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TPETHCTIOBAE KO BTOPOMY W3JAHHIO

[Tram xBEurH, a Takxke BHOOP M PACHOJOXEHHE H3JAAraeMorn Ma-
Tepuaja OCTaAUCh B HOBOM H3JaHHK HEH3MeHEHHHMHU. [Ipn sToM A
BNOJHe MPH3HAI0 OJHOCTOPOHHOCTbD MOEro H3JA0XKEHHSA, NOCKOAbKY
B HEeM He Be3Jle HCMNOJb30BaHB MNpPOCTeRIINe M JIJAs TNPAKTHKH HaH-
yrobnedmne o6o3maueHus #u dopmyauposku. Ho s He aymalo,
yTOOH BCACACTBHE STOro MoOel KHHre MOXHO ORJIO chesaTh Cepb-
esHHH ynpex, H60 NPH MHOroo6pasHH ABJAECHHH, PACCMATPHUBAEMHIX
B TEOPHUH IJEKTPHUYECTBA K MarHeTusMa, TpPeOOBaHHS NPAKTHKU
B Pa3JHYHBEIX OT/eJaX COBEPIIEHHO PasJHYHH. JTO OOHAPYXKHBAETCH
XO0Td OBl B TOM, 4YTO B 3JeKTpocTtarHke OoJee yaioO6HA wuHaAsg CHC-
TEeMa eJIHHHI, YeM B 3JekTpoAHHaMuke. Ilo MoeMy MHeHHIO0, NpH
CHCTEeMaTHYeCKOM BBENEHUH B npeaMeT BONPOC 00 yxob6CtTBe 0060-
3HAYEHKH MOJIXKEeH OTCTYNHTh nmepexn TpeboBaHHEM, YTOOH BCE YyCTa-
HABJHBaeMble IIOHATHA H TOJMOXEHH HKMeJH OAHY eJAHHCTBEHHYIO
obmyo OCHOBY. Pa3 TOJBKO CBfI3b HX OXHaXJH SCHO 0060CHOBaHa,
TO 3aTe€M JOCTATOYHO CPABHHUTEJbLHO HHYTOXHOrO YCHJHS, 4YTOOLI
APH paspeleduy KaKkod-1u00 crnenuanbHOR 3alaYd BBOJAUTHL KAXKABIA
pa3 HUMEeHHO Te YNPOUeHHR, KOTOPHE MOAXOMIT K AAHHOMY CJYdalo
ranbonee, Kak, HaIpuMep, OTOpPACHBAHHE MHOXHTEJA 4 T HIAH MHOXHU-
TeNAs €, WIH 3aMeHa JIHHHA HHIAYKUHH CHJOBRIMH JHHHAMH H T. QA.
Crnioco6a o603Havenu#t, KOTOpHIH Oh OB CaMHM YAOOHHM Aas
BCEX cayuyaes, He cywecTByeT. C 3TUM O6CTOATENBCTBOM HAAO NPH-
MHUPHTBCA, U060 3TO JEXHT B npupone Bemed. C ApPYyrofs CTOPOHH,
OTKa3 OT 3TOro nos3BoJdeT pa3paboTaTb 3HAYHTEABHO OCHOBATeMb-
Hee 06paszoBanHe NOHATHH, YeM 3TO OHJAO OBl BO3MOXHO, e€CAu OH
HCXOAUTh M3 eXWHUYHRHNX (PakTOB, a B 0COOEHHOCTH XK€ — NPOBECTH
pesKoe pa3iesieHue MeXAY TeM, UTO ABJAACTCA OnpelejeHHeM, U TeM,
4YTO NMpeACTaB/JseT coO00A pesynbTaT OnHTa. Hem scHee BHABAAETCS
NMPOKH3BONLHOCTD, JEXAIasw B OCHOBE KaKOTro-AHOO OIpeneseHud,
TeM IJay06xe BKOpeHAeTCs NMOHMMAaHHE ero 3HauyeHHd.

Eci® yCBOHTb YKa3aHHYIO TOYKY 3DEHHs, TO HE MOXET OHTb
HHKAKOTO COMHEHHA B TOM, YTO M/l M3JOXKEHUS HMMEEeTCS 'HAJMIO
TOJBKO €JHHCTBEHHOE TBepaoe H BEepHOEe HCXOIHOE NOJOMXKEHHE
MMEHHO, NOHATHE H NPHHIHI' SHEPruH. Beab, B KOHEUYHOM cCYeTe, K
NOHATHIO 00 3HEPruH CBOJATCA BCE SJACKTPHYECKHE M MATHMTHHIE
CHCTEeMBI €XHHHI, H HA OCHOBE MNPHHIMIA COXPAHEHHA IHEpPrud 6e3
TPyAa BHBOAATCA BCE€ 33aKOHH 3TOfl 0O6JAaCTH HAYKH. ITO NOCAY-
MU0 HAJAA MEeHd OCHOBAHHEM K TOMY, 4TOO6H BHIBHHYTH Ha Iep-
BuMA TnJaH NOHATHA O NJAOTHOCTH SHEPrHH ¥ Q MOTOKE SHEpPruH,



b APEAUCJOBHE K INEPBOMY H3JAHHIO

ITH TNMOHATHA AEJAI0T BO3MOXHLIM He TOJABKO HCHEpPNHIBAIOUEE HMC-
c/lefOBaHHe PAa3JHYHBIX CHCTEM EAHHHI, HO NPHBOAAT TaKXKe H K
yEROOHOMYy BHBOJY MAaKCBEJJOBHIX YPaBHEHHH 8JE€KTDOMAarHuTHOro
noasa. i3 aToro BO3MOXHO BHIBECTH BCE OCTaJBbHOE, CNEeUHaAIU3HPYH
noAXOomAIIMM 06pa3oM yCJIOBHI.

Camo co6010 NOHATHO, YTO MpPH HOBOH mepepaboTKe s C HCKPEeH-
Het 6J1aroMapHOCTBI0 HCIOJAB30Ba/l MHOTOYHCJ/EHHLIE COBETH M KPH-
THYECKHE YKa3aHHd.

Bumnden,
Anpexb 1928 r. Asmop.

NPEIUCIIOBUE K NEPBOMY H3TAHHIO

[IpepnaraeMul 31ech TpeTHii TOM Moero ,BBenenus B TeOpeTH-
qecKyi0 QH3UKY* COXEPKHUT H3N0XKERHE BIEKTPHIECKHX ¥ MATHHTHHX
apaeruit. [TOHATHO, YTO ¥ 34eCh NPH HENpPEephIBHO BO3PACTAIOLICM
bakTHYECKOM MaTepHua/e He MOXeT OHTb HHKaKHX INDETCH3HH Ha
NOJHOTY NPEACTABJIEHHOTO COJEPKaHUsl. ITO 0653HBAJA0 YACTHTH
oCOGEHHO 3HAYUTEJbHOE BHHMAaHHEe HArJ4AHOMY H HOC/AeN0BATE/b-
HOMY CBAI3HIBAHHIO TeX HJeH, U3 KOTOPHIX CKJIaALBACTCA CHCTEMA
3JEeKTPOMAarHEUTHHX TeopeM, 4TOoOH 4HTaTe/b 06€3 TpyAa MOr yKasaThb
KaXJAOMy HE PacCMOTPEHHOMY 3/eCh CJAy4Yal €ro MecTo B p#aAy
pa3HOOOpa3HEIX, ONMCABHHX B KHHTe, SIBAEHHH H IIPH Ha0OBOCTH
o6paTHTbCA K CIIEIHAJbHOK JHTEpaType. '

Heob6x0iuMbBe AJAA 3TOro €IHHCTBO H 3aKOHYEHHOCTb H3JIOKEHHA
MOTYT OHTh ROCTHTHYTH TOJBKO NpPH NPEUMYIIECTBEHHO AEAYKTHB-
Hofi ¢opme wuanoxenuss. [lostomy s usbpas ee H 31eCb, Kak H B
MexaHuke. B To ke BpeMms BBEJEHHBIE 31eCh MNOHATHA H IOJQNE-
HMS §l NMOCTOSIHHO CTPEMHJICS PA3BHBATHL BO3MOXHO HarjasiaHee, 00-
pamasach C 3TOA 1ENBI0 K CNenHaJbHHM, B3ATHM H3 NOBCEIHEBHOTO
onbiTa, npumepaM. KsjoxeHHe BBeleHUs! B 3JeKTPOAKHAMHKY BCIOLY
HCXOAKMT M3 NpeJCTaBJeHHs O MaTepuy, HeNnpepuiBHO pPacnpeaeJ/ch-
HOY B NMPOCTPAHCTBE, 4TO TaKKe COOTBETCTBYET METOoly, NMpHMEHCH-
HOMY MHOI0 B MexaHHke. Co006pa3HO C 3THM B OCHOBY H3/IOMERHA
[oJ0XeHa TAK Ha3HBaeMas KJaccuyeckas, OCHOBaHHAas MaKCBELIOM
u 3apepuieHHas lepliem, TEODHsl, MOHATHO, C YKa3aHHEM XapaKTes
PHCTHYZCKHX TPAHHI| €€ NPHMEHHMOCTH.

Tak KaKk MeXIAy BCEeMHM IMOJOXEeHHAMH (U3UKH HET HH OAHOrO,
xoTopoe Ou0 6B TaK yHHBEPCAIbHO H B TO )XE BpeMd TaK Ha-
[ASABO, KAK TIPHRIMN 3HEPrHd, TO f ¥ HA STOT pa3 BHIBHIAIO €TI0
Ha nepsHil naad. baarogaps 3TOMY JOCTHraeTca H TO DOPEHMY-
eCTBO, YTO BBEJAeHHe pPAa3JHUHBIX BHJAEKTPHUECKHX H MArHdTHHX
CHCTEeM eAMHHL, KOTOPhIE€ BCE KOPEHATCS B IPHHUHMNE 3HEPruH, NpPO-
HCXOAUT caMo co6010. B nHrepecax HarjdaAHOCTH JIEXHT TaKXKE
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(OQ4EPKHBAHHE (OPMaJbHOA aHAJIOTHH MEXIY 3/EKTPHUECKHM H
MAarHMTHHIM BEKTOPAMH, XOTfl 3Ta aHaJOTHsA, CKOpee, BHEUIHEr0 Xa-
pakTepa. Taxk ke KaK aHaloOrus Mex .1y HOCTYNATeJbHHM M BDALIa-
TEJIBbHBIM. ABHXKEHHEM, OHA 0065138HA CBOHM CYUIECTBOBAHHEM TOJLKO
TOMY, B H3BECTHOM CMBIC/IE YHCTO CAYYaHHOMY, 0OCTOATENBCTBY, 9TO
Hame NpoCTPAaHCTBO MMEET KaK pa3 Tpu H3aMepeHus. OnHAKO Kak,
C OJHOH CTOPOHLI, HECOMHEHHO, 4YTO 3Ta AHAJIOTHS CHIl'paJia BHIJAO-
ILyK0Csd DOJABb B UCTOPHYECKOM DA3BHTHH MAaKCBE/AJOBON TEODHH, TaK,
C APYTOH CTOPOHH, KOHEUYHO, HE/b3s He NPH3HATH, YTO CHA ele M
TeNeLb YpPE3BHIYAAHO YAOOHA 1Jsi ,BBEIEHHUS B TEOPHIO“ H, BO BCS-
KOM cJayuae, [aeT NnoJie3Hnle MHEMOHHYECKHe npasuaa. C 3Tum CBs-
338HO TaKXe TO OOCTOATEABCTBO, YTO i 3RECh BE3JAE INPHMEHSIO
rayCCoBy CHCTEMY €1HHHL, KOTOPAs BHIAEAAETCA CPEAH NPUMEHAEMEIX
B TEOPETHYECKOH JNHTEPATYPE PALHOHAJbHLIX CHCTEM €NHHHUIL, CBOHM
OM3KUM POACTBOM € npaxkTudeckofl cuctemoii. CpaBHHTENBHOE CO-
IOCTABJICHHE BHIDAXEHHHX B PAa3NHYHBIX CHCTEMAX EeZMHHI[ YUCJO-
BhlX 3HaYEHHH HEKOTOPHIX BEJHYHH, TAK e KaK H anadaBUTHHIM
yKxasaTesab BCEX ONPECACYICHHH H BAXHEHIIHX NMOJOXEHHH, HAXOANTCS
B KOHIIE KHHIH.

CyInecTBeHHHX COKDPAIIEHHWH B M3A0KEHHH MOKHO OHJIO JOCTHT-
HYyTh NPH NOMOIUH CCHUJIOK HA HM3BECTHHIE TEOPEMHl MEXaHWUKH, BHI-
BOABl KOTOPHIX COJepKarTcsi B ABYX MEPBHX YiKE BHMWEIIIHX TO-
mMax. Tak, ccuaxa 7, (132) oznpawaer ypaeBuenue (132) B ,O6meir
MexaHuke®;, ccoiaka 2, § 15 o3mauaer g 1o ,Mexanuku nedopmu-
pyemux Tea“. TOT, KTO X0 HEKOTODOH CTENEHH OCBOMJCH C TNPHH-
UHNAMH MEX3HHKH, KOHEYHO, B NOJOOUBIX yKa3aHUAX HE HYXJIAaeTCH.

bepann-I'pyunesansa,
Mapr 1922,

Aemop.
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BBETEHHE B TEOPHIO DJIEKTPAYECTBA W MATHETH3MA

§ 1. MexaHWueCKHM sBJCHUAM, WM ABHXKEHHAM MaTePHAIbHHIX
TOUeK NPOTHBOCTOMUT KAK HEUYTO €JHHOe, SICHO OT HUX OTIPAHHYEH-
HOe Ien0e, BCI COBOKYIMHOCTb 3JEKTPHYECKHX M MACrHUTHHIX, HIH
3MeKTPOJMHAMUYECKHX, ABJACHHA. IJTHMH AByMsi OO0JAacTAMH HCYEp-
nLBaeTcs BCA (PH3MKA, TAK KAaK BCE OCTAJbHHIE €€ YaCTH—AaKYCTHKA,
ONTHKA H Temjaora—MoryrT OBTb BIOJHE CBEIEeHH Ha MEXaHHKY H
aJeKTpoAUHAMUKy. OKOHYATeJBbHOE e o0beHHEHNE STHX MABYX
TOCAENHHUX KJAACCOB sABJAEHHH, YTO NpPEACTaBHaO Onl COOOH yBeHua-
HHE 3JaHHSA TeOpeTHueCKOH (PU3HKH, elle MPHUXOAUTCH NPEAOCTaBHUTh
OyaymeMy. )

OaHako yxe Tenepp HAJIHIO LEJAHHA DAL MOCTOB, BEAYLIMX H3
neppoi o6saacty BO BTOpYW. IlepBnM M BaXHEHIIMM H3 HHX fB-
AsieTCs MPUHUMO COXpaHeHus suepruu (I, § 49), KOTOpHA MO3TOMY
MLl 3H6Ch M BHIABHraeM Ha mepBHi naad. [loHsiTHO, OMHAKO, YTO STOT
OPHHLMII caM 1o, ce0e ¢iue HE AaeT AOCTATOYHOrO pPYKOBOJACTBA,
¢ MOMOILBI0 KOTOPOTO MOXHO OHIIO On MOCTPOHTHL ONpele/IeHHYIO
TeOpHIO 3dJeKkTpuuecTBa. Jlaxe OoJjee: pasnHuHbple TEODHH, OCHOBAH-
HLle BCe HA MPHMHIHIE COXPaHeHHs SHEPrkH, ¢ TeYeHHEM BPEMEHH
OpUMIIIM K NPOTHBOPEYAlUHM pesysabTaTam. [na nanaraeMod B 3TO#
KHMTe TEOpHH, OCHOBaHHOHM MaxkcBe/soM, XapaKTepHO NPOBEIEHHE
BTOPOH OCHOBHOH uJeH: mnpuHuuna Oauskosefictsud. Ilo stomy
MPUHLKNY B MDHpOAE HE CYIWECTBYET JeHCTBHA HaA PacCTOsSHHY,
T. €. He MOXET CJAYYHTbHCA TaK, 4YToOH AEHCTBHE KakKoro-iudo me-
CTHOIFO COOBITHS TOTYAC XKe MNPOSBAAJICCH B KAKOM-HHOYAL 60Jee
WK MeHee OTJAaJeHHOM MecTe, MHHys Teva Mexaexamue. Hampo-
THB, BCAKOE AeHCTBHE PAcNDOCTPAHSIETCA B NPOCTPAHCTBE OT TOUKH
K TOYKE W IPH TOM C KOHEYHOH CKOPOCTbHIO. O7rciopa caenyer, 4To
BCe TMPOHCXOJflLIee B KAKOM-I1HOO ONpeje/eHHOM MecTe M B onpe-

AeJeHHblI MOMEHT BMOJHE H OIHO3HAYHO OnpelenseTcsd TeMH

COBLITHAMH, KOTODHE MPOMCXOJIHAU B HENOCPEJACTBEHHOH OAM3OCTH
OT 3TOTO0 MECTAa B HENOCPEeACTBEHHO INPEeAlIeCTBOBABIIHA MOMEHT
BPEMEeHHU. ﬂ

Tak KaKk B 3TOM MNOJOXKEHHH 3aKJI0UaeTCsl CYILIECTBEHHOE orpa-
HAYEHHE HMEIOWHXCA HAABIO BO3MOXHOCTEH Jaa Ccnocobda jneil-
cTBUS (PUBHMUECKHX NPUIHH, TO.NPHHUHABLI AaJbHOAEHCTBHA H GaH3-
KONEHCTBUs HeJb3sl pacCMaTpUBATL KAaK INPHANUNE pPABHO3HAY-
Hee. [IpuHuMn JeHdCTBHA H& DPACCTOAHHMM HAaAO TPHU3HATL GoJjee
o6mAM, a NPHHUMN 6JH3KOAeHCTBR — Oosee cnelHarbHuM. B cBa-
34 C STHM H CTOHT TO OOCTOETEABLTBO, UTO B 3RKTPOAMHAMHKE
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CyL1eCTBOBAAO HECKOAbKO PA3JTHYHBIX TEOPHH, OCHOBAHHLIX HA INPHH-
[Mrne AeHCTBHSA Ha PACCTOSTHHH, H TOJDbKO OJ(HA €AUHCTBEHHASI TEOPHS,
OCHOBAHHAas Ha NPHHIMNE 6JHU3KOACIHCTBHS, HMEHHO, MAKCBEJAJNOBCKAs.
To, yTo 3Ta TEOPHUA B KOHHE KOHIOB B3s/a nNepeBec Hal BCEMH
IPYTHMH, NPOU3OIUIO, IO CYILUECTBY,HE OT OOJblliel ee ,BEPHOCTH,
HO, TJ1aBHBIM 00pa3oM, OT ee O6oJblUeRl OnpeneseHHOCTH H Npo-
cTOThHl. Beiab 10 3TOH Teopuum nNpH bluucAeHyU NPoleccos8 B KaKOM-
AH60 MecTe HeT, B CYUHOCTH, HHKAKOH HaJZ0oOHOCTH 3aB0TATBECH O
TOM, YTO MNPOUCXOJAUT B KAKOM-AHOO APYrom, HaAXOASIIEMCS Ha KO-
HEYHOM PAacCCTOSHHH, MeCTe, — JOCTATOYHO ' OTPAHHYHTLCSI PACCMOT-
peHHEM MNPOHCXOASIIEr0o B HEMOCPeRCTBEHHOH OaH30CTH. Mexny
TEéM, 10 MNPUHIHNY HAedCTBUsSI HA PACCTOSAHUH B MOXOOHOM cayuyae,
CTPOro TOBOPs, HEOOXOAMMO HCC/AEN0BATHL BCIO BCEJAEHHYIO, YTOOH
y6eIuTbhCsl, 4YTO HUTAE HE CYIIEeCTBYyeT HHYEro TaKOro, UTo MOTJO
OBl 3aMeTHO MOBJHATL HA NPEABLIYHCJASEMOE SIBJCHHE.

 3mect CHOBA ONpaB/JHBaeTCd IMOJOXEHHe, YTO He Ta TeOpHS
Hauayuymas, xoropasa HauboJee obma. Hanporus, yuem cmenpHajabHee

TEODUA, YEM HoJiee ONnpeaeJCHHBIE OTBETHI A4d€T OHA Ha BCEe KacCarw-

IHecs: ee BONPOCH, TeM Jyulle OHa paspemder CBOo 3anauy. [lo-
CAelHss 3aKAyaeTcss B TOM, 4YTOOL naTh OAHO3HAUHOE, Y YK JOC
BCAKOH HEONpPEeAEJNEHHOCTHU, NPEACKA3aHHE OXKHUAAEMEIX §B-
JIEHHW, — MYHKT, KOTOPHIK NPH TEOPETHUYECKHUX MNOCTPOEHHSX, K CO-
MajqeHHio, HHOTAAa YNYCKAaT U3 BUAY. YUemM MeHee HeonpeaeseHHHIX
MTOCTOSHHBIX COJAEPKUT TEeOopHUs, TeM O0Jee OHa IPOHM3BOJIUTEJbHA.

Ecau, Takum o0O0pasoM, Mbi NPHHYAAEHB TPH MOCJASAYIOIEM
Pa3BUTHH TEOPHH C CAMOI0 Hadajaa NPUHUUNHAJIBHO OTKAa3aTbCS OT
BCSAKHX NMPEACTABJCHHH O JAEHCTBHH HA PACCTOAHHH, TO 3THM BCe XKe
He HMCKMOYAeTCsl, YTO BIOCAGACTBHH HHOT/AA OKaxeTrcsi yAOOHLIM H
HeAecooOPasnuM QOPMYIHPOBATL OKOHYATEAbHBIA BHBOJ CO0OPa3HO
C NPEeACTABACHHAMH O HeMnOCPEeACTBEHHOM JEHCTBHH HA PACCTOSAHHH.
B 3TOM HeT HMKAKOrQ IPOTHBOPEYHSI C NMPUHUMIOM OJH3KOLEHCT-
BUs. BeAb MH TOBODHM, HampuMep, O BOCXOJE H 3aXx0Je COJHIA,
HHYYTh HE yTBEDXKJasl 9THM, YTO COJHIE obOpalaercsa BOKPYT 3eMJH.
Toano Tak ke Mh OyAeM BHOOC/JCACTBHH TOBOPHTbH, YTO 3JACKTPHU-
YEeCKH 3apsKeHHOe TEeJO NPHUTACHBAET HJH OTTAJAKHBAET Apyroe
3APKMLHHOL TEJO, UAM YTO raJbBAHHUYECKHH TOK OTKJAOHAET KOMIAC-
HYIO CTpRJKY, COeAHHAsT C 3THMH BHDPAXKEHUSIMH TOT CMEICJ, 49TO
9FH BHAEMLIC [IPDOABACHHS IPEACTaBAMOT NPOCTOH KOHEYHHH pe-
3yAbTAT MBOTOUHCJHEHHLIX CXOXHBLIX NMPOUECCOB, PA3LIrPHIBAIOMIAXCS
B NPOCTPAHCTBE MCXKIV DACCMATPHBAEMBIMH TEJAMH.

UACTb TIEPBAM

OBU[UE YPABHEHMSI 3JIEKTPOMATHHTHOTO
' 0I5 B MOKOAMMXCA TEJIAX '

FAABA 1

HANPSKERUE AIAFKTPHUYECKOTO I MATHUTHOTO IMOJIA

§ 2. Ecan CMaAbBO nNOTEepeTh KOIIAYbHM MEXOM ManoO4yKy H3 Cyp-
ryga n.iu 300HHTA, TO OHA NOJYYaeT CNOCOOHOCTh NPUTATHBATL K cebe
HeboOMBMIHE JIerKHe TeJsa, Hanpumep obpesku OyMard uam OY3UHHEIE

mapukyd. HroOn HCTOJKOBATH 3TOT ONLITHHIA (aKT HAYYHO, MBI HE

¢ctaHeM npejacrasasaTh cefe, YyTO HATepTas naJjgodka BO3JEHCTBYET
Ha TeJO C MPUTATMBATENbHOH CuJ0H, HO Oylem HCXORLHTL H3 TOYKH
3peHHsl OJH3KOJeHCTBHA W CKaXKeM: HaTeprad I1aJouka, Inpexnae
BCEro, 006pasyeT B OKpyXawlileM ee BO3AyXe 3JeKTPDHUYEeCKoe
nNoJe, KOTOpOe XapaKTepu3yeTcs B KaWJAOH ero ToukKe onpeleneH-
HBIMH MECTHBIMH €ro CBOACTBAMH. IDTO 3JIEKTPHYECKOe IoJe, CO
CBOE{l CTOPOHKI, OK43kIBAeT AEHCTBHE HA BCAKOE HAXOASLIEECs: B HEM
TeNO, H HElCTBHE 3TO 3aBUCHT HCK/JOUMUTENBHO OT CBOHCTB IN0J4
KaK pa3 B TOM MecCTe, IJie HAXOJAHTCA Teao. IIpu 3TOM cOoBepIlieHHO
He HYXKHO 3a00THTBCA O TOM, KaK BO3HHKJO 3JEKTPHYECKOE noJe
HJAH KakOBO OHO B JPYTHX MecTax. JIJNeKTpPHUYecKHe MNnoaAs MOXHO
CO3JAB4THh CAMEIMH PAa3HOOOpa3HbIMH CNOCO0aMU BO BCEX BEIeCTBax,
H B MHAKHX H B TBepAHX TeanaX. Kaxzoe BelwecTBOo HNO3TOMY CJje-
NVEeT paccMaTpPHBATL KaxK ,AH3JeKTpHK“. Pasymeercd, B DasiIHUYHBIX
BEIEeCTBAX 3JACKTPHUECKHE NoJasi OOHAPYKUBAIOT pa3/jHYHHE CBOH-
cTBa. B oco6enHocTd, 3TO OTHOCHTCA K HX H3MEHUMBOCTH BO Bpe-
MEHH. |

[MaBgRIM  BONPOCOM #ABASETCS JJf Hac Tenepb CAeLYIOLIHH:
KaKoH BeMUHHON MOXHO OXapaKTepPU30BaTh B OIPEAEJEHHOM MECTE
JNEKTPUUECKOE 10Je, KAaKUM OBl Coco60M ¥ B KaKOM OBl BEIUECTBE
OHO HH OBLIO. 06pa30BaHO. HToOH OTBETHTHL HA 3TOT BOIMNPOC, BBEAEM
B COOTBETCTBYIOIEE MECTO noJjs HeboAablioe, COOTBETCTBEHHHM 00-
pPa3oM MNOJrOTOBJAEHHOE, ,NPOOHOE TeJ0“, HalpPUMep MOJABELIEHHHH
HAa TOHKOI IeJKOBHHKE OY3MHHHHA LIAPHUK, NPeABAPHUTENbHO MNPH-
BEJEHHHNA B CONPHKOCHOBEHHE C HaTepTOH 300HATOBOH NANOYKOWM
HJH e ¢ ynoTpeOJeHHHM [ HATHPAHHA MaJOUYKH KOWaYbHUM Me-
XOM, U HU3MEPHUM MeXdaHHYECKYI0 CHJIYy, KOTOpas Ha Hero B I0Je
neitersyer. Ecau Mul HccaenyeM TakuM CnocoboM Bce moJe, npo-
W3BO/J RO BCEX €ro TOYKAX O3HAUEeHHOE H3MEepeHHe, TO TaKoe noJe
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MH OyIeM paccCMaTpPHBATHL KaK BIIOJIHE H3BECTHOE H ONpefie/eHHOe.
Ecau cuna oxkaxkeTcs BO BCEX TOWKAX INOAA OAHHAKOBOH, TO TaAKOL
nojse Mbl Ha3zoBeM ,OAHOPOAHHM®. Ho, BoO6Ie, CHIA MOXET Bapbn-
pPOBaTh OT TOYKH K TOYKE KAaK MO BeJHUMHE, TAK K [I0 HalpasJae-
uuio. Cuaa uszobpaxaercd BexTopoM. [loaTomy 24eKTpuueckoe noJae
B KaXJI0# ero Toyke Ml Oyjaem xapaktepusoBaTb BeKTOpoM E, koto-
DLl HA30BEM ,HANPSKEHHEM 3JAEKTPHYECKOr0 NOoAfd., HAH NPOCTO
»INEKTPHYECKHM HanpsixeumeMm®.

[Ipu saTOoM HAZO NPHHSATH B CoOOpa}eHue, 4to H3Mepsémas Me-
XaHHYEeCKas CHJa 33aBUCUT HE TOJBKO OT CBOHCTB MOJ51, HO TaxKxe
U OT CBOUCTB YNOTPEOJEHHOrO AJAA H3MepeHHUs NPOOHOro uapHka,
H MPHTOM HE TOJbKO [10 BEJHUYHHE, HO H MO HAaNpaB/JeHH. VIMeHHO,
cuaa TeM OOJble, YeM CHJALHee Oblia HaTepTta 260HHUTOBAS MAJOUKA,
CAYXHBINASL NS NMOArOTOBKH wapHka. Jlanee,oHa NeHCTBYeET B ABYX
IPOTHBONIOJOXHKX HANpaB/JeHUsX, CMOTpPSA IO TOMY, OBl JH NpOo6-
HBIH IIAPHK B CONPHKOCHOBEHHH C NAJOYKOH HJH C MEXOM.

Ycaosuauch (uenecoobpasnee Obig0 66 06paTHOE) ONpeaesTh
KaKk HanpasJaeHHe E TO, 10 KOTOPOMY AeHCTBYET CHJA B TOM CJayyae,
KOrjaa npobHbIA mapuK OblJl B COMPUKOCHOBEHHH C KOIIAYbUM MEXOM.

He tax nmpocro onpepenenme d6comotHoft Beaunuuuwst |E| anek-
TPUMECKOro Hanpskenusa. HroOnl noayuute ee, npubOerHeM K mo-
HATHIO 00 3HEepPruu noJjad. YUTo 3JexKTpHYecKoe mnoJe COHEPKHT He-
KOTOPHIL 3amac 3HEPruH, CJAeAyeT H3 TOro o0CTOoATeNAbLCTBA, YTO
nOJIe MOXKET MPUBECTH B ABHXKEHHe teno. JleACTBUTENbHO, KUBas
CHUJA ABHXKEHHA N0 3aKOHY COXPAHEHHSA IHEPrud MoxeT OHTh no-
JydeHa TOJIbKO 33 CUeT 3JEKTPHYECKOH 3HEePruH, PABHO KAaK JBH-
XEeHHSA yNnpyroro Ttena MNPOHCXONAT 34 CUET 3Hepruu nedopManHu.
OTHONIEHHE 3JEKTPHUECKOH sHepruu, cojrepxameicss B 6€CKOHEdHO
MaJO# uyactH obbema, 3aHATOrO noJem, K 06beMy 3TOH YacTH Ha-
3bIBAETCH ,IIJIOTHOCTBIO 3IJMEKTPHUECKOR 3SHEpPruu“. 3rta BeJHUHHA

BHIDAXKAETCd B MEX3aHHYECKHMX €IXWHHMIAX, OHA IIOJOXHTEJbHA, €eCJH

MPUHATL 3HEPrUl0 INEKTPUUYECKH HeHTpaJbHOrO MNOJAfA 3a Hy b, Ha
Helt Mbl OCHOBBIBAeM onpeaeJeHde abCONOTHON BeJHUYHHB 3JEKTPH-
YeCKOTO HanpsKeHHs, N0Jaras mJOoTHOCTb 3JIEKTPHYECKOR 3HEPruu
MPONMOPUHMOHAJALHONK KBAAPATY HANPAKEHUSA 3SJEKTPHYECKOro MOJA
E?, a Takxe HnpONOPUHOHAJBHONK NOJMOXHTEJILHOMY MHOXUTEIO,
3aBUCANIEMY TOJAbLKO OT CBOHCTB cpennl (HanpuMmep BRO3AYX), ¢,
2 JUIICKTPHUCCKOH NMOCTOAHHOK®, ONMpele/IeHHE KOTOPOH MK NanUM
HHXKe (Ccp. nanee, § 7).

Bonee nenecoobpasHo ObJIO OB MOJOMHTL NJOTHOCTH 3JEKTPH-

4ecKO# SHEPruu paBHOM -—-;i— E2. Tak M MocTynaiotT B TaK Ha3blBae-

MO# palHOHAABHOH CHCTeMe eINHHHL, ROTOpPO#, B OCOOEHHOCTH,
noJAL3yITCst B TeopetHueckoit ¢usuxe. KlcTopmueckoe pasBuTHe
yuyeHHsl 06 3JeKTPHYECTBE NMPHBENO K YNOTPeDJeHHI0 NMPAKTUYECKOH
CHCTEMBl €AMHKLU. B 3TOo# cucreme UJAOTHOCTD JEKTPHUECKOR 3Hep-
''MH BHIPAXKAETCA CAeAyIole BeJUUUHON:

o E _ (1)

HANPSXXEHHUE S3JEKTPUUYECKOIO M MAIHHTHOI'O NOJAY 13

¥ TAK KaK 3Ta CHCTeMa eAMHHL OOBIKHOBEHHO YHOTpeOJadeTCd Te-
1ePb KaK B 3KCIIEDHMEHTAaNbHOU, TAK ¥ B TeXHUYeCcKoH (H3HKe, TO
U Mbl OyAeM €10 3aecbh noab3oBatbCd. Ocobble ee NpeHMyLIECTBA,
MEXAY IIPOYMM, BbISICHATCH TOJNBKO BHNOCJASACTBHM (B KoHue § 41).

Be/qMYHHOH W HanpasJeHHeM 3JeKTPUUeCKOro Hanpsxenus E
ofpene sifoTCa KOMMOHeHTH 3T10ro BektTopa E,, E , E; OTHOCHTE/NLHO
[IpaABOW CHCTEMBI B3aWMHO MNEpPIEeHJIHKYIAPHbBIX oceﬂ KOOPpJIHMHAT.
COorsacHo 3TOMY 10JHAaa 2Heprusg Jaboro 3/JeKTPHYECKOTO MOJA
B OJHODOAHOM TeJie C AHUSJEeKTPHUYECKOH NOCTOAHHOH & paBHa:

EVNA-(FE 24 F 2 2
Snjd"(E;a —l Ey +Ez )J (2)

rae dr o6o3nauaer ajeMeHT oObeMa TeJa, |

§ 3. AHANOTHYHO 23JEKTPHYECKOMY IOJ10, XOTd H OTJAHYHO OT
Hero no CBOEYU npHpoae, MAarHHTHOE noJjae. MargsutHoe noJe
TAKXKE MOXKET OhIThb CO3/J3aHO CaMbBIMH DAa3sAHYHLIMH cnocobamu. Mmu
3afiMeMCH npexje BCEro JUUIbL BONPOCOM O XapaxkTepPHh(X CBOHACT-
BaxX K4KOro-au00 HMEWIUEerocsi MarHMTHOTO 1MOJd, 4 He O TOM CIO-
cobe, ¢ MOMOIBIO KOTOPOTrO OHO c034AaHO. laa uccaemsoBasuus noJs
B KayecTBe NPOOHOro Teqa ME ynoTpeOUM MajieHbKYIO, CBOGOAHO
BPALAIOIIYIOCH BOKPYT CBOErO HEeHTpA TAXKECTH, MArHUTHYIO CTPEIIKY.
JIelCTBYIOIIHA CO CTOPOHH IOJiSI HA MArHUTHYIO CTPEJKY MeXaHHue-
CKHH MOMEHT BpallleHUd ZaeT HaM CPeACTBO ONPEACJHUTD ,HANPAKECHHE
marautioro nosas“ H. Ecam ator MoMeHT BpallleHHs Be3ne OJHHA-
KOB, TO Mbl Ha3niBaeM MarHurHOe I0Jie ,O0XHOPOJAHLIM“; B o0mieMm
cjayyae 3a HanpasJieHHe BekTopa H MBI npHHHMaeM TO HamnpasJe-
HHe, B KOTOPOM yCTaHaBJHBae¥csa MNpoOHasg CTpPeJNKa, a HMEHHO,
CUMTad OT €€ IOXHOro KOHUAa K ceBepHOMY. lloatoMy, Hanpumep,
B [10/ie Ha MOBEPXHOCTH 3eMJHd, B TaK Ha3kIBAEMOM ,3€MHOM Mar-
HUTHOM II0OJIe“, HAIpaBJAeHME MACHUTHOIO HANPSIKEHHSA IPHOJAH3H-
TeJbHO COBNajder ¢ reorpapruecKHM MepuAHaHoMm. AO6cCoJoTHAadA
BeJHYHHA HanpseHusa MarHutHoro noJuas H He Moxer OwiTh onpe-
AesieHa H3 BeJHYHHLB MEX4aHHYECKOro MOMEHTa BpaleHHs NOpOO6HOI
CTPENKH, TaK KaxK 3Ta BEJAHYHHA 3aBHCHT OT CBOMCTB crpedku. Io-
3TOMY MH ONpeAesdM €€ MNpH NOMOIUH 3IHEPrHH noJd, [oJaras
» IIVIOTHOCTD MAarHUTHOH aHepruH“ PaBHOM:

— H?, (3)

83: |
rae y— ,MarHHTHas NPOHHLAEMOCThL BeuecTsa” H O3Ha4YaeT HEKOTOo-
P MNOJOXHTE/AbHBIA KO3(HLKEHT MPONOPUHOHAALHOCTH, CMEBIC/
KOTOPOro OyAeT BLIICHEH I03Ke.

Be/HYHHOIO H HANpaBaeHHEeM MAarHMTHOro M0Jf OIPene/diorTc
komnoHeHTs 3roro BexkTopa H,,H,,H, oTHOCuTe/bHO npasoi
CHCTEMbl B3dUMHO uepnemmcymipnblx oced koopauHar. [loanas
SHEPrust JIOOOro MarHHTHOTO MNOJsI B Te€Ae C [OCTOAHHOMW MArHHT-
HOX IPOHYLAEMOCTbIO ;A OTCIOJa paBHA:

- Sdr (H, = -4~ H.2 -+ H.%. (4)
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Boobime, moJe MOXeT NPOU3BOAMTL KAK 3/EKTPHYCCKHE, Tak
W MarguTHhe AeficTBHs. Takoe monae Mbl HasniBaeM NO3TOMY 3JCK-
TpOMAarHuTHLIM. B KaxA0# TOUYKe TO0Jf SJEKTPOMArHuTHOE COCTOH-
Aue xapaxkrepusyercs o6oumu Bexkropami E u H, KoTOphie COREPUICHRO
HE3ABHCHUMHL Pyl OT APYra; UMH ONpENeNAercs W IOJHAS SHEePrHi
3/I@KTPOMATHMTHOTO NMOJsSi KAK CyMMa BbIPaXKeHUH (2) u (4). B satom
CMEICJE BCS BCeJeHHAas NpeCcTaB/asieT, B LEN0M, OLHO 9 I€KTPOMArHHT-
HOe [oJIe, W BCe VIEKTPHUECKUE M MATHHTHHE fIBJAEHHS CYyTb HE HTO
HHOe, KaK u3MeHeHus 3toro noJjs. OOmas 3afaya TEOPHH CBOAMTLS,
B KOHEYHOM cuerTe, K TOMYy, uTOOB MPEABHUYHUCAHTL H3MECHEHHA CO
BpeMeHeM 3JEKTPUYECKOTO ¥ MarHHTHOTO HANPSKEHHA BO BCEX TOY-
Kax NPOCTPAHCTBA, €C/d 3a4AHbI 3HAUEHHS HX 4 KaKOTO-HHOYyAb OZ-
HOro MomeHTa BpeMenu. Tax kak nsa sexkropa E u H onpeneasTcs
[HecThIO HE3aBHCHMBIMH APYL OT IPYyra BeJHYUHAMH, TO AJIA BHIAMC-
neHds X H3MeHeHHHl cO BpeMeHeM HeOGXOJHMBL IIEeCTh YDaBHEHHA.
STy LIeCTh YPABHEHHH, COCTABJISIOIHUX SAPO MAKCBeJJIOBOH TEOPHH,
Mbl YCTAHOBHUM B CJEAYIOILEH IJaBe. |

i

TJIABA 1I
3SAKOHBI DIERTPOMATHUTHOIO MOJS

§ 4. [TousitHO, uTO HudepeHnuanbHLE YPABHEHHS 3NEKTPOMArna-
HOFO NOJS HeAb3s NOJYUHTh YHCTO JAeAYKTHBHHIM myTeM. OJHAKO
OHH NOJYYAalOTCH CPABHUTEABHO NPOCTO, €C/JAH HCXOXHTDH H3 TpeboBa-
HUg, KOTODOE MOXHO 3THM YPaBHEHHSIM NMOCTaBUTDH HAMEPEL: YTO OHM
NOJKHBI, BO-NEPBHIX, YAOBJACTBOPATEH MPUHLKINY COXPAHEHUS SHEPTHH
H, BO-BTOPHIX, IPUHIKNY 6auskofeficTpusi. KiTak, pacCMOTPHM A100YI0
qacTb OXHOPOAHOrO, BCE BpeMs HAXOXALIErocst B IIOKOE, TEAA, B KO-
TOpOoM 06pasoBavO 2JEKTPOMArHuTHoe mnoJe. [1o mpunuuny Coxpase-
HHS SHEDTHH 3JEKTPOMArHWTHAA 3SHEpPrus 9TOH UaCTH Tejaa MOMET
H3MEHHTBCH TOJBKO IIOTOMY, UTO HJH MPOUCXOAUT OOMEH 3HEp-
rueli ¢ BHEUIHHMH TEJAMH, WM BHYTpH €€ 3Heprus npeBpamacTcs
B ApyrHe ¢opmbl. MH pPacCMOTpHM CHauaja Mepeuid MPOUECE, T. €.
IPUTOK SHEPI'WH M3 OKPYXKAOMErO INPOCTPAHCTBA WJIK OTHAUY EMY
sgepruy. I1o npuHUMNY GAH3KOAEACTBHS JICKTPOMATHHTHAS SHEPTEA
HH B KAKOM C/Ayyae HE MOXET MEPEeCKOYHUTb NpAMO H3 KaKoro-a1u6o
MECTa OKDPYXKAaIomero [MpOCTpaHcTBad B Kakoe-aubo MecTo BHYTPH
pacCMaTPUBAEMOTO TM0JA,—OHAa MOXET MPOHHKATL CHAPYXKH BHYTPb
TOMBKO 4Yepe3 MOBePXHOCTh PACCMATPHBAEMOH YacTH NPOCTPaHCTBA
HenpepHBHLIM CINOMWHEIM noToKoM. O0Med aHEepruel ¢ OKPYKAIOWIIM
NPOCTPAHCTBOM DEryJupyeTcss TakuM O06pasoM NOTOKOM 3SHEPIHH,
. AHAJOTHYHBLIM [1IOTOKY XHAKOCTH, uepe3 MOBEPXHOCTD 3TOH HaCTH
IPOCTPAHCTBA, H 3TOT SJEKTPOMATHHUTHLIA [OTOK BIOJHE ONPEACL:
AAETCH B KaXIOH ero TOYKe MEeCTHHIM 3/eKTPOMATHHTHBIM COCTOs-
uuem, T. e. 3qaueduamu E 1 H B pannoM mecre. KoauweCTBO SHED:
ru”, npoTexamluelt B aseMenT BpeMenu df yepes SJeMEHT NOBEPXHU-
cTH dO 1O HOPMaJH V B HapaBJAeHHH 3TOH HOPMAaLH, NPOTOPHHUOHEIL:
uo do 4 df, ero MuI MOJIOXKHUM TO3TOMY PaABHLIM: |

S, - do-df (°)

IAKOHB! DJEKTPOMATHHTHOTIO noas 15

M HA30B€M KOHEUHYIO BeJHUHUHY S, caarawoweHd noTroka 3HEpPrHH no
HanpapJaeHHio V. MOXHO Jerko OOHapyXHTh, 4YTO S €CTh BEKTOP.
l{MeHHO, TpHMEHHM NPHHUMI COXPAaHeHUus 2HHEPruH K OeCKOHeuHO-
MaJoOMy TeTpasapy, OOKOBHIE IpaHH KOTOPOro napaijejbHH TpeM
KOOPAMHATHRM MJIOCKOCTSAM, H NPHUTOM BHYTPEHHEHE HX HODMaJaH COB-
Nafa0T C MNOJOXKHTEJbHLIMH HANPABACHHAMH OCEH KOOpAHMHAT, 4e-
TBEPTAsA I'DAHb B KAUECTBE BHYTPEHHER HOpPMAJH HMEEeT HalpaBJIeHHEe
v (coBepuieHHO Tax ke, kak B § 17). [loanoe xonuyecTBO 3HEp-
MY, BTeKawiued B 3JeMeHT BpeMeHu df H3BHe BHYTPb TeTpa3jpa
uepes ero noBepxHOCTh, NO (D) PIBHO:

(S.do, + §,do, +3.do, + Sd, 6)dt, (6)
npuyeM MI0WAaAH rpaHen:
do, = —do - cos{v,x), do, = —do - cos(v,y), do,=—do - cos (v,2), (7)

Bripaxenue (6) npexcraB/isieT Ha OCHOBAHHHM INMPHRHLKIA COXPAaHCHHSA
SHEPTHH NpoHculelliee 3a BpeMs d! U3MEHeHHe BCeH COAepKalleHCs
B TeTpasape sHepruu. Ho, Tak Kax ara nocjaexHss, BO BCAKOM CAay-
yae, IpONOpuUHOHANbHA 00BHEMY TETpPasapa, KOTOPHHA MO CBOHM NpO-
CTPAHCTBEHHLIM - pa3aMepaM SABJAAETCH BEJAHYHHOH OECKOHEYHO Masof
TPETBHEro NMOPHAKAa, MEXIY TeM KAk KaXJHH 4yJeH CyMMH (6)—Beau-
yyHa OGeCKOHEeYHO MaJas BTOpPOro MOPfAAKA, TO OTCI0AA ChAeayerT,
yTo cymma (6) paBHa HYJIKO HJIM Ha OCHOBaHHH (7):

S, =§, cos (v,x) + S, cos (Y)+ 8, cos (¥,2), (8)

T. e. no 7,(40) BeauudHa 8, npejacTaBjseT KOMNOHEHT B HampasJe-
HHM V BEKTOpa S, KOTOPHIH OonpexeaseTcd CBOMMH KOMIIOHEHTaMH MO
ocaM KoopauHar S, §, S, DTOT BEKTOP S, BEKTOP 3JIEKTPOMArHHT-
HOI'O IIOTOK4 3HEePrud, onpemenfercsa B KAXJAOH TOUKE MOJS IO TeO-
puu GauskomeicTBUs 3HaueHHAMH BekTopos E u H B nanHOM MecTe.
- § 5. O 3aBUCHMOCTH NOTOKAa 3HEPTHH S OT HaNpsKEeHHH noJd
E u H MOXHO 3aKJIOYUTh Ha OCHOBaHMHM onuiTad. OKa3mBaeTCHd, 3Ta
3aBHCHMOCTb Bbipa)aeTCsi OuYeHb MNPOCTHIM 32KOHOM, KOTOPHIH MBI
U HOCTaBMM BO rJiaBy BHIBOAA yPaBHEHHH 3JeKTPOMATHUTHOTO MOJIA
kaK obobLieHne BCeX CAeNaHHHLIX 10 CHX NOpPp B 3TOM OTHOIIEHHH
ONLITOB, UMeHHO, 3aKOHOM [lOMHTHHra, KOTOPLIH YTBEpXKAAET, YTO
MOTOK 3SHEPrHH S MNPONOPIHOHAJNEH BEKTOPHOMY [IDOH3BEACHHIO |

(7, § 87) E u H, T. e.

C .
I, 47O O3HAuUaeT TO Xe CadMOE,
C | C
S, = - (E,H,—E,H,), 8,=_" (E.H,—E.H,) (10)

rae C— HeKOTOPHIfT KO3(HLHEHT IIPONOPLUHOHAABHOCTH, BEJHYHHA

KOTOPOro 3aBHCHT OT BHI6Opa exuuun anga E u H.
M3 aTtux CcOOTHOILEHHH, KAK ML YVBHAWUM RaJblie, NMPOCTHM NyTeM
M (e3 NPUBJICYCHHA KAKHX-JIU00 0COOLIX ONMTHHX (PAKTOB BhiBOAATCA
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OlpenesieHHble KOMHYECTBEHHBIE 3aKOHOMEPHQCTH JMJIA BCEX 3JeK-
TPHYCCKHUX W MATHUTHBIX NMPOLECCOB. ITHM ¢ H3OLITKOM NOKPLIBAET-
C1 TOT HEAOCTATOK, 4YTO, KAK MOXHO 3aMETHTb, COOTHOIUEHHS 3TH
He OGJAaZAT HUKAKHM HENOCPeACTBEHHO HArJIsiIHbIM COMEDKAHRNUEM,

§ 6. Ha ocuopauuu nNpHUHATHIX HAMM A0 CHX [OD MOJOXKEHHH MBI
TENEPb B COCTOSIHHM OKOHYATENAbHO YCAOBHTLCA OTHOCUTENBHO ¢ TH-
UKL, KOTOPLIMH OyJaeM NOJb30BATHCS B HaJdbHeEHeM. [IpunomHENM
NPpEXAE BCEro B IPHMEHEHHHM K KAKOMY-HHOYAb ONpeneNeHHOMY
9JACKTPOMATHATHOMY TIIOJI0 B KaKO{-HuOyAL OHpelneleHHOR cpeae
YCTAHOBJ/JICHHBIE HAMH ONpeneJeHud. B kaxiaIoM MecTte 3TOro mnoJvs
MBI MMEEM ONDENRJCHHYIO IJIOTHOCTb 3deKTpuuyeckoil auepruu (1),
ONPEAENACHHYIO MIOTHOCTh MATHUTHOH 3Hepruu (3) 1 onpeneneHHbIH
MOTOK sHepruu (9). XoTa 3TH TPH BEJUYHHB H HE U3MEPSIOTCH Hemo-
CPEACTBCHHO, OHH MNpeACTaBJAi0T cOOO0H, OJHAKO, COBEPIIEHHO TOYHO
ONDENETACMBIE BRAMYMHELL, KOTODHE BLIPAXAIOTCH B MEXaHHYECKO
Mepe. OHHM cOZepxaT KpoMe 060MX NePeMEeRHLIX HAIDMKHHN 11044
E u H eme tpn xosduuuenta nponopuuonasbuoctd s, w 0 C, B
OTHOIICHHH BEAHYHHBI KOTOPEIX MBI HHUY2M He ces3aun. Orcona
CAENyeT, UTO nBE W3 3THX TPEX KOHCTAHT MBl B NpaBe 33XaTh CO-
BEPUIEHHO IIPOU3BOABHO,TOT A KaK TPH OCTANbHLIE BEJAHUHHLl, HMEHHO,
06a Hanpsixenus noast E u H 1 TpeThs KOHCTAaHTa, BIOJIHE Ofpe-
ACMAIOTCA TPEMs BHIDAMKEHHUSAMH JJ51 3HEPTHHU. DTO OIIPEALTCHUE MOKET
OBITL BBICKA33HO A/ KAXAOA OTAEJSLHON Cpejibl COBEPIIEHHO He3a-
BUCHMO OT APYTHX Cpen.

HTO ke KacaeTcs pasmHUHLIX CPeX, TO OKAazaq0Ch Ieaecoobpas-
HbIM MHOXHTEJBb NMPONOPUUHOHKAALHOCTH C B BHpAaXKe-
HHH DA NOTOKA SHEPrUM NPUHSATL OAUHAKOBHM 14
BCex cpe xa. LleaecoobpasgocTs aToOro yC/JA0RUS TOTYAC XKE CTAHO-
BHTC fCHOH H3 NPOCTOTH TOH (POPMLI, KOTOPYIO PHHHUMAIOT IOTPa-
HHgyple yCJIOBMSA HA TPAHWIE pasfena JBYX pasanyHbiX cpen. MIMeHHO,
PaccMOTpPUM 3JEMEHT MOBEPXHOCTH do 11 no0GHOM rpannie pasaena,
PacnosoxuB 0Ch = 2 00 HaOpapJeHHlo 0710l ¥3  wopMadaefl
K do. Torna u3 (5) mo 3aKOHY COXPaHEeHHsI SHEPrud CJaelyeT, YTO
Craramomast 110 2z NMOTOKA 3HEPrHH S, N0aKiId HMETh OXUHAKOBYIC
BeJHYHHY NO 00e CTOPOHEI rpaHuIiW pasnena. [1nage sHeprus Ha-
KanJguBaJgach Obl B 3/eMEHTE NOBepXHOCTH d0 W TaM YHHUTOXAaNach
Oul Mau cospasanack Obl M3 Hudero. Taxkum odépasom S, =8, uJu 110
(10), Tax xaxK HA OCHOBAHHM NPUHATOro Haxwu ycaosus C = C':

E.H, —EH, =E'H'—E,/H/

€C/M IUTPHXOM MLI OTMETHMM COOTBETCTBEHHBIC BEJAHYHHE BO BTODOH
cpene. |

Ho, Tak xax KOMNOHEHTEl 3JACKTPHUYECKOro W MATHUTHOIO Hanpd-
KEHHS B KAXJ0H cpeie COBEPINRNKO APYT OT APyra HQ IABUCHAT, TO 3TH
YPaBHEHHA MOTYT OwmiTh VIOBJACTBOpeHBl 0O6IMM O0pPa3OM  TOJbKO
B TOM CJAYYae, €CJaH Beeril;

E=EF,;F -E

o —en
v

ML e HSOH-H)

t 1
By

3AKOHEI QNEKTPOMATHUTHOTO NOJSA 17

uay, Kopoue, 00603Hayas dYepe3 T HANpPaBAeHHe KakoH-AHOO H3
KacaTeJabHEIX K ITOBEPXHOCTH paspena:

Er :EI,! Hll‘ ‘“_"'"Hr’- f (]1) .

Otcroga obmiue morpaHuydble YCJIOBHA Ha NMOBEPXHOCTH pasjgena
ABYX Pa3JHYHBLIX CPeA MOXHO BHIPA3UTh TAKHM OAHHUM NOJOXEHHEM,

YTO TAHFr€HU HA/JbHbBIE COCTABJAAIOUNE B3JTIEKTPHYECKOTO
‘H MATrHHTHOTO HANDAXEHHH HENpEepPH BHI.

§ 7. Ha ocHOBaHMU TOABKO YTO NOJAYYEHHOrO pe3y./bTaTa Hamnps-
KEHHsT IJEKTPHYECKOro M MAarHUTHOrO MOJeH OolpeaesieéHnl BO BCEX
pas/iUduHKIX cpefax, ecjH 9TO HMEeT MEeCTO IJIA KaKOH-aubo oxmuokh
cpensi. [edcTBUTE IBHO, 10 BeJHUHHEe TAHreHUHAJbHON cocTas dioueH
QnpenenseTcs TaKKe BEeJHYHHA HOPMAJABHOH coCTaBAsioueH, Taxk Kax
HalnpaBJ/JeHHe DPE3YJNbTHPYIOUIErOo HAMPSKEHHs YyXKe BIOJHE YCTaHOB-
JeHO BH3uyaJse. FHam Tenmepp ocraercd emie, YTOOH 3aBEpIIUTL OMNpE-
JeJeHHus, 334aTh IO NPOU3BOJIY ABE H3 KOHCTAaHT &, «, C 119 KaKoi-
HUOYIL OaHOH cpeanbl, NPOM3BOJILHO H30PaHHOH B KauyecTBe HCXOXA-
HOK. B KauecTBe TAaKOBOIl M H30€DEM TAK HA3HBaeMyl0 a6COMIOTHYIO
NyCcTOTy, HJH LUUCTHH 3Pup“. IIpasma, B npHpoae abCoOMOTHOH
NMYCTOTH He CYWECTBYeT, HOO Ja)Ke Ta cpena, KOTopas Bcero OJauxe
K HeH MOAXOAHT—MEX3Be3/Hoe HeOeCcHOoe MNPOCTPAHCTBO——HaBEp-
HO€ BCIOAY COAEPXKHT cjaelbl BecOMOH marepuud. OaHaKO pas/iMgHOTO
poJZia ONHTH COBEPUHIEHHO TBEPAO YCTAHOBHJH OJZHH H3 BajxKHeHMIHX
(¢axkTOB 3JEKTPOAHMHAMUKH, YTO 3/JEKTPOMArHUTHHIE CBOHCTBA MNPO-
CTPaHCTBA, 6€AHOro MaTepuelt, CTPeMATCA KO BIOJHE OlNpeeACHHOMY,
NOAAAIoIEMYCA TOYHOMY Y4YeTy, npenesny, He 3aBHCAIEMY OT KauecTB
OCTAIoUIeNcss B IMPOCTPAHCTBE MATEPHH, NO Mepe TOro Kax npo-
CTpancTBO Bce OoJnee M OGoJjee paspexaercd. Cpeay ¢ TakHMH
Hpeie/JbHBIMH CBOHCTBAMH MBl H OyleM HasnBaTh abCOJMIOTHOMN
NyCTOTOI.

O603HayMM AUSAEKTPHYECKYIO MOCTOAHHYIO NYCTOTH UYepe3 &,
e MArHHTHYIO INPOHMIAEMOCTb 4Yepe3d W, nocrosgdHas C moxer
OCTaThCsi 0€3 HHJIEKca, TAK KaKk OHA HJf BCEX Ccpelx OJHHAKOBA.
F13 3TUX KOHCTAaHT JBE€ MOXKHO (PHKCHPOBATb COBEPILHEHHO MNMPOHU3-
BoJabHO. [lonoxum ux nostomy paBHeiMH 1. Tem cambiM Gyzer
¢duxcupoBana M TpeTb MOCTOAHHAA. CMOTPSA MO TOMY, KaKHe HMEH-
HO JB€ KOHCTAHTH M3 TpPEX Mul MIpUMeM 33 eJAWHHUH, HAJHLO

TPH BO3MOXHOCTH OCYIUECTBHTb BHIOOP. ODTH TPH BO3MOXHOCTH
BeAYT K TpPeM KJACCHYECKHM 3JIEKTPOMATHUTHBIM CHCTEMaM EAHHHIL.

1. B rayccoBo#n cucTteMe eIHHHLN MNPHUHATO & =]
u u, = 1.Tem cambiM C nprobpeTaeT HEKOTOPOE OnpeneaeHHoe 3Haue-
liie ¢, U3MEepEeHHe KOTOPOTO MH yME€eM IMPOH3BOAUTL Pa3JHYHBIMH
meTojamu. [TocTosiHHAs ¢ He ABAAETCS OTBJEYEHHBIM uHuCJIOM. Ee pas-
MEpHOCTb I10/]Yy4aeTcd, €CAH MNPHHSTh BO BHHMAHHe, YTO, TaK Kakx
B raycCOBOH CHCTEME & H Uy—OTBJIEUYEHHBIE YHCA3, SJEKTPHYECKOE
H MarfkuTHOoe HampskeHdd mo (1) 1 (3) e6a uUMEIOT pasMepHOCTh:

Vi I I Pl D
NMAOTHOCTb BSHEPTrUH —|[nt "~ { t : _

¢, Bpenespe B TCOPETHHCCKYIO ¢usuiy, u. L[,
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Tax xaK pasMEPHOCTb MOTOKA 3Hepruu S no (5) paBsa [mt '], TO

pa3MepHOCTH KOHCTAHTH ¢ HAa ocHosanuu (9) uan (10) Oyner: [1t ']
Taxum 06pa3oM ¢ UMeeT pasaMepHOCTb CKOPOCTH, T. €., €CJTH Mbi CTAHEM

U3MEHSATb eJIUHHIIBI MAaCChl, JJHUHBI M BPEMEHH, TO HHCJAO0BAA BEJIHA-

YHHA ¢ U3MEHAETCA TakuMm o06pa3oM, 4TO OHA ‘NpejCTaB/iasfer BCerja

Ty e CaMyi0 CKOPOCTh. IDTa oOnpejeseHHast CKOPOCTb HA3LIBAETCH
,KPUTHYECKOH CKOPOCTLIO“. C YHC/AOBBIM 3HAYEHHEM KDHTHYCCKOH CKO-

POCTH MBI NO3HAKOMHMCH BIIOCAEACTBHH NpH PpacCMOTPECHHH HNEPBOTO

No BpeMeHH Merona ee uamepenus (§ 60).

2. B MAKCBeJJOBOH 3NeKTPOCTATHYECKOHR CHCTEME
e AU npuHaTo 8 y=1uC'=1. B 3aToM cayuyae pasMepHOCTb 3JEKTPH-
yeCKOro HamnpsxeHHs AaeTcs nonpexHeMmy (12), HanpoTus, Aaf
MATHHTHOTO Hanps:KeHHs, PA3MEPHOCTb KOTOPOTrO MH JOJKHE TENEphb
BRIYKCAATE M3 dopmyam (9) Aas1 mOTOKA SHEPTHH, NOJYy4YaeTcs BHIpa-

XMEeHHe
| 1 1
[ m2r2 s ], (13)

TaK YTO MArHUTHAasl MPOHHUAEMOCTb 4’y HA OCHOBAHHUA (3) ToOJyuYaeT
pasmepEOCTE: [[72{2], T. €. 06paTHYIO Pa3MEPHOCTH KBaJpata CKOPOCTH.

3.BMakcBeJAJNOBOH 3JeKTPOMATHHUTHON CHCTeMe e I 4~

HUI NOJOXKeHO 4, =1 u C"”" = 1. bnaronaps sToMy ajeKTpUyecKoe

U MACHUTHOE HANpSXKeHHsS OOMEHUBAIOTCS CBOMMH DOJASIMU: 3JEKTPH-

yecKkOe HaNpsiXKeHHe IoJyuaerT pasMepHocTh (13), Torma xakx nas

MATHUTHOIO HAMPSXKEHUS PasMEpPHOCTb Beipamaercsa (12), a auanex-

TPpHUECKAss MOCTOSHHAA &, CTAHOBHTCA BEJHYHHOH, NnOo CBOeHd pas-
MEPHOCTH OOPAaTHOH KBaApaTy CKOPOCTH. '

Uro6K HAATH KOJHYECTBEHHHE COOTHOLIEHHS MEXAY YUCAOBLIMH
3HAYCHHAMH KAaKOH-HMOYAb onpeneseHHO# (Qu3NueCKOH BEAHMYHHBL
B PasJHYHHXK CHCTEéMax eINHHUL, NpeicTaBHM cebe KaKoe-HAOYIb
onpejeNeHHOe 3JEeKTPOMArHUTHOE MOJE B IIYCTOTE U CONOCTABHM
BHIDAXKEHHS AAS BEJAHYUHLI SHEPrHH B TPeX CHCTEMax €eIWHHU, OT-
Medas HMX JAJs DAa3JHUIHs IONPEeXKHEeMYy 3HAYKAMH, IOCTAB/IEHHLIMH
BBEpXY: IJA JIEKTPHUYECKOH 3suepruu rno (1) ameem:

g E% = ¢y E® = ¢ E"'%, (14a)
A9 MarHuTHOH 3reprun 1o (3)
poH2 =y H'?2 = p,/ H'"?, (14b)
oA NOTOKAa sHepruu no (9):
CEH=CE'H = C"E' H". (14c)

3/0Cb Mbl BOCMOJB30BAMHCL TeM 0OCTONTENLCTBOM, YTO AANPABACHUS
Tpex BekrTopos S, E, H onnnarkosn » Tpex CHCTCMAX eAHHUI

AAKOHB! 9ACK TPOMAI'HUTHOrO 104 10

Ecau B 3THX ILECTH YPABHEHHWAX BCTABHTb A/ OTHE/JBHHX KOH-
CTAHT WX SHAYEHUS, YKA3aHHHE BHIUE, TO MyTeM MPOCTOr0 BHITHCAC-
HMA TOAYUYAIOTCS CJAEAYIOUIHE COOTHOLWECHHA:

1 1
e T F o

g =y M= (15)

El'-l" Hf
E=F =—-— H=—=H", (16)

C C
T.e. BCE PA3JMUuA MeXAy YHUCAOBHIMH 3HAUCHUAMH B DASHBIX CHCTEMAX
e AHHHI, KAK OKa3blBaeTCs, CBOAATCA K KPUTHYECKOKX CKOPOCTH C.
Vpaseenus (16) rofHm HE TOJAbKO /s MyCTOTH, HOQ, Ha OCHOBAaHHH
norpanuuEnx yciosr# (11), A1a BCAKOH NPOMSBOJIBHOM CDEIKL. Or-
cioga cJaejyer, ecau TPUMEHHTb YpPaBHEHHUs (14) ¥ Kaxo#t-1ubo

cpene:

" s =6 =(%¢", u=c =y’ (17)

Tax xak BCe NMOHATHS, C KOTOPBIMU ONEPHPYET 3NEKTPOAHBAMUKA,
BHBONSTCA W3 TOHATHH HANpsXeHud nojed M KOHCTAHT & H W, TO
ypasuerus (16) u (17) npeacTas/sioT €OGOH VHHBEPCAAbHBIN K/IIOY
¥ TOHMMAHHIO CBH3H MeXAY Pa3/HYHBIMH CHCTEM3AMH €IHHHI.

Kpome Tpex, PacCMOTPEHHBIX 3HECh, KAACCHHUECKHX a0COMIOTHBIX
CHCTEM eIMHHI, CyIIecTByeT eue NMpaxkTHueCckas CHCTEMaA
e XM HII, KOTOPas TECHO MPUMBIKAET K M2KCBEeJAO0BOH 3JeKTPO-
MATHHUTHOHR CHCTEME H OTJAHYAETCA OT Hee TOJAbKO TEM, 9TO IO IIpaK-
THYECKHM COOODAXKEHHSAM YBEJIHYHBAET HJIH YMEHDBIIAET B AECATDL B HE-
KOTOpOfl CTENEHH pa3 YHCJAOBbIE 3HAUEHHS BCJIHHUH. B coorsert-
CTBYIOIEM MecCTe Mhl K 3TOMYy BEpHEMCH (§ 61). '

B TeopeTHyeckoi (u3nKe Tenepb GOJBIIEI0 YACTHIO yIOTpebAsIOT
NODEHIOBY PAllHOHANbHYIO CHCTEMY €LHHMHI, KOTOpas
XapaKTepu3yeTcst TeM, 4TO B BRIDAXEHHAX (1), (3) H (9) AAS NAOTHOCTH
SHEPrHM M JJS NOTOKA 3HEePrHH, KaK yXe OLII0 YNOMAHYTO BHILLE,
B 3HaMEHaTeJe OMNYCKAIOT MHOXHTEJAb 47, TOTAa KaK JHSJICKTPH-
4ecKylo MOCTOAHHYIO H MATHHTHYIO NPOHHUAEMOCTH ONPELENAIT CO-
BepIIeRHO TaK e, KaK W B rayCCOBOH CHCTEME. Taxum oOpa-
30M, €CJd MH OTMEeTHM BEJHYHHH, BHPAXKECHHHE B JOPEHIUOBOH
pauMOHANBbHON CHCTEME EIHHHL, 4epTON CBEpXy, TO OYyAeM HMETb:

5=;} U= ﬁ: (18)

i otcioaa, ecau Mul, kak B (14), comocraBHM BHPAXCHHA I SHEP-
['MH B raycCcoBOf M NOPEHUOBON CHCTEMAX:

E _E —H ' (19)

1#"’431; V 4xn
rorxa kak nocrosurass C B BHIPaXEHUH LA MOTOKA AHEPrHH Gyner
paBHd KPUTHYECKOH CKODOCTH C. CpoaKa COOTHOWIEHHH MEXKAY BaX-
HeHMHUMH 3JEKTPUYECKHMY M MATHATREIMY Be/THUHHAMH, BEIDAKCHHEIMY
B DAa3AHYHHIX CHCTEMAX EHBHII, RAXOAUTCS BKOHLE sTOH KHWIH.B Tekcre,
4yTo6L H30CKATHL HENOPA3YMEeHHH, Mbl OyreM ynoTpebasTh HCKIIO-
YUTENLHO FAYyCCOBY CHCTEMY €UHHIL
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To 06CTORTEABCTBO, YTO Kakag-1400 onpegeneHHas (QuIHUECKad
BeJHUYMHA MMEeT B ABYX pPa3/HYHBX CHCTEMAX EJUHHIl HE TOJBKO
pa3JHYHbIE YHCAOBLIC 3HAYEHAN, HO [aXe H Pas3/jduHble Pa3MEPHOCTH,
JaCTO HCTOJKOBHIBANOCH KAK HEKOTOPOE JIOFHUECKOe NMPOTHBOpeyHe,
rpebymoluee ceGe 0ObACHEHMs, U, MEXAY NPOUHM, NOAAN0 NOBOL
K OOCTAaHOBKE BONpoca 00 ,HCTHHHOH® PA3BMEPHOCTH @H3HYECKHUX
peauudn. Ha OCHOBAHMH TOJKBKO UTO pa3BUTHIX COOOpaMEHHH HeT
HHKAKOH 0co60ft HEOOXOAUMOCTH JOKa3EIBaTh, YTO NOAOOHLIA BOMPOC
nMeeT He 6oJee CMBICAI3, YEM BONpoc 00 ,HCTHHHOM®™ HAa3BAHUH
kakoro-ain6o npeamera (cp. 7, § 28).

§ 8. Mu nepeiigeM K pacCMOTPEHMIO BTODOH H3 ABYX HAa3BAHHBIX
B § 4 NpUYMH H3MEHEHHA COREpKAINEeACs B Teae 3/EKTPOMAarsHTHOH
sHeprHH: K NpeBpalieHHio ee B apyrue ¢opmu 3sxeprud. M speceb
BCE HMEIOMecss B HallleM pPAaclopsXeHHH OINBITHbIE AAHHHIE MOXHO
06 beJHHATb B OJHOM HPOCTOM NOJOKEHHH: B KaXIOH cpeae aaex-
TPHYECKAsl 3SHEPrHs Be3fle HENPEephIBHO I[EPEXOAUT B TElJOBYIO,
IpHYeM KOAHYECTBO NEpelleNilieil B TENJO 3JHEPrHM B TEYeHHe 3Je-
MeHTa BpeMeHH di{ B Kakom-iH0OO aaemeHTe oO6beMa dr CpeAnl MNpo-

NOPLHOHAJBHO CYLIECTBYIOIEH B JaHHOM MeCTe B HAHHHIA MOMEHT

JIOTHOCTH 3A€KTPHUYECKOH 3HEPTHH:

&

dt - dv- = E?.const.
S

STy sHeprHio HasnBAOT ,JAxkayaeBhM Temaom“. Ilpoiece nepexozna

MOXHO A0 HEKOTOPOH CTeRE€HH HArJAsJHO IOACHHTb €r0 aHajAOrueH

¢ TMEepPexokOoM ynpyroil sHepruv B TENJIOTY, NIPOHCXOAAIKM B jJedop-
MHPOBAHHOM He COBEPIICHHO YNPYrOM TeJe, KOrAad ylnpyrue HaTsdme-

HUS MaJo-1o Many ocnabesaloT.
[TpocToe paccMOTpeHHe pa3MEepPHOCTH NPHBEAEHHOTO BBIPAXEHHS
aadg  Axayjaera Ttensa OOHapyxHBaeT, YTO KOHCT2aHTA, BXOIALLad

B HEro, 3aBHUCHINAs OT NPHPOXRBI CPejnl, NPEACTaBAsSET COOOH BesH-
2

ywHy, o0paTHYIO0 BpeMeHH. MBbl I0JI0XHM €€ paBHOH =

Torpa axayaeBO TeNJaO NPEACTABUTCSA BbIPAXKEHHEM:

dt -dv- ° E*—=dt. dr.x-E®2, (20)
da’l-

rae AAf COKpAalleHHs [10J0XKEHO:
B (21)

Uem Goablue T, TeM MelJeHHEee CoBepuraeres norpebaeHue sjaex-
TPHUUYECKOH 3HEpruH; no3tToMy T Ha3LIBAIOT TAKXKE ,BpPECMEHEM pendk-
cauuu (paccaabaenus)” cpeanl. Jast Metaanos T ype3BEIMaHHO MaNO, A1
rasoB, Ha000pPOT, OYEHL BEJAHKO, AJAd abCOJIOTHOR TYCTOTH 1 == ro,
T.. €. B IYCTOTE 3JeKTPHYECKas B3HEeprusi MOXeT COXpaHarkca 0es-
FPAHHYHO JHOJATO0, NOJOOHO TOMY, KK OCTAOTCH HEUIMECHHBMH YNPYTrHe

HATHXKEHHN B COBEPUIEHHO YNPYIHWX Te.1ax, -
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JIns MAarauTHOH 3HEPrdH HE CYLIECTBYET #ABJEHUS, aHAJOTHYHOrO

penaxKcaluH. _
§ 9. Mu HACTOABKO NOATOTOBHJIHCH, YTO MOXEM IIPHCTYIHUTH

K BHIMOJAHEHHIO HaMedeHHOro B § 4 xona cooOpaXeHHH M N3 TPHH-
{2 COXPAHEHHA 3SHEePrHH MNOoAY4YuwTb OOHIME YPaBHEEHS 3JeKTPO-
mMarauTHoro noJs. Ilpoucxonsduiee 3a aaeMenT Bpemesin d! M3MEHEHHE
3JCKTPOMATHUTHONH 3HEPruH, 3aKAOWAIIEeACH B XKAKOH-1HO0 uacTH

o6beMa OJHOPOAHOrO Tesa, paBHO no (2) u (4):
it . . . : . |
o [ar{e(BE, + EE, + EE) + u(HH, + HH, + HH)}. (22

910 u3MeHEHHe OBGVCJIOBJEHO, BO-MEPBHX, IPHTOKOM 3Hepruk (5)
M3BHE BHYTPbh TeJad uYepe3 OrPaHUYHBAIOMIYI0 ero ITOBePXHOCTH
34 TOT XK€ CaMbLil NPOMEXYTOK BpPeMEHH B KOJAHUYECTBE

dt [ do S, | _ (23)

BO-BTODLIX, MPOMCINEAIINM 3a TOT € HHTEePBaJ BpeMeHH 00pas3oBa-
HHEeM TeIlJIOBOI 3Hepruu B KoanuecTBe [(20)]

d \qderﬁ , (24)

H, KOHEYHO, Bbipaxenue (22) paBHO BhIpaxeHHio (23) MHHYC BHIpA-
wenne (24). [Ipeobpasyem npexne BCEro HWHTErpaj o nNOBEPXHOCTH
(23), Bocnoap3oBaBwinck Gopmynoi (8), no [2, (78)] B uHTErpa.a mo

00beMy:
j.da S, — — 5 dt (f’*as-f 0% 0% S dr div S, (25)
0X oy 02

3aTeM BCe BEJHUYHMHH MEepeHeceM B JEeBYI0 4aCTh ypPaBHeHHs H cobe-
peM KX B OTHH HHTErpaJs no obbemy. Tak Kax 00beM MOXET OHTbH
B3SIT MNPOM3BOJBHO MaJbiM, TO CyMMa BeJWYHH, HMEIOWHX OOmUM
MHOXNTEeNEeM dv, Ucuesaer. ITO JHAerT:

—E- <EJE: —I" E‘f;é'ﬂ _I__ E:.E:) + mﬂ (H‘}i-la: + ‘Hﬁl:ly _{— HEHE) ul—

47 4
0SS, 08 a8.
R T B TR > 2 2 )
oot on gy H2(EIHEILEN =0 (25)
31eCh BEKTOp MNOTOKA 3Heprum § npenacrasaed no (9) no raye-
COBOMH CHCTEME eIHHHI BLIDAXKEHHEM: '

S = ;z [EH] : (26)

Hmeomee ofmee 3Hauenue ypasuenie (25a) 01HOPOAHO M BTOPORK
CTENEHW OTHOCHTEALHO IIECTH CJAAraloUIMX HANPAXEHH# NOa% M MX
NPOH3BOAREIX., HTOOH MOJYUHTH M3 HErO IIECTh OAHOPOAMBIX JHHEH-
HHIX JU@EePEHUHATbHEIX YPARHEHHH €K TPOMATHUTHOrO NOJS, npen-
CTAaBASETCH HAWGO/JEe eCTECTBEHHHM NPUPABHSTH B HEM HYMIO B OT-
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NEJIBHOCTH T€ BEAHMMHL, KOTOPHE MMEOT CBOHMH OOMIHMH MHOXH- JTIoHATHO, YTO MNPK KaXAOM noAo6HOM O0600MmEHHH ypaBHeHuH
TeNAMH I1IecTh CaaraioiuMx Hanpsxkewnd E,, E,, E,; H,, H, H. (28), (29) nau (30) sarparusaioTcss K Bbipaxenus (2), (4) wau (20)
Torpa moaydaloTcs CACAYIOUIHE INECTL YPaBHCHHH. IS NJAOTHOCTH 3HEPruH K AJsl JDKAayJaeBa Telad, TOrjaa KAaK BhIpa-
E (aﬂ,_ dH,)___r ArE wenwe (22) JAs noToKa 3HEePruM OCTaeTca IPH 3TOM HEH3MEHHLIM,
z oy 0z Sy MO0 OHO HE COAEPXUT MOCTOSHHLIX, CBA3AHHHX C MAaTePUA/IbHLIMH
_ 0E, OE (27) KOHCTaHTaMu Tena. [Tonb3ysch YHHBepCaJbHLIMH YPABHEeHUAMH (26)
MH.:=-—C( _ !?'), H (31) u npumeHas, kak ¥ B § 9, NPHHUMN 3HEPruH, MLl NOJyYdeM
dy oz 0CO6LIH BHA MOAUDHKALMH.
nau B Bexropuol dopme, no [2, (69)]: | Orciona, Hanpumep, CaAeLYeT, 4YTO H3MEHEHHE 3JEeKTPHYECKOMH
: JHEePruH, IPOHUC '3 ' :
E — orot H— 4maE. (274) Hepruy, npou xozllﬂmee 3a 3JIEMEHT BpPeMeHH df, paBHO
uEf — — crotE. (27b) | dv (Eﬂ,dDm +E,dD, -+ E, dD,), (32)
910 M €CTh MAKCBEJAJOBH OCHOBHbBE YpaBHEHHI a4 U3MEHEHHEe MAIHUTHON SHEpPruu:
31eKTPOMATHHTHOTIO NOAA JAAd HOKOAHIErocs OAHOPOIAHOTO - |
H30TPONHOro Tesa. M3 HHX M H3 NOrpaHHYHHX YCJIOBHH (11) mox- 1 dr(Hm dB, +H, dB, + H_dB ) (32a)
RO, KaKk Mbl YyO6eJHMCH Jajblle, BHBECTH OJAHO3HAYHO BCE 33KOHHI 4n ) y oy P
9JEKTPHYECKHX ¥ MATHUTHEIX IBJICHHH B TAKUX TE/14X. STH BHIpaXEHHs NpEeACTaBJsioT coGofi o6obmenne BHpPaXeHHA (2)
Ecam BBECTH AMA COKPALIGHHS BEKTODLI i (4).
¢E = D, (28) - .§ 10. Xoryg norpauuynuie ycaoBusi (11) comepxat TOMbKO TaHIEH-
xE = ], (29) JHAJbHEIE KOMITIOHEHTH! HANDSXEHUR MOJdA, HO B CBS3H C yDABHEHUAMHU
uH =B, (30y AJifl MO BHYTPH TeJa OHH NO3BOJSIOT CHeJaTh 3aKJIYeHHE O CO-
OTHOIIEHHH HOPMAaJbHBIX COCTABJAIOMMX M0 06e CTOPOHBI TPAaHMILHI
TO YPaBHEHMA MOJAA NPHMYT BHA: pasiena AByX cpei. PaccMoTpuM, B camMOM Jese, CHOBA, Kak B § 6,
- i o 4 3ta TOYKY Ha MOBEPXHOCTH pasjena ABYX CpPeJ ¥ MPHUMEM KAacCaTe/bHYIO
' = crotH—4x ], ( a) MJOCKQCTL 33 MJIOCKOCTb XY. 1TOrjga ypaBHeHue (31a) paer jaJaa HOP-
B —=—crotE, (31 MaJBHOH cocTaBadlomed aJexTpuueckoro sexkropa D 1o obe cTopoHY

KOTOphIe OTJAMYAIOTCA TEM, YTO HE CONEPIKAT HHKAKHX CIIeHHANbHHEX HU_BEDXHOCTH pasznc/a-

KOHCTAaHT, XAPaKTEPHBIX XA AAHHOTO TeJIa, H UMEIOT YHUBEPCAAbHOE 0D, _ (OH, OH,\ )
apavenxe. Orcioga 3ta GopMa YpaBHEHHHA yA00HA JJs1 NPHMEHEHHS YR (—()x - -—0};) 'J:

B C/Ay4ac HEOZHOPOJAHBIX M HEH3OTPOMHMX TeJ, €CAH TO/bKO OHH

CH/JIOUIHLIE U MOTYT CYUTATHCHA HOKOSMHMMHCH. H nedcTBATE/NBEO, 3TH : oD’, OH", OH',\. :

ypaBHeHHs B YKa3aHHHX NpeJenax OKasa/ldaCb NPeBOCXOLHLIMH IIDH 3 = c( % oy )-,__ 4r }J .,

Bcex Mx npuMeHeHusix. OHH 06pasyloT, TAK CKa3aTh, NPOYHLIA OCTOB, _

B KOTOPHI MOXHO BBECTH BCE OTHEJBbHbIE 0COGEHHOCTH, O0YCHIOBICH- CACIOBATCABHO, TOC/e BHUHTAHHS:

HEie ChnenuaJbHBIMHA CBOHCTBAMH Pa3iHYHBEX TEJ. [Tocaeguue BXORAT D/, a(H'y—-Hy) 0 (H', — H,) ,

TONBKO B TAKHE COOTHOILIGHHS, KOTOpHE AAf ONHODOAHLX H30TpOm- E?(D ﬁ—Dz)ﬂ C(m e — )—4-""5 (J.—J.)- (32Db)
HBIX TeJ NpeACTaBACHB ypaBHeHuaAMH (28), (29), (30). | -
| Tak, BCS KPUCTAAJOONTHKA TOJAydaeTcsa NPOCTO MyTEM H3MEHEHUA o Ha OCHOBAHMM MOTpPaHHUHHX ycaoBui (11) nas TaHreHUMa AbHBIX
cooTHOweHHUs (28); 3TO H3MEHEHHE COCTOUT B TOM, MTO BMECLTO NPO- 'KOMIIOHEHTOB HANPSIKEHUS MATHHUTHOrO MOJA:

cTOf NPONOPLUOHAABHOCTH BexkTOpoB E u D npuHAMAIOT Goaee H —H -0 u H.— — (33)
oGm0 JUHEHHYI 34BHCHMOCTb MEXAY HX KOMnoseHTamu (cp. 4, ' vy My T R

§ 52). C npyroi CTOpOHH, TEOPUS BO3DYKACHUA BNEKTPHUECKOrO TOKA U He TOJAbKO caMbieé 3TH Pa3HOCTH, HO U PA3HOCTH KX MPOHU3BOI-
Bpacmopecuepaaﬂomepaoﬂ KOHII.EHTpﬁIlI'IEﬁ NOAYy4acTCHd o0061meHueM HX [0 KOODAMBATAM X H Y DaBHbl HYJIIO, NOTOMY YTQO YPaBHEHHHA
ypassenns (29), BBOAA B Hero KpoOMe HAlPAXKERHS SJECKTPHYECKOTO (33) uMeloT MeCTO TaKXe JJjisi BCeX COCeAHHX TOYEK norpasu4yyont
NoJig euie aJIHTUBHYIO BEeJHUYHHY: ,B030yXAQIOILYI0" 3NEKTPOABHKY- NOBEPXHOCTH M MOTOMY MOTYT ObITb Ju(depeHUHpPOBaHbl N0 KAXKAOMY
nyio cuay. HakoHel, 3akoHbl (epPOMArHUTHEIX BELIECTB BLITEKAIOT H3 HAMPABJAEHHMIO, KOTOPOE, KAK HANPABJIEHHsS! X U Y, JEKHT B TAHTEH-

COQTBETCTBERHOTO 00600WenHst cooTHoweHus (30) (cp. HHxe, § 30). MMAIBHON NJAOCKOCTH, MEX/Y TEM KaK, Hao60poT, AnpepeHuHpOBaAHNE
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MO0 HOPMaJH 2, €CTECTBEHHO, HEAONMYyCTHMO, NMOTOMY YTO YDaBHEHHUS
(33) HMEIOT MEeCTO TOJBKO AAf 3HayeHus 2 = 0.

Takum o6pasoM B ypaBHeHuU (32b) uaen, comepkaiHi ¢, COBCEM
BbIN1A/1A€T, W MBI [0Jy4YaeM BooOmE JiJAsg HOPMaAbHOH COCTABAAIO-
wen D no ob6e CTOPOHH NMOBEPXHOCTH pasjgesna: '

0 /e . r
(D=0, )= — 4z (J,, J)

Paau yno6ctBa 3TO ypaBHEHHE MOXET OwlThb HANMHUCAHO B 6o.ee
CUMMETPHYHOH QopMe, ecaH Mbl 0003HAUMM 4epe3d V' HOpPMajb, Ha-

NPpaBJAE€HHYI0O BHYTPb BTOPOH Cpelbl, TaK YTO V = — P":
"‘;)t<wa'+ Dr):_4x(lfﬂ'+ Jv) (34) -

Ouenp HarisnHOE NPEACTABJEHHE O 3HAYEHMH 3TOrO NOTPAaHHY-
HOrO YCJOBHA JAJ5 HOPMAJBbHOH COocTaBaAwoume# Bektopa D Mul Haii-
aeM B § 11.

CoBeplleHHO TAKHM Xe NyTeM MOJYYAeTCs IJasi HOPMAJbHOH CO-
cTaBaAfgOUed MarHUTHOro BeKTOpa B 6Gosee npoctoe norpanuuHoe
yC/AOBHE:

~(B'y+ B, ) =0. ' (35)

§ 11. Baxueiimas oco6eHHOCTE M@K CBEJAJNOBL X YPAaBHEHHI age-
KTPOMAari UTHOTO TOJA 33aKJAOY3eTCA B TOM, YTO OHH JOMYCKAIOT
IPOCTYIO HMHTErpaunnio, KOTOpas nNpHBOAHT K QyHIAMEHTAALHOMY
B JIEKTPOAMHAMUKE NPHHUHNY. YTOOsl BHBECTH ero ceiyac B BO3-

r MOXHO oO0wel @opme, Boobpasum cebe
9J€KTPOMATrHMTHOR I10J1I€ B CHCTEME HPOH3-
BOJIbHO OOJIBIIOr0 YHC/Ia CONPHKACAIOLUIHXCS
Apyr ¢ ApyroM Ten M BHJAEeAUM A5 OJH-
KAHIIero  pacCMOTPEHHS  MPOHU3BOJBHO
0O/MbUIOH W NPOHU3BOJBLHOI GOPMEl 06DBEM,
OrpaHHYeHHHH BOOOpaxaeMOH 3aMKHYTOH
NOBepPXHOCThI0 (HAa uepr. 1 aTa nosepx-
HOCTb O0O0O0O3HA4YeHa NMYHKTUPHOH JHHHEH).
B 5TOM NpOCTpaHCTBE HAaXOMATCA PA3JTUUHLIE TENa, KOTOPLIE Pasje-
J€Hbl ONpEeJeJEHHLIMH [MOBEPXHOCTAMH pasjena (Ha uepr. 1 oOHH
0003HaYeHbl CIJAOIIHLIMH JIHHHAMHA).

O6pasyeMm Teneph CHAyaJa B YPaBHEHUNX INEKTPHUECKOTO OIS

(31a) ot o6eux wacte nuBepreHuMio B cMuicae [2, (66)], Toraa no-
AYUHM:

hhq—-""‘

Yepr. 1.

div D= — 4x div ], (36)

YMHOXHM 3TO YD3aBHEHHE Ha 3JeMEeHT 00beMa dt H NPOHHTErpUpyeM
3aTEM IO BCEMY pPacCMaTPHBaeMOMY 0O6BEMY"

Sdt-div b‘:-——-mjdz-dw J. (37)
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Boipaxesue B Je€BOH 4acTH (37) MOXHO NpPEACTaBHThL HEnocpesn-
CTBEHHO KaK MNPOH3BOXHYIO 110 BpPEMeHH, TOrZa K4aK BhIPaXeHHC
cipaBa MoxeT ObiTh NpPeoOPa30BaHO NO NpuUMepy (20) B HHTErpaJt.
no noBepxHocTd. OAHAKO [PH 3TOM HAAO OOpPATHTH BHUMAaHHE Ha TO,
YTO BEKTOp J He HenpepeHBEH, H YTO NO3TOMY MNpeobpa3oBanue (25)
HE MOXKET OLITh IIDHMEHEHO HEeNOCPEeACTBEHEQ KO BCEMY pacCMaTpH-
BAEMOMY IPOCTPAHCTBY. MEul pas/jioXHM CHayaJa HHTErpaJa no o0bemy
B InpaBo#t uvacti (37) HA CyMMYy OOBEMHLIX HWHTErpajos, OTHOCSH-
LIHXCSl Kamnpléd O OTHEJABHOCTU K OTIAEJbHBIM OJHOPOIHBIM TeJaam
CHCTEMbl, U IpcoHpasyeM UX B HHTErpaabl MO MOBEPXHOCTH JJS Kax-
AOr0 Tena B OTAEJBHOCTHM. TOrja B pasaduyHble HHTErpasdbl no I1o-
BEPXHOCTH BOHAYT KpoMme BHelnHeH, BooOpa:xkaeMoii, NOBEPXHOCTH
TAKKE U BHYTPEHHUE DeasbHble NOBEPXHOCTH pasiena KaXIblX ABYX
tes. [Ipu aTom OGpocaercs B rJsasa pasHHUA, 3aKJ/JAI0YAIOUIAsICA B TOM,
U0 3J4eMeHT do rooOpa)kaeMOil INOBEPXHOCTH OyJeT BCTpeYaThCH
TOJBKO. ONHMH Pa3s, TOTAA KAK KamJIL#A 3JeMeHT (dS) peaabHOH T10-
BEDXHOCTH pasinena—nasa pasa, ub0 OH BeAb SIBJASETCS 3JEMEHTOM
MOBEPXHOCTH JBYX PA3JHUHBIX TeJ.

[IpuHsiB 3T0 B CcoobGpaxcenue, Mbl MOJAYYUM ypaBHEHHE (37) B BULE:

561‘5 d7 - div D = “l'ﬂj'dg J;l ‘+‘ 47 g ds (J’P’ -+ Ju' )1

npHYeM Mbl COEIWHWJAM B OAWH J[ABA 4HJECHA, KOTOPbIE OTHOCSTCS
K OINpelnesieHHOMY 3JeMeHTY ds, H OJHO M3 IBYX TpPanUuYaAlIUX IO
3TOMY 3JEeMEHTY IOBEPXHOCTH TeJ OTMETHJH 3HAYKOM BBEpXy.
Tenepb MH MOXKeM Ha OCHOBAaHHH (34) HHTErpaJs Nno MOBEPXHOCTH
paszena 3aMEHHTb MNPOU3BOJNHOH I10 BPEMEHHW, W TOrJAa MNOCJA2AHEe
ypaBHeHHe Mnepenuuercs B gopme:

2 r r,
ﬁo*.,’ ER d_I_v_[_’ +_J ds - b%
ot \ 47

4—: D, } - (’dg J. . (38)

L

JTQ BBHDaXaeT, UYTO H3MEHEHHEe CO BpeMeHeM Bceill crosuel
B CKOOK4X BEeJAHUYHHEL

fd;; ,avb L S‘ds Dyt Dy = @ (39)
4n -

OOYCJOBJAKBAETCS MPOLECCAMK HA BHEIUIHEH NOBEPXHOCTH pacCcMar-
puBaeMOro nNpocTpPaHCTBa. ECAH MHTErpas mO NOBEPXHOCTH CIpaBa
paBeH HYJ/O, 4YTO, HanpuMep, no (29) umeer MecTo, ecau s
BCeX Cpell, yepe3 KOTOpHIE NPOXOAHUT MOBEPXHOCTh O, x =0, TO ¢
OCTACTCA HEH3MEHHbIM. Beauuuny ¢, onpenensieMyio BeipaxesnueM (39),
HA3pIBAXOT KOJHUECTBOM B3JEKTPHUYECTBA, COAePXKAaUUMCH
B paccMaTpHBAaeMOHR cHCTeMe Ted, WJAH 3NEeKTPHYECKHM 3apd-
JLOM, a noao:Kesue, Brpaxaemoe (38),—3aKOHOM COXPAHEHHA 3jeK-
TPHUYECTBA.

Kak BuaHo u3 (39), sneKTpHUECKHI 3apsaid CYILCCTBYST B ABYX
BUJAX: KAK OObeMHHHU 3apAN U KAK NOBEPXHOCTHHINE 3apal.
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I'lotHoCTh O6LEeMHOrO 3apsiaa:

div D
P pe— k, (40)
d IIMIOTHOCT® NOBEPXHQCTHOTO 3dPsaa
D"p' -]L' D.
—— = 1.
4st : (41)

Onpejenenunlii Bhipaxennem (28) ekrop D HaswmiBaeTcs 2 INEKTPH-
HECKOH HHAYKUHEN® WM ,3/EKTPHYECKUM cMeluenuem“. Taxum 06pa-
30M NJOTHOCTE OGBEMHOrO 3apsiiia NPONOPLHUOHAABHA ,06BHEeMHON
AHBEPIeHIHH"; ITOTHOCTL NOBEPXHOCTHONO 3dPs/a NPONOPLHOHANLHA
»[OBCDXHOCTHOH JUBEPreHUMH®, T. e, CKauKy HOPM4JAbLHOH# COCTAaB-
MAI0INEH SJEKTPHYECKOH HMHIYKIHHU.

[TonBbI 3apsin e cuCTEMBI Tel MOMXKHO NpPEACTABMTHL NO (39) Takxe
B BMIE€ HHTErpasa IO BHEIIHEH MOBEPXHOCTH CHCTEeMH. B camom
Acue, ec/d 00beMHBI MHTerpaa B (39) npeo6pasoBaTh MO TAKOMY Ke
TO'THO 00paslly, KaK MH 3TO CIe/JaJii BHIIE C 06bheMHBIM HHTErpa-
AOM B NPABOH 4YaCTH (27), npuuumMasg NPUTOM BO BHHMaHUE, UTO
BeKTOp D BooGwie Hempepuicen Ha rpaHune pasjeda ABYX pasauu-
HElX TeJ, TO NOJAYYaIOTCST ABA HUHTErpaJtgd Mo IOBEPXHOCTH: OAMUH IO
TOBEPXHOCTAM pasjeJsia, KOTOPBLIA DaBeH X IPOTHBOTIONOXEH 110 3HAKY

NOBEPXHOCTHOMY HHTErpaay B (39) U ¢ HUM B3aHMHO YHHUYTOXKAeTcs,
H APYTrOM MO BHEUIHEH IMOBEPXHOCTH:

— g — .
faof, = (42

Bripaxaemasi 3Toff GopMy./I0it CBA3b MENJY BCEM KOMHYECTBOM
INCKTPHUECTBA BHYTPH DACCMATPHBAEGMOrO MPOCTPAHCTBA U MHTErPA-
AOM IO TIOBEPXHOCTH OT HOPMAaJbHOH cJjararoluedl aJeKTpHUecKn
HHIAYKLHK COBEDIIEHHO TOTO Xe poja, Kak BbiBeIeHH4as B 2, § 64
3dBHCHMOCTb MEXNY HHTEHCHBHOCTAMH BCEX 3aKJIOUSHHHX B o6beme
KHAKOCTH HCTOYHHKOB H CTOKOB H [IOTOKOM 4epe3 IOBEPXHOCTh,
OrpanH4uHBAIOIYIO NpOCTpancTBo (teopema [aycca). [Toaromy mnpo-
H3BeJeHHe do - D, HOCHT TaKxe Ha3BaHMEe ,NOTOKA MHAYKIHH yepes
3/IEMEHT MOBEPXHOCTH dO B HampasJeHuHn Hopmasu V. [TOJHEIH MOTOK
MEAYKUMH 1EPe3 3aMKHYTYIO ITOBEPXHOCTh HAPYXKY [HaeT, TaKHM

o00pasoM, BCeria Bech 3apsax B o0bewme, OrpaHNYEHHOM 3TOH IOBepX-~
HOCTBHIO.

|
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1O BeKkTOp J, ONpeieneHHb BHpaXeHHeM (29), HA3LIBACTCA aHANC-
rHYHO BEKTOPY NOTOKA 3HEPrUM S [(B)] , TIOTHOCTBLIO 3/IeKTPHYECKOrO
TOKA“ W KOHCTaHTa % B (29)-—yneabHod ,37IeKTPHUECKOH NIPOBOAM-
MOCTBLIO® HMAH ,3/KTPONPOBOLHOCTHIO"  PACCMaTPUBAEMOH  Cpessl.
Haa nycToTsl o § 8 =0 ¥ NO3TOMY J =0. Taxue BSIHeCTBa Ha-
SLBAIOTCH ,HU30/STOPAMH®, OCTabHHE—,NPOBOAHMKAMU . Ecau n.1s
KaKoTo-aubyab BemecTsa Oni0 Obl BO3MOXKBO, YyToOBl % = CO, TO 3TO

6t OBl ,A6COMIOTHHE NPOBOJHHK". -
CaMo cO6GOH MOHATHO, YTO BBeJEHUE ITOHATHSI 00 3JMEKTPHUYECKOM

3apsiie, 3/eKTPHUYECKOH NPOBOAHMOCTH coo0nAeT NMPUBUKIY COXpa-
HEHHs 3JEKTPHUECTBA OYEHb HarafgiHOE 3HAueHHe. Tak, Hanpumep,
norpauduynoe ycaosue (34), BBOASL TNMOBEPXHOCTHYIO IIOTHOCTH fl
13 (41), MOXHO HaIHCATbh CAELYIOIUM 00Da3oM:

Be — (Y + 1), (45)
ot .
H CMBICJ STOrO BLIDAXCHHA TAKOB, YTO H3MEHEHHE €O BpPEMEHEM
9AEKTPHYECKOTO 3ap#jd, JEKAIEro HAa TPAHALE pazAcad, Onpexe-
fAsieTCsd TeM CKAYKOM, KOTOPHH MCILITHIBAEGT HA 3TOH MNOBEPXHOCTH
HOPMAJbHAA COCTAB/NIONIAS NMJIOTHOCTH 3JCKTPHYECKOrO TOKA.

SHAYMTEJAbHO [IPOLLe BLIPAKAKTCA COOTHOIUEHHS, AHAJOTHUHHC
3aKOHY COXpPAHEHHs DJIEKTPHUECTBA, I/Isl MATHETH3MA. Tak KaKk 3xech
HeT 4YJEHA, NMOJOOHOr0 INEKTPUUSCKOMY TOKY B MPOBOJAHHMKE, TO 3TH
COOTHOIIEHHS] CBOMLATCS, €caAH BieCTH no (30) ,MATHHTHYIO HHIYL-
Mio* B, ¥ TAKOMY BLiDAXEHHIO!

9 divB =0, (46)
of

HENOCPEACTBRHHO TOJYydaeMOMy i3 (31b), u K
) _
* (B + B,) =0, (47)
of

kaxk B (35), T. e. MATHUTHBIA 3apsil Kak oObeMHbIll, TAK H TOBePX-

HOCTHBIH, BE31e CO BpPEMEHEM HE H3MCHACTCA.
§ 12. [l OJZHOPOAHBIX T€J, KOTOPHMH Mbl BIIOCACACTBUH H Orpa-

. uwauMca  ypaBHeHue (46) MNO3BOJSET BLIIOJHUTL CAMBIM  OOLIKM

00pa3oM MHTErpamuio IO BPEMEHM. JJeACTBUTEJIbLHO, 3/[eCh & H #
pese BHYTPH 00beMd MOCTOAHHLI, IO3TOMY OHH MOTYT ObITh BHIHC-
ceinl 3a 3Hax div, ¥ ML NOJY4YHM Hd OCHOBAHKA (28), (29) u (21X

Hro KacaeTcs M3MeHeHHs] BCEro 3apsaja PacCMaTPHBACMOrO MpO- ok k
CTpaHCTBa CO BPEMEHEM, TO N0 (38) OHO COCTABJAAET 3a NPOMEKYTOK 1
BpeMeHH di: '
" HHTErPHPYSI: b
at J do- J. : (43) i =const-e * (48)

STY BeJHUHHY HA3HIBAIOT 03TOMY MONHBIM KOMHUIECTBOM SMCKTPH -

. | | . ) _ rye H -
4eCTBd, BTEKUIErO B HHTEPBAan df B OGBOM 4Yepes BCe 3JIEMEHTH [o- T. €. B OJHOPOJHOM BELIECTEC OﬁpbeMHgf; %HODJIIBHKOOCTJ :Heigil:izi[
IBEDXHOCTU. TaK KAaK 4epe3 3jeMeHT NOBePXHOCTH d0 BTEKACT KOJi- TKOTO 3dpsija BCeraa yOLIBAET CO BPEMEHEM. E p e
YeCTBO BJEKTPHUECTBA: aydae, fpy BGeCKOHCHHO OOJBIIOM TBNCMENH DPEAak-dfnn -, O

dt - do | 14) cOcTACTCA [OCTOSIHAOH. CJaeA0BdTe/IbHO, CCAH Oui B Kakoi-1160o Mo-
’ n J¥ 0y (hJI-L.I



HUACTH BTOPAS
CTATHYMECKIE NI CTAIMOHAPHBLIE COCTOAHHSA
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MEHT OObeMHHil 3apAX OTCYTCTBOBAJ, TO OH BOOOIME HHKOTAA
He MOXET MOABHTLCA. BHSACEWB 3TO, MH B Aa.bHeHEM OyxeM npen-
OJaraTh, YTO NPOCTPAHCTBEHHas NJIOTHOCTb 3apsAjna Kk Be3A€ PABHA
ayao. Tcraa ua (40) caepyer Boodme:

divD = 0. (49)

TakuM 06pasoOM B OJAHOPOJIHHIX TE€NAX 3JEKTPHYECTBO HANOJAUTCA
Bceria TOJABKO HA NOrpaHuvyHOfl moBepxHoCTH. [lazee, nmo (28)u (29)
BHIXOAHT:

D1eKTPHIECTBO TeYeT, CIeNOBATeNbHO, KaK HeCKHMaeMast XHIKOCTH

[cp.-,2 (259)]. To OGCTOATEALCTBO, YTO NPH 3TOM €ro o6’beMBas N.107T- S9JERTPOCTATHYECKOE IIOJIE B OTCYTCTBAHN KOHTAKTHON

HOCTHb paBHa HYJIO, HE npe,n,c'_ra_mme'r HHK4dKOIro ImNpOTHBODEYHA, TaK PASHOCTH I[OTEHIHI AJIOB

gkak ycaosrd (49) u (50) OTHOCHTENBHO OTCYTCTBHS JAHBEPreHIHH ' ' ~

BIIOAHE COBMECTHMH C KOHEYHOCTBHIO BEJHYHHH J. - § 13. O6pamasce Tenepb K NPHMEHEHHAM BHBEJCHHON CHCTEMH
Yro kacaercs, AAICE, MArHETH3MA, TO MH yxe BHIeaH B (46) ypaBHEHHH, MH CHayaja 3afiMeMcd MNPOCTEAIIMMH CAY4YasiMH, YTOOA

g (47), 4T0 KaK OOBEMHAsA, TAK H MOBEPXHOCTHAA IVIOTHOCTH MarHe- IOCTENEHHO BOATH B KPYr BCeH HeoB603pHMOR obOjacTh aBacHHl. Mul

TH3MAa HE MOTYT H3MEHSTBCH CO BPEMEHEM, H NO3TOMY BO BCEX TEAAX, HAYHEM CO CTATHUYE CKHX cocTogHuil, CTaTH4YECKHM MLl Ha3hl-

KOTOpHE KOrAa-An0o GuAKM HeMarHATHWMH, MATHETH3M BCETAa OTCYT- . I\ | Ha

e - e Ot _ _ BAEM 3JIEKTDOMATHUTHROE IIOJE B TOM CJay4ae, ecau COCTOAHHE Cpe-
crayer. [TosTomy ME CreuuanusupyeM STH ypaBHeHHs eme Goabie, XH, B KOTODOH 06Pa30BAHO MOMe, HMULAE HE M3MEHSACTCA C TECHCHHEM
NpHHHMas, 4T0 BOOOILE

[VIABA 1

divB = 0 _Bun_a_'ﬂoc. H_oammy B CTATHYECKOM IOJe a_ce__npausaoﬂﬁme o Bpef
. (1)  menu Mm moxeMm npupaBHATH HY/0, Gaaroxapa uemy no (31) noay-

i , YaAeTCH: ' " ]
B, + B. =0, (52 . 0=¢ rot H—4n) (94)
T. €. 4TO JAJA MArHHTHOH HMHAYKUHM pAaBHbLI HYJKW Kak 06beMmuoj, 0—=rot E (55)

TaK ¥ NOBEPXHOCTHas AuBeprenuuu. [JoaToMy, Takke no aHazorum t E. .

¢ obmwuM ypaBaeHueM (42), NOTOK MarHHTHOH HMHAYKIHU Yepes BCA- Ho 3Ttux ycaoBH# eumje HeZOCTATOYHO, UYTOOH COCTOSHHE OHLIO
KyI0 3aMKRYTYI0O MOBEPXHOCTb BCEerjI1a PaBeH HYJIO: fTaTHueckuM, ub6o, noxka BeaMuuHa xE® B (24) oT/suea OT HYJAA XOTH

06l B KAKOM-HUOYAb OJHOM MeCTe OAf, TaM HPOHCXOAHT 00paso-

(63)  Banme Tenaa M BMECTE ¢ 5THM H3MEHEHUE COCTOAHMA cpeau. Cmexo-
| BATEJbLHO, YCJAOBHE CTATHYECKOTO COCTOsIHHA Tpebyer, yTroOul Beshe
DTHM CaMuM OCHOBEI BCEH TEODHH 3AEKTPOMATHETH3MA MPeACTaBAeHM B Npou3BeleHHH xE2 man MHOXHTEAb %, HAH MBOMMTEah E OGpaua-
ROCTATOYHO MOJHO. JAMCh B HYAb, IOPYrMMH CJAOBAMH: KOHEYHOE 3JEKTPOCTATHUECKOE

| - floJle BO3MOXKHO TOJABKO B u3oasaTope (x = 0), B caygae Xe Xora OH
caMof He3Ha4YHTE/bHOU NPOBOAHMOCTH HANPSKEHWE ICKTPHIECKOrO
NoJig AJS CTAaTHYECKOTO COCTOSHHNSI:

- E =0, ' (86)

Ecan xe penuunHa x E? Besge paBea HyAw, TO Oo6pamaercs
B Hysb 4 xE = J, nosromy u3 (04) caenpyer:

0 = rot H. (87)

Taxum 06pa3oM MOAYHAIOTCH OCHOBHBIE YDABHEHHA RJAST CTaPW{E-

' ckux noJaeit. Kak BHAHO M3 HHX, OHM PacRaalTCi HA TaKHE Ypas-
HeHHsA, KOTOPHie COAEPXKAT TOAbBKO 3/JEKTPHUECKHe BEAHUKHH, H Ha

TaKHe, KOTODHIE COAEPKAT TOJbKO MArHNTHHE BEAHWMIM, HAH, ADY-

PAMM CJAOBAMH: 3JEKTPOCTATHYETKHE H MArHHTOCTAPHRCCKHE I0JA¥

fBu do = 0.

s
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CMeAYIOT 33KOHAM, COBEPHIEHHO HE3ABHCAUIHM APYr OT JApYyra,—OHH
IPOCTO HAJaralOTcs OXHO Ha APYyroe, HHCKOJBKO He BAHAA ADPYT BA
xpyra. OTcioga caeayer, YTO 3JAEKTPOCTATHKY MONKHO DasBHBATL
COBEPUIEHHO OTASABHO OT MarHMTOCTATHKH.

Kak HM npOCTH KW KaK HH OYEBHAHHK 3TH 33KJIOUCHHA, ORHAKO
OHH NPHBOARKT K OJHOMY, NOHCTHHE YAMBHTEALHOMY, CACECTBHIO.
Boo6pasum cebe, uT0 B KakOH-AnOO Cpeie CYyIEeCTBYIOT OIHROBpE-
MEHHO M 2JEKTPOCTATHYECKOE U MAarHMTOCTATHYECKOE MnoJAs, TOrZa
no (26) sesse B 3TOH cpeje HMEeTCs ONpeletieHHbHH KOHEYHBHH MO-
TOK 3HEPrHH, BeJMUWHA H HanpasjJedne KOTOPOTO CYmMEeCTBCHHHM
06pa3oM 3aBUCAT OT COOTHOLIEHHA MEXAY SJAEKTPUYECKHMM H Mar-
HHTHRM noasMH. CaelnoBaTenbHO, 3Xe€Ch MH HMeEeM [eJO0 C mponec-
€OM, KOTOPHHE OOYC/NOBAEH B3aHMOJEHCTBHEM MEXIY 3JCKTPHYECKHM

M MATHRTHHM noJsiMH. KoOHeuHO, HHKaKoro (Pu3nuueCKOro SHATEHHS

3TOT NpOIlecC He HMeeT; NOTOK 3HEPrdHH HE NPOM3BOAUT HHUKAKOTO
NIMEHCHHs HaXOAsHelcs B NoJe SHepruH, K60 B KaKOH-ARGO 00LeM
BTEKAeT SHEPTHH CTOJBKO XKe, CKOJbKO M3 Hero M BuTekaer. Ho
BCE-TAKH 3TO CJEACTBHE, C HEOOXONHMOCTBIO BRITEKANOUIEE H3 TEO-
pemul [lofiHTHHra, X0 HEKOTOPOH CTENEHH CTPAHHO, H €ro NPHXO-
AWTCA NOKA PAacCMATPHBATh KaK HENOATBEeDxJAAeMblil (paKTaMu M MO-
STOMY HEHYXHbIH 6alracT NPH TEOPETHUECKMX NMPEACTABACHHAX; C ADY-
rof CTOPOHH, €ero HeéAb3s H YCTPaHHTh, HE IOJABEpPra#s ONacCHOCTH
BCe NOCTPOEHHA MAKCBEJJOBOH TCOPHH.

§ 14. 3afimeMcsi CHayana 3aKoHamMH aJuekTpocratukd. Hs (55)

CAeAYeT, uTO SJAEKTpHueckoe Hanmpsxkenune E HMEET TNOTCHUHAN
[(7, (12D)]: _ _

E — —grad ¢. (58)

DTUM CaMHEM BCH 337ava CBOLHTCH K OTHLICKAHHIO OJHOH TOJABKO

byukuuu, JaexTpuyeckuil MOTeHUHAJa ¢ YAOBAETBOPAET BE3AE JH-
depenunaabEoMy ypasHeHH0 (50)

jajnee, OOrpanuuneiM ycaosuam (11):
Ay—9 o, (60)

dA

rre di 0603HauaeT MEMEHT JJIHHH KIKOM-HHOYIbL KPHUBOH, JeKa-
Hieli Ha WOBePXHOCTH, OrpaHHuHBapllell obe cpeanl, H/H, HHTErpH-
v O A:
o ¢’ — @ = const, (61)
Y. €. Pa3sHOCTh MOTEHIIMAJNOB HA IPABHNE ABYX Cpel HMEeT BO BCEX
TOYKAX STOH MOBEPXHOCTH OJAHHAKOBYIO BEJHUHHY. IOTY BEJIHYHHY
HASHBAIOT KOHTAKTHOMN pasHoCTHIO NOTCHUMAMOB OOOHX Be-
IIeCTB;, OHa BooOmlE OTAMYHA OT HY/AS K 3aBHUCHT OT XHMH4YeCKOR
EPEPOAE CONPHKACAIONIHXCH BEWIECTB H OT HX TEMNEPATYPEI.
B sTofi riape ML COBEPIIEHHO OTBJEYEMCS! OT KOHTAKTHOW PASHOCTH
ROTEREWAN0B M OYAEM pACCMATPHUBATh NOTEHIHKAJA KaK (YHKIHIO
BCIOAY HempepbuiBhylo. Kpome TOro, 3/]EKTPHYECKMA noreLigHan—

8J.~CT. MOJAE B OTCYTCTBHH KOHTAKTHON PA3HOCTH MOTEHIWANOB 3]

¢yHKIHS OZHO3HAYHAS, TAK K&K COOTHOLIeHHe (55) MMeeT MECTO M
BCEro npocrtpancrea (cp. 2, § 69). -
I'lo (06) BHYTDHM KaXJOro NMPOBOAHHKA NOTEHUHAA @ BCIOAY [MO-
CTOsiHEH. AGCO/IIOTHAS €ro BeJIMYHHA He HMEeT HHKAaKoro ¢uauve-
CKOr0O 3HA4eHHs, TaK KaK BO BCEX NPEABIAYIOUX YPABHEHHAX BCTPEUAIOT -
Cfl TOJIbKO €ro pasHocTH u Audepennuass. [lostoMy seanuuny ¢
B KAKOM-HUOYJIb NPOU3BOJbHO BHGPAHHOM MeCTe MOXHO 3aIaTh
KaKO# yroano, OGLIKHOBEHHO MOJATAlOT ¢ PABHHIM HYJIO Ha 6GeCcKO-
HEYHO OOJIBLIOM PAaCcCTOSIHUH OT 3JIEKTPHHECKH SapsKeHHHX Ted,
rae noc/JeIHHe yxe He NPOHU3BOASAT HHKAKOrO 3aMeTHOro neilcTBHS.
Ecan noTeHuuan ¢ H3BeCTeH, TO H3 HEro MOJYYaeTcsi HAa OCHO-

BaRuH (41) u (28) MJIOTHOCTDL 3/1€KTPHYECKOro 3apsifa, PACIION0KEH-
HOTO Ha TpaHMLe ABYX Cpex:

. dy do’
—A4nh — ¢ g X .
4y i T -. (62)

Ecan cpena, oTMeueHHast 34eChb WITPHUXOM, NPOBOAHHK, TO MAS
Hero: | '

do’
dy’

= ()

_ op -
dnh = —e =8 E, ~ (63)

ODNeKTPHUECKAs: [IOTHOCTb, CJEXOBATEJbHO, NPONOPUAOHAIBHA
HANIPSKERNIO N0 B H30/ATOPE M MMEET TOT XKe 3HAaK, YTO H KOM-
[NOHEHT MO0/ N0 HANPaBJAEHHIO BHYTPb u3oJasaropa. Orcioxa noay-

H4€TCH TAKIKE BECh 3apAR NPOBOAHHKA, TPAHMYALIErO C H3OJASATOPOM,
Y KOTOPOro NH3JEKTPHUYECKAs MOCTOSIHHAS DAaBHA &:

pinl e (64)

B COrMIaCHH C oOmuM ypasueHneM (42), npufiem HyXHO 3aMeTuTs,
4TO TaM ¥ 0003HAYa/0 HOPMaJsb, HANPABAEHHYIO BHYTDb paccMaTpH-
BAEMOr'0 IIPOCTPAHCTBA, 34€Ch Xe — HOPMaJb, HANIPABJACHHYIO BHYTPb
H30JATOPA, T. €. HAPYXKY OT NPOBOJAHHKA.

STOT NMOJHKA 3apAX NPOBOAHHXKA NPEACTABASET COBOI OCTOSH-
HYI0O BEJUYHHY, XapaKTEPH3YIOUYIO €ro CoCTosiHue, u6o, no § 11, ow
HEUSMEHEH, NOKa NPOBOAHHK OCTAETCH OKPYKEHHLIM M30JATOPOM,
KakHe OBl 3HAUHTEJbHHIE H3MEHEHHMA IIPH 3TOM HH nperepnesano
mosie. Ecan ¢ =0, Ho ££0, TO NPOBOAHEK HA3HIBAETCH 3aPAKEH-
HBIM ,U€PE3 BJIUAHHE" HJH ,4epe3 HHIAVKIHIOY.

§ 15. HarasnHoe npencrasieHue o cBoHCTBAxX ICKTPOCTATHYE-
CKOro noJs NaeT noCTPOCHHE IIOBEDXHOCTEd YPOBHA @ =const u
[IePeCeKaloHX HX MOJ NMPSIMBIM YIJAOM CHJAOBRIX JHHHHA, KAK 3TO
NOAPOOHO OblIO u3NOoKeHO B 7, § 40, BHYTPH NIPOBOAHHKOB, 1O (56),

BOOGLIE HET CHAOBHIX JHMHHH, OHH CYLIECTBYIOT TOJABKO B H30-

astopax. IloBepxHocTé NPOBOAHHKOB NMPEACTABJAAIOT COGOM noBepx-
HOCTH yPOBHf, IIOSTOMY CHJIOBHIE JIHHHM BCIOLY HOPMAaJbHH K



3z CTATHYECKHE H CTAUVOHAPHBIE COCTOSHITH

MOBEPXHOCTAM NPOBOMHHKOB. B TOukax, riae naoTHocts 34psaja Rk
MOJIOXHTE/IbHA, CHJIOBLIE JIMHHH HAYT OT NPOBOAHHKA B H3OJATOD;
B TOUKAX ¢ OTPHUATEJbBHOH HJOTHOCTBIO 3ap:ijd CHJOBBIE JIUHIH
HATIPDABJIEHBl OT H30.14TOPA K NMPOBOAHHMKY. TakuMm o6pasom, cHI0BAY
JIHHMA HAYMHAGTCH HAa MOJIOXHTEJbHOM 33pAje H OKAHUMBAETCS Ha
OTPHLIATE/NLHOM. Tak KaK CHJAOBLIE JHHUM MWIYT BCEraa OT BbICILIEro
MOTEHLIHANA K HH3LEeMY, TO OHH HE MOTYT OKAaHYMBATHLCA Ha TOM
Ke TPOBOJHHKE, U3 KOTODPOrO OHM BHILUJIH,—OHH OKAHUHBAKIOTCS MU
Ha IMOBEPXHOCTH JAPYroro NpOBOIHHKA C HHU3IUUM MNOTEHLHAJAGM HJIL
HAYT- B OeCKOHEUHOCTb. [locsenuuit cmydair MOXKHO CBeCTH Ha mpe-
ABIAYUIHHA, €CJH MNPeACTaBHTL Cebe, UTO BCE Jiexaluue B OECKOH: Y-
HOCTH TOYKH COEIMHEHHl MEXAY cO06010 NPOBOAALILIO NOBEPXHOCTLIO,
HAaNpUMep, eC/H BOKDPYI BCEro pPacHoOJIOXKEHHOTO Ha KOHEYHOM pac-
CTOSHHH NMOJsI BOOOPa3uTh OECKOHEYHO GOJBIIYI0 II2POBYIO MPORO-
AAIYI0 TOBEPXHOCTb. Beaencrsue 3Toro mose HHCKOALKO He H3Me-
HUTCs, TAK KAK B OECKOHEUHOCTH MNMOTEeHNHaJ o0pamaercs B HY 1k,
T. €. TeM C4MBIM YJIOBJIETBODAETCSA HA 3TOH NOBEPXHOCTH 1A
yc/a0BHE ¢ = const.

OT Kaxaoro NOJNOXHTEILHO 3apsKeHHOro 0eCcKOHeYHO MAaJaoro
9/ieMEeHTa [MOREPXHOCTH dG [NOPOBOJAHMKA B HM30JATOD HAET Gecko-
HEYHO TOHKaf ,cuaosas Tpybka“ (cp. 2, § 61). Ee dopma crour B
TECHOH CBN3H HE TOJBLKC € HENPABACHUEM, HO H C BEJHYHHOR HA-
NPXKEHHA 1015, Tax xax, no (63),

1 !
hdo = i sEv do == e Dy do. (65)

DTa BeHYMHA, NpejcTanadomas coboi TO KOAHUECTRO BAEKTPU-
1eCTBA, KOTOPOE BHIPE3AHO HA MOBEPXHOCTH [IPOBOJHUKA CHJIOBOI]
TPYOKO#, XapakTepH3yeT CBOCH HEeH3MEHHOCTBIO CHJAOBYIO TPYOKY
Ha BCEM €€ NPOTAXKEHHH, NOKA OHA HEe UONAAET HAa Kakoi-nubo 3a-
paa. FimeHHo, ecan Teneps noj do MOAPAsyMeEBaTh KakKoe-HUOYAIE
MPOH3BOJABHOE M MPOH3BOJLHO PACIONOXKEHHOEe cedeHHe TPyOKH B
KAKOM-HUOY/lb MecTe 1OJif B €CAM V— HAllPaBJA€HHE €ro HOPMaJI,
TO BeauuMHa (63) npeacrasasger coboi#, onyckas B 3HaMeEHATe/e
47, NOTOK MHAYKLHH uepe3 ceuenHe do. Ho nn o0wemy ypasBHe-
HHIO (42) MOTOK HHAYKUHW HM3HYTPH HAPYXY KAKOK-JAHOO 3aMKHYTOI!
IMOBEPXHOCTH, BHYTPH KOTOPOH HET 3IJNEKTPHUYECKUX 3apsALl0OB, paBel
HYJIO, H TAK KaK H3 /IBYyX INPOHU3BOJbHLIX CeueHUH TPyOKHU M ec
OOKOBOH MOBEPXHOCTH BCEr4a MOXHO 006pa3oBaTh 3aMKHYTYIO IiO-
BEDXHOCTD, Y€pe3. KOTOPYIO MOTOKA MHAYKUHHM He 6yaer, TO no (42)
BBIXOJAHUT, YTO, IOKA TPYOKA HE BCTPETUT 3apsAd, MNOTOK HHIYKIMII
B KaKOM-/JHOO OlpeleJeHHOM HaNpaBJEHHMH Yepe3 KaXKJ0e CeyeHHe
HeU3MEHEH. 31€Ch OKa3bhiBAETCH MOJHAS 3HAJOIHA C CHJAOI0 TEYEeHM!!
HeCXKHWMAEMOHR XKHUIAKOCTH B [2,(328)] wan ¢ MOMEHTOM BUXDEBOH HH-
tH B [2,(317)]. Tam, rae tpyOka CyXuBaeTcss, HHAVKLHS H, CJAELOBA-
TCABHO, HAMpPSKEHWe M0Jisl BeJHKH, H o6parno. TouHo TAK Xe TaM,
rae TpyOKa 1nepexoAuT U3 OJAHOIO M30JATOpA B APYroi M rie Bcjie/ -
cTBHE 3TOro ($ 17) npoHcxouuT ee u3JoM, MOTOK HHAVKIHH OCTAeTCH
HEH3MCHHBIM, T[peanoJarasi, 4ro H4 [OBEPXHOCTH pa3nend  HeT
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NeKTPUYECKHX 3apanos, T. €. h=0. Ha xonne tpybxu noTox HH-
AYKUHMH TIDEDLIBAETCA, OH KOMIEHCHDPYeTCA OTPHLATENbHLIM 3aps-
JOM, KOTODHH 3aMHKaeT TPYOKY H KOTODHE, IO BeJMUHHE DaBeH
TOMY IIOJNIOXHUTEJbHOMY 3apsAy, Ha KOTOPOM TPYyOKa Hayaadach. Uto
oTH 004 3apsiia Kak pas PaBHL ADYr APYry IO BeJHYMHE H NPOTH-
BONOJIOXHH MO 3HAaKy, BBITEKdeT HENOCPEACTBEHHO H3 00Imero
ypaBhenns (42), ecqid €ro NpHMEHHTb KO BCeH CHJAOBOH Tpy6OKe,
OTDAHHYEHHOH JABYMS CEYEHHSIMH, KOTODHIE JeXaT LEeJAHKOM Ha 0G0UX
MPOBOAHMKAX. TOrza nOTOXK HHAYKUMH 4Yepe3 3aMKHYTYIO IOREpX-
HOCTE paBeH HYJI0, @ CJeAO0BaTe/bHO, H anarebpauyeckas CyMma
HaAXOASIUXCH BHYTPH 3apsifOB PaBHA . HYJIO.

Ecau npunaTth 3apsas hde BceX CHJIOBHX TPYGOK, HMCXOLSHUIMX
OT JNAHHOrO NpOBOJHHKA, H CHJAOBHIX TPyOOK, OKAHYMBAOWUXCHA Ha
HEM, OAMHAKOBBIMH, TO I[OJNHOE YHCAO HCXOJASNIIHMX OT Hero TpyGokK
(npuyeM OKAHYHBAIOIMECH CYHUTAIOTCA 34 OTPHUATENBHEIE) JMAET [0
BEJIHUMHE B 3HAKY Mepy JAJd ero noJaHoro 3apsana e. [lozo6une
TPYOKH Ha3HBAIOTCH ,eAMHMYHBIMH TpybGkamu®. [IpH rpaduueckom
MpeACTaBJCHHH BCEro yjnobHee KaXAYI0 eAMHHUHYIO TPYOKY H306pa-
KaTh OXHOH CHJAOBOM JHHHEH, HAYWEH NPpHOAM3HTENBHO NOCpenuHe
TpyOxun. IIpy TaxoM NMOCTPOEHHH YHCJAO CHAOBMX JHHHH, BBIXOI5HINX
M3 Kaxkoro-mu60 NpPOBOAHHKA, AdeT NOTOK HHAYKUHMH Yepe3 ero Io-
BCDXHOCTE H BMeCTe C TEM €ero INOJIHHH 3apsi IO BeJHYHHe W
3HAKY.

Ecnn usosupyiomas cpena, B KOTOPOR HAaXOJHTCA CKOJb YIOJLHO
00NbWOE YHCAO KAK-ATHO0 3apsKEHHHIX NPOBOJHHKOB, CO BCEX CTO-
POH OrpaHHY€Ha NpoBOAAWIEH 000JOUYKOi#, TO Ha BHYTPEHHEH CTO-
ponie nociaeinell cobupaercs 3apsf, NPOTHBONOJOXHEA MO 3HAKY
NOJHOMY 3apsAy BCEX 3aKJIYalIIHXCAd B Cpelle TNPOBOLHUKOB.
b camom nene, BOKpYr BCel M30AHMDYIOILEH CPESbl MOXKHO IOCTPOUTH
3dMKHYTYI0 INOBEDXHOCTb, pAacCHOJOXKEHHYIO BHYTPDH MPOBOLSIIEH
000JI0YKH, Yepes KOTOPYIO CHJIOBbLIE JIKHUM HE NPOXOAAT M IOTOKA

MBAYKUHMH He uMmeercs. IloaToMy 3apsi, sax/IOYeHHHE BHYTpPH 3TOMH

NOBEPXHOCTH, PaBEH HYJIO, H/H, KAK FOBOPAT, 3apPAXKEHHBIE NPOBOM-
HUKH ,CBSI3BIBAIOT® Ha BHYTPEHHEH CTOPOHE NpoBoOAflEel 060J0UKH
KOJHUYECTBO 3/IEKTPHYECTBA, MNPOTHBONOJOXKHOE NO 3HAKY HMX 3apd-
ny. ToT xe pesyabTaT MOJyYaeTcs, €CJAH MPHHATL BO BHHMIHHE,
YTO KaXIAblM [OJOXHTEJABHBIH 3apafn, Haxoasmuica rae-aub6o B
H30JATCpE, HAaeT HAyaJ0 CHJAOBOH TPyOKe, HA KOHIE KOTOPOH HO/XK-
HO HaXOJHUTbCS DPABHOE KOJHYECTBO OTPHLATEJNBHOrO 3apsra. Ha
BHCUWIHEH CTOPOHE OKpyXKamoumei 000J0YKH COOHUPAETCHA KOJAHYECTBO
3J€KTPHYECTBA, DaBHOE PA3HOCTH MNOJHOrQ 3apsjga OO00J0YKH M
TOrO 3apsia, KOTOPHH pAacnoJOMeH Ha BHYTPEHHER ee CTOpOHe.

Ecmu notenuuan nposoisiwell 060J0UKH CHeJaTh PABHLIM HYJIO,
COeIHHUBIUH €€ MNPOBOAHHKOM C 3eMJeH, TO HaxomsuHics Ha
HApYXHOH CTODOHe 000JIOYKH 3apAM, CTEKAET K 3eMJe, U BCE BHEII-
HEee IIPCCTPAHCTBO CTAHOBHTCA HEHTpaAbHBIM. TakK Kaxk CHJAOBafd
AMHHS HEe MOXET OKAaHYHBATBLCSA HA TOM e MPOBOJHHMKE, Ha KOTO-
pOM OHA HayaJachb, TO BO BHENIHEM NPOCTPAHCTBE HEe MOXET OHLITh
CHJIOBBIX JHHHH. B NpOTHBONOMOXKHOCTL 3TOMY 3JAEKTPHUYECKOE NOJ

3. Beepeuue B TeopeTuueckyw GuuKy, . IIL
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BHYTPH 000J0UKH COBEpLIEHHO He 3aBHCHT OT TOro, OTBENEHA JH
060JI0OUKA K 3eMJE MJIH XKe OHA M30JHPOBaBa OT 3eMJH H el Cc00b-
meH xKaxofi-a1M60 3apsi, TAK KaK YCJOBHA CYLIECTBOBAHUS BHYTpPEH-
HEro SJEKTPHUECKOro MOJs COBEPIIEHHO HE 3aTPArHBAIOTCA BEJH-
YUHOIO MNOTeHuMasna mnposojsiled oGoxouku (§ 14). [lostomy
rogopAT, 4TO mnpoBoZsamas o60J0YKka NPEACTaBASET COOOH 3jex-
TPHUYECKYIO ,3aILHUTY“, BHpaAXas 3THM, YTO JAEKTPHYECKHE NOJISA HO
o6e ee CTOPOHHE COBEPUICEHHO HE3aBHCHMBI OJHO OT Apyroro. Mox-
HO TAKXEe BOCIOJb30BaTbCA AJAf 3JAEKTPHUECKOH 3aLIMTH IMJO0CKOH
IPOBOXANIEN NMOBEPXHOCTBIO, €CJH TOJbKO OHA HACTOJbKO BEXHKA
0 CBOMM pa3Mepam, 4TO BCE CH/OBEIE€ JHHHMH, HAYIIHE K3 NOJA1 IO
ONHY CTOPOHY €€ [0 HaMpPaBJEeHHIO K JAPYrod CTOpOHEe, 3TOH IMJO-
CKOCTBIO 3afleDKMBAIOTCA U HH OJRA H3 HHX DO APYryiO €e CTOPOHY
HE [IPOHHKAeT. _ -

§ 16. O6pamasce Tenepbr K pPACcCMOTPEHHIO 4HAaCTHHX CJYHaes,
3aMeTHM NpexAe BCEro, UTO KaXKJ0e 4YacTHOe pelleHHe AHQepes-
nMasbHOro ypapHeHus Jlansaca (59) npencrasaser co0oH ompe-
AeJiCHHOe 3JIeKTPOCTaTHYeCKOe NeJe, KOTOPOE OCYIIECTBJIAETCA B
NefCTBHTENIBHOCTH TOrAa, KOrAa BHIIOJHAIOTCI HeCOXOAMMBIE LA
3TOr'0 CHelxanbHbe YCAOBHS. ['paHHDAMH NOJA CJIYXAT NOBEPXHO-
CTH NPOBOJHHUKOB, T. €. HOBEPXHOCTH MOCTOSHHOTO IOTEHIHAaJkA.
O6patho, AJ Kako#-auGo OYHKUMH ¢, yAoBaeTBOpsiomed (59),
MOXKHO BCSIKYIO NOBEPXHOCTH ¢ == const paccMaTpuBaTh KakK OBEPX-
HOCTh C COOTBETCTBEHHHIM 3HAauY€HHEM [OTEHIHAa/Ja HEKOTOpOro
NPOBO/IHMKA, IPOH3BOJAMEr0 BOKPYr Ce0s moJe, NPEACTaB/IAEMOE
NOTeHIMaJAOM @. Bce Aeno CBOAUTCA TOJABKO K TOMY, IPEACTaBAder
JH TPaKTHYeCKHHA HHTEpeC NPOBOAHHMK NOAOOHOA (OPMHL.

[pocTefimee yacTHOe pelueHHe ypasHenus A ¢ =0 ecTs JuHEH-
Hasg 3aBHCHMOCTL @ OT NPAMOJHHEHHBIX KOOPAMHAT X, Y, 2. ITO COOT-
BercTByeT N0 (B8) OAHOPOXHOMY SJEKTPOCTATHYECKOMY MOJIIO.

Ecai NpHHATH HANpPaBJEHHE N0Js 34 OCh X-0B, TO 9 OYAeT 3aBHCETh

TOJALKO OT X, H MBI TIOJYUMM:

@ = ax -+ b. (66)

'BBOJMTb TIONPaBKY Ha Kpas [OJSA,
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IVIOTHOCTb 3apdaja Ha HeoTBeAeHHOR obnazke x=0, mno (63):
| > O £ @ |
he— S0P

47 9x 4n d | (69)

Ha oTBeleHHOl K 3eMse IMIaCTHHE PACNOJOXKEH IPOTHBOIOJION-
HHH IO 3HAKYy 3aps.

OTHOuleHHe NOJHOrOo 3apafa OOK/IAJAKH K PA3HOCTH MOTEHLHAJIOB
OOGK/IAA0K, HJAM TOT 3apsl, KOTOPHE CO3JaeT MEXAYy OOKAanKaMy
PasHOCTh [OTEHIIHAJIOB, PABHYIO 1, Ha3LIBaeTCHA 3/JEKTPHYECKOH e M-

KOCTLI0® KoHzencatopa. Eciu uepes F 06o3Hayum BeaHuHHY
110BEPXHOCTH OOKJAAAKH, TO €MKOCTb:

hF e
ma——_ o)

T. €, €MKOCTb NJAOCKOrO KOHIeHCaTOpa IIPsIMO NponopurMoOHaJbHA

€ro NOBEPXHOCTH M AHIIEKTPHYECKOH MOCTOAHHOH H30/5TOpa (BO3-

AyXa, CTeksa) H O6paTHO INPONOPIHOHANbHA PaACCTOSHHIO MEX Y
00K/IaXKaMH.

Tax kax ¢opmysa (66) rosra TOJBKO B C/yyae paBHONOTEHIHAAD-

HOM MOBEPXHOCTH, MPOCTHpaIeiics B GECKOHEUHOCTh, TO NPH npu-

MEHEHHHM ypaBHeHHs (70) X KOHeYHOH MOBepXHOCTH F HeO6XOMLBMO

KOTOpas, OTHOCHTEJBbHO, TeM
MeHblIe, yeM OoJuabuie F.

Ecau B 0fHOpOZHOE MMO/Ie BBECTH MNPOBOAHHK, XOTH Ol H30JIUPO-

BAHHBIM M HE3aPSXKEHHH, TO OH NPOH3BEAET HEKOTOPOE H3MEHEHHEe
ooJisl, KOTOpoe BOoOOIIE

TPYJAHO BEYHCAHTD, HO OCO- ' , L
OEHHOCTH ero B 0O6mux 4-F— .. e ————e

qepTax MOXKHO BHIACHHUTL '

cebe IpH NMOMOWM nOpex- | ——
CTaBJIEHHH O CHJIOBHIX JH- —,‘—

RS TR = —— ———

JOBHIE JNIHMHHU NPUMBIKAIOT
K IHOBEPXHOCTH ITPOBOLHH-

— N ——

Takoe [0oJe MOXHO OCYHIECTBHTh, €CJH ABE NOBEPXHOCTH YDPOBHA
o = const, ganpumep X =0, X = d, orpaHHuUHBaOIKUE MNOJE, CUHATATH
32 NOBEPXHOCTH NMPOBOJHHKOB, JTa CHCTEMAa OOpasyeT MJAOCKH A
KOHJXEHCAaTOo p. DIeKTPUUECKOE MoJIe ONpenensercs 3HaYeHHd-
M# @ HA 06eux rpamuuax (mjacTHHax, oOkiaankax). Ilycte ¢ =g,
g x=0 U 9 =0 aaa X =d, NpuHUMAas, 4YTO BTOpasi OOKJIAAKa
OTBeJeHa K 3eMJae. Buipaxenue (66) npeobpasyercs B Caenywlee:

=g 1 —>) (67)

CHMOBHE JHHHH HAMPABJGHH NAPaAJeNbHO OCH IMOJOXKHUTE/IbHBIX
X-OB, HanpsKeHHe o4 MM TaJeHHEe MOTeHUHasa paBHO no (58):

% ox d’ (68)

Ka Be3le 1o HOPMAaJaH, TO
NMPOBOJHHK CTATHBaeT K
ce6e (uepr. 2) maymue |
BOJMH3H HEero CHJIOBHE JH-

HHH. MecTa BX0Ja CHJIOBLIX

JHHUA J1AI0T TNOSOXKEeHHUe

OTPHUATENBHBEIX 3apajA0B, MECTd BLIXOAA—IIOJOXHTEAbHHX 3aPANO0B.
Ocobnie CHIOBLIE MHHHH, KOTOPLIE TOJABKO IMOIXOAAT K NNOBEPXHOCTH
APOBOJHHKA H TYT M€ NMOKHAAIOT €ro, Oonpene/soT Ha NPOBOAHMKE
HOJ0XKeHUe TOYEK (TOUKH A), raie nAOTHOCTD 3apPAAd PaABHA HYARIO. ITH
TOYKH 06pa3yIOT TAK Ha3bIBAEMYIO HEHTPaAbHYIO 30HY APOBOAHHKA, OT-
ASJSIIOMYIO NOJIOXHTENbHHE 3apsaibl OT OTPUUATeAbHHX. CHJAOBRHE
JAHHHH, HIYIHHE ele JaJjbile OT NPOBOJAHHUKA, NMPHMLIKAIOT K 9THM

YepTt. 2.

OcobniM JHHHAM, JaBasg cHavyaaa OoJbIIHE, @ 33aTeM BCE MEeHbITHE

3w
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M MeHbIUMe H3rdOH B CTOPOHY NPOBOJAHHKA, I10KA3, HAKOHEL, BCSKOE
BO3MYIIAloLiee BAHSHHE NPOBOJHHKA HE HCYe33eT COBCEM.

KapTHHa CHUIOBHIX JHHUR J4eT TaKKe BO3MOXHOCTb COCTABHTH
HeKoTopoe obuiee 3aK/A04eHHE O BeJHYHHE IJIOTHOCTH 3apsaia B CBA3H
c ¢opMOIO INOBEPXHOCTH NMpOBOAHHMKA. FKiMenHo tam, rae mnosepx-
HOCTh CHJAbLHO BbLINYKJA, CHJAOBLIE JHHUH O4YeHb pacxomsATcs, T. €.
CHIOBBIE TPYOKH NPH NPHOJHKEHHH K NPOBOAHHUKY CHABHO CYXAKOTCH,
M [O3TOMY CHJABHO YBEJHYHBAETCA HANPSXKEHHE MOJd, H, CJe40Ba-
TeJbHO, IVIOTHOCTb 3apsia AOCTHraeT 3HAUHUTEbHOHR BeJuuuHsl. Ho
TaM, I'le NMOBEPXHOCTh NPOBOJHMKA 3HAYHUTENBHO BOTHYTA, HAPHUMEP
B cayuyae yrayOJeHus B IPOBOXHHKE, TAM CHAOBLIE JHHHH PACXOAATCA
npu npubAHKeHHHU K NPOBOAHHKY, HANIPSLKEHHE MO/ CH/IBHO y6riBaerT,
i MJOTHOCTb 3apfja O4YeHb MaJa.

[IpegenbHbIe CAydYau NPEACTABJASIOT BLICTYNAIOMIHE M BXOAAMIHE
OCTPHSA, HA KOTOPHX IIJIOTHOCTD 3apAAd, COOTBETCTBEHHO, OeCKOoHeYHa
M HYAB. N8 HATIOCTPAUMH MOXET CIyxuTh uepT. 11 B [2, § 63],
NpUyYeM NpsSMBE YIJAR IPeJCTaBAAIOT IIOBEPXHOCTH IIPOBOJAHHKOB,
KPUBHE JHHUH — CHJOBHIE JHHHH B u3onaTope. Touka A 00603Hauaer
BEICTYMAOIHA yroJ, Touka B — BXoaswHi.

§ 17. PaccMoTpuM Temeph eme pa3 COOTHOWEHHUS HA TCpPaHHLE
paszena IBYX H30JATOPOB. 3AE€Ch HMEIOT MECTO NOrpPasHYHbLIE YCAOBHSA
(62), mpyuyeM INJOTHOCTb 3apsAAa 7 B KaXIOM MECTe MNOrDAHHYHOH
NOBEPXHOCTH MMECT OlpeIes eHHYIO HeH3MeHHYI0 Beanuuny. Ortcioza
BLITEKAeT, YTO HANPaBJEHHE CHJOBOK JIHHHH, ONpenenseMoe OTHO-
[ieHHeM KOMINOHEHTOB II0Jif, Ha TIPaHHIe paslena nperepneBaer
HapylieHHe HENPEPLIBHOCTH, TaK YTO CHJIOBHIE JHHHH IPH NEpexone
yepes 3Ty NOBEPXHOCTh HCHHTHIBAIOT NPEJOMJSHHE, BeJUUYHMHA KOTO-
pPOro TaKxke CyUeCTBEHHO B3aBHCHT OT 1. Ecau npumem i = 0, 10 (62)
nepedner B: ; s
P ¢ 0P
aap—{—a dv',—o' (71)

3aKOH MPeJOMIECHUA IIPKH 3TOM npHoGperaeT npocTol Bui. UMenHo,
Pa3sioXHUM HANPAXKEHHE NOJA IO KAXKAYIO CTOPOHY IPAHMIEI pa3jena
HAa TAHTCEUHAJbHEIE M HODMaJbHEIE KOMIIOHEHTH, TOrZa MepBble
HENPEPEIBHE, MEXAY TeM Kax nociaenHHe no (71) usmensiorcs B 06-
PaTHOM OTHONIECHHH AM3JIEKTPHYECKHX MOCTOsIHHBIX. OTCI0OfA caeayer,
BO-NIEPBRLIX, YTO ,NPEJOMJNIEHHAR" CHAOBAS JHHHUSA JIEKHT B JIOCKOCTH,
Onpeae/seMOd ,nagalomes” CHJI0BOR NHHHEH U HODMAAbIO K MOBEpPX-
HOCTH pasjesa (UIH NEepNeHAHKYAAPOM B TOUKE NaJEHHS); BO-BTOPHIX,
eC/H @ H o' 03HAYaloT OCTPHIE Yranl O6euX CHJOBHX JHHHE ¢ nep-
NMEHAHUKYAAPOM B TOUKE NaNEHHA:

tga:tga’ =¢:¢, (72)

H60 TAHreHCH 0G0UX YrJOB 0GPaTHO NPONOPUUOHAIBHE HOPMANBHEIM
COCTABMAIOLUMM HANPAXEHHA 1noasg. TakuM o6pasoMm, uem 60Jblie
AN3/EKTPHYECKAA NOCTOSHHAA H30JAATOPA, TEM JAJbIUEC YKJIOHSETCH
OT MEPNEeHAUKYAsApa B TOYKE DNANEHMUs [POHUKAIONIAS B H30JATOD
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%E—-_—_--O Ha BCEeH no-
BEPXHOCTH H30/5TOPA, H MOTOMY IO TeOpeMe, J0Ka3asHo# B 2, § 71,
@ BCIOLY B TaKOM H30JAATOPE NOCTOSAHHO, HJAH, ADYTHMH CJOBaMu:
H30JMATOP € OeCcKOHeyHO O6OoAbIIOA KU3JMeKTPHYECKOHR NOCTOAHHOH
BeJET cebfl B 2/JEKTPOCTATHYECKOM II0J€ KaK NPOBOLHHK,—HH OIHA
CHJIOBAas JHHHSA B HEro He [poHHkaeT, [IOHaTHO, 01BAKO0, YTO NOAOOGHL
H30JATOP BCE€ Xe€ HeJb3d BINOJHE OTOXAECTBAATb C NMNPOBOAHHKOM,
HO0O CYIECTBEHHEIM pAa3JUUHEeM MeXIAy HHMH Bcerma Oynetr TO, 4TO
yepe3 NMPOBOAHHK MOXET Teub 3IEKTPHYECKHA TOK, a4 yepe3 H30.d-
TOP — HeT.

$ 18. Becbma BaXHEIM YaCTHBIM HHTErPAJOM ypaBuerus Jlansaca (59)
gBJSeTC HbIOTOHOBCKHMHE TIpaBUTALHOHHEIK noTennuaa [7, (125) uau
(126)] mast cayuas, KOraa paccMatTpuBaeMas TOYKa BO3ACHCTBUA JEKUT
BHE AEHCTByIOWEHA Macch, Mul noJ/OXKHUM NO3TOMYy SJACKTPHYECKHH
NOTEHUHAA @ PABHHNM MNOTEHUHAJY HEKOTOPHIX BOOOpaxKaeMHIX, NOA- .
XoAaHM OOpasOM paCHOMOXKEHHBIX MACC— MNOJOXHTEJAbBHEX HAH
OTPHUATEJNbLHBIX, AEHCTBYIOIHUX N0 3aKOHY TArOTeHHSA. TaK KaK B 3JeK-
TPOCTATHYECKOM [0Jie ypaBHeHue Jlansaca BCIOAY HMEET MeCTO, TO
(UKTUBHEIE MAacCH He MOTYT HMETb KOHe4YHOH OOheMHOH NMJIOTHOCTH,
HO3TOMY NPHUXOAUTCA NpeacTaBasaTh cebe, 4YTO OHH pacnpeleseHul
MO MOBEPXHOCTAM NPOBOAHKKOB H H30AATOPOB C KOHEYHOH (nopepx-
HOCTHOM) NJMOTHOCTLIO. YTOOLI HE NMPOHU30WJA0 HHKAKOTO CMEIIEHHA
C 2JeKTPHUYECKOA IIJIOTHOCTBIO /1, MBI O603HAUUM ITOBEPXHOCTHYIO
NJIOTHOCTh 3THX (UKTHBHHIX MacC uepe3 h’' H BH3HBaEMHA HKHMH

rpaBUTALHOHHLIA NOTeHUMan uepes ®. Toraa:

=¥ — j"'d“, (73)

r r

cusa0Basg JAHHHs. B npenene npu e =ocono (71)

rae r o603HAYaeT MOJOXHUTEILHOE PACCTOAHHE TOYKH BO3NEHCTBHA

OT 3JIeMEHTA TMOBEPXHOCTH dO.
HcceneayeMm crmauasa B 00IMeM BHJE CBOWCTBA 3TOTO rpaBHTaIMOH-

'HOrO MOTEHILHaJa W, npejanoJaras, 4¥To BooOpaxaemule MacChl pac-

NOJIOKEHE! C ONPEJeNeHHOA NJIOTHOCTbIO HA KaKOH-/1H00 MOBEPXHOCTH.

Tlo cBoemy onpenenesuio (73) ¢Qynkuus % OAHO3HAYHA H PpPaBHA

HyJi0 B OECKOHEYHOCTH, eCJH, KaK MH NPUHHHMAaeM, BCA NNOBEPXHOCTD
JEXKMT B KOHEWHHIX rpenenax. UTo kacaetcs BONpoca O HENpPEepHB-
HOCTH % H €e NnepBLIX NMPOU3BOAHLIX, TO 3TO MOXHO BHACHHTH IIYyTEM
HCCIeLOBAHUA IIPOCTOTO YACTHOro CJaydad: ciayvas WIapOBOH MOBEpPX-
HOCTH panauyca R, MOKPHTOA paBHOMEDHHIM CJOEM MacCH. g sToro

cayyag no 7, § 37, ecam TOouka BO3JEHCTBHA JIEXHT BHE Iiapa,

MOTEHUHAN TAKOB, KAK €c/AM OH BCsl Macca OHJAa COCPeAOTOYEHa
B LlEHTpE LIapa, T. e.

v = Sh' do = 2% p, (74)
Ts |

To

Ile 7, NpencTasaseT coOO paccTosHNE TOYKH BO3ACHCTBAS OT HERTPA
urapa; ecAd, HaocbopoT, TOUKa BO3ACACTBHA JEKHT BHYTDH IIapa, TO
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MOTEeHUHaJ Besje NMOCTOsHEeH M paBeH TOMY 3HAYEHHIO, KOTOPOE OH
UMEeT B LeHTpe, T. e. 1o (73):

1 ry ’ .
W = -}—?j‘h do = 4nxRN. 75)

EcaH, ganee, Touka BO3AEHCTBHSI nepemelaeTcs H3BHe (ry > R)
yepes NOBEPXHOCTD IIapa (ro = R) BHYTPL (ry < R), TO BHIpaxeHnue (74),
KaK BHIHO, NePEX0AUT HENNPEPHBHO B BhIpaxenue (70), C1e10BaTeabHO,
MOTEHUHAJ P HE HCALITHIBAET HHKAKOrO0 CKauka HA IIOBePXHOCTH,
4.5 NOKPHITOA Maccod. ITOT pe3yAbTAT MOXKET OHITh
JIETKO PAacnpoOCTPAHEH HA CJay4Yad MNOKPHITOH MaccoH
MOBEPXHOCTH JJMIOO0OR (POPMHI METOAOM, COBEpPIICHHO
AHAJIOTHYHLIM NOpuMeHeHHOMY B 7, § 33. FKmenuo
pasAeJHM WIAPOBYI0 IOBEPXHOCTL HA JBe YacTH,
BHIAC/JHB HA Mmape OKOJO MecTa A TAe TOoukKa

2 (4epT. 3), He6OAbIIOA KPYKOK, KOTOPHIX MBI 0603HAYHM
Yepr. 3. yepes 7 (Ha gepTexe OTMEUEH LITPHXAMH), TOT[a KaK
Bce ocranabHoe 0003HaYuM uepe3 2, Mu uMeeM TOria:

Yy=P;+YPs, (76)

M TaK KaK ¥ M Py 00a HENpephHIBHL, NOCAERHASA (QYHKUOHS OOTOMY,
yTO IJA MAacC 2 T0uKa BO3NEeHACTBHA NPH €€ INepeMEUICHHH BCerja
octaeTcs BHemHeld, TO H ¥, NMOTEHUHAJA KpPYXKkKa, HenpepuBeH. Ho
9TOTO A0CTAaTOUHO, YTOOH JAOKA3aThb HENPEePHBHOCTDL P NPH NPOXOXK-
TeHHH TOYKHM BO3JEHCTBHS 4epe3 IMMOKPHITYIO MacCOH IOBEPXHOCTD
n060#i dopmul. M160, kakuMu 6n cBOMcTBaMM HM o6J/ajana MOBEPX-
HOCTb, BCEr/ia BO3MOXHO BHIJIEJAMTH HA Hell MOAOOHBA HeG0aBIOH
KPYXOK OKOJIO MeCTa IPOXOXKJIEHHA Hepe3 HEE TOUKH BO3AEHCTBHUA.
OcTtaabHas 4acTh TMOBEPXHOCTH HE MOXET HADYUIHTH HENPePHIBHOCTH,
OTOMY 4YTO JAJd Hee TOYKa BO3AEHCTBHA MOCTOAHHO OCTAETCA BO-
sHe. [ToaTOMYy BOOOGIIE A5 BCAKOH IOKPHITOH MacCOM ITOBEPXHOCTH:

lP' = ¥, (77)

ecau @ M ' 0603HAYAIOT 3HaUEeHHs P 110 00e CTOPOHLI MOBEPXHOCTH.

CoBeplieHHO NMOAOGHHM Ke CIIOCOO0M MEI JOCTHraeM pesy./bTaTa
EAf MePBHX MPOU3BOAHBIX OT . YTO Kacaercs TAHTCHUHAJbHBIX
COCTaBJAIOWMX, TO, Audeperuupys (77) mo xaxkomy-aubo HampasJe-
HHIO A, PACIIOJOKEHHOMY Ha NMOBEPXHOCTH pasjie/a, HMECM:

oy _ oV (78)
0A i 7

Taxum 06Pa30M TaHTeHIHAAbHbIE TPOH3BOJHEIE HENMPEPHIBHBL. HTO-
661 HAHTH CBA3h MEXAY HOPDMAJbHHMH TPOH3BOAHBIMH, Mbl HE MOXKEM,
KOHEuHO, NudepeHuupoBaTh ypasHeHHe (77) NO HOPMaAH V K NOBEPX-
HOCTH, TaK KaK OHO HMEET MeCTO TOJbKO s CaMOH IOBEPXHOCTH,
7. ©. AJA 4aCTHOT'O 3HAYCHMA V, HO MB OnATh OyAeM HCXOIHMTH M3
MPOCTOr0 CAydYas MOKPHTOA MAcCod Cepul, NPUUYEM A HEE MOXKHO

BO3JEUCTBUA NPOHHUKAET uYepe3 ero IOBEPXHOCTh
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MOJIOXKHTb V = ry: Toraa us (74) noayuaercsd Aas Caydas, €CaH TOHKA
BO3IRHCTBHA JEXHT BHE mapa:
oy oY Y4 G
ow . 4

i
e —
e

Qv or, ro®

4, eCJH TOUKA BO3AEHCTBHA NPHO/M3UTCA HEMOCPEACTBEHHO K CAMOH
[HOBEPXHOCTH’

a—w— = — 47h’. (79)
ov

HanpoTtis, u3 (75) AAs BHYTPEHHErO MOJNOXEHHA TOUKH BO3XEHCTBUA
CACAYET:

» =0 (80)
ov

0

i Ipouseouan +)£, takum 00pa3oM, INpephBHA HA TOBEPXHOCTH
125 |

niapa. OHa HCHBITHIBAET NPH NPOXOXKACHUH TOUKH BO3LEHCTBUA uepes

MOBEPXHOCTh CKAYOK BeJAHUYHHOIO —4mh', T. €. eCad Pp— NOTEHIHAJ

' BO BHEIIHEM NPOCTPAHCTBE, Y’ —BO BHYTPEHHEH ero 4acTH,V H V'— Ha-

PY)XY H BHYTDb HamDaB/CHHBIE HOPMaJH, 3TO O3HAYAET, HTO

0 | -atp;=—-~4:mhi’. (81)
oy oy

UT06K 3TOT PpEe3yAbTaT pPACHpPOCTPAHHTb Ha CJyvaH IIOKPHITOH
MacCOfl TMOBEPXHOCTH NMPOH3BOJABHOH (OPMBI, Mbl ONATH 6yneM pas-
JAHYaTh JBE 4acTH 7 ¥ 2 moBepxHocTH mapa (seprt. 3). lorma, au-
dbeperuupya (76), noayuaeM BOOOIIE:

oy __ 0wy 0% R0
oy 0v+6v | (82)

TOUYHO TAK Ke:

ay’ _ 0wy 0% 83
03’ o' T o' ( )
% [- awﬂ' — 0 ,
oV av’

TaK Kam%‘—p-? HeNmpepHBHA, IIOTOMY YTO TOYKA BO31eHCTBHSA NEXKHT BHE
1}

IOBEPXHOCTH 2. ,
CxnanpiBas (82) u (83) u npurnuMas BO BHuMaHHE (81).

¥ .
W W 4ah (84)
oy o'
) 0
M3 3TOrO BHAHO, YTO CKA'OK B BEJHYHHE NMPOH3BONHON H"f- MOTEHI[H-~
N

a3, MOKPHITOH MAcCO IAPOBOX MOBEPXHOCTH, NPOHCXOLHT HUCKJIO-
UTEJLHO OT MOTEHIHANA HeGOAbLUIONO BHIASNEHHOTO OKONO A KPYXKKa,
a OTCIOAA CJAEAYeT, 4TO BEJMHYHHA CK4uka OTHIOAB HE 3aBHCHT OT
TOrQ, KaKk pacnpeAeteHnl MacChl BHe Kpyxka. Ecam y Hac HMeeTcs
NOBEPXHOCT COBEPINEHHO MPOMSBOJLHOM POPME C COBEPLICHHO
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MPOX3BOALHKEIM PacrnpeieNeHHeM NJAOTHOCTH M eCJH TOUKa BO3 e cTBHA
NPOHHKAET 4Yepe3 NOBepPXHOCTb B TOYKE A, TO IPOHU3BOLHAS MOTEH-
HaJa N0 HOPMAJH HCNHTHBAET NPH 3TOM CKAUOK:

oy oy’

— 4+ — = —A4nf, 85

dv +0v’ (69)
cAe h’ Oo3HawaeTrT NMJAOTHOCTH HAa NOCEPXHOCTH B TOYKE HPOXOXACHHS
A, T. €. IOBEPXHOCTHVYIO NIJOTHOCTL HEOOJbIIOTO BHAGAEHHOTQ OKOID
A KpyxKa.

M MOXeM B HAUHX BBIBOAAX WUTTH elle jJaJablue, B caMoMm nene,
B ypaBHeHUH (84):

Wi O (86)

60 1as1 HeOOMBLIIOrO KPY2KKa HET HHKAKOTO pasfHYyMA MOXKAY
SHEUIHHM M BHYTPEHHHUM IPOCTPAHCTBOM, HANPAaBJAECHHS V H V' CoBep-

[UEHHO DABHO3HAYHH W MOIyT B3daMEHHTBb OJHO Apyroe. H3 3tore
BLITEKAEeT:

o'mul _ ()11[’1’ —_— ’
™ ™ 2nh’. (87)
JTa BEIHYHHA HMEeT Harasauoe ¢usnueckoe 3Hayenue. MmeHno,
TaK KaK TpagUuCcHT INOTEHUHAaJIa NPEeACTABJSIET CHJAY, C KOTOPOH NpH-
TATUBAETCS HJH OTTAJAKHBACTCHA JHAEHCTBYIOUIUMH MAacCaMHd eJHHHIA
MAacCChl, HaXOIALIASACA B TOYKE BO3JNECHCTBHUA, TO BHIpaxenie (87)
HPEACTABJASAET TY CHJY, C KaKOH HeOOJBIIOH KPYXKOK LeiCTBYeT Ha
eNHHHIY MACCH, HENOCPEACTBEHHO K HEMY NPMAEraioilyi. JTa cHJja

3aBHCHT TOJIbKO OT MJIOTHOCTH IIOKPRITHA MAaCCOM, HO HE OT BeJHYHHL

KPYXKa, H COXPAaHAET CBOI BEJAUUMHY, KaK Obl MaJ HH OHJ KDPYIKOK,
4YTO, KOHEYHO, O0DBSACHACTCA TEM, YTO Pa3MepPH KPYyxkKKa BCerja Bce
Ke OECKOHEUHO BEAHKH MO CPABHEHHIO C PACCTOSHHEM OT HEro TO4YKH
BO31EHCTBHA. |

TouHo Tak xe genaeTcs NMOHATHRIM, NIOYEMY CHJA3, ¢ KOTOPO aeit-
CTBYET Ha MATEPHAJbHYIO TOUKY CdepHueckMA CcJo#, cpasy namier
OT KOHEYHOH BEJHYHMHH [0 HyJs, KOrja TOYKa H3BHE MPOXCAUT
BHYTPb WIAPDOBOH INMOBEPXHOCTH. FIMEHHO, NOKa MaTepHanabHas TOUKa
HaXOJUTCS eume BHe, HebGoabwo# Kpyxok 7 gpeidcTsyeT B TOM xKe
HAIPDaBJE€HUH, KAK H OCTaJbHast Macca 2, HO KaK TOJLKO OHa Ipo-
HHKAeT uYepe3 MNOBEPXHOCTH, HAaNpaBJieHHe CHJB, NPOU3BOAHMOMN
KPYXKKOM, H3MEHSIeTCsl HA 06paTHOe, TOrjAa KaK Apyras CHJ/a COXpPaHser
npexHee HanpasJ/ieHHe. TakuM o6pasoM 00e 3TH CHAR OeACTBYIOT
B NMPOTHBOMOJOXHKIX HANPaBJEHHSIX U B3aHMHO KOMIICHCHUPYIOTCH.

§ 19. PesysnbTath npeabAyuiero HUCC/AeIOBaHHA I1103BOJSIOT HAM
BBICKA3aTh H JA0KA3aTh CJAEAYiOllee MOJNOXKEHHE: B INPOU3BOJLHOM
JNCKTPOCTATHYECKOM MONE NMOTECHUHAN @ TOMIAECTBEHEH C rpapH anu-
OHHbIM MOTEHIHAJAOM P (PUKTHBHBLIX MACC, pacnpeneyseHHuX [0 fo-
BEDXHOCTH NPOBOJHHKOB H H30JATOPOB € NJOTHOCTLIO:

’ 1 /o¢ o' Ev -+Ev
B = e __): v TEV
4”(0? T ' 47 (88)

9Ji,-CT. HOJIE B OTCYTCTBHM KOHTAKTHOHA PA3HOCTH NOTEHUMAJNOB 4]

Urobst a0Ka3aTb 370, NOKaxMeMm, 4YTo QyHKUUA:
— @ = @, . (89)

rae p onpereaserca no (73) u (88), TOXKAECTBEHHO pPABHA HYJIO.
B camom apeae, dyuxkuua ¢, 001a4aeT caeaAyIOWMMHE cBoiicTBaM. OHa

VAOBJETBOPAET JHPepeHlHaJbHOMYy ypasHeHuwo Jlanaaca, notomy
YTO €MY YIOBJETBOPHAIOT Kak ¥, TAK H @; Jajee, OHA OAHO3HAUHA
M HeNmpepniBHAa 4 B OeCKOHEYHOCTH oObpauwiaeTcs B HYJAb, TaK KakK
5TO HMEEeT MEeCTO Kak JJsi ¥, TAK 1 Jad @. Hakoueu, nepsuie NpoH3-
BOJHBIE OT @y BCIOAY HENPEPLIBHHE, AaXXe 11d MOBEPXHOCTH MPOBOJLHH-
KOB H H30JAATOPOB. [eHCTBUTEAbLHO, AJf TAHICHIHMA/BHBLIX NPOUS-
goaubIXx u3 (60) u (78) BHTEKaeT:

990 __ 0%
oA 04
- a naa HOpMaJabHHX caenyet u3 (85) u (88):
0 o]
9% + E}_Eﬂ“:o
L o'

Uro ¢yHKIUA ¢ NOAOOHEIMH CBOHCTBAMHM TOXAECTBEHHO paBHA

nynm ABJASETCS YaCTHHIM CJAy4YaeM TeOpeMbl, KOTODPYIO MH ceHuyac
BhIBeZIeM B caMOM oflleM BHIe.

- Onnosnaunass ¥ HENpepLiBHAs BMECTE C CBOMMH MNEPBBLIMH IpO-
M3BOJAHLIMH GYHKUHASA NPOCTPAHCTBEHHHX KOOPAHMHAT [, yAOBJAETBO-

paouwas audepeHuHaIbBOMY ypaBHeHHIO JlamJsaca, BroJHe onpe-

JiesieHa BHYTPH KakKoro-aubo o0bema, eciy 3a1aHbl €€ 3HAYEeHHS BO BCeX
TOYKAX MOBEPXHOCTH, OTpaHnuuBanleid 3ToT 06beM. B camom xeqe,
o6o3HayuM uepes f u [ ABe (yHKUIHH, KOTOpDhEe OO6J3aRAIOT BCEeMH
STHUMH CBOHCTBAMH H 3HAUEHUS KOTOPLIX BO BCEX TOYKAX NOBEPXHOCTH
paBHbl Mexay c00010, B OCTaJbHOM K€ COBEpPIIEHHO INPOU3BOJbL-
Hbl. Toraa no 2, (81) aas pasmoctu f, = f —f:

(f (N o (90N 4 (O0N* ) yp — — (. %0 go— 1. A, -

(2 2+ () oe = 12t Jo- ot

B stoMm ypaBHeHud 006a MHTErpaJa cripaBa pasHLI HYJIO: HHTErpaJa
no ob6beMy— Ha OCHOBAaHHHM YypaBHeHus Jlannaca, HHTErpaa no

MOBEPXHOCTH—TIIOTOMY, UTO Pa3HOCTH [, A4 BCEX TOYEK MOBEPXHOCTH

pasda uy.o. C/e10BaTesbHO, B NOJOXHUTEJILHOM HHTErpaJje cJesa
HOAMHTErpasbHas BEeJHYHHA BO BCEX TOYKAX 0oObeMa paBHA HY.JIO,
T. . [, BCIOAY NOCTOSTHHO H PAaBHO HYJIO, K4K U HA [OBEPXHOCTH.

To xe camoe uMeeT MeCTO MO OTHOUICHHIO K HAlleH (PYHKIHH @,,
TaK KaK OHA4 BE3Je PaBHa HyJAI0 B OECKOHE4YHOCTH. |

§ 20. Teopema, fOKaszanuasg B nNpeanaylleM naparpade, mupes-
CTan/seT BO3MOXHOCTL OCBETHTh 3aKOHBl NEKTPOCTATHKH ¢ HOBOH
TOUKH 3peHHHA, paccMaTpuBas (YCJOBHO) SJAEKTPUYECKHE JelCTBHA

Kax pedcTBuUA HA pacCTOAHMH. TOJNBKO TNOBEPXHOCTHAA NJAOTHOCTD,

KOTOPYIO HYXKHO RPHNIHCATh (PHKTHBHBIM MaccaM, YTOOH HX rpaBHTA-
HHOHHH ITOTEHUHAJ COBMAAAJ C 3JeKTPHUECKHM, He PABHA 3JeKTPHU-

- YeCKOH nJOTHOCTH /i, o BeanuuHe h', onpeneasiemoit (88), KoTtopyw
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MOSTOMY 4aCTO HAa3HBAOT NJIOTHOCTHIO ,CBOOOLHOro“ sapsija B OT/H-
yHe OT N — NJAOTHOCTH ,AeicTBHTesbHOro® sapana. CBoOOIHHH 3a-
psij cBasaH no (88) c HanpsiKenuem 3NeKTpHYECKOro nojs E cosep-
HIeHHO TaK e, KaK AeHCTBHTeJbHHR 3apaa no (41) ¢ aneKTpHYECKOH
naayknue#t D, Beenenne Takoro sapsna HNpPeiCTaB/asieT TY BHIOLY,
4YTO TPH BHYHCJACHHHM IIOTEHLHAJA H HANPSKEHHA [OJA MOMHO
COBEPIIEHHO OTBJEYbCH OT AHU3AEKTPHYECKHX CBOMCTB H30/ATOPOB
¥ IPHXOAUTCS HMETb JA€J/0 TOJNbKO C HENOCPe ACTBEHHBIMHU ACHCTBUAMH
na paccrossuH. Ho cBoGOAHOE 3/1€KTPUYECTBO HE NOJUHHEHO, KakK
nelCTBUTEMbHOR, 3aKOHY coXxpaHeHHsa aJektpuuectBa (§ 11). Ecany,
HanpuMep, MepeHecTd H30JHUDOBAHHKHA 3aPSIKEHHBIA 3JeKTPHYECTBOM
NPOBOAHHK U3 OJHOTO H30J/ATOPA B APYTrOA C HHOHK JIU3JEKTPHUECKOH
HOCTOSIHHOH, TO JReHCTBHTEJBbHBI 3apajx ocTaHeTcsds HEH3MEHHLIM,
MexLy TeM KaK CBOOOAHHH 3apsaj H3MEHHTCH.

CBsisb MEXAY NAOTHOCTBIO CBOGOAHOrO 3apsana i’ U AEHCTBUTED-
woro h mpencrasasercs ypaBHeHusiMu (88) u (41). Oua, BooOuie, Xo-
BOJIBHO CJIOXHA, HO NMPHHUMAET OCOOEHHO MpOCTYI0 (popMy B OYEHb

BAXKHOM CJyuae — B CJydae TOBEPDXHOCTH npoBOAHHKA. KO0 nas
storo cayuas E,, =0, u, caenosarennHo,
7 E*J 1 d
o= — 2= T (91)
4n Ax ov
goMouuupva 310 ¢ (63), moayuaem:
W= " (92)

&

Takum 0o6pas3oM, eCJaH AaHO f, TO HeNoCPeJICTBEHHO MOXHO BHI-
ReCTH W3 JeHCTBHSA HA PAECCTOAHHM IMOTEHIIMAJ M HaAIDsAXEHHE [10J4.

HuTtepecHO B3IVIAHYTb Ha pacCMOTPeHHble B § 106 gwacTHEE CayuaH
3J€KTPOCTATHUSCKHX MOJIeH C TOUKH 3PDEHHS TEODHH AaJIbHOJACHCTBHA.
Ecau, HamPHMEp, TOUKA, 3apsiKeHHasi MOJOXHUTEJNbHBIM 3apanoM 1,
HAXOJHTCA B KAKOM-HHOYyIb MecTe MEXAy ABYX OOK/JIaA0K IJIOCKOIO
KOHIEHCATOPa C IVIOTHOCTAMH 3apsioB + i u— A, TO 3Ta 3apsKeH-
Hag TOYKA, HA OCHOBAHHH BhlpaxeHun (87) AJas NMPHTHKEHHS NJIOCKHM
KpYy#&KOM OECKOHEUHHIX PasMepOB MO CPaBHEHMIO C PACCTOSHHEM OT
Hero TOYKM BO3JefCcTBHdA, OYAET NPHUTATHBATHLCS OTPHIATENbHO 3apf-
wweHHOH OOKAaIKOH 1 OTTANKUBATHLCA NOJ0XHUTEABHOH, TaK YTO AOJHOC
HaNIPsXKEHHe MMO0JA COCTABHT:

E = 4:rfz’=4“h-, (93)

E

8 TOUHOM COOTBETICTBUM C ypaBHeHHsMH (68) u (69).

Ecau BReCTH B OAHOPOAHOE NOJAE KOHIEHCATOPa H3OJAHWPOBAHHLIA
H He3apRMEHHBH NPOBOAHMK, TO AJAA TOro, 4YTOOb HAMPAKEHHE
NOoAs Be3je BHYTPH BPOBOJHHKA OLIIO PAaBHO HYJIO, HA MOBEPXHOCTH
ero HOJIKHB! TTOSBHPHCH 3apsibl, NMPHTAMEHHE (COOTBETCTBEHHO OT-
Ta/IKHBaKKE) KOTOPHX KOMPBEHCHPYIOT NOAOOGHbIE Xe NeHCTBHs 3api-

9/1.-CT. TMOJE B OTCYTCTBHH KOHTAKTHON PASHOCTH NMOTEHLHAJOB 43

JOB Ha OOKJAaJKax: NOHATHO CaMmo cob0lo, 4TO0 O6mMHMA 3apsajs npo-
BOJHHKA TIDH 3TOM OCTaeTCs PaBHHIM Hy/AW. Yeprt. 2 npencrasaser
HarJAIHO ACHCTBHE 3ITHUX CBA3AHHBLIX 3apsiJOB.

JJaa nposoadIuero mapa, HaXxOAAWErocss B H30JAATODE C JAUdJeK-
TPUYECKOH NMOCTOSHHOM &, eCi¥ R — ero paauyc, a e — 3apsj, NOTeH-
yuan no (75):

S U PP
P = sthdcr = (94)

TaK 4YTO 3JEKTDHUECKAd eMKOCThb ulapa.

C=- =Ry, (95)

4

T. €. PaBHA MPOHU3BEJEHUIO PAJHYCAa HA [IHINEKTPHUYECKYI0 HOCTOsAH-
gyo. Eciay, crenosatenbHo, NOMECTUTh H30JHPOBAHHEIA 3aPAKEHHKIMR
1ap B KaKO#-HUOYAb JAPyrod M30/JATOP, TO €r0 NOTEHUHAJ], 4 BMECTe
¢ TEM H HanpsdXKEHHE NOJd, IOHHU3ATCA BO CTOJBKO pPas, BO CKOJbKO
YBEJIHYHTCH. AMINEKTPHYECKas NOCTOSHHAS.

- Ecay, HanpoTHB, BMECTO TOTO 4YTOOLI COXPAHSATH € HEH3MEHHLIM,
MH CT3aHEM NOJAMEPXKUBATH NOTEHUHAJA @ apa NPH IIOMEINEHHH ero
B HOBHIR H30JATOP NOCTOSAHHBEIM, YTO MOXHO CAEJATh, COELHHHB WIAD
TOHKOH NPOBOJOKOH C OILHHM IOJIOCOM OYEHb YAaJMIeHHOH 6aTapeH, TO
3apsj mapa Bo3pacTaeT C yBeJHYCHHEM THIICKTPHYECKON MOCTOAHHOM.
OTO NPOUCXOAMT OJarofapsi TOMY, 4TO0 HEKOTOPOe KOJMHUYECTBO 3JIEK-
TpHYECTBa NpUTEKaeT K mapy u3 OarapeH. CoelHHHTENbHYIO NPOBO-
JOKYy MOMXHO B3iTb HACTOJbKO TOHKOH, YTO OHA He OYHET 3aMETHO
BAUATH HA CO3JaBaeMoe mapoM noae (cp. nuxe, § 25, xoxen).

- § 1. ITocaennue sakmaoyeHuda Mbl 0000IMM AJAA CAYYEs CKOJb

- yroaHO OOJBLIOTO YUCAA MPOH3BOJLHOH (POPMH NPOBOJAHHKOB, Ha-

XOAALINXCA B OJHOM H TOM XK€ H30JATOpe C JAHIJIEKTPHYECKOU
NOCTOSIHHON 8. PaccMOTpHM CHauana npOCTOH cCayval, Koraa Bce
NPOBOAHUKH 34 MCKJAIOUEHHEM OAHOIO, KOTOPHIH MH OTMeTHM 7,

OTBEJEHH IIPH IMOMOIM AJHHHOH TOHKOHR TPOBOJIOKH K 3eMJe, T. e.

HMEIOT NOTeHUnasN HYJb, TOTAA KaK NPOBOAHHK 7 MOAAEPIKMBAETCH
npy nortennuaine 1. Torjga noTesEuHanbHasg QYHKUHA B H30JATOpE
NOBCIOAY OIpeneasieTcd NOO TEOpeMe, BLIBEAcHHOH B kxoHie § 19.
Mu ee HasoseM f,. ..

CuJ0BHE JHHMH BCEe HAYHHAIOTCA HAa NPOBOAHUKEe 7, a OKaHYH-
BAIOTCA YACTBI0O HA OCTAJbHHEX NPOBOAHHMKAX, YacTbI0 B OECKOHeY-
HocTy. OTCI0Za 3apsih I1€PBOTO NPOBOLHHKA €; NOJMOXKHTENEH, 3dPAAL
OCTaJIbHRX NPOBOJAHHKOB &3, €3,... OTPHUATEJLHH.

Ecay Teneps npH NPOYHMX PABHHEIX YCJAOBHSIX NPOBOIHHK 7 Gyner
NOANEPKUBATLCS DU MNOTEHUHANE ¢, BMECTO l, TO IOTEHUHA/NbHad
QYHKLHA 3MEKTPHUECKOro MOJA B 3TOM CJaydae CTaHET @y - f; H BOT-
HOCTH 3apan0B HA OTJAEJBHHX MPOBOAHHKAX:

<y ()h  — Ef_i_. g..f...l.. | (96)

h.]_ —— T T ha . .
4 01’1 4t 63'3
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Orcoaa noaunsle 3apsagbl NPOBOIHUKOB:

€ = Shl do, = — == fﬁ}' do; = ey,

4n ) 0v,
0
o= (hudoy = — 2 (o, = sgc,
4 ) ov, (97)
3
g = g fig A0y = — =1 "gl}' 403 = &@,Cay,
. Vg

3apag npoBOAHHKA 7 OOYCJOBJEH €ro NOTeHLHANOM ¢y, 3apaibl
OCTaABHHX OOYCJOB/AEHB BAMSIHHEM 1A HEX nposopHuka 7. [1pousse-
genyue &¢; — €MKOCTb IIPOBOJAHHKA 7, oCTaapHbLIE NOJAOOHBIE NPOH3IBE-
NEHHH, B3ATHIE CO 3HAKOM ILIIOC, ,NapUUHaJbHBIEe” eMKOCTH OCTaJAbHHIX
npoBOAHHUKOB. CYIUECTBEHHO, UTC B2JHYHHBI ¢, PABHO KaK H QYHKUHs
f;, 3aBHCAT TOJBKO OT reOMeTpPHYEeCKHX YCJIOBHH CHCTEME!, @ HE OT
3neKTpHUeCKUuX. Beaencrsue aTtoro BO3MOAHO OOWHMHA Caydaid cBecTH
MyTEM pPas3JOXEHHS HA PACCMOTPEHHBIH 34€Ch YAaCTHHIA CJAYy4YaH.

MMenno, ecad M 0003HAYUM COOTBETCTBEHHYIQ MNOTEHUHANLHYIO
dynkuuio uepes f, Aasa nposoxpudka 2 M T. A, TO 3axaya ob omnre-
NeNeHHUH 3JEKTPHUYECKOro MOJs A4 TOro cayuas, KOraa npoBOAHUK 7
6yneT MOAAENKHBATLCHA NPH NMOTEHUHANE @, NPOBOAHUK 2 NPH IO-
TEHIHAJNe @, H T X, PaspelIaeTcd MNOTeHUUaNbHOR (PyRKUHUEN:

Q= @1f1 + Pafs + Pafs + .. -5 (98)

H60 oTa OQYHKILHA YIOBJAETBOpsieT, BO-NEPBLIX, BE31e B H30J4TOpE
ypapueHuio Jlamiaca, Tak Kak Kaxcaast (QYHKOHS B OTAE/JIbHOCTH
eMy yAOBJeTBODPHET, M, BO-BTODHIX, HA IOBEPXHOCTH KaXJOro npo-
BOJNHMKA OHAa TPUHHMAeT 33JaHHOE 3HAYeHHMe, TaK KaK Tam CcOooT-
peTcTBYlomas (GyHxnus f =1, a Bce ocragabuble f 06pauianTcs B HYIb.

Orcioga noayuarTcs no (63) nAOTHOCTM 3apan0B OTAEJAbHEIX

NPOBOXHUKOB:

& Ofy  _0f  _ Ofs

¥ MOJAHBIE 3apANH:
e; =& (P16; + P:ly2 + Paliz + .- -) |

)
o == 8 (P€a1T PaCa T P3alag t+ - ) } (100)
sy — & (‘P]F:ﬂ‘l‘ P.C32 1+ P33 1 - - D) J
pugem L e L o
SO S T A by = — — | 11 dg 101
f2 4\7!5 C‘h»'ldﬁll fr1 4z | Ov, A (

3apaasl NPOBOLHHKOB MNPEACTABASIOT COOOMH, TAKHM 00PA30M, AHHEH-
Hee OYHKIHH HX NOTEHIHAJOB M, KPOME TOrO, NPONOPHHOHAALHA
IH3AEKTPHIECKON MOCTOAHHON H30/IATOPA, K3K 3TO MH BUAMM B (99),

B aCTHOCTH, mas mapa. [lpu 3tTOoM BCeraa:
513: 621 H T. H.-p (102)
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B stoM MOXHO yOeauTbCd H3 pPACCMOTpEHHA CJACAYIOWEro TO-
wiaectBa u3 2, (80):

S(g}fiﬁ_ _%Ejj_{___% afﬁ)d,t___

iisialielinily.

dx  Ox ay oy 0z 0Oz
(s O go (4 Ofs 0fs
s 'ﬂ- -dﬂlnﬁ T do [
_“1 o7, 1 j f1 v, 2 jﬁ o7, 3

3aece HHTErpaJ no obbeMy pacnpoCTPUHSETCA [0 BCeMY H30.1-
TODY, TOra KaK HHTErpaJinl M0 IOBEPXHOCTH OTHOCATCA KO BCeH
NOBEPXHOCTH, OFPAHHYHUBAIOLIEH H3O0JATOD, T. €. K HOBEPXHOCTH BCEX
NpOBOAHKKOB., Tak kak, panee, f, NpUHUMAET 3Ha4YeHue 1 Ha nosepx-
HOCTH NPOBOJAHHKA 7, a HA MOBEPXHOCTH OCTAaJNbHHX MPOBOAHHKOB —
sHayeHHe O, To BCS CyYMMa CBOAMTCH K OJHOMY TNEepPBOMY 4JeHY,
KOTOPHIH npejcTaBnasieT He UYTO HHOE, KaK NapuHaJbHYK €MKOCTh
;o 0€3 MHOXHTeNss 47, a BCASACTBHE CHMMETPHM HHTErpanaa o
06beMy TO Ke caMoe OyleT MMeThb MECTO H JJd CAyyas €.

Ecnmn paspewnts ypaBHeHHs (100) OTHOCHTEABHO @y, Py ..., TO,
o0paTHO, NOTEBUKANL NPOBOJHNNOB NPEICTABATCH KAK JHHEHHLIe
GbyHKUUY HX 33apsA0B:

1
P1 == - (€36, -+ €:65, -+ €365," 4. . 1),

1 f / 'y |
P = : (6’1612 T €203 €3Cs0 +-. *)s (103)

1
P3 = 3'"(61*'-'13’ + e’ eyt +. L),

&

1 KOHCTAHTH (', TAK Xe K4K ¢, 3aBHCAT TOJBKO OT TreoMerpHye-
CKHX YCJOBHH paccMaTpuBaeMOl CHCTEMhl, HO HE OT 3ACKTPHYECKHX.
KoHneyHo, H 31eCb TaKxke ¢y, =Cy'. TIpH 3aJaHHBIX 3apajax NOTeH-
IHaAMEl, TAKKM 00pasoM, o6paTHO IMPONOPILHOHANbHEL JH3JEKTPHYe-
CKMM TIIOCTOSIHHHIM, KaxX 3TO Mbl yxke Bugeau B (94) ans vactHOro
caydas mapa.

Tak xe paspemaercss 3agaya 06 onpeneneHHH 3JEKTPDHYECKOrO
noJafA, eCJH Oa OJAHUX NPOBOAHHKOB 33JaHLI HX TMOTEHLHAJH, a IJS
APYyrux HX 3apsiapl. Bo BecAkoM cJayuae, neao HIET O paspelleHHH
NUHEHHBIX YPaBHEeHHH, €CJM TOJbKO H3BECTHHI €MKOCTH C.

§ 22. Tenepp Mul paccMOTpUM elle HECKOALKO HAJbHEHIIMX HHTE-
PECHBIX O/ 3ACKTPOCTATHKH YACTHRIX pelleHud ypaBHeHus Jlanjaca.
Panu ynpomenusa OyaeM Teneps NpEeAnonaraTb B KayecTBE H30Js-
TOpa HNyCTOTY, Ang kortopoit e = 1. Toraa cBoOOAHBNA H JEACTBH-
TeABHBI 33apsil— OAHO M TO ke, Ilasa cayuyas APYrHX H30JATOPOB IO
NpeALAYIIMM BBIBOAAM MOXHO BBECTH HEOO0XOAHMble 0000LIEHHUS.

3anMcTBYeM M3 BHpa)euus (73) yacTHoe pelleHue:

o Ol (104)

ry ry
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rjie ry u ro 0003HAYAIOT DACCTOSHHS TOYKM BO34eHCTBHMA OT JBYX
HEN3MEHHHX NOJIOCOB A U B ¢ 3apginaMu ¢, ¥ ¢,. l[loBepxHocTH
YPOBHA 3A£Ch BOCBMOIO NOPsAAKa, CACHOBATRABHO, HMEIOT JOBOJbLHO

CAOXHBIA BHI, 'HO MEXAY HHUMH CYLECTBYET OAHA [1OBEPXHOCTH
0COOEHHO NpPOCTOH DOPMBI, UMEHHO:

105)

T2 MNOBEPXHOCTL INpejcTaenser ¢ob6oft map, KaKk B 3TOM JErkKo
MOXHO YOeAHTHCST AHAJUTHUECKHM HJU Ke IeOMeTPHYECKHUM IIyTeM.
KoHeyHO, gad TOro 4rodul wap Onla JeHCTBUTE/IL-
UBIH, 3apsiAbl €; H €y NO/KHBI OBITE NIPOTHUBOIONOKHE!
[0 3HAKY. loria 1apoBsasg NOBEPXHOCTL OyZeT OKPY-
XaTb II0JIOC ¢ MEHbUIMM 3apsaAoMm; nvcTs 3to Oy-
petr B. Ecau o€ossayum wepes O HeHTp I1apa, ye-
pe3 K—ero pagdyc ¥ Ha3OBEM yYepe3 & U b paccrod-
H4sd o6oux moawcoB oT O, 1o u3 (105) ana Touek

néepeceyeHys NOBEPXHOCTH WAPA € 0Cbio ABO (uepr. 4)
[10JIVYAeTCH:

Uepr. 4.
ey ey .
- =0 106a
G+R bR (1062,
(ras TOuKM NepeceueHuss BHe ADB),
oo =0 106b
¢—R  b—R ( )

(1719 TOUYKHU nmepeceueHuss BHYTPHU AD).

M3 aTtux ABYyX ypPaBHCHHH MOXHO HANTH, €CJAH 3a0aHH INOJOXKe-
HHS OOOHX INOJICOB, T. €. X PacCTOAHME ¢ — O B HX 3apaisl ¢
M ¢,, KaK paauyc mapa, Tak ¥ @ ¥ b B OTAEJABHOCTH, T. €. MOJONKe-
HHe UeHTpa wapa O |

Ho MOxHO TdkKe NOCTYNUTh HaobopoT. B caMom Jnese, BOOOpa-
3gM cebe, 4TO wIAP ABJAAETCA NPOBOAHHUKOM H OTBEIEH K 3eMJe.
OT 3TOro 3JeKTpUueCKOoe MoJe HHCKOJIBK(Q He H3MEHUTCA. Toraa
[IapoOBas IMOBEPXHOCTb IPEACTABUT [IOJHYIO 3AILHTY BHYTPEHHErO
npocrpacTsa OT BHewHero (§ 15) M BHyTpeH:ie€e # BHEIIHES MOJIs
APYrC OT Japyra Hesasucumbl. [lo3TOMY paccmatpuBaeMmsiii cayua#
NPeACTABAACT TAKXKE pelleHde TAKOH 3amadu: OnpeieyuuTb dJEKTPU-
yecKoe mo0Je, KotTopoe o06pasy=Tcd, ecad noamwc A ¢ 3apaioMm é,
HAXOAHUTCA HA pacCTOdHHM @ OT HeuTpa O wapa pajguvca R, oTse-
JeHHOro K 3emJjae. Toraa B ypaBHeHusix (106) ¢;, @ u R pmanel, a b
H €, OlpefessiloTCa MO 3THM ITAHHBIM, H NOTEHUHAJ BO BCE€M BHeUI-
HEM NPOCTPAHCTBE NPEACTABJASETCS, KAK H panbue, dopmynor (104),
T. €, 3fPsl, CBA3aHHBHH 3dPAXKEHHBIM IOJIOCOM HA ITOBEDPXHOCTH
[yapa H HNPOTHRGIIONQKHLIH €My 0 3HAKY, JEHCTBYET BO~-BHE TaK Ke,
KaK IOJIC £ C 3apsijioM €, HA PacCTosiHHH O OT UeHTpa mapa.
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[losromy TOYKY B Has3bBalOT TaKke ,3AEKTPUYECKMM H3I0Opaxe-
HHEM® TIOJII0CA A O OTHOIUEHHIO K wapy. [Tosoxenune wiobpaxkenns B
oAy4aeTcss u3 ypasueHu#t (100) nocae HCKAWQWEHHA ¢, H €,, HMEHHO:

Ly
—d

b _.--ll—-——---
i

- (107)

JTO COOTHOILUEHHE He 3dBHCUT OT BEJHYHHH 3apPII0B H, KpOMe
TO1'0, OHO CHMMETPHYHO MO OTHOIUEHHIO K d ¥ b, T. €. NOJMIOCH Au B
MOT'YT NOMEHSTbCA CBOMMHM poJasaMH. [loatomy npencrasasemuii ¢op-
my.10it (107) 3axon u3o6GpaxeHHs BHELIHEr0 NPOCTPAHCTBA HA BHYT-
pexHeM, M 00pAaTHO, HAa3HBAETCA 3aKOHOM ,O06paTHHX pPaZUyCOB®.

Jas 3apsiza u3obpaxenua B noayuaerca takxe w3 (106) seauyuna:
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Tem cambIiM 3asmauya coBepileHHO pewena. [1A0THoCTL 3apsana, cBs-
30HHOI0 Ha MOBEDXHOCTH 1wapa, nogayuaercs no (63) u (104) 8 Buje.
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rne ro, O3HayaeT paccTosiHHe TOYKH P 1 0, OHO COBNajaer C BHYT-
pedHed HOPM2.ibl0 K NMOBEPXHOCTH H30JATOpA. UTOGH HMEThb Bech
3apsAA  [Iapa, HAZo /1 do NPOMHTErpHPOBATL MO BCeH MIAPOBOH TIO-
BepDXHOCTH. OJHAKO MOXHO AOCTUTHYTb 3TOH UeaH yjobHee, ecan
NMPHHATH B COOOpaXKEHHE, YTO NOJHBIA 3apAx OnpeneasieTcsi NOTOKOM
MHAYKOUH 4epes3 LAPOBYI0 IOBEPXHOCTb M YTO STOT MOTOK HHAYK-
LM OCTAHETCA TAKKE H B TOM CJydae, eC/M YJAJHTh TNPOBOJAILYIO
[IAPOBYK NOBEPXHOCTb H BMECTO Hee BOOOPA3HTh B NMYCTOTE 3aPAL €,
B Touke B. Takum obpasom paccMmaTpHBaeMblifi NOTOK MHAYKIHH
MIPOU3BOMUT 3apAN €; H, CTAJO OLITh, €, NpPEACTaBAsAeT COOO0H Bech
CBA3aHHHIA HA OTBELCHHOHM K 3eMJe IIADOBOH NOBEPXHOCTH 3apsf.

Tak xe HaxoAuT CBOE paspelleHHe NMPH TNOMOLIK NPEABILYIHX
BHIYMCJAEHHH H TOT CJAyuad, KOrja umap He OTBeAeH K 3eMJe, HO H30-
JUIPOBAH H 3aPAXEH ONpEJeIeHHHM 3apAAoM. U<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>