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NPEAUCJIOBUE

Copep:xaHie JaHHOTO TOMA COCTaBASIOT y4eHHe 00 3JeKTpoMarhe-
TH3ME H yuyeHHe O BOJMHAX (YNPYrHX, 3JeKTPOMATHITHBLIX H CBETOBHIX).

HManoxkeuue Begercss B Mexaynapoauoit cucreme eannuy, (CH). INo-
[IYTHO 4Y1TaTelb 3HAKOMHTCS H C rayCcCoBOiH CHCTEMOIl (COOTBETCTBYIO-
Ui Texker HabpaH meTHTOM). B npuaoxeAHdaX B KOHIE KHHTH RaHb
eAUHHLBI VIEKTPHYECKHX W MardHTHolXx BeanuyiH B CH H B rayccoBoil
CHCTEME, a4 TAKIKE COTOCTABJEH BHJ OCHOBHLIX (POPMYJ 3JEKTpOoMarHe-
TH3Ma B 00€HX CHCTeMax.

[IpyH noAroroBke KO BTOpPOMY U3JaHHIO KHHra Obl1a nepepaboTaHa.
HM3menenus M jponoanenns Oblid BHeceHbl B maparpadwr 11, 13, 19,
45, 48, 52, 107, 112, 120 u 129.

Bripaxalo npH3HATeNBHOCTb KOJIJIeraMm U Jpy3bqaM 32 I10Je3HHe 06-
CYIKJeHHs, KPHTHKY W COBeTH B XojJe padorel Hag KHUroil. QOcobyio
6narogapHocte npuHowry B. B. Ceerozapory, B. H. Tepsunacy,
H. b. Hapoxnomy, H. E. Hpozory u B. H. Jluxaueny.

Bripaxato Takxke GnarogapHocTe npodeccopy J1. JI. Toapauuy 3a
PAL TOME3HbIX COBETOR M 3aMeYyaHHH.

JlauHblit Kypc NMpefHa3HaueH B NMEPBYIO odepelb NS BTY30B C pac-
upeHHoil nporpamMmoii no ¢uskke. OIHAKO H3JOXKEHHE [I0CTPOEHO TaK,
YTO, OMNYCTHB OTAENbHBIE MeCTa, 3TY KHHTY MOXHO HCNOJNb30BaTh B
KayecTBe YyueGHOro nocoOMs AaAA BTY30B ¢ OGBYHOH MPOrpaMMoi.
B npeanocnanubix KHHMre ¢«MeToAMyeckUX PEKOMEHAALHMAX», HapAdy C
APYTHM MaTepuajoM, NpHUBeJeH OPHEHTHPOBOUHBLIH mnepeueHb KYMIOD
(T. €. U3BATHH, COKPALLEHHH B TEKCTE), KOTOPBIE MOXKHO CAe/aTh B CJY-
yae HENOCTATKa BPEMEHH /1A H3YUEHHSA KHHTH B NOJHOM oObeme.

Mocksa, centnbpb 1981 T.
H. B. Caserver



METOAUYECKHE PEKOMEHJAUHWH

B HACTOAWMX peKOMEHJAUHAX MaHB Pa3biCHEHHN MO MOBOAY TeX BONPOCOB,
KOTOpBI€ HE BCerja H3/arawTci lpaBH/ALHO. Kpome TOrO, GpHBOAHTCA OPHEHTHPOBOY-
Hulft nepeyeHb naparpacdoB AH60 HX HacTed, pacCMOTpeHHe KOTOPHX He 0053aTeN1bHO
B Clyyae HeXBATKH BpeMeHH Ha HaydenHe Kypca B monnom ofbeme. 10T nepeyelb
OTpaXaeT JIRUHYIO TOUKY 3peHHsI aBTOPa W HOCHT JMUIb PEKOMEHJATeThHHIA XapaKTep.

{. He caenyer, Kak 310 Jesaercs B HEKOTOPHX KHHIaX, Ha3hiBaTb 3JeKTPHYECKYIO
£, U MarHATHYIO Ay MOCTOAHHBIE €MPOHHUAEMOCTAMH BaKyyMa». TakHe Ha3BaHUA fB-
JAOTCA (PH3NYeCKH GeccMulCaeHHbIMH. COOTBETCTBEHHO HE Caelyer paccMaTpHBaTh
JAUWeHHble QH3UYECKOr0 CMRIC/A «36COMIOTHHE NPOHHLAEMOCTHY €,=88¢ H Wa==[lLo.

2. B Tex cayuasnx, KOTJa 9/IEKTPHUECKad H MArHHTHAA NOCTOAHNBIE BCTPeualoTcs
B KOMOMHALHH Egllg, LieTecoo0pasHo 3aMeHsTb 3TO NpouaBeleHye yepes 1/e?, rae ¢ —
a/1eKTPOAHHAMHYeCKas HOCTOAHHAS, COBMNAjdoWAs CO CKOPOCThI0 CBETa B BaKyyMe
(cm. dopmyay (39.15)).

3. Iloneano HMeTb B BHAY, YTO €, H Ly BXOAAT B HOPMYJbl B KOMOGHHAUUYU ¢ MHOXKH-
TemeM 41, npuueM 1/4me,=9+10°% a po/4n=10-7. [MosToMy Heuenecoo6pasHo HMeETb
A0 C UHCJIOBHIMH 3HaYEHHAMH Ep==0,885+10=** &d/m 0 py=1,2610—6 I'u/m. Jlyawe
MONb30BaTbCA SHAUEHHAMH NOCTOAHHHIX, BHIPAMEHHHMH udepe3 I, 4 HMEHHO: &=
=1/(41+9+10% u po=An-10-1

4. He Hajo XaneTb BpeMeHH HAa YCBO€HHE OCHOBHLIX NOHSTHAI H COOTHOLUEHHA
BeKTOpHoro auanuaa (§ 11). 3arpaueHHoe BpeMs ¢ JHXBOH OKYNHTCA 3a cyer Gofee
apOCTOro ¥ H3ALIHOTO MOAYYEHHS pAja pe3ynbraToB. Kpome Toro, noaHHHOE OHHMA-
HHE NPHPOAL H CBOHCTB 3JIEKTPOMATHHTHOrO NOJA 6e3 HCMONb30BAHUA MOHATHH M-
BEpPreHUHd ¥ poTOpa HEAOCTHIKHUMO.

5. Hepegko BcTpeuatoTcss yTBepKAeHHR, OyaTo 3aekTpuueckoe cmeueHHe D
(1M HAMPAXKEHHOCTb MATHUTHOrO noas H) siBseTca XapaKTepHCTHKOH 3J1E€KTPHYECKO-
ro (MarHUTHOrO) NMOJA, He 3aBHCAMEH OT CBOHCTB cpefwl, T. €. 910 D=Dy 1 H=H,,
rie Dy # Hy — 3Hauenus BenMuHH B OTCYTCTBHE cpelbt, 2 D 1 H — 3HaueHHs TeX Xe
BennyuH B cpefle. COOTBETCTBEHHO OTHOCHTE/IbHEIE NPOHHIAEMOCTH CPeJrl OnpejeNsaior-
ca B Buge E=Ey F wu=>B/B,;. Haro umers B By, 4TO TaKHE YTBEPIKACHHA ABAAIOTCA
HeBepHbIMH. CooTHowenus e E=Ey/ e 1 B=pB, oKxa3usalorcsa cnpabefl¥BbIMH JHILb
P BeCbMa CleUUPUUECKHX YCAOBHAX, KOTOpPbIE /A 3/EKTPHUECKOro Nojid onpegede-
Hel Ha cTp. 76, a AJAS MarHHTHOrQ noas — Ha ctp. 161.

HenpasuabHocTe B ofwmem cnydae pasedctBa D=D, BuiTekaer, B 4aCTHOCTH, H3
puc. 20.3. Yrobn y6eauTbCd B HENPABHJIbHOCTH B 06MIEM CAyude COOTHOLIEHHA U=
=B/B,, paccMoTpHM GOJbLIYI0 TOHKYIO MJIACTHHKY M3 ORHOPOINOrO H H30TPOIHOTO
peppoMarteTHka, pacrol0oKEeHHYIO NEPNeHIHKYAAPHO K JUHUAM B BHewHero Mariur-
Horo noas. B saTom cayuae B=B,, a p Moxer JocTHraTh 3HaueHHl nopsgxa 1085,

6. Beruaunn D u H HaJo TPaKTOBATh KAaK BCMNOMOraTebHLIE XapaKTEPHCTHKH
3/ICKTPOMarHUTHOro nossi (OCHOBHHMIMH ABJAKTCA E H B), onpejensiemunle ¢opMmynaMH
(19.3) u (52.5). Beanunna D oxasniBaeTcsd oJae3HOH, MOTOMY YTO ee AHBEpreHuHd on-
penessercd NJAOTHOCTBIO TONBKO CTOPOHHHX 3apsijoB, BeqHuHHa H — noToMy 4TO ee

pOTOp Onpefejstiercs MJOTHOCTBIO TOJNLKO MaKPOCKOMHYECKHX TOKOB (CM, (popMyJibi
(19.8) u (52.6)).
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7. Manoxenne MAOTHX BOMPOCOR, KAacalOlMXCS Kone6aHld H BOMH, 3HAUNTENLHO
ynpomaerca v ofacruaercs, ¢CaH BMECTO TapPMOHHUCCKUX (GYHKUHU (T.e. Kocunyca
1 CHHYCA) NCMOALIOBATL 3KCTonenttl. [ToaToMy BHeApENne B BYSOBCKHIT KYpC (BHIUKU
NPEACTABALNUS BOJH B BHJE SKCICHEHT CTag0 HACYULHO 1HeoGXOAMMEIM. Ha1o umerh
B By, YTO PHBLIKEYTh K TAKOMY NBEACTABJACHHIO OU€HDL JIerKo, 3 Bpems, 3aTpauen-
110€ Ha «HPHBLIKAMIE®, C JHXBCIO OKYHHTCH.

8. B § 18 prison ¢opmyant (18.4) aas o6weMUCH NNOTHOCTH CBSI3AHHEIX 3apsACB
MCIKIO ONMYCTHTL, @ camy GopMy.ay BaTh Ge3 BLIBOAQ.

9. INpn HexpaTike BpeMenn § 45 «Marnetusam Kax pesiTHBHCTCKME SGHERTS MOAHO
HCKJIIOUHTE.

10. Buxaaan B § 57 u § 58 MoKu0 onycTuTh, OrpalHYABIIHCE KaucCTBCHNILIM
PaceMoTpeHnen  JHa- 4 NapaMarHeTHEMA.

il. B § 76 pacuer noas aan Getatpona (popmyau (76.1) — (76.6%) moxno onyc-
THTD.

12. Tonany X1l «Qaexktpnucciiil TOK B ra3ax» B COKPAWEHHLIA BapHalUT Nporpam-
MBI MOMKIO 1€ BKII0UYATh.

13. B § 97 «Cxopocrh YNPYTHX BOJAI B TBEPJOI Cpeje» BCE BBIKIALKH MOIKKIO Ol1y-
CTHTL M AATH TCALKO OKolMateaviivie Gopmyaw (97.7) n (97.8).

i4. B § 98 «Dueprua ynpyroi Boslinh BLIBOX (Gopmydn (98.5) MOXKNO ONYCTHTh
H lauath uzvuellne sToro naparpada ¢ gopmyant (98.5).

15. Tlepevio uacty § 112 no dopuya (112.7) u (112.8) MOKHO ONyCTHTD.

16. IMaparpad 116 «[lentpupoBannad ONTHUECKAS CACTEMa» MOKHO HMCKIOULTH.

17. B § 120 «KorepenTHOCTE? MOKHO ONYCTHTH BUK/ALKH, Ha4HHA0mMKCCs Gopmy -
a0it (120.4) n sakanuuBaommecs dopmynoit (120.6).

18. [laparpad 124 «MHoronyuenasi HHTEPQCPEHLHA» MOXKHO HCKIGUNTE.

19. B § 151 «/Ingpakuns peHTTeHOBCKHX Jyuei» MOXKIIO ONYCTHTL BBIBCI (POPMYJI
Jlays 1 camu 3T (QOpMYJB H OrpailudTbCsd paccMOTpenueM ¢opmysan bpsrra —
Byanda.

20. IMaparpa}p 133 «lodorpagua» MOXKHO HCKIIOUHTL.

21, Uacte § 135, Koropasi oTHocHTCs K dopmynaM dpeHens, MOXKAO HE pac-
CMATPUBATL.

22. B § 143 «pynnoBasi ¢KOPOCTb» MOMKHO OrpamiiuliThCH 3J7€MEHTapHLIM pac-
cMOTpetneM, 3akaluuBalowmmest ¢opmysaoil  (143.7). Buwknaaku, Haudialomuecst
opmyaoit (143.8) 1 3akanuupatomuecs dopmyaoi (143.13), MOXKHO onycCTuTh.

[Toauepkicy, 9TO MPHBEAEHHEIT nepeuens COKPAILENII SIBAACTCA OPHEHTHPOBOY-
HLM. B 3aBHCHMOCTH OT O6CTOATENLCTE ON MOXeT GhiTh H3MEeHeH HJH AONUICH 1O
YCMOTPEHINO TIpenojaBaTes.



HACTDb 1
3JIJEKTPHUYECTBO U MATHETH3M

FrATABA I
IJEKTPHYECKOE IMOJIE B BAKYYME

§ 1. 3aexTpuveckuii 3apsif

Bce Tesa B npHPOMAe CMOCOGHB! 3JE€KTPH30BATLCS, T. €. NpHOOpeTaTh
3NeKTPHYECKHH 3apsf. Haanuyde vieKTPHUECKOro 3apsiia IIpOsiBIASETCS
B TOM, 4TO 3apsyKeHHOe TeJ0 B3aHMOACHCTBYET C APYIHMH 3apsixKell-
HbiMH TeslaMH. MmeeTcss faBa BuAa 3VI€KTPHUYECKHX 3apsLAoB, YCJAOBHO
Ha3blBaeMbIX MOJOMKHTEAbHBIMH H OTPHUATEJNbHBIMH. 3apsifbl OJHOTO
3HaKa OTTAJAKHBAIOTCS, PA3HbLIX 3HAKOB — IPHUTATHBAKOTCA APYT APYIOM.

DNEeKTPHYECKHH 3apsAl SBJAETCA HEOTHEMJEMBbIM CBOHCTBOM HEKO-
TOPHX 3JEMEHTAPHBIX YACTHIl. 3apsii BceX 3JeMEHTAapHBIX 4YacTHIL
(ecaiu OH He paBeH HYJIIO) OJHMHAKOB 10 a0COMIOTION BeJHuHHE. Ero
MOXHO Ha3BaTh 3JeMEHTAPHBM 3apsjgoM. [loroxkurenn-
HL{ yieMeHTApHBIH 3apajl Mbl 6yiemM o0o3HauaTbh GYKBOil e.

K 4Hcay 3/eMeHTAPHBIX YacTHIY NPHHAAJeXKAT, B YaCTHOCTH, JIEKT-
poH (HecyYU[HH OTPHUATE/bHBIH 3apAJ —e), NIPOTOH (HeCYIHH NOJJIOMK(!-
TeJbHBIH 3apsaa +e) U HeAATPOH (3apsi KOTOPOro paeeH HyJ0). K3 sTnx
YACTHIL [OCTPOEHBl aTOMbi M MOJEKYJbl JIo60ro BEIecTBd, [M03TOMY
3JIeKTPHYECKHe 3apsibl BXOAAT B cocTaB Bcex Ted. (OBbMHO 4acTHUbl,
Hecyure 3apaAbl pazHbIX 3HAKOB, NPHCYTCTBYIOT B PABHBIX KOJIHYECT-
BaX M pacnpelesedbl B Tese ¢ OAMHAKOBOH IUIOTHOCTBIO. B 31oM ciy4ae
ajJre6padyecKkas CyMma 3apsiioB B JH0OM 3JeMeHTaproM ofbeme Tefa
paBHa HYJO, U KaXKAblH TaKOH 00beM (M Teso B LeoM) 6yJeT HeATpasb-
HeIM. EcaH Kakum-1n60 o6pa3oM CO3aTh B Tese H3OLITOK 4acTHIl Ofl-
HOTO 3HAKa (COOTBETCTBEHHO HENOCTATOK YACTHI[ APYroro 3HAKa), TeJo
OKaMercsl 3apsikeHHbIM. MOXHO Tak:Ke, He H3MeHHAs OOILEro KoJuue-
CTBA IMOJIOKUTENbHBIX KW OTPHUATENbHBIX 4YACTHI[, BLI3BAaTh HMX lepe-
pacnpejesieHse B Tese TAaKHM 00pa3oM, 4YTO B ORHOH 4acTH Te/ja BO3-
HHKHET H30LITOK 3apAA0B OAHOTO 3HakKa, B APYrOH — JApPYyroro. 310
MOX<HO OCYLIECTBMTh, MPHOIM3UB K He3apsI:KeHHOMY METaJJIH4YeCKOMY
TEJNY APYroe, 3apsi>KeHHOE TeJlo.
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[TockoarKy BeAKME 3apsifl ¢ o6pasyercst COBOKYMHOCTBIO 3JIEMEHTaP-
HbIX 3apa]0B, OH fABJAETCA LEJEIM KPAaTHBIM é:

g==+Ne. (1.1)

OpHako SJEMEHTApHBIA 3apsj HACTOJNBKO Maj, YTO BO3MOXKHYIO BEJIH-
yHHY MAKPOCKONUYECKHX 3apajOB MOXKHO CYHTATh W3MEHSIOILIEHCS HE-
NpepLIBHO.

Ecnu ¢u3nueckas BeJMYHHA MOXKET NPHHUMATh TOJNBLKO OnNpejc/eH-
Hble JMCKPETHHIe 3HaueHHd, FOBOPAT, UTO 3T4 BEJHYHHA KBaHTYeTCd.
dakT, BepaxaeMuit dopmyJoii (1.1), o3Hauaer, 4TO SMEKTPHUECKHH
3apsij] KBaHTyeTcH.

Besnunna 3apsaja, uaMepseMas B pasjJHUHBIX MHEPIHAJIbHBIX CHCTE-
Max OTCuUera, OKa3hiBaercg oanmHakoboit. CnenoBaTesNibHO, 3JEKTpHYE-
CKMil 3apsj fBAfeTcA PeNATHBHCTCKH HHBapHaHTHBIM. Orciofia BhITe-
KaeT, YTO BEJMYHMHA 3apsAfAa HE 3aBHCHT OT TOrO, AIBHXKETCS 3TOT 3apfl
HJA TIOKOHTCH.

SNeKTPHYECKHE 3apsAfibl MOTYT Hcue3aTh H BO3HKHKATh BHOBb. ONHAKO
BCerja BO3HHKAIOT HJAY HCYE3aKT ABa 3JIEMEHTAPHBIX 3apAAa NPOTHBO-
NOJMOXKHBEX 3HAKOB. HanpHMep, 3JEKTPOH M NMO3HTPOH (MOJOKHTENb-
HBIfi  SJIEKTPOH) NPH BCTpede AHHHTHAMPYIOT, T. €. NpeBpalanTca
B HefiTpanbHble ramMMa-(oToHel. TIpH 3TOM MCUe3aloT 3apsifil —e H —-e.
B xoje mporecca, HA3LIBAEMOTO POXKJEHHEM naphi, raMma-GoToH, nona-
Aasd B NoJie aTOMHOTO sipa, npeBpamaercs B napy 4acTH, — 3JeKTPOH
H nosutpoH. TIpH 3TOM BO3HMKAIOT 3apajil —e U —+e.

Takum 06pasoM, cysmmapHoeii 3apad SAEKMPUUecKu US0AUPOBAHHOL
cucmemer 1) He moscem UBMEHAMbCA. ITO YTBEPIKIEHHE HOCHT Ha3BaHHe
3aKO0Ha COXpPaHEeHUd 3JE€KTpHUEeCKOro sapsdgnaa.

OTMeTHM, YTO 3aKOH COXPAaHEHHH 3JIEKTPHYECKOro 3apsifa TECHO
CBA3aH ¢ PENATHBHCTCKOH HHBAPHAHTHOCTBIO 3apsaia. JleHcTBHTENbHO,
ecJTH GBI BIHYHHA 3apsja 3aBUcesa OT ero CKOpocTH, To, NPHBEAsA B JBH-
JKEHHe 3apsiibl OAHOTO KAKOrO-TO 3HaKa, Ml H3MEHWJIH Obl CyMMapHEIA
3apsal H30JHPOBAHHOH CHCTEMBI.

§ 2. 3akon Kyaona

3aKkoH, KOTOPOMY NOAYHHAETCS CHJIA B3aHMOJAEHCTBHS TOHEUHLIX
3apsIoB, Obl1 ycTaHOBJEH skcmepimentaipHo B 1785 r. Kysonow.
ToueuHBM 3aps]0M Ha3HBAETCA 3apsKEHHOE TENO, pa3ne-
paMH KOTOPOrO MOXHO npeHeGpedb N0 CPaBHEHHIO C PACCTOSTHHSIMH OT
3TOTO Tena A0 APYTHX TeN, HecyWMX 3JeKTPUYeCKHA 3apsa.

C noMoilpio KPYTHALHLIX BecoB (pHe. 2.1), CXOMHBIX € T€MH, KOTO-
phie 6bLIM HCIOJMb30BaHK Kapenauiem AJis onpejeneHus rpaBHTanHoH-
Hoil noctosHHOH (cM. T. 1, § 45), KyJioH H3Mepsial ciy B3aHMOAEHCTRHA

1) CHcTeMa Ha3WBAeTCs SJMeKTPHUECKH H30JIHPOBaHHOMN, ecaH deped or paHnuHBalo-
My €e NOBEPXHOCTH He MOrYT MPOHHKaTbh 3apsHeHHble YaCTHLHL



§ 2. 3AKOH KY/IOHA 13

JABYX 3apsKEHHBIX MLIAPHKOB B 32BUCHMOCTH OT B@JAHUHHBI 3apsajioB
Hd HHX H OT paccroiHna MexAay Humu. [Ipu stom KynaoH ucxomun u3
TO{0, UTO MPH KaCaHUH K 3apAKEHHOMY METANTHYECKOMY LLAPHKY TOYHO
TaKOr0 JKe He3apsHKEHHOTO IIapHKa 3apsifi Pacnpencidercs MeKay
o0oHMH IaPUKAMH MOPOBHY.

B pe3ayaerare cBonx ounbiroB Kynon npuinen ~
K BbIBOAY, YTO cCuaa 83aumodedcmeus 08yx Henoo- | =
BUNCHOIX NIOYEHHBIX 3aPA008 NPONOPUUOHANLHA 6EAU-
QUHE Kaxdoeo u3 3apados u 06PpaAmHo nponopyun-
Ha1oHa Keadpamy paccmoanua mexcdy Humu. Ha-
Mpas.Jaetiie CHIbI COBMNALAET C COCAHHAOLLEHN 3a P AAbl
npamoi. '

OTseTHM, YTO HanpabJeHHe CHJbl B3aHMOJeii-
CTBUS BJOJb MNPAMOH, COEJUHAOUWEH! TOYeYHbIE
3apsivl, BbiTeKaer M3 CO0OOpaXKeHWH CHMMEeTpPHH,
Ilycroe npoCTpaHCTBO MpeAnoJiaraercad OXHOPOA-
HbiM H H30TponHbiM. C/el0oBaTe/NbHO, €IHHCTBEH-
HbIM HamnpaBJI€HWEM, BBUIEAACMbIM B NPOCTPAHCTBE
BHECEHHBIMH B HEr0 HEMOABHKHBIMH TOYEUHBIMH
3apsamMi, ABJSIETCS HANpaBJeHHE OT ORAHOro 3a-
psaa k apyromy. Honyctum, uro cuaa F, nefictBy-
lowass Ha 3apsan ¢; (puc. 2.2), obpasyer ¢ Hamnpa-
BJIEHHEM OT ¢y K (5 YTOJ ¢, OTJAHUHBIA OoT O WJH I,
Ho B cuny oceBoii cuMMeTrpHu HET HHKAKHX OCHOBAHHI BbIAGJIHTH
ci1y F 113 MHoXeCcTBa CHJI APYTHX HanpabBJeHHi, o6pa3vVIoIUHX C OCBIO
g.—¢. TAKOH Ke yroJ o (HAlpaBJEHHA 3THX CHJ O0Pa3yIOT KOHYC

Puc. 2.1.

v
[
" l‘ g e a
et B 7 1 lz
gy, R A
b Y ] ] .7‘
~_ Yy .
‘q\'r =
Puc. 2.2. Puc. 2.3.

¢ yrjoym pactsopa 2a). BosHukawilee BCJASACTBHE 3TOT0 3aTPYJHEHHE
HeYye3aerT MpH o, PAaBHOM HVJO UJH .
3axoH KynaoHa Moxer OblTb BblpazKeH (GOpMYyJIoi

Fio=—k% e, (2.1)

3aech k — KO3(PHUHEHT NPONOPUMOHANBHOCTH, KOTOPLIH MpeanoJia-
raercsl NOMOXKHTENbHbIM, ¢1 H §y— BEJAWUHHBI B3aHMOAEHCTBYIOLIHX
3apAR0B, I — PACCTOSHHE MEXAY 3apsjam, €;,— €JIHHHYHBIA Bek-
TOp, HMEIOLLUH HAUpPaB/eHHe OT 3apsifa ¢; K 3apsay ¢,, Fj.— cuaa,
feitcTBytomwasn Ha 3apaj ¢, (puc. 2.3; pUCYHOK COOTBETCTBYET CJYYEI)
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oanoumenHmx 3apsajgos). Cuna Fy oTauuaercs oT Fi, 3Hakom:

Fu=k'5 en. (2.2)

OnunakoBbii A4 000MX 3apsiloB MOAYJAb CHJIBI B3aNMOJCHCTBIA
MOXHO NPEACTaBiTh B BHAC

F—p 1ol (2.3)

ra

OnwiT Jaer, uTo cija B3aHMOZelCTRIs JBYX JAaHHBIX 3apAACE HE H3-
MCHSCTCA, ecd BOAU3H HHX [OMECTHTb €Ile Karue-Jubo  3apsiibl.
Myctb umeeTcst [3apaf q, M, Kpome TOro, N sapsapoB ¢i, Ga, - - > On-
13 cKa3aHHOrO BLILIE BHITEKAET, 4To pe3yJabrupytomasn cuaa F, ¢ xoro-
poil JefiCTBYIOT Ha ¢, Bce N 3apANOB ¢; ONPCACTIAETCA dopmyaoi

N
F=23 F,. (2.4)

i=1

rne F,;— cuna, ¢ KoTOpoil JefiCTBYeT Ha g, 3apaj ¢; B OTCYTCTBHE
ocTaJlbHBiXx N—1 3apsanos.

dakr, Bupaxkaemblii gopmyson (2.4), no3BoafeT, 3HAA 3AKOH BiaH-
MOJICHCTBHST MeIY TOUEUHBIMH 3apfilaMH, BLIGHC/IHTL CHJY B3AHMO-
JEHCTBHA MEXKAY 3apAJaMH, COCPCHOTOYEHHBIMH HA Teslax KOHCHHbIX
pasmepoB. [lasi 3TOTO HYXKHO pas6uTh KAaXIbiH M3 3apga0B ha CTONb
Manble 3apsasl dg, 4Tofbl MX MOXHO ObLJIO CUUTATH TOUEUHLIMH, BHIUH-
cuTh 1o Gopmysie (2.1) cuay B3aMMOJEHCTBHA MEXIY 3apalaMil dy,
B3sITHIMH TOTIAPHO, M 33TeM [IPOH3BECTH BEKTOPHOE CJA0MEHHE STHX CIJL
MaTemaTHuecKH 3Ta onepanusl NOJHOCTBIO COBNAjAaeT € BhIUHCICHHEM
CHJIBE TPABUTALMONHONO MIPHTSAMEHHS MeXAy TejaMn KOHEHUHbLIX pas-
mepoB (cM. T. 1, § 45).

§ 3. CHcTeMsl eHHHLL

Hazexamuy BLIGOpoM eArHuIL! 3apafa (eanunust s F 1 r Gwinn
YCTAHOBJEHBI B MeXaHHKE) MOXKINO A0OHTHCA TOTO, ytoObl KO3GUpIIIHENT
nponopiHonaipioctH B dopmyse (2.1) okasajca PaBHBIM EANIIILE.
CooTBeTCTBYIOWAA eIHHNIA 3apafa (F v r NPeAnosaraTes HIMepeH-
novi B equuunax  CIC-cheTemu) HasbiBaeTes a6CoOMW0THOM
3J€KTpOCTAaTHUYEeCKONl eaMHHUEH 3apsana (co-
kpawenuo: CICI-eqmunueil 3apana). OHa npeAcTaBJadgeT coGolil TakoH
3apsijl, KOTOpLIH B3aMMOJEfiCTBYeT B BaKyyme C DaBHLIM eMy 1i 11dx0-
ASIOAMCS] HA PACCTOSIHHH 1 CM 3ap#AJoM C cuoilt B 1 IHHY.

[locpeAcTBOM TIWATENbHLIX H3MepeHunil (OHI! OMHCAHB! B § 74) Obl0
HaiileHo, 9TO 3JeMeHTapHbIl 3apAj pabeH

e=4,80-10"% CI'C2=ep. 3apaja. (3.1



§ 3. CACTEMbl EAHHNWL

[TpHHSB eIMHUILI AJIHHEL, MACcChi, BpeMeHH M 3apsja 32 OCHOBHRIE,
MGYKHO [TOCTPOUTH CHCTEMY €JHHHL, NEKTPUYECKHX M MArHHTHBIX BEJH-
yyy. CucTemMa, B OCHOBE KOTODOH JeXaT CaHTUMETD, TpaMm, CEKyH]a
4 CI[C-endHMua 3apsja, HasbiBaeTcss a6COJMIOTHOMN 3J€KT-
pocTaTH4YE€CKOH cuctemoidi eannun (CICI-cucremoi).
B ocHOBE 3TOH CHCTEMb JIEKHT 3aKOH Ky/oHa, T. €. 3aKOH B3aHMOJeH-
CTBUSI MEXLY NOKOSIIMMHCS 3apajamu. Broc/ieiCTBAH MBI TO3HAKO-
MUMCS C A6GCOMAIOTHON 3MeKTPOMAarHUTHOH CHC-
remoii enunuu (CTCM-cucremoit), B OCHOBE KOTOPOH JIEKHT
3aKOH B3aHMOIEHCTBUA MeKAY IPOBOAHUKAME, TIO KOTOPBIM TEUCT
sAekTpuueckHil TOK. AGCOMOTHOH fABJAETCS TaKxke rayccoBba
CUCTEMa, BKOTOPOH €IHHUIBI 3JEKTPHUECKNX BEIHUHH COBNAAAOT
¢ emunuuamu CICO-cucTembl, 4 MArHUTHBIX BEIHUHH — C CAMHHNAMH
CI'CM-cucTemsl.

B cucreme CI['CD dopmyna (2.3) vmeeT BHJ

F— I_q;_gd _ (3.2)
Dra GopMysa crpaseauBa B TOM Cay4ae, €C/H 3ap#jbl HAXOAATCS B Ba-
kyyme. st 3apsjoB, NOMEIAIONIMXCS B HEKOTOPOH cpejie, OHA JOJ/IKHA
6otk yroutena (cM. § 22).

C | siuaps 1963 r. B CCCP BBeleH B JeHCTBHE [ocynapcTBeHHBIH
crangapt TOCT 9867—61, KOTOPBIM MPEAMUCHBAETCH NPEeANOYTHTEND-
Hoe nipuMeHeHue MexxayHapOAHON CHCTEMBI eJHHHILL, o6Go3HauaeMOH CHM-
poniom CU. OCHOBHBIMH €IMHHMIIAMH 3TOH CHCTEMDbl ABJAIOTCH METP, KH-
Jorpamm, CEKyHJa, ammep, KeJabBHH, CBeda H MOJIb. Eannnueil cuasl
g CH cayxur sbiotod (H), paBnbiit 10° auw.

[pu ycTaHOBJIEHMH CAHHHIL JICKTPHYECKHX W MAaTHMTHBIX BEJIMHH
CH, xak u C['CM-cucrema, HCXOAUT H3 3aKOHA B3aUMOJEHCTBUS HE 3a-
psiioB, a NpPOBOAHHKOB C TokoM. IlosTomy Ko3dpUeHT NPOonopLHO-
HaJIBHOCTH B dopmyJe 3akona KyJ/oHa OKasnBaeTCH OTJIMYHON OT eju-
HI[LI PA3MEPHOH BEJIHUNHOM.

Enununed sapsiaa B CH asnsgercs ky o n (Kn). QOIBITHBIM NTYTEM
yCTaHOBJ/IEHO, HTO

] Kn—=2,998-10° (npubauxenno 3-10?) CI'C3-en. sapana. (3.3)

Urofibl COCTABHTb NMpeICTaBjaeHie O BeJHUHHE 3apsia B 1 Ka, Bbl-
YHCJAHM CHJY, C KOTOPO B3auUMOJeHCTBOBANM Obl BA TOUEUHBIX 3apsla
semmunioi 1 KJI Kamabif, HAXOMAMXCSA Ha paccToAHMH 1 M Apyr OT
Apyra. B coorserctBuu ¢ (3.2)

F:%CFCB_—_Q- 104 qun =9-10° H &~ 102 krc.  (3.4)

DnemMeHTapHbII 3apAJ, BuIPAXKeHMUbt B KyJ/IOHAX, PaBeH
e=1,60.-10"*° K. (3.5)
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§ 4. Paunonasu3oraHHas 3anuch GopMya

Bo MHorue GopMyJb 3NeKTPOARHAMHKH, ecTi 3annceiBats 1ix B CI'C
(B 4aCTHOCTH, B TrayycoBoil) cHcTeMaX, BXOAAT MHOXHTedsami 47 H
TaK Ha3blBaemasl 3J1eKTPOAHHAMHUECKasl NOCTOSIHHASA ¢, PaBHasA CKOPOCTH
cBeTa B Bakyyme. JIns Toro yro6bl H3GaBUTHLCS OT HHX B NPAKTHYECKH
HauboJsee BaxkHEIX GopMyaax, KosgduLHeHT NPONOPIHOHANLHOCTH B 3a-
koue Kysona nonaraior paeueiM 1/4 ne,. Torna BbipaxieHue 3akoHa AJs
32psJ0B, TOMEMIAIOINXCS B BaKyyMe, NPHHHUMAEET BHJ
F:-—l*— [ 4192 | 4.1)

4me, r? '

COOTBETCTBEHHO H3MEHATCA ¥ apyrue dopmyabsl. Biujousyenennas
1oA0GHBEIM 06pa3on 3anuck (GOPMYJ HasbiBaeTca pailM O HAaJ H 3 0-
B aHHO . CucreMbl elHHHL, TIOCTPOEHHEIE C HCMOJAL30BAHHEM PAlllIO-
HaJH30BAHHBIX OpPMYJ, TaKXe Ha3blBalOTCA PpalHOHAaJdH3O-
BaHHB MU, K ux uvcay npuHagnexur y CH.

BenityuHy €, Ha3bBalOT 3JE€KTPHUYECKOH NOCTO A H-
H 0 ii. OHa uMeeT pa3MepHOCTb 3JMEKTPHUECKOH €MKOCTH, AeJeHHOH Ha
JnHHy. COOTBETCTBEHHO €€ BLIPaXKAOT B €IMHNIAX, HashiBaeMbiX ¢a-
paia Ha MeTp. UToObl HAlTH YHCJIOBOE 3HAUEHIE &, NOACTABHM B ¢oOp-
Myay (4.1) 3HaueHHs BeJHUYHH, COOTBETCTBYIOUIHE CJYYaio JBYX 3aps-
J0B no 1 Ka, pacnosioxkennnix Ha paccrosuuu 1 m apyr or apyra. Co-
raacHo (3.4) cusia B3aMMOAEHCTBHS B 3TOM cayuae pasha 9-10° H.
IToncTaBUB 3TO 3HAYEHHE CWJIB, a TaKXe ¢,=¢;=)1 Ka n r=1 m B
dopmyay (4.1), noayuum

1 1.1
- 9' 109 = 41'[._8‘)? *
OTKYZA
' 1
80=m=0,885 10-1 D /M. (42)

TFayccoBa cucreMa eqyHHI, MIHPOKO HCMIONBL3IOBAJACh H NMPOIA0JNKAET
HCIOJBb30BaThCA B (uU3HYecKoH Jauteparype. [losromMy Mbl cuniTaem
HeOOXONMMBIM [O3HAKOMHTD 4YMTaTeasl KaK ¢ cuctemoll ennnui CH,
TaK M ¢ rayccoBoil cucremor. Manoxenune 6yner secrucs B CH. IonyrHo
GyReT yKashbBaTbCH, KaK noJyyeHHnle GOpPMYJabl BEILJISAAT B TayCCOBOR
cucreme. B npnnoskennu 11 8 KOHIle KHHTH CONOCTaBJA€HA 3aN1ICh GCHGB-
HbIX GopMYJN aneKTpoaHHaMHKH B CH M B rayccoroil cucreme.

§ 5. dnexkrpuueckoe none. HanpsxkeHHocTh noas

B3aumozeltcTBlie MeXAY NOKOSIUIUMHCS 3apsSAaMH OCYINECTBIASETCS
uepe3 3JeKTpHuYeckKkoe nouae!l!). Beakuit sapaa uamenser

1}y B §40 MBI YBHAHM, 4TO B cIyqae IBHAKYILIXCS 32 PSIA0B, KPOME 3JTeKTRHY eCKOTo
10157, B3aMMOJENCTBHE OCYLIECTRASIETCA TaKxkKe Yyepe3 NOCPEACTBO MAarHUTHOIO NOJs,
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CBOHCTRA OKPYXKAIOIWETO ero MPOCTPAHCTBA — CO3JA€T B HEM 3JEKTPH-
yecKOE ToJie. DTo foJe nposiBiseT cefs B TOM, 4TO noMetieHHbIH B Ka-
KYIO-1H60 €ro TOYKY 3JEKTPHUEeCKHH 3apAj OKa3blBaercs nol JeucT-
BreM cuabl. CienoparesabHo, Aas TOro YTOObl BLISICHHUTH, HMEETCS JH
B NAHHOM MECTe 3JeKTPHUECKOe 110/1€, HYKHO NOMECTHTE TYAQ 3aPRKEH-
poe Teno (B AafbHelllleMm JUIS KPATKOCTH Mbl OYJeM TOBOPHTb TPOCTO
3apsi) M YCT2HOBHTB, HCTBITHIBAET OHO J€HCTBHE 3JIEKTPHYSCKOH CHJIBI
WM HET. [10 BeJHunHe CHJbI, AeACTBYIOEH HAa AAHHBIK 3apa], MOMKHO,
OYEBHIHO, CVAIITh 06 «HHTEHCHBHOCTH» NOJL.

Hrak, 115 oOHapy»KeHWs W HCCJefOBaHHMS 3JEKTPHYECKOro no.ld
HYXKHO BOCNOJIb30BAThCS HEKOTOPBIM «NPOOHBIMY» 3apSI0M. Hasa Ttoro
yToGRl CHJA, AeHcTBYIOWasd Ha npoo- F
HbIil 3apsiji, XapaxTepH3oBaja noJe -
«B JNAHHON Touke», nNpoOHBIH 3apsj
10oakKeH ObiTh TOoYeuHbIM. B npotiB-
HOM CJyyae CHJIa, JeHCTBYHOLLad
Ha 3apsan, Oylder XapakTepH3oBaTb
CBOMCTBA TNOJSs, VYCpeJHEHHblE N0
o6beMy, 3aHHMaeMOMY TEJIOM, KOTO-
poe HeceT Ha ceGe NpabHbifl 3apsi.

Heeneayes ¢ noMoUbl0 TOYEYHOTO Puc. 5.1.

npo6HOro 3apsaja ¢,, noje, €o3na-
BAEMOE HENOIBHKHBIM TOUEUHBIM 32pAAoM ¢. TToMecTHB npoGHblil 3apsi
B TOYKY, NOJIOXKEHHE KOTOPOH OTHOCHTENBHO 3apsiid g onpepeJisieTcs
pajinycoM-BeKTOpOM r (puc. 5.1), Mbi OGHAPYXKUM, UTO HA npoOHBIE 3a-
pAA AeHCTBYET CHAa

F=q, (%‘To%e,) (5.1)

(cM. (2.2) u (4.1)). 3xech e,— opTt panuyca-BeKTOpa r.

U3 ¢opmyasi (5.1) crenyer, uto cuna, AeACTBYIOMAS Ha npoOHbLIA
3apsl, 3aBICHT HE TOMbKO OT BeJHYMH, ONpeje/filolluX rnoJe (ot ¢
W r), HO U OT BeJHYMHBLI NPOGHOrC 3apsAla ¢,,. Ecan GpaTk pasnbié no
BeJIHYMHE TipoGHbie 33apsAbl §rp, gup U T. L., TO M CHJIBL F', F', ...,
KOTOpHIe OHH MCIBLITHIBAIOT B A4HHOH TOYKe NOJs, GYAYT PasnHUHBINH.
Onnako n3 (5.1) BuaHO, yto orHowenue F/g,, ana Becex npoGHbIX 3aps-
0B GYNET OAHUM H TeM K€ M 3aBHCHT JIHIIb OT BEJHYHMH g U T, OTpejc-
JAsiomux noje B aaHHod Touke. [losromMy ecTeCTBEHHO NPHHATH 3TO
OTHOIEHHE B KAuecTBe BEJHUHHEI, XapaKTepH3YIOIEH 3JEeKTPHUECKoe
noJe:

L (5.2)
B'I‘y BEKTOPHYIO BE&JHYHHY HAa3sblB2IOT H anpfax EeHHOCTL O 3J €-

KTPHYECKOTOo NOJs BJaHHOH Toyke (T. . B TOH TOUKe, B KO-
TOPO# NPOGHBI 3apA §n, MCTLTHIBAET AeHcTBHE chant F).
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B coorserctBuu ¢ dopmynoil (5.2) HanpsKEHHOCTh 3/MEKTPUYECKOTQ
MoJsist YHCJIEHHO paBHa CHJe, ACHCTBYIOLLE HA e THHHYHLIN TOYEYHbIH 3a-
PAR, HaxXOAsIUMHCA B JaHHOH Toyke nojs. Hanpaenenue Bektopa E
COBNAJACT ¢ HANpaBJ€HHEM CHJBI, ACHCTBYIOLWEH Ha TMOJOXUTEJAbHbBIH
3apsii.

Otmernm, uto opmyaa (5.2) ocraeTcsl cnpaBefIMBON U B TOM Cay4ae,
KOrjd B KayecTBe MPOGHOTO B3AT OTPHUATENbHBIH 3apsan (¢,,<<0).
B arom cayyae BexkTopnl E M F UMeOT npOTHBONONOKHBIE HANPABJICHHH,

K NOHSITHIO O HanPsXeHHOCTH 3JEKTPHYECKOTO MOJS MBI IPHIILIH,
HCCaIeflyst [10J1@ HRMOABHKHOTO TOoYeyHoro 3apsaid. OJHAKO olipejede-
HHe (5.2) pacnpocrpaHsieTcs M Ha Cayyail 1oJisi, cO3/aBaeMoro JoGoil
COBOKYITHOCTBI) HENOABHXKHBIX 3apsifoB. B sTOoM cjaydae, Blpouem,
HeOoOXO0MMO clefyiomee yTouHeHHe. MoXeT cayuuTbes, YTo pacuoJo-
XEHHE 3apafoB, OO0YCJOBIHBAIOIIMX HCCJAENYeMOe I[0J1e, H3MEHAETCSH
MoA BO3[IEHCTBHEM MNPOOHOrO 3apsjaa. 3ITO NOPOH3OMAET, HANPHUMEP,
Korjaa 3apsiibl, CO3Jaroliue I10Jl€, PacloJoXkKeHsl Ha INPOBOJAHHKE H
MOIYT CBOOOJIHO Mepemelarbcsl B ero mpenenax. I1o3ToMmy, 4TOOGBI He
BHECTH 3aMeTHBIX M3MEHEHHH B HccjedyeMoe 110Jie, BeJIHYMHY NPOGHOro
3apaja HYXHO 6paTh JAOCTATOMHO MaJIoH.

13 dopmya (5.2) u (5.1) caepyeT, uTo HANPANKEHHOCTDb MO TOYEY-
HOrO 3apsjia NPONOpPUHOHA/IbHA BeJIMYHHE 3apsija g U o6paTHO nmponop-
LiIfOHaAbHA KBajpaTy PacCTOAHHA r OT 3apsjaa A0 AAHHOH TOYKH NOJS:

E=— e (5.3)

T 4me, r2F

Hanpaesen Bektop E Bjoab papHanbHOil mpsmoit, npoxoisiueit uepes
3aps], U AAHHYKO TOYKY TMOJIsI, OT 3apsAjAd, eCJH OH NONOXKHTENEH, H
K 3apsay, ecJi OH OTPHLATEJEH.

B raycconoit cHcreme dopMysa AT HAMPSMKEHHOCTH MOMA TOYEUHOFO 3apaga
B NaKyyMe HMeeT BHJ

E=—Te,. (5.4)

33 eJMHHIY HATPSKEHHOCTH 3JEKTPHYECKOTO MOJS NPHHHMAETCH
HAMPSAKCHHOCTh B TAKOH TOYKE, B KOTOPOH HA 3apaf, PABHBIN eHHHLE
(I K B CH, 1 C['C2-exunuue 3apsfa B rayccosoi cucteme), AefcTByer
¢iJj1a, BEJTHUMHA KOTOpo# Takxe paBHa eaduuue (1 H B CH, 1 auu B ra-
yCCOBOH cucTeme). B rayccoBoil cHCTeMe 3Ta ejHHHIA CHeLHAJILHOrO
naspandsi ne nmeer. B CH enunuua HanpsHKeHHOCTH 3JEKTPHUYECKOro
[0J151 HMEET HA3BaHHE BOJILT HA MeTp U o6o3navaercss B/M (cm. dopmyay

(8.5)).

B coorserctenu ¢ (5.3) sapsag B 1 K cospaer B BaKyyMe Ha paccTOAHHH | M
HATPAKEHHOCTD

1 1

E=1 [1/(47-9-10%)] 12

=9.109 B/m.
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Ta e HANpSUKEHHOCTh B TayccoBOil CHCTeMe paBHA

_q _3.10% 5 "
E= T = 0% = 3.105 CI'C3-en,

ConocTasass ofa pe3yanTard, HaXoauM, 49TO
1 CTC3-es. HanpsREHHOCTH noaa=3-10* B/m, (5.5)

Cornacno (5.2) cuaa, aeicTRyiollas Ha npoGHbl 3apaj, paBHa
F=gq,E.

OueBHANO, ¥TO Ha BCSIKUH TOUeUHHt 3apAl g ') B TOUKE NoJisI ¢ Hanpsi-
weHHocThio E OyJAerT JeHCTBOBATL CHJIA

F = gE. (5.6)

Ecay 3apaj ¢ NOJOXKHUTENEH, Hanpas/aeHue CHJbI COBIIAjlaeT ¢ Hanpas-
nennem pextopa E. B cliyuae oTpUIATeNbHOTO ¢ HATPAB/EHH BEKTOPOB
F 1 E npoTuBONOJIOYKHEL.

B § 2 Gri10 yKAa3aHO, YTO CHJA, € KOTOPOI CCTEMa 3apsJI0B IeHCTBY-
T Ha HEKOTOPbIH HE BXOASIIUN B cucteMy 3apsj, paBHa BEKTOPHOIL
CyMMe CHJI, C KOTOPHIMH neficTBYeT Ha JanHbill 3apall KayAblid H3 3ap9-
0B CHCTEMBI B OTJEJBHOCTH (CM. Qopmysy (2.4)). Otcrona BBITEKAET,
YTO HANPANCEHHOCb NOARL CUCTICMbL 3apA006 PABHA BEKMOPHOIL CyMme
HanpasceRHocmeil noaeii, Komopble cosdasan Goi kKaxOeul u3 sapadoe cu-
crmembl 8 0maoeavHOCU:

E-YE. (5.7)

[Noc/efiHee yTBepkjJeHWe HOCIT HasBaHHe mMpuHOHma Cyne p-
MNO3KWIUHU (HANOKEHHA) 3N EKTPHUYECKHX nmoJe .
anHI_I,Hl'I cynepnosnunu Nno3poyideT BBLIYHC/AHTDE Hanpsa}KeHHOCTb
noNs oGOH CHCTeMbl 3apsifoB. Pa3GMB NMPOTsSIKEHHBIE 3apalbl Ha Jo-
CTATOUHO MaJjble J0JH dg, JAbylo cCHCTeMY 3apsijloB MO2KHO CBECTH K CO-
BOKYIIHOCTH TOYEYHBIX 3apsifioB. DBkja) Kamjoro M3 TaKHX 3apaicB
B pe3yJbTHpYIOIee I0J€e BbUUCASETCS M0 dopmyane (5.3).
DNEKTPHYECKOE 110/1€ MOXKHO ONMCATh, YKa3as A KaxKJ0oH TOUYKH
pefMuKiHy M nanpaBienue Bekropa E. COBOKYIHOCTE 3THX BEKTOPOB
cOpasyer nose BeKTOpa HaIpAKeHHOCTH sJeKTpUueckoro noas (cp.
¢ moJieM BeKTopa ckopoctH, T. 1, § 72). [Tosie BEKTOpa CKOPOCTH MOXKHO
npeACcTaBuTh OYeHb HAT/ISAHO C MOMOULBIO auuud Toka. AHajgoruyio
3JIEKTPHUYECKOE N0J1e MOXKHO ONHCATh ¢ IOMOWIbIO JIMHUI HaNPSXKEHHOCTH,
KOTOpblE MBI OyJeM HasblBaTh COKPALIEHHO JIHHUFAMH E (ux Hasbl-
LAIOT TAaK¥Ke CHJOBBIMH JIHHI/IHMPI). JIMBIH HaHpH}KEHHOCTH NPOBOAAT
TakuM 00pa3om, YToOBl KacaTeNbHas K HUM B KaJkJiol TOYKe COBMNaAana

~—_C HanpabIeHHeM sektopa E. [ycrora smnui BLIGHpAeTCs TaK, YTOOb

1) B qopmyae (5.3) ¢ o3naqaer 3apsl, 06YCOBNUBAOMINT TIONE. B dopmy.e (5.6)
yepe3 g obosnauen 3apal, HCHBITHIBAIOIME B TOUKe ¢ Hanpskensocrbio E peficTeue
cuan F.
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KOJIHYECTBO JIHHHH, MPOHH3LIBAIOMHX €IMHHLY MOBEPXHOCTH, MepIeH-

JMKYNAPHOH K NIMHUAM [VIOWAAKH, GbJIO PAaBHO YHC/JIOBOMY 3HAYEHHIO

Bektopa E. Torza no kapTune AuHUE HanpsA:KeHHOCTH MOMKHO CYAHTh O

HAUPABIEHUH H BeNHYHHE BekTopa E B pasHBIX TOUKaxX npocTpalcrsa
(puc. 5.2).

Jlunnu E nons Todeunoro sapsja npeactaBAsiOT co6oi COBOKYIO-

HOCTb pajiHaNIbHbIX [PAMbIX, HAaNpPABJEHHBIX OT 3apsjia, €CJAH OH INo-

JIOXKHTEJIEH, H K 3apsilly, ecau OH OTPHU-

E E uareqed (puc. 5.3). JIMHMH OJHHM KOH-

/L— LIOM OIHPAIOTCH HA 3apsd, APYyTHM YXOAAT

B O6eckoHeyHocTh. B cavom jpene, noJdHoe

UHCJIO JIMHHEL, TepeceKalolHX cPepHUECKYI0

‘ T T MOBEPXHOCTb MPOU3BOJABLHOrO pajguyca r,

é—’—\\ Oyler paBHO NPOM3BEAEHUIO [YCTOTHI JIH-

HHH Ha noBepxHoctb cdepbt 472, T'ycrora

Puc. 5.2, JINHUH 1O VCJI0BHIO YHCJAeHHO paBHa E =

=(1/4xe,)- (¢/r?). CneoBateIbHO, KOJHYe-

CTBO JINDH YHCJEHHO PaBHO (1/41eg)- (¢/r?)- dnrt=q/e,. [TomyuenHbiil pe-

3YJbTAT O3HAYaET, YTO YI¢/I0 THHHHA Ha JiloG0oM paccTOSHUY OT 3apsifa 6y-

ACT OAHHM H TeM 2Ke. OTCIO,ZIB H BbITCKAECT, YTO JIMHHH HUT e, KPOMe 3aps-
Ad, H€ Ha4YWMHAKTCA H He 3aKAHUYHBAKOTCS, OHH, HAYaBIIHCL HA 3apsie,

Puc. 5.3.

YXOAAT B GECKOHEYHOCTb (3apAJ NOJOKHTENeH), Au60, MPUX0Aa U3 6ec-
KOHEYHOCTH, 34KaH4MBAIOTCS Ha 3apaje (3apsaa orpuuaresen). Ito
cBoHcTBO JuHuA E siBMserca obuuM 1/ BceX 3JeKTPOCTaTMYECKHX
noJsieit, T. €. noJel, co3gaBaeMblX JHIOOOH CHCTEMOH HENOABHXKHBIX 3a-
PALOB: JIMHUH HANPSIXKEHHOCTH MOTYT HAUMHATLCH H/JIM 3aKaHYUBATLCS
JULb Ha 3apsjax Ju00 YXOAHTb B GECKOHEYHOCTD.

§ 6. Motenuuan

Paccmotpum noste, cosfaBaeMoe HEMOABHKHBIM TOUEUHBIM 3aPSAAOM q.
B smo6oil Touke 3TOro nosis Ha TOYeuHbld 3apag ¢’ AeificTBYer cuaa

F=9 e —F(r)e,. 6.1)

T 4ney r2
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3peck F(r) — monyab cuant F, e,.— opT pamHuyca-BEKTOPa r, onpe-
1eNAIOWEro MoJoXKeHHe 3apana ' OTHOCHTEJbHO 3apaid 4.

Cuna (6.1) sBasercs LeHTpadbHOM (CM. T. 1, §21). Lieutpanproe
nome cul KoucepsathsHo. ClefoBaTelbHO, DaGoTa, Kotopas coBep-
H12eTCs CHJIAMHM OIS Haj 3apsajoM ¢’ NpH NEPEMEIEHHH ero H3 OAHOH
TOYKH B APYIYlO, HE 3aBHCHT OT HyTH. 372 paGota paBHa

2
A= S F(r)e,dl, (6.2)

1

rae dl — sneveHTapHoe nepeMelleHue sapflia q'. Ua puc. 6.1 BujHoO,
yTo CKaJAfAPHOe TpoH3BefeHue e dl papHo NPHPALIEHHIO MOLY.1A pajiycd-
pektopa r, T. e. dr. Tlosromy ¢opmyny F ——
(6.2) mMoxHO MNpeiCTaBHTb B BHIE

2

A= S F(r)dr

(cp. ¢ dopmynoii (21.3) 1-ro Toma). log- %
cTaHOBKa BhIpamenus ansa F(r) paer:

rq

Ai—'-q—q'-S%= 1 (qa'_qq')_(B_B) g

37 4ne 4re 1y r
° oMt 2 Puc. 6.1.

Pa6oTa CHJI KOHCEPBATHBHOTIQ IOJA MOXKET 6LITL MpeJICTaBJena raKk
yOblJIb MOTEHUHANbHOH SHEPTHH!

A1'2=Wpl"—‘“7p2- (64)
Comnocrassenne dopmya (6.3) u (6.4) NPUBOAKT K ClellylOUIEMY BEIPAXKE-
HHIO IS MOTEHIHanbHO# 3HEPTHH 3apsaja ¢’ B moJe 3apsna q:

W,=_—

- 43'[.30

2. 4 const.

3HayeHHe KOHCTAHTHl B BHPAXKEHHH MOTEHIHAJbHOH 3Hepru 06LIYHO
BEIGHpaeTCcsa TAKMM 06pa3om, YTOOHI NPH YAAJICHHH 3aps/d Ha fecxoneu-
HOCTb (T. €. MPH r=00) MNOTEHIHaJbHAsl SHEPTHA ofpaltanack B HyJb.
[Ipu sTOM YCJIOBHH TOJNYyYaeTCs, HTO

W= (6.5)

~ dmey, T

BocnoabayeMcs 3apaoM ¢' B KauecTse Npo6HOTo 3apsjia As HCC.1e-
nosanus noas. Cornacxo (6.5) norenuHaNbHas SHEPrui, Kotopon c6Ja-
13eT NPoGHEI 3apsil, 3aBHCHT He TOJLKO OT €ro BEIHYHHEL q', HO H OT
BeJIMYUH § W r, ONpejeasiollux noJe. CJiiefoBaTesIbHO, 3Ta 3HEPIHA
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MOKeT ObITh HCIOJbL30BaHA /I ONHCAHMS MOJfA, NMOAOOGHO TOMY, Kak
6GLLIA HCIOJB30BaHA IS 3TOH LEJH cuJa, AeHCTBYHOLLad Ha NpoOHbIH
3apsia.

PasHble NPOGHBIE 3aPAAbl Ghp, Gnp H T. A. OYAYT 06MaNaTh B OAUOH
U Toli e Touke mojs paannuHoit sHepruein W, W, u 1. a. Onnako
ornowenue W /g, GyRer s BCeX 3apPAAOB OXHUM H TEM ke (cM. dop-

Myay (6.5)). Beanuuna

WP
¢ =-— (6.6)
Jap

HA3LIBACTCA HOTEHUHAMOM MOJAHA B JaHHOH TOYKE H HCHOJD-
3yeTcsl, Hapajy ¢ HanpdKeHHOCTblo nodas E, Aid onucanus 3/eKTPH-
YRCKHX [0JIeH.

M3 (6.6) caenyer, 4To MOTEHUMAT YHC/JACHHO PaBeH MOTEHUHAJbLHOH
3HEPTUH, KOTOPOiH o6iajas Obl B JaHHON TOYKE MOJIA €JHHHYHBIA FOJ0-
KuTenpHelil 3apaf. [logcrasus B (6.6) 3naueHne NOTEHIHMANBHOH 3HEp-
ruy (6.5), moJiyuuM AJas NOTEHUMaJa TOYEUHOrO 3apsiia Caeylee
‘BLIPAXKCHHE!

p=—_9. (6.7)

4ne, r

B rayccopoil cHcTeme HOTEHLMAN TOAS TOUEYHOr 0 3apAJa B BAKyyMe Ofi pefleifaerca
Gopmy.I0it

(p:T.

PacemMoTpuM moJie, co3jaBaemoe cHCTeMoR N TouYeuHBIX 3apsfioB
Giy Jay - - - §n. PACCTOHUA OT KaXKJAOTO H3 3apsAJA0B A0 AaHHOH TOYKU
noJst 0003HauuM 7y, 7s, . . ., 'ny. Pabora, coBepluaemas CHUJIaMH 3TOro
noJiAd Haj 3apagom g', Oyaer paBHa aarefGpanyeckod cymme paloT cuiJ,
O0YCJIOBJGHHBIX KaKIAbIM H3 3apaJoB B OTACJAbHOCTH:

N\
A12 — -;[ Af'
CornacHo (6.3) kaxpnas u3 pabor A; pasua

- (q;q’_qaq’)’

¢ 4ne, ri ris

e r;;— PACCTOSHHE OT 3aPsja ¢; 10 HauaJbHOTr0 NOJOKeHUs 3apajia q’,
ri,— PAcCTOSIHHE OT ¢; A0 KQHEeUHOro NoJoxeHHs 3apsja ¢'. CaenoBa-
TeJbHO,

N N

1 x99 ! 9:9°
Alﬂ— 43150 % 4;”.80;,_1 fia *

Ii1



§ 6. NOTEHLHMAJ

ConocTaBUB 3TO BbIpaXeHHe C COOTHOMIEHHEM (6.4), monyyHM Aans M0-
TeHNUAJALHOI 3HEPTHH 3apsifia ' B MOJE CHCTEMBl 3apAJI0B BLIPAKEHHE

N
1 q:9’
WP—_ 4me, ;1 ri !

113 KOTOpPOro chaeayer, 4To

| N
= ey (6.8)
=1 t

4, ‘

Conocrasienne noayueHHoil GopMy /bl ¢ BhIDAAKEHHEM (6.7) NpHBOAHT
K BLIBOLY, UTO NCMCHUUAA RO, CO3006ACH0O0 cucmemol 3apados, Pacen
ea2e0 paUtCEKOLl cyame NOMEeHUUaIos, cosdasaesolx KanOvin u3 3apa0os
6 omdespHoemu. B TO BpeMs Kax HANDSIKEHHOCTH M0JS CKJAALbIBAIOTCHA
HPH HAJSOMKEHM! HOJeH BEKTOPHO, NOTEHIHAIb CKIAALIBAIOTCA aJnre 6-
panuecku. [1o 2T0il NpHUKHE BBIYHCIEHAE TIOTEHIIAION OKa3LIBAETC s
OGLIYHO rOopasfgo npotle, 4YeM BLIYHCJAEHUE HATP AKEHHOCTEH 3JIeKTPU-
yecKoro noJsl.

M3 ¢opmyast (6.6) BubiTeKaer, 410 3apal g, HAXOAAIMICS B TOUKE
HOJS C MOTeHLNaIoM ¢, 06/1alaeT NOTeHUIaMbHOH 3HepIruen

W,=q¢. (6.9)

Criefosarebio, paGota CHJ NOJist Haf 3aPAAOM g MOXKET OLITH BbIpaXeHa
yepe3 pasHOCTb MOTEHILHAOB!

A= Wm—sz:Q((Pr-(Pz)- (6.10)

Taxkum ofpasom, paboTa, COBepiuaemas HaA 3apsfoM CHJIaMH noJ,
paBHa [POM3BEACHUIO BENWUHMHBL 3apsja HA pPaspocth IIOTERILIAJOB
B HAUAJILHON H KOHEUHON TOYKAX (T.e. na YOmLIb [IOTEHIHANA).
Ecsu 3apaj ¢ H3 TOUKH C NIOTEHILHANOM ¢ yAAIAeTC:d 1d OecKoHey-
nocTb (CA€ MO YCJOBHIO [OTEHOHA. pabel HyJI0), padora CHJ DOJA
OyleT papiua
A_=qq. (6.11)

Orclofa caepyer, UYTo NOMEHUuUAA HUCAEHNO pAGEH pabome, Komopyio
COBEPLUAIOM CUABL NOASL HAQ €OURUHROLM NOAONHUNIEALHBIM BapAdoM npu
ydarenuu €20 u3 OuHHOl MOUKL HA GeckoHeyHocmy. TaKyio e 110 BeJ-
yine padoTy HYXKHO COBEPIUHTH IPOTHB CHJl 3JCKTPUUECKOrO To.l A9
TOrO, MTOGEI TIEPEMECTHTb €IMHHYHbBIA NOJIOKHTEAbHBIT 3apan H3 Oec-
KOHNEYHOCTH B JaHHVIO TOUKY NOJIA.

dopmyay (6.11) MOXKHO UCHOJB30EATh s yCTAHOBJICHHA e HHLL
HOTeHIHaAa. 34 eAMHHIY MOTeHIHa a NPUHHMAIOT NOTCHIHAL B TAKOH
TOUKe NOMs, TS NepeMelleHds B KOTOPYIO H3 DECKOHEUHOCTH E/LHHY-
HIOTO TIOJI0MMTEABHOTO 3apsja 11eo0X0AHMO COBEPIIHTD pafoTy, PaBHYIO
ennnuie. Tak, B CH 32 efunuuy NOTCHIMANA, 1HA3LIBACMYIO BOJIBTOM
(coxpauiennoe 06O3HAUCHHE —- B), ppuuumaercsl MoTeHUHANT B TaKoH
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rouxe, JJs1 MEPeMelieHHst B KOTOPYi0 H3 GE3KOHeYHOCTH 3apsAa, pas-
toro 1 KyJOHY, HYXKHO COBEpIUHTb pafoTy B 1 AKOYJIb!

1 Ix=1 Ka-1 B,
OTCIOAA

1 Ow
1 B=1¢>- (6.12)

32 a6CAMOTHYIO SMEKTPOCTATHYECKYIO eHHHILY MOTeHuHala (CI'C3-el. moTeHUM-
ana) NpHHMMAETCA MOTEHUHAX B Takof TOUKE, JVIA Mepemelllends B KOTOPYIo H3 6ec-
KoHeYHOCTH 3apafa, pasnoro -1 exunune CI'CI, HYKHO COBEPLIKTD pa6oty B 1 3pr,
Boipaxasn 8 (6.12) 1 Jlk u | Ka gepe3 ea HULHL CI'C3, nalilem COOTHOLIEHHE MEXAY
poibToM H CI'C3-ea. moTeninana:

1 Ix 107 spr 1
T RKa —3-10°CI'CAen. — 300 CIrC3-ex. notennuana, {6.13)

Tagum ofpa3om, oanHa CI'CI-equnHua noreHnHana pabHa 300 B.

l1B=

B ¢u3aKKe 4acTO NONb3YIOTCS EAUHULEH SHEPrHH H paGoTH, Ha3biBaE-
moit asiekTpoHBosbTOM (3B). Ilox 3JeKTPOHBO/IBLTOM NOAPA3YMEBACTCA
pa6oTa, COBepluaeMas CHJAaMH NOJSA HaX 3apsfioM, PaBHBIM 3apdAny
3/JEKTPOHA (T. €. Haj 3/eMEHTaDHHM 3apAN0M €), IPH NPOXOXKJCHHH HM
pa3HOCTH MoTeHuuanoB B 1 B:

13B=1,60-10"* Ka-1 B= 1,60-10-1 Tx =1,60-10"*23pr. (6.14)
Henonpaylores TakkKe KpaTHbl€ 3/EKTPOHBOJNBTY €AHHHIEL

1 x3B (kun03neKTpoHBOJLT) = 10° 2B,
1 MaB (merasnekTtponBoJibT) = 10° 5B,
1 I'sB (rurasaexkTporBoJbt) = 10° 3B.

§ 7. dHeprus B3aHMOJAEHACTBHA CHCTEMbl 3apAR0B

Buipaxkenue (6.5) MO:KHO paccMaTpPUBaThb KaK B3aUMHYIO MOTEHIM-
AMbHYIO SHEPrHio 3apsAnoB ¢ u ¢'. OO603HAYUB 3aps/lbl 4epesd gi H gy,
nofyYuM J/isi HX SHEPrHH B3aUMOAEHCTBHA Qopmyny

W, = 2oz (7.1)

P 41160 12

Paccrosuue MexAy sapsagamMd Mbl OGO3HAYHJIH CHMBOJIOM ia.

PaccmoTrpum cucTemy, coctosdmlyilo u3 N TOYeUHBIX 3apafoB
Gty Go» - - -» n- B § 23 1-ro ToMa OBIIO NOKa3aHo, 4TO 3HEPrHs B3aHMO-
JeHCTBUA TAaKOH CHCTEMbl paBHA CYMM€ 3HEPrHH B3aHMOJCHCTBHA
3apa0B, B34TblX MONapHO:

Vo=23 Wou(u (7.2)
' (i %=k)
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(cm. dopmyay (23.20) l-ro toma). Cornacno (7.1)

_ 1 i
Wpix= 4ne, rip

[Moncranosxa storo Bhipawenus B dopmyay (7.2) naert, uro
W,=+ L Wik (7.3)

4 Adne, r;
Uz h)* 0 ik

B rayccosoit cucreMe B 3TOH ¢opMyae OTCYTCTBYET MHOKUTE/DL 1/4neq.

B dopmyne (7.3) cyMMHpOBaHHE NPOH3BOAWTCA MO HHAEKCAM iunk.
Q6a uujekca npoferawT, He3aBHCHUMO APYr OT Apyra, Bceé 3HAUCHHUI
ot | no N. CnaraeMble, A1 KOTOPbLIX 3HAaUYeHHE HHIEKCA { coBIapaer co
sgadeHHeM HHAeKca &, He NPHHHMAWOTCA BO BHHMAHHE, [Ipupanum
dopmydae (7.3) cheaymoliuii BHA:

N

1y L 4%

WP_?Z‘I q‘k2= 43'[80 Tik ¢ (7'4)
(kR ‘

Brpakenue

_ 1 9k
(& =i)

npeAcTaBAsfieT Co0OH MOTeHUHaAl, CO3JlaBaeéMhlii BCEMH 3apaiaMH,
Kpome ¢;, B TOH TOYKe, [/ie TIOMEIAeTCs 3apaa ;. [1puHAB 3TO BO BHH-
MaHHe, MOMYUHM JJisl SHEPTHH B3AHMOACHCTBUA CJEAYIOLLYIO dopMyay:

N
1
Wp='§'z q:9P;- (7.9)

i=1

§ 8. CeA3b MEeXKAY HANPSKEHHOCTHIO ICKTPHUECKOro noJA
H NOTEHUHANOM

DaexTpHYECKOE NOJ1e MOXKHO ONHCATh JHOO € MOMOULBIO BEKTOPHOH
Benuununl E, 1460 ¢ NOMOLLBIO CKAJIIPHOHA BEJHYHHBL §. O4yeBHAHO, YTO
MEXAY STHMH BEeJHUHHAMU JO/IKHA CYLLECTBOBATb ONpe/ieieHHas CBA3b.
Ecau yyectb, 4To E NpONopuHOHANbHO CHAE, ReficTByolle#l Ha 3apsd,
a ¢ — [OTeRUUAJbHON 3HEPTrHH 3apsana, JErKo coo0pasuTk, YTO 3Ta
CBH3b JOJKHA ObITh AHAJNOTHYHA CBSA3H MEXAYy NOTEHUHAJbHOH SHep-
rHeil W CHJIOH.

Cuna F cBaA3aHa ¢ MOTEHUMAJNbHO! 3IHEPrHedl COOTHOILEHHEM

F=—VW, (8.1)

(cM. dopmyay (22.7) 1-ro Toma). [ins 3apsiseHHOA YaCTHOE!, HAXOAA-
mefick B anexTpocratnyeckom noae, F=qE, Wp=qg. IloacraBuB
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3TH 3Hayenns B cooTHoluenue (8.1), moayunm, uTo

gE = —v(qq).
Komncranty ¢ MoxHO BHIIECTH 3a 3HaK rpaancita, OcyuecTspe 3710 U
COKPAaTHB 3aTeM Ha ¢, NpHAEM K dopmyJe

E——v¢, (8.2)

VCTaNnaBANBAIoNIel CBSI3b MEXAY NanpsKCHHOCTBIO NMOJasl H HOTEH-
1L112J10M.
[IpuusB BO BIHMAHIE onpejenenne rpajuenta (cM. gopMmyay (22.6)
l-ro TOMa), MOXKHO HamHCcaTh, 4TO
dg dp i
f=—-Te ——fe —-—¢,. 8.3
dx % dy 4 dz % (8.J)
CleoBaTedblo, B IPOEKILISIX HA KOOPAMHATHBIE OCH cooTlOoleNTie (8.2)
HMeeT BHJL
dg B dg
E —_— X ¥ EU—_ ay ’ Ez*“" UZ . (8-4)
AnajorHuno npoexuusi BekTopa E HA Mponaposblioe Hanpasicuue [
paena B3sSiTOH ¢ 0GPATILIM 311aKOM NPOM3BORHON ¢ 1O [, T. €. CKOPOCTH
}"6}31138111/151 norenuiaa TnLpH nepeMelieHinn  BA0Jb HanpanJi€lliis [
dep QN
B cnpapennunocTty ¢opmyant (8.5) serko y6eaAkTLCS, BEIGPAB nanpapJe-
iye | B XayecTse OiHOH M3 KOOPJAHHATHBLIX OCell H NPHHAB BO BHUMAHHE
cootnowenus (8.4).
[Tosicuum cooTHowmenrde (8.2) Ha npuMepe HoJs TOYEYIoro sapsina.
[MoTtenunan sToro moas puipaxaercst qopmyaoii (6.7). Tlepeias xk pe-
KapTOBbIM KOOPAIHATAM, HOJAVUHM BbipaXKenle: |

g 1 q
P= dne, r  4ne, Vi [y 22

YacTHast npoli3BofHasi 3TOH (yHKHUH N0 X paBHa

do _ q x 9 x
ox dney (x21 242y /s dngg A
AnaJjoruuno
% o 4 % 9
dy dnegg, 3 gz dne, rd°

[MoncraBiB Haiifelible 3Ha4enia DPOU3BOAHLIX B Gopmyay (8.3), npu-
JleM K BhIPaXKeHHIO

E— q  xe-l-ye, 1 ze, s q r I q

: — = 5 €
4118 ri dmeg, 74 dng, r2 10

KOTOpOe coBRajaer ¢ (9.3).
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dopmyaa (8.2) no3soadeT Mo U3BECTHBIM 3HAYEHHAM @ HaHTH Ha-
MPSIKEHHOCTD M0/ B KaXA0H TouKe. MOXHO pellMTh U 0OpaTHYIO 3a-
AAa4y, T. €. Mo 3aflaHHbIM 3HaueHHAaM E B ka0 TOuKe HAKTH PasHOCTb
[MOTEHLHAJOB MeXAy ABYyMs NPOH3BOJbHLIME TOYKaMH noad. Lag storo
BOCTIOJIb3YeMCS TeM, UTO Padora, coBepluiaeMas CHJIAMH I0JA Haj 3aps-
IOM ¢ TIPH nepeMelieHud ero 3 Toukd [ B TOuKy 2, MoxeT Gb(Th BbIYIli-

¢JeHa KakK
2

A= gEdl.

1

Bumecte ¢ Tem B coorBercTBHH ¢ (6.10) Ta ke pabora MoxeT ObITL Mpej-
cTaBjacHa B BHJE

A1 =g (P1—P2).

[TpupaBuaB APYr APYry 5TH ABA BbIpaK€HUH U COKPATHUB Ha ¢, IIPHJEM

K COOTIIOLUEHUID
2

¢ — ¢ = | Edl. (8.6)

1

Hurerpan MoxKHO 6paTh o JOG0H JHHHH, coefuHsionIel Touk I u 2,
460 paBoTa CHJl OJIS HE 3aBUCHT OT nMyTH. ILns o6XoAa no 3aMKHYTOMY
KOHTYPY @1=@2 H (opmyaa (8.6) mepexoJAUT B COOTHOLUEHHE

HEd=0 (8.7)

(KPY»OK y 3HAKa HMIUTerpaja yKasplBaeT Ha TO, YTO HHTErPHPUBAIHE
MPOM3BOAUTCA O 3aMKHYTOMY [YTH). 3aMETHM, 4TO 3TO COOTHOLIEHHE
CMPaBeANMBO TOJIBKO AJA 3JEKTPOCTATHYECKOro MOJA. Bnocaegctsuu
Mbl BBISICHHUM, YTO [I0J1¢ ABHIKYLUIHXCS 3apsjloB (T. e. IoJle, W3MeHso-
ueecsl €O BPeMeHeM) He sIBJseTcs MNOTeHIHAJbHBIM; C/el0BaTe/bLHO,
ycaoBue (8.7) Ad Hero He BBITOJHSACTCA,

Bootparkaemasi MOBEPXHOCTb, BCe TOYKY KOTOPOH HMEIOT OIMHAKO-
BLIH TOTeHUMAJ, HA3b(BAETCH SKBHIOTEHIHAJNLHOH NOBEPXHOCTHIO. Ee

ypaBHeHHe HMeeT BUJ|
¢ (x, y, 2)=const.

[IpH nmepeMeleHHH MO 3XBHIOTEHIHANBHOM NOBEPXHOCTH HA OTPE30K dl
ioreHiuan He usmensercs (dg=0). CnerosareinHo, corJgaachHo dop-
myJe (8.5) KacaTenbHasl K TIOBEPXHOCTH COCTamJjsionias Bektopa E
paBHa nyaio. Orciofa 3akiwouaeM, 4To BeKTop E B Kaxaou Toyke Ha-
npaBJ/eH 1o HOPMaJH K KBHIIOTEHIHAAbHON I0BEPXHOCTH, NMPOXOAALLeH
yepes JaHHy0 Touky. [IpuHAB Bo BHUMaHHe, 4To BeKTOp E HanpasJen
o KacareabHoil K Junuu E, jJerko coodpasuTb, 4TO JHHHH HAMpPsXKeH-
IOCTH B KaXK}OHM TOUKE OpPTOTOHAJbHBl K 3KBHMOTEHIHANDLIIbIM NOBEPX-
HOCTH M.
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DKEUNOTEHIHANBHYIO TIOBEPXHOCTh MOXKHO MPOBECTH uepes Mobyo
TouRy nons. ClefosaTeslbHO, TAKHX NOBEPXHOCTEH MOMKeT OblThb IO-
CTPOEHO 6ECKOHEYHOE MHOJKECTBO. ¥ CJIOBJIMBAIOTCS MPOBOJAHTH [1OBEPX-
HOCTH TaKUM o6pa3oM, 4ToObl PA3HOCTD NMOTEHUHANOB A/ IBYX COCEAHHX
NoBepXHOCTell GhiNa BCIOAY OXHa M Ta ke. Torxa no rycrore KBH-
NOTEHIIHANbHLIX NOBEPXHOCTEH MOIK-
HO CYIHTb O BEJHYHHE HaNpsKeH-
HocTH moJsa. JlelicTBUTeNbHO, YeM
TVIe paclnofararTcd 3KBHMNOTEHILH-
aJbHble TIOBEPXHOCTH, TeM ObicTpee
j13MeHsieTCd MOoTeHIHal nphH nepeme-
IIleHHU BJIOJbL HOPMaJH K NOBEPXHO-
ctu. Cnenorarenbno, TeM 6oJblue B
NaHHOM MecTe y@, a 3HAYHT H E.

Ha puc. 8.1 nokasahnel 3KBHNO-
TeHlUaJbHLIE NMOBEPXHOCTH (TOUHEE,
MX MnepeceyeHUs € TJIOCKOCTBbIO uYep-
texa) LJd Mojasd ToyeuHoro 3apsja.
B cooTBeTcTBMM C XapakTepoM 3aBH-
CHMOCTH E OT r 3KBHNOTEHUNAJILHEIE
NOBEPXHOCTH OpPH MpuGIHKEeHnHH K
3apsARy CTAaHOBATCA TIyUIE.

i onHOPOJAHOTO NOJA 3KBHMOTEHIHAJbHLIE MMOBEPXHOCTI! lIpen-
CTABJASAKT cOB0Il CHCTEMY PABHOOTCTOSIIMX APYT OT Apyra MJIOCKOCTeH,
NepneHAHKYJASPHBIX K HalpaBJeHHIO NOJs.

Y

.y
e L

Puc. 8.1.

§ 9. Junoan

dNeKTpUUYECKHM JHNOAEeM I1a3bBAaeTcs CHCTEMaA ABYX
OJMHAKOBRIX TO BeJIMUMHE PA3HOUMEHHEIX TOYEUHREIX 3apsaoB g H —q,
paccTosinne [ MeXAy KOTOPbIMHM 3HAYMTEIBHO MEHbIIIE PACCTOAHHA IO
TeX TOueK, B KOTOPHIX onpenensieTcs noJse cucremol. IIpamas, npoxoia-
mas yepes o6a 3apsAlna, HasbiBaercss OC b0 T HIOJA.

Bolunc/HM cHauaJia MOTeHIMan, a 3aTeM HanpfAXKeHHOCTb Mo/ JAH-
noasi. Aro nosae obaagaer oceBoil cummerpueii. [lostomy KapTitna noas
B 106011 JIOCKOCTH, MPOXOAsiel uepes och Auno/da, 6yaer oAHOH H TOH
e, npuyeM sektop E sexut B 370i N110cKOCTH. TTo0KeH e TOUKH OTHO-
CUTEJIbHO IHNOJASA OyleM XapakKTepu3oBaTh C IOMOILbIO paanyca-BeK-
Topa r JAn6o ¢ NOMONIbIO MOJAAPHLIX KOOpAHHAT 7 ¥ & (puc. 9.1). Beexem
BexTop |, NIpoBefleHHBlT OT OTPHILATEBHOIO 3aPSAAA K NOJOKHTENbHOMY .
[Tonoxkenye 3apana -+¢ OTHOCHTEJBHO LEHTpa AHNOJSA OlpencseTcs
BEeKTOPOM a, 3apsja —q — BekTopoM —a. OueBHaHo, uto l=Za.
PaccTosiuns 10 JaHHOH TOYUKH OT 3apsioB --g 1 —¢q o603HauyHM COOT-
BETCTBEHHO yepe3 ry H r_. BBILY MaJOCTH 4 NO CPaBHEHID € 7 MOAHO
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NONOXKHUTb NPUGAHIKEHHO, UTO

r,=r—acosd=r—ae,
(9.1)

r_=r+acost=r-4ae,.

[MoTenunad B TOUKe, OfNpelenseMoi paanycoM-BEKTOPOM I, PaBEH

_ 1 g _q\___ Y q(r——r4)
@ (r)= 4re, (r.,. r_) T 4ne, rer—-
TMpor3BeneHUe rr- MOXHO 3aMEHHTb uepe3 r2. Pa3docTb r- — r4 COC-
nacto dopmyaam (9.1) pasua 2ae.=le,. CnenosarenbHo,
1 gle, 1 pe,

¢ (r)= dne, r2  4mgy r?° (9.2)

rae
p=gl (9.3)

— XapaKTepHCTHKa AUNOJS, HasbiBaeMas ero 37 eKTPHUECKHUM
MOMEHTOM. BekTop p HanpapJ/ieH no OCH AHIIONsi OT OTPHUATE/b-

| HOro 3apsifia K TMOJIOXKHTENbHOMY
(puc. 9.2).

W3 dopMyanr (9.2) BuiTeKaer, 4TO
roJie JIUNoJs onpenensaercs ero sJex-
TpuueckuM MoMmeHnTOM P. Huxe Mmbl
YBHIHM, UTO H TIOBeJAEHHe JHIIOMNA BO
BHEIIHEeM 3JIEKTPHUECKOM TI0JIe TaKXkKe
onpefeNsieTcsi €ro  3JeKTPHUECKHM
momentToM p. CpaBHEHHE C Bblpaike-
uiem (6.7) MoxasblBaeT, 4YTO MOTEH-
uan nosst xunonsa yOwiBaerT ¢ pac-
crosiHHem O6wicTpee (kak 1/r?), uem

-7 +7
-— o1
' L
Puc. 9.2.

[OTeHUHAJM TOJA TOUeYHOro 3apsja (KOTOpolid H3MEHSETCA MO 3aKo-
Hy 1/r).

Wa puc. 9.1 Bugro, uto pe,=p cos §. [To3ToMy BhipaXeHHE 9.2)
MOXKHO HAMHMCaTh CJEAYIOIHM 00pasoM:

o )=z 25T (94)

r2
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Uto6el HaHTH HAGPSYKEHHOCTb NOJS AMNONS, BEIYHCAUM N0 ¢op-
myne (8.5) npoekuuu BekTopa E Ha JBa B3aHMHO NePHEHAHKYIAPHBIX
nanpapJenusi. OIHO U3 HHUX ONpefessercsa JBHKEHHEeM TOYKH, BBI3BAH-
HBIM M3MeHEHHeM paccrosuus r (npH (HKCHPOBaHHOM 1), BTOpoe —
JBHKEeHHeM TOYKH, O6YCJIOBJIEHHBIM H3MeHeHHeM yria 4 (nIpH (UKCH-
posannoM r; cM. puc. 9.1). IlepBas npoekuust NOJydaercs NyTeM
AuddepennupoBaHus BeipaxeHHsa (9.4) no r:

. dp __ 1 2pcosd
E=— or ~ 4mwe, 7 (9.5)

Bropyio npoekiuio (o6o3nauum ee Lg) noayduM, B3B OTHOLUIEHHE NPH-
pauieHHsT NOTCHLHANA ¢, NOJYyYatollerocss Npu Bo3pacTaHuu yraa ¢
Ha d§, K paccroanuio r di, Ha KOTOpPOoe NMepeMelaeTcs npu 3ToM KOHEl
oTpe3ka r (B aToM chaydae ¢urypupymwoulee B dopmyae (8.5) d/ papno
rdd). Taxum obpasom,

Ilogcrasyp 3nauenie nponsBognoil oT ¢dyHxkuuu (9.4) mo &, noayuum:

Eg — 1 psinf}- (9.6)

dne, 13
CymMma xBanparoe Beipaxenuit (9.5) u (9.6) maer kBaapat Bekrtopa E
(cm. puc. 9.1):

1
4ne,

E2=E?+E%=( )2(—%)2(4@52{}—1—511128):

=(E%)2(:;3)”(1+3c052 9).

Orcroaa

L 2 V/TF 3cosu. (9.7)

dne, r

E =

IMonoxus B (9.7) $=0, moayyum HanpsiKeHHOCTh Ha OCH JAUNOJS:

L2 (9.8)

4ngg rd -’

E, =

Bexktop E; Hanpassen no ocH aunojsi. Jto corjaacyercst ¢ 0CeBoit cum-
merpueil 3agauu. M3 ¢opmyasr (9.5) crnenyer, uro E,.>0 npnd=0wu
FE,<<0 npu 34=mn. I10 o3Havaer, uTo B JIO60M cJiyuae BekTop E; mmeer
HanpabJeHde, COBNAAAlolLlee ¢ HampabJeHHeM OT —¢ K -+g (T.e. ¢
panpasaenuem p). [Tostomy dopmyny (9.8) MoxKHO HanHucaTb B BEKTOP-
HOM BHJE!
1 2p

dne, 13 °

E,= (9.9)
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[onoxus B (9.7) $=m/2, NoAy4uM HANPSKEHHOCTb Ha MPAMOM,

npoxofdllell 4epes WEHTP AHIONA H nepreHAUKyASIPHOH K €ro OCH:
1

E, = P (9.10)

dne, r3

Cornactio  dopmyse (9.5) npu $==n/2 npoexkuus E, paBHa HYIIO.
CnenosarenbHo, sektop E| napanneneH oCH IUIOJA. K3 dopmy st (9.6)
cjaeAyer, 4YTo npu §=n/2 npoekuHsi Eg MOJOKHTEIbHA. STO 0O3HaAuaerT,
yto BekTop E Hanpaejed B CTOPOHY BO3pacraHus yr/a ¢, T. €. aHTH-
napannejibHO BEKTOPY P.

XapakTepHblM JJs HaNPsOKEHHOCTH MON  AHNOIS sABJASETCS TO
OGCTOATEABCTBO, YTO OHA YOLIBAeT ¢ PACCTOSIHHEM OT JHROJS KaK 1/,
T. ¢. 6bICTpee, YyeM HalpsKeHHOCTh I0J4 TOYeyHOro 3apsiaa (yObIBatO-
wasn Kak 1/r%).

Ha puc. 9.3 noxaszasn auevn E nons aanons. CoraacHo gopmyJie
(9.4) npn $=n/2 noreHnuan obpamaercs B HyJb AN BCEX 7. Taxkum
o0pa3oM, BC€ TOYKH IJIOCKOCTH, NepneHAHKYAAPHON K OCH JUNoJs
M NpoXofsiieil uepes ero cepeAuHy, HMEOT HYJeBOH MOTeHnHa®. 10

Puc. 9.3. Puc. 9.4.

MO0 GBLTO NMPEABKIETh 3apaHee, NOCKOJBKY PAaccTOAHHA OT 3apsiob
+qg 1 —q 10 000 TOUKH 3TOH NJAOCKOCTH OJHHAKOBDL.

Ternepb pacCMOTPHM I10BEleHHE AHMOJA BO BHEIIHEM 3JEKTPUUECKOM
nose. EcaM MMNOJAb NOMECTHTb B ONHOPOAHOE 3JEKTPUUECKOE MO.JIE,
ofpasywoue IMAoAL 3apsijibl +¢ H —¢§ OKAKYTCHA TOA neiicTBUEM PaB-
HBIX (O BeNMYHHE, HO TPOTUBONOJIOKHBIX MO HAIPABJCHHIO CHIL FiuF,
(puc. 9.4). Ot cuapl 06pasyloT Hapy, nJaedo Kotopoil paBHo [ sina,
T. €. 3aBUCHT OT OPHEHTAlMH JWNOJAA OTHOCHTEIBHO IOJS. Monynb
KaXJOf M3 CUJ paBeH gE. YMHOXHUB ero Ha IJedo, nojly4HMm BEAHHHHY
MOMCHTA Mapbl CHA, AEHCTBYIOULMX HA JAHIOJMD:

N=¢E! sin e.=pE sin & (9.11)
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(p — 3MeKTpHYecKHit MoMeHT aunons). Jlerko coo6pasuTh, 4TO dop-
mynaa (9.11) mMoxer GBIThb HanUcaHa B BEKTOPHOM BHJE.

N=I[pEl (9.12)

MomenT cut (9.12) cTpeMHTCst TOBEPHYTh AHNOJb TaK, YTOGH! €ro 31exT-
pHYECKHil MOMEHT P YCTAHOBHJICS 1O HAMPAaBJIEHHIO NOJ.

HafiteM noTeHUMANBHYIO 3HEPrHIo, KOTopodl obGnaajaer JIHNno.b BO
pHeImHeM 3JeKTpHieckoM none. CoryiacHo dopmyae (6.9) ata sneprus
paBHa

W o=09+—q9-=4 (9+—P-). (9.13)
3Iler P+ H (P..——- 3HaueHHs noTeHUHAaJa BHEUIHETO nolsi B TeX ToYKaX,

rae noMemanTcs 3apaiel +4 u —q.
[MoTeHiyan OXHOPOAHOTO NOJAA yOHIBAeT JHHEHHO B HAnpasaesiid
pektopa E. Ilpuusas 310 HanpaBiaeHHe 33 OCb X (puc. 9.5}, mMOKEO

Vi 4.
I [+ AW
i E @ pe—7

my
8Y

Y

nanucats, uro E=E ,=—d¢/dx. U3 puc. 9.5 BHAHO, YTO Pa3HOCTb
¢+—@- paBHa TNpHPAlleHH0 NOTeHNHasla Ha OTpeske Ax=1 cos a:

(p+—<p_=%%lcosa:——-Elcosa.
[Tonctasus 5T0 3HauenHe B dopmyay (9.13), moayunm, uTO
Wo=—qE!l cos a=—pE cos a. (9.14)
B 310t dopMysie @ ecTb Yroa MexAy BEKTOpaMH p H E, nostoMy ee

MOXHO Hanucarb B BHAE
W,=—pE. (9.15)

3aMeTHM, 4TO 3TO Bblpa)KeHHe HE YYUTHIBAET SHEPITNIO B3aUMOAEICTBIA
3apsiioB -+¢ u —¢q, 06pasylominx INNoJb.
Mu nonyunau ¢opmyay (9.15), cunTad s DPOCTOTH 110J€ OAHO-
poaubiM. Onnako 31a ¢opmyJia cnpaBeilinea H s HEOJHOPOLHOT O 1OJA,
PaccMOTPHM JMNOMb, HAXOAAWNHACA B HEOLHOPOAHOM IGJE, oGna-
NalolleM CHMMETDHell OTHOCHTeJbHO OCH X '}. [TycTh weHTP AMNOJIA

1) YacTuslM CAydaeM TaKOFO Noas sBJIAETCA NOTe TOYEUHOro 3apala, €cin B Kae
ueCTBE OCH X B3AThL NpAMYI0, NMPOXOLsIylo uepe3 3apsal. ‘
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NEeKUT HA 5TOil OCH, NPHUEM 3MEKTPHUECKHH MOMEHT AHNIONSA obpa3syer
¢ OCBIO yToa o, OTAHYREI oT 71/2 (puc. 9.6). B stoM cayuae cHabl, AeH-
CTBYIOILHE HA 3apAJbl AUMOJs, He OAHHAKOBBI O BEJHIHHKE. [TosToMY,
KpoMe BpallaTebHOTO MOMEHTa, Ha JHHOJb Gyper AeHCcTBOBaTb CHa,
CcTpeMsllasics MepeMecTHTh ero B HarpaB/ieHHH OCH %.Uro6b1 MOAYYHTD
sHauenve STOf CHJLI, Bocmoabsyemcs dopmynodt (8.1), cornacHo Ko-
TOpO#
F,——0W,/dx, F,=—0Wyp/0dy, F,=—0W,/02.

B cootBetcteHH ¢ (9.14)
WP (x! Y, Z)=—pE (x! Y 2) COS a

(OpHeHTauMIO AHNOQJS OTHOCHTENBHO BEKTOPA E cuuTaeM HeM3MeHHOMH:
a=const).

Jlas TOueK OcH X NPOH3BoAHEE E MmO y ¥ 2 paBHBl HYJIO. CootBeT-
creenno QW p/0y=0W,/d2=0. Taxum o6pa3oM, OTAHYHA OT HYA:
JWIUb KOMROHenTa cuan F,.. Oxa pasHa

ow oF
F,=——=L=ps cosa. (9.16)

10T pe3yNbTAT MOKHO NOAYYUTh, NPHHAB BO BHHMAHHKeE, [TO Hamp:-
JKeHHOCTD NOJIS B TOUKAX, e MOMelaoTcs 3apsaibl -+¢ H —¢ (cMm.
puc. 9.6), orHuaeTcss Ha BeJUIHHY

(OE/dx)l cos e.. COOTBETCTBEHHO pa3- yh

HOCTh CHJI, JeHCTBYMOUHX Ha 3a- :
paisl, paBHa g(0E/dx)-l cos a, uTO : >
coenagaer ¢ (9.16).

[Tpu a < n/2 onpefessiemas ¢op- /-”F\\

myaofi (9.16) Bernurina Fp MONOXKH- : ———
Te/bHa. DTO 03HayaeT, 4TO IOJ Jed- - ); > 3;
CTBHEM CHJBI AMNONL BTATHBAETCH

B ofsactk 6oJiee CHJBHOTO MOJs Pue. 9.7.

(cm. puc. 9.6). IIpu a>>n/2 xunosb
BHITAJKHBAETCA H3 INOJA.

B cnyuae, H306paxeHHOM Ha pHC. 9.7, 1Ji TOYEK Ha OCH Yy OTJINYHA
OT HyJfl JHIUb NPOU3BOAHASA dE/0y. TostoMy cuJa, ReficTByoas Ha
IANOJb, ONpeje/sieTcs KOMIOHEHTOH

F oW p oF i
y-———g—-—pay (COSG—— ).

Ipoussornasa dE/Jy oTpuuaTenbHa. CnezoBaTenbHo, CHJAa HMEET Ha-
npapJeHue, MOKa3aHHOe HA PHCYHKE. Taxum o6pa3om, H B 3TOM caydae
1HOAb BTATHBAETCA B MOJE.

" OrtvernM, 4TO TOAOGHO ToMy, Kak —OW,/0x Jaer MpOeKiuvio Ha
oCb ¥ CHJH, AelcTBYIONIell Ha cHCTeMy, NPOH3BOAHAA OT BHPAXKCHHA

2 1. B. Cargentver, 7. 3
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(9.14) no «a, B3fiTafg c o6paTHLIM 3HAKOM, JaeT NMPOEKIUI0 BpalulaTesb-
HOrO MOMeHTa Ha «ocb» a: N,=—pE sina. 3HaK MHHYC NOJYy4HJCS
[OTOMY, YTO «OCb» 0 H MOMEHT N HMEIOT NPOTHBOMOJOMKHLIE HalpaBsJe-

Husl (cM. puc. 9.4).

§ 10. Mone cucTemMp! 3apAA0B HA GOJMLLIMX PacCTOAHMAX

Boabmem cucremy N 3apsioB ¢, Gz, « « -, §x, Pa3MelleHHBIX B 00be-
Me ¢ JIMHeHHBIMY pa3MepaMH NOpAfiKa [, M HccleayeM MoJe, co3faBae-
MO€ 3TOH CHCTeMOl Ha PacCTOSTHHAX 7, GONMBUINX MO CPaBHEHHMIO ¢ L (r>>]).
BriGepeM Hauano KoopauHaT O BHYTPH o6bemMa, 3aHHMAeMOTo CHCTEMOH,
H onpejesiuM MOJNOXKEHHS 3apaJoB ¢ IOMOLLBIO PajHMyCOB-BEKTOPOB T
(puc. 10.1; uTo6B He 3arpoMoXjiaTh
PHCYHOK, MBI TOKa3aJH TOJBKO pajiuyc-
a——_ - BEKTOp i-ro 3apsia).
' TloTeHnnan B TO4YKe, onpenensiemofi

{'oy’ paauycoM-BEKTOPOM T, paBeH

: 0 N

L 1 q;

th {

0 ; Q(r)= — (10.1)
i‘\‘-oﬁ'” A 4::30; [r—r;]

1 -

e z BcrencTeue MaslocTH r; 10 CpaBHEHHIO

¢ 7 MOXKHO INOJICIKHTL, UTO

Puc. 10.1
Ir—r;l=r—r;e,=r (1—r;e,/r)

(cp. ¢ (9.1)). Iloacranoeka storo Beipaxenua B ¢opmyay (10.1) naer

N
_ | 'qt' |
® ()= Gag, &4 T=rierir * (10.2
Bocnoas3oBaBmrch GopMyaoi
1
1—x

~|1+x,

cripaBeAnHBO# MpH x¥<<1, npeoGpasyem Beipaxkenue (10.2) caeayiownm
o0pasom:

N
00 =g 2 2 (14557) = &%t g Bamdes . o

o r J 7 4dme, r 4ne, re

[Meppoiit uleH MONMYUEHHOrO BHIPAXKEHHS NPEACTAaBJSET CcOBOH MOTeH-
LHaJsl MoJs TOYEYHOro 3apsiia BeJHYHHB =Yg, {cp. c. (6.7)). Bropoi
YJleH HMeeT TaKOM JKe BHJ, KaK BHIpaxkeHHe, ONpeAesIolee IOTeHIHA
NoJIfAA AHUMOJS, NPHYEM POJb 3JEKTPHYECKOTO MOMEHTA JAHIONS Hrpaer
BeJIHYHHA

N
p= 2 9ifs. (10.4)
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Dra BeJIUYUHA HA3LBAeTCA A U OJNbHBIM 3NEeKTPHUECCKHM
MOMEHTOM CHCTEMBI 3apsijloB. JIerkKo NPOBEPHTb, YTO B CJyuae
JIHHDIJIH dopmydaa (10.4) mepeXoAuT B yXe 3HAKOMOE HaM BhEIpaXKeHHe:
p=4l.

Ecan cymMapHEI# 3apsj, CHCTEMBI PaBeH HYJIO0 (> q;=0), 3navenne
JANOABHOTO MOMEHTA He 3aBHCHT OT Bhifopa Hauasla KoopAnHaT. YUto6bt
yGEAMThCS. B 3TOM, BO3bMEM JBa NPOH3BOJMBHBIX Hayasla koopaunar O
H O (puc. 10.2). Mexay paanycamM-BeKTOpami [-TO 3apsjia, NPOBE-
JIEHHBIMH H3 3THX TOYeK, HMeeTcs COOTHOIUCHHE

(ato Takoe BerTop b, sicHo W3 pucynka). C yuerom (10.5) AnnosnbHbEIA
MOMEHT B cucreme ¢ HayajoM O’ paseH

p’=2q;ri=2q5(b+rf)=bqu+24:r:-

TNeproe caiaraemoe paBHO HYJIO (TaK Kak Yq,=0), BTOpoe npeacrabis-
eT co60il p — AWNOJBHBIA MOMEHT B cCHCTéMe KOODJAHHAT C HavaJdoM
B Touke Q. TakuMm 06pasoM, Mbl MOJNIYYHJH, YTO P'=p.

-i-g -
-t s A A
Grmmmmm 2 gF—
b P
i ] Zy % 1 !
: ! | Fhemr At
rmmmmed [,

Prc. 10.2. Pue. 10.3.

Bripaxenne (10.3) no cyliecTsy NpeicTaBisier cOGOH nepphie YNeHk!
aznoxennsi ¢pyukuuu (10.1) B paf mo cTeneHAM BeJIHYHH r,/r. Ecau
g;70, OCHOBHOH BKJIaJ, B MOTEHUHAN BHOCHT nepBHl uJjeH dqop-

myast (10.3) (BTOpoit useH yGuisaeT Kak 1/72 u moTOMy MHOTO MeHbILE
nepeoro). JlJs 3JeKTpHUeCKH HeHTPaIbHOM cucteMs! ( Y g;=0) nepsuiii
ysleH paBeH HYJIo, H MOTeHUUAaJ Onpeflessiercss B OCHOBHOM BTOPbLIM Uije-
nom dopmydtel (10.3). Tak, B 4acTHOCTH, OGCTOMT AEJO B CJayuae HoJd
AMMOJIA .

It n3oGpaxennoit Ha puc. 10.3, @ cHCTeMEI 3apsiloB, HA3LIBABMOH
KBaApPymnoJeM, # g, Hp PaBHbl HYJO, TAK 4TO QOPMyI1a (10.3)
JaeT HyJeBoe 3HaueHWe NOoTeHuHanta. B JeACTBHTENLHOCTH Xe noJje
KBaZpynoJs XOoTs H MHOro ciaGee, 4eM [oJjie JHIOJA (C TaKUMH Xe g
u ), Ho oTyinyHO oT Hysd. [loTeHunan nojs, cosAaBaeMoro Kpaapyno-
neM, onpejeJsercs B OCHOBHOM TPETBHM WJIEHOM pasJoxkeHHs, KOTOPbIH
npornopiHoHaen 1/r3, Jlnst noayvyeHHs 3TOTO 4/ieHa HYXHO YUecTb
BEIMUHHLL TopsifKa (r;/r)?, KOTOpHIMM MBI MpeHeOperain npy BEIBOAC
dopmyant (10.3). Ina nokasanHo# Ha puc. 10.3, 6 cucTeMnl 3apsioB,

2%
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Ha3blBaeMOH O K TY 11 O Jl € M, paBeH Hy/i0 H TPETHH 4jeH passoxe-
Husi. TToTeHIHAJ NOMS TAKOH CHCTEMBI Ol PefeiseTcsl YeTBEPThIM U/IeHOM
pasjioXKeHHsi, KOTODBIH NPONOpUHOHAJeH L/rt.

OtMeTHM, YTO CTOSMAS B YHCAHTE/e nepsoro ujlena opmyast (10.3)
BeJiMyHHa, paBHas »¢,, Ha3biBaeTci MOHOMNMOJEM HIH MY Jb-
THNOJEM HYJAEBOTO NOPpSJAKa, JHIOAL Ha3bBaeTcHd
MYyAbTHNOJNEM MNE€PBOro nopajaka, KBalpynoib—
MYyAbTHINOJNEM BTOpPOro mopsajfkKa H T. A

Mrak, B obiilem cnyuyae noJie CHCTEMEl 3apAA0B Ha GOJIbIIMX paccTosi-
HHAX MOXHO NPEACTaBUTH KaK HaNoXKeHHe noJiei, co3/1aBaeMbiX MYJib-
TUNIOJASIMH Pa3HBIX TOPSAKOB — MOHOTNOJIEM, JAHIOJEM, KBaApyNoJeM,
OKTynojieM U T. K.

§ 11. Onucande CBOMCTB BEKTOPHBLIX MOJIEH

Yro6el MPOABUHYTHCA JAajiblle B M3YUYEHHH SJEKTPHYECKOro MoJs,
HeOOXOAMMO O3HAKOMHTBCS C MaTeMaTHYeCKHM annaparoM, NpHMeHse-
MBIM IJISI OMUCAHWS CBOWCTB BEKTOPHBLIX mnoJsiell. ITOT annapar Hasbl-
BaeTcsi BEKTOPHB M aHaaH3oM. B panHom naparpage MH
pPacCMOTPHM OCHOBHBIE MOHSATHSI M HEKOTOpble (OPMYJBl BEKTODHOIQ
aHaJM3a, a TAKKe JJOKaxeM JBe I'VIaBHbie TeOpeMBl BEKTOPHOr0 aHaln3a:
treopemy Octporpajckoro — I'aycca u Teopemy Croxca.

Hau6onpuyio HarasaHOCTb BeAMYHMHBI, HCNOJb3yeMble B BEKTOPHOM
aHaJjli3e, HMEIOT B clyuae NoJs BEeKTopa CKOPOCTH TEKYLILEH XHAKOCTH.
IosroMy Mbi GyJieM BBOANTD STH BeJIMYKHEI, PacCMaTPHBAs TEUEHHE HIe-
a/lbHOII HECXKUMAEMOM MXHUIKOCTH, & 3aTeM pPacnpoCcTPaHATb MNOJYy4YeH-
Hble pesyJbTaThl Ha BEKTOPHbIE NOJS JIOO00H NPHPOAHL.

C OJIHMM H3 NOHATHIl BEKTOPHOrO aHANH3a MBI yiKe 3HaKOMbL. IT0 —
rpajgueHT, HCIOOMb3yeMbIH JJIST XapaKTePHCTHKH CKAaJAPHBLIX TIO-
Jefi. Ecav Kaxpoi Touke P ¢ KOOpAWHATaMH X, Y, 2 cONOCTaBasiercs
3HayeHue CKaJsApHOH BeJHYMHH @=¢ (X, I, 2), TOBOPAT, YTO 3a/laHO
cKaJiipHOe noJe ¢. [pajHeHTOM BeJIMYUHBL ¢ HA3BEIBAETCS BEKTOP

0 i, 0
grad(p=3%ex+-£ey+a—fez. (11.1)

ITpupainenne GyHKIUHH ¢ NPH CMellleHUH Ha oTpe3ok dl=e,dx-
+-e,dy+e,dz paBHO
_% 99 4y 1. 99
dp = o dx -+ 7 dy 4 T dz,
4TO MOXKHO MpeACTaBUTb B BHJEC |
dp = Vo -dl. (11.2)

Tenepp nepeiiieM K YCTAaHOBJIEHHMIO XaPAKTEPHCTUK BEKTOPHBIX
noJiei.
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Motok BekTopa. [IycThb TeueHHe KMAKOCTH OXapaKTepH30BaHO NO-
JeM BeKTopa cKopocTH. O6BeM KMIAKOCTH, NPOTEKAIOMeH B eNUHHIlY
BpPEeMeHH yepe3 HeKoTOpyio BOOOpaxaeMyto NOBEPXHOCTh S, naseiBaetrca
IOTOKOM JXHAKOCTH €epe3 3Ty noBepXHocTb. Urolbl HAHTH NOTOK, paso-
6beM TOBEPXHOCTb Ha 3JJIeMeHTapHble YHYacTKH BEJIHYHHb AS. I3
puc. 11.1 Buano, uro 3a epems At uepe3 ysacTok AS npoiiter 06BCM
XI1JKOCTH, PaBHBbIil

AV =AS cos a-v AL

Pa3nenus aToT ofbeM Ha NPOMEXYTOK BpemeHH Af, HaillleM NOTOK 4epes
nopepxHocTb AS:

AD=AV/A{=AS v cos a.

[Mepefins X AuddepeHnHanaM, MOMyuHM, UTO
dD=v cos a-dS. (11.3)

dopmyay (11.3) MoXHO Hamnucath eme AByMd cnocob6ami. Bo-inepsbix,
ec/id Y4ecThb, YTO ¥ COS O JaeT NPOEKUHI0 BEeKTOpa CKOPOCTH HA HOP-

MaJb N K miomajake dS, Moxuo npeiacrasuts (11.3) \
B BHJE \
\ L
dD=v, dS. (11.4) A S n
Bo-BTOPHIX, MOXKHQ BBECTH BeKTOp dS, MOAYJb KOTO- el |
poro papeH BeJIHuMHe IJowaiky 4dS, a HanpasjeHHe
coBMajfaeT ¢ HampasJeHHeM HOPMalH K MJOWAalKe fi: ' AN
1At !
dS=dS-n. ISLCLEAN
Puc. 11.1.

[TockoAbKY BLIGOp HAaNpaBJIeHHS BEKTOPa N yCJOBEH
(ero MOXKHO HanpaBUTb KaK B OJHY CTOPOHY OT IJIO-
jMagkH, Tak 4 B JApyryw), dS sABasgercs He HCTHHHBIM BEKTODOM, a
MCeBAOBEKTOPOM. ¥YToJa a B dopmyJie (11.3) ecTh yron Mexjay BeKTopa-
MH v U dS. ChefoBatenbHo, 3Ty OPMyJy MOXHO HaNHcarTb B BIJE

dD=v ds. (11.5)

TIpocyMMHPOBAB TOTOKH 4Yepe3 Bce 3JIeMeHTapHble MMOIAAKH, Ha
KOTOpbie Mbl Pa3GHIH NOBEPXHOCTb S, NOJAYYHM MOTOK KHAKOCTH
yepes S:

@,={vas={v,4s. (11.6)
S S

Ananoruunoe BHIpaxKeHlie, HanHCaHHOE /sl TPOH3IBOJbLHOTO BEKTOPHOIO
noJsa a, T. €. B&JH4YHHA

®,={ads={a,ds, (11.7)
S S
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HasppaeTcs MOTOKOM BekKTOpa a vYepes NOoOBeEp X
HocTb S. B cooTBercTBMu ¢ 5THM ONpefe/IeHHEM TMOTOK MHAKOCTH
MOJKEeT OLITh HAa3BaH MOTOKOM BEKTOpa Vv uepe3 COOTBETCTBYIOULYIO IIO-
pepxHocThk (cm. (11.0)).

[ToToKk Bektopa ecTb anre6pauyeckas BelUYHHA, NPHYEM 3HAK €70
32BHCUT OT Bhi6Opa HanpasJjeHus HOPMasd K 3/€MEHTAapHLIM IIOLLAA-
KaM, Ha KOTopble pasbuBaercsd NOBEPXHOCTD S npH BbIUHCAEHUH NOTOKA.
Mamenenue HampaBjieHUs] HOPMAJH Ha NPOTHBONOJIOKHOE H3MCHAET
3HAK Y Q,, 4 CAENOBATENBHO, U 3HAK BEJTHYHHDL (11.7). B cnyyae 3amk-
HYTBIX [OBEPXHOCTEH NPHHATO BHIYUCIATL IOTOK, «BBITEKAloL Uy H3
OXBATHIBAEMOfi TIOBEPXHOCTbIO 06sacTh Hapyky. COOTBETCTBEHHO B Ka-
qecTse N B JAafdbHelimeM GyAeT BCeria NMoApasyMeBaTbcs oOpallleHHast
Hapyxy (T. e. BHeUHsiA) HOpMalb.

[loToxy BexTopa MOXKHO JaTh HArJIAJHYIO IEOMETPHUECKYI0 HHTCD-
nperainmio. Jlas 3700 NPeACTaBUM BEKTOPHOE I0JE cucTeMOH JIHHUMA a,
IOCTPOEHHBIX TaK, YTOObI I'yCTOTa JUHHH B KaXJAOM MecTe Oblaa 4Hc-
JIHHO PaBHA MOJAYJIO BEKTOPA a B TOH e TOYKe noJd (cp. ¢ mpaBuJoM
nocTpocHusl JMHHHEA Bektopa E, M3JI0KEHHBIM B KOHIE § 5). Haiinem
yucsio AN nepeceuenyit JHHUH 11044 C BooGpaxaemoil njomaakoi AS.
M3 puc. 11.2 BuAHO, YTO 3TO YHCJO PABHO IYyCTOTEC JUHUB (T. e. a),
ymHoxento#t Ha AS=AS cos a:

AN (=) a AS cos a=a,AS.

Peup wjieT JHLIB 0 GKca0BOM paBeHcTse Mexiy AN u a,AS. Ilostomy
34aK paBEHCTBA 3aKJW4eH B CKOOKH. Coraacuo (11.7) BuipaxkeHue
a, AS npeAacTaBnaeT coboli AD,— noToK BeKTOpa a yepe3 NJIOWBIAKY
AS. Taxkum oOpasoM,

AN (=) AD,. (11.8)

Tlnst Toro 4To6H 3Hak AN cosnan co sHakom A®,, HYXKHO nepece-
yeHds, TPH KOTOPBIX YrOJl ¢ MEXAY IOJIOXKHTEbHbIM HANpaBJIEHHEM
JMHHMH TO0JIST ¥ HCPMaJbio K IJIOLANKE SIBJISeTCA OCTPhIM, CYHTATh NO-
JOKHTENbHBIMH. B caydae e, €CiH YTodl o TYNOH, NepeceyeHHe HYHKHO
CUHTATh OTpHUATeNbHbiM. [lnsi usoGpaxennoi na puc. 11.2 naomanku
Bce TPH MepeceyeHHsl SIBAAIOTCS TONOKHTEJIbHBIMH! AN=-+3 (AQ, B
5TOM CJydae TaKk¥Ke IMOJOXHUTEeNeH, NOCKOAbKY a,>0). Ecau Hanpas-
Jedue HopManu Ha puc. 11.2 uaMenntb Ha oOpaTHOe, NepecedeHus cra-
HyT oTpHUaTeablibiMH (AN=-—3), norok AD, Taxxe O6yner oTpHLLA-
TeJbHBIM.

[TpocymmupoBas Buipakenne (11.8) mo KOHEUHOH BooOpaxaeMon
MOBEPXHOCTH S, I0JYy4YHM COOTHOLIEHHE

@, (=) JAN=N,—N_, (11.9)
rie nox N, nmoapasyMeBaeTcs NOJHOE YHCJIO MOJIONKHTENBHBIX MMepece-
yeHu i JINHII NoJs ¢ MOBEpXHOCTHIO S, a Mox N_- — MOJIHOE YUCAOo OT-

DIIATENbHBIX TTepecedeHitil.
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MoKeT BbI3BaTh HeJOyMeHHe TO OOCTOATENBbCTBO, UTO, IOCKOJLKY
NOTOK, KaK MPaBHJIO, BhIPAXKAeTCA HEUEJBIM HHCJIOM, COMNOCTaBJsieMoe
OTOKY YHMCIO Nepeceuenuil JHHAI NOMs C NOBEPXHOCThIO TaKxke OyAeT
neuedsiM. OJHAKO CMYIIATbcA 3THM He caeayer. JIMHMA moAs npen-
CTABASIIOT COBOM YMCTO YCJIOBHBIL 00pa3s, HHKAKOro (PH3HYECKOro CMbl-
ca OHW He HMEIOT.

]
0
l —- 1
| a5/ .
f S >
|
r > a — —
- n ==
S I :—“—",
D(ASfAScnsw |~
Purc. 11.2. Puc. 11.3.

BoabMeM BOOGpaKaeMylo ITOBEPXHOCTh B BHAE NOJIOCKH Oymari,
HHKHSA 43CTh KOTOPOH 3aKPyueHa OTHOCUTENALHO BEPXHEH Ha yroa f
(puc. 11.3). BuiGop HampapJeHHsi HOPMajH JJisi BCEH MNOBEPXHOCTH
NOMKEH GbITh CAeNaH OAHHAKOBLIM 06pasoM. [TosToMy, ecin B BEpXHeH
4acTH TMOJOCKH NOJOXHTENbHYI0 HOPMAaJldb HanpasWuTh BIpPaBO, TO B
HUOKHEH uacTH HOpMalb 6yaer HanpasJsieHa BaeBo. COOTBETCTBEHHO Ile-
peceuenusl uzobpaxkeHHbIX Ha puc. 11.3 munni noas ¢ BEPXHEH 10J0-
BUHON TOBEPXHOCTH HYKHO CYHTATh MOJOKHMTENBHBIMH, @ C HIXKHEH
NOJOBHHONH — OTPHLATENbHBIMH.

Jast 3aMKHYTO#H nosepxHocTH (puc. 11.4) MONOXKHUTENLHOH CUMTa-
eTcsi BHeINHAs HopMaab. IlosTomMy mnepeceueHysi, COOTBETCTBYIOIUHE
BLIXOJLY JIMHHEA HAPYXy (B 3TOM cJiyyae yroJa ¢ OCTPHIil), HYXHO 6partb
cO 3HAKOM TIJIIOC, 4 epeceyeHHsi, BO3HUKAIOLLHe [IPH BXOJ€e IMHIH BHYTPb
(B 3TOM cayyae yroa o Tynoil), Haao 6parh CO 3HAKOM MHHYC.

W3 puc. 11.4 BUAHO, YTO B cAyyae, KOra JHHHH NOJIST NIPOXOAAT
BHYTPH 3aMKHYTOH NOBEPXHOCTH HENMpPEPLIBHO, Kaxjas JMUHHS, nepe-
cexkasl NOBEPXHOCTb, BXOAUT BHYTPb M BbIXOAWUT HAPYXy OJHHAKOBOE
yycao pa3. B ntore noToK cOOTBETCTBYIOLIErO BEKTOPA YEpes 3Ty NnobBepX-
HOCTh OKa3biBaeTcsl PaBHBIM HyMo. JIerko coo6pasHTh, YTO B Ciyyae,
ecil JUHHH noasi oOpbIBAlOTCS BHYTPHM TMOBEPXHOCTH, TOTOK BEKTOpA
yepe3 3aMKHYTYIO NOBEPXHOCTb OYNET UHC/IEHHO PaBeH PasHOCTH HHCA
JHENH, HayHHAOWMXCS BHYTPH TOBEPXHOCTH (N,,,), ¥ UHCHA JHHHH,
OKaHUHBAIOWHUXCA BHYTPH NOBEPXHOCTH (Noya,l):

(Da(:) Nuaq_Noxanq' (“10)

3pak NOTOKA 3aBHCHT OT TOro, KaKoe W3 3THX uHcesa GoJbllie. Ilpu
N, 2u=N, yapn NOTOK DaBEH HYJIIO.
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Nuseprennua. [lycTh HaM JaHO Mose BEKTOPA CKOPOCTH HECXKHMA-
eMoil Hepa3phIBHON KHAKOCTH. Bo3bMeM B OKPeCTHOCTH TOUKH P BOOG-
pamaeMyl0 SaMKHYTYIO TOBepXHOCTb S (pHc. 11.5). Eciu B ofibeMe
V', orpanHueHHOM NOBEPXHOCTBIO, KHAKOCTb HE BO3HHWKAET H HE HCUE-
34€T, TO MOTOK, BHITEKAIOUIU HapyXy uepes NoBepXHocTs, GyIer, ode-
pifiHo, paBeH Hymwo. Orangue notoka xuukoctd @, oT myns 6Gyrer
YKa3bBaTh Ha TO, YTO BHYTPH NOBEPXHOCTH HMEIOTCA HCTOY H M K M
UMH CTOK U IKHAKOCTH, T. €. TOUKH, B KOTOPBIX KHIKOCTb NOCTynaer
B O0beM (HCTOYHHKH) nu00 yaansercs u3 obbema (ctokH). Bennuuna

Puc. 11.4. Puc. {1[.5.

noTOKa ONpefesserT CyMMapHyto aareGpaHyeckyio MOMHOCTH HCTOHHH-

0B H cTokoB 1). [Ipy mnpeobnaganud HCTOYHHKOB Hajl CTOKaMH TMOTOX

GyleT NOJOXKHTEIbHBIM, NPU Npeab/1ananuy CTOKOB — OTPHUATEBHBIM.
Otuonrenune notoka @, K o6bemy V, U3 KOTOPOrO OH BBITCKALT:

o,/V, (11.11)

[AET CPEAHIOn YAEIbHYI0 MOLLHOCTE HCTOYHUKOB, 3aKJIIOUCHHbIX B ob6be-
me V. B npenpene npu crpemyiendd V K HyJIO, T. €. NpH CTATHBAHHM
ofbema V x Touke P, soipaxenue (11.11) xacT yJeabHyo MOIHOCTb HC-
TOYHHKOB B TOUKe P, KOTOPYI0 HasblBaloT JAMBepreHuned
(W1 p ac X 0 XK & € H K € M) BekTopa v (ofo3uaqacres div v). Hrak
divv = lim % .
V-0

AHajnorHyHo onpejensiercs AHBepreHuMus JaioGoro BEeKTOpa a:

diva=vli_rbn09l;—“=vli_rflo%§ads. (11.12)

Hurerpan Gepercs no MPOH3BONBLHOA 3aMKHYTOH NOBEPXHOCTH S, oKpy-
*aroteli Touky P 2); V — obbeM, orpaHuueHHsIA 5TOH MOBEPXHOCTHIO.

1) TTox MOILHOCTBIO HMCTOYHHKA (cToka) MOHHMaeTcA OOBEM KHIKOCTH, Bblaense-
muit (norsowaeMpfi) B efHLy BpeMeHM. CTOK MOXKHO pacCMaTpHBATb KAK HCTOYHHK

C. OTPHUATENbHOH MOLLHOCTDIO.
?) KpyKOK y 3HaKa MHTErpaja YKa3nBaeT Ha TO, YTO HHTErpHpoBanie npou3.

BOAMTCA MO 3aMKHYTOH NOBEPXHOCTH.
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[MockoAbKY cOBepiuaercss mepexon V—>P, npH KOTOpoM S cTpeMHTCH
K HYJIO0, MOXKHO PE/lNosaraTh, 4TO BhipaxeHne (11.12) He moxKeT 3aBH-
ceTb OT ¢OPMEl TOBEPXHOCTH. ITO NPEANOJNOXKEHHE NOATBEPHKAACTCS
CTPOTHM P acyeToM.

Oxpyxum Touky P cdepryeckofi noBepXHOCTHIO KpaHHe Manoro
panunyca r (puc. 11.6). Beruny manoctu 7 o6beM V, orpaHHueHHBIH cde-
poil, Takxe GyAeT BecbMa Mal. [Toatomy ¢ GONBILIOH CTENEHBIO TOYHO-
OTU MOXKHO GYHTATh, uTo 3Hauenue diva B npefenax oowveMa V sp/seTcA

Y-

d)
Puc. 11.6.

1,0CTOSIHHEIM }). B 3TOM cAyuae MOXKHO B COOTBETCTBHH C (11.12) ma-
IIHCATb, 4YTO

DO, ~ diva.V,

rne O, — NOTOK BEKTOPa a uepe3 NOBePXHOCThb, OTPAHUIHBAIOILY IO 00BeM
V. Cornacuo (11.10) @, pasen N,,, — YHCAY JHHUA @, HAYHHAIOWMHXCA
puyTpu V, ecan div a B Touke P noJIOXKHTENbHA, HIH N jyaya — HHCY
NHHMA a, OKaHYHMBAawouuxcsa BHYTpH V, ecnu div a B Touxke P orpuua-
TeNbHA.

W3 cKa3aHHOrO BbiTEKaeT, 4To B OJiHKaflIeH OKPecTHOCTH TOYKH C
[OJOKUTENLHON JHBepreHuueil HauyMHAOTCH JIHHHH BEKTOpa a. N3
3TOfl TOUKH «PACXOAATCS» JHHHH DOJA; 3Ta TOUKA SIBASETCA ¢HCTOUHH-
koM» noas (puc. 11.6, @). B OKPeCTHOCTH K€ TOYKH C OTpHIATeNbHOMI
[UBepreHuyell 3aKaHYMBalOTCH JIHHUM BEKTOPA a. K 3Tol TOYKe «CXO-
JSTCA» JIMHUH TIOJ; 9Ta TOUKA fBJACTCA «CTOKOM» IOJS (puc. 11.6, 6).
Yem Goabiie aGconoTHoe 3Hauenue div a, TeM GoJibILEe YHCA0 JHHHH
HAYMHAETCS HMJIM 3aKAHUMBAETCS B OKPECTHOCTH HAHHOH TOUKH.

Us onpenenenus (11.12) caepyer, 410 IMBEPreHLUHA CTb CKalAPHAA
QYHKIHA KOODAMHAT, OMpelessioHX TNONOKCHHA TOUEK B npocTpaH-
cTBe (KpaTko — QYHKIMA Touku). OnpepeseHue (11.12) sBagercsa ca-
MbIM OOL(MM, He 3aBUCHAIGHM OT BHAA KOOPJAMHATHOA CHCTEMBI.

Haiigem BHpaxeHHe A1 AVBEPreHiuH B JACKapTOBOH CHCTEME KoOp-
Avnat. PacCMOTPHM B OKPECTHOCTH TOYKH P (x, y, 2) manbii 00beM B BHE

1) Ipexnonaraercs, 9To 3navente div a H3MeHsercd NP Nepexolie of oxHofM To4-
Ki 047 K ApYyrofl HempepuBHO, Ge3 CKauKoB.
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napajnenenunena ¢ pe6pamu, NEPHEHAHKYISAPHBIMH K KOOPAHHATHLIM
ocam (puc. 11.7). IloTok BexkTOpa 4Yepe3 NOBEPXHOCTb MNapalJieseny-
nejga o6pasyercs U3 NMOTOKOB, TEKYLIHX Yepe3 Kax Ayl H3 LIECTH TpaHen
B OTAEJbHOCTH.

Haiizem notox uepe3 napy rpaHei, NepneHAHKYJAAPHbBIX K OCH X
(na puc. 11.7 3TH rpaHu 0603HAUEHBI KOCOH WITPHXOBKOH H NMOMEYEHBI

2 Ay nuagpavd I v 2). Buemngasa Hopmanb n,
~ <> n, K I'paHd 2 coBmajaer ¢ HanpableHHEM
ocu x. CrnefoBaTe/bHO, AJS TOUEK 3TOH
IpaHd q, = a,. BHemHfs Hopmalb ny

A
Y U4
Az //p / K rpami ! umeer HanpaBpaenue, npo-
2 -

THBOTOJIOXKHOE ocH x. [loaTtomy nasa To-
A yeK 3TOH IpanH q, =—a,. [10ToK uepe3
n, rpaHb 2 MOXHO 3anHCaTh B BHJE

Q.2 Ay Az,

Y

TIE ., — 3HAUEHUE a,, YCPeJAHEHHOE MO
Puc. 11.7. rpaun 2. ITotok uepe3 rpanp ! pasen

—a Ay Az,

TIe (., — CPefHee 3HAUEHHe a, AJaA rpaHH /. CyMMapHbId NOTOK yepes
rpaHd 1 U 2 onpejessieTcsl BbhipaKeHHeM

(ax2—ax)Ay Az, (11.13)

PasHOCTb Q,.—a,; NpeicTaBasier coGoi npupaleHne CpenHero
(10 rpaHM) 3Ha4YeHHS @, NPH CMEIEHHH BAOJb OCH x¥ Ha Ax. BBuny
M2JOCTH NapaJjnesenunefa (HanoMHHM, 4TO Mbl GyIeM ero pasmephl
CTPEMHTh K HYJK0) 3TO NPUPAUIEHHE MOXKHO TIPEACTABHTE B BUJE
(0a,/0x)Ax, Tae 3HaueHHe da,/dx Geperca B Touke P ?). Torpa (11.13)
nepexoiuT B

da, __dayg
S AxAyAz =224V,

ITyTeM aHAJOTHUHBLIX PACCYKAEHHH MOXHO NOMYYHTb ANA NOTOKOB Ye-
pes mnapbl rpaHed, NEPNEHAUKYASPHBIX K OCAIM § U 2, BbIpaKeHHd

da,

d
—a@AV 5| —AV
Y

Takum o6pa3om, MOJNHBIE NOTOK Yepe3 BCIO 3aMKHYTYIO NIOBEPXHOCTb
ONpeJENsIETCS  BHIPAXKEHHEM

@, (‘3;"-} ay+ )AV

1) HerouHOCTb, KOTOPYIO MEI TDH STOM JIONYCK8EM, WCHE3aeT NMpPH CTATMBAHUM
ofveMa K TOYKe P, OCYIECTRIAEMOM TIpH NPefesibHOM Nepexoje.
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Pasjle/iuB 3TO Bhlpa:KeHue Ha AV, HanjeM JWBEPreHUMIO BEKTOpA a
B Touke P(x, ¥y, 2):

. da da, . da
Vv — X F . .
diva ax+6y+az (11.14)
Teopema Octporpaackore — Taycea. 3uas fUBepreHIHio BeKTopa a
B KAMKIOfl TOYKE NPOCTPAHCTBA, MOIKHO BBIYHC/IHTH [IOTOK 3TONO BEKTOPA
yepes JIOGYI0 3aMKHYTYIO TOBEPXHOCTb KOHEHHBIX pa3mepoB. Cjresiaem

570 CHaya/a s NMOTOKa BEKTopa V (II0TOKa sxkunkoctH). [Iponssenenune
div v Ha dV nxaerT MOLLHOCTH HCTOYHMKOB KHJKOCTH, 3aKJHOUEHHbIX

B o6beme dV. Cymma TaKHX NPOH3BEJCHHH, T. €. S div v-dV, naer cywm-

MapHYIo ajire6panyecKyto MOIHOCTE HCTOUHHKOB, 3aKJIOYEHHBIX B 00be-
me V, 10 KOTOpPOMY OCYILECTBJIAETCH WHTErPHPOBAHHE. Bcaencrsue
HEC)KHMAEMOCTH JKMAKOCTH CyMMapHasd MOLHOCTb MCTOHHHKOB JOJIAHA
DABHATbCS MOTOKY MKH/KOCTH, BBITEKAIOUIEMY HAPYKY yepes noBepx-
HOCTb S, OrpaHMYMBAIOILYI0 O0BEM V. Takum oOpa3oM, Mbl IPHXOAHM
K COOTHOLLEHHIO

Fvas = divvay.

S 14

AHAJIOTHYHOE COOTHOLIEHHE BBIMOJIHAETCS [/l BEKTOPHOIO MOJA 060
IPHPOALL:

$aas = divadv. (11.15)
S 1 4

10 COOTHOILEHHE HOCHT Ha3BaHUe T e O p e M bl Octrporpaa-
ckoro—TIaycca. Hurerpaa B sieBoit 9aCTH COOTHOMIEHH A BRITH-
cIfeTcsl N0 TPOH3BOJBHOA 3aMKHYTOH [IOBEPXHOCTH S, uHTErpan
B MPaBoil YacTH — N0 00BeMy V, orpaHUYEHHOMY 3TOH MOBEPXHOCTHIO.

Lupxyasuusi. O6patumcsl CHOBA K TEHEHHIO HieanbHOH HECKHMA-
emoil JKUAKOCTH. IIpeacTaBHM cebe 3aMKHYTYHO JIMHHI) — KOHTYP L.
[TpeAnoNOXHM, YTO KaKHM-TO crnocofoM MBI 3aMOPO3MM MTHOBEHHO
KUIKOCTh BO BCeM ofbeMe, 33 HCKJIOYEHHEM OYeHb TOHKOTO 3aMKHY-
TOrO KanaJja NOCTOAHHOIO CedyeHHs, BKJKYAIOLEro B ce6a xkouryp I
(puc. 11.8). B 3aBuCHMOCTH OT XapaKTtepa IOJA BEKTOPA CKOPOCTH
AKHUIKOCTL B 00pa30BaBIIEMCH KaHAJIE OKdXKETCH Ju60 HENoABHKIIOH,
nu6o GyAeT ABHrATbCS BAOJb KOHTYDA (LMPKYJIUPOBATE) B OJHOM H3
ABYX BO3MOXKHBIX HarpasjieHuid. B KayecTse Mephbl STOro IABHKEHH
5O3bMeM BEJIMUYHHY, PABHYKO MPOU3BELEHHIO CKOPOCTH KHMAKOCTH B Kd-
HaJje Ha AJHHY KOHTypa [. DTy Be/M4YuHy Ha3BalH ILH P K yassuMuen
pektopa v no Kourypy [I'. Mrak,

wupkyaanus v no I'=1uvl

(DOCKO/IbKY KaHaJd N0 MPEANCJOKEHHIO HMEET [IOCTOSIHHOE CEYeHHe,
MOAY/AB CKOPOCTH v=const).
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B MOMeHT 3aTBep/eBaHUfA CTEHOK Y KaXKJOH M3 YacTUl, XKHIKOCTH
B KaHaje GyjleT MOralieHa COCTaBAAIOLLAsi CKOPOCTH, NepneHanKyaap-
HAaf K CTEHKe, W OCTAHETCH JHIUb COCTaBJASIONIAss CKOPOCTH, KacaTelb-
Hafl K KOHTYpY, T.e. v;. C 3TOH cocrapjsiomedl CBA3aH MMMNYJbC dap;,
MOAYJb KOTOPOro /IS 9YAaCTHIBI XKHIKOCTH, 3aKJMICUYEHHOH B OTpe3ke
KaHaja AJUHBL dl, WMeeT BeJNUHHY pov; dl (P — MJIOTHOCTb XKHAKOCTH,
¢ — MJOWAAbL MNONePedHoro CeYeHHA KaHana).
Tak Kak XHAKOCTh HleasnbHa, JAEHCTBHE CTEHOK
MOXET H3MEHHTb JHIIL HanpamJeHHE BEKTOpa
dp;, HO He ero BeJHUMHY. B3aHMojelicTBHE MeX-
JIY 4acTHIIAMH XKUAKOCTH BBISOBET TAKOE Nepepac-
npejeseHHe HMIYJbca MeXJy HHMH, KOTOpoe
BLIPOBHSIET CKOPOCTH Bcex uactuu. [Ipn srom
ajqrebpauyeckas CyMMa TaHTPeHIHANbHBIX CO-
Puc. 11.8. CTaBJSIOMMX HMIYJLCOB HE MOXKET H3MEHHTb-
cA: MMNyJabc, npuolperaeMelfl ofHOH H3 B3a-
UMOJEACTBYIOUIMX 4YaCTHIl, PaBeH HMIYJLCY,

TepgeMOMY BTOpO# 4YacTuuefi. 510 03HAYaeT, 4YTO

poul = § pov, dl,
r

rAé U — CKOPOCTb LHPKYJSIHH, U; — KacaTeJbHAA COCTABJISIOMAS
CKOPOCTH JKHJAKOCTH B o6beMe ¢ d{ B MOMEHT BpPeMeHH, MpealecTBYyo-
i 3aTBEPJEBaHHI0 CTEHOK KaHaJa !). COKpaTHB Ha PO, MOJNYYHM, UTO

LWMPRYAAUAA V 1O I‘=vl=‘95'v, dl.
r

AnajioruuHoO onpejiensiercs UHPKyJaAund moGoro BeKTopa a no npous-
BOJNLHOMY 3aMKHYTOMY KOHTYypy [:

LUPKYASLHA a no I‘=36adl=56a, dl. - (11.16)
'y

11

MosxeT noxkasarbcd, 4TO AN OTJAMUHA LUPKYASUUH OT HYJIS BeK-
TOPHEIE JIHHHH JOMKHBI ObITh 3AMKHYTBIMH HJH XOT Obl Kak-TO H30-
THYTHIMH B HanpaBJieHWH 06X0Ja 10 KOHTYPY. Jlerko yOeIHThbcs B OILUH-
GOYHOCTH TaKOro MNPEINoJoKeHHs. PaccMOTPHUM NaMHHApHOE TedeHue
KUIKOCTU B peke. CKOPOCTb MUAKOCTH HEMOCPEACTBEHHO Y JiHa pPaBHA
HYJII0 H BO3pacTaer NpH NpHGAHXKEHUH K NOBepXHOCTH BoAnt (puc. 11.9).
JIuHun Toka (NMHUM BeKTOpa V) npamonansedHsl. HecMotrpa Ha 37O,
ILHPKYJASLHA BeKTOpa Vv Nno H300pakKeHHOMY MYHKTHPOM KOHTYpY, oue-
BHUJHO, OTJIUYHA OT HYJA. BMmecTe ¢ TeM B nosie ¢ U3OTHYTHIMH JIMHH IMH
HUPKYJAALUS MOXKET OKa3aThCsl PaBHOH HYJIO.

1) HanoMuuM, 9TO RPYMOK ¥ 3HAKa WHTErpala yKaswBaeT Ha TO, UTO HHTerpH-
pOBaHHe OCYULECTBASETCA NO 3aMKHYTOMY KOHTYPY.
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[lupkyasuna o61ajaeT CBOHCTBOM alJHTHBHOCTH. D10 03Ha4YaerT,
4TO CyMMa UMPKYJIALUA 10 KOHTYPaM [, u [, OrpaHHYHBAIOIUM CMEXK-
Hble ToBepxHocTH S M S, (pHC. 11.10), paBHa UMPKYAAIUUN MO KOHTY-
pv I', orpannuHBaolleMy NOBEPXHOCTD S, SBAANOILYIOCSI CYMMOH MO-
pepxHocTe S; u Sp. JleficTBuTENBHO, WHPKYRALIA C, TO KOHTYypY,

Puc. 11.9. Puc. 11.10.

OTpaHHUHBAIOUIEMY [OBEDXHOCTL Sy, MOXkeT OblTb NPEICTAB]CHA KakK
cymMMa H{HTErpasos:

2 1
Cl':ggadl:lgadl—;— S adl. (11.17)
(I (O3us.)

[Mepauiit HHTErpad Gepercs 1o yHacTKy [ BHewHero KOuTypa, BTOPOH —
no ofulell rpanune nopepxuocteil Sy u Sp B HaNpaBJeHUH 2—1.

Auanoryudo, nupxyasiiias C. MO KOHTYPY, OrpaHUYMBAIOLICMY
OBePXHOCTL S,, PaBHA

1 2
C,=fadl={aa+ | ad. (11.18)
a (an (O61w)

IMepsuiit uuTerpana 6eperca Mo y4acTxy I1 pHeltHero KOHTypa, BTOpOi —
no ofueil rpasulue nopepxuocreil Sy H.Sp B HaNpaB/eHnH I—2.

LIupKyJAsIHst [0 KOHTYPY, OTPaHHUYHBAIOIMIEMY CYyMMAPHYO MOBEpX-
HocTh S, MOxKer OhiTb NpeACTaBJeHa B BHIE

2 |

C=Fad={ adl+§ adl. (11.19)
: 2

i 1
(1) (Ih)

Bropuie cnaraemble B BhIpaXeHHAX (11.17) u (11.18) ornyaioTCs TOMD-
Ko 3HaKOM. TI03TOMY CYMMa 3THX BbIpa:KeHHH OKa3blBaeTCs PaBHOH BbI-
paxcentiro (11.19). Takum obpazom, : .

C=C;+Cs. ' (11.20)
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Jloka3aHHOe COOTHOMIEHHE He 3aBHCHT OT dopMBI nosepXHocTel
H CNpaBeiJMBO NPH J0OOM YHCE CAaraeMblX. CnenoBaTeNbHO, €CaH
pa3sGUTb TPOM3BOJLHYIO HE3AMKHYTYIO NOBEPXHOCTH S na Goablioe
QHCTO 3JIEMEHTAPHBIX OBEDXHOCTEH AS 1) (puc. 11.11), To nupkynanys
Mo KOHTYPY, OrpaHHYHBaOUIEMY S, moxeT ObITb NpeNCTaBjleHa Kak
cymMMa 3J1eMEHTapHbIX wupkyasuuit AC 1o KOHTypaMm, OrpaHHuNBaio-
wuM  AS:

C=D.AC;. (11.21)
Potop. AAIMTHBHOCTD UUPKYJALNHH NO3BOJIfieT BBECTH TNOHATHE

yAeJbHON LHPKYASUNN, T. €. paccMaTpHBaTh oTHoteHne mpryasauun C
K BeJMYMHE MOBepXHOCTH S, «ofTexaemoi» UHp-

TN

l‘/ N kyasuueii. [Ipy KOHeYHbIX pasMepax MOBEPXHO-
/ Ol as ctn S ornomende C/S naer cpeasee 3naueHne
VAEABHON UMPKYJAUMH. D10 3HAUEHHE Xapakre-

, OHGIOY ) puayer CBOHCTBA Nojis, YCPeAHEHHLE Do lo-
\ O ] pepxHocTi S. UTOGH NOJY4HTb XaPaKTEPHCTH-

Ky 10115 B TOYKe P, HYHO yMEHbLIATh Pa3MEPEL

\ |/ NOBEePXHOCTH, cTArnBasi ee B Touky P. ITpu aToM
L ornoitenue C/S cTpeMuTcsl K HeKOTOpoMY npe-
Puc. 11.11. Jieqy, KOTOPHIii XapaKTepH3YeT cBoOiCTBA M0Jd

B Touke P.

MTak, BO3bMEM BOOGPaXKaeMBIH KOHTYD T, nexauu#i B NMJIOCKCCTH,
NpoOXOAsILIEH Yepe3 TOUKY P, M paccMOTPHM BBbIPAXKEHHC

. Cq4

.Sh_l;no < (11.22)
rae C, — LHPKYJsILAS BEKTOPA & N0 KOHTYPY I, S — naomaib, OXBa-
ThlBaeMas KOHTYPOM. BBIUMCAEHHBIH JJisi POM3BOJLHO OpPHEHTHPOBAH-
noit naockoctn npenes (11.22) ne MOXET CIYKHTDH HcUepnbIBalOLEH
XapaKTEPUCTHKOH 10J151 B TOUKE P, NOCKOJIbKY BEJIMUKHA 3TOTO npejeda
3aBHCUT HE TOJNBKO OT CBOMCTB T0Jst B Touke P, HO TaKkxe H OT Opueh-
TAUWH KOHTYpa B TMPOCTPAHCTBE. JTa OPHEHTALUs MOKET GrITb 33JaHa
HanpaB/eHHeM NOJOXHTeJIbHOH HOpMAJH 1 K NJIOCKOCTH KOHTYpa (1o-
NOMKHUTENbHON CUMTAETCS HOpManb, CBS3aHHAs C HANPaBICHUEN 06Xx0Aa
KOHTYpa NpH MHTErPHPOBAHMH NpPaBHIOM NPaBoro suHTa). Onpepenss
npegen (11.22) B ofHOH K Toll e TouKe P Jnsi pasHblX HampaBJesui n,
Mpl GYyJeM ToJy4aTb PasiHUHEIE 3HAUCHU, npuyeM IS MPOTHBOMNO-
JIOWHBIX HAMpABJEHMHA T 3HAUEHHS OTIWYAIOTCS TOJILKO 3HaKkoM (K3-
MeHeHHe HANPABJEHHH N HAa TMPOTHBOMNOJOKHOE SKBHBAJIEHTHO H3MeHe-
HUIO HANPABJAEHHs 0GXOAA TIO KOHTYpPY BO BPEM3 WHTErPpUPOBAHNSA, UTO
BLIOBET JIMIIb H3MEHeHHe 3HaKa y IUpKyAauny). s Kakoro-to Ha-

1) Ha pucyuke 3leMeHTapHuIE NOBEPXHOCTH U306paxkKenH Iad NpoCTOTH B BHAE
npPAMOYTOTLHHKOB. B neficTBUTEIBHOCTH HX (QOPMA MOXeET 6LITL COBEPIIEHHO NPOH3-
BONEHOM.
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npapaenus HopMaay peauuuna (11 .22) B laHHOIT TOYKE QKAXKeTCs MAKCHU-
MaJIbHOH.

TaxuM o6pasom, Benuyuna (11.22) Bener ce6s1 KaK TPOEKUHSA HEKO-
TOpPOro BEKTOpPa HA HanpabjleHHe HOPMAaH K MUIOCKOCTH KOHTYpd, 110
KOTOPOMY GepeTcst LHPKyJsuus. MakcHMalbHOE 3HAUYCHHE BEIWHHIDL
(11.22) onpefensier MOLYMb 3TOTO BEKTOPa, @ HANPABJCHHUE IMOJOKH-
TeALHOH HOPMAJH N, IPH KOTOPOM AOCTHraeTcs MakCHMyM, JIa€T HaNpaB-
JIeHHe BeKTopa. JTOT BEKTOpP Ha3blBaeTCcsi POTOPOM (W1 B H X-
p e M) Bekropa a. OQ6o3navaercs OH CHMBOJIOM rot a. Mcnonp3ys 310
0603HAUCHNE, MOXHO 3anHcaTh BbIpaXKEeHHE (11.22) B BHAE

. . 1

(rot a), — lim £¢ = lim +  adi. (11.23)
S>>0 35 s->0°f%

HaI‘J’lH,U,HOE ﬂpe,H.CTaBJIeHI’Ie O pOTope BEKTOP4A VvV MOXHO IIOJYUYHTLh,

npeacTaBuB cefe HeGOMbLIYIO JIETKYIO KDPBLIbYATKY, MOMEUIEHHYIO B AaH-

HYIO TOYKY TeKyLueil KHIKOCTH (PHC. 11.12). B Tex mecrax, ri¢ poTop
OTJIMYEH OT HYJMf, KPBJIbYaTKa

Gyjer BpalaThcsd, NpHYeM C TEM z} P

GoJbLIell CKOPOCThIO, YeM 00J1b-

ule no BeNWUHHE NPOeKIHda po- ——>T | NP(J—?‘%Z) 3 gz

TOpa Ha OCb KPHUIbYATKH. 3 _
Boipaxenue (11.23) onpeze- 2

nseT BekTop rot a. Ito onpele- Ay

JIEHHE SBJASIETCA CaMblM OCIIMM, ! .

He 3aBHUCAIIUM OT BHUJA KOOpIH- N z ., 4

HATHOH cHCTeMBl. [l TOrO 4To- o () 19, Prc. 11.13.

Obl HAHTH BbLIpa)XeHUd JJIA

npoekuuid BekTopa rota Ha

OCH J€KapTOBOH CHCTEMbI KOODAHHAT, HYXHO OIPEAETHTbH 3HAUCHHs
pesuunHbl (11.23) A8 TAKUX OPHEHTaUMH IVIOWAAKH S, NpPH KOTOPLIX
HOPMaJb N X IJIOILA/IKE COBMNAJAET C OfHOH W3 ocel x, y, z. Ecau, Ha-
npuMep, HANPaBUTH N no ocH X, To (11.23) mpespaTaTcA B (rot a),.
Koutyp I' pacnosioxeH B 5TOM CJIyyae B IUIOCKOCTH, NapalJIeNbHON KO-
OPAHHATHON IIOCKOCTH y2. B03bmeM 3TOT KOHTYP B BHAE NPsMOYroJb-
HuKa co croponamu Ay u Az (puc. 11.13; ocb x uMeeT Ha 3TOM PUCYHKE
HAaOpaBJCHHE HA HAC; yKa3aHHOE Ha PUCYHKE HanpaslleHue o6Xxo/a CBs-
3aHO C HANpaBJeHHeM OCH X NPABHJIOM NPABOro BUHTa). Yuactok I
KOHTYpa NMPOTHBONOJIOXKEH N0 Hanpasienuio ocH 2. [TosroMy a; Ha sToM
yyacTKe COBNalaeT ¢ —a,. PaccyXknasd aHaJOTHYHO, HalJeM, 4TO 4
Ha yuacTKax 2, 3 u 4 paBHa COOTBETCTBEHHO ay, &, H —ay. Cilenosa-
TEJIbHO, LHPKYJAALHIO MOXKHO HPEACTABUTL B BUJE

(aza_'azl)Az"_(aycl—ay 2) Ay- (1 124)

INe @,4 U 4,1 — CPEAHHE 3HAYeHUS @, Ha yyacTkaX & U I cOOTBETCTBEH-
HO, a,, H d,, — CPeJHUE 3HAYEHHS ay Ha YYacTKax 442
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Pasnocth a,;—a,; Dpeictaenaser co60H npupallleHHe CpeiHero
3HAYEHHS a, Ha oTpe3ke Az npu CMELIEHUH ITOTO OTPe3Ka B HalpasJe-
HuH ocH y Ha Ay. BBuay manoctu Ay ¥ Az 370 npupallleHHe MOMHO
npeacTaBHTh B Buie (0a,/0y) Ay, rae auauenie da,/dy Gepercd B TOuKe
P 1). AHalorWuHO Ppas’HOCTb 4,,—@y2 MOXKHO MPEICTaBUTL B BILIE
(0a,/dz) Az. loxcrasuB 5TH Burpaxenus B (11.24) i Binecst oG MHO-
KUTeAb 32 CKOOKHM, MOJYu4MM A5l UUPKYJIANHH BhipaxeHue

da, da,, . day;  da,’ A
(G—) dne=(Tr—32)5S:

rie AS — nnomanb Koutypa. Pasgeaus uupkyasuuio Ha AS, uaiizem
BLipaxieHHe A5 npoekuuu rot a Ha och x:

da; da,

(rot a), = o — 7. (11.25)
[lyTeM aHaJOTHYHLIX PAacCyKIAEHHH MOXKHO HaiiTH, 4TO |

(rot a), = 3 — 2z (11,26)

(rot a)zz%—%’, (11.27)

Jlerko yGeauThCs B TOM, YTO JioGoe H3 Buipaxennh (11.25) — (11.27)
MOKeT GhITb NOJY4eHO H3 npeawsiaywero (aas (11.25) npeapinymnm cae-
ayer cautath (11.27)) nyTeM Tak HA3LIBAaEMOH LHKJIHYECKON MepecTaios-
KH KOOpJMHAT, T. €. 3aMeHbl KOODJHHAT, OCYLIECTBJASEMOR MO cxene

e
X j
g
Vrak, poTop BeKTOpa a onpenensieTcs B JEKapTOBOH cHCTeMe KOOp-
AYHAT CJEAVIOLHM BLIDA:KEHHEM:

da, da, da. da Oa, day
rota=e, (-5?———52—)+ey (—azi"—-ai) +e, (5}——-}}—5’—) (11.28)

Hike Mbl yKaxeM 6oJsiee M3SUIHBIA CMOCOG 3aMHCH 5TOTO BBIPAXKEIlid.

Teopema CToKkca. 3Has PoTOp BEKTOPa a B KaXJ10R TOUKE HEKOTOPOH
(1e 0653aTesIbHO MJIOCKOi1) NOBEPXHOCTH S, MOXHO BBIUHCIETL LHPKY-
JISIE0 3TOTO BekTopa mo KouTypy I, orpannunsatoiieMy S (KGHTYD
TaKXKe MOXKeT OuiTh BerviccKum). s 310ro pasoObeM MOBEPXHOCTb HA
oyeHb MaJnle 3aenenTol AS. BBUAY MX MaJOCTH 3TH 3JEMEHTHI MOXKIO
cunTaTh niockumu. [lostomy B cootBerctBHH ¢ (11.23) uupkyasn-
uusl BEKTOpa a N0 KOHTYPY, OFpaHiuuBaiomenmy AS, Moxer OuiTh

1) HeTounocTb, KOTOPYIO MH NPH STOM JONYCKaeM, HC4e3aeT NpH CTATRBanHA
KOHTYDa K TOMKe P, OCYMIECTBISiEMOM NPH Nepexoe K npejedy. ‘



§ 11, ONIHCAHHKE CBOACTB BEKTOPHbBIX NOJIEA ' 4%

NpeAcTaBdeHa B BHIe
AC=~(rot a), AS=rot a-AS, (11.29)

rie n — NoJOXHTEAbHAd HOPMadb K 3JeMeHTy noBepxHoctit AS.

- B coorsercreiuu ¢ Gopmyaoi (11.21), nmpocyMMHpOBaB BhipakeHle
(11.29) no Bcem AS, nosyuuM UHPKYJAUMIO BEKTOpa a no koutypy I,
OorpaHHyHBaOuUEmMy S:

C=>AC~ D rota-AS.

OcyuiecTsiB NpeaelbHbI Nepexof, mMpy Kotopom Bce AS crpeMartcs
K HYJIO0 (YUCJI0 X NPH 3TOM HEOrpaHHUeHHO pPacTer), NpHaeM K gopmy.e

$adl=rota.ds. (11.30)
r S

Cootnowenue (11.30) wocur Haspanue Teopemu CTOKCa,
CMBIC/1 ee COCTOHT B TOM, UTO YUPKYAAYUA 6EKMOPA A 10 A POUIE0AbHOMY
xonmypy T pasna nomoxy eexmopa rot a uepes npoussoieHyto nosepx-
Hocmb S, 02PARUYERRYH0 OaHHbIM KOHMYPOM.

Onepatop Ha6aa. Hanucanne ¢opMmya BeKTOPHOrO aHajausa 3ua-
UHTeNBHO Yrponiaercss U o6Jieryaercs, ecid BBECTH BeKTOPHBIH nidupe-
pEHUHA/ILHEIA onepaTtop, 0603HaYaemblil CHMBONOM V (Habna) ¥ HocH-
N HasBaHHe onepaTtopa Habaa WIH omepaTopa
FamMmuabToHa. Tlox aTiiM anepaTopoM NOAPa3yMEBAETCS BEKTOP ¢
KoMNoHeHTaMH 0/0x, 0/0y w d/0z. CrnepoBaTtesbHO,

J d d
V=exa—;+ey@+e,,5;. (“31)

Cam 1o cefe 3TOT BekTop cMbicsia He HmeeT. OH npHoGperaer CMBICT
B COYETAHHH CO CKAJAPHOH HJH BEeKTOPHOM (pyHKILHeH, Ha KOTOPYIO OH
CIIMBOJIHYECKM YMHOXaercs. Tak, €CIH YMHOXKI1ITh BEKTOp V Ha CKansp
¢, TO MNOJYYHTCS BEKTOP

2 2 d .
Vo=e g te, o te 5l (11.32)

KOTOpHIH mpencTaBasier coGoil rpaguedt Gymruud ¢ (cm. (11.1)).
Ec/Id BEKTOpP Y YMHOXIITh CKaJAAPHO Ha BEKTOP a, MONYYHTCA CKa-
JAsp | |

da,

da, 0Oa,
Ya= anx+ Vyay + Vzaz": ox + ayJ_I_ 2z ? (1133)

 KOTOPBIH ecTh He 4TO WHOe, KaK AnBepreHnust sextopa a (cM. (11.14)).

‘HakoHew, ecad YMHOXIITb V Ha a BEKTOPHO, MOJNYYHTCSA BEKTOP
¢ xomnonenramu: [val,=v,a,—V.q,=0da,/0y—0a,/0z v T. 1., KOTOpLIE
coBnanaloT ¢ Komnonentamu rot a (cM. (11.25) — (11.27)). Cnenosa-
TeJIbHO,  BOCIIONbL3OBaBIIMCh  3aMHCbK) BEKTOPHOIQ - NpOH3BEAEHHA
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C MOMOIILbIO ONpEAeAHTENA, MOXKHO HAaNuCaTb
g ad a
ax dy 0dz|°
a;, ay 4|

rota=[va]= (11.34)

Takum 06pasoM, CYLIECTBYET JiBa Crnocoba o603HaueHU rpPajHeHTa,
JAUBEpPreHuuy u poropa:

vp=gradg, Va=diva, [va]=rota.

OGo3HaueHUs ¢ NOMOIbI0 V 061afaioT psaoM npenMyuleciB. Tlostomy
MHL B faabHeiieM GyaeM NpUMeHsTb Takue ofo3nayenusi. Crepyer npu-
yuuTh Cce6sl OTOMACCTBATb CHMBOJN Y@ CO CJIOBAMH «IPANHEHT Gu»
(T. e. TOBOPUTL HE «Habjaa (u», a «rpajveHT ¢u»), CHMBOX Ya — CO
CMIOBAMH IMBEPreHuus a» M, HAKOHEL, CHMBOJ [va] — co caoBamu
«poTOp a».

TTosab3ysich BeKTOpPOM Y, HY2KHO NIOMHHTDb, YTO OH SABJAAETCHA audde-
PEHUMANbHBIM OIepaTopoM, AEHCTBYIOUWMM Ha BCE QYHKLUH, CTOALINE
cnpapa ot Hero. [TosTomy npu npeoGpa3oBaHHK BBIpaXKeHUH, B KOTOPbIC
BXOMUT V, HYXHO YUMTBIBATb KaK NpaBH/a BEKTOPHOH anireGphl, Tak
u npasuia auddpepeHuranpHOro ueyuenenns. Hanpumep, nponsBoaHas
npou3BeacHUs QYHKUHA @ U 1) paBHa

(e9) =9 p+o¥'.
B COOTBETCTBHH C 3THM
grad (V) = V (¢}) = Vo + ¢Vp="pgradp--@grady. (11.395)
AHAJIOrH4HO
div (pa) =V (pa)=a vo+-¢Va=agrade{¢diva. (11.36)

[paguedT HEKOTOPO# QYHKUMH @ MPENCTABJISET coboii BEKTOPHYIO
dyrknuio. ITostomy K Hemy MOrYT OHITh NPMMEHEHH! ONEpalli AHBED-
reHUHu H portopa:

divgrade=v (Vo) =(VV) o=(Vi+V;+ V) o=

0?2 0% 02
=SS5 =4 (11.37)

(A — onepatop Jlamnaca); _
rotgrade=[v, Vo]=[VV]e=0 (11.38)

(HaMOMHKM, YTO BEKTODHOE NpPOM3BEJEHHE BEKTOpPA Ha CaMOro cebs
PABHO HYJIO).
[IpuMeHHM oOnepanuyd AWBEPreHIMH W poTopa K QyHKUHUHA rot a:

divrota=y[va]=0 (11.39)

(cMeluaHHOE [ipoM3BeJeHHe BEKTOPOB paBHO o0beMy NapaslIeienunend,



§ 12. LUPKY ALK U POTOP 3JEKTPOCTATHUUYECKOIO NnoJjas

NOCTPOEHHOIO Ha NEPEMHOXKAeMBIX BEKTOpAX 1); ecau ABa M3 3THX
TOPOB COBIIAflaloT, 00bEeM Napajiesenuneia paBen HYJIIO);

rotrota=[v, [va]]=V (va) —(VV)a=grad div a—Aa (11.40)

(MB! BOCTIONIb30BANHCh QOPMYJION [albc]]=b(ac)—c(ab)).

Coornoiuenue (11.39) o3nauaer, yro noJjie poTopa He UMECT HCTOHHH-
koB. ClenopaTe/bHo, JuUHKH BekTopa [yal me MMeloT HM nayana, HH
xoHna. VIMeHHO no 3TOH NMpUYHHE MOTOK POTOpa yepes JioGylo NoBepX-
HOCTh S, ONMPAIOUIYIOCS HA JAHHBIA KOHTYP I', OKa3biBaeTcst OJAHHM H
Tem xke (cm. qopmyny (11.30)).

B sakjioueHue OTMETHM, YTO ¢ MCNosib30BaHHeM oneparopa V ¢op-
myaam (11.15) u (11.30) MOXKHO NpUAATh BUA

f a-dS= S va-dV (reopema Octporpaiackoro — aycca), (11.41)
J

_(ﬁa-dl=
r

§ 12. Llupkynsuusi ¥ POTOP 3EKTPOCTATHYECKOrO MnoOJA

[va]-dS (teopema CroKca). (11.42)

Nty <

B § 6 MBI BHIICHUJIM, 9TO CHJIBI, JEACTBYIOINE HA 3apsij g B 3/EKTPO-
CTATHUECKOM TOJie, SBJSIOTCH KOHCepBaTHBHBIMH. CJie0BaTe/IbHO, pa-
GoTa STHX CHJ Ha Jo60M 3aMKHyToM nyTu I' paBHa
HYJIIO!

A-——qudlzo.
iy

CokpaTHB Ha ¢, NONYYHM COOTHOLIEHHE

ﬁEdl:O (12'1) Puc. 12.1.
r

(cp. ¢ (8.7)).

Hnrerpas, cTOSILuH B JeBOA YacTH GoPMYJIHI (12.1), npeacrapasieT
coGoit nupkyasuuiwo Bektopa E mo KOHTYpY I' (em. (11.16)). Takum
o6pa3oM, XapaKTEPHBIM JUISl JJIEKTPOCTATHYECKOTO NOJIs ABAACTCS TO 00-
CTOATENLCTBO, YTO UHMPKYJALMSA BEKTOPA HANPSMKEHHOCTH 3TOro noJs
no Jo60oMy 3aMKHYTOMY KOHTYPY PaBHa HYJIO.

BoabMeM NPOM3BOJbHYIO MOBEPXHOCTh S, ONMPAIONlylOCA HA KOH-
1yp I, AN KOTOPOro BhIUNCASETCS UHPKYJALHN (puc. 12.1). Cornacno
teopeme Crokca (cm. (11.42)) wHTerpan or potopa E, B3aTHI Mo 3TOM
NOBEPXHOCTH, PaBeH LHPKYJAUHH BEKTOPA E no xoutypy I:

{[vE]as = E ar. (12.2)
J

S

1) Cm. §2 TOMa I,
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[MTocKOABKY LHMPKYJAsUMsA PABHA HYJIO, Mbl MPHXOAHM K BHIBOLY, 9TO
{[vElas=o0.

S
[Moayuennoe ycJoBHe ROJIKHO BBIMONHATECS AJA Mo60l MOBepPXHOCTH
S, onupatoileiics Ha IPOH3BOMbHEIH KOHTYP I'. 910 BO3MOKHO JHLIDL
B TOM CJ1yyae, €CJiM potop Bextopa E B Kax 0K TOUKe MoJisi paBeH HYJIo:
[VE]=0. (12.3)
[To aHafOCHH C KPLLIbYATKOR, H300paMenHOl Ha pHC. 11.12, npex-
CTaBUM Cele JMEKTPHUSCKYIO «KPbLIbYATKY» B BHIE JIETKOH BTYJIKH CO
COULAMH, Ha KOHLAX KOTOPBIX IIOMEIIAIOTCH OAWHAKOBBIE 10 BENHUHIE
MO0 M TeAbHBIE 3aps bt ¢ (PUC. 12.2; Bce yCTPOHCTBO A0NXKHO ObITh Ma-
NBIX pasmepoB). B TeX MecTax 3/EKTPHUYECKOro mo.fst, rae potop E
OT/MUeH OT HYyJIsl, Takas KpblibuaTKa Bpallajach Obl ¢ TeM OOJBbLLHM

—_— SE
? N
g ] r L
g ' g E- ______ 7 = E !I — E
) | ! — ] ——
g q q E_ ______ _I: bo- Lan
HE g — >
Puc. 12.2. Puc. 12.3. Puc. 12.4.

ycKOpEeHHeM, JeM GOMbILE 1 POEKLHs PO10Pa Ha OCh K PLLIBYATKI. Bcny-
gae 3JeKTPOCTATHUECKOro Nojsi Takoe BOoOGpaKaeMmoe YCTPOHCTBO HE
npuuinio 6bl BO BpaileHHE MpH JI000H OpHEHTAUHH €ro OcH.

WTaxk, OTJIMUMTEALHO{ OCOGEHHOCTHIO 3JIeKTPOCTATHYECKOro NoJd
aBASIETCA TO, UTO OHO Gespuxpepoe. B npeawiayiieM naparpage Ml
BBISICHHAH, 9TO POTOP CpajHeHTa cKaaapuod (yHKUHH paBeH HYJIO
(cM. dopmyay (11.38)). IlosTomy paBeHCTBO HYJO pOTOpa E B kax o
TOUKe MOJA JNeJaeT BO3MOMHBIM npeiactasiende E B Buje rpajHeHTa
cKassipROM QYyHKIHH @, Ha3biBAEMOH NOTEHIIHAJOM. Takoe npeacrapie-
Hie yike Obiao pacemorpeHo B § 8 (cm. dopmyay (8.2); anmak MHHYC
B 3TOil QopMyJe B3nT H3 QHU3HYECKHX COOGPaXKEHHH).

i3 HeoOxonuMmocTu cobaiofenus ycaobus (12.1) MOKHO Cpasy 3a-
KJIOYHTh, 4TO CYLLECTBOBaHHE 3JIeKTPOCTATHYECKOrO noss BHAd, MOKA-
3aHHOro Ha puc. 12.3, HEBO3MOXKHO. HeficTBHTENbHO, AJS1 TAKOrO NOJA
LHPKYAALHKSA 110 KOHTYpPY, H306GpaMeHHOMY NMYHKTHPOM, Obina OHl OT-
AWYHA OT HyJs, uTo nporuBopeunt ycaosuwo (12.1). Touno Tak e
HEBO3MOYKHO, YTOGH! MMOJe, OTJHYHOE OT HYJIsl B OT paHUYEHHOM o0beMe,
GbIIO BO BCeM 3ToM ofbeme oanopoanbiM (puc. 12.4). B stom cayuae
LMPK YJISILHA O KOHTYPY, MOKa3aHHOMY NyHKTHpOM, Oblna Gbl OT/IHYHA
OT HYyJs. | -
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§ 13. Teopema Tlaycca

B npenpiaymem naparpage Mbl BRIACHHJH, YeMY PaBeH POTOD 3JeK-
TpOCTAaTHYeCKOTo MoJisA. Temepp HaiifeMm Aupeprenuuto noss. C 3roi
LEe/bI0 PACCMOTPHM MOJE TOUEUHOro 3apAna ¢ M BBIYMCAMM IOTOK BEK-
Topa E uepe3s 3aMKHYTYIO MOBEPXHOCTb S, 3aK/MIOYAIOMLYIO B cebe 3apsn
(puc. 13.1). B § 5 MBI MOKa3ajH, 4TO KOJHYECTBO JIMHHI BEKTOpa E,
HAYMHAIOILMXCA HA TOUEYHOM 3apaje ~+¢ WM 3aKaHYMBAIOWNXCA Ha
3apsfie —¢, YHCJEHHO DaBHO g/e,.

Cornacto dopmyae (11.10) notok Bexktopa E uepes moGylo 3amMxHy-
TYIO NOBEPXHOCTb PaBeH HHCAY JIHHH#A, BBIXOJALIHMX HAPYXKY, T. €.
HAYMHAIOUIMXCS HA 3aPANe, €C/H OH M0JI0- A
JKUTeNeH, M YHCHy JHHHA, BXOASIIUX
BHYTDPb, T. €. OKaHUHBALLKXCA HA 3apAAL, +
€ci OH OTpHUATEeJeH. Y4Ts, YTO KoJuue- +
CTBO HAYHMHAIOMIMXCH WJIH OKAHYHBAOMUX-
cA Ha TOYEYHOM 3apsdje JAUHHE UYHCJICHHO + +
PaBHO ¢/g,, MOXXHO HAMHUCAThb, YTO

cpf,:-g;. (13.1)

3Hak moToxKa COBMAjaeT co 3HaKOM 3apaja v
g. PasmepHocTb O6EHX HacTed PaBeHCTBa Puc. 13.1
(13.1) sauHakKoBa. ' | T

Tenepr RONMYCTHM, YTO BHYTPH 3aMKHYTOH NOBEPXHOCTH HaXOAATCA
N ToueuHEYX 3apSIAOB g4, G2, --- » (n. B CHJY NPHHUUMA CYNEpPNO3HLHH
HanpaxenHoctb E noss, cosjaBaeMoro BCceMH 3apfjiam, paBHa cyMmMe
nanpskensocreit E;, cosnapBaeMEIX KaMIbIM 3apajioM B OTAENLHOCTH:
E =Y E,. Tlostomy

(D8=S§Eds=? (){ E,) dS=§§E,.ds.

Kaxnpifi U3 MHTErpanoB, CTOSILIMX TOA 3HAKOM CYMMGHI, paBeH §;/e,.
CJaenoBare/iLHO,

N
1
®E=$'Eds=-é—o-i2=l a;. (13.9)

JlokasaHHOe HaMH YTBEpPXKIEHHE HOCHT Has3BaHHe TeOpeMH
I' a y ¢ ¢ca. Ora TeopeMa I1acHuT, UTO NOMOK 8eKMOPa HARPAKEHHOCMU
INEKMPUYECKO20 NOAA 4ePEe3 SAMKHYMYO NoBepXHOCMb paseH ascebpau-
HECKOTI ClYyMME BAKUOHCHHBLX BHYMPL 3moll noeepxHocmu 3apsoos, JeAeHHO
Ha .

IMpu paccMoTpeHHH noJed, CO3JaBa€éMBIX MAaKPOCKOMHYECKHMH 3a-
panamu (T. €. 3apafamu, o6pa3’OBaHHLIMH OrPOMHLIM HHCJIOM 3/I€MeH-
TapHHIX 3aPsiA0B), OTBJEKAIOTCA OT RHCKPETHOR (NPEpHBHCTOR) CTPYK-
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Typbl 3THX 3aPAN0B H CYHTAIOT HX pacnpeleleHHBIMH B IPOCTPAHCIBE
HenpepLBHLIM 06pa30M C KOHEYHOH BCIOAY NJIOTHOCTRIO. O6beMHan
MJAOTHOCTbL 3apsaja p ONpelensercd rno aHaXOrHH ¢ IJIOT-
HOCTBIO MAacChi KaK OTHoueHHe 3apsiga dg K ¢uanuecku GECKOHEUHO
masioMy o6bemy dV, B KOTOPOM 3aKJ/IIOYCH 3TOT 3aps:

d
o= (13.3)

B nautiom cayyae nof ¢uanuecKH GECKOHEUHO MajbiM 0GBEMOM HYXKHO
MOHUMATb Takoi o6bheM, KOTODBIH C OLHOH CTOPOHBI, AOCTATOYHO MaJI
1S TOI'O, YTOGLL IJIOTHOCTD B IIPEieIaX ero MOMHO GBIIO CYNTATh OJHUHA-
KOBOH, a ¢ JAPYroit CTOpPOHDLI, AOCTATOYHO BEJHK AJIsl TOrO, yToOLL HE
MOI/1a DDOSIBUThCH AMCKPETHOCTh 3apsfia.

3uas NJOTHOCTL 3apfAja B KaxJ0i TOYKE NpPOCTPAaHCTBA, MOMKHO
HAATH CyMMapHBIl 3apsij, SaK/IOUEHHbIH BHYTPH 3aMKHYTOH MOBEpX-
nocti S. JI151 3TOr0 HYXKHO BBLIYHC/INTL HHTErpal ot p no ofbemy, orpa-

HHYCHHOMY HOBerHOCTbIO:
E q" = S p dV.

Vv
Takum oOpasoM, ¢opmyne (13.2) MOXKHO NPHAATD BUJ,
§Eﬁ=%5MK (13.4)
S 0 v

Javenus B coorsercTBun ¢ (11.41) NOBepXHOCTHEI HHTErpan oGbeM-

HbIM, [OJYYHM

1
§VE dV = SpdV.

&g

CooTHoOIeHHe, K KOTOPOMY Mbl NPHULIH, JOJ2KHO BBLIMOJHATHCH I/1A
Jo60ro NpoK3BOJALHO BeIGpaHHOrO 06BEMa V. 3510 BO3MOXKHO JHILUL
B TOM CJydae, eCJH 3HauyeHHs MOJABIHTErpasbHbIX GYHKUHI B KaXIOH
TOYKe NPOCTPAHCTBA OAMHAKOBHL. CJIENOBATE/NLHO, AMBEPreHIMA BEK-
topa E cBf3aHa C NJIOTHOCTBIO 3apsijla B TOH 2Ke TOYKe PaBEHCTBOM

VE=—1p. (13.5)
€9

10 paBeHCTBO BhIpaxaeT Teopemy I'aycca B audxpepeHuMaNbHON opMme.

B caysae Tekylleidl XHAKOCTH YV JAeT YACbHYIO MOILHOCTH HCTO4-
HIUKOB »KMAKOCTH B AanHoil Touke. [lo aHasornu roBOPAT, UTO 3apslbl
ABJAIOTCS HCTOYHHKAMH 3JIEKTPHYECKOro I0JIs.

§ 14. Bruncaenue noJefl ¢ NoMowbio TeOpeMbl laycca

Teopema Taycca nospo/ser B psfe clydaes HAHTH HANPXKEHHOCTE
nods ropasfo Gosiee NMPOCTHIMM CPEICTBAMH, HeM C HCMOJB30BAHHEM
dopmyabl (5.3) ANA HAMPSKEHHOCTH NOJA TOYEYHOro 3apsja W mpHH-
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uHna cynepnosuiuu nojeit. [1poaeMoOHCTPUPYEM BO3MOKHOCTH TEOPEMDI
[aycca Ha HECKOJbKHX MOJE3HBbIX A1 panpHeiero npumepax. Ilpexne
yeM NPUCTYNHTb K PACcCMOTPEHHIO 3THX NPHMEPOB, BBEJEM NOHATHA
NOBEPXHOCTHOH H JIHHEHHOH NJIOTHOCTEl 3apsana.

Ecnu 3apsj cocpefioToded B TOHKOM NOBEPXHOCTHOM CJI0€ HECYILIETo
3apsi Tela, pacnpejesenyue 3apsaia B NPOCTPAHCTBE MOXKHO OXapaKTe-
PH30BaThb ¢ [OMOILBIO NMOBEPXHOCTHOH NAOTHOCTH O,
KOTOpas onpefienifieTcsd BbIPaXKEeHHEM

dq
3aeck dg — 3apsl, 3aKAIOUEHHBIH B CJIOE NJIOIUANH dS. Tlon dS noapa-
3ymMeBaeTcss (M3HYeCKH OPCKOHEYHO MaJIblH YYaCTOK INOBEPXHOCTH.

Ecau 3apsaa pacnpeienieH no oobeMy HJd MOBEPXHOCTH LHJAHHADH-
JecKOro Teda (PaBHOMEPHO B KAXKJOM CEYEHHM), HCMOJb3YeTcs Ji H-
HeilHad OJOTHOCTbL 3apana

d
xzag (14.2)

(dl — manHa ¢u3uyeckH GECKOHEYHO MAJoro oTpe3ka UMJHIApa, dg —-
3apsill, COCPEIOTOYEHHBIl Ha 5TOM OTpe3sKe).

Mone GeckoHeuHON OXHOPOAHO 3apsxeHHo# nnockoct. IlyeTh
NOBEPXHOCTHAsl IJIOTHOCTb 3apfifid BO BCEX TOYKAX MJOCKOCTH OAMHa-
KOBAa M DaBHA G; NJs ONpeieJeHHOCTH OyJeM CYMTATh 3apsl NOJOXKH-
TeJbHEIM. M3 co0OpaXeHHd CHMMETPHU BbITEKAET, UTO HAIPAXKEHHOCTD
noJis B JiOBOH Touke MMEeT HanpapJjeHHe, NepneHAHKYJApHoe K [J0C-
koeTH. JleficTBHTEIbHO, MOCKOJbKY MJIOCKOCTb OECKOHEUHA H 3apsikeHa
O/IHOPOJHO, HET HUKAKHX OCHOBAHHH K TOMY, YTOOBl BEKTOD E otko-
HAJICS B KaKylo-nu6o CTOPOHY OT HOPMaJii K MJIOCKOCTH. [lanee oueBuA-
HO, YTO B CHMMETPHUHBLIX OTHOCHTENBHO MJIOCKOCTH TOYKaX HampsiKeH-
HOCTL MOJISL OAMHAKOBA NO BE&JIHYHHE U NMPOTHBOMNOJOXKHA IO HanpasJe-
HHIO.

ITpeacraByuM ceGe MBICJEHHO UHJIMHAPHYCCKYIO TIOBEPXHOCTD C obpa-
3YIOUMMH, NepPNeHANKYAAPHBIMH K INIOCKOCTH, H OCHOBAHUSIMH Be/l-
yuHbl AS, pacno/oXeHHbIMH OTHOCHTENBHO TJIOCKOCTH CHMMETPHYHO
(puc. 14.1). B cuny cummerpun E'=E"=E. IIpUMeHHM K NOBEPXHOCTH
teopemy I'aycca. IloTok uepe3 OOKOBYW YacTb MOBEPXHOCTH Oyner
OTCYTCTBOBATb, TMOCKOAbKY E, B Kaxoii ee Touke pasua Hysmo. Jlns
ocHoBanuli E, coBnagaer ¢ E. CieloBaTesIbHO, CYMMapHBIH 1I0TOK Yepesd
noBepXxHocTh paBeH 2E AS. BHYTpH MOBEPXHOCTH 3aKJiOUEH 3apfl
o AS. CornacHo Teopeme [aycca JOMXKHO BbINOAHATLCA YCJIOBHE

2E AS =945,
€9
H3 KOTOpPOro
E=—. (14.3)
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[MonydeHHbli HAMM Pe3yNbTAT HE 3aBHCUT OT AAHHR LHJAHHAPA. 310
03HAYaeT, YTO Ha JIoGbIX PacCTOAHHAX OT IVIOCKOCTH HANpAKEHHOCTH
Nois OJHHAKOBA NO BejauuydHe. Buj JHHWA HANPSMEHHOCTH MOKa3aH
Ha puc. 14.2. Jlna oTpuLaTeAbHO 3apsAKEHHOH MJIOCKOCTH Pe3yJbTaT
6y4eT TAaKMM XKe, NUILb HanpapJeHue BekTopa E H JHHUR HAOPAKEHHO-
CTH H3MEHUTCA Ha oOpaTHOE.

+or
A3 < g
IA }
F A\ ¢ - -
6‘ A o
C
Puc. 14.1. Puc. 14.2.

Ec/i B3ATb NAOCKOCTh KOHEUHbIX Pa3MepoB, HaNPHMEP 3apAKEHHYIO
TOHKYIO IWIACTHHKY *), TO NOJy4EHHLIH BbIILE pe3yJbTaT 6yner crnpasej-
JIUBBIM TOJBKO AJIA TOYEK, PACCTOSHHE KOTOPbIX OT Kpas NJIaCTHHKH
3HAYNTENbHO NMPEBHILAET PACCTOSHHUE OT CaMoit IMIACTHHKH (Ha PHC. 14.3

+g -&

V2
7N

Puc. 14.3. Puc. 14.4.

06/1aCTh STUX TOUEK o6BefeHa NyHKTHpHOX Kpusoi). [lo Mepe yaaneHus
OT MJOCKOCTH HAM MpPHOGJIHXKERUs K ee KpasM noae GyZer Bce Golblue
OT/IMYATLCA OT NOJA GeCKOHEeHHOA 3apsKeHHOA NJOCKocTH. Xapakrep

1} B ciygae mIacTHHKY MOA O B dopMyae (14.3) caedyer nonuMath 3apis, cocpe-
gorouennsiii Ha 1 M2 naacTuHkH no Beefl ee ToMmuHe. Y MeTaVIHYECKHX Tel 8apfl
pacapesensercd no suewrnefl nopepxuoctd. Ilostomy nog 0 HYKHO NoApasyMesarb
YABOEHHYIO BETHYHHY MJOTHOCTH 3apAja Ha OrpaHHIMBAIOMMX META/NHYECKYI0 nJac-
THHKY MOBEPXHOCTAX.
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no/is Ha GOMBIIMX PAacCTOAHHAX JIETKO NPEACTaBHTDb, €CJIHM Y4€CTh, HUTO
Ha pacCTOSIHUAX, 3HAYUTENBHO TNPEBLIIAOWHX Pa3MEDHI NJIaCTHUHKH,
CO3JaBaEMOE €10 TOJIE MOXKHO PaccMarpHBaTb KaK MOJIE TOHEHHOro 3a-
paad.

[Hone fByX Pa3sHOHMEHHO 3APAKEHHLIX naockocreir. [losie AByX na-
pas/ieJbHbIX GeCKOHEUYHBIX NJOCKOCTEH, 3apfXEHHbIX Pa3HOXUMEHHO
¢ OAHHAKOBOi NO BeNHYLHE NOCTOAHHOM NOBEPXHOCTHOMH [IJIOTHOCTBIO O,
MOJKHO HAHTH KaK CYNeprno3uuyuIo TMoJeHd, CO3AaBaeMblX KaXKJA0H H3
(IocKocTell B oTaenpHoeTy (puc. 14.4). B o6aactu Mexay NJI0CKOCTAMH
CKJIa/biBaeMBle NOJA HMEIOT OJAMHAKOBOE HalpaBJIeHHE, TaK YTO pe3y.ib-
THUpYIOIas HaNpsKeHHOCTb PaBHA

(4]
E - -é-; . (144}
Bue o6bema, OrpaHHUYEHHOrO MJOCKOCTAMH, CKIaAbIBAEMbIE O HMEOT
NPOTUBOMNONOXKHbIE HANpaBJeHHs, TaKk 4T0 pe3yAbTHPYIOLLAs Hanps-
JKeHHOCTb pPaBHA HY/IO. |

Taknum 06pa3oM, Mojie 0Ka3blBaeTCs COCPEAOTOYEHHBLIM MEXAY NJIOo-

ckocTsvy. HanpskenHocTb [OMS BO BCEX TOYKAaX STOH obsacTd OAU-
HAKOBA MO BeJIHUHHE K MO HanpasJeHHIo,
CJel0BaTENbHO, NOJe OAHOPOAHO. JIHHHH
@ HaNpAKEHHOCTH MPEACTaBaAoT Co6oh co-
BOKYHOCTb NapajJie/bHEIX PaBHOOTCTOA-

ULHX OpPAMBIX.

Puc. | 14.5.

TMonyyeHHniA HAMH Pe3yJabTAT NPHOMMKEHHO CHPaBELIMB H AJA
OJOCKOCTEll KOHEUHLIX Pa3MepoB, €C/IH PACCTOSHHE MEXY NJAOCKOCTAMH
MHOrO MeHbLIEe HX JMHEHHBX pa3MepoB (IOCKHil KoHAeHcaTop). B aTom
cayyae 3aMeTHble OTKJIOHEHWs ToJf OT ONHOPORHOCTH Ha6MoAa10TC s
TOJIbKO BGJN3H KpaeB mJacThHH (puc. 14.5). |

Mose GecKOHeUHOro 3apsXeHHoro uuanHapa. [lycTo nose cospaercs
6eCKOHEUHON HMMHAPHYECKO NOBEPXHOCTbIO panuyca R, 3apfAXeHHOH
¢ MOCTOSIHHON NOBEPXHOCTHO! MJIOTHOCTBIO 6. M3 coobpakeHHi CHMMET-
pHH CJEAYeT, YTO HaNpPsKEeHHOCTb NMOJsS B J0OOH TOUKE JO/KHA OLITh
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HanpaBJeHa BAOJb PajHaJbHOH NPSMOR, NEPNEeHAHKYAAPHOH K OCH
UHJAHHAPE, a BEJHUYMHA HANDPSAXEHHOCTH MOXKeT 3aBHCETh TOJIbKO OT
pacCcTOSIHUS 7 OT OCH IUaunapa. [lpeactaBuM ce6e MBICTEHHO KOAaKCH-
aJIbHYIO C 3aPSIKEHHOH TMOBEPXHOCTBI0 3aMKHYTYH LHJIHHAPUYECKYIO
NMOBEPXHOCTb paauyca r U BuIcOTHl i (puc. 14.6). [las ocHoBaHuMH IM-
auujgpa E,=0, a1a GokoBodl nosepxHocti E,=E (r) (3apsn npenno-
Jlaraem HOJIO}KHTeJlebIM). ChenoBaTesibHO, NoTOok BekTopa E uepes
paccMaTpHBaeMyio IICBEPXHOCTb paBeH E (r):2nrh. Ecin r>>R, BHYTPb
MOBEPXHOCTH nonajaer 3apsj ¢=:Ah (A — JUHEHHAA NJOTHOCTb 3a-
pana). [Ipumenun teopemy [aycca, mosyyum

E(r)-2nrh:2il.
0

Orcroaa

X r=R). (14.5)

2ne r

E(r)=

Ecau r<CR, paccmaTpuBaeMasi 3aMKHYTAsi NOBEPXHOCTb HE CONEPIKHT
BHYTDH 3apsjoB, BeaeacTBhHe vero £ (r)=0.

Takum o6pa3oM, BHYTPH PaBHOMCPHO 3apsiXKeHHOH UHAHHIpUYE-
CKOH NOBEPXHOCTH GeCKOHEUHOH IJMHHHEL MoJe oTCyTCTBYeT. Hanpsiken-
HOCTb MNOJISl BHE TOBEPXHOCTH ONpefensieTcd JUHEHHOH IJIOTHOCTbIO
3apsila A H PacCTOSIHHEM r OT OCH LUJHHIpPA.

[lone oTpuuaTeSIBHO 3aPSXKEHHOTO LHMJNHAPA OTJIHYAETCH OT MOJsA
UHJAHHAPA, 3apsKEHHOTO MNOJIOXKUTENbHO, TOJbLKO HanpaBJIEHHEM BeK-
topa E.

M3 ¢qopmynsl (14.95) craepyer, uro, yMeHbllass pajHyc UHAHHADA R
(1py HeM3MEHHOH JIMHEHHOH NJIOTHOCTH 3apsja A), MOKHO TIOJNYYHTb

/. BOJN3H NOBEPXHOCTH LUWJIHHAPA noJe
= E-/%VE,, C OdYeHb GOJBIIOH HANPSKEHHOCTBH).
g [Togcraus B (14.5) A=2nRo ¥H
NOJ0XKUB r=R, NOJYYUM JAJst Hanps-
- JKEHHOCTH MNOJAS B HENOCPEACTECHHOI
OMM30CTH K T[OBEPXHOCTH LMJMHApPA
3HaYeHHe

- - E (R)=€io. (14.6)

C noMoIbI0 NPHHIHNA CYNEPNO3HIHU
JIEFKO HAHTH TOJIe ABYX KOaKCHaJbHBIX
HHJAHHAPHUECKHX TNOBEDXHOCTeH, 3apis-
JXEeHHBIX ¢ OAMHAKOBOH NO BeJUYHHE,
HO OTAHYAKOUIeHCs] 3HAKOM JHHEMHOH NJOTHOCTBIO A (pHc. 14.7).
BayTpy MeHblIEro H BHE O60JblIEr0o LHJAHHADPOB NOJE€ OTCYTCTBYET.
B 3a3ope Mexay UHJAHHAPAMH BEJIHYHHA HANPAXKEHHOCTH NOJAst On-
pepensierca dopmyson (14.5). 3to cnpaBeainBo M AJs LUMJAHHIApHUYE-
CKHX NMOBEPXHOCTEH KOHEYHOH AJMHHBI, €CJH 3a30p MEXAY NOBEPXHOCTsI-

Puc. 14.7.
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MM MHOTO MEHbILe HX JJIMHE! ([UIHHAPHIECKHH KOHfeHcaTop). 3aMeTHbie
OTCTYJHJIEHH S OT I0JIsl TIOBEP XHOCTEH GeckoHe4Holl JyIuHbl GYAYT HalJuo-
HAThCA TOJABLKO BOAM3H KpaeB LUJIHHAPOB.

[lone 3apsmenHoil cdepuyeckoil MOBEPXHOCTH. [ToJie, cosnaBaemoe
cepuueckoil MoBepXHOCTbIO pajlnyca R, 3apsKEeHHOil C TNOCTOfHHOI
NOBEPXHOCTHOH MJIOTHOCTbIO @, OYHACT, OUEBHJHO, [[eHTpabHO-CHMMET-
pUuHBIM. JTO O3HAYaeT, YTO HaNpas/eHHUE BEKTOpa E B s060H TOYKe
[POXOIUT Yepes IeHTp Ccdepsl, a BeIUMHHA HATN P SKEHHOCTH ABJFACTCH
QyHKIMeH PacCTOSIHHA r OT LEHTpa cepel. BooGpasHM KOHLEHTPHYE-
CKYIO C 3apsKEeHHOH ccepolt NOBEPXHOCTb pajuyca r. st Bcex TOUCK
s7olt nosepxHoctH E,=E (r). Ecau r>>R, BHYTpb HOBEPXHOCTH nomna-

L

naeT Bechb 3apsj ¢, pacnpejeseHHBIH 110 cepe. CaejoBare/bbo,

E (r)-4nr2=-§- ,
Q
OTKYy[a
1
E (7) zm% (r = R). (14.7)

CepHyeckasi NOBEPXHOCTb Pajuyca r, MEHBILIErO, UeM R, ne Oyner
colep:KaTb 3apsioB, BCJICJCTBHE Y€ro AJd r<R nonyuaercs E(r)=0.

TakuM o6pa3oM, BHYTPH cdepHYECKOH NOBEPXHOCTH, 3apAKEHHOH
C NOCTOSIHHOIH MOBEPXHOCTHOH IJIOTHOCTBIO O, 1OJE OTCYTCTBYET. Bue
5TOff NOBEPXHOCTH II0JIe TOXAECTBEHHO C M0JIEM TOYEHHOro 3apsid TOU
e BeJMYUHbI, TIOMEIIEHHOTO B LEHTDP cdepsbl.

Mcnoap3ysl NPUHLMA CYNEPrNO3ULMH, JIErKO MMOKa3arh, HTO TOJE
ABYX KOHLEHTPHUECKHMX cepHUeCKHX foBepxHocTed (chepHYECKUH KOH-
JeHcaTop), HECYLIHX ORMHAKOBBIE NO BEJUYHHE H TPOTHBONONOKHLIC
no 3uaky 3apsmpl +g H —¢, COCPEJOTOYEHO B 3a30pe MEeXAY [OBEPX-
HOCTSIMH, [IPHYEM BEJHUYMHA HAMPSI2KEHHOCTHU T0JIS B 3TOM 3a30p€ onpe-
nensietca dopmydoi (14.7).

Mose o6beMHO-3apsikeHHoro mapa. Ilycth wap paguyca R 3apsa-
JeH C [OCTOSIHHOM ofnemHoil mjornocTbio p. [losne B aTOM Caydae
ofnanaeT UEeHTPAJbHOHi cHMMeTpuei. JIerko cooGpasHTh, YTO JUIst 1014
BHE H1apa [OJYYAeTCst TOT XKE pe3yJibTaT (cM. qopmyay (14.7)), uto u
B CJIy4Ae TIOBEPXHOCTHO-3aPsKEHHOH Cepsl. OnauHako Ans TOYEK BHYTPH
miapa pesyJpTat Oyner umbiM. Cdepuueckas NMOBEPXHOCTL pajHycd r
(r<<R) sakmwouaer B cebe 3apaj, paBHbii p-*/ynr?. Tlostomy Teopema
l'avcca anA  TakoH TNOBEPXHOCTH 3aDHIUETCH  CACAYIOWHM o0pas3soa.

E (r)-4mr? =-;—0 D %—nr”.

Otciona, 3aMeHHB p uepe3 ¢/(* ;mR?), norydaeMm
E(r)=-—-Lr (r<R). (14.8)

4niey R
TakuM o6pasoM, BHYTPH 1Iapa HaNPs KEHHOCTh MO/ pacTeT JIMHEe#H-
HO C pacCTOsIHHeM 7 OT LleHTpa I[uapa. Bre mwapa HanpsKeHHOCTb YObl-
BaeT MO TAKOMY »Ke 33KOHY, KaK W Y MNOAfA TOUEHHOro 3apija. |



TrTJABA 11
AJIEKTPUHECKOE MOJIE B AU3JEKTPHKAX

§ 15. [MoasipHbie U HENOASPHLIE MOJNEKYbI

JqdusnerRTpPHKAMH (WIH H30JATOPaMH) Ha3LIBAIOTCA Be-
ILECTBA, HE CMOCOOHLIE TPOBOAKTE 3NEKTPHUECKHH TOK. MaeanbHbiX H30-
JIITOPOB B NpHPOJe He cyuecTBYeT. Bee BewecTsa XoTs Gbl B HUYTOX-
HOil CTeneryu TNPOBOAAT 3eKTpuueckuit ToK. OnHaKo BellecTBa, Ha3bl-
BaeMble AHIJIEKTPHKaMH, npoBoasatr Tok B 10'—10% pa3s xyxe, uem
BEIeCTBAa, HA3LIBaeMule NPOBOJHHKAMH.

EcJH H3/JeKTPHK BHECTH B 3JIEKTPHUYECKOE M0JIe, TO 3TO MoJe H caM
JHIJIEKTPHK MPETEPNEBAIOT CYIIECTBENHbIE H3MEHEHHsI. UTOOb NOHATH,
noYyemy 3TO NPOUCXOJMT, HYKHO y4YecTb, UTO B COCTaBE aTOMOB H MOJIe-
KYJ HMEIOTCS MOJIOKHTEJBHO 3apsAXeHHble siipa H OTPHLATEJIbHO 3aps-
JKEHHBlE 3JIeKTPOHHI.

Besikass MoJieKyJa ripecTaBiisier co6of CHCTEMY € CyMMapHBIM 3a-
PSINOM, PaBHEIM HyJMoO. JIHefiHble pasmephl 3TOH CHCTEMbI OY€Hb MaJbi
(nopsiika HecKOAbKHX aHrcTpeM ')). B § 10 Mu ycraHOBHJH, YTO MOJE,
cosnaBaeMoe nojo6HO cucTeMoil, onpeaensiercsds BeTHYHHOA H OpHEHTa-
nHed JMNOJBHOTO SJIEKTPHUECKOr0 MOMEHTA

pP=X4qf - (15.1)

(CyMMHpPOBaHHE TPOH3BOAMTCA KaK MO 3JIEKTPOHAM, TaK H N0 faapam).
[lpaBja, 3/IEKTPOHH B MOJIEKYJe LBHXKYTCS, TAK YTO 3TOT MOMEHT BCE
BpeMsi uameHsiercsl. OIHAKO CKOPOCTH 3JIEKTPOHOB CTOJMb BEJHKH, 4TO
NpaKTHUECKH OOHAPYXKHBaeTca cpenHee 3naweHue Momenta (15.1). Ilo-
ITOMY B AajgpHeHmeM Noj AHNOJbHBIM MOMEHTOM MOJICKYJIbl MHBi 6y11eM
NMoJIpa3yMeBaTh BeTHUHHY

p=g,<rp> (15.2)

(11 Amep B 3Tofi cymMme B KayecTBe (r;) Gepercst mpocto fr;). Mnaue
rosopsi, Mbl GYZEM CYHTaTh, YTO 3JEKTPOHbI HAXOAATCS OTHOCHTEJILHO

112 Aurcrpenm (A) — ouenn yaoGras B aToMHON ¢ualiKe eIHHHIA AMHHE!, PaBHaR
10-%0 M,
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fiflep B MOKOE B HEKOTOPHIX TOYKAX, MOAYYEHHBIX YCPEAHEHHEM MOJO-
JKeHui 3JIEKTPOHOB IO BPEMEHH.

[ToBefieHHE MOJEKYJbLl BO BHEIIHEM 3/JEKTPHYECKOM TIOJE TaKKE
onpenenaercss €e IHUMOJbHBIM MOMEHTOM. B 3TOM MOXHO YOEIHTLCA,
BbIGHCAHB TNOTEHUHANBHYIO 3HEPTHIO MOJIEKYJbl BO BHEWIHEM 3JICKTPH-
yockoM novie. BriOpaB Haualo KOOPAHHAT BHYTPH MOJEKYJB! H BOCIOMAb-
30BABILHCH MAJNOCTbIO (r;), NPEACTaBUM IMOTeHUuaja B TOH TOYKe, [Ae
HAaxoIuTCa {-H 3apgj, B BHAE

¢; =0+ VLo,
e ¢ — MOTeHLHaJ B Hauyane KoopAuHat {cM. dopmyay (11.2)). Torna

W,=4q0,=29:(@+ Vo <rp)= O g+ VP g <r.
Yurs, uto 3 ¢;=0, u 3avenus V¢ uepes —E, nonyuum
W,=—EY ¢, <r>=—pE=—pEcosc.

IMpoaudpepeHHPOBaB 3TO BHPAXKEHHE N0 ¢, MONYYHM AJisl Bpallare/ib-
HOro moMmeHTa BblpaxkeHue (9.11); B3siB NpOH3BOJAHYIO N[O X, MPHAEM K
cune (9.16).

TakuM 06pa3’oM, MOJNEKYJa Kak B OTHOLIEHHH CO3/laBaeMOro e€io
Mo/ssl, TAK U B OTHOLIEHUH HCMbITHIBAEMBIX €10 BO BHELIHEM I[OJE CUJ
3KBIBAJICHTHA JAHIIOJNKO. ITonoxuTenbHBIH 3apsaa 3Toro AHUNoas pabBEH
CYMMAapHOMY 3apsfy SA€p M IOMEILAeTCs B «LEHTPE TSMKECTH» IOJIOKH-
TeJbHBIX 3apS/0B; OTPHUATENBHLIH 3apsaj PaBeH CyMMapHOMY 3apsijy
ANCKTPOHOB H [OMEIAeTCss B «UEHTPE THAMKECTH» OTPpHUATEJbHBIX 3a-
P#I0B.

Y cUMMeTpHYHHIX Mojexyn (Takux Kak H,, O, N;) B oTcyTcrBhe
BHEILHEr0 3JIEKTPHYECKOTO MOJs LEHTPHl THXECTH NOJOXKUTENbHREIX H
OTPHLATENbHBEIX 3apsjloB COBNajaioT. TakHe MOJeKy/nl He 0G/ajaioT
COOCTBEHHBIM JHINOJNbHLIM MOMEHTOM H Has3blBAIOTCI HEMNoJ 4 p-
HBIMH. Y HeCHMMETPUYHBIX MOJeKya (TakuX, Hanpumep, kak CO,
NH, HCI 4 T. 1.) LleHTpbl TSXeCcTH 3apSJ0B Pa3HbIX 3HAKOB CABHHYTHI
ADYT OTHOCHTENbHO Apyra. B stom ciyyae monexyJbl oG/iafaior cober-
BEHHBIM AUMOJbHLIM MOMEHTOM M HA3blBAIOTCSI NOJ A PHDBIMH.

[Ton peiicTBHEM BHEIIHEro 3/IEKTPHUECKOro MOJs 3apsiibl B HENOJAp-
HOH MOJIEKYJle CMELLAIOTCS APYT OTHOCHTENbHO APYra: NOJIOXKHTENbHbLIE
Mo HAanpaBJEHHIO NOJs, OTPHUATEJbHEIE NPOTHB nods. B pesysbrare
MOJIEKYJIa NPHOGPETaeT AHNOJNbHBIA MOMEHT, BEIHYMHA KOTOPOro, Kak
MOKA3bIBAeT ONBIT, PONOPIHOHAALHA HANPSKEHHOCTH nond. B pauuo-
HaJH30BaHHOA cHcTeMe KO3IXpHUHEHT MPOINOPIHOHAJABHOCTH 3anHChl-
BalOT B BHAE &P, TAe € — 3/EKTpHUecKas NocTosHHAA, a f§ — Beauuu-
Ha, HasbiBaemMast NONAPHU3YEMOCTbHIO MOJAEKY bl Yuyrd,
uTo HanpasaeHus p U E coBnanaloT, MOXKHO HanucaTtb .

p==Pe,E. (15.3)
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JIMMOJILHBIN MOMEHT HMeeT pasmepHocTsb, paBhyio [glL. Coraacuo dop-
myne (5.3) pasmepHocTb £E pasua [glL-2. Crepopatennno, nonspusye-
MOCTb MOJIeKYJibl 3 of/aajgaer pasMepHOCTbIO L3,

ITpouecc noaspusaluu HeNOASPHONH MOJIEKYJIBI NPOTEKAET TaK, Kak
ecau Obl NMOJIOXKHTe/bHBIE H OTPHLATeJbHBbiE 3apPsAbl MOJEKYJhl ObliH
CBSI3aHBl JAPYr ¢ ApyroM ynpyrumu cujamu. Ilostomy roeopsr, uTO
HEMoJApHast MOJEKyJa BeJeT ce6sl BO BHEHIHEM MoJe Kak ynpyrui
AHNOJb.

JleficTBue BHELLHEro MOJs Ha NOJSPHYIO MOJEKYJAY CBOJAHTCS B OC-
HOBHOM K CTPEMJIEHHIO NIOBEPHYTH MOJIEKYNY TaK, 4TOOLL €€ AUMOJbHLIH
MOMEHT YCTAaHOBMJICS NQ RanpasJieHHI0 noJs. Ha senuuuHy aunoJib-
HOI0 MOMEHTA BHEILUHee NoJie NpaKkTHUeCKU He Bauser. ClefloBaTebHO,
NOJITPHAS MOJIEKYJ1a BeAeT ce0d BO BHELIHEM [I0JIe KaK JKeCTKHA AMNOJb.

§ 16. Iloaspusauus JU3NEKTPHKOB

OG6BL1YHO B OTCYTCTBHE BHELIHErO JEKTPUYECKOTO NOJI JUMNOJbHLIE
MOMEHTHE MOJIEKYJI AH3JIEKTPHKA JUGO PaBHH HYJIO (HENOJAPHLIE MoJe-
KyJbul), Ju6o pacrnpejeneHs! 0 HanpapAeHHSAM B IIPOCTPAHCTBE XaOTH-
yeCcKHM o0pasom (NossipHble MOJIeKYJabl). B 060HX caydasgx cyMMapHbIH
JAMIOJBbHBII MOMEHT AUIEKTPHKA paBeH HYJuo ).

Ilon meiicTBueM BHEIIHEro NOJA JAUEKTPUK NOJASPH3YETCH. ITO
O3HAYAEeT, YTO Pe3yAbTHPYIOUIHH AUNONbHLIA MOMEHT XH3JEKTPHKA CTa-
HOBUTCS OTJIMYHEIM OT HYJS. B KauecTBe BeJUYHHBI, XapaKTepU3yoLlei
CTeNEHb [OJNAPH3AUHU JAUSJIEKTPUKA, €CTeCTBEHHO B3ATh IHNOJBHHIN
MOMEHT €IMHHIE!I ofbema. Ecny nose wian JU3NEKTPUK (MW oba OHIl)
HEOJHOPOIHMI, CTENEeHb MNOJSAPU3AUHHM B PA3HBIX TOYKAX JHUIIEKTPHKA
Oyxer pasauyHa. YUrtoObi OXapakTepusoBaTb NOJAAPU3ALHI0O B AAHHOH
TOYKE, HY>KHO BBLIICJIUTh 3aKJOYAOUIMHA B cebe 3Ty TOYKY QH3IHUEeCKH
GeckoneyHo Mmanniii o6vem AV, naiitu cymmy%p MOMEHTOB 3aKJ/IHOYeH-

HEIX B 3TOM O0BEME MOJIEKYJ H B34ATb OTHOLIEHHE
- 1
P=zy (16.1)

Bekrtopnas seaununsa P, onpegensiemas ¢opmyaoir (16.1), HasbiBaercs
NOJNSIPH30OBAaHHOCTbLIO JHUIJXEKTpPHKa.

JIMnoJIbHEI MOMEHT P umeeT paamephocth [glL. Cnenopartenbho,
pasmepHocte P paBHa [glL-%, T.e. coBmajaer ¢ pasmMepHOCTBIO &E
(cM. dopmyay (5.3)).

Y H30TPOMHBLIX AHICKTPUKOB JA000ro THINA NOMSPH30BAHHOCTL CBS-
32Ha C HaNpSKEHHOCTDLIO T0JIA B TOH JKe TOYKE MPOCTLIM COOTHOIIEHHEM:

P=wx¢g,E, (16.2)

1) B § 23 Mul no3naxoMuMed ¢ Bém'ecmamu, KoTophie MOTYT 00JdajaTh JUN0ALHEIM
MOMEHTOM B OTCYTCTBHE BHELWIHErQ movs.
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rne » — He 3aBHcsuwasn ot E BesuuuHa, HasbiBaemasa A M 3J €K T P H-
YyeCcKOfl BOCNDPHHMMYHBOCTBIO JHUINEKTpPHKAT).
Beire 6610 YKasaHo, yto pasmepHocTdH P u eE oaunakosnl. Crenosa-
TeJbHO, % — Oe3pasMepHas Be/JHYHHA.

B rayccopoit cucreme dopmyna (16.2) HMeeT BHZ
P=«E (16.3)

JIns AU3JIeKTPUKOB, NOCTPOEHHBIX U3 HEMONAPHHIX MOJeKyJ, ¢op-
myJa (16.2) BeITeKaeT U3 cefyrouX MPOCTRIX coo0paxeHuil. B npeseder
o6bema AV momagaer Koau4ecTso MoJekyJ, paeHoe n AV, rae n — uuc-
JI0 MOJIEKY/ B efuHuue obbeMa. Kax bl H3 MOMEHTOB p OIPEAEAACTCS
B sTOoM cayuae ¢opmyJoit (15.3). CnenoBartensHo,

Y p=nAVfeE.

AV

PasnesuB 310 BhipaxieHwe Ha AV, nojsydyHM NoJspH3OBaHHOCT P=
=npe,E. Hakoneu, BBeas oGo3Hauenue x=nfl, npugem K ¢opmyne
(16.2).

B cayyae AM3JMEKTPHKOB, INOCTPOEHHBIX M3 MOJAPHBIX MOJEKYJ,
OpPHEHTHPYIOLIEMY JefCTBHIO BHELIHEro MNOJs MNPOTUBHTCS TeNJIOBOE
IBHXCHHE MOJIEKYJ, cTpeMsieecst pasbpocaTtb WX JAUMOJbHBIE MOMEHTHI
o BceM HampaBneHMAM. B pesynbrare YCTaHaBAMBACTCS HEKOTOPASR
NpeuMyLLlecTBEHHAs OPHEHTALHS JHIOJbHBIX MOMEHTOB MOJIEKYJ B Ha-
npasaenud nosig. COOTBETCTBYIOMMEA CTATHCTHYECKHH pacyeT NOKashl-
BaeT B COIVIACHH C ONBITOM, YTO IIOJSIPU3OBAHHOCTh IPONOPUHOHANbHA
HanpsAKEHHOCTH TOJs, T. €. NPUBOIHT K ¢opmyde (16.2). JusnexTpu-
yeckad BOCHPHMMHYHBOCTH TAKHX [HUIJNEKTPUKOB OOpaTHO IPONOPLKO-
"WaJbHa abCcoMIOTHOH TeMmieparype.

B HOHHBIX KpHMCTa/JIaX OTIENbHbIE MOJIEKYJbl YTPayHBalOT CBOIO
06oco6neHHOCTE. Belp KpHcTads npeiacTabiasieT co0oi Kak Gbl OJHY
THFAHTCKYI0O MoJekysny. Pemerky HOHHOTO KpHCTajlJa MOXHO pac-
CMaTPHBAaTh KakK JBe BCTABJEHHbIE NPyl B Jpyra peileTKH, OJHa H3
KOTOPbIX 006pa3oBaHa TMOJOXKUTEJNbHBIMH, a ApYyrasg OTPHUATENbHBIMH
uvoHaMH. TlpH JeficTBHM HA HOHBI KDHCTA/J/a BHEIIHEro nojas obe pe-
IIeTKY CABMTAIOTCH APYT OTHOCHTEJNbHO IPYyra, YTO NPHBOAUT K IMONSIPH-
sanuy auajekTpuka. Iloadgpu3oBaHHOCTE M B 3TOM CJyyae CBsi3aHa

1) B aHH30TPONHLIX AH3JMEKTpHKax nanpapienus P u E, BooGme roBops, He CoB-

nagaioT. B atoM ciayaae cBasb Mexay P u E onHchiBaercss QopMmynaMu

Py=g (MyxEx+%xyEy+%x2E2),

Py — & (?nyEx +%nyy+ MyzE.z)!

P, =gy (zEx +%2yEy+%22E2).
COBOKYMHOCTb JEBATH BeMHYHH %;x 06padyeT CUMMeTPHYHbIH TeH3op 2-ro paura, na-
3LBaeMEli TEH3O0pPOM AHONEKTPUUECKON BOCIPUHMUHNBOCTH
(cp. ¢ popmynoit (40.3) 1-ro ToMa). ITOT TEH30P XapAKTEPH3YET SACKTPHYECKHE CBOL -
CTBa AMH3OTPOMHOrQ JHSJeKTpHKa.
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C HanpsiKeHHOCTBIO NOJS COOTHOMIEHHEM (16.2). OrmeTuM, 4TO CNHCHI-
paeMasi gopmyJoil (16.2) nunefiHas 3aBHCHMOCTb MEXIY E u P ineer
\ECTO JIHIIb B He CJAHINKOM CHJbHHIX TOJAX (aH2MOrHYHOE 3amedaHHe
otHocHTCS H K dopmyane (15.3)).

§ 17. [Mone BHYTPH AH3JNEKTPHKA

3apsaisl, BXOAdlHe B COCTAB MOJIEKYJ JHIJEKTPHKA, HA3bIBAIOTCA
cBsi3aHub MU, [Moa peiicTBHeM NOJs CBA3AHHBIE 3apAAbl MOTYT
JHIIb HEMHOIC CMELIATHCA H3 CBOUX MOJOXKEHHH paBHOBECH; NOKHHYTb
npeaensl MOJIEKYJIbl, B COCTAB KOTOPOH OHH BXOJASAT, CBSI3aHHbIE 34D 5Lkl
HE MOTYT.

3apsinbl, KOTOpHE, XOTA H HAXOAsiTCs B NMpejenax JU3/IEKTpHKa, HO
Ee BXOAST B COCTAB €ro MOJIEKYJ, a TaKXke 3apsiibl, PAacnoNOKEHHHIE
3a npejenaMu AM3JEKTPUKa, Mbl, caeays JL JI. Jlannay u E. M. Jlngp-
wHny ), 6yleM HasbiBaTb CTOPOHHHMHU 2).

Mone B MUaIeKTPHKe fABAseTCH cynepnosuuueii noast E..,, cosia-
BAEMOr0 CTOPOHHHMH 3apajaMu, H nojs E.,, CBA3AHHLIX 3apsLoB.
Pe3yabTHPYOLLEE NONE HAa3biBaeTc! MHKPOCKOMHYECKHM
(W14 M CTHHHB M)

Eunupo - E‘cxop + Ecnﬂs' (1 7. 1)

MHKPOCKOIMHYECKOE NoJIe CHJIBHO H3MEHseTCsl B NPEeJeaax MexMoIe-
KYJNSPHBIX paccTosHuil. BeneicTene ABHAKEHUA CBsI3aHHBIX 3apsROB
none E, o0 H3MEHAETCA TaKkKe H CO BPEMEHEM. [IpH MaKPOCKOMI{YECKOM
paccMOTPEHNH YKas3anHbleé H3MEHEHHS HE o6Hapy:KHBatoTCA. [losToMy
B KauecTBe XAPAKTEPHCTHKH NOJSA HCHOMb3YeTCsl YCPEAHEHHOE IO
¢u3ugeckHn GeCKOHEYHO MajioMy obbeMy 3HayeHHE BEJIHUIHHLL (17.1):

E= <Eunupo> = <ECIOﬁ> + <E°B”3>'

B nanbHefileM YCPeXHEHHOE foJie CTOPOHHHX 3apAfOB Mbl Gygew
o603nauaTh yepes Eo, a yepeJaeHHoe noJie CBA3aHHbIX 3apAA0B — Heped
F’. COOTBeTCTBeHHO M aKPOCKOMHUECKHUM MNOJEM Mbl
GyneM Ha3blBaTh BEARHUYHHY ‘

E=E,+E'. (17.2)
TloasipnaoBanHocts P npenctaBiaser coGoif  MaKpPOCKONHUECKYIO

ennunny. Ilostomy noa E B cooTHOMEHHH (16.2) cneayer noHMMaTh
HAanpsUKEHHOCTh, onpefeasemMylo ¢Gopmy.IoH (17.2).

Yy Cm. J. A. Jdanday, E. M. Jupuuy. INeKTPOJHHAMEKA CIIIOWHBIX Cpel. Toc-
texuanar, 1957, crtp. 57.

2) [IpHHATO Ba3bIEATb TAKHE 3aPAJH CBOGOAKLIMH, Oanako TaKoe Ha3Banye Kpai-
He BEeYAauHO, TAK KaK B pAje caydaeB CTOpOHHHE 3apsiHl 6LIBAIOT OTHIOAb HE CBOGOT-
HBIMH. . :



¢ 18. OB'bEMHDBIE ¥ NOBEP XHOCTHBIE CBS3AHHLIE 3APA DI (3]

B oTCYTCTBHE AHJIEKTPHKOB (T. €. B «BAKYYME») MaKPOCKOTHYLCKOE
noJjie paBHO
E=E, =.<Ecr0p>-

MMeHHO 3Ta BeJuynHa JOMKHA NojapasymeBathca moa E B dopmyne
(13.9).

Ecau cTOpOHHHME 3apsiibl HEMOABUIKHLI, NONe, OnpeleasaemMoe Bhipa-
xeHueM (17-2), o6nafiaeT TeMH ke CBOHCTBaMH, 4TO H 3/JEKTPOCTATHUE-

CKoe 10JIe B BaKyyme. B 4acTHOCTH, €ro MOKHO XapaKTePH30BaTh C 1i0-
MOMUIBbIO TMOTEHUMAJZ (¢, KOTOPLIA CBSI3aH C HanpsiKEHHOCTbIO (17.2)
cooTHotueHusiMu (8.2) u (8.6).

§ 18. O6bemMHbIe M NOBEPXHOCTHLIE CBs3aHHbIE 3aPSAbI

Koria nus/IeKTPHK He TMOJsApH30BaH, o6beMHAs TIOTHOCTD p’ u no-
BEPXHOCTHAs TIOTHOCTb 0 CBSI3AHHBIX 3apAN0B PaBHA HYJIO. B peayae-
TaTe NOJAPH3ALHU TIOBEPXHOCTHAS IJIOTHOCTb, @ B HEKOTOPHIX CJydasnX
M 06beMHas IVIOTHOCTb CBSI3AHHLIX 3dPAJOB CTAHOBAYCHA OTJIHYHBIMH

OT HYJIA.
Ha puc. 18.1 u3oGpaxeH CXeMaTHYECKU MoJIsSpH3OEAHHBI Ji3JeK-
TPUK C HEMOJSPHBIMU (@) M MOAAPHBIMU (G) MOJEKYJAaMH. M3 pucyHka

OO0 |T0O R
OO0 [O-g
GO0 | QOO
OO0 OO IO

o) 4)

Puc. 18.1.

BHAHO, YTO NOJSPH3AUUSA CONPOBOXKIAETCS BO3HHKHOBCHHEM B TOHKOM
HOBEPXHOCTHOM ¢JI0€ JM3JEKTPHKA H30RITKA CBA3AHHBLIX 3apPAL0B OLHOIC
3HaKa. EcaM HOpMaJbHAasl COCTABIAIOMAs HANPSMKEHHOCTH noast E ans
NAHHOTO YYACTKA MOBEPXHOCTH OTJIMYHA OT HYJ#, TO NMOA NGHCTBHEN
10JI5 3apfjbl OAHOTO 3HAKA YXOAAT BHYTPh, & APYroro 3Haka BbIXOUST
Hapyxy.

Mexly MosipH30OBaHHOCTBIO P ¥ MOBEPXHOCTHOM NJOTHOCTBIO CBsi-
3aHHbIX 3aPANOB @' WMeeTcd npocTast CBaA3b. [l1s ee HaXxoxAenws pac-
CMOTDHM GECKOHEUHYIO NJIOCKONAPa/NIebHYK MJACTHHY H3 OAHOPOL-

3 H. B. Capenven, T. 2
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HOTO JUIMEKTPHKA, MOMELIeHHYI0 B OAHOPOAHOE 3JEKTPHUECKOS IMOJe
(puc. 18.2). Bble/uM MBICJEHHO B TUIACTHHE 3/IEMEHTAPHBIH o6beM B BH-
JIe 0YeHb TOHKOrO UMJIHHAPA ¢ obpasywuiumy, napantensHeivi E B fu-
WICKTPHKE, H C OCHOBAHHAMH miowaiun AS, COBIaJaoWMUMH C MOBEpPX-
HOCTAMM IWJIACTHHBLI. BeawyuHa s3toro obbema pasHa

AV=! AS cos «,

rae [ — paccTosiHie MEXAY OCHOBAHHAMH UMJIHMHIPA, & — YTOd MEXAY
pextopoM E U BHEIUHEH HOPMalbi K MOJMOXKHUTENBHO 3apsKEHHON TI0-
BepxHocTH Ausektpuka. O6nvem AV umeer
-a’ +a’ JHOOJbHBIH 3/IEKTPHUECKHHA MOMEHT BeJsd-

YHHBI

P AV=P! AS cos &

(P — Mony/ib WOJISIPU3OBAHHOCTH).

C MaKpOCKONHYECKOH TOYKH 3peHUst
paccMaTpHBaeMblil 06bEM 3KBHBANEHTER AU~
noJio, o6pasoBanuomy 3apsagaMu +a AS u
—a’'AS, oTcTOsSUEMH IpYr OT JApyra Ha
paccrosiHue [. [TosTomy ero 3feKTpHISCKHUH
MOMEHT MOKHO NpejCcTaBuTh B BuAe o'ASL.
[TpupaBusiB ApYyr Apyry o0a BhIpameHus
Puc. 1(8.9. ISt 3NEKTPHUECKOTO MOMEHTa, NOJYYUM

Pl AS cos a=c"AS/.
(3rei0/la BBITEKA2T MCKOMOE COOTHOIeHHe Mmexay o u P:
¢'=P cosa=P,, (18.1)

rae P, — npoeknus noaspyH30BAaHHOCTH Ha BHELUHIOW HOPMaJ/b K COOT-
BeTCTBYIOWEH noBepxnoctd. st npaBoét moBepXHOCTH Ha pHc. 18.2
P, >0, COOTBETCTBEHHO ¢’ J/I51 HEe [OJOXUTEAbHA,; /s JIeBOH NoBepX-
HoctH P,<< 0, COOTBETCTBEHHO ¢’ /ISl Hee OTPHLAaTe]bHa.

Beipa3us corqacho (16.2) P uepea x u E, npuaem K dopmy.e

o' =x&,E,, (18.2)

rie E, — HOpManbHasi COCTaBJStOWAR HANPAKEHHOCTH NOJAA BHYTPH
nusnekTpuka, B coorseTcTBuH C (18.2) B Tex mecTax, rie JMHUHY HAMpPA-
JMEHHOCTH BuIXOAAT M3 Au3anexkTpuka (£,>>0), HAa NMOBEPXHOCTH BBICTY-
[aloT MOJMOKHTEIbHbIE CBHA3aHHbIE 3apsfbl, TaM Xe, IAe JHHUH Hanpd-
WEHHOCTH BXOAAT B AHIIEKTPHK (£,<C0), 0OABASAOTCA OTPHIATENbHbIE
NOBEPXHOCTHARIE 3aPSAHL.

Gopmyaet (18.1) u (18.2) cnipaBeanuBbl U B camMoM OOlieM cayyae,
KOrja HEeOJHOPOINHBLIH HAHIAEKTPUK MOpPOH3BOABHOA GOpMbl HAXOAHTCH
B HeoAHOpOAHOM 3nekTpuyeckoMm none. Ilox P, u E, B 3tom caydae
'HYXHO NOHUMATb HOPMAJbHYK COCTABJAMIILYI0 COOTBETCTBYHOLLErQ
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BEKTOp2, B3ATYI0 B HenocpeACTBEHHOH OJM30CTH K TOMY 3JI€MEHTY
NICBEPXHOCTH, AJS KOTOPOro omnpegensiercs ¢'.

Tenepb 06paTHMCA K HAXOXACHHIO OOBEMHOH NJIOTHOCTH CBA3aHHBIX
3apfI0B, BO3HHKAOILUX BHYTPH HEOAHOPOAHOIO IUaNeKTPUXa. PaccMor-
PHM B HEOJHOPOZHOM W3OTPONHOM AH3JEKTPHKE C HENOJSPHBIMH MOJe-
KyJamu BooGpaxaemylo maayko naomaaky AS (puc. 18.3). Ilycrb
B eiMHuUIlEe 06beMa JUAJEKTPHKA HMEeTCs 1 OJHHAKOBLIX YacTHLL C 3aps-
JIOM -+ée ¥ n OAMHAKOBbIX YacTUI C 32psJoM —e. B HeGoab110H OKpecT-
HOCTH NJOHIAAKH AS 3/IeKTpHYeCKoe noje W AHIJAEKTPHK MOXKHO CYH-
TaTh OAHOPOAHLIMU. T103TOMY BCe NOJOKHTENbHEE 3apsAbl, HAXOAALIHe-
cs1 B6au3n AS, cMecTATCHA NPH BKJIOYEHHH NoJs B Hanpasjienny E wHa
CAMHAKOBOE pacCTOfgHHe [y, a BCE OTPHUATEJNbHHE 3apAABl CMECTATCH
B NPOTHBONOJIOKHOM HANpaB/eHAH Ha OJHHAKOBOE paccroshue l; (CM.
puc. 18.3). Ilpu 3tom uepes miomaaky AS
npoiijeT B HanpaBJeHHH HOPMAAH K Heli He- \+¢ 4 h
KOTOpO€ KOJIMYECTBO 3apAi0B OJHONO 3HaKa
(NONOXHTENbHBIX, €CH a<lit/2, oTpHUATENb-
HBIX, €l @>7/2) ¥ B HANPaBJAEHHH, NPOTH-
BOIIOJIOKHOM N, HEKOTOPOE KOJIHYEeCTBO 3aps-
JCB JAPYroro 3Haka (OTpULATENbHBIX, €CHH
a<<11/2, NOJOXKHTENbBHIX, ecan a>n/2). [1no-
waaky AS nepecekyr Bce 3apaas -t e,
KOTOpPHE [0 BKJHUYEHHs T0Jsl OTCTORJIH OT
nee He 6GoJsiee ueM Ha [,cos @, T. €. BCe -} e, 3aK/AHUEHHBIE B KO-
coM nuaupape ob6bvemom [,AS cosa. YHcno 3THX 3apsaaoB  paBHO
ni;AS cos o, a nepeHOCHMBIR HMH B HaNpaBJICHHH HOPMAJH K IJIolajke
sapap pasen enl;AS cos @ (npu a>>n/2 3apsj, NepeHOCHMEIA B HanpaB-
JIEHHH HOPMAaJi 3a CuUeT CMelleHH A 3aPAJI0B e, 6YJET OTPHUATENLHEIM).
Anajnoruyno naowaiky AS nepecekyT Bce 3apfAlbl —e€, 3aKMOYEHHbIE B
ofbeme [,AS cos o, DTH 3apajpl nepeHeCYT B HaNpPaBJeHHH HOPMAJH
K NJIouajKe 3apsij, pabubiii enl,AS cos a (43 puc. 18.3 BHARO, YTO 11pH
o< /2 3apsabsl —e nepeHecyT wepes AS B HanpaBAEHHH, NPOTHBOIO-
JoxHOM n, 3apsia —enl,AS cos @, 94TO 3KBHBAJICHTHO NEPEHOCY B Ha-
npaBJeHHu n 3apsja enl,AS cos a).

Htak, npu BKJIOYEHHU noas depe3d njomaaky AS nepenocurcs
B HanpaBJIeHHH HOpMaJn X Hell 3apsaj

Ag’=enl,AS cos a+tenl,AS cos a=en (I;-+1,)AS cos a.

-
[ ™™

Puc. 18.3.

Cymma [+, ecthb paccrosinue I, Ha KOTOpO€ CMEILAIOTCA APYr OTHO-
CHTEJIBHO JApYyra NOJOXHTEJBHBIE H OTPHUATE/bHREIE CBA3aHHBIC 3apAAbl
B JH3JEKTPHKE. B peayabTate 3TOro CMelleHHs Kaxjasa napa 3apsrLoB
npuoGperaer AUNOJbHLIA MoMeRT p=el=e(l,-1,). Uucno takux nap
B elHHALE 06bema paBHo n. CrenoBarenbBo, npouspejenue e (I,+1,) n=
=eln=pn aaer MOAYJNb noaspuloBaHHoctd P. Takum obpa3soM, 2apsa,
NPOXOAANIMA MPH BKIIOYEHHH NOJASA yepes naomaaky AS B HanpaBieHyy

s
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HOpMaJH K HEH, paBeH
Ag'=P AS cos a.

[TocKOMIbKY - IU3NIEKTPUK H3OTPONHBIA, HampaBieHus BekTopoB E
n P cosnanawor (cm. puc. 18.3). CaenoBatenbHO, & €CTh Yroa MexAy
BeKTOpamMH P M n, B CBfI3M C ueM MOXKHO HanucaThb

Ag'=Pn AS.
[Tepeitng or gensT K AuddepeHuunanam, mnoayyim
dg'=Pn dS=P dS.

Met Hany cBsI3aHHLIA 3apsAA dg’, KOTOPLIH DPOXOAMT IPH BKJOYEHHH
noJid 4epe3 3JIeMEHTapHYI MJIOWAaAKy dS B HalpaB/JeHWH HOPMAMH K
Heil; P ecTh MOASPM30BAHHOCTb, BO3HUKAIOWAS MOA ACHCTBUEM HOJfA
B TOM MeCTe, TJIe pacno/JoyKeHa molanka dsS.

[lpencrasum cebe BHYTPH AM3JAEKTPHKA 3aMKHYTYIO NOBEPXHOCTD S.
[Mp1 BK/IIOUEHHH NOJs 3Ty NOBEPXHOCTh MEPECeUeT H BLIAART HAPYKY
CBA4HHBIY 3aps] ¢°, paBHBII

q;umzﬁdqrzﬁpds
S S

(MBIl YCI0BHJNCE B CAyYae 3aMKHYTHIX MOBEPXHOCTEH 6paTh BHELUHIOI
HOpMAJb K mJowaaxam dS). B pesynbrate B ofbeme, orpaHMuYeHHOM
NOBEPXHOCTLIO S, BO3HHKHET H3OBITOUHBIH CBSI3aHHBIN 3apsf

Gias=—Gouu=—  PdS=—D, (18.3)
S

(D, — notox BekTOopa P uepes nomepxHOCTE S).
Beens o0beMHYI0 MJIOTHOCTL CBA3AHHBIX 3apsnoB p’, MOXKHO HamnM-
CaTh

q;36 == g P’ dv

vV

(nuterpan Gepercsa no o6beMy, OrPAaHHYEHHOMY MOBEPXHOCTHIO S).
Takum oOpa3zom, Mbl NPUXOAUM K QopmyJe

Vorav=—¢puas.
v S

[1peoGpasyem mosepXHOCTHLIN unHTErpas no TeopeMe OCTPOrpajicKoro —
Faycca (em. (11.41)). B pesyabraTe moayuuTcs COOTHOILEHHE

Vorav=—{vpPav.

vV vV

3T0 COOTHOUIEHHE MOJMKHO BBINOJHATBECH JAJS JIOGOTO [IPOU3BOJILHO
BbIOpaHHOTO OO6beMa V/, 4TO BO3MOXKHO JHIUL B TOM c/yyae, eciH B
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Ka}KJ_lOﬁ TOUKEe AHSJEKTPHKA BBINOJMHACTCA DaBEHCTBO
o' =—YP. (18.4)

CnenoBaTeNlbHO, MJIOTHOCTh CBSI3AHHBIX 3apAIOB pPaBHA JAHUBEPTeHIHH
noJsipusoBaHHocTH P, B3sATOH ¢ OOpaTHLIM 3HAKOM.

Mo noayuusau (18.4), paccMaTtpuBasi AUSJICKTPUK ¢ HENOJAPHBIMH
MoJiekyaamu. OpRako 3ta ¢opMmyJa cnpaBejJyiHiBa H A1 KHJIEKTPHKOB
C TNOJAPHBIMH MOJIEKYJIaMH.

dopmyne (18.4) MOXKHO AaTh HAIVISAHYIO MHTepHpeTanuwo. ToukH ¢
NOJMOXKHUTENBHOH VP Cly2KaT HCTOYHHKAMM MoJsa BeKropa P, K3 3THX
Touex nuHuH P pacxoparcs (pHcC. B
18.4). ToukH c oOTpHIATE]BHOMH é)" d) ~
VP cJayXar CTOKaMU MoJs BEKTOo- \Q @/—)_\ \Q @" |
pa P, x 3tum toukam Jaunuu P QDEIEDHDER®
cxopsites. TIpu mosspusanuy IH- ‘@@Q\V /@@Q‘
5JIEKTPHKA IOJOXHUTENbHbIE CBfl- .
3aHHBIE 3apsanbl CMEINAOTCA B HA- f mowe 7 {vg<>aﬂ ~ O mouxe Z{Vl::sg
npasJjeHud Bektopa P, T. e. B Ha- i , F
npapjeHnu JuHui P; oTpuuaredn- Pye. 13.4.

HEle € CBSI3aHHLIE 3apsijbl CMe-

IAITCAd B NPOTHBONOJIOXKHOM HANOPaBJCHHH (HA PHCYHKE OOBEJEHH
OB4JIAMH CBSI3AHHLBIC 3apAnb!, IPpHHALACAKAIIHE OTAC/IbHBIM MOJIeKyJIElM).
B peaynprare B MecTax c nosoxutensHoii VP o6pasyercsi H3GHITOK
OTPHUATENBHBIX CBfI3aHHHIX 3apsiJ0B, 4 B MeCTax C OTPHUOATEJbHOH
YP — H30biTOK MOMOXKUTE/NbHBIX CBA3aHHHX 3apsjoB.

CBsi3aHHBIE 3apAjabl OTAHYAIOTCHA OT CTOPOHHHX JHIIL TEM, 4YTO HE
MOTYT NOKHHYTb MNpeAeabl MOJEKYJ, B COCTaB KOTOPhIX OHH BXOJAT.
B ocraspHOM Ke HX CBOMCTBA TaKOBBl, KAK U Y BCeX NPOYHX 3apPs/0B.
B 4acTHOCTH, OHH CAYXKAT HCTOYHUKAMH 3JIeKTpHUYecKoro noasi. Iloatomy
B CJyyae, KOTJa IJIOTHOCTb CBSI3aHHHIX 3apsifioB P’ OTJNKYHA OT HyA4,
dopmyay (13.5) HYXHO NHcAaTb B BHJE

VE=—;0—(9+9’)- (18.9)

31eck P — IVIOTHOCTE CTOPOHHUX 3apsiNOB.
IToxacraBum B (18.4) Boipaxenue (16.2) aaa P u Bocooabpsyemca qop-
myqoh (11.36). B pesyabtare noayuum

o' = —V (xe,E) = —e,V (+E) = — ¢, (EVx +=VE).
3amenus VE B coorBerctBuH ¢ (18.5), npungeM K ypaBHEHHIO
p' = —eEyn—xp—up’.
Orcrona

, 1
' =— 13 (8E V% 4-xp). (18.6)
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U3 dopuyaer (18.6) BhiTekaer, 4To 06beMHas fIOTHOCTb CBA3AHHBIX
3apAA0B MOXKET GhiTh OT/MYHOI OT HyJA B JBYX caydasx: 1) ecau au-
3JeKTPUK HeogHopoleH (y»=+=0), 2) ec1u B AdHHOM MeECTE IUITEKTPUKA
MJIOTHOCTb CTOPOHHIX 3apPAAO0B OTIAUUHA OT HyJAA (p=0).

B cayuyae, KOr1a BHYTPH AM3/JIEKTPUKA CTOPOHHUX, 33pANOB HET,
06LeMHAA MIOTHOCTh CBA3AHHGLIX 3apASOB paBHA

4 € [}

— B (18.7)

§ 19. BexTop 2/eKTPHYECKOIO CMEWEHUSA

B npemntayiwem naparpade Ml oTMedanH, 4TO UCTOUHMKAMH NOJIA
CAyHAT HE TOJNHKO CTOPOHHKE, HO U CBA3AHHDIE 3P AMbL. B coorBetcTBUH

C 3ITHM
VE = (p+0') (19.1)

(cm. (18.5)). @opuyaa (19.1) manonpurogna AIA HAXOKAEHHS BEKTOPA
E, T4k K4AK OHA Bbip2)aeT CBOHCTBA HEH3BECTHOH BEITHYUHBEL E 4epes
CBS3aHHbLIE 3aPAAbl, KOTODhIE B CBOIO OYepeib ONMPEAL/AOTCA HEHIBECT-
noit E (cm. (18.2) u (18.6)).

Boluncsenne noseil BO MHOTHX caydadx yapouiaercs, €C/H BBECTH
BCIIOMOTATEABbHYIO BEMMUMHY, HCTOYHHKAMH KOTOPOH ABJAOTCA TOJBKO
CTOpOHHUE 3apAnsl . YTOOE YCTAHOBHTH BRI ITO# BEJHYUHEI, MOACTa-
sum B (19.1) Beipasenue (18.4) ans o'

VE = -E—I—(p—vP)-
0

Orcioga Caeayer, 4ro
V(e,E+P)=p (19.2)

(MLt BHECTH €, NMOX 3HAK V). Boipawenue, crogiuee B (19.2) B ckobKax,
npencraBaser coGoil HCKOMYIO BeldyuHy. Ee 0603HauaroT 6ykBod D u
HA3BIBAIOT HNEKTPHUECKHM CMELIeHHEM (M/H JIEKTPHYECKOH HHRYKIHei).

MTaKk, 3JEKTPUHUYECKHM CMeWeHHEeM (3JeKTP H-
YecCKO# #HAYKIHEI) HashBaercd Be/qUYUHA, ONPEASIAeMan
COOTHOIUCHHEM

D=¢,E-P. (19.3)
[oacraBus Buipamauue (16.2) masg P, monyyum
D=EQE+an‘E:‘BU(1+:c)E. (19.4)
BeapasmepHyto BeRUYUHY |
e=1-+x (19.5)
HASHBAIOT ZOTHOCHTENBHON HHUINEKTpHUECKO i

NPOHHMELAEMOCTBIO WIM POCTO AHIJMEKTPHYECKOH
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npornunaemocThio cpemu’). Takum 06pa3oM, COOTHCLIEHHE
19.4) mMoxHO 3anHcaTtb B BilJE

D=¢q¢cE. (19.6)

Cornacno (19.6) Bekrop D nponopnyoHaneH BEKTCPY E. Hanomnuwm,
YTO Mbl PACCMaTPHBaeM HM3CTPONHBIE IHAIEKTPHKH. B aHH30TPONHBIX
muanexTpukax Bektopel E n D, BoOGWe roBops, HEKOJIIHHEAPHHL.
B cooreerctBuH ¢ dopmyaami (5.3) n (19.6) sneKTpHYECKOE CMmeLe-
HHE MOJIS TCYEUHOTO 3apsfia B BaKyyMmMe paBHO
1 ¢
D_-‘l_ft—?i €,. (19.7)
'Eavpuneil 5A€KTPHUECKOrO CMEIIEHHS CJAYXHT KYJOH Ha KBaJpat-

ot merp (Ka/m2).
Coraacuo (19.2)

vD =p. (19.8)
[TponHTErpHpYEM 3TO COOTHOLIEHHE DO IPCH3BCJILHOMY obremy V.

S vD dV = S pdV.

v v

TlpeoGpasyeM Ji€BYyI0 4acTb MO Teopeme Ocrporpaznckoro—Iaycca
(em. (11.41)):

fpas={pav. (19.9)
5 1%

Cnesa ctout @, — noTok Bektopa D uepes 3aMKHYTY!0 NNOBEPXHOCTD S,
crnpaBa — CyMMa CTOPOHHHX 33pa/i0B 2g;, 3aKTIOYEHHLIX BHYTPH 3TOH
nceepxHoctH. Ilostomy pabenctso (19.9) MOXHO NPeACTaBHTL B BUAE

Op=4g, (15.10)

dopmyast (19.9) u (19.10) supaxawor Teopemy 'aycea nma BexTopa
D: nomoK 31eKMmpUtecKo20 CHEWEHUN HEPe3 SAMKHYMYI0 NOGEPXROCMb pll-
geH  Qi2eOpaudecKoll CyMme BaKAOHEHHbLX eHympi 3moil NoeePXHOCHU
CrIOPOMHUX 3apA008. | o LT e

B Bakyyme P=0, TaK yro onpefensemMasi BulpaxeHHeM (19.3) eeau-
unna D npespamaercsa B &E 1 dopmyant (19.9) u (19.10) nepexcaar
B dopmyant (13.4) u (13.2).

ENMHAHNEH NOTOKAa BEKTOpPA 3JMEKTPHYECKOro CMELIEHHA $BJASETCS
xyaon. Coraacno (19.10) 3apsn B | Ka cosaaer gepe3 OXBaThIBAIOULYIO
ero NOBEPXHOCTb NOTOK cmemenns B 1 K.

1) B asteKTpOTEXHHKE BBOAAT TAK H23BIBaeMYI0 afCONIOTHYIO AM3JIEKTPHEECKYIO
NPOHHLAEMOCTb &,= &,€. ONHAKO 974 BeNHIKHA (HBHUECKOrO CMHCIA He BMeer, ! MH
€10 TOAB3OBATHCA He OyjleM.
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[Tone BekTopa D moxxHO H306pa3UTh ¢ HOMOLLBIO JHHHI 3/€KTpHYe-
CKOro CMeleHHst (Mbl 6yfeM JAJAs1 KPATKOCTH HAa3bIBATh HMX JHHHUSMH
CMELEH}s1), HAPABJIEHHE H ['YCTOTAa KOTOPBIX ONPEAEHSIOTCS TOYHO TaK
Xe, Kak U A jgnHud BekTopa E (cMm. §5). JIuuun Bektopa E moryr
HAaYHHATBCS M 3aKaHYMBAThCA KAK HA CTOPOHHHUX, TAK M Ha CBSI3aHHLIX
sapsagax. Mcrounukamu nosma Bekropa D cayxar TOJbKO CTOpPOHHHE
sapsajpl. [losToMy JUHMH cMeWleHHS MOrYT HAYMHATHCS MJH 3aKAHUYH-
BaTbCH JIUIIb HA CTOPOHHHX 3apsigax. Yepes TOUKH, B KOTOPHIX MOMe-
WAKTCT CBA3aHHLIE 3apAAbl, JUHHUH CMEIEeHHS NPOXOAAT, HE Ipephl-
BafCh.

SuIeKTpHUECKYI0 HHAYKLHIO ) B rayccoBoil cHCTeMe OMpefeffioT COOTHOMWIEHHEM

D =E - 4nP, (19.11)
[Toacranoska B Hero 3uadenus (16.3) aaa P paer
D= (I --4nx) E, (19.12)
Beaununuy
e=1-+4nxn (19.13)

HA3MIBAIOT AMIMNEKTPDHUYECKOH NPOHHLAGMOCTHIO. BBeid ary pe-
nquny B gopmyny (19.12), noayuum

D =¢E. (19.14)

B rayccopoit cucTeme aeKTpHUECKad HHAYKUHS B BaKyyMe COBNQJlaeT C Hanpi-
KeuHoctvio moasi E. CaenosarenbHo, sIeKTpHUeCKash HHAYKIHA MO TOYCTHOIO 3a-
psijia B BaKyyMe onpejersercsi gopmydaoit (5.4).

Cornacno ¢opmyne (19.7) anekTpHYECKOe CMeUlEHHE, CO3AaBaeMoe 3apajoM B
| Ki na pacctosuuu | M, cocraBiasier

B rayccooit cucreme amexrpuueckas MHAYKUMS B STOM Ciyyae paBHa

g _3.10°

D=—_g= 102

=3.10% CT'C3-en.

Takum c6pasom, | Ka/m? coorercrpyer 47t -3 105 CI'C-ex1. 9NeKTPHYeCKOH UHAYKIHH.
B rayccoBoii CHCTeMe BHpaKeHHs! TeopeMbl 'aycca HMeOT BH[

fndszcmgpdv, (19.15)
S v

Op=4n X g;. (19.16)

Cornacuo (19.16) sapsg B 1 K cosmaer notoK BekTopa '91eKTPUUYECKON MHAYKLHH,
pasuslit 4ng=4mn-3-10® CTC3-eaunnn. Takum o6pasoM, MexAy eAHHHUAMH [OTOKA
pektopa D cymecrsyer coorHOLIeHHE

I Kn=4n-.3-10% CI'C?3-en. norokxa,

1) TepMHH «3MEeKTPHYECKOE CMEIleHHe» HMpHMEHHTeTbHO K Beauuune (19.12) ue
yrnorpebasercs.
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§ 20. Tpumepsl Ha BHLIYMCIEHHE MOAS B AMIJICKTPHKAX

Uro6ul BLISICHHTL cMblca BeauuuH D H &, pacCMOTPHM HECKOJBKO
MpUMEPOB NOJEH B AUS/IEKTPHKAX.

Mone BHYTPM MJIOCKORA miacTuubl. PaccmoTpuM ABe GecKOHeyHble
napas/enbHble PA3HOHMEINHO 3aPfAXKEHHbIE IJIOCKOCTH. [TycTb co3paBae-
MOE MMM B BaKyyMe MOJIE XapaKTEPH3YeTCsi HaNpsiKEHHOCTbIO E,

u cvemenneM Dy=goEy. Buecem B 310 mome |, . _ .+ L5t g
e e ™) -

MJIACTHHY U3 OJIHODOAHOIO H3OTPONHOTO JIH-
3MeKTPHKA M DACOJIOKHM ee TaK, Kak no-  *j= > -
xasano Ha puc. 20.1. [lon peitcrBuem moas % - el
AUJIEKTPUK MOAFPHU3YETCs, U Ha €ro nopepx- ': n * B
HOCTSIX NOSIBSITCA CBA3AHHDIC sapsanl miotHo- [ 1 N .
CTH ¢'. DTY 3apsaabl CO3AaAyT BHYTPH IJIACTH- 4o | N .
fibl OJIHOPOJIHOE I0JI€, HAMPSIKEHHOCTH KOTO- . « - .
poro corsiacHo dopmyJse (14.4) pasna E'= .+~ + | ~
—0o'/e,. BHe Aua7eKTpHKA B JAHHOM ciydae  + - + f—i] =
E'=0. Hanpsukensocts noas E, paBna a/g,. 7 > 1|~
O6a noJs HalpaBJeHb! HaBCcTpedy Apyr ApYyry, o | ue - + I
CJIEI0BATENBHO, BHYTPH JHIJIEKTPHKA s &
1z [ o6 %.

g’ 1 =4 —_ | =L
E=E,—E'=E,——=—(0—0). 5 &

CIE g=_4 i,

(20'1) Puc. 20.1.

Bue nusnexktpurka E=E,.

[loasipusauus AUsNeKTPHKA OOYCJ/IOBJEHA NOJCM (20.1). 10 moJe
neprneauKy/aspHO K TIOBEPXHOCTAM IMACTHHEL. [Mostomy Ep,=E ™
B coorpercTBHHU ¢ (18.2) 0" =xe. L. IloncraBus 910 3HAUCHHE B dopmMyJay
(20.1), nonyunm

.E:=Eh——%Eu
OTKYJAa
Ey, _E
Eof b (20.2)

WTak, B pacCMaTpHBAeMOM CJydae JHJICKTPUUeCKas NMPOHHHAEMOCTh &
OKa3bIBaeT, BO CKOJBKO pa3 ocnabasiercss noje B JAHSJICKTPHKE.

VYmuoxus (20.2) Ha €€, NOJAYUHM JIEKTPHUECKOE CMEIIECHHE BHYTPH
NJIACTHHBL

D=¢geE=¢ E\=D,. (20.3)

Takum 06pa3oM, NEKTPUUECKOE CMelleHHe BHYTPH MJI3CTHHbI COBIaAd-
eT ¢ JMEKTPHUECKHM CMeLleHHeM BHELIHEro IoJst D,. 3amenus B (20.3)
E, uepes o/g;,, MONY4HM, UTO

D—og. (20.4)



74 I'J. 11. BJIEKTPUUYECKOE HOJE B JHAJEKTPHKAX

UrcEn naittn o’, BripasuM B (20.2) £ n E, uepes NIOTHOCTH 3aPA/0B
1 ' g
ChARaT

Orcrona

o =g, (20.5)
Puc. 20.1 BHINOMHEH B NpPCANOJOXKeHHH, YTo €=3. B coOTBETCTEUH
C 3THM rycTtota JuHHH E B AnsjekTpuke B TPH pa3a MeHbllE, HEM BHE
NAACTHHBI, JIMHHH TIPOBei€HHl Ha OAHMHAKOBBIX PacCTOAHHAX APYT
OT APYTd, MOCKOMBLKY TIOJIE OAHOPOAHO. B JaHHOM cayuae 6’ MOKHO Hak-
TH, He npuberas K ¢dopmyse (20.5). JleiicrBUTeNbHO, Pa3 HanpskeH-
HOCTb TNOAA BHYTPH IVIACTHHHL B TPHM pa3a MEHbLIE, UeM BHE €€, TO H3
TpeX JHHUI HANPAKEHHOCTH, HAUMHAIOWUXCS (HITH 3aKaHYHBaIOIIHXCA)
Ha CTOPOHHHX 3apfAjax, ABe AC/KHB 32KAHUHBATLCS (COOTBETCTBEHHO
HaYHHATLCS) HA CBA3aHHBLIX 3apAaax. OTciola BhITEKAET, UTO MJICTHOCTh
CBS3aHHLIX 3apAl0B JO/DKHA ObiTh paBHa 2/3 IJIOTHOCTH CTOPOHHHX
3apaaoB.

B rayccopoii cHcTeMe nanpskeHHocTb E', co3jaBaeMasi CBASAHHHMH 32psjaMH
o', pasna 4n¢’. TloaroMy cooTHowenne (20.1) nmeer BHJ

E=FEg—E' = Ey—4n0’.

IlopepXHOCTHAS TJOTHOCTh O CBSI32aHA C HaNPSKEHHOCTHIO £ COOTHOUIEHHEM o'=
=xFE,. CaepoBaTellbHO, MOXHO HanucaTh, 4TO . :

E=E;—4axL.
Orciopa

__Ey _Eg

E_]—}—4mc__s

TakiM o6pa3soM, AMDJAEKTPHUECKAs NPOHHLAEMOCTb €, TaK e Kak i € B CH, no-
KaZ1BaeT, BO CKOAbKO pa3 oclabasercss noje BHYTPH JialexkTpuKa. ClenoBaTelbHo,
anavenns € B CH # B rayccopoil cicreMe cornapalor. OTCi0Ka, NPHHSB BO BHHMaHHe
(19.5) n (19.13), 3aknio4aeM, uTO JUIJEKTPHUECKAS BOCNPUHMUYNBOCTL B rayccoBcH
cHcTeMe (%) 1 B CH (py) OTAHUAIOTCA JPYT OT APYra MHOXHTENEM 4n:

Mose BHyTpM maposoroe caos. OKPYXXHM 3apsKenHyio cdepy pa-
Anyca R KOHUEHTPHYECKMM LIAPOBLIM CJIOEM H3 OAHOPOAHOrC H30TPOI-
noro ausaektpuka (puc. 20.2). Ha BHyTpennel NOBEPXHOCTH CJCR
NICABUTCS CBSI3aHHBIR 3apAjl g;, PACNPEAeNEHH B C NIOTHOCTBIO O (¢; =
—4nR’c;), HA BApPYXXHOH — 3apsaj §;, pacnpeieeHHbi ¢ MACTHOCTLIO
o (g5=4nRi0;). 3HaK 3apsaja ¢; COBNALAET CO 3HAKOM 3apsifa g cdepl,
3HAK ¢; €MY NPOTUBONOJIOXKEH. 3apA/ibl §; U ¢y CO3JAI0T HA PACCTOSTHHM 7,
NPEBHIIAOIIEM COOTBETCTBEHHO K1 U R,, moJe, COBNajamlee ¢ 10JEM
TOYEYHOTO 3apsd TaKoi >Xe BeIH4UHBI (cMm. dopumyay (14.7)). Baytpu
NICBEPXHOCTEH, NO KOTOPLIM OHHM PaclpeAesieHbl, 3apsibl ¢ H gy NCJA
ne cospaior. CaeNoBaTeNbHO, HanpsKeHHocTs noaa E’ BuyTpH

+



§ 20. NPUMEPDI HA BBIYHCJAEHHE 1OJA B AHIAEKTPHUKAX

AMIeKTPHKZ PaBHA
o g 1 4aRje; _ 1 Rio

— dne, r* Amey 17 gg I3

U TIPOTHBOMOMOKHA [0 HANPABICHIO HAMPSKEHHOCTH MOMs Ey. Pesyiibe
THpYIOWEe MoJie B AHIMEKTPHKE

y
E(ry=E,—E'= 41 g 1 R (20.7)

ney 2 gg I
yGhiBaeT MO 3aKOHY 1/r2. TlosTOMYy MOMKHO YTBEPXJIaTh, 470

E(R[) . r2 . rt
e E(R)=E () g -

1

rae E (Ry) — HAanpsiXeHHOCTb M0/ B JIU3JEKTPHKE B HeMoCPeNCTBRHHOM

6430CcTH K BHYTpPeHHeH MOBEPXHOCTH CJIOHA. Mmenno 3Ta HaOpPAKEH-
HOCTh ofnpefesder BeqH4HHY or:

o7 = xe,E (Ry) = #&oE () [_;.;_ (20.8)

(B KawIOA TOUKe MOBEPXHOCTH |E, |=E).
[ToncTaB{B BbIpAMKEHHE (20.8) B opmyiy (20.7), nony4um

1 g 1 RineyE (r) r?
ey r? € 2R

E(r)=- = E,(rY—=E(r).

OTcmﬁa HAXOANM, 4TO BHYTPH ananekTpuka E =FE,/e 4, cNef0BaTeNbHO,
D =g,E, (cp. ¢ dopmyiamH (20.2) u (20.3)).
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[Mone BHYTpH AM3JEKTPUKA HaMmeHsieTcs mo 3akoHy 1/r:. Tlostomy
HMEET MeCTO COOTHOUIeHHe o : d,=R3: R} Orciofa BBITEKaer, 4ro
g:—=¢,. CaenoBatenbHoO, M0JISA, CO3JaBaeMbie 3THMH 3apsllaMH, Ha pac-
CTOSIHUAX, NPEeBbILIAIOWHX R,, B3aUMHO YHHYTOXKAIOT APYr ApYyra, Tak
uTo BHe miapoBoro caost £'=0un E=E,.

[lonoxus R, paBubiM R, a R,=o0, NIpHIEM K CIy4alo 3apsKeHHOMA
chepbl, MOrpy>keHHOH B Ge3rpaHMYHBIl OZHOPOAHBIA M H3OTPONHHIA
ausnexrpuk. HanpsbkenHocTh monsi BHe Takoll cdepel paBHa

__ L q
E = Tmeo art (20.9)
Takopa ke GyjeT HanpsKEHHOCTb NOJs, CO3JaBaeMoro B 6e3rpaHHyHOM
AN3JEKTPUKE TOUCHHBIM 3apsJOM.

O6a paccMOTPEHHBIX NPHMEpPA XapaKTEPHBI TeM, YTO JAHUINEKTPHK GhLI
OAHOPOJHBIM U M30TPONHBIM, a OrPaHHYHBAIOLLNE ero NMOBEPXHOCTH COB-
1aJaJi C SKBHIIOTEHUHAJbHbIMY TOBEPXHOCTAMH TOJSA CTOPOHHHX 3a-
psinos. [losnyyeHHbIH HAMU B 3TUX CyyasX pPe3yJbTaT SIBAAETCH OGLUM.
Ecau o0HopoOrsul 1 usomponneal OUIACKMPUK NOAHOCHBIO 3ANO0AHAC
00BEM, 02PAHUMEHNBILE IKBUNOMEHYUANOHHIMU NOBEPXHOCMAMIL NOASL CO-
POHRUX 3ap006, MO 8EKMOP FACKIMPUHECKO20 CMEUEHIS cosnadaem ¢ 6eK-
MOPOM HANPANCEKRHOCHIL NOASL CIOPORHUX 3APA008, YMHONCEHHbIM HA &,
H, C/ICOBATCJILHO, HANPANEHHOCME NOASL BHYMPU OUINCKMPUKA 6 € pad
MEHbLLUE, HeM HANPANCEHHOCHG NOAR CMOPORKUX 3apados.

[

t& - +3" -G E
|ty *-'--‘-"-hln
1‘-'- s
/ >
il B - A
! 1,—’ a0 1
‘oS +75 ’
— =ty ,_'.'—”
q —%.—’d b"‘-\=>|‘ﬂ‘
EI'] E \\ / E En
: \“"- d’l )
L e - [
~ __ Tmmmm— S
- ‘-‘h. ’ I‘" —
j -s-,_.__‘._ E ‘--___.-‘
"--__*- _____
Puc. 20.3. Puc. 20.4.

Ecan ynoMmsiHyThle Yc/oBHSL He cofaionawrcst, BeKTopsl D u gE
ne cornajait. Ha puc. 20.3 nokasano noJjie B naacTHHe JH3JEKTPHKA,
NepeKoIeHHOIT OTHOCHTE/NLHO IMJIOCKOCTEH, HOCYINHMX CTOPOHHHE 3apsi-
Jol. Bextop E’ neprienfiHKyAsipeH K rpaHsM JacTHHbl, nostomy E u
E, HekonaunHeapuul. Bektop D HanpaBnen tak xe, kKak E, caenosa-
TesbHO, D n e,E, He coBnanaoT 1o HanpasJeHHwo. MoOXHO Mokasars,
YTO OHH HE COBIAJ4IOT H N0 BEJHYHHE.

B paccMoTpeHHRIX BHIIE TPIHMepax H3-3a CnentanbHO BHIOGpaHHOH
dopmul muasnektpika note E’ GbWIO OTVIMUHO OT HYJs1 TOJBKO BHYTPH
nuanekTprKka. B o6iem cayuyae E” moxer ObITb OTJIHYHO OT HYJS H 32
npefesaMu 1uanekTprka. [loMecTyM B nepBoHayanbHO OMHOPOAHOE NoJe
crep)kenb M3 auajgekTpHka (pHuc. 20.4). BeaeacTsue noaspu3auvi Ha
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KOHIAX CTepsKHA 06pa3yloTcst CBS3aHHbE 3apsllbl [1POTHBOIOMOXK HEIX
sHakoB. MX roJe BHE CTEP:KHSI SKBUBAJIEHTHO IOJIO JUIIOJNA (nunuu E*
[OKa3aHl Ha DHCYHKE NYHKTHPOM). Jlerxo coo6pas3nThb, UTO Pe3yJNbTH-
pymotee rone E B6/IM3H KOHIOB CTEPKHA Gonpiue nonst Eo.

§ 21. YcnoBus Ha rpaHuue ABYX AHINCKTPUKOB

B6nu3y NOBEPXHOCTH pasjiea ABYX AHIIEKTPHKOB BEKTODRI EuD
JIOMKHBI YAOBJETBOPATD ONPeIE/IEHHBIM rPANHTHBIM YCJIOBHAM, KOTOPhIE
BBITEKAIOT M3 COOTHOIUEHHH

[VE]=0, yD=p (2L.1)
(cm. (12.3) u (19.8)).

PaccMOTPHM TD2HHIY MEKAY ABYMS AUSJCKTPHKAMHU ¢ npoHMUEe-
MOCTAMH &5 K Eo (puc. 21.1). BniGepeM Ha 3TOH NOBEPXHOCTH MpOH3-
BOJILHO HANpABJeHUYI0 och X. Bo3bMeM #eGoMBIIoH TPAMOYTOMLHBIH
KOHTYp JVIMHBL @ ¥ UIMPUHBL b, KOTODLIH YacTHUHO HPOXOAHUT B NEPBOM
JM3JEKTPUKE, YACTHYHO — BO BTOPOM. Ocb x IPOXOJUT Yepe3 cePeIUHbL

cropoH b.
/ i
O 5=
. -—- oy E
g = a_ . = b g / Un,, S, 2
& = + T " )

Puc. 21.1. | " Pue. 2.2,

I[Tycte B AUAEKTPHKAX CO3MAHO MOJC, HATIpA2KEHHOCTh KOTOPOTO
B mepBoM AuanekTpuke pasHa Ei, a BO BTOPOM E,. BcnencrBue TOrO,
yto [VE]=0, nupKynsanus BeKTOpa E no BbIGpaHHOMY HaMH KOHTYDPY

IOoJKHA ObITh pPaBHa HYJIO (cM. dopmysy (12.1)). Ilpn maanix pasmepax
KOHTYpa Y yKa3aHHOM Ha PHC. 91.1 nanpasJeHdy 006xola LHPKYJ/IALISA

pektopa E MOXkeT ObITb NpPEACTaB/ICHA B BUE

¢ E, di = Ey,a—Esa+<Ey> 2b, (21.2)
rae <E,> — cpeiyee 3HaYCHHE E, ua mepueHuKyNapHbIX K TPaHHLE
y4acTKaX KOHTYpa. [TpupaBHSB 3T0 BhIpaxeHue HY/IO, NpHJIEM K COOT-

HOILIIEHHUIO
(E po—E1) a=<Ep> 20.

B upejene, npu crpemsiiieiics K HYJ/IO [NHPHHE KOHTypa b, nmojy4aercs
paBeHCTBO
Eix=E2x- (21-3)

3nauenus npoekuni BekropoB Eq E, Ha och x OepyTcs B HENOCpeX-
CTBEHHOH GJIM30CTH K TpaHuue AUSICKTPHKODB.
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CootHottienne (21.3) BLINOMHAETCS NPH NPOM3BOALHOM BHIGOpE OCH X,
HYJKHO JIMIUb, 4TOOB! 3Ta OCh JI€XKaJa B IJOCKOCTH pasfienia JM3JeKTpu-
koB. M3 (21.3) cnepyer, uto npu Takom BhIGOpE OCH X, IIPH KOTOPGOM
E.,=0, npoekuns E,, ‘takxe 6yAeT paBRa HYJ0. ITO O3HAYaeT, 4TO
sexTopul E; u E, B ABYX OJNU3KHX TOYKAX, B3ATHIX NC PasHbie CTCPOHLI
TPaHHLbl, JeXaT B OAHOM NJIOCKOCTH ¢ HOPMAJblO K HOBEPXHOCTH pas-
zena. [Ipeacrasum xaxawii n3 BekTopoB E, 11 E, B Bujie¢ CyMMREI HCpMaJib-
HOH M TaHreHOWaAbHOH COCTaBAAIOIIMX:

E;=E;,+E E.,=E,,+ | PN

B coorBercreuu ¢ (21.3)
E, = E,,. (21.4)

3necy E;, — npoekuus Bektopa E; Ha OpT T, HanpaBJeHHLIH BIOJb
JUHHH NepeceyeHHs MJIOCKOCTH pasjiesia AMNIEKTPHKOB ¢ FJIOCKOCTLIO,
B KOTOpo#d Jiexar Bektophl E; n E.,.

3amenun coraacHo (19.6) npoekunn Bextopa E npoexmuamu Bexto-
pa D, IeneHHEIMH Ha €€, NOJYYHM COOTHOLUCHHE

Dic _ Dix

248y Egfo '

M3 KOTQpOro chlelyer, 4ro

- Dig £y
P =" (21.9)

Tenepr BO3bMEM Ha rpaHNle AUSJEKTPUKOB BOOGPaaeMyio LMJINH-
IPHUECKYI0 TOBEPXHOCTh BRICOTH! A (puc. 21.2). Ocnopanue Sy pacno-
JIOXKEHO B TIEPBOM JAHIEKTPHKe, oCHoBaHne S, — BO Bropom. (6a
OCHOBAHMS OJMHAKOBEI N0 BenuudHe (S,=S,=S8) H HacTOMbKO MaJjtl,
yTo B TpefesaX Kaxioro H3 HHMX ToJe MOXHO CUMTATh OFHODOJHEIM.
[TpumernM K 3Toi moBepXHoctH TeopeMy [aycca (cm. (19.10)). Ecan
CTOPOHHHX 32psJ0B Ha TPaHHLE MeXAYy AM3JEKTPUKaMH HeT, NpaBad
yactb B (19.10) paBua nymo. Cnenosarenbno, ®,=0.

[ToTok uepe3 ocHoBaHue Sy paseH D;, S, rae Dy, — NpPoOeKUHA BeK-
Topa D B mepBOM [N3JEKTPHKe Ha HOPMajb f;. AHAJOTHYHO NOTOK
uepes ocHoBaHWe S, paBeH D,,S, rae D., — npoekuns Bektopa D Bo
BTOPOM JH3JIEKTPHKE Ha HOpManb n,. IloTok uepe3 GoxoBy1o NOBEpPX-
HOCTb MOXXHO NpeAcTaBuThb B BUie <D, >S¢.«, A€ <D, > — 3navenune D,,
ycpenHeHHoe NOo Bceil GOKOBOH NOBepXHOCTH, Sg,, — BEAHYHHA 3TOM
NoBepXHOCTH. TakuMm o6pa3oM, MOXHQ HAaNUCaTb

®p=D, S+ D, S+<D_> Sgo = 0. (21.6)

EcnM yeTpeMHTh BLICOTY UMAMHADPA 1 K nymo, Sg,, Takxke 6yner cTpe-
MHUTbCST K HyJmo. IlosaTomy B npepene nOAyuyHTCH COQTHOLIEHHE

D]n=_D2n.



§21. YCJIOBUA HA 'PAHULE ABYX IHUIJEKTPHUKOB

3neck D;, — npoekuusa Ha n; Bektopa D B {-M AU3TEKTPHKE B HENOCPEL-
CTBCHHOH GJM30CTH K €ro rpaHHie ¢ APYTHM JHITEeKTPHKOM. 3HAKH
(POEKIMil 0KA3aJUCh PA3HBIMH BCJEICTBUE TOrO, UTO HOPMAJH M H M,
K OCHOBAHHAM [IUHEIPA KMEIOT IPOTUBOMNOJIOXKHbIE HallpaBieHus. Ecnu
npoekTuposarb Dy u Dy Ha OHY K Ty e HOPMaJb, MOJNYYHTCA YCIOBHE

- Dip=Das. (2L.7)

3amenuus cornacHo (19.6) npoekund D cOOTBETCTBYIOUIMMHU TMPOCK-
quaMu BekTopa E, YMHOMEHHBIMH HA €€, TOJYYHM COOTHOLICHHE

€081 E 1, =€e82F un,
H3 KOTOPOro cChefgyer, uTo

Ey, £g
En e (21.8)
[Tonyuerubie HavK pe3ybTaThl 03HAYAKT, UTO TMPH MEePexXoie Uepes
rpafily pasfena AByX AH3/eKTPHKOB HOPMa/ibHAs COCTABJAWAA BEK-
ropa D u TadreduuanpHas cocrasasiomlas Bektopa E u3mensorces
HerpepulBHO., TaHCeHUHaNbHAS e cocTaBaAwllas Bekropa D W HOp-
Ma/abHas cocTaBJsiomas Bektopa E npu mepexose uepe3 rpanuiy pas-
AeJid [peTepreBaT Paspsis.
" Coornoutenunst (21.4), (21.5), (21.7) u (21.8) onpepensor yCa0oBHA,
KOTOPLIM JOJUKHBEL yA0BAeTBOPATL BekTopel E H D Ha rpaHnue ABYX
IU3IEKTPUKOB (B TOM cJiyuae, ecq HA 3TOH TpaHHIE HET CTOPOHHHX
33ps0B). Mbl MOJMYYHAH S5TH COOTHOWIEHHUS JJISL 3JIEKTPOCTATHUECKOro
nons. QAHAKO OHU CpaBeAJIMBb U AJA [10JIeH, U3MEHAILWHKHXCA CO Bpe-
menem (em. § 112).

HafigeHHble HAMH YCJOBHA COPABENJHBBI M JUIST FPaHHLbLI JH3JIEK-
TpUKa ¢ BaKyyMoM. B 3ToM ciyyae oqHY H3 JHINEKTPHYECKHX MPOHH-
1LaeMocTeil HyMHO MOJIOXKHUTb PABHOW eJHHULUE.

3amerum, 4ro ycsaoBue (21.7) MOMXKHO MOJIY4UTh, HCXOAA H3 TOrO
$akTa, UTO JHHHH CMeLieHUs HPOXOAAT Yeped rpaHduy pasiieaa AByX
AM3MEKTPUKOB, He npepuiBasch (puc. 21.3). B cooTBeTcTBHH C NIpaBHJ/IOM
npoBedeHU JIHHHA YHC]0 JIMHUK, NPUXOMALIMX K TOLIAfKe AS u3
nepBoro AU3JEeKTPHKAE, PaBHO D,AS,=D,AS cos &y, AHAJOTHUYHO YHCJIO
JIHHHE, BBIXOZALWMUX H3 MJOLIAAKH AS Bo BTOpO# AH3JIEKTPHUK, PaBHO
D,AS,=D,AS cos a,. Ecan JUHUI HE TepnAT HA TPaHHMIE pa3pbiBa,
ofa 3TH YHCNA JOJIMHBI ObiTb OAWHAKOBBLIMH:

DAS cos a;=D,;AS cos a,.

Coxparus Ha AS M NMPHHSB BO BHHMaHWe, 4TO NPOH3BEJCHHE D cos o
Ja°T BeIMYUHY HOPMa/bHOH COCTABJSILEH BEKTOPa D, npuaem K yc-
Jaosuto  (21.7).

Ha rpauuue IU3AeKTPUKOB JIMHHHM CMEIeHHA TepnfT H3J0M (npe-
JIOMJIAFOTCSA), BCAGKCTBUE YEro yroJl o MeXy HOPMaJbio K NMOBEPXHOCTH
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pasfena M nuuHein D uamensierca. M3 puc. 21.4 cneayer, uro

Dyt Doy
tgal-:tgoaz-——*i—)—lg.b-z—n- ’

OTKYAa ¢ yuetoMm ¢opmya (21.5) u (21.7) nonyuaercss 3aKOH npeaoMJIe-

1
]
1
|
;
! &,
: s £
E &
1
{
1
J
% )
:
Do
D, :
Puec. 21.8. - Pue. 21.4:

HHSl JIHHHH 3JIEKTPHUECKOTO CMEIeHHA:

o (21.9)
gas &

IIpu nepexosne B JHAJEKTPUK C MeHbIIeH € yroJj, ofpasyeMblit THHUAMH
CMEIEHUA ¢ HOpManibio, YMEHbIIAeTcd, CAef0BaTeNbHO, JHHHH pacro-
JIaraloTcs pexe; NpH Mepexole B AUJEKTPHK ¢ GOJbILed & JHHHH cMe-
IIleHHsI, HANpPOTHB, CTYILATCH.

§ 22. Cuabl, neHCTBYWOWHE HA 3apAd B AHIJEKTPHKE

Ecan B 3JeKTpHYECKOe ToJe B BAKyyMe BHECTH 3apPSKEHHOE TeIO
CTOJIb MajblX pa3MepoB, YTO BHEIHee NoJE B Npejenax Tejaa MOKHO
CYHTATh OJHOPOAHBEIM, TO Ha TeJIo OYAeT JelCTBOBATL CHJA

F=¢E. - (22.1)

Uto6bl 3apsiKeHHOe TesIo NIOMECTUTE B N0Je, CO3aHHOe B AM3JIEKTPUKE,
B TNOCJAENHEM HYXHO cleNaTb NoJocTb. B XuakoM HJH rasoobpasnom
JUAJIEKTPHKE TAKYI0 NOJOCTb 06pasyer caMO Teo, BHEITECHAN JHUINEKT-
PHK H3 3aHHMaemoro MM o6bema. Ilone BHyTpH nosoctn E,,, Gyaer
oTauuHo or noast E B cnsoimom jusnexkTpuke. Taknum o6pasom, cuay,
JENCTBYIOIYIO HA TOMElleHHOEe B MOJOCTh 3apPSKeHHOEe TeJOo, HeNlb3fl
BBIYHCASITD KaK NPOH3BeJeHHe 3apsla ¢ Ha HalpsKeHHOCTb modas E,
CYLLEeCTBOBABILYIO B AH3JIEKTPUKE A0 BHECEHHd B Hero redaa.



§ 23. CEIHETO3JNEKTPHKHU ba] |

Buiuycass cuay, AeHcTBYHOLLYIO0 Ha 3apsKeHHOE Telo B KHAKOM
UK ra3006pasHoM JAHJIEKTPHKE, HYIKHO yuyUTHIBATH €lleé OHO obcros-
TenLeTBO. Ha rpankile ¢ TeJOM B AHIICKTPHKE BO3HUKAIOT MexaHuue-
CKHE HATSKeHUs, uTO MPHMBOJHT K MOSIBJEHHIO LOMNOJHUTEeNbHOA Mexa-
nnueckoil caatbl Foay, feiicTByIOLLeH Ha TeJo.

Takum oOpasoM, Cunia, JefiCTBYIOIIAs Ha 3apsizKeHHoe TeJO B JH-
SNEKTpHKe, BOOOULe roBOps, HE MOXKET GLiTh onpejeneHa mno gopmyJie
(22.1), H 3a1aua ee BbLYHCIICHH OBLIGHO GEIBaeT BecbMa cJ0XHOH. [lnd
YHIKOro H ra3000pasHoro [15JeKTPUKA BblYMCNIEHH JAKoT JII060MNbIT-
HbLi pe3yJbTar. OKa3bIBaeTcd, UTo Pe3yabTHPYIOllas 3JIeXTPHYeCKOH
cinibl gEq o, H mexanugeckoit cunsl Fo .. paBHa B rounocty gE, rae E —
HANPSXEHHOCTb [OJd B CM/IOIHOM JAU3JEeKTPHKE:

F = gE,,,+ Fuar = qE- (22.2)

Hanpsi>KeHHOCTb T0JIs, CO3/iaBaeMoro B ofHOpoAHOM Ge3rpanHuHoM
JH3eKTPHKe TOUeHHEIM 3apaJloM, onipeaensiercs dopmyoit (20.9). Cne-
JOBATEeNbHO, JJIS CHJBL R3MMOLCHCTBHA ABYX TOUEUHBIX 3apsifoB, MO-
FPyXeHHBIX B OXHOPOAHbL GearpaHHyHblH JHUINEKTPHK, noJyyaercs
BLIpAXeEHHe

_ 1 lfh%l
F= e et (22.3)
dra gopMmyJna BolpaxKaeT 3akoH Kynora Ans 3apsaon, HAXOAAMUXCS
g quasekTpHke, OHa CripaBeliiBa TONbKO U151 KUAKHX U ra3000pasHbiX
JN3JEKTPHUKOB.

B HexoTOpwX KHHrax QopMyny (22.3) BLIAAIOT 32 ¢CaMoe ofee
pripaxkenye 3axona Kynonay. B cBs3M C 3THM NpHBEJEM CJelylollue
caopa P. deiiiMana: «Bo MHOrMX CTaphbix KHHrax no 3JeKTPHUECTBY
anoMerHe HauMBaercst ¢ <OCHOBHOTrO» 3aKOH4, No KOTOpPOMY CHJa,
peficTByloniasi Mexiy 3apsaAamy, ecib .. . (npuBofuTcs ¢opmyna
(22.3))..., a 3Ta TOUKA 3PEHH: a6CONMIOTHO HempuemaeMa. Bo-nepsbix,
570 He BCErJd BepHO; 3TO CIPaBeynBO TONLKO B MHpe, 3amnoJHeHHOM
KHMIKOCTbIO; BO-BTOPHIX, TaK fOJy4aercs WLIb AJ5 [IOCTOAHHOrO 3Ha-
yenusi e, uro AJsl GOJNBIMHCTBA peasblbix MATEpHAaNOB BBIMOJHAETCA
npUOJHKEHHO» («deliHMaHOBCKHE JIEKIHH T10 du3uKe», BhIMN. 5, «Mup»,
1966, ctp. 208).

BonpocoB, Kacawouuxcs CHJ, JefCTBYIOMNX Ha 3apfAjl BHYTPH NO-
70CTH, CHeNaHHOH B TBEPAOM JH3JIeKTPHKe, Mbl KacaTbCi HE fynem.

§ 23. CerHeToaNEKTPUKU

CyliecTBy€eT Tpynna BeleCTs, KOTOpBle MOTYT 06J1aaTh CTIOHTaHHOH
(camonponssonbﬂoﬁ) NOJSIPH30BAHHOCTBIO B OTCYTCTBHE BHELUHETO
nons. D10 ABJieHHe ObIIO MePBOHAYANbHO OTKPLITO D715l CETHETOBOK COJH,
B CBSI3M C UeM Bce MOAOOHbIE BellecTsa NOJlyUUJIA Ha3BaHue cer Hé
T03aeKTD HKOB. [leppoe AeTadbHOC Hcedieflopaile JeKTpHHIe-
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CKIX CBOFCTB CErHETOBOL COMH GbLIO OCYIIECTBAEHO COBETCKHMHU H3u-
kamu WM. B. Kypuarosuim u I1. I1. Kobeko. o

CerHeTO3ISKTPHKH OTIKYAIOTCA OT OCTAJNbHBIX AH3NEKTPHKOB PAIOM
XaPAKTEPHBIX OCODEHHOCTEH:

1. B to BpeMsl KaK y OOBIUHBIX AM3JICKTPHKOB € COCTABJ/AET HECKOb-
KO eli{HU, JOCTHrAs B BHE MCK/IOUEHHs HECKOJBKHX AeCATKOB (y BO-
kI, Hanpumep, € =81), AUSNEKTpHUECKas MPOHHUAEMOCTb CEer HETOIICKT-
pUKOB OblBaeT MOPAAKA HECKONbKHMX ThICAY.

9. 3asHCHMOCTh P oT E He siBsteTcsa JUHEHHOI (CM. BeTBb [ KPHBOH,
u3o0paxkenHod Ha puc. 23.1). CnegoBaredbHO, AMIEKTPHIECKAT PO-

, HUIAEMOCTE OKAa3bIBAeTCs 3aBHCAULEH OT HaMpH-

P MKEHHOCTH MOJIA.
2 : 3. [Ipu u3MeHeHHAX NOJs 3HAUEHHUs MOAAPH30-
pauHocTd P (a ciepoBatenbHo, U cmelleHust D)
gV A//5 _ OTCTAalOT OT HAlpKEHHOCTH nonsa E, B pe3y.b-
17 ¥ rtate yero P u D onpefessitoTCs He TOJNBKO BEJIHUH-
i Hoit £ B JaHHLII MOMEHT, HO M NpeallecTBYIOUIHMHU
12 jyauyeHusmMH E, T. e. 3aBHUCAT OT MPEABLICTOPHH J}-
3JIeKTPHKA. OTO SBJIEHHE Ha3blBaeTci TrHCT e-
Puc. 23.1. pe3HcoM (OT TPeyeCKOro «rHCTEPe3HC» —

sana3fneiBanue). IIpH [UKIHYECKHX H3MEHeHHAX

nons 3asucumocTb P or E crepyeT u300paKeHHOH
ua puc. 23.1 pHuBO#, HasbiBaemMOfi MeTJeH rucrTepesuca.
[TpH nepBOHAYaNbHOM BK/IOYEHHH MNOJA MNOMAPH3OBAHHOCTE pACTET
c E B COOTBeTCTBMH C BerBbio [ KpuBoil. YMenblienue P mpouc-
xoauT no BerBu 2. Ilpu obpaulenud £ B HyNb BEIIECTBO COXpaHseT
sHayeHde noaspusoBaHHocTH P,, HaspiBaeMoeé 0CTAaTOHYHO H oo-
NSIPU30BAaHHOCTD . TOJbKO NOJ ASHCTBHEM POTHBOTIOIONHO
HaNpasJeHHOro NoJs HanpsKeHHOCTH E, nojaspH3oBaHHOCTb CTaHO-
BUTCS PaBHOH HymMo. IJTO 3HayeHHE HAUPAMEHHOCTH HA3BIBAETCH
KO3PDUUTUBHON CHJIOI. [pu nanbHefimieM H3MeHeHuu E
noayyaercsi BeTBb J MeTNH rucrepesnca, H T. .

[loBefenue MOMSIPH30BAHHOCTH CErHETORIEKTPHKOB aHAJ/MOTHYHO NO-
BelleHHI0 HAMArHUIeHHOCTH (eppomarHerikos (cM. § 59). o 9TO# npu-
yuHe CEerHeTO3/eKTPUKM Ha3blBaloT WHorda ¢ eppo3JeKTp u-
KaMH.

CerHerosJeKTPYKaMH MOCYT OBITE TOMBKO KPHUCTAMJIHYECKHE BEIILe-
CTBa, IPUYEM TaKue, Y KOTOPBIX OTCYTCTBYET UEHTP CHMMETPHH. Tax,
HalpUMep, KPUCTAJIILI CErHETOBOH COMH TMpUHAAMEKAT K poMmOHUecKol
chcTeMe (cM. § 111 1-ro Toma). BsanumopeiicTede uacTHU B KPHCTal1e
CerHeTO3JIeKTPHKA MPUBOJMT K TOMY, HYTO HX JHMOJbHbLIE MOMEHTHL
CRIOHTaHHO YCTAHABJIMBAIOTCS MapaliesbHO APYr Apyry. B Hckmodu-
Te/IbHBIX CAydafiX OJUHAKOBAs OpHEHTAUMS AHNOJBHBIX MOMEHTOB pac-
npocTpatsiercs Ha Bech Kpucrast. ODbIYHO e B KPHCTAML1e BOSHHKAIOT
obJiacTH, B OpefesaX KaxJIoH H3 KOTOPHIX JHIOJBHEIE MOMEHTH fapaJ-
NenbHbl APYT APYry, OJHAKO HanpaBleHHsA NOJIAPHU3ALKHY Pa3HbIX 00-
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nacTeil GHIBAIOT Pa3JHUHLI, TAK YTO PE3YAbTHPYIOUIHH MOMEHT BCETO
KPHCTaNa MOXKeT GuITh paBeH Hymo. O61acTH COHTaHHON (CaMonpoH3-
BOJILHOI1) NOJIAPH3aNHY HA3BIBAIOTCS TaKXe 1 oM e H aM u. [lox nei-
CTBHEM BHELUHEro moJjs MOMEHThl JOMEHOB NOBOPaYHBAKCTCA KaK LEJoe,
YCTAHABJHBAACh MO HaMpaBJeHHIO N0A4.

JIfist KaXKLOTrO CEeTHETO3JIEKTPHKA HMeeTcsl Tempeparypa, npH KoTo-
po#l BelLeCTBO YTpauuBaeT HeoObluHble CBOHCTBA 1 CTAHORHTCS HCPMallb-
HBIM ZH3JEKTPHKOM. DTa TeMneparypa naskibaercs TOY K 0 H Ko p K.
CerneToBa cojlb nMeer ABe Toygu Kiopn: —15°C u +22,5°C, npnuem
OHa BeleT ce6s KAaK CErHETO3NEKTPHK JIHIbL B TeMiepaTypHOM HHTEP-
BaJlie, OrpaHHYEHHOM YKa3aHHLIMH 3HauyenuaMH. I1pn Temnepatype nhxe
—15°C u Bbime 22 5°C saekTpHuecKkHe CBONCTBA CErHETOBOH COJH
OGEIYHHI.



TTABA II
NPOBOJAHUKHU B 3JIEKTPUYECKOM IIOJIE

§ 24. PasHoBecue 3apsiloB Ha NPOBOJHHKE

Hocutenu 3apsfa B NPOBOJHHKE CHNOCOGHEL MEPEMEIAThCa  I0A
AeHCTBUEM CKOJDb YTOAHO Masoil cuibl. ITosToMy AJst pABHOBECHST 3dpsi-
0B HA TPOBOLHHKE HEOOXOAMMO BbINONHEHHE CJEAYIOWIHX YCJHOBHH:

1. HanpsxeHHOCTb NOJS BCOAY BHYTPH TMPOBOJHHKA NOJ/KHA

OblTh paBHa HYJIIO,
E=0. (24.1)

B coorsercTBHH ¢ (8.2) 31O 03HAyaer, YTO MMOTEHUHAJ BHYTPU MPOBOA-
HUKA JOJKeH OBITh MOCTOSHHBIM (¢ -==const).

2. HanpsokennocTb 00/d Ha NOBEPXHOCTH MPOBOJHMKA JIOJDKIA
6BITh B KaXKJAOH TOUKE HAmpapjieHa 110 HOPMAaJH K TOBEPXHOCTH:

E=E,. (24.2)

CneloBaTebHO, B C/yuyae PaBHOBECHH 3apslOB NOBEPXHOCTb HNPOBOIL-
HUKA OyAeT SKBUIOTEHIHAIbHOH.

Fcii MpOBOASLIEMY Teay COOOLIMTD HEKOTOpBHIM 3apsajx ¢, TO OH
pacnpefenuTesl TaK, 4ToGbl COOJIOAAMUCE YCIOBHS PABHOBECHS. Ilpen-
craBUM cefe NPOM3BOJBHYIO 3aMKHYTYIO MNMOBEPXHOCTb, HOJHOCTHIO
3aKJIIOUeHHYI0 B npefentax Teia. IIpy paBHOBECHH 3apsioB NOJE B
KaXKIOi TOUKE BHYTPH NMPOBOAHUKA OTCYTCTBYET, NO3TOMY IIOTOK BEK-
TOpa 3JEKTPUUECKOro CMelleHUs! 4epes MOBEPXHOCTb PaBeH HY.o.
Corsacho Teopeme I'aycca cymma 3apsjioB BHYTPH MOBCPXHOCTH TAK2KE
GyleT paBHA HYJIO. JTO CIpaBefJWBO AJSI MOBEPXHOCTH JIIOOLIX pas-
MepoB, NPOBEJIEHHOH BHYTPH IPOBOAHMKA INPOU3BOJILIBIM o6pasoM.
C/lenoBaTe/IbHO, NPH PABHOBECHH HH B KAKOM MeCTeé BHYTPH NPOBOA-
HHKa He MOXeT ObITb M3OLITOUHBIX 3apSIOB — BCE OHH DacnpelesTcd
0 MOBEPXHOCTU NPOBOJHUKA C HEKOTOPOH MJIOTHOCTBIO O.

[TocKOMbKY B COCTOSIHHM DABHOBeCHs BHYTPH INPOBOAHUKA U30bl-
TOYHLIX 3apAJOB HET, VyJaJieHHe BellecTBa U3 HEKOTOPOTo o6bema,
B3STOr0 BHYTPH NPOBOJAHHKA, HWKAK He OTPa3UTCst Ha PABHOBECHOM
PacNoOJIOXKEHHH 3apsiloB. TakuM o6pa3oM, U3OLITOUHBIA 3apsil pacnpe-
Je/gercss Ha MOJIoM NPOBOJAHHMKE Tak e, Kak # Ha CIJOLIHOM, T. &.
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[10 €ero HapyXHOH NOBEPXHOCTH. Ha noBepXHOCTH HOJIOCTH B COCTOHUH
paBHOBeCHS HM30BITOUHBE 3aPslbl pacnoJjararbcsi He MOryrT. AToT
BLIBOJL BLITEKAeT TaKxke W3 TOro, H49T0 OJHOMMEHHHE 3JleMEHTapHLIC
3apsasl, o6pasyiomue NaHHE 3apAd ¢, B3aHMHO OTTANIKHBAKOTCAH ",
CJIE0BATEBHO, CTPEMSITCS PAcONOXKHTRCS Ha HauGoJIkIIEM PACCTOHHH
ApYT OT Apyra.

[Mpeacrasum cebe HeGoJIbLYI0 IUJHHAPUYECKYIO MOBEPXNOCTD, 06-

pa3soBaHHY0 HOPMaJAMH K MOBEPXHOCTH MPOBOJAHKKA H OCHOBAHHUAMMU
BeHutHB dS, OHO H3 KOTOPBIX PACIOJOKEHO BHYTpH, & JApyroe BHE
NpoBOAHMKA (pHC. 24.1). TloTork BEKTOPd 5JIEKTPHYECKOro CMElEHHA
yepe3 BHYTPEHHIOIO YacTh TOBEPXHOCTH paBeH E
HYJl0, TaK KaK BHYTPH HPOBOIHHKA E, a 3Ha- |
yut u D, pasHo HyJt0. BHe IPOBOAHNKA B Herno-
cpeACTBEHHO# OJMM30CTH K HEMY HanpsAXKeHHOCTh
nonss E wanpasiena no HopMain XK noBepXx-
goctH. Ilostomy AJsd BRHICTYNAIOMEd HAPYXKY
GOKOBOI TIOBEPXHOCTH UHMAHHIDA D,=0, a anga
sHemgero ocHopanus Dp=D (BHElIHEE OCHOBA- -
HHe TpeArnoaaraeTcsi pacrnooXeHHEM  OYCHBb Puc. 24.1.
6JH3K0 K TIOBePXHOCTH nposopHuka). Caenosa-
TeJbHO, TIOTOK CMEIeHusi Yepes paccMaTpHBaeMylo TIOBEPXHOCTH pa-
gen D dS, rne D — BenHunMHa CMeEHHS B HenocpeaCTBeHHo# OJH-
30CTH K NOBEPXHOCTH TPOBOJHHUKA. BryTpH UMAWHAPA COAEPIKHTCA
CTOPOHHHH 3apsil 0dS (6 — DJOTHOCTH 3apsiia B A4HHOM MecTe Io-
BEpPXHOCTH TPOBOLHHKA). [TpumeHHUB TeOPEMY Faycca, nNoJayYnM:
D dS=ac dS, 1. e. D=0. Orciopa cacayer, 41a HanpsxeHHOCTh 105
B6JIM3H TIOBEDPXHOCTH MPOBORHNKA PaBHA

-2, (24.3)

£08

rae € — JAHU3JeKTpPHUYeCKas IPOHHUILAEMOCTE CPELHl, OKpYyKalouiei 1npo-
ponHMK (cp. ¢ dopmynoit (14.6), noJiyuennofl s cayyas g=1).

PaccMoTpuM Ti0J1€, CO31aBaeMoc #306paKeHHEIM Ha PHC. 24.2 3a-
pAXEHHEIM NPOBOJAHUKOM. Ha GoabIMX paccTOSHMSIX OT NPOBOAHHMKA
SKBUIIOTEHIMAJbHBIE TOBEPXHOCTH HMEIOT XapakTepHyo 15 TO4eUHOTO
aapsja popmy cdepl (Ha pUCYHKe 13-32 He/0CTaTRa mecTa cepHuecKas
IOBEPXHOCTh M300paxeHa Ha HeGOJBINIOM PACCTOSIHHM OT NMPOBOAHHKA,
NYRKTHPOM TOKa3aHbl JHHHU Han psKeHHOCTH nons). [lo Mepe nprGaH-
JKeHHs K MPOBOJHUKY 3KBUNOTEHUHAJBHBIC NOBEPXHOCTH CTAHOBATCSA
see GoJee CXOAUBLIME C TOBEPXHOCTBIO NPOBOAHHKA, KoTopas fABJAeTCH
skBUIIOTeHIIManbHofi. BOau3y BHICTYNOB 5KBUNOTEHIHAaNbHBIE TTOBEPX-
HOCTH pacriojiaraiorcst ryie, 3Hauut, H HATIPSAXKEHHOCTh TOJsT 31€Ch
Gonblle. OTCIOfA CJeLyeT, 4To IJIOTHOCTD 33pAJ0B i1a BHICTyHlax ocCo-
Genno penuxa (cM.24.3)). K Takomy e BhiBOAY MOJKHO TIPUATH, YUTH,
YTO M3:3a B3aHMHOTO OTTANKHMBAHH#A 3aPALL CTPEMATCS PACHONOKHTHCA
waAK MOMKHO AaJblue ApYyr OoT Apyra.
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Boausu yray6iaeHnit B NPOBOAHHKE 3KBHMOTEHUYANbHBIE NOBEPX-
HOCTH pacrofioxenbl pexe (cM. puc. 24.3). CoOTBETCTBEHHO HANPSKEH-
HOCTD MOJS U [JIOTHOCT 3apsAJI0B B 3THX MecTax Oyjet menbuie. Boobuue,
MMOTHOCTb 3aPAN0B MPH AAaHHOM NOTEHUHAJE POBOAHHKA OlPEACAACTCA
KPHBH3HOI MOBEPXHOCTH — OHA PACTET C yBeJIHIeHUEM MOJIOAKHUTENBHOU
KPUBH3HBL (BBIMYKJOCTH) M YObIBaeT € yBeJqUYEHHEM OTPHLILATENBLHOH
kpuBu3nbl (BorHyToctd). Oco-
OGeHHO BeJHKa OblBaeT IJOT-
HOCTb 3apsiioB HAa OCTPHAX.
[ToaToMy HaMPAKEHHOCTD MO
BOJM3H OCTPHEB MOXeT ObITh
HACTOJBKO OO0JBLILO#H, YTO BO3-
HMKAeT HOHU3aUUS MOJIEeKyJ

1
1
f
|
)
i

Puc. 24.2. Puc. 24.3.
ra3a, OKpyXawllero -HpOBO,I[’HHK. HoHbl HHOrO 3HaKa, 4eMm 4, ﬂpHTﬂl"HBﬂ-
IOTCH K TPOBONHUKY U HEATpPaJau3yioT ero 3apsaj. Mokl Toro xe 3HakKa,
4TO M ¢, HAYMHAKOT ABMraTbCs OT MPOBOJHHKA, yB/eKas c cofofi Hedt-
TpaJjbHble MOJIEKY JIBI 'a34. B pe3yJibTaTe BO3HHKAET OWLYTHMOE JBHXKe-
HHE ra3a, HasblBaeMOe 3JIeKTPMYECKHMM BeTPoM. 3apsaj 0POBOAHHMKA
yMeHbILIAeTcs, OH KaK Obl CTeKaeT C OCTPHA M YHOCHTCS BeTPOM.
HOBTOMY TaKoe fBJIEeHHEe Ha3bIBAOT HCTECUYEHHEM 3apnaia C OCTpHA.

§ 25. MpoBoIHHK BO BHEUIHEM 3JIEKTPHYECKOM mMoOJe

I1pn BHeceHHHM He3apskKeHHOrO NMPOBOAHHKA B 3JEKTPHYECKOe ToJe
HOCHTENH 3apsifia NPUXOAAT B ABHXKeHHe: MOJIOXMTeNbHbIE B HANpaBJe-
Hu¥ Bektopa E, oTpuuarenbHble — B MPOTHBOTOJNOXKHYK CTOPOHY.
B pesy/abraTe y KOHLOB MPOBOJAHHWKA BO3HHMKAKOT 3apsabl mPOTHBOMNO-
JIOXKHOrO 3HAKa,! Ha3blBaeMble HHJAYUHDOBAHHBIMH 3 a-
psaaaMHu (puc. 25.1; NyHKTHPOM MOKA3aHH JIHHHH HanpsXKeHHOCTH
pHetrrero moas). [ose 3THX 3apAioB HanpaBjieHO MPOTHBOMOIOXKHO
BHewdeMy noso. CiefoBaTelbHO, HaKallJIHBAaHWE 3apPSAA0B Y KOHUOB
MpOBOAHHKA NPHBOAMT K ocsaGieHuio B HeM noJst. Ilepepacnpenesnetne
HOCHTENel 3apAAa NPOHCXOAMT JO TeX NOp, NMOKa He GYAYT BBINOJHEHEI
yeaosusa (24.1) 1 (24.2), T. e. noKa HanpPAXKEHHOCTb NOJSA BHYTDH



§26. SNEKTPOEMKOCTD

NPOBOAHHKA He CTaHeT PaBHON HYJMO, 4 JIMHUW HanpsyKEeHHOCTH BHe
f1pOBOAHHKA — NePHEHAUKYJ/IsIPHBIMH K €r0 TOBEPXHOCTH (CM. pHC. 25.1).
TakuMm 00pasoM, HefiTpaJbHbIH NPOBOAHHK, BHECEHHBIH B 3JIEKTpHye-
cKOe 110Jie, PasphiBaeT 4acTb JMHHH HanpsIKEHHOCTH — OHHM 33aKaHuM-
BalOTCA Ba OTPHULATENbHBIX MH-
JVUHPOBAHHHX  3apsafiaXx H
BHOBR HAYHHAIOTCS Ha NoJo-
JKHTENBHBIX.

WMuayurpoBanHbie  3apsajibl
pacnpenensilorcd No BHeWHeH
NOBEPXHOCTH npoBoAHHKa. Ec-
JW BHYTPH MNPOBOAHHKA HMe-
eTcsl NOJOCTb, TO NPH PaBHO-
BECHOM pacnpeAejeHdd HHAY-
HHPOBAHHBIX 3apAanoB noJie
BHyTpH Hee paBHo Hymo. Ha
3TOM OCHOBLIBA€TCH 3JIEKTPO-
craTMyeckass 3awura. Korza
Kakoi-to npréop XoTdT 3a-
IIUTHTb OT BO3AEHCTBHSA BHENI-
HHX TOJell, ero OKpyXKalT NpPOBOAALINM 5KpaHoM. Bnemmee mno-
J¢ KOMIIEHCHPYeTCsl BHYTPM 3KPaHa BO3HHMKAWOUIHMH H& €ro mnosepx-
HOCTH HMHAYUMDPOBaHHbIMU 3apsiamu. IlopoOHH 3Kpan AeACTBYeT
XOpOIIO W B TOM cJyyae, €c/li ero cejJaTb He CIVIOWIHLIM, a B BHAE
TYCTOH CETKH.

Puc. 25.1.

§ 26. IneKTPOEMKOCTD

Coo0lieHHbIH TDOBOAHNKY 3apAR ¢ pacHpejeNsiercs no ero noBepx-
HOCTH TaK, YTOOb! HanPAXEeHHOCTb N0J1A BHYTPH NPOBOAHHKA Obli1a paBHA
HyJio. Takoe pacnpeleneHne sBaseTcs eAMHCTBeHHEIM. Ilo3ToMy, ecan
NPOBOJAHHKY, YK€ HecylleMy 3apsifi ¢, cooblIUTh ellle 3apAA TaKoH e
BEeJHUHHEL, TO BTOPOH 3apsii NOJIKEeH DacnpeleNUTbCsl MO NPOBOAHHUKY
TOYHO TAKHM XKe 00pasoM, KakK M IepBHiA, B NPOTHBHOM cJyyae OH
CO34acT B NPOBOJHHKE MOJe, OTJHYHOe oT Hynad. Cneayer oroBopHUTh,
4qTO 3TO COpPABEAJHBO JHIL AJA YAaJE€HHOro OT APYIHUX TeEJ (ye,mmen-
HOro) npoBoaHHKa. Ecau BOJM3M JaHHOTO NPOBOJHHMKA HAXORATCS
Apyrue Tejaa, coollleHHe IPOBONHHKY HOBOH NMOPUUHN 3apsia BEI3OBET
H3MEHEHHE TNOJAPHIALUHNN S3THX TeJ JUb0 HM3MeHeHHe HHﬂ.yLalOBaH}lth
3apsAN0B Ha 5THX TeJaX. B pesynbrare nopo6ue B pacnpeaeneHHy pas-
JUYHEIX NOPIHH 3apsafa OYAET HapylieHo. |

HMrak, pasnuuHbie 1o BeJIHYHHe 3apsAbl PACAPEAENsIOTCA Ha yerH-
HEHHOM TIPOBOAHHKE TIONOOHBIM 00pa3oM (OTHOILIEHHE TJIOTHOCTEH
3apsaia B JABYX NPOHM3BOJIbHHIX TOYKaX INOBEPXHOCTH MPOBOAHHKA NpH
o600l BenHuHHe 3apsafa Oyher OoAHMM H TeM e). OTCIORA BHITEKAET,
YTO JIOTEHIHaJ YeANHEHHOro NPOBOAHUKA IPONOPIRROHAMER HaXoas-:
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wemycss Ha HeM 3apsiny. JleflcTBHTeNbHO, YBeJNHYEHNHE B HEKOTOpOE
yHc/AO Pas 3apsia MPUBOAHT K YBeJNHYEHHIO B TO XK€ UHCJIO pas Hanps-
KEHHOCTH TOJS B KaXA0H TOUKe OKPYXKamollero MPOBOJHHK NPo-
crpanctsa. COOTBETCTBEHHO B TAKOE JKe YHCJO pa3s BO3pacTeT paGoTa
nepeHoca EIMHHYHOrO 3apajga H3 OeCKOHEYNOoCTH Ha MOBEPXHOCTL
(IPOBOJAHMKA, T. €. TOTEHUHAN nNpoBoiHHKd. TakuM obpasoM, AAs
yeAAHHEHHOrO MPOBOJHHKA

g=Cq. (26.1)

Kosdduuuedt nponopuyoHaibiocTH C MeXAYy NMOTEHIMAIoM U 3apsioM
HA3BIBAETCH 3 M€K TP O EMKOC T b 10 (COKpallleHHO NPOCTO € M K O-
C T b 10) npoeoaHuka. M3 (26.1) caeayer, uto

C=-L. (26.2)
P
B coorsercTBuH ¢ (26.2) eMKOCTh YHCJEHHO paBHA 3apsajy, coollleHHe
KOTOPOr'o MPOBOJHUKY TOBBILIAET €T0 MNOTEHIHAN Ha eIHHHUILY.
BriyHe MM TOTEHLHAJ 3apsXKeHHoro wapa paauyca R. Mexay pas-
HOCTBIO MOTEHLMAJIOB H HAIPAXKEHHOCTBIO MOJHA CYILECTBYET COOTHOLIE-
nve (8.6). ITostoMy mMOTeHNIHA ILAapa (¢ MOXHO HAHTH, IPOUHTETPHPO-
paB Bolpakenue (20.9) no r oT R 10 co (moTeHMasa HA GeCKOHEYHOCTH
noJlaraeM paBHLIM HYJIO):

j+ 2]

o L g 41 a
V= 4ﬂs.ﬂger2 dr = 4ne, eR ° (26.3)
R

Conocrasus (26.3) ¢ (26.2), HaiileM, 4TO EMKOCTb YeAHHEHHOrO Ilapa
paaMyca R, MOTpykKeHHOrO B OJAHOPOAHBIA Ge3rpaHHUHBIH AM3JIEKTPHK
¢ MPOHHULIAEMOCTBIO €, PaBHa

C=4mne.eR. (26.4)

3a elMHHIY eMKOCTH IPHHHMAIOT €MKOCTh TaKOro NPOBOIHHKA, IO-
TeHIIHAJ KOTOpPOro HsMeHdercss Ha |1 B npu cooGuiennn eMy 3apsja B
| Ki. dra ennnHina eMKocTd HaseiBaercs ¢papajgom (D).

B rayccoBoil crcreMe GopMyJa JUIsL eMKOCTH Ye[HHEHHOTo mapa Hmeer BUf C=
=¢R. [Tockoapky & — Ge3dpa3MepHas BeJHUHHA, EMKOCTh HMEET Pa3MEPHOCTb JVTHHEL.
32 eIMHULY eMKOCTH MPHHUMAETCH eMKOCTb Ye[HHEHHOro wapa pamuyca 1 oM, naxo-
Jlﬂﬂ].(eé“é)CQF; B BakyyMe. STy eJMHHILY eMKOCTH HA3bBAIOT ¢ a HTH M e T p 0 M. Coraac-
HO .

1 Ka_ 3-10°
T“TB 17300

EMkoctelo B 1 @ obaagan 66l yeauHeHHbidl map paguyca 9-10° m,
T. e. paguyca, B 1500 pas Goabiero paauyca Jemiau. CreioBaTeslbHO,
dapan — ouenb Goabluas BejHuHHa. IlosToMy Ha NpakTHKe MOJb3Y-
oTcsl  eMHULAME, paBHEIMH JoJsM Gapaja: muaaudapagom (MP),
mikpodapanoM (MK®), nanodapanom (H®) u nuxodapagom (P) (cum.
-6 Tom, § 20, Tada. 20.1).

1P CI'C3-en. emkoctu =9- 1011 oM.
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§ 27. Koupesncatopbl

YenueenHple MPOBOJHHKH o6nanaoT HeGOMbIION eMKOCTLIO. Jaxe
1ap TaKHX pasmepoB, Kak 3eMJ/1s1, HMEET eMKOCTDb BCero JHib 700 MKD.
BumecTe ¢ TeM Ha ripakTHKe ObiBaeT noTpe6HOCTh B YCTPOHCTBAX, KOTOPLIC
npy HeGOJbINOM OTHOCHTE/TIBHO OKPYIKAIOUHX TeJl NOTeHlHasne Hakar-
nuBasH Gul HA cebe (<KOHIEHCHPOBA/IH») 3aMeTHBIE [10 BEJIUINHE 3apAAsL.
B OCHOBY TaKHX YCTPOHCTB, HashIBACMBIX KoHIeHcaTopaMmy,
OJIOMeH TOT (AKT, 4TO 3NEKTPOEMKOCTD NPOBOAHYKA BO3pAacTaer NpH
NPUOJMIKEHUH K HeMy ApYrux Tel. D10 BHI3BAHO TeM, YTO NOJ JEHCT-
BUeM ToJif, CO37laBaeMoro 3apsixeHHbM NPOBOJXHUKOM, Ha TNOAHECEH-
HOM K Hemy Teje BO3HHKAlT WHAYLUHPOBZHHLIC (Ha MPOBOJHHKE) HIH
cBs3anHbie (HA J[U3JIEKTPHKe) 3apaibl. 3apsapl, NPOTHBONOJOKHBIE
110 3HAKy 3apAAy NPOBOAHHKA g, pacrnosiaraiotcs O/IHXKe K IIPOBOJHHKY,
yeM OJIHOHMEHHBIE C ¢, H, CJIEA0BATE/bHO, OKasbiBaloT OoJiblliee BJIHSA-
(ave HA ero moreHunas. IloaToMy npH NOAHECEHHH K 3apsiKeHHOMY NPO-
BOJHUKY Kakoro-aufo Tesia noreHinal NpOBOAHAKA yMeHbilaercs IO
a6comioTHol Bemuuuue, CoryacHo GopmyJie (26.2) sTO O3HAYaeT yBEJH-
ueHHe eMKOCTH IPOBOJLHHUKA.

KonnencaTopsl ejaioT B BHIAE JBYX IPOBOAHNKOB, MOMELICHHbIX
6u3k0 ApYr K Apyry. Obpasyioumue KOHJleHCcaTop MPOBOAHWKH Ha3bl-
RAIOT ero oOKJaazKamu. ITOOHI BHEIIHHE Te/ld HE OKasblBaJd BJAUSHHSA
Ha eMKOCTb KOHjeHcaTopa, OOK/aAKaM NpHAAT Takyio gopmy H TaK
pacrnoNaraioT HX Jpyr OTHOCHTENBHO apyra, 4ToObl TIOJIE, CO3/aBAEMOE
HakanJuBaeMbpIMU Ha HUX 3apsfiaMi, GRLIO COCPEAOTOYEHO BHYTPH KOH-
lencaTopa. JToMy YCJOBHIO YAOBJETBOPSIOT (cm. § 14) npe nJaacTHHKH,
pacnosioxeHHple 6/KH3KO APYT K ApYTY, ABA KOAKCHANBHBIX [HJHHIDA
W JBe KOHUeHTpuueckue cdephl. CooTBeTCTBeHHO OblBaIOT IIJIOCKHE,
UMJIHHIDHUECKHEe M ceprueckue konnencartopsel. I[lockOJbKY HOJE
3aK/IOYeH0 BHYTPU KOHJAEHCATOpa, JHUHIH 3JIeKTPHUECKOro CMelileHns
HAYWHAIOTCA HA OJHOH OOKJajKe M 3aKaHYMBAIOTCH HA npyroii. Creno-
BaTe]bHO, CTOPOHHHE 3apaAfpl, BO3HUKAIOIIHME HA oOKJIafKax, HMeIoT
OQMHAKOBYIO BEJIHUHMHY H Das3/IMYHbl MO 3HAKY.

OCHOBHOH XapaKTEPHCTHKOI KOHJeHcaropa sBJIAETCs ero eMKOCTb,
oA KOTOPO#l IMOHHMAIOT BeJHYHHY, MPONOPUHOH abHYIO 3apsLy ¢ H
0GpaTHO NPONOPUHOHANBHYIO PasHOCTH MOTeHIHAN0B MeXAy OOKJIaj-
Kamu:

C—=—1—. (27.1)
P1— P2
Pa3HOCTh TOTEHIHANOB ¢y — @2 Ha3bIBAIOT HanpskKeHHeM MeXny
COOTBETCTBYIOIMMMH TOUKaMH ). Msl 6ynem ofo3HayaTb HanpsKeHHe
6yxsoii U.

1) Bomee ofiee onpejeneHHe BETHINHE, HasbiBaeMofl HanmpsaKennem, 6yJeT Aano
B §33 (cm. dopmyay (33.6)).
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Bocnoab3oBaBIINCh 3THM oC03HaueHHeM, MOKHO npupath opmyae
(27.1) Bhp

C — _g_ . | (27.2)

3nech U — HanpsiKeHHe MeXAy OOKNaAKaMH.

EMKOCTb KOHNEHEATOPOB H3Mepsercss B TeX e eiHHAUEX, YTO M
€MKOCTb YeAHHEHHBIX NPOBOIHHKOB (CM. MPEABIAYIINH naparpad).

BeauunHa eMKOCTH ONpelelserca reoMerpheii konaencaropa (¢op-
MOii 1 pa3vepamH OOKNaioK B BEIUIHHOH 3230pa MEXAY HHMH), & TaKXe
IH3JEeKTPHUECKHMH CBOWCTBAMH CPeflbl, 3aNOJHAIILEH NPOCTPAHCTBO
mexay obknaakamu. Haiitem ¢opmyay Ans eMKOCTH IJIOCKOIO KOHAEH:
catopa. Ecan njomaib o6KNaNKH S, a 3apsAA Ha He# ¢, TO HaNpAXKEH-
HOCTb NOJIA MEeXJAY OOKIalKkaMH paBHa

B

a
E—=—=
£4E £q4E

L

(cM. dopmyast (14.4) 1 (20.2); € — IH3JeKTPHUECKas NPOHHUAEMOCTD
cpefibl, 3aNOJHAIOMEHR 3a30D MEXAY OGKNIalkKaMH).

B cootBercTBHH ¢ (8.6) pasHOCTb NOTEHLHAOB MEKARY ofKkaankam1
paBHa
qd
£6ES °

¢;— ¢, =Ed=
Orcioa LA eMKOCTH TNJIOCKOTO KOHJEHCATOpa TNOJydacTCs dopmyaa

1] S L
C=222, (27.%)

rie S — naomanas o6kaanky, d — BEJHUHMHA 3a30pa MEXLY oGraajll-
KaMH, & — JH3JEKTPHUECKas DPOHHIAEMOCTb BEULECTBA, 3aNOJHAK)-
1ero 3asop.

OTMETHM, YTO €MKOCTh PeaJIbHOrQ MJIOCKOr0 KOHZEHCATOpa onpene-
asietcst popmyaoii (27.3) ¢ TeM GoJibIlei TOYHOCTBIO, Y€M MEHBINE 3330P d
N0 CPABHEHHIO C JHHENHBIMH pasMepamMH 00K/IaLoK.

U3 dopmynst (27.3) crenyer, YTo pasMepHOCTh 3JIEKTPHUECKOH TI0-
CTOSIHHO} €, PpaBHA Pa3MePHOCTH eMKOCTH, ACNEHHOH Ha PasMepHOCTH
AMMEE. B COOTBETCTBMM C 3THM € H3Mepsiercd B Qapajgax Ha MeTp
(cM. (4.2)).

Ecnn npene6peub paccestHMeM nojsi BOMHM3M KpaeB 00KJ1210K, H2-
TPYAHO TOJY4YHTb AJS €MKOCTH LHMJHHAPHYECKOrO XOHAEHCATOPA ¢op-

MyJTy

_ 2meel ‘
C= I (Ro/ Ry’ (27.4)

rae | — 1JAMHA KOHjeHcaTopa, R; # R: — paauychl BHYTPeHHeH H
BHelHel OGKAafoK. dra ¢opMmyna onpeAciseT eMKOCTh PeasbHOIo
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KOHAGHCATOPa ¢ TeM GONbUIEH TOYHOCTDHIO, UEM MEHBIUE 3330p MexXxay
obkaankamu d==R, — Ry 1o cpaBHeHHio ¢ [ H Ry. :
Emxoctb cdepHuecKoro KoHJAeHcaTopa paBHa

— RiR,
C=4ne.e R—R.’ (27.5)

rie Ry u R; — pajguychl BHyTpeHHed H BHelIHed OfK/IaloK.

MoMUMO eMKOCTH KaXIblif KOHJIGHCATOP XapaKTepH3syercs Hpelcib-
HbIM HATpsKeHHEM Up,y, KOTOPOE MOKHO NPHKIA]LIBATD K 06KJ1aKaM
KOHJeHcaTopa, He Onacascb ero npoGost. IIpH mnpesbILIeHAH 3TOrO
HAPSKEHHST MeXKAy OOKJIaJKaMi IPOCKAKUBAET HCKPa, B pesyJabTrare
qero pas3pyllaeTcsl AMIIEKTPHK H KOHJEHCATOp BEIXOAHT H3 CTpOS.



FTITABA IV
3HEPTUS 3JEKTPUYECKOIo MnoJis

§ 28. JHeprus 3apsKEHHOro NPOBOJHHKA

3apsaa g, HaxXoaduIMiica Ha HEKOTOPOM NPOBOAHMKE, MOXHO pac-
CMaTpPHBAThb KaK CHCTeMY TOUEUHBIX 3apsifioB Ag. B § 7 MBI nony4uJiu
0151 3HePrUH B3aUMOJEHCTBUSA CHCTEMbl 3apsJ0B BhipaxeHHe (cM. dop-

myay (7.95))
| 2 )

3nech ; — MOTEHUMAN, CO3/aBaeMbIH BCeMH 3apsiaMH, KPOME {i,
B TOH TOYKe, TAe moMelaeTcsa 3apan g;.

[ToBepxHOCTb MPOBOAHHKA fIBJAETCA sKBHIOTeHnHaNbHOH. TlosTOoMy
NIOTEHIIHAJbl TeX TO4YeK, B KOTOPBIX HAaXOAATCH TO4YCHHbIE 3apslbl Ag,
ONHHAKOBLI M PaBHbl MOTeHUHany ¢ I[POBOAHUKA. Bocno/b30BaBUIHCH
dopmynoil (28.1), moaydyuMm s SHEPrHH 3apAKEHHOro IPOBOJHHEA
BLIpaXKEeHHE

1 1 1 .
W,=5 2,00 =5 02,00 =5 94. (28.2)
[TpussiB BO BHHMaHHE COOTHOLICHHE (26.2), MOXKHO HAIHCATb
_99_ 9 _C¥
Wy=%9=3c=72" (28.3)

Jlro60e M3 3THX BLIpakKeHuil JaeT 3HEPrHio 3apsKeHHOro IMpOoBOAHHKA.

§ 29. DHeprusi 3apsKeHHOro KOHJeHCATOpA

[Tycth noreHnHand OOKJIaJAKH KOHJACHCATOPA, Ha KOTOpOil Haxo-
auTCA 3apan -+¢, paseH @g, 4 [NOTeHIlHasn OO6KJIAaAKH, Ha KOTOpOH
HAXORNTCH 3apAj —¢, paBeH ¢,. Toraa KaXX/ILIl H3 3JIEMEHTapHbIX
3apsfoB Ag, Ha KOTOpPble MOXHO pasiaeMiThb zapaj -+¢, HaXOAHMTCA B
TOUKe ¢ TIOTeHIHuaJ oM ¢, a KaXAbld U3 3apAnoB, Ha KOTOPbIE MOXKHO
paspesinTbh 3apsaj -—¢,— B TOHYKE ¢ IHoTeHuHaJoM ;. COrJacHo
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dopmyane (28.1) sneprus TaKoii cvcTeMbl 3apsiioB paBHA
1 1 |
W,=3[(+9) o1+ (—4q) )= @1—P)=59U. (23.1)

Bocno/ib30BaBIUCh COOTHOIIEHHEM (27.2), MOXHO HanHCaTh TPH BbIPA-
MeHus Aaf 3Hepruun 3apH}KEHHOI‘O KOHJieHcaTopa:
_qU _ q* _CU 2
Wy="%3=9c=72 " (29.2)
dopmyJet (29.2) ormuyatoTes OT ¢opmya (28.3) TOMBKO samenoii ¢ Hal.
C MOMOILLBIO BbIPaXKEHUA IS OTEHIMa/IbHOM SHEPTHH MOXHO HAHTH
cuny, ¢ KOTOPOH IJIACTHHBL [MJIOCKOrO KOHJeHcaTopa INPHTArHBAIOT
apyr Apyra. JlomycTHM, UTO PacCTORHUE MeXIy 13-
oTHHAMH Momer MensThes. CBsiKeM Hauajlo OCH X
o sepoit maactuuoii (puc. 29.1). Toraa xoopAvHATA
X BTOpOM TJacTHHbl OyHeT OmpeletdTh 3a30p

1 i

mMexay obkmaaaxamu. Cornacio dopmysaam (27.3) H >
(29.9) >
_ e __ 4 |
Vo =96 = Tgees ™ |-
Puc. 29.1.

[Iponudxpepenutpyem 3T0 BbIpAKEHHE MO x, nojaras
3apaj na obkJajgKax HeH3MeHHBIM (KoHeHcaTop OT-
KIIOYeH OT MCTOWHHKA Hampsikenus). B pesysbrare TOTYHUM 11poeK-
U0 HA OChb X CHJBI, JelCTBYIOUIEH HA IIPABYIO NJIaCTHHY:

W 5 g2

'__.——-._—-_._-=‘

x 0x — 2e4eS ‘

Moy /ib 3TOrO BHIpAXKEHHs! 1aeT BeAUdHHy CHJBI, € KOTOPOH OOKJIaJKH
NPUTACHBAIOT APYr Apyra:

Fmle 29.3

T 2g0eS ° (29.3)

Teneps monuTaeMcsl BHYUCIHTD CHJTY NPUTAKEHHS MEXAY OOKJal-

KaMU (JIOCKOTO KOHlEHCATOpa KaK NMPOH3BeleHHe HAPAMEHHOCTH NOJIA,

coznaBaeMoro oMot M3 0OKNaNoK, HA 3apil, cocpefoTOYCHHBIH Ha

npyroii. CornacHo gopmyJie (14.3) HanpsKEHHOCTb NOJIs, CO31aBAEMOT0
ofiHoil 0OKJaAKOH, paBHA

_ 9 __q
E =5 =gas (29.4)

JlusaekTpHUK ocjabisier MoJe B 3a3ope B € pa3, HO 5TO HMeeT MecTo
TOJILKO BHYTPH JM3JeKTPHKa (cM. dopmy.ay (20.2) ¥ cBSA3aHHBIA C HEIO
TekcT). 3apsfel Ha OOKJajKax pacnojarawrcd BHE IH3JEKTPHKA H
[03TOMY HaXosiTcid NOJ JAeHCTBUEM NOJH Hanpsi:keHHocTH (29.4).
YMHOXKHB 3apsjl OOKJaJKH ¢ Ha 5Ty HaNpPXKEHHOCTD, MOJy4nM AJIsf
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CHJIBI BLIpaXeHHle

’ q”
F = 53" (29.5)
@opmyant (29.3) u (29.5) ne coenanator. C ONBITOM COTJACYeTCA
sHaueHHe cuabl (29.3), moayuawlieecsi M3 BbipaXeRMsA AN SHEPTHU.
D10 0OBACHAETCS TEM, YTO, KPOME «3JIEKTPHUeCKoH» cuabl (29.5), Ha of-
KJaJlKH NeHACTBYIOT CO CTOPOHBI JH3JeKTPHKA MeXaHWuecKHe cHJb,
CTpeMmsiluecsl UX Pas3ZiBURYTh (cM. § 22; OTMETHM, UTO MBI HMEEM B BUIY
}KHMIKHH HAM Ta3000pasHblfl AMSJEKTPHK). ¥ Kpasd OOKJ3JAO0K HMee1c:
paccesinHoe noJie, yOhiBalollee no BeJMupHe NPH yAaJleHUH OT Kpaes
(puc. 29.2). Monekyan AH3JEKTPHKA, 06J1anas JHIOJIBHBIM MOMEHTOM,
HCIIBITRIBAIOT JeHCTBHE CWJbI, BTSACHBAlOWIER UX 8
e N o0aacte OoJiee cuabHoro mnoas (cM.  GopmyJay
(9.16)). B pesynbraTe napnenMe Mexny oCGKnap-
KaMH TOBHIAeTCsl H nosBJAserca CHJa, ocaat-
R Jsolas JedcTsye cuasl (29.5) B & pas.

R TS

—_ + |-

Puc. 29.2. Puc. 29.3.

Ecnu 3apsi>keHHbI KOHAEHCATOP C BO3AVILUHBIM 3430POM YacCTHUHO
NOTPY3HTh B XMAKHH JAUIJNEKTPUK, HaONIONAETCs] BTATHBAHUE AN3JCKT-
PYKa B NPOCTPAHCTBO MeXXAy nnacTeHaMH (puc. 29.3). 3ro aeneniis
00DbACHSIETCA clelyiollnM obpasoM. JinzjekTpnueckas NpoHMLAEMOCT:
BO3yXa NpPakTHYE€CKH paBHa €JHHHLE. HOSTOMY A0 NOIrpy>XeHua rija-
CTHH B JIH3JNEKTPHK EMKOCTb KOHJAEHCATOpa MOXKHO CUYUTATh paBHOI:l
Co=e,S/d, a suepruio paBno#t W,=g2/2C,. IlpH wacTHYHOM 2aroJ-
HEeHUH 3a30pa NH3JIEKTPMKOM KOHJE€HCATOp MOXHO paccMaTpHBaTb KaK
IBa TNapanjeNbHO BKJ/IOYEHHBIX KOHAEHCATOPa, OIWH M3 KCTOPBIX
NMeeT MNJollafb OOKJAAKH, PaBHYIO xS (X — OTHOCHTEJbHAfdA Yacih
3a30pa, 3aMnoJIHEHHAsl XHAKOCTBIO), M 3aNOJHEH JANJNEKTPHKCM o
€ > 1, BTOpPOH ¢ BO3QYIIHBIM 3a30POM MMEET IJIOIaAb OGKA3AKH,
paeuyo (1 — x)S. Tlpu napannensloM BKJIOYEHUH KOHJAEHCATOPOB
eMKOCTH CKJaAbIBalOTCA: :

C=C]+C2=SQS(;—X)+EQZSI=CO_]_Eo(ﬂ";' l)sx>C°.
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Mockoneky C > C,, aueprus W=¢*/2C Gyner Meiublie, H4eMm W, (3a-
pAj ¢ TPeAnonaraeTcsi HeHW3IMEHHbIM — IEPEL MOrpy»eHHem B KHA-
KOCTb KoHIeHcaTop Obll OTK/YeH OT HCTOYHHKA nanpsukenus). Cre-
MOBATE/bHO, 3aMOJHEeHHe 3a30pa AUIJICKTPHROM pKa3sbipaeTcsl 3IHepre-
TIMECKU BbIFOAHBIM. [103TOMY JM3JEKTPHK BTACHBAGTCS B KOHLEHCATOP
M ypoBeHb ero B 3a30pe MOAHUMALTCS. 10 B CBOIO ouUepejb NMPHBOAHT
K BO3PACTaHUI0 MOTEHUHAJIHHOH 3HEPTHH JH3IJCKTPHKA B noJie CHJ TH-
skacTH. B KOHEUHOM MTOre YpOBEHb JH3IEKTPUKA B 3230pe yCTAHOBHICH
HA HEKOTOPOH BHICOTE, COOTBETCTBYIOLLIEH MUHUMYMY CYMMapHO# 3Hep-
ruu  (3/IeKTPHUECKOH | rpaBHTALHOHHON). PaccMoTpeHHoe fBJICHHE
CXOIHO ¢ KAMH/UIAPHBIM TOAHATHEM JKHAKOCTH B y3KOM 3a30p€ MEHAY
nmnactuakamu (cm. § 119 l-ro Toma).

BrardsaHde ANSJEKTPHKA B 3a30p MeXy OOKIaAKaMH MOXHO 06b-
SICHUTD TAKXe H ¢ MUKPOCKOMHYECKOH TOUKH 3PEHHA. Y kpaeB fjaacTuH
KOHJIeHCATOpA MMeeTcsl Heo[HOpoaHOe noJie. MoJexyJibl AH3NEKTPHUKaE
0GANA0T COOCTBEHHBIM JUNIOJbHEIM MOMEHTOM JIHGO npHOGPeTalnT ero
Nof JeficTBMEM MOJs; NO3TOMY Ha HHX NEHCTBYIOT CHJIBI, CTPEMsILLMECH
nepeMecTHTb UX B 00J1aCTh CHIBHOTO NOJsA, T. €. BHYTPD KOHJleHcaTopa.
[Tox neéicTBHEM 3THX CHJl KHAKOCTb BTACHBAeTCH B 3a30p J0 TeX 10D,
MOKa 3JeKTPHYECKUe CHJbl, AEHCTBYIOULHE HA KHIKOCTh y Kpad 1/ia-
CTHH, He OyAyT ypasHOBeLIeHbl BECOM cTON6A KUAKOCTH,

§ 30. JHeprud 3MEKTPAYECKOr0 NONA

Dnepruio 3apsiKEHHOTO KOHJEHCATOPa MOXHO BbIPasUTh HEPES
BaJIMYKHDI, xapaKTepmymume 3JIEKTPH'-IECKDE noJie B 3a3ope MEemAY
oSKkaankamu. ChaenaeM 31O JJIs1 [JIOCKOTO KOHJEHCATOpa. IToactaHoBKa
B qopmyay W,=CU*2 (cm. (29.2)) BHIpaNeHus (27.3) ans eMKOCTH

J4ageT
_CU?'_EoSSUg_EﬂS U2
Wpy=—3"="97 =72 (‘d‘) Sd.

Yacrroe U/d paBHO HanpsiKEHHOCTH TOJA B 3a30pe; MPOH3BeAeHHE Sd
npeacTasaser cobou obbeM V, 3anuMaeMuiii nosieM. CJAeloBaTeNbHO,

gqe E2
W,= —"T V. (30.1)

dopmyna Wp=4*/2C cBsi3biBaeT 3HEPruio KOHIeHcaTopa € 3apd-
foM Ha ero ojkaankax, dopmyaa (30.1) — ¢ HanpsXKEHHOCTbIO NOAH.
TTOCMYHO [0CTABUTH BOMPOC: [JE e JOKaiu3oBaHa (T. €. COCPeoTO-
yeHa) SHEPrUsl, YTO ABJIAETCS HOCHTENEM SHEPrHi — 3apsiibl HIH noJse?
B mnpegenax 3/eKTPOCTATHKH, KOTOpas H3y4aeT MOCTOSIHHBE MO Bpe-
MeHH MOJA HEeNOABIKHLIX 3aps/ioB, 1aTb OTBET HA 3TOT BONPOC HEBO3-
MOEHO. TTocTos HEBIE MO H 00YC/AOBHBIIIHE UX 3aPs/bl HE MOTYT CYyLie-
craoBaTh 0GocoGaeHHO Apyr oT Apyra. OnHako MeHsiollHecs BO Bpe-
MEHU I0JA MOTYT CYLECTBOBATb HE3ABHCHUMO OT BO3GYAUBIUMX HX 3apH-
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JAOB H pacHpoCTpPaHATbCA B IPOCTPAHCTBE B BHAE ANEKTPOMATHHUTHLIX
BoJH. OnbIT MOKasblBaer, UTO 3JEKTPOMArHUTHBIE BOJIHBI TIEPEHOCHT
3Hepry. B 4acTHOCTH, SHEPTHsi, 3a CUET KOTOPOH CYIIECTBYET XKH3Hb
Ha 3emnae, nocraBiasiercss o CoONHHA 3JEKTPOMATHHTHRIMH BOJIHAMH;
SHEPTHsl, 3acTaBJslONlasi 3BYYaTb PAJAHONPHEMHHMK, NEPEHOCHTCS! OT
nepefawoueil CraHUY 3J1eKTPOMAarHUTHBIMH BOJIHAMM, U T. A. 3TH (HaKTH
34CTaBJASIIOT NPU3HATb, YTO HOCHTENIeM 3HEPTHU SIBAAETCH MOoJe.

Ecay none oanopoHo (4TO MMeeT MeCTo B MJIOCKOM KOHJEHCATOpE),
3aKJOYEHHasd B HeM JHEPrus pacnpefiensiercd B NPOCTPAHCTBE C NMOCTO-
AHHOH NJOCKOCTBIO &, PaBHOH 3HEPTUH NOJIS, feJeHHOH Ha 3aHHUMaeMblil
nojeM o6weM. M3 ¢opmyast (30.1) caeryer, uTo NIOTHOCTH 3HEPTHH
IOJIs1 HanpsAXKeHHOCTH E, CO3ldHHOI'o B cpeAe € NMpOHHIAEMOCThIO &,
paBHa

w=2E, (30.2)

C yuerom cootHoitenus (19.6) dopmyay (30.2) MoxkHO nNpeacTaBHUThb
B BUJE
__egeE* ED _ D?
e S TS
B usoTponHoM AuaNeKTpHKe HanpasJenus sextopoB E u D cosna-
Aaor. Iloatomy Qopmyne A5l NJIOTHOCTH 2HEPTHH MOXHO NPUAATh BHJ

o ED
=5
3ameHuB B 310#t Gopmysie D ee 3nauenrem (19.3), noJyuum agas w cJe-

AVIOlLee BBHIPAMKEHHE:

(30.3)

w—E@E+P) _eE? | EP (30.4)

2 2 2

IlepBoe caraemMoe B 3TOM BHIpaXKeHHH COBNAJAeT ¢ IJAOTHOCTDIO SHEPTHH
noiast E B Bakyyme. Bropoe cnaraemoe, Kax Mel ceilyac JoKaKeM, Tipej-
CTaBJsieT co0Ol IHEPruo, 3aTpaydMBaeMyl0 Ha MOJSPHU3ALNHIO AH3AEKT-
pHKa.

[Tonapuaanys Au3NTeKTpPHKA 3aKMOYAETCS B TOM, YTO 3apsijbl, BXO-
JslllHe B COCTaB MOJIEKYJI, CMEWLAIOTCH H3 CBOHX NOJOXKEHHH IoJ AeH-
CTBHEM 3JIeKTpHYecKoro noad E. B pacuere ma epununy o6bema Ju-
3JIeKTpHKa paboTa, 3aTpaunBaeMasi Ha CMelleHHe 3apsSlioB ¢; Ha BeJiH-
YMHEl dr;, paBHa

dA= Y qE dr,,:lad( > q,.r,.)
V=1 V=1
(W18 MPOCTOTHI MBI CYHTaeM, 4TO noJie oanopoxHo). Coraacuo ¢op-
myae (15.1) D) g,r; paBHa JMIIOJBHOMY MOMEHTY EAMHHIBI O6BEMA,
V=1

T. €. NOJSPU3OBAHHOCTH ANanekTpuka P. CnenoBarenbHo,
d A= EdP. (30.5)



§ 30. DHEPTUS 9JIEK TFUYECKOIQ I0oJs Y/

BekTtop P cBsisaH C BEKTOPOM E cootHomennem P=xgE (cM. (16.2}).
Orciona dP=xedE. TlofcTaBuR 37O 3HAUEHHE dP B (30.5), moayuyuMm

BLIpaKEHHE
dA =ne,EdE=4d (KS;Ez) =d (%E) .

Hakoneu, npoH3Bels HHTErpHpPOBaHHE, HaiiteM Aasi paboTEL, 3aTpaqi-
BaeMoil Ha TNoJaspU3alHIo efiMHHIbI 00BEMA JAU3JEKTPHKA, BbIpaelne

A:%, (30.6)

KOTOpOE COBNajaeT co BTOPLIM cnaraemsiM B dopmydae (30.4). Taknuu
06pa3oM, BbIpaKEHHS (30.3) BKJO4YAIOT B ceOsl, Kpome COOCTBENHO
suepriuy noas eE*2, ewe H suepruto EP/2, aaTpaunBaenyio npi cos-
JAHHY NIOS HA NOJsPH3ALHIO AHIJIEKTPHKA.

3yag MJOTHOCTb 3HEPrHH NOJAT B Ka)XJod TOUKEe, MOXKHO HairTi
JHepruio MnoJd, 3aK/IO4eHHYI0 B mo6om obbeme V. Jlaa 3TOro HyKiO
BLIYHCJIHTL HHTErpadn

. _ (eeeE?
W_gwdv—g V. (30.7)

B kauecTBe NpuMepa BRIYHC/IHM FHEPTHIO [oAs 3apsKEHHOro NpoBoasi-
mero uiapa paguyca R, oMellleHHOro B OZ{HOPOAHBIi Ge3rpaHHyHbiA
NH3MEKTPUK. HanpsiKenHoCTb o5 B 9TOM cJyuyae fBJAETCA byHKILHEA

TOJIBKO OT Tr.

Pazo6beM oKpyKaloliiee uap NpocTpaHcTBo Ha KOHIEHTpHYecKHe 11apo-
BLie CJIOH TOJLLMHbL dr. O6beM cJlof paBeH dV=A4nr*dr. B HeM 33Kal0-
yeHa 3HePrus

1 A 1 2
QW —wdV = (g ) 4nrtdr =3 7 1.
9

Dueprus NnoJs paBHA

1 2 P 2 2
W‘-—‘—‘SdW=—§' 4q Sd;::‘ 9 _——_:i_
R

JLEQE

(cornacto (26.4) Ame,eR ecTh eMKOCTDb 11apa).
[MonyyensHoe HaMH BLIpAKEHHE cOBHA/AeT ¢ BhIpaKenueM Jisi 3nep-
rHHM [POBOAHHEKA, 00JaMlIoLIero eMKOCTbIO C H Hecylilero Ha cebe 3a-

pan g (cM. QopmyJay (28.3)).

4 11. B CanenLeny T. 2



TTABA V
NOCTOAHHBIA JTEKTPUHECKUA TOK

§ 3. nexTpuueckuii Tok

Ecnu 4yepes nexoTopyto BOOGpaKaeMyrd MOBEPXHOCT [epeHoCcUTCH
CYMMapHbI 3apAd, OTAUYHbIH OT HYJd, FOBOPAT, YTO yepe3 3TY NoBeps.-
HOCTb TEdeT SN eKTpHYecKHU d Tok. Tox moxer Teub B THef-
BbiX Tenax (MeTasibl, HONYNPOBOAHHKK), B KHAKOCTAX (3/1eKTpO/IHTS )
H B rasax').

Ing npotexkaHHs TOKa HEOGXOAMMO HA/JHUME B JAHHOM Teje (Hara
B NAHHOH Cpele) 3apsKEHHBIX YAaCTHL, KOTOPble MOLYT MEPEMEIIAThCA
B npefenax BCero tea. Takue yacTHIEI HA3BBAIOTCS HOCH T @ J1 5 M 4
To K a. kmi moryr ObiTh 3JEKTPOHBL, JMHGO HOHBI, JaUGO, HaKOHel,
MaKpPOCKOMUUECKHE 4YaCTHUbI, HecyllHe Ha ce6e H3OBLITOUHLIN 3apsg
(Hatpumep, 3apsiKEeHHBIE NBLIMHKH M KaneJbKu).

Tox BO3HHKAET NPH YCNOBHH, YTO BHYTPH Tesa CYUECTBYET JEKTPH-~
ueckoe noae. Hocutenu sapsijga npuuMMAaloOT yuactue B MOJIEKY. IS pHOM
TENJIOBOM [BHMEHHH W, CJAEI0BATENbHO, JBHMKYTCH C HEKOTOPOH CKO-
POCTbIO V 1 B OTCYTCTBHE no/1d. Ho B sTOM cnyuae yepes npoussonbay
fLIOWANKY, MPOBEAEHHYIO MBICNIEHHO B TeJE, NMPOXOLHT B 06€ CTOPOHEL
B CPEAHEM ONHHAKOBOE KOJIMHECTBO HOCHTEAeH Jo0oro 3Haka, TaK YTo
TOK paseH Hy/mo. [Ipu BKJAIOYEHHH MOJMA HA XAOTHYECKOE ABHMKEHUR
HOCHTEJIEH CO CKOPOCTBIO V HaKJaflblBAeTCA YIOPSAOUEHHOe NBHIKEHHe
Co0 ckopocTbio u 2). Takum oGpa3oM, CKOpPOCTb HOCHTeNedd Oyaer v-+-u.
Tak kak cpeanee 3nauenne v (Ho He v) pPaBHO HYJIO, TO CPeAHAT CKO-
POCTL HOCHTENeH paBHa <ud:

VA ud=Lv) +<ud=<u).

M3 ckasannoro caeayer, 4to sMeKTpHUecKHf TOK MOKHO ONpeReaHTH
KaK YnopafoueHHOe ABHIKEHHE 3JIEKTPHYECKUX 3apAJIOB.

T) MMpoxoxente IMEKTPUYECKOr0 TOKA 9epe3 rass Ha3WBAeTCA Ta30BEIM PalpA-
HoM. ,

?) TlogoGHo 3TOMY B MOTOKe ra3a Ha XAQTHYECKOE TelIoBOe ABHXeHHEe MOJeKY.
HAKNAJLIBACTCH YHOPAZOYEHHOE ABHMKEHHE,



§ 31. QJAEKTPHYECKHN TOK

KonnuecTBeHHOIT XAPAKTEPHCTHKOH 3JIEKTPHYECKOIO TOKA CJAYKMT
BEeJKWYMHA 3apsja, NEPEHOCHMOro 4epe3 paccMaTpUBaEMYI0 NOEEpX-
HOCTh B €JHHHIY BpeMeHH. Ee HasnBaloT c M A0 W To K a. OTMmeTny,
YTO CHJIAa TOKA €CTb IO CYMIECTBY ICTOK 3apslid 4Yepe3 NOBEPXHOCTh
(CP. € MOTOKOM KMJAKOCTH, MOTOKOM 3HEPTL H T. 0.).

Ecan 3a Bpemsa df uepe3 NOBEPXHOCTb NEpPeHOCHTCS 3apsaf dg, TO
CHJjla TOKa pasna |

dq

| = | (31.1)
DAeKTPHYCCKUI TOK MOXKeT OblTh 00YyCJOBJEH JBHKEHHEM KaK NMOJCHKH-
TeNbHBIX, TAK W OTPHUATENbHbIX HocHTesaed. IlepeHoc oTpUUATENBHOTO
3apsiia B OJJTHOM HANpABJEHWH 3KBUBAJEHTEH MEPEHOCY TAKOrO e 110
BEJHYHHE NOJOKHTEIbHOrO 3apsja B IPOTHBONOJOKHOM HanpaBJEHHH.
Ecad TOK cO37iaercs HOCHTeNsIMH OGOHX SHAKOB, NMpHUeM 3a Bpems df
gepe3d JAHHYIO TIOBEPXHOCTb MOJOMKHTENbHbIE HOCHTENH NEPEHOCAT 2a-
paA dgt B OJIHOM HanpaBieHHH, a OTPHILATENbHbIE — 3aPAR dg~ B Npo-
THBOIIOJIOKHOM, TO

dgt+ | ldg—]
L TRRL T

3a HanpannieHHe TOKa OPHHHMAeTcd HanpasJieHue, B KOTOPOM nepe-
MEINAKTCA NOJOXUTEIbHEIE HOCHTEJH.

DNEeKTPHYECKHH TOK MOmer OblTh pacnpeiesieH No NOBEPXHOCTH,
gepe3 KOTOPYIO OH TedeT, HepaBHOMEDHO. Dbosiee J€TaJbHO TOK MOXKHO
OXapaKTepPH30BaTh € NOMOUIbLIC BEKTOPA NMJOTHOCTH TOKa j. JTOT BEKTOP
YHCJAEHHO PaBeH CHjte TOKa dl depes PacnofoXeHHYIO B AaHHOH Touke
NepneHAMKYAAPHYIO K HanpaBJIeHMI0 JBHIKEHHS HOCHTENNER NJIOWAAKY
dS |, OTHECEHHOH K BeJIHYKHE 3TOH MJIOIAAKH:

. dl
== e 31.2

=35 (31.2)
3a HanpasJeHHe j NPHHHMAETCA HafMpaBj€HUE BEKTOPA CKOPOCTH u*
YNOPSIIOUEHHOrO ABMIKEHHS TIONOXMTENBHEIX HOCHTEJEN (11 nanpas-
JieHHe, NMpPOTHBOMOJIOXHOE HANPaBJEHHIO BEKTOPa u~).

[Nosie BeKTOpa MJOTHOCTH TOKA MOMHO H300pa3HTb € NMOMOHIbIO AM-
HMI TOKa, KOTOpBIE CTPOATCS TaK Ke, KaK M JIMHHM TOKAa B TEKYLieH
JKHAKOCTH, NHHKHM BeKTopa E u T. A

3Hasi BEKTOP NMJAOTHOCTH TOKA B KaxJI0H TOYKE NPOCTPAHCTBA, MCX-

HO HaiiTil cuay Toxa I uepe3 mobGyl0 OBEPXHOCTL S:

1=1jas. (31.3)

Ry

Y3 (31.3) coenyer, 970 CHJIA TOK2 €CTb NOTOK BEKTOPA MJICTHOCTH TOKA
yepes noBEepXHOCTb (cM. ¢opmyay (11.7)).

4*



100 [J. V. NOCTOSIHHbIN SJAEKTPHUYECKUA TOK

[Tycte B enunune o6nema CONCPIKHUTCA N+ MOJONXUTENBHBIX HOCHTE-
JCA H R~ OTPHIATEJbHBIX. AunreGpanveckas Benmuymna 3apsa0B HOCH-
TeJleli paBHa COOTBETCTBEHHO e+ ¥ e-, Ecny non neiicteuem noas mocu-
TeH NPHOGPETAIOT CPEHHE CKOPOCTH ut ©~, TO 32 eIMHHILY BPEMEHH
4CPE3 CIMHHYHYIO NUIOWIANKY npofifier nty+ NOJIOKHTENbHEIX HOCHTe-
neit 1), Kotopere NEPEHCCYT 3apan etn*u+. AHaJOrHYHO OTpHIATe/ILHblE
HOCHTENI nNepeHecyT B POTHBOMOJIOXKHYIO CTOPOHY 3apsin e-n—u-.
Takum o6pasom, mas nuoTHoCTH TOKa TOJy4aeTcs clepylolee Bhipa-

HEHIIE:
f=e*tn*u* +le~ |n~u-, (31.4)

ITOMY BBIPAXKEHHIO MOMKHO NPHAATh BEKTOPHYI (opMmy:
| j=e*n*tut +e-n-q- (31.5)

(0o6a cnaraemblx HMeIOT OFHHAKOBOE HalpaBleHne: BEKTOP U™ Hanpas-
JIEH TIPOTHBOMOJIOXKHO BEKTOPY j, npu YMHOKEHHH €0 Ha OTPHULATE/ND-
HBll CKangp e~ nosyuaercs BEKTOP OAHHAKOBOrO HaNpaB/IeHHS C i)

Ilponssenenne e*n* naer naotnocrs 3apsja NoJoXHTENbLHLIX HOCH-
Tened O*, aHa/lOrHYHO e~n- naer INIOTHOCTD 3apsfia OTPHUATENBHBIX
HocHTeseld p-. CaenosarennHo, BbipaxkenHe (31.5) MoxkHO Hammcath
B BuJe

j=ptut 4p-u-, (31.6)

Tox, He uaMensomuiics co BPEMCHEM, Ha3bIBAETCAI N OC T O § H-
H Bl M. JINA NOCTOSTHHOrO ToKa CIIpPaBe/INBO COOTHOLICHHE

=4, (31.7)

TA€ g — sapsn, nepeHocuMbll yepe3 PaccMaTpHBAEMYIO HOBEPXHOCTD
32 KOHeYHoe Bpems [

B CH emunuua cuist Toka ampe P (A) saBaseTcst ocHoBHofi. Fe
onpefeneHue 6yner aAaHo nosxe (cm. § 39). Enunnna 3apsina KyJoH
OUPEIRVISETCA KaK 3apsj, NePeHOCHMBL] 33 ] o uepes nonepeyHoe ceye-
HHE TPOBONHHKA TNPH CHJe TOKAa B | A,

3a emuuuuy cuan Toka B CT C3-cucteMe npunumaercs CiJla TaKOro TOKa, Mph

KOTOPOM Yepe3 AaHHYIO NOBEPX HOCT feperacutes 3a 1 ¢ ogna CI'C3-enunnna 3apsaja.
H3 coornowenuii (31.7) u (3.3) cireayert, 4ro

1 A=3-10°CI'C3-en. cuanl Toxa, (31.8)

') Beipakenue ana umena MOJICKYJT, MpOJeTaIOMHX B EANHUILY BpeMeHH uepe3
CAIHHYHYIO NIOWAAKY, CONePIKHT, Kpowme Toro, Muoxutens 1/4, o6ycaonnenubii TeM,
9TO MOJIEKYABI ABHIKYTCH Xa0THY€CKH (eM. dopmyay (95.6) I-ro ToMa). B naunom ciy-
14€ 9TOro MHOMHTEJIS HeT, TaK KaK Bee HOCHTeIN A4HHOTO 3HAKA ABHKYTCH ynopazo-
YEHHQO B OAHOM HanpasjeHuH.
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§ 32. ¥YpaBHeHue HempepbIBHOCTH

PaccMOTpPHM B HEKOTOPOIl cpefie, B KOTOPOH TEYET TOK, BOOOpakae-
MYI0 3aMKHYTYIO noBepxrocTb S (puc. 32.1). Bripaxenue f jdS naer
S

3apsj, BRIXOAMUMIA B €IHHHLY BpPeMEHU H3 006beMa V, orpannueHnoro
nmoBepXHOCTbIO S. B cuay coxpanenusi 3apsifia 3Ta BeJHYHHA JO/KHA
ObiThb PABHA CKOPOCTH YOBIBAHHS 3apsija ¢, COMEPIKALErocs B AAHHOM

ofbeme:
dq
fias=—F.
S
[Ipeacraeus g B BHAE SpdV, NOJIy4UM COOTHOIIIEHHE

1’4
. d 0
gs'de:-—-a- pdV =— a—‘;dV. (32.1)
S v v

[ToX 3HAKOM MHTErpaja Mbl HANHCaJ¥ YaCTHYIO NPOU3BOAHYIO p 1o f,
NOCKOJLKY IIOTHOCTb 3apsifia MOXKET 3aBHCETb HE TOJBKO OT BpEMERH,

HO H OT KOOPAHHAT (HHTErpan S o dV ectb QYHKUHA TONBKO BPeMeHH).

i

L
Vo Xs

Puc. 32.1.

IIpeoGpasyeM JIeBYIO 4YactTb PaBEHCTBA (32.1) no teopeme QOcrporpaj-
ckoro — 'aycca. B pesyJjipTaTe nosy4HM

SdeV=—Sa—Pdv. (32.2)
Y

Papencteo (32.2) AOMKHO BHINOJNHATBCA NPH NPOH3BOILHOM BhIGOpE
o6wema V, no KoropoMy OepyTcs HHTErpajbl. DTO BO3MOMKHO JIHIUb
B TOM C/y4ae, ecjli B KaxJOH TOUKE NPOCTPAHCTBA BHIIMOJNHSETCA yC-
JIOBHE

e

CooTHouieHue (32.3) HA3LIBAIOT YPa@BHEeHUWEM HE NP €p bl B
HocTHu. OHo (paBHO Kak ¥ ypaBHeHHe (32.1)) BBHIpaxaeT 3aKOH CO-
xpanenns sapspa. Cornaco (32.3) B TOYKax, KOTOpbie SIBJAAIOTCH HC-
TOYHWKAMH BEKTODA j, MPOUCXOAUT yObiBaHHE 3apAja.
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B caydae cTanuoHapHOro Toka MOTEHUHANM B PA3HKIX TOYKaX, IJIOT-
HOCTh 32pAfa M APYTHE BEJMYHHBI ABJISAIOTCH HEHIMEHHBIMH. Cnepnona-
TebHO, MJIA CTaiuoHapHoro (T. e. [I0CTOSIHHOr0) TOKa YPaBHEHHE

(32.3) umeer BHI
vi=0. (32.4)

Taxum o6pasoM, B C/ydae NOCTOSTHHOrO TOKAa BEKTOP j He MMeeT MCTOY-
HUKOB. DTO 03HAY4eT, 4TO JHHHH TOK2 HHTAE HEe HAYHHAKTCHA M HHIAS
ne sakauuusatorcs. CleoBaTelbHO, JUHHH TMOCTOSIHHOTO TOKa BCErAd

3amMKiyThl. COOTBETCTBEHHO \(ﬁ jdS pasen nysmo. [TostoMy A1 MOCTOAH-
HOrO TOKA KapTHHA, aHaloru4Hafd nsoGpakenHoil Ha puc. 32.1, umeer
Biji, WOKA3aHHbLII Ha pHC. 32.2.

§ 33. daekTpojsHKYWas CHNA

EC/IH B IPOBO/JHKMKE CO3/aTh 3MIEKTPHYECKOE MOJe H HE MPUHATh MEP
AN ero TOMAEPMKAHMS, TO NEpEeMEIeHHE HOCHTeNed TOKA MpUBEILT
o4eHb GRICTPO K TOMY, YTO TOJIE BHYTPH NPOBOAHHMKA HCYEIHET M TOK
npekpatutcs. Jasi Toro 4ToObl MOANEPXKHBATL TOK AOCTATOUHO AJH-
Te/bHOe BPEeMf, HYKHO OT KOHIA MPOBOAHHKA C MEHBLIMM IOTEHIUA/IOM
(HoCHTENMH TOKA TNPEANONArarTcs MOJIOXKHUTENbHLIMH) HE[PEPLIBHO OT-
BOIHThL MPHHOCHMBIE CIOA TOKOM 3aps/bl, a K KOHIY C GONBILMM NOTEH-
(MaJIOM HEeNpepLiBHO KX MOABOAUTL (pHC. 33.1). VuniMu cjoBamu,

HeoBXOAHMO OCYLIECTBUTH KPYroBo-
ff,[@_, @ ®|%  PoT 3apsif0B, NPU KOTOPOM OHH JIBH-
’ “\ Tajuch Obl IO 3aMKHYTOMY NOYyTH.

{ 3
1"6. ’,} 1o cOrAacyercs ¢ TeM, 4YTO JIMHUY
.~ A TOCTOSIHHOTO TOKA 3aMKHYTHL (cMm.
RO TR, SR npeALAYLIKi naparpad).
Puc. 33.1. [{upKyAsiuMA BEKTOPA HANMPAXKEH-

HOCTH 3JIEKTPOCTATHYECKOIO  HOJA
paBHa HyJ0. ITo3TOMY B 3aMKHYTOH UeTH HapAAY € y4aCTKaMH, Ha Ko-
TOPBIX MOJIOKHTEAbLHBIE HOCHTEJNH JBHXYTCH B CTODOHY yObIBaHIH A
MOTEHUHAMA @, AOMKHBLI HMEThCA Y4aCTKH, Ha KOTOPLIX MEPEHOC M0Jo-
JKUTEJbHKX 3apAA0B NIPOHCXOAHT B Hamnpas/JeHHH BO3pacraHusd @, T. €.
[IPOTHB CHJI JIEKTPOCTATHUECKOTO NOJA (CM. H306paXKeHHYIO0 IYHKTHPOM
yacTs uend Ha puc. 33.1). [lepemeinense HOCHTENECR HA ITHX y4acTKax
'BO3MOMKHO JIHIIb C IOMOIIBIO CHJI HE3JIEKTPOCTATHIECKOro NPOHCXOKAC-
HUf, HA3BIBAEMBIX CTOPOHHHMH CHJIAAMH. Takum obpa3om,
A TIOAACPHAHUST TOKA HEoOXOOHMBI CTODOHHHME CHJIBI, JNeACTBYOIHE
IGO0 HA BCeM MPOTSKEHWH Lend, JHGO HAa OTAC/MbHBIX €€ ydaCTKax.
1t cuabl MOTYT GbITh OOYCJ/OBJEHB XMMHYECKHMH TNpOLecCaMH, Auc-
¢y3keil HOCHTE/IEH TOKAa B HEOJHOPOAHOH CpeAe HJIH 4Yepes rpaHuly
ABYX Pa3HOPOAHBLIX BEIUECTB, JMEKTPHYECKHUMH (HO He 3nexTpocTaTUYe-
CKHMH) MONAMH, TOPOXAAEMBIMH MEHSIOUMMHUCST BO BPEMEHH MArHUT=
HeiMH moasmd (cMm. §69), H T. A&.
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CTOpOHHHE CHJILI MOXKHO OXapaKTepH30BaTb paboTOH, KOTOPYIO CHi
CCEEPLIAIOT Hal NepeMeilalolHMUCA MO lUend 3apanami. Beanuusa,
paBHasi pa6oTe CTOPOHHKX CHJI HaJ €AHHHYHBLIM NOJCKHUTENBHBIM 3apH-
AcM, HasbiBaeTcsi 9JEKTPOABHX YUL€H CHJOH (S,HC) &,
neucmy}omeu B lieny WA Ha €€ VaacTke. CAeAoBarteIbHO, ecaH padora
CTOPOHHHX CHJl HaZX 3apsJ0M ¢ paBHa A, To

6):7- (33.1)

Wa conocrasaenus dopmyn (33.1) u (6.11) BriTexaer, uTo pasmep-
HOCTh 3.1.C. COBNAajaeT C PasMepPHOCTbIO noTeHuHana. Ilostomy &
uamepsercda B TeX ke eNHHHLAX, 4TO H @.

Croponntowo cuny F.., IedcTBYylolylo Ha 3apsj ¢, MOM¥HO NpeAcTa-
BHTb B BHAE

F..=E. (33.2)

BexTtopuylo Beanuuny E* Ha3npBaloT HAaNPAXKEHHOCTSLH IO
Noass CTOPOHHHX cuJa Pa6ora CTOPOHHUX CHJ Haj saps-
NOM g Ha yuactke neny /—2 paBHa

2 2
Ap={Fodi=g{E*aL
1 1

Pasnenus 3ary pafoTy Ha g, noJiyudam 3. J. €., AeHCTBYIOMYIO0 Ha JaHHOM

Y4aCTKe:
2

&in=\ E*dl. (33.3)
i

AHﬂJ’lOI‘H‘iHbIH HHTEI‘paJI Bhl‘-llrlCJ'lEHHbI}'l AJa5 BBMKHYTOﬁ nenw, J!,aCT‘
s )], C., JJ,EHCTBy}OUlyIO ‘B 3TOH Lenu.

& =P E*dl. (33.4)

TaxnuM o6pasoM, 3. A. C., AeHCTBYIONLAS B 3aMKHYTOH LlenH, MOXET BrITh
onpejesieHa KaK WHPKYJIsilliS BEKTOPA HANPSAKEHHOCTI CTOPOHHRX CHJL.

Kpome CTOPOHHHX CHJI, Ha 3apsiil AEHCTBYIOT CHJbI SI€KTPOCTATIIYE-
ckoro nona Fg= qE CJ‘IEILOBaTeJleO pe3yJbTHpYIOMas Cuaa, AeiCT-
_Bylomas B KaX{JI0ll TOYKe LenH Ha 3apsj ¢, paBHA

o F—F,+Fe,—q(E+E".

., Pa6oTa, coBepiaemasi Toil cuJIcil Hall 3aPSIIOM ¢ Ha yuyacTKe neny J—
ONpeae/saeTcsl BhIpaXeHHeM
2 2
Ap=gq{Ed+q Erdl=q(p:—0)+ 06 (33.9)
i

1
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Beauynna, YHUCIAEHHO paBHasi paore, cOBepINAEMOl 3JIEKTPOCTATH-
YeCKUMH M CTOPOHHHMH CHJIAMK TIPH NepeMelleHHH eJHHHYHOro [O0JI0-
XMUTEJBHOTO 3apfAfa, Ha3bBaeTcd NajeHUueM HanpaXeHUA
wan pocTo Hanp ax e ueM U Ha JaHnoM ydactke uent. B coor-
BeTcTBHH ¢ QopmyJoit (33.5)

Utzchi‘_‘cpz'l'é:iz- (33-6)

YuacToK Lend, Ha KOTOPOM He JAEeiHCTBYIOT CTOPOHHHE CHJIBI, Hasbl-
BaeTcsi OAHO P O HB M. Y4YacTOK, Ha KOTOPOM H@ HOCHTEJH TOKA
JEHCTBYIOT CTOPOHHHME CHUJIbI, Ha3blBaeTcd HEOJAHOPOHB M
JLis OZHOPOJAHOrO YYacTka Uenu

Uia=@i—@,, (33.7)

T. @. HanpskeHue COBNAJZAET C PA3HOCTBIO NOTEHIMAJOB HA KOHOAX
y4yacTka.

§ 34. 3akon Oma. ConpoTuBJeHHE NPOBOLHHKOB

OM 3KCIepHMEHTaJbHO YCTAHOBHJI 34KOH, COTJIACHO KOTOPOMY CuAd
moxa, mexkyueeo no o0HopoOHomy (B CMBIC/E OTCYTCTBHSL CTOPOHHHX
CHJI) MEmaLAUHeCcKOMmY NPOBOOHUKY, NPONOPYUOHANBHA Halderuro Hanps-
acerusn U Ha nposoOruKe:

1
R
HanoMuuM, 4TO B CJy4ae OXHOPOAHOTO TIPOBOAHHKA HampsixkeHue U
COBNAJAeT C Pa3HOCTBIO NMOTCHUHANOB @;—@3z (Cm. (33.6)).

Q6o3nauennasa B gopmyae (34.1) 6ykBoil R BelIH4YMHA Ha3bBaeTCH
3JeXTPUHUYECKHM CONPOTHBJEHHUEM  NPOBOAHUKA.
EAuHUIE] CONPOTHBJACHHS CJAYXKUT OM, PaBHbIA CONPOTHBJIEHHIO TAKOTO
NpPOBOAHUMKA, B KOTOPOM IIPH HAnpskeHHH B 1 B TedyeT TOK CHJIOH 1 A.

BenuuuHa CONpPOTHB/AEGHHS 3aBHCHT OT (OPMBI H Pa3MepoB NPOBOJ-
HHKa, 4 TaK¥e OT CBOMCTB MaTepuasa, W3 KoToporo o chenad. Jlad
OAHOPOJHOrO IHJIHHIAPHYECKOTO TNPOBOJHHKA

R=p+, (34.2)

I=—U. (34.1)

rie | — JJAMHA MPOBOAHUKA, S —- MJOLIAJb €r0 NONepeyHOro CeueHus,
0 — 3aBHCAILLMI OT CBOMCTB Marepuasna Ko3((uUUEHT, Ha3HIBaeMBIM
YyIeNAbHBM 3JeKTPUUYECKHM CONPOTHBJAEHHEM
pemecrsa. Ecnu [=1 # S=1, 10 R uucaenno pasHo p. B CH p n3sme-
pretca B oM-MeTpax (Om-m).

Haijizem cBsisb Mexay Bektopamu j ¥ E B oflHOH M TOil Xe TOYke
NPOBOAHHKA. B H30TPONHOM NPOBOJAHHKE YNOPALOYEHHOE HBHXKEHHE
HOCHTeNeH TOKA DPOMCXOAMT B Hanpasnaenuu Bekropa E. Ilosromy Ha-
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npapJieHus: BekTopos j U E copnanaror ). Beiiemum MEICIEHHO B OKpeCT-
HOCTH HEKOTODOil TOUKH 3/IeMEHTapHBIA [HJIHHIPHYECKHH o0BeM ¢ 00-
pasyiolMMH, NapajiensHeIMH Bektopami j i E (puc. 34.1). Uepes mo-
nepeyHoe CceyeHHe UMJHHAPA Te4yeT TOK cuioit jdS. Hanpsikenue,
npuoXKeHHoe XK UHAMHAPY, paBHo E dl, rnie E — HanpsKeHHOCThb
nosis B gaHHoM Mecre. Haxoweu, conpoTHBieHHE LMJHHAPA, CONIACHO
dopmyne (34.2), pasHo p (dl/dS). IloacTaBuB 3TH 3HaYEHHS B dopmyny
(34.1), npuaem K COOTHOILUEHHIO

. ds , |
]dS=WEdl UJTH j=—5-E.

Bocnofb30BaBIIMCh TEM, YTO BeKTOPH! j H E HMeIoT OAHHAKOBOE HANPARB-
JIEHHE, MOKHO HAMHCATh

. |
]=FE:GE' (34.3)
Sra ¢opmyna Bbipaxkaer 3akoH Oma B AndipepeHnuanpHol dopme.

durypupyromas B (34.3) oOparuas p BeJIHYHHA O HA3bIBAETCA
yaeabHOH SJNEKTPHUYECKOH NPOBOAHUMOCTEHIO
matepuana. EfuHENa, o0paTHasi OMY, HAa3bIBAETCI CUMEHCOM (Cm).

CoOTBeTCTBEHHO €JMHHUlled o fABJdercs C H- 2 —
menc Ha meTp (Cu/m). < >
JlonycTHM 451 TPOCTOTBI, YTO B ,APO- &5 /Y 7\ .
BOAHMKE HMEIOTCSI HOCHTENIH JHIUIbL O/IHOrO ] —U—f;"'l
apaka. CornacHo ¢Qopmysie (31.5) nioTHOCTb : -
TOK4 B 3TOM CJy4yae paBHa Puc. 34.1.
j=-enu. (34.4)

CpaBHenue 3T0ro Bopaxenust ¢ gopmyinoil (34.3) NPUBOANT K BLIBOLY,
YTO CKOPOCTH YUOPSIAOYEHHOTO JBHXKEHHMs HOCHTEJeH TOKA NMpOnopuHo-
nanpHa HanpsokennocTH moast E, T. e. cuie, coofulalomeld HOCHTEJSAM
ynopsfoueHHoe aBHxenue, [IponopuuoHanpHOCTb CKOPOCTH NP U/IOKEL-
HOHl K Teny cuje HaGMmoJaercs B TeX CJayHasX, KOrAa Kpome CHJIbL, Bbl-
apaBIlell JBHXKEeHUe, Ha TeJo JAeficTByeT CUJa COMPOTUBJAEHHS CPEAbI.
74 CHJA BLI3LIBAETCH B3aUMOJEHCTBHEM HOCHTEJICH TOKa ¢ 4aCTHLAMH,
H3 KOTOPBIX NOCTPOEHO BELeCTBO MPOBOMHMKA. Hasmuuue CHJIBI COMPO-
THBJCHWS] YIOPALOUEHHOMY ABHMKEHHIO HOCHTeJel ToKa o0yclOB/IHBAeT
3JIEKTPHYECKOe COMPOTUBJIEHHE NIPOBOAHHKA,

Crioco6HOCTL BeLeCTBa IMPOBOAUTH 3MEKTPHYECKUH TOK XapaKrepu-
3yeTcsi €ro YACJALHBIM CONPOTHBIEHUEM { JHOO yIeNbHOH NPOBOJH-
MOCTBbIO G. VX Besunua onpejensercs XMMUUECKOH NMPHPOJIOH BellecT-

1) B anHAOTPONHEIX Tenax nanpabienusi Bektopod ] 1 E, BooGine rosops, ne COR-
nagaloT. B TakHX Tesax cBA3b MexAy j 1 E ocylmectBiasercs ¢ NOMOINBIO TEH30pa po-
BOJAUMOCTH.
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Ea H YCJOBUSIMM, B YaCTHOCTH TEMIEPATYPOH, NPH KOTOPHIX OHO HaXO-
AUTCS.

Jna 6GosbluniicTBA METAJJIOB NPH TeMmnepatypax, GMH3KHX K KOM-
HaTHCH, O N3MEHNETCH NPONOopUHoHadbHo aOCOMOTHOA Temnepatype 7T

o~T. (34.5)

ITpn Hu3knX Temneparypax HabMaIGAAI0TCS OTCTYNJIEHHS OT 9TOH 3aKOHO-
mMepHocTH (puc. 34.2). B GoJabliiHCTBE cAY4aeB 3aBHCHMOCTb @ oT T
caefyer Kpupoi /. BeauuiiHa ocTaTOYHOrO CONPOTHBAEHHS .., B CHJIb-
HOH CTeMeHW 3aBHCUT OT YHCTOTH MaTepHa/da W HaJu4usf OCTATOYBHIX
MEXAHHYECKUX HanpsixeHul B oOpasue. [lostomy nocde oTKHra P,
3aMETHO yYMeHbHIaeTcs. ¥ abCoMOTHO YHCTOTO MeTallia ¢ HjeanabHo npa-
BHJBHOH KPHCTANJIHYECKOH pelleTKoH npn abcoawTtHOM HyJe p=0,
Y GouiblLOll TPYNIIBI METAJJIOB H CNJIABOB APH TeMIleparype nopsjKa
HECKOJBKHX KeNbBHH COMPOTHBJIEHHE CKaukoMm ofpaiiaercs B HYJb
Y ~ (kpuBas 2 Ha puc. 34.2). Bnepsue
5TO SIBJIEHWE, HA3BaHHOE CB € p X-
NPOBOAHMMOCTSHDbIO, ObJO 00-
Hapyxeno B 1911 r. Kamepaunr-
‘OnrecoM Aaq pryTH. B panbHeiiem
| CBEPXNPOBOZHMOCTL Ohilna oOHApY-
| - JK€Ha y CBHHIA, OJI0Ba, 1IMHKA, amdo-
Ve | MHHUA H APYTHX METaJIOB, a TaKKe
7 y paja cnaasoB. JInsa Kaxjoro ceepx-
4 NPOBOJHUKA HMeeTCs CBOS KPHTH-
Puc. 34.2. yeckass Temneparypa T,, NpH Koto-
POl OH NEpPEXOAMT B CBEPXNPOBOAS-
mee coctoanue. Ilpn pefictBHl Ha CBePXNPOBOAHHK MArHHTHOTO TOAA
caepxnpoaonﬂmee COCTOsIHME Hapylaercd. Beauunna KpHTHYeCKOro
nons B, '), paspylualollero CBepXNpoOBOANMOCTb, PaBHa HYJIO an
T=T, M pPacTeT C MOHH)XXEHHEM TEMIEPATYPHL.
IlonHoe TeoperHueckoe OOBSACHEHHE CBEPXNPOBOAMMOCTH ObIIO nano
B 1957 r. Jx. bapaunoMm, JI. Kynepom u Ix. Wpuddepom (cM. §56
3-ro Toma).
3aBHCUMOCTb IEKTPUYECKOTO CONPOTUBJEHHS OT TEMNEPaTYph! I0-
JIO’KeH2 B OCHOBY TEPMOMETpPCB. conpoTHBJeHHs. Taxoil Tepmomerp
npeAcTaBJageT co6oli MeTaJlNHuecKyio (OOLMHO NJIATHHOBYIO) NPOBOJIOY-
Ky, HAMOTaHHYI0 Ha (apdopoBhii MAN CaoAsHON Kapkac. [Iporpaayu-
POBAaHHBIH 1O TIOCTOSIHHBIM TEMITEPATYPHHIM TOYKAM TEPMOMETP CONpo-
THBJIEHHS! TO3BOJISIET H3MEPATH C TOYHOCTBIO NOPSAKA HECKOJNBKHX CO-
TBIX TPajlyca Kak HH3KHe, TaK 1 BbICOKHe TemMmepaTypel. B nocnezxnee
BpemMa BCe Goabliee NPHMEHCHHE HaXOoAAT TEPMOMETPEI CONPOTHBJACHHA
H3 TNoAYyNpoBOIHHKOB.

~Y

1) Byxeoit B c6espaualoT RHAYKOMIO MarHiTHOTO noas (cMm. § 40).
Y y
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§ 35. 3akon Oma pnas HEOAHOPOAHOTO Y4acTKa UENH

Ha HeofHOPOAHOM YyHACTKE IEMH HA HOCHTENIH TOKAa JeACTBYIOT,
KPOME 3/IEKTPOCTAaTHYECKHX CHJI eE, CTOpPOHHHE CHJIBI eE¥. CropoHHue
CHJIbl CMIOCOBHBI BbI3bIBAThL YIOPSIOYEHHOE JABHIKEHHE HOCHTENEHd TOKa
B TOH e Mepe, KaK H CWJbl 3JeKTpocTaTHYecKHe. B npeapayem napa-
rpade Mbl BRIICHH/IH, YTO B OJHOPOJIHOM NPOBOJHHKE CPEAHAS CKOPOCTh
YNOPSI04eHHOro JBHIKEHHH HOCHTe/eH TOKa NPONOPLUHOHAJIbHA 3ELT-
pocratuyeckoit cune eE. OyesuaHo, 4To TaM, rie, KpoMe MEKTPOCTATH-
YecKOil CHJILI, Ha HOCHTENH AEHCTBYIOT CTOPOHHHE CHUJIbI, CPEAHASA CKO-
POCTb YNOPALOUEHHOTO JBHMKEHHSA Hocutesneid GyAeT nponopiHoHaNbHA
cymmapuoit cune eE+4-eE*. CooTBeTCTBEHHO MJOTHOCTb TOKA B 3TEX
TOYKAX OKAa3bIBAGTCSH TNDOMOPUHOHAMBHOW CYMMe HampsKeHHOCTeHd
E-+E*:

j=oc (E+E*). (35.1)

dopmyna (35.1) obobwaer gopmyny (34.3) Ha cayuad HEOXHOPOA-
noro nposogHuka. Ona Bblpaxkaer B AudepeHnuanbHOid Gopme 3aKOH
Oma AJA HEOJHOPOIHOIO Y4acTKa UeMNH. .

Ot 3aKkoHa 8 JuddepeHuHaIbHOA QOPME MOXMHO TepedTH K HHTer-
panbHolt (opme 3akoHa Owa. PacCMOTPHM HEOXHOPOAHBIA y4acTOK
uenx. JlonmycTuM, 4YTO BHYTpM 3TOrO y4acTka *
cyllecTByeT JHHHA (Mbl OyJeM Ha3bIBaTh ee
KOHTYPOM TOKa), YAOBJETBOPSOWASA CACAYIO-
pLM yenopuam: 1) B KaXKAOM CedeHHH, Tmep- s
MeHARKYJAPHOM K KOHTYPY, B&IMHMHEL j, O, .
E, E* umeoT ¢ JOCTaTO4YHOH TOUHOCTHIO Puc. 35.1.
OJIMHAKOBEIe 3HaYenus; 2) Bekropsl f, E 0 E*

B Ka/0il TOUKE HANpaBJeHsl 10 KacaTelbHOi K KOHTYpY. Ilonepediioe
ceyeHue NPOBOJHHKA MOXeT GbiTb HENOCTOSHHBIM (PHC. 35.1).

BriGepem MpOH3BOJILHO HallpaB/ieHUe NBHAKEHHA [0 KOHTYPY. [Iycth
BuGpaHHOE HarnpaBJIeHHE COOTBETCTBYET MEPEMEUIeHHIO OT KOHUA
K KOHHY 2 y9acTKa uenu (Hanpasnenue [—2). CrnpoeKkTepyeM BEKTOpPbI,
BxofAuUIKe B cooTHOWeHHe (35.1), na anemeHT Koutypa dl. B peaynbrate
HOJTYYHM

ji=0 (Ert+ED). (35.2)

B cuay cAeNaHHBIX MPENo/IOKEHHA NPOEKIHA KaMIOro M3 BEKTOPOB
paBHa MOJYJIO BEKTOpa, B3ATOMY CO 3HAKOM ILIOC HJIH MHHYC B 3aBU-
CHMOCTH OT TOTO, KaK HamnpasleH BeKTop no oTHowenHwo K dl. Hanpu-
Mep, j;=j, €c/li TOK TeyeT B HanpaBjeHHH [—2, W j,=—], eC/IH TOK
Teqer B HanpassaeHHH 2—I1.

BeaegcTede coXpaHeHHA 3apajda CHJIA NMOCTOSHHOTO TOKA B KaX/0OM
ceueHHH JOMKHA ObITb OfMHAKoBo#. [lostroMy Benuyuswa [=j,S mno-
CTOSIHHA BAOMB KOHTYpa. Cusy TOKa B JAHHOM CJyuae HYXKHO paccmart-
pHBATh KaK aireGpaHdyeckyto Be/iydHy. HanoMHHM, 4TO HanpasfeHHe
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1—2 Mbl BEIGpany Mpou3BosbHO. IloaToMy, €C/i TOK TEUET B BhIOpaHHOM
HaNpABJEHHHE, €0 CJAEAYeT CUHTaTh MNONOKUTENBHBIM; €CIH JKE TOK
TeueT B NMPOTHBOMNOJIOXKHOM HanpasJeuud (T. €. OT KOHUA 2 K xomnuy /),
€0 CHAY CAElYeT CYHTATb OTPHLATENLHOH.

3avenuM B (35.2) j; oTHOLUEHHEM 1/S, a npoBOAUMOCTb @ — YJ&JIb-
HbIM COTMPOTHBJIEHHeM p. B uTOre nOAYyUiTCs COOTHOLICHHE

VAIHOKUM 9TO COOTHOMEHHe Ha dl ¥ TNPOUHTErpHpYyeM BAOJb KOHTYpPa:
2 2 2
d _CE,dl ,
ISp§=S d -|—SE, dl.
| 1 l

Buipaxkenue p dI/S npencrasiaser co6oid CONPOTHBJCHHE y4aCTKa KOH-
Typa AMHHBL dI, a HHTerpa OT 3TOro BbIPaXKeHHsl — CONPOTHBJAEHHE R
yyactka tend. [lepsblii HHTErpan B paBoil YacTh AaeT ¢;—¢s, 4 BTOPOH
uHTErpajd — 3. A. C. &12, ACHCTBYIOIMYIO HA YHACTKE. Taknm oGpasom,
MLl IpHXOAHM K QopMyJe

IR=0;— ¢+ &1 (35.3)

9. 1. ¢. &2, KaK H CHJIA TOKA /, €CTh BEJHYHHA aarebpauyeckKas.

B cayyae, Korjgd 3. J.C. CNOCOGCTBYET ABHMKEHHIO MOJOKHTEABHBIX

HOCHTEJIel TOKA B BbLIODAHHOM HanpaBlIeHHH (B HANpPaBJEHHH 1—2),

&1.>0. Ecau 2. 4. C. HPENATCTBYCT JBHIKEHHIO NOJOKHTENbHBIX HOCH-
Tesell B JAHHOM HanpaBjeHuH, &'1:<0.

Hanumem (35.3) B BHJE
— s+ s

]___(Pl P2 - 13 35 4

L (35.4)

Ara ¢opMyJa BblpaXKaeT 3aKoH Oma 115 HeoJHOPOLHOro y4acTKa Lemnu.

[ToJIOKHB =@, NOJYUYHM BhIpAKEHHE 3aKOHA OMa and 3aMKHYTOH

HEelT:

_&
I = R (35.5)
3nechr & — 3. A. ., AeficTByiowas B nend, R — CyMMapHO€ CONMPOTHB-
JIEHHEe BCel LemH.

§ 36. Pasmetsnennnie uenu. Ipaeuna Kupxroda

Pacuer pa3BeTRJAEHHBIX LieNed 3HAUHTENLHO YNpolaeTcsl, €cau NoJb-
30BaTLCS NpaBHAamMH, chopMyanpoBaHHBIMU KupXrodoM. JTHX ApaBu
nsa. ITepBoe 13 HHX OTHOCHTCSI K y3/aM Ilend. ¥ 3 J1 0 M Ha3BIBaercs
TOYKa, B KOTOPOH CXOAHTcA Gojiee yem JABa NpoOBOAHHKa (puc. 36.1).
Tok, TeKyWMii K yajy, CUMTAETCS HMEIOUMM OJHH 3HaK (NJIOC HJH MH-
Hyc), TEKYUIMIl OT yana — UMEIOIMM APYroi 3HaK (MHHYC HIH M710C).
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[lepsoe npasuno Kupxroga raacut, 4To anz2ebpaudeckas cymma mo-
KO8, CXOOAUWLXCA 8 Y34e, POASHQ HYMO:

3 [,=0. (36.1)

1o npPaBUJIO BHITEKAET M3 yPaBHEHHs HENPEPHIBHOCTH, T. €., B KOHEH-
HOM CueTe, M3 3aKOHa COXpaHeHus 3apsja. s MOCTOSHHOrO TOKa Vj
Bclofly paBHa Hymo (cM. (32.4)). CaepoaTesbHO, NOTOK BEKTOPA j
(r. e. anre6paHgeckas CyvMMa TOKOB, TEKYIIUX Hepes OKDYXKaIOLLYi
yseq BooGpaKaemylo 3aMKHYTYO MOBEPXHOCTh) JOJKEH ObITh PaBeH
HYJIIO.

Ypasnenne (36.1) MOXKHO HAMHCATH I/ KAXKJOTO H3 N yanoB uend.
OIHAKO HEe3aBUCHMBIMH ABJAIOTCA Tolbko N — 1 ypasuenufi, N-e Gy-
JeT cJelICTBUEM M3 HHX.

Bropoe NpaBu/I0 OTHOCHTCA K J0GOMY BBLIEJEHHOMY B Da3BETBJICH-
HOM LENH 3aMKHYTOMY KOHTYPY (CM., HallpHMep, KOHTYP 1—2—3—4—1
Ha puc. 36.2). 3aaaaumcs
HanpasJeHuem of6xoja (Ha-
npumep, O YacoBOH CTpeJ-
Ke, KaK yKa3aHO Ha PUCYH-

Puc. 36.1. Puc. 36.2.

Ke) H MPUMEHUM K KaXJOMY H3 HEPa3BETBJEHHHIX YHaCTKOB KOHTYpa
3akon Owma: .

IlRi_—'(PI_(Pz"T‘@i:
12R2:¢2‘@3;+é’9s
IRy =q@3=— @, + &
[ \Ry=;—o; +&,-

Ipu CMOXEHMH ITHX BBIPAXKEHHH NOTEHUHAJB! COKPAIAOTCS H NOMy-

yaeTcl ypaBHEHHE
2 LRe=2 6w (36.2)

KOTOpOe Belpa:kaeT BTOp oe npaBuuao Kupxroga.

Ypapnenue (36.2) MoxeT ObITh COCTABJCHO VIS BCEX 3AMKHYTHIX
KOHTYPOB, KOTODEIE MOXHO BbIIETHTH MBICJIEHHO B JaHHOH PA3BETBJEH-
goit menH. ONHAKO He3aBHCHMBIMH OYAYT TOJNBKO YPaBHCHHS IV TEX
KOHTYPOB, KOTOPbIE HeNMb3sl MOJYYHTb HANOXKEHHEM APYTUX KOHTYpOB
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Apyr Ha Apyra. Tax, sanpumep, LJIs e, ¥306paxeHHON Ha puC. 36.3,
MCXKHO CGCTaBHTL TPH y_paBHEHHH:

1) ans xourypa I—2—3—6—1,
9) nas xourypa 3—4—5—6—3,
3) aas xomrypa J—2—3—4—5—6—1.

[Mocneannii KOHTYpP NoOJydaercsi HalC:KeHieM NepBEIX AByX. Ilostcmy
ypaBHerns He OYLYT He3aBHCHMHIMHM. B KauecTBe HE3aBHCHMBIX MOXHO
B3aTh Jo0ble IBa YpaBHEHHA H3 TpeX.
[Ipn cocTaBaenyu ypasHeHH# Broporo npasuia Kupxroda toxam H
3. I. C. HY»KHO NPHOKCHIBaTh 3HAaK!l B COOTBETCTBRH C BbIOPAHHBIM Ha-
npaBJennen obxonaa. Hampumep, Tox J; Ha puc. 36.3 HYXXHO CUHTaThb
OTPUIATEJNLHEIM, TaK KaK OH TeyeT HaBCTpedy BHIOPaHHOMY HanpasJe-
P HUIO 06XoAa. DI.A.C. &5 TaKkkKe

2, L I I 4 HY)XHO NPHIHCATL 3HAK MHHYC,

: TaX Kak OoHA JAEHCTBYET B Hanpas-
/-\* A 1-2/\ JIeHWH, I POTHBONOJOMKHOM Ha-
npapaeHnio o6xona, U T. A

Hanpapaenus o6xoaa B Kax-

[] 7, [] n ”Fs JIOM H3 KOHTYPOB MOXHO BLIOH-

path COBEPIIEHHO NPOH3BOJBLHO H

HE3aBHCHMO OT BhiOOpa Hanpasje-

Hu# B Apyrux xoutypax. [Ipu srom

- . _ MOKET CJYYHTbCH, YTO OAHH H TOT

el =6 =~ &85  2Ke TOK JM60 OJIHa H Ta XKe 3. 1. C.

$ BOiileT B pa3HbLie YPaBHEHHHA C

& Pa3AHYHBIMH 3HAKAMHA (TaK mony-

Puc. 36.3. yaercsl C TOKOM [, Ha puc. 36.3 npu

YKa3aHHBIX HanpapJjeHusax o6xoja

B KOHTypax). 310, OJHAKO, He HMEET HHKAKOro 3HaueHus, NOTOMY uTO

p3veHenle HanpapJaeHHs 00X044 BLISHIBAET JHIIb H3MEHEHHE BCEX 3Ha-
KOB B vpaBrenuu (36.2) Ha oOparHhie.

CocTaBaasl ypaBHeHHS, CJedYeT NOMHHTh, YTO yepes Joloe ceuenie
HePa3BETBJEHHOTO YYacTKa lienH TeueT OAMH ¥ TOT e Tok. Hanpuwmep,
Ha YYaCTKE OT TOYKH 6 O MCTOYHMKA TOKa &, TEYET TAKOH XKe TOK [,
KaK Ha YuyaCTKe OT HCTOYHHKA &: A0 TOUKH 3, ,

Uncao He3aBHCHMEIX YpaBHEHHH, COCTaBJE€HHHIX B COQTBETCTBHH
¢ NepBLIM H BTOPHIM npaBHJaaMn Kupxroda, OKa3blBaeTcsi paBHbIM
YHCY Pa3JlUBRIX TOKOB, TEKYUX B pasBeTBJeHHOH nenu. [losromy,
ecld 3ajaHEl 3. . C. ¥ COMPOTHBJIEHUA AN BCEX HEPA3BETBJICHHBLIX
YYaCTKOB, TO MOTYT ObITb BhIYHCJIEHbl Bce TOKH. MOXKHO PeLHTE If 3aaa-
Yl WHOTO Poja, HanplMep, HaUTH 3. A. C., KOTOPbiE HYKHO BKJMNOUHTD
B K@XXJLIH 113 Y4acTKOB LenH, 4TcOH NeAYYHTh NPH 3aJlaHHbIX CONPOTHB-
JIEHHUAX IYIKHBIE TOKH,

-
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§ 37. MomHocTb TOKZ

PaccMOTpHM TOPOH3BOJIbHBIA  yHacTOK  UenH NOCTOSTHHOTO TOKA,
K KOHIAM KOTOPOro MNPHU/IOKEHO HANPSMKEHHE {/. 3a Bpema { uepes
Kask10e CeyeHHe MPOBOAHHKA MPOXOAHT 3apal g=1It{. 310 PaBHOCH/ILHO
TOMY, YTO 3apaj [/{ nepeHoCHTCA 3a BDEMA { U3 OJHOro KOHIA [POBOA-
uuka B Apyroit. TIpy 3TOM CHJIbI HIEKTPOCTATHHYECKOIO noast 4 CTOPOH-
Hue CuJbl, NeHCTBYiOWME HAa JAHHOM Y4acTKe, COBEpUIAOT pa6oTy

A=Uq=UIt | (37.1)

(HanMOMHHM, YTO HaMpsAKEeHUe U onpeaenserca Kak pafora, cosepiiae-
Mas 3MEKTPOCTATHUECKHMH H CTOPOHHHMH CHJIAMH TPH MEPEMEIEHHH
eXHUGHOTO MOJOKHTENBHOTO 3apana; cM. (opMyay (33.6)).

Pasnenns pabory A Ha Bpems f, 32 KOTOpoe OHa CoBepllaeTcs, Mno-
JIy4UM MOLIHOCTb, PA3BHBAEMYIO TOKOM H2 DacCMaTpHBAEMOM ydacTKe
Hen :

P=Ul=(p—@) [ +&rl. (37.2)

712 MOILHOCTb MOXKET PACXOAOBATHCA HA COBEPIIEHHE PACCMATPUBACMBIM
y4acTKoM Leny paGoThl Ha/l BHELITHUMH TeNaMu (AN 3TOro y4acTok A0.-
JeH nepeMeiaTbcsi B MPOCTPAHCTBE), HA MpOTEKAHHE XUMHYLCKH X
peakuuil M, HAKOHel, Ha HArpeBaHWe JAHHOrO y4acTka LCIH.

OrnollileHne mMomEoctTd AP, paspuBaeMoil TOKOM B 0GbeMe MpOBOA-
HHMKa AV, K BeJIHUHHE 3TOr0 00bema Ha3bBaeTcd y 1€ b HO i Mo u-
HOCThIO TOKA P, oTBedaloLled JaHHOi TOuKe nmpoBojHHKa. [lo
Ol'lpe,ILEJIEHHEO y,ﬂ.e.ﬂbl-laﬂ MOILIIHOCTh pPaBHA

AP
Py= AV
YcI0BHO TOBOPA, YAEJbHAA MOIHOCTb €CTb MOULHOCTH, Pa3BHBaEMafd
B enyHdIe obvemMa NPOBORHUKA.

Bripaxenne A5 yAeJbHOA MOUIHOCTH TOKA MOXHO NOJYdHTDb, HC-

XOAA H3 CJAeXYyIouMX coobpaxenuii. Ciaa e (E4+E*) pa3suBaer npu
JIBHKEHUH HOCHTe/NsE TOKa MOLIHOCTb, PAaBHYIO

P’ =e(E+E¥) (v4u).

Ycpeanum 3T0 BePaXEHHE [0 HOCHTEISAM, 3aKIIOYEHHBIM B o6veme AV,
B npefenax koroporo E u E* MOXHO CAHTaTh HOCTOSAHHLIMH. B pe-
3yJabTaTe NoJ1yuum

(P YO=e(E+E")<{v4ud>=
—¢(E 4 E*) <v> +e (E4E*)ud=¢(E+E®) u)
(ranomuum, yro <v>=0).

Mouiocts AP, passiBaemyio B ofbene AV, MOXHO HafiTH, YMHO-
wup <P’> Ha GHCIO HOCHTEJIEH TOKa B 3TOM o6beme, KoTopoe pasto 1 AV

(37.3)
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(n — qucno HocuTenell B eguHuLe o6veMa). Takum o6pasoM,
AP =<KP'>nAV =e(E+E*)<upnAV=j(E-+ E*)AV

(cM. (34.4)). Orciona
Pu=i(E-+E". (374)

1o BHIpaXKeHHe NpeACTaBaseT coboil nuddepeHnuanbaylo GopMy HHTEr-
panbHOro BeipakeHus (37.2).

§ 38. 3akon Mlkoyas — Jlenna

B cayvae, xorja npoBOJHUK HEMOJABHKEH U XUMHYECKHUX NpeBpaile-
HHMH B HEM He coBepuiaercs, pabora Toka (37.1) aarpaunBaercsi Ha yBe-
JitdeHHe BHYTPEHHEH 3HePruH NPOBOJAHUKA, B pe3yJibTaTe U4ero npoBoj-
HHK Harpepaercq. IIpHHATO roBOPUThL, YTO NPHU NPOTEKAHHK TOKA B MpO-
BOAHHKE BHIGJASIETCH TENNO

Q=UIt.
3ameHUB B COOTBETCTBHM ¢ 3aKoHoM Oma U wepes R/, monyuum ¢op-
MYJTy

Q=RI4. (38.1)

Coornowenne (38.1) 6uiio ycTaHOBJIEHO 3KcnepuMeHTanbHo Jxoy-
JIEM W, HE3aBHCHMO OT Hero, JleHueM M HOCHT H43BaHHe 3 aKOH a
Adxoyaa—Jlenua.

Ecin cuna toka u3MeHSeTCs €O BPeMEHEM, TO KOJHYeCcTBO TemJa,
BBIJIC/IAIIOILEECS] 3a BpeMs /, BLIYHUCJASETCA HO GopMyJe

t
Q= Rizat. (38.2)
0

Ot dopmyanr (38.1), onpexensiomeii Tenao, BEAEAAIONEECS BO BCEM
NPOBOJHHUKE, MOKHO MEPEHTH K BHIPAXEHUIO, XapaKTEPH3YIOMEMY Bhl-
AEJICHHE TEMJIA B pas/IMYHEIX MeCTax NpoBOAHHKA. Briaennm B nposoa-
HHKE TaKHM ke 06pa3oM, Kak 3T0 OLLI0 CAENAaHO NPH BHIBOJE GOPMYJbI
(34.3), anemenTapHuIi 06BeM B BUAe UHIAMEAPA (cM. puc. 34.1). Cornac-
HO 3akoHy Jlxoyast — JleHua 3a BpeMs di B 3TOM OGbEME BbIZEJIHTCH
TEnno

dQ=RI*dt = 2% (jdSy dt = pj* dVt (38.3)

(dV=dS dl — sennuuna snemeHTapHOrO OGBEMA).
Paanenns Buipaxkenne (38.3) na dV u df, HafineM KOAHueCTBO TenJa,
BhIENAIOLIEECS] B €MHHLE 00beMa B iUHUILY BpPEeMeHH:

Qyz = pj*. (38.4)

Mo ananoruu c HauMeHoBaHUEM BeJHYHHH (37.3), BenHunuHy Qyz MOXHO
HasBaTb Y JA€JbHOH TenJoBOH MOIMHOCTBIO TOK aA.
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dopmyna (38.4) npeacrasasier coGoit nu¢pdepeHIHANBEHYIO dopmy
sakona Jixoynst — Jlenua. Ee MOXHO NONY4YHTh H3 COOTHOLIEHHS (37.4).
3amenus B (37.4) E-+E* uepes j/o=pj (cm. (35.1)), npuleM K Bhipaxe-
HHIO

Pyn = pj?,

Koropoe coBnagaer c¢ (38.4).

OtmetiM, uto Jxoyab U JIeHI YCTAHOBHJIM CBOH 3aKOH AN ONHO-
poaHoro yuactka uenu. OfHaKo, Kak ClelyeT U3 BBIKIAJOK, NPHBEICH-
HBIX B JlaHHOM naparpade, dopmyJst (38.1) u (38.4) cnpaseaushl 1 414

HEOJHOPOJHOr0 Y4acTka npu YCJIOBHH, HUTO ,HEﬁCTByIOHIHe B HEM CTO-
POHHHE CHJIbL HMEIOT HEXHUMHYECKOE TTPOHCXOXKICHHUEL.
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§ 39. BaaumogedcTBHE TOKOB

OnbIT NOKA3LBAET, UTO NEKTPHUECKHE TOKH B3aHMONEHCTBYOT MeX-
ny co6oil. Hanpamep, 1Ba TOHKUX MPAMOJHHEAHBX 1apaJe/bHbIX Ipo-
BOJHHKA, MO KOTOPLIM TEKYT TOKH (Mbl OYAE€M HA3bIBATH UX MPAMBIMU TO-
KaMH), TPHTATHBAIOT JAPYT APYyra, eC/ii TOKH B HHX HME!OT OJHHAKOBOE
HanpapJeHHe, H OTTAJNKHBAIOT, €C/IM TOKH HPOTHBONONOXKHEL. CHia
B3aHMOJEHCTBHSA, MPHXOAAULAACA HA C€AHHHUY AJAHHBI KaXKJoro 43 na-
pa/nensHbIX NMPOBOJHUKOB, NPONOPIHOHANbHA BeJIHUHHAM TOKOB B HHX
I, u I, 4 06pPaTHO NPONOPIHOHA/NbHA PACCTOAHHIO b M@XKAY HHMH:

21,1
Fen=k—b‘—’. (39.1)
Mo cooGpakeHusM, KOTOPBIE CTAHYT SICHHIMH B RaJjibHeiinem, Kodxpuuu-
eHT TMPONOPUHOHANLHOCTH Mbl O0O3HAUYMJIH 4epes 2R,

3aKOH B3aHMOJEHCTBHA TOKOB Obl1 ycraHoBjeH B 1820 r. Amnepom.
O611ee BeIpaXKeHHe 3TOr0 3aKOHAa, NPHTOJHOE I/ NPOBOAHHKOB JOGOH
¢dopmbl, Gyler JaHo B § 44.

Ha ocHoBauue cootrouenus (39.1) ycraHaBnuBaeTcsl eJUHHUAE CHILI
Toka B CH u B a6comoTHOl 3neKTpoMarHuTHoi cucreme eanHun (CI'CM-
cucreme). Eaunuia cuiel Toka B CH — a M e p — onpeaedisiercs Kak
CHJIA HEH3MEHSIOEerocs ToKa, KOTOPbif, MPOXoAd MO ABYM NapaJnelb-
HbIM MPAMOJHHEHHBM NPOBOJAHHKAM OeCKOHEYHOM AAUHBI H HHUYTOXKHO
MaJIOr0 KPYroBOIO CeYeHHs, pachoJiOKeHHbIM Ha PacCTOAHHU | M ofuH
OT APYyroro B BaKyyMe, BEI3BaJl OBl MEXAY 3THUMH NPOBOAHHKAMH CHJY,
pasuyio 2-10-7 H Ha Kaxaulit METp AJHHEI,

Efquuoy sapajga, HasbBaeMyld K Y J O HOM, ONpelelsioT Kak
3apsd, npoxoAasinuit 3a 1 ¢ uepe3 nonepeyHoe ceyeHHe NMPOBOAHHKA, MO
KOTOpPOMY TedeT NoCTOSHHbIE Tok cuiofi 1 A, B coorBercTBiH ¢ 3THUM
KY/IOH HashlBAOT TaKkKe amnep-cexyHuoi (A-o).

B pauuonaiuzoBaHHoM BHAe dopmyJda (39.1) 3anuceiBaercsa chaeapyro-
1M 06pa3oM:

2141
Fea=$2 201, (39.2)
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Tfle L, — TaK Ha3blBaeMass MAaTHHTHAa s NOCTOAHHAaAsA (Cp.
¢ dopmynoi {4.1)). UToObl HallTH YHCJIOBOE 3HAYEHHE Pg, BOCNIONb3YEMCH
Tex, YTO corlacHo onpepenenuio amnepa nmpu Iy=Il,=1A n b=1m
cila F,, noayuaercs pasHoit 2-107% H/m. IloactasyM 3TH 3HaueHHS
B (Qopuyay (39.2):

N 2.1.1
2-10 —7_-4?—1—.
OTtcropa
o= 4n-10-7=1,26.10~¢Tn/m?). - (39.9)

Koadrpunnent k B gopmyae (39.1) MOXKHO cReaaTh paBHBLIM eIHHHLE 32 CHET BbiCo-
pa eJHHHulbl CHJABLI TOKA. Tak YCTaHABJKBaeTCH abco0THAA AECKTPOMArHHTHAA €]lH-
wita cuan Toka (CTCM-efi. cHabl TOKa), KOTOpas ollpefesiercsd KaK CHAA TaKOTO TOKa,
KOTOPHI, NpoTeKas [Q TOHKOMY NPAMOJIHHeHHOMY OGeCKOHeYHO AJHHHOMY MpPOBOAY,
REACTBYET HA PaBHBIA H NapajlelbHbI eMy NpAMON TOK, OTCTOAIMA Ha 1 ¢M, € CHJACGH
B 2 IHH Ha KaXXJAHIH CAHTHMETP LAWHBI.

B CI'C3-cicTeMe k£ OKa3LIBAETCA OTAWYHOH OT eHHMILI Pa3MepHoil Beanuluci.
Coraacno ¢opmyae (39.1) pasmeprocTb £ onpeAeifieTci CACAYOWHM BHpaXKenHeM:

[Feab] [F
[k]= [[ I ]={ ]]_L. (39.4)

Mbi yunH, 910 pa3MepHocTb Fo, €CTb pasMepHOCTD CHAH, JeNeHH2A Ha Pa3MEPHOCTh
IANWHBE, MOITOMY pa3MepHOCTb DpouaBeienns F, b paBHa paaMepHOCTR Chabl. Corvac-
Ho dopmyaam (3.2) n (31.7)

o
F1="0 =l

| T
[MozctapHp 9TH 3HaueHnsa B Bupaxenne (39.4), naiizeMm, uro
T2
14l =5
Caenobateasno, B CI'CI-cereMe £ MOXKHO NPeICTABUTL B BHRe
k= c—],; (39.5)

THe ¢ —— MMeIouass pasMepHOCTh CKOPOCTH BeJIWdHHA, HadhiBaeMad 5J eKTpoAn-
HaMHUYECKOH NMocTosdaHHONK YrcOn HAHTH ee YHCIOBOE 3nadeHne, BOC-
moan3yeMmcsl cooTnomendeM (3.3) Mexay Kyaonom B CI'C3-epnnmueil aapaga, KoTGpoe
Gbii0 YCTAHOBJI€HO ONBITHLIM NyTeM. Cuaia B 2 .10~ 7 H/M axBuBatentna 2 10~ * nnn/om.
Coraacno gopmyae (39.1) ¢ Taxoil cunoii B3aymonelicTBytoT ToKH 110 3-10° CI'C3-esu-
auu (. e 1 A) raxawii npy b=100 cm. Takum o6pa3som,

1 2.3.10°.3. 109

0= —
210 c? 100 '

OTKYJa
c=3.10"cm/c= 3.108m/c. (39.6)

3Hauenne 3NeKTPOAMHAMHYECKON NOCTOAHHON CoBMafaeT ¢ BeaANUHHON CROpocTH
cBeTa B Bakvyme. F3 Teopun MaxcBensla BRITEK 2€T CYLIECTEOBAHNIE NIEKTPOMATLL THEIX
BOJN., CKOPOCTb KOTOPBIX B BaKyyMe pPaBHA 3JMeKTPCMHAMHUeCKOoH TNocToAnuci c.
CoBnajiche ¢ €O CKOPOCTLIO CBeTa B BaKyyme JaJlo MaKkcpeaay CCHOBaHHE IMpennoo-
2KHTE, YTO CBET €CTh 3JEXTPOMACHHTHasd BOJLa.

1) T'enpu na merp (cm. §64).
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3uauente k B popmyne (39.1) pasno 1 B CI'CM-cucreme 1/c2=1/(3 -1010)% c?/cm?
B CI'CA-cucteme. Otciofa caeayer, 4to Toxk cuiolk B 1 CICM-equnuiy 3KBHEaJIEHTeH
toky cuioit B 3.1030 CI'CO-epnnniL:

1 CI'CM-ex. cunm Toka=23-1010 C['CI-ea. cuaul Toka= 10 A, (39.7)
YMHOKHB 8TO COOTHOIIeHHe Ha I ¢, moayunm
1 CI'CM-ex. sapana=3.10% C['C3-ex. sapsapa=10Ku, (39.8)
Takum oGpa3oM,

1
Icram= - Icrea. (39.9)

CoOTBeTCTBEeHHO
1

derem= g 9cres: (39.10)

Mexny NMOCTOAHHBLIMU &y, g H ¢ HMeeTCA CBA3L. [las yCTaHOBAEHHS
9TOH CBAI3H HaiijleM pasMEepPHOCTb M UYHCJOBOE 3HAYEHHE NMPOH3BEICHHS
golho. B cooTBercTBUHH C dopmynoit (4.1) pasmepHOCTDb € paBHa

___1q]?
[BO]—-I_-F_['FI. l(39.11)

Coraacrno (39.2)
[Fegb]l _ [F]IT?

(o] = =" (39.12)
[epemnoxus soipaxenus (39.11) u (39.12), nonyuum
T2 1
[eote] =17 =5pa (39.13)

(v — CROpOCTBD).

C yuetoM (4.2) u (39.3) unciaoBoe sHAYEHUE TNPOUIBEACHHA Eglg
paBHO

1 - 1 c?
30P0=m4ﬂ'10 z=mm. (39.14)

Hakonett, npuHaB Bo BHuMaHue (39.6), (39.13) n (39.14), noanyuaem

HHTEPECYIOULYI0 HAaC CBs3b:
|

Eallo = 7 (39.15)

§ 40. MaruutHOoe noJe

BaaumopeiicTBHe TOKOB OCYIIECTBJACTCA 4Yepe3 IoJie, HAa3biBaeMoe
MarHHTHB M., 2T0 Ha3BaHHE NPOHCXORHUT OT TOro, YTo, KaK oOHa-
py=xua B 1820 r. dpcrel, noJe, Bo36YKIaEMOE TOKOM, OKaFuIBaeT OpUEH-
THpYIOLLee AeHCTBHE HA MArHHTHYIO CTpPedky. B onwite dpcrena npo-
BOJIOKA, MO KOTOPOH TEK TOK, Obll1a HATAHYTA HAJ MarHUTHOH CTPENKOH,
Bpawtaiomeiicss Ha urae. [IpH BKJIOYEHHH TOKAa CTpeJKa yCTaHAaBJ/IHBA-
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Jach NEPIEHAMKYNSPHO K HPOBOJIOKE. MaMmeHeHHe HampaBJIeHHSI TOKa
32CTaBAANO CTPENKY MOBEPHYTbCA B NPOTHBONONOKHYIO CTOPOHY.

M3 onwiTa dpcreia cielyer, YTo MarHUTHOE NoJe HMeeT HanpabJeH-
Hblil XapakTep H JOJ/DKHO XapakTepH30BaTbCH BEeKTOPHOH BeJUYHHOH.
1y BeAUYMHY NPHHATO 0003HAYATDH 6yxpoit B. Jlornuno 6b10 GBI 1O
AHAJOTMH C HAnpSKEHHOCTbIO 3JIEKTPHUECKOro IOJs E nassate B
HaNPSKEHHOCTBIO MATHUTHOTO MOJ. OpHako Mo UCTOPHYECKHM NPUUH-
HaM OCHOBHYIO CHJIOBYIO XapaKTepHUCTHKY MAarsHTHOrO noJjs Ha3BaJH
MarHUTHON HHAYKIUeH Haspanue Xe «HANPAKEHHOCTD
MACHUTHOTO TOJA» 0Kasasjloch NPHCBOEHHBIM BCIIOMOraTeJIbHOH BeJlu-
yune H, aHaIOTHYHOiN BCNIOMOTATENBHOH XapAKTEPHCTHKE D saexTpu-
uecKoro noJs.

MarHUTHOE NoJe, B OTJIHYHE OT 3JeKTPHUECKOro, He OKA3bIBAET Len-
oTBHS Ha mokosmiuiicst 3apan. Cvna BO3HHKaeT JHIIb TOrAd, KOTAd 3a-
pAx NBUIKeETCH.

[TpoBOAHHK C TOKOM NpPeACTaBJjseT co6OiH 3JMeKTPIYeCKH HEHTpasb-
HYIO CUCTeMY 3apsl0B, B KOTOPO# 3aps/bl OJHOT'O 3HaKa ABUKYTCHA B OLL-
HY CTOPOHY, @ 3apsilbl APYroro 3Haxa ABHMKYTCi B NPOTUBONOJONKHYIO
cTopory (am60 nokosarcs). Orciona cnefyer, 4To MArinTHOE noJje no-
pOXaeTcsl ABHKYLIUMHCA 3apsiaMH.

MTak, KBHKymiMecs 3apsifibl (TOKH) H3MEHAIOT CBOHCTBA OKPYXKaio-
[1ero WX OPOCTPAHCTBA — CO3JAIOT B HEM MArHHTHOE TOJC. 310 noJje
NposiBAsieTcs] B TOM, YTO Ha ABMKYIIHECS B HEM 3apsiapl (TOKH) JIEHCT-
BYIOT CHJIbIL.

OnbiT AaeT, YTO JAAs MATHUTHOTO NOJIA, KaK M AJIs 3JEKTPUIECKOrO,
crpaBeAJHB NDUHUMI CYTNEPNO3ULMHU: roLe B, nopoxdaemoe HecKonb-
kumu Osuscywumucs sapadamu (MOKAMIL), PAGHO BEKMOPHOLL cymme
noaeii B;, nopomdaemorx Kancloim 3apadom ( MoKom) 8 OmoeAbHOCHUL:

B= B, (40.1)
(cp. ¢ (5.7).

§ 41. TMoae ABHKYyLIErocs 3apaia

[IpocTpaHCTBO H3OTPONHO, MO3TOMY, €CAM 3apsi HENOABHIKEH, BCe
HanpaBJEHKHs OKa3blBAIOTCA PABHONPABHLIMA. DTHM OOYCJOBJAEH TOT
(aKkT, uTO CO3JaBAaEMOE TOUEYHDBIM 3apPAJIOM 3JEKTPOCTATHYECKOE T0Je
gapasercd cdepHyecKH-CHMMETPUYHBIM,

B ciyuae ABWKEHHS 3apsja CO CKOPOCTBIO V B NPOCTPAHCTBE NOAB-
nsetca BhUleJEHHOe HanpasJeHWe (HanpaBJjeHue BekTopa v). [lostomy
MOMHO OXKUIAThH, YTO MAarHuTHoe NoJje, CO3JaBaeMoe ABMXKYIHMCHA 3a-
pajoM, of/alaeT oCeBOH CHMMETPHEH. OTMeTHM, YTO HMeeTCsi B BHIY
cBOGOJIHOE IBUIKEHHE 3apANa, T. €. IBHKEeHHe C NOCTOSHHOH CKOPOCTLIO.
UTo6bl BO3HHKJIO YCKOPEHHE, HEOOXOAMMO JIefiCTBHE Ha 3aps] KaKOro-To
nosl (37eKTPUYECKOTO WM MarHUTHOTO). DT10 noJsie camo no cebe Hapy-
[nao O6ul H30TPOMNHIO MPOCTPAHCTBA.
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Paccmorpum MarHuTHOE 1ofle, CO3xaBaeMoe B HMeKoTopo# Touke P
TOUEUHRIM 3apAaoM ¢, ABHXKYWIHMCA C HNOCTOSHHOM] CKOPOCTBIO V
(puc. 41.1). Boamymenus noad nepeaaiorcd OoT TOUKH K TOUKe ¢ KOHeU-
HO# CKOPOCTBIO ¢. [To3Tomy HHAYKUOHA B B Togke P B MOMEHT BPEMEHH ¢
onpeenderca He MOJOKEHHeM 3apalia B TOT 2Ke MOMEHT f, a NoJoXe-
HueMm 3apfAfa B HeKOTOpHH Gojlee PaHHHA MOMEHT BPeMeHH { — T:

B(P, t)y=f{q, v, r(t—1)}.

3nech P 03uavaer COBOKYIMHOCTh KOOPAMHAT TOUKH P, onperensieMblxX
B HEKOTOPON HemolBHMKHOH cucTeMe oTcuera, [({—T) — paguyc-Bek-
TOp, NPOBEASHHLIH B TOUKY P U3 TOH TOYKH, B KOTOPOH Haxoguicd 3a-
psil B MOMEHT BpeMeHH [—T.

Ecau ckopocTh ABHKeHUs 3apsja U MHOTO MeHblile ¢ (v<<c), BpeMs
3anasjuiBaHHA T 6yaer npeHeGpexiMo Malo. B stoM ciiydae MOMKHO
CYHTaTh, YTO 3HaucHHe B B MoMeHT f onpefensiercs MOJOXKEHUEM 3aPA/A

P B TOT e MOMeHT Bpemenu f. [Ipu sTom ycJo-
B BUH
r B(P, f)=F{q, v, r(O)} (41.1)
(uamomuuM, 9T0 v=const, moatomy v ({—T1)=
: =v(#).
4 U Bun ¢yuxnuu (41.1) Moxer GblThb yCTaHOB-
Puc. 41.1. JieH TOJIbKO 3KcnepuMentansno, OfHAKO npexie

yeM MPHBECTH pe3yJbTaT SKCIEepHMeHTa, [o-
nelTaeMcs YACHUTE cebe, Kakoil MoxKeT 6bITh 3Ta 3aBHcHMOCTh. Ilpoc-
Teiilliee NPEAnoJIoKeHye 3aKaouaercs B TOM, YTO BeIHYHHA BeKTopa B
NpPONOPHHOHANALHA 3apANy 4 M CKOpPocTH v (npu v=0 MarduTHOE noJje
orcytcTByer). TpebGyercss «CKOHCTPYHPOBAaTb» H3 cKansipa ¢ H JIBYX
3aJaHHBIX BEKTOPOB V H I MHTepecylouwlHi Hac Bextop B. 310 MOoXHO
CleslaTh, TIEPEMHONHB 3aJlaHHble BEKTODH BEKTOPHO M YMHOXXHUB 34TeM
MOJAYYHBIIHHCA Peay/bTaT HA cKaadp. B vrore mosydurtcsi BelpaeHue

glvrl. (41.2)

C yaaneHueMm OT 3apsifia (C yBeJH4YeHHeM r) MOJYJk 3TOTO BHIpaXKeHHHA
Bo3pacraer. Henpapaonono6Ho, 9To6b Tak Bena ceff XapakTepHCTHKA
N0Jis,— B CJAyYae H3BeCTHHIX HaM moJiedl (3/1eKTPOCTaTHYecKoro, rpaBu-
TaLMOHHOFO) MPH VAANEHHH OT HCTOYHHKA MOJIe He YCHJIKBaercsd, HO,
HANpOTHB, ocnabGasercd, uaMeHsiach kKak 1/r2. JlonycTHM, 4TO Martur-
HOe TIoJie ABHXKYULerocs 3apsiia BefieT ce6f C M3MeHEHHWEM f TaKHM Ke
obpazom. OGpaTHyI0 NPONOPUHOHANBLHOCTb KBAaJAPaTy r MOXHO MOJy-
4UTh, pa3fesiHB BulpaxeHHe (41.2) Ha r3. B pesyapTare NoAyYydTCHd BBI-
paxenue

9 (v, (41.3)

ré
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OnpiT faeT, 9TO B cJayuae, Korfia v<€c, MarHUTHasd MHAYKUHA Tond
ABHKYILlETOCH 3apaaa onpegeasierca GoOpMyJaoH '

B=k L, dlY

rie k' — xo3pdUnHeHT nponopIHOHANbHOCTH. -

Crnenyer elie pas noiuepkHyTh, YTO PacCyXkKA€HHA, KOTOpPhIe NpHBETH
Hac K BeIpaxeHnuio (41.3), vy B KoeM cJlyyae Heqlb3f pacCMaTPHEATb KaK
spiBog, dopmyast (41.4). DTH paccyKIeHHs HE HMEKT J0Ka3aTelbHol
cuabl. X BasHaueHue 3akyo4aeTcs B TOM, YTOOBl MMOMOYb OCMBICJIHTD H
3anOMHHTB Gopmyay (41.4). Cama e 3ta ¢opmya MoXeT GHTb NOJY-
YeHa TOJIBKO 3KCINepHMEHTAJbHO.

M3 cootrowenus (41.4) BeiTekaer, yto BekTop B B kaxnoil Touke P
HanpaBJieH TePNeHANKYJIAPHO K IIJIOCKOCTH, MPOXoasineH uepes Ha-
npaBJeHHe BEKTOPa V M TOUKY P, npuyeM Tak, YyTo BpauleHHe B Hanpas-
nenun B o6pasyeT c HampaBJieHMeM V MPaBOBHHTOBYIO CHCTeMYy (cM.
KPYKOK ¢ Touxkoit Ha puc. 41.1). Ormetnm, uro B npencrasasier coGoi
TICEBJIOBEKTOP.

3nauenne Ko3(xbHLMEHTAa NPONOPUHOHANBHOCTH k' 3aBHCHT OT BHI-
Gopa efHHMI] BeIHUHH, PurypHpylomux B dpopmyae (41.4). B paunona-
Au3oBaHHON ¢opMe cooTHomeHue (41.4) sanHchHBaeTCHd CJeLyIOLIHM
o6pasoMm:

el (41.5)
Droii ¢GopMyJie MOXHO NPHAATh BHA
B= -‘;"?“-‘%:’! | (41.6)

(cp. ¢ (5.3)). OtMeTHM, uTO B aHAJOTHYHHIX GoOpMYyJax B TeX cayyadx,
KOTZa € CTOMT B 3HaMeHaTene, {Lo CTOHT B YHCAHTeNe, H Haobopor.
Enunnna marauthoft nuaykuun B CH naswiBaetrcs tecaa (Ta).

B cuctemax CI'C3 u CI'CM epuuulitl MarauTHON HERyKnnn B BwbMparorcd Tax,
yTO6H Koapduuuent k' B popmye (41.4) 6uin paBen einnnne. ClefoBATENbHO, MEXILY
e/MHMLIAMHA B B 3THX CHCTEMax ¥MMeercsl TO XK€ COOTHOLIeHKMe, YTO H MeXIY €JIUHAUAMK
3apsja:

} CI'CM-en.B=3.101% CI'C3-ex.B (41.7)

(cm. (39.8)). CICM-epununia MarHMTHOH RHAYKIOMH HMEET CHeLHAbHOE Ha3Banne —
raycc (I'ch _

Yuennfi aycec npeanoxus CHUCTEMY eRHHHU, B KOTOPOH BCe 3/1€KTpHUECKME
BeJMUAHBL (32psi, CHJA TOK3, HANPAKENHOCTb 3JEKTPHUECKOro DOAs M T. N.) H3Me-
pANOTCH B eINMLAX CI'C3-cHcTeMbl, a MATBEUTHBIE BeAHYHHK (MarHHTHAas NHAYKONA,
MaCHUTHRIT MoMmedT H T. 11.) — B egqunuuax CICM-cuctembl. 314 cHeTeMa eJHHML, NO-
Jyynjla HalBaHHe TrayccoBOH.

B rayccoBoil cucteme ResefcTBlie coorHoltennit (39.9) u (39.10) Bo Bce popMynH,
cofiepiKaliyie HapAAY ¢ MardHTHHIME BeJWUHHAMH CIJY TOKa MJN 3apall, BXOIMT No
OLHOMY MHOKHTEMO |/ HA KaXAYI0 CTOALLYIO B opMy e BeHuHRy / HaH g. DTOT Muo-
KUTENh NPeBpalacT 3Hauende COOTEETCTBYIOUEN Beyi:innn (/ Ban g), BEpaxKennoe
p epnnnnax CI'C3, B anauende, Bupamennoe B emunnunax CICM (cucrema ephinun
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CI'CM mocTpoena Tak, 4T0 K03(dHUMEHTH MPOMOPUMOHANLHOCTA BO BCEX ¢dopMynax
papusl 1). Hampumep, B rayccosol CHCTeMe dopmyaa (41.4) umeer BuA

I glvr]
B=—" 5. (41.8)
OTMeTHM, YTO MOSIBEHHE NPH JBHXEHWH 3apsla BbIAEJEHHOTO Ha-
npapJ/ieHHs B IpocTpancTBe (HanpaBJ/eHUsl BEKTOPA v) IPUBOANT K TOMY,
YTO W 3MEKTPHUECKOoe NoJje ABHKYLIErocs 3apsja yTpaunsaer chepuue-
CKYI0 CHMMETPHIO W CTAHOBUTCS OCECHMMETPHUHBIM. CoOTBeTCTBYOLI U
pacueT faer, uto Junuu E nousi cBOGOAHO ABUIKYILErocs 3apsifia MMEoT
BHJ, TI0OKa3aHHbIA HA pHC. 41.2. Bektop E B Touke P HanpassieH BJOJb
pajuyca-BeKTOpa I, IPOBEJAEHHOr0o U3 TOUKH, B KOTOPON HaxoAHUTCA 3a-
psil B JAHHBI MOMEHT, B TOUKY
P. Benuuuna xe HanpsiKeHHO-
CTH moJs ofnpefenasercsa Qop-
MyJoit

E = 1 ¢ 1 —20%/c?

— T Zney r2[1—(v2/c?) sin? §]3/2°

[
\ u (41.9)
| rie & — yron Mexjay Hanpas-

JIeHHeM CKOpPOCTH Vv W paauy-
COM-BEKTOPOM T.
[Mpu v<€c¢ aneKTpHIECKOe
Puc. 41.2. fojie cBOGOAHO ABHIKYIIErOCs
3apsla B Kaxabl# MOMEHT Bpe-
MeHH [pPAKTHYeCKH He OTJIM4AeTCss OT 3JIEKTPOCTATHYECKOro MNoJd,
CO3MABAEMOTO HETMOABHKHBIM 3apsAi0M, HAXOAsUUMcA B TOH TOUKe,
rie B JAHHBI MOMEHT HaXOIMTCH [BHUIKYIIHHCA 3apsn. OnHako BYX-
HO TIOMHHTB, YTO 3TO «3JIEKTPOCTAaTHYECKOE» IoJe nepeMemaeTcs BMe-
cTe ¢ 3apsAJOM, BCJAEACTBHE Uero noJjie B Ka#10k TOUKe NPOCTPAHCTBA H3-
MeHsieTcst CO BpeMeHeM.
ITpu v, CPaBHUMHIX C ¢, TIONe B HANPABJEHUAX, TEPNEHANKY/IAPHBIX
K Vv, OKa3blBaeTcs 3aMeTHO CHJIbHee, YeM B HANPaBJICHHH JBUKeHHA Ha
TAKOM K€ paccTosiHMH OT 3apsjia (cM. pHC. 41.2, BHITOJHEHHBIH JJI
v/c=0,8). Tlose «cnuiomHBaeTCA» B HAMPABJEHUY JIBUKEHH, COCPENOTO-
yHBadCh B OCHOBHOM BOJIH3H TIPOXOAslleH uepe3 3apai INJIOCKOCTH,
nepneHANKYJsPHOH K BEKTOPY V.

§ 42. 3akon bno — Casapa

BrisicHUM XapaKTep MarHUTHOTO N0J1s1, CO3[1aBAEMOr0 MPOU3BOJIbHBIM
TOHKHM MPOBOZOM, O KOTOPOMY TeueT TOK. PacCMOTpUM Mansiil ayieMedT
npoBofia AJHHBL d/. B 3TOM asemenTe cofep:utcsi nS dl Hocutesei
ToKa (n — YHC/IO HOcUTeell B eAMHMIe o0bema, S — mJomanb nomne-
pedHOro CeueHMsl NPOBOJa B TOM MECTe, TJie B3ST 3JeMeHT di). B Touke,
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[oJioKeHHe KOTOpOH OTHOCHTENbHO 3JEMEHTA dl onpenenserca pangy-
yCOM-BEKTOPOM I (pHC. 42.1), oTAeSbHEIH HOCUTE/Ib TOKA € CO3AaeT NOoMe

C HHAYKUHEH

B=—" p‘ﬂ 6[(V+I.l), l‘]

4n ri
(cm. dopmyny (41.5)). 3neck v — CKOPOCTb XAOTHUECKOTO JIBHYKEHH,
a U — CKOPOCTb YNOPSJ0YEHHOTO JBMKEHHs HOCHTE.
3payeHHe MArHATHON HHIYKIHM, YCPEAHEHHOE I10 HOCHTEIAM TOKa,
3aK/IOYEHHBIM B 37IeMeHTe dl, paBHO ‘
lo € [(<V>+<U>), l'] - Ho € [<l.|>, r]
i3 " =

4in r 4 rd

<B> =

((v>=0). YMHOXHB 3TO BhIpaxKeHHe Ha
yuCAO HOCUTeNeH B 3jeMeHTe M[POBOAA
(paBHoe nS dl), monyuuM BKJIax B IOJE,
BHOCHMHIH 371eMeHTOM dli:
_ My Si(new), r1dl
dB=<B)nSdl = 3

(MbI BHECNTH CKaJApHble MHOXHUTEIH 11 U &
110/ 3HAK BeKTOPHOro npoussefenns). [1pu-
HsIB BO BHUMaiHe, 4TO0 ne{ud>=j, MOKHO
HaNHCaTh

S [j, r] d! Puc. 42.1.

dB = 1 (42.1)

4n r3

BeeseM BekTOp dl, HaNpaBJeHHkli IO OCH 3JIEMEHTA TOKA IJIHHOH dl

B CTOPOHY, B KOTOPYIO TEe4YeT TOK. Moaynb 3TOr0 BeKTOpa paseH dl.

INocko/bKY HanpaBJeHnsi BeKTOpoB j  dl cosmanaror, HMeeT MecTo pa-
BEHCTBO

jdi=;j dl. (42.2)
[Npoussenst Takyw 3aMeny B dopmyJie (42.1), nonyuynm

_ po Sjldl, r]
dB = T 3 .

Hakomen, yuTs, uTo npouspefiende Sj JaeT CHy TOKa I B mpogorne,
NpHKEM K OKOHYATEJBHOMY BbIDaXEHHIO, ONpEAesIoleMy MarHHTHYIO

HHAYKUHIO TOJISA, CO3[1aBaeMoro 3new10\rca AJAHHEL dl:
e Ty T1dY, 1]
| dB—"rE%T‘ ' (42.3)
———— P

Mur seiBenH dopmyay (42.3) u3 cooTHoweHus (41 .5). B neficreuren-
noctH Qopmyna (42.3) Gbia yCTaHOBJIEHA SKCIEPUMEHTAJNBHO 0 TOro,
gax ¢Tajo u3BecTHo cooTHomenue (41.5). bonee Toro, 3To COOTHOLICHHE
GL10 BhiBeAeHO U3 dopMyJsl (42.3).

Buo u Casap nposenu B 1820 r. uccienosaHue MAarHHUTHBEIX none,
TeKYyIUX [0 TOHKHUM IPOBOAAM pasanuHOi gopMmbl. Jlanjac mpoaxann-
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31pOBaJ 3KCTEPHMEHTAJIEHEIE JaHHbIe, NOJy4YeHHBIC Buo n Capapox,
HALe, YTO MAarHUTHOE NoJie J00ro ToKa MOXET ObITh BLIYNCAEHO KaK
BEKTCPHAA CYMMa (CYNeprnosuuug) noJed, Co31aBaeMbIX OTREAbHbINM:]
3/leMEHTADPHBIMH YUacTKaMB TokoB. Jlnf MarHUTHOH MHAYKUIHIT noJs,
CO3ABAEMOrO 3JIEMEHTOM TOoKa aauntl dl, Jlanaac noayuna dopmMyay
(42.3). B cBA3M ¢ 3TMM COOTHOLUEHHE (42.3) HoCHUT Ha3BaHWe 33 KoMna
Buo—Casapa-—Jlannaca
yad  Oojlee  KpaTKO 3aXona
bno—Casapa.

M3 puc. 42.1 Buano, 4TO EEKTOP
dB nanpaB/JieH mNepneHAHKYASPHO K

e
~
o

rtun ) Sh ey ok S g B ot e Syl G S M el e et e e ey sl

Puc. 42.2. Puc. 42.3.

NJOCKOCTH, npoxoasiueit yvepe3 dl H Touky, B KOTOPOH BbiUHC/IAETCS
noJie, NpHYeM Tak, 4To Bpauienne Boxkpyr dl B Hanpabaennu dB cBsA3ano
¢ dl npapnaoM npagoro BuHTa. Moaysb dB onpeenfieTCs BbIpaKeHneM

dB—-Lte Idisma (42.4)

n r2

rhe o — Yroa Mexuy BekTopamu dl H T.

[TpumennM dopmyay (42.3) pnsi BRYKC/IEHHS NOJSA TMPAMOTO TOKA,
T. €. ONS, CO3LABAEMOrO TOKOM, TEKYLULMM MO TOHKOMY MpSMOMY Npo-
BoLy GeckoneyHoM ANMHE! (pHC. 42.2). Bee BexTOphi dB B JlaHHOH TOUKE
UMelOT O HHAKOBOE HanpabseHHe (B HaUleM CJayyae 33 yeprex). [losTomy
cnoxedye BekTopos dB MOXXHO 3aMEHHTH CJIOXKEHHEM HX monyJaei. Tou-
Ka, AJs KOTOPOIl Mbl BBIUHCJISIEM MAarHUTHYIO HHAYKUMIO, HaXOAUTCA HA
paccTosiHiH b OT NpoBoJA.

Ws puc. 42.2 BHAHO, YTO

b r do b da

r = - 9 dI:" - = . 2 .
Sin o sSin“

[TopcTaBuM 3TH 3Hauenua B Qopmyay (42.4):

e Jbdasinasin®a @y 1
47 b?sin?a T 4nm b sin o da.

dB =

Vron @ 18 BceX 3JeMeHTOB GEeCKOHEYHOro NPsiIMOTO TOKA H3MENfe1cA
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B npefeaax or 0 o x. Cenosareguo,
Fi
— _ e I €y o Bo 2
B -—SdB— T Ssmada-— TR
0
Takum 06pa3oM, MArHHTHAS HHAYKIHA 05 MpAMOro TOKa onpefender-
ct  Qopmyaod |
e 20 49.5
B=—7-~- (42.5)
JTIMHHHM MATHUTHOH HHAYKUHH [0/ NpAMOro Toka NpeACTaBAsoT Co-
Goil cucTeMy OXBATHIBAIOUMIHX TPOBOL KOHIIEHTPUIECKHX OKPYKHOCTEH
(puc. 42.3).

§ 43. Cana Jlopenaua

Ha 3apsaa, ABHXKYLUHACH B MarHMTHOM roJe, JeficTByeT CHJA, KOTO-
pyto Mul GyleM Ha3plBaTh M Ar HHTHO it. dra cuaa onpeeisercs
3apANOM ¢, CKOPOCTBIO ero ABHMKEHHSA V H MarHuTHON MHAyKUHed B
B TOH TOYKe, rie HAaXOAWTCS 3apsl B paccMaTpUBaeMblif MOMEHT Bpe-
meru. [Ipoctefiiiee MPeAnoNoXKeHHe 32K/MOYALTCA B TOM, YTO MOAYJb
cuabsl F npomopuvOHaleH KaXKAOH M3 TPeX BEMHHUH g, U H B. Kpowme
TOrO, MOXKHO OXHAaTh, YTO F 3aBHCHT OT B3aHMHO# OpUEHTALHH BEKTO-
pos v 4 B. Hanpassienne BeKTOpa F n0/KHO onpefensiTbcs HanpasJe-
HUSIMH BekTOpoB Vv H B.

Ilan Toro, 4ToOBl «CKOHCTPYHPOBATb» BEKTOP F u3 ckansapa g #
BEKTOPOB v H B, nepeMHOXHM V U B BeKTOPHO H YMHOXKHM 34TEM HOJTy-
yMBIIMiicA Pe3yJbTaT Ha ckaafp ¢. B utore nomy4uM BhIPAXEHHE

glvBI. (43.1)

OnBITHHIM TyTEM YCTaHOBJAEHO, YTO CHIA F, nefictByromas Ha 3apsn,
ABHAKYLIHICA B MArHHTHOM TIOJIE, OTpPeNeJIseTcs dhopMy O

F=kqlvBl], (43.2)

rae k — kospduuuenT MPONOPUHOHANBHOCTH, 3aBHCAIHA OT Beifopa
eHHHI (UryPUPYIOIIHX B ¢opMyJie BEJIHUHH.

Heo6xoqumMo UMeTb B BHAY, UTO PacCyXJAeHHs, NPHBEALIHE HaC K BbI-
paxenuo (43.1), HeNb3s paccMarpHBaTh KaK BBIBOA dopmyst (43.2).
DT pacCyXAeHUS He HOCAT JOKa3aTebHOH CHJIbL. Hx HasHaueHHe co-
CTOHT B TOM, UTOGbI 0GMerdnThb 3anoMunanue gopmyast (43.2). Crpasen-
JUBOCTD 2Ke 3Tofl GOPMYJIB MOXeT GHITb YCTAHOBACHA TOJIBKO 3KCHEPH-
MEHTAaJIbHO.

OTMeTuM, 4T0 cooTHoIleHHe (43.2) MOXHO paccMaTpHBATE KaK OTpeE-
JlefleHue MaruuTHON HHAYKuud B.

EffHHIA MarHUTHOH MHIYKIHH B — tecaa — onpefenderca Tak,
4TOGE KO3MQHIKEHT [PONOPUHOHANBHOCTH R B gopmyne (43.2) Ooia
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paBen enunuune. Cienoparensho, 8 CH ata qopmyna nveeT BHA

F=qI[vBl. (43.3)
Mojtylb MarHUTHOR CHJIBL PaBeH
F=quB sin a, (43.4)

rie o — yroJ Mexay Bexropamn v 1 B. M3 (43.4) BuITeKaeT, yTO 3apan,
ABHKYIHICA BAONDb JHHHH MarHUTHOrO MOJIS, He HCMBITHIBAET JedcTBHA
MArHMTHOH CHJIHI.

HanpasJ/iena MarHUTHas CHJa NepNeHAUKY/IAPHO K MJIOCKOCTH, B KO-
Topofi aexar BekTopsl v U B. Ecan 3apsijl g NONOXKUTENEH, HAlpABJIEHHE
CHJBI COBTIAfAeT ¢ HanpasJjednem Bektopa [vBl. B cayuae orpunarenb-
Horo g Hanpasaenns sektopoB F u [vB] nporuBononoxubt (puc. 43.1).

F -
I
5
v L) F
) ' - "“""BQ‘-'"-Q'--? > mae
P B O -
. F Y)
Puc. 43.1. Puc. 43.2.

[ockonbKY MarHUTHAS! CHJa BCerja HanpabeHa NePneHIHKyIAPHO
K CKOPOCTH 3apsiXKeHHOH 4acTHIL], OHA pa6GoTHl Haj YacTHILEH He coBep-
miaeT. Ce10BATENbHO, NEHCTBY S Ha 3apSKEHHYIO YaCTHIY NMOCTOSHHEIM
MATHUTHBLIM TOJIeM, H3MEHHTDL €€ 3HEePrHIo HeNb3d.

Ecny HMEIOTCS OJHOBPEMEHHO 3JeKTpHUecKoe ¥ MarHHTHOE NoJi,
cuna, AeficTByOIlas Ha 3apsiAKeHHYIO 4acTHUy, paBHa

F=¢F-qlvBl. (43.5)

Aro BripaxeHHe OBINIO NOJYYeHO U3 OfbITa JlopenueMm M HOCHT Ha3BaHHe
cuabn JlopeHua WIMJOPEHLUEBOH CHJABL

[lycTb 3apsiA ¢ ABHXKETCS CO CKOPOCTBIO V MapasjlelbHo NpsiMoMy
GeCKOHEYHOMY TIPOBORY, MO KOTOPOMY TeUET TOK CHJIbL I (puc. 43.2).
CoraacHo dopmyaam (42.5) u (43.4) na 3apsn AEHCTBYET B 3TOM CJly-
yae MarH{THAas cHJa, paBHas No MOAYMIO

F=quB=quio 2l (43.6)

rle b — paccTOIHKE OT 3apsia A0 NpoBOAd. B cayuae nonoXHTeALHOrO
sapsala CHJla HalpaBJieHa K NPOBOJLY, eC/H HanpaB/JeHUs TOKa H ABHKE:
His 3apsijia ONMHAKOBBI, H OT NMPOBOAA, €C/IH HANpaBJeHHA TOKA H ABH-
JKEHHS1 3apAJa NPOTHBONIONOKHEL (CM. PUC. 43.2). B cnyuae oTpunaresb-
HOrO 3apsia HarpaBJeHHe CHJBL MPH NPOYHX PABHBLIX YCJIOBHAX H3ME-

psieTcsl HAa oOpaTHoe.
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PaccMoTpHM ABa ORHOMMEHHHIX' TOYEYHBHIX 3apfafa g; H §», NBHXY-
HXCS BAOJbL NapaiieJibHBIX NPAMBIX C OJHHAKOBOH CKOPOCTRIO U,
muoro MeHbtreft ¢ (puc. 43.3). [Ipu v<Zc 3MeKTPUUECKOE TI0JIe NPAKTH-
yecKH He OTJIMYAETCA OT NMOJS HemoJBHXKHBIX 3apanoB (cM. § 41). Ilo-
5TOMYy BEeJIMUMHY 3JIeKTpHUecKoit cuabl F,, AeicTBYolleld Ha 3apsijpl,
MOXKHO CYHTaTh pPaBHOH

| !
Foi=Fo=Fo =g;7 13" (43.7)

Cornacuo dopmynam (41.5) u (43.3) ans maruuTHO# cuabl F,, feHCT-
BylOLleil Ha 3apaAbl, [0aYy4aeTcd BBIpae-

Hue B,

- - ———-@—___

Fyi=Fua—F, =L 882 (435 7
r

(paaMyc-BEKTOP I meprneHIuKyAsipeH K V). F
Hafitem OTHOLUeHHe MArHHTHOH CHJIBL K M2

snextpuueckoi. Y3 (43.7) u (43.8) caenyer, ==="==--g-=--
4TO - By 7 U
’ Fa2

Fu — pu,vt =2 43.9 *
oMoV 3 (43.9) Puc. 43.3.

Fy

(cM. (39.15)). Msl nonyuusy cooTHowenre (43.9) B IPEANO/I0KEHHH, UTO
v<Zc. ONHAKO 5TO COOTHOHIEHME OKA3bIBAeTCS CNPaBeJJIHBLIM IIPH JIO-
O6bIX U.

Hanpasnenus cun F, u F, nporuBononoxuul. Puc. 43.3 BhinosHeH
JJ151 OAHOMMEHHEIX H IIPHTOM NOJIOXKHTE/NbHEIX 3apsa0B. ,H,J'Iﬂ OJHOHUMEH-
HBIX OTPHLATEJBHLIX 3aps0B HANPABJEHHS CHJ OCTAHYTCS TEMH IXKe,
a HaupasjJeHuss BekTopoB B; ¥ B, M3MeHfITCAA Ha NPOTHBONOJOKHBIC.
Jins pa3HOUMEHHBIX 3apsAJ0OB HaNpaBJEHHs 3JEKTPHYECKHX U MarHHT-
HBIX CHJ GYAyT NPOTHBONOJOXHbLI NOKA3aHHLIM HA PUCYHKE.

M3 (43.9) caegyeT, uTo MarHUTHas CHJa cjlabGee KYJIOHOBCKOH Ha
MHOXHTE/b, PaBHHI KBaJpaTy OTHOLIEHHS CKOPOCTH 3apsja K CKOpO-
CTH CBeTa. OT0 OOBACHASTCA TEM, UTO MArHHTHOE B3aHUMOJeHCTBHE MeXK-
Ay IBHXKYLUIMMHCS 3apsilaMH sIBJseTcsl PeNATHBHCTCKEM 3dpeKkToM (CM.
§ 45). Marxerusam ucue3 Gbl, eciH 6bl CKOPOCTH CBETA OKasaJach GecKo-
HEYHO OGOJIbIIOH.

§ 44. 3akon Amnepa

Ecain nposoz, no KOTOPOMY TeyeT TOK, HAXOAHTCS B MarHUTHOM Io-
Je, Ha KamJblii W3 HOCHTeJIed TOKA NeHCTBYEeT CHJIa

F=el(v-+u), B] (44.1)

(cm. (43.3)). 3aech v — CKOPOCTh XAOTHYECKOTrO ABUKEHHS HOCHTEJNH,
U — CKOPOCTbL yhopsaaodeHuoro JsuxeHusa. OT HocHTens Toka Aefict-
BYe STOH CHJILI Mepefaercd NPOBOAHUKY, N0 KOTOPOMY OH NepeMelllaeTes.,
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B pesyJbTarte Ha NPOBOA C TOKOM, HaXOAAIIMICS B MarHHUTHOM noJe,
HNENCTBYET CHAA.

Haiinem Benwunny cuael dF, nefcTBylolled Ha 3J€MEHT NpPOBOAA
LAuBEH dl. ¥YcpennuM BhipakeHue (44.1) mo HOCHTeNsIM TOKa, COAepIKa-
juMcs B aneMente di:

Fy=e[(Kv)+4+<w)), Bl=e[<u>, B] (44.2)

(B — MarHHTHasA MHAYKLHMS B TOM MeCTe, TJe NOMellaeTcs SJeMeHT dl).
B 3neMeHTe NpOBOAA COAEPKUTCH HHCAO HocHTeNeH, paeHoe nS dl
(n — uuCT0 HOCHTesell B eiuHHIEe 06beMa, S — naowagb NonepeyHoro

) 4

Puc. 44.1. Puc. 44.2.

ceueHNs TNPOBOJA B JAHHOM MecTe). YMHOXMB Bripaxenue (44.2) na
4yucJ0 HOocUTeJel, HaijleM MHTepecyiollyl Hac CHIY:

dF = <F> nS dl =[(ne<u}), B}Sdl.

IIpunsiB BO BHUMaHHue, 4TO nedlt)> ecTh NJOTHOCTL TOKA j, a S d! naer
obbeM 3JeMeHTa nmpoBoaa dl/, MOXKHO HanmHuCaTb

dF=I[jBlaV. (44.3)

Orciona MOXHO NOJAYYHTbL BhIpaXKenHue AJst MAOTHOCTH CHAH, T. €. JAd
CRJbl, JeiicTBYIOIel Ha eMMHyIy o0beMa NPOBOAHHKA:
Fen o6 =LiB]. (44.4)
Hanuwem ¢opmyny (44.3) B Buue -
dF=I[jBIS d!.

3amennus corsacHo (42.2) jS d! uepes jS dl=1dl, npurem x dopmyse
dF=Iidl, Bl. (44.9)

Dra dopmyaa onpejeasieT CHIY, JAEHCTBYIOMYIO Ha 3JIEMEHT TOKA dl
B MaruutHoM noJge. CooTHouenne (44.5) GbJIO YCTAHOBJIEHO JKCNepH-
'MEHTaJbHO AMIEpOM H HOCHT Ha3BaHHe 3 aKOHaA AmMnepa.
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Mot noaydunu 3akod Amnepa, ucXoas H3 Beipawmenus (43.3) anan
MATHUTHOH CHJIbI. B fefticTBHTE/NIBHOCTH BEIpAXKeHHe A5t MarHHTHOM CHJILI
GbLLIO MOJNYYEHO M3 YCTAHOBJEHHOTO 3KCMEPHMEHTANBHO COOTHOLUEHHA
(44.9).

Monyab cuast (44.5) Boigucasercs no gopmy.e

dF =IB d! sin a, - (44.6)

rae o — yroJ mexay sektropamu dl ¥ B (puc. 44.1). Hanpasnena cuna
. NepmeHAHKYAAPHO K MJOCKOCTH, B KOTOPOH Jexar Bektopul dl u B.

[Mpumenum 3akoH Amnepa AJAd BLIYHC/JIEHHUA CHJbI B3aUMOJEHCTBUSA
IBYX HAXONAU(MXCH B BAKyyMe NapaJeNbHbIX OECKOHEYHO IJIHHHBIX
npAMBX TOKOB. Eciu paccrosinue Mexay TokamH b (puc. 44.2), T0 Kax-
Jblit 3nemeHT ToKa [, OyleT HAXOAHTLCA B MarHUTHOM [0J€, HHAYKIHHA
Kotoporo pasua B,=(u./4n)(21,/b) (cm. dopmyny (42.5)). Yron a
MeXKy 3JemeHTaMd Toka [, 1 Bektopom B npsmoi. Crnenosatennto,
cornacto (44.6) Ha egUHHLY AMHHBI TOKA [, JEHCTBYET cHuJa

2141
Fotog= 1By = 122012 (44.7)

Berpaxeuue (44.7) cosnanaer ¢ dopmy.oi (39.2).

g cuast Fy,.,, KeficTBylOUell HA eAHHHUY AJHHN TOKa [y, noay-
qaeTcsl aHaJoruyHoe BblpaxeHde. Jlerko ybeAHTbCcA B TOM, YTO MOpH
OJYMHAKOBOM HAMPABJEHHH TOKOB OHH MPHTATHBAIOT APYr APyra, a npu
pasuyHOM — OTTAJIKHBAKOT.

§ 45. MarHeTuaM Kak PensiTHBHCTCKHH 3tdekT

Mexny anekTpHYeCTBOM H MATrHETH3MOM HMeEeTCA rJyboKas CBA3b.
OcCHOBBIBAAICh HA NOCTYJ/IATAX TEOPHH OTHOCHTENBHOCTY U HA UHBAPHAHT-
HOCTH 3JIEKTPUYECKOTO 3apsjia, MOXKHO [0Ka3aTh, 9T0 MarHUTHOE B3a-
uMojeiicTBHe 3apsiN0oB M TOKOB ABJAETCH CJAEeACTBHeM 3akoHa KyJoHa.
Mbr noxkaxem 3TO HA npuUMepe 3apaia, ABHKYyULerocs napanneyibHo Gec-
KOHEYHOMY MPAMOMY TOKY CO CKOPOCTBIO U, !) (puc. 45.1).

CornacHo dopmyJie (43.6) MmarHuTHaA cUla, JeACTBYIOWIAS HA 3apsaj,
B paccMaTpHBaeMOM cnyvae, paBHa

F=qu, -2~ Z— (45.1)

(cmpicn 6yKBeHHBIX 0603HaYeHHt siceH U3 puc. 45.1). Hanpasaeua cuna
K NpoBOAHUKY ¢ TokoMm (g0).

[Ipexkne yeM MPUCTYNHTB K BbIBOAY GOPMYJILI cHabE (43.1), ucXoada us
3akoHa KyJsoHa ¥ pensTUBUCTCKHUX COOTHOWIEHHH, PACCMOTPHM CAeAVio-
utu i adupexr. [NycTh umMeerca GeckoHeuHast JUHEHHAS ENOYKA TOYSYHBIX
3apAf0B8 OJAHHAKOBOH BEJHUYUHB &, OTCTOALULUX APYT OT APyra Ha O42Hb

1) YUrobul choellath 0003HATEeHUS AHANOTHYHBIMA ofodnadeuusM B rr. VIII 1-ro
TOMa, Mbl O0003HAYKIK CKOPOCTL 3apRjJa Yepes u,.
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MaJelil oTpesoK I, (puc. 45.2). B cuay Manoctu /o MOXKHO TOBOPHTE O JIU-
HeilHOH MJOTHOCTH 3apAfioB Ae, KOTOpPAsd, OUEBHIHO, PaBHA

hg=0/l,. (45.2)

[TpuBenem 3apsIp! B IBHXeHHE BAOMb LENOYKH C OJIHHAKOBOH CKOPOCThIO
u. Torna paccTOsHHE MEXIY 3apsiaMH COKPaTHTCS H CTaHeT PaBHBIM

=1,V 1—u?/c*

(cM. dopmyay (64.1) 1-ro ToMa). Bennunna xe 3apsjioB BCAEACTBHE HX

I
=
| F b b oea e o o
---'2""__"" uﬂ—-——-q—- P | la v
7 (2)
Puc. 45.1. Puc. 45.2.

HHBapHAHTHOCTH OCTaHETCs TpexHeil. B peayabrare JuHe#dHas NJIOT-
HOCTB 3apA/I0B, Ha6MOaeMas B CHCTeMe OTCYETa, OTHOCHTENBHO KOTOPOH
3apabl JBHXYTCH, H3MEHHTCS M CTaHeT PaBHOH

A=ejl = AV T—w/c. (45.3)

Tenepb paccMoTpuM B CHcTeMe oTcyeta K JB€ MPAKTHUYECKH COBME-
eHHbIE APYT € APyroM 6ecKoHeuHbie IenouKH, o0pa3oBaHHLIe 3apAfaMH
OANHAKOBOH BeJIHUHHBI, HO pPa3HBIX 3HAKOB, JBUXVIIUMHCH B NPOTHBO-
NOJIOXKHElE CTOPOHH! C OJIHHAKOBO# CKOPOCTHIO & (puc. 45.3, a). CoBokyn-
HOCTb 3THX LENoYeK 3KBHBAJIEHTHA NPAMOMY OECKOHEYHOMY TOKY CHJIbI

I = 0 =20V 1 — u?/c?, (45.4)

rge A — BennuuHa, onpefensieMas dopmyJoit (45.3). CymmapHast JH-
pefiHas MJOTHOCTL 3apsJoB 1ENMOYKH paBHA HYJIO, NOITOMY 3IJEKTPH-
yeckoe moJe otcyTersyerT. Ha 3apsan q pefictByer MarHHTHas CHaa, Be-
AuyuHa KoTopoii coraacto (45.1) n (40.4) paBHa

. o 4Aott
F = qu,—; Ve ek | (45.5)

Tlepeinem B cucTeMy oTcuera K', OTHOCHTENLHO KOTOPOH 3apsl ¢
nokoutcsi (pHc. 45.3, 6). B 510it crcTeMe HA 3apHAA ¢ TaKiKe JNeHCTBYeT
cuaa (o6o3naunM ee F'). OfHaKo 3Ta CHJIa HE MOXeET ObiTh MaTHUTHOTO
NPOMCXOXKJEHHS, NOCKOJbKY 3apal § HENOMBHKEH. Cuna F’ umeert
YHCTO SJIEKTPHUECKOE fApoHCXoXkjeHue. Bo3HHKaeT oHA NOTOMY, HTO
JIMHeiHLIe MJOTHOCTY NOJOXHTEAbHbIX H OTPHIATEJNbHBIX 3apAJ0B B 11€-
noyKax Ternepb He OJHHAKOBEI (HHXKe MBI YBHAHM, UTO NJIOTHOCTb OTPHLA-
TEJLHEIX 3apafoB Goablue). F36bITOUHbIA OTpHILATEJIbHBIH 3apsl, pac-
npeneleHHBI 1O IENouKe, CO3JjaeT 3I/IEKTPHUECKOe IOJE, KOTOpOoe
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.

NeACTBYeT HA MOJOXHTeNbHHH 3apsia g ¢ cuiaoil F’, HanpaBaeHHoi
K nenoyke (cM. puc. 45.3, 6).

Buiuncaum cuny F' u y6enumcs B TOM, UTO OHZ «paBHay cHae F,
onpeneaseMoit GopmMyno (45.5). Mbl B3sIM CIOBO «papHa» B KaBhIUKH,
NOTOMY 4YTO CHJa He siBJAfeTcs HHBapHaHTHOI Beauunnoi. Ilpu nepe-
XO0Jle OT OJHOM HHEepIiaJbHOH CHCTEMBl OTcdeTa K IPYroil cuia npeob-
pasyetcsi Mo XOBOJBHO CJOXKHOMY 3axkoHy. B uacTHoM cayuae, Korja

Vg K
+o +8 vy
o ] -] o] =] o] O o -} o 0 [+ 0 =<0
- oho o o o o¥ «—o oho o o o o
-2 . -€
i &
F=qu,8 Fgt”
----r---— LT T T Y 3 --—-—! ————— LTy
g 4 g
9 9
Puc. 45.3.

cuna F' nepneHAMRYJNSipHa K OTHOCHTENbHOH cKOpocTH cHcTem K H
! !
K’ (F'_| vo), npeobpa3zoBanne HMeeT BUJ

F = F’Vl——vg/cﬂ—}- vo(F'v’)/c?
14-vov'/c?
(v/ — u3Mepennas B cucteMe K’ CKOPOCTh 4acTHIIEI, HA KOTOPYIO AecT-
ByeT cuna F'). Ecan v/=0 (uto uMeeT MecTo B paccmaTpuBaeMoil HaMH

3aflaye), opMyJsia Npeo6pPas’OBAHUA CHUMBI BLITJAAILUT clefyiouinMm oO-
pasoM:

F=F'V1—ujc.

M3 3710i1 GopMyJibl BHITEKAET, UTO HEPIeHANKYASPHAA K Vo CHJa, NeicT-
BYIOIIAasl HA MOKOsIYOCS B cHcTeMe K’ 4acTHLly, OKashwBaeTcs H B CH-
creMe K NepneHAMKYJASPHOH K BEKTOPY Vo. MoAyJqb ke CUJIBL B HTOM
ciayuae npeobGpasyercs no dopmyne

F=F'V1i—a. ' (45.6)

IlnoTHOCTH 3apsAN0B B NOJOKHUTENBHONH H OTPHIATENLHOM HENouKax,
H3MepeHHBle B cHcTeMe K, HMeIOT BEMMYMHBI (cM. (45.3))

M=V T —u e, a=—aV1—ule, (45.7)

Ile 1, M u’ — CKOPOCTH 3apsjoB --& H —e, u3MepenHble B cHeTeme K.
Ilpu nepexone ot cucreMbl K K cucTeMe K’ NpoeKuusa CKOPOCTH YacTHIH
Ha HanpaelieHHe X, COBMNAjalollee ¢ HanpaBJeHHEM Vo, Ipecbpasyercs

S5 H. B. Carensep, 7. 2
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no ¢opmy.e
Uy —Uqg

’

Ur = 1 — 1, 0g/c?
(cm. dopmyay (66.2) 1-ro ToMa; Mbl 3aMeHHaH v ¥ v” Ha u u u'). Jaa
3apANOB e KOMIOHEHTa u, PAaBHA 4, ANIA 3aPsANoB —e OHa paBHA —u

(cM. puc. 45.3, a). CnenosaTe/bHO,

¢ u—
() == i » ()= = [

, _ lu—uy] s U,
U =T gt %= THuwd (45.8)

Jna yOopoueHus BRIKJIAAOK NeperfieM K OTHOCHTENbHBIM CKOPOCTAM
B,=v,/c, P=u/c, PB,=uile, B =uljc.

Torga dopMyael (45.7) U (45.8) npumyT BHJ

A= V1 —B, A =—2AV1—p2, (45.9)
pr =10l pr=ERe (45.10)

C yuetoM 3THX dopMy. noJyqaeMm AJs CyMMapHOH MJOTHOCTH 3apsj0B

BhIpaKeHue
Ao

_(B—=Pe B-F Bo
]/‘ (1—560) ]/‘ (l—l—Bﬂo)
_ Ao (1—BBo) - Mg (1 4 BBa) .
VI—PBBy)*—(PB—Ba*  V{I+BBs)*—(B-+Bo)?

Jlerko y6egutbcss B TOM, 9TO

(1 —ﬁf’o)z_(ﬂ_ﬁm = (1 ”}‘ﬁﬁo)z—(ﬁ +B,)?

CrnepoBaTesnbHo,
r__ —anﬁﬁu . —anuﬂu . (45.1 1)

TV -8y Vi@V i

B cooretctBHU ¢ dopmynol (14.5) GeckoHeuHO AJMHHAS HUTh, He-
cyumasi 3apsij NJIOTHOCTH A’, cO3jaeT MoJe, HalpsXKeHHOCTh KOTOPOro

Ha PAacCTOAHHH b oT HUTH paBHa

= (1 —§) (1—Pp*).

N
E " 2ne, b

B stoM none Ha 3apsj ¢ AelcTBYyeT cHJIA
r gt a¥
F -—QE R 25teb *
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Iloacranoska Beipaxenus (45.11) naer (3Hax MuHyC onycKaem)

F e gh ouv, — 40, g 4} g1t 1 (45.12)
negbc V 1—dfe2 V11— ul/ce 4 b Y 1—u¥c? V1 —vd/c?

(HanoMHuM, 4TO pe=1/e,c?; cM. (39.15)).
ITonyuennoe BhIpaXkeHHe OT/IHYaeTCI OT BbIpaxenuns (45.5) aumn

MHOXHTeneM 1)/ 1—u3/c®. CnenoBaresbHo, MOMHO HanucaTtb, Y4TO
F=FV1—=vc3,

rie ' — cuna, onpenensieMasi BepaxenueM (45.5), a F' — cuna, onpe-
aensieMasi BbipaxcenneM (45.12). CpaBHenne ¢ (45.6) moxaswizaer, uto
F u F’ cyTb 3naueHNs OAHOH M TOIl Xe CHJBI, OTIPEleNEHHbIe B CHCTEMAX
Ku K.

OtMetrmM, 4yTo B cucreme K”, KOTopasi ABHralach 6bl OTHOCHTENBHO
CHCTeMBbI K CO CKOPOCTBIO, OTIHYHOM OT CKOPOCTH 3apsja vy, CUAA, Neii-
CTBYloWAs HA 3apAj, cJaranach Obl U3 3JIEKTPHUECKON H MArHHUTHONH CHJI.

IonyueHHble HaMH Pe3yJIbTaTEl 03HAYAIOT, YTO INEKTPHYECKOE H Mar-
HHTHOE I0JISI HEPA3PLIBHO CBS3aHbl APYT ¢ APYroM H 06pas3yloT eqHHoe
3NIEKTPOMArHHTHOE noJie. IIpy cneuxanbHOM BHIGOpe CHCTEMBI OTCYeTa
N0J1Ie MOMET OKAa3aThCsl YHCTO 3/IEKTPUYECKUM HJIH YHCTO MATHWUTHBIM.
OnHaKO OTHOCHTENbHO APYTUX CHCTEM GTCYETA TO e J10Je peACTaBJ/sIeT
COOOH COBOKYNHOCTL 3JIEKTPHUECKOTO U MarHUTHOrO moJel.

B pasHbIX uHepuHAJBHBIX CHUCTEMaX OTCYETa 3JIeKTPUYECKOe U Mar-
HHTHOE MOJIAl OJTHOH H TOH e COBOKYITHOCTH 3apSiOB OKA3bIBAIOTCS pas-
JIMYHBIMH. BbiBon, Beixonsiiuii 3a paMKu Kypca obllieid PU3UKH, 1npPUBO-
AUT K caelytomuM gopmyaam npeoGpasoBaHHs noJeii NpH nepexoie ot
CHCTEMbl OTcyeTa K K [BHIXKYIIEliCd OTHOCHTENBHO Hee CO CKOPOCTbIO
Ve CHCcTeMe oTcuera K':

E,=E., E =Ey_“‘UoBz , r____Ez'}‘UnB_g_ .
T Viep T yT—p
B,—B. B — By - vy, B B,—u,Ey .
YO VI=R T T Vi
3necw E, E\, E,, B,, B,, B, — KoMuoHeuThl BexktopoB E u B, xapak-
TEPU3YIOINX 3JIEKTPOMarHUTHOe noJsie B cHcTeMe K; aHAJOTHYHLIE CHM-
BOJIBI CO IITPUX2MH — KOMNOHEHTH BekTopoB E’ u B’, xapaktepuzyio-
KX noJe B cucteMe K'; 6ykBoii B 0603HAUEHO OTHOLIEHUE volc.

Paanoxus Bektophl E u B, a Takxe E' u B’ Ha napanyenbHble BeK-
TOPY Vo (a 3HAUHT, U OCAM X H x') H NepPIeHAUKYJISPHBIE K 3TOMY BEKTOPY
cocTaBafAwlHe (T. e. npeAcTaBus, nanpumep, E B Buie E=E,+E,_
M T. J.), MOXKHO Hanucatb GopmyJsl (45.13) B BEKTOPHOM Bljle:

(45.13)

, E B
1=Ey, E = L—i—[vo ‘,l];
VI~ (45.14)
BB B _BL(/H[VE,] °
= "l L= T ‘
Vi—pe

5%
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B rayccoBoit cucreme eguuut, popmyant (45.14) umelor BHA:

_E (0 [vB,],

Ey=E; Ej

Vieg
| B0 [we,] (45.15)
Bll—_—BH’ BJ_._ y1—p*

B cayuae, korpa <l (1. e. ve<Zc), dopmyanl (45.14) ynpowarorcs
CACAYIOULHM 00pa3oM:

Ey=E;, EL=E, +[v,B.];
Bl'l:'B”, B:L'——-"BJ__‘ E_L]
Cl0XUB nonapHo 3TH BbipadKEHUHA, MOJAYYHUM
E'—E +E =E +Ey-+[v,B ]=E-}[v,BL],
' . . 1 l
B = Bll—l— B.L= B” + BJ_ —"F[VIIEJ_] :B_"C_z[voEJ_]-

[TockosibKy BEKTOPLL V, H B KOJMIHHEApHBI, HX BEKTOPHOE MPOH3BEEHHE
pasHo Hymo. [lostomy [veBl=Iv.B;{+I[v,B 1=[v,B ]l. Ananoruyno
{vpiE]=[vq,E 1. C yuetom storo dopmynam (45.16) MOXKHO NpuAaTh BH]

E'=E+[v,B], B =B——[vE]. (45.17)

(45.16)

[lo sTum $opmyaam npeo6pasoBLIBAIOTCA MOJA B CJaydae, eC/IH OTHOCH-
TeJbHASl CKOPOCTb CHCTEM OTCYETa Uy MHOTO MEHblle CKOPOCTH CBeTa B
BakyyMe ¢ (vo<Zo).

B rayccoBoil cucreme GpopMmyant (45.17) BRIMMAAAT CAeAYIOIHM 06pa3oM:

E’=E+—i—[v0B], B’=B—-—;—-[VOE]. (45.18)

B paccMotpenHoM B HaudaJge 3TOro naparpada npumepe B cucteme K,
B KOTOPOH 3apfj ¢ JABUrajics MapajjeNbHO TMPOBOAY € TOKOM CO CKO-
POCTBIO Vy, HMEJOCh TOJIbKO nepneHiHKyJAApHOE K Vo MATHHTHOE MOJIe
B, ; cocraBastowne By, E; u E; 6bin pasuu Hymw. CorsacHo dopmy-
nam (45.14) B cucreme K’, B xoTopoil 3apsa ¢ nokouTtca (3ra cHcreMa
ABHKETCH OTHOCHTEJIbHO 1\ CO CKOPOCTBIO V), HAaBJI0JaeTCsl COCTaBAIO-
mast B’ |, pasnas B/} 1—p2, u, kpomMe Toro, nepnerivKyJspHas
COCTaBASIONLAAl 3JICKTPHUECKOTO TMNOJSA E'L = [VOBL]/VI —pB2.

B cucteme K na 3apsij AeiicTByer cHna

F=gq[v,B,]. (45.19)
[Tockoabky 3apsa ¢ B cucreMe K’ NOKOMTCS, HAa HEro B 3TOH CHCTEMeE
AEHCTBYET Jidllb IIEKTPHUECKAA CHJA

_ Q[V“BL] |
F'=gE | = e (45.20)
ConocraBaenune ¢dopmya (45 19) u (45.20) paer F=F!} 1—p, uro
coBrnagaer ¢ (45.6).
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§ 46. KoHTyp ¢ TOKOM B MarHMTHOM none

BrisicHUM, Kak BefieT ce(sl KOHTYP C TOKOM B MaruutHom noJse. Hau-
HeM co cayvad, Korja nojne opHopoiaHo (B=const). Cormacno (44.5)
Ha 3JIeMEHT KOoHTypa dl peiicTByeT cuna

dF = I[dl, BJ. (46.1)
Pe3yabTupyiomas TakuX CHJ paBHA
F=§/[dl, B]. (46.2)

Boinecs noctosinieie Beduudnn / 1 B 3a sHak uHTerpana, noayuum

F-1[(fa), B].

HuTerpan §§dl paBed Hymo, nostoMy F=0. TakuM o6pa3zom, peav.b-

THPYIOULAsl CHJA, AEHCTBYIOWAS HA KOHTYP € TOKOM B QIHOPOJHOM Mar-
HHTHOM T1OJie, PaBHa HYM0. DT0 CnpaBeisiiBO IS KOHTYPOB Ji06oil
¢opmpl (B TOM YHCJIE€ W HENJOCKHX) NPH NPOU3BOJIBHOM PacnoJIOKeHHH
KOHTYPa OTHOCHTEeJBHO HamnpapjeHHs nond. CylLlecTBeHHOH AnA pa-
BEHCTBA HYJIO PE3yJbTHPYIOUEH CHJbI ABJACTCH JIHIID OAHOPOJHOCTD
noJi.

B nanbHeiilleM Mbl OrpaHHYHMCA PACCMOTPEHHEM MJIOCKHX KOHTY-
poB. BeiuncauMm pe3yabTupyrou il BpamarebHbiii MOMEHT, CO3/laBaeMbIi
cunamu (46.1), npUIOKEHHBIMH K KOHTYDPY. IToCKONIBKY B OJHOPOAHOM
fojie CyMMa 3THX CHJI paBHAa HYJIIO, PE3VJAbTHPVIOUIHH MOMEHT OTHOCH-
TeAbHO JIOG0H TOYKHU OYAET OAMH U TOT Ke. elicrBlTenbHo, pe3yabTH-
pyloulyit MOMENT OTHOCUTENbHO HEKOTOpoil ToukH O onpejensercs
BhIpaXKeHHeM

N={[r, aF),

rie r — panMyc-BeKTOp, NpoBelenHblll M3 TouxH O B TOYKY NPHJOKE-
aust cuasl dF. Bo3abMem Touky (', cMellleHHYIO oTHOCHTeNbHO O Ha
orpe3ok b. Torga r=b-r’, coorBercTBeHHO I’ =r-—b. [TosTOMY pesy.ib-
THpYIOWLIIT MOMEHT OTHOCUTeNbHO TOuKH O’ pasen

N'={1r', dF]={ [(c—b), dF]=
={r, aF]—{[b, dF]=N—[b, {aF]=N

(SdF = 0). MoMenThl, BbIYHCAEHHBIE OTHOCHTENBHO ABYX NPOH3BOJLHO

B3AThIX Touek O u O, okasanucs coBnagamiumu. OTCI0Aa 3aKII04aeM,
YTO MOMEHT HE 3aBHCHT OT BEIbOpA TOYKH, OTHOCHTENBHO KOTOPOIt oH Ge-
percs (cp. ¢ napod cum).

PaccMoTpuM npon3BeIbHBEIA NIOCKHIT KOHTYP ¢ TOKOM, HaXOAAULHiics
B OJAHOPOAHOM MarHHTHOM mnoJje B. IlycTh KOHTYP OpHEHTHPOBAH Tak,
YTO [0JI0XKUTEJNbHAS HOPMaJb K KOHTYPY N NEPHEHAUKYASPHE K BEK-
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topy B (puc. 46.1). IlonoxkurenbHO{t HasbIBaRTCS HOPMaJb, HampabJe-
HUe KOTOpoil CBA3aHO C HAaMpPaBJIeHHEM TOKA B KOHTYpe MPaBHJIOM mpa-
BOTO BHHTA.

Pazo6beM NJolLldlb KOHTYpa HA y3KHe mapaJjuie/bible HanpaBJaeHHio
BekTopa B monockn wHpuHE dy (cm. puc. 46.1, a; Ha pHuc. 46.1, 0
oJlHa Takas NoJocKa HaoGpakena B yBeandennom puae). Ha orpauuui-
BalOULHIl TIOJOCKY cJeBa 3JeMeHT KoHTypa dl, JefictByer cuna dFy,
gampaBleHHas 3a ueprexk. Monynp 3TOH Cuibl  paBeH dF,=
=IB dl, sin o,=IB dy (cMm. puc. 46.1, 6). Ha orpaHnuuBaoui 10-
JOCKY Cnpapa afemeHT koutypa dl,
neicrByer cuaa dF,, nanpasneHHas
Ha Hac. Moaynb 3TOH CHJIBL paBeH
dF.,=1IB di, sin a,=IB dy.

[TonyuyeHHblH HaMH pe3yJabLTAT O3«
HayaeT, YTO CHJBI, MPHJOXKEHHBE K
MPOTHBOMOJIOXKHBIM 3JI€EMEHTaM KOH-
typa dl, u dl,, obpasyioT napy, mo-
MEHT KOTOpOH paseH

dN=1IBx dy=1B dS

- (dS — nnowans nomocku). M3 pac.
3 dEL%‘Z-._-_,,B,___ @l 46.1 sumHO, uto Bektop dN mepnen-
A ef) AMKyasipen K Bektopam n u B n, cne-
e <2 > JIOBATENbHO, MOXKET ObiTh 3alHCaH B
Puc. 46.1. BAAC
dN=1[nBldS.

[TpocymMHpOBAB 3TO BhIpAXEHHE MO BCEM MOJOCKaM, MOJdYy4HM Bpauia-
TeNbHbII MOMEHT, ACHCTBYIOWMA Ha KOHTYP:

— { 1[nB]dS =1 [nB] | dS=1[nB]S (46.3)

(nosie TPeAnoNaraeTcsi OAHOPOIHLIM, Mo3ToMy npoussenenue [nBl mix

BCEX 10JI0COK OAMHAKOBO H MOXKET OblTb BBIHECEHO 3a 3HAK MHTErpaJja).

Bennuuna S B Boipamennd (46.3) ecTb wjowlajib KOHTYpa.
Boipaxkenue (46.3) MOXKHO NPEACTABUTE B BHJIE

N=I[(/Sn), BI. (46.4)

dra dopmyaa cxoaHa ¢ ¢opmysoit (9.12), onpejensiomiedl BpallaTels-
Hulil MOMEHT, ACHCTBYIOUIHA Ha 3/CKTPHYECKHH IMIOJbL B 3JEKTPHYE-
ckom ‘Tosie. Ananorom E cayxut B (46.4) Bexrop B, a anamorom Au-
NOJIBHOFO 3JIeKTPHYECKOro MOMeHTa p — Bobipaxenne /Sn. 710 nocay-
JKHJIO OCHOBaHueM JJ1f TOro, 4ro0bl HA3BATh BEJHYHHY

Pm=1Sn (46.5)

AHMTOJABHBM MATHHTHBM MOMEHTOM KOHTYpa C TO-
koM. HanpaBienue BeKkTOpa Pm COBNAJAET C HAMPABJICHHEM MOJOXKM-
TeALHON HOpMalH K KOHTYDY.
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Bocnonb3sopasiych 0603HayenneM (46.5), MoXHO HanucaTs QopMyay
(46.4) caenytowuM o6pasoM:

Teneps jgonycTuM, YTO HanpasjeHue BekTropa B coBmajaer c Ha-
NpaBJeHHeM NOJIOXKHTeIbHOR HOPMalu K KOHTYDPY N, a CJIeA0BaTe]bHO,
H ¢ HanpaBJeHHeM BeKTopa pm (pHc. 46.2). B sTom caydae CuJbl, Aei-
CTBYIOLIHE HA Pa3Hble 3JIEMEHTbl KOHTYPA, JIeXKaT B OJIHOA IVIOCKOCTH —
IJI0CKOCTH KoHTypa. Cuia, neficTByioulas Ha 37eMeHT KoHTypa dl,
onpejensercss BoipaxkenueMm (46.1). Buuucaum pesyabTHPYIOUIHH MO-
MEHT TAKHX CHJ OTHOCHUTEJbHO TOUYKH O, JIE}KEILU,EE/J{ B IIJIOCKOCTH KOH-

TYypa:
N={aN=1{[r, aF1=1§[r, [a1, B]] .

(r — paauyc-BeKTOp, NpoBefleHHHIH M3 Touku O K ajaementy dl). Ilpe-
o6pasyeM NOAbIHTErpalbHOE BEIpaXKeHHe No dopmyie «Gal, MHHYC Hab»
(cM. dopmyay (2.35) 1-ro Toma). B pesyabraTe nosyuum

N=I{fByat —F B, d}.

[lepBbilt HHTErpas paBeH HYJMIO BCJAEACTBHE TOTO, UTO BEKTOPbl r H B
B3aHMHO NepneHauKyaapHpl. CkaagpHoe npoussefenye MOA 3HAKOM

Puc. 46.2. Puc. 46.3.

BTOPOro HHTerpana pasHo r dr=1,d(r?). IlosToMy BTOpOH HHTEIpax
MOXHO NPeJCTaBUTb B BHJE

1,B $ d(r).

[Tog 3HakoMm wuHTErpasa CTOHT NOJHBIE JUddepeHnHaN QYHKUHH 7rE,
CyMMa npHpamieHHi GYHKIHK Ha 3aMKHYTOM NyTH paBHa Hymo. Cre-
JIOBATEJIbHO, M BTOpOE cjiaraemoe B BhipakeHHH Ajas N paBno nymo.
TaxkuM 06pa3oM, Mbl IOKa3aJH, UTO Pe3yJabTHPYIoLHil moMedT N OTHO-
cuteapHo JoGoH Touku (O, nexalleii B NJOCKOCTH KOHTYpa, paBeH
nymo. Takoe Ke 3HaueHHe HMEET Pe3yJabTHUPYIOIMA MOMEHT OTHOCH-
TeJALHO BCEX APYLHX TOYEK (CM. BLILE).
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Urak, B cnyuae, Korjia BEKTOpsl P, H B HMeIOT olMiaKOBOE HaTpaB-
JeHHe, MAarHHTHBIE CUJIbI, JeACTBYIOUIHE HA OTAENbHbIE YYaCTKH KOHTY-
pa, He CTpPeMsITCsl 1M [IOBEPHYThb KOHTYp, HH CJIBHHYTb €ro C MeCTa;
OHU JHLIbL CTPEMATCS PACTAHYTh KOHTYP B €ro njockocTd. Ecin Bekro-
pHl P 1 B HMEIOT NPOTHBOMOMNOXKHLIE HANPABAEHHST, MarHHTHBIE CHJIbI
CTPEMSATCH CXATb KOHTYP. |

[TycTh HAMpaBieHHS BEKTOPOB P, H B 06pasyior npoH3BOJbHBIHA
yron a (puc. 46.3). PaanoxuM mMarHuTHYO HHAYKUMIO B Ha aBe cocrap-
asaompe: By — nmapannenpHyio M By — nNepneHAHKYMNSIPHYIO BEKTO-
PY Pm, ¥ PACCMOTPUM JHeHCTBHE KaXkKAOH COCTaBJ/IAIOIEH OTASJIBHO.
CocraBasioiiast By 6yaer o6yc/lOBAMBATh CHJIBI, PACTATHBAIOWNE HIH
cxumamomue Koutyp. CocraBasiowass B, BeMuuMHa KOTOpPOil paBHA
B sin @, mnpusejger K BO3HMKHOBEHMIO BPaUlaTE/]bHOTO MOMEHTd, KOTO-
pblil MOXKHO BRIYHC/IUTB MO dopmyJe (46.6):

N=[pm! B.L]‘
U3 puc. 46.3 BHIHO, YTO
[pm’ B.L]:[pm’ B]‘

CaeloBaTe/NibHO, B CaMOM OOIleM c/y4ae BPaILATEJIbHBIE MOMEHT, AcH-
CTBYIOLHI HA TJIOCKHA KOHTYP ¢ TOKOM B OJHOPOAHOM MATHATHOM noJe,
onpeneasiercd §opmyaon
N=ip., Bl (46.7)
Monyae Bextopa N paBeH
N=p,B sin . (46.8)

Jnst Toro 4to6ul Yros @ MexKay BeKTOpaMu P, U B yBeauuuts na de,
HYKHO COBEPILUTH NPOTHB CHJI, JEHCTBYIOUIMX HA KOHTYP B MArHUTHOM
none, pa6ory

dA=N doe=p,,B sin e da. (46.9)

[loBopauuBasick B [epBOHAYaJILHOE MOJIOKEHHE, KOHTYDP MOXKeT BO3Bpa-
THTh 3aTPauYeHHYI Ha €ro mnoBOpOT paboTy, COBEPLUMB e€e HaX KaKHM-
Hubyap teqom. CnenoBarenpbHo, pabora (46.9) uier na ysenyuuenne no-
TeHILHaJAbHOH 3HeprHHU Wp .., KOTOPOH 06J12Z1a€T KOHTYP ¢ TOKOM B Mar-
HUTHOM [10J1e,

AW , wex = Pm Bsina de,
Hurerpupys, HaxoauMm

W yex=—Pp,Bcosa4-const.

Ecau nonoxuts const=0, ¢opmyna npuobperaer Bug
W, pex=—p Bcosa=—p,B (46.10)

(cp. o dopmynoit (9.15)).
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TMapannenbhast OPHEHTAUUs BEKTOPOB P MW B oTBeuaeT MHHUMyMY
sueprud (46.10) u, ciefoBaTeNbHO, MOJIOKEHHIO YCTOHUHBOTO paBHOBE-
cUdA KOHTYDA. '

Beanuuna (46.10) rnpeacrabaseT coGoit He MOJHYIO NOTEHUHAIBHYIO
SHEPTHIO KOHTYPA C TOKOM, @ JIHIUL Ty €€ YacTb, KOTopas o6yc/onJeHa
CYUIECTBOBAaHHEM BDPallaTeJbHOTO MOMEHTa (46.7). Uro6nl NOAYEPKHY T
370, Mbl CHAGIHJN CHMBOA BeluyKHEL (46.10) HuaekcoM «vex». Tloanasn
noTelHaNbHAS SHEpPrHsl KOHTYpa BKJ/ouaer, kpome (46.10), eute apy-
rde cJjaraemoe.

Tenepb paccMOTPUM MJIOCKHH KOHTYP C TOKOM B HEOJHOPOAHOM Mar-
nuTHOM noJie. JIsist npocToThl OyAeM BHauaJe CYHTaTh KOHTYP KPYTrOBbIM.
[TpennosioKuM, YTO 1oJe H3MeHsercd GblcTpee BCETo B HANPABJICHAH X,
coBnajalowem ¢ Hanpapiennem B B ToM MecTe, rje pacnosiokeH HeHTp
KOHTYpa,”H YTO MATHHTHBI]l MOMEHT KOHTYPa OPHEHTHPOBAH MO NOJIO
(puc. 46.4, a).

B paccmarpuBaemom caydae BsAconst v BbIpaxenHe (46.2) ne o064~

3aHo 6biTh Hysaem. Cuna dF, jgefictylomast Ha 3JIeMEHT KOHTYypa, nep-
neHAUKyadapHa K B, T. e. K -, dF
JIHHUH MATHHUTHOH HHAYKIHH
B MecTe rniepecedenus ee c dl.
[TosToMy CHJIBI, DPHJOMKEH-
Hbie K Pa3JIHYHbIM 3/IeMEeHTaM
KOHTYpa, o6pa3yloT CHMMET-
PUYHBLII KOHHYECKHH Beep
(puc. 46.4, 6). Yk pesyabru-
pyowaa F nHanpasnena B
CTOpoHY Bo3pactaHus B H,
CeN0BATeIbHO,  BTATHBAET a) ) )
KOHTYp B o61acTtb Oogee Puc. 46.4.
cunabHOro noada. QOueBHAHO,
YTO YeM CHJbHee H3MeHfercd noje (4em Goablue dB/0x), TeM MeHb-
e yroJ pacrsBopa Beepa M TeM OGoJ/iblue, NpPH JIPOYHX PABHBIX YC-
NOBHAX, peayabTupyloman cuaa F. Ecau u3MeHUTh HANPaBJACHHE TOKA
Ha 06paTHOE (IPH 3TOM P, CTAHET NPOTHBONOJOXKHHM B), HanpaBaeHus
Bcex cua dF w ux pesyibrupyoweii F uamenarcss Ha oOpaTHhIR
(puc. 46.4, ). CieoBaTesbHO, NIPH TaKOH B3aWMHOH ODHEHTALHMH BeK-
TOPOB P, U B KOHTYp OYJET BHITAJIKMBATHCH M3 MO,

C nomolibio Beipaxenus (46.10) ana sHeprud KOHTYpa B MarHHTHOM
noJie JIErKO HaiiTH KOJWUecTBeHHoe Bhipaxkerne anad cuasl F. Ecin
OPHEHTALHSA MaTHHTHOIO MOMEHTAa 110 OTHOIUEHHIO K IIOJIO OCTaeTcH
nensveHHoll (a=const), To Wy 4., OyAeT 3aBHCeTh TOJBKO OT X (Yepes3
B). Tpoauddepenunposas Wy ..« 10 X H H3MEHIB Y pe3yJbTaTa 3HAK,
MOAYYliM TPOEKIHI0 CHJbl HA OCb X! '

AW puex a8
Fx:——-—a—x—:—-pm-a;cosa.
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I'lo nmpeanonoxennio, B IpPyruX HanpapJeHHAX NoJae H3MEHSETCs CJaso,
NO3TOMY NPOEKUUAMH CHJIBI Ha APYCHE OCH MOXXHO NpeHe6peub H Cuu-
TaTh, YT0 F=F,. Urax,

szm%f—cosa. (46.11)

Cornacuo nonyuennoii HamH QopMyJe cuna, AeHCTBYIOMAd HA KOH-
TYP € TOKOM B HEOMHOPOAHOM MATHHTHOM I0J€, 3aBHCHT OT OPUEHTAlHH
MarHMTHOIQ MOMEHTa KOHTYpa OTHOCHTEJAbHO HanpaBjieHHs noad. Ecau
BEKTODBI P,y W B coBnajatoT no Hanpasaenuio (=0), CHIa NONOKHTENb-
Ha, T. €. HampaBJieHa B CTOPOHY Bo3pacTauusl B (0B/dx npennonaraercs
I0JIOXKHTENLHEIM; B IIDOTHBHOM CJydYae 3HAK U HalpaBJeHHE CUJIBL U3-
MEHATCH Ha NMPOTHBONOJIOKHbIE, HO CHJIA NO-NPEKHEMY GYAeT BTACHBATh
KOHTYp B 00/MacTb CHJbHOrO nogs). Ecau p, u B antunapannenpnni
(v=m), cusla OoTpUIlaTesbHa, T. €. HalpaBJeHa B CTOPOHY yObiBaHuA B.
JTOT Pe3yJ/IbTAT MBL YK€ MOJYYUJIH KAaYeCTBEHHO C NOMOILUbIO pHC. 46.4.

Pasymeercs, 4yto, kKpoMe cuinl (46.11), Ha KOHTYD C TOKOM B HeoJ-
HOPOXHOM MAarHHTHOM mnoJje GylerT AeHCTBOBAaTb TakKe BpalllaTesbHbIH
MOMEHT (46.7).

§ 47. MaruuTHoe nose KOHTYpa ¢ TOKOM

Paccmorpum nose, cosgaBaemoe TOKOM, TEKYUIHM MO TOHKOMY TNpO-
BOAY, HMewleMy (GOpMY OKpYKHOCTH painyca R (Kpyrosoil Tok).
OnpeaenuM MarHHTHYIO HHAYKLHIO B [IEHTPe KPYroBOro ToKa (puc. 47.1).
Kaxaplit 3/1eMEHT TOKa Co3faeT B LEHTPEe HHAYKIHIO, HanpaBJeHHYIO

4 £ .
B
f’ﬁ @
dB;,
8)

 BJIOJb TMOJIOXHTENbHON HOpMadu K KOHTYpY. [lostomy BekTopHOe cio-
meHue dB cBopuTea K caoxennto ux moayaed. Ilo dopmyne (42.4)

by

J | )
“Puc. 47.1. Puc. 47.9.

_ Mo ldl
dB =7
(»=n/2). TlponHTerpHpyeM 3TO BLIpaKeHUe MO BCEMY KOHTYPY:
. e ! o Lo 2(/nR?Y
B = SdB—Hﬁédl—ﬁﬁﬁ MR = —

BprEl)KEHIIe B CKODKAax paBHO MOAYJIO AHIOJBHOIO MATHHUTHOTIO MO-
MEHTa p, (cM. (46.5)). CnepoBaTenbHo, MarHHTHAsl MHAYKUHA B LEHTpe
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KPYrOBOr0 TOKAa HMEET BeIHYHHY
__ o 20,

M3 puc. 47.1 BuaHO, UTO HArpaB/jeHUE BEKTOPA B coBnanaer ¢ Ha-
MpaBAeHHEM TOJOKUTEJAbHOH HOPMasid K KOHTYDY, T. &. C HallpaB/e-
HIIeM BEKTOPA Prm. [103TOMY Gopmyay (47.1) MOXKHO HAMUCATH B BEKTOP-
HOM BIJE:

. Ho me <
B=_- 25 - (47.2)

Teneps uaiiaem B Ha ocH Kpyroeoro Toxa Ha pacCTOSIHHH 7 OT UEHTPA
kouTypa (puc. 47.2). Bextoprl dB neprneniuKy/sapHEl K MJIOCKOCTAM,
(IPOXOASAUIUM Yepe3 COOTBETCTBYIOUHH SICMEHT dl ¥ TouKy, B KOTOPOH
MBIl HlieM niosie. CnejJopaTe/lbHO, OHH 00pa3yioT CUMMETPHUYHBLIH KOHHYE-
ckuit Beep (puc. 47.2, 6). M3 coobpakeHnii CHMMETPHH MOXKHO 34KJIHO-
YHTh, YTO Pe3yJbTHpPYIOUMI BekTOp B Hampap/eH BAOJbL OCH KOHTYpA.
Kaiblil ¥3 COCTaBJAAIONIMX BeKTOpoB dB BHOCHT B pe3yabTHP YIOLIH
BexTop BKJaj dB;, pasmblil no monymo dB sin f=dB (R/b). Yroa «
mexay dl v b npsMoi, nosromy

R
By =dB 5 =% 3r 3 =4n "5 -

[TpouHTerpHpoBaB NO BCeMY KOHTYPY H 3aMEHIIB b wa V' R*4r2, no-
JIYUHM

: IR IR

__ Ho 2 (InR?) __ e 20 (47 3)
s (RE+r93%  dm (RAA /%3 '
Sra dhopmyna onpeie/ser BeJHYHHY MarHHTHOH WHAYKIUHH HA OCH KpY-
roBoro Toka. [IpHHSB BO BHHMAaHHE, YTO BeKTOPh B H pn, HMEOT O/MHAa-
KOBOE HANpaBJEHHE, MOXKHO Hamucarh QopmyJsy (47.3) B BEKTODHOM
BLIJIE:
__ Mo 20 (47 4)
4 (R2_!_f2)3/2 ’ )
2710 BhIpaKeHHe e 3aBUCHT OT 3HaKa r. CnenopaTebHO, B TOYKax OCH,
CHAMETPHUHBIX OTHOCHTENLHO LEHTPa TOKa, B HMeeT OAMHAKOBYIO BC-
JHUYHHY U HaAIIPaBJEHHE,
[Tpi r=0 dopmyna (47.4) nepexoJuT, KaK 1 AOKHO 6bITh, B OpMY -
ay (47.2) A7 MarHMTHOH WHAYKIUHM B LEHTPE KPYrOBOTO TOKA.
Ha 6o/bIuMX PACCTOAHHSIX OT KOHTYypPa B 3HAMEHATe/e MOXKHO HpE-
neGpeub R? no cpasuenuio ¢ r*. Toraa gopmyia (47.4) npuHHMAaeT BH]
B=r—;2—f5ﬂ (Ha OCH TOKa), | (47.0)
anagoruynslli Beipaxeinno (9.9) 1s HaNPSAXEHHOCTH SICKTPHYECKOro
oSt Ha OCH JHIOJIS.
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Pacuer, BHIXOAALIHI 3a paMKM JaHHBOH KHITH, JaeT, 4To JoGoH
CHCTEME TOKOB MJIH ABHXKYIIUXCS 3aPAA0B, JOKAJIH30BaHHOH B OrpaHH-
YEeHHOH YacTH NPOCTPAHCTBA, MOMHO NPUNMCATL MATHHTHBIA AUMNOJMb-
MBI MOMEHT P, (CPp. C JHNOJbHBIM 3JEKTPHUECKHM MOMEHTOM CH-
cTeMbl 3apsfoB). MarHuTHoe nosie Takofl CHCTeMBI Ha PACCTOAHHAX,
CONbIIMX MO CPAaBHEHHIO C €€ pPasMepaMH, ONPEACHAsieTCA Yepes Py, Nno
TaKUM XKe GopMyJiaM, TI0 KaKUM OIpefensieTcs Yepe3 AUMOJbHBIH 3JIeK-

Puc. 47.3.

TPHUECKHI MOMEHT [10JIe CHCTeMbl 3apsiioB Ha
Gonpmnx paccrosinuax (ecm. § 10). B uacrhoc-
TH, TI0J€ MJOCKOro KOHTypa JoboH ¢opmel Ha
GOJbIIHX PACCTOAHHAX HMEET BHJ,

B=1ePr)/ T4 3cos™,  (47.6)
rjle r — pacCTOSIHHE OT KOHTYpa J0 JaHHOi
TOYKH, & — YroJ MeXAy HanpabBJCHHEM BeKTO-
pa p, H HanpaBJeHHEM OT KOHTYPa B AZHHYIO
Touky noas (cp. ¢ gopmyaoit (9.7)). Ilpn 4=0
dopmyna (47.6) naer aaa MoAyJasA Bektopa B
TAKOE 2Ke 3HayeHHe, Kak H d¢opmyna (47.5).

Ha puc. 47.3 n3o6paxkeHnl JHHHH MardHTHOH
MHIYKUMH DOJNsi Kpyrosoro Toka. [lokasanml
JIMILL JIHHHH, JieKaliie B OLHOH M3 IJIOCKOCTEH,
npoxoasie yepes och ToKa. [lonoGHas xke xap-
THHA HMeeT MecTo B J060# 13 3THX IJIOCKOCTEH.

M3 Bcero ckasaHHOTO B HPeAbIAVLIIEM H B JaHNOM maparpadgax BhiTe-
KaeT, Y4TO JIMNOJLHLIA MACHUTHBIH MOMEHT sIBJSETCS BECbMa BaXKHOH
XapaKTePHCTMKOH KOHTypa C TOKOM. OJTOH XapaKTepHCTHKOH onpefe-
JfeTcs Kak 110Jie, CO3/laBAeEMOE KOHTYPOM, TaK H NMOBEACHHE KOHTYPA BO
BHelllHeM MarCHHTHOM IIOJI€.

§ 48. PaGora, copepiiaeMas NpH NepeMeLEeHHN TOKA B MarHHTHOM

noJe

PaccMOTPHM KOHTYP € TOKOM, O0pa3oBaHHBEI HENONBHKHBIMHA I1PO-
BOJAMH M CKOJBL3AIIEH MO HUM TIOLBHIKHOH MepPEeMBIYKOH JIJTHHbI !
(puc. 48.1). JonycTuM, 4TO 3TOT KOHTYP HaXOJHUTCS BO BHEIUHEM Mar-
HUTHOM LI0JI€, KOTopoe Mbl OYJeM npeanoiaratb OAHOPOJHEIM H N€preH-
AHKVJASPHEM K IJIOCKOCTH KOHTypa. IIpH yKasanublX Ha pHc. 48.1, a
HanpapJeHHsAX Toka W nojs cuna F, neficTBylomwas Ha InepeMbluKy,
GyJeT HanpapJeHa BIPaBO H paBHA

F=1Bl.

[Tpn nmepemelueHnH NepeMblYKH BIpaBo Ha dh 3Ta CHjla COBEPIUMT NIOJIO-

JKHTENbHYI0 paboTy

dA=F dh=1BI dh=1B dS§, (48.1)

TA€ dS — 3amTpHXOBaHHafd mjowane (cM. pue. 48.1, a).

-



§ 48. PABOTA IMPH NEPEMEUEHUH TOKA 141

BoisicHHM, KAK M3MeHsleTcd MpH MepeMelleHHH MepeMbldKH [I0TOK
MarHuTHOH HHAyKuuH (@ yepes mioMafb KOHTYypa: YCJIOBUMCA NpH
BRIUMCTEHUY MOTOKA Yepea ILIOmajb KOHTYpa C TOKOM Bcerja Oparh
B KayecTBe N B BbiPaXKEeHHH

D = g BndS

HO/IOMHTEBHYI0 HOPMaJb, T. €. HOPMaJp, 06pasylolylo C Harpabie-
HHEeM TOKa B KOHTYpe NPaBOBHHTOBYIO cHCTEMY {CM. § 46). Toraa B cny-
yae, M306paxeHHOM Ha PHC. 48.1, a, notok OyAeT TOJOXKHTENIbHBIM
# paBHEM BS (§ — nolmais KOHTYpa). [Ipu nepeMelleHHH TEPEMbIYKH
BOPABO IVIOM[a/p KOHTYPA MOMYYaeT NOJNOKHTEIbHOE MpHpalleHiie ds.

I . -- I ,
o rard) 3 - - r y
r;o Be %’F ne Bo %
: TR
Z '[ 4 45
s | s 7
a) 8)

Puc. 48.1.

B pesynbTaTe NOTOK TaKiKe MOJyYaeT MOJIOKHTENbHOE MpHpallenne
dD =B dS. Tlostomy Bbipaxenne (48.1) MOXHO MNPEACTaBHTD B BHAC

dA=1 d®. (48.2)
Tlpu HanpapaeHuH noas Ha Hac (puc. 48.1, 6) cuna, AeHCcTBYIOWAA HA

B ah

F=I[u8]
ds5=|lah, V]|

@a

a

)

Puc. 48.2.

' nepeMbiyKy, HanpasseHa Bieso. [TosTomy NMpH NepeMeienni rnepempli-
KW BnpaBo Ha dii MarsHTHasdA CHJIA COBEPUIAET OTPHUATENBHYIO paboty

dA—=—I Bl dh=—IB dS. (48.3)

B 3TOM caydae MOTOK 4epe3 KOHTYD PaBeH —BS. [lpu ysenuyeHHu
OIOWALH KOHTYpa Ha dS NOTOK MOJYY4eT NpupatieHue db=—B8dS.
CJe/(0BATENBHO, BuIpakeHue (48.3) TaKKe MOXKHO 3aNHCaTh B BH/E (48.2).

Beauyuny d® B Bopaxenun (48.2) MOXKHO TPaKTOBATH KaK MOTOK
yepes IJ0UIAJb, OMNHCAHRYIO epeMblYKOil MpH ee ABHKeHHH. COOTBET-
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CTBEHHO MOXXHO CKa3aTh, 4To paboTa, coBepliaeMas MardMTHOH CHJOH
5aj y4aCTKOM KOHTYpa ¢ TOKOM, PaBHA NPOHM3BEJEHHIO CHJIbI TOKa Ha
CeMHMYHHY MATHHTHOIO MOTOKA Yepe3 MOBEPXHOCTb, OMHCAHHYIO 3THM
YYaCTKOM NpH CBOEM JIBUXKEHNH.

Gopmyat (48.1) u (48.3) MOXHO 06LEAMHUTD B OJIHO BEKTOPHOE Bhl-
paxenne. Il 3TOro COmocTaBHM nepeMbiuke BekTop |, HMeloni
nanpasJieHue Toka (puc. 48.2). HesaBucuMO OT HanpaeJIeHHs BEKTOpa
B (0T Hac HJIM Ha HAc), CHJy, AEHCTBYIOIUIYIO HAa MNEepeMblYKY, MOXHO
NpeACTaBUTL B BHJe

F=T[IB].

[Npu nepemelneHny nepeMbiykd Ha dh cuia copepiuaer paGoTy
dA=F dh=1[I1B] dh.

OcyIlecTBHM B CMELIAHHOM TIPOM3BEJEHHH BEKTOPOB LUKJIHYECKYIO
llepPecTaHOBKY comHOXHTeNel (cM. dopmyay (2.34) 1-ro Toma). B pe-
3yAbTaTe MOJYYHM

dA=1B[dh, 1. (48.4)

M3 puc. 48.2 Buamno, uto BekTopHOe mpoussenenue [dh, Il pasno
No PeJUYHHE MJoand dS, ONHCaHHOH MepeMBIYKOH NPH €€ ABHXKEHHH,

8 ¥ HMeeT HarnpaBJieHHe N0J0KHTENbHOH HOp-
ndg Maau n. CrnenoBatensHo,

al dA=1Bn dS. (48.5)
B cayuae, nzo6paxeHHoM Ha pHc. 48.2, a,
= o Bn= B, n MBl DpuXoAUM K <¢opmyae
h (48.1). B cayyae, u300pa>keHHOM Ha PHC,
Puc. 48.3. 48.2, 6, Bn=—2B, u MBI NPUXCIHM K ¢op-

myJie (48.3).

Belpaxenue Bn dS onpepenser npupamende MarHMTHOTO I10OTOKa
yepea KOHTYD, OOYCJIOBJEHHOE KepeMellleHHeM nepemMbluku. Takum
obpasom, Gopmyny (48.5) MoxkHO 3anucarb B Buje (48.2). Oauaxo dop-
myJaa (48.5) umeer npeumyuiectBo nepeq (48.2), NOCKOJIbKY H3 HEE «aB-
TOMaTHYeCKH» noJayudaercs 3uak d®, a chejoBaTenbHO, H 3nak dA.

PaccmoTpuM KeCTKHE MR JedhOopMHDPYEMBbIl KOHTYP, KOTOPbIH, Ha-
XOJSiCh B MarHWTHOM IoJie, MEepeMellaeTcss H3 HEKOTOPOro HCXOJHOro
NOJOXKEHHS B 6eCKOHEYHO MA/No OTJHYAIOUIeecss OT HCXOJHOTO KOHEUHOe
noJjoxenue. Cuny toka [ B KouType OyJeM CYHTATh MPH ITOM NEpeme-
WweHHH noctosyioii. ITyers 3jeMeHT KoHTYypa dl mperepneBaeT NMpowu3s-
BOJIbHOE NepeMelleHHe, KOTOpOe MOXKHO NPEACTaBUTB KakK CMelleHie
napaijesbHo caMoMy cebe Ha OTpe3oK dh M nocjepylomiHi NOBOPOT HA
yron d¢ (puc. 48.3). Ilpu 3arom anement dl onuiuer niowaip, paBHYIO

|[dh, di]] 4 dI* dep.
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Bropoe cnaraemoe Gosiee BBICOKOTO MOPSAAKA MaJOCTH, 4YeM MepBoe.
Cosepiaemas Hag dl pa6oTa TpONOPUHOHANbHA MATHHTHOMY MOTOKY
yepes onucannywo dl nopepxHocth (cM. Boie). [losromy pabora nipu no-
BopoTe saemenTa dl Gyjer Go/ee BRICOKOTO NOPsAKA MAJIOCTH, YeM paGo-
T4 NpPH TOCTYNATEJbHOM [MePeMELIeHHH, H €l MOXKHO NpeHeOpeds.

Taxkum 06pasoM, NpH BhIMHCAEHHH PaGoThl MOKHO NpeHeGpeyb I1G-
BOpOTOM 3JeMenTa dl Ha yroa dg M cuHTarb COBEPLIAEMYO MarHHTHOI
CUJOH HaJ 3JIeMEHTOM KOHTypa paboTy paBHOH

dA,, = I[dl, B]dh. (48.6)

31eck B — MarHuTHas MHAYKIHS B TOM MecTe, e HaXOMITCS 3JeMeHT
kourtypa dl.

OcyiuecTBHB B (48.6) LHMK/AHYECKYIO NEPECTAHOBKY COMHOXKHTENeH,
NoJy4HM '

dA,, = 1B [dh, dl]. (48.7)

BekTopHoe npoussezende [dh, dll pasHo no moxys o niIolWany napaJjnie-
AorpamMma, MOCTPOEHHOrO Ha Bektopax dh u dl, T.e. nuowaau ds,
onuckBAeMOH aJeMeHTOM dl npu ero nepemelieHud. HanpaBaeuue pek-
TOPHOTO NPOH3BEJEHUs COBNAJaeT C HAaNpaBJeHHEM NOJOXKHTENbHO
nopMaau K miouianke dS. CiieloBaTesbHO,

B [dh, dl]|—=BndS=dD,, (48.8)

rae dd,, — npupauleHue MarHMTHOTO [OTOKa Yepe3 KOHTYp, 06ycJoB-
JeHHOe nepeMellleHHeM 3JIEeMEHTa KoHTypa dl.

[TpuusiB BOo BHHMaHHe paseHcTso (48.8), Hamuuem (43.7) B BHJE
dA,,=1d0,,. (48.9)

[TpocymmupoBaB Bhipaxenue (48.9) no Beem 3jieMeHTaM KOHTYpa, HOJY-
YHM BblPAXKEHHE /151 pabOThl MATHUTHBIX CHJI NPH TPOH3BOBHOM 6eCKO-
HeYHO MaJoM [epeMelleHHM KOHTYpa:

dA = dA,, =\ 1d0,,=1§dD,, =1 dD (48.10)

(dD — nonnoe npHpalleHHe NOTOKA uHepe3 KOHTYP).

Yro6bl HaiiTu padoTy, COBepLIAeMYIO NMPH KOHEYHOM IMPOU3BOJbLHO:
nepeMellleHdH KOHTYpa, NpocyMMHpyem Bhipa:xeHue (48.10) no Bcew
3MeMeHTapHbIM [epeMelleHH AM:

Ap=\dA =1{dD=1®,—0,). (48.11)

3pech @y u @, — 3HAYEHHA MACHHTHOrO IOTOKA 4epe3d KOHTYpP B Ha-
Ya/JbHOM H KOHEYHOM MoJoxeHuAX. Takum obpasom, padora, coBepiuae-
Masi MArHHTHBIMH CHJIaMH HaJ KOHTYPOM, PaBHa NIPOH3BEJEHHIO CHIILL
TOKa Ha NpHpalleHle MAarHUTHOrO [OTOKA uepe3 KOHTYP.

B yacTHOCTH, NPH NOBOPOTE IJIOCKOrO KOHTYPa B OAHOPOJHOM IOJIE
M3 [OJIOXKEeHH S, B KOTOPOM BEKTOPHl p,, H B HanpapieHel B NPOTHBOIIO-
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JIOXKHBIC CTOPOHH (B 3ToM nojokesun @=—BS), B nonoxenue, npiu
KOTOPOM 3TH BEKTOPLI COBIIAJAAIOT NO HAIIpaBJeHHIO (B 3TOM NOJOXKEHHY
(D=DBS)}, MarHuTHLle CHJBI COBEPILIAIOT HAJZ KOHTYpPOM paboTy

A=1{BS—(— BS)}=2IBS.

Tor ke pesyapTaT nodyyaercss ¢ INOMOIBIO BHpakeHHs (46.10) ang
NOTEHIMANbHOH SHEPTHH KOHTYpa B MarHHTHOM IOJIE:
A=W q—Wiow=ppB—(—p,B)=2p,B=2ISB

Otmerum, yto padota (48.11) coBepruaeTcs He 32 CYeT SHEPrHH BHELI-
HEro MACHHTHOTO NOJsS, a 3a CYeT HCTOYHUKA, NOAAEPIKHBAIOLLETO
HEH3MEeHHBIM TOK B KoHType. B § 61 Oyzaer mokasaHo, uTo npH WU3MeHe-
HHSIX MATHHUTHOIO MOTOKA, NPOHH3LIBAIOLIETO KOHTYpP, B 3TOM KOHTYpe
BO3HHKAeT 3. JI. C. HHAYKIHU &; -——(dCD/dt) CnenoratesibHO, HCTOY-
HHK, KpOMe pafoThi, 3aTpauHBaeMOH Ha BbIIEJIEHHE JEHL-ANOYJEBA
Tensaa, JOJKEH COBEpIlaTh JONOJNHUTENbHYW paboTy npoTHB 9. A. C.
HHJAYKLHH, ONPeIessieMyI0 BEIparKeHHeM

d®
A=SdA=-—S@s*,.1dt.—_ E—Idt=S]dCD=I(CD,——(D1),
Koropoe coBmafaer ¢ (48.11).

§ 49. uBepreHuHsi U pOTOP MATHHTHOTO MOJSA

OTCYTCTBHE B IPHPOJe MArHHTHBIX 3apAA0B *) NPHBOIUT K TOMY, YTO
JUHHY BekTopa B He HMeloT HM HayaJa, HH KoHua. ITostomy B cooTBeT-
cTBuy ¢ popmyaoit (11.10) notok BekTopa B yepe3 3aMKHYTYIO NoBepx-
HOCTb JIO/I¥EH ObiThb paBeH HYJo. Taxkum o6pa3oM, 1A JOOOro MarHuT-
HOTO NOJA U NMPOHSBOJBLHON 3aMKHYTOH MOBEPXHOCTH S HMMEET MeCcTo

yCJOBHE
Dy =§ BdS=0. (49.1)
S

dra dopmyna Bepaxaer Teopemy laycca nasa sexropa B:
NONOK 6eKmopa MASHUMHOUL uHOYKYLL Yepes 1106y10 saMchymyfo nosepx-

HOCMb PaseH. HYyaro.
3ameHuB B coorBeTcTBHY € (11.41) noaepxnocmbm nHTerpaJ B (49.1)

o0beMHBIM, NOJYYHM, 4TO

{ vBav=0.
14

?) Ilupak BbicKasaJ NpelnodoXKeHne, 9T0 B NpHpojie JONXKHE! CYIMECTBOBATL Mar-
BHTHEIE 32pAH (HasBaHHHe MoH onoa s MHB JIu p ak a). [Tonckn sTux 3apsagos
1OKa He JalH HHKaKHX peay/bTaToB, TaK 4TO BOMPOC O CYLIECTBOBAHHH MOHOMOJCH

Jlupaga ocraercss OTKPHITHIM.
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VcioBHE, K KOTOPOMY MbI NPHIIH, JOJKHO BBIIONHATECA A/ 7106010
IPOM3BOJIEHO BHIOPAHHOTO 06bEMA V. D10 BO3MOXKHO JMHIIb B TOM CJIY-
yae, ecay NOAbIHTErpaibHast QyHKUHUS B KaxKa0il TOUKe MoJisi paBHA
nymo. Takum obpa3oM, MarHHTHOE TOJE o6najaeT TeM CBOHCTBOM, 4TO
ero JHBEpreHUMs BCIOAY paBHa HYJlO: .

VB =0. (49.9)

Tenepb ofpaTuMcst K HUPKYJIALHU BEKTOPA B. ITo onpepenenuio
MUPKYJASUKS PpaBHa HHTErpany

$Ba. (49.3)

INpoule BCEro BEIMUC/AHTL 3TOT HHTErpan B caydac 1oJisi NPAMOro TOKA.
ITycth 3aMKHYTHIH KOHTYP JI€XKHT B NJOCKOCTH, INEepNeHAMKYsIpHON
X TOKY (pHc. 49.1; TOK NepneHAHKyAspeH K IOCKOCTH yeprexa U Ha-
npapJed 3a yepTex). B KaxA0il TOYKE KOHTYpa BEKTOP B nanpasaeH
110 KACATENBHOH K OKPYXKHOCTH, NPOXONSIIIEH YEPE3 3Ty TOUKY. 3ame-
HHUM B BhIPAXX€HHH JJ151 LHPKYJIAILHY B dl uepe3 B dip (dlp — npoekuus
3JleMEHTa KOHTYpa Ha HanpasJieRue BEKTOPA B). M3 pucyHKa BHAHO, 4TO
dlg paBHO b da, rne b — paccrosnue OT NPOBOLA € TOKOM no dl, da —

-

- -

Puc. 49.1.

yro/i, Ha KOTOpBIl MOBOpauMBaeTCs pajna/bHasd Npimas npiH nepeme-
lleHHH BAOAb KOHTypa Ha orpesok dl. Takum 06pa3oM, NOACTABHE Bhl-
paxenue (42.5) aas B, moxyyuM

Bdl=Baly—122 bda =1 da. (49.4)

C yuyerom pasercTBa (49.4) umeeM
!
$Bdi=4 ¢ da. (49.5)

Ilpu obxoze NO KOHTYPY, OXBaTHIBAlOIIEMY TOK, paAHasbHas npiMas

pce BPeMS NOBOPAaYHBAETCH B OJHOM HanpabJieHHH, NO3TOMY 56 do == 2.

Wnate 0GCTOUT AeJI0, €CJH TOK He OXBATHIBA€TCA KOHTYPOM (PHC. 49.1,6).
B s1oM cJIyuae npu 06X0Ae N0 KOHTYPY pajualbHas npaMas roBopatH-
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BaeTCA CHayana B OfHOM HampasaeHuy (yuactok /—2),a 3areMm B npo-

THBOMOJIOXKHOM (yuacToKk 2—I1), BCAENCTBHE Yero f da. paBeH HYJIIO.
Y4T 3TOT pesy.bTaT, MOXKHO HAIHUCATh

$ Bdl=p,l, (49.6)

rae noj [/ chegyer nojpasymeBaTb TOK, OXBATLIBAEMBIH KOHTYPOM.
Ecnu kKoHTYp TOKa He oxBaThiBaeT, LHPKyAalusa Bektopa B paBHa HyJ0.

3HaK BHIpaxeHHd (49.6) 3aBUCUT OT HANPaBJEHHA 00XOJa NO KOH-
TYpy (B 3TOM ke HANPABAEHHH OTCUHTHLIBAETCA yroat ). Ecnu Hanpag-
JeHue o6xoaa o6pasyer ¢ HANpaBJEHHEM TOKA [IPABOBHHTOBYIO CHCTEMY,
BesuyuHa (49.6) nosoxuTeNbHA, B MPOTHBHOM CJy4ae — OTPHLATE/bHA.
3HAaK MOXHO yuecTb, nojaras [ anreGpanuecKod BeJHYHHOH, Mpuyem
NONMIOMHUTEbHBIM HYXHO CUHTATh TOK, HANpPaBJIEeHHE KOTOPOTO CBA32HO
C HanpagmjeHueM 06Xoja 110 KOHTYpPY NpPaBHJIOM IPaBOro BHHTA; TOK
MPOTHBOIOJOXKHOIO HanpaBJ/JeHHUS
yleT OTpHUIATENbHBIM.

C niomoiusio cooTHo1eHU A(49.6)
JIEFKO BOCCTAHOBHTb B MaMSTH

Puc. 49.92. Puc. 49.3.

dopmyny (42.5) pia B noast npsivoro Toka. IlpenctaBum ce6e maockHii
KOHTYP B BHJAE OKPYKHOCTH pajguyca b (puc. 49.2). B kaxnoil Toyke
3TOro KOHTypa BeKTOP B ofMHAKOB M0 BeAuuMHE H HanpasJeH 0 Kaca-
TEJbHOU K OKpyxkHocTH. CieloBaTe/IbHO, LUPKYJAUHS pPaBHA HPOU3Be-
feHuIo B Ha JJIHMHY OKpYXKHOCTH 2rth, U cooTHowenue (49.6) umeer BUA

B'Qﬂb=ﬂal.

Otciona B=pel/2nb (cp. ¢ (42.5)).

Cayuail Hervlockoro KoHTYpa (puc. 49.3) otsinuaercst oT pacecMoTpeH-
HOro BBIILE CYy4as MJIOCKOrO KOHTYpa JHUUIb TE€M, YTO PH [epeMeleHnH
BOJIb KOHTYPA paina/jbHaag npsmas He TONbKO NOBOPAYHBAETCH BOKPYT
MpoBoOjJia, HO W nepemenlaercd BAOJAb Hero. Bce Bhikiaaku, npusefve
Hac K Qopmyne (49.6), octaiores cnpaBefNUBLIMH, €C/d MOA do moapa- -
3yMEBaTh YroJs, Ha KOTODBIH [MOBOPaYyHBAeTCA NPOEKIMA paAHaJIbHOM
NPAMOH HAa MEPNEHIMKYJ/SPHYIO K TOKY IJIOCKOCTb. CyMMapHBIH yron
MOBOPOTA 3TOH NMPOEKUWH PaBeH 27, €C/AH KOHTYpP OXBaTbIBaeT TOK, U
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Hym0 B nporusHoM caydae. CiefoBaTeslbHO, Mbl CHOBA TPHXOJHM K
dopmyae (49.6).

dopmyna (49.6) nonyyena Hamu Ls cayyas npsMoro TOKa. MoxxHo
. 10K23aTh, YTO OHa CIpaBelJMBa M sl TOKa, TEKYLIEro no npoBOLy

' IpoM3BOAbHOH (OpPMbI, HAanmpHMep JUIA KPYrOBOTO TOKa.
JIonycTHM, YTO HEKOTOPBIH KORTYP OXBAaTHIBAET HECKOJbKO NPOBO-

JOB ¢ ToKamu. B cuay mplsumna cyneprnosuua (cM. (40.1))

del=§(Zk]Bk)dl=%]9§Bkdl.

Kaskaplil M3 HHTErpaNoB B 3TOH cymMe paBeH Wof,. CaenoBaTenbHO,
P Bdl=p, X1, (49.7)
k

(nanomuum, uro [, — anarefpanyeckas BEJMYHHA).

EcaM TOKH TEKYT BO BCeM MPOCTPAHCTBE, TJle PAcnofioXkeH KOurTyp,
anre6panyeckyo CyMMy TOKOB, OXBATHIBAEMBIX KOHTYPOM, MOXHO Npe-
CTaBUTb B BHIE

X 1= {1ds = { jnas. (49.8)
W

S

Unterpan GepercA N0 MPOH3BOJNbHOH MOBEPXHOCTH S, HATAHYTOH Ha
KOHTYp. BeKTOp j ecTh NJIOTHOCTb TOK2 B TOH TOYKE, TJIe PACNONOKeHa
naowanka dS; n — MoJoMKuTeIbHas HOpMaJb K 3TOH IJIOWLajKe (T. €.
HopMaJb, 0Gpa3yolas ¢ HanpasieHHeM 06X0Ja o KOHTYPY DPH BhiuuC-
JIEHHH LMPKYJASIMK NPABOBHHTOBYIO CHUCTEMY). '

3amenuB B (49.7) cymMy TOKOB Bhpakenuem (49.8), monyunm

Bl =p, | jas.

S
ITpeo6pasoBas neByto YacTb no Teopeme CroKca, NPHAEM K PaBEHCTBY

{[vBldS =y, { ids.

S b
[Tonyuennoe pPaBeHCTBO JOJIKHO BHIMONHATHCA MPH MPOM3BOJLHOM BhI-
Gope moBepXHOCTH S, MO KOTOpOoi GepyTcst MHTErpasbl. STO BO3MOMKHO
JIHIIbL B TOM Cy4ae, eCJIH NOABIHTErPabHble PYHKIUHN HMEIOT B KaXIOH
TOYKE OMHHAKOBble 3HaueHusa. Takum oO6pa3oM, MbI IIPHXOAHMM K BbIBO-
Jly, 4TO POTOp BEKTOPA MATHUTHOMH IHAYKIHUH PONOPLUHOHANEH BEKTOPY
IMIOTHOCTH TOKa B JaHHOH TOYKeE:

[VB]=Wi. (49.9)

Kos@pduuuent nponopusionanpnoctd B CH paser fi.

OtmerM, uto dopmyant (49.7) n (49.9) cnpapefnvMBb TOJMBKO AJid
110/151 B BAKYYME B OTCYTCTBHE MEHAIOHXCS BO BPEMEHH SJEKTPHUECKHX
NoJIeH.
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Utak, Mbl HalIH AMBEPreHUHI0 H POTOP MarHHUTHOTO MOJs B BaKy-
yme. CpaBHHM ToAy4eHHbe GOPMYJIBI ¢ aHAMOTHYHBIMH GOpMYyTaMit L1
IeKTpPOCTaTHYecKoro noss B Bakyyme. Cornacro (13.5), (12.3), (49.2)

i (49.9)

1
VE= % 0 [VE]=0
(gubepreduns E panwa p, (porop E paped HYMO)
HeneHHOMY HA Eg)
VB=0 [VB] =i
{(nupepretiund B pasHa HymQ) (potop B pageH |,

YMHOXMEHHOMY Ha Jhg).

ConocrasJeHne 3THX GOPMYJ MOKA3biBaeT, YTO 3JIEKTPOCTATHYECKOe
M MACHHTHOE TOJS MMEIOT CYLIeCTBEHHO pAa3/IHYHbif Xapakrep. Potop
3JIEKTPOCTATHYECKOrO MNOJIsi paBeH HYJIO; CJIeI0BaTeNbHO, 3/eKTpocTa-
THYECKOE ToJie NMOTEHIMANBHO H MOKeT ObiThb 0XapaKTepH30BaHO CKa-
ASPHBIM MOTEHUHAJIOM ¢. POTOp MarHWTHOrO moJist B T€X TOYKaX, Tle
eCcTh TOK, OTMHYeH OT HyJas. COOTBETCTBEHHO IHPKY/fAuus Bekropa B
MPONOPUHOHAJIbHA TOKY, OXBaThIBAEMOMY KOHTYpOM. [losTomy MarsHT-
HOMY MOJIO0 HeNb3f [PHIHCATb CKAJSPHBEI MOTEHUHaX, KOTOPbIH ObLa
6b1 cBsi3aH ¢ B cooTHOUIEHHEeM, aHAAOrMYHbIM (8.2). ITOT MOTEHUHAJ He
6bl1 OBl OAIHO3HAYHBIM — TMPH KaxKJIOM OOXO0Ji€ MO KOHTYpY H BO3Bpa-
IeHHH B MCXOAHYIO TOUKY OH NOayuyasa Obl NPHPAIEHHE, PaBHOE Wof.
[MoJsie, y KOTOPOTO POTOP OTAHYEH OT HYJs, Ha3blBAaeTCsI BM X P e B bl M
MAIH COJEHOHAAJbHBIM.

[TockonbKy auBepreHnusa Bexktopa B Bcrojy paBHa HYJIO, 3TOT BeK-
TOp MOHO MNPEACTABHTH B BHJE POTOPa HeKoTOpoH (GyHKUHU A:

(RMBepreHuds poropa BeerAa paBHa Hymo; cM. (11.39)). ®yuruus A
HasplBaeTcss BEKTODP HBIM MOTEHIL H aJ/Jl 0M MAarHUTHOTO MOJA.
PaccMOTpeHHE BEKTOPHOr0 NOTEHUHAMAAa BHLIXOAMT 34 PaMKH AAHHOH
KHUIH.

§ 50. MMone coseHonia M TOPOHAA

CoseHOUJ, TIpEACTaBAsieT coGOfl NpPOBOA, HABUTLIH HA KPYIVIBIA
UUAMHAPUYECKUi Kapkac. Jlunuu B nojs cojeHon/ia BHJISAST NPUMED-
HO TaK, Kak nokaszano xa puc. 50.1. BHyTpH coJieHOHAA HanpaBJeHUE
3TUX JHHUH 06pas3yer ¢ HanpaBJAEHHEM TOKA B BHTKAX MPaBOBHHTOBYIO
CHCTEMY .

Y peaJbHOro COJIEHOHJA HMEETCA COCTaBJSIONLAs TOKAa BAOJbL OCH.
Kpowme Toro, JuHe/iHasA IUIOTHOCTL TOKA fu,, (PABHAS OTHOILUEHHIO CHJIbI
Toxka dl K 371eMeHTy JJTHHBL COJIeHOMAA d/) U3MEeHseTCH NePHOJHYECKU
npH nepemeleHud BloAb cosleHonga. CpenHee 3Ha4eHde 3TOM MAOTHOCTH
paBHO

$fanw> = <'%£—) = nl, | (50.1)
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rie 71 — YHCJAO BHTKOB COJIEHOHZA, TIpHXOJsileecss Ha eJHHHULY €r0
NJUHLL, | — cHJa TOKa B COJIEHOWJE.

B yuenuH o6 3JeKTpoMarneTiame GOMbLIYIO POJb HIpaeT BooOpaxae-
MBiii GECKOHEYHO AJMHHBII COJEHOMJ, Yy KOTOPOro OTCYTCTBYET OCEBasl
COCTABJISAIONLAs TOKA H, KpOMe TOrO, JHHeHHas IJIOTHOCTb TOKA [,
NOCTOSIHHA 1O Beelt Jauue. [1puynuHa 3TOro 3ak/io4aeTcs B TOM, 4TO [10J¢€
TAKOTO COJEHOMAA OJHOPOANO H OTPaHHYEHO 0OBEMOM coMeHouza (aua-
JOTMYHO 3JEKTPHUeCKoe noje GecKOHEUHOro IJIOCKOro KOHJEHCaTopa
OJIHOPOJHO ¥ OTpaHMYeHo OGBEMOM KOHIEHCATOpa).

B COOTBETCTBHH CO CKA3aHHBIM MPEJCTaBMM COJIEHOUJ, B Buje Gecko-
HEYHOTO TOHKOCTEHHOTO LUAJIMHJIpa, O6TEKAEeMOTO TOKOM JIOCTOSHHOH JIH-
HEAHOH MNJIOTHOCTH

Jann =111 (50.2)

Paszo6beM UWJUHAP HA OJHHAKO-
BLi€ KPYrOBble TOKH—<«BUTKIH». M3

Puc. 50.1. Puc. 50.2. |

puc. 50.2 BHAHO, UTO XaXJAas Napa BUTKOB, PacloJOMEHHbIX CHMMET-
PHYHO OTHOCMTEJILHO HEKOTOPOH IMJIOCKOCTH, NEPNEHXMKYISAPHOH K OCH
COJIEROUA, CO34eT B M0G0 TOUKE 3TOH NJOCKOCTH MarHUTHYIO HHAYK-
M0, napajnenpdyio ocu. CieloBaresbHO, H pe3yJbTHpYIOLlee Tone
B Ji0G0OH TOuKe BHYTPU H BHE OECKOHEYHOIO COJIEHOHAA MOXKET HMETh
JllIb HanpasJIeHHEe, NapaJdJE&JIbHOE OCH.

M3 puc. 50.1 BuiTekaer, YTO HANPABJAEHHS 110/ BHYTpH H BHE KOHEU-
HOTO COJIEHOHJIa IIPOTHBONOMOKHKL, IIpH yBeaHYeHUH JIHHBl COIEHOR A
HaNnpaBJeHns MoJield He H3MEHSIOTCS H B Npejene Npu [ —» 0o OCTaIoTCd
IIPOTHBONONOKHEIMH. JIJIsi 6ECKOHEYHOrO COJIEHOHa, KaK H AJis KOHeY-
HOTO, HanpapJeHHe MoJis BHYTPH CoJeHOHJa obpasyeT ¢ HanpabJieHueM
0OTEeKaHHA LUMJIHHAPA TOKOM IIPABOBHHTOBYIO CHCTEMY.

13 napannenbHoCTH BekTopa B ocH BbiTEKaer, uTo 1oJ€ Kak BHYTPH,
TaK H BHe GECKOHEUHOIO COJEHOMJA JOJKHO ObiTh OJHOPOXHBIM. HUTOOH
I0Ka3aThk 3TO0, BO3bMEM BHYTPH COJIEHOHA BOOOpaKaeMbIi NPAMOYTrodib-
HHi Koutyp I—2—3—4 (puc. 50.3; yyactox 4—I/ HIET N0 OCH cOJe-
Houna). O6olias KOHTYP MO YacoBOH CTPeNKe, TONYUYHM AJS LHPKYJHs-
uun Bekropa B sHauenue (B,— B;)a. KoHTYp HE OXBaThIBAE€T TOKOB,
03TOMY LMPKYJISALKSA AOMKHA GbiTh paBHa Hyamo (cM. (49.7)). Orcrona

Y
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ciaenyer, uro B;=B,. Pacnonaaras yyacrox kontypa 2—3 Ha Jo6om
PaCcCTOSIUY OT OCH, Mbl KaxJblil pa3 6yleM 10Jy4yaTb, YTO MarHHTHas
HHAYKUHA B, Ha aTom paccrosnnu paBHa MHAYKuuu B; Ha ocu coseno-
uxa. Takum 06pasoMm, OJHOPOAHOCTb HOJST BHYTPH COJIEHOUA 0KA3aHA.
Tenepn o6parumcss x koutypy [I'—2'—3'—4’. Mel u3oGpasuai
BekTopsl B u B, mrpuxoBoll muHHEH, NOCKOJbKY, KAK BBIACHUTCS
B AaJbHefneM, noJe BHe GECKOHEUHOro cojeHouia paBHO HyJqw0. [loka
’Ke MBI 3HaeM JIHUIb, YTO BO3MOXKHOE HallpaBJI€HHE M0JiS BHE COJIEHOHa
NPOTHBOIIOJIOKHO HANpaB/JAeHHI0 1oJiS BHYTPH coseHouaa. KoHtyp
/'—2"—3'—4" He oxpaTbiBaeT

2% <7 TOKOB; HO3TOMY LHMPKYJAUUS
B, BeKTOpa B’ mo atomy KoHTYpY,
B, paBHas (B;— Bj)a, Jaomxkua
f"r ==-= l4, I 0] 1
 — 0] E —1 . a '
2 s J : '
Bz - R
—- - ! B";:—g 4 - a . \ ﬁ i
z z b !
.-_—-ﬁ
’ ' '*'—"- :
2] B
Puc. 50.3. Puc. 50.4.

ObiTh paBua Hymo. Orciofa BuiTeKaer, yto B;—=B;. Paccrosuus ot ocu
COJICHOHJA M0 YYacTKOB ['— 4" u 2 — 3’ 6bliu B3AThI NPON3BOJLHO.
CneposarensHo, 3HaueHne B' mHa JoGom paccrosiHuu oT OcH GyIeT Bhe
COJICHOHJA OAHO H TO Xke. Takum 06pa3oM, OKa3blBAeTCS JNOKA3aHHOH H
OJHOPOJIHOCTD 110J151 BHE COJICHOH]A.

Hupkyaaunsi no kourypy, uzoGpamennomy Ha puc. 50.4, pasua
a(B+B') (ans 06x01a Mo 4acoBol CTpeske). ITOT KOHTYD OXBAThbIBAET
MOJIOXKHTENBHBIA TOK BEJHYMHBL f,, a. B coorBeTcTBUH € (49.7) noKHO
BBLITOJIHSATECSI PaBEHCTBO

a (B+ B’) = ['Lojnuua
NI Toc/e COKPAlleHus Ha @ U 3ameHsel j,,, Ha nl (cM. (50.2))

B+B'=penl. (50.3)

M3 storo paBeHCTBa cJeflyer, YTO 10JA€ KaK BHYTPH, TaK H CHapykH
OECKOHEYHOTO COJIEHOHJA SBJSIETCS KOHEUHBIM.

BosbmeM IJIOCKOCTB, NepPHEHAMKYJASPHYH) K OCH  COJIEHOMJA
(puc. 50.5). BenexacrBue 3aMKHYTOCTH JIMHMA B MarsuTHble IOTOKH
yepe3 BHYTPEHHIO 4acTh S 3TOH MIIOCKOCTH H 4Yepe3 BHEIHIOW YacThk S’
IOMKHbL ObITh OXHHAKOBBIMH. [ToCKOJABKY MOJISI OJHOPOAHBL H MEpIEH-
AUKYJAPHBL K IJIOCKOCTH, KamJbll H3 NOTOKOB PaBeH NPOK3BESHHIO

2
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COOTBETCTBYIOIIEr0 3HaUeHHSl MArHHTHOH MHAYKIHH H MUIOWAAH, 1po-
Hu3biBaeMoH mnorTokoMm. Takum o6pa3oM, NoJay4yaercs COOTHOLIEHHE

BS=B'S'.

JleBasi yacTb 3TOrO PapBeHCTBA KOHEUHa, MHOXHTeNb S’ B NpaBoil uactT
GeckoHeuno Goapwmon. Ortcioaa caeayer, uto B'=0.

Itak, MBI 0Ka3aJH, YTO BHe GECKOHEUHO JJMHBEOro CoJienoyja mar-
HHTHafA HHAYKUHS paBHa Hymo. BHyTpH cojeHonJia noJe OAHODPOAHO.

[Monoxus B (50.3) B =0, npujem K gopMyae AnA MarHHTHOH HHAYKIHH
BHYTPH COJIEHOHAA:
B=p.nl. (50.4)

Tpoussesee nl Ha3wIBAeTCSA YHCIOM amnep-BHTKOB Ha metp. Ilpu
n=1000 BUTKOB Ha MeTp M cHJe ToKa B | A MarHuTHas HHAYKOUA
BHYTPH coneuouga cocraeiser 4m-107* Ton=4xn ['c.

B MarHuTHYI0 HHAYKIHIO HA OCH COJIEHOHJa CHMMETPHYHO DACnoJo-
JKEHHBIE BHTKH BHOCAT OAWHaxoBblé Bksaa (cM. dopmyny (47.4)). Ilo-
3TOMY Y KOHIA NO0JyGeCKOHEUHOro COJNEHOHJa Ha €ro OCH MariiTHas
HHAYKLHS paBHa NoJoBHHe 3HaueHus (50.4):

B= - wonl. (50.5)

[IpakTHUECKH, €cJH JJIMHA COJCHOMJA 3HAYHTENbHO GoJblue, deM
ero auaverp, ¢opmyaa (50.4) Gyxer cnpaBelsIMBa U1 TOYEK B CPe/HEH
yacTH coleHoupa, a gopmyaa (50.5) — ans Touek Ha OCH BOJH3M €ro
KOHIIOB.

Topoun npencraBaser co00¥ NPOBOM, HABUTHIAL Ha Kapkac, HMelo-
muii gopmy topa (puc. 50.6). Bo3bmem KOHTYp B BHAE OKPYXKHOCTH
papmMyca 7, LieHTp KOTOPOH COBNAJaeT C eHTPOM TOpoHAA. B chuay cunm-
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meTpuy BeKkTOp B B Kaxnoi Touke nosiKeH ObiTh HANpasieH 10 Kaca-
TeJbHOIl K KoHTypy. ChefoBartenbHo, LUMPKyJsuus B pasHa

$Bdl=B-2ar

(B — MarBuWTHasi MHAYKUMSA B TeX TOUKAX, Ile IPOXOJUT KOHTYD).
Ec/iH KOHTYD NPOXOJMT BHYTPH TOPOMIA, OH OXBaThbiBaeT TOK 2rRnl
(R — paguyc TOpOMAA, L — YHCAO BUTKOB Ha eNMHULY €ro J/IHHHI).:
B 3rom ciydyae
B-2nr=p,2aRnl,
OTKVAA

B—pnl = (50.6)

Koutyp, npoxoasuuii BHe TOpoH/Ja, TOKOB HE OXBATHIBAET, MO3TOMY
aiaa "Hero B-2nr=0. Takum o6pa3om, BHe TOPOMIA MATHUTHASA HHAYK-
HUA paBHAa HYJIO. .

Jng topoua, paauyc KoOToporo R 3HAYHTENbHO NPEBOCXOAHT pa-
AMYC BHUTKA, OTHOWIEHUE R/r 11 BCeX TOYEK BHYTPH TOPOHAA Maso OT-
AvyaeTcs OT eQuHuIBl u BMecto (50.6) moaydaercss ¢dopMmyna, cobna-
namoias ¢- gopmydoit (50.4) aaA - 6eCKOHEYHO AJMUHHOrO COJIEHOHJA.
B stoM caydae nose MOXHO CYHTATh OJHOPOJHBIM B KaXXKAOM H3 ceye-
HUH TOponJa. B pasHbIX ceueHHsIX MoJie HMeeT pasTHYHOE HalpaBIeHHe,
NO3TOMY TOBOPUTh 00 OJHOPOAHOCTH NOJIA B npejenax BCEro TOpOHAA
MOXHO TOJBKO YCJOBHO, UMesl B BHAY OAHHAaKOBOCTb Moayasa B.
Y peajrHOro TOPOHA MMEETCSl COCTABJSIONIAsk TOKA BROJb OCH. DTa
COCTaBJAOIAA CO3JaeT B AONONAHEHHE K noJio (50.6) noJje, aHaJmorH4Hoe
noJi0 KPyroBoro TOK4.



TTABA VII
MATHHMTHOE TIOJIE B BEULECTBE

§ 51. HamaruuueHue Marseruka

B npefpiaylieli Taane Npeinonaranoch, 4o npoBOAA, MO KOTOPHIM
TEKYT TOKH, CO3/lat0llie MarHHTHOS NOJE, HaXoAATcH B Bakyyme. Ecii
HecyIMe TOK fPOBOJa HAXOAATCA B KaKoi-nu6o cpefe, MarHUTHOE NoJe
JaMensieTcs. D10 OOBACHAETCH TeM, WTO BCHAKOS BCILECTBO siBAsETCH
MATHETHKOM, T.€ CNOCOGHO MNOX feficTBHEM MAarHHTHOTO TOJA
npuoGpeTaTh MarHUTHHIH MOMEHT (HaMar HAYHBAThCA). Hamaruudennoe
Bel[ecTBO CO3/aeT MarHUTHOE NoJie B’, KoTOpOE HAaK/AajpIBaeTCA Ha 0byC-
noBneHHOE ToKaMu noje Bo. O6a moss B CyMMe MaioT pe3yJIbTHpYIoIlee
noJse
B—=B,}B (61.1)

(cp. ¢ (17.2)). .

Verunnoe (MHKPOCKOMUYECKOE) Nojie B MarHeTHKE CHJIbLHO H3MeEHH-
eTc B Npefiefax MeRMOAeKYAsapHbIX pacctosinnit. Ilog B noxpasyme-
BaeTCcA ycpelHeHHoe (MaKpOCKONMHMYECKOe) NOJIe (cm. § 17).

Jlnsa obbACHEHHS HaMarHudeHud Te AMmnep npeanoJoXHa, 4TO
B MOJIEKYJAX BEUleCTBa LHPKYJIHPYIOT KPYTOBbIE TOKH (MOJIEKY/sipHbie
Toku). Kaxpapiit Takol TOK 00JafaeT MarHWTHLM MOMEHTOM H CO3[aeT
B OKPYKAIOLEM TIPOCTPAHCTBE MarHATHOE MOJE. B oTCYTCTBHE BHEIIHETO
noJIsi MOJIeKyJsipHble TOKH OPHEHTHPOBAHLI GecriopAOYHLIM 06Pa3oM,
BCJIeICTBHE 4ero 00YCJIOBJIEHHOE HMH pesyJLTHpPYOIllee Mose pPABHO
HymMo. B cHIy XaoTiuecKoi opueHTalin MarHHTHBIX MOMEHTOB OTAEe/b-
HbIX MOJIEKYJ CYMMapHbIH MACHHTHBI MOMEHT TeJa TAKXe paBeH HYJIo.
[lof AeficTBUEM [OJS MATHUTHBIE MOMEHTLI MOJEKYJ npuodperaoT
NpenMyIeCTBeHHYI0 OPHEHTAlH0 B OLHOM HalnpaBJ/eHuH, BCJEACTBHE
Jer0 MATHETHK HAMACHHYMBAGTCA — ero CyMMapibid MarHUTHBIH MO~
MEHT CTAHOBHTCSl OTJHYHLIM OT HyJsi. MarHaTHble NOJA OTASIBHLIX
MOJIEKY/ASPHLX TOKOB B 3TOM CAyuae yXe HE KOMIEHCHPYIOT APYT
apvra H BosHUuKaer mone B'.

HavarHMueHlic MarieTHKA eCTeCTBEHHO XapaxTepu3oBaTh MartHi-
HLIM MOMEHTOM eAUHHIL ofbeMa. DTy BelUUHHy HA3LIBAIOT HaMal-
HIUEeHHOCTDIO M oGoanauaior 6yKBoi J. Ecau mMarHeTHK Hamar-



154 TJl. VII. MATHWUTHOE MNOJE B BEUECTBE

HHYEH HEOAHOPOAHO, HaMAarHHYeHHOCTL B AAHHOH TOUKe onpeleasetrca
C/IeYIOILHM BBIpaXKeHHeM:

1
J -“—“A—v§ P (51.2)

rae AV — dusnuecku GeckoHeuHO Malblil O0BEM, B3ATHIA B OKPECTHO-
CTH pacCMaTpHBaeMOR TOYKHU, P,, — MATHHUTHEII MOMEHT OTAENbHOH MO-
nekyaesl. CyMMHpOBaHHE NPOH3BOAUTCA 110 BCEM MOJIEKYJaM, 3aKJ0ueH-
HbIM B 00beMe AV (cp. ¢ dopmymnoii (16.1)).

[Tone B’, Tax ke Kak u noae By, He UMeeT HCTOYHUKOB. [osTomy
AMBepreHuys pesyJbTHpylouero noas (51.1) paBHa nymo:

vB = VB, + VB’ = 0. (51.3)

Taknm obpasom, gopmyna (49.2), a caenosarenbno, 3 dopmysa (49.1)
CNpaBeJNMBbl He TONBKO AJf N0J8 B BaKyyMe, HO H 1] NOJS B Be-
L1eCTBeE.

§ 52. HanpsixeHHOCTh MArHATHOTO nNOAS

Hanuiem Bripaxenue aas poropa pesynbTHPYIOLLEro NoJs (61.1):
[vB]=[VB,]+[VB'].
Cornacho (49.9) [yBel=pej, Iie j — NIOTHOCTL MaKpPOCKOMHYECKOro

T0Ka. AHanorndHo porop BekTOpa B’ nosken GHITH MponopuMOHaleH
IJIOTHOCTH MOJICKYJSPHLIX TOKOB:

[VB’] == P*ojmo.m-

CnenoBatesibHo, POTOP pe3yJbTHDPYIOWEro TNOAS onpeneasiercs ¢op-
MYJIOH

[VB]=po (i 4 juoa)- o (B2.1)

M3 (52.1) BuiTekaer, yToO NMpPH BBIYUCJIEHHH POTOpa NOAS B MarkHe-
THKax Mbl CTaJlKHBaeMcsl ¢ 3aTpyJHeHHeM, aHaJor HYHLIM TOMY, € KO-
TOPBIM MBI CTOJIKHYJIHCh IIPH PACcCMOTPEHHU 3JA€KTPHUYECKOTO TTOJS B JH-
SNEKTPUKaX (cM. gopmyay (19.1)): ans Toro 4To6El ONpeeanThL poTop B,
HYXHO 3HATh MJOTHOCTh 1€ TOMBKO MaKPOCKOMNYECKHX, HO Tak»kKe H
MOJNEKYASAPHBIX TOKOB. ITMOTHOCTL XKe MOJEKYJSIPHBIX TOKOB B CBOIO
Ouepeib 3aBHCHMT OT 3HaueHHd BekTopa B. IlyTth, nmossonsouiuii oboliTH
3T0 3aTpyAHeHle, TaKKe 4aHAJOTHYeH TOMY NYTH, KOTOPHIM MLl BOCe
[f0/1b3oBaMHCh B § 19. OkasblBaercsd, MOXKHO HalTH TAKyI0 BCIIOMOra-
TeJbHYI0 BE&JIMYHHY, POTOP KOTOpOH onpenensercs Juillb NJOTHOCTHIO
MaKpPOCKONHYECKHX TOKOB. .

UTto6Bl YCTAHOBUTL BHJ 3TOH BCHOMOIATEJNbLHOI BENHYHHBI, NONRDO-
GyeM BBIDA3HTL IJIOTHOCTh MOAEKYJADPHBIX TOKOB j,,, Yepe3 Hamaruu-
YEHHOCTh MarHeruka J ). C 3Toil Ueablo BEYHCANM aareGpandyeckyio

1) B § 19 Mpl BHIpa3uAM NJOTHOCT CBASAHHLIX 3apA/JCB Yepe3 NONAPH3OBAIIHCCTD
AH3neKTpHKa P.

TAA_
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CYMMY MOJIEKYJAPHBIX TOKOB, OXBATHIBAEMbIX HEKOTOPLIM KOHTYDPOM I
J1a cymMma pasHa

{ fuoadS, (52.2)
S

rge S — noBepXHOCTb, HATSHYTash HA KOHTYP.

B aareGpandeckylo CyMMY MOJIEKYJSIPHBIX TOKOB BXOAAT TOJbKO
Te MOJIeKYJIsipHble TOKH, KOTODhle OKa3blBalOTCH «HaHH3aHHLIMHY Ha
KOUTYP (CM. TOK [} Ha pHC. 02.1). Toxky, He «HaHU34aHHDbIE» HA KOUTYD,
460 HE NepeceKkarT HATAHYTYI0 Ha KOHTYD TMOBEPXHOCTL COBCCM,
160 MepeceKaloT 3Ty NOBEPXHOCTh ABAXKALI -— OJUH pa3 B OJXHOM d-
npas.1eHHH, BTOPOIl Pas B APYroM (cM. Tok I},x Ha puc. 52.1). B pe-
3y/bTaTe HX BKJaf B anreGpauuyeckyio cymmy TOKOS, OXBAaTblBaeMbiX

KOHTYPOM, OKa3blBAeTCsl PABHBIM HYJIIO.
]

': P ] — ——— - -—-"l\

i 1
\ *y e\ [ \ ‘\\
v & ' v
\ N ‘ 1
[ ]

Puc. 52.1. Puc. 52.2.

U3 puc. 52.2 BHANO, 4TO 3JEMEHT KOHTYpa dl, o6pasyolmit ¢ Ha-
npasJenieM Hamar HHYeHHOCTH J yroa o, HaHU3BIBAET HA celst Te MoJe-
KyJIsipHbE TOKH, IEHTPI KOTOPLIX MONaAaloT BHYTPb KOCOTO MWJIHHAPA
C 0BDBEMOM S0, €08 @ dl (Syox — MIOLAAL, OXBATHIBAEMAS OT/e/1bHEIM
MOJeK Y11 PHBIM TOKOM). Ecn A — 4ACIO MOJEKYJ B ENHHHMIE o0 be-
Ma, TO CyMMapHbiH TOK, OXBaThiBaeMblil  3JeMmeHTOM dl, pared
10518 wox cOs o dl. Tlponssefenne !,0:Swo; DPaBHO MarHUTHOMY MO-
MEHTY pPr OTAENLHOTO MOJIEKYASAPHOrO TOKA. CrnejfoBaTesbHO, Bbipae-
HHe [, Suonft NPENCTABASIET co60fl MArHUTHBIA MOMEHT eIMHHUbI 001-
eMa, T. €. 1aeT MOAyJb BexTopa J, a ! yonSwosft COS ¢ — NPOEKIHKIO BEK-
Topa J Ha HanpaBJleHRe 3JEMENTA d!. Takum o6pasom, CyMMapHLIi MOJe-
KyJIIPHbI TOK, OXBATbIBAEMBIH 3/IEMEHTOM dl, paeen J dl, a cymma mo-
JCKYJSPHBIX TOKOB, OXBaTLIBAeMbiX BCEM KOHTYPOM (cM. (52.2)), pasHa

{ fuoxdS= ¢ 3.
T

S

[TpecGpa3oBas npaByl 4yacTb [0 TeOpeMe Crokca, NoJxy4ynM

S jmo.'x dS = S [VJJdS.
S S
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PaBeHCTBO, K KOTOPOMY MBI NPHILJH, JOJIKHO BBHIIOJHATBCSA NPH NPo-
13BOJIbHOM BBIGOPE MOBEPXHOCTH S. 2T0 BO3MOKHO JIHILB B TOM CJyYae,
€cJIH NOABIHTEr PAJbHble BEIPAXKEHHS PaBHBl B KaXKJOH TOUKE MarHeTHKa!

iwor=[VJ]. (52.3)

TakuM oGpas3oM, MAOTHOCTE MOJEKYJAPHBIX TOKOB ONpefiesiercs 3Ha-
YeHHeM poTopa HaMaruudeHHocTH. B cayuae, korpa [yJi=0, Moaexy-
JNSIPHblE TOKH OTJEJbHBIX MOJEKYJd OPHEHTHPOBAHH TaK, YTO HX CymMma
B CpeJlHeM paBHA HYJIIO.

@opmyna (52.3) HomyckaeT CAeAYIOWYIO HarJsHYIO HHTEpIpera-
nuo. Ha puc. 52.3 uso6pakeHbl BEKTOPbI HaMarHMYeHHOCTH Jy M J,
B HeNOCPEACTBEHHOH 6/M30CTH K HekoTopoill Touke P. Touka P u o6a
BEKTOPA JIeXKaT B IJIOCKOCTH PHCYHKa. M3o06pakenublil NyKKTHPOM KOH-

Typ [' Takke pacnoJoxen B IIJIOCKOCTH

3, [‘g] pucyHKa. EcJu XapakTep HaMarHH4enHO-

Ay o I, CTH TaKOB, 4YTO BeKTOPHl J; U J; OAMHAEKO-

Bbl 1O MOAYJIO, TO LHPKyJAsuHda J no Kon-

typy I' 6yzaer paBHa Hy 0. COOTBETCTBEH-

o [vJ] B Touke P rtakxe Gyjaer paeeH

HY 0.

Hamaruuuensocram J, u J, MoxHo co-

® o NOCTABHTb MOJIEKY/IAPHBIE TOKH I H i3, Te-

KVIIHEe N0 KOHTYPaM, H300paXKEHHbIM Ha

Pac. 52.3. puc. 52.3 COJIOLIHBIMU TUHUSIMH., DTH KOH-

TYPEl JIEKAT B [JIOCKOCTH, NEepIeHAHKYJisip-

HOH K MJIOCKOCTH pHUcyHKa. [Ipy ol HaKOBOM HalpaBJeHHH BEKTOpoB J, 1

J; HaNpaBJIeHU A TOKOB ] H i; B Touke P GyAyT B3aUMHO MPOTHBONOMOXK-

ibiMli. B cuny Ji=J, TOKH i] H i; OIMHAKOBH! N0 BeJHUHHE, BCJAEACTRIE

Yero pesyJbTHPYIOULHH MOJIEKYIsPHbIA TOK B TOYKe P OKasklBaeTcd, Kak
u [vJ], paBubM HymoO: j,,,=0. _

Tenepsb ponyctum, uto J>>J,. Torna uupkyasuug J no koutypy I’
oKaxeTcs OTJAMYHOR OT HyJs. COOTBETCTBEHHO NoJie BekTopa J B Touke
P 6yner xapaktepusoBarbcsi BeKTopoM [VJ], nanpasnenusim 3a ueprex.
Bonpluell HaMarHHYEHHOCTH OTBeyaeT OOJIbIUHK MOJIEKYJISPHBLI TOK;
1103TOMY [{>>i;. B utore B Touxe P 6yaeT HabMIONATBCS OTJAUYHLBIA OT Hy-
Jisl pe3yJbTUPYIOIIUA TOK, XapaKTepu3yeMblil TMJIOTHOCTBY |, Ha-
npaBJeHHoil Tak XKe, kak u [VJ], 3a ueprex. B cayuae J1<<J; BekTOPBI
[vJ] u j,,;, OYAyT HampaBJeHbl He 33 uYepTeX, a Ha Hac.

Hrak, B TOYKax, rje OTAHYEH OT HYJHA POTOP HaMarHMueHHOCTH,
OKAa3blBaeTCsl OTJIHYHOH OT HYJA M TJIOTHOCTE MOJIEKYJISIPHBIX TOKOB,
ppuueM BekTopnl [¥J] u j,,, HMEWOT OJHHAKOBOE HampaBJeHHe (CM.
(52.3)). |

IloacraBuM Bhipaxkenue (52.3) A1 NJIOTHOCTH MOJIEKYJNAPHEIX TOKOB

B dopmyay (52.1):

[VB]=pej+ po[VJ].
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Pa3ge/HB 3TO COOTHOLIEHHE HA Wo H 00BeAHHHB BMECTE POTODPHI, MOJYIHM
B -
[v. (—1)]=i (52.4
I

H="2 ] (52.5)
Ho
ecTh McKOMAsl HaMil BCIIOMOraTesibHasl BeJHYHHA, POTOD KOTOPOH ompe-
NesiSeTcst OMAMH JHIIb MAKPOCKOMMYECKHMH TOKaMH. 3Ta BeHdHHA
Ha3blBaeTcl HAaNMpsi KeHHOCTbIO MATrHUTHOILO MOJA,
B cootBerctsiu ¢ (52.4)

Otciofa clielyer, 4ro

[VH]=] (52.6)

(potop Bexktopa H pasen BekTOPY MUIOTHOCTH MAaKPOCKOMUYECKHX TO-
KOB).

BosbMeM mpon3sosbHbIL KOHTYp I' ¢ HAaTAHYTOH Ha Hero [OBEpX-
HocTblo S H o6pasyeM BhIpa:KeHHe

{[vH]as={jas.

S S

CoraacHo Teopeme CTokca JeBast 4acTh 3TOrO PABEHCTBA 3KBHBAJICHTHA
wupkyaauud Bexropa H mo xoutypy I'. CneloBatesbHo,

éf Hdl = § jas. - (52.7)

Fc/iH MakpocKOMHYecKHe TOKH TeKYT [0 MPOBOAAM, OXBATHIBAEMBIM KOH-
TypoM, COOTHOWIeHHE (02.7) MOXKHO HAMMcaTbh B BHAE

HHal= 21, (52.8)

dopmyant (52.7) n (52.8) BripaxaioT TeopeMy O WUHPKYJJDd-
uuu sBekTopa H:yupkyrayus eekmopa HANPANEHHOCHLL MACHUM-
1020 NOASL N0 HEKOMOPOMY KOHMYpY pasHa areedpauteckoi CYymme MaK-
POCKORUYECKUX MOKOE, OXBAMbIBALMbIX IMUM KOHMYPOM.
HanpsikedHocTb MarHuTHOro noast H sigsisteTcst aHa/norom ajaeKTpH-
yeckoro cmemneHus D. Ilepronauanbdo npeamnoJiarajock, 4TO B OpH-
pojie HMEITCH MOA0GHEIE SJEKTPHUECKHM 3apsilaM MarHHTHBIE Macchl,
Y ydeilne o MarHeTH3Me PasBHBAJIOCh MO aHAJOIHH C yYeHHEM 00 3JIeKT-
puuectBe. B te Bpemena H OblTH BBEJleHbl Ha3BaHHA: «MATHHTHAA HH-
AYKUWHS» Ana B W «HanpfayKenHoCTb HOJsA» AJs H. BrocneactBuii Bbl-
ACHUNOCH, YTO MACHHUTHBIX Macc B IIPHPOJAE He cyULeCTBYET H 4TO Be-
AHYMNA, Ha3BaHHAA MACHHTHON MHAYKIHed, B JeHCTBHUTEIBHOCTH
aBJsieTCH aHaJoroM He 3MexTpHueckoro cMelnenust D, a HanpsixkenHo-
ctu aaextpHyeckoro mnoas E (coorserctBenno H — aHamorom He E,
a D). OfHaKO M3MCHATH YKe YCTAHOBHBLIYIOCH TEPMHHOMOLHIO HE CTa-
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A4, TeM GoNlee, YTO BCJeJCTBHE Pa3HuYHON NMPHPOALI 3/1EKTPHUECKOrO
H MardHUTHOTO noJjeif (3JeKTPOCTaTHUECKOe ToJie NMOTeHUHaAbHO, Mar-
HHTHOE — COJIeHOMAANbHO 1)) BenHduHu B # D ofHapyxuBaoT MHOTO
CXOJACTBA B CBOeM NOBeJEHUM (Hanpumep, AHHUH B, kak u aunuu D,
e NperepreBarT pa3pbiBa HA TPaHHUIle ABYX Cpen).
B Bakyyme J=0, nostomy H npespauaercs B B/u, u dopumydst
(02.6) u (52.8) nepexousat B dopmyant (49.9) u (49.7).
B cootBerctBUM C (42.5) HAUPSAKEHHOCTb NOJS NPSIMOrO TOKAa B Ba-
KyyMe onpejensercs BblpaxeHHeM
H = 1 21

T (52.9)
H3 KOTOPOFO cJACAYEeT, 4TO HalpAKeHHOCTh MATHUTHOIO TIOJST HMeEeeT
pa3sMepHOCTD, pElBHYI-O pasmepﬁocm CHJIBl TOKA, Ile.HEHHOﬁ Ha pa3Mep-
1HOCTL AJAUHEL. B CBA3U € 3THM eJHHHOA HApAXEeHHOCTH MaruHTHOro

noiisi B CH HocHT HasBaHMe amnep Ha MeTp (A/M).

B rayccoaoﬁ CHCTEME HanpseHHOCTbI0 MAarHHTHOrO NOJA HA3bIBAawOT BeJUYHHY
H=B—4nJ. . (52.10)

Ha storo onpenenennn cienyer, uto B BakyyMe H cosnasaer ¢ B. B cooTBercTBHH ¢
sTuM eannnua H B rayccosoll cHcteme, nasbiBaeMasi spcTen oM (J), MMeeT TY
e BEJIHYHHY H pA3SMEepPHOCTb, YTO M eJMHMIA MarHMTHOH MHAyKuUHH — raycc ([¢).
ITo cyuiecTBy pcTel M raycc cyTh pa3Hbie Ha3BaHMA OXHOM H TOM ke efHHMIb. FCIH
stoii eHnnLLell H3MepsioT H, ee HasbiBaOT 9pcTeiom, ecaH Hamepsiior B, To — rayccoM.

HamaruuuennocTs NPHAATO CBA3BIBATH HE C MATHUTHON MHAYKLHeH,
a ¢ HanpsAXKeHHocTho nods. [lonarawor, uyTo B KasA0H TOYKE MarHeTHKA

J=yH, (52.11)

rie  — XapakTepHasi JJIsl JaHHOI'O MarHeTHKa BeNMYHHA, Ha3blBaeMast
MATHHTHOH BOCHNPHHMUYHBOCTSLW?). OMBT nokasu-
BaeT, YTO U CJAOOMarHUTHHEIX (HeeppPOMArHHTHEIX) BEILECTB NpH
HE CJHUIKOM CHJBHBIX noadx j He 3asucHT ot H. Coraacuo (52.5) pas-
MmepHocte H coBnapaer ¢ pasmepHoctbio J. Coenosareanno, y — 6es-
pasMepHana BeJHUYHHA.

IloncraBuB B dopmydy (52.5) Buipaxenue (52.11) naa J, nonyuum

_B_
H = Lo :(H'l
OTKYZa :
—_ B
H= e (52.12)
7

1} ConenonpannyplM HA3BIBAETCA NOJE, HE UMelollee HCTON HHKOB. B KaXJiolf Touke
TAKOr0 NOJSl JHBEpreHUHS paBHa HYJIO.

?) B amusoTponubIX cpelax Hampasienust BekTopoB J 0 H, Boo6uie roBops, He
COBMaZaloT. [l Takux cpef CBA3b MeXAY BekTopamu J H H ocyuiecTBisiercst T e n-
30pPOM MATHHTHON BOCNPHUMYHBOCTH (CM. NOACTPO4HOE IpHMe-
yaHde Ha cTp. 63). '
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BespaamepHas BesquyuHa
p=141 (52.13)

HA3BBACTCS OTHOCHUTENbHOH MATHUTHOH MPOHHUIUAE:
eMOCTDHIO HAUNPOCTO MAT HUTHOH NPOHHALAEMOCTHIO
BellecTBa 1).

B oTaudHe OT AU3NEKTpUYECcKoil BOCOPUUMUYHBOCTH ¥, KOTOpas MO-
sKeT HMeTh JIMIIb TIOJOKUTEeNbHble 3HaueHus (monspusoBaHHOCTb P
B U30TPONHOM JH3JIEeKTPHKE BCErja Harnpas/eHd 1mo moJio E), maruur-
Hasi BOCIIPUHMUUBOCTD ¥ ObIBAeT Kak NOJIOKHTEJbHOH, TaK H OTpHLA-
TenbHofi. [109TOMY MarHuTHas NPOHULAEMOCTb [ MOXKET ObITH KakK
6oJiblile, TAK ¥ MeHbILEe eAUHHIBL.

C yuerom (52.13) dopmysie (52.12) MOXHO NpUAATH BUA

B

H TR (52.14)
Takum 06pa3oM, HanpsKeHHOCTE MArHHTHOTO MOJIA H ectb BeKTOD,
MMelOULMil TO JKe HanpaBJeHue, 4To H BeKTop B, HO B Uqu pas MEHBLUHH
10 MOAYJIO (B 2AHU3OTPOMHEIX CPeAaX BEKTOPBL H u B, Boobuie rosopi,
He COBNANAIOT NO HANPAaBJEHHIO).

Coornotttente (52.11), cesisnBalouee Bextoput J B H, Hmeer 1ouno TaKoH BHJ
M B rayccosoll cucreme. [logcrtaBuB 310 BblpaXKEHHE B gopmyay (52.10), noaydnm

H-=B—4nyH,
OTKYAa
H= 52.15
: =TT %y (52.15)
DBespasmepnast BelHYHHA
p=1+4my (52.16)

HadLBaeTcd MaTHHTHOR MNMPOHHNLAEMOCTHRIO BemECTsa. Beegst 3ry
pennunny B dopMyny (52.15), momyunm

B
H=—. (52.17)
I.L
3uadenHe W B rayCccoBoii CHCTEMeE COBIAJAeT CO 3Ha4eHHeM [ B CU. Conocrarnenue
dopmya (52.13) m (52.16)} noka3siBaer, UTO 3HAUEHHE MATHHTHOH BOCHPHHMYHBOCTH
B CH npesocxouT B 411 pa3 3HaueHKeE B rayccosoit cHcTeMe:

Yeu =4 e (52.18)

§ 53. Bbluucaenve NOJA B MarHeTHKax

PaccMoTpuM moJsie, co3faBaeMoe OGeCKOHEUHO AJIMHHBIM KpYyTJbIM
HamarHHyeHHbIM cTepkHeM. Hamarnuuennocts J 6ynem cuMrtaTb BCIOAY
ONMHAKOBOH M HANpaBJeHHO# 1o ocH crepXHd. PasofpeM MBIC/ICHHO
cTepxelb HA MepreHAUKYNsAPHbIE K OCH CJIOH TOJIIHHEI dl. Kaxpptil

1) B aleKTpoTexHHKe BBOAAT TaK Ha3biBaeMYlo aGCOMIOTHYIO MArHHTHY!O IPOHH-
1aeMocTh Pa=Wgl. OAHAKO 3Ta BeAHYHHA (PH3HYECKOrO CMBICAA HE HMEET, H Mbl €10
Monb3oBaThCAd He OyjheM.
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c10il paso6beM B CBOIO OYepellb Ha Malble UHIHHAPHYECKHE 3JCMEHTLE
¢ OCHOBAHHSIMH TIPOH3BOJBHON ¢opmul (pHc. 53.1, a). Kaxawmil Takoi
3JICMEHT 006JalaeT MarHUTHBIM MOMEHTOM

dpm=J dS dl, (53.1)

rie dS — nJjomags ocHOBAHMA,

[Tone dB’, coanaBaeMoe 3JeMeHTOM Ha PaccTOAHHAX, 60JBILIHX RO
CPABHEHHIO C €TI0 pa3MepaMH, 3KBUBAJIEHTHO MO0, KOTOPOE CO34aBaJ Gbl
ToK cHabl [=J dl, ofrexkalolMil 3JeMeHT TO ero OOKOBOH IOBepX-
HOCTH (cM. puc. 53.1, 6). HeiicTBUTEbHO, MarHHTHBIH MOMEHT TaKoro
TOKa paBed dp,=I1dS=J dl dS (cp. ¢ (53.1)), MarauTHoe Xe noJie Ha

4t ap,,=1d5d0

Puc. 53.1.

O0abIIUX PaAcCTOSIHHI X ONpenenasiercss TOJbKO BeJHYHNOH H HallpaB-
JeHHeM MarHUTHOro MoMeHTa (cM. § 47).

Boo6paxaemele TokH, TekyuiHe no ofiiemy JJsi ABYX COCENHHX
3/1eMEHTOB YYacTKY INOBEPXHOCTH, OJHHAKOBLI 110 BeJHYHHE H MPOTHBO-
NOJIOXKHLl N0 HAaNpPaBJeHHIO, MO3TOMY CYMMa HX paBHa Hy/o. Takum
o6pa3oM, DpPH CYMMHDOBAHHHM TOKOB, OOTEKAlOULIIX OOKOBLIE NOBEPX-
HOCTH 3JIEMEHTOB OZHOTO CJIOSl, HEKOMIEHCHPOBAHHBIMH OKAa3bIEAIOTCS
JHUb TOKH, TEKyIlHe no GOKOBOH MOBEPXHOCTH CJ04. |

3 cka3aHHOro BLITEKaeT, YTO CJOH CTep»HA TOJMHBL d! cosjaer
noJje, 3KBUBANEHTHOE IIOJIO, KOTOpoe co3faBaj Oul TOK cHanl J di,
obTexkawow i cJoi Mo OOKOBOH MOBePXHOCTH (JIHHEHHAA IJIGTHOCTb
3TOTO TOKA paBHA [,.,—J). Becb e OGeckoHeunnlii HamMaruuuerHbli
CTep:KeHb CO3LaeT MoJe, 3KBUBAJCHTHOE IO HHIHHIAPA, 00TeKaeMoro
TOKOM C JHHEHHOH NJOTHOCTBIO j,,,~J. B § 50 MBI BBISICHWJII, 4TO
BHE TAKOTO LHJHHApPA foJie PaBHO HYJIO, a BHYTPH UMJIHHApPaZ noJe
OJHOPOAHO M PABHO MO BeJHUHHE [Lof,,,.

Taxyim o6pasoM, Mhl BhIACHHJIM XapakTep noJs B’, cosgasaemoro
OAHOPOJAHO HaMarHH4eHHbIM GECKOHEUHO AJIMHHEIM KPYTJIBIM CTEPXKHEM,
Bhe cTepxHs 3T0 noJe paBHO HYJ0. BHYTPH CTEpXHA N0JNe OAHOPOIHO
H PpaBHO

B' =p,d. | (53.2)
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[MycTb uMeeTcsl ofHOpoAHOe noJe B,, co3lasaeMoe MakpoTOKami
B Bakyyme. CoranacHo (52.14) HanpsiKeHHOCTb 3TOrO NoJS paBHa

H, =S¢, (53.3)
Ho

BHecem B 310 noje (Mbpl GyleM HasblBaTh €0 BHEWHHM) OGeckoleuno
NJHHHBIH KPYIJblii cTep:KeHb H3 ORHOPOAHOrO H M30TPOMHOTO MarHe-
THKa, PAcIoOJ0XHB ero B1oJab HanpasaeHus B,. M3 coobpaxenui ciim-
MeTPHH CJIEIYeT, YTO BO3HHKAloUlas B- CTEPAKHE HaMarHHYeHHOCTh J

KOJJHHeapHa ¢ BektopoM B,.
Hamaruuuesnslii cTepxKenb CO37aeT BHYTpH ce6s noae B', onpe-
aeasieMoe ¢opmyaoii (53.2). B pesyarrare noje BHYTPH CTEPHHsL CTa-
HeT paBHbIM

B=B0+B’=B0+H0J. (534)

IToacTaBuB 5T0 3Hauense B B ¢opmyay (52.5), nonyuuM HanpsaKEHHOCTD
noJasl BHYTPH CTepKHs
_ B B
Ho Ko
(cM. (53.3)). TakuM 06pa3oM, HANPSKEHHOCTb MOJIS1 B CTEPKHE OKa3bl-
BaeTcsl COBNAJatolleil ¢ HAMpsIXKeHHOCTLIO BHEWHero IoJs.
Ymuoxup H Ha pop, MOAYyYHM MArHHTHYIO HHAYKLUHIO BHYTPH
CTEPIKHS: |

0

B
B = ponH = popt - = 1B, (93.5)

Orciofa caejyer, 4TO MarHUTHas NPOHHIAEMOCTb | INMOKa3blBaeT, BO
CKOJIBKO pa3 ycHJHBaeTcsl NoJie B MarHeriike (cp. ¢ (20.2)).
3aMeTHM, 4TO NOCKOJBKY moJsie B OTJAHYHO OT HYJs TOJBLKO BHYTpH
CTEPKHSI, MArHUTHOE [10JIe BHE CTeP:HS OCTaeTcs 0e3 H3MeHeHHH.
ITonyueHHB! HAMH pe3yJsibTar GLIBAET CIIPABEAJIMB B Te€X CJydYasix,
KOrjia OJXHOPOJHBIA M HM30TPOITHBIH MarHeTHK 3amnoJHsier o0beM, Orpa-
HUYEHHBIH TOBEPXHOCTSAMH, KOTOpble 00pasoBaHbl JHHHSAMH Hanps-
KEHHOCTH BHellHero noss *). B nporuBHOM ciyuyae HanpsiKeHHOCTDb
nojsi, onpefenseMas dopMyaoit (52.5), He coenapaer ¢ Hy=B./p..
YC/0BHO MOJAraloT, YTo HanpsKeHHOCTh NOJIg B MarHeTHKE paBHA

H=H,—H_, (53.6)

raie Hy, — BHenHee nmogste, a H_ — Tax HasbiBaeMOe pa3Mar HHUUY K-
Balwilee IN0Je€ KOTOPOe NPEANONaraercsi MNPONQPLHOHANBHLIM
HaMar HHYE€HHOCTH :
H_=NJ. (53.7)

1) Hanomuum, uto B cayyae anekTpuieckoro noast D= Dy npd ycsiosHH, YTO Of-
HOPOAHBIA H M30TPONHLIA AU3NIEKTPHK 3anojJHAeT o6beM, OrpaHHYEHHbIH 3KBHITOTEH-
UHEJbHEIMH INOBEPXHOCTAMH, T. €. HOBEPXHOCTAMH, OPTOIOHAJbLHBLIMH JJHUHHAM Hallpiae-
aKEHHOCTH BHEIIREro noJad.

6 H. B. Capenses, T. 2
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Koagduuuenr nponopuuosanbHoct# N HasbiBaeTct P a3Mar H He
YHBAKWMHUM pakTopoM OH 3aBUCHT OT OPMBEI MArHETHKA.
Jlns Tenia, nOBEPXHOCTb KOTOPOrO He NepecexaeTcst JIHHHSMU Hampsi-
XKEHHOCTH BHEIIHETO NOJfA, KaK Mbl BHAeaH, H=H,, T. e. pasmarunup-
Balovii GakTop paBex Hymo. Jlasi TOHKOTO RHCKa, NMepneHAHKyasap-
HOTQ K BHewHeMy nomo, N=1, nna mapa N=1/,.

CooTBeTeTByIOLIUI pacyeT AaeT, 4TO B Cjydyae, KOT[d OJHOPONHHIM
M H30TPOIHLIH MATHETHK, HMeloUlUii (OPMY 3JTHIICOMAA, NOMeEILaeTcs
B OJHOPOJHOE BHELUHEE I110Jle, MArHHUTHOE II0JIe B HeM XOTHd H OTJIHUHO
OT BHEIUHEro, HO Takxe ofHOpoiHO. To ke cnpaBefsuBO AJdA Iuapa,
NPeACTaBASIOMIEro co60i YacTHRIA CAyual 3JMMICONIZ, a4 TaKKe A
AJHHHOTO CTEPKHA W TOHKOT'O JIMCKa, KOTOPBE MOXHO CHUHTaTh Mpe-
JeJbHBIMH CAYYaAMH JUTHIICOHJA.

B 3akmoueHne HaiiieM HanpsKeHHOCTb MOJST GECKOHEYHO JJIMHHOTO
CoJIeHOU/a, 3amnOJHEHHOTO ONHOPOAHBIM M H30TPOIMHBIM MAarHETHKOM
(M MOTpyKeHHOro B Ge3rpaHMYHLIA OXHOPOAHLI H H30TPOHHLIH Mar-
HeTHK). IIpuMenus K KOHTYpy, H306pa)keHHOMy Ha puc. 50.4, Teopemy
O UHPKYJAUHH (cM. (92.8)), monyuuM cootHolnenne Ha=nal. Orcrona

H=nl. (53.8)

Takum 06pa3oM, HanmpsIKEHHOCTb MOJIA BHYTPH GECKOHEYHO AJHHHOLO
COJIEHONAA paBHA MPOH3BEJEHMIO CUJIBI TOKA HAa YWHCJIO BHTKOB, HPHXO-
Aslieecss Ha eAMHHMLY JJIHHEL. BHe coJleHOMJA HaNpAMXKEHHOCTb NOJIA
PaBHa HYJIIO.

§ 54. ¥YcnoBusi Ha rpaHMUe ABYX MarseTMKOB

BO/IH3H noBepXHOCTH pasiena JBYX MarHETHKOB BekTopel B u H
ROJIAKHBL YAOBJIETBOPATE ONPEJAENEHHBIM I'DAaHHUHBIM YCJIOBHAM, KOTO-
pbleé BBITEKAIOT H3 COOTHOILEHHH

VB=0, [VH]=] (54.1)

(cM. dopmyaer (51.3) u (52.6)). Msl paccmaTpupaeM CTauHOHAPHEIE,
T. €. He U3MEHAIOUIHECH CO BPEMEHEM IOJIf.

BosbMeM Ha rpanuue AByX MarHeTHKOB C MPOHHUAEMOCTAMH Wi ¥ 1,
BoOOpaxaeMyl0 UMJIHHADHYECKYIO MOBEPXHOCTh BHICOTHL A C OCHOBa-
HUAMH St W S,, PacNoNIOKEHHHIMH N0 PA3HBIE CTOPOHBI NOBEPXHOCTH
pasnena (puc. 54.1). Ilorox BekTopa B uepes aTy nmoBepxHOCTH papen

®p=B;,S 4+ B,,S+<B,> Ssox (94.2)

(cp. o (21.6)).

B cootBetcTBUN ¢ TeM, uTo VB=0, notok Bektopa B uepes Modyio
3aMKHYTYI0 MOBEPXHOCTE PAaBEH HyJo. [IpUPaBHSAB HyYJMIO BLIpaXKeHUe
(54.2) u caenas nepexop A—>0, NpHAEM K COOTHOILEHHIO Bi,=—B,,.
Ecnu npoektuposath By # B; Ha onHy H Ty e HOpMaib, NMOAYUHTCS
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yCJIOBHe
Bi,=8,, (94.3)
{cp. ¢ (21.7)).
3ameuuB coryacHo (52.14) cocrasasiiomie B COOTBETCTBYVIOULHMH
COCTaBJASIIOIIUMH BekTOpa H, YMHOXEHHBIMH HA o[, NOJYUHM COOTHO-
LiIeHHe
Wol1f i, = (olty T 2n,

H3 KOTOPOro CJAEAYET, HTO

Hln o 54
Zin _ 2 A4
Hyy g ( )
Tenepb Bo3bMeM Ha rpaHHile MarHETHKOB NPSMOYTOJBHBIII KOHTYP
(pre. 54.2) u BbiyucauM s Hero uupkysasaiuio H. IMpu manmix pas-
Mepax KOHTYpa UHPKYJSAINHIO MOXKHO NPeACTaBUThL B BHJE

O H, dl=H,.a—Hya +<H,> 20, (54.5)

rie <H,> — cpenHee 3HaueHHe H; Ha NeprieHAHKYJSIPHBIX K CpaHMLE
ydacTKax Koutypa. EcnH no rpanyue pasgena He TEKYT MaKpPOCKOIH-
yeckne TokH, [VH] B npegenax koutypa Gyaer paeeH HyJo. ITostomy

(5,=5,=5) /
n,
. b:f "‘ /) -—-——-L{ii

- t
b:‘L_ ; s s W) —— 1‘*’5
VA S
B ”z'u
Puc. 54.1. Puc. 54.2,

H UMPKyJasuus 6yaer paBHa Hymo. [Tosnoxns Bbipaxenue (54.5) pas-
HHIM HYJIKO H OCYLILeCTBHB NpejlesbHbid nepexon b—0, npuaeM K cooT-
HOLIEHHIO
le = H“!‘I: (54-6)
(cp. ¢ (21.4)).
3aMmeHHB cocraBJidome H coorBeTcTBYIOUIHMH  COCTaBJSIOLLHMH
BeKTOpa B, Je/leHHLIMH Ha pol, MOJYYHM COOTHOLICHHE

By _ By
Boly  MoMg*
H3 KOTOpOro cJeAyeT, uTo
By 2 )
Bor g (54.7)

PesioMupys, MOXHO cKasaTh, YTO NPH Nepexoje Yepes TpaHHIly
pazjena ABYX MarHETHKOB HOpMaJjlbHafl COCTABJSIOWIAs BekTopa B H
TaHIeHLUHaJIbHAS COocTaBsomas BekTopa H uamensiorcs menpepnisHo,

68
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TaurenuuaneHast ke cocTaBasiiow,as sekropa B U nopmaabHas cocras-
nawwas Bektopa H npu nepexosne uepe3d rpanuuy pasiena nperepre-
BAIOT paspbtB. Takum o6pasoM, npu nepexoxe uepes rpaHduy pasjena
IBYX cpen BekTop B Bejer ce6a ananoruyHo Bektopy D, a Bektop H —
aHanoruqno sektopy E.

Ha puc. 54.3 noxasaso noseAeHue JuHUA B npu nepeceyeHuH rpa-
HHIBL pa3fena ABYX MarHeTHKOB. O603HAYHM YIJBl MeXAy JAvHHAMY B
| ¥ HOPMAJBIO K NOBEPXHOCTH pa3jiesia CooT-

BETCTBEHHO ¢ H oy, OTHOLICHHE TAHT €HCOB
3THX YIJIOB PABHO
% _ tgoy  Bit/Bin
tgoy Bag/By, '

—~  OTKYAa ¢ yuetoM (54.3) u (94.7) nonyuaer-

—R ke e e

=
R

e e e e D RS ————————

x, P\ oz, cst anaJoruuHblii (21.9) 3aKon npeaomaeHHs
{ JHHUH MarHHTHOH HMHJYKLMH:
{ /g
! 2 fgoy M
I
e [1pu nepexofie B MaruHeTHx c GoJblLei
Puc. 54.3. JUHHH MaCHUTHOU MHAYKIHY OTKJIOHAIOTCS

OT HOPMAJIH K NMOBEPXHOCTH. DTO NPHROAHT
K cryweduio Juuaui. Cryuiende JHHuil B B BeurecTBe ¢ 60bLIOH MarHUT-
HO# MPOHHUAEMOCTHIO JIAeT BO3MOXKHOCTS GOPMUPOBATh MAarHHTHEIE MYYU-
KH, T. €. IPHAaBaTh UM HeOOXOAHMYO GOpPMY U HanpaBaeHHe, B uactHoc-
Td, JJAS TOr0, 4YTOObI OCYIULECTBHTH MATHHTHYIO 3allHTY HEKOTOPOro ofhe-
Ma, €ro OKpYyKA4IOT XKeJNe3HBIM 3KpaHoM. K3 puc., 54.4 BupHo, 4YtO

( ~1

r—
FIY)

Puz. 54.4. Puc. 54.5.

CTYULeHHE JIHHUA MarHUTHOH HHAYKUHU B TOJILE 3KPaHA NPHBOAHT
K ocaabJaeHdto MoJas BHYTpPH.

Ha puc. 54.5 nana cxema JafopatopHoro ajextpomaruutra, OH
COCTOUT H3 JKeJe3HOTo CepAeYHUKA, HAa KOTOPBIH HACa:KeHbI MMHTaeMble
TOKOM KaryLiky. JIMHUM MarHUTHON MHAYKIHH OKAasbBAKOTCA COCpejo-
TOYEeHHLIMH B OCHOBHOM BHYTPH CepledHHKa. JIUIlb B y3kK0M BO3/LYLIHOM
3a30pe OHH NPOXOAAT B cpefe ¢ MaJoi i. Bektop B nepecekaer rpanuusy
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MeXKAYy BO3AYIUHBIM 3230pOM H CePAEYHHKOM MO HOPMaln K TOBEpX-
HocTH paspena. Otciofa corsacHo (54.3) cJefyer, YTO MarHuTHas Hu-
AVKUHS B 3a30pe H B cep/ledHHKe OJIHHAKOBA M0 Besinunte, ITpuMenum
reopeMy o nupryasiuiii H K KOHTypy, NMpoXojsileMy No OCH cepjied-
unKa. HanpsiKeHHOCTb I0JISi MOXKHO CYHTATh BCIOAY B JKejese OAHHa-
kopoil 1 paBHON M .,=B/{lelye,. B Bo3LyXe Hyoo =B/Malggs,
O603HauiM AJHHY V4acTKa KOHTypa B Kesjese depesd [..,, a B 3a30-
pe — uepe3 [y, Toraa HUPKYJASIHIO MOXHO NPEACTaBUTb B BHIE
H onlwesT Hyounlposse Cormacio (52.8) asra HupKyJIauMs AODKHA
6bITh paBHa N/, rae N — CyMMapHOE YHC/IO BUTKOB KaTYLUEK 3JEKTpo-
marunra, { — cuaa toxka. Taknm obpasom,

B B

_— _ =NI.
PoMen et PoMlsoax BO3A
Ortcioaa
B =,/ N ol N
150311 [)KEJ'[ l + I)KEJ[
Mpoan fHokea sot Pkea

(Wposy OTVIHUAETCS OT €AMHALBL JIHIIL B NATOM 3HaKe nocne 3ansroi),
OGbISHO [y, OBIBAET NOPAAKA 0,1 M, l,.,— nopaaka' 1 m, p_ .

JOCTHraeT 3HAYEHUil NOPAJKA HECKOJNbKHX Thicsiu. [loatomy BTOpBIM

¢JaraeMbiM B 3HaMeHarTesae MOXKHO NpeHeGpeub M HaMHCaATh, HTO

B=pyf . (54.9)
BO3A

CJIe)lOBaTEJIbHO, MarHirdHasi HHAYKUHA B 3a3ope 3JeKTpOMarHura uMeeT
TAKYIO BeJIHUHHY, KaKYIO OHa MMesa Obl BHYTPH TOpOHAA €3 Cepaeu-
HHKa, Ha eJHHHUY JJIHHEl KOTOPOro ObLIO Obl HAMOTAHO YHMCJO BHTKOB,
pasHoe N/l ., (cM. (50.6)). YBenmuusasi obilee YHCJIO BHTKOB H
yMEHBIlIast Pa3vephl BO3AYILHOrO 3a30Pa, MOXKHO NOJYYATD [0 ¢ 60J1b-
juuM 3HauenueM B. TIpakTHYeCKH ¢ MOMOLLbIO 3JIEKTPOMArHUTOB € Xe-
7e3HBIM CEPIEYHHKOM YaeTcsl Hoay4aTh noJisi ¢ B 110psKa HECKOJIbKHX
Tecaa (HeCcKOJBKHX JeCATKOB ThICAY raycc).

§ 55. Buapl MarseTHxos

3

dopmyna (52.11) onpesensier MArHUTHYIO BOCIPUHMYHMBOCTD ) €AR-
HHUBI O6beMa BeliecTBa. YacTo BMeCTO 3TOH BOCIPHHMMMBOCTH MNOJIb-
3yI0TCSl OTHECEHHOH K OJHOMY MOJIO BEIlecTBa MOJIAPHOM (A8 X M-
yeCKH MPOCTHIX BEILECTB — aTOMHOM) BOCTPUUMYHUBOCTBIO ¥,y (Hat)
QueBHAHO, YTO X, =XV, rle V, — o0beM MoJIsl BelllecTBa. B to Bpemn
KaK Y — Ge3pa3mepHas BEJIHMHHA, ¥, H3Mepsercs B M3/MOJB.

B 3aBHCHMOCTH OT 3HAKa W BeJIMYMHBI MarHWTHOH BOCIIPHHAMYIL-
BOCTH BCE€ MATHETHKHU NOJAPAa3feNAaloTcs Ha TPH pyMNmbL -

1) AMamarHeTHKH, Y KOTOPBIX ¥ OTpHIaTeJbia H Maja Mo aGcoumot-
noji menuunne (| l~10-21--10"% M*/Moib);
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2) nmapaMarHeTHKH, Y KOTOPHIX % TOXe HeBeJAMKa, HO MOJIOKU-
TeJbHa (Yuy~1071°=-10"° M3/Moab);

3) ¢eppOMArHeTHKH, Y KOTOPBIX ¥ TMOJOXKHUTENbHA U JOCTHT4eT OUeHb
GoabIuMX 3HayeHHH (X,~1 m%mosp). Kpome Toro, B orauume or nua-
H napamMarHeTHKOB, JJIs1 KOTOPBHIX ¥ He 3aBHCUT oT H, BOCNPHHMYH-
BOCTb ()ePPOMAarHeTHKOB ABJASETCHd (GYHKUHUEH HaNpsKeHHOCTH MarHuT-
HOTO MNOJA.

Takum o6pasom, B H30TPONHBIX BEHICCTBAX HaMarHMYeHHocTh J
MOXeT KaK coBnaaatb no HanpasnaeHuto ¢ H (y napa- u deppomarue-
TUKOB), TaK M OblTb HANPaBJEHHOH B NPOTHBONOJOXKHYK CTOPOHY
(y AnamarHeTnxos). Hanomnum, uto y H30TpONHBIX JNU3JEKTPHKOB 11O-
JIIPH30BAHHOCTh BCErla HamnpasJjieHa B Ty e CTOPOHY, uto H E.

§ 56. MarnuTomMexaHH4YecKHe sIBJICHMSA

IIpupona MoJieKy/IPHBIX TOKOB CTaja TOHATHOH NOCJAe TOro, Kak
onbiTavu Pesepopsia GbIIO YCTAHOBNEHO, YTO ATOMBI BCEX BeLIECTB
COCTOAT M3 MOJIOMHUTENBHO 3aPAKEHHOrO siipa H JBHXKYIIUXCS BOKPYT
Hero OTPHLATENbHO 3aPsXEeHHBIX 3JEKTPOHOB.

JIBMKeHMe 3/1eKTPOHOB B aToMaX MOMUMHSETCS KBAHTOBLIM 3aKO-
HaM; B 9aCTHOCTH, TOHATHE TPAEKTOPUHM K 3JIEKTPOHAM, JBHIKYLLIUMCS
B_arome, He npuMenumo. OJHAKO JMaMAarHETH3M BellecTBa VAAeTcs
OOBACHHTL, [OJIb3YACh MpocTefilieli GOPOBCKON MONE/DbIO, COrVIACHO
KOTOpOIi 3/1eKTPOHbI B aTOMaX JABHKYTCH N0 CTALHOHAPHBIM KPYyroBbIM
opGuTaMm.

[TycTb 3/1eKTPOH ABHIKETCS €O CKOPOCTBIO ¥ MO OpGHTe papuyca r
(puc. 56.1). Hepes nyomanky, pacrooxKeHRYIO B JIOGOM MecTe Ha yTH
5JIeKTPOHA, NEPEHOCHTCH B €AMHHMUY BpPEeMEeHH 3a-
pAL ev, TIe e — 3apAf 3JeKTPOHA, a Vv — YHCJO
060poToB B ceKyHAY. ClIeoBaTe/IbHO, ABHKVIIHi-
M < 7’ csl 10 opGHTe 3/1eKTPOH 00pa3yeT KPyrosoH Tox
cabl [=ev. IlockoMBKY 3apsifi 5/eKTpoHa OTpH-
1aTEJEH, HaNpaBJaeHHE JBUXKEHHS 3JIeKTPOHA 1I
I HanpasJieHHE€ TOKa I POTHBONOJOXKHLI, MarHHTHBIN

MOMEHT CO3/1aBa€MOTO 3JIEKTPOHOM TOKa paBeH

Pue. 56.1. Pm =18 =evns2,

[Tpoussenenue 2nrv paeT cKopocTb ABHIKEHUS 3JIEKTPOHA ¥, MMO3TOMY
MOXKHO HamHcaTh, 4TO
' eur

P ZT' (561)

Mowment (56.1) obycnioBiieH ABHIKEHHEM 3JIEKTPOHA O op6ure, BeJaen-
CTBHE Yero HA3hBaeTcd OPOGHMTAJNbHBM MATHHUTHB M M O-
MEHTOM 3/ekTpora. Hanpassenue Bektopa p,, o6pasyer ¢ Hanpas-
JIEHHEM TOKa NPAaBOBHHTOBYIO, a C HAaNpaBJ/IeHHeM ABHIKEHUS 3JEeKTPOHA
JICBOBHHTOBYI0 CHCTEMY (cM. pHC. 56.1),
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Hpwxyuuiics no opGUTE 3J]€KTPOH obJiafaeT MOMEHTOM MMNYJbCa
M=mur (56.2)

(m — macca 37eKTPOHa). BexTop M HasbBawT OpOHTAAbHHM
MEXAHNUECKHM MOMeHTOM 3aektpoua. OH obpasyer
¢ HanpapJeHHeM ABHXXEHHsA 5JeKTPOHA NPABOBUHTOBYIO CHCTEMY. Cae-
0BATENbHO, HATPAaBJeHHs BEKTOPOB P, H M npoTHBOMONOXIIDL.

OTHOLIeHHe MArHUTHOrO MOMEHTA 3/JAeMEeHTapHOH YacTHIbl K ee Me-
XaHHYeCKOMY  MOMEHTY  HasbiBaeTcsi MarHHTOMEeXaHAH e
CKHUM (AnH rHPOMATHHTHBM OTHOIIEHHEM. Jns
5JIEKTPOHA OHO paBHO

Pm &

- =" (56.3)
(m — Macca 3JeKTPOHa; 3HaK MHHYC YKasblBaeT Ha TO, 9TO HanpasJie-
HUSL MOMEHTOB TNIPOTHUBOMOJIOKHDI).

BenejcTBHe BpalleHusl BOKPYT sipa JEKTPOH OKa3blBACTCH nonoG-
HBIM BOJYKY. D10 OGCTOATENBCTBO JEXHT B OCHOBE TdK HA3LISAEMBIX
MarHUTOMEeXaHHYECKHX fBJEHHYIH, 3aKnoualonnxces
B TOM, YTO HaMarHHueHHe MarHeTHka NPHBOAHT K €ro BpauleHHio H,
HaoGopoT, BpalleHue MarHeTHKa BLI3LIBAET ero HamarHuueHue. Cylect-
BOBaHMe MepBoro siBJetHs ObIIO0 A0Ka3aHO SKCIEPUMEHTAJDBHO -
wiTefiHoM M Ae XaacoM, BToporo — DapHeTToM.

B ocHoBe onblTa DitHiuTefiHa U fe Xaaca Jiexar clefyiotiue coobpa-
skenusi. Ecd HAMArHUTUTh CTep:KeHb H3 MarHeTHKa, TO MarHuTHble
MOMEHTEI 3JEKTPOHOB YCTAHOBSTCA IO HAMpaBJeHHIO M0/, a3 Mexamnu-
yecKHe MOMEHTHl — DpOTHB noas. B pesyabrare CYMMapHbIA MeXaHH-
4eCKHii MOMEHT 3J1eKTPoHOB Y M; CTaHET OTIMYHBEIM OT HYJs (neppoHa-
yalbHO BCJEACTBHE Xa0THYECKOA OpHeHTalUdH OTAeNbHbIX MOMEHTOB
oH Gbla1 paBeH HYJ0). MOMEHT HMMYyJbCa CHCTEMbI CTepAKeHb - 3JMEKTPO-
HbI JOJIKEH ocraTrbcsl Ge3 uaMmeHenHid. [loaToMy CTepKeHb npuobpertaer
MOMEHT HMNYJbCa, PaBHbIH — 3 M;, #, ¢IeA0BATENbHO, PHXOLUT EO
Bpamenne. MaveHenne HanpasJenus HaMArHHYeHHOCTH MPHBEAET K U3-
MEHEHHUIO HanpasJIeHHs BpalleHHs CTepKH:.

MexaHHYECKYIO MOJIe/ib 3TOTO OMBITA MOXHO OCYHIECTBHTL, NOCALMEB
yeJoBeKa Ha BPAILAIOULHiiCs CTYJI U [1aB eMy B PyKH Bpallaiolleecs Mac-
cuBHOE KoJieco. [IoBepHYB KOJIECO OChbI0 BBEPX, Y€JIOBEK MPHXOMHT BO
Bpalllende B CTOPOHY, (POTHBOIMOJIOKHYIO HaNpPaBJEHHIO BpAaLLEHHS
koseca. [10BEpHYB KOJIECO OChIO BHH3, HeJIOBEK HaYMHACT BpallaThes
B APYTyid> CTOPOHY.

OnulT DiiHlireiina U Je Xaaca OCYIEeCTBAACA CAEAYIONLHM ofipa-
soMm (puc. 56.2). Touknil ese3Hbiil cTepKeHb NONBEIIHBANCH Ha ynpy-
roii HHTH H TNOMeLlaJcsi BHYTPb cosleHonaa. 3akpyynBaHue HUTH NIpH
JjAMarHUUHBAHHM CTePXHS NOCTOAHHBLIM MarHHTHBIM (10J€M nOoJyHa-
n0ch BechbMa MadpiM. Jina ycuaenus sddexta Obll MPUMEHEH METOL
pe3oHanca — CONeHOMJ NHTAaJCs NepeMeHHBIM TOKOM, 4acToTa KOTOPOro
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noaGHpanack PaBHOH COOGCTBEHHOH YacTOTe MeXaHUYeCKHX KoJeGaHuH
cucremel. ITpH 3THUX yCUIOBHAX amiliuTyLa KoJjeGaHMil JOCTHraja 3Ha-
YeHHH, KOTOpBble MOXHO ObLJIO H3MEPHUTh, HAOJIONAA CMEIEHHS CBETO-
BOro 3ailuMKa, OTPaXXEHHOro OT 3epKa/sblla, YKPENJeHHOr0 Ha HMTH.
M3 panHbIX oneita 6BLIO BBHIYUCAEHO MATHHUTOMEXAHHYECKOE OTHOLLe-
HHe, KOTOpoe OKasajoch paBHBIM —(e/m). TakuM o6pasoM, 3HaK 3a-
pAfa HOCHTeNelH, CO3JaIoMHX MOJMEKY/AAPHBIE TOKH, COBMNAJ CO 3HAKOM
3apsjga 3naeKTpoHa. OAHAKO NOJYueHHBIH Pe3yJbTaT HPEBBICHJ OXH-
RaeMoe 3HayeHHEe MArHHTOMEXaHHYeCKOro OTHOLICHHA (96.3) B jaBa
pasa.

Hrobsl nousaTh onblT BapHerTa, BCIIOMHUM, YTO MPH MONBITKAX BO-
BJIEYb T'MPOCKON BO BpaIlEHHE BOKPYT HEKOTOPOrO HanpaBJeHHs OCh
THPOCKONa NMOBOPAYHBAETCH TaK, YTOGBI HATPABJEHHSA
COGCTBEHHOr0 W MPUHYAHTEJNBHOrO BpaUleHHH TUpo-
ckona cosnaJH (cM. § 44 1-ro toma). Ecau ycTanoBuTB
TMPOCKOI, 3aKpellJIeHHBIi B KapAaHHOM HOjiBece, Ha
JUCK LEHTPOOeKHOH MalllMHBL M TPHBECTH €€ BO
BpalleHHe, TO OCh I'HPOCKONA YCTAHOBUTCS MO BEPTH-
KaJ/i, TIpHYeM TaK, YTO HanpasjgeHHe BpPAalLEHHA [H-
pockona COBNANET C HanpabJeHHeM BpallleHHsl RHC-
Ka. [IpH H3MeHeHHWH HanpaBJeHHs BpALleHUS HEHTPO-
0exKHOM MauHHEL OCh 'MPOCKONA MOBOPAYMBAETCA Ha
180°, T.e. Tak, 4TOGHI HanpasJ/IeHHA O0OUX Bpalle-
HUH CHOBA COBMAJH.

DapHeTT npuUBoAH 3KeMe3HBI CTep)KeHb B O4YeHb

Pre. 56.2. OLICTpOE BpallleHHe BOKPYF €ro OCH M M3MepsiJ BO3HHU-

Kalolee NpH 3TOM HamarHuuenue. Hs peayabraton
3TOr0 ONnbiTa DapHeTT Takxe mONy4YMa RS MariMTOMeXaHHYECKOro
OTHOILIEHHS BEJUYMHY, B ABA Pasa IPEBHILIAIOILYIO 3HaueHHe (56.3).

B nanbHeiilieM BbISICHHIOCH, YTQ, KPOME OPGHTAJLHBIX MOMEHTOB
(56.1) u (56.2), smeKTpOH 061ajaeT COOCTBEHHBLIMM MeXaHHYeCcKuM M,
H MAarHdTHBIM pp,s MOMEHTaMH, A/ KOTOPBIX MAarHHTOMEXaHHYECKOe
OTHOUIGHHE pPaBHO

&
== (56.4)
T. €. COBNajaer cO 3HauellieM, NOJYYeHHBIM B ONbITaX JDHHIUTEHHA H
ne Xaaca U Bapuerra. Orciofia cieayer, 4TO MArHMTHbIE CBOHCTBA Ke-
Jie3a oGyC/IOBJEHBl He OPGUTANbHBIM, a COOCTBEHHLIM MarHHTHBIM MO-
MEHTOM 3JE€KTPOHOB.

CyuiectBoBanne cOGCTBEHHBIX MOMEHTOB 3,J€KTPOHA MEPBOHAYALHO
ObITAHCh OOBSICHUTb, PAacCMATPHBasf 3JEKTPOH KaK 3aPsKEHHBIH 1La-
PHK, BpallalolMHCA BOKPYL ¢Boell ocH. B COOTBETCTBHH C 3THM COBCT-
BeHHBbIH MeXaHMYyeCKMil MOMEHT SJEeKTPOHA MOJYYUA Ha3BaHHE C A H H
(0T anrsmuickoro to spin — Bpamarecs). OxHaKo Bckope OOHApPYKH-
J0Ch, YTO TAKOE MPEJCTaBJIEHHe MPHBOAUT K PAAY NPOTHBOPEYHH, H
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0T rHMOTe3bl O «BpallatollemMcs» 37eKTPoHE TPHILIOCH OTKa34Thcsl.
"B nacTosliiee BPeMs I[IPUIHUMAETCH, YTO COOCTBEHHBIH MeXaHHYeCKH I
MOMEHT (CTHH) HCBA3AHHEIC HUM COGCTBEHHBIH (CIHHOBBIH ) MarH HTHbIH
MOMEHT SIBJSAIOTCS TAKIMH JKe HEQTBCMJeMbIMH CBOHCTBAMU 3JIEKTPOHA,
KaK ero macca H 3apsn.

ChnuHOM 06Jan4a10T He TOJMbKQ 3JIeKTPOlibl, HO Il ApYrie 3JeMeHTap-
Hble yacTHLBL. CrHH ) 3/JeMEHTapPHBIX YaCTHL OKa3blBAeTCs LEJbIM HJId

MOJYIIE/IBIM KPATIIBIM BEJHYHHbL %, koropast paBHa noctoanHo# [lnanka
h, nejenHo#t Ha 2m:

h=gs =1,05-1073 Jik-c=1,03-107 sproc.  (56.5)

B wacTHoCTH, ANS 3/JEKTPOHA Msf:l/gﬁ, B CBSI3H C UeM TOBOPHAT, 4TO
cnuy 3JekTpoHa pased Y/, Takkm 06pasoM, h mpencraBasier coGoit
ecTeCTBeHHYI0 €AHHUILY MOMEHTA UMMYJ/IBCa, nofo6HO TOMY KakK 3JeMeH-
TapHbIil 3apsaAll € ABJAELTCH eCTEeCTBEHHOH exHHHIel 3apaja.

B cooTBeTcTBHUIL ¢ (56.4) COBCTBEHIBL MAr HHTHBIA MOMEHT 3/1EKTPOHA
paBeH

pm;—_—_-_——- S:—-——-—:——*—- (56.6)
Beauuuny
g = ;% —0,927-10~% Jiw/Ta =0,927-10-2 apr/Tc ?) (56.7)

HasbiBaloT MardHetoHoM Dopa. CnenosaresbHo, CoOOCTBeH-
Hbll _MATHHTHBIH MOMEHT 3JIEKTPOHZ paBeH omnoMy MarHetoiy Bopa.

MArHUTHBIA MOMEHT aToMa CJaraercsl u3 OpGHTAJbHBIX H COOCTBEH -
HBIX MOMEHTOB BXOJAMILMX B €r0 COCTaB JIEKTPOHOB, 4 TAKIKE N3 Mar-
" HHTHOFO MOMeHTa siApa (KOoTopblift 00yC/I0B/IeH MarHHTHBIMH MOMEHTaMH
BXOAAIIHX B COCTAB f14pa JEMEHTapHBIX YaCTHI — HPOTOHOB H HENT-
poHoB). MarHuTHbBIA MOMEHT $Apa 3HAYMTEJBHO 'MEeHblle MOMEHTORB
3/IeKTPOHOB; MO3TOMY NpH PacCMOTPEHHH MHOIHX BOIIPOCOB MM MOKHO
nperebpeyb H CUUTATD, UTQ MarHUTHBIL MOMEHT aTOMa PaBeH BeKTOPHOI
CyMMe MarHHTHbIX MOMEHTOB 3/IEKTPOHOB. MaruuTHbii MOMEHT MOJIC-
KYJBL TAKKE MOMCHO CUMTATB PaBHBIM CyMMe MArlHTHBIX MOMEHTOB BXO-
AAUHX B €e COCTaB 3JIEKTPOHOB.

AxcrepHMeHTaNblHOe OlpejeneHne MaridTHBIX MOMCHTOB dTOMOB
6r0 ocyiuecteaeno Illrepnom H [epnaxoM. B HX onbITaX NY4OK aTOMOB
nponycKajics uepe3 CIIBHO HEOJAHOPOAHOE MarHHTHOC noJse. Heoano-
POAHOCTb MOJAA AOCTHIa/lach 3a cHer crenvaanHOH (GOPMbBI OJIHOCHBIX
HAKOHEYHHKOB 3/1eKTPOMAarHnTa (puc. 56.3). Cornacho dopmye (46.11)

1) TouHee, MaKCHMa/bL10€ 3HAYEHHE [ POCKILIH CIIHHA HA BLIAACHHOC B npoctpan-
crBe padpap/ieHHe, HanpliMep Ha HanpapleHue BHEWIHEro noas. E

2) Cornacho popuyae W=—p,B pasmepHOCTb MATHKTIIOrO MOMeNTa paBHa pas-
MepHOCTH 3HeprHH (AA0Y/1h HIH 3pT), JeeHHOil Ha pa3MepHOCTh MarHHTHOH HHAY KUHIL
(vecna wau rayce).
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Ha aToMbl NnydykKa J0JMXKHa LeHCTBOBATE CHJMA

B
F=p,— cosa,

BeHUMHA ¥ 3HAK KOTOPOil 3aBHCAT OT yrJja ¢, o6pasyemoro BeKTOPOM
P C Hanpasnenuem noss. [lpn xaoTHueckoM pacnpelienenni MOMEHTOR
aTOMOB IO HanpaBJieHHsiM B TYy4YKe HMEWTCS YacTHLbl, AAA KOTOPLIX
3HaueHMs o M3MenstoTcs B npenenax ot O fo . B cooTBeTCTBUN C 3THM
NpeAnoaaraloch, YTo y3KHIA NyYoK aToMOB NOCHE MPOXOKACHHS MEXRY
NOMIOCAMH OOpasyeT Ha 3KpaHe CHJOIIHONH DPAacTAHYTHIL cAell, Kpas
KOTOPOro COOTBETCTBYIOT dToMaM C ODHEHTALHsAMH NOA yIJaamH ot =0
n o=n (puc. 56.4). Onwr aaJ HeoXHAAHHbIE pe3yJbraThl. Bmecto
CHJIOLIHOTO PACTSIHYTOro cJliejia no-

NYSWIICh OTHENbHEE JHHHY, pac- £€3 norg |

NOJIOKEHHble CHMMETPHUHO OTHO- 1/ Omudaensi
CUTENBHO CJeAa nydka, NoJyyeH- bz 22 pesymeman
10r0 B OTCYTCTBHE ILOJS.
HO Y ! H9 , Mg
|
lf' Ag,Na, 4
Craey 1 HIEL Y

L1HLLD Mo

1
NERARRREE:
Puc. 56.3. Puc. 56.4.

Onuit ltepua v l'epriaxa nmokasad, YTo yribl, 00l KOTOPBIMH OpHEH-
THPYIOTCS MarHUTHble MOMEHThl aTOMOB IO OTHOLUEHHIO K MarHHTHOMY
AOJIIO, MOTYT HMETb TOIBKO AHCKPETHble 3HAYEeHHHA, T. €. '4TO APOEKIHA
MarHHTHOrO MOMEHTAa Ha HanpasJ/JIeHHe NOJsS KBaHTYETCA.

UneJo BO3MOXKHBIX 3HAYeHHH NPOEKUHH MAarHHTHOTO MOMEHTa Ha
HanpaB/leHHe MArHUTHOTO NOJsA JJA Pa3HbIX aToMOB pasauuto. [ns
aTOMOB cepefpa, aMIOMHUHHSA, MelH H ILEROYHHIX METa/JJOB OHO PaBHO
JBYM, ISl BaH3JHs, a30Td M rajoreHoB — YeThipeM, JJIA KHcJopoda —
IIATH, Mapraxna — IIecTH, Xeje3a — AeBATH, KobanibTa — AECATH U T. .

JInst MArHUTHBIX MOMEHTOB aTOMOB H3MepeHHS JaJj¥ 3Ha4YeHHs no-
PAJKa HeCKOJMbKHX MarHeToHoB Dopa. Hekortophie aromel He oGHapy-
JKUJH OTKJOHeHus1 (CM., HanpuMmep, cJel aTOMOB PTYTH H MarHus Ha
puc. 56.4), UTOo yKasplBaeT Ha OTCYTCTBHE Yy HHUX MAarHHTHOIO MOMEHTA.

§ 57. JlnaMarHeTHam

DAeKTPOH, ABHKYIIKHCA N0 op6HTe, NofoGeH BoaMuKy. [loaTomy emy
RO/IKHLI ObITh CBONCTBEHHBLI BCe OCOOEHHOCTH MOBEJEHHA TI'HPOCKOIMOB
' nof AefiCTBHEM BHEIUHUX CHJI; B YaCTHOCTH, MPH COOTBETCTBYHOLIMX YC-
JIOBHAIX JIOJI2KHA BO3HIIKATh MPEIECCHs 3J1eKTPOHHON OPOHTLL. ¥ CJIOBHS,
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HEOGXOAUMbIE AJIA MPELecCHH, OCYIIecTBAROTCA, ecJii aToM HAXOJHTCHA
Bo BHeluHem MarHuTHom moje B (puc. 57.1). B srom caydae Ha opOuTYy
JleiicTBYeT BpallaTeNbHbll MOMEHT N=I[p,Bl, crpemsinics yCTaHO-
BUTh OPOMTANDHBIA MAFHUTHBIH MOMEHT 3JIEKTPOHA Pm 11O HanpasJie-
piio noJs (npu 3TOM MeXaHHuecKHil MomeHT M yCTaHOBHTCA NpoTIB
nodsi). Tlox neiicreem MOMEHTA N BeKTOpHl Pm U M COBEpLIANOT nperec-
CHIO BOKPYT HanpapJjeHus BeKTOpa Marbt-
Holl MHAYKUMH B, CKOPOCTDL KOTOPOH JIETKO
nait (cM. § 44 1-ro Toma).

3a Bpems dt Bektop M noJyuaer npipa-
nienue dM, paBHoe

dM=N d!.

Bexrtop dM, Kax 1 BEKTOD N, nepneHHKys-
pel K MJOCKOCTH, npoxoisiledl 4yepe3 BEKTO-
pst B 1 M; ero mony./ib pabet

[dM|=p,. B sin a df,

rne o — yroa mexiy pm ¥ B.

3a spems d{ WIOCKOCTh, B KOTOPOH Jie-
WUT BeKTop M, moBepHeTcs BOKPYr Hampas-
neuus B Ha yroa

| dM | _p,,,Bsinoza’f# Pm

dﬁ:Ms‘ma-ﬂ M sin o ﬂ—Bdf‘

PasfemuB 9TOT yroa Ha Bpems df, HanzeM
YIJOBYI0 CKOPOCTb TMPEUEecCHH:

4t P,
o =g =3 B

[MoactasuB 3HaueHue (56.3) OTHOLICHHS Mar-
HATHOrO H MeXaHWYyeCcKoro MOMEHTOB 3JIeKTpO-
Ha, MOAYy4YHM ~

'- eB
@y = B (57 l)
- Yacrory (57.1) Ha3bBAOT yacToToH NapMOpPOBOIl
npeileccHH HIA OPOCTO NapMOpOBOH yacToTO M.
Ona He 32BMCHT HM OT yr/id HAKJAOHA OPGMTHI O OTHOLIEHHIO K HANPAB=
OHWI0 MATCHUTHONO MOJIA, HU OT pajuyca OPOHTHI HJIH CKOPOCTH SJEKT-
poHa M, C/eJOBaTeIbHO, AJsi BCEX I/IEKTPOHOB, BXOJALLKUX B COCTaB
aToMa, OJHHAKOBa.

[Tpeueccust OpGUTHL O8YCJOBJIHBAET ACMOJHNUTENbHOE  JIBUXKEHHE
3JeKTPOHA BOKPYr HanpabJeHus NOJA. Ecan 6bi PAacCTOSIHHE 7' 3JIeKT-
poHa oT napannenstoi B ocy, npoxofsitiieit yepes WEHTP OPOHTHI, HE
HAMEHSIOCh, AONOJIHUTEbHOE JBHMKEHHE SJIEKTPOHA IPOHCXOAHAQ Ct
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[0 OKPYXXHOCTH panuyca r’ (cM. BEPXHIOW OKPYKHOCTh B HHXKHell
yactH puc. 87.1). EMy cooTBeTcTBOBaN GBI KPYIrOBOH TOK (CM. HHXK-
HIOI0 OKPYXXHOCTb, OrPaHHYMBAWILYI0O 32IUTPHXCBAHHYWO INJOLIAMb)
I'=e(w;/2%), MarHUTUEIl MOMEHT KOTOPOrQ

Skart =Ly (57.2)

. [ f__
pm'—‘ls_ezﬂ: 2

HalpaBJieH B CTOPOHY, NpoTHBONOJAOKHYI B (cM. pucyHok). dror mo-
MEHT HaspiBaeTcss HHAYULUHPOBAHHBM (HaBeZeHHH M)
MATHUTHBM MOMEHTOM.

B neficTBUTeNILHOCTH, BCENCTBHE ABUXKEHHS 3J1eKTPOHA 110 Op6HTe,
pacctosnne r' Bce Bpemsi uamensiercsa. [lostomy B dopmyne (57.2)
HYKHO OpaTh BMeCTO 7' ero cpejiiee no BpeMeHH 3HaueHHe <7'%). dro
CpeliHee 3aBHCHT OT YIJa o, XapaKTepH3YIOLLEro
OpPHEHTAUHK MJOCKOCTH OPOHTLL [10 OTHOLIEHHKIO
K B. B wacTHocTH, Aasi opOHTH, NepneHAHKY-
JSPHOH X BekTOpY B, 7' noctosaHHo u pasHo
panuycy opbutel r. Ias opGHTHI, NJOCKOCTh
KOTOPOil MPOXOAUT Yepe3 HaipabJenve B, r*
H3MEHsIeTCSl MO 3aKOHYy r'=r sin wf, rae o —
VIJIOBasi CKOPOCTh OOpaLleHlsl 3JeKTPOHa Mo op-
oute (puc. 57.2; BekTop B # op6uTa Jexar B

Puc. 57.9. NJOCKOCTH pucyHKa). CaenoBatenbHo, {r'2 =

o == {r? sin® @iy = /o2 (<sin? wit> =13/,). Ecanu

NPOL3BECTH YyCPeNHEHHE 110 BCEM BO3MCIKHBIM 3HAaueHHAM @, CYHTas
HX PaBHOBEPOATHLIMH, TO NOJYYRETCS

riy=21 (57.3)

lNencrasus B (57.2) 3nauenwe (57.1) ana w, u (57.8) mas <r'2d,
MOIYYHM JJISl CPEAHEro 3HAYeHHst WHAVUHPOBAHHOIO MarHMTHOTO MO-
MEHTA OJHOIO 3JIEKTPOHA CJERYIOUlee BHIPAaXKCHHE:
. e? ,
Pm>=———r*B (57.4)

6m

r=rsinwt

(3HaK MHHYC OTpaXkaeT TO OOCTOSTENECTBO, UTO BEKTOPHI <p,> W B
lianpaeJieHel B DPOTHBONOJIOXKHEIE CTOPOHBI), Mbl npeanoaarany opouTy
Kpyrosoii. B ofwem cnyyae (nanpumep, AAs 3AAMNTHYECKOI OpOHTEI)
EMECTO r2 HYHKHO B35Tb <r2>, T. €. CPEJHHI KBaApPaT PacCTOAHUS JeK-
TPOHA OT A4pa.

HpocyMMHpogaB Bhipaxkenue (57.4) mo BceM 3HJEKTPOHAM, HaCM
HHAYUIDOBAHHBIH MAarkHTHRIH MOMEHT aroma:

Z
Pruar= 20 <Pd = — S X, <rb> (57.5)

(Z — 2TOMIblIl HOMED XHMHUECKOTO 3JIEMEeHTa; YHCJIO 3AEKTPOHOB B aTO-
ME pacHo Z).
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Wrak, nof HAeicTBHeM BHEUIHEro MAarHMTHOro MoJsd MPOHCXOJHT !
npeieccHsl 3JMEKTPOHHHX OPOHUT C OJIHHAKOBOH AJs BCeX 3JEKTPOHOB.
- yrJ0BOM CKopocThbio (97.1). O6ycJioBaeHHOe TIpereccHed J0NOJHHTE b '-
HOe JBHKEHHe 3/IEKTPOHOB MPHBOMHT K BO3HHKHOBEHHIO HHAYLY POBaH-
HOFO MAFHHTHOTO MoMeHTa atoma (57.5), HanpaBJIeHHOr0 MPOTHB NOJA.
JlapmMopoBa Npeueccust BO3HHKAET Y BCEX He3 HCKJIOYeHHA BelleCTB.
OnHako B TeX cAyyasnx, Koraa arombl 06/afaloT caMH 1o cefe MarHur-
HBIM MOMEHTOM, MarHHTHOE [oJe He TOJNBKO HHAYHHPYET MOMEHT (57.5),
HO M OKa3blBaeT Ha MAarHHTHEIE MOMEHThl aTOMOB OpHEHTHpYIOlLee Nei-
CTBUE, VCTaHABJIHBAA WX N0 HAUPaBJEHHIO MOJ. BosHuKkalomuii np
9TOM [1OJIOKHTEAbHBIH (T. €. HanpasJeHHbH NOo [OJI0) MATHUTHBIA MO-
MEHT GhLIBAET 3HAUYHTEJIbHO OoJiblle, YeM OTPHIATENbHBIH HHAYILHPO-
RaHHbBI MOMEHT. I103TOMY Pe3yJbTHDYIOLIHi MOMEHT OKa3bBAETCH MO
[OYKMTENbHLIM U BellecTBO BejeT ceGs Kak napamarieThk.

JlnamarHeTyaM OCHApYKUBAIOT TOJMBKO Te BEULECTBA, Yy KOTOpPBIX
ATOMBL He O6J4faloT MATHUTHBIM MOMEHTOM (BEKTOpHas CyMMa opOH-
TANBHLIX W CIIHHOBbIX MAarHHTHBIX MOMEHTOB 3JIGKTPOHOB aToMa papid
Hy/mo). ECAH JUIA T2KOrO BEMecTBAa YMHOKHTD paBeHcTBO (57.5) Ha
ancao Asoragpo N, NOMYMHTCS MArHHTHBIH MOMEHT MOJA BellecTBa.
Pazfenus ero Ha HANPSAXKEHHOCTD NOJA H, HaijgeM MOJAPHYIO MAarHHT-
HYIO BOCIPHHMYHBOCTB Yy MarauTHas NPOHHUAEMOCTb JHaMarHeTH-
KOB NMPAKTHYECKH DaBHA €JHHHILC. TTosToMy MOXKHO 10J0MHTh B/H =
=, TakuM oGpasoM,

zZ
NAPm a weN ae®
Yo = P B0 PIRGT (57.6)
k=1
OTMETHM, UTO CTPOras KBaHTOBOMeXaHHYeCKas TeOpPHs NPHUBOAUT K TOY-
HO T4KOMY BbIpaXKeHHIO.
[ToncraHoBKa B (57.6) YHCJOBBIX 3HayeHHil W, Na, € U m JAaer

z
Y = —3,95-10° kE $rd
=1

Pajilychl 31eKTPOHHBIX OPGUT HMEIOT BelHYHHYy NOpsAiKa 10-%*® M. Che-

JOBATE/NBHO, MOJSPHAA AMaMarHUTHas BOCHPHMMUHBOCTD [OJTyYaeTcs

nopajka 10-*-=-1071%, 4to Xopowo corJacyercd ¢ 3KCrepUMeHTalb-

HBIMH JIAHHBIMH. -
<

§ 58. [lapamarneTusm

Ec/i MarHHTHBIH MOMEHT f,, aTOMOB OTJIHYEH OT HYJs, BElIleCTBO
0Ka3bBAETCH NapaMarHUTHHIM. MaruiTHoe noJie CTpeMATCA YCTaHOBHTE
MATHUTHBIE MOMEHTBI aTOMOB BJOJb B, TemjoBoe ABHIKEHHE CTPEMHTCA
pa30pocaTb UX DAaBHOMEDHO 10 BCeM HAMPaBJCHHAM. B pesyawrare
YCTAHAB/IMBACTCH HEKOTOPAs NpPEHMYUIeCTBEHHAS OpHEHTAILUST MOMEH-
TOB BJOJIb NOJsA, TeM O6jbluas, yeM OoJblie B, U TeM MeHbIUas, YeM
BbIllle TeMIlepaTtypa.
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KiopH 3KCnepHMEHTANbHO YCTAHOBHJ 3aKOH, COTJIaCHO KOTOPOMY
BOCTPHHMUYHBOCTh NAPAMAaTHUTHOIO BellecTBA pPaBHa

C
=T s (58.1)

rie C—noctossiHas Kiopu, 3aBucAmas or poaa BelnecTsa,
T — a6comoTrHas TeMneparypa.

Knaccuueckas Teopusi napamarueTuama Gbuta passura JlanKeBeHoM
B 1905 r. Mbl orpaHHYBMCS H3JIOXKEHHEM 3TOH TEOPHH AJS CJayyasl He
C/IMIIKOM CHJBHBIX TIOJIell H He OYeHb HU3KHX TEMNepaTyp.

CoraacHo dopmyse (46.10) aToM o6aamaer B MarHUTHOM HoJie TO-
TEHUHANBbHOH 3Heprueft W=-—p, B cos{, koTopas 3aBUCHT OT yrJaa ¥
MEXJIY BEKTOpaMH pn, ¥ B. Ilosatomy paBHoBecHoe pacnpeneneHue mo-
MEHTOB II0 HanpaBJeHHSIM JOJ/DKHO NOAYUHATBbCH 3aKoHY Boabumana
(cM. § 100 1-ro Toma). CorJiacHo 3TOMY 3aKOHY BEPOSITHOCTH TOLO, YTO
MarHHTHBIH MOMEHT aToMa OyjaerT oGpasOBHIBATH C HANPABJEHHWEM BeK-
Topa B yroa, sakawouennnii B nmpepenax ot ¢ go 448§, nponopuo-

HaJlbHa
w pmB cos O

e RT —p &7

Beensi o6osHaueHue

P8
a=7”;,—, (58.2)
BbIDA2KEHHE, ONPCACAINOLIECE BEPOATHOCTh, MOXKHO 3anHucaTh B BUjae
gacostd (58.3)

B orcyTcTBue MOMA BCe HanpaBieHHS MarHUTHBIX MOMEHTOB paBRO-
BePOATHH. (CJIEJOBATENbHO, BEPOATHOCTD TOTO, YTO HANPABJEHHE MO-
MEHTa 00pa3yeT C HEKOTOPHIM HampaBJeHHEM Z yroJ B Mpeflienax or o

A0 4-+-d¥, paBHa "
2n sin ¢ d |
(dPo) =0 = 4;' =z s':n = o sin $ d¥. (58.4)

3nece dQ2e=2n sin % d¥ — TenecHwlll yroa, 3aKMmoYeHHLIH MEX1Y KO-
HycaMH C yrJjamu pactsopa ¢ u d-+dé

[Ipn Haauyuu NOAST B BRIDAXKEHMH Be-
o \ POATHOCTH NOSABJAETCS MHOXHUTeNb (58.3):
— Som
B dPo= Aes® Lsinydd  (58.5)
- (A — HeusBecTHBI# nOKa KO3(XpHIUEHT
. : HPONOPIHOHAIBHOCTH).
Pic. 58.1. MaruauTHEII MOMEHT aTOMa HMeeT Be-

JHYHHY TIOpsiiKa OJAHOro MarHeroHa Bopa,
T. €. ~10-28 JIx/Ta (cM. (56.7)). Ilpu pocTHraemmix OGLIYHO NoO-
JX MarHuTHasi MHAYKUMA OwiBaer nopsaka 1 Ta (10* I'c). Caeno-
BaTelbHO, pn,B umeer mnopsaok 10-2 Jx. Bemuuyuna AT npu
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KOMHATHO{T TeMeparype paBHa NpUMepHO 4.10-21 Ik, Takum o6pasom,

B
= %”‘T— &1 u e ©©® MOXKHO 3aMEHHTD npuGauKeHHo yepe3 1+-acos 1.

B stoM npuOIUMMKEHWH BbIPAKEHUE (58.5) mpuHHMaeT BHA
4Py — A (1 +acos ) 5sinddd.

KoadipuiineHt A MOIKHO HAHTH, MCXOAA M3 TOro, 4To CyMMa BepoAT-
HocTell BceX BO3MOZKHBIX agauendif yraa & AO/DKHA OblTb paBHA el

HHILE:

T
1={aq ‘Lacos®) 5 sinddd=A.
¢

Orciona A=1, Tak uTto
dpﬂ=%(1+acosﬂ)sinﬁd{}.

[TycTe B eAHHULE ofbeMa napaMmarieTuka CONepXKHUTCS r dTOMOD.
Toraa uucJO aTOMOB, MarHHTHBIE MOMEHTH KOTOpbIX 00pasyloTr C ua-
mpasjieddeM noJjst yribl OT $ no 9-+d&, Oyaer paBHO

dng=ndPe =«—;—n(1 4 a cos ¥) sin di.

Kasknpiil M3 3THX aTOMOB BHOCHT B pe3ybTHP YIOULHH MArHHUTHLIH MO-
MeHT BKJaJ, PaBHbIH pp COS §. CnenosaresbHO, JJisl MarHHTHOrO MO-
MenTa eNHHHIE oobema (T. e. Aaf HaMarHHY eHHOCTH) 1oJy4yaercs Bbl-
paxceHue

T T
J,—_-Spmcosﬁdnﬁ—_:—;—npmg(l +acos §)cos ¥sintd¥ =
0 0

| 2a npaa

[MogcTaHoBKA BMECTO & €ro 3HaueHHd (68.2) naer

2
. nme

3kT °

Hakonett, pasfenus J Ha f1 1 NOJOKHB B/H=p, (ans napamMarHeTHKa
jL MPAaKTHUECKH PaBHA eMHALe), HailleM BOCIPHHMIHBOCTD:

oDy

JamenuB n yucsaoMm Asoraapo N,, moNydHM BblpaxkeHnue /s MO-
nApHOH BOCTIPHMMYUBOCTH:

woN ApZ,

An= T3eT (587)
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Mu npruu k 3akony Kiopu. Conocrassienie Gopmya (68.1) u (98.7)
naeT s nocrosiHo# Kiopu cieaymoliiee BolpaxkenHe:

p'(l"‘VApfn

Hanomuum, uto ¢opmyna (58.7) noaydeHa B NPENNIONOKEHHH, YTO
pmB<<kT. B oueHb CHJIBHHIX NOJSIX K MPU HH3KHX TEMIEpaTypax
HaOJI0AAI0TCS OTCTYNJEHHS OT NPONOPIHOHANBHOCTH MEXKAY HaMarui-
YEHHOCTbIO NapamarHeTHka J H HanpsAXKeHHOCThIO 10JA f; B uact-
HOCTH, MOXKeT HACTYIUTb COCTOSHHE MArHMTHOTO HACHIIEHH#A, NpH KO-
TOPOM BCE Pj BHICTPAHBAIOTCS N0 MOJIO H fAaJbHefillee YBeIHUeHNE H
He TPHUBOAHT K Bo3pactaHuio J.

3HaueHHs ,, BHUHC/IeHHBE no ¢opmyne (58.7), B pane cayyaes
XOPOLIO COrJIAcyIOTCHA CO 3HAYEHHSMH, TOJAYUYEHHBIMH H3 ONbITa.

KpantoBasi TeopHs NapaMarHETH3Ma YYHTHIBAeT TOT ¢axT, 4YTO
BO3MOXHB! JHIUb JHCKDETHBIE OPHEHTAlluM MAarHUTHOIO MOMEHTa aroma
OTHOCHTEALHO NoJAA. OHa NPUXOJHT K BHIPAXKEHHIO MJA ¥, aHAJOrH4-
Homy (08.7).

§ 59. PeppomarHeTHam

Oco6rlil Kaace MarHeTHKOB 0GpasyloT BellecTsa, CnocolHble 06sa-
JaTh HaMarHM4eHHOCTbI) B OTCYTCTBHE BHEIIHErOo MarHUTHOIO nOJ.
Tlo cBoeMy HauGOJIee PacrpOCTPAHEHHOMY NIPEACTABUTENO — KeAe3y —
OHM TONYYMJIM Haspanie deppoMarHeTu KoB. K HXx udcry
KpOMe KeJjle3a NPHHAJJIEKaT HHKeJb, K00aJbT, Faj0JNHHHH, HX CHJIABLI
K COEAMHEHHsl, a TAKKe HEKOTOpLle CIIABHI H COeJMHEHHS Mapranha
1 Xpoma C HedeppOMATHHTHBLIMH 3JieMeHTaMU. PeppoMarieTusM Npucyu
BCEM 3TUM BeLECTBaM TOJNBKO B KPHUCTAJVIHYECKOM COCTOSHHH, .

deppoMarHeTHKU SIBJASIIOTCS CHJIBHOMArHUTHBIMK - BEIIECTBAMH. x
HaMarHuueHHocTb B orpoMHoe (1o 10'°) yucsio pas npeBOCXOAMT Hamar-
HUYCHHOCTb JlHd- M I[apAMarHeTHKOB, NPHHaMJEXalUUX K KaTeropHu
c1a0OMarHHUTHBIX BELIECTB.

HamaruuyensHoctb cj1aGOMarHHTHEIX BEILECTB H3MEHSETCS C Hanpsi-
JKEHHOCTBIO NOJIs JHHeiHo, HamarauueHnoctb ¢eppoMarHETHKOB 33BH-
cutr or H cnoxubiM obGpasom. Ha puc. 59.1 nana kpuBag Hamaruuye-
Hus ¢eppoMarHeTHKa, MArHUTHHIA MOMEHT KOTOPOro MepBOHAYAILHO
Gbl1 paBeH HY/O (OHa HAshBaeTCsl OCHOBHOMW WIM HYJ€BOH
"KpHBOH HaMarHHRYEeHHd). Ye B NIOJAX NOPAJAKA HECKOJb-
KHX 3pcTed (~100 A/M) HaAMAarHMYEHHOCTb J JAOCTHTAeT HACHINEHHS.
OcHOBHas KpuBasi HaMarHW4eHUs1 Ha Auarpamme B—H npubelena Ha
puc. 59.2 (xpupas 0—1I). Hanomuum, yt0 B=p, (f-J). Tlostomy 1o
ROCTHIKEHHH HachllieHHa B nponosxkaer pactd ¢ fI no JHHEHHOMY
3akoHy: B=p,H-tconst, rae const=gef ..

KpuBast HamarHWyeHHs1 Xeseaa Obljia BIEpBLIE NOJY4YEHA M TOA-
polHo HMccaefosaHa pycckuM yyesnM A, I'. CronerosbiM. Pa3padoTau-
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HBIH HM GajHCTHYECKHH METOX H3MEPEHHS MarHuTHOH HHAYKUHKH Ha-
XOLUT LIMPOKOE IIpHMEHEeHWe N0 HACTOSILIETO BpEMEHH (cM. § 62).
Kpome HesMuHEHOH S3aBHCHMOCTH MEKIY H v J (nan mexny H
u B), 118 ¢eppoMarHeTHKOB XapaKTEPHO TAKMKE Hanpyue Tr U cCTe-
peanca. Ecat J0BECTH HAMATHHUEHHE JO HachllleHus (Touka [ -
Ha puc. 59.2) i 3aTeM yMeHbIUATh HANPHAKEHNOCTD MATrHHTHOTO NoJIA, TO
HHAyRuua B caepyer He o nepBOHaYaNbHOMH xpupolt 0—I, a HaMe-
HseTCst B COOTBETCTBHH ¢ KpHBoil /—2. B pesynibTaTe, KOI/d HallpAKeH-
HOCTL BHEIIHEro 10JST CTAaHET PaBHOM HYJIO (TOUKA 2), HamMarHH4eHue ne
HCUe3aeT M XapaKTepH3yercs BeJMuliHOH B,, KoTopas Ra3bIBaeTcsl o -
TATOYHOMN MHAYKIHeIil. HaMaraiyenHoCcTs HMEET HpPH 3TOM

. 2+
::‘ch _______
il
<
~ ;{-
-~
1 | 1 L4
0 100 200 300 40
H,A/m
Puc. 89.1. Puc. 39.2.

- -

aHauenue J,, HasblBaeMoe OCTaTOUHOH HaMarmu4esn
HOCTBIO.

Unaykuusg B obpamaercs B HYJb JIIb 1101 neiicteueM moast fH,
NMEIOLLEre HaNpaBJeHHe, NPOTHBOINOJIOXKHOE MO0, BbI3BABIIEMY Ha-
Marnuyenie. Hanpsixenuocts ff, HaskiBaeTcss KO3PHHTHBHO i1
CHJOM. S

CyliecTBOBAHIE OCTATOUHOM HaMarHMYEHHOCTH Ae/aeT BOSMOKHLIN
lI3ArOTOBJEHHE TIOCTOSIHHBIX MATHHTOB, T. €. TeJ, KoTopble 6e3 3aTparthi
SHepruM Ha NOAJCPIKAHME MAKPOCKOIHYECKHX TOKOB o61ajaioT Mar-
HHTHBIM MOMEHTOM } CO3Jal0T B OKpYXKaiolleM HX NPOCTPAHCTBE Mar-
HiTHOe Toe. [10CTOSIHHBIH MATHHT TeM Jydile COXP2HAET CBOM CBOH-
cTBa, ueM GoJblle KO3PLUTHBHAfA ChJja MaTepuasa, W8 KOTOPOro OH
H3TOTOBJIEH.

Ylpi feiicTBHR Ha (epPOMATHETHK NEPEMEHHOIO MarHWTHOrO noJst
HHAYKIMS H3MEHsieTcs! B COOTBETCTBHH C KpHBOH 1—-2—3—4--5—1
(puc. 59.2), Koropasi HasbBaeTcs meTJeH rucrepesuca
(aHasoruyHast meTJs NoJy4aeTcs W Ha Adarpamme J—H). Ecau max-
cUMaJbHble 3Hauenusi H TakoBbl, YTO HaMarHHMY€HHOCTb AOCTHTACT Ha-
ChbHIlGHMsI, TIOJNYYaeTcss Tak HasbiBaeMasgs MaKCHMaapiasi
HeTJdsa THCTEPpeE3Hca (cnjowHas NeTsi Ha puc. 59.2). Ecau
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MpY AMILTMTYJAHBIX 3HAadeHHAX H HacbllueHHE He JOCTHraercs, noJy-
gaercsl MeT/sl, HashiBaeMasi YA CTHBM LU KJAOM (IYHKTHDHAA
meTsisi Ha pUCYHKe). YacTHBIX LHMKJOB CYyWECTBYeT GeCKOHeuHoe MHO-
JKeCTBO, BCE OHH JIEXKAT BHYTPU MAKCHMaJbHOH NET/IH THCTEpe3uca.

I'HcTepe3nc MPUBOJAMT K TOMY, UTO HamarnuyeHue geppomarieTuka
e aABJAsercs OJHO3HAYHOA dyHKUMeld H; OHO B CHJILHOH Mepe 3aBHCHT
OT NpeAscTOpHH 06pasua — OT TOro, B KAKHX INOJAX OH MOOLIBAJ
npexje. Hanpumep, B nojle nanpsukeHHocTd Hy (puc. 59.2) uHAYKUHMA

P MOXKET HMeTh Jofoe 3HaYeHHe B mpejendax
£\ ot B; 10 Bj.

3 Bcero cKa3aHHOrO O ()eppOMATHETH-
Kax CJeAyeT, UTO OHU OUYEHb HOXOXKH MO
CBOHM CBOHCTBAM Ha CETHETO3JEKTPHKH
(cm. § 23).

B cBA3d C HEOJHO3HAYHOCTbIO 3AaBHCH-
moctd B or H noHsitHé MarHHTHOH mpo-
HUIAEMOCTH TpHMEHsieTcd JUIlb K OCHOB-
HOH KpHBOH HaMarHuueHud. MaruurtHnas
[POHAIIAEMOCTh (PEPPOMATHETHKOB [ (a cite-
7oBaTe/qbHO, M MAarHUTHAas BOCHPHHMYH-
BOCTb %) siBAfeTcsd (yHKUHEH HanpsKeH-
P - . _hoctd nong. Ha pue. 59.3, a H3o DAXKEHA
> OCHOBHAad KpuBasfg HamaruuuyeHus. I[Ipose-

| JieM M3 Hayaja KOOpAMHAT NpAMYIO JUHHIO,

Puc. 59.3. NPOXOASULYID Yepe3 MPOHU3BOJABHYIO TOUKY

KpuBoii. Tanreuc yriaa HakJOHa 3TOH npf-

MOH NpONOPUHOHANEH OTHolleHH0 B/A, T.e. MarHUTHOH IPOHHIAe-

MOCTH & JJIS COOTBETCTBYIOLIEro 3HAadeHHs HANpsiKeHHOCTH MOJA.

[Ipu ysenuuenud H or Hy/As yrol HawjoHa (4 3HAYHT H W) CHa-

yaja pacrer. B Touke 2 oH JocTUraeT Maxkcumyma (npsamast 0—2

qBJASETCH KacaTe/LbHOH K KPuBO#), a 3aTeM yOniBaeT. Ha puc. 59.3, 6

fad rpaduK 3aBucuMocTH b oT H. M3 pucyHKa BHAHO, YTO MaKCHMaJhb-

Hoe 3HAYeHHE NPOHWIAEMOCTH JOCTHraeTcsi HEeCKOMbKO paHblle, YeM

Hacbliuenue. IIpH HeOrpaHHYeHHOM Bo3pacTaHu¥ {1 MPOHHIAEMOCTD

ACHMIITOTHYECKH NPHOMMXKaeTcs K eMHALE. ITO CIeLyeT U3 TOro, 4To J
B BoIpaxeHHH u=I1-+J/H He MOMKeT NpEBEICUTh 3HAYEHUS J yac.

Beanuunsl B, (uau J,), H, 4 Py ABAAIOTCH OCHOBHRIMH XapakTe-
pucTHKaMH (eppoMarHeTka. Ecnu KospuumTHBHas cuia f, BenuKa,
deppoMarHeTHK HasblBaeTcs K € C T K U M. [ljis Hero xapakTepHa Id-
pokasi neras rucrepesnca. deppomaruernx ¢ manoid H, (4 cooTBercr-
BEHHO Y3KOH IeTJlell IHcTepe3nca) HasbiBaeTcsd M T K H M. B 3aBucu-
MOCTH OT HasHaueHHs GepyTcst (eppOMarHeTHKH C TOH WJIH HHOH Xa-
paktepuctukoit. Tax, A5 NOCTOSHHBIX MaTHHTOB YNOTPEG/ISIIOTCS XKeCT-
KHe (eppoMarHeTHKH, a JJis CepJAEUYHHKOB TPaHCHPOPMATOPOB — MST-
kue. B Ta6a. 59.1 npusesieHnl XapaKTEPHCTHKH HECKOJAbKUX THIHYHBLIX
(beppOMarHeTHKOB.
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Ta6auma 59.1

Matepnan CocTan Hmax Br, Ta Heo A/M
HKeneso 99,99 Fe 5000 —_ 80
CynepMaJJIoi 790, Ni, 5% Mo, 16% Fe 800 000 — 0,3
AJNHUKO 109 Al, 199 Ni, 18% Co, 539 Fe — 0,9 52 000

o b

OcHoBH TEOPHH (eppoMarHeTH3Ma ObliH 0Q3/]aHbI d. U. dpenkenem
u B. Deitzen6eprom B 1928 r. M3 OMbITOB 10 H3Y4EHHIO MATHHTOMEXARH-
yecKux ABJeHHi (cM. § b6) caeayer, 4To OTBETCTBEHHBIMH 34 MATHHTHBIE
cBOficTBa (PepPOMArHETHKOB ABJSIOTCH COGCTBEHHBIE (CIHHOBBIE) Mar-
HHTHBIE MOMEHTBl 3JieKTpoHoB. [Ipu onpejpeseHHLIX YCAOBUAX B KpH-
¢Ta/Jax MOTYT BO3HHKaTh CHJbI '), KOTOPBIE 3aCTaBJAAIOT MarHHTHbIE
MOMEHTBI 3JeKTPOHOB BBLICTPAHBATbCs! MapaesbHO APYL APYTY. B pe-
3yJbLTaTe BO3HHKAKT 06MacTH CMOHTAHHOTO (caMOoIpOU3BOJIb-
HOro) HaMarHHUYEHHS, KOTOPbie Ha3hiBAIOT TaKXe A OM e-
HaMHu. B npelenax Kaxaoro pomeHa ()eppOMAarHeTHK CINOHTAHHO
HAMATHHYEH 10 HacbilleHHs H o0fnajfaer omnpeje/eHHbBIM MAarHHTHBIM
MOMEHTOM. HanpaBsieRHs 5THX MOMEHTOB JJif pa3ilbiX JOMEHOB pas-
Auypbl (puc. 59.4), TaK 4TO B OTCYTCTBHE BHELIHErO HOJIA CyMMa pHBI i
MOMEHT Bcero Tefa paBeH HyJo. [oMeHbl MMEIOT

pasmepnt nopaaka 1—10 MKM. Hh‘

ﬂeﬁCTBHe oJsi Ha JOMeHbl Ha Pa3HbiX CTaaHAaAXx ‘\
npolecca HAMAarHHYMBaHHsi OKa3hiBA€TCH Dasan- ?(\*/\-’/'
HbIM. Buauane, npH caabblx noisx, HaGMOAaeTCs "-\
CMElleHHe TpaHHLl JOMEHOB, B pe3yJ/bTaTe Yero \
IPOHCXOJHT YBeJHUEHHE TeX MOMEHOB, MOMEHTHI 1 l \T l
KOTOpbIX cocTaBasloT ¢ H MeHbLIHA yroJ, 3a CYer ‘\\
JIOMEHOB, Y KOTOPBIX YroJl U MeXJy BEKTOPaMH P, 112 |3\ |4
n H 6oabme. Hanpumep, nomenst / u 3 (puc. 59.4) 4—\/—:&/:‘«
VBeJIIUMBAIOTCST 33 CYET AOMEHOB 2 H 4. C yse- \
JUYEHHEM HaNpsKeHHOCTH TMOJdA 3TOT [polece )
HAET BCe faJblle H jajblle, MoKa JAOMeHbl C MEHb- Puc. 50.4.

wuMH ¢ (koTopple 006/ajalOT B MarHMTHOM THOJE

Meblllell SHepTHeR) He NOIVIOTAT UEJHKOM SHEPreTHYeCKH MeHee BhI-
roggbie goMeHbl. Ha caeayiolielt CTagni HMEET MECTO NOBOPOT Mar-
HUTHBIX MOMEHTOB JOMEHOB B HanpapaeHnu nonasd. [IpH 3TOM MOMEHTHI
5J€KTPOHOB B IlpeJieiaX JIOMEHA NOBOPaYHBAIOTCH OJHOBPEMEHHO, 6e3
HAPYILIEHHsi HX CTPOTOH NapajieIbHOCTH IPYr JPYry. ITH NpoLecCH
(nckmouas HeboJblMe CMeLieHHsT TPaHuil MEXAY MOMEHAMH B OUCHb

1) 31H CcHAbl Ha3bBaOTCA OOGMeHHBHMH. Hx obwpsicHeHHe JaeTcAd TONBKO
KBaHTOROH MeXaHHKOIl.
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cna6plX nojsix) ABAsAOTCA HeoGpaTHMBbIMH, HTO H CTYXHT MPUYHHOH
rycTepesuca.

Jlasi Kaxporo ¢eppoMarneTHka HMCETCA onpeje/icHHAst TeMmmepa-
typa T, 0OpH KoTopoii 06/acTH CIOHTAHHOTO HAMarHH4eHusl pac-
ajgaioTcsd K BEIeCTBO YTPaunBacT (eppoMarHUTHBIE CBOMCTBA. Jra Tem-
nepaTypa HasbiBaercd TO 9KO i Ko pu. Jlnd xenesa oHa paBHa
768°C. nas unkens 365°C. [lpu Temnepatype Bhlllie touxn Kropu deppo-
MACHETHK CTAHOBHTCSA OOBIUHBIM MapamarieTiioM, MarHHTHAst BOCTIpU-
MMUMBOCTb KOTOPOTO MOJYMHSETCA 3 a3 KO H Y Kiopu—Beiicca

C
XH:T_TC (591)

(cp. ¢ dopmyJoH (58.1)). Ilpu oxsraxkpeHUH eppoMarHeTHKa HHiKe
touxyu Kiopy B HeM CHOBA BO3HHKAKOT JOMCHBL

B HeKOTOPHIX CAy4asX OOMEHHbie CHJBL MPUBOMIT K BO3HHKHOBE-
HHio TAK HAa3biBaeMblx aHTH GeppOoOMAarHeTHKOD (xpowm,
mapranen 1 jp.). CyuiecTsoBaHuHe aHTH{EPPOMATrHETHKOB OblIO MPEXL-
ckazato J1. JL. Jlanaay B 1933 r. B anTudeppoMarieriikax co6CTBEHHbIE
MAFHHTHBIE MOMEHTBI 3/JIEKTPOHOB CaMOMpPOH3BOJLHO OpPHEHTH POBAHbE
auTHnapainenbHo JApyr Apyry. Takast OpPHEHTALMs OXBAThIBAET IO~
napHo cocefuue aTombl. B pesy/abTaTe aHTHU(eppPOMATHETHKH oGsaajaot
KpaiiHe MaJoH MarHUTHOH BOCMPHUMUMBOCTBIO H BEAYT cebs XaK oYeHb
cnabble napamarneTHki. s aHTH(epPOMATHETHKOB TaKikKe CyIUICCT-
pyer Temneparypa Ty, UPH KOTOPOU aHTHIApasjieNbHasd OpHeHTAlHA
CIUHOB HcYe3aer. Dra TemmepaTypa HashiBaeTcs a HTH beppo-
MACHUTHOH TOUKOH Kilopu um touxoi Heens.
Y uexkoTopbiX aHTH(heppOMArHeTHKOB (manpumep, y 3pOHs, RUCIPO3HA,
CIIABOB MAPraHua W MeJH) TaKHX Temneparyp JIBE (BepXHAS U HHIKHAS
toukd Heesst), npudem aHTHGEPPOMATHHTHLIC cBoiicTBAa HaOMOJAAIOTCS
TONLKO MpU TMPOMEXKYTOHHBIX TeMneparypax. Bolle Bepxned TOUKH
BellecTBO BeJeT cebsl Kak apamariersk, a npi Temnepatypax, MeHb-
ik HukHel Touku Heens, CTaHOBHTCH (eppOMarHETI{KOM.



TTABA VII
3NEKTPOMATHUTHAS HHAYKLHS

§ 60. fimnenue 3/1€KTPOMATHUTHON HHAYKUHH

B 1831 r. ®dapajeii o6HAapYKHJI, YTO B 3aMKHYTOM IIDOBOASILIEM
KOHTYp€ NpH H3MEHEHHH NOTOKA MATCHHUTHOH HHAYKLHH uYepe3 noBepX-
HOCTb, OTPAHHYEHHYIO 3THM KOHTYPOM, BO3HHKAET 3JEKTPHYCCKHT TOK.
Sro ABJEHHE HA3bIBAIOT 5XeKTPOMATHHTHOH HHJAYK-
uneﬁ,aBoaﬂnxammnﬁml{anyKuHOHHbIM. '

SIpfeHHe 3JIEKTPOMATHMTHOH HHIYKUHH CBHACTENbCTBYET O TOM,
YTO DPH H3MEHEHHAX MATHUTHOIO NOTOKA B KOHTYpe BOSHHKAET 3 J € K-
TPOLBH XK yILAA cHJIaa
HHAYKILHH &;. Bemunsa
&; He 3aBHCHT OT crnocoba, KOTo-
PLIM OCYH_LECTBJIFIETCH H3MEHeHHe
maruuTHoro notoka @, M onpeje-
nAsieTcsd Jilillb CKOPOCTBIO H3MeHe-
aust @, T. e. sHauennem dd/di.
Ilpu uamenenuu sHaka dd/di na-
npaplenne &; TaKke MEHACTCA.

PaccMOTPHM CJeAYIOMUE NPH-
mep. Ha puc. 60.1 nsoGpaxe
KOHTYp I, €HJy TOK2 B KOTOPOM
J; MOXHO H3MEHATb C JIOMOULBIO
peocTaTa. JTOT TOK CO3A€T Mar-
HUTHOE ToJe, DPOHHM3bIBalOLLee
woHTYp 2. Ecin yBeNHyuBaTh TOK
/,, MOTOK MarHWTHOH MBIAYKUHH @ uyepes KoHTYp 2 Gyaer pacth.
D10 npHBEfeT K NOSBJICHHIO B KOHTYPC 2 NHAYKUHOHHOrO TOKa /o,
PErHCTPHPYEMOTO Ta/bBaHOMETPOM. VMeHbuleHue ToKa I; 0Gyc/o-
BHT yOblBaHME MarHUTHOTO NOTOK@ 4€pes BTOpPOIl KOHTYp, Y10 TNpi-
BeJleT K NOABJEHHI0 B HeM MWHIYKUMOHHOrO TOKA HHOTO HanpasJe-
HMs, YEM B MEPBOM CJiyuae. VHIVKUHOHHBI TOK [ MOXHO BLI3BATh
TaKKe, IPHOIMKAs KOHTYP 2 K KOHTYDY ] WK yAaNsAs BTOPOd KORTYD
oT nepporo. B ofonx caydasax HanpabBJeHU# BO3HHMKAIOLIEro ToKa Ipce-
THBONONOKHB. HakOHell, 3JEKTPOMAarHHTHYIO HBIYKUHIO MOXHO Ebi-

Pnc. 60.1.
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3paTh, HE MepeMelnas KOHTyp 2 mocrynaTesbHO, & MOBOpauuBas €ro
TaK, UTOOBl H3MEHSJICA YTOJd MEXAY HOPMAJbIo K KOHTYPY M HanpasJe-
HHeM [0Jsl.

JleH1 YCTaHOBWJI TPABUJO, MO3BOJIOLIEE HallTH HanpasJ/leHHe HH-
JAYKLHOHHOrO TOKa. [IpaBsuao Jlenmwa rJacur, 4to UHOYKYU-
omMbul mMOK ecezda Hanpasien mak, 4mobo. npomusodelicmeoeamy npu-
yuHe, eeo wspiearowell. EcnH, HanpuMep, H3MeHCHHe (D BLI3BAHO Mepe-
MeileHHeM KOHTypa 2, TO BO3HUKaeT HHAYKUMOHHBIA TOK TaKoro
HAMPABJAEHHS, YTO CIVIa B3AUMOAEHCTBHA C MEPBBIM KOHTYPOM [POTH-
BHTCS JIBHIKeHUIO KOHTypa. [Ipy DpuGInKEHUH KOHTYPa 2 K KOHTYPY /
(cm. puc. 60.1) BOsHHKAET TOK [y, MArHUTHBIA MOMEHT KOTOpOro Ha-
MpaBJeH NPOTHBOMNOJOKHO MNOJIO TOKA I (yrol o MexJy BEKTOpamif
p,, 1 B pasen r). CresoBaTesbHO, HA KOHTYD 2 6yaer neiicTBOBATD CHJA,
OTTanKMBaIOmAsa ero oT Koutypa I (cv. dopmyay (46.11)). Tlpu yrane-
HHH KOHTYpa 2 OT KOHTypa [ BO3HHKaeT TOK [, MOMEHT KOTOpOIo P,
COBIajaer Mo HampapJeHuio ¢ mojem Toka [y (w=0), Tak 4TO CHJA,
JefCTBYIOmAS Ha KOHTYp 2, Hanpas/eHa K KOHTYPY !

ITycTb 062 KOHTYPa HEMOABHKHBI H TOK B KOHTYype 2 HHAYLHpYETCA
MyTeM U3MEHEHHs TOKa /i B KOHTYDE I. B sTOM csaydae BO3HHKAET
TOK [, TAKOTO HanpasJeHHusl, 4TO CO3AaBaeMblil 1M coOCTBEeHHbIM Mar-
HUTHBII TIOTOK CTPeMHTCA OCNabHTb HM3MCHEHHs BHEUINEro MOTOKa,
[puBeAliHe K NOSBJIEHHIO MHIYKIHOHHOIO TOKA. [Tpu ysenwuexuu Iy,
T. €. BO3PACTAHMM BHEIUHEI0 MArHMUTHOrO NOTOKA, HANpaBJEHHOrO
BIPaBO, BO3HHKaeT TOK /;, CO3JAIOUiHA TOTOK, HanpasJeHHbIH BJIEBO.
IIpu yvenblieHud [, BOSHHKaeT TOK [j, coGCTBEHHBI MArHUTHBIA MO~
TOK KOTOpOTO HAMpaBJeH TaK e, KaK M BHEIIHHH MOTOK, H, CJIeA0Ba-
TeJbHO, CTPEMHTCSl NMOAACPHKATb BHELIHMH MOTOK HEHU3MCHHBIM.

§ 61, dnexTpOABHXKYLIAA CHJA HHAYKUHH

B npeapinyiiem naparpade Mbl BhIACHHJH, YTO U3MEHEHHS MarHuT-
woro motoka (O uyepe3 KOHTYp BbI3LIBAIOT BO3SHHKHOBEHHE B KOHTYype
3MEKTPOABIIKYIE CHIbl MHIYKUUH &;. HTOOB HAHTH CB#3b MEXAY
&; W ckopoctblo uamenenns @, paccMOTPHM Cleylomllii npuMep.

Bo3pMeM KOHTYD ¢ TOABHXXHOH nepembldkoit Amunbl [ (puc. 61.1, ).
[TomMecTHM €ro B OJHOPOAHOE MarHHTHOe noJe, MNePHEeHANKYJ/ISIDHOC
K [JIOCKOCTH KOHTypa W Hanpab/eHHoe 3a ueprex. IlpmBesem nepe-
MBIUKY B JBHXKEHHE CO CKOPOCTbIO V. C TOH e CKOPOCTbIO CTaHYT Iepe-
MEIIATbCS OTHOCHTEbHO OIS ¥ HOCHTENH TOKA B NMEPEMBIYKE — 3JIEKT-
poHpl. B peayabraTe Ha KaXAbld SJAEKTPOH Ha4YHET J€HCTBOBATL
HanpapJeHHas BJOJb MePEeMblUKH MArHHTHasg CHJA.

F||='—8[VB] (61.1)

(cm. (43.3); 3apan saekTpoHa pasen —e). [lefictBue 3TOH CHJILI SKBH-
BaJIeHTHO AefICTBHIO HA 3JEKTPOH 3JEKTPUYECKOro MOoJs HANPAXKEHHOCTI

E=[vBl.
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D10 MoJie HEe3NEKTPOCTATHYECKOTrO MPOHCXOKACHIS. Ero nupkyasuus
0 KOHTYpPY AdeT BeJHYHHY 3. A. C., HHAyLMpyemoil B KOHTYpe:
2

&= § Edl=F[vB]dI={ [vB]dl 61.2)
1

(noapinTErpanbHas QyHKUMS OTIHYHZ OT HyJas Juib Ha 06pa3yeMoM
NEPEMbIYKON  yuacTKe 1—2).

Urto6pl 10 3HAKY &; MO#HO GbLIO CYIHTH O Hanpae/eluy, B KOTO-
poM AeiicTBYeT 3. M. C., Gy/ieM CYUTaTh & ; IOJIOXKUTEJLHOHR B TOM CJY-
yae, KOTJla ee HanpapjeHne 06pasyer ¢ HarnpaBJeHHeM HOpMa/lH K KOH-
Typy NPAaBOBMHTOBYIO CHCTEMY.

BriGepev HOpManb TdK, Kak MOKasano Ha PHC. 61.1. Torpa npu
BHIUMCAEHHH LHPKYJISALHK HYXKHO 06XOAUTb KOHTYP IO YaCOBOH CTPE/IKE

If COOTBETCTBEHHO BBIOHPATD : / »
nanpasnenue BekTopos dl. V/ ——— C NemY
Fenan BbinecTd B (61.2) mo- 4 E 1 ?Zﬂ
crosiunbit Bektop [vBl 3a §; ® 1 % % -
3HaK HHTErpaja, NonyduM o ?%
9 o ds
& =[vB]{ dt =[vB]! "l /‘
| — = ? db //
l I — == X L _//J'
rjae | — BeKTop, NOKa3aHHbIl  Hanpaloenue 3) b
Ha puc. 61.1, 6. OcywiecTBuM  glixoda
B TNOJYYEHHOM BblpaxKeHHH Puc. 61.1.

IUKJAHYECKYI0  I€PECTaHOB-
Ky COMHOXHTeNeH, NOC/e Yero YMHOXHM M pasiciiiM ero Ha di:

&, = B[lv]=21ydl (61.3)
Uz puc. 61.1, 6 BHAHO, 4TO
[l, vdil=—ndS,

rae dS — npupatiieHne IVIOUWAAH KOHTYpa 33 BpEMi dt. Tlo onpeae-
NeHHI0 TOTOKa Bhipaxkenue B dS=Bn dS npencraBafer coboll NMOTOK
yepes muowanky dS, T.e. NpUpallerHe NoToKa dd uepe3 KOHTYD.
Takum obpasoMm, -
B (I, v dt]=—Bn dS=—d®.

C yyYeroM 3TOTO BHIPAXKEHHIO (61.3) MOXHO NpPHAATL BHI

&=—22. (61.4)

Mpt noayunay, uro d®/dt n &; MMEIOT TIPOTHBCIIOJOXHbIE 3HAKH.
3uaK TOTOKA M 3HAK &; CBA3aHbL ¢ BBIGOPOM HalpaB/eHHA HOpMAJH
K DJOCKOCTH KOHTypa. llpH caejaHHOM HaMH BHIGOpPE HOpMaJu (CM.
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puc. 61.1) suak d®/dt nonoxurenbHbli, a 3HAK & OTPUUATENLHBIN.
Ecad 6bl Mbl BRIOp4/JM HOpPMAaJb, HAllpaBJAEHHYIO HE 3a yepTex, 4 Ha
Hac, 3Hak d@/d¢ 6611 Gbl OTPUIATE/NbHBIM, 4 3HAK &'; NONOXKHTE/NLHBIM.

Eaunvueli notoka maruuTHod upaykuuu B CHU cnyxkur BeGep
(B6), XOTOpHIl MpeiCTaB/steT cofoft NOTOK yepe3 noBepxHocTb B 1 M3,
MepeceKaeMyl0 HOpMaJbHBIMH K Hell JHHMSIMM MarHWTHOrO noas ¢ B,
pasHoit 1 Tai. IIpr cKOPOCTH H3MeHeHUs MOTOKa, paBHoil | B6/c, B KOH-
Type HHAyuHpyercs 3. A. c., pasHas 1 B.

B rayccosoit cucreme dopmyaa (61.4) umeer Buj

1 dd |
Si=—=—r . (61.5)

Enuunueit @ B 910l cHcTeMe ABAAeTCA M aKcBeaa (Mkce), paBunlit mOTOKY uepe3
moBepxuocts B 1 cm2 npu B=1 I'c. Popmyaa (61.5) aaer & B CI'C3-equutiax mo-
TeHnuana. Ytobu NoNyunTh §; B BOAbTAX, HYKHO YMHOMHTD IIONYyYeHHBH PE3YALTAT
ua 300. [Tockoneky 300/c=10-8,

‘ _g dD (Mkc)

&:(B)=—10-8 2 ~=. (61.6)
B paccysAeHHAX, KOTOpble npuBetu Hac K ¢opmyne (61.4), posb

CTOPOHHHX CHJI, MOJAJEPKHBAOUWHX TOK B KOHTYP€, WTPAlOT MATHHTHbIE
. - CUAbl. PaboTa 3THX CHJA Hal eIHHUYHBIM

B_@ e s MOJIOKHTEJbHEIM 3apsiloM, paBHAsA 110 OIpe-
‘ 34 2| F e JleJIeH’Io 3. . ¢., 0Ka3biBaeTcs OTJHYHOH OT
7 | ') Hyas. 3710 OO6CTOATENLCTBO HAXOJHTCA B Ka-
u XKyleMcsl IPOTHBOPEYMH G BbICKA3aHHBIM B

NN § 43 yTBepKAGHHEM O TOM, YTO MACHHTHASA
cuna paboTHl HAJ 3apsAAOM COBEpIUATb HE MO-

Y;-h Ket. IlporHBopeyne  ycrpaHsercs, eClH

Puc. 61.2. y4ecTb, uto chna (61.1) npeacrasaser coboil

He [OJHYIO MarHUTHYIO CUJY, AEHCTBYIOILYIO

Ha JEKTPOH, a JHIUb NAPAJIEIbHYIO I1POBOAY
COCTABJSIOLYIO 3TOH CHJbI, 00YCJIOBAEHHYIO CKOPOCThIO V (cM. cuay F
Ha puc. 61.2). [log neftcTBHeM 3TO# COCTABAAOWIEH 3JEKTPOH MPHXOJUT
B JBHKEHME BJ0OJb NMPOBOJAA CO CKOPOCTBIO U, B pe3yJbTare 4Yero BO3-
HUKAEeT [ePNeHAMKYJAADHAS K [POBOAY COCTABJSIOIIAS] MAarHHTHOH
CHJILL

FJ_:-—B[UB]

(3Ta COCTaBAAIOMAS HE BHOCHT BKJAAA B IHDKYJ/ANHMIO, TaAK KaK Iep-
neqaAuKyasipHa K di).
[Tonnast MarduTHasi cuJa, AEHCTBYIOUIAST HA 3/IEKTPOH,

F=Fy+F,.,

a paGora 3TOft CUJbI HAJ 3CKTPOHOM 3a Bpems df
dA=Fyudt{F vdi=Fyudl—F vdt
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(HanpapeHUs BEKTOPOB F, ¥ u OAKHAKOBH, a BEKTOPOB F, u v npo-
THBONONOKEB:, oM. puc. 61.2). IloacTabuB 3HAYEHHA MOaYyJieidl CHJL
F,=evB u F | =euB, nonyinM, 410 pa6oTa NONHOK MAarHHTHOH CHJIbL
paBHa HYJIO.

Cunta F, HanpaBneHa TPOTHBOMOJIOXKHO CKOPOCTH nepemMbldKH V.
[TostoMy st Toro, YToGbl NEpeEMBI4KaA mepemeianach € [OCTOAHHOH
CKOPOCTBIO V, K HEH HYXHO MPHIIOXKHTD sHelnHo0 cuny F o eu YPaB-
HOBELUMBAOILYIO CyMMY cusl F, NMPHAOKEHHBIX KO BCEM 3IEKTPOHAM,
cofiepalumMcs B TiepeMbluke. 3a cuer paGoThl 3TOH CHJBL ¥ GYJeT BO3-
HHKATb SHEPTUf, BhiieJfAemMass B KOHTYpe HiIyLHPOBAHHBIM TOKOM.

DacCMOTPEHHOE HAMH OFbACHeHWe BO3HHKHOBEHHA 3. 1. C. HHIYK-
LK OTHOCHTCH K CJYYdi0, KOTJAa MarHiTHOe MoJi¢ NMOCTOSIHHO, 3 M3ME-
Hsercs reomerpus Kourypa. OfHako MATHUTHBIA MOTOK uYepe3 KOHTYP
MOJKET H3MEHSAThCS TAKKE 33 CueT H3MeHeHHs B. B sToM cityuae oObsicC-
HeHHe BOSHMKHOBEHMsI 3. J. C. OKaspBaercd B TNpPHHIUANEG JAPYTHM.
VsMeHsOlleecss €O BPEMeHeM MarHHTHOE MOoJI€ MOPOXIAET BHXDPEBOS
saekTpuueckoe nose E (noapobnee o6 stoM ropoputcs B §69). Ilox
neficreueM nofs E HOCHTENH TOKa B [DOBOAHUKE MPUXOAAT B JABHIKe-
HHe — BO3HMKaeT WHAYHUMpOBaHHHIA TOK. CBA3h mexay 9. X.C. HH:
AyKUMA W M3MEHEHHSMH MarHHTHOrO IOTOKA H B 3TOM CJy4ae OIHUCh-
paercsi dopmynoii (61.4). |

Ilycte KOHTYp, B KOTOPOM HHAyuUHpyeTcd 9. A. C., COCTOUT HE M3
OJHOIO BUTKA, 8 M3 N BHTKOB, Hampumep, NpeACTABIACT coboit coJe-
noun. IlockosibKy BHMTKH COEAHHSHOTCH nocjenosaresibho, &; Oyaer
" paBHa cymme 3. J. C., HHAYIHPYEMBIX B KAKIOM K3 BHTKOB B OTJi/b-

HOCTH:
d® d
&;i=— = Z(D)

¥ = Yo | 61.7)

HA3BIBAIOT NMOTOKOCLenJeHHEM WIH mMoJAHBM MAar-
HUTHBM [MOTOKOM. Fe uamepfioOT B TeX Ke eIMHHUAX, 4TO U .
Ecau MoTOK, NPOIH3bIBAROILUA Ka@abli 13 BHTKOB, OKWHAKOB,

Benuuuny

Y- N . 61.8)
9. 1. C., HHAYUUPYEMAas B CJONKHOM KOHTYDE, OMNpPCAC/IAeTcs dopmyJoii
&=—127. 61.9)

§ 62. MeToabl H3MepeHHs MATHUTHOH HHLYKIUHH

Ilycrs noJHbll MATHWTHBIH [10TOK, ClEIVIEHHBIA ¢ HEKOTOPBIM KOH-
TYPOM, U3MEHAETCH OT 3HAUCHHA W no ¥,. Haiinem 3apsf ¢, KOTOpbLil
poTEKaeT NPH 3TOM 4epe3 Kamaoe CEuCHHE KoHTypa. MrHOBEeHHOE
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3gauyeHue CHJABl TOKa B KOHTYDE pPABHO

_&i L
]—R

R dt
Orcroja

1 d¥ 1
dg=ldt=——px— dt = — 5 d¥.

[TpoMHTErpHpPOBaB 3TO BbIPaXEHHE, HalfieM [OJIHLIH 3apsA:
O Lo SUA L
1

CoorHouenne (62.1) Jexut B ocHOBE paspabGOTaHHOro A. T'. Cro-
7eTOBbIM GaJIJIHCTHYECKOTO Cnoco6a M3MepeHHsl MarHUTHOH MHAYKLMH,

9

K Sanrucmuy,
- ga1bbaraH.

Puc. 62.1.

KOTOPBIl 33KJIOUAETCA B CJEAYIOLIEM. B uccaenyemoe noJie NOMEIaioT
HeGOMBLLIYIO KAaTYIIKY, HMeiomyio N BHTKOB. KaTyluky pacno/sarawT
TaK, uTo6bl BekTOp B okasancsi neprneHAHKYJIsIPHbIM K NJIOCKOCTH BHT-
ko (puc. 62.1, a). Toraa NOJHBI MACHHTHBIA MOTOK, CLENJEHHbIH
¢ Kkaryimxo#, Oyner paBeH

W1=NBS,

rae S — nJollaAp OAHOTO BHTKA, KOTOpasi NOJXKHA ObITh HACTOJIbKOQ
MaJsioil, 4roObl NoJie B €e Npeaeyiax MOKHO 6blJIO CYHTATH GAHOPOIHLIM.

[lpn nosopoTe KaTylIKH Ha 180° (puc. 62.1, 6) norokoCLEn/ieHye
crapoputcst paBHe ¥,=—NBS (n 1 B Hanpas/eHbl B POTHBOTO-
J0KHbe cTOPOHBY). Cle/0BaTeNbHO, H3MEHEHHE II0JHOr0 MOTOKa MpH
NOBOPOTE KATYLIKH PaBHO Y, W¥,=2NBS. Ecau noBopoT KaTyLIKH
OCYILECTBUTh JKOCTATOYHO GBICTPO, B KOHTYpE BOHHKAET HMNYJbLC TOKA,
npM KOTOPOM [MPOTEKAET 3apsif

q——-—je—QNBS (62.2)
(cm. dopuyay (62.1)).

3apsj, NPOTEKalUiHii 1O Leny TP KPaTKOBPEMEHHOM MMITYJIbCE
TOKa, MOJKHO H3MEPHTb C IIOMOHIbIO TaK HA3bIBACMOT0 6aJIIHCTHYECKOTO
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rajqbBaHoOMeTpa, KOTOPhIHl NMPeICTAB/AET co6oil rajJnBaHOMETp ¢ 6OJIb-
{LHM NePHOJOM COOCTBEHHAIX xoneGauuii. ViamepHs g u 3uas R, N H S,
MOXKHO 110 dopmydte (62.2) HaiTH B. IMonx R B 3TOM CJyudae mojpasyme-
gaercsi NOMHOE CONMPOTHBJAEHME UEMNH, BKIIOYAIOUIES CONpPOTUBJIEHIIE
KATYIUKI, CORMHUTEBHBIX 1POBOJOB U ralbhBaHOMETPA.

ByecTo TOro, yroObl NOBOpauyHBaTh KAaTYUIKY, MOXHO BKJOUATD
(6O BLIK/IOYATH) MCCAELYeMOe MarHHT-

Hoe nose, WJIH U3MEHATh €ro HampasJe- Meds
HHe Ha oOpaTHoe.

JNast uamepenust B HCIOAb3YIOT TaK-
e TO OOCTOATE/]bCTBO, YTO 3JEKTPRUEC-
Koe COIpOTUBJIEHHE BUCMYTa CHJIbBIO BO3-
pacTaeT noj AeiiCTBHEM MArIUTIOrO NoJs—
npuMepHo Ha 5% HA KaXKAY0 ACCATYIO J10-
a0 Tecaa (Ha xaxaylo 1000 I'c). Ilosto-
My, noMeriast mpefiBapUTeNbHO [pOrpajypOBaHHYI0 BUCMYTOBYIO ClIli-
padp (puc. 62.2) B MarduTHOE NOJIE H yamMepsas OTHOCHTEJBHOE H3-
MeHeHHE ee CONPOTHBJICHWS, MOMKHO ONMpEeMTh MarHuTHYIO HHAYK-
L0 101,

OTMeTHM, YTO Y APYTHX METAN/IOB 3JEeKTPHUECKOC conpoTuBCHIIE
TaKKe BO3PACTAaeT B MAIHUTHOM M0Jie, HO B TOPasjio MEeHbUIEH CTETeHI!.
V Meli, HANPHMED, YBEIMueHHe CONPOTHBJCHUS NPUMEPHO B 10* pa3
MEHbL!e, YEM Y BHCMYTA.

§ 63. Toku Pyxo

MBAyKUMOHHbIE TOKH MOIYT B036YXAaThCsl H B CIIOINHBIX MaCCHB-
HBIX POBOJAHMKaX. B 3TOM Caydae MX paspiBalor TokaMHu P ykKo
WM BUXpPEBbHMH TOKaMH. AneKTpHYeCKoe COMPOTHBJAECHME
MACCHBHOTO TPOBOAHHKA Majo, MOITOMY TOKH dyKo MOTyT AOCTHIATD
oueHb GOJBIUOH CIJbL.

B cOOTBETCTBMM ¢ MpaBHJOM JIEHUA TOKH dyKo BLIOUPAIOT BHYTPH
npoBojHUKA TaKHe NyTH M HaNpaBJIEHHA, yTOOL! CBOUM AEHCTBUEM BO3-
MOMKHO CHJIbHEe MPOTHBUTHCSA lIpHYlHe, KOTopad HX suisbiBaetr. [losTomy
ABUXKYIIUECs B CHJIbHOM MArHUTHOM M0J€ xopoluye MPOBOJHHKY HCIIbI-
TBIBAIOT CHJBLOE TOpMOXKeHHe, 00yC/I0BJAEHHOE B3aMMOjeiicCTBHEM TOKOB
®yKO ¢ MArHUTHBIM MOJEM. DruM nOJMb3YIOTCsT AN AeMI(QUPOBAHHS
(yCMOKOeHHs) TOABHAKHBIX wacTeil raJdbBaHOMETpOB, ceHcMOrpados
i ApYyrux npuGopoB. Ha nojBuKHOf 4acTH mpHGOpa YKPemnJsaeTci
npoBojisiuan (Hanpumep, aJlOMHHYUEBas) MNacTHHKA B BHJAE CEKTOPA
(puc. 63.1), xoropas BBOIUTCA B 3330p MeXAYy MOJICaMH CHJIBHOIO
[IOCTOSIHHOTO MarHuta. [Ipu ABHXKEHHH [VIACTHHKH B Hell BO3HHUKAIOT
Toku @yKO, Bbi3mIBAIOUlHE TOPMOKEHUE cucrembl. [IpeuMyIlecTBO
TAKOTrO YCTPOMCTBA COCTOMT B TOM, HTO TOpMOKEHHE BO3HMKAET JIHIIDL
npy ABUKEHHR MJIACTHHKH H HCYE33CT, KOra [/aCTHHKA HEMOABMIKHA.
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TTosTOMYy 3/1€KTPOMATHHTHHI YCINOKOHTENL COBEPILUEHHO He MpEelNsiTCT-
BYET TOYHOMY NPHXOAY CHCTEMBI B MOJ0XEHHE PaBHOBeCHH.
TenusoBoe peiictBue TOKOB PYKO HCMOMNL3YETcst B MHAYKIHOHHLIX
neyax. Takasi neup npeacrapnser co6oil KarylIKy, NTHTAeMYIO BbICOKO-
Y3acTOTHBIM TOKOM 6o0Jbloi cujbi. Ec/H noMecTMTh BHYTPh KAaTVUIKH
NPOBOAALLEE TEJO, B HEM BO3HUKHYT HHTEHCHBHbIE BHXDEBbIE TOKH, KO-
TOPble MOTYT Pa3orpeTb TeJM0 A0 MJaBjJeHHs. TakHM C11ocofoM OCYILeCT-
BJSIIOT NJaBJeHHE METAJLIOB B BAKYYME, UTO
NI03BOJISAET MOJYYATh MATEPUAJLI HCKJHOUH-
> TEJbHO BbLICOKOH YHCTOTHI. |

C noMotubio TOkoB PyKO oCywecTBad-
€TCs1 TaKXX€ NPOTPCB BHYTPEHHHUX MeTaJj -
YeCKHX yacred BaAKYYMHBIX YCTaHOBOK I/
HX o0e3raxKHBaHHA.

Bo mHorux cayyasix TokH @yko 6niBa-
10T HEXKeJIATeJbHbIMM, W NPHXOAHTCA TIPH-
HUMaTb ANl 60pbObl C HUMH CELHaJbHbIE
mepbl. Tak, Hanpumep, yToObl NPENOTBpa-
THTb MOTEPH 3HEPrHMH HA HarpeBaHuHe TO-

Puc. 63.1. KaMH PyKo cepIediMKOB TpaHCPopMmaTo-
POB, 3TH CEpAEYHHKHM HAOMpPAOT H3 TOH-
KHX TJAacTHH, pasjeseHHBX H3CJHPYIOWHMH Tnpocholikamu. [lna-
CTHHBl PacnoJyiararmTcs TakK, YTOOBI BO3MOXHbIE HallPaBJIEHUS TOKOB
@yko GbIIM K HHM NepueHAHKYAspHbIMH. [losiBneHne ¢epputor (noay-
NPOBOAHHKOBHIX MATHHTHBIX MaTepHaNoB C OOJbIUHM 3JEKTPHUECKHM
COLIPOTHBJIEHHEM) CJHE/1aJ0 BO3MOXKHBIM H3TOTOBJEHHE CEPACYHHKOB
CIJIOLIHRIMM. ~
Toku Pyko, BO3HHKAWOUIHE B NPOBOAAX, MO KOTOPLIM TEKYT nepe-
MeHHLIE TOKH, HADPABJEHbl TaK, YTO OCNa6AAI0T TOK BHYTPH NPOBOAA
H YCHJHBAIOT BOJIH3U NOBEPXHOCTU. B pesynbTaTte ObICTpONEPEMEHHLIH
TOK OKAa3LIBAeTCsl paclipeie/IeHHbIM [0 CEYeHHIO NPOBOJa HepaBHOMEp-
HO — OH KaK Obl BHITECHSETCS Ha NOBEPXHOCTb NMPOBOAHHKA. ITO fIB-
JieHHe HashBaeTcs CKH H-3¢dPeKTOM (OT aHrauickoro skin —
KOXa) WIH NMOBEPXHOCTHHM 3ddekrToM Hs-3a ckuu-
athdeKTa BHYTPEHHAS YacTh NPOBOAHUKOB B BLICOKOYACTOTHBRIX LENsX
oKkasbiBaetcsi Gecrionie3Hol. [To3ToMy B BBICOKOYACTOTHBIX LeNsX npu-
MEHSIIOT NPOBOAHHKH B BHAE TPYOGOK.

dcs
npudopa

§ 64. SlBaeHne CaMOHMHAYKUMH

DNeKTPUYECKUH TOK, TeKYIU B J060M KOHTYpe, C03JaeT NPOHH3bI
BalOIIMii 3TOT KOHTYP MarHMTHBIH notok W. Ilpu namenenusx I uame-
Hsietcs Takke H W, BceACTBHE 4ero B KOHTYpe HHAYLUHDYETCH 3. A. C.
DTo sBJEHHe Ha3blBaeTC! CaMOHMHJIY KILHeIi,

B cootBercTBHH c 3akoHOM bno — CaBapa marsutnas unaykuusn B
NPONOPLHOHANbHA CHMlE TOKA, BhI3Bapuero noje. OTciofa BHITEKAET,
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4to 10k | B KOHTYpe H CO3XaBaeMbId HM HoHBI MarHuTHBIH notok W
yepe3 KOHTYP MPONOPUMOHANbHBL APYT APYTY:

Y=L, | (64.1)

KosqduuneHT NpornopuHoHaILHOCTH L Mexay cujoff. ToOKa H MOJHBIM
MATCHUTHBIM TOTOKOM HA3biBaeTcd HHAYKTHBHO CTbI KOH-
Typa. |

Muuefinas 3asicumocth U ot [ HabmofaeTcA TONBKO B TOM C.Jydae,
ecay MArHWTHAA [POHHIAEMOCTb (b CPEAB, KOTOPOH OKpY»KeH KOHTYD,
He 32BUCHT OT HANPSKEHHOCTH noas f, T. €. B OTCYTCTBHE deppomartie-
THKOB. B OPOTHBHOM ciyuyae W SBJIACTCH caoxHOi (pyHKUueR ot [
(uepes H; cMm. pHC. 59.3, 6), W, NOCKOJbBKY B=u.uH, 3aBucamMocTs W
or [ Takxe OyJeT MOBOJbLHO cnoHO. Onmaxo coordouenue (64.1)
paciipocTPaHsioT H Ha 3TOT cayuait, cudTas HHAYKTHBHOCTD L QyHK-
et or /. [Ipn Heu3smeHHOH CHJE TOKA I moausiit notok ¥ MoKeT Hu3-
MEHATHCS 32 cueT HameHeHuil Gopmbl ¥ pasMepoB KOHTypa.

M3 ckasaHHoro caeayer, 4To HHAYKTHBHOCTD [, 3aBHCHUT OT IeoMeT-
puil KoHrtypa (7. e. ero GOpMBl U Pa3MepoB), 8 TaKke OT MarHHTHBLIX
cBoficTB (OT W) OKpYXawouled KOHTYp CPelbl. EcaH KOHTYp MeCTKHH
4 NoGaM30CTH OT Hero Her (eppoMarHeTHKOB, HHAYKTHBHOCTD L aB-
JfeTcs MOCTOSMHOH BeJYHHOM.

3a enuuuny uuayxrusaoctd B CH npunnvaercs HHIYKTHBHOCTD
TAKOrO NMPOBOJIHHMKA, Y KOTOPOTO NPH CHJIE TOKA B HEM B | A Bo3HHKaer
Clen/IeH bl ¢ HuM noanbii motox W, papubiit 1 BO. 31y €AMHHLY 1a-
sesalor reHpu (I'n)

B rayccoBoil cHcTeMe HHIYKTHBHOCTD HMECT pa3MepiocTh JAJHHBL B cootBeTrciBHit
C 3THM eJHHHUY HHAYKTHBHOCTH B aToil CHCTEMe Ha3LIBAKOT CAHTHMETPOM

HupyxTnsHocTbio B 1 oM o6najaer raKoll KOHTYP, C KOTOPLIM [1pH CHIie TOKA B | CI'CM-
exnuny (1. e. 10 A) cuenset MOTOK, pasustit | Mxe (10~8 BG).

BoigHcAMM HHAYKTHBHOCTb COJIEHOHAA. BoabMeM COJeHOM], TaKOk
LML, YTOBBl €r0 MOXKHO OBIIO NPAKTHHECKU CUUTATh OeCKOHEUHbLIM.
[Tpu nporexanuu no Hemy TOKA ] BHyTpU cojeHOHJA BO30YyKJIaeTcH
OHOPOAHOE MOJie, HHIYKIHMS KOTOpOro pdBiid B=pypunl({cM. dopMynt
{(50.4) u (53.5)). Ilotox uepes kawielii u3 sutkos pased D==BS, a
HOJLIBL MATHUTHBL MOTOK, CLEMJIEHHbHH C COMEHOU0M,

W =NO=nlBS=pun?lSI, - (64.2)

rae ! — AJHMHA cojieHoUIa (KOTOpas NPeAloaractci oueHb G0.bLOIT),
S __ qyowagk MONePeYHoro cedeHud, i — 4HC/I0 BHTKOB fia e AHHHILY
JUIHHBL (pousBejenie il Ager MNOJHOe MHCI0 BUTKOB N).

ConocraBrenye gopmya (64.1) u (64.2) paer A MHAYKTUBHOCTII
oueHp JJIHHHOTO CONEHOHJA BbIpAXKEHHE '

L=pgunlS=mepn*V, . (64.3)

rae V=I[S — o6nbemM COJEHOUAA.
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Ha (64.3) caeayer, uTO pa3MepHOCTb |1, PaBHA Pa3MEPHOCTH HHIYK-
THBHOCTH, J.Le.HeHHOﬁ Ha pa3MePHOCTb AJIHHBL. B coOTBETCTBHH C 3THM 108
naMepsieTcss B reHpH Ha Metp {cMm. (39.3)).

[Tpu u3MEHEeHMSIX CHJIbl TOKA B KOHTYpe BO3HHUKAEeT 3. A. C. CAMOHH-

AyKUHH &, PaBHAd d¥ d(Ll) dl dL
S=___=_._:_=_(LF+IW). (64.4)

Ecni npy M3MeHEHHAX CHJBI TOKA HHAYKTHBHOCTb OCTAETCS NOCTOSHHORM
{(4TO BO3MOXKHO JIHIUb NMPH OTCYTCTBHH (PePPOMATHETHKOB), BhIPAXKEHIE

And 3, 4. ¢, CAMOHHJAYKUHH HMEET BHJ
dl
&=—L—. (64.5)
3HaK MHHYC B 9TOH (opmyJe oOyC/IOBJI€H NpaBHaoM JIeHIla, COrJacHo
KOTOPOMY MHAYKIHOHHREIH TOK OblBaeT HaNpaBlieH TakK, YTOObl NPOTHBO-
LelCTBOBAaTh NPHYHHE, €ro Bhi3biBalomeli. B paccmarpuBaeMom cayyae
NPHYHHON, BhI3bBALOWENR &,, ABJASETCS H3MEHEHHE CHJLI TOKA B LEMH.
IlpumeM B KauecTBe IOJIOXKHTEJLHOrO HanpasJjeHue o6XoAa Mo 4acoBOH
crpenke. Ilpu 3TOM YCJAOBHH CHJA TOKA OYIET NOJOXKHTENbHOH, €CJH
TOK Te4eT B LLeNH I10 YaCOBO# CTPeNKe, U OTPHIATEJIbHOM, €C/IH TOK TeyeT
NPOTHB YaCOBOH CTpenKH. AHAJIOTHYHO &', 6yJeT NONOKHTENLHON, ecau
OHa JEHCTBYET B HaNpaBJIEeHHH N0 YaCOBOH CTPEJIKE, H OTPULATENBHOM,
€cJIi OHa AEHCTBYET B HAllPaBJIEHMH NPOTHB YacOBOH CTPeJKH.

[poussonnas dl/dt nonoxurenbHa B JBYX Cayuasx: JH6O NPU BO3-
pPacTaHHH MOJIOXKHTEJBHOIO TOKA, JIHGO MpH YOLIBAHHUW 1O MOAYJIO OT-
puuareabHoro toxa. Mz (64.5) cieayer, uto B 3THX cayuasax &.<<0.
IJTO 03HAYAET, YTO 3. A. C. CAMOHHAYKIIMH HAalpasJieHa NPOTHB YaCOBOJ
CTPEJIKH H, CJEJOBATE/NbHO, [IPOTHBHTCA YKA32HHBIM U3MEHEHHSM TOKa
(HapacTaHHIO TNOJICKUTENbHOTO JHO0 YObIBAHHIO OTPHUATENbLHOIO
TOKA).

[MponssoxHasn dl/dt orpunaTesbHa TakkKe B ABYX CaAyyasix: JH6O npu
yObIBaHHH [10JIOXKHTEJbHOTO TOKA, JIMGO NpPH YBEJIHYEHHH MO MOAYJIO
OTPHIATENBHOrO ToKa. B atHx caywasx &.>0 u, clerosaTennHo,
IPOTHBHTCS M3MEHEHHAM TOKa (YOLIBAHHIO MOJOXKHTENBHOrO JIHGO BO3-
pacTaHHIO [0 MOJY/IQ0 OTPULATE/IbHOTO TOKA). |

CootHoluenue (64.5) AaeT BO3MOXKHOCTb ONPEAENUTbL UHAYKTHBHOCTD
KaK KO3(dULHEHT DPONOPUHOHANLHOCTH MEXAY CKOPOCTBIO H3MEHEHHS
CHJIbl TOKA B KOHTYP€ H BO3HHKAIOUIEH BCJAEACTBUE 3TOrO 9. J. C. CaMo-
HHAYKUMH. OnHaKo Takoe onpefesieHHe NPAaBOMEPHO JHIIL B CJAyYae,
Korfa L=const. B npucyrtcTBuu ¢eppomarnetikoB L Heaedopmupye-
MOFO KOHTypa O6yner ¢yHkuuei or / (yepe3 H); caepoBartenbHo, dL/dt
MOXXHO 3anucatb Kak (dL/dl)(dl/df}). TlpousBensi Takywo MNOACTAHOBKY
B ¢opmyne (64.4), nonayuyum ,

!

&:-(Lw—fj;—)a. (64.6)

Orcropa BUAHO, YTO NPH HanHyuH (PeppOMATHETHKOB KO3(PPHULHEHT npo-
NOPUUOHANBHOCTH MexAY dl/di n &5 oTHOAL He paBeH L.
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§ 65. Tok npu 3aMbIKAHHH W pasMbiKaHHK LENH

Tlo npapuay Jlenlia JOTIONHHTENBHBIE TOKH, BO3HHKAIOILHE BCJAEN-
 CTBHe CAMOMHAYKLMH, BCerjia Hamnpap/eHbl Tak, yTOGBl TPOTHBOJEHCT-
HOBATh H3MEHEHWSIM TOKA B IeMH. JTO NMPHBOAMT K TOMY, Y70 YCTaHOB-
nense TOKA NpH 3aMbIKAHHH leny 1 yObiBanue TOKa fIPH pa3MbIKAaHHU
1lend [POHCXOAMT He MTHOBEHHO, @ MOCTENeHHO.

Haitzem cHauasia XxapakTep H3MEHEHHs TOKA IIpH pasMBIKaHHHU LerH.
TMycTb B Lenb C He 3aBHCALIEH OT [ HHIYKTHBHOCTLIO L H COMPOTHBJIE-
Huem R BKJOYEH HCTOYHHK TOKaA 3. A. €. & (puc. 65.1). )

B nenu 6yjer Tedb MOCTOSAHHBIA TOK -

&
I,=% (65.1) P

O i

(conpoTHB/IEHHE ~ UCTOYHHMKA TOKA CYHTaeM [peHe-
Gpe:kuMO  MalibiM). B MOMEHT ppemeny (=0 OTK/IO- }]\;—”__.
g .

QHM MCTOUHUK TOKA, 3aMKHYB OJHOBPEMEHHO UMb Ha-

kopoTko nepexmodatenem [J. Kak ToJIbKO CHIA TO-  pyc. 65.1

ka B LEOH HAYHET yObBaTh, BO3HHKHET 3. A. C. CaMo- R
WHAYKUHE, OPOTHBOJEHCTBYIOILAsT STOMY y6eipanmio. Cusla TOKa B Le-
nu GyAeT YAOBJETBOPATH YPABHEHHIO

dl
IR = (_{))_5. = — L —&t— '

WU

dl , R

gr+-rf=0- (65.2)
Ypabuenue (65.2) npeiactapasier coGoil JiuHefiHoe ofHopoaHoe Audipe-
peHiHanbHOE YpaBHeHHe [€pBoro TOpsiKd. Pasjenus nepeMeHHbIE,
0JY4HM

drl R

T _ - T dtn
Orciona

Inf =— ¢ 4In const

(iMest B BHAY JafbHefIxe npeo6pa3oBafKs, Mbl NOCTOAHHYIO HHTErDH
poBaHHA HAMHCaIH B BHAE in const). IloreHnupoBaHue 3TOro COOTHO-

IeHUA JaeT
R

— 1

J=const-e L . (65.3)

Buipaxenne (65.3) spasercs O6LAM pEIeHHEM ypaBHEHHA (65.2).
3nauenne const HafjeM U3 HayaMbHbBIX yenosuit. Tlpn (=0 cHia ToKa
uvena anasenne (65.1). CaeroparenbHo, const =17,. TlopcTraBue 3TO
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sHayene B (65.3), NpuieM K BHIPAXKEHHIO

R

I=1eT". (65.4)

Hrak, nocje OTKAIOUEHHS! HCTOYHHMKA 3. A. C. CHJA TOKa B HENH
He ofpamiaercsi MTHOBEHHO B HYJb, a YOBIBAET N0 3KCNOHEHIHAAbHOMY
3akoHy (65.4). 'paduk yOuBanusi | maH Ha puc. 65.2 (kpusas I).
7 CkopocTh yOblBaHHsl Onpefensierca HMeio-

. 1ed pasMepHOCTb BPEMEHH BeJHYHHOH

Iﬁ a0 B e B otk O P A g et B I..

2 - T-——T?— , (655)

KOTOPY!0  HasbiBaloT MOCTOSIHHOH

! ppemenu nemu. 3amenus B (65.4) R/L
J % uepe3 l/t, noayuum
Puc. 65.2. L
' I=1ge T. (63.6)

B coorBeTcTBHH € 3Toil GopMyJIOH T €cTb BpeMf, B TEYEHHE KOTOPOro
CHJIa TOKA4 yMeHbllaercs B e pas. U3 (65.5) BUAHO, YyTO 4YeM OOJblLE
MHIYKTHBHOCTb Llend L ¥ MeHblle ee CONPOTHBJCHHE R, Tem Goablue
NOCTOSIHHAS BPEMEHH T ¥ TeM MeJiIeHHee CIaJaeT TOK B LCNH.

Ilast yopouieHdsl pacyeToB Mbl CUMTAJIH, YTO llenb B MOMEHT OTKJIO-
yeHHS MCTOUHMKA TOKA 3aMblKaeTcsl HaKopoTKo. Ecan npoeTo pasopsath
Hens ¢ GOMBIIONH HHIYKTHBHOCTHIO, BO3HHKAlOULEE BBLICOKOE HHAYLMUPO-
BaHHOE Hanpsi’KeHHe CcO37aeT HCKpY WJH JyTy B MecTe paspbiBa.

Tenepb paccMOTPHM CJy4Yail 3aMbIKARHs IeNH. Ilocne noaknwUeHuA
HCTOYHHKA 3. A. C., 10 TeX Nop, II0Ka CHJla TOKA He JOCTUrHET yCTaHO-
BHBLIErocs sHagennd (65.1), B uenn KpoMe 3. 4. ¢. § OyHeT JNeHCTBO-
BATb 3. A. C. camMouHAyKuud. CJyefoBare/bHO, B COOTBETCTBHU C 3aKO-
HoM Oma

IR=8+8&:=6—L,
HJIH
i R, _& .
At I=%. (65.7)

Mul npuiniH K JuHeHHOMY HeoHOpoaHoMy AudxpepeHunanbHoMy
YpaBHEHHKD, KOTOpOe OTJHYaercss OT YpaBHEHHA (65.2) auub TeM,
yTo B NPABOH YacTH BMECTO HYJA B HEM CTOMT NOCTOAHHAA BEJTHYHHA
&/L. V3 Teopun audxpepeHniiabHbX YpaBHEHHH HM3BECTHO, 4TO obliee
pellleHHe JIMHEHHOrO HEOXHOPOLHOrO YpPaBHEHHS MOXHO TMOJYYHTh,
pHGaBHB J1060e €70 YacTHOE pelleHHe K oblieMy PewleHdio COOTBETCT-
BYIOIIEro OJHOPOAHOro ypaBuenus (cm. § 52 1-ro toma). Obiee pee-
HUe ONIHOPOAHOr0 YpapHeHHs HMeeT BUA (65.3). Jlerko yOeuTLCA B TOM,
uro I=&/R=1, sBAAETCA YACTHHM pelleHneM ypabHeHus (65.7).
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CrnenoBaTenbHO, OOLHM pelleHHeM YypaBHEHHUS (65.7) 6yner GyHKLHA
R

-t

I=1,+const-e L |

B nayaibHbiii MOMeHT cuna Toka / pasHa myao. OTclofa const==—1/,.
Taxum ob6pasoM,
R
ror (1T, (65.8)

Sra QyHKUUA ONHCHIBAET HAPACTaHHe TOKA B LLMH M0CIE NOAKJIOYeH HA
K Hell MCTOYHMKA 3. 4. ¢. I'pabuk Qynruuu (65.8) aan na puc. 65.2
(kpuBas 2).

§ 66. Bzanmnas HHAYKUMS

BosbMeM 1Ba KoHTypa I M 2, pacronoxeHHble GJIH3KO APYF K APYry
(puc. 66.1). Ecan B KOHTYpE | TeueT TOK CHJbL [;, OH cO3JldeT 4epe3
'KOHTYP 2 UpONOpilHOHaAbHbI /1 NOJHBIA MATHUTHBI [10TOK

(noe, cos3faoliee 3TOT MOTOK, H300pa)KeHO HA PHCYHKE CNJOHIBIMH

anuuamn), TTpu n3vMeneHHAx Toka /4 B KOHTYpe 2 ypayuupyercs 3. 1. C.
dl .

éjiz:-‘—Lzl—aTl_ (66.2)

(MbI npeanoJaraeM, 4TO (PeppoMarHeTHKOB BOGJM3U KOHTYPOB HET).

Puc. 66.1. Puc. 66.2.

AHazoruyHo, TPH POTeKaHH! B KOHType 2 TOKA CHAbI I, BO3HHKaeT
cuenJieHHbil ¢ KoHTypom [ MOTOK

qr1::L12[2 (66..3)
(I’IOJIE, co3jatoliee 3T0T MNOTOK, HBOﬁp&)KEHO NYHKTHPHBIMH J]HHHHMH).

7 1. B. Caseanesy T, 2
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[Tpu usmeHenusx Toka /4 B Koutype I Huayuupyercs 3. I. .
& =—Lio. (66.4)

i g7

Koutypst 1 ¥ 2 Ha3pBawOTCd CBS3aHHBMH, a ABlICHHE BO3-
HUKHOBEHMS 3. 1. C. B OAHOM H3 KOHTYPOB [IPH H3MEHEHHAX CHJBI TOKA
B APYroM Ha3bl3acTcd B3aHMHOM HMHAYKUHe .

Kosdduuuentsl npornoputoHalbHocTH L1z H L,y HasbBawTCA
B3aKMHOH UHHAYKTHBHOCTDBW KOHTYpoB. COOTBETCTBY!O-
Ml pacyer JaeT, 4TO B OTCYTCTBHE (ePPOMArHETHKOB 3TH KO-
HUEHTHl BCerAa PasHEl APYr JApYyry:

LI:‘,:L«;{. . (665)

Mx BenryuHa 3aBHCHT OT OPMBI, pasMepoB H B3aUMHOI0 Pacno/OXKeHHA
KOHTYPOB, & TakXe OT MarHMTHOHR NPOHUHAEMOCTH OKPYXaomeH KOH-
Typel cpeinl. Hamepserca L, B Tex ke eJUHHUAX, YTO H HHAYKTHB-
HoCTb L.

Haiinem B3auMHYIO HHAYKTHBHOCTh ABYX KAaTyLIeK, HAMOTAHHBIX Ha
OSUIMH TOPOUAANGLHLIA 2Kee3Hblil cepAeuHHK (puc. 66.2). JInHuu wmar-
HUTHOH MHAYKHLUH COCPENOTOUMBAIOTCA BHYTPH CepAedHHKA (CM. TeKCT,
crenylomuit 3a dopmyaoit (54.8)), Mo3TOMY MOMHO CUHTATh, YTO BO3-
O6yxaaemoe Jw000H U3 OOMOTOK MarHMTHoe noJje OyaeT HMETb BCIOAY
B CcepAcYHHKE OJHHAKOBYIO Hanpa:eHHOCTh. Ecau mepsas o6MOTKa
uMeeT N; BUTKOB U IO Hed Teuer TOK CHabl /;, TO COrJacHO Teopeme
0 uMpRyJaaHuU (cMm. (52.8))

HI=Nly (66.6)

({ — nauHA cepaeuHHKA).

MarHuTHelit TOTOK uepe3 mnomnepeusoe ceyende cepieuHHka P =
=BS=uwfAS, rae S — naowagb nonepeyHoOro CevyeHUsl cepaeyHHKa.
[Toncrasus croma 3nauedde H u3 (66.6) ¥ yMHOXKUB NOJy4YHBLUEeCH
Bbipaenue Ha N,, NOAyYdM NOJHBIR MOTOK, CUEMJEeHHbIH CO BTOPOH
00MOTKOI:

S
¥y, = 7 ptV Vo4
Conocraenenue 310ro Boipaxenus ¢ dopmynoit (66.1) naer, uto
S
Lyt = - pouV,N,. (66.7)

Beuucnenns noroka Wy, cuenseHHoro ¢ nepsofi 06MOTKOH B Tom
cyy4ae, KOrJa ro BTOPoH OOMOTKE Te4YeT TOK CIIL /4, NPUBOAAT K BhI-
DMK HO

S
Lia= - uotN Ny, (66.8)

no gopwme cosnagawmemy ¢ Ly (cM. (66.7)). Ognako B nanHOM ciyuae
HeJb3sl yTBEpMAATh, YTO Lis=L,;. MHOXUTENL W, BXOAMIIMI B Bh-
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paxeHud LA ITHX K03(HIIHENTOB, 3ABHCHT OT HaNPAKEHHOCTH neJs
H B cepreunuke. Ecan Nis=N,, ofMH ¥ TOT Xe TOK, nponycKaeMbli
OJlMH pa3 no nepsoi, a Apyroit pas no BTOPOi o6MOTKe, CO3MacT B Cep-
JeYHHKe MoJjie PasJHYHOH HaNPsIKEHHOCTH H. CooTBeTcCTBEHHO 3Hage-
HHMS p B OGOMX cAydasix GyAyT pasjHuHbIMH, rak uto npHu Iy=1I, uuc-
noBuie s3HaueHns Lia H L, He coBnaaaiwor.

§ 67. JHeprusi MarBHTHOrO MOJA .

PaccMoTpuM lienb, M300paxeHHylo Ha PHC. 67.1. Tlpu 3aMKHYTOM
KJloue B COJEHOHIEe YCTaHOBHUTCH TOK I, xotopulii 0OYCJOBHT MarHHT-
HOe moJie, CLieNJeHHoe ¢ BHTKaMH COJCHOHAA. EcsiH pa30MKHYTB KJICH,
TO yepe3 COMPOTHBJIEHHE R Gyner nexotopoe BpeMms TE€Yb NOCTENEHHO
yﬁmaaromim TOK, TOJAAEPKHBAEMbIH BO3- L |
HUKalolleil B coJIeHOHAE 3. A. €. CaMONH-
ayxnud. Pagora, copepluaemas 3THM TO-
KoM 3a Bpems df, paBHa

dA =& ] dt = —2 1dt =—1d¥. | R
(67.1) 2&’{1 e

Ecan MHAYKTHBHOCTH COJIEHOMAA HC

=ECISISiSiva e

aapncut oT I (L=const), 10 d¥=L df ]
u Bupaxenue (67.1) npHHHMaeT BAL 2
dA=—LIdl. (67.2)
' Puc. 67.1.

[IpoyHTErpHpPOBaB 3TO BRIpaXeHle 1o I
B npeaenax oT HepBOHaanIbHOFO 3Ha-
geunst / 7o Hyas, moayunM paboTy, coBepinaeMyio B HEnH 3a BCe
ppemsi, B TeyeHHe KGTOPOTO NPOHCXOANT HCUEIHOBEHHE MAarHUTHOTO
o4,

: 0
A=-—SleI=-L—éi. (67.3)
I

Pa6ora (67.3) uier Ha NpHPaIlEHHE BHYTpeHHEH dH¢PrHH COPOTHB-
neHust R, cosieHonia M COEAWHHMTENTbHBIX NPOBOOE (T. €. Ha MX Harpe-
panue). CoBeplleHue 3TOH pa6oTHl  COMPOBOXAALTCH HCYe3HOBEeRHEM
MATrHHTHOTO TMOJR, KOTOpOe IiepBOHauaNbHO CYILILeCTBOBAMO B OKpYy2Kaio-
meM COJIEHOHA NPOCTPaHCTBE. TTockonBKY HHKaKHX APYrux H3MEHE-
HUll B OKPYXaIOUIHX 3/EKTPHUECKYIO LEb Tenax He NPOUCXORHKT, OC-
TaeTcsl 3aKJIOUMTD, UTO MAarHHTHOE Nosie BJAETCS HOCHTENEM 5Heprimu,
33 CUeT KOTOPOi H cOBeplIaeTcH paGora (67.3). TaknM 00pa3’oM, Mbl
NPHXOAHM K BHIEOAY, YTO NPOBOAHHK € HHIYKTHBHOCTBIO L, 1O KOTO-
poMy Teder TOK CHJIH I, ofinafaer 3HeprHe

L)?
W=——

(67.4)

7
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KOTOpasi JOKAJH30BaHA B BO3GYXKNAaeMOM TOKOM MAarHMTHOM noJe (cp.
3Ty popMyay ¢ Buipakeddem CU?*/2 anst 3HePruH 3apsiXKeHHOT'O KOH/IEH-
catopd; cM. (29.2)).

Beipaxkenue (67.3) MOXKHO TPaKToBaTh Kak paboTy, KOTOPYH Heol-
XOJAHMO COBEPLIATL NIPOTHB 3. JI. C. CAMOMHIYKIHH B Npolecce HapacTa-
nust Toka ot 0 10 [ ¥ KOoTOpasi HIeT Ha co3aHHe MarHuTHoro noJs, 0b-
nanatouero sueprueit (67.4). HeiictBurensHo, pabota, coBepliaeMas
NpoTHB 3. I. C. CAMOMHAYKUHH, DaBHa

!
A=\ (—&,)1dt.
U]

[Nponenas npeoGpasoBankd, MnoAoOHBIE TeM, KO1Opble MNPHBENM HAC
K BhIpaxeHHIO (67.2), noayyum
I

A’_ngdl _ L (67.5)
= =, i
0

4To cosianaer ¢ (67.3). Pabora (67.5) copepiuaercsa npu ycTaHOBIEHWH
TOKA 3a CYeT HCTOUYHMKA 3. [I. C. M WJeT LeJIUKOM Ha CO3laHMue MarHUTHO-
o No.id, CUeMJEeHHOro ¢ BUTKaMu cojleHonjia. Bupaxenue (67.5) ne yuu-
TBIBAET TOH PaGoOThI, KOTOPYIO HCTOUNHK 3. . C. 3aTPAUMBAET B NIPOLIECCe
YCTaHOBJIEHHSI TOKA Ha HarpeBaHue NPOBOJHHKOB.

Buipasum suepruio MarHutHOro noast (67.4) uyepes BeNHYUHBL, Xa-
paxrepusyiolre camo node. B cnyuae ouenb anuHHOrO (NpakTHYeCKH
DecKOHEYHOr o) coJieHoUa

L=ypun?V, H=nl wm [:i;_

(cm. popmyant (64.3) u (53.8)). [TosacTapuB T 3nauenus L u [ B BhIpa-
Keuue (67.4) W npousselss npeoGpaszopaHust, NOJAYYHM

W=ty (67.6)

B § 50 6bl10 nokaszaHo, uTO MArHHTHOE rOJe GECKOHEYHO AJHHHOTO
CO/IEHOMAA OJHOPOJHO H OT/HYHO OT HyJS TONLKO BHYTPH COJEHOHA.
CnejfoBatenbHo, sHeprusa (67.6) nokajau3oBana BHYTPH COJIeHOHIa H
pacnpenesieHa no ero o6beMy ¢ MOCTOSAHHOH IJIOTHOCTEIO W, KOTOPYIO
MO#HO HaiTH, pasfenus W na V. Ilpoussens sto pesente, NOJYYUM

2
w= Lkl (67.7)

Bocrnonb3osasiukch cOOTHOLIEHHEM (52.14), dopmyne maf HAOTHOCTH
SHEPrHH MArHUTHOIO MOJIst MOXHO MPHIATb BUI

. l.,lo!.le L HB _ B2
o 2 2 2].10!.& )

w (67.8)
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TMonyueHHble HAMH BBIpaXeHUs AMfA MJOTHOCTH SHEPrHH MarHuT-
HOro MoJisi OTAMuaioTcd oT BhipaxeHHil (30.3) And NJOTHOCTH SHEPrii
3MEKTPHYECKOrO MOJs JHIIb TeM, 4TO SACKTPHICCKHE BeJIHUHHL B HHX
3aMeHeHbBl COOTBETCTBYIOUIHMH MArHHTHBIMH.

3Hasi NVIOTHOCTb SHEPrHH TOJA B KaxaoH TOYKE, MOXKHO HaHTH
SHEPrHio NoJisd, 3aKJIOYEHHYIo B noGoMm o6veme V. Haf 3TOr0 HYXKHO
BLIYHCJAHTD HHTErpan

_ _ ( ponA?
W_Swdv_§ . (67.9)

MO3KHO NOKa3aTh, UTO B CJy4ae CBA3AHHHIX KOHTYpPOB (npu oTCYT-
cTBMH (PEPPOMATHETHKOB) SHEPrua noJd onpefeNseTca dopmy.ioH

2 2 . '
W — L1211 + L2212 + Lm;ﬂz + L21‘;2,1 . (67.10)

Nns snepruu N cBA3asHHBIX APYT ¢ APYTOM KOHTYPOB NOJMYqa€icH aHa-
JOTHYHOE BhIpaXKeHUe

1<

1
2 []

i
rae L,=L,; — B3anMHaf HHAYKTHBHOCTD i{-ro M k-rO KOHTYPOE, a
L;;==L; — WHAYKTHBHOCTb i-TO KOHTYpa.

W-_—' Lfk]i]k’ (67.]1)

1

=
il

§ 68. Pa6ora nepeMarHM4HBaHHUA deppoMarHeTHka

VaMeHeHusi ToKa B Lelld COMPOBOXKAAIOTCA COBepHIeHHEM TpOTHB
3. ]. C. CAMOMHIAYKUHH DPaGOTHI

dA = (— &) T dt =2 Tdt=1d¥. (68.1)

Fcau MHAYKTHBHOCTB Hend L ocraercs DOCTOAHHOK (4TO BO3MOXKHO
TOJILKO TPH OTCYTCTBHH ¢eppoMarHeTHKOB), 3Ta paboTa MNOJIHOCTHIO
MIeT Ha cOo3JlaHde SHeprud MarHWTHOTO NOJs: dA'=dW. HHaue, KakK
MbI Ceilyac BBICHHM, OGCTOHT JeJ0 APH HaiHYHH (eppoMarHETHKOB.

B cnyyae ouenb AJAHHHOIO («GecKOHewHOro») coseHovpa =nl,
W =nlBS. CooTBETCTBEHHO

1=—';’-, d¥ = nlS dB.

IMogcTaByus 3TH Bhipamenus B (68.1), moayunm
dA'=H dB-V, (68.2)

rne V=IS — of6peM coneHonaa, T. €. o0beM, B KOTOPOM CO34aHO
OJHOPOAHOE MArHUTHOE MNOJe.

BLIICHUM, MOXHO JIH OTOXIECTBHTb BhIpaxenue (68.2) ¢ npupaue-
HHeM SHEpTHHM MarHHTHOTO MoJsi. HanoMHuM, 49T0 SHEprus — byHKIHA
coctosinus. [103TOMY cyMMa ee NpHpALIeHHR AJf KPYrosoro nporecca
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paBHa HYJTO:
$aw —o.

Ecau 3an0fHuTL CoseHOUA GeppOMaTrHETHKOM, TO CBA3b Mexay B u A
n300pa}aercss KpyBoH, NokasaHHON Ha pHc. 68.1. Bripaxenue 4B
JAeT TA0WANb 3aWTPHXOBAHHON MoJOCKH. ClneloBaresbHO, HHTErpal

55 f dB, shiuuCAeHHBI BJOJAb NETAM THCTEpPe3HCa, paBeH NJIOMaaH
$,» 0XBaTbiBaeMoil netsieil. TakuMm oGpa3oM, HHTerpaj oT BEIpaXKeHHs

(68.2), T. e: Sﬁ' dA’, otnnyen ot Hyas. OTcioga BBITEKaeT, YTO NPH Ha-

21 JHYKHH (QeppomarHeTHKOB patora (68.2)

He MOKeT ObITb IPHPABHEHA NPHPAIEHH!O
SHEpPruH MarHuTHoro nojs. [lo 3aeepiue-
HHH LHKJIAa nepemarHduuBanus H u B, a
3HAYHT, H MATHKTHAS SHEPrus 6yayT HMeTb
NePBOHAYaNbHYIO BelnuuHy. CleloBaTe /b

HO, pabota § dA’ vmer He Ha co3jaHHe

/ 3HeprHH MArHUTHOTO MOJS. Kak nokaswol-
BAaeT ONBIT, OHA HJET HA YBeJHUeHHE BHY-
TPEeHHel 3JIHePruM (¢eppoMarHeTHkKa, T. €.
Ha ero HarpeBaHHe,
Puc. 68.1. Hrak, npu coBeplueHHH OfHOrO MMKJA
nepeMarHHYHBaHHs eppoMarHeTHKa 3aTpa-
UMBAETCA B pacueTe Ha eJuMHHLY ofbheMa pa6oTa, YHCJIEHHO paBHadA
NJIOILAAH TIeTdH T'UCTEepPe3Hca:

o= P HAB=S,,. (68.3)

Sra paGoTa MEET Ha HAarpeBaHHe (eppPOMArHETHKA.

B orcytcrsre deppomarneTnkoB B sBaAsieTcst 0HO3HAYHON (YHK-
upelt A (B=wpH, rae p=const). ITosroMmy suipawenne H dB=
=Wl dfl npencrasaser coboft nonustit puddepenunasn

dw—=H dB, (68.4)

ONPENeNAIOMHH NpipalleHHe SHEPTHH MArHHUTHOrO noasi. Muterpupo-
Banue Bolpaenuss (68.4) B npenenax or 0 go H npusomut K op-
mynie (67.7) ISt NIOTHOCTH 3HEPTHH MOJS (Npewie YeM OCYULECTBJ/IATh
WHTErpUpOBAHUE, HYKHO npeoGpasoBate f1 dB, 3amenns dB uyepes

wop dfi).

|




TrAABA IX
YPABHEHHA MAKCBEJJIA

~§ 69. BuxpeBoe 3MEKTPHUECKOE noae

PaccmoTpuM caydait 3€KTPOMATHUTHON HHAYKIHH, KOrja RpPOBO-
JIOUHBI KOHTYP, B KOTOPOM HHIYLHMpYeTCH TOK, HEeNOJBYKEH, 4 H3Me-
HeHWsi MarHMTHOrQ NOTOKA OOGYCJOBJEHBl H3MEHEHHAMH ‘MarHuTHOro
fioNs. Bo3HHKHOBEHNE MHAYKUHOHHOrO TOKA CBULETEJNBCTBYET O TOM,
4TO WIMEHEHWs] MArHHMTHOTO NOJS BHISHIBAIOT NOABJEHHE B KOHType
CTOPOHHUX CHJI, JEACTBYIOULMX HA HOCHTE]H TOKa. DTH CTOPOKHHE CHJB
He cBASAHH HU ¢ XMMHUECKHMH, HY C TENJIOBHIMH NPOLECCaMH B NIPOBOAE;
OHH TAKJKE He MOTYT OBITh MarHHTHEIMH CHJIaMH, TIQTOMY YTO TaKHE CUJbl
paGoTst Haj SapsiaMH He COBEPLIAIOT. Octaercd 3aK/OUHTh, YTO HH-
IYKUHOHHBIA TOK 00yCJI0BJIEH BO3HMKAOUUM B NPOBOJE NIEKTPHIECKHM
nonem. O603HaUNM HANPSIKEHHOCTh 3TOr0 NOJA E, (310 0603Hauerye,
paBHO Kak ¥ NpHMEHsEMOE B panpheiimem ofosHauenue E,, ABIAETCHA
BCIIOMOTATeIbHbIM; BIOCAEACTBHH HHAEKCH B ¥ g Msl OTIYCTHM). DNEXTPO-
ABHKYLLAA CHJA PaBHA UMPKYJALHH BEKTOPA Ej no AaHHOMY KOHTYPY:

&= Egdl. S (89.)

TMoacranoBka B Gopmyany & =—d®/dt ripanenua (69.1) ans €
¥ BhHipaxKeHHs S BdS ang @ npUBOAMT K COOTHOWECHUIO

565,,d1=—-j7gnds
S

(WHTeTpai B Npapoit 4acTH PaBeHCTBA 6epercst MO HPOMSBOJBHOM M10-
BEPXHOCTH, ONKpawllledcs Ha KOHTYp). TIOCKONLKY KOHTYp M NOBEpx-
HOCTb HETOABMXKHHL, ONepanuy audiepennuposanis 1o BpeMEHU H
WHTETPHUPOBAHHS] DO TNOBEPXHOCTH MOKHO TOMEHATH. MeCTaMHu:

§ Egdt=— 2B as. (69.2)
S

B cesi3u ¢ TeM, uto BexTop B 3asucuT, pooblle ropops, KaK oT BpeMEHH,
1aK W OT KOOPAMHAT, Mbl HanHCajld TOJ 3HAKOM HHTErpala CHMBOJ
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qacrTHOM fPOHU3BOLHOA MO BpeMeHH (HHTErpasn S BdS sasasiercsa QyHK-

(Heil TOJAbKO OT BPEMeHH).
[Mpeo6pasyem JeByro 4acTb paBeHcTBa (69.2) nmo Teopeme Croxca.

B pesyabrate nmonydum
JdB
([vEpJas=—( L-as.

S
Beuay npod3BOJBHOCTH BblOOpa AOBEPXHOCTH HHTETPHPOBAHHA AOJIKHO
BBIMOJHATLCH PaBEHCTBO
7
[VEz]=—2-. (69.9)
Porop nonsi Ez B KkaxJa0H TOYKe NPOCTPAHCTBA paBeH B3ATOH C obpar-
HbIM 3HAKOM NPOH3BOAHOH 1O BpeMeHH OT Bektopa B.

MaxkcBenn npeanoJoXKud, YTo H3MeHAIoLLeecss CO BpeMEHeM MarHHT-
HOe noJje 00YCJIOBJAMBAET MOABJACHHe B npoctpaHctBe noJdas Eg, nesa-
BHCHMO OT NPHUCYTCTBHS B 3TOM NPOCTPAHCTBE NPOBOJOYHOIO KOHTYpA.
Haunuye KoHTypa JuIIbL 1103BOJAET OOHApPYXHThb MO BO3HHKHOBEHHIO
B HeM HMHAYKUHMOHHOIO TOKA CYLLECTBOBAHHE B COOTBETCTBYIOLLHMX TOY-
KaX MpPOCTPAHCTBA 3JNEKTPHUYECKOro MOoJsl.

Mrak, cormacHo naee Makceensa H3MeHHIOLeeCs! CO BpeMeHeM Mar-
HUTHOE [0Jie MOPOKIAeT 3JIeKTpHUeckoe noJge. 1o nojde Eg cyulect-
BEHHO OTJAHYAETCH OT MOPOXKIAEMOrO HeNOJABHKHBIMH 3apsjlaMH 3JIeKT-
pocTaTHdeckoro mnoJs E . DiekrpocTaTHyeckoe MoJse noTeHUHaNbHO,
ero JHHHH HANPSAKEHHOCTH HAYHHAKTCI M 3aKaHYMBAIOTCH HA 3apaaax.
Porop Bektopa E, B /M060i TOYKe paBeH HYJIO:

[VE,]=0 (69.4)

(em. dopmyny (12.3)). CornacrHo (69.3) porop Bexktopa Eg orauyed or
uyasi. CnenoBarebio, noae Ep, Kak W MarHuTHOe THoJe, ABJAAETCS
BUXPeBbIM. JIMHHH HaNpsKeHHOCTH TNods Ep 3aMKHYTHI.

Taxkum o6pasomM, 3/eKTpHUYECKOe TIoJIe MOXKeT ObITh KaK ITOTeHIHalb-
HoM (E;), Tak 1 BuxpeBbiM (Eg). B ofwem ciyuae anekTpuyeckoe nose
MOXKeT caaraTbcst W3 moJs E,, cospaBaemoro sapsafamu, u nodas Eg,
00yCJ/IOBJIEHHOr0 U3MEHSIOUIHMCSI CO BPEMEHEM MArHUTHBLIM TOoJIeM.
CnoxuB BMecTe cooTHouleHus (69.4) u (69.3), nonyuum ana poropa
HanpsixeHHOCTH cymmapHoro noasi E=E +Ep caeaywouiee ypasse-
HHE:

[VE]=— 2. (69.5)
310 ypaBHeHHe SIBIAETCH OAHHM H3 OCHOBHLIX B 3JIEKTPOMarHHTHOH
Teopud MakcBeeda.

CyliecTBOBaHHe B3aHMOCBA3H MEXAY 3JAEKTPHYECKHM H MarHHTHLIM
noJisiMi (BbIpaXkaemoii, B YaCTHOCTH, ypaBHeHHeM (69.3)) cayXHT npH-
YHHOK TOro, 4TO Pasie/bHOE paccMOTPeHHe JEeKTPHYECKOro H MarHmr-
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HOro noJiel HMeeT JIHLUb OTHOCHTENbHBIA cMblc. JledcTBHTeNLHO, 5/eK-
TPHYECKOE MoJie Co3Jaercsd CHCTeMOd HenoABHXKHBIX 3apsanoB. OnHako
€CIM  3apsaibl HeNOABHXXHBI OTHOCHTE/NBHO HEKOTOPOH HHepUUANbHOH
CHUCTEMbI OTCYETA, TO OTHOCHTEJBHO JPYIHX HHEPIUHAJIbHLIX CHCTEM 3TH
3apsAAbl IBHKYTCA H, CJAENOBATENBHO, MOPOXKAAIT HE TOJbKO 3JEKTpPU-
YecKkoe, HO M MarHHTHoe noJie, HenoABuKHBIA NPOBOJ € MOCTOSHHBIM
TOKOM CO3JlaeT B KaxXJOH TOYKE MPOCTPAHCTBA MOCTOSHHOE MarHHTHOE
noJie. OQHAKO OTHOCHTEBLHO APYTHX WHEPLHAJBHBIX CHCTEM 3TOT MpO-
BOJ HaXoAuTcs B ABHXeHHH. [losTOMYy co3/laBaeMoe UM MarHHTHOE NoJie
B J1t000# TOYKe ¢ aHHbIMH KOOPAHHATAMH X, Y, 2 6YAET MEeHAThLCS H, cJe-
AOBaTeJbHO, MOPOXAATh BHXPEBOE 3JIEKTPHYecKoe noJie. Takum obpa-
30M, I0Jie, KOTOPOE OTHOCHTEJIbHO HEKOTOPOH CHCTEMbI OTCUYETa OKa3hl-
BAETCH «UHCTO» HIEKTPUYECKHM HJIH «4UCTO» MATHHUTHBIM, OTHOCUTEIRHO
APYTHX CHCTeM oTcyeTa OyAeT NPeACTaBJaATh CO60H COBOKYIHOCTD 3JeK-
TPUYECKOr0 H MACrHUTHOrO mnoJied, o6pasyloliX efHHOe 3JIeKTPoMar-
HHTHOe T1oJe.

§ 70. Tok cmeulenus

B cnydae crannoHapHoro (T. e. He H3MEHSIOUIErOCS CO BpeMeneMm)
3JIEKTPOMAarHHTHOro mnoJsi porop sBektopa H paseH B Kaxkaoid Touke
JIOTHOCTH TOKA NPOBOJUMOCTH:

[VH] =] (70.1)
(M. (52.6)). BexkrTop j cBsi3aH ¢ NJIOTHOCTBIO 3apsifa B TOil Ke TOuKe
ypaBHEHHEM  HenpPepbIBHOCTH o=y
(32.3): "l —; \" 2 ‘—‘
ap rr. ]t A
Vj = — Tk (702) Ho ?’ Vv :"f‘ = ‘\:!.
I g ¥ P I
{ 4 1 Ry
DNeKTpOMarHuTHoe noJe Mmo- = E AW 1——5'—
XKeT ObITh CTALHOHAPHBIM JHLLb o : N ¢
MpPH YCJOBHH, YTO MNJOTHOCTD H S ('l
3apafa P H NJIOTHOCTB TOKa j \ _4 ',' 4
He 3aBHCAT OT BpeMeHH. B 3toM \. —/ —
ciyyae corsiacHo (70.2) nmuBep- Prc. 70.1.

reHius j paBHa Hymo. Ilosro-
My JHHHH TOKa (THHHH BEKTOPA j) He UMEIT HCTOUYHHKOB M SBJSIOTCS
3aMKHYTBIMHU.

BrisicuuM, sBgsercs au ypaeHenue (70.1) cnpaBenjuBeIM B cayuae
H3MEHSAIOUIHXCSA CO BpeMeHeM nNoJied. PaccMOTPHM MaruuTHOe moJe,
CO3JlaBaeMoOe TOKOM, TEKYIUIHM MNpPH 3apsake KOHAEHCATOPA OT MCTOY-
HUKa nocrosHHoro Hanpstxkenusa U (puc. 70.1). Dror Tok HemocTosiHeH
BO BpeMeHH (B MOMEHT, KOrjJla HanpsiKeHHe Ha KOHJeHCATope CTaHO-
BHTCH paBHBIM U, TOK npekpailaercd). JIHHHH TOKa NPOBOAMMOCTH
TEPOAT PA3PEIB B NPOMEXYTKE MeXAy OOKMaiKaMU KoujeHcaTopa (Ha
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pPHCYHKe JIMHUH TOKa BHYTPH OOKJ2N0K NOKasanbl UITPHXOBREIMH JIH-
HHSIMH). |

Bosemem kpyrosoil koutyp I', oxmaTmiBarouiMii npoBoj, NO KOTO-
POMY TeueT TOK K KOHJEHCaTopy, H MPOHHTErpPUpYyeM COOTHOlIeHHe
(70.1) no mepecexaroiueil NPOEO MOBEPXHOCTH S;, OrpaHHYEHHOH KOH-

TYPOM:
{ [vH1as={ jas.

S, S,

[Tpec6pasoraB neByIo yacTb No Teopeme CToKca, NOAYYHM UHPKYNALUHKIO
eexTopa H no xourtypy I

dHa=\ jas=1 (70.3)
r .

Sy

(] — cnaa Toka, 3apswkawulero KoHjencartop). Ilpomenas Takue e
BEIYHCJIEHHS AJIS1 NOBEPXHOCTH S,, He NepeceKalolled NPOROA C TOKOM
(cMm. puc. 70.1), npuneM K sBHO HEBEPHOMY COOTHGLICHHIO

dHa={ jas=o. (70.4)
I

S

ITonyuyeHHEI HAMM Pe3yJbTAT YKaselBaeT Ha TO, YTO B CJIyyae H3MERAI0-
I1XCS ¢O BpemeneM noJsieil ypaBuende (70.1) nepecraer GuTbh cnpaBei-
JuBeiM. HanpammBaercsi BEIBOJ, YTO B 3TOM YpaBHEHMHM OTCYTCTBYET
cJlaraeMoe, 3aBMcsllee OT NPOH3BOAHLIX NoJel no BpemeHH. Jasa cra-
ILTHOHAPHBIX NOJ€i 3TO cJjaraeMmoe 0OpalllaeTcd B HYJMb.

Ha nenparomepHocTb ypaBHenHsi (70.1) B cyuae HecTallMOHapPHBIX
nonefl YKasplBaOT TaKkXe caefyloline coobpaxenns. Bosbmem aupep-
reHiuio oT ofeux wacreil cootHowenna (70.1):

v{VvH]= vij.

JlvBepreHuus: poropa o6s3ana 6uITh pagHoil Hyo (cM. (11.39)). Taknum
06pa3oM, Mbl NPHXOAHM K BLIBOAY, YTO AMBEPreHUHd BEeKTopa j Takxe
ROJKHA OBITH Beeraa paBHoH HyJ0. O1Hako 3TOT BbIBOA NPOTHBOPEUHT
ypaBHeHHIo HenpepuiBHOCTH (70.2). JleficTBHTeNbHO, NPH HeCTaUHOHAP-
HBEIX NpoUeccax P MOXKET MEHATbCA CO BpeMeHeM (370, B YacTHOCTH,
NPOHCXOINHT € MJOTHOCTBLIO 3apsfia Ha ofKJanKkaX 3apazKaeMoro KoH-
Rencaiopa). B stom cayuae coraacmo (70.2) anBepresiuys j OTViMuHa
OT HYJIS. |

Urobbl cornacoBate ypasHeHHs (70.1) n (70.2), MakcBean EBBen
B npaBylo yacTk ypaBHenna (70.1) mnononnurtenbHoe cnaraemoe. Ecrte-
CTBEHHO, YTO 3TO cJaraeMoe MOJXHO MMeTb PasMepHOCTb NJOTHOCTH
TCKa. MakcBens HasBan ero NNOTHOCTBIO TOKAa CMelm eH H g,
Taxum obpa3oM, coraacHo Makceenay ypaBHenne (70.1) aonxuo uMernb
BH] . |

[VH]=j+ Jeuews (70.5)
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CYMMY TOKa MNPOBOAHMOCTH H TOKAa CMEIUEeHHsT NMPHHSTO Ha3biBaTh
AOJMHBM TOKOM, HJ’IOTHOCTB. NoJIHOO TOK4 paBHA

inoan = i+ jcuem' (70.6)

Ecnit NOMOXUTh JHBEPreHIHI0 TOKA CMEleHHsS PABHOI JHBEepPreHyH
TOK4 MPOBOJAHMOCTH, B3ATOH C OOpaTHBIM 3HAKOM,

vicuem= - V]. (707)

To iuBeprexuns npasofl wactu ypasuenus (70.5), TaK e Kak H AuBep-
rediudsa Jesoil dacT, Bcerga OyAeT paBHA HYJIO.

3amenus B (70.7) vj cornacro (70.2) uepes 0p/dt, momyqum ciesyo-
ee BbipaKeHue ANA JAHBEPreHUHH TOKA CMeUuleHHs::

. g
Viewew = 55" - (70.8)

Uroe6ul CBA3aTh TOK CMellleHHS ¢ BeJIH4HHAMH, XapaKTepH3YIOUIHMH
H3MEHeHHe 3JIEKTPHUECKOro MoJis CO BpeMeHeM, BOCIOJNb3yeMCHA COOT-
Howenxem (19.8), cornacHO KOTOpPOMY AMBEpPreHUHs BeKTOpa SJAEKTPH-
YeCKOro CMellleHHs paBda IJIOTHOCTH CTOPOHHHX 3apflOB:

¥YD =p.
[MpoauddepeHunpoBas 3TO COOTHOLUEHHE TO BPEMEHH, MOJYUHM

0 __0p
5 (VD) =5F -

Tenepb NOMEHAeM B JIeBOH wactTH NOPSIOK AuddepeHunposaHust no
BpeMeHH W 10 KOOPAHHATAM. B pesyabraTe MnpuieM K CleAyloLlemy
BhIDAXKEHHIO AJS NPOH3BOAHOK P mo

do aD
A=V (—a'r) .
[ToncratoBka sToro Bhipamenus B dopmyay (70.8) maer
. ab
Viewew =Y (FL‘—) .

Orcrozna
- a D

quem = at

(70.9)

Moncrasus Bupaxenue (70.9) B dopmyay (70.5), npunem K ypas-
HEHUO |

. oD
[YH]= i+, (70.10)

KoTopoe, Kak ¥ ypasuenue (69.5), sBfeTCA OAHUM H3 OCHOBHBIX B T€O-

pud MakcBesna.
[TonuepxHeM, 4TO TEPMHH ¢TOK CMEIUEHHS» SBJSETCA YUCTO YCNAOB-

HbiM. [10 CyIIecTBY TOK CMeIlleHH® — 3TO H3MEHAIOLIEECS CO BpeMeHeM
mectsy 2o% - X :
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anekTpuueckoe noJe. OcHoBaHneM ANg TOro, 4TOOBl Ha3BATb «TOKOMY

~“gennyuny (70.9), CAYXHT JRLL TO, YTO PasMEpPHOCTb ITOU BeJHUHHEL
COBNEaeT ¢ pasMepHOCTBIO NJOTHOCTH Toka. M3 Bcex ¢u3anyeckHx
CBOWCTB, NPHCYILHUX JeACTBUTEJbHOMY TOKY, TOK CMELIEHHs 06JanaeT
THNE OAHUM — CNOCOHHOCTHLIO CO34AaBAThH MarHuTHOE NoJe.

BBejienne TOKAa CMeIEHHst, onpefensieMoro BbipakenHeMm (70.9),
(yPABHAJO B NPABAX» 3JeKTPHUECKOE H MarHHTHOe moas. M3 aBjeHus
JeKTPOMAarHHTHON HHAYKIIMK BhITEKdeT, UTO H3MeHsoleecss Mar HHTHOe
oJle NOPOXKAAeT aekTpHYeckoe note. M3 ypasuenus (70.10} cnenyer,
TO H3MEHflleecs 3JEKTPHUECKOe NOJe NOPOMAAeT MarniTHOE NoJe.

xi Tok cMellleHHsi HMeeTCst Be3fie, TJie eCTh JI3MEHHICLLeeCHd CO BpeMeHeM
| aNeKTpHYeckoe mose. B uactuocTH, OH cyllecTByeT W BHYTPH npo-
' BOJIOB, N0 KOTOPHIM TeYeT NepeMennbifi asexTpiueckuit Tox. OnHaKo
! BHYTPH NPOBONOB TOK CMellleHHsl 06biuHO ObiBaeT npenedpexHMO Mman
iTI0 CPABHEHHIO ¢ TOKOM HPOBOAHMOCTH.

t  OrtmetuMm, uTO paBeHCTBO (70.3) siBJASETCS NPUOJAHKEHHBIM. s
¥1Ooro 4yto0bl OHO CTAJO BIOJHE CTPOTrHM, K €ro NpaBod YacTH HYKHO
A00aBUThL CJaraeMoe, YUHTHIBAIOILEE TOK CMellleHHsi, O0YCJOBJEHHbIH
cnaGbiM PACCEHHLIM 3JIeKTPHYCCKHM TI0JeM, WHMEHMcss B OKpecT-
HOCTH TOBepXHOCTH Si.

Y6eaumca B TOM, uTO HOBEPXHOCTHLIH HHTErpas OT TPABOH YaCTH
ypabienus (70.5) uMmeer OJHHAKOBOE 3HaueHue AMs MOBEPXHOCTeH Sy
n S, (cM. puc. 70.1). Uepes noBepXHocTb S; «TeueT» KK TOK NPOBOAH-
MOCTH, TaK H TOK CMelleHH$sl, O0YCJNIOBJCHHLIH 3JIEKTPHUYECKHUM IOJEM,
HMEIOWHMCA BHE KOHAEHCATOpA. CJIG,ZI.OBBTQJIBHO, AJi ﬂEpBOlI:I noBepx-
FOCTH HMeeM

Hn, ——S deJr—c%- ( Dds:]—F;%“d)] nTex

S, s,

(MBI NOMEHANH BO BTOPOM CJaraeMoM NoOpaaoxk omnepauwid zuddepen-
IIHPOBAHMS NO BPEMEHH W HHTerpHpOBaHUs 1O KOOpAWHATam). Besn-
yyHa, o603HauyeHHas 6YKBON /, ecThb CMJa TOKA, TEKYLIEro Nno MpoBORY
K Jepoil obkJaake kouaencaropda, My, — NoTOK BekTOpa D, BTEKalo-
IHik B o6beM V, orpanuueHHbil noBepxHocTAMH Sy M S, (CM. pHC.
70.1).

Jaa BTopoli noBepxHocTH =0, clieloraTesbHO,

d o d
MHTz - dt S DdS-= df (D-z BEITeR?
Sz
rae My e €CTh MOTOK BekTOpa D, BhiTekaommi k3 obwema V' yepes

OBEPXHOCTL S..
PasnocTh HHTErpaJsoB paBHA

d d -
HHTE— I/lHT]'. - dar ‘Dz BUTER g, ('Dl HTCK 1.
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Cuay Toka [ MOXHO NMPEACTABUTH Kak dq/dt, The ¢ — 3apsJ Ha OOKAaLKe
koxjeHcatopa. [lotok, BTekawuiii BHYTPb uepe3 IOBEPXHOCTh Sy,
paBeH B3fAITOMYy C OOpaTHLIM 3HAKOM NOTOKY, BHITEKAIOUEMY 4epe3
TY XXe MNOBePXHOCTb Hapyxy. 3ameHuB ®©; .. Ha —O; ..., a
Ha dg/di, nonyunm

d di d
Wuty— Mty = — (D, pyres + Dy nmex)'—'a?‘ =— (Dp—¢), (70.11)

rae @, — norox BekTOpa D uepe3 3aMKHYTYH MOBEPXHOCTh, 0Opaso-
BaHHY!0 noBepxHocTaAMH S; U S;. Corsacho (19.10) stoT NOTOK AO/MMKEH
OblTb paBeH 3apsily, 3aKJOYEHHOMY BHYTPH NOBEPXHOCTH. B aanHOM
c/lydae 3TO 3apsi/i ¢ Ha oOKJagKe KoHAeHcatopa. Takum obpasom, npa-
Basi yactb cootHoweHusi (70.11) paBna nymo. Otciona clenyer, 4YTo
BeJIMYHHA NOBEPXHOCTHOrO MHTErpaja oT BeKTopa NJIOTHOCTH MOJHOIO
TOKa He 3aBHCHT OT BblOOpa MOBEPXHOCTH, NO KOTOPOH BHIMHCJAETCA
vHTErpaJl.

Jlasl Toka cMellleHMst, KaK U AJs TOKa NPOBOAMMOCTH, MOXKHO CTPO-
UTb JHHHH ToKa. CornacHo dopmyde (20.4) anekTpHueckoe cMelleHHe

B 3a30p¢€ KOHJIACHCaTOpa paBHO DOBerHOCTHOfI [IJOTHOCTH 3apsdiAa Ha

obkmarke: D=a. Otciona

D =ag.
JleBasi yacTh JjaeT NJOTHOCTh TOKA CMEIeHHs B 3a30pe, NpaBasi YacTb —
NAOTHOCTh TOKA NPOBOAUMOCTH BHYTpH 0O6KJajioK. PaBeHCTBO 5THX
NJOTHOCTE O3HayaeT, YTO Ha TPaHHIUE OOKJAJOK JHHHH TOKa NPOBO-
AHMOCTH HEIIpepbIBHO mnepeXoisdAT B JHHHH TOKa CMellleHUs. C.ne.u.oaa-
TeNbHO, JIUHHH IOJHOTO TOKA OKAa3biBAWOTCH 3aMKHYTHIMH.

§ 71. Ypasueunuss Makceeana

OTKpHITHE TOKa CMeIleHHs NO3BOMNHI0 MaKcBesay co3faTh eAHHYIO
TEOPHIO 3JIEKTPHYECKHX M MAarHMTHHIX sIBJeHHH. DTa Teopus 06bACHUJIA
BCC H3BECTHHIE B TO BpeMsA SKCNEPHMEHTaJbHBIE (l)aKTbI U npejcKasaJa
Psil HOBBIX SIBJIEHMH, CYIECTBOBaHHE KOTOPLIX MOATBEPAHJNOCH BIIO-
caelcTBHH. OCHOBHBIM CJEJCTBHEM TEOPHH MakcBensna OblT BHIBOJ,
O CYLLECTBOBAHHH 3JICKTPOMATHHTHHLIX BOJIH, PacnpoCTPaHSIOUWIHXCA CO
CKOPOCTbIO cBera. TeopeTHuyeckoe HCC/MEAOBaHHE CBOHMCTB 3THX BOJH
npuBeJo MakcBessia K CO3JaHHIO 3NEKTPOMAarHMTHON TEOPHH CBeTa.

OcHoBYy TeopuH 06pasyloT ypaBHeHHS MaKcBeJada.
B yuenun 06 sjexTpoMarHeTH3Me 3TH YDaBHEHHs HIDAlOT TaKylo Xe
posb, kak 3akoHnl HbioTOHa B MeXaHHKe HJHM OCHOBHBIE 3aKOHK! (Ha-
yaja) B TepPMOJAMHAMHUKE.

[lepeywo nmapy ypaBHeHuit Makcseaaa obpa-
3ytor ypaBHenud (69.9) u (51.3):

oB

[VE]=— 5 (71.1)
VB = 0. (71.2)
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[Teppoe u3 5THX ypaBHeHHH CBS3blBaeT 3HaueHH# E C H3MEHEHHSMH
BekTOpa B BO BpemeHH M sBJAETCA MO CYLIECTBY BbIpameHMeM 3aKOHaA
9NIeKTPOMaTHUTHOH HHAYKUMM. BTOpoe ypaBHeHHe yKashlBaeT H4 OT-
CYTCTBHE MCTOUHHKOB MATHMTHOrO NoJjf, T. €. MarHUTHBIX 3apALOB.
Bropylo napy ypaBHeHnuii Makcpensaa obpa-

sywoT ypaenenus (70.10) u (19.8):
., dD
[VH]= i+, (71.3)
vD=p. - (71.4)

Tlepsoe ypaBHeHHE YCTaHABAHBAET CBSI3b MEXAY TOKaMi DPOBOLH-
MOCTH M CMelleHMsI H TOPOXA2eMHIM HMH MarBHTHHIM NojeM. Bropoe
II0OKa3blBaer, 4To MCTOUHHKaMH BekTopa D cayxat cTOponH¥E sapsibl.

Ypasuenns (71.1) — (71.4) npeactaBasior co6oil ypaBHeH b 4
Makceeana B audpdepenunnaabnoil ¢dopme Orve-
THM, YTO B NEPBYIO Napy YPaBHEHHH BXORAT TOJBKO OCHOBHLIE XapaKTe-
puctuxk noas: E v B. Bo Bropoii e nape QurypupyoT TOJbKO BCIIOMO-
rateabHble Beaugunel D v H.

Kaxnoe H3 BeKTopHHX ypasHennii (71.1) m (71.3) sxBhBaNenTHO
TpeM CKaJsipHHM yPAaBHEHHsM, CBA3LIBAIOILMM KOMIIOHEHTHl BEKTOPOB,
CTOSIHX B JI€BOH H NPaBoil yacTAX pasencts. Bocnoabaopasumich gop-
myaamu (11.14) u (11.25) — (11.27), npeactaBaM ypasHeHns Maic-

Ee/Jla B CKaJspHOM (opme: .
dE, OEy, 9B,  QE, 0E, __ _ 0By |
oy oz L ox gt !
G‘Ey G.Ex aBz
oo = (19
B, , 9By | aB,
ox T 0y +—z =9 (71.6)
(neppasi mapa ypaBHEHHH), |
oH, oH, . 4 Ds  OHy OH; oD,
dy oz 1% gt ' o0z Ox =Jyt of ?
oH oH oD
b _ Oy __ z
Ox dy "'Iz+ ot ! (71'7)

5D, . 9Dy, 6D,
% vt oy T oz
(BTOpas mapa ypaBHeHHH).

Bcero noayunjock 8 ypaBHEHHi, B KoTopeie BxohaT 12 ¢ynruni
(no Tpu xomnouentn BektopoB E, B, D, H). [lockonexy uncao ypas-
HeHMH MeHbllle YHCJa Heu3BeCTHHIX (yHKUMI, ypaBHenuit (71.1) —
(71.4) HemoCTaTOUHO NASl HAXOMIEHMS NoJeH MO 3ajaHHbLIM pacnpepe-
JeHUAM 3apAf0oB U TOKOB. YUTOGE! OCYUleCTBHTB Pacyer INoJeid,, HYXHO

(71.8)
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JONOJIHUTH YypaBHeHHs1 MaxkcBenna ypaBHeHHsIMH, CBA3bIBAIOIHMH
Dujc E, a takike H ¢ B. D11 ypaBHeHHS HMEIOT BHJ

D =¢g,E, (71.9)
B=p,uH, (71.10)
j=0oE (71.11)

(cM. (19.6), (52.14) n (34.3)).

Cosokynuocte ypasHenudt (71.1) — (71.4) u (71.9) — (71.11) o6-
pa3yer OCHOBY SJIEKTPOAHHAMHKH MOKOAUHXCH Cpel,.

Y paBHeHUs

d
9§Edl=—-m—SBdS. : (71.12)
r S
¢‘Bd$=0 (71.13)
S
(nepBasi nmapa) H
d
§Hdl=5]ds+a750ds, (71.14)
ir S S
$Dds={pav (71.15)
S vV

(sTopas napa) npeAcrasasioTcoboli ypaBHeHus MakeBeama
B nHTerpansHoit popwme.

Ypasuerue (71.12) nonyuaercs nyTeM HHTETPHPOBAHHA COOTHOLIE-
tust (71.1) o NPOM3BOJNBHON NOBEPXHOCTH S ¢ MOCERYIOUHM Mpeobpa-
soBaHHeM JieBoit 9acTd no teopeMe CTokca B MHTErpan no xXourypy I,
orpaHuuuBawuemy nosepxuocts S. Ypasuenue (71.14) noayuaercst
TakuM e crnoco6oM w3 cootHomenust (71.3). ¥Ypasuenus (71.13) u
(71.15) nonyuarorcs u3 coorHowenui (71.2) u (71.4) nyrem uHTer pupo-
BaHHA N0 NPOH3BOJLHOMY 006beMy V ¢ nmocienyiouum npeoGpasoBaniem
AeBoit yactet no Teopeme Octporpaickoro — laycca B uHTErpan mo
3aMKHYTOH fQBEPXHOCTH S, OrpaHHYHBaKIIed obbeM V.



rMABA X

ABH)XEHUE 3APAXXEHHDBIX YACTULl B 3NEKTPHYECKHX
U MATHHUTHBIX NOJISIX

§ 72. JieuxkeHHe 3apsiKEHHON UaCTHLbI
B OAHOPOAHOM MACHHTHOM HOJE

[pencrasum ceGe 3apsan €', ABMKYUIHICST B OAHOPOAHOM MATHHTHOM
noJie ¢O CKOPOCTBIO V, NEpneHauKynsspHoit Kk B. Maruuthas cuaa coo6-
UAeT 3apsay HepneHIUKYJNsIPHOE K CKOPOCTH YCKOpeHHe

F ¢
W, =—=—uB (72.1)
(cM. dopmyay (43.3); yroa mexay v 1 B npsamoit). 3to yckopenne usme-
HAIET JHIb HanpaBJeHHe CKOPOCTH, BEJHYHHA K€ CKOPOCTH OCTAeTCH
HensMeHHOH. CnenoBaTeNbHO, B yckopeHnue (72.1) 6YAeT NOCTOAHHEIM
no BeJu4HMHe. IIpu 3THUX YCJAOBUSIX 3apsiXKeHHAs 4acTHLUA ABHKETCH
PaBHOMEPHO MO OKPYKHOCTH, PajUyC KOTOPO# ONpenejsieTcss COOTHO-
wennem w,=v*/R. TloacraBns ciona 3Hauenue (72.1) a1s w, ¥ peuns
NOJIyYHBIleeCHd YPaBHEHHE OTHOCHTENbHO R, NOJYYiiM
m u
== (72.2)

Hrak, B cnyuae, Korja s3apsiKeHHas 4acTHHA JABHIKETCA B OfHO-
POIHOM MATHHTHOM IIOJI€, NEPNEHAHKYASAPHOM K MJIOCKOCTH, B KOTOPOH
NPOHCXOJMT JBHXKEHHE, TPAEKTOPHS YACTHIUBI RABASETCS OKPYXKHOCTBIO.
Paauyc stofi OKpy»HOCTH 3aBHCHT OT CKOPOCTH YacCTHIBI, MAarHHTHOM
HHAYKUHH TIOJAS W OTHOUICHHS 3apsija 4yacTHibl e’ K ee macce m. OrHo-
IeHue e'/m HasbiBaercs yAeJdbHBE M 3apsA0M.

Haiinem Bpemsa T, 3aTpaunBaemoe yactuued Ha oanH o6opor. Jan
3TOTO0 pas3jiesiuM JJMHMHY OKPYXKHOCTH 2mR Ha CKOPOCTb 4acTHUB .

B pesyabrate noayuum
|

‘B—.
Ha (72.3) caenyer, 4o nepuos oO6palleHHs] YacTHIL! He 3aBUCHT OT ee

CKOPOCTH, OH ONpPeNeNsieTCs] TOMBKO YACJBHBEIM 3apsiA0M YaCTHLBLI 1 MAT-
HHTHOH HHAYKUHeH nons.

n
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BhIICHHM XapakTep JBHMKEHHS 3apSIKEHHOH HacTHUBI B C/yuae,
KOrJa ee CKopoCTh 06pa3yer ¢ HanpasJeHHeM OAHOPOLHOIO MArHIITHOTO
NoJst yrosa @, OTJIMHHBI OT DpAMOro. PasiopM BEKTOp V HAa 1BE
COCTaBJRIOILUE: V — NEPOEHAHKYAApHYl0 K B M vy— napainent-
nyio B (puc. 72.1). Moaynu 3THX COCTaB/SIOLINX PABHEI

v, =ysina, U, =UCOS,

MaruuTHas cuaa MMeET MORYJb
F=¢'vBsina=e'v B

H JexkuT B naockoctd, mepnenaukyaspuofi K B. CosnaBaemoe 570l
CHJIOH yCKOpenHue fABAsieTcs AJIA COCTABJSIOWEH Vi HOPMARbLHLIM,

2

Puc. 72.1. Puc. 72.2.

CoCTaBJSIOIAA MATHUTHOM CuJbl B HanpapaeHud B pasina HyJ/no; no-
3TOMY MOBJIHATH HA BEJHUMHY V| 3Ta CHIa He MOKeT. Taknm o6pasowv,
JBHIKEHHE YACTHILBI MOXHO NPEACTABHTh KaK HaJo:keHue ABYX JABHKe-
Huil: 1) nepemeleHust BAOJNb HanpasaeHHst B ¢ NOCTOAHHOH CKOPOCTHIO
Ujj =U COS & W 2) PaBHOMEPHOro [BMIKEHHS IO OKPYXHOCTH B NJO-
CKOCTH, NepneHAuKyaspHoll k Bektopy B. Paauyc OKpYXHOCTH oupe-
aeasiercs popmydoit (72.2) ¢ sameHoit vHa v =vsin a. Tpaektopys IBH-
WeHusl NPeACTABJAACT CO60H BUHTOBYIO JIHHHIO, OCb KOTOPOH coBhajaeT
¢ HanpapjendeM B (puc. 72.2). Ular qauunn [ MOXHO HafTH, YMHOXHB
v, Ha onpenensiembiii ¢opmynoi (72.3) mepuop obpamenus T:

|=0,T =212 Lvcosa, (72.4)

Hanpapaende, B KOTOPOM 3aKPYUYHMBAETCH TPAEKTOPHS, 3aBUCHT OT
3HAaKAa 3apffa YacTHUBL. Ecan 3apsij NMOJOKHTEIeH, TPAeKTOpHS 3aKkpy-
yiBaeTcs NPOTHB YACOBOH CTPeJKH. TpaekTopHs, No KOTOPOIl ABIIKETCH
OTPHIATENBHO 3apsXKeHHas 4YacTHIA, 33aKPYuHBAeTCs MO  4acoBoh
cTpenKe (peanonaraercs, 4To Mbl CMOTPHM HA TPAEKTOPHIO BAOHL Ha-
npaeJenus B; wacTnua mPH 3TOM JIETHT OT Hac, ecan a<it/2, W Ha Hac,
ecay a. > m/2).
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§ 73. OTkjIOHEHHE NBUKYWIHXCA 3aAPFAKEHHBIX YaCTHI|
3NEKTPHYECKHM M MArHHTHbLIM MOASAMH

PaccmoTpuM Y3KHIE NYYOK OAMHAKOBBIX 3apSIKEHHbIX 4acTHL (Ha-
npLiviep, 3JEKTPOHOB), NONafaoliKuit B OTCYTCTBHE NOJel HA nepheHju-
KYJNADHLIH K HeMY 3kpad B Touke O (puc. 73.1). Onpenenum cumelnerue
cnefa my4yKa, BbI3bIBAEHMOE NEPNEeHAHKY/JIAPHBIM K My4YKY OJHOPOIHBIM
3MeKTPHYECKHM MOJIeM, AeHCTBYIOHMM Ha NyTH Aaunoi [y, [TycTe nep-
BOH14a/IbHO CKOPOCTb 4aCTHU PaBHA V,. Boiiaa B o6nactpb nons, Ka)kaas
4acTHua GYJAET ABHIATbCS ¢ NOCTOSHHBIM MO BEJAHYHHE H HANpPaBACHHKIO,

= _{ = s

‘—l------__- -

i

|

{
-t

T
U; |=
l
[

Puc. 73.1.

NepreRAHKYMAPHLIM K Vo YCKOpeHHeM w; =(e'/m)E {e'/m — yaenvustit
3apap wactuusl). JIBHKeHne nog aeficTBHeM NoJs nPOIOJIKACTCS BpeMs
{={,/ty. 3@ 3TO BpeMs 4aCTHUBI CMECTATCH HA PACCTOSIHHE

1 1 e Tk
y1=‘5wﬂ2=§fr—l -—vi- (73.1)

H HPF{OGPETYT. HEPHEHHHKY.HH[)HYIO K Vg COCTa BJAKOILYID CKOPOCTH
e' tll
Uv; = w_l_t == r-E- E ‘t-!:

B nanbHeiluieM YacTHUBL JIETAT NPAMOJHHEAHO B HANPaBJICHHH,
KOTOpOe 06pa3yeT C BEKTOPOM Vo, YTOJI ¢, ONpeesifieMblil COOTHOMIEHUEM

r

tgo——L_ gl (73.2)

Uy m ve

B pesysbrate B HONOIHEHHE K CMELICHHIO (73.1) nydox noayyaer cme-
HeHHe

e’ L1
yz:l2tga=nTE ?,
[H

rae [, — pacctosiHHe OT TpaHHUBl OGJACTH, B KOTOPOH HMeeTcs Mode,
OO0 3Kpaua.

Takum ofpa3oM, CMelUlEHHE CI€a [YYKA OTHOCHTEMBHO TOYKH O
PaBHO
' e’ Iy 1
g=9u+ 0= E L (3l 1), (73.3)

0
[lpuuss Bo BHuManue dopmyay (73.2), BHPaNEeHHI0 AT CMEL(EHHS
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MOXKHO TNpHAaTb BHA 1
y= (? li+12) tg o,

OTCIONA BBITEK@ET, YTO YaCTHLH, NOKHHYB NCJeE, JETAT TaK, Kak eci bl
OBM BbUIETEJH H3 [IeHTpa KOHAEeHcaropa, Co3jaijoulero noje, nex yr-
JOM o, KOTOpblit onpeneasiercst gopmyaoit (73.2).

Tenepb NPEANIOACHKKM, YTO Ha HMEIOLIEM NPOTSKEHHOCTb [y NMYTH
yaCTHI[ BKJIOYAETCA NEPOEHIUKYAPHOE K HX CKOPOCTH Vo OJHOPOLHOE
Marirrioe node (pHc. 73.2; noje nepnesjiuKy/ApHO K IJIOCKOCTH pH-
CyHKa, o6aacTb nojs oCBeleHa NYHKTHPHOH OKPyxKHOCTbio). Ilon
neiicTBHEM TOAA KaxAas 4acTHIA NOJYYHT NOCTOSHHCE NO BeaHdHHe

LN
< 2 N la
,I'o"-:—:‘:'\\
s LS
J & 8 4 & 8 @&
/ Ay
'!o s ® 0 8 ® & 8
Ug * 8 w o 8 8 = o \ 6?: }
S———p——] — S — e e e S ——— -
[ —1“-0 . -_; b Mf‘] A
‘s ¢« o 0o 0 0 » < ———-U(j-—-— ;
\ z
\\- . * 0 o 0, u ‘TZ
\\: - .’/’ /3 L \
Pue. 73.2.

yckopenune w=(e'/m)v,B. QrpaHHuuBaschk cJaydaeMm, KOrja OTKJAO-
HEHWE INYYka NoJjeM HEBEJHKO, MOXKHO CUHTAThb, YTO YCKOpEHHE Wi
NOCTOSIHHO 110 HANpPaBJ/EHHIO H [IePNEHANKYAApHO K Vo. Toraa ans pac-
YeTd CMelleHHs MOMKHO HCIOJb30BaTh TIOJIYYeHHBle HaMH (PGDMYJIH,
3aMEHHB B HHX YcKopenue w,=(e'/m) E 3nauenueM w =/(e'/m)u,B.
B pesyabTaTe a8 cMelleHHA, KOTOPOE Mbl Tenepb 06o3HauuM GYKBOAH X,
AOCJYUNTCA BhIpaxKeHue

e nl 1 ,
x=aBi(7h+Q) (73.4)

YToJ, Ha KOTOPBLIH OTKJOHHTCA NYYCK MarHHTHbLIM NOJIEM, orpee-
JACTCS CCOTHOLIEHIEeM '

tgf—< B (73.5)

m vy
C yuetoM (73.5) ¢opmyay (73.4) MOXKHO npeicTaBHTh B BH]E
1
x=(3h+g)@&

CnepoBaTesibHO, Npd HeGOJNBIIMX OTKJIOHEHHAX YacTHUM, [OKHHYB
MarHuTHGE NoJe, JAETAT TaK, KaK ecjH 6bl OHH BLIJIETENIH. U3 LeATpa
ofaacT:1, B KOTOPOH HMeercsi OTKJOHAWILee noje, nox yraom f, eeju-
YHHA KOTGPOro Cnpejenserca. BhipaxkeHueM (73.5). : :
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Hs dopmya (73.3) u (73.4) BULHO, UTO KaK OTK/OHEHHE 3JEKTpHYe-
CKHM, TAK W OTKJIOHEHHE MATHHMTHBIM I10JeM NPONOPLHOHAALHO YIe/b-
HOMY 3apfjly YacTHIL.

OTK/AOHEHHE NYYKA 3/J1EKTPOHOB 3JMeKTPUYECKHM HJIH MAarHHTHBEIM
MOJIeM HCHOJ/Ib3YETCA B 3JIEKTPOHHO-/YYeBbiX TPYOKax. BHYTpH TpyOKu
C 3/MIEKTPHYECKHM OTKJOHeHHeM (puc. 73.3), KpoMe Tak Ha3blBaeMOro
3JEKTPOHHOTO TPOXEKTOPA, CO3AANLIErQ Y3KHI NYYOK OBLICTPHIX 3JeK-
TPOHOB (3JIEKTPOHHBIA JIyu), NOMEULAIOTCA JABE Mapbl B3aUMHO NEpeH-
LUK YJASPHBIX OTKJIOHAWWHX nyacTHH. IlofgaBas HanpsixeHHe Ha Mo6YIO

napy ImJiacTHH, MOJKHO BbI3BaTh IIPO-

MOPUHOHAJILHOE eMY CMelleHHe JeK-

:@ L / TPOHHOIO Jiy4ya B HaNpaBJIeHHH,
{ &H; B o | TNEPHOEHAHKYJAPHOM K AaHHBIM IJA-
~ /LL CTHHaM. JKpaH TPYOKH INOKPBLIBAIOT

: ¢uyopecuupyrouwuM  cacraBoM. Ilo-

3TOMY B MeCTe NONajaHHs Ha 3KpaH
Puc. 73.3. 3JIEKTPOHHOTO Jlyya BO3HHKAET SPKO
CBETALLEECA MATHO.

DNeKTPOHHO-/1yueBble TPYOGKH NPUMEHSAWTICH B OCLHJAJOrpadax —
rpubopax, MosBOJSIOLHX H3y4yaTh CHICTPONPOTEKAIONHe npouecchl. Ha
OAHY Napy OTKJICHAIILMX IVIACTHH NOJAKT HanpseHHe, W3IMEHSIO-
ueecss o BPeMeHeM JIIHEHHO (Hanpsi>KeHHe Pa3BEpPTKH), HA APYIYIO —
Hceqaeayemoe Hanpsaskenue. BeJseacTBie HUYTOXHOH HHEPILMOHHOCTH
/CKTPOHHOIO Jyua €ro OTKJOHeHHEe NPaKTHYeCKH 6e3 3amasjblBaHus
CJACNIYET 38 H3MEHEHHSAMM HANpsKeHHH Ha 00eHX napax OTKJOHSIIOIUX
[(IJTACTHMH, HpWUYEM JIy4 BBIYEPUHBAET HA 3KpaHe ocuuiorpada rpaduk
3dBUCHMOCTH HCCJ/QNYEMOTO HalIPAXKEHHS OT BpeMeHH. MHOTHE HesJeKT-
pudeckne BeNHYHHBI MOTYT ObiTh C NOMOWBK) COOTBETCTBYIOLIMX YCT-
POHCTB (maT4YHKOB) npeoGpa3oBaHbl B 3JIEKTPHUECKUE HANpPFKEHHH.
[Tostomy ¢ nomomso OcHMAIOTPadoB HCCAEAYIOT CaMble Pas/HYHBIE
[1POLLECCHI.

DNEeKTPOHHO-yueBasi TPYOKa ABJSIETCS HEOThEMJEMOH YacThio Tesle-
BH3HOHHBIX YCTPOHCTB. B TeseBuIeHHH uvalie NPUMEHSIOTCH TPYOKH
C MArHMTHBLIM YNpABJEHHEM 3JE€KTPOHHBIM JIY4OM. Y Takux TpyGoK
BMECTO OTKJIOHSIMIUX [JIACTHH MMEIOTCA JiBE PACNOJOKEHHbIC CHAPYKU
B:aHMHO MNEPNeHAMKYJ/sIPHLIe CHCTeMBbl KaTyILeK, KaxJast U3 KOTOPHIX
CO3JaeT NEPneHAMKYJsApPHOe K Jyuy MarHutHoe noJje. Mamenss Tok
B KaTYIIKAaX, BbISbIBAIOT l€PEMELLEHHE CBETOBOIO NATHA, CO3JaBaeMOro
3JEKTPOHHBIM JIyUOM Ha 3JKpaHe.

§ 74. Onpenenenne 3apdaaa M Macchl 3/1€KTPOHA

Ynenouwlt 3apsg anexkrpoHa (T. €. OTHOLIEHHE e/m) Gbil BIEPBLIE
uamepeH TomconoM B 1897 r. ¢ nomollblo paspaaHoil TpyOkH, u3obpa-
XeHHOW Ha puc. 74.1. Buixoasmuii U3 OTBEPCTHA B aHoie A 3JEeKTPOH-
HbIfl MY4YoK (KaTomHbie JyuH; cM. § 85) npoxoana Mexay macTHHAMH
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NJIOCKOrO KOHJEHcAaTropa H nonajan Ha (Uyopecuupyloimui 3xpas,
co3JaBas Ha HeM cperaueeca naTho. [logaBas HanpsykeHue Ha maac-
THHBI KOHAEHCATOPA, MOXHO ObIO BO3JEHCTBOBATH HA I1YYOK DPAKTH-
YeCKH OJHOPOAHLIM 3JIeKTpHUecKuM nosiem. TpyOka noMelanach Mexay
NOJIIOCAMH 3J€KTPOMATHHTA, ¢ MOMOUIbIO KOTOPOFO MOXHO OBWIO C03.3-
BATb Ha TOM K€ YUACTKE MYTH 3JAEKTPOHOB NEPNEHAHKYJSPHOE K 3JeK-
TPHUECKOMY OJHOPOJHOE MarHuTHoe noje (061acTh 3T0r0 nosas obse-
JeHa Ha puc. 74.1 nyHxTHpHO! OKpYxkHOCTbIO). [IpH BBEIKJIIOYERHBIX
MoJISIX MYUOK Nnonajat Ha 3kpaH B Touke O. Kaxjoe u3 nosiei B oT1e/b-
HOCTY BBLI3BIBAJO CMeElleHHe Nyuyka B BEPTHKAaNTbHOM HANpPaB/JIeHHH.
Beqnunnsl CMEIUEHWI ONpejesaioTcsl MOJYYeHHbLIMH B NpeAbiayLieM
naparpade ¢opmyaami (73.3) H
(73.4).

Bkaw4uB MarHHTHOE [OJ€ H
H3MEpHB BLI3BAHHOE HM CMeile-
HHe cjeja nyuka

x=;§-B%(-% t,+lg), (74.1)

Tomcon BKIWOYAT TaAKAE 3JCKTPH-

yecKoe noJie 1 noadupas ero sHaue-

HHE TaK, YToObl NY4YOK CHOBa nomnajat B Touky 0. B 310M ciiyyae 3a¢K-
TpHUEeCKOe H MarHHTHOE NOJs JEHCTBOBAJAU HA SJCKTPOHBI Ny4YKka OA0-
BPEMEHHO C OJMHAKOBBIMH [0 BeJHYHHE, HO IIPOTMBONOJOZHO Halpas-
JEeHHbIMH CHJIAMH. HPH 3TOM BbLITIOJIHAJOCE YCJJAOBIC

eE=euv,B. (74.2)

Puc. 74.1.

Pewas cosmectHo ypasuenusi (74.1) u (74.2), Tomcon Briuucasna e/m
H Uy.

by npumenun i onpeneneHuss YAeJbHOTO 3apsjia 3JEKTPOHOB
MeTOJ MarHUTHOH GoKycHpoBKH. CyTb 3TOr0 METO/a 3aKM0OYAETCa B Ce-
ayiouem. JlonyeTuMm, 4ro B OJHOPOAHOM MArHOTHOM MOJI€ BbIJETAET
M3 HEKOTOPOH TOYKH CJIETKa pacXoJAUlHiCA CHMMETPHYHBIH OTHOCH-
TEJbHO HallpaBJellisl NoJas MYYOK 3JEKTPOHOB, MMEIIKX OJHHAKOBYIO
no BeJHUUHe CKopocTh v. Haupapsenus, 1o KOTOPLIM BLIIETAIOT 3JeK-
TPOHBI, 06pa3yoT ¢ HanpapieHHem B neGoawiune yraw o. B § 72 6m0
BLISICHEHO, YTO 3JCKTPOHBI JBUIKYTCH B 3TOM CJydae HO CMNHPaJbHbIM
TPAEKTOPHSAM, COBeplIasl 33 OJAHHAKOBOE Bpems

m |
T=2n_ g

nodnbiil 0GOPOT U CMed@fnch BAOJAb HanpaBJeHHs 110Js Ha paccros-
Hue [, pasHoe

l=vcosa- T, (74.3)
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Bcenenctaue mManoctH yryioB o paccrosiiuf (74.3) Ans pasHbIX 3/1eKTpO-
HOB OKA3LIBAKOTCH TPAKTHYECKM OJHHAKOBBIMU M paBHbIMH vT (A1A
MaJILIX YIJI0B cos a~21). CnegoparenbHO, C/IerKka pacXoAsIHACA MYYOK
choKycupyeTcs B TOUYKE, OTCTOALIEH OT TOUKH BHIETA 3/CKTPOHOB HA
pacCTOsIHHE

m v

B onsite Byiia 3fMekTpoHbl, HCOYLWEHHBE pacKaleHHbIM KartoaoMm K
(puc. 74.2), ycxopmorca, npoxojs Pas3HoOCTb norenuHanos U, npuo-
HKEHHYIO MeXKIY KaTOIOM H aHO-
aom A. B pesyabrate ouu npu-
06pETalT CKOPOCTh U, 3HaUeHue
KOTOpoi MOmeT ObITh HaljeHO
H3 COOTHOLUEHHSA |

@ #0606 00@ 090 0 8U=%U—:"- (74.5)

Puc. 74.2. BrieteB 3aTeM W3 oTBepcTHA B
aHoJe, 3JIeKTPOHH! 06pa3yioT y3-
Kl NYY0K, HANIpasJ/JeHHbIX BAOJIb OCH 5BAKYHPOBAHHOA TPYOKH, BCTAB-
NICIHOH BHYTPb cosieHoua. Ha Bxoge B cosleHouA noMelaeTcss KOHAEHCA-
TOP, Ha KOTOPHIil nojaerca nepemeHHoe HanpskeHue. Ilose, cozgaBaemoe
KOHAEHCATOPOM, OTKJ/IOHSET 3JIEKTPOHHI My4YKa OT ocd npuGopa Ha He-
GOJIblIIHE H3MEHSIOUMECH CO BPeMeHeM YIJbl &. ITO NPHBOLHT K «3a-
BUXPEHHIO» NMYYKAa — 3JIEKTPOHBI HAYHHAIOT ABHIATHCA MO Pas3/HIHbIM
COHpaNbHBIM TPaeKTOpHsM. Ha BhIXoAe M3 coneHoWAa craBHTCA (NTYO-
pecuupytommi 3kpan. Ecnn noxo6paTh MarHHTHYI0 HHAYKUHIO B Tax,
4To0bl paccTosHHe !’ OT KOHJeHcaTopa HO 3KpaHa yIOBJETBOPAJIO ycC-
JIOBHIO

I'=nl (74.6)

(! — war cnupanau, n — Hejoe YUCIA0), TO TOUKA [epecedeHHs TpaeK-
TOPHH /EKTPOHOB NONANET HA 5KPaH — IEKTPOHHBIA MYYOK OKAXKETCH
cOKyCHPOBaHHEIM B 3TOMl TOUKE H BO3GYNHT Ha 3KPAHE PE3KOe CBETH-
meecs nAtHo. Ecnu ycaosue (74.6) He coGmonaercst, CBETAIIEECH NATHO
Ha 3KpaHe Oynaer Pa3MBIThIM. Peums coBmectHo ypaBHenus (74.4),
(74.5) u (74.6), moxHO HaliTH e/m u v.

Haubonee ToyHoe 3HaueHHe yIeNBHOrO 3apAla 3/MEKTPOHA, YCTAHOR-
JIEHHOS ¢ YYETOM PE3yJAbTATOB, NOJYYCHHBIX Pa3HBIMH METOAAMH, PaBHO

= =1,76- 10" Ka/kr = 5,27 101 CT'C-en./r. (74.7)

Benuuuna (74.7) paer oTHoleHHe 3apRAa JEKTPOHA K ero Macce
nokost m. B onsirax TomcoHa, Byuia u Apyrux aHalOrMYHBIX ONBITAX
Onpenensiocb OTHOIUEHHE 3apAja K PenATHBHCTCKOH Macce, PaBHOW

m
—_— s 4.
Y T=s (749
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B onbitax TomcoHa cKOpPOCTb 3JIEKTPOHOB cocTaBisna npumepso 0,1 c.
[TpH Takoii CKOPOCTH PeNATHBHCTCKAas Macca NpeBhlllia€T MacCy MNOKOs
Ha 0,5%. B nocnenywoHX OnbITax CKOPOCTh 3/JEKTPOHOB ACCTHIanAa
oueHb GOMBILNX 3HayeHWi. Bo Bcex cayuyasax OblIo OGHAPYKEHO yMEHh-
LieH}e M3MepsieMBIX 3Ha4eHUH e/m C POCTOM U, NPOHCXCAWBIIEE B TOY-
HOM COOTBETCTBHH C dopmyaoit (74.8).

3apsp 37ekTpoHa GBI OnpeaeseH ¢ 60JbIIOH TOYHOCTBIO MuJlTnKe-
HoMm B 1909 r. B 3aKpHITOE NpPOCTPAHCTBO MEXAY FOPH30HTalbHO pac-
NONOMKEHHBIMH [1J1aCTHHAMH KOHJEHCATO- ,

pa (puc. 74.3) MUIIHKEH BBOJHMJ Meb- =" ﬂ*“f— ‘
uaillige KanelbKd wmachaa. Ilpun  pas- Mlyneliepusamop 5
OpLISTHBAHHH KaNeJbKH 3JEKTPH30Ba- N

JACh, H HX MOXHO ObWIO YCTAHABIM- + ZZZZI YZ777Z73 =
BaTb HENOJABHKHO, NMOAGHpPAs BENMYUHY ° —|

H 3HAK HanpsiXeHus Ha KOHACHCATOPE. - T
PaBHoBecHe HACTYNano MpPH YCJAOBHH

P'=¢'F; (74.9) Puc. 74.3.

3nech €'— 3apsl Kanejabku, P’— pesyabTHPYIOUIAsl CMABL TAMKECTH
‘M apXHUMeJOBOH CHJRI, paBHas

P'=gar*(p—po) g - (74.10)

(p — NJIOTHOCTb KaneJbKH, 7 — €€ Pafuyc, Py — NJOTHOCTh BO3AyXa).

Ha ¢opmyn (74.9) u (74.10), sHas r, MoxxHO Owlao HaitTh e. as on-
pelefieHHs1 paRHyca H3MepRJ/ach CKOPOCTb U, PaBHOMEPHOro nNajeHHs
KaneJbKH B OTCYTCTBHE noJs. PapHomepHoe HIBHIKEHHE KaneJabkH
YCTaHABJAHBAETCH IPH YCJOBHH, UTO cuaa P’ ypaBHOBelMBaercs CUJCH
conpotuBnenns F=6anrv (cm. ¢opmyay (78.1) 1-ro toma; 1 — BA3-
KOCTb BO3AyXa):

Munpocron

P’ = 6anrv,. (74.11)

JBii>keHne KanesbKH HaGM0AANOCh C MOMOLLBKD MHKpockena. Has us-
MepeHHS U, OpeleNsijloch BpeMs, 32 KOTOPCe KaneJjibKa NPOXOAHaa pac-
CTOSIHHE MEXIY ABYMA HUTSAMH, BHAMMBIMH B NOJIe 3peHHsT MUKDOCKona.
Toyno 3adMKCHpPOBATL paBHOBECHE KaneAbKH OueHb TPyRHO. Ilo-
3TOMY BMECTO NOJIfA, GTBEYAIOMIEr0 YCJAOBHIO (74.9), BKAOUANOCH TaKoe
nojie, NOA JEHCTBHEM KOTOPOrO KamnenbKa HauHHaja JIBUraThCs ¢ He-
60BN CKOPOCTBI0 BBEpPX. YCTAHOBHBIUASICA CKOPOCTb MOALEMA Ug
oripejiesifieTcsl H3 YCJ0BHS, 9TO cHaa P’ u cunma 6nnyruv B cymme ypas-
HoRewBawT cuay e'E: .
P’ 4 6mmrvg=¢'E. - (74.12)
Hckmouns n3 YpaBHEHHS (74.10), (74.11)  (74.12) P’ u r, mony-
YHM BHipaxKeHHe anaa ¢e':
20y, ve-t-vg

€=V 6= E
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(8 3ty dopmyny Mu/MKeH BHOCHA NONPABKY, YYHTHIBAKOILYIO, HYTO
pasmepbl Kanejiek ObWIH CPaBHUMBI ¢ JMIMHOH CBOBOAHOrQ mpobera moJe-
KYJl BO3AyXa).

Hrak, namepus cxopocTb cBOGOJHOrO MajeHHs KaNeJbKH Uy U CKO-
POCTb €€ NOoABEMA U B H3BECTHOM 3JIEKTPHYECKOM HoJie E, MOXHO GbLIO
HaiTh 3apsj kaneabkd e'. [lpouseenss uamepenue CKOPOCTH U NPH
HEKOTOpPOM 3HaueHuM 3apsaja e, MuAJHKeH BbI3bIBAJ HOHH3ALHIO BO3-
Ayxa, o0Jy4ast IIPOCTPAHCTBO MEXIY NJAACTHHAMH PEHTTE€HOBCKUMH J1y-
yamd. OtoenbHble HOHBI, NPU/IHIAA K KdleJbKe, H3MEHSJIH ee 3apsj,
B pe3y/jbTaTe Yero CKOPOCTb Up TakKxke MeHAnach. [locae namepeHus
HOBOIO 3HAYEHHS CKOPOCTH CHOBAa 00/1y4ajoCh NPOCTPAHCTBO MEXIY
MAaCTHHAMH H T. J.

Msmepennbie MussiMKeHoOM H3MEHEHMS 3apsjia Kaneibkn Ae’ u
caM 3apfAR €' KaXKIblil pa3 NOJyyaJuCh LEJbIMH KPATHEIMH ORHOH W TOM
e BEJAMUHHBI €. TeM cambiM Obl/la 3KCNEPHMEHTAJAbLHO JOKA3aHA AUCK-
PETHOCTb 2JEKTPHYECKOro 3apsijia, T. €. TOT (AKT, YTO BCAKHUHA 3apsaf
c/laraeTcsi H3 SJEMEHTAPHBIX 3apsf0B ORHHAKOBOH BeJIHUYHHEL.

3HayeHue 3JeMEHTAPHOI'O 3apsijia, YCTAHOBJICHHOE C YYeTOM U3Mepe-
HHA MuJnMKeHa M JAaHHBIX, NOJNYYEHHBIX JPYTHMH METOAAMH, PaBHO

e=1,60-10"1Y Kn=4,80-10"1* CI'C3-ex. (74.13)

Takyio ke BEJIHUHHY HMEET 3apsifi 3JIEeKTPOHa.
Ha (74.7) u (74.13) nonyuaercs Aisi Maccol MOKOS 3/EKTPOHA 3HA-

HYEHHE .
m=0,91.10"3% gkr=10,91-10-2 r, (74.14)

npHOAusHTELHO B 1840 pa3 meHbliee Macchl CaAMOTO JIEFKOTO U3 4To-
MOB — aToMa BOJOPOJAA.

B o6Hapy:eHHH JIHCKpPETHOH NPHPONBI 3JEKTPUYECTBA CHITPAJH
6OAbIIYIO POJb 3aKOHLI 3JEKTPOJH3a, YCTAHOBJEHHBIE 3IKCIepHMEeH-
TanbHo Papaneem B 1836 r. CorsiacHO 3THM 33KOHAM Macca s BellecT-
Ba, BBUIEJSIOLIErOCs TNPH MPOXOXKIAEGHHH TOKAa Yepe3 3JEKTPOJHT 1),
IPONMOPIHOHA/ILHA NEPEHOCHMOMY TOKOM 3apsiy g:
dneck M — Macca MOJISL BBIIESIOIIETOCS BEILECTBA, 2 — BAJEHTHOCTD
sroro BewectBa, F —noctosHHasags Papages (Uucao
®apapesn), paBHas

F=96,5-10* Ka/moub. (74.16)

1} SnexTponuTaMu HA3WBAOTCA PacTBOPHl codedl, wielouell HAM KHCJAOT B BOfe
H HEKOTOPBIX APYIHX MHAKOCTSX, @ TaKXKe PACIIIaBbl COJleH, ABJASIOMHMXCA B TBEpAOM
COCTOfIHHM HOHHBIMH KpHCTa/NlaMu. B a/eKTpoMUTax MpPH MPOXOXKASHHM Yeped HHX
TOKa NpPONCXOAAT XHMHYeCKHe npeBpawenuss. Takvwe BellfecTBa Ha3blBAlOTCH p o-
BOAHWHKAMH BTODPOro poOAa BOWHYHEOT NPOBOJAHHKOB I é€p-
BOToO pola, Y KOTOPbIX MPOXOXAEHHE TOKA HE COMPOBOMKAAETCA XHMHYECKHUMH
npeBpalleHH IMH.
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PaafenuB o6e gactd paBeHcTBa (74.15) Ha Maccy HOHA, NOJMYqHM
1 Na

— F z

(N — uncsio  Asorafpo, N — KOJUYyecTBO HOHOB, COAEPMKAUIMXCH
B macce m). Orciofa AJsl 3apsiia OHOrO HOHA MOJy4aeTcs 3HaYeHHe

r__q F
e = NN 2.
CHEﬂOBaTeﬂbHO, 3apan HOH3 OKa3biBaeTcs I[eJIbiIM KpPaTHBIM BEJIHUYHHEI
F

KOTopasi HpejcTaB/iser CoGoM sJIeMEHTapHEIA 3apsifl.

TakuM 0oGpa3oM, W3 aHANM3a 32KOHOB BJIEKTPOJH3a BLITEKAET AH-
CKPETHOCTb 3apAA0B, KOTOPLIMH MOTYT 0613/1aTh HOHLI B SJEKTPOJHTAX.

Moxcranoska B (74.17) auauenus (74.16) nas F wu HaliJeHHOrO H3
onurtoB [Teppena (cm. § 101 1-ro Toma) 3naueHusa N, AaeT LA e Beu-
YHHY, XOPOLIO COIJIACYIOLLYIOCA €O 3HaUCHHEM, HafieHHsiM  Muain-
KEHOM.

[MoCcKOALKY TOUHOCTb, ¢ KOTOPO# ONPEAEJISETCH NOCTOSIHHAS dapa-
nes F, W TOYHOCTH 3HA4EHMS e, NOJNYHYCHHOTO MuJIJIHKEHOM, HAMHOTO
NPeBOCXOAAT TOYHOCTb OMbITOB Ileppena 1o onpenenenuto N,, COOTHO-
menue (74.17) GbIO HCNOAB3OBAHO JUIST OMPENE/CHIA HNC/IA Asoragpo.
Tlpu stoM Gbulo B3fITO 3HaueHue F, HajiieHHOe M3 ONBITOB MO 3JIEKTPO-
JH3y, W 3HaueHHe e, NONyueHHOe MHIIUKEHOM.

§ 75. OnpenejeHne yAeAbHOTO 3apsAiia HOHOB.
Macc-cnekTporpadibl

OnucanHbie B NpeabiiyieM naparpage MeTolbl onpeaeaeHus yaen-
HOrO 3apsfia NPHIOJHEl B TOM C/ydae, €C/IM BCE YaCTHLbI B ITYIKE HMEIOT
O/MHAKOBYIO CKOpOcTb. Bee oOpasywoline 0YHYOK SJIEKTPOHRL YCKO-
PAIOTCH OJIMHAKOBOH PasHOCTbIO NOTEHLHAJIOB, NPHJIOKEHHOH MEXIy
KATOAOM, H3 KOTOPOTLO OHH BBUICTAIOT, H AHOIOM; MOSTOMY pasfpoc 3Ha-
ueHHH CKOpocTeil SJEKTPOHOB B NMyuKE OYECHb Mall. Ecuaun 6u1 310 6BL10
He TaK, SJAEKTPOHHBI Nyd4oK Japai Obl HAa 3KpaHe CHIBHO PasMBITOE
MATHO, H H3MepeHHs OblH Obl HEBO3MOZKHBIL.

Vonnl ofpa3syiotcst 3a cyeT MOHM3aUMH MOJIEKYJ rasa, NPOHCXOAs-
el B o6peme, HMEIolleM 3aMETHYIO NPOTAMKEHHOCTD. Boadukaa B pas-
HBIX MECTaX 3TOro oGbema, HOHbI IPOXOAAT 3aTeM HEOAHHAKOBYIO pas-
HOCTh NOTEHIHAJO0B, BCJAEACTBUE YEro HX CKOPOCTH ObIBAIOT Pa3/JIH4HBIMH.
Takum 06pasoM, METOE, KOTOPhIMU Obljl OTpPENEJEH yAe/IbHBIA 3apal
3/IeKTPOHOB, K HOHAM HEmpuMeHHMbi. B 1907 r. TomconoM Gbla paspa-
GoTaH «MeToR mnapabon», KOTOPhIA MO3BOJIHA oGOHTH OTMEUYEHHOE 3a-

TPYAHEHHE.
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B onnte ToMcOHA TOHKHH NYYOK NOJCIKHTENbHEIX HOHGB NPOXOAMJI
uepes 064acTh, B KOTOPOH HA HEro OJHOBPEMEHHO BO3ACHCTBOBANY Na-
paJjiiesibHble APYTr APYry 3JeKTPHYECKOe H MaruuTHoe noas (puc. 75.1).
O6a nosisi Gbii NPAKTHYECKH ORHOPOAHLIMM H 00pa30BHIBANH C MepBO-
HayaJibHBIM HanpasJenneM nyyka npamoil yron. OHH BbI3bIBAJIM OTKJO-
HEHUS] HOHOB: MarHHTHOE — B HAIPAaBJAEHUH OCH X, JIEKTPHUECKoe —
Bfi0a1b ocH y. Cormacho ¢opmyaam (73.4) u (73.3) 371 OTKJOHEHNS paBHEI

r 1 | ! L (1
=S BL (glth), y=5Eg(gh+h), (@51

]

r
rjle ¥ — CKOPOCTb AaHHOTO HOHA C YJAeJbHLIM 3apsijom e'/m,’l; — npora-
XEHHOCTb o6JiacTH, B KOTOPOH NOJsA REHCTBYIOT Ha ny4yok, [, — pac-
CTOSIHHE OT IpaHuupbl 3T0H 06/13aCTH 10 QOTONAACTUHKH, PErHCTPUPOBAB-

1JeHd rnonagaBlIne Ha Hee HoHHI.
Bripaxenus (75.1) npeacraBiasior co6oii KOOPAHHATHI TOYKH, B KO-
TOPYIO NMonajaeT Ha NJacTHHKY HOH, HMEKWHN JaHHLe 3nauenna e'/m

e’
y (IH)Z
£+
% (m),
Ty
t :ﬂ
A1
I I o
1
B P
/::----———
Pue. 75.1. Pne. 75.2.

H CKOpoCTH v. MIOHBI ¢ OQHHAKOBBIM YAeJbHbLIM 3apSACM, HO pasjHy-
HbIMH CKOPOCTSIMH neonanaJjii B P23HbIE TOYKH INWI2CTHHKH. Hckaouns
n3 ¢opmya (75.1) ckopocTh v, NOJNyuHM ypaBHEHHE KPHBOH, BAOJb KO-
TOPOH pacrnojarajuch cJelbl HOHOB C O(HUM H TeM e 3HaudeHueMm e'/m:

E m -
Y=Frosh iRy~ | (75.2)

M3 (75.2) cnenyer, uTo MOHBI ¢ OAWHAKOBBLIM €'/m W PasAMuHbIMH U
OCTABJIsIJIM Ha IVIACTHHKE cJex B BUJe napadoqab. MOHbl ¢ pasJHIHBIMH
¢'/m pacnonaraiuch BROMb PasHbiX napa6os. 3Haa napamerpb! npH-
Gopa (1. e. E, B, Iy n l,) 0 HaMepaAs CMEWIEHHUA X U Y, MOMHO GbLNO 1o
dopmyde (75.2) HaxoAMTbh YAeNbHBIH 3apsifi HOHOB, COOTBETCTBYICUIHX
Kaxaod napabone. Ilpy M3MeHEHHM HanpaBJe€HHs OAHOIG: H3 MoJeR
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COOTBETCTBYIOUIAA KOODAHHATA H3MEHMJMa 3HaK HA 0OpaTHLIA, TAK YTO
NIOJY4aIHCh Napabonbl, CHMMETPHYHBIE [IepBOHAYAMBHHM. ens nono-
JlaM pacCTOSIHHE MeXAY aHaJOrHYHBIMH TOYKAMH CHMMETPHYHLIX napa-
60J1, MOXHO OblJI0 HaXOMUTh x H y. Chel, ocTaBAAEMBIfl HA [JIACTHHKE
My4yKoM 0OpH BHIK/IIOYEHHBIX NoJAAX, RaBad Ha4ano KkoopaudHar. Ha
pue. 75.2 mOKa3aHe! nepBbleé napa6osel, nojydyeHHule TomMcoHOM.

[TpousBens onbiT ¢ XUMHYECKH YHCTHIM HEOHOM, TOMCOH O6HApYKHUI,
UTO 3TOT ra3 AaBaj JBe napalosibl, COOTBETCTBYICIIHE OTHOCHTENIbHLIM
ATOMHBIM MaccaM, paBHBIM 20 W 22. ITOT pe3yJabTaT MOCAYKHJA OCHOBA-
HUEeM /15 MPEefnoNONKEHHST O TOM, 4TO CYIIECTBYIOT JBE XMMHUYECKH He-
pa3IMYHMBIE Pa3HOBHAHOCTH ATOMOB HeOHa ([0 COBPEMEHHOH TepMHHO-
JOIHH — JIBA H 30T O T a HeoHa). Jlokasare/lbcTBO 3TOr0 mpeAnoso-
*euHd OblI0 AaHO ACTOHOM, YCOBEPIIEHCTBOBABHIMM METOJ OMmpenene-
HHs YIeJAbHOTO 3apsiia HOHOB.

[1puGop AcroHa, Ha3BaHHEIA MM Macc-cneKTporpadom,
AMe clienyloiiee yerpoitetBo (pHc. 75.3). Tlydok HoHOB, BbiJeNeHHbIH

>K
oK
F=3==:

Puc. 75.3.

CHCTEMOH Ieseil, IPONYCKAJICS MOCAS0BaTEIbHO Yepe3 3MeKTPHIECKOoe
M MATHHTHOE TIOJISA, HalpaBJdeHHKE Tak, YTO OHH BHI3LIBAJIH OTKJIOHEHHA
HOHOB B MPOTHBONOJIONHEIE CTOPOHBL. IIpn npoxoxpeHWH 3JeKTpuye-
CKOr0 MOJSl HOHBl C JAHHLIM £'/m OTKJIOHSJIHCH TeM CHJ/IbHee, YeM ¢
MeHbILeH CKOPOCTHI0 OHH JABHraAuch. 1109TOMY H3 3/IEKTPHUECKOrO MOAH
HOHBbl BLIXOAW/JH B BHJE Ppacxojsilerocs ny4Yka. B marHuTHOM none
TPAEKTOPHH HOHOB TAKXE€ MCKPHB/SJIUCh TeM CHJbHEE, YeM MeHbILle
6bl1a #X CKOpocTb. [TOCKONBKY HanpasJeHHs, B KOTOPHX OTKJIOHSJHCh
HOHBI MOJAMH, GbITH NPOTHBOIMOJIOXKHL!, MOCJAE BHIXOAZ H3 MATHHUTHOIO
TIoJIst HOHBI 00PA30BLIBANIM NYUOK, CXOASMIIHACH B OAHOH TOUKe.

Hounl ¢ ApyrHMH 3HayeHHNIMH YAEJbHOTO 3apsja (OKyCHpPOBAMUCH
B APYruX Toukax (Ha puc. 75.3 noka3aHbl TPaeKTOPHH HOHOB JIHUIb AJ5A
oadoro 3uaueHus e'/m). CooTBeTCTBYIOUIMH pacyeT AaeT, YTO TOUKH,
B KOTOPHIX CXONATCA NYYKH, OOpPa3OBaHHEIE HOHAMH ¢ Pa3/HYHBLIMH
e'/m, nexar npuOIH3NTEJbHO Ha OAHOM nMpAMOfA (Ha pHCYHKE OHa no-
Ka3aHa WITPUXOBOH JuHMelt). Pacnosaras Brosb 3toit npsimoét ¢oro-
MIACTHHKY, ACTOH moJyudajl Ha Helr pan IUTPHXOB, KaXXJbld H3 KO-
TOPBIX COOTBETCTBOBAN OnpejeseHHoMY 3HayeHmo ¢'/m. CXoacTBo noJay-
yalomerocs Ha MJIacTHHKe u3o06paxeHusa c dororpaduelt ontuyeckoro
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JHHEeHYaTOro CNeKTPa NOCAYIKMJIO NPHUHHOH TOro, 4T0 ACTOH Ha3Baij
ero Macc-CHeKTporpaMMoii, a cBoiH npHOOp — MacC-CleKTporpadom.
Ha puc. 75.4 npupenenbl nojyueHHele ACTOHOM Macc-CNEKTPOrpaMmbl
(MPOTHB IUTPUXOB YKA32aHE MAacCOBblE YUCJIA MOHOB).

Beinbpuax co3gan npuGop apyroro THna. B macc-cnektporpade
Beiubpumka (puc. 75.5) nydoxk HOHOB NPOXOJMT CHAdaja wepe3 Tak

Puc. 75.4.

HA3LIBaEMbIi CeNeKTOp (MM (HILTP) CKOPOCTEH, KOTOPLIA BBLACASET
M3 TyYyKa HMOHEI C ONpeJeJeHHbLIM 3HAUeHHEM CKOpPOCTH. B cesmektope
HONBI TMOJBEPratoTcst OJHOBPEMEHHOMY BO3JelCTBUIO B3aHMHO NeprneH-

JAHKYISADHBIX 3JEKTPHYECKOroO H MATHHUTHOIO ﬂOJ'IEﬁ, OTKJIOHAOIHX
HOHDLI B HpOTHBOHOJTO}KHbIe CTOPOHBL.

Uepes BHIXOAHYIO LIeAb CeJEKTOPa
MPOXOAAT TOMABKO T& WOHLI, AJs KO-
TOPHIX JEeHCTBUA 3JEKTPHUECKOro H
MATHUTHOTO MOJIEeH KOMMEHCUPYIOT
ADYF Apyra. JT0 MPOHCXOXHT NpH
ycaosud, uro e E=e'vB. Caeposa-
TEJIbHO, CKOPOCTH BHINEAMIUX U3 Ce-
JeKTOpa HOHOB, HE3aBUCHMO OT HX
MACCH H 3apsjia, UMEIOT OJAUHAKOBOE
3HaueHue, pasHoe v=E/B.
Boiiiasg w3 cenexropa, HOHWI MO-
NazaloT B  OOJACTE NEPNeHAHKYJAAp-
Puc. 75.5. HOTO K WX CKOPOCTH OJHOPOAHOTO
MATHHTHOTO NOJA € HHAYKuue# B’
B sTOoM moJie oHM ABHXKYTCH NO OKPYXKHOCTAM, PajMychl KOTOPHX 3a-
BIICAT OT &'/m:

R ="

()
| e’ B
(cM. (72.2)). Onucae NoJIOBHHY OKPY/KHOCTH, HOHBI NONAAAIOT HAa (OTO-
BAACTHHKY HA PAacCCTOSHUAX OT e, paeHbix 2R. ChepoBaredbHo,
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HOHBl K4XJOTO COpTA (OMpeAeNsieMOro 3HaueHHeM e'/m) OCTaBJSIOT Ha
NMacTHHKE Cef B BHAE Y3KOH NONOCKH. 3Has mapamerpel NpHGOpa,
MOJHO BBIMUCIMTb YJelbHble 3apsfbl HOHOB. [lockonmbky 3apsibi
HOHOB fBJSIOTCA UEJhIMH KPATHBIMH 3Ji€eMEHTAapHOro 3apsja €, no Ha-
JIEHHBIM 3HAYEHHUSIM €'/m MOXKHO ONPENEeNUTb MAcchl HOHOB.

B Hacrosililee BpeMsl HMEeTCS MHOIO THNOB YCOBEPIUCHCTBOBAHHBIX
macc-criexTporpados. Co3fiaHel Tak#ke NpHGOpsl, B KOTOPHIX HOHBLL pe-
FHCTPHPYIOTC He (OTOMJIACTHHKOHM, & C IOMOLIBIO 3JIEKTPHYECKOro
yerpoiicTBa. Oy NMOMYYH/IM Ha3BaHHe MA CC-CTIEKTPOMETp O B.

§ 76. YckopuTeaH 3apaKeHHbIX 4acTHLL

B ¢u3HMKe aTOMHOrO siipa M 3J€MEHTapHbX YacTuil GoMbLIYI0 POb
MTPAIOT OMBITbI, HCHOMbL3YIOLIHE NYYKH 3apsIKEHHBIX YaCTHI( BBICOKHX
SHeprufl. YcTpoHcTBa, IPHMEHsEMble VIS NOJAYYEHHA TaKHX NYy4KOB,
HA3bLIBAOTCH YCKOPHTEJAMH 3apsIXXEHHB X YaCTHI.
MMeeTcsi MHOIO THMOB TaKUX yCTPOHCTB. Mbl NO3HAKOMHMCSI C MIpPHH-
LMIaMH JEHCTBHSI HEKOTOPBIX H3 HHX.

[enepatop Ban-pe-Tpaaga. B 1929 r. Baun-ne-I'paad npeanoxun
KOHCTPYKIIMIO 3JIEKTPOCTATHYECKOrO T'€HEPaTopa, OCHOBBLIBAIOUIErocs
Ha TOM, YTO H3GLITOUHbIE 3aPAAbl PACNOJAraloTCs MO BHEIIHEH MMOBepX-
HOCTH HpoBoaHuka. Cxema rexeparopa nokasana Ha puc. 76.1. [losblit
MeTaJJIMdecKHH [uap, HasbiBaeMbli KOHAYKTOPOM, YCTaHABJIHBAETCSl
Ha H30JHPYIOlieH KOJIOHHe. BHYTph Liapa BBeJEHa HajeTasd Ha BaJUKH
GecKOHeUHas! ABIDKYLLASICH JIEHTA M3 LIeJKa MJIH NPOPE3HHEHHON TKaHH.
Y ocHOBaHMA KOJIOHHBI BOIM3H JIEHTHl YCTAHOBJIEHA FpedeHKa H3 OCTpH-
eB, C KOTOPHIX CTEKAeT Ha JEHTY 3apfal, Bo30yXKldaeMbldl reHepatopom
Hanpskenus (I'H) Ha HeCKOJBKO [AECATKOB KHJIOBOJIbT. BHYTPH KOH-
IYKTOpa yCTaHOBJEHA Bropas rpefeHKa, Ha OCTPUS KOTOPOH NepexoiuT
3apsifi ¢ JeHThl. Jta rpefeHka COENMHEHA € KOHAYKTOPOM, Tak H4TO
CHATHIA C JIEHTHI 3apsj Cpa3y Ke NepexoAHT Ha €ro BHEIIHIO MOBepX-
HocTh. [lo Mepe HAKaIJIHBAaHHSI HA KOHAYKTOpE 3apsAN0B €ro NMoTeHIHAJ
pacTer, NOKa yTeuka 3apsija He CTaHeT PaBHOH MOJABOJMMOMY 3apsfy.
YTeuKa npPOUCXOAHMT B OCHOBHOM 33 CYUET MOHH3AlHH rasa BOJIH3M I1O-
BEPXHOCTH KOHAYKTOpa. Bo3HuKalolee BCAEACTBHE 3TOTO MPOXOXKIAEHUE
TOKa Yepe3 ra3 Ha3blBaeTcsl KOPOHHBIM Pa3pAJoM HJIH KOPOHHPOBaHHEM
(cMm. § 87). Uro6bl yMEHBIIHTb KOPOHHPOBAHHE, NOBEPXHOCTb KOHAYK-
TOpa TIIATEJBHO LIHQYIOT.

[ToTeHuHAaa, A0 KOTOPOro MOXHO 3apsiuTh KOHAYKTOp, OrpaHH4H-
BaeTcsl TeM, 4To NPH HaNpsXKEHHOCTH noJsi okodo 3 MB/m (30 kB/cw)
B BO3AyXe OpH aTMocdepHOM AaBJeHHW BO3HHKaeT paspax. [as mapa
E=q/r. Tlosromy ansi noaydenuss GOJbLIMX PA3HOCTEH MNOTEHUHMAJIOB
NPUXOJMTCS fe1aTh KOHAYKTOp GobNX pa3mepos (5o 10 M B auamerpe).
[NpesensHas pPa3HOCTb NOTEHIIHAJNOB, KOTOPYI0 MOXKHO [1DAKTHYECKH

NOJY4YHTh C TNOMOILBLIO reHepaTopa Ban-se-I'paada, cocrabaser OkKono
10 MB (10° B).
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Ycxopenile 4aCTHI OCYIUECTBAsieTc B paspsaxoil Tpy6re (PT), K
SMIEKTPOJIAM KOTOPOH TNPHKJANLIBAETCS PAa3HOCTh NOTEHIMAJOB, NOJY-
waeMmas Ha remeparope. Muorza renepatop Bau-ae-I'paada CTPOSIT
B BHJE IBYX OJIMHA3KOBHIX PaCNOJOXEHHBIX NOGAH30CTH KOJOHH, KOH-
AYKTGPbI KOTOPBIX 3apaXKaloTC PasHOMMEHHO. B stom cayuae paspsz-
BaA TPyCKa BKJIHOYAETCS MEXAY KOHIYKTOpaMH.

3ameTHM, YTO JleHTa reHepaTopa, KOHAYKTOP, paspsiHas Tpy6ka H
3em/1s1 06pa3yloT 3aMKHYTYIO L€Nb NOCTOSIHHOIO TOKA. Buytpu Tpy6xu
3apsiibl IBUXKYTCS NOJA JASHCTBHEM 3J€KTpOCTaTHUecKoro noas. Ilepenoc
34PAN0B OT 3eMJIH K KOHAYKTOPY OCYLIECTBJSIETCS] CTOPOHHHMMH CHJIAMH,

: . POJb KOTOPBIX BHINOJIHSIIOT MEXaHHYeC-

KHve CHMJbl, NDHBOAfLLME B JBHXEHHE
JIEHTY TeHepaTopa.
berarpon. Taxk HasmBajoT HHAYK-
+ IHOHHBIH YCKODHTENb 3JIEKTPOHCB, B
KOTOPOM YCKOPEeHHe OCYHIECTBJSeTCH
BUXPEBLIM 3/JIEKTPHYECKHM MOJeM. ITOT
npHGOp COCTOHT M3 TOPOHAANBLHOH 5Ba-
KyHUPOBAaHHOA Kamephl, NOMEIAOMeHCS

I E—— 1

janaannl B}z

+ + + + + + + + +

| =

=T

_ THT o
T e TR ““ | l1 t l”m
Puc. 76.1. Puc. 76.2.

MEXIY NOJIOCAMH 3JEKTPOMArHHTa cneunWanpHoil ¢opmut (pHc. 76.2).
O6MOTKa 31EKTPOMArHUTa NUTAETCH NMepeMeHHBEIM TOKOM C YacTOToH no-
psinka 100 I'i. Bosnukalomee npH STOM NefeMeRROE MATHUTHOE NoJe
BhINOJIHAET JBe (QYHKIHH: BO-NIEPBRIX, CO3JaeT BHXPEBOE 3JEeKTpHYeC-
KGe NnoJie, YCKOPSIOLee IEKTPOHH, M, BO-BTOPHIX, VAEPXKHBAET 3JIEK-
TPOHBI Ha opOHUTe, COBNAAAIOWEH C OCbI0 KaMEpHI.

Hro0b! yaep:kaTh 3JeKTPOH Ha OpGHTE NOCTOSTHHOTO paauyca, HyKEQ
o Mépe BO3PACTAHHSA €r0 CKOPOCTH YBEJIHYMBATD MATHUTHYIO MHAYKINIO
nojsl (coraacHo dopmyne (72.2) panuyc OpOHTH NpONOpIHGOHAJIEH
v/B). IlostoMy nis ycKopeHMs MOTYT OBITh MCNONB30BABEL TONbLKO 2-9
H 4- YeTBepTH NEpHOJa TOKA, B Hayajle KOTOPHIX TOK B OOMOTKE mar-
HHTA paBeH Hy/mo. TakuM o6pasoM, 6eTaTPOH PaGOTA€T B HMNYJILCHOM
pexume. B Hauane uMnysibca B KAMEpPY NOJaeTcs U3 3JEKTPOHHON NMYILKH
NYYOK 3JIEKTPOHOB, KOTOPHIH NOAXBATLIBAETCS BHXPEBLIM 3IJIEKTPHYe-
CKHM [0JIEM H HA4HHAET CO BCe BO3PACTAIOIEl CKOPOCTbIO ABHTATLCYH 1O
Kpyroeoii op6urte. 3a BpeMsi HapacTaHHA MarHUTHOro noas (~10-2 ¢)
SNEKTPOHHE YCNEBAIOT CAEJAaThb A0 MHJLIHOHA 0O6ODOTOB H NpHOGPETAOT
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SHEePrut0, KOTOPasi MOXKET JOCTHraTh HeckolbkHX coteH M3B. Ilpu
TaKoil 3HEPTrHH CKOPOCTb IJMEKTPOHOB MOYTH PABHA CKOPOCTH CBeTa C.

Jna Toro 4tobb! yCKOpAEMLIH 3JEKTPOH ABUrajcs Mo KPyrosoi op-
6HTE PAajHyCa ry, MEXKAY MACHUTHOH HHAYKUHEH nojs Ha opluTe H
BHYTPH Hee ZOJKHO BBLUIONHATBCA MPOCTOE COOTHOLIEHHE, KOTOPOE Mb
ceffyac BHIBefeM. BHxpeBoe 3JeKTpUUECKOE MOJIe HANPABALHO M0 Kaca-
TeAbHOH K opOuTe, MO KOTOpOil ABHIKeTcs 3JekTpoH. (JlefoBaTedbHo,
uupkynanusa sekropa E no stoiét opbute paBra 2nr,E. Bmecte ¢ TeM
COracHo (71 12) uupkynsuus sekropa E paBna — (d®/df), rae ® —
MACHUTHBIH MOTOK 4epe3 MOBEPXHOCTb, OXBAThIBaeMyl0 opOMTOH. 3HaK
MHHYC YKa3piBaeT Hanpasjaenue E. Hac Oyjper wndrtepecoBath JHIIb
MOJYJ/b HANPHKEHHOCTH MOJsA, MO3TOMY Mbl MHHYC omyctum. Ilpupas-
HAB 004 BBIPAXKEHUR NS UUPKYNSIUM, HaflleMm, 4TO

E_ L d®

2nry dt
MaruutHoe none nepneHAHKYMAPHO K nnaockoctH opOuTul. [losTomy
MOKHO Monoxutb D=nri<B>, rae (B) — cpenHee no naowaid opoOUTH
3HAYeHHe MArHUTHOH HHAYKOuH. Torma umeem

E——dt (nr3<B>) =2 2. ¢<B>. (76.1)

Hanuurem peasitTuBHCTCKOE YpaBHeHHe JBHIKeHHS 3JeKTPOHA [0
opoHTe: -

4 |
( Vlmvu2/c‘4) = —eE —e[vB,y] (76.2)

(B,ps — MarHUTHAS MHAYKUHA 0Ot HA opGuTe).

CKOpOCTb 3JIEKTPOHA, JABHIKYIIETOCH [0 OKPYXKHOCTH DPAaAHYCA r,,
MOMKHO MPEACTABHTb B BUAE V=0,T, [lle  — CKOPOCTb, C KOTOPOi
[OBOPAYHBAETCA PaAHyC-BEKTOD 3/JEKTPOHA, T — OPT KacaTeNbHOi K op-
6uTe B TOH TOYKe, A€ HAXOAHTCA 3/ekTpoH. Bekrop E moxkHO npexacra-
BUTb B BUJle

E=F1=2%¢B> v
(cm. (76.1)). Hakoneu, npoussenenue [vB] moxuo npencrasute B BiAe
vBn=wr,Bn, raje n — opT HOpMaJU K OpOUTE B TOH TOYKE, TAe HaXO-
IMTCA 3/1eKTPOH. C yUeTOM CKAa3aHHOTO HanHuleM ypasHeHue (76.2) cie-
AyrouwuM o0pasom:

d mor,T . er
EF(VE'T)— P @B T—eorBugn.  (76.9

Mpou3aBoaHAas 10 BPEMEHH OpTa T paBHa T=wn (CM. GopMyay (2.56)
1-ro TOMa; yrioBas CKOPOCTh BpalleHHs OpTa COBUAAAET C YIJIOBOH CKO-
poCTBI0 pajHyca-BeKTopa 3/71eKTpoHa). CliezoBare/bHO, MPoH3Beds UG-
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(pepeHLHPOBaHKE B JIEBOH YacTH ypaBHEHH st (76.3), NPHIEM K PaBEHCTBY

a‘%( EL)‘: -+ ﬂ_mn =——%—‘3%<B>-r—emrol3,,pﬁ-n.
V1 —2rd/c2 14 —o2ri/c?

[lpupaBHgB MHOXHTENM OPH AHANOTHYHLIX OPTaX B JIEBOIl H Npapoii
YacTdX PABEHCTBA, MOJYYHM

d maor, ___ergd
at (Vl ——m?‘r?;/cz) Czd B, 764
maor N
Vicaga b (76-5)
Ha (76.4) caeayer, uro
maorg __eny |

(0 n (B> B Hayajne uMnyJabca PaBHbI HYJI).
ConocraBiedne BoipaxeHnit (76.5) n (76.6) npHBOAHT K MCKOMOMY
COOTHOIL@HHIO:

l
Bop6 — -'2— <B>

Taxum o6pa3soM, 1151 TOro 4TOOBl JIEKTPOH BCE BpeMs ABHTAJCA 110
KPYroBoi op6HTe, MarHUTHAsA HHAYKLHA Ha OpOHTE NOJKHA COCTABAATD
[IOJIOBUHY CPENHEro 3HAYEeHHS! MArHHTHOH HHAYKIHI BHYTPH OPOHTHI.
JTO JOCTHFALTCS 34 CYET U3TOTOBJEHHS NOMOCHBIX HAKOHEUHHKOB B BHJIE
yCEeUeHHBIX KOHYCOB (CM. pHc. 76.2). -

B koHUe UMKNa yCKOPeHHsl BKJOYAETCA AONOJNHHTENbHOE MAarHWT-
HOE NOJIE, KOTOPOE OTKJIOHSIET YCKODEHHbIE 3/IEKTPOHbI OT CTallHOHAPHOM
OPGHTHL U HANPaBJASET WX Ha CNEUHAJbHYIO MHLIEHb, PACHOJIOXKEHHYIO
BHYTPH Kamephl. [lonagas Ha MHUIEHb, 3J@KTPOHbI HCHYCKAIOT JKeCTKOe
3NIEKTPOMATHHTHOE H3JyqeHHe (Y-JIY4H, PeHTreHOBCKHE JIYUH).

[TpumensiioTcst G€TATPOHBI I'VIaBHBIM 06Pa3’oM B SAEPHBIX HCCAELR0-
BanuAx. He6Goabuwine yckoputenan, Ha 3Hepryio o 50 M3sB, wHawau
NpHUMEHEHHE B NPOMBIILIEHHOCTH KaK JICTOUHHKH OYEHDL XKeCTKOIro PeHr-
I€HOBCKOTO HaJy4YeHUs, HCIOJb3YeMOro 414 Ae)eKTOCKOTIHH MacCHBHBIX
H3/e/Hn .

Huxkaotpon. B ocHOBY HA3LIBAEMOro TaK YCKOPHTEAS MOJOKeHA
HE3aBHCHMOCTb NepHoja ob6pauleHs 3apAMXKEeNHONH YacTUUbl B OJHOPOA-
HOM MarHHTHOM M0J€ OT €e cKopocTH (cM. (72.3)). dror npubop cocToUT
M3 ABYX 3JEKTPOJOB B BHJE IOJIOBHHOK KPYIJOH HEBLICOKOM KOPOOKH
(puc. 76.3), noJyuuBIUNX 1la3Banue AYaHTOB. JlvanTbl 3aKJIOYEHbL
B OTKayHBAEMbIH KOPNYC, KOTOPbLIH MOMEWAETCA MeXAy NOJI0CaMH
Gonbnioro  snektpomaruuta. [loste, co3faBaeMoe  3JEKTPOMATrHHTOM,
OIHOPOJAHO H TEPNEHAHKY/IAPHO K FJIOCKOCTH AyaHToB. Ha nyantsi
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NOAAETCSl NepeMeHHOe HanpsiKeHue, BO30OYkKAaeMO€ TeHepaTopoM Ebl-
COKOH 4acCTOTbI.

Brejem B 3a30p MeXJy AYAHTaMH B TOT MOMEHT, KOTra HanpsikerHe
JOCTHTHET HauGoAbLIell BEJHYHHbLI, 3apsKeHHYl uyactHuny. UYacruua
GyJeT MoAXBayeHa 3JEKTPHUYECKHM [10JieM ¥ BTSHYTa BHYTPb ORHOTO H3
Ayadros. [TpocTpaHCTBO BHYTPH AYaNTa SIBJASETCS SKBHNOTEHLUHAbLHBIM,
NO3TOMY YacTHUAa B HeMm OyJeT HaXOAHWTbCA MOJ BO3JEHCTBHEM TOJbLKO
mMarHuTHoro noad. B 3ToMm ciyuae yacTHUA ABHXKETCHA 110 OKPYX{HOCTH,
pajuMyc KOTOpOH MNpONOPUHOHAJEH CKOPOCTH YacTHUbI (cm. (72.2)).
[ToaGepeM YacTOTY H3MEHEHHS HaNpSKEHUs MeX1y JyasTami Tak,
yTOGBl K MOMEHTY, KOTJa uacTHUa, NPOHAS MNONOBHHY OKPYIKHOCTIH,
NOACKHAET K 3a30py MeXKAYy dyantami, pa3s-
HOCTb NOTEHILHAJIOB MEXJY HHMH H3MeHH1a
3HAK H JOCTHIIa aMIVIUTYAHOTO 3HAYEHHS.
Torpa uactuiia 6yjfeT CHOBA YCKOpeHAa H
BJETHT BO BTOPOi AYaHT C 3HEPrHeH B JBa
pa3a Gosbuieit, 4em Ta, ¢ KOTOPOR OHA IBH-
ranach B nepsom Ayatite. O6najan Gonbliiei
CKOpPOCTbIO, 4acTHlla OyleT JBHIaTbCs BO
BTOPOM AYaHTE MO OKPYKHOCTH GOALLIETO
paanyca (R~v), HO BpeMs, 3a KOTOpOe OHa Prc. 76.3.

NpoNJeT NOMOBHHY OKPYMHHOCTH, OCTAHETCS

npexcHuM. [losToMy k MOMEHTY, Korja ua-

CTHLIA BJETHT B 3a30p MeKJy HAYAHTAMH, HAOpPSXKeHue MeXAy HIMH
CHOBA H3MEHHT CBOI 3HAK M NPHMET aMIUVINTYIHOE 3HAaueHHe.

Taxkum o6pa3oM, 4acTHUa ABUACTCH N0 KPHBOH, OJIM3KON K CitHpaJH,
noayuasi NpU KaxaoM NPOXOXKIEHHH Yepesd 3a30p Mex1y AyaHnTamu
JOTNOJHUTENbHYIO NOPLUEIO 3HEPTHU, paBRYIO €' Up, (¢'— 3apaj yacTutibl,
U, — aMmiuTyAa Hanpskenis, BbipadaTbiBaeMoro reneparopom). Pac-
nojarasd HCTOYHHKOM [EPEMEHHOTO HanPA:KEeHHsl CPaBHUTEIbHO He-
Goabliod BeanunHut ({/,~ 10> B), MOXHO ¢ NOMOULbIO LIKJIOTPOHA
YCKOPHTB NPOTOHBI 0 31eprHil nopsaka 25 MsB. Tlpu Goaee BhCOKNX
SHEPrUAX HAYMHAET CKa3blBATHCS 34BUCHMOCTb MacChi MPOTOHOB OT
CKOPOCTH —- NEPHOA ofpaluenis yBeJHuHBaeTcst (coriacHo (72.3) ou
HPONOPLHOHANIEH #1) U CHHXPOIIH3M MeX]y ABHXKEHWEeM YacTHLL H ji3hie-
HEHHAMY YCKOPSIOWEro NoAA OKa3blBAETCH HAPYIEHHBIM.

Urobbl H3bexaTh HapylLIeHHs CHHXPOHHM3MA H NOJMYUYHTb HacTHLb]
GONBIIKX DHEPrHil, AeNaT H3MeHaoweics AH60 YacTOTy HANPKeHNs,
MUTAOLEr0 AYAHTH, JH6O WHAYKUHIO MarHuTHOro noas. IIpubop, B Ko-
TOPOM B NpOLecce YCKOPeHHS Kax<AOi MOPUHH YacTHilL COOTBETCTBYIO-
M 06pa30M YMEHDLIIAeTCA YacToTd VCKOPAIOIIEro HanpsKevns, Ha-
3piBaeTcd PAa30TPOHOM (IHGO CHH X POUUKJAOTP OHOCM).
Yckoputenb, B KOTOPOM HacTOTa OCTaeTcA MNOCTOAHHOH, a HHAYKINA
MariHTHOTO I10Afl U3MEHSeTCH T4k, 4To0bl OTHOWEHUe #i/B 6blo no-
CTOSIHHbIM, HA3bBAKOT CH H X PO T P O H O M (YCKOPHTENU 3TOr0 THIA
NPHMEHAIOTCH TOMBKO AAA YCKOPeHHs 3/IeKTPOHOB).

& . B Cacenres, 1. 2
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B yckopuTene, HasbiBaeMOM CHHXPOGa3O0TPOHOM HIH
MPOTOHHBIM CHHXPOTPOHOM, USMEHSIOTCH H YaCTOTa YCKO-
PAIOILETO HAOPAMKEHHA, H HHAYKUHMA MAarHHTHOIO noJs. YCKOpsAeMbie
YaCTHIUL! ABHIKYTCH B CHHXPOGA3OTPOHE HE MO COHMPATH, a N0 KPYroBoi
Tpaektopuu. [lo pepe yBelHYeHHS CKOPOCTH M MACChl YaCTHU HHAYK-
HHA MACHHTHOIO MOJAsA pacTeT Tak, 4TOObl OmpefenseMeulii GopMyJof
(72.2) panuyc ocraBajica nocTosiHHbIM. [Ipu 3ToM mepHon o6patleHis
H3MSHALTCA KaK ¥3-332 BO3PACTaHWA MAacChl Y4AaCTHI, TaK M BCJAEACTBHE
yeenuyerrs B. [1a Toro 4yroGbl ycKOpsioulee HampsXKeHHe OblI0 CHH-
XPOHHO C JBH:KEHIeM YACTHIL, YacTOTa 3TOr0 HAMPSKEHUS Jenaercd
K3MEH IOUIEACH [10 COOTBETCTBYIOWEMY 3aKOHY. JlyaHToB B cHHXpoda3n-
TPOHE HET, YCKOPLCMe YACTHIL NPDOHCXOANT HA OTAEJNbLHBIX y4yacTkax Tpa-
SKTOPHH C MONOILBIO S/IKTPHYECKOTO 11015, CO3aBAEMOTO FeHepaTopaMu
HaflpsKEHUA MEHSIOUWEHCA YacTOThL.

“Camplit MOLIHBIT B HAacTOsIee Bpems (B 1981 r.) yckopurens — npo-
TOHHbIH CHHXPOTPOH — 3anyuued B 1974 r. B naGoparopuu nmenu Gepmu
B baraevn (ron Yikaro). On yckopsier npoToHH 40 3Hepruu B 500 3B
(5- 10t 3B). CkopocTh nPOTOHOB, OGMAAAIOIHKX TAKOH 3IHEPrHeil, OTIH-
4aeTCA OT CKOpOCTH CBeTa B Bakyyme mMeHee dem Ha 0,0002% (v=
=(0,9993982 ¢).



FrTABA XI

KJIACCHYECKASA TEOPHUS
3JAEKTPONPOBOAHOCTH METAJIJIOB

§ 77. MNpupona nHOCMTENEH TOK2Z B MeTaIax

J11$ BbisICHEHHSI NMPHPOAB! HOcHTeneil Toxa B MeTtannax 6bl1 necTas-
JieH psifi oneiToB. [Tpexkae Bcero OTMETHM ONBIT PHKKE, OCYIECTBIET} LH]
B 1901 r. Pukxe B351J TPH LUJHHAPA — JABA MEAHBLIX H OAHH aJKChiiiHue-
Bblii — C TwiaTeanHO OoTUWIHGOBAaHHBIMH TopuamH. llocne BaBewnpannga
TUJHHAPB! GBI CROMKEHBI BMECTE B NMOCJAENI0BATENBHOCTH: MEb — adaio-
MHHHA — Melb. Yepea TakOH COCTaBHOH MNPOBOJHHK TPONYyCKaJacs
HENpPepLIBHO TOK ORHOrO H TOTO KE HanpapB/ieHHs B TEYEHHE ropa.
3a Bce BpeMs uepe3 HWIHMHIPH npowesa 3apsh, pasHuwi 3,5-10° Ko
BspemyBanue nokasano, 410 Hponyc-

KaHie TOKa He O0Kasalo Ha Bec LH- W e —1
JUHAPOB HAKaKoro Bausauda. IIpu nc-
cJeJOBAHNHM COTIPHKACABUIMXCHA TOPLOB e'o——> -
Nojl MHKpOCKONoM He O6bljlo o6Hapy-
JKEHO TPOHHKHOBEHHS OLHOrO MeTas- L
Jna B Japyroii. PeaysabraThl onbiTa CBH-

LETeNbCTBOBAJH O TOM, YTO NEPeHoC 3a- Pue. 77.1.
pAZa B METaANaX OCYINECTBJAAETCS He

aTOMaMH, a KAKUMH-TO YaCTHILAMH, BXOAAIUMH B COCTaB BCEX MeETal-
JcB. TakuMu wactHiiamMu MorJH 6biTh OTKpuIThie B 1897 r. Temccnom
371€KTPOHEI. |

Urof6bl OTOXKAECTBUTH HOCHTENH TOKA B MeTastax ¢ MEKTPCHAMY,
HY>KHO OLWIO ONPEleNHTh 3HAK H UHCJIOBOE 3HAaUeHHE YAeNbHCro 2apa
pocuteneil. Oneithl, NOCTaBNEHHBIE C 3TOH UEJbI0, OCHOBBHIBAJICL HA
caenyomnux coofpaxenuax. Ecan B Meramnax HMelOTcs cnoccCHbie
nepeMelATbCs 3aPsKEeHHble YacTHLbl, TO NPH TOPMOXKEHHN MeTalliii-
YyeCcKoro NPOBOAHHKA 3TH YaCTHLB! JOJKHBI HEKOTOPOE BpeMf NPOACJ-
XaThb JBHIaTbCsl MO MHEPUMH, B pe3yJbTaTe 4Yero B NPOBOAHMKE BO3-
HHKHET HMOYJLC TOKA M OyAeT MepeHeceH HEeKOTOPhIH 3apsl.

[TycTh IPOBOAHMK ABHIKETCS] BHauajle CO CKOPOCTBIO V, (puc. 77.1).
Hauynem TOopMmo3uth ero ¢ yckopennem w. Ilpononxas JBurarecs no

g*
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HHEPLLH 1, HOCHTENU TOKa NPUOGPeTyT OTHOCHTENIbHO MPOBOAHHKA YCKO-
penue —w. Takoe XC yCKOpeHiie MOXHO COOGUIMTD HOCHTENSIM B HEMNO-
JABH)KHOM MPOBOZHUKE, €CJIM CO3/1aTh B HEM 3JIEKTPUUYECKOe TNoJe Hanps-
weHHocTt E=—mw/e’, T. e. NpUJIOKHUTL K KOHIAM INPOBOJHUKA pa3-
HOCTEL NMOTEHIHA/IOB

9 9
mw ' mud
(Pl_cpzzg}Edl-_:_S ,dl"—"_‘—"_",“"
J e e
1 1
(m u e’ — macca 1 3apsajg HocuTens, [ — JMHA NPOBOAHHKA). B sTOoM
Cy4yae [0 NPOBOJAHHMKY NOTEYeT TOK CHIbl [= (@, — @,)/R, rie R —
CONPOTHBJCHHE TMPOBOAIHKA (/ CUMTaeTCs NOJOXKHUTENbHOH, ecJH TOK
TEYET B HANIPABNEHIMW JBVXKeHWs npoBoaHHka). CnejgosaTte/bHo, 3a
Bpenms df yepes KaJoe CeyeHHEe NPOBOAHUKA NPOHAET 3apan

niwl ml

3apaa, npouleAMi 3a Bce BpeMsl TOPMOXKEHHsi, paBed

0

* ml m o
q:qu:—\C,—Rdv"——-?-[éi’ (77.1)

L™

Uy
(3apan OOJAOXKUTENEH, €CJIH OH NePEeHOCHTCS B HAMPABJEHHH JBHMKEHUSA
1IPOBORHIIKA).

Takum oGpasom, usmepuBs [, v, U R, a Takxe 3apsiA ¢, NPOXOAALLHE
MO UeNH INPH TOPMOXKEHHH NMPOBOAHMKA, MOKHO HAHTH YAedbHhIHA 3apan
Hocurened. Hanpasnenne uMnynbca TOKa pacT 3HAK HOCHTEJeEH.

[lepBslit ONBIT € YCKOPEHHO JABMIXKYWIMMHUCA NPOBOAHMKAMU ObLI
nocrae/ied B 1913 r. Maunenpwitamom v [Nananekcu. OHu npuBoaHIH
KaTYIWKY H3 MOPOBOJIOKH B OBICTPbIE KPYTHJIbHBIE KOJIeGAHHS BOKPYF
ce ocn. K KoHUAM KaTyWIKH MoAK/AoYasics TeJedoH, B KOTOPOM Obl1
C/bilUeH 3BYK, OOYCJOBJEHHBII UMNYJbCaMH TOKA.

Konunyecteennpiit pesyabrat 6bl1 nosnyuen Tommenom u CTioaptom
B 1916 r. Karymka u3 nporoaa anuuoii 500 M npuBoauaach Bo Bpalie-
HHE, TPl KOTOPOM JIHHEeHHasi CKOPOCTb BHTKOB cocraBiassia 300 m/c.
3aTeM KaTyllKa pe3KO TOPMO3WJIach M ¢ NOMOILBI0 GaNIHCTHUECKOro
rallbBaHOMETPa H3MepsJICs 3apsaj], NPOTEKABIUMH B LeNH 3a BPeMs Top-
MoxeHnsi. Boigucsennoe no qopmyne (77.1) 3HaueHue yaenbHoro 3apssa
HOCHTENeH MOJYy4anock O4eHb OJNU3KHUM K e/m s 3JAeKTPOHOB. Takum
o6pasoM, OBLIO SKCHEPHMEHTANBHO AOKA3aHO, YTQ_ HOCHTEISAMH TOKa
B METa/MIax fABJSAIOTCS 3JIEKTPOHbI.

Tok B mMerannax MOXHO BbI3BATh KpaiiHe MaJloii PAa3HOCTBIO NOTeH-
UHAJIOB. TO JaeT OCHOBaHHE CYUTATb, UTO HOCHTENH TOKA — 3/IEKTPOHHI
MepeMELalOTCs 110 MeTall1y MPpaKTHYeCKH cBOGOAHO. K TOMY ke BeIBOAY
MPHBOAAT M pe3y/bTaThi onbita TonameHa u CTioapra.

CywecTsoBanie B MeTaslJlaX CBOGOJAHBIX 3/J€KTPOHOB MOXKHO OGBsIC-
HHTb T€M, YTO NpH 00Pas30BaHMH KPUCTAJNJHYECKOH PELIeTKH OT aTOMOB
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neTaNa OTILEIMAOTCA ciabee BCEro CBA3aHHbE (BaJCHTHLIE) 3/IEKTPO-
HBEI, KOTOpbIE CTAHOBATCS KKOJJIEKTHBHOH» COGCTBEHHOCTBIO BCErO KyCKa
verania. Ecad OT KaxAoro atoMa OTIENHTCA N0 OAHOMY 3JEKTPOHY,
TO KOHUEHTPALMs CBOGOJAHBIX 3JEKTPOHOB (T. €. HX HHCAO 71 B €lHHHLLE
oGbema) OyfeT paBHAa KOJHMYECTBY aTOMOB B €JHHIILE ofbema. Yucno
4TOMOB B elnuHuue ofbema paBHO (6/M)N,, rae 8 — nmoTHocTh Me-
tanna, M — macca wnoas, N, — 4yncejio Aporajapo. [na merannos
anaueHus /M 3akaloueHbl B npefenax ot 2-10* Moan/M® (Ans Kadjis)
10 2-10° moan/m® (mas Gepuaauns). ChefoBaTeNbHO, ANl KOHLEHTPA-
IHH CBOGOJHBIX 3MEKTPOHOB (MJIH, KaK HX elle HasbiBaloT, MEKTPOHOB
IIPOBOAMMOCTH) NOJNYYAIOTCS 3HAUeHWsi NopsAjika

=102 = 1020 M~3 (1022 = 10%% cn~%), (77.2)

§ 78. JneMeHTapHAA KNACCHYECKas TEOPHUA METar10B

Vicxops 13 NpeicTaBiennil 0 cBOGOAHBIX 3/eKTpoHax, Jpyae cosnan
KNACCHYECKYIO TEOPHIO METaJIOB, KOTOpas 3aTeM Oblla YCOBEPLIEHCTRO-
Bana Jlopenuem. [pyle npeanosoxKui, 4TO JJIEKTPOHbI POBOAHMOCTH B
meranje BeAyT ceGs nofoGHO MoJeKy/1aM HAeaJbrHOro rasa. B npowe-
KYTKaX MexJy COyNapeHHsiMH OHH JABHXXYTCS COBEPLICHHO CBOGOAHO,
npoGeras B cpejHeM HeKoTophlii nyTh A. [1paBaa, B OTAHYHE OT MOJIEKYN
rasa, nupofer KOTOPBIX Onpefe/sercs COyAapeHusiMu MOJEKyJ Ipyr
¢ ApPYroMm, 3JEKTPOHbI CTAJMKHBAKOTCS TMPEMMYIIECTBEHHO HE MEXAy
cofoil, a ¢ HOHam¥, OOpPA3YIOIUMH KPUCTAMIHYECKYHD DPEIIETKY Me-
TaJJa. 2TH CTOJIKHOBEHHS NPHBOJSAT K ycranosnenmo TENJAOBOTO paBHO-
BECHSI MEXJY OJIEKTPOHHBIM T[a3oM M KDPHCTANJIHYECKOH peleTKoH.

[loaarasi, YTO Ha SJEKTPOHHbLIE ra3 MOryT ObiThb PacmpoOCTPaHCHbLI
PE3yabTAaTLl KHHETHYECKOH TEOPHH rasoB, OLEHKY CpeaHed CKOPOCTH
TENJIOBOIO JBHIKEHHS 3JEKTPOHOB MOXHO MNPOH3BECTH No dopmyne

<vd> =V 8RT [um (78.1)

(cv. dopmyny (98.26) l-ro Toma). JIns KOMHATHOH TeMneparyphbl
(~300 K) Boluucienune mo 370f1 QopMyJe [DPHBOJHT K CJACLYIOLIEMY

- 3HAYeHHIO!

8-1,38-10~%.300

=V Frrosro-w ~ 10 M

[Ipu BrJOYEHHH TOJS Ha XaOTHUECKOE TeMIOBOE JBIKEHHE, npouc-
XOJSIEE CO CKOPOCTBIO ¥, HAKJIAABIBAETCHA YNOPSHAOUCHHOE JABHXeHHe
3JIEKTPOHOB € HEKOTOPOH cpeaned CKOPOCTbIO <ud. Beauunny 3toi
CKOPOCTH JIETKO OLEHHTb, HCXOAA H3 (OpMYNbl

j=ne<u> (78.2)

(cm. (34.4)). TlpeaenbHast nonycTHMas TEXHHYECKHMH HODMaMH ILIOT-
HOCTb TOKA J/1ST MEAHbIX TIPOBOJIOB COCTaBJIsIeT okoJo 107 A/m? (10 A/mm?).
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Basas pas n snadenue 10 m™3, nonyaum

—_ i ~ 107 ~ 10"'3
Wy = R 08 ~ M/c.

Taxvm 06pa3oM, Naxe Npv odeHb GOMBIUHX MJOTHOCTAX TOKa CpeiHAf
CKOPOLTh YMOPAAQUEHHOTO ABHXEHHSA 3apsaoB {u> npumepso B 10° pa3
MEHbIle CpeJHeH CKODOCTH TenjaoBoro jJsHxkeHus <v>. [lostoMy npH
BBIYKCACHHAX MOAY/b DEe3yAbTUPYIOLIEH CKOPOCTH [V + U| MOXHO
34MEHATb MOJIyJIeM CKOPOCTH TEIlJIOBOIO ABHKeHHs |v|.

Haiigem Bbl3biBaemoe NOJIEM H3MEHEHUE CPEJHero 3HAUeHUA KHHETH-
yeckod aSHepruu 3anekTpoHoB. CpelHHH KBaapaT pesyJbTHPYIOLLEl
CKOPOUTH paBeH

VA u)> =<vi42vu+ u?) =¢v2) 4-2<vu) -<u?d,  (78.3)

JBa coObiTHS, 3aK/OYAOLHECS B TOM, YTO CKOPOCTb TElJIOBOI'O JBH-
HKEHUS 3JIEKTPOHA [PHMET 3HAYEHHE V, a CKOPOCTb YNOPSAOUEHHOrO
ABEEHHA — 3HAYSHHE U, SBJSAIOTCA CTATHCTHYECKH HE3aBHCHMBIMH.
[Tostomy corsiacHo Teopeme 06 yMHOXKEHHH BepOSITHOCTEH (CM. GOpMYyTy
(93.4) 1-ro Toma) <{vu>=<v)<u>. Ho <v)> paBHO HY/I0, TaK 4TO BTOpOE
cnaraemoe B (78.3) Hcyesaer U ¢opmynaa NpPHHUMAET BHJ

V4 u)?)> = (v 4 <u?y,

Otrciona BLITEKAeT, YTO YHOPSIOUYEHHOE JIBHIKEHHE YBEIUUHBACT KHHE-
THYECKYIO0 3HEPrHIO 3JEKTPOHOB B CPeAHeM Ha

(A =152, (78.4)

3akou Oma. [pyne cquras, uTo Npu COyNapPEHHH 3/MEKTPOHA C HOHOM
KPHUCTAIVIHYECKOA DEIIeTKH NPHOGPETEHHAS SJIEKTPOHOM JOMOJHUTE h-
Has sHeprua (78.4) nepenaercs HOHY H, CJIeNOBATEJNbHO, CKOPOCTb U
B pesyJbTare coylapeHus fenaercd paBHoi Hymao. [lpexmosioxum,
HTO MOJIE, YCKOPAIIULEE 3JIEKTPOHbI, OAHOPOAHO. Toraa moa AeiicTBueM
Mo/ 3JEKTPOH MOJYUHT INOCTOSHHOE YCKOpeHHe, paBHoe eE/m, U K
KOHUY npobera cKOpOCTb YNOPSIIOUEHHOTO JBHMKEHHUS JOCTHMHET B
CpeAHEeM 3HayeHHA

E
Unax = % Ty (785)

TAe T -— CpelHee BpeMsl MEXIY ABYMA NOCJISIOBATEIBHEIMH COyape-
HUSIMH 3/JIEKTPOHA C HOHAMH PelIeTKH.

Hpyne He yuuTeIBaJ pacrnpeje/eHHs 3/SKTPOHOB IO CKOPOCTSIM
M TPUNHCHIBAJ BCEM S5JIEKTPOHAM OAMHAKOBOE 3HAYEHHE CKOPOCTH U.
B 3tom npubmuxkenuu

T=MA\v

(vanovuum, uto |v 4 u| mpakTuyecku pased |v|). ITogcrasus 3t0
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snaueHnne T B gopmyay (78.5), nonyunm

eEN
Upiax — o " (786)
CKOpOCTh 1 H3MEHsieTcst 3a Bpems npoGera muueiino. TlosTcmy ee
cpeasee 3a npoGer 3HaueHHe PABHO NOJOBHHE MakCHMA/bHOTO.

e
2mu

i
<ud = 9 Umax =

TToncTanoBKa 2Toro Bhipaxenust B Qopmyay (78.2) aaer

__ne%\
1= gmy =
[110THOCTb TOKA OKasalach MNPONOPLHOHA/BHOR HANPSKEBHOCTH
noas. CienoBaTenbho, Mel npuin k 3akony Owa. Coraacho (34.3)
K03GxpHLHEHT NPONOPUHOHATBHOCTH MeXAY | H E npexncraBaser coGoh
IPOBOAHMOCTD
neh
= (78.7)
Ecan 6b1 5A€KTPOHB HE CTaAKHBANHMCh C HOHAaMH PEUIeTKH, AIHHA CBO-
GolHoro npoGera, a CJeOBATENLHO, H NPOBOAHMOCTb GhIIH 66l Gecko-
neyno Beauky. Takum oGpasoM, COTJIaCHO KJACCHYECKHM NPEeNCTaBe-
HHMSM BJIEKTPHYECKOE CONMPOTHBJEHHE METa/oB O0YyCJ/OBJEHO COYalape-
HHAMH CBOGOJHBIX 3JIEKTPOHOB C MOHaMH, MOMEAIOUMMHCA B y3Jax
KPHCTAJIHYECKOH PelIeTKH MEeTalla.
3akon Jokoyas — Jlenua. K Konily cBoGOLHOTO npoGera 3/1eKTpon
npuoBpeTaeT NONOAHHTENbHYIO KMHETHYECKYIO 3HEPruio, CPEAHEEe 3Ha-
yeHie KOTOPOi PAEHO

__mu; e2A2
(Aep> =200 — o E2, (78.8)
(cm. dopmyas (78.4) n (78.6)). CronKkHYBINHCE C HOHOM, SJEKTLCH, 110
NPEANOJIOKeH o, TIOJTHOCTBIO NepenaerT NpHOGPeTeHHYI0 MM JOMOJIHH-
TEJbHYIO 3HEPIHIO KPHCTAIMYECKOl PeLIeTKE. Coo6lueHHas peiieTke
Seprisi HAET Ha yBesinyenHe BHYTPEHHEH SHEPTHH METaJJa, NposiBas-
IolEecs B €ro Harpesaliiu.

Kamnniil 3JEKTPOH 11peTepleBaeT 33 CEeKYHLY B CPEAHEM l/t=u/A
coyaapelnii, coofuias BCAKHA pa3 PELIETKE SHEPTHIO {78.8). Caenopa-
TeAbHO, B eMiHNLe ofbeMa 33 eAMHILY BPeMEHH JAO/KHQ BbIACASATLCH
TEIJ10 |

L)

Q. =n 715' ¢Ae> =

nezh E?
2muy

(1 — 4HCAO 3JEKTPOHOB MPOBOAMMOCTH B €IHHLE o6Bema).
Beanunna Qy, ©CTb HE YTO HHOE, KaK VJeJbHasi TENJIO0BAs MCINHOCTD
toka (cM. § 38). Muomuteap npy L? COBNajaer CO 3HaueHNEM (78.7)
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mns . Tlepeiinsa B Boipaxenun oE2 or 6 U E X p u j, npusem Kk dopmyne:
Qy,=pf* Bblpaxaoweld 3akoH JDxoyas — Jlenua (cM. dopmyay
(38.4)).

3akon Bupemana — dpanua. 3 onnita u3BectHO, YTO Hapsagy
C BBICOKOH 3JIEKTPONPOBOJHOCTHI0 METAJJIbl OTJAHYAIOTCS TaKKe 60Jb-
IUOH TEMJIONPOBOAHOCTLIO. Buaemarn u ®pann ycravosuan B 1853 r.
SMOHPHYECKHH 3aKOH, COIVIACHO KOTOPOMY OTHOLIEHHE KoaduiueHTa
TEIVIONPOBOJHOCTH % K KOPMUIHEHTY 3JIEKTPONPOBOAHOCTH O A8 BCex
METAJJIOB MPUOIN3HTENBHO OAHHAKOBO H H3MEHAETCS NPONOPIHCHAIBHO
a0coMOTHOH TemniepaTtype. Hanpumep, Ansa amiOMUHNS TIPH KOMHATHOR
TeMnepatype 3T0 OTHoluleHHe pasHo 5,8:-107¢ mas memd 6,4.107% u
ansa csuHoa 7,0-107¢ Ix-Owm/ (c- K).

CnocoGHOCTBIO NPOBOAHTL TENAO 061ajAI0T M HEMeTAJJIMYEeCKHe
KpHCTanabl. OJHAKO TeNJIONPOBOJHOCTb META/JIOB 3HAYMTENBHO npe-
BOCXOJAHMT TENJIONPOBOAHOCTL AM3aJeKTpHKOB. M3 srtoro cneayer, uro
TEIVIonepenaya B MeTalJaX OCYLIECTBASAETC B OCHOBHOM HE KPHCTaJJIH-
HECKOH pelleTkoH, a cBOGOAHEIMH 3JeKTPOHamH. Paccmartpusasi st
SMEKTPOHbI KAK OJAHOATOMHBIH a3, MOXHO 3aHMCTBOBATH ISt KO3(wpu-
[LHEHTA TEIVIONPOBOAHOCTH BbipaXK€HHE KHHETHYECKOH TEOPHH TIas3oB:

1
ngnmv?»cy
(cM. dopmyay (131.7) l-ro Toma; p 3aMeHEHO nNpoOU3BeJEHHEM A,
BMECTO <U) B3ATO v). YhedbHas TeNJNOEMKOCTb OJHOATOMHOrO ra3a
paBHa cy=3/,(R/M)=?/,(k/m). TlogcraBuB 3TO 3HayeHHe B BhIpa-
XKEeHHe A5 K, MOJYy4YHM

% = -‘%nkuh.

Pasnenus % na Bhipaxkenne (78.7) And ¢ M 3aMeHHB 3aTeM Yamu?
yepes °/,kT, nNpHIEM K COOTHOLLEHHUIO

x _kmot_ g (3)27,, (78.9)

g el e

KOTOpoe BhIpaxaer 3akoH Bujemana — ®paHua.
[loacranoBka B (78.9) unc/ioBbIX 3HaueHuil £ H e naer

% -
- =2,23-107¢T,

[lpy T=300 K ana »/o nonyuaerca awauenune 6,7-10-¢ Ix-Om(c- K),
XOpOLLUO coryacyiolleecss ¢ 3KCNEPUMEHTANbLHBIMH JNaHHEIMH (CM. [IPH-
BelleHHble Bhlile 3HaueHus x/a aisa Al, Cu u Pb). Oauako BrOC/AEICTBHH
BBISICHHJIOCh, YTO CTOJIb XOPOllUee COBNAJEHHE OKa3aJoch CJAy4YalHLIM,
n6o kKorpa JIopeHll YTOUHHII PACUeThl, Y4TA pacnpesiesieHue 3JeKTPOHOB
Mo CKOPOCTSIM, JJISL OTHOIUEHHA %/0 MOJAYYHJIOCH 3HaueHue 2 (k/e):T,
KOTOpOe Xye corJacyercs ¢ AaHHBIMY ONKITA.
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Wrak, xaaccuyeckas TEOpHS CMOrJIa OOBACHHTh 3akonbl OMa u
Jxoyaa — Jlenua, a Takxke Jasna KadecTBeHHOe OOBsCHEeHUE 3aKOHA
Bunemana — dpanua. Bmecre ¢ Tem 3Ta T€OPHS BCTPETHIACH C BeChMA
CYIECTBEHHBIMK 3ATPyJHEHHAMH. V3 HHX OCHOBHLIMH AB/SIOTCS /BA.
Hs d¢opmyant (78.7) BbITeKaeT, 4TO CONPOTHBJEHHE METAMIOB (T. €.
BeJHYHHA, O0paTHAS §) HOJIKHO BO3PACTATH KAK KOpPEHb KBaJApaTHblil
us T. [elcTBUTENBHO, AJAA NPEANOJOKEHHA O 3aBUCHMOCTH BEJHYHH n
M A OT Temmeparypbl HET HHKAKHX OCHOBaHHH. CKOPOCTL Ke TEMJI0BOro
ABHXKEHHS TPOIOPUHOHAIbHA KOPHIO 13 T. 3TOT BbIBOJ TEOPHU HPOTH-
BOPEUYUT OMBITHLIM JAdHHBIM, COIVIACHO KOTOPbLIM 3JIEKTPHYECKOE COIIpO-
TUBJIEHHE METAJJIOB PACTET IIPOHOPIHOHANBHO NepBoi crenedu T, T. €.
Geictpee, ueM V' T (cm. dopmyay (34.5)).

Bropoe 3aTpyAHEHHE KJACCHUYECKOH TEOPDHH 3aKJIOYaercst B TOM,
YTO 3/EKTPOHHBIA ra3 JoJKeH 006JajaTh MOJSPHOH TEMI0eMKOCThIO,
pasuoii */,R. JloGaBuB 3Ty BeJAHYWHY K TEIVIGEMKOCTH pelUeTKH, CO-
crasasioweil 3R (cm. dopmyay (114.1) 1-ro Toma), noayuum a1a Moasp-
HOH TEeNnJOeMKOCTH MeTassta 3naueHue ?/,R. Takum o6pa3soM, COIVIacHO
KJACCHYECKOR 3JEKTPOHHOH TEOPHH MOJApHAA TENJOEMKOCTb META//IOB
JOJMKHA ObITh B 1,5 pasa Gogblue, yeM y JUJICKTPHKOB. B nedcTBHTEND-
HOCTH K€ TEMJOEMKOCTbh METAJJI0B He OTJHYAEeTCd 3aMETHO OT TelJoeM-
KOCTH HemeTaJinyeckux KpucrananoB. OGbscHeHHE TAKOro HECOOTBET-
CTBHA CMOIJIA JATh JIIIb KBAHTOBAA TEOpPHS MeTalToB.

§ 79. dpdext Xoana

Ecau MeTanuecKyio IJIacTHHKY, BAOJAb KOTOPOil TEYET MOCTOAHHbIR
3/1eKTPUUECKHH TOK, MOMECTHTh B MEPNEHAHKYJ/AAPHOe K HeH MarHHTHOE
noJie, TO MExKJY rpaHsaMH, NapaiieJbHbIMH HANPABJEHHAM TOKA H T0J4,
BO3HHK4eT pa3HocTb mnoreHuuansoB Uyx=¢, — @, (puc. 79.1). 3ro
ABJaenue 6bl10 06HapyxeHo XodaaoMm B 1879 r. v HasbiBaerca 3 @ ¢ e K-
TOM X0JJa WIH raJbBaHOMATHHUTHL M ABJEHHEM.

XOJJIOBCKasi Pa3HOCTb [OTEHUHAJIOB OIPEALJACTCS BbipaxKeHneuM

Uy = RbjB. (79.1)

3aech b — IIMPHHA MACTUHKH, j — MJOTHOCTL TOKa, B — marudTHag
HHAYKIHS 1oasi, R — ko3(puUuHeHT NponopuHOHaJIbHOCTH, MOJY4iB-
K Ha3BaHMe NocTOosSTHHOU XouJauaa.

Sddext Xodaa oueHb NMPOCTO OOBACHAETCA IEKTPOHHOH TeopHed.
B oTrcyTcTBME MAarHHTHOrO NOJS TOK B NJIACTHHKE OOYyCJOBJHBAeTCH
anekTpuueckuM nonem E, (puc. 79.2). 3xBunoreHuua/bHbIE TOBEPX-
HOCTH 3TOr0 NoJis 06pa3yioT CUCTeMY NepneHAUKYJAAPHHX K BeKTopy E,
mockoctefi. JIBe u3 HHX H300paKeHb! Hd PUCYHKE CIVIGUTHBIMH TP SIMBIMH
JuHuAMH. [loreHnuan BO' BceX TOYKAX KaXAOH TMOBEPXHOCTH, & CJEN0-
BaTeJIbHO, H B TOUKaXx ! u 2 onuHakoB. Hocutesu Toxa — 3/1€KTPOHBL —
HMEIOT OTPHLATEIbHBIA 3apsl, NMOSTOMY CKOPOCTh MX YNOPAAOYEHHOTrO
ABUKEHHS U HalpaBJieHa [POTHBOIMOJOXKHO BEKTOPY IVIOTHOCTH TOKa j.
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[Ipn BKAWOUEHHH MArHHTHOTO NOJIAl KaXJAHI HOCHTENb OKa3blBaeTCA
ncj nedcTByeM MarHHTHOH cuael F, HanpaBjeHHOH BAOJMb CTOPOHH b
NMJAJACTHHEKR N P2BHCH 110 MOAYJIO

F=euB. (79.9)

B peavabtate y 3J€KTpOHOB TNOSIBNAETCS COCTABJSMIONIAS CKOPOCTH,
HaTpaBJeHHAY K BEPXHEH (HA PHCYHKE) TpaHH INJACTHHKH. ¥ sTOl
rrann o6pasyercs M36bITOK OTPHUATEJLHHX, COOTBETCTBEHHO Y HHMKHER
rpaid — H30LITOK NOJOXHTENLHLIX 3apsjoB. (CneaoBaTesNbHO, BO3HH-
K4aeT JOMNOJHHTENbHOE TIonepeyHoe 3neKkTpuueckoe none Eg. Korpa
HaNPAXKEHHOCTb STOTO TI0AA JAOCTHIa€T TAKOr0 3HAYEHHS, YTO €ro Jeil-
CTBHE Ha 3apsibl OyJeT ypaBHOBEWHBaTb cHAy (79.2), yCTaHOBHTCSA
CTaUlHOHApHOE pacnpefiefienHe 3apsioB B NOMEPEUHOM HANPABJEHHH.
CooTeercTBYIOLIEE 3HaueHHe Ly onpenensierca ycaoeuem: eEgz=eubB.
Orciona

Eys=uB.

lNone Ep ckaamwBaerca ¢ nonem E, B peayabtupyiomee none E.
SKBHNOTEHIHA/IbHEIE TIOBEPXHOCTH TNEPHeHANKYASPHH K BEKTOPY Ha-
PsKEHHOCTH mona. CneaoBareqbHO, OHH NMOBEPHYTCS H 3alMYT NOJO-
:kenne, n3obpakennoe Ha puc. 79.2 nynktHpoM. Touku / u 2, KoTopbie

B
: v A
, Pf . F' j., ) ‘\‘\ \“ _EI.......... E
u oR % E,
b eB '-_*J ‘ ‘\ \‘
\ \
- o \\ \\
% : * + + + + 2+ + + + +

Puc. 79.1. Puc. 79.2.

Nnpexac JdexaJsai Ha O.U.HOI‘& 11 TCIl e 3KBHIOTEHLHAJNLHON NOBEPXHGCTH,
TeNepb JIMEIOT pasHble notenliianiul. YTobwl HaliTH HanpsKeHHe, BO3-
HHKacuee Mex1Y 3THMH TCYKAaMH, HYXKHO YMRBOXHTb paccTosnHe
MEADY 1HIMI D HAa HanpmKeHHOCTh Eg:

Uy=0bEg="5buB.

BLipasnm u uepes j, # 1 ¢ B COOTBETCTBHH € (opMYJAoH j=neu. B pe-
3YAbTaTe InNCJIAYUYHM

= bjB. (79.3)

ne

Iocnennce BHpawenne coBnagaer ¢ (79.1), ecail NONOHHTH
1
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M3 (79.4) cnenyer, 4T0, H3MEPUB MOCTOAHHYIO X074, MOKHO HAUTH
KOHUEHTPALMIO HOCHTENeH TOKa B AAHHOM METa/AZ (T. €. 4UC/IO HOCH-
Teseit B elUHUUEe oObeMa).

BaxHO# XapakTepHCTHKOH BELUECTBA SIBASETCA MOABHAKHOCTb B HEM
HocuTeseit Toka. [[oJABHKHOCTLIO HOCHTe/EeH TOKa HAa3blBAETCS CPeNHSIf
CKOPOCTb, MpHOGpeTaeMast HOCHTEMSIMH MPH HAMPAMKEHHOCTH 3MEKTPH-
4ecKoro noJsi, pasuoit eauuuie. Ecau B nome HanpsikeHHOCTH £ HOcH-
TeJAH [PHOGPETAOT CKOPOCTh 4, TO MOJABHKHOCTb HX W, DaBHa

o= (79.5)
[ToABHKHOCTE MOMHO CBfi3aTh C NPOBOJHMOCTBIO O H KOHLEHTpaLHeH
vocuteaeit a. JAs 3TOro pasfesiiM COOTHOLIEHHE j=hnew HA Haups-
weHHocTh noJst E. TlpuHsiB Bo BHUMAaHHe, 4TO OTHoleHue j K E jaer o,
a oTHOLIEHHE ¢ K E — NOIBHXKHOCTB, NONYYHM

o=net,. (79.6)

MamepuB nocTofinHyw Xoajga R M NPOBOAHMOCTb O, MOXKHO IO
dopmynam (79.4) u (79.6) HaliTH KOHUEHTPALHIO H MOXBHKHOCTb HOCH-
Tenedl TOKa B COOTBETCTBYHOLUleM 00pas3le.

Addext Xonna HabMoAaeTCS HE TOJNbKO B METajsax, HO U B MOJY-
NPOBOAHUKAX, MPHYEM N0 3HAKY 3QheKTa MOXKHO CYJAHTb O MPHHAMLIEK-
HOCTH MOJIYIPOBOJHHKA K - UaU p-tany '). Ha puc. 79.3 conocrasick

+ +* + + + - — ~ - Lo

r(gJ g Lg-' 1,

of . Bo

Puc. 79.3.

sdbext Xomma aas o6pasuoB ¢ MOMOXKHTENABHBIMH H OTPUHATE/bHLIMH
nocutensamd. HanpasineHue MarHUTHOA CHJIbI H3MEHSETCS HAa NPOTHUBO-
NOJIOXHOE KaK MpH H3MEeHeHWH HAaNpaBJeHUS ABHKEHHA 3apsaja, Tak
U (pH U3MEHEHHH ero 3Haka. CiiefoBaTe/IbHO, 1IPH ONHHAKOBOM HAMNpPaB-
JeHUH TOKAa M 00/ MarHMTHasi CHJa, JefiCTBYIOINAA HAa NOJOKHTEIND-
Hble M OTPHUATENbHBIE HOCHTENH, HMEET OJHMHAKOBOE HallpaBJeHHe.
[TosTomMy B cJydae NOJOXKHMTEIbHRX HOCHTeNIeH NOTeHuHasa BepXHel (Ha
pucCyHKe) rpaHH Bblllle, 4YeM HHXKHefl, a B cjlyuae OTPHUATE/bHBIX HO-
cuteneii — Huxe. TakuM o6GpasoM, onpefiejHB 3HAK XOJIJIOBCKOH pas-
HOCTH [OTEHI(HAJAO0B, MOMKHO YCTAHOBHTh 3HAK HOCHTE/EH TOKa.

JIo6ONBITHO, YTO Y HEKOTOPLIX MeTa/10B 3HAK Uy cooTBETCTBYET
NOJIOXKHTEJAbHHMM HOCHTENIAM TOKa. OObsCHEHHE 3TOIl aHOMAJUHU AaeT
KBAaHTOBas TEOpHA.

1) B nonynporoAHHKaR n-TRAMZ 3HAK HOCHTe/ed TOKAa OTpHUATeNeH, a B [IOAYIPO-
BOLHUKAX p-THHA —— NONOXKUTETEeH (cM. T. J).



FTJABA XII
ANEKTPHUECKHUI TOK B IA3AX

§ 80. HecamocrofiTebHas M CaMOCTOATEALHAR NPOROAHMCGCTH

[IpoxcikneHue 3JeKTPLUECKOTO TOKA Yepe3 rasbl HAzbiBaeTcsi I a-
30BbLM Das P s 00 M ["asw B HOPpMAJbHOM COCTOSIHHH SABJSIIOTCA
H30I1TOPAMH, HOCHTE/IN TOKA B HHX OTCYTCTBYIOT. JIHHIb TPH CO3JaHHH
0COCbIX YCJOBHE B ra3aXx MOTYT NOSIBUTbCSI HOCHTEIM TOKa (HOHBI,
3J€KTPOHBI) B BO3HHKAET 3JeKTPHYECKHIT paspsij.

Hocurenn Toka B rasax MOryT BO3HHKATh B PeayJbTaTe BHEIUHHX
BO3LEHCTBHHA, He CBA3ANHBIX C HAJTHYHMEM 3JIEKTPHUYECKOro noas. B atom
CJaydde FOBOPSAT O HECAMOCTOSATEeJbHOH APOBOJAHMO-
¢ TH rasa. HecamocrostenbHblii pa3psij moxeT GbiTh Bhi3BaH Harpe-
BaHHEM Trasa (TepMHYecKas MOHM3alKd), BO3AEHCTBHEM YJbTpadHoae-
TOBbIX WJIH DEHTTeHOBCKHX Jiyyeif, a TaKk)Xe BO3AEHCTBHEM H3JyuyeHUs
PaJHOaKTHBHBIX BELIECTB.

Ecan HocuTeNn TOKa BOSHHKAIOT B Pe3yJibTaTeé NpoLECCcoB, 06YCJa0B-
JIEHHBIX CO3J1aHHBIM B rase 3JEKTPHYECKHUM NOJIeM, HPOBOAKMOCThL Ha-
3bIBAETCH CaMOCTOATEaAb HOIH.

XapaxkTep ra3oBoro paspsjia 3aBHCHT OT MHOIMX (aKTOpPOB: OT XH-
MUYECKOH [HPUPOABI Tra3a M 3JeKTPOAOB, OT TEMNEPATypnbl M JABJIEHHS
rasa, or (Op™MBl, pasyMepoB H B3aUMHOIO PACHOJOXKEHHS AJEKTPOJIOB,
GOT HanpsikKeHNf, APHIAOKEHHOTO K 3JEeKTpolaM, OT MJOTHOCTH H MOLl-
ROCTH TOKa W T. . [losTOMy ra3oBbifl paspsin MOKET NPHHAMATbL BecbMa
pa3HooGpazvnbie GopMbl. HekoTophle BHAbI pa3psijia CONPOBOXKIAKTCS
CBEYEHHEM M 3BYKOBLIMH 3(eKTaMH — LUMIEHHEM, LIOPOXAMK HJH
TPECKOM.

§ 81. Hecamocrosteanhniii rasosmii paspsy

IlycTs ras, maxonsuumfics mexay anexkTpopamy (puc. 81.1), non-
BEPraeTCsi HENPEPLIBHOMY NOCTOSIHHOMY O HHTEHCHBHOCTH BO3JeHCTBHIO
KaKkoro-Jin6o HOHH3HPYIOLIETO areHTa (HanpHuMep, PEeHTFeHOBCKHX Jy -
veit). JleHcTBrHe NOHM3aTOpa NPHBOAHT K TOMY, 4YTO OT HEKOTOPhIX
MOJICKYJI Ta3a OTIUCILIAETCA OAHH HJH HECKOJBKO 3JIEKTPOHOB, B pe-
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3y/bTATE Yero 3TH MOJEKYJbl NPEBPAlIAIOTCA B NOJOKHUTEJNbHO 3aps-
endole HoHbl. [IpH He oueHb HH3KHX JNaBJIEHHAX OTLIENHBLINECH
3JEKTPOHBl OGLIYHO 3aXBATBHIBAIOTCS HEHTPAJNIBHBIMH MOJIEKYJIaMH, KO-
TOPBIE TAKHM 06Pa30M CTAHOBATCH OTPHUATENbHO 3aPAKEHHBIMH HOHAMH.
Yucmo map HOHOB, BO3HHKAWOIMX MOA AEACTBHEM HOHM3aTOpa 3a ce-
KYHAY B efuHHIE 00Bema, of6o3na4yuM uepe3 An;.

Hapsay ¢ npoueccoM HOHH3ANUHH B rase MPOHCXOAMT P € K0 M 6 u-
Halu$§ MOHOB, T. €. HeHUTpaJu3alHsd Pa3sHOMMEHHLIX HOHOB TIPH HX
BCTpeYe WM BOCCOSAMHEHHE TOJIOXKHTEbHOIO HOHa H 3JeKTPOHA B He#-
TPAJBLHYIO MOJIEKYJY. BepoATHOCT: BCTPedH ABYX HOHOB PAasHBIX 3HA-
KOB MpOMOPLHOHAAbHA KAaK YHCJY TOJOXKHTEJIbHBIX, TaK H HHCIY
OTPUUATE/BHBIX HOHOB. IT03TOMY KO/MHYECTBO PEKOMOUHHPYIOUWHX 33
ceKyHJy B eHHHUEe 0GbeMa Nap HOHOB An, TIPONOPIHO-

HaJIbHO KBaJpaTy 4YHC/a HMEIOIHXCS B eIHHHIE 00b-
€Ma nap HOHOB .

An,=rn? (81.1) I l [
(r — K03(hGHUKMEHT NPONOPLHOHAILHOCTH). o=
B cocrosiHuM paBHOBECHS YMCJIO BO3HHKAIOIIUX HO- + =
HOB PABHO YHCJY PEKOMOHHHPYIOUHX, CJe10BaTeAbHO, -0
An;=rn?. (81.2)
Orciofa 11 PaBHOBECHO! KOHUEHTPaluH HOHOB (YHC- b4

Jla nap MOHOB B eluHHue o0heMa) moJydaerTcst CJe-
JAyIOllee BbIPAXKEHHE!

= ]/_A_}n_; (81.3) Puc. 81.1.

ITon meficTBUEM KOCMHMYECKOTo M3JydeHUs H CJI€JOB pajHOaKTHBHBIX
BellECTB, MMEIOLMXCH B 3eMHOH Kope, B 1 cm® atmocdepHOro Bosayxa
BO3HUKAET B CPEJHEM HECKOJILKO [1ap HOHOB B CeKYHAY. Koapduuuent r
1151 Bo3ayXa pasen 1,6-107° cv®/c. ToAcTaHOBKA 3THX 4HCe B GopMyJTy
(81.3) naer ans PaBHOBECHOH KOHUEHTPALMH HOHOB B BO3AYXE 3HAYECHHE
nopsiaka 103 cm~3. 3ra KOHUEHTPaUus HENOCTaTOYHA Vi TOro, YTOORL
06YCJAOBHTb 3aMETHYIO IPOBOAUMOCTb. HHCTBI CyXOH BO3AYX fABJSAETCH
OYEHb XOPOIIHM H30JIATOPOM.

Ecju mojaTh HalpsKeHHe Ha 3JIEKTPOJbl, TO YOblIb HOHOB OyIer
MPOUCXOAHTH HE TOJbKO BCJAEACTBHE PEKOMOMHALMH, HO M 32 CHET QTCa-
CHIBAHHSI HOHOB TOJEM K 3JekTpoaam. Ilycrs U3 eavHMIbl o6beMa OT-
CachIBAeTCs eXeceKYHAHo An; nap uoHOB. Ecin 3apsj Kaxuaoro HoHa ¢,
TO HefiTpa/in3auys HA 7EKTPOJaX OAHOH NMaphl HOHOB COMNPOBOMAAETCA
nepesocoM Mo uenu 3apsjga e’. Kaxayio cexyHAY 3/€KTPOJOB JOCTH-
raetr An;S! nap uonoB (S — mIoafb 3MEKTPOJIOB, [ — paccTofHUE
MeXy HuMH; npousBepenHe S/ paBHO 00beMY MEX3JIEKTPOJHOTO NPO-
cTpauncrea). CnefioBareNbHo, CHJIa TOKa B LENH paBHa

I[=¢'An;SL.
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Orcrona

|~

R — (81.4)

el e'l?
rlie | — NJOTHOCTh TOKA.

[lpn Bannunn T0Ka YCJICBHE [ABHCBECHS BRIMIAANT CHEAYICUINM
oCpalom.

An;=An,+An;.

IoncraBup ciopa Buipaxkenns (81.1) u (81.4) ana An, n Any, npuaem
K COOTHOLUEHHIO

Any=rnt 4L (81.5)

[lncTHOCTL TOKa cnpefesifeTcs BRIpaKEeHHeM
| j=e'n(ui +u;) E, (81.6)

The Uy ¥ U5 — NOABHIKHOCTH NOJOMXUTEJILHEIX H OTPHILATEbHRIX HOHOB
(cM. qopmyay (79.5)).

PaccmoTpuM aBa npegenbHBIX caydas — cayyad chaa6bix m cayuai
CHJIBHBIX NOJEH.

B cayvae cnafux noseil nJOTHOCTH TOKa Oyaer OYeHb Mala, W cJa-
raevbiM j/e'l B cooTHomennH (81.5) MOXKHO npeHeGpeys N0 CPaBHEHMKO
¢ rn? (3T0 03HayaeT, YTO YOblJb HOHOB U3 MEXX3JIEKTPOAHOTO NPOCTRaH-
CTE2 DPOHCXOJHMT B OCHOBHOM 3a cdeT pekomGuHauuu). Torma (81.5)
nepexofdT B (81.2), n Ans paBHOBECHOH KOHUEHTP2UMH HOHCE noay-
qaetcs Bupamxenue (81.3). IloacranoBka storo snauenns 1 B gopryay

(&1.€) naer
i—e Y M +u)E. (8L.7)

Munoxiutenps npH E B noayuerHHo ¢GopMyJie HE 3aBHCHT OT HanpsixeH-
HOCTH noas. C1epoBatenblio, B caydae caaBhixX noJeil HeCaMOCTCATE b=
HLill ra3oBHfl pas3psil nojunHAercd 3aKoHy Owma.

INoaB1>K110CTH HOHOB B ra3ax HMeeT 3Hauenne ~ 1074 (m-c~ 1)/ (B-m~1)
(1(cm-c™1)/(B-em™?)). Cneaoratenblo, NpH PABHOBECHCH KOHHEHTpa-
iy n=10* cM™3*=10° m~* u RanpsxkenHoctn noas E=1 B/m naor- .
HCCTb TCKa COCTaBHT -

j=1,6-10"%2.10% (10=4 4 1074)- 1 ~ 1014 A/n3 = 10-1% A jom?

{(cM. ¢dopmyay (81.6); HOHE npeanosaraloTCs OJHO3apAAHBIMK).

B caygae cuabHBIX noseit caaraembiM rn? B dopmyae (81.5) Momuo
npenefpeyb 1O CpPaBHEHHIO C j/e’l. D10 c3HAYaeT, YTO NPAKTHUECKH BCe
BO3HHKAWOWHE HCHBI JOCTHTAICT 2M€KTPCACE, HE YCIEB PeKOMGiHHPO-
BaTh. Ilpn 310M ycs0BHM coorHoluenne (81.5) umeerT BHA

An;=jle'l.
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Orcioaa
j=e'Anl. (81.8)

3Ta MMIOTHOCTh TOKA CO3/ALTCA BCEMH HOHAMHM, MOPOXAAEMbIMH HOHH3A-
TOPOM B 34KJ/OYEHHOM MEXIY ZJIEKTPOLaMH CTojle rasa ¢ eIHHHYHBIM
nonepeuHbiM ceueHueMm. CnefoBaTeNbHO, 3TA MJIOTHOCTh TOKA ABJAETCA
HauboAblUEeH npY HAHHOH MHTCHCHBHOCTH HOHH3aTopa U 3afaHHOM
pacctostauy [ Mexay 31eKTpojaMH. Ee Ha3blBalOT MJIOTHOCTBIO TOKA
HACBILICHUA 0.

LIUHCAHM  [,c NPH caeaywiux ycaoeusx: An;=10 cm~3%~'=
=107 m~%~! (OpUM2DHO TaKOBa CKOPOCTb 00pa30oBaHHSI HOHOB B
atvocdepHOM BO3y Xe npu o6biuHeIX yenoBuax), [=0,1 m. [Toacranosxa
3THX AaHHBIX B dopmyuny (81.8) maer

fuse=1,6-10719.107. 1074 ~ 10=19 A/m = 10-17 A/cwm?,

DTOT pacuerT MOKA3BIBAeT, YTO TMPOBOAMMOCTb BO3AYXa B OOBIYHBIX
yCNOBHAX HUYTOWHO Mana. |

[pu _MPOMEXKYTOUHBIX 3HAYEHHAX E npoucxoauT niapHbl mepexon,
OT NMHEHHOH 3aBHUCHMOCTH j OT E K HachimeHH:o, 10 AOCTHKEHHH KOTO-
poro j nepecraer 3asucets oT £ (cMm. )
cr/jowHyw Kpusyw Ha puc. 81.2). 3a J i T
00/aCTbi0 HACHILEHXA JSKHT 00J4CTh !
pPe3KOro BO3pPAacTaHUA ToKa (CM. MOKa-
3aHHLIH [UTPUXOBOH (THHHEH YYaCTOK Sz
KpHBOIi). 310 Bo3pacTaHue ofnAcHAer- -
CAd TeM, 4YTO, HAUYHHAA C HEKOTOPOTO
3HaueHus £, MODOXIAEMbIE BHEIHHM
HOHH3ATOPOM 3/EKTPOHBL ') yCleBawT 33 3
BpemMd CBOJOAHOrO npofera npHoSpz- Puc. 81.2.
CTH 3HEpTHi0, ZOCTATOUHY MJIA TOro,
YyTOObl, CTONKHYBILUUCHL C MOJEKYJOH, BbI3BATH €& HOHY3amHwo. Bo3-
HHKIUHE 0PH HOHK3aUMU CBOGOAHHIE AMEKTPOHLI, pPa30THABIIHChL, B
CBOX OYepeiab BLI3BBAOT HOHH3AUHIO. TakuM o0pa3oM, MPOHCXOAHT
JaBHHOOOPA3HOE PA3ZMHOMKEHUHE NEPBUYHBIX HOHOB, CO3JaHHBIX BHELLHHM
HOHY32TOPOM, H YCHJIeHHEe pa3psaaHoro toka. OZHAKO npouece He yTpa-
yHBALT XapakTepa HECAaMOCTOATENbLHOrO pa3psja, Tak KaK Mocje [pe-
KPAlieHHs JAeHCTBUS BHEUIHEro HOHM3aTOopa paspal NpoAomKaercs
TONMBKO A0 TeX NOpP, TMOKA BCe 3JeKTPOHBHI ([ePBHYHBIE U BTOPHUHBIL)
He NOCTHrHYT aHoja (3agHAf TpaHHIA TPOCTPAHCTBA, B KOTOPOM HMe-
I0TCH HOHU3HPYIOLLHEe YaCTHUBlI — 3JeKTPOHBI, NepeMeInaeTcs K aHomLy).
Hans toro 4ro6sl paspaj CTaj caMOCTOATENbHBIM, HEOGXOAHMO HAJIHYHE
JBYX BCTPEYHBIX JIABHH HOHOB, YTO BO3MOXKHO TOJBKO B TOM CJy4ae,
ec/ld HOHU3ALHIO YAAPOM COCOOHB! BbI3bIBATH HOCHTEH O0OHX 3HAKOB.

!
4
R4

1) Benenerane Gotbiueit AAHHB CBOGORHONO NPOGEra 3/eKTPOHE paHbUIe IPH OG-
peTajoT CMOCOOHOCTL BHI3HIBATH HOHH3AUMIO YAAPOM, 4eM ra3oBhle HOHAL.
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BecbMa BaXKHO, YTO HECAMOCTOSITEJIbHBIE Pa3pPSAHbIE TOKH, YCHJEH-
Hble 34 CYET PA3MHOKEHHSI HOCHTEJEH, NPONOPUHOHANbHBI YHCJAY nep-
BHYUHBIX HOHOB, CO322Ba€MbIX BHEIUHHM HOHH3aTOPOM. ITO CBOHACTBO
pa3psAa MCHOJB3YeTCsl B NIPONOPUHOHANbHEIX CYETUHKAX (CM. caepylo-

it naparpad).

§ 82. HoHu3auuoHHBIE KaMePbl H CYETUHKH

HonusannoHnble KaMepbl H CHeTUHKH NPHMEHSIOTCS AJsi o6HapyxKe-
HHUS ¥ CHeTa WIeMeHTAPHBIX YaCTHL, a TaKXKe A/ U3MePeHus] HHTEeHCHB-
ROCTH PEHTI€HOBCKOro H ramma-uajayyenusi. [eiictsue aTHX npuGOpOB
OCHOBAaHO HAa HCNOJL30BAHHH HECaMOCTOSITENIbHOTO ra3cBOro paspsija.

TpuHiMNKRaNLEbIE CXeMbl HOHH3AHOHHOH KaMepbl U CYETYHKA OJH-
HaxoBu! (puc. 82.1). OTIHYATCA OHH TOJBKO PEXKHMOM PaGoThl H KOH-
CTPYKTHBHBIMH ocobenHocTAMH. Cuetyuk (puc. 82.1,6) COCTOHT H3
HAMHIPHYECKOTO KOPNyca, NO OCH KOTOPOIO HATSIHYTa YKpeEIJIeHHas
Ha H30J5TOPaX TOHKas HuTh (aHon). KaToaoM c1yxuT KOpyc cY4eTHHKA.
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Puc. 82.1.

JIng BnycKa HOHH3HPYIOLLMX YaCTHIL B TOPLE CYCTUHKA JAEN2eTCST OKOILKO
M3 CMIOABI UJIH U3 aMIOMBHHEBOH GoabrH. Hekoropble uacTnipl, a Takxe
PEHTIE€HOBCKOE H TraMMa-H3JyuyeHHe NPOHHKAKT B CYETUHK HJH HOHU-
331JIOHHYI0 KaMepy HENOCPeACTBEHHO 4epe3 MX CTeHKH. Monusanuou-
Hasl Kamepa (puc. 82.1,a) MOXeT HMeTb 3JeKTPOIBI Pa3HOK (OPMEL.
B uwacThocTH, OHHM MOryT OBITb TaKUMH Y€, KaK Y CUETYHKa, JHEO
MMeTb (OpMY NJIOCKHX NapajsieNbHbIX NJAcTHH H T. L.

JonycTyM, YTO B NIPOCTPAHCTBO MEXKAY JIEKTPOAAMH BJETaeT GLICT-
pas 3apsKeHHas YyacTHUa, KOTopaa co3naeT N, nap NepBHYHLIX MOHOB
(3N1EKTPONOB i NOJIOZKHTENBHBIX HOHOB). BO3HHKIE HONBI YB/IEKAIOTCS
DOJICM K 3JIeKTPOJaM, BCJIEACTBHE YEro 4epe3 CONPOTHRAEHHE R npo-
XOJIUT HEKOTOPHIH 3apsifi g, KOTOPbIH MBI GYLEM HA3LIBATbH HMNYJIbCOM
ToKa. Ha puc. 82.2 npupenena 3aBHCHMOCTb HMNYJABCA TOKA ¢ OT Ha-
npsikeHns U MeXAy 2JeKTpoaaMH [t ABYX PAa3NHUHBIX KOJHYECTB
nepBUYHbBIX HOHOB N,, oTnuyaromwuxesd B Tpu pa3a (Ng.=-3N,.). Ha
rpagHKe MOXHO BbIJIEAHTL JuecTb obgacred. Ob6mactn [ u /1 6uau
paccMoTpelnbl B npeabiayinem naparpade. B uacrtaocrH, ofaacte /1
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ectb 06N acTh TOKA HacCH Ul € HU S — BCE CC3NAHHBIE 1OHH-
3UpYIOWeH YacTHiel HOHBl JOCTHFAIOT JEKTPOLOB, He YCIEB PeroMbii-
HHPOBaThb. ECTECTBEHHO, YTO NPH 3TOM YCJAOBHH MMAYJbLC TOKa HE 3a-
BHCHT OT HalIpAXEHHH.

Hauunaa co 3nauenus U, HanpsKeHHOCTb [0AA OKA3bIBACTCA G-
CTATOUHON NS TOrQ, YTOOL! 2JEKTPOHBI MOTVIH HOHH3HPOBATH MOJCKY.IH
yaapom. [lo3ToMy  KOJMHYECTBO 3JEKTPOHOB M MOJOKHTEJNbHBIX HGHOB
NaBHHOOO6Pa3HO pacTeT. B peay/anTaTe Ha Kamibl H3 3JEKTPGAOB NO-
nagaer AN, unonos. BeanuuHa A Ha3biBaercss X 03 Q¢ H O 1€ H-
TOM ra3oBOTr0 YCHIJE-

Hu si. B obnactu /11 stor Ko- 71
>hpUIHEHT He 3aBHCHT OT KO-
JIMYeCcTBa NePBHYUHBIX HOHOB (HO
3aBHCHT OT HanpsixkeHud). Illo-
5TOMY, €CJM TMOoJJepXKHBAThL HA-
npsYKeHUe NOCTOAHHbIM,  HM-
MyJbC TOKA OYJeT HpPOIOPIHO-
HaJleH KOJUYECTBY HEPBHUHLIX
nouos. O6nactb [/ HaswiBa-
erca of6aacThio mupo- .-
NMOPLHUOHANDBHOCTH, A 91
nanpsixkenne Up,—noporom
NPONOPUHOHANABHOH Puc. 82.2.

06 n acTtu. Kospduuuenr ra-

30BOTO YCHJEHHS H3MeHseTcs B 3Toil obnactu ot 1 B nauvane no 103104
B KoHle (puc. 82.2 BoinosnHen 6e3 coOmojeHusa wacwraba no ocH
¢; BbIAEPIKAHO JHIUb COOTHOWeEHHE 1 : 3 Mexay OpAWHATAMH KPHBLIX
B obaactax [ u Il]).

B o6anacty [V, HaswBaemol 06JacCTbl YacTHYHOMN
NPONOPIHOHAJDLHOCTH, KO3(PHUHEHT ra30BOro ycuienus A
BCe CHJbHEe 34dBHCHT OT NO, B CBfi3H C YEM PA3JIHYHE B HMITYJNbCAX TOK4,
MOPOKAEHHBIX Pa3J/lyHbLIM KOJHYECTBOM NEPBHYNbIX HOHOB, BCe QoJlblle
CTJI2>KHBAETCA.

[Ipn nanpskeHusix, COOTBETCTBYIOILHX o6sacTu V' (ee Ha3uBalOT
ofnacrtbhio lefirepa, aHanpaxene U, — 10 poOTOM3TOl
06J1aCTH), NpoLecc npHobpeTaer xapaxkTep CamMOCTOSITENbHOIO paspaia.
[lepBuytbie HOHLI JHIIb CO3JAIOT TONYOK JAJis €ro BO3HHKHOBEHIIA.
Mnyabe TOKa B 3TO 06JACTH COBEPLIEHHO He 3aBHCHT OT KOJAHYeCTBA
NE¢PBHYHLIX HOHOB.

B o6aactu VI vanpsikeHHe CTOJb BEJHKO, YTO Pa3psj, BO3HIKHYB,
He npekpaiderca, [lostomy ee HasbiBaloT 0 6JacTblio Henpe-
PBIBROTO paspsija.

HoHu3auuoHHbie Kamepbl. VOHU3AIMOHHOH KaMvepoli Ha3nBaercH
npubop, paboratouii 6e3 ra3oBoro YCHJIeHHA, T. €. NPH HANPAKEHHAX,
COOTBeTCTBYIOWHX obaactu [/[. CymecTByOT JBa THNA HOHH3ALNOHHbIX
Kamep. Kamepbl OJHOrO THIA NPUMEHAOTCA A PETHCTPAUHA HANYJIb-

b et o e S g v e e T S W A Ay —
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COB, MOPOMAAEMBIX OTAC/NbHBIMU YaCTHUAMH (HMMY/JIbCHBIE Kamep:ir).
Basresmaa B KaMepy 4acTuua CO3/aeT B Hell HEKOTOpoe KOJIHYeCTBO
HOHOB, B PR3YyJ/JAbTaTe YOro yeped CONPOTHRASHKE R HaYWHAEeT Teub TOK /.
U0 NPUBOAUT K TOMY, YTO noreHuHas Toukd I/ (cm. puc. 82.1,a) nosoi-
MasTCA M CTAHOBUTCA paBHbiM [R (MepBoHAYAMLHO MOTEHIHAJN 37T0H
TOYKY ObLT TAKOU e, KaK H 3a3eMJIEHHON TOYKH 2). ITOT MOTEHIHAN
MOCTVIIAET HA YCHJUTEMb U NOCJE YCHJICHUA NPUBOIHUT B AEHCTBHE CUeT-
ioe verpoicrso. [locae Toro Kak Bce MonaBlUHE HA BHYTPEHHHI 38K T-
PO 2apAibl NPOHAYT u2pe3 COPOTHBJICHHE K, TOK NPEKpPaTHTCA H IMO-
TeUlal TOYKH [ CHOBA CTAHET PaBHBIM HYMO. Xapakrep paboThl Ka-
MEpBL 33BUCHT OT AJAMTEIBHOCTH HMMAYJbCA TOKA, BLI3BAHHOIO OJHOH
HOME3UP YIOWEH YacTiuer.
Urtobl BLICHHTEL, OT UEro 3aBUCHT NPOLO/MKHTENbHOCTD HMIYJIhCA,
ACCMOTPUM LeMb, COCTOALLYIO U3 KoHAeHcaTtopa C ¥ COMPOTUBAEHHA R
(puc. 82.3). Ecau coobwHTL 00K/IaAKAM KOHIEH 4~
> TOpa Da3HOUMEHHBIE 3apAlbl +q, U —g,, Yepe3 Co-
NMPOTHUBAEHUE R noTedeT TOK, BCJASACTBHE YEro 5a-
A — psabl HA oOKAajgkax O6yayt y6uiBaTh. MrHosen-
¢ [}f uoe 3HaueHHe HANPSKEHUA, NDHAOKEHHOIO K

7 . comnporHsaenuio, paBHo U=¢/C. Cnenosarefb-
- HO, A CHJbl TOKA MOJY4aeTCst BhIpaKeHue

Puz. §2.3, =Y _4 321

R =RC (82.1)

3ameduM cuay ToKa uepes —dg/df, rie —dg — y6uL 3apana Ha of-
Knagxax 33 spems di. B pesyabrare nonaydurca puddepeHUKanbHoe
ypasHaHUR

9. _ 49 dq . __ 1
— 4 —pc W -————Rcdt. ' .
Coraacno (82.1) dy/g=d4!l/I. TTosToMy MOIKHO Ham:carthb
Pt
1/ T RC™

Hurerpuposakte 51000 ypaBHEHUA JaeT
1
In l=—--éect—{—ln I,

(epe3 Inf, oGo3uauyeHa noctosAHHas MHTerpupoBanus), Haxkonen,
NPONOTEHIMPOBAB NOJYYEHHOe BhIPAXKeHHE, NPHAEM K QopmyJe
t
[=1le R4, (82.2)
Jlerko cooGpasute, uto Iy npegctaBnfer coGofl HAYaNbHOS 3HaueHue
CHJIBL TOKA.
3 puipaxenus (82.2) cnepyer, uro 3a Bpems

T=RC (82.3)
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CMAa TOKAa yMeHbilaeTcsi B € pa3. B COOTBETCTBMH € 3THM BenHunHa
(82.3) HOCHT H23BaHWe NOCTOSSHHOH BpeMeHH [ENH. Uem
GoJblle 3Ta NOCTOAHHAadg, TeM MeAJennee CNajaer TOK B LeNH.

CxeMa HOHH3ALNOHHOH KaMepsl (¢cM. puc. 82.1, a) cxoaHa co cXemod,
naobpaxennol na puc. 82.3. Posb C Mrpaer Mex3sJeKTPOAHAs EMKOCT,
ncKa3aHHas Ha cxeMe KaMepbl TyHKTHPoM. C YBeTHUeHHEM CONPOTHE/Ie-
nia R BO3pAcTaeT HanpsDKEHHe MeXAy Toukamu I u 2 IpH NaHHOH chae
TOKA H, CJEN0OBATENbHO, OBJIEryaercsi PerMcTPallMf MMOYJLCOB. IT0
O€CTOATENLCTBO NOOYKIAET NPHMEHATh R KaK MOXHO GoJblued Besu-
yunbl. BMecTe ¢ TeMm g Toro, YToObhl KaMepa MorJja pasfieNbHO perlicTpH-
POBaTb MMNYJbCHl TOKA3, NOPOXKJAeMbie GHICTPO clefyIOUMH ApYr 33
LEPYFOM YacTHLAMY, NOCTOSIHHAs BPEMEHH JAOJ/KHA OhiTh HEBeJHKa.
[lc3ToMy npu BEIGOPE BENHUMHB R A/t MMITYJIBCHBIX KaMep NPpHXCANTCH
uaTH Ha Komnpomucc. OobiuHo Gepyt R nopsaaka 10° Om. Toraa npu
C ~ 10-11 @ nocrosinuas BpeMeHHu cocraeaser 1077 c.

JIpyruM THNOM HOHM3ALHOHHLIX Kavep sIBJAIOTCHA TaK HaskiBaeMble
WHTerpupyloumue kamepsl. B nux Gepyr R nopsaka 10% Om. Ilpu
C ~ 10-1* @ nocrosHHaa BpeMenu 6yner pasHa 10* c. B sTom cayyae
MMIYJLCHL TOKA, TNOPOXAAaeMble OTAENbHBIMH HOHM3HPYIOIHMH HaCTH-
1i@AMH, CJAHBAIOTCH, W N0 COMPOTHRJAEHHIO TEYeT MOCTOSHHUIH TOK, BeJH-
Y1HA KOTOPOr0O XapakTepH3ayeT CyMMapHuH 3apsiji HOHOB, BO3HHKAILIHX
B KaMmepe B eluHHIY BpeMend. TakuM o6pa3oM, HOHH3aIMOHHbBIE KaMePH
COOKX THMOB OTJIHMMAIOTCH JMLIb 3HaueHleM NOocTosHHON Bpemenu RC.

Mponopuyonannhbie cyeTyMkH. Mmnysabcel, BbI3BIBAEMBIE OTAENb-
EIMH YaCTHLAMH, MOTYT GLITb 3HaYNTeJNbHO YcuJehsl (ao 107107 pas),
€CIM HaNpsKeHHe MeXAY 3J1eKTpofiami nonagaer B obnacts //1 (cMm.
prc. 82.2). Ilpubop, paboraloliHii B TAKOM pexuMe, Ha3blBaeTca 1 p 0-
NOPUHOHAJABHBM CYeTY HKOM AHOZ cueTunka jenaercs
B BYLE HHTH AHAMETPOM B HECKOJBKO COTHIX MiaiHMerpa. Hanpsixen-
H0CTb MoJAsl B6JH3HW HUTH ocobGenHO Beauka. Ilpn aocratoyno GoJbINOM
HaTIPAXKEHHH MeXK1y 3JIEKTPOLAMH 3JIeKTPOHBI, BO3HHWKalohe BOJH3H
HHTH, NPHOOGPETAlOT NoJ ACHCTBHEM NOJIs 3HEPIHi0, ACCTATOUHYIO 15
Toro, yroGbl BLI3LIBATh HOHM3aLMI0 MOJieKyJ yrapom. B peayabtare
IPOHCXOANHT pa3sMHoyKeHHe HMOHOB. Pasmepnl oGbeMa, B npeienax xoTo-
POT0 NPONCXOART PasMHOXKEHHE, YBEJHUYHEBANOTCH ¢ POCTOM Hanpsxenns.
B CcoOTBETCTBHM ¢ 3THM VyBeaHuuBaercst H Ko3g@iiMeHT I'a30BOro
YCHJEHNA.

KosnngecTRO NEpEHUHNLIX HOHOB 3aBHCHT OT NPiPOAbL H 3HEPTHH
yacTHUB, Bhi3BaBiell uMmnyJabc. IlosToMy no BesuuHHE HMNYJBCOB
Ka BBIXOJE€ NPONOPUHOHAJLHOIO CYETYHKA MOXKHO PasjnyaTh YacTHUH
pPazHOR NMPHUPCHBI, a TaK3Ke NPOU3BOJHUTb COPTHPOBKY YaCTHIl OJHOH I
TOH 7K€ NPHPONB! 10 UX 3HEpPrHsM.

Cuetunku lelirepa — Mioanepa. Eme 6oabiuero ycuJaeHng UMNyJanca
(no 10%) MOXKIO JOCTMTHYTb, 34CTaBHB pabOTaTh CYETYMK B o6sacTH
I'eiirepa (oGaactb V na puc. 82.2). Cuyerunk, paCoraromiii B 3TOM pe-
MIEMe, HasbBaeTcl cuyeTyHKoM ledrepa—Mipoanepa
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(cokpauwenHo cg9eTyun kKoM Tedirepa). Paspag B obaactu
Feitrepa, 6ynyYH «3anyiied» HOHH3HPYIOUIEH YACTHLeEH, B AafdbHeleM
nepexojHT B caMoCToATeabHEIH. [To3TOMY BenHYHHa HMNyJbca He 3aBH-
CHT OT MepPBOHAYANbHOH HOHM3auMH. [{as1 Toro 4to6bl noayuare OT
OTJeNbHLIX YACTHIl pas3fiefibHble HUMIYJAbCbl, HEOOXOAMMO BO3HHKIIH
paspaj ObICTPO MpepBaTh (NOracUTh). DTO JOCTHraeTcs JHOO ¢ NOMOLIbIO
BHEUIHETO COMPOTHBJEHHA R (B HecaMoOracqau HXcs CueTyH-
Kax), au60 3a CyeT NpoueccoB, BOZHHKAIOUHX B CaMOM cueTuHKe. B 1o-
CJAelHEM CJlydae CUYETYHK HA3BLIBAGTCH CaMOTacC AUl H MC S.

l'awenne paspsifa ¢ NOMOULBIO BHEIUHErO CONPOTHBJGHHS OGYCJIOB-
JIUBACTCS TEM, UYTO NPHU TNPOTEKAHHH IO CONPOTHBJIEHUIO Pa3pPILHOro
TOKa Ha HeM RO3IiMKaeT GoJblloe najeHHe Hanpshkenus. [lostomy na
MEX3/IeKTPORHBIH MPOMENKYTOK IPHXOAHMTCA TOJNBKO YacTb NPHJIONKEH-
HOrO HANpsI2KeHHH, KOTOPAasi OKAa3bIBAGTCH HEMOCTATOYHOH mAs Moj-
NepXKaHUuA paspand.

[Ipekpamenne paspsaa B camoracsiluxcsl CYETYHKAX BBI3HIBACTCS
CJEYIOWHMHA NIPHYHHAMA. DNeKTPoHb 06/1afaoT npumepso B 1000 pas
GoJbIlIell NOJBHXKHOCTBI, YeM MOJOMKHUTEIbHBE HOHLL. [Tostomy 3a TO
BpeMsi, 3a KOTOpPOE€ 3JIEKTPOHLI JOCTUTAIOT HMUTH, TMOJOMKHTeJbHbLe
HOHbBI NOYTH He CABUTAIOTCS CO CBOUX MECT. 3TH HOHBI CO3JAIOT MOJOXKH-
TENbHBI! NPOCTPAHCTBEHHDIH 3aPAA, OCAAGAIOUIMA 110Je BOJH3H HHUTH,
W paspaj npekpamaerca. [amendio paspsia B 3ToM clyyae npenst-
CTBYIOT JONOJHHTE/NbHBIE [TPOLECCHI, KOTOPLIX Mbl He GYAEM paccMaTpH-
BaTb. [lJISl HX MONABNEHHA K rasy, SalOJHSIOULEMY CYUETYHK (06BIYHO
aprony), AoOaBasieTcsl NPUMECh MHOTOATOMHOI'O OPTraHHYECKOro rasa
(Hanpumep, napoB cnupra). Takoi#i cyeryuk pasjessier HMIYJLCEl OT
HacTul, CAEAYIOLIHX /Pyl 3a APYTOM ¢ HHTepBanamu nopsaxka 10—4 c.

§ 83. Mpoueccol, npusoasiuMe K NOSABACHHIO HOCHTEedell TOKA
IpH CAMOCTOSITEILHOM pa3psiae

[Ipesne uem NPUCTYNNITE K OMHCAHHIO PA3JHYHBIX BHIOB CAMOCTOS -
TEJIbHOrO ra3’oBOTO paspsiia, PAcCMOTPUM OCHOBHbIE MPOLECCH, NpH-
BOJSILUHE K BO3HHKHOBEHHIO HOCHTeJNeldl TOKa (3JEKTPOHOB H HOHOB)
NpH NOAOOHBEIX pa3psjax.

CTONIKHOBEHHS 3/IEKTPOHOB ¢ MOJeKyaaMu. CTOJKHOBEHHS 3J€KTPO-
HOB (2 TAKK€ HOHOB) C MOJIEKY/1aMH MOTYT HMETb YIIPYTHil M HEyNpyrHil
XapaKTep. JHEPTUs MOJIEKYJbl (TaK XKe KdK W aToMa) KBAHTYyeTCH.
3TO O3HAYAET, UTO OHA MOXKET NPHHHUMATL JWIIL JHCKPETHHE (T. e.
pa3jesieHHble KOHEYHBLIMH IIPOMEXYTKaMH) 3HaYeHMs], HaskIBaeMble
ypoBHAMH 3HepriH. COCTOSHME ¢ HaHMeHbIUeH sHepryeil HaskBaeTcs
OCHOBHB M. [I19 TOro yroGHl TMepeBecTH MOJeKyay H3 OCHOBHOTO
B pas/HuHble BO30YXKJEHHBIE COCTOSTHHSA, TPeGYIOTCH OnpefeseHHbe
sHayenusi aueprun Wi, We n 1. A. CoolIHB MoJeKyJie ROCTATOYHO
Godabinyro sHeprvio W;, MOXHO BBI3BATb €8 HOHH3ALHIO.
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Tepeiins B Bo3Gy¥/IEHHOE COCTOAHHE, MOJEKyNa 00bIYHO npebLBaeT
B HeM Bcero JHub ~ 1078 ¢, nocjae 4yero nepexoilT B OCHOBHOE COCTOHA-
HHe, H3Jy4duB H3CBITOK SHEpruH B BHJE KBAHTa CBeTa — doToHa.
B HexoTOpbIX BO30YXJAEHHBIX COCTOAHHSIX, HA3bB4EMbIX M €TACT a-
61 JbHB MH, MOJEKYJbl MOTYT HaXOAMTLCH 3HAYHTENILHO AOJbLILE
(npumepHo 1073 ¢).

[Tpu coynapeHn YacTHI ROIKHBL BHINOIHATLCS 3aKOHE! COXPAHEHHA
3Hepruu o uMnyJbca. Iloatomy Ha nepejauy 3HEpryM NpH ylape Ha-
KNaBBAIOTCS ONpeeieHHble O paHUUeHNsT — He Besl SHEpPrus, KOTopo#
o6nafaeT ylapsawollas yacTHia, MoxeT OblTb nepesana APYroH YacTHIE.

Ec/n npH CTONKHOBEHHH MOJIEKYJIe He MoxeT GbiTh co00llleHa 3Hep-
THH, JOCTAaTOYHAA JJs ee BO30yXKIeHHs, TO cyMMapHas KHHeTHUeCKad
SHeprHf YacTHIL octaercs 0e3 W3McHeuuil n yaap OyieT ynpyr M.
Haiinem »3Hepriioo, coofilaeMyld yaapsieMoi 4YacTHLEe NpH ynpyrou
yaape.

ITycTh uactvua maccel ,, HMEWOUAA CKOPOCTb Uy, YHAAPAETCH O
HEMOABHAKHYIO (Us0==0) uacTHLy Macchl m,. [1pn uenTpaIbHOM yRape
JOIKHBI BBITONHATHCH YCJOBIS ,

2 2 2
Myt . nyty Higlly

2 T2 2

MUy = AUy -+ MUy,

rie v, ¥ U, — CKOPOCTH yYacTHIl nocie yaapa. 3 atux ypaBHenu#
nosiyyaercss AJs CKOPOCTH BTOPOH uvacTHubl 3Hadyeie
o 2my )
2T iy -1y

(cv. § 28 l-ro toma). Dueprus, KoTopasi lepelaeTcd NPH yNpyrow
yjape BTOPOil udcTHUE, onpelensiercs BblPaXeHileM

10

2
R myvie  4mym,
2 2 {ty f-miy)? "

AW yp =

Cenn my<€m,, 3T0 BblpakeHHe ynpoulaetcs CJeAyOIHM o6pa3om:

2
mvig 4 4
AW gy =5+ =Wy— (831

2 fily 1ty

rae Wi, — NepBOHAYagbHAS SHEPTHsT YAapsiolleHcs YacTHIUBL.

M3 (83.1) puiTekaer, 4TO Jerkas 4acTHUA (3JEKTPOH), yAApSIsChb
VIIPYTro O TAMNKEeAYK uYacTHHY (MOJeKyJy), cooblliaer efl UL MaJylo
OO CBOEro 3anaca 2Heprud. Jlerkas 4acTiia ¢OTCKaKuBaeT» OT
TSDKENOH, NMOJOBHO MSIUY OT CTEHKH, C NPAKTHYECKH HE H3MEeHSIoIENca
no BesuuHHe cKopocThbto. COOTBETCTBYIOHIHHA pacueT JaeT, YTO TpH
HelleHTPaJibHOM ylape AoJisl nepeaBaeMoil 3Hepriil OKashlBaeTCs eile
MeHblLe.

ITpu focTaTtouno GOMBLILOH 3HEPTHH YAEPSIOuleH YacTHIE! (91EKTPOHA
HJAM HOHA) MoJekyJa MoxeT ObiTb B0O30YyXJeHa HJH HOHH3HPOBaHA.
B 3rom cayuae cymmapnas KHHETHHECKAas 3HEPrusi 4acTHL HE COXpa-
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HACTCA — YACTh 3HEPTHH 3aTPAYHBAETCA HA BO30YXKAEHHE HJH HOHH-
3aLHI0, T. €. Ha YyBe/lMYEHHEe BHYTPEHHEH 3HEPrHH COyAapSIOULUXCA
HacTHLl HJIH Ha pas3jfieneHHe OAHON M3 YaCTHI[ HA.JBeE.

CoynapeHus, NpH KOTOPBIX NMPOHCXOAHT BO3OYMKIACHHE YACTHL, HA-
3bIBAOTCA HEYNPYrUMU CTONKHOBEHHUSAMH NMEepPBOTO
D o I a. Monekyna, HaxoAsllascs B BO3GYXKAEHHOM COCTOSHHH, TPH
' CTOJIKHOBEHHH C JPYTOHW 4acTHIled (3JIeKTPOHOM, HOHOM HNIH HENTPalib-
HOH MOJIEKYJIOH) MOXET nepeiiTH B OCHOBHOE COCTOSIHHE, He H3NYYKB
H30bITOK 3HEPI'HH, a nepefiaB ero 3Tol yactHue. B pesyabrare cymmapuan
KHHETHYECKAA 3HEPrHA YacTHII Mocje yjAapa oKasblBaercsd OoAbluei,
yeM J0 yAapa. Takue coyzapeHHs Ha3blBAOTCA HEeyNPYTLHMH
CTONKHOBEHHAMH BTOpoOro poja. [lepexon Monekyn
H3 METaCTaGHALHOrO COCTOSHHS B OCHOBHOE OCYLLECTBJIAETCHA 33 CyeT
CTOJIKHOBEHHI BTOpOro poja.

[Ipy Heynpyrom CTOJIKHOBEHHH MEPBOrO POAA YPAaBHEHHS COXpa-
HEHHSl 3HEePrHH H UMNYJAbCa HMEIOT BHJ

mlvfo __myu mgv‘ﬁ

2
2 2 -+ 2 + AW, mu=muy;+mu, (83.2)

rie AW, -— npupauieHne BHyTpeHHefl 3HEPrHH MOJEKYJbI, COOTBET-
cTBYIOUiee €e nepexoly B BO3DyXKAeHHoe cocTosiuue. lckmouus vy
H3 3THX YypaBHeHHH, MONYUHM

ml—lr—ma mzvg -

oy 5 (83.3)

IIpu 3apanuoit ckopocT yaapsmomell 4acTHusl (vy,) NPHpALLEHHE
BHYyTpeHHeH 3neprud AW, 3aBHCHT OT CKOPOCTH ¥,, C KOTOPOH MOJe-
Kyna asuxerca noche yigapa. Haliiem Hanbosbiuee Bo3MoxKHOe 3Haye-
e AW,,. Haa storo npoanddeperuupyeM dyukuuio (83.3) no v,
H NPHPasHAEM NPOHU3BOAHYIO HYJIO:

d (AW y) My -ty
n

A Wnn = ”1201002 -

Orciona vy=rmyvyo/ (my+m,). Toxacranoska storo 3uaveHus v, B ¢op-
myay (83.3) paer :

my,  mus
AW, m“=m1—|—2ma ‘2.“‘ . (83.4)
Ecnu ypapsiouwas yacTiia 3HaYHTENLHO Jerde yaapaeMoit (m<£m,)
MHOXUT@Nb fy/ (my+ms) B Buipamenun (83.4) GJHM30K K emHHHUE.
Takum o6pasoM, npu yaape Jerkoit YacTHUBI (3JEKTPOHA) O THMKENYI
(MOJIeKyly) TOYTH BCH DSHEPrUsA YAApAOILEHi YaCTHILI MOMET GbiTh
3aTpayeHa Ha BO30yXKJEHHE WJIH HOHH3AUMIO MOJEKYJE ).

) B cayyae HOKH3auMH ypabBresusn (83.2) YCAOKHAIOTCA, TAK KAK MOCHe coyla-
pexus GyleT He JABe wacTHUM, a TpH. OJHAKO 3aK/I0YeHHe O BOSMOMHOCTH 3aTPATH
NQYTH BCeH IHEPTHH SJIEKTPOHA HA HOHH3ALMIO ABJIHETCH CIIpaBel/IHBLM.
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OHaKO JaXke ecan IHEPrus yAapsioed 4acTHIb (3nexTpobsa) no-
CTATOYHO BEJMKA, COyAapeHde He 005i3aTeNbHO NPHBOAMT K BO30yXAe-
HHIO MJH MOHH3aIHH MoJexyabl. CyllecTBYIOT OnpelleIeHHEIE BEpPosT-
HOCTH 3THX TPOLLECCOB, KOTOPLIE 3aBHCAT OT SHEPTHH (a CENOBATENBHO
n oT ckopoctH) snexktpoHa. Ha puc. 83.1 nokasan NpHMEepHBIA XOX
57X BeposiTHocTeil. UeM GricTpee JIETHT 3JEKTPOH, TEM MEHbLUUH npo-
MeXXYTOK BpPeMeHH B3aHMOAEHCTBYET OH C MOJIEK YJIOi, npoJieTas BOAN3H
nee. [loaTomy o6e BepoATHOCTH OLICTPO AOCTHIAIOT MAaKCUMYyMa, a 3aTeM
€ YBeJMYEHHEM 3HEPrHH 3JIeKTPOHA
yOniBatoT. M3 pHCyHKa BHAHO, YTO
5NEKTPOH, HMeNLINi, HanpuMmep, 3Hep-
ruro W', ¢ GoJsblueil BEpOATHOCTbIO OY-
NeT BHI3bIBAThb MOHU3ALHIO MOJIEKYJIH,
ueM ee BO30yKIAEHHE.

POTOHOHHK3AL KA. DJIEKTPOMATrHUTHOE
H3JIyYEHHE COCTOMT M3 3JIEMEHTapHBIX
gacTHI, Ha3bBaeMbIX (OTOHaMH. DHep- SHeIIUE BRI
risl GoTOHA paBHa fl®, A€ A—NOCTOSAH- Puc. 83.1.
nasg [nanka, nenennas Ha 2m (cM. (56.5)),
® — KPYroBasi uacToTa HanydeHdsi. POTOH MOXKeT OhTh NOTJIOULEH MOJe-
KYJI0il, IpHueM ero SHeprus UAeT Ha BO30YyKLeHRe MOJIEKYJIB! HAM e€ no-
HA3alMI0. B 3TOM cJyuae MOHM3anMsi MOJEKyJH HasbiBaercs ¢ O T o-
Woumua3ai ke ii. Henocpencreennyio (npamyo) GoTOHOHH3AUNIO CNO-
co6HO BEI3BATh YALTPaQHOJETOBOE H3nyuenne. DHeprus ¢(oToHa BUAM-
MOTrO CBeTa HeAOCTATOUHA AJS OTUIENJEeHHdA 3JIeKTPoHA OT MOJEKYJIH.
IMosToMy BHAHMOE H3Jy4eHHe He CNOcoGHO BhI3BATh NPAMYIO ¢oTOHOHY-
sainio. ONHAKO OHO MoxeT OOYCJIOBHTb TaK HasblBaeMyl0 CTY N € H-
vatywo GOTOHMOHH3ALHIW. ITOT NpoUECC OCYILECTBIAETCS
B 1Ba sTana. Ha nepsBoM stane OTOH NEPEBOAUT MOJeEKyJy B Bo36Yy-
)uenHoe coctosinue. Ha BTOpOM 3Tane npoMCXOAMT HOHH3ALHA BO3-
GyXKAEeHHOH MOJIEKYJIBl 33 CUET €e COYAapeHHsa ¢ APYroH MOJEKy-
J011.

B rasosoM paspsaje BO3MOXXHO BO3HHKHOBEHHE KOPOTKOBOJHOBOIO
13/1yueHHsl, CROCOGHOrO BHI3BLIBATL MPAMYI0 (GOTOHOHH3ALHI. HocTa-
TOYHO OLICTPLI# 3JIEKTPOH MOXET NPH yjape HEe TONbKO HOHM3HDPOBaThb
MOJIEKYJY, HO H TiepeBecTH 00pa3oBaBlIMHcsl HOH B BO36YXkJenHoe co-
cTosiuve. [lepexol HOHA B OCHOBHOE COCTOSIHHE CONPOBONKIAETCH HCTY-
CKaHdeM H3JydeHUs! OOJibIeH YacTOThl, YEM Y H3NY4E€HHA HeNTPalbHOR
MOJEKYJbl. JHeprusi OTOHA TaKOro M3jyyeHHs OKasblBaeTCst J0CTa-
TOYKOH AJR HEMNOCPEACTBEHHOHA (POTOHOHHU3ALUH.

McnyckaHHe 9JEKTPOHOB MOBEPXHOCTHIO 3JEKTPOAOB. J1eKTPOHEHI
MOTYT NOCTYNaTh B ra3opaspajubli o0beM 33 cdeT 3IM HCCH H (ucny-
CKaHHs1) HX MOBEPXHOCTBIO 3/EKTPOAOB. Takue BHJLI SMHCCHH, KaK Tep-
MO3JIEKTPOHHAA SMMCCHS, BTOPHYHAs 3JIEKTPOHHAs SMHCCHA H aBTO-
5JICKTPOHHAA 3MHCCHHA, B HEKOTODHIX BHJIAX paspsaja MrpaioT OCHOBRYIO
podib.

- Bostywidenne  Horksayus

Bsposmuocms npoysecs

Lard

;\-- ——————
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TepMo3dNeKTPOHHONH 3MHCCHEH HasbiBaercs HCny-
CKaHHME 3JIEKTPOHOB HarpeThiMH TBEPAbIMH HJH JKHAKHMH TeJaMH.
BeneacTBue pacnpejeneHus N0 CKOPOCTSAM B MeTaJjlle Bcerfla HMmeercs
HEKOTOPOE YUCJO CBOGOAHBIX 3JIEKTPOHOB, 3HEPrHA KOTOPHIX JAOCTa-
TOYHA AJIA TOro, YTOOBI NPeoR0JeTh NOTEHIHAJBHBIH Oapbep M BbIATH
3a npepensl metanna. [Ipy KoMHATHON TeMNeparype KOJHYeCTBO TaKHUX
3/IEKTPOHOB HHYTOXKHO Majo. OfHAKO C MNOBBIUEHHEM TEMIEPATypPHl
KOJIHYECTBO 3JIEKTPOHOB, CHOCCOHBIX NOKHHYTH METaJJ, OueHb GHICTPO
pacteT U npu temneparype nopsaka 10* K cranoeutcs Brosine omy-
TUMBIM.

BTtTopHYyHON H5JeXKTPOHHOH 3MHUCCHeEH HasbBa-
eTcsl MCNYCKAHHME 3JIEKTPOHOB TNOBEPXHOCTHIO TBEPAOIO HJH YKHUAKOTO
Tena npv OoMGAapAUPOBKe €e JIeKTPOHaMH HJAM HOHaMH. OTHOLIeHHe
YHCJAA HCOYUIEHHBIX (BTOPHUHBIX) 3JE€KTPOHOB K YKCJIY YAaCTHI(, BhI3BaB-
IMHX 3MHCCHUIO, HA3BIBAIOT KO3MPULHEHTOM BTOPHUHON 3MHccuH. B cay-
yae 6GoMmM6GapAMPOBKH TMOBEPXHOCTH MeETasJa 3JeKTPOHAMH 3HauyeHHd
sroro KoadxpulHeHTa 3akJioueHs B npenenax ot 0,9 (ana Oepuinus)
ao 1,8 (and naaTHHLB).

ABTO3JeKTPOHHOHN (WIH XOJMOAHOH) 35MUCCHEH
Ha3bIBAETCS HCNYCKaHHE 3JIEKTPOHOB [IOBEPXHOCTBLIO MeTajaa, [poHC-
Xxojsulee B TOM cJiydyae, KOria BO/IH3H IOBEPXHOCTH CO3JaeTCsl 3JeKTPH-
yeckKoe noJje oueHb Gonbilol HanpsxeHHocTH (~ 108 B/m). 310 aBnenue
MHOTZla HasblBAIOT TAaKXKE BLIPLIBAHHEM 3JICKTPOHOB 3JIEKTPHYECKHUM
noJem.

§ 84. la3opaspsianas naasma

HekoTopble BHABI CaMOCTOSITENBHOTO paspsiia XapaKTepPH3YIOTCH
OYeHb BHICOKOM CTeNeHbI) HOHH3alMH rasa. ['a3 B cHibHO HOHH3HpPOBaH-
HOM COCTOfIHHH MNPH YCJIOBHY, YTO CYMMAapHbift 3apsij 3JeKTPOHOB
H HOHOB B KaX[IOM 3JIeMEHTAPHOM o0beMe paBeH (MJIM NOYTH paBeH)
HyJl0, HasblBaeTca nJ a3 M o H. Ilnasma npeacraraser co6od oco-
6oe cocTtosiHHe BellecTBa. B TakoM COCTOSHHMH HaXOAHTCA BellecTBO
B Heapax ConHUE M APYrux 3pesfl, o6Jafaouux TeMmnepaTypoil B je-
CATKH MHJJIMOHOB rpanycos. Ilnasma, BO3HHKINAA BCJIEACTBHE BHICOKOI
TEMNepaTypbl BelIleCTBa, HAa3blBaeTCsI BEICOKOTEMIIepaTy p-
HOf (MMM H3soTepMuyecko#). [lnasma, Bosuvkawomas npu
ras’oBOM paspsje, HasblBaeTcsi ra3opas3p A HO H.

It Toro urofbl nJasMa HaXOAHWAACh B CTAMOHAPHOM COCTOSIHHH,
HeOOXONIMMO HAJIHYHe NPOLECCOB, BOCHOJHAIOMIMX YOBLIL HOHOB B
pe3yabTaTe peKOMGHHALMK. B BbhlcOKOTEMIIEPaTypPHOH IJ1a3Me 3TO OCy-
IECTBJ/SETCH 3a CYET TEePMHYeCKOH MOHH3alUM, B TA30DPa3PALHOMN
nJiasMe — 3a CYeT yAApPHOH HOHU3ALHH 3JEKTPOHAMH, YCKOPEHHBEIMH
3JIeKTPHYecKUM noJsieM. Oco6yio pasHOBHAHOCTD MJa3MBl [IPeICTABJIAET
cobol HOHOC G e p a (oauH H3 cloeB atMocdepnl). Bricokas crenenn
HOHH3alKH Moaekyd (~ 1%) nopmepmxuBaercs B HOHocdepe 3a cyer
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GOTOHOHH3ALMH, OGYCJAOBJIEHHOH  KOPOTKOBOMHOBbHIM  H3JMydEHHEM
ConHnua.

DNeKTPOHH B Ta3opa3psfiHOM NJjasMe y4YacTBYIOT B ABYX ABHXKe-
HHfIX — XAO0THUYECKOM ¢ HEKOTOPOH cpexHeH CKOpocTbio <v> H YNOPH-
AOYEHHOM IBHIKEHHUH B HanpaBJieHHH, IPOTUBONONOXKHOM E, co cpennei
CKOpOCTBIO i), TOPa3i0 MeHblled, ueM <u>.

JlokaeM, YTO SJEKTPHUECKOE NOJe He TOJbKO OGYC/OBAHBACT
YIOPANOUEHHOE JIBHXKEHHE 3JeKTPOHOB INJasMbl, HO H YBEJIHYHBAET
CKOPOCTb <{U) HX XaOTHUECKOro JBHXKEHHA. [IycTb B MOMEHT BKJ/IFQUEHHA
NoJif B rase HMeeTcs HEKOTOPOE€ KOJHYECTBO 3JCKTPOHOB, CPEAHAA
CKOPOCTb KOTOPLIX COOTBETCTBYET TeMneparype rasa T (amiv®>=
—=3/,kT,). 3a Bpemst MeXAy ABYMs MOCIEOBATENbHDIMA COYAAPEHH AMH
C MOJIEKYJIAMH 3JIeKTPOH NPOXOLHT B cpefHeM NyTb A (puc. 84.1; Tpaek-
TOpHsl 3/JeKTPOHA CJ/IErKa HCKPHBJIEHA MOX AEHCTBHEM CHJkL —eE).
[Ipu 3TOM noOJE copepllaeT Haj HUM paboTy

A= eElp, (84.1)

rie [p— OpPOEKLHS NepeMelleHHs SJIEKTPOHA Ha Hafnpas/eHHe nefi-
CTBYIOILEA Ha HEro CHAbl. BenepcTeue coyiapeHHi ¢ MOJIEKYJ/amH Ha-
npapJjeHHe JABHXEHHS 3JEKTPOHa BCe

BpeMs H3MeHseTCs cly4afHbIM 06pa3oM.

CoOTBEeTCTBEHHO HM3MEHseTCs Be/MMYHia

W 3HaK [p [loatomy pabera (84.1) mas A
OTAENbHBIX YYaCTKOB TPAEKTOPHH HMe-
eT HEOAHMHAKOBYH BEJMYHHY W DPa3HbIi
3gak. Ha onHux yyacTkax noJge yae-
JUYHMBAET IHEPTHI0 3JCKTPOHA, Ha ApYy- 2
rux ymeHbtuaer. Ecan 6bl ynopsiaoueH- Puc. 84.1.
HOE JBHXEHHe 3JICKTPOHOB OTCYTCTBO- |
Bano, cpeAHee 3HaueHMe [p, a caepoBaTenbHO U paGorbl (84.1), Gulno
6ol pasHO Hy/mo. ORHUAaK0 HaJIMUHe YNOPANOYEHHOTO JBHMKEHHSl NpH-
BOAUT K TOMY, 4YTO cpejHee 3HauyeHHe paboThl A OTJIMYHO OT HyJNA H
MPUTOM IMOJIOXKHTENbHO. OHO paBHO

K S

1

(A>=eE<ud>t=eE > 75 (84.2)

rie T — CpefHsis NPOAOIKHUTENTbHOCTh CBOOOAHOrO npobera 3JeKTpo-
HOB (<u><Z<Lwd).

Takum o6GpasoM, nosie B cpefiHeM YBeNHYHBAET 3HEPLHIO 3JIeKTPO-
#HoB. IlpaBma, 3JIeKTPOH, CTOJKHYBIUHCH ¢ MOJIEKYJIOH, IlepefaeTr e
4acTb cBoeil anepruu. Ho, Kak MBI BLISSCHHJIH B IIpeAbIAYINEM naparpade,
OTHOCHTEJbHAA J0JA O nepefaHHOH NPH YNPyroMm yAape SHEPruu OoueHb
MaJjia — OHa B cpefiHeM paBHa ) <6>=2(m/M) (m — Macca 3/JeKTpPOHa,
M — Macca MoJeKYJhI).

1) CornacHo dopmyne (83.1) mpu uentpaannoM yiape 8=4 (m/M). B cayuae,
KOTJ4. 97IeKTPOH M MOJEKy/a JHIL C1elKa «3ajeBalors Apyr Apyra, §=0.
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B paspexennoM rase (B kKotopom A Gonblle) H NPH AOCTATOUHO
OoJblION HanpskeHHOCTH mons E paora (84.2) Momer NIPeB30iTH
3HePrHIO Yam<{v?> <8, nepenasaeMyio B cpenem MOJIEKYJe NPH KamK-
AOM CTOJKHOBEHHH. B pe3ynbTaTe sHEprus XaoTHYECKOTO ABHMKEHHS
BNEKTPOHOB OyJEeT pacT. B KoHlle KOHLOB OHA NOCTHTHET 3Hauenus,
AOCTATOYHOTO AJsl TOTO, YTOOBI BO3OYAlUTH HJAM HOHH3HPOBaTb MoJe-
Kyny. Haunnast ¢ 3T0r0 MOMeHTa 4acTh COyAapeHMil NepectaeT GHITh
yUpyrod 4 conpoBoxaaercs GOJbIUON moTepeil SHeprui. Ioatomy
cpennss 1oJsi nepenaBaemoil snepruu <8> yBenmunpaetcy.

Hrtak, 3Hepruio, Heo6XoAMMyl0 I/ HOHHSALMH, 3JIEKTPOHE! NPH-
00OpeTaloT He 3a OAMH CBOGOXHBIA mpober, a NOCTeNeHHO HAKaTJIMBAIOT
€€ Ha MPOTsAXEeHHH psfia npoGeros. MoHnzaius npHBOANT K BO3HHKHO-
BeHHIO (OMBLIOIO KOJIHYECTBA 3JEKTPOHOB H TONOKHTENbHEX HOHOB —
BO3HHKAeT MNJasMma.

DHeprus S/MEKTPOHOB NNA3MBI ONPEASNAETCS VCIOBHEM, YTO cpezn-
Hee 3HaueHhe PaGoTHl, COBEPLIAEMOH NOJIEM Haj 5NeKTPOHOM 2a OIHH
cBoGonMBIA npober, paBHO CpelHeMY 3HAYEHHIO 9HEepPruH, OTHABAaeMOH
3JIEKTPOHOM DNPH COYRAPEHHH C MOJEKYJOH:

m{v?

eE<u>%= 5 <O,

3nech <8) ecTb caoMHas QyHKUHA CKOPOCTH (. .

OnbiT paer, 4T0 AAA 5/]€KTPOHOB B rasopaspsiiiBoil MJaasMe HMeer
MeCTO MAKCBEJIOBCKOE pacnpelenenye no ckopoctsam. Benenctsue coa-
COro B3aHMONEHCTBHS SJEKTPOHOB € MOJIEKYJIaMH (NPK yIpyrom ynape 8
OueHb Masno, a OTHOCHTeJbHOE KONMYECTBO HEYNpPyruX CoyAapeHu#
HE3HAYNTENIBHO) CPERHAS CKOPOCTh XAOTHUECKOTD ABHMKEHMs 3JIeKTPO-
HOB OKa3LIBAETCS BO MHOrO pas GoJablue CKOPOCTH, COOTBETCTBYHOULEN]
Temnepatype rasa T,. Ecan BBeCTH TemMnepatypy 3/1eXTPOHOB T,
OnpelieqiliB €€ H3 COOTHOLIEHHd

1/,m<u*> =31,kT,,

10 s Ty nonyyaeTcs 3anavenne nopsika HECKONbKIX NeCSITKOB ThICAY
KenbBuH. HecoBnanenne rtemneparyp 7, u T, CBHJIETENbCTBYET 0O
TOM, UTO MEXAY S/1EKTPOHAMH M MOJIEKYJIaMH B Fa3opa3psaHoil niaazme
HeT TepMOAHHAMHYECKOTO PaBHOBeCHs }), :

KonuenTpanus HocHTesell Toka B NJa3Me OYEHb BEJIMKA. IosTomy
niasMa obnapaer Xopowel nposoauMocTbio. TIOABIKHOCTL 3/EKTPO-
HOB TNPHMEDHO HAa TPH mnopsAnaka GoJblle, YeM Yy HOHOB, BCJEACTBIE
YEro TOK B IJasMe CO3AAeTCsi B OCHOBHOM 3/IeKTPOHAMH.

") B BucoxoreMnepatypHOR nuTasMe CpefuAs SHEPrufl MOJIEKYJ, SJIEKTPOHOB H
MOHOB OJHHAKOBAa. DTHM OOBACHAETCH ee JPyroe Ha3BaHHe — H3OTePMHUECKad.
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§ 85. Trerowmit paspsn

Treownit paspal BO3HHKAET PH HU3KHX NABJICHHAX. Ero MOXHO
HABMONATh B CTEKAsHHON Tpy6Ke AMHHOMK okoso 0,5 M, ¢ BIAHABIMH
Y KOHUOB [UIOCKHMH METaJJIHYeCKUMH 3JIeKTPOLaMH (puc. 85.1). Ha
3JeKTPOIB! MONAeTC HANPsAKEHHe MoPANKa 1000 B. Ilpu at™ocdepHOM
NABJEHUM TOKa B TPy6Ke npakTHuecKH HeT. Ec/n NMOHMKATh AaB/CHHE,
10 npuMepHo MpH 50 MM PT. CT. BO3HMKAET paspsij B BHAe CBETALLErocs
H3BHUTHCTOCO TOHKOCO LHYPA, COeARHsILIEro aHoi ¢ KatoloM. [1o mepe
MOHIGKEHUs NABJSHHS IUHYp YToJjlaercsi H MNPHOJIU3UTENBHO MpH
5 MM DT. CT. 3an0HsIeT Bee ceyeHHe TPYOKH — YCTaHaBJIHBALTCA TJEIO-
wuit pa3paf. Ero OCHOBHble YACTd MOKa3aHbl HA PHC. 85.1. Boausu
KaTofa pacnoJsaraercd TOHKHE CBETALIMICHA cJOH, Ha3kiBaeMblH K a-
TOAHOR cBeTAmedcs NJaeHKOH Mexily katoaoM H
cBeTALLleHcsl TJSHKOM HaxoauTcd aCTOHOBO TeMHOE MpoO-
cTpatucTB 0. [loapyryio CTOpoHY ceeTaLleficA NJEHKH MOMeLaeTcs

1Acrmonabo Hamodnoe Papedecla TenHnle
L npacmpancmia
_ T = ™\
!famﬁ{ |T = | _/ Arod
1
Hamodnan naenxa \Tazroues tlavenue Manckumensusiid cmons, ‘ffé’j,’j,’f,f;;“'

{
!

Lane,

1
1
|
1
1
T

ﬁ’?maﬁ’ﬁae najesue nomenriuane
Puc. 85.1.

]

cna6o CcBeTAUMiCS CJ0H, MO KOHTPACTY KaKYLUIUACA TEeMHBIM W Ha3bl«
RaeMBIl K @ TOJ H bl M (M1 KPYKCOBbIM) TEMHBM NPOCTPD aH-
C T B O M. DTOT C/I0H MEePeXoJUT B cBeTAILYI0CS 00/1aCTb, KOTOPYIO Ha3kl-
BaloT TN EIOM HM CBedeHHeM DBce nepeunciesHsie clion ab-
pa3yloT KaTOAHYIO 4YacTb TJIEIOLero paspsia.

C TneoluM CBeYeHHeM FPaHHYUT TeMHBIA MPOMEKYTOK — dap a-
AeeB0 TeMHOe NPOCTpPAaHCTBO. I'panuuna MeXAy HHMHA
pa3mbita. Bes ocranbHas 4acThb TPpy6KH 3aM0JIHeHa CBETAHIUMCS Ta3oM;
ce HASLIBAIOT MOJAONXHTedAbHHM cTOoaG6GoM. Ilpn nouu-
JEeHHH NaBJeHHMs KaTOfHAsf 4acTb pa3psiia M ¢apajeeBo TEMHOE Npo-
CTPaHCTBO pacllHpsAoTcs, a MOJIOXKHUTEAbHHA cTOJMO YyKOpauHBaercH.
[1pu nasieHuH nopafgka 1 MM pT. CT. MOJIOKHTEAbHBIR cTOJMO pacnaja-
eTcl Ha PN YepelyIOMHXCA TEMHBIX H CBETJIEIX H3OTHYTHIX CJIOEB —
CTpar.

Mamepenns, OCyLIeCTBJIEHHBIE G MOMOLLbIO 30HAOB (TOHeHBbKHX
NPOBOJIOYEK, BMASHHEIX B PA3HbIX TOYKaX BAOJD TPYOKH), ‘2 TaKkxKe
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JPYTHMH MeTOMaMH, [OKAa3asld, YTO [OOTEHUHAaJ H3MeHSeTcs BAOJbL
TPYOKH HePaBHOMEPHO (cM. rpaduk Ha puc. 85.1). IToutn Bce nagenue
NOTEHUHANA NPUXOAHTCA HA NEPBLIE TPH yYacTKa paspsiia no KaToaHoe
TEMHO@ NPOCTPAHCTBO BKJIYHTENIBHO. Ty 4acTb HANPSXKEHHs, NPH-
JOXKEHHOro K TPpyOKe, HA3bBalOT KATOJAHHLM NaleHHEeM
NMOTEeHI ¥auna. B obaacTH TaeioluLero cBedeH st NOTEHIHAA He H3Me-
HSIETCS ~— 3/1eCb HANPAKEHHOCTh 110J1A pasHa ByJo. Hakouen, B dapa-
ReeBOM TEMHOM MNPOCTPAHCTBE H MNOJOXHTENLHOM CTOJ6E NOoTeHlnHan
meanenno pacter. Takoe pacnpeaenenie NoTeHiHala BEI3BaHO 06paso-
BaHHeM B 00/1aCTH KaTOQHOIO TEMHOTO IPOCTPAHCTBA NOJOKHTEAbHOIO
MPOCTPAHCTBEHHOr0 3apajna, O6GYCJOBJAECHHOrO NOBBLILEHHOH KOHLeH-
TPallHedl MOJNOXHUTeNbHBIX HOHOB.

OcHoBHble BpoOLECChl, HEOGXOAHMBIE A TNOALEPMAHHS TICHLIEro
paspsiia, NPOHCXOAAT B €ro KaToAHOH yacTl. OcTasnbHbIE YacTH pa3paaa
HC CYULECTBEHHBI, OHH MOI'YT Ja)€ OTCYTCTBOBAaThb (MpH MaJioM pac-
CTOSIHHH MEXAY 3MeKTPolaMH WJH NPH HH3KOM JAaBJeHHH). OCHOBHRIX
[IPOLLECCOB 1BA — BTOPUYHASA 3JIEKTPOHHAS 3MHCCit H3 KATOAA, BbI3RaH-
nast GoMOaPAHPOBKOH €ro NONOXKHTENbHBIMI HOHAMH, H YAAPHAS HOHH-
3allisl 3JEKTPOHAMH MOJEKyJl rasa.

[Tonoxurenbueie 1OHBI, YCKOPEHHbIE KAaTOAHBIM NajeHHeM TOTeH-
niana, 60MOapaNPYIOT KATOA U BLIGHBAIOT H3 HEro 3JeKTpoHsl. B acro-
HOBOM TEMHOM TPOCTPAHCTBE 3TH 3JEKTPOHBI YCKOPAIOTCA 3MEKTPHYe-
CKHM moJieM. Tlpuobpers HOCTATOUHYIO SHEPTHIO, OHH HAYHHAIOT BO3-
OyXKJaTb MOJNEKYJbl Tasa, B Pe3yJbTaTe 4ero BO3HMKAET KaTOXHAf cBe-
TAWAACH IVIEHKA. DJIeKTPOHbI, MNpoJeTeBlIHe 6Ge3 CTOJKHOBEHHil -B
0021aCTh KaTOJAHOrO TEMHOTO IPOCTPAHCTBA, MMEIOT GOJIBINYIO SHEPrHIO,
BCJICJCTBHE YEro OHH Yalle HOHU3UPYIOT MOJIEKYJBl, YeM BO36YKAAOT
(cMm. rpaduku Ha puc. 83.1). Takum 06pa3oM, HHTEHCHBHOCTb CBEHeH HS
rasa yMmeHbIUAeTCs, HO 3aT0 o6pa3syeTcA MHOIO 3JE€KTPOHOB H NOJIOXKH-
TeJIbHBIX HOHOB. OBpasoBaBinnecsl HOHBI GHauaje MMEOT OYEHDb MaJlylo
¢KopocTb. TlostoMy B KaTOZAHOM TEMHOM NPOCTPAHCTBE CO3AaeTCH
NOJMOAKNTENbHBIH NPOCTPAHCTREHHBIH 3apAn, YTO NPHBOAMT K Nepepac-
npeieIeHHIo NOTCHIHAJNA BAOAb TPYOKH H K BO3HHKHOBEHHIO KAaTOAHOrO
ajleHHsl MOTeHLHaNa.

DNeXTPOHDLI, BOSHHMKIIHE B KATOAHOM TEMHOM NPOCTPAHCTBE, npo-
HHKAIOT B OOJIACTh TJIEIONLErO CBEYEHMS, KOTOpAs XapaKTepH3yercs
BLICOKOH KOHILEHTPALHEH 3JCKTPOHOB U MOJOKHTENbHBIX HOHOB H CyM-
M@pHbIM TIPOCTPAHCTBEHHLIM 3apsjoM, GJAH3KHM K HyJ0 (nJjasma).
ITosToMy HanpsKeHHOCTb MO 37€Ch OYeHb Mana. Baaronaps eBoicokod
KOHLUEHTPAUNH 3JIEKTPOHOB H HOHOB B OGJAaCTH TJEIOUIETO CBEYEHHS
HJIET HHTEHCHBHBIH TIPOUECC PEeKOMOMHAUMH, CONPOBOMIAIOWHIACA H3-
Jy4eHHeM BBIIeNSIOEHCS NPH 3TOM 3HepruH. Takum o6pasoM, Thaeo-
inee CBEYEHHEe €CTb B OCHOBHOM CBeueHHe PeKOMOHHAIHH.

W3 obnacti Taeloiero cBeuenys B GapaieeBo TEMHOE NPOCTPAHCTBO
SJEKTPOHBI H HOHBI DPOHHMKAIOT 32 cyer AHGBGY3HH (HA rpaHHIe MeXJY
9THMH OB/IACTSIMM TOJIe OTCYTCTBYET, HO 3aTO MMeeTca GOJBILOM rpa-
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AMeHT KOHUEHTPAUuM 3]€KTpOHOB H Honos). Benenctsue MeHbLUeH
KOHUEHTDPALMKY 3apsiKeHHbIX YacTHL BePOSITHOCTD peKOMGHHAUHH B
(papaneeBOM TEMHOM [1POCTPAHCTBE CHJLHO NajaeT. [Tostomy d¢apa-
JleeBO NPOCTPAHCTBO H Ka)KeTcsl TeMHEIM.

B dapajieeBoM TEMHOM [IPOCTPAHCTBE YKe HMeeTcs moJle. YBneka-
eMble 3THM [10JIeM 3JeKTPOHBl OCTENeHHO HaKanHBaloT 3HEpruto, TaK
4yTO B KOHLE KOHIOB BO3HHKAIOT YCJIOBHS, HEOOXOAHMBIE LJd CYIle-
CTBOBAHMS MJa3mbl. [ToM0XKHUTENbHBIA CTOJ0 NPeACTaBASET cofoil raso--
pa3psauyio niasmy. O BeIMOMUART POJb MPOBOLHUKA, COeHHSIIOLLET O
AHOL C KaToAHbIMH uacTaMH pa3paja. Cpeyenue MOJOKUTEILHOMO
cTonfa BbI3BAHO B OCHOBHOM NepexojaMH BO30yM<J€HHBIX MOJIEKYN B
OCHOBHOE cocTosinde. MoJsieKyJiel PasHblX ra3oB HCNYCKAIOT npd TakKux
nepexojax H3jqyyeHHe Pa3sHOH [MHHBL BOJIHBI. [Tostomy cBeueHue
1010 UTEBHOr0 cToN6a HMEEeT XapakTepHbIdl Aas Kamioro rasa nser.
D10 0GCTOATENBCTEO UCIO/b3YETCsl B I'a30CBETHBIX TPyOKax AJs H3ro-
TOBJICHUST CBETALLUXCS HAANHCER U pekJaM. DTH HAHCH PEICTaBAA0T
coBofl He YTO HHOe, KaK IOJIOXHTeNbHbIH CTOI0 TJ/CIOIEro paspsia.
Heonossle rasopaspsiible TPyOKH [AalOT KpacHOe CBeyeHHe, aproHo-
Bble — CHHeRaTo-3eJieHoe U T. A.

Ec/ad 1OCTENCHHO YMEHbUIATE PAacCTOSTHHE MCXKAY SJIEKTPOLAMH,
KaroaHasli 4aCcTb paspaia octaercsi He3 HSMEHEHI/IE, JJAUHA e NOJIOKH-
TeBHOrO CT0/0a YMEHbLIAETCs, MOKA 3TOT CTOJ0 He HCUE3EEeT COBCEM.
B nanbHeiitieM Hcue3aeT ¢apajeeso TEMHOE MPOCTPAHCTBO M HAYHHACT
COKPALLATbCA NPOTSKEHHOCTD TJEIOMEro CBeyeHHsl, NpUIeM I0JI0KEHNE
rpaHMUbl STOTO CBEYEHHS C KATOJAHBIM TEMHBIM 1POCTPAHCTBOM OCTAETCH
HewaMeHHbiM. Koraa paccrosinge aHoga A0 3TOH FPaHHILI CTAHOBHTCH
oyeHb MaJIbIM, pa3psii IIpeKpalaeTcd.

Eciu MocTeneHHO TNOHHUXKATh JAaBJeHHe, KaToAHada 4acTb pa3pdid
pacrpocTpaHsieTcs Ha Bee GOJbINYI0 YacTh MEXINEKTPOAHOTO IPOCTpaH-
cTBa, H B KOHIE KOHUOB KaTOJHOE TEMHOe MPOCTPaHCTBO pacnpocTpa-
HfeTcsl MOYTH Ha Bech cocyl. CBeueHHe rasa B 3TOM Cly4ae NEpPeCTaeT
6bITh 3aMCTHBIM, 33aTO CTEHKH TPYOKH HAaUHHAIOT CBETHThCH 3€/IEHOBA-
ThiM CBeYEHHeM. DOMBIIHHCTBO 3JIEKTPOHOB, BHIOUTHIX H3 KATOAA H YCKO-
peHHbIX KATOAHLIM MajleHHeM MOoTeHLHana, NoJeTaeT 6e3 CTOJMKHOBEHHH
¢ MOJIeKYJaMH{ rasa /0 CTeHOK TPYOKH H, yAapsificb O HHX, BbIShIBACT
cBeyeride. [1o HCTOpUYECKMM NPHYHHAM [OTOK 371eKTPOHOB, HCMYyCKae-
Ml KaTOAOM rasopaspsfiHofi TpyOKH NpPH OYeHb HHU3KHX JIABJICHUAX,
MoJy4us HasBaHHe KaTOMAHB X JyYeHn. CBeueHHe, Bbi3biBaeMOe
GoMGapAHPOBKOHl ObICTPBIMH  3/ICKTPOHAMH, HasbiBaeTcsd K 4T O] 0-
TIOMHHEeCIL eHIHeH.

Ecau B Kartole rasopaspafHoil TpyGku ciaenath Y3KHH KaHal,
4acTb NOJOXUTEJbHBIX HOHOB NMPOHHKAET B NpocTpaHCTBO 3a KaToAOM
U obpa3yeT Pe3ko OrpaHuueHHBId NYYOK HOHOB, HasbIBaeMblH K a H a-
NOBHMH (WM DOJOKHUTEJABHHMH) NydaMu. kuenne
TakuM croco6oM ObIJIH BrepBbie NOJMYHEHBl NYYKH [[OJOKHTES/IBHBIX
HOHOB. '
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§ 86. Mlyrosoit paspan

B 1802 r. B. B. Ilerpos of6Hapyxun, yto npn passenenyu NepEOHA-
YaJbHO CONPHRACABIUMXCS YrOJbHBIX 3NEKTPOJAOB, TOAKJOUYEHHLIX K
€oJbLION ranbBaHUueCKOH 6arapee, MEXAY 3JEKTPOAAMH BCHBIXMBAET
CC/IeNMNTebHOE cBeyeHue. TIpH ropusoHTaJbHOM PACTONOKEeHNH 57eKT-
FOAOB HarpeThlid CBeTAMNCS ras u3rnGaeTcsl B BIAE RYTH, B CBH3H C
ueM oTKpniToe B. B. IleTpoBhiM siBnenne Gblio HasBano 3 e K T p u-
yecko# Ayroi. Cara Toka B Ayre MOMKeET AGCTHraTh OrpoMm-
nuX 3HaveHui (10°--10* A) npu BanpsixkeHHH B HECKOJNbKO NE€CSTKOB
BOJIBT.

JlyroBoit paspan MOXeT NIPOTEKaTb KaK NPH HH3KOM (nopsnka
HECKOJIBKUX MHJIIMMETPOB PTYTHOrO cTonba), Tak M I1IPH BLICOKOM
(ro 1000 atM) naBaeHun. OCHOBHBIMH Npoueccamy, NOALEPIXUBAIOLHMH
paspal, ABJAAIOTCA TEPMO3JICKTPOHHASl 3MHCCHR ¢ pacKkajeHHOl no-
EEPXHOCTH KaTOAA H TePMHYECKas HOHHM3ALHA MOJIEKYJ, 00YCNOBIEHHAs
BLICOKOH TeMIEeparypoil rasa B MeK3JEKTPOLHOM npomexyrke. Iloury
BCe MEXIJIEKTPOAHOE NPOCTPAHCTBO 3aMONHERO BHICOKOTEMIIEPATYpPHOI
nna3moli. OHa CNYXKHT NPOBOIHHKOM, 0 KOTGPOMY 3JIEKTPOHKL, HCITy-
Il€HHbIE KATOAOM, ROCTHFAIOT anoja. TemmepaTypa nJjasmbl cocTaBjsier
okoso 6000 K. B nyre cBepXBLICOKOro 1aBJieHust Temneparypa BJaasmbl
MoxeT AoctHraTh 10 000 K (naniomnum, uto Temnepatypa noBepxHocTH
Connua pasna 5800 K). Benenctere 60M6apaAMPOBKH NOJMOMKHTENLHBIMH
HOHaMH KaTol packansgercsi npuMepuo no 3500 K. Awnon, 6ombapau-
PyeMblli MOLUHEIM LOTOKOM 3JIEKTPOHOB, PasorpeBaetcs elle GoJblle.

210 NPHBOAHT K TOMY, YTO @HOJ HWHTEHCHBHO
Z4 HCnapseTcss H HAa ero MOBEePXHOCTH  ofpa3syer-

' ¢ yraybienne — xpatep. Kparep spasiercs
CdMbIM ADKHM MECTOM AYIH.

Jlyrosoii paspsix obaasaeT napamolieil BOJbT-
aMnepHoH XapaktepucTHrod (puc. 86.1). Dro
‘ OOBSICHSIETCS TEM, YTO TPH YBEJWYEHIH CHJIEI

Y 1cka BO3PACTAIOT TEPMOSJIEKTPOHHAS 3MHCCHS

Puc. &€.1. C Karolla M CTeneHb HOHMAAUNH Trasopaspsaj-

HOro nmpomexyrtka. B pesynbrare conporusse-

IHE  ITOT0  NMPOMEXKYTKA YMEHDbILAETCA CHJbHEe, YeM BO3PACTAeT
TOK.

Kpome onucannoli ewime TEPMO3NIEKTPOHHOR AyTrH (T. €. paspsaa,
O0YCJIOBIEHHOTO TEPMO31eKTPOHHON 3MHCCHEl ¢ pacKkaneHHOH NoOBepXx-
HGCTH KaTola), ObiBaeT Ayra ¢ XOJOJAHHEM KAaTojloM.
KaTonoM Takoil Lyri c1yxuT o6bIYHO KIIKas PTYTb, haJuTas B 6aJ1JI0H,
13 KOTOpOro ypnaned BO3AYX. Paspsim npoucxoanwt B mapax pryTh.
CIEKTPOHB! BBIJIETAIOT H3 KAaTOAa 3a Cyer ABTO3JIEKTPOHHONR 3MHCCHH.
FleoCXxoanmoe ans storo cusibhoe nose y NOBEPXHOCTH Karoia co3na-
€TCST NOJIOXKUTENBHBIM NPOCTPAHCTBEHHBIM 3aPSA0M, OGPA30BaHHBIM
MOHAMH. O/IEKTPOHBl HCNYCKAWOTC He Beeil NOBEPXHOCTDHIO Katofia,
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4 HeGONBUWMM APKO CBETAMHMCA H HENpPephBHO MepeMellaoiHMCs
KaTOLHLIM MISITHOM. TemmepaTypa rasa B 3TOM CJydac HEBETHKA. Honu-
3auus MOMEKYJ B IUIa3Me MPOUCXOAHMT, KaK H NPH TACIOEM PA3PALE,
33 CYeT 3JeKTPOHHBIX YAapoB.

§ 87. Hckposoil M KOPOHHBIN Pa3psabl

JcKpoBOH paspsil BO3HMKAeT B TeX cJydadX, KOraa HanpsxKed-
HOCTh 3JIEKTPHYLCKOTO [0S AOCTHrAET MPOOUBHOTO /A JAHHOTO rasa
anaqenus E,,. 3uauenue £, 3aBHCHT OT NABJMEHHA ra3a; IR BO3NyXa
npe aTMocdepHOM AaBJeHHH OHO COCTABJSET OKO.IO 3 MB/m (30 xB/cwm).
C yBenuuchuem Aasiaedus £, Bospacraer. COraacHo sKCIepHMEHTaNb-
HoMy 3akoHy I[laweHa OTHOICHHE npoSHBHOU HanpsizKeH-
HOCTH TOJIf K Aas/eHHi0 NPUOIH3HTENBHO MOCTOSHHO:

F
—"® ~ const.
P

Uckposoft pa3psiil CONPOBOKAALTCS 00pa3osaHueM FpKO CBetsille-
rocsi M3BHJIKCTOrO, DA3BETBJAEGHHOCO KaHata, M0 KOTOPOMY NPOXOAHT
KPATKOBPEMEHHbIH HMMYJ/bC TOKA Goabluoi cuasl. ITpuMepoM Moxer
CAYKUTD MOJMHHS, AJHHA ee OblBaeT IO 10 kM, AdaMeTp KaHalra —
10 40 cM, cusa ToKa Moxet goctiraTe 100 000 u Gonee amuep, POROTI-
KUTENbHOCTh MMIyJbca cocTasnaseT okoso 1074 c. Kaxpag MoauHsA
COCTOUT M3 HECKOALKHX (A0 50) HMOYJAbCOB, CACAYIOWHX MO OLHOMY

Puc. 87.1.

¥ TOMY e KaHany; HX ofuias LIMTeNbHOCTb (BMeCTe ¢ MPOMEeXyTKaMH
Mey 1MIYJa5CaMH) MOXKET HOCTHraTh HECKOJIbKHX CeKyHHI. Temmepa-
Typa ra3a B HCKPOBOM KaHaJe ORIBAeT A0 10 000 K. BuicTphlil CHIIbHBLI
HACpeB ra3a NPUBOAMT K PE3KOMY MOBHILIEHHIO AAB/EHUS W BO3HHKHO-
BEHUIO YJAPHLIX M 3BYKOBBIX BOJH. I163TOMYy MCKPOBOH paspsj corpo-
BOMA€TCA 33YKOBhIMU SIBJEHWAMH — OT C/a00oro TPecKa Npu HCKpe
Ma/oi MOIIHOCTH AO PACKATOB I'POMa, COMPOBOXIAAIOUIHX MOJHHIO.
Bo3HUKHOBEHHIO MCKDBI MpeallecTByeT o6pa3oBaHHe B rase CHJ/bHO
HOHH3HPOBAHHOTO KaHa/Ja, MOJNY4YHBLUErO Ha3BaHWe CTpHMED a.
SroT KaHaa [oJydaercs nyTeM NepeKphTHs OTAeNbHHIX 3JEKTPOHHBIX
JIABMH, BO3HHKAIOWHUX HAa NYTH HMCKPHl. POROHAYAILHUKOM KaMAOMA
NABUHBl CJYIKHT S/eKTPOH, 0Gpasyiowuiics nyTeM (OTOHOHH3AUHH.
Cxema pasBUTHS CTpHMepa NokasaHa Ha puc. 87.1. ITycTs HanmpskeH-
HOCTb MOJA TAKOBA, UTO JMEKTPOH, BHUIETEBIUHH 32 CYeT Kakoro-iHGo
npoilecca B3 KaToAd, NpHoGperaer Ha AaMHe CBOGOAHOrD npoGera sHep-
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U0, NOCTATOUHYI0 AJS HOHM3aiuH. [lo3Tomy mpoHCXOAHT pa3sMHOXe-
HHe 3JIEKTPOHOB — BO3HHKAET JlaBuHa (o6pasyloldecss nPH 3TOM NOJ0-
HKUTEJIbHBEIE HOHBL HE HIPAIOT CYUIECTBEHHOH POJH BCAEACTBHE ropasfio
MEHbLIeH NOJBINKHOCTH; OHM Jililb 06YCAOBJHBAIOT NPOCTPAHCTBEHHBL!
3apsjl, BBIBhBAWOUIME nepepacnpenetenye noreruuana). Kopotko-
BOJIHOBO€ H3Jyu€HHe, HCIIyCKAeMOoe aTOMOM, Y KOTOPOro NpH HOHH3a-
UKH OBLT BBIPBAH OfHH H3 BHYTPEHHHX 2JIEKTPOHOB (3TO H3JydYeHHe
MOK3a33HO Ha CXeMe BOMHHCTBIMH JIHHHAMH), BbI3bIBAET (HOTOHOHH3AUHIO
MOJIEKYJ1, NpHUeM O0PA30BaBILNECST 3JIEKTPOHLL NOPOXKAAIOT BCE HOBBIE
nasupbl. [locse nepexkpriBanug MaBHH 06Pa3yercs Xopollo npoBoaA -
MBi KaHad — CTPHMep, N0 KOTOPOMY YCTPEMJSETCs OT KaTofa K aHOLy
MOLIHBIH NOTOK 3JIEKTPOHOB ~— [POUCXOAHT NpPOGOI.

Ecau a/1ekTPOABL HMEOT OpMY, PH KOTOPOKH NOJe B MEX3JEKTPO-
ROM MPOCTPAHCTBE NPHOAMIHTENDBHO OLHOPOJAHO (HAanpHMmep, NpeaCTAB-
ASH0T COO0M Wapsl 10CTAaTOYHO GOJMBLIOrO AuameTpa), To npooll BO3-
HIKAeT NPU BIIOJIHE ONPENeNCHHOM Hanpsikenun U, 3HaueHHe KoTo-
pOTO 3aBHCHT OT PacCTOAHHA MexAy 1wapamu ! (U ,=E l). Ha srom
0CHOBAH HCKPOBOH BOJIBTMETDP, € MOMOULBIO KOTOPOTLO H3MEPAIOT BbICO-
koe Hanpsxkenue (10°--10% B). Ilpu u3mepenusnx onpenensiercs hau-
Oonbluee pacctosnue l,,, NPH KOTOPOM BO3HHKEET HCKPAa. YMHOXKUB
sareM £, wa l,,, Noay4aior 3HaueHHe HM3IMEPAEMOro HaNnpAXKenus.

Ecan opne u3 3aexTpoaos (uau o6a) uMeer oueHb GOABINYIO KpHU-
BH3HY (HanpHMep, 3JeKTPOAOM CYKHT TOHKAs NPOBOAOKA HJH OCTPHE),
TO NPH HE CJAMLIKOM OOSbLILIOM HANPSAMKEHHH BO3HHKAeT TaK Ha3blBae-
MBI KOPOHHB U paapsaxn Ilpu yseanderuu mnanpsikenus
3TOT Pa3psf NEPeXOAHT B HCKPOBOH WM AYTFOBOH.

Ilpy xopoHHOM paspsse HOHM3aNUsd N BO3OYKAEHHE MO/EKYJ
NPOUCKOASAT HE RO BCEM MEIK3JEKTPOLHOM [POCTPAHCTBE, 4 JHLIb BOJHIH
3JIEKTPOAA C MaJjbiM PaJIHyCcOM KPHBH3HbLI, I'Jle HanpaXKeHHOCTb MOJS
JIOCTHraeT 3HAYEHHH, PABHBIX HJAM npepblwalownx £ .. B s10ii yactu
paspaja ras cBeTHTCA. (BeyeHHe HMEET BHJ KOPOHbI, OKpYyXKaiolleii
3JIEKTPOA, 4e€M H Bbi3BaHO Ha3palHe 3Toro BuJa paspsta. Kopouubii
paspsap ¢ OCTPUA uMeeT BHJ CECTAILEHCS KHCTH, B CBS3H C ueM ero
LHOTAA Ha3BIBAWT KUCTEBBIM pas3psaaomM B sasucumoctw
OT 3HaKa KODPOHHPYIOWEro 3JieKTPoJa TOBOPAT O MNOJQKHTENbLHOI
HJIH OTPRUATEJBHOH KOPOHAX. MeX1y KOPOHHPYIOUIMM CJI0eM H HeKOo-
POHUPYIOUIUM 3JIEKTPOAOM PaCnofiokella BHEW H S A& 06AaCTh
KO P oHBL. Pexum npobos (EZ=E, ) cyllecTByeT TONbKO B npeaenax
Koponupytoulero caos. [lostomy moxuo ckasarb, 4To KOpPoHHbI pa3-
PAl NpeacTaBafer cobOi HenoJublih NPoGofl ra3’oBOr0 NMPOMENKYTKA.

B cayuae otpuiartenshoil Kopousl SBNAEHHS Ha KATOAE CXOAHbI C ABJIE-
HHSIMH HA KaTode TJetollero paspsajid. ¥CKOpPEHHbIE [OJeM NON0KHTENb-
Hble HOHbL BLIOMBAIOT H3 KATOAA SJEKTPOHbI, KOTOPbE BHi3bIBAKT HOHH-
3auMio H BO30Y»K/IeHHe MOJCKYJd B KOpoHupyolleM cjoe. Bo Bhewnei
00/1aCTH KOPOHBI N0JIe HeAOCTATOYHO JJ1S TOTO, YTOOBI COOBLUIUTEL eK-
TDOHAM 3HEPIHIO, HEOOXOAHMYIO /IS HOHH3AUHK HAK BO3GYXKAEHHS
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Mostek yJa1. T103TOMY NpPOHHKIIME B 3Ty 06JAcTb 3JIEKTPOHbI apeiipyior
nojl feficTBHEM 1oJs K aHoay. HacTthb 3JeKTPOHOB 3aXBaTblBAeTCH MOJE-
KyJaMmH, BCJEJACTBHE yero ofpasyloTcs OTpHarejbHble HOHDI. Taxum
o6pas3oM, TOK BO BHemHed 06.1acTH 00yC/IOBJIHBAETCS TOJDKO OTpHuA-
TeNblibIMH HOCHTEJASIMU — 3JEKTPOHAMH M OTpHLATeNbHBIMH HOHAMH.
B stoit obnacTH paspsii UMeeT HecaMoCTOSITENIbHBII XapaKTep.

B noJoHTeAbHOH KOPOHE 3JeKTPOHHbIE JaBHHBL 3apOXKAAICTCA
v BHelHell rpaHulbl KOPOHBl H YCTPEMJAAIOTCSH K KOPOHHPYIOHLCMY
5JIeKTPOAY — AHOAY. DBO3HUKHOBeHUE 3JEKTPOHOB, MOPOKIAICLLIX Ja-
BHHE, 00YyCJOBAEHO (OTOHOHH3allMell, BBI3BAHHOH H3JIYYeHHEM Kopo-
nupyioero cjost. HocutensMu TOKa BO BHelIHed o6JacTH KOPOHHI
CJYIKAT TIOJIOXKHUTEJbHbIE HOHBL, KOTODHIE ApeidyloT noj JAeicTsieM
110J151 K KaTony.

Ecau 06a 31eKTPojia UMEoT GOJbINYI0 KPUBH3HY (XBa KOPOIIIPYIO-
ILHX 3JeKTPoja), BOMU3H KaXKAOro H3 HUX NPOTEKAIOT JIPOLECCh, Npi-
cyliMe KOPOHHPYHOUIeMY 3JeKTPOAY JAAHHOTO 3HAKA. O6a KOpOHHPYIO-
IUX CJIOSl pasiensiorcsl BHemHed 06JacTbio, B KOTOpOH JABILKYTCS
BCTPEUHbIE TIOTOKH IIOJOXKHUTENBHBIX M  OTpHUATEIbHBIX HocuTegeH
toka. Takaa KOPOHA HASBIBAETCHA ABYIOJS PHOA.

Vioumupasmuiica B § 82 npH paccMOTPeHHH CYETUHKOB CavocTos-
TeJLULIH Fa30BHI paspsil NPEACTaB/seT Co00H KOPOHHBIH paspsil.

TomuuHa KOpPOHHPYIOULEro cJodA H CHJIa paspajHOro TOKa pactyT
¢ yBeauuendeM Hanmpsmenus. IIpu HeOOMBILOM HaNPSKEHHH PasMEpLI
KOPOHBI Majbi U ee CBeyeHle He3aMEeTHO. Taxkag MUKPOCKONHYECKas
KOpOHA BO31TMKaeT BOJIM3H OCTPUA, C KOTOPOro CTEKaeT 9JeKTPHUECKHH
petep (cM. § 24).

Kopona, nosiBJsiioLiascst TOX JiefcTBHEM atMocdenHOro 3JeKTph-
yecTBA HA BEpPXYIUKAX KopabeJbHBIX MauT, JepeBbeB U T. M., NOJy4H.Ta
B CTAPUHY Ha3BaHue OCHell CBATOrO JJbMa.

B BLICOKOBOJbLTHBIX YCTPOHCTBAX, B YACTHOCTH B JIMHHAX BBICOKO-
BOJILTHBIX Mepefdd, KOPOHHBIA Pa3psijl NPHBOAHT K BPEAHBIM YTeukax
Toxa. [10o3TOMY NPHXOLUTCA NPHHHMATH MEPBI AJ15 €T0 NPELOTBpalleniisl.
C sTOll LleabIO, HAaNpuUMep, MPOBOAA BbICOKOBOJBTHBIX JIMHHIT OepvT
JOCTATOUHO OOJBIIOrO AHAMETpa, TeM O0JbIIero, ueM BhIIIE HanpsKe-
HUEe JUHHH.

[loslesHoe TpHMeHeHHe B TeXHMKe KOPOHHBIH paspsaj Hauen b
saekTpoduabTpax. OuulaeMbiil ra3 ABUIKETCA B Tpy6e, o ocH KOTOPOIl
PACTIOJIOKEH OTPHLATENbHBIN KOpOHUpYOLHI anexTpod. OTpHILATEeNb-
Hble HOHBI, HMMewecd B OOJLIIOM KOJUYECTEE BO pHemHel o6aacTi
KOPOHbBI, OCEJAI0T Ha 3arpA3HSIOWMX a3 yacTHUAX WJIH KanelpKax |
YBJIEKAIOTCST BMeCTe C HMMHM K BHeLIHEMy HEKODOHHPYIOULEMY SJCKT
pofy. JLOCTHTHYB 3TOTO 3JeKTPOAd, YACTHIB! HeHTpaNu3yloTCs 1t oce-
Jal0T Ha HeM. BrocsefcTsuy mpu yaapax mo Tpyde ocajok, o6pa3oBau-
HBI{l YJIOBJEHHBIMH YacTHILAMH, OCHINAeTcst B cOOPHHK,

9 {. B. Capenves, T. 2



FTABA XII
3JAEKTPHYECKHE KOJIEBAHUSA

§ 88. KBa3ucraumoHapHLIE TOKH

[pu paccMOTpEHHH 3MEKTPHUECKHX KOIEOAHHIl MPHXOAHTCA HMETh
J2no ¢ ToOKaMi, H3IMEHAIOUWHMHUCS co\BpemeHeM. 3axon OMa H BHITEKalo-
mue 113 Hero npasuaa Kupxroda OblIH ycTaHOBJEHB! JUTA NOCTOSHHOLO
toka. OnHAKO CliH OCTAXTCS CNPABEIUBLIMH H JJIST MCHOBEHHBIX 3Ha-
yeH:iii H3MEHSIOLHXCS TOKA W HANPSAXKEHHs, eCJlH TOJbKO X U3MeHEeHH T
NPOMCYOAAT HE CJAHMIIKOM OBICTPO. DNEKTPOMATHHTHBIE BO3MYIEHHA
PACAPOCTPAHSIOTCS MO LeNH ¢ OTPOMHOH CKOPOCTBIO, PAaBHOH CKOPOCTH
caera ¢. [lyeTs anuua uenu paBHa [. Ecsu 3a Bpemsa t=I/c, HeoBxo-
AMMOe JUIS nepenad BO3MYILEeHHs B CAMYI0 OTHAJEHHYIO TOUKY LeilH,
CIITA TOKA H3MCHAeTCS HEe3HAuHTebHO, TO MCHOBEHHBIE 3HAYeHHH
CHJBI TOKA BO BCeX CEUEHHSX Lemu OyAyT NPakTHUECKH OJHHAKOBBIMIL.
TokH, YIOBJETBODSIOLIHE TAKOMY YCJOBHIO, HA3bBIBAIOTCH K B A 3 H-
cTawLHoOHApPHLUMHU, 1S nepHOIHYECKH H3MEHAUIHXCA TOKOB
yCI0BHE KBA3UCTANHOHADHOCTH HMEeT BIHJL

T,

N

{
T = —
c

rne T — nepHof H3aMeHeHHH.

ILis uenu aamHoil 3 M sanaspwiBanne T=107% c. Taxkum o6pasom,
BroTh Ko T nopsiaka 107¢ ¢ (4TO COOTBETCTBYET HACTOTE 108 I'u) ToxkH
B TAKOLL LEMH MOMHO CYMTATH KBA3HCTALHOHAPHBIMI. TOK MPOMBILIIEH-
Hofi uactothl (v=>50 I'm) KBasucTanHOHApEH /I meneit JAJAHHOH JO

~ 100 km.
MrHOBeHHLIe 3HAYEHHS KBA3HCTAUMOHAPHBIX TOKOB MOAYHHIOTCA

saxony Owma. CeoBareibHO, I HUX CIPABEJIHBH H Mpashid Kupx-

roga. o
B pmadpHefimieM .U H3ydeHHH 3JIEKTPHYCCKHX KOoje0aHHH Mbl

Beerga GyleM MpearoJarats, 4YTO paccMaTpHBaeMele HaMH TOKH KBa-
34CTAl[HOHAPHAL.
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§ 89. CpoGonnble Konebanus B KOBTYype
6e3 aKTUBHOI0 COMPOTHBJCHHS

B 1enu, cojepiKalieil HHAYKTHBHOCTb H €MKOCTh, MOTYT BO3NIHKATh
snexTpuyeckue KoneGanus. IlostoMy Takas Uenb Ha3eBAETCA i O .1 &
6aTenbHBM KOHTYpowMm Ha puc. 89.1, a nsobpaient
nocelloBaTebHEIE CTaAHH KoJefaTelbHOro mpouecca B HACAMISHPO-
BaHHOM KOHType, He 006ajaiolleM aKTHBHHIM CONPOTHBJACHBCM.

Kole6anna B KOHTYpe MOKHO Bbl3BaTh, M0G0 coOCUMB OOKJ2/KaM
KOHJIEHCATOPa HEKOTOPHIH HaualbHbIA 3apai, Ju6o BO30YyIMB B HHIAYK-
THBHOCTH TOK (HANpHMep, NyTeM BHIK/IOUEHHS! BHELIHETO MarHliTHOTO
nojisi, NPOHH3LIBABILETO BHTKM KaTyiuki). Bocnonbsyemcs nepBuiM

Lmaduy: | 2 J 4 5
. T : 7 |
+9d - +7
g TS = i - 2 0
Y + T

o
-
]

-
-
e )

=?’/r$3 -zl-m:i;z —ék:rz L mz? .%k:cz

cnocoBom. IlpucoeliHuM OTKJIIOYEHHLII OT HHJYKTHBHOCTH KOHJEHCA-
TOp K HCTOYHHKY HaNpsKeHHd. Sro npuBeleT K BO3HHKHOBERHIO HA
obKJagKax pa3HOMMEHHHIX 3apsAl0B +qg u —q (cramua I). Mexny
O6KAaAKAMH BO3HHKHET 3/JIEKTPHUECKOE ToJIe, SHEPrisl KOTOPOTO paBHa
% (g2C) (cm. dopmyay (29.2)). Ecan 3aTeM OTKJIOUNTH JICTOUHIK
HAMPSKEHHS] M 3aMKHYTh KOHJEHCATOp HA HHJYKTHBHOCTL, ENMKOCTH
HaUHET Pa3psiKATbCs H B KOHTYPE NOTEYET TOX. B peayabTate 3nepriis
SEKTPHUECKOTO NoJsl GYJeT YMEHbIIathCs, HO 3aTO BOSHHKHET BCE
BO3pacTalonlas SHEprusl MarHuTHOTO MOJd, 06YCJOBIEHHOTO TOKOM,
TEKYLIMM uepe3 WHAYKTHBHOCTb. 3Ta 3Heprusi paBHa WwLI?* (eMm. (op-
Myny (67.4)).

IlockonbKY aKTHBHOE COTpPOTHBJEHME KOHTYpa paBHO Hy/o, noj-
'Hasl SHEPTHsl, CNArAIAsCa U3 SHEPTUil SIEKTPHIECKOTO M MArkinioro
noJieii, He pacxojyeTcsi HA HarpeBaHHe NMPOBOJOB H GyJeT OCTaBaThCA
nocrosiHyofl 1). Tlo3ToMy B MOMEHT, KOTA@ HampsIKeHue Ha KoHjcHcas

1) CTporo roBops, B TAKOM HAETN3HPOBAHHOM KOHTYpE NPOHCXCARAA €11 HoTEPA
BYEPrMH HA H3TYHeHHE 3MEKTPOMATHHTHLIX BOJIH. Sra notepsa Te€M 3HAYHTENLHEE, HEM
6oablle uacToTa KoseGannit B YeM Golee «OTKPHT» KOHTYD.

9%
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TOpe, a C/I€/IOBATENbHO, W SHEPIHUs 3JEKTPHYECKOro Mo/ 06paliaioTes
B l{yJib, SUEPTUS MACHUTHOTO 1014, a 3HAYHT, H TOK AOCTHTAIOT HAHGOJIE-
Liero sHaueHus (Cragus 2; HauMHasl ¢ 3TOr0 MOMEHTA TOK TEueT 33 cuer
3. A. C. caMOMHAYKuuH). B janpHefiiteM Tox ymenbluaercH, H, KOrjaa
3apsAbl HAa OOKJaAKAX JOCTHTHYT MePBOHAYaMbHOrO 3HAueHHs g,
CHJIa TOKA CTAHET PABHOH HYyMO (CcTaaua J). 3aTem Te Ke MPOLECCHI
[poTeKaioT B 0O6PATHOM HANPABJIEHUH (CTAANH 4 1 5), NOC/E YEro CHCTeMA
OPHXOAHT B HCXOAHOE COCTOAHME (CTaiu#A §) U BeChb LMK/ NOBTOPSETCS
CHOBA M CHOBa. B Xxoje npouecca nepHogHYecKd H3MEHSIOTCS (T. e. Ko-
neGmoTCs) 3apAA Ha OOKJIaKaX, HANPSKEHUe Ha KOHJEHCATOPE H CHJIA
TOKd, TEKYIUEro 4epe3 HHAYKTUBHOCTB. KoseGanus compoBoxIaioTcs
B3AHMHBIMH NPEBpALleHHAMH 3HEPrHi 37MEeKTPHYECKOrO H MAarHUTHOTO
noJied.

Ha puc. 89.1, 6 kone6aunam B KOHTYpE CONOCTAB/ICHB KOJEGAHUS
MpyXUHHOro MasTHUKA. Coollienuo 3apajoB OGKJAagKaM KOHJIeHCa-
TOPA COOTBETCTBYCT BBIBEJEHHE MASTHUKA BHELUHEH CHJION U3 NOJIOKEHH S
paBHOBECHS H COOCILIEHHE €My NEPBOHAYAJLHOrO OTKJIOHEHUS X. [Tpu
STOM BOSHHKACT NOTEHUNANBHAS SHEPrHs Ynpyrofi jedopmauuu npy-
XuHbl, paBHast Y2kx®. CTajuu 2 cOOTBETCTBYET NDOXOXKAEHHE MASTHHKA
HCPE3 TOJIOKEHHE paBHOBecHsi. B 3ToT MOMeHT KBasuynpyras cuia
pPabHa HYJII0 I MasTHHK NPOJOJLKAET JABHLATHCA NO HHepund. K stomy
BPEMEHH SHEPTHs MAATHHKA TOMHOCTLIO MEPeXOHT B KHHETHYECKYIO

H onpejensieTcss Bblpameduem Y2mx?, ConocTaBleHHE AajibHeHILHX
CTaZANH 11PEJOCTABAseM YHTATENIO.

M3 conocraBieHvs sJAEKTPUYECKHX M MEXaHHUYECKHX KOJe6aluil
CACLAYET, 4YTO 3HEPrUs JJIEKTPUYECKOro noJas Ye (g?/C) anasornuna
NOTEHUHANIBHOM SHEPTHH YNpyro# fedopmanui, a 3HEPI'HsT MATHUTHOIO
mons 2L/ ananornuHa KMHeTHYECKOi 3Hepruu. Muayktusnocte L
MIpacT poab Macchl m, BeluunHa, ofparnas emkocru (1/C),— poas
ecTkocTH k. Hakowen, sapagy g cooTBercTByeT cMelnenHe MasiTHuKa

H3 TIOJIOKEHHSI PaBHOBECHS X, a CUJIe ToKa [=¢ — cKopocTb x. Hiike
Mbl VBHJHM, YTO aHAJIOTHA MEXKAY SJCKTPHUYECKHMHY H MEXaHHYEeCKUMI
KOJeGaHHSAMY PACIPOCTPAHAETCA M Ha ONUCHLIBAIONIE HMX MATeMaTHye-
CKHE YpaBHEHHA.

Hatizem ypaBuenne kose6auuii B KOHTYpe (€3 aKTHBHOTO CONpo-
THBJICHHSI. YCJIOBHMCHA CYHTaTh NOMOXUTEJAbHBIM TOK, 3ap AXKAKUIHI
kougeHcarop ') (puc. 89.2). Torgaa

=—r=q. (89.1)
Hamuwem pna nenn /—3—2 BbIpaxkeHne szakona Oma
IR=¢;—¢,+ &, (89.2)

1) Ipn TakoM BmGOpe HaNpaBleHHs TOKA AHANOIUS MEXJAY SMeKTPHUECKHMH H
MEX4HHUECKHMH KoJIeOaHISAMM oKasbiBaeTcsl Gojlee MOMHON — CKOPOCTH X COOTBETCT-
ByeT g (HpH MHOM BHIGOPE CKOPOCTH X COOTBETCTBYET —4).
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(cM. (35.3)). B mamem caysae R=0, ¢,—¢,=—q/C, &1.=&.=
=—L (dl/df). TloacranoBKka 3TMx 3HaueHuii B (89.2) naer

| 0=—q/C—L (d1/dt). (89.3)
Haxkoneu, 3amenup dl/dt uepes g (cM. (89.1)), mosydyuM ypasHedue
q+7nq=0. (89.4)

Ecan BBecTH o6o3HaueHue
m"=7fl—f’ (89.5)

ypaBHEHHe (89.4) NPUHUMAET BHJ,

g+ w3g =0, (89.6)

XOPOILIO 3HAKOMBIA HaM M3 YUeHHS O MeXaHMYeCKHX KoJeGaHHAX (CM.
dopmyay (53.1) l-ro Toma). Pemienuem 3TOrO

yVpaBHeHHs1 ABJfAETCA (QYHKLUHSA ‘ 1g E_g
§==mC0s (0ol +a). (89.7) 2{ h R

Taxkum ofpasom, 3apsaA HAa oOOKJIazKaxX KOHJIEH- M
caTopa M3MeHsIeTCst N0 TapPMOHHYECKOMY 3aKo-
HY C YacTOTOH, onpegenasieMOH BbIpa’KeHHEM %,_,_.4
(89.5). Ira yacrora Ha3biBaercss co6CTB e H- L

HOHW 4YacCcTOTOH KOHTYPpPa (oHa CoOT- Puc. 89.2.
BETCTBYET COOCTBEHHOH YACTOTE rapMOHHYECKOIO

ocuuansropa). las nepuoga KoaedaHHH NOJAYYAeTCsl TAK HasbiBaewas
Gopmyana TomcoHa:

T=2nVLC. (89.8)

' Hanpsokenue Ha KOHAEHCATOPE OTJAMYAETCH OT 3aphajfa MHOXKHTe-
JaeMm 1/C:

U =%”icos (0ol F-a)=U , cos (vl +a). (89.9)

IMpoaudpdepeniuposas ¢yHkuuio (89.7) N0 BPEMEHH, NOJYYHM
BbIPAKeHHE LJs CHJBbI TOKA -

] = — g, sin (@ +a) = I, cos (mot+a+_g_) . (89.10)

Taxum obpasom, cuja TOKa ofnepexaer no ¢ase HanpsKeHHE HA KOH-
JlencaTtope Ha /2.

Conocrasnenve gopmya (89.7) n (89.9) ¢ dopmynoit (89.10) noka-
3bIBAET, YTO B MOMEHT, KOrJa TOK JOCTHraeT HauOoJblIero 3HadeHud,
3apsil M Hanpsikenue o6palawTcd B HYJb, H HA060POT. ITO COOTHO-
LIeHHE MEXKIY 3apsSJiOM ¥ TOKOM MBI VK€ YCTaHOBMJIH P aHEE, OCHOBLIBASCh
Ha 3HepPreTHUYecKHX coobpakeHHSAX.
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M3 ¢opmya (89.9) u (89.10) creayer, uto

Urﬁ___'%n' [m=m0qm'

B3ds OTHOWEHUE 3THX AMOAMTYX M 3aMeHUB ®¢ mo ¢opmyne (89.5),

NOJTYYUM
U=V el (89.11)

Sty GopMYNy MOXHO HOJNYUHTb TAKKE, HCXOAs U3 TOro, YTo HauGoJib-
lee 3HAYSHHE 3HEPTHH 3JekTpuueckoro nons 2CUj, HOMKHO ObiTh
PaBHO HAMGOAbIeMY 3HAUECHHIO SHEPrUHM MArHHTHOro mnoas /2 L[,

§ 90. CsoGoanbie 3aTyxatolue KoiedaHus

Beakuit peanbHulit KOHTYD 06G/ajdeT aKTHBHBIM COINPOTHBJCHHEM.
dHeprus, 3anacesnas B KOHTYPE, NOCTENEHHO PACXOAYEICHd B 3TOM
CONMPOTHBACHHUN HA HATPEBaHUe, BCACACTBHE YEFO CBOOOAHBIE KoJe(aHus

3aTyxaloT. YpasHeHue (89.2), HanucaHHOE /s
nenu ! —3—2, usobpaxenHoii Ha puc. 90.1,

4
+§!~{ }-? ' HMeeT BHJ,
2111
I bi¢

__ 49 df '
IR——E—L ar (90.1)
(cp. ¢ (89.3)). Paspenus ato ypaBHeHue Ha L
3 u 3avenuB I uepe3 g, a dl/dt depes g, mnonay-
L A qHM
- . l
Puc. 90.1. q+—§-q +ﬁ‘7=0' | (90.2)

[puusas Bo BHHMaHWe, YTO BeauunHa, oGparHas LC, paBHa Ksa-
Aparty COGCTBEHHO!l 4YacTOThl KOHTYpa ®, (cM. dQopmyny (89.5)), u
BBeJAAd 0003HAYEHIIE

f=R/2L, | (90.3)
ypasuenuo (90.2) MOXHO npuxaTh BUJ,
g+ 2Bg+0ig=0. (90.4)

[Tocsiennee ypapHeHHe cOBNajlaeT ¢ AH(depeHUUANLHBEIM YpaBHEHHEM
3aTyXAaMUX MexaHyueckux koaeGanud (cMm. dopmyay (58.1) i-ro
TOMA}.

[Tpu yenoBun, uro 2 << o, T. e. R%*4L? << 1/LC, peusenue ypas-
Henus (90.4) umeetr BUJ : ' |

g =G nee~8 cos (0l 4 @), (90.5)
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rie o=} @ —p*. [Toacrapus snauenne (89.5) A @, B (90.3) mas B,

HaMjem, 4TO
1 R?
o=V s (90.6)

TakuMm o6pa3oM, YacToTa 3aTyXaroIUX KoneGaHUI o MeHbINe COOCTBEH-
HOll uacToTH @, Ilpn R=0 suipaxenne (90.6) nepexomut B (89.5).

Pasnenup ¢ynxuno (90.5) Ha emkocTb C, NOJAYYHM HanpsxKeide
Ha KOHIeHcaTope:

U =—‘%ie-ﬂ’ cos (of + a) = U =8 cos (wl + ). (90.7)
UroGul HaliTH cuny Toka, npojndpepentupyem (90.5) no Bpemenu:

] =q=gq -8 [—p cos (ot 4 a) —o sin (of | «)].

YMHOXXHB NPaBYIO YacTh 3To# (opMyJbl Ha paBHOE €MIHHLE BEIpaKEHHE

@,/ 0% +4-P?, mosyuuM

— - B @ .
I= (Doqmoe pt [—m COS(mt+G)—mSIH (mt—l—cz)] .
Beeas yroa ', onpeiensieMbl YCAOBUAMH
B P Gy =2
cosp= o o, SO P Tt

MOXHO HaIHcaTb

I = ®yq e~ cos (of + a --). | (90.8)

[Tockoabky cos{P << 0, a sinyp >0, 3HayeHue P 3aK/AOUIEHO B Npe-
nenax or /2 o m (/2 < << m). Takum ofpasoM, NpH HaAMuMKH B
KOHTYPE AKTHBHOTO CONPOTHBJIEHHS CHJIa TOKA Onepexaer no daze
HaNpsXXeHHE Ha KOHJeHcaTope Goslee 4eM Ha n/2 (npu R=0 onepexenne
cocTaBJsieT m/2). . _

I'pagux ¢ynkuun (90.5) nsobpaxen na puc. 90.2. I'paduri pas
ANPSIKEHNIS M CHABl TOKAa MMEIOT aHaJOTHYHBIH BHIL.

3aTtyxanne KoseGaHHH NPHHATO XapakTepH3oBaTb JOTapiH ¢-
MHUYECKHMM AEKpEMEHTOM 3aTyXaHHu4d

—n_
k_lna(t_}_T)—-ﬁT {90.9)
(cM. ¢opmyay (58.9) 1-ro Toma). 31eck a(f) — aMnauTyja CooTBeT-
creytomeil Besuunhel (¢, U nau I). Hanomnum, uTo norapudMHyYecKnit
IeKDEeMEeHT 3aTyXaHMs o0parteH wucay xojgeGaHuil N,, cOBepiaenelX
3a Bpemsi, B TeYEHHE KOTOPOTO AMIVINTYAA YMEHBLIAETCR B € pas:

A=1/N,.
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[loncrasus B (90.9) 3mauenne (90.3) mas B u samenus T uepes
2n/w, NOMYyYUM 4 A CAenyiollee BHIpaXKeHHe:
_ R 2z xR
Hacrota o, a c/ejopaTebHO, H A ONPEAEIAIOTCS NapaMeTpaMu KOH-
Typa L, C u R. Takum o6pasom, JorapudMHYECKUii JeKPeMEeHT 3aTy-
7 A XaHHsl ABJAETCA XapaKTePUCTHKOH KOH-

- TYpa.
oy Ecau 3atyxanue nepenuko (f2<Zwd),

/\ 7\“7&“" MOxHO mosioxutb B (90.10) © ~ w,=
\[ \/ \/ \j ¥ =1/VLC. Torna
T - ARVIC _ T
) A= T =nR ]/f. (90.11)

v

-

Puc. 90.2. Kosie6aTenbHelii KOHTYp 4acto xa-

PaKTEPH3YIOT €ro RO0OPOTHOCTHIO

Q, xoTopas onpeseasieTc KaKk BeJIUYHHA, OGPATHO NPONOPUHOHAJbLHAS
JOTrapHMHUECKOMY HEKPEMEHTY 3aTYXaHHSA:

JU

Q=T=HN8' (90.12)

s (90.12) caenyer, uto 106pOTHOCTL KOHTYPa TeM BEIIIE, YeM GOJbIIee

YHC/JO KOJeGaHHi YCNEBAeT COBEPIIHTBCA IPexie, 4YeM aMILIMTYAA

YMEHBUIUTCH B € pas.
B cayuae canaboro saTyxanus

==V L (90.13)
(em. (90.11)).

B §58 l-ro Toma 6bimo mokasaHo, 4ro npu cna6oM 3aTyXAHHH
JOGPOTHOCTh MEXAHHMYECKOH KoJIeGaTeNhHOH CHCTEMBI C TOYHOCTBIO
JO MHOXHTENAs 27T paBHA OTHOILUEHHIO 3HEPIHH, 3anaceHHOH B CHCTEeMe
B MaHHBI MOMEHT, K Y6bLIH 3TOH 3HEPrHH 3a OAMH NMepHOI KoJeGaHHil,
[lokaxkeM, 4TO 3TO CHpaBEJIHBO M JUIs1 3JEKTPHUECKHX KOJEGAHUI.
AMIUIATYZ2 CWIBI TOKa B KOHTYpe YGbIBAET N0 3aKOHY e~ B, Oueprus W,
3alaceHHasi B KOHTYpe, NPONOPUHOHA/IsHA KBAPATY aMIIHTYIbl CHJIbI
TOKa (MM KBaJpary aMmIVIMTYAbl HANpsDKeHHA Ha KOHJEHCcaTope) ;
ciaefoBatesnbHo, W ybriBaer no 3akony e8!, Ornocurensuoe YMEHb-
lieHHe 3HEPTHH 32 MEpPHOJ, PaBHO

—AW _ W()—W({+T)  1—e-2BT
w W (1) - 1

[Ipu HesHauuTENBHOM 3aTYXaHHH (T. €. NIPH YCIOBHH, YTO A<L1) MOKHO
e™™ NPUOIHIKEHHO TONOXHTb PaBHBIM |—2A:

—AW
o =1—(1—21) =2,

=1—e
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Hakouell, 3aMeHHB B 3TOM BbIPaXKeHUH A yeped JOCPOTHCCTb KOHTYpa Q
5 cootBeTctBUH ¢ dopmysion (90.12) u peluuB noJaydcHHOE ypPAaBHCHHE
OTHOCHTENBHO @, TOJYYHM
W
Q=21 —x7 - | (90.14)
B 3akJioucHYe OTMETHM, 4To npu R2/4L? 2> 1/LC, T. e. npu %=
> 03, BMeCTo KoJeGanudl NPOMCXOMUT ANEPUOAMYECKHH pa3psj KOH-
nercatopa. ConpoTHBJAEHME KOHTYpa, NpPH KOTOPOM KoJieOaTebHbiH
npouecc MHepPexXoiMT B anepuoAUYecKHH, HA3bIBAeTCA K P M T H 1 €-
¢ Ku M 3HaueHHe KPHTHUECKOrO COUPOTHBJEHUS R, ONPELENSTETCH

ycaosiem R3i/4L*=1/LC, oTKyna
R.=2V'LIC. (90.15)

§ 91. BoiHyXIeHHbIE 3IEKTPHYECKHE KoJe0aHHs

Urto6bl BBI3BATh BEIHYKAEHHBIE KOJ€OaHUS, HYXKHO OKa3bIBATh
Ha CHCTEMY BHEILHEe IepUOJIMYeCKH H3MEeHSIoWeecH BO3JeiCTBHE.
B ciaydae 3jeKTPHUECKHX KoJeGaHUil 3TO
MOMHO OCYIICCTBUTb, €CJH BK/MIOUHTH 1O~ _ ~AAll -
cJaefoBaTeqIbHO C  JIEMEHTAaMH  KOHTYpa i { 1 i
nepeMeHHyto 3. J. C. HJH, pa3opBaB KOH- b Y i U >

TYyp, N0AaTh Ha 00Pa30BaBIIHECst KOHTAKTHI °%°
HGPEMEHIIOE Hanpsi>xeHue
Puc. 91.1.
U=U,,cos wt 91.1) !

(puc. 91.1). Dro HANPsKEHHE HYIKHO NPHOABHTh K 3. A. C. CAMOHHIYK-
unu. B peayabrate ¢opmysaa (90.1) npumer BHA

df
IR=—%—Lo-+4U,cosot, (91.2)
[Mpoussena npeoGpasosanus, NOJYyYUM ypaBHEHHE
G+ 27+ wig == cosat. 91.3)

31ech ©F u B onpenensiores dopmynamu (89.5) u (90.3).

Ypabuenue (91.3) copnapger ¢ AudrpepeHuHaNbHBIM YPABHEHHEM
BBIHYMKIEHHbIX MEeXaHHYyecKuX KoJebaHuil (cM. Qopmyay (60.1) 1-ro
toma). HacTHoe peileHHe 3TOr0 YpaBHEHHA HMEET BHA ‘

G=Qmc0s (wi—1), 91.4)

rjae
U./L tg = 2w

Vo9 1 bt "

G 1
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(cM. dopmyay (60.9) 1-ro Toma). TloacTanoBKa 3Hauenuil @j # P naer

U
= m l,
In =V Rt @L —1jC) ’ (©1.9)

R

gV ="Ter—or - (51.6)

QO6ilee pelleHHe NOMYYHTCH, €CIH K HaCTHOMY PEIlenkio (91.4) npu-
GaBuTb Ofllee pelleHHe COOTBETCTBYIOMIEro ONHOPOAHOrO YpaBHEHHS.
1o pemeHue GbIIO MOJYYEHO B NPENBIAYIIEM naparpacge (cM. GopmMyay
(90.5)); OHO COAEPKHT SKCMOHEHIMAMbHBIH MHOXHTENb e, Tmostomy
10 NPOLIECTBHU JOCTATOYHOTO BPEMEHH CTAHOBUTCS OUEHb MAILIM H HM
MOXHO TpeHe6peus. Cllef0BaTebHO, YCTAHOBUBILUHECS BBIHYXACHHDIE
Kosebaing onuchisaoTes yuxuued (91.4). |

ITponuddepeHINPOBAB BEIDAXEHHE (91.4) no #, HafAeM CHJYy TOKa
B KOHTYPE NpPH YCTAHOBHBLIMXCS KOJEOaHHAX:

]=—agnusin (0t—p)=1I,c0s (0i—p+n/2)
(] ,=0qy). 3anumem 3T0 BbipaXeHHe B BHJE 1
1=1,cos (wi—¢), (91.7)
rie @={ — n/2 ecTb CABHI NO (ase MEXKAY TOKOM H NPUIOKEHHBIM

nanpsixennem (cv. (91.1)). B coorserctauu ¢ (91.6)

n 1 ol —1/aC
tg p=1tg (¢——2—)=—tg¢= 7 . {(91.8)

M3 s10it (opMyJEl CHeNyeT, YTO TOK OTCTaeT 1o ¢ase OT Hanpsxe-
pus (¢ > 0) B Tom cyyyae, Koraa oL > 1/@C, n onepexaer Hampaxe-
uue (¢ << 0) npn yeaosuu, uro oL << 1/oC. Cornacuo (91.5)

U
fn=04n= V R (L— 1/wC)?’ (91.9)

MpencraBum cootHomerne (91.2) B BHae

IR+%+L-jTI=Umcosmt. (91.10)

[Ipouspenenue /R paBHO HanpsxeHHio Up HA aKTHBHOM CONPOTHBJIE-
HHH, ¢/C €cTb HanmpsKeHne na xonpencarope Ug, BHPaXKEHHE L (di/dt)
ompefenseT HanpsbkeHne Ha MHAyktHBHOCTH Up. C yuerom 3TOro

MOZKHO HAITHCATDL
Up+Uc+U,=U,cosat. (91.11)

TaxuM o6pasoM, CyMMa Hanpsi>KeHHH HAa OTJEJbHLIX JEMEHTAX KOH-
Typa paBHa B KaX[Iblil MOMEHT BpeMeHH HANPKEBHIo, NPHJI0XEHHOMY
uaBue (cm. puc. 91.1).

1} o xoBUA 3TOA IJaBH Mbl He BCTPETHMCS € MOHATHEM MOTeHLHANa. IlosTomy
ofo3nauenne ¢asoBoro yria OYRBOH ¢ He CMOXET NMPHBECTH K HEAOPASyMEHHAM.
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B cootsercrauu ¢ (91.7)
Ugp=RI, cos (ot —@). (91.12)

Paagenus Bolpawende (91.4) Ha eMKOCTb, DONYy4YUM HaNpsKEHUE HA
KOHIeHCaTope

| U =22 cos (of —) = U, cos (mf—cp—%). (91.13)
3nech

_m_ Un —ln 91.14
UC’”_C—chR2+(mL—1/mC)2 ol (O1.14)

(cm. (91.9)). YMHOXKUB NMPOUZBOAHYIO QyHKLHH (91.7) na L, momyues
HATIpsKeHHe Ha HHAYKTHBHOCTH!

af .
U,=L3 =—oLl,sin (ot —q) = Uy, cos (mt—-—-(p Jr%). (91.15)

3xech
U,,=oLl, (91.16)

Conocrasnenne dopmya (91.7), (91.12), (91.13) u (91.15) noxa-
ablBAET, YTO HANpPSIKEHHE HA eMKOCTH OTCTaer no (ase OT CHJBI TOKA
Ha /2, a HANpsKeHHe Ha HHIYKTMBHOCTH OMNEpe)kaerT TOK Ha /2.
Haup sikeHHe Ha aKTHBHOM CONPOTUBJIEHHH M3MEHsSeTCs B (pa3e C TOKOM.
B a30Bble COOTHOLICHIA MOXKHO NPeJCTABUTD OYEHDb HATVIAAHO C MOMOLLbIO
BeKTOpHO{l Auarpammbl (cM. § 55 1-ro Toma). HanomHHM, 4TO TapMOHH-
geckoe KoJefaHue (WK TFapMOHHUECKYIO (YHKIHMIO) MOMXHO 3a1arhb
C TOMOLBI0 BEKTOpa, AJMHA KOTOPOro paBHA aMIVIMTYIE KoaebaHHsd,
a HANpAaBJEHHE BEKTOPA OGPA3YET C HEKOTOPOl OChIO Yrof, PaBHbIi
HauaMbHOM (ase Koiebanus. BoapMeM B KauecTse NpAMOH, OT KOTOPOI
OTCYHTHIBAETCS HayadabHas ¢asza, ocb TOKOB. Torjga noJjy4aercda JHa-
rpauna, usobpawenuas Ha pic. 91.2. Cormacro (91.11) tpr dyuk-
win Up, Us # U, B cymve JO/DKHBL GObITe PABHBI MPHUJIOKEHHOMY
nanpskenuto U, B coorsercTBiU ¢ 3THM HaupsizKeHne U n3obpamaeic:
HA AUrArpavMMe BEKTOpOM, paBHbiM cymye BekTopoB Up, Ucs u Uj.
3ameTHM, 4TO H3 OPSIMOYIOJBHOrO TPEyrolbHHKA, 00PA30BAHHOFO HA
puarpamme pexropami U, Up ¥ pasHocteio Uy — Upg, J1erko mony-
yuThb Qopmyay (91.9).

PezonaHcHas 4acTtoTa s 3apaja ¢ M HanpsRKEHUS Ha KOHJIeHCa-
tope U, paBHa

1

'l/ o Bl R?
Wy pes = Oy pea = g — 20 = ]/I._é—ﬁfﬁg(’)“ (91.17)

(cm. dopmyay (60.17) l-ro Toma).

PesonancHble KpuBble aas U n3o6paxensl Ha puc. 91.3 (pesonauc-
Hble KPUBBIE JUIA ¢ HMEIOT Takoil ke BHx). OHH CXOJHBI C PE30HACHBIMH
KPHBBIMH, NOJYYAIOWMMHCS IS MEXaHHYECKUX KoNeGaHHil (CM. puc.
60.3 1-ro toma). [Ipu @ — 0 pesoHaHcHBIE KPUBbIE CXOAATCH B OJHOM



268 rja. X1 BJEKTPHUECKHE KOJEBAHHWA

tToyke ¢ opaunartoit Ug,=U,, — HaOpaxeHHIO, BO3HHKAIOIIEMY
fla KOHJACHCATOPE IIPH INOAKJIIOYEHHH €ro K HCTOYHHRY MOCTOSIHHOIO
Hanpaxenua Up,. MakcumyM npy pe3oHaHCe nojly4aeTcs TeM Bhlle
H ocrpee, yeM MmeHbuie f=R/2L, T. e. UeM MCHbLIC aKTHBHOE COMNpO-
TUBJIenHe ¥ GoJiblle MHAYKTHBHOCTL KOHTYpA.

Pe3oHaHCcHBI® KpHUBBIE sl CHJBL TOKa H300paskeuwl Ha puc. 91.4.
OHM COOTBETCTBYIOT PE30HAHCHBLIM KPHUBBIM JJIs1 CKOPOCTH IIPH MEXaHH-
YeCKHX KoJefaHusax. AMnautyaa cH- 7ol
Jbl TOKA MMCET MaKcHMaJbHoe 3Ha- 7
veHde npu oL — l/oC =0 (cM.
91.9)). CnenoBartesnbHo, pe3oHaHCHAs

Y/
&l ——— 7
Uy | 7
| =7 @i
N Db 1mon08 V//
7 A by
wl “ J -
\/4
Puc. 91.2.

yacToTa ANA CHJBL TOKA COBHAjdeT ¢ COGCTBEHHOH YacToToH KOH-
TYPa ®,:

1
(l)lpea:(ﬂo-':ﬁ:. (9118)

Otpe3oK, oTcekaeMmblH Pe3OHAHCHBIMH KPHUBRIMH HA OoCH [y, DaBen
HYJIO — NPH NOCTOSTHHOM HAINPAXEHHH YCTAHOBUBIUHIICA TOK B I€0H
C KOHJAEHCATOPOM TeUb HE MOXKET.

[Tpu manom satyxanun (npu P<€e;) Pe3OHAHCHYIO 4YacTOTY /4
HanNpaMXeHnna MOMHO IOJNOXKHTh paBHOR ©, (cM. (91.17)). Cooreert-
CTBEHHO MOXKHO CYHTATb, YTO Oy, — 1l/@,,C ~ 0. CoraacHo ¢op-
myJsie (91.14) oTHomeHHe aMMIHTYALI HANDSXKEHHS HA KOHAEHCATOPE
npu pesonance Ugypen K aMHJIHTyJ:Le BHEWIHEro Hanpsokeuusa U,
OyJeT B 3TOM CJydae PaBHO

Ucm ez ___ 1 V-LC | ‘l/ L o
Un ~olRTCR TR =Q (1.19)

(Met momoxusn B (91.14) o=, ,.,=0,). 3aech Q-——'noﬁpon-rocm
KoHTypa (cM. 90.13)). Takum ofpasoM, JOGPOTHOCTh KOHTYpPA TNOKa-
3bIBA€T, BO CKOJIBKO pa3 HanpsxeHHe Ha KOHJAEHCATOPE MOXKET NpeBLl-
CUTh IPHJIOKEHHOE HaNPsXKeHHE,

Jlo6poTHOCTL KOHTYpa onpelefsieT TaKKe OCTPOTY DPE30HAHCHBIX
KpupniX. Ha puc. 91.5 nmokaszana oaHa 13 pe3oHaHCHBIX KPHBBIX AJ

z
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CHJABL TOKA B KOHTYpe. [To BepTHKAIBHOM OCH OTIOXKEHb! He 3HaYeHHs [ o,
COOTBETCTBYIOIINE AANHOH uacToTe, a oTHOueHHE [py K 1, geq (T €. K [y
npu pesonance). PaccMoTpum WMpUHY KPHBOH Aw, B3ATYIO Ha BbICOTE
0,7 (OTHOUIEHHIO AMIJIMTYIL TOKOB, PABHOMY 0,7, COOTBETCTBYET OTHO-
jueHie MortHocTell, pasHoe 0,72 & 0,6). MoxHO nokasarb, YTO OTHO-
leHHe 3TOi IUMPHHBL K PE30HAHCHOH YacToTe PABHO BeMHUiHe, OOPATHOH

JIOOPOTHOCTH KOHTYpa!

Ao 1
= (91.20)

HanouuuM, yto ¢opmyant (91.19) i (91.20) epubl Hib 11pu 60Jb-
mMX 3xaueHuax Q, T. e. B clydae KOrjia 3aTyxaHue CBOOOJHBIX KoJe-
GaHUi B KOHTYpe MaJo. ‘

[mi\
| o4
[ jm,ma
I J P
| 1
|
: /7 i 'A:-:
| bl
(1
| |
I M l
. L
| 1
! | AT z
i ——— o7
J - w, o | ")Llw
Puc. 91.4. Puc. 91.5.

fIpnenye pe30HAHCA HCMOJb3yeTca AN BbIIENEHHS H3 CJAOKHOTO
HanpspKeHHs HYXXHOH cocTaBasmouleid. [1ycTs HanpsikeHue, MPHJIOKEH-
HOe K KOHTYPY, PaBHO

U=Upi cos (@f+o)+ U pacos (wat-+as)+...

HacTpouB KOHTYp HA OJHY H3 4acTOT @y, @; H T. A. (T. €. moxo6pan
COOTBETCTBYIOLIMM O6GpazoM ero napamerpbl C v L), MOXHO MOJYYHTD
HAa KOHJeHCaTope HamnpsixeHue, B @ pa3 npeshllialollee 3HAUEHHE JaH-
HOil COCTaBJdIOUIeH, B TO BpeMsl KaK HampsKeHde, CO3JaBaeMoe Ha
KOHJIEHCATOpEe APYTUMH COCTaBaAsionuMu, 6yaeT chnabbim. Takoil npo-
ecc OCYIIECTBJSIETCSI, HalpUMep, MPH HACTPOHKE palHONpPHEMHHKA
Ha HYXXHYIO JUIHHY BOJIHBL.
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§ 92. TepemenHwmit TOK

OnHcannble B npeapiayiem naparpade yCTaHOBHBIUMECA BHIHYKAEH-
Hble KOoJMeGaHHA MOXKHO pacCMaTpuBaTh KAk NpOTE€KaHHe B uenu, o(ua-
Jalolleld €MKOCTBbIO, HHAYKTHBHOCTBIO M aKTHBHBIM CONPOTHBJEHHEM,
nepeMEHHOr0 TOKa, OOYCJAOBJEHHOTO NEPEMEHHHIM HamnpsXeHHeM

U= U cosof. (92.1)

Cornacno ¢opmyaam (91.7), (91.8) u (91.9) stor TOK M3MmeHsaercs 1o
3aKOHY
I=1,,cos(@f{—p). (92.2)

AmnunTyza Toka onpenensiercs aMnuMTyaod Hanpsxenusa U, napa-
metpamu uenn C, L, R u yacroroii w:

U
I, = T (92.3)

Tox oTcraer no ¢ase OT HanpPsKEHHA HAa Yrod @, KOTOPEIN 3aBHCHT
OT NapaMeTPOB LENH H YACTOTHI:

tg ¢ =_———“’L_R”‘°C. (92.4)

B cayuae, xorja @ << 0, TOK daxkTHYecKH OMNepexaeT HaNpsKeHME,
Crosmee B 3HameHarene ¢opmysel (92.3) BhipaeHHe

Z=V Ri4 (oL —1/aC) (92.5)

HA3bIBa€TCA M OJ HBH M SJI-eKTpH‘IECKHM CONpPOTHB-
JEHHEM HIH HMOEOaHCOM.
Ecau nenk cocTOHT H3 OJHOro JiHIb aKTHBHOTD CONIPOTHBJAECHE A R

ypaBHeHHe sakoHa OMa ¥uMeeT BHJ, -
IR=U_ cos al,

Orciona cnefiyer, uTo TOK B 3TOM cJydae wameHsiercd B dase ¢ Hanps-
- JKEHHEM, a aMIINTY/d CHJILl TOKa paBHa

Cpasrenne sroro Bulpaehns ¢ (92.3) noxasbiBaer, 4TO 3aMeHa KOH-
JeHCaTopa 3aKOPOUEHHBIM yqaCTKOM LleNy O3Hauaer nepexof He Kk C=0,
aK C=o00.

Bcaxad peanbhas nens oﬁﬂaﬂae'r KoHeuHrIMH R, L u C. B otnesnb-
HBIX CJY4asixX HEKOTOphle H3 3THX MNapaMeTpoB OLIBAKOT TAKOBBI, YTO
UX BJAMSIHHEM Ha TOK MOXHO npeHeb6peub. JonmyctuM, yro R uenu
MOKHO TMOJIOXKUTh paBHBIM HYMo, a C — paBHBIM GECKOHEYHOCTH.
Torza u3 dgopmya (92.3) u (92.4) caepyer, uro

| =YUnm (92.6)

m ol ?
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a to p=o0 (cooTBeTCTBeHHO Q=n/2). Benuuuuy
X, =al (92.7)

HA3bBAIOT PEaKTHBHBM HHAYKTHBHBM CONPOTH B-
ACHHEM MHIH TAPOCTO MHAYKTHBHBM COMNPOTHUBJEC-
HueM uend. Ecau L BbipasuTh B reHpH, a @ — B c™Y, 1o X, Oyaer
BoIpaxeno B omax. M3 (92.7) crepyer, 4to HHAYKTHBHOE CONPOTHBJ/IEHHE
pacter ¢ yacrotofi ®. [TocrosinHOMY TOKY (@=0) HHAYKTHBHOCTb He
OKa3biBaeT CONpPOTHBJEHHA.

Tok B HHAYKTHBHOCTH OTCTaeT oT Hampsikenus Ha n/2. Coorser-
CTBEHHO HANpSIKeHHE HA MHIAYKTHBHOCTH ONepexaeT TOK Ha n/2 (oM.
puc. 91.2).

Tenepb JONYCTHM, 9TO MOXKHO TOJNOKHTb DABHBIMH Hymo R u L.
Torya cornacHo dopmyaam (92.3) u (92.4)

U

In= {00 (92.8)
tg p=—o0 (1. . p=—n/2). Beauuuuy
|
Xo=— (92.9)

HA3L3810T PEaKTHUHBHBM €MKOCTHBM COMNPOTHB.IE-
HiteM MJAH TPOCTO €EMKOCTHBIM CONPDOTHBJEHHEM.
Ecait C ebipasuth B ¢apajax, a @ — B ¢7', To X¢ OyAer BbIPaXKeHO
B onvax. Ma (92.9) caexyer, YTO €MKOCTHOE CONDOTHBJIEHHE YOL!ZACT
¢ yactorofi. JlI9 NOCTOAHHOrO TOKa X =00 — IIOCTOSITHHBII TOK
yepe3 KOHAEHCAToOp Teub HE MoxeT. [locKombKy @=—u/2, TOK, TEeKY-
mIpil yepes KOH/JEHCATOp, omepexxaeT Hampsikenue Ha /2. Coorser-
CTEEHHO HAMpPSKEHHE Ha KOHJEHCATOPE OTCTAeT OT TOKAa Ha N/2 (oM.
puc. 91.2).
HakoHet, AONYCTHM, YTO MOXKHO NOJIOKHTh R paBHbIM HY/0. B 3TOM
cnyuae dopmyna (92.3) nepexoaut B
—
m- oL — l/oC|"

(92.10)
Benuuiina

X =0L——r =X, —X, (92.11)
HAZLIBACTC PEe€aKTHBHDBIM CONPOTHBAECHHEM HIH D C-

AKTAHCOM.
Gopmyast (92.4) u (92.5) MOXKHO NpPEACTaBHTL B BHJE

tgq):'%n Z:VR2+XZ

Taxim 06pa3oM, €clTH 3HAYCHHA COHPOTHUBJACHHH R H X OTJIOKHTD
BIOJi5 KaTeToB TPEYrOJIbHHKA, TO JJHHA THIOTEHY3bl OYAeT UHC/IEHHO
pasua Z (cm. puc. 91.2).
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HaiizieM MOIHOCTB, BEIZENISEMYIO B LENH MEPeMEHHOro TOKa. MrHo-
BEHHOE 3HaYeHHEe MOIIHOCTH PaBHO MPOU3BEJECHHI0O MIHOBEHHbIX 3Haye-
HHH HaOPSXKCHUS U CHJIBI TOKA:

P (y=U ()1 ({)=U ycos wt- I ,cos (0f—). (92.12)
Bocnone3opasuiick dopmynoit
cos a cos f =—é— cos (a—f) +—é— cos (& -+ ),
BhIpaKeHHo (92.12) MoxHO npujaath BUR
P(f)=5U,l,cos+4U,l,cos Qol—g).  (92.13)

IlpakTnueckuii uHTEpEC MPEACTaBJSET CPENHEE MO BPeMeHW 3Haue-
Hue P (!), xotopoe Mbl 0603Hayum npocro P. Tak Kak cpenmee 3naue-
HHe cos(2mf — ¢) paBHO HYJIO,

Uplm
P ==3-"cos q. (92.14)

N3 (92.13) crmenyer, 4YTo MIHOBEHHA2s1 MOUIHOCTE KOJEGIETCSl OKOJO
CPEIHEro 3HAYEHHsl C YAaCTOTOH, B JBa pasa NPEBHIIAIONIEH YacTOTy
I "~ TOKa (puc. 92.1).

B cooTBetcTBUH ¢ dopmyaoit
AT

5

72}

t I Z — R _R

i \/ i VR T el—Tatr =2

E } (92.15)
[

[loacraBuB 310 3HaueHue cos ¢ B
dopmyay (92.14) u yursa, uro
U

o g b B T

T

I
I
I
!
I
I
I
[
I
1
1

"o
/’2

/ [ \_ [Z=1Ip,, DIOTYUUM
0 Shea. ms
\/ - \/ N 7 " R
Puc. 92.1. P=—".  (92.16)

Takyw e MOIHOCTE DPa3BMBaeT MOCTOSHHBIH TOK, CHJA KOTOPOTO
paBHa

I (92.17)

—Im
Ve’

Benuunya (92.17) naspiBaetcst e ficTBYoOMHEM (HIH 3¢ ¢ e K-

THBHBM)3HAUEHHEM CHJAMH TOK 2. AHAJIOTHYHO BEJMYHHA

Un
U=>2 (92.18)

Ha3bIBAE€TCA ﬂEﬁCTBYI'OHJ,HM SHaAaYeHHEM HaNopsa2Xe-
HAHA .
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BripaeHue cpeaneil MOIHOCTH yepe3 JeHCTBYHOLIME 3HAUCHH A CHILL
TOKAa M HAlPSIKEHHs] HMEET BUJ

P=UI cos ¢. (92.19)

Bxofsumii B 3TO BHIPaXKeHHE MHOXHTeNb COS (¢ HA3BIBAIOT K O 3 ¢-
GUDHEHTOM MOUHOCTH. B Texmuke crpeMArca cjlenaarh
cos @ KaK MOXKHO GOabluuM. IIpy manoMm cos ¢ A BLIieJIEHHA B LeNH
HEOOXOAMMOH MOIHOCTH HYXKHO NpONyCKaTb TOK GoJbiliel CILJBI, YTO
NPUBOJMT K BO3PAaCTaHHI0 NMOTEPh B MOABONALIAX NpOBOJAX.



