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K MATHUTOTUJAPOJUHAMUYECKON TEOPUU YCTOMYNBOCTH
HEOJTHOPOTHOI'O MOHN30BAHHOI'O I'A3A B MATHUTHOM IIOJIE

A. M. Ppudman (Hosocubupck)

B ruppogmEAMAUECKOl TEOPHH YCTONYMBOCTA OOJNBOIYI0O POJIb MIPAaeT TaK Ha3HIBAEMbIH
IapafioKC MCIe3a0Mmell ANCCANANUN: B PAJe CIydYaeB JUIb y9eT KOHEYHOH BA3KOCTH IpPH-
BOJUT K HEYCTOMIMBOCTH TeUCHHIA.

B marEmTHO# TEApOfMHAMUKe TaKyl e GOJNBIIYI0 POJIb HrpaeT KOHEYHOE BIEKTPH-
gecKoe COIPOTHBJICHME. YdUeT /ajke MaJjloro 3JIeKTPHIECKOr0 COMPOTHBIECHNUA IMOBHINAET IIO-
PAROK JudepeHNUATHPHEX YPaBHeHHH JWHEAPH30BAHEOX TEOPUH YCTOMYMBOCTH TaKAM
of6pa3oM, YTO BO3HMKaeT 3ajJada € MaJEIM DapaMeTPOM IpHU cTapiieil mpousBofHOi. He-
KOTOPHII KJIacc 3a/jad IMOLO0OHOTO THIA PaccMOTpeH B [1].

OnEaKO B cpefie ¢ JOCTAaTOYHO XOPOIIell MPOBOJUMOCTBIO (KaKoil, HAIpUMep, MOKeT GHITh
DOJHOCTHI0 MOHM30BAaHHBIA Pa3peKEHHBIA ras) CTPYKTypa Majoro IapamMeTpa OPH CTap-
meil IPOHW3BONHOW oOmpejiesiseTcs He [HCCHNATHBHHIME d(PeKTaMm, a [JuclIepPCHOHHLIMH.
K nDocnemEmMm oTHocHTCA, HapAAy ¢ APYTHMH, TaK HAa3HBAaeMas (MAarHUTHAS BA3KOCTBY,
POJIb KOTOPOH B TeOPHH YCTOMYMBOCTH OIpefielieHa yiKe IOCTATOYHO IOJHO [2].

B o6o6menroM 3akoEe OMa JJiA HOHH30BAaHHOTO Ta3a, HAPARY ¢ OOHIYHEIM HJIEKTDH-
9eCKOM CONPOTHBIIEHHeM, IPHBOAMMM K JUCCANANNN, IMeeTCA YieH, YINTHBAIIUN HHep-
OWI0 3JEeKTPOHOB (4JIeH JUCIEePCHOHHON IPUPOMEL).

Humxe paccMOoTpUM DOCTAHOBKY 3a/iadl 06 yCTOMIMBOCTH MAJHX KojleGaHWiI paBHOBe-
cHA [BYKOMIOHEHTHOTO Ias3a B MATHATHOM II0oJle W HOKAa’KeM, UTO HHEPLOHUs 3JIEKTPOHOB
MOJKeT HWIpaTh pOJb, AHAJOTHIHYIO 3JEeKTPHIECKOMY CONPOTHBICHHWIO (IPeANOJIO}ieHHEe O
BO3MOKHOCTH TaKOil aHajoruu OBLIO BRHICKAa3aHO B [1]).

PaCCMOTpEM YCTOﬁqHBOCTB OMHOMEPHOI'0 IJOCKOro paBHOBECHsA HOHH30BAHHOTO rasa

3a 'C4eT MArHUTHOI'O [JaBJICHUA
2

H
“VaP = Vg g (p=nT) 1)

37ech p — HaBleHHe, n — OJOTHOCTH 3a psKeHHHIX dacTul, 7' — Temmepatypa, H — mHa-
OPs’KeHHOCTh MATHATHOTO DOJIA, KOTOpoe Gy/ieM BCIOAY CIMTATh HANPABJEHHEIM IO OCH 2
M 3aBHCAIIMM OT KOODJAMHATH z. TeMIepaTypy 5JIeKTPOHOB [JA IIPOCTOTH Oy/eM cYuTaTh
[OCTOAHHOX W Gosbmmeil TeMmepaTyps moHOB. (TaKme yciaoBma 9acTo OCYIMECTBIAIOTCA B
rasoBhIX paspsnax.) VlaMeHeHme aBieHNsA 00g3aHO U3MEHEHUIO INIOTHOCTH JACTHL [0 OCH Z.

HeBosMymeHHOe 3HaYeHHEe CKOPOCTH IJIA3MHl Be3jle IOJIaTaeTcsl PaBHBEIM HYJIIO.

IIpocrpancTBerns BUf n(z) n H(x) He KOEKpeTH3WpyeM, TaK KaK HCCle/[OBaHHE 3aJa~
9{ Ha yCTOMYUBOCTH, KaK 9TO OyHeT BHAHO W3 JalbHeimero, He TpefyeT 3HAHUA UX SIBHOTO
Buja. EquacTBeHHEHIM TpeOGoBaHUEM, NpefAbABIsAeMEIM K n(z) u H(x), cayXuT yciaoBue Mmef-
JIEHHOr0 W3MeHEeHHs UX HA PACCTOAHHAAX HOPAMKA CPEeJHUX TEeIIOBHIX JapPMOPOBCKHX pa-
muaycoB moHOB. CgopMyampyeM KpaTKO Te OPHOJIKeHHAA, KOTOPDHIMH HaM IIPHAETCS BOC-
[0JIb30BATHCSA IPH IIOCTPOSHHW JMHEHHON TEOPHH YCTOHIMBOCTH W Ge3 KOTOPHX pelIeHuUe
3a/lagd HAM KajkeTcs IPOo6JeMaTHIHBIM.

a) JlaBieHne Tasa CYUTaeM MHOTO MEHBIINM MATHATHOTO HaBleHHsa nT<<!/gH? /.
9TO ycioBHe MO3BOJISIET HaM OpeHeOperaTb OTHOCHUTENBHEIM H3MeHeHmeM HdH /dz mo
cpaBHeENIO ¢ nldn / dz.

6) PaccmMaTpuBaloTCAd He HOPOU3BOJBHEIE Majble KojeGaHHA cpelbl OKOJIO HOJOMKeHUS
paBHOBecHsI, a JUIIb TAKHe, JIeKTPHIeCKHe I0JIA KOTOPEX MOKHO CYNTAaTh MOTeHIMAIbHEIME
(rot E = 0), uHage ropops, cuATaeM, YTO HOHMN30BAHHHI a3 IOPH CROMX KoJeGaHHAX He
BosMymaeT MmarauTHOe moje. (Hak yBuauM HIsKe, 5TO yCJI0BHe Ha CaMOM Jiejle He He3aBHCHAMO
or ycaoBusa (a), 6ojsee TOro, B pacCMaTPHBAEMOM CJIydae OKaKeTCsA HeOOXONUMEIM YCHJIUTH
HepaBeHCTBO (3): nT<< 1/gH? [ m.

IlpenmonaraeM KBa3mHEHTPAJbHOCTh MOHM30BAHHOIO Iasa B IIpolecce PasBUTHA BO3-
MYIMEeHH — 5TO YCIOBHE JETKO Y/OBIETBODPAETCA, eclH AebaeBCKHU pajmyc Maj IO CpaB-
HeHHI0 ¢ XapaKTepHEIMH IIapaMeTpaMH 3aJavd (JJIMHOH BOJHHE BO3MYMEHHA).

HeBo3MymeHHbe BeJIMIMHE OT BO3MYMEHHHX OyfeM oriamuath mHAeKcoM O.

Bsemem o6o3mauenusa: E — HaOpsyKeHHOCTh DJIEKTPHIECKOTO IIOJA; ¢ — IIOTEHIIHAJ;
k — BommOBOIi BekTOp; V,, V; — HampaBlieHHEIE CKOPOCTH 3JEKTPOHOB H HOHOB COOTBET-
CTBeHHO; Vo, Vp; — TENJIOBEIE CKOPOCTH COOTBETCTBEHHO BJIEKTPOHOB U HOHOB; e — 3a-

pAA  9JIEKTPOHA; ¢ — CKOPOCTH CBeTa B BaKyyme; m, M — macce 9JIEKTPOHA W HOHA
COOTBETCTBEHHO; V, — TaCTOTA 9JIEKTPOH-HOHHBIX CTOJIKHOBEHHI; Q)He, ®py; — JapPMOpPOB-

CKEe JacTOTH BJIEKTPOHOB H HOHOB COOTBETCTBEHHO; I'py,, T'z; — JAPMODOBCKHE DajmyCHl
COOTBETCTBEHHO 3JIeKTPOHOB H HOHOB, W3MepeHHBle LPH TeMIepaType dJeKTpOHOB T,
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— TaK HasblBaeMas «IpeiipoBasy gacrora; R — IoNepedHEIH pasMep CHCTEMEBI, Y — HHKDpe-
MEHT HEYCTOWIHBOCTH
V.2
o, k., In" ny( )i
no — 0 Ty
0 v YHe
BrinumeMm Temeph JMHEAapH30BAHHLIE YpaBHEHHS, ONHMCHBAIOIME Majble KoaeOaHUA
OKOJI0 TOJIOKEHAS paBHOBECHA:
ypaBHEHWE IBIGKEHUSA JJIEKTPOHOB ITONepeK MAaTEATHOTO IIOJIA

1
V1P 4 eno (B + 5 1V,BI,) =0 @)

I/IHepI[I/IOHHHﬁ YjieH 3[eChb OTCYTCTByeT, TaK KAaK CHJIbHOe MAarHUTHOE II0Je M[OJaBJsdeT
MHEePOUIO 3JIEKTPOHOB IIOIIEPEK CBOUX CHJIIOBBHIX JII/IHI/Iﬁ;
YpaBHeHHE [BUMKCHHAA 3JJCKTPOHOB BJOJb MAarduTHOI'O MOJA

Ve,
mny —g,— + V,pp + eng B, = — ngnvy,, (3)

(IlepBHIil 9ieH ypaBHEHHS OOMCHIBA€T MHEPLOUIO IEKTPOHOB; BINAHME €r0 HA YCTONYMBOCTH
¥ HceleflyeTcs B JaHHOR pabore.)
YpaBHEHVE JBIKEHHS HOHOB

YPaBHEHASA HENPePHIBHOCTH /WA BJJeKTPOHOB ¥ MOHOB COOTBETCTBEHHO
— o div (neV,) 4 div (nV,) =0, =7 < div (neV,) + div (nV,)) = 0 (5)

B sToii nmueiinoii cmcTeMe ypaBHEHWH KOd(QUIIMEHTH 3aBUCAT TONBKO oT . Ilpocr-
PAHCTBEHHYIO Ke 3aBHCHMOCTH B HANPABICHWAX Y W z, B KOTOPHX CACTEMAa OJZHOpOAHA, Oy-
eM MpefcTaBIATh B BHUJE exp(ikyy + ik,z). AHAJOrMYHO 3aBHCHMOCTH OT BPEMEHHN Ipef-
craBuM B Buje exp (i®?). Torpa 3ajlaga mcciIefOBAHNA YCTOHIMBOCTH CBONUTCA K 3a7jade Ha
OTHICKAHNE COGCTBEHHHIX 3HAYEHHM (0 COOTBETCTBYIOHIMX. COOCTBOHHHEIX (YHKIUII, HCIe3alo-
X BHe IEePEXOJHOIO CJI0s, Ifle HIOTHOCTE HeOTHOPONHA.

TlocmeoBaTeIbHO MCKITIOIaA HEM3BECTHEE M3 CHCTEMH ypPaBHEHWH (2)—(5), HeTPYAHO
HOIYYUTh ciaepylomee AnuddepeENnalbHOe ypaBHeHHe BTOPOTO IIOPATKA

A’ 1
=0 (6)

—_—

0, —® /iv,0— o \
key.. 2 — - + rHizkyg
z " Te J

Ecam wuccienoBaTh NHOTydeHHOE JAUCIEPCHOHHOe ypaBHeHme (6) Jmaa ciaydas, Korja
MJIOTHOCTh MOHH30BAHHOTO Ta3a BCIOAY OZHODOJHA, TO OKAa3HIBAETCH, UTO MAaJkle Kojeba-
HUsA, BO3GY:K/eHHBIe B TAKOil cpefie, CO BpeMeHeM 3aTyxamor. lloaTomy, ecTecTBeHHO, Ipef-
CTaBJIAIOT MHTEPEC JUIIb pelleHns ypasHeHus (6) B6AN3H TOYKZ MaKCHMAaJAbHOTO T'DAMCHTA
mwiotHOCTH. IlopcTaBisast

In’ no () = 1n’ no (o) (1 _\:_-’5_0)2>

2
B opMyay (6), B OKPeCTHOCTH TOUKH z, = 0 [OAydaeM JWCIEePCHOHHOE ypaBHEHHE B BHTE
d¥ ! Q22

31ecs BBeleHH 0003HAYCHUSA

1/ ive — o \ 1
E= g 5\ hgvpg 1) @ng — ©) + 5k (0ny+ 0) ®)
- (OZ
& — B\ EWpE Ty Thi —1) ‘ )

Hax BuauM, ypaBHernme (7) B cmcTeMe efMHHI, Ifle i = v = 1, uMeeT BUJ ypaBHEHU:
Olpesmerepa I JUHERHOrO OCHUJIIATOPA ¢ KOMILIEKCHBIMEH dactoroii (2 m smeprumeit E.
PemmeHre TAaKOTO ypaBHEHAA WMEET BUJ

hY

P = (7{) Vg &P HyzVQ  (H,@VQ) — Homwa) (n=o.1,

(10)
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OTMeTHM, 9TO WCCIeAOBaEMe ypaBHeHHA (6) B o0mem Buje
d?@
w)p=20 (11)

rae V(z,®) — Hekasa QyHKOUA TepeMEeEEHX ¥ M  , Ha3hiBaeMasd MOTEHINAJIOM, CONMPSKeHA
¢ GompmuMu TpyaEocTAMu. OfHAKO 37eCh HPUXOAAT Ha IOMOMb CieAykomme /iBA 0GCTOA-
TeabcTBA: 1) HaJWdme MaJjoro mapamerpa 1 / kuR< 1, MOABJIAMErocA NI BO3MYMICHUI
¢ MONePeYHOH JJIWHON BOJHBI, CYMECTBEHHO MEHbBINEil IIOMEePeYHOr0 pa3Mepa CHCTEME;
2) cobGcTBeHHBIe (YHKINH SKCIOHEHIWAJHHO YOHBAIOT. YUHTHIBAA 3TO, a TaKke (PAKT Ma-
JocTu KoJebaHWil, mpeJCcTaBiAeTcS BOBMOMKHBIM 3amucarh moteHnuat V(wr,®) B BHAe pAfa
o cremeEaM z. Tak Mb mpuxogmM K ypaBHeHUIO (7).

Uto6H yOeanThCs, 9TO COOCTBeHERE (YHKINM JIeHCTBUTEIBHO YOHBAKT IPU yAaJIeHEH
OT TOYKM MAKCHMAJBHOTO I'PA/IMEHTA IIOTHOCTH, HCCJeIyeM 3HAK AeHcTBHTeNbHON dacTh €.
Kar Bmgmo u3 (10), ecim Re © >0, To morydaeM dKCIOHEHINAJIHHO 3aTyXakomuye K Ipa-
HOOAM 3Ha4eHHA COGCTBeHHHIX (YHKIUWH (PYHKNuA 9PMHUTA €CTh CTEIEHHOH pAN).

CoGcTBeEHEIE 3HAUEHUS () ypapHEHHA (7) MOryT OHTH HAM/IeHH M3 ypaBHEHUA

= (n + 1/,)Q

MOJICTAHOBKOI B Hero BuipaskeEmii (8) m (9). IlomyuemHBHle ® ©DpHm moficTaHOBKEe B (ho-
pMyay (9) ompepmensior 3HaK Re {2, KOTODHII OKasbhBaeTca IIOJOMKHTENBHEIM. JIOKalb-
HOCTH BO3MYIIEHHA IOATBeD:KIeHA.

IToryuennoe pemmeEne ypaBHeHHU:A (7) MOKeT OBITH 3aIIMCAHO B BHJE

\ 1

b (L — k21 ) (1 g i P e — o) ) (12)

Ecmu Tenmeps B gopmyie (12) BMeCTO CyMMH V, 4 10 (B 3HaMeHaTeJie MPaBOH JacTm)
OCTaBHUTh JIMNIE V,, TO MOJyYeHHOE BEIPAsKeHNe COBIA/AeT ¢ AHAJOTHIHEIM BHPaKeHIeM JIJIA
® B pabote [3], rae pojcTBeHHAs 3ajada pelmlajiach B IpeHeOpe;KeHUH WHepLmeidl 3JIeKTpo-
moB. CymecTBeHHO 3/leCh OTMETHTE JIBa IIPefIeIbHEIX CIIydad: o < O, ¥ ® > o,. Ecain mpn
o < o, B[] faeTca mAKpeMeHT EeycTofiumBOCTH Y ~ — A, TO B PacCMaTPUBAEMOM CIy-
gae oH 0GOabIIe, a HMEHHO

f o (13)
V0, F ((’Jno — o)
T @ —FPEWp?

kT \ —k2T
opM ) P oM
3mecy /, — ¢yEEnUa bBeccenrss oT MEMMOro apryMeHTa.
13 (13) BugHO, 4TO 4eM cHIIbHEe HepaBeHCTBO k, <<k, Tem GoJbIle WHKPEMEHT He-
YCTOHIUBOCTH Y.
Korpa @ > k¥ m.. @, v, (IOCTefHee HEPABEHCTBO KaK Pa3 YYUTHBAET CHIbHOE BIIHA-
HHMe MHEPOHOHHOTO 4jleHa), IMOJydaeM HWHKDEeMeHT HeyCTOHYWBOCTH B BHfe !

4 . F (k. — I, ( (14)

¥ = — (0 k2 72" (15)
KOTODEIl oTcyTcrByer B pabore [3]. U3 (15) mmeem
Ymax < @no (16)

Bosspamasck K ycaoBuio (6), OTMETHM, 9TO /I IHOTEHIWAILHOCTH BO3MYINEHUI HEO0-
xoinMo, 9To0H (pasoBaAg CKOPOCTH BOJHE BOSMYIIEHUS BJOJNb MAarHUTHOTO IMOJIS OBLIA MEHB-
Ile XaPaKTePHOR CKOPOCTH MATHUTHOTO Bo3MymeHNA V 4 = H / V4nn.

Hockonbry o/k,>> V,, neobxomumoV 4 >> Ve, 4T0 m IPHBOJUT K OIMeYeHHHIM DaHee
orpaEngeEnio (a): nT <<€ 1/;H? / x, u cBA3W ABYX yciosmii (a) u (0).

B paspagax ¢ cuIbEBIM MarHATHRIM [OJeM yciaosme (a) 3aBefioMo Bhmomasercsa. Tax,
HampuMep, B YCIOBHAX OMBITA, OOUCAHHOTO B [°], mmeem !/ginTH 2 ~ 107¢ — 1078,

B paGore [°] HeycTofdmBOCTE HEOZHOPOAHOI0 WOHM30BAHHOIO TIa3a, IOMEIIEHHOIO
B MArEWTHOEe II0Je, PAa3BHBAIOMAACA HM3-32 KOHEYHOI'0 DIEKTPUIECKOTO CONPOTUBIECHNS,
HCIIOTb30BANACh AJIA OOBACHEHHS TaK HAa3KBaeMO# «0OMOBCKOI» aHOMAJBHON AUPHY3uwU.
B ycaoBmnax skcnepnMeHTa [°], Korja, HO-BHAEMOMY, UMela MecTo TypOyieHTHAA AudPysus
¢ K03 umeaToM, GIN3KNM K GOMOBCKOMY, AU TUIMIHBIX YCIOBHH DKCIIePUMEHTA V.. <O no;
3TO HAXOAWTCA BHE PAMOK NPAMEHEHWs TeOpUH, Pa3BuToi B [6].

1 3aMermM, 9TO BTA «BETBbY KoseGaHMI yrasaHa B pabore [¢], rge pemaercs oramaHas
MTaHHOHW 3ajada.
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PaccMorpenne, IpoBeJileHHOE B HACTOAMEH CTaThe, OXBATHBAET M 9TOT I pe/leIbHBIH CIy-
gaii. Pe3ybTaTH SKCIIEPAMEHTA B 9TOH CBA3W HAM KajKyTcs Gojlee IOHATHEIMA,

Komeuno, ceffqac KapTMHA BO3HUKHOBEHHA HEYCTOWUMBOCTeHl HeImMHeHHOro pesrmMa
maseKo HesscHa. OORYHO OIleHKA HeJMHEHHEIX HePEeHOCOB [leslaeTcs, UCXOMA U3 IIPeJIoIoske-
HHS, 9YTO BCJEICTBHEG HEJIMHCHHBIX B3aMMOJIEMCTBHUI SHePrud AIAHHOBOJHOBEIX BO3MYIIeHHH
[epeHOCHTCA B KOPOTKOBOJIHOBYIO YacTh ceKTpa. Takag KapTuEa npuaaTa u B [¢]. OpnHaxo,
KaK TOKa3HBaeT JHHedHAas TeopHs YCTOWYMBOCTH, Hamboiee HEYCTOHIMBEIME OKA3HIBAIOTCA
BO3MYIIEHHSA, B KOTODHX k)| <k |, T. 6. BOMYIIEHUA HOCAT IMOITH OBYMeDHHIT XapaKTep.
He ncriaoueno, 910 KapTUHY BOSHUKHOBEHUA HeJINHEHHOTO De;KEMa MOKHO IIPeJCTABHATEH Ha
A3KIKe IBYMEPHOi Ty pOyIeHTHOCTH, KOT/]a TJIABEYI0 DOJIb HIPaeT TeH/IEHNHA K CANAHIIO MeJl-
KoMacmTaOHKX BHXpeidl B GoabmIme.

Astop Gmarogapur A. A. T'aneesa, C. C. Monceesa, P. 3. Carzmeea 3a BHEMaHHe,
OposABIeHHOE K pabore.

MocTymmaa 15 V 1963
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CTAIIMOHAPHOE TEYEHHE AHU30TPOIIHO ITPOBOJAIEN KUJAKOCTI
MEXKIY HNAPAJLJIEJBbHBIMHI NMOPNCTBIMI CTEHKAMU

H. II. Cemenosa (Mockea)

YcraHOBUBIIEECS TedeHHe IPOBOAAINIEH KHAKOCTH MeKAY IIapasileJbHHIMH IJIACTH-
HAMH B OJJHODOJIHOM HONEPeYHOM MarHUTHOM moie (o0o0meHHOe TeueHme I'apTmMama) pac-
cMarpuBajioch paHee ¢ ygeroM sdderra Xouna [1*] u mporuriaeMoctn creHoK [4: 5], Hmxe
DOCTPOEHO pelieHNe, YIUTHBAIOIIEe ONHOBPEMEHHO aHM30TPONUIO IIPOBOJIMMOCTH U IIOIeped-
HOe TeUeHHe KUIKOCTH, BHI3BAHHOE OTCOCOM HA OJHOHM HIACTHHE W BAYBOM Ha JPYIOil.

1. HampaBuM ocu 2 ¥ y NApajelbHO MIOCKOCTAM ILIACTHH, OCh 2z — IM€PHeHANKY-
JAPHO K HuUM. ByjeM cumraTth, 9TO OCHOBHOE TeUeHHe IPOMCXOJUT BJONb OCed x W Y IIOf

TleicTBIeM TIOCTOSTHHLIX TpPaJMeHTOB MaBJeHHA p, — dp/0x m py,= 0p/dy B upm-
CYTCTBUH BHEOIHETO OJHOPOJHOT0 MarHumTHOro moisi B = Bye,. Ilycth, Kpome TOro, depes
HIGKHIOK IUIACTHHY (z = — a) KUIKOCTh BIyBaeTcs, a Yepe3 BEPXHIOW (z = a) OTcacH-

BaeTCA C MOCTOSTHHOU CKOPOCTBIO Wy, TaK YTO PACXOf >KUJKOCTH B OCHOBHOM TeUeHHHU He
3aBUCHUT OT %, Y. ECJIu IPeNON0KAT, 9TO BCE BeJIWIMHBI, KPOMe JABJICHUS, 3aBUCAT TOJNb-
KO OT IOIePeYHOl KOODJAMHATH z, T0 u3 ypasHeHni divV = 0 u div B = 0 caeayer, aro0
BO BCEM HOTOKe w = wo=const, B, = By = const. N3 ycaoBusA CTAIHMOHADPHOCTH 3aiaqd

caenyer, aro E = E = const, Ey == Ey0 = const. ByaeM cumraTh, YTO MOJACTHHEL
z = -+ a ABIAIOTCA AmdieKrpukamu. Torpa ms ypasmemusa div j = O cienyer, aro 7, = 0,
U BeKTODPH CKOPOCTH, MAaTHUTHOH MHAYKIUH, 9JeKTPHYeCKOT0 HOJA W MIOTHOCTH SJIeKTPU-
YeCKOT0 TOKAa HMEIT COOTBETCTBEHHO BHJ

V (u, v,wg), B (B,, By, By), EE. 0 Eyps By J Uy Iy 0)
CucreMa ypaBHeHHH, KOTOPHIM Y/OBJETBOPAKT u, v, B,, By, x> 1y HMECT BHJ

du 1 *u v 1 v
Pwo 7 = — P+ 1,Bo + 1 73, PWo 2, — — Py — — I, Bo 4+ B 3m (1.1)

ap 1 . R .
97 = (xBy — 1By, g = 0 kg ¢t (vBy — waB))] — a7, B,



