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I'zasa nepsasn

JNEKTPOMATHUTHOE IIOJIE M XAPAKTEPU3YIOUHE ETO
YPABHEHHS

§ 1. CesA3b Mexay SJEKTPHYECKAMH UM MArHATHHIMHM ABJCHHAMH.
daeKTpOMArHMTHOE moJe

'

Mexy SACKTPHYCCKMMH M MAarHMTHBIMH  SIBACHMAMM  CyLIECTBYET
Hepa3pbiBHAS CBA3b, M N0 CYLIECTBY BCAKOE 3AEKTPHYECKOE HAH MACHMT-
HOE SBACHME, PacCMATPHBAEMOE B IIC/OM, BCCrJla OKAashBAETCS 3/CKTPO-
MarHUTHBIM.

IIpy M3BECTHBIX YCAOBHAX MBI OOHAapyXWBAaeM B HEKOTOPOH obaacTv
NPOCTPAHCTBA TOALKO OJHY CTOPOHY 3/EKTPOMArHMTHOro mpouecca —
none SASKTPHYECKOE MaM none MarhuTHoe. Tak, B ciyuyae MOKOAMXCS
10 OTHOMICHWIO K HaM 3JICKTPHUECKHM 3apSKCHHHIX TeAd Mbl HabmonaeM
B NPOCTPAHCTBE, OKPYKAIOUIEM 5T TeNa, TOJALKO IAEKTPHYECKOE NOAC.
OnHako eciaM ME yrayOuMcs B KapTHHy TeX MPOUECCOB, ¢ KOTOPHIMH
CBSI3AHO 3TO 3JACKTPHYECKOC I10J€ M KOTOPHIE COBEpIAlOTCA B 3aps-
WEHHOM TeJe MAM y ero NOBEPXHOCTH, TO Mbl cedvac e o6HapyxuM
¥ MarHMTHY!0 CTOpPOHy sapieuus. CorsacHo HaulMM MPENCTABACHAAM
ofumil 3apaj Tesa 06pa3soBaH COBOKYMHOCTHIO SJAEMEHTAPHBIX 3JCKTPU-
YECKHX 3apSUIOB, KOTOPHIE HAXOJATCA B MNOCTOAHHOM JIBUIKCHHMU. Cneno-
BATENbHO, B 3aPHKCHHOM TEAE CYWECTBYIOT 3/EMEHTapHHC 3/CKTpH-
yECKHe TOKH, OKPYKEHHHIE HE TO/NbKO 3NEKTPUUECKHM, HO M MarHuT-
HBLIM [0JeM, M TOJbKO BCACICTBHE TOrO, 4TO 3TH 3JEMEHTapHbIE TOKH
MMCIOT PasHOOGpasHblE HANPaBICHHA, WX MACHUTHBIC MOJA MOYTH NOA-
HOCTbIO B3AUMHO KOMIICHCHDYIOTCA YKC HA HEGOAbUIMX  PacCTOAHUAX
oT 3apmkeuHoro Teaa. Takum oOpa3oM, fBJGHHE, paccMaTpuBacMoe
B 1EJ10M, U B 3TOM CJydyac OKa3bpiBaeTC 3/ACKTPOMArHHTHBIM. Heo6xo-
IMMO, KpOME TOro, nOoJI4epkHyTb, HYTO TOJABLKO HabaomaTenb, Haxomi-
JmHcA B MOKOE NO OTHOMIGHMIO K 3aPMKEHHOMY Tely, OGHapyXuBacT
B MPOCTPAHCTBE, OKPYKAOMEM TCJO, OXHO 3JICKTPUYECKOC NOAC. Hpy-
rofi HAOMOMATEAb, B TO K€ BPEMA ABMKYLUIMACA 1O OTHOUICHUIO K 3d-
PAKEHHOMY Teny, OOHapy®HMBaCT OKOJO TEJA TAKKE M MArHMUTHOC noJe,
TaKk KaK OH BOCNPHHMMAET [BMIKGHHE OTHOCHTEAbHO HEro 3apsla
Tena Kak SACKTPUUECKHH TOK.

To e CaMOE MOXHO CKa3aTh M B OTHOLICHMM cJayuaf, KOraa Mel
o6HApYKMBAaCM B HEKOTOPOH 064acTH NPOCTPAHCTBA ONHO MACHMTHOS
none. Tak, Mbl Habal0jaeM TOJBKO MAaCHHTHOE [0/ B IPOCTPAHCTBE,
OKPYKAIOUICH NOKOAUMCCH 10 OTHOWICHUIO K HAM NOCTOAHHME MariuTBl,
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Onnako 3TO mone CRA3aHO C 3AEMEHTAPHBLIMH 3JEKTPHYECKHMH TOKAaMH,
CYIUECTBYIOLIMMH B BEHIECTBE MarHUTa, a CJeNOBATEIbHO, H B 3TOM
Clyyae ABNEHHE B LENOM TaKlKe OKa3blBaeTCsi 3JICKTPOMarHuTHeiM., Ho
H B NPOCTPAaHCTBE BHE MarHuTa OJHO MArHHTHOE NOJAe OGHAapyMHBaET
TOJbKO Habal04aTenb, HAXOAALIMACA B IOKOE MO OTHOLIEHHIO K MArHHTY.
HaGaogaren, ABMKYWMHCA MO OTHOWIEHHIO K MAaCHATY, BOCIPHHHMAET
MarHMTHOE MOJIE MarHuTa, Kak HW3MEHsoIeecs BO BPEMEHH, a  cJ/eldOBa-
TEJbHO, TaKOH HabmojgaTenb HOMKCH OGHADYMKWUTh TAKKE M MHAYKTHPO-
BaHHOE 3JEKTPHUYECKOE MOJIe.

B0aMOKHOCTL OCYUICCTBHTL TAaKHE YCJAOBHSH, [IPH KOTOPHIX B HEKO-
TOpOH 06.1acTH NMPOCTPaHCTBA OGHAPYXKUBAETCH ONHA CTOPOHA 3NEKTPO-
MarHUTHOrO Npouecca, Hajna HaM OCHOBaHHE MPOBECTM B IEPBOH yacTH
Kypca PasienbHO un3YyyeHue PAla OCHOBHHIX COOTHOLICHHH, XapaKTepH-
SYIOUHX 3ACKTPHUECKOE I10J€, H COOTHOIIEHHH, XapaKTEpH3YIOMIMX Mar-
HUTHOE MoAe. HEKOTOPHIM OCHOBaHHEM TOMY CAYXHT M TO OGCTOSITEb-
CTBO, YTO NPH pAacCMOTPEHHM MHOTHX IIPaKTHYECKMX 3agay HAac
HHTEpecyeT TOABKO oaHO u3 nodelt. Tax, Hanpumep, npu ucciaenoBaHHu
BPAIIAIOMEr0 MOMEHTA 3JEKTPHYECKOH MallMHB Mbl [IPHHUMAaeM BO BHH-
MaHue TO/AbKO ONHO MarHMTHOE M0Je, CYHIECTBYIOHiee B MamuHe. Ilpu
pellieHun Ke BONpOca 00 3AEKTPHUECKOH MPOYHOCTH H30JSALHMH B TOH xKe
MallMHE HAC HHTEpECyeT TO/AbKO 3saekTpHueckoe none. OaHako yxe
B MEpBOH 4aCTH Kypca 0OpH pa3ldenbHOM DPacCMOTPEHHHM JIByX CTO-
POH 3JEKTPOMarHUTHOrO MpOIlecca BCIOAY, TA€ 370 GblIO HEOO6XOIUMO,
ObLI0 TIOXYEPKHYTO HAMMYHE CBA3H MENCLY HMMH, H 10 CyTH [leia,
MOAHOCTBbIO GblAM YCTAaHOBAGHB Kak (u3Mueckas NPHPOIA STOH CBA3M,
TaK # XapaKTEpHU3YIOUIHE €€ KOJHYECTBEHHblE COOTHOLIEHHS.

M3 Bcero paccMOTpeHHOro B INEPBOM YACTH KYpCAa BbITEKET, HTO
BCAKHH 37EKTPHYECKHH TOK 006f3aTe’bHO COMPOBOMIACTCA MArHHTHAIM
1oneM, M HaoGOPOT, MArHUTHOE MOAE HEeM3GEHHO CBA3AHO C 3/71€KTpH-
decKHM TOKOM. IIpvHATO pa3iaMyaTe TPH BUAA IJAEKTPHUECKOrO TOKA:
TOK NPOBOJAMMOCTH, IMOTHOCTb KOTOPOro NPONOPUHOHANBHA HAMPSMNKEH-
HOCTH 37EKTPHYECKOrO MOJfl, TOK CMEIIeHuf, MJIOTHOCTh KOTOPOro Mpo-
IOpUMOHAAbHA CKODOCTH HW3MEHEHHS HAMpPHKEHHOCTH 3J1EKTPHYECKOro
1OoAs, W TOK KOHBEKIHH, IUIOTHOCTh KOTOPOTO ONpPEXENAETCH CKOpO-
CTBIO JBHMCYIUMXCH CBOGOAHBIX 3MEKTPUYECKHX 3apAINOB, 3aBUCAMEH OT
SNCKTPOABMMYIIEH CHJB, ACHCTBYIOUIEH Ha DYTH, NPOHZEHHOM 3NEKTPH-
YeCKHMH 3apsfamu. Takoe B 3HauHTENbHON Mepe (opmanbHOE AeneHue,
OCHOB4HHO€ Ha XapaKTepe 3aBHCHMOCTH MJIOTHOCTH TOKA OT HANPSNEH-
HOCTH 3eKTPHYECKOrO I0/si, OTKPbIBAET IIMPOKHE BO3MOKHOCTH IS
MaTeMaTHIECKOT0 aHAAH3a 3MEKTPOMArHHTHLIX POLECCOB B PA3/HUMBIX
cpenax. Iloaromy, wuccaenys mnone B AHINEKTPHKE HAM B [POBOIS-
el cpexe, MBl GydeM I0Ab30BATLCA MMEHHO 3THM geneHuem. QIHAKO
(M3HYECKH CleAyeT pasauuaTh AHIIL IBA BHAA 3MEKTPHUECKOrO TOKA,
XapaKTepU3YIOmHXCA MHLIMU npu3Hakavu. [lepBuil Bug TOKa npexacras-
ASET COGOI0 JBUMEHHE 3]EMEHTAPHBIX 3MEKTPHUECKHX zapsizoe. Cioga
OTHOCHTCH TOK MPOBOAMMOCTH, TOK KOHBEKIMH M uacTh TOKA CMELICHHs,
OGA3AHHAL USMEHCHHUIO 3.1CKTPHYECKOH [OJSPU3ALMN BCIICCTRA. Bropoi
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BMI TOKAa, KOTOPHIA He MOxeT OblTh NPEICTABIEH KaKk JBHMKEHHe H3Be-
CTHbIX HAM 3JIEMEHTAPHBIX 3apAZOB, €CTh TOK 3JEKTPHYECKOro CMenie-
HUSl B MyCTOTE.

B npocrpadcree, OKDYXAIOIMEM IBHXYHIMECH 3/EKTPHYECKHE 3apalbl,
CYIECTBYeT KaK 9/eKTPHYECKOe [oje, TaKk H MarHuTHoe noae. JTH
oA XapakTepusyiT cOOOM elMHBIH JeKTPOMarHHTHBIA mpouecc.

TOKH 3]EeKTPHYECKOrOo CMELEHUS B IIyCTOTE BO3HMUKAIOT IIpH H3Me-
HEHMH 3JEKTPHYECKOro M0 BO BPEMEHH H TaK#ke OKDYKEeHbl MalCHHT-
HbM 1iogeM. CaenoBaTeabHO, 1IPH BCAKOM HM3MEHEHMH 3.€KTPHUYECKOro
11011 BO BPEMEHH BO3HHKAET B TOM K€ IIPOCTPAHCTBE CBSI3aHHOE C HHM
nosae MarauTHoe. O0a 3TH MOJS X4PAaKTEPH3YIOT M B ITOM ciyyae €1H-
HBI 31eKTPOMAarHUTHBIA npoiecc.

KoanuecTBeHHOE COOTHOILEHHE MeXYy 3AEKTPHYECKHMM TOKOM MW Ha-
NPAMEHHOCTBI0 MarHHTHONO HOJA yCTaHABAMBAETCH 3aKOHOM [OJHOIO
TOKa:

§Hd1=i, (1)

riacllidM, YTO JIMHEHHBIA HHTErpal BEKTOpAa HaNpsXKEHHOCTH MarHur-
HOro noasi 1o GOMYy 3aMKHYTOMY KOHTYPY paBeH IIOJHOMY TOKY,
IPOXOMASAILEMY CKBO3b [1IOBEDXHOCTb, OrPaHHYEHHYIO 3TUM KOHTYPOM.

Ypasuenne (1), B yxa3aHHOM Bblllie LIHPOKOM OOOOGILEHHOM CMbICIE,
Korja B IIpaBOH 4aCTH BKJAIYAOTCA BCE BHABL TOKOB, B TOM 4YHC/IE H
TOK CMeleHusi B mycrore, JaHo Makcee/miioMm. Ero HaselBaioT nepBbiM
ypaBHenneMm Makcgenna. [TocpeacTBOM 3TOr0 ypaBHEHHA yCTaHAB/IMBACTCH
OJiHa M3 BaXHeHInX cBA3EH MexIy 31EeKTPHYECKOH M MAarHWTHOH Cro-
POHAMH 3MEKTPOMATHHTHOrO #ABjAEHHA. A HMEHHO, OHO KOJHUYECTBEHHO
XapakTepH3yeT MarHWTHOE I10Je, BO3HMKAioNlee MPH IBHMKEHHH 3JEKTPH-
YeCTBa M IIPH H3MEHEHHH 3JEKTPHYECKOro HOJs.

Bropas cBs3p onpejeiasieT 3j4EKTPUYECKOE IOJje, BO3HUKaWILee NpH
M3MEeHEHHH BO BpPEMEHM MarHuTHoro noas. OHa orkpeita Papageem u
chopMyaHpoBaHa WM B BHAE 33aKOHa JJMEKTPOMArHMTHOM HHJIYKUMH.
Makcgenny ApHHaJJIEXKUT 3aciayra IIMPOKOro oOOOMIeHHs 3TOro 3aKoHa
Ha cayyat 1oGot cpenbl. CoraacHo MakceednOBOH QOPMYIHPOBKE 3aKOHA
3/IEKTPOMAarHUTHOH MHIYKIHUH, 3JIEKTPOABMNKYILAd CHJa, BO3HHKalOWas
B KOHType NpU HU3MEHEHWM MAarHHTHOTO IOTOKAa, MPOXOJAMIEIO CKBO3b
HOBEPXHOCTb, OrPAHHYEHHYIO KOHTYPOM, paBHa CO 3HaKOM MHMHYC CKO-
poctu u3MeHeHus 3roro noroka. CymHocTs 0Gobumenus Makcsenna 3a-
KJlo4aeTcsi B TOM, YTO KOHTYp, B KOTOPOM BO3HHKAaeT 3. 1. C., MOMET
OblTh NpeacTaBieH PACHOJNOXEHHHM B M0G0k cpene. B uactHoctH, 3TO
MOXeT GuiTh JHIIb MBICICHHBIA KOHTY P, HAXOIAMMUCH 1LETUKOM B NYCTOTE.

ITo Maxkceenay, 3JekTpoJBMNKYIIas cuaa, JAelcTBylOllas BIOJb
KaKoro-uu0ylb KOHTYpa, paBHa aMHEHHOMY HHTErpaay BeKTOpa Hamps-
HEHHOCTH 3/JEKTPHUYECKOro mof, B3ATOMY BAOJIb 3TOro KOHTypa. Taxkum
obpaszom, ofobieHHas MakcBea10Ba (QOPMYIMPOBKA 3aKOHA 3.EKTPOMAr-
HUTHOH MHIYKUMH IPEACTABIACTCA B BHIE:

: 4
$Ea=- . @)
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ITo ypaBHeHMe Ha3hBAIOT BTOPHIM ypaBHeHuem Makcreia. CymHOCTb
AIBJIEHUA DJEKTPOMATHUTHON MHIYKUMHM 3aK/IIOYaeTCd B TOM, YTO NPH
BCAKOM H3MCHEHHM MarHHTHOrO NOJ BO BPCMEHH BO3HHMKACT B TOM ¥KC
IPOCTPAHCTBE CBA3AHHOE C HHUM IOJIE 3JCKTPHUYECKOE.

ITpocmpatcmso, 8 Komopoxm OGHAPYHCUBAIOMCSE MazHUMHOe U de-
Kmpuseckoe nois, 0py2 ¢ OpY20M CB8A3AHHbIE, ABAAIOWUECS 08YMS
CMOPOHAMU  e)UHO20  INCKMPOMAZHUMHOZ0 npoyecca, HA3b8aAEMCs
INEKMPOMARHUMHYIM NOAEM.

Ypapneuna (1) u (2) ABAAIOTCH OCHOBHBIMH YDABHCHHAMM 3J/ECKTPO-
MarHUTHOTO MO/, NMPEACTABJICHHBIMH B HHTErPAILHON dopme.

Teopus 3aeKTPOMArHUTHOTO NOJAA HMMEET CBOMM NpEIMETOM H3yuenHe
CBONCTB 3TOr0 1O H YCTAHOB/EHHE 3aBHCUMOCTH MENIy BCIMUMHAMHY,
XapaKkTepH3YIOWUMH TIoJe, a Takxe pa3pabOTKY MeTOAOB pacyeTa noJef
¥ NapaMeTpoOB 3J1EKTPOMAarHUTHBIX CHCTEM,

B r.iaBnbix CBOMX uepTax 3Ta Teopus Gblna cosjaHa Maxcaennom "
U3JI0HENa MM B €ro Tpyne ,TpakTaT 00 3/eKTpHYECTBE ¥ MarHuTH3MS“,
spimeamem B 1873 r. CaemyeT oTmeTuTs, uTO ywe B 1833 r. pycckuit
akagemuk 3. X. Jlenu chOpmMyMpOBaT 10JI0XEHHs, yCTaHaB.L:iBAIOMMAE
06[1].HOCT!) INEKTPHYECKHX H MarHUTHBHIX ABJEHUN M HX B3aHMHYIO CBf3b.
MakcBenaosa TeopHa 3IMCKTPOMArHUTHOrO noJs Geija  GaecTanie noi-
TBEpHMAEHA onuTaMd [epua, HccreNIOBAHUSMA 3ACKTPOMATHUTHOH TNIpHU-
porm csera II. H. JleGenesa u otkputuem pamuo A. C. ITonoswuiM.

§ 2. OTHOCHTEJLHOCTL COCTABJSIOMHX JIEKTPOMArHUTHOrO moJsd

OGBbEeKTHBHO CYIMECTBYIONIMI MaTepHaAbHLIl TNPOUECC, COBEPINAI-
muiCa B 3JAEKTPOMAHUTHOM MOJAE, MOXET BOCIDHHMMATLCH HaMH pas-
AMYHO B 3aBUCHMOCTH OT yciaoBHH HabGmomesna. VIMeHHO, IBE OCHOB-
HBIX COCTaB/ISIONIUX 3AEKTPOMATHUTHOIO NOJIS — MOJE 3AEKTPUYECKOE H
NO€ MarHUTHOE — GYAyT pasiIUuYHBIMH /IS DA3AHYHBIX  JBMKYLIMXCH
IpYr OTHOCHMTENBHO Apyra HabG.aogaTtenef. 3TO ACHO yie U3 CKA3AHHOrO
B Hauane npeasaymero maparpada. IlpuBenem H2KOTOpHE KOAHUECTBEH-
HbIE COOTHOIIEHMS, XaPAKTEPUYIOUIME 3TO CYLLECTBEHHOE MHOJOXEHHE,

Mpenctasum cebe, YTO B HEKOTOPOH CHCTEME KOODIMHAT 3aEKTPO-
MArHUTHOE 110Jie xapakTepusyetcs BekTopamu E'u H' u, cooTseTcrrenHo,
BexTOopamu D' u B'. IlycTb 10 OTHOWISHHIO K ITOH CHCTEME KOODAMHAT
OBHXKETCA CO CKOPOCTBIO V OTPE30K NposBOaHMKA d/. DJSKTPOH NpPOBO-
J¥MOCTH, [IBMXYUIMICA BMECTE C IPO3OAHHKOM CO CKOPOCTBIO V H
o61a1al0nMil 3apATOM ¢, MCHBITBIBAET MexaHuueckyio cuay (4. I, § 103):

f=¢gE 4-¢q[v-B].

Ha6aonatens, HENMOABHXHLIA 110 OTHOWIEHHIO K STOH CHCTEME KOOp-
apHat, Gyget yTBepwaAaTh, 4TO 3/EKTPOH wuchunTheaet cuay ¢E co
CTOPOHBl 3/IEKTPHYECKOrO 10ad W Ccuay ¢ {v-B’] co cTOpOHbI MartuTt-
HOrO noJd. .

Ilpencrarum temepb, YTO ApYras CHCTEMA KOODAMHAT JBHKETCH
BMCCTC ¢ OTPE3KOM [POBO/HHKA 110 OTHOWICHHMI0 K [epBOil cucteMe
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P4BHOMEPHO M HNPAMOJMHEHHO O ckopocTeio v. [las HaGmoaatens
HEMOJBMKHONO IO OTHOWEHHIO K 3TOM BTODOH CHUCTEME KOOPAMHAT,
31EKTPOH Kaxercsi HenoABMXHbBIM. ITosromy sTor Halaionareab Gyner
yTBEpPXI4Th, UTO BCsi CHaa f ecth pesyabTar JeficTBuA TOJIbKO 37eK-
TPHUECKOro f10ia C Hanpskensoctsio E’, KoTopas onpenpsasercst M3
papeHCeTBA:

f=gqE".
Cpapnusasi o0a BhIpaXeHnss NI CHIH f, MOJydaeM:
E'=E -} [v-B].

Orciona ™Mbl BHAMM, 4YTO HalPSKEHHOCTh 3MEKTPMYECKOro o4,
onpenensemMas KaK OTHOUWEHHE MexaHuueckofl cuabl, peHctrBylouiedl Ha
HenodsuNcHyl O OTHOLIEHWIO K JAHHOH cHCTEMe KOOpIMHAT NMPOGHBIA
34psig, K BEnMYMHE 3TOrO 3apifa, OKAa3blBAETCH Das3AMuHON B IBMXKY-
IMXCsl APYT OTHOCHTENAbHO Apyra CHCTEMaX KOOpAWHAT. '

Heo6xomMo cae1ath OrOBOPKY, 4YTO IIOAYYEHHOE COOTHOUICHME -
mexay E” u E' cnpaBenimBo npH YCIOBHH, YTO CKODOCTb ¥ MHOTO
MEHbIIE CKODOCTH CBETa ¢ W 4TO JABHXEHHE COBEPUIAETCH PABHOMEPHO M
npamonuneitno. IIpn v GAM3KOM K ¢, Kak 3TO ciaeayer npu Gozee ne-
TaibHOM DACCMOTPEHHM M3 TEODHUM OTHOCHTEALHOCTH, HEOOXORMMO y4ecTh
euie AONOJIHHTEIbHBI 4/EH, KOTOPHIH HHUTOXHO Majk, €Cau '0<c. Ilpu
YCKODEHHOM ABMKEGHHM Ha 3JeKTPOH [HefCTByeT eme JAONOJHHTERbHAf
cuna, obs3aHHas ero uHepTHOH Macce. DrToro pona cuinl - 6yayr pac-
CMOTpeHbl HaMu B mocaenHefl riase, rje GyaeT NMOKasaHo, yTO B OGbIY-
HBIX YCJHOBH#X OHH BECbMa Majbl.

Ilycth B NepBOf CHCTEME KOODAMHAT ABHXKETCS 3aMKHYTHIH NPOBO-
OSMUH KOHTYp. 3. A. C., BO3HHKAIOmAsi B KOHTYpPE BCACACTBHE SIBJIEHUSA
31EKTPOMATHHTHOH HMHAYKUHMH, MOXeT GHTb UIPEACTABJIEH4 B BHIE:

e=§E"d1=§E'd1+§ [v-B]d,

nin
dd od ,
e=—t2e % L §v-BlaL
Cocrasasiouias § E dlz—% npeacrasiser co6oit 3. A. c., KOTO-

pasi MHAYKTAPOBANaCh Gbl NEPEMEHHBIM MACHUTHBIM MOTOKOM B KOHTYDE,
eciu  Gbl KOHTYD Gbii HelMogBMieH B NepBOH cucreme Koopauuat. Co-
CTaBasoman §[v -B}dl ofsisaHa ABMXKEAHIO KOHTypa B 3TOH cucTeMe
koopaunat (u- I, § 68).

MOXHO I[0Ka3aTh TAK®XKE, UTO H HaNpsHKEHHOCTh MarHUTHOTO MOJ#

moaydaeTcs PasAMuUHOM B IBMKYymmMXcs ADYr OTHOCHT@IbHO JApyTa
cucreMax KOODAMHAT.

CooTtHomenne Mexny snauenusmm H' u H' B IABYX paccmoTpenHsx
BLINZ CHCTEMAX KOODJAMHAT MOXHO NOIY4MTh, oOpamlasch K Clegy:o-
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meMy npocToMy cayuyawo. IlycTh 31eKTPOMAarHMTHOE IO:€ B nepBO#
CHCTEME KOOPIHMHAT CO3/AETCs IBHXKYIUIMMCH B 3TOH CHCTEME CO CKOpO-
CTbIO V; YCIHHEHHbIM TOYEUHHM 3apAI0M ¢. BekTop 3aekTprueckoro
cmemtenns D' npu v, < ¢ pasen:

' inl'r
])_4h-.r2 r*

rie: 7-— pacCTOsiHME OT 3apsAua X0 TOUKH, B KOTOPOH onpemeasercs D'.
Hanpsxennocts maruutHoro nois H', cosmaBaeMoro B 3TO# cucreme
KOOpIHHAT NBHXYIIMMCS 3apsi10M, uMeeT 3uauenne (4. [, § 82):

v,q sina ' qg r ’
H=2200 H=|v, g% T]=t D).

Bo BTOpO# cucteme KOOpAHHAT, NBHXYMEHCS MO OTHOUIGHMIO K mep-
BOA CO CKODOCTbIO V, 3aDAl ¢ BOCHDHHHMAETCH KaK JBHXYIMHHACH CO
CKOpOCTbI0 Vo ==V, —V. CnegoBaTensHo, OH CO31a€T B 3TOH CHCTEME
pu Uy < ¢ MarHATHOE NONEe C HaNpMKEHHOCTHIO:

~=[ a L]z[va.])']z[vl-D']—[V'D']-

Ve ine y
Takum 06pazoM noayuyaeM COOTHOLIEHHE:
H'=H —[v-D].

DTO COOTHOWIEHHE CIPABELIMBO C TEMH XK€ OTOBOPKaMH, KOTOpPhie
OblIM CHEeNaHbl NIPH  PACCMOTPEHHH COOTHOUICHHS MEXAY BEKTOpaMu
E" u E.

Bce ckasaHpOe Bbhlule ewie pas3 MOATBEpPXKIAeT TO BAWHOE MOJOKeE-
HHE, YTO (HBHYECKH MBI MOXEM TFOBODHTb TOJALKO 00 €iMHOM, cymie-
CTBYIOMIEM HE3aBHCHMO OT YCAOBHH HaGuiogenust 31eKTPOMarHHTHOM
110JIe, Kak O HEKOTopoi dopme aBmxeHus maTepus. JleaeHune xe snexTpo-
MarHWTHOrO MOJS HAa €ro COCTaBAAIONIHE OTHOCHTENLHO. ’

B nanpneftimeM Mbl GyaeM paccMaTpHBATH 3EKTPOMATHUTHOE Mo
B HENOABHXHBIX CPEIaX #, B YACTHOCTH, B HEMOJBMXKHBIX IPOBOIHHKAX.
CoOTBETCTBEHHO, BO BCEX YpaBHEHHSIX GyAeM BBOZHTL YaCTHHIE MPOU3-
BOIHBIE 110 BPEMEHH.

§ 3. YpasHenus Makcsenna B audepeHunannbHoii dopme

Hccnenys 31CKTPOMAarHMTHOE [0Je, HEOGXOXMMO ONPEAE/ISTh Bce
BCAMYHMHBL, €ro XapaKTepH3YIoulue, B KaXIOH Touke mnpocCTPaHCTRa.
ITosToMy MBI HE MOXEM YIOBIETBODUTHCA HHTErpasibHOH GOPMOH ypa-
BHEHHH M NOJ/bKHB NPEACTABUTH HX B AMOEPEHUHAAbHOH GOpPME.

Bripasum B nucepeHumanbHo#i GopMe nepsoe ypasHenne MakcBenna.
“CoraacHo ypassenuwio (1) AnHeHHBUA WHTErPad BEKTOpa HANPIKEHHOCTH
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MArEHTHOrO IOJs, B3ATHH# 10 3aMKHYTOMY KOHTYPYy, MOXeET paccMa-
TPUBATLCH KaK MeDA 3EKTPUUECKOro TOKa, NPOXOAAMero CKBO3k IO-
BEPXHOCTL §, OTPaHUYCHHYIO 3TUM KOHTypoM. OnaHako 10 BeauyuHe
3TOr0 HHTErpana Henb3s CYRMTH O paclpefeneHuH TOKA M0 MOBEPXHO-
¢ty s. Yro6sl  pculdTB 3TOT BONPOC, HEOGXOIUMO BOCHOJB30BATHCH
3THM Xe ypaBseHueM B 1udepenunanzsoi cdopme. Jlonyctum, Mul
KEJaeM BBIACHHTb, NPOXOJMT J#M TOK CKBO3b Majylo IIOBEPXHOCTH As,
Ha KOTOpO# pacno.oxeHa TOuKa A, 1 KaKOBaIJAOTHOCTh TOKa B 3TO# TOUKe
(puc. 1). Jlunelinmit wuaTerpaa Bexktopa H, B3aATHH BHOAL MAJNOr0
KOHTYPa, OFPaHHYMBAIOMIETO MOBEPXHOCTL AS, pABEH MaloMy TOKY Al
HPOXOAAMEMY CKBO3b 3TY IOBEPXHOCTh:

‘ﬁﬂlﬂ: Ai,

M MOXKCT CIyX4UTbhb Mepoh Toka Al. Bennunna Al 3aBHCHT OT pasMepoB
nosepxHocTH As. YTOOGw NOAYYHTh BIOJHE ONPEAEJIEHHYIO BEIUUYHHY,
pasgenuM IpaBylo 4 JEeBYlO 4acTH PaBeHCTBa
Ha As v HalineM npefen, K KOTOPOMY CTPEMHUTCH
OTHOLIGHHE, KOraa AS CTpeMHTCS K HYJIO,
crarupanch K Touke A. Bynem umers:

as—0  As as—ols °
Bennuuna, cTosimas B HpaBOHf 4acTH paBeH-
¢TBa, InpencrtaBaser cofol0 COCTABARIOULYIO
B2KTOpPAa IUIOTHOCTH TOKa IO HAalpPaBJeHHIo
HODMAI¥ K [OBEPXHOCTH § B TOuke A:

Hdl )
fim _é—;———— lim A 3)

lim —il-=8c05§3=6n. Pnc. 1
as— 0 98
BenuuuHa, cTOsias B JIEBOH 4acTH PaBEHCTB3, KaK M3BECTHO H3
Kypca MaTeMaTHKH, IpencTasifseT CcO0OIO IPOEKIHIO Ha HalpasjicHue
HOPDM&JIN K TOBEPXHOCTH § B TOUKe A BEKTODa, HA3RIBAEMOrO GHXPEM
niu pomopox sexropa H. Buxps sextopa H oGosHauaior rot H. Coor-
BETCTBEHHO VISt €r0 MPOEKLHMH MMeeM 00o3HaueHue:

é; H dlI
rot, H= Allﬂo- Y
Crano GHTb:
rot, H=¢,. 4)

Ecnau 3sjsemenr HOBEPXHOCTH PACIOJIO.LKUTh TakK, 4T06H 0J0KHATEb-
Has HOpMaJb K HEMYy COBnajaia ¢ HalpaBJIeHUEM BEKTOpa NJAOTHOCTH

Ai
TOKa, TO NPEAET OTHOUIEHHH As NOJyuYuT HaubO/blee 3HauYcHHEe, pas-

HOE€ IJIOTHOCTH TOKa B TOUKe A, npudeM HanpabjicHue NOJOXKHUTCABHOR
HOpMasnH Mbl CBs3biBdeM IIPABMJAOM [IpaBOro BHHTA C HallpaB/JiCHUEM
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o6xona koHTypa. [IpH TakoM . pacnoioxeHuu si1eMeHTa IOBSPXHOCTH
R UPaBOR wvacTH paseHcTBa (3), HANMCAHHOrO B BEKTOpHOH dopme,
GyleT cTOATs BEKTOD MIOTHOCTH TOKa, a B 1eBOH — BekTop rot H. Takum
ofpasoM, B AMPEPEHUMAILHOK ¢opMeE mnepBoe ypasHenue Makcaenna
[ApeaCTaBuTCa B BHIE:

rot H=28. 5)

HannmeM rtemeps B andepedunainHoii ¢opve BTOpOL YpaBHEeHHe
Makceeana [ypasuenuc (2)]. Ilpn stom, paccMaTpuBas no.ae B Heno-
ABMXKHBIX CPE/aX, 3aMEHMM MOJHYI0 NPOM3BOLHYIO [0 BPEMEHH YAaCTHON
npou3soaHoi. CocraBuM MHeHHBIA WHTErpa1 BEKTOPA HANPSKCHHOCTH
9ICKTPUYECKOr0O MHOMST MO MaloMy KOHTYpY, OIPaHMYMBAIONIEMY Manayio
HOBEPXHOCTH As (pUC. 2), PA3ACTMM €r0 Ha BEIMYMHY HOBEPXHOCTH M Hal-
aeM npenen, K KOTOPOMY CTPEMMTCH
HOJTYYEHHOC OTHOINEHME, KOrAa IOo-
BEpXHOCTb As cTpeMuTcs K Hyaio,
CTSTMBascb B HEKOTOPOH TOuKe A
noast. Ilpu 3TOM MBI MOJYyYHM NpOEK-
UM HA HanpasJCHHE HOPMAIM K BEI-
O6paHHOMY SJEMEHTY NOBEPXHOCTH B
Touke A BHXps BekTOpa E:

é;Edl
lim Y——=rot, E.
Puc. 2 as_.o Ds n

B upasoit wact pasencrsa (2) Mel nomkHB notok A®, npoxons-
IMHA CKBO3b NMOBEPXHOCTb As, pPasJgelMTh HA NOBEPXHOCTb As u HaliTH
npeaen, K KOTOpPOMY CTPEMHUTCSl 3TO OTHomieHue, korga As —0. Ilpu
3TOM Mbl NOJYYHM COCTaBJAIOULYI0 BEKTODA MaruMtHO# wuHaAykuuu B
B TOUKE A, HOpMaIbHYI0 K BHIGDAHHOMY 3JEMEHTY MNOBEPXHOCTH:

AD  dD

—

im 55 =45

As—0

Taxkuy o6pa3oM, papeHcTBO (2) B Andepenunanbhol dopve npuobpe-
TaeT BHI:

rot, E=— =, 6)

BrifepeM no.10xkeHHE 3JEMEHTAa NOBEPXHOCTH Tak, 4TOGH HOpMaib

K HEMY COBHaJIé C BEKTOpOM——(Z)—?'. Torgma B aeBoit uactu paBCHCTBA
NnoJy4YuM BHXpPb BEKTOpa E. BleEM HMETb
dB

rot E— —E . (7)

310 ypaBHeHWE M SBASCTCH BTOPHIM YypaBHe¢HWem Makcsenna, npen-
CTaBNEHHHM B audepedHunansHoll dopme.

LT W
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B , . i
Hanpamem‘!g REKTOPA -5 €CTh  HANPABIEHHE, K KOTOPOMY CTpe-
MHTCSl HampaBsieHWe npupameHMs AB BEKTOpPa MArHMTHOH WHIYKUWH,
HPOUCXONAUIErO 3a NPOMEXYTOK Bpemenu Af, koraa Af— 0. Ecam Bek-

TOp B wm3MeHA€TCs He TOJBKO MO BeJHuMHe, HO M IO HANPaBAEHHIO, TO
oB . ;
HPOH3BOJHA -5 HE HANPABICHA MO ONHOK MPAMOH C BEKTOPOM B.

Ypasuennst (5) u (7) nHBapHAHTHH B OTHOWICHWH CHCTEMbl KOOP/IH-
nar. He#ctutenssno, rotH » rotE no.asocTeio onpenenqoTés BCKTOPOM
ILIOTHOCTU TOKAa W TMPOWU3BOJHOH MO BPEMEHNM OT BEKTOPd MarHUTHOMH
HHAYKIIUK B NAHHOH TOYKE, KOTOPHIC, CCTECTBEHHO, HE 3aBUCAT OT Bhl-
6opa cHcTeMB KOOpAMHAaT. B
5TOM UEHHOCTb 3alUCH ypaBHe-
Huit Makceeaaa B takoit gopwme. 2z alzd
OnHako BBIpaXEHHsT AMT COCTa- - J
BISAIOWINX BUXPA  HEKOTOPOro
BEKTOPA A uepes COCTaBJAIOIIKE
CaMOro BEKTOpa A MoJyyalTcd
PasJM4YHLIMH B Pa3HbIX CHCTEMAX
KOOpPIHHAT.

Bripasum cocTaBasioniue BeK-
TOpa rot A B IeKapTOBBIX KOOP-
auHarax. Paccmotrpum  6ecko-
HEYHO Majnlit MIPAMOYrOAbHHH
KOHTYp abcda (puc. 3) B 1jio-
CKOCTH, MNapaaiaeasHOM  ILIO- /fy
cxoctu YOZ, v coctaBuM cymmy
npousseacHuit Adl mo BoeM Puc. 3

CTOPOHAM KOHTypa. |04,
Hmeem: -}- A, dy Broas cropous ab; - (Az—,— o dy) dz BIOMB

CTOPOHBI B, —<A},—{-g§2’i dz) dy Bnons cropoun ¢d; — A,dz BIomans

ctopousl da. Tlpu stom A, (Az—]—dg; dy), <Av—{—%‘i¥dz> nA,—
cpelHue B Mpelejax CcOOTBETCTBYMOme# CTOPOHE 3HauyeHUAs COCTaB-
Jlomux Bektopa A.

CymMupys 3TH BEIMUMHB ¥ JEAR CyMMy Ha IVIoWanky dydz, orpa-
HUYEHHYIO KOHTYPOM, HAXOIHNM:

Onpenemm 4HAJIOr'HYH BIM O6p830M ApYyrue COCTABIAAIOMMNE, MO.ay4HaeM:

0A 0A
I'OtxA = 0)!2 ———oz—v ,

0A 04
rot A = el 5=, 8)
I‘OtzA = ?_‘iy_ J— 0‘4”_

ax oy "
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TocaeaHue 1Ba BhRIpaMeHHs JAErKO MOJYYAOTCA U3 NEPBOTO  LAK.TH-
YecKOH nepecTaHoBKOH GykB x, ¥, 2.

TakuM 06pasoM, B NeKapTOBHIX KOOpPAMHATAX ypaBHcHHA Makcpeata
NMPUHUMAIOT BHI:

oH, oH, .
E__—Er_ox « . .
oH o, . \
gz T ax vt ©
o, ot _, |
dx gy T
S)E’ o _(?Q____ 9B,
oy oz ot )
0E, OE, _ . 0B, 1
9z ox  dt o (1o
ok ok _ o |
dx dy ot "

§ 4. Teopema laycca u mocryaar Makceeana B aadepeHNARNbHOIM
popme

Teopema Taycca B NpUMEHEHHH K 3JEKTDHYECKOMY HOMIO [JIaCHT:
NOTOK BEKTOPA HAMPSKEHHOCTH 3MEKTPHYECKOI O [0/ CKBO3b 3AMKHY-
TYI0 NOBEPXHOCTb B OZHOPOMHOH H H30-
TPONHOH cpelle paBeH OTHOUICHHIO KOJM-
YeCTBA 3JEKTPHYECTBA, 34K/IIOYEHHOIO B
006DbEME TNpPOCTPAHCTBA, OrPAHHYEHHOrO
3TOH NOBEPXHOCTLIO, K IUIJEKTPHUECKOH
NPOHALAEMOCTH cpefnl. CKa3aHHOe Bhlpa-
XAETCA YpPaBHEHHEM:

§Eds =1 (11)

Takum o6pasoM, HHTerpan BekTopa
HANPKEHHOCTH 3JEKTPUHECKOro 110,
Puc. 4 pacmpoCcTpaHeHHBIl [0 HEKOTOPOM# 3daMK-
HYTOH 1oBEepxHOcTH S (pHC. 4), B cay-
Yac OJHOPOJHON M HM3OTPOMHOH CPEelH MOXeT pacCMAaTpHBATbCA
KaK Mepa KOJWYECTBA 3/EKTPHYECTBA, 3aK/JIOYEHHOIO BHYTPH 3TOH
noBepxHOCTH. OJIHAKO 1O BEJMYMHE 3ITOrO MHTErpala eule Heib3d
CYAdTb O pachmpene/ieHHd SJIeKTPUYECTBA BHYTDH OGbEMa, OCPAHHYEH-
HOrO 3aMKHYTOH NOBEPXHOCTbIO. Jl1a pemlenus 3Toro BOnpoca HE0GXo-
ZMMO NPHUMEHHTL TeopeMy [aycca B Mudepenunasstofi popme. JlonycTum,
YTO Mbl JKE/N3€M BbUICHWTb, HAXOJMTCH /M 3/EeKTPHUECTBO B MA/IOM
obbeMe AV, sakmouaowem B cefe TOuKvy A, M kakoBa OGbeMHan
JUIOTHOCTD 9/ICKTPHUECTBA B 3TOH TOYKe.
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Horok Bextopa E cKBO3b Manyio NMOBEPXHOCTb, OrpaHHYHBAIOILYIO
ob6weM AV, paBen nejicHHOMY Ha & MajoMy 3apsay Ag, 3aK/IIOUEHHOMY
BHYTPH 3TOH NOBEPXHOCTH:

§Eds=ATq. divE+g
&
PasgeauM npaByio W neBylo
9ACTH ypaBHeHus Ha AV u uai-

IeM mpexest, K KOTOPOMY cTpe- T S
MHTCA OTHOUEHHe, korna AV — 0. Ay
bynem umetn:
éﬂ E ds p>0 p<0
Aq
fim & ——— =1lim Puc. 5 Puc. 6
a0 AV Ty AV

Buipaxenune, cTOflCce B JEBOH UYacTH YPaBHEHHs, MOpPCACTABJIAET
coboio mudepeHuHanbHYl0 Onepauuio Hag BekTopoM E, HasunsaeMyio
pacxoogicoernuemunn ousepzeryuei seckropa E u kpaTko o603Hauaemyio div E.

B npasoit wacTM MH IOJyyaeM OOBEMHYH MJIOTHOCTb p 3JICKTPH=
4YecTBA B JAHHOHM TOUKeE NnpocTpaHCTBa, ACJCHHYIO Ha e.

Taxnm o6pa3oM, Teopema [aycca B pudepeHumaninb-

divE =0 HO#l (hopMe NpHHHMAET BHI:
~— divE= P, (12)
€
\io—//
b TepMun ,pacxoxaeHue“ XOpOWIO XapakTepusyeT
—
20 OT.IMUHTEbHble OCOOEHHOCTH MOJMA B TeX MecTax, rie

p=+0, u B Tex Mecrax, rme p=0.
Pac. 7 IMoaoxureabHblft 3apan MOXHO paccMaTpPUBATh Kak
2HCTOUYHHK® CHJOBBIX JIMHUA [0Jd, OKOJO HEro Hauu-
HaTcA CHIOBHE AuHUK. OTpHLATeNbHBIN 3apan ABAAETCA KaK 66l ,CTOKOM®
(oTpHUaTeNbHBIM HCTOYHMKOM) JIMHHHA, OKOJO HEro /JIMHHM KOHYaIoTCA.
MostoMy, ecau B HekoTopoM oObeMe dV oGbeMHan MJIOTHOCTH
3JeKTpHUYecTBa He paBHa HY/O, TO Ycpe3 HOBEPXHOCTb, OFfPAHHYHBAIO-
uryo 3ToT 00beM, nMHMM BekTOpa E pacxodsmcs B OKpy:Xawomiee npo-
CTPaHCTBO (pHC. D), HAH CXOZATCA M3 HEro (puc 6), uro Kpanco BHIDa-
KaeTcs CJAOBAMH: PAaCXOXKIEHHE B
B ofaact moms, rae orcy
CHJIOBHIE JHHHHM HE HAYHHAIOTCA
o6heMa TaKOrO NPOCTpaHcTBa npoxoast
(puc. 7), HO HE pacxonsrcs -. K OHATCS HemMy. Mu
rOBOpHM, 4TO DACXOXIEHHE BEKTOpa E BO BCEX TOYKAaX TaKO# obaacTH
pasio Hymo: divE=0. [lone B o6aactu, rae divE=0, HaszmBaercs
CONEHOUOQABHHM, OT TIPEUecKoro c/oBa sw)yodys — TPYyGKOOGpasHHiL.
3HaueHHE DPACXONKIEHMA BEKTOPAa HE 3ABACHT OT BHGOpa CHCTEMB
KOODAHHAT, U COOTBETCTBEHHO ypaBHeHnHue (12) HHBAPHAHTHO B OTHOLIE-
HHM cHcTeMbl KOODAMHAT, OnHAaKo BmPaXXeHHA PAaCXOXIEHUA HEKOTODPOro

2 TeopEA 3AeKTPOMATH, MOJH
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BEKTOpa A uepe3 ero cocTaB/sfIOIIME 10,1y4aKTCs PA3JIHIHBIMK B pa3HbIX
CHCTEMax KOODIHHAT.

Buipasum div A B nmexaproBuix koopaunatax. Ilpeacrasum cebe Gec-
KOHEYHO Ma/lnlfl mapajaeenunes co ctopoHamu dx, dy u dz, napanieinb-
HBIMK OcaM KoopauHat (puc. 8). TToTOK BekTOopa A CKBO3b IOBEPXHOCTL
napajienielinena cjaaraeTcs M3 nOTOKOB CKBO3b €0 I'DaHH.

Umeem: — A, dy dz ckBO3b najIBHIOI rpaHb; -+ (Ax + Qg‘;—‘ djc) dydz
CKBO3b  OAWXKHIOD  rpadb; — A, dxdz  CKBO3b  JCBYIO rpaHb;
a4
/z“‘ ‘ﬁzdl
- 4q
L
T ‘
7 .,

v Sl A e Ty ' ‘

Puc. 8

) A
-+ (Ay—[— %y-" dy) dxdz ckposp npasylo rpaib; — A,dx dy cKBO3b HMXK-

0A

HIOI0 rpaHb;—}—(Az—Jr—~a;—zdz>dxdy, CKBO3b BEpXHIOIO rpaHe. [Ipu 3toum
A (a1 04,

o \ Az dx| W T. IL-—cpenHue B mpenesax CoOTBETCTBYIOMEH
rpaHn  3HaYeHMs HOPMA/JBHEIX K IIOBEPXHOCTH TIDaHH COCTABASIOMIMX
BEKTOpa A.

CymMupys NMOTOKM uepes BCe I'DaHH M 1eas CYMMY Ha 06’beM napai-

Jdenennnena dxdydz, HaxonuM:

. _ 04, , 04, , 04,
-PacxoxneHue Bektopa uHorna oGosHaualor Tak: VA, rae VvV (un-
Taercd ,Ha61a“) npenctaBAseT coO6OI0 CHMBOJMYECKHA audepeHuHab-
HBll BEKTOPHHHA onepatop. B ekaproBo#t cucTeMe KOOpAMHAT OH
HMEeT BHI;
.8 , .0 ]
V=i Tig+ks,

rae i, j 1 k — eauununsic BekTOph 10 ocam OX, OY u OZ.
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Beauunnn a e} 0
a'—‘,:v,g’ B‘"=v_v: ;'}T,=VZ
X )5 oz

MBl JO/DKHB! PAacCMaTpPHBATL KaK COCTaBAMOMNE T IO OCIM KOOPAMHAT.

Hudepenunansuoe BHPAKEHHE VE $opManbHO MOXKHO paccmar-
puBaTh KaK CKaagpHOE IMpousBejlecHue BekTopoB YV u E. [eiictu-
TEJABHO:

. 0 . 0 a . .
v5=%q§%1ay+k&)05f+ﬁf+k@r=

__ 90 — 5Ey OE,
=g Ext 5y y—|—6zE e —|——-~- =divE,
TaK Kak
ii=jj=kk=1,
jj=jk=ki=0.
Hs ckasamnoro caeayer, 4to ypaBHeHue (12) wmoxnO Hanucath B
dopve: 55
y __ P
+ 52 & (14
WK
VE=E. 15)

B cayuae neommoposHoll M aHM30oTpOmHoH cpenw Teopema [aycca
He npumenuMma. Ilpm 3tom yaoOHee nmoab30BATHCH 2HAJAOTHYHBIM, MMENO-
UM 3HAuUMTEAbHO OoJee OOWME XapakTep, YpasHenueM IS BEKTOpa
3neKTpuueckoro cmemenna D. Mmenuno, cormacHo mocrynaary Maxcsea-
713, HOTOK BEKTOPZ 3JEKTPHUECKOTO CMEIICHMS CKBO3b JOOYI0 3aMKHY-
TYI0 HOBEPXHOCTH B JIOOOH Cpefle paBeH KOJIMYECTBY 3JIEKTPHYECTBA,
33KJOUEHHOrO B MPOCTPAHCTBE, OFPAHHYEHHOM 3TOH HNOBEPXHOCTHIO:

$pds—yg. (16)

B nmudepenunaishoit ¢popme moctynar Makceenna UpUHHMaeT BHI:
Agq

§D ds
lim =lim =L

awwao AV Ty oAV

T e divD=p ' (17
HAHU

VD =p. (18)
B nexaprosx xOOpauHatax ypasseuue (17) nuwertcs B dopme:

an ODy + 19)

.
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§ 5. Boipaxenne NPHHIHMNA HenpPepLIBHOCTH MArHHTHBIX AMHME H
NpAHIHNA HENPepPHLIBHOCTH JNHHHI 3JeKTPHUECKOro TOKa B
audepenunanpnoit dopme

Wmelomuti ¢yHIaMeHTanbHOE 3HayeHWe [PWHIKD  HENPEphiBHOCTH
MArHWTHHIX JHHMA yTBEpIKAAeT, YTO MAarHMTHBIE JMHMH HHLIE HE HMEIOT
HM Hauajla, HA KOHLA — OHH BClOAYy HenpephiBHb. VHbIME ClOBaMH,
MAardHHTHHIN NOTOK, NPOXOMAMMA CKBO3b 1100y10 3aMKHYTYIO MOBEDPX-
HOCTh B HampaB/eHWH BHellHEH HOpMaay, PaBeH HY:I0:

§ B ds = 0. (20)

B npupoje He CyLIECTBYEeT MArHMUTHHIX MacC, HABJIAOWMXCA HCTOY-
HHKAM# MarHMTHHX JWHHE, 0OXOGHHIX JEKTPHYECKUM 3apslaM, KOTo-
phié JAIOT HAualo JMHMAM 3eKTPHYECKOro cmeuleHud. MarnutHoe noe
NOpPOXKAAETCA TOALKO 3JIEKTPHYCCKHMH TOKAMH, M MarHWTHbIE JIHHWH,
OKpyXaiollHe JJIEKTPHYECKHE TOKH, BCeriga 3aMKHyTbl, HENPEPhIBHAL.
Iudepenunassuolt GOpMOR MaTeMaTHYeCKOH (POPMYIHPOBKH 3TOrO BaX-
HOro MPHHIMNA SBAAETCS BbipaXeHue:

divB =0, 21

KOTOPOE COpABEINMBO A BCEX TOHEK JI060r0 MarHATHOrG MO

Croap ¥e (QyHIaMEHTalbHOE 3HAYEHHE MMEET NPWHUMM HEnpepsIB-
HOCTH JMHHH 3/EKTPHYECKOr0 TOKA, COTAACHO KOTOPOMY JIMHHM TOKa
HUrJle He TIPEpHLIBAIOTCA, BCErja ABAAACh 3aMKHYTHMH. IToaHsIf TOK —
NPOBOJHMOCTH, KOHBEKUWH H CMELIEHH:, — NPOXOAUHH CKBO3b Mi00yi0
3aMKHYTYl0 T[OBEPXHOCTH B HanpaB/eHMH BHEMIHeH HOpMasd, paBeH
HYJI0:

§ 3ds =0. (22)

Kak 6u10 ykasaHo B MepBOM 4acTH Kypca, 3TO BaXHeHuee MO0JO-
KeHue NpHOoOGpeTaeT COBEPIIEHHO O6WMH XapakTep /Millb C BBEICHHEM
B PaccMOTpEHME, TIOMHMO TOKOB, MpeICTaBisiomux coGoio IBHXKEeHue
3MEeMEeHTaPHEIX 3aPAIOB, TAaKXE M TOKOB 3JIEKTPHYECKOro  CMEIMIEHHA
B MyCTOTE.

JlucepernnaibpHOl 3a0MCBIO BHIPAXEHHA (22) ABIAETCS BHIpAKCHHE:

diva =0, (23)

KOTOpOe TaK Xe, Kak M Buipaxenne (21), cnpaBenauso BO BCEX TOHKax
MpOCTpPaHCTBA.

C ¢opmansHoll cTOpOHL BHpaxeHue (23) sBageTcs NPAMBIM  Cled-
CTBMEM NepBOro ypasHeHus Makceeana (5). [e#icTBuTenbHO!

div 8 =divrot H,
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HO i n6oro BeKTOpa A PacXOXICHHE €ro BHXDHA A TOXIECTBEHHO
aBHO HYMO: . ,
P y divrot A =0,

YTO HETPYAHO HPOBCPHTH, BOCMOJL30BABIIUCH pupaxenusuu (8) u (13).
IlostoMy B NOAHOH CHCTEME yDaBHEHHH 3JICKTPOMarHHTHOrO HOJA, B
KOTOPYIO B KauecTBe OJHOrO H3 OCHOBHHX BXOIHT nepsoe  ypaBHe-
une Makcgenna (5), 3 ABYX BHpaeHHH, XapaKTepH3ylOUIHX TPUHLHAL 5!
Helpep HBHOCTH MarHHTHHIX THHHHA (21) ¥ 1HHHMR 3NEKTPHYECKOro TOKA (23),
NOJKHO COIEDPHKATHLCH TONBKO MEPBOE.

§ 6. Teopema OcTporpaackoro. Teopema Crokca

YcraHoBHM [Ba BaXHBIX DABEHCTBA, BHPAKAIOUIMX co60i0 TEeOpeMy
OCTpOrpaacKoro n TEOPEMY Crokca. DTH paBeHCTBa HMelOT GoJswoe
sqaucHpe B TEOpHH Tons W GymyT B JajbHEHUICM HCHOAL30BaHMH ApH
BHIBOIE pAlda cooTHOWEHHH.

XoTA DaBeHCTBA, KOTOPHE Mbl KEJAEM MOAYYHTS, HMEIOT 4YHUCTO
reOMETPHUCCKHH CMHCH M CHPaBEMMBH 1A [POU3BOALHOIO BEKTOpa A,
HO Mbl NOAYYHM WX CHauana Ha OCHOBAHMH HMCIOUUMXCH B HaueMm pac-
NOPSKEHHH yDaBHCHHH [N BEKTOPOB HaNPAKEHHOCTEN 3JAEKTPHUCCKOro
4 MACHHTHOrO HONEH M 3aTeM yxke JalMM HM UHCTO TCOMETPHHECKYIO
MHTEPIPETALHIO. ‘

I[Iycts 3apsl ¢ paclpencieH HEKOTOPHM o6pazom 1o oGwvemy V,
OrpaHMYEHHOMY NOBEPXHOCTBIO S. Torna

q:j‘pdv.
v

Ucnoasays ypastenne (11), mMoxtem Hanucath:

§Eds=5%dv.
A}

3amenan yepes div E coraacHo ypaBHEHHIO (12), noayuaem pa-

BEHCTBO: ¢ N )
E;)Eds :——j‘div EdV.
s 14

D10 paBEHCTBO MOXKeT OniTh HanucaHo IIA ao6oro BekTopa A,
HElIPEpHBHOrO BMECTE CO CBOMMH MEPBHIMH MPOH3BOMHAIMA B o6nactn V
¥ Ha [IOBEPXHOCTH §:

§A ds = é'div Ads. (24)

Ouo sBasercs opMyanposkol Teopembn OCTPOrpanckoro M HMeeT
YHCTO TeOMETPHYECKHHE cMbica npeobpa3oBaHUs o6BbemMHoro HMHTErpaia
B nosepxuocTHHi. JlefictBurensHo, NpeNCTaBHM ce6e o6bem V pasne-
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JICHHEIM Ha S/1EMEHTH OGbema dV. Bemnunna divA, B COOTBeTcTBHH ¢
€€ ONpele]CHHEM, €cTb OTHOIIEHHE NOTOKA BEKTOPa A CKBO3b NOBEpX-
HOCTB, orpaHuumBawmlylo o6bem dV, Kk o6bemy dV. CaegoparteasHo,
div AdV ects norox Bextopa A cKBo3b NIOBEPXHOCTh, OTPaHHUYHBAIOLLY IO
o6bem dV. Ilpencrasum nBa cocenHux o6bema dV, conpuxkacaomuxcs
Apyr ¢ JIpyroM no HeKoTOpOH nosepxHocTH ds. OueBHIHO, €CAM NMOTOK
CKBO3b IIOBEPXHOCTb CONPHKOCHOBCHHS I OZHOTO o6bema Gylet
BHIXOMAUIAM M3 HETO, T. €. MOMOKUTENLHHIM, TO AJis IAPYroro oH Oy-
AET BXONALMM B Hero, T. €. oTpuuatensHuM. ITo3TOMYy npu cocrasje-

HMM HHTErpana t[divAdV no sceMy o6wemy V noToku ckBosb Bce

NOBEPXHOCTH MEKAY CMENHLIMH 3/1EMEHTAapHHMH o6bemamu dV g cymme
nanyt Hyas. OCTaHYTCA TOMBbKO NOTOKH CKBO3b Té NOBEPXHOCTH dS
KpallHUX S/1eMEHTapHHX 06beMoB dV, KOTOpHE ABAAITCA SJeMEHTaMH
[IOBEPXHOCTH S, oOrpaHMuMBalOllel peck o06bem V. Takum oOpazom

HHTErpan j]divAd V' meficTBuTensHO pasen NOTOKY BEKTOPa A CKBO3b

14
MOBEPXHOCTD §, T. €. paBeH uarerpanyéS A ds.
§

YcraHoBuM Teneps BTOPOE BaxHOe paseHcTBO. [lycTh CKBO3BL He-
KOTOpYyIO HE3aMKHYTYI0 NOBEPXHOCTb S, OrPaHHYEHHYIO KOHTypOoM /,
apoxoaut Tok i. Mimeem:

'=.f'6 ds.
5

Cornacro ypaenenuio (1) moxem nanucath

§Hd1=fads.

Hcnoassysn ypasnenue (5), samennm & Ha rot H. Moayuum:
<§Hdl_—=j‘rotﬂds.
I s

OTO paBEHCTBO MOXeT GBITh HANMHMCAHO 1A  HOGOrO BEKTOpa A,
HEIPEPHIBHOTO BMECTE CO CBOMMM NEPBLIMH NPOM3BOIHLIMM Ha NOBEPX-
HOCTH § M Ha KoHType I:

§ Adl =J‘rot Ads. (25)

Ono Bhipamaer co6oio Teopemy CTOKCa M MMEET 4HCTO reoMeTpu-
HECKHMH CMBICA Npeo6pa3oBaHHs [OBEPXHOCTHOrO HHTErpasa B MHHTe-
rpax no KOHTYpy.

HefticTeuTenbHo, npencraeuM ceGe NOBEPXHOCTL § pasznefieHHOH Ha
3NeMEHTH ds. BennunHa HOPMaJbHOH COCTaBARIOUIEH BEeKTOpa IOtA, B
COOTBETCTBHH C €€ ONpENE/]ECHHEM, €CTh OTHOUIEHHE CYMMb TPOM3Be-
Zenu#t A dl no BceM cropoHam KOHTypa, OI'DaHAYHBAIONIETO 3JIEMEHTap-
Kyl maomanky ds, K BenuuuHe noeepxnoctu ds, (CnemoareisHo,
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rot A ds npenactasader co6oio 3Ty cymMy. IIpu cocraBiaeHun uHTErpaia
3 rot A ds 10 Bcell MOBEPXHOCTH §, NMpousseAchua A dl mam Bcex co-
S

NPHUKACAIOUIUXCA CTOPOH COCEIHHMX 3NEMEHTAPHBIX MOBEPXHOCTEH B3ANMHO
KOMIIEHCHPYIOTCA M OCTalOTCA TOAbKO mpousseneHus Adl no Bceum
anemenTaM d/ xoutypa [, OrpaHMUYMBAIOHIErO BCIO [IOBEPXHOCTb S, 4TO
W MpUBONHMT K paseHcTBy (25).

§ 7. Moanasa cucrema ypasHeHRn#l 2JeKTPOMATrHATHOTO MOJsA

C ¢usMyecKoit TOUKHM 3DEHHA IEKTPOMATHMTHOE M0JE BCEraa Cyiue-
cTRyeT B Tak HasmBaemoit mnycrore. Kak 65biI0 OTMEYEHO B Havanxe
nepBoft YacTH Kypca, MyCTOTOH MBl yCJIOBHO Ha3bmiBaeM 4acTh IPOCT-
paHcTBa, B KOTOPOM OTCYTCTBYIOT M3BECTHBIE HAM 3JEMEHTApHLIE Ha-
CTHUH  MATEPUH — NPOTOHB, HEHTDOHBH, 3JEKTPOHH, [O3UTPOHK
H T. X, HO B KOTODOM MOXET COBEPUIATbCA W COBEpHIACTCA MaTe-
pHanbHB# nmpouecc B OpME 3NEKTPOMArHUTHOrO MOJA.

PaccmaTpuBas 3JE€KTPOMATHHTHOE [OJE B 1060M  BEHIECTBE, MHI
coraacHo HammM (U3HYECKAM BO33DEHHMAM IPENCTABIAEM BEUIECTBO
06pa3oBaHHBIM COBOKYIHOCTBIO 3/IEMEHTAPHBIX 3apAloB, BXOMANIMX B
COCTAaB ATOMOB M MOJEKYyJ BEIHIECTB4, U €aMO 3JEKTPOMAarHUTHOE I0Je
CYHICCTBYIOIMM B MPOCTPAHCTBE MEXIY STHMH 3apAnaMH, T. €. BIIyCTOTE.

IIycTOTY MB XapakTepU3yeM ee AW3JIEKTPHYeCKOM e, M MarHWTHOH
1, MpoHuIaeMocTaMu. B Heft MOryT CymlecTBOBaTb TO/BKO TOKH  3/CK-
TPUYECKOTO CMEHIEeHUs, UMEIOHINe NJOTHOCTD

oD
5=-5—t',

rne D —BEKTOp 3JEKTPUYECKOrO CMCIIEHUA B MyCTOTE.
B wacTH MPOCTPAaHCTBA, 3aHMMAEMOH NBHXKYIIMMUCH 3NEKTPUIECKAMHU
3apsaaMH, CYWECTBYeT TOK MEPeHoca 3ICKTPUYECTBA, MIOTHOCTL KOTO-
pOro HMMeeT BhIPAXEHHE:
g=pv,
rae p — o6beMHad MIOTHOCTb M V CKOPOCTb IBHXCHHA 3JEKTpHYCCTBA.
Censs Mexny sextopamu D u E u, COOTBETCTBEHHO, MEXAY BEKTO-
pamu B u H B nycrote umeer BHI:

D =¢E, B=yp,H

Takum 06pa3oM, IOJHaf CHCTEMa YDPaBHEHHMHl 3]EKTPOMACHHTHOIO
Moas B AycTOTE € YUETOM ARMMCYULMXCA B Hell 3apAl0B HMEET BHL:

oB )
rotH=28, rtE=—-5,

oD
8=70} +Pv,
D=¢,E, B=ypH,
divD =p, divB=0.

(26)

oy w—
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ITpu H3yyeHMM 3INEKTPOMATHHTHBIX IIPOLECCOR B BCUIECTBE 00bluHO
HET HEOGXOAMMOCTH pacCMATPHBATbL CIOKHYIO MHKDOCTPYKTYPY Beule-
ctBa. JeficTBATC/AbHOE 9JCKTPOMATHUTHOE MMOJE B BEUIECTBE BECHMA
PE3KO H3MCHAETCA OT TOUKH K TOUKE B IIPOCTPAHCTBE MeWIY 3J1eMeH-
TapHbIMH 3JEKTPHYECKHMH 3apsilaMH, BXOAALMMH B COCTaB BELIECTBA,
H B KaXJOH TOUYKe fABJACTCA QYHKIHCH BPEMEHH BCACACTBHE JBHKECHHA
atux 3apanoB. OnHaKO 3TH HEOMHOPOJHOCTH HMEIOT MHKpPOCKONHYe-
CKHMii XapaKTep, W MBl WMEEM BCE OCHOBAaHHA MX OCDEAHHTL NpH pac-
CMOTPEHHH MAaKPOCKOITHUECKHX MPOLECCOB.

Ecmu cpo6onnbie a/ieKTpHYecKMe 3apanbl HAXOAATCS B CTOJb pas-
PEXEHHOM  BEIECTBE, YTO OHM MOIYT OECHpPENATCTBEHHO YCKOPAThCH
04 NeACTBHEM 3JEKTPUYECKOrO MO/, HE HCIBITHIBAA, HJAA [OYTH He
HCIBITHIBAA CTOJKHOBEHHH € MOJEKY/aMM BEUIECTBA, TO B TaKOM Ciy-
4ae noj, AeHCTBHEM OCDPEIHEHHOrO 3JEKTPHUYECKOrO [0S . BO3HHUKAET
yNOpANOYEHHBI TOK KOHBeKUMH. B BbIpakkeHHM 119 [JOTHOCTH TOKa
KOHBCKLIMH

.

 E=pv

OyaeM IOAPasymMeBaT MOX p OCPEAHEHHYI OGBEMHYIO IIOTHOCTD
SNIEKTPHYECTBA M IMIOX ¥ — OCPElHEHHYI0 CKopocTs. IIpu stoM ocpen-
HEHHE NIPOM3BOJMTCA B YKA3aHHOM BBIIE CMLICAE, T. €. Cr/aXHBAIOTCH
MHKPOCKOITHYECKHE HEONHOPONHOCTH, CaMH KE OCPEIHCHHBIE BEIHYMHbI p
H V, BooGule roBOps, MOTYT GhTh (YHKIHAMH KOODIMHAT H BPEMEHH.

IIpuMepOM KOHBEKUMOHHOrO TOKAa MOXET CAYXHTh TOK MEX LY
9JCKTPONaMH B CHJIBHO Pa3peHEHHOM rase, KOrjia pacCTOSIHHE MEXIy
JIEKTPONAMH MEHbUIE CPeaHell MMMHE CBOGOJHOrO mnpo6era HOHOB H
3JIEKTPOHOB.

Ecn sievenTapnble 3/eKTpHYECKHE 3apANL, ABHKYIUIHECH B Belle-
CTBE, Ha CBOEM Iy TH MHOTOKPATHO IIyTEM CTOJKHOBEHHS NePefaloT aToMaMm
BEWLECTBA KHHETHYECKYI0 3JHEDrHio, NPHOGPETAaEMyl0 NpH YCKODEHHH
B OCPEIHEHHOM 3JIEKTPHYECKOM IIOJE, TO IOJL ACHCTBHEM I[TOCTOSHHOTO
OCPEIHEHHOrO MOJMA yCTAHARIUBAETCA OCTOAHHAsA CPEAHSAA CKOPOCTh 3aps-
noB. I1pu 3TOM OcpenHeHHas IOTHOCTS TOKA OKA3bIBACTCA NPOIIOPLHOHA b~
HOH OCpelNHEHHOH HaNPMKEHHOCTH JMEKTPHYecKOro moas. Takol TOK
MB  Ha3bBACM TOKOM NPOBOJMMOCTH H IS €ro ILIOTHOCTH B caydae
M30TPOIHOTO BEIICCTBA MMEEM BHIPAKCHHE

Z=¢vE,

FIC |-— yIeabHas NMpPOBOAMMOCTH BewlecTBa. I[IpuMepamm TOKa MHpoOBO-
AUMOCTH MOXET CIYXHTb TOK B METal1aX H B 3MCKTDOIMTAX.

Bsikoe BemecTBO NMox AEHCTBHEM 9MEKTPHYECKOro [0S noasipu-
3yeTcAl. DNEKTPHYECKHE 3apsiibl, BXOAAMIME B COCTABR aTOMOB M MOJe-
Ky, CMEWAITCA: MOJOKHTENbHbE 3apANL —B  HalpaBJeHHH 0.,
OTpHUATE/NbHBIE — IPOTHB N0AA. IIpoumecc 3970T MH  KOJHYECTBEHHO
XdPAKTEPH30BAIH BCKTOPOM P MHTEGHCHBHOCTH NOMAPM3AUMH  BEILECTRA.
Iloaxoe ocpenHenHOE 3ICKTpuiecKOe CMelieHne D B BewecTBe  paBHO
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CYyMME OCPeIHEHHOro 3JEKTPHYECKOFO CMCHICHHUSA Do B [IYCTOTE H HH-
TEHCHBHOCTH MNOJASIPUIAUHH P Beulecraa:

D=D,+P=:E P

Mexny ocpenHeHHbiMu 3HaudeHusMH D u E 1ma usorpomHoro seute-
CTBa MOXHO HanmucaTb COOTHOLIEHHe:

D==:E,

rae €-— OU3JEeKTpUdecKass MPOHMIAEMOCTb BemecTBa.
B BbipakeHus A48 [IOTHOCTH TOKa CMEIIGHHUS B MBOJMpYIOUIeM
BEIIeCTRE oD OE

Mb Gymem mompasymesaTs noi 8, D m E Takke ocpelHeHHBe 3HadeHHs
COOTBETCTRYIOUMX BEJIHUYMH.

Ilpu BHeceHWW BeulecTBA BO BHEIIHGe MArHMTHOE MOJE€ B BEHIECTRe
BO3HUKAIOT 3JEMEHTaPHBie TOKH, CO3JAIOMmIMe MarHHTHHE [0/, Hampas-
JdeHHbiEe IPOTHE BHEUIHero MOJA B ciAyvyae AUaMarHMTHBIX BelmiecTB U B
CTOPOHY BHEIIHEro [o/s B cjyyae NapaMarHUTHHX ¥ (eppOMarHUTHHIX
pemiect. OcPeNHEHHOE 3HAYEHHE MATHUTHOH WHAYKUMM MOXeT OHTb
NpeNCTasieH0 UPH ITOM B BHIE CYMMbl:

B=p,HJ,

rie H —ocpenHenHas HaMpAKEHHOCTb MACHUTHOTO 104 W J — MHTEH-
CUBRHOCTb Hamarumychus BeutectBa. CoorHoulcHue wmexny B uw H aan
M30TPOIHOrO BemIeCTBA MUINETCH B BHAE:

= pﬂ,

rne y — MarduTHag MNPOHULASMOCTb BeHISCTBA.

+

Paccmarpuaaa B JajbHeHilleM OCpelHeHHble B YKa3aHHOM CMbiCie
3HaueHus1 BceX BEJAHYHH, MBbl 6y11eM uMeTh a1 Jaodoro H30TPpOIMHOr0
BelljeCTBA CJACAYIOHIYIO CHCTEMY ypaBHeHHﬁ JICKTPOMArHUTHOIO MOAA!

rotH =2, \

B
otE =— -,

~ oD
8=vE+ 5 v,

D=¢E, B=upH,
divD=p, divB=0.

@7

[l1oTHOCTS TOKA HA OOGUMIHOCTH BHIPANKEHZ B BHIE CYMMB TPEX COCTaB-
asoutux. Flpu 3TOM HalO uMeTh B BUAY, YTO 110 CAMOMY CMHCAY HEpP-
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BOH ¥ TDETbCH COCTABJAAIOUIMX OHH HE MOUYT HMETb MeECTa B OJHOH H
TOH e TOUYKe MPOCTPAHCTBAa OMHOBPEMEHHO. [IBe mepBme  COCTaBAAIO-
UiHe MOryT MMETb MeCTO O/JHOBPEMEHHO B MONyNpOBOAAWIEH cpene.
OpHako B XOpOIHO NPOBONALIMX BEIIECTBAX BCErfa MOXHO npeHe6peub
BTOpO# CJaraéMO# no CpaBHEHHIO C NMEpBOH M B H30/HPYIOLIHX Belle-
CTBaX OOGbLIYHO MOXHO npeHeOpeub NEpBOH ciaraeMOM MO  CPABHEHHIO
CO BTOpO#.

’

§ 8. anexrpocl'arnqecxoe noJje B nojie¢ MNOCTOAHHBIX TOKOB, Kak
YAaCTHBHIEe CAYYad 3JEKTPOMATHHTHOIO MOJHA

¥Yie 6HI0 OTMEUEHO, YTO NIPH BCAKOM ABHXEHHH 3aDHKEHHOrO Tesa
OTHOCHTENbHO HabmofaTeNns MOcAeAHHH OGHApYKWBAET BOKPYT Tela Kak
3MEKTPHYECKOE, TaK M MAarHWTHOC MO/f, T. €. 3NEKTPOMATHHTHOE MOJie,
H 4YTO /IMIDb B YacTHOM c/Jy4ae TMOKOSIMIErOocs 1O OTHOIIEHHIO
K Habmojateno 3apiKEHHOTO Tela OH  OGHapyXKHBAeT  TOJBKO
OIHO 3/EeKTPHuecKoe mnone. Yxe M3 3ITOr0 mpocroro dakra cie-
Aoyer, 4TO YDABHEHHs, XaPaKTCPH3YIOMHE 3IIEKTPOCTATHYECKOE MOJIe,
RO/KHBH BHTEKAaTb KaK YaCTHHH cayvall w3 o6Gwux ypasHeuu#t (27)
37EKTPOMarHuTHOro nons. OucBHAHO, 3TO OyHer npocTeHINuH 4YacTHHH
cay4dad, XapakTCPHBIH TeM, YTO BCIOAY NJOTHOCTh TOKA4 paBHa HyJuoO.
PaccMoTpenuio 3TOro yacTHOro cayuas 6yAyT MOCBAMIEHH CAEAYIOWHE
JIB€ T/aBBI.

Hpyram npocTefiliiM caydaem fBAAETCS CHCTEMa HEMOABHAHBIX 110
OTHOUIEHHIO K HabMoNaTeMo CBepXNPOBOMAAINX KOHTYPOB, HO KOTOP WM
NPOTEKAIOT NMOCTOsSHHbIE TOKH. OKO/IO TaKHX KOHTYPOB OGHapyKHBaeTcs
TO/ILKO CTATHYECKOE MarHHTHOE 1oje. JleHcTBHTCIBHO, 31EKTPHYecKOe
no/e B TaKOW CHCTEME HOJHOCTHIO OTCYTCTBYyeT, TaK KaK MarHHTHBHIH
NOTOK HE HM3MEHsleTCs BO BpEeMEHH W, C/CAOBATEIbHO, B [POCTPAHCTBE
HE MHIYKTHDYETCH HHKaKHX 3. A. C. H, KDOME TOrO, COUNPOTHBICHHE
NPOBOIHUKOB, a CNEAOBATENbHO, W NAJCHHE HANPSDKEHHS B IPOBO/IHH-
KaxX, paBHbl HY.IO.

MarunTHOE nOJle HENOXBHIKHBIX MOCTOSHHHIX MarHHTOB HMEeT TakoH
M€ XapaKTep, KaK U 110/ie  OKOJO HEIOJBHKHBIX CBEPXHPOBOAALINX
KOHTYpOB ¢ TOKaMH, T4K KaK OHO CO3/AeTCH JEMEHTADHBIMH TOKaMH
B TE/JE MarHura, lpoTeKkaiomumd 6e3 noTepb 3Heprud. Beuay Tpyn-
HOCTH yu4€Ta 9JICMEHTAPHBIX TOKOB B HaMar"HW4yeHHbIX Tenax, IMPpHHATO
MarHMTOCTaTHYECKOE MOJIe pacCMaTpHBaTh (OPMaiLHO, KAaK pe3yibTar
NOSB/JEHHSA HAa MOBEPXHOCTH TEJ HaBEJICHHBIX MarHHTHHX Macc. JlocTo-
HHCTBO 3TOroO CpOpMaIleOI‘O METOJa 3aK/jlouaeTcss B ero aHalJOriH ¢
METOJaMH, Da3BMThIMH B 3MEKTpocTatuke. IloaTomy B uersepTofi raase,
B KOTOpPOH 6yJeT PacCMOTPEHO MarHHTOCTATHYECKOE [10J1€e, Mbl, COIACHO
OGILENPHHATOMY, BOCHO/NL3YEMCH ITHM METOMOM.

Heckobko Gostee C/AOXKHBIM H BMECTE C TeM BEChMa BAXHHM ya-
CTHBIM cCly4yaem 9JEeKTPOMATHUTHOrO M0 sABAAETCA [04€ HOCTOAHHHIX
TOKOB, [POTEKAOIUHX B HEMOABHKHHX [POBOJHHRKAX, OO0JafAIOuIUX
QTJHYHEIM OT HYs, 3JCKTPUYECKHM CONPOTHBAeHHeM, B aroM cayuae
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OKONO MPOBOJHUKOR M BHYTDM HuX OOHADYXHBAlOTCH Kak HOCTOSHHOE
MACHATHOC MOJC, TAK ¥ TMOCTOSHHOE 31eKTpudeckoe moae. PaccmoTpe-
HUIO 9TOrO Cjyudas [OCBALLAIOTCH fATad, Iecras ¥ celbMas [JaBHL

B BocbMolt u [ZesaToH riaamax GyACT paccMOTPCH ofupud  cayuah
SJAEKTPOMATHUTHOrO [10J5, U3MEHAIOWEr0Cs BO BPCMEHM.

I'zasa smopasn
ANEKTPOCTATHYECKOE MOJE

§ 9. Be3ruxpenoif Xxapakrep 3JeKTPOCTATHYECKOI'O MOJs.
dnekTpuueckuii moTenuHan. 'paaneHT moTeHHMHAaxa

OcHORHOHN 3amaueit HacToOAlIEH TJaBRbl ABAAETCA PACCMOTPEHHE METO-
JOB pacuera 3JeKTPOCTATHUYECKOrO MOJs, T. €. 3JeKTPUYECKOro nois
CMCTEMBl MOKOALMXCA TEJ, UMEIOUIMX MOCTOSHHBIC BO BPEMEHM 3apaibl.
B rako#t cucreme OTCYTCTBYWOT siaexTpHueckHe Toku. Ecau, kpome toro,
B CHCTEME HET HaMarHU4EHHBIX Ted, TO MarHuTHOe nojie OTCYTCTBYeT.
CiuegoBarenbio, BCony

8§=0, B=0, H=0.

U3 cucremn (27) ypaBHeHuHl 3JEKTPOMArdHUTHOTO MOJIA OCTaercs
CACAYIOULAA COBOKYHHOCTD:

totE=0, D=¢E, divD=p. (28)

Yciaosue rot E=—0 cBuierteqbCTBYET, YTO 3.AeKmpocmamiiecxoe noie
umeem Oessuxpesoii xaparxmep. Cornacno teopeme Croxca s moboro
3aMKHYTOrO KOHTYPa HMEeM:

EﬁEdl:jvrotEds:O.

s

Takum o0pasom, yciorue rot E—=0 BmipakaeT B audepeHUMa bHO
dopme BaxHOe II0J0XKEHME, BbICKA3aHHOE B HEPBOH 4acTw Kypca, —
PABEHCTBO HYJI0O B JIEKTPOCTATUUECKOM MOAE 3NEKTPOABUXYIESH Cuiabl
BIOAb MI000r0o 3aMKHYTOro KodTypa. [lostomy B 3ieKTpOCTATUUECKOM
fose JuHelHbld WHTErpan Bektopa E, B3ATHHA OT TOUKH A po rouku B,
HEe 3aBMCHT OT BHIOOpAa MyTH WUHTETPUPOBAHHA H NOJHOCTBIO Oupeae-
JAfeTCA B 3aNaHHOM IMOJe nosoxenueM Touek A M B. 310 obGcroareis-
CTBO Ja/I0 HaM OCHOBAHUE BBECTY IIOHATUE O MOTEHIMAJIE 3AEKTPHUYECKGOTO
noas. Ilorenimaln 32JEKTPUYECKOrO MOJA B TOUKe A MB  onpesennan
Kak JuHeHHbI#i HHTErpan Bextopa E, B3aTHIH OT TOukM A 1O HekoTO-

P

po#i duxcupoBanHON TOuKM P, T. e. UA_j E dl. Ilotexduvan B Toy-

Ke P pased uymo. Jluneinpn MHTerpaj BEKl‘de E BAO/B HEKOTOPOro
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NyTH OT TOYKH A HO TOUKH B ecTh Pa3HOCTE 3/EKTPHUECKHX [IOTCH-
uManos B Toukax A u B:

2
2! Edl=Us— Us.

M3 onpesenenus moTeHuMana, Kak pasee 6u/10 nokasauo (u. I, § 12),
clelyer, uTo CocTaBasiomas BeKkTopa E mo moGOMy Hamnpa/eHHIO [
paBHa B3ATOH CO 3HAKOM MHHYC OPOM3BOAHOA OT MOTEHUHaka O 3TO-

My HanpaBJICHHIO:
oU

E=— o (29)
B uacTHoCTH, uMeeM:
ouU oU ou .
Ex—-——’o—x', Eyz——*@‘, Ez—————o;. (30)

[Ips mepeMenieHMH MO MOBEPXHOCTH, HOPMAAbHON K CHIOBHIM JHHHAM
ou ;
noas, noayyaem E,=—=0, 1. e. —07=0 uan U =const. Takue nosepx-

HocTH Obl/iM Ha3BaHbl HOBEPXHOCTAMH PABHOIO 3JEKTPHYECKOro MOTEH-
uuana.

Bynem o6o3navate B HajdbHefiieM 4epe3 dn 37EMEHT HOPMAIH K [O-
BEPXHOCTH PaBHOro MOTEHIMAAA, T. €. 3ACMEHT AMHHBI CHJIOBOK JIHHHM,
IpMYCM KOOPAMHATY 7 YCJAOBHMCH CUMTaTh PacTylled B Hampas/eHHU
Bektopa E. Tak kak E,=—2FE, 10 umeeM:

ou
E=—0ar. 31)
Beomst B paccmorpeHue Bektop grad U, HaswiBaembift 2paduenmom
3AeKmpuMecKo20 nomenyiansa, COCTaBJAIOUIME KOTOPOro no OcfAM B Iie-

KapTOBOW CHCTEME KOOpAMHAT CyThb:

w o w
ox' dy* oz’

OymeM HMeTh: _
E=-—grad U. (32)

TpamMeHT HOTEHUMaNa MOXKET GbITh OOO3HAUEH MpH [(IOMOULH CHMBO-
mMueckoro omeparopa V (sHak ,Ha6na“) B Bume VU.

Ipu 3ToM V ¢OPManbHO MOMHO DPacCMaTpuBaTth, KaK MPOU3BCHEHHE
CHUMBOJ/IMYECKOrOo BEKTOpa \V Ha ckaiadap U. B ngexaproBblX KOOpPIHHAaTax

HMeeM:
. 0 (7] a . o0U ou oU
vu—_('a+j~dy+k52)u=n_ax +ig k=

=igrad, U--jgrad, U+ kgrad, U.
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— - -—-

CnenoBatenbHo, paBeHcTBO (32) MomeT GHlTb HAaMHCAHO B dopwme:
E=—vVU. £33)

3uak MHHYC B Bepaxenun (32) yKa3nBaerT, 4TO NOTEHUHAN y6siBaet
B HANpaB/AEHHH CHIOBHX JHMHHA HOMs. D10 ABHJOCH CHAEACTBHEM IpHHIA-
Toro onpefeieHus MOTeHUmanNd Kax sumelinoro uuterpana sekropa E,
B3ATOFO OT JaHHOH TOYKH A 10 (MKCUPOBAHHOH TOUKH P, B KoTopo#t
U=20.

Takoe omnpeaeieHue ienecoo6pasHo, Tak Kaxk npu 3TOM OTEHUHA T
I0JI0KUTEIBHO 3aPIKEHHOTO Tela OKa3blBaeTCi TAKKe TI0J0WKK TEIbH BIM
1IpH yCAOBMHU, YTO I1TOTEHLHKAN GecKOHEYHO yIajieHHHIX TOYEK NpUHUMACTCA
paBHbM HYIIO.

Bee cKasaHHoe CBUAETEIbCTBYET O TOM, 4YTO BCAKOE Ge3suxpesoe
nosje ecTh 10Jie nomeHyualbHoe.

OO6paTHO, BCAKOE NOTEHUHAIbHOE NOJE SABJIAETCH 6e3BUXPEBHIM, HTO
BLHITEKAET M3 TOXIECTBA:

rot grad U==0.
IefcTBATEIBHO

] o 0 (aU\ @ (aU
rot, grad U = 3 grad, U — 5~ grad, U=5y (73?) — iz (a—y—> =0.

Auaqornuno:  rot,grad U==0 u rot, grad U=0.

IMoayepKHeM emie pas, 4TO IUIA 3aJaHHOrO NOJA NOTEHUMas OfNpe-
JenseTcsi ¢ TOYHOCTHIO O NPOM3BOJIBHOA NOCTOAHHOMN, 3aBucame or
BwGOpa TOM TOYKHM, [ae NPHHHMAETCH U=0. Jro cieayer Kak H3
NPHHATOrO HaMH ONpeleneHus NOTEHUMa’a, TaK M U3 DABEHCTBA 3.

§ 10. Y6nipanne NoTeHUUANa M HANPANKEHHOCTH HOJs Ha 60oabWHX
paccToAHUAX OT CHCTEMBbI 3apskKeHHBIX TeNA

Tns pOKAa3aTeAbCTBA PAa BaXKHHX NOJOXEHHH HaM 6yner cyume-
CTBEHHO 3HATh, KaK M3MEHseTcs NOTEHUMas MPH yIA3JIeHHH Ha BECbMA
60abLIOE PACCTOSHHE OT CHCTEMHl 3aPFKEHHBIX Tel. IIpocrefilune cay-
yay Gual PaccMOTPEHB B MEPBOfA 4YacTH Kypca. Tak, HanpsKEHHOCTH
[0ds% ¥ MOTEHIHAN YEIMHEHHOr0 TOYEHHOrO 3apsga ¢ Ha PacCTOAHMA T
OT Hero B OQHOPONHON ¥ M3OTPONHOH cpeJe COOTBETCTBEHHO DaBHEL

E=L 2 uv="1 ' (39)

& 4xmre ! dzr *

npuueM NPHHMMACTCH DABHBIM HYJI0 MOTEHUHMAN 6ECKOHEYHO YHajJeHHH X
TOYEK.

Jlio6as CHCTEMa 3apSIKEHHHX TeJ € OT/IMYHBIM OT HYJd CYMMapHhHM
3apAIOM, PAclOJNOKEHHHX B KOHEYHOH ofnacTH, NPOCTPaHCTBA, MOMKET
paccMaTpuBaTbCA HA  PACCTOAHMAX, BEChMA Gopmux 0O CPABHEHHIO
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L 1t

¢ pa3mepamu 3TOM o6aacTH, KaK TOdYeuHbi#l 3apan. ITosTOMy Ha Taxux
BecbMa OOJBIIMX DAcCTOSHMAX OYAYT CNpPAaBEMIMBHL C TOYHOCTBIO IO
Mananx 6osce BhICOKOro mopsaxa gopmyas (34), npuuem q — o0muit
3apan cucremsl. ClenoBatensbHo, s MOGOH CHCTEMBI 3aPSKEHHBIX TE,
PacnonoXeHHbX B KOHEYHOM 06/1aCTH MPOCTPAHCTBA W HMEIOIUMX CYM-
MapHbI#l 3apsfl, OTIMYHBIN OT HY.d, NMOTEHUMAN CTPEMHTCH K HYJIO B Gec-
KOHEYHOCTH, KaK 1/r, u HanmpmxeHHOCTs noas, kak 1/7%

B Tom ciyuae, Korza cymma 3apsnos Bcex Ten, 06pasyomux cucTeMy,
paBHa Hya110, MOTeHuMan yObBaeT B GECKOHEUHOCTH eme GhicTpee.
Takyo cucremy MOXHO NOAPA3AE;MTH Ha MMIOAM, TaK KaK KamAOMY
NONOXKMTENLHOMY 3apsidy dg; MOXHO TNONOGPaThb B CHCTEME DaBHbIH
€My MO BeIMYHHE OTPHMUATEbHBIH 3apix dgy. [lotemuman numons wHa

60JIbLIMX PACCTOAHMAX I OT HErO, Kak
E 6Gb1J10 NIOAYYEHO B IEPBOH yacTH Kypca,
BbIpaxtaercs ¢opmyaoi:

Uzqdcos ®__DCOS® (35)

dmer? — dmer??

rae: p == qd — 31eKTPHYeCKHH MOMEHT
ZMIOJIA, $-—yroJd MEKIY PagnycoM-
BEKTODOM 7 ¥ OChIO AHIOJS, HOJO XKH-
Te/MbHOE HalpaB/eHHE KOTOPOH mpu-

-9 0/ 9 " HHMaeM OT OTPHLATEJIbHOrO 3apsia K
L_ d [ NoJj0XuTeIbHOMY (pHc. 9).

3ameTuM, uTO nOTeHuMan paBeH

Puc. 9 HYIO HE TONbKO B GECKOHEUHOCTH,

HO BO BCEX TOUKAaX MIOCKOCTH, HOD-
ManbHOM K OCH AMNOJS U NPOXOAsmieH uepe3 cepeauHy OCH DMNOJA, TaK
KaK /14 9TOH IJIocKocTH ¢os@==0.

Cocrapnmomue E, u E, HanpsKeHHOCTH MO BIOMDb paguyca r 'u
N0 KacaTeJbHON K OKPYMHOCTM paauyca I B NJIOCKOCTH, npoxoasiuen
4epes OCb AMMOAs, MOryT ObTh HalicH W3 Bipaienuit (29) u (35).
Ilonyuaewm:

E ____0U_2pcosg )

T 0r T dmerd o I
E ____1oU __psing l|' (36)

T rde dmer !

Taxum o6pazom 4
E=) E+E="; Y 3cos’ o1 - (37

Hrak, norenuman munons Ha 60JbIIMX paccTOSHMAX OT HEro y6uI=
BaeT, Kak 1/7%, a wanpsokeHHOCTs nmoJd, Kak 1/r3, [o3toMmy Ran moboi
COBOKYMHOCTH 3apsKEHHBIX TeJ, 3aKIOYCHHLIX B KOHEUHOH O6aacTu
MPOCTPaHCTBA W MMEIONIMX CYMMApHBIR 3apsijl, paBHLIA HyJI0, NOTEHUMAN
YObBaeT B GeCKOHEYHOCTH HE MeieHHES, yey 1/r%, a HampsXeHHOCTH
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noas ue Mediexunee, yeM 1/73, Ilpu atom BO3MOMHO u Gosee GHCTPOE
yGuiBaHMe NOTEHIMAa]la, ecJ¥ OCH OTHENbHBIX AunoJjel, Ha KOTopnie
MOMHO TMNOJAPAa3AeIUTh CHCTEMY 3apsaJ0B, OPHMEHTUPOBaHbl B IHPOTHURO-
[OJIOWHEIX HAMNpaBACHUAX H, CIEJOBATEIBHO, HOJA 3THX aumonel ocaab-
JSI0T APYT ApyTa.

Bo Bcex ykasaHHBX 3agavyax Obi/l NPHMHAT DaBHBIM HYJIO NOTEHLHAN
6eCKOHEYHO yNajleHHHX TOYeK. DTO He MOoXeT O6BTb CAeaHo npu
paccMOTpPEeHNN 1o 6eCKOHEYHO IIMHHBIX [IPOBOAHUKOB, CyMMapHbilt 3apsl
KOTOpHX OTAH4EH OT Hy.A. XOTd peajbHuEe NPOBOAHUKH BCErAa HMEIOT
KOHCUYHYIO JUIMHY, OJIHAKO MNpH HUCCJICAOBAHHMH Mo O4YEeHb I IHHHBIX
napa;JeapHbIX  NPAMOJUHERHBIX  NIPOBO-

JOB 4YacTO YMPOILAIOT 3agauyy, AONycKad, 4
YTO I[IPOBOJA MMEIT GCCKOHEUHYIO IVIMHY.
Kak Mb yBuaum ma.siie, 3TUM gocTHraetcs
CylIeCTBEHHOE ynporuieHue 3agaun. PaceMor-
PHM yeIMHCHHBIH 6eCKOHEYHO JUIMHHBIH Npsi-
MOJMHEHHBIH IPOBOA, PAaBHOMEPHO MO AJIHMHC
3apameHHbit ¢ JMHEHHON ILIOTHOCTBIO 37EK- -
TpuyecTBa T. HanpskessocTs noas Ttakoro
nposoia, Kak ObLJI0 [OJIY4eHO B NepBof
4acTH Kypca, paBHa

<t
S
u
<

E=

- 38
wer (38) Puc. 10

[}

INoanaras, yro Touka P, B koropoh U==0, ydajeHa OT OcH npoBOAA
Ha PaccTOAMUC Ty, MOJNYUHM:

r
r k-t <
U=J e dr= s (lnr, —In r\ (39)

r

B uactHocTd, MOXHO npuHsTe U==0 npu r, =1. Torza Gyaem

HMETb: -
U=—— 5 Inr. (40)
(13
Ipunate Xe rp =0CO HeABb3A, TaK KAK MHTETpaJ NpH 3TOM Tepser
CMBICT — MOTEHIHAJI BCIOJy NpH MOGOM KOHEYHOM ! CTAHOBHTCA 6ecKo-
HEYHBIM. .
OuHaKo eciM CYHIECTBYET HECKOABKO NapalieabHEX NPOBOAOB M npu

3TOM CyMMapHbifi MX 3apdx paBeH HyJIO, T. €. 'c=2'ck=0, 410 06HIY-

HO ¥ MMEET MecTO B peaibHEIX 3ajaiaX, TO MOTeHUMaldl B OecKOHeyHo-
CTH MOMKHO TPHHATH DABHEIM HYJI0 Ja¥e ¥ B TOM ciaydae, €c/i yCIOBHO
paccMaTpuBaTh NPOBOMA, Kak GeckoHEYHOo AnMHHBe. PaccMoTpuM cHavana
JBa [IpOBOJA C 3apAAAMM HA €IVHHIY NJIMHBI T, = T U Ty == — t. Ha puc. 10
HOMEYECHB TOUKH NEDECEYeHUs! NMpPOBOAOR C INIOCKOCTBIO pHcyHKa. IIpo-
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A

BOMA HOPMAJbHBH K IIOCKOCTH DHCYHKA. PaccTosHMe Mexay nposoIaMu
o6o3naunm uepes d. {14 moTeHuMana B TOUKE A MMEEM BHpaKeHHE:

s T T r
s—In"PL _ —In—L
r;, = O Fpe -2t ry "

U——fi rpl+

[OE 7y W ry— PACCTOAHMA TOYKH A OT NPOBOIOR H I,y M I,y — pac-
CTOAHNA TOYKH P OT NPOBOIOB.

Ilpn ynanenun Touku P B 6ECKOHEYHOCTb rp, —> Iy, W INEpBOE Ca-
raeMoe OGpallaeTcs B HY/b.

Taknm o6pasoM, ecad HIPHHATH PaBHHM HYJMO NOTEHLHAN GeCKOHEUHO
YAQIEHHBIX TOYEK, TO HA BCEX KOHEYHKX pPACCTORHMAX 1y M Iy IIOTEH-
UMad 10.1YYaeTCA KOHEYHBIM:

U-—:-——st— In,
2me r,

3ameTnM, YTO NPH STOM NOTEHUMA PABEH HY.JIO TAKKE HA IIOCKO-
CTd, NPOXOARWEH NOCpenMHEe MEXKRY NPOBOAAMH, TaK Kak Ul BCex
TOYEX 3TOH MIOCKOCTH ry==r,.

Onpeneany, kak yGnBaeT noTeHuuad Ha GOJBUIMX PACCTOAHMAX OT
nposogoB. IIpu r>>d umeem:

ro_ dcose% __dcosh

— e~ 1l —

rs r3 r ?

rie r— paccTofdHHE TOYKH A 1O cepeauHsl oTpeska d, COEXMHAIOLLErO
OoCH NpoBonoOB, U B -—yroa Mexny r u d.
CnenosareasHo, npn r>d

dcost
Pasaaras JorapudM B psn 1o cTeneHsm — H npeHe6peras YieHaMn
BBLICIIMX NOPAIKOB MaJOCTH, HAXOAAM:

d cosf
U= 12zer M (41)

Cocrapasioluue HANPAKCHHOITH NOAA HPH 7 >>d HMCIOT BbiPAXKEHHUA:

E — oU _ <dcosH }
A N
Ey — L?g__'cdsme } (42)
I =750 T Tt }'
H, CJAEAOBATEAbHO:
3 5) d
E = V E | E= z_j:sr: ) (43)

Taknm o6pazsoM, 11 nape GECKOHEYHO AAMHHBIX IPOBOJOB, HMEIO-
MX DABHLIE M MPOTMBOMNOJOXKHBIE IO 3HAKY 3apsxbl, NMOTEHUMan B Gec-
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KOHEYHOCTH CTPEMHTCA K HyMo, Kak 1/r, ¥ HaupsKeHHOCTh HOJH,
kak 1/r%. JlioGyio cucreMy GecKOHEUHO AJIMHHBIX HapallelbHHX MPOBO-
J0B, pAaclO/IOKEHHBIX HA KOHCYHEIX DACCTOAHMAX JApYyr OT Apyra M

HMEIOILAX CYMMAapHBIH 3apiaj ka, PaBHLIA HY/I0, MOXHO Da3NEIUTh Ha

HapLl NPOBOROB C PAaBHEIMH .M IIDOTHBOIMOJIOKHBIMA HO 3HAKY 3apsiiaMA.
CrenoBarenbHo, NMOTEHUHAM TaKOK CHCTEMBH YyOHIBaeT B GECKOHEYHOCTH
HE MemneHHee, YeM 1/7, a HampmKeHHOCTh TOJAA HE MeaneHuee, yeMm 1/r%

§ 11. Onpeneaenpe NOTeHHHaJAa 0O 3aJAHHOMY pacHpeiCICHHIO
3apanos

Bripaxenne (34) nOTeHLHMana TOYEYHOrO 3apsaga JA€T BO3MONHOCTD
YKasaThb B C.i1yuyae OZHODOARHOI cpeanl OGiiui METOX BHIYMC/ICHUS MOTEH-
Mana TNpH 3aJaHHOM pacnpeJcAeHHH
B KOHEYHOl 0064acTH NpPOCTPaHCTBA
3JEKTPUUECKHUX 3apAnOB. L

ITonpasnenns’ Bce paclipesie/ICHHbIE
B nmpocrpancree 3apaan (puc. 11) ) aq
Ha 3JeMeHTapHHe 4wacTH dg, Oynem
paccMaTpHBaTh 3TH SJEMEHTH dg Kak T
ToueuHble 3apsais. Ilorenuman B Tou-

Ke A, ompenenseMulff KaMbIM TaKHM A

l dq
anementoM, pasen dU= . Cre- Puc. 11

JIOBATENbHO, IOTEHIIHA, ONPEACAIEMbIH
BcEHi COBOKYMHOCTBIO PacHpEACICHHLIX B IPOCTPAHCTBE 3apAiOB, MOXET
6uITh HalieH u3 HOPMYILI:

dq
U= j‘ dner 41—:-: re (44)

Ecmm saextpuuectso pacmnpezeneno mo ob6wsemy V, mpuuem oGbeMHast
IJOTHOCTh 3/MEKTPHYECTBA B HEKOTOPOH TOYKE IPOCTPAHCTBA €CTh P,
TO crenyer pa3Gurb Bech o6beM Ha 3iementn dV. Torna

1 pdV
74?!7 (45)

Ecam 3nexTpHYECTBO pacHpene/]eHo JWIlh B BEChbMa TOHKHMX CJA0AX
Yy TMOBEPXHOCTH 3aPAKEHHBHIX Tel, KaK 3TO MMEET MECTO B CIy4ae Tel
¥3 NpPOBOAAILETO MAaTEpHana, TO MOXKHO CUHTATh, YTO JIEKTPHYECTBO
pacupene/seHO Ha IOBEPXHOCTH Tel. Pa3GuBas 3apsiKeHHBIE MOBEPXHOCTH
Ha saeMeHTH ds, MOxeM HamucaTh d¢ == ods, rie ©— NOBEPXHOCTHAA
IJIOTHOCTs 3MeKTpHYecTBa. Torma mnoTeHuwan NPUHUMAET BHpPaXeHue:

d
v=dfoe, o

8 Teopna DAEKTPOMATH, UONA
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MPUYEM MHTErpad JOMKCH GBITH PACNPOCTPAHEH MO BCEM 3apPMKCHHHIM
MOBEPXHOCTAM.

To ofcTosTe1bCTBO, YTO B OOBCMAX, 3aHATHIX CAMHMH 3aPAXCHHBIMH
TeAaMM, HAXOAWTCsl [POBOAAIlas Ccpela W, CJACKOBATEAbHO, Cpela BO
BCEM NPOCTPAHCTBE HEOZHOPOAHA, B JAHHOM C/y4YaC HECYHIECTBEHHO,
TAK KAK BHYTPH MNPOBOAAMIAX TE/A MoJe OTCyTcTByeT. MH Moram 6l
MHICIEHHO yOpaTh IPOBOAsNLIEC BELIECTBO TeJ, 3aMCHHMB €ro AM3JEKTDPH-
KOM ¢ MPOHHUAEMOCTBIO & H COXPAHHB Bce IOBCPXHOCTHBIE 3aPAAB TEIL
Ilpu srom mose ocranoch Obl Ge3 W3MEHCHHA.

B cayudae, Korga 94EeKTPHUECTBO PAClIONOKCHO HA NPOBOAAxX, HOHA-
METp CceYeHHS KOTOPHIX Maj [0 CPAaBHEHHMIO C PACCTOAHUSIMH OT NPOBOAOB
4O TOYEK MO/, B KOTOPHX OMNpeleiacTcsi MOTCHUHMAJ, MOXHO CUHTATh
3JEKTPHYECTBO COCPENIOTOUCHHLIM Ha OCfiX poBoaoB. Ecin 1:=:Tq — -
HelHadl [JIOTHOCTB 3MCKTPHYECTRBZ, T. €. 3apsal, OTHCCCHHHH K eIHHHLE
IAHHH TpoBOAa, To dg=rtdl n

1 zdl
. U= 2, (47)
1

NpHUYEM HHTErpan paclpocTPaHACTCA BAO/b BCEX 3aPMKEHHHIX MPOBO/LOB.
Haxkoteu, B cnyyae KOHEUHOro 4HCAa 7 3apAf0B, KOTODhE MOTYT
paccMaTpHBAThCl Kak TOYCHHBIC, MMECM:
1 kauqk
Rewi
OTtmerum eule pa3, 4tro GopMynaMH, NPUBCACHHHIMH B HACTOMILEM
naparpade, MOXHO NO/NL30BAThCS M/ BBHIYMCICHHUA NOTCHUHANA TOJBKO
B TOM Ciydae, CC/AH 3apsAjfsl pPAaclo/OXeHs B KOHEYHOH oGiaacTu mpo-
cTpaticTea. B uwactHoctH, ¢opmymaoft (47) MOXKHO MNOJB3OBATHCA, €C/H
IUIMHA [IPOBOJOR KoHeuHa. Jle#lcTBHTeNbHO, 3Ta (pOpMyla OCHOBaHA Ha
BbIDaXCHUH [ [OTCHUHAJIa TOYEYHOro 3apfaga, KOTOpOoe MOoJay4eHO
B NPEANOJIOKEHHH, YTO MOTCHUMAN GECKOHEuUHO YNAJCHHBIX TOYEK PaBeH
Hyio. OAHaKo, Kak Belue GhUI0 MOKa3aHO, B ciayvae GECKOHCYHO A/HH-
HHX MNPOBOJOB MOTEHLUHUAA B GECKOHEYHOCTH He MOMCT GHTb MPHHAT
PaBHBIM HYJdI0, TaK Kak I[IPH 3TOM Ha BCEX KOHEUYHHIX DacCTOAHUAX
noTeHUMan roayuuica Oul Oeckoueuno OGoipuuM. COOTBETCTBEHHO, H
uuterpan (47) B npuMeHcHuM K GECKOHEYHO [UIMHHLIM [IPOBOAAM BCIOAY
obpaiaetcsi B 6CCKOHETHOCTh.

§ 12. O KoHeuHOCTH HMOTEHHHANA B MecTe pacHoOJOkeHHs 3apsia

B supaxeHusix (45), (46) u (47) paccrosmsme r oT TOYKM A, B KO-
TOPOH ompeleasercR MOTeHlMal, IO TOYEK, B KOTOPHX p, ¢ HIH T He
paBHH HYJIO, CONEPKUTCH B 3HaMeHaTene. [losroMy HeoOXOMHMO enle
yGenuTbesl, OCTaeTcsl JM IOTEHIMAN KOHCYHbLIM B TOYKAX, THE p, O WJIH
T OTIMMHEL OT HYJd.
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IMokaxeM, 4ro NpH OGDBEMHOM DAaclpeRcICHHH 3aPALOB C KOHEYHOH
NAOTHOCTBIO p [OTEHUHAN BCIOXY oOcTaeTcAd KOHe4HmM. IIycth Touka A
B3ATa B MeCTE€ PACOJOXKEHHA 3apAAa, T. e. B Helt p == 0. Buixenum u3 Bcero
NpOCTpaHcTBa Manyio cepy pamuyca R Tak, uTobbl TOuKa A OKa3alack
8 uenrpe cdepn (puc. 12). IloTenuunan B TOuke A OT BCEX 3apaAnos,
PacloJOXEHHBIX 3a [pexeiamMu cdeps, KOHEYEH, TaK KaK 3TH 3apAXbl

HaXORATCA Ha KOHEYHOM pac-

croaHuH oT To4Ykn A. He-
o6xoauMo y6equtbesi B KO-
HEUHOCTH roTeHuuadta U B
HeHTpe cbepnl, olpeaeise-
P e - T~ - <
’ 7 N N
’ dod,
/ s \
/ &«
] Al T {
| LI i
\ |
\ '} /
‘o /
N ,/
\\ -
S
Puc. 12 Puc. 13

MOCO 3apAjaMH, DaclpeReleHHBIME BHYTpH chepn. IToMecTHB Hauano
cepuyeckrx KOOpIMHar 7, ¢, a (puc. 12) B uenrpe cq)epu, Hanuues
BBIDAXKGHHE 1A 37eMeHTa o6beMa B BuUne:

dV =(rde) . (rsineda) - (dr) =r*sin ¢ dpdadr.

CrenoBareibHO:
T 2r R
1 fpdv " 1 .
U'=‘EJv = 4ﬂe§j jprsmtpd:pdadr.
v 00

IIycThb |plmax €CT HamboIbiice abCOMOTHOE 3HaueHHe p B OGbeMe
chepn. Torga MOXEM HAMKCATh:

© 2n
(U <'P42“‘§§jrsxn¢d¢dadr
W
1 o lplmax 5 o RE

Takum o6pa3oM, U' umeer KoHeyHOe 3HaueHHe, eC]H p Bclony
KOHEeYHO.
*
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IloTenunan oOcCTaeTcst BCIOAY KOHEUHBIM M M MOBEPXHOCTHOM pac-
npeneneHuy 3apanos. BoasMeM TOUKY A Ha 3apsikeHHOH IIOBEPXHOCTH,
rie o==0. BueinM Ha TNOBEPXHOCTH Malnlfl Kpyr pamuyca R Tak,
uyTO6M TOuka A okasaldack B uUeHTpe kpyra (puc. 13). THoTennuan
B Touke A OT Bcex 3apsiioB, PAaCIONOMEHHBIX 32 MNpejenaMu Kpyra,
KOHEeueH, TAK KAaK 3T 3apfJsl HaXOATCA HA KOHEUHOM PACCTOSIHHM OT
Toukn A. YOenuMca B KOHeuHocTH noreHumana U' B Touke A, ompe-
JEISEMOr0 3apanaMy, pacnpele/icHHHMH BHYTPH Kpyra. [ns ajaeMeHTa
ds nosepxHOCTH Kpyra (puc. 13) uMeeM BmpaxXeHHe:

ds=rdadr.
CnenoBaTenbHO:
| 1 15 ¢
U= ods _-— sdadr
47e r 4re
s 0 0

U< Lo anR

TakuMm o6pasoM, U' KOHEYHO, eclH G BCIONY KOHEYHO.

OunHako, ecan 3apaf pacnpefiejeH ¢ KOHEYHOH JuHeAHOH mnaoTHo-
CTbIO T Ha GECKOHEYHO TOHKHMX HHUTSIX, TO B TOUKaX, JEXAMMUX HA HH-
TAX, NOTEHUMAA HE HMeeT KOHEUHOro 3HaueHus. YOeaumMcs B 3TOM.
BuijeauM OTPE3OK HHUTH JAMnHOW0 /, B mpenenax KOTOPOTO T HE MEHSET

3Haka (puc. 14). [Toresunan U’ B uentpe
OTPE3Ka, BBI3BAHHHIA  3apsafaMu Ha

r’ ?L ‘J’ % ’| .~ OTpesKe, paBeH
~ ll”‘lél"

Puc. 14 s

A6comotHoe 3HaueHnme |U'| nmpeBocxoZMT TO 3HaueHwe, KOTOpOE
l'IOJIy‘lPITCFl U3 nocaeaHero Bblpa)KeHPlﬂ, €CJA BMECTO T NOACTABHTh
|7 |min, T. € |U'| He Menbme, uem

to]...

‘dr

Z]T‘min
—_— re

4e

LI

0

Ho uHTerpan B mociefHEM BHIpAXEHWHM paBeH GecKOHEUHOCTH H, cJe-
noBatensHo, (' Ha 3apsXEHHOH HHUTH oOfpamaeTcs B GECKOHEUHOCTh.
[T03TOMY TOUKM HMTH HOMKHE GHTb MUCKIIOUEHH M3 PacCMOTPEHHMSL

TouHo Takke B cryuyae CHCTEME TOUEUHHIX 3apsl0B NoTeHuuaxa (48)
ofpamaercs B GeCKOHEYHOCTb B TOYKAX, rfie COCPEHLOTOUEHH 3apsikl.
DTH TOUKHM TaKXe JOMKHB GHTb HCKIIOYEHH W3 PAacCMOTPEHHA.

dusyyeckufl CMBICA HMMEET TOJILKO OGbeMHOE pacnpefieieHHe 3aps-
OB, TaK Kak BCAKuMH 3apsng, xoTd Obl M aJeMeHTapHBH, 3aHuMaeT
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exoTOpHft 06BeM mpocTpaHcTRa. Tem He MeHee, YCIOBHOE IMpencTa-
BAGHHE O OBEPXHOCTHOM, JHMHEHHOM MM TOUYEUHOM paclpencieHuy 3aps-
OB BECbMA MOJE3HO MPH PCIISHHH MHOrMX KOHKDETHHX [IPaKTHUYCCKHX
3a1ad.

§ 13. Ypasnenns Ilyaccona m Jlanxaca

Vcnonsays pasenctsa (30), Mbl 0OAy4aeM BOSMOKHOCTD NPEACTaBHTD
ypasHenne (14) B uno#t (GopMe, a HMEHHO!

U |, o*U , o*U
e T ap o =0 (49)
9to mudepeniMalLHOE YPABHEHHE HOCHMT HasBamue ypasuexus ITyac-
COHa.
HUnrerpan (45) U=—l— pdVv

4me r ?
|4

NpUBeNEHHHN B npefmayuleM naparpade, sBadeTcd pelleH#eM ypaBHe-
pua ITyaccona B cayuae, KOrga 3apsibl pacnpenenedsl B KOHe4HOH
ofaactTu MpOCTPaHCTBA.

Ecmu B paccMaTpHBaeMOH 06.1aCTH MPOCTPAHCTBA OTCYTCTBYIOT O0BEM-
HBE BJEKTpHuEcKwe 3apsiH, TO ypasrenve (49) nomyuwaer BuA:

U

U | U
o T =

ay—ﬁ_i_iz—f_o (50)
v Ha3hBaercs ypasHenues Jlansaca. OueBuano, ypasuenue Jlanmaca
ecTb wacTHHM cayuaft ypasuennd Ilyaccowa, xorga p==0. J1eKTpocTa-
THYECKOE [OJIe B MPOCTPAHCTBE BHE 3apsJOB YJIOBJICTBOPSECT YPABHEHHIO
Jlannaca.

Jlesne uactu ypasnenu#t (49) u (50) npeacrasasior co60K0 HE 4TO
HHOe, KaK DACXOMUIEHWE TpajMeHTa MNOTEHUMana, YTO HENMOCPEICTBEHHO
BHITEGKaeT M3 conocTtasieHua ypassenndl (12) u (32). CnemosateinHo,
ypaBuenua IIyaccona u Jlannaca moryt 6biTh 3amucanbl B Qopwme, He
3aBucsiel OT BHIGOpAa CHCTEMBl KOODIMHAT, 4 MMEHHO!

divgrad U=—"% (61)

g ?
divgrad U=0. (52)

Hepenko MOXHO BCTPETHTb 3aMHCh JIEBOH 4YACTH 3THX ypaBHEHHM
¢ MOMOMIBI0 CHMBOJHMUYECKOro onepatopa B sufe V32U
JleficTBHTEIBHO:

0 ) v 990 , 3 9, 0 @
s [«0 | .0 .0\ 098 , 8.0, 09 __
v —<l'6x+16y+k0z> =exox T oy oy T ez

» o, », >
- =saTopTaa
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H, ClENOBATEJBHO: V,U_B’U_l_@ﬂ_}_a’U
T ox® oy? 0z% "

Onepatop V* vuacTo 0603HaualoT A ¥ HAa3HBAOT ONEPATOPOM

Jlannaca uan nannacuanom. TakuM 06pasoM, MMEIOT COBEPHIEHHO OfH-

HaKOBBIH CMBIC/I BCTPEYAIOLIMECH B JIATEPATYPE CHACAYIOUIHE TPH CHM-

Bosa: divgrad, V¥ u A.

Crenosatensho, ypassenus Ilyaccona u Jlannaca MOryT OBITh Hamu-
CaHBbl TaKXe B BHIE:
VU=—% um AU=—F (63)

I3 ¥

VU=0 uwm AU=2. (54)

§ 14. I'panAyHpe yCNOBAS HAa MOBEPXHOCTA NMPOBOXHAKOB H HA
NOBEPXHOCTH pa3jena ABYX HHSIEKTPHKOB

Tak kak B paccMaTPHBAEMOM cCiyyae 3J€KTPOCTATHYECKOrO MO
S/EKTPHYECKHE TOKH OTCYTCTBYIOT, TO M3 cOOTHOmeEHus 8=7E cne-
‘ AyeT, 4TO BHYTpH nposoanukoB (7==0) sciony
n0mkHO O6nth E=0, T.e. nose BHyTpH NpoBOA-
HUKOB OTcyTcrByeT. M3 Bripaxennit (30) cnenyer,
4TO [JA KaXAOr0o INPOBOAHMKA MOTEHHMAN BCEX
€r0 TOYEK HMEET ONHO B TO XK€ 3Hauedue. [Jo-
BEPXHOCTH NPOBOJAHMKOB CyTh MOBEPXHOCTH paB-
HOFO 3/EKTPHYECKOFO NOTEHUMANA M CHIAOBHIE

Puc. 15 JAMHUM N0/ B JMINEKTPUKE HOPMAIbHH K HHM.
OGdosnaunm uepe3 E, u E, HOpMa/IbHyl0 M Kaca-
TENABHYI0 K [OBEPXHOCTH TNPOBOJHMKA COCTaBJAOIIME BekTOpa E
B JMJEKTPUKE OKOJO TOBEPXHOCTH NpOBOAHMKA. 'paHnunoe ycaosue
I [0S B IAMINEKTPHKE HAa MOBEPXHOCTH TNPOBOAHMKA MONYET GHITH
3anucaHo B BUJE:
s U = const, \

ou ! : (5%)
‘. Et=0’ E:En=——a_ ]

Tak xak cornacHo moctynaty Makcseana NOTOK S71€KTPHYECKOTO cMe-
WEHNA CKBO3L NOBEPXHOCTH S, OXBATHIBAIOUIYID NPOBOJHKK, PABEH CBO-
6oaHoMy sapsay g mpOBOAHKKA, TO, pacrmojaras 3aMKHYTYI0 NOBEPXHOCTh
§ B JIHMIMEKTpUKE OECKOHEYHO OJM3KO K NOBEPXHOCTH NPOBOAHMKA,
6yaeM BMETb: ’

§Dds=§sﬁds=—§s%f{ds=q. (56)
3 $§

¥
IMpuMeHuM MaKCBEANOB MOCTYJIaT K 6ecKOHeuno Manol 3aMKHYTOH mo-
¢BcpxHOCTH, 06pa30BaHHON 9/1EMEHTADHON NOBEPXHOCTHIO dS B JHM3JEK-
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TPHKe, NapaniensHoH NOBEPXHOCTH NPOBOHUKA, LUAHRHAPHUECKOHU nNoBepxX-
HOCTBIO dS,, HOPMaJIbHOHW K NOBEPXHOCTH NPOBOJHMKA, U NMOBEPXHOCTLIO
ds' sayTpu nposopsuka (pHc. 15). IlycTh o — NAOTHOCTH 3ACKTPHUCCTBA
Ha MOBEPXHOCTH NpPOBOJHMKA. 3ameuad, UTO MOTOK BEKTODA D cxBO3b
NOBEPXHOCTH dSy ¥ dS' paBeH Hymo, MOJy4uM:
ou
Dds=cds wm D=c¢E=-—e5 -=0o. (67)
Ha rpanuue pa3gena ABYX ONHOPOAHHIX H M3OTPOMHHIX JU3NEKTDH-
KOB C PA3NMUHLIMH IM3NEKTPHYECKHMHM NPOHMUAEMOCTAMH & H & (4. I,
§ 18) momxusl GuiTh PaBHE B 0Geux cpelax xacaTelbHble COCTaBAAND-
mue BexTopa E H HopMaibHBle cocTaBnsiomue Bextopa D:

E,=E, (38)
D, =D, (59)

Us stux ycnoeuh BuiTexaer, uto yraw 8, u 6, oGpasyemuie cuiosof
AMHAEH ©"oNd ¢ HOPMANBIO K NOBEPXHOCTH pasfiena B NepBO# U BO
Bropoft cpede, cBA3aHbl COOTHOUIEHUEM:

tgh &
0w (60)

§ 15. OcHoBHas 3a1aua 3JEKTPOCTATAKH

O6ulelt 3amaueft pacyera 3SNeKTPUUECKOro Mond ABAAETCA OnNpenene-
HHEe HanPMKEHHOCTH NOJA BO BCeX €ro TOUKAX MO 3afaHHBIM 3apAjad
Wn noTednmanam Ten. B cayyae 3/EKTPOCTATHUECKOrQ noJd 3alaua
HONHOCTHIO pellaeTcs OTHICKAHMEM MNOTEHLHana Kax (PYHKUMH KOODIH-
uar. Eciu NOAHOCTBIO 3aJaHO pacnpelclieHHe 3NeKTPHUCCKUX 3apaioB
B oanopopuo#l W M3oTponHoH usonupyomel cpene, TO peliCHHC MOXKET
6uiTh modydeHo nPH nomomw pasencts (45), (46), (47) n (48). Odpar-
Haf 3ajgaya OTHLICKAHWA pacnpeleNieHud 3apAjioB N0 3aJ2HHOMY I0JI0

pellaercs C IOMOHIBIC yparHenus Ilyaccona (49) u rpaHuuHoro ycno- .

Bua (57) y MOBEPXHOCTH 3aPAKESHHHIX NMPOBOAAMMX Tel. Onuaxo 60ab-
el 4acTbI0 3a7a4d OKasHBaeTcA 3HAUMTENbHO crloxHee. OOBUHO pac-
CMATPHBAETCA CHCTEMA 3apAKEHHBIX  NPOBOAAWAX TeJ, OKPYKEHHBIX
AM3NEKTPHKOM, B KOTOPOM OTCYTCTBYIOT OGBEMHHIE 3apiilbl. 3aaaoTca
Au6o NOTEHI{MANBl BCEX Ten!

U, Uy Uy «evy Upy -+,
m60 MOMHBE 3apaAn Tea:

91 G G35 <++s Gy <>
KoTOpHe, cornacHo pasexcrsy (56), moryT GhIThb BBIpKEHB B BUNE:

o =— jagg ds, (61)
sy . v

LY
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/i€ MHTErpHpPOBAHME JOMKHO GhITh DPACIPOCTPaHEHO TO BCelt MOBEpX-
HOCTH 5, Tela, wuMeomero 3apall g, PacnpeleneHue xe sapsga mo
MOBEPXHOCTH KAXKIOro Teja HEM3BECTHO M NOMIENHT OTpENeseHHIO.
B sToM u sakmouaercst ocmOBHam TPyaHOCTh 3alaun. TaKike HEWsBecT-
HEIM fBJAETCS W pacnpellesenve MOTeHUMana B npocTpanctse. Ocobenno
YCaOXKHsAETC 3a/la4d B Cayyde HEOZHOPOMHOH MM HEH3OTPOIIHOH Cpensi.

Peweune takoh 3amaum amanutvueckum NyTeM B KOHEYHOM BuAE
BOSMOXHO TOJBKO N1 OTHAENBHBIX YaCTHBHIX ClyYaeB. B HeKoTOpmX
CHyqaiX yJaercs HalTH peilieHHe NMPH NOMOLIM HCKYCCTBEHHEIX IPHEMOB.
B cBfi3M ¢ 3TMM upe3sBHAMHO BAXKHO YCTAHOBHTH Te HeO6XOAMMBIE H
AOCTaTOYHEIE TPEGOBAHMA, NPH yOBJETBOPEHMH KOTOPHX MOJE onpe-
JensieTcs eMHCTBEHHBIM O6pasom.

Ilone B nusnextpuke NOMKHO YIOB/ETBOPATh ypaBueHusm (28) u,
KpOME TOro, NOMKHBl GHITb yIOBAETBOPEHH PAHWYHBIE yCca0BusL Ha
TIOBEPXHOCTAX 34PKEHHBIX MNPOBORAWMX Teld. B cayuae orcyrcrsus
OOBEMHBIX 3aDSIOB B JUIICKTPHKE (p ==0) JOMKHB GHITH BHITOMHEHH
HHXecaenyonine tpe6osanus.

1) Bo Bcem mnpoctpanctee Bue 3apsKEHHBIX TEA NOJ/UKHH YIOBJe-
TBOPATLCA YPaBHEHHS:

divD=0, D==¢E, rotE=0.

Ilpu sTom ypasuenue rot E=0, xax 6mno mnokasano B § 9, skBu-
BaneHTHO paBeHcTBy E=— grad U.

B cnysae ommoponnoft cpenw sTH ypasmemnus NPUBOAATCA K OXHOMY
YpaBHeHuIO Ana noTeHuuana U:

div(eE)=c¢divE=—cdivgrad U=—e V2 U=0,
T. € K ypasHeuuio Jlannaca:

U , U |, U

ox3 +@?+ Fy =0.
2) IoBepxXHOCTH TMPOBOAAUINX Tel NOMKHbL GHiThb TIOBEPXHOCTAMHU

DAaBHOrO TMOTEHUMana, T. €. 1A KaXKIOH TaKOH NMOBEPXHOCTH NOMKHO

GHTb CO6MI0OIEHO ycaoBHE:

U == const;

STOT XKE MOTEHIMan TeJO HMEeT, KOHEYHO, H BO BCEM CBoeM 06beme.

3) IloreHunansl Ha NOBEPXHOCTAX TEA LOMKHE GLITH paBHul 3ajaH-
HHM 3HauYeHuaM U, eciM N0 yCiOBHAM 3ajauM M3BECTHHl 3TH IIOTeH-
upanel. Ecm ke 3amambl nmoiHBE 3apAAB Teld, TO A8 KAKIOMO Tena
BOMXKHO OBITh yNOBACTBOPEHO yCJIOBHE:

ou
qp—=-— J‘S 5;1— ds.
%
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Heo6xogumocts cOBMIOAEHHS 3THX TPeGOBaHMH BHITEKAaeT M3 BCEro
W30KEHHOro Bhime. YIX MOCTATOYHOCTh HOKa3HBAETCA TaK Ha3hlBaeMoH
TEOpEeMOHt eAMHCTBEHHOCTH, KOTOpaa OyaeT wanoxena B § 17.

§ 16. HexoTophie BeKTOpHbie COOTHOUIEHAS

JlokaszatenbcTBa pfifa BaXHHX MONOXEHWH, ¢ KOTODHMA HAM NPH-
AETCH BCTPETHThCA B JanbHefimieM, MOryT OblTh BGIIOJHEHH B COBED-
HieHHEO OOmeH M BMECTE € TEM BechMa IpOCTOR ¢oOpMe, ecnn BOCHO/b-
308BaThCH OMHHMM BechbMa IOJNE3HHM BEKTOPHBIM COOTHOUIEHHUEM, BLIBOAOM
KOTODOrO MH 3afimémcs B 3TOM naparpage. IToayuuM npensapurenbHO
BHIDaXEHAE QS PACXOKIEHUS OT IPOW3BENEHHA CKanfPa ¢ Ha BEKTOD A.
Hmeem:

. 9 (e4,) , 0(z4 9 (A
le(?A)= (gx )+ (gyy) + (;z z)=

o [P 04y , 04, 99 o9 99
=2 (G +% +‘az—) T AT A T4
Ho

0 oo 0

’0’% =grad,9, jy’“ = grady‘?» "% = grad, .
CnenoBsaTelbHO:

div(p A) =¢ divA |- Agrade.

TIpouHTErpHpyeM STO BhIpaXeHHe 10 0GbeMy V HekoTopOH o6racTy,
OrPaHMuEHHON MOBEPXHOCTBIO §. IIycTh BHYTpPW O6GnacTH W Ha NOBEPX-
HOCTH S BEKTOD A M CKansip @, a TaKKe WX IIPOM3ROJIHHE, HENPepHBHEL
ITonyuaem:

jdiv(cpA)dV:JcpdivAdV—]— j‘AgTadcpdv.
v |4

Hurerpan no o6bemy V B nesoft uacTd 3TOrO PaBEHCTBA COTJACHO
teopeme OctpOrpaickoro (24) MOXHO 3aMEHWTh MHTErpanoM IO HOBEPX-
HoctH s. WmenHo:

jldiv(cp A)dV = § ¢Ads.
|4 5

Takum 006pa3om:
Goads=[pdvaavt [Agradqav. (62)
v 1%

§

DruM paBeHCTBOM Mbl ¥ OyldeM IIOAb30BAaThCHA B NaibHeAIIeM.
TIpu stoM nmoXl ¢ Mul GyaeM NMOapa3yMeBaTh MNOTEHUHAN JEKTPUYECKOrO
noiast u nol A — BEKTODP snekTpuueckoro cMemenus. Ecim sapsmkenuie
Tena 1 OGBeMHLE 3aPAlbl PACNONOXKEHH B OrPaHHUCHHOH o6AactH mpo-
CTpaHcTBa, TO, PACIPOCTPAHAS HHTErPHPOBAHNE B NPABOH HaCTH PABEHCTBA
(62) 1o ofbeMy BCEro 3NAEKTPHYECKOTO Mo, B AEBOHA yacTH paBeHCTBA
MBl JOMKHH PacnPOCTPAHHUTb HHTErPHPOBaHWC 110 MOBEPXHOCTAM 3apd-
MEHHEIX IPOBOAHMKOB. Ilokaxem 3TO.
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OxBatuM 0671aCTh, B KOTOPOH PACMONOKCHH JCKTPUYECKHE 3aPALH,
MOBEPXHOCThIO §, cepn papuyca r (puc. 16). Kpome TOro, okpyxum
KaX10e APOBOAsLICE TEJAO INOBCPXHOCTBIO, BeChbMa ONM3KOH K NOBEpX-
HOCTH €aMOro NpOBOAHHMKA. DTH NOBEPXHOCTH, NOKA3aHHBIE HA PUCYHKE
NyHKTHPOM, O003HAYMM uepe3 S, S;, ..., Sy. PacnIpocTpanuM MHTErpans
B npaBo# 4acTu paseHctsa (62) no of6bemy V, orpanuueHHOMy mOBepXx-
HOCTbIO S, CEPB M MOBEPXHOCTAMH S|, S, ..., Sp.

Bynewm ysemuuusars pammyc r chepsl no GeckoHeunoctd. Herpynuo

ybenutbed, yTo HHTerpan | A ds npu 5TOM cTpemurcs K Hymo. Hei-

Sr CTBUTENBHO, KaK ObIJIO MOKa~
3aH0 B § 10, noteHumnan y6u-
BaeT B OECKOHEYHOCTH He
MelJleHHee, ueMm 1/7. BennunHa
rpaaMeHTa NOTEHLMaka, WJH,
4YTO TO Xe, BEIUYMHA HANps-
MEHHOCTH mnojisi yOHBaeT B
6ecKOHEUHOCTH HE MEJICHHEE,
uem 1/r%. C Taxkol Xe cko-
pOCTbIO yOuIBaeT U BEKTOP CMe-
IIEHHUs, IOCKOJbKY & OcTaeT--
cd KoHeyHbIM. Takum o6pa-
30M, Mpou3BejeHue @A yOnl-
BaeT B GECKOHEYHOCTH He
MelsleHHee, yeM 1/r3, nosepx-
HOCTL e cepw BO3pa-
cTaeT NPONOPUMOHANLHO 7%

ITostomy wunrerpan I?A ds
Sy,

CTPEMHTCA K HYNI0 TNpH yBe-
JMYeHUH 7 10 6eCKOHeUHOCTH.

Hro6ul MHTErpansl B NpaBoi YacTH paBeHcTBa (62) Guiau pacnpocTpa-
HEHbI 10 BCEMY MNPOCTPAHCTBY, B KOTOPOM CYWIECTBYET 3JEKTPHUECKOE
none, HeoGXONMMO TOBEPXHOCTH §,, S,, ... S, NPUGIM3UTL K TOBEpX-
HOCTAM MPOBOAHHKOB S§;, Sy, ..., S, O COBMAAEHUS ¢ HUMUL.

Hrak, B feBoit yacTu paBeHcTBa (62) OCTAIOTCA TOABKO MHTErpathl
10 MOBEPXHOCTSIM MPOBOAHUKOB,

Takum 0GpasoM, umeem:

§ cpAds=ycpAds—|—j‘q>Ads +.+ j‘ pAds.
s sy T Sy Sp

310 YTBEDXKICHUE CIpaBEeNJIUBO M [ Ciay4yast CACTEMB! Hapaliaeib-
HHX JPYr Apyry OECKOHEYHO UIMHHBIX HPAMOMMHEHHBIX NPOBOXHHKOB
¢ CyMMapHBIM 3apda/oOM, paBHHIM HYJIO, pacnoyioXXeHHbIX Ha KOHEeYHOM
paccTosHud Apyr OT Apyra. IIpu 3TOM As NOKa3aTenbCTBA HEOGXOAMMO
B3iTb BMECTO MOBEPXHOCTH Cepul NOBEPXHOCTh LUAUHAPE, HMEIOUIETO
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pnuuy [ B HanpaBneHuH oceft MPOROJOR M PAadMyC OCHOBauud r. BuyTpu
TaKOrO HMIMHAPA 3aKTIOCYEHE OTPE3KH BCEX IPOBONOE, Kakaufl anuHolwe L
Tlpu yBennuenwu r 10 OECKOHEYHOITH Mul MOAyyaeM o61acTb MeXay
HABYMA IUIOCKOCTAMM, HODMA/bHBMM K OCAM NPOBONOB M YAaiACHHEI M

Apyr oT Apyra Ha paccTosuue /. Beauuuna unterpana j‘:pAds no 6o-
. s

KOBROH NOBEPXHOCTH UMAMHAPA NpU r—OO CTPeMMTCH K HYAo, TaK
KaK M B ITOM cay4ae, Kak Ob10 mnoxasaHo B § 10, motenuuan y6u-
BaeT B GECKOHEYHOCTH HE MejncHHee, yeMm 1/r. 3HauyeHus wHTerpaia no
MJAOCKOCTAM, OIPaHMYMBAICHIMM DacCMaTpuBaeMylo O6NacTh NOAd, TAKKE
PaBHBl HYJIO, TaK Kak BEKTOD CMeULEHMS KaCaTeNeH K 3TUM IIOCKOCTAM.
B neBo#t wactw pasenctBa (62) ocrarercs, TakMM 06pasoM, TOJbKO
HHTErPaibl IO MOBEPXHOCTSM NPOBOJHHUKOB.

§ 17. Teopema eXAHCTBEHHOCTH

PaccMOTDHM CHCTEMY 3apMKEHHBIX Tel, PacHOJ0XKEHHbIX B OrpDaHH-
yeHno#t ofiaacTu nmpoctpaHcTBa. IlpeamonoxuM, 4YTo OO0beMHBlE 3apAlH
B JM3JAEKTPHKE OTCYTCTBYIOT. [IyCTh Il KamJIOro Teia 3ajgaH ero mo-
TeHUMaA MAM ero 3apai u TpeGyercs Hafith mnoreHuman U B mobGoi
TOYKEC TOAA KK (YHKUMIO KOODPAMHAT.

HonycTuM, uyto cymectsyer xsa pemenus U' u U” sro#t samaum,
npuyeM 06a pelleHHs YROBAETROPAIOT Tpe6oBaHuAM, cHOPMyIHPOBAHHbIM
B xonue § 15. HMuwmMu cnoBaMu, NpeANOJOKUM, UTO NPH YIOBACTBO-
peHur 3THX TPeGOBAHUH BO3MOXKHO NONYYMTb [JBa PA3JIMHHBIX TNOAd,
OJHO M3 KOTODHX XapakTepH3yeTCs BEKTODAMH:

E'=—gradU' u D' =¢E/,
ApYroe e ONpeleiseTcs BEeKTOPaMu:
E'==—gradU" u D"'=¢eE".
CocTasuM pasHOCTH:
U'—U =9 uD'"—D'=¢(E"—E)=A

M TMPUMEHUM K CKaliDy @ M BeKTOpY A pasencTso (62):
§¢Ads=y¢dimdv+ [Agrdeav.
s 14 i/

Unterpass B NpaBoft uacTH pacnmpocTpaHuM MO o6BbEMy BCEro
nusnekTpuka. IIpH 3TOM, Kak O6hlI0 NMOKA32HO B NPEAHAYMEM Napa-
rpade, HHTErPHPOBAHME B JIeBO# HacTH HEOGXOAUMO NPOM3BECTH MO
MOBEPXHOCTAM BCEX TPOBOJXHHKOB.

Coraacuo nepsosmy TtpeCopanuie, npuseleHHomMy B § 15, and ka-
WOOCO TOAf AOMKHO ObITh:

divD'=0 wu divD"=0.
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CnenoBaTensHo:
div A =div (D" — D) =divD" — divD' =0.
Kpome toro, moaxHo Gurs:

grade=grad (U"' — U')=grad U" — gradU' =

=—(E"—E)=—2.

Takum oGpasoM, moayuaem:
§¢Ads=-f—’}’dv. (63)
s v

CornacHo 8mopomy TpeG0OBaHWIO MOTEHILHMAN BO BCEX TOYKAX NOBEPX-
HOCTH KaXAOro NPOBOJHMKA JO/KEH UMETb ITOCTOSHHOE 3HayeHue. SToMy
TPe6OBaHHIO NOMKHB yAOBJAETBODPATL 06a NPEANONAraeMbiX peuleHus,
U' u U", a ciaenosaTeibHo, MX PasHOCTh ¢ HPH HHTErPHPOBAHHH MO
MNOBEPXHOCTH KaXJIOro Tela B OTACABHOCTH MOXeT OHTb BBIHECEHA 3a
3Hak uHTerpana. floayuaem:

§ cpAds=I:pAds+j' :pAds+...=cp,lfAds—]—

81 S1

k=
_ +%.f Ads+...= anokj'Ads.
S k=1 s

3
Haxoneu, 3ameTdM, 4TO

§£Ads=£ (D"——D')ds:{ D"ds—-;[D'ds=——(q’,;—q’k),

rae gp M gp— 3HaYEHHA 3apAna K-TOrO Teaa, COOTBETCTBYIONME pelle-
nusM U” u U'. OGmuH 3HaK MMHYC mepei pasHOCTBIO 3aPALOB HEOB6XO-
JMMO [IOCTaBHUTb NMOTOMY, 4TO B YypaBHeHuu (63) npum HHTErpupoBaHuu
N0 NMOBEPXHOCTH B KAauEGCTBE IIOJIOKHUTEALHOH HOPMAMM AOMKHA OHITh
npusata HopMans N (puc. 16), sHelnsia no oTHoueHuio k o6aactu V.

B paBencree xe: le ds=g¢q, BupaxaiomeM noctyaar Maxcsenna,
§

32 NOMOXHTCABHYIO NPHHHMAETCA HOPMadb N,, BHEIIHsAs 10 OTHOULIEHHIO

K Teay, T. e. Hamnpam/eHHas BHyTph oGaactu V.

ITycts nns nekoToporo Teaa 3anad ero norexuwan U, CoraacHo
mpemsemy TpeGosaunio 00e ¢ynkuun U' u [J” poaxHbl WMETh Ha [MO-
BEPXHOCTH 9TOr0 TeAa 3HaueHus Uy,. Clenorareisuo, a5 91000 TeMa @, = 0.

Ecan nas kaxoro-nu6o Tena 3anaH ero o6mu# sapad g, TO COraacHo
TOMy Xe mpemsemy TPEGOBAHMIO NOMKHO GLITh: gp=¢, H gk =q,

T. €. JJA 3TOro Tteaa jAds:O.

e
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TearoMy, ecnam RIS KAKAOre TEMa 3alaH anb0 ero noTeHinan,
au6o erc oGimHi sapaf, TO Me OyaeM HMETh!

cj?q:Ads:kinqaijds:o
s k=1 s

k

W Ha OCHOBaHWH paBeHCTBA (63) MOXeM HamuCaThb:
A2
(L av=o,
- -3
v

4TO MOXET GWTh YACBJIETBODEHO TCABKO MNpH YCIOBHH, 4TO 80 8reX
mouxax noas A=D"—D =e(E" —E')==0. Takum 0G6pasoM, Mu
NPHXCOEM K BHBOAY, YTCO 00a npeanefaraeMux MnOA# JOMKHE NOJ-
HOCTBIO coBmagath: D''=D' n E"=FE'. Us ycaoeua E" =E' crenyer,
yro ¢yukumn U'' w U' MoryT oTamyaThcs ApYr CT Jpyra TOJMBKO Ha
nocroAunyio Beamuudy, 1. €. U' — U'=¢==const. OaHaKo, eciu x0T
6 @a9 onHOro Tena, maw BooGume B KakCH-auGO TOYKE NPOCTPAHCTBA,
3a7aH MOTeHuMan, To B 3TCH Touke kak U', tak M U’ momkusl npu-
HATH 3aJAHHOE 3HAuCHHE MOTCHUEama. B sTell TouKe Gynaem uMers =0,
a Tak Kak Bcoay ¢=const, TO, C/AeICBaTEeIbHO, BE31C =0 n
U =U". WUrak, B cayuyae, KOrja 3apsKCHHBE Tela DacHONOKEHH
B KOHEeYHOH 061aCTH MPOCTPAHCTBA, AJd MCJAY4CHHA CAMHCTBEHHOrO pe-
WICHHS 9JIEKTPOCTATHYECKON 3afa4yn JOCTATOYHO BHUTOMHMTH TPH Tpebo-
Banus, chopmymmposannnix B § 15. CornacHo 3ameuaH#io B KOHUE
npeanaymero naparpada SICHO, 4TO STO YTBEPKICHHE CNPABCAIMBO H
IAA CHCTEMB NapayiefbHHiX GECKOHEUHO JUMHHBIX —MNPAMONHHEHHHX
TIPOBOJHHKOB, PACIONOKEHHEX HA KOHEYHOM DAaCCTOSHMA APYr OT Apyra,
B Cclydae, KOCJa CyMMapHmil 3apaj Ha -€/qMHHIY JJMHE BCeX NPOBOA-
HUKOB paBeH Hymo. Ecad CyMMapHEl 3apal HAa eJWHHUY IUIMHBL TAKHX
NPOBOJHHKOB HE PaBEH HyMI0, TC, KakK 6nno ormeueno B § 10, noren-
IHan B GECKOHEUHOCTH HeAb3s NPHHATH paBHEM Hymo. OaHako B 3TOM
clyuae Ha NOCTATOYHOM DACCTOSIHHM OT MPOBOJHHKOB CYMIECTBYIOT IlH-
JMHIPHYECKHE MOBEPXHOCTH PABHOCO MOTEHIHana, OXBATHBAIOUIWE BCIO
cucTeMy NpOBOIHHMKOB. IIpu BechMa GOABIIAX PaCCTOAHMAX OT NMPOBOA-
HHKOB MO CDaBHEHHIO ¢ PACCTOSHHEM MEXy NPOBOJIHHKAMH3TH MOBEpX-
HOCTH Gau3KH K MOBEPXHOCTAM KPYroBhX nuaunapos. Ilpuusas onuy us
HHX 32 MOBEPXHOCTH HyJAeBOrO MOTCHIMANA, MH TEM XKE NyTCM, UTO H
BHIMIE, MOXEM JOKAa3aTh TEOPEMy EAMHCTBEHHOCTH A O01acTH BHYTpH
3TON MOBEPXHOCTH M JIS 3TOrO Ciaydas.

§ 18. IlnockomapannexpHoe Mmone

Sagaya pacueTa MO/  BECbMa YUpPOMIAETCd, €CAM BCE BEIMUMHH,
XapaKTepH3YIOUIHE M[OJE, 3aBACAT TOJBKC OT JBYX KOODIHHAT.

TakoMy YCHOBHIO yIOBIETBOPSET MOJE CHCTEMB GECKOHEUHO JUIMH-
HHIX napajuiegbHHX APYF APYry HMAMHIPHYECKHX MPOBOJHHKOB C 3api-
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Aamu, paBHOMEDPHO pacHpeNe/feHHLIMH N0 WX Hauue. [usnextpuk Gymem
IpeAnonarars oaHoponubiM. HanpasuM ocs OZ mapaniensno ocsim mpo-
BoaHMKOB. Torza Bce cuiIOBHE JHHMM GymyT JAeXaTh B MIOCKOCTAX,
napananensHbIX maockoctu XOY. KaptuHa noasa BO Bcex 3THX MIOCKO-
CTAX OAMHAKOBA, W, OYEBHAHO, HAOCTATOYHO HCCACAOBATH [OJE TOABKO
B naockoctH XOY. Tlone Takoro Buga MW GyaeM HashiBaTh NAOCKO-
napassenasHs M. IloTeHuHan [UI0CKONApalebHOIO HOs ecTh dyuxuus
TO/BKO ABYX KOOpAMHaT, X W ¥. IToBepxHOCcTM paBHOro moTeHuHana
CyTb LHIWHADHYECKHE IMOBEPXHOCTH C OGDA3YIOUWIHMH, NapasIebHbIMH
oc OZ, JIuuuu pasHOro
MOTEHUHANd B MJIOCKO-
¢t XO'Y onpenensiorcs
YDaBHEHHAMY BHAA:

U(x, y)=const.

YcnosuMcst HAHOCHT b
Ha 4YepTexe JMHAH paB-
HOrO MOTEHLWa’a de-
P€3 TaKue MPOMEXYTKH,
4TO6H NPH NEpexone
ot mobo#t JuHHM K co-
CeaHed Bcerma mnoay-
4aTh OAMHAKOBOE IMpH-

{ pamenne AU noreH-

0 \ / ‘\X udala. 3TO yCiaOBHE He

yaAaercs yAOBIETBOPHTE

Puc. 17 NI OTAEABHHX HPOME-

KYTKOB [DH 9HCJIEPO-

BOAHHKOB, GO/bIIEM HBYX, TOJbKO B TOM CAY4ae, KOrA PA3HOCTH MO-
TCHUHAIOB MPOBOJAHHKOB HECOM3MEDHMH MEXIY COGOMH.

YpaBHeHHE CHIIOBOH /HHHH MOWET GHTb MOJYYEHO HA OCHOBE Cile-
Ayomux coobpaxenni. ITycTs HEKOTOpas cu/IOBaA JHHHSA paccMarp-
BACTCA, Kak HavanbHas. Ha puc. 17 oHa ormedeHa XHMpHOH auHued.
CoenunuvM npOW3BO/LHYIO TOUKY M(x, y) ¢ HekoTOpOH TOuKoHM A
HaYa/lbHOH JIHHHM KDHBOJMHEHHLIM OTpeskoM MmA. O6osHaunm yepes
¥z notox sextopa E, Mpoxomsuuii cKBO3b NOBEPXHOCTb, KOTOPYIO
omucan Gl oTpesok MmA, nepememasnch mapasnIeabHO caMoMmy cebe
B HanpasaeHud ocd OZ u mpoxoms mnyth /. YclosuMcs paccMatTpuBath
NOTOK Ha EAWHHLY AJHHH HPOBOJOB M BBEINEM OGO3HAYEHHE:

'
v=-~%. (64)

Bequwunna V' rak e, Kak W BeqMuuHA motoka Wg, 3aBUCHT OT HO-
noxeHua TOYKM M, T. e. ABJIAETCA OYHKUMEH ee KOOPHHHAT, 4TO Mbl
sanmiiemM B Bune: V(x, ¥). flcno, uto anm Bcex Touex M(x, y), nexa-



§ 18 Nuaockonapasrressnoe nose ¥4

BIMX Ha ONHOW WM TOM e cUAOBOH amHuH, ¢yHxkuua V(x, y) umeer
OVHAKORKIE 3HaueHHs. [103TOMY ypaBHeHue

V(x, y)=const,

ONpeeNsiONee COBOKYMHOCTh TaKMX TOuYEK, H SABJSETCS ypaBHEHHEM
3TO#f CUJOBOH JMHUU. :

dyuxkuno  V(x, y) uHasuBaior ¢yHKuueld noroxa. Beamunmna V
paBHA uMCAY eXMHHuUHBIX TPYyGOk BexkTopa E, 3ak/oueHHmX B OpOCT-
paHcTBe MEXAY [ABYMS UWINHIDUYCCKUMMY, HODMAJbHBIMM K MJIOCKOCTH
XOY noBepxHOCTAMH, B KOTOPHX JeXaT HayajbHas H onpelesnsemas
CUJIOBHIC JVHHM, M MEXIY ABYMA IUIOCKOCTAMHM, Napa/UIeJbHBIMH NJIO-
ckoctu XOY w ynaneHHBIMH ADYF OT JApyra Ha pacctosHue /, paBHOE
eIuHIne IIUHBL.

dyaxkuua V(x, y) MHOrosHayHa, Tax Kak, ecau OGOATH 1O HEKOTO-
pOMYy 3aMKHYTOMY KOHTYDY ceueHMe Kakoro-mo 3apsKeHHOro mnpo-

BONA, TO BeauyuHa V noayunT mnpupamiesde, paBHOe E e AVz—
}]

4
MOTOK, BHXOZMUMHA U3 BCell MOBEPXHOCTH OTPe3Ka 3TOro MpoBOIAA
anuuoio /. Uto6u uszbexarb MHOrO3HAYHOCTH, MOXHO yCJAOBUThCH Orpa-
HUYUTBCA paccMoOTpeHueM Takux nyrel AmM (puc. 17), xoropeie rne-
peceKaoT CHJOBHE JAWHUW, MCXOMSIME W3 TOTO WM MHOrO NMPOBOMHMKA
He Gonee, uem oauH pa3. BnpoueM, 3Ta MHOrO3HaYHOCTH He uMeeT cy-
IECTBEHHOrO 3HAayeHMdA, TaK KaK HalpsOKEHHOCTb MOJs, KaK cefyac
GymeT noOKa3aHO, ONpexcasercds B BuAEe NMPousBoAHOH dyukuum V mo
KOOpANHATE, W 3HAYEHHWE MOCTOAHHON cJharaouleli (GyHKuMM He Wrpaer
CyuecTBeHHOH PO/

YeaosuMca HaHOCUTH Ha uepTeXe CHJIOBBE JIMHUM TaK, YTOGH MNpH
nepexoxe oT mo6OH JuHUM K cocedHel Bceraa MOayyaTh OXHO U TO XeE
npupamenne AV QyHkIux mMoToka. 3TO ycJOBME He yaaeTcs yAOBJE-
TBOPUTb JJ9 OTHENbHBIX WHTEPBANOB MEXIY CHJIOBHMH JIUHUSMH NDH
yucje MPoBOXOB, GojblieM NBYX, TOJABKO B TOM CJyuae, KOraa 3apsiul
NPOBOJOB Ha €QWHULY [UMHB M, CJIELOBaTe]bHO, NMOTOKH, U3 HUX BHIXO-
nsiue, HecOM3MEPUMB Mexay COOOf.

Ormerum, uto ypaBHewns U(x, y)=const u V(x, y)=const
onpelensioT ABa ceMelicTBA KpPUBHIX, MepeceKalomuxcs BCIOAY TOR Mnps-
MHM yriom, T. €. ofpasymommx B miaockocty XOVY opTOroHanbHylo
CeTKY.

[lycTtb dn— 3/IeMEHT AJWMHBL CHJIOBOH JMHUM W d@ — 37eMeHT LJMHH
JuHUY paBHOrO MNoreHuHasna. QueBMIHO BO BCeX TOYKax noJs dn | da.
Bynem cumtaTh KOOPIAMHATy 72 BO3pacTaioumeil B HanpasJeHud BekTopa E.
Koopauuaty a O6yleM cuutaTh BO3pacramouleii BJeBO OT BexTopa E
Ins HaGaojaTens, PacnosoxuBmierocds Tak, 4to BekTop E xaxercs emy
. HampaBjIeHHBIM CHHM3Y BBepx. [loreHumaa U yBeauuuBaeTcd B HallpaBje-
Huu npotuB BeKTOpa E, T. e. B cTOPOHY yMCHBIIEHHS KOODAMHATHL 72
Ycaosumcs cuyutaTh QyHKumio motoka V' Bospacraiollefi B TOM KE Ha-
NpaBieHHH, B KOTOPOM yBeauuuBaeTcd aq. HanpaKeHHOCTL 3AEKTpHue-
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<

g ) 4 0 X

CKOro NOAsi NpH 3THX YCJAOBUAX MOMeT GbiTh Bhipameda ucpes U u V
B ¢opme:
ouU ov
E=—n="T %" (65)

U
PasenctBo E=.--——o—n Ham ywe 3HakoMo. OHO TOBOPHT, YTO BEJH-

yuHa BeKTopa E uncneHHO paBHa yGbliuu NOTEHLHANA Ha €IUHHLY IJIMHLE
0
B HanpaerjeHu#u cujiopofi auHud. CoOTHOWEHHE WKe E:T)E crefyert ua

TOr0, YTO HaNpsXKEHHOCTH NOJA uHCJIEHHO paeBHa NMOTOKy BexkTopa E,
NPOXOJAUIEMY 4epe3 ENWHHULLY I[OBEPXHOCTH, HOPMAJbHOH K CHJIOBHM
mnuaM, [aBag npupameHde TOJBKO OJHOH KOOpIMHATE &, NOJY4UM
COOTBETCTBYIOICE MpHPAIlEHHE 10~
dy>0dv>0r y £, toxa d,¥g. Iotox d,¥r npoxo-

1 t IWT uepe3 noeepxHocTs [-da.
Tax kax 3Ta MOBEPXHOCTb HOP-

€z

V>0 dz>
“¢“’ “—'—a MajbHa K CH/JIOBbLIM JIMHHWAM, TO

d,¥e _M__dV

E= ida ~ da _ oda’

Puc. 18 Ypaeuenue (65) BoIpaXeHO B CH-
¢TeMe KPUBOIMHeiHblX OPTOTrOHA/b~-
HBIX KOOpIUHAT 7 ¥ a, Tle 7 OTCHUUTHIBAETCR BJOJb CHJIOBHX JIMHKH
H a— BJIOAb JNMHHA DaBHOro moOTEHLHana.
[lepexoms x JexapTOBHM KOOPAMHATaM, HamuIIeM:

E,—=—9Y 4 9 1
E,—_9%U__ o
YT a9y T ox" j
PaBenctBa Ex=—%% " E&:—-% GbrlaM yxe mnpuBeIeHH paHee

[paBencrea (30)]. Hanmomuum, uro OHu BHTeKaloT u3 OOGLIEro yCiaoBus
(29), cormacHo koTopoMy cocTaBiadiomas BexkTopa E B Hexoropom
HamnpaBieHHH YMC/JACHHO paBHa yG6HAM TNOTeHUWasa, pacCUMTaHHOH Ha
elHHULly AJAWHbLl B STOM HaipaBJcHHH.

|4
Pasencrea Ex=—5; ' Ey=—%; BRITEKAIOT M3 C/AENYIOmUX C006-
paxenuti, Jaaum npupauienve TOAbKO koOpaunate y. CKBO3b IIOMAAKY
{-dy npuxomut norok d,Wp=_E,ldy. Orciona umeem:
g =0 &V _ oV
*Tldy T dy T oy*

3uak muoc (4-) caexyet NPUHATL NOTOMY, uto V M ¥ BO3pacTaloT o6a
Bneso of E, (puc. 18).
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Hagas npupameHne TOJAbKO KOOp/auHATe X, HalileM COOTBETCTBEHHO!

R oV

dx‘Iffz-——Eyldx WIH EJ':—_IF‘=_'§:€‘

3necs He0GXOAMMO MOCTABHTH 3HAK MHHYC (—), rax xak V Bospacraer
BJEBO, a X — BupaBo ot E, (puc. 18).

Cocrapnsiouine Bektopa E B noaspusix koopamsarax (puc. 19)
MOryT GHITh BHIPaXeHH B ¢opme: .

__eu_ , 1ov 7 BN
Er=—="17a fo” \
E '———-—I—Qg———_?z (67) i \\ r
87 r o8, or ) - £

CMBICH 3THX DABEHCTB COBEPUICHHO TOT
#e, uTO H paBeHcTB (66). Cocrannsomas 44
HaNpAXEHHOCTA 110J B KaKOM-i1u60 Ha-
npaBjeHAd, ¢ OAHOA CTOpPOHH, paBHa
yOblim NOTEHUHAIa B 3TOM HANPABJICHHH,

OTHECCHHOH K eMHHUE NJAAHMH,.H,C ApY- g

rofl CTOPOHH, paBHa ILIOTHOCTH NOTOKA 4

Wr B 1OBEPXHOCTH, HOPMALHOR K 3TOMY

Hanpamiaesul. Hx HerpyaHO HamucaTs, Puc. 19

3aMETMB, YTO 3JEMEHTAPHbBIE OTPE3KH B

HAIpaBJAEHHH COCTaBAAOWHAX £, H E, cyTh coormercTBeHHO dr u rdf.
3ameTuM, 4To 06e ¢yHkuuH U # V  yIOBJETROPAIOT YPAaBHEHHMIO

Jlaunaca. Ilponudepenunposas neproe ypasnenne (66) eme pas mo x

W BTOpOE ewe pas Mo y, NOAyuuM:

_¥U_ v aU v
ox* T oxay T T oHE T dxoy’
oTKyla
*U |, U
o T =0

Hudepennupyd neproe ypaBHeHue HO ¥ H BTOPOC MO X, HaHAEM:

»*U v FU. &V
T oxoy T oy ' axdy o
OTKyna
_ rV eV
ox? _I— st =0

Takum oGpasoM, mobue dynxuuu U u V, yIoBAETBOPAOWLEE COBO-
KynHoctn ypasHeHuR (66), ynosaermopsior u ncpmoMy Tpe6oBaHHI0,
copmymporanHoMy B § 15, _

s 3saganHOM CHCTEMBl NPORONHHUKOR 3TH (YHKUMH JOMKHH GHTH
TAKOro BuAa, YTOOH YIOBAETBOPHIOCH BTOpOE TPEGOBAHHE — IIOCTOAH-
CTBO norexHu#a’a U Ha NOBEpXHOCTH KaXIOro NpOBOJAHMKA.

4 Teopna aAeKTPOMArH, HOAA

P
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KpoMe Toro, mna onpenedeHns ¢yukuud U n V  HeoOxoauMO
HCTIOMBb30BATh TPEThE YCJAOBHE — KOJHYCCTBECHHOE 38aJaHHe NOTEHLHANOB
WM 3apSLOB IPOBOJHHKOB.

Cootnowenns (66) man (67) BNOJHEe JOCTAaTOYHB [/ BBHIYUC/ICHAA
COCTAB/SIOMMX HANPAMCHHOCTH MO/, ecidd TEM HIH HHHIM clocoboM
Halinena muGo $yuxuma U(x, y), mubo dbyuxuna V(x, y).

B cayuyae cucteMBl IHHeHHBIX 3apAMeHHBIX NPOBOAOB MBI HOCTYIHM
caenyiouM o6pazoMm. s yeINHEHHOrO 3apsiKEHHOro IpoBoja BHIpa-
EHAe HANPIKEHHOCTH IOJ HAM H3BECTHO, H CJENOBATENbHO, HHTEr-
pupya ypasHeuusa (67), MB MOKeM HaHTH BHIDAXEHAS [aAf (GYHKUHA
U, y) n V(x, y). Torna nng cacTeMbl AWHEAHBIX 3apsiKeHHBIX IIPO-
BogoB ¢yHkuun U n V MOXHO HONYyYyHTb, MO/Ab3YACH MPHHUMIIOM Ha-
JIOKEHHUA.

§ 19. llone yeauHeHHOro MpPOBOAA

B upocreiimeM ciayyae yeAWHEHHOrO TNpPOBOAAa KPYroBOro CeyeHwMs
HaNPHKEHHOCTh O Oblja OmNpefeneHa HA OCHOBaHMM Teopemu [ayc-
ca u coolpawenunit cuMmmerpnd. Buino HalipeHo:

rae T— JHHelHas IVIOTHOCTb 3/eKTPHYECTBa.
IMoxcTaBus Buipaxenue MiA coctaBasiomelt E, B ypasmenue (67),
HORyYHM:
ou __ < ov__ =
T T e ' T Tme

WHrerpupys, HaxOAUM:
<

U=—5 Inr4£ O,
V=TZT:; 0 f2 (-

Hcnonwsya ycnosne E, ==0, noaydyaem H3 BTOPOro pana CHCTEMH
ypasuenuft (67):

W o0 a¥_o
wd - Par="5b

T. ¢. U He saBucut o1 0 m V ne sasucur or r. CaenosaresbHo,

J1(8)=Cy=const n f3(r)==Cy= const.
OKOHYaTeALHO MOXKEM HANHUCATh:

T
U=——2—1_:€1nr+C‘,

< (68)
V=g 04Cy |
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.

YpasHenus nuuuH DaBHOrO NOTEHUHAAZ, ABAMOWIMXCA B JAHHOM
Cy4ac OKPyXHOCTAMH, HMEKT BHI:

U=— %ln r + C,; = const
HIH

’

r==const.

YpasHeHns CHAOBHX  JHHAH,
SIBAAIOUMXCS  PagHaNbHEIMA  Opsi-
MBIMH, MMEIOT BHK:

T
V= 5 6 4 Cy =const V-const
HIH

== corist.

IIpupamenne AU mnoTeHumana
OpH [iepexoJe OT JNHMH PABHOrO
NOoTeHUHana, IOMEUCHHON HOMEpPOM
Y, Kk cocendeft (v 1)-oft aunun,
COrnacHO NMPUHATOMY, JOKHO OHITb Puc. 20
HOCTOAIHHBIM, HE 3aBHCAMAM OT V!

<
AU=UY+1—Uv=_2'E; (hlfv_i_l—lllry):

L4 vy
S e == COons
2“3 ry t‘
T. €.
T
v+1__ A —const.
Iy

CaenosatensHo, pamycH OKPYKHOCTEH PaBHOrO MOTEHiUHana H3Me-
HSIOTCA B FeOMETPHYECKON NPOrpeccit, 3HaMeHaTelb KOTOPOH MONET GHTL
BHIOpaH MPOU3BBOJALHO.

Ilpupamenne AV dynxumn notoxa npH nepexome oT v-0fi CHAOBOH
ARHHH K (V- 1)-Off MH ycAOBHAMCH TaKXke NPHHHMATL OJZMHAKOBMM S
BCEX NMPOMEKYTKOB MEKAY CHAOBHIMH JHHHAMH:

AV=V,  —V, =50,  —0,)=const,

v41
OTKyAa
Ov_H — by = Al = const,

.

T. €. CHIOBHE JMHMHHM NOMXKHH OTCTOSTh APYr OT JIPYra Ha paBHHE
yrao, _

Ha puc. 20 Buuepueno none yemumenworo mnposofa, ApHYeM ApH-
HiATO A==1,6 B Ab=rn/4. Ilone Bue NpoBOJAa TaKOE Xe, KaK eCaH Gul
BeCk 3apaa NPOBOXA OHA cocpenoToueH Ha €ro OCH.

*



52 . Baexmpocmamure’koe noae fea. IT

’
§ 20. Hose HeckoABKUX JNHHEHHBIX MPOBOAOB

Ypasueuns (68) uossoasmor Hafitn ¢ysaxkuuw U m V aas moGoro
upcaa 3apSKEHHBIX JIMHEHHBIX NMPOGOAOB, KOTOPHIE MOMHO paceMarpu-,
N BaTh KaK 0ECKOHEYHO TOHKHE
! NpsAIMbBIE HATH, NapajiejbHble
ocu OZ. Jlaa onpenencHus
NoTeHuuanpHOH (QyHKIUM U
¢yHKkuMRr [OTOKa I[10Jd He-
CKOJIBKUX TPOBOAOB BOCHO/b-
3yeMcd OPHHLMIOM HaloXe-
uus. CocTapisioune o ocam
KOOpIMHAT BEKTOpAa Hamnpsa-
MEHHOCTH De3yJ/bTAPYIOUIErO

7, MOJA paBHH ajAre6panuecKuM
CyMMaM COCTaBJAIOMUX BECK-
TOPOB HAINpKEHHOCTER [0-
Jdefl  OTHeNpHHX I[POBOROB.
Tak, cocTaBaiomas nNo OcCU
0OX (puc. 21) pasua
o X k=n
E.= Y E
Puc. 21 . =
rie n— uucao nporogos. Ho cornacko ypasnenuam (66):
W, oV, . o . _oU__oV
Exk—_ﬁ— oy “Ex—"—ax —oy?

npuueM U, n V, —3naucHui B Touke M (x, ¥) NOTEHUHAILHOH yHKIAN
u GyHKUnY NOTOKA 1oJd k-toro nposopa, U.n V — 3Hadedus B TOH e
TOYKe MOTeHUHaTsHON QyHKuud ¥ GYHKUHM NOTOKA pE3YJIbTUDPYIOUIEro

noas. CrnenoBarenbHO:
k=n

k=n k=n k=n
oU Y 6Uk_02uv oV _0_1_/;_,__22‘/’3
) ox ox T dx Boosy = dy ~ oy ’
TS k=1 v a8 Y k=1
OTKyZa, MHTErpupyd, uveeM:

' ‘k=n kE=n

U= 2 U, +const, V= 2 V, - const.
=1 =1
Uenonpays ypasuenus (68), onpenemoune dynkumn Uy, u V, mm
ONIHOrO 3apshkeHHOro mnposoxa ¢ nﬂﬂeﬁﬁoﬁ NJOTHOCTBLIO 3apala T,

noJsydaeu: ) E=n
U=—q Z w7, +C,,

k=1
1"=" (69)

V=“2‘{e 2 0, +Co.

k=1
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14 ypasHeHns U O3BOJLIOT ONPEAEAHTD HOJIe CHCTEM bl napaieabHb! X
AUHEAHBIX APOBOJOB.

§ 21. [lone nBYXNPOBONHOM JAHAM Nepesaun

PaccMoTpuM BamHBIH AN NpakTuku ciaydya#i ABYXIPOBOJZHON JAHHHH
nepexaud (puc. 22). IlIposolia, pacnonoxenHsle APyr OT Apyra Ha pac-
croAHuM 2b, BHauaje GyIEM CUH-

TaTh AuHeHHBIMI. OCH KOOpANHAT y Y-consz
PacnofOXHuM TaK, Kaxk NOKa3aHo )
Ha pUCYyHKe. 3apambl Ha eIUHHLY
LagHel a7 00OMX HPOBOOB .
paBHb NO BeauuuHe U OGpaTHbI P
no 3naky. Ilonowxus T

'Cl :—12 =,

13 ypassesull (69) naxomuM:

Puc. 22

T

1 r
U=—-%(tllnrl—|~'c%lnr2)—}~C,=%ln;f—-{—cl, 0

T

1 .
V=§;;(7161+7292)+C2=“2?g(62 —0)+C,. (71,

HMonoxus Cy;==0, nonyunm U=0 npa ry=r,, T.e. JHHHCH HYIe-
BOro norteuuuana npu C, =0 aBaiercs ochb OpAUHAT. Y paBHeHHe Mo0GOfi
JUHUH PaBHOroO MHOTEeHIMaaa HUMEET BUI:

kA a
U=5— In =2 =const.

2ze n
CrnenoBatennHO N1a BCex TOYEK HAHHOH JAMHUM PABHOTO MOTEHIMANA

co6monaercs ycaoBue:
re
2=k =const.
ry
TlokaxeM, 4TO JAMHMM DaBHOTO MNOTEHLUHana CyTh OKPYMXHOCTH C
yentpamu Ha ocu OX. Vmeem:

N_@—xPty
A O+xp+yT
A=k =20 F-E)bx (1 — &)y = —2(1 — k).
Pasneanm mocsenHee ypasuenne Ha (1 — &%) u goGaBuM ¢ KawIofi

1 2\2
CTOPOHH [0 4iAeHy (l—t-z_) - b Tloayuum:

i

144 LAy, NNAENIT
x*——21_k,bx—}~(i_k2> bty — gL (117) b,
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nim (x 1+k’ ) + = (12__1.26132) ’
YTO fBAAETCA YPaBHCHHEM OKPYXHOCTH C KOOpAMHATaMH UEHTpa
1422
x0_1+ b w y=0 (72)
M pamHycoM ok
R=""rb. (73)

UroGbl MpHpamenne NOTEHUMaNa NPH mEePExXolne OT OAHOH NHHUM paB-
HOTO TOTEHUHaka K cOceQHell OCTaBaiOCh TOCTOSHHLIM, AOMKHO GHTh
COGMONEHO yc/I0BHE:

AU=U, 11— U,= 2.—.:-: (ln Tnbl L’—“) =2—‘—1n k”‘“:const,

Tyy+1 Ty e ky
y T. € uHcaa & 1npH BO3PacTaHHH
Wizy) MOPAAKOBOr0O HOMepa VvV JHHEA
Y DO/DKHBI M3MEHATHCA B reOMEeTpuue-
8, - CKOH 1npo HH:
N 2%5' oft mporpecc
5 X k
f \P S+1__ B—const.
= ky
'UL IMonoxus B Beipaxcenn# (71) xas
DN SR ¢ysxuun noroka Cq=0, nonayumm
V=0npnb,=20;, T.e. HayanbHOH
cunosoil auanelt npu Cy=—20 ssis-
A I0TCAl Y4acTKH OcH acumce, yxons-
AE OT NMPOBOXOB B GECKOHEUHOCTD.
YpasHenue 1060 cHAOBON M-

Puc. 23 Hun uMeer dopmy:

V=— (8 — 8,) = const

H/In
By — 6, =9 =const

H, CleNOBaTeNbHO, fBASETCS YpaBHEHHEM JIYrH OKPYXKHOCTH, Nepece-
KaloumieAcss ¢ MPOBOMAMH, HTO BHIHO HENOCPEACTBEHHO M3 pHc. 23.
He#crButensno, yron QMP, noa xoropuM Buaen oTpe3ok QP u3 To-
uek M (x, y), nexamux Ha CHAOBOH JHHHII, paseH yray 8 M OcTaercd
NOCTOAHHEIM. KOO pAMHATH 1leHTpa OKpYKHOCTH: X,' = 0 1y, = — betg B.
Tak kax yrast QO,F u QMP pasum Mexny co6mo, KaK H3MepseMue
onHol m Toit we myro#t QSF, To :

V' = — bctg(r — ) ==b cig 9. (74)
Yro6Hn moapasgenntbh nojie Ha TPYGKM paBHOro NOTOKA, CleRyer

CYHTaTh PaA3HOCTH
AV=Vy1—V,
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OaMHAKOROH 1471 ABYX molmx cocemnux qmnmfl. Jas srtoro neoGxonu-
MO @OpH HepexoAc OT MoSOR cuaoBOff /JuWHHKH K cOcegHcH H3MEHATH
yroa { Ha nOCTOAHHYIO ReMHUHHY A,

Ha puc. 24 nocrpoeHa KapriHa mnoas ABYX OECKOHEYHO TOHKHX
NPOBO/OB, NpHYeM OPHHATO B=4, 111k, =V 3 u AY=n/6.

Ilposona peanbHOH JAwWnwu mnepeladd HMEIOT KOHEUHble CEyeHHS.
Pacnpenenense 3nexTpHuECTBA [0 NOBEPXHOCTH IHPOBONOB IIpH STOM
3aBucéAT OT (QOpPME HX ceueHult u OyJAeT HepaBHOMEpPHBIM jAaxe AJd
HPOBOJOB KPYyrosoro ceuvenusa. Ilocnenree yTBepiKIeHHE CTaHOBHTCH
OYEBUIAHBIM, €C/U MPUHATh BO BHUMAaHHE NpPHTHKEHHE 3apalNOB pasHOro
3HaKa, PacHONOKEHHHX Ha :
HPAMOM # O6paTHOM IPOBO-
nax. [ToBepxHOcTHan naeT-
HOCTb SneKTpﬂ‘leCTBa ROJ-
®HA HMETh MaKCHMyM B
TOYKax [BYX HPOBOLOB,
HaxOoZAILKHXCA Ha KpaTuafi-
IleM  pacCTOAHMH  Jpyr
ot apyra. Pacnpenenenue
3MEKTPHUECTBA MO HOBEPX-
HOCTH TpPOBOAOB  HCH3-
BECTHO, 4TO BEChMAa OCJIO0K-
Haer 3agayy. Opanako B
BAXHOM 4YaCTHOM cCJiyuae
APOBOZOB KPYroBOro ceve-
HHA 3ajauya MOXeT GHTb
pellleHa TOYHO, ec]d 3ame-
THTh, YTO B HOJe [BYX : .
JHHEHHBIX NPOBOROB BCE Puc. 24
NOBEpXHOCTH PAaBHOrO MO-

TeHIlMa%a ABAAIOTCA HOBEPXHOCTAMH KPYrOBEIX LHAHHAPOB. Beeraa moxno
TaK PacHOJNOKUTb OCH JMHEHHEIX TPOBOLOB, uTOGH ABE MOBEPXHOCTH pas-
HOro MOTEHLHKAMA COBHaNk ¢ MOBEPXHOCTAMH PealbHEIX IPOBOJAOB (pHc. 24).

IMone BHYTPH MeTanNMUeCKHX MPOBOJOB GyReT OTCyTcTBOBaTh. Ilone
We B JWsNEKTPHUKE NPH TAaKkOoH 3aMeHe PeaNbHHX MPOBONOB 3KBHBAJIEHT-
HBIMH HM JHHEGHHBIMH OcTaHeTca 0e3 HW3MeHEeHHA, TaK KaK HpH 3TOM yXO-
BAETBOPACTCA OCHOBHOE I'DaHHYHOE YCIOBHE — NOCTOSHCTBO HOTEHUKana
Ha TOBEPXHOCTH NPOBOJA. .

Takum o6pa3oM, 3azaua pacuera NOAA ABYX HPOBOAOB KPYyrosoro
CeueHus CBOMAMTCA K OTHICKAHHIO MOJOMXEHHA SKBHBAJEHTHHIX HM -
HefiHBX MPOBOROB HIH, Kak IOBOPAT, K HaXOXACHHIO IACKMPULECKUX
ocel NpOBCHOB.

OGoznaunm 4epe3 [ paccrosankie MEXAY TeOMETPHUYECKHMH OCAMi

D
npoBOJOB H Uepes h=7 paccTOfHHE OT TreOMETPHUECKOH OcH A0

MAOCKOCTH HYJEBOro notenuuana. Ilycte x, H R — KOOpRuHaTa UeH-
TPa u pafuyC OKPYXHOCTH PABHOIO IHOTeHlMana, COBNajlawlicit ¢ OKpYXK-
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HOCTbIO ceueHud nposoxa. Mveem h==|x,| m cornacHo BIpaxeHUAM
(72) n (73):
2k

14
=_TF R=rZm 0.

T (75)

Orciona HerpyaHo yG6eautsbed, uto h? — R?*=15% u ciaexoBaTensHO:

b=y hH—R. (76)

Sra QopMyna ¥ naeT BO3MOKHOCTb OINPEJE]HTh IOJOKEHUE 3/eK-
TPUYECKUX OCEH MO 3ajaHHBIM paccTostuio D=2k Mexny reoMerpu-
YeCKMMH OCAMH M paguycy R ceueHH#l HPOBOAOB.

Ha puc. 24 samTpuXOBaHBl ceyeHUA NPOBOAOB OKOJMO KOHTYDOB Ce-
gennfl. Tak Kak nose noApasfdencHo Ha TPYOGKM PAaBHOrO MOTOKA
(AV=const), T0 rycroTa CcHIOBHX JUHHA BCIOAY NPONOPUHOHAABHA
HanpsxennocTn noas. Kaptuna nons, usoGpaieHHas Ha pucyHKe, OT-
YET/IMBO TOKA3bIBAET, YTO HANPAKEHHOCTH IO HMMEET MaKCHMyM B
Toukax A; u Ay OKONO 3THX TOYEK [AM3IEKTPUK HAXOAMTCA B HauGo-
Jiee HaMpPSKEHHOM COCTOSHHH, M [IPH NOBHIMIEHHH HATPMKEHUS MEXAY
NPOBOJAMHM HAPYUIEHHE 3JIEKTPUYECKON NPOYHOCTH AMIIEKTPMKA Hauu-
Haercsl MMEHHO B 3THX TOYKaX.

§ 22. lTone mapannenprHBIX HEKOAKCHANBHHX WAJIAHAPOB C
KPYTOBBIMA CeYCHHSMH pPAa3TAYHHIX PaxAYCOB

Pemennas B mpeawmpyimieM naparpade 3ajasa Ads ABYX < AMHEHHHX
NPOBOJOB NAeT BO3MOXHOCTD HAHTH MNOJEe MEeXAY MBYMS Napaniens-
HBIMH HEKOAKCHaJbHBIMA LMJHHADAMH, MMEIOIMMH KDYTOBbIE CeYeHHs pas-
AMYHBIX DaguycoB R, u R, (puc. 25). IelicTBATENBHO, BCEra MOMXKHO TaK
PACIIOJIOKHUTL OCH SKBHUBANCHTHBIX JHHEHHH X IPOBOMAOB, 4TOGKW B UX M0/€

JBE MOBEPXHOCTH PAaBHOro

4 ket NoTeHuMana CcOBMadd ¢
2 : MOBEPXHOCTAMH 3aJaHHBIX
D NPOBOAAIIUX  LHAHHAPOB.
hy——rh ’ Ilycrs D — paccrofHue
oS80S MEXIy reoMeTpHYecKHMH
7 OocfiMM UMAHHAPOB, h, #

N hg — paccTofHuMA OT reo-
MeTpHYECKHX oced A0 Mio-
Yy, N CKOCTH MOCTOSHHOrO (Hy-
. : N AeBOro) norteHuumana, b —

§ gl paccTofaHME OT 3JIeKTpHYe-
H, CKMX Ocefl jgo 3TOH mi0-

- . ckoctu. CornacHoopmyie
3 (76), cnpaseinMBOA Aas
. KaXpaoro npoBOja, UMEEeM:

Puc. 25 b2=h—Ri=H—R: (1T)
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MM {hy — hy) (hy 4 hy) = R; — RS, (78)
Hpn pacnonokeHuy LMAHHAPOB COrJIACHO DHC., 25 uMeeM:
hy+hy=D
7 2__ p?
U u3 ypasHeHusn (78) hy— by = R; ﬁ
D .
CrenoBarenbHo:
p DR D+ R~}
g — 2% - 2 1,

2D ? hy = 2D

7

Puc. 26

[Ip# pacno/OXeHWH UMAMHAPOB ONMH BHYTDH JAPYroro [oJoro
(puc. 26) umeeM

hi -_— hl =
A u3 ypasuenua (78)
R} —R}
hy+hy = _2[,—1
CraenosaTensHo:
p— DHR-R . iR —R
T 2D ’ L 2D :

Boipamenns 113 hy n h, moxno HanucaTh B OGuleM Rune, cmpa-
BeNMBOM il OGOHX DacnojOMeHHH UMAMHIPOB OPH  JIO6OM COOTHO-
HeHHM pauycoB R; 1 R,

D* 1R} —R} D+ R} —R}
hl:IMZD ’ 2 = ——-———2D * (79)
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U3 stux ¢dopMyn onpenenseTcd NHOJOXeHHe NIOCKCCTH HyJneBOro
noredunana ¥ 43 dopmyns (77) HAXOAUTCA NONOKEHHE NEKTPHYECKHX
oceit, T. €. 3KBMBAJEHTHHIX JWHEHHBIX NPOBOXOB, YTO JAET BO3MOX-
HOCTb MMOCTPOUTH MOJE MO METOLY, M3JOMEHHOMY B IpEIBIAYIIeM Ia-

parpade.

§ 23. Mpumenenne PYHKUHE KOMIJIEKCHOTO NMEPEeMEHHOro

ByzxeMm paccvarpuBaTh MHJOCKOCTH, B KOTOPOH PACHONOMEHH CHJO-
Bble JUHHM MNOCKONAPAMIENBHOrO MOJA, KaK MIOCKOCTh KOMIIEKCHOrO
NepeMeHHOro 2z ==x-}jy, B KOTOpO# Mo ocH abCLUCC OTKAAXbBAIOTCA
BEllleCTBEHHBIE KOJAMUYECTBA (X), 4 MO Ocu OpAYHAT MHHUMBIC KOJHUe-

crea (fy). Hasosem 3ty

@ r MJOCKOCTh IJIOCKOCTBIO 2.

Kaxmo#t  Touke  Tawoh

. MNAOCKOCTH COOTBETCTBYET

na ,i;(’ BIOJIHE ONPEAEAEHHOE KOM-

2 naeKcHoe YHcao 2z (pHc.
27).

. 7 Beexem B paccmoTpe-

HHE KOMILIEKCUYIO BeJsH-

=t

Puc. 27 rre € (x, ¥) u w(xy)—
byHKUMHE X H Y.

Kaxtnomy 3Hauennio { coOTBercTByer ompefesicHHas TOYKa KOM-
NNEeKCHOH MIOCKOCTH — IJIOCKOCTH §, B KOTOPOH MO och abcice OTKaa-
ApiBalOTCA § M mo ocu opmuHat jv (puc. 27).

Tak kax u BemiecTBeHHAA B MHHMAs 4ACTH KOMILIEKca § ABASIOTCA By HK-
IHAMA KOODIMHAT TOUKM HA MJAOCKOCTH 2, TO KaXAOH TOuYKe Ha mno-
CKOCTH Z COOTBETCTBYET OXHA MJAM HECKOAbKO TOYEK Ha MIOCKOCTH §
B 3aBUCHMOCTH OT TOIO, OZHO3HAYHBl MAM MHOTO3HAa4Hb yHKUKK§ (X, ¥)
um(x, y).

FoBopat, uTo { ecrs peryaspHas asaiuTH4yeckas (GYHKUHA KOM-
NJIEKCHOro MepeMEHHOro 2 B HEKOTOPOH O6nacTH, eci OHAa OJHO3Hau-
Ha, HENpepuiBHA U MMEET ONPEJEJCHHYIO HENPEpHBHYIO IMPOH3BOLHYIO
BO BCEX TOYKax 3Toi obGnactu. IIpu stom oBoanavaioT

C=f(2)
HaBan nepemennoit z npupaumenue Az, moayuum npupauiesde ¢yHK-

unn L M =f(z -+ A2) — f(2).

r

A
Ecat  ornowmenue A; CTPEMHTCA K OnpeAencHHOMY MpeNery

. AL L fle A —f(a) AL
All_n_l,oAz-—Azll_r?o R
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HC3aBHCHMG OT TOTO, IO KAKOMY 3aKoHY cTpemuTcs K Hymo Az, To
STOT npejen H HA3HBAETCA MNPOU3BOAHON OT QYHKUMM KOMIIEKCHOTO
IIEPEMEHHOTO.

IMpoussoano#i MOKHO NPUAATH ONpPEAC/CHHBI  TEOMETPHUCCKUN CMbICIL.
Beckoneyno majoe MO MOAYMIO KOMIUIEKCHOE 4HMCIO dz=|dz|e/®z Ha
MJOCKOCTH 2 H306paxaercd BEKTOpDOM GecKOHeWHO MajiOR JJHHE, CO-
CTaBAAIOMIUM ¢ OCbI0 BelIeCTBEHHHX KOJAH4eCTB yron a, (puc. 27).
Yroa a, ABJAgETCA NpPEJAESOM, K KOTODOMY CTPEMHUTCH apryMeHT KOM-
nneKcHoro yMcia Az no mepe TOro, xak camo Az cTpemMuTcs K HyJo.
OuesuziHO, yroa a, 3aBHCHT OT TOro, n0 Kakoi xpuso#t I, mepeme-
maercs TOYKa 2z~ Az, cTpeMachk K 2, W paBeH yriy MexNy Kacarelb-
HOM K KpuBOfi [, B TOUKE 2 H OCBIO BEIIECTBEHHHIX KojHyecTB. AHa-
JOrMYHBA TeoMeTpHYecKHMHA CMbICA MOXKHO NpujaTh H OGECKOHEYHO Ma-
nomy wucny di=|dl|e”s. IpoussoaHas %:l%

&/ @ —92) ppencras-

aser coboi TaKKe KOMIUIEKCHOE 4YHC/IO, MOAYJb KOTOPOTO Onpejesiser
cTeneds ,pacTdeHMa“ OGeCKOHEYHO MaJioro OTpe3Ka Kpueoh [, no
CPaBHEHHIO C COOTBETCTBEHHHIM OTpe3KoM Kpusofi [, apryMmeHt e
paseH yriy MeXAy KacaTesbHbiMH K KpuBaM I, m I, B cooTsercrseH-
HBIX TOYKAX.

C .
TpeGosaHue He3aBHCHMMOCTH Mpejie/ia OTHOLIGHHS +— OT 3aKOHa, No

Az

KOTOpOMYy Az cTpeMHTCS K Hymo, 3aKiH4yaeTcs B TOM, YTO KaK MO-
AyAb NPOH3BOXHOH, TaK # ee apTYMEHT JO/KHH OHTH HE3aBHCHMHEIMH
OT yrna a«, T. € OT HalpaBieHus Kpusofi [, B Touke 2z BnOGupas
npupamense Az O[uH pa3 B HANPABJEHHH OCH BElIECTBEHHHX (Az == Ax),
Ipyrofi pa3 B HampasleHuH oOcCH MHuMHX (Az=—jAy) Koauuecrs, mbi
MO¥KeM HAMMCaTh yciOBHe AndepeHHPyeMOCTH (yHKINH B BHIe:

L gim AEHAA_ gy AR
dz Ax —0 Ax Ay —0 JAy

rne AE u A, — u3merenus £ u v NpH H3MEHEHHH TOJBKO X Ha BEJH-
uHHY Ax A 1 Ayn— To e npu U3MEHEHHH TOJBKO Y Ha sennunHy Ay.
l'IocnenHee paBeHcmo MoweT OniTh NMpEACTaB/JEHO B BHIE:

% LOE | On
oz ,)x‘l" ,)x —J ,7};"!‘3}. (80)
OTKya CieayeT, 4TO:
Friit SR Pl PO (81)

Ypasuenus (81) HasmBalorcs ypaBueusmu Koum-Pumana. ru
ypaBuenusi HeOOXOIUMH H, KaK HETPYAHO [I0Ka3aTh, MOCTATOUHH JUift
Toro, yrobu QyHKUHA {—=f(z) KOMIJIEKCHOI'C TNEePeMeHHOro HMela
onpeleneHHYI0 NPOU3BOAHYIO. &

He3asucumocTh NPOM3BOAHOM o=

(yHKUMH OT HanpaBieBHS BeKTOpa, coome-rc'erxomero KOMI/IEKCHOMY

(a —agz)
% aHanuTHUECKOH




60 Aaexmpocmamuseckoe noae : fea. [T

d; . <
uucny dz, NPUBOAMT npH 7 0 K BeceMa cyuiecTBEHHOMY o0GCTOf-

TEAbCTBY, a MMEHHO: HAa MAOCKOCTAX 2 M § COOTBETCTBEHHHE 6ecKo-
HEYHO Manbie (Urypol OKa3mBalOTCA NMOJOGHBIMH apyr Apyry. Ile#-
CTBHTE/IbHO, aneMeHTH d2; U dzy nByx Kpusmx Iy, n Iy, npoxons-
LIHX 4€pe3 TOYKY 2, M HM COOTBETCTBEHHHE 3jeMeHTH df, H d%,
KpuBux ['yo M Iy, MpOXOAUIMX uepes Touky { (puc. 28), cBaAsaHH
MeX1y cO00I0 OTHOWEHHEM:

by dh, by dz,
dzl dZ’ HiH ITC—I - &‘51 ’
OTKyza:
[d% | ldz, ]
It Py QU et NP i
1@l =Tz
Jy Ly m
];z 2L
g‘” A
—A : r
5 (4
0 I 0 E
Puc. 23
HIH
|d%| _ ldz| —
] =z " V=P

T. €. COOTBETCTBEHHble OECKOHEUHO Majble TPEyroAbHHKM JAPYr APYTY
nopoGHel. IloaToMy roBopsar, 4TO aHaiauTHuecKan GyHKuMa {=f(2)
coBepmiaetT KoH@OopMHOe 1peoOpazoBaHHE KPHBHX M QHUryp Ha IJIO-
CKOCTH 2 B COOTBETCTBEHHHIE KpHMBHE M (QUryph Ha INIOCKOCTH §, win
rosopar, uro ¢yHxuua f(2) xorgopmro npeoGpasyer obnacTe Ha NJ0-
CKOCTH 2 B COOTBETCTBEHHYIO 00JacTh Ha MAOCKOCTH L.

Heo6xo1uMo noAYepkHyTb, YTO NOAOGHE HMEET MECTO TOJABKO I
6ecKOHeuHO Manblx (UIYp, PaBEHCTBO Me yrios B M Y, NOX KOTOPHMH
[ePECEKAIOTCA COOTBETCTBEHHbIE KPUBHE B IUIOCKOCTAX 2 H G, MPH KOH-
¢dopMHOM npeoGpa3oBaHHH COXPAHAETCHA BCIONY.

H3 ypasuennit (81) noayuaem:

M __ 0% om 0% oo _ 0%
It T dydx o O dyox . oy
Hauv
0%n

axz"l_dys 0x2+
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1. e. dynwunn E(r, ¥) u w{x, v), a cregoparessHo, u Qyunnud [—=
=E&-1 jq yaosactBopaioT ypasHchuio Jlanmaaca.

UJ

B

Conoctapnaa ypapaenus (81), ceasuiparomue § u v ¢ ypasnenuavu (66),
napouumy ceiass mexay V u U, MH 3aMeuaes ux MOJHOE COOTBETCTBHE.
DTO 3HAYHT, YTO MB MOXKEM HEMOCPEACTBEHHO MPHHATH:

E=V un=U
¥ COOTBETCTBEHHO MOJOXKHUTD:
C=tfjn=V - jU=F(2).
Toraa ¢yukuua f(2) 6yser coBepmiaTh KoH(OPMHOE NpeoSpasoBa-

HHE [O0JA HA IVIOCKOCTH 2 B OMHOPOAHOE foJde Ha naockoctu § (puc. 29),
TaKk KaKk cunosme Jaunud  V(X, y)==const peficTBHTEnbHOrO MO/

Ju
®
c UslU

g

g

»

> [U=const]

0 v

&

Puc. 29

npeoGpasyores Ha mAOCKoCTH { B mpaMpie §= V ==const, napaaneis-
HbHE OCH MHHMHX KOJIHYECTB, W JMHUM paBHOro noTesunana U(x, y)=
= const mpeofpasyiorca B mpaMue 7= U =—counst, napamieapHue OcH
BEIIECTBEHHHX KOJIHYECTB.

®yukiua { = V4 U, y koropo#t BeimecTBeHHasa 4acTh €cTb (QYHK-
1HA OTOK2, a MHHM2ad — MOTEHUHa], HA3BBAETCA KOMIUVIEKCHHM [IOTEH-
LMaJIOM MO/

CoCTaB/MIOUIAE BEKTOpA HAMPMKEHHOCTH MO MOTyT 6HTB no.y-
yeHH 3 ypapHenu# (66):

W
Ex_—ﬁ}——a’
—_W___ »
Ey=—%="0-

Hepenko uHTepecywoTcsl TOnbkO MOAYyAeM BekTopa E, Tak Kak BH-
HYXAEHHOEe COCTOfIHHE JHSAEKTPHKA oOnpelesseTcs HMEHHO BeauuHHOH
HanpfmenHocTn noaf. Jlna BLMHCACHNA E uMeeM COOTHOIIEHHC:

e=vEFE=) (@) +(5)

)
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Ho, coraacuo ypaeneHusm (81), moxem HanucaTts:

— on\3, (05\?
=V () +) (2
H, B COOTBETCTBHH c ypaBHenueM (80), noayuaem:

at

E=a—2

.

M3 BCero CKasaHHOTO CJAEAYeT, UYTO 3a1a4a PacyeTa nois pelleHa,
€caM  HaWleHa aHamuTHyeckas dynkuMs {=f(2), ynoBaeTBOpsOWL AL
TPaHHYHBIM YCJAOBHUAM HA MOBEPXHOCTAX MPOBOAHHKOB, T. €. TaKafd, MHH-
Mad 4acThb KOTOPOH NpHHHMAET NOCTORHHOE 3HayeHMe HA KOHTYpe, orpa-
HUYHBAIOUIEM CEYCHHE MPOBOAHHKA. YKA3aTh OGWMH METOA HAaXOKAEHUS
TaKkOH ¢yHxkuud aaa moGo# Gopmsl CeueHHH NPOBOAHHKOB HE mpef-
CTABIAETCH BO3MOKHBIM.

Ilo 3ananno#t xOHGUrypauuy KOHTypa cedeHHd MPOBOAHHKA (yHK-
uMa {==f(z) moxer OHTb HAHAEHA TOJNBKO A HEKOTOPHX CeyeHHH.
OnHako MOXHO NOHTH OGpaTHHM nyTem. FIMEHHO, HCCJAEAys PasiHy-
HBle aHaJIUTH4YEeCKHE QYHKHUM, MOXHO HalTH COOTBETCTBYIOILHE HM
N0 W HOJAYYHTH TAKHM MYTEM peulieHHs MIA PAZa KOHKPETHHX Ciay-
yags. ITO OYEHb CYINECTBEHHO, TaK KaK CO3AAETCA BO3MOXKHOCTH IIPH
CIOXHOH KOHOQHWrypalH# NpPOBOAOB, IIA KOTOPOH He MOXET GHTh IO-
AY4EHO TOYHOE pemieHHe, NOmo6path OJM3KHII K Hemy ciaydall, pa3o6-
paHHBIA TEOPETHYECKH, W BBIBOAB, MOJYYEHHBE W3 NOC/AEAHero, Ipu-
GMMKEHHO NPHMEHHTh K HCCASAYEMOMY pEalbHOMY Cay4aio.

§ 24. Ilore yexMHeHHOrO MPOBOA2 H WOJe ABYX MJAOCKOCTeil,
CXOAAMMUXCH WOJ YriaoMm

PaccmotpuM ananuTHuecKy0 (QYHKUMIO
L=A4jlnz-}C,

rae A — semlectBennan seauyuna, a C=C,; J jC,.
O6GosHaunB z = re/f, noayuum:

C=t+jq=Ajlnr— A6+ C,}jC,.
Honaraa §=V n n=U, naxonum:
| Ve=—A0 i C,
U=Alnr-}C,.
YpasHeHHe cua0BHX JuHHA Gyner:

V = const wim 06 ==const.
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YpaBHeHue auHUB paBHOIO MOTEHUHMAAA MMEET BHA:
U= const una r— const.

Caenosatensno, ¢pyuxkuna {=Ajlnz-}+ C onpenenser nose, cuio-
BBIE JIMHUM KOTOPOrO SIBASIOTCA jAy4aMM, MCXONSILMMH M3 Hayajsa Koop-
nuuat (puc. 20). JluHum paBHOro mOTeHUHaNa ABIAIOTCH OKPYKHOCTAMH
C LUEHTPOM B Hayane KOOPAMWHAT M NOBEPXHOCTH PABHOIO MOTEHIMANA —
NOBEPXHOCTAMM KPYrOBHX LMAHHIPOB. Ecau MBl COBMECTUM ¢ OAHOH
H3 3THX NOBEPXHOCTEH NOBEPXHOCTh 3apSIMEHHOr0 MNPOBOLA KPYrOBOr0
cedyeHusi, TO s NMOBEPXHOCTH NpPOBOAa OyJeT YROBJIETBOPEHO OCHOB-
HOe TpeGoBaHUe — MOCTOSIHCTBO moTeHuuana, CleloBaTenbHO, OCHOBHI-
Basich Ha TeOPEMe eJIMHCTBEHHOCTH, MOXKHO YTBEPMIAThb, YTO paccMaT-
puBaeMas QyHKUMS SBASETCH KOMIVIEKCHBIM IO TEHIMANOM [105 BHE 1POBO/IA.

[TocTosiHnas A onpenmensieTcs Ha OCHOBAHMM TOrO, 4TO mpu o6xoe
M0 3aMKHYTOMY KOHTYPY BOKPYI cedeHus mpoeola yroa O BospacTaer

Ha 2m, a ¢yukums V noayuyaer mnpupaiiesue, papHoe TE, rne Weg—

notok BekTOopa E, Buxoasimii u3 Bcell MOBEPXHOCTH OTPE3Ka NPOBOMA
Amuroto L. Cornacuo teopeme [aycca 10T mOTOK nOMKEH GHTL paBeH
OTHOIIEHUIO 3apsila ¢ OTPe3Ka HPOBOJA K AMIAEKTPUUECKOH MpoHullae-
MOCTU € cpeln. CieqoBaTenbHO!

T
;‘%::—A- 2r u A=-—27i1 =5
NpHueM T-— 3apsA Ha EAMHHLY [UIHHH NpPOBOJa.

Hoctrosunune C; u C, saBucsT oT BHGOpa HavanbHO# CUJIOBOH M-
HUY, 11 KOTOpOH mpuHuMaetcd V=0, u oT BHGOpa /AMHUM DPABHOrO
noTeHuMana, Ha KoTopo# mpunuMaetca U=—0.

Hanpsxennocts moas, cornacno smpawenuio (82), pasHa

E— d; , 1

dz z

T
T Omer ¢

. T
=|—=

Paccmorpum Teneps pyuxumio L= Alnz-} C. [Tonaras onars =V
# = U, 6yaeM umeTs:

{=V+,jU=Alnr-} jAb 4 C,+jC,.
YpaBHenue cuIOBHIX jauuudt Gynet:
V=Alnr-| C,=const, 1. e. r=const.
Ypasnenue JAMHMR DAaBHOrO NOTEHUMANa HMeeT BHA:
U= A8+ Cy=const, 1. e. 6= const.

Cunopue AMHAM MPEACTaBASIOT COGO# OKPYKHOCTH, JTUHHH PaBHOro
NOoTeHuMaNa — PAaHANbHBE NpAMBIE M NOBEPXHOCTH DABHOro HOTEHLH-
aJ1a— IJIOCKOCTH, npoxodswue uepes ock OZ. CoBMectHM ¢ moGHMH
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ABYMS TOBEPXHOCTAMH DaBHOIO MOTEHUAaNa MOBEPXHOCTH JABYX MeTand-
JMYECKUX NAaCTHH, 3aPsDKEHHBIX KOMHYECTBAMH 3/1EKTPHYECTBA, PABHBIMU
N0 BejMYHHE, HO INPOTHBROMOAOKHHMH 0O 3Haky (puc. 30). B uauane
KOOpAMHAT MAACTHHB OTHENeHBl NPYr OT Jpyra BecbMa TOHKHUM CIOEM
nzoasuun. Tak Kak ocHOBHOe TpeGOBaHMe NMOCTOAHCTBA TMOTEHUMana Ha
MOBEPXHOCTH KaMION NAaCTHHL OKa3blBaeTCs YAOBJETBOPEHHHM, TO,
cleoBaTenbHO, [0Je TAaKUX NAaCTHH XapakTEpU3YeTcs PaCcCMOTPEHHON
namu Qynxumen. TToctroaunsie A u C, Haiaem u3 ycnosuit: npu 6=0,
U=Cy=U,, mpu 8=a U= Aa- Cy=U,. Cnenosaremno, Aa=
= U,— U,, rre a— yroa mMexay naactusamu. Kpowme toro, mpu r=1
Inr=0 u V,—;,=C,. Takum oO0pazoM, (yHKUUA, XapaKTepU3yiomwas
none, UMeeT BHUA:

(83)

HanpsKeHHOCTb MOJA paBHa:

——

E— ag U, — U, ‘_U,;Ul
T |dz — T ar ?

az
T. €. TaKk ¥Ke, KaKk ¥ B cayyae YeauHeHHoro nposona, oHa n3MeHsdaeTcd
06paTHO MPONOPUMOHATLHO 7.

§ 25. Tlone Mexny IAAMATHIECKHMH NHIMHAPAMA U mOJNe ABYX
rinep6oadYecKHX HHIHHAPOB

Hafizem nose, onmpelenseMOe aHamMTH4ECKON (yHKuyueH
. Z
(= V4 jU= Barc cos ?f+ C,
rme A u B— BemecTBeHHbe Beamuunul, a C= C,;}-jC,. Bupasuu 2z
aepe3 §. Mmeem:
, t—C |4 U
z=x-}jy==Acos B =Acos(B——l—/-E)=

Vl Ul . . (} UI
=Acos—B— ch—B——-/AsmfshF,

e VV=V=-.C, n U=U—C,
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Ciel10BaTeabHO!:
V' UI (] (4
Xx=AC0sg-ch %, y=—-— Asin- sh
B B’ B B*
1’4 .V
Omnpeneass W3 NEPBOro ypaBHEeHHH COS 7r W M3 BTOPOro Sin -
CKAA/LBAS X KBAJAPATH, 110.1y4aeM ypaBHEHHE:
x! y!
I7G —l‘ 7 1
ATch e Avsh

xotopoe npu U' =const ssagercs ypaBHEeHHeM SJIHICA C MOJXYOCAMHA
U o . '

Ach 5 M Ash e Kaxcnomy snauenuio U' cooTsercTByeT cBo# saunc.

Bce sammncel koHdOKaMBHB, Tak Kak tokycHoe paccrosHue

2 VA’ ch? [:{._ — A?sh? % = 24 = const

He 3asucuT ot U

Takum o6pa3om, paccMOTDEHHas aHa;MTHYECKas dyHxlua onpene-
JAA€T noxae, B KOTOPOM JAMHUH PaBHOro H0OTEHLMaJla B MJIOCKOCTH 2 fB-
JARIOTCA CeMeiCTBOM KOH(DOKaAb~
HBIX S/UIHICOB H COOTBETCTBEHHO M
MOBEPXHOCTH pAaBHOrO MOTEH- -
LHana — MOBEPXHOCTAMH SJUIHI- /

vy
Z, U,conslr .’ 3
THYECKHX LMIMHAPOB. JTO MOie ,’

u3obpaxeno #Ha puc. 31. Taxoe

NOJIE CYWECTBYET B KOHIEHCA- A “.‘-

TOpE, NOBEPXHOCTH OOKJIANOK
KOTOPOro COBMNAJAOT ¢ OBEPX- ’;, + 0

HOCTAMM JBYX YKA3aHHRWX BLUIE ” S ""..
SO TG

9JUIMITHYECKHE UHAHHAPOB, [To-

CTOfHHas A paBHa NOJOBHHE ’.... “

tokycHoro  paccrosums. [lo-
crosHHbie B u Cgonpeneasores

N0 3alaHHWM MNoTeHwnanam U, IR, )
¥ U, o6xnamox KOHjpeHcartopa. e
Boaswue nonyocu L, u Ly snnun- Puc. 31

COB, COOTBETCTBYIOIIHX nosepx-
HOCTAM 06!{)13}10!{, CBfI3aHW C [OTeHUHanaMH OOKJAATOK paBeHCTBAMHL

L,=Achk1;—£’— u L2=Achu’——&

KOTOpHE NMOAYYAIOTCA M3 BHpaWeHHH IA% X M Y.
M3 sTex paBeHCTB Haxonuu:

B= I‘II"_U‘ H C,_.Ug—-Barcché—’,
arcchzi—arcch-%’ 4

b5 Teopna smerrpoMars. woms
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[Moctoaunas B moxeT OGWTb BHPaXEHA TAKXKE 4epe3 3apai g, BHYT-
pense#t obknanku. Ilyctb {—uMH3 paccMaTpHBAeMOM 4HacTu KOHIEH-
catopa B HanpaBieunu ocu OZ. O6xoas B naockoctn XOY ceuenne
BHYTpeHHEH OOKJAaIKM MO HEKOTOPOMY 3aMKHYTOMY KOHTYDY, MH BO3-
gpamaeMmcd B Ty K€ TOUKY Z, H3 KOTOpPOH Hauam o6xon. Tak kax
BEIUUHHA

v U
Acos (F -1-J F)_—_—_z

nocie Takoro o6xoma MOMKHA OcTathcs Ge3 W3MEHCHud, TO, C/IENO0Ba-
v U
TeAbHO, BEAMUMHA TB__I_ Jj=p wsMeHserca Ha =+ 2m.

Bu6upas Hanpasaexne 06X01a MPOTHB HYaCOBOH CTPEJKH, Mbl JO/DKHH
BHGpaTh 3HaK MuHyc. JleficTBUTENBHO, MyCTb gy >0 (puc. 31) u, cne-
nosateabso, Uy — Uy < 0. Tlpu sToM mnocTofiHHas B, omnpesaenennasn
BREnpUBENEHHON (opMyofi, GyAeT OTPHUATEAbHOH, TaK KaK 3HaMe-
wareas B Qopmyne moaoxutenes. Ho npu ¢, >0 of6xon npotHe yaco-
BOH CTPENKH NaeT NOJOKHMTENbHOE MpHpalIeHUe ¢yHkuun notoka. Cre-

AV
[0BaTeALHO, MPH TakoM o6xone —-==— 2. Cornacno teopeme Iaycca

B
npu 3TOM O6X0JE MMEEM AV'=31—‘. Takum o6Gpasom:

__ 4
B= Imel *

YpaBHeHusi CHAOBHX JHHMII HafNEM, MCKIOUHB U us BHpaxeHut
anq x u y. M3 5THX BHpaXeHul nMeeMm:

(] 2 r 2
ch“~B—:——x——7, | sh‘l%v_—:————y Vs
A? cos? B A?sin® T
H CNeloBaTenbHo:
xﬂ . y2 . 1
V' v

2 e 7 2cin2
AcosB AsmB

Jlas cunoBwx uHui coGmomaercs ycnopue V'=const, oun obpa-
3yI0T ceMeficTBO runepfoa ¢ Moayocimu
v |4
Acos & u Asin
0s & sin 5.
dokycHoe paccTosiHue

2 V A? cos? g« -}- A? sin® —g =2A =const

OMMHAKOBO MAs1 Bcex runep6oa m PaBHO (GOKYCHOMY PacCTOfHUIO 3i-
JMACOB, OTPeEAsIOMMX AHHHA PaBHOrO morexumana. Ha puc. 31 nase-
ceHbl TaKXe W CWIOBHIE IHHHA.
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Ioctosnnas C; = V— V' aasuenr or BHGOPA  HAYATBLHOH CUJIOROH
JAMHAY, I8 KOTOPOH Mbl NpuHEMaeM V —0, Tak, . Hanpumep, ecn Has
YaibHas JUHHA COBMEIICHA ¢ :

OCbi0 abcumce, IaIs KOTOpPOH G

&N
v $
y=—-AsmFshf=O Ay SQ
H, clefogarensuo, V' =0, o
Gynem mmers C, =0,

Mone yenunennoro samun-
THYCCKOrO WMIHHAPA 1OMy-
YHTCH, €U NONOKUTD L= + // %,
=00, T. €. YNAaIHTh HapyX- Y
Hylo obknanky. Ecam eme
npuuath Ly =A, TO BHY-
TPEHHHH UMIMHID BbIPOAUTCH
B OECKOHEYHO TOHKYIO mna- A—P—A
CTHHY.

AnamiTnyeckas Gysxums;:

Puc. 32

=V ,jU=B5Bjarc cos;lz——f—C

uIm :
——jC=U—jV=Barccos:- 4,

OYEBHIHO, ONPENCIACT NOJNE, KOTOPOE OTAMYAETCH OT TOJbKO YTO pac-
CMOTDCHHOTO 3aMEHOH CHJOBLIX JWHUN JHHAAMM PABHOLO NOTEHUMANA M
JUHAA  PABHOCO INOTEHUMANa CHIOBHIMH JIMHHSAMA, Takoe nozne cyme-
CTBYCT MENAY IHBYMH (BapSKEHHBIMH CHIEPGOIMYecKHMHU UNIMHADAMH U
H300paxXeHO Ha pHC. 3§ Ecau npunates L, =0, 10 oama IOBEPXHOCTH
lpespamaercs B maockocts YOZ. Ecin eme npuniath Ly— A, T0 BTO-
PO# runep6OIMYECKNA UHIMHAD BHDONTCH B 6eCKOHEYHO TOHKYIO mia-
CTANY, aexamyio B IuockocTH XOZ, npruem KPa# n1acTHHH NPOXOIUT
uepes Touky F,.

§ 26. Moxe nporonHAKOE, cegenme KOTOPBIX OrpaHMYeHoO JOMaHOMN
JnHReH

B BHmenpupenennux IPUMEPAX HCCJAENOBANNCL HANEPEX 3aMaHHbIe
$YHKUAM ¥ HaxoXMIHChH 11018, KOTOpHIE H306pPa¥aOTCH STHMH Pyux-
uuaMA.  CoBMemias ¢ JMHHAMHU PaBHOrO NOTEHUHMANA MOCTPOEHHHX Ta-
KAM 0o6Gpasom moueh KOHTYDH cedeHull NPOBOAHMKOB, MBl TEM CaMuiM
HAXOINM (OPMY CEYECHHH 3aPmKEHHBIX IPOBOMHUKOB, OKOIO KOTOPHX
CYWECTBYeT TaKoe INouJe,

Onnako pax samau Moxer Gursh PEUIEH ¥ B NPAMOM CMHICJIE, T. €.
1O 3amaHHOi KOHOWUIYpaumn KOHTYPOB CEUECHHH 3apSMEHHBIX NPOBOL-
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HAKOB MOeT GbTh HafiieHa GYHKUMA, npeACTaBAOUIAd KoMIIteKCHb A
NOTeHUMaA MOJAA STHX NPOBOTHMKOB M, CJIEAO0BATENLHO, MOXET 6HTh
paccumTaHo BCE M0Ji¢ NPOBOAHUKOB. Mpl OrpaHMuMMCA JHMIUB OJHAM, HaH-
60/ce MPOCTHIM C/yyaeM, HAXOZALIMM WIHPOKOE npUMEHEHAE NpU penie-
HHA psla MPaKTUYECKHX 3ajad. VMenHo, paccMOTpDHM [OJ€ OKOJO OI-
HOTO WM ABYX 3apFKEHHEIX NMPOBOJHAMKOB, CEHCHM KOTOPHX OrpaHH-
YeHH JMOMAHLIMW JMHHAMM, COCTOSIIMMH H3 KOHEUHOro uMCTa NPAMBIX
OTpEe3KOB, MpRueM KpaHiHHe BETBM MpPEAMNONONMM yxomaumamn B Gecko-
HEYHOCTb.

Ha pmc. 33 uso6paxeH ciyuai OZHOro NpOBOIHAKA, ceyeHne KOTO~

pOro OrpaHMueHO TaKOH JHHHCH. [MocraBrM 3afauy HaWTA GyHKUHIO
Jy ml © L=t/
ABIAIONLYIOCA  KOMILJIEKC-
HHIM TOTEHLHa/IoM NOoJd B
) IIOCKOCTH 2, T. & TaKyIo,
TR & uro6mk (x,y) 6610 PyHK-
¢ OB nett notoka m M (X, ¥)—
noTeHManoM  Kcciaenye-
MOro noJsi.

Cunosbiy nunuaM E(x, y)==comnst Ha MJIOCKOCTH 2 COOTBETCTBYIOT
Ha mnockocTH [ MpAMHE, Napanien]bHble OCH MHHMBIX KOJMHECTB. Jin-
HPAM pasHoro mnoTeHuMama 7 (x, y)==const Ha MIOCKOCTA Z COOTBET-
CTBYIOT Ha IIOCKOCTM { mpAMbe, MapalicibHue OCH BEUIECTBEHHBIX
KOJHYECTB.

Tak kak /AoOMaHad JIMHWA Ha IUIOCKOCTH 2, SABJAIOMAACH rpannuel
NpPOBOJHNKKA, €CTh JMHHMA DaBHOro MOTEHUHAMA, TO eft Ha MAOCKOCTH G
COOTBETCTBYET OXHAa M3 MPAMHX, [apamielbHBX OCH BEILECTBEHHHIX
wonmuects. EC/M MO/MOXKATS MOTEHIMAN NPOBOIHAKA PABHHM HYJIO, TO
yKa3aHHOH JNOMaHOH JHMHMM COOTBETCTBYET OCh BELIECTBEHHEIX KOJIH-
yects miaockoctd L. Ilycts 3apal MPOBOAHMKA OTpALATEIEH. Ipn sTOM
B 067acTH Ha TJIOCKOCTH Z, B KOTOpO# paccMaTpHBaercs moie KOTO-
pas orpaHMucHa JOMaHOH JMHHEH, MOTCHUHAN BCIOAY [MOJOKMATENCH.
CnenosaTenbHO, 9TOH 001aCTH COOTBETCTBYET BEPXHAA noaynaockocts §.

Hrak, 3agaua GydeT pellieHa, ecu Oyxer Hafilesa ¢y HKUROHANbHASA
3aBACAMOCTb MEKAY Z M {, KOTOpas MEPEBOIAT JOMAHYIO JMHHIO, fB-
AAIONULYIOCA CpaHHied ceueHMs MPOBOMHUKA HA IJ0CKOCTH 2, B OCb Be-
LeCTBEHHBIX KO/aMuecTs mmockocTd L.

[ycTs @y, Qg ---» @n (PHC. 33) — TOuKH, COOTBETCTBEHHMIE BEpIIMHAM
A, A, ..., A, 10MaHOH JMHAH.

ByneM o6xouTh KOHTYp JOMaHOR smunM HA MAOCKOCTH Z M OCh
BEILECTBEHHHX IWIOCKOCTH [ c/lesa Hampaso M pPaccMOTPAM BEJIHUAHY

31
(¢—a,) *, rae e —yroi, Ha KOTOpH# MPOHCXOAHT MOBOPOT /0~
MaHOH JMHAA OKO/O BEPUWIHHH Ay, M @) — BEleCTBEHHOE HUCIO, onpene-
ngoulee MOJOMKEHAES TOUKH ;.
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Tax xak { Ha OCH BEHIECTBEHHHIX KOJMYECTB BEIIECTBEHHO, TO TIPU
{ < a, pasvocts ({—a;) BelleCTBeHHA H OTPULIATENbHA, T. €. MOXKHO
HalHCaTh
C—a;=|l—a,|er
TaK Kak &/f=——1.
Mpu U >a, 37a pa3HoOCTh BCUIECTBEHHA W MOJOXMTENbHA, T. O.

L—ay=|0—a,|e"0

Craenosarensno, aprymedr pasioctu ({— a,) npu nepexosie Touxu { yepes
TOYKY @, yOHBaer ma =, UNHM, YTO TO Ke, NMOAYYAET NpPHUPAlICHHE — T.
To, uTO apryMeHT uMeHHo y6miBaer or = j0 O,
a He BO3pacTaer oT T X0 2%, CTAHOBUTCH QYEBU/I-
HHM, €CM MPHHATH BO BHHMaHue, 4YT0O 06X0X
JIOMKEH COBEPMIATHCHA C TOH CTOPOHH, B KOTODO#H
paccMatpuBaeTcs nose. B maHHOM caywae B mio-
ckoctu { 06XOX MOMKEH MPOUCXOIUTD BHIE OCH
BELIECTBEHHBIX KOJHYECTB, XOT M GECKOHE4HO
6mzko x Hell. O6Gxond TOUKY @, NO Iyre OKPYXKHOCTH OECKOHeuHo
Manoro paaumyca p (puc. 34), MBl OTYETIHBO BHIHM, YTO APryMEHT Daa-
Hoctu ({— a;) yOuiBaer Ha w.

a. 7

Puc. 34

oy

TakuM o6pasom, apryMedr seamunman ({—a,) © Bo3pacraer Ha
g _—
(—=)- (__ ?)_a,.
StoMy TpebOBaHMIO KaK pa3 NOMKHA YIOBAETBOPATh NPOM3BORHAS
dz

Fd dynkuma z=f(C), nepeBoifmed OCb BeUIECTBEHHHIX MIOCKOCTH {

B JIOMaHyI0 JHHHMIO Ha maocKocTH 2 (puc. 33), Tak KaK apryMesr npo-
H3BOAHOH €CTb YroJd MEXAy KacaTeabHbIMH K COOTBCTCTBCHHBLIM KPUBLIM
B COOTBCTCTBCHHHIX TOYKAaX M NpH NEPEXoje YEepes BEPUIMHY A, 3TOT
yroa BO3pacTaeT Ha a;.

PaccmarpuBas aHanoruunbiM o6pasoM nosefeHue pasuoctH (§— ap)
OKOJO IOpyrux Touek a, (k=1, 2, ..., n), MH OPUXOAUM K BHIBOLY,
4YTO MPOH3BOAHAA MOMXET GLITh MPEJCTaBleHa B BHIC:

o qg a,

dz = T R
EE=A(C‘.—'a1) (c—'ai) ...(C——a,‘) .
ﬂei’lCTBHTeJleO, aprymesr 3Toro BLIDAXX€HUs] BO3pacTaeT Ha ®g, Qg,
ceey Gp TOJBKO MNpH Nnepexone TOYKH C '-lepe?. TOYKH a4, Qg, ..., Q.
B HHTepBanax XKe Me)Klly TOYKaMHu Qy, Qg ..., an APryMmeiT ocraercs

HeusMeHHBIM. Cne/loBaTenbHO, HamMCaHHOE BhipaweHHe I/ MPOM3BOAHON
dz .
a YIOBAETBOPAET BCEM TpeOGOBaHuAM, CcoOGAIIEHUE KOTOPHX Heo6xo-

ZUMO, 4TO6H B TO BPEMA Kak TO4YKa { NPOXOOMUT OCh BelleCTBEHHHX
KOJIMYECTB, efi COOTBETCTBEHHAA TOYKA OMUCHIBaAa Obl 3aJaHHYI0 AOMaHYIO
JHHHIO.
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Hrak, #uckoMas (yHKIMOHANBHAA 3aBHCHMOCTH MOXET OBITH NMpEX-
CTaBJeHa B BMIE:
‘ L ay ds . apn

T

s=afC—a) T G—a) ... C—a) T B (8

c

AroT MHTErpan HOCHT HauMeHoBaHue uHTerpaza Kpucroddemnst —
Uipapua. Huxuuit nmpegen C moxeT OblTe BHOpaH N0 YCMOTPEHHIO,
TaK Kak uameHedne C BJISUCT JMiib M3MEHEHHE
nocrosHHolt B.

Mzl paccmoTpean cayuait, KOraa nposoOIHUK
OrpaHMyeH JOMaHON JHWHHEH, BETBH KOTOpPOH
yxXomaT B OEcKOHEYHOCTb. MONKHO COCTaBMTH
BBIDAXEHHE, KOTOPOE MepeBoAUT 06aacTb BHE
3aMKHYTOTO MHOTOYTrOJbHHKA HAa IMJIOCKOCTH 2
B BEPXHIOI NMOJAYHIOCKOCTh, IDTOT ciayvadh Ba-
MeH [ pacyera noJiett OKOJI0 IPH3MATHYECKAX
NPOBOIHHKOB, HANPHMEP, OKOAO WIHH [IPAMO-
yroapHoro ceyexnd. OlHako X1 TOro, YyToOH
KOHEUHBIH KOHTYD CEUYEHHs TaKOro HPOBOIHHKA

Puc. 35 nepexoina Bo BCIO OECKOHeuHyW Ocb Beuie-
CTBEHHBIX KO/MNYECTB MJIOCKOCTH {, HEOOXOAUMO

HECKOJbKO BHIOM3MEHHTH Bhipawenue (84). Mul He paccmMaTpuBaeM 31ech
9TOTO HECKO/bKO 060Jsee ciaomuoro ciayyad. OmHako u npeoGpasosaHde
(84) umeer OonblIOE NPaKTHYecKoe 3HaueHHe., OHO C yCHEXOM MOMKET
66ITh TPHUMEHEHO, KOrlJa Mbl HHTepecyeMcss Hoaem B6aAn3M HEKOTOpPOH
OrpaHMYeHHON YacTH KOHTYPa ceueHHWs NpPoBoAuuka., PopmMa oOcTarpHOH
YaCTH KOHTYPa Malo BiAMfeT HA MO/ B MHTepecyluUIel Hac 0OGJacTH.
310 ¥ gaer mpaBo NPENOJOXUTH, YTO Kpafi-
HHEe BETBH JIOMAHON MHHWH, NpeacTaBAAIOHLe]
paccMaTpHBaeMyI0 4acTb KOHTYDa, YXOIAT B
6eCKOHEUYHOCTh. +

B kauecTBe mpocTeiimero mpuMepa Habaem
f10/1e BHYTPH npsMoro yria, o6pa3oBaHHOro
ABYMSl [IPOBOJAUIMMH IIOCKOCTAMH, HMEIOLUMH
3apsil, OTAMYHKI OT Hyan (puc. 356).

IIpu6M3uTeNbHO TaKOH XapaKTEp IOMKHO
AMEeTh 3MEKTPHUECKOe 110Je B YTy MOMCUIEHH
¢ DOCTATOYHO XOPOMIO NMPOBOISUIHMH CTEHAMH,
ecad B MOMEIUEHHH PaclOJOKEHO 3apfKeHHoe
nuaMHApuyeckoe Tteao (puc. 36).

Jlomanas nuHMs ¥MeeT eIMHCTBEHHYIO BepuiMHy A; B Hayane KOOp-
I¥HAT maockocTH 2 (puc. 35). ¥Yroa a, mosopoTa JHHHH IIpH 3TOH
pepumHe pased —+=/2. [loMecTHM COOTBETCTBYIOLULY!0 BEpUIHHE TOUKY
a, B MIOCKOCTH [ TaKKe B Hayane KOOpjauHat, T. €. MOa0XuM a; =0.
Br,lpan(tszxe1 (84), ecim npunAte B HeM C=—=0, npHHUMACT BUI Z==

vz

Puc .36

=A j ¢ ®dt Koucranra B paBHa Hymo, Tak Kak npi {=0 nz=0.
0
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Wurerpupys, Haxoau:
1
2 1 .
z=2A%" nm {= 2 =CGE+i.

CrnenoarenbHo:
{=V-4;jU=C(x*—y*) -/ 2Cxy.

JluHuu paBHOrO HOTEHUHAAa CyTh PaBHOGOKME runepGObi:
U=2Cxy —=const.

CunoBble nuHMM ABISIOTCA TAaK¥Ke THIEPGOIaMH, ypaBHEHUA KOTOPHIX
MMelOT BHI:

V=C{(x?—y*)=const.

Pue. 37

Buipaxcenne (84) MoxeT ObiThb WCIOJb30BAHO TaKKe IAs CAydan
IByX NPOBOAHUKOB, MMEIOMHX pasHble noTeHuManw U, u U, u orpa-
HHYEHHBIX JOMAHHEIMU JIMHHAMK C KPaflHUMU BETBAMH, YXOIAlluMu B Gec-
KOHEYHOCTb, HalpUMep, Aasl ciydas, u3oGpaxensoro Ha puc. 37. Ilpu
3TOM ofe nOMaHble nuHHH cielyeT paccMaTpuBaTh Kak oxny. Ogmua
BeplivHA TaKoO# MuHuy, Ha puc. 37 BepiuuHa A, ylaneHa B GecKOHeu-
HOCTb, ¥ NpH OOXOJE JHHHK OKOJO 3TOH BEPIIMHBl NPOMCXOAMT H3Me-
HeHue norteHumana oT Uy mo U;. B mnnockocta { Och BemecTBeHHLIX
KOJMYECTR Pa3AECTUTCH TOUKOH @, COOTBETCTByWOmiell Bepiiuse A,, Ha
ABe vacTd, umelomue noreHuuadasl U, u U,. Ecnu Touky a, nomecturs
B Hayajle KOOPAMHAT, TO NOJe B IJOCKOCTH { OyRer TaKuM xe, Kak
Ha puc. 30.

SametuM, 9To mpu 3ToM { =£-}- /7 ywe He ABAACTCH KOMIIEKCHBIM
MOTEHLHANIOM HCCIAEAyeMOro noJif B fJIOCKOCTH 2, TaK KaK JUHHH
U==const He COOTBETCTBYIOT muHuAM ¥ == const. OAHAKO HaM u3BecTHa
$yukuua w==F ({), koTtopas npusonuT noxe, n3o6paxeHHoe ua puc. 37
B naockoctu &, K oaHopoasomy. dta dynxuus w=V }jU u Oyner
KOMIUIEKCHHIM NOTEHIIHAIOM HCCACAYEMOro [MOJIS.

B Bune mpumepa cayhas AByX NPOBONHMKOB B CAEAyOuUlEM rnaparpade
paccMaTpHBaeTCH BaXHHH cilydait NOAA y Kpaa (JOCKOLO KOHJEHCATOpa.
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§ 27. llone y xpas NAOCKOTO KOHAEHCATOPa

IMose y Kpas NAOCKOro KOHAEHcaTopa seomsopoaHo. Ilpeacraeaser
CymEcTBEHHOC NMPAKTHYECKOE 3HA4YeHMEe HaliTH 3TO Noje H, B YACTHOCTH,
onpefeiuTb, HA KaKOM PacCCTOAHMA OT Kpas KOHICHCATOpA None BHYTpH
HEro NpPaKTHYECKH YIKE MOKHO PaccMaTpuBaTh Kak oxHopoauoe. IIpen-
NOAOXKHM, YTO AAACTHHB KOHAEHCATOPa OrpPAaHHYCHB TONBKO C OXHOH
CTOPOHB M Kpas NAacTHH NEepreHauKyaspssl naockocTu z. Ha puc. 38
JKMPHHIMH JHHHAMH NOKA3aHB CAEIH NIEPECEUEHHS IIACTHH C ILIOCKOCTBIO 2.
[17acTHHL PAcHO/OXEHb CHMMETPHUHO OTHOcuTenbHO ocn OX. B Ta-
koM cayyae ocb OX ecTb JAMHMA paBHOro notesuuana. Ilonoxum aaa
gee UU==0. CaemoBaTeabso, noTeHuuans nnacTud Uy u U; paBHH N0

a6CcOIOTHON BeauuuHEe W MPOTH-

@ 7y BOIIOJIOXHB! 10 3Haky. [loaTomy
1
Uy= 5 (U; — U,). JocraTouHo
+ 4
—— e g —— — ———— \l’ .
P il BE S ® s
a‘\ ,sr
U=0 0 *
L]
l \
'Uz U=0
- Y it G A
|

Puc. 38

PaccMOTpPETh NOJe TOALKO Bhllle ocH OX, TaK KaK KapTuHa MOJA CHM-
MeTpHYHA OTHOCHTEABbHO Hee. ByleM coBepulaTh O6XOX HHTEpecyomieH
HAaC O6GAACTH MO OKOJO BepxHell maacTHHH ¥ OKoao ocH OX no nyts,
OTMEYEHHOMY BHa pHC. 38 NYHKTHDHOH nuHMeld, B HANPABAEHHH, YKa3aH-
HOM CTDENKO#.

ATy nNyHKTHPHYIO JAMHUIO MOXHO paccMaTpuBaTh Kak JIOMaHylo
¢ apyma pepulnnamu A; U Ay Oxono eepunnpl Ay NPOUCXOLUT NOBOPOT
Ha yroa a,=—m, OKOAO BepmUHH Ay Ha yroa ¢y=-+= B nio-
CKOCTH { Ha OCH BCIECTBEHHBIX KOJHYECTB TOUKY, COOTBETCTBEHHBIE
pepmHnHam A, u A, BuOepem: a,=—1 u ay,=0. Uurerpan (84),
ecad B HeM noaoxutsh C=—1, NpuHAMaeT BULI:

9
1
z.-:.AJ(C+l)—c—dC+B=A(C—l+lnC)—]-B_—= &5
=A@C4-1nl) LB

B nnockoctu { (puc. 38) mnose Takoe e, KaK ¥ PacCMOTPEHHOE
paHee Ha pHc. 30. Ero nerxo npeo6pasoBaTh B OJAHOPONHOE Ha
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naockoctd @ = V -} jU. Ilpn 3TOM MOXHO BOCHONL3OBAaTHCH BhIpaKe-
nueM (83), zamenne B neM { Ha @ u z Ha [ Tax xax » Hamem cay-
uae B 3TOM BHIPAXEHHH C/lelyeT NOaoXuTh a==% u U, =0, To Ha-
XonuM

w =%1n 4 Ve
IMpunse eme V, =0, 6ynreM umers:
U, ' 5‘, w

w = 1:’ In, nu f[=c¢

CnenoBarensno, paBercTBO (85) moxeT GuiTh 2alMCaHO B BHIE

T

z=A(EU§”+[%w)+B', (86)

TTocTosHHYI0 B' MOMXHO NONOXHMTH DaBHOH HY/MO, TaK KaK M3MeHe-
Hue B’ BeseT MMWIL K NapajienbHOMY NEPEHOCY oOCeli KOOpAMHAT
B naockocTu z (puc. 38). IMonoxus B'=0, MK TeM camMuM (HKCHDyeM
HAYan0 KOOPAMHAT OTHOCHTENAbHO Kpaes NJaCcTHH KOHaeHcaTopa. ITo-
“crofHHas A HaHaeTcd, ecnaM 3aMETHTh, 4TO [ BepXHEH MNJacTHHH

. d : .
z=x+)5 0 w= V -+ jU; 1, ciegoBatelbso, NOMKHO HMETb MeCTO

PaBEHCTBO!
. d AL O R )
xiig=AS T (v o= .
‘ e v k4 .
=A (—-eU’ +£7, V—{—_/rc),
OTKYHa

d d
'Q*IATE H A=271‘

1
3ametus eme, uto U, =3 (Uy — U,), HanuieM OKOHYATENLHO CB3b
(86) Mexay 2z W KOMOJGKCHEIM [OTEHUMAJIOM 7 =— V—-I—jU B BUIE:
2

_4( =g " 2z '
z——gz(E’ ! +U‘—,_U,7‘”)- (88)

Ionaras V ==const=V, n sanasascs psxom sHavennit U B uutep-
Bane U; < U< U,, monyuuM pax TO4EK, Nexallux HA CH/AOBOH JHHHH,
N0 KOTOpBIM U MOXEM NOCTPOMTL 3TY JUHHMIO. Jinsi IOCTPOGHHA APyrux
TMHAA HOCTOAHHYIO BeduuuHy V, GyaeM H3MEHSTb NDH Hepexoae OT
OfHOH JMHHM K COCCAHEH KamIui pa3s HA ONMHAKOBYIO Beanuuny AV.

Honaras U==const=U,, npuuem U, < U< U,;, n 3apasasch ps-
Jlom 3HaveHuit V, HaWllem TOuKH, npuHajjexamue OZHOH u ToH Me
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JYHMY PABHOrO MOTeHumana. JInuua paBHOro nOTEHUWana CTPOHM TaK,
YTOG bl 417 JHOGBIX BYX COCCTHUX AMHMH MMEI0 MecTO ycaosHe AU == const.
Ha puc. 39 nocrpoexo mnoae y

' Kpas [JI0CKOro KOHAeHCaTopa.

\ Becbma cyitecTBEHHO BHIAC-

HHTh, HA KAKOM PacCTOAHHH OT

Kpasi KOHIEHCATOPA MOXHO CuH-

TaTb I1107€ IIPAKTHYECKH OIHO-

+ poaubiM. C 3TOl 1e/BI0 HalaeM
MonoXeHne TOH TOYKH HA OCH
OX, B KOTOpPO# HaNPAKCHHOCTD
nons orauyaerca Ha 1%/, ot

-

s — U,

d
- %o oxHOpoxHOro noas. HampsxeH-
‘ X3 HOCTh B /MOBOH TOuKe 1OaA
cornacHo pasedcTBY (82) mmeer

/ 3HaYeHue:
dw |

HanpaxeHHoctu Ej=—

Vecopst | E=|7|
Puc. 39 CremoBarensHo,
1 d d e
Lo__idzy ¢ U — Uy
E— dwl_ U,—0, |© +1 l

Ha ocu OX noreHnman npuHAT PaBHEIM Hymo. [T03TOMy MaA TOuEK

2w
—=" —_—gqa, noayuaem Ha
N U:z - Ul -
ocu OX ypaeHeHue:

1 1
—E ='E; (EaV—‘i— 1).

Crano GbiTh,

E—E, E 1 aV
-——————-=—~—-—1=—V—————1=————V——.
E, E, e? +1 e+ 1
E—E, —
[Monarags ————2-=—=-— 0,01, noayunm ¢V =0,0101 u aV=—4,61.

E,
Ypasuenue (88) Ha ocn OX NpAHAMAET BHUI: x=%f—_:(e“"+aV).

BrOIs HafiieHHble 4YHMCAOBbLIE 3HaueHuA aV u e, maxomum:
d d
x=~—4,6—2—1; H |x—xol=3,6§7—: = 0,57 d,

TaKk KaK paccTosHHe A0 Kpas MaacTHH ocu OY ecth xpg=-—A=

d
=5 TTocaennee HETPYAHO YCMOTPETh n3 ypasuenus (87), Tak xax

X, == Xmax N0OJyuaeTcs npu V=0 u pasuo xo-—_——-A.
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Taxkum 06pa3soM yxe Ha PACCTOSIHMH OT KpPasi KOHAEHCATODa, UMelo-
WM [DOPANOK TOJMILHMHEL M30JAUMHM, TIOJAE MOXHO CYHTATh OJHOPOIHHM
C BEChbMa BBICOKOH CTENEHBIO TOYHOCTH.

B 3TaNlOHHBEIX BO3AYIIHBIX KOHAEHCATOPAX, PACCYATAHAKIX HA BHICOKOE
HafpspKeHue, B KOTODBIX pacCTOSiHME Mex]y MJIACTHHAMHM 3HAYMTENLHO,
IS UcKJodyeHus kpaesoro sddekta BH- .
IeJsioT B KaueCTBe pabouell 4acTu TOALKO 2 1
CPEHIO 4acTh maactuHel (puc. 40).
Kpa#t nnactunsl obGpasyet NpH 3TOM Tak
Ha3pIBaEMOE OXPAHHOE KOJbIL0, H30MUPO-
BaHHOe OT palbouedt yaCcTH NNACTHHEI, HO

aAnHoe

Ozpanoe /mnb}p

1\ %

Pabouan | vacmt b<_ [y’

IIREERERRENRAD),

P
Puc. 40 Puc. 41

uMetollee noTeHuMan U', Mo BOSMOKHOCTH G/IH3KMH K NOTEHHWAny pa-
Goueit wactu U'.

BHIOAHNTE TOYHO yC/OBUE paBencTsa notenuranoB U u U o6wuno
He NpPeJCTAB/AETCS BO3MONKHEIM, TaK KaK IOC/AefOBaTeNsHO ¢ paloueit
4aCThi0 KOHJEHCATOPa NOJ/DKHH OBITh BKJIOYEHK! Kakue-JuBo 3JeMeHT hl
cxemnl. Ha puc. 41 nokasano B BHJe NpUMSpa BKJOYEHHE KOHIEHCA-
TOpa C OXPaHHBIM KOJBIOM B MOCTe, HaxoafduweM ceGe MHUPOKOE MpH-
MeHeHHe NPH HCCJEeJOBAaHMM BBICOKOBOJBTHON u3omsuuu. To ofctofTens-
CTBO, YTO OXPaHHOE KOJBLO MPHUCOEAHMHEHO HENOCPEJCTBEHHO K 3a3eM-
JMEeHHON Touke cxeMbl, a pafouasd 4YaCTh IVIACTHHBl HMMEET COENHHEeHHe
C 3TOM TOUKOfl 4epes BeTmb bc MOCTa,— HE CYMIECTBEHHO, TaK Kak
B 3TOM MOCTE HaMpPXEHHe Ha KOHIAX BETBM b¢ BeChbMa Majlo TNoO
CPaBHEHHIO C HAMPSKEHHEM Ha KOHUAX BETBU ab.

§ 28. Ipajuvecknii MeTon mNOCTpOeHHS KapTHHBI MJOCKONAapaj-
JeJbHOro MmoJs

Bo MHOrMX NpakTHYeCKHX CAydasx (opMa CEUEeHHH 3apsKeHHBIX
NPOBOJHMKOB ¥ HX B3aHMHOE DACHOJIOXKEHHE HACTOJBKO CJIOXKHH, 4TO
TOUHMIA aHAJUTHYECKH# pacueT MO/ OKa3bIBAeTCH HEBO3MOXHbIM.
B ceazu c 9THM nonyuaer Gosbuioe NPakTHuECKOE 3HauenHe rpaduuecKui
METOX MOCTPOCHUA KapPTHHB nojd, KOTOPHH pa3paboTaH Nif CAYYaeR
IA0CKONapa/ICAbH biX NONIEH U TMoJAeH, OKpyXKAOIMX 3apsKeHHbe Teaa
BpallieHus,




76 Saexmpocmamuyeckoe noze fea. 11

Hau6onee npocTO MOCTpOEHHE OCYIIECTRJASETCA B Clyuae MIOCKO-
napannenbHoro noaf. JLo/mKHE GHTh COGMIOEHH CAGAYIOWME YCIOBHI:

1) cunOBHIE JMHMM M JHHHH DaBHOrO MOTEHIMana NOMKHEL mepece-
KATbCAl BCIOAY TOA ADAMBIM YIVIOM;

2) CHMOBHE IMHHH NO/KHB OHTh MEPNEHAMKYNAPHH K KOHTypaM,
OrpaHHYMBAIOIIMM CEYEHHS MPOBOAHHKOB;

3) suellkym ceTkH, O6Pa30BAHHOH CH/IOBHIMM JIMHWAMH H JMHUAMH
DaBHOrO MOTEHUMaNa, TMPH AOCTATOUHOH ryCTOTE CETKH AO/KHH GHTh
NpuGAH3NTENLHO TMOMOGHHN APYr APYTY.

TpeThe yCIOBMe COOTBETCTBYET TpeGOBaHHMIO, YTOOH mNpHpAlEHHE
notedunana AU mpu nepexone OT MoGOH JMHHM DaBHOro MOTeHUHAana
K cocegHeHl GniJ0 MOCTOSHHHM M 4TOGH Mo/e OHNO MOAPA3AENEHO HA

TPY6KHM DaBHOrO MOTOKA, T. €. YTOGH

6un0 AV =const. Ilpn Haanuuu Ta-

c‘,‘\ﬁ” KOro TpeGoBanus JpeThe YyCIOBHE
L\’ BHTEKaeT M3 ypasHenus (65):

ow_av
dn~ da

"
ka,¥

Eo—e—

]
|

Ecan 06034a4NTh CpeaHHE PA3MEPHI
H [~ fuelikh CeTkH: An— MO HaMpaB/IECHHIO
+ - cunosolt auuuM M Ag— Mo Hampasne-

HHIO AMBWM PaBHOrO MOTeHUHana (pwuc.
4 Y ~  49), 1o ypasueuue (65) npuGaMKEHHO
/ MOXeT GuTh HamucaHo B ¢opwme:

AU AV
Puc. 42 E=— An T Aa - (89)

Mpu ycnopusax AU =const n AV =const nmeem:

A
—i— ==k, = const, (90)

OTKyAa M c/leAyeT, 4YTO NpH NOCTAaTO4YHO ryctofi ceTke ee s4YeHKH
JOMKHH IDEACTABMATh COGOI0 MPHGIM3UTENbHO MOAOGHEE NPAMOYrob-
HHKH, ecaH ¢opma AueHku He CIMIUKOM HCKAMEHA KPHBM3HOH JMHHAL
Ho naxe M Npu 3HAYHTETLHOM MCKAKEHMH fdeeK, KOraa TPYAHO roso-
puTh 06 ux mono6uu, ycnosue (90) BecbMa nOMOraeT NMpaBHIbHO MO-
cTpouth KapTuHy no/s. OOHYHO DHCYIOT KAPTHHY MOJS HA-TAd3, CTpe-
MACh YIOBIAETBOPUTH [EPBOMY M BTODOMY yC/OBHAM, a 3aTeM yxe
[IOCTENEHHO BHOCAT MCTPABAECHMS TaK, YTOGH ya0BJAETBOPH/IOCH M TPEThe
ycnoshe. Pexomennyerca Ans 0G/eryenusi mocTpoeHus BHOHpaTh An=—
=—Aa. Ha puc. 42 B BHAC ApuMEPA MOCTPOEHO mOje MEXAY AByMA
NpPAMOMHEHHBIME LWIMHAMM MDSMOYTOJILHOrO CeueHHs, MMEIOMMMH ONHHE-
KOBBE 3apAABl PA3HOro RHAKA,
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§ 29. MpocrpancTeennas sanaga. [loxe saaHmconna spamenns

BrilensiomkeHHBE MeTOLB pacyeTa OTHOCATCH TOABKO K IJIOCKO-
napaijensHbiM HOonAM. B ofmieM cnyuae, xoria nosie H3MeHAETcd B Ha-
NpaBleHHH Bcex Tpex
KOODIHHATHHX  Ocel, Ye—2z—
TOUHOE PEelIeHHEe MOXKET
OHITH HOJYYEHO TOJBKO
A OTIAENbHBIX 4acT- ‘g}' ] Wiz.g)
HWX 3amau. Hangem Qi' /A
noie yeaWHeHHOro 3i- o y
AWACOMAA  BpaIleHHd.
HOonycruM, uro Gecko-
HEYHO TOHKag  HATh
INMHOIO 2a MMeeT 3apal
g, PaBHOMEpHO pacrnpe-
JeneHdeld 10  AnuHe

g
N

e
<n

Q

In

X B

N

N

>

Huty. Jlunehnas naort- f— a a
HOCTh 3apfia paBHa
q e—f———
To==
2a
Puc. 43

BeaencrBue cummer-
pUH OTHOCHTEJIBHO OCH
HHTH JOCTATOYHO pacCMOTPETh KAapTHHY N0 B OQHOH M3 IJIOCKOCTEH,
IPOXOJAIIMX 4Yepe3 OChb HHTH.

PacnonoxuM HuTh no ocH OX H COBMECTHM €€ CepeluHy C HauyaioM
KoopauHat (puc. 43).

IMorenunan B touke M (X, y), cornacuo dopmyne (47), paseH

+a
. j‘dx____‘:__j’ dx’'
Tame J 1w J Y ey

I

XxX—a

______j‘ d(x—x")
T e J V G—xr 4

Moncranoskoit f=(x —x') 4 y/ (x —x)?J-y* unrerpar npuso-
DUTCH K BHAY:

e dt
JI 4; ln:i;—;'-.
CnemosaTenbHO, te
U 9 1 xt+at+tVitarty ©1)

4ne 28 x—a+ Y(x—ap+ty* )
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JTunun pPaBHOTO MOTCHUUAMA ONPCIAEIIIOTCA YPaBHEHUEM!

x+at+Vxtaf+y
x—a+V(x—ap+y
O6o31aunB uepes r; ¥ ry paccrosiuus ot Touku M(x, y) /A0 KOH-

LOB 3apmKEHHOH HHTH W 4epes X; M X,— HPOEKUMH 7y H ry Ha ocb OX,
nepenyuieM MOC/IeNHEe DABEHCTBO B Buje:

==k = const.

Kk,
Xy 412 ’
Kpome toro, umeem:

2 2 2 2
rn— X :ygzrz—xQ

WiH
(ry %) (ry — x) = (ra + %) (ra — Xy)-
Crenosatennto, ntx po T2
ry+ x; ri—x

Taxuvw oGpasom, umeeM [Ba ypaBHeHus:
n-Fxi=kry-kx,,
‘ ry— Xg=kri— kx,.
CxnanwiBas npaBble W JMeBble YaCTH STHX YpaBHEHMH M 3aMevad, uTo

X, — Xq==2a, NOJAyYaeM:

r - ro+2a=*k(r; -} r;) — 2ak.
OTclona uMmeeM:

n-+roa=2a- :i}4=const.

DT0 3HAUUT, UYTO JMHMM PaBHOrG MOTEHLMala B IIOCKOCTH XOY
ABJAIOTCA 3amdlicamu ¢ ¢okycamu F; ¥ Fy B TOUKax Ha KOHHAxX Of-
peska 2a.

IToBepxHOCTH PaBHOrO NOTEHUHANA CYTh IOBEPXHOCTH 3JIUICOUROB
BpPALIEHHs, KOTOphie MOJAYYaloTCAd I[PH BPAIIEHUM STUX 3JUIHICOUIOB EO-
Kpyr ocu OX.

Ecmi ¢ ogHO# M3 9TUX NOBepXHOCTEH COBMECTUTH MOBEPXHOCTH IIPO-
BONAIIErO TEJa, MMEIOILEro 3apsif ¢, PaBHHHA 3apaly HUTH, TO MOJE
BHE Te€Jia OctaHercsi 6e3 u3MeHeHHs. CH/IOBHE JTUHUM I10]s1 PACIOT0KEHbI
B MEPUMMAHHBIX IIIOCKOCTAX, NpPOXOIAIMX uyepe3 OCh BpallleHus,
ABMAIOTCH runep60/amMu, MMEOWUMH (OKYCH B Toukax Fy H Fo.

§ 30. 'padruecknii MeTOX HOCTPOEHHS KAPTAHL MOJXst TN BpaNleHAs

IMoctpoenye noas, 06pa3s0BaHHOrO 3aPAKEHHHIMYM TEMAMH BpamieHws
¢ 06weH OCbI0 BPAIIEHHS, MOXET GHTh BHIIOMHEHO rPadUUYECKHM Iy TEM.
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Toae cTposT B omwolt M3 Mepumuanmwmx naockocrell. B eupe npumepa
Ha DHC. 44 NOCTPOEHO NOMe OKONO KPYIVIONG CTCPXHA, NPOXOAALIErO
4Yepe3 BhIPE3aHHOE B NJACTHHE KPYIIOE OTBEp-
cTHE.

Ilepsoe u BTOpOE ycioBHA, chopmyaupo-
BaHHBle B § 28 nas cayyas niockonapaanens-
HOrO MOJH, T. €. YCAOBHA NEPIEHIMKY ASPHOCTY
CWJIOBHIX JIHHUH NUBMAM pPaBHOrO MOTEHIIHANA
H, B YACTHOCTH, KOHTypaM, OrpaHWYUBAIOIIHM
CeueHus NPOBOAHUKOB, OCTalOTCA 6e3 uaMeHe-
HUH, TPEThe XE yCJOoBMe, Kacawouieect GOPMBI
fiYEEK, HECKOJbKO ycnoxuaerca. [Ipu spamenuu
KADTHHH [10J11 BOKPYT OCH 3apMMEHHBIX Tel
KaxnJas CUloBad JUHWA OIMIIET NIOBEPXHOCTh
Bpaulenus. MoxXHO ycloBMThcA BHOGUpaTh
3TH MNOBEPXHOCTH TaK, uToOB notoxk AW,
NPOXOAAMMA MEXAY HBYMA COCEHXHUMH [IOBEPX-
HOoCTAMY, BCOxy Obln onmuwnakos. Torpa, ecau
Ag —cpennee B npemenax sueliku mond pac-
CTOfMHUE MEXKAY DTUMH I[IOBEPXHOCTAMM, OTCUH- Puc. 44
THBAEMOE B MEPUAMAHHOA IIMIOCKOCTH MO Ha-

NIPDaBNEHUIO JUHHH DPABHOrO MoTeHuMana, ¥ E — cpensee 3Hauewue Ha-
NpPAKEHHOCTH B Npefenax OTpeska Aeq, TO:

AVg=2ar.Aa . E,

FA€ r— pacCTOAHUE OT cCepeiuHbl OTpe3Ka Aa N0 OCH BpamEHHA.
Takum oGpasom, umeem:
AU 1 A,

Ez—ﬁz 2zr " RAa * (92)

Tax xax AU=const n AWz=rconst, To noayuaex:

An

Ag —PRa T, rne ky= const. 93)
Taxomy cooTsOWEHHIO NPUGIM3HTENBHO W YHOBIETBOPAET MOJE, NO-

cTpoesyoe Ha puc. 44.

§ 31. I'paguuecknii MeTon noCTpoeHAs KAapTHHHI NOAS B ciayyae
HEONHOPOAHOHK H3OoAMpPYIOmeH Ccpexnl

Bce BHIEH3NOMEHHEIE PacueTH OTHOCHIAMCh K CIy4alo OXHOPOIHOH
cpeldsl. JlomycTHM, 4TO H30AMPYIOWAd CPEla COCTOMT H3 HEeCKONbKHX
OMHOPOAHBIX RMINEKTPHKOB C Pa3NUUHEIMM 3HAYEHHAMH &, MOpuueM Mo-
BEPXHOCTH pasfiela MEXIY IM3JIEKTPHKAMH B CIAYYa€ IUIOCKOMapanienb-
HOIO [OA# ABMIOTCHA UMIMHADHUECKMMHM I[IOBEDXHOCTAMH W B Clyuae
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noad Tea BPAWIEHMT — NOBEPXHOCTAMM BpalLEHUA BOKDYT obumell ocu.
Tlpu 5TOM, BHNOJAHA® NOCTPOEHWE KADTHHB NOJR, Jydlle u3o6paxath
HA PUCYHKE HE CHIOBHIE IMHHM, & JMHUM BEKTODPA CMCIUCHMA D, Tak kax
#a rpaHuue pasfena AByX AWDIEKTDPH-
€,, = —e803dy> kOB TDVG
pyOxu cMenieHust He npetepre-
€,, =Lb— oappop
e,,=§ € = 22— wacis BalOT pasphiBa.
E, Py T 6l”
rJ
6 =4 ~ Gywaza cuuranumon | | Yenosua (89), (90), (92) u (93)
I HECKOJBKO BuAOH3MeHsorcd. Tax Kak
D=—=¢E u A\FD=EA\FE, TO 6y,u.eM
+H  umers maw caydas IOCKONapananensb-
HOro MoJs:

b I
An & Aa ?

)
ra

v
roe ¥ip= TD—nom}c cMewenns, pac-

%, CYHTAHHBIH HAa EMUHHUIY JMMHBE IIpO-
poaos. CnenosaTenbHo, AAf MJIOCKO-
napanjenbHOro MOJS [OayvaeM ycao-
BHE:

i A
b ! i | o =tphy, (94)

Nemann

roe k,==const u &,— AU3NEKTPHUC-
cKan MPOHMUAEMOCTh B TOH 0061acTH,
rae cTpouTcs fAueHKa ceTKH MoaA
JOns cayuasw noss Tea BpalEHUA

Puc. 45

AU 1 AV,

E=— =%, 50

A
TALal = re,fy, Tle ky==const. (95)

Kpome 3T10ro, HEOGXOIMMO IMPMHATH BO BHHMAHMC yCHOBHE (60) npe-
ROM/IGHMA nHHHMB SJEKTPHUECKOrO CMEIleHws Ha rpaHule pasinena Asyx
muanekTpukos., Ha puc. 45 wu3soGpameHo mnone TpancopmMaTopHOro
BBOL4, MpeACTaBIAUIEr0 cOGO# Teno Bpaulenus. IIpu BHMMATEALHOM
PacCMOTPeHMM 3TOTO PHCYHKa MOKHO. MPOCASIMTb BCE NEPEUNCICHHEIE
BHIE OCOGEHHOCTH TMOJS: JMHHHM CMelleHMs BCIOAY HOPMAajbHH K no-
BEPXHOCTAM NPOBOAHHKOB, OHM TIEPECEKADTC C NHHHAMU PABHOLO NOTEH-
uMana NOX NPAMbHIM YIJAOM, Ha FpaHuie pasjeina ABYX [HIJICKTPHKOB
AMHUH CMEUIeHM W3MEHSIOT CBOE Hanpasnedde, (QopMa fAYCEK CETKH
nonst MpHGIH3UTENLHO yAOBAeTBOPAET yciosuio (95).
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§ 82. Meton 3epranpHbIXx H306pawennii

Pacuer noaa sapameHHBIX NPOBOXHHKOB, PACHOJNOXEHHMX BOIH3H
IIIOCKHMX [OBEPXHUCTEH, OrPAHHYMBAIOMWIAX NPOBOIAILYIO CPENY, CBOMNTCS
IpH NOMOM METOJA 3€PKaJbHHX H300paMeHHA K pacuery 1o.d He-
CKOJIbKMX NPOBOXHHKOB IIPH OTCYTCTBHH HPOBONAMIEH CpEib.

PaccMoTpum mone npamoiuHeNHOro NpoBOxa, PACHONOKEHHONO Ha
paccTodHmM £ OT IUIOCKOH NOBEPXHOCTH NPOBOAAMIEH Cpeb (puc. 46).
OTO COOTBETCTBYET, HalpHMep, IPOBOLY, NOABEUICHHOMY Ha BhIcOTe A
HAX NOBEPXHOCTBIO 3eMian. Bce CHIOBBIE JMHHM, HauMHAIOMHECH Ha 1O-
AOKHTENLHO 3APAKEHHOM NIPOBOJE, 3aKAHYHBAIOTCA y NOBEPXHOCTH NPO-
BOJsNIEd CpeAbl, e HOABJIA-
€TCH HHAYKTHPOBAHH LN OTpH-
HareabHpth 3apan. Ioae onpe-
OEseTCH KaK 3apagoM Ipo-
BOIa, TaK M BCEM 3apsioM,
pacnpeneseHHbIM 110 NOBEPX-
HOCTH NpOBOZAIEH Cpeabl.
Pacnpencienne muayxTupo-
BAHHOTO 3apsiiad M3 yCJIOBHHU
3a5ayy HC H3BECTHO M TaKKC
NIOMJIEXHT ONpEREIEHHIO,

Ha nepsuiit B3rasy sagaua

pacuera noJas B TAKOH cucteMme
KaXeTcd JOCTATOYHO CIOXK-
Hoil. OZHaKO OHAa pemaercs
B€ChMa NPOCTO IIPH NOMOLLH
METOAA 3epPKaNbHBIX H306pa-
Henuh. YCTpPaHUM MEIC/EHHO Puc. 46
NPOBOAAILYI0 CPEXY H 3ame-
HHM €e MPOBONOM, ABJAIOMMMCH 3ePKALHWIM HM306paeHneMm peansHOro
IpOBOAA B MOBEPXHOCTH Dasfeld M HMEIOIHM 3apan ToMH e BEIHUMHLI,
UTO M 3apsn peaabHOro NPOBOAA, HO IPOTHBONOIOKHOIO 3HaKa (puc. 46).
HeficTBuTeAbHBIA NPOBOL H ero 3€pKajbHOE H300paKEeHHE COCTABISIOT
JBYXNPOBOLHYIO IMHHIO, 10JE KOTOPOH H3006paxkeHo Ha puc. 24. Hs
puc. 24 BAHO, 4TO IJIOCKOCTb, PACHOJOMEHHAA NOCPEIHHE MEXIY
ACHCTBHTEILHLIM TIPOBOLOM M €ro 3€PKajbHBIM H306paXKEHHEM, ABJIACTCA
TOBEPXHOCTBIO PABHOrO NOTeHUHaNd. B AeHcTBHTEARHHX yCA0BHAX 1HO-
BEPXHOCTh NpPOBONALIEH cpexbl Kak pa3 COBHNANAET ¢ 3TOH ILIOIKOCTBIO
M TaKXke HOMKHA ObITh IIOBEPXHOCTbIO paBHOrO moTeHumana. Orcloza
CJACLyeT, HTO €C/IH 3aMCHHTh NPOBOMANLYIO Cpeny 3epKalbHEIM U306pa-
HEHUEM NDOBONA C M3MEHEHMEM 3HaKa 3apsfa, TO B 06JacTH Hal npo-
BOJAmE! cpeaOR MOJE OCTaHETCH TaKMM XK€, KaK H B HCHCTBHTEABHHX
ycaoBuix. B 3TOM M 3aK/IouaeTcss METON 3epKajbHHX H300paimeHuH.

OTOT MeTOn NPUMEHAM M B cayuae MOGOrO WMCHAA JHHEHHBX NPO-
BOIOB, NPOTAHYTHX MaPaNIEAbHO APYr XPyry ¥ HApauieNbHO MJAOCKOH
NIOBEPXHOCTH, OrpaHHuMBalomel npopomAmylo cpeny (puc. 47). Kaxaui

6 Teopna DJIEKTPOMATH, HOAA
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NpOBON NOMXKEH ObiThb 3epKaAbHO OTPAXEH B MOBEPXHOCTH MPOBOAAILEH
cpelsl ¢ uW3MEHEeHHEM B3HaKa 3apANa, NOCJe uero MpoBOMAulas cpela
MOXeT ObITh MBC/IGHHO yJajeHa M pacCMOTPEHO IO/ COBOKYMHOCTH
AeHCTBATE/BHLIX TMPOBOJOB H HX 3EDKaib-
Helx H306paxennli. B TakoM mone ILio-
CKOCTb, DACHOJIOWEHHass Ha MecTe MOBEpX-
HocTH TpOoBOAsiieH cpelw, sABAETCH MO-
BEPXHOCTbIO DABHOIO MNOTEHLHAanNa, TAK Kak
3apAlN NPOTHBOTIOJONKHBIX 3HAKOB pasMe-
HieHbl CHMMETPHYHO OTHOCHTEAbHO 3TOH
naockoctd. CaeqoBatedabHO, HalileHHOE Ta-
KuM IyTeM none u Oyaer AeHCTBATEAbHBIM
noseM B 061acTH Hal MOBEPXHOCTbIO NIPOBO-
oaued cpeasl.

Merton sepkanbHbIX H300paWeHnH TaKxke
mMoxer OblTb HMCIOAb30BAH, KOria npoBOds-
mag cpefla orpasHdyeHa ABYMs INIOCKOCTAME,
CXOASLIMUCA MO yrJIOM ¢ =—=%/f, TA¢ n—leaoe YuCa0, NPHYEM Yroa
@ OTCUMTHIBAETCS B [HM3AEKTPHKe, Ile paccMatpuBaeTcs noae. Pasnenus
BCE MpPOCTPAHCTBO Ha ONMHAKOBBIE YACTH IIOCKOCTSIMH, I€PECeKalouly-
muca nox yraom o (puc. 48), uTO BOSMOXHO TOABKO, €CIH 71 €CThb
len0e YHCI0, M MOCAeJ0BATEALHO OTpaxas NPOBOJ B 3TUX ILIOCKO-
CTAX, MOAYYHM CHCTEMY H3 JeHCTBHTEJABHOTO MPOBOJA H CEPHH €ro
sepKkaibHbix  u306paxenuit. B

0Ae TaKOH CHCTEMBI MAOCKOCTH A
A—A" u B—B' ssasorcs AN
[AOCKOCTAMH PaBHOTO MOTEH- -
uMana, TaK Kak 3apsibl MPOTH- Priad
BOIOJOMCHEIX 3HAKOB Pa3MELICHb! v Al
CHMMETPHYHO MO OTHOUICHHIO K o
, =const

uuM. Ilostomy mose 3TOH cu-  B--=-4---)--2¢ o 77,8
CTeMHl COBIALAeT C AEHCTBATEMb- AN ‘,,‘;-;-_"
HWM MOJeM B TOM YacTH NpoO- L N }
CTpaHcTBa, Tle TOcAeIHee Cy- VN
LECTRYET. Ranit S

B paccMoTpeHHBIX mpuMepax A"I 5
HCCAENOBAIOCH MOAE TPSIMOMH-
HeHHBIX OEeCKOHEYHO [IAMHHBIX Puc. 48

IPOBOAOB, MapajiesabHbIX IIN0-

CKOCTSIM, OrPaHHYMBAIOLIAM NPOBOAsALLYI0 cpely. OnHaKo MeTOd 3epKaib-
HBIX u300paxeHuii B NOJHOH Mepe NPUMEHHM W I/sl CAyyas 3apsKeHHBIX
Ten moGoH ¢opMbi, PACTIONOMEHHBIX B HHIJAEKTPHKE OKOJIO YKa3aHHHIX
[IJ1I0CKOCTEN, OrpaHnYMBAIOUIMX NIPOBOASILYIO Cpely. JHelcTBATEABHO, 3aMe-
HAsl MPOBOIMILYI0 CPely 3ePKaJbHHMA M300paKeHHAMH T, Mbl NOAYUHM
npu COGMONEHun ycaoBHA a=w/n, Tle n—uenoe (puc. 48), Bcerna
CHMMETPHYHOE PacCro0XKeHHe 3apaloB OTHOCHTEALHO IAOCKOCTEH, HAaxO-
IAMXcsl Ha MecTe MOBepxHOcTel pasgena. CrenoBaTelbHO, CHIOBHE
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JHHAH JOMKHN OniTh HOPMajdbHbhi K ITHM IUIOCKOCTHAM, T. €. 3TH IJIO-
CKOCTH ABJAIOTCA NOBEPXHOCTAMH DABHOrO HOTEHUWANa, YTO W HOMKHO
6uTb coGmoneno B peadbHoit 3anmave. EcTecTBEHHO, YTO NOJe 3apsKeH-
HBIX TeJ CT0XHOR (QOpMH yxe He OygeT HJIOCKONApaje/bHLIM.

§ 83. Ifporoxamee TenO BO BHEMHEM 3JAEKTPOCTATHIECKOM mONe,
ANEeKTPOCTATHYECKOE SKPAHHPOBAHHE

B npenmaymmx naparpadax HCCeNOBaJIACh NMOAR 3apPAMEHHHX Ten.
Ilpu sToM mpeanonaranoce, yTo BCe NOJE CO3NAHO TOIBKO 3apALaMH,
pacloJ0KEHHHMHE HMEHHO Ha 3THX Tenax. )

Hepeako BcTpeuvaioTcs Gosee CJIOXHEBle 3a- ;

Jayl, KOrAa NpOBONALIEE TENO0, 3apPHKEHHOE \/\ ,+/
HJAM He3apfXKeHHOe, BHECEHO B 3anaHHoe _ v +
BHEIIHee 3neKTpHYeckoe noJe. [Tone BHyTpH - +
NPOBOASALIErO Tela NOMKHO WCYE3HYTh. B - 3 +
NpOCTPaHCTBE BHE Tesa BHelllee Ifose u3Me- - | ‘ +
nuTca. Ha noBepxsocTH Tena HaBexyTcs - +
(MHAYKTHPYIOTCA) 3JEKTPUUECKHE 3apAAH. N :

10 AABACHHE HA3LIBACTCH RBACHUEH INEKMPO- /t\./
cmamuveckol undyxyuu. Hapuc. 49 BBuIC
NpHMEPa NOKa3aHO pe3y./bTHPYIOILEe HOJC
OKOJIO MNpOBOISAIIErO Tesla, BHECEHHOTO B
nose 3apAXEeHHBX IJIaCTHH.

Ecan BHeceriHoe Teno He 6hln0 3apsiKeHO, TO CyMMa HaBeQEeHHHBIX
Ha HeM 3apajOB OKa3WBaeTcs PaBHOH HyWMo.3apsibl 3TH pacnpenciIsioTcs
TaK, YTOGH HX NOJE BHYTPH NPOBO/ALLETO Teld B TOYHOCTH CKOMIEHCHPO-
Baj0 MOJE BCeX BHeWIHAX 3apagoB. Huuto He U3MeHHTCH, eclH HpPOBO-
asulee Tea0 OydeT noiniM — BO BCCH MOJOCTH Telda Moue Takxe GyneT

Puc. 49

Counuosan oburlguka
Qasrive rposoda,

7, Sa3eunenue

Puc. 50 Puc. 51

OTCYTCTEOBaTh. DTHM OOCTOATENsCTBOM LIMPOKO WOMB3YIOTCH M4 S7eK-

TPOCTATHYECKOro 3IKPAHHPOBAHAN NEKTPAYECKHX H3MEPHTEIbHHX Ipu6o-

POB H 31eMEHTOR H3MEPUTE/NbHEX CXeM OT BHEIIHHX 3AeKTPHUECKHX MOJeH.

C sTo#t ueasio MpHGOPH HOMEmAIOT B 3aMKHYTHE MeTalAuucckHe 060-
*
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NOUKH, HasbiBaeMble axkpaHaMu. Kak noxaswiBaeT OIHT, ZOCTaTOYHO BbI-
HOJHUTH JKPaHbl U3 MEJKOH METaJIMYECcKOR CEeTKH.

Eca KenareJbHO [OpPHAATh CaMOMY 3KpaHy MOTEHUWas, paBHbIR
HY/IO, TO 9KPaH COCIMHAIT C 3emiell. ITO OblBacT MOJE3HO, HalpH-
Mep, B cayuyae, ecid OT npubOpa, 3aKMOYEHHOrO B 3KPaH, BHIXOMAT
NPOBOAHMKY K BHENIHEH CxeMe, KOTOpad HAaXOJWTCA Np¥ noTeHuuase,
6/1M3KOM K NOTEHIMaly 3eMJu.

3azeMicHHLIE 9KpaH CIIOCOGEH B DPaBHOH Mepe 3aulMTUTh BHEIIHEE
IPOCTPaHCTBO OT IO/ 3apAAQB, MOMEUIEHHBIX BHYTPM IKpaHa.

[10106HYI0 3KPaHMPYIOULYIO POJIb MIPAET 3allMTHAsd CBUHIOBasg 0060-
nouxka kabeaeft (puc. 50). ITlosme, cymecTBylomiee MeXIAy OTACHbHBIMM
nporojamu Kabend, He BHIXOAMT 3a Npeieibl CBHHIOBOH 060JI04KH, H
STHM HCKJIOYAETCA 3MEKTPOCTATHUECKOE B/MsHME KaGens Ha Giusnexa-
mMe NpOBOAA auHUA cBasd. HMuoraa B xaGele 9KPaHMPYIOT KaMIAHH
nposox B OTAeAbHOCTH (puc. 51), ueM mocruraercss Gosee paBHOMEPHOE
pacrpeneieHue NoJas OKOJO KaXJ0ro M3 nposofOB KaGens.

Hurtepecyacs pe3yibTHPYIOUMM I10JEM, KOTOpOE O06pa3yercd BHE
NpOBOAANIErO TeJa, BHECEHHOrO BO BHEIWIHEE MO/, HANpuMEp, B ciydae,
[OKa3aHHOM Ha puc. 49, MB JOMKHH paccMaTpuBaTh 3TO NOJE Kak
pesynbTaT Ha/MOXeHWs IO/ HaBEJEHHLIX Ha Tese 3apAf0B Ha 3alaHHOC
gHemHee noje. Eciu, KpoMe TOrO, BHECEHHOE TENO WUMEST CyMMapHblit
3apafl, OTJMYHBIA OT HyJasd, TO Heo6XOAMMO HAJIOKHTb eule W 1ose
storo 3apsana. IlpuMep pacu€Ta pesyabTUPYIOUICrO MO/ NPUBCICH
B § 36.

§ 34. Teno 43 H30AHPYIONIEro BeMEeCTEA BO BHEHIHeM
3JeKTPOCTATHYECKOM MoJae

ITpakTuyeckoe 3HauyeHuWe TaKKe MMeeT Ciyyaid, KOria BO BHCIUIHCE
10JI¢ BHOCMTCH TEJ0 M3 M30JMPYIOMEro Bemiectsa. Teno moaspusyercd.
[TonoxureapHble 3apAibl, BXOJAllMe B COCTaB aTOMOB M MOJEKYJ Be-
IIECTBA, CMEIAIOTC B HANpaB/CHUW 110/, OTpUllaTelbHbIe — B IPOTHBO-
10;10HOM HanmpasiaeHud. Ha nosepxHoctd Tena nosBAfIOTCA CBA3AHHBIC
3apafbl pasHbIX 3HaKOB. JTH CBf3aHHble 3apsAAbl CO31a0T CBOE 1OJC
Kak BHyTpM Teénma, TaK # BHe ero. Hanpsaennocts E pesyiapTupylouiero
N0As ABJAETCA FEOMETPMYECKON CyMMoi HanpsxensocTd E, sHemuero
nons v HanpskenHoctd E; nons cBAsaHubix 3apanos. TpyaHOCTH 3alauu
3aK/mouaeTca B TOM, YTO I[OJfApU3alMA BElmIECTBa, a CJAESN0BaTe/lbHO, H
CBA3aMHBIE 3apAlbl, ONPENETAOTCA Pe3yabTUpyomel HanpskeHHOocThio E,
KOTOpasd CaMa 3aBUCUT OT CBA3AHHLIX 3apAoOB.

Ecnu Teno us wsoampyloulero seulecTBa HaxOAUTCA B NYCTOTE WIH
BooGuie B cpene, AMIICKTPHUYECKasd NPOHMIAEMOCTh KOTOPOH MeHblue
JU3ICKTPUUECKON [TPOHUIAEMOCTY TE/a, TO BHYTPH TEJa NOJE CBA3AHHBIX
3apa]OB HANPaBJEHO NPOTHR BHEIIHEr0 1noJd, DTO HETPYIHO yCMOTPETh
us puc. 52, Taxkoe noJae cBA3aHHHEX 3apsaJ0B BHYTPH TE/la Ha3bplBAIOT
0enoARpU3VIOUUM IAeKMPUMecKuM NOJeM v HANPMKEHHOCTH €ro 060~
sHavaioT uepes E_.
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3agasa pacueTa Noas 3akiapuyaercs B caeayiomeM. Heo6xoaumo
HallTH paclipelie/ieHHE CBH3AHHBIX 3apAA0B, CO3MAIOLIMX TakKoe Hoje, Ko-
- TOpOe, OyayuYM HaMOXEHO Ha 3aJaHHOE BHelIHee 110/, MAeT pPe3yIbTH-
pywoiiee [1071e, yI0BAETBOPAIOUICE TPaHHYHBIM ycaoBHaM (58) u (59) Ha mo-
BEPXHOCTH Tena: PaBEHCTBY KacaTe/lbHBIX COCTaBAsOMMX BeKTOpa E M pa-

. Ec [ \
\ [l

€

m
P
—

Brewnee none None cbmamnoz  Pesynsmupyromee nond’
saprged
Puc. 52

BEHCTBY HOPMajdbHBIX COCTaBAsIOMMX BekTopa D 1o o6e CTOPOHH
noBepxHocTH. B caeayomem naparpade paccmMoTpeH mnpoctefiin#i npH-
Mep 3ajayH TaKoOro THIla.

§ 35. IusneKTpHYECKA IMap BO BHEIIHEM OAHOPOJAHOM MOJe

IlycTh wap K3 H30JMPYIOLIEro BemleCTBAa BHECEH BO BHELIHEE OJXHO-
POIHOE [10/1e HAlIPKeHHOCTH E, cymecTyomee B nycroTe. [Ipeamnoioxny,
4TO Map IOAApH3yeTcs OJAHOPOAHO, T. €. YTO OJHOPOJIHO pe3yJbTH-
pyiouiee Ione, CO3/JAOILEE [IOAAPH3ALMIO, a CAEJ0OBATEABHO, OJHOPOIHO
u Jellonspusyiowiee I0Me CBA3aHHBEIX 3apsI0B.

OGo3HauMM HallpSXKEHHOCTh Jenonspusymomero noas depes E_. Cae-
J0BATENbHO, HAIPAKEHHOCTD Pe3y AbTHPYIOuero 1o/ BHYTPH Hiapa Gyaer

E"=E0—E°.

Hanpasum oce OZ B cropony sHelHero mnoias (puc. 53). B cuay
CHMMETPHH OTHOCHTEAbHO oci OZ NOCTaTOYHO PACCMOTDETh [10J€ B OJHOH
MEPHANAHHONA IITOCKOCTH.

Iotenunan U' BHYTpH wapa Hafizercsh U3 yCJOBHSA:

oUl’
dz ’

J A

oTKyna
U'=_—E"z -} const.

Monaras U"=0 npu z==0 u 3ameuast, 4TO Z=={COSP, MONyUHM;
U'=— (F,—E_)rcosg, (96)
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ITpu stom cocraBasioman — E rcos¢ mpeactasaser coGOi0 MOTEH-
uMan BHEUWIHEro moad, a cocTasigioman E_rcose-— NOTCHUHAM TMOAR
CBA3aHHHIX 3aDANOB BHYTPH Iapa, €clTH NPHHATH, YTO MOTCHUMAN DaBeH
Hyn0 Ha niaockoctd z2=0.

Bo BHeIHEM TMPOCTPAHCTBE OJHOPOIHO MONAPU3OBAHHBIA wap co-
graeT moJce TAKOE XKe, KAK 31eKTPHYECKUN JAI0/b, NOMEIICHHHA B UEHTpE
mapa. JeficTBATCIHO, HENONAPUSOBAHHEIA JUDICKTPUUCCKRH Wap MOMHO
mpeacTaBUTh ce6e KAK 1BE HATOMCHHHX OPyr Ha Apyra PasHOUMCHHO
3apskeHHBIX cepHl C 3apAgaMH, PaBHOMEPHO DAaCHPEAENCHHBIMH MO HX
o6nemy. DTh 3apaAe  OGPa3yIOTCA COBOKYNHOCTBIO MOJOKUTETBHEIX H,
COOTBETCTBCHHO, OTPHLUATENbHBHIX 3JACMEHTAPHEIX B8aPANOB8, BXONSIIMX
B COCTa8 MOJEKy1 AH3NeKTpuka. IIpd OJHOPOZHOH mMOARpU3aUMK Bce
MOJEKYAH nondpuayioTcs oanHakoso. Ilycts d-— niuna ocelt ane-

E, 2 \
]
i /
an
(el
\~-..4-' \\\
Brewnee none flone cOnsanpels Peay/lnmépy/meenoﬂe
sapsdad
Psc. 53

MEHTApHHX AunoieH, T. €. CpeiHee PAacCTOAHME, HA KOTOPOE CMemaloTed
Apyr OT Apyra B MOJEKy7Tax 3apfinl NPOTUBOMOMNONHBIX SHAKOB. Becs
NONAPH3OBAHHBIA AP SKBUBAICHTCH ABYM PaBHOMEDHO M Da3HOMMCHHO
dapsieHHBIM cdepaM, CMCIUCHHBIM APYr OT APyra Ha paccrosnue d.Ho
Kamgaa cdepa CO3I4eT BO BHCUIHEM NPOCTPAHCTBC TaKoe XKe Mo7e, Kak
ecnu 6wl Bech ce 3apad GHI cocpeIoToueH B ee uentpe. CaexosaTensHo,
IBE CMEMCHHHE APYr OTHOCHTENLHO Apyra cepnl 3IKBHBAICHTHH JH-
nosmo.

“Tak Kak paauyc R wapa MHoro 6osiblie AauHsl d JANONA, TO BHC Wapa
MOTEHUMAN TOMd, BHI3BAHHOrO MNOJSPH3auUMEdl IMapa, onpeaetuTes ¢op-

rﬂ
JIEHTHOrO noAApu30BaHHOMY mapy. Hanaras stoT mnoTeHuuan Ha mo-
TCHUMAJ BHCIIHErO ONHOPOAHOro TNoig, 6yleM MMETh BHe Miapa:
U'=:——Eorcoscp—|—%7%)§3. 97)
0603HaunM pe3y/bTHPYIOULYIO HAMPSHKCHHOSTb W BCKTOD CMCLIEHHS
nona BHe mapa uepes £ u D'. Hcnoasayem ycaoBHi (58) n (99) ua
1JOBEPXHOCTH wlapa, ‘ ‘

S
myno# (35) z—rii—? , TAe p— 37CKTPUYECKHA MOMCHT JHNOJA, SKBHBEA-
'}
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Ilpn r=R numeem:

. " /1 e /1 AUy
E;j=— E; wad|{— — = :l—_‘_'__
¢ 3 Hmk ; ?) \ = - )r==R’
1. €.
—E, smq:-l—”s"‘” —(E,—E.)singp_
C/e10BaTeIbHO: E o= P ' (98)

o T 47190}23'
Kpome Toro, npu r=R

‘ o o oy
D,=D, wm ¢, (——E_—)r=R=s(~———pr >r=R'

&, E, cos:p—l—pcosq’__s(E —L_)cose.

T. €.

CaenoBaTenbHoO,
P
5050 —I— —‘Z-nE‘— == EEO — SEO.

Vcnons3ys Buipaxende (98), umeeM:
ggEy+ 2¢0E, =¢e¢Ey—¢E,

E, = au B 99)

TakuM 06pasoM, MOMCHT 3KBHBAIEHTHOIO IHNOJIA paBeH

p = 4me R3E_ = 4xR%, 22 E,. (100)

—|-2s

Ham ymanocsh Buipa3uts p u E_ depes wanpixenxocts E, 3alau-
HOTO BHewHero noid. IIpd 3TOM rpaHuyHble YCJHOBHA Ha [OBEPXHOCTH
miapa ymoBJACTBOPAIOTCA IJIE BCeX TO4YeK MNOBEPXHOCTH, T. &. Iiaf JIo-
Goro snaueHus ¢ npu r=—=R. CregoBaTeabHO, Halle NpeAnOIOKEHHe, YTO
map B OJITHOPOAHOM MOJe MONAPH3YETCA OXHOPOIHO, INPABHABLHO.

HerpyaHo HaiTH pacnpelefieHde CBA3aHHLIX 3apAf0oB NO MOOBEpX-
HOCTH wapa. VIMeHHO, noBepXHOCTHaA NAOTHOCTH G 3TUX 34pAl0B DaBHA
HOpMa/JbHOH COCTAB/AIOUIEA BEKTOpa NOJAAPHU3ALHH.

6= P,= Pcoso,
rae '
Y e—g, .
Pe o AT (0

Mu mamau pacipeneneHde CBA3AHHBIX BAPAAOB M3 yC/AOBHA, UTO
map nojfpu30BaH OXHOPOAHO. MoxHO BblckasaTh -o6paTHOE NOJIONKeE-
HYe, YTO pacnpefeicHUG CBA3AHHMY 3apAlOB HA NOBEPXHOCTH Wapa
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¢ MIOTHOCTbIO, MPOMOPUHOHAILHON COS?P, BHI3HIBAET OXHODOIZHOE JE-

NOJspU3yIolliee MOJie BHYTPH 1Iapa.
MoOxHO IOKa3aTb, UTO TAKHM JKE 3aMeyaTe/lbHbIM CBOACTBOM MOaA-
pH30BaThCs OAHOPOAHO BO BHELIHEM OXHOPOAHOM OJE 06A3aeT /UM~
coun. lllap sasastercs ero 4YacTHBIM

& cllydaeM.
j Onmnako HeTpyaHo coO0pasuTh,
H\+ L 4YTO TEeR0 MNpPOH3BOJAbHOH (OpMLE

Oymer MOJAPHU3OBATHCS B OMXHOPOX-

HOM MoJie HeogHopoaHo. PaccMort-

PHM, HanpHMep, UHIHHID KOHEUHOI

IUTMHBI, TOMEILEHH Bl B OXTHOPOIHOE

noje Taxk, 4ro ero o6pa3dyioliue

COBMAZAIOT ¢ HAmpaBJeHHEM [MOJis

Brewnee none  None cOasampoix 3apsdol  (puc. 54). Ecan npexnonomxurs,

gg‘;:j”"” noU MOATPY=  y1o UMAMHAP MOAAPUIYETCH OTHO-

POIHO, TO cBsI3aHHHIE 3apsiabl MO-

Puc. 54 ABATCA TOIbKO HA €ro Topuax.

OueBugHo, 1P 3TOM mOJe CBA3AH-

HbIX 33pPAI0B HE MOXKET OBITh BHYTPHM UMJIMHIPA OXHOPOAHBIM, 4 cJie-

IOBaTe/NbHO, HEOXHOPOAHBIM GYyZET # pe3yAbTHPYIOUEE T[OJe, 4To
[POTHBOPEUUT MPERNOIOKEHHIO 00 OTHOPOIHON MOMIPHIAIIHHU.

P
~——

§ 36. Metanauyeckuil map BO BHelIHEM OXHOPOXHOM mMoJe

3anaua, paccMOTpPeHHas B mpeaslayuleM naparpade, Ho3soaseT HalTH
NI0JIE, OKPYXAIOLIEE METa/JIMYECKHH map, BHECEHHBIH BO BHellHee MOJIE.
BuyTpn mapa noJsie OO/MKHO OTCYTCTBOBaTh M MOTEHUMAT B OGBEME
wapa JOJOKeH HMeTh HOcTOosHHOe 3Hauenue. ClexoBaTe/pHO, 3apadsl,
KOTOpble HaBOMATCA Ha MOBEPXHOCTH LIapa, MO/MEKHB CO34aBaTh BHYTPH
mapa ONHOPOXHOE IO0JIE, MOJHOCTHIO KOMIEHCHDYIOLEE BHCUIHEE MOJIE.
Kaxk BbiTEKAaeT M3 PaccMOTPEHus, NPOU3BEACHHOrO B NPENBIAYIEM Ma-
parpade, Takoe moje ofpa3dyercs 3apsiaaMH, [MOBEPXHOCTHAA MIOTHOCTb
KOTOPBIX NPONOPIHOHAABHA COSP. Bo BHeliHeM npocTpaHCTBe 3TH 3a-
PSRBl CO3J410T MOJE TAKOE e, KAK KBHUBA/JAECHTHBIH THMO/ib, HOMEUICH-
HEH B LeHTpe mwapa. Takum oO6pasom MHTepecylollass HAC 3aga4a CBO-
AMTC K mpexbiaymiedt, ecan B Helt nonoxuts E'=FE —E, =0, T. e.
E,=E,. Coraacno dopmyne (99) 310 paseHcTBO focruraercs B Hpe-
nene npu e==00, [losTomy mnoas BexkTopa E oxuHakoBH B ciydasx
METa/IHYEeCKOro iapa M 1apa M3 AMDJIEKTPUKa npu e=00. Bnae mapa
B 000MX ciyyadx OJMHAKOBBI W noasi BekTopa D. OxHako BHYTpH mapa
U3 [OU3JIEKTpUKA BeKTOp D M npH € =00 ocTaeTcs KOHEUHHM H HE
paBHbBIM Hymo. FlvenHo, yuutbiBast paBeHcTBO (101), umeem:

D =¢E |+ P=P==23¢E,

D10 c¢BA3aHO ¢ TEM, MTO TPYOKM BEKTOpA CMEULEHHS HENMPEPHIBHbI
Ha FPaHplC AWNEKTPUKA M, ¢FYWLaRCh BHYTPM Tena ¢ GOALUIOH AM3/CK-
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TPHUYECKON NPOHHIIAEMOCTHIO, OHH MPOXOJAT yepe3d Tejo Ge3 pa3phiBa.
CesizaHHble 3apaabl Ha CPaHULE ABYX JMIICKTPUKOB He AAIOT Hauajla
HOBHIM TPy6KaM CMELIeHHd.

B cayyae Xe MEeTaJIMUYECKOro Tea BHYTPH Te.1a HCUe3aeT HE TOJbKO
none sextopa E, Ho ¥ noae sexkropa D. 3apsaam, HaBededHHble Ha NO-
BEPXHOCTH TeJa, ABIAIOTCHA Tenepb cBOOOIH HIMH, OGPA30BABIINMHCH BCJIEN-
CTBHE KOHEUHOH NMPOBOAMMOCTH Tesad. TPyGKH 3.1eK TPHUECKOrO CMEILEeHN s,
CyllecTBYIOIIME BHE Teja, 3aKaHUMBAIOTCSH Ha ITHX 3apsaiax M He Opo-
HHKAIOT BHYTPb Teasa. Orciofla BUJHO, 4TO pacCMOTPEHHE NPOBOAHHKA
KaK [AHU3JEKTPHKA C e=—00 Mo CYWECTBY ABJACTCA q)OpMaJleblM.

TI'rasa mpemsbs

PACYET JJEKTPUYECKOH EMKOCTH

§ 37. EMKOCTb yeIMHEHHOTO Texa. EMKOCThL 3JJNHIICOHIA BpameHus.
EMKOCTb TOHKOTO KPYrOBOTO NHJIHHIPA KOHEYHOW AMHHBI

s onpeneaenns eMKOCTH Czlqj YeAHHEeHHOro Tea HeOGXONUMO

BHIYAC/INTD ero notexuuas U npu 3ananHoM 3apige gq.

B kauecTse npumepa HalJeMm BhIDaWKeHHE 19 EMKOCTH 3/LIMNCOHAA
Bpamlennd. B § 29 6mna noayuena dopmyna (91), nossoasiomast Bbli-
YMCIAKTh MOTEHLMA] MOAA 3aPAKEHHOrO 31TMICOMAA BpauleHud. I1a dop-

My/i1a uMEeeT BUJ: U g 1 i tot+VELIFER
= 5-In S I’ N B A
2 x—at+ V@ —apt+y

rle @ —NO0JOBHHA (POKYCHOTO pPACCTOAHHA, X M J — KOODJAMHATH B
O1HOHf W3 MEPHIMAHHBIX nA0cKocTed, npuuem ocu OX u OY poi6panns
TaK, YTO C HAMHM coenajgaiT Goabmas L um Manad / nonyocu sanumnca,
BpalleHHeM KOTOporo okono ocu OX obpasyercs saauncoun (puc. 43).

B naHHOM ciyuae Hac MHTEpecyCT MNOTEHLUMaJa CAMOro 3/IMICOUA.
Wsbupas nns onpejelieHHs 3TOr0 NOTEHUHAJa TOYKY HA TOBEPXHOCTH
3JJMIICONJA, B KOTOPOM 3Ta MOBEPXHOCTb MnepecexaeTca ¢ ocbio OX,
Mbl IOMKHEL B nocielselt ¢dopmyire nosoxute x—=7L u y=0. Cne-

AOBATCAbHO:
q 8rea
C=g= Lia- (102)
In——
L—a

Ksaxpat noaoBrHB (GOKyCHOrO pAaccTOSAHMS paBeH DPa3HOCTH KBaj-
patos Gosbmiolf M Mano# moayocei:

al=1?_ 12

ITosTomy dopMyaa s eMKOCTH 3MMIICOMA BPANIEHUS MOMXET GHITH
npeacrarieHa B BHAEC: VT —E
8rey/ L2 — I
C—e_ 8V . (103)
o LHVIE—P
A AAET
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Ilpu /=L =R oHna nepexoZur B ¢GopmMy1y Aasd €MKOCTH [Hapa pa-
nuyca R. B aTOM npocTo yGemuThes, €CAR PACKPHITE HEONPENENCHHOCTD,
cuntan BeauuMHy a@ =1y L* —/® nepemeunolt W cTpemsllefca K Hyo.
Hmeem:

d .
_ da e - 8re _
Ca——»o—i(lnR_'_a) -_— R —47T3R.
da\"R—a/g.0 (R+a)(R—ak—o

Ecnu 3/AMMNCOMA CTOMb CHABHO BHITAHYT, 4TO GOasmad noayocs L
BO MHOrO Pa3 NPEBOCXOJHT Maaylo nmoayock /, TO NPHGIHKEHHO MOXKHO
nonoxuth: a~~L, L-ta~2l, P=L*—a*=(L+a)(L —a)~
~ 2L (L—a).

ClenoBaTeNbHO, €MKOCTh TAKOrO 3/IMNCOMAA MOMXET OBITb BBHIYHC-
NeHa no npuGankeHHo#t dopmyne:

Srel 4nel
In In -

IS I

Mocnenuan ¢OpMyNa a4eT BO3MOXKHOCTb MNPHOGTHIKEHHO BBHIYHCTATH
eMKOCTb TOHKOFO KPYrOBOrO LWJMHAPA KOHEYHOH AMMHB [/, C pamuy-
COM CEYEHHMS ry,— CAy4al YpPe3BHYaiHO BaMHBIA I NPaKTHKH. Pac-
cMaTpMBafd TAKOM UMIMHAD KAk BBITAHYTHIH 3J/UIMICOHA C [OJYOCAMH
L=1y2 u l=r,, OyneM WMeTb AAf eMKOCTH UWJMHIPA NPHO/HKEHHYIO

opMy -
Gopayy Cn 2“710. (105)

In%
Ty

droit GopMynolt MOXEM [0/IB30BATHCA TOJLKO, ECIH L> 1,

§ 38. EMKOCTb MeXay ABYMS Telamu. EMKOCTH MeXAY KpYroBbiMH
nanananapamd. EMKOCTH NBYXNPOBOAHON JHHHH NMepenaus

EMKOCTBIO MEXIy MHBYMf TelaMH HA3mBaeTCd OTHOWICHHE 3apaja
g1==¢q OIHOrO M3 TeJ K Da3HOCTH HX NOTEHIHA/IOB U, — U,, npuuem
NpEANOAaraeTcd, 4TO 3apAAM Ted PaBHB NO a6COMOTHOR BENMYHHE H
NPOTHBOMONOKHBE NO 3HaKy, T. € ge=—¢1==—¢- Buiuncenue
EMKOCTH MeXIy ABYMA TelaMH CBOJMTCA K BBIYAC/GHHIO DasHOCTH HX
MOTEHLHANOB B 3THX YCAOBAAX. B KauecTBe BaxHOro npuMepa Haizem
BhHIPAXeEHHe A9 EMKOCTH Mexay AByMf napa/iie/bHbiMA KDYTOBHIMH
wuansapamy. Llameapsl GyaeM npeanonaraTbh GECKOHEUHO JIHHHBIMH,
eMKOCTb GyneM onpeieiaTb MEXAy HX OTPe3KaMu [IMHOIO [.B§ 21n
§ 22 6BII0 MCCAENOBAHO MOJE TAXHX LAIMHIDOB.

IMoTennuan B HEeKOTOPOH TOUKe, YIAaAeHHOR Ha DAaCCTOAHHA 1y H 7y
OT 3MEKTPHUECKHX Ocell WHAHHAPOB (puc. 22 u 25), onpeaeaierca dop-
myaoft (70):

< ry = ,
U:;:;ln',‘_‘—l—Cg-—lz‘i;lnk‘T’C‘o
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Hac mHTepecyeT PpasHOCTh MOTEHIHMANOB CaMMX UMMHAPOB. Ompe-
JeMMM MOTEHIWANH UMIMHIDOB B Haubonee OausKkuX ApYr K JApYyry
toukax A, u A (puc. 25 n 26). Ilycts k, — 3HaueHHe OTHOLICHUA
ry/r, 012 TOUKH A; M, COOTBETCTBEHHO, R — 3HAUCHME 3TOr0 OTHOUICHHA
Ana touku Az Mimeem:

< k .
Ui_Ug_-T:Z_ElnE:‘-
Tax xak g=r1/, 10
S .
=o e ="k (106)
ke

OrTHONICHHE Ty/r; N7 MOGOH TOUKM MONA MOMKET OHITh BRIDAWEHO uepes
pamuyc R OKDYKHOCTH DaBHOrO MOTEHUHMana, MPOXONAUIEH yepes STy
Touky (puc. 22) M uepe3 paccToande h=|x,| OT UeHTpa 3TOH OKPYyK-
HOCTH 10 [IOCKOCTH IOCTOAHHOTO MOTEH-

upana (Ha puc. 22 10 MIOCKOCTH HYJIe-

BOrO MoTeHumana). Bocnoas3osaBuinchk
dopmyaamu (75), moayuaeM:

k>t

h_1+48
R= 2
OoTKyga:
B2 pkt1=0
u % kyml 7 .//1/// 2227
h B
kZEiVﬁ—l' (107) Puc. 55

3uak mmoc creayer 6paTh mpu k2 >1, 4TO COOTBETCTBYET CIAyvaio
ra >r;, T. € DACIOJOXEHHIO OKPYXKHOCTH PaBHOTO MOTEHUHANa ClICBA
oT mrockocth U=const (puc. 25). 3Hak MuHyc cienyeT GpaTh MNpH
k<1, 4TO COOTBETCTBYET DPAaCUONONKCHMIO OKDPYKHOCTH paBHOrO Mo-
TeHNMana capaea oT miaockoctd U= const.

PaccmoTpHM HacTHHE cay4dau.

1) Emrocms Kpy208020 yuiurdpa omHuoctme rsHona0cKocmu (puc. 55).

HOna NAOCKOCTH MOCTOAHHONO MNOTEHuMana Ry, ==r,/r; =1, TaK Kak
3Ta MIOCKOCTh DAaclMONOKEHA MOCPEIUHE MEWAY SNEKTPUYCCKHMH OCAMU
(puc. 22). CuenoBarensto, cornacuo ¢opmysam (106) u (107) umeenm:

C=—r el .
h\2

iV ]

“[R TV &
3nech h— paccTosHume OT OCH Lu/AmHApA JO TMJIOCKOCTH H R —

‘pamnyc uMAMHApA.

TMoayuenno#t GOPMyAOH MOKHO MOAL30BATHCA IS BLIYMCICHAL €M-
KOCTH OTHOGHTE/BHO 3CMIW NPOBOAY, [OABEIIGHHOIO W4 BHGOTG f

(108)
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napajuienbHO nosepxHocTu 3emiu. Tak kak 0ObY4HO £>> R, TO mpH-

6AMKEHHO: Orel

c,vlnzh (109)
R

2) Emrocms Mmedcoy HeKOAKCUALLHBLMU KDY208uiMU LQUALIHODAMIL.

Bosmoxubl asa Ciaydas. Cayyall a@: udAMHIDHYECKHE NOBEPXHOCTH
HE OXBAaTHIBAIOT Apyr apyra (puc. 56); caydait b: omH umsuHap pac-
MO0KEH BHYTpH Apyroro (puc. 57).

B cayyae @ umeem &y, >1 u ky3<1 u, caenosareisHo, B ¢op-
myae (107) ana Ry Hago B3ATh 3HAK IJIOC, a JA8 Ry — 3HAK MHHYC.

Cryvau a

U= const

W . W — - —

ko>t

Puc. 56

Takum oGpasom:
2wel

VI EVE

qumsaa, 4TO Aas M000ro yucaa x CYIXeCTBYET TOXKICCTBO:

1 _
TyEST Vel

MONeM nepenucarb (GOpMyny A% €MKOCTH MeXAy LMJMHApaMH, Dac-
HOMOXEHHBIMH COOTBETCTBEHHO DHC. 50, B BHIE:

SRR

B cayyae & wumeem k; >1 u k3 >1 H, cl1e10BaTCIbHO, EMKOCTB
MEXIY LH/IMHIDAMH, DAcHOIOKEHHHMH OIWH BHYTpH Apyroro (puc. 57),
onpeaensercs dopmynoii:

Qmel

(&Y &GV G-

(111)'
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111 o

Bxogswue B dopuyant (110) u (111) seamuunm £y ¥ hy Onpene-
AMIOTCA uepe3 paccTOAHHE D MemIZy FeOMCTDUUECKHMH OCHMM LM/IKHA-
poOB ¥ uepes HX pamuycH R; u Ry no dopmynam (79):

l D’+Ri_R: ‘ h - D’+R;'~
oD A 2D |°

[lia ABYX UMAMHAPOB OXMHAKOBHIX pamuycoB (puc. 58) wumeem
R,=Ry=R wn hy=hy,=D/2. Popmyna (110) B stoM ciyuae Haer:

(zR + Vue’ 1) |

3) Emrxocms mexndy moHxumu nposodamu. Emxocmy 08yxnposod-

Holi auHun nepedayu.
Ecmm R, LD u Ry <D, 10 coriacse
¢opmyaam aas hy u hy umeem:

(112)

D D hy D
hlw’z‘r h%”"\"-’—z" R 2R1>1

hy D )
1’?3’”27,>1' Puc. 58

TosToMy ¢opuiyaa (110) moxer OBITh mpelcTaBleHa B IPHOJIMNKEH-
Holt Qopme:
C A __2 wel

D D D
In — .

R1 Rs ]/ RiR:

Ecau pazaumych npoBOJNOB OMHHAKOBH, R; == Ry =R, KaKk '3TO 0GHYHO
MMEeT MecTO B CJAyyae JBYXNPOBOZHOM JHMHMM Niepelaud, TO MOJy-
HaeM:

(113)

wel
In Q-
R

C =~

(114)

4) Emurocmb Mexnc0y KOAKCUAALHBME KPY2086iMl yuruHopamu. dop-
myiaa (111) nepexoautr B (QopMyay mIfd eMKOCTH MEXAY KOaKCHalb-
HuMH ninHapasn (4.1, §21) B npegene npu hy/R; — 00 u hy/Ry —CO.
HefictBuTebHO, MM KoakcHaipHhx uwiuugpoB D=0 n, coraacso
Buipaxennam (79), hy=00 u hy=00, npuuem hy/hy=1. Yuuru-
BaR 3TO, HOAYuYaeM H3 Qopmyan (111):

C=2m (115)
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§ 39. EMKOCTh MeXAY SAJARANTAYCCKAMA NANXKHXPAMHA

B § 25 6n0 paccydTaHo noje MEXIAY AIHNTHYECKUMH LUMIHH]IDaMH,
cneflsl KOTOPHX B NIOCKOCTH, HODMadbHOH K MX 06pa3syiolluM, BASIOTCA
KOHGOKa/NbHLIMH 3auncaMd. Beuto o6osnaueno: Ly m L, — Gonbmme
nonyocu nmncos, A — nososuxa poxycHoro paccrosnus. Koncranra B,
BXOJWBLIAA B BLIPAXEHHE aHAMIMTHYECKOH (YHKINM, HpEeACTaB/smoUIeH
noae MeXAy uWHMHApam¥, Obljla ONpeleieHa Yepe3 pa3HOCThb NOTEH-
uuatos U; — U, Mexay HHMH

B U,—U.
- arcch £5~arc ch Ly
A - A

W uepex sapAl ¢; Ha JIMHEe [ BHYTPEHHErO LM/IMHIpA

B— a1

T Owel t

U3z 3Tux AByx BmDaxceHuH HaxoauM GOpMyly eMKOCTH MCKIY uH-
TMHIPAMB:

. 41 _ 27181
C—U‘*'U’_ arc ch Ilf—arcch{‘—‘ ) (116)
A A

§ 40. MoTennAANBHLIE KO3(PuUNHAEHTH, KO3PALACHTDHI
3NEKTPOCTATHYECKON BHAYKIAR A YACTHAYHBIE eMKOCTA
B CHCTeMe Ten

B cucreMe HecKONbKUX 3apMKEHHBIX TeJd NOTEHUMAJN KaWAOro Teia
onpejenseTca He TOJBKO 3apagoM AaHHOTO Tela, HO TaKxKe M 3apdgaMu
Bcex octaibHHX Tea. Ilpu sTtoM, ecnu e mne
3aBUCHUT OT HANPMKEHHOCTH NOJIA, TO MOTEHIHA
apjdercd JAMHCHHOR dyHKUMEH 3apagos. ITO
nonoxenue 6uao ucnonszosaHo (w. I, § 23)
OpH BHIBOAE BHIpaxkeHuss AJAs JHEpPrHH 3aps-
MEHHBIX Ted. PaccMoTpuM 3TO nonoxenue H
BRITGKAIOIMINE U3 HEro COOTHOmIeHHS Goulee
noJIpoGHO.

Ecnu BHECTHM HesapfxeHHOE NPOBOJsIIEe
Teno Ay B moie Apyroro Teia A,, uMmeomero
3apan ¢,, T0 Te10 A, npuoGperaeT HEKOTOpPHH

Puc. 59 norenuuan U,', oranunsiit oTHyas. Eciau Bro-

cuMOe Telno Ay ¥MeeT HUUYTOXHO Majnleé pas-

mepel (puc. 59), TO MOXHO mnpeHe6DEYb WUCKaXKEHUEM TOJA, BO3-
HUKAIOUIMM OT [OfABJACHHA Ha BHOCUMOM Tene WHIYKTHPOBAHHBIX
sapagoB. IIpu 3ToM Teno Ay mpuoGpeTaeT moTeHuMald, KOTOPHH 6ol
B TOYKE €ro pacnojoxeHus M Jo0 ero BHeceHud. [IpH KoHEuHBIX
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D

pasMepax BHOcuMOro Tena (puc. 60) none uckawmaercs, u norenuman Uy’
Gyner ompenenaThCa KaK 3apanoM g, Tera A, TaK W 3apAAAMH, HHAVK-
THpOBaHHBIME Ha Tene Ay Cnenomarensno, U,' saBucur or dopmu no-
BepxHocTell O06OMX Tel M OT B3aUMHOrO HX
pacronowenus. Ecmu nuanektpudeckasn npo-
HULAEMOCTE CPEAbl HE B3aBHUCHT OT Hanps-
AEHHOCTH Nods, TO mnoreHuuan U, u3sme-
HAETCSl NpONOPLUUOHANBEHO 3apaRY ¢,, Tak
KaK B 3TOM Clydae NPH W3MEHCHHH 3apsiia
gy pacmpellencHue 3apANOB Ha MOBEPXHOCTH
Tel ¥, COOTBETCTBCHHO, KapTHHA 110AA He
H3MEHAMIOTCH. MTak, MOXHO HanucaTb:

'
Uy = ayq;.
Cea3e mexny norenumanom U,' tena A,

W ero3apiiioM g; MOXHO BHIPAa3UTH B aHa-
Jaoruunolt dopme:

’
U, =a;,q;.

Crenyer nonuepuyTb, 4TO KOIDMUMEHT &, HE DaBeH BEAMYHHE EI,
1
rae C;—eMKOCTs Tena A, ompenenseMas B NPeANONOKEHWH, 4YTO BCe
Ipyrue Tena OT HerO GecKOHeyHo
yranenn. Takoe paBeHcTBO npubau-
MEHHO WMEEeT MeCTO TOJBKO B TOM
clyyae, KOTXa BHOCHMOE TE/l10 BechbMa
Mano (puc. 59). B ofmem cayuae
(puc. 60) mnoremuman U, onpege-
JETCH KaK 3apaiaoM ¢y, pacnpeienen-
HbIM 70 TOBEPXHOCTH Teda A,, Tak wu
3apsifiaMy, HHAYKTHPOBAHHBIMH HA TEj1e
A;. Takum o6pasom, koaduuMent g,
TaK XKe, KaK M KOIDUIMEHT &y, Sa-
BHCHT OT pOopMbl OGOMX Tel H OT HX
B3aUMHOTIO DPacno0XeHHs.
Ilpeanonoxum Ttemepp, 4TC Teno
A; uwMeeT cymMapHHH 3apaR gy, pas-
Hbifl HymO, B TO BDEMS KaKk 8apal g, Tela A, OTHM4EH OT Hyns
(puc. 61). Tlpu 3TOM Tena mPHOGPETAIOT MOTEHUMANbI, BEAMYHHB KOTO-
PBIX TMDONOPUMOHANBHHE 3apAny g,

Puc, 61

f___ "__
U, =903 ¥ U, == Q994 q-

Ecmu sapanbi 0GOMX Ten oTmiusbnl OT Hyad, TO NOTEeHUManH Ten
MOryT ObITb HalAEHH -Ha OCHOBE MpHMHUMNA HanOweHud. Umee:

‘ U =U/+ Uy =ayq, —+ a9qa
Uy = Uy’ +U," =d5;71 1 %293
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B o6uieM cyuae, KOr1a UMEETCs 72 3apAMCHHBIX Tel — A;, Ag, .o, Ap
noJyuyaeM CHCTEMY yDaBHEHMH:

Uy=0;1g +9fa+ -+ -+ e+ -+ %nGn ]

U, =03¢, + #3aqa 1 - - "l‘%qu‘Jr‘ T |

.. 117)
Uk-—“m‘h"r‘“qu—f— - O +“kn‘Im }

U =a;q -l'_ %nads _Jf_ .. 'T' %k "l_ s "l—' %nnd n

KosbuuueHtsl « HOCAT HA3BAHME MNOMEHLUANBHHX KOdPuyuermos.
Quu 3aBHcAT OT GOPMH H DAsMEPOB MOBEPXHOCTEH Ted, OT B3AMMHOrO
PACHOOXEHNs TeN W OT JUIIEKTPHUYECKOH MpPOHUIAeMOCTH cpensi. Kos-
GHIMEHTH 0y, C ONMHAKOBBIMM WHJEKCAMH HA3BIBAIOTCA COOCMBEHHbMU
nomenyuAABHNME KoIpuyueHmamy, 3 KO3DHIHEHTs a,, C Pa3iH4HLIMH
MHIEKCAMH HA3LIBAIOTCH 83AUMHBMIU NOMEHUUALLHOMUE KOIPULueHmann.
Ypapuenus (117) nann MaKcBeaIOM M CaAyXar s BbIYMCIEHHs NOTEH-
Mata Tea NO 3aJaHHbBIM MX 3apaiam.

Hepenko BO3#uKaeT oOOpaTHad 3a1aya: H3BECTHH NOTEHUMANH Telw,
Tpe6Gyerca pafitu ux 3apans.. Pemas ypasuenns (117) OTHOCHTENbHO
3apsAfioB, MOJYUYHM ypaBHeHHs, HEOOXOMMMHE IJad pElieHds STOH 3anaum,

5 B g, =PulUs+ Bl - +Bule+. - +B1aUn ‘I
ga=Baul, ‘Jr‘ﬁmUe'[" Bl 4 - 8oy |
{

....--.o-....- ----- a e e e

k—9k1U1~I—BmUz+ Bl - -~ BualU

-—@mUi +pnaue+ TpukUk_Jr‘ _l_pnn n

Kosduuuentn B Ha3uBalOTCS KoIguyueHmanu 34exmpocmamuieckol
UHOYKYuU—— COOCMEEHHH MY TIPH OJMHAKOBHIX WHIACKCAX W 83QUMHBMU
NpH pasanyHbIX Mujexcax. OHW HMMEOT Pa3MepPHOCTb EMKOCTH. YpaBsHe-
Hust (118) Takxe nanm MakcaeaioM.

CofcTBeHHbBH KOSDHUUHMEHT 3AEKTPOCTATHUECKOH HHAYKUMH By, MOMXET
6LITh HaiijieH, €CaAd NPUHATH, UTO MOTEHNUMaNb BceX TEl, KpOMC Tela
A,, paBsbl Hymo. Ilpn 3TOM nOJyuuM;

9, = BerUp-

Ha npakTuke paBHHM Hy/Il0 MNPHAMMAIOT MOTEHIHAA MOBEPXHOITH
semmd. CaexoBaTenbHO, Mg TOro, YTOOH TejO MPUHANO NOTEHLHMal,
paBHHH HYTIO, €ro, KaKk IPHUHATO BHPANKATLCA, HEOOXOMUMO ,333€MJMTH,
T. €. COIMHHTL NMPOBOIHHKOM c 3eMmaed. Jlnd ompeneieHHs ONBITHBIM
nyTeM KoaduuuenTa 0, C/IEAyeT, 3a3€MIMB BCe Telda, KpoMe Teiaa A,
(puc. 62), cooGwurs nNocrexuemy norexuman U, XOTA Gbl mpucoeau-
HHMB 3TO TENO K N0/10Cy dAeKTpHyeckoll 6arapen, Ipyro# Mo/Moc KOTOpOH

L
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3asemned. Msmepus BOAbTMCTPOM Hanpsenne U, MEXIY TENOM M 3eMieh,
OTKIOMMM BOALTMETP M 0aTapeio W paspaimM Teio A, na 3emmo
uepe3 GanjaucTmuecKuit raibeaHomerp G,. Ilo oT6pocy ranbeaHoMerpa
MBI OlIpEne/AuM 3apil g, TeJla, a CIENOBATEJbHO, CMOXKEM BIMHCIHTD H
nckoMbill KOsuumeHt .. Bce coequmnrenbHbie M saseMasiomme npo-
BOTHHKH B STOM GIIbiT¢ NO/DKHBI GLiTh BEChMa TGHKHMH, YTOGH IpUCYT-
CTBHEe WX I10 BO3MGXHOCTH Mallc
HCkaxano nosae. Kosdunmenrn
C O/JMHAKGBLIMHM HMHACKCAMH Bce
TIG/IGHUTEIbH I

Prx >0,

TaK KaKk B GIIMCAaHHOM OllhiTe

IOTeHUnal W 3apan Teda A,

HUMEIOT OIMHAKOBHE SHaKH.
Ecan B ToM xe omniTe uaMe-

PHTb IIDH IOMGIIH JPYIGre Fajb- Puc. 62

BaHoMeTpa G, sapan ¢, KOTG-

Pbifi Gbist CBA3aH Ha IIGBEPXHOCTH Teda A, H GcBoGOMMICH IpH paspsne

Tela A, TO Mbl NGJIYYHM BOGIMGKHOGCTh GHPENEIHTb M B3aMMHMMA Kos(u-

UMEHT 3JEKTPOCTATHYECKOH HHIAYKIUMK 3., M3 COOTHOIIEHHS:

9n = BuUp-

OueBnnno, Kosduunent B,, Tak Ke, Kak M Bce BIAMMHLE KG3DHIHEHTH
SACKTPOCTATHYECKGH MHIYKIHMH, OTpHUATENCH. TG HENOCPEICTBEHHO
ABCTBYeT M3 pHc. 62: npu U, > 0 cHIGBHE JHHAN HAYMHAIOTCA Ha Tele A,
W 3aKaHUMBAIOTCH Ha Teie A, M, clelOBaTeNsH, ¢,< 0. Takum o6pa-
30M, Boobe

ka<0 lIpn k=i=p

Hepenko nonssyiorcs ypasnennsmu (118) neckoubko B uHOH dopwme.
HMenHo, BbipawaioT 3apsag kamAorc Tena He uepes MOTEHUMaAH Tel,
4 4epes pasHOCTH INOTEHIMANOB HaHHOTG Tela M NPYrMX Ted, B TOM
unciae u zemum. HMmeem:

gy =CyU, 4 Cpy (U, — U)+ ...

v FC U —U) 4 ... +Cy,, (U, — U,

qr=Cpy (Uk‘—Ul)“f‘Cke(Uk“‘Ue)‘f‘ L (119)
see +CkkUk+ e +Ckn(Uk__' n)’

qn=cnl (Un_Ul)'":‘Cni(Un_U%)"’" ere
"'+an(Un_Uk)+"'+CnnUn' /

7 Teopus saexTpoMarm. noam
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Kosduunentst C B 3THX YPABHEHMAX Ha3HIBAIOTCA YacmusHu MU
eMICOCAMU — COOCMEeHH MY TIPA ONMHAKOBHIX HMHICKCAX M 83AUMHHMU
OpH Pa3jMYHLIX MHAEKCaX. Ilna onpeleneHus coOCTBEHHOH yacTH4HON
emkocTh Cp, Cle/lyeT MOJI0KUTH MOTEHLHANb BCeX TEA pasuuMu U,

Torma:

9= CrnUs

Ilas u3Mepenns emkocTH Cp, HEOGXOAUMO COCIMHATD MCKAY co6oio Bce
Tena, 3apAOMTbL BCIO 3Ty CHCTeMy OO MOTeHiMana U, OTHOCHTCHBHO
y 3eMAM W 3aTEM, OTKJ/IOYHB
HUCTOYHHK 3. A. C., PaspaiuTh
ee Ha semamo (puc. 63). Ilpu
3TOM TrajlbBaHOMETP JOMKEH
6LITh BKJIOUCH TaK, 4TOOH
OLin M3MEPEH TOMBKO 3apal
q, Tena A,.
flcno, uro C,, >0, Tax
KaK MpH NOJOKHUTENbHOM IO~

Puc. 63 TEHUMaNe CHUCTEMH H 3apal
~ Ha Helt GyeT MOJIOKUTENEH.
Ilpu Tom xe ycaosun Uy=Us= ... =U,= ... =U, u3 ypas-

riennit (118) mmeem:

g = e +Bpat --- 4 Bert - +Bkn)Ukj

CaenoBaTenbHO:
Coo=Bur+Beat - +Bee+ -+ o 1 Beme (120)
Bsaumuas uacTuHas eMkoctb C,, ONpEAeasercs M3 TOro e OmnbTa,
qT0 ¥ KOIPHUMEHT B. JleHcraurensho, npu Uy= U= ... =Upy=

=Uppy= ... =U,=0n U,+0 umeeM 3 ypaBHeHHl (119):

gn=—CpUs-
Crenopatensho, C,,==— 8,,. Takum oGpasom, BOOOLIE NpH k= p:
Cop=—Fp ® Cip>0 a21)

ITpenMyiiecTBO  ypaBHeHu# (119) no cpaBHEHHIO C YPaBHEHUAMH
(118) cocrour B TCM, UTO B HMX BCE KOS(UIHEHTH! N00KHTENbHEL.
[Tokaxem, 4TO WMEET MeCTO COOTHOMICHHE:

Ckp = Cpk’

CornacHo nocryiaTy Maxceenna HNOTOK BeKTOpa CMEMCHHA, BhHIXO-
AAmMA W3 TMOBEPXHOCTH 3aPMKEHHOrO TEaa, paseH 3dpany tena, Coor-
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BETCTBEHHO OTHE/bHHE ClaraeMue B NPaBHX 4vacTaxX ypasHenuit (119)
OnpeNeatioT co60Ic 4acTH MOTOKCB CMEilleH S, BHXOJAUIMX H3 3aDKEH-
HeIX Tel. Tak, HanpuMep, wacTb MOTOKA, BHIXOIAILETO M3 MEPBOTO Teia,
pasnas C, U, =C,; (U; —0), npeacrasasier c0601c COBOKYIHOCTL €/LH-
HHYHBIX TPYOOK cMelleHHfl, MAYIHX OT MNEPBOr0 Tela K MOBEPXHOCTH
sewnd. Jlpyras wactb sToro xe moroka, pasuad Cie (U, — U,), npex-
cTaBJsieT COGOI0 COBOKYIHOCTh €IMHMUHBIX TPYGOK CMEiieHHs, HLYLUIHX
OT NIepBOre Tela KO BTOPOMY, u T. I. Ilepsoe caaraemoe Cy, (U, — U))
BO BTOPOM YpaBHEHMH ecTb NOTOK CMeiileHHf, TPYSKH KOTOpOro Hayu-
HAIOTCA HA NOBEPXHOCTH BTOPOTC TeJa M MAYT K IepsoMy teay. Slcwo,
4T0 motokn Cy (U —U,) w Cyp (Uy—U,) paBHn M NpOTHBONO-
IOXKHH, T. e.

C1~z (U1 _ Ue)"—"_“ Cz: (Ue - Ul))

OTKyna caellyer, ure

Ciy=0Cy.
AunanordusniM 06pa3oM MOXHO NOKas3aTh, YTC BOOOLLe

Cop="Cp- A122)
W3 pasencts (121) crnemyer, uro

Bep = By (123)

Bripaxas xosduunentn o B ypassennax (117) uepes kosduimeHTH B,
BXonAmue B ypasHenns (118) npu moMowmn onpemenurenefi, HeTpymHO
ybenurnes, 4to

’ ©h (124)

akp == aﬂk.

CnipaBeaamBocTs  1oCIedHEr0 PAaBEHCTBA JerkO NOKA3aTh TaKKe W3
YC/OBUAl HE3ABMCUMOCTH SHEPrMM CHCTEMB! 3apWKEHHHX TeA OT [ocJae-
ACBATENBHOCTH, B KOTOPOH YCTAaHABAMBAIOTCA 3apANbl CHCTEMH, aHA/O-
TMYHO TOMY, KaK GbliIo IOKa3aHO paBeHCTBO My, =M, (4. I, § 94).

§ 41. Horennnanpible KOIPHUACHTH B CHCTeMe MAPANACAbHBIX
BeCbMa NJHHHBIX HPOBOXOB

B Bune npuMepa, BechbMa BaXHOrO 11 PAKTHKM, PACCMOTPHM CHCTEMY
NPOBOACE, NPOTAHYTHX NApadieNbHO APYT ApPYry Hal [OBEPXHOCTHIO
3eMi (puc. 64). [Lmny nposomos 6yneM mpeanioaarath CTOMb GoJbuIoh,
YTO IOJie MONHO CYMTATh NJAOCKONapaaieabHbiM. OOHYHO IUaMeTphl
NPOBONOB BECbMa MaJbl IC CPABHEHHIO C PACCTOAHMEM MEWAY UX OCAMM
¥ ¢ BhCOTOH MX MoXBeca. B rakoM ciyyae mpome Bcero enperensorcs
noTeHunanbHEE KOd(uinenTh ¢ B cucTeme ypasaedu#t (117). s ompe-
AeNeHUS KOI(DHUUHCHTOB 0yy, dof, Ggg ee., G MOCTATOYHO NOMOKHTD
@1F0 n g=¢gy= ... =¢q,=0. Ilpu 5TOM HH OmMH npoBOA
He NO/KEH OwiTh 3a3eMJeH. YpaBHeHHS NPHOGPETAIOT BHIL

Uy=o0yq1, Uy=ua4,4,, ..., U, =%,qy -.. (125)
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MHOCMX IIDaKTHYECKHX 3allauaX, HampuMep, IIPH Dacuere HapaMeTpoB
AMHHHK [epejayu co CHOXHHM DAaciONOMEHHMeM I[POBONOB, NMpU BHICHE-
HHM BONpOCa O BIMAHMH JAMHMM [ePeflaud BHICOKOrO HanpskeHus Ha
pacno/ioMeHHLE PANOM ¢ Hel JIMHHM CBA3M U T. X

§ 42. EMKOCTh ABYXUDOBOXHOA JHHHE C Y4YeTOM BJHAHHA 3eMJH

IMoayuenHsle B npegniylieM naparpade BHPaXEHUs AN NOTEHIHANb-
HHX KO3(QMUHEeHTOB B CHCTeMe mapaiielbHHX I[POBOAOB, NPOTAHYTHIX
Hal NOBePXHOCTBIO 3€MMH, NAlOT BO3MOXKHOCTh HallTH BelpaxceHue A4
eMKOCTH NBYXHPOBONHOH JNHHWM MEPefayd C YUeTOM BJHSHUS 3EMIM.

Ypasuenus (117) B caydae nasyx

NpOBO/10B HMEIOT BHI: *(?*—'0 -
Uy =ay,9; + %291 ' 7
Us = dgqy %3295 9 g

IMycts 3apann NpoBONOB PaBHH MO
aGconoTHOW BeaMyWHe M NPOTHBONO-
NOXHBI O 3HAKY:

qa=—4;- Puc. 0d

3aMeHas B MOCIGAHHX YPaBHEHHAX g, HA — ¢, MOJYy4aeM:
Uy ==(ayy — %43) ¢1s
Uy = (agy — %23) q1-

CrnenoBaTe/ibHO, HCKOMas eMKOCTbh MEXKIY IpOBOAAMH C y4eToOM BJHA-
HHA 3eMJH HMEST BbIpAXKCHHUED

C=-+1_—= !
U —U:" oy 4-ag—20,

OnpenenuM, noab3ysch 5Tofl  (GOpMyaOH, €MKOCTh HBYXNPOBOIHOA
/MH¥K, NPOBONA KOTOPOH nONBElIeHs! Ha OXMHAKOBOH BmCOTE A OT
3eMaM W Ha paccrossmu D apyr ot apyra (puc. 65). Paguych ceuenufi npo-
BOAOB OJMHaKOBH H paBHH R.

Bupaxenus (126) u (127) npuoOperaior BHL:

1 2h
a“=a29=2—m—lln—R—,

1, V¢ 3 D?
*19== % =g In -/ D  °
CnefosaTenbHo:
1 nel y
C= = —_ 128
2 (ay—ay) ln (2h D ) ( !

RywED
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Ecan BeicoTa mofseca /£ MHOrO GOJ/bIIC PAcCTOSHUA MEWIY NPOBO-
namu D, 10 Y/ 4h* D ~~2h n

B sT1OM ciyuae mn noayuaem ¢opmyny (114), seisemeHHyio paHee
6e3 yuera BIMAHMA 3EMJH.

§ 43. EMKOCTh Tpex¢a3Hoil JMMAH mepexauH

Bce nonyuenHsle BblC COOTHOLUIEHHS, CTPOrQ roBOpPS, CHPABEAIHUBhH
TOJBKO U1 3AEKTPOCTATHYECKOro noad. OnHako c 6O/biuoH CTENeHBIO
TOYHOCTH OHM MOTYT OHITb UCMO/BL30BAHEl W [IPH BHIYMCJICHAM NMAPaMETPOB
OOGHYHHX JMHAN Mepefaun npu TexHuyeckoHl uyacrore. Kpurepuem nomy-
CTHMOCTH MPHGIHAKEHHOIO PACCMOTPCHHA MEPEMEHHOrO 3JEKTPHUYCCKOrO
NoJia OKOJIO NPOBONOB J/IMHUM B OTIAEAbHBHIEC MOMEHTH' BPEMEHH Kak
3JIEKTPOCTATHYECKOr0 MO MOXET CYXWTb COOTHOLIEHHE MEXNY TUHEH-
HBIMA pa3Mepamu O0/acTH, B KOTOPOH paccMarpuBaercs noie, ¥ IAMHON
HIEKTPOMArHUTHOA BOJHB. BONpOC O anMHE A 31eKTPOMAarHUTHOH BOJ-
Hbl ¥ O CKOPOCTH ¥ €e pacnpocTpaveHus OyneT paccMorped B §§ 92
u 93. Hmeer mecto coorHomenue: A =wv/f, rae f — uactota KoJc6a-

5

Hui. B Bosayxe v=3.10% g-en% ¥ npu yacrore 50Hz umeenm A =3—'5—:)O—=
=6000km. Ha nnune Bonum ¢asa xoneGauufl HANPMKEHHOCTH NOJA
MeHseTca Ha 2n. B mpemenax o6aactH, nuHeRHble pasMepl KOTOPO#Y 3Ha-
UATENPHO MEHbLIE A, MOXHO CudTaTh a3y KONeOaHHH HANPIKEHHOCTH
1o OMMHAKOBON BO BCEX TOUYKAX 06MacT® M ¢ GOJAbLIOA CTemeHblo
TOYHOCTH PACCMATPHBATL MONE B KAXBIA MOMEHT Bpemeuu KdK 37eKTpo-
CTATHYECKOE.

B ypasuenwax (117), (118) u (119) Heoéxonumo nox ¢ u U nouu-
MaTh B STOM Clyyae MTHOBEHHbIE 3HAYeHWs 3apANOB [POBOXOB W HaMps-
HCHHH NMPOBOXOR MO OTHOIIEHWIO K 3eMae. [Ipu cHHycOHRANBHOM pexxuMe
STM ypaBHEHMd MOryT OHITh HaNUCaHhl B CHMBOMYecKOR  ¢opme

i KoMIliekcoB ¢ ¥ U sapagos W HanpsikeHu#t nposonos. us cny-
4as TPEeXMPOBOLHOK TpexdasHo# auHuu ypasHeHus (118) npuodperaxor

BUA:
§1= BllUl —l‘ BmUz + pwsz»
g3 == BuU; 4 BoaUs - BosUs, { (129)
gs= 33101 -+ 13320-2 -+ BaaUa'

IIpennonoxum, yro HampsHKEHUs Ul, Uz u U 00pasylT CHMMET-
prunyio cucTemy, T. e.

U.Z;QQU, " l.];,zaUl,
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rae a — oneparo) TpexdasHo#t cucremnt (4. II, § 162). Tlpn srom:

bid oS 4w =
iy 1 .V 3 i3 .V 3
qa=cz 3:—2——{—-_]%—, A 3:—;—1%,
1 1
a3=1, —a—=a’, E:—:a'

B sToM cryyae ypasHenua (129) moryt OuTb 3anucaHsl B ¢dopme:
g, =By +@*B1a 1 aB43) Uv
qs=(Bae -+ a*Bes -+ aPis) Uz, (130)
J3 =833 + a*B13 -+ aPsd) U,

BeauuuHbsl, CTOAIME B CKOOKAX, BEIIECTBEHHH IPH yCAOBHHM, YTO
MPOBOAA NHHHH DACIHONOMEHH CHMMETDHYHO JIPYr OTHOCHTENBHO NDYra,
T. e ecmn Byg=f;3 =0 TaK Kak (a-}a?)=—1 Bemecrsednoe
yncno. [Ipn 3TOM cTOAME B CKOGKAX BENMMMHE NPEACTABAAIOT COGOH
€MKOCTH MPOBOMAOB OTHOCHTENTLHO 3EMJH WM, YTO TO XKe, EMKOCTh
JAHHMH Ha OgHy asy npH COEIMHEHHH 3BE3LOH.

[TpH OTCYTCTBHM CHMMETDHH B DaclOOXEHHH MPOBOJOB, T. €. €/
Big = Bas + By CTOAIME B CKOOKAX BEIMMHHB OKa3bIBAIOTCA KOMIIEKC-
HbiMH. VX BEIeCTBCHHEHIE YaCTH ABJIAIOTCH EMKOCTAMH MPOBOXOB OTHO-
CHTENBHO 3€M/MM, TaK KaK OHM ONpelensioT 4YacTh 3apfAla, H3MeHSIo-
nyiocst B (ha3e C HAampSKEHHEM H, CJEI0BATEIbHO, ONPENETAIOT PEaKTHB-

HYIO COCTABJAIOLLYIO TOKA, CABHHYTYI MO (ase Ha yrona ~'21 OTHOCHTENb~

HO HanpsmKeHusd. MHUMBE Y4CTH BE/HYHH, CTOANIAX B CKOOKAX, OMPENENAIOT
AKTHBHLE COCTABIAIONIME TOKOB B IIPOBOLAX, HaXONAUWMXCA B dase HiH
B NpoTHBOGA3E C HAMPDKEHMAMH. 3aMETHM, YTO CyMMa MHUMbIX vacTeh
nas Bcex Tpex a3 paBHa HyMO, TaK Kak NPH CYMMHDOBAHMM MBl TOJYy-
unM mpen BceMH KodduiueHTaMH Pyg, B33 U By; BellCCTBEHHBIC MHOXHTENH
(a-+a¥)=-—1. D10 3HAYUT, YTO €CAH B OXHUX (a3aX OHU ONPENLNTIOT
[IOJIOXHUTENLHYK aKTHBHYIO MOUHOCTb, TO B NPYrux ¢asax oHu ompe-
NEJAT TaKylo XCE M0 a6COMOTHOR BEIMYHHE, HO OTPHUATE/LHYIO AKTHB-
Hyl0 MOMHOCTb. PUIMYECKM 3ITO O3HAYaeT, YTO MpH HECHMMCTPHYHOM
pacnonoXeHuH TPOBOJOB HEKOTOPOE KOJMYECTBO IHEPruH MEpEeNaeTCH
3a MEpHOJ TYTEM 5JEKTPOCTATHYECKOM HMHIYKUMM H3 OmHOH Qasnt B
apyryo. 3T0 cBOoeoGpasHOE ABJIEHHE MPOABIACTCS B HECUMMCTDHH TOKOB
NpH CHMMETPHYHOM HamnpskeHud. ECTecTBCHHO, YTO HECHMMETPHA TOKOB
ofipefenseTcs He TOJIbKO [OABJICHHEM B HUX DasHbIX MO BEAHUMHE U 1O
3HAKY aKTMBHBIX COCTABJAIOMMX, HO TAKXKC W DPAa3JMUHCM DCAKTHBHBIX
COCTABAAIONIMX BCACICTBHE TOrO, YTO EMKOCTH NMPOBOAOB Pa3AHUHDL
[To/Hast CHMMETPHA B DACHOJOXEHHH MPOBOJIOB MOXET GHTh NOCTHI-
HyT4 TOJAbKO B KaOene, B KOTODOM 3a3eMicHHad 000JIOUKA OXBATHBACT
CHMMETpPHYHO BCE TPH Miposoxa (puc. 50 u 51). B BO3nywHo# JHHHHA
JaXe MpW pacionoOWCHUH [PORQAOB [Q BepUIHHAM PaBHQCTOPOHHETG
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TpeyroabHuKa (puc. 66) HanMuue 3eMAM BHOCHT HECHMMETPHIO. Takyio
JHHUIO MOXHO paccMaTpuBaTh KaK CHMMETPHUHYIO, €ClIM npexeSpeds
BIAUAHKEM 3eMAH. IIONaBHO HECHMMETDHYHON OKa3bIBAETCA JMHUS ¢ pac-
NI0JI0XEHHEeM NMPOBOLOB COrJacHO puc. 67.
O6bIYHO  OCymIeCTBAAOT TPAHCNOZUUHMIO NPOBOXOB /UHHH nepe-
naud. Yepes paBHble DACCTOAHHA H3MEHSIOT PACIONOKEHUe NIPOBOIOB Ha
Onopax 'TaK, 4TO NOCTENEHHO OCYLIeCTBAAETCA KPY-
FOBas nepecTaHOBKa MPOBOAOB (puc. 68). OcHoB-

2
Has UeJb TDPAHCNO3HMIUKHK — YMEHbUIMTE 31eKTDO-
Q| CTaTHYCCKOE M 3MeKTPO-
MA4rHHTHOC BJIWAHHKE NPO-
12 3 BONOB /IMHHUM Bhicokoro 1 2 2 2 J
. HalpPSKEHUS K CHABHOIO I
< < @ TOKa Ha coceaHKe JHHUR Tf —T
cosisi. Tlpu  wamwwmu %5 = 5

TPaHCNO3UIHA CpenHHE
77 7 3HaueHWs  MAapaMeTPOB
BCCH /IMHMH MOJYYaIOTCA
Puc. 66 ONUWHAKOBLIMH [IJ BCEX Puc. 67

(a3, ¥ BCIO MHHUIO MOXKHO

paccMatpuBaTh KaK cUMMeTPHuHyio. B cpennem ana Bceft anuun He Gyner
HMETb MecTa MNepenaya IHEPrWM 3a uenbfl Nepuonx U3 OxHOH (asu B
Apyrylo myTeM 3JeKTPOCTaTHYecKOoH HHAYKUuH. [/l TOYHOro BHIYHC/AEHUS
EMKOCTH HeOGXOMMO pelruTh CHcTeMy ypaBHennit (130) aas Bcex Tpex
pasIHYHLIX y4yacTKOB JHHHH MEXIy MecTaMH TPAHCIO3KLUWH NPOBONOB X
3aTeM ONpENEe]UTb CpelHWe 3Ha4YeHHsl 3apANoB NpoBOOB. [lpu atoM
KOa(uuueHTsl f BHpPakAOTC Yepe3 KOI(HUMEHTH ¢ B BHAE:

A A
Bep =32 u, B uactHocTH, npH p=F Boe = £,

rae A —rnasHblit OnNpedeNMTENb CHCTEMbI ypasHenu#t (117):

11, % %3

A=| ag;, a9, a3 |

%31, Gggy @33

a A,,— ero anre6pauuecKue TONONHEHHSA, NO/IYHAIOLIMECS IyTeM Bhlyep-
KHBaHuUA B onpexemrene A k-Tolt CTPOKM M p-TOro cronbua u yMHO-
HEHHs BHOBB [10/IYYEHHOrO ompe-

' 3 2 menutens Ha (— 1)F+2,
o el " G—p—— po—— Koaduumentsl a waxomarcs
3 2 1 no ¢opmynsam (126) u (127).
Omnako ¢ pgocraToyHolt mns
Puc. 68 NMPAaKTHKH TOYHOCTHIO pelleHue
MOXHO MOJY4YUTL 3HAYHTEALHO
TIPOLLE, €CAM  BBeCTW B CHCTeMy ypaBHeHuir (117) cpeanue 3HaueHus

KO3MULUUCHTOR o 148 BCEH JMHMH.
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O603Haunm Ay + Qps -Gy

Gl e e

a(!:

|
i 31,
J

TIe ayq, dgy, gy, dyy, Ggg, X33 — MCTHHHBIE 3HAYCHUA KOS(ULHMEHTOB s
ONHOro M3 y4aCTKOB, M GyNeM cYuTath B faibHeHmeM, 4to s Beel:
IMHUA BCC KOIQUMUMEHTH o C DASHBWMM HHICKCAMH DaBHM d, M BCe
KOI(MUHCHTL & C ONMHAKOBALIMH HHICKCAMH paBHE a,.

ECTCCTBEHHO, 4TO B CHMMCTPHYHON JMHMM  npH CUMMETPHYHOM
CHCTEME HANDAMEHUH W 3apANbl gy, ¢y, 3 O6Pa3ylOT TaKKke CHMMETpHu-
HYI0 CHCTEMY, T. C.:

g3 =aq,, §3=aq,.

Ypasnenuns (117) B 3tom cayuae npuoGpeTanT BUA:

Ul =041 24, +a,d;=[a, +(ara¥)a,lq, = (@ —a,)qy,
U= amq.l + ‘10212 + amé.‘x = (ao — am) (.]Sh
Uy=ua,q, + s + aoéa = (2 — ) 75.

CneﬂosaTeano. HCKOMaA EeMKOCTb IPOBOJAA OTHOCHUTENBHO 3CMJIU

paBHa:

c=—1_.

@y == Gy
CornacHo dopmyaam (131), (126) n (127) umeem:

1 1/ 2 2h, 2,
4y =5 3(1"7?}“{_1“?;_}"1"73)'
1

N U A A SRR
a”’—Zﬂsl 3 (ln I +ln rs o ln "18).

Taxum oGpasom:

or .
C= —— s (132)
In ‘ZVhlhzhs . Virs-re - Fig )
3 “
\ VRleRs V r - ray - rig’
WU

2rel

C= g
n R?-

eclit 0603HauynTh uepes h, R, r u r' CPElHHE reoMETPHYECKHC 3Hade-
HHR BLICOT noJBeCa NMPOBOJOB, PagUyCOB NMPOBOIOB, PACCTOAHUN Mexay
IPOBOJaMH W PaCCTORHHHA MEXIY NPOBOAMH 3epKajibHbHIMH H306paxe-
HIBIMH Da3HOHVMEHHHX NMPOBO 0B,
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ITpu pacnosoxeHuy MPOBOJOB MO CXEME puL. 66 uMeeM: rjg == lg3 ==
=1, =D ¥ TUpH OIMHAKOBEIX CCYCHUAX MPOBO10B R,=R,=R;=R.

CrnepnosaTelbHO: )
el
C= —1?!—17 . (133)
Rr'

EcIn npeHe6petub BIMAHHEM 3EMJM, T. €. CHMTaTh, 4TO MOBEPXROCTD
3eMaM yJadeHa Ha G6eCKOHEYHO G0JbIIOe PacCTOAHME, TO GyleM HUMETb
Qh=—r wu

2wel
= (134)

in +-

R

Ed

[Ipu pacnoJOXeHud MPOBOLOB COTIACHO CXCME pHC. 67 uMeeM:

rlg=r23=D, r13=2D, r=V2—D, hl=h2=h3=h,
Ny =rw =V 44D ny= V 4kt 4D?,

=V @ 0%y LD =V TV um 2Dy B --D*

CaenoBareabHO:
. 2rel
C__ln 57D . (135)
S —
RY @i +py Y D
IMpeneGperas BIMAHMCM 3€MJH, T. €. NOJjaras D & h, noayunm:
2wl
C=—5—""- (136)
n ._,‘{‘_29__

§ 44. Npu6anxeHHbli METOL PacyeTa NOTEHIAANBHBIX K03 HIHEeHTOB
H eMKOCTeH B CHCTeMe NPOBOAOEB

Jlas pacueta eMKOCTH C/AOKHBIX CHCTEM, COCTORLIAX M3 HECKOIbKMX
POBOZOB KOHCHHO IUVIMHE, HAMPUMED EMKOCTH DAAMOAHTCHH, LIKPOKO
UCMOJb3YETCH MPUGAMKEHHBIH METOX, MPEAJIONEHHbIH Xoy.

B 3JeKTpOCTATMYECKOM 1101€ MOTEHIMAl NMPOBOAHMKA ONUHAKOB BO
Bcex ero TOuKax, 3apaj e pacmpefelsercs MO MOBEPXHOCTHM MPOBOI-
HEKa HepaBHOMEpHO. XOYy TMPEIIOKMI 18 BEIYNCIEHMS EMKOCTH MCXO-
IUTh M3 OOPaTHOro, MO CYIIECTBYy HE OTBeuawomiero ACHCTBUTEIbHOCTH
NpeanoJoxenns. VIMEHHO MDEANoJaraercs, yro 3apad paclpenemiercs
PABHOMEPHO IO MNOBEPXHOCTA MPOBOAHMKOB M B Cilyuae JHHEAHBIX
IPOBOIHHKOB — PABHOMEPHO 70 ux JiMHe., BrynciseTcd pacrnpeneie-
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HHME NOTEHNMANA MO TOBEDXHOCTH WIM NO J/IMHE NPOBOZHHKOER M B (op-
MYy IS €MKOCTHM BBOJMTCH CDEIHee 3HAYEHHE BLIYHCAEHHBIX TAKMM
06pa3oM NOTEHUWAIOR NPOBORHMKOB. ITOT NPHOIMNEHREH METON, XOTH
¥ OCHOBAH Ha HPCANOJAOKCHWH, He COOTBETCTBYIOUIEM peEajibHBIM yCiO-
BUSIM, B psile CJy4aes, HANpPHMEpP, NPH BLIYHCIE-
HMH eMKOCTH CHCTEMH, 06pa30BaHHOH HNapalieisb-
HEIMH IIDOBOJHMK3MY, MACT MOCTATOYHO TOYHBIC
pe3yabTaThl. JTO OOBACHAETCA TEM, YTO HEPABHO-
MEPHOCTb DacHpele/IeHHs 3apsila 3aMeTHO cKa3hbl-
BaeTcA JHIIb HA KOHUAX TAKHX NPOBOAHHUKOB.
Yrpouienne xe pacyeTa JOCTHTAeTCst BeCbMa G0lb-
o€, TaK KaK NIDH 33[JaHHOM DaclpejIe/Ie Ny 3apaa
[IOTeHUMa T BHIYHCAsIETC 1o dopmyaan (46) u (47).

IIpeanoioxuM, YTO MMEETCH JBa OTpe3Ka MPOBOXHHUKOB, IIMHLI
KoTophx I; u I (puc. 69). Tpefyercs BHYHCINTD NOTEHUMAIbHBIH
KO3puuuerT a;y. Ilpeanonoxum, yto ¢; =0 n g, 0. Torna u3 ypae-
Henuh (117) nmeem:

Uy =ay9q,.

Ioab3yach ykasaHHEIM TPHOINKEHHEIM METOIOM, NpeINOJAraeM, YyTo
3apsil ¢, pacupenelieH PaBHOMEPHO BAOJb BTOPOrO HPOBOHMKA C JHHEH-
HOH TIOTHOCTBIO Ty = ¢yo/l;. [loTeHUHan B HEKOTOPOH TOUKE NEepBOro
IPOBOAKKKA, ONpPExeNsdeMbHA 3apsiioM ¢y, Ha OCHOBaHuH (opMyas (47)

6yleT pabcH:
U — 1 Tlly __ q: ‘fd_la
1 r ]
i3

= 4ne r ~ 4mel,
I3

npHYEM MHTEPUPOBAHME NPOH3BOAMTCS BIOJb BCEr0 BTOPOro IPOBOJ-
nuka. Cpeauee sHayeHue MOTEHUMANa NEPBOrO NPOBOJHMKA NMOAYYAeTCs
B Pe3yIbTaTe MHTEIPHPOBAHHA BAOJIb IEPBOrO NPOBOXHHKA

D N A C dl,dl,
Ur=g | Uidt=gliy | [
L L i
o ] Takum o6pasom uckoMmbili noren-
ar T ./ UMAJIbHHA KO3(HMUMEHT ONpeeaneTcs
¢dopmyaoil:
S “a’lla'lg
Puc. 70 “12——4;5;11‘,;j‘ V — - (137)

5

Buipaxenne 118 NOTEHUMaNbHOTO KO3(HUMEHTa C OIMHAKORLIMH
UBACKCaMN, HANIpUMED dyy A9 npsiMO/HHEAHOrO OTpe3Ka NpPOBOga Kpy-
FOBOrO  CeYCHMA, MOXET OHTh palijeno NyTeM CACAYIOMUX paccyxae-
Huit. IlpeanosaraeM, COOTBETCTBEHHO NPUHATOMY JONYIICHHIO, YTO 3apsn,
HaXOMAMMACA HA NOBEPXHOCTH NpPOBOXHMKA, DPABHOMEPHO paclpexeieH
o nnune npoBOoAHMKAa. Haxomum norenuuan U’, coslamaemsilt 5THM
3apAloM Ha OCH NPOBOMHMKA, W BHYACIHEM CpelHec 3Hayenue U
NIOTCHUHANA BIOAb OCH NPOBOAHHKA. IlycTh r—— paccTOSHHUC OT KOJbUE-
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BOTO 3]CMEHTA NOBEPXHOCTH TPOBOIHUKA, MMCIOWLEr0 AAuHy dl' B Hanpa-
BJEHUU OcH TpoBoAHMKa (puc. 70), 10 3neMeHTa d/ OcH NPOBOIHHKE,
! — jiMHa TIPOBOIHHKA H Fp— PANKYC €ro Ce4cHHs.
TMortenuuan U' B HEKOTOPOH TOYKE OcwW, OMpeAeiseMbll BCeM  3aps-
JAOM ¢ NpPOBOJHHKA, PaBeH
1 q pdr
U=m1)~

Cpennee 3nauchue U noTeHuuana BHOJbL Beel ocu Gyaer:

v=t [ vamgte | [,

CnenoBareibHO:
1 dl'di
‘111'-:74;57:_‘._‘.7: (138)
U1

[IpUYEM HauMeHbUICE 3HAYECHUC 7 €CTh Ty

§ 45. [oTeHunanpHbie KOI(PHIMEHTH M €MKOCTb B CHCTeMe 1BYX
HapaeiLHLIX OTPE3KOB NMPOBONOB

Onpefle WM, NMOJAbL3YSACh BHIIEYKA3aHHBIM TPUG/IMKEHHBIM METO/IOM,
MOTEHUHATBHLIA KOIDUUMEHT @, AJAA CAyYas MapaaiebHbX OTPE3KOB
npoBOAOB, pAaClOJNOKEHHHX Ha pac-

¥y crosaun D npyr ot JApyra U uMelo-
MAX OJMHAKOBBIE MMHHHE [y =ly=],
dz, MpHYeM Hayaia OTPE3KOB JE€WaT Ha
— _l‘-' | oaHOM neprnenaukyaspe K Hum. Ocu
) KOOpJMHAT PACIONONKUM TaK, KaK M0-
2 kasaHo Ha puc. 71. Vmeem, coraacuo
Q‘—.—fza_'——‘]'_ S S q)opmyne (137)
dz, dx,dx,
““'“mﬁj‘ “ e —sp
Puc. 71 VDt —xp
Ho
I— xy
j‘ de, r d{xe—x)
VD 4 —x) - VD (ke —x)?
—arcsh ‘ -+ arc sh
CAaenoBaTeabHO:
3
1 [ —
Uy = opp 5' (arc sh —'—Dv—' +arcsh ) dx,.

U
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1 1
j arcsh I-—?Dﬁ dx, ::j‘ arcsh ‘\,;‘ dx,.
b ¢

3aMeuyast, 4TO

jarcshydy:yarcshy——‘s‘yd(arcshy)_:
=yarcshy— j‘ ydy_ =yarcshy— /1y const,

HaXOIAM:
& arc sh Vl —}—

1 DI ! —
=2Tsz7[ﬁ"“°3hu”—l/l+ﬁ+l]=

1 . D

= I[ansh 7;+1+7]. (139)

14
1 X D
Qg ':4?12 2 j‘arc Shﬁdx1=2ﬂel’
0

Bripaxenue noteHuManbHbIX KOI(DHUUMEHTOB @yy H Oy C OJHHAKO-
BHMHU HHIEKcaMH omnpexensercs no ¢opmyae (138). OueBugHo xas nps-
MOJIMHEAHOr0 NPOBOAHHKA, HMEIOUIEr0 KPYrOBOE CEUYCHHE Dpaauyca 7,
pesy/nTaT MHTErPHPOBAHMS MPHBENET K (OpMYyJie, KOTOPada mojaydaercd
u3 dopmyan (139) nyrtem 3amenn D Ha r,. CiexoBaresnbHO:

By = 5oy I[arcsh ““V +1+’°] (140)

Tak Kak npu BniBoAc 3TOH GOPMyanl HanuuHe APYTOro NPOBOXA HE
YVUHTBIBAIOCE, TO EMKOCTh YCIHHEHHOrO UWJIMHAPA KOHCUHOH [JIHHBI
[I0AYYACTCH U3 BH PaOXEHHS:

C— 1 2rmel

1 2 141)
I LA r, (
arcshr—o—l/ —1;—}—1-}—7,

3aMeTuM, YTO MMEeT MECTO COOTHOUIeHHe:

L 1 I
arcsh;; -_1n(;; —{—-1/,_—3—}—1) (142)

Ipu > r, nmeem:

1,+1+—N1n_-—1_

=In ,7‘,—+ln2——1=ln;;-—0,307r'§sln ;;
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CaeoBaTenbHO:
2rel el
C~ 7 Az 7
In —— 0,307 In —
ry ry

YTO COBMAMACT C pAHEC BHIBCICHHOM JAPYrHM INyTeM MPHOTHKEHHON
¢dopmyoit (105).
EMKOCTh MeXIy UWIMHIDAMH HaleTcs M3 CUCTEMbI ypaBHEHHA:
Uy =a11q1 + %199
Uy =15, + %2392

TMonaras qq==-—¢; W YUHTHIBAf, YTO Ug = Qjg U Ugq ==&y, TNOIY-
YACM:
U= (01— 23 ¢, Us=—(ay — ) q1,

Uy—Us=2(ay; —a13) ¢y

— 1
€= U,—U, ﬁz(au—'“u),
TAC Oy H a4“ Haxoaarcs mo dopmy:aam (139) u (140).
Mipu /> r, u I>D, yuntuBag cootHowenue (142), noayuaem:

1 2 /) 1 D
T 27_1[(1nr0 1)—-(1nb~——1)]‘2r711na
H, clIe10BaTE/bHO:
c~,
In -
Ty

4TO COBNAJAET C BhiBeAcHHOH paHee d¢opmynaolt (114) mis emkocTH
ABYXIIPOBOJHOH JAMHHU nepenav.

§ 46. IloTesunanbHble KO3(MIMEHTH B CHCTEMe MNPAMOXUHEHHBIX
NPOM3BOALHO PACHOJ0NKEHHBIX OTPe3KOB NPOBOLOB

JI. A. lleiitnne B oaHo#l M3 cBOMX padoT maer GOpMyAy IS BHIYH-
ciaeHua KODOHUUUCHTA @y IAA JBYX NPAMOJHHEHHLIX OTDPE3KOB IIPOBO-
OB, Mo6biM 06pa3OM OPHEHTHPOBAHHBIX APYT OTHOCHTEABHO apyra. ITpo-
BEIEeM ABE NMapajijic/bHbie INMIOCKOCTH Tak, YTOOH B KAXK/JAOH U3 HUX JewKa.l
ONMH M3 paccMaTpHBAaEMHIX NpoBOdOB (pHc. 72). Paccrosnue Mexay
WiockocTaMu 00603HauMM 4epes D, yron mexay mNpPOBOIAMM depes
¢ (0=<<@==x), aqmuHsl nposonoB uepes I, u I, Beeaem KOOpIMHATGH
x u &, orcunThiBacMumie OT obutero nepneHxukyiaspa 0,0; x oTpeskaM
nposonos. ITons3ysce dopmysoii (137), nonyqnm:

a J‘ dxdE
4ra1,1,

x; &
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e r=1v x* -8} D?—2xtcose.
TIpoM3BOA MHTErPHPOBAHKC, NOJyYaEM:

r

& gt

X
§ j =P11+pe<z—‘pm—Pa:-
X3 El

3mxech
P=xIn (E~xcosq>—}—‘/x’+§“—5—D“—2xECoscp)+

—i—Eln(x—Ecoscp+1/x’+E*—5—D’———2xEcosq>)+
2D 4t YA LEF D —2xkcose 9\’

TIpy BHUMCIEHHM APKTAaHCEHCA, BXOIALIErO B NOCIEIHHil WICH, yriM,

COOTBETCTBYIOUIME MOJIOKHTEAbHHM TaHrEHCaM, ClelyeT 6paTb B NepBOM
KBajJpaure, T. €. B mpefenax or 0 1o T/2, a :
YT, COOTBETCTBYIOUIME OTPHLATENbHHM TaH-
rescaM, — B 4YeTBEPTOM KpalpauTe, T.e€.B Ipe-
nenax or 0 no — /2. Bemuunn Pyy, P,
Py, u Py moayuvaiorcs u3 P nyrem noicra-
HOBKHM BMECTO X M £ COOTBRETCTBEHHO Xy H §;,
X3 H By x; U By xo M &L

dopmMyna Ia1 g5, BHBEIEHHAdA B TpPEIH-
myuiem naparpade s ABYX MapajleNbHBEIX
POBONOB O/MHAKOEOH JUMHH, MMOdy4YaeTcs H3
npupefieHHofl 3aech o6mielt GOpMYIH, eciH
NOJAOXHTh B TOCIeIHeil:

¢=0, x;=§ =0 wu Xo==by =1L Puc. 72

LennocTs mpuBelennoft B HacrosmeM maparpade o6uieit Qopmyan
Lei'Tanna B TOM, 4TO OHAa JaeT BO3MOXHOCTh BHUYMCINTH MNOTEHUHAIb-
HHe KO(QUUMEHTH M eMKOCTH i mo6o#i cHCTeMH NPOBOROB, COCTOA-
nlefi M3 NPAMOJHMHEHHHX YYacTKOR.

§ 47. BoludcaeHA€ eMKOCTH MO KapTHHE noas

EMKOCTh MexIy IByMs UWJIMHIDHYECKHMH TelaMy GOJBWIOA JUIMHBI
WIH MeXAy NBYMS TelaMy¥ BpalleHHs MOXHO BHIYHCIHTh, MOJIL3YACH
KAPTHHOM NOJAS, MOCTpPoeHHo# xora On NpuGAMKEHHEM rpaduueckum
meTonoM, u3noxeunnim B §§ 28, 30 u 31.

OTnomenue noToka pekropa cmeulenns AWp, Npoxomsulero CKeo3b
ceyenwe onHoli TPyOkW, k mpupamenuio noteHuuana AU mexny cocen-
HHMH JUHHSMH PaBHOrO TNOTeHiMala, cOriacHo ypanenusM (94) u (95),
paBHO? .

IUiIf TI0CKoNmapalensHoro NoJst
AV, Aa__ 1

Y A71=EI
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W AJd ToAd Tea BpalleHus
AW - A 1

Dl a
— -l =2xre, — ==92x .
l AU ?in ks

3apsin Tena paseH cOrnacHo Mocryiary Makceemla ITOJHOMY NOTOKY
CMEIEeHHs CKBO3b CCYeHUst BCeX TPYyOOK, HauuHaloWMxcs Ha Tene. Ecuiu
YMC/IO 3THX TPYGOK pasHo m,, 170 ¢ =m, - AUp. Pazsocts noTeHuua-
A0B MexAy AByMms Temamu pasHa U; — U, = m,AU, rae m,— uucio
HHTEPBA/JOB MEXIY COCEIHHMH JHHUSIMA DABHOrO INOTeHIHMana. TaKum

o6pazom:
P c=_1 =IWD| ™__p, T (143)
Uy — U, AU | m, 3 m,
OpHYeM IV IIOCKONAPadfe/]bHOro  IOJs k3=k— W I NOJA Tell Bpa-
1

wenus Ry = 2w/ky. Yucno k, samawor, npuctynas K rpapuYeckoMy HO-
cTpoenuio mnoias. OHO omnpeneasier GopMy siueek MHOJA, T. €. OTHOUIEHHE
Aa/An. Yucaa my u my HAXONAT W3 NOCTPOCHHOM KAPTHUHB NOJISL.

I'zasa wemsepmasn
MATHHTOCTATHYECKOE IIOJIE

§ 48. Teno BO BHemHEM MATHHTHOM IoJe. AHAJNOTHA
C 3JIeKTpOCTATHYECKOH 3amaued

MarnuTtHoe mnosie BO BCex 663 HCKJ/IIOYEHHS CJAYy4asax BhI3bIBaercHd
IJEKTPHYECKHUMHU TOKaMu. B YaCTHOCTH, W B CJy4Yae HaMArHUYEHHHX Tel
OHO BHI3BIBACTCHA 3JIeMEHTAPHBRIMHU TOKAaMH, CymeCTBYIOIUMHU BHYTpH
MOJIEKYJ1 U aTOMOB BellleCcTBa. Onxako ans pacyeToB OKa3nlBaeTrcs Heje-
cOOGpa3HBIM PaccMaTPHBaTh NPOLECC HAMATHUYUBAHUA Tead (OPMATbHO,
KaK MAarHuTHY0 [OJAPU3aAlMI0 BeIecTBa. BCJIelICTBPIe noJaapusauuu
BE€UIECTBA HA MOBEPXHOCTH Teja HABONATCH CBA3AHHHIE MATHUTHBHIE MACCHI:
C OIHOR CTODOHB Tela — MOJNOKHTENbHBE, C JPYro# — OTPHLATE/b-
HBle. DTH MAarHUTHHE MAacCChl C031alT CBOE IIOJE, KOTOpoOE, Hajaaraacs
Ha BHeEUIHee I10Je, UCKAXAeT €ro.

HpPl T4AKOM DAaCCMOTPCHHHA fBJIEHHA HaMArHudeHuda TeJ1 3agaya o pac-
yere MAarHHTHOrO IOJd TeEJ/I, BHECEHHHRX BO BHeUIHEEe IMOCTOSHHOE Mar-
HUTHOE T1IOJE, CBOE"TCﬂ K pa”Hee HccaeaoBaHHo#i 3anmaue o pacuere
3JICKTPHAYECKOro MnoJ/f TEJ M3 H3O0JHPYIOIEro BelllecTBA, BHECEHHHIX BO
BHEUIHEEC 3JEKTPOCTATHYECKOE TII0JE. COOTBETCTBEHHO, nonxe, CcO3naH-
HOE€ HaBeneHHHMH MATHUTHBIMU MacCaMy, HA3BIBAIOT AMazHumocmamuye-
CKUM nosem.

YpaBHeHHs MArHHTOCTATHYECKOTO W  3JIEKTPOCTATHUECKOrO mosiel
MOMHOCTBIO COBNAAAIT OPYr ¢ ApyroM. 3akouw KyaoHa ans maruuro-
CTATHKH ¥ 3IJEKTPOCTATUKU HMEIT BUI:

f= s e 1 g
T Amp p? T 4ne 2
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'/

FA€ My, Mq— MATHUTHBHIE MACCHl W (@ — MarHUTHAs MDOHMUAEMOCTL H,
COOTBETCTBEHHO, ¢, (3 — JIEKTPUUECKUEC 34PHAB U & — JU3JEeKTpude-
CKas MPOHUIAeMOCTb.

HanpsxeddocTn MarduutHoro noaas H m saexktpuueckoro mnoas E
onpejenaoTcss OJMHAKOBHM 06pa3om:

Chencrauem storo u 3akoHoB Kynona ssasercs oaunaxosas dopma Ans
Teopemn [aycca:

¢ Has =71, § Bds =1,
s §

4To 3anucHiBaetcd B audepenunansnofl  hopme nonm o6weMHOM pacrpe-
JeseHur MArHUTHBIX MAcC U JEKTPUYECKMX BapAN0B B BuUle:

divH=", dGivE="F,
!J. £

FA€ G, — OGbEMHAsT ILIOTHOCTh MArHUTH3Ma, p— O6bEMHad IUIOTHOCTh
JIEKTPHYECTBA.

Jlunuu BexTopa H nmpepeiBHbI, Tak e KaK NPEPHIBHH W JHHAH BEK-
TOpa E, CHJOBBIC JUHUU MarHUTHOIG MOJAs H&GYMHAIOTCA 4 KOHYAloTcs
Ha MACHUTHBIX MACCAX, TaK K€ KAaK CHJO0BGLIE JIHHHH SNEKTPHYECKOro
OJsA HAaYMHAKITCA UM KOHYAlTCd HAa NEKTPHYECKHX 3ap$maxf

ITockonbky meficTBUE 9MeMEHTADHLIX TOKOB NPH T4KOM pAaccMOTDe-
HHH CpOpMaHbHO 3aMeHsieTcs] AeHCTBUEM HaBeIeHHBIX MarHUTHLIX Macce,
TO BCIOLY uMeeM:

G HA=i=0 u rotH=0,
TAK XK€ KaK 4 B JNEKTDOCTAaTHUECKOM MoJe
§Edl=0 n 1otE=0.

C1eaoBaTe bHO, MAFHHTOCTATHYECKOE MOJE, KAK W 3JEKTPOCTAaTHYE-
ckoe, aABasgeTcad Oe3BHXPEBBIM, HJM, UTO TO K€, NOTEHUHAAbHRM, UHbniMu
C/IOBAMH, MOXHO BBECTH BCIIOMOraTENbHYI0 OZHO3HAYHYIO (YHKUMIO
xoopandar U, (X, ¥, 2), Ha3bIBAEMYIO MAZHUMHWM NOMEHEUALOM, TDa-
AWEHT KOTOPOi DaBEH B3ATOH CO 3HAKOM MUHYC HANPMKEHHOCTH Mar-
HATHOro nonaf.

H=-—grad U,,
aHAJOIMYHO TOMY, KAK HMeeM B 3JIeKTPOCTaTHYECKOM MOJie

E = — grad U.

8 Teopua viaerTpOMArH. 1OIA
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B npoctpancTse, rae HeT MarHHTHHX Macc (p, ==0) MarHATOCTaTH-
YecKoe M0je yAOoBACTBOpPHAeT ypaBHeHHo Jlannaca;

divgrad U,, =0,
Wiy B MHOM OGO3HAYEHHU:
VQU," =0,

TaK Xe¢ KaK U B 3JeKTPOCTAaTHUCCKOM TI10JI1€ BClOly, rie P=O) HMeeT
MeCTO ABHECHHE:
yp ViU =0.

CBsi3p MeXIy BEKTOPAMH MarHWTHOH uHAyKluM4 B, HanpsikeHHocTH
MariutTHOTO noas H ¥ MHTEHCHBHOCTH HamarHW4eHHA BellecTsa J:

B=pH=p,H}J

COBEPHICHHO aHalOTHYHA CBA3U MEXOY BEKTODAMH 3/1E€KTPHYECKOro CMe-
wennd D, HanpsXeHHOCTH SMEKTPHYECKOrO nonsn E M HHTEHCHBHOCTH
noaspusauuM BemecTsa P:

D=€E=50E+po

CyiecTBeHHOE Pal/IHuHE MEXIYy MarHUTOCTATHYECKHMH H 3JEKTPO-
CTaTHYECKHMH 3ajladyaMy 3aKJIOYaeTci B cienyiomeM. B maruutocraTtnke
ME HMeeM [el10 TOABKO CO CBA3aHHHIMM MarHHTHHMH MaccaMu, M HE
CYyIIECTBYET TaKMX CAyvaeB, /i1 OMHCAHHA KOTOPHX Heo6XxoanmMo 6uio
6n BBECTH B paCCMOTpeHHe CBOGOMHHE MarHHTHHE MacChH OJHOTO 3HaKa.
HanpoTus, B 31€KTPOCTaTHKE MH HMEEM JIeI0 KaK CO CBA3aHHBIMH, TaK
M CO CBOGOIHHIMH 3NEKTPHYECKHMH 3apsiamu. [lostromy mocrynary

Makcaenna
E‘;) Dds=q wm divD=p,
s

B KOTOPOM IPHHHMAETCH BO BHHMAaHHWE JHINL CBOGONHHIH 3apsii, coOT-
BETCTBYeT B MArHHTHOM [0JIe YC/JAOBHE:

E‘;)Ba’s=0 nan div B =0,

BHPaXaiouice NPHHUHAN HENPEPHBHOCTH MACHHTHHX JIMHHH, T. . JHHuH
BekTOpa B.

[TosTomMy npu paccMOTpEHHH I[IOAs TeJ, MOMElEHHHX BO BHelIHee
MarHHTHOE 10Je, aHadOrHI0 M3 O6nacTH 3/MEeKTPOCTATHKH HaJO HCKATh
B 3ajave, B KOTOPOH DaccMaTpHBaercd IOAe Ten M3 W30IAHPYIOHIETro Be-
IIECTBa, MOMELleHHHX BO BuellHee 34eKTpHueckoe moae. Ha tenax
H3 H30JMPYIOIEro BEILECTBa HABOMATCA TOJBKO CBf3aHHHEIE 3apajibl, KO-
TOpHle HE BXONAT B NPaByl0 4acTh ilocTyaara Makcsemna. Cnegosa-
TEJIBHO, HMEET MECTO DPaBEHCTBO

§Dds.=0 na divD =0,
s
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Bbipaxaiolllee HENMPEPHIBHOCTb JIMHHH 3JEKTPUUECKOTO CMENleHus BO BCell
paccMaTpuBaeMOH 06.1aCTH, KOTODas He BKJIOHAeT B cebsi MecT pacno-
JOXKEHHA CEOGOAHHX 3aPRA0B, CO3JAOMIMX BHEUIHee 3JIEKTPUUYECKOE
noae.

Ha rpammue paspgema asyx cpen c Pa3IMYHbHIMH MaTHUTHHIMH POHH-
IAEMOCTAMH By H pg B O0EHMX CpelaX paBHBI MEXIAYy cO00I0 KacaTedb-
HEl€ cocTagzasomue sekTopa H ¥ HopManbHbie cocTasasonine sekTopa B:

Hy = Hy, (144)
By = Bp. (145)

Wz stux ycaosuit caenyer, uto yram 6; u 64, O6pasyemsie maruur-
HOH JMHMEA C HOpManbio K MOBEPXHOCTH pasiena B 1lepBO# M BO BTO-
po#t cpelle, cBfi3aHH COOTHOIIEHHEM

B (146)
10 py

OTH rpaHMYHBIE YCIOBHA BNOJHE AHANOTMYHE ycnosuam (58), (59)
u (60) coormercTByIOmEN 3MEKTPOCTATHUECKOH 3anaym.

Takum 06pasom, nmpu HccleNOBaHMM MOAR Ten BO BHemHeM MarHuT-
HOM 10X€, MH MOXEM BOCNOJNb30BATHCA AHANOTHUHLIMH  3afauaMi,
PEWEHHEMY B 3leKTPOCTaTuKe C 3aMeHod E wa H, D va B, P ua J
H & Ha p.

§ 49. Wap n saarnconn Bpamenns Bo BHemueM
OIHOPOIHOM moOJe

B § 35 6ma paccMoTpen cayuait Iapa H3 H30JIHPYIOUIETO BElLECTRA,
HaxoAsnierocs BO BHeEUIHEM OJHOPOAHOM NEKTPHUYECKOM moJe. Brulao
HafiieHO, YTO Wap MoaAApu3yeTCH oxHopoano. Hanpsikennocts E_ noas,
CO3NAHHOTO CBA3AHHLIMM 3apAJAMM, BHYTDH WAapa ONpexeasercs dop-
myno# (99)

E,=f"%F,

Ilpu s1OM, ecaim wap nomemen & nycrore, TO AM3JEKTPHYEecKad
TPOHULAEMOCTE € €ro BeulecTsa GOiblle NMIIEKTPHHECKOH MpOHHMifae-
MOCTH e, Ookpymaiomeh cpexnl u sexTop E_ Hanpasaed npoTtus sek-
TOpa HanpsKeHHOCTH E, BHemmuero moas.

Bo Buemnem npocrtpancTse nose CmA3aHHBIX 3apalOB TaKoe e, KaK
[one punons, MOMEMIEHHOrO B IEHTPE Wapa W WUMEIOIIEro lleK TPHYe-
CKHA MOMEHT, COOTEETCTBEHHO BhIPAKEHHIO (100) pasuwnit:

p=4ne,RPE_ = 4nR%, %"; E,

rae R — paanyc wapa.
*
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BekTOp [0JAApH3auWH B COOTBETCTBHM C BHIPAMEHHCM (101) mo

BEJINYMHE DPABEH: e
== RN =

P =3¢, e 2, Ey=3¢,E,.

TouHO Tak e map M3 BENIECTBA C MArHMTHOH [POHMUAEMOCTRIO p,
NOMEMEenHH# BO BHEUIHEe OXHOPOIHOE MarHWTHOE [MoJe, HOARPU3yETCH
MarHMTHO OAHOPOLHO. ITycTh mWap MOMEWIEH B NyCTOTE H g >p, Torna
BEKTODP HanpsmikenHocTw H_ 1011 CBASAHHBIX MATHHTHBHIX Mace Gy net
BHYTPM Iapa HallpasjeH NPOTHB BEeKTOpa Hanpsxenxoctu H, BHEWHCrO

T T T
Brewnee odnopodnae Pesynvmupyroee none
none sexmopa H

T

/_\"—'

__.,_’/——\-—‘
flone HasedennuT llane sexmapa maerymrod
HASHUMHEIT MALD undysyuu

Puc, 73

nons. B stom caywae noae sektopa H_ wnaswBaerca pas.uazHumusaio-
wum nosem. HalpsmEeHHOCTb Pa3MarHMYMBAIOULEr0 MOJ%  ONpEIe/ReTes
dbopmy a0ii:

R o
Ho= s, He (147)
BHe mapa [1oJe MArHUTHRIX MacC Takoe€ XKe, Kak 1QJiIeé MarHUTHOrO
JAURITOJIHA, HAXOAAUWLErocs B uempe mapa B UMEIOIIErQ MArHUTHBIH MOMCHT,
— 4wy R3H_ = 4nR3%, * — o H . 148

p Vo - ""0 l"‘+2|"‘0 0 ( )

VHTEeHCHBHOCTh HAaMarHWuyeHHs mapa paBHa MarHHTHOMY MOMEHTY,
OTHECCHHUOMY K €IMHHLIC o6beMa:

P __ Lol
L e 9
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PesyabTupylomas HalmpsXEHHOCTD W Pe3yJAbTHPYIONLAd MAarHuTHAas
WHAYKUMA BHYTDH apa paBHb

3w,
H=H,— = "0 _H,,
o — H o= H,

B= B, (150)

3 3
e W H ="
P2 MO T w2,

Yem Goabule p, TeM CHIbHCC Da3MarHMYMBaloulce rmoje u Tem cnabee
noiae f, wo Tem cuabuee noie B. B npeaene npu p-— 00 UMeeM:

H_=H, H=0 w B=23B,

Takum 3ameuare/bHBIM CBOHCTBOM HaMarHW4YMBaThC OMHOPOAHO BO
BHEWIHEM OIHOPOIHOM MoJe o6iamaeT, Kak 3TO MOXHO NOKa3aTh MyTEM
pacuerta, J/MIICOMN, HaCTHHIM cJydaeM KoTtoporo ssasiercs ap. Ha
puc. 73 usobGpaxeHsl A 3TOrO CAydas: BHEUIHCE OXHOPOIHOE MoJe,
noje Bexktopa H, BrI3BaHHOE MarHATHBIMH MacCaMH, pe3y/bTHpYollee
noie sexkropa H m pesyapTHpyomee noje Bextopa B.

§ 50. KosbnnnenTn pasmardHAyeHnss

Kak sumno w3 dopmyn (147) n (149), xkak H_, tak u J nponop-
uronanbiel M, suewdero mois. Ctaio ObiTh, MOXHO HaMHCaThb:

woH,_ = NJ. (151)

Kosduumedt nmponopuvoHanbHocTd N Ha3mBaercs KosguyueHmom
paamazruyenus. OT Hero 3aBHCHT NMPH JNAHHOM HHTEHCHBHOCTH HaMarHH-
YeHMsl BEJNAYMAHA HaNDKEHHOCTH pasMarduuuBammero nons. Kosduuuent
pasMarHvdesus 3aBUCHT TOJAbKO OT (OpMEl HaMalrHHYMBAEMOro TeJa.
Ona wmapa nonyyaem us dopmyas (149):

Pacuer maer Ias xko3duumMeHTa pa3MarHuuyenus SJUIMICOMIa BpauleHus

topmyry: N \
e ln (A Y R T) — ] ] — o arccosh
_]fl’—l a(x + ) _ Vion arc cos

-1 - T—2® ’

npudeM A eCTh OTHOLIEHHME OCH BpAallleHHs 3JUIMIICOHNA, KOTOpas mnpen-
roJaraeTcs HampaBJeHHO#l BAOAb JAMHHHA BHemHero I10Jsd, K OcH, el
nepnenmuKy tapHol. TlepBuiM BuipawenneM mas N yZoO6HO N0Nb30BaThCH
npu A > 1, BropuiM — npu A < 1.

Linn 6eckoHedyHOll NACTHHBL, PaclojiOKeHHOfi momepeKk moas, KOTo-
PYI0 MOXHO pPaCCMATPHBATh KaK CIJUOUIEHHWA SJJIMICOWL, HAXOLHM
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N=1, nonoxus A=0. IT0— Hampbicilee BO3MOXHOE 3Hauenue N,
T4K K4K 3JECh Pa3MarHW4YMBAIONIME MAacChl pacnpeleneHbsl Ha GeckoHed-
HBX NoBepxXHocTAX. [lns wapa, noiaras A=1 W packpsiBas Heomnpe-
ZIeNIeHHOCTh, noayyaem N==1/3. Jlaa 6eckoHEYHO IIMHHOIO CTepXKHS,
PAacroIONEHHOro BAO/Ab MOJf, NMONaras A==0oO W PACKPHIBAS Heonpeje-
JIEHHOCTb, moayuaeM N==0, 4TO W ClefyeT OXHIaTh, TAK KaK B 3TOM
ciyuyae pPa3MarHMYMBAIOLIME MACCH yaaneHsl Ha GECKOHEYHO Goabuioe
paccrosinne. YTo6H MOWHO G6bIIO nHpeNCcTaBATh, Kak Bamser ¢opma
SNMMNCONAZ HAa BenrnyuHy N, npuBeleM 3HaueHns N 118 HECKOMbKHX
3HaueHN# A, BHIYMCIEHHBIE MO BblIENpHBeaeHHOR (opmyrne:

A=0 N=1

A=1 N=10,333
A=2 N=0,173
A=32 N=0,100
A=16 N=0,010
A=61,7 N=0,001
A=oc0 N=0.

CBOfiCTBO 3NANNCOHAOB OIHOPOAHO INOJSPH3OBATHCA B OJHOPOIHOM
BHEIIHEM T1OJe WCNOAb3yeTcst B MarHutoMerpun. J[lns HccaemoBanus
MarHUTHHX CBOHCTE (PCPPOMATHUTHHX MATEPHANOB MOXHO H3rOTOBHTH
U3 3THX MaTepuanorB ob6pasusl, uMelomue GopMy IMAUNMCOUAA BPAIIEHH s
Wi 6mu3ky0 Kk Helt dopmy. OAHOPOLHOCTH HAMATHUYEHHA OCOBGEHHO
BaXKHA MMEHHO NPH HCHBITAHAM (PEPPOMArHATHHX MAaTEPUANOB, TaK KaK
MarHUTHAas# TPOHMUACMOCTb | HX 33BHCHT OT HANPDKEHHOCTH MNOAA M
TONBKO MPH OXHOPOJHOM NOJME BEIMYMHA p BO BceM ofbeMe o6pasua
6yneT OIMHAKOBa,

Pacnosaras 3indncona B ONHOPOJHOM MNOJE C HanpsbKCHHOCTbIO H,,
HanpuMep B CePelMHe AOCTATOYHO JMMHHOH HAMArHMUMBAIOIEH KATYUIKH,
OCbIO BPAlIEHHst B HANDABJICHHUM NOJs, GYIeM HMETh BHYTDH 3JUIHNICOMMAS

—poH+J—-uoH+*‘°”°~uoH+ e H)
—H1—N)
"'Po N

Ecav OKpYXHTh 3/JIMICOMA BHTKOM W3 TOHKOH MPOBO./IOKH, [IOTHO
npuaeraiollefi K ero MoBepxHOCTH TaK, YTOOHL BECh MATHUTHLIA NOTOK,
NPOXOAMUAA Yepes IJIMICOMA, TNPOXOAMN H Yepes BATOK, TO TpH
NEePEKAI0YEHNH TOKA B HaMarHW4YMBalomWeHd Karymwke no or6pocy 6Ganau-
CTHYECKOro rajlbBaHOMETPA, BK/IIOYEHHOrO B LIENb BHUTKa, W MO BEJH-
YMHE CONPOTHBJIEHHH LENH BUTKA MOXHO ONPEACAHTh MATHATHHIA NOTOK
B Tele saauncound. MaruutHas muayxuus B B Tene 3JaMnCOMAA onpe-
NEAAeTCS AeNeHHEeM BeMMYMHBl NMOTOKa HA [AoWlagp CEYEHHsl, TaK Kak
none oxHopoano. Ms nocnexnefi ¢opmyas, snas H, m N, Herpyauo
onpeneauts f1. Takum 06pa3oM OKa3bIBAETCH BO3MOXHBLIM ONPENCIHTD
ONBITHHIM [yTEM MACHHTHYIO MPOHHUAEMOCTb = B:H BemectBa, U3
KOTOpOro cjcian obpasel,
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§ 51. MarHATHOe 3KpaHMpPOBaHMe

Ut 3aMTBl INEKTPOUSMEPHTEABHEIX OPHUGOPOB OT BAMAHMA NOCTO-
POHHHX MArHHTHRIX ONEH WX IIOMEMIAlOT B MAacCHBHBHIE 3aMKHYTHE HIH
MOYTH 3aMKHYTHe OGONO4YKH U3 QeppOMarHHTHOrO MaTtepuana. Takue
OGONOYKH HA3WBAIOT MA2HUMHME dkpanamu. Tloixe BHYTDH 9KpaHa
OKa3hlBAETCA OCAAGNAeHHLIM [10 CPABHEHMIO C BHELIMHM TOAEM.

PaccmorpumM noawmt map, Haxomsuuitica B OXHOPOJHOM .BHEIIHEM
none ¢ HanpskenHoctbio M. Ilycro Buewsui panmyc mapa pasen Ry
H BHyTpeHHult paBeH R, (puc. 74). O6031a-
YHM BeJHYMHBI, OTHOCAHIMECH K BHEILIHEMY
OPOCTPAHCTBY, HHIEKCOM ,e“, K Tely
9KpaHa — HHIEKCOM ,a“ W K BHyTpeHHef
061aCTH — HHIEKCOM ,i%. YCJIOBHO MOXKHO
NOAHWHA WAp paccMaTpHBaTh KaK IBa Liapa.
On@¥H H3 HHX CIVIOMIHON C IPOHHIAEMOCTHIO
p® ¥ paauycoM R; moMmewieH BHYTpH IpY-
roro ¢ NPOHHUAEMOCTBIO g H PaguycoM R,
[Tosromy, OCHOBHBafCh Ha pe3yiabTarax,
NONYYEHHBIX NOpPH HCCACHOBAaHHH Cay4as
OJHOTO CIJIOINHOrO 1apa RO BHENIHEM
OIHOPOIHOM HOJE, MOXHO BBICKAa3aTh cCle-
JlyiolilHe mpeJnooKeHns o0LLero xapaxkrepa.

[Tone pHe 3KpaHa ABASETCA pe3yABLTaTOM Puc. 74
HaJNOXKEHUS M0J9 HEKOTOPOro 3KBHBANECHT-

HOrO IHIIOJs, IOMEMIEHHOrO B IIEHTpEe 9KpaHa, Ha BHEIIHEE OTHODPOIHOE
none. CnexoparensHo:

Upe =—Hyr cos g 4 52, (152)

rie A, — nocTosiHHas, NpONOPUMOHANBHAS MATHUTHOMY MOMEHTY IHNOJS.
Mepeuft unen B pupaxenun na8 U,, ecTs NOTEHIHAX BHEWHETO OIHOe
poaHoro nois. Bropo#t uneH ompelenseTcs MarHMTHHIMH MacCAMH, HaBO-
AUMBIME HAa BHEITHEA H BHyTpeHHe# NOBepXHOCTAX 3KpaHa, WIM 3KBH-
BaJEHTHHIM HM [IHIIOJEM.

[Tone B Tene 9kpaHa TaKKe CJAraercs ©3 OJHOPOMHOTO MOAS H
HOJSL HEKOTOPOro SKBHBAJNEHTHOrO JHAOJS B LEHTpe 9KpPaHa, T. e

Upg=Aqrcose -} A4, 9%?. (153)

rae A; u A;— MOCTOSHHBIE.

Ilpu aToM mepBas COCTapAsioNmIas NOTeHUMana, Jakomas OIHOpOIHOC
none, ciaaraercd W3 NOTEHUHANA BHEINHErOo MOJAA M IOTEHHHakda MOJd,
BHI3BAHHOI'O MarHWTH3alueld BuemsHc# norepxHoctH. Bropas cocrapasg-
u\as onpejxenseTcd MariUTH32UNEH BHVTPEHHeA NOBEPXHOCTH.
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Hakoueu, noje Bo BHyTpeHHeli 06.JactH SABISETCA OXHOPOIHbLIM H
nonyuaeTcss OT HajdOXKeHus moJeli, BbI3BaHHBIX MarHMTH3auuel obenx
OBEpXHOCTEH Ha BHeiusee nose. Caenosatenbho,

Upy=A,rcos o, (154)
rae A, — 1N0OCTOAHHAA.
Ilpu 3stom A,=-—H;, rae H;,—wuanpsxeHHOCTs nOJA BHYTpH
IKDaHa, TaK Kak

H = — Uni

f o w U =-—Hgz-|C=—H;cosg, (155)

mi—

ecin nonowuts C=20.

Bupawennss (152), (153) u (154) yuosaeTrBopsmioT TpehOBaHHAM,
4yTOGB HOTEHIHad BCIOAY O6blJl KOHEYHBIM NDH 0OOM KOHEYHOM 7,
B uacTHOCTH npu r==0, u uro6b cocTaB/sAOmWas NOTEHUHKaN], Ompene-
jseMad MarHMTH3anuell noBEpXHOCTE# 5KpaHa, cTpeMuach K HYAO
apu r— o0. :

Mu nanucanu Beipaweunus (152), (153) u (154) ua ocuose mpexano-
A0xeHUl obwiero xapakrtepa. ONHAaKO ec/iH HaMm YXacTcs IOKasaTb, uTO
MOXHO noia00paTh NOCTOsHHHEC A;, Ay, A; ¥ A; Tak, uyTOGbi GoliK
YAOBACTBOPEHH TPaHNYHBIE YC/AOBHA A48 Mo0Oro 3HaueHus $, TO STHM
camniM GyJeT mOKasaHa MPaBUABHOCTb STHX BBLIPAXCHNH, IOCKOJbKY
3a/aua JIO/KHA WMETh €QMHCTBEHHOE DelleHHe.

ITo 06e CTOpPOHBI OT KaMIOH NOBEPXHOCTH [OMKHbH ObITb paBHbI
KacaTedbHble cocTaBisiouie BekTopa H M HOpMasibHblie COCTaB/sOUINE
sektTopa B, uto maer ycuosus:

1)ynpur=R,
(_ 1 8U,,,,~) = (_ 1 ‘E{mg)
r O0e Jr=g, r 09 jr=pR
HIH
A
A=A+ 5
Rl
2) nmpn r=RrRy
0( aUm,) zu(__a_am
! or jr=gr, ' or Jr—R,
Wil

‘_ﬁiévmg) ,_(_ L Qﬁmj)
( r 0% Jr=R, r 09 Jr=R;
Wid
A A
A B =—H ZL.
9._1— R: 0+ Rz y
4) npu r=2R,
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_— / .
1 ——P(\A‘z”"'i '-*"}"n(‘"'_"_"o*;s’)'

,
[
)

Oupesensgs u3 TEPBOrO M BTOPOFO ycaoeuit A, u A, uepes
A, =— H;, naxonuM:
1 I 1 o 3
Ay=—=3 <2+—;)Hia Ay=—7 -T)RlHi‘
[loncraBiss 3TH BHPAXEHHS B YyCAOBAS TPeTbe M UETBEPTOC H
dcKkalouas W3 MOJYYEHHBIX YpaBHeHu# A,, 101yv4acM [OCAE [POCTHIX
npeobpasopanuii:

1

Hy=Hy s . (156)
AT

Hanpuvep, ecin Ry ==0,9R; u p=>500y,, 10 H;=0,031 H,, 1. e.
HANPHKEHHOCTb MOJR BHYTPH 3KpaHa COCTABAAET 3%/, OT HaNPHEHHOCTH
BHEWIHErO IOJA.

Bripaxenue (156) yxaabiBaeT Ha OHO 3aMEYaTENbHOE 006CcTOATEABCTRO.
Sxpanupyomee aehCTBUE KpaHa 3 (QeppPOMArHUTHOrO BENICCTBA C HE-
KOTOpPHIM 3HaYEHUEM P/, TOYHO TaKOE e, KaK M B Cly4ae KpaHa Hs3
JAMAMArHATHOLO BEWIECTBA C TaKAM Ke UMCJICHHBIM 3HAYCHHEM o/
B cayuae (eppOMarHMTHOrO BeI€CTBa KPaHMpYiOulee HEACTBHE Onpe-
JeJfeTCs TeM, YTO MArHUTHbE JIMHHM BHEMHErO NoJjd, CTPEMACh MpOATH
110 NYTH C HaMMEHbUIMM MarHWTHBIM CONPOTHBIEHHEM, CTYILAITCA BHYTPH
CTEHOK 3KpaHa, MOYTH HE MPOHUKAA BO BHYTPEHHIO 06JIacThb. B cayuae
MAMACHATHOTO BEIIEeCTBA MarHWTHBIH [OTOK BCTpevaeT B Teje 9Kpana
OBHIIEHHOE MATHMTHOE CONpPOTHBICHME M MarHWTHblE JHMHMH OrmGaioT
3KpaH BO BHEUIHEM NPOCTPAHCTBE, MOUTH He NMPOHHMKAS B TOMUY CTEHOK,
a CleMOBATEbHO, H BO BHYTPeHHIOK 061acTb. Taxk Kak IMaMarHWTHBIX
MaTepuaJoB ¢ MaJblM 3HAYEHHEM OTHOCHTEJBHOH MarHuTHOH npoOHHliae-
MOCTH /g, HC CYULECTBYET, TO MPAKTHYECKH A 3KPAHOB UCIOABIYIOTCH
AMmb QeppoMarHATHbIE MATepHalbl C JOCTATOYHO GOJBIIOH OTHOCHTEND-
HOM MarHWTHOH NPOHHULAEMOCTHIO.

Hepelko npuMeHAIOT MHOrOCTYICHYATHIC SKPAHbl B BUAE HECKOMLKHX
noasix (JEpPPOMarHUTHHIX TEJ, PACNOJIOKEHHBIX OJMH BHYTPH Ipyroro.

§ 52. MocTogHHbIe MarHUTHI

PaccmarpuBas MariMTOCTATHYECKOE MOJC MO aHaIOIHMK C 37TEKTPOCTA-
THUECKMM, HEOOGXOIMMO o6GpaTHTb BHMMaHuE Ha $fBJICHHE OCTaTOUHOrO
HaMarnpuenmsa, KOTOpDOEC MK HaGMomnaeM B cayyae HaMarauyeHHnix
deppoMarHuTHbHIX T€l B HacToAumiee Bpems uM3BECTHL HM30/Mpy©OUHE
BEIIECTBA — CErHECTOAIEKTPUKH, MEKTPHUECKME CBOMCTBA KOTOPHIX MO-
NOGHBL MATHMTHBIM CBOHCTBAM (CPPOMArHUTHBEIX BEULECTRB. JluanekTpH-
yeckaf [POHHUAEMOCTb CETHETO3JEKTPUKOB CH/IbLHO 3aRHMCHT OT Hallpd-
WEHHOCTH 3JEeKTPUUCCKOro 1moJjs. ﬂpn nepemeHHOH noJsipu3atiny Habaw0»
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JlaeTC ABJICHHE THUCTEPE3UCa H, CIENOBATENbHO, NPH CHATHH BHEIIHEro
Tiondl, BEI3BABUIErO MOMSPH3ALMIO Te/d M3 CErHETOINEKTPHKA, COXPAHAETC
OcTaTouHas mnoaspuzanua. OOHAKO OGBIYHBIE JHMINCKTPHKH HMEIOT
e==const, # HHKAKOFO SB/JEHHS OCTATOYHOH MOIIPH3AIMH, B YKAa3aHHOM
CMuCle, B HAX He Habmonaercd. ITosTomy B raase, B KOTOPOH H3yua-~
70Ch  371EKTPOCTATHYECKOE [OJE, 3TOMY HBJCHHIO HE GHAO YAEAeHO
BuuManua. Creayer 3ametuTsh, 4TO 371eCh HMAeT pedr O NOCTOSTHHOH
OCTATOYHOH MOJNAPH3ALMH, a4 HE OO ABJICHHH JH3IEKTPHYECKON BABKOCTH,
XapaKTepH3yiollleM OCTATOYHYIO MOJAPH3ALHIO, HCUE3AI0LLYIO CO BPEMEHEM
NOC/Ie CHATHA BHEHIHErO IOJA.

PeppoMarHATHHE BellecTsa HAXOMAT cebe WIMPOKOE NPHMeHeHHe,
M SBJCHHE OCTATOYHOrO HAMATHHYEHHMA WMPOKO HCNOAL3YETCA NPH Mo-
CTPOCHHH NMOCTOAHHBIX MarHuTOB. [To3TOoMy Heo6xo0auMO, X0Ta GH KpParko,

PACCMOTPETh COOTHOWEHHA, XaPAKTEPH3YIONLHE
N is NOJIe MOCTOAHHBIX MACHUTOB,

PaccMoTpHM MOCTOAHHHIN MarduT B BHje
Komblia ¢ BO3AyWIHBM 3a3opoM (puc. 75).
Bynem o6osnauath BCE BenmuMHHW, OTHOCSH-
IHECH K 3a30py, HHIEKCOM ,e%, M BEeIHUHHH,
OTHOCAIMECH K TENy MAarHuta, WHIeKcoM ,i*.
PH3HUECKH NOJIE MATHMTA CO3J4eTCH 3eMeH-
TAPHBIMM TOKAMH B Tene MardHuta. QmHako
HaNPAKEHHOCTh moas H, ¢ KOTOPOH Mul HMeeM
Ae10 BO BCEX TEXHHYECKMX pacyeTax, oOfpe-

ikl

Puc. 75 nenserca rtak, uto uarerpan ® Hdl pagen

TOJbKO MaKPOCKONMMYECKHM TOKaM, mpoTe-
Kalomum B NPOBONHHKAX, OXBATHIBAEMHIX KOHTYPOM HHTErPUPOBAHHA, H
B Cro BEAUYHHY HE BXOJIAT 3JEMEHTAPHHE TOKH B HAMACHHUEHHBIX TENax.
B cayuae mocroannoro Marsura, Tak kak MaKPOCKONHYECKHX TOKOB HET,
HMEEM BCIOLY

$Ha=o.

B YaCTHOCTH, 3TOT HHTErpanx TakKxe paseH HYJIO BIOJb nyTs no
OCH MArHurTa " 3a3opa. Cnenoaarenbuo, HMEEeM:

§ Hdl =Hili+Hele=O':

T. €.
. Hiliz"—Hele’

rae /; v [,— namnm ocel marumta W 3asopa, H;, u H, — Hanpsxen-
HOCTH NIOJIA B Teje MArHura H B 3asope. lIJlﬂ ynpoumeHnss MB nipenano-
JlaraeM noue OnHOPDOIHBIM M B MACHHTE U B 3aszope. 33M8THM, 4YTOo
B [IOCICNHHX DAaBEHCTBAX W Jajblie B HAcTOsmeM naparpade nox H mu
NI01pasyMEBaeM He NMPOCTO MOAyns Bekropa H, xoropui Bcerza noso-
WHTEEH, @ a/re6panyecKyl) BeJuuWHY, KOTOpas MOXeET GHTh HOAOKH-
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TeJbHOH WAM OTPHMUATENbHON B 3aBHCHMOCTH OT TOrO, COBNajaeT

HanpaBaeHue Bextopa H ¢ HanpaBreHuem nonoxurennnoro o6xoma w.im

eMy HPOTHBONOJOKHO. ITO COOTEBET-

CTByeT TOMY, 4TO Ha KpPuBOH, H306pa- 8

Warollelt neTa0 CUCTEpe3uca, Hanpumep

Ha puc. 76, Beanunna F MoxeT 6HTh U 1O-

JOWHTEAbHA M OTpHuATEJbHA. }
B ofmem cayuae HeOZHOPOAHOrO d

nojaf cACAyeT HanucaThb: 4 H

8,
s

Fy=—F,

rae F; u F,— MarHuTOBHXYyIiHe CHJH Puc. 76
BIOJbL OCH " MarHMTa M BAOJb OCH 3a30pa.

Ha puc. 76 wmsobpaxceHa wacTh neTAM THCTepe3Hca, CHATOH mpH
60JLIIOM MAarHMUTHOM HACHINEHHH IAA 3aMKHYTOTO KOJbMA, T. €. OpH
OTCYTCTBHH BO3JYIIHOIO 3a30pa, M XapaxkTepusyioumei Marepuan MarHura.
B, —ocTaTounan uEIyKums, F,-—ko3punTHBHaA cuia. Bersb adc na-
3niBaeTCH Kpusoll pasmazHuvenus. Ha puc. 77 3ta BeTBb nepe-
cTpoeHa B KoopnuHatax F u @, npuuem F—M. 1. c. BIOJB OCH MarHura,
OpH OJHOPOJHOM HaMarHMueHHMH pasHas M/, v ®-—norox B uel-
TPajpHOH 30HE MarHMTa, NPU ONHOPONHOM HAMArHMYEHMHM paBHHE B;s;,

rae s;— NONepeuHoe CeueHHe MAarHMTa.

M @ L ITpuotcyrcTeunzasopa B=58,, &=,
N u H Bciony pasHo nymo. IIpu naauumu 3a-
\ Yo, 30pa Ha MPOBENEHHE MAarHUTHOrO motoka ®
b 4 yepes3 3a30p, HMMEIOIIKH MATrHUTHOE COMPOTH-
/9 BacHue R,, tpebyerca M. 1. c. F,=R,®D,.
ot Ecnu cunrtate npubGanmkenno moae B 3a-

ef 16\ ¢ 30P€ OIHOPOIHLIM, TO

¢ bt
F,—H[,— piese 3.

Puc. 77 Ha puc. 77 npamasn OL wuso6paxaer
ceasp mexny F, u ®. Tak xak F;—=—F,,

10 npamas OM, naiowas cease mexny F; u @, aABiseTcA 3epKaabHbIM
oTpawennem npamo#t OL B ocu opausar. OueBHgHO, TOuKa b nepece-
uenun ayna OM c KpHBOH pasmarHmueHus adc W onpeseAsieT MACHUTHOE
COCTOfIHHE BEIIECTBA MACHHTAa NMPH HAJIHYHM BO3JYLIHOrO 3a30pa.
OHeprud MarHMTHOCO MOAA B 3a30Ppe MarkuTa ONDPENEISeTCH BHIpa-

WeHHEM:
DF,
2
KOTOpOe HpH OAHOPOAHOM moJsie NmpHoGpeTaeT BHA
BeH,
2

Ve,
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rae V,-—o6bem 3a3opa. JTa SHEPrHA PaBHA MONOBHHE IJIOMIANN NPAMO-
yroasuuka AbGO na puc. 77. Heo6xomumMo tak MPOEKTHPOBATL MArHMT,
yTo6H 3Ta OAowanp Owjia makcuMadbHO#W. COOTBETCTBEHHO TOuKa b
JOMKHA 3aHMMATL Ha KpHBOHM pa3MarHuyeHus B KoopmuHatax H n B
(puc. 76) Takoe mnonoxeune, 4TOGH mnpoussenenue |BH| noayuanoce
Han6GoNBIINM.

TpymHOCTh pacueTa peasbHBIX MarHHTOB 3aK/IO4AeTc B TPYAHOCTH
BBHIUHC/IEHHA MATHHUTHOrO CONpPOTHBJEHHA R, NYTH [OTOKa MO BO3LAYXY
C YY4ETOM HEOQHOPOMHOCTH NOJA W B TPYIHOCTH BHIMMC/AGHHA H y4eTa
NOTOKA pPaccesHusd, BHIXOAAUIECro uyepe3 GOKOBHIE MOBEPXHOCTH Mar-
HHTA,

I'rasa namas
AJEKTPUYECKOE MNOJIE NOCTOAHHBIX TOKOB

§ 53. YpaBHensss 3JeKTPOMATHHTHOrO HOJA B Ciaydae
HOCTOSHHBIX TOKOB

B nacrosme#t riase Mbl GYyNEM paccMaTpHBaTh MOJE [OCTOSHHBIX
TOKOB, MPOTEKAIOIHX B HEMNONBHIXHEIX NPOBOJAHMKAX M HENOIBHKHLIX
NpOBOAAIUIMX Cpelax.

IMocTOAHHBIA BO BpPEMEHH JEKTPHYECKHH TOK MOET MNpPOTEKAaTh
TONRKO B 3aMKHyTOH nposomsimedl uend. Ecan saekrpuueckoe compo-
THBJAGHME LEMH OT/JMYHO OT HYHsl, TO MPOXOKIEHHE TOKA B HEH BHI3hHI-
paeT nageHme Hanpskenus. ChaegoBaTe/NbHO, KaK B IH3JEKTPHKE, OKpY-
KamoueM MPOBOMHAKM C MOCTOAHHBIM TOKOM, TaK H BHYTPH CaMHx
NPOBOIHAKOB OYHET CYUIECTBOBATh HE TOJNBKO MarHMTHOE, HO H /€K~
TpAYECKOE NoAe. DTH MOCTOAHHEIE NOJS HA3EIBAIOTCH CTAUHOHAPHBIMA.

IMepsoc ypasHenne Makcsemna

rotH—=28

B 3TOM cayuae ykasmBaer, uro H, a caemosateasno w B, Tak e kak
B 8, He 3aBuciaT OY BpeMeHu. [lodToMy M3 BTOpOro ypasHeHua Makc-
BeJia

oB
10tE =— — ot
cleayeT, 4TO BHE HCTOYHHKOB 3. I. C.
ot E =0.

Takum o6pazom, ypaBHeHua (27) SJIeKTPOMArHHTHOTO TORA 1A
cnvyas MOCTOSHHBIX TOKOB B HEMOABMKHOH mpoBOmAmled cpele BHe
MCTOYHHMKOB 3. 1. c. mpuo6GpPeTaT BHI:

rotH =28, B=gpH, divB=0,
rotE =0, D=c¢E, divD=yp,
§=1E.

57)
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3NEeKTPUUECKOE nojie MOCTOAHHBIX TOKOB fBJAACTCA TaK XKe, K4dK ¥ 3JICK~
TpOCTaTHuecKoe Mnoae, Gessuxpessim. Taxoe none ssaercs nometi-
HUAAbHBM, T. €. 1A €r0 XapaKTepuCTHKH MOXET 6bITL BBeJcHA (PyHK-
ups xoopauHat U(x, y, Z), HaspiBaeMas 3/EKTPUUECKHM IOTEHLHATOM,
apAueM

E=-—grad U.

§ 54. daexTpHYECKOe NOJe B AUSNEKTPHKE, OKPYKAIOIMEM NPOBONHHKH
C DOCTOAHHLIMH TOKAMH

PaccMOTpHM CHauala B3JEKTPHUECKOE MO0Je B JU3JNEKTPUKE, OKpy-
KAIONIEM NPOBOJHUKH C NOCTOSHHHIME TOKAMH. Eciau 06beMHBIX 33pAOB
B JIM3JEKTPUKE Her, TO MOJEe xapaKTepu-
3yercs yDPaBHEHHAMM:

o p—ee, avD= S )/
fotE=0, D==¢E, divD=0. 5 . 5
Ypasuenue rot E=0, xak 6b10 noka- é
3ano B § 9, BSKBHBAMICHTHO pPaBEHCTBY £,
E=-—grad U. €
B ciyuae OJHOPOJHOH cpeldbl, KOrzaa —h"t— 2
e—=const, 3Tu ypasHenus naoT divE=0 \ E/ \
wm divgrad U=0, 1. e. moTeduuasn ynuo- £
BAeTBOpsieT ypaBHeHuio Jlamiaca.
Puc. 78

TakuM 06pa3oM, B CaMOM JH3NAEKTDHUKE
Taxkoe [MoJie HHueM He OTJAHYaeTcd OT
3J1eKTPOCTAaTUUECKOTO. OnHako TrpaHWuUHBlE yCJOBUS Ha MOBEDX-
HOCTH IMPOBOJHHKOB yKe HE COOTBETCTBYIOT TE€M, KOTOpHIC HMCIOT
MECTO B 3JEKTPOCTaTHKe. B ciayuae 3JeKTPOCTaTHYECKOH 3alauu
NOBEPXHOCTh KaXJOTO NPOBOJIHHKA fBJAETCH [OBEPXHOCTHIO PAaBHOrO
notedunana. [Ipy NPOXOXKAECHWH MO MNPOBOMHUKY 3JEKTPHUUECKOTO TOKA
B [POBOJHUKE BO3HHKAET M[aJcHHE MNOTEHUMala H, CJAeXOBaTE]bHO, MO-
BEPXHOCTb IPOBOJHUKA YyXKe He fABJAAETCA paBHonoTenunaibuoi. Cuio-
Bhie¢ JIMHHMM 3JEKTPHYSCKOro MoJi B INUIAEKTPDHKE NOAXONAT K MOBCPX-
HOCTH MPOBOJHMKA HE T1OJ MPAMBIM YI/IOM, TdK KaK Ha MOBEPXHOCTH
NPOBOIHKKA MOABAAETCA KacaTeabHad COCTAB/sONIAfA E; HanpmxeHHOCTH
nons B HanpaesieHud AuHui Toka. Ha puc. 78 noxasaH xapakTep CHiO-
BBIX JIWHHI 3JEKTPHUECKOro M0J8 OKOJIO NPOBOJAOB JHHWM IIeperayu.
C npuHUMNMANbHOM TOUKM 3DeHHfl YyKa3aHHoe 06CTOATEALCTRO  CyLle-
CTBEHHO OCJOXHAET pacueT nojd, OJHAKO, MPAKTHYECKH, BO MHOTHX
Cyuasx ero MOXHO He YuWThiBaTh, TaK KaK OOLIYHO MNaJeHHE Hamps-
XEHHMs1 BIOJbL NPOBOJHHMKOB Ha JJHHE, CPaBHMMOH C PaccToAHMEM MEXIY
NPOBOHHKAMY, HHYTOXKHO MajO [0 CpPaBHEHMIO C Da3HOCTHIO MOTEH-
UHaJ0B [NPOBOJHUKOB.

CpasuuM, B KayeCcTBe [pMMEpa, Mexay cO6O0I0 KacaTeapHYIO E, n
HODMalbHylo E, cocCrapifonide BEKTOPa HANPMKEHBOCTH 3SJCKTPHUUC-
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CKOro 110 B IM3JEKTPUKE y NOBEPXHOCTH HPOBOAOB JMHHH Lepeqauu
(puc. 78). .

Kacateabnast cocraBasiomas npencraBaser co6oio naneHue Hanpsi-
MEHUH, OTHECCHHOC K eAMHMUE JIHHBL NPOBONA, H MOXeT GLITh Ompe-
Jle/ieHa M3 BHIPAXKCHHS:

Et= ?.

Ecau npuuaTe 148 MelHBIX 0POBONOB =258 S-m/mm® u 8 =5 A/mm?,
TO noayuunm E,==0,086 V/m.

Hopwmanbhasi cocraBasmomas saBucur ot Hanpswenus U Mexny Inpo-
BOlaMu M paccTosuus D Memly uumu. Tak KaK noje Memay IpOBo-
- JaM¥  HEOIHOPOINHO M HanGoJee CHABHOE 10Je COCPENOTOYEHO OKOJO
nposonos, to E, > U/D.

Hlaxe 118 (POBONOB JAMHHM HMSKOLO HAIDSKEHHS, MPOJONEHHEIX
Ha 3HAYUTEJLHOM DACCTOSIHMM IPYr OT APYra, KaK 5TO GHIBAET B CHIPHIX
nomMemeHunx, seqvuuHa £, okasmBaercs MHOro 6o0bme E;. Ilycte, Ha-
npumep, U=100 V u D=10 cm. IIpu sTOM E,™>1000 V/m u, cze-
nosateasto, E /E, > 10%

B cayuae nuuum BLICOKOro HampsikeHns BeauunHa E, 6mM3Ka K Kkpu-
THYECKOMY TpalMeHTy NOTeHUWana A% BO3NyXa, T. €. HMEET NOPSIOK
E,~30 kV/cm=3-10° V/m. CacnoBatenbno, I1% TAKMX JuHUH

0
%%%& 3,5 107,

ITonyuentinie MMPPH NOKA3HBAIOT, YTO COCTABANIONIAA E, nuuTOoXHO
Mana 10 cpaBHeHMIo C E,, W IpH PacCMOTPEHHH HOAS OKOJO IPOBOAOB
€0 MOXHO IpeHeOpeus 6e3 OHACEHHS BHECTH STHM CKOJb-HHOY b 3a-
METHYIO OmuOKY.

B TakoM ciayuae rpannuHne yciOBMA HAa NOBEPXHOCTH IPOBOIHMKOB
OKa3BBAIOTCA TOXIECTBEHHHIMH C YCJOBHSMH B 3JeKTpPOCTaTKe. Ilo-
STOMy IpHM PACCMOTPEHMM 3JEKTPHYECKOrO NOAH B NHMSJEKTPHKE, OKPy-
HAIOMEM NPOBOLHMKH C IIOCTOSHHBIMH TOKaMM, MOXHO HCIIONb30BATH
PeeHUs, 101YYEHHHE 1IPY PACCMOTPEHHH COOTBETCTBYIOMMX 3AEKTPOCTa-
THYECKMX 3ajay.

§ 55. duekTpuueckoe moxe M moxe BEKTOPAa HAOTHOCTH TOKA
B HPOBOAAINe#l cpepe

BuyTpu nposonuukos, no KoTophiM NpOXomMT 37EKTPHYECKHA TOK,
TAKKE CYymecTBYeT 3JeKTpuueckoe noJie. HanpswensocTs 3T0ro noss
B H30TPONHOH B OTHOUIEHMH HPOBOAHMOCTH CPEE CBA3aHA C IJIOTHOCTDBIO
TOKa & COOTHOWEHHeM:

3 =+E,

KOTOpOE mpexcraBiaser coGOl0 BepameHue 3akona OMa B mudepen-
unaabHoO#  Qopme. JlMHMAMM BeKTOpDAa [MIOTHOCTH TOKA WIH, KOpOue,
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AUNRUAMU MOKE Mbl HA3bLIBAEM JIMHUM, NDOBEIEHHHE TaKuM O6GPa3OM,
4TOGH BEKTOD NJAOTHOCTH TOKA BO BCEX MX TOUKAX OB KacaTeleH K HUM.

Yacth mpocTpaHcTBa, OrpaHuuenHas TPYOuaTOH MOBEPXHOCTbIO,
06pa30BaHHON COBOKYIHOCTbIO NHHHMI TOKa, Ha3bBAETCH mpyGKol moKd.
Enuununott TpyGxo#i TOKa Ha3biBaeTCR Takad, CHJIA TOKA KOTODOH
paBHa eauHHIe. YCAOBHMCH M306paxkaTh €IUHUYHYIO TPYOKY TOKa JuHHel
TOKa, COBHajfaionlel ¢ ee Ochblo. B Takom cayuae rycrora aHHm# TOKA
6yler XapaKTEpH30BaTh BEAHYMHY IJIOTHOCTH TOKA, T. €. YMCJIO JIMHHA
TOKa, NMPOXOAMIKX CKBO3b CAMHHLIY HOPMaJbHOH K MHM MOBEPXHOCTH,
fyner paBHO Be/MuMHE BEKTOpa 8.

B usotponuo#t cpeae HanpasjieHue JMHEH 3JEKTPHYECKOrO TOKa
BCIOAY COBNAlaeT C HANPABJICHHEM CHIOBHWX JUHHI 3/IEKTPUYECKOrO MOJH.
Ecau, xpome toro, cpesa onHopoama (y==const), To u rycrora Jmuuil
TOKa BCIOJY NpPONOPLHOHANABHA T'YCTOTE CHAOBLIX JMHUN IEKTPHYECKOrO
MOJIA, T. €. KapPTUHH JUHKH TOKA ¥ CHJIOBBIX JMHHH NOAOGHH ADYT HpyTY.

Ecau cpema HeoaHOpOAHA B OTHOIICHHH I[POBOAMMOCTYH, TO JIMHHH
TOKd OCTalOTCA B Hell HeNnpephIBHHMH, YTO C/ACAYET ¥3 HPHHUMIA He-
NPepHBHOCTH TOKAa, BHPaXaeMOro YC/OBHEM:

‘ §Sds=0 uan divd =0,

KOTOpoe mpeAcTaBiseT cobowo o6ofmeHuyio (GopMy nepBoro 3akoHa
Kupxroda B uuterpansHoit ¥ B audepenuuanbuoit dopme. Ho B Taxoi
HEOQHOPOAHOH! Ccpele CHIOBHIE JHHWM 3JEKTPHYECKOrO Mmonas O6YyAyT
npepbiBiuMH. Ha nosepxHocTH pasgena AByx cpel ¢ pasiMYHBIMH
YAenbHHMH MDOBOAMMOCTAMHM HOPMaJbHast COCTaBASIONIad BEKTOpa Ha-
APAKEHHOCTH INEKTPUUECKOro MO U3MEHAETCHA CKaukoo6pasHo.

TlosepxHOCTH NPOBOAHUKOB, ABJIAIOUIMECT TPAHULUAMH MEXIY NPOBO-
Hsiieft cpeAoH ¥ JM3AEKTPHKOM, OUEBHIHO, OGPa3yIOTCA COBOKYMHOCTHIO
JMHUA TOKA, TaK KaK HOpMajibHAsd K HHM COCT4B/SIOMAs BEKTOPa NioT-
HOCTH TOKa paBHa HYy/IIO.

B wuactosmmett raase Mo GyZeM HCCAenOBaTh IPOCTPAHCTBEHHOE
pacnpeliesieHHe TOKA B MACCUBHHIX NpOBOJAmuX cpenax. ITose Bexrtopa
MJIOTHOCTH TOKAa B TaKKX cpeaax, Boo6ule rosops, GyAeT HeOAHOPOI-
HBIM, H 111 BHUYMCJICHHS CHJIW TOKA i, MIPOXOMAAINErO CKBO3b HEKOTOPYIO
NOBEPXHOCTH §, B3ATYI0 B mnposoadmiedl cpexe, Heo0XOAUMO [POHU3BO-

AUTh MHTerpMPOBaHHe
= ‘f Sds.
s -

BuyTpu nposonsmiell cpean BHe HCTOYHHMKOB 3. A. C. BCIOAY cobmo-
JAaeTrca ycJoBHe:

§Edl=0 uit rotE=0,

4TO BHpawaeT BTOpPOH 3akon Kupxroda B murterpanbHo#t H gudepen-
uuanbHoO# dopMe B OOGMACTH, [AE HET UCTOYHHKOB 3. A. C.
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Tloae okassiBaeTCs NMOTEHUHAABHBIM. HOBGPXHOCTI/K PaBHOT O 3JICKTPH-
YCCKOro noTeHUMaMa, ONnpeleiicMble ypaBHECHUEM

U(x, y, 2)=const,

fICPECCKAIOTCA CHUJAOBBIMH JIHHUAMH TOX [PAMbBIM YIjIOM, & CJICAOBATE/NbLHO,
B H30TDOINHONH cpene OHM ICPECEKAITCHd HOI MPHMbIM YIJIOM H JIMHUSMH
TOKa. .

Takum o006pasoM 3NeKTpHUECKOEe MOJe W MOJAE BEKTOpa HJAOTHOCTH
TOKA4 B {IPDOBOJAILEH CPEle XapaKTEPHU3yeTcsl CUCTEMON ypaBHCHUM

totE=0, 3=yE, dive=0.

3TH ypaBHeHHs BBITEKAIOT U3 CHCTeMbl ypasHeuuit (157), npuuem
ypasHeHue div3=0, kak 6blj0 yKasaHo B § 5, sBASETCA CACACTBHEM
ypasuenus rot H=32.

Bonpoc © NpOCTPAHCTBEHHOM PACHpeleiCHMM TOK2 UPE3BBIYAHHO
BAMXEH NPH PACCMOTPEHMH MHOPHX MPAKTHYECKHMX 3a[ad, HANPHMep, NpH
HCC/CNOBAHWH TOKOB B 3EMJE, TOKOB B MACCHBHBIX MDOBOIHHKAX, TOKOB
APOBOJUMOCTH B W30JAALHUH U T. 1.

; § 56. Ilpesomjenne JMHAH TOKA HA TPAaHHLE ABYX NPOBOAAIAX
cpen,

Ilpu nepexone TOKa uepes TpaHHUy pasie’a OBYX CPEX ¢ pasiuy-
HBIMH y/J€/AbHBIMH NPOBOXUMOCTAMH, Y; M Yo, HAIPABICHHE TOKA HU3MeE-
‘ HAETCA, €CIM TOJAbKO JIMHHH TOKA

N / 7 He HalpaBjiCHBl HOPMAJbHO K HO-
\\\\\ /7//%// BEDXHOCTY  pasje’a. YCTaHOBUM
Z’\\X{' ¢ /T 5 COOTHOIIGHHEe MEeXIy YrioM naie-
\\5’ 52/// ° uan B, u yraom npenomienus O

\ N7/ 7 (puc. 79). Cocrapass JuHEHHBIN
NN A ¥ urerpan sexropa E mo KoHTypy

' 6 > ,/ abecda, cropousl ab ucd KOTOPOro

_ \® pACTIOJIOKEHH B PA3HBIX Cpeaax

\\t \Q‘g‘ GeckoHeuHO GJM3KO K HOBEpX-
X HOCTM pasfiend, HOMy4uM:

& Edl=E, sinb, - ab—
Ptic. 79 ) abeda
— Eysinhy, - cd=0,

", TaKk KakK ab=—cd, TO
E,sinf, = E, sin0,. (158)

IlpuMeHss COOTHOIUEHHE, BBHIPAXAIONIGE NPUHLMI  HEIPEPBIBHOCTH
TOK3, K 3aMKHYTO!H NOBEDXHOCTH, OGPA30OBAHHON ABYMS MOBEPXHOCTAMH
§, U Sy (Ha pUCYHKe MMOKA3aHBI HMX CjAeHbl), PaclOJOXEHHBIMU B PasHBIX
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cpegax  GecKoHeyHo OaM3KO K LIOBEPXHOCTH  pasjeta, i GCCKOHCUHO
MaJa0# OOKOROH LIMAMHIPUYECKOH IOBEPXHOCTDIO, Hepecekaiilell rpaHuLly
pasneia, Hainem:

»

@ads=_a, - cosf; .8 -}-8, cosly -5, =0.

Y
Hven B BuAy, uTO 8§ ==S§,, Nojdyuyaem: .
6; cos fi; =8, cos 0,. (159)

Pasmcius pasenctBo (158) va pascietBo (159) ¥ upvHaR BO BHH-
MaHue coortHomedne Ev==3, Haxomum:

I 1
—_— == e— 6 J TE——— T —
T tg 6, T tgb, nm o . (160)

3aKoH [pCJAOMJIEHMA JMHHH TOKAa MO (JOpME BIOJHE aHAJIOTHYEH
34KOHY HPEJOMJICHHA JHMHUH 3AEKTPHUECKOro cmenieHus {ypasHeHue (60)]
Ha rpaHulle JIBYX IH3JEeKTPUKOB.

Bo MHOrHX NpaKTHYECKHX CJydadx Mbl BCTPEYaeMSd ¢ lepeXoaoM
TOKa 43 MeTal/ndecKuX Ted B OKPYXaiollylo cpely, yAeibHad MpoRo-
MMMOCTb KOTODOH BO MHOrO Da3 MeHbIlle YICAbHOH NPOBOAMMOCTH
MaTepuana 3TUX Tel

Takue ycaomMs HMEIOT MecTo, HANpUMEP, B CjAydYae TOKOB YTEUKH
4epe3 M3O0MALMIO MEXIy IIPOBOAAMH, HAXOAAIIMMUCH NPH PA3HbIX MOTEH-
nuanax. TOK yTedkn BO3HMKaeT BCjeJCTRUE HECOBCDIUEHCTBA HU3OAALUMH.
YaeabHas NOPOROAMMOCTh H30/MIIMH BO MHOrO pas MeHbIME yAeibHON
IPOBOAMMOCTH MaTepHaisa npopojor. Hanpumep, nas kabGeanHoil Gymaru
uMeeM npubau3nTenbHo Y~~107'# S/m, Toraa Kak maa Meau y=>58-108S/m.
CaenoBarenbHO, OTHOLIEHME MPOBOJIAMOCTH MEIW K NPOBOAWMOCTH H30-
JAIMM WMeeT nopsiok 6 - 10%0,

B kauecTme Apyroro npumepa MOXHO yKas3aTbh Ha caydail mepexoia
TOK4 B 3EM/I0 4Yepe3 3apbiThie R 3eMJ/HO METAMIMYCCKHE 3JAEKTPOIBL.
OOHYHO NPHMEHMOT CTAMbHLIE 3MEKTPOAbl. YIenbHasd MOPOROAUMOCTD
cranu npubausuTenbHo pasHa 5-10% S/m. VYaeasuam nporomumocts
NOYBH 3aRHCHT OT BJAANKHOCTH I[OYBH W OT €€ cocTasd. B cpelaHem
MOXHO CYHTATh IIPOBOAMUMOCTD MOUBH paBHOU 1072 S/m. TaxuM oGpazom,
OTHOIICHHE MPOBOINMOCTH MaTepHaja 31eKTPOAOB K [POBOAUMOCTH
[OYBH HMMEET NOPAAOK 5 - 108,

Bo Bcex 3TuMX cay4asx npu pDACCMOTDEHHH Noad B cpele C MaJoi
VIenbHOR HPOBOJMMOCTBIO MOXHO NpeHeGpedb NaJAcHUEM HANMPAXCHHUA
BHYTPH METAAAMYECKHX TEA W CYMTATH MNOBEPXHOCTH TEA NOBEPXHOCTAMH
PaBHOro MOTeHHHala. Y6eluThbcd B ITOM MOXKHO M Ha OCHOBAHMHU ycJo-
Bus (160). Ilycts 6, — yron, xoTopwfi cocTapaser ¢ HOPMaabio K MO-
BEPXHOCTH JIMHUA TOKA B METAJIHYECKOM Tede, U O, — COOTRETCTRYyIOMIMI
yroa s oxkpyxawooume# cpefie. Iad caydas nepexofa TOKA M3 CTaabHOTO
3JIEKTPOAa B IOYBY HMEEM:

ggl___.f_l_ ~5.108
tgG,_—'T,N )

9 Tenpun 3JEeRTPOMATH. 1N0JAA




130 Baexmputeckoe nosre NOCMOKHHBX MOKOS pa V

Ecan 6, == 89°59'50", 10 tg8y;==2-10".20500~= 4-10"° u 6, ~ 8",
T. €. AaXe B TCX MecCTax, € BHYTPH MeTaqna JAMHHM TOKA MOAXOAAT
K MOBEPXHOCTH pa3jesa MOYTH IO KacaTenbHOH, B NOYBY OHH BHIXOAST
NPAKTUYECKH HODMA4JIbHO K STOH NOBEPXHOCTH.

§ 57. AHanOorAg 3JEKTPAYECKOro NMoAs B NpoBoAsinieil
- cpele ¢ 3JEKTPOCTATHYECKHM NOJNEM

Mexay coOOTHOLIEHUAMH, XapPaKTEPU3YIOUIMMH CTALMOHAPHOE JICKTPH-
yeckoe Moje NMOCTORHHBIX TOKOB B IHpoBonsiiell cpele, M COOTHOLIe-
HHAMH, XapaKTEPHU3YIOIMMH 3JEKTPOCTATHYECKOE I0/e B INIJIEKTPHKE,
MOXHO mnpoBecTd (OpManbHYIO aHAIOTHIO.

Hna saexTpuueckoro noas TOKOB B HPOBONsMLIER cpelle HMEIOT MECTO
COOTHORIEHNA:

B

rotE =0, jsdl_—_UA—UB,
A

8 =+E, div3=0, jads=i.

Onn GopMaTbHO COBNAAYT € COOTHOMIEHHUAMH JLIA 3A€KTPOCTATH-
YECKOro NoJs B IOU3AEKTPHKE, B KOTOPOM HET OOBeMHHX 3apsaaoB:

B
fot E=0, §5d1=uA—u&
A

D =¢E, divD =0, jnds=Q,
L 4

ecAd B IOCACOHHMX 3aMEHHUTb BEKTOD 3JeKTPUYecKOoro cMemenus D Bek-
TOPOM IIIOTHOCTH TOKAa 8, KOJIMYECTBO 3JeKTpuuecTsa (@ TOkOM i M
QIN3JIEKTPHUECKYI0O HPOHUIAEMOCTh & YAEAbHOH NPOBOANMOCTBIO Y.

OTcioma AcHO, 4TO eciu ycnoBua Oas BexTopa 8=—7E Ha rpannue
JaHHOH npoBoasieidl cpedbl ¢ YAECABHOH NPOBOAUMOCTBIO 7Y COBNAAAIOT
¢ ycaouamMu nans BekTopa D=¢E Ha Tako#h xe GOpMB rpanule
IM31eKTPUKa C NPOHHIAEMOCTBIO € TO 3IJEKTPHYECKHE MOAA B MPOBO-
Asme# cpeae M B OMIJIEKTPUKE AOMKHH OHTh aHATOTHYHE APYT APYFY.

B saexkTpocTaTHdyecKOW 3amavye rpaHuUUEd IUINEKTPUKA fABafeTcs
HOBEPXHOCTH HPOBOAAIIErO Tedd. DTa NOBEPXHOCTb €CTh IOBEPXHOCTh
paBHOro morteHumana, u Bektop D k Hell HOpmaneH.

B npumepax, pacCMOTpPEeHHHX B KOHUE Npeluayliero naparpaga,
rpaHuiell maoxo npoBolfmel cpean (NOUBH MAM HECOBEPIICHHOH H30-
AAUMK) ABJASETCS NOBEPXHOCTh npoBoanukos. Kak O6wIO  Yykaszanmo,
¢ GOoJbIIOH CTeNeHbI0 TOYHOCTH 3Ty HOBEPXHOCTH MOXHO CUMTaThb HO-
BEPXHOCTBIO PaBHOrO NOTEHUMaJa ¥ BEKTOP MJAOTHOCTH TOKa & CYMTaTh
HanpaBJEHHHM MO HopMamtn K Hel. Ha OcHOBaHuM H3I0XEHHOTO BHIIE
MOMHO YTBepHKHNaTh, YTO KapTHHA 3/EKTPUYECKOro MoJA TOKOB (B nouse
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WM B H30JSIKW) B STHX 3a[a4ax JIOMKHA CORNANATE € KAPTUHOH
B COOTBETCTBYIOUIMX 3JEKTPOCTATHYECKHX 3aKauax.

Ha stom ocHoBan Tak HasmBaeMbli METOH 3deKmpocmamuieciol
aHaAsozuu, NMO3BOMIONMA B pANe Cayyacs NpH PacyeTe TOKOB B NPOBO-
Aswel cpene BOCNOAB30BATHCA FOTOBHIMH PEIEHHTMH COOTBETCTBYIOMIAX
3alla4 3JeKTPOCTATHKA. i

B uactHoCTH, (JOpPMyabl LR 3/MeKTPHYECKOH NPOBOJANMOCTH G=-[/—

cCpel, B KOTOPBIX NPOTEKaET TOK, MOryr OHITH MOJy4YeHBl W3 COOT-

BETCTBYIOWHX (GOPMYa JA E€MKOCTH C=-Z—, TeN, TaK KaK B aHano-

THYHBIX 3ala4aX TOK [ 3AMEHSIETCA 4epe3 KOJMYECTBO SJEKTPHYECTBA ¢. -
DneKTpuYecKas eMKOCTh Te/a WM €MKOCTb MEXIy TelaMu ONpeleifercs
FeOMeTPHUYECKHMH TNapaMeTPaMH TeJ W [IMDJIeKTPHYECKHMH TNPOHula-
EMOCTAMH. CPell, OKpyxaownx Tena. I[losTomy, uTo6b NOAYyuHTs POpMYRy
ana U, 1ocTaTOYHO 3aMeHWTh B CcoOTBeTCTBYMomeh dopmyae mas C am-
3JISKTPHYECKHE NPOHHLUAECMOCTH & IH3NEKTPHKOB Ha YyASAbHBIE NPOBO-
JMMOCTH Y NpoBoaswux cpeld. Ecau npoBoasinas cpeaa u, COOTBETCTBEHHO,
JAN3JIEKTPUK OIHODOXHHE, TO B ¢opMmyay ana nposoguMmoctu G yhens-
Hafl NPOBOJKMOCTb Y BXOJMT MHOKHTEJEM M, COOTBETCTBEHHO, B (op-
Myay ana eMKocTH C IM3JIEKTpPU4ecKas NPOHMUAEMOCTh & TAKIKE BXOAUT
MHOXKuTe/NeM. B TakoM caywae Ijm aHaZordvHbIX 3ajau uMeeM:

g1 161)

§ 68. Tox yteukn B kaGene. ConpoTnBieHHe A3OJANAA KaGenas

Onpenennm Tox yTedkH i B Kabeje, BOSHHKAIOMLIHH BCACACTBHE He-
cosepilescTBa u3oanunn. Ceuene kaGens usoGpaxeno Ha puc. 80,
CHOBLIE JIMHAM 3JEKTPHYECKOrO MOJfA, a caeldOBATENBHO, H JAHHHH TOKA
YTEuKH B H30JALUKH HanpasiaeHH 1O
panuycaM. IlpuHuMaa 3TO, MBI npeHe-
6peraeM BeJMYHHON nNaZeHus Hamps-
WKEHWS Ha eNyHMLY JUIMHBI KabGensa B
caMMX NpoBoJax KaGesdl no cpasue-
HHIO C HanmpSXEHHOCTHIO NOJA B H30-
AAUAH. .

IlposeneM BHYTPH H3OAAUMH LH-
JBHAPHYECKYI0 TOBEPXHOCTb, HMEIO-

& ( Nnomnocmd
moka ymevhku)

my. paamyc r w aauny [ B nanpasse- Obpamubei
Hun ocn kaGens. Beaeacrsue Henpe- npobod
PBIBHOCTH TOKa, TOK YTE4YKH CKBO3b N

TaKyio IOBEPXHOCTb AMMHOIO [ uMeer T Sawumutre
'OIHO M TO e 3HaueHWe i He3aBU- L nokpobor
CHMO OT BeJIHYHHB Pajdyca r NOBepX- T

HoctH. Ha  ocHoBaHMH  cuMMeTpHH

MOXHO yTBEpKAaTb, YTO BEKTODH Puc. 80
*
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HJIOTHOCTH TOKa BO BCEX TOYKaX KaXIMoH HHHHHEPH‘IGCKOH TTOBEPXHOCTH
OJMHAKOBSbl 1O BEIMYMHE H HODMaJbHBI K HOBEPXHOCTH. HOSTOMY uMeeM:

i — 2xrle.
Taxum ofpasom

.

3 {
£ = YT 2wrly

Hanpsbxenne Mexay MPOBOJAMH, WJHM, YTO B JAHHOM ciayyae TO e,
Pa3HOCTb HOTEHUMANOB MPOBOJAOB HaHNeM, COCTABJAL JMHEHHBIA HHTe-
. rpal HAaNPSKEHHOCTH 3JEKTPHUYECKOTro MoJjs BAO/L Dajuyca:

B re .
Ul——-UQ:j'Edl: J'Edr—_——zxfl—]n% ,
1 K a1 1

W3 310ro paBeHCTBa HAXOIHUM CONPOTHBJCHHE H30J N kabest

. u,—u, 1 r;
R=——= %y N
WM €e [POBOINMOCTD
G—-l——— 2xly
R m y (162)
r

Ecu [=1km=1000m, r,=2r, n 71=10"'° S/cm==10""® S/m,

TO
— 1 ~ T @ J—
R—“WIHQNI,I . 10°Q = 1100 M2.

pu nanpsukeunn U, — Uy =35 kV TOK yTeuxu HAa OIMH KHJIOMETp
xaGensn pasen: i=35-10%/1,1.10°~=32-10"° A, 1. e. mpu xopouieM
COCTOSIHMM M30AIMH TOK YTEUKH BECbMa Mad,

dopmyny (162) nas nposomumocti G M30AAUMK Kabenass MOKHO
61710 HamUCaTh Cpa3ly, HOAL3YSACh METOUOM 3JEKTPOCTaTHYCCKOH aHa-
norun. Jlas storo mocrarouno B dopmyne (115) maa emxoctd kaGens

C— 2zle

P
In 2
n

3aMCHHTbh €& Ha Y.

§ 59. ConporHBaeHHe 3a3eMJCHHUI

Ias ocymecTBAEHHS COCNMHEHHS KakoH-mu60o TOUKH 3JIEKTPHYeCKol
Henu ¢ 3eMmiell 3apHIBAIOT B 3eMJII0 METaNJMyecKue HPOBOIHHKH, K KO-
TOPHIM ¥ TPUCOENHHAETCH COOTRETCTBYIOINAA TOYKA IEliu. Cucrema rakux
3aDHITEIX B 3eMJII0 MPOBONHUKOB HasbiBaercad 3asemsumeneM. Tax, na-
npuMep, HPH COEAUHEHMH B 3BE3NY OOMOTOK BHICOKOTO HallpsiKEHus
tpexda3snoro TpaHcopmMaropa, NUTAOLWIETO JHHHIO TEpenaiy, O6BIYHO
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3a3eMJIAIOT, HENOCPEeICTBEHHO WM 4epe3 HEKOTOPOEe COMPOTHBICHHE,
HefiTpanbHylo TOuKy TpaHchopmaropa (puc. 81). DTuM nocruraercd TO,
YTO HANPSKEHHs NPOBOLOB JHHMH IO OTHOUICHHIO K 3eMJjie npH HOPMalb-
HOM pemuMe HC MOryT Gulth Goapme ¢asHbix Hanpskenui. [Ipu no-
BPEXIEHHA H30/JALMH ONHOrO0 M3 (a3HHX M[POBOJOB BOBHMKAET TOK
KOPOTKOrO 3aMHKAaHud, IPOXOIAIMYE OT MECTa MOBPEXK/IEHHA Yepes 3eM0
M 3azeMaMTeNb K HeHTpalbHOM TOuke TpaHcdopmaTopa. IDaeKTpUYECKHR
TOK, MPOXOHS HYepe3 3eM:I0, BCTPEYaET HEKOTOPOE CONPOTHBIEHHE, HA3bI-
BaeMoe COMpoTHBJICHMEM 3asemaeHus. [lo cymectsy 3to — conporH-
BJAEHHE 3EMJH, KOTODPOE BCTPEYaET TOK MIPH pacTEKaHHu OT 3a-
3emanTens. BHo/nb NMOBEPXHOCTH 3EMJH CO3JAETCA NajledMHe HANpmKeHus,
KOTOPOE BOIM3H OT MECT 3283EMJIEHHS MOXET JOCTHTATh ONACHHX A5
AHU3HM 4eJOoBEKa 3HayeHWH yke Ha JUMHE mara uejoBeka. IlosroMmy
BECBMa CYILECTBEHHO YMETh BHIYHCIMTb CONPOTHBJIEGHHE PaCTEKAHHIC TOK3
B 3eMje NIPM Da3JHMYHBIX KOHCTPYKUMAX 3a-
3emaurenci.

C 3zazemsieHdeM OTICHbHHX TOYEK LEMH
MBl BCTpeYaeMcs B IeNaAX Kak MepeMeHHoro,
TaK M MOCTOSHHOrO TOoKa. B mnpuBereHHOM
npumMepe B 3eMle TPOTEKaeT NepeMeHHni
Tok. Pacnpenenesne nepemMeHHoro toka B —
APOBONANLEH CpPeAc B NPUHUMIIE JHOMKHO f[ é‘
OTJAHYATHCA OT paclpeneneHus noCToAHHOro k\\\\\\\\\\\\\\%\‘\\‘\\\\\\\\\\\
TOKa, TaK Kak [pH I[EPEMEHHOM TOKE B
KOHTypaX, KOTOpble MOXHO cele mnpeacra- Puc. 81
BUTbL B nposoisuied cpene, BO3HHUKAIOT
MHAYKTHPOBaHHEIE 3JIEKTPOABHMYULHE CHIbI, OKa3bIBAIOUIKE BJMAHUE Ha
pacnpeneiacuue toka. OIHako BBHIY 60JbIIOLO YIEAbHOrO CONPOTHBIAC-
HHA 3eMIM [IDH BHIMHC/ICHHH TOKOB BOGJM3H 9JEKTPOJOB MOXHO Mpe-
HeOpeub, BO BCAKOM C/ydae NPH NPOMBIIIEHHOH 4acTOTE, HHAYKTHUPO-
BAHHBMH JIEKTPOABHKYUIMMH CHAAMH 110 CPABHMEHMIO C aKTHUBHbIM Hage-
HHEM HAlPsDKeHMA M BECTH DAacyeT, KaK M[pH IOCTOAHHOM TOKE.

®opmyan aas nposogumoctn G =i/U 3asemncuns MOryT GuTh Ha-
IMCaHbl Ha OCHOBAHMM METO/JA SVCKTPOCTATHYECKON aHAJNOTHH IO HMEND-
mumcs Gopmyaam aas emxocTH C==qg/U COOTBETCTBEHHO DPacMOJIONKEH-
HHX Tel

B 9neKTPOCTATHYECKUX 3a4a4aX OOHUYHO DaBHLIM HYJIO HDHHHMAIOT
MOTeHMan OECKOHEYHO YHANCHHWX TOdyek. B umHTEpecylomlMx nac 3a-
Jayax, OTHOCAIMXCA K TOKam B 3eMJe, TaKke MpPHHUMAIOT DaBHHM
HYAI0 TNOTEHUMAJ OECKOHEYHO YAANeHHLIX TOUYEK WM, NPaKTHYECKH, 10-
CTATOUHO YHANEHHHX OT 9jekTpoja Touek. IIpu 3ToM B  BHIpaxc-
Hui G =i/U BeimunHa U ecTb NOTEHUUAJ JNEKTPOMA, TK KE KaK B BH-
paxennu C = q/U Beauuuna U ectb noreHnuaj 3apsiXKEeHHOro Teia.

Heo6xomumo elne 3aMeTuts, 4TO B 3eMJE JUHHM TOKAa He yXOIAT
B 0ECKOBEYHOCTh, 4 COGUpaOTCH y APYroro 3JAeKTpPoJa WM, Kak B MpHU-
Mepe, H306paKEHHOM Ha puc. 81, y Mecra NOBPEeXIAEHHUS UIONAUNN JTUHUHM.
QmHako 3T0 OGCTOATENLCTBO Mag0 CKasbiBaeTcd Ha pacrpeneneHuy TOKa
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OKOJ0 NaHHOIO 3AEKTPOAZ M HA BEJMUMHE eMy COOTBETCTBYIOMIEro cO-
MPOTHBJICHNA 3a3€MJICHNA, TaK KaK OCHOBHOE CONDOTHBIEHHE PacTeKa-
HUIO TOKa COCPCAOTOUYEHO BOAM3N 3JIEKTPOAa, rhe
NAOTHOCTH TOKA B 3emie HMeeT HauGonblue 3Ha-

e
YEeHWA. N \\\H //’/’ -
Paccmorpum Hekoropnie npumepn. Tak Kak \\\\\\‘)ALI{//,///
eMKOCTb YEAMHEHHOro mapa ~~_>7 47 -~

paaMyca r paBHa ~._1 z
LT
C = 4wer,
N
Ny
TO NPOBOAUMOCTb 3a3EMEHUs SN

N
\\.\\\‘

B CiAyuyae WAPOBOr0 3JeK-
TPOA3, IMOrPyMEHHOro B
3emMai0 croab rayGoko, 4TO
MOXHO HpeHebpeunb BAHAHHEM
noBepxHOcTH 3emau (puc. 82),
Puc. 82 10MKHAa OHTb paBHa Puc. 83

G= ® = 4xryr,

HpHYeM R — CONPOTHBIEHNE 3a3EMICHHA.

Ecan saextpox pacnonoxen 6AM3K0 OT HOBEPXHOCTH 3eMJH, TO AMHHH
TOK& HCKa¥awoTcd, KaKk 3TO BHAHO M3 pHc. 83. B 3toM caydae MOKHO
BOCNO/b30BATHCH METONOM 3epKalbHMX H300pa-
weHnd. JIHHHM TOKa Yy [OBEPXHOCTH 3eMJH
HOMKHB OHITH K HEH KacarenpHo. ITO yCrOBHE
OCTAHETCA YAOBJETBOPEHHHIM, €CJIH MEBICACHHO
3alOJHKTL BO3AYUIHOE HPOCTPAHCTBO Hal NOBEpX-
HOCTBIO 3EMJIW NPOBOAAIIEH CPEAOH C TaKoH xe,
KaK y 3eMJH, yAeAbHOH IMpOBOAMMOCTHLIO H INO-
MECTHTb B 3Ty Cpely 3JeKTpolH, aBAdiomHica
3€PKA/MLHBIM K306 paKeHHeM B MOBEPXHOCTH 3eMAH
OeACTBATENLHOrO 3jexkTposa. Tok, BeIXOAAmuh
M3 MHHMOLO 31€KTpPOAd, HOMKEeH OWTh paBeH Mo

Puc. 84 BEIWUMHE W MO 3HAKY TOKY, BHIXOMAAILEMY H3

HNeACTBUTEABHOrO 37exTpoda B 3emmo. IIpoBoau-

MOCTb 3a3eMJEHHA LIl JEACTBHTENLHOTO 3JeKTpoad, OUeBMIHO, paBHa

HOM0BHHE NPOBOAWMOCTH CHCTeMsl, O06DPa30BaHHOM AEKTPOIOM M €ro

3epKaibHnim u3oGpawcnueM. Tak, Hanpumep, nposoaumMoCTh B Caydae

31eKTPOAa B ¢(Opme NMOIYLIAPHs, PaCONOKEHHOrQ y MOBEPXHOCTH 3eM/IA
TaK, Kak 0Ka3aHo Ha puc. 84, pasHa

0= L == 2mnyr,
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Dra dopmyna MOXeT GHTh WCNONL3ORAHA INA OUEHKM BEJMUWHBL CO-
NPOTHBJACHHA, KOTOPCE BCTPEUaeT B 3eMie TOK, NDOTEHAIOUMA depes
METALIMUECKYI0 OMOPY JMHWK BHICOKOTO
HaNpsMEnUa B 3eMiII0 npu npoboe u30a3-
uun auHuu Ha onope (puc. 85). B uep-
BOM (pUG/IMKEHHH MOKHO NPHHATH 3TO
COnpOoTHBAEHHe PaBHbhIM COMPOTHB/CHHUIO
3aseMieHHs noaychepe ¢ PanHycoM 7,
PABHLIM PaJMyCy OKPYKHOCTH, OfMCaH-
HON OKOJO OcHoBaHus onopsl. IIpore-
Kalluh B 3eMie TOK CO3/aeT nanesue
HalPKEHUs, B YaCTHOCTH, BAOJb Paauy-
coB na noeepxuocTH 3emad. [laxenue
Hanpskenus Ha Jmine a (puc. 85) we- Puc. 85
JOBEYECKOro [1ara MOXET GbTh ONACHLIM
A% MKU3HH uyeaoBeka. B paccMaTpHBaeMOM ciydae OHO BHUYHCIAETCHA
BEcbMa MpocTo. Ha HEeKOTOpOM paccTOsHHH X OT IlEHTpa noaycdepsl
IVIOTHOCTh TOKa DaBHa

4

\ \ ' ’ —2z1x“‘
\ ! ! 7
NS Y
N\ R / CnenosaTenntio, Pa3sHOCTb  IIOTEHIIHANOB
AN \\ \ : II / // MEWKJY TOUKAMH, yAaAEHHBIMI OT LIEHTpa OCHO-
\\ NMLZ R BaHUA OMOPHI HAa PACCTOfHUA 1; H 1y, 104y~
. N .
R G yaercs pabuoh:
' S it e
et MUY ! o i
—==ab-T =t =
: U § PR dx

SEAN .

AR (L=
RN y 271 \n ry 28y N
\\\\ N

[lpy a=0,8m, r,=15m, y=10"*S/m
¥ {=40 A sanpshkenxe OKa3bIBAETCH PaBHHIM
U =150 V. Toku KOpOTKOro 3aMbiKanus 4epes
OMOpY MOTYT MMETb 3HaueHud, O0Jbulve B3s-
TOrQ B3TOM npuMepe, H HANPAKEHUA Ha IyuHE
wara MoryT JOCTHraTh 3HaueHuH, OMACHHX IR XH3HH YeTOBeKa. Te
K€ COOGpaNKeHHss OTHOCATCA W K JADYTHM 3a3eMIMTENAM, MpeiHasHaued-
HBEIM 718 3a3eMJEHHR KaKO#-160 TOUKH yCTPOACTBA BBICOKOrO nanpske-
nus. [TostoMy BOMpPOC O pal¥OHAALHOA KOHCTPYKUHH 3a3EMJIRIOILHX
ycTpolicte MMeeT GOubluOe npakTHYecKOe 3uauenue. JacTo npumendioT
3a3eManTeau B BHAE TPYO, 3a6HTLIX BEPTHKAILHO B 3cMi0 (pHC. 86).
.
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IIycts /— namna 7py6u m r—ee paauyc. IIpeanonoxum, uro oauH
KoHel, TPy6bl HaxoauTca y caMoit noeepxHoctd 3eMau. JlMHa TpyGHl
BMECTE C €¢ 3ePKa/jbHBIM H3006paXeHueM pasua 2/.

EMKOCTb HMIMHIpA, UMEIOWEro MWIMHy 2/ u pamuyc r, upu 2/>>7r

cormacso dopmysae (105) npubauxesHo pasHa
2me 2
C= 57 -
In —
7

Cneﬂosa'renwo, IIPOBOJAMMOCTD AJs1 CUCTEMbI M3 3JICKTPOHA M Cr'O 3ep-

KaJbHOIO ﬂ306pa}l{eﬂﬂﬂ pasHa:
4=yl
G~ — 57 -

in

Takum 06pasoM, UPOBOIMMOCTH 3a3EMACHHA A1 31EKTPOAa B (POPME
BEPTHKA/IbHOH TPY6Hl BHRIpAMAaETCH (dopmy a0#t:
2wyl
N
G~ 57 -

In==
r

JList yMEHBIIEHHA CONPOTHRIEHH 3a3eMJIEHH 3a3eMIAIOILEE YCTPOUCTRBO
4aCTO BHIOJHAIT B BHAE CEPHM 3a0UTHX B 3eM/I0 TPYO, COCTMHEHHBIX
MEXIy cO60I0 METANIHYeCKMMH [O0/M0CaMH. Pacyer IIPOBOIMMOCTH 3a-
3EMJICHMA IIDH TAKOM CJOXKHOM 3a3eMJuTe/]e MOXKET OblTh BHINOJHEH IO
@Ha/IoOrMM € DacyeTOM E€MKOCTH CHCTEMbl COEIMHEHHBIX MEXI1y Co0o#
NPAMOJIMHERHBIX OTpPE3KOB mnpoOROAHHKOBR, C 3TOH 1eHbl0 C YCHexoM
MOXET OHThb MCIOJNL30BAH MPHUOMMKEHHHH METOA, K3/NOMEHHHN B § 44.

T'aasa wecmasn
MATHUTHOE IIOJIE NOCTOSHHBIX TOKOB

§ 60. Buxpepoit xapaxrep MarHUTHOro HmOJs TOKOB.
CxkanspHplfi mOTeHUMAJ MACHUTHOTO MNOJs B 00JAacTH BHE TOKOB

YpaBHeHHs, ONpENe/IAONIME MAarHUTHOC [OJ€ I[OCTOSAHHBIX TOKOB,
K4dK 310 cieJyeT M3 CHCTEMH ypasHeHui (157), umenoT BUA:

rotH=28, B=pH, divB=0. (163)

ITepBoe ypaBHeHHe CRHUIETEAbCTBYET O TOM, YTO MAarHUTHOE MQle
TOKOB ABaferca guxpegam. CnenopatensHo, Besfe, rie 62=0, Heabss
yKasaTb TaKywo ckaiaapHywo QyHkudio koopaunar U, (X, V, 2), rpaavent
KoTopoii nponopuuonaed Bexktopy H, Tak kax B cHay TOXIEECTRa

rot grad U, =0,



ABAACTCH MOTEHUHAABHEBIM,
Onasako B TOH 4acTH IIPOCTPAHCTBA, A€ INVIOTHOCTh TOKA PAaBHA
Hyao, umeeM rot H==0 u, cjenosareibHo, B 3TOH 4acTH NPOCTPAHCTBA
MoxHo fpeacrasutsh H B BHIE

H=—grad U,,. (164)

Benuuvna U, Ha3blBAETCA CKAAAPHBM NOMEHLUAAOM MAZHUMHO20
noasn. Unneke ,m“ Mbl CTaBHM, 4TOOB OTAHYMTH MATHUTHBIN MOTEHUHMAN
OT 37eKTPHUYECKOTO.

U3 pasenctsa (164) cirenyer:

o,  eu, o,

He=—230 hh=—"%7, H.=—=2, (165)
H, BooGuie, cocTasasioman sektopa H no ’ mmad
AN

1000My HAIPABIEHHIO PABHA YOBLIH Mar-
HUTHOTO 1OTEHLMAaMa, OTHECEHHOH K elH-
HMUE IUMHBI B 3TOM HailpaBJCHMH:

Hy=Heosa—=—20m  (166)

[I€ o YroJd MEXAY HanpaBiCHHEM BEK-
topa H ¥ HanpasjeH¥eM, B KOTOPOM
onpeedsercH coctas.’aaomas H,.

M3 cka3anHOro :cHO, 4TO MOJAB30OBATHCH MOHATHEM CKadAfPHOIo
MArHUTHOrO NOTEHUHMAMd MOXKHO TOJbKO B TOH 06.acTH NPOCTPaHCTBA,
rape 8==0. Ognako ¥ B 3TOH 4acT mpocTpaHctsa U, fABAgeTCA MHOrO-
3HauHOH ¢yrkumell. UToOH mnokasaTh 31O, PaCCMOTPHM MArHMTHOE MO.C
OKOJI0 KOHTypa ¢ TokoM (puc. 87).

Jlunefinbli MHTErpPad BEKTOPAa HAMPMKEHHOCTH MAarHATHOrO [10Jf,
B3ATHIl MO A0GOMY 3aMKHYTOMY KOHTYDPY, He OXBaThIBAIOLIEMY KOHTYpa
C TOKOM, DaBeH HY/IO:

Pnc. 87

<§3Hd1=o.

B uactHocTH, paBen Hyai0 HHTerpaix no nytu AnBmA, usobnamen-
nomy Ha puc. 87. HMmeem:

Ef ﬂdl:j’ Hdl-—-j.Hdl_—_O,
AnBmA AnB AmB

OTKy1a
Hdl = f HaL.

AnB AmB

CrenopatenbHO, HATErPajl, B3ATBIA MEMAy ABYMA 3ajlaHHBIMH TOY-
KaMu A M B, ofpedeafleTcs TOJBKO MOAOKEHUEM STHX TOYEK M HC 3d-
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BHCUT OT BHGODa NyTH HMHTErPHPOBAHHA MEXAY TOUKAMH [IPU YCIOBUH,
YTO 3aMKHYTHle KOHTYDH, OODa30BaHHEIE NBYMA Da3jHYHBIMU NYTAMH
MHTErpMpOBaHHs, He OXBATHIBAIOT KOHTYPOB C TOKaMu.

IIp# TaKOM YCJAOBHH MarHHTHOE IO/ie TOKOB MOXHO CYMTaTh IIO-
TEHUMAJAbHBIM [I0JEeM W WHTErpai

L

B
j Hdl = j’ Hdl = Upa — Uns (167)
A AmB

pacCMaTPHBaTh KAK Pa3HOCTb MArHATHBIX MOTEHUHANOB Upma ¥ Upp noas
B Toukax A u B. Ecin yclOBHO MDHHATb DaBHBIM HYJIO [OTEHUHA:
B HekoTopoh rtouke P (Upp=0), ¢(uxcHpOBaHHO! [0 OTHOIWECHIO
K KOHTYPY TOKa, TO Pa3HOCTh MOTEHUManOB B TOUKax A a P 6y et
paBHa nomeHyuasy B TOuke Al

P
f Hdl = U,y 4. (168)
A

TakuM 06pasoMm, MarHUTHHH IOTEHLHan B NAHHOH TOYKE [OJS PaBeH
JAMHEAHOMY MHTErpajy BEKTOpa HalpsikeHHOCTH MarHHTHOrO [OJIA BAOb
HEKOTOPOr0 NYTH OT 3TOH TOYKM N0 TOH TOYKH, B KOTOPOH NMOTEHUHMA:I
NpHHAT PABHBIM HYJIO,

OfHako eci¥ BHODaTb TaKOH 3aMKHYTHH [yTb WHTErPHPOBAHHA,
KOTOpHIi OXBaTHBAET KOHTYP TOKa i, Hampumep, nyte A/BmA Ha
puc. 87, TOo imHeHHM nuTerpan Bextopa H no TakoMy HyTH yme He
paBeH HYAIO:

§'Hd1= j‘ Hal = j'ﬂdl—- j‘Hdl_—-_:i#:O,

AlBmA AlB AmbB
OTKYAa
Hdl = f Hdl -+ i.
AlB AmB

Ecan nonpexHeMy ONPeAeanTb HHTErpain mo nytn AmB xak pas-
HOCTb LOTEHLHMA10B B TOoukax A u B, To Gynem HMETh!

Hdl = Upa — Unp-i.
AlB

Ilyte ArBmA oxBaTBBaeT [Ba pasa KOHTYpP C TOKOM i
Hadg Takoro myTH uMeeM:
Hdl=2i
- ArBmA
U, CJIEROBATEABHO:
ymﬂ:—— f Hdl 4- 2= Upy — Uns 424,
ArB AmB
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B BOOSIC HETErpai no HCKOTOPOMY NPOHSBOJIbHOMY NyTH AXD MOXeT
OTAHYETBCA OT HMHTErpajia nmo nyru AmiB na ki, roe k— ueaoe uucio,
€CAH BCE MYTH NPOXOAAT BHE 00AaCTH IPOCTPAHCTBA, 3aHATOH CaAMUMM
NPDOBOMHUKAMH C TOKOM:

Hdl=Upa— Ups- ki (169)
AxB
CosmecTuB TOuKy B ¢ TOukoM P, B KOTODOH NOTEHUMan yCAOBHO
[NDHHAT DABHHIM HYJIO, NO/AyYacM:

j Hdl = Upa - ki. (170)
AxP

TakuM o©06pa3oM, MarHHTHHHA ROTCHUMAA OKa3BIBaeTCA BEAHYHHOH
MHOZ03Ha%HOR. DTOH MHOTCO3HAYHGCTH MOXKHO u3bemaTb, eCcau ycao-
BHUTLCH BHOUPATh NYTh HHTErPHPOBaHHA
TaK, 4yTo6H OH He OXBATHBAJI KOHTYpPH
ToKoB. [IpencraBum cebe, yTO Ha BEe KOH-
TYypH TOKOB HaTAHYTH BOOGOpamaeMbie
MIEHKH, HENPOXOHUMEe npu o6pasosa-
Huu nyTe# uurerpuposanun. Ha puc. 88
HOKa3aHul B Pa3pe3e KOHTYPH C TOKaMH,
H HATAHYTBIE HA HHX HEIPOXONMMbIE
IIeHKH u300pamensl MYHKTHPOM C TOY-
kami. C BBEICHHEM TaKHX YCJAOBHHIX IJe-
HOK MarHuTHLH NOTeHlMan CTaHOBHTCA
O00HO3HAYHBM.

[Tyt nuTErpupoOBaHua He AOMKHBE NPOXCHHTb 4YEpe3 TeJao npo-
BONHHKA ¢ TOKOM, TdK K&K HHAYE 3@8MKHYTHIC KOHTYpBH MHTCTDHPOBa-
HHA OyAyT OXBAThIBATH YacTb TOKa B 3TOM npoBoauuke. Tak Kak 3ta
Y4acTb TOKa MOMET HMETb COBEPIIEHHO HPOM3BOJ/bHOE 3HauCHHE, TO IIO-
HATHE CKaAADHOrO MaCHWTHOTO MOTEHUMAaNa NPH TaKOM BHOOpEe yTH
HHTErPUPOBaHMA TEPAET CMBICH. DTO CBA3aHO C TEM, YTO MHOHATHE CKa-
JASIPHOTO Mar#MTHOrO [lOTEeHlLHana MoOxXeT OhiTh INDHMEHEHO TOJBKO
K O6aactH NnpOCTPAaHCTBa, HE 3aHATON TOKOM, T. €. rie IIOTHOCTh TOKA
paBHa Hymo.

IToresuyan OMMHAKOB BO BCeX TOUKAxX MOBEPXHOCTH, NepecekaeMoit
CHJIOBLIMH JIMHHAMH TOJX NPAMLIM YrJOM, TaK KaK, NepeMEILanch 1o 3ToH

NOBEPXHOCTH, HMeeM B Buipawenuu (166) cos a=0 n—7 =0, 1. c.

U, = const. Takan NOBEpXHOCTb Ha3bIBAETCA NOBEPXHOCMBIO P ABHO20
Maznumnozo nomenyunasa. Ee ypaBHeHHe HMEET BHA:
U, (x, ¥, 2)=_const.

Ecin o603uaunth uyepes dn mepememeHue B CTOpOHy Bektopa H no
HODMa/u K MOBEPXHOCTH D&BHOrO MOTEHLMAAa HWAH, 4YTO TO Xe, MO
KacaTtelbHoH K CHIOBOH JHHMM, TO, OYEeBMAHO, GYNEM HMETb:

\grad U,, ;;Hz_ﬂgf i a7
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Bce COOTHOLIEHHS, IIOJYYEHHHIE B HACTORIIEM [aparpade, coBep-
MIEHHO TOXIECTBEHHB aHAJOrMYHBIM COOTHOWICHHAM B 3JEKTPOCTATH-
yecKOM MOJE 33 MCKJIOUYEHHEM TOrO, YTO N OJHO3HA4YHOCTH MalduT-
HOrO MOTEHIMAA [IPUXOIMTCA BBOIUTb YC/IOBHBIEC BOOGPaKAEMBIC TIICHKH,
HaTAHYTHIC Ha KOHTYDbI TOKa, U Orpa”Hd4YuBaTbCA PACCMOTPEHUEM ofiactu
moast BHE TOKOB, TOTrJa Kak TOTEHIMAN 3JeKTPOCTATHYECKOro 110.11
spAsieTcd ONHO3HAYHOM (yHKUMEH KOOPAMHAT TOYKM 6€3 Kakux-mmbo
‘EOMOMHATEAbHBIX OrOBOPOK, TaK KaK B 3JCKTPOCTaTHYECKOM I10J€
Bciony Tot E=0, T. e. OHO Bciony fABAAETCH GE3BHXPEBBIM.

§ 61. BekTOpHEI/i MOTEHHMAN MATHHTHOTO NMOJAS TOKOB

BekTOp MarHUTHOH MHIYKUMM MOXKHO [pPENCTABHTh B BHIE BHUXDA
HEKOTOPOIO BCIOMOraTEIbHOFO BCKTOpa A!

=10t A, (172)

NpHYEM BEKTOP A INpU 3aJaHHOM pacnpelefieHHH B MPOCTPAHCTBE 3JleK-
TPUUYECKUX TOKOB fABIAETCH (PyHKUHEH KOOpAMHAT.

BekTOp A HOCHT Ha3BaHHME BeXMOPHO20 NOMEHYUALQ MA2HUMHO0
noas. OupegeiuM ero Tak, YTOGH YPaBHEHMS MAarHUTHOIO 1OJAA

rotH=38, B=yH un div B=0

6b11M Y10BJIETBOPECHDBI BO BCEM [IPOCTPAHCTRE, H TaM, I'le OTCYTCTBYIOT TOKH,
¥ taM, rxe 6 0. )

Ycaosue div B=0, Bmipaxaioniee NPHHUMI HENPEPBLIBHOCTH MArHUT-
HBIX JMHMH, yIOBAETBOPAETCA TOXKIECTBEHHO, ecau B npencrasnts yepes A
cornacHo BeipaxeHuo (172). HleficTBMTENBHO, UMEEM TOXKIAECTBO:

. 9 9 9
div rot A_arotxA—]—@rotyA—]—ErotzA—

__.'?_(0_41_% _]__S’_ (%_ka 49 (‘?41_%)_0

T ox \ oy 0z ay \ oz dx) dz \ ox ay |
Haiinem BRIpakeHue BEKTOPHOrO NOTEHIMana, Onpelensionlee ero no

3a/aHHOMY pACTPEENEeHUI0 TOKOB TaK, UYTOOB Oblau yAOBICTBOPEHb

OCTaJbHBIE Ba ypaBHeHﬂﬂ
rotH=2% n B=ypH.

OrpaHn4MMcst PacCMOTPEHHEM OJHOPOAHOH cpexbl. Y MHOKHM NPABYIO
- ¥ JIEBYIO YaCTH IEPBOTO yPaBHEHHS Ha MArHUTHYIO IPOHHUAEMOCTD (b CPEABL.
B omHoponHO#t cpene MarHWTHas NPOHULAEMOCTb . HE 3aBHCHT OT
KOOPAMHAT, ¥ ¢ MOXCHO BHECTH MOJX 3HAK MPOM3BONHOH B BhipaxeHuH rot H.
IMonyunm:
p rot H=rotp H=r10t B =p3,

U TaK Kak B=—r0ot A, TO HMeeM:

rot rot A ==u3,
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B uacTHoCTY, Aas mpoekuuu Ha ock OX MOXeM Hanucath:
rot, (rot A) = p.d,. (173)

Pa3pepHeM JE€BYI0 4acTh 3TOro ypaBHenuf. Mmeewm:

9 (04, A
rot, (rot A) = (;)v rot. A — ;—Z rot, A = e (014) AN

ox oy )
9 (‘)_Ax. ‘)Az)_ 0094y A, 04, .0 04
d0z\ 0z~ dx /) dx ay ove 0z ' dx o0z °

d 0A,
lpubaruM K STOMY BBIPAKEHHIO BEIWUHHY 5--—-= H BHUTEM eit pae-
2 '

i)
HYI0 BEIHYHHY -5%' . Monyuum:

dAy | 0A, | 0A,\  (0%A, , #*A, | A
e L S ) —( ).

0z | 9x: ¢ Toyr v 02¢ )

rot, (rot A) = % (
Ho coraacno seipawenmio (13) wmeem:

A, | 0A, , 0A, _ ..
S Ty T e, —UivA

M, KPOMe TOro, MoxeM 0GosHauMTh COKpamienno (cM. § 13):

0%A,
dx?

A 0%A
0}’;: + 02: = VA,
Hrak,
rot, (rot A) = g—x divA — V?2A,.

Momununm Bektop A ycaosuio divA=—=0, 1. e. GyaeMm cUHTaTh, 4TO
noJe BEKTOPHOrO NMOTEHUWana HE MMEeT WCTOUHMKOB. [leficTBuTelbHO,
npu ycaosun divA <0 Bcerna moxno nonoxuts A=A'-}-A", npu-
yem divA’=0 u divA" <0. Toxe cocrapnsomedl A", KaK CcO3IaHHOE

MCTOUHMKAMM, ABISETCA NOTEHUMAMbHBIM W, caegoBatensHo, rotA' ==0.
Tostomy B=10t A=10tA’, T. €. Hammuue coctapasomed A" ne u3-
Menser Beanmuuny B, v Moxuo mpunare A" =0.

OKOHuaTeNbHO HOJAyuaeM:
rot, (ot A) =— V’A,.

Ypasuenue (173) nepenucuniBaerca B BUIE:

3*A 0*A 0°A
ViAx‘_—'— dx: 0},: + az’x = p‘ax'

dto ecth ypashenue [IyaccoHa, OHO MOJMHOCTbIO COBMAgaeT C ypae-
Henvem [IyaccoHa Aff 3neKTpuueckoro moTexuuana (49), ecan 3aMEHHTH
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A, na U v p8, Ha p/e. IloaTOMy €ro peuieHHE MOXHO Hanucath MO
aHaaoruu C peUiCHHEM YpaBHEHHUA I'Iyaccona A1 3NEKTPUUECKOrO NIOTEH=
nuaJjaa. ﬂ.ml emexrpnqecxoro [IOTEHUHAJIAa MH HMEJIH:

1
U= ____J‘ pav
+RE r
v

amenas U uwa A, u p/e Ha ud,, noayuaem:

w8 dV
Ax=z.—ff*”‘r—'
v

VinterpupoBanne, OYEBHIHO, IOCTaTOYHO PacNPOCTPAaHHTh MO0 BCEMY
o6bemy, rae 8, 0. Beanwuusa r ecTh paccTOsHHE OT LUEHTPa 3JEMEHTa
obbeMa dV, B KOTOPOM NpOeKuHsA BCKTOPa MJIOTHOCTH TOKa €CTh §,,
0 TOYKH, B KOTOpPOH onpenenserca A,.

AHaJlOrMuHHIM NyTEM HETPYAHO MOJAYYHTh BHIDAMEHHS I NPYrUX
COCTaBJSAIOIINX BEKTOPHOro NOTeHuMada. OKOHYATE/NbHO OyIeM HMETh:

_p» (84V b (8dV _p 8, dV
Ax—Z}? Tr A—"—— 4z r’ A= ar e (179)
1% v v

A=iA,—[—jAy—{—kAz=T*;—j‘Mlj‘—k—az)i‘i,

4YTO MOXHO 3aNuCcaTh KpaTKoO:

N
A= 2 (175)

NoHuMas 3JeCb HHTErpHPOBAHHE KaK reOMETPHYECKOE CYMMHUPOBAHKE.

ITony4yeHHble BBIPAXKEHHsA, CAyXAallHe NS ONpejeJeHHs COCTaBISIO-
KX BEKTOPHOrQ [OTEHUMANA N0 3AMAHHOMY Dacnpese/ieHHIo TOKa B Ilpo-
CTPaHCTBE, CHpaBeN/JHBBl BCIOAY, B 4YaCTHOCTH W TaM, Trle &=:0.
O¥H IPArOAHN PH YCAOBHH, UTO TOKH CYIIECTBYIOT B OrPaHHYEHHOM OGb-
eMe MPOCTPAaHCTBa, UTO (H3nWueckH Bceraa M wMeeT Mecto. I[lpu artom
BeJIMYHHA BEKTOPHOro TOTEHUHMasa yObiBaeT No Mepe yaAaneHust B Gec-
KOHEYHOCTh OT OG6/acTH, 3aHATOM TOKaMW, He MelJjieHHee, ueM 1/r, uTo
HETPYAHO YCMOTPETh U3 Buipaxenuh (175). Tak Kak cocrasasiomse Be-
KTOpa B BbIpa)aloTcs 4Yepe3 NPOCTPAHCTBEHHHE MPOM3BOJHBIE OT CO-
CTaBJMIOMKX BekTOpa A, TO Be/HYHHA MarHATHOK uuaywumu B, a cie-
IOBAaTE/JbHO, W BeJHYHHA HANDSIKEHHOCTH noJs H yGuiBaioT B Geckoneu-
HOCTH He MelJeHHee, ueM 1/r3

Buipaxenns (174) u (175) masa BEKTOPHOrO noTeHUMata HOJydeHsl
B [IPENNOJIOKEHHH, YTO CPela OTHOPOIHA B OTHOLIEHHH MArHUTHBIX CBORCTB.
I1H BHPAXEHHA He/b3 HEMOCPENCTBEHHO WCNO/AL30BATh NPH  PaccMo-
TPEHHH IO/ B MPOCTPAHCTBE, B KOTOPOM HaxomaTca Telna H3 deppo-
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MarHUTHOrO MaTepuaia, WiIH BOOOHmIE TesJa W3 DA3AUYHBIX MArHUTHHIX
matepuanor. QAHAKO €CIM NPH 3TOM pacCMaTPHRATh NOne, KaK Cyie-
CTBYIOlleE B NMYCTOTE M BHI3BAHHOE HE TOABKO MAKPOCKONNYECKUMH
TOKaMH B NPOBOJAHHUKAX, HO TaKXe M 3JACMEHTAPHHIMH TOKaMd B Remie-
CTBE HAMATHUYEHHHX TEJ, TO 3ajmaya CBOJUTCA K MCCAENOBaHHON nad
cayvyasa ozHopomHo#t cpensl. Ilpu stoM B Bupaxkennax (174) u (175)
caenyer MOJNOKHTh p=={, U NOA & MOHHMATh KaK MAOTHOCTH MaKpoO-
CKONMMYECKHX TOKOB B NPOBOJAHMKAX, Tak ¥ NJIOTHOCTh 3JEMEHTapHBIX
TOKOB B BELIECTBE HAMAarHUYEHHHIX Ten.

TakuM 06pa3om, ¢ NPUHUMNNAILHON CTOPOHH BCErJa MOMXHO BHIpa-
3uTh BeKTOp B uepes BekTOpHH moteHuuana A B ¢opme:

B=rotA,

XOTd NpakTHYECKH RBIYUC/ICHUE BEKTOPDHOrO MOTEHIMAJA IO 3afaHHOMY
pacnpeaeacHuil0 TOKOB 00 BIYHO yAa€Tca NPOU3BECTH AHUllL B CaydyanXx,
KOrpa cpeaa OQHOPOAHA, Tak Kak pacnpelescHUE 3JIEMEHTAapHHX TOKOB
B BEIIECTBE HaMarHM4YEHHHIX TEn, KaK NpaBWJIO, HEU3BECTHO.

§ 62. Buipamenne MarHATHOro NOTOKA Yepe3 BEKTOPHBIN MOTEHLHAAN

YcTaHOBMM cBAI3b MEM(AY MarHHTHHIM noTokoM O, NPOXOIAUIHM
CKBO3b HEKOTODYI0 NOBEPXHOCTh S, H BEKTOPHHIM MOTEHIMANOM A Ma-
rHUTHOrO nonas. Mimeem:

¢ = [Bds= [rotads.
§ s
Ho cornacHo Tteopeme Crokca (25):

j' rotAds= gﬁ Adl.
&
CaenosateasHo:

'@:@Adl. (176)

Taxkum o6pa3oM, MazHumHwlE nomok, npoxodawui cxk8o3s nosepx-
HOCMb S, pager AUHEUHOMY unme2pary B8eKMOPHO20 NOMEeHUUAAG NO
3QMEHYMOMY KOHMYPY, 02DAHUMUBAIOUEMY MY NOBEPXHOCMS.

Hna BelYACAEHHA MalHUTHOTO NOTOKAa 4YEpe3 BEKTOD MarHUTHOH

MHAYKUAWX NPH TOMOIIM WHTerpasa ‘f Bds Heo6xomuM0 oOnpeaeanTs

§
BekTOD B BO BCEX TOYKAX MOBEpxHOCTH S. [Ipn BEIYNCAEHHH MalHHTHOrO MO~
TOKa 4Yepes BEKTOPHHIN NOTEHIMAN A OCTATOYHO 3HATh HOCHKEHUH TOABKO
Ha KOHType, OrpaHWYMBAaIOWIEM 3Ty NOBepXHOcTh. HHTErpupoganne mno
MOBEPXHOCTH 3aMEHAETCA WHTErPHPOBAHMEM MO KOHTYPY, YTO BO MHO-
FMX CAy4yasX OKa3HWBaeTCAd BeChMa MOJAE3HBIM.
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OnepupOBaHue BEKTOPHBIM IOTCHUHAJOM obJaeryaeT pacCMOTPCHUC
psiaa BaAXHBIX MOJOXKCHHA TEOPHH MATHHTHOrO MNOJs, TaK XKE Kak HOab-
30BaHHE CKa&/IApHBIM MNOTEHUHAJOM YNPOILACT PACCMOTPCHHE MHOTHMX
BONIPOCOB 3JEKTPOCTATHKH.

§ 63. O6man 3agaya pacyera MACHHATHOIO MOJY NOCTOAHHBIX
TOKOB

Q6wieit 3a7a4ycit pacyeTa MardHUTHOrO MHOJSt NOCTOSHHBIX 3IJICKTPHYC-
CKHX TOKOB SIRAAETCA HAXOXAEHHE BEKTODPA MATHUTHON MHAYKUMH HIH
BEKTOpa HANDSDKEHHOCTH MOJs BO BCEX TOYKAX MPOCTPAHCTBA MO 3a1aH-
HOMY pacnpefle/leHHI0 TOKa B NPOCTPAHCTBe. JTa 3aaya MOJHOCTLIO
pemaercsi HaXOXIEHHWEM BEKTODHOrO MOTEHNHaMa A Kak (YHKUMH KO-
opnnHar. [Ips 9TOM MarHWTHas WHAYKIHKS HAaXOIMTCS W3 COOTHOLICHHs

B=rotA.

B rtomcayuae, KOrjAa cpena OXHOPONHA M TOKH CYuleCTBYIOT B Orpa-
HHYEHHOR 0014CTH NPOCTPAHCTBA, COCTARJAIOUIAC BEeKTOPHOrO NOTEH-
IMana MOTYT GBITh ONMpeneteHsl Npu NoMoum BuipaxeHuh (174):

I Y. N oY R T o 7.1 4
Ag= 2, A= |25 A= |0
v v Vv

B koHeuHOM BHJE 3anady VJAaeTcsl DelWTh TOJbKO B BecbMa Orpa-
HHYEHHOM UHCJe Ciaydaes. ’

MHTepecyach MarHUTHHM MOJeM BHC MPOBOINHHKOB C TOKOM, T. €.
TOABKO B TOfi 067aCTM HPOCTPAHCTBA, € MAOTHOCTh TOKA paBHa HYJIo,
MBI MMEeM BO3MOXHOCTL BOCMOJB30OBATLCA TAKXKE [pPYrHM METOIOM.
B stoft 061aCcTH NPOCTPAHCTBA MOXHO OXapaKTePu3OBaTb MarHUTHOE
noje CKaJAPHBIM MarHATHHIM NoreHuuanoM Up,. BeKTOp HanpsKeHHOCTH
no/s NpH 3TOM OnNpeleideTcst KaK BEKTOD, PaBHbIA MO BeaWvHHE M Ha-
npagaeHHbI# NPOTHRONOJOXKHO TPALHCHTY MOTEHIMana:

H=—grad U,.

Jiast cOCTaBASIOUIMX HANMPSKEHHOCTH NOAS MMeeM OPH 3TOM BbIpa-
weHust (166):

oUn,
oy .

0z

J

sz—%’—’-', HV= , Hy— —

TocnexHul - METON aHANOTHYEH METONY, HCHOAb30BAHHOMY NPH pac-
yeTe SﬂeKTPOCTaTquCKOI‘O noas, ¥ B 3TOM €ro 60bII0E TOCTOMHCTRO.
H0m>3yﬂcl> 3THM MeTOJIOM, BO3MOXHO DelInTh 921018 3anav, OTHOCAHIUXCHA
K pacdeTy MACHHTHBIX MOJEH, MYTEM COMOCTAB.EHHA WX C COOTBETCTBEH-
HBIMH pemeHHbIMPl 3a1a4yamMu aﬂeKTPOCTaTHKﬂ. Mu BOCNOJAb3YEMCSA 3THM
MEeTONOM IIpH HcCjaeJ0BaHHHU naocKoflapaineabHoro MACrHUTHOrO M0OJd.
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§ 64. Hexotopsie BekTophmie coornomenns. Teopema
€XHHCTBEHHOCTH

Iloayunm HekoTOpbe BEKTOPHBIE COOTHOWIEHHH, KOTOpHE 6yayr
BEChbMa NOJAE3HH M AOKA3aTeNbCTBA PANA BAXKHBIX MOJOMEHUI.

CocraBuM BhIpaXeHHE IAA PACXOKIEHHA OT TeOMETPHYECKOIO npo-
H3BeNEHHA IBYX BEKTOPOB. Kak u3BecTHO W3 Kypca MaTeMaTHku, reoMe-
TPHUYECKOE NMPOM3BENEHHE ABYX BeKTOPOB A H C MONET GhTL BHpaXeHOo
B ¢dopme:

[A-Cl=i (A),Cz — AZC_‘.) -+j (A4C,—ALC) + k (Any — Any).
CaenoBarensHo:

. d d
div [A-Cl = (4,C, — A,C,)+ oy (A:Cx—AC)+

7] 0A 0A . [0A 0A
+ E (Axcy—" Avcx)::cx( ayz - ’#) + (‘}’ (T;— axz ) +

+cz("‘4y _an)__Ax<acz _a&)_Ay(acx_acz)_

ox  dy ay dz 0z ox
—Az(%—%)=cx-rotx,§+cy-rotyA—{-Cz-rot_,A———-
— (A, -10t,C4 A, -rot,C+ A, rot, C)==C -rotA — A - rot C.
Hrak:
div[A-C]=C-rotA—A- rotC. a77)

IlycTe BekTOpH A H C HenpepHBHH BMECTE €O CBOHMH NepBEIMH
npousgonHwMH B 06xacTH, umeomedl o6beM V. MOXHO HamMcars:

ifdiV[A'CldV—:ifC-rotA-dVl— JA-rothiV.

Hurerpan no o6vemy V, cToAmuH B neBOH YacTH PaBEHCTBA, MOWET
6Th Npeo6pa3soBaH HAa OCHOBAHHH TEOPEMbi Ocrporpanckoro (24)
B MHTErpan no NOBEPXHOCTH S, OrpaHHuHBaOmieli 06bem V:

fdiv[A-C]dvzj'[A-q-ds.
v s
Taxum obpasom noayuaem:

f[A-C]-ds: fc-rotA-dv-_j'A.mtc.dV. (178)
K i/ 14

1
JTO DPaBEHCTBO M MOCAYMHT HaM XA BLIBOJA pPAla BaXHBIX COOT-
HomeHu#t. TIycTh A — BEKTOPHBIH NOTEHLHAA MATHUTHOTO Moas ¥ C—

10 TeopHA 3A€KTPOMArH. HOAA
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BexTop Hanpsxennoctd H MarmuTHOro noad. TTycTh KOHTYDPH C TOKaMH,
OnpefeMOMUMH  HCCEyeMOe MOJe, DACHOTOKCHb B OrpaHH4eHHOH
o6aactd npoctpanctsa (puc. 89). Okpyxmm Bce 5T KOHTYpH cdepoit
paauyca 7, MMCIOIER LEHTP B TOUKE O, ¥ pacnpOCTPAHUM HHTErpajsl
B mpaso#t yacth pasenctsa (17 8) no scemy oGbeMy NpPOCTPAHCTBA BHYTDH
cpepbi. MHTerpupOsaHue B JIeBOA HACTH MIPH 3TOM Mbl JIOJDKHB pacnpo-
cTpaHuTb [0 MOBEPXHOCTH Cepsi. Byaem yBennuuBaTh pamuyc cepsl
10 GeckoHeuHocTH. MIHTErpupoBaHue .B MPaBO# HacTH B TAaKOM C.aydac
pacnpOCTPAHAETCA N0 8CeMY NOAK
paccMaTpHBaeMON CHCTEMbl TOKOB.
Herpyauno y6emuThes, UTO NP STOM
MHTErpan B /eBoll 4acTH PaBCHCTRA
(178) crpemutca k Hymo. [leitcTau-
TenbHO, Kak Obli0 oTMeuenos § 61,
BEKTOpHbI}I OTEHIMAN yObiBaeT B
6eCKOHEUHOCTH HE MCHICHHEE, YeM
1/r, a HampPSIKEHHOCTb [0 — HE
mennensee, uem  1/r%. Caenosa-
tenpso, BekTOp [A - H| yGuiBaers
GCCKOHEYHOCTH He MEIJICHHEE, 4eM
1/, ~TtOorma Kak TOBEPXHOCTDb
cpepsl pacTet MpOINOPLUHOHATBHO 2.
ITosToMy, HHTErpHpys B TMpaBsof
yacTH TO 8cemy noro, B JEBOH
4acTH MBI MOJyvacMm:

Puc. 89

j[A-H]-ds:O,

s

W cacaosatenbHo, pasencTBo (178) B 3TOM clyHac Jaer.

yﬂ.rotAdV=jA-rotHdV. (179)
v v

MoxakeM Ha OCHOBe 3TOr0 DaBEHCTBA, MTO, €C.IW 32/aHO pacmpene-
fende TOKa, T. €. B KaXIOA TOYKE MNPOCTPAHCTBA MIBECTEH BEKTOD
NAOTHOCTH TOKAa 5, M €Cau, KpoMe TOr0, B KawJOH TOUKE MpOCTpaH-
CTBA 3aJaHO 3HAYCHHE MACHHTHOM NPOHHUUAEMOCTH p, TO MArHUTHOC
mone ompexeAdeTcsl CIMHCTBEHHBIM OG6pasoM. Ilpu 3TOM CpCld MOMCT
6MTh ¥ HEOXHOPOAHOH. DTO TOMOKEHHE MONKET OwTh HA3BAHO meo-
penoil eduHCMBeHHOCHI, AHATOTHYHO COOTBETCTBYIOWLEH TEOPEME B 31CK-
TPOCTATHKE.

TIpeAno0KuM, YTO BO3MOXKHB JBA MO, yA0BICTBOPAIOUIMC 3akaH-
HpM 3 W p. TIycTb B OJHOM N0/E BCKTODHBA MOTEHIAAN, HAMDSKEH-
HOCTH MO M MACHWTHAS MHIYKIMA B HEKOTODOfi TOUKE MMCIOT 3Haue-
uus A', H', B

IlycTs B APYrOM MOJE STH XKC BEKTODPH HMEIOT 3HAUEHHS A", H', B".
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A'—A"=a, H—H'=h.
HNpnvesnm K BekTOpaM a u h pasencteo (179). Ioayuaem:

j‘hrotadV:-jiarotth.
Vv vV

Haaee umeew:

rota=rot(A'—A")=rotA'—rot A" =B —B" =pH —pH" =ph, .

roth=rot(H' —H")=rotH' —rot H"' = 8 — 5 — 0.

CienoBatc.ibHO: j‘ whdV =0,
Vv
otkyia h=H —H'" =0.
Taxum o6pasom, noayuacw:

H':H” " B' :B”’

T. e. 06a nojs NNOJIHOCThIO COBHAJAIOT.

§ 65. lnockonapannensHoe noze

PaccMoTpuM MarmuTHOC 1mose cucTems GeCKOHEUHO NAMHHDBIX napai-
JCIbHBIX HHAHHAPDHYECKUX TPOBOIHHKOB ¢ TOKAMH. Cpeny 6yaem npen-
foaaratb O0aHOpoAHOH. Ock OZ nampaBuM napaafeabHo ocsM 11poBO -
HUKOB. B TakoM ciaywae cunosble amuuu moas HeAUKOM JIeXAT B mao-
CKOCTAX, NapauiefbHbX miaockoctw XOY, u KapTHHa Mno.JM BO Bcex
STHX IITOCKOCTAX ONHHAKOBA, T. €. MOJE TaKO# CHUCTEMB TOKOB ecTh
1104 naockonapaienbyoe. ITOBepXHOCTH PaBHOrO MarHMTHOrO HOTEH-~
uuana U, cyTe UHIHHApHYECKUe TIOBEPXHOCTH ¢ 0Gpasylomumu, napaJ-
aeapHbiMH ocn OZ. JluHud DaBHOrO MOTeHuHana B niockoctu XOY
ONpeneAsloTCa YPaBHEHUeM:

U, (x, ¥) =const.

HnTtepsaam Memnay coceanumu amnusmu paBHOro moTenluana Gyncm
BHIGUPATh TAK, YTOGHI IIpu nepexone OT OJHOH AMHMHM K Apyroft co-
6monanocs ycaosue AU, = const. 10 yciosue e yrmaerca co6moctn
AN OTREAbHBIX HHTEPBAJIOB NPH YHCIE TPOBOAHHKOB C TOKaMu, 60/b-
IIEM LBYX, TOALKO B TOM Cilyuae, KOTNAa TOKHM HECOM3MEPUMbI Mexay
c06010, TaK KaK NPHPAIIEHHE MOTeHLMana npu 06x01€ BOKPYr K2KI0ro
TOKa, cornacHO Bupaxenmio (170), KOMKHO paBHATHCH 3TOMYy TOKY.

YpasHeHne CHIOBHX JMHHH NOAT MOMKHO NOJAY4YNTb Ha OCHOBE CO-
OGPaXeHHnH, aHANOIHUHBIX TeM, KOTOpHE Oblia# HCMOb30BAHH A [O-

*



148 Maznumnoe nore nOCMOSHHHX MOKOS fea. VI

JYYEHHs YDABHEHMS CHIOBHIX JUHHHA INEKTPUUECKOrO MOA. YcnoBuMca
camtaTh  TONOKATCIBHHMM TOKW, HanpaBiaeHHeie K  Hab.ioxaTenmo.
BuifepeM OJHY CHIOBYIO JIMHHIO B KauecTBe navansnoit. Ha puc. 90
oHa OTMeueHa xupHO# aunue#t. CoeqUHUM NPOU3BOJIBHYIO TOUKY M(x,y)
¢ HeKoTOpoR Toukoh A HayalpHOH /JMHWM KPHBOJWHEHHBIM OTDPE3-
koM MmA. Tlycts Wy ecth notok Bekropa H, fipoxoxauuit CKBO3b
fI0BEPXHOCTb, KOTODyi0 Omnucan Ol OTPe3OK MmA, nepememasch na-
panneabHO caMoMy ceb6e B HAlpaBleHWW OCH OZ w npoxonsd myTh L
VcnoBuMca paccMaTpuBaTh IMOTOK HA SAMHULY IAHHEI ! npoeogos. Tax
e, Kak W paHee B 3NCKTPHUYECKOM noje, BBeleM OGO3HaucHMe:

L'
v, =T”. (180)

m

Bennunna V,,, HassiBaeMas QyHK-
queii nomoxa, 3aBACHT OT MOJOKCHHA
toukn M u, ciegoBaTenbHO, ABAACTCA
dyHKuMeli KOOpAMHAT 3STOH  TOUKA.
Jlnst Bcex TOYEK, JeWallmx Ha OXHOH
W TOf e cuwioBOl IuHMH, YHKUMA
V,, (¥, y) uMeeT OIMHAKOBOE 3HAUCHHC.
CnenoBaTelbHO, YPaBHEHHE:

Puc. 90 V. (x, y)=const,

onpeneasionee COBOKYIHOCTh TAKHX TOYCK, M SBJAACTCH ypaBHCHHEM
CHIOBON JIMHHH.

YcnoBuMcs pacinojaraTe Ha uepTexKe CHIOBHE JIWHWK  TaK, 4TOG bi
npu nepexone OT MoGOA JMHHH K cocenHell Bcerma MoJay4yatbh OJHO H
To we npupamcHue AV, QyHKUUH NMOTOKa.

OGo3HaunB uepes dn 3MEMEHT JUIMHH CHIOBOA JIMHUM H 4epe3 da—
S7EMEHT JUIMHB JWHHH PaBHOTO TOTEHIUHana, OyneM HMETh 8CiOly
dn |_da. KoopauHaTy 7 yCIOBHMCA CYATATH po3pacraiomeit B Hanpas-
nenvn BekTopa H. Koopmumaty a OyaeMm cuuTath Bozpacraionieit BAEBO
ot Bextopa H mns wabmogarend, paclioNOXHMBIIErOCH TakK, 4TO BEKTOP H
KaeTcs eMy HalpaBlIeHHBIM CHH3Yy BBEPX (pHuc. 90). dyHKuMIO MOTOKA
GyleM CuMTaTh BO3DACTAIOMICA B TOM XKE HANpABJCHUM, B KOTOPOM yBC-
AWYMBaEeTCA 4.

HanpsKeHHOCTs MATHUTHOrO IIOASl BBHIpAWaeTcs HEPEs u, nV,
B BHJE:

W _ 4 WVn
on oa -~

H=— {181)

ITepBoe paBeHCTBO yXe ObIIO MPHBEICHO paHEe (171). Owuo roso-
pUT, 4TO BeiuuuHa BEKTOpa H 4MCIEHHO paBHA yOHAN NMOTEHuMana Ha
@MUHMIY IMHHB B HAIIPABICHUM CUIOBOH JHHMM. BTopoe BulpameHHE
caenyet W3 TOro, 4To Haﬂpﬂ)l{eHHOCTb noasg YHUCAEHHO paBHA MOTOKY
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;

Bexmpa npn, SUIEMY 9YEPE3 eNWHHIlY NOBEPXHOCTH, HOPMATLHOH
CHJIOBKIM NHH I'I ™ d, ‘F,,—e,.,,upame HEe [I0TOKa BexTopa H,
00T ercrsyxomee npppameﬂmo TOJNLKO ONHOH Koopaunatu a. ITortox
‘IH NPOXOAHT 4EPe3 MOBEPXHOCT: Jda, HOPMajsHY0 K CHAOBbLIM

agunaM. CleloBaTensHO:

&

He 9YH _ 4V _ 0V
lda “da 9

Bripawenus (181) copeplieHHO aHanorkunn Bhpaxennsm (65), onpe-
e IFIoIMM HaIPKEHHOCTs 3JeKTPHYECKOro Mo,

Cocrasasompe Bektopa H B 1€KapTOBHIX KOOPIHHATAX BHPAKAOTCH
B Buje:

 Um OV
Hx—““gff—“‘@—» { 182
Ho—_OUn___ Vg i (182)
y— ay ox
“ B l'IOJLﬁpHHX KoOpauHaTax:
au, 1 9V,
H=—5m—
0 o0
r T 1 (183)
i LU0V
=T r e — or ° }

OTA paBeHCTBa MMIIYTCH HA OCHOBaHMH TeX Ke COOOpakeHmdl, uTO
W COOTBETCTBEHHbIE paBeHCTBa (66) U (67) B raaBe O pacueTe 3JEKTpH-
4eCKOro noJjd.

U3 pasencrs (182) merpymno myrtem mnosTOpHOre AudepeHuuposa-
HUS [OJYYHTH YpaBHEHUA:

FUp | PUp PV, , OV,
ox* T T gyE =0n 5t ay*

=0.

Cnenorarensno, o6e ¢yukumu U, u V, yIoBIeTBOPAIOT yPaBHEHHIO
Jlannaca.

Heo6xomumo, olnako, noauepkHyTh, 4TO 3TO MMEET MECTO TOJbKO
B 001aCTH HPOCTPAHCTBA, HE 3aHATOH 3JEKTPuueckuM TOKOM. ToabKO
B 3TOH 006JacTH BO3MOXHO BHIPA3UTL HANPAMEHHOCTH [OAA B BHIEC
rpaguenta cKaaspuoro moreHumana U,. Takad orosopka He OTHOCMTCHA
K BbIpaKeHufIM HANPSIKeHHOCTH Hoaf wepe3 QYHKUMIO [HOTOKa:

1~ OV oV,
H=735 H.=37, H=—57, (184)
KOTOpHIE MO CaMOMY HX CMBICAY JOJKHBI 6BITh CHOPaBCOIUBBI TaK¥ke
H BHYTDH NPOBOJHMKOB C TOKOM.

Hakoneu, ormern™, 4to ¢yukuus noroxa V,, BBEIEHHAd I XapaK-
TCPUCTHKH  [0CKONAPAANEALHOIQ NOJM, BECHMA  MPOCTO  ¢BA3AHY
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C BEKTODHBEIM MOTEHUMaJOM. B paccmatpuBaeMOM cAy4ae BCKTOPHBIY
noTexlMan HANpaBAEH BCIOAY fapaiienbHo ocu OZ, T. e.:

A:#O, Ax=Ay=O,

TaK Kax BEKTOP HJOTHOCTH TOKAa BCIOAY NapaIci€H 3TOH OCH.

ITosToMy HmecM:
) 04, 0A, 04, 3

sz—a}-_ oz __a;r
__0A, 94, 94,
By=" —ox = ox’ (189)
0Ay  0A,
B,=-—- -3 0.

Ymroxan paserictBa (184) Ha p ¥ conmocTaBass ¢ TOCJACAHUMH DaBEH-
CTBAMH, MOJydaeM:
A, =upV,+C, (186)

npuyeM noctosanHas C moxer OunTh OT6pOUIeHa, KAaK HE HMelomias Cyumie-
CTBCHHOTO 3HAYSHHA. :

§ 66. Mone ampefnrx nmposonos. IIpUHLMN COOTBETCTBUA MJIOCKO-
NapaJneNbHbIX JNEKTPUYECKAX M MACHHTHLIX moJef

Haﬂpﬂ}KeHHOCTb Mar{MTHOro noJja yeAHHEHHOro JWHeHHOr0 NpOBOX-
HAKa ¢ TOKOM oOnpeaedseTcd HOPpM NOMOWIM 3akOHa MNOJHOrO TOKAa Ha
OCHOBaHMM CHMMETDHH nOJass OTHOCHTE/JABPHO OCH NpOBOJA. Hmeem:

§Hdl=H- 2rr =1,

Takum ob6pasom:

H=Hy=-—

, H.=0.

fMoacraeue 3Tu 3HaueHus B ypabseHHs (183), MB noayuaeM BO3MOX-
HOCTb HallTH A4 JAHHOrO C/jlyyas BbhIPaXEHus nNOTCHUHMAJAA H Q)yHKuldH
II0TOKa:

Wy 1V,
o =0 g =0
_lteg, i oV, i
r 0 T lzr or T 2=r-

Hurterpupys BTOpYIO napy ypaBHEHMA M 3ameyas, YTO Ha OCHOBaHHU
nepeOi napu ypasHenu#i U, He 3aBHCAT OT r u V,, HC 3aBHCUT OT U,
jloJyvyaeM:

i
Up=——=-6+4+C,
) 187)
Vy==—- —Inr--C,

[ —
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Vpapuenne nuuuit PaBHOTO TNOTCHUMANA, ABATICUIMXCA B IaHHOM CAV-

jae pajna’ibHbIMA NpAMBIME, HMECT BMIC

i
Up=—5=— 6--Cy=const, uau {==const.

YpaBHCHHE CHJIOBBIX JIMHHH, SABASIOWMECA OKPYXHOCTAMH, HMCCT
BRI

i
Vp=-——In r—-Cy=const, wnam r==const

Yro6bl MHTEpPBAJAH MEXAY ABYMS JHHHSMA DaBHOrO MNOTEHUMana co-
OTBETCTBOBAJN ONpPelCJEHHOMY npu#pameHuio AU, norenuuana, 3TH
A¥HUE JOMKHEL OTCTOSTH APYr OT Apyra Ha paBHele yras A6,

Ilas TOro, uTOGH CHJIOBBIC J¥HME pa3feaand NoJe Ha TPYOKu pas-
HOro mnOTOKa, Heob6xoAuMO cOGMOCTH A4 JABYX COCGIHHX Y-Of U
(v-- 1)-oft nunuh ycnaosue:

AV =V si1— Vo =———(Inrg —Inn)=
r
o 2; ”r+——- = const,

T. €.

r
-L;"-’- = C = const.
v

CiegoBaTe1bHO, PAZMYCH CHIO-
BhIX JUHHA JOJXKHBI BO3PacCTaTh
B rCOMCTPHMYECKOH NPOrPecCHH, 3Ha-
MEHATENL KOTOPOH MOXHO BHIGPATh
IIPOU3BOILHO. —
Tlone npomoAHH#Ka KPYrosoro
ceyenust MGOHX PasMEPOBR BHE NPO-
BOMHMKA T4KOC ¢, KaK W Imoje
JUHEAHOro NPOBOAHAKA, COBMCIIEH-
HOTO C €ro OcChbio.
Ha puc. 91 wusobpameno Mar-
HUTHOE [10J1¢ YEAUHEHROTO MpPOROA-
HHKa, npaucM npuHaTO C=15 1 Puc. 91
A0=7r/4.
B ToM cayuae, KOrfa MMEETCH 72 JIMHEHHBIX NPOBOIHHUKOB C TOKAaMH,
MOXMHO BOCIHOJIb30BATHLCH MPHHIMIIOM HAJNOWEHUS KW BaXOAUTh MOTEHLMAI
¥ (YHKUHMIO [OTOKA U3 BBIPAMEHHH: .
1 k=n

Up=— = 2 8+ Cy,
k=1
k=n

(188)

1 .
V= —r 2 iInr, -~ Cs.

k=1

[ ———
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CpaBuuBas nosayuyenunie upaxenus (187) u (188) ana notcHumana wn
(YHKUHH NMOTOKAa MArHMUTHOrO MOJIA C COOTBETCTBEHHBIMH BBIPAXKEHHSMH
(68) n (69) a1 morteHuMana M (GYHKLUMH NMOTOKA 3/EKTPHYECKOrO MOJst
M COMNOCTaB/sist KapTHHY MarHMTHOro moJjas Ha puc. 91 ¢ kapruHo#
3/ICKTPHUCCKOr0o moiast Ha puc. 20, Mbl 3ameuyaeM HX COOTBETCTBHE,
¢ TOU sanub pasHuue#r, uro U u V nomensumcey mecramu. Otciona cie-
OyeT 3aMeYaTeabHBI BHIBOX:

KQpmuHa MQ2HUMHO20 NOASL AUHEHHWX MOK08 cosnadaem ¢ Kap-
MUHOL INeKMmPUHecK020 NOAS AUHEHbX 3apA008, €CAU MOKU U 3apA0N
pacnpedesens 8 npocmparcmse OOUHAKO080. Paziunue Mexycoy mumu
KaQpMUHAMU 3QKAI04QeMCcs AUl 8 MOM, 4mo Ha Mecme CHA08HX Al-
HUll arexmpuyecko20 noAs pacnosazamMcs AUHAL DasH020 Ma2Hum-
HO20 nomewnyuanra U HaQ Mecme AUHWE pPABHO20  ILEKMPUHECKO20
nomexyuansa pacnoiqaiOmcs CUA0BbE AUHUL MA2HUMHO20 NOAA.

ITosroMy JdOCTATOYHO MNOCTPOUTH TOJBKO KAPTHHY OJHOrO MOJSs,
JEKTPHYECKOr0 WM MAarHUTHOrO, BTOPOE WKE I0JydYaeTcs Ha OCHOBE
TOJBKO YTO BBICKA3aHHOIrO MO/I0XEHHS.

§ 67. [lone NMpoBONOR KPYTOBOIO ceyYyeHHUs

MarHuTHOe M0/ HECKO/JBbKHX [OCTOSHHBIX TOKOB, HPOTEKAMUIMX
B [PSMO/IHHEHHHIX NMPOBOJAX, UMEIOMIMX KPYroBble CEUCHMS JIOGHIX pas-
MEpPOB, BHE MPOBOJOB TaKOE€ e, KaK eC/iH 6bl 3TH TOKH NPOTEKaJIH [0
JIMHEHHBIM NpOBOJAaM, COBMELIEHHRIM C OCAMH ACHCTBUTE/ILHHX MPOBOJIOB.
B camom gene, 6aM30CTh COCEIHHX NPOBOJOB C IIOCTOSHHLIMH TOKaMH
HE BJHMAET Ha pacnpe]cjCHHE TOKa B JAHHOM I[POBOJHHKE, TAK KaK
NOCTOAHHOE MMOJIe COCEXHHX IPOBOJOB HE BBI3BIBAET B TE/AE HAaHHOro
NpoBOJAa 3JEKTpPOoABHKYUHX cuil. [Josromy pacnpele/neHHe ToKa B Teie
KaxXJAOro IMpOBOJA OCTAECTCH TAKHM XKE, KAK H B TOM ciayyae, KOria
3TOT NpPOBOJ yemuHeH. Tak Kak MAarHHUTHOE MOJNE TOKA, MPOTEKaioulero
B YeIMHEHHOM IIPOBOJIE KpYroBOro ceueHus, BHE NPOBOJA TakKoe Xe,
KaK ecav 6GH Bech TOK OBl COCPEIOTOYEH HA OCH NPOBOJAA, TO H IIPH
Mo60M uMcJI€ APOBOJOB KPYroBOTO CEUEHHs [IPH pacCMOTPCHUHM M0/A
BHE NPOBOJOB MOXHO HX 3aMEHHTH JHHEHHBIMH IIPOBOJAMM, COBMELIEH-
HEIMH ¢ FEOMETPHUYCCKMMHI OCSAMH XeHCTBHTENBbHBIX NpoBoJoB. Heobxonaumo
NOJYEPKHYTh, HTO 3TO NPABWIO CIPABCMIHBO TOABKO [0 OTHOLICHHIO
K MpPOCTPaHCTBY BHE HNPOBOJOB, TOJBKO IPH MOCTOAHHOM TOKE H TOJBLKO
B TOM CJy4ae, €cJ¥ MarHMUTHas I[POHHLAEMOCTh MaTepuaila [POBOJIOR
paBHa MarHMTHOH NPOHHLAEMOCTH OKDYXammei cpelbi, HanpuMmep,
B CAy4ae MEHHBIX WY AMIOMHHHEBHIX NPOBOJOB B BO3AYyXE. ’

Takoe npaBu/iO0 HEBEPHO MO OTHOLICHHIO K 3MEKTPHYECKOMY [MOJIO
HECKONBKHX MACCHBHHIX IPOBOJOB KPYrOBOI'O ceueHMd, TaK Kak 6um-
30CTh COCEQHHX [POBOAOB BH3LBACT MepepacnpelencHne 3apsja Ha
FIOBEPXHOCTH JaHHQrO IPOBOJa.

PacecMOTpUM MarHuTHOE MOJie BHYTDH YEIWHEHHOro IPOBOJA Kpyro-
Boro cevyeHns paauyca K. CKBO3b Bce CeyeHHe mpoBOAa NMPOXOIWMT TOK .
HanpsixCHHOCTh 110 Ha pacctosuui 7 OoT ocu nporoAa (r< R) onpe-
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neagercsd Ha OCHOBAHMM 3aKOHA NOJHOrO TOKa H COO6pa)KeHPIﬁ CHMMC-

TPHUK:

X e H9mp e 2ept
ii))Hdl—HQ.»r_c.r =17 -
Takum o6pazom:
. r
H:Ho:lzTRi, Hr::O'

BuyTpH npOBOIa ¢ TOKOM MOHNTHE CKAAAPHOIO MACHUTHOTO HOTCH-
UMaia He MOxeT GbITh BBENEHO, HO MoHATHE (YHKUUK MOTOKA MOJHO-
CTbi0 coxpansercd. V3 ypasHeunit (183) umeem:

TRy »
i

Unrerpupyd, Haxomum: ‘ i
7

; .orr

1 Vm g WV _

. r
r 09 or —loxge

YPaBHeHHe CHJIOBLBIX JIKHPIﬁ, SIBJIFHIOLUXCA OKPYKHOCTAMHU, HMECT BHI
. r2 .
Vm 1 4—7':[?*2 + Cl == const.

IMoapasnensa mome Ha Tpy6km paBHoro notoka AV, nomyuyaem mis
IByX coceIHuX v-off ¥ (V- 1)-o#f aunu#i yciosue:

i 9
AV, =V o1 — Vp, = —i (rj+1—r;)= const

Hau
2 2
ro1= rv—{— C.

Tak kak BHyTpeHHuil pajauyc BHyTpDeHHeli TPyGKuM MOTOKa paBeH
r,=0, T0 umeem:

r;=C, r;:—_r;—}—C:QC syeees 1, =9C
r=C'y/v.

Ha puc. 92 wu3obpaxeno mnone BHyTpu mposoda. IloTok BHyTpH
nposofa NOoxpazlAeacH Ha naTh TPYGOK paBHOro IMOTOKa.

B cnyvae HeCKOABKMX MPOBONOB KOHEYHOIO KDYrOBOFO CEYCHHS
GYHKUMA NOTOKa BHYTPH KakIoro Inposoga GydeT HMMeTh chaaraeMoe
Buaa (189), onpenensemoe TOokOM B CaMOM NmpOBOIE M C/aracMoc BHAY
(188), oupeserdemMoe TOKaMH B OCTATBLHEIX NPOBOJAX,
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§ 68. Ione nBYXUPOBONHOM JHAMA Nepenaus

s MOCTPOEHMA KAPTHMHB MACHMTHOrO MOAA TOKOB, MPOTEKAOMHNX
B IBYX JMHCHHBIX NpOBOJAaX, OO0Pa3yiomux JABYXMNPOBOAHYIO AHHHIO
nepeaady, BOCMO/L3YEMCA PaHEC PAacCYATAHHON KapTUHOH  /EKTpHue-
CKOrO 11047 [ABYX 3apsXEHHBIX JHHEHHBIX nposoaos (puc. 24), 3aMCHMB
B 3TO#l KapTHHE CH/OBHIE JHHHU IEKTPUYECKOrO IOJIA JTHHHUAMH PaBHOrO
MarHHTHOroO NMOTEHLMa/ka W JIMHUK PaBHOTO 3JIEKTPHUECKOro NOTeHUMaMa —
CH/IOBLIMM JMHHAMM MarHuTHOro nouid. [1ocTynnTs Taxk Ml UMCEM [IpaBo,
OCHOBBHIBafiCK Ha ycTaHoBiaeHHOM B § 66 NpuHUMNE COOTBETCTBHA 3JEK-
TPHYECKHX M MArHMUTHBIX 1OJEH NMPU OAMHAKOBOM pacrpeleneHHH JHHEH-
HbIX 3apsif0B H TOKOB. .

Bripaxcenus 1if MOTEHUMAna M (PYHKUMM MOTOKA COrjacHoO ypaBHE-
Huam (188) umeror Bua:

1. J \
Up=—5- (b i)+ C = Zt% O — )+ Co &
' (190)
1. " ¢ :
Vp=—gz(lnrilnr) 4 C=my In 2 4Cy |
TaK Kak i = —I,=1L

CunoBble JUHMH CYTh OKDYXHOCTH C IEHTPAaMHM Ha MpsAMO#, nepece-
Kalollle#icss ¢ OCAMM NNOBOJAOB. KOOpAMHATH LUEHTPOB M PamHyCH 3THX
OKPYXHOCTEH  OIpene.-
4 10T M3 BhIpaxenuit (72)
'““\ // - u (73), noayyeHHHX MpH
pacuyete  3/JEKTPUYECKOTO
noas. JluauAMM ~paBHOro
MarHUTHOro  MoTEHIHMana
ABAAIOTCA JYrH OKPYKHO-
crell, NpPOXOUsiiMX 4epes
0l x ocu o6oux nposonos. Ha
puc. 93 msobpaxena Kap-
THHA MarHUTHOro Moaf
ABYXMPOBOJAHOW NMHUHU M€~
L peaaqu.
B peaibHBIx YC/I0BUAX
[IPOBOAA MMCIOT CEYEHHS

»Gonst
,V Yo, KOHe4HBIX pa3Mepos. Kak
6b10 pa3BACHEHO B Mpe-
Puc. 93 aulayieM naparpade, noae

BHE NPOBOJOB, HMMEIOMMX
KPYroBOe CeueHHe, TaKOe Xe, KaK ecad 6ul TOKM GBUIM COCPEAOTOHCHMI
HA FEOMCTDHYECKHX OCSX INPOBOJOB. B 3TOM OTHOWEHMHM MarHWTHOE
none OT/AMYaeTcs OT 3JAEKTPHUECKOrO, TaK Kak 3/eKTPHYecKoe nose
OKOJ0 MNpPOBOAOB KPYTOBOTO CEYEHH OKa3blBaeTCs TaKMM  Xe, Kak
ecin 6bl 3apainl GbIM COCPENOTOYCHHl HA 3MEKTPHYECKHX OCAX Mpo-
BONOB, HE COBNANAIONIMX C MX reOMeTpHuecKkuMu oOcCsaMH. BHyTpw 1po-
BO/IOB MalHUTHBIE /JMHUM MPEACTaBAAIOT cOBOI0 C/A0XHBIE KDHBHE.
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§ 69. Mone nNpoBONOB, HMEIOMAX CedeHHe CHOKHOH (OPMBI

Ipu uccrenosanuy MarHUTHOro noas BOJN3M MAcCUBHBIX HPOBOXOB,
MMEIOMIAX CEUEHUE C/AOKHON (OPME, 3TH NPOBOAA YKE HeEb3d paccMa-
TPHBaTh Kak JuHeHnble. Paso6eeM nposod Ha GeCKOHEYHO TOHKME Mapai-
JeapHele HATH. KoopauHaThl UeHTpa ceueHus HuTH B miockoctu XOY
oGoanaunm yepes x' uw y' (puc. 94). Ilo-

BEPXHOCTL CEUCHHA HUTH pasHa ds=dx'dy’. ¥ z Mzy
Kaxnas Takas Hute sABAseTC auHEHHBIM
NPOBOJHMKOM ¢ TOKOM di==8ds, u mo
OTHOILEHUIO K Hell CNpaBefInuBbl BblPaXeHus
(187), ompegmensiomne noteHuman u QyHk-
U0 noToKa B TOouke M(x, ¥) OT TOKa B
Huth. JTloteduuan n ¢ynxuns noroka, omnpe-
neasemele B Touke M (x, y) Tokom I, mpo-
TEKalonluM BO BCEM IMPOBOAE, MNOAyvaloTCs
CYMMHDOBAHHEM MOTEHUMAJIOB # (dyHKuui
NOTOKa, OIpeAensieMblXx B 3TO# TOuKe
TOKam¥, INPOTCKAKOWUMH B OTIEABHBIX Puc. 94

HUTHX.,

CrenoBatenpo, Beipaxenns aas Beanuud U, u V,, BTouke M (x, y)
MO/MKHB  GHITH MOJYYEHH MHTErPUPOBAHUMEM MO CEUEHMIO § NPOBOAA
BblpaxeHu#t i noTeHuuana ¥ (yHKUHH MOTOKA, onpelenfcMbiX B TOYKE
M (x, y) TOKamMn B HHTHX.

Taxum 06Da3oM, MOXHO HAamHUCATh:

o
&~
&,
>

I

Up=— | o lds 4 Cy,

s (191)
Vp=— j 5-In rds-C,,
S

FA€ I— pPacCTOAHHE OT LEHTPa CEYEHUs HATH TOKa N0 Touku M(x, y)

u 8 —yron, cocraBasemmt oceio OX ¢ paaMycoM-BeKTOPOM I.
Popmyno# s U, MOXHO N0JB30BaThCA JMIlL NPH PACCMOTDPEHUH

MO/l BHE NPOBOJHHMKA C TOKOM, TaK KaK MOHATHE CKaJAPHOrO NOTEHuHANa

TOJBKO 31€Ch UMeeT cMucl. opmyaa ke aaa V,, npuroaHa ans Boducie-

HUA QYHKUMM [IOTOKA KaK BHE NPOBOMA C TOKOM, TaK M BHYTPH Hero.
B nexaprosmix xoopaunatax Bmpaxenus (191) npunumaloT BuA:

x5 fa(x)
U,=— j‘ ‘f 7?:' arc tg (i:{:,) dx'dy' 4 Cy,
1 i)
%3 fa(x) (192)
Va=—{ | i/ w—srr0—yraray L,

5 fi()
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npHyYem x; W X, — HAMMEHBIIEE H HaHGOIbLIeE SHaueHus x', f, (x') W
fo(x') —opausate kpuBeix AnB v AmB, OrpaHMUMBAIOIIMX CEYEHHE
npoBoAHuka (nipeanoJaraercs, 4TO npsaMuie, napamieasHsie ocu OV,
nepecekalT KOHTYpP, OCPAHHUYMBAIOLHH CEUEHHE NMPOBOJA, JHIIL B IBYX
TOYKAX).

§ 70. HNose WIARL NPSMOYTOABHOTO CeYeHHs

B uyacTHOM, HO BECbMa BaXXHOM MPAKTHYECKOM CAyYae yeXHHEHHOH
IWIHHEL NPAMOYrOJBHOrO CEUEHUA CO CcTOpPOHaMu 2a u 2b noayuaew,
pacmoJOXHB OCH KOOPAHHAT TaK, KaK MOKa3aHO Ha
puc. 95, caemylomHe 3HayeHHs NPENENOB HHTErpanos
(192):

x;:——a, x;——_-a, f,(x')=—-b, fﬂ(x,)':b'

flroTHOCTL TOKA & B NPAMOJHHEAHHX NPOBOJHAKAX
npH OCTOSHHOM TOKE HEH3MeHHa MO CeuyeHHIO NpoBo.-
HHKa 4 €6 MOXHO BHHECTH 3a 3HaK WHTerpana. Orpanu-
YHMCSl PacCMOTpeHHEeM TOJbKO (QYHKUHH [OTOKa, TaK
KaK OHa MMEeT CMBICA BO BCEM NPOCTPAHCTBE, Kak
BHE [IPOBOJA, TAK M BHYTPH HEro.

Puc. 95

Ias nporoJa nPAMOYrOJbHOrO ceueHHs umeeM: i=—4abd, u Bbipa-

weuue aaa V,, noaydaer BHA:
) +J-a +-b
[ ’ ! ’ 14
sz—mjidx jln;/(x—x)“{-(y——y)"dy -+ C,.
—a —b

Jtor wnTterpan Geperca 6es Oco- y
6oro Tpysa. B obmem cayuae no.ay-
4acTCA BechbMa rpoMo3akad ¢GopMmyna. -
ITosToMy paccMOTPHM TOJNLKO YacTHHIH y
caydail TOHKOMH MIAaCTHHBL, IAA KOTO- )
poit b<La(puc. 96). Ias TOUeK 2l -
M(x, y), paclOJOKEHHHX He CAHII- TLa Oz | X
KOM O0/HM3KO K [IOBEPDXHOCTH fia- -
CTHHH, MOMHO B BHpaXeHud 14
paccronuua r=y (x—x") 4y —y")? Puc. 96
uputith ¥’ = 0. Ilpu 3TOM noayyaem:
+o
f Iny (x—x) 4+ 33dy =
~b
=2y (x—xP L3P =bn[x—x)+ ¥
#, CICIOBATENBHO,

+a
i "na '
Vn=—35 " In[(x — %)+ dx’ s

Ll ]
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— Jq In [(x —x")? -y dx' = j In(@4-y)dt=tIn(+y°)—
2t -
,..jtmdt=“"(t2+y2)_2 j(l_f‘%ﬁ)dt:

= fIln (2 4-y?) — 2t} 2yarcty —;7

3aMenas ¢ Ha X — X' W BBOAA mpelensl Y
MHTErPUPOBAHHUS, HAXOIAM:
i 9 3
Vp=g— {x—aynlx—ar+y1+ [ [/—=
X—a
+2yarcth_2(x—a)— \E
— (x4 a)In [(x+a)’ + ¥ ] — D
—-anrc'tgx—l_‘z —}—2(x—}—a)}+Cg§ b
4 Puc. 97

VpaBHeHMS CHIOBHIX MHM# noayyuM, nonoxus V, =—const. Ha
puc. 97 u306paxkeHa KapTHHA CUJOBBLIX JMHHH TAKOro MOJA.

§ 71. Cpennee reoMeTpaAuecKoe PacCTOSAHHE OT TOYKH N0 ILIOILANH
(Urypsl M onpeneieHde Yepe3 Hero (yHKIHA ROTOKA

O6uee Bupaxenne (191) dyHkiuu nmoToka B HekOTOpO# TOouke M
noas B ciy4ae &==const Moxer OHThb HANUCAHO B Bule:

1 i 1
Vpy=— L j Inrds 4 Cymm— o - ¢ (m rds1-C,  (193)
b s
rjie $ — NOBEepPXHOCTb CEeuYeHHs NpOBOJA.
1
T M Beauuuny ?jln rds, BXONSIYIO B 3TO BH-
¥ s
s | 7 W paxeHue, 0603HAYAIOT CAeAylomMUM O6pa3oM:
1
i < j‘ Inrds=1In g (194)
Ask s
3necy r — paccTosnue OT Toukn M 1o 3sJe-

MeHTa dSs MOBEPXHOCTH. BeauuuHa g Has3bHBaeTCH
CPEOHUM 2e0MeMPUtECKUM PACCIMOSHUEM OT TOUKH
Puc. 98 M no npomanu s. INoschum stor Tepmun. IIpen-
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CTaBHM NJIOWAAb S pa3je/]eHHON HA 7 paBHbIX uacted As (puc. 98) TaK,
yto §==nls. CpenHee reoMeTpHYCCKOE BCeX 7 PACCTORHMA OT TOYKH M
o LEHTPOB BCEX NAOWANOK AS paBHO

I

n
Viergrs. . .1,

g

Hian

a
s

n

]ng:

k=n
1 1
w O Inre=— 2 (Inr,) - As.
k=1

>
i

1

Veanuusas 4Mc10 MIOWIAI0K, MOo/MyYaeM B Mpenenc npu 12— O0:

1ng=»£~ " Inrds.
5

dyukuns notroka B Touke M co-
rnacHo  Bmipaxeuusim  (193) u  (194)
MOXeT OHITh NpPEeJCTABJEHA B BUIE:

{
Puc. 99 V., =—==-In g--C,.  (199)

SlcHo, uTO CpeaHee reoOMETPHYECKOE DACCTOAHME OT TOUKM IO MU1O-
CKOH NOBEPXHOCTH 3aBHCHUT TOJIBKO OT (OPMH KOHTypa, OTpaHHYHBAIO-
HIErO 3TY MOBEPXHOCTb, M OT MOJNOKEHNA TOYKH MO OTHOWIEHHIO K 3TOH
NOBEPXHOCTH.

IIpn BeIBOAE OpMYT AM KOIPMLMCHTA CAMOMHAYKUMH JHHHMM mepe-
nauu, oGpa3sOBaHHON NMPOBO/JAMH KPYTOBOFO CCUCHMA, HaM HeOGXOINMO
GyZeT MCMo/b30BaTh BLIPANCHHE CPEIHErO FCOMCTPHYECKOTO PACcCTOAHMA
OT TOYKHM IO mnaowaian Kpyra. XoTa cpefHee reoMeTpuHYecKoe paccTod-
HHE ecTh YHCTO TEeOMETPHYECKOEe NOHATHE, OJHAKO s CAyyas KPyroso-
TO ceyeHHs HaM INpoule ero BHYHCANTL u3 dopmyasl (195), noapsyack
Yxe MOMyYCHHHIMH MHBIM NyTEeM Bhlpaxenuamu Anaa V. Tlpu stom V,,
BHE NPOBOJAHMKA M BHYTPH HEro ONpelensioTCsi Pa3sHBIMH (HOPMyaaMu.
CoorpeTcTBeHHO M g OyneT BblpakaTbcsl pa3HBIMH OPMYJaMM st TO-
YCK BHE Kpyra M MJsa TOYEK BHYTPHM Kpyra.

CpenHee reomMerpnyeckoe paccTOsHHE 1O MAOWAAM KPyra OT TOUKH,
PacrnojoXKeHHOH BHC Kpyra, MH MOXEM IOJYYHTb, BOCNONb3OBABHIMCH
Bripaxenuem (187) ¢dyukumm noToka mas 3TOro cayyad. Bupasenne

3TO MMEET BHI: i
Vm=——§;ln o+ Cs. (196)

My oGo3navaem spech paccTosume OT TOukH M 10 UEHTpa Kpyra
uepes ry, TaK Kak uepes r Tenepb 0603HAYEHO PacCTOAHHE OT TOUKH M
IO HEKOTOporo siemenTa ds maowmamu Kpyra (puc. 99). Cpasuupas
Mexay coboit Bupawenust (195) u (196), Mpl BuzuM, 4TO

g=ry (197)
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T. . cpedHee ze0MempudecKkoe paccmosHue 00 naouwadu Kpyaa om
MOUKU, PACNONONCEHHOL 6HE KPY2a, PasHO PACCMOAHWIO om MoKy 00
yermpa Kpyaa.

Pasencrre (197) MOXHO HanMcaTe TOJBKQ B TOM Ciaywae, eciu no-
crosunas C, B ypaeneHusx (195) u (196) umeer OXHO W TO We 3Haue-

nue. YroOn yOemuThCA B ITOM, Hamuimiem ypaeHeHue (196) s euze:
—_ I o=l L
V= —2.~_:111r0 —‘—Cz—_\——gln rﬂ)-s jds—
s

- '
= — 7’_— < s' nr,ds-+-C,.

8

BoiuteM nNpaeyl W JICBYI 4acTH 3TOCO PaBEHCTBA W3 NMpPamRoi u
Jesoft wacteit pamenctrea (193). Iloayuwm:

r r
Ipu ry— CO wuMCcCM: 7—-»1 n In . —0.
[} [:3
CiaenoraTelibHO: C; = C,. Puc. 100

OnpemeanM CpefHee reoMeTpPHUecKOe PacCTOTHHE 10 mIoulanu
Kpyra OT TOuKH M, pacno;oxexHol BHyTpH Kpyra (puc. 100), noab3yach
M3BECTHHIM /U 3TOro cayuad Boipaxendnem (189) dyuxmun noroka:

9

. _ .
sz—ﬁlm—!—cl. (198)

3mech r, — paccroanue oT Touku M mo uentpa Kpyra, R — pamuyc
kpyra. Cpaenupad Mexay co6ow euipaxenus (195) u (198), nomyuaem:

2

{ r
— g Ing+Ci=—ippr +Cy (199)

Ha okpyxHOCTH, T. e. n1pu r, = R, BHIPakeHus 1A g BHYTPH 1 BHe Kpyra
nomkubl coiituch. Tak Kak BHe Kpyra BCIOAY g==r,, TO Ha OKpYX-
Hocth g =R.

M3z nocaemuero paeencrea (199) umeem:

———lnR—{—Co_—l R; " 1,

Ca—Cy=e (mR ) (200)

TMoncrarasgs 3Ty PasHOCTb KOHCTAaHT B paseHcTBO (199), uHaxomum
BblpaXKenue Ing aad Touku M BHYTPH Kpyra:
!

Ing= 2R’ 4+ mR— (201)

OTKyna:
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U 1 ( T, )
-l 1=
g=Re *\ R/ ' (202)

3ameTHM 37ech, YTO OpH BHUMCIeHHMH (yHKuMH mOoTOKa B Cayuae
IpoBOMa Kpyrosoro cewenuss no dopmyne (196) Bue nposoaa u mo
dopyyae (198) BHyTp: nposoga, ToapKo oaHa mocrosuHan Cy mma Cy
MOMET ObiThb BhifpaHa TNPOU3BOJIbHO, TaK KAaK MEXIY STUMH NOCTOsH-
HBIMM cymectsyeT cgfisb (200), mosiydyeHHas M3 yC10BUA, YTO (YHKuUMA
V,, HenpepnBHa mpu Ilepexoje 4Yepes rpaxuuy cevexus mposoxa. IIpo-
M3BOJ B BHIGOpE ONHOM MOCTOAHHON CBi3aH C BO3MOXHOCTBIO HPOU3-
BOJBHO BHIGpaTh HAuaNbHYIO CHIOBYIO JAHHHIO, i Kortopo# V,=0.
Hanpamep, ecau mpunate V,,=—0 B UeHTpe cEu€HHsd npoBoldd, TO U3
dopuyan (198) nonyuyaem C, =0 u u3z dopuyas (200)

i 1
Ciy=g- (MR —73).

§ 72. llone TOKOB BGNM3M HKeJe3WbIX Macc. MeTox 3epKadbHBIX
n3o6paxeHni

Bo MHOrMX 3/eKTPOTEXHMYECKHX YCTPOHCTBAX MpPOBOAa C TOKOM

Paclo/iaraioTCs OKOJNO MACCHBHBIX JKEJE3HBHIX CepleyHHKkos. Becbma
BaXHO YMETh pacCuMuTaThOJIe B 3TOM
cnyuae. MarHuTHas NPOHMUAEMOCTH |
®eJie3a MHOro 60JbIle NPOHUIAEMOCTH
BO31yXa, KOTOPYI MOXHO MpPUHATH
paBHOH NPOHHLIAEMOCTH ., IYCTOTHL.
Bcaemcteue 3TOro, Kak GuIO  YHe
oTMeueHo B nepsoi 4actd kypea (4. I,
§ 86), marHuTHBIE JHHUH B BO3JIyXe

7 DAKTHHECKH  MOXKHO CYyuTaTh HOP-

7% mManpHBIMM K IIOBEDXHOCTH Kejesa.
Arto cremyeT U3 yCIOBUA MpPEIOMJE-
HHSl MArHUTHBIX JIMHUH Ha rpaHule
pa3lena Kenesa M BO3Ayxa:

gl S g
g6 P'o> )

Jawe npu 3HAYHTEIBHBIX Yriaax
§,, cocraBisieMBIX MATHUTHHIMH Jd-
HWAMA C HOpMAnblo K MOBEPXHOCTH pasfena B xesese, COOTBETCTBYIO-
WMA yros B BO3AyXe TOAyYaeTcss MaibiM, U B NEPBOM MPUGIHKEHHHU
MOXHO TpuHiATh 0O, ==0. TouyHo 0,=0 noayuutcs, €CHM MONOWKUTH
p=00. Heo6xoaumMo OroBOpHTh, YTO IONYUIEHHE NEPNEHANKYIAPHOCTH
K NOBEPXHOCTHM )Kene3a MACHUTHHIX JMHUA B BO3AYXe BOBMOXHO TO.JBbKO
B TOM cJAyYae, KOra NPOBOJAa ¢ TOKaMH, BHI3BIBAIOUIMMH IOJIE, paCIo-

Puc. 101
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JIOWEHB B BRO3AVXE. Yyux 1H OrOBODKH Oy IOET fACHA H3
paccMOTpeHHs 107 TOKOB, NPOTEKAIOMHX BHYTPH xeaesa. PaccMoTpe-
HHE STOro caydyas OyIeT BBHIIOJIHEHO B caeiylolleM maparpade. Byner
BRIACHEHO, 4TO B S5TOM Ciydae Mame npu p==00 yroa 8, oTiuues ot
Hyad, Tak Kak noayuaercs 0 ==x/2 n tg 6, = oco.

Ilycth OKkONO GeCKOHEUHOH MJNOCKOCTH, OTPaHHYHBAIOMIEH tdeppo-
M2CHUTHYIO Cpelly, IJA KOTOPOH NpuMeM g ==00, pacnojioxeH B BO3-
AyXe napainenbHO MJOCKOCTH NpoBox ¢ Tokom I (puc. 101). ITomepx-
HOCTh ()CPPOMATHATHOH  CPelbl  SBAETCA  HOBEPXHOCTHIO paBHOro
MarHUTHOrO NOTEGHUMATA, TaK KaK CMIOBHE JIHHMM B BO3JAyXe K Helt
NepreH MKy AsPHAL.

Ynanum MbicacHHO (peppomar-
HUTHYIO CPelly, 3aMEHHB €8 TOKOM
i', ABANIOUIMMCS 3CPKANBHBIM H30-
GpaxteHHEM B MOBEPXHOCTH pasjieia
nehcteurenpHoro Ttoka i. Tok i’
TIPUMEM PaBHAIM TOKY [ M MMEIOILHM
TO ¢ HallpasjeHHe.

Cpennsa n10cKocTh Mexy Aeii-
CTBHTE/IBHANM TOKCM H €IG 3epKaib-
HBIM 1306pameHHEM, COBNaNAOmas
¢ IIOBEPXHOCTHIO pasfiena B fefi-
CTBHTC/BHON 3ajade, ABIACTCH ILIC-
CKOCTBIO PaBHOrQ MAarHUTHOTO [10-
TEHUHAAA. IDTO BRITEKAET XOTS Ohl H3
TOrQ, YTO MarHUTHBIE JIHHHH, OXBa- Puc. 102
ThIBAIOIUHE ©006a TOKa, [JOJKHBI
PaCTICIOKHTECH CHMMETPHYHO OTHOCUTEABHO 3TOH HJIOCKOCTH, YTO BO3-
MOXHO TONbKO, €CAH OHH €€ TePECeKaloT MoK NPAMHM YIrioM. Mu
TIDUACM K TOMY JKe BBIBOAY ¥ (OPMalNbHO, MO/AB3YSCh BHIPAKCHHEM
(188) ans MarHWUTHOrO MOTCHNMANA HECKOJBKHX MPOBOJAOBR. 3aMEHUM B
5TOM BhIpaeHMM OGosHadenne yraa O Ha ¢ (puc. 101), uTo6u
OTAMYNTD ero OT yraa, KOTODBIY 06pa3yeTcs MATHHTHOH JuHHEH ¢ HOp-
Malbl0 K MOBEPXHOCTH pasiela W KOTOPHIH B HacTOoAmeM naparpade
y#e 6s1 0603HaueH u€epes 0, B COOTRETCTRHH ¢ paHee TMPHHATHM
0003HAYCHHEM 5TOTC Yria. YYHTHBAA, 4TO B BbIPaKEHHH (188) caemyer
NONOKUTE iy ==iy=—1, GyleM HuMeTh:

Upe=—5-(@1+) -+ Cy.

Ins Bcex TOYeK MHTepecymolleli HAC MAOCKOCTH ¢+ Pa=n ==const
(puc. 101), u cnenosaTensHo, 3T0 ecTh IIOCKOCTH PaBHOrG MNOTEHNHAIA
W CHJAOBHIE JIMHMA K Hell MepreHauKyaspHbl.

Hrak, nocne 3aMmeHH (eppoMarHuTHON Ccpeasl TOKOM i YCAOBHA
Ha TpaHHYHOH NJOCKOCTH He u3aMeHMAuCh. QOcTajcad 63 H3IMEHEHUS M
TOK I B 061acT QeACTBHTEAbHOrO noJd. I103TOMY M MPHXOMHM K cae-
AylollleMy BechMa CYHICCTBCHHOMY BBIBONY: HOAE NPIMOAUKETHO0

11 Teopua 2aeKTpOMArH. UOAA
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moxa i, npoxodaue2o 8 8030yxe NAPAALEAbHO naockol  nogepxrocmu
MACCUBHOZ0 MEAa u3 HepPOMAHUMHO0 Mamepuala, cosnadaen 8 803-
dyXe ¢ noaem, Komopoe ofpa3yemcs 08YyMs moxamu — Oeticmeumens-
HBLM MOKOM | 1L 20 3epKansHbly u300pasceHuem i =i 8 nosepxXHocmu
mean — 8 npednonodceHuy, WMo depporazHumnan cpeda yoaiena.

OcHOBaHHBII Ha 3TOM IOJOXKEHHH METOJ pacyeTa MO0Jf, 3aKJ04ai-
mumfica B 3aMeHe (eppOMAarHUTHOH cpedsl 3KBHBAJICHTHHIM €H TOKOM,
ABASIONIHMCA 3€PKaJbHHIM M300paXeHneM B MOBEPXHOCTA pasfena naeH-
CTBUTEABHOCO TOKa, HA3BIBAETCH MEMOOOM 3EPKAABHBLX u300pascenul.
C aHaNOCMYHBIM MCTOXOM Mhl O3HAKOMHJIHUCH B IJIABE O pacuere 3JeKTpo-
craruyeckoro noni. ONHAKO MeKTPUYECKHe 3apAdbl J0MKHBL GBITH OTpa-
JeHpl B NOBEPXHOCTH MPOBOAsAUIEH CPelbl C M3MEHEHWEM 3Haka 3apina,
TOK e OTpaxaercd B MOBEPXHOCTH (epPOMArHMTHOM cpelsl Ge3 M3Me-
HEHMf HAIpaBjcHus.

MeToa 3epKaibHbIX H300paMeHHH, OYEBMIHO, MOXeT ObiTh pacmpo-
CTpaHeH Ha ciayyah moGOro 4YKCna MPOBOJHHKOB C TOKaMH, [pHYCM
NPOBGIHHKA MOTYT WMETh CEUeHUs 1i060# GOPMEL ITOT METOL, TaK XKE,
KAK ¥ B CAyYae SACKTPOCTATHYECKOrO M0Jd, MOKeT ObITh MCNOJb30BaH,
KOraa [Be I1I0BEPXHOCTH, OrpaHHuHBaiOmlMe (eppoMarHuTHyo Cpeay,
CXOmATCA fI0J YriAoOM a==T/n, rle n-—1e.J0e 4hCAC, NMpU4EM yrola a
OTCUMTHIBaeTCA B Bo3ayxe. Ilone npu a==w/2 [OKa3aHO Ha pHC. 102

§ 73. Mlone TokoB BGAN3A NIOCKOCTH pa3nena ABYX Cpex
C PA3NMYHBIMA KOHEYHBIMH MAaCHHUTHHIMH OPOHHIAEMOCTAMH

PaccMoTpuM OGmMA Ciayuail, KOrAa NpsMoaMHedH b TOK i (puc. 103, oy
NPOXOJUT B MPOM3BOJBHON CDEAE, UMEIOUICH MArHUTHYIO MPOHUUAEMOCTD

a . ¢
AN

AHedemBumensiibie Brusy none maxoe Bbepzy none maxoe e,
yesabus e, xan B dedembumens-  wan § QeuicmbBumensei
HeiZ  yenobusz yenobunz
Puc. 103

g, MaPaANeAbHO NAOCKOCTH, OTACAAWEH 3Ty Cpexy OT apyrof#i, npo-
HHUUAEMOCTh KOTODOH DaBHA Ug.

Iycts Tox i mepecekaeT NJIOCKOCTb DUCYHKAa B TOUKE 0O,. Ilnoc-
KOCTh PHCYHKAa HODMajdbHa K JMHHM TOKa i M K TOBEPXHOCTH pasixena
OBYX Cpel.

[lokakem, 4r0O 10J€, CyLIECTBYiOmiee B NEHCTBHTCABHBIX yC/IOBHAX
(puc. 103, @) B nepBo# cpexe (HHME NMOBEPXHOCTH pasiena), copnaiaer
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€ MOJeM, xOTOpOe CO3MAeTCA B STOH KE YaCTH I[IPOCTPAHCTBA ABYMA
TOKaMH { ¥ {' B cpeAe ¢ NPOHHUAEMOCTHIO ¥y, 3aN0onHAKUEH BCE NpO-
cTpancTBo (puc. 103, ). Ilpu stoM Tor i' Hampamien mo npaMo#, na-
PAMICABHON AHHHH TOKA , H NepeceKaeT IIOCKOCTh PUCyHKa B TOuKe O,
ABIAIOUIEACA 3ePKANbHEIM OTpamenHeM ToukH O, B NOBEPXHOCTH, PacIo-
JIOMEHHO! HA MeCTe MOBEPXHOCTH pasgena, T. €. 0,D=0,D, u oTpe-
30 0,0, nepneHauKy4peH K TMOBCPXHOCTH, pacnojoxeHHO Ha MecTe
NOBEPXHOCTH pasnena.

Touto raixe none, cymecTsyiomee B AefiCTBUTENbHEIX yCHIOBHAX
(puc. 103, @) o sropo#i cpene (Bime NOBEPXHOCTH pasfena), COBMA-~
A4€T C MOJEM, KOTOPOE CO3M2€TCA B ITOH e YaCTH MPOCTPAHCTBA
TOKOM " B Cpele ¢ NPOHHLAEMOCTHIO {ta, 3aMOJHAOWIEHA BCC MPOCTpaH-
crso (puc. 103, ¢). Ilpu stom Tox i NPOXOAHT Ha MecTe TOxa i

Taxum o6pasom sanmaua onpenenchums noas s peanbHHIX YCHOBHAX
(3amava ,a“), Korna compuxacaoTca e CPeIBl C pPa3iH4YHBIMH MarHuT-
HbIMH MPOHHUACMOCTAMH, CBOLHMTCA K IByM 3ajauaM ,b“ M ,c* OTHICKa-
HUs nons B ONHOPOIHOH cpede. YGenuMmcs B BO3MOMHOCTH 9TOrO.

Ilpexne scero samernm, uro B samaue ,5* ToK u cpema HHXe Mo~
BEPXHOCTH, DAaCMOJOKEHHO# HAa MECTE MOBEPXHOCTH pasfena, TaKHe Ke,
Ka¥ W B NCHCTBATEIbHHIX ycaoBHax. To Xe camMoe MOXHO CKa3aTh H B
Clyqae 3alaqu ,c* no OTHOMEHHI0 K 061aCTH MPOCTPaHCTBa, pacmono-
MEHHOH BHINE 9TOR nosepxuocTH. IT09TOMy, ecd HAM yHacTCsl MOO-
6path Toxku i' u i’ Tak, uyTOGM mONe BHH3y B 3axade ,b* W noxe
BBEDXY B 3anaue ,c“ ynoBJETBODH/IM YC/JOBHAM Ha IpaHHue pasflena B
IeHCTBHTENbHON 3alade ,a“ TO 5TH NOAA H OyayT meACTBHTCIbHBIMH
HCKOMBIMH noaamyu. [TokaxeM, 4TO nociefHee yCIOBHE MOXET OHITb
VIOBJIETBOpEHO.

BosbMem Ha noBepxmocTH pasiena npoussOnbHy0 TOouKy A. B cay-
Hae salauu ,b“ HOpMaibHad cocTasasomasn Bextopa HB Touke A paBHa

i i
H,,=H,cosa} Hy cosa=5—cosa-| 55 COS @

W KacareianHas COCTaBJAIOILIaA paBxa
. . i i
H,, = H; sina — H; = 5— sina@ — — si
1¢ = H; sin H; sina 97 Sin 57 Sina,
Hg

i
npuuem H;— uHy — Omy " HAYEHHS HATIPSIKCHHOCTH NOJA B TOUKe A

2zr
or toxos i u i.
B cayuae 3anaum ,c* coorserctsenno nomyuaes:

'

i
Hy, == Hycos a — 55 €08 4,
Hoy== Hy sina = sina
= H, -t X

2 w 2%r

YcioBus Ha rpanmie pasjena B NeHCTBUTeIbHON 3anade ,q“ cornaacHo
pasencTaM (144) u (145), nomkHH GHTDH:

H, =Hy u p, th=}lsz H,.
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Crano GHTb, 3ajauya pelleHa, eca¥ TOKW i' W i’ MOJYHHEHH yCJO-
BUAM:
i——-i’ =l-” H *‘,1 (i+i!)=*"ail',
OTKyZa nonydaem:

iy By 203
l patpa l pata (203)

Ha puc. 104 mocrpoeHo moJe TOKa, MPOXOIAUIEro B cpene ¢ 6015~
wiell MACHHTHOH TPOHUIAEMOCTBIO, TpHdueM B3ATO wq = 9p,. Ha puc. 105
M306paxeHo MoJe TOKAa, MPOXOMNAWEro B Cpene C MEHbUIEH MpoHUUae-

1
MOCTBIO, TIPH YCIOBHH {4 == g e B ofoux cayuasx u3o0pameHo MmoJe
BekTopa B, MMHME KOTOPOrO HEMpEpHBHE Ha MOBEPXHOCTH DPasiena.

NIRRT YOGS
NS

» Nes S

‘ TR
TR

M

Puc. 104 Puc. 105

TpeanoaoxuM Temepb, 4TO CPelod ¢ MeHblIeH MArHUTHOW TMPOHAMIA-
eMOCTbIO fIBASETCS BO3LYX, cpelo#t we ¢ OoJbliel MPOHMUAEMOCTHIO
ABARETCH xenezo. KapruHa noms, usoGpaxcenHoro Ha puc. 105, otHo-
CHTCH IIPH 5TOM K CTydal0 TOKA, PACNOJOXEeHHOro B Bosiyxe. Oma scHO
MOKA3BIBAET, YTO MATHUTHLIE MMHMM B BO3AyXe GyIyT MOUTH HOPMAILHLL
K TOBEPXHOCTH Keaesa, JaXe €CaM MArHUTHAas NPOHHUAEMOCTb  Ke-
JIe34 TONLKO B JeBATh Pa3 NPEBOCXOJMT NMPOHKUAEMOCTb BO3Lyxa. B med-
CTBHTENBHOCTH MACHHTHAS MPOHUIAEMOCTDL Kenesa BO MHOrO pas Gonblie
NPOHMIAEMOCTH BO3AYXa, ¥ YCJIOBHE NEPNEHIANKY IAPHOCTH K MOBEPXHOCTH
#eaes3a MATHATHLHX JHBHA B BO3Oyxe coOMOJaeTca ¢ BEChMA BBICOKOH
rouHocTeI0. OJHAKO 3TO yCIOBHE HE HMEET MecTa B CJAy4ae, KOrja TOK
MPOXOJNHUT BHYTPH IKeje3a, KaK 3TO, HETPYJIHO yCMOTPETh M3 PHC. 104.

IIpeanonoxum, 4TO TOK MPOXOAMT B BOSJAYXE M MACHATHAA MPOHH-
1AEMOCTh 3Keje3a B Thicsdy pa3 Goiblie MPOHMHAEMOCTH BO3[yXa, T. e.
pg=1000p,. Ha ocnosannu ¢opmy1 (203) nmoayuaem:

P 999, 2,
=1foor® * = 1001 »
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3

Orciona ACHO, FITC ANH OTHICKAHHA NOAf B BO3AYXC MNpPaKTHUSCKH

npu Ba =Q0.

Takum o6pasoM MH HPHULIM K TOMY X€ METCIYy 3€pKajibHHX H30-
Gpaseninl, KOTCPHIA OB YCTAHOBJEH WHHIM NMyTEM B NPEXLLAYILEM Ha-
parpade.

§ 74. llpumenenve ¢hyHKNAH KOMDIEKCHOI'O NMEpPeMEHHOro

Maruatus#t nmorennman U, u dynxuuse noroxa V,, ymosiersopsior
B OGnacTH, He 3aHATOH TOKaMy, ypashenmio Jlanaaca. OHu  crA3aHbI
Mexay coboio cooTHouleHuaM# (182), cosna-
JaromuMy ¢ ypasuennsMu Komu-Pumana (81), V
KOTCPHM JO/MKHE yICBJIETEOPATh (PYHKIMH
E(x,¥) u 7 (x,¥), onpexengiomue BemECcTEEH-
HYI0 ¥ MHHMYIO YaCTH QHAMHTHUECKOH Py HKIHK
L=t jn=71(2) KOMIIEKCHOTC NEePEMEHHOI'C
z2=x-}jy. TlosToMy nna oNHCaHuA MNJIOCKO-
HApa/UIeJbHYIX MATHMTHHX HOJEH BHE TOKOB,
TAK e KaK ¥ HPH CIGICAHHH IIOCKCNAPALIE b~
HBIX 3JCKTPHUYECKMX MOJeH, MBl MOKEM BoOC-
HOJBb30BATLCA  AHANHTHUECKHMHM  (QYHKUMIMH
KOMIUVIEKCHOrC niepeMentoro, noacxkue E= V, u n=2U,, 1. e. npuHu-

Puc. 106

Man:
. (=tt =V, +jUn=1(2) .
Cocrazsmonise sekTOPa A MOIYT GHITh MONYYEHD! U3 YPABHEHHH (182‘):
— OUnm__ 01 — OUn___ 0n
He=—Fg=—o Bh=—7=—4-"

Monyas sexkropa H pazen:

— 4/ 2 2 g @ : o7\
= T
Ho cornacue ypassenusm (81), uMeen: '

on_ 0%
oy~ ox
H, C/1elOBaTeJBHO,

=V EIET=E =g e

B uactHocTH, H3TICHCHHBIA B § 26 METON c yCHEXOM MOXET GHTh
NPUMCHEH MPM PacyeTe NMOiad OKOJIO KENC3HBIX MO/IOCOB, HANDUMEDP, Y
nomoceoB, nsobpamennux HA puc. 106. Kontyps!, Orpanwumsaiomme ce-
YeHHs! [10/10CCB, NOJIKHBI PACCMATPMBATHCA NPH 9TOM KAK JMHUH PaR-
HOr0 MarHUTHOro MOTEHUUAA.
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§ 75. NpamMoanneiinnfi TPOBOJL ¢ TOKOM BO BHEHIHEM
OJHOPOZHOM moOJe

B Bume npumepa pacemorpuM dyukumio {=KInz-}C, rae K —
BemiecTBeHHad BedquunmHa U C=C, | jC;. Bhpamkas nepemeHsyio z 8
1OJAPHHIX KOOpAWHATAX, GyneM uMeTh: z==re& u

C=V,+jUpy=KInr+4+jK0-+C, 4 jC,.
YpaBHcHne cunoBHX JuHME Gyner:
Va=KlInr-4C;=const, 1. e. r==const.
YpaBHeHue auHHH PABHOro MOTEHLMAJA HMEET BHI:
. U,=Kb-} Cy =const, 1. e. 6 =const.

CunoBne JMHAH CYThb OKPYKHOCTH C OOLIMM LEHTPOM B Hauaje
KoopauHatr. JIMHEM PABHOrO NOTEHUHMAIa — panuansHue Jayud. Cnegosa-
TeJbHO, PacCMOTPeHHasds (QYHKIMS OnpedenseT MarHMTHOE moje JuHel-
HOro MPOBOJHMKA ¢ TOKOM, MPOXOISUIEro MepeH IMKYAAPHO K MJIOCKOCTH
XOY uepes Haua1o xoopauHar. [locroandaa K onpenensercd u3 ycJOBHA,
470 NpH 06X0Me BOKPYI TOKa i B INOJOXHTEJILHOM HANpaBlAeHHMH YroJ
0 namensterca Ha 2w, a MarHUTHBIM NOTEHUMANn MOAYYAET MPUpAIICHUE,
pasHoe AU, = —i. Crano 6urb:

L
2z *

i=—K-+27 1 K=—

Moayuennne Bupaxenns g V, u U, cOBNagalT ¢ BHBeIeHHbMH
panee Brpawenuamu (187).

dyuxuua {=Dz-}C onpegeader co60I0 OAHOPOAHOE MAFHHTHOE
noJe. [leficTBUTENLHO, MMeeM:

C=Vu+jUn=Dx-jDy +C, "'—jca-
Cunosbic JMHMM CYTh HpaMble, napamaeasibie ocu OY. Ouu Beipa-
JKal0TCH yPABHCHHEM:
V,=Dx - C;=const, unu x= const.

BeKTOp HanpsKEHHOCTH MOJAA HampasieH napananeasHo ocu OVY.
CornacHo ypasHeHuaM (182) HampseHHOCTb MOAA paBHA:

=—%Vm__p

Y ox
Ha ocHOBaHMM mpMHUMNA HAJOXKEHHMA MH MOXEM YTBEDKIATh, YTQ

yHKUHR
(b . C=Klnz+DZ+c
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onpenender cofow MoJAe NPAMOJMHEHHOro MPOBOAA C TOKOM i BO BHemI-
HEM ONHOPOJHOM NoJe, HanpsKeHHocTh KoTOPoro H,——D. Tak kak

, 1 ] i
Inz=lnr-jb=1 ln(x*+y%) Fjarctg = u K=—4,

TO YpaBHCHHE CHJIOBBIX aiHuA MOxeT ObITh HAKCAaHO B BUAE:
i 2 2
Vm_—_——a‘::ln(x —I—-y)—Hoy-x—}—Clzconst,

a ypaBHeHHE JMHAA PAaBHOIO NOTEH-
1#ana MOWKer OGbITb I1PEACTaBACHO B
Bue:

i
Up=—q-arcig —% —Hy v+
-+ Cy= const. ‘

Takoe none #306paKeHO Ha pwuc.
107. B touke b HanpsKEHHOCTh NOAA
pasHa Hyao. CHIOBYW /J¥HMIO, npO-
XOAAMYI 4Yepe3 3Ty TOUKY U IOME-
YEHHYI0 BTOPHIM HOMEPOM, MOXHO /
paccMaTpuBaTth KAK OIHY JIHHHIO
abfdbc. B Takom caykae oOHa 1O-
no6ua Jaunuam 3, 4 u 5, pacnonao-
MEHHBIM BIPABO OT IPOBONHMKA C
tokoM. Ee MOXHO paccmaTpuBarh
TAaKXKE, KaK [ABE JMHUH: JUHHIO abc
H 3aMKHyTyl0 auHmo bfdb. B takom
cayuae OHa nono6Ha NByM AUHHAM, OTMEYEHHBIM IEPBHIM HOMEPOM, U3
KOTOpHIX ONHa IPOXOAMUT CjeBa OT NMPOBOAHWKA, a APYyras OXBAaTbIBAaeT
NpPOBOIHUK.

§ 76. I'paduruecKkuit MeTo] OOCTPOEHHS KApPTHHBI NOJA

B ciaoxublx ciAyuadx aHaAMTHYECKHA pAacyeT 1O/ OKa3blBACTCHA He-
BO3MOXKHEIM, H NPUXOIUTCA npuberatb K NPUSTMKEHHBIM CpaduuecKuM
MeronaM NOCTpOeHHs KapTuusl noid. Taxkod MeTonx BechMa noJe3eH NpH
IIOCTPOGHHE KapTHHBL 109 OKOAO (QUIYPHBIX KEJIe3HHIX NOJIOCOB 37C-
KTPHYECKMX MallmH ¥ anmnapatoB. Ha momouls HaM npu 3TOM NDUXOIHAT
TO O6CTOATENBCTBO, YTO MaCHUTHbIG JHHMM B BOZAYXE OKOJO NOMIOCOB
HODMaibHH K MX NOBEPXHOCTAM H, C/CNOBATE/IbHO, NOBEPXHOCTH MOJIO-
COB MOXHO CUHTAaTh NOBEPXHOCTAMH PaBHOIO MAarHUTHOrO IOTEHLHANA.
Takoe ycmosue BepHO, Kak OHAO DPa3bACHEHO paHee, B TOM caydae,
Korna noJe co3faercsd TOKAaMH, [POXONIIMHMH IO NPOBOJHUKAM H 06-
MOTKaM, pacno/OXKEHHHM B BO3JyXe, 4TO OOWYHO H HMEET MECTO
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YcTaHOBMM CHavajla METOX MOCTPOCHMH KapTHHBI 10JA% B OGjacth, He
3aHATOH MHPOBOAHMKAMM C TOKAMM, CO3MAIOMINMH MCCJEdyeMOe IoJe, T. C.
OKO0JI0 TEX YacTedA MO0/I0COB, KOTOPBIe BBLICTYMAIOT 3a NMpefeisl 0GMOTOK
¢ TOKOM, HAJOXKEHHBIX HAa CEPACYHMKH nojocoB. Ecam, momumo TOro,
B JAHHOH 06JacTH MPOCTPAHCTBA MNOJE NPHOIKEHHO MOXHO CUMTaTh
Ma0CKonapaiie/bHbM, TO, OUEBHIAHO, ClelyeT PYKOBOACTBOBAThCH Ipa-
BH/aMH, AHAJOTHYHBEIMM TeM, KOTOpble OHaH YCTAHOBJeHH B § 28 nas
MOCTPOEHHUS 3INIEKTPUUECKOro MOJH, a UMEHHO:

1) cHIOBHIE MMHAM U JIMHHH PABHOrO MACHATHOTO MOTEHNMAIA JOMKHE!
MePeCcEKaThC BCIOAY MOA MPAMBIM YIJOM;

2) TOBEPXHOCTH Keje3a CAEAYeT CYATATh TOBEPXHOCTAMH PaBHOrO
MarHMTHOTO NOTEHUMAMA, M CHUJIOBLIE JMHHAM B BO3AYXe clelyeT IpPOBO-
IUTh TIEPNEHAUKYIAPHO K HHUM;

Fuc. 108

3) AveflKM ceTKM, OGPa3OBAHHOM CH/IOBLIMH JMHHAMM B JIHHHAMH
pPaBHOrO MOTEHUNAA, MPH JOCTATOUHOH TyCTOTE CETKH MO/BKHE OBITh
NPUGINSHTENLHO MONOGHBL APYr APYrY.

OGo3HaunM cpelnme pasMepsl AYEAKHM CETKH B HANPABJICHHH CHIO-
BOM /MHWM uepe3s A7z M B HANPAB/ICHAM JIMHHM DABHOrO MACHHTHOO MO-
TeHumnana yepes Aa. Toraa nocneqnee NpaBuIO MOXKHO BHIPA3ATSL B (OpMe:

An

= k =const. (205)
IlyreM pama mocnenoBarenbHBIX NMPHGIMKEHHH yraeTcs HapHCOBaTh

KapTHHY MOJfA, YIOBJAETBOPAIONIYI0 BCEM YKadaHHbIM TpeGomanusMm. Ha

puc. 108 mocTpoena TakuMm CHOCOGOM KapPTHHA NOAf OKOJMO IOJIOCOB

aneKTpuqecxoﬂ MAaliHHBbI.

Ecan nocrpoena KapTHHa 1104, TO M3 HCe MOMXeT OHTb HaHIeHO
MarHATHOE CONPOTHBJEHAE R, UM MATRATHAA MPOBOAUMOCTb (G, == RL—_:
=%— BO3AYUIHOTO TIPOMEXYTKA MEXIY [OMOCOM H AKODEM, anT%M
® — MaruMTHEIA MOTOK B PaccMaTpUBAEMOM mpoMexyTke U F —m. 1. c.
Ha AJMHE npoMexkyTka. Ecau m; —uncno tpyGok MarHMTHOro moToka,

T0 O =m-AD=m,lp,HAa,
rae AP —n0ToK B 0aHON TPYOke ¥ /— Aiuna B HampaBiehuu OcH OZ,
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Ecan me — 4qUCJIO0 HHTEPBANOB MeXAY COCEIHUMHU JAUHUAMH DABHOroO
F= mg'AUm = M, HAII,

rae AU, — naMeHeHke NOTEHUMANA HA NPOTWKEHHR OJHOrO MHTEPBAnd.
Takum obGpazom:

Aa my
Koadmuueur A= in " m, IPeIcTaBaseT c060t0 OTHOLIEHKE MarHUTHOH
2

NPOBOJMMOCTH, PACCYMTAHHON Ha e[MHHLY IJIKHH B HanpaeieHun ocu OZ,
K MarHUTHON APOHMLAEMOCTH ;. OH 3aBHCHT HCKAIOUHTEABHO OT KOHGHIY -
paluM pa¢cMaTpPHBAEMOrO y4YacTKa
MarHUTHOH LIENMH.

IpuBefeHHBIE NPaBHAA NOCTPOE-

HUSl KapTHHBI 1OAS CHOPaBEJJHBHI
TONLKO B OOGnacTH, He 3aHATON
3NEKTPHUECKHM TOKOM. B ofaacry,
riue paCHOJlO}KeHbl IPOBOTHUKH KN
KATYIIKK C TOKOM, 3TH NpaBHia He
[NPHMEHUMBI, TaK KaK 3[ech TepseT
CMBICJ MOHATHE CKANAPHOrO MarHUT-
HOro noreHluasxa. Jdas mocTpoenus
npubriKeHHON KAPTHHH NONA W B
TexX MecTax, I'Ie OKOJO cepIedHHKa
NOAI0CA PacmoNOKeHbl KATYIIKH C
TOKOM, NOCTYNAIOT CaelyiollMM Puc. 109
o6pazom. CxuMawoT cedeHHe Ka-
TYIIKK B HANPABNEHHN K MOBEPXHOCTH CEPIEYHMKA 0 HYIEeBbIX DPa3MEpOB.
HHaue roBops, mpeinonaraioT, 4TO TOK TedeT 10 GECKOHEUHO TOHKOMY
CN010, IPARETAOIIEMY K TOBEPXHOCTH cepAeuHuKa. I1pu TeKoM npeanoxoxe-
HUM BO BCEM NPOCTPAHCTBE OKO IO 10.H0Ca TOKOB HET, H NOHATHE CKaMsiPHOrO
MATHATHOTO MOTEHIMana MoxeT OBITh HCOOAp30BaHo. Ilpu 3TOM moxe
BCIONy JOMKHO YIOBIETBOPATHL NeDBOMY M TpeTheMy ycioBuaM. OaHako
BTOPOE yCJAOBHE — NEPNEHIUKYIAPHOCTh CHIOBBIX JAHHMH K HOBEPXHOCTH
*enesa — COXPAHSeTCd TONBKO TaM, [€ Ha MOBEPXHOCTH IKexe3a HET
TOKOB. B MecTax, rle uMmeloTcst pacnpelencHHble NMOBEPXHOCTHHIE TOKH,
COOTBETCTBYIOLHE TOKAM B KaTyulkaX, 3TO YCIOBHe He colmogaercs.
PaccMOTpuM NJOCKYK0 NOBEpXHOCTh IKejxe3a, N0 KOTOPO#l nporekaer
B ToHkOM cioe TOK (puc. 109). IlycTs TOK NPOTEKaeT B HanpaBJeHuH,
HOPManbHOM K NAOCKOCTH pucyHka. CocraBuM nuHefHp1i MHTerpaa Bek-
topa H no koHtypy abecda. Ecam nAns Xene3a NPUHATD p==CO, TO
G6yneM uveTh BHYTDH Xenesa F/==0. Ilycts ad u bc BecbMa mManel 1O
cpaBHenuto ¢ ab. Torma:

Hdl = H,-ab,
abeda
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rae H,— xacarensHas, cocraasiomast sexkropa H B BO3IyXe 0KO10
II0BEPXHOCTH Keje3d. Ho 3TOT uHTerpax paseH TOKY I, NPOXOHAiEMY
ckBO3b KOHTYD abcda. IMostomy

i

H‘:ab’

T. €. KacaTejbHas COCTaBAAIONIAS HANPAKEHHOCTH T10A7 B BO3AyXe
OT/AWYHA OT Hy/Is M paBHa AuHefiHofi nmmoTHocTH Toka. CiaenoBaTenbHO,
CUJIOBBIE JIMHUM [OJS OKONO
TAaKHX [OBEPXHOCTEH He nepneH-
IMKyaapHel k HuM. Hanpasnenue
JUHHA OCTaeTcsd HEH3BECTHHIM,
TAK KaK HEM3BECTHA HOpMalbHad
cocrasasiomas Bextopa H.
IIpn nocrpoeHun nosnsa no-
CTyHaloT CcAeAyouuM 00pa3oM.
CrposaT cHauana 110.e OK0JIO0 TexX
yacTel MoJ/IoCOB, TIEHET TOKOB,
HO/Ib3YsCh  BBHIIEH3AOKEHHLIMH
npasunamu. IToBepxHocTH noJio-
COB B 3THX MECTaX CuuTAlOT
paBHONOTEHUMAABHBIMH,  JIuHUHK
paBHOro NOTEHIMa/la 3TOrO M0JIA
Puc. 110 MOABONAT K COOTBETCTBYIOLIHMM
TOUKaM KOHTypa I0JIoca B Mec-
Tax, Iie IPOTEKaioT I0BEePXHOCTHbIE TOKU. [Ton0XKeH e 3THX TOUEK 3aBUCUT
OT pacnpefieieHHss TOKa B IIOBEPXHOCTHOM cJoe. PasHocThb IOTeHuuanoB
IBYX cOcelHUX JHHUN DaBHA TOKY, NPOTEKAIOMEMY MEXIY COOTBETCTBYIO-
IYMH [BYMA TOYKAMH, X KOTOPLIM HEOGXOIAMMO IOABECTH 3TH JIHHUM.
JluHuM paBHOroO NOTeHuWana TaxK e, KAK M CUJAOBHIE JUHHHM, B MecCTax,
rle IPOTEKaloT TOKHM, HAKJOHEHH K KOHTYpYy nosoca (puc. 109). 3arem
CTPOSAT BCE€ [OJE, CTPeMACh K TOMY, 4TOGB BCIOLY YIOBJETBOPAIUCDH
nepsoe W Tperbe Tpe6opanud. Korma 3to ypacTcs— mojie NOCTPOEHO
npasunbHO. Ha puc. 110 mnpuBened npumMep IOCTPOEHHOrO TaKUM
IIyTeM MOJAA OKOJ0 MOJ0ca, 06TeKaeMoro TOKOM.

§ 77. IlpocrpancTeennas 3agava. Ilose xpyrosoro KOHTypa
C TOKOM

Pacuer MaruuTHbIX 1oJefl TOKOB, MPOTEKAIONMX 110 KOHTYpPaM, UMe-
IOIIMM BO BCEX HAMPAaBJCHUAX KOHEUHbIE Da3Mmepsl, NMPeNCTaBlAseT Co60I0
BechMa cloxHyw 3ajgady. [Ipu 3TOM Bce BelMuWHbl, XapaKTepH3yioUixe
none, ABAAIOTCE GYHKUMAMHE Tpex KkoopiauHat. OO6umuH METOX peleHus
6bl yKasan B § 63 u 3akmouaerca B ClAyuae ONHOPOAHON cpeldbl B Ha-
XOKACHUH 110 3aJaHHOMY pAcCNpelNeieHHi0 TOKOB BEKTOPHOrO NOTEHIHa/a
no ¢opmynam (174). Bexrop MarHMTHOR MHIyKUMH HaXOAMTCH H3 COOT-
nowcHus B==rot A,
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Tlpocrefimuft caydalh npoOCTPaHCTBEHHON 3alJaduy — NoOAe TOKOB, Hpo-
TEKaIUKX 0 KPyrOBbiM KONTypaM, JeXamiMM B NapaiielpHuX IA0CK
CTAX M HMMEIOIIMM IEHTPH Ha Oobumie#l ocu. JocTaTouHo paccMoTpeTh Kap-
THHY TaKOrO MOJA B ONHOH IMIOCKOCTH, NPOXOAaAniell Yepes 3Ty OCb, TaK
KaK Bce IOJe NojayuaeTcd BpalleHdeM HaBifeHHON KapTHHB BOKPYT
oc. Crona OTHOCHTCA BaXHHIl ciydall MarHMTHOTO MNOAA  KaTyLiex
C TOKOM, COCTORIINX M3 KPYTO3BIX BHTKOB.

OmnpeneanM mnoJje OIHOTO KPYroBOTO
KOHTypa ¢ TokoM [ (puc. 111). Ectectsenno
paccMaTpuBaTh MoJje B LMJIAHIPHYECKHX KO-
OopAMHaTax 2, p, @« Hauaa0 kOOpAmHAaT mo-
MECTHM B LIEHTPe KOHTypa ¢ TOKOM. Ocs OZ
HaIPaBUM NEPIEeH UKy IIPHO IIIOCKOCTH KOH-
Typa.

BeckonesHo Manmas cocrapisiomas dA
BEKTOPHOr0 MOTeHuHaia A, onpeaenseMas
TOKOM, NPOTEKAIOWMM B 3jeMcHTe d/ mpo-
BOIHMKa, PaBHA, COr/1acHO BhipaxeHuio (175),

8dVv

dA=21"
= r Puc. 111

Ecan momepeunsle pa3Mephl CeYeHHsA S NMPOBONHHMKA BEchbMa MaJlhl IO
CP2BHEHHIO ¢ PagHycOM R KOJbl@, TO MOXHO CUMTaTh IJIOTHOCTH TOK2
no cedenuio HemsMeHuo#. Torna

’ 3dV=asdl=idl,

rae dl — BeKTOp, HampaBJeHHBA MO OCH MPOBOIHHKA B OIHY CTOpOHY
¢ BeKTOpPOM & M paBHb#i no seanunte d/. CienoBaTenbuo:

A=} s’Eﬂli;zzit(f fdr
J T 47:l r (206)
HHTerpupopaHue NPOM3BOJAATCA BHONb BCErO KOHTYPa C TOKOM.
BeaenctBre cuMMeTpuH ok0a0 ocu OZ nnHHM BEKTODHOrO TOTEHIMa/a
JO/KHE GHITE OKPYWHOCTSMH, JEXallUMH B IVIOCKOCTAX, Napa/enbHblx
IUIOCKOCTH KOHTYDa TOK4, W HMeoumMu UeHTpu Ha ocu OZ. Caexosa-
TelbHO, A HMMEET CHMHCTBEHNYIO cOCTaBidlomyio Ay, OHa paBHa:

icosadl
A= pemp e

11

Tak xak

r=y 22 - R* 1 p* —2Rpcosa, dil=Rda,

ro 2x
cosada

4= bsnpz=-‘-[<’+p’—2Rpc05a'

(207)
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[IpuseneM 3TOT WMHTErpan K 9/IHNTHYECKHM HHTECpaiaM, I KOTO-
pHIX uMeoTed TabGauusl. Tlonomum:

a=n—203, da=—2d8,

4Rp
FFRF

Yucao & newxut B npenenax 0 =< k=< 1. 3navenne 2= 1 noayvaercs
npy z=0 U p=R, T. €. HA KOHTypPe C TOKOM, KOTOPBHI# Ml Hpei-
nonaraeM BeckMa TOHKHMM. 3mech A ofpamaercs B GECKOHEYHOCTh H,
CIEOBATEAbHO, ITOT KOHTYD JO/KEH GBITh HCKJIOUEH H3 paccMoTpe-
und. Mveem:

=k, (208)

cos @ == —cos 28 =2sin’B— 1,
r=y &+ R p"—4Rpsin’B|- 2Ry
=2J-£BB V 1 —FEsinf.

CresoBatensHO:
A=— ni ‘17 j 2 (2sinp — 1) d3
8“ P V I—rktsin
2
Han
R : 2sin% — 1 i1/ R
o ( sin§ — 1 ”
A=Y B | Vicwam Pl 3 /R (209)
0
[MToab3ysachy TOMAECTBOM
2sin® —1 1 2 — k3 S T
— = T 1 — k‘z 2
V1I—F%ing & <1/ 1 —&2sin% —2V sin’ )'
R M 2 2
MOXEM HAMHCATh f(k)= (F —k ) K— 2E, (210)
rae % T

:fvf%ﬁ%n&:j/tﬁﬂmw@ @11)
é 0

UPEACTARAAIOT COGOI0 NMOJAHBE SMUNTHYSCKHE HHTErPaisl HEPBOrO H
BTOPOro pona. OHM SBISIOTCH DYHKUMAMH MoAy.asn k. B npuiaoxesnu 3
mana ta6awua, B KOTOpPOH npusededel 3uauenud X v E s pas-
nnusbix 2% Ha puc. 112 mpusefenbl KPHBble, 10CTPOEHHBIE MO HAHHBIM
3TOH TaGanubl. Ha 3TOM e pUCYHKE MNpHBEJeHA KPHBAd, NAIOWAA BE/H-
apHy f(R), Bxomamywo B Buipaxenne (209) gia BeKTOPHOTO NOTEHLMANA.
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MaruuTHEe THHUK WCCAEAYEMOrO MOJA JeXaT B IJIOCKOCTAX, IIf
xoagmux yepes ocs OZ. BeKTOD MarHuTHOH MHIYKIMM UMeeT TOJIBKO

Ase coctasasiomue B, u By, Ko-
TOPhiE HAXOJAATCHA M3 DBblPRXKEHHA:

B, =r10t,A, BP =T0t,A. (212)

Hna BBIUMCIEGHHA 3ITHUX COCTa-
BJATIOMMX HEOOXOIMMO 3HaTh Bhi-
pakeHMa COCTaBJAIOMIMX BEKTOPpa
rot A uepe3 cOCTaBJAIONINE BEKTOPA
A B UAIMHAPHYECKHX KOOPIMHATAX.
Mu  uafizeM 3TH BBIPaXCHHA A
HHTEPECYIOULEro Hac 34eCh 4aCTHOTO
cnyvas, KOrlJa BeKTOp A uMeer
TOIBKO _ OJHY  COCTaBJAIOULYIO
A,

CocraBum CyMMy NpOu3BEREHHH
Adl no xourypy abcda, oxBarwi-
BatouleMy maomanxy ds=dp-p-da
(puc. 113), HOopManpHyl0 K COCTa-
pasiomel rot,A. Mmeem:

34,
(Aa_i‘—ﬁF;dP) « (p-+dp)-da— A,-p-da= Aydp-da+-

34,
_E‘ —0_?- ¢
Z

rot, A
Ao, d&

;——df’ ) Cddv

0
Puc. 113

apudeM B MpaBOH UACTH paBeHCTBa OMYIIeH UJASH TPETBEro MOPAAKA
MajocTu. PasleluB MONy4YEHHOE BHIpAXKEHHE Ha dS, HAXOLHM:

A
ot A =-p"’—

20

I

KEA}

&4

a0

B

18

Al

16

)
¥
i

Tij2|

14

{2t

L0

T

0.8

a6

g4

Ay

0z

nnufay

0

p-dp-da,

-

04a

+

06 07 08 09
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Cocrasnm Temepb CymMy npoussegeHuit Adl no KOHTypy abeda,
OXBATHIBAOWEMY mOmaIKy ds= p-da-dz (pHc. 114), HOpMaaBHYIO
K cocraBasiome# rot,A. Mmeem:

04, - 04,
Aap-da—(Aa—{— 57 42) « p-da =——= - pdzda
Pasgenus sTo BHIpameHue Ha ds, NOMydYnM:
04,
rotPA = — —E"‘ .

3ameuast, uto A,= A, n ucnoas3ys paseHcrsa (212), naxomum:

A 0A 0A
Bz—“p“Jr‘aET, sz""az’t (213)

roe A mipaxaercs dopmyaoir (207) mam, uto To xe (209)..

§ 78. BeipaxeHHe CKaJapHOTrO MOTEHUHANa B HEKOTOPOR TOYKe
yepe3 TeJecHBI Yroxs, mOX KOTOPHIM BHIHA H3 3TOH TOYKH
MOBEPXHOCTh, OrpaHUYcHHAd KOHTYPOM TOKa

IMokaxeM, 4TO CKaJspHbIA MarHuTHHA moTeHuuan U/, B HEKOTOPOH
TOuke M mojaa 3aMKHYTOrO TOKa I NPOMOPUMOHAJICH TEJAECHOMYy YIay

M

Puc. 116

®, NOX KOTOPLIM BHAHA M3 3TOH TOUKH MOBEPXHOCTh, OTPAHHWUYEHHAs
KOHTypoM (puc. 115). Ilpn nepemenicHun w3 Ttoukh M B TOUKy M’
Ha pacctosinue d/' MOTEHUMaN MOJydYaeT MpHpauIEHHE:

dU,,=—Hcosadl'=—Hdl'.
Toudo Takoe xe mpupamieHue NOAYYMa Gbl NOTEHUHAN B Touke M,

€C/Jn BECH KOHTYD IEPEMECTHUTDb caMomy cebe napasjelIbHO Ha paccrod-
HHe — dI' B NPOTHRONONONHOM HAMDABJICHMH.
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Buaeaum  aneMenT JaMHN d/  KOHTYpa TOKa M PACCMOTPHM
npupamenue norenudana dlU, B rouxe M, BH3BaHHOE nEpeMEUICHHEM

atoro saementa no nyTH — di' (puc. 116). Himeem:
dU,, = — dHdl',

rie dH — HanpsxeHsocTb noas B Touxke M oT Toka i B anemente dl.
Coraacuo 3axony buo-Casapa-Jlanaaca:

4 2 l : ¢
g ‘ ,
CJIelIOBa] eJbHO:

1 i i
QU= 4= = dI [dl : :-] = a T
TMocnennee BeIpaXenue MBI NHIIEM Ha OCHOBaHWH TOTFO, YTO B CKalip-
HOM INpOHM3BE/IeHHH BEKTODAa Ha reOMETPHYeCKOe [poH3BeleHHe JHBYX
APYrHX BEKTOPOB BCE BEXTOPH MOrYT OHTb mNepecTaBieHhl B KPYronoM
nopaaxke, Ho [—dl'- dlj=4ds ecth BexTOD, HOpMaJbHHH K MJIOWAIKE,
onuchBaeMoll OTpeaxoM d/ NpH nepemelliennu ero Ha nyTd — d/' u pas-

T
HBA MO BeawuMne 9TOH miomanke. CrexosareisHo, ds - ==cos P -ds

eCTb 7npoexiuuA 5TOH miowalxu Ha cdepy panuyca r, HMEIOWLYIO
LeHTp B Touxe M, u

-1_‘ (ds . —;) =—dw'

r

€cThb Te/AeCHBIl yroa, MNox KOTOPWM BHIHA [J10llaJKa M3 TOUKH M.
Hrak:

U= do.

Yrofu nonyukts uaMenenwe dU, noTeHuuala, BH3BAHHOIO B TOUKE
M TokOM BO BceM 3aMKHYTOM KOHType (puc. 115), ueo6xoaumo mnpo-
cyMMupoBaTh Benwuminm dU, no =2cem 3anementam d/ xourypa. Ilpu
5TOM, CyMMMpYsl B MpaBofi uacTH Beauuuubl do', TOJYyYMM TeleCHHIH
yroa de, noa KOTOPHM BMAHA W3 TOYKM MOBEPXHOCTb, ONHMIHBaeMas
BCEM KOHTYPOM I[DH [EDPEMCLIEHHH €ro Ha nytd — dl'. Ouesunmdo, do
eCcTh [pPHpAIEHHE TENECHOro yria o, MOA KOTODHM BHIHA H3 TOYKH
M noBepxXHOCTb, OrpaHHueHHas KOHTypom TOKa. TaxuM o6Gpazow,

i i
= —dado H = —® .
dU,, 4nd U, pr. +C
3amMeTHM, YTO TENECHHH yrod o AAd JaHHOTO MOAoxeuua Touku M
HMEET MHOXECTBO 3HauYeHWH, OTAMYAIOWIMX A ADYT OT Apyra Ha & - 4w, rae
k-—nuenoe uucno. Ilefictaurennno, ecau touxa M MeHser cmoe I[0J0-
WEHHE M, COBEPUIHB MYyTh IO 3AMKHYTOMy IYTH, CUenadiouieMycs ¢ KOH-
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TypOM TOKa, BO3BpalldeTCd B MCXOAHOE MOJNOXKEHHE, TO Yrol ® u3Me-
HaeTcd Ha 4rm. COOTBETCTBEHHO MArHHTHBIA NMOTEHHUMAl NPH 3TOM H3Me-
HAeTcd Ha BeAWYHHY, pasHylo i. IIpu 2 Takux 06XOJax TEAECHBIH yroa
H3MeHdAeTcs Ha 4w=k, a noTeHumas Ha ki. O MHOrO3Ha4YHOCTH MarHuT-
HOro NOTEHUHanaa 6bhao cKa3aHo Bhme. MOXHO u36ewaTb 3TOH MHO-
rO3HAYHOCTH, €CJIM HE COBEpIaTh O0XONOB MO 3AMKHYTHLIM IyTHAM, OXBa-
THIBAIOUIMM KOHTYP TOKAa, M COOTBETCTBEHHO OrPAHUYHTHCH M3MEHE-
HMEM yriaa ® B npeneaax yria 4r.

ITocTosaHHas C 3aBHCHT OT BHIGOpa TOYKH, B KOTODPOH NPHHUMAETCA
U, =0. Ecnu nonoxuts U, =0 B O6ECKOHEYHO YyIajeHHBIX OT KOH-
Typa TOKa TOYKax, A4l KoTOphix ®=0, 10 Oyzem umers C=—0 u

Uy =40 (214)

TenecHBli yroa ® noaoXuTenaeH, ecad M3 TOYKM M TOK B KOHTYpe
KaXeTcs Hanpas/eHHLIM NPOTHB 4acOBO# cTpeaxu (puc. 115). It0 He-
TPYAHO YCMOTPETb M3 TOro, 4ro Ha puc. 116 npu a' < w/2 umeem
dU,' <0 u, caeposaTensho, dw'< 0. ITO3TOMy 3/1EMEHTH KOHTYypa,
pacnoaoxenHsle Ha puc. 115 cnpasa OT TOYeK @ ¥ b, npu cBOEM Ie-
pememenny Ha— d/' magyT OTpHuUATeNbHOE NpPHPANICHHE yraa o, 3Je-
MEHTH € KOHTYpa, pacluoJOXKeHHble ciaeBa OT TOYek a W b, manyT
[IONIOXKUTEAbHOE npupameHue yraa o. M3 puc. 115 BHAHO, uTO mnepeme-
weHue Ha-—d/' 3aeMeHTOB, NeXAmMX ClpaBa OT TOYEK & U b, NpHBO-
AT K yOuiBaHMp yria o no aGcomoTHoil BeauuuHe. Cien0BaTenbHO,
MpH TaKOM B3aMMHOM DACHOJIOWEHHM TOUKH M H KOHTypa C TOKOM
yron ® MOA0XHTEAEH.

B caywae kaTymk#, COCTOAmIEH W3 7 BHTKOB, Ha OCHOBAHHW BLIpa-

skeHust (214), MOxeM HamucaThb:
kR=w

W, (215)
1

sl

=L
T 4n

Um
k

rie ®, — TEeNecHu#l yro., mMox KOTOPbIM BHIHAa M3 TOYKH M nomepx-
HOCTb, OrpaHH4YEHHas K-TbiM BMTKOM. Eeau Bce BHTKM OJMHAKOBH W
pacnonoxenn OJM3KO APYT K ApyTy, TO

U,=%e (216)

=4O

§ 79. MaruuTHOe moOJe KOHTYpa TOKA MNpom3soasHo ¢$opMH 12
60JBLIOM PAaCcCTOAHHMH OT KOHTYpa

dopmyna (214) paeT BO3MOXKHOCTh OnpefedaWTb XapakTep 110ad
KOHTypPa C TOKOM Ha GOAbWIAX paccTOAHUSAX OT KoHTypa. Ilycts r—
pacctosiHMe TOukM M, B KOTOpO# mmiercs moreHuuan Uy, OT HEKOTO-
poit Toukn O BHyTpu KOHTypa (puc. 117). Ilyctb r MHOro 60ablie
AMHEHHBIX pasMepoB Koutypa. IMyctb ON — nanpasiesve ot O x M,
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Npu KOTOPOM IpH 3aXaHHOM 7 TENeCHHH yrol ® HOJAy4YaeTci HaKH6OJb-
WIMM, DABHBIM Omae. [IPH BCAKOM IDYroM HANpPAaBJAEHHH, COCTARIAIOIIEM
€ STHM HAIODAaBACHHMEM YTOJ %, 6yneM MMETH IPH TOM ke 1t

O == Oy + COSP.

s
Ho Omaz == 7, [A€ §—4YaCTb NOBEPXHOCTH chepnl  paauycar, Bhl-

pesaemas LUEHTPaABHBIM KOHYCOM C TENCCHHM YF/IOM Oga. Takum obpa-

30M, cOrnacHo suipaweHHo (215) umeem:

U, =70 2%, @17)

B caydae mnaockoro KOHTypa, HpPW I  MHOrO
GonblieM pasMepoB KOHTYpPd, S €cTh ILIOWATE, OrPAHH-
YeHHaa KOHTypoM, M ON — HampaBieHH® HOPMaAn
K Hell,

Has xpyraoro konsua paauyca R uMmeem s=mxR? n

__iR* cose
Un= 4 rr° Puc. 117

Haa npamoyronsHOH paMkH CO CTOPOHAMH @ u b nMeeM s==ab

iab cos
U, =

— 4z

B cayuae kaTywku M3 @ OIMHAKOBHX MAPaMieibHBX JIPYr apyry
BHTKOB BMECTO Bhipawenua (217) 6yaeMm wumerh;

: iws cos e
Un="¢ 4 (218)

W, B YaCTHOCTH, IJA KPYriaoH LUAMHAPMYECKON KATYLIKM H Aa4 npfAmMo- ‘
YiOJBHOH DaMkH [OJYYHM: ‘

__ wR*cos o __ iwabcosg
Un= 4 r Un= n

Popmyna (218) naet Aam COCTABAAOWIKX HAMPAKEHHOCTH M0A9 Ha
60/bLIKX PaCCTOAHMAX 7 OT KOHTYPAa BHpPAXCHHA:

oU 2iws cos ¢

===
1 0Um iws sing (219)

Hy=— 5 =% 7

12 Teopua aaeKTpoMard, noas
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W3 W3I0MEHHOTO BHTCKAaeT cleiyiouee BakHoe nojoxenne. Ha 604b-
WMAX PACCTOSNHMAX OT KOATYPa TOKA HANPMKEHHOCTh MArHMTHOro moJt
y6hBaeT OOpPATHO MPOMOPUHOHANLHO Ky6y paccTOsiHUA U XapaKTep No/s
COBEpIUIEHHO HE 3aBHCAT OT POPMHl KOHTYpa TOKa. [Tpu n3MeHeHnH GOpPMHI
KOHTYPa TOKa H3MEHSIeTCA TOAbKO 40COMI0THOE 3HAUEHHE HANPIKEHHOCTH
nonsi, KOTOPOE 3aBUCHT OT MHOXHMTE A §. Pacnpefiesienye rnoas ocraercs
npu 3ToM 0e3 u3MeHeHwusd.

KapTuna cunoBHIX NHHHME 101 KOHTYpA TOKa Ha 3HAYATENbHBIX pac-
CTOSHMAX OT Hero uzoOpaweda Ha puc. 118. YpaBnenue cui0BOH JHHHH
5TOr0 I10As HETPYAHO HaliTH Ha OCHOBE cAENyiolllux CcooGpakenni.
ITpogenen uepe3 Touky M (puc. 118)
B IJOCKOCTH, HOpPMAaJbHOH K OCH
0OZ, Okpy*KHOCTb, UMEIOLLYIO Panuyc
puleHTp Ha ocu OZ. DTa OKpyX-
HOCTb OTpaHWYMBAET NOBEPXHOCTh
S, ABAAIOULYIOCH 4acTbio IOBEPX-
HocTH cdepH, uMelowel pamuyc r
¥ UEHTP B MECTe PpacloJoxenus
KOHTypa TOKa. Bhluncanm NOTOK
sexkTopa H CKBO3b MOBepXHOCTH S

\FH=J HdS.

Puc. 118

[IpenctaBum dS B BuIe KOJBUEBOH NONOCKH UWIMPHHOH rdyp u
AmHOK0 2mp = 2xr sing, CaenoBarensno: dS==2rr® sin@de.

Hopwmansrasi cocTasmuomas BexTopa H k mosepxHocTd S ecTh H,.
Hcnonbays suipawenne (219), nonyuaem:

@ ®
. *2iWSCOSQ oy 9 i . iws (7 L
q H_—_j —4?—73—21-:153 Sm*d:pz——';—j cosgsing de =
0 0

sing
: s sint
sin ¢ d(sin ¢) == %’fsmr ?,

Ecmu touka M GymeT NepeMeliaTbCst MO CHAOBOH JIHHHH, TO ¥y
GymeT oOcTaBarbcsi mocTosHHBM. CneloBaTenbHo, YpaBHEHME CHIOBOH
JAHUA MMEeT BU

sin®
Z0% — C =const.

3agaBasich pas/IMMHBIMM 3HAYCHUAMA YTia ¢, MH MOXEM M3 3TOro ypas-
HEHUs ONpefenuTh COOTBETCTBYIOUIME 3HAYeHus 7 M [OCTPOMTH CHIO-
Byio aunno. Ha puc. 118 cunoBuie nuHun BoIGpaHH TaK, 4TO OHM [€-
AAT noae Ha Tpybwu passoro nortoxa. Ilpu mepexone 0T aoboi  an-
HHM K cOceauell MOTOK yBeJIMYMBAETCA Ha OLHY M Ty KC BEJIMYHHY A¥ 4,
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4 CIeNOBAaTENLHO, HA ONHY M Ty e seruundy AC YReauuuBaLTCH
KoHctanta C B nociefHeM ypaeHeuun., Bcee noine nonyyaerca BpallleHHeM
M300paMeHHON Ha DHCYHKE KapTHHM BOKpyr ocu OZ,

§ 80. IKBHBANEHTHOCTH KOHTYPAa C TOKOM
ABOAHOMY MaTrHATHOMY CJIOI0

Npencrasum ceGe, uro kouTyp TOKa OrpaHHYMBAET [IBE PAaCMOJIO-
HCHHHE BeCbMAa 6IM3KO JPYT K JAPYTy MOBEPXHOCTH s.

Paccrosuue mewny nosepxuocTamu nycts Gyaer a (puc. 119).
Ipeanononum, uro ua 3THx NOBEPXHOCTAX DABHOMEPHO pacnpejesedh
MATHUTHBIE MACCH, HA OJHOH—C MNOBEPXHOCTHOH IMJOTHOCTBIO o,
HA 1pyrofl-——c¢ noOBEpXHOCTHOH MNJIOTHOCTBIO —a.

Takoe pacnpenenienne marumTHBX Mace HashBaeTcs M
ABOHHLIM MArHUTHHM CJHOeM. BhgequM Ha ofeux W
TIOBEPXHOCTAX 3JEMEHTH 1OBEPXHOCTH ds, pacro- \
JOKEHHbIe JPYr NPOTHB Apyrd. MarHuTHsle Maccu
~+ods w—ads oOpasyioT aMmONL ¢ MOMEHTOM
G- a-ds=p,ds, rie p, — MarHUTHHH MOMEHT JIBOfi-
HOTO MarHMTHOrO CJIOS, OTHECEHHWH K efuHHue 04S
110BepxXHOCTH. CKalaApHHHA NOTEHUMAaNn MATHUTHOrO i
Aunoad onpeneaserca GOpMyaoH, KOTOpas MoJay-
vaetTca u3 Qopmyan (35) ana noTeHumana SJeK- Puc. 119
TPHYECKOr0 JMMONA 3aMEHOH 3AEKTPUUECKOTO MO- :
MEHTA MArHUTHHIM MOMEHTOM M JM3JIEKTPHYECKOH NPOHHUACMOCTH Mar-
HUTHOH NPOHHLAEMOCTbIO.

Hmeem: U, = plzi:;s © '

TA€ r—paccrosnue OT nunoaa 10 TOYKM M, B KOTOpOH onpene-
MHETCA MOTEHUHAT M @ — YrO MEXAy DAAHYCOM-BEKTOPOM H OCHIO [H-
014, T. . MeXJY I W HOPMATbl0o K SJAEMEHTY nosepxHoctH ds. Ho

dscosg —d(o.

€CTh TEJNECHHR Yrod, nOX KOTOPHM BHIEH 3ieMeHT ds u3 Touku M.
CaenosarenbHo:
dUu

m

P1
= — am,
4 d
HOTeHunan OT Bcero Jeo#tuoro c¢naos MOJIyuaeTcs PABHLIM!

=P
n=La, (220)
€CIH TOCTOAHHYI0 HHTEFPHPOBAHHA NONOKHTh PaBHOM Hymo. 3aecs
© — TeNEeCHHHA yron, NMod KOTOpHM M3 TouKH M NOBEpXHOCTS,
L]
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OrpaHMYeHHas?T KOHTYPOM TOKa. Cpasunsan smpawenns (214) u (220),
BUIMM, YTO MATHHTHOE M0JE KOHTypa ¢ TOKOM COBMNANaeT C MarHUTHBIM
oneM IBOMHOTO MATHUTHOTO COH, OFPAHHYEHHOrOo STHM KOHTYpOM H
MMEIOILEr0 MATHHTHBIH MOMEHT Ha €IMHHMIy MOBEPXHOCTH CJOd, paBuB#
TOKy B KOHType, yMHOXKEHHOMy Ha MarHMTHYIO TPOHHIAEMOCTb CPEbl,
B KOTOpOfi CyuUIECTByeT MoJe: py=ip. lan nnockoro KOHTypa MOXHO
MOBEPXHOCTb C€/0A B3ATh TAKKE nnockoh. ITycts ona Oynmer paBHa S.
Torga MarHMTHEI MOMEHT BCEro ca0f MOJyHaeTCi paBHbIM:

p = pS =Iips.

D1y BeAMUMHY MBI MOXEM pacCMATpHBATh Kak MATHUTHBIfL MOMEHT
33aMKHYTOTO TOK&.
Jlaa KOHTYpa, COCTOAUIEro K3 T NPHICTalouX Ipyr K Ipyry BHT:
kop, GyneM HMETb:
p = iwps.

[Ipy paccMOTPEHHH TOAd Ha GoabIMX PACCTOAHHAX OT KOHTypa
TOKa, PKBUBANCHTHBIA eMy nBOHHON MarHWTHHIH CIOH MOXHO 3aMCHHTH
MAFHHTHbLIM JHMIONEM, MMEIOIMM MOMEHT p, TaK KaK Ha 3THX paccrod-
HUAX HECYIIECTBECHHO, KaKylo (OpMy HMEET KOHTYD, OrpaHHuMBaOWNA
nBOlHON MarHMTHA caoh. Ha OCHOBAaHMHM 3TOrO MB!I NMPHXOIMM K TOMY
e BHBOAY, KaKk B OpeNBIyIleM naparpade, 4TO pacmpelne/ieHue Mo
Ha GOJBUIMX PAacCTOSHHAX OT KOHTypa TOKa HE 3aBHCHT OT dbopMu
KOHTypa TOKa. DTO paclpeleeHHe TaKoe e, Kak H I MarHHTHOTO
nunons. TMocaenHee yTBEPHACHHE JETKO NMPOBEPHTh, CPABHHE dopmyan
(219) nna H, w Hy, noJyueHHbIE B MPEAbAyIIEM naparpade, ¢ dop-
Mynamu (36) nas COCTaBJRIOMIHX E. u EQP noas 3MEKTPHUECKOro ImH-
noas. DTi ¢GOpMyaB COBMANAIT APYr C APyrom, cCCm MOMEHT MarHuT-
HOFO MO MOJAOKHTb pPaBHHIM p==iwsp, 4TO COOTBETCTBYET IO-
caenHell GopMmyne, NOJMy4eHHOR B HACTOALEM naparpade.

Wso6panenHas na puc. 118 xapTHHA MarHMTHOrO nons KOHTYypa
TOKZ Ha 3HAYMTEABHOM pACCTOSHHM OT HEro ABJAETCH OXHOBPEMEHHO
¥ KapTHHON MONA MarHMTHOrO AHIOJA. Taxoll e BUI HMEET M 3JIEKTPH-
YecKoe MOJe Ha 3HAUYMTENBHBIX DACCTOSHHMAX OT 3JEKTPHYECKOro mH-
fnoas. BecbMa M0GOMBITHO OTMETHTH, 4YTO TOYHO Takol ke BHI HMeEer
M KapTHHa JAvHMH TOKA 3JEKTPHUYECKOrO CMEMIEHHd OKO0JO 3apsiga ¢,

vﬂ
IBHXCYILEroCcs CO CKOPOCTbIO U, NMPH yC/IOBHH, q'ro,c—,<1, rie ¢ —CKo-

pocth cseta B mycroTe. KapruHa JMHHA TOKa CMELUCHHA A 3TOTO
ciyuan Gpna HalileHa B MepBOH uacTH Kypca B § 59. YpaBHeHue mu-
HHfi TOKZ NpH DTOM MMEET TOT XKe BHI, UTO M ypaBHEHHME CHJIOBBIX
nuHuB, NpHBeZeHHOE B NpeAwaymieM naparpade.
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lzasa cedsman
PACUET KO3$4HUINUEHTOB UHAYKLHH

§ 81. O6mre BHIpAXKERHA NAS K03} AIACHTOB B3aHMHON WHAYKIAA
A CaMOMHIYKIXHH

KosduimenT B3aMMHOM WHAYKUMHM ABYX KOHTYDOB ONpeAe/IAeTCH KaK
OTHOILICHWE IO/JHOrO MarHUTHOrO MOTOKA B3aWMHON WHAYKUHH, CUEMAIO-
HIerocA ¢ OJHHM M3 KOHTYPOB K TOKY B IPYrOM KOHTYpE, BHI3HBAIO-
HeMy 3TOT MOTOK.

Ko3(hMUHMEHT CaMOWHIYKUHH HEKOTOPOro KOHTYpa €CTh OTHOIUIEHHE
[IOAHOrO MATHHTHOrO IOTOKA CAaMOWHAYKLHH, CUCIJAIOUIETOCS C KOHTY-
pOM, K TOKY B 9TOM Xe KOHType, OGYC.IOB/HMBAIOUWIEMY ITOT MOTOK.

Mu Gynem paccMaTpHBaTh CTaTHYECKME KOIPUUMEHTH HHIAYKUMHM H,
COOTBETCTBEHHO, MariMTHLIE IOTOKH, X ompelensiomue, 6yneM Haxo-
IMTL TpH NOCTOAHHOM ToOKe. CraTH4ecKHe KOIQUUMEHTH WHIYKIHH
3aBUCAT OT FEOMETPHUECKHX APAMETPOB, ONpPENEATIOHX GOPMY, pasMeps!
H B3aMMHOE PaclOJOXEHHE KOHTYPOB, ¥ OT MarHUTHOH MpOHHUAEMOCTH
cpennl, OKpyXaiouweH KOHTYPH, a TaKxke OT MarHUTHOH NMPOHWUAEMOCTH
BEIIECTBA CAMHX POBOISAIMX KOHTYDPOB.

Ecau MarHuTHa# MPOHAUAEMOCTb MOCTOAHHA, TO KOQHUHEHTH MHIYK-
UMM HE 3aBHCAT OT TOKOB B KOHTYpax.

O6patuM 0COGOe BHWMaHHE Ha TO, YTO KOIPHUMEHTH WHIYKUHH
OTPEeNeafioTCA MOJAHBM MAarHUTHHIM NOTOKOM, T. €. IOJHBIM YHC/IOM cuem-
JCHHH MATHUTHBIX JAMHAH C KOBTYDOM.

B cayvae /MHEHHOrO KOHTypa, T. €. KOHTYypa #3 BeCbMa TOHKOTO
NpPOBOIHKKA, MOAHBINE MarHATHBEIA MOTOK Y MokeT GHTh MONCYATAH KaK
CYMMa 3JeMEHTapHHIX MOiHHX MoTOKOB AW, COOTBETCTBYIOMWUX OTAENb-
HbIM TpyGKaMm MmarnutHoH wHiykuud. Ilpu stom AW onpenensercs Kax
npouseenenne w AP moroka AP cKBo3p ceyenue TPYOKH Ha umcno
BHTKOB 7 KOHTYpa, OXBaThiBaeMbIX 3To#t TpyGKo#. Takum oGpasom:

k=n

\F_—_ 2 ka@k!
k=1
rae n~—d4ucio TPyOOK IOTOKA.

Jlna ci0XHOrO KOHTypa TOKAa W) DasiuyHO /3 PazjIMYHBIX TPYGOK
NOTOKAa ¥ HE MOXKET OhTb BHIHECEHO 32 3HaK CYMMBHI.

[Monnwit MOTOK, cuenasioUUAcA C KaTywkol, cOCTOAueH U3 @
BUTKOB, MOXET OKITb INOACYMTAH e€lle W HHBM CIHOCO60M, a HMEHHO,
Kak cymMma noTtoxosB P,, mpoxoadmux CKBO3b IOBEPXHOGTH, OrPAHMYCH-
Hbleé KOHTypPaMH OTIE/bHbHIX BUTKOB KaTYIIKH, T. €.

k=w
W= 2 D,
feoemq
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Ecim KOHTYp cOCTOMT M3 MAacCHBHOrO NpOBOAHHKA, MMEIOmEro 3Ha-
YHTEJABHOE CEYEHHE, TO YacTh MATHHTHHX JAWHAH, NPOXOIAMIAX CKBO3hb
TEAO MNPOBOAHMKA, GyIET OXBaTHBATH TONBKO 4YacTh CCYECHHA BHTKA,
T. € HE Bech TOK B KOHType. B 3ToM cayuae, mnosis3yach mnepsuiM
METOJOM MNOJCYETa MOAHOrO NMOTOKA, Mbl JOMKHBI Pa3JEAUTh BECh NOTOK
Ha 3MOMEHTAPHHE TPYGKH NOTOKA GECKOHEYHO Manoro ceyenmd, IToroxu
d® ckBO3b ceueHMA 3THX TPYOOK HeOGXOAUMO YMHOMXHTH HA Ty 4acTh
TOKa BO BCEM CEUEHMH IPOBOAHHKA, KOTOpaf OXBATHIBAETCH TPYOKOMH.
OGosnauas 3Ty wuacTh 4epes w, Mbl GyacM HMeTh @ JPoGHHM. Ecau
TOK pacnpelensercs paBHOMEPHO IO CEYeHHI0 IPOBOJHHKAE, TO W €cTh
4acTh BCEFO CEYEHHU, OXBATbIBaEMas JaHHOHN 51 MEHTaPHO TPYGKOR NOTOKA.
MoxeT oxasaThcfl, YTO 3JAEMEHTapHas TPyGKa OXBATHIBACT HECKOJBKO LE-
JILIX BHTKOB H €IIE 4acTh OLHOro BUTKA. Torfa w GyeT He ueanM uHc/oM,
Gonpwium enuHMIH, Bech nonHmM nortok, oueBumHo, Gymer onpeae-
aaThca Gopmy ok

W=jw@.

ITuM croco6oM Ghln BHIYHC/IEH B NIEPBOH 4aCTH Kypca NOTOK CaMOHMH-
NYKUHH, ONpPEneasieMulfl MarHMTHBHIMH JIHHHAMH, 3aMBIKAIONIAMHCH B Tene
BHYTPEHHEro NPOBO/Ja KOHUEHTpUYeckoro KaGeas (u. I, § 88).

Benuunna W moweT GHTh BHMHC/ACHA TakKe M BTODHM crocoGom.
Han 3TOrO pasgeauM MacCHBHHIM NPOBOIHHK HA 3JeMEHTapHBE TPyGxu
Toka. Ilycts @ —noTok, npoxomammu#i CKBO3b NOBEPXHOCTb, OrpaHH-
YEHHYIO OCBI0 OLHOH W3 TPYGOK TOKa. ITOT NOTOK CHEMJAETCH ¢ TOKOM
di, IpOTEKAIOUINM B PACCMAT pHBAEMOH TPYGKe TOKA H COCTABAAIOLLAM OIO

di ,
T BCEro TOKa I B NpoBOAHHKE. Cnenoaarenbﬂo, OH HaeT 4YHCA0 IMOTOKO=-
CUEI/IEHHH CO BCEM TOKOM I, paBHOe

dW == ﬂ .

i

- Becs mosHHA nmorox noay4daercss CyMMHDOBAHHEM 3THX BEJAUYHH NO
BCEM Tp)’GKaM TOKa, T. €. NPEACTaBJHACTCH B BHAE HMHTErpana:

W=j®#.

. Ecau tox pacmpemeasercs no ceuenuio nmpoBogHHKa PaBHOMEpHO, TO
di ds

F =5 Iae ds — ceyeHHe TPYGKH TOKa, a §— CeyeHue BCero IpoBO -
HuKa, B TakoM cayuae mmeem:

W:f@qf.

B nanbHefmem b GyAeM noab3QBATHCA ,9THM HOCASAHUM CHOCOGOM
BBIYHACJICHHUA . IOJJHOIO IOTOKA,
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Monyuum ofuiee RHIDAXEHHE iR KOIDHUIHEHTa R3aMMHOM MHIYKIWH
ABYX KOHTYPOB RPOHU3BOALHON 3amammofi ¢opMu (puc. 120).

ByaeM npennoJaraTh, YTO KOHTYPH HAaXOIATCA B BO3AYXE M MaTe-
pHai nposomuukos He ¢eppomarnntunit. IlpnMeM pcoay p=gp,.
Ycnosumen cHaGarh 06O3HAUEHWE NOTOKA B3AMMHON MHAYKUHMH ABYMSA
MHJexcaMn: nepBbl HHIeKc OyldeT yKa3niBaTh, ¢ KaxHM KOHTYpPOM pac-
CMaTpuBaeTcsi CLEIVIEHHE MOTOKA, BTOPOH — KAKMM TOKOM O06YcC/lOBIH-
Baerca nOTOK. Bynem uckare norok Wy, cuenasomuiica CO BTOPHIM
KOHTYPOM ¥ OGYycC/OBJCHHEI# TOXOM iy B nepBOM KOHTYpe.

Ipencraeum cebe Bech NPOBOAHHK BTOPOro KOHTYpa HOAPa3Je/eHHbIM
Ha 3JeMeHTapHbe  TPYOKH
ToXa Iy (puc. 120).

Morox ®,;, cuenisio-
migficdA ¢ OIHOH M3 TakKux
TPyOOK, COrJacHO pPaBeHCTBY
(176) paBeH JuHefiHOMY WHH-
Terpajy BEKTOPHOrO NOTEH-
UMa/a BAOJb OCH 3TOH TPyGKH:

‘I’m=§ Adl,. (221)
l2

Ha puc. 120 samrpuxo-
BaHa MOBEPXHOCTh, CKBO3b KO~ Puc. 12v
Topyio npoxomur noTok Py,.
JTOT NOTOK cuenafeTcs ¢ TOKOM diy, 1POTEKAloWUM B paccMaTpH-

di .
BaeMoO# TpyOKe TOKa W COCTAB/SAOWUM JOJIO T—” BCEero TOKXa Iy BO BTOPOM
2

xoutype. ChenomarensHo, OH JaeT 4MCJO MOTOKOCUEMIEHuH €O BCEM
TOKOM I, paBHOE: diy ¢
» P dqrn:.—$>A2dlg. (222)
2

2

Tax Kkax di; WMeer NOCTOAHHOE SHAueHWe BAOJbL BCeH TPYOKH, TO

Ero MOXHO BHECTH non 3xak uurerpasa. OGosnavas uepe3 dsy cedyeHue,

TpyOxu TOKa M uepes 8, MIOTHOCTL TOKa B 3TOM CEUCHHH, MOKEM
namucath diy = 3,ds,. Pasencrso (222) npuoGperaer BuI:

AWy = % § BydssAqdl,.

Uuterpupys 5TO BblpaXeHHE NO BCEMY CEUEHHIO §3 BTOPOro npo-
BOZHHMKA, MBI MOAYMHM nomHoe umcao noroxocuenaennit Wy ¢ TokoM f,

T. €.: 1 ¢
Wy J’ §agdsgAgd1,.
2
Sg ia
[Ipouseenenne dsgdly ectbh snaeMent obbema dVy BTOPOro nposol-
nuka. [Mostomy nonHsi#f noroxk We, MOXeT ObTb NMPEACTaBJCH B BHIE:

. 1
Woy= é B,A4dV, (223)

2
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Tak wak Mbl XejaeM ONpeNeNUTh 3TOT MOTOK KaK NMOTOK B3auMHOM
WHAYKIUH, OOyCIOBAGHHBIX TOKOM Ij, TO COOTBETCTBEHHO W BEKTOPHBHIil
notesunan A, Heo6XoQuMO BHIPA3HTH uepes TOK §;. IloJb3ysch paseH-
ctBoM (175), umeem:

0 ( )l A . h\f aldV!

2 T

4
Vi

i

rae Vi -—o00DbeM NpOCTPAHCTBA, 3aHMMAEMOTO MCPBHIM KOHTYPOM, 7 —
paccTOAHKWE OT TOUKH, B KOTODOH ONpelenseTcs BEKTOPHH{ HOTEHLHaA,
Ao saeMeHra ofwema dV, m 8, — BEeKTOp MJIOTHOCTH TOKA B TOUKaX
s71eMeHTa o0bemMa dV,.

IloAcTaB/ss BHPAWEHUE JUIA BEKTOPHOIO MOTEHUMANA B PABEHCTBO
(223), 6ymeM umeTh:

. W 8,8
Wo= b j J 5% av,av,. (224)
Vi

Orciona noayuaeM ofumiee Buipawenue AAT KOI(DHUUMEHTa B3aUMHON

HHAY KUY - -

— T __ Mo 8.3,
My ==t J j 2 dv,dv, (225)

1 Ve

Wurerpuposanue nomxkHo GHTh HPOM3BEAEHO OAMH PA3 MO BceMy
ofbeMy Nepeoro MPOBOAHMKA M APYroil pa3 MO BCEMY O6bEMYy BTOPOro
HPOBOJHHKA, TIPUYEM 7 ©CTb DACCTOSHHE MEXAY B3JEMEHTAMH OGBEMOB
dV, w dV,. Ilonyyennas ¢opMyna BepHa TONBKO B C/Iyyae OXHOPOIHOH
B MATHHTHOM OTHOWIEHHM CpeBl, TaK KA4K MCIOJAb30OBAHHOE IIPU ee
BHIBOJE BHIPAXKCHHE [UIf BEKTOPHOrO NOTEHIMAnA CHPABEIMBO TOALKO
B 3TOM ciy4ae. B uacTHOCTH, M MarHuTHas NPOHHUAEMOCTH MaTepuana
caMux TPOBOJAHMKOB MHOMKHA OBITH TaKOll Xe, Kak U NPOHULAEMOCTDH
OKpYXaloIueh cpexsl.

Kak 6uino panee oTmeueHo, npu p == const KosbUUHEHT BIAUMHOI
VHAYKUUK HE 3aBUCHT OT CHaH TOKa B KOHType. Hanuuue toxoe i, n
iy B BHIpaXEHUH (225) He MPOTHBOPEUMT 3TOMY MOAOWeHuio. JleficTBu-
TEMbHO, BHECH TOKM MOA 3HAKHM WHTErpaljioB, Mbl I[10AYYAM B HOAMHTC-
rPaNbHOM BBIPAXKEHNH OTHOMICHUA

PR
KOTOpHE XapaKTepPH3YIOT paclpeneliesue TOKOB B nposoasukax. Ho npu
IIOCTOAHHOM TOKE pacnpejieieHue TOKa B3aBHCHT TOALKO OT OpPMHI
MPOBOIHUKA W HE W3MEHAETC NpH M3MEHEHMM CHan TOKa. I[lostomy
OTHOWICHKE MJIOTHOCTH TOKAa B KAX/IOH TOYKE MNPOBOMHUKA KO BCEMY
TOKY MOJHOCTBIO omperensercd GopMOR HPOBOXHUKA.

Ecan 6 mu craau onpemenats noaHMit noTox m3amMHOM UHAYK-
wmm Wy, cuennsmomuiics ¢ nepeuiv KOHTYPOM U O0YCJOBJAEHHBIH TOKOM
BO BTOPOM KOHType, TO, OUEBHAHO, MOJYYHAH Gbl BHIpANKEHHE:

s P 8,8,
q,e_RJJ'Tdv,dvg.
1 Vs
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Mbl moayuuad Gul TO Xe camoe BulpameHue (225), uro u maa Ko3du-
uventa My,. TeM caMplM NMORTREPKIAETCH BAXHHIA BBHIBOX, NOJYUCHHBII
B nepeo#t uactu kKypca (4. I, § 94) u3 ycroBHA He3aBHCHMOCTH 3Hep-
FHH MATHHTHOFO TOAA TOKOB OT NMOPAJLKA YCTAHOBIEHHA TOKOB, 4 MMCHHO,
uTO KOoIPuUyUEHM B3AUMHOL RHOYKyuW, onpedersiowuli WHOYKmMuBHOE
803deiicmsue nep8oii yenu Ha 8mopyio, pasex icoagiuuuenmy 83aumHoll
UHOYKYuL, onpedersiouemy 8030elicmsue 8mopoil yenu Ha nepayio.
Boobme umeem:

Myp =M, (226)

Bripamenue (225) recbMa ynpoluaerca
B Cayudae THHEHHBIX KOHTYDOB, moleped-
Hble Pa3Mepsl CEYEHHH KOTOPHIX BechMa
MaJIbl 10 CPABHEHHIO C JIJIMHOM KOHTYPOB H
10 CPaBHEHHIO C PACCTOSAHHEM MEHIY HHMH Puc. 121
(puc. 121). B takoM cayuae Her HEoOXo-
JAMMOCTH J€THTh MPOROIHMKM Ha TPYGKM TOKA W 3JEMEHTH 06beMa npo-
BOJIHHKOB MOXHO NPEACTaBHTH B BUIE!

dV =s,dl; v dV,=s,dl,,

rie §; M Sy-— HOpMAJbHBle CeueHHd NPORBOIHHKOB, dl; u dl; —sneMeHTHI
ux aamHel. PaccrosHue Meway a060# TOuKO# ceueHHs §; H M060#H
TO4YKOH ceueHHR §, C HOAbUIOfi TOYHOCTHIO MOMKHO NpPHHATH PABHHIM
PACCTOSHHIO MEXJY LEHTPAMH 3THX CeueHuil.

Bexkropsl mAoTHOCTH Toka 8; u 8, B mpeAenax KaxIoro ce4eHHs
MOXHO CUMTATh OJMHAKORBIMH BO BCEX TOUKAX CEUEHHR W HAIpPAR/CH-
HBIMH [0 KacaTelbHOH K OCH COOTBETCTBYIOLIErO MNPOBOIHHKA, T. €.
HanpaBJeHHKIMH TaK ke, Kak H BeKTopo dI u dl,.

CrenosarennHO, HMEEM:

3152dV1d V2 = 61318232 dlldlg — ilizdlldlg.

Bripaxenne (225) nocne coxpameHus Ha i,i; NPUHHMAET BHUI!

My =" éﬁ § dudly (227)

4n r
iy Iz
MPHYEM HHTETPHPOBAHHE MPOM3ROJMICA OIHH pPa3 IO BCEMy NEPBOMY
KOHTYDY M BTOPOH pa3 NO BCEMY BTOPOMY KOHTYDY.
IlpencraBnuM cebe 1Ba COBEDIIEHHO OIHHAKOBHX KOHTypa, COIHKAIO
IMXCS O TOJHOTO CHAMAHHA TAaK, YTO OIMH U3 HHX B3aHHMAET O0BHEM
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apyroro. Ilocie TaKoro CJAMSHHA MO CYIIECTBY YK€ OCTa€TCH TOJBKO
omHH KOHTYp. W3 Buipaxenns (225) uerpyZHO MOMYYHTH BbIpaKeHHe
IR KOI(MUMEHTA CAMOMHAYKUMHM TaKOro KOHTYpa, MOJIOXHB i, =iy =1
n V,=Vy,=V. bynem nmetn:

L=;;jj§dww, (228)
2R’

npuueM 3 — IJIOTHOCT, TOKa B 3/emeHTe o6bema dV, 8' — HAOTHOCTH

TOKa B anemente dV’' M r— pacCTOsHME MEXIY 37eMeHTaMu OfbeMa

dV u dV'. Huarerpuposanne HpOH3BO-

§' IATCcA JBaXas 1o o6bemMy BCEro mpo-

ar sogHuka (puc. 122).

Ecam KOHTYP COCTOMT H3 TOHKOrO

ay’ NPOBOIHMKA, TO BO3MOXHO YNDPOCTHTD

5 BHIUMCAEHME KOIDHIHEHTA CAMOMHAYKIHH.

OmHako 3TO ynpouleHue Heb3si Ipo-

BECTH TOYHO 1O TOMy )€ NMYTH, KaK 3TO

6B1/10 CHIeNaHO C BRIpaKeHueM a1 ko3adu-

Puc. 122 IMEHTa B3auMHON MHIYKUMHM, T. €. HEMb3fA

CBECTH ABYXKpaTHOE MHTErpHpOBaHME MO

06beMy NMPOBOJHMKA K NBYXKDAaTHOMY HHTErpMPOBaHHIO MO OCH [pO-

BOJHHKA. IIpn 3TOM MBI nOayYdau 6bl GECKOHEMHO GOMBIIYIO BETMMHMHY.

HeficTeuTenbHo, npeacTaBuM cebe, 4TO TOK i TEYET NO OYEHb TOHKON

nutH, IlycTs ds — HopManbHOE ceueHue HuTH, dl— ]eMEHT ee JIMHBL
Torma

wv:}mmzwn
S

¥ BEKTODHH{ MOTEHuMan [OJA TAKOrO TOKA BMUYHMCAAETCA NO GopMmyre:

b (Y ke (1
A= = r ~ 4= r?
l

rie MHTErpHpPOBaHHE IPOM3BOAUTCA BIOAb HATH TOKA. Ecm KOHTYD HUTH
TOKAa MMEET KOHEUHBE pasMephl, TO 3ITOT HHTErpan KOHEYEH BCIOAY,
KpoMe camoll HuTH. JIn1a Bcex TOuEK, JAeXamux Ha caMofl HUTH, STOT
MHTerpan ofpamaercs B GECKOHEUHOCTb, YTO ObuIO nokasaHo B § 12
08 aHaJOTHYHOrO MHTErpa’ia:
U :%fﬂ,
we r
[
OIpeAeNSoEero HOTEHIHAN B [O/E 3apsiKEeHHON HMTH.
ITosTomy, ecnu GyZeM BHIUMCIATL BECH NMOTOK BTOPHIM HHTErpHpO-

BaHHEM BEKTODHOro HOTEHUMana no ocH HutH O = j' Adl, T0 noayumM
7
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6eCcKOHEUHO GObIIYIO BETHYNHY, TaK KaKk A HAa OCH HATH HMeCT Gecko-
HE4YHO O6OIbIIHEe IHAUCHHS.

Ynpowenne dopmynst (228) mas KOHTypa W3 TOHKOrO NPOBOAHHKA
KPyroBoro ce4ycHHf MOXHO BBHIIOJNHHTh CACAYIOIIHM IIYTeM. Pasageaum
notox W Ha IABe 4aCTH

Y=V, 4V,

rae: W,— BHEIIHHH MTOTOK, AMHHH KOTOPOr'O OXBATH-
BAIOT BeCb NPOBOJHUK H, CJACIOBATEILHO, PACIOJIO-
MeHb IEJMKOM B OKpYyXalollel NpOBONHUK CPENE,
W, — pHyTPeHHHH NMOJHHH NOTOK, JMHHH KOTOPOro
npoxoXat B teie nposoiuKa. Ilorox W, npoxonut
CKBO3b 3AlITPUXOBAHHYIO Ha pHC. 123 nOBEepXHOCTS, Puc. 123
OrDaHHYEHHYIO BHYTDPCHHUM KOHTYPOM [;, JIEWALUM

Ha MOBEPXHOCTH npoBonHuka. B cayuvae, ecam npoBoxsHuk 0Gpasyer
OMMH BHUTOK, TO KaXJas JMHHA 3TOr0 NOTOKA ClUemIseTcd OQUH pa3 ¢
IPOBOJHUKOM H, CJEJOBATEIBHO,

‘Fe = (I’e'
o, :<§ Aqdl,,

‘2

Vmeem

rae Ag——3HaueHMA BCKTOPHOrO MOTEHUMANA HA KOH-
Type J;. Beanunmny Ay MBI MOXEM npuGAMKEHHO BHYU-
C/UTh O dopmye:

id
A=,
Pue. 124 A

NPEANONOKUB, UYTO BECh TOK i TEUET MO OCH MPOBOAHUKA. IIpu 3TOM
MHTErPUPOBAHHE NPOH3BONUTCH MO BCeH OcH /; npomomsmka. Miuterpan
MMeeT KOHEYHOe 3HaueHWe, TAK KaK BCC TOUKH KOHTypa ly, B KOTOpHIX
onpenenseTcs Ag, JICHAT HA KOHEYHOM DACCTOSHUM I' OT TOUEK KOHTypa /.

Taxkum o6pasom: — dl,d1,

== PP7-
Iy Iy

BuyTpennu#t noTox W, npu6uKeHHO MOXKHO NPHHATH PABHAIM BHYTpEH-
HEMY NMOTOKY B GECKOHEUHO JJIMHHOM NPAMOJIMHEHHOM IIPOBOXHUKE TOrO
HE CeUCHUs W TOH Ke LIMHH [y, NOCKOJBKY Pamuyc KPHBM3HBI KOHTYpa
NPOBOJIHMKA BEJHK MO CDABHEHHIO ¢ MONEPEYHBIMH DPa3MEPaMH CCYCHHS.
OTHM JIOCTUTAETCH CYUICCTBEHHOE YNPOUICHHE B BHIUHC/CHHH v,

Wrak, MOXEM HanNMCaTh Ciedyiollee yNPOULEHHOE BHpameHue Naa
KO3}ulKEeHTa CAMOMHAYKIMH KOHTYPA M3 TOHKOrO TPOBOJHHKA:

dl,dl v,
=Le+Li=’4‘;—§§——‘, -, (229)
1 i3
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rie L, Ha3bBaeTCA BHEWHHM KOI(QMUMEHTOM CaMOMHIYKUMH W L;—
BHYTPEHHHM KO3(DUIMECHTOM CAMOMHIYKUHH.

BripaxeHue i BHYTPEHHErO KOI(uIMEHTa CAMOMHAYKIMH 1AR
NpPAMOJMHEAHOrO IIPOBOJAA KPYrOBOro ceueHusl GbIJIO BHIBEAEHO B nep-
BOfi yacTH Kypca IUpH DACCMOTpeHHH KosdulluenTa caMOMHIYKUHH
KoHueHTpudeckoro kabean (w. I, § 88). Jlan BHyTpeHHero MOTOKa
camounaykuun W, Obu10 MOAYUEHO BBIpameHUe:

L= _ (230)

rae p — MarHMTHAa#? NPOHHMIAEMOCTh MaTepuana npoBOAA H [ — Jauna
npoBoaa.

CnexosaTensHO, B ciydae KOHTypa, OOpa3OBaHHOTO U3 TOHKOro
OpPOBOJHHKZ KPYTOBOIO CCUCHHH, HMEEM:

dlydl {
L=L+L=0¢ =+ (231)
i Iz

§ 82. Kosdannenr B3amMHOH AHAYKNAH XABYX KPYrOBHIX KOHTYPOB

Hatinem BuipameHue [id KOI(QHUMEHTa B3aUMHOH WHAYKIMH JBYX
KPYrOBbHX KOHTYPOB, DAcCHOJOXEHHHX B NapaiiefbHbX [JI0CKOCTAX
TaK, 4TO WX UEHTPHI JEXaT Ha OMHOH NpAMOH,
] HOPMAJILHOR K 3TuM Iuiockoctam (puc. 125).
QE HUckomyio ¢opMyay Mbl NOJMYyUduM, BHIIOTHUB

L JByKpaTHOEe MHTErpupoBaHue BIOML OGOMX KOH-
TYpOR COrZIACHO Bipaxenuo (227).

OxHO wHTErpupoBaHue yKe ObIJIO BHIIO/IHEHO
B § 77 npu OTBHICKAHMM BEKTOPHOrO IOTEHIMANA
C,_.R B HOJe KPyrosoro Toka. Mmenuo, BeiuuuHa Ay

BEKTOPHOr'O IIOTEHIMAJa Ha OCH BTOPOro NpOBOA-
HHK4, ONpeNendeMoro TOKOM i;, NPOTEKAIUM B
nepEoM KOHType, cornacuo dopmyne (209) umeer

BhIpaXKeHue:
i Ry .
Ay= "57: 7S (). (232)

B coorsercreuu ¢ BoipaxenueMm (208) umeem

2 4RRy .
LT RTRAR (233)
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necs R; n R, — PajuyCH KOHTYPOB H h — paccTOAHHE MEMIY HX
1IEHT PaM.

MaruuTHas NPOHMIAEMOCTh NMPHHATA PaBHOM po, TaK Kak npeanonia-
raercd, UTO KOHTYPH HAXOZATCH B BO3AYXE.

dynxuma f(k) n3obpaxeHa B Buie kpuBofl Ha puc. 112. Ona MOXeT
GHTh NpENCTABACHA uEPE3 IMOJNHBIE SJUIMNTHYECKHE WHTErpaikl NEpBoOro
4 BTOPOr0 poja COrNacHO BHIpaNEHUAM (210) u (211). Bextop A,
KacaTeNeH K OCH TpOBOJHMKA BTOPOr0 KOHTYpa M B Cully CAMMETDHH
HMEeT OJMHAKOBYI) BEIHWUYHHY BIONbL BCErO BTOPOrO KOHTYpa. Chenosa-
TeabHO, MOTOK B3aHMHOM WHIYKLMH, OGYCNOBIEHHBIH TOKOM i, B HEp-
BOM KOHTYDeE H clenasioliiica cO BTOPEIM KOHTY POM, HOAyHacTCA paBHBIM:

v, = <f Aydly = é; Agdly = A23§ dly== Ay - 2mRy =iy V RiRF(E) .
o et P

TakuM 06pa3oM, MCKOMBIA KOI(HIMEHT B3aHWMHOM HMHIYKUHH BHIpa-
waerca popmynoii:
v

M = =p, V RiRof(k). (234)

§ 83. KoahuunenT CaMOMHAYKIMH Kpyrosoro KOHTypa

Bocnons3yemcs Bhlpamendem (229) c uespto Haiith ¢dopmyny ans
KOI(UUMEHTa CAMOMHIYKIHMH KpYTIOrO KO/blla W3 TOHKOTO MPOBOJHHKA
kpyrosoro ceuends (puc. 126). Buemmu#
Ko3duuueHT camounaykuun L,, onpenense-
Mbll motokom @, THHUM KOTOPOrO OXBAThl-~
BAIOT Bce CedeHHe NPOBOIHKKA, paBeH K03 (u-
LMEHTY B3AUMHOM HHIYKUMH MeXIy Gecko-
HEYHO TOHKHMH KpyrOBbIMH KOHTYpam#, O IMH
{3 KOTOPHIX /, COBNIANAeT C OChIO NPOBOIHUKA
¥ Opyro# [, sBngeTcs BHYTpPEHHeH, T. €. Ha-
¥MeHbLICH, OKPYXHOCTbIO Ha MNOBEPXHOCTH
nposouuKa. Ce10BaTeNbHO, [10/1aras B BhIpa-
wennu (234) Ry =R u Ry = R — a, MoxeM
Hanucarb

L, =t I/R(R—a)f(k)NFD Rf (k), (235) } ] ( {

rae a— paguyc ccdeHds OpOBOAHHKA H

R — paguyc KOMbUA, NpPHYEM a<L R. Tak Puc. 126

Kak KOHTYpH /4 w [, nexar B OIHOH

nNOCKOCTH, TO B BHpamcuuu (233) caenyer MONONKUTB h =0. Hmeem:

o 4(R—a)R __  4R*—4Ra
T (R—aFRpP 4R*—4Ra+a®

—_— ._,____q___ag e 1 omee _g_. 2 M
=\ e~ (2R) . (236)

k
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Ce0BATEABHO: E A Vl_—aT—'\« 1 a?

BeanunHa f(k), Bxonsmas B BHpaxeHHe ans L,, moxer GLITh B3sTa
H3 KpHBOH Ha puc. 112. OxHaKO 119 paccMaTpPHBAEMOro cayuas alR
MOKHO MOJYYHTL MPHOJHMEHHOE BHIDAXEHHE S/IHITHYECKHX HHTErPanos
K (k) u E (), sxonamux B Bhpaxenue (210) nns (k). Tak xak k-1,
TO mpuGmxeHHo Beipaxenue (210) npeacrasurcd B Buze:

f=(% —#) K~} E~k—2E. (237)

[Ipn stom umeem

T 5 T
E(k)=J /l—k’sin“pdﬁm‘! /l—sin“@d@:) cos BdB=1.
0 0 0

Onxako monoxue k=1 B BHIpaXeHHH HHTerpa’a

]a

RS

: a3
K (&) —(-) V1—ksintp’

w

MBEl [IONyYHM GECKOHEYHO GO/BIIYI0 BemHUHHY. YTOBH BEYHCAHTL 3TOT

HHTerpan mpu k=<1, cleaaem noAcTaHOBKY B == ~2— — @', Moayunm

.w]a

8
v

V T kcos®y

<)

‘ 1
IMocne Taxko# MOACTAHOBKH MNOJHHTETPATLHOE BHIPAKEHHE ——— e
V 1—Fecosty’

CTaHOBHTCA BecbMa GOJBIIMM IPH ManmbiX 3HaYeHHsAX B, -TOraa Kax

B HCXOMHOM HHTerpaie MOJHHTErDaJbHOE BHEIPANKEHHE 171..__ P
OKa3biBasn0Ch BecbMa GONBIIMM NpPH 3HadeHusx B, 6muskux k w/2. Hawm
yaoGuee paccMaTpHBaTh NPeoGpa3oBaHHYK (OPMY HHTErpana, Tak Kak,
BblZeass 06nmacTh HM3MeHeHMs nepemeHHo# B', npu KoTtopol noaHH-
TerpanbHOe BHIpAKEHHE HMECT GOJbLIHE 3HAYEHHsS, MH CMOXeM B pasjio-
XeHHH a8 cos B’ B CTENEHHOH Dsll OrDAHHYHTBLCA MEPBbLIMH WICHAMH
B cBA3M ¢ TeM, uyTo §' npu 3TOM Mano. Pa3o6bem wuHTerpan Ha Apa
caaraeMblx -

B P

. dp’ - a3’

K= Gf V 1 — ktcosiy + .,‘ V1 —fcos% *
Bo

S~

mpuucy BniGepem B’ rak, uro (1—A) LB <KL
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§ 8%

B nepBoM c/araeMoM, BBHIY TOro, uto f* <1 MOXHO B pa3noxe-

HUH

] pe o g
C == l — - —_—u
os f o7 T4y
OrpaHMuHTbCA MEPBEIMH ABYMS WiEHaMy, T. €. NOJNOKHKTD
2 gy e 9
cos* B Az (1 —75 ~1—p2

[Ipn 9TOM noOjyuaeM WHTErpan TOro ke BWA4, 4TO W HMHTErpa,
¢ KOTODHM MBl HMeau 1e10 B § 29. Hwmeem:

e
j.]/(l B LeE ll“(p‘l‘l/(l—k)-}—ﬁ")

Tak kax (1 — BN B3,

B0

8
JQ ¥~ In _ B
Bo BTOpOM c/laraeMoM i K MOWHO MO/IOKHTE R? = 1. JeficTBUTEABHY,

1— k2 cos?B’ = (1 — k%) |- k% sin’f’

woTak Kak 1 — R LB}, Bl n Bacl, 1O
1 — k2 k¥sin? &

CrnenoBatenbHO, H MOI3BHO
1 — kL Esin®

tak Kak B'=§.
[TosTOMy MOXKHO BO BTOPOM CJ4racMOM NDHHATL:

1 — k% cos?f’ A k?sin? B’ ~ sin? B,

[Tonyuaem:
. 31 1

= > B} 2 L

2 : 2 2 B

j. g’ "vj‘ 8’ _§ dg’ — cos 5 dp' _

1 — E2costd NV sinp' . g g

s 1’4 8 3 ; 2siny cos 5 . tg

0 0
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Hrax, nmeeM npubamaueHHO

2 o
K% 1 Fo In 5 = 1n

Cnepoarensho,

IToactaass B paBeHCTBO (237) mnpuCmiKeHHHIC BHpawedus I
uHrerpaidor K u E, Haxonum:

fly 1R 9,

Takum 06pasoM, BHemHHH KO3(DMUMEHT CAMOMHAYKIMM JUIS KPYra0ro
TOHKOTO KOJIbIIA MOXET OblTh NPEACTaBAeH COrnacHO BHpaxeHuo (235)

dbopmyaoh:
Le:poR(ln§§~ ) (238)

BuyTpeHHult KO3(MUMEHT CAMOMHAYKUMHM MoJy4aeTcs u3 (GOpMyJH
(230), ecau B Helt nonoxurs [, = 2wR.
Hmeem:

R
Li=u4 .

C.1enoBatensHo:
L=y,R(nR— o) 4 kg, (239)
Ecan nposoa u3 He(epPOMAarHHTHOTO MaTepHaja, TO B A= P, H

L=p,R(n*R—1,75). (240)

BoipaxeHHe a8 BHYTPEHHero Ko3duUMEHTa CAMOMHAYKINE MOJYYEHO
B MpEANOJOXKEHHH DPaBHOMEDHOrO pachpejiefieHus TOKa 10 CEYEHHIO mpo-
BOIOHMKA, yTo cO0JI0faeTCsl NMp¥ NOCTOSHHOM TOKe. [IpH NepeMeHHoM
TOKE BBICOKOH YaCTOTHl HDH pE3KOM IPOSABIEHUH MOBEPXHOCTHOrO
s¢dexTa BHyTpeHHufi NOTOK npu g =y, OyneT mal, H TOYHEe BHYH-
CATh KO3GHIMEHT CAMOMHAYKUHMK no QopMmyie

L:pole(m%’f——z), (241)

npenebperas BennunHON L,
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. § 84. Meron oTpe3kos

TlonATHa 0 KO3QUIMEHTAX B3auMHOH WHAYKIHH H KosduuueHrtax
CAMOMH AYKIIMH, OYEBHIHO, HMEIOT CMBICA TO/bLKO B IPUMECHEHHH K 34M-
KHyTHM KOHTypaM. OIHaKo BHIpa-
weHna (227) u (229) ana koadwu-
LHEHTOB MHAYKUWM KOHTYPOB H3
TOHKHX [POBOJXHHKOB AAIOT OCHO-
BaHHE BBECTH METOJ PacyeTa, OCHO-
BAHHBIH HA YCJOBHBIX NOHATHAX O
KO3(HUMEHTaX B3aMMHOH MHIYKIHH
MEXIY OTPE3KaMK MPOBOJHKKOB H
0 KoO3dHIHEHTAX  CAMOMHIYKIHWH Puc. 127
OTPE3KOB NPOBOIHUKOB.

Ilycte wMeerca aBa kouTypa. Pa3o6peM nepsuifi KOHTYp Ha m
OTPE3KOB W BTOPOH KOHTYp Ha n orpe3koB (puc. 127). Hamuy k-toro
OTpe3Ka I[epBOro KOHTypa O0GO3HAumM 4epes [, W JIMHY p-TOro
OTpesKka BTOPOrO KOHTypa — uepe3 Iy, Pasbusaa B BHIpaKeHHH
(227) wnrerpansl MO 3aMKHYTHIM KOHTYPaM /; H [/, Ha CyMMBbl MHTErpa-
710B, B3ATHX BAOAL OTPE3KOB KOHTYPOB, GyAeM HMETh:

N d, dl,
My= Y 2 ”
k=1 p= 1k 2p

Bmpa)KeHue, croflliee MOA 3HAKOM HBOHHOH CYMMBI, MBI MOXeEM pAac-
CMATPHBATb, KaK KOS(HUWEHT B3aHMHOH HHIAYKUWH M,k, 9p Meway k-ThiM
OTpPE3KOM NEepPBOro KOHTypa # pP-ThIM OTDE3-
KOM BTOPOro KoHTypa. Takum o6Gpa3som:

k=mp=n
My= Y Y Mipsps (242)
k=1 p=1
rac
S dl, dly
M 3p = .f .f T(243)
Puc. 128 Yrhp

AHajoruyHO MOXHO MOCTYNUTHb NpPH BHIYMCACHHH KOS(HIMeHTa caMo-
HHAYKUMH KoHTypa. Paszo6GbeM Bech KOHTYD Ha m ydacTkos (puc. 128).
Tlpu sToM nycts Iy, ecTh OTpeBOK A-TOrO yuyacTKa IO OCH HPOBOI-
HHK4, a [, -— OTPE3OK p-TOrO y4acTKa MO BHYTPEHHEMY KOHTYDPY,
JAexallleMy Ha IIOBEPXHOCTH HpoBoxHHKa. Xora IJf TOHKOTO NPOBOI-
HHKa [, ==l,,, HO Heo6XoHuMO pasnuyaTb 3TH /[Ba OTpPe3Ka, TaK Kak
B dopmyne (229) wuHTErpUpoBaHHe NPOM3BOJUTCA OJMH pas no OCH

13 TeopHA JAEKTPOMATH. NOJA
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NpOBOJHMKA, APYTOH pa3 NO YKA3aHHOMY BHYTPEHHEMY KOHTYpy. Pop-
Mynaa (229) npuHuMaeT BHA:

k==mp=—m

=Yg s,

kel p=at llk’?p

BupaxeHue no4 3HAKOM HABOMHOH CyMMBI MOXHO YCA08HO paccMa-
TpMBaTh NPH Kk =—p KAK BHCWHUWHK KOSQUUMEHT CcaMOMHAyKUAH L,
k-TOro OTpe3ka KOHTYpa M OpH XR=kp KaK KO3(UIMEHT B3aUMHOHA
HHIYKUMM My, Mexay R-ToIM W p-THIM OTpe3KaMu KOHTYpa. Ilpn Briduc-
nenun M, MONHO WHTETPUPOBAHME MO OTPE3KY BHYTPCHHErO KOH-
Typa lyp, 8aMEHMTh MHTErpHDOBAHMEM [0 OTPE3KY OCH [, TOro xe
p-toro yuactka. Torma OymeMm uMeTb:

My, gp & My, 1p= M,
H COOTBETCTBEHHO
M:p, o =~ Myp, 1= Mpk'

YuntwiBag, ut0 M, = M, nonyuaem:

: k=m kR==m p=m
L= Y Ly+?2 >N m,+L, (244)
k=1 k=1 p=1
rae
3 dl, di
Ly="| [, (245)
4y bk :
di, di;’
M=l | {27, 216)

Url1p

npuueMm d/, —37neMEHT Ha OCH K-TOro yuactka, d/';— 5JeMeHT Ha
OCH p-TOro ydacTka.

Bo BropoM uinene Buipaxenus (244) p==% u onpexmeieHHoe coye-
TaHME MHJCKCOB K W P BCTPEYAacTCA TO/JbKO OJUH a3 HE3aBUCHMO OT
[opsiiKa, B KOTOPOM OHH CTOAT. ‘

PaccMOTpenHBt MeTOX OGaerdaer pacder KO3(HMUHACHTOB HMHIYKIUUH
B TEX CJAyHasx, KOTZAa KOHTYpDH MOKHO pa3GHTb Ha OTPE3KH, UMEIOLIHe
mpoctyio ¢opMy, HanpuMep, Ha NpPAMOIMHEHHHE OTPE3KM WIM HA AYrU
OKPyXHOCTEH.

§ 85. KoadaumaeHTH AHAYKHOAA KOHTYpPOB, COCTABJIEHHBIX
H3 OPAMOJHHeHHLIX OTpe3KOB

$opmynnt (243) u (245) am KO3DUUMEHTOB HHAYKUHMH OTPE3KOB
NpoBOAOB cxojun ¢ ¢opmynamu (137) m (138) aan moTeHuMaAbLHLIX
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KO3(UUHUEHTOB OTPE3KOB MNPOBOJAOB, MOJYYEHHHIX 1O NPUGIHKEHHOMY
MeToly. Pasiyune 3aKJIOYAETCs B MHOXUTENAX, CTOAWMX Mepel 3HAKOM
UHTErpajos, ¥ B TOM, YTO B QODMyAH At KOS(QULUEHTOR HHIYKUHMH
BXOIUT CKanpHOe npousBeneHne Bektopos dl; u dl,, T.e. BenuuuHa

dl,dly = cos 0 dZ,dl,,

rae -—yron mexny wHanpaBieHHAMH 3JeMEHTADHBIX OTPE3KOB dl, n
dly, a B GOpPMynBl 119 NOTEHUMAIbHBIX KO3(DHUMEHTOB BXOAUT npousse-
nenne dlydly niam oTpeskos.

B cayuae, korna ortpesku /; u I, nmpamonuHedins, peavumsa cos
ONVHAKOBA I/l BCEX 37eMEHTOB d/; u dl, ¥ MOXeT GHTh BHHeceHa 3a
3Hak muurerpana. Ilpm srtom Qopmyna (243) npuoGperaer Bun:

Lo dlldl
Myg =2 cost .f .f ik (247)
ll 12
B dopuyase (245) nas xosdunuenta CAMOMHAYKUHMH, OYEBUIHO,
B Clyyae OpPAMOJAMHENHBIX OTPesKOB cosO =1 u, cregomartelbHO:

L=k j' j' _""r‘”= . (248)
1 !

Stu QopmMynw orimuarTcs OT dopmya (137) m (133) aas noren-
UMaIbHHX KOI(UUHEHTOR Gyq H Gy TOJABKO MHOMXHTENSAMH,
HveHno, umeem:
Mis ey Il cOs 6, (249)

Lo

L
a—!‘i = g, l% (250)

Ha 310 o6GcrostenncTBO 06paTus BHUMaHWE B OZHOM U3 CBOMX
pabot JI. A. Llelitann. QHO uMeeT BaxkHOe 3HaueHHe, TaK Kak Jaet
BO3MOXHOCTb WMEIOWIMECS B JMTEPATyPe (OPMYJIB mis KO3(DMUHEHTOB
MHAYKUMH UCHOJAb30BATb I/ BHIUMC/IEHUS NOTEHUMAAbHEIX KO(HIMEHTOB
H olpartHO.

B § 45 Onina BuBeneHa dopmyna (139) mas xosduumenra @9 ABYX
NapajinenbHLEIX OTPE3KOB NPAMBIX NPOBOAOB OMMHAKOBOW IJvHM /[, pac-
NOJOXEHHBIX T4K, YTO Hayaja OTPE3KOB HAXOMATCH Ha OJHOM K HUM
nepneHanKyaspe. PacCTosnme MexAy OCAMH MPOBOAOB paBHO D.

Ecmu nanpasnenust 06x0n1a, KOTOPHiEe MBI CUHT4€M [OJOXUTEIbHBIMH,
s o60oux OTPEesKOB coBmagaoT, TO 0 =0 ucos=1. Ecau nonoxu-
TeJbHbE HANpaBJeHUA OGONX OTPe3KOB NPOTHBOMNOMOMKHH, TO H==x u
cosf==—1.

Honbaysch ceaspio (249) u supaxenuem (139), moayuaem:

1 ! D? D
M=ip05012m(afcshb——— IT+1+T)°
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YuuThiBas paBEHCTBO

ht ——m(i-}-]/” 1)
arc s E—- D -D—’_|_ ,

MOXEM HallKucaThb

el I FVELD VEFD —D
M—i--{;(lf,l yo) — 7 . (251)
B uactroM ciayuae npu {>D noayuaem:
ol 2
M_igg(lnﬁ-—l). (252)

W3 nocieanelt QopMyabl HENOCPEACTBEHHO BHITEKACT BLIPAKCHUE
1A BHEUINETO KO3(HUHMEHTa CAMOMHIYKUMM MDAMOJIMHEHHOro OTpeska
npoBOoAHKKA AMHHOK [, MMelollero KpyroBoe ceuenue pajuyca ro, npu-
uem ry < I. B dopmyse (252) Heo6xofnMo 3amenntb D HA ry M B3Th
3HAK [LIIOC. :

Hueen: =2 —1). (253)
Sr1a GopMysd NOAYYAETCA TAKNKE, €C/IH BOCMONL3OBATHCA CBAILIO (250)
u Qopmynol (140) mas ayy, B caydae r,<[

KosduuuenT B3aUMHOM HHAYKUMH MeX1y MABYMs ApAMO T He HHBIMA
OTpe3KaMH, MPOM3BOJIBHO ODHEHTHPOBAHHAIMH JPYT OTHOCHTEALHO ApYyra,
HETPYIHO BBHIUHUCAUTB, €CJIH BOCHO/AL30BATBCH CBA3LIO (249) n Buipaxe-
HUeM JAS 4,9, OpHBejcHHbHM B § 46.

§ 86. KoajuuneHT cCaMOHHAYKUHH NpAMOYTOJBHON pamMKu

Bocnoas3yemcs METOIOM OTPE3KOB [/l BhUuC/eHUT KOS(PHUUMEHTA
CAMOMH/JYKLMAN NPAMOYTOAbHOM PaMKé W3 MPOBOJA KPyrosOro  CeueHis
(puc. 129). Hau#el CTOPOH paMKH 0603HauUM uEPE3 @

I'—i_'_'“} 2 b, pamuyc ceuennsi—uepe3 7, IIycts aS>r H

(s | >y

‘ [ U3 dopmynn (247) BuaHo, uTO KOIQULMEHT B3auM-

| a—d HOM HMHAYKIMH MEXIY B3aUMHO NEPHCHIUKYISPHLIMH
i rb il CTOpOHAMM paMKM DaBeH HYmo, TaK Kak 31ech
L S— cos 8 = 0. CaegoBareibHO, JOCTATOYHO YHECTb TOJIBKO

KOS(UUMEHTE B3aUMHON MHAYKLMH MEXy Iapamu npo-

] THBOINOJOXKHAX NApa/iieabHslX CTOPOH pamkn. [lig aTux

< cropon cosb=—1, TaKk KaK, uai BAOJb KOHTypa

Puc. 129 paMKu, Mbl OOGXOIMM HPOTHBOJEKAILNE CTOPOHEI B PO~

THBONOOMKH KX HANPABICHUAX H, CAEAOBATENBHO, O =

[TostoMy B Bmpaxenun (251) nm Ko3puuueHTa B3aUMHON MHIyKUMU
cAeAyeT B3aTh 3HAK MUHYC. ‘ .

Ilas cropod pamkH, WUMeOmHUX [AuHy [=—=a u pacCTOAHHE MCKAY

oCsAMH NPOBOAHMKOB D = b, noayuaeM, 06o3HauuB 4epes d= ;/ a®+4-b*

MArOHANb PAMKH:

o=t (54) g () + 4]
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CoOoTBeTCTBEHHO, A
MEXNY OCAMH NPOBOJOB &, MO

m=2 [ () 557

BueurHuit KOo3(QHIHEHT CaMOUHIYKUMH CTOPOHBI, UMEOIEH INHHY a,
noxyvaerca u3 dopmyast (253) 3ameno# B Helt / wa a:

_ real, 2a
Lo="y2[mZ—1].

COOTBETCTBEHHO, I/ CTOPOHH RAuHOIO b uMeeM:

Leb—-ﬁ[lﬂa-—l ] .

BuyTpeHunit Ko3(uLHEHT CAMOMHAYKUHH BCE! DaMKH HaxXOnuUM U3
dopuyast (230), 3aMeyas, yTo AaMHAa KOHTypa pamHa 2(a-|-b). Cue-
JOBaTENbLHO:

‘Li= ;}(a—i—b))

rie p-—— MarsuTHas NPOHMIAEMOCTh MaTePHana NPOROJA.
Takum o6pasoM, corzacHO Bopawxenuio (244) nonyyaeMm OKoHda-
TeNbLHO:
L=2L,,+2L,,-}-2M, - 2M, |- L, =

0 2ab 2ab
=tatn 2o oI oy — 2@+ b —a)]+

+t (“—1‘—”) : (254)

§ 87. KoajnaunenTsl AHAYKHAA KOHTYPOB, 06pa3OBaHHBIX
NApANAEALHLIME NPAMOJHHEAHBIMA NMPOBOLAMH

Bo MHOIMX TEXHHYECKMX YCTPOHCTRAX KOHTYPH TOKa O6pa3oRausl
CHCTEMOH TNapaviefbHBIX UHIHHIPHYECKHX NPOBONOR, IJHHA KOTODHIX
BO MHOr0 pa3 MPEBOCXOJHT PacCTOAHHA MeXJy HuMH. Maruutnoe nose
O0KO/NO TaKuX NPOROJOB MOKHO CYHTATh TJIOCKONApPANNEbHBIM, T. €.
TaKuM, KaK OKOJIO aHaJIOrMYHOH CUCTEMBl OECKOHEUHO INMHHBIX NMPOBO-
mos. CoOTBeTCTREHHO, ~OKa3hiRaeTCA BO3MOXHBLIM yKa3zath ocCoOble
MeTOAH pacdeTa KO3(MUMEHTOR MHIAYKIHH KOHTYPOB 3TOrO THIA.

+ PaccMoTpuM XBe neTiH IanHol0 /, O6pa3oBaMHEIX JBYyMA Napamu
mapannelsHslx OPOBOAOB. UTo6m He CyHTaThed C MCKaxeHHEM [OJ
OKOJIO KOHLIOB HeTesb, MB MOXeM NDeln0J0XuTh, YTO [IPOBOJA UMEIOT
GecKOHeunyl0 IAMHY, M DACCMATPHBATBL BCE BeJHYHHB HAa yvacTKe IJIM-
uoto I. Nujgexkcom ,1° 6ymeM oTMeYaTh BeJMYMHH, OTHOCHAUIHecd K Mep-
BOHl HeTne, UHIEKCOM 52— BEJIHYHHBI, OTHOCAILKECA KO BTopOH RETAC.
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Kpome TOro, mrpuxoM Gynem OTMCYaTh BEJHYHHE, OTHOCAIIHCCS K o6par-
HOMY NPOBOAY B KawJOH nerne, OcTasasad 0e3 WTPHUXA BENHYHHEL,
oTHOcAIHecHs K npamomy mnpoeonay. Ha puc. 130 nokasanm ceueHus
NPOBOAOB HOPMaAbHOM K MX OCH MaOckocThio. OG03HAYHM uepes Sy,
§1, $q, Sh MOBEPXHOCTH CEYEHHH NPOBOIOB.

[IyHKTHPHHMH AMHHAMH Ha puc. 130 moxasano, yto mposoxa oSpa-
8yIOT JABA KOHTYDa, BSaMKHYTHIX Ha JIa/JeKOM OT MAOCKOCTH PHCYHKA
paccTOAHHH.

[Tycts no mepsoit merne mpoxoaut Tok f. Halimem noanm#i morox
B3auMHO#N uugyKuun Wy, onpelenseMeli 3THM TOKOM H clendiomufica
co sropofi meraefi. HexoTtopue
MACHHTHBIE JHMHHH [OJA TOKA i
cuennsioTcd cO Bced BTOpo#l nmet-
nell, OXBATHIBAA BCIO NOBEPXHOCTH
CGUEHHs MPOBOJOB MET/H. TaKuMH,
Hanpumep, aBasioTess Ha puc. 130
auanH b u c¢. Hekortopee nHHHH
CHEnAsoTCA TOMBKO € YACThIO NET/H,
TaK Kak OHM OXBATBHIBAIOT TOJBKO
YacTh NMOBEPXHOCTH CCYEHHA NMPOBO-
IoB metad, TakuMH sABAAIOTCH JIH-
HHH, NPOXOMAUIHE CKBO3b CEUEHHHA
NpoOBOAOB BTOPOH MET/HH, HANPHMED
MHHUH @ H d.

Puc. 130 Jns BeuKcneH#d NOJHOrO nO-

toka Wy, pasoObeM BTODYIO NMETIO

Ha OecKOHeYHO TOHKHe KOHTYpH. CHenaeM sTo ciaelyiomuM 06pasoM.
IMpeanonoxuM, 4YTO NO BTOPOH MeTJe MPOXOMUT MOCTOSHHBIA TOK g
Pasmeanm npsmo# mpoBox Ha saeMeHTapumie TPyOKkH TOKa diy, HMelo-
niHe MOBEPXHOCTH ceveHHH dsy. OJpaTtHei! npoBod pasjenuM Ha
COOTBETCTBYIOMME 3/eMeHTapHbie TpyOKu o6parHoro Toxka — diy ¢ mo-
BEPXHOCTAMH ceueHuit ds;. OueBHIHO, NPH MOCTOSHHOM TOKE HMeeM:

dis ___dsy__ds,
i s s °

IMycts ©, — NOTOK, BHI3BAHHBIA TOKOM #; W MPOXOIANHA CKBO3b
fI0BEPXHOCTh, OFPAHHYEHHYIO OJHHM M3 TaKHX (ecKOoHEUHO TOHKHX KOH-
TYpOB BTOpHYHOro TOKa. CornmacHo BmpaxeHuio (176) on MoXer GuiTh
BHIYHCJEH, KaK JuHEAHBA HHTErpan 3eKTOPHOro NOTEHUHANMA BIONb
3TOr0 KOHTypa:

(I)M=§Adl.

Koutyp uuterpuposanus npercrasuM cefe B Bude NPIMOYTONbHHKA,
IBE CTOPOHH KOTOPOrO 06pasoBaHH TpyGkamu TOKa diy B —di,,
HMEIOUIMMH Iauny / BIOAb OCH MPOBOJOB ¥ ABe IPYrHE CTOPOHH KOTO-
.poro HOpMasbHbl K OcaM mnposoloB. CocTaBasiomue HHTErpaia BROJb
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9THUX MOCJEAHHX CTODOH DABHH HYJIO, TaK KaK BEKTOD A BCIOAY mapai-
nenen ocam mposogos. ITycte A, — BexTOpHHEN NOTEHNMAN HONT TOKA i
Ha ocH TPyOxu npsamoro Toka diy, n A, — BEKTOPHHE MDOTEHUHAJ MO
ToKa i; Ha ocH TpyOku obpatHoro Ttoka—di,. Tak xkak Bektop A
napaanenen ocaM IPOBOJIOB H HC MW3MEHfeTCHd BIAOAL ocell NpOBONOB,

TO HHTerpHpOBaHHe naetT
&y =bAdl=A0— 4

di, ds, ds}
STOT NOTOK OXBaTHBAET TOJBKO YacTh .= =5 BceroToka 15
2 2 3
CnenosaTenbHo, OH BHOCHT B BEJAHUHHY HOJHOTO YHCJAA MOTOKOCLEN-
aennit ¥y, momo:
di, ds, , ds,
d¥,, = i—d‘l)m=(Ag—s——A2-s—,’)l.
2 2 0y
Ina suuncaenna Wy, Heo6XOQHMO NPOCYMMHPOBATh 3TH BEAHYHHL
0 BceM Tpy6kam TOKa dig, T.e. IIPOMHTErPHPOBaTH MPaBYi0 4acTb
NOCNEAHEr0 BhipaMEHHs MO MOBEPXHOCTAM Sy H S
ITonyuaem: ‘

=1 [ a8t [ 4 %
Sa 5 :

Bupaxenue 11 BEKTOPHHX NoTennmanos Ag u A,, ompexerseMux
TOKOM ij, MOXKHO NOAYYHTh, MCXONA M3 Clenylomux coobpaxenuf. Iaa
MJIOCKOMAPAANEABHOrO MOAA BEAHYHHA BekTOpa A cBAzaHa c qiyHKumed
noroka V, coornouenuem (186):

A=pV,+C,

Ho ¢yuxuus moroka B ofumeM ciayuae MOXeT GHTb NMpeACTARACHA
Bupaxcennem (193):

i 1
V,,,=-—2L“—s—jllnrds+C,,
8

rae !—TOK B IPOBOJE, S — NOBEPXHOCTH MOMEPEYHOr0 CEYHH:A
npoBONa, W r— DacCTOfAHWA OT TOYKH, rae ompeaenserca V,, 1o
sneMenTa ds MOBEPXHOCTH CeueHHfd. :

Takum o6pazom:

ITonssyace 9TUM BHIDaXKEHHEM, MB MOXeM BEJNHYHHY REKTODHOrO
noreHiaza A;, ONPEAENAEMOro B LEHTPE 9JEMEHTA dsy (puc. 130)
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TOKaMM i, H —I;, IMPOTEKAIINUMH B NPSIMOM H 0GpaTHOM npoBOiLax
NepBO# MNET/AH, NMPEJCTAaBUTh B BHJIE:

A= —&—jlnrds, —{—""‘ li j Inrds,+-C'"
si

3aech r-— paccTOSHUA OT 3iacMeHTa dSy HO 37MeMeHTOB ds, u ds!.
TouHo TaKoe e BHpaxeHHe OyJeT W A BeAHYAHH BCKTOPHOrO
mortenuuana A, B leHTpe 3deMeHTa ds,, TOJbKO MOX 7 HEOGXOAUMO
6yner NOHMMATh pACCTOSIHUS OT BJIEMGHTa dsq 10 371eMeHTOB dsy u ds].
Iloacraasa Bmpamenue A, u A, B dopmyny ana Wy, Haxome-

v, = ;j: [ jjlnrdsldsg+——jjlnrds dsy -

s A yjln rds,ds, ——jj]nrds ds, ]

St S,

Beeaem 0603Hauenus:

oo finrass, =gy, ”m rdsids, =Ingyn,
251 Sa l 5
1 , . , ‘
il g j'j Inr dSldS, =In gy, s—,l— EQ—J,.!IH rdsidsh=1n L.
8 53 sh st

CMHICT BETHWHH gy, Lyra 13> vy HETPYAHO yschuTh. MehcTsn-
TE/IbHO, B DAaBEHCTBE

ij‘ln rds,=lIng,
8
§;

Kak GO MosicHeHO B § 71, BeauuMHa & eCThb CpENHEE TreOMeTpHue-
CKOe pAacCTOfiIHHH 7 OT HEKOTOpPOH TOUKHM X0 BCEX 3/EMEHTOB ds,
I/IOCKON MMOBEPXHOCTH §;. BeanuuHa g Guila HA3BAHA CPeOHUM 2e0oMem-
puseckum paccmosuuesm om Imod mouxu 00 naouaou ;.

Hmeem:

;T s—;j;!ln rds,dsy = %!(%Jln fdé'l) dsg= %:s.?“ gdsg=1Ingy,

B 3TOM BHpaxeHHH g €CTb CpellHee reOMeTpHYecKOe PacCTOSHHH 7
OT HEKOTOPOTro 31eMEHTa dS; NMOBEPXHOCTH S4 /0 BCEX 3/EMEHTOB dSy
MOBEPXHOCTH §,. CNeNOBaTeAbHO, gyq €CTh CpeldHEE TreoMeTpHuecKoe
PacCTOSIHHA 7 OT BCeX 3/EMEHTOB dS, MOBEDXHOCTH Sy OO BCEX BJe-
MeHTOB dS, MOBEPXHOCTH S;. Kopoue, MM Gyaem rOBOPHTb, HTO &y
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eCTh CpedHes 200MempuMecKoe paccmosHue om naowadu Ss; 00 npo-
waou s,. .
QOueBHIIHO B BHIIENPHBEACHHHX BHIPAXKEHHAX o, S, B Ly CYTh
cpeauye FCOMLTpH‘{eCkHe paccrosmml, COOTBCTCTBCHHO, OT s’1 o 8,
0’1‘81}.!08 PIOTS }.lOS,.
IToas3yace HOHATHEM O CPeMMHX FeOMETPHUECKMX DACCTOAHMAX, Ha-
nuiem Bhlpaxenne Mis notoka Wy B BHpe:

Woy= %::l [—1n g+ 1n gy 4-1n grg — 1n gror].

CnenoBatenbHo, KO3(DHMIMEHT B3aMMHON HHAYKUMA MeXIy mnepBOf
H BTOPOH meT/naMH NpefcTasisercs GhopMyioi:

W - [ 14
M= —i:—‘=!‘—f1n i;ﬁ i Loy (255)
“ 1'2'

3ameruM, YyTO MO 3HAKOM JAorapudMa B UHCAATENE CTOAT CPelHHE
reOMETPHYECKHE DACCTONHHA MEXAY [NCLANAMH NpAMOro HpoBoja ol-
HOHl meTAX ¥ O6pPaTHOro NPOBOAA APYroflt meT/im, a B 3HAMEHATE]IE —
MEXIY TIOIMAfsMA CEUYEHHH NPAMHX [POBONOB OGEHX METENb H MEXIY
nnomansiMu ceyeHu#t o6paTHHIX NMPOBONOB OGEHX meTE/b.

Buipaxeune (255) nas xoadmiuenta B3aMMHO# wWHAYKIMA M aByx
netesb M48T BO3MOXHOCTb HaNKCaTh BHpaXeHHe 1/ Ko3(HIHEHTa
caMonHIykuun L onvoft netan. IIpeacrasuM ceGe ABe COBEpIICHHO WIEH-
trunne nerau. ITycts Bropas netns cOiamikaercs ¢ NepBofi N0 MOJAHOrO
camanua ¢ wuehr. Torma sy mnepexommr B S, S, B s, u M B L.
B o0603HaueHHH ceyeHHH NpPAMOro W OGparHOrc npoBoaoB HHAEKC 1
TENEPh MOKHO OMNYCTHTb. 3aMeHAs B BHpaxeHuwm (255) wmumexc 2
Ha 1 o mudekc 2' wa 1', noayuam:

2

') g1
L=E1n &1 256
2r " g14-&yry (256)

3neck: gy — CpelHee TreoMeTPHYECKOe pAaCcCTOAHHE MEXNy Iio-
majasMe s M ' CeyeHHH NpAMOro M OGpaTHOro NPOBONOB, gy — CPEl-
Hee reoMETPHYECKOEe DACCTOSHWE M/IOMIaH S CEeueHHs NPAMOro Nposola
caMolt OT ce6s ¥ gyryy — CPEIHEE reoMeTpPHYEcKoe PACcCTOSHHE MIomany s’
ceueHuss O6pATHOrO MNpoBoAa caMolt oT ce6s. OHH ONPENENAIOTCS BHPa-
WeHHAMH:

In g1 =-;—Sl~,j‘51n rdsds’, Ingy =s—12—j‘j‘ln rdsds,,
§Ss s s

Ingpy = ;—,jjln rds'ds,.
s

B nociaeaHux JABYX - uHTerpajsax no6aBieH Yy OIHOrO 3JIEMEHTa
MOBEPXHOCTH HHAeKC ,0¢, uTO6H NOMYEPKHYTh, UYTO 3IJEMEHTH ds
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¥ ds, W, COOTBETCTBeHHO, ds' ¥ ds, ABAROTCA PA3AMUHBLIMH 3/EMEH-
TAMH, XOTS M OXHOH H TOH e NOBEPXHOCTH S WIH, COOTBETCTBEHHO,
noBepxHOCTH S'. BenmuuHa r B 9THX HMHTErpanax ecTh pACCTOAHHE
Mexay 3/MeMEHTaMH ds u dS, W, COOTBETCTBEHHO, MCKAY 3JeMEHTAaMH
ds' u ds,.

§ 88. KoaduuuenT B3aMMHON MHAYKIAN MeXNy IBYMS
ABYXNPOBOXHBIMHA JIMHHAMH

Halizem BbipaxceHne m/ist KOIQUUMEHTA B3AMMHOA MHAYKIMH MEMCLY
AByMA IBYXTUPOBOXHBIMK JIMHHSMH, OGp230BaHHEIMH H3 NPOBOLOB Kpy-
rosoro ceyenna. Uto6u Bocnoab3oBathea GopMysnol (255), Heo6xo-
AAMO HalTH CPEIHEE FeOMETpPUYECKOe PACcCTOSHME MEXIy ABYMS KpyTamu.

ITycts mMeioTCH HBA Kpyra ¢ INIOWANAMH S; M Sq. B § 71 Guiao
NOKa3aHo, 4TO CPEXHEE reOMETPHYECKOEe PACCTOAHHME 10 [VIOmanH Kpyra
OT TOYKH, DACIOJOXKEHHOH BHe Kpyra, PaBHO PAacCTOSAHHIO OT TOYKH
0 neHtpa kpyra. TakuM o6pa3oM, B BHIPAXKCHHR

11 1 1 1
Ingq= o s—ej‘j‘ln rds,dsy = EJ‘(EJIM rdsl>dsg = 3_;j'ln gds,
Sy Sa Sa 51 S2

BEIMYMHA g €CTb pAaccTOfNHHE OT 9JeMeHTa ds; MIIOMALH BTOPOrO Kpyra
IO ueHTpa nepsoro kpyra. CremoBaTenbHO, g4 €CTh CPEXHEE TeoMer-
pHyecKoe paccTOfiHHE OT HEHTPa NEPBOro Kpyra

———— ] 10 BcER miomanu 8, Broporo kpyra. Ha Tom
! 4 € OCHOBAHHM OHO DAaBHO PACCTOSIHHIO OFT
y UeHTpa NEpPBOro Kpyra IO UEHTpa BTOpOro

kpyra. YTak, cpednee z2eomempuneckoe pac-

v, W2'  cmosHue mexncdy naowadamu 08YX Kpy208
PABHO paccmoanunw mexcdy ux yenmpamu.

,  TaknM o6pasom, B Ciyuae MpOBOMOB Kpy-

2 roeoro cedenus (puc. 131) B dopmyny (255)

- BMECTO CPEIHHX [EOMETPHYECKHX DPACCTOSHH

cJelyeT NOCTABHTH COOTBETCTBYIONINE PaccTOA-

Puc. 131 HHsL MeXIy LeHTpaMi cedeHnd mpoBofos. Ilpu

STOM TOJydYaeM:

gtz
M—2_Tr]n rm-l’m, (257)

§ 89. KoahanaeHT caMoBHAyKUAN IBYXNPOBOXHOR JIMHHR

Onpenennm kO3(MUMEHT CaMOMHIAYKIMHA NETaH, 06Pa3OBAHHOR ABYMS
napaICAbLHEIME TIDOBOJAMH KPyrosoro cedenus (puc. 132). Paccros-
HHE MEXIY OCAMHA NPOBOAOB— D, pamuychl ceyeHull NpOBOIOB— R n R'.
Bxoasmee 8 dopmyny (256) cpemec reoMerpuueckoe paccTOAHHE Gy
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Mewny TUIOMAnAMM CeueHwt mpAMOro w OGPATHOrO NMPOBONOB DABHO B
nauHoOM Cayuae, XaKk OH0 TOKazaHo B mpenmmymiem naparpade, pac-
croaunio D Mexny OcCiMM IDOBOLOB.

Hcofxomumo elle ONPENEANTh cpensue FEOMETPHYECKHEe paccTos-
HHS gy W gyp mowalell Kpyros or camux cebs. Vmeem:

Ing,, = % ‘s“fln rdsds,,

s §

rie §— IIOMLANL Kpyra pamuyca R, ds m ds,— 1Ba pa3/nyHBIX 3Je-
MeHTa 9ToH maomwamu. Moxem nanucarb:

in g11 ='.1s—j‘(%—j‘1ﬂ fds>d3° =}s- ‘f]ngdgo’
$ s s

rne g-—cpefnee TeOMETPHUECKOE pacCcTOAHHe OT 3daemeHTa dS, 1O
Bcelt maomanw § kpyra. Kax 6niio mnoxazano B § 71, cpennee reo-
METPHUECKOe pacCTOfHME g [0 MIOMlafH Kpyra

paauyca R ot Toukn M, pacnosoxeHHof BHyTpH

Kpyra, onpelensierca coorHollennem (201):

Ing= 0 L 1mR—1 D
E= o T Ch Puc. 132
Fle r,— pacCTosHMe OT TOukM M no uentpa kpyra. B unrepecyio-
IleM HAC clyuae r,— DacCTOfHME OT 3AEMeHTa ds, mAOLlajxM Kpyra 10
ueHTpa kKkpyra. IlpemcraBum cebe ds, B BHIE TOHKOrO KpyroBOro
KOJblla, IupuHO# dr, ¢ LEHTPOM, COBIAJAOIWKM C LEHTPOM Kpyra,
T. e dsy==2nr,dr,. Byzem umers:

R
T ¢frd 1
In gy, =E§’j (—2%-]— InR— 7) 2nrydry =
0
=t tmRr—Ll=mr-1 258
=7 g = i (258)
wH

1
g1 = Re™ ¢ ~=0,7788R. (259)

COOTBETCTBEHHO M oﬁpa‘moro nNpoBoJa MOXEM HAIHCATh:

1n g1 =Jn R' — —1—'.
Wrak, dopmyna (256) B mHTEpECyOlleM HAC cly4yaé npuobpeTaeT
BHI:
&1

T L B 2 —hR L
L_.2n1n5u.gw.-2ﬂ[lnD In R 1nR+2]
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nin'’ L =BEI (ln VZRT’—}— A‘ll)' (260)

B cay4ae asyxnposofHOH MHHMM Nepefaud OSLIYHO NPAMORt-H 06-
paTHblit MPOBOJa HMMEIOT ORHMHAKOBHE panmuych, T. e. R'=R. Ipn

3TOM:
wlf{, D, 1
L= (m = —|-—4). (261)

Bech BHIBOR BEIMOAHEH B MpPEANOJOMNEHHH, YTO CPela B MarHHTHOM
OTHOIUEHHH BCIONY OXHOPOAHA. ITO CNPABEJIMBO, HaNpumep, AAA CAY-
yast MEJHBIX MJM alIOMHHMEBBIX NpPOBONOB, [N KOTOPLIX MAarHMUTHas
NPOHHIIAEMOCTh, TAK )K€ KAK M MarHUTHas NPOHMUAEMOCTh OKpPYKalo-
ero NpoBoxa BO3AyXa, MOXET GuTh NMDHHATA PaBHOH p.

®opmyast (260) n (261) He MOryT GLITh HCMOAB3OBaHH B CAyYae
MpOBONOB u3 ()ePPOMATHUTHOrO MaTepuana. ONHAKO B 3TOM cayuyae
MOXHO JaTh NpuGMMKeHHywo GOpMyny, CrpaBelIHBYIO MNpH D>R'n
D>R. B § 81 6uno npuseneso Beipawenne (230) M BHYTPEHHEro
KO3QHuuMeHTa CAMOMHIYKUMM NPOBOZA KPYTOBOrQ CeUYEHHH, HMeloulero
nangy Iy

+

=th
Li—sﬂ L3
B Hawem cayyae /; ecTh MIMHZ Bcefl MeTaH, o6pa3oBaliHOlt mps-
MBIM M OOpaTHLIM MPOBOZaMH, T. €. [; =2/, ¥ Mbl MMeeM:

wl

Li=g.

Ecimn B Buipaxennax (260) u (261) packpbiTh ckOGKH, TO BTOpOe

cliaraeMoe Kak pa3 M ONpeNe/MT BHYTPEHHHH KO3HIMEHT CaMOMHIYK-

und. Ilepoe e crnaraemoe omnpenenut BHewHH# KOIDHUUHEHT camoO-

HHAYKIHKA. ITO OGCTOATENBCTBO NaeT OCHOBaHWE Hamucatb  (GopMyay

A7 KO3(HLUHEHTA CaMOMHAYKIMH AHHMM C MPOBOAAMH u3 deppoMarHut-
HOCO MaTepuaja ¥ OAMHAKOBOrO paguyca B BHJE

L==(p 05 +4), (262)

rae p. — MarHuTHasd MPOHUIAEMOCTh MaTepnana npoBonos. Popmyna (262)
nvbs npubamxesHas, TaK Kak Haauyde ¢GeppOMarHUTHOH CpeAn HCKa-
KaeT Moje OKOJAO MPOBOAOB. ONHAKO ITHM HCKaXEHHEM MOXHO rpe-
He0peus, ecau panmychl ceyeHuit MPOBOJOB MaJkl MO CpPAaBHEHHMIO C pac-
CTOAHHEM MeEXAYy npOBOJAMH,

§ 90. KoapumeuTsl HHAYKNHUA B Ciyyae HOPOBOJAOB
OpPAMOYTONBLHOIO CedYeHns

Boabthoe nmpakThueckoe 3Hauenue HMeET cayuaft MPOBONOR MPAMO-
yroJpHOro cedenusd. B pacnpesenuTensHEX  ycTpPOHCTBAX: SAEKTPHUC-
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CKHX CTaHUMB ¥ MOJCTAHIME HepeaKo NPUMEHSIOT UIHHE NPAMOYroJib-
Horo cedenua. [Ipw ACCTATOYHON Nnuie MMH NMOAE OKONO HAX MOXHO
CYMTATh IOCKOMAPAICABHHM M JIA BHUYMCIEHUS KOI(PUUHMEHTOB HH-
AYKUMH HCTOab30BaTh (opmyan (255) u (256), Bmpawaommne M u L
uepe3 cpeluue reoMeTputuccikue paccrosunus. [lone OKONO  KaTymICK
TpanchOPMaTOPOR B NEPBOM MPHGIMIKEHUH 06HIYHO PACCMATPUBAIOT TaKXe
KaK IJIOCKONapawieibHoe, [IPH 3TOM CeYeHHE KaTyuwek no 6onbeh’
YaCTH HMEET IIPAMOYTOIbHYI0 (OpMYy. -

Ilis BhumCHCHUA KOI(PUUMEHTOB CAMOMHIYKIMHM M B3aUMHOM HHAYK -
MM B TAKMX cHUCTeMax HeoGXOJMMO 3HATh BHIDAWEHHA CPEAHUX [e€o-
METPHUYECKHX PACCTOAHUMA IIOWIAAW NPAMOYroJbHHKA OT camoi cebs M
MEXAY MAONIALAMH IBYX NDAMOYTOJBHHKOE.

OGo3uauuym uepe3 @ U b CTOPOHH INPAMOYIOJIbHUKA. Cpensee reo-
MEeTpUYECKOE DACCTOHHMC gyy IVIOWATH NPAMOYTOJbHHKA OT CaMOR
ce6a mpeacTaBUM B Qopme: A

gu=*k(@+0b). . (263)

Puc. 133 - Puc. 134

Muoxureab kB 119 Bcex 3HAYEHUH OTHOIICHUA a H b 3axiouyaeTcd
B npénenax or 0,22315 no 0,22369. [TosToMy MOWHO CHUTATD k= const,
PHHAB
k= 0,2235.

J1i8 BHYHCAEHHS CPEIHErO FEOMETPHUECKOrO DACCTOAHUA £q9 MEKILY
MIOMAMAMHE ABYX TPAMOYTOJbHUKOB BOCIO/B3yEMCA METOIOM, yKasaH-
uuM B pabore, Bunoasennoit JL A. Lepirauanm u I1. JI. Kananra-
poBHM. DTOT METOl OCHOBaH Ha TOM, 4YTO CpelHeE TEeOMETpH-
Yeckoe PACCTOSHME MEXIy IUIOMAlAMM ABYX KBalparoB [paKTHYEeCKH
PAaBHO DACCTORHMIO R MeXIy HX LEHTPAMU. TIpu paclOJIOWEHUM KBa-
ApaTOB COrJACHO pHC. 133, @ uMeeT MECTO PABEHCTBO £12=1,0065 R
W IpH DACIOJONKEHHH KBaJAPATOB COIJACHO puc. 133,56 g,3=0,9977 R,
NO3TOMY MOXHO MDHHATL gy = R. IIpu 3TOM omnbrxa OncTpo  yOh-
BaeT 10 Mepe yBeaducuua R.

PasneauM [EpBHHA NPAMOYTOABHHK HA 11, PABHHX yacred, HMEOIUX
kX as miomanb As;, ¥ BTOPOH Ha 7, PABHHX UYacTeH, HMEIONIHX Kad-
nas miomans Asy. Yucia n, u ng monGepem Tak, y106B uacTH OB
[0 BOSMOKHOCTH 6imM3ku K Kksaxpatam. Ha puc. 134 ny =35 nnyg=4.

Ecmu s; U Sy — ILIOMWANH MPAMOYTOJIbHAKOB, TO

S, ==nyAs; U 53=nyAs,.
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Hmeem:
=np=n,

k
11 1 1
lnglgzgs:j‘jvlnrdsldsy’e; Y 2 2 In Ry, A5 As,,
k=1 p=1

1
S1 Sy

WM, BBHIHOCA As) - ASy 32 3HAK CYMMBI, Tak Kak KaxIblil HpPAMOYTOIb-
HUK Da3JIe/ieH Ha DAaBHBIE YaCTH, NOJyYuM

kR=ny p=ny ng, p=ng

k=
10 gyq A nllns Y Yo Rkpz-hfu:m £= I &) co9

k=1 p=1 1, p=1

3necs H €CTh 3HAK NPOH3BENEHHS PACCTOSHUI MEXKIY UEeHTpaMu

BCEX 71, YacTeHd IEpBOro npAMOyroJbHHKA W LHEHTpaMi BCEX 7, 4vacted
BTOPOro IIpsAMOYTOJBHHKA.

Pacnionarasi BuluMcaeHHBIME O dopMyam (263) n (264) 3uauenuamn
CPCIHHX TCOMETPHUYECKHX DACCTOAHMH nuOmManedl NPAMOYrOMLHHKOE OT
caMux ceff U MeXIY MIOWANAMH Pa3aHYHBIX HPSAMOYTOJbHHKOB, He-
TPYIHO BRIMHCAMTE 1O ¢opMyne (256) Kkoapuument CaMOHHIYKLUHA
metad, 0Gpa3oBaHHOK Mapo#l npoBoxOB NnpAMOYrOALHOrO  cedeHud, H
o ¢opmyne (255) xosQuuMEHT B3aUMHOH HHAYKUMA MEXAY AByMd
TAKUMH [ET/AMH,

§ 91. Koajpnnnent camomuaykunm Tpexgasmoii Janam

B xaxaoM nporoie TpexcdasHol uHHE nepenayd HMHAYKTHpYETCH
HE TOABLKO 3. X. C. CAMOMHIYKLHH, OGyC/OBJIEHHAA NepeMeHHHIM TOKOM
B STOM NPOBOIE, HO TaKxKe H 3. A. C. B3aHMHON HHAYKIHH, OGyCIOE-
JICHHAA TOKAMH B [IPYrUX NPOBOARX JIMHUM. PacCMOTpUM TpexmpoBoa-
HYI0 JUHHIO, T.€.JMHHIO, B KOTOPOH OTCYTCTBYeT HEHTpaibHBI MPOBOI.
OG6 LIMHO. aKTHBHOE CONPOTHRACHHE 7 U KOI(HUKEHT CaMOMHAYKLuu L mpo-
BOJa ONWHAKORH I BCEX Tpex npoBoaos. Onuako KO3(bHUIHEHT B B3aKHM-
HOl MHAYKUMH Mg, My, u Mgy Mexay mposogamu 1Ipy HECHMMETpHY-
HOM p4CHONOXKEHUH NIPOBOJOB GYAYT pPas3auMyaThCs Apyr OT npyra.
Ecau TokM B aunuu H3MEHAIOTCA MO CHHyCOHI_laJ]bHOMy 3aKOHy, TO
MOXHO BOCNOJIB30BaTHCA CUMBOJHUYECKHM METOAOM M Aaf naaceHuil Ha-
NpAXEHHHA B MPOBOJNAX HAMMMCATh BHIPAKERHS:

01 =(r-}-joL) i: +I'O’M12i2 +f°’M13i3:
Us=(r-}-joL)I, +f°’M23i3 +j°’M21[1»
Uy =(r+-joL) [, -joMyl, - joMyh,.

Ipeanonoxnm, yto TOKM B iuHMH O6pasyior CHMMETDHYHYIO cH-
cTeMy, T. €.
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1 . .V3 . 1 .V3
2

rae a=— -} J W a*=— 5 —ji5~, NpHYEM a— OIepaTop

Tpexcasnott cucrems (4. II, § 162).
YuntoBas, ure e®=1, a Takxe, uro M,,=M,,, wmoxeM nepe-
NMCAaTh ypaBHEHUA B BUIE!

()1 = [rtjo (L -+ a®M,, -+ aan)]ip )
()2= [r+jo (L4 a*Myy - aMw)]fe, E
Uy = [r+jo (L +a®Myy + aMays))ls.

Buipamenus, CTOAIIME B KPYLJABIX CcKOGKax, BCE BeIECTBEHHH
TONBKO B CAydYae CHMMETDUYHOTO paclO/ICHKEHHs NPOBOJOB, KOria

My = Myg= Mz = M.

IeficTBUTeNbHO, NPUHAMAs BC BHHMaHWe, 4To a -} a® = —1, noay-
4aeM B ITOM ciy4ae:

(265)

Uy=lr+jo (L— 4,
" Uy=[rtjo (L —M)L, | (266)
Us==[r +jo (L — M)]1,. ,'

Pasnocts L— M ==L' B nocleJHNX ypaBHEHWAX MONKHO paccMat-
puBaTh KAaK SKBHUBANEHTHLIH KO3(UIHEHT CAMOMHAYKIMHM OJHOCO ImpoO-
Bojga. KosduiluenT camoMHAykuMH L yeXMHEHHOrO TIpoBOJAa AMHMHOW [
M C paJuycoM ceueHus R Bupaxaercs, cordacie QopMyaam (203) u
(230), caexyomum oGpa3om:

! 2 G
L —5;:[90 (lﬂ‘é— 1) +Z]:
rae p—MarnuTHas ITPDOHUILAEMOCTb MaTE€pPHana MpoBoja.

Kosduunent B3auMuo#i MHAYKUMM M MeXIy NapaiJenbHbIMH I[poO-

BollaMu IauHOl0O [ ¢ paccrosHueM Mexay ocsmM D npn [>D sbipa-
waercd (opmymno#t (252):

l 21
M_—'_Z—tpo(lﬂ ﬁ_l)'

Ilpu stom B dopmyne (252) crenyer B3aTh 3HAK IIOC, TAK KaK 0.0~
XKUTENbHBIE HANPABICHM! TOKOB BO BCEX MPOBOJAX Mbl HPHU3HAEM B
OJHY CTODOHY BIOJb JWHHM NEPENAuM.

Takum o6pazoM

' - 1 D
L'=L—=M=gp, In 2+%). (267)

IIpy HecUMMETPHYHOM DACMONOMEHHH NPOBOIOB DACCTOSAHHA MENLY
OCAMH NPOBONOB HE PaBHH APYr ApPYry:

Dyg = Doy = Dyy.
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OjHaKo, ecaM yepe3 paBHLIE HHTEpBalbl BAOAb JHHHH OCYIIECTB-
JgHa TPAHCHNO3KUKA [POBOJAOB, TO ypaBHeHusa (265) Taixe Moryr GHTH
npuBejeHsl K Buay (266). IIpu sToM M ecth cpeAHee 3HAYeHHEe KO-
3(puLHeHTa B3AUMHONH MHAYKUMHM 1A TPeX y4yacTKOB AHHHHA. Hmeewm:

1 ! 2
—_3‘(M12 -+ My, "]‘Man):g;}lo(]nbl'—'l),

’ 3
D' = I/Dm : Daa * Dy

CrnenoBarenpHo, ocraeTcs B cuae u Brpaxende (267) s skBuBa-
JAEHTHOro KO3(HUHEHTAa CAMOWHAYKUMK IpPOBOJAA JHHHH, €CIH B HEro
BMecTO0 D moAcTaBUTh CcpelHee reOMETPHUYECKOE 3HaueHne D' w3 mcex
Tpex paccroauuit Dy, Dgg u Dy,

B wuecummeTpuuHo# Tpex(azHOH JHHAK [PH NPOXOKIEHAH NO Hekl
MIEPEMEHHOr0 TOKAa HMEIOT MeCTO CBOeOOpA3HEE SHEPreTHYECKHE npo-
HeceH. B ypaBuenusx (265) npuMy, == Mgy == My; BEpa¥eHna, cTodAume B

KPYLJIBX CKOOKAaX, SIBIAIOTCH KOMIUIEKC-

HeMn. MIX MHEMBE 4acTH nocile yMHoXe-

HHA Ha jo JagyT BellecTBEeHHbIE BEJIHYHHH,

p) D , MMeioulyMe CMBICJ AKTHBHHIX CONPOTHBJEHHA.

Cka1aJbiBasi BHPaXeHns, CTOSMING B ypas-

Puc. 135 HeHusix (265) B Kpyriasix cKoO6Kax IJs BCex

Tpex (a3, MH IOJy4YHM [PH KaXAOM Ko3dhu-

1eHTE B3aHMHOM MHAYKUMH BeUECTBEHHBH MHOXHTenb a - a*=—1.

CrnenoBaTensHO, cyMMa JONOJHHTEIBHHX AKTHBHHX CONPOTHBIEHHH BO

BCcex Tpex (hasax paBHA HYmMO, T. €. €CJIN B OTJAeJbHBIX (pasax OHH I1070-

KUTEAbHH, TO B APYFMX OHH OTPHUATENbHE. MHHIMH CIOBAaMH, €C1d u3

ofdux (a3 Heprud OTIZAETCAd, TO B [JPyrHe OHa IOCTYyIaeT: B TOM e

KO/IMYECTBE, T. €. COBEPUIACTCA NEPEHOC IHEPrHM NyTeM SACKTPOMArHHT-
HOH WHAyKUMR M3 OMHOH (asm B Apyryio.

B Bnae npumepa paccMOTPMM CHCTeMy INPOBOJAOB, PacnoJOXEHHHIX
B ofHO# mnockoctn (puc. 135). Paccrosnma Meway cpeaHuM B Kpai-
HHMH npoBogaMn 0GosHaunMm uepe3 D. OueBnAHO, MMEIOT MECTO COOT-
HOUICHHA: |

rac

. M12=M23>M31:
Tlonoxus
M1¢I=M23=M n M31=M—2S,

TIPHBENleM CHCTeMy ypaBHeHn# (265) k Buay:
U= [(r 4-0Sy/3)-jo (L — M-+ S)] Ly,
Up=[r—Jjo (L — M) L,
U= [(r — oSV 3) 4 jo (L — M +8)] .

U3 »Tux BeipaxeHu#t clefyer, uTO NajfeHus HaupaKeHHA He OAMHA-
KOBH B pasHelx npoBojax Jausud. Ilostomy, ecnim NPHEMHEK B KOHUE
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JMHUH MMEET OJMHAKOBLIE COIPOTHB/EHHS BO BCEX Tpex (asax, TO Aia
fOAyHEHHA CHMMETPHUHOA CHCTEMB TOKOB HEOOXOOMMO HMMETh HECHMMe-
TPHYHYIO cHcTeMy (asHuHX Hanpskenud B Hauajge juHun. OB6paTHO, IpH
CHMMETDHYHO} cucTeME (DasHBIX HanpskeHUA B Hayale JANHMM CHCTEMa
TOKOB He Gyxer cumMerpuuHoit. U3 puipawenuft ias U, w U, BugHo, uTo
SKBMBa/EHTHOE AKTHBHOE CONDOTHBJAEHHE B IepBOH ¢ase Ha oSy 3
60Jbie, ueM 1, a B TpeThel (ase HAa TAKYIO *Ke BEIHUMHY MEHbIIE, YeM I.
Takum oOpasoM B paccMaTPMBAEMOM Cjyyae B3aMMHas WHIYKUHMA He
TOJBKO BEIBHIBAET M3MEHEHHE 3SKBHBAJIEHTHHIX DPEAKTHRHHX CONPOTHBIE-
HHH, HO U3MEHAET M SKBUBAJIEHTHHE AKTHBHLIE CONPOTHUBJEHHA OTIAEABHBIX
(a3, 4TO CBHIETENLCTBYET O HANMYHH TPAaHCOPMATOPHOH Nepesavn
AKTHBHOM MOLIHOCTH H3 OnHOH Kpalime#t ¢asumt B apyryio.
Ilpu pacnonoxerini HPOBOJOB COrJACHO pHc. 135 umeem:

l 2 l 4
Miy=My=g u, (In5— 1), My=3 p, (Ing5—1),

CrnenoBarenpHo:

s=HuMu bk y

HlonoanuteabHOE aKTHBHOE COMPOTHBIEHHE 7', ONPeAEARIOILLEE NePEHOC
SHEpruM U3 OAHOH (asul B JIPyryio, HOAy4aETCA DaBHLIM:

r'=0)S]/§=:—;lm1/§ln 2.

Crenyer o6patuth 0co60e BHHMaHHE Ha TO, YTO 7' NP 3aJaHHHIX
YacTOTE M JUIMHE JIMHUH €CTh BEMYHHA BIIOJHE ONPENENEHHAsA W He 3aBHCHT
OT pa3MepoB ceyeHust caMux NpoBojgoB. C Apyro#i cropoHs, aKTHBHOE
CONPOTHBJEHHE F CAMHX OPOBONOB, a TaKWe [I0/JHOE CONPOTHBACHHE 2
IIPHEMHOTO  yCTPOACTBA MOXKET H3MEHAThCA IS Pa3/HUHLIX YCTDOHCTB
B BechMa IMMPOKMX mpexenax. Yes 60/blle TOX B NPOBONAX JIHHHH, TEM
GOALIIHM BHIGHPAIOT CEYEHHE NPOBOAOB H, CJENOBATEABHO, TEM MEHBUIMM
nosnyuyaerca r. Yem 6oibuie TOK M 4eM MeEHblUIE HaNpKeHHE, MPH KOTO-
puix paboTaeT NpHEMHHK, TeM MeHbule 2. OTclola fCHO, UTO PacCMOTPEH-
HOE HaMH SBJICHHC I1ePEHOCA 3HEPIHH 0cO60 Ppe3KO BHIPAXEHO B ycTa-
HOBKax, pabOTaioliX P BECEMA CHIBHHX TOKAX M HH3KMX HAIPAKEHHAX.
K TakuM ycraHOBKaM OTHOCATCS MOILIHBIE AYTOBHE SJAEKTPHYECKHE [171a-
BuabHuie Meun. TIpM IMTaHuuM nevefi OT reHepaTopoB WM TpaHcGOpMa-
TOPOB ¢ CHMMETDHYHOH CHCTEMOH HampsKeHHil HaGAIONAETCA yBEIHYCHHE
TOKA U MOIMHOCTH B ONHOH M3 KpaiHuX (a3 u yMeHbLIEHHE UX B IAPyro#
Kpalise#i ¢ase, 4TO BEAET K HADYIIEHHIO HOPMAJALHOIO TEXHOJOIHYECKOrO
mpouecca. B 3aeKTPOMETanAyprudH 3TO fIBACHHE TOAYYHJIO Ha3BAHHE
IBNEHUR ,AuKOH (asw“ M ,MepTBOH (asm’.

HOns neun mommuocthio 7500 kVA, paccuuranHoh Ha Tok 40 000 A,
NpH L/ MHE NOABOAAILMX TOK MPOBOAOB /== 10m u uacrore f==>50 Hz

14 Teopna saexTpomarm. moad
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aKTHBHAS MOLIHOCTL P, nepeHOoCHMas TPaHCHOPMATODHBIM Iy TEM B IMHHH
u3 omHoli (asel B APYryio, MPH CHMMETPHH TOKOB IOJYYaeTCs PaBHOH

P =P =D loy/3In2=(40000)- 1071031413 - 0,693 =
—=605 - 105 W = 605 kW.

ITa MOWHOCTb OKA3HIBAETCA NAXe MPH CTOJb KOPOTKOH IHHHH CDaB-
HMMOH C MOLIHOCTBIO BCEH YCTaHOBKH.

B BHICOKOBOABTHHIX TPeX(Pa3HBIX JAHHHAX MePeladn ¢ HECHMMETPHUHBIM
PACTIONOKEHHEM NIPOBOIOB siB/EHHE TPaHC(HOPMATOPHOrO nepenoca Moul-
HOCTH W3 OZHOH (adsl B IPYryl0 OGHYHO N/f BCEH JMHMM B LE/IOM
yCTpaHsieTcst TPaHCMo3uukel NpOBONOB.

B 3ak/ioueHue [A4BBI OTMETHM, UTO DPa3pabOTKE METOLOB pacuera
K03(HUKEHTOB HHIYKUHH TMOCBAMEH DAl paGoT COBETCKHX aBTOPOB:
I1. JI. Kanantapoga, JI. A. Lle#irinna, . H. ITerposa, B. A. ®oKa u apyrux.

TCaasa socvman
IIEPEMEHHOE 2JIEKTPOMATHUTHOE IOJIE B JUIIEKTPUKE

§ 92. llnockan 3AeKTPOMAarHHTHas BOJHA B JH9JeKTpHKe.
CKOpOCTb PACHPOCTPAHEHHA SNEKTPOMArHHTHON BOJMHbBI

B npemsinymux raasax OblIH HCCIEZOBAHB HACTHHE CJY4aH SJCKTPO-
MACHHTHOTO M0Js, MMEHHO, 3JEKTPHUECKHE M MATHHTHBIE M0/, OKPYKAIO-
(e CHCTEMbl MOKOAMMXCA 3apPSKEHHBIX HIH HaMaTHHUEHHBIX Tel H
CHCTEMBl MOKOSIIMXCA KOHTYPOB C [OCTOSHHBIMH TOKaMH.

B ofuieM cayuae H3MEHsIOUWUXCA BO BPEMEHH 3apANOB, M3MEHSAIOWIHXCS
BO BDEMEHH TOKOB, MBHXKYUIMXCSl 34DFKEHHBLIX MW HAMATHHUCHHHIX TE
WA [IBMXKYUMXCA KOHTYDOB C TOKaMi MBI GYZeM HaGaiojaTh B OKpYKaio-
LIeM HX MPOCTPAHCTBE NMEPEMEHHOE 3IIeKTPOMATHMTHOE MNOJe. Orpanu-
YHMCA PACCMOTPEHHEM MEPEMEHHOrO 3AECKTPOMATHHTHOIO MOJA B HEMNO-
ABHKHbIX cpenax. JIna nccaenoBaHus 3TOro Mo HeoBX0IMMO O6PaTHTLCH
K cucTeme ypaBHeHui#t (27) 24CKTPOMarHMTHOrO 104, npeacTapAsOmEN

cO60l CHEAYIOLYI0 COBOKYNHOCTb YDaBHEHHI:
JB

rotH=28, totE=— SE
oD
8=1E+ 5V
D—=¢E, B=pH,
divD=p, divB=0.
B jmexapToBo#t CHCTEME KOODAMHAT MEPBhe [BA ypPaBHEHHH 3aAMKMIYTCS
B BHAC C/lEIyIOmMX MeCTH:
rot, H=13,, rot, H =18, rot, H=3,,
__ 0B, __ 98y 0B,
rot, E= — &, rot, E=—, 1o, E=—"5"
ByneM npeanosararb, YTO € H g HE 3aBHCAT OT BpEeMEHH U Cpela
¥3QTpONHa. Bhipaxas NPOCKUMHM BHXDA B Pa3BEPHYTOM BHIE M HCIOb3Yd



§ 9% ITrockan anexmpomazuumnas 8oana @ duanexmpiine 211

BHIDaNEHHA aia BeKTOPoB 8, D u B, moaywaem ypaBHeHnsa Makcseana
B BHIe:

OH,  oH < O0E,

oy —Ey:"‘/Ex'—}_?Z’x-—{“-—at" P s e e e s e e .(a)

ofH oH oE 9
71;‘—- a—xz=']'Ey +'?'Uy + 57;,‘-’ 3 o o s e 8 e 8 e e e o (b) ("68)
%gé’—%[;f: Ez—l—pvz—]—e%, N (3]

oE, OE_V___ oH,
Fy"—‘—az*-——pw,.................(a)
0_%_052_ 0H, 9
oz W——P—di‘_’ © s e s 8 e e s s s e o s s & @ .(b) (~69)
9L, OE,_ _ oM,

Pty bl O AU

Prc. 136

Hccnenys 3neKTPOMarHATHOe MO/ B QM3JAEKTPHKE, Mb GyneM mpes-
nonarath, 4TO NPOBOMMMOCTb IH3JNEKTPHKa paBHa Hymo (Y=0) u uTo
CBOGOAHBIE 3apAlBl B IM3JEKTPHKE OTCYTCTBYIOT (p==0). B Taxoi cpene
MOTYT CYIXECTBOBATb TOJBKO TOKH DJIEKTPHUECKOr0 CMEIleHHA.

Has toro, 4TO6H NydIle BBHIABATh OCHOBHEE COOTHOIICHHA B 3JEK-
TPOMarHWTHOM MOJe, PACCMOTPHM CHadana npoctelwnt caydall niocxoi
BAEKMPOMAZHUMHNOL 804KH, DAaCIpPOCTPaHAWIEHCA B OIHOPONHOM H
H30TPOIIHOM NH3JEKTPHKE,

DNEeKTPOMarHNTHAA BONHA HA3HIBAETCA MJIOCKOMN, KOTMa BCE BENMYAHE,
XapaKTePU3YIONHe HHTEHCHBHOCTD 3/IEK TPOMACHUTHOrO NpOLlecca, 3aBHUCAT
TOABKO OT ONHOH M3 JNEKapTOBHX KOOPAMHAT, HANPHMEP, OT KOOpPIH-
HaTol 2. IIpUGAMBHTENbHO TakOM XapakTep uMeeT 3JEKTPOMArHHTHAs
BO/IHa, M3/JY4YeHHad aHTEHHOH, €CAM 3TY BOJIHY paccMaTpPHBaTh B HEGOJb-
mo# 06sacTH NPOCTPAHCTBA HA GOMNBIIOM PACCTOAHMM OT H3AYYAIOMIETO
ueHTpa. AHTEHHa MpENCTaBAAET COGOI0 BEPTHKANLHO MOMHATHE HaZ
[I0BEPXHOCTHI0 3€MJH NPOBOJ, Pa3BETBJCHHHIA B BEpXHEH CBOell 4acTH.
BepxHsas 4acTs aHTEHHB! H30IMPOBAHA OTHOCHTENLHO 3EMIIH, Buu3y antenna
COCMHeHa ¢ 3eMJeH Yepes KaTyuKy, HHIYKTHBHO CBA3AHHYIO C KOHTYPOM
reHeparopa (puc. 136). Ilepemennnifi TOK B anTeHHe BhI3HIBaeT KpyroBoe
NepeMEHHOe MArHUTHOE NOJAe, OfHAa M3 JUHHA KOTOPOro MOoKa3aHa Ha
pucyske. IIpoBOaa aHTEHHH 06/1afal0T EMKOCTBIO [0 OTHOLIECHHIO K 3EMIIE,

]
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M NpH TNIEPEMEHHOM 3, J. C. B KOHTYPE aHTEHHbl BO3HMKAET EPEMEHHOE
3MEKTPUYECKOE TI0J1€ MEXAY NPOBOJAMH aHTEHHBl W MOBEPXHOCTHIO 3eM/H.
Ecian NpeanosoxuTh, YTO 3€MAS WAEaNbHHIA NPOBOAHMK, YTO BO MHOTMX
cAyuasx OKa3HiBaeTcs BO3MOWHHM, TO BekTop E caemyer cuurarsp Ha-
NpaBAECHHHM HODMajibHO K TIOBEPXHOCTH 3eMiH. JlelcTBUTENbHO, TOKH,
MHIYKTUPYEMble B 3eMJje, TNPH TAKOM NpPENMNONOKEHHH HEe CO3JaloT nane-
HHS HaUPSOKEHAR B 3eMje, M Clel0BaTenbHo, BeKTop E He uMeer Kaca-
TenbHOH COCTABAAIOMEA OKOJO TOBEPXHOCTH 3eMaH (B HaNpaBjaeHAU
tokoB). [lycte oce OZ wHampaBieHa OT AaHTEHHBL BJO/Nb IOBEPXHOCTH
semmu. [IpenctaBum ceGe NOBEPXHOCTH §, JeKamyw B mrockoctd XOY
(puc. 136). PaccrosiHue OT aHTEHHB 110 MOBEPXHOCTH § MyCTh BO MHOLO
pa3 NpEBOCXOJMT KaK JMHEHAHBE Da3Mephl NOBEPXHOCTH 8, TaK W JuHe#-
HBle Da3MepH aHTeHHH. B Takom ciyuae ¢ GO/bUIOA CTelleHbl0 HPHGIN-
WEHHS K ACHCTBUTEJALHOCTH MBI MOXEM CuUMTaTh, UTO HAIPAKEHHOCTH
3JEKTPHYECKOr0 ToJs B M0G0l 3agaHABIl MOMEHT BpPEMEHH OJIMHAKOBA
BO BCEX TOYKAxX IOBEPXHOCTH §, TaK KaK BCE TOYKH 3TOH MMOBEPXHOCTH
MOXHO paccMaTpUBaTh KaK DaBHOYAANEHHEE OT H3/y4aloulero HeHTpa H
JAexallie NPaKTUYECKH Ha OfHOM Jy4e, NPOBEAEHHOM W3 3TOr0 HEHTpa.
HnbniMu caoBamu, BekTop E B mpepenax moBEPXHOCTH § NPAKTUYECKH HE
3aBucuT OT koopiauHaT x W y. To ke camoe MOXHO CKasaTb M OTHO-
curenpHo Bextopa H. O6a Bexropa OyRyT SaBuceThb OT KOODAMHATH Z,
TaK KaK ¢ H3MEHEHHEM Z M3MEHSETCH PacCcTOSHHE OT M3Jyvaloulero ueHTpa.
BuimenuM o6nacth npocTpadctsa Vo (puc. 136), uMerouiyto ¢opmy napan-
Aenenurena, NOCTPOEHHOro Ha MOBEPXHOCTH S. IIycTh pasmeph 0GaacTH
B HaHpasieHuu ocu OZ Takike Majel NO CPABHEHHIO C PAacCTOAHHEM 1O
aHTeHHH. B npenenax 3ToH o0aacTH Bce JyuH, KOTOPHE MOXHO NPOBECTH
U3 LEHTPA H3Ay4YeHHss yepe3 TOUKH IOBEPXHOCTH S, MOXHO CHHTATH
napannensiuMu ocn OZ. 310 JaeT BO3MOXKHOCTH CHMTAaTh B Ipeaesax
Bceft o6aactu V Benuuuns E u H 3aBUCHIINMH TOJMBKO OT OJHOH KOOP-
IUHATH z M BOJHY, PaclpOCTpaHsiollylocs B JM3/JEKTPHKe, Paccmarpu-
BaTh Kak mnaockylo. Tak, Hanpumep, B mpeaenax Jlenunrpaga BOJHY,
MS/YYEHHYI0 MOCKOBCKHMMH DajuOCTaHUuAMH, C 6OABUION CTEMEHBIO TOY-
HOCTH MOXHO CuUMTaTh TJIOCKOA BOJHOM.

Hrak, npeanonoxum, uro Bekroph E # H He saBucsaT OT KOODIAMHAT
X uy T.€i 54 oH OE OE

=0, 5===0, 5--=0 u —=0.
ox oy ox oy

Caenosatenso, E u H sBasiorcs GyHKumsMu TonbKo Z W f.

YunthiBas ewe ycaoBus: y==0 u p==~0, nonydaem ypasneHusa Maxc-
seaaa (268) u (269) B Buge:

OH, __ OF, o8, _ oM,

9z ¢ (a) 0z Y or @
0H, oE oE oH
E=ey,  (b) [(270) =g @) ¢@7)

O0=c35. (o) O=p—>5 ©
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IIpennonoxum, uTo nome BH3BaHO HCTOUMHHKAMH, I COACPHAIIMMH
NOCTOAHHHX TOKOB H NOCTOAHHHX 3apAA0B, KaK 3TO H HMEET MecTO
B cnyuyae m3nyucHHS 3Hepru# anrtenHo#. TokH B mpomogax aHTCHHW H
Hampsxeh#e B aHTEHHE HE HMCIOT NOCTOSHHBIX COCTABMNAIONIMX.

B Takom cnyuae sexTopsl E m H He MoryT umers COCTaBJAIOLIHX,
HE 3aBucAlMX OT BpeMeHH, n ypasuenus (270, ¢) u (271, ¢) naort:

E,=const=0, H,==const=0.

BuiGepem nanpasnesme ocet OX u OV tak, 4robn sekrop E Gain
Hanpaeied no ocu OX. Torza Gymem Hmers:

E,=0.
Hpu srom ypaewewus (270, &) u (271, @) naior:

OHy _ oH,

dz ot ’
T. €.

H,=const=0.

CrenoratensHo, Bexktop H Hampaenew no ocu OY. Mum nonysacm
NEPBHH CYIUIECTBEHHBIN BLIBOAI 8 IACKMPOMAHUMHOL 804HE, ¢80600HO
pacnpocmpansiowelics 8 OOHOPOIHOM I uU30MPONHOM Juarexmpure,
sexmopu E u H 83aumno nepnendurxyssnpum:

E_{ H (272)

Wrax, ocraiorca asa ypasuenns (270, a) u (271, b):

0H, OE

oty O (273)
oE 0H.
Pl (274)

Hudepenuupys Bropoe ypaBHewHe MO 2 u Nepoe no £, momyvaem:

PE, __ &H, _ &H,_ OE,
02— P otaz 0z0f — S To@ ?
OTKyna uMeeM:
0*E 0*E
T = (275)

Hononwue 1/y/ pe =v, Gyxem nmets:

PE, 40,
o =0 (276)
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Ypasnenus (273), (274), (275) u (276) no ¢opmMe COBEpUIEHHO
aHAJIOTMYHBl Y PABHEHHSAM:

011 Callg du, =719 N

ToaxT o TTox _ “oe
0%uy Py uy 2 0%,
T =LCo " GE =5,

NOAYUEHHBIM BO BTOPO# yacTH kypca (4. II, § 209), npu paccmoTpenuu me-
pPEXOJHLIX PEXMMOB B HEHMCKaxawome#d ofHopoaHo#t nauHmH. Ilpu stom

6n1o 1/ LC=1v. Peumenue nocnefsux ypapHeHU# OHIO NOAYYEHO
B BHIE:

=9 (x —vt) ¢ (x4vt),

R ¢

b=} Elo(x—vt)—¢ (x4-01).

IMone3yack 3TuM pemieHHEM, MH MOMXEM HanmMCATh BHPANEHUA Iaf
E, u H,, 3ameHuB B NMOCAEIHUX BHIpawenuax uy Ha E,, i, Ha Hy, x na
2, C Ha ¢ mu L na p. Ilpoussens sty 3aMeHy ¥ o6osHauas cbym(uuu
oT (2—vt) u ot (24 vf) uepes F,(z—vt) u Fy (2} vt), Gynem
MMEThb MCKOMBIC BBIDAXEHHS B BHJE:

E,=F,(z—vt)+Fy(z+ vb),

- 277
Hy=Y/ Z1F, (e— v — Fa(e 4 wb)]. @70

Tak xak mo ycaosuio E, n H, He UMEOT COCTaBAAIONUIMX, HE 3aBH-
CHIMX OT BPEMEHM, TO H Q)yﬂxupm F; n Fy He MMEIOT 5THX COCTAaBAAIO-
IIHX.

BuIsCHUM CMBICH, KOTODHI# HMEIOT YaCTHHIE pelleHHs:

Eyq=F,(z—t), }

Hy, = ]/E Fy(z— ). |

B moGo#t Touxe, ABMxyliefics B NMOJOXHTENBHYIO CTOPOHY ocu OZ

(278)

dz
€O CKOpOCTbIO E‘=v’ 3Hayenun E H H_vl OCTAalTC TOCTOAHHBIMHU.

HelicTBuTensno, MOs0KeHHe Takof TOUKH onpenenseTcs KOOpHUHATOM
z=vt-}-z, n caenosarenbHo, BemMuuHnl E. u H, B 3TOH nBHNKY-
uchca TOYKe MMeET 3HAUeHHA:

E, =F,(vt+2z,— vf)=F,(2,) = const,

Hyy == V% Fy (24) = const.
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Orciofa cheayeT, uTO KaXJOe OnpejencHHoe 3HaueHue BenHuHHH E,,
MM BenuuHHbl F,; paclpoCTpaHsercs B CTOPOHY MOJIOXHTEIBHOH OCH
OZ co ckopoctbio v. I1o3TOMYy MBI MOMEM YTBED¥HAaTh, 4TO ypaBHe-
Hua (278) onpenenswoT co600 3EKTPOMArHATHYIO BOJHY, pacnpocTpa-
HAOUIYIOCH €O CKODOCTHIO ¥ B NOJNOKHMTEJIBHOM HanpaeneHun ocu OZ
(npamywo soany). Tak xak c Benuuusamu E u F cBi3aHa onpeneneHHas
NJOTHOCTh 3HEPrHy 3ACKTPOMArHUTHOrO IOAfA, TO ABHXYyuancs 3NEKTPo-
MArHMTHas BOJIHA HECET ¢ co60I0 OmpejeNcHHOE KONHYECTBO 3MEKTPO-
Mar#uTHON 3JHEPruH.

ITpy noMmoulM aHANOTHMYHEIX PacCyXJeHHH MBI NPHXOIMM K 3aK/IOYe-
HHMIO, YTO YacTHHE PEUIeHUs:

E.o=F;(z-}vt),

& 279
Hy=—) 2F;( o) @79

onpeaensior co600 INEKTPOMATHHTHYIO BOJAHY, ABHKYILYIOCA CO CKO-
POCTbIO U B OTPHUATENbHOM HarpaBneHHn ocu OZ (o6pamuyrwo 80AHY).

Ecim nonoxurtenvHas ock OZ B npumepe ¢ u3nydamouied aHTeHHOH
(puc. 136) HanpaBneHa OT aHTEHHB, TO OCHOBHAf® H3JyYeHHas BOJHa
ABNfeTCA NpAMOH BOJHOW. OGparHasd BOJNHA MOXKET BO3SHUKHYTh B PE3YJib-
TaTe OTPaMeHus NPAMOH BOJHBI OT Kakoro-jiuGo NpensiTCTBHS.

Wtak, MB [OAYYHIH, UTO SACKMPOMAHUMHAS IJHep2us pacnpo-
Cmpansemecs 8 NPOCMPAHCMBe €O CKOPOCHbIO: i

1
Ve

DTa CKOPOCTh 34BUCHT TONBLKO OT MATHMTHBIX U 3JEKTPUUECKHX
cBO#icTB cpexsl. B myctote oHa paBHa:

V= (280)

—92,99776 - 10® A3 . 10® =
sec

1
= .
V Pofo sec

AGcomoTHEE 3HAYECHHA HATPAKEHHOCTEH MarHUTHOrO M 3JIEKTpHUYe-
CKOro moseil CBA3aHBl Kak B OPAMOH, Tak H B OOpaTHOH BOJNHE COOT-

HOUIEHHUEM:
H= Vﬁ E, (281)
OTKyJza MOJydaeM:
2 .
il (282)

CnenonatenbHo, ecAll CYujecmgyen monyKo NPAMAS UAL MOAbKO O0pant-
Has 60AHAQ, MO SHEP2UL MASHUMHOZ0 U IAeKMPUMecKo20 noneli pasHo
Mexcdy co60mw.
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§ 93. Bexkrop Ymosa-Ilofintanra

OnpeneniM MOUIHOCTD MOTOKA 3HEPIHM, OTHECEHHYI0 K eNMHHLE
IIOBEPXHOCTH, HOPMAJBHOH K HANPABJEHHIO PAacCHpPOCTPAHEHHA SHEPrHH.
Bynem npemnosaratre, 4YTO CyniecTByeT TOABKO BOJHA, NBHXKYHIAACA
B ONHOM HampaBieHHH, T. €. YTO 3JIEKTPOMArHHTHOE MOJie XapaKTePH-
syerca ypasuenusmu (278) uam (279) u 4ro, CleHOBaTeNbHO, CHpaBel-
auBH cootHowennda (281) u (282).

B rakoM cayuae 06beMHAad MJOTHOCTH SHEPIHH 3JIEKTPOMATHHTHOIO
noas paBHal

cE? | pH' _eEy/p ;LHVE__ =~ 1

U cllexoBaTenbHo, B oO0beme dV—d{ - ds (puc. 137) saxaoueHa suep-
rus:

Le.H.odr.ds.
v

Otpe3oxk nyru d/ 3heprus OpPOXORHT 3a
NPOMEKYTOK BPeMeHH df, KOTOpHH cBA3aH C
dl cooTHouleHHeM:

$

dl =vdt,

Pue. 137 MouHocTh NOTOK2 3HEpruM, OTHECeHHad K
e/IMHHIE MOBEPXHOCTH, HOPMaABHOH K BEKTODY
CKODOCTH V, YMC/ICHHO DaBHa KOAHYECTBY 3HEPrHH, KOTOpPasd HPOXOMHT
Yepes eNMHHMIY MOBEPXHOCTH, HOPMAaabHOH K BEKTOPY V, B eQMHHLY
BpeMend. Ona moayuaerca pasnoi:
£H -dl-ds
v

S=—Ga—

Hpumman BO BHHMaHHe, 4TO %:’-'U, HAXOOHUM:
S=E-H, (283)

Dra BeIMYHHA MONET PacCMaTPHBATHCA KaK BeKTOP S, HANpaB/eHHHIH
B CTODOHY HABHXKEHHSl SHEPrHH, T. €. B HANPaBJEHMH BEKTOPa CKO-
pocTH V.

Hnen o notoke memiymiefics B NPOCTPAHCTBE 3HEPUHH, C MCHOMB3O-
BAaHHEM MOHATHA O MOLLHOCTH MOTOKA 3HEPrMH, OTHECEHHOH K eXHHMIe
MOBEPXHOCTH, Onina pa3suta B 1874 r. B pabore H. YMoBa, B KOoTOpo#
OH NpUMEHMJ] STH NPEACTABJCHHS K CAYYalo NBHMKEHHS IHEPIUM B ynpy-
rux cpegax. Ha opunnamuare netr noske IloMHTHHT IIDHMeHHA 3Tu
NPENCTABACHHA K CAy4al0 IBHIKEHHS 3JeKTpOMarHUTHOH sHeprun. [lo-
3TOMY BEKTOD S Mbl GyneM Ha3miBath Gexmopox Ymosa-Iloinmunza.
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Hafizem cBa3p MEXIY HAampaBicHHUEM BeKTOpa YMoBga-IIofiHTHHra u
HanpaBaeiusamu BekTOpOB E u H. B npsamo#i BOAHe, Kak 3TO chaedyeT
u3 ypasuenuit (278), E, u H, Bcerma omHoro ssaka, T. e. B TOT
MOMEHT, KOrlJa BeKTOp E HanpaBneH B CTOPOHY HonoxuTenbHolt ocu OX,
BekTop H HanpaBieH B CTOPOHY MoOJoXuTelbHOH ocu OY. Bextop XKe
CKOpOCTH V B IIPAMOH BOJHE HanpaBjed B CTOPOHY I10OXHTENbHOM
ocu OZ. BzaumHoe pacnonoxenue Bextopos E, H u S mas cayuas
NpsAMO} BOJIHB IIOKa3aHO Ha pwuc. 138,a.

B o6parno# Bonne E, # H, Bceria umeloT pa3iuuibie 3Hakv [ypas-
Henust (279)] u BekTOp V HanpaBneH B OTpHULATE/bHYIO CTOPOHY ocu OZ.
Bsaumioe pacnosioxetne BektopoB E, H u S B o6paTHOM BO/HE H306-
paxeno Ha puc. 138,5.

Mup  BumuMm, 4TO HanpasaeHue Gexmopa  Ymosa-IloinmuHza
cosnadaem ¢ nocmynamenbHuih O8UNCEHUCM OCU NPABO20 BUHIMA, 20408KA

a 4 x
E b A€
H
S S
(2 v 0 Z
y
W {(fom— — -—~===:£:EC@§'

Puc. 138

womopozo spawaemcs 8 naockocmu, colepscatyelr sexmopw E u H,
8 Hanpasaenuu om E k H no xpamuaiuemy paccmosHuio.
CrnenoBarenbHO, BeKTOP S MOXHO IPEACTABUTh KaK reOMeT PHYECKOE IIPO-
u3Bexenue Bektopos E u H:
P S—[E - H].

On omnpefensieT COGOI0 MOWHOCHM NOMOKA 3ACKMPOMASHUMHOL
SHep2uU, OMHECEHHYIO K eQuHuye nOSEpXHOCMU, HOPMAAbHOU K Hanpa-
8AGHUIO pacnpocmpareHus 3JHepauu. Buipaxende nxna BexTOopa YMOBa-
IloksiTuiira GBIAO NO/AYYeHO B NPeMNOJIOXKEHHH, YTO CPefa OJHOPOJHA
H H30TPONHA M UYTO CYHIECTBYeT TOJbKO HpsIMasd WiW TOJBKO O6parHas
BoaHa. B chedyiomleM naparpade OyIeT NMOKa3aHO, HTO 3TO BHIpaxce-
Hue ClpaBelJuBO B ofuieMm cayuae.

OcraHoBuMCA Ha BaXHOM NpaKTHWuecKOM caydae, korma E, u H,
H3MCHAIOTCH BO BPeMeHH IO 3axkoHy cuiiyca. IIpeamonaoxum, uro cyme-
CTByer TOAbKO OJHa mpsiMas BoiHa. CoriacHo ypaBHeHusM (278) umeem:

E,=F,(z—vt)=E,,, - sin (ot +¢),
Hy=V SR G—o)=) & Ep-sint -4),

npuueM ® — yrjioBas 4acTora KoJjebaHuil.
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[Tocnennve ypasHenvst yROBJETBODAIOTCA NPH YCIOBHH, YTO Cylle-
CTBYET paBeHCTBO: (wf - ¢) =& (2 — v¢), rue & — NOCTOAHHAA BeaWYKHA.
Tak kak 3TO paBeHCTBO [OMKHO YZROBJETBOPATHCH A mo6oro
MOMEHTA BpEeMeHW f{, TO, NMOJOXUB {=—=0, wHaligem: 4=*kz. Cnexosa-

. w
TEIbHO: Wf=-— RVt ¥ k=—;. Takum obGpasom, nauaneHas asa ¢

w
Moxer ObiTh NpeACTaB]eHd B BHAE: q»:—?z. Crano 6uith, HMeeM:
. w
E,—E,,  sin{of — 2% )
& . ©
Hsz‘; . Exm - Sin <(Df——f62)

Ha puc. 139 usoGpaxcensl BexTOopsl E wm H B pasHbx Toukax
ocu OZ nas momeHTa Bpemenu {=0. Beanumnn E u H pacnpemenens
B NPOCTPAHCTBE IO 34KOHY

X CHHyCa, ¥ BCE 3TO pacinpe-
—V feslende nepemelaercs B 1o-

E___ JOKHTENbHYIO CTOPOHY OCH

H g BN OZ co ckopocteio v. [lei-

8 ~ , . CTBHTENbHO, TOYKA, B KOTO-
: < poii E,=—0, onpenensercs

o
8 . £ ycloBMem: wt—;z:Omm

E z2=wvl, T. e. IOBMXETCAd CO
e A — CKOPOCTHIO U B MOJOKHTEJb-
HoM Hanpasaenuu ocu OZ. Ha
Puc. 139 prc. 139 nyHxTUpHBIMU JH-
HRAMH Wu306paxeHO paclnpe-
IeNCHHE NOJA B HEKOTOPHH MOMEHT BpeMeHM £, > 0.
Paccrodnne, Ha KOTOpOE PacnpOCTPaHsAETCA 9/1eKTPOMArHHTHAS SHep-
THsl B TeYeHMe OJHOro Iepuoia KoJeGaHui, Ha3nBaeTcH 04UHOIO BOAHN.
OGosnauas OauHy BOJHBL yepes A, GydeM HMeTb:

A:vT:ff’—, (284)

rae f-—uactota Konebanwmit,
PasHocTs (a3 koneGauwii B ABYX TOUYKaxX, yAANeHHHIX APYT OT apyra
B HANpABIEHWM DACIpPOCTPAHEHHS BOJIHB HA PaccTOAHHE A, MMEeT 3Ha-

w
uenve A= 0T =2w. CieqoBaTelbHO, OLUHAQ BOAHH eCMb pacemoaHue

MedcOy 08YMA GAUNCALMUMY MAKCUMANLHEMY SHACHUAMU HAND AKHCEH-
Hocmu noaA.

Yrobnl Harnagmo npenctaBuTs cebe Bce moje NAOCKOH BOMHBI,
HEOGXO0IHMO BOOGDA3NTH /[BA B3aUMHO [EPIEHIHKYIADHBIX ceMelicTpa
CHJIOBBIX JIHHUH 3JIEKTDHUYECKOrO0 W MATHUTHOrQ MoJeH, 3amoNHAMIHUX
cob0i0 BCE MPOCTPAHCTBO, B KOTOPOM pacHpPOCTPAaHAETCA BOJHA
(puc. 140). B kawpo#t miockocTH, napanienbHolt maockocth XOY,
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CHIIOBHIE NMHEM paclpeliefieH PaBHOMEpHO, HO B Hampasiaenuu OcuOZ
rycToTa JMHMM MeEHMeTCd NO 3aKoHy cuHyca. Bce 3To pacnpenesnenue
IBMXKETCA CO CKOPOCTBIO U B NONOXHTENLHOM Hanpasiaenuu ocw OZ.

X :

v
ooy
Z

N
L/ // / ke / 7
£
Puc. 146

MomuepkHeM 0co60, 4TO BXoJAlUlMe B BhIpaxenue mid S BennunHblE
1 H pomkub ABaAThCA ABYMS CTOPOHAMM €IMHOrO 3JEKTPOMarHUTHOrO
nonf, T. €. HOMKHH OhITh CBA3aHH MEXAY cOGON ypaBHEHHAMH SIEKTPO-
MarHuTHOro noid. UYToGu MONHOCTHIO YACHUTH cebe 3TO I[OJOKEHHE,
PaCCMOTPUM CJy4ail MPOCTOrO HANOKEHAA [OCTOSHHBIX 3JIEKTPUUECKOrQ
#H MarHTHOr'o noneﬁ, COBEPUICHHO HE CBA3aHHBIX JpYyr ¢ JIpyrom.
B o6nactu V, obGgemensHoll Ha puc. 141

+
NYHKTHPOM, OJHOBDEMEHHO CYULECTBYIOT =
37K TPAUECKOE MOJNE 3aPHIKEHHOrO KOHIEH- Ly ]
caropa ¥ MarHUTHOE MONEe IOCTOAHHOrO N el
marauTa. Kaxmoe u3 sTux noaeil seasetcd L )

4aCTbi0 CBOEr0 3JEKTPOMArHUTHOTO MpPoO- ~
Hecca — 3JEKTPUYCCKOE NONE CBA3AHO C 3Jle-
MEHTapHBIMH 3apalaMu, GecropsiaouHo NBH-
KYIMUMUCA HAa TNOBEPXHOCTH OOKIaNOK KOH-
JleHcaTopa, MarHuTHOE 10A€ CBA3aHO C 3ne-
MEHTapHLIMH TOKAMH, CYUICCTBYIOLIMMHA B Puc. 141

none maruuta. ONHAKO MeXIy 3THMH IpO-

IieccaMy HET HMKAaKOH cBfAsu, a CAeOoBaTEALHO, MPOCTOE Ha/lOXKeHue B
ofnactu V 2aeKTpUUECKOro ¥ MAarHUTHOTO TMoned emle HE JNaeT ABYX
COCTaBAAIMMUX EIMHOrO 3JeKTpoMariuTHOro mnonas. CoOTBETCTBEHHO B
paccmarpuBaeMoil 06MacT¥ NMPOCTPAHCTBA HE COBEPINACTCA M JBUKEHUS
3JIEKTPOMAarHATHO! 3HEpPruu.

§ 94. IloTOK 31eKTPOMArHUTHON SHEPrAn

Bektop VYwmosa-lTlofiHTunra, onpegensiomuit BEINYMHY U Hanpa-
BJCHHE TOTOKA 3NEKTPOMArHUTHON SHEPruy, NPOXOIAUEA B EAUHHLY
BDEMEHH CKBO3b EIUHHUIY JIOBEPXHOCTH, HOPMAJBLHOH K HanpaBACHUIO
pacnpocTpaHeHus SHEDPrHM, paBeH:

S=I[E - H]. (285)
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Ioxaxem cnpaBenauBOCTs 3TOro yTRepXKAeHHs AA% moGoH cpenw,
KOTOpasi B OGlLIeM Clyyae MOXCT GbiTh M HEONHOPONHOH M  aHM3O-
TponHoH. CBOe paccMOTPEHHE MBI OrPAHMYMM TOMBKO OXHMM npennono-
HEHUEM, 4TO JEKTPHUYECKHE (€ M ¥) M MarHHTHLIE () cBoitcTBa cpenu
HE 3aBUCAT OT HANPIKCHHOCTEH SNEKTPHYECKOr0 M MArHUTHOLO rnoned
M B KaX/Ol TOUYKe NPOCTPAHCTBA OCTAIOTCH MNOCTOSHHDBIMH.

PaccmoTpum HekoTophii npomssoasHo BHGpanHbt o6beM V npo-
CTDPAHCTBA, OrpaHM4YeHHHH 3aMKHYTOH NOBEPXHOCTHIO S. DHEPrus s.1eK-
TPHYECKOro M MarHHTHOrO noJjeH, 3akaodeHHas B 06beMe V, Moxer
ObITh NMPEACTaBACHA B BHIE:

W, - W,,,:!(E—é“-}-“é—‘*)dv.

ITpennonoxuM, 4To 9Ta SHEprus M3MeHseTcs BO speMenn. CkopocTs
YMEHbLIEHHA 5HepruM B o6beMe V pamHa

W= [ SR
14

Ecau cpena HM30TpOnHa, TO0 D—=¢E u B=pH, 1 Mt umeem:

O (E-D | H-B\__ J [¢E® pHY
) =5 (F+5) =

_pOCE) | L O@H)_ . oD B
=E=5 +H =" =E-5 +H%.

B o6umem cayyae anu3oTponHOR cpemsl BeKTop D He coBmazaer mo
Hanpasjennio ¢ Bektopom E. Onnako nocneisee Bupawenue ocTaeTcs
cnpasefauBeM. JleHcTBHTENLHO:

!

0_<E-D)__Q(Ex-Dx{—Ey-Dy—f—Ez-Dz _9 exE§+ey53+azﬁg)__
ot 2 /T ot 2 )_ /4 2 -

oD oD oD, dD
=E. 5 +Ey 5 +E 5 =E- -5,

M TOYHO TakK Me

0 /H-B JB
7:( T) =H-5.
TakuM o6pasom:
0 oD JB
—;;(We-l—Wm):J(—EW—HET} dv. (286)

TInotrHOCTL TOKAE CMeNIeHnst MOXHO HnpeNCcTaBUTh Kak Pa3HOCTh
pe3yabTHDYIOUEN NAOTHOCTH TOKa M INIOTHOCTEH TOKOBR NpPOBOINMOCTH

N KOHBEKUHMH:

JdD
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Ha ocHoBauuM NepBOro ypasHeHusa MaxcBemla HMeeM:

)
of —TotH—1qE —pv.

Kpome TOro, sropoe ypasHenue Maxcsenna Naer:

%:——-rot E.

IMoncrasnss BupaweHds IS NPOU3BOAHHX OT Bektopos D u B
B paBeHCTBO (286), HakneM, 4TO cKOpocth YyObIBaHMA 3Heprud B
ofbeme V moxer OHTH NPEACTAB]CHA B CJACAYIOLIEM BUIE:

-2 (We-}-W,,,):j'(——E-:otﬂ-}--;Ei-l—pv-E-}-ﬂ-:otE)dV.
1’4

Cornacuo rtoxaectsy (177), npuBeneHHOMy B § 64, umeem:
H:rotE—E - rotH=div [E - H},

H Ha ocHoBaHuu Teopemn Ocrtporpagckoro (24) mMoxeM Hamucarhb:

j‘div [E-H]dV=4 [E-H] ds.
v s

Takum O6GpasoM, NOXyHaeM:
)
_E(W3+Wm)=j'yazdv+j'pE-vdv+j [E-H]ds. (287)
vV 14 s

Tlepruilt MHTErpan B NMPAaBOM HacTH IMOJY4EHHOrO ypaBHeHud Ipen-
cTaBaseT co6O0 3HEprulo, moriaowmaemyio B o6beme V B enunuuy Bpe-
MEHM BCIACACTBHE KOHEYHOH MNPOBOAMMOCTH Cpelb, T. €. 3HEPruio,
Mepexomamylo B Telo. BTopoi uHTErpan mnpeactasaser  co6oio
pa6oTy, 3aTpaudBaeMyi B eIWHMIy BpeMEHM Ha YCKOpeHue cBOGOMHHIX
3apAA0B, HaXOHfAIMXcA B O6beMe V, T. €. Ha yBE/MUCHUE KHUHETHYE-
CKOlt 9Heprud STUX 3apAmoB. JleHcTBATENbHO, [POU3BENCHUE 06 bEMHOM
NJIOTHOCTH 3apsia p Ha 06beM dV ecTh BeaMuMHA CBOGOAHOrO 3apsaa
B aToM of6beme: pdV=—dq. Mexanuueckan cuia, HICHCTByOmWas Ha
sapan dg, pasHa f=Edg. Cnenoparenvno, semunHa pEvdV=1f.v=

=iz ecmp pa6oTa cun noas, 3aTpauMBaeMas Ha YCKOpeHde 3apana

M OTHeceHHas K enuHuile Bpemenu. Murerpan xe j pEvdV npencras-

1%
AgeT co60i0 OTHECEHHYIO K enuHulle BpemeHH DaboTy, 3aTpauuBacMyio

HAa YCKOPEHHME BCEX CBOGONHMX 3apfloB, 3aK/MIOYEHHHX B oGbeme V.
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Hannune tpetsero umrerpana mokassisaer, 4to He Bes yGbias 9Hep-
THH 371CKTPUUCCKOrO W MAarHMTHOro nose#t B o6beMe V mnpeBpamaercs
BHYTPH 3TOr0 00beMa B TEMIO W B KHHETHYECKYIO 9HEPTrUI0 ¢BOGOI-
HbIX 3apanos. Benuwunmda 3TOro Tperero wHTerpaia npescTaBaser
co60I0 4acThb IHEPIUH, KOTOPas BHIXOIHMT B €IMHULLY BpeMeHH U3 00beMa
V ckBO3b nmoOBepxXHOCTH s.

Takum o6pa3om, MOWHOCTL NOTOKA SAEKTPOMAarHUTHOR 3HEPruy,
“MCICHHO paBHAd MOTOKY 3IHEPrHH, NPOXOAAIEMY CKBO3b MOBEDXHOCTh §
B €IUHUIY BDEMEHH, BHIPANKACTCH B BUJE:

p_—__—J'[E.H]ds—'_—j‘Sds. (288)

Orciona caenyer, 4TO y/leibHas MOWHOCTb MOTOKA 3/€KTPOMACHUT-
HOH SHEPruM, WYHCJICHHO paBHAas KOJMYECTBY SHEPrHW, MpOXOmsuleht
B CIMHUIY BPEMECHH CKBO3b €MHMIY MOBEPXHOCTH, MNEPIEHINKYIAPHOH
K HalmpaB/€HHUIO PacMpOCTPaHEHMST SHEPTHM, MOXET GHTh IpefcTaBACHA
B BHIE BEKTOpa

S=|[E - H].

Ypasdenue (287) noayueso B NpeanooxeHuu, utO0 B o6mactd V
HE COBEPIIAETCA MeXaHWYeCKOH palOTHl Ha MepeMelieHWe B MPOCTpaH-
CTBE 3apMKEHHBIX NMPOBOMSWIAX TEA U MPOBOAAUIAX KOHTYpOB C TOKaMH,
a TaKKe Ha IlepeMelieHUe OTHEAbHBIX YacTe#l cpelbl, HEOIHOPOIHMX B
9/AEKTPUYECKOM M MATHMUTHOM OTHOWIEHHH. DTO NPEANONOKEHHEe 3aKIIio-
4amoch B TOM, YTO BEJAMUYHMHE! ¥, p M & OBLAM NPHMHATH  NOCTOSHHBIMU
B KaX/0H Toyke npocrpancTBa. CieI0BaTeAbHO, BCe YacTH HEOQHO-
POAHOA CpeAbl W, B YaCTHOCTH, INPOBOAHMKM [MpeflOaaraiuch Hemno-
msuxHbIMM. KpoMe TOro, He 6hljO NpENmONOKEHO CyLIecTBOBaHHE B
061acTu V' Kakux-1u60 MCTOMHHKOB 3JEKTPOABHKYILEH CHIbL.

Ypasnenue (287) npencrasaser co6oi0 BHpaXeHHe 3aKOHa coxpa-
HeHUA SHEPI'WM B NPUMEHEHHH K TAKOMY Caydalo.

B Gonee oGmem cnyuae Baytpn o6racta V Moryt CyLecTBORATh
UCTOYHHKH SJEKTPOMAHUTHOH SHEPrHHM, B KOTOPHX COBEpUIeTcA Ipe-
00pa3oBaHue HEPrHH KaKOTO-M60 BHIa (TENIOBOH 9HEPruW, XHMHYE-
CKOH 3HEprmM W T. 1.) B 3JICKTPOMATHHTHYIO 3Hepruio. OBG03HAuHB
4yepes p, MOWHOCTHL ITHX MCTOYHHKOB, MOMCEM HamucaTh HAa OCHOBAHHH
3aKOHa COXPAHEHWS HEPrHH CJAEeNYIOUlee DaBEHCTRO:

Pe="2(W, +W,) -|-J VBV + [ eEvaV+ [ (£ - H]ds. (289)
Vv s

YMHOXHMB 3TO ypaBHeHHe Ha df, MOAy4MM, 4TO paboTa, coBepinae-
Mas BCEMM UCTOYHMKaMH 33 BpeMs df, MIEeT Ha W3MeHEHME 3amaca sHep-
THH B MarHMTHOM W B 3JEKTPUYECKOM IOAAX B o6beMe V, Ha Bpl-
ZeneHMe  Tela B 3TOM  OGBEME, HAa YCKOPEHHE HaXORAmWMXcs
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B ofbeMe V cBOGOAHBIX 32pSfOB W 4YTO, KPOME TOro, 4acTh 3TOH
pa6oTLl COOGTBCTCTBYST 3Hepruy, puixoiamieit 3a npegean 061acTH

CKBO3b IMOBEPXHOCTH §.

§ 95. HanyueHne 3JeKTPOMArHHTHOH 3HEPrHH AHTEHHOM.
Onwite epua. Orxkpeitue Ilonmosa

Teopusi 3NeKTPOMArHHTHOrO MNOJS, CO34aHHas MaxcBe/IoM Ha OCHOBE
HIHPOKAX 06001eHHH ONBITHLIX (GaKTOB H 06 /IeKIIAN B CTPOTYI0 MATEMAT Aue-
ckylo dopmy upen Papanes o PU3HYECKUX HABJICHHAX, MPOUCXOAAUIMX
B JMEKTPAYECKOM M MarHMTHOM MOJAX, Halllia NOJAHOE MOATBEPHAEHHE
BO BCEX NPAKTHYECKHX JOCTHKEHHAX B OG/ACTH 3/MEKTPOTEXHHUKH, MOIY-
YeHHBIX B TeueHHe NMOCAEAYIOUIHX AecATH/IeTHR. B o6mupHoM paay 3THX
NPAKTHYECKAX NOCTHHEHHH, 6iecTdme ROATBEPKAAOIAX TeopHio Makc-
BeJJa, CACAyeT Mpexie Bcero oTMeTdTh oTkpbitHe paauo A. C. Ilono-
BBIM H BCIO COBDEMEHHYIO DagHOTEXHAKY. BoO3MOXHOCTh H3AyueHHs
3JEKTPOMATHUTHON JHEPrHH M ee pacHpocTpaHe- .

Huf B HPOCTPAHCTBE HENOCPEACTBEHHO BhITEKAET
M3 MaxcBELIOBOH TeopHd. Bedkad uens nepemen- eg >
HOrO TOK2, NPHHUHUNHAIBHO rOBOPS, H3JyvaeT He- N

KOTOpPOE KOJIHYECTBO 3IMEKTPOMArHUTHON SHEPruH. :

210 npUHUMNHAATEHOE HOJOXKEHHEe CAeqyer 3 pe- Puc. 142

IIEHHS CHCTEMBl YPAaBHEHHUH 3JCKTPOMACHUTHOTO

HoJMst, KOTOpOEe MOMeT GbTh MOMYyueHO WIS KOHTYDOB TOH HaAM HHOH
¢opmel. B caepylounx naparpadgax O6GymeT npHBeIEHO pelicHHe MIH
ciyuast TMEpeMeHHOrO 3/CKTPHUYECKOro MHNOA. 34eCh MBl OCTZHOBHMCA
NMMb HA HEKOTOPHX OOLIMX COOOpaNKEHHAX, CBA3AHHBIX C BOMpOcoM 06
H3JIYYCHAN 3JIEKTPOMACHUTHON 3HEpruu.

IIpeanonoxum, YTO TOK B HEKOTOPOM KOHType (puc. 142) yseauun-
BaeTCA OT HyN# 1O KOHEYHOTO 3HAueHHA M 3aTeM BHOBb YMEHBLIZETCS
o Hyaa. Bokpyr koHTypa ofpa3yeTcd MarHHTHOe MOJE, KOTOPOE MpH
yCTaHOBHBLIEMCA NOCTOAHHOM TOKe DacnpocTpaHaeTcA Ha BCE NPOCTpaH-
cTBO, OKpymaiouee KoHtyp. Ilps 3ToM noaHu# MarvuTHHH notok W,
CLUENJAOUIMACA ¢ KOHTYpPOM, olpejenseTcs cHJOR Toka i, reomerpuue-
CKMMH pa3MepaMM KOHTYpa H 3HaueHMEM MarduTHOH IPOHHLZEMOCTH
cpeasl. [lpn ycaoBuM p=—=const NOTOK NPONOPUMOHICH CHIE TOKa.
Ecau yBemmuuBaTh CHIY TOKAZ B KOHType OECKOHEUHO MeJieHHO, TO
noroxk W npM KaxIOM 3HAUCHWH TOKa [ NPHHUMaeT TO 3HAaueHwe,
KOTOpOE OH MMEET [IPH TOM e B3HaYCHUH YCTAHOBHBIIErOCA W BechnMa
JJMTENbHO CYLIECTBYIOUIErO MOCTOSHHOI'O TOKA, 32BACHMOCTH MEXAY
IIOTOKOM H TOKOM Olipejeisercd B TakoM c/ayude MnpsMol JuHueH,
usobpaxennolt Ha puc. 143. Sueprus, u3pacxXoJOBAHHAT  BHELIHHM
HCTOYHHKOM 3, A. C. [PH YCTaHOBJIGHMM IOTOKA M DABHAA

A= j t—-jzd‘F
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npeoBpasyerTcss B 9HepPru0 MarHuTHoro noas. I'paduueckn sra sHeprus
onpejenseTc 3alITPUXOBAHHON TOPHM3OHTaNbHO Ha pHc. 143 niomasslo.
ITpn GecKOHEUHO MeNJEHHOM YMEHbUIEHWH TOKAa B KOHTYPE BCH 3Hep-
rus, 3anaceHHas B MardHUTHOM TMOJj€, BO3BpaliaeTcs OGPATHO HMCTOYHHMKY
3. n. c. Ha puc. 143 naowans, COOTBETCTRYOILANA
¥ e A 9HEPruM, BO3BPAILEHHOH MCTOUHUKY, 3allTpHXO-
Y BaHa BEPTHKAJbHbIMH JIMHUSAMH.
OnHako mnoAHHIA BO3BPAT 3HEPrHM  IOJA
74 HCTOYHHMKY 3. [. C. UMEeT MECTO TOJbKO MpH
HH GecKOHEUHO MEJIeHHOM M3MeHeHun Toka. [lIpH
; KOHEYHOH e CKODOCTH YCTAHOBNEHHA H YMEHb-
0 ¢ HIEHHA TOKa SHEPrus, 3aTpayeHHas HCTOYHHKOM
Puc. 143 NpH yBEIMUYECHHH MarHuTHOrQ HOTOKA, [IpEBHUIAET
SHEPruio, BO3BPAILAEMYI0 HCTOUHHKY HPH YMEHb-
meHuH noToka. IIpH 3TOM 3aBHCHMOCTH MEXIY MPHOBEHHLIMH 3HAUCHHIMA
Wi gomxua MMETh XapakTep, NpelcTaBiaeHHbd Ha puc. 144. IMxomans
BHYTPH 3aMKHyTOro wikia OabO u onpefenser co00i0 H3/IyueHHYIO IHEP-
rmo. Ml BH/WMM, 4TO IPH KaX/OM MCHOBEHHOM 3HAUEHHH M3MEHSIOWErocs
TOK2 MArHMTHEIA HOTOK OTAHYaeTcd OT TOTO 3Ha4€HH#, KOTOpOe OH
MMEET NpH JIMTEAbHO CYLIECTBYIOIIEM NMOCTOAHHOM TOKe TOH e CHJH.
9T0oT (aKT MOXKHO NOSCHHUTH cienyowuM obpasoM. Ipu usmeHeHHH BO
BPEMEHH MArHMTHOTO NOTOKA BO3HMKAIOT 3. A. C. B KOHTYpax, KOTOPHE
MOXHO ce6e MbICJAEHHO NpeACTAaBUTb PACIOJIOKEHHBIMH B NMpPOCTPAHCTBE,
OKpYHXaloleM npoeoiauwni Koutyp. Cre/oBaTenbHO, B TOM NPOCTPaH-
CTBE BO3HMKAET 3JIEKTPHUECKOE 110J1€, KOTOPOE, H3Me-

HASCh BO BDEMEHH, BHLI3LIBAET B JM3JCKTPHKE, OKPY- V|

XKAIOUEM MNPOBOJAIIMA KOHTYDP, TOKH 3JIEKTpHUE- iy 20
CKOro cmemenusa. MaruTHblfi NOTOK B Kax/uif T

MOMEHT BPEMEHH ONpPENENAeTCA KAK TOKOM B NNPOBOJA- ==/

IEM KOHType, TAK M TOKAMH CMEIUEHHS B JHIIEKTPHKE r;’?t’z

H, CJEIOBaTE/]bHO, OTAMYAETCA OT NOTOKA, KOTOPHH

cymecTBoBan Obl HpH INOCTOSHHOM TOKe { B npo- 0 ¢
BOJAILEM KOHType. Puc. 144

Cambift daxkT H3AyuyeHHsi CBA3AH C TEM, YTO CKO-
POCTb PACNIPOCTPAHEHHA 3/EKTPOMAarHHTHOH SHEPrHH
coraacHo Teopuu Maxceenna uMeeT KOHeyHoe 3HauseHne. IlycTs B MOMeHT
BpeMeHH £ =0 TOK B KOHType HauuHaeT yBeauuusaThes. Jlo MomenTa =10
TOK B KOHType OTCyTCTBOBAM K MOMEHTY BpeMeHH f;, KOTd TOK B KOHType
JIOCTHTaeT MaKCHMAa/IbHOrO 3Ha4€eHus, 31CKTPOMarHHTHOE NOJIE yClIEBaeT pac-
NPOCTPAHUTHCA TOJNBKO HA KOHEUHOE PACcCTOAHHE OT KOHTYPA, paBHOE iy,

riev = — CKOPOCTb PacnpocTpaHeHUA 3JIEKTPOMarHHTHOH SHEPrHH.
e

Ecau Bcnen sa Tem cMaa TOKa B KOHTYPe yMeHblaeTcsd, TO 3IHEPrus

N0 Y4CTHYHO BO3BpAIAETCA WHCTOUHMKY. ONHAKO TpaHHUAd 3JEKTPO-

MarHNTHOTO NOJA NPOJOKAET PacnpoCTPaHAThCA B NMpPEXHEM Halpas-

JeHHH C TOH Xe CKODOCThIO ¥, H K MOMEHTy BpeMeHM f, KOTJa cuia

TOKa B KOHTYpE BHOBb CTAHET paBHOH Hy./O, Mo/i¢ PaCNHPOCTPAHHTCHA HA



§ 95 Hzayyenue snexmpomazrumnofi snepauu anmennoli 225

paccTOAHHE OT KOHTypa, paBHOe vf,. [ToaTOMY 3Heprus moias He BO3Bpa-

mIaeTcs IMOJHOCTBIO HMCTOUHMKY 9. 1. ¢. YacTh sHeprud oxassiBaercs
CBA3aHHOM C 3JEKTPOMarHHTHOH BOJAHOH, CBOGOIHO pacHpoOCTPAHAIO-
liefica B MPOCTPAHCTRBE.

U3 ckazaHHOrO ACHO, UTO KOJNHYECTBO SHEP- /‘

THH, M3JYYCHHOH 3a HEKOTOPHIl MPOMEXYTOK

BpPEMEHH, 3aBHCHT OT CKOPOCTH H3MEHEHHs TOKa ¢
B koHType. IIpH NMOCTOSAHHOM TOKe >Heprus

He wu3aydaercid. Bcesakufi KOHTyp, B KOTOpOM

IPOTEKaeT MEePEMEHHBI TOK, M3JIyYaeT HeKo- L

TOpOe KOJHuecTBO 3Heprud. QIHAKO npu npo-

MbliAeHHOt vacrore f=050Hz B cucremax, c Puc. 145
KOTODHIMH MBI HMEEM [€J0 B TEXHHYECKUX

yCTPOHCTBAX, KOJIMYECTBO M3JYyUEHHOH SHEprHH MPAaKTHYECKH HHUYTOXHO,
H TIpH pacueTax Mbl 3Ty SHEpPruio He HNPHHUMaeM BO BHHMaHHe. M3ayue-
HHME HE3HAuMTEe/JbHO M B JHMana3oHe 3BYKOBHX 4acToT. ITo3TOMy B pamuo-
TEXHHKE HCIOJb3YIOTCH BHICOKHE 4acTOTH NpuGausurensHo ot 10°Hz
H Bbiule.

CnocoGHOCTb KOHTYpa K M3/JYYeHHIO CHJLHO 3aBHCHT OT €ro
reoMerpudeckoil KoHdurypauun., Jlag yseadueHHS STOA CMOCOGHOCTH
HEO6XOZMMO CO3JaTh TAKHE YC/I0BHA, YTOOH MarHUTHOE M 3JEKTpHue-
CKOE€ 104, CBA3AHHEIC C NEPEeMEHHHWM TOKOM M IepeMEeHHBIM Hamnps-
HEHHEM B KOHTYpe, OBUIM pacmpeneneHsl B OXHOH +
U TOff Ke O0O6JacTH MPOCTPAHCTBA, OKPYXKAIOUIErO
koHtyp. Tak, Hanpumep,
KOHTYyD, H300paXeHHBI A
Ha puc. 145, conepmxa-
UMA KATYWKY CaMOHH-
JAYKUHH ¢ TUIOTHO Ha-
BUTHIMH BUTKaMH OOMOT -
KH H KOHJZEHcaTop ¢ 12
HeboabUIMM  paccTofl-

HMEM MexJAy [JIacTH-

HaMmH, o6GnafaeT BecbMa p

Puc. 146 cnaboit crmocOGHOCTBIO Puc. 147
K H3JIy4eHHIO, TaK KaK

OCHOBHOE MAarHMTHOE TI0J€ M OCHOBHOE 3JEKTPHYECKOE IoJe COo-
CpefoToueHb B pasHelx o6aacTax mnpocrpaHctBa. Manyuenwme HesHa-
YUTEJIbHO TAKXE M B Cilydae KOHTypa, H306paXEHHOro Ha pHc. 146.
MaruuTHOE MOJE pacHpefeneHO BAOJb TAKOCO KOHTYDPa, HO OCHOBHOE
3JSKTPHUECKOE MOJE OCTaeTcs COCPeNOTOYEHHBIM B HEGOJBIIOM mpo-
CTpaHcTBEe MEXAY OOKIagkaMu KoHIeHcatopa. Ho ecan pasiasunyTh
O0K/aJKy KOHACHCATOPAa HAa BO3MOXHO GOJbUIEE DACCTOSIHHE IPYT OT
JApyra, BHIIPAMHB COCTHHAIOWMIA HX NPOBOL TaK, KaK IIOKa3aHo Ha puc. 147,
TO 3JEKTPHYECKOE H MarHMUTHOE MO/ OKa3blBalOTCH pacHpene/ieHHbIMHA
B OXHOH u TOR xe OGxacTu npocrpancrsa. Takas cHcTeMa oGuamaer
BHICOKOH CMOCOGHOCTBIO K H3IyueHMIO 3JEKTPOMArHHUTHOH SHEPrUH.

15 Teopusa ?JleKTDOMArH, NOJA
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ITepBbie OMBITH, SKCNEPHMEHTa/IbHO MOATBEPAMBIUHE TeopHio Makc-
Beana, OwiH NMocraBaeHnl [epueM. OCHOBHOH KO/€6aTEMbHBIA KOHTYD,
TaK H43BIBAEMEIl BHGpDATOp, KOTOPHM MnoJb3oBaiacs I'epu, MO cymecTBy
6b11 ONOGER KOHTypy, W306paxenHoMy Ha puc. 147. OOk.aaaxu KOH-
AeHCaTOpa, BHMOJHEHHBE W60 B BUAE ILIACTHH, JM6O B BHUIE
WAapoB, MOCJHM MEePeBUraThCs BIOJb CTepxueh /; u [, (puc. 148), uem
JOCTHraloch M3MEHEHWe eMKOCTH CucTeMbl. UTOO0n HMETb BO3MOWHOCTb
3apAMUTL KOHIEHCATOp, B MPOBOJE, COGMMHAIONIEM €ro O6KkiaakH, 6bla
06pazoBaH Mex1y ABYMs MA/JCHbKHMH WAPUKAMH HCKDOBOM [POMEKY-
tok K. O6kaanku koHaeHcaropa [epu npucoequuan KO BTOPHYHBIM 32KH-~
maM katywmkH Pymxopda R. Kaxnoe npepbisande TOKa B IEPBHYHOH
O6GMOTKE KATYIIKH BhI3HIBAJAO MMIy/AbC 3. A. C. BO BTODHYHOH OGMOTKeE.
KoulencaTop sapsancs HO HalPsDKEHWd, NPH KOTOPOM MPOCKaKHBana
HCKPA Mex[y WapHKaMu. 3apsmxeHHbll KOHICHCATOP OKa3bIBACT KOPOTKO

3aMKHYTHM 4Yepe3 HCKpy, H B CHCTeMe

L Bu6paTopa BO3HHKaMH KkOJebGaHus BecbMa

BrICOKOH uacTOoTHl. Yactora konebanui

3aBHCENd OT EMKOCTH H HHIYKTHBHOCTH

BuGpaTopa. ODrtH  KoneGaHus  BEcbMa

6LICTPO 3aTyXa/d, TaK Kak HX 3HEPrus

pacxoOBajachb Ha W3nyueHHe H Ha Bbl-
JeneHHe Temia B KOHTYpe.

JLns 06HapyeHus 3MeKTPOMarHHTHBIX

BOJIH, H31TyUeHHbIX BH6paTOpOM, ['eput npH-
Puc. 148 MEHsIT TakK Ha3blBaeMbll pe3oHaTop, cO-
CTOABIIMH M3 KOJeGATENbHOrO KOHTYPA,
CHaGxeHHOro UCKPOBEIM NpoMexkyTkoM. HacTpausas KOHTyp peaoHatopa.
B PE30OHAHC C YacTOTOH 3JIEKTPOMArHWTHHIX KojeOaHuit B BHOPATODE,
Tepu Mmoayuan MOCTATOYHO CHJAbHbIE KOAeGAHHS B KOHTYpe PE3OHATOPa,
BLISHIBABUINE TPOCKAKHBaHHE HCKPbl B €r0 HCKPOBOM NPOMEKYTKe, H 1o
INHHE 3TOH HMCKPH OH CyIua 00 HHTEHCHBHOCTH 3AeKTPOMAarHHTHOrO
MONS B MecTe PacliOAOKeHHA pe3oHaTopa. [epuy yhaioch OGHapyXHTb
3NEKTPOMArHMUTHOE W3JYYeHHEe Ha pacCTOSHMM B [BEHallUaTb METPOB
OT BHOPAaTOpA, UMEBIIErO reOMETPHYECKHE pPasMephl IMOpPAJKa OJHOro
MeTpa.

OuniTnt I'epua mokasanu, 4TO 3/IEKTPOMATHUTHBIE BOJHBL  pacnpo-
CTPAHSIOTCSL B NPOCTPAHCTBE 1O TEM 3aKOHAM, KOTOpbie BBITEKAIOT H3
Teopun MakcBenna. DTH ONMbITHL MONTBEPIWIM Takwe runoresy Maxc-
BeAna 06 3AeKTPOMAarHUTHOH mnpupone cBera. Hanpasass usnyuenue
BHOpaTOpa Ha OGOJMBILYID METANINYECKYI IJACTHHY HOPMajdbHO K ee
nosepxsocTtd, Fepu HaGMwaan cToduHe BOJHBL, O0Pa3yOUIHCCS B PE3 b~
TaTe HAJONKEHHS HA NPAMYIO BOJHY BOJHBI, OTPaEHHOR OT I[JIACTHHBL
OG6HapyuBasg pe3OHAaTOPOM y3ibl H NYYHOCTH KojebaHuA B cTosiueH
BOJIHE, OH [OJiy4an BO3MOXHOCTb H3MEpsTb [MHY BOJHBL M, 3Had
4acTOTY 37AEKTPOMArHUTHBHIX Konde6aHu# B BuGpaTope, MOr BBLIYHC/IHTD
CKOPOCTb PACHPOCTPAHEHHA 3ACKTPOMACHHTHOH 3HEpruH. ITa cKOpOCTb
0Ka3a/1aCb PaBHOHA CKOPOCTH CBETa.
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I'cpu o0HapyxuA, YTO 3MAEKTPOMATHHTHHIC BOJHBI, H3AydyaeMble BHO-
paTopoM, OTpaxaioTCa OT METalIMYecKHX 3epKal [0 TeM ke 3aKOoHaM,
1O KOTOPHLIM HPOHMCXONHMT OTPaXeHHe OT 3ePKaJ H CBETOBOro jaydya, H
Ha6/10Jal TakkKe MPENOMJIEHHE 3JMEKTPOMarHHTHOH BOJHBI NpU HPO-
XOX/IEHHH ee CKBO3b GOJBHIYI0 NMpU3MY, CHeNaHHYI0 M3 acdanbTa. Takdm
o6pasom, onuitet [epua Tak xe, kak u Bce JaibHelmue uccaenoBa-
BAHHUS, NMOJHOCThIO NMOATBEPAMIM BHBOAH TEODHH 3JIEKTPOMAaTHHTHOTO
nons, naxHo#t Makcsennom.

3acayra H3oO6pETEHHS M OCYIIECTBJIEHUS NEPBOro paauoTederpada M
NPHMEHEHUS DPaJHOCBA3H AN MPAKTUYECKUX wnenell NpUHAaAJexuT pyc-
cKkomy (usuky H BaljawuieMycs saektportexudky A. C. Ilonosy. ITonos
yCOBepuIeHCTBOBaA NpubOp, pearHpylomuii Ha 3JAEKTPOMATHUTHBIE KO-
nebanus, Tak Ha3blBaeMBbli Korepep, npeacTasafiomuii cob6ol0 CTeKJsH-
Hyl0 TpyOKYy ¢ MeTaaIudeckuM nopoukoM. Takas Tpy6ka mpeicTasaser
BecbMa GoJbIIOE COMPOTHBACHHE 3JEKTPUUYECKOMY TOKY, HO HPH MPO-
XOXMEHUM B MECTE€ €€ DACHMOJOMKEHUS B3JEKTPOMarHUTHHIX BOJH, ee
3MEKTPUYECKOE CONPOTHBJEHHE PE3KO najaeT. Bkmouus takyw TpyGKy
B LieMb MCTOYHUKA 3. 1. C., MOXHO IO DE3KOMy YBEIMYEHHIO TOKa
CYAUTb O MOABJEHHU 3NEKTPOMArHUTHHWX BoaH. OJHako mnocae mpe-
KpameHHs: nedcTBUsl 3JEKTPOMArHUTHBIX BOJH CONPOTUBJAEHHE TPYOKU
BHOBb CaMO He BOCCTaHaB/IMBaeTCd H 1S 3Toro Tpebyercs BCTPIAXHYTh
Tpy6xy. A. C. Tlonos BBes B CBOH NpuUEMHHK YCTPOHCTBO AN aBTO-
MaTHYECKOro BCTPAXuBaHHA TPYOKH, NeHCTBYIOIEe NOJ B/WAHHEM TOKa,
BOSHUKAIONIErO B Leld TPyOkd B pe3y/ibTaTe NPOXOXAEHHS 3AEKTPO-
MarHUTHOH BoAHLL. TakuM o06pa3zoM Tpy6Gka aBTOMAaTHYeCKH nPHBO-
Aunach B COCTOSIHHE TOTOBHOCTH 3apericTpupoBaTb HOBHH cuCHan.
970 H3o6peTeHue cpasy Ke 4ano BO3MOXHOCTb PEFHCTPUPOBATh CHTHAJB
a36yku Mopse. as ysenuuexus yyscreuteibHoctu npuema A. C. ITonos
NepBHH npeanoXua HUCNONB30BaTh AHTEHHY -— BePTHKaAbHHHA NPOBOL,
OIHHM KOHLOM TNPHUCOEIHHEHHWHA K mnpHemHOMYy yctpofictay. Ilepso-
HavyaabHo A. C. IMonos npumeHun csBoe mnpHEMHOE YCTPOHCTBO AAA
pErHcTpauui NPUGMDKAIOIMMXCA PO3OBHX pa3pfAAOB, B CBA3U C UeM
H Ha3Ban u306pETEHHOE HM YCTPOHCTBO F[PO30OTMETYMKOM. 3aTeM OH
MPHMEHU/T CBOe YCTPOHCTBO AN OCYINeCTBJIEHHS PaguOCBS3U B BOEHHO-
MOPCKOM JeJe.

OduumanbHo#t naTofi u306peTeHHs paaMO NPHHATO CuuTaTh 7 Mas
1895 r., koraa A. C. Tlonos BHCTYynHA ¢ TyGAM4HBIM JOKJaAOM Ha
3acefaHul (Qu3HYECKOro otaeneHus Pycckoro Pu3nko-Xumudeckoro
o6uiecTBa Ha TeMy ,O0 OTHOIUIEHHH METaNNUUECKHX OPOMIKOB K 376KTpO-
MarHuTHBIM KOnAeGanHam“. Ha stom mokaage A. C. Ilonos aemoHcTpR-
poBsan aelicTBUE CBOEr0 NPHEMHOrO ycTPOHCTBa.

CoBpemeHHble aHTEHHB NEDPEJAIONUX U NPHEMHBIX panuocTaHuHH
OCYIIECTBAAIOTCA [0 TOMY XMe MNpUHIMNY, KOTOPHH 6bla noJoxeH
B OCHOBY KOHCTPyKIMH mnepBo#i aHteHun A, C. Ilonosa. Tlpu KkoH-
CTPYMPOBAHMM AaHTEHHB CTaBuTcd 3ajaya CO3JaHHS  PasBepHYTOro
KOne0aTeNbHOro KOHTYpPa. AHTEHHH, pacrnosOXeHHbie Haj noBepX-
HOCTbIO 3€MJH, OOLYHO COCTOAT H3 BEPTUKAJBHHX MPOBOAOB, COEIH-

-
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HeHHBIX C 6onee Wa¥ MeHee DPa3BUTOH TODH3OHTANBHOH CEThIO MNPO-
RONOB. B clydae mepenaiomlell PaoMOCTaHLMA HAXHAR KOHEIl aHTEHHB
IIPUCOENMHAETCA K ONHOMY M3 3aKUMOB KaTYUIKH reHepaTopa 3/1CKTpH-
yeckHxX KoneBanuil BHICOKON uacTOTH. [lpyro#t 3axumm KAaTYWIKH coenu-
HsleTcsl ¢ 3eMaell uepes3 MOCPEACTBO CIEHHAaNbHON CHCTEMBl 3a3€MIMTEN.
Bripouem, ponb 3eMAM MOXET MrpaTh TaK Ha3hBa€Mblit NPOTHBOBEC, T. €.
cHCTeMa INPOBOIHHUKOB, COCHMHEHHHX CO BTOPHIM 3aXMMOM KaTylIKH.
D.1.c. BHCOKOH 4aCTOTH, BO3OYXIEHHas B KarylllKe TreHeparopa,
cosgaeT MOmHble KoneGaHuf TOKA B aHTeHHe, KOHTYp KOTOpPOH 06 bIYHO
HACTPanBalOT B PE3OHAHC
¢ 4acToTol xoneGauuil B
reHeparope.

MouHocTh H3ny4eHus
AHTEHHB  MOXeT  OHITh
BLIUKCJIEHA HAa OCHOBE ypaB-
Henus (289). Ecam anrenna
pacrno/oxena Haj [OBEpX-
HOCTBIO XOpollo npoBoaf-
mekt semMnu, TO MOXHO
NpencraButh cebe 3eMIIO
3aMEHEHHOl  3epKa/ibHBIM
usofpawenyeM  aHTEHHH
(puc. 149). B obocnona-

Puc. 149 HHE 3TOr0 MOXHO TIpH-
. BecTH ciepyioniue coofpa-
wenus. TIpeANOnokrMM, 4TO NPOBOXMMOCTb 3eMiI¥ GECKOHEYHO BeIHMKa.
Torna Bo3HUKAOMME B 3eMJe 3AEKTPAYECKHE TOKH He OynayT cO3daBaTh
naJeHHs HAIPSKEHHUs BIO/1b IOBEPXHOCTH 3eMad. CH/I0BHE NHHNAK 31eKTPU -
4YECKOro noid B BOsAyXe OYAyT MEPHEHAMKYMAPHBI K MOBEPXHOCTH
3eMau. 3aMeHHM MBICACHHO 3eMJI0 3€pKadbH bIM H300paeH:HeM aHTeHHH
C sapsamaMd, pacHpefeqCHHBIMA B KaW(ALI! MOMEHT BpEMEHH TdK Xe,
KaK W BAOJb NCHCTBHTEAbHOH aHTEHHH], HO HME OUlWMH MPOTHBONOJONK-
Hufl 3HaK. JJAEKTPUYECKOEZ M0JAZ OKOJIO 3ep KanbHOro H300paxenus
B HIDKHEM HOJyNPOCTpaHCTBE OyNET CHMMETDUYHBIM , 3JEKTPHYECKOMY
MO0 OKOJAO AEHCTBUTE/JbHOH aHTeHHBl B BEPXHeM MOAYNPOCTPAHCTBE,
W TaK KaK CWIOBBIC AMHHH HOPMAadbHB K ILIOCKOCTH, PacClo/OXeHHOH
Ha MecTe MOBEPXHOCTH 3eMad, TO 3VIEKTPHuYecKoe I10J€ B HHAXHEM
HOAYNPOCTPaHCTBE ABUTCA E€CTECTBEHHHIM [POMOJIKEHHEM TOMd B
BepxHeM noaynpocTpaHcTBe. TOYHO TaKKS W MarHUTHBIE [OJM B HHNK-
HEM M BepXHeM [MOJYNPOCTPaHCTBAX OYXyT CUMMETPUYHEl H ABATCH
€CTECTBeHHEIM [PONO/DKEHHEM HpYyr Apyra, ecid TOK BIOJNb 3€pKajb-
HOTO M306DaEHHA aHTEHHH pacnpeNeldTh TaK e, KaK BAOIb nei-
CTBHTENbHO! aHTeHHB, M [pHAAaTh TOKY B 3epKajabHOM 1300 paxeHHH
TAKOE HanpaBaedue, 4TOGB OH sABHJICA TPONOMKEHMEM TOKa B NEHCTBH-
TenbHOH auTende. $IcHO, YTO moc/je TakKOH 3aMeHBl 3CMAX 3€DKaibHBIM
u305paKeHUEM aHTeHHB 3JEKTPOMaTHHTHOE MOJe B BO3AYXE OCTaHeTcH
HEU3MEHH bIM.
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OxpyxuE aHTEHH 3epKanbHO 06 a i
HOBEPXHOCTHIO 5, ApHMEHHM k O6pemy V, orpaHHueHHOMy 3TOH MOBepx-
HOCTbio, ypasuenue (289). Ilonpasymesas MHOX BEIHYHHOH p, TOJBKO
MOIIHOCTh, PaBHYI CKOPOCTHM nepexoj]a JHEPrHH U3 aHTEeHHH B OKpYy-
wajomiee ee noJse, T. € HCKMoYas M3 DPacCMOTPEHHA NOTEPH 3IHEPruy
B caMOM reHepaTope H B NpPOBOAaX aHTEHHBl, M [OJarad i BCEro

OKpykamlliero auTenHy npoctpauctea y==0 u p=0, noayuaem:

Yy W ee 3epKanbHOE n3ofpaxenve 3aMr
ha g

Pe—-2 (W, Wo)=[[E-H ds= (s ds= Scospas,
s s s

rae B-— yros, cocTaBaseMbit BekTOpOM YMoBa-IlofiiTHra ¢ HOPMaIbIo K
HOBEPXHOCTH §.

Usmenenne samaca sueprud nonett (W, W) B obveme V 3a
uenwi#t nepuon xonaebaHKM TOKa B anTeHHe pPaBHO Hymo. [loaTomy
CPeMHAA MOILHOCTb BOJIHB, H3MTyYeHHOM aHTEHHOH H ee 3epKajbHBIM
u3oGpaxenneM, paBHa

T

(fscospds) dt=p. J(JSnds) dt =

..
3

1

T
1 -
Pe=—]—,J pedt.—_.-—T
0

OQ___ﬁ\]

=J’ (%fs,,dt)ds_—_ j'S,,medds,
s [¢] S

npryeM Spmea €CTh CpelHec 3a nepuon KoneOanuk 3HaueHue HOP-
MaJbHOH cocTaBagwile# BexTopa YmoBa-IlofinTunra. Takum oOpasom,
ISl BHLIUMC/JACGHMA MOLIHOCTH H3JydYeHHS HeOGXOAWMO OnpeleiuTh B Ka-
MIOH TOYKE IOBEPXHOCTH § IAA KawJIOr0O MOMEHTAa BPEMEHH Bek-
top VYwmosa-Tloiutusara S==[E-H] #u, crelosarensHo, HalTH BeiH-
uyuinl E u H nyTem pellieHHA CHCTEMbl ypPaBHEHHH 3JEKTPOMarHHTHOIO
noJaA,

OTMeTuMm elle, YTO, €CIM 3MEKTPOMAarHUTHad BOJHA HE NOCIOuaeTcs
B Cpele OpH CBOEM paclpPOCTPAHCHHH, TO Yepes BCe MOBEPXHOCTH §,
OXBATHIBAONINE KOHTYD aHTEHHH, B CPEIHEM 3a HEPHON IOJKHO IpO-
XOIWTh OJHHAKOBOE KOJMUecTBO 3Heprud. Orcioja clelyer, 4YTO Ha
PaCCTOSHUAX 7 OT AHTEHHBI, 3HAYMTENbHO MPEBLILAIOIIKX €€ Da3Mephl,
cpenHee 3HayenMe BekTopa Ymosa-Ilofintnura yGuBaer kak 1/7% Ilpu
aToM Beauunibni £ M H y6piBaioT Kak 1/r, Tak Kak NpH r, SHAYHUTE/IbHO
NpeBHLILAINMEM JJIMHY BOJHH M Pa3Mepbl aHTeHHBl, KaK OyXeT BHIHO
Jajblile, MFHOBEHHbE 3Havenws £ w H nponopuuoOHaibHbl ApYr ApPYry.
Mpul BuZeny paHee, YTO HAaNPKEHHOCTH NOJeH NOCTOMHHLIX 3apAIOB H
NOCTOSIHHBIX TOKOB HA NOCTATOYHOM DACCTONHHH OT HHX yOblBaioT He
meanennee, yem 1/r%. B aToM ckasbiBaeTCA xapaKTepHOe OT/JHYME CTaTH-

YeCKHX M CTalMQHAPHHIX INOjeH OT NEPEMEHHOrD. ICKTPOMAFHHTHQrQ
noJas,
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§ 96. Bekrop I'epna

IMpencraBasercss BoavoxHbM 06a Bextopa E u H 3saekrpomarHut-
HOrO MOJd BHPa3HThb YEPE3 EOUHCTBEHHHH BekTOp P, aBAAIOmMMACA
¢GyHkuMed KOOpPIMHAT M BPEMEHMU:

P.=fi(x, 3, 21), Py=f2 (%, 3,2, 0, P,=fy(x, ¥, 2, {)

Y6enumca B Takofl BosMOxHocTH. Bektopn E u H cBAsanm ypase

HeHuaAMH Maxcaesa:
JH

rotH=¢ & fotE=—p = -

at L

Bripa3suM BEeKTOD MarHUTHOH MHAyYKuHH B uepe3 BEeKTOpHHN MOTEH-
uMan A Tak, KaK 3TO OBIJIO CHCAaHO MNPH DAaCCMOTPEHHH MarHWTHOrO
MOJs MOCTOSHHBIX TOKOB. MMeHHO, mosoxum:

B=rotA
H, CJEeNOBaTeIbHO,

H= % rot A. (290)

Taxk xak MarHMTHas MHIYKUHS H3MEHSeTCAd BO BPEMEHH, TO M BeK-
TOPHBI# NOTEHLHAN Tenepb SBAAETCA (QYHKUMEH HE TOJAbKO KOOpPIHMHAT,
HO H BpEMEHH:

Ax =f1 (xs Y, 2, t): Av =f2 (x’ ¥ 2 t)’ Az =f3 (x: ¥, 2, t)-

Beeaem HOBHl BeKTOD P Tak, 4yToOH UMeEN0 MecTo paBEHCTBO:
P
A=ep S, (291)

HanpsxenHocTh MarHMTHOLO TOAA BHIPA3UTCA yepe3 BekTOp P
cienyomuM 06pa3oM:

1 J
H=;rotA=eErot P. (292)

Bextop P nomken OwiThb onmpefeneH Tak, 4ToGb YIOBAETBOPHIHCH
ypasHenns Makcsenna.
Hs nmepsoro ypaBHeHud MaxcBenna uMeeM:

e %?: rotH=c¢ ?% rotrot P,

4yto GyIeT YHOBJETBOPEHO, €CAM IOJOXKHTh

E =rotrotP. (293)
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Kak 6wmls10 noxa3aHo B § 61, uMeeT MECTO TOMXIAECTBO:
0 H 2
rot, (rot P) = divP— V*P,.

COOTBETCTBEHHO, AAd COCTABJAIOMMX 110 JPYTHM OCAM MOXEM
Hanucarth:

o ..
rot, (ot P) = o divP — V*P,
rot, (fot P) = — divP — V°2,.

Yvuoxaa 3TH Bblpawenus Ha optH i, j, K, cxaaxsisas w yuu-
THBas, 4TO

0 .. . 9 .. -
5 WivP= grad, (divP), 3y div P =grad, (div P),

J .. R
2 div P = grad, (divP),

OMYHHM:
rotrot P = grad div P — V°*P. (294)
CnenoBatenbHO: .
= grad div P — VP, (295)
rae
VP = V* (iP,+ P, + kP) =iV*P,+ VP, +kV P,

W3 sroporo ypaBHenus Maxcsenna nMeeM:

9 dA
ot E=— g rotA=rot(— 5 ). (296)
Clle[0BaTENLHO, HATPAKEHHOCTL EKTPHUECKOTO M0/ MOXET GHTh
HpeﬂCTaBﬂeHa elne B BUAOE:

E=— _grdu. (297)

B ofmeM cayuae Mn momkuel npuGaButh uaen (—gradU), TaK
KaK
rotgrad U=0

u npubaBieHHE 3TOCO 4JeHA HE HAPYINAeT ypaBHEHHsT (296).
[Ipunse BO BHHMAHWE BHpawenue (291), MOXEM HanHCaTh:

0P

E=—ep 0 —grad U. (298)

Comnocrasnas Tenepb ABa seipaxenus (295) u (298) nas sexkropa E,
noAydeHHEE W3 [epBOro M BTOporo ypasHenu# Makcsenna, Mb apu-
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X0IuM K BBIBONY, 4YTO 00a ypaBHenusa Maxcseana GyayT yaosneTso-
peHbnl OAHOBPEMEHHO, €CAH I[1O/MOXHUTh:

=—divP, (299)
&P
v?pz SP‘F' (300)

Ypaenenne (300) HasbiBACTCAA 60.HOBHM YpasHeHueH.

Bennunda U uMeeT 1OUpPEKHEMY CMBICA CKaJAPHOrO NOTEHHMana
9/MCKTPHYECKOrO MNOJA, TaK KaK COOTBETCTBYIOMIAR el COCTaBsoulas
HanpsKEHHOCTH  3JIEKTPUYECKOro noma  (297) Bolpakaercs B Buje:
—grad U. OnHako renepb, Kak 3TO BMIHO W3 paBeHCTBA (299), U ss-
ASeTCA  (PYHKUMEH HE TONBKO KOOPAMHAT, HO W BPEMEHH, TaK Kak P
3aBHCHUT OT BPEMEHH, T. €.:

U=fxy, 2.
Kpome TOro, Heo6x0nHMO OGPAaTHUTL BHMMAHME Ha TO, HTO Hanps-
KEHHOCTb  /ICKTPHYCCKOrO  NoMA Temepb NOMHMO ufeHa (— grad U)

CONICPXKHT eule qneH(—%‘;—\ ) » KOTOPHIH Kak pa3 u ompegenaser co6oio
Beauuuny rot E.

IlosesHo B CBsi3n ¢ 9TUM  OGpAaTHTh BHHMaHME Ha clAeLylowmee
o6crosirenbeTBo. COCTaBisAs BhIPAXKEHHE IS 3NIEKTPOABHKYUIEH CHIIBI
BAO/b HEKOTOPOTO [POH3BOJLHOrO 3aMKHYTOTO KOHTypa, GYXEM HMETh:

§Edl=§(—%—?— grd U) di =

A . B
TaK Kak
§gradde=.—o.

Ho wunrerpan §Adl paBeH MArHuTHOMY IOTOKY, MpPOXOIAILEMY

(CKBO3b TMOBEPXHOCTh, OrPAHHYEHHYIO KOHTYPOM HHTErpMpOBanMs [pasen-
crBo (176)]:

c(S Adl=®o.
Taxum o6Gpasou: )
. A ., oD
§Edl_ ff“ﬁ =—2.
O'rcxozxa Mbl BHJIAM, 4YTO COCTaBJAIOULAs (-——%—1‘:) Hanpﬂ)KEHHOCTH

SJIEKTPUUECKOrO 110451 KaK Pa3 onpelenser cofoiwo 3. A.C., HHIYKTH-
pyeMylo NCPEMEHHBIM MAarHATHHIM NOTOKOM. B ciyuae anextpocraru-
YECKOTO mNOJf M 9AEKTPUYECKOr0 NOJA OKOJIO HENOUBHNKHHX IIPO-
BOJHUKOB € HOCTOAHHMWMM TOKAaMH, 31EKTPOIBHKYWHE CHABI HHIYKLHH
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OTCYTCTBORANM M HANDMKEHHOCTh 3NEKTPUYECKOro MOJSA  onpenensnack
toibko uneHoM {(—gradU), npuuem U/ He 3aBHCENO OT BpPEMEHH.

Urtak, OKa3bBaeTCA BOBMOXHBIM BHpasuTe o6a sextopa E n H
3/]eKTPOMATHHTHOTO TOJS uepe3 o BekTop P npm nomomn papencrs
(292) u (293). Ilpu aToM BexkTOp P JHo/KeH YAOBJIETBOPATh BOJHO-
BoMy ypaesenuio (300).

Bextop P nasuisaerc sexmopom Iepya.

§ 97. Hepemeﬁnuﬁ anexrpnﬁecxnﬁ AANONL

PaccMOTpHM 3MICKTPHHECKylo Kone6aTenbHylo cHcTemy, oOpasoBau-
HYI0 [ByMs METa/lNIHYeCKNMH cdepaMy, COEJUHEHHHIMH TPOBOJHHKOM.
Byaem npeanonaraTh, $TO BES €MKOCTh TaKOrO BHGPaTOpa €cTh EMKOCTh
Mexcay coepamu,T. €. EMKOCThIO COSAMHUTENRHOIO
npoBoAHMKa npeneGpexeM, W GyleM mpeianosa- z
rath, 4TO 3TOT NpPOBOJHMK ©61aZaeT TOABKO
HHAYKTABHOCTBIO. Ecam3apaants chepsl 3apalamu k,.&”
-}-¢ m — g, paBHBIMM O BeJAUHHHE H NPOTHBO-
DONOXKHLIME N0 3HaKy, M 3aTeM NpPENCCTaBUTH
cucTeMy caMoh ceGe, TO cdepn HauHYyT pa3ps-

HAThCA uepe3 CoedUHMTEnbHEbHN nposoiuuk. [lpu
MaloM 3aTyXaHuM paspsai GyiaeT UMeTh Koueba- *g

TenbHuH XapaxTep. L
Tpene6peras eMKOCTRIO COEANHHTENLHOTO PO~
BOAHMKA, Mhl TpeHeGperaeM TOKAMH CMEMIEHHs,

OTBETR/SIONIMMHUCH OT SJEMEHTOR NPOBOIHHKA. Puc.150.
CnegoBaTelsHo, B Kaw(IhH MOMEHT BPEMEHH TOK

MMEeT OHO M TO e 3HaueHHue BJOJb BCero npoBouuKa. [lyern [ — nnanna
npoBoauMKa. BuGpaToOp MOXHO paccMaTpHBATh, KAK AMNO/b C IEPEMEHHEIM
anektTpudeckuM momentoM ¢/ (puc. 150). Tycte r— paccrossue OT
HEHTpa Aunons IO HEKOTOpoi ToukdH M, B KoTopol Ompejensercs nolne.
YcnosuMc paccMaTpHBaTh NOJE TOJIBKO HA TAKHX PACCTOAHUAX OT JUNOIA,
KOTOpHIE 3HAUMTENLHO MPEBHINAIOT €re pasMepw, T. e. mpu r>1

Tako#t JUNOAB C MEpEMEHHBIM IEKTPHSECKHIM MOMEHTOM O bl HCcae-
nosad [epuem.

EcTecTBewHO NpPHM HCCASIOBAHMM [OAR NMNOAs BHOpate cdepu-
yeckhe KOODAMHATH 7, @ M 0, NOMECTHB AHIOJAL B Hadaje KOOPAMHAT
M HanpasuB ero ocb no ocu OZ (puc. 150).

CoBepuIeHHO fCHO, 4TQ BCACACTBAE NOAHON CHMMCTpPHH OTHOCH-
tenbHo ocu OZ Bce BenuumHbl, XapakTepuayiollue Node, He OymyT
3apuceTh OT yria a.

IMocrapaemcs HalTH BHI 3aBHcHMOCTH Bekrtopa Fepua P or r,out
INSl MHTEpecylomero Hac clyuas MePeMEHHOrO 3JEKTPHUECKOro AUNoid,
HCXOJf M3 HEKOTOPHX obmux coobpaxexuit.

[py wWcCneNOBAHMM MATHUTHOTO TNOAA TNOCTOSHHLIX TOKOB ObUIO
waliledHo BBIpaxeHNe JAsd BeKTOPHOrC MoTeHlMalNa A, nosBoJjfiollee

Wa

e 3
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BHYHC/ANTb €r0 [0 3aJaHHOMY paclpelefeHHI0 ToKa B I[IPOCTPAaHCTBE
Vmenno, 6uao nonayueHo BbipaxeHue (175):

A=E (2

4 ) r °

14

B Ja"HHOM chyuae, MOCKOJIbKY Mbl yCJlOBPUIHCb paCCManHBaTb noJae
TOJbKO Ha [JOCTAaTO4YHBIX pacCTOAHHAX OT JARIOJA, T. €. IIpPI r>l,
MOHO [PHHATH 7 OJWHAKOBBHIM IJif BCEX 3JEMEHTOB
o0beMa HpOBOI[HPIKa W BBLIHECTH 33 3HAK HHTErpasia.
Kpome Toro, nmeem:

JSdV:!!8d$d1=!}fadsdl,

rae dl — sneMeHT IJMHBI, NapaielbHHI OCH npo-

BOJHHKA, ¥ dS— 3JEMEHT CeYeHus, HODMajbHBIN K

ocu nposoaunka. Bekrop & Hampasned mpun § >0

TaK Ke, KaK M Bekrop dl, 4TO [daeT ©cHOBaHuEe
HamucaTh MOcCAeNHee DaBEHCTBO.

Puc. 151 Ilepoe uHTerpupoBaHue MPOU3BOAMTCA MO ceye-

HHIO TPOBOJHHKA H BTOpOE MO ero aaude. Tak

KaK TOK I OJMHAKOB MO BCeH AnuHEe NPOBOJHHMKA, TO MHTErpan MOXKHO

npeﬂCTaBHTb B Buje.
ISdV:fﬁdsJ dl = il.
14 s 1

Hrax, umeem:

3To ecTh 3HaueHHe BEKTOPa A B HEKOTODONl Touke M, yaaneHHOH ot
U0 Ha paccrosHue r(puc. 151). Mb MOMEM BEICKA3aTh IPEANIONOKEHHE,
YTO BUJ BbipaweHHd JJA A OCTaHETCA TAKHM XE H [ MEPEMEHHOro
ToKa I, HO [pH 3TOM HEOGXONHMO YuYecTb KOHEYHYI0 CKOPOCTh T
paclpocT paHEeH!A 3J4EKTPOMarHHTHLIX BO3MYIIEHHH OT ANINOAA 10 Touku M.

TIpoMexyTOK BpeMeHH, HEOOXOMMMbI [/ MPOXOXACHHA 3JeKTPO-

r
MarHHTHOR BOJIHOH NyTH r, DPaBeH R

T103TOMy MrHOBEHHOE 3HAYEHHE BEKTOPHOro MOTeHuHana A B TOUKe
M B HekOTOpHIH MOMEHT BpeMeHu f GyAET ONpECAATHCH MIHOBEHHIM
3HAYEHHEM TOKa { He B MOMeHT f, 2 B IPEAIIECTBYIOWHA MOMEHT

r
(t—-—;). 3T0 ME OTMCTUM COOTBETCTBYIOLIHM HHIEKCOM:

A=

-yt
=)

£l
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Ho z::%it, rae ¢ — 3apan aunons. Crenosatensto:
q n-t
A_wo (=5 (301)
4n ot r :

Bexktop P Mb BBedH Tak, YTO OH Gbl CBA3aH C BEKTOPHLIM NMOTCH-

uMagoM A coornouwenneM (291):
opP
A—&p- d—t'
ConocTasasa 3To BHpaxeHue ¢ seipaxenueM (301), Ml BumuM, 4TO
MOXHO MpPHHATH:
‘(-2
P=— —, (302)

dmer

Bektop P HampasieH NapaijcibHO OCH JTHNOJSA, MpuueM, Oyrer au
B MOMEHT ! 9TO HalpaBJeHHE [OJIOKHTEIbHBIM HJIH OTPHUATENbHBIM,

r
3aBMCHT OT 3HaKa 3apana JIHIOJs B MOMEHT (t-——?).

OTMeTHM, YTO BelHMYHHa BeKTOpa P 3aBHCHT TOJBKO OT £ U OT
OMHOH KOOpIHMHATH 1.

3aBHCHMOCTb 3apflia MMMOAA OT BpeMeHHm B ofumeM ciayyae mnpen-
CTaBHM B BHTe HeKoTopol (yHKkumn ¢ ==F (f). 3Havenue s3apsaia

r
B MOMEHT BPEMCHH t'=t—7b_ TOrZa MoxeT GbiTh BEIpaXEHO B BHJE:

’
O6o3nayas .

I_ryt Fle-L)a .
(=3) =( ) —f(t—1),

4ng 4ne t— v

GyaeM mMeTh BRIpaXEHHE A Npoekuun sexTopa [epua Ha oce OZ:

L
p_—_]-cﬁt—r—'f’l:é. (303)

B nambHefimleM 1as KpaTKOCTH GyneM ONyckaTh OGo3HaueHue apry-
r
MEHTa (t—??) nox 3HakoM (yHKuUMH f.

Cocrasisioulne BekTopa P no pamuycy r u o KacateanHO# K Me-
puanany (puc. 151) pasun:

P,=Pcosq>=écoscp, ‘
P Piine — f (304)
o =— — smq:——-r-smcp.
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Bripaxenus (303) m (304) mas cocraBagiomux Bektopa P nouay-
YeHH Ha OCHOBaHMH cooOpaxeHmii obmero xapaktepa. B § 99 Oyner
[I0Ka3aHO, YTO 3TH BHIPAXCHHS YAOBAETBOPAIOT BOJHOBOMY ypaBHe-
o (300), nprueM HeoGXOMMMO IONOKHTL

1

V== ——=.

Ve
JIlng CKOPOCTH DacnPOCTPAHEHHS 3JIEKTPOMArHUTHON SHEPTHH Moay-
ygeTca TO XKe CaMOoc BHIpaxeHue, KOTopoe 6110 HafineHo NIpH paccmo-
TpeHHH ILIocko#l BosHEl. CKOPOCTb pacnpocTPaHEHHS 3/1eKTPOMarHHTHOA
SHEPrHH ONpelenseTcd TOABKO CBOHCTBAMH cpeinl (s H ) H, caeno-

BaTE€JbHO, OH& HE O0/AXHA 3aBHCETb OT XapakTepa BOJHBIL.

§ 98. Buipaxkenus coctasasiomux sekTopop grad Pm rot A
A peipaxkenne divA B cepAdecKHX KOOPHMHATAX

CocTtaensiomue BekTopa grad P B cdepuueckHx KOOpAHHaTax He-
TPYAHO HamucaTh, YUTA, 4TO 3TH COCTABJSIOWHE CYTh NPHUDPALIEHHS
ckandpa P, OTHeCEHHble K eAHHH-

lle MJIMHB R COOTBETCTBYIOWHX
Hanpasjiennax. Hmeem:
P
grad, p=a? »
1 0P
ad,P = — =
BTG = 7 B’ (305)
1 oP
gy P= e 5
CocraraM BBHIpaXEHHE Jud

PacXOXJEeHHs HEKOTODOro BeK-
TOpa A B chepuuecKHx KOopIu-
HaTax uepe3 coctasasoume A,
Ay A,

" DnemenTapHbl o6BEM (pHC.
152) Bcdepuuecknx koopaunaTax
MOKeT ObITh IPeACTaBieH B BHIE:

dV=dr-rds . rsingda.
IToroku BexkTOpa A CKBO3b WIECTb rpaHefl NOBEPXHOCTH, OrpaHHuHBA-
owel#t 3ToT 06BEM, paBHLI

— A, drrde,
0A
-+ (Aa - dea) dr rds,
— A, drrsinode,
' 04, )
~+ (Aq, —{——B;dcp) dr rsin (9 -- do) da,
— A, rdprsingda,

+ (4, + %7 dr) (r+dnde (- 4-dr)sins da

Puc. 152
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‘Ck7iafbiBad 5TH HOTOKH, Mbl 3aMeuaeM, 4TO WIEHH RTOPOrO MOPANAKA
MajnoCTH B cyMMe jaioT Hysb. Ilpexe6peras GECKOHCHUHO MaJBIMH, UMEIO-
UMK TMOPANOK BbILIE TPETHErO, W YYMTHIBAA, 4YTO

sin (¢ - d¢) =sin ¢ - cos (d¢) - cos ¢ - sin (d¢) =sing -} cos ¢ - d2,
HOLYUUM: 04
Y —afrdrdcpda—{—A?rdrcoscpdcpda—{-

a_AEdcpdrrsincpda A 92rdrdosingda
o¢ T

+ 9 4r 2 dgp sin g du =
1 04, 1 104, 2 0AN o o
=(T_S—IE;—5?: -I'_{QA(P_}‘-?W_;_—?A’_}‘W)r Sln(Pdrdeda-

PasgenuB TOJYYEHHOE BblpakeHHe I8 MOTOKA Ha o6nem dV,
6yaem HMeTb:
1 04

. fe 4
divA= o+

1 1 94,

+ et o

2 04
+Za 4% @0

Cocrasum BbipaxceHue
HpOeKUul BUXpPA HEKOTOPOro
BeKTOPa B cepuyYECcKHX KO-
opiuHarax.

Cymma npousBenenuil Adl
Mo KOHTypy, OrpaHH4uBaio- -
eMy IUIOWaaKy

ds=rder singda, Puc. 153

HopManeHylo K r (puc. 153), pasHa

24 ,
A rd% +(Ag 57 do) rsin (¢ -+ dg)-da—
0A
— (A?+a—:da) rde — Agrsing do.

BenuuuHb, HMEIOUlUE TEPBbIA MOPAXOK MajlOCTH, B CYMME NAIOT HYJb.
Vuurupas, uto sin(¢ - dg)=sin¢ -} cos¢dp, u npeneGperas Gec-
KOHEUHO MAJBIMH, WMEIOUIUMH TOPSLOK BhILIE BTOPOroO, MOJyvaem:

04, _ 04,
Aarcoscpdcpda—}-—o; dor sing de — == rdade=

(1 1 04,4 1 OA?) 2
_(r_fg—tpA“_}‘TT)?'—"_"— r?sin ¢ do da.
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PazfienvB nonyuessoe Bhipamesue Ha ds, nalizem:

1 104, 1 04, ’ (307)

LA = ige det 7 35 — Feing e

Bhifupas 1omanKy B MEPHIMAHHON IIOCKOCTH, KaK [OKA3aHO Ha
puc. 154, nonyunm cymmy npoussenesuét Adl no KOHTYpY, OrpaHuuu-
BaiolleMy IUIOIIAAKY, B BHIE:

04
Apdrt (A58 dr ) (r- dr) dyp—
A,
— (A,—[—-a—(? dep ) dr— A, rds.

a4
A o
r A+ dr
o« Ir
< rot A oA
6/ » Ar+7;’rd7 Y Ao
r
) - Ly
pe- ‘P
0 % 4¢+o"l¢ dr ratrA
\Y \ 4 g
b4
do
&% <
Puc. 154 Puc. 155

Ot6pacniBas GecKOHEYHO Malkie, MMEIOLIME MOPSAOK BHIIE BTOPOIO,
nonyuaem: 94 oA
P r J—
A, drde - o drrdo— Bo dedr=
1 04, 1 94,
= (74 +55—F 0_<p) rdrde.
PaazgenuB 310 BEIpaXcenue Ha ds=—rd¢dr, vatigem:

1 04 1 94
—— 1294
rot, A=" A‘P+Tr 7 e (308)
Hakoneu, aas maomanxwy, HOpManabHON K cocTraBafoulel rot?A
(puc. 158), umeem cymmy npoussegenuft Adl:

Ay rsingdat (4,4 %i—’du) dr—

dA
- (Aa","‘a_: ar ) (r+dnsinpda— A, dr,
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H/n, OnmycCKast Ma/jbnl€ TpeThero nopsajiKa, HaXOIdHWM:

%dadr-—A drsin da——%drrsin da=—
da ’ a ¢ ar ¢ da==

{1 A, 1 A\ . .
- ( rsing oa  r @ Tr—) rsingdrda.

Pasnends Ha ds = rsingda - dr, noayyaem:

! oA 1 A 04y

rsing Oa r ST Torc

roty A = (309)

§ 99. YacTHoe peilesHe BOJAHOBOTO YPaBHeHHA A Caydas
HepeMeHHOTr0 2JIeKTPHYECKOro aHNOJs

[okaxem, yto BuipaxeHue (303) 115 npoexkuHy BekTopa ['epiia Ha 0Ch 0oz

r
(=%
v
P =L R
r r
NOAYYEHHOE Ha OCHOBaHHH OOHIHX COOOpaxeHuit, AeHCTBUTENBHO HB-
AfieTC YACTHLIM DEUICHHEM BOJHOBOro ypassenus (300):
9P
2
==EW% —
VP=cpaqy.

B ofuieM cayuyae 9TO ypaBHeHHe pacnalaeTcst Ha TpPH YyDaBHEHHA
Ias Tpex npoekuu# mexktopa P. Tak kak B NaHHOM cayyae Bektop P
HanpaBaeH BCIOAY mapamienbHo ock OZ, TO BOJHOBOE yPaBHEHHE MOXHO
HamucaTh AAf CKaispHOW BennyuHel P, sBasionlefics €IMHCTBEHHON Npo-
ekuuel sextopa P Ha ocy OZ:

P

VQP'_——EP'—[)F .

(310)

Kak chelayeT W3 pacCMOTpeHus, npousseleHHoro B § 13, nesas
yacTb ypaBHEHWs NpeICTaBiAsieT CO00I0 pAacXOXIeHHe OT rpalueHTa P,
T. €. ypaBHEHHe MOXeT OuThb 3amucaHo B QopMe:

divgrad P=— ep%ig,

Tak Kkak P 3aBHCHT TOJBKO OT ONHO# KOODJHMHATH I W HE 3aBUCHT
OT ¢ H &, TO

aP

)

aP
=0u Ta=0.

CornacHo BupakeHuaMm (305), umeem:

grad P=L grad, =0, grad, P=0.
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IMoncrasnaa B suipaxenne (306) smecto BekTopa A Bekrop grad P
u Buecro A, A, u A, cocrasasiomue grad,P, grady,P wu grad,P, no-
nydaem:

. 2 d 2 0P 0°P
divgrad P==-"grad, P+ 5 grad, P=— .-+ 55
Mrak, BONHOBOEe ypaBHEHHE NPHHHUMAET BUI:
29P | P P
r or + o= oA g
O6o3Hauum: £ — % =u. Hmeeu:
on__ 1 on =1,
or— v’ ot
of_of om___ 10f
orou ' or— voa’
af of  on_of
=0z 0t ou
CaenosarenpHo:
%_ﬁﬁ 1of f 1of  f
dr'_dr‘r>""r0r = oo A2
oP_ 1 of _10fou | 2. 1 ofu_
6r’_7@6u_mdu-dr+r“f r20u or
L af, 20f, 2
= rios Trvon T b

oP Laf _ 1oF
OET r ot T om’
#*P__ 13
o T F ot

Toncranast BrpaxeHust NPOU3BOAHHIX B BOJHOBOE YPaBHEHHE M NPO-
H3BOASA COKPAUIEHUA, HAXOMHM:

10 10f

rotonr = M T aut

; (t_-)
T. €. MNOICTAHOBKA B BOJHOBOE ypPaBHCHUEC (byHKU.HH P= __—1.’_06.
pamwact ero B TOXAECTBO, €CJIH MHOJOXKHUTER r
1
V=—=.
e

/(=3
X v
Taxum o6pasom Qymukuus P= —————" IelCTBUTENLHO HBIACTCA

YacTHHIM PpeElllecHHEM BOJHOBOrO ypasHenus (310).
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§ 100. daekTpOMArHHTHOE NOJe NepeMeHHOro
9JEKTPHUIECKOT O IHI0JA

YCTaHOBHB XapaKTep 3aBHCHMOCTH Bektopa P ot BpEMEHH W OT
KOOp/IMHAT, YK€ HE NpPeacTaBiafdeT ’rpyna noan3yface cmazamum  (292) u
(293):

l'l_s rotP

E =r1otrotP,

Halitu coctasamiomne H,, H, H, w E, E, E, nanpmxcuuo:reli Mar-
HHUTHOTO H 3JEKTPHUYCCKOrO [MoJefl, OKpPYKAIWHX NEPEMEHHHH 3MCK-
TPHUYECKHUA MIOJb.

Has coctasasounx BexTopa P Mul uMenn Buipamesus (304):

P,=£coscp, P, =——i sin .

Kpome toro P, =0. Tak kak P, He 3aBHCHT OT A W P,=0, T0
€OrAacHO Bupameumo (307) nueem: ?

rot, P=0.

Cornacxo Bupaxenuio (308) noaywaeu:

1 P
’O*ap=7pw+7a?w“? 3
Ho oP, 1 of
0r r,fsm:p Forsine=-, sm - + vdu smcp,
1P, f .
?7}; '—;2“ sSing

r
Kak n ® mpeamaymem naparpade npunaro o6o3uauenne: g = f — o
H CAELOBaTE/NbHO,

. of __Yor  or_of

Takum o6pasom:
1 : f ..
ot P=2 5, sing 4 sing. (311)

Haxoneu, coraacuo (309), npunas Bo BuuManue, 4t0 P, He 3apu-
cut ot a U P,==0, Haxomum rot, P==0. Taxum oGpa3zou rotP uMeer
OIHY €IMHCTBCHHYIO cocTrasagiomys 10t, P. CooTBeTCTBeHHO U mas
BEKTOpa HanpaXKeHHOCTH MAarHHTHOrO nom: HaxouM:

_O H,=0,

2 1
Hy=¢ gGrot,P=¢~ (rvd{z smqa—}——-smcp)
=_ 052 sin ¢ + sm P. (312)

18 Teopua sJerIpOMArH. LCJA
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WUrak, sexmop H 8 awboi mouxe HanpagieH nepnenouKyAAPHO K
MepuduanHoi RAOCKOCTU, npoxodaweii wepes 3my mMOUKY.

MarsUTHbBIE JMHUM TPEACTABAAIOT COG0I0 OKPYMHOCTH, JeXaniue
B MAOCKOCTSX, HOPMAJIBHHX K OCH JHIOJs, M HMEIOUHe UEHTPH Ha
och OZ, xotopas fBafeTcd NPONOKEHHEM OCH IUMOJA. ‘

Yr1o6ul BLYUCAUTH cocTaBidiomue sektopa E, Heob6Xxoaumo B3ATH
BUXpb OT BHxpa BekTOopa P.

Mpunumas BO BHEManue, 4T0 rot, P=0 u rot, P =0, moayuaeMm B
COOTBETCTBHM ¢ Bhpawennamu (307), (308) n (309):

E, =rotrotP=

10
”g?rotaP -]—T@rotap,
E,=rot, rotP =0,

Jd

aF rot, P.

E,=rot, rot P=— . tot,P —
Tonctasus 3Hauenue rotP u3 Bupaxenus (311), GynaeM HMETb:

1 /(1 of . f ... 1 0 /1of . .
E,=m<ﬁ”ﬁsmcp—|—7,smcp) ‘I"T@(;,E,S‘“‘P‘l‘%sm‘?):
H.11
E — 2 ‘—)Icoscp—l—z—;:cos P. (313)

r riy du

E,=— 1« (%g{l Sirlcp—l—%sincp)—-—a—ar(%}%sincp-}——':—,Sincp)z
=-——r—:-vg—{lsincp——j;—3 sincp—l—r—:a%fa /sincp—l—
—|-711—}—, %%fzsincp—l—%fssincp—l——’%;g{lsincp,
HJIH
Ep=— ) sin gt L sing + L sine. (314)

Urak, sexmop E aexcum 8 MepUuOUGHHHX NAOCKOCHIAX. Credosa-
menAbHo, 8 3MuUX NAOCKOCMAX PACHONONCEHW U CUAO8HE AUHUW  3ALK-
mpunecxo20 NnoAf.

Mu npUXOAMM K BHIBOAY, NOJNYYEHHOMY TAaKXE NP PacCMOTDEHUH
nnockoft Boans, 4to BexkTopn E ¥ H B3auMHO nepreHIMKyaAspHBL

E L H.

Dro sBaseTcd o6uUMM CBOMCTBOM 3MEKTPOMAarHUTHOW BOJAHH, CBO-
GomHo pacnpocrpassiomelica B OAHOPOIHOH U M30TPONHON cpele.
flpeanonoxuM, 4TO 3apal IUNOJA H3MEHAETCH BO BPEMEHH 10 CHHY-
COHIaNBHOMV 3aKOHY:
g =(qnSinat,

TAE §p— AMNAMTYyla 3apsna.
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B Bupaxenne aaa BexTopa P B TOuKe, yA4/ACHHON Ha paccTodanue r
/ r
OT AHMOGAA, BXOIMT 3HAYCHHE 3apAJa B MOMEHT BPEMeHH (t-—-—;—),r. e.

U r)y=1n sm\wt —“’;’) (315)

ToX B nMnone B MOMCHT BpeMcHH (t—%) pamen:
dg ,
; _ (=3)
(h’r) =T =qn wcos(wt——;)_l cos(wt ) (316)

rae l,=gq,o-—aMnidryna ToKa.
Cornacio eopaxenuaM (302) u (303) umeem:

sm (wt _ ‘fl’) = Iml sin (a)t — 9’().
v

v 4z

f__

Cnenosatenpno:

- COSs

of _of _Inl ( wor
0u = 0t — e v)

H
Ef  Ihle . wr
o= T 4re SIP ("’ —’J)-

3aMeTuM, uTO
’ o _2n__ 2x
v ol N2

rae: T—nepuon koneGanuit, » =v7T — 1AdHAa ROMHHL
Buipaxenna (312), (313) u (314) ana cocrapamomux BekTOpos H
1 E npunuMaoT Bux:

Hy=— g_); singsin ( 2") —|— PN (21r) sin ¢ cos (wt — z—m) 317)

E, = §£)510<2T) CoSg cos (mt —-2.?) -+
—I—gg)ﬂ:-v (2?:—r)’ cos ¢ sin (mt ——-2%') , (318)
Eqp=‘_2£’i‘: sin @ sin ( —g:—') 4
T e 2rlav (2rr> sin ¢ cos (‘”t - T) +

1.1 X . . 2zr
+ gt (27) sing sin (mt_T). (319)

Bo Bcex sTMX BUWpaMeHMSX aMOAHTYAZ KaWIOrO [OCKEXYIOWLErO

A
YjaCHa OTAHYAeTCsl OT AMIVIMTY 1B [IPERBIAYUIETG MHOXKHTEeM Tare 3ro
*
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JaeT OCHOBAHHE PACCMOTPETH OTHAEBHO M0/l B TOCTATOUHO 6auskoi o6na-
CTH, 119 KOTOpOH r<C\, U B BEeCbMa yIaleHHOMH o6nacTH, 111 KOTOPO#H

r>\

§ 101. dneKTpOMArHUTHOE MOJE HA PACCTOAHMAX OT AHMONS,
3HAYATEJbHO MEHbIIAX JAJHHBI BOJHBI

Iycts r< k. B aTOM ciyvae MOXHO OCTaBHTB TOJBKO MOCACAHHE
unensl B sbipaxenuax (317), (318) u (319) maa Hy, E, u E,. MoxHO

r
TaKie NpeHeGpeub BENMYMHON HaualbHOH (asbl ——. Hmeem:

dmd [ N I,lsine __ilsing
Hy~ 35 (2———") sin ¢ cos of ==~ cosof =—, ",
2f 2qnlcose . 2ql cos @
E, o089 =TT nY sinof =5
. Isin . gl sin
E,~ 1 smcp-_—gl"—L}?rf—smmt= 4:5;*:9'

MpuGanmkennan popmyaa naa H, cosnanaer ¢ popmynoh Buo-Casapa-
Jlannaca, crnpasefaMBOl AAA MOCTOSIHHOrO TOKa.

[MpuGamkennsle popmyasl mia E,. u Eq, coBmagamt ¢ GopMynamMu
(36), BHBEAEHHHIMH I CTaTHYECKOrO AHNOJA.

O6patum 0coGoe BHMMaHHE Ha TO, YTO MFHOBEHHBIE 3HaueHHWd Ha-
NpAKEHHOCTEH MACHUTHOTO M SJEKTPHYECKOro MojeH CABHHYTH BO BDE-
meHH 1o ¢ase Ha yroa w/2. DTO 3HAYMT, UTO CpeAHEe 32 NEpHOA 3Ha-
yeHHe BeKTOpa YMoBa-ITOHHTHHIA BCIOAY DPaBHO HYJIO:

T
Smed=7i-j‘E' H.dt=0.
0

[To5TOMy paccMOTpeHHble 37ech cocTasnmiomue sextopos En H ne
Hal0T AKTHRHON MOWIHOCTH, XapaKTepH3ylouwledl H3JyyeHHe BSHEPruy, a
onpeneAnioT co6OK0 TONBKO PeaKTHBHYIO MOUHOCTE. CoBepIAOTCR JHWb
konebauna 3Heprud. B TeueHwe YeTBEPTH MepHOJA H3MEHEHH TOKa B
nUoAe HCTOUHHK SHEPTHH, 3apPAMAIOUIHH JHIONb, COBEPUIAET IOJO0XKH-
TenpHylo paboTy, HAYULYI Ha OGPa3OBaHHE EKTPOMAarHHTHOTO MOJA.
B Teuenue crepyiomell yeTBepTH MepHOAd SHEPrHs Mojd BO3BpaulaeTca
uctTounnky. Ciegyer, OQHAaKO, MOMHHTb, YTO Mbl NpeHeOPEriaH NepBHMH
cnaraeMbiMu B BoipaxeHusax maa H u E. ITtu ciaaraemble, ABAAIOMHECH
[aBHBIMH Ha GOABUIMX PACCTOAHMAX OT AHMIOIA, CYLIECTBYIOT H B 00-
nactH, Ana koropoh r<<A. Kax 6yAer BUIHO n3 DPAcCMOTPEHHdA, mMpPO-
M3BeJeHHOTO B cileAylouux naparpadax, OHM Kak pa3 H  ONpefenaioT
cO0G0I0 AKTHBHYIO MOLHOCTb, XapaKTepH3yioulyilo H3/1yYeHHe SHEpruH
AUNOAEM.
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§ 102. JneXTPOMATHUTHOE 1O0Je HA PACCTOAHHAX OT AMIOJNA,
3HAYHTEJbHO OOGJAbIIMX AJHHBI BOJHB

Tlpu 7> B seipaxenuax (317) man Hy, u (319) mas E, MoxHO
npeHe0peds BCEMH 4J€HaMH, Kpome nepsuX. Beauuuuoit E,MOXHO npe-
Hebpeush MOJHOCTBIO, TAK Kak 06a €e ujleHa BECbMa Maabl MO CpaBHC-
HHIO C NEPBHIM uieHoM cocTasamiolle# E,. IIpuuiB elle BO BHHManMe,

4yTo
L _Ve_)
W € e’

nomyyaeM:
T L . 2rr
H__Haf\,——msmcpsm(mt——)\—) .
E, ~0,

E%E,?m— %é—’%sin:psin(wt——g?%

Bonua, uveomas Tako#

XapaKkTep, Ha3bIBaeTCs 1 . s

chepuneckoll 80AHOL. - ~< n
Mbl NPHXOOHM K 32- _ K,

MEYAaTEALHOMY COOTHO- ’ <73 “

LIEHHIO, [OAYYEHHOMY ’ \

paHce MNpH HCCAEIOBa- / \

HHH TJIOCKOH BOJIHBI!

/
II \\
E= &H | 01 & |
VE '\‘ L ﬂ’

M VN~
£ pH* \

2= 72° \ o /

Taxum o6pa3oM H B \ /
cayyae  cdepHyeckoi N Vs
97EKTPOMarHUTHOM BOJI- AN PR
Hbl 3HEpPrus 3JAEKTpH- ~—e -
YecKOro IMoJa paBHa e
SHEPruH MarHMTHOro Puc. 156
noas.

OtmetuM 0co60, Yto E u H uMeloT olHHakoByo a3y xonebanuit
W, CAENORATEAbHO, ONPeIeasioT cOGOA aKTHBHYIO MOWHOCTb. BekTtop
Ymosa-TToliHTHHr2, KaK 3TO BUAHO M3 puc. 156, B 1M000i MOMEHT
BpeMeHH U B Ji0OOH TOUKE Hampasie€H MO paiuycy I B CTOPOHY OT
IOHIOASE W, CAEAOBATEAbHO, 3/JEeKTPOMarHUTHasd 3HEPrHs ABHXKETCA B Ha-
NpaBieHUH PamxUycOB OT AHNOJA. ODTa SHEPrHs yXHE HE BO3BPALLACTCH
06paTHO K HUCTOYHHKY H ABJSETCHA HM3JYUEHHOIL.
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§103. MomHOCTL W CONMPOTHBIEHUe M3NYyUeHHs1 MEePEMeHHOro
SJAEKTPUYECKOTO IHMOJS U AHTEHHBI

OkpysuM IMNoOab chepHYECKON HOBEPXHOCTHIO, MMEIOIIEH LEHTp
B MecTe pacno/iomenus qunos (puc. 156), H BHYKCIUM MOIIHOCTb NOTOKA
S/AEKTPOMArHHTHON 9HEPTHH, NPOXOJAUIEH CKBO3b 3TY HNOBEPXHOCTb.
Hopmanbnas Kk mnoBepxHOCTH Cephl COCTABAMIOWAA BEKTOpa YMosa-
Ilo#inTnura pasHa
S,,=E?oHa.

OtimyHoe OT HyJd CPeQHee 3a NMEPHOMA 3HAYEHHE ITOH COCTABIAI-
mei Bexropa Ymosa-Ilofinrunra:

T
Snmed = j’ - H_dt
0

MOXET MOJYYMTHCHA TOALKO OT TEX chaaraeMux npoussenenus Eg « H,
KOTOphIE ABAAIOTCHA NPOU3BEIEHHAMHA YWICHOB B Bhipawenusx (317) u (319)
ans H, n E,, Haxomawmuxcs B oauHakosoit ¢ase. Cioma ortnocarcs:
NPOHU3BEACHNE NEPBHIX YiaeHoB M, u E,, npoussesesue nepsoro uiena H,
H TpeThero uieHa E, W NPOH3BENEHHE BTOPHIX wieHOB H, u Em. JIerxo
y6eauThes, 4TO ABa MOCJAEAHHX NPOHM3BENECHHA B CyMME He AAlOT OT/MY-
HO# OT Hyas cpeiHel MomuocTh. JleficTBHTENbHO, CYyMMa HX paBHa:

I ()‘ . g( 2xr .g( 2nr
W 2—1"_) Sin* @ | cos Of = T)—Sll‘l (l)t—-—T> _
I3 ()\ 2 L, 2zr
=iy 2_:-7-) sin qacos2(mt—-T>,
CpenHee 3a NepHoOJ 3HAuEHHE TOH BETHUMHB PaBHO HYJIIO.
Takum 06pasoM, ocraercd TOJBKO NPOM3BENCHHE NMEPBHX uieHOB H,

H E?. Hmeenm:
r

1-11’

Snmed == T ) 4o
0

sin® ¢ sin ( t—gi>dt.

A

[Ipunss BO BHHMMaHHE, 4TO

— T
| ® 1 . 9 2nr 1
.F;}_ V? n YTo “T‘ J‘Sln ((Dt——T) dt = 7 N
0
Samed= 3 8r‘-‘)\’ V”‘ sin ¢ == 4,.3)\3 V-— sin’g ’

Im
/& — AeACTBYIOLIEE 3HAYEHHE TOKA.

V2

noJyuaem:

rae I=
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DaeMenT moBepxXHOCTH chepnl (puc. 156) paseH
ds =rdo - rsin eda.

Cpenusia MOLIHOCTbH BCErO MOTOKA 3NEKTPOMACHUTHOM 3Hepruu, Mpoxo-
nfnell CKBO3b NMOBEPXHOCTh cdepnl, OKa3wBaeTcs PaBHOM:

= 2%

rn oo 9
P= | Spmea ds = o V) oosinter sin ¢ do do ==
s 00 -

nlE y S -
=55 V% j sin® pde.
V]

—t —1 :
jsirﬁcpdcp:j —sin®eqd coscpzj (cos®e — 1) d cos o=
1

Ho

L4

(1] 1
-1 . —1 .
— 2 __ . —_
_J ( l)dz_'xB-»zL =1
CnenoBarenbHo:
2n ; i
P=7 by B, (320)

Wtax, CpeaHsn MOWHOCTS HOTOKA JIEKT POMarHUTHON IHEPrUH, BHIXOAA-
mefi CKRO3b MOBEPXHOCTh CHEPH, OKa3ajachb OTIMYHOH OT Hyad. ITa
MOLIHOCTh YMC/IEHHO pAaBHA SHEPrHH, H3/My4yaeMoll [umoseM, OTHECCH-
HO# K EAUMHHLE BPEMEHH.

Muoxutens npu I? npencrasaser cof00 aKTHBHOE CONPOTUBJICHHE
K0e6aTeNHOr0 KOHTYpPa, XapakTepuaylomiee ero cnocobHoCTb naayyarhb
sHeprui0. Ero HasbiBaloT conpomusicHuem usLyHeHus. Jlns nepementoro
3JeKTPUYECKOTrO TUMONA CONPOTHBAEHUE H3JYUEHHS R' Buipaxaerca
dopmyoi:

,___211: i
R =3 T3 (321

PeasbHaf aHTeHHa MpeicTarifAeT co6oio 6onee CAOKHYIO, UEM AHNOb,
uzayyaomyo cuctemy. OOblYHO aHTEHHa COCTOMT M3 NPOBOIOB, pac-
MO/OKEHHHX HAJ [OBEPXHOCTHI0 3eM/IH. YYaCTKM TNPOBOAOB AHTEHHH
06nafaloT eMKOCThIO MO OTHOIIEHUI0O K 3eMmjae H JAPYr OTHOCHTE/NLHO
Ipyra. BeneXcTeue 9TOCO MTHOBEHHOE 3HAYEHHE TOKA HEOAUHAKORO BAOJbL
MPORONOB AHTEHHH, TaK KAaK TOK OTBETBASETCA OT MPOBOAOB B JUIJECK-
TPUK B BMAE TOKa cMeumleHus. OnHaxKo Bceraa MOXHO PA3NEUTb MPOBOL
Ha BNEMEHTapHbe OTPEe3KH aauHol0 dl, B penenax KOTOPHIX TOK MOXHO
CYNTATh OMMHAKORBIM B KAKAMH HaHHHA MOMEHT BpeMeHH. JTH OTDPE3KH
C mepeMeHHHIM TOKOM i MpefcTaBaslOT co00i0 HE 4YTO HHOE, KaK SJe-
MEHTapHbIE [IePEMCHHbIE IUMOH. DICKTPOMATHUTHOE N10/e BCefl aHTCHHH
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ONPEACIUTCA MYTEM HANONKECHHA MOAeH BCEX AuMoacH, T. €, MyTEM HHTE-
rPHUPOBAHMA BHOMbL MPOBOJOB AHTCHHHI.

Han6once npocTo MOMKHO HCMONB3OBATHL PE3YALTATH, MOAYYCHHBIE
11 IEPEMEHHOTO 3ACKTPUYECKOro IUMOAs, B Ciydae aHTGHHB, pacnono-
MEHHOM Haj MOBEPXHOCTHIO XOPOWIO MPOBOJAULEH 3eMAH M O6pa3oBaH-
HOW BEPTHUKANbHBIM MPOBOJIOM, 3aKaHYHRAIOWMMCH B BEpXHel cBOeH yacTu
NOCTaTOYHO DPa3BUTOH CHUCTEMO! TOPH3OHTAALHBIX mpoBOAOB (puc. 157).
Ecan ynenbHag npoBOAMMOCTb 3€MJIH JOCTATOYHO BEJAHKA, TO NPH HCCic-
NOBaHHH mOnfA, Kak OblIO yKa3aHO B § 95, 3eM/I0 MLICIEHHO MOXKHO y1a-
NWTh, 3aMEHUB €€ 3€PKAIbHBIM H306DaMCHHEM AHTEHHH B MNOBEPXHOCTH
semad. [Ipn n0CTaTOYHO pa3BUTON TOPH3OHTA/ALHOM YacTH AHTCHHBI
MOXKHO MpeHefpeyb EMKOCTBIO BEPTHKAILHOrO MPOROJA, MNpejnonaras,
YTO BCfl €MKOCTb COCPCAOTOYEGHA MEXIY FODH3OHTA/bHOH HacTbi0 H €€
3ePKaJIbHHIM H306pameHueM. 3aMETHM €IUE, YTO FOPH3OHTAJbHLIE MPO-
BOJA W MX 3€PKAIbHOEC H300Pa)CHHE MpPaKTH-
YECKH Majl0 M31y4aloT 3JHEPruio, TaK Kak
TOKH B JEHCTBHTECABHBIX FOPH3OHTAABHBIX IPO-
BOJax ¥ B HX 3€PKaJbHBIX H300paMCHUAX Ha-
NpaBjeHB B  MPOTHBONOJNOXKHBIC CTOPOHHI
(puc. 157). OTH ropH30HTaANbHblE YYACTKH
OCYWIECTBAAOTCA A yBE/IHYCHHS EMKOCTH

i A CHCTEMBbl, 4TO NPHBOAMT K YBEWYCHHIO TOKA

' B BCPTHKA/MLHOM MPOROIE, a CJAENOBATENbHO,

i l K YBEAMYCHHIO MOIMHOCTH H3ayyeHus. Taxkum
e e . e s e . -

006pasoM, paccMaTpHBacMas aHTGHHA MPHBO-

Puc. 157 IUTCA K MCPEMEHHOMY 3/IEKTPHYECKOMY: IH-

NO0JI0, UMEIOWEMY INAHHY [==2h, rae h —Bol-

coTa AEHCTBUTENLHOH AHTEHHB. DNEKTPOMATHHTHOE I0OJAE€ HA PaccTod-

HUAX r>>h XapaKTEPU3YCTCA TEMH KE COOTHOMICHMAMH, YTO M B CAy4ae
A4non.

Conporusienue usnygennst R’ Takol aHTEHHH BMECTE C ee 3epKalb-
HBIM H300paxmenueM Hafinercst u3 dopmyan (321), ecam B Heft noso-
KUTh [=2h. B neHCTBUTCIBHOCTH 3HEDPrHs H3AYYAaCTCH TOABKO CAMOK
aHTCHHON. [l03TOMY CONMPOTHRACHHE M3/AYYEHHS AHTEHHH OMPEACIHTCA

dopmy o
_R_1 QnW@)’ _ 4= V—;I h?
R=3y=z3V 5 =3V "% (322)
O6LIYHO aHTEHHA PACMONOKEHAa B BO3NYXe M

. 1
p=po =4 10" H/m, e=ey= — 1 F/m.
Ioayuaewm:

R=(@m)?. 10 =1580 " 0 (323)

Eciu eMKoCTbIO BePTHKAALHOIO IPOROAA aHTEHHB! HENb3A NpPeHEGpeyb,
TO M TOK HEIb3A CUMUTATH OJHHAKOBLM BJO/As 3TOro npoBoia. Hau6o.s -



S 104 Jeudcenue snexmposmazHumnoii snepzul 80046 NPosodos 249

mee 3HAYEHHE TOK MMeeT B HWkHell uactu nporoaa. Ecmu B r_pgp___y_qe
nas MoumiHocTH maayueHus P==R[? nox ] noxpasymerats geficTayiouiee
3HaQYCHHE TOKa B HMKHEH 4aCT# NpoOBOAa, TO B Kadecrse R cleayer NpH-
HATH BEAMYHHY, MEHbINYIO TOH, KOoTOpasa onpeacasercs u3 hopmyan (322)
uan (323). O6BuHO CcOXpaHFIOT HeusMeHHOH GOPMYNy A CONPOTHBIE-
HHf M3JYy4YeHMs, HO BBOJAT B Hee TaK Ha3hBaeMyl JeHCTBYIOULYIO
BBICOTY fef @HTECHHBI, OT/HYHYIO OT ee JMeHCTBHTEABHOH BHICOTHI.
Hmeem: =1/ h";ff
R=3z} -

OueBunno hef; €CTh BHICOTA SKBHBAJCHTHON aHTEHHB C PABHOMEDHBIM
pacnpe/lc/IeHHeM TOKa B BEPTHKAJBHOM NIPOBO/JIE, M3Jy4alonleH TAKOE WKE
KOJMYECTBO 3HEPrhH, KaK M JeHCTBHTE/]bHAA aHTEHHa, MMEIOLlas BBICOTY
h w HepaBHOMepHOe pacHpejfie/leHHe TOKa B IPOBOI2X.

§ 104. JIpnxenne 3J€KTPOMATHUTHOM IHEPrHH BAOJb NPOBOLOB
JMHUH NepenavyH

Oueprud, nepesasacMas BIOAbL [POBORCE JHHMH, TaK Xe, KaK H
3Hepruf, H3Jy4eHHas aHTEHHOM, pacnpocTpaHsAercs B JuanekTpuke. Ilpo-
BOJla JHHHA CJAYXKaT TOJIbKO HalpPaBAAIONIMMH 1A 3TOH 3SHEepPruu.

OKpymuM uYacTh JMHHM BMECTe C NDHEMHHKOM 3aMKHyTOH MHOBEpX-
HOCTBIO § (puc. 158). Ha ocuopanuy ypasuenus (287) moxeMm HanucaTh:

— 5 W+ W)= [xEav+ [ [E- ) s,

12
eC/i B IPOCTPAHCTBE, OKPYXKalo- ,,' T g
HIeM [POBCIA JHHHMH, HET CBO- . 2/ “
6o1nmix zapanor (p=0). - # v \

\
Ecau V-—o06nbem obaacty, . ¥ y / S \

. s {? r \

3aK/IIOYEHHOH BHYTPH MNO0OBepx | d5 N, ]
i

]

HOCTH S, TO BEKTOp ds nomxeu \

OBITh HampasileH 10 HOpMaau N, "~ A /]
BHelIHeH K 3To# o6aactu. Ecau \ J
MH KeJaeM CYHTaTh I[OJIOXH- “ L’
TEJABHOH SHEpPruio, BXOMALLYIO S
BHYTPb ofsactu V ckBO3b 0O- Puc. 158

BEPXHOCTh S, TO HEOOXOIMMO
M3MEHMTb HAlPaB/eHHE NOJIOKHTENbHON HOpMadk Ha obparHoc, T. €. Mpu-
HATDb [OACKHUTENLHON BHYTPeHHIO0 HOopMaab N, (puc. 158). Bekrop dsy,
Hanpasnesuwil 1o HopMaan N,, pasen ds, = —ds. 3aMeHsia B n0C/deRHEM
pdsenctBe ds Ha ds,, nouaydaem:

(e-Has,= G w,+w,)+ [ rEav. (324)
s 14
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Mu BHIMM, UTO NpHpAIlEHHE SHEPruH 3/JeKTPHUECKOro ¥ MarHUTHOrO
nonelt B o6beMe V M NOTrNOIEHHE SHEPTHU B NPHEMHHKE ¥ B MPOBOJAX
JMHHH, PACTIONOKEHHBIX B 3TOM O6BEMe, MPOHCXOIMT 33 CUET MPHTOKA
3NEKTPOMArHUTHON SHepruH B 06AacTh V' CKBO3b OrpaHHYMBAIOILYIO €e
I0BEPXHOCTD .

B uacTHOM ciyuae, KOrZa TOK B IEMH MOCTOAHHBIA, SHEPrHA noneh
He uaMeHseTca Bo BpeMenu. CrnenosaTenbHO, NEPBHI uneH B MpaBo#
4acTH NOCHEIHEero ypaBHEHHA DaBeH HYMO, U Mbl HMecM:

j' [E-H] ds, = i YESdV,

T. e. SHEprud, fornoiiaeMas B uemu B (opMe Temna, PaBHA SHEPruy,
npuTekawooue#t B o6nactb V' uepes MOBEPXHOCTL S.

MOIHOCTb, CBA3AHHYW C BBHUISNEHHEM TeMld, MOXHO BHIDA3UTH
B BHIC NPOM3BENCHHA KBAZPaTa CHUNbl TOKa i B UEMH Ha COMPOTHBIE-
HHE 7 Y4YacTKa LefH MeXAy Tou-
Kamu a U b nepeceuenusa 1po-
.BOJIOB C MOBEPXHOCThIO § (pHC.
158). Ilonyuaem:

j' [E - H] ds, = °r.

Puc. 159

Takum o6pa3oM 3Heprus, BhIenseMmas B NPOBOJHHKE B QOpMe TeMna,
npuTeKaeT B MPOBONHHK CKBO3b €ro TMOBEPXHOCTh M3 IM3NEKTDHKa,
OKDYKAIOIIEro NPOBOIHAK.

B npocTehmem caydae oTpeska / NPAMOMMHEAHOrO MNPOBOAHKKA
Kpyrosoro cedenus pammyca R (puc. 159) 310 nonoxenue NMOXTBEp-
KI2eTCA HENMOCPEACTBEHHBIM BLIUHCACHHEM HANpSKEHHOCTeH Monefd Ha
NOBEPXHOCTH NMPOBOAHMKA. BHiuMcauM MOTOK 37MEKTPOMArHHTHOH SHEPruH
CKBO3b MOBEPXHOCTb § OTPe3ka mposonuuka. Mmeem:

H= u Et=lz-

i
2nR l?

MmpuyeM Et——'COCTaBnﬂlOlﬂaﬂ HaNpsAKEHHOCTH 9JEKTPHUYECKOT O [ond 1o
KacaTeabHON K MOBEpXHOCTH nposoxuuka. CnenosaTensHo, HopMaibHas

cocTapasoniad sektTopa Ymosa-ITotHTHHIa paBHa

S H i*r
n =Et . p—] m.

Bennunua 2mRI[=—s ecTb IMAMHAPHYECKAA T[OBEPXHOCTh OTpe3xa
nposoannka. Taxum 06pasoM SHeprud, BXOAfAllad B MPOBONHHK uepes
ero MOBEPXHOCTL M3 OKpYHawuie#t cpeadl B eNMHALY BDEMCHH, OKa3bi-
BaeTCA - PaBHOA

S, s=i.
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B kayccTse npuMepa uenm ne DEMEHHOT ¢ UM lenk,
COCTOANYIO M3 MOCACAOBATEALHO COSAMHCHHBIX YHacTKa C aKTHBHLIM
COTPOTHBJECHHEM 7, PEaKTHBHOH KATYWIKH, WMCIOWICH KO3(HMIMEHT CaMo-
MHIyKUMH L, W Konaexcatopa, obnanawmmero eMxoctsio C (puc. 160).

IMpeanonaras, 4YTO 1OAA KATYWIKH ¢ KOHAEHCAaTOPa 3aKJIOUCHH
B ofbeme V, GygeM umeTs:

B kauccTse npmMepa UeNM NEPEMEHHOrO TOKa paccMoT
c

W 2 (L) 19,
a =l =L
am_ﬁ(r_zﬁ_z,uiy
o ot 2_c>—c a=lc=ig )i
13
rle g-—3apan KOHOeHcaTopa.
PN 2N AN H
““ r + C = o
i /, \\ X S SS
,’ I ‘l Om zenepamopo K npuemnuxy
2 | c i . E s
! ! { s
_ J L
BO00 \:I / -€ —3
\ L J/ S
\\\ ’// S
\s‘-’/ . ‘
Puc. 160 - Puc. 161

Kpome Toro, Belpaxas MOLIHOCTH, CBA3aHHYIO C BHASACHHEM TeIla
B Lem#, B BuAe %, MOMKEM mepenucaTh ypaBHeuue (324) caemymollnm

o6pa3om: 3 1
(e -Has, =i §t+z6jidt+iﬂr=
S

=1(L%it_|_éj'zdt+zr)=iu=p,

roe u-—— HanupsikeHue Mexay npoBoxamu auHuuM. TakuMm o6pasom Mou-
HOCTh TOTOKA 3ACKTPOMArHMTHOM 3HEPTrHM €CTb BCA MONIHOCTb, mepe-
JaBacMas 10 JHHHHA

Ha psc. 161 noxasanbl HanpaBieHHS CHAOBHIX AXHAH MarsMTHOrO
H 3NCKTPHUECKOrO mojAcH OKOAO NpoBOdOB AuHuu nepenaun. Cunosue
AMHEM INEKTPHUECKOTO MO HECKOALKO H3OTHYTH, T2K KaK BCACHCTBHE
Ha/uuud aKTHBHOFO CONPOTHBICHHA CaMMX MpoOBOAOB BeKTOp E y no-
BEDXHOCTH I1IPOBOAZ HMEET KacaTelbHYI0 K 3TOH IMOBEPXHOCTH cOcCTa-
BASIOWYIO MO HANPaBJACHUIO TOKa B nposode. Omnpeneass no BHUEYKa~
3aHHOMY [(p2BUAY Hanpasickue BekTOPa YMmoBa-ITOAHTHHra B pasHbX
TOUKAX 110/, NOAYYAEM KapTUHy, #300pPaXEHNYI0 Ha PHCYHKE. Mu BUIHM,
49TO MNOTOK 3ACKTPOMaCHHTHOH 9SHEPrHHM ABUKETCH B IHIJAEKTPHKE OT
TeHeparopa K MNPHEMHHKY, YACTHYHO YCTPEMAAACh BHYTpb NPOBONOB
BCICNCTBHE HAAMYMA AKTUBEOIO CONPOTHBJEHHS NPOBONOB.
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Heo6x01MMO OTMETHTH, YTO M3THOG CHJIOBHIX NHHHHA 3JEKTPHUYECKOTrO
noas Ha puc. 161 cuapHO mnpeypennueH. B nose aeficTBHUTENbHOMN JIHHHH
nepefayd 3TOT M3rHG HUUTOXEH, TaK KaK KacaTe/lbHas COCTaBJAAWILAS
BekTOpa E y NOBepXHOCTH NPOBOLA BEChbMa MaJa MO CPaBHEHHIO C HOp-
MaabHON cOcCTaBaAKOmEN.

Bo BTOpO# uyacTh kypca OblJI0 MOKa3aHO, YTO CKOPOCTb IBHXKEHHUs
BOJIH 3JEeKTPHYECKOro TOKa W HanpsKeHHs BIOJb JUHHH C pacrpelesieH-
1
VLiC
C — K03(}UUMEeHT CaMOMHAYKIIMA M €MKOCTh JUHUH Ha eIUHULY ee JJUHBL.
Tak xak 3Heprua [ABHMCTCHA B [AWIJCKTpPHKE, OKpy¥kamomeM IpOBOJA
JA¥HUH, TO CKOPOCTh ¥ NOJKHA PABHATHCH CKOPOCTH IBMMKEHHA 3JEeKTPO-
MarHHTHOH BOJHBL B auajickTpuke. CleoBaTeNbHO, MOKHO HMETh MECTO

PaBEHCTBO

upiMu napametpamu (4. II, §§ 205 u 209) pasHa v— , e L wu

o ! 1

VIC Ve’
rage e u }L—-—I[PIS.’IGKTpH‘leCKaH W MarHuTHas NpOHHULHAEMOCTH IU3JIEKTPHKA,
OKpyXamwmero nposoaa JaWHHH. CneﬂyeT OTMETHUTBb, YTO B BbIPAXKECHHUU

i BeauuMHa L ecTh BHEIHMH KO(PUUMEHT CaMOMHAYKUWH JHHHH,

omnpeneseMbli MarHUTHHIM TOTOKOM B JH37eKTpHKe. Y(0elumca B cIpa-

1 1
Vic = — — Ha NpocTeluieM npuMepe KOHUEH-
we
Tpuueckoro Kalens, KOraa rpaHdiell MexIy BHEIWHAM H BHYTDEHHHM
MarHMUTHBRIMH TIOTOKAaMH SIB/SIETCS [OBEPXHOCTh €aMOro INpOBOJHHUKA.
B aroM caydae mas Ko3(UUMEHTAa CAMOMHAYKIHMH U €MKOCTH, OTHECEH-
HHIX K eIHHHLE IMUHBL Kabens, UMeeM Bbipawenus (u. I, §§ 21 n 83):

BEIJUBOCTH PaBEHCTBA

=Pl oy o= 2
20 1n re
r
ChnenosatebsHo, LC—pe

§ 105. IleukeHHe 3JEKTPOMATHHTHO 3HEpPIrUH
B METalXH4YeCKHX Tpyodax

B npenminyiueM mnaparpade mbl BHIENH, YTO NPOBOAa JHUHHH mepe-
Iayy C/yKaT HANPaBAMIOIMMA SAECKTPOMardHHTHON 3HEPruH, IBHXKYIENCH
B [IHM3JIEKTpHKE, OKpyXawmeM 3TH nposofa. OnHAKO TaKyw HalIPaBisio-
Y0 pOoJb MNpOBOJA JAHHUH MOryT BBHIIOJHATH TOJBKQ NpPH YCJAOBHH, YTO
JJIMHA 3AeKTPpOMAarHUTHOH BOJHEI B IM3JEKTPUKE BO MHOrO pas mpesocC-
XOAUT pPaCCTOsIHME MEXIAYy NpOBOJAMH, T. €. TOJBKO NpPH YCAOBHH, 4YTO
4yacTOTa HaNpSKEHHs ¥ TOKA He CAUIIKOM Beauka. B mpOTHBHOM ciayuyae
11poBOAa AUHMK GynyT BEcbMa 3(PQPEKTHBHO M3/]yuaTh 3NEKTPOMArHUTHYIO
3HEPrUI0 B OKpYyxaiomee [DOCTPAHCTBO, T. €. OyAyT AeHCTBOBaTbL 1O-
106HO aHTEHHE.
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cbMa BHICOKHMX 4aCTOTaX, COOTBCTCTBYIOLIUX
14K Ha3biBacMbiM yibTPAXODOTKHM BOJHAM ¢ [AUHOI BOJNHE [ODAIKA
HECKOJAbKHX CAHTHMETPOB, KOTOPHMH IOJb3YETCH COBpeMeHHas pajluo-
TeXHUKA, YK€ CTAaHOBMTCA 3aTPYNHHTEAbHLIM INEpenaBarth SHEPrHi0 MO
AUENSAM OOBYHOrO BHAa., JaTpPyAHEHHS NPU 3TOM BO3pacralT €me No-
TOMy, 4TO IIPU CTO/b GOMBUIMX YacTOTaX B H3OJAUMH NDOBOAOB BO3-
HUKAIOT 3HAauMTeAbHBIE TMOTepu SHepruu. IIpH KpenaCHHM NPOBOJOB HA
OT/le/bHbIX HBOMATOPAX MB HMEEM B MECTaX Paclo/oMeHHs H30AATOpOB
Cpely ¢ MOBLIIEHHON JH3JEKTPHYECKOH NPOHHIAEMOCTHIO, YTO NpeBpa-
maeT JAMHHIO B CBOEro pojia (HALTD, CpE3alolLHil BbHICOKHE YaCTOTH.

B cBs3H CO BCeM CKa3aHHBIM OTHOCHTENBHO CBOHCTB OGbIUHON NHHHH
llepejayn TIPH BEChbMa BHCOKHX 4aCTOTAX MPeACTaBiseT Gobuol uxTepec
BO3MOXHOCTb Mepe/aud 31eKTPOMaCHWTHOH SHEPIrHH BHYTPH METa/IHYe-
ckux 1pyo.

CrenkH TpyGHW, €C/M OHH BHINIOJHEHH M3 Marepuana C BeCcbMa BHICO-
KON ylenbHOW IMPOBOAHMOCTHIO, HE MPOIYCKAIOT CKBO3b cels 3J1eKTpO-
MArHHTHBIE BOJAHH. DT0 OyJeT #ACHO H3 pacCMOTPeHHs sBJICHHA pac-
npocTpaHesHs 3JEKTPOMATHHTHHIX BOJAH B MpoBOJflIel cpele, KOTOpoe
Gyaer Bummoaseno B ciaenyloutedt raase. Ho u agece Mbl MoxeMm ybe-
IHTHCA B CNPaBENAMBOCTH 3TOTO YTBEPMHJIEHHUs, €CAM pACCMOTPHM mpe-
JeabHBf cayyalt TpyOs cO CTEHKaMH W3 CBEPXNPOBOJAUIErO MaTepHana.
B 3TOM cayyae 3JEKTPHUECKHE TOKH, KOTOpble MOryT BO3HHKATDL
B CTeHKaX TpyGu, He CO3/aI0T NajeHHs HalpsKeHus M, CJel0BaTelbHO,
KacaTejabHdsi COCTABR/MIONAA HANpPIAEHHOCTH 3AEKTPHUYECKOro nojs Ha
BHyTpeHHell NOBEPXHOCTH CTEHOK BCIOAY JMOMKHA OWTh paBHa ByJIO.
CnefoBateasto, BeKTOp YMoBa-IloAnTHHra He HMMeer COCTaBAsIOLIEH,
HOPMalbHOM K TOBEPXHOCTH CTEHKH. ODHEpPrus HE NPOHUKAET BHYTPD
CTEHOK H MOXET, Ip¥ HaJlexalllix yCJAOBHAX, JBHTaThCs TOJAbKO BIOJD
CTeHOK, T. €. B HanmpaBjeHuH OcH TPyGhl.

[TocKoAbKY cTeHKH TPYGH HE MpONYCKAalT CKBO3b cebs 37eKTpo-
MACHHTHblE BOJHBI, HE NPOMCXOIHT H H3JAYyYEHHd SHEPrHH NpPH CKOJb-
YronHO BHICOKHX uwacToTax KoxeGanmi. Takas MerannuecKas TpySa
npeAcTaBiger CO0OI0 KaHaa /S TOTOKA 31EKTPOMATHATHON SHEPrHH,
NpHYEM 3TOT KaHal MOXHO OCYUIECTBHTH C COBEPUIEHHO OLHOPOIHHIMH
CBONCTBAMU TO BCeli ero JJ/MHe, B YacTHoCTH, He TpefyeTcs npHuMeHe-
HHf KaKMX-TH60 W3ONATOPOB BHYTPH TPYOH, HAPYUIAOIMMX, KaK Ml
BHJenH, B OOLIYHOH AMHHH €e OLHOPOIHOCTS.

Tlpy HeTanbHOM aHaNW3e YCAOBHA PaCNPOCTpaHeHHs MEKTPOMArHHT-
HBIX BOJH BAOAL TPYOL, KOTOpPOE Mhl IIpOH3BeldeM B CJaelylouleM rnapa-
rpade, BRISCHSIETC OJHAa MHTEPECHas M BaXHas OCOOEHHOCTh, 3 MMEHHO:
B0NL TPYGH BO3MOXHO pAacHpPOCTPAHEHHe TOJALKO BECHMA KOPOTKUX
BOJH, [V KOTOPHX [IJHHA BOAHH B CBOGOIHOM NPOCTPAaHCTBE OAHOrO
nopsAKa HAH MeHbUIE MOMEPeYHHX Pa3MepoB MOJOCTH TpyOu. B cBssH
C 3THM Takue TPYOH NOAYYHAH [PUMEHEHHE B PAHOTEXHHYECKHX yCTPOH-
CTBAX YABTPAKOPOTKHX BOJH /s NMEPefaud 31EKTPOMATHMTHOH SHEPruH
OT resepaTopd 3/7EKTPOMATHHTHBIX KOJe6aHMi K H3AYYaoImeMy ycTpoit-
CTBY ¥ NOAYyuWIM Ha3Banue 804H080008. Jl1MHa BOJIHOBONOB 00bl4HO
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HEC BEJHMKA H, CACN0OBATECAbHO, NOTEPH IHEPrUHM B HUX CTEHKAX, BhI3BAHHLIE
KOHEYHOH YIENbHOH NPOBOZHMOCTHIO MaTepHalda CTEHOK, HE3HAYMTEAbHbI.
TloaTOMYy NpK HCCAENOBaHMH BONPOCA O pacnpocTpaHEHHH 3JEKTPOMArHUT=
HBHIX BO/JH B BOJHOBOZaxX MBl INPEANOJOKHM, YTO YICAbHasd NPOBOIH-
MOCTh MaT€pHana CTEHOK OECKOHEYHO BenuKa, He nonyckaa npu 3ToM
CYUWECTBEHHLIX OTKJOHEHHH OT NPAKTHYECKUX YCAOBHA.

§ 106. Boxanosons

Hns yscHenns 0COGEHHOCTEH DPacpPOCTPAHEHHS 3MEKTPOMArHHTHOM
SHEPrMM B METaWIMYECKHX TPy6ax, paccMoTpuM HauGoaee npocToh
BMECTE C TeM HMeioluii GONbIIOE MPaKTHYECKOE 3HAYEHHE Cay4all BOIHO-
BOAa mpamoyronsHoro ceyeHud. Oce OZ HanpasHM BOAb TPY6u. OcH
OX u OY pacnojomuM Tak, Kak 1o-
KasaHO Ha puc. 162.

PaccMorpum cayua#t, korma cumao-
Bble JIMHHHM 3JEKTPHYECKOro Mond pac-
MONO¥EHB B IUNIOCKOCTAX, NepreHan-
KyaspHuix ocd OZ, T.e. korga E,=0.

Ilpennonaras, 4YTO BCe BENHYHHHI
H3MEHAIOTCA BO BPEMEHH 110 CHHYCOH-
HDaNbHOMY  3aKOHY, BOCIOJb3yeMcs

4 CHMBOJHYECKHM MeTonoM. KpoMe tToro

Puc. 162 MPearnoaO¥HM, 4YTO BOJHOBOJ HMEET
GeckoHeuHylo nauHy 1mo ocu OZ. Ilo

4HATOTHH CO CAy4yaeM [BHXKEHHS BOJH TOKa U HANPSKEHUA BHOJAb IJAHMH-
HbIX OAHOPOAHHX auHuA (4. II, §§ 201—204) npeanonowum, Y10 H3Me-
HEHHE HallpsxeHHocTel nonel Broas ocu OZ Buipaxaerca dyHruuel Buna
€, 7%, ¥ 4TO COOTBETCTByET HANHuMIO OLHOH MpPAMOH Gerymeit BOJHHL

TIpH 3THX yCnOBMAX KOMIIEKCH MFHOBEHHBIX 3HAYeHHH COCTaBasIO-
WHX HaMpsHKEHHOCTEH 31eKTPUYECKOro W MarHUTHoro mnoaelt Gyayt
HMETh BHI:

§OREIELIIIIIITFFIIIEIIIOIIIIIS 7Yy

AVARANRORRRRRRAY,
|
m Ty
ANNRALRRR R LA

IIIIIEIIIIIIIIPPIELIIOIEIIIIFEIITY

- Jot —y'z S B Jot ~y'z
Ey=Ep en en'", Ey=Ep}th e

Yy L jot —y'z Y 7 jot —y'z
Hy=Hy,e3"ez ",  Hy=H, i, ] (325)
* ¥ wt —y'z
H,=H, ;" V%
rne Komnaexchue ammaurynw Ep,, E,,, H,,, H, u H,, ssisoTca
¢yHKunaMn x u y.
Ioncrapass 31v BuIpaweHns B ypasHenus Maxcseana (268) u (269)
H YYHTHIBas, 4TO B Au3neKTpHke 7—0 ¥ p=0 U 4YTO KPOME TOrO Mo

* Uepes ¢, B sToM mnaparpade o6o3zuaueHo OCHoBaHNeE HATYPAABHHX Jora-
pHOMOB B OTIRYHE OT &, KOTOPOE 0603HAYAET AHITEKTPHUECKYIO HPOHHMIIEMOCTH
HellecTBad, 4 uepes y' 0603HAYEHA BEAMYHMHI, HMEIOUIAS CMHICT KOSDHUMeHTa
pacnpoCTpaHeHHd, B OTAHYHE OT Y, KOTOpas OGO3HAWAET YACAbHYIO 9dEKTpHYe-
CKYI0 NPOROAUMOCTH BELLecTBa.
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ycnosuio E,=0, no/ayuyaem nocjie COKpalICHHs Ha O6IMA MHOXHUTEIb
Jot —x'z,
€n &g =

oH. ) L
_Tr,nz_{_.( Hmyzjweme’ (2)

- 0Hpy . o I

—T me T T ax =jwe Em}” (b) l} (326)
OHpmy  OHpme __

o Ty % O )

7'Emy = j‘”}"ﬁmx: (@) |
—VEpe=—]J ‘”P-Hmy’ ®) } (327)

oF dE, ;
_a;EL — _({‘."‘L = — jouH,,. © j

HMoxncrasnas E‘my n3 (327,a) B (326,6) n me 3 (327,6) B (326,a),
noayyaem:

. )
me ’Z? a;':‘ ,‘} (328
I_'{ d 0Hmz l )
my k2 __oyﬂ ')
rae
B ="t - oy (329)

Ypasnenue (326,¢), ecau B Hero MoACTaBUTH BHpaxceHud (328), ynosie-
TBOpaeTcs aptomartuuecku. Ocraerca ypasHeHne (327, c) I'IoncTaBmm

B HEro Em u Em, u3 (327, n 327,b) v 3aTeM BMeCTO H, n H
Beipancennd (328), nonyuaem ypasnenue ans H;:

O’Hmz

+ Ellne {01, =o0. (330)
Bynem ncxats F,, B dopme:
H,,=XY,

rae X — yHkuna Toabko x u Y — dyHKuna ToOALKO Y.
Moncraeaas B ypaBHeHue (330) uMeeM

v 2% X x 2 dy‘ Y kXY =0

Jena na XY, HaxoIum

LoAex 1 @Y,

X 0)»2+Y ay==+k =0
HIH

1 °Xx 1 oY

X Pl . T
oA TE=—y o~
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JleBag uacTh MocieaHero ypaBHeHHs fBAseTCH (YHKUMEH TOABKO X,
npasag — @yukuuesi toanko y. CienosatenbHO, ypaBHEHHE YNOBAETBO-
paerca aas MoOGHX X M y TOABKO B TOM ciyyae, eCid M Jesas u Mpa-
Bas ero 4aCTH DaBHH HEKOTOPOH mocTosHHOH BeauunHe 7. Ilpu aToM
YPaBHEHHE pacfafaeTcs Ha jgBa:

2
X fex=o,

3;{ +7'Y=0,
rae
A (331)

Hinterpupya 3TH ypaBHEHMd, [0JAyvaeM:

X=Acos(tx+9),
Y = Beos (ny )

H,, = H, cos (bx 4 ¢) cos (ny -+ 1), (332)

1"10 —AB.

rae

IMocTonunuie § ¥, ¢ ¥ ¢ onpeaensiOTCs H3 IPAHHYHLIX YCAOBHH Ha
MO3EPXHOCTAX CTEHOK BOAHOBOAA. Jlna HAXOXAEHWs STHX YCAOBHH
B OOWEM ciayvae fIpH KOHEYHOH yJaenbHOH fPOBOAMMOCTH MaTepuana
CTEHOK HEOGX0IMMO HCI0/b30BATh Y PABHEHHS, XaPAKTE PUBYIOLLHE SAEKTPO-
MarHATHOE 10Je B NPOBOAAIMX CTEHKAX BOAHOBOJA.

Mu paccMoTpuM 3lech cayuail MIEaTbHOrO BOJAHOBOAA C CBEPXMPO-
BOIAWMMH CTEHKaMu. DTHM Haubojee sCHO BhIAEAUM OCHOBHEIE CBOHCTBa
9/1eKTPOMarHHTHLIX BOJH, PaclpocTPaHAIOUMXCH B BOJIHOBOLE, HE YCAOX-
HAsl PACCMOTPEHHE BTOPOCTENEHHHMH (daKTopaMd. B peaabHHX BOJAHO-
BOJA4X, UMEIOLUX O6GLIYHO HeGOLINYIO JJAUHY, BONPOC O IOTEPAX B CTEHKAX,
KaK paHee ObLIO OTMEYEHO, HE MMEET CYIIECTBEHHOrO 3HAYEHHH.

Ilpu CBepXNpPOBOAAMMX CTEHKAX [AJ€HAE HANPMKEHHA B CTEHKAax
P4BHO HYJ 0 M, CACAOBaTEALHO, BHYTPM CcTeHOK Bcioay E,=0. Ilo-
3TOMY [rpaHRYHLIM YCJAOBMEM i 10 B XU3AEKTPHKE BHYTPH BOJHO-
BOAA fBJSETCA PAaBEHCTBO HY/MO Y fOBEPXHOCTH CTEHKH KacaTeAbHON
K 5TOH moBEepXHOCTH cocTaBisiomel BexTopa E, Tak Kak KacaTeisbHble
cocTaBasiolmme BekTOpa £ B JM3JAEKTPUKE H B METasie y MOBEPXHOCTH
pasiiena QOMXKHH GHTh paBHE Mexay co6oi. Mcnoassys 310 ycaoBue,
umeeM (puc, 163):

npu x=0 u 11pu x=—=a I:",,,v-_—O,

npu y=0 u npu y=>4 £, =0.
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H3 ypassennit (327,a), (327,6) u (328) mupn stoM monyuaem:

npn x=04u npu x==a '_0_1;311,,‘&:0’
npy y==0u npu y=>5 a—};};';'5=0.

970 N2eT CaeAyIOWME 3HAYCHHS MCKOMBIX MOCTOAHHMWX B BHIDAXEHHI
(332) nna H,,:

¢=0, t="2, ¢=0, (=7,

rne m v n-—ueane yuciaa. Mmeem oxkoHuateabHoO:

. ¥ mrx nr
Hps = H, cos "= cos 2. ~ (333)
Hoactasaas 310 BhpaweHue B yparHeHus (328) u ucrnonnzya ypas-
nenns (327,a) u (327,0), HaXOIMM BHPAKEHHA KOMIIEKCOB (325) mrHo-
BEHHRLIX 3HAYEHHH COCTABMOWMX HANPAAEHHOCTEH SNEKTPUYECKOrOo M
MAarHuTHOrO noJjei:

H,= %H‘, sin in—:)—‘ cos l’%" gfor—r'z
H,= %IZ; H, cos 'szsin ”_’;l’ efot =z
H,=H, cos gl_gf cos '_"7:5_' etz a3
E,= % Hcos ? in ’ﬂ;)_' g2,
Ey=— % Hysin '1:5 cos 'f;—y Jorr,
Ez = 0.

Kpome roro, ypasuenne (330) nocae moacTaHopKH B Hero BHIDaWC-
uusi aas Hy,, u ero BTOPHX NPOH3BOAHWX J3eT:

[~ =+ #] o
e e

Hafinennoe pemeHne noxasupaeT, u4TO B BOAHOBOIE MOXeT cyme-
CTBOBAaTb CepHdl BOJH, NMPHYEM KaXKIad BOJAHI COOTBETCTBYET Mape WeabX
YuCen m W n. 3ajaHu€ OJHOBPEMEHHO 7 M 1 PABHHIMH Hy[I0 MPHUBO-
AUT K paBeHCTBY HyMo Bcex cocraeamomux E. Cregosareasho,

17 Teopna aaexrpoMarH. mois.

Otkyna
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Tlpn wacToTax HiWe ®, HEBO3MOJCHO PACTIPOCTDaHEHHE BIOAb BOTHO-
BOAa BOAH (e3 3aTyXaHHMa. [IpH uyacTorax BhIe ®, BOJHK pacnpocTpa-
HAlIOTCA 6e3 3aTyxaHHA.

O6o03Hauan, Kak u paHee, 4epes A IAMHY 3NEKTDOMArHUTHOHN BOMHM
Np# ee pacnpocTpaHeHHH B €60000HOM TPOCTPAHCTBe, GyleM HMETb
(§ 93):

1 1 2= 1
Vie I Ve o
CnenoBarenbHo, KpHTHYECKOH yacToTe ®, COOTBETCTBYET Kpumuue-

CKAR 0AUHQ 804HH \g B CBOGONHOM NDOCTPAHCTBE, OnpeleddeMas paBeH-
CTBOM

A=9T =

g = 2 (340)

VG

Bennuunn @, u A, 3aBHCAT oOT ukcen m i n, onpelenfioOmKEX XapaK-
Tep Boaub. Ecam @ >b, To caMan Manas KpUTHUECKas ¥ACTOTA nony-
yaercs npu m=1 u n=20. Ona OKa3HBAETCA PaBHOK

1 =
"V e

H, CnenoBartenbHO, Hau6oabuas KPpHTHYeCKas JAJauHa BO/IHB HMEET 3Ha-
YEeHHe

[0)

X ==2a.

Ecan a=10 cm, To A,=20 cmu

© v 3 - 1010 '
fo= 0 ———=-2—0-= 1,5 + 10°Hz.
Ws srtoro npumepa Buixo, uTo BOAHOBOA crocoGen NponycKath sjeK-
TPOMAarHMWTHHE BOJHH TOJABKO BECbMa BLICOKOH YaCTOTH.
S .
Tax xax npu © > o, uveen 7'=ja u ¢ * 7V =) o 0
AOonyyeHMs BHDAXEHMA A JAEHCTBHTEAbHRIX MIHOBEHHHX 3HaueHMH
H, Hy, H, E, n E, neobxoanumo B BupaweHusx (334) samenuts

— )
muoxuTenb &2~ Y Ha cos (of —az). Beanuuna %=f0’ €cTh ¢iasosan

cxopocms somuu (u. I, § 204).
Hnuna BOTHH B BOAHOBOLE MOMYHAETCA M3 COOTHOWeHHA al — .

3ameHsa B cooTHoweHnu (338) 1 uepes (—a?) u oue yepes (2—;—!)1
HaXONMM:

2__ [2m\2 m1t)2 nr\2

¢ —(T) _(T _(77) .

=VE-ESE e

Orciona imeem
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HIK 1. 1 T

A i) A2 (342)

5T0 COOTHOWEHHE MOKA3HBACT, UTO AJMHA BOaAHH A B BOJHOBOZE
Gosblle AJMMHL BOAHEL A B CBOGOAHOM TPOCTPAHCTBE NpH TOH xKe
yactotre. Dra pasuuua TeM Goablie, yem Gosbuie A

NpUGANKAETCS K KPUTHYECKOH JUIMHE BOJHBI A, M NDH

Y 0 A==12, noayusaem A =oco.
| | da3zoBasi CKOPOCTh MOXeT OHThL NpPEACTaBIEHA B

agafiiindiifuf 7 Buge

4wa k44 4 == 1 A_,OA
e X T e 2= _—V;a AT T
g y  Caenosarensno, dasosas CKOPOCTb v' anekTpomar-

HHTHBIX BOAH B BO/IHOBOAE G0JblIE CKOPOCTH ABHIKEHHA
9/eKTPOMACHATHHIX BOJH B CBOGOXHOM NPOCTPAHCTBE.
Dr0, KOHEUHO, HE O3HA4aeT, UTO IHEPrHs ABHKETCH
cO CKODOCTBIO Gonbumiel, ueM o, TaK Kak o ecTb
TONBKO CKOPOCTB, C KOTOpPOH B YCTaHOBMBIIEMCH pé-
JKuMe ABHKeTCs (hazoBoe pacnpenesienne Baoab ocu OZ.

B Bhlle WCCAGAOBAHHOM ciayyae Baoab ocu OZ
BOJHOBO/JA MMEET OTIAHYHYIO OT HYJS COCTaB.IAIOMYIO
TOABKO HAMpPSKEHHOCTh MaruuTHoro noast. Coorser-
CTBCHHO, BOJHE TaKOr0 THHA NOAYYHIH HAUMEHOBAHME
,MarHUTHBIX BOAH*. VX npuusaTO 06G03HayaTs GyKBOH H.
7 JL/isi IPSAMOYFOABHBIX BOJIHOBOJAOB BBOAST OGO3HAUCHHE

H,,, NPHYEM HHIEKCH COOTBETCTBYIOT WHCAaM M W It
B ypasHennsx (334). Tax, Hanpumep, BOAHY [PH m=1

Puc. 163 u n=—0, onuchiBaeMyl ypasHeHusmu (337), cieayer
o6o3nauats H,.

Ha puc. 163 u3o6paxeHa B MONEPEYHOM M MNPOLOALHOM  CCHCHHMAIX
NpAMOYrOJbHOr0 BOJHOBOAZ KApPTHHA MOJS 148 BOJMH Hy,. Cnaou-
HEIMM JIMHMSIMH u3006paneHBl CHIOBHE JIMHMA 3EKTPHHCCKOro moJd,
NYHKTUPHEIME — CHJIOBbIE JIMHHM MArHMTHOrO noxs.

r\}>

IR I I TR R IR L A VL A T UAR LA SR L v A s

Puc. 164

flpu. 66AbMINX 3HAYEHHAX YMcesd M W A KapTHHA NOAA ToJyHaercd
6oiee CHOKHOMH.

MoryT CymecTBOBaTb TaKKe TaK Ha3HBaeMble  ,JEKTPHYECKHE
BOJIHM“, 0603Hauaemble GykBo#t E ¢ COOTBETCTBYIOUIMMH HHIEKCAMH.
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Boaubs 370ro THHa XapakTCPH3YIOTCA TCM, 4TO B HHUX BAO0I» OCH BOI-
HOBOJA MMEET OTJMYHYK) OT HYAs COCTaBAAOIIYI0 TOABKO HAIPMKEH-
HOCTh 3aekTpHueckoro moas. Ha puc. 164 n3ob6paxesnsl cuaosule AHHUH
MAarHUTHOTO NOAA (YHKTHDHLIE JWHHKW) W CHIOBBIE JIKHHUM 3JEKTpHUYE-
CKOro mnons (CrJoUIHbE JAHHMM) A8 mpocTedliero ciayuas ,3ASKTpHYe-
CKON“ BOJHE B UMAMHIPHYECKOM BOJHOBOAE. JTOT ciyvall HHTEpeceH
TeM, YTO KapTHHA NOJiA B HeM HMEET MHOro ofIEero ¢ KapTHHOH mOA#A
IPH pacnpoOCTPaHEHHH 3NEKTPOMArHUTHHX BOAH BIOAb KOHUEHTpHueE-
ckoro kabeas. ToabKO B BOJHOBOZE OTCYTCTBYST BHYTpEHHHH NPOBOL,
M DpOJAb TOKOB NPOBOAMMOCTH BO BHYTPEHHEM METallM4YSCKOM INpoBOlE
Kafens B BOJIHOBOLE HIPaeT TOK 3JAEKTPHYECKOrO CMEICHHH.

Bo3HHKHOBEHNH2 TOrO WM HHOCO THNA BOJH B OJHODOZHOM BOJHO-
BOJE 3aBMCHT OT CBOWCTB KOHUEBBIX YCTPOHCTB, B YACTHOCTH, OT
yCTpo#icTBa, reHepUpYIOUIErc BOJHB B Hayaje BOJIHOBO/A.

Iarasa desamas

NMEPEMEHHOE 3JEKTPOMATHUTHOE [OJIE B
NMPOBOISINEA CPEIE

§ 107. Nnockas 3NeKTPOMATHHTHAA BONHA B
' nposoxsamel cpeie

B npeamayme#t raase OblI0O PacCMOTPEHO MBHNEHHE 3aeKTpOMAr-
HUTHOHW 3HEprum B QusJeKTPHKe. BechMa BaXHBIM ¢ mpaKTHYecKOH TOUKH
3peHusi IBAIETCH TaKKe BOMNpPOC O pac-

NnpocTpaHenud 3NEKTPOMATHUTHOH 3Hep- X \":\\\‘\\\Q\g
ridn B nMpoBodfmeEd cpene. &, [4 ;f.§
PaccMorpuM cayuall, Korja naockas \ N
SJeKTPOMACHHTHAs BOJHA, pacnpocTpa- r=0 rQ N
HAIOMWAACK B  AMIJEKTDHKE, NOAXOIMT \\
HODMaJbHO K NJOCKOH MOBEPXHOCTH, E \
orpanuyusaomed ¢ ogHOH CTOPOHLI NpO- ) \ :
Boasmyo cpeay (puc. 165). ByieM npei- ee—— \\
MosaraTh, YTO NpPOBOAAmA® cpeda mpo- 9 RS
CTHPAeTCsi BO BCEX OCTaJbHLIX Hampasie- i !
Huax g0 Geckoueunoctd. Ilamaomasn H,

.

BO/JHAa 4YacTbl0 OTpa¥aercd OT MOBepX-
HOCTH NPOBOAMANLEH cpedsl, 4acTbIO MpO-
HHKaeT B 3Ty cCpely H MOrjaonaercs B Psc. 165

Hell. PaccMorpuM BOJHY, mnpoweauyo

CKBO3b MOBEPXHOCThL pasfeNa W pacHpOCTPaHAIONIYIOCA B mMpoBOASMIER
cpere. Hanpasum oce OZ BrayGp nposoasme#l CPeXnl HOPMAJIbHO
K ee nosepxHocTd. [lnockocte XOVY cosmecTuM ¢ 3TOH MOBEPXHOCTAIO,
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B nposoasiuieh cpene NMpaKTHYECKH BCersa MOXHO OpeHeOpeus
TOKaMH CMEIUEHHS] N0 CPaBHEHHIO C TOKaMH NpPOBOAHMOCTH. B Takom
Cayuae ypaBHEHHs MakcBeana NMPHHHMAIOT BH/I:

1otH=2% —=+E,
oB JoH
OtE=—75=—p i

[IpeanoaoXuM, YTO BeAHUHHH HAOPSKEHHOCTEH MOJelt HE HMEIOT
COCTABJSIOMHX, NOCTOAHHEIX BO BpEMEHH.

HanpaBue ocb OX no BekTopy E M yunTmBadg, uTo B MJOCKOH
Bose E n H He 3aBHCAT OT X M 0T y, Noaydaem u3 ypaBuenn# (268, a)
u (269, a):

0,
— 5. =1E: (343)
" oH
0=—p,—-07", T. €& H, =const=0.

N3 ypasuenus (269, &) naxonum:

JE, 0H
G =—v T (344)

I'Ipezmonome, YTO HalpAXEHHOCTb 3NEKTPHYCCKOro H Hanpsxen-
HOCTh MarHuTHOTO MOJeH H3MEHSIOTCA BO BPEMCHH .10 3aKOHY:

E,=E, cos (of {-4g), Hy=H, cos (ot - $p),

rae ®-— yrnoBasd 4acroTa, $g H ¢y — HauadbHHe ¢asw. Bupaxas Mruo-
BEHHBE 3HAYEHHs HanpsmceHHOCTeﬁ noacd B cuMBOJMYeckol ¢opme,
OyleM HMeTh:
—_— J(wt+9E) __ RE Jot _ 5 ¢
E,=E¢’( E) = E, e WEe ™ =F ¢/

’
7 : wp ot 345
H,=H,e/(“ ) — [ oFH o — 1] oot } (345)

ri€¢ &— OCHOBAHHE HATYPANbHEIX JOrapHMOB.
Avnmutynst E, u H, 1 Havaabuuie a3 ¢r n ¢y, a CICI0BATENLHO,
H KOMIJIEKCH E H H ABAAIOTCA QYHKUMSAMA TONLKO ONHOH KOOPAHHATH 2.
I'Ioncmnmm BuipaxceHus (345) sennuuH E, u H, B cHMBOAHYECKOH
¢opue B ypasHenus (343) u (344), nonyuaem nocae coxpameunn Ha oﬁmuﬁ
MHOXHTENb &/“* 3TH ypaBHEHHS B BHIE:

dH, . dE .
— g =1En G =—jopH,. (346)

Hudepenunpys nepsoe ypaBHewue 10 2 u HCNOAL3Ys BTOPOE ypaB-
HEHHE, HAXOLuM;

Chm —jopiHly,, (347)
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Pemtenne 3TOro 7AHHEAHOTO YDPABHEHHS C OCTOAHHHM KO3(bHLHEHTOM
HMEET BHA:

Hp == A% + Aget %, (348)
rae
== ]/jwp." .
Tak kak y j = V2 —— (1), 4To AerKo NPOEEPSeTCs BO3BEAEHHEM STOTO
paBeHCTBAa B KBajgpat, TO, BBOIA elle O(O3HauCHHE
opy —
> k,

nonyuaeM

a=/jory =(1-+j) WL — 1) k.

Bropolt unen B smpawxennd (348) ann H, npu Ay 0 yseanun-
BaeTCH N0 GECKOHeYHOCTH NPH BO3PACTAHHH 2, TAaK KaK BEIIECTBEHHas
4acTh 4 MONAOKHTEAbHA. HanpspKeHHOCTB NOAS HE MOXET pacTH X0
6ECKOHEUHOCTH, H CJIe[OBATENBHO, MBI JMOMKHB IIPHHATH:

Ag =0.
Taknm o6pa3om: . -
H,=A;s~%,
.
ITocTosnHHas A, NONyYaeTCHt ¥3 YCAOBHS, UTO MPH 2 == 0 senuuuna H,

HMeeT 3aJaHHOe 3HaueHHe H o = H,,,6/4pe Ha moBepxXHocTu cpexul. Bce
BEAMYHHBI, OTHOCSIIMECH K MOBEPXHOCTH CPelbl, OyleM OTMEUAaTh HHAEK-

com ,e“. Crano 6uth, A, = H,,,, u pelieHue HMeeT BHI:

H,=H,, e e ik, (349)
HIu

H,=H,, ¥ cos (of +Yn. — k2).

Bupa}xeﬂue AN HANPSKEHHOCTH 3JeKTPHYECKOr'o nojas HaxoJuM H3
nepsoro ypasucuus (346). Mmeem:

Ep= (L)) R Hpp o=t - e=it2, (350)
HIIH

E, .-—:]/‘—‘:‘i’L H,, s~ *cos (mt—}-qam-— kz—}-;—),

IR TS PR VAT
1/2(1+1)-- w -t k,]/.‘s )

[110THOCTA TOKA HAMeHSeTcs MO TaKQMy e 3aKOMy, KAK HAnpis
EHHOCTD DAECKTPHUCCKOrO Noas, TaK Kak d=1E.

TaK Kak
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§ 108. lanna BOAHbL. 3aTyXxaHHe BOJHbI

TMoayueHnsle BEHpPaMeHH 141 HaNPsKEHHOCTEH 3ASKTPHUECKOro M
MarHUTHOTO nodjeii npexe BCEro CBHAETENbCTBYIOT O TOM, 4TO AMIJHTYAHI
HanpsHKeHHOCTEH No Mepe NMPOHHKHOBEHHA BOJAHH Bray6s NpPOBOAAWIEH
cpessl B cAy4ac NAOCKOH BOJAHHE YGHBAIOT O SKCNOHEHIHAALHOMY 3aKOHY.
Kpome Toro, HavaapHaa ¢asa koaeOauuti H3MEHAETCA PONOPIHOHANLHO 2,
npuHYeM MO Mepe NPOHMKHOBEHHA BOMHH BrayGp cCpefnl KoaeGaHma Bce
Gonee 3ana3aniBaiOT N0 ()ase NO OTHOLIEHHIO K KOAEGaHHAM HA MOBEPX-
HOCTH cpednl. Bo Bcex TOuKax cpedbl, B TOM 4HCAE M Ha €¢ MOBEpX-
HOCTH, HaNpAXEHHOCTb 3ACKTPHUCCKOrO noAs onepexaer no ¢ase
HanpAXKEHHOCTb MACHHTHOrO NOJAA Ha yroa w/4.

Hruna gosnsl N, T. . pacCTOAHMe, Ha KOTOpOoM (hasa H3MeHAeTCA
Ha 2w, onpeneaseTcd M3 YCAOBHA:

S_EI A =2%
2 TN
OTKYJla HaxoJauMm:
. 5 — 1
x_zn]/w_p?_z/n Vi (351)

TaK Kak o=—2xf, rae f—uacTora KoaeGanuit. OTHOWIEHUE aMIAUTYX
HanpsKCHHOCTEH NOJeH Ha pacCTOAHHH Z==X OT NOBEPXHOCTH CpeAbl
K HX 3HaueHHsAM Ha MOBEPXHOCTH DaBHO

- l/ wry,
€ 2 =2 = 0,00185,

T. €. Ha 3TOM pacCTOSHHM BOJHA MPAKTHYECKH MOAHOCTHIO 3aTyXaer.

B umxecienyiomeir rtaGadlle TPHBEACHH 3HAYCHHS JAMHH  BOJHH
npu yacrore KosaeGauuit f==50Hz nnpu uacrore f= 500 000 Hz B Meny,
B Kelese (ecCau cuMtaTh @ = const), B MOPCKOHK BOIE U B CYXO#h mouse.
Mu pumMM, YTO TpH NpPOMHINIEHHOH uacTore f=50Hz s3aekTpomar-
HHUTHaA BOJHA MPOHHKACT B MEAb Ha HECKOJBKO CaHTHMETPOB, a B Xene30
BCEro AHIib Ha HECKOARKO MHAnuMeTpoB. IIpu pammouacrorax rayGuaa
NPOHHKHOBECHHA M3MEpIeTCA B MeAM JCCATHIMH J0JAMH  MHJAJHMETPA,
a B Xele3e COTHMH JOAaMH Muanumerpa. Ilpu BHICOKMX uacroTax ray-
OHHa NPOHUKHOBEHHS BOJAHH B MOPCKOH BOJE H mame B cyxo# nouse
He3HauMTeabHa,

Menp XKeneso Mopckas Boga | Cyxas nousa
S S S )
f 1=358-100~ | y=~10"_, 1=1-, 11071
b= B = 1000p, P=1t% p=1
50 Hz 59 cm 0,45 cm 450 m 4500 m
500000 Hz 02059 cm 0,45 .10~ cm 45 m 45 m
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Benuunua sektopa YMosa-TToitutunra uMeer 3anauenws:

. ou 2 .
S=E,H, = ]/";_*‘ Hipe == 2% cos (of -
by —k2) cos (mt b — kz -}- —;-) .

Cpennee 3sHauenue Speq BeKkTOpa YMosa-IToHHTHHr2 3a NepHo.1
Konebaun#l papHO”

, . .
- STon 2, —2/ 2. -
smed=lf j Sat=)/ =5 T Tcos ] (352)

2
=g,
MPOHMKACT TOAbKO &= 2% . 100%/, =0,185%, ouepruu, nornomaeMoit
B mposoismiedt cpene. ITo3TOMy npakTWYeCcKH MOXHO CYMTaTh, YTO
BOJIHA 3aTyXaeT yXe Ha PacCTOSHUSX, B [Ba-TPH pasa MeHbWIHMX MO
CpaBHEHHIO C iIpUBENEHHBIMU B Tabauue.

Takum oGpa3oM, Ha pacCTOSHME OT MOBEPXHOCTH, pasHoe =z

§ 109. flsnende mMOBEpXHOCTHOro 3adpexra

IlepeMeHHbII® 3neKTpUYECKU TOK pacrlpefenseTcs HepaBHOMEPHO Mo
CEUCHHUI0 TIPOBOMHUKOB, MPUYEM INOTHOCTH TOKAa UMEET Hauboibmne
3HAYEHUsl HA TOBEPXHOCTYU MPOBOAHHKA W yGBIBAET 110 Mepe yIaieHus
OT TMOBEPXHOCTH Briay6b HpoBOAHUMKA. OITo sABJCHHE HA3LIBAETCH
NOBEPXHOCIMHBM dhgbermom Unu CruH-3ghgermon.

IMepeMeHHH! MarauTHLI NOTOK, npoxoasnu# B Tenax, obaamaromux
KOHEYHOH MPOBOIMMOCTBIO, BLI3LIBAET B 3THUX TEJAAX BUXPEBHIE TOKH
(Toku ®yko), KOTOpHE OCIAGAAOT MarHUTHHHA NOTOK BHYTPH TPOBOAf-
uero tena. ITOT 3¢diheKT UHOrAa HA3LIBAIOT Pa3MarHUYUBAIIIUM jeii-
CTBHEM BUXPEBHX TOKOB. [I0 CYIECTBY M B 3TOM clyyae Mbl MMeeM
Jeno C sBIEHHEM MOBEPXHOCTHOrO 3ddexTa.

flenenne 10BepXHOCTHOrO 3ddexTa MOKHO OGBACHUTH, paccmarpusan
MPOHUKHOBEHHE 3JEKTPOMACHUTHON 3Hepruu Briay6p NPOBOAHHKZ M3
TpOCTpaHCTBa, OKpyxawouero npoesoauuk. B § 104 6umo noxasamo,
UTO NMOTEPH SHEPrUHM Ha HArpeBaHHe NPOBOJHUKA TOKOM CHEIyeT pac-
CMaTPUBATL KaK TMOrioumieHue BHYTPH NPOBOJHUKA 3MEKTPOMAFHHUTHOH
SHEPruY, NPOHUKAIOUIEH B Teq0 MPOBOAHWKA Yepe3 €ro NMOBEPXHOCTH 3
OKDYXaIOIEro mpocTpancrsa. B inpeaviayuiem naparpade Mu  yGexu-
JUCb, YTO MNEPEMEHHadA 3NeKTPOMarHWTHas BOJAHA 3aTYXaeT no mMepe
NPOHUKHOBEHUS BrAy6b nposofswied cpeasl. ITOSTOMY BiOAHe ecrecT-
BCHHO, 4TO AMIUIMTYAR NMAOTHOCTH TOKA UM HalpUKEHHOCTeHR 3J1eKTPH-
UECKOro M MarHWTHOrO MoJeH MPU NEePeMEHHOM TOKE W NpH fIePEMEH-
HOM NOTOKE HMElOT HAMGOMbINEE 3HAYEHHE Y MOBEPXHOCTH HPOBONHHKA,
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§ 110. AKTHBHOe W BHYTpeHHEe HHAYKTHBHOE CONPOTHBIEHH:

fleneHue TMOBEPXHOCTHOrO 3PQeKTa NPHBOMMT K YBEIHUEHHIO aKTHB-
HOrO CONPOTHB/EHHS NMPOBONOB H K YMEHbUIEHHIO KO3(HUKEeHTa CcaMo-
HHIYKUMH 3neKTpuueckux KoHTypoB. Ilepsoe sBaseTcn pesyasTaToM
KaK 6Hl HEMOJHOIO HMCIIOJAbL30BaHH TOKOM cedeHus nposBopgos. [Tocnennee
CBS3aHO ¢ OC/nableHHEM MarHUTHOrO I0/8 B TE€lEe NPOBOMOB, YTO BEAET
K YMEHBINCHHIO BHYTPEHHEro KO3(QHUHWEHTa CaMOMHIYKUHMH L; KOHTYpPOB.

B crenyioumx naparpagax GyayT MNONYYEHH BLIPaXEHHS aKTHB-
HOFO 7 W BHYTPEHHErO DEaKTHBHOrO X;==® L, cONnpoTHB/IeHHHA NpPOBO-
OB I BRXHEHLINX IIPAKTHUECKHX
cayuyaeB. 34ech MHE YKax)eM oOmu#H
METOJ BHIYHCIAEHHS STHX COIMPOTH-
Baenuii.

Ha puc. 166 usobpaxken 3nek-
TPHUECKUA KOHTYp, IpHueM g Ha-
CASAHOCTH TOJIIMHA IIPOBOAHHKA
B31Ta 3HAYHTENLHON 110 OTHOLUIEHHIO
K IOnauHe KouTypa. Hanpsuxenne ,,
MEXIY OBYMS TOYKaMH @ | b mpo-
BOMHHKA BAOJb HEKOTOPOro IMyTH
PaBHO JNUHEHHOMY HHTErpany BeK-
C T T TOpa HaNpPMKEHHOCTH 3NEKTpHue-

CKOTrO MOJA, B3SITOMy OT TOYKH &
IO TOYKH b BIOML 3TOrO NyTH:
)

Puc. 166 u,,,,=j' Edl.
a

TTpu nepeMeHHOM TOKe 3TOT HHTCrPan 3aBHCHT OT BHOOpa HyTH
MHTErpUpOBaHns, BuGupas Kparyafiumit nyts amb (puc. 166), Oymem
HUMETh:

llamb =a.ﬂ§;bEdl.

Mpl MOKEM BHIDa3HTb 3TO HanpsikeHHe B (opme:

. di
uambzn_l—l‘l_ﬁ .

IepBoe cnaraemoe npencraBiser coOOI0 4YacTh HanpsKeHHs, KOTO-
pas 1peoJonepaeT aKTHBHOE CONPOTHBJEHHE KOHTYpa, BTOPOE — YacTh
HanpsaXeHHst, KOTopas IPEOROJEBAET 3. M. C., HHIYKTHPYEMYIO B KOHTYpe
NOTOKOM caMOoMHAyKuuH. IIpeacTaBnsis IMOTOK CaMOMHAYKUMH B BHJE
CyMMB!l BHELIHEro H BHYTPEHHEro 1oTOKOB (pu¢. 166) H, COOTBETCTBEHHO,
KO3(HUMEHT CaMOMHIyKUWH B BHIE CYMMH

L=Le +Lp
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vaen o di . . di ' 353
5]1'16?'1 UMCIp Uy = j Edl:rl—}—Li d-t—*— Le dT . (60 )
amb

CornacHo 3aKOHY SJNEKTPOMaTHUTHOM MHAYKUMM 9. 1. C. BIOJb
3aMKHyTOrO 0yTH anbma pasua:

4P di
3; Bdl=—"p¢=—L%,

anbma
NpHYCM y4YacTOK NyTH and Gepercd Ha NMOBEDXHOCTH NPOBOJHHKA.

Ho
§§ Edl = jEdH-j Edl__jEdl—— jsdl

a bma

Crie10BaTenbHO: j‘ Edl — j‘ Edl — § Edl

amb anb a

Hi
di
Uomp = Lanp +Le dat °
Conocrasasist mocieqHee ypasuenHe ¢ ypaeHenueM (353), monyuaem:

u,,,,,,_—_j'Edl——n-{_L

anb

idi -

O6o3naune uepes E; cocraBmsiomyio BexkTopa E, KacaTeasHyio
K TOBEPXHOCTH NMPOBOXHHKA, GyIEM HMETD:

uanb=jE,dl_rz+L

anb

Eciu Tox u3Mensiercs MO CHHYCOMIAJBHOMY 3aKOHY, TO yDaBHEHHE
MOXHO Mepemucarb B CHMBOJMYECKOH dopme:

U, = j B gj (r 4 jo )i (355)
V2
anb
Usnp ©CTh KOMIJEKC XEHCTBYIOUIEr0 3HAYCHHS HAMPSIKEHUs  BIOIL

nyts anb, ]— xkoMnnexc neficreyiomero sHauenuss Toka. E,, ectb xom-
MNEKCHAsA aMIANTYNa cocrasasiomett Bektopa E, kacarenabHoft B nmosepx-
HOcTH mpoBoaHMka. Jlunefiun#t wuHTerpan sexktopa H Bmoas xourypa,
QTPaHHYHBAIOIIETO CEYEHHE MNPOBONHMKA, PaBeH TOKY i B NPOBOAHHKE;

§ Hdl =i,
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npuueM f; — cocTasamiomas Bektopa H, kacatenbHas K MOBEPXHOCTH
HPOBOJHHMKA.
Ilpu cHHYycOMZAILHOM TOKE MOXEM HANHCATDS

Sﬁ%aﬂ:i,

rae ]‘.1 — KOMIJIEKCHas aMIUIHTyJa COCTaBiAsdiomedt BeKTopa H, Kaca-
im !

TENbHOA K MOBEPXHOCTH MPOBOAHMKA. [loacraBasst Bepawxenne naa [
B ypaBHeHHE (355), HAXOMUM BHIPAXEHHE I/ TOJHOTO BHYTDPCHHErO
COMPOTHB/CHHA MPOBOLHHKA:

—— (356)

—

,,//l
//////

SN

_~
N

N

N
DN

N
N

Puc. 167 Puc. 168

Ecan pamuyc XpHBH3HH KOHTYPa TOKA 3HAYMTEILHO MPEBOCXOMHT
MMHEAHHE pPa3MEpPH CeYCHHT TNPOBOAHMKA, TO TNpH oOnpelciaeHHun Z,
APOBOJHUK MOXHO C (O/bLIOH CTENEHBIO TOYHOCTH PAcCMATPHBATL Kak
OpPAMOJIMHEAHHA NPOBOA NAMHOIO /, PaBHOH HauHE KOHTypa Toka. [laa
npaMoanHe#Horo nposoaa E;, 01MHaKOBO B0/ BCEro npoBo/a u, caefo-
BaTCJAbHO: .

j' Edl =E,, -1

anb

Hute anb wna mnosepxHocTH nposoannka B ofmeM cayuae caenyer
BHOMPATh TaK, YTOGH OHA OTrpaHHYMBANA BHEWHuA NMOTOK P,, MHHRM
KOTOPOro LEAMKOM OXBATHIBAIOT CEYeHHE NpoBoxHuKka (puc. 167), ot
BHYTPEHHEr0 noroka @, AMHMA KOTOPOIO DACHONONKEHH UEAUKOM HAK
4acTHYHO BHYTPH nNpOBOAHMKA. B cayuae npsmosmuefinoro mposona
KPYroBOIO CEYEeHHs! MArHHTHAs JWHMA, DasrpaHuuMBaIOMad NOTOkH @,

n @, coBnanaer ¢ KOHTYpOM ceuenus npososa (puc. 168), u H,, onuHa-
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KOBO BAOAb 5TOro KoOHTypa. OG03nakan €EPes # NCPHMETP CCHCHUH
TPOBOAA, HMEEM:

é;Htm dl == Htm - .
Caea0BaTeAbHO, AN NMPAMOTHHEHHOTO NPOBOJA KDPYTOBOrO CCHCHHA

; l Etm
Zi—r+jxi=;—lz;‘ (357)
TakuM 06pasoM Ids BHYHCAcHHA Z; HaM JOCTAaTOYHO HaHTH KOM-
IJEKCH HAPAKEHHOCTEH 3MCKTPHYECKOr0 M MArHMTHOrO moneH Ha
NOBEPXHOCTH NpPOBOJHHKA.

§ 111. MosepxnHocTHnil 3¢dekT B MACCHBHHX MPOBOLAX.
ConpoTHBJEHHE NPOBOJA NPH PE3KOM HPOABIEHHH
moBepXHOCTHOro 3ddexra

PaccMOTpHM npAMOTHHEHHEN TPOBOAKKK KPYrOBOro ceueHus (puc. 169)
¥ TPEAMONOXHM, YTO ANMHA 3NCKTPOMArHHTHOH BONHH A B BCULECTBE
NPOBOAHMKA 3HAYHTENLHO MEHbIIE paguyca ce-
yegua R, 1. e. A< R. Ha pucyske BeanuuHa
)\ nokasaHa TOMUMHON JAOMOJHHUTEILHO 3a-
WITPHXOBAHHOrO cjos. B TakoM caydae, mo-
CKOMbKY Ha JJIMHE A BOJHA B MPOBOJHHKE
NpaKTUYECKH TOJIHOCTBIO 3aTyXaeT, MOXKHO
npeHe6peub KPUBU3HOH NOBEPXHOCTH MPOBOX-
HHKa, CYHTaTh BOJHY, NPOHUKIIYIO B TENO
NpOBOAHHKA, MJIOCKO# M BOCHO/AL30BAThCA 3a-
BUCHMOCTAMH, MOJMYUYCHHBIMHU TPH HCCACAOBAHHH
MJAOCKOH BOJHH.

Cornacio supasenusM (349) u (350) umeeM Puc. 169
Ha TMOBEPXHOCTH mposoja (mpa z==0):

Hin = FHper Ein= QDY 2 Hle
Caenosatensio, ¢opmyna (357) naet:

z=r+jn=0+N5} 3

OTKy1a _
LY/ o 358

r=x=1V o - (358)
OTHOWCHNE AKTMBHOrO COMPOTHBJEHWA NpOBOJA MPH TIEPEMEHHOM
TOKE K er0 CONPOTHBAEHHIO NpH NOCTOAHHOM TOKE NOJYHaeTcH paBHHM

r __ i wy -(l ...._s _}J 359
._o._(._ ,_.:.) . “{S)_ 2 1 ( )
rjic s-— ceycHue nposoja. ’
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SIBieHHE TNOBEPXHOCTHOrO shdexTa, Kak O6HIO YKa3aHo Buime,
CIENYET pACCMATPHBATL KaK DPe3yiAbTaT 3aTyXaHHs B NPOBOXHHKE
SMCKTPOMArHATHON BOJHH, NPOHHKAIOWIEH 4epe3 MOBEPXHOCTh npoBOI-
HHKA M3  OKpyxaiowero €ro muanextpuka. Ilpenctasaser unTepec
[ONyHUHTh BHPAKEHUA INA I U X; HCXOA% H3 3ITOrO (HUIHYECKOro
NnpencTaBaCHUs.

Cpennsin MOWHOCTL MOTOKA 3N1EKTPOMArHUTHON 3HEPruy, NPOHKUKAI0-
mefi BHYTPL NPOBOMHMKA CKBO3b €ro NOBEPXHOCTb H BH easomefca
B NPOBOAHHKE B (POpMe Temna, paBHa

P=Smed cu- l:
rae Smed — CPElHEE 332 NEPHON 3HAYCHHE BEeKTOpa YwmoBa-TToMuTHHra

Ha MOBEPXHOCTH NMPOBONHWKA, 4 ==2mR — NEDHMETD CEUEHH: NPOBOA-
HHKA H & -/-— NOBEPXHOCTH NIPOBOI-

3 HMK4, CKBO3b KOTOPYI0 NDOHMKAET
g y SNEKTPOMarHuTHas BOMHA. ITomaras B
A=~ NN f----\-~m-p  BHPaenuu (352) z=0, nomyuaem:
Smed s op H2,,
y - "t med = 27 3
H, CNEIOBAaTE/NLHO:
Ty H?
. : wp me
Puc. 170 L=y oru-l-—3-.

AMOIHTYNa HaNpAKEHHOCTH MarHHTHOrO MOAY Ha HOBEPXHOCTH
CBA3aHA ¢ NeHCTBYIOIMMM 3HaucHHEM / TOKa B NMPOBONE B34KOHOM MON-
HOro TOKa: '

me
— u=[-
V2
Crano 6n1b: .
P—— E153.'=r[g
T u 2y -

Takum o6pasom monyuaem:
=1y op
=+ 2y

Kak 6nin0 nonyueno B § 107, HanpmxeHHOCTs MACHHTHONO HOMM
OTCTACT NO (a3e OT HAMNPAKCHHOCTH HAEKTPHUECKOrO NONA HA yroa /4,
UTO COOTBETCTBYeT OAHOH BOCBMOH# mepHOna KoneGamus. Ha puc. 170
H300paxeHH KpHBHE H3MeHeHHs BenmunH E, H u S na NIOBEPXHOCTH
npoBOaa B ¢GyHKuUMH BpeMeHH. B Teuenue Goapmel uwacTH nepuoia
Kone6auuii, pasnoit TpEM BOCBMLIM nepnoia usmeHeHHs E u H, Beamumua
BEKTOPa YMOBa-ITOMHTHHIA MNONOXHTENbHA H, C/IEXOBATENBHO, SHEPrUA
MOCTyNacT B NPOBOX M3 BHELIHErO NPOCTPAHCTBA M MUET HA H3MEHCHHE
SHEPrHK MACHUTHOrO NOAs B 06beMe NPOBONA W HA BELAGACHHE Tenna B
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nposone. B TeueHne MeHbIleH 4YacTH mepHOna koaeGanuty, pagHol onHOM
BOCEMOH mepuoJa U3MEHEHMH E u H, sBextop Ywmopa-IloAHTHHra
UMeeT OTPHUATENbHYIO BEJMUMHY M, CJeNOBaTENbHO, TOTOK SHEPruH
ManpasjeH w3 NPOROTA B OKpywaioulee ero NpoOCTpaHCTBO. B Teveune
3TOro NMpOMexyTKa BPEMEHH SHEprus, 3amaceHHas B MarHuTHOM [MOJe
B 0o6beMe MPOBOA4, YAaCTMYHO BO3BpalllaeTCs B OKpyxaiomee NPOBOA
TPOCTPaHCTBO M YACTUYHO Tpeolpasdyercd B TenJo. Atu xoaebanus
SHEprMM C YACTMUHBIM BO3BPaTOM €€ B NPOCTPaHCTBO, OKpyHkaioulee
nposoJ, MOXKHO DACCMaTPUBAaTb KaK Pe3yabTaT Hadduug BHyTpeH-
HErO pEeaKTMBHOTO CONPOTHMBIEHWs Xx; mnposona. Kak wussectHo us
TEOpHH NEPeMEHHHIX TOKOB, MCWIAY PEAKTHBHHIM X M aKTUBHBIM 7
COTpPOTHBIEHHEM LleMM W PasHOCThio (a3 ¢ HanpskeHMs ¥ TOKA B 3TOH
LenH cyiuecTByeT COOTHOIUEHHE:

X
T—tg?.

B cayuae, KOTOpBIl MH paccMaTpuBaeM, HANPSKEHHOCTh MaTHHUTHOrO
NOonsd Ha TMOBEPXHOCTH NMPOBOAa COBMazaeT N[O (ase ¢ TOKOM B MPOBOIC.
HanpskeHHOCTb 37eKTPHYECKOro TOJs Ha NMOBEPXHOCTH NPOBOAA mpeln-
cTaBaseT co60l0 HanpsiKeHHe Ha eNMHMIY IJHHH TNpoBOAa, KOTOpOe
MOXeT PacCMaTpuBaThCs KaK HampshkKeHwe, NPEONOJeBalollee aKTHBHOE 1
H BHyTDEHHGE DeakTHMBHOe X; CONPOTHBIeHMs mnposola. Tax Kak pas-
HOCTE (a3 @ HanpsKEHHOCTEA 3JEeKTPHYECKOr0 ¥ MarHUTHOrO moJeH
paBHa w/4, TO uMeeM:

Xi —
- tgo=1.
CnenoBaTensto:
1 op
X, =r== z 2—1— .

Takum o6pa3oM, uccrenys mpouecc NPOHHKHOBEHUS 3NEKTPOMArHHT-
HOH 3HEpPrMM Yepes MOBEPXHOCTb NPOBONA, MBI NPHXONUM K TEM XKe
BHPAaXEHUAM U8 7 ¥ X; KOTOPble GHIM NOJYYEHH BHIHE WHBIM IyTEM.

§ 112. MNoBepxnocTuniil 3pdexT B MACCHBHBIX HPOBOLAX
13 (heppoMArHHTHOro MaTepHaaz

Bce cooTHolleHHs B NpeibZymux MNaparpadax nNOJAy4YeHb B mpen-
MOJI0XEHNH, YTO MACHWTHas TMPOHHIAEMOCTh CPelH MOCTOfHHa. B cayuae
NIPORBONOB U3 (PePPOMArHMTHOIO MATEPHMATa 3TO yCJAOBHE He CobawaaeTcs.

MaruuTHas NpoHuLlaeMocTh GepPPOMArHUTHEIX BEUIECTB CHABHO 3aBUCHT
OT HanpMKeHHOCTH MarHuTHoro noas. ITostomy BeauuMHa g B KaxaoH
TOuKe cpelsl W3MEHSieTcsd B TeUEHHE MePHOoja H3IMEHEHHs HanpPsKEeHHOCTH
poas. [lycte ¢ ecTh HeKOTOpOE CpelHe€ 3a TEPHOI 3HaueHue MarHuT-
HOH npoHmiaeMocTH. JTO cpenHee 3HaueHue ABAFETCH (QyHKuuMeH aMIian-
Tyas H,, HanpsKEHHOCTH TOJS, TAK KaK LMK/ THCTepe3nca H3MEHACTCH
¢ Hu3MeHeHueM [1,.
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Beanunna H,, yGusaerT 10 Mepe yraleHHs OT HOBEPXHOCTH NpPOBOJA
BrayGp ero. I103TOMy, ecad ammiMTynAa HanpmieHHOCTH mnoas H,, ua
MMOBEPXHOCTH HMMeeT JOoCcTaTO4YHO 60JbLIOE 3HA-
yende (puc. 171), TO g cHayana pacrer no
F Mepe YAaJCHHR OT NMOBEPXHOCTH Bray6h Hpo-
BOJa, a 34TEM, NOCTHFHYB MaKCHMyMa, BHOBb
yOniBaer. Bo3pacranue p npusoaut k 60see
PEe3K0OMY NPOSIBJIECHHIO NOBEPXHOCTHOTO 3 ek Ta
N0 CpaBHEHHIO C TEM CJy4aeM, KOraa . BO BceM
[IpoBOAE MMeeT TaKOe MKE 3HAuYCHHE p,, KakK
Ha TIOBEPXHOCTH HpoBoJa. Tako#t xapaktep

L—Hy  BJNAHHS HENOCTOSHCTBA b MOXHO NPEABHIETH
v Hme Ha 0CHOBaHHWHM BhlmenpHBeAeHHHX dopmya (349)
Puc. 171 1 (350), mosy4yeHHBIX IPH YCJIOBHH @ == CORSt,

: M3 KOTOPHX CJeyeT, 4TO u4eM Goiblie p, TEM
( GnicTpee 3aTyxaeT BO.JHa.

Ha puc. 172 HPHBENCHH KPHBBE 3aBHCHMOCTH aMIUIATYAW MJOT-
HOCTH TOKa 8, OT KOODAMHATH 2z A7 IJOCKOH BOJHM B cay4dasnx:
p==p,==const u p=const. IIpn 3TOM z ecTs paccTOsHHE OT MOBEpPX-
HOCTH ()CPPOMATHHUTHON cpedbl, OTCYHTHBAEMOE Bray6o ee. Kpusyio,
COOTBETCTBYIOMYIO C/IyYalo ¥ == cONst, MOXHO NOCTPOHTh Ha OCHOBaHHH
BHpaxenus (350), ecin mpUHATH BO BHHMAaHHe, 4TO 8, =7E, 3aBu-
CHMOCTb 8, =f(Z) npu nepeMeHHON MarHUTHOH MPOHALIAEMOCTH B3sTa
u3 pa6orn JI. P. Hefimana, nocsamenHon TEOPETHYECKOMY UCCACKO=

O

Puc. 172 Puc. 173

BAHHMIO DACHPOCTPAHEHHR® IACKTPOMAarHHTHOM 3Heprud B eppOMAarHHT-
HO#t cpeme. KpuBnie, wuso6pamenune na puc. 172, nOCTPOEHB mpH
OIMHAKOBHX B OOOHMX CJAYYaNX 3HAYECHHAX CHAL TOKA.

Ha puc. 173 NpHBENCHBl KPHBHIE H3MEHEHHsA aMnAMTyAbl MarHHTHOH
nuAyKuud. Tlpu p=Fconst Bemmunsa B, cHavana y6uBaeT MENIEHHO
BC/ACACTBHC fIB/CHM HACHUICHAA, a2 HAa HEKOTODPOH rayb6uHe Pesko majaer
HpPaKTHYECKH O HYJs.

HenocroaHcTBO MarHATHOR NPOHMHUAEGMOCTH M CBA3AHHOE C© HUM
GHCTPOC 3aTyXaHHE BOJHbI NPHBOAAT K YBEeAUYEHHIO AKTHBHOLO comnpo-
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THBACHUT NPOBOKA. JTOMY CIIOCOGCTBYIOT TaKiKE MOTEPH HA FHCTEPE3MC.

4K MOKA3aHO B OTMEHCHHOH pabore JI. P. HeliMaHa, akTuBHOE ¥ BHYTpeH-
Hee PEAKTUBHOE CONPOTHMBJEHMA MACCHBHBIX NDOBOIOB M3 (eppoMar-
HHTHOTG MaTepHaja BbIPpaXawTcd GopMynaMM, aHaJOrHYHBIMM G CBO-
el cTpykTtype dopmyne (358), a umenno:

L
r=14- ]/“—’;‘e u x,=0,6r, (360)

rie y, — 3Ha4YeHUe MArHUTHOR MPOHHLAEMOCTH HA NOBEPXHOCTH IpoBOaa,
ONpEeNeNneMOe N0 OCHOBHOR KDUBGH HaMarHH4EHYs OpH AedCTBYIOMEM
SHA4YCHHH HANPSKEHHOCTM MACHHTHOIO N0AS Heff Ha NOBEPXHOCTH
nposona. Beanumna Flesf HAXOZMTCH M3 OTHOWEHUS:

Hegs = T[l- y
BLITEKAIOUEr0 W3 3aKOHA MOJHOrO TOKa, NpHYeM [— fmelicTBylomee
SHauchMe CHAbBl TOKa B NMPOBOAE M #-— NEDHMETD CEYEHHA HNpPOBOLA.

Uexnocts  ¢popmyn (360), namunx JI. P. Helimanom, kak 3To mo-
ApOGHO MOKa3aHO B OTMeYeHHOH BHe paboTe, 3aKJOYAeTCH B TOM,
UTG NmpH BECbMA [POCTOH CBOeH CTPYKType, OHM YuUMTHIBAIOT B cele
BCIO  CIOWHOCTb 3JEKTDOMArHHTHBIX MPOLECCOB B  (DEPPOMArHHTHOM
cpene. B HuX yuMTHIBaeTCS M HENOCTOAHCTBO MAFHHTHOMN IPOHHILAEMOCTH,
U TOTCPH Ha BHXPEBHE TOKHM, M NOTepH Ha ructepesuc. IIpu stoM same-
YaTeAbHO, YTO KOI(HUMEHTH B 9THX (POPMYJaX OKa3HBAOTCA VHHMBepCab-
HHIMY, CHDaBEMBHIMH IUIA BCEX MPHMEHSEMBIX HA NPAaKTHKe (eppo-
MAarHUTHEIX MaTepHaNOR. ITH QopMybl BechbMa TOYHH, eC/H H,, 6oabme
TOr0 3Hauenust H,, 1pu KOTOPOM p MMEET MAaKCHMYM, HO H IIDH MEHb-~
WX 3Ha4eHuaAxX F,, OHH MOryT GbITh MCIOIb30BAHB IS OPHEHTHPOB OY-
HEIX [10ACYETOB.

M3 tabauum, npusenesno#t B § 108, smamo, uro 3JEKTPOMarHMTHas
BOJHA B ()EPPOMarHMTHOH Cpeme fHaxe B NpPEeaiOJIOKEHHH ¢ == const
yxe npn 4acrote 50 Hz npakTuueck# moJHOCTbIO 3aTyxaer Ha riayGuHe
HCCKOJBKHX MHJIMMETDOB. HeEnoCTONHCTBO MAarHMTHOR npOHHLAEMOCTH
CnocoGeTBYeT eme 6oJdce GHCTPOMY 3aTYXAHHIO BOMHBL [Tostomy
opmyan (360), nonyuennsle U3 ypaBHEHHs NAOCKON BOJIHBl, OKa3H-
BAIOTCSl CHPABENIMBBIMH [IDAKTHYECKH BO BCEX CJyuasnx, KOLAA B Ka4eCTBE
TOKOBEIYIUHX HacTei#l TEX HAM HHHX YCTPOHCTB HCHOJBL3YIOT pebchl
MM HHBIC CTAJbHHIE MACCHBHbE NPOBONHHKHM (ACOHHOrO mnpodu.s.

§ 113. HoeepxHocTarii ekt B MACCHBHMIX CIIOMIHAIX
MACHUTHBIX nenax

B MarHuTHHX Hensx, 00pa30BaHHWX MAaCCHBHEIMM  CrIOUIHKIMH
Te/laMi, NMEPEMEHHBIA MarHATHHIA MOTOK HPOHHKAET JIMIUL HAa He6oMbIIYIO
rayGuHy OT TOBepXHOCTH Ten. OGHYHO TaKWe MarHWTHbie 1enu npefg-
Ha3HaueHbl 149 paGoTH [pPH HOCTOAHHOM MArHATHOM noroxke. OnHako

18 Teopua sdaexTpoMArd. uOIA
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IpH HEKOTOPHX DPEXHMaXx B HHX MOryT BO3HHKATh H MNEPEMCHHHEC
MAFHUTHBE TMOTOKW. Hampumep, POTOP CHHXPOHHOrO TypGorenepaTopa
BUIOAHACTCA B BHAE CIUIOWHOIO CTANBHOrO Teaa UHAHHAPHYECKOH
(OPMEI, H OCHOBHOl MArHWTHHI MOTOK, NPOXOMMUIEH Uepe3 pOTOp,
ABJSIETCS. HEH3MCHHBHM BO BpeMeHu. JleHCTBHTENRHO, TOK B OOGMOTKC
poTOpa HOCTOAHHBIH, M Bpallaiolleecsi MATHUTHOC NOJE CTATOPA HEro-
JIBHXHO OTHOCHTENbHO POTODA, TAK KAaK pPOTOP Bpamiaercs ¢ TOH e
ckopocTbio. OIHAKO MONHAs HEMOJBHKHOCTh BPAAIOUIErocs MArHHTHOTO
IOAA CTATOPA OTHOCHTENBHO POTOPA HMEET MECTO TOMBLKO NPH CHHYCOH-
NANLHOM H3MEHEHHH MarHuTHOHW HHAYKUHH BO BPEMEHH, CHHYCOHIAib-
HOM DAacIpefie/eHHH WHAYKIMH B TNPOCTPaHCTBE BIOJb BO3AYIIHOTO
3230pa M CHMMETDHH TOKOB B (Da3HHX o6MoTKax cTartopa. [JoasieHuc
BDEMEHHBEIX HJH I[POCTPAHCTBEHHHX T[aPMOHHK MAHHTHOH HHAYKIMH
NPHBOJMT K MATHHTHBIM TNOJAM, BPAILAIOIHMCA HECHHXPOHHO C POTOPOM.
CoOCTaBAA0ILME MACHUTHOIO MOTOKA, CBA3AHHEIE C 3THMH IapMOHHKAMH,
6YAYT NepeMeHHbHIMH IO OTHOWeHHIO K poTopy. Hecummerpua TOKOB
B OOMOTKE CTATOPA NPHBOAHT K 3/JIHNTHYECKOMY BPAILAIOILEMYCs MO0,
KOTODOE MOXeT GhiTh Pa30MeHO Ha Ba KPYTOBBIX 110717, BpaulaomuxcH
B NPOTHBONMONOXHHC CTOPOHH. (CoOCTaBAdlmad, HMEOWAan BpalleHHe
NPOTHB pPOTOpPA, BHI3EIBAET B POTODE NEPEMEHHBIH MArHMTHBHIH MOTOK.
BechMa BaX¥HO YMETb pACCUHTATh MATHHTHOE CONPOTHBJIEHHE PpOTOpA
408 TepEeMEHHBIX COCTABAAIONIMX MACHHTHOrO IIOTOKA ¥ ONpEAeauTh
IOTEPH 3HEPrHH B POTOPE, BH3BAHHBIC 3TUMH COCTAB/TIOIHMMH.

C aHajOrMuHBIMH BOMPOCaMH MHl BCTDEYaeMcs IIPH  ONpeReaeHHH
NePeMEHHOH COCTAaBJslONleA MArHKTHOTO MOTOKA M MOTEPL 3IHEPrHH
B MO60M 3MEKTPOMArHUTE CO CIVIOMHLIM CEPACYHHKOM, TOK B o6mMoTKE
KOTOpOro MO TOM WM UHOH NPHYHHE HMEET NEPEMEHHYI0 COCTaBJMIOMLYIO.
Cona e NpUMBIKACT K BaKHad 3a/a4a BBIYHCJICHHSA NIOTOKA H MOMHOCTH
NpPH HHAYKUHOHHOM HArPEBE CIIOMIHEIX Te/ B IEPEMCHHOM MarHHTHOM MOJE.

IlycTh 4acToTa M3MEHEeHHs HAMpMKEHHOCTH [0/ M PasMepu Tead
HACTOMBKO BEAHKH, YTO rAy0MHA NPOHUKHOBEHHS MArHUTHOIO MOTOKA
B TENO Mala N0 CPABHEHHIO C PafHYCOM KDPHBHU3HHEI NOBEPXHOCTH Tend.
B TakoM cayuae ¢ 60ABIIOH CTENEHBI TOYHOCTH MOMHO BOCMO/L3O-
BaThCci (DOPMY/aMH, NOJYUEHHEIMH NIPH HCCENOBAHHH MIOCKON 371€KTpO-
MarHHTHOW BOJHBI, MPOHHKaIlel B GECKOHEUHYIO NPOBOMAALLYIO Cpely,
OTpPAHHYEHHYIO C OJHOH CTOPOHH IJIOCKOCTBIO.

BupexeM MblcIeHHO H3 OEcKOHeUHOW Ccpefn NapajjenenHner,
HMEOIHH CTOPOHY /g B HANPAaBJCHHH JUHHA TOKA, CTOPOHY Iy B HANIpaB-
NeHHH IMHHA MACHUTHOIO IOJS W GECKOHEUHO AJWHHYIO CTOPOHY BrayGb
cpean (puc. 174).

Komnexkc nonHoro 31eKTpyuecKOro cONpOTHRACHHA Napatienenunena
NepeMEHHOMY TOKY, HalpaBaeHHoMmy BRoAb ocd OX, pasen

Z,= % =rtjx, (361)

)

3nech /— KoMmaeKC TOKa, MNPOXOAAmEro uepes Mapajnienenunel
napaaneabo ocu OX, U — KOMIIEKC NajfeHHs HANPSKEHHA Ha NAUHE I
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Tak Kaxk r u x;— aKTHBHOE W BHYTpeHHEe PeaKTHBHOE CONPOTHBJEHHA
BCEro mapainenenunena, 10 [/ cacayeT ONpEReNuTh, KaK JHHeHAHBIR
HHTErpaj BeKTOpa HaIIpSIKEHHOCTH BAO0JIb pe6pa Ha HOBEPXHOCTH CPEeUHl.
Himeem:

7 — Eme ;| 362

U= 1/2_1,3 (362)

rae E,,, — KOMINeKcHasl aMilIMTyHa HalnpPsXeHHOCTH 9JeKTPHYEeCKOro
0Jis Ha [OBEPXHOCTH cpesibl (npn z=~0).

bynem paccmaTpHBaTh MArHMTHHE HOTOK ®; BuyTpn BCero mnapan-

Jelenuncaa Kak BHI3BAHHBIA YacThio BHEUIHeH MarHUTOBHXKYLLEH CHIBL,

pPaBHOH JuHcHHOMY uHTerpaiay BekTopa H Ha moBepXHOCTH Cpexsl

X
|e 13
N S ¢
13‘:“ 0 l - L_Z-c
.va 57/ ————————— g

Puc. 174

Baoas pe6pa Iy. Komniekchas ammiuTyma 3TOH YacTH MArHMTOJBHXKYs

el cuiabnl paBHa . .
P Fr = Hpplu, (363)

rae H,,,— KOMNJEKCHas aMILIUTYJa HanpsXKEHHOCTH MArHHTHOTO I0Js
Ha noeepxuoct cpens (mpu z==0). B TakoM ciyuae oTHowenue

IM — Zp=RptiXn (364)

clellyeT pacCMaTpHBaTh, KaK KOMIUIEKCHOE MArHHTHOE CONPOTHBJCHHE
napajienenuiena BHyTPEHHEMY MarHMTHOMY MOTOKy. B suamenatene @,
€CTh KOMIIEKCHas aMImTyaa notoka P,

Hailnem cBssb Mexmy siexkTpuueckuM Z; M MarHHUTHEM Z, CONpOTH-

BAEHHAMH napamienenunena. IIpuMeHMM 3aKOH MOJHOrO TOKa §Hd1=l

K KOHTypy abcda (puc. 174), npuueM cTOpOHY cd NDEANOJOXHM Yla-

JEHHON Ha GecKOHEYHO GO0 blIOE PACCTOAHHE OT MOBEPXHOCTH CPELHI.

CoctaBnamomue uuTerpasa BOML CTOPOH be M da paBHH Hyao, TaK Kak

BCKTOP H meprnenaukynspen k stuM cTroponam. CocTaBnstomas uHTerpaia

BJOJb CTOPOHbM ¢d paBHa HylO, TaK KakK Ha GECKOHEUHO GOMblIOHK
*
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ray6une H=0. Co6alogas NOpaBHIO NPaBOro BHHTA, 00X0OJIUM KOHTYD
B HampaBneHuM abcda. Iloayqaem:

$ Bt =H,1y =i,

rae H, — mrHesenHoe shavenwe A npu z2=0. Hau

Hp, 7
ne ], =1 365
TTpuMeHHM 3aKOH 3JAEKTPOMATHUTHOH HH Y KUNH 3) Edl =— d—% K KOH-

Typy bfgch, npHueM CTOPOHY gc TaKXe ynanuM B GECKOHEYHOCTb.
CocTaBiflOlHe MHTErpana BIOJAb CTOPOH fg W cb paBHH HYJIO, TaK KaK
BekTop E nepneniukynspeH K 3TuM croponaM. CocTasisiomnias HHTErpaia
BIOAb CTODOHE £C paBHa Hymo, Tak Kak E=0 npu z=00. Cobmio-
Nas NpaBWJIO MPAaBOrO BHUHTA, OGXOAWM KOHTYP B Hanpasienun bfgcb.
IMoayyaem: i,

_._EelE:“_———dZ"

rne E,— MrHoseHnoe 3Havesue E mpu z==0, wiu B CHMBOJHYECKOH
dopme . L.

Epde=jo®,. (366)

Conocrasasa supaxennsa (363) ¢ (365) u (362) c (366), Haxoanm:

Fm i 5 JoPi,
V2 V2

CnenoBaTenbHO:

== = je = je . (367)

My noayyunu 3aMeuaTenbHYI0 CBA3b MEXK]y MarHUTHHM W 3JEKTPH-
YeCKUM CONPOTUBJEHUAMH napaiieienunesa. Heo6xoaumMo OTMETHTh, UTO
3Ta CBA3b CTPOro CHPABENIMBA TOJABKO Aji GECKOHEUHOrO B Hanpasie-
uun ocd OZ npapannenenunesa. OnnHako OHa MOXeT OHIThb HCHO/b30Bana
¥ 179 peanbHHX Ted KOHEYHBIX Pa3MEPOB, €CTH MOBEPXHOCTHHIA 3QDEKT
NPOABJICH BECbMa PE3KO.

Hcnoapaya coortHomenus (362) u (365), MOXHO HamMCATh BhIpaXe-
HHA AJ8 3JEKTPHYECKOrO CONPOTHBIACHHA B BHIE:

z7=U__'EEm
T TR .
1 HHp,

Benuuun u i;“,,,e H H,,,e onpenensiotca u3 ¢dopmya (350) u (349),
ecan b HEx nonoxuts 2=—0. CgenaB 3To, moiy4aem: -

Z=Ea+p) . (368)
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CrenosatenbHO: /[ op.
re=x,—
i ‘IH 9'1

Touno Takylo xe $opMyay (358) Mu ROAYYHIH Hin COMPOTHB/ICHHA
npoBOsa KPYroBOr0 CeYeHHA NPH PE3KOM MNPOABJIEHHH MOBEPXHOCTHOrO
addeKTa.

IMoap3ayscy cea3bio (367), HaxomuM BHPAKECHHE [if MACHHUTHOrO
CONpPOTHBICHHS

lyy o
Zy= Ry +iXn= LY B0 LV R Go9)

Hian

o
Rm:X,,,:é’ %{ (370)

Ilnn yacHeHust (PHM3N4YECKOro cMBICAA BEUIECTBEHHON M MHMMOH cocTa-
BARIOMIHX MATHUTHOrO CONPOTHBAEGHHA DPacCMOTPHM CHJOHIHOA cepied-
HHK B BHMAe Koaella (puc.175), Ha KOTOpOM paB-

HOMepHO pacnpexenedHa obmorka. Ilycts paamyc
CeyeHHA CepHeyHHKAa SHAYHTEABHO NPEBOCXOIHNT
AAMMY 3AeKTPOMArHMUTHOR BOJAHHI B MarepHaie
CepaedHMKa, TAK HTO MarHUTHHE MOTOK Cyme-
CTByeT NpaKTH4YeCKH TOJAbKO B TOHKOM cJ0€
cepiesHuKka y ero nosepxHocTH. IlycTb TOK B

o6morke — [I', 4Mcno BHTKOB OOMOTKH — W@.
Ianxa / cepaeuynnka pasHa /g, NEPHMETD & €ro ce-
ueHns pased [p. Mmecem:

Z,=(1 +j)~£ %‘; (371) Puc. 175

Maruutoasmkymas cuia F, cosmaerca Tokom I' B obMorke. Cre-
JOBATENbHO:

d)lm
V2
CocTasasonias MPHUAOKEHHOIO K 0OMOTKE BHEUIHEro HanpsxXeHHd,

yPABHOBEUIMBAOWIAA 3JEKTPOABHKYILYIO CHIY, HHIYKTHDPYEMyiO MOTO-
koM @;, pasHa

N.

'17-‘:—(Rm +l m)

Diyy

Ve

Komniekc MOUHOCTH, OTBeyaoulel 3TON cocTaBAfONIeH HaNpAKEHHA,
MOJAYHaETCH DPABHBIM

b} *__<Rm+i)£»g.<i>_m_.(_- éi_m)
Pp=IU= Ve lme2 ,

U—-rwm

w
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*
im
V2
x » . k.
®;,,, — KOMIIEKC, conpskenn bt ¢ komnaexcom D,,. Tak kak D,,P;, =
= @}, rne ®,,, —monyns xommiexca @, TO

— KOMIUJIEKC, CONPMKEHHHA ¢ koMmmaekcom U, u

rue I;_—_—jwm

pP=P,—jP,=
Cornacno Bmpaxenuio (364) MoweM HamucaThb:
i:m = Rm(i)im +iXm¢)im =F mr +i[}ma'

BemecTBeHHas wacte R, MarHUTHOTO CONDOTHB/EHHA ONpEIeaseT
co6o10 coctaBasiomyo F,. MarHWTONBHXYIIEl CHIH, HaxXOIAmLyIOCH
B (pase ¢ MarHUTHHM NOTOKOM ti),.m. dTa COCTaBAROWAA MarHHTONBWKY~
uieit cuasl CHBMHYTa no )ase no OTHOWIEHHIO K 9. H. C., HHIYKTHpye-
mMolt motokoM, Ha yron w/2. [lostomy R, xapaktepuayer co6oI0 peak-
THBHYIO MOIIHOCTH

Py= 5 oR, &y @72)

Munmast vacTe jX,, MarHUTHOrO CONPOTHBJEHHA ONPENEANET COCTABAAO~
myio F,, MarHuTONBMXCymelt CWIH, CIBMHYTYIO MO (ase N0 OTHOUIEHHIO
K NMOTOKY Ha yroa m/2 u Haxomsmyiocs B ¢ase ¢ HanpmxeHHeM {J, KoTo-
pO€ ypaBHOBEUIMBAET 9. H. C., HHAYKTHPyeMyio noTokoM. [Tostomy X,
XapakTepHayeT c060I0 aKTHBHYIO MOILHOCTb

Py= g 0Xp®lp: (373)

Dra aKkTHBHAA MOIHOCTb NMPEACTABAAET COGOIO B NaHHOM CayHae He
YTO WHOE, KaK [TOTEDH HA BHXPEBHEC TOKH B CEDAEUHWKE, OTHECEHHbIE
K eIMHHUE BpEMeHH. B 3TOM n1€rko yGenuThCH HENMOCPENCTBEHHO. Buxpe-
BOft TOK / B CepheyHUKEe MPOTEKAET B MIOBEPXHOCTHOM CJIOE BAOIL NEpPH-
MeTpa CeueHus CeplAedHHKA. AKTHBHOE CONDOTHBICHHE BHXPEBOMY TOKY
OnpenenseTcs BEMIECTBEHHO! 4acThio Bhpaxenus (368):

L VTR VA

Vimeenm

W3 papencrsa (367) moayuaem:

2 oty O 0¥ HfoRm
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B uactnoctn, man cepmeunuka B Bume kosbua (puc. 175), nmerowero
AMMHY [ ¥ NEepUMETp CeyeHHs #, BMECTO ¢dopmyans (371) monyuaen:

. l o7
Z,=(0,63--71,05) L/ 21, (375)
u 2p,
3nech g, — 3HAYEHHE MArHUTHOH IPOHMLIAEMOCTH Ha MOBEPXHOCTH
CEPACYHNKE, OMPEACTIEMOE II0 OCHOBHOH KPHUBOH HaMarHAYEHHS npu
JEACTBYIOIEM BHAUEHHH HANPAKEHHOCTH MATHUTHONO (1051 Hetr Ha noeepx-
HOCTH cepleuHuka. B paccmatpuBaemom clyuae
I'y
Heff=—r

b

rae ['— neficTByloniee 3HaueHHe TOKA B O6GMOTKE, MMeloulel W BHTKOB.

PeakTuBHaa M akTuBHas® MOWIHOCTH MOMpPEKHEMY BBIYHCIAIOTCA (10
dopmynam (372) u (373), Toasko Temeps R, w X, Haxomstca n3
BolpaxceHn#t (374). Brelunciennas takum 06pa3soM aKTHUBHAA MOLLHOCTE
YUMTBIBAET KaK MOTEPH HA BUXPEBBHIE TOKHU, TaK M NOTEPH HA FHCTEpE3HC.

§ 114. O KOMDNEKCHbIX MATHATHOH H JAH3JEKTPHAYECKO
NPOHANLLAEMOCTAX

Hpn HCCIEA0OBAHUU [NEPUOANYECKNX JEKTPOMArHu THLIX npoueccos
B (eppOMarHuTHLHX cpenax NOTEpH 3HEpruM, CBA3aHHBIE C [IEDEMarHK-
YMBAHNCM CPEIBl, MOTYT OHTbL YYTEHH BBEJCHHEM B YPaBHEHAUS 3/1EKTPO-
MArdiuTHOI'O [(I0JI KOMNACKCHOIL MAZHUMHOU npoxuyaemocmut
S Bm e
b= =pe, F=upcos¢—jusing,
m

PaBHOH OTHOLICHHIO KOMILUIEKCHHWX aMIMTYI MAarHWTHOH HHIYKUAH K Ha-
[IPAKEHHOCTH MAarHMTHOroO noJd. Yepes e, 0603HaueHO ocHORaHme HaTy-
pajabHbIX Jorapudmos.

ITonsTHE O KOMNJIEKCHOM MarHWTHOH HDOHMUAGMOCTH BHEPBbHIE GLLIO
Beenedo B 1913 r. B. K. ApKalsesnM M 0Ka3a10Ch BECbMA MONEIHLIM
T MHOTUX HMCCIENOBaHMAX M pacyeTax. B wactHOCTH, bopmysan (360),
(374) u (375) nonyueHnl ¢ HCHONb3OBAaHHEM MOHATHS O KOMIUIEKCHOH
MarHWTHOH NPOHHMLACMOCTH M C AONOJHHTENLHHM YYETOM 3aBHCHMOCTH
w ot H,, xapakTepHOH i HDePPOMACHHTHBIX BEILECTB.

Beenenne KomniexcHoM MarHuTHOH NpOHMuaeMOCTHM gaeT BO3MOX-
HOCTb Y4€CTh NOTEPH HA THCTEPE3HC, 4 TaKIKe, KOrAa 3TO CYMIECTBEHHO,
H NOTEPH, BO3HMKaIOWHE B (EPPOMAHHTHON CpENe BCAGACTBUE SBACHHSA
MarHUTHOH BSI3KOCTH.

Beenenne xommaekcHOR MarHMTHOH HPOHMUAGMOCTH ¢ LEABIO yueTa
noTeps Ha TMCTEpesnc COOTBETCTBYET 3aMEHE NETAM CMCTEPEe3Nca PABHHM
€ 10 [MOWAAN 3KBUBAJCHTHBIM SJANJICOM, YTO yCTpaHSET HeauHeHHOCTh
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cBasu B = f(H), xapakrepusyiouefica netne#l rucrepesuca, u AaeT BO3-
MOXHOCTb MOJL30BATHCA IIDH HCCJEHOBaHMH IIEDHONMYECKUX MPOIECCOR
B (deppoMarHuTHON Cpele CHMBO/JHYECKHM METOLOM.

ApryMeHT ¢ KOMNJAEKCHOH MarHuTHOM NMpOHMUAEMOCTH NpENCTaBAfeT
co0ol0 yron 3amasjAblBaAHHA N0 (aze IKBHBANEHTHON CHHYCOUI bl MATHUT-
HOH MHAYKUMM OT 2KBHBaJICHTHOH CHHYCOHMIbl HallpXXEHHOCTH MArHHUT-
Horo nons. Monyas g pasedH orHomenwo B, /H, aMuautym STHX 3KBH-
BANEHTHLIX CHHYCOHI.

Jina onpenenenws Tpex Bemmuud B, H, u ¢ nauGonee npaBuisHO
PYKOBOICTBOBATLCA CACAYIOUMMU cOOGpaxceHusaMu. AMuMryau B, u H,
3KBHBAJEGHTHHIX CHHycOu] HaubOonee NPaBUNBHO NPHHATh PABHLIMHA AMILIH-
TyAaM INEePBHX FapMOHMK JeACTRMTEJbHBHX KpuBHXx B =F,(f) n
H=F, (f), xapakrepH3yOll¥X u3MEHEHHE MalHUTHON WHIYKUMA H Ha-
NPAKEHHOCTH MACHUTHOTO [I0JIs BO BpEeMEeHu. Yron <& npu 5TOoM Heob-
XxonuMo BHOpaTh TaK, uTOOb IIOWIANb SKBHBAJEHTHOIO MET/AH THCTEpe-
3uca sanunca Gnlna paBHa naowaxu nertau rucrepesuca. CoGaonenue
3TOro nocnenHero tpeforanus Heo6XOAMMO mis TOro, 4robsl coxpaHu-
7ach HeH3MEHHOA BenMYMHa Inoteps Ha rucrepesuc. OHo NPUBOAMT
K COOTHOILEHHIO:

=B, H,, sing = $HdB,

rA€ 7€Ras 4yacTh NpeAcTaBaseT cofoi0 pPe3ynbTAT HHTErPUPOBAHHS BAONL
3KBUBANECHTHOIO 3JUIMIICA, a MHTErpan B NpaBol wactu Gepercss BLOADL
NeRCTBUTENLHON MEeTNH TUCTEpPe3uca.

Ilpu Takom obmem MmeTone onpenencHus sennwuud B, H, u ¢ B Bax-
HOM 4aCTHOM Cjly4ae CHHYCOHJaJbHOTO M3MEHEHUS MATHMTHOH MHIYKUHH
BO BPEMEHH aMmIlIIUTylda B, SKBMBRAJEHTHON CHMHYCOWIH HHIAYKUHH CORNA-
aet ¢ NeHCTBHTENbHON aMIVIMTYAOH MHAYKUMK B YroJl ¢ ABJAETCH YIOM
3afa3s[bIBAHHS CHHYCOMI bl MHIYKUMH 10 OTHOLIEHHIO K NIEPBOH rapMOHHKe
HaNPSIKEHHOCTH oM. B IpyroM BaXHOM YaCTHOM Cly4de CHHYCOMIANb-
HOTO M3MEHEHMf HAllPSXKEHHOCTH MarHUTHOIO NOAA BO BpEMEHH aMIUIUTYa
H,, 3KBMBANEHTHON CHHYCOMAH HANPSXKEHHOCTH [OAA COBHazaer C jel-
CTBHTENABLHON aMILIATYAOH HANPMKEHHOCTH IIOAA M yroi ¢ sBiasercs
YraoM 3a0a3[plBaHWd I[IEPBOA rapMOHHMKM MHIAYKUMH HO OTHOUIEHUIO
K CHHYCOMIE HaIPSIKEHHOCTH 0.

Cayualt cHHYCOXZANBHOTO U3MEHEHHS MAFHATHON HHIYKIHKA Mbl HMEEM,
HanpuMmep, B CHJIOBHIX TPaHCHOPMATOPAX, NPUKIIOYCHHBIX K CHHYCOUIA/Ib-
HOMy Harfipsikenuio. HamarnuumBaomm# TOK M, COOTBETCTBEHHO, Hanps-
XEHHOCTb MArHMTHOrO 0/, U3MEHAIOTCHA IIPH 3TOM HE 110 CHHYCOUXallh-
HOMY 3aKOHYy.

Cnyuall CHHYCOMIANLHOrO WM3MEHEHHA MarHuTOABHXYINEH CHAB H,
COOTBETCTBEHHO, HANDMXKEHHOCTH MArHHTHOrO 110/ Mbl HMMEeM, KOraa
KaTyillka ¢ JKEJNE3HbIM CEePACYHHKOM BKJIOYEHA [1OC/IEA0BATEALHO ¢ 60b-
WlyM [OCTOAHHLIM, HE 3aBUCAIMMM OT CHJnl TOKa, coliportusiecHuewm. Ilpu
CHHYCOWIA/1bHOM HAlIPKEHUM Ha 3aXuMax Bcefl Takoh uenu u cuiaa
TOKa B UENH B 3TOM Cayuae OyneT npakTHYECKH cHHycoumaiabHoh. Cae-
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JOBaTe/NbHO, CHHYCOMIaAbHOH OyHeT W MarHMUTOMBHXKYILAs CHIA, CO3Aal0-
a8 MaCHUTHBIA OTOK B KaTYIIKE C XKeAe3HbHM cepIeuHuKkoM. MaruuTuuiit
®e MOTOK ¥ MATHMTHAs HHIYKUHA [PH 3TOM OGydyT HM3MEHATHCH HE 10
CHHYCONIANBHOMY 3aKOHY.

Cnenyer 3aMeTuTb, 4TO KpuBhe p==f, (FH,) u ¢ =f; (f,) noay-
YaloTCs Pa3iMYHBIMHM (DX CHHYCOWAAAbHON MAarHHTHOR MHIAYKIMH ¥ NIPH
CHHYCOHMAAABHON HANPSXEHHOCTH MO,

Bce ckasaHHOE O KOMIUIEKCHON MarHMTHOR INPOHMIAEMOCTH HMEET
GoabIIOe MPAKTHYECKOE 3HAYEHHE B CBA3H C HEOOXOMUMOCTHIO Y TOUHEHHS
METOMOB ONPENEe/NeHnss ¥ METONOB M3MEPEHHM MAarHUTHHIX XapaKTepUCTHK
(beppOMarHATHHX MaTEPHaNOB, BHI3BAHHOA BHICOKHMMH TpeGOBaHUIMH
K TOYHOCTH COBDEMEHHBIX DAacyeToB.

Bregenue KOMIVIEKCHO! MarHHTHO! NPOHALAEMOCTH J2€T BO3MOXKHOCTh
npy NepuoAMYEcKMX Npolleccax HamucaTh BTOpPOe ypasHenuwe Makceeana
anst GeppOMarHUTHON CPEdsl, B KOTOPON HMEIOT MECTO MOTEepH Ha nepe-
MarHuuiBaHue, B TOR ke ¢opme, KaK H Ans cpeldsl, B KOTOPOHX 3TH
noTEpH OTCYTCTBYIOT. B uacTHOCTH, B cAy4ae IUIOCKOH BOJHH BTOpOE
ypasHenne Makceenna (274) aas ¢eppomarHuTHOH cpeasl npuoGperaer
BHI:

dE,,.
dz

= —— j‘”!"Hmy’
TOrZa Kak Ans cpeib, B KOTOPO OTCYTCTBYIOT NOTEPH HA mEepeMarHu-
yHBaHHME, STO YPaBHEHWE HMEET BHI:

dE
dz

o= — joap.ﬁm_‘,.

Ipu uccnenoBaHWH 3A€KTPOMATHMTHBIX MNPOLECCOB B HECOBEPIIEHHOM
JV3JEKTPYKE, B KOTOPOM HMEIOT MECTO MOTEPH SHEPruH NpH H3MEHEHHH
nongpusauuu, B cayuae CHH}'COHIIMBHOFO M3MEHEHHs HANPAKECHHOCTH
SNEKTPHUECKOrO MOJs BO BPEMEHH BECbMA MOJE3HLIM fBAsETCH BBEJCSHHE
KOMRACKCHOU Ouziexmpudeckold npoxnyaemocmu:

‘s-—é~——s g~ =¢ecos¢ — fesin ¢
=T ==c.e,~¥= Jjesin ¢,

[pu sTOM ¢ ecTb yroa, Ha KOTOPHH sanasaniBaeT Mo Gase cuHy-
cOUIaAbHO M3MEHALMEeecs SAeKTpHueckoe cmemenue [ OT cuHyco-
WlaNbHO H3MEHsomelcs HAnpsuKeHHOCTH SaeKTpuyeckoro noas E, drot
yroa fpeacTasaser co00I0 TAK Ha3HBAEMBH yroa noTepb B ANICKTPHKE.

B stom cayyae nepsoe ypasHenneé Makceenna (273) ana mAOCKOH
3/eKTPOMArHHTHON BOJHH NPHOGDETAET BHI:

dH, .
— =Y = jwme,
dz j me‘
BpeneHMEM KOMNIEGKCHOR OH3AGKTPHYECKON NpOHUMUACMOCTH MOXHO
yuecTs M NOTEPH B cpefe OT TOKOB NPOBOAHMOCTH, YTO BECHMA BAXHO,
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KOTHa PAacCCMATPHBAETCS NEPEMEHHOE 3NEKTPOMArHHTHOE I10/i€ B HECO-
REPUIGHHOM JIM3NEKTPHKE, MMEIOIIEM OTAWYHYIO OT HYyJA VAEenhbHYIO HpO-
BOIUMOCTb Y, M KOrZa INOTHOCTH TOKOB CMEMIEHUS ¥ MPOBOAMMOCTH
cousMepumyl Ipyr ¢ IpYroM.

B 3tom cnyuae BMecTo ypasHenus (273) umeem:

dH. . L oee e, .
____d_;ng =7me +]“OEme =j0) (e_—-] —Z:) me‘
O6o3Hauan

é_j%=scos1p;-j(esinzp+%) =¢' =¢'e,~ M,

#l MOXEM mnepBoe ypaBHeHne Makceenna s MAOCKOH 3aexTpo-
MarHHTHOH BOJHH B Cpele, B KOTOPOH# HMEIOT MECTO MOTEPH IHepruu
Ha HW3MEHEHHE 3NCKTPHYECKON MOMAPH3ANMHM H MOTEpH 3SHEPruH BCaACH-
CTBHE KOHEUHOH yIeAbHOH NMPOBOTWMOCTH, HamHMcaTth B dopme:

— d—l—-lly::jms.'é .

COBEDIUICHHO aHaJOrH4YHoH QopMe 3TOro Ke yparHEHHs:

an, ..
—_— dzmy =_](0€Em,

Ans Ciydas cpeisl, B KOTOPOH OTCYTCTBYIOT NMOTEPH.

Taxum 0o6pazoM, HCIIONB3OBaHWE MOHATHA O KOMIIEKCHOH MArHUTHOMN
NPOHHUIAEMOCTH H O KOMIVIEKCHOH JM3ACKTPHYCCKOH MPOHULIAGMOCTH
JlaeT BO3SMOXHOCTb HAMHCATh OCHOBHKLIE YpaBHCHHS SIEKTPOMAarHATHOIO
noas IpH MNEPHOLHYECKUX MpOLECcax B MPOCTOH u cuMMeTpHuHON dopme

n B obmem Ccayd4ae, Korja B cCpene HMEIOT MECTO NMOTEepH SHEepPruu Toro
HAH HHOTO BHIA.

§ 115. HepaBHOMepHOe pacmpele/ieHRe NepPeMEeHAOr0 MATHHTHOTO
IOTOKA B NJIOCKOM JHCTE

Hecnenyem caydall, xoraa mnOckufi NPOBOAAIMA JHCT NMPOHHSEH~
BaeTcAd IIEPEMEHHEIM \CHHYCOMIaJAbHEIM nOTOKOM P, muHEM KOTOpOro
HanpaBJCHW BIOJbL JIHCTa MEPNEHIHKYJNAPHO SaMTPHXOBAHHOMY Ha
puc. 176 cedenmio. Paccmorpenne sToro, caydyas MPEencTasaseT 6OJb-
Mol HHTEpec, TaK KaK cepjedyHHKH 'rpchqmpmaTopOB H 31EKTpOMarHu-
TOB, 4 TaKKe YYaCTKM MAarHMTHHX Lenefl SAexTpHYECKHX MallHH, MPOHH-
BHIBAGMLIC MEPEMEHHHWM MarHMTHEIM TOTOKOM, OOKIYHO coBupaloT U3
JUCTOBOA 3AEKTPOTEXHHYecKoN cTand. IlepeMeHHHIt MarHMTHHH NOTOK
MHAYKTHDYET 3AEKTPOJBHXYIHE CHAR B KOHTYD2X, DaclOJOKEHHLIX
B HODMaJIbHBIX K MACHATHEIM JMHHAM IUIOCKOCTAX. B stmx KoHTypax
noa jaeficTBHEM HHlI)KTHpOBaHHNX 9. J. C. BOSHMKAIOT BUXDeBHE TOKH,
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Kak MarHATHHH NOTOK, TaKk ¥ BUXPEBOH TOK pAacHpeReasiioTcs HepaBHO-
MepHO 110 cedenuio amcTa. OOHYHO mnMHa [ nMcTa M ero BhcoTa A
(puc. 176) sHauMTeABHO MPEBOCXO-

aar ero toamuHy d. Tlpu sToM

A MOXHO fIpeHeOpeyb HCKPHBJIECHHEM
/ AMHUA TOKa y KPaeB JHCTa W CYH-
TaTh AWHAW TOKa [IPAMBIMH, Hanpa-

. BJICHHBLIMH [aPajllJebHO [OBEPX-
HOCTH JIMCTA M [EepHeHAKKYIAPHO
MarHWTHHIM JHHHAM. Pacrnoaoxvm

OCH KOOPAMHAT TaK, KaK [OKasaHO

s

\’T\&\\Wk\ N\

P Ha puc. 176, T. e. TaK, yTOOH, KaK
y B Sme # pansiue, sekTop E 6uwa napanne-
aen ocd OX v sektop H 6ma ma-

- pannenen ocu OY. Hawano xoop-

AR

JNUHAT (OMECTHM B CepelHHE cede-

Husa aucta. Ilpy A>d w [>d

Puc. 176 3NIEKTPOMarHUTHYI0 BOJHY MOXHO

cuvrath maockol. Ecau cpenats

NONyLleHHEe, 4TO p=— const TO OCTaloTcA B cHie ypaBHeHHs (346) u (348),
nonyuennsie B § 107. CnenoBartensHo, umeeM:

H, = A At B, = —-%%",
rae:
a=yjopy==(1+4))k,
pHYeM
=1/
k= 2

OnHaKoO rpaHHYHBE YCAOBHA TeNepb OKASHLIBAIOTCHA HHBIMH, HEXelaH
Ins cayuyas, HccaenosaHHoro B § 107. DaexkTpoMarHHTHBIE BOJHH IPO-
HUKAIOT B JIMCT C JBYX €ro CTOPOH H Ha O0EHX NOBEPXHOCTAX JHCTa
BEKTODH MarHMTHOH HHAYKUHH B AOMKHH G6HTb OZHHAKOBH MO BEIH-
YyHHe W HanpasieHdio. To ke cieayeT ckasaTh H O BEKTOpe HanpsKeH-
HOCTH MarHuTHoOro moas H. dro TpeGosaHue cOGMORAETCA NPH YCIOBHH:

A=A, = A.
CaenosarensHoO:

Hyp=AE"%J-e¥)=2Achaz,

E‘,,,:—QA—a—shaz,
(376)

§ m=—2Aashaz=— B”"’ashzz,

B,=ypH, =2Ap chaz= B, chaz,
m=7E
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rie B,,=2Ap npeicrasaser cofoft sHauexue B, B cepenuse JjucTa
(npu z==0). O6HYHO HAC WHTEpPeCyeT CpEAHCC 3HAuCHuE Bred BHAYK-
MM 10 ceueudio aucTa. KOMIeKcHas aMOaMTyla 3TOrO cpeanero 3na-
ueHus MOAyYaeTCsd KaK CpEIHEee 3Ha4YCHHE KOMIIeKca B, Ha TOJIHHE
ancTa:

d d
+5 + 5
: 1 . B . sh a;
B meda = B,dz="22% | chazdz=Bpno—; - 377)
4 _d ?
2 2 ’

Jinsi HAXOXIEHMA CaMUX JAeHCTBMTEAbHBLIX AMIIMTYH HHAYKIHH H
IIOTHOCTH TOKa HEOGXONMMO B3#Thb MOJYAH HaWICHHRX BhIPAXEHUA.
Hmeewm:
ad
2

== ‘/Ek }i ’
|sh az I = sh (kz -+ jk2) sh (ke — jkz) = ch2kz — cos2kz

ch 2kz 4 cos 2kz

| chaz [* = ch (kz + jkz) ch (kz — jkz) = 5

HepBue YyacTH ABYX TMOCHAEAHHX paBeHCTB cAenyooT Hu3 TOro, 4yTO
KOMIIIEKCHABIC 4Hucia

sh(x+4jy) u sh(x—jy)
a TaKXe KOMIVIEKCHHE YHCa

ch(x+4jy) u chx—j)

ABJASIOTCA CONPSKEHHBLIMM M, CHIENOBATENbHO, HMX MPOM3BEACHHE [aeT
KBagpaT MOIyAdl.
BTOpHeE 4YacTH DABEHCTB CHAERYIOT M3 COOTHOWICHHMA:

shxshy= % [ch(x+y) —ch(x— )],

chxchy = [ch (x-+3) +ch (x =)

Nmeem:
ch2kz 4 cos2kz
Bm = Bmo _’—':g—_ >
| 1Bmo Vch 2kz — cos 2kz
Sn=|al e 5 .

Ha puc. 177 npuselesa KpuBad :—"‘ B dyukuym ot 2kz. Ha mosepx-

d mo
HOCTH JIMCTA Z== M 9kz —=Fkd. Ilng 37€KTPOTEXHHUECKOA JAHCTOQROM
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CTamm umeeM: p~< 1000p,, 7~>107S/m. CrenosarensHo, mpu f= 50 Hz
M d=0,5mm=0,5-10"3m napamerp kd umeeT 3HauecHHe:

k=) g A1 A T I 5 100 ,7,

2 2

U3 xpupo# Ha puc. 177 BuaHO, uTO NpH 3TOM 3HaueHHH £d HepaBHOMEp-
HOCTb pacCrpefie/icHHst MATHHTHOTO NOTOKa €Hle NPaKTHUECKH HE 3aMCTHA.
Oanako npu Tol we TOJMUIHHE

5 B adicta o f=2000Hz noayuaem
Brmo ] kd=4,4 n, COOTBETCTBEHHO, OTHO-
7 ] LIEHHE AMIUIATYAH HHIYKLIHH HA [10-
BEPXHOCTH B,, K aMmiuTyinc HHAVK-
6 ), uuu B,, B cepeluHe JHCTa OKashl-
5 (/ BA€TCA PABHBIM g’"e =4,5. Ilpu f=
mo

_ =5000Hz kd=7 u Bme— 166.

4 . mo

Otciona BHIHO, 4TO AN 3BYKOBHIX
4acTOT ToammHa mucta 0,5 mm He-

s )4 IOMyCTHMO Bejauka. [Ipu 3BYKOBBIX
2 4acTOTaX OHa No/KkHA OWTh MOpANKa
J 0,05—0,10 mm. Ipu pamuouacToTax

/ d ' YK€ M NMPH TaKHX MajAblX TOJUIMHAX
JMCTa IOTOK pachHpenensercs BecbhMa

Sk HEDABHOMEPHO MO TOJUIHHE JHCTa —

0 t 2 3 4 5 § BHXDEBHE TOKH CHJBHO OCHAGASIOT

none B cepeaude mucta. B caay storo

Puc. 177 O6CTOATENBCTBA HPH  PaXHOYACTOTAX

OOLIUHO 1Kene30 He HCHOJMB3YIOT B

MACHUTHRIX UenaX. Muorna npuMeHsloT BeceMa TOHKYI0 GyMary, Ha

KOTOPYI0O KATOAHBIM DpACHBIJACHHEM HAHOCAT TOHuAHImHA crofl xenesa,

HMEIOWHH  TOIMHY NOPAAKA HECKOJbKHX MHKDOHOB. CepaeuHHK, co-

6pauHblfi M3 nakeTa TakoH METAaNNH3HPOBAHHON GyMmarH, BCE ke HMeeT

MCHBIIEE MarHHTHOE COMPOTHUBJEHHE, HEKEIHd COOTBETCTBYIOMmMHMHA ero

pasMepaM nyTb MarHATHOrO NOTOKA O BO3AYxy. IIpH BBICOKHX 4acTOTax

IIPUMEHSIOT TaKKe CEPNEYHHKH, CIPECCOBaHHLIE H3 ToHualulero xenes-
HOTO NOPOHIKA H H3OAHPYIOUIEr0 MaTepHana.

Onpeaennm notepn Py Ha BUXPEBLIE TOKH B UCTE C y4E€TOM HEpPaBHO-
MEPHOCTH pacnpeleneHus MarHuTHOTO MOTOKa.

Cpenssin MoutnocTs, pacxoayeMas B 1poBojsmieh cpele H OTHeceH-
Hafi K CIMHHILE 06beMa, PaBHa KBaNpaTy ACHCTBYIOWErO 3HAYEHHA ILIOT-
HOCTH TOKA, NENeHHOMY Ha YIENbHYI0 NpOBOAMMOCTL cpeanl. Caexosa-
TelbHOo:

Lidd = l(—61’—>%= 12 Bmo (ch 2kz — cos 2kz).
av " g\ 2 dp*y
Tax kak

ol =/ a7,
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T dapP ’ ~
° M — 2 B (ch %z — cos 2k2).
av i G

Bhipasum B, Yepes aMIaHTyLy CpEAHEH MO CCHCHHIO AueTa HHIAYK-
uuy us Bmpaxenus (377):

24 V&‘hkd—coskg

2 2 ch kd — cos kd
B pmed = B o ad T Bmo___'—__’k—d"" =B K—“ka"‘“”“‘”'
—5— | VQ o
Cnen0BaTeIbHO:
dP; © o ch2kz—cos 2kz

__. R . T
ay = Bmmet * g, &* -~ %d —coskd *

TloTepu P; B O6beMe BCEro JHCTA MOAYYHM, YMHONAA yaelbHBE
dar
« IOTEPH E—Vi Ha auHy [/, Ha BHICOTY £ 4 HA 9/EMEHT TOMLHHB dz aucta

u uTerpupys no Tommune jucra. [loayuaem:

d
_}_,2,
de d . l [ d* Shkd—Siﬂkd
Pf_lhj'w— 2= Bpumed hz:;k ch kd—cos kd "
d

2

TakuM 006pasoM, [OTepPH, OTHECEHHbIC K CIHHHUC o6peMa  BCETO
JECTa, BHIPAKAIOTCA B BHAE:

, Py R ® sh kd — sin kd
Py=17 = Bnmed 3, kd

4p 7 ch kd —cos kd” (378)

Ipu kd ~>5 umeem:

shkd > sinkd, chkd>>coskd, sh kd ~=chkd

("1,5.{0,5
4 V 2 Pp.&

-

CnenoBaTelbHO, NPH DE3KOM MPOSIBJIEHHH MOBEPXHOCTHOrO spdexra
NOTepH HA BHXPEBBIE TOKH, OTHECEHHHIE K CAHHHUUE o6beMa JMCTa, NPO-
NOPUMOHAJbHE NMEPROK CTEMEHH TOJUIHHBL JHCTA, KODHIO KBaJPATHOMY
43 OTHOIIEHHS YICJAbHOK NPOBOAMMOCTH K MArHWTHOM MPOHHLACMOCTH
Marepuana JUCT4, 4acTOTe B CTENEHH MNOJATOpA H AMILIUTYIC cpenHe
UMAYKUMH B KBagpaTe. DTa 3aBHCUMOCTL HOCHT COBEDPIICHHO HHOH Xapak-
Tep, HEXENH 3aBUCHMOCTb, HalijeHHas Dpamee BO BTOpOH wacTH Kypca
(u. 1I, § 125) c mnpenebpexeHHEM HEPABHOMEPHOCTDIO pacnpeeneHus
MACHHTHOI'O TOTOKA [0 CEueHHIO JHCTA. DTa MPHOMMKCHHAS 3aBMUCHMOCTD
MOXeT GbiTh TaKie NOJyucHa U3 OOMIEro BHDAMCHHSA (378) npu MaAuXx
SHayeHusix mapaMeTtpa kd.

o
P} A= Bpmed ‘E‘kd = Blmead.
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IIpencrasum runepGonnyeckne H TpHroHoMerpHuECKHE CHHyCh H
KOCHHYCBl B BHIE CTEHEHHHX DANOB:

shkd — k- F9F (AP (kdy

3! 51 N
sinkd = pd —FI7 oV (B2
chkd =1 +,‘%‘»’3+?§?i+"%+
cos/l’,al.——:l-—-(%dlZ ! (_"Z‘;Z___lex_f. e

B TOM cayuae, KOria MOMXHO npeHe6peus PasMarHHUMBAIOWAM 1ei -
CTBHEM BHXDEBHX TOKOB, T. €. COIMacHO KpHBOH Ha puc. 177 npu
kd <1, nmeewm:

o (Rd)*
shkd—sinkd ~ Bl ka
chkd—coskd o (Rd)F ™3

o

) @ B2 ’ w?yd?
by =Bamed gy =g = Blamea 534

IlpunuMast BO BHHMaHHMe, yTo o =2xf, rie f-—u4acTOTa H3MEHCHUxA
MArHUTHOTO NOTOKA, M YTO NMpPH CHHYCOHIAJABHOM MpOLecce KO3¢uiHeHT
¢opMH KpHuBO# 3. @. c., HHAYKTHPYEMON B KOHTypax BHXDEBHIX TOKOB,

HMEET 3HaueHue kf=2_V§ > NMPEeaCTaBUM ylHeldbHbIE NOTEPH B CleAyio-
eM suzge:

, 4 == 4
pJ‘:Bgnmed’g g 4fz7de=§kf‘zfl'\'d2312nmed-

dta ¢dopMyna noasocreio COOTBETCTBYeT (popMyJe, HalaeHHOH
paHee BO BTOpOH 4aCTH Kypca C NPEHEGPEIKECHHEM SHBICHHEM nosepx-
HocTHOTO 3ddeKTa. .

Hcnonesyn npubenenune srime paan  gas runepGONHYECKHX U
TPUTOHOMETPHUYECKHX CHHYCOB H KOCHHYCOB, HETDYNHO YGEIHTbCH, uTO
npu mo6om kd, GoiblueM Hyms, MUMeeT MecTo HepaBEeHCTBO;

ﬂ> sh kd — sin kd -~
3 chkd— coskd *

CJICHOBaTeJleO, BBHIYHC/AS NMOTEPH HaA BHXpeBHle TOKH B npeanono-
HEHHH O PAaBHOMEpHOM pacnpeneeHHH IMOTOKa MO CEUYCHHIO JHCTa, Mbl
noJay4aeM HECKOJbKO NpeyBeJHYEeHHOE HX 3HaueHue,
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§ 116. ConporuBicHHe NPOBOZHHKOB B a3y 3AeKTpHUYEcKOil
MaUIHHBI

PaccMoTpenre BaXHOTO BONpPOCA © pachpenelieHHH TOXAa NO BHICOTE
IPOBOJHMKOB INPSIMOYIOJbHOT® Cce4yeHHs, HAXOAAIUXCH B OTKDBEITOM
Nasy 97AeKTPUYECKOH MaIiWABl, B EPBOM NPHG.IMKEHUH MOXET GHTL CBe-
JICHO K 3alade, 110 XapaKTepy aHaJOruyHoH S
3aa4e O PacCMOTPEHHH IJIOCKHX 9JIEKTPOMAr-

HHTHHEIX BOJH B NPOBOIALIEH Cperne. b~

[NpeneGpexeM MarHUTHEIM CONPOTHBIEHHEM
IIyTH MarHMTHOrO NOTOKA IO XKCJAe3y, T. e. 110~

\

TOXHM A Kedesa e, == 00. Ilpn sTOM Mar- 2 e R

HATHHE JMHMM B Ta3y OKOJC NOBEPXHOCTH y
; ; (7} %3 !

*Kejneza 6ynyT HODMAIbHBl K 3THM IIOBEPX- I h

HocTsaM. Cpaenaem IOMylNEHHE, YTO MarHUTHBIE )

JWHAKM BHYTPH Ia3a sABJISIOTCA NPIMBIMY, Halpa-
BJECHHEIMK NTONCpek MNa3a. JIMHuu TOKa B npo-
BOJIHMKAX TaKKe HAB/IMIOTCS NPAMBIMM, HO Ha-
Npas;cHHbIMA BAC/b Masa. Pacnosoxum ocu
KOOpAMHAT TaK, KaK IIOKa3aHo Ha puc. 178,
npuyem ock OX HanpaBuM OT HaGmiogaTess
NepoeHauKyIAPHO K IJIOCKOCTH pucyHka. Ha-
4Yan0 KOOPAMHAT COBMECTHUM C BEpXHeH MoBepx- Z
HOCTbHIO p-TOr0 IpoBOAHKHKa. CUET NPOBOJIHUKOB :
OyneMm pectu OT aHa nasa. O603HauUM yepes a Puc. 178
IIMpUHY TNa3a ¥ 4epes b W h— WHpUHy U
BBICOTY CceyeHHMsl INPOBOJHMKA. 3aMeTuM, 4To R ofuieM ciayuae & ecTb
CyMMapHasi LIMpWHa IIPOBOJHUKOB, JEXAllUX B ONHOM rOpU3OHTAIbHOM
croe.

IIpeanonaras, YTO TOK W3MEHAETCH BO BPEMEHH IO TFapMOHHUECKOMY
3aK0oHy, GyJeM I10Jb30BaThbCH CUMBOJMYECKHM McTonoM. KomnnexcHas

amnautyna H,, HanpsxeHHOCTH MAarHMUTHOTO MOJA B TOYKAax, yAaleHHBIX
H4a DacCTOfHME Z OT BepXHell NOBEepXHOCTH pP-TOrO NpPOBOJAHMKE, Olpe-
IenseTcs KOMIIEKCHO aMILTUTYAOH HOJHOro TOKa /,,,, NpOTeKaromero
B ma3y HuMKe paccMaTpuBaeMOH cUnOBOH JMHUH. [leficTBUTEILHO, COCTABRMAA
JWHeAH B uHTerpan Bextopa H Bmoae KonTypa ¢rsfg u 3amedas, uTo
B 4aCTW 7sfq KOHTYpa BHYTpH Xelesa H =0, nmonyyaem Ha OCHOBaHUH
3aKOHa MOJIHOIO TOKa:

B
X
NN

AT R \\\}\g

1)

N

LSR5

4

Hoa=1I_, (379)

Hudepenuupys pasencrso (379), noayuaem:
0. Wy diy,

dz — dz ba”"

TaK Kak dl .= — 8, -bdz, rucd,, — KOMIIEKCHaR aMILIITYAa MAOTHOCTH
TOKa Ha PaCCTOAHUH 2 OT BEpXHEH MOBEPXHOCTH P-TOrO INPOBOAHHMKA. JHAK

19 Teopusa LJAEKTPOMArH. Hoas
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MHHYC HEOGXOIMMO B3fiTb, TAK KaK MPY NPHHATOM IONOXHTCIBHOM Ha-
npaBacHud ocu OZ ¢ yBENWYCHHEM Z TOK, OXBaThiBACMEIA KOHTYPOM
grstq, ymensmaerca. Mrtak umeem:

dH, &% __ b ¢
e =Ttk

(380)

m*

TlonyueHHoe ypaBHEHHE OT/IMYACTCA OT HEPBOro ypaBHeHHs (346)
TOJABKO MHOXHUTEAECM bO/a, MORBIAIOMMMCA BCACACTBHE TOrO, 4YTO TOK
NPOTEKAaCT MO HPOBOAHMKAM UIMPHHON b, MarHMTHOE Ke MoJie Cylue-
CTByeT BO Bcell IIMPpHHE a Masa.

Ecay BHMMAaTEnbHO DPacCMOTpPETb IOYUCHHBIH pesyabrar, TO OGHa-
PYyXHBaIOTCA HEKOTOpbie mporuBopeuns. IleHicTBuTensHo, upemmonoxe-
HHe, uTO BexkTop H MMeer eAMHCTBEHHYI COCTaBasiomyio F,, saBucs-
Iyil0 TOJbKO OT OZHON KOOPAMHATH 2, NPHBOAMT [IEPBOC YpaBHCHHE

Makceenna rotH=2=8 x Buay: %”—: —8, = —YE,, KaK ‘310 GHIO

noayueso B § 107. CaenoBarelbHO, HaauuMe MHOXuTens bja B ypashe-
nuu (380) B DpPEANIOJONEHHH, 4YTO CHJAOBBIC JHHHM MapajeibHbl OCH
OY, Haxoautrcs B HNPOTHBOPCUMH C MEPBHM YypaBHeHueM Makcsenna
B JubepeHuyaIsHON dopMe. DTO NpOTHBOPEUHE OODBACHAETCH TEM, YTO
B IeHCTBATCALHOCTH CHM/OBHE JHHHM MArHHTHOrO HOJA B NHagy He
ABJAIOTCA NpAMbIMM JnHuAMH. OfHaKO mpomyckaeMmas OmM6GKa He3HauH-
TenasHa, €caM OTHolueHue b&fa Gamsko Kk eaunnue. Muoxwrens bja
MOXHO O6ua0 6nl BBecTH B ypaBHeyue (380), ne nHapymas nepsoro
ypaBHeHuss MakcBeana, ecaM  3aMEHHTh JACHCTBHTENbHBIA HDOBOAHMK
SKBUBaJEHTHHM [POBOAHMKOM, HMEIOWMM UIMPHHY, PaBHYIO UIMDHHE

nasa, ¥ 06/1analoyUM YACABHOH NPOBOAUMOCTBHIO ‘{'=;—'{.BTaKOM cay-
uyae nepeoe ypasueHHe Maxceenna B nndepenumanbroft dopme Oyner
b
UMETHb BHJ rotH:=8=7'E=—a—'yE. Ilpesnonaras, 4T0 MarHUTHHE JH-
HHM CYTh HpsMblE, NapaiieabHuie ocH OY, HenocpeacTBEHHO H3 3TOrO
ypaBHeHus nojayuuMm ypastenue (380):
dHp
dz

x> b '
—1Ep=——1En
Bropoe ypaBueHue (346), mnosydyeHHOe u3 BTOPOrO ypaBHEHHA
MaxkcBenia, oueBHaHO, OCTaeTcA 6e3 M3MEHEHHs, T. € HMEEM:
dE,,
dz

=—jopH . (381)

Iudepenunpyn ypaBHenue (380) ¥ mHcnoabays ypasnenne (381),
noJayuaem:
d*H . b ;
Fri _—_—/zmqu .
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Toaaras o V s

ripe

riaxomm pemieHue B BHIC:
H, = Ay - A%, (382)

[TpennonoxnM, 9TO TOKH BO BCeX NPOBOJHHKAX B MMa3y OMMHAKORHI
NOo BeJMyMHe ¥ No ¢aze, ¥ OOO3HAUMM KOMIUIEKCHYIO aMIIUTYAY TOKa
B oxHoM nposomnuke uepes [,. CormacHo ypaenenmio (379) umeem
npn z=0:

H, -a=l,p,
2==0
TaK KaK HWe CHUJIOBOH JMHMMM, a7ad KoTopo#t z2==0, pacnosoxeHo p
NPOBO/IHHKOB.
COOTBETCTBEHHO, NpH Z==/71 HMeeM:

H, -a=Il,(p—1).
z=h
Noncrarnss B ypasuenue (382) 3nauenus H,,, npu z=0 n npu
2= P, noayvaem
]
—;"l p=A,+ A,

%(p — 1) == A" | Apete'a,

VMHOXAs MepBOe M3 3THX PABEHCTB OAMH pas Ha e+** y gpyro#t pas
Ha €—%* ¥ BEIYNTAR M3 NONYYEHHBHIX TAKUM OGPA30OM PABEHCTB BTOPOE
PABEHCTRBO, NOJYYaeM BO3MOXHOCTb ONpENEAHTh MOCTOAHHHE A, U Ay

ath —_—
Ay =gt P — D,

— pe—alh
A 2asha'h [(p 1) ps ]'

IoncraBue 3TH BHpaxewus ang A, H A, B Bupa)xeﬂne (382),
nony4aem:
: Im
H,=—= o [(p —1)sha'z—psha' (z—Hh)]. (383)

W3 ypapuenna (380) umeem:

R B kT Sha,h[pcha (2 —h)—(p— 1) ch az]. (384)
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OTHomleHre MIOTHOCTH TOKA 8, —E,Y K CpeaHei 10 BHCOTE
NPOBOAHMKA IVIOTHOCTH TOKA 8,404 = [,,/b/ MMeEeT BbIpaXeHue:

- 3m = sha’h [pcha’ (z2—h) —(p—1)cha'z]. (385)

Sm med

B ciy4ac 0JHOro nNpPOBOJHMK4 b mazy (p==1) ypaBHEHUR NPAHH-
MAlT BRI

Hp= asf, sha' (k—2z), E, ,bih“ cha (h—2). (386)
’ d.

A 2 Om
7 7

1|

2 7

a0 s

% Z {’mmed

Z i

/ |

o i

4 Z ,

? a7 1 Y
Z A ’Z .

Puc. 179

HNas moayaeit H, w E, B 3TOM cjydyae HMeeM BhIpaxceHus:

H _In Vch 2k (h —z)—cos 2k (h —2)
m— g ch2k'h—cos2k'h ’

=1, V Vcth’(h——z)-l—cosZk'(h—-z)

- bay ch 2k'h — cos 2k'h
Ha puc. 179 noxaszaH xapaxkTep H3MEHEHHT AMILIMTYXbl HampsikeH-
HOCTH MarHuTHOro noas H, W aMnauTyAbl MJOTHOCTH TOKa 8, ==%E,
O BHCOTE NMasa NpPH HaAMYuMM B [Aa3y TOABKO OJHOIO MPOBOJHHKA.

Kpupvie Ha puc. 179 nocTpoeHm Ias 3HayeHus: mnapametrpa 2&'k=10,
YT, Hanpumep, HMEET MecTo aad meiu npu f=—50 Hz, h=5,6 cm un

b -
7=0,8. HeticTBMTenbHO, NPUHMMas T HarpeTod Memu % == 5-107 S/m,

1
l
I} (387)
J

uMeeM:
se'n=2)/ 2T =2/ 08 TN o056~ 10,

Ws pucyHka BMAHO, 4TO TOK NpH TAKOH BHICOTE MPOBOAHHMKA pacrpe-
nendeTcl BeChbMa HEPAaBHOMEDHO, YTO €CTECTBCHHO NPUBOJMT K YBE-
JHYCHHIO NOTCPb IHEPrHH.
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IMpy wHanuuud HECKOJBKHMX I[IPOBOIHHKOB B Ma3y, PpacllOJOXEHHBIX
OIWH HAX JpYTdM, pacipelencHde TOKAa [0 BHCOTe Nd3a MOJy4acTcs
donce cnoxuHuM. KauAb# NPOBOIHHK, KPOME HHXHETO, HaxOMHTCA NpPH
3TOM HE TO.JbKO B COGCTBEHHOM IEpPEMEHHOM MarHUTHOM moJje, HO
B IIOJIE BCCX HIDKENEWKAUIHX NPOBOAHHKOB. AMIUHTyHa 8, =—17E, 01oT-
HOCTH TOKa MOXET OblTh BHYHCIeHA no Bripaxenuwo (384), ecau ompe-
IendTh MOAyAb 3TOr0 BheIpaxeuus. Ha puc. 180 mn3oGpaxen xapaxtep
u3MeHeHus 8, MO BBICOTe Ma3a Juis Ciaydass ABYX IIPOBOXHHKOB.

Ha puc. 180 rakwe mnoxasaHsl Ha BPEMEHHOH HHAarpaMMe BEKTODHI
IJIOTHOCTH TOKA HA Pa3/uuHON rayOuHe XA BEPXHErO W ANA HHKHErO
IIPOBOJHAKOB. 3lech e HAHECEH M BEKTOP TOKAa B HPOBOIHHKE. OITH
AMArpaMMBl [OCTPOEHH MO ypaBHeHuwo (383). M3 nuarpammbl BHIHO,

W

NNNNNNAN

\
N
\
N
N

0

Puc. 180

wro ()asa NAOTHOCTH TOKA pE3KO H3MEHeTCd MO Mepe yHafleHus oOT
Bepxuell NOBEPXHOCTH TNPOBONHHKA Bray6b maza. BecbMa uutepecwo,
4TO MJOTHOCTH TOKA4 B BEPXHEM H B HIKHEM CIOAX BEPXHEro nposoi-
HMKAa OTJM4AIOTCA TO (ase ApYyr OT Apyra mouth Ha 180°. Dto 3Haumr,
4YTO TOK B HHXHEM C/IO€ 3TOr0 MNPOBOAHHKA TedeT OOJBIIYI 4acTb
NepHoia B HanpaBJeHHH, NPOTHBOMOJOXHOM HaNPAaBJICHHIO TOKA B BepX-
HeM caoe. OT1oT 3ddexkT ABAAETCA Pe3yAbTATOM HANOXKEHHST Ha TOK,
KOTOpHIfl HMel OB MeCTO NPH OTCYTCTBHM HHXHETO NPOBOJHHKA,
BHXDEBHIX TOKOB, BO30YXIaeMbiX B BEDXHEM MPOBOIHHKE NEPEMEHHEIM
MATHUTHHIM TOJEM, BbI3BAaHHHM TOKOM B HH)XXHeM mpoBoauuke. Ilossae-
HUEM 3aMBLIKAIOUIMXCS BHYTPH BEPXHETO MNPOBOJHHKA BHXPEBHIX TOKOB
O6BiIcHAETCA ¥ XaPAKTEp HM3MEHEHHd AaMIAXHTYAH IMIOTHOCTH TOKA IO
ero shicoTe. VIMCHHO BO3HMKHOBEHHEM BHXDPEBHIX TOKOB CaelyeT o6mbfc-
HHTb PE3KOE YBE/IHUEHHE OTHOMICHMA 7,/r Al BEPXHHX NPOBOJHHKOB
B masy.

OnpegendM MOMIHOCTb, COOTBETCTBVIOMLYIO IOTepsM B p-7OM INpo-
BOAHHKE. DTy MOIULHOCTb MOMCHO BBIYHCAMTL KAaK PAa3HOCTb MOLLHOCTEH
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NOTOKOB S/ACKTPOMArHHTHON SHEPrHH, NMPOXOIALMX CKBO3b /BE NIOBEPX-
HOCTH NDO/OAbHHX CeYeHHH Ma3a, B OQHOH M3 KOTODPHX JEXHT BepX-
HAf [OBEDPXHOCTb p-TOrO MNPOBOJHHKA, B JPYrOH — HHXKHSS [OBEPX-
HOCTb p-TOro MpoBOAHHKA. OnHa M3 3THX OBEPXHOCTEH HAXOIHTCH B
naockocts XOY (puc. 178), Apyras OTCTOHT OT HEe Ha PacCTOAHHE A.
BeamuuHnw 9THX 1noBepxHOcTell paBHM al, rae /— qaMHa THpPOBOXA-
HHKa B na3y. Bekrop YMosa-IToHuTHHra HOpMajzeH K STHM [OBEpX-
HOCTAM, TaK Kax BekTOD E mnapannenesn ocu OX u Bektop H napan-
aeaeH ocu OY. Komnaekc HCKOMOH MOIIHOCTH paBeH:

* . ¥ 1
H, E H
V VZ)imo \VZ VZ/)om)’
npyyeM ﬁ,,,——-xomnnexc, CONpPsKEHHBIH C KOMIJAEKCOM H,,,. IHoncrasana

- *
B HocaeqHee BHpaxkeHHe 3Haueuus E,, u H, npu z=0 n z=#h,

nosaydaeMuie u3 Baipawenuii (383) u (384), u 3aMeuas, yTo 'I,,,-I:,,/Q =D,
rae / —neﬂcmyxom.ee 3HAaYCHHE TOKa B OJHOM NPOBOIHHKE, HaXOIHM:
g ' *y *y
P=D. b‘l lsha’h]’{(zp —2p-F1)cha'hrsha'h—2p (p — 1) sha'k},
rae @ — KOMILIEKC, COMpsDKeHHBH ¢ KoMmmaekcoM a'. BeulectseHHas

yacTh P paBHa aKTHBHOW MowHOCTH P,=Ir, rze rp, — aKTHBHOE CO-
NpPOTHBAEHHE P-TOr0 MNPOBOJHHKA l'lepeMeHHOMy toky. ComnpoTuBaenue

TOrQg Xe MpOBOJHMKA HNOCTOAHHOMY TOKY pPaBHO f0=1b—'h. Brineaus

BelleCTBEHHyl0 4acTb P u pasgeaus ee Ha [%r,, moaydyaeM OTHOUIEHHe
aKTHBHOTO CONPOTHBJACHHA NPOBOJHHKA K €ro CONDOTHBJEHHIO TNDH
NOCTOAHHOM TOKe. B- pesyabTaTe HeCnOkHBIX Npeo6pa3oBaHuit 3TO
OTHOLIEHHE MOXHO NPEICTaBHTb B BHIE:

=G W)+ 2 (p—1) ¢ (K'D) (388)
rae
sh2k’h 4-sin 2k'h 'y oty SHER-—sinkh
PER=Eh o costrn ¥ W) =2kh g

TlycTb B ma3dy pacnoaoxeHsl OJHH HajX JAPYTMM 7 MPOBOJHHKOB.
Cpenuce 3HaueHHe OTHOLUEHHS rfr, IAf BCEX NPOBOAHHKOB DaBHO:

T Li :
'—n
P=ﬂ -

—nt—1 .
Hcnoas3ys cooTHomeHve — 2 plp—1D= 3 » hoayyaem:
p——l

L=+ Ly kh). (389)
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” 'Ha puc. 181 B BHIE KPWBHX mNpencTaBienh ¢yuxuun ¢(k'k) n
& (k'R).

B cnyuae onHoro npoROmHHKA B Ha3dy (#==1) OTHOIUEHWE aKTHB-
HOTO COMPOTHBACHHA K CONPOTHB/ICHHIO MNpH NOCTOSHHOM TOKE PAaBHO:

=9 &'h). (390)

Jins BHmenpHBeEHHOrO IPUMEPa MENHOrO NPOBOAHHKA npy f==50 Hz
=5,6 cm u bja=0,8, T. e. npu &'h=>5 nonydaem r/ry=>5.

Ecan  nonpasnemts
STOT HPOBOJHHK IO Bh-
COTe nasa Ha »n4actelt, To
A OpH PABEHCTBE TOKOB BO
L/ RCEX 4acTAX OTHOILEHHE
, // r/r, onpeneaurcs us ¢op-
¢(kl})/ Mmyan (389). B nmienpu-

7 BejfleHHON TabaHlle noMe-
A p(k’h) IleHH 3HAuEHHA T[r,, pac-

h
?
5

Se

nh=2=56 cm (k'h=5/n)

n rir, l rn/ta

5,00 5,00
7,61 12,74
7,08 14,02
4,90 10,10
3,64 7.48

// 10 1,69 2,84

(2
D W Yy ™ ©

Y
/
/

Gk QO =

-

Kh 15 1,31 1,87
20 1,17 1,49
) ' 2 3 4 5| 25 111 1,32
30 | 108 122
Puc. 181 i

CYMTaHHHE N0 3Toi ¢opMmyse B MNPENNOJIONKEHHH, YTO CyMMa BHICOT
BCEX npoBOmHMKOB nk==56 cm. B sToil xe Tabaulle NpuBeneH.
3HAYEHHA OTHOILEHHA T1,/f, LAR KpaliHEro REPXHEro NpPOBOJLHHKA B Nasy,
BWYHCACHHBE 1O Qopmyne (388) npu p==n. HUurepecHo o6paTHTL BHH-
MaHHe Ha TO, UTO np# raySOKOM nase HonpasfeleHHe HPOBOJHHKA Ha
ABe M Ha TPHM YaCTH He YMEHbIIaeT, a HAO0OpOT, yBeNHuHBAET CONpO-
THB/EHHe TPOBOJIHHKOB B Nasy H TONLKO NpH 7 >3 noaydaercs
yMeHbIIEHHE OTHOILUEHHS 7/7, IO CPABHEHHIO CO CIYYAaEM ONHOrO NpOBOI-
HUKa. DTO BO3pacTaHHe OTHOIIEHHR F/ry NPH R=2 ¥ n==3 CBA3AHO
C PE3KHM YBEAHUCHHEM NOTEPh B BEPXHMX NPOBOMNHHKAX, HAXOMAMXCH
B CH/ILHOM IIEPEMEHHOM MarHHTHOM I[IOJ€ HIXHHX NPOBOIHHKOB, H BMECTE
C TeM, UpH n=2 W n==3 CII¢ HMMECOWHUX JIOCTATOUHO GOALILYIV
BaicoTy.
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B apyro#t talanlie NpHBCACHL OTHOWICHUSA F[ry W 7,/r, 1pu oOuLICH
BLICOTE BCEX MPOBOAHHKOB nh=—3,4 cm u Tex ke, 4YTO ¥ paHblle,
3HAYEHWAX OCTalbHHIX mapaMeTpoB. IIpu 3Toll cyMmapHOil BeicOTE MpO-
BOAHHKOB He Ha0/0JaeTcsd MOBHINEHHA aKTHBHOIO COMNPOTHBJCHHS BCEX

NMPOBOMHHKOB B Ma3y Np¥ MaAbX uKClIaX 7

nh— 34 cm (k'h = 3/n) H yX)e OpH n=—2 Ha0mogaeTCcs YMEHbUICHHC
‘ OTHOIUGHHS 7/7.
n It | Talfe Bce BsluenpuseseHHbic  pacCyscaeHHs
) 208 | 208 BBIO/IHEHH B MPENNOIOKEHHH, YTO TOKH BO
5 277 | 417 BceX [POBOJHMKAX B [a3y OIMHAKOBH MO
3 L9t | 310 BeauuMHe U 00 (base. ITO YCIOBAC BHIOI-
4 1,55 2,28 HfIETCH [PH NOCAENOBATELHOM COEIHHEHUH
3 i§7 b L89 BCeX MPOBOTHHKOB, T. €. €CAH 3TH NPOBOI-
13 1:635 ’, i:?% HHKH 00pa3yloT OOHY KaTymKy OGMOTKH
, MauldHel. B Tex cayuafix, Korma Karyuxa

JOMKHA COAEPIKATH MAI0€ KOMMUCCTBO BHUT-
KOB M CCYCHHEC MPOBOAHMKA B KaX[IOM BHTKE NO/KHO OGHTh BETHKO,
NpUXOANTCA TAKOH IIPOBOAHMK pacusieHATh B a3y Ha H30MHPOBAHHbBIE
Apyr OT Apyra napajjieApHBle BETBH W [EPElIeTaTh 3TH BETBH MCIKAY
cofoi0 TaK, YTOGEl B Mpeiesax MIMHB (1a3a Kaxaad BCTBb 3aHAIA BCE
NOJOXEHHA. JTHM CaMbIM BCE BETBH OKa3bBAIOTCH B O/MHAKOBHIX yCI0-
BHX ¥ TOKH B HHX MlO/1yYalOTCS OXMHAKOBEIMH. M3 Bcero ManoxeHHOro
BblUIE BHIHO, HACKOJBKO BAXKHO B MEKTPHYECKHX MAUIMHAX ¢ MAYyGOKuMHA
Ma3aMy [IpaBU/IBHO KOHCTPYHPOBAaTh OGMOTKY, UTOGH H3GEKaTh Ype3MeCp-
HOrO MOBHIUNIEHAS €e aKTHBHOIO COMPOTHBJ/ICHHS.

§ 117. HepasHOoMepHOe pacnpegeideHHe TOKAa B UIAJHHIPAYECKOM
: NpOEBOAe KPYTOBOr0 CedeHHd

PaccMOTpUM siB/ieHHEe MOBEPXHOCTHOrO 3ddeKTa MpH NPOXOKACHHH
NepeMeHHOr0 TOKa MO UMAHHIPHYECKOMY [POBOAY KPYrOBOTO CEueHHS.
[IpeanonoxuM, 4TO OGpPaTHBII NPOBOA HAXOIUTCH HACTOJBKO IA7lEKO,
UTO B/HMAHHEM [IEPEMEHHOr0 MATHHTHOTO [OTOKAa, BHI3BAHHOTO TOKOM
B HEM, Ha pachpelie/leHHe TOKAa B HCCJAEIYyeMOM MPOBOAE MOXHO [peHe-
Gpeus. EcrtecTBeHHO BHOparTh LM/IMHAPHYECKUE KOOpAMHATHL Z, r U B,
cosMecTHB ock OZ ¢ ockio nposoaa (puc. 182). JIMHHH 3MEKTPHUECKOTO
TOKa HampasjeHn napaanensHo ocu OZ. Beneacrsuhe oceBoit cuMMer-
pHH MarHUTHHIE JHHAM TPEACTABIAOT €000 OKPYXHOCTH, JCKallue
B [VIOCKOCTHX, HOPMAJAbHBIX K OCH IPOBOMA, C LEHTPaMH HA 3TOH OCH.
Takum oGpasoM BeKTOp & HMEET EIMHCTBEHHYIO COCTaBAIOILYI0 8,
1 BekTop H—emnncTBeHnyo cocrasasomyio . [TosroMy B nanpHefinem
onyctuM MHAexkcsl ¥ 8, 1 fy. Onnako, GyneM IOMHHTBL, 4TO O M H cyTh
MPOEKUMH BEKTOpPA, 4 HE MX MOAY.JM M, CJAEI0BATE]IbHO, OHH MOTYT HMETh
KaK [OJIOXKHTE/NbHLIE, TAK M OTpULATENbHBIE 3HAuYeHud. B cuny oceBo#
cuMMeTpun 8 W H 3aBHCAT TOABLKO OT r.

Ilna Haxox[eHns cBgsH Mexay 8 W [ BOcloas3yeMcs ypaBHEHASIMH
Makcaeiina; JH

ot H =18, rotE.—_——pW,
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pHYEH ;

MarnnronBuxyuas cuaa BROJAb KOHTYypa abeda, orpaHHuMBalOUIEro
3awITPHXOBaHHYI0 Ha puc. 182 niomanxy, pasHa:

— Hrd-+ (H+%’}' dr) (r-+drydd =" rdr do-\-Haras,

npuueM B NPaBOH HacTH OTOPOMEH ujieH TPeThero MOPAAKA MAIOCTH.
Beanuuna Iiaomaaxku, OrpaHuvdeHHo#l KoutypoM abeda, pasHa

ds=rdbdr.

CaenoBatenbHo, B TAaHHOM
cayuae, koraa Bextop H nmeer
TOJBKO OJHY COCTaBJAIOILYI0
Hy= H, nmeem:

oH | H

=L
rot, H o T

W nepsoe ypasHenue Maxc-
Bessa MPENCTABAAETCA B BHIE:

oH | H o
—137+7:0' (391) Puc. 182

DexTPOABMKYIlAA CHAa BAOTb KOHTYpa gRmAg, OrpaHadABAIONIErO
3aMTPUXOBAHHYIO Ha puc. 183 niomanky, uMeeT 3HaueHue:

Edz—(E+ 2 dr)dz=— % drdz.

PazneanB Ha  BEJIMUHHY
maowaakn ds =drdz, noxny-
YaeM B JaHHOM Cayuae, Koria
sektop E nMeeT T01bKO 0aHYy
cocrapaomyo E,=E,

JoE
totsE = — Ir°

CnemoBartenpHo, BTOpOE
ypaBneHne Makcenna MOXKeET
6blTh HamkcaHo B (dopue:

E __ _ OH
Puc. 183 o= Y or
a3 oH
o =M G (392)
Hudepenunpys ypassenne (391) no ¢, a ypaesenne (392) no r, nMmeeM:
10H | *H 38 0% otH

T oo T awa=a or =" o
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W3 stux coorHomenu#t ¢ yuyeroM ypasHenus (392) noayuaem ypasse-

HHE IIs IJIOTHOCTH Toxa.
108 _ 08

+ ror— WG (393)
Hudepennupys ypassuenue (391) mo r u ucnonssys ypasHeHue (392),
nonyyaeM ypaBHeHHe 1A% HaNpAMEHHOCTH MAarHUTHOTO MOJf:

1 0H I-I oH

R T T ar T E—= M - (39%)

Ecma TOK, a caemosaTensHo, Takxke § u H ABAMIOTCA CUHYCOHMAANb-

HBIMH q.)yHKul’IﬂMH BPEMEHPI, TO, BBOIS KOMNACKCH HNAOTHOCTH TOKa H
.HanpmerHocm MArHuTHOro nojas

. =8m5j“’t H H: Hmef"”
B ypaBHeHHs Maxkcseana (391) u (392) u cokpamas Ha o6mu# MHO-
AuTeab &/, noayuaem:
d H,
H”’-l— == (395)

ds"’ = jopyH,. (396)

CooTBeTCTBEHHO, BMecTO ypaBHeHu#t (393) u (394) ¢ wacTHHIMH
Npou3BOAHHME 47 8 u F moanyuaeM OOHKHOBEHHBE auHelHHe Hude-
peHunaJbHbie ypaBHEHHs I HX KOMIUIEKCHHX aMIIMTYA:

a5 1 48, . .
dr':l ++ F dr = /0¥ (397)
d’Hm -+ _l_ ____dH”’ — I_if:ﬂz_—jo.)p.yl:] . (398)

BeeneMm HOBYIO NMEPEMEHHYIO

x=r) —jopy.
IMpu 3TOM NOcAexHHE ABa yPaBHEHHS NMPHBOLATCHA K Gojee mpocToMy
BHAY:

.

1
o+ Zi"' =0 (399)
H

OTH ypaBHeHHs SBAAIOTCH UaCTHHIMK caydasmu ypaBHeHus Becceas;

1 dy

24 (=T
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dyHKuMY, YAOBJIETBOpAIONIME ypasHenuio becceas, T. c. MHTErpainl
9TOr0 ypaBHeHMs, HA3bIBAIOTCH QyHkuuaMu beccean. OO6mu#t uHTCrpad
ypaBHeHus MOxkeT ObiTh HAllMCaH B BUJE:

y=AJ,(x¥)+ BN, (%),

rie: A u B—npousBoiblbe NOCTOAHHLIE,
J,(x) — odyuxuus bBecceds mepeoro pona mopsixa rn,
N, (x)— ¢yuxuus becceas BTOpOro posna mopsiaxa 7.

Mopsnox ¢yuxuuii beccean paBeH KOSPHUMEHTY /2 B yPaBHEHHH.
Ilpu n npouseoabHOM ¢YHKUMM Beccels He MOryT OniTh BhpaseHsl
uepes aieMeHTapuble QyHkuMUH. OHWM MOIYT OHWTb NPENCTaBACHH B BUAE
pajoB. B upunoxenuu 2 nomeuieHa tabiauua, Aalollag MX 3HAUECHMS J1AA
Pa3jiMUYHbIX 3HAUCHUH apryMeHTa.

HeTpyaso ycmoTpeTs, 4TO ypaBHenue (399) Ins mIOTHOCTH TOKa
noiayuaeTcs U3 OOILero ypaBHewus becceass, ecau B HEM MOJOXHTD
n=0. Ypasdenue (400) 1 HalpAKEHHOCTH MaTHUTHOTO MOJA HOJY-
uaetcs, ecan nogoxuTs #=1. CnaegoBaTeapHo, OOUKME HKHTErPaInl
YpaBHCHHE MOryT GbiThb NMpEACTaBJCHB B BUJE:

b= AgJy (X) + BNy (%)
H,= AyJ; (%) + BN, (4,

rae J,(x) u N,(x) —06eccenepn (yHxkuuu NepBOro ¥ BTOPOro pona
HyaeBoro mopsaaka u J; (x) u N (x) —6GecceieBr (QyHKuuu NepBoro M
BTOpPOro poja NMEepBOro MmopsaKa.

O6o3HauuM paauyc ceuenus nposona uepes R. IToctosmume A, #
B, 4, cOOTBETCTBeHHO, A, U B, ONpemeiasiOTCA M3 rPaHAYHBIX yCIAO-
gufl npu r=0 u npu r=R, T.e. mpu x=0 u npu x =R y/ — jopy.

3 mogpo6HOro paccMOTpeHHs G6ecCedeBHX (QYHKUMH CAelyeT, YTO
Jy(0)=1 u J,(0)==0, B TO BpemMa Kak Ny(0)==0c0 u N, (0)=o0.
Tak Kak WM 6,, Hu H, Ha OcH OPOBOJZ HC MOTYT HMEThb GECKO-
Heuno GOJbLIMX 3Hauenut, T0 By=0 u B;=0.

Mtak, Qi OJOTHOCTH TOKa MMEEM BhIDaXEHHE:

8, == Ay, (X).

DyneM nckaTe Bhlpaxenue s Sm B BUIE CTemneHHoro psana. Ilpu
9TOM, TaK KaK IIJOTHOCTh TOKa pacnpeﬂenﬁe’rca BHOJ{b JHOGOPO IuaMeTpa
NpOBONA CHMMETDHYHO OTHOCMTCIBHO LEHTPa, TO 3, HC IOMKHO M3Me-
HATBCH IIpH M3MeHEHWH 3Haka X. CTajo ObITb, PRI MOMET COIEPKaTh
TO/JbKO 4YETHBIC CTEIEHU X. HpeﬂCTaBHM ero B BHUIC:

b= Ayt At At A
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Bynem umers:

1 d§ 2 5 1 6

—ae =240+ 4Ax% 4 64, - 8Ax0 . ..
P 94, L 434,67 6-5A,5% 1 8-TA x5 -

g =245+ 434,57 - 6-5A4,x" 4-8-TAx® ...

HOas toro utobsl GO yIOBIeTBOpeHO ypasHenue (399), nHcobxo-
JAAMO, YTOGLI CYMMa 3THX TpPEX pANOB npH moGom X Onina ToOxIAECT-
BeHHO papHa Hymo. CiexoBaTenbHO, BCe KOIDHUHEHTH 3TOH CyMMul IpH
Pa3JMUHBIX CTEMEHAX X NOMKHH OGbiTh paBHH Hymo. Mmeem:

Ap 224, =0, A, 424, =0,
A, +6%4,=0, A, +8%4;,=0, u 1. n,

OTKyJa HaxXOIHM:

1 1 1
Ay=—=3 Ayy Ay=— ‘4’:A<z=("2—,gy:

5 Ao
Ap Ay=— A

1
6= (2.4.6-8)°

1

—'m'_—sfz AO u T. d.

1
A6=”3§A4=

TakuM o6pa3om, pemicHue ypasHenus (399) moxer GwuiTh NpejcTaB-

JCHO B BHIE:
O _x x* x* Y
Oy = Ao (1 ii‘ + (2,4): —(2.‘4'?)2'1* ...> .

Crosmit B cxko6Kax psa u mpeacrasaier coGolo GecceiacBy (QyHK-
uuo J, (x) nepporo poia HyJeBOro mHopsiaka.

ITocTosHHaa A, paBHA KOMIJIEKCHOH aMILTMTYIe MIOTHOCTH TOKA 8,
Ha OCH NIDOBOIA, T. €.

3 3 x* x4 x* 2 < o
8, = Spmo (1 — % + Ay _"(2_4'__—6T2 + .. -)_Omnjo(x):('mobospo'(401)

Jy(x) ecTb KOMIIEKCHOE UMCJIO, TaK KAK X SBISETCA YHC/JAOM KOM-
naekcHpiM. Yepes b, 0603HaueH MOIy.b, a ucpe3 B, — apryMeHT KOMII-
AexcHoro wncna J, (x).

HanpsixxkeHHOCTb MarHUTHOTO MOAS MOXET GbiTh MOJydYeHa W3 ypas-

Henns (396):
1 dd, Y —Jeny Sy __ 1 48,

m= Jopy dr “Jepy  dx _V:jf,;‘ dx

B S (_ ‘LJ‘L(,X))
m ST .
ot dx

W
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[ndepenuupyst pal, CTOAUMEA B ckobxax B Bupaxchns (401),
HaxOIHM:

: c % x° x 7
H =—_2"£0: [i_— H S A R {9 A 5 - ==
mT Y —jepyl 2 24 + CAF6 (246777 J

=m0 g ()= pe, (402)

V- Jesx V — jouy
TMoayyeHHbli HOBH# Dl NPEACTABIAACT cofol He u4TO HHOE, KaK
GecceneBy ¢yuxiumio Jy (¥) nepsoro poia nepsoro Hopsika. Yepes by

0603HaueH MOAYJb, a uepes 3; — apryMeHT KOMILIEKCHOro HHC.1a Jp (x).
B ToM, uto QynKuus

dJ, (x
by () =— (9
( ‘
ry esy \ b, 5 b ‘l o
| :

0o ! 1 ’ 0 0 \ 15
I 1,015 ‘ 14,22 0,501 P — 37,84
2| 11229 5298 1041 | - 1673
3 950 . 96,52 1800 | 41571
FE 3439 138,19 3173 | 53,90
5 \ 6,231 178,93 5812 | 93,55
6 | 11,501 219,62 10,850 133,45
7 21548 260,29 20,500 173,51
8 | 40,817 . 300,92 39,070 213,60
9 77,957 34152 74971 \ 25395

10 | 149831 38210 144,586 | 291,27

aeaserca pewexueM ypasaenus (400), T. e. ypaBHCHUs Becceas npu
n=1 npu ycaosun, uTo J,(x) €cTb pCUICHUE yDPABHCHHS Beccens npH
n=~0, HeTPYOHO yGeIuTbCcsl HENOCPENCTBEHHO. ITO CTAHOBATCA CPas3y
OUEBHIMEIM, €cad MpoaudepeHIMpOBaTh NO X YypaBHEHUE NpH n=0u
COMOCTABATh PE3YJbTAT C ypaBHEHHeM npu n=1.

B pumenpusemensofft Tafidie NaHbl 3HAYEHUS Modyaeh b, u by

w apryMentos 8, ¥ B, KommieKcHux semtumn Jo (7 v —jouy)
u J(r Y —Jjopy) DNpy pa3iMuHBIX 3HAUCHHAX BEIUUHHDI r v oury.
Boaee nmoapobuas Tabauiua 3HaueHuit moLyxed b, H b, U apryMmeHToB
B, ¥ B; mOMelleHa B NPUIOKEHHH 2.

Tak Kak b, ¢ yBCAHYECHHEM r}/ @Y MOHOTOHHO BO3DAaCTaeT, TO
aMILIMTY A MJAOTHOCTH TOKA MMeeT HaMMEHbllee 3HAUCHUE Ha OCH 1POBOLA,
H OTHOIICHHE AMMUMTYI TOKA Ha NOBEPXHOCTH NMPOBOMA H Ha €ro ocH
fyzaeT TeM 6oubule, ueM GoJblIE yrAoBas “acToTa -®, yAeibHas nposo-
IMMOCTh Y, MArHMTHas IIPOHMLAEMOCTh W ¥ paquyc npoBola R.

)

Uro xe xacaeTcst yria @0, TO OH TakKXe¢ MOHOTOHHO BO3pacTacT C yBC-

muenren 7/ opy, 1 B Tex ciydadx, Korma ri/ opy mocturaer 60ib-
WX 3HaueHuH, §asa NIOTHOCTH TOKA Ha HEKOTODOM paccTOAHHM OT
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OCH  MOXET OKa3aTbCl NPAMO NPOTHBONOJOKHOA ase NAOTHOCTH
TOKa Ha OCH, a NpH JanbHEHIEM YBEIMYEHHH 7 MOXET CHOBZ COBNACTD
¢ asoit m1OTHOCTH TOKa Ha ocH

B /270. H TaK Jdanee. 3aBHCHMOCTH Be-
5 o amuuH 8, :8, =>b, u B, or
rY/ opy namw ma puc. 184. Ha

% Al sge PHC. 185 npuBenenw BexTopH,
/1] XapaKTepH3yIollHe pacnpenesne-

P /1 1/ sgge- HM€ TIOTHOCTH TOKA nO BeaH-
2% / uiHe M dase BROJL pamuyca

o}y / /5g° TIPOBOZA, NDHYEM B KOHIE Kax-
|52 )4 / B IOr0 BEKTOpPa NOMEYEHO COOT-
aL|m / f2° BETCTBYlomtee 3Hauenue 7 J opy-
” /b‘m Bo u36exanue nexopasymenuit

é A e §o* CHedyeT OTMETHTb, 4YTO Ha pHC.
y 185 uzo6pamenn He mpocrpau-

4 ’ L/ 60° CTBEHHBHIE BEKTODH MJOTHOCTH
/ 4 TOKa, CKOTOPBIMH MBI BCE BpeMst

2 / // ——30° ¥HMeeM 1ejo0 B Teopud Noad, a
oy BPanalomHecs BEKTOPH, H306pa-

0 2 3 4 5 1§ 7 KalomHe CHHY COMIanbHble PyHK-
uud BpemenH. COOTBETCTBEHHO,
Puc. 184 YIALl MEXIY BEKTOpaMH Ha Iua-
FpaMMe TMpeACTaBAfIOT co60i0
yrasl caBura no ¢ase Bo

BpEMEHH. 8

PaccMorpenne pucys-
kos 184 u 185 npusoaur
Hac K TeM ke ofwuM ¢u-
3HUECKHUM NOJIOKECHUAM, KO- 2 0

TOpHE GBUIH YCTaHOBAEHH 4 4 -8 - 6] - -
BHIIe H KOTOpHE xapak- | J, 0\\\ : On
TEPU3YIOT ABJICHHE NIOBEDX- | 4 \ \\b\m\o/
HOCTHOrO 3(pdeKTa BO BCex -4 7 —
6e3 MCKMIOYEHHS Ccayuyasx. /
ONEKTPOMAarHHUTHast BOJHA —--8\ T

NPOHHKAET BHYTDb NpO- ‘\}-

BOJA 4YEpe3 ero nopepx-
HOCTb M3  guanexTpuxa, L, J
OKpPY#aroulero nposod. ITo

Mepe NPOHHKHOBEHHA BOJI- Puc. 185

ubl Bray6s npoBoma oOHa

NOCTENEHHO 3aTyxaer, ¥ AMINIATYIB HANPMKEHHOCTH 3JEKTPHUECKOTO
nOAR M, COOTBETCTBEHHO, IVIOTHOCTH TOKa YyG6wpaoT. IIpu sToM Ko-
Ze6aHus MO Mepe NPOHMKHOBEHHs Bray6b NpoBoxa Bce Gonee samas-
ABBAIOT N0 ¢ase nQ OTHOWEHHI0O K KojaeGanusm Ha HOBEPXHCCTH
npoBoJa. ‘
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- § 118. AKTABRHOE M BHYTPCHHee peaKTHBHOE COnpoOTHBIEHHA
MUAMHAPHUYECKEX HPOBOLOB KPYrOBOro ceveRuns

CornacHo cootHouwenuio (357), ycraHosaennoMy B § 110, umeem:

=7 ix, =—_1m¢_
i =T+jx; prA

rae: E,, v H,,— 3nauesns E, u H, Ha TOBEPXHOCTH NpPOBOI3, T. €.
npu r=R; [— nqauHa npoBONa H u==2%R — NepUMETP €ro CeHeHHA.
WUcnonbsys Beipaxenus (401) u (402) n cBasb 3,=17E,,, noaysaem

. ! ——— L (RY —jopy)
r+jx;=—== V—Jou — Sr——
IR V—jout W (RV —Jjop)

ConpoTHBJeHHE MPOBONA NOCTOAHHOMY TOKY DaBHO:

1
r =

CnenoBatenbuo: R
Zi 1yt RY =Jjopt JoRY —Jop1) (403)
ro 1o o - 2 Ji (R V-‘—j“’P"()

.
.
Tak xak / —j==¢ %, TO HMeeM:

Zi_rtjx; _ RV opt boe(iG ,—8,,)0-7) =% cjo
Lrdn = XK E(e o Pre “)—ro'e' (404)

r_zijcose x;__#sing
L} re ' To o

3nech b,, M by, — 3Hauenus MonyneHi b, u by n 8,0 H By, — 3nauenus
aprymentoB B, ¥ B; KOMNNEKCHBIX BENHYMH Jy(x¥) » Jy(x) npu r=R,
T. €. Ha NOBEPXHOCTH NPOBOIA.

Vron, Ha KOTOpHH 3ama3fnBaeT N0 ¢ase HANPMKEHHOCTh MarHHT-
HOTO T0AS OTHOCHTEABHO HANPTKEHHOCTH 3JEKTPHYECKOro noas Ha
NOBEPXHOCTH NPOBOAA, PaBEH

T

q)=30e_61e——4—-

OTHOUIEHHE BHYTPEHHEro KO3(QHIIHeHTa CAMOHHIYKIHH L, nps nepemes-
HOM TOKe K ero sHauenuio L;, npH NOCTOAHHOM TOKe HETPyAHO HaliT,
x.
€CAH NpHHATH BO BHUMAaHHE, 4YTO Li=;‘— H YTO COTNAaCHO BHIPaXEHHIO
(230) L;y== g—i Hmeem:

ﬂ_ﬁ__r.,___x,- l 8= _ X

Lo r0 ol 1 TREORL 1,

8
Ry 9
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g r x; L;
B HuxenmpuBencsHO#l TaGiMlUe H3aHE OTHOINEHHS —° et

7o’ ;;7 ,-(;’ I:;
M yron ¢ B 3aBucuMocTH OT R}/ apy.

|
r— zi | 0 I Y P L
RV sy Ty i ¥ Ty Ta | Ly,
, ‘
0 | 1 ‘ 0 ) 0 | 1
1, 1013 7,06 1,0001 01247 | 0,9976
2 1,180 t 24,01 1,080 0,481 ¢ 0,961
3 7 1,625 | 3581 1,318 0,951 L 0,846
1 2168 0 3929 1678 1373 | 0,636
5 1 2628 | 1039 2,043 1,737 [ 0,556
6 | 3180  4LIT 2,294 2,093 L 0,465
7 3679 | 4178 2,744 2450 | 0400
8 L1781 4293 3,096 2,814 I 0,352
9 1 4679 | 4257 3,446 3165 | 0313
0 | si7 I 4283 3,796 3,437 {0275

r Li
Ha puc. 186 npuseneHsl kpussie ;. W [, XapaKTepusymouine BO3-
[] i

pacTaHue aKTUBHOI'O CONPOTHB/EHHS NPOBOMA H YMEHbLIEHHE €r0 BHYT-
DCHHErO  KO3(MUMEHTA  CaMOMHAYKUMH "NIDH  yBEeJMYEHHH MapaMerpa

R y/wuy. Ha pucyHke npuBeleHa Takke KpHBas, Jaiomas 3aBHCHMOCTb
X

;’ OT TOro xe napaMerpa. Ilpu Oo0apluMX 3HAYEHMAX napameTpa x;
0
CTPEMHMTCH K 7. DTO MOXKHO yCMOTPETb M3 BhipaxeHus (404) n moMemeH-
HO#t B mpelsinymem naparpade Tabauub, conepkauiell 3HaveHus by, by, B,
b

b‘?f CTPEMHTCH
le

K eluHHue M pasHoctb B,, — B, CTPeMHTcs K n/2, a Cae10BaTelbHO,
yroa ¢ crpemutca K =/4. ITosromy coraacHo dopmyane (404), npu 60.b-

KX 3HAYEHUAX napameTrpa HMeEM

v 8,. Ilpy BO3pacraHuM napamerpa R]/mp.'y OTHOILEHKE

Lo /50
L N r — =
L, %% Zi_ RVewr J7T
9N Al L
08 L 40 7o
b ] L5 R/
N % n=nT2V
06 d A a0
N4 4TO COBMANAET C PE3yJbLTAaTOM,
04 ,$< pg TOayueHHsiM B § 111 mpu pac-
’ 1 I |"  cmorpennn cayyas peskoro mpo-
v e ~ ABJCHUA NOBEPXHOCTHOrO 3¢h-
02 /'x/ 10 dexra. JefictBuTenbHO, 115 NpO-
S BOJla KPYyroBOro ceueHus B Gop-
P R VGET Myae (359) Heo6xoaumO mOJO-
0 2 4« 6§ & W HHTE

S _TR_R
Puc. 186 u_ R 2
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Brenem ofo3naueHue B]/F o,
2 2 — e

Moxmo nath caeayioutie NpUGAMMEHHBIE BHIPAKCHHA 111 OTHOMICHHH

roxo, L
ry! ry Ly
| ’ <1 l %> 1 %2> 30
r 2t 1 3 I
- il —_ e -+ 0,26 2
m 113 “+ i tER * 0,255
21 2> 1
*i s M S B
T "% 64x
Ll l xi 1 .i_f‘\a,lv
L, G % 633 %

IpuBeneHHble B 3TOH TaGauue GOPMY b 15 MAALIX 3HAUEHHHA NapaMeTpa
% MOryT OBITH JErKO NOAy4YeHH, €CAH BOCINOAb3OBATHCA BHIPANKEHHEM
(403) u npuBeneHHBIMM BHIIe pAfaMH 1ag GecceneBBIX (PYHKUMA nep-
BOI'O POJa HyJeBOro M nepeoro nopsaaka. Ecmu » >30, To npm pac-
yeTe AKTHBHOIO COMNDOTHBACHUA NMPOBOAA €r0 YCAOBHO MOXHO 3dMEHHTH
3KBHBAaJEHTHBHIM TPYGUATHM IPOBOLOM € TEM XK€ BHEIIHHM DAIUYCOM H
PaBHOMEDHBIM DaclpefeleHHeM TOKa o ceyeHmio. Jas onpegenenus
TOMUHHB b CTEHKH SKBHBAJCHTHOro TPy6uaToro MPOBOAA, HA3BIBAEMOMH
MHOT1a IKBUBANECHMHOU 2AYOUHOUE NPOHUKHOBEHUS TOKA, HMeeM:

l l
W == ro/. == FRE——_ZX Y.
CnenoBareabHO:
p=R_1 2 __ 1
B A B T

§ 119. DieKTpPOMATHHTHOE 3KpPaHAPOBAHUE

Jlag 3ammMTH 37eMEHTOB 3/ACKTPHYCCKHX HeNeH, Hanpumep, KaTymek
CAMDHHIAYKUMH, 3/JeKTPOHHBIX 7NaMI, 3/1CKTPOHIMCPHTE/BHHX IPHOOPOB
M T. 1., OT BJHAHMA HA HHUX MEPEMEHHHIX 3JIEKTPOMATHUTHHX MO’
IIDHMEHAIOT MeTaJauuyecKHe 3KpaHbl. Ecan 3amumaeMbli saeMeHT Lenu

20 Teopua saeKrpoMard. HOAA
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OKPYXHTb CIJIOWHON Merannuueckoll o6onouxkoll, TO nmpH IOCTaTOUHOMN
ToAHHe OGOJOYKH BHEUIHEE 37MEKTPOMArHUTHOE NOJNE NPaKTHUECKH HE
6ylder OPOHMKATh B MOJOCTh OGOJIOYKH, YTO SCHO H3 NPOH3BEAEHHOI'O
BRILIE PACCMOTPEHHHA MpOolecca NIPOHHKHOBEHHKS 21EKTPOMATHUTHON BOJIHB
B mposoaaulyio cpeay. ITono6Hee 060104KH HOCAT Ha3BaHHE s2eKmpo-
MQZHUMHbX 9KpaHo8. SICHO, 4TO TaKOH 5KPaH OKA3BBAETCH TAKNKE
IIPAKTHYECKH HEMPOHHLACMBIM H 11 [IEPEMEHHOr0 3/EKTPOMArHHTHOrO
M0.18, CO3XaHHOrO 3JEMEHTOM 3JIEKTPUYECKOH LENH, 3aKIIOYEHHBIM B €ro
MOJ10CTH, T. €. 9KPaH 3aUIMUIAET TaKke BCE NMPHOOPH, pacio/0KEHHBIE
BHE €ro, OT BJHMAHHA NOJd, CYUIECTBYIOIEr0 BHYTPH HEro.

dusnyeckn skpanupyloulee neficTue MOMET OblTh O6BHACHCHO BO3-
HUKHOBEHHEM TOKOB B CTEHKAaX B3KpaHa, CO3MAOLIMX [0Je, KOTOpPOEe
KOMIIEHCHPYET HX BHI3BIBAIOMICE BHEWIHEE Moje. DTH TOKH MOTyT pac-
CMaTpPHUBaThCH KaK BHXPEBHIE TOKH.

Hna nonyuenus adpGeKTHBHOrO 3KPAHUPYIOLErO AEHCTBUS TOJIMHY
CTEHOK 3KpaHa HeO0XOAUMO B3ATb NMOPAAKA HECKOALKHX [JIMH BOJH A
B BemecTBe 3KpaHa. [eficrBurensho, B § 108 mMum  yGenusnch, uTo Ha
paccToAHHM, PABHOM JIIHHE BOJHH B NpPOBOASWIEl cpele, 3jeKTpoMar-
HUTHas BOJHA NPAKTHUYECKW MOJHOCTBIO 3aryxaer. Kak Buano nz 1a6-
JHUBI, TPUBEIEHHOA B aToM naparpade, npu uwacrore f=500000Hz
JNMHA BOJHB B MeOM mojyuaerca pasuoh 0,6 mummmerpa. IToatomy
MPH PaAMOYACTOTaX HET HeoGXOXMMOCTH PHMEHATH 1A 3KPAHOB (heppo-
MarHHTHBIE MATEPHAMB, KOTOpDHE HexelaTeNbHE BCAENCTBUE 3aBHCH-
MOCTH HX MArHHTHOH NPOHHUAEMOCTH OT HANMPIKEHHOCTH IMOJA H ABJIE-
HuA ructepesuca. OGBIYHO MPHMEHAIOT SKPAaHH U3  XOPOWO MNPOBOIA-
UIEro Matepuana, Hampumep, M3 MeAH uln amoMuuua. IIpu TexHuyecko#t
vyacrote f—>50Hz mexnnifi 3kpaH oxa3zsiBaerca 3PPEKTUBHBIM JHIUD
NpH 3HAYMTETLHON TOJIMHE CTEHOK, TaK KAK JJIHHA BOJHH B MEIH
npu 3TOH 4acTOTe MMEET MopamoK 6 caHTuMeTpoB. IIpn HU3KHX uvacTo-
T4X MOXHO BOCNO.Jb30BaThCA IKPAHOM H3 (eppOMarHHTHOrO MaTepHala,
B KOTOPOM 3JEKTPOMATHHTHAdA BOJIHA 3aTYXA4eT 3HAYHTEABHO OHICTpeE,
YEM B MENM, €CiiM, KOHEYHO, IOTEepH B (EeppOMarHUTHOM 3KpaHe He
NPenaTcTBYIOT €ro npuMeHeHuio. PeppOMarHHTHEIM 9KpaH oOKassiBaer
IKpaHUpylomee NEACTBHE M IIPH MOCTOAHHOM MAarHHTHOM MOJe, Kak 3TO
6n/io mokasano B § 51. TIpn nepemeHHOM TIOAE €ro 3KpaHupyloiee
NeACTBHE 3HAUHMTEALHO RO3PAcTaeT BCAEACTBHE NOMOIHHTENBHOrO B3Kpa-
Hupyoumero 3dheKTa TOKOB, BO3HHKAWIUX B CTEHKAX IKPAHA.

§ 120. O napameTpax 3JeKTPHUECKAX W MATHATHBIX lenei

ITpu ucene0BaHHH 3MEKTPOMATHHTHHIX SIBJGHHA B 3AEKTPHUYECKHX H
MarHHTHHIX Uenax OJHOH M3 OCHOBHBIX 3alay HBIAETCA YCTAHOBJAEHHE
MapamMeTpOB, XapaKTEPH3YIOIHX 3TH UENMH H OTACJALHLIE HX 3JACMEHTH.
Teopust snekTpuueckux uene#i 6asHpyeTcd Ha BBEJEHUH NAPAMETPOB
OTMENbHBIX YYaCTKOB UCIH, H3 KOTOPHX OCHOBHBIMH SIBAAIOTCA KO3(H-
UMEHTHl MHAYKuHMH, 37eKTPHUECKAd EMKOCTh H  3JEKTPHUYECKOE COMpo-
tupnenue. IlonaTns o eMKOCTH nian 06 WHAYKTHBHOCTH T€X HAM HHbIX
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5AEKTPOMarHATHBIX yCTPOUCTB, 06pa3oBaHHBIX CHCTEMAMH 3apTKEHHBIX
IIPOBOMAAIMX TEA HAM CHCTEMAMH KOHTYDPOB C 3JEKTPHHECKHMU TOKaMH,
HEOOXOMUMO TaKKe IPH PACCMOTPEHHH BONpOCa O SHEpruH, 3anaceH-
HOH B 3THX CHCTEMAX, M BOIPOCA O MEXalHM4ECKHUX B3aHMOLCHCTBHAX
MEWKAY 3INCMEHTaMH 3THX CHCTEM.

INMoMuMo yKasaHHBIX OCHOBHBIX MAPaMETPOB BBOIAT B paccMOTpEHHe
€HlC MHOMECTRO JpYrHX, HaXOJASIIMXCA B H3BECTHOH CBA3M C yKa3aHHBIMH
IapaMeTpaMH, WJIH UMEIOUIHNX CAMOCTONTe/NbHOE 3HaUCHHE. Tak, MarHuT-
HbiC LERH IPHHATO XapakTepu3oBaTh MX MArHUTHBIM CONPOTHBJIEHHCM,
DABHBIM OTHOIICHHIO MarHUTOABMIKYIUEH CHJIBl K MAarHUTHOMY MOTOKY B
pnenu. IIpM CHHYCOMIaJbHOM H3MEHEHHH MArHHTHOIO IIOTOKA MOXHO
BBecTH O0Jee OOILMI MapaMeTp MAarHMTHOH nen# — KOMIJIEKCHOE Mar-
HHTHOE CONPOTHBJCHHE, XapaKTepuayioulee TaKie M NOTepH SHEPrUH Ha
TMCTEPE3NC H Ha BHXPEBHIE TOKM B MarHUTHOH LEIH. IIpu uccaenoBaHuH
3MEKTPUMECKHUX lenefl NPH CHHYCOHZANBHBIX NEPEMEHHBIX TOKAxX BBOIAT
NOHATUA 00 AKTHBHLIX M pEAKTHBHBIX CONPOTHRJIEGHHAX H INPOBOMMMO-
CTAX YYACTKOR LENM, KOTOPEIE B MNPOCTEHIIHX LENAX HAaXOAATCA B
(PYHKUUOHANBHONH 3aBUCHUMOCTH OT MHIYKTUBHOCTEH, €MKOCTEH H CONpo-
TUBAGHUH OTHeAbHBIX 37eMeHTOB Hend. Ilpu cuHYcOWIafbHOM H3MEHe-
HHH TOKOR BBOIAT Takke OGoaee o0mHue nNapaMeTphl 3JAEKTpHUeCKOh
LIEHH — KOMIIIEKCHOE CONPOTHBACHHE H KOMIIEKCHYI0 NPOBOAHMOCTD.
MuorHe sneMeHTH Lenelt XapaKTepuUsyIOTCA MX CreuuuueckuMu napa-
meTpamu. Tak, Hanpumep, OCHOBHRIE CBOHCTBA TPEX3JEKTPOAHOR 3INEKT-
DOHHOIl JaMmbl ONpPCAEIAIOTCA HE TO/JBKO ee BHYTDEHHMM COMpOTHBJE-
HHEeM, HO H KO3(QHUUEHTOM YCHIeHHS. .

IToHatua o6 OCHOBHHIX MapamMeTpax, XapaKTCPH3YIOIMX 3JEMEHTH
37EKTPUYECKHX H MarHMTHBIX uemel, OWau JaHol B NEpBOH 4acTd H
pasBuTH BO BTOPOH M B TpeTbeHl 4acTAX Kypca. OnHako 43 Bcero pac-
CMOTPEHHOTO B TpeThel uacTy Kypca ciaelyeT, 4TO TOABKO Ijd CTaTH-
YEeCKHX MM CTAUMOHAPHBIX PEWMMOB BCEM ITHM [NapaMeTpaM MOXET
6LiTh IIPHAAHO BMO/JHE ONpENeNeHHOe 3HadeHHe U 4TO [pH IEPEMCHHBIX
Apoleccax HCII0/Ib30BaHHE HUX CYIIECTBEHHO OCJIOMHALTCA

Tak, Hanpumep, pacHpeieiEHMe MAarHHTHOroO no.aa OKOJO Kakoro-
an6o 371eKTPHYECKOTO KOHTyPa NpH 3aJaHHOM 3JEKTPHUCCKOM TOKE B
KOHTYpE 3aBHCHT HE TOJbKO OT GOpPMb KOHTYPa, HO H OT pacmpele-
JEHHA TOKa BHYTPH NPOBOMHHKAE, OGPA3yIOMiero KOHTYP. Toasko mnpu
HOCTOAHHOM TOKE pPacnpeneieHHe TOKa NP 3aJaHHBIX 3ACKTPHYECKHX
CBOMCTRax IMPOBOJHMKA OJHO3HA4YHO OnpeacaseTCs reoOMeTpuuecKoi
¢dopmoit npoBoanuka. COOTBETCTBEHHO, TO/ABKO IIpH NMOCTOSHHOM TOKE
TakOH BaXHCHIMHA napaMeTp 3JCKTPHUYECKON LenH, Kak €€ HHIYKTHR-
HOCTh, BIOJHE Onpeleadercsl MpH 3aJaHHBIX MATHHTHBIX CBOHCTBAX
CpPelsl TeOMeTpUUeCKMMH pa3MepaMu d  (OpDMOfi KOHTYpa UEIH. Ilpu
H3MEHEHHH TOKa BO BpeMEHH H3MEHAETCH pacnpeleneHde TOKa no ceuz-
HHIO NPORO/JHMKOB, OGpa3yloilMX KOHTYP TOKd, H COOTBETCTBEHHO H3ME-
HAETCA pacnpelesieHHe B NPOSTPAHCTBE MArHHTHOrO MHOTOKAE, CUCHJEH-
HOTO C KOHTYpPOM, a ciae/loBaTe/AbHO, H3MEHAETCA H KO3(uuMeHT CcaMo-
HHIYKUHH KOHTypa. Tak, mMpH NEPHORMYECKHX MPOUECCax, KaK Mbl HME/AH

..
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BO3MOXHOCTL YGEOUTLCA B HTOf IlaBe, 3/1eKTpHUECKHl TOK pacmpene-
JisleTcsl NPEHMYUIeCTBEHHO B IOBEDXHOCTHOM CJ0Oe€ IMPOBOJHHKA, YTO
‘BEIeT K OC/Aa6NECHHIO MarHHTHOrO MOJS BHYTPH NMPOBOLHHKA H K YMEHb-
MIEHHIO KOS(QHUHEHTa CAMOHMHAYKUHMH Uend. [IpH CHHYCOHIAJbHOM TOKE
KOS(HIHEHT CaMOHHAYKUHH sBJfgeTc (PyHKUHEeH yrioBOH 4acTOTH TOKa.
Ilpn HecHHyCOHAa.LHOM MNEPHONHYECKOM TOKE OH, OYeBHAHO, Gyner
ABnATbC QyHKUHEH Gopmbn KpHBOH TOKA. JIpH HENEPHOIMUECKHX H3Me-
HEHHSX 3EKTPHUECKOro TOKAa KOIDHIHEHT CaMOHHAYKLUHH, IPHHIHIHAIBHO
rosops, Gyner fABaATbCA, XOTA On MO OZHOH TOJBKO YKa3aHHOW IIpH-
YHHE — HEPaBHOMEPHOCTH paclipeje/ieHHs TOKa B IPOBOJHHKE, — C/I0%HON
dbyHKLHEH BpeMEHH.

CkasanHoe OTHOCHTC/bHO 3aBHCHMOCTH KO3(HUHEHTa CaAMOMHIYKIHH
OT CKOPOCTH H3MEHeHHs TOKa OTHOCHTCA B eule Goubliel Mepe K
AKTHBHOMY COMNpPOTHBJEHHIO mpoBoaxuka. CTporo roBsops, 3TH cooGpa-
WEHHsS OTHOCHATCA H K MOHATHIO O €MKOCTH KOHJEHCaTOpa, TaK Kak
HEPaBHOMEPHOE pacnpefencHHe MEePEeMEHHOro TOKa Mo IUHpHHe OOK.1a-
JOK KOHJIEHCATOPa MO/KHO BH3HBaTh NEpepacnpene/CHHE TOKa 32JieK-
TPHYECKOro CMEUIEHHA B AH3/CKTPHKE, a CJEeHOBaTeNbHO, MPHROMHTbL K
HEKOTOPOMY H3MEHCHHIO EMKOCTH KOHIEHCaTopa.

B cBfi3H coO BceM CKa3aHHHM HeOGXOOHMO O6pAaTUTh BHUMAHHME Ha
cremyloniee ocHoBroe nosoxeHde. C OTMEUEHHHM O06CTOATEILCTBOM —
pacnpejesieHHeM NEePEMEHHOro TOKa B MPOBOJHHKE, OTIMYHBIM OT pac-
NMPEACJNCHHs MOCTOAHHOrO TOKA, — MPAKTHYECKH IMPHXOIHTCH CUYHTAThCA
TOJMBKO [PH NOCTATOYHO GBICTPO H3MEHSIOUIMXCA TOKAaX, XOTH MPHH-
UHIHAJIbHO 3TO OGCTOATEABCTBO HMEET MeCTO NpH 060 ckopocTH
H3MeHeHus toka. Kpurepuem Toro, cieayer Jd cuuTaThcsi € 9THM  06-
CTOATC/BCTBOM, SIBJSETCA COOTHOIECHHE MEXKIY MPOMEXYTKOM BPEMEHH,
HEOGXOIUMBIM 1711 POXOXKICHHS FIEKTPOMaTHHTHON BOJHA BHYTPb IPO-
BOMHHKA OT €ro MOBEPXHOCTH 1O LEHTPAJbHBIX dYacTeH MONEpeyHoro
CEYCHHA, H MPOMEXKYTKOM BPEMEHH, B TEUEHHE KOTOPOro TOK B Mpo-
BOTHHKE YCNeBacT H3MEHHTHCS HA 3aMETHYIO BEJHYHHY II0 CPaBHEHHIO
CO CBOMM MaKCHMajibHHM 3HaucHHeM. JeHcTBUTENBHO, Mbl BHAETH, YTO
3-1IGKTPOMArHHTHAsl BOJHA NMPOHHKAET BHYTPb MPOBOJHHKZ CKBO3b €ro
NOBEPXHOCTE H3 OKPYIKAIOUIEro MPOBOAHHK MHIJIEKTPHKA H 4TO sIBJjE-
HHE TOBEPXHOCTHOro 3¢¢exTa OOGBACHACTCS TEM, 4YTO MNepeMeHHas
9JIEKTPOMArHHTHAsl BOJHA 3aTyXaeT MO Mepe MPOHUKHOBEHHS BHYTPb
nposofauiell cpefnl. IIpH nepHoIHYECKHX MpPOLECCAX YKa3aHHBIM KPU-
TepHH CBOJMTCS K COOTHOIUIGHHIO MEXIY MJIHHOI 3JICKTDOMATHUTHOI
BOJHEl BHYTPH MPOBOJHHKA M JIHHCHHHIMH pa3MepaMH MONEPEYHOro
CeuenHsl mpoBoanuka. EcaH gausa BOJHB B NPOBOAAIIEH cpele HMeeT
HOpAZOK uA# Mesbllle JTHHEHHBIX DPA3MEPOB MONEPEYHOrO CEYEHHS MPO-
BOIHHKA, TO fIBJIEHHE MOBEPXHOCTHOrO 3d¢eKTa CTAHOBHTCA 3aMETHHIM.
Mul BHIeaH, 4TO J/MHA 3NEKTPOMArHHTHON BOJHMLI B MPOBOIsmIeH cpene
Jaxe MNPH CPAaBHUTEJbHO HH3KHX 4acTOTaX BechbMa Hese.dnka. CooTBert-
CTBCHHO MONyyaercsl HE3HAYHTENLHOH U CKOpPOCTh paclpOCTpPaHEHHS
aAMIVIHTY B 3JEKTPOMATHHTHOH BOJMHH B MPOBOJsiiell cpele, onpeje-
- dsleMoit H3 cooTHOWeHHsd ¥ ==)/T, aHaJlOrHYHOro COOTHOMIEHHIO, KOTO-
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PHIM Mbl [O/b3yeMCA TDH HCCJENOBAHHH BOJIH B nuagektpuke. Tak,
HanphMep, Aad mciH mpr f=050Hz corsacHo JaHHLIM B § 108 moay-
yaeMm v:)f:5,9-50_,-295 cm/sec, a Jiaa Kedesa npu 3ITOH Ke
yactoTe umeem ©-—=~0,45-50=22,5 cm/sec.

Mpl Hauajqd paccMOTpEHHE BOIpOCa O MapaMeTpax nenell mpH mepe-
MeHHBIX TOK4X C aHanu3a BIHMSHMA Ha BEJMUHHBH 3TUX [MapaMerpos
TIpOleccoB, NPOMCXOALUIMX BHYTpU MPOBOLHHKOB, IIOTOMY uTC 3TH PO~
llecchl COBEPLIAIOTCA MEIJCHHO M HX IPHXOIMTCA YUMTHIBATH YKE npH
CPAaBHHTEJBHO MeJ/ICHHBIX HBMCHEHHAX TOKa. Bonpoc o mapamerpax
llemu eme Goablue OCAOKHAETCHA, KOrJa TOKH M HANDMKEHWA B 1lCIH
M3MEHAIOTC CTOAb ObICTPO, YTO 33 BPEMsl 3AMETHOrO HX H3MCHCHHA
3]eK TPOMAarHHTHBIE BOIHB HE YCMEBAIOT PacnpoCcTpaHMThCA - B IH3JIeK-
TpUKe BLOAb Bcell LEnH. CKOpOCTb pacnpOCTPaHEHHs IICKTPOMArHHTHLIX
BOJH B IM3JEKTPHKC BO MHOrQ pa3 Ooubllie NpHUBEICHHBLIX BLILIE 3Ha-
yennil CKOPOCTH B NPOBOJsAIIEH cpede; HampuMep, B BOIAYXC OHa paBHa
3-10%m/sec. IToaTOMy yuuThLIBATB KOHEYHYI CKOPOCTH pacnpocTpate-
wusi BOJIH B [M3JEKTDHKE IPH He OUEHb NMPOTHNEHHBIX UENAX I[IpHXO-
AMTCA JHMIIb IIpH BecbMa OBLICTPHIX H3MEHCHUAX TOKa H HanPAKEHHI.
B Ttex cayuasax, KOrfla MOXHO He CUHTATbcAd C KOHEYHOH CcKOPOCTbIO
pacIIpOCTPaHEHHA BOJIH B IMIJIEKTDHKE, JICKTPHUCCKYIO 1enb Ha3LIBAKOT
LeMbi0 C COCPEJOTOUYEHHEIMH MapaMeTPaMH. [pu nepHOOUYECKHX IIPO-
neccax KpHTEpHEM [OMyCTUMOCTH PacCMOTDEHHA 1ICIH, KaK lemd ¢
COCpEIOTOUEHHbIMY MMapaMeTpaMy, fBIAETCA MaiOCTh JIMHEHHBIX pa3Me-
poB Lelld ¥ ee 3JCMEHTOB IO CpaBHEHHIO C JJMHOH 3JeKTpPOMarHUTHOH
BOJHB B Au3djexTpure. [Ipu uyactoTe f=50Hz na¥Ha 371eKTpOMArHHT-
Mol BOMHL B BO3AyXe DaBHa ’=3.108/50 = 6-10°m = 6000 km.
Tloatomy mpu 3TOH 4acTOTE 06bIYHbIE 3JEKTPOMAarHHTHLIC ycTpO#icTBa
¥ 3MeKTpUYECKHE 1(elIH, 38 UCKIIOUeHHEM JIMHHBIX AMHME nepelayu, pac-
cMaTpuBalOTCi Kak oGnalaioniue COCPEHOTOUCHHLIMH  [apaMETPaMH.
Tlepdoapuyeckye MPOUECCH B HHX 4acTO HA3LIBAIOT KBa3HCTaLlHOHADHbIMH
HpOLEecCAMH.

Eca# 1leNb MOXHO paccMaTpHBaTh, Kak 004aJaiollylo COCpeloTo-
YeHHBIMH NapaMeTpPaMy, HO IIPUXOJHMTCH YUMTHIBATH ABJICHHUC nOBEpX-
HocTHOro 3¢ddekTa, TO BBOMAT MOHATHE 00 3KBHBAJEHTHLIX [lapaMeTpax
nend. JTr 3IKBHBA/JGHTHBIE IlapaMeTphl 3aBUCAT yae HE TOJABKO OT
reoMeTpHYECKOH KOHGUIypallHH 3JEMEHTOB weld H 3JIeKTPHYECKHX H
MAFHMTHLIX CBONCTB MaTepHAaJOB H Cpell, HO ¥ OT CKOpPOCTH HpOHCXO-
AAuEx B 1eny npolieccoB. [loHATHA 06 3KBHBaNEHTHLIX MapaMeTpax
o6bluHo eme 6ojee pacWMPAIOT, BKJIOYad B HHUX BJHAHUC pas3IHIHBIX
daxTopos. HampuMep, npu olipelencHuH KBHBAJCHTHOrO KO3(hHUHEHTA
CaMOHHIYKIMH 1lelH, KaK Obl10 OTMEYCHO B nepsofi 4acTH Kypca, Nnpu-
HUMAIOT BO BHHMAHWG BJMSHMe BHXDEBBIX TOKOB, KOTOpble BO3HHKAIOT
B pacnoJOMXeHHbLIX BOnM3H OT NMPOBOLHMKOB 1ICIH MaccHBHBEIX IIPOBO-
IHNIMX TeAaX, ¥ BJAMAHHE HaMarHHYeHHOCTH Cpell. Mocaeanee oO6cTORA-
TeabcTBO B caydae (eppPOMArHHTHHIX MaTepHalOB NPHBOIMT eme K
3aBMCHMOCTH KOS(QHUMCHTA CaMOKHIYKUMH OT CW/bl TOKa B LCMH, T. €.
UPHBOIMT K HCJAYHEHHBIM CBA3HM. BBCACHHC IKBUBAICHTHBIX 1apaMeTpos
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LENMH BO MHOTMX CAy4asX MO3BOJAET C AOCTATOYHOM TOYHOCTBIO MpO-
H3BOIMTbL PACYETH KBA3HCTAUHOHADHLIX NPOLECCOB, NOAB3YACh METO-
AaMH, aHaNOrHYHBLIMH METONAM, HCNO/L3YEMBIM JUI PAacyeTa CTAHOHap-
HHIX MPOUECCOB. SIDKHM NPHMEPOM 3TOTO CAYKHT CONOCTABACHHE METO-
J0B  pacyeTa CAOKHBIX 3NEKTPHYECKHX UEMeH ¢ COCPelOTOYEHHLIMH
MapaMeTpaMH MpH NEPEMEHHOM TOKe (CHMBOAMYECKHA MeTOa4) M NpH
HOCTOSIHHOM TOKe.

Ecau npoTsaxeHHOCTb 9/EKTPHYECKOH! Lienu CTOAb BeMMKa, YTO npo-
MEKYTOK BPEMEHH, HECOOXOAMMBIA I NPOXOKICHHS 3NEKTPOMAarHUTHOM
BOJHLL BIIOJIL LUEMH, CTAHOBHTCA CPABHHMBIM C NMPOMENKYTKOM BPeMEHH,
B TCUYCHHE KOTOPOTO TOKH HAH HAanPMKEHHA B OTAEALHHX YYacTKax
UCMH  yCNEBAIOT 3aMETHO HM3MEHHTBCA, TO TaKYl0 LENb yXe Heab3s
XapaKTepH3OBLTL COCPEAOTOYCHHBIMH NapaMeTpaMu. B npocreiiwem
Cay4ae, KOrjia Lenmb MMeeT GOABUIYI0 NMPOTAXEHHOCTh /HIL B OTHOM
HanpaB/lCHHH, BBOLAT MNOHATHE O NAaPaMeTPax, pacnpenefeHHMX Mo
LavHe uend. IIpHMEpOM TakHX uenefl ABASIOTCS HCCAGIOBAHHBIE BO
BTOPOH YaCTH Kypca IJMHHbE AHHHH. JIpyrum NPHMEPOM MOryT Cay-
HKHTb OGMOTKH TPaHCHODPMATOPOB M 3NEKTPHUECKHX MaIl¥H, KOTOphle
TPY pacnpOCTPAHEHHH BIOAbL HHX BOJH TOKa H HANPSKEHHA C JAHTEND-
HOCTLIO, M3MEPHEMO MHKDOCEKYHIaMH, MO/MKHB pPacCMaTPHBAThCH KaK
UeNH ¢ pacnpene/eHHbIMH napameTpaMu. Jlas XapakTepHCTHKH 10.106-
HHIX LENe#l BBONAT NapaMeTphi, OTHECEHHBIE K CIMHHLUE [MHG Ieny.

OnHaKO M 3TOT METOX CTaHOBHTCH yie HEBOMOXHLIM B Tex cay-
Hanx, KOTNA J/IMHA S1EKTPOMarHHTHOH BONHH B JHSJEKTPHKE CPABHHMA
C pasMepaMu yCTPOHCTB BO Bcex HanpamaeHusx. C TakMMH  yCIOBHAMH
Mbl BCTPEHACMCA B TEXHHKE YIALTPAKOPOTKHX BOMM, [IHHH KOTOPbIX
HSMEPAIOTCA CAHTHMETPAMH H KOTOPHIE HAXOAAT WHMPOKOE HpHMEHEHue
B COBPEMEHHOH pamnoTexnuke. [Ipu cToab GLICTPLIX npoueccax ymxe
HCBOSMOKHO XaPaKTEPH30BaTh YCTPOHCTBO ONPELE/NCHHLIMH MapaMer-
PaMH: KO3GhHUMEHTOM CAMOMHIYKUMH, EMKOCTbIO H CONPOTHRIACHHEM.
HeBo3MoxHO roBoputh Takxke u 0 napameTpax, pacnpelejeHHLIX BIOJb
K2KOro-To 0IHOT0 HanpawjeHus. DAEKTPHUECKHE KOAeGaTebHble CHCTEME
NpH CTOJL KOPOTKHX BOJHAX MPHOOPETAIOT BechbMa CBO206pA3HbIf BUI —
9TO NOJHE META/IMYECKHE Teaa, BHYTPH NOJOCTEH KOTOPHIX BO36YK-
A4I0TCA SNCKTPOMATHUTHBIC BOHBI B NH3JCKTPHKE, MHOTOKPATHO orpa-
HAOMMECH OT CTEHOK Ted. B Takux cucTemax BO3MOKHa HacTpo#HKa B
DC30HANC, NpHYEM DE30HAHCHBIE YacTOTH ONpelesioTcs pasmepamH u
¢opuo#t Ten. BecoMa untepecuyio cBoeo6pasHylo ¢opmy, Kak Gbli0
paccmoTpero B §§ 105 u 106, npunumarot NPH CTO/Ib KOPOTKHX BOJHAX
M YCTPOHCTBA, CAyKallME HAs Nepelaud 3JeKTPOMArHHTHOH IHEpruy,
NOAYUMBIIKE Ha3BAHHE BOJHOBOIOB. ITO — META/IHYECKHE Tpy6ui,
BHYTPH KOTODLIX PacHpPOCTPAHAIOTCH 3JEKTPOMATHATHbIE BOJIHb B Hanpas-
JeMHd oce#l Tpy6. IT0 OTHOIEHHI0O K NOKOGHbIM YCTPOHCTBAM 3aTpynHu-
TEALHO NMPHMEHEHHE MOHATHA 06 JEKTPHYECKON wnENnH B ero OGbYHOM
cMbicae. Jlas pacyeTa 34eKTPOMArHHTHLIX MPOLECCOB B NOIOGHBIX CHCTE-
Max HEOGXOIMMO NpuberaTh K permeHHIo YPaBHEHHH 3JCKTPOMArHHTHOrO
J10-1 € YUCTOM COOTBETCTBYIOUIUX [PaHHYHLIX YCI0BHH,

.
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T'zaasa odecamasn

CWJIbL, TPOSIBIISIIOLMECS B 3JEKTPOJAUHAMHYECKHUX
CUCTEMAX

§ 121. O6mee BhHpaxkeHnue ANS MeXaHHYECKHX CHA M IAS SACKTPO-
ABHXYIMX CHA B 3NEKTPOAMHAMHYECKHX CHCTeMax

VCIOBUMCA HAa3HBaTh JIOGYI0 CHCTeMy, OODA30BAHHYIO KOHTypamu
C 9ACKTPHUECKMMH TOKAMH M 3ap/MEHHBLIMH 3JEKTPHUYECTBOM TeIaMH,
anexmpodunamuseckol cucmemoll. B TaKoh CHCTEME MOryT BO3HHKATh
MEeXaHHWUYECKHE CH/b, CTPEMslMECH H3MEHWTh [EOMETPHYECKHE KOOpIM-
HATHl CHCTEMbI, W SJEKTPOABHKYIIHE CHJbl, CTPEMAHEC BLI3BATh 31EK-
TPHUYECKHE TOKH B CHCTEMe.

B Tex ciayyanx, KOrjia OCHOBHHIE MAPaMETPH 3JEMEHTOB CHUCTEMH,
a MMEHHO EMKOCTH H MHIYKTMBHOCTH, BIOJIHE MOTyT GbiTh ONpeaejeHbl
10 FEOMETPHYECKOH KOHQWIypaluu W pasMepaM STHX 3JEMEHTOB, MOKHO
NpeNIOKUTh BecbMa OGLIMH METOI PacyeTa MEXaHHYECKHX CHI H 3JC-
KTPOABWKYLUMX CHJI, MPOABIAIOLINXCA B TMOJOGHOr0 PONA CUCTEMAX.

B nepBoif uacTH kypca GuliM JaHbl BIDAKEHHA A BO3HHUKAIOUIMX
B CHCTEME 3apfKEHHbIX Tl MEXaHMUECKHX CHI B BHAE TPOU3BONHHEIX
or sHepruu W, 5]EKTPHYECKOr0 MOJA MO KOOpAWHATE g, KOTOPYIo
CTPEMHTCA HM3MEHWTb DPACCMaTpHBaeMafd CHAA, IDTH BHIDAKEHHA HMMCIOT
sua (4. 1, § 26)

j:-—— (_d_‘v_e) S ‘/aWe
og /) q

p=const ' \ 0g > Uy, = const’ (406)

Hnnexc ,q, == const* 03Hauaer, 4TO INpPH B3ATUH NPOU3BOAHOK cJe-
AyeT Bce 3apaibl CYHTaTh NOCTOAHHHMH. MHiek: » U, = const“ 03Ha-
yaer, 4TO MpPY B3ATHH MNPOM3BOAHOH cjeaAyeT Ino.JaraTh MOITOAHHBLIMH
9/eKTPHUECKHE MOTEHLMAIB BCEX TeJ.

AHajoruuHsie Bbipaxenua Goiam monyuenst (4. I, § 96) man mexa-
HMUCCKMX CMJ, BO3HMKAIONIMX B CHCTEME KOHTYDOB C 3JEKTPUYCCKHUMH
TOKAMHM, a MMEHHO:

oW, ow
=41 (52 —_— {
7 : ( og )ik == const ( og )q.-k — const * (407)

npuyem W, — sHeprus MaruutHOoro noast. MHiekcw wip =const u
, W, = const“ 03Haual0T, YTO NPH B3ATUH MNPOM3BOMHBIX CJEAYCT I10-
AaraTh TOCTOAHHLIMH CHJIbL TOKOB B KOHTYPaxX WJM, COOTBCTCTBEHHO,
MOJHbBIE MACHHTHHIE TMOTOKH, CUEMAAIOIHECH ¢ KOHTYypaMmu.
PaccMaTpuBaa 1A OHDEIEJEHHOCTH CHAy fj, CTPEMALLYIOCH HIMEHHTH
KOODIMHATY g, CHCTeMbl, 6yneM HMETh 1A CHCTEMU 3aDAKCHHBIX TeiL

E’.Ye_) — 1 [9We)
g, gp=cont  * \0g1 JUp =const #

fi=— ( (408)
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H g CHCTCMblI KOHTYpPOB ¢ TOKaMH:

(32

ip = const _

— ("W’" (409)

0g1 )‘I’k=coﬂst_'

Bo Bcex 3THX BHpaweHHAX g ecTh OGOGIEHHAS TeOMETPHUYCCKAS
KOOpIMHATA CHCTEMBb M f— 0600mEeHHas MexaHuueckas cuaa (4. [, § 26).

OueBUIHO, OnHU 2eoMemputeckue KOOPOUHAmMH W WX IPOU3BOLHBIC
1O BpEMEHH, T. €. 2eoMempuieciue CKOpOCMY,  HEXOCTATOUHBL,
yTOGb MOJHOCTBIO  OXAPAaKTEPHU3OBATb BCE  (DUIUUECKUC TIPOLECCHE
B 3JEKTPOIMHAMHYEGCKHX cucTeMax. Heo6xonuMo BBecTH emie Be-
JMYHHBI, XaPaKTEPUSYIOUIHE 3/eKTPUUECKOE COCTOAHME CHCTEMBI M CKO-
poCTb €ro u3McHenuA. Maxceenn NpPemJOKUA PAacCMATPHBATL KO/Mde-
CTBA 3JEKTPUYECTBA ¢, NPOTEKIIME CKBO3b MONEPEYHBlE CEYEHHT KOHTY-~
pOB- TOKAa OT HEKOTOPOrO HAYaJbHOrO MOMEHTA BPEMEHH H, COOTBET-
CTBEHHO, 3JEKTPHYECKHE 3aPSANLl Ted, KaK dtexmpudeckue KoopouHamss
CHCTEMBL. JlefiCTBUTENbHO, KOMHYECTBA SJAEKTPUYECTBA, IPOTCKIUING CKBO3b
NONEpPeYHble CeueHHs NPOBOLHUKOB, XaPAKTEPH3YIOT IMPOABHKEHHE BD/CK-
TpuyecTBa B UeNMH. TOYHO TaKe 3/7eKTPHYECKHE 3apsmbl TEl XapaKTe-
PHSYIOT 3JEKTPHYECKOE COCTOSHHE CHCTEMBbl.

IIpn TakoM BHIGOPE 3JEKTPHUECKMX KOOPAMHAT CHCTEMbl MX TEPBbIE
MPOM3BOAHEIE NO BPEMEHH, T. €. CHJIHl TOKOB B KOHTYpax, OyayT
NDENCTABAATh COGOI0 dsexmpudeckue CKOPoOCmu.

MoxHO 6bi10 6B 17 XaPAKTEPHCTUKH 5NEKTPOMACHHTHOTO npo-
lecca B 3JEKTPONMHAMMYECKOH CHCTeMe M30paTh B KauyecTBEe KOODAMHAT
M NpYrue BEJMYHHB, HANpUMED MarHuTHele nOTOKM ¥ B . KOHTypax.
Torma cxopoctaMu sBumMch Gbl MepBHle NMPOU3BOIHBIE MO BPEMEHH OT
MarHUTHHX [IOTOKOB, T. €. 3JEKTPOLBHXKYUlHE CHIB B KOHTypax.

Bo3MOxHOCTb BBIOpaTh B PaBHON Mepe B KauecTBe KOOPHHMHATHI,
X4paKTepU3ylouLel 31eKTPOMATHHTHOE COCTOSIHME CHCTeMsl AHGO g, aubo
W, ceasaHa ¢ Teu, YTO BCAKOE 3NEKTPHYECKOE HIH MATHHUTHOE ABJCHHE, pac-
CMaTPHBAEMOE B UEJIOM, BCEr A ABJAAETCA CAOKHBIM 37EKTPOMATHUTHLIM fB-
neHMeM. Msbl u3bepeM nad HajbHEHLIEro PpAacCMOTPEHHMA B KauecTBe
SAEKTPHYECKHX KOOPAMHAT, ONPEACIAIONNX 3JIEKTPOMATHUTHOE COCTOAHUE
CHCTEMBI, KOJMYECTBA 3/EKTPHYECTBA ¢ W, COOTBETCTBEHHO, B KauyecTBe
3MEKTPHYECKHMX CKOpOCTell By/eM paccMaTpuBaTh SAEKTPHUECKHE TOKH i

IIpu TakoM BbIGOpE 37EKTPHYECKMX KOODIAMHAT M CKODPOCTEH ecTe-
CTBEHHO B pasenctBax (406), (407), (408) u (409) BOCHOABL3OBATHCH
NEpBLIMU BhIPAXEHHAMH /1 CHABL, CHAGKEHHBIMH HHIEKCAMH , ¢, = const®
W ,i==const‘. YcaoBuswmuch B 5TOM, GyAeM B JaibHeflileM ONYCKATb
3TH HMHIEKCHI.

Ecin B obmem ciyyae NpoOBORHHKHM HEKOTOPOro KOHTypa, CKamem
NEPBOrO, OOTEKAIOTCA TOKOM i M ORHOBPEMEHHO HECYT CBOGOMHBIM
3apaAn gy, TO DE3yAbTHPYIOULAss MEeXaHWYECKad cuna, pmEHCTBylomas Ha
NMEpPBLIA KOHTYD, TMPEACTABATCA B BMAE CyMMbl CHJ, ONpPEAC/HACMBIX H3
Bripaxenuil (408) u (409), 1. e. GyseM nNpU 5TOM UMETbH!

oW, oW, |
Tt g =Tt g (W — W), (410)
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Q606uieHHas . CHAd JOMKHA YIOBJAETBOPATH TPefoBaHHi, 4TOOLI
TIpOM3BEACHHE €€ Ha MPHDAUIeHHE CcOOTBeTCTBYyIomel o6obienHol KO-
OpPOMHATH Bhpawaio paboTy. OOGOOMICHHLIM FCOMETPUUECKHM KOODPIM-
HaTaM COOTBETCTBYIOT 000GuleHHbie MeXaHHueckue cuanl, O6o6umieH-
HBIMM CHJAMH, COOTBECTCTBYHOMMMH M3GPaHHHIM HaMy OGOOLICHHLIM 3Jje-
KTPUYECKHM KOODIHHATAM ¢, SABJSIOTCA 3SJEKTPONBHXKYIIHE CHIM €.
JleficTBuTeabHO, npousBeacHuc e na dq Bmpawact coGowo pabory dA:

e-dg =dA.

DEKTPONBHKYIIME CHJIBI, UHIYKTHPYEMbIE B KOHTYDAX NPH M3MEHE-
HUH MACHHTHOIO MOTOKA, MOMXHO BHRIDA3HTh 4EDE3 JHEPIHI0 MATHUTHOIO
oA, DHEPruaf MaCHHTHOTO MOJR CHCTEMBI 74 KOHTYPOR ¢ TOKAMH MO-
WeT GuiTh NPENCTABJCHA B BHIE:

i

e '}" M n-—l,nin-lin' (41 l)

1 . 1 . ) .. . .
Wp=- Ly*—+ »2~L.212" oo Myglyly -+ Myl - .

CocTaBuM uyacTHYIO mpousBogHyio or W, o TOKYy {; B ICPBOM KOH-
type. Iloayyaem:

oW, A , - ‘ ,
6i1m =Ly Myais - Mygiy . .=~ My,ip (412)

B npaBoit yacT MOC/CIHHErO PaBEHCTBA MBI MMEEM CyMMYy IOTOKOB
CAMOHH/IYKLIHM ¥ B3aMUMHOH HMHIYKIMH, CUEIICHHBIX C IICPBLIM KOHTYPOM,
1. e noaumifi notox W, cuenasmomuiics ¢ nepsuiM koutypom. Cieno-

BaTE.IHHO!:
. aw,
§o=-_" 41
=" (413)
TakuMm 06pa3soM, MHIYKTHDYEMas B [EDPBOM KOHTYPe 3. A. C. MOWET
ObITh IIPEACTABJICHA B BHIC!: -
dv d oW,
e ——— == — - = (414)
dt dt oi,
DneKTpuueckue NOTCHUMAILI B CHCTCME 72 3aPMKEHHBIX Tl MOMHO
CBA3ATH C 3HEPrued 3JEKTPHUYECKOrQ 1101 CHCTEMBI.
Jlia 3Hepru¥ 3.JICKTPUYECKOTO HOJA HMEEM BbiPAMEHHC!

1t

k=n

O e T
E=1
e 901gs - 23q1g3 - - T G0 (415)

KOTOPOE JerKO NOJYYHTh, UCHOA630BaB  ypaBHenua (117), mpuseleHHBE .
B § 40, ¥ npuHAB BO BHUMAHHE HE3aBUCHMOCTb MOTEHIHANLHDLIX KO3(H-
LIMCHTOB OT IIOPANKA HHIEKCOB, BRIPAMAEMOC PABEHCTBOM djpp == Tpp
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Bosbmem uacTHyio npoussoauyio ot W, no 3apady NepBOro Tela.

IMoayunm:

oW .
“aﬁ:axlq1+“1eqe STRLTEY/ E SPPNES S (416)

Ilpasas uacTe RocaeaHero paBeHcTsa npeAcTaBadeT co00I0 MOTeH-

unan U; nepsoro tena. CiexoBaTenpHo:

W

U= -+, (417

1 aql . )

BBoas BHYTpeHHIOO 3. A. C. e,, PaBHYIO H IPOTHBONOAOKHYIO U,

MOJOGHO TOMy, KaK Mbi BBOQMAH B DAaCCMOTPEHHE BHYTPEHHIOI 3. I. C.

ec KOHIEHCATOPAa, DPaBHYI0 M IIPOTHBONOJOKHYIO HANPSKEHUIO ¢ Ha
ero saxumax (4. lI, § 1), Gynem umers:

W,
5’1="~§q'f- (418)

B cayuae, ecan 8 KoHType JeHCTBYCT M 3. . €. THNA BHYTpeHHeh
9. 1. €. KOHIEHCATOpa H 3. 1. C., HHAYKTHPYEMas NEPEMEHHBIM MarHuT-
HbIM IIOTOKOM, HalpHMEpP, ecad KOHTYpP 06pasoBad INOCIeq0BATEALHO
BKJIOUEHHbHIMH KOHIEHCATOPOM U KATYyWIKOH CAMOMHAYKIIHH, TO PE3YAbTH-
pylowas 3. 1. C. B KOHTYpE HBHTCA CyMMOH Bbipawenui (414) u (418),
T. €

Buipaxcenuna (410) nan  pesyasTupyiouielt MexaHMYeCKOH CHAB M
(419) nan pesyabTHpyloutel 54eKTPOABMKYUIEH CHAB MOXHO IPUBECTH
K OoflleMy Buly, ¢C1M N00aBHTH K HMM 4ieHH, pasuble Hymo. C sToht
Le/biO 3aMETHM, YTO 3HEPrua MarHuTHoro no.as W, sasucHT OT TokoB
W reOMETPHYCCKHX KOODIMHAT W, COOTBETCTBEHHO, 9HEPrUs 31CKTPH-
yeckoro noas W, 3aBHCHT OT 3/EKTPHMECKHX 3apsiIOB H [EOMETPH-
YeCKHX KOOPAHHAT, HO BeauuuHno W, u W, He 3aBucAT OT rcomerpuue-
ckux ckopoctei g'. Caenosatennno:

d
og (Wn—W)=0.

ITostomy Bbipawenue (410) 717 MexXaHHYECKOR CHibl f; MOXHO Ha-

nucaty B BUJE:
d d

f1=—;,;az

Tak kak, kpove Toro, W, He 3aBuCHT OT CHa TOKOB W W, He 3aBu-
CHT OT 3apai0B, TO Bhlpaxenue (419) aam 3. 4. c. e, MOkHO mpen-
CTaBUTb B BHJE:

(W, — W,) - % (W, — W) (420)

o (W= W) 0 (W, — W), (421)

=" dt o,
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SCTen Ma9CH NDUBECTH ToU

\-lyLMHu‘Lan\,n pUBCCTH B ABH:Z e
lladcs BH3BATh JIEKTPHUYECKHH TOK B KOHType, T. €. npuaecm B IBH-
#eHie 3JeKTPUYECTBO B KOHType, MoryT OLITh NpeicTaBicuui coBep-
HIEHHO aHa/JOrWUHbIMU BBIPAMEHMAMM Yepe3 PA3HOCTb 3HepPrud MarHuT-
HOro W 3JEeKTPHUYECKOro INoJjeil.

B BHpaweHad A8 MEXaHHYECKOM CHAB, CTpeMsulelicd H3MEHUTD
reOMeTPHUYECKYI0 KOODIHHATY, cOlepiaTcAd NMPOH3BOAHLIC OT pa3HOCTH
3Hepruil nojeft nmo 3TOH TreOMeTPHYECKOH KOOpAHHATE B NO COOTBET-
cTBYIOIEH reoMeTpHUeCKOH CKOPOCTH. B BripaweHuM 148 3/EKTPOABH-
HYllelt CHABL, CcTpeMAllelicd H3MEHHTb 3JEKTPHYECKYI0 KOOpAHHATY,
COACP¥ATCi NPOM3BOAHLIE OT pPa3HOCTH 3Hepruit noaed no 3TOH
aNeKTPHUECKON KOOpPAMHATE H 110 COOTBCTCTBYIOUIEH 3JEKTPHUECKON
CKOPOCTH.

CyliecTBEHHO 3aMETHTh, 4YTO NpPH BHGOPE B KayecTBE 3JEKTpH-
4eCKWX KOOPJIHHAT KOJIHYECTB 3JeKTPHUYECTBA ¢, 9HEPrHa 3JCeKTPHUcC-
ckoro noasi W, HMeeT XapakTep NOTEHUHaJApHOH 3HEPruy, TaK Kak 3a-
BHCHT OT 3/eKTPHYECKHX KOODIHHAT, a HEe OT 3JEKTPHUECKHX CKOpO-
cre#i. Mpt GylleM HaselBaTh ee dtexmponomeHyuassHoil sueprueir. Ilpu
3TOM 3HEPrHs MarHuTHoro mnosas W, uMeeT XapaxkTep KuHeTHMECKOH
SHEPrHH, TaK KAk ABAAETCHS (QyHkUMeH 3saekTpuueckux ckopocTed. Ee
Ha3BlBaIOT 3.1eKMPOKUHemU1eckoll 35epruei.

Ypaeuennua (420) u (421) npeacraBagior coGow ypaeienus Jla-
rpasixa BO BTOPOH (GOpMEe B INPUMCHEHHH K 3/eKTPONMHAMMUECKOH CH-
CTeMeé W BHIPaxaioT coGol0 B OGOONICHHOM BHIE BHYTPEHHHUC DeakLHH
CHCTCMbl, IIPOTHBONO.IOXKHbIE (PHIOMEHHLIM BHEMWHHM MEXaHHYCCKHM
CH/aM H BHEUIHHM 3JeKTPOJABHMAKYIIMM CcHaaM. IJTY¥ YDaBHEHHA BROJHE
aHaJOrHYHbl COOTBETCTBYIOIMM YDAaBHEHHSM MEXaHHKH, B KOTOphie BXO-
IUT, ecTeCTBEHHO, Pa3HOCTb KHHETHUYECKOH M nOTeHUHaJbHOH 3IHEPrHi
MEXaHMYECKON cucTeMbl, VMeHHO, upesBmuailHo Goawias OOGIIHOCTD
ypaBHeHu#t Jlarpadxa Bo BTOpo#l ¢dopMe H WHPOKas BO3MOXHOCTh BHI-
6opa 0OOOIIEHHEIX KOOPAMHAT M Jaa¥ OcHOBaHHe Makceeaay npuMme-
HUTh 3TH ypaBHEHHA K MCC/IeJI0BaHHIO 3/JEKTPOAMHAMHUECKHX CHCTEM.

Bripaxenne (420) nan mexaHuueckOH CHJABL f 1aerT -BO3MOXHOCTh
cle.1aTh HEKOTOPHIC WHTepecHble BHIBOJBL BechMa oO0Llero xapaxrepa.

Ecau BO Bcex uvacrix waxkoH-iub0 CHCTeMbl 3JHEprus 3/eKTpHye-
CKOr0 1108 BCErJa paBHa SHEPru¥ MardHUTHOrO 110.s, TO PC3YiBTHPYIO-
mas cHAa, JeHCTBYIOWAA HAa 3JIEMEHTR CHCTEMBbI, paBHA HY.HO.

Mpl nprwaM K 3aMCYATETbHOMY pe3yabTaTy. Kak Mexanuueckas cuia,
D jSaryay
enye

KOHTYp, TaK # 3. A. C., cTpema-

Takoe mnogoxenue Mbl HMeeM RDH CBOOOIHOM pacnpoOCTPaHEHHH

3/1EKTPOMArHHTHON BOJHBE B JHHWH Nepenay, KOrga OTCyTCTByeT OTpa-
*enHas BoaHa. [Tox feficTBUEM CHJI 3JeKTPUYECKOro MOJIA NPOBOJa JAHHHK
NPHTACMBAIOTCA IPYT K APyry, TaKk KaK OHH HMEIOT 3apslbl IIPOTHBO-
H0J0XHEX 3HakoB. [Tox meficTBHEM CHJA MAarHHTHOTO ROJA NPOBOJA
OTTAJKMBAIOTCA JPYr OT Apyra, TaK Kax TOKH B HUX HMEIOT pasiuy-
Hele naupasienus. IIpu cBOGOIHOM PpacnpOCTPAHEHHH 3JEKTPOMArHWUT-
HbIX BOJH 3TH CUABl B TOYHOITH ypasHOBeumBaioT Apyr apyra. OT-
CYTCTBAC OTPAXKCHHOM BOAHLI MMCET MCCTO, KdK HM3BCCTHO TOrad, Korla
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THHWA 3aMKHYTa B KOHUE HA CONPOTHUBIEHHE, PABHOE BOJIHOBOMYy CO-
LPOTHBJIEHHIO JIMHHH,

Ecnu conmporHB/eHUE HA KOHUE JMHMM GOJblle BOJIHOSOrO, TO NpO-
VCXOIUT OTPAKEHME BOJHBI OT KOHUA JIWHUHM, TIPUYEM YCH/AWBAETCHA peE-
3y/AbTUPYIOILEE 3JEKTPUYECKOE MoJe u ocaabiserca pesylbTupyromee
MACHATHOE noJe. B HTOre cuia [PUTSKEHUS MPOBOLOB MPEBOCXOIUT
CHJIy OTTAJKHBAHWA W PE3yIbTHPYIOLIAS CH/A OKAa3blBaeTcs CHJION NPH-
TsokeHus. Ec/id COMPOTHBIEHHE, HA KOTOPOE 3aMKHYyTa JMHHA, MEHbIIE
BOJIHOBOro, TO KapTHHA GyleT O6paTHON M pe3y.bTHpYyiOwlas CH/A OKa-
3bIBAETCA CHUAOH OTTAJKHBAHHUA.

MexaHuyecKue CH/bl, CBA3aHHBIE C CYUIGCTBOBAHMEM 3JIEKTPHYECKHX
M MarHMTHBIX [10JIH, MCHOJb3YIOTCA CaMblM HIMPOKMM O06pasoM B Tex-
HUKE. DJICKTPUYECKHE MAIIMHBI, 3JCKTPOMArHUTH, GOJbUION KjIdcc 3JEK-
TPOU3MEDUTEIbHBHX MPUGOPOB OCHOBAHH HA B3AUMOMCHACTBHA OTHAE/b-
HBHIX MX 4aCTCH 4Yepe3 MarHUTHBIC M 3/EeKTpUYeCKue MOl '

3/ech MHTEPECHO OTMETHUTb, YTO MOYTH BCE 3ICKTPUYECKUC MALIMHBI,
amnapaTsl 4 OpM6OpPHL OCHOBAHBI HA TPHHUMIC B3aWMOACHCTBHUA Ycpes
MArHUTHOE MOJIe M TOJbKO B HEKOTODbIX M3 HHMX, HANPUMEP B 3/CKTPO-
CTATHYECKOM BOJbLTMETPE, HUCMOJb3yeTcsl B3aUMone#cTBHe yepesd nocpel-
CTBO 3JEKTPUYECKOrOo MOAd. ITO CBA3AHO C TeM, 4TO CHJIBl B3aHMO-
NCHCTBAS KOHTYPOB € TOKAaMH HaM yAAcTCAd IMOJYYHTb 3HAUMTE/IbHO
G6OABIIMMA CH.l B3aUMOACHCTBMH 3apsKEHHbIX Tei. Tak, NpH KOHCTPYH-
pOBaHMM JEKTPHYCCKMX MalMH BCerJa CTaBUTCA. 3afgaya NpU 3a4aH-
HBIX OCHOBHBIX XAPAKTEPUCTHKAX M, B YACTHOCTH, NPH 33MAHHON MOILL-
HOCTM MamiuHbl MOJAYYHTH MAalIMHY BO3MOXKHO MEHBUIHX pPA3MEpOB, & 3TO
MOMET GBITh NOCTUTHYTO TOJBKO NPH 3HAYMTEIBHBIX CHJIAX B3aUMO-
NCACTBUA MEXIY MNOABHXKHOA M HEMOIBWMKHOH HaCTAMH MallHHBbIL.

O6uee poipaxenune (420) 1A MexaHMYeCKOH cuibl f JaeT HAM OTBET
Ha BONPOC, [OYEMY B COBPEMEHHBIX KOHCTDPYKUMAX OTJaeTCA TaKoe
NPCANOYTEHHE [PUHUMNY B3AUMOASHCTBHA Yepe3 NOCPEACTBO MATHUT-
Horo noast. Cuibl B MarHATHOM M B 3JEKTPHYCCKOM MOJAX OyayT
PaBHBI, €C/IM OKAWKYTCA paBHBIMM NPOU3BOAHBIE MO COOTBETCTBYIOLIECH
KOOD/MHATE OT JHEpru#i MArHUTHOrO H 3JEKTPUYECKOro mnojed, T. c.
IpH YC/IOBHM: oW, oW,

g~ og

Ecau Mst Kenaem [OCTHYL 3TOTO PaBEHCTBA ISl YCTPOHCTB, OCHO-
BaHHBIX Ha MPHHLMANE MArHATHOTO B3aUMOICHCTBUSA, ¥ [ YCTPOHCTB,
OCHOBAHHBIX Ha MPHHLUMIE 3JCKTPHYCCKOrO B3aUMONCHCTBUA, TO IIpH
OIMHAKOBLIX MEepeMellcHHsAX dg Mbl JOMKHE HMCTb B TeX W JAPyrux
YCTPOACTBAX M ONMHaKOBbie H3MeHenHsi 3Hepruét dW, u dW,. Tlpu
OMHAKOBLIX MOBEPXHOCTAX MNepeMemalolMxcs yacTe#t 3To TpebyeT Toro,
4yTO6Lt O6BeMHBbIE mAOTHOCTH W,," u W,' sHeprum marHuTHOro noas u
IHEPrUH JCKTPUYECKOro NOJA B MPOCTPAHCTBE MeXAY B3aMMOJEHCTRBYIO-
IIMMHM YaCTSMH B OGOMX THUMaxX YCTPOACTB ObljiM ONHOrO HOPAMKA, T. €,
41066l ¢00/I01a.10Ch PaBEHCTBO:

BH _DE
2 TN
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JOMKHO ObiThb:
B & E?
2izo 2
Uau:
E 1

B ]/;.Tfozc

B coBpCMCHHDLIX GOABIIMX 3ACKTPHUECKUX MAUIMHAX, OCHORAHHAIX HA
TpUHLMIE B3aUMONEHCTBHA uYepe3 MarHUTHOE NOAC, MArHUTHAA HHAYK-
Wb
m2
66apmux. CaeloBaTeabHO, B MallHHe, NOCTPOEHHOW Ha [IpHHUHANE 37e-
KTPHYECKOro B3auMOAcHCTBHA, Heo6XOOUMO IOCTHYb 3HAuYeHWUHA Hanps-
MEHHOCTH 2/AEKTPUUYECKOro MoAs nopsaaKa

uus B B BO3AYMHOM 3a30pe NOCTHraeT 3Hauennd 1 H Jaxe

—-B=3101 .1 308V —3.108 ¥
E=c-B=310 o - 1-3=3-10°_ =3-10° ..

m

Takue KOJ10CCAIbHLIE HANPIKECHHOCTH 3MEKTPHUYECKOro MnoJas HC MO-
ryT OBITh JOCTUTHYTHl Jake B TOM ciayuae, €Cad OCyWeCTBHTb HlIcalb-
HbI} BaKyyM MeXKay NOABHXHBIMH H HEMOABHKHBIMH 4YacTAMH MAIIHAHBI,
TaKk KaK 3aMeTHOE€ BbIPBIBAHHE 3/IeKTPOHOB 3SJCK TPHUECKHM noaeM H3
MeTanna, T. €. aBTO3NCKTpOHHasdA 3MHCCHSA, HACTYIaeT MPaKTHUCCKH YK€

A%
pH HANPMKEHHOCTH Noas nopsixka 108 o

Crenyer OTMETHTb, UTO CPAaBHEHHE [BYX THIIOB MAaLIHH BbIMOMTHEHO MpPH
0JMHAKOBEIX pasmepax HX paGounx nosepxuocTeit. Onnako CpaBHHBATH
3TH THNB MAlMH CAenyeT NPH ONMHAKOBBIX HX ra6apurtax. B 310M 0T-
HOILIEHHH MAIIME b, OCHOBAHHBIE Ha 3JIEK TPHUECKOM B3AHMOJICACTBHH, HMEIOT
60aAbLIOE MPEHMYLIECTBO MEpel CYUIECTBYIOIIAMH MAlIHHAMH, OCHOBakH-
HbIMH Ha B32MMOACHCTBHH uepe3 MarsuTHOe nojae. MaruHTHble JAHHHH
ABASIOTCA MPHHUMIHAILHO 3aMKHYTHIMH JHHHSMH, H CJAENOBATEAbHO, L
NpOBeIeHHA MACHHTHOrO MOTOKA 'TPHXOMMTCA OCYIIECTBAATH POMO3I-
KHE MarKHTHBIE UENH. JIMHHH 3]eKTPHYECKOro IOAf HAUHWHAIOTCA H KOH-
YAOTCA HA 3apAKEHHBIX METANIHYECKHX TOBEPXHOCTAX, H COBEpIIEHHO
ue Tpebyercs CO3[aBaTb [POMO3AKHX Uenell 1is NpOBelleHHs NOTOKA
3JIK TPHYECKOrG CMEIIeHHs BHE 3a30POB MEXIY B3aHMOLEACTBYIOIIHMA
yacTAMH MamHdHbl. [103TOMY B IMOCACIHEM THINE MAlIHH MpPElCTaBAfETCA
BO3MOXHBIM NpH Tex ke OO6WuX raGapHTax MamHHbl 3HAYHTENbHO pa3-
BHTb ce palouMe TMOBEPXHOCTH, YTO MO3BOASET YMEHBIIHTH HaNpAXeH-
HOCTh 3JICKTPHYECKOrO NOAS NPOTHB BbIYMCAGHHOH BHwe. Bce xe Tpe-
GyeMble HAMPSKECHHOCTH MOS MOJYYaIOTCH BeChbMa BHICOKMMH. JlaabHe#-
IGe pa3sBHTHE TEXHHKH BOBMOXKHO OTKPOET MEepCHNEeKTHBH s MOCTpoe-
HHA MONOGHOrG pONa MalluMH, OCOBEHHO B TeX caydadx, Korja Tpe-
6yeTcst cO3laTh MAlHHY Ha BechbMa BBHICOKOE HanpsxetnHe. :

HHTepecHO OTMETHTb, YTG BCE COBPEMEHHBIE THIIB 3J1EKTPHYECKHX
MAIIMH: CHHXDOHHBlE, aCHHXPOHHME, MOCTOMHHOIO TOKA, KOJNIEKTOPHHE
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M T. 1., OCHOBaHHbIE Ha IPHUHUMNE B3AHMOACHCTBUS YEPE3 MATHHTHOE
11071e, MOryT OBITh OCYIIECTBACHH H Ha NpPUHUHNG B3aHMOACHCTRHS 4Ye-
pe3 31eKTPHYECKOE note. ITOT BONPOC NOLPOGHO pACCMOTPEH B pa-
6otax A. E. Kanassckoro.

§ 122. TMonneposneKTPOKAHETHYECKAA IHEPIHA M ee NPOABICHAA

Boabmas o0wHOCTL CBs3eH, BBIPAKCHHBIX YPABHCHHAMH Jlarpanxa
BO BTOpO# hopme, npuBena MakcBeana K MbicaAH O BO3MOXHOCTH NpO-
IBJICHHA B CHCTEME KOHTYDOB C 3/EKTPHYECKHMH TOKAaMH NMOMHMO CHJ,
O6A3aHHBIX CYNIECTBOBAHHIO KHHETHYECKOH 3SHEPrHH JBHKEHHS CaMHX
KOHTYPOB H SHEPrHH MarHHUTHOrO MOs, emwe oco6oro poaa cua, obs-
3aHHBIX CYMIECTBOBAaHHIO OCOGOro BHIA KHHETHYECKOH 3HEPrHH, ompe-
flenAeMoi KaK ABHXKEHHEM CAMHX KOHTYDOB, TaKk H JABHCHHEM 3Je-
KTPHYECTBA B KOHTypax.

Bynem o6o3HauaTe kuneTHueckywo sHepriio uepez T. KuHeruueckas
SHCPrHsl CHCTEMb! SIBIAETCS OJHOPOAHOH (yHKuMEH BTOporo mopaaka
OT 06OGWeHHbIX ckopocTel. B cayuae cnctembl KOHTYpoB ¢ TOKamu
T sBaseTcss OAHOPOMHOH (yHKUHEN BTOPOro mopaaka oT reoMeTpHye-
CKHX CKOPOCTEH H OT CHJ TOKOB B CHCTEME. :

B o6uwem Bripawennn gasn T 6yayT uneHw, cofepiautie KBa/JpaThl
W NPOM3BENCHHA rEOMETPHYECKHX cKopocTeil. COBOKYIHOCTE 3THX UJe-
HOB TMPEACTaBAAET COGOI0 TaK HA3BIBAEMYIO NOHOCPOKLHeMU4ecKyIo ©
snepauo T, cucteMsl, onpefelseMylo [IBHXEHHEM 3JIEMEHTOB CHCTEMbl
B IIPOCTPaHCTBe.

B supawenun fgasm T 6ymyT Takxe udeHH, 3aBUCAWME OT KBajpa-
TOB K NPOU3BENEHHH 3ACKTPHYECKHX CKOPOCTEH, T. €. CH1 TOKOB.
CoBOKYNHOCTh THX 4EHOB NPENCTaBAsAET COGOI0 dAeKmpoKLHemute-
CKY10 Hepauro T, CUCTeMBI, T. €. SHEPTHIO MarHHTHOro noas W,.

Kpome Toro B ofmem eupawesuu aan T JODKHB OHITh UJAEHH,
cofiepicaniie NPOH3BENCHH MEOMETPHYECKHX CKOPOCTEH M CHI TOKOB.
COBOKyNHOCTE 3THX UJEHOB M MPEACTaBAsET COGOI0 OTMEUEHHYIO BHIlIE
JOMOHUTEIBHYIO SHEPIHIO, KOTODPYIO MH HAa30BEM 7OHOEPOILCKMPOKI-
Hemuseckoll anepaneli n 0603HaunM T,,,.

Yepes nonmepokuHeTnyeckylo sHepruo 7T, BHDAKAOTCH MeXaHH-
YECKHE CHJH, H3y4aeMple B MexaHuke. BripaxeHHe Ans BHyTpeHHHX
peaKkuufl cHCTeMbl 3TOrO THNA aHANOrMYyHO BuipaxeHH0 (420) u mumeer
BHI: .

Fr=— g e+, (422)
1 &1

Yepes anexTpokuHeTHYECKYIO SHepruio 7, BHIPaKalOTCA MexaHHue-
CKHE CHJABl B3aHMOLEACTBHS KOHTYPOB C TOKAaMH M 3JEKTDOMBHKYIHE
CHJIBI, HHIYKTHDyeMElC NEPEMEHHBIM MAarHHTHBIM MOTOKOM B 3THX KOH-

¥ TepMHH ,MOHTEPOKMHETHUECKAS® TNPOMUCXOXNT OT JAATHHCKOTO CI0BA
pondus (pox. 1. ponderis), 06o3navaoIEero Bec, N Taxum O6PA30M YKa3HBAET
Ha TO, YTO STOrO0 poAa 9IHEPrHs eCTb IHEPruA ABMKEHHUH BECOMBIX Macc.
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Typax. DTH cuibl OBIM H3YYEHBl B MEPBOH uacTH Kypca M paccMoT-
peHBl B ApeAbAYIHEM Maparpade # MOTYT SBTh MpEACTaBACHLl NDH
nomomu Bupaxenuit (420) 1 (421). B CcOOTBETCTBUH ¢ HOBhHIM o6o-
3HayeHueM IR 3IeKTPOKMHCTHHECKOH 3IHEPrHH HMeeM I 3THx CHA
CleAyIOIHe BBHIPAKECHUA:

a 0T, , 9T,

felzﬂﬁi"géi i dg,’ (423)
__ dor, | T,
e B e L T (424)

Bo3MOXKHOCTb CYUICCTBOBAHMT B CHCTEME MOHICPOITCKTPOKHHETH-
yeckoft sHepruu T, IOMKHO NPHBECTH K MOABICHHIO MEXaHHHECKHX
cun f,, 1 SMEKTPOIBHKYUIHX CHI €y, ocoforo poaa. Bripawenns 1as
3THX CHJl, COOTBETCTBYIOUIHX KOODIMHATaM £ H ¢;, HOMKHB HMCTDH
BHA:

_ d Ty | Ty

fmel — T dr og,' + Tg.;- ’ (425)
_ ddTy, | 0Ty,

Cmer — dt T)il“"l_ 'Eq'l‘- (426)

MakcBen1 cgenan MONLITKY OGHAPYXHUTh Ha ONBTE 3TH CHJbL
Onute Makceenna He Iaad MOJOKHTEABHHX pe3yabTaroB. OaHako
3TOT BOMpPOC HMeeT rAySOKOe MPUHUHMHAILHOE SHAYCHHC. ITostomy
paccMOTpHM MOAPOOHEE CHJM, CBA3aHHBIE C CYUIECTBOBAHHCM MOHIEPO-
3JIEK TDOKHHETHYECKOH 3HEPruu.

Ecan cHCTEMAa COCTOMT M3 7 3MEKTPHYECKHX KOHTYPOB, MOJ0XCHHC
KOTODHIX ONpeAeideTCA 7 FEOMETPHUECKUMH KOODIHHATAMH, TO ofmee
BHIDAXKEHUE MOHIEPO3NEKTPOKHHETHUECKOH 3HEPrHH 6yner “MeTh BHI:

k=m p=n
Tme= 3, 3, Cuplilyr (427)
k=1 p=1

Mexadnueckasd cuaa, COOTBETCTBYIOIlas KOOpAMHATE (g, onpexe-
JHTCH M3 BHpawenus (425).

[Ipunumas Bo BHHManHe Bupaenue (427), MOAy4HM:
d 0Ty __ d . dCyp,  dip
T g "‘_E?ZCWZP—‘"E (T’P + Clﬁ)'
P p

Kosduuuentsl C,, ABIAIOTCA (QYHKUUAMH TEOMETPHYECKHX KOOD.IH-
HAT, H MPHTOM TOJBKO TEOMETPHYECKHX KOOpIMHAT, T. €.

Ckp=F(g1’ 82 --18m) N

HeHicTBUTeNBbHO, ecaM 6n 3TH KO3MUMEHTH 3aBHCeAH Takke OT
S/EKTPHYECKHX KOODIMHAT, TO MPH MOCTOAHHBIX TOKAX, T. €. NPH HE-
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NpEPpLIBHOM M MOHOTOHHOM BO3PacTaHMM 3JACKTPHUCCKHX KOODHHMHAT,
C/e0BaN0 OBl OXHIATb HENPEPHIBHOTO BO3pAcTaHHA KHHETHUYECKOH
3HEPrHH CHCTEMBI, YTO HE HMEeT MecCTa.

YuutTeiBasn aro, uMeeM:

ACyp _9Cip oy Cip, v . 0Cp  NCip
= og ST g & G en'= Ll &
k

dt og,

H CleN0BAaTENBHO, NMEpBhIA uien B BeipaxeHunu (407) Mower GuTh IHe-
penncaH B BuIE:

AT NNOC, N
dt dgll - ka dgk & lp _Clp dt- (428)
?

P
Bropoit uien umeer BuI:

OTW_EZ'OC@ "
0g1 - dgl gk(p.
k p

Takum 0GpazoM MOJHOE BHIPAXEHHE CHIbI Jme1 MOXCT OHTH mpen-
CTaB/JCHO B CJEAYIOIEM BHIE:

oC oC, . di
Jmer = ZZ (*aég __(Tg;g) Erlp— chp ?fto" (429)
k p F4
MepBoe ciaraemoe B mocicAHEM BHIPaXEHHH 3aBHCHT OT [EOMETpH-
YECKHX KOOpIMnaT, 'eOMETPHYECKHX CKODOCTEH M CHa TOKOB. Bropoe
C1araeMoe 3aBHCHT JHLIb OT TOJOKEHHA CHCTEMBl H OT CKOPOCTEH H3-
MEHEHHs1 CHJ TOKOB.
Ecan cucrema maxoamren B nmokoe (gr=0) u cumibl TOKOB H3Me-
HAloTCA (i, const), To mepBr# wieH B Bhipaxennn (429) ofpamaercs
B HYJb M OCTAaeTCA CH.IA:

i
DX (430)

Ecan e cucrema Haxomutcs B ABHXEHHH (gk<4=0) u cuam TokOB
MO/I/ICPKUBAIOTCA TOCTOAHHEIMK (i, == const), TO OCTaeTcs ML NEpPBHIA

YJIEH:
_— OCk (’C (3
T = X X (G — ) e (431)
k p

Maxceens crenan nomuTKy oGHapymuTh Ha omMTe 3TH CHab. B nep-
BOM OMbITe GblaM COG/MOECHH! ycnoBus: gh =0, i, 3= const. Hau6ouxee npo-
CTRIM CIyyacM #BICTCA ONMH KOHTYP TOKa, MOJOXEHHE KOTOPOro
ONpEACTACTCA ORHOH TrEOMETPHUYECKOH KOODAMHATOM. Ilpu 3toM cuna
ONPENEANTCA BRIPAKEHHEM:

di
Jme =_C7[‘ (432)
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nojBeLHicHHas Ha TOHKOH NpOBOJOKE Tak, 9T0 OCh KATYUIKH COBajaia
¢ ocbi0 noJBecKu. Takuy 06pa3oM, MOJIOWEHNE KATYUIKH
Onpeleisioch YrioM 110BOPOTd BOKDYT BepTHKAJLHON

Brlsa KCMOJAL30BaHA Kpyrias KaTywmxa ¢ GONBMWINM YHCIOM BHUTKOB,
470

ocu (puc. 187). Ilpu BK/IOWEHHHM M BBIKJIIOYEHHH TOKA l L

JODKHA BO3HMKATB {1apa CHJ, CTpeMAlascs NpUBeCcTH

KaTyWKy BO BpallleHue BOKPYr 3TOH OCH. 5
Cuill TaKOro poja JOMKHK HEH30GEeKHO BO3HHKATSH,

€ciIM 3JeKTpHyecTBO, 00pasyollee Npy CBOEM JBHIKEHHH
B NpOBOIHHKE 3AEKTpHYECKHH TOx, obiamaetr uHep-
IMOHHBIMU CBOACTBAMH B MEXAHMYECKOM cMbicie. B Ha-
cTosiilee BpeMs HaM XOPOILO H3BECTHO, YTO JIEKTPOHDI
B IDOROJIHNKE 00/1ajaI0T HE TOJBKO 3/eKTPHYECKUM 1
3apa/ioM, HO ¥ HHEPTHOH Maccol, YTO H JO/IKHO OHTh
NPpWYUHONR BO3HHKHOBEHMA cHJH f,,. OnHako Makc- Puc. 187
BEJJIy HE yHajocCh [OJNYYHTb TOJOKHTEAbHBIX DPe3yib-

T4TOB, HECMOTPS Ha BCIO TIIATEIBHOCTb B IOCTAHORKE OIBITA.

Bropo#t onwlT OB NOCTaBIEH NP COOMONEHHM YCAOBHH: CHCTEMa
HaxoauTca B ApmkenuH (gr +0), CMAN TOKOBR MOCTOAHHEL (i, = const).
Ilpn 3Tux yciOBMAX MHTEPECYIOIlAf HAc CW/Ia OfpedeiseTcs Bhuipaxe-
HueM (431). O6pawance K 3TOMy BBIDAXEHHIO, MOXHO CHCIATh Cyle-
CTBEHHOC 3aK/IOYEHHe, 4TO CHJA fp,,, COOTBETCTRYIOWAA KOODIWHATE gy,
3aBHCHT, BOOOIIE roBOpA, OT BCEX CKO-
pocrefl, KpOMe CKOPOCTH g, H3MEHEHMA
JaHHO# xoopauHaTel. JledcTBHUTENLHO,
xoaduiMeHT npn g, Gyuer:

0Cp _ 9Cip __
0g, g -

0.

CienopareaspHO, s BO3HHKHOBEHMHA
cunl f, npu i,=const, Heo6xoauMO,
yTOOB TIONOXKEHHE CHCTEMHB Olpenens-
JOCh He MeHee, YeM JByMA TeoMeTpHue-
CKMMH KOQODJIHHATaMH.

Ilpocreitmeli cncTeMol ABaseTCA O IHH
KOHTYp TOKd4, [OJIOWKEHHE KOTOpOro
onpeneaseTcd JIBYMsS rEOMETpHUYECKUMH

Puc. 188 xoopanHatamu. IIpubop, c KOTOpPHIM NpoO-

M3Bel IKcrepHMentT Makcsein, cxeMaTH-

uecku U3o3pakeH Ha puc. 188. DnexTpomaruuT K MOXET BpaIlaThcA BOKPYT
ropuaoHTalpHok oc BB' BHyTpu Koasua. Konsio B cBOIO OYepenb HMeeT
BO3MOXHOCTb BpPalllaThCA BOKPYr BepTHKanbHO# ocu DD'. Ecan MOMeHT
MHEPUMH 3JeKTPOMAarHuTa OTHOCHTENbHO ocH CC', fepreHInKyaspHOM’
ocd snektpomarnuTa AA', BBOGpPaTh HecKOMbKO OO/BIIMM MOMEHTa
WHEPLUMH OTHOCHTEIbHO oOcu AA', TO IpH BpalleHMH KOJbLA BMECTE
C 3JEKTPOMArHMTOM BOKPYT BepTHKaibHo# ocu DD' 3snekTpoMarHut

21 Teopnsa 3IeKTPOMArs. NOAA
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3aliMeT MOJOKeHMe, NpH KOTOpOM ero och AA' GyZeT TOPH3OHTa/lbHA.
Ecau 0QHOBPEMEHHO ¢ 3THM MNPOMYCTHTh MO KaTyUIKE 3JEKTPOMAarHuTa
HOCTOAHHBN TOK I, TO 3JEKTPOMArHUT JO/MKEH MOJMYUYUTb CTPEM/ICHHE
noja JAeHCTBUEM CHABI f,, NOBEPHYThCH HA HEKOTOPHH Yrom BOKpyr
ocu BB'. OjHako u 3T1OT
ONbIT He NPHBET K MOJO0-
KUTEABHBIM PE3y1bTaTaM.

[apa-cua f,,,, BO3HH-
karouwas B npubope, u30-
OpameHHOM Ha puc. 188,
aHa/oryyHa nape Cui, BO3-
HUKalOWed B rUpockone
(puc. 189). Ecau Bpamath
CHCTEMY, W300paXeHHYI0
Ha puc. 189, BOKpyr Bep-
THKaabHOH ocu DD’ npm
OZHOBDEMEHHOM BpalieHWH
BOJYKa BOKpPYr ocu AA',
TO BO3HHKaeT MNapa Cui,
cTpemAmiasc  TMOBEPHYThb
OChb BOJYKA TaK, 4TOOMI
.OHa cOBmala ¢ BEPTHKA/b-
HOH OCBbIO BpameHHA Bcei
CHCTEMBL. 3JTa mapa cudi,
KaK HeTPyIHO TIOKa3aTs,
MiMeeT 3HayeHMe:

Puc. 189 —J,sin g - 0y -0, (433)

rie J, — MOMEHT WHEDUMM BOIY4KAa OTHOCHTEeIbHO ocu AA'; o, 1 @y —
Yra0OBBE CKOPOCTH BpameHus BOkpyr ocel AA" u DD'; ¢, —yroa
mexny ocamu AA' u DD'.

B aaexktpomarnure (puc. 188) BpauiarelbHOE IBHKGHHE BOKpPYyT
ocu AA’ coBepWalOT 3MEKTPOHBI, JABMXKYIIMECS BAOIb IMPOBOJOKH OG-
MOTKH MNDH Ha/lWi4kM 3/EKTPUYECKOro Toka I Tak Kak 3/MeKTPOHsl 06.1a-
JAl0T HHEPTHOH Maccol, TO HPH 3TOM CO3JaeTCH MOMEHT KOJHYeCTBa
IOBHXeHHA BOKPyr ocu AA' sjekTpoMarHurta, NpPONOPUHOHAJBHEIN CHie
TOKa i B OOMOTKE ¥ 3KBHBaJEHTHBII MOMEHTY KOJMUYeCTBa JABIKECHHUA
J,o, BOMUKAa B cucTeMe, M300pameHHON ua puc. 189.

Ecan 00603uauuTh 3TOT MOMEHT KOJMYECTBa JBHKEHHA 4epes Ki,
rae K — koaduuyeHT NpOnOpUMOHAIbHOCTH, TO COOTBETCTBCHHO BblIpa-
wenuio (433) ans mapsl cua B FWPOCKome mapa cuil f,, B Hpu6ope
Makceenna ZOMKHA ¥iMeTh BbIPaXKEHUE:

fme=—Ksing, - i- o, (434)

Maxcpenn He pacnoJarall BO3MOXHOCTBIO HOJYyUYdTh NYTEM pacucTa
II0PANOK OXHIaeMbIX UM CHIL B Hacrosumee BpeMd Mbl MMCEM BO3MOX-
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HOCTLHPOHSBGCTH 3TH BBIYHUC/IEHUA, OCHOBbBIBAACh Ha COBPGMBHHHX npeu-
CTaBACHUAX OO 31eKTPOHHON HNPOBOAUMOCTH MeTalioB. JleficTRUTENLHO

................. Al CoOlXMMOLE ela L= 20,

€C/M NPEeANnOJIONKUTh, YTO 3IJICKTPOHB MPOBOAMMOCTH HMEIOT TAKOE Me
OTHOWIEHHE Macchl ¥ 3aPa]y, Kak # ¢soB80IHBe 31eKTPOHH, TC HEIpy-
JHO BBIYMCIUTH MOMEHT KO.M4ecTBRa ABnxeHus Ki W onpemenuth 1ops-
JIOK OXHIAEMBIX CHIL

BeeneM o0osHadenua: m 4 g-—wMacca 4 3apsun  94eKTPOHA, U —
CPeIHAA CHKOPOCTb 371eKTPOHOB BJOJbL I[POBOJOKH OOMOTHHM 3JEKTpO-
MarHuTa, r — paccTOSIHYE 2JeMEHTA IIMHB d/ npOROJIOKH OOMOTKHY OT OCH
3JACKTPOMArHuTa, §— CeYeHHEe MNPOBOJIOKH OOMOTKH ¥ N, — uuciO 3JeK-

TPOHOB NPOBOAMMOCTH B eauHulé oGbema. [Toayuaem:
Ki= j vrmN,sdl = mN,sv j rdl,

rie yHTErpan HeoGXOIMMO B3ATh BAOJb BCell UPOBO/IOKHM OGMOTKH. Sa=
Meuasi, yT0 i=N,;qvs, HaxOoauM:

K=l;i . j rdl. (435)

3ameTHM, 4YTO TaK Kak mid aaextpona ¢< 0, to u K< 0.
OueHuM NOPSAOK BEJMYHH, Ha KOTOPHIH MOr paccdHTHBATh Makcrenn
B CBOMX 3KchepuMeHTax. limes neablo onpeleinTs aumb NOPIAOK Be-

JUYKMH, HAM AOCTATOYHO NDPHUHATH jrdl: Tmed * {, TAC 7fmed — CPEOHHH

pamnyc OGMOTKHM KATYUIKHM 3/JEKTPOMarHiTa, a /— mosHas LJIHHA npOBO-
noxn o6moTru. [IpuveM B KayecTBe mpuMepa cileLylouine pasmMep bl OGMOTKH
3/eKTPOMArHyuTa: IJMHA KaTyWIKH — 4 cm, ToJmuHa O6MOTKH — 1,2 cm,
cpenHuit paguyC rmeq — 2 €M, cedeHUe NpOBONOKH 06MOTHY § =0,04 mm?,
JuaMeTp NPOBOJOKH ¢ u3oasuueh — 0,3 mm. Ilpn 3Tom B 06MOTKE yKaa-
nabiBaeTcs npnbmsnteasHo 5330 suTkoB ¥ o6mias AnKHa OGMOTKH [10-

m
aAydaercs paBHO# /=— 670 m. [Ipunumasi 447 OTHOWIEHHS ——  3HaueHHe,

m kg
IoJAyyacMoe 1151 CROOOIHEIX 3J€KTPOHOB, T. €. 7= 5,66 - lO‘“‘T’> .

HaxoauMm:
. m2
K=—5,66+107* . 0,02 - 670 ~v — 7,6 - 101 28",

<. m2
Hetpyano ycmotpeTs, yto 1 lgEm—zl WD « sec. CrenoBatensno:

K=—17,6+10""1 Wb . sec.

-Tloacrasasia 310 3Hauenne K B dopmyny (434) ans napwm cun Sone
¥ Tojaaras wd=1000$%9500 060poTOR B MUHYTy 4 i =1 A (n107-
HOocTh TOKa 25 A/mm?), noaydaem npu sing, =1:

Fme=7,6+10°N+m=0,76dn « cm.
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Takoif HMYTOWHDBIH Bpawamouinit MOMEHT HE MOr 1aThb B mpuGope
MakcBen1a 3aMCTHOrO OTK/JOHEHWs 31eKTpoMaranTa. Haamune xeiaesHoro
CepleuHHKa HEeCKOJbKO yBEJAMYMBANO 3KBUBAJIEHTHLIH TOK i 33 CYeT Moune-
KyJADHBIX TOKOB B CCDJIEYHHKE 3/JEKTPOMArHWTA, HO MOPAJOK BEAUYHH
npH 3TOM OCTAaBajiCs TeM Xe CaMbIM.

OueHuM eme TOT 3QQeKT, HA KOTOpPHIt MaKcBeaT MOr pacCUMTHIBATH
B nepBoM cBoeM omuite (puc. 187). Wmnyaec mapw cua f,, mpH ycTa-
HOBJICHMHM TOKa i OT Hyjaa 10 KOHE4YHOro 3HaueHus [ coriacHO BHpa-
wenuwo (432) ans mapel CHA f,, OKa3HBAETCH DABHBIM

.ffmedt—_—‘f—C%dtz——C‘fdiz——Cl. (436)

DTOT MMIYAbC COOGIMT KaTyUIKe PaBHBIA eMy MOMEHT KOJM4ECTBa
nemkenus Jo, npuueM J-— MOMEHT HHEPUMH KATYIIKH OTHOCHTEbHO
OCH BpallleHWsi W ® — yrjoBas CKOPOCTh, KOTOpas OyleT moaydeHa
B pe3ynbTare AEHCTBUS MMIyjAbCa Mapel CHI f,,.

CornacHO NPHHOHNY COXPAHEHHS MOMCHTa KOJMYECTBa IBHIKEHUS,
MOMEHT KOJHUYECTBa ABMKEHHA Jo, COOGIAEMBIH KaTyuKe, 101xKeH GHITh
paBeH ¥ NPOTUBONONOKEH MOMEHTY KOAMueCTBa ABuxenus K[ snextpo-
HOB BOKPYT OCH 3/A€KTPOMATHUTZ, KOTODBIA BOSHUKAET IIPH YCTAHO-'
BJEHHH TOKa i

Taxum 006pasoM uMeeMm:

j follt = — Cl= Jo =— KI.

MOMEHT WHEPUMM KATYIIKH OTHOCHTENbHO ee OcH paBeH J=d « I X
> s+ r% rige: d-— NNOTHOCTb MATCPHana MPOBOMHHKE, ! v s— nnvHa
¥ ceucHUe NMPOBOJOKH OOMOTKM M r— pamuyc uHepuun. [Ipu HeGOsbIIOHN
TOMMUHE OOMOTKH paguyC WHEPUUHM HE3HAUNUTENbHO OTAMYAETCH OT Cpel-

m
HETO PAOMyCa rymed KATYUIKHM, M TAK Kak K &= T Fmed * {, TO NONyuaem:

I ‘
rae a:—s——HJIOTHOCTb ycranosuBmieroca Toxka. Jlas memn d =9 X

k o
><103~n%. CnenoBaTenbHO, yriosas CKOPOCTb, ¢ KOTOPOH cTana Ol

BpamaThCa KaTyHixa [IOCJAe BKJUYEHUHS W YCTAHOBJICHUS TOKA, IIpU 107~

HOM OTCYTcTBMM Tpenus Gplnma 6bl paBHa:
5 - 108

5,66+ 10713 20— 7,87 107
sec

©=35710% - 10°

4TO JaeT NpubausuTeabHo 4 060pOTa B rOM.
W3 npuBeleHHBIX NMPUMEPHBIX MOICYETOB BUIHO, YTO Makcsenn ne
Mor OGHAapyXHTh OXUAABIIMXCH HM PE3yIbTAaTOB.
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AHajorHuHble OMBITHL ObIIM C YCIEXOM BOCIPOU3BENEHBI HECKOJBKO
B MHOM BHIe B TOCIEIyIOllee Bpems psanoM uccaenopateneh. Henocpen-
CTBEHHOE OTHOILICHHE K MEPBOMY ONMBITY Makcsendina MMEOT 3KCIEpHMEH-
TaipHbie PaBoTH, B KOTOPHX ObIH OGHAPYMKEHBl CHJIBI, BO3HHKAIOLIHC
npu nepeffarHHYHBAHHH JKENE3HOTO  CTEPKEHbKA. Tonkuii menesHul
CTepxeHeK, MOJBEUICHHBIH BEPTHKAIbHO BHYTPH KATYUIKH TaK, 4TO €ro
0Ch COBMAJAANA C OChIO KATYLIKH, MPHBOAHIACA B KOJEGAaTENbHOE IBHMKE-
HHe BOKpYr cBOefi ocu. IIpu MPOXOXIECHHH CTEpHeHbKa UYEpE3 MOJOMKe-
. HHE PABHOBECHA CTEPKEHEK MEPEMarHuuMBanCsH NMyTeM H3MEGHEHHS HANpAB-
NeHns TOKA B KaTyWKe. BHyTpuaTOMHBleé TOKH B XKeje3¢ H3MEHAMH CBOE
HATpaBneHHe Ha OGPATHOE BCAEACTBHE MOBOPOTA OCEBBIX MArHHTHBIX
MOMEHTOB 3/1EKTPOHOB H 3JEKTPOHHBIX OPOUT. ITO, OUYEBHIHO, MOJKHO
HOBecTH K TEM Xe PE3y/bTaTaM, YTO H M3MEHEHHE CHJbl TOKA B KATYLIKE
B mepBoM onsiTe Maxcpenna. ITpu Kax10M nepeMarHHYMBAHHH CTEPIKEHBKY
CO0611aeTCs1 HCKOTOP Bli HMIyAbe maphl cua. CornacoBbiBasi TeM HJIH HHBIM
06pa3oM HAMpaB/eHHs MEPEMArHUYHBAHUA M [IBHKCHHS CTEPXKEHbKA, MBI
6ydeM mNOAyyaTb MM YCKODEHHE, MM 3aMEJJICHHE €ro [NBHKCHHA M,
clel0BaTeNpHO, GyIEM YMEHbINATh WM YBENHYHBATH 3aTyXaHHE KOJC-
GaHult CTEpkEHbKA MO OTHOLICHHIO K 3aTYXaHHIO €ro CBOOOMHBIX Ko.e-
Gannuti. Oco6bix 3a60T NpPH BHIIOJIHEHHH OMHBITOB H 006paboOTKE DPe3yb-
TaTOB TPe6OBANO YCTPaHEHHE H HCKIIOYEHHE MEMIAINIMX yCHiuH, KOTO-
peie JerkO BO3HHKanu NOX NEHCTBHEM MarHHTHBIX nonel kaTyumikH, a
TaK®¥E MACHUTHOTO MOJfA 3EMJH, BCEINCTBHEC HEBO3MOXHOCTH [JOCTHMKE-
Hus NOAHON cuMMeTpuu B ycTaHoBke npubopa. Tmarenbnas o6paboTka
pE3yAbTATOE HTHX OMBITOB PHBENA K IOOKHTENbHOMY 3AKJIOUEHHIO OTHO-
CHTEJIBHO CYLLeCTBOBAHUS CHJ IOHJEPO3NEKTPOKUHETHUECKOrO XapakTepa.

T[IpsMoe OTHOIIEHHE KO BTOPOMy ONbITy MakcBenna uMeOT IKCHEpH-
MEHTanbHble PaGoThl, B KOTOPHX OblN0 OGHAapyXEeHO HaMarHHYMBaHHE
KeNe3sHBX CTepyHEH mpu MX BpameHnuu. Taxoe HamarsuyuBaHue 00'bsAC-
HACTCH CHPOCKOMHYECKHM ICHCTBHEM 3JEKTPOHOB B aTOMax.

Bce 9TH ONbITHl MMENH HCKAIOUMTEIbHOE 3HatdeHue 1A TeopHu dep-
poMarnuTuaMa. OHM [I0K43a7d, 4TO OCHOBHYIO POJb B (DEPPOMATHHTHbLIX
SBJCHMSX MIPAIOT OCEBbIE MATHUTHHIE MOMEHTHI 3JEKTDPOHOB, 4 HE OpGu-
TaJbHBIE MATHUTHBIE MOMEHTH 3/EKTPOHOB B atoMmax. K aTOoMy BaxHOMY
3AK/IOYCHHIO TIPUBOIAT KOJHYECTBEHHBIE PE3YAbTATHI, MOJAYYEHHBIE B yKa-
3aHHBIX 3KCIEPUMEHTAJbHBIX HCCHAEIOBaHUAX.

I[TepefileM K UCCAEIOBAHHIO 3SJEKTPOIBUKYIUHX CHI €, KOTOPLIE
MOTYT BO3HMKHYTb B CHCTEME BCJIEACTBHE CYIIECTBOBAHUSA MOHIACPOIIEK-
TPOKHHETHYECKON 3HEPTHH. PaccmoTpuM onaTh o6uuit cayuali, Koria
CHCTEM4 COCTOMT M3 7 KOHTYDOB TOKa, MOJOXEHHE KOTODLIX Onpene-
ASETCH m reoMeTpHYecCKuMH KoopauHaTamu. PaccmatpuBas aas onpene-
JEHHOCTH 3JEKTPOIJBHKVILYIO CHNY, NEHCTBYIOLLYI0 B HCKOTOPOM 3aJaH-
HOM KOHType, HanpuMep B MepBOM, OylIeM MMETb: ’

d oT,,,

e, = 4y "o (137)

rae i; — TOK B 3TOM KOHTYpe. .
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Ilpunumast BO BHHManue BhpaxceHue (427), 14 T, MOXEM HaMHCATh:

k=m R=m

N 4Chi .
eney=— ¥ G&— Y Cugi=N+P.

d:
k=1 k=1

BuauM, uTO 37€ch TaKKE MOTYT BOSHHKHYTh uideHn N, 3aBucsaulde
OT H3MEHeHHn Ko3bHuueHra C,,; BO BDEMEHH.
Ilepsyio cyMmMy N MOXHO HECKOJbKO Mpeo6pa3oBaTh, 3aMeTHB, 4TO

r=m
de,_ \! OC,,,
at 0gr &r
r=1

31ech oGWEMY UNEHY MDHIMCHIBAETCA HHIAGKC 7, UTOGH NMOKa3aTb,
YTO CYMMHDOBAHHE HEe DACIPOCTPAHAETCA MO BceM KosduuueHTaM Ciy,
4 OTHOCHTCA MHUIBL K OIHOMY ompeaeneHHoMy Koaduuuenty Cy,. VmeeM:

k=-mr=ma k=mr=m ()C
\! \! 9Cpr ge \! 9C
N=—3 gi=— Y 3 g
9g,
k=1 r=1 k=1 r=1
r=k
k=m

Z aCkl (82)' =N, + N

Hrak, 3/1eKTPOABUKYmMAA CHIA €m,, GYACT COAEPKATh WIEHH BHMIA
Ny, Ny n P;
eme, =N, -+ Ny P. (438)

Cymma £ onpemenseT 31eKTPOABHXYILYIO CHIY, 3aBHCAILYI0 OT
YCKOPEHHS 3JEMEHTOR CHCTEMH M0 KAacaTelbHOH K NyTH, KOTOpHH
olpenenseTcs H3MEHEHHEM [JaHHOH KOOPAHHATHI.

Cymma N, onpenenser 3. 4. C., BOHHKAIOWYIO NPH KPHBOJHHEHHOM
HOBHMCEHHH, 3aBUCALLYI0 OT YCKODEHHS 3/MEMEHTOB CHCTEMB [0 PamuycCy
KPHBH3HHI.

HakoHen, cMbicn uneHOB, BXOAAWMX B cymmy N,, HETPYAHO ycMoO-
TPETh, €CJIH CONMOCTaBUTh HX C BhipawenueM (431) mas cuasl BO BTO-
pom onute Maxkcseanra. Mx cXoacTBO yKasbiBaeT HA OMHHAKOBOCTh HX
npoucxoxedus. TouHo Tak e, Kak ® cuna f,, B 3TOM ONLITE, ujeH
N, monoden cune, BosHHKalome# B rupockone. ITogoGHBIE 37EKTpO-
OBHACYIIHE CHAB IDH H3BECTHHIX YCAOBHAX MOMKHBE BO3HHMKATH B LEMH
BJAEKTpOMarHuTa B npubope, u3oGpaweHHOM Ha puc. 188.

Bo Bcex cayuasx BO3HHKHOBEHHE 3 .[. C. €,, SBAAETCA DPE3YJbTa-
TOM MPOSIBACHHSI WHEPUHOHHBLIX CBOHCTB, MNPHCYmuX CBOGOAHBIM 3j6-
MEHTapHbIM 3apAZAM ¢ B HPOBOJHHKE H XaPAKTEPHIYIOMHUXCA HX Maccok .

PaccmoTpuM npocteituine - cayuau. Ecau npuBecTH KaTyuiky, H3006-
pawenHyio Ha puc. 187, B ycKOpDEHHOE BDAllEHHE BOKPYT €¢ OCH, TO
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B OGMOTKe KATYUIKH NOMKHA BOSHHKHYTh 3. I C. €pyp ONPEAENACMAT
incnoM puga P. JIeBCTBUTEABHO, 3AEKTPOHBI MPOBOMUMOCTH, cnabo casi-
3aHHBIE ¢ MOHHOH pelieTKOfl NMpeBOa-
H¥Ka, [OX ASHCTBHEM CHJ HHEDUHMH
CMECTSTCS OTHOCHTENBHO MPOBOIHUKA,
W, eI lEMb KaTyUIKd 3aMKHYTa, TO
Oun 00pasyloT 3JNEKTpHYECKHil TOK B
llenn. DBO3HHKHOBEHHE 3TOr0  TOKA
clleqyeT paccMaTpuBaTh KaK DE3yab-
taT geHcTBUS 3. I C. €pp. Makcpenn
OCyHIECTBHA STOT OMNBIT, CONHAKO OH
HE [MONYYHI TONOKHTENBHBIX pE3yb-
TaToB.

IMoncunTtaeM 3. I. C. €, KOTOPYIO
MOXHO PacCUHTHIBATh [ONYYHTh B 10~ v
no6uoro pona omsite. C 3TOH LENBIO |
yureM, yTO pa6oTa 3. .. C. €py, NPH Puc. 190
TIepeMeileHHH 3apana ¢ BICJb KOHTypa
o6moTku paBHa paGore cHn MHEpLUHM — MO'7 TPH NePEMElleHHH  MacCHl
m BIOJb 3TOrO KOHTypa, T. €.

Cme* §—— 5 mo'rdl.

CrnegoBaTeabHO?

m .
emgz—( . ‘f rdl) .o =—Ko',
q
rae K uMeer TOT XKe CMbICHA, YTO M paHbuIe. Eciau B38Th T€ XK€ NaHHLIE
KaTymiKA, YTO # B MpENbIAyIEM npumepe, H coo6muTh KaTyuKe

1
yckopenue 50 060pOTOB Ha CeKyHIy B KBanpate, T. e. m'=314—s-é?,

TO NOJYYUM:
emg=——Km’=7,6 <1071 031424 - 1078V,

OG6HapyuTh CTOJb Malyio 3. L. C., Koria oua neficTByeT B Tede-
HHE BEChMa KODOTKOrO NPOMEXyTKa BpEMeHu — 3ajaua, CBAsaHHad co
3HAYHTEABHBIMH TPYIHOCTAMHU.

DaeKTPOABHKyUlas cuia 3TOr0 THna Grina ofHapyxeHa B nocjeyo-
Ilee BPEMs MPH HECKOIBKO BHIOW3MEHEHHON obcTaHoBKe Ombita. IToasii
MemHbH HMIHHIP TPHBOIMACA B GhicTpOe KonebaTenbHOE BpanlaTelbHOE
JIBIXEHAE OKOJIO CBOER OCH. IMon neficTBHEM 3. H. C. €,, B TEJIE HH-
NHMHApa BO3HHKAIM 3IEKTPUYECKAE TOKH. CoznaBaeMOe 3ITHMH TOKaM{
nepeMeHHOE MACHATHOE MOJE HHIYKTApOBano 3. I. €. B HEMONBHKHON
KaTyliKe, OKPYXAOMeft HATHHID, K 3TA 3. JI. C. H3MEPILIACH NpH IOMOILH
YYBCTBHTEIbHBX yCTPOHCTB. DTH U3MEPEHUs XaiH 3HaYEHHE OTHOUIEHHUS

m .
7 3ICKTPOHOB B MeTanle, OTaMyaiomieecs Ha 19%/, OT 3HaueHus

3TOr0 OTHOWECHUA IJd cBOGOIHBIX 3JACKTPOHOB, YTO MOrJIO JIeXaTh
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B NpENenax OMHGOK ONLTd, ITH ONBITH pacCMATPHBAIOTCA Kak 3IKCHe-
PUMEHTAILHOC MOATBEPKACHHE IMEKTPOHHON NPOBOIUMOCTH METANOB.

Hanuune unenos suma N, B Buipascenuu (438) ans e,, yxaspiBaer
BOSMOXHOCTh OCYIIECTBIEHHS CHCTEMBI, B KOTOpPOH 3. 1. c. €n. Oyier
BOSHHKATL BCJAEACTBHE LUEHTPOGEXHBIX YCKODEHHH OTAGABHBIX ee 3716~
MEHTOB. Moxer 6uTh HCHNOL30BaHO caeqyioniee MpoCToe  yCTPOUCTBO
(puc. 190). Meranmuueckust auck NPHBOAMTCA B GEICTPOE BpamaTenbHOE
ABMAEHHE BOKpYr cBoeHl ocu. [Ton neficTBHeM UEHTPOOENHEIX CHII 3IEK-
TPOHBl TIDOBOIHUMOCTH MNPHXOAAT B IBMMKEHHE BAOJb LENH, o6pa3oBan-
HOH panuycoM [McKa, IWETKoH a, TaJIbBAHOMETPOM H IIETKOU b.

Pa6ota s. 1. c. e,,, npu nepememennu 3apfna ¢ 31eKTPOHA BAO.1b BCEl
UENH paBHa pPafoTe LEHTPOOGEKHBIX CHA mpu NEPEMEIIEHHH  3/1eKTPOHA
BRoab pamuyca R aucka. CaegoBaTensno:

R
2 D2
€me * q——:J' meirdr— m‘;R )

0

HIH
m w?R®
Cme= ’q’ RN

R Illogycxaﬂ n=9500 o6/mun, 1. e. m:lOOO?:C, NoXyYnM, npH
= cm:

€me=—25,66 . 10712 . =—2,83.10%V.

108 . 0,1¢
2
Beanuuna e,,, cTo1b Mana, 4TO HeMsGexHue MoMexH (xoHTaKTHEIE
SJICKTPOABHKYIIHE CHAB, TEPMOINEKTPOABHIKYILHE CHIH, 3JIEKTPOABH-
MYUIHE CHJIbl OT BPALUCHHA B 3EMHOM MAarHHTHOM T0J€) Jerko MOTyT
COBEPIICHHO 3aTyIIEBATH PC3yAbTAT, €CAH HE NPHHATH HAMICHKALLAX Mep
K HX HCKJIOYEHHIO.

3aMeTHM, YTO e€CAM BHEWHAA uens Mexay metkaMmu a u b He Gymer
SAMKHyTa M B HEHl TOKa HE BO3HHMKAET, TO BCE Ke NOA AeHCTBHEM
9. X C. €pe MHCK OKAWETCA 3aPMKEHHHIM OTPHUATEABHO B yAAAEHHOMN
OT OCH BPAlICHHA YacTH H NOJOXKHTENIBHO OKOIO OCH BpAlICHHA, TaK
Kak 3JIEKTPOHH NPOBOAMMOCTH NOJ IEHCTBHEM LEHTPOGEKHHIX CHI 6y~
AyT PasrOHATBCA K KpafAM JHcKa. BcrencTBme KoHeuHoro 37K TpHYe-
CKOro CONpOTHBJEHHA NHCKA 3TH 3NEKTPOHB GYAYT yBAeKaThcd BO Bpa-
IUEHHE BMECTE C NTUCKOM M OGpPA3ylOT KPYrOBHE 3MEKTPHYECKHE TOKH.
CrenosatensHo, QMCK AOMKEH HAMATHHTHTBCA B HaNpaB/JEHHH OCH Bpa-
weHud. BriepBuie Ha Heo6x0AUMOCTD CYIECTBOBAHNUA TakKoro sdexra
ykasan Il. H. Jle6eges, xoTopm#i cpenan NONKTKY O6GHAPYXKHTh Ha

OMBITE HAMATHHYHBAHHME BPAWIAIOWIErOCT MEIHOTO LMIMHIpA.
PaceMmoTpenue cun nonmeposnexTpoknHeTHuECKOrO XapakTtepa npo-

M3BeNEHO B Kuure B. ®. MurkeBuua. Ieraiannoe - HCCAEAOBAHHE 3ITHX

CHI M MX KOMMYECTBEHHAsA OUEHKA npoussBenensl B paGote JI. P. Hefiw

MaHa.
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§ 123. 'O moHAEpO3NEKTPOMOTEHNHANBHBIX ABICHHAX. O6mee BHpa-
JKeHHEe CHJ B (u3uyecKux CHcTeMax

Kak yxaszan B cmoeft pa6ore JI. P. Heiiman, cnemyer oxumatbh cy-
ImecTBOBAHUA Hapaay ¢ MOHACPOSNEK TPOKUHETHYECKON IHepruell TaKmxe
M TOHICPO3EKTPONOTCHIHAIBHOA 3Heprud. B rtakoM ciyyae HO/DKHbL
BO3HHKATb TaKKe CHIbI, CBA3aHHbBIE C CYULECTBOBaHHEM 3TOH 3HeprHu.
IMosumumMoMy, B OGLIYHBIX YCHOBHAX 3ITH CHAbL CHIE MEHbIIE, €M pac-
CMOTpEHHBE Bble CH/b MOHIEPO3NEKTPOKUHETHUECKOro XapakTepa.
OxHAKO He HCK/IUeHa BO3MOXHOCTb TOTO, YTO B HEKOTOPHIX OCOOBIX
YCAOBHAX TAKOTO PORA CHABL MOTYT HMeTb CYMECTBEHHOE 3HAuCHHE.

YcnosuMca 0503HauaTh NMOTEHIMAAbHYI0 3Hepruio uepes U. Iloanyiwo
NOTeHIHaNbHYI0 3HEPTHI0O CHCTEMBI MOXHO NPEACTaBHTL B BHOE CYMMELI

Tpex C/araeMblx:
U= Um—l" U, + U e

rae U, — noxdeponomeryuaibHas 3IHEpPrug,
U, — aaexmponomenyianrbHas dHeprus,

U,,, — NOHOEPO3LeKMPONOmMeHYUALbHASL SHEPTHS.

Buifepem B KauecTBe 0GOOuEHHEIX KOODAMHAT, Kak H paHee, reo-
MeTpHUeCKHe KOOPIHHATHI £, Onmpesensionhe B3aHUMHOE pacnojoxeHue
TeM, ¥ KOAMYECTBA IAEKTPHUECTBA ¢, NPUCYILUE TeJaM.

Cuiisl, onpeneiseMule NOHIeponoTeHnanbiol sneprueit Uy, ansoTca
OO BIUHBIMM MEXaHHUYECKHMH CHJIaMH.

aexTponoTeHManbtan sHeprus U, TpencTaBaseT cofolo He 4TO
HHOE, KAK SHEPruio 3iexTpHueckoro moas W..

[Ipoussoanbie o1 U, no reoMeTPHYECKHM KOOpIUHATAM JAIOT MEXa=
HUYeCKHe CHIIBI, SBJAKIONIHECH U3BECTHHIMH CH/IAMH MPUTSIKEHHA H OTTal-
KHBAHUA 37EKTPHUECKHX 3apAIOB, KOTODHE DAacCMaTPHBAIOTCA B 3JeK-
Tpocraruxe. Ilpoussogusie or U, 1O 3JEKTPHUECKHM KOOpAHHATaM
JAIOT SJeKTPHUECKHe MOTEHIMANbl Tel. :

MMossieHue B OOmleM BhIPaXKEHHH 1/ MNOTEHUUATBHON 3HEPruu
unena U,,, NPEACTaBAAIOMEr0 COGOI0 NMOHACPOINEKTPOOTEHIHANLHYIO
SHepruio, UMeeT GoJbmOoe NPUHIUNHANbHOE 3HAYCHHE. Cuiin, onpenensemble
unenom U, BbIpakaiOT B3aUMOICHCTBAE 3/IEKTPHUCCKUX 3aPAN0B ¢ C Te-
JaMH MM 4acTHIAMH, He HMEIOHMMH 3NMEKTPHYecKHX 3apsagoB. Takoro
poda cuibl HMEIT BecbMa CYLIECTBEHHOE 3HaueHue B fAlpax arToMma,
Ipoussonume or U,, M0 reOMETPHUECKHM KOOpAHHATAM NAIOT MeXaHH-
veckue cuabl. IIpousBomanme oT Uy, N0 31eKTPHYECKHM KOODIHUHATaM
OnpenensioT 3MEKTPHUECKHE HOTEHUHAH.

Beons B paccMOoTpeHHe PasHOCTD

L=T—U,

T: Tm+ Te—l— Tme

npHuem
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TMPEACTaBAAET COG0I0 KMHETHYECKYIO JHEPIHI0 HEKOTODO# (HM3HuecKo#
CHCTEMBI H
U=U,+U, + Une :

TIPEICTABAAET COGOI NOTEHIIHAIBHYIO IHEPIHIO 3TOH CHCTEMBl, MBI [OJYy-
4aeM BOSMOXHOCTb BBIDa3HTh B OJHOM, YPaBHEHMH BCe H3BECTHbIE HaM
CUIB NPHPOJb. ITO ypaBHeHHe HMeeT BHUA:

d oL oL
Q=—urowt+om-

3necs Q — o6obmennas cuila, HMemmas Mo60O# Xapakrep, #— co-
OTBeTCTBYOWAs €ff 0600meHHass KoOpaAuHaTa, k' — 0606uIeHHas CKO-
pOCTh.

Takum o6pasoM, uigen MakcBemta O INOHIEPO31EKTPOKHHETHUECKHX
AIB/JEHHAX, PacWVPeHHble W JONOJHEHHble HIeell O MOHIEPOIEKTPONO-
TEHIHA/ILHBIX SIBJICHHAX, IPHBOAAT K OOOOHIEHHOMY DAacCMOTPEHHIO CHJ
fIPHPOAH, BK/IOYalieMy B ce0sl BCe M3BECTHble HAM BHAHW 3THX CHI,
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NPHJIO)KEHHE 3

HNoxnsie sanmOTAYECKAe HMHTErpajsl HEpBOro H BTOpOoro poga K m
E B 3aBHCAMOCTH 0T KBazpara Mopyas A?

k2 K i E k2 K E
0,00 1,57080 1,57080 0,40 1,77752 1,39939
0,01 1,57475 1,56686 0,41 1,78452 1,39465
0,02 1,57874 1,56291 0,42 1,79165 1,38988
0,03 1,58278 1,55895 0,43 1,79892 | 1,38509
0,04 1,58687 1,55497 0,44 1,80633 1,38026
0,05 1,59100 1,55097 0,45 1,81388 1,37510
0,06 1,59519 1,54695 0,46 1,82159 1,37051
0,07 1,59942 1,54294 0,47 1,82946 1,36560
0,08 1,60371 1,53589 0,48 1.83749 1,36064
009 | 160805 1,53183 0,49 1,84569 1,35566
0,10 1,61244 1,53076 0,50 1,85407 1,35064
0,11 1,61689 1,52666 0,51 1,86264 1,34559
0,12 1,62139 1,52256 0,52 187140 1,34051
0,13 1,62595 1,51843 0,53 1,88036 1,33538
0,14 1,63058 1,51428 0,54 1,88953 1,33022
0,15 1,63526 1,51012 0,55 1,89892 1,32502
0,16 1,64000 1,50594 0,56 1,90855 1,31979
0,17 164481 1,50174 0,57 191841 1,31451
018 1,64968 1,49753 0,53 1,92853 1,30919
0,19 1,65462 1,49329 0,59 1,93891 1,30383
0,20 1,65962 1,48903 0,60 1,94957 1,29843
021 1,66470 1,48476 061 1,95052 1,29298
0,22 1,66985 1,48047 0,62 197178 1,28748
0,23 1,67507 1,47615 0,63 1,98337 1,28194
0,24 1,68037 1,47182 0,64 1,99530 1,27635
025 1,68575 1,46746 0,65 2,00760 1,27071
0,26 1,69121 1,46309 0,66 2,02028 1,26501
027 1,69675 1,45869 0,67 2,03337 125926
0,28 1,70237 1,45427 0,68 2,04689 1,25316
0,29 1,70809 1,44933 0,69 2,06088 1,24759

I
0,30 1,71389 1,44536 0,70 2,07536 1,24167
0,31 171978 1,44088 0,71 2,09037 1,23568
0,32 1,72578 1,43637 0,72 2,10595 1,22963
0,33 173186 1,43183 0,73 2,12213 122351
0,34 1,73806 1,42727 0,74 2,13897 121732
0,35 1,74435 1,42269 0,75 2,15652 1,21106
0,36 1,75075 1,41808 0,76 2,17483 1,20471
0,37 1,75721 1,41345 0,77 219397 1,19829
0,38 1,76390 1,40879 0,78 2:21402 119178
0,39 1,77065 1,40410 0,79 2,23507 1,18518




T

i

ITpodorsicenue

k2 K E k? K E
0,80 2,25721 1,17849 0,90 2,07809 1,10477
0,81 2,28055 1,17170 0,91 2,62777 1,09648
0.82 2,30523 1,16480 0,92 2,68355 1,08794
0,83 2,33141 1,15779 0,93 2,74707 1,067912
0,84 2,35926 1,15066 0,94 2,82075 1,06999
0,85 2,38902 1,14340 0,95 2,90831 1,06047
0,86 2,42093 1,13600 0,96 3,01611 1,05050
0,87 2,45534 1,12845 0,97 3,15587 1,03995
0,88 2,49264 1,12074 0,98 3,35414 1,02859
0,89 2,53333 1,11286 0,99 3,69564 1,061599

1,00 oo 1,00000
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