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BEKTOPHBIN DJIEKTPOMATHUTHBINA NIOTEHIIUAJL - 3TO
HEPBUYHOE UCTUHHOE ITIOJIE YACTHUIl MUKPOMMPA

B.B. CunopeHkon
MI'TY um. H.O. baymana

DynoamenmanvHocmy 3akoHa [Ipupoovl «KOpNycKyIApHO-NO1€6020 0YAIUMdA
Mamepuu» cocmoum 6 mom, Ymo Kax 08e CMmOpPOHbl OOHOU MeOoanu NeKmpomae-
HUMHMblE JIOKATbHblE XAPAKMEPUCTNUKU MUKPOUACMUYbL U ee COOCMEEHHble NOleable
napamempul Hepa3pul8HO CEA3aHbL U 00YCN06IeHbl Opye OpY2OM. INeKMPUUEeCKOMY
3apa0y, Kpamuomy K6aHmy 21eKmpuiecKko2o nomoka - 3apsaoy 31eKmpoHd, COOmeem-
cmeyem 1eKmpuyeckull 6eKMopHulll nomenyuai, a yoeamvnomy (Ha eounuyy 3apsoa)
MOMEHmY, KpamHOM)Y KEAHM) MACHUMHO20 NOMOKA, Omeedaem MACHUMHbIL GeK-
TMOPHBIL NOMEHYUA.

[loneBast KOHUENLMS TPUPOABI dIEKTPUUECTBA ABJIAECTCS (QYyHAAMEHTOM KJlac-
CUYECKOM 3JIEKTPOJMHAMHKM M OCHOBAaHAa Ha MPHU3HAHUU TOro (pakTa, YTO B3aUMO-
NENCTBUE PA3HECEHHBIX B MPOCTPAHCTBE JIEKTPUUYECKHUX 3apSAA0B OCYILECTBISAETCS
MOCPEICTBOM JJIEKTPOMAarHUTHBIX nosied. PDU3ndecKue CBOMCTBA TaKUX noJeU 63au-
MoOeticmausi MaTEMaTUYECKH OMUCHIBAIOTCS CUCTEMON (YHKIMOHAIBHO CBA3aHHBIX
MeXxAy coOOM ypaBHEHHMI B YaCTHBIX MPOU3BOJHBIX MEPBOTO MOPSIKA, HA3bIBAEMBbIX
AIEKTPOIMHAMUYECKUMHU ypaBHeHUsIMU Makcgenna [1, 2]. B cTpykrype 3TuX ypas-

HCHHUM, ONMMCHIBAIOIIMX NOBSACHUE 3JICKTPOMArHUTHOI'O OJISI B HEMOABMKHOM CpEeac,

3aJI0’KEHAa aKCHMOMa KJIACCHUYECKOM JJIEKTPOJMHAMUKHU - HEPa3pbIBHOE €IUHCTBO IIE-
PEMEHHBIX BO BPEMEHU 3JIEKTPUUECKOT0 U MarHUTHOTO mnosiei. B coBpemennoit ¢op-
Me Takas cuctema Iu@epeHIMaIbHbIX YPAaBHEHUN UMEET CeAYIOINNA BUI:

() rotﬁz—%, (6) divD = p , (1)
(B) rotl:|=]+aa?, (r) divB = 0.

31ech COOTBETCTBEHHO TOJIS: BEKTOPOB JyeKTpuueckod E u marnmrhoit H

—

HaNpsHKEHHOCTH, dnekTpudeckodr D=¢ggE n marmutnoit B=puH wunnykuun,

IJIOTHOCTH 3JIEKTPHYECKOTO TOKa | =0k ; aOCOIIOTHBIE £€y U Lifl, - dIEKTPUYECKas

W MarouTHasd NpOHUIACMOCTHU, o - YACJIbHAA 3JICKTPHUYCCKasd NPOBOAUMOCTb MAaTCPH-

aNbHOM Cpenibl, @ p - 00bEMHAs MIIOTHOCTh CTOPOHHETO JIEKTPUUYECKOTO 3aps/ia.



BaxxnelimuMm ¢yHaaMeHTaIbHBIM CIIEICTBUEM ypaBHEHUN MakcBeia sBiseT-

cst TOT dakT, uto E 1 H KOMIMOHEHTHI AIeKTPOMArHUTHOTO TOJIST PACTIPOCTPAHSIOT-
csl B MpOCTpaHCTBE B BUjae BosH. Hampumep, u3 (1a) u (1B) cpaBHUTENBHO MPOCTO

—

MOJIYYMTh BOJTHOBOE YPaBHEHHUE TSI TIOJIS DJICKTPUUECKON HaIpshKeHHOCTH E !

~ . - = 2E
rotrot E = graddiv E — AE = —uu Qrot H = —-ouu °E_10%E (2)
0ot 00t 2 pt2

AHanoruyHo MMoJIy4acTCda U YpaBHCHHC BOJIH IIOJIA Mar HUTHOU HanpsA>KCHHOCTH

—

H , cTpykTypHO TOXIIeCTBEeHHOE YpaBHEHUIO (2). BUIHO, UTO CKOPOCTH pacrpocTpa-
HEHHUSI DTUX BOJIH OMPEACISIETCS. TOJIBKO JUIIb AIEKTPUUECKUMU U MAarHUTHBIMU Ta-
paMeTpaMH MPOCTPAHCTBA MAaTePUAIBHOU Cpelbl: &, [ U o. B 4aCTHOCTH, B OTCYT-

creue nornowenus (o =0) ux cKkopocTh pacnpoctpanenus V =1/, feg uu, , a xoue-

Gannst E u H KOMIIOHEHT BOJIH, COMMAcHO CTpyKType ypaBHeHu# (1), cunpas3Hbl.

C uenpro 0OTBETA Ha BOMPOC, YTO NEPEHOCAT 3TH BOJHBI, BOCIIOIb3yEMCS ypaB-
HeHussMu MakcBesia (1), SBISIOIIMMUCS, B CYUIHOCTH, MEPBUYHBIMU YPABHEHUSMU
AJIEKTPOMArHUTHOM BOJIHBI, OTKY/Jla HA OCHOBE ypaBHeHuit (1a) u (1B) monydaem 3a-
KOH coxpaneHus dHepeuu B popmMe, Tak Ha3biBaeMoil Teopembl [lolHTHHTA:

HrotE - ErotH =div[E,A]=—(j ,E)-EL2-H L. 3)
ot ot
BuaHo, 4To nocTtynarommui U3BHE B TaHHYIO TOYKY CPEAbl IIOTOK JIEKTPOMATHUTHOU
SHEPIruM 3a €IUHUIY BpeMEeHU (MOIIHOCTH), omnpejensieMblii BekTopoM [loiHTHHTA

[E,H], uaer Ha KOMIIEHCAIIMIO JPKOYJIEBHIX (TEIIOBHIX) MOTEPh B IPOIECCE DIIEK-

TPOIMPOBOJHOCTU M U3MEHEHHUE AIEKTPUUECKON U MAarHUTHOW 3HEpruii, 1mbo Hao0o-

poT (3) - 3TH PuU3MYECKHUE MPOIECCHl BHI3BIBAIOT U3IYUCHUE HAPYXKY MOTOKA JJICK-

TPOMarHuTHOM MotHoCTH. [Ipr 3TOM COBOKyMHOE Hanmuuue B mpocTtpancTBe E u H
MOJIEH BBI3BIBAET OTKIMK MaTEPUATILHOM Cpeibl B BUAE BEKTOPHOTO 1015 00bEeMHOU

niomuocmu anekmpomacHumuozo umnyavca. g(f) =[D,B]. OxcnepuMmeHntaibHOE

OTKPBITHE UMNYAbCA DNIEKMPOMASHUMHO20 noJis (IaBlieHue cBeTa) [3] mpuHaIIeKUT
pycckomy yueHomy-dusuky I1.H. Jlebeneny (1899r.).

OpnHako Hapsay € 9THM, CIEAYET yKa3aThb Ha BECbMa OrPAaHUYEHHBIN THANa30H
SBHBIX BO3MOKHOCTEW ypaBHEHUN MakcBeslIa Ipu ONKMCAaHUU Psia U3BECTHBIX B Ha-
CTOfILleEe BpeMs SIBJICHUI ayekTpoMarHeTusma. B wactHoctu, ypaBHeHus (1) He mo-
I'yT BCKpBITh M aJICKBaTHO ONUCATh (PU3UYECKYI0 CYyTh MArHUTHBIX SIBJICHUMH, MO-
CKOJIBKY M3BECTHO [2], UTO UCTUHHBIA MarHeTU3M — 3TO CIMHOBBIN MarHeTusm. Ha-
pUMeEp, OHU B TPUHIIUIIE HE CIIOCOOHBI OOBSACHUTD 3hdhexm Diinwmetina-oe I aaza
[1, 2], korga B MaTepuagbHON CpPEAE MPU €€ OJHOPOJHOM HAMarHM4MBaHUN BO3HUKA-
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€T MEXAaHUYECKHUM MOMECHT BpaliCHMA, HaHpaBHCHHBIfI KOJJIMHCApHO MNOAMAarHn4u-

BaIOILIEMY MOJIF0 MArHUTHON MHAYKIMHK B. Tak e naneko He siceH BOMpOC O Cyllle-
CTBOBAaHMU W (U3MYECKOW peau3aluud MOMEHMA UMNYIbCA JeKMPOMASHUMHO20
noJjisi, COOTBETCTBEHHO, IIEPEHOCIIIUX €r0 BOJIH.

3nech Kak Obl CyIIECTBYET MapajoKc, Ie ¢ OAHOW CTOPOHBI, Teopusi Mak-
CBEJIIA MPEICKA3BIBAECT PABEHCTBO HYJIK MOMEHTAa MUMIIYJIbCA IUIOCKOM JJIEKTpoMar-
HUTHOU BOJIHBI, @, C APYroM, (U3HUYECKH MOHSTHO, YTO AJIEKTPOMATHUTHOE U3ITyye-
HUE — 3TO U3JIy4eHHe BO30YK/I€HHBIMU aTOMaMU U30BITKA SHEPTUH B BUIE (POTOHOB,
KOTOpble OyAyT 3a0upaTh OT aTOMa HE TOJIbKO YacTh YHEPrUU, HO U YHOCHUTH JIOJIIO
BHYTPEHHETO YIJI0BOTO MOMEHTa aTtoma. Cliel0BaTeNIbHO, PaCIpOCTPAHSIONIEECS B
BU/JIE BOJIH 3JIEKTPOMArHUTHOE MOJie JOJKHO 00Ja1aTh BIIOJIHE ONPEACICHHON BeJu-
YHHOW MOMEHTA UMITYJIbCA, YTO, KCTATH, HAOJII0JAJIOCh B dKCIIepuMeHTax [4, 5].

Takum o0OpazoM, DpPUHIMOUANLHBIA Je(EKT TPaJIUIMOHHOW KJIaCCHYECKOU

DJICKTPOAMHAMHUKH B TOM, YTO B €€ NPCACTABICHUAX 00 SJICKTPHUYCCKOM 3apiaac " €ro

HOJIE OTCYTCTBYVET HOHITHE O crHE (COOCTBEHHOM MOMEHTE MMNVJibca). CChUIKH Ha

HBIHE CYIIECTBYIOILYIO KBAHMOBYIO INeKMPOOUHAMUKY [2] HEYMECTHBI, MOCKOJIbKY
ATO OT/AENIbHAS CaMOCTOSITENbHAS HAYKa, 110 CYTH HECBSI3aHHAS C KJIIACCUYECKOM TEO-
pueii. [IpaBaa, N3BECTHBI NONBITKM BBEJICHHS B JIIEKTPOJIMHAMUKY TaK Ha3bIBAEMOTO
Kaaccuyecko2o cnura [6], HO U OHU OKa3aaTUCh HEKOHCTPYKTUBHBIMHU.

K coxanenuto, HECMOTpsL Ha CEPbE3HYI0O METOAUYECKYI0 MOJIEPHU3ALUIO HC-
XOJIHBIX MAaKCBEJUIOBCKMX ypaBHEHMU ['epuem, XeBucaioM U DUHIITEHOM U I'paH-
JUO3HBIE YCIIEXU BHEIPEHUS TOCTHXKEHHUM AJIEKTpOMarHeTu3Ma BO MHOTHUX 00J1acTAX
’KU3HU COBPEMEHHOTO YEJIOBEUECKOI0o 00IIeCTBa, OOLIENPUHSATAS HA CETO/IHS TEOPUS

QJICKTPOMArduTHOT'O ITOJIA WM IMMOHBIHC 6a3I/IDVGTCH TOJIBKO JIMINTb HAa NMPCACTABIICHUAX

19 Beka 0 QU3MYECKMX CBOMCTBAX JICKTPHUUYECKOIO 3apsjia MaTepUAIbHBIX Te. Jlis

apryMEHTHUPOBAHHOW WILTIOCTPAIIMU TAHHOTO (haKTa 3/1eCh BITOJIHE JOCTATOYHO JIBYX
MEPBUYHBIX (YHIAMEHTAIBHBIX COOTHOIIICHHUH JIEKTpOMarHeTu3Ma - saxona Kynona
CUbL B3AUMOOCUICINBUSL HENOOBUINCHBIX MOUEYHBIX INEKMPULECKUX 3aps008 N 3aKOHA
coxpaneHus snekmpuyecko2o 3apsaoa [1], 4ToObl ENOYKO# Mmocine0BaTeIbHbIX (H-
3MKO-MaTEMaTHYECKHX PACCYKICHUHN MOCTPOUTH TPAAUIIMOHHYIO cucteMy (1) ypaB-
HEHUI 3JICKTpoAMHAMHUKK MakcBeinia [7].

Ho 3T0 TOJNBKO TO, YTO JICKHUT HA MOBEPXHOCTH. ECiu B3TIsSHYTH TIyOkKe, TO
Te K€ TUBEPICHTHBIC YpaBHEHHUs cHUCTeMBbI (1) comepikaT CBEACHHUS O TOJSAX SJIEK-
Tpuaeckoro A® u MarHuTHOro AM BEKTOPHBIX IOTEHLUAIOB, (M3UIECKUH CMBICI
KOTOPBIX, HECMOTPS Ha BIIOJIHE OTPE/ICICHHBIN POrpecCc B YCTAHOBICHUU UX (PU3H-
YEeCKOUM 3HAUMMOCTH [8], ¥ 10 ceil eHb KOHIENTYaJbHO HE MOHSAT, a IIOTOMY B TE€O-
pPHH DJIEKTPOMAarHeTU3Ma 3TH HE HaOI0IaeMble HAMPSMYIO MOJISI OCTAIOTCS B JOJDK-
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HOM Mepe HENPUHATHIMU M, B CYIIIHOCTH, HEUCHOJAb3yeMbIMU. [lonbiTaemcs elie pa3
pa3o0paTbcsl B 3TOM BOIIPOCE, ISl YETO BOCIOJIB3YEMCSI 00CYkKIaeMOH 3/1€Ch CUCTE-
Mol ypaBHeHui (1).

[IpencraBiieHnss 0 BEKTOPHBIX MOTEHLMATIAX ONPENEISIOTCS OYEBUIHBIM I1O-
JOXKEHUEM O TOM, YTO AUBEPreHIMs POTOpPa JOOOr0 BEKTOPHOIO MHOJS & TOXKIECT-
BEHHO paBHa HyJt0: divrotd=0. [Io3ToMy MarHuTHyt0 KOMIIOHEHTY BEKTOPHOI'O I10-

teHnuana A™ MOKHO BBecTH mocpenctBoM cooTHorreHus: div B =0 cucremsr ypas-

HeHu# (1), onuchIBalOIIMM MarHUTHYIO MOJISIpU3ALUI0 (HAMArHUYEHHOCTh) MaTepH-

alILHOM Cpeibl, a DIIEKTpUUecKyro KoMmonenty A® - coornomenuem divD =0, onu-
CBIBAIOIIUM TIOJISIPU3AIINIO JIOKATBHO dJIeKTpoHeHTpabHoi (o = 0) cpembr:

() rot A" =puuH,  (6) rot A® =cg, E . 4)

Takum 00pa3om, ¢ TOUKHU 3peHUsT GPU3UUECKOTO CMBICTIA BEKTOPHBIE AJIEKTPOMArHUT-
HbIE TIOTEHIUMAJIbl HETIOCPEICTBEHHO CBSI3aHBI C AJIEKTPUUECKON M MAarHUTHOM MOJIs-
pHU3aIUsIMHU, a TOTOMY UX MOKHO Ha3bIBaTh NOJAPUAYUOHHBIMU NHOMEHYUALAMU.

Torna mojacTaHOBKa COOTHOIICHUS JIJIi MATHUTHOTO BEKTOPHOTO MOTEHIMANA
(4a) B ypaBHEHHE BHXPS JJICKTPUYECCKOW HAMPsHKEHHOCTH (la) MPUBOIUT K M3BECT-
HOU (popMyJsie CBSI3M MOJISI BEKTOpA YKa3aHHOW HANPSHKEHHOCTH C MAarHUTHBIM BEK-
TOPHBIM MOTEeHIMAIOM [1]:

- ot ]

ONMCHIBAOIIEN 3aKOH JJIEKTPOMAarHMTHOM MHAYKUMH Papanes. 31ech dIEKTpUUe-
CKMH CKaJIsIpHBbIM nmoreHuuan: E =-—grad¢® npuHuMNMambHO HE paccMaTpUBaeTCs,

KaK HE UMEIOLIMH OTHOIIEHUS K 00CYX)AaeMbIM B pa00OTE BUXPEBBIM MOJISIM.
[Ipy aHaNOrMYHOW MOJCTAHOBKE COOTHOILIECHMS AJI 3JIEKTPUYECKOIO BEKTOP-
HOro noteHuuana (40) B ypaBHEHUE BUXPSI MarHUTHOM HampsbKeHHOCTH (1B) ¢ yue-

ToM 3akoHa Oma | =¢FE moiiydaeM B MTOT€ CBS3b 3TOW HANPSHKCHHOCTH C yKa3aH-

HBIM BEKTOPHBIM IMOTCHIIUAJIOM:

- _ A®  9A°
H = + : (6)
T pex ot
3nech 7, =¢5,/0 - MOCTOSIHHAs BPEMCHH pENaKkcaliu 3JIEKTPUYECKOro 3apsjia B

CpeZe 3a CUET €€ IINEKTPONPOBOTHOCTH.
OaHO3HAYHOCTh (PYHKIMH BEKTOPHBIX MOTEHIUAIOB, TO €CTh YUCTO BUXPEBOU
XapaKTep TaKUX MoJiel obecrieunBaeTcsl yCIOBUEM KYJIOHOBCKOM KanMOpPOBKHU:

(a) div (eg,A™)=0, (6) div (uu,A®)=0, (7)
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rac a0COJIIOTHEIC QJICKTPpUYCCKas 880 W MarHuTHasd MU, MMPOHUIACMOCTH, COTJIaACHO

cooTHomeHusaM (5) u (6), cooTBeTcTBYIOT B (popmyinax (/) KOHKPETHbIM KOMITOHEH-
TaM BEKTOPHOT'O MOTEHIIUANIA.
Kak BuaMM, BEKTOpHBIE NOTEHIMANIBI MPUHLUUIIAAIBHO COMPOBOXKAAIOT SIBJIE-

HHUS DJIEKTPUYECKOW U MAarHUTHOM TOJIAPU3ALUN MAaTEPUAIbHON CPEbl, IIPUYEM, CO-

riiacHo (4), mapsl BektopoB H u A™, E u A® - 83aummno opmozonanvhbl;, cOOTBET-

ctBeHHO, cornacHo (5) u (6), opyeue sekmopuvie naper E u A", H u A® - g3aumno

KOJTUHEHAPHDbL. HOK&)KGM, 4dTO BCKTOPHLIC IMOTCHOWAJIBI — 3TO HC MATCMATHYCCKHC

bukIMK, a GU3NYECKH 3HAUYUMBbIE (YHJIaMEHTAJIbHBIE MOJIs, MOPOKAAIOUIUE (CM. CO-
otHoueHus (5) u (6)) TpaAUIIMOHHBIE BUXPEBBIE AIEKTPOMArHUTHBIE TIOJISL.
Tak kak B3auMOJIEHCTBHUE SJIEKTPUUECKHUX 3apsII0B PEATU3YIOTCS TOCPEICTBOM

— —

QJICKTPUICCKHUX E u marautHBIX H HOJIGfI, TO (1)I/ISI/I‘ICCKI/I JIOTUYHO HPCAIIOJIO0XKUTD,

YTO MOPOXKAAIOIIUE TAKUE I10JI BEKTOPHBIE IOTEHIIAAIIBI A® u AM kax ¢busnueckue
BEJIMYMHBI €CTh IEPBUYHBIC IOJIEBBIE XAPAKTEPUCTUKU CAMOIO JJIEKTPUYECKOrO 3a-
psAla U KaK BTOpas CTOPOHA MENAJIM €CTh €ro INPSMOM IOJEBOW >KBUBAJICHT. [l
000CHOBaHHUSI MPABOMEPHOCTH TAKOTO MPEAINONI0KEHUS PACCMOTPUM KOHKPETHbIE
apryMeHTbl, TO3BOJISIOLIME PA3PEIIUTh MPOoOIeMy (PU3MUECKOT0 CMbICIa KOMIIOHEHT

BeKTOp-rioTeHImana A® u AM, 06CYKIaeMy0 Ul MATHUTHOTO BEKTOPHOTO [OTCH-
nuana eme MakCBEIUIOM MPH aHAIHM3€ CBOUX AJIEKTPOJUHAMUYECCKHX TOCTPOCHHIA
([9] 1. 590). CornacHo Touke 3peHus MakcBemna, Bektop A™ “moowcem Gvimv npu-
3HaH hyHOAMEenmanbHoOU senuuunol 6 meopuu snexkmpomacremusma’ [10].

Kak u3BectHO, pu3nyecKue nmpeacTaBieHus 00 AIEKTPHUUSCKOM 3apsiie UMEIOT
Ha MHKPOYPOBHE CYIIECTBEHHOE JIOMOJIHEHHUE: dJICMEHTapHAs YacTUIIA XapaKTePH3y-
€TCs HE TOJBKO 3HAYEHUEM 3apsia (|, KpaTHOI'O 3apsay dJIEKTPOHA |e7|, HO U CIMHOM

S, TPAKTyE€MbIM KaK COOCTBEHHBII MOMEHT KOJMYECTBa JBUKEHHUS 4YacTUlbl. Benn-
YiHa 3TOr0 MOMEHTa KBAaHTOBaHa 3HaueHueMm #/2, rne h=h/2x - Mmoguduuupo-
BaHHas noctosHHas [lnmanka. To ecTb MUKpoYacTHIla MPUHUUIIKAIBLHO 00JIalaeT B

HEPa3pHIBHOM CBSA3H DJIEKTPUYECKUM 3apsA70M (=N |€7| U COOCTBEHHBIM MarHUTHBIM

MOMEHTOM, KPaTHBIM COOCTBEHHOMY (CITMHOBOMY) MarHUTHOMY MOMEHTY 3JIEKTPOHA

- marHeToHy bopa [2]: B cucreme pusndeckux equann CU mg = eh/2m, .

B cooTtBeTcTBUM ¢ HalIUM MNpCAMNOJIOXKCHUCM, COIMMOCTABUM JIOKAJIbHBIC XapaK-
TCPUCTUKU MUKPOYACTHUIBI 1 HCKOC €€ cobcmeernHoe nepeudHoe 3J1eEKmMpomMacHuUmHoe
noaJe. KOHerTHO I 971eKkmpoHa JICKTPUUCCKAasd KOMIIOHCHTA 9TOTO ITOJIA COOTBET-

CTBYET 3apsAly |e”| - KBaHTYy DJIEKTPHUYECKOrO IIOTOKA, 4 MAarHUTHAasi KOMIIOHEHTA -

yAenbHOMY (Ha €IMHMILY 3apsijaa) MOMEHTY h/2e, ompenensitoniemMy, KaKk U3BECTHO
[2], kBaHT MarHUTHOTO MOTOKa. Hamma 3ajmada noka3ars, 4TO BBEJIECHHOE 3/1€Ch TUIIO-
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TETUYECKU COOCTBEHHOE IMOJI€ MUKPOUYACTHUIIHI (COBOKYITHO, 1 MAaKpOOOBEKTA) SIBJIS-
€TCSl UMEHHO MOJIEM BEKTOPHBIX MOTEHIIHAIOB.

Wrak, BHayase pacCMOTPUM DJIEKTPUYECKUN BEKTOPHBIM MOTECHIIMAI Ae. s
3TOro cooTHoueHue (40) CBA3M IIEKTPUUECKUX BEKTOPOB MHIYKIMU U BEKTOPHOTO
NOTEeHLMAJA 1Jis O0JbIIe HAISIAHOCTA U MAaTEMAaTUYECKOM OOLIHOCTH MPEICTaBUM
B UHTETpaIbHON hopme:

A%l =[DdS =[o dS = q . (8)
C Sc

Sc nousp noasap

OTU UHTErpalibHble COOTHOUIEHUS! YCTaHABIMBAIOT (PU3HUECKHU COJEpPKATENb-

HOE TOJIOKEHHE O TOM, YTO BEJMYMHA HUPKYISAIUA BekTopa AS Mo 3aMKHYyTOMY

KOHTYpy C olpenensieTcsi IOTOKOM BEKTOPa NIEKTpUYecKoro cmemeHus D depes
MOBEPXHOCTh Sc , OMHUPAIOLIYIOCS HA 3TOT KOHTYpP, COOTBETCTBEHHO, MOJISIPU3ALIMOH-

HBIM OJJICKTPHUYCCKHM 3apsJ0M HHAYIWPOBAHHBIM Ha ITOU MMOBCPXHOCTH.

q nonsp »

OTtcrona cnenyer onpedeneHue nofis eekmopa snekmpudeckoeo cmeujenuss D, yuc-

JIEHHO PA8HO20 NJIOMHOCMU 3apsoa O Ha NpoOHOU TIoOWaoKe, OpUeHmMAayusl Ko-

nonsap
Mopoll 8 OAHHOU MOYKe co30aem Ha Heli MAKCUMAIbHOe 3HAYeHUue 3mMo2o 3apaoa:

D, =0, onsp» @ HOPMATb K niowaoke N ¢ yyemom npasuia npaso8UHmMoe020 06xo00a

— —

konmypa C ykazvieaem nanpasnenue gekmopa D . Onpenenenne D kak moTokoBoro
BEKTOPA MOKA3bIBAET €r0 MPUHIUIIUATIBHOE OTJIMYUE OT JIMHEHHOTO (LUPKYJISIIHMOH-

HOTO) BEKTOpA HAMPSHKCHHOCTH E , SBIAIONIErocs CUIOBOW XapaKTEPUCTHKOW AJICK-

— —

Tpuyeckoro nojs. Ou3uueckH, 1ojie noTokoBoro Bekropa D =é&g)E anexrpuuecko-

—

ro cMenieHus (MHAYKIWH) €CTh OTKIUK CPebl Ha BO3CICTBHE CUIIOBOTO BekTopa E
AIIEKTPUYECKON HAIIPSI)KEHHOCTH.

[Ipononxas ananus cooTHolleHui (8), BUAUM, UTO, COTJIACHO 3TUM COOTHO-

IIEHUSAM CBSI3M BEKTOPHBIX mosteid D wu A, onexmpuueckomy 3apsdy q oTBedaet

€ro MoJIEBOM SKBUBAJICHT - TIOJIC DJICKTPHIECKOTO BEKTOPHOTO moTeHimana A, pas-
MEPHOCTb KOTOPOTO - JUHEUHAs NIOMHOCMb dlleKmpuieckozo 3apaoa. B urore, ¢
LEeIbI0 peain3allii KOHEYHOI'O Pe3ysibTaTa HALIUX PacCy>KIEHUN BBEIEM IMOHSTHE

nepeoil_(hyHoameHmanbHol KOpRYCKVIAPHO-NoLesou napvl <> A® ¢ exuHUIaME

n3mepenus B cucteme pusznueckux equnuit CU Kynon < Kynoun/memp.
OTU KOPMYCKYJISIPHO-TIOJIEBbIE MPECTABICHUS apTyMEHTUPOBAHHO IOJTBEP-

KIAIOTCS TAKXKE U HEMOCPEJACTBEHHBIM CIIEJICTBHEM B BUJI€ COOTHOIICHUS (6) CBSI3U

SIIEKTPUYECKOr0 BEKTOPHOro moreHmnuana A® u MarHuTHON HampspkenHoctw H ¢

eIUHULICH U3MepeHus: Amnep/memp, MPEICTABISIONIETO COOOM MOJIEBON SKBUBAJICHT
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IIOJTHOT'O 3JICKTPHUYECKOT'O TOKA: TOKOB IIPOBOAMMOCTH U CMCIICHUS J = an + JCM, BC-

nu4rHa (Cuia TOKa) KOTOPOro UMEET eUHUILY U3MepeHust Amnep.

[epeiinem Tenepb K MATHUTHOMY BeKTOpHOMY moTeHimany A™. [TockoibKy

BEKTOP JJIEKTpUUECKOi HampsokeHHocTH E m3mepsercs B CU Boawvm/memp, nubo
dhopmanbHO MaTeMaTU4decku (HO He GU3UUYECKH) TOXAECTBEHHO Hotomon/Kynon, T,

COIIACHO COOTHOIICHHIO (5) CBSI3M MarHUTHOTO BEKTOpHOTo moteHnuaza A" ¢ Bek-

TopoM E, emuuuia nsmepenus Bextopa AM Gymer (Hviomown-cex)/Kyion, To ecTh
UMEET Pa3MEPHOCTh UMNYIbC HA eOuHUuyy 3apsaoa. JlanHas pa3MepHOCTb MarHUTHOU
KOMITOHEHThI BEKTOPHOIO HoTeHuuana A™ B HacTosliee BpeMsl CUHTACTCS oOle-
MPUHATOW W BIIOJHE OYECBUIHOMU, IMOCKOIBKY COBMECTHO CO CKAJISIPHBIM DJICKTPHUC-

CKHUM IIOTCHIMAJIOM gﬂe BCCbMa 3aMaH4YMBO IMPCACTAaBHUTh MMOJIEBOM aHAJIOT YCTBIPCX-

BEKTOPA «IHEP2UU-UMNYIbCA», TAK B BUJEC Ha3bIBAeMOro 4" — moTeHIHana.
CnenoBaTenbHO, COOTHOIIEHHE (D) MOXKHO, Ka3alloch ObI, HA3BaTh IOJICBHIM
aHAJIOrOM YpaBHEHMsI JTUHAMUKH MOCTYNATENbHOTO JBHKeHUs B Mexanuke (Il 3axkon
HetoToHa). JlefcTBUTENBHO, YKa3aHHYIO Pa3MEPHOCTh MAarHUTHOI'O BEKTOPHOIO I10-
TeHUuasa, JpPyruMHu CJI0BaMH, €ro (pU3nYecKuil CMbICT HaXoAsT (Hampumep, B padbo-
te [10]) mpu ananu3ze NEUCTBUS BUXPEBOrO MO BEKTOpa A™ Ha TOYEUHBIH HIIEK-
TpUUECKui 3apsn nocpencrsoM nMeHHo Il 3akona HproToHa, 0OBIMHOTO MexaHUue-
ckoro. OnHaKo, MO HalleMy MHEHHIO, 0000IIaTh BBIBOABI, MOJTYUYEHHBIE B paMKax
YpaBHEHHUS! JUHAMUKHU MOCTYNATEIbHOTO JABMKEHUS JUIsl TOUEYHOrO 3apsija Ha Ciy-
yail MakpooObeKTa (COBOKYITHOCTU TOYEYHBIX 3apSJIOB), HAXOSAIIETOCS B BUXPEBBIX

nomsix: rot E=— dB/ot=— rot (GA™ /6t ) ¢ usnueckoil TOUKH 3pEHHS, MITKO [OBO-

psi, BECbMa COMHUTEIBHO.
JIs IpOSICHEHUS CIIOKMBILIEHUCS CUTyallMM pacCMOTPUM Jajee COOTHOLIEHUE
(6a), KOTOpOE MPE/ICTABUM B MHTETPAJIbHOU (popMme:

$A™dl = [ BdS =d™ . (9)
C Se

BUIHO, YTO BeIMYMHA LUPKYJIALHN BekTopa A™ o kouTypy C ompejensercs
MarduTHBIM OTOKOM @™ depe3 MOBEPXHOCTh Sc M MMEET €IUHMIY M3MEPEHUS B
cucreme CU Bebep = ([orcoynv-cexynoa)lKynon, 4ro COOTBETCTBYET MOIYIIIO MO-
MEHMA UMNYIbCA HA eOUHUYy djaexmpuieckoco 3apsoa. Ilpu stoM, coriacHo (9),
Pa3MEepPHOCTh MATHUTHOTO BEKTOPHOTO TMOTeHIHana A™ MOKeT GbITh JBOSKOIL: IGO0
yKa3aHHasl BbIIIE OOUICTIPUHATAS UMNYIbC HA eOUHUY)Y 3apsaoa, Tudo el anbTepHa-
TUBHAS JIUHEUHAs NJIOMHOCMb MOMEHMAa UMNYIbCa Ha eOunuyy 3apsoa. Konedno, ¢

dopmanbHON TOukH 3peHHs 00e pasMepHocTH BekTopa A", BBIpaKCHHBIC 4Yepes3



€AMHUIIBI U3MEPEHMS, MATEMATUYECKU TOKIECTBEHHBbI, HO (PU3UUYECKU ITO MPUHLIHU-
MUAJIbHO PA3IUYHbIC BETUYUHBI.

[lenecooOpa3HO OTMETHUTH, YTO caM MakcBeJ1 MPU3bIBajl OTBETCTBEHHO OTHO-
CUTBCSl K MaTeMaTHYECKUM ONEpPALMSIM HaJ BEKTOPAMH 3JIEKTPOMAarHUTHOTO MOJIs U
¢u3nuecKoll TpPaKTOBKE TaKOBBIX. BOT ero cioBa: “B nayke 006 snekmpuuecmee
INEKMPOOBUNCYWASL U MACHUMHASL HANPAICEHHOCMU HNPUHAONedHcam K 6eluduHaM
nepeozo Kiacca — OHU OnpeoeseHbl OMHOCUMENbHO JUHUU. ... Hanpomue, s1ekmpu-
yeckas U MASHUMHAS UHOYKYUs, A MAaKdce dNeKmpuyeckue moxu NpuHaoaelcam K
BEIUYUHAM 8MOPO2O KIACCA — OHU onpedeneHvl omuocumenvro niowaou.” ([9] m.
12). U nanee KOHKpETHO: “B cinyuae manpsiceHnocmu ciedyem Opamov uHmezpall
800/ TUHUU OM HNPOU3BEOeHUs] dlleMeHmAa ONUHbL MOl JUHUU HA COCMABIAIOULYI0
HANpsIHCeHHOCmU 800b 9MO020 d1eMeHmd. ... B ciyuae nomokoe ciredyem Opambv
UHMe2Pan o NOBEPXHOCMU OM NOMOKA uepes Kadxcovlil ee snemenmos.” ([9] m. 14).

He npeysenuuuBas, Tpaktatr Makcseiia [9] moxxHo Ha3Bath «bubnueit srek-
TPOMAarHeTu3Ma» u PU3nYeCKUMH OCHOBAaMU MAaTEeMaTHYECKOTO aHaJn3a, OJHAKO Ja-
e B y4eOHOH JuTepaTrype MOBCEMECTHO BCTpPEHArOTCs (pu3nyecku OecCMbICIEHHbBIE
MaTteMaTH4eckue BbIpaxkeHus “‘div E” u “rotB”. Taxoe (dhopmanbHOE HCIIOJIb30BAHKE
MaTeMaTUKHU CO3[aeT MYTAaHUIY TMOHIATHI U MONPOCTY MEIIAET AEUCTBUTENBHO Pa3o-
Opatbcs B PU3MUECKOM COJIEPKAHUU COOTHOLIEHUHN 3JIEKTPOAMHAMUKHA. ITO yCyryo-
nsiercst u abcomoTHoM cuctemoit enunni CI'C, koraa 0e3pazmepHbie KO3()PUIIMEHTHI
& =1u =1 nenator Bextopsl E u D, H u B pusnuueckn ToXxIeCTBEHHBIMI, TIe
Opcmeo n I'aycc paBHbBI B yCTOTE, a B CPEIAX PA3NMUYAIOTCS TOJIBKO YHCIECHHO.

Urak, cornmacHo MakcBesty, B 3JEKTPOJMHAMUKE JUHEHHbIE (IUPKYISIIMOH-

—

HBIC) BEKTOpPEI E ¥ H uMEIOT pa3mMepHOCTD JiuHeliHot nIoOMHOCMU (U3U4ecKoll 6e-

—

JIU4UHDL, & TIOTOKOBBIE BeKTOpsl D, B u | — ee nosepxnocmmoii nnomnocmu. B va-

—

CTHOCTH, Pa3MEpHOCTb BEKTOpa MarHUTHOM MHAyKUuu B paBHa nosepxmnocmmoii

HIOMHOCMU MOMEHMA UMNYIbCA HA eOuHuyy 3apaoa, B cucreme CU - Tecaa. Dxcnie-
PUMEHTAIBHO 3TO HATJSIHO WILTIOCTpUpyeTcs 3 dexkrom DitHmTetHa-e ["aasa, rae
B MaTepHaIbHOW Cpejie IPU €€ OJHOPOJHOM HaMarHWYMBAHUH BO3HUKAET MEXaHH-
YeCKHMI MOMEHT BpalleHHs, HaNpaBICHHBI KOJUTMHEAPHO TOJI0, OOYCIOBICHHBIN
YIOPSI0YCHUEM COOCTBEHHBIX MAarHHUTHBIX MOMEHTOB, COOTBETCTBEHHO, MOMEHTOB

—

MMITyJIbCA 3JIEKTPOHOB B aTOMaXx BelecTBa cpeibl. Clie10BaTeNbHO, noe gekmopa B
- 3MO Nnojie MOMeHma UMnyibca cpedbvl, MOpoXkaawllee ee BpalieHue. [loatomy B
COOTHOIICHHH (4a) pa3MEepHOCTHIO BUXPEBOTO MOJIsl MATHUTHOTO BEKTOPHOTO MOTEH-

uana AM SBISICTCS uHeliHAsk NIOMHOCHb MOMEHMA UMNYIbCA HA eOUHUYY 3apsod.



B urore, cornacuo ¢opmynam (9), 10oKkanbHOM XapaKTEpUCTUKE MUKPOYACTH-
LBl - MOMEHMY UMNYIbCA HA eOUHUYY 3aps0a COTIOCTABISETCS €ro MoJeBO SKBUBA-
JICHT - MAarHUTHBIH BEKTOPHBIN MoTeHIMan A™ ¢ pa3MEepHOCTBIO JUHEUHOU NIOMHO-

CMuU MOMEHmMA UMNYIbCA HA eOUHUYY 3apsAdd. 4To JlaeT BTOPYIO0 QyHIaMEHTaIbHYIO

KODIIYCKYJISIPHO-TIOIEBYIO TIAPY: AUl IEKTpoHa - h/2e < A™ ¢ exMHHLAME H3Me-

penust ([Joicoyav-cexynoa)l Kynon < ([picoynv:cexynoa)l (Kynon-memp).
Bepuemcs k cootHomenuto (5) ces3u Bekropa A" ¢ Bektopom E . Kak teneps
MOKAa3aHO, Pa3MEPHOCTh BUXPEBOTO IMOJISI BEKTOPA JCKTPHUUCCKON HAMPSKEHHOCTH

—

E omHO3HAYHO paBHA JUHENHOU NAOMHOCTIU MOMEHMA CUNbl HA eOUHUYY 3apsaod C
enununed usmepenus B CU (Horomon - memp)l(Kynon-memp), 910 €CTECTBEHHO HHUC-
KOJIbKO HE OMPOBEPracT TPAMUIUOHHYIO CIAWHHIYY H3MEPEHHUS 3TOW BEIMYUHBI
Bonom/memp, a numib yTounsieT ee pusznyeckuit cMbica. Takum oOpa3om, B JeHCTBU-
TENILHOCTU coomHuoutenue (5) sensiemces noneeoim anaio2om OCHOBHO20 YPAGHEHUs!
OUHAMUKU 8PAWYAMETIBHO20 OBUNICEHUSL MBEePO020 med, YTO JIOTUYECKH COOTBETCT-
BYET PaCCMOTPEHHBIM BBIIIE KOPITYCKYISPHO-TIONIEBBIM MPEICTABICHUSM.

[TonBoms mpeaBapUTEIbHBIN WTOT, MPUXOIUM K 3aKIIOYEHUIO, YTO yCTAHOB-
JICHHAs 371eCh MPUHIUMIUATIbHAS JIBOMCTBEHHOCTh (DU3MUECKUX IMapaMeTPOB dJIEK-
TPUYECKOTO 3apsia TOBOPUT O PEAIbHOM CYIIECTBOBAHUU ()YHIAMEHTAIBHOTO «KOP-
MyCKYJIIPHO-TIOJIEBOTO yaju3May TPUPOABI IJICKTPUUYECTBA, KCTATH, CXOXKETO II0
HA3BaHUIO C «KOPITYCKYJSIPHO-BOJIHOBBIM JIyaJIU3MOM» B KBAaHTOBOW MEXaHUKE.
dopMaIbHO W 3/1eCh U TaM MMEEM HEpa3phIBHYIO B3aUMOCBS3b MAaTEPUU C €€ TPO-
CTPaHCTBCHHO-BPEMEHHBIM COOCTBEHHBIM MmojieM. OJHAKO WX CYIIHOCTHBIC pa3Jiv-
YHsI TPUHLIUTIUATBHBL: KOPNYCKYAAPHO-NOEB0U 0Yaiu3mM pean3yeTcs Ha MUKpPO- U
MaKpOypOBHSX CTpOSHUS MaTepuu U OCHOBaH Ha OOBEKTUBHOM €IMHCTBE YACTHIIBI
MaTepUH M €€ COOCTBEHHOTO MEPBUYHOTO BEKTOPHOTO IOJISI B PEATBHOM MPOCTPAH-
cTBe (PM3UUYECKOTO BaKyyma, YTO B CBOIO OYepe]b HEPA3phIBHO CBS3aHO C PEabHO
HAOJIFOTAeMBbIM OOBIYHBIM TPATUIIMOHHBIM 3JICKTPOMArHATHBIM TTOJIEM, a B KOHIIEII-
IIUU KOPNYCKYJIAPHO-60IHO8020 OYAIU3MA MHUKPOYACTUIA TIPEICTABISIETCS CKaJSp-
HOM BOJIHOM BEPOSITHOCTH B a0COIFOTHO MYCTOM, a0OCTPAKTHOM MPOCTPAHCTBE.

['oBopsi Oosiee KOHKpPETHO, (DYHAAMEHTAIBHOCTH KOPHYCKYIAPHO-NOE8020
oyanuzma Mamepuu OOyCIOBJIEHA TEM, YTO KaK JBE CTOPOHBI OJAHON MeIaau Jio-
KaJIbHBIC XapaKTePUCTUKH MUKPOYACTHIIBI (COBOKYITHO, U MAKPOOObEKTa) HAXOAATCS
B HEPa3pBIBHOW CBS3HM C €€ COOCTBEHHBIMH TIOJIEBBIMU TMapaMEeTpaMH. DJICKTpHUC-

CKOMY 3apsily , KpaTHOMY KBaHTY DJIEKTPUYECKOTO MTOTOKA - 3apsiTy AJIEKTpOHa |,

COOTBETCTBYET DIICKTPUUECCKUIN BEKTOpHBIM moTeHnuan Af, a ymensHoMy (Ha eau-
HUIlY 3apsijia) MOMEHTY, KpaTHOMY KBaHTYy MarHUTHOro mortoka h/2e, oTBeuyaer



MarHUTHBIA BEKTOPHBIHM moTeHan A™, Mpr 3TOM OpUEHTAIUU BEKTOPOB Toneit A®

1 A™ B3aMMHO OPTOTOHAJIBHBL.

Wtak, Mbl BUIMM, YTO BEKTOPHBIC MOTEHIIUANBI — 3TO TOJHOMPABHbIC (pr3nde-
CKHM 3HAYMMBIC TOJIS, U YYET ITOr0 OOCTOSTEIbCTBA TO3BOJISCT YIIYOUTh U Kapiu-
HAJIbHO MOJICPHU3UPOBATH KOHIICTITYAIbHBIE OCHOBBI KJIACCHYECKOW 3JICKTPOIUHA-
MUKH, TJIe, B YACTHOCTH, HEOOXOJUMO OXKHUJIaTh, YTO OOCYXKTacMasi 3/1eCh CHCTEMa
ypaBHeHUI MakcBesuia OyeT JIUIIb PSIIOBBIM YaCTHBIM CJICJCTBUEM.

[TokakeM KOHKPETHO, KAaKyl0 K€ pOJib UIPAIOT BEKTOPHBIC MOTCHIIMAIIBI B
3JICKTPOMArHUTHBIX Tpolieccax u sABieHusX? OUYeBHIHO, 3/1€Ch YETKO MPOCIICIKUBA-
eTCsl peajbHasi BO3MOXHOCTh OOPATUTh MPOBEJACHHBIC BBIIIEC PACCYKICHUS BCIISTb,
MOCKOJIbKY M3 O0OCYXKIAaeMOW KOHICTIIUU «KOPIYCKYJISIPHO-TIOJICBOTO Iyanin3May
(GU3HMUECKUX XapPAKTEPUCTHK MHKPOYACTHUIBI HEOOXOAUMO CICAYIOT SJICKTPOIUHA-
MHUYECKHE YPaBHCHHS COBPEMCHHOW TEOPUH AIICKTPOMATHUTHOTO MOJIst Ha 0ase cuc-

memvl COOMHOWEHUU NePEUUHOU 83aumMocesazu IM nosisa ¢ KOMIIOHEHTAMU JJIEKTPH-

yeckoii E wm marautHOlM H HamnpspkenHoctH u OM 6exmopHozo nomenyuana ¢

snekTpuueckoid A® u MarauTHONH A" KOMIIOHEHTaMHM:

(@) rotA™ = uuH | (6) rot A®=eg,E,
(8) div (eg,A™) =0, (r) div (uu,A®)=0, (10)
ot T pex ot

O0benunenne cootHomenui (4) — (7) B cucteMy B3aMMOCBSI3aHHBIX ypaBHE-
Huii (10) npencrapisieTcsi BeCbMa KOHCTPYKTUBHBIM, TIOCKOJIBKY B 9TOM CJIydae BO3-
HUKaeT cucteMa AuddepeHunanbHbIX YpaBHEHUH, OMUCHIBAIOIINX 3HAYUTENBHO 00-
Jiee CII0)KHOE M HEOOBIYHOE C TOYKHU 3PEHHUS OOLIENPUHSTHIX BO33PEHUN BUXPEBOE
BEKTOPHOE MOJI€, COCTOSLIEE U3 COBOKYMHOCTH ()YHKUIMOHAIBHO CBSI3aHHBIX MEXIY

co0O0H YeThIpex MOJEBbIX KOMIOHEHT. KOHKPETHO OHO COCTOMUT M3 peajbHO HAOJI0-

— —

JTAEMBIX B DKCIHEPUMEHTE MOJIEM BEKTOPOB AJIEKTpHuueckoil E u marmuTHont H Ha-

OPSKEHHOCTEH - MoJis INIEKMPOMASHUNIHO2O0 CUTI06020 83AUMOO0eUCNBUS yacmuy

Mamepuu v HeHAOIIOIAEMBIX HANPAMYIO TIOJIEN dIeKTpudeckoro A® ¥ MarHUTHOIO

AM BCKTOPHBIX MOTCHIMAIOB - coOCMEeHH020 INIEKNIPOMACHUNIHO2O NOJIAL Yacmuy

Mamepuu, noies0co IK6UBANCHMA UX NTOKANbHLIX XapaKmepucmuk:. 3apajaa U CIiuHa,

KOTOPBIC TAKXKE HANMPAMYVIO HeHa6J'HOIIaCMBI, a JIMIIb OIIOCPCAOBAHO M3YUCHHEM HX

noJiel B3auMozieicTBUsA. Takoe 4eThIpeXKOMIOHEHTHOE BEKTOPHOE Moie (PU3NIECKU

JJOTMYHO Ha3BaTh PCAJIBbHBIM 3JICKTPOMATrHUTHBIM ITOJICM.
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OOBEKTUBHOCTh CYIIECTBOBAHUSl YKA3aHHOIO UYemblpexKOMNOHEHMHO20 BUX-
Ppeso2o nojis WIMIOCTPUPYETCS HETPUBUATBHBIMU CJIEACTBUSMH U3 MOJYUYECHHBIX BbI-
e COOTHOIIEHUH, nmockoibky nojactaHoBku (10x) B (10B) u (10e) B (10a) npuBoasiT
K CHUCTEME HOBBIX JJICKTPOJMHAMUYECKUX YPAaBHEHUH, CTPYKTYPHO aHAJIOTHYHOU
CUCTEME TPAAUIMOHHBIX yYpaBHeHUN Maxkcseina (1), Ho yxe ansg nons IM eexmop-

HO20 nomenyuana ¢ 3nekrpuaeckoil A® u marauTHOM A™ KOMIIOHEHTAMHU:

N AM . -~
@) rot A° = e, 0T, ©) div (A% =0, (11)
(B) rot AM = s A® + OA°® , (r) div (ggOAm) =0.
Tpen Ot

YucTo BUXPEBOW XapaKTep KOMIIOHEHT MOJisi BEKTOPHOrO MOTEHIuMasa odec-
MICYUBACTCS YCIOBUEM KATMOPOBKH - JUBEPreHTHBIMU ypaBHeHUs MU (110) u (11r).

CoOOTBETCTBEHHO, aHAJIOTMYHbIE MAaTEMAaTUYECKUE ONEPALMH C COOTHOILIECHHUS-
MU (10) MO3BOJIAIOT NOJTYYHTS €IIE JABE JPYTUX CUCTEMbI ypaBHEHMIA [ 8]:

IS 21eKmpu4ecko20 nosis ¢ Komnonenrtamu E u A°®

= o A oA : =
a = C . (6) d E)=0, 12
(@) rotE Hity = - i (0) div(egyE) (12)
() rot A® =g E, (r) div (uu,A®)=0

—

U 01 MA2HUMHKO20 noJjisa ¢ KOMIIOHCHTaMU HuA™:

. o Am A" - i
a =g, | AR (6) d H)=0, 13
(@) rotH = sz, o (6) div (uu,H) (13)
() rot A" = pu,H | (r) div (eg,A")=0.

Takum o6pa3om, ypaBHeHUs: cucTeMbl (10) mepBUYHON B3aMMOCBSI3U KOMIIO-

HEHT OM 1noyis ¥ 1ojii OM BEKTOPHOrO MOTCHIIMAA, 6C3VCJ'IOBHO, d)VHI[aMCHTaJ'IB-

vbl. Kctatu, ecnmm cumtath cooTHomieHus (10) MCXOAHBIMH, TO M3 HUX IMOJ0O0HBIM
obpasom [8] crmeayror m ypaBHeHHs cucTembl (1), crpaBemUBbIC IS JIOKAJIBHO
anekTpoHeHTpatbHBIX cpell ( p =0). CyIecTBeHHO 3/1eCh U TaK)XE TO, YTO B CHUCTE-
max (1), (11) - (13) ux AUBEPreHTHBIC YPABHECHUS MPEICTABISIOT COOOH HayaIbHbBIC
yCJIOBUSI B MaTeMaTuueckou 3amaue Koiu 71 COOTBETCTBYIOMIMX POTOPHBIX ypaB-
HEHUH, 4TO JeJIaeT 3T CUCTEMbI YPAaBHECHUN 3aMKHYTHIMH.

Jlanee, Kak U JOMKHO OBITh, U3 BCEX ITUX CHUCTEM DJICKTPOJUHAMUYECKUX
YpaBHEHUM HEMOCPEACTBEHHO CJICAYIOT BOJIHOBBIE YpaBHEHHUS JJisI COOTBETCTBYIO-
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IIUX TOJIEBBIX KOMITIOHEHT (ITOJHOCTHIO aHAJIOTMYHO BHIBOY YpaBHEHUS (2)) U COOT-
HOIIeHUs 0anaHca (aHaJIOTMYHO BBIBOY hopmyibl (3)):
it nomoka momenma M umnynvca u3 ypaBHenui (11)

Ee R o RS oRe) i oAP
e AMy_ _ e _ m ’ 14
div [A®, AM] = —pup A Tpeﬂ+ | e AT (14)

IS NOMOKA 9NeKMPU4ecKoll dHepeuy U3 ypasaenuii (12)

= - = ~. 0 A®  BAe
div[E,A®]=—-¢cg,(E,E)— uu, At 2| 24 90 (15)
0 0" ot| 7,., Ot

U JUIS HOMOKA MA2HUMHOU 9nepeuu w3 ypaBHenui (13)

A M AM
A ﬁ?t . (16)

div[H, A"] = — sy (H, H) - 22, A" &

pern

OTHU COOTHOIICHMS CIIC pas3 MOATBEPKIAAOT U apryMCHTHUPOBAHHO JOKa3bIBa-

10T, 4TO, HApAAy ¢ OM nonem ¢ napoii sexkmophwix komnowenm E u H , B Ilpupone
CYWIECTBYIOT U APYyrue nonusi: noie IM eexmoprhozo nomenyuaia ¢ KOMIOHEHTAMHU

—

A® u AM, srexkmpuueckoe none ¢ komnonentamu E u A%, macnummnoe nosre ¢ H u

A™ . VIMEHHO CTPYKTYpa KOHKPETHOTO 3JIEKTPOIMHAMHYECKOTO TOJNS M3 JBYX BEK-
TOPHBIX B3aUMHO OPTOTOHAJIBHBIX IMOJIEBBIX KOMIIOHEHT PEeaIu3yeT cocod ero o0b-
€KTUBHOTO CYLIECTBOBAHUS, J1€JIA€T IPUHIIMIIMATIBHO BO3MOXKHBIM €0 IEPEMENIEHNE
B IIPOCTPAHCTBE B BUJE NMOTOKA COOTBETCTBYIOLIEH (PU3MUECKOW BEIWYUHBL. B pe-
ANbHOCMU 6Ce IMU NOMOKU PACHPOCMPAHAIOMCS NOCPEOCMEOM TUlUb MOIbKO 0OHOU

Kak Obl «0ObIYHOUY NAOCKOU B0JIHbL C 83AUMHO OpniO2OHAIbHBIMU NOJE€6bIMU KOMNO-

Henmamu nonapho konuneapnwix sekmopos (E, A™)u (H, A®), cosoxynno nepe-
Hocswux 6 npocmpancmee (cm. coomnowenusi 6ananca) snekmpuqeckyro (15) u
macnummnyio (16) snepeuu, snekmpomacnumuvie umnyiavc (3) u eco momenm (14).
WTaK, B OKOHYATCIILHOM MTOTE, MOyYEHHAs B HAIIUX PACCYXICHUSAX CUCTEMA
B3aMMOCBSI3aHHBIX BEKTOPHBIX ypaBHeHHH (10) mo3Bosinna Ham yrayOiaeHHO, pusn-
YeCKH MPEEMCTBECHHO U IMOCJIEI0BATEIbHO CHOPMYITHUPOBATH MO-HOBOMY KOHIIETITY-
albHBIE OCHOBBI COBPEMEHHON TEOPHH DJIEKTPOMArHUTHOTO IOJIS, COCTOSIIETO M3
(GYHKIIMOHATIBHO CBS3aHHBIX MEXKIY COOOM YETHIpEX IMOJCBBIX KOMIIOHEHT. PeanbHo

—

HAOJIIOIAEMBIX B DKCIEPUMEHTE MOJIEM BEKTOPOB AJIEKTPUUYECKON E W MarnuTHOM

—

H HAOpPsDKEHHOCTEU - 1OJis IJIEKMPOMACHUMHO20 CUTI06020 83AUMOO0CUCMBUSL YAC-

muy Mamepuu ¥ HaIpsIMyIO HeHaOIIOIAeMbIX IoJiei diektpuueckoro A _u wmar-
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HATHOro A™ BCKTOPHBIX ITOTCHITHUAJIOB - coOCMBEeHH020 QNIEKMPOMACHUNHOCO NOJIA

yacmuy Mamepuu, noJjiee0co IKeUusaleHma ux JT10KAJIbHbIX XAPAKMEPUCNUK.

Takoe YCTBIPCXKOMIIOHCHTHOC BEKTOPHOC ITOJIC CIACAYCT HA3bIBATH P€aJIbHBIM
AJICKTPOMAIrHUTHBIM ITOJIEM (I/IJII/I MMPpOCTO, ITECKTPOMATIHUTHBLIM l'[OJ'IeM), COBO-
KYOHO TEPEHOCSIIETO IOCPEACTBOM TPAAMUIMOHHOMW 3JICKTPOMArHUTHOM BOJIHBI

ANEKMPUUECKVIO U MACHUMHKRYIO SHeEpcuu, I3JAEeKmMpOMACHUNIHbIE UMNYIAbLC U €20 MO-

MeHm, TIIAaBHON 0COOEHHOCTBIO KOTOPOIO SIBJISETCS (yHIaMEHTallbHas HEpa3phIBHAS

— —

CBA3b DJICKTPOMArHMTHBIX KJIACCHUYCCKHMX El H momeit B3aMMOJICKCTBHUS C MX BEK-

TopabiMH_ A® u A™ moTeHNnManaMu SBJISIONMXCS COOCTBEHHBIMU MEPBUYHBIMU I10-

JSIMU YaCTHUIL MUKPOMHpPA, 00YCIOBIEHHBIMU (DyHAaAMEHTANBHBIM 3aKOHOM [Iprpoas

- KKOPNYCKYIAPHO-NOJIe8bIM 0YANUIMOM usudeckux xapakmepucmux Mamepuu».
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