
JIAMITOYKH YBEJHYUBAETCS.

Honwaysice cooTHOmeHueM (31.1), MOXKHO NpeJCTABATH BhIpaIKe-
HHMe JJIsT SHEPrHH 3aPsKEHHOro KOHJEHCATOPA TaKXxKe B JIIOOOM H3
CIIEAYIOIIHX BUIOB:

_1 2 _ 1 9o 1

Braromapst cnocobrocTn 3anacats B cebe IHEPTHI0 KOHIEHCATO-
PBl HTpaloT GONBINYIO POJIb B MEKTPO- H PAIUOTEXHHUKE.

qU. (34.2)

§ 35. CoeanHenne KOHOEHCATOPOB

Ecnu wanpsikenne Ha KOHAEHCATOpPE CHENATH CIAAIIKOM 60Jb-
HIAM, TO KOHJIEHCATOP <«IIPOOMBAETCA», Te. MeXay ero obkiajaka-
MM BO3HMKAET MCKpa (BHYTPH AMJIEKTPHKA HIH IO €r0 [TOBEPXHO-
CTH) B KOHJEHCATOP IOPTHTCH BCAEJCTBHE HAPYIIEHHS W30JISALWH.
IlosToMy KaxKIplif KOHIEHCATOD XapaKTepH3YeTCs He TOJIRKO CBOEH
eMKOCTBIO, HO €le¢ U MAaKCHMAJILHEIM pabouuM HAUPSKEHHEM.

JJ1s1 Toro 4To6HI, pacosarast OnpejesIeHHBIME KOH/IEHCATOPAMH,
OCYIIIECTBUTE *KEJAEMYIO EMKOCTH IIPH HYKHOM paboueM HalpsKe-
HUH, KOHJCHCATOPHI COeAUHAIOT B GaTaped.

HH
<

Puc 41 CoeapHeHus KOHAECHCATOPOB

Ha puc. 41 ¢ mokazaHo mapa/uienbHOe COETUHEHNE KOHANEHCATO-
poB. B atom ciydae obmuM ZJist BCeX KOHIEHCATOPOB SBJIAETCI Ha-
npsikenne U, 1 MBI BMeeM

q =CU, gq2=CoU,
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CyMMapusIil 3apsis, Haxonsmuiicss Ha 6baTapee, paBeH

q:ZQl:UZCH

U M03TOMY eMKOCTE GaTapen

c=L4=3% 0. (35.1)

EMkocTe 6aTapen KOHIEHCATOPOB, COEIMHEHHBIX IapaJlielbHo,
paBHA CyMMe eMKOCTeif OTAENbHBIX KOHJEHCATOPOB. TaK KaK B 3TOM
ClIydae HanpsiKeHHe Ha KayKJIOM KOHEHCATOPE PABHO HAIDSKEHHIO
Ha GaTapee, TO M JONyCTUMOe pabodee HANpsiKeHHe GaTapen Oyger
TaKWMM ke, KaK ¥ y OJHOT0 KOHAEHCATOpa

Ha puc. 41 6 n306paKeHO MOC/IEIOBATEIEHOE COEIHHEHUE KOH-
JeHcaTopos. B aTOM ciyde ogMHAKOB IJIsi BCEX KOHJEHCATOPOB 3a-
psiI ¢, PABHHI NOJMHOMY 3apsfy OaTaped, H Mbl MOXKEM HAIIHCAThH

Ur=4q/Ci, Uy=gq/Cy.

Hanpsxenue ke 6araped Gymer paBHO CyMMe HAIPSKEHHH Ha OT-
NENBHBIX KOHJIEHCATOPAX, T.€.

U= U=0) &

TTosromy mast emxoctu C Beeit GaTapen, HAXOOUM

1 1
== > & (35.2)
Ipu mociesoBaTELHOM COEAMHEHHH KOHJIEHCATOPOB CYMMMPY-
I0TCsi 06paTHBIE 3HAUEHHUS! eMKocTefi B 9TOM ciIydae HanpsKeHHe
Ha KaXk/IOM KOHJeHcarope Oymer MeHbllle HANpSKeHHd Ha barapee,
| 1o3TOMY JonycTamoe pabouee mampsikenne 0yaeT Oosbire, 9em y
OJHOTO KOHJIEHCATOPA.
Ha puc. 41 6 nokasano cMeNnIaHHOe COeIUHEHHE KOHIEHCATOPOR.
EmkocTs Tako# 6aTaper JIerKO ONpeesnTh, NoNIbL3ysiChk (hOpMyaaMu
(35.1) u (35.2), 4TO mpeOCTABAEM CAENATh CAMHM YNTATEISIM.

Wcnonn3ys Ha npakTHKE COeJMHEHHE KOHAEHCATOPOB, CNIEAYET BCETA MMETh
B BHAY, 4TO AUJEKTPHK J1060T0 KOHAEHCATOPA He ABJAETCH MIEANLHBIM M30-
AATOPOM H, XOTH GBI OYEHL C1abo, nposonuT snekrpuyecrso IlosroMmy Beaxwmit

C2 Cl C 2 C 1

— e

» H

8
”\ =0
=

7] 8
Puc 42 DxsuBajeHTHBIE CXeMBI KOHACHCATOPOR C YTeHUKAMH

PeAJIbHALT KOHAEHCATOD HMEET HEKOTOPYIO YTEYKY 3apAJ0B M MOXeT GRITh M30-
Bpaxen sxpupamerTHON cxemolt (puc 42 a) B BHIAE HIEANBHOTO KOHIEHCATODA
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C (6e3 yTeyky) B HApAIIEIBHO NPHCOSIHHEHHOTO BOMBIIOro CONPOTHUBIEHUS T.
B cnyuyae nmapa/uiesibHOTO COQUHEHNS KOHIEHCATOPOB YTEYKH He HIPAIoT OCO-
60it poNM M HAUpIKEHHE HA KAXKIAOM KOHIEHCATope OyNeT PaBHO NMO-TIPEXXHeMY
ToNHOMy HanpsikeHmio 6atapen. He 10, omHaxo, 6y/eT 0pH IOCTIeI0BATEIBHOM
coenpmenmy. Ecyin xonzencatop Cs (prc. 42 6) 6e3 yTedKH CoeauHEH MOCAER0Ba-
TennHO ¢ Kougencaropom C1, 06a1aI0IHM yTEIKOH 71, TO C TeeHHeM BPEMeHH
koupencarop C) 6yzer pa3pskaThCH, ¥ B KOHIle KOHIIOB Ha KOHIeHcarope (o
OKaXkeTCs TOJIHOe HampsikeHne 6ataper. B peanbuom caygae obonx KoHAEHCA-
TOpOB c yTeukamu (puc. 42 @) ycTaHOBMBIIMECH HANPsIKeHud GyLyT 3aBHCETH He
OT eMKoCTeH, a oT yTeuek. Ha kopneHcaTope ¢ MeHblelt yreukoit 6yneT Gonbmee
HanpsixeHHe, ¥ o Moxer boirs npoburt. IlosToMmy nocnegosarensuoe coenune-
HUE KOHAEHCATOPOB He NPHMEHSAIOT NPH paboTe € MOCTOAHHBIME HAPAKEHHAMH,
3 MCNOJB3YIOT €r0 B LEHAX IIePEMEHHOTO TOKA.

§ 36. CJo2kHBIE KOHIEHCATOPbI

Jlo cux mop MBI paccMaTPHBAJIH JIUIIB NPOCTHIE KOHJEHCATODHI,

B KOTODBIX BCE JIMHWU CMEIIEHHS, MCXOAsIIKe U3 ONHOH OOKJIaIKH,
3aKAHYMBAJIMCL HA JOpyro#t obkIan-

ke. Opuaxo moryt ObITE u 6osee

% CJIOKHBIE CIy4ad, KOTAA JIMHUH
CMEIUEHNs] PACNPeNeITIOTC  MeX-

[y HECKOJIBKHMH  IPOBOXHHKAMH

(puc. 43). Takyro cucreMy mpo-

’ BOJHUKOB Mbl OyjeM Ha3BIBATH

J @ CAOHCHBIM KOHJIEHCATOPOM.

‘ B sroM ciyudae 3apsim Kakoro-
' aubo ®3 Ten OyHEeT 3aBHUCETb OT

A IIOTEHIHAJIOB BCEX UPOBOJHUKOB,

VYACTBYIOIIHX B  00pasoBaHMH
Puc. 43. TTone cnosuoro xoppen- MIEKTDHHYECKOTO MOJs. JTOT 3apsif
caropa MOJKHO HAHTH JIeNYIOMUAM O0pPa3oM.

Paccmorpum nposogumk 1 (puc. 43)
M BHIJEJIMM HA HEM YaCTh [IOBEPXHOCTH af, KOTOPas COEAHHSETCH
JIMHUSIMM CMEINEHUS] TOJBKO C MNPOBOJHMKOM 2. 3apsig Taxoro
yyacTka papeH ¢, = CagUro, e Cogg — €MKOCTH yuacTKa ab
oTHocuTensHO Teqaa 2, a Upp — HanpsKenuwe Mexay tenamp [
H 2. AHAJOTHYHO [JIg JAPYroro ydacTKa NOBEPXHOCTH 68 HMeeM:
gse = CgsUrs 1 T.1. HlosTOMY mosubI 3apan Tena I OYJeT paBen

q1 = CosUrz + CesUrs + CaalUi4- (36.1)

3nece depes U4 0003HAMEHO HAIIPSIKEHHE MEXKAY IIPOBOJHUKOM [ |
TEM TEJOM, HA KOTOPOM 3aKAHYUBRIOTCSH JIMHHYM CMEIEHHS], HYIIHE
C y4acTKa 6q.

BMecTo HanpszKeHH WM PA3HOCTEH HOTEHIHAIOB MEXAY KarK-
Joit mapo#t npoBoguukoB Uye, Uyg, ... MBI MoxeM BeecTH B (36.1)
norenimalisl Uy, Us, ... KaXKJOro U3 NPOBOAHUKOB (HAMpUMED, OT-
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HOCHTEJILHO GeCKOHEYHOCTH):
Urp =U1 — Uz, Uz =U;—Us,

IMoacrapnsia atu Beipaxenus B (36.1), monydmm g 3apsaga ¢
OIIATH JIMHEHHYI0 (DYHKIMIO NOTEHIHAIOR BCEX IPOBOJHUKOR B BHIE

q=CnlUi +CpUs+...= ZCIkUk- (36.2)
k

W aBasoruyHO /15t 3apASOB APYTHUX NPOBOJHUKOB MMeeM

¢ = Z Cik U, (36.2a)
k

riae i — HoMep npopoguuKa. Kosddunuento Cip B 3THX dhopMmynax
HMEIOT NPOCTOi husndeckuit cmeica. U3 (36.2) suaHo, uro C1; pas-
HO 3apsiiy NPOBOJHUKA I, KOTAA ero MOTEHIHAJ PABEH €IUHUIE, a
NOTEHIUAILI BCEX APYTHUX NPOBOJHUKOB PABHBEI HYJKW; Koddduuu-
enT C)o paBeH 3apsiy Ha Teje I, KOrJa IOTEeHHHaN Teaa 2 paBeH
eIUHUIE, & MOTEHIMAJIbI BCEX OCTAJIBHBIX Tes (BKJOUYasi U Telo [)
paBHbl HyM0, # T.4. Cj 3aBHCAT OT (DOPMBI H pPa3MepOB paccMa-
TPHBAEMBIX NPOBOJHHMKOB, OT UX B3AMMHOTO PACIOJIOXKEHHS H OT
CBOMCTB OKDY2KalIlei cpeabl.

Curcremy ypaenennii (36.2a) MOXHO pa3pemIATh OTHOCHTEJBHO MOTEHIHA-
aos Uy u BBIpa3uTs, Ha060pOT, BCE IOTEHUIHAJNL YePe3 HOJHBIE 3aPHILI MPO-

BOOHUKOB. IloTeHIHANB MIPOBOAHHKOB OyAyT Takie JHHEHHBIMHM byHKIHAMM
3apsiZIoB, M MB! MOXKeM HaIlHCaTh:

U= pusa: (36.3) }

+
T

ul QY1118 5
Mo:xHo nokasarh, 4To kKoabdu- _p=y | =i /: i a2 :_\

meHTsl C, M P, VIOBJETBOPHIOT 5 =

YCJIOBHSIM CHMMETpPUHN ~-IH+ | +- H=1- | -+
Ci = Ckz, Pk = Pk, —

= i - | -

Ha 9YeM, OJHAKO, Mbl He OCTaHaBJIM- ] \\

BaeMcd. = = —1

Mei BHAMM, 4YTO B CIy- =
ae CJIOXKHOTO KOHJEHCATOpa
3apaj a060ro U3 IPOBOAHH- Puc. 44. Ilpumep CJIOXHOrO KOHIEHCA-
KOB ompejessiercsd IOTEHIMAa- Topa
JIaMH BceX NpoBofHHKOB. [lo-
SCHEM 3TO Ha NPOCTOM NpHMepe. PacCMOTpUM UWJIMHPHAYECKHit
KOHJEHCATOp BO/IN3M NOBEPXHOCTH 3eMJIH (3a3€MJIEHHBIX IIpeMe-
ToB) (puc. 44). MBIl #MeeM 3[€Ch TPH NIPOBOJHUKA: BHELIHIOK 06-
KJIaKy, BHYTPEHHIOIO OOK/IaAKy M 3€MJII0, X B IpaBoi gacT dop-
myJnr (36.1) 6yayT asa unexa. OGo3naunm vepe3 C' eMKOCTh 0Gemx
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0OKJIa 0K, & 9epe3 ¢ — €MKOCTEH BHeIHeit OOK/IaIKu OTHOCHTEJD-
HO 3eMJIM (€MKOCTBIO CTEPXKHSI OTHOCHTEJIEHO 3eMJIH NpeHebperaeM).
Ecnu coelMHUTE BHEIHIOK 06KaiKy ¢ 3emieit, o Uiz = 0. Iloaro-
MY NpH 3apsKEHHM KOHJEHCATOpA 0 HampsKeHHss U OH HAKOIHT
3apsj

q = CU.

Ecnn ke coequHHTL C 3eMJielt BHYTPeHHIOW 06Kaaaky, To Ups He
PABHO HYJ/IIO W PABHO HANpPSKeHHI0 HA Koumencarope U. ITosromy
IIPH TOM >Ke HaNpsKeHHH 3apsiji KOHaeHcaTopa Gyaer Gosbire, deM
B NEPBOM CJIy4ae, & HMEHHO

g2 = CU + cU.

§ 37. DHepruga 3NEeKTPUIECKOr0 MOJIS

Mgl BHenu, 4TO 3apsiKEHHBIN KOHAeHcaTop obsajfaer onpese-
JeHHOfl 9Heprueit. [ToaToMy MOXKHO MOCTABHTE BONMPOC O TOM, THE
HMEHHO COCPEJOTOYEHA, JIOKAJHU30BaHa 3Ta 3Heprus. Moxno, Ha-
IpHMep, NPeIo1araTk, 4T0 JHEPrUsl COCPENOTOYeHa Ha O0KJ/Iaj-
KaX KOHJEHCATOPA, T.€. Ha IeKTpuieckux sapsimax. OmHako MoX-
HO TAKXK€ JONMYCTHTE, UTO SHEPrusl KOHJEHCATOPA COCPEIOTOUYeHA B
€ro 3JIEKTPHYECKOM II0JIE, T.€. B IIPOCTPAHCTRE MEXKIY OOKJIaJgKaMH.
TospKO OUEBIT, OYEBUIHO, MOXKET JATHL PEILIEHUE 3TOTO BOMPOCA.

TToka MBI paccMaTpUBaeM MOCTOSTHHEIE 3JIEKTPHIECKHE IO, Ta-
KOIi OITBIT HEBO3MOXKEH, TAK KaK B 9TOM CAy4ae MBI BCErIa HMEEM
3apsiibl, OKPYKeHHEIE JIEKTPUYECKUM II0JIeM, 11, Ha060POT, — IJIEK-
TPHYECKME MOJIsi COBMECTHO C 3eKTpHdYecKHMH 3apsmamu. Onna-
KO HMHTEPECYIOIIHE HAC ONBITHBIE JAHHBIE MOMKHO IOJAYYHTB, pac-
CMATpHBasl NONsI, IMEpPEeMeHHBle BO BpeMeHH. Hidke Mbl YBHJUM
(r1. XXIII), a0 CymIecTByOT 3/1EKTPOMArHETHEIE BOJIHBI, [IPEACTa-
BJISIIOIIHE OO0 1K TPHYECKHE H MArHUTHBIE [TOJIH, H3MEHSAIOLIHECS
BO BPEMEHHM ¥ PACUPOCTPAHSAIOIMECS C ONPEe/IeHHON CKOPOCTHIO B
MPOCTPAHCTRE. DNEKTPHIECKHE O B 3JIeKTPOMAIHUTHEIX BOJIHAX
MOKHO IIOJIyIHTh 0e3 JIEKTPUYECKUX 3aPS0B, TEPBOHAYAJIBHO II0-
POAUBINMX ITH mossi (TaK K€ KAK W MArHUTHbIE TOJsT — 0€3 a/eK-
TPHYECKHX TOKOB, MX Mojzep:kuBaiommnx). ONBIT [TOKa3BIBAET, UTO
3JIEKTPOMAarHNTHBIE BOJIHBI 3aK/IIOYAOT B cebe M MepPeHoCHAT SHep-
PHIO, W 3Ty JHEPTHI0 MBI C YCIIEXOM HCIO/IB3YEM B PATHOTEXHUKE
JJIST TieJIel CBSI3H ¥ B JPYTHX TEXHHYECKHX ycrpoitcTBax. PakT cy-
HIECTBOBAHUSA JIEKTPOMATHMTHEIX BOJIH IIO3BOJISIET OTBETHTE HA, I10-
CTABJIEHHBI} BBIIIE BONPOC M 3AKIJIIOYUTH, YTO SHEPIrus COCPEIOTO-
YEHA B IEKTPUUECKOM NOJIE.

YuurThiBas 3TOT Pe3yJILTAT, MEI MOXKeM ITpeobpa3oBars BhEIparKe-
Hue (34.1) mss SHePrHM KOHAEHCATOPA TakUM 00pa3oM, 4TOOH B
HEr0 BXOAWIA XAPAKTEPHUCTHKA TIOJISI — €r0 HaPSKEHHOCTD.
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PaccMotpum cHauana ofHOpogHOe Tose B npumenuM (34.1) k
IIJIOCKOMY KOHJEHCATOPY. MBI monyunm

LecoS g2 o 1gg, (%)2 Sd.

W= 2 d 2
Ho U/d (cp. § 19) ecrs Hanpsixennocts nons E, a Sd — obbew,
3aHUMAaeMblt mojieM. MB! BHIAHM, 4TO IHEPTUsl OJHOPOITHOTO MOJIS
OPOIOPIHOHANIEHA 00beMy, 3aHrMaeMoMy noneM. [loaromy neneco-
06pa3HO TrOBOPUTE 00 SHEPrHd KaXKao#l eauHHIBI 00beMa, Mau 00
00BHEMHOM MJIOTHOCTH 3HEPrUH 3j1eKTprudeckoro noid. OHa paBHa

u= %EsoEz. (37.1)

[pu nonygenuu dpopmyn (34.1) u (37.1) MbI Ipesnonarain, 4To
eMKOCTE KOHJEHCATOpAa, & 3HAYUT, U JHUIIEKTPHYECKas [POHHUIIAe-
MOCTE NOCTOSHHEL. [IpH 9TOM MBI CYMTAJNH, YTO BCS BHEHIHSAS paboTa
(ncToYHHMKA TOKA) IPEBPAINAETCS B SHEPTHIO 3IEKTPUIECKOTO II0JIS.
DTO COBEPLIEHHO TOYHO sl BakyyMa, u noaromy dopmyna (37.1)
op# € = 1 BEIpaxaer 06'beMHYIO IJIOTHOCTL SHEPTHHA AIEKTPHIECKO-
ro Nojist B BakyyMme. B auasiekTpHkax, Boobime roBopsi, ITO He TaK.
IIpy co3paHMM 37EKTPUYECKOTO IO JUIIEKTPMKH MOTYT Harpe-
BaThCA. X 00beM M MJIOTHOCTh B MEKTPHUYECKOM II0JIe, JaXXe NpH
HEM3MEHHON TeMIIepaType, MOTyT U3MEHSTECS (BC/IeJACTBYE SBICHUS
anekTpocTpukimy § 45). JlussekTpudueckas e NPOHHIAEMOCTh 3a-
BHCHT OT TEMIIEPATYPHl ¥ MJIOTHOCTH BEIECTBA M HE OCTAETCS I10-
crosinuoit. Kpome Toro, BHemHss paboTa HCTOYHHKA TOK3 MOKET
He IIeJIHKOM INepeXOoiMTh B 3Hepruto moid. [Ioaromy B obmem ciy-
qae dbopmyna (37.1) ue TouHa.

B panvuefiuzem MBl OyZeM CIMTATE, 4TO OOBEM T CDEJbl U ee
INTIOTHOCTh OCT3I0TCS ITOCTOSHHBIME (He W3MEHSIOTCS B JIEKTpUYe-
CKOM TIOJIE HJIH MOAAEPKHUBAIOTC HEM3MEHHBIMH).

Dopmyna (34.1) BepakaeT TOYHO BHEUIHIOKH pabory (HCTOYHR-
Ka ToKa) A, eclii TeMIIEpaTypy AUIIEKTPHKA, & CJIEJOBATENBHO H €,
HOAJEepPKUBATH [OCTOSIHHON. ITa paboTa pacxXoayeTcst Ha yBesIHde-
HHe sHepTuy nosiss W i Ha Beigeenne Ternia (, KoTopoe Hy»KHO OT-
BOAUTH OT AWAIEKTPHUKA (WK NOABOJUTEH K HEMY, TOTJA OHO BOMIET
€O 3HAKOM MHHYC) JUIS IOAAEPKAHNS HEU3MEHHON TeMIepaTyphl:

A=W +Q. (37.2)
Ho w3 TepmosuBaMHUKH M3BECTHO, 4TO pabOTa BHEINHHX CHJ, CO-
BepraeMasl HaJ CHCTeMOH IPH KBA3HCTATYECKOM H30TEPMHYECKOM
Hporecce, paBHA NPUPAIIEHHIO (DYHKIWH COCTOSIHUSI CHCTEMBI, HA-
SbIBaeMoil ceobodmoti snepeued. Iloaromy dopmysa (37.1) Bepaxa-
€T He BHYTPEHHIOK IHEPTHI0 WIEKTPHYECKOTO MOJT B AHNIEKTPH-
Ke, a cjlaraeMoe B CBOOOJHON SHEPrHH JHINEKTPUKA, 3ABUCSINEE OT
SJIEKTPUYECKOT0 110JIsi, SIBJISIIONIEECH Mepoil BHeHIHed paboThl MpH
H30TepMUYECKOM N3MEHEHNH JIEKTPHYIECKOTO TOJIA.
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Ecnu gusmexTpHYeCcKy0 TPOHHIAEMOCTh IPH NOCTOSIHHOM 00b-
eMe 7 MOXKHO CYMTATh HE 3aBucAmeil or teMmnepatypsl: (Oe/0T) =
= 0, To ¢ = const npu @ = 0, u dopmyna (37.1) onsiTe Haer 06D
EeMHYI0 IJIOTHOCTL IHEPIHH 3MeKTPHUecKoro moJis. B saToM ciaywae
IMEKTPUIECKHE YaCTH CBOOOZHOM IHEPIWH W BHYTpPEHHeN SHepIuu
JIHAJIEKTPHKA COBMAJAIOT JIPYT C JPYTOM.

B panpreitem Mbl 6yzeM mpeamosnaraTh, 4To Temiao @ B dop-
myJsie (37.2) mané mo cpasHeHHIO ¢ 3Hepruell mons W u, eciu He
oroeopeHo ob6paTnoe, 6y/ieM CYHTATh BHEHIHIO paboTy mpH co3/a-
HUU 3/IEKTPUYECKOrO IIOJst B JUIMEKTPHKE DABHOM SHEPrHH ITOrO
1(0)5: 8

IIpu BeiBOAE bopmyast (37.1) GBUIO CAENAHO TAKXKE MPEJIIONO-
JKEHHe, YTO JIeKTpHdeckoe cmemenue D = g5oE ecTs smuelinas
dbyuxuust mHanpskerHocT nonst E (¢ = const). Mexay Tem mjs
HEKOTOPHIX BelnecTs 3aBucuMocts D or E, maxe npwm nocroguuoi
TeMIepaType, okasbiBaerca Oosiee cioxkuoit. Herpymno o6061muTh
MOJIy4eHHBE Pe3yJbTAaTH Ha clydaii HeqwHeiHo#t 3apucumoct D
or E. Jins 3T0T0 y4TEM, YTO TMOBEPXHOCTHASA IJIOTHOCTH 3apfa O
HA NPOBOAHMKAX (0OOK/IaAKax) paBHA HOPMAJBHON COCTABJISIIOIIEN
BEKTOpA d/eKTprieckoit uuaykuud Dy (§ 13, npumep 2; cMm. Takxe
§ 41). IToaTomy, paccykaast, Kak u Briie (§ 34) B ciyuae OZHOPOAHO-
rO SJIEKTPHIECKOr0 IO, MBI ITOJIY4YMM JJIs IIPUPAINEHHS BHEITHeH
paboThl npH 3apsjiKe KOHJIEHCATOPA

0A =udg = uSdD,.
3aece u = Ed, a Sd = 7 ecTb 06beM nonst. CregoBaTensHo,
d0A = Ed- SdD,, = 7(EdD).

[Monuas pabora mpH CO3TAHAH TEKTPUUECKOTO MOJIS B UIIEKTPHKE
paBHa

A=r [ (EdD). (37.3)

Cwmemenue D 3aBucuT He TOMBKO OT 3j1eKTpHUecKoro mousi E,
HO €Ie M OT TeMIEPATypPHl Tesla U ero moTHocTd. [loaToMmy dymx-
must D(E), a 3uaunt, 1 paboTa A 3aBHCAT OT YCJIOBHIA CO3JaHMS
IEKTPUYECKOrO OIS ¥ PA3IUIHEL A1 TEIJION30IHPOBAHHOIO TeNa,
NOJIEP’KUBAEMOr0 IIPH ITOCTOSIHHOM TeMneparype, U T.4. B ciay4ae
U30TepMudeckoro mpouecca dopmyna (37.3) maer obmee BeIpaxe-
HHe JJis NPUPANIeHHs] CBOOOJHOM HEPrHHM TeNa B JEKTPUIECKOM
ToJIe.

Ecnu peipensromuMes TensioM (M BHemHel paboToff mpu u3Me-
HeHun 00beMa Tefla) MOXKHO NpeHebpeds [0 CPaBHEHHIO C SHEPruei
MOJIst, TO BCs BHEMIHAsS paboTa A MpeBpamaeTcss B SHEPTHIO ITOJIH.

U3 dbopmyast (37.3) cienyeT, 4To B 9TOM ciydae o6beMHasT TIOT-
HOCTh YHEpPI'UH JMEKTPHUYECKOr0 IO0Jst PABHA

u= [(EdD). (37.4)
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ITpu HCYE3HOBEHHH 3IEKTPHYECKOTO IONs (pa3psifie KOHIEHCA-
TOpa) T4 JHEPrus BHIEseTCs BO BHemrHedl nenw. Jlng nuueiHON
cemsu D = egoE (dbopmyna (37.4) nepexogur B dhopmyary (37.1)).

Ecinu anexTpudeckoe mosne HeOAHOPOAHO, TO €ro MOKHO Pa3bHUTh
Ha 3JIEMEHTApHbIe 00beMBI dT B CHMTATE, YTO B MpE/enax OecKoHed-
HO MaJoro o6beMa 3To noJie ogHopoaHo. IlonBas seprus sneKTpu-
4eCKOTO I1071s1 PaBHA

W= [udr, (37.5)

rge u Beipaxkaercst dopmysoit (37.4), a HHTErpHPOBAHUE MPOU3BO-
JUTCA T0 BCeMy 06beMy 7 9/IEKTPHYECKOTrO MOJIS.

OTMeTHM B 3aKJ/IOYEHME, YTO DM HAJMYUM JHIJIEKTPHUIECKOTO
FECTepe3nca (CcerseroasiekTpuky, cM. § 50) Bremnsis pabora npu co-
34AHHM JIEKTPHYECKOTO I0JIs IO-NIPEXKHEMY onpeaesnsercs hbopMy-
goit (37.3). OxHako B 9TOM CIy4ae BHeIUHAs paboTa yKe He paBHA
HNpPUPAIIEHHIO SHEPIUM IIOJIs, TAK KAK ee 3aMeTHAas 4acTh IIPeBpa-
maercst B Temwio (cp. § 111). TTosromy u dbopmyna (37.4) yxe He
BBIPAKAET 00BEMHYIO MJIOTHOCTH SHEPTHH MOJISL.

' TABA V
ANDJIEKTPUKHN

§ 38. Ionapuzanua JUIIEKTPUKOB

IIpu BHECEHHH B JIEKTPUIECKOE MOJIE KAKHX-JHO0 AMINEKTPHKOB
WIEKTPUUECKOE II0Jle M3MeHsieTcd. B Hacrosmell riase MBI paccMo-
TPUM, KaK OHO H3MEHSETCSi B IPHUCYT-
GCTBHH JUAIEKTPHKOB H B YeM 3aKJIIO4a-
I0TCSl IPHYMHEL €r0 H3MEHEHH .

Jl1st BRISICHEHHA 3TOro BOmpoca obpa-
THMCSI K ONBITAM. 3apsjiM JeKTPOMETD
H OTMeTHM ero nokalauue. [Ipubinzum
EKTPOMETPY KAKOe-T00 He3apsiKeHHOe
JU/IEKTPUIECKOE TeJIO, HAIPHMEpP TOJI-
CTyI0 CTEKJSHHYIO IutacTHHy (puc. 45).
Ms1 ysugum, 9T0 moKazaHUs 31eKTPOMET-
Pa yMEHBINAIOTCH, KOUAA IJACTHHA Ha-
XopuTcst BOJIM3H 3JIeKTpoMeTpa, U BHOBE PHC. 45, Ilpn moppecennn
BOCCTAHABJIMBAIOTCS IIPH YAJIEHHH IJja- HE3aPAXKEHHOrO AMSJEKTpH-
CTHHEL. Ka I[IOKa3aHu4 aNeKTpoMerpa

Ecnu 6m1 BMecTo AuaeKTpuKa Mpl O METPHAIOTCH
NPUGIMKAIN K JIEKTPOMETPY IIPOBOAHMK, TO MEI HaBioAanu Obl
nono6uoe xe Apyenne. Ho Mbi 3HAEM, YTO HA NPOBOJHUKE BO3HMKA-
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0T MHAYKUMOHHBIE 3apsiIbl, KOTOPhHE U M3MEHSIIOT JIeKTPUIeCKoe
none OTcroma MOXKHO 3aKJIIOYUHTD, ITO HA JHIIEKTPHUKE B JIEKTPH-
YECKOM MOJIe TAKXKe BO3HUKAIOT 3apsiabl, Ha Oymrkaiiiueil K Teny 4a-
CTH [HINEKTPHKA MOABJSIIOTCS 3apda]hl, PA3HOMMEHHEIE C 3apsiioM
BJMAIOIIEro Tea, 8 Ha YAaJIeHHOH ya-
CTH JMINEKTPHKA — OJHOMMEHHEIE 33-
psigpt (puc 45)

[Togenenue 3apsaaoB Ha AUINEKTPH-
Kax BelJeT K BO3HHKHOBEHHIO CHJI,
DeHACTBYIOINUX HA AMANEKTPUKH, JarKe
€Cc/IM OHM NEepBOHAYAJIRHO OBLIH HE3a-
psxedHbIMEH [losBecnM Ha TOBKOH HHU-
TH CTEKJISHHYIO MU NapadUHOBYIO Na-
nouxy (puc 46) m npubnnmsum k Heii
zapdxenHerit map Ilagouka Haumer
MMOBOPAMHUBATEC H YCTAHOBHTCS CBO-
el OCBIO BIONb JMHHI HAOPAXKEHHO-
CTH TIOJISL, T€ TaKuM 006pa3oM, 4To ee
OCBb OKAXKETCS HAITPABJIEHHON K MEHTPY
mwapa JTo CBUJETENBCTBYET ONATH O TOM, ITO Ha OiKalItelt K ma-
Py YACTH NAJIOYKH MOSIBJIAOTCA 3aPsiibl, PA3HOMMEHHBIE C 33PAL0M
mapa, & Ha yJaJIeHHOH 9acTH -— OJHOMMEHHEIE

IMomoGHbIE CHBL MOXKHO HAOJIIOJATE H B TAKOM OIBITE Y KpeInM
HEIOABHKHO JBe M30JHPOBAHHBIE MeTaJIINieCKHe IIJIACTHHEL 11J10C-
Koro KongeHcaropa Iloxsecum Ha OmHOM
KOHIIE KODOMBICIA BECOB CTEKJSHHYIO
NJIACTHHY, TIOMECTHB €e MeXIY OOKIaj-
KaMH KOHZeHcaTropa 6e3 COIpUKOCHOBe-
HMA C HAMH TaK, YTOOB OH3 3allOJIHSIA
TOJNILKO YacTh NOPOCTPAHCTBA KOHIEHCA-
TOopa, ¥ ypaBHOBeCHM Bechl Co3aauM
Temeppr MeXJy OOKIagKaMH KOHJEHCa-
TOPa IEKTPUYECKOe II0J1e, COEJAMHHB HX
C WCTOYHHKOM HAIMPSKEHHS B HECKOJIb-
KO ThICSY BOJIBT MBI yBHANM, UTO CTEK-
JISIHHAs TUJIACTHHA HAYHET BTATHBATHCI B [
3JIeKTPHYeCKoe HOJe, H PABHOBECHE BECOB
mapymmrces  IlpruwHy nosiBneHust cui,
JeHCTBYIOIMX HAa CTEKJISTHHYIO IJIacTH-
HY, pasbsacHseT puc 47 Ha crexnarnoit
IUTACTHHE B 3JIEKTPHYECKOM [0Jie IOSB-
Jas0Tc 3apsaapl B obnactn HeomHOpOX-
Horo nojsi (B6su3u KpaeB OOKIAI0K) Ha~
OPSDKEHHOCTE MoJist KompaeHcaropa E mMeer cocrasistomyio Ei,
napasuUlesbHyI0 OOKJIaIKaM a U 6, U I09TOMY Ha CTEKJISHHYIO IIac-
THHY AeHCTBYIOT CHJIH F,| BTArMBaIOIINE €€ BHYTPb KOHAEHCATOPA

Puc 46 [duanexrprgeckad na-
JI0YKa B 3JIEKTPHYECKOM TIOJIE
IIOBOPAYMBAETCS M YCTAHABJIH-
BaeTCA BOOJIb JIMHHAH HanpdAXeH-
HOCTH ITOJId

Puc 47 IlnacrunHa guanek-
TPHKA BTATHBAETCH B MIE€K-
TPHYECKOE TI0JIe
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PaccMOTpHM B 32K/II04€HNE eIe OIUH MOy IMTEeNbHBIA onelT CoenuHuM 1no-
CIeNOBATEBHO IIJIOCKHH KOHOEHCATOP, HCTOYHHK HanpaxeHud B u 4yBCTBH-
renpHBIN rasbBanomerp (pmc 48) Ecim wuso-
NAUMA KOHJEHCATOPa JOCTATOMHO XOpomia, To
rajgbBaHOMETD He IOKaXXeT HHKAaKOrO TOKA DhI-
CTPO BOBMHEM Telepb B KOHAEHCATOD CTEKJsAH-
HYIO IUIACTHHY MBI 3aMeTHM, 4TO NPH BIBUrAHUH
IH3IEKTPHKA raIbBAHOMETD ITOKA3BIBAET KPATKO-
BpEMEHHBIH TOK, KOTOPBI HCYe3aeT, KaK TONBKO
IJIACTHHA [IEpeCTaeT nepeMemarbes [Ipu sbABH-
TAHUH ITACTHHEL B IEH NOsARJISIETCI TOK obpat-
HOT'O HAIIpABJICHUA

Bo3nukHOBEeHNE TOKA B 3TOM ONBITE ONATH
CBUAETEJILCTRYET O TIOSBJICHNN 3apsAA0B HA JU3JIeK-
TpuKe OTH 33paIbl HACTHYHO KOMNEHCHDYIOT
nmeiicTEHe 3apsaaoB Ha obkaaakax Yro6bl Hamps-
JKeHHe MeXny OOKIa[KaMM OCTAJIOCE HEH3MEH-
HbiM (KOHJEHCATOD IOAKJIOUEH K MCTOYHHKY),
Ha IUIACTHHHL JNOJXKHBI IepPefiTH C HCTOYHHMKA
JOmOSHHTENBHbIE 3apafbl, pPapHEE 3apazam ma ©HC 48 Hpu  snpuranmu
JMANEKTPHKE, M TOITOMY B LENM BO3HHKAET TOK JWIEKTPHHYECKOH  macTH-
Ilpy BLIABHTAHMM AMIEKTPHKA 3TH jonosjup- HBl B KOHIEHCATOD B IEIH
TeJIbHBlE 3apdajbl YXOIAT CHOBA B MCTOYHHK p BO3HHKAET IIEKTPHYCCKHH
B IIEIIH NOABJISAETCA TOK OOPATHOrO HAIpaBsieHuss  TOK

~

VA ZZ+ 72237 - 71 )

ITpuBeqeHHEIE OMBITH TOKA3HIBAIOT, YTO HA IEPBOHAYAIIEHO HE3a-
PAKEHHBIX JUIEKTPHKAX B IEKTPHYECKOM II0JI€ BO3HUKAIOT JIeK-
TpUYECKHE 3apsiAbl Ha AM3JIEeKTPHKE MOSIBJISIIOTCS /EKTPUYEeCKHe
TMOJIFOCH], OTYEro M CaMoe SIBJICHUE TIO/TyUNJI0 Ha3BAHNe NOAADUIQUUY
Qussexmpuroe 3apsifpl, BOSHUKAIOIINE HA, JNIJIEKTPUKAX B 3JIEKTPH-
YECKOM I10J1€, MBI By/IeM Ha3BIBATE NOAAPUAYUOHHHIMU 3APATAMU

SpJIeHne TONSAPH3ANUT AUITEKTPHKOB HMEET CXOACTBO C MHIYK-
peit B mpoBofHuKax OIHAKO MeX 1y 060HMMHU SIBJIEHHSIMU HMEETCH |
Ba)KHOE pasziudue PazbemuHsist B 16K TPHUECKOM I10J1€ MIPOBOIHUK
Ha YACTH, MOXXHO OTIEJNUTE APYT OT APYTa MHIAYKLMOHHBIE 3apsigbl,
M MO3TOMY [OCJIe HCYE3HOBEHHUS TONS PA3bLENWHEHHBIE JaCTH IIPO-
BOJHHK3 OCTAIOTCH 3aPSKEHHBIMH Pasbhenniuss e B 3JIeKTpUde-
CKOM II0JIe JHAIEKTPHKH, Mbl HAfiIeM, 4TO TI0CIE YCTPAHEHUS I10JIsT
KaxJasl 4acTh AUIJIEKTPUKA OCTAETCs [I0-TIPeKHEMY Hezapsi:KeHHOI
OtmenuTs APYr OT Apyra HONSIPU3ANHOHHEIE 3aPSIIbl HEBO3MOXKHO

1o paznuuue 00BLICHIETCS TeM, 4TO B METALIAX OTPHIATE/h-
HBIi 3apsiJ] CYIECTBYET B IIOBUXKHOM COCTOSIHHH B BHJIE 3JIEKTPOHOB
OPOBOJUMOCTH, KOTOPBIE MOIYT MEPEMENIATHCS HA 3HAYHTE/IBHBIE
paccrosuust [109TOMY MHIYKIHMOHHEIE 3apsijibl B METAJLIAX MOXKHO
OT/IeJIUTH JpYT OT Apyra B jnuanekTpHkax ke 3apsinl 06oMX 3HA-
KOB CBSI3AHBI JPYT C APYIOM H MOT'YT TOJNBKO CMEINATLCS Ha MaJjble
PaccTOsIHMSL B IIPeiesiaX OJHON MOJIEKYJIBI

Henossipu30BaHHbI AH3IEKTPHK (B OTCYTCTBHE 3JIEKTPUIECKOTO
0JIs1) MOYKHO CXEMATHIECKH N300Pa3HTh B BHAE COGPAHUS MOJEKYJI,
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B KAXKA0M M3 KOTOPHIX PAaBHBIE MOJOXKHUTEALHBEIE H OTPUIATEIbHEIE
3apAABL PACHPEEEHBl PABHOMEPHO MO BCEMY 00BEMY MOJIEKYJIIBI
(puc. 49 a). Ilpu nonsapusanuu AUANEKTPHKA 3apsiipl B KaXJ0H MO-

0Q0Q0Q0 D2ODDD
010201020 DPDDD
010102020 € JCRCRCRC

a 6

Puc. 49. Mogens Henosipu3oBaHHoro (a) ¥ IOJIAPH30BARHOLO () MUK TPUIKA

JIEKYJI€ CMEIAIOTCHA B IPOTHBOINONOXKHEIE CTOPOHB!, B HA OAHOM KOH-
11e MOJIEKYJIb] NOSIBIAETCA MOJIOKUTEIBHBIN 3apa], a Ha JAPYyrOM —
orpuriarenbubiit (puc. 49 6). Ilpu 5ToM KaxKkAast MONEKyJsa IpeBpa-
MIAETCH B 3JIEKTPUYECKHUH JUIIONb.

CMelueHre 3apsiIoB BHYTPH MOJIEKYJI GyHeT NPOSIBIATHCA Kak
BO3HWKHOBEHHE HEKOTODBIX 3apAf0B Ha JAUNIeKTpHKe. JleicTBu-
TeJBHO, HEMONSPH3OBAHHBIN JHIIIEK-
TPHK MOXKHO NpPENCTABHTE KaK JBa
TOXKJECTBEHHBIX 06beMa, COBMIA/Ia~
3 OIIX APYyr ¢ ApYyroM, Ka)KAeId u3
KOTOPHIX PABHOMEDHO 3aIIOJIHEH II0-

ool

]
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3
3
i

303
o
%

;*Z R SRR JIOKHTENbHBIM WJIH OTPHIATENbHBIM
6 LR ,{wiﬁ zapsitom (puc. 50 a). Iongpusamurio
7 IR AHWIEKTPUKA MOXKHO PACCMATPHBATH
E KaK cMelneHne 3Tux 00hLeMOB Ha Ma-

JIOE PACCTOSHHE B MPOTHUBOOIOMKHBIE
Puc 50 Tonmpusars mrssex- CTOPOHDBI (puc. 506). IIpu sTOoM BHY-
TpuKa Kax cMemenme 3apsmos: TPH JAMSJIEKTDHKa O-NPEXHEMY KOJt-
@ — HenoJIAPH30RAHHE, 6 — mo- 1ECTBO TIOJNIOXKUTENIbHOTO 3apsina Gyaer
JIAPHU30BAHHBIA JU3JIEKTPHK PaBHO KOJIAYECTBY OTPHIATE/ILHOrO,
HO HA OJHOM H3 KOHIIOB JIUIIEKTPHKA,
BO3HHKHET TOHKHH CI0H ¢ HEKOMUEHCHDOBAHHBIM IOJOXKHTEIBHBIM
3apsiiOM, a HA JAPYroM MOSBHTCH HEKOMIIEHCHPOBAHHBIA OTPHIA-
TeNbHBIA 3apsi, T.€. BOSHHKHYT HOJISPU3AMUOHHBIE 3aDAHL.

§ 39. [lossspu3oBaHHOCTS !)

[Mpu monapU3aIUy AHIEKTPUKS KazKjasl €ro MOJIEKYJla PeBpa-
WAETCd B EKTPUYECKUIl IHUIONb M, CEJOBATENBHO, IIPHOGPETAET
OlIpe/ie/IeH bl 3eKTpuuecKuit MoMerT (§ 15), paBHblit

p = ql.

1) IMpesknee HamMeHoBaNKE STOR HMIMUECKOH BETUYHHB — BEKTOP [ONSPH-
sampn ([Ipumen. ped.)



§ 39 110JIAPHM30BAHHOCTE 81

Ilpu sTOM, KaK M mpeXJe, BEKTOp cMelleHusa | cuumTaerca Hanpas-
JIEHHBIM OT OTPHLATEILHOTO 3apsi/ia K TOJA0XKUTETLHOMY.

s konudecTBeHHO! XAPaKTEPHCTUKH NONAPH3AINNA JUIJIEK-
TPHKA CIIYKUT CrelMajbHas (u3ndeckas BejUdYMHA, Ha3hBaeMast
NOAAPUI06aAHHOCTMbI0. T]ONAPH30BAHHOCTRIO TUIIEKTPUKA Ha3bIBA-
0T 24eKmpureckutt momenm edunuys obsema dussexmpura. OH
paBeH BEKTOPHOHM CyMMe NIeKTPUYECKHX MOMEHTOB BCEX MOJIEKYJI,
3aK/II0YEHHBIX B equnule obnema:

P= }sz. (39.1)

Eciy qusiekTpux oJHOPOJEH M CMelleHue 3apsanos 1 ogunakoso
BO BCEX TOYKAX, TO U BeKTOp P OyieT 0MHAKOB N0 BCEMY AUIEK-
TpuKy. Takylo HONSpU3aLUIO HA3LIBAIOT 00HOPOOHOT.

3Hag  monApu3oBaHHOCTL P,
MOXHO ONPEAENUTh MNONAPU3ALIH-
OHHBbIE 3apasbl, u Haobopor. Byxem
CYHUTATH NOJIAPHU3ALMIO OJHOPOIHOM
¥ DPacCMOTPHEM B 3JIEKTPUYECKOM
noJIe KYCOK JHUIJIEKTPHUKA B BUJAE Ha-
KJIOHHO MPU3MBI ¢ OCHOBaHueM S u
pebpom L, napajsiensHBIM BEKTOPY Puc 51 K onpeneresmio mosnd-
P (puc. 51). Ha onHoM u3 ocHOBaHu# pusosanuocTs P
OpU3MBI TOSABATCS OTPULATENbHEIE
NOJIAPU3AIMOHHBIE 3aPs/ibl C IOBEPXHOCTHON MIOTHOCTLIO —0, a Ha
JIPYTOM — HOJIOXUTENbHBIE 3apajbl ¢ IJIOTHOCTHIO +¢', u npusma
nprobpeTeT EKTPUIECKHAN MOMEHT

p=0'SL.
Ecny a — yroam Mexx 1y HaIpaBfieHueM HOPMAaJIM K OCHOBAHUIO NPU3-
MBI 1 BeKTopoM P, 70 06beM mpusmel T paBeH
7= S8Lcosq,

1 HO9TOMY

a'r

cosa’
Ho, ¢ fpyroft CrOpOHBI, 3Ty K¢ BEJIHYMHY MOKHO BBHIPA3HTDb 4Yepe3

SJIGKTpI/I‘-IeCKI/II‘/JI MOMEHT €IUHUIIbI obbema:

p= Pr.
CpaBHuBast 06a 110C/I€HIX PABEHCTBA, Mbl HAXOAUM COOTHOILIEHHE
o' = Pcosa = P,. (39.2)

B aroit dopmyne P, obo3HavaeT mpoeKuuio eekTopa P Ha Hampas-
JIeHne BHeIIHe# HOpMaJii K paccMaTpuBaemoil nosepxHocTH. Jlnsg
OpaBoif PpaHH NPU3Mbl HA puc. 51 yron a ocrpsiit (cosa > 0) u o
HONOXKHUTENbHO. [l NieBo# rpaHn yron « tyno#t (cosa < 0) u o’
OTPHIIATENRHO.
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ITonyuennniii pe3y/ibTaT NMOKA3HIBAET, YTO HOBEPXHOCTHAA MJIOT-
HOCTH NOJAPU3AUUOHHBIX 3apAI0B paBHAa HOPMAJBHOHN COCTaBJISIO-
et moNIPU30BAHHOCTH B NAHHON Touke nosepxHocTu. OH Takxke
03Ha4aeT, YTO IICKTPHUYECKUH 3apsj, Opolleguiuii yepe3 eSUHHUILY
[IOBEPXHOCTH, ePNEHIUKYJIADHOR K HalIpaB/AeHHIO CMENIEHNUA 3aps-
J0B, paBeH MOZAYJIIO HNOJAPU30BAHHOCTH.

Ecnu sekrop P paznnyeH B pa3sHbIX TOYKax (HEOZHOPOIHAS TIO-
JISpU3al¥s), TO B AUIEKTPUKE MOIYT BOSHHKHYTh enie 00beMHbIe
3apsAab].

O6beMsible NONIAPU3ALMOHHBIE 33Ps1ABI MOXKHO HANTH CISNYIOUHM 0Opa3oM.
PaccMoTpUm BHYTpH TOISPH30BAHHOTO AUIEKTPHK2 OeCKOHEYHO MAJIBLA I1a~
pajuenienuneg ¢ pebpamu dzr, dy u dz, napaeibHEIMH NPAMOYTONBHBIM OCHAM

xoopauratr X, Y u Z Ilycrs, nanee, nonsapuso-

7 P, BaHHOCTb UMeeT B TOYKe (T,y,z), Ie HAXORUT-

*,3,72) c OJHA3 M3 BEPIIHH Iapajuleientnesa, CoCTaB-

nsouwe no ocam Py, Py, P, (puc 52). Torna,

cornacuo (39 2), noNoKUTENBHEL 32psl, BHXO-

ASIui B3 Mapajuiesenunela 9epe3 3alTpuxo-
Y BaHHYIO TDaHb, DABEH

P

/0 —— (P:r -+ Z?aP,; d:l:) dyd-z.
54 z
IonoxureNbHBIY 3apsf, BXOAAMA B Napase-

Puc 52 K onpemenemmio jeppunen gepes Apyryio napaiesbHYIO TDaHb,
00BbeMHBIX NONIAPNBALMOHHBIX  ecrp

3apag0B Py dydz

Ilosromy mpHpamenye NOIOKUTEIBLHOrO 3apa2 PABHO

OP;
dx

8P
dr

P,dydz — (Pz + dx) dydz = — dr,

rae dr = dzx dydz — obbeM napanenennnena Paccmarpusas nonaobHeiM obpa-
30M JBe APYTHE Naphbl TpaHel, NepneHIUKYIapHble K 0CsM Y U 2, MBI HAalAEM,
4TO TOJIHbBIN TONOXKHKTENbHBIN 3apas, BolneIuil BHYTPb Hapa/liesenunesa npy
NONAPHU3aUHUY, BAeTCH BbIPAXKEeHHEeM

~ (apx P, BPZ) @

SISty
oz Ay 8z
C apyroii cTOpOHBI, TOT Xe 3apaj paseH o dr, rae pf — obbeMHas TIOTHOCTD

HCKOMBIX NOJIAPU3ALMOHHBIX 3apAL0B H03TOMy

0P 0P, 0P
P = 5z dy 8z

(39.3)

Ecnm nonspusanms ogaopoana, To P = const u (39 3) maer p' = 0. 3ame-
THM, 4TO B HEKOTODBIX CIIY4asiX ¥ NPpHU HEOMHOPOIHON NONAPU3AIMY BEIPAKEHHE
(39.3) Takxe moxer obpamaTscs B HyJb (cp. § 44)
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§ 40. Hanps>KeHHOCTh 3JIEKTPUYECKOro MnoJjisi BHyTpU
OUIeKTPUKA

B 1. 11 MBI onpemesinay HaNPSKeHHOCTD 3MEKTPUHECKOro 1101 B
BAKyyMe KaK CHITy, HeHCTBYIOLLYIO Ha eIMHUYHBIA TOI0XKUTENLHBI
npobHbi 3apan. [Ipu nepexose K OU9TeKTPUKAM 3TO OlpeseleHne
TpebyeT AONOJIHUTENBHOIO YTOUHEHUS.

Ilpencrarum cebe, uTO pa3zmepsl NpoDHOrO 3apsina Manbl 0O
CPABHEHUIO ¢ PACCTOSTHUAMY MEXJy MOJIEKYJIaMHU JUIEKTPpUKa. 10-
rja Mbl HafZeM, UTO 3UIEKTPUYECKOE MOJe BHYTPH JUAIEKTPUKA
BeCLMa PA3JIMYHO B Pa3HBIX TOYKAX Y JOCTUraeT 0CODEHHO OONbIINX
3HAUEHUN BOJIN3M 3aps’KeHHBIX KOHIOB MOJEKYJI — Jnunoiei. Jru
HA3MEHEHUA ITOAA MPOUCXOJAT JIWIhE B MUKPOCKONMYECKHUX MACIlTa-
6ax ¥ HeJZOCTYHHBI HemocpeAcTBeHHOMY Haburonenuio. Onpegench-
HOe TO0OHBIM 06pa30M MMoJIe HOCHT Ha3BaHUE MUKPOCKONUYECKO20
nonst (By).

OnHAaKO BO BCEX peajbHBIX ONBITAX MBI MMEEM AEJO C TelaMu
(mnu uwacTAME 9THX Te), Pa3Mepbl KOTOPHIX BEJIMKH HO CPaBHe-
HHUIO C MEXKATOMHBIMY PACCTOAHUAMYU. B Takux jIydasx HaC WHTE-
pecyer ycpeIHCHHOE 10 06heMy 3HaueHre MUKPOCKOIUYCCKOrO TIOJISt
E,, T.e. MaKpOCKOMHYECKOE [0JIe. ITO CpelHee 3HAYEHHE HAMps-
JKEHHOCTY JIEKTPUUECKOIO MOJsi U HAZBIBAIOT HANDANCEHHOCTBIO
AAEKIMPUNECK020 NOAR sHymMpu dusaexmpura. Takum obpazom, 1o
onpeneaeHo

E=E,= % [ Bydr. (40.1)

OrtMeruMm, uT0 0ObeM T B 3TOH (HOpMyIe JOMKEeH ObITH BEIHK
MUKPOCKOTIMYECKH, T € B HEM JIOMKHO COIEPIKATHCA HOSIbIIoE TUCI0
Mostekys. QHAKO OH JOMXKeH BBITh JOCTATOYHO MAaJjl MaKpPOCKOIH-
YeCcK#, T.€ Ha IPOTSKEHUH €r0 Pa3MEpPOB MaKPOCKOIIYECKOe 3HAe-
HHUE TS JIOKHO OCTABATHCHA NPAKTHUECKH Heu3MeHHBIM. 1107006-
Hble MaJibie 00LeMBI, YJIORJETBOpAIONHEe 000UM ITUM TpebOBaHNSM,
Ha3bIBAIOTCs (HU3HUECKH HECKOHEYHO MajbIMU (B OTJIMHHE OT Mare-
MaTHuecKu GECKOHEUHO MAJIbIX).

CoBepilieHHO aHAJIOTHYHO IIOTEHIMAIOM BHYTPHU JIMIIEKTPUKE
Ha3BIBAIOT MAKDOCKONUYECKUl MOTENINa, T.e. CpefHee ero 3Have-
HUe 10 HeKOTopoMy Guanmuecku MajltoMy obbeMy. Makpockomuye-
CKue 3HadeHus nons F 1 norennnana U cBA3aHbl TEMU XKe COOTHO-
MEeHNAMH, UTO ¥ B BakyyMme. B ciayuae niockoro KOHJEHCATOPA Mbl
uMeeM

E =U/a, (40.2)

rae U -- pa3HOCTB NOTEHIHANOB MEXJy 00K/IajiKaMu, ¢ — PacCTosi-
HHEe MeXKly HUMH.

Paccmorpum miiockuit KoHJieHCATOp (OAHOPOJIHOE 10JIe), NeJu-
KOM 3amOJMHEHHBIH OJfHOPOJNHBIM JAWEKTPUKOM. Hamnpsi>keHHOCTH
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no/isi E BHYTpPU IuaNeKTpHKa ecTh CyMMa JABYX noieil: nmons Eg,
CO3JAHHOIO 3apsANaMK Ha MeTajLiMyeckuX obkjagkax, u mous B,
BLI3BAHHOrO MMOJIAPU30BAHHBIM AuaneKTpukoM (puc. 53). [one Ey
paBHO 0 /€y, TIe 0 — MOBEPXHOCTHAS
ILIOTHOCTD 3aPAfia Ha, METAJTHIECKHX

: _ obkaagkax. JedictBue Xe mnonapn-
+ - 30BAHHOTO AMSJIEKTPHKA MOXKHO BbI-
+ - pasuTh Yepe3 MOJAPU3allMOHHBIE 3a-
o+ ~s  pazel (§ 39), BO3HWKawIME HA €ro
i - TOBEPXHOCTH. MosTomy E' = —0'/eq,
. - rme ¢' — NOBEpXHOCTHas IUIOTHOCTH
+ - MOJApU3AlUOHHEBIX 3apanok. Cnelo-
BATENLHO,

Puc. 53. HanpsxeHnocTs anek- E = (o —0d")/eo.

Tpureckoro nong B sHyTpH M- fapnosennocTe  mons  BHYTpH

S/CKTPHKA €CTb PA3HOCTHL MEX- WJIEKTPHUKAa COBH3QOaeT C Halpsa-
gy noneMm Eg 3apsnoB 06KJIaIOK A p 4 p

 nonem E' monspusamponspx KCHHOCTBIO IONA B BakyyMe, KOTAa
3apaoB MOBEPXHOCTHAsl IUIOTHOCTh — 3apsijia

Ha oOkjazikaXx KOHjJEHCATOpa DaBHA
(¢ — ¢). D1y paznocTh Mexay 3apanoM OOKJIAN0K U MONSAPU3Aly-
OHHBIM 3apSJOM YACTO HA3BIBAIOT CE0O00HHIM 3aPACOM.

B cBa3u co ckazaHHBIM BHIIE HEODXOIHMO 0C0BO OTMETUTH, UTO
CUa, JEHCTBYIOMAs Ha MAKPOCKOMMYECKOE TENO C 3apsafioM ¢, Ho-
IPY’KEHHOE B JUAIEKTPUK, B 00IIEM CTyvae yKe He paBHA ¢F, Kak
3TO MMEJIO0 MECTO B BaKyyMe.

JeficTBUTENIBHO, PACCMOTPUM CHAYAJA TBEDAbLIA JUANEKTPHK.
Yrobsl BHECTH B HEro 3apSZKEHHOE TeJ0, MBI JOKHBI CAENaTh B
HeM r1ojocth. Ho Ha ee nopepxuaocT 6y/yT BO3HMKAThL IOAAPU3A-
[YOHHBIE 3apH/bl, U TIOITOMY CUIa, JENCTBYIOINasa Ha Tejio, 6yneT
3aBUCETHL OT (DOPMEI TOJIOCTH.

B ciayuyae xuakux u ra3oo0pasHLIX JAMITEKTPHKOB 3TO TAKIKe
COpaBeJ/IVBO, TAK KaK [PW BHECEHUW 33PAKEHHOI'O T4 Mbl BbI-
TECHSIEM TeJIOM HacTh CPeJbl ¥ CO3JaeM B HEM TOXKE <IOJIOCTBY,
COBTIAJIAOIIYIO IO (popMe ¢ 3apsikeHHbIM TeIoM. OfHako B cayuae
JKUAKOCTER M ra30B Ha Te0 6yger AeHCTBOBATH elle AOIOIHHTE b-
Has MEXAHWYeCKas CUNa, BhI3BAHHAS jedopMaliueil TUIEKTPUKA B
3JIEKTPAUYECKOM 110J1€ (3/eKTPOCTPUKIHS, cM. § 45).

Tem He MeHee HANPSXKEHHOCTH NOJIS BHYTPHU OUSNEKTPHKA MOXK-
HO ONPEIENHTh ¥ C MOMOMIbIO CHJIKI, AefCTRYIOmEH Ha MPODHRIN 3a-
psn. Jdns sroro npeacraBum cebe y3KyI0 QIMHHYIO IeJib, IPOpe3aH-
HYIO BHYTDH IUSIEKTPHKA NapaJjule/lbHO HAIPABJIEHUIO CMEIIEHUS
3apsasoB (puc. 54), u 6yjieM cYUTATb, YTO HPOOHBIA 3apsiF He Kaca-
eTCs CTeHOK MOJIOCTH. 1loygpu3anyoHHbIe 3apaabl Oy 1yT BOZHHKATD
TOJLKO Ha TOPIAX MOJOCTH, ¥ eJId €e IWAMETP MaJj 10 CpaBHe-
HUIO C JJIMHON, TO ¥ 10Jie, CO3JaBaeMoe THMHU 3apsigamu, dymer
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nperebpexumMo Maso. [loaTomy BHYTpH nosoctu GyHeT HanpsizKeH-
HOCTb ITOJIfl, CO3/IaBaeMast TOJNbKO CBODOAHbIMY 3apagamu (0 —o') y
BHEIIHEH I[TOBEPXHOCTY IWJIEKTPHKA, a
5TO, KaK Mbl BHJIEJIH, X €CTh HANpPSAKEH-
HOCTh HOJS BHYTPH JAM3JIEKTpHKa. Ha-
NPSKEHHOCTh TOJIS BHYTPU JVNIEKTPH-
Ka paBHA HaNpPsKeHHOCTH NOJst BHYTPH
Y3KO# HONIOCTH, BLIPE3AHHOH B NHMIJIEK-
TpHKEe NapalIeNbHO HANPABJIEHAIO CMe-
mesna 3apsnos. OHa paBHa cuiie, Jiei-
cTByOWIeil Ha 3apaja +1 BHyTpH 3TOH
TIOJIOCTH.

J1s NPAKTHYECKOro OTPEAENEHMST pu £4 K onpenenermio na-

HAMPSKEHHOCTH TIOA BHYTPH JHIEK-  nnomennoCTH SieKTpHEECKo-
TPHKA JOCTATOYHO M3MEDHTh HAIPSKE- 1o mons pHYTpH AHAICKTPUKA
HHE MeXJy 0DOK/IaJKaMy KOHZEHCATOPA.
Torpa A/ IJIOCKOTO KOHIEHCATOPa HANPSIKEHHOCTb OIS MOYXKHO
Halit o dpopmysne (40.2), a Ana KOHAEHCATOPOB APYro# hoOpMbL —
O COOTBETCTBYIOIUM (DOPMyJIaM, Oy YeHHBIM HAMH PaHee JI/Is Ba-
KyyMa.

a
Rk

§ 41. DmeKTpUYecKoe cCMeHIeHUEe B JUIIEKTPUKE

PaccMoTpuM Teneph I'PAHULY ABYX OZHOPOJHBIX M OJHODPOIHO
HONMAPN30BaHHBIX AuanekTpukoB ! u 2 (puc. 55). B kaxjoMm us
JU3JICKTPUKOB BOJIM3Y NMOBEPXHOCTH pa3lesia MOsSBATCH [IOISpU3a-
IMOHHbIE 3apAAbl C IWIOTHOCTAMHU Oj W 0, KOTOpble OylyT MMeTDb
[POTHBONOAOKHBIC 3HaKu. ['paHu-
114 pas3jesa OKaXKeTCsd 3apsykKeHHOHI
¢ TIOBEPXHOCTHOM IVIOTHOCTRIO 33~
sy  PAja 0} — 0j, OTYEro MOABUTCA 10-
,  [OJIHUTEJIHHOE JIEKTPHUYECKOE TOJIe
(o] — 04)/2¢0, mepueHmUKyNsIPHOE
PR K TpaHULE pa3jeia W Hampab-

1 ~(c]-03}/ 2, JIEHHOE B KaXKIOM U3 JUAJIEKTDH-

KOB B IIPOTHBOMOJOXKHBIE CTOPOHBI
Puc. 55. Tlonapusaiucnnbe 3aps- (puc. 55).
B HA, IPARKIE BYX AUICKTPHKOB O6ozHaunM HANPSAXKEHHOCTh
M CO37aBaEMOE UMM IeKTpudeckoe IOJNHOIO IIOJAA B KaxXJIOM 13 OU-
nosne 3eKTpukoB uepes Ky u Ey u

Pa3IOKUM KaKIOe W3 3TUX [OJed
H3, NBe COCTABJSAIIME: KACATEJIbHYIO K rpanule paszaerna (Eiy m
Ei) u mopmanbayio K rpanmue (En u Eps). Hopmans 6ynem
CYHTaThL HANPABAEHHOM 0T auwanekTpuka I kK jpuwanekTpuky 2. Tak
KaK 3JeKTPUYECKOEe MOJIe 3apsAj0B [I0BEPXHOCTH pa3je/a NeprneH-
AUKYIApHO K 3TOI MOBEPXHOCTH, TO KACATEJIbHBIE COCTABJISIOIINE




86 JUDJIEKTPHKH v

HOJs He W3MEHATCA H WX 3HadYeHHe B oboMX AANICKTPHUKAX 6yp;eT
OLUHAKOBO!:

Eﬂ = EtQ. (411)
Ha.HpOTI/IB, HOPMAJILHBIE COCTABJIANINNE MO 6y,11}7T Pa3nIHbI; UX
Pa3HOCTL paBHaA

Eny — Eny = (0’1 - 012)/50 = (Pn1 — Pa2)/e0,

rae P11 Ppo — HOPMAJIBHBLIC COCTABJISIOIMIME MOIAPUIOBAHHOCTA B
KaXX10M u3 auanekTpukos. Ho, coracho § 13, HopmansHaa cocras-
JISTIOIIAsT ANPSYKEHHOCTH 10JIS €CTh NOTOK JIMHWHA HAIPsKEHHOCTH
Yepe3 eJUHULLY NoBepxXHOocTH. [109TOMY 4MCI0 NUHUN HANPSAKEHHO-
CTH, TIPOXOJAIIAX Yepe3 eUHUILY MOBEPXHOCTH Pa3Jesa, B JU3JeK-
Tpukax I u 2 He paBHO APYT APYLY, & 3HAYUT YaCTh JIMHUIH IpepbI-
BAETCs HA IPAHNIE Pa3Jiena

Eciy Ha moBepXHOCTH pa3fesia KpOMe HOSApU3aIlMOHHbLIX 3aps-
[IOB MMeeTcs 3apsJ] C IOBEPXHOCTHOH INIOTHOCTHIO ¢, TO BMECTO Mpe-
JIBIIYIIEI0 COOTHOLIEHUS UMEEM

Eno — Eny = (Pny — Pa2)/eo + o /ep.
B § 13 ™Mb BBeIM 3JIEKTpHYECKOE cMemeHue B Bakyyme goBE.

O60buMM Temepb ITO MOHATHE HA CIydail MPOU3BOJBHOIC JIUJIEK-
TPUKA ¥ ONPEJESIAM 3JIEKTPUYECKOE CMEIEHHE B JUWTEKTPUKE KAK

D =¢gE+P. (41.2)
TOI‘Aa U3 CKa3aHHOr'0 BbINIE CJIEAYET, 4YTO

Dypa — Dyy = 0.
B ciyyae 3aps:keHHOM HOBEPXHOCTH pa3jeia HOPMAIbHAs COCTAB-

JISTFOITIAS SJIEKTPHIECKOI0 CMEIeHH S UCTILITHIBAET CKA40K, PABHLIA 4.

Ecnu BMecTo juaiekTpuka ! ¥MMeercs METAJUI, TO

Dy =0 u D, =g, (41.3)
rie uHaeke 2 y Dy, onyiien. HopmansHaa cocTaBnsaomas a1eKTpu-
YECKOrO CMELIEHNS B AUIJIEKTPHKE Y IIOBEPXHOCTH METAJLIa B OTCYT-
CTBWE TOKA PABHA [IOBEPXHOCTHOW IUIOTHOCTH 3aPAa METALIA, DTOT
pe3yabTaT Mbi yke notyuwau B § 13 anst noBepxXHOCTH MeTajula B
BaKyyMe,

JLJ1s1 He3apsiKEHHBIX JUaIeKTPUKOB (0 = () HOpMaJibHbIE K TPa-
HUIIE Da3jiella COCTABJSIONIAE IIEKTPUYECKOr'0 CMENIEHUS Hempe-
PLIBHEL

D1 = Dpo. (41.4)

Tax kax Dyp) paBHO 4YHCAy JUHHMH CMEIIEHUSs, NEPECEKAMIIHX
eIUHULY TOBEPXHOCTH pa3fieia B ausnekTpuke I, a [,3 — 4uCIy
JIMHA# CMeNIeHus IJisl TOU K€ IUIOUIAJKY B JUVIEKTPUKE 2, TO u3
(41.4) cnenyer, 9TO JIMHUU BNEKTPUYECKOTO CMELIEHHs! HE MpepHI-
BAIOTCS Ha I'PaHUIle pasjesa judaekTpukoB. losromy ans onmca-
HUS] 3JEKTPUYSCKOr0 IO0is B HEOHHOPOIHBIX IUIEKTPHKAX ropas-
10 yHobHee MoMb30BAaTLCA IEKTPUYecKMM cmemerueM D BMecTo
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HapAZKEHHOCTH [TOJIA E, W B 3TOM 3aKJIOYae€TCHd OCHOBHOM CMBICH
BBEAEHHU A IEKTPUYECCKOI'O CMEIIeHuA.

Jlerko mokasaTh, YTO NUHHU NIEKTPHYECKOTO CMENmEHHsi OCTAIOTCH Hempe-
PHIBHBIMH ¥ IIPH HEOAHODOZHOMN HONAPU3ANYHY, KOTA2 B JUIEKTPHKE BOSHUKAIOT
06 beMHEIE NONAPU3AIAOHHbIE 3apaanl leficTBrTensno, cornacuo (39 3), obbvem-
HAS MJIOTHOCTB 33PAA0B B AUINEKTPUKE PABHA

PN CLE I AY
Jr Jy oz
ITosromy no teopeme Octporpaackoro—Taycca
OFE 0F OFE oP. OP, aP
T e e el Rl e et Sl
oz 8y 8z Oz Oy Oz

Hnnu

a (i) 0
a—x (EQE_-,; + Pm) + a (€0Ey -+ Py) + 5; (eoE; + Pz) =0

Ho nonyvennbiit pe3yibTaT HOKA3blBALT, YTO MOTOK BekTopa D = goE + P ve-
Pe3 3aMKHYTYIO IOBEDPXHOCTE PaBeH HYNIO, & 3TO HAYUT, 9TO JHUHUM CMEIICHuA
HUTJIE He BO3HEKAIOT ¥ He 00phIBAIOTCS BHYTPH NUIICKTPHKA

PaccymorpuM onsTh IJIOCKUH KOHJEHCATOP, 3alOJIHEHHBIA OHO-
poxHeIM auaiekrpukoM (puc 53) Torma, coracuo § 40, Hanpsiken-
HOCTb NOJIA BHYTDPH JHUIJIEKTPHUKa paBHA

E = E() - O'I/E() = E() - P/Eg.
CnenosarennHo,
D =¢E + P =¢gEy, (41.5)
T.e. B (JIY4a€ OXHOPOLHOTO JIEWIEKTPUKA 3MEKTPHYECKOE CMeIIeHue

BHYTPHY JHIJIEKTPHKA COBHAAAET C IEKTPUYECKUM CMeneHieM B Ba-
KyyMe, co3jaBaeMbIM OJHMMH 3apddaMin

obKNanoK KOHjeHcaTopa. Eoan ¢ — 3apsan T T

00KJIaIOK KOHjieHcaTopa, S — mIOmaLb o' ¢ o o'||”
Kaxk10it 0OKIaaKu, TO 1. Hl-
D=0=gq/S (41.6) o . ‘l=+41_ o
iv3 + - - -
M3 310t hopMysb! BHITEKAET IPAKTHU-
veckuil criocob usmepenus IJ. Ytobrr u3- oo | S I Bl | K
MEDPHUTH IJTEKTPUIECKOE CMEMIEHNE BHY TPU
JAUNIEKTPUKA, JOCTATOUYHO U3MEPUTH 3a- A | IS |
pAj Ha 0O6KNaaKax, OrpaHAIMBRAIOMINX JH-
SJIEKTPHK. Puc 56 K onpenenensuio

Onpenenienye 371K TPUIECKOrO CMEUIE- 3ok TpHYECKOTO CMEMEHHs
HUS MOXKHO IIPEJCTABUTL U B APYroit GOP- suyTpu nusmexrpuxa
Me. PaccMoTpuM B OZHOPOTHOM AMANEK-
TPHKe y3KYIO QJIUHHYIO MIe/Ih, BHIPE3AHHYIO NEPIeHIHKYAAPHO K Ha-
OpaBJieHUIo cMemenus 3apagos (puc. 56). Torna, coryiacro hopmye
(41.4), IEKTPUHIECKOE CMeIleHe BHYTPH IIeu Hy1eT Takoe e, Kak
H BHYTpY OU3JEKTPHKA. [[09TOMY WIEKTPHYECKOE CMEIIEHHE BHY-
TPH IUAJIEKTPUKA PABHO 3IEKTPUYECKOMY CMEIEHHUIO BHYTPY Y3KOii
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JUTMHHON TIONIOCTH, BLIPE3AHHON B JMAJIEKTPHUKE IIEPIEHIAKYJISPHO
K HaIpaBJIeHHIO cMenieHus 3apanos. Cuna, AeficTByOmas Ha 3aps
+1 B 9TOM monocru, pasua D/ep.

§ 42. N3oTponHble U 3aHU3OTPONHLIE JUNIEKTPHUKH

Ecnn u3MepsTh 9IeKTPHYECKOe CMEIEHNE B CTEKIAHHBIX IUIa-
CTHHKAX, BBIPE3aHHBIX Pa3/MyHbIM 00pa30M M3 MacCHBHOI'O KyCKa,
TO OPH O MHAKOBOM 3Ha4eHUH 1oyt F aleKTpudeckoe CMeIeHIe BO
BCceX IJIACTUHKAX OKa3bIBaercst ojumHakoBeM. Corvaceo (41.2) aro
3HAYUT, YTO U NOJIAPU30BAHHOCTE P 0HA 1 Ta e BO BCeX MJIACTHH-
KaX, a (JIeJJOBATeIhHO, HOJSIPU3AIs He 3aBUCUT OT HANPABJIEHUS
nons. Takne IUaIeKTPUKK HA3BIBAIOTCH u3omponusmu. B naorpon-
HBIX JIU3JIEKTPHKAX CMEIIEHHE 3apsi/J0B IPOUCXOJIUT B HANPABIEHUH
IEKTPUYIECKOrO 10JisI, ¥ MOITOMY BekToph! E 1 P mapasuiensHeL

s MHOTMX KPHCTAJLIOB 3TO, OJHAKO, He MMeeT MecTa. Ecium
MCCIIEA0BAThH NIEKTPUYECKOe CMEIIEHNE B IJIACTHHKAX, BHIPE3aHHBIX
Pa3IuHBIM 06pPa30M U3 TAKUX KPUCTAIOB, TO D npu ofHOM U TOM
xe noe E Oyer pa3nuyHo. DTO HOKA3BIBAET, YTO AUITEKTPHYIECKUE
CBOMCTBA 3aBHCAT OT HANPABJEHUS 1011 OTHOCUTEIBHO ocelf Kpu-
crasuta. [logobHbIe TUTEKTPUKHA HA3BIBAIOTCH GHU3OMponHumu. B
AHM3O0TPONHBIX JUJIEKTPUKax HampaBienus: E u P, Boobuie roopsi,
He COBM3JIAIOT, ¥ M0o3TOMY HampasieHust E u D takixe pa3iudHsl.

OnpiT MOKAa3LIBAeT, YTO B IUMPOKOM KHTEpBAJle HM3MEHEHUs
IEKTPUYECKOTO HOJIS MOJISPU30BAHHOCTE MOYKHO CYHTATH HPOMOpP-
UUOHAJBHON HaNpsizkeHHOCTH Noas E B gannoit Touke. [losTomy st
M30TPONHOrO IHATEKTPUKA MOXKHO HAIMCATh

P = agE, (42.1)

rae & — CKaJIIpHAsl BeJIMYMHA, [OIyIuBIIas Ha3BaHUe dusrexmpu-
weckol 80CNPUUMNUBOCIU JAHHOrO BemecTBa. B sty dopmMyny Mbi
BBOIUM £q, YTOOB ¢ OBLIO GE3pa3sMEepPHBIM.

Moncrapnsa (42.1) B (41.2), monyqaem

D = egE, (42.2)
rjae 4depes ¢ 0003HaYEHO:
e=1+a. (42.3)

Jlerko BumeTh, UTO onpemensemMas TaKUM 06pa30M BeHUMHA £
€CTh JIM3JIEKTPUYECKast IPOHUIIAEMOCTh BeMecTBa (OTHOCHTeILHAS ),
KOTOPYIO MBI y>kKe BBest B § 31, paccMaTpHBasi 3aBUCHMOCTb €MKO-
CTH KOHJEHCATOPA OT CBOUCTE JuaneKTpuka. JlefcTBUTENRHO, TOJTO-
AKHEM IJIsL ONPENEJEHHOCTH, UTO DX 3al0JHEHNN KOHIEHCATOPa JIH-
EKTPUKOM KOHZEHCATOD OCTAeTCs IPUCOEJUHEHHBIM K UCTOYHHUKY
HANpAXKEHAs. ITO 3HAUMT, UTO HAIPSKEHNE Mex 1y oOKJIaaxKaMu, a
CJIEIOBATENBLHO, ¥ HAPAKEHHOCTh ITONIs B KOHJIEHCATOpE HE H3MEH -
torcs. Torpa u3 opmyset (42.2) cienyeT, 4TO MEKTPUUECKOE CME-
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IleHrEe BHYTPH KOHJeHCaTopa yBeJuduBaeTcs B € pa3. Ho, cornacHo
¢opmyse (41.6), 3T0 3HAYNUT, YTO BO CTONILKO XKe pa3 YBEJUUUTCA H
3apaj 0OKI3J0K, a (JIeOBATEIHHO, I EMKOCTh KOHJIEHCATODA

B ammsoTponselx cpeaax (KpUCTaInax) numeimas 3apucuMocts D or B
HMEeT BUJ

D, =ezze0E: + EmyEOEy -+ EmZEOEZ7
Dy = gyze0Es + eyyeoEy + £y,60E;, (42.4)
D, = e ze0E: + EzyEOEy -+ EzzEOEz,
BN, B COKPAINEHHON 3amucH,
D, = Z &€l Lk=uz,vy,z (42.5)
k
JeBATb BEIHYHH €,;, 00Pa3yIOT KOMIIOHEHTHI TEH30pa AHINEK TPUIECKON npoHu-
O3EMOCTH 2-r0 panra. TOT TEH30P CUMMETDHYEH: &,k = £k,, & IOITOMY HMEETCH
TOMBKO IIECTh HE33BUCHMEBIX KOMIIOHEHT.

W3 MaTeMaTwK# H3BECTHO, 4YTO JJIS BCAKOTO CHMMETDHYHOIO TEH30pa
2-T0 P2HTA MOXKHO BHIOpaTh Takue OCH KOODIHHAT (24a6HnEe 0CU TEH30pa), Y4TO-
6Ll HeAMArOHANBbHbIE KOMIOHEHTH! CO CMEMIAHHBIMHM HMHIEKCaMHM OGpaTHIHMChL B
HyJb. B 3TOM Ciiydae OCTAIOTCH TOMBKO TDH HE3ABHCHMBIX 3HAYEHHHA TEH3OPA:
Ezz =E1, Eyy=E2, €2, =€3, HA3BIBAEMBIC 2AGGHBMYU JUIAELKTNPUMECK UMY NPOHUYQA-
emocmanmu Kkpuctaiaa. Ecnu €1 = €2 = €3, To vanpassienua D u E coBmagasoT
¥ KPHCTaJUL BeleT ceba Kak M30TPONHAs Cpela.

B oYenpb CUNBHBIX MEKTPUUECKHUX NONAX CooTHoWeHH: (42.4) HApywanTca
u cBasu mMexay P u E u coorsercrsenno D u B cTanosaTca HesnmpefiHbiMu.
Takue nois CYMECTBYIOT B H3JIyYeHNH T2K Ha3BIBAEMBIX ONMMUYECKUL KEAHTLO-
8bT 2eHEPAMOPos, Wi Ac3epos. Henunelinas 3apucumocts D or E cymecrsenra
Zuis siBjieHui gennueiinoii ontuku. Jlunelisas 3aBucumocts D or E mapymaerca
TaK>X€ B CPABHUTEJIBHO (JIalbIX 3JIeKTPHUYECKHX IIONAX B BEmECTBAX ¢ Gobmof
NONSPHU3YEMOCTBIO, HAIIPHMED B CerHeTosnekrpukax (§ 50).

§ 43. IlpesnomiieHune JIMHUY CMEIUEHUS U HANPSXKEHHOCTUA
noJs

Cootnomenus (41.1) u (41.4) BHINONHAIOTCA BCeryia Ha TPAHUIE
pa3ziena AByX Cpeji ¥ MPeICTaBAA0T coDO rpaHUYHbIE YCIOBUA s
anekTpuueckoro mona. M3 Hux ce-
JYeT, uTo HampaB/ieHus JAWHUI cMe-
IMEHUA ¥ HANPSXKEHHOCTH IO/ U3Me-
HAIOTCA TIpH TIEPeX0/Ie Yepe3 TPaHuIy
pazjesna.

Ilyets Dpy m Dy — cocrasasito-
IMHe 2JIEKTPUYECKOro cMenienus i
O HOPMAJIX K MOBEPXHOCTH pasjena u
BJONb Hee B quaiektpuke 1 (puc. 57),
a Dyo u Dy — cocTaBadiomue cMele-
HuA Dg B nquanextpuke 2. O603HAIMM  Puc. 57. IIpenomienue muumit
depes3 aig yroda MexAy BeKTopoM Do B cmemesms na rpauume asyx mu-
AUDIEKTPUKEe 2u HODPMAJIbIO K I'DaHU- 3JIEKTPUKOB
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e pa3gena, a 9epe3 & — COOTBETCTBYIOIMH yroi Ans BekTopa Dy
B muanekTpuke 1. U3 puc 57 BHaHO, 4TO
tgar = Dy /D, tgag = Dyp/Dyo
Ho D1 = Dy9, u nostomy
tgaz/tgal = DtQ/Dtl.
Hanee, uz (42.2) u rpannudoro yiosns (41.1) nmeem
Dy = egeoBy2, Dy =e1€0En, En = Ep.
Orciona noty4aeM OKOHHYATeJbHO
tgas/tgan = er/e;. (43.1)
9Ta dopMmysa BBIpaXKAeT 3aKOH HPEJIOMJICHHS JIMHHH CMeLleHHs
OHa MOKa3bIBAET, UTO, BXOJAS B AUNIEKTPUK C GOMbIEH AU3/IEKTPH-
4eckOif MPOHHUIAEMOCTLIO €, JINHANA CMEIIEHUs yAAJISIOTCS 0T HOP-
MaJm
3aKOH TpeNoMJIEHAA JUHHUI HANPAXKEHHOCTH NONst B U30TPOI-
HBIX IM3JEKTPHKAX, O9€BHIHO, TaKOH e, KaK ¥ 3aK0H PeJIOMJICHHS
JUHUH CMEIIeHU s, TOCKONBKY B
a 6 KaXKJOM M3 JMJIEKTPHKOB Ha-
’ npasiieavsa D u E cosnagaor.
OnHako KapTuHBI JHHAR
‘ CMEIEHUS ¥ JIMHUK Hanpd-
JKEHHOCTH OyAyT Bce XKe pas-
’ Ju4HH. Paznuune zakiiovaer-
. ﬂ CAl B TOM, YTO JINHUY CMENIEHUS
- HeIPEPHIBHEL, B TO BpeMsA KakK
4acTh JIHHUY HANPAKEHHOCTH
Puc 58 Jlumwu cmewenus (@) ¥ aMunu  [IPEPHIBAETCH Ha I'PAHUIE Pa3-
HANPFXEHHOCTH (6) B IIacTHHe AHICK- TeyIa (§ 41) Ha puc 58 mo-
TpHKa Ka3aHbl B Ka4vecTBe HOpUMepa
JIVHUY CMEIIEHNs] ¥ JIMHUH HAHOPSKEHHOCTH B JIU3IEKTPHYECKOMH
IINACTUHKE
Ilpu sTOM npegmomaraeTcsa, 4TO JJIWMHA Y IIWPWHA ILTACTUHKA
OYeHb BEJWKHU, TAK HUTO MCKAKEHHS HOJNA, BHOCHUMBIE KpPasMH IUIa-
CTHHKY, HE CKa3hIBAIOTCS B PACCMATPUBAEMON YacTH IJIACTUHKH B
cooTBercTBUM C (42 2) rycrora NUHAN HANPSIKEHHOCTH BHYTPH 114~
CTHHKH MeHbIIE, uUeM BHe miuacruHku OTMmeruM eme, uTO JIMHUU
CMeITeHNsl BHYTPY IJIACTHHKH BCJIEJICTBHE NMPEJIOMJEHHA CTYIIAIOT-
csl, UYTO YKa3blBaeT Ha yBelwueHue cmemenusl D B IJIACTHHKE

H
= ]
;Y
=
<

§ 44. 3aKOHBI IEKTPUHECKOr0 MNOJISI B ANIIEKTPUKAX

OcCHOBHBIM 3aKOHOM B 2JIEKTPOCTATHKE SABJISIETCs 3aKOH Kysona
IToaTomy mpex e BCero pacCMOTPHM, KaK M3MEHUTCA 3TOT 3aKOH

TlycTh B OMHOPOZHOM M30TPOITHOM IHAIEKTPUKE C JUASIEKTPHUtie-
CKOW HNPOHUIIAEMOCTBIO € HAXOOUTCSA TOYEUHBINA 3apap ¢, KOTOPbIHA
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MBI By/1eM IPEJCTaBJSATE cebe B Biijie PABHOMEPHO 3apS>KEHHOr'o [Ia-
pa (puc 59) BorumcinM HampsiZKEHHOCTH MOJISE HA PACCTOAHUH T OT
nenrpa mapa Ha rpanunne gusnekrpuka, mpuieraromeii K mapy, Ho-
ABUTCA OTPULATEJIBHBIA NONADPU3ALUOHHBIN 3apa] C IOBEPXHOCTHOH!
IUTOTHOCTBIO —0', KOTOPas, COIJIACHO

cKazaHHOMY B § 42, paBHA

o' = aegE(a) = (e — 1)eg E(a).
3nect E(a) — HampsiKeHHOCTb TOJA B
JU3IEKTPUKE HA PACCTOSIHUA @ OT LEH-
Tpa Iapa, @ — pajguyc mapa. IloaTomy
TNOJIHBIA NONAPU3AaNMOHHBIA 3apsij pa-
BeH

T S R

¢ =4ma"o’ = 4maeo(e — 1) E(a). Puc 59 K onpexenenuso Ha-
W3 cummerpuu 3amayuM sICHO, 4UTO Jiyg- DPAXKEHHOCTH NMOJA TOYEIHOro
HHUY HANPSKEHHOCTH MOTYT ObITh TOJIbL- SAP#A2 B AMSJICKTPHKE

KO PaJHALHBIMU NPAMBIME, TYCTOTa KOTOPHIX 0OPATHO MPONOPIIHO-
HAJILHA KBAJPATy PACCTOSHUSA OT 3apafa, & 3HAUUT,

E(a)/E(r) = r*/d?.
Tlosromy
q' = 4nrleg(e — 1) E(r)

Hanps:xenHocTh 1O B TOYKE T PaBHA HANDSIKEHHOCTH TOJI,
cozzasaeMoro croGomHbIM 3apsaoMm (¢ — ¢') B Bakyyme Crenosa-
TebHO,

Ery=-—9"9__1 ¢_(_1)Er

dreq 12 4dxeg r?
Bripaxas orciona E(r), Haxogum
_ 1 q _ Eo(r)
Er)= e = =2 (44.1)

roe uepes Fy(r) o6o3HaueHa HANPSXKEHHOCTh HOJs, CO3JaBaeMast
TOYEYHEIM 3aPSJOM B BaKyyMe

[Monyuennasa dopmyna BeIpakaeT 3aKoH KysioHA Iyis nUsseK-
Tpukos. OHa MOKA3BIBAET, YTO HANPAXKEHHOCTD M0JI TOYEYHOro 3a-
PAna B OAHOPOLHOM JM3JEKTPHKE yMEHBLIAETCA B € Pa3 MO Cpab-
HEHMIO C ero 3Ha4YeHueM B BaKyyMe Mbl BUIUM, 4TO (pU3MUecKas
NPUYKMHA 3TOrO 3aKJAYAETCA B MOABJEHHY NOJISPA3AINMOHHLIX 3a-
PAI0B B AM3EKTPUKE, YMEHbUIAIOUIUX 3JIEKTPUUECKOe T0JIe.

Onnako ecnu 6Bl MBI, XKeJas HOJYYAThH CHJIy B3aUMONEHCTBHS
ABYX TOUEYHBIX 3aPAJ0B, pasneauiu Boipaxkenue (2 1) Ha €, To MbI
Hojy4yum 661 B 00IIEM CIy4Yae HEBePHHIN PE3yJIbTaT, TakK KakK CHJIA
!(»/Io;xeT 3aBUCETH OT (POPMBI IOJIOCT ¥, T/l HAXOUTCsA TPOGHBII 3apa
cp. § 40)
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Iipu BeiBoge Qopmynbr (44 1) Mbl cuuTaM, YTO OOBEMHBIX MNOJMSPH3AIM-
OHHBIX 3apAnoB Her Jlerko yBeamrbes, WTO B CJIydae PAafMajIbHOrO TIOJIsL 3TO
AEHCTBUTENBHO TaX Mbl uMeeMm

P=asoE=sT_1D

Tak Kak JHHMM CMELICHUSA HeNpepbIBHBI BCErha, TO B cuiy chepuueckoii cum-
MeTpHH 334241
2,2 2
D(r) = D(a)a*/r*, D = D(a)a’r/r®
Moaromy, Berumcaas 0o bopmyne (39 3) 06bEMEYIO NIGTHOCTEL NONAPUIANUOH-
HBIX 3apA/IOB p’, HMeeM

0Py _ 20 x _e-1 2% = 3ra?
dr B r ¢ D(a)e 78 ’
0P, _&-~1 273 — 3ry?

ay - € D(a)a 7'6 3

P, _e~1 273 — 3722

Bz Dia)e ré

1o 0P 0B, 0P
P="3z "8y B

W3 (44.1) cienyer, 9To noTeHIUaa (OTHOCHTENBHO GECKOHEYHO-
CTH), CO3ZABAEMBIN TOUEUHBIM 3aPSIOM B JMIJIEKTPUKE, €CTh

—_1 g
U= yrmpda (44.2)
O6parmmcs Teneps k Teopeme Ocrporpanckoro-Taycca (§ 13).
W3 dopmyn (42 2) u (44.1) cienyer, 4TO 9eKTPUIECKOE CMEILEHHE,
€O3/12Ba€MO€ TOYEYHLIM 3apsAjoM B JUIEKTPHU-
Ke, eCThb

+ - D = g/(4nr?).
Ono Takoe e, Kak H B OTCYTCTBHE Jii-

;m—e 3leKTpUKa B BakKyyme. [losTomMy Teopema
o Octporpagckoro—{aycca Aasl AWIJIEKTPHKOB

nMeeT TOT xe Buj (13.5), 4To u mua Bakyy-
Ma, rae ¢ obosHadaeT GaKTHYECKHE 3apsizibi
—— Ten 6e3 yueTa HOSPU3ALMOHHBIX 3aPAJIOB
[AMIEKTDHKA.

Orcroma, B YaCTHOCTH, CJI€JYET, YTO MU 33-
Puc 60 Koumenca- TMONHEHHH JTI060T0 KOHJEHCATOPA (OTKIIIOYEHHO-
TOp ¢ HeonHOpomubIM 'O OT MCTOYHHKA) OTHODOJHBIM JUIIEKTPUKOM
[THINIEK TPHKOM anekTpudeckoe cMermnenne D He Meusterca. Ha-

IpsuKEHHOCTh ke noia B = D/ege B moboi
TOYKE HONA yMeHbIINTCH B € pa3. OJHAKO HYKHO UMETH B BHAY, YTO
MOJie YMEHBIIARTCH B £ Pa3 TOJILKO B TOM CJIyYae, KOIa JUIEKTPUK
3aII0JIHSIeT BCe IPOCTPaHCTBO KOHjeHcaTopa. Ecmm ato yoiosme He
BLITIOJIHEHO, TO HANPAXKEHHOCTD OIS MOXKET OBITH KaK MEHBIIe, TaK
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u Goawiie ero 3uayeHus B BakyyMme Fy. Tak, Hampumep, B Ciydae,
n300parkeHHOM Ha pUc 60, HAlDSXKEHHOCTD MO/ B TOYKE § MeHbIIe
Ejy, Ho B Toukax a u ¢ — Bosbite Fy

§ 45. MexaHn4yecKUe CUJIBI IPU HAJMYUH JUIIEKTPUKOB

OnbiThl, onucaHHbIe B § 38, NOKA3LIBAIOT, YTO HA JUIJIEKTPUKA B
IEKTPUYECKOM HOJIE€ JEeHCTBYIOT MexaHudeckue cuibl OHU BO3HHU-
KAlOT ¥ B TOM CJIy4ae, €CJU JUIEKTPUK B LIE€JIO0M HE 3apsiKeH.

ObbacHeEHe NPOUCXOKIEHUS 3ITUX CHJI MBI yXKe IaJjy BbIIIe.
OHM BO3HHKAIOT IIOTOMY, YTO H3 JUIEKTPHUKAX B IEKTPUYECKOM
T0Jie MOABIAIOTCA MOAAPU3ANNOHHbIE 3apaap! (KaK MOBEPXHOCTHEIE,
Tak u 00beMHbIE), W MOITOMY Ha KAKJBll JIEMEHT TOBEPXHOCTH H
obbeMa IuaeKTpuKa JefCTBYET OIpele/ieHHAs! CHJIA.

Ecnu Teno Haxonurcsa He B BaKyyme, a B Kakoi-iubo Jpyroi
cpeze, TO NoIApH3alua OyIeT NPOUCXONUTh U B OKPYXKAIOIeH cpe-
Ile, ¥ MO3TOMY CHJIbI, NEeACTBYIOIIME Ha TeNO, OyAyT 3aBUCETh Kak
OT NONAPH3AIMOHHBIX 3aPSAN0B TeIa, TaK U OT IOJAPU3AIMOHHBIX
3apS0B OKPY2KAoMmel cpeabl.

Xopomnieil uIMIOCTpAlAed CKa3aHHOMY CJIYXKHUT OIbIT, U300pa-
xeuHollt Ha puc 61. [TonBecum Ha HuTH mapadUWHOBBIM HAPUK G
W TIOMECTUM ero BOJIM3Y W30JIMPOBAHHO-
ro MmeTajuidueckoro imapuka 6 Koraa
oba IMapHKa HAXOOATCA B BO3LyXE, TO
NIPH 3apsi>KeHHH METAJLTMYECKOTO ILApH-
Ka napaduHOBLIN IMAPUK IPUATACHBAETCS
K Hemy. Ecnn Ke morpysuts 06a miapuka
B AIETOH, Y KOTOPOT'O AU3JIeKTPHYECKAST
TPOHUIRAEMOCTE OoJibLIe, 9eM v napachu-
Ha, TO Tapa@pUHOBbIH MAPUK OTTAIKUBA-
eTCS OT METAJUIMYECKOTO TIAPHUKa

OObAcHeHEe 3TOrO ONBITA 3aKJI0Ya-
eTca B (ienytonieM. Ha moBepxuocr ma- Puc 61 Ilapadusosstii ma-
PHKa MOABJIAIOTCS TMOJAsiPU3al[MOHHbIE 3a- PHE G MPUTATHBAETCA K 3a-
PSiIbI ¢ HEKOTOPOH TIOBEPXHOCTHOM TIQT- P#MEHHOMY METALIITIECKOMY
HOCTHIO 0}, a Ha TPaHMLE CPeAbl, OPH- oPHEY 6 B pO3AYyXeE, HO OT-

TaJKHBaeTCA OT HEro B ane-
JIETalolelf K MapuKy, — NONAPU3ALUOH- -
Hble 3aps/ibl IPOTHBONOIOKHOI0 3HAKA C
APYroii MIOTHOCTHIO 04, IO3TOMY CHJIA, JEHCTBYIOmAd Ha TOBEpX-
HOCTB LIAPUKA, 3ABUCAT OT PE3YJIBTUPYIOMIETO 3apsija o) — oy Bomm
AM3JIEKTPUHECKas POHUIAEMOCTE Cpelbl €2 < €1, TO 05 < 07. Ecm
€ > £1, TO gy > 0}, Pe3YNLTUPYOMAN 3apsil M3MEHAET 3HAK, U
HO3TOMY CHJIA IPUTSKEHUS 1T€PEXOJUT B CHULY OTTAJKHBAHUSA.

Cuna, meficTByIomasi Ha TEIO B AUIEKTPUKE, 3aBHCHUT, ONHAKO,
He TOJILKO OT CBOOOJHBIX 3apsnoB, HAXOAAUIMXCS Ha Tene. Benen-
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CTBUE MMONAPU3ANUN Ha KAk IblH a1eMeHT 00beMa quameKTpuKa Jeil-
CTBYIOT CHJIbI, H TI03TOMY JH3JCKTPHKH B JIEKTPUYECKOM IOJE Jie-
GopMUPYIOTCA. ITO ABJEHHE HOCUT HA3BAHUE 3AEKMPOCMPUKUUU.
Benencrsue snmeK TpOCTPUKIMY BHYTPY JIU3/IEKTPUKA BO3HAKAIOT Me-
XaHUYecKye cunl. [103TOMY HEMOCPEACTBEHHOE BIYUCIEHHUE [I0HOM
MEeXaHW4eCKON CWIbl, AefcTByromeli Ha Kakoe-Tubo Teao B TUIJIEK-
TpHUKe, KaK [IpaBujo, (okHO. OJHAKO BO MHOTHX CJIydasiX MEXaHU-
YecK#e CHIbl MOYKHO TIPOCTO BEIYUC/IATH 63 JIeTAIBHOTO pa3bopa ux
IIPOHMCXOKIEHNS, C IOMOIIBIO 3aKOHA coXpaHeHus aHepruu. K sTomy
BONIPOCY MBI BepHeMcs B § 72.

§ 46. DeKTpoHHAs TeopUd MOJAPU3AIUUA JUITEKTPUKOB

Mgi yke roBopH/IM, YTO HPUYHHA MOSPU3ALUA JIHIJIEKTPUKOB
3aK/II04YaeTCA B TOM, YTO aTOMBI U MOJEKYJIBI BCEX TEJ COMEPXKaT
3JIEMEHTapHHEe 3apSyKEeHHbIe YacTuubl. B anekTpryeckoM moje npo-
HUCXOAAT CMEMIEHNE 9TUX YaCTHI, ¥ [I0ITOMY BO3HUKAET JIEKTPHUUe-
ckuit momeHT. OnHAaKO B Pa3/MYHBIX QUIIEKTPUKAX 3TH CMEIIEHHA
MMEIOT pa3Hbiil XxapakTep.

Moekynibl MHOMMX BEMIECTB NOCTPOEHL! M3 HE3aPSKEHHBIX aTOo-
MoB. IIpumepom MoXkeT ciry»kKuTh Mojekyia Bojgopoza (puc. 62a).

Ilomobrbre MOMEKyJbl HA3BAHBI HEMOJAD-
HbIMH. Monekyibl MHOTMX JpYTHX Be-
@‘“‘@ [I€CTB, HAIIPOTUB, COJAEPIKAT ATOMBI B 3aps-
JKEHHOM COCTOSIHWY, T.€. MOHB! ([OJIsIpHbIe
MOJIeKy.JibE). IlosispHoil sBJISI€TCS MONEKY-
J1a BOZBI, KOTOpasl COAEPKUT OTPHUIATENb-

@ HBIf MOH KHACIOPOJA U JBa NOJIOKUTETh-
HBIX HoHa BoZopoxma (puc. 626).

6 HenonsipHy:o MOJIEKy/Ly B OTCYTCTBUE

IEKTPUIECKOr0 mous B Ipybom (HO rocTa-

@ TOYHOM JJist HAmuMX Leselt) npubiankeHun

MOXKHO MPEICTABUTL B BUJAE OBYX DaB-
HOMEDHO 3apAXKeHHBIX Cdep, HeHTPh KO-
nenonapHol Momexyset no- TOPBIX COBIATAIOT. Tak Kak mojie paBHO-
J0poa (a) ¥ nonaprol Mo- MEPHO 3apsKeHHOH cdepbl BO BHeIHeM
Aexysbt Bompt (6) HOPOCTPAHCTRE PABHO MO0 TOYEYHOTO 3a-

psala TOU K€ BEeJMYUHBI, TOMEIIEHHOTO B
neHTpe cdephbl, TO OYEBHJHO, YTO JEKTPUYECKHE MOMEHT TaKoi
MOJIEKYJIB paBeH HyJiio. B asmekTpuueckoM moje oba 3apsijia cMmenla-
IOTCS B OPOTHBOLOJIOXKHBIE CTOPOHBI, W IOITOMY MOJeKyna Oyner
BBI3BIBAThH IEKTPUYECKOE MOJe, COoBHajatoee (BHE MOJEKYJbI) C
[IOJIeM OWNOJsl, ¥ KOTOPOro KaKAblf M3 TOYEYHBIX 3apAJOB DaBeH
3apsiy COOTBETCTBYIOMIEH cephl, 8 pacCTOsHUE MEXKAY 3apsaamu
PaBHO CMemeHuio HedTpok cdep (puc. 63).

Puc. 62. T'py6eie Momenn
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CMeIILeHI/Ie 3apa10B B MOJIEKYJI€ TIPpU HE OYE€Hb CUJIBHBIX IOIAX
MOMXKHO [OIOXKHUTL NPONOPLUOHANBHBIM HAIDPSIKEHHOCTH 2JIEKTPY-
yeckoro mons. [losToMy JUDOJIBHBIH MO-

MEHT MOJIEKYJIbI P MOZKHO CHUTATH IIPOIIOD- 1 .
HOHAJILHBIM HANDAXKXEHHOCTH HONA: ‘\‘
- ! 3 3
P= IBEOE 3 (461) . Adt l'
1 . e =
rae E' — HanpsixkeHHOCTH oS, JEfCTBYIO- e
Iero Ha MOJICKYJTy. STO noJie oTjin4daercda LIL —

oT cpenHero moist E BHYTpH JUSIEKTPHUKA b
(nonpobuee cMm. § 47}, mosTOMY MBI 1 BBEJIH — &by

g Hero cuenuaibHoe obo3Havenume. Ko-

achdunment nponopuuonansHoctr 3, Ha- Puc. 63. Cxema snexrpon-
3LIBAEMBIN NOAAPUSYEMOCIIDIO MOAEKYAbL, MO TONAPUSAIIM
3aBHCHT OT CTpOeHUs MOJIeKybl. OnucaHHBIM TUI MONAPU3AIMA HA~
3BIBAIOT AEKMPONHOt NOAAPU3AYUET CMEULEHUS.

PaccMoTpumM Teneph AM3JIEKTPHK C MOJSPHBIME MoOJeKkyJjiamu. B
3TOM CJIydae KaxKAasi MOJIEKYJIA MMEET OIpPEeJesIeHHbIN JUMOIbHBIH
MOMEHT Pg ye B oTcyTcTBue nois. OHAKO, BCJIECTBUE TEIIOBOTO
IBUYKEHUs], B OTCYTCTBHE IO MOMEKYJIBl PACIOIOKEHE! COBEPIIIEH-
HO Xa0TH4HO (puc. 64 a), 1 HOITOMY BEKTOPHAsA CyMMa BCEX MOMEH-
TOB JUIONel B cpeaHeM Giu3ka K Hymo. [lpy Hamoxenuy BHeLIHEro
3JIEKTPUYECKOr'0 TOJIS HAa KAaXKJbIM JUOONb AeHCTBYIOT CHJIBI, CTpe-
MSAIIMECS] OPUEHTHPOBATE €ro HaPaJIeIhbHO MIEKTPHUECKOMY HOJIO.
ITosToMy BO3HHKAET 4YACTUYHOE YIIO-
pAjioUeHNe B PACHOOKEHUH Jumosei

” ¢ - ” (puc. 64 6), Tem bBosblee, yeM CHIbHEE

al | BHEUIHee Hojle ¥ 4YeM HHKe TeMIepary-
g

Ve pa. B aToMm ciiydae cymma BCeX JUIIONb-

HBIX MOMEHTOB MOJIEKYJIbl YK€ He PaBHA
HYJIIO, ¥ IUJIEKTPUK NIPHOOPETAET JIeK-
TpudecKuil MOMeHT. Takoi Tum nmosisipu-
7 o 3al(1 HA3BLIBAIOT OPUEHMAYUOHHOT HIIH
dunoavroti noaspusayued.

B TBepabiX UJEKTPUKAX MBI HAXO-
JIIM elle OJJMH THIl CMEIIEHUs 3apsiioB,
OPUBOJAINNA K moaspu3anuy. Kpucrai-
JINYECKVE PEIIETKH MHOTMX BEIECTB I0-
CTPOEHB! U3 MOJIOKUTEILHBIX U OTPHUIA-
TeNnbHBIX HOHOB. [IpuMepoM MoxkeT ciiy-
JKUTh KPUCTAJLI XJOPHCTOrO LEe3us. JJIEMEeHTapHas siuelika ero pe-
IIEeTKH MNpeACcTaBiser cobod LeHTpHUpoBaHHHM Kyb (puc. 65), B
BepmMHaX KOTOPOTO HAXOAATCA MOMoxuTeNbHble MoHb Cs', a B
neHTpe — orpuiarensHsie nons Cl™. Paccmarpusas Bee nonnr Cst
1 Bce noHb! Cl™ mopo3Hb, MBI HAXOIVM, YTO OHY 06Pa3yioT ABE I1po-
Crble KyOU4ecKye perieTky, CIBUHYTHIE [10 OTHOLIEHHIO IPYT K Apy-

’*_\ -

—»E

Puc. 64. Cxema munosnbHoix
TIONAPU3AIIY
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I'y B HalpaB/JIeHHU JUaroHaiu Kyba Ha PacCTOsIHUE IIOJIOBUHBI Iva-
FOHAJIH.

B anekTpuyeckoM Tmosie Ha KXy M3 MPOCTBIX PEleToK nefi-
CTBYIOT pasjuyHblE [I0 MOAYII0 U HANPABJIEHHIO CHJBI M peller-
KM CMEMJAIOTCA 10 OTHOLIEHWIO JpYT K
Apyry. Beneacrsue sToro B HEKOTOPBIX
KPHCTA/UIAX MOKeT BO3HUKHYTb 3JI€K-
TPUYECKHU# MOMEHT. DTOT THII NOJIApPHU-
3allM{ HA3BIBAIOT noasapusayuets uon-
H020 CMEUWEHUA WM TIPOCTO UOHHOT
noaspusayued.

PaccMmorpenHble THIOBI NOAApU3a-
MM MOTYT COYETAThCsl APYT C APYIOM.
Tak, HanpyMep, B NOISAPHBIX KUAKAX U
ra3000pasHbIX AUTEKTPHKAX MOJIEKY-
JIbl MOT'YT He TOJILKO OPHEHTHPOBATHCH

071, AEHCTBUEM M0/, HO B fedpopMupo-
Puc. 65. Onementapnas a%efi- yarpcg 1y MOSTOMY B HUX MOXKET IPOYC-
:Zﬂ%:éfmna ¥JIOPHCTOTO L€ yONUTL OZHOBPEMEHHO 3JIEKTPOHHAS U
JITIONILHAS TTOISAPU3AIHH.

§ 47. dusneKTpudeckasi IIPOHULIAEMOCTb HEMOIAPHBIX
OUIEKTPHUKOB

Vcxons w3 npespcraBieHuil, M3JIOKEHHBIX B TPEABIAYINEM Ia-
parpade, MOXKHO BBIYHACHUTDL JUJEKTPUYECKYIO MPOHULIAEMOCTh H
CBA3aThb €€ C ATOMAPHLIMK IIOCTOAHHBIMH JUNIEKTpuKa. PaccMo-
TPUM CHAYAJIA HEMOJIAPHBIE TUNIEKTPUKH.

IlycTs nuaaeKTPUK HAXOOUTCA B JIEKTPUYECKOM mojie, u Bymem
CUATATb CHayasa, 4To noje E', nelicTByromee Ha MOJEKyJy, COB-
[aJiaeT co cpenuuM nosiem E BHYTpu auwatekTpuka. Torna Kaxiast
MOJIEKY/Ia JUIEKTPYKA UMEET JUIOILHBIN MOMEHT P, BHIPaKaeMbli
dbopmyuoit (46.1), rne E' = E. Ecin n — unwio Monekyn B equHnIie
obbeMa IUAMEKTPUKA, TO NIEKTPUIECKUA MOMEHT eMHUIL obhema
(moNsIpU30BAHHOCTD) paBeH

P =nfgE,
a i cmemennst D, cornacuo (41.2), imeem
D = gE + P = gE(1 + nf).
Tak Kak, ¢ gpyroit cropossl, D = egpE, To oTcrona
e=14+ng. (47.1)

Ilony4uennoe COOTHOIIEHNE CBSI3BIBAET AUNIEKTPHUYECKYIO IIPOHUIIA-
eMOCTb € C KOHIIEHTpanyei n MOJEKyJl BHYTPH IUMTEKTPHKa U HO-
JAPH3YEMOCTBIO MOJIEKYJ [3.
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®opmyna (47.1) Bechma npubavkenHa. [Ipu BRIBOIE €€ Mbl CUY-
TayiyM, YTO 3JeKTpuueckoe moje E', BrI3bIBaKOIiee cMemienue 3aps-
JIOB B MOJIEKYyJie, DABHO CpeHeMy 3JieKTpuieckoMy nomio F. DTo,
o/iHaKo, HesepHo. [Ipm BRIMUCIEHNY [OASpPH3ANUMA MOJEKYJbI HAC
HHTEepecyeT He cpejHee Hoje, a IoJle B TOUKe, e HAXOAUTCH JAH-
Has Monekyna. CpenHee none F yunuTHIBAET efiCTBHE BCEX 3aPSAI0B,
T.€. 3apA0B Ha 00KJIaKaX KOHAEHCATOpA ¥ 3apsaJ0B BCEX MOJEKYII,
BKJIIOYasl ¥ paccMaTpuBaemyio. [lose ke E' BhIpakaeT paeficTsue
BCEX 3aPAJIOB IPY UCKJIIOUYEHHH DACCMATPUBAEMOM MOJEKYJIbl. XOTs
3apsagbl OHOUW MOJIEKYJIBI M MaJIkl 10 CPABHEHHUIO C 3apsijlaM¥ MHO-
KECTBA APYTHX MOJIEKYJ JIMIJIEKTPHKA, HO 3TH 3aps/ibl HAXOAATCH
B HENOCPEINCTBEeHHOM Oau3zocTd oT paccMaTpUBaeMOM TOYKH U MO-
TOMY UX UCKJIOYEHUE IPUBOIUT K HONPABKE KOHEYHOHN BEJUYMHEL.
Paznuune noneit E u E' He CynecTBEHHO TONBKO B ra3ax, s KO-
TOPBIX € BJIM3KO K eIUHUIE.

Yrobb! MOYYUTh BhIPAXKeHWE JUIst JAMIEKTPUYECKON [IPOHUIA-
€MOCTH HJIOTHBIX JUJIEKTPUKOB, HYXKHO ONPEAENUTHh HANpPsSZKeH-
HocTh moiiss E'| peficrByroniero Ha MojieKyiy (BHYTDEHHee moJe).
910 aBIAercs, BOoOLIE IOBOPS, CJIOXKHOM 3ajJavell, TaK KaK BHYTpeH-
Hee I0JI€ CYIECTBEHHO 3aBUCHUT OT CTPYKTYPHI AUNIEKTPUKA.

BHyTpeHHEe mone MOXKHO IPOCTO BLIYHMCIMTEL TOJBKO I KPHU-
CTAJIIOB ¢ Kybuueckoii pemerkoit. s nux

E' =E + P/3e¢, (47.2)
riie P — nonapu3oBansoCTL KpucTaiia. 9Ty GopMyily MOXKHO npH-
OJIMAKEHHO OPHUMEHATh U K HENOMAPHBIM KHAKOCTSIM U I'a3aM, B KO-
TOPBIX PACIIOI0KEHNE MOJCKYJ XaO0TUHUHO.

Ions3ysick opmyoit (47.2), MOXKHO BBIYUCIUTE 3JIEKTPOHHYIO
NOSIPU30BAHHOCTE IUIOTHBIX JUSJIEKTDHKOB. JJIEKTPUYECKHE MO-
MEHT eqUHHUIB 00beMa B 3TOM ciiyiae Oyner pasen

P =np = nfey(E + P/3¢p).
IosTomy amns cmemenust D mosmygaem
D=¢gE+P=

= eE+nf [eoE +3(D- eoE)] = o + 1 nB(D + 260 ).
Tak kak D = e E, To oTciona cienyer
e—1_ nfB

e+2 3

(bopmyna Kiaysuyca-MoccorTu).

CootHomenre (47.3) NOKAa3HIBAET, YTO JIIS HEIOASAPHBIX IASJIEK-
TpuKoB Bestnuuna (¢ —1)/(e +2) npamo nponopuuonatbHa KOHIIEH-
TPANZH MOJIEKYJI, & CJII0BATENHHO, IIOTHOCTH JJAHHOTO UK TPH-
Ka. JTOT Pe3yJIbTAT XOPOUIO ONPaBAbIBAETCS HA OMBITE, HANPHMED
JJI5 Ta30B B IIXPOKOM HMHTEpBaJje M3MeHeHus aasienuii. Kpome To-
ro, u3 (47.3) BUJHO, YTO DU HEM3MEHHO! KOHIEHTPAIMM MOJIEKYJ

(47.3)
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(rnIoTHOCTH) AMAIEKTPUYECKast IPOHUIIAEMOCTh He 3aBUCHT OT TeM-
nepaTypel, TaK Kak NOJAPU3YEMOCTh MOJIEKYJ (3 3aBUCUT JIMUIb OT
uX CTpPOEHWS, HO HE OT TEMIEPATYpPhl. DTOT PE3yJbTAT TaKXKe XO-
pOLIIO IOATBEPKAAETC HA OIBITE, KOTOPHIH MOKA3bIBAET, HUTO IPH
HArpEBAHUM WX OXJIAXK IEHUH HEIONSPHBIX JUIEKTPHKOB IpY HO-
CTOSTHHOM 00hbeMe UX QUIJeKTpHUYecKas MPOHUIAEMOCTh He U3MeHs-
eTcsl.

Dopmyay (47.3) gyacTo nHIWIYT B HECKOABKO MHOM Bujie. KoHnen-
TPAIIMI0 MOMEKYJN 7. MOJKHO BBIDA3UTh 4Yepe3 MOJSPHYIO Maccy Be-
HIECTBA K4, €r0 INIOTHOCTh d M mocTosHHYI0 ABoragpo N, a uMEHHO
n = Nd/u. IlogcraBasist ato B (47.3), umeem

N6 €=l 8 _ const. (47.3a)

3 e+2d

Benuungy, cTOAIIYIO B JIEBOM YACTH, HA3BIBAIOT MOASPHOU NOAADU-
3068aMHOCTMbI0 AAaHHOTO BentecTBa. OHa 3aBUCHAT TOABKO OT TIOJIS-
pU3yeMOCTH MoJeKya f, T.e. OT POja BEIECTBA, HO HE 3aBHCUT OT
TEeMIEPATYPHl ¥ JABNEHUS, U, CJIEJIOBATENILHO, OCTAETCHA NOCTOAHHON
JJTd IAHHOTO BEINECTBA IpY U3MEHEHUH ero COCTosHus. MaMepsa ua
OIIBITE £ TIPH JIAHHOM d, MOXKHO OIMPEJIETHTh MOJAPHYIO HONASIPU30-
BaHHOCTb ¥ 110 hopmyste (47.3a) HAWTH NONAPU3YEMOCTD MOJIEKYIL.

§ 48. JuajieKTpudeckasi IPOHHIAEMOCTb MOJISIPHBIX
JONTEKTPUKOB

PaccmoTpum Teneps, 0T U€ro 3aBUCHT JUNTEKTPUHECKAS IPOHU-
LJAEMOCTE Ta3000pa3HBIX MOMAPHBIX JIUIEKTPUKOB ¥ KAaK MMEHHO.
CHavaja OyaeM CYUTaTh, UTO MOJIEKYJIE HeIepOpMUDPYEMHE, T.€. He
OyieM yuXTHIBATE IEKTPOHHYIO MOIAPUIALLIO.

DNEKTPUYECKUAH MOMEHT €JMHHUIIbI 00BEMA TAKOT0 JUIEKTPUKA

€CThb 1
== ZpEza
-
1

T7ie pg, — OPOEKIIVs TEKTPUIECKOTO MOMeHTa Kakoi-ubo ¢-it More-
KyJIbl Ha HaIpaBjieHWE BHEIIHErO 1104, a T — 06beM AUaieKTPHKA.
Ho, mo onpenenennio cpeHero 3HaueHus,

1 _
P ZpEz = NPE,
1

rje n — 4YUCJIO MONEKYJ B efunuie obbema, a Pp — CpelHee 3HA-
YeHMEe NPOEKINY JIUMOJLHOTO MOMEHTA MOJIEKYJl HA HaIpaBJieHue
nossi. [10STOMY BBIYMC/ICHVE TONAPU30BAHHOCTH CBOJUTCA K ONpe-
JEJIEHUIO D .

PacueT, cortacHO 3aKOHAM CTATHCTHYECKo# dbusukwm, gaer (cM.
Hobasierne 2)

~ Py o
po= 10 B (48.1)
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3nechk pg — DOCTOAHHBIN AUMOIBHBIA MOMEHT ONHOM MOJIEKYJIH, Kk =
= 1,38 - 10723 Jx /K — nocrosunas Bonsimana, T — TepmoauHa-
MH4ecKas TeMIepaTypa AudJIeKTpuka, F' — HanpsKeHHOCTb momd,
JefCcTBYIOmEro Ha aunoib. [Ipu BriBoge (48.1) npeamonoikeHo, 4To
nose E' He 04eHb BEIHMKO ¥ BBI3BIBAET TOMLKO (JIa0YIO yIOPAZOUeH-
HOCTH B PACHOIONEHUN AHNOIeH.

OTMeTuM, YTO PE3yJIbTAT, BRIPaykeHHBIH dopMynoit (48.1), kaue-
CTBEHHO NOHATEH ¥ 6e3 pacyeToB: yeM Gosbine nose E' | Tem cuiibHee
opueHTalys jaunoseii, TeM bonpine Oymer ¥ nMpOeKIUs JUIOIBHOIO
MOMEHTA Ha HaIIpaBJIEHWe IO/, HAPOTUB, YeM BHIIIE TeMIEpaTy-
pa, TeM CHJIbHEe Je30pPHEeHTHUDYIONIee B/AUSHHE TelJIOBOTO JBHIKe-
HHs, TeM MeHbIlle ¥ MPOEKIHs AUIONBHOr0 MOMeHTa. CpaBHuBas

(48.1) c (46.1), MBI BUZHM, YTO MPH JUIOILHON MONSPU3ANHY BeJIH-

YWHA, pg) /3egkT wurpaer Ty XKe ponb, YTO ¥ MOJSIPU3YEMOCThH MOJTE-

Ky/bl 5 B HCHIONSAPHBIX JU3TeKTPHUKaX. IloJcTaBasst 3Ty BeIMIUHY
B (47.3), nomyuum

(e — 1)/(e +2) = pin/(9eokT). (48.2)
JyanexTpryeckas OpOHULAEMOCTE TOISPHBIX JAUNICKTPHKOB 3aBU-
CUT OT TEMIEPATYPHl ¥ yMEHBIAETCS IPY HarpeBaHUN.

OrMeruMm eme pa3, YTO OOCIeAHsast (pOpMyJia, Tak JKe KaK M
dopmymna (47.3), cnpaBeuBa, IMIb TOT/iA, KOTIA BHYTpeHHEe II0Je
MOKHO NpPeACTaBuTh B Buje (47.2). B KuAKOCTAX C MONAPHBIME MO-
JIeKyJIaMi, B OTJIMYHe 0T HEIOJIAPHHIX KujaKocreit, hopmya (47.2)
JLJTs1 BHYTPEHHETO 10JIs1, HO-BAIMMOMY, OIPaBIBIBAETCA IIJIOXO.

[MonoxkeHue ynpomaercss Jasi Ta3000pa3HBIX JUAIEKTPHUKOR.
Benencrsue ciiaboit ux monspu3yeMocTd B HUX MOXKHO CUHTAThL BHY-
Tpennee noie E' pasaeiM cpemmemy nomo E. D10 3HAUUT, uTO B
JieBoit yactyu (opMysnl (48.2) Hy:KHO mONOKUTE € + 2 & 3.

Ecnm B razoobpa3HoM IusieKTpuKe MONEKyJbl 0013 al0T B OT-
CYTCTBHE MO MOCTOSHHBIM JUMOMBLHBEIM MOMEHTOM ¥, KPOME TOTO,
MOTyT DebOPMUDOBATECH B JIEKTPUHECKOM IIONE, TO JUJIEKTPUE-
CKasl MPOHUIIAEMOCTE Ta3a PABHA

e = 1+n[B+ p3/(3eokT)). (48.3)
B,ZIer BTOpOE Cjlara€Moe€ OINUCHIBAECT 3JIEKTPOHHYIO IIOIAPHU3aAlUIO
CMENIEHUd, & TPEThC — IOUNOJILHYIO (opI/IeHTaU;HOHHyIO) NoJIApu3a-
LHIO.

§ 49. Onpeqenelne SUNOJLHBIX MOMEHTOB MOJIEKYJI

PaccMorpennas BIIIE TEOpHd IOJAPH3ANUU AUIEKTPUKOB,
npuHaJiexkamasa B ocHoBHOM Jlebawo u Jlam:kepeny, npusoaur K
3aBUCHMOCTH JAMJIEKTPUYECKON MPOHUI@AEMOCTH OT TEMIIEPATYDHI,
MOKa3aHHOM Ha puc. 66. [lo ocu opauHAT OT/IOXKEHO 3ladeHHe MO-
JIIPHOM NOSSIPU30BAHHOCTH, a Mo ocu abciuee — BeawvnHa, obpar-



100 JIURJIEKTPUKU v

Had TEPMOJMHAMHYECKON TeMmmeparype. s 4YHACTO HEmONsipHBIX
IaIeKTPUKOB (po = 0) MOISIpHAs MOJIAPH3OBAHHOCTD He 3aBUCHT OT
TeMnepaTyphl u usobpazkaerca npsiMolt I, napayutensroit ocu 1/T.
JIna 9ucTO NOMAPHBIX  IU3JIEKTPUKOB
Y 3 f = 0) sTa 3aBHCUMOCTb, COIVIACHO
1 §+2 48.2), BhipazkaeTca mpaMmoit 2, mpoxo-
2 adrgeil Yepes HaYyajlo KOOPAUHAT. Fciu
MOJIEKYJThI UMEIOT ¥ OCTOSHHBIN TUIONb-
/ HBI MOMEHT Dy, U 3aMeTHO jedopMUpy-
forcst (B # 0), To Habmopatorcd oba Tuna
HOJIIPH3AIMN M PacCMaTpUBaeMasl 3aBU-
CHMOCTh H300paxkaeTcst npsiMoit 5, momy-
yaeMoil cJioKeHueM NpsaMBIX [ u 2.
Puc. 66. TeOPeTquEKaﬂ 3a- Uccnenysa Ha onbiTe TeMIEPATYDHYIO
BUCHMOCTE MOJADPHON MO~ 3apycyMOCTL OUIJIEKTPUYECKOM NOPOHU-
E;fngaﬂﬁocm OT TEMHNEPA~ 11aeMOCTH €, MOXKHO ONpPEIENHTh, KaKo
THII TONAPU3ALMY UMEET MECTO B JIAHHOM
JIMJIEKTPUKE, ¥ BHIEIUTDH JEKTPOHHYIO HONADPU3ALMI0 CMENIeHUs
¥ ODUEHTAIIMOHHYIO ([AUNIOIbHYIO) MOAAPU3aLKIo. A OTCIONa MOXKHO
Hality o popmyaam (47.3) u (48.2) nonapu3yeMocTb MOJIeKyIH 3
WM COOTBETCTBEHHO €€ AUIIONLHBIA MOMEHT Pgy. SHAYEHHUS JAUIONb-
HBIX MOMEHTOB MOJIEKYJI, IOJIyYeHHBIE TAKUM 00Pa30M IJisi HEKOTO-
pHIX BENIeCcTB, IPUBELEHR B Tabu. 2.

e

/T

Tabaruya 2
XuMr4aeckas JMIonbHBL MOMEHT
Bemecrso ¢opmyna po, 10730 K m

Bonopom, azor, KHCHopoz, Ha, N2, Oy 0
YeTHpeXXIGPHCThIH YITIEpoT CClL 0
X1opuCTBU BOAOPO HCl 3,4
BpoMucreiii  » HBr 2,6

Okuce yriaepona cO 0,40
DTunoselii 3¢gup (C2H5)20 38

Boma H.0 6,2

3Has AUTOOALHBIA MOMEHT, MOXKIIO OIIEHUTL Pa3Mephl MONEKYJL.
TIpocrefimnit cnywaft npencTaBisieT MOJNeKyJa M3 IBYX HOHOB, IJs
koropoil pg = ¢l (¢ — 3apsiny MOHOB, | — paccToaHHe MeXAy HX
nenrpamu). Tak, Haopumep, nist monekyiasl HCl ¢ paBHo 3apsiny
anekTpona e = 1,60 - 1071° Ku, Tak kak M3BECTHO, YTO BOZODOL,
COIEPKUT BCEr0 OIMH IEKTPOH. [103TOMY JiJIt PACCTOSTHUS MEKAY
LeHTPaM¥ MOHOB MbI Haxommm | = (3,4 -10730) : (1,60 - 1071%) =~
~2-1071 M = 0,2- 1078 cm, uTO MO HOPsIKY BEMYMHBI XOPOIIIO
COBIIAJAET C PA3MEPOM MOJIEKYJI, OMPEAETAEMBIM U3 JaHHBIX XUMUU
U MOJIEKYIAPHOH hUINKH,
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§ 50. CerHerosajieKTpUKH

HexoTopble XxuMn4ecKkue cOeJUHEHUS B TBEPAOM COCTOSTHUU HMe-
10T BecbMa HeoObIuHble U MHTEPEeCHbIe OUIJIEKTpUYecKue CBOMCTEA.
IlepBoHaua/bHO 3T CBOiicTEa OblLIM ODGHApYXKEHB B KPUCTAJLIAX
CErHETOROM COMNH, U MOTOMY BCe NOAODHBIE TUIEKTPUKHU ITOLY IU/TH
Ha3BaHUe cezHemossexmpuxos. lerann-
HOE  HCCIeQOBAHHe  OUAIeKTPUIECKUX
CBOMCTB CerHeTOBOH co ObLIO BlEp-
Bpie npousseneno B 1930-1934 rr. U.B.
Kypuaroseiv n ILII. Kobexo, xoropwr-

a
|
MK 6I:I.HPI yCTaHOBJEHBI BCE€ OCHOBHBIE ‘
CBOJCTBa CErHETOIIEKTPHKOB. A
'

Cernerosa cosb TpeACTABISET COBOM
JBOHHYIO HATPHU-KAJINEBYIO COJIb BUHHOMI
kucinorer NaKCy4H4Og - 4H20. Ee xpu-
CTAJIEl IPHHAJEXXAT K POMOUYIECKOit Cl-
creMe M ODBIYHO MMEIOT BUI, MTOKA3aHHBIH
na puc. 67, raoe a, b, ¢ — xpucraniorpadbn-
yeckue ocu. Kpucrannsl cerneroBoit comun
0BGHapPY>KUBAIOT Pe3KyI0 anu30Tponuio ceoficTs. Certeroasyiekrpuye-
CKH€ CBONCTBA, OMHCHIBAEMbIE HMXKe, HAOMIOOAIOTC, eC/IM 3JIEKTPHU-
9ecKOe 1MoJie KOHIEHCATOpa HANPAB/IEHO BAOJL KPUCTAJLIorpadutie-
CcKo#t ocu a (puc. 67).

Tleppast 0COGEHHOCTL CETHETOBOM COJIM 3aKJIOYAeTCS B TOM, YTO
B HEKOTODOM TEMIEPATYPHOM HHTEDBAJE ee JUAICKTPUYECKAd NPOo-
HHUIOAeMOCTh BEChbMa BEJMKA W JOCTUIAET OIPOMHOTO 3HAYEHUA! OKO-
a0 10 000.

Bropoe Baknoe CBONCTBO CcerHETOBOI cony 0ODHADYXUBAETCHA
TIpU UCC/IESOBAHUY 3aBUCUMOCTH 3JIEKTPUYECKOTO CMEIEeHN OT Ha-
npsoxkeHHocTH nossi. CMemeHne OKa3bIBAETCs He MPONOPIHMOHANB-
HBIM IIOJTIO, 8 3HAYNT, JUSIEKTPUIECKAST
MPOHUIAEMOCTD 3aBUCHT OT HANPIXKCH-
HOCTH TOJIs. DTa 3aBUCUMOCTD IJ1 Pas-
HbIX CEeTHETOJIEKTPDUKOB pal3JIMdHa.

Tperbst 0COOEHHOCTH COCTOUT B
TOM, YTO 3HAYEHUE BJIEKTPHIECKOTO
CMEleHHsI B CErHEeTOBON COMM Ompe-
JejdeTcss He TONbKO 3HAaYeHMeM Ha-
MPSKEHHOCTH TIOJIsT, HO 3aBUCHT eIne
OT NpefeCcTBOBABUINK COCTOAHHUI II0-
NApH3aIMu. JTO ABJEHHE HA3BIBAeTCA
JUSIeK TPUIECKUM TucTepe3ncoM (cp.
§ 110). 3aBucumocrs cmemenus D or
HanpshKeHHOCTH nosist E umeer Bma, m3obpakeHHsl Ha puc. 68.
IIpu meppoHavYanbHOM YBEIMYEHWH MO HAPACTAHKE CMEMICHHS

Puc. 67. Kpwucrann cerne-
TOBOH CONMK

Puc. 68. Huasnexrpuyeckuii
THCTEePE3NC B CEMHETOSNEKTPH-
Kax
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ONUCHIBAETCA BETBBIO KPUBOH I, KOTOpas He nuHelHa. Bonm 3aTeM
YMeHbIIa1h NICKTPUYECKOe NoJie (HANpsDKeHWe Ha KOHJEHCATOpe),
TO yMeHbIJeHWe CMeleHHsl OyjeT IPOHCXOAUTH B COOTBETCTBHH C
gersplo 2. Korga mosie CraHOBUTCA PaBHBIM HYJIO, CMEIEHWEe He
paBHO HYJW U u300pakaercss oTpeskoM [)i. IT0 [I0KAZBIBAET, YTO
B CETHETOBOM COJMM HMEETCHA OCTATOYHASA TONAPU3AllVs M CEerHeTo-
Ba COJIb OCTaeTCA NOAAPW30OBAHHON OaxKe B OTCYTCTBUE BHEIIHEro
IEKTPHUIECKOTO T0oNs. UTOOB! yHUYTOXKUTE OCTATOUHYIO ITONIPU3a-
LU0, HYXKHO CO3JaTh 3eKTpudeckoe nojae Ey obpaThnoro HanpasJe-
unsa. [lpu ganeHelineM IMUKIMYECKOM H3MEHEHMH 3JIEKTPUIECKOTO
nojs U3MEeHeHHe CMeNIeHHs ONUCHIBAeTCS W300pakeHHO# meTieod-
pasHOt KpUEON — MeTJelt rUcTepesuca.

JTH CBOWCTBA HPHUCYILHU HE TOJNBKO CErHETOBON COJIM, HO H BCEM
CErHeTO3IeKTPUKAM.

CernerosyieKTpuiecKue CBOMCTBA CHJIBHO 3aBUCAT OT TeMIlepa-
Typel. [Ipn TeMmeparypax, NpPEeBHIIAIOINHX ONpelejeHHOe 3HAdYe-
nue Ty, pasnamuHoe IJIg pasHLIX BEINECTSB, CerHeTOICKTPpHYecKHe
CBOWCTEA UCYE3AIOT W CErHETOIEKTPUK MPEBPAIACTC B 0OLIYHbBIM
JHM3JIEKTPUK, JTa TeMIleparypa Ha3blBaeTcs memnepamypot Kropu
nin moukoll Kropu B dects Kropu, KOTODBI# BIIEPBble 00HADY KWL
CYHIECTBOBAaHHE MOIMOOHON KPHUTHYECKON TeMIepaTyphl IpH HCce-
JOBAHWUW MArHUTHBIX CBONCTB K€JI€33 M CXONHBIX C HHUM BELIEeCTE
(deppomarnernxkos). B HEKOTOpHIX Cay4asax, Kak, HAIpUMep, JJis
CEerHeTOBOI COMH, CyIecTByIOT ase TeMneparypst Kiopu (+24 °C u
—18 °C) u cerneroaeKTpUYECKHEe CBONCTBA HAOIIOAIOTCA TONBKO
IpH TeMIIeparypax, JeXaIux Mmexjay obenmu Toukamu. Hasnuune
OIHON WM HECKOJLKHX TO4eK KIOpH ABJIAETCH 4eTBEPTHIM XapaK-
TEPpHBIM CBOMCTBOM BCEX CEerHETO3JIEKTPDHUKOB.

TloMuMO cerreTroRoil CONMM CErHETO3EKTPUIECKAMU CBOMCTBAMHU
obsayaror u jpyrue coegunenusd, Hanpumep KHsPOy (docdar xa-
mug) u KHoAsQy4. Tlpakruueckn BaXHBIM CEerHETOIIEKTPUKOM sB-
agercs turaHar bapus BaTiOz. Ero touka Kiopu Jjexur oxosio
120 °C, a jusmexTpuyecKasd MPOHUIAEMOCTb JOCTUMAE€T B MAKCH-
MyMme 6000-7000.

CerneTosiekTpUKY UMEIOT BasKHble IPAKTUIECKHE IPUMEHEHU ST
TIpuroToBisist CI0XKHBIE OWSJIEKTPUKKU HA OCHOBE CErHETORICKTPH-
KOB U K06GABIAS K HIM Pa3/IMIHbIe IPUMECH, MOXKHO ITOJYIHThH KOH-
JleHCaTopbI BOTBIION €MKOCTH MPH MAaJblX Pa3Mepax ¥ HPUAATh UM
BBLICOKHE KadecTsa

IIpuvuHO# CEerHeTO3NeKTPUIECKUX CBONUCTB SBJISETCS CAMOIPO-
M3BOJLHAS MOJMAPU3ALHNS CETHETO/TeKTPUKOB, BOSHHKAKOMIAI B HUX
o4, AeficTBrueM 0CcoDEHHO CHILHOTO B3AUMOAENCTBUA MEXKTY JaCTH-
mamu. IToj BanstHEEeM 3TOr0 B3auMO/1eCTBYsA CeTPHETORIEKTPUK MO/
pa3nensieTcst Ha OTHesbHbIe 0OIacTH — ODJIACTH CAMOIIPOU3BONLHOM
(cioHTaHHOM) MONAPUBALUHN, WIH CUIAEKMPUSECKUE JOMEHDL, B KO-
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TOPBIX BOSHHUKAET OWILINON MIEKTPHYECKUN MOMEHT [JAXKE B OTCYT-
CTBHE BHEHIHETO 3JIeKTPHYECKOro MO

CnonTaHHas MOAAPU3ANUSA B OOLIYHBIX YCJIOBHAX, OJHAKO, HE
mposiBigerca. Ecau yxasanHble 06J1acTd MaJibl, TO HOJSPU30OBAH-
HOCTb HAIpaBjieHa B
pasHBIX ODJacTaX pas-
JHMYHO M Pe3yJbTHPYIO-
miee 3HAYEHNE 3JIEKTPH-
YeCcKOT0 MOMEHTa BCEro
CerHeTO3eKTpuKa OImns3-

K0 K Hymo (puc 69a). \ 7
Taxoe pacmosoxeHHne

COOTBETCTByeT MUHU-

MyMYy SHEpruu, TaK Kax a )

B [IPOTUBHOM CJIydae

BOKPYT' CETHETOWNICKTPH- Puc. 69. O6aacTy caMONpOU3BOALHON NOXIPH-
Ka BO3HHMKJIO OBl 3JIeK- 3alMM B CEFHETO3/IeKTPUKAX M HAITPABCHHE BEK-
Tpu4eckoe I110j1€, KOTO- TOpa NOJAPHU30BAHHOCTH B HHUX (cxemaryyeckn)
poe  ComepKaJio Obl B G) CETHETOWIEKIPHK B HENNOM HENOAAPH30BaH,
Ce6e ,E[OHOHHHTeﬂbHyIO 6> CETHC103NCKTPHK TONAAPHU30BaH

suepruro. Ecim objiacti

CIHOHTAHHON IIOJISPH3ANNY BEJUKH WIH eyl JaXke BeCh KPHCTaJLI
mpencTaBisieT coboit 0fHY Takyi0 06JaCTh, TO HONSPUIANUT 0ObIY-
HO BCe K€ He NPOSBJSETCs, TaK KaK Ha [IOBEPXHOCTH KPUCTAJJIA
BO3HUKAIOT IIOBEPXHOCTHBIE 3apabl (BCIEACTBHE OCAXKJIEHUST HOHOB
W3 BO3AYXa WM 33 CYeT 3JIeKTPONPOBOJHOCTY KPHUCTAJLIA), KOM-
MEeHCHPYIOUINE MOJMAPU3ALNOHHBIe 3apsapl kpuctaiia [losroMy B
000MX CiIyyasix MOTYT Hab/I0JAaThCs TOJIbKO W3MEHEHUs 3JEKTPH-
4eCKOr0 MOMEHTa CEerHeTO3JIeKTPUKA, BOSHHKAIONINE 10 KAKUM-IHH0
TIPUYHHAM.

Bo BHeiHeM 31eKTPUYECKOM MOJIE MPOUCXONUT W3MEHEHWe Ha-
MpaBJIeHUS IOJSAPH30BAHHOCTH B OTAEJbHBIX 00/IACTAX I TC H3MEHE-
HME TaXOBO, YTO BEKTOPLI NOJIAPH3I0BAHHOCTY MPUOJIHIKAOTCE K 10~
JIOXKEHHIO, MapaJssie/ibHOMY HANPAaBIEHWIO MOJA, U TeM Diinxke, dem
cuwibHee nosie (puc. 69 6). Kpome Toro, rpanunpl Mexay OTZelb-
HBIMH 00JACTAME MOTYT CMEINAThCS TAaKUM 06pazoM, 4Tobbl 06beM
SHepreTuvecKd Oosiee BBITOJHBIX OOJIacTel yBEJIHYHUBAJICH 33 CUYET
obbeMa HEpreTHYecKd MeHee BhIrOAHBIX. [[osToMY snekTpHyecKuil
MOMEHT BCET'O CerHeTOICKTPUKA U3MEHAETCS U 3TO U3MEHEHNe BOC-
NPUHUMAETCS KaK ero MoJIspu3anus

Hagnune obnacreil CroHTaHHON HONAPU3ALME ABJISAETCA HAMbDO-
Jiee OOIIUM ¥ TOYHBIM NPU3HAKOM CErHETO3JICKTPUKOB

Nl
/

Kpucrannn, B KOTOPHIX BOZHHKACT CHOHTAHHAS NONAPU3AMe 6e3 BHEIIHEro
IeKTPHIECKOro Novist, 06pa3yor Goslee NIMPOKYO TPYIIY, HEXKENH CEerHeTONIEK-
Tpukyr OHM Ny YHITH HA3BAHME NUPOIAEXMPUKos [1OMUMO YOOMIHYTOH BbLUIE
NPHYAHE!, CIOHTAHHASA NOJSPH3AINS MOXET BOZHUKHYTH BCLIENCTBAE O 00EeHHO-
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crefi CIPpYKTYPHl KpHCTALIa. TaK, PACHONOMKEHNEe IOJIOKHTENIBHBIX M OTPHLA-
TeJLHBIX MOHOB B 3JIEMEHTADHOMN fyeiiKe KPHCTAILIA MOXKeT ObITh TAKMM, 4TO MX
3/IeKTPUYECKHI AMIIONBHEI MOMEHT He paseH Hymio. Torza ¥ KpHMCTAJLI B Le-
JIoM TIPHOBGPETAET HIEKTPHIECKMI MOMEHT, T.€. OKA3LIBAETCSH IOJISPHU30BAHHBIM.
Honapu308aHHOCTH HPH ITOM HANPABIIEHA BJOAL HEKOTOPOI, XapaKTepHOE 115
JAHHOT'O KPHCTAJIA, ocH. Jnsl BOZHHKHOBEHMA CIIOHTAHHON TIOISPU3ALHMN Ta-
KOTO pofa HeobX0auMo, 4Tobnl ¥ KpHCTaNNa ObljIo BhieeHHOe HAlIpapIeHue H
IpHTOM EAHHCTBEHHOE. 1103TOMY CroHTanHaS HONAPU3aUM MMeeT MecTo TOIHKO
¥ KPUCTAJLIOB ONPENEeHHEIX KPHCTANIorpadiecKux KjIaccoB. B orymtiue ot
CerHeTO03/IEKTPUKOB, PACCMaTpHUBaeMasl CIIOHTAHHAS HOMSPU3AITNS IPAKTHYECKH
HE H3MEHSETCS BHEIUHMM JIEKTPHYECKHM IOJIEM.

Beneacrene xoMmeHcanwy NONSPH3AUMOHHHIX 3aPAKO0B H3-32 NPOBOIMMO-
CTH KPHMCTAJLIA, & TAKIKE B PE3y/IBTATE OCEJAHUS MOHOB M3 BO3AYXa, MOCTOSH-
Had CHOHTAHHAS MOAApHU3anusa He Habmogaerca (OIHAKO OHA MPOSBIAETCH TPH
BArPeBaHMM KpUCTAILA BClefcrere TEnnoBOro paclunpeHust H3MEHSIETCH pac-
TIOJIOXKEHHE HOHOB B 3JIEMEHTApPHOH sg4eliKe, a C/IENOBATENBHO, H3MEHSIOTCH ee
JHIIONBHBIE MOMEHT H TNOJAPU30BAHHOCTH KPHUCTALIA ITO M3MEHEHMe ¥ Iposis-
NIAeTCH KAK BOZHMKHOBEHHE TOIAPH3IAUMOHHEIX 3apAN0B Ha IPAHAX KPHCTAIUIA.
DUIeK TPH3AUHS IPH HAr PEBAHAH KDHCTANIIOB Oy YHIIa HA3BAHME NUPOIAEKTNPU-
~eckozo 3dpdexra. Orciofa npoH30LIO W HA3BAHME BEIIECTB, B KOTOPHIX Ha-
Gmmomaercs 3To gpiaenre KilaccuyecKHUM NMPHUMEPOM IHPO3NEKTPHKA IBISIOTCT
KPUCTAJIBI TYPMAIIHA.

13 32 kpucraniorpaduieckux KIaccoB CUMMETPHHM Tompko 10 sgpnadiorcs
MUPOIEKTPIIECKHMH.

Taxum 06pa3oM, CErHETO3IEKTPHKY IIPEACTABAAIOT co60ii YacTHLUL Coryyail
TIMPO3IEKTPHKOR, B KOTOPBIX CHOBTAHHYIO NOJIAPHU3AIMIO MOXHO 06PATHMO M3-
MEeHITh ek TprieckumM noseM. [lo anamorum co csolicrsaMu GbeppoMarHUTHLIX
marepuanos (§ 112) cerHEeTONEKTPUKH MOXKHO HA3BATH «MATKMMH> IIMPOJICK-
rpukamu. Ilo 370t xxe aHANOTHM MX YaCTO HA3BIBAIOT (PEPPOIACKMPUKIMU,

§ 51. IInezoanexkTpnueckuit apdexr

Jo cux mop MB!I PACCMATPHBAJIN HOAAPH3ALMIO JIUITEKTPHKOB,
BBI3BAHHYI) BHEUIHUM 3JIEKTPUYECKHM IoJeM. B HeKOTOPHIX KpH-
CTAJ/IaX TOJAPHU3AIUA MOXKET BO3HUKHYTH U De3 BHEIIHero Ioji,
eCJIH KPHCTAJLT TIOABEPTaeTcs MEXaHHYeCKUM JjedpopMaiusaM. ITo
siBjieHne, orkpeiToe B 1880 r. IIrepom m ZKaxom Kiopu, monyuu-
JIO Ha3BaHUE Nbe3034eKmpuyeckozo sfdexma.

Yro6b1 06HAPYXKUThL MHE303IEKTPUYECKUE 33PsAJbI, HA TpaHd
KPHCTANIJIHYIECKON ILTACTUHKN HAKNAZBIBAIOT METaJINHYecKue o00-
xnaaxu. Hpn pasoMxuyThIX OOKIamKax MeXay HUMH IIpu gedop-
MAIMM MOSIBJIAETC] PasHOCTh MOTEeHIHAioB. [IpH 3aMKHYyThIX 00-
KJIJKaX Ha HUX 00pa3yloTCs MHAYIHPOBAHHBIE 3aPAIbI, pABHbIE 10
MOJYJIIO TIOJITPU3ANHNOHHGIM 3apsiiaM, HO IIPOTHBOIIOIOXKHbBIE UM TI0
3HAKY, ¥ B LeMH, coeAuHsAmel 00KIanku, B mpouecce nedOpManui
BO3HHKAET TOK.

PaccMorpuM ocHOBHBIE O0COOEHHOCTH IBE30IIEKTPHICCKOr0 -
¢exTa Ha mpumepe kBapia. Kpucranas ksapna Si0g cymecTsyoT B
Pa3IMYHLIX Kpuctaanorpaduaeckux Mmojudukanusx. VHrepecyto-
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mpe Hac KPHCTAJUIBI {(-KBapu) OPHHAANEXAT K TaK Ha3blBaeMOi
TPUTOHAJIBHON KPUCTANIOrPaduIecKoil cucTeMe U ODBITHO HUMEIOT

¢opMy, nokasanHyw Ha puc. 70. OHu
HAIOMMHAIOT IIEeCTUIPAHHYIO TIPU3MY,
OrpaHUYEHHYI) ABYMA MNHPaAMHIAMHU,
OOHAKO WMEIOT eIne psh JOHOJIHH-
TeabHBIX TpaHeli. Takwe KpHUCTAJLIBL
XapaKTepU3YIOTCA YeThIPbMs KPHUCTAJI-
AUYEeCKUMHU OCAMHE, OINpPemessTOIIIMHI
BAYKHBIE HaNDPaBJICHUs BHYTPU KpH-
crajuta. QgHa U3 3TUX oceit — Z coenu-
HAET BepIINHBI nupamuza. Tpu apyrue
X1, X2, X3 nepueHjukyJasipHBl K OCH
Z W COeIWHSAIOT MPOTHBOJIEKAIINe peb-
pa mwecrurpasHoit npusmsl. Hanpasie-
HUe, ONPeAe/IfAeMOe OChI0 7, The303/1eK-
TPUYECKH HEAKTUBHO: DU CKATHH HUJIH
PACTSI:KEHHH {10 3TOMY HAIPABAEHUIO
HUKAKO MMOAAPUSANUN HE NPOUCXOIKT.
HanpoTus, npH CKaTHU WIH PaCTIHKe-

Puc. 70. Kpucrain ksapua

HMM B JO00M HANPABJEHUM, MEPIEHIUKYJIADHOM K OCH Z, BO3HH-
KaeT sjiekTpmyeckasa noasipuzapud. Ock Z Ha3BIBAETCA ONMUNEC-

Puc 71. Ksapuesas nmacrun-
Ka, BLIpE3aHHA$ NEPIeHINKY-
JAPHO K HNbe303IeKTPHIECKOMH
ocH

xoll ocvto KpucTaima, a ocu X3, Xo,
X3 — BAeKMpPUNECKUMU WK Nbe30-
FNEKMPUNECKUMU OCAMU.

PaccMoTpuM  miacTuHKy KBapia,
BLIPE3aHHYIO TEPHEHAUKYAAPHO K Of-
HOM W3 MMHE303JIeKTpHYecKux oceir X.
Ocpb, neprnesukyispylo k¥ Z u X,
oboznauum uepes Y (pumc. 71). To-
A2 OKa3BEIBAETCA, YTO NPU PACTXKe-
HHH TWJIACTHHKHA BOOAb ocu X Ha mep-
NeHJUKYJIAPHBIX K Hedt rpansx ABCD
u EFGH mnosBAslOTCH PASHOUMEHHEIE
NONAPU3AINOHHEIE 3apsibl. Takoii mbe-
303/1eKTPUYIECKHH 3(DEKT HAZBIBAETCS
npodosvroim. e W3MEHUTE 3HAK Jie-
dopmammy, T.e. HepeTH OT pacTIKe-

HHA K CKATHIO, TO U 3HAKH ITONAPU3ariHOHHBIX 3apsAJ0B H3MEHATCA

Ha obpaTHeIe.

BosHMKHOBEeHME TONAPU3AIMOHHLIX 3aPAN0B OUPeENeHHRX 3HAKOB TP
JaHHOM THIE gedopMauiy (PACTIKEHHE MJIM COOTBETCTBEHHO CXATHE) MOKA3bI-
BaeT, 9T0 KOHUBI 0ceil X HepaBHONPABHHI, H 0CAM X MOXKHO NPHINCATH OUpEe-
JICHHBIE HaIIpaBjeHus (4ro orMedeHo Ha puc 70 crpenxamu) IT0 3HAMHT, YTO
NpH JaHHOH nedopMamyy 3HAK 3apSa 3aBHCHUT OT TOTO, HATPABJIEHA JTH oCk X
1o BHeUIHeli HOpPMaJId K TPAHU wWiIK 110 BHyTpeHHell. Takue ocH ¢ HEpABHOUPAB-
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HBIMM KOHLAMH IIOIY <IN HA3BAHME noAsApHus oceli. B ormudue or nmonapueix
oceit X3, X7, X3, KoHubl oc Z COBEpIIEHHO DABHOIPABHBI M OHA ABJIAETCH
HelTOJSAPHOHK OChIO.

HepasronipaBHOCTS KOHIOB HOAKPHON OCH OPOSBJIAETCH, KOHEYHO, HE TO/Ib-
KO B Nbe3oasieKrpideckoM sddexre, HO ¥ B NPYrHX AsjeHnax. Tak, HaIpuMep,
CKOPOCTh XMMHIECKOTO TpaB/IeHHs rpaHell, pacriojIoXKeHHbIX ¥ PA3HbIX KOHIOB
TIOJIAPHOM OCH, OKA3HIBAETCS pa3nMYHO ¥ moyvdalomHpecs IIpy 3roM Qurypst
TPABJIEHUS OTIUYAIOTCA APYT OT JAPYTa.

Hapsany ¢ npozonsHbiM nbe303ieKTpudecKuM 3¢hdexToM cyme-
CTBYeT TakK»Ke MOIepedyHbll mbesoaiekTpudeckuii acddexr. OH 3a-
KJIIOYAeTcs B TOM, YTO MPHU CXKATUH WIH PACTSKEeHHH BAOIL ocu Y
BOZHUKAET NMOJsApU3alyst BAONL ocl X M Ha Tex ke rpauax ABCD
u EFGH noseagioTca NoiApU3allMoRHbIe 3apagel. Ilpu sTom oxa-
3BIBAETCSA, YTO 3HAKY 3aPAN0B Ha KAXKAOH IpaHu MPH CKATUU BJ(OJIb
Y (8 monepeunom 3dgpdpexTe) Takue ke, KaK OpU PaCTsKEHUH BAOJb
X (B npomonsHOM 3ddexre).

IbezosnexTpudeckuit 3¢pderT obbsicHASTCI CaeAyonuM obpa-
3oM. B § 46 MBI y:Ke TOBOPW/IY, YTO B MOHHBIX KPUCTAJJIAX BCIE-
CTBHE HECOBNANEHUS LEHTPOB MOJOXKUTENbHBIX H OTPHHATENbHAIX
HOHOB HMeeTcss YIeKTPHYECKUNl MOMEHT M B OTCYTCTBHUE BHEIIIHEro
aneKkTpuyeckoro nond. OgHaKo 3Ta Hogpu3anusd 06bIYHO He IPOSB-
JISIeTCA, TaK KAK OHA KOMIIEHCUDPYETCs 3apAfaMi Ha [OBEPXHOCTH.
llpn pedopManyy KpUCTALIA IMOJOKUTENbHBIE U OTPHIATEIbHbIE
HOHBI peHleTKH CMeIaloTcd APYT OTHOCHUTEJBHO JIpyra, U MO3TOMY,
BOODOIIEe TOBODSI, U3MEHSIETCH 3JeKTPUYECKUN MOMEHT KpHCTaJLIa.
DTO U3MEHEHHE JIEKTPUICCKOTO MOMEHTA U HpPOABJIACTCA B MbE30-
aneKTpuyeckoM 3¢ dexre.
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Purc. 72. K o6bACHEHMIO NbE303IEKTPHUYECKOro a3 dexra

Pucysok 72 Ka4eCTBEHHO MOSICHSIET BO3HHUKHOBEHHE [Ibe303/IeK-
Tpuueckoro 3¢pdexTa B KBAPLE. 3ACh CXEMATHIECKU IMOKABAHEI
IPOEKIUH [T0JI0KUTETbHBIX HOHOB Si (3aMITPUXOBAaHHbIE KPYKKH) U
orpunarebHbix HoHOB O (CBETNBIE KPYKKH) B IUIOCKOCTH, TIEPIICH-
JUKYJIAPHONR K ONTHYECKOH OCH Z. DTOT PUCYHOK HE COOTBETCTBYET






