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HeanexTpocraTuueckuit nofxon K npoGieme BO3HUKHOBEHMA HEOAHO -
poaHo#t CTPYKTYpPH u#OHOCHepHOR nIasMu:' NpY HAJIWUWM eCTeCTBEHH H X
3JIeKTPHUECKHX Mojell Mo3BONAeT NPefJIOXUTh NPUHIMIMANLHO HOBH Mexa -
HU3M HMSKOUACTOTHO}! rugpomuHamuueckold HeycroumsocTu. I[locxe nHu #t
peanusyeTcs M3-3a JBYX OCHOBHHX MOMEHTOB. IlepBwit - BO3MOXKHOCT b
ImoyJeBa Harpesa 3JEKTPOHOB B HaNpaBAeHWM TEOMATHUTHOTO NMOJA; BTO-
poit - reHepanuus BO3MYMEHHOI'O MATHUTHOTO MOJAR B MPUCYTCTBUM HEOAHO-
POMHOI'0 BHEmHEro 3JAEKTPUUECKOro Mojs.

Kpurepuit yrasanHoft weycroptuusocry (7)-(9) mnoxaswpaerT BO3IMOX -
HOCcTh ee peammsauuu B F - cinoe mooctepw (oueHku cnenaHw mnsa BHCO-
Ty 250 #M), rne Halaonaemwe BeIWUMHH n= E / E =~ I07% ¢+ I07
VY= 200600 M/c,a xapakTepHuit MacmTasd uaueueuua BHEMHEro 3JeKT -
puueckoro mors L, ~ I+I0 wm. BoaGyxnaeMue HEOAHOPOAHOCTH OpHU -
GHTHPOBAHH IO HANMpaBIEHWD Apeitda nrasMu ¥ He ABIAONTCH CHILHO BHTH -
HyTuMH BIOfb TeoMermatHoro mona (V¥ /w,Q, < K, /K< 2.
HeogHoponHag cTpyKTYpa BOSHAKAET TOALKO B TOM c:ryuae. Korme no'rox
3JIeKTPOHOB BROJb JHHHA T'EOMATHWTHOTN MOJAX TOI'C Xe S3HAKA, YTO WM
K3MEHEHHe BHEmHero JJeKTpuuyeckoro moxs £ ox B HempaBneHuy apefida
nAa3MH.



Cpexm xoorarouno. GOXBMOro -xzacca HeycroftumBocred, ¢ MOMONMED
xo'ropu' OHTEDTCA OCLACHETH IDEPONY HeoxpoponEocTeR BepxHeh ROHO-
obepu, B mocnemmse BpeMA Bce Goabmee BHEMAHKE HA ocuds oGpamap?
HeyCTOYEBOCTE HATP3BRCTO THUS (CM., Eanpmwp, /I-4/). Ipm stom
OUNYHO OpeNNOASTAETCS , YTO HArPSB NDSEMymMSCTBOHRO BH3HBAETOH
J0IAPETANM DO OTHOSHAD K TeOM3rEMTHHM CHACBHM JMEASM BHOME & M
©IOKTPHYECREM LTOJGM E,_ , H OCyMECTBAAETCA 38 CYeT CHIH TPEH A A
0 Helrpaasuuit ras masmE, KsExymeRcs CO CRODOCTED 97€KTPONEEAME-
wecroro npefda '\_Ji =G[EX m/ Ht /7/, B 3apAXeHEHX EOMIO HE E T
apyr o mpyra /2/. ( H‘- HaNpAXeHHOCTH TOOMATEETHOTO mond, ( -
CEOpPOCTH cBeTd). [IpM 3HAUATE ABHOCTH HEYOPYTHX COYILSPEHER ¢ Moje-
KyASME BO BEEIHEM NONSLEYHOM $AGETPAYSCKOM HONE TeMmmepaTypa KO-
HOB NOBHMABTCA GOolee CYMEOTBEHEO, UeM Tg , B Iepepacnpenens EEe
O7a3MH OPOMCXONAT OCHYRO BCASACTBREE TepMomEifysEE HarpeTsX HOHOB.
BMecTe ¢ TeM, DPONOABHAR NDCEONEMOSTH PASKTPOHOB B CHABREO3AMAT -
HEEusEROR nzasme Bepxme? momocPepH HA MEOrO NODPSANKOB COABNE IIOH6-
peunolt mommoR (®, TeM Gosee, HomepeuHOR SAGKTPOHHOR MPOBONEMOC -~
T8). CT8HOBATCA OYOBHIHEHM, YTO NOCTATOYHO BEObMA C186Or'0 BHEMHE-
T'0 NPOROALHOrO INSRTPEISCROrO HOAR, YTOCH BR3BATH 3HEUETEXb HE R
-HaTPeB 9ASETPOEOB B COOTBETCTBYNIYD TepMonEpblysmn nxasmu. (Har -
DPeB SZeXTPOHOB BO BHSWEEM DOAE Em paccMorper B /2/.)



K coxanenwp BHOUHEE NOAA ¥ TOEE 6CTECTBEHHOIO NPOHCXOXIOHES
(eca¥ HCKINYATH BOSMYMEHHNE YCJOBHR 8BpopaibHoR momocdeps) mocra-
vouno many E ®e mpemumapr 10710 4 1071 emmmm CFC3 . Ommaxo
HETPYZHO IOHATH, 4YTO €CJX HpPOACXOART PAYKTYAIHMOHHOS OTKACHEHES
mrmgon CENOBOR AMHWEA, T.6. YUATHBANTOA BOSMymMEHHA MAI'HETHOT'O
noas ﬁ » TO MOXeT HOABHTHCH HPOGKNRA NOAR ﬁE‘,,_ Ha BO3MyMEHHYD
CHJIOBYD JMEWD I'6 OMBTHEPEATHOPO NO/NA, ¥ NOSBHBIGECH B PESyART 8 T @
nozs E, MOXET BH3BATH 3HAUMTE/BHHR HarpeB SJKTDOEOB.

OueBmnHo, uTo JaxTEUecK® yrRa3aHHuR sPdexT cBOmETCH MaTeMaTH-
YeCKH K yueTy 3/eKTDOMATHATHHX MONDABOK B 38NaYe O HarpeBHo? He-
ycToiuMBOCTE BO BHeWHEM simx'rpnqecnou none /2, 6/ ® Tocnenypmme
BHYHC/GHES CYXyT OCHOBAHH HA aHamase /6/.

Opexme,uyeM mepefiTM K CTPOTEM BHKJAXRAaM,0CHOB3HHHM Ha8 GCOBMECT-
HOM pemeHME ypapHerRm# Makceenna ( B HpeHeGpDeXeHME TOROM CMemMeHHS -
- BE/ Ot ), ypaBHeum# HenpepWBHOCTH, NBEXEHES E TENNONPOBOIEOC-
TH XA SapAXeHHHX KOMIOHERT N/83MH, OCPHCyeM BO3HHRADNYD MDA STOM
¢wsHIacRyD CHTISCHAD, TOuAee HX Maoroodpaane*).

B npocrefineM BENe PCUEHWE YLaBHEHUS TEMNEpaTVPONPOBOAHO C T M
3JI€KTPOHOB

BT /3t = Q, - We(Te-To + XaTe

nna OypEe-EOMIOHEHTH BOSMymEHHA P /MHONHOM NIDRGIEXSEWH AMEET
BHR
Q 1 -83%*
.TRQ = m (i-¢ ) (1)

")Anopa OrPAAEYABANTGA DSCCMOTDEHMEM KJ8CC8 HA3KORACTOTESH X
pemeERY ¢ W £ W, . JIA7 NOXyYeEAs HHSKOYSCTOTHNX pelieEml ¢ 4gac-
TOTOR ‘mOpANKA HOHHOr'O 3BYRE8 HSOCXONEMO Vi, S8MEHETH EH8 Vinae= Vin t
+iw.
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TRe 8;.=§ + mﬁlﬁ + a{gﬁ { tg . gg ~ COOTBETCTBEHHO IIMHS
GBOGONHOTO Opodera H I'EPOPANEYC HASXTDOEA, d - NOAS SHEDTHE 06—
PenaBaewass SRGETPOHOM NPE GOYNADEHEM ¢ NDYTEME URCTEIAME),  AA%
OMHYRCROT'G HAI'DeTs Qe = GE‘\-): , THe - fayrTyEpymmas EoMmo -
HeHTa 378KTDAYECEOTO NONA. PaxTHYECER B (I) BXONET PuneneHHe SHED—
THE 979KTHCHOB 33 CYST HX TDEHHS O HeBTDINM X HORH, 8 TaKEe oI -
secrun marpes, 7.8, @ EqE,/mY,= Wi 4, . Bmcre o rem
H3 JpaBHOHHS NBERGHES A 5MSKTDOHOB mpx Wy>> Ve ( Wy - TIHEpO-
9807T0Ta 2A8KTPOHOB, Vo= Voi + Ven o Vi~ U80TOTE RYAOHOBCKEX CTOMR-
EoBeEud, Y, - 3A8XTDOE-HefTpaABHHX) CIENyeT, YTO )

~r

\jq =2 om

~ ekl _oekny
- e -2 Sl @

iy

TmE ™ ,Q - M8CCE ¥ 3aDAL IASKTPOEA COOTDETCTBEHHC (3H2K 38DI-
Ia yuTeE B JPABEOHNAX), ® N/ ONpeNe/EHHOCTE CUHTAETCA, UTO BHEW-
Hee O3 ‘E'u HAaNPARMGHO IO oc® X . {Ms (I) = (2) mmxmo,9ro up:
HA)MYEM BOSMMEHWA MAX HATHOTO HOIA Fl’, IOMXKHO MOABHTHCA OPONONL ~
HO® IBEXSEWS SSKTDOHOB CO CRODOCTED ., non mefcrameM mons §u<<
<< E“T‘x . T"'x""' .\:‘.’i » HOTOPOG NP EAINTHE NPOXOABEWX NOTOKOB SIER-
TPOHOB CO CEOPOOTED egy , B UACTHOOTE, HOX jeftcTmEem moms L, <<
« Em.T‘x BHSOBET NOBNUGHEE lg .

Esons mapauerp ) = Ew/Eq ., supaxemme (I) ¢ yuerow (2)

MOXHO IperaBNTh B BHNE

~ 2 o - {
Tea ""Wkax? d-g* ). @)

Es (3) ozemyer, wro mx Vg == I0* awe, §; 2 103, ey /v, & 10°,
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~ 1074 8'\} =iIT,,°~IO3R,, B yXe UpE Ix =106 4 1077
EMeeM 51; ~10™3 4+ 107°. [px noBNmeHME xe Uy 0 0,3 + I Ew/c,
Yr0 EMEET MECTO B JKBATODHANBHHX "Hy3HPAX" H B BO3MymeHHOZ aBpo-
pamsHolt moHocPepe, My BENMM, WTO TaRMe BeJHUMEN NOCTHTADTCA Y8
npH h,x ~ 1076 & 1077 ex. CT'CJ . Tawm oOpasom,co3naeTcs BUEYaT-
ZeHNe, YTO MATHETHHE BapMalWW, BOSHHEKUNME ANGO 38 CUET BHEMHEIrO
HCTOYHHKS, JHGO B pe3yAbTaTeé HEyCTORUMBOCTE MOTYT CIOCOGCTBOBATH
3aMeTHOMY H3MeHOHMD TEMISDaTYDH CDEIH.

PacoMOTDEM HA NDOCTOM NpAMEDe BOSHMRHOBGRAG MATHATHNX Bapua-
wrd. W2 ypasmesuh Magcmenna QR /Ot =-grotE . crotﬁ=tm'j' H
JpaBHeHHMA IBRXEHEA CAEAYET, HTO

/M + cratE cmt’i“ =0 ()

~
—

rne E - dnyrryamm 9NGRTPAYECKOrO MO B  OTCYTCTEVG BHEWRWX
576RTPAYECKEX mozell, E“ ~ BO3MymMEHEA E_ IpE BX Ha MYEH,
Mononbsyn HNONyYeHHOE B /6/ ®3 ypasHeRull NBUXEHHS W ypaBHEEHN

Cr‘otH lm‘\ BHDaXeHES IAA Eu » B /nHe#HOM IpHC/MEXEHMM MOXHO
3amHcaTh:

T ~ A SLl0 1 Ny
Euu = "EA\\V\ - %-m %7; Em\ - ng\ﬂ,x
o~ 2
- ~ q ~ . ~ (5)
EL\X - onh«-\' _SZ' %‘ E \\'\\ v“v‘ Q\\ﬂfx 'ﬁEm‘\t’

= - BEh,t L,

Snecs Q2w E Vi, — TEPOYACTOTE EOHOB M Y8CTOT8 MOH - HefTpanBRHX
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cromxmosemtt, =N IN, ,Tt.r-'ﬁ" W, ,T\v‘,,:“x,ylHﬁ- OTHOCHTE B -
HHe BOSMYUSHES EOHUSHTDSIAM ¥ MBIEETHOTO NOXA << I, Jza ymoder -
B8 BHODaHA TAEAS CHCTOMI KOODAHEHAT, 4UTO E. ISXET B IAOCKOCTH
X , 8 0Ch X HBUPABASEA OO HOBOSMJISEEOMy TeOMATEMTHOMY NOXD
H. PaccuMoTpEM B ypaBEeHNE TGILIOOGMSHE 2EETDOEHOB OMEYSCRER Ear-
pes qe eveE“ . OYeEMgEO, ¥TO B IZEefiHOM NDEGIMESHWH  NpX
yueTe He®/BKTPOCTATHYHOCTE (CM.(5)) NOABARETCE BOSMOXHOCTH HATDE—
B3 SNSKTPOHOB 33 CUET TOKOB B BANDAaBISHAE TEOMATHHTHOrO Hons (mo
0K ¥ ). 3TOT BarpeB mpE Yin 4< Ny, cymeorneuno IpeBHEA -
€T HETDEB TOROP B HANpDABJGHAM NOAA on (s (:;. Sz“pas). Ordépa -
CHBEA MAJNe WIeHN, BOSMyMEEHO® EOAWYECTEO Temxa IAA JASKTPOHO B
OpOROPIIAORS ABHO8 T woxmo 230MCATH, RaK

N ~ e Suu eEo a2~
Qc'h.“‘ 2R o on‘n.x

TV et D Ve )

Bupazenme (6) COOTBETCTEYST HETDEBY, CBA3REAOMy C TOROM
BROMG \-\ . Harpes a.uex'rpoaon ODONONLEHME TORAME HABJAETCA Ol-
pele/ANIZM ¥ NpeSHmAeT EArpeR NONePeYHHME K “n TORGMA B _!Y‘—‘k
pas. VMCTOURER wareesad Q«: posHMRanmE? npE PAyKRTyamaax xonnearpas}“
OUE, 38 GYeT CHIN TPEHEA BJEKTDOHOR O HOEF ® Hefitpaas mnpeBHma-
eT OMAYSCRER. MMeHHO QQ NK B 006CI8YMBANO BOSHEEHOBE -
EM8 HoyCTORUMBOGTH 3ASRTPOCTATEYeCKOR mzasma ® /2/.

Kpome TOro, aHBZMS ypaPHeHEA (4) DORagHBa@T BOSMOXHOCTH T'é -

HEDaUME MaIHETHOr'O HOXY HeONHOPONENM BHEHHEM ©A6ETDHISCEEM [IOEBM,

Graronaps 4AsHY ro{ E“ . Taxpe caaGoHeONHODOXENe NOAR AOCTH ~ :

TOYHO UBCTO BSOAMEADTCH B8 SKCHepmMenTax /8/ ® moryr ¥smeRrarThes,
7



E8K H3MOHGEMe XOJIOBCKOR MDOBOINMMOCTE B EanpaBieHME npefide nassus.
OCu9HO XapaRTepHHE MacmTaCH M3IMHOEHA 6,\ COCTABAANT NOpANRa I -
I0 RM. HanpmMep, B ypSBHOHHE QIAA NPOROABHHX PAFRTyanmZ MArHHTHOT O
nons (%*—*rdf‘)nﬂ HOABAAETCH WIBH ~ %E;KR , ROTODHR 0GeoneIHBa-
6T BOSHMEHOBGHHE HarpeBHOZ HeycToflumBOCTH Naxe B TOM CAydae, KOI'Ha
IODPOTOBHEe SHAYGHHA BHONHEI'O 976KTPAYECROro NMONSA HAMXE, YeM Npenno -
J8r86T MEXSEHSM, paccMOTpeRHsZ B /2/.

AHaTMTAYECKOS DBCCMOTDeHMe NONHOR CHCTeMH ypaBHeHAR MArHETHO R
TEADONEHAMERE COBMECTHO ¢ ypaBHeHEmM Marcmeana /6/ X mpE Haxmymm
HE ONHODPONHOr0 BHEUHSI'O 3/1eKTDHYSCKOrO IOAA NaeT clexypma? KprTepult
BOSHEKHOBOHRA HeycTORuIPooTE™ §

Vd, < Jifkaca\_q\rzw/ [209; 7

2
?Vie /L0'>20\$a sm?.‘\’l)nibwﬁsvfwi/vmgﬁ (8)
VQVin/COaQu < Cﬂsq’ 4 q’ml R s Ky =Ky 9)

3mecs (-‘-o - XBpaKTepHuft MacmTad M3MOHOHHS BHENHEI'O 3716 KTPHYECROr0
ooxs, t - MacmTad HONHODORHOCTE (ES (9) BEmEO, 4TO e,'—?, ?,_\_ )
‘l’m 'il-l° ,Dn “DQ"‘ koa(pdurneRTH MATHUTHO# n améunomipHoit maddy-
B pesyarTaTe NpeNIOXSHHEOT'O M@XSHA3MA, RAK IIOK43HB3@T KDUTEDE &
(7) - (9), OynyT BOSHAKATH HEONHODONHOCTH, ODHMEHTHDOBAHHHE IO OKO-
pocTr npeﬁ)a nnasuu ( Ky = Ky ), cas6o BUTAHJTHE BROAb I'GCMATHAT =
HOr'0 mois (—’—g < cos?( Jie ) Ina naGanmaeMux cgopocreit npelt -

#)CHOCOBHME YZ9HGMM IO UPHYAHE YKS3aHROR HAXs HOKS IpsHeGpPeraloch,
8



®e®®) maswsi yoxomme (7) Bcerza Bumommsercs. Ms mpezemER (8) &
(9) BupmO, YTO &RAA BHTAHYTOOTH aaonopomiocu Ka/Ky =2 VeVipn /WOu 2y,
Vd = 600 w/c, ) zIO's, OTHOME HMB 2.2/ Lu ZONXHO OHTH GOABIS
IBYX, T.8. ANA XBDARTEDHOrO Macmrada BSMEHEHRS HNOAA Le ~ Irn,
paswue) BOSEMRANMEX HEOXHODOXHOCTeR NomxeR NpeBHmATH 3 M,

HeomHOPOMHOCTH M8HEE BHTAHYTHO ( Ku/Ky %% Viw [Q)HRORXHH  OHTH
gonee EpyMHuMZ, JlAsS TeX ®¥e SHAYeHER mapamMeTpoOB pASMODH TAKEX HEON-
HopomEocTe? Goxsme 300 M. Kpome TOro, OWeBHEEO, 9YTO WM caa 66 @
@CTeCTBOHEHE 3N6KTPAYECKHES HNOAfA, TEM KpyNHee NOJMXHH OHTh, EaCIDpa-
@MHO HEONHODOXHOCTH.

YpcnemEnR cueT, nposensHENE B /5/, nan HarpeBHOR HeycTORWEBOC-
TH, paccMoTpeHROR B /2/, HO AN He3NSKTPOCTATHYGCKOR IAA3MH IORKa -
3HBaET, YTO YUOT CHOCOBHX MOX8T /MNb HOHH3ATH NOPOroBOe 3HAYE H He
BHEUHETO 3/8KTPHYsCKOro moas (B /2/ amavemme Eom HS BHGCOTE®
250 KM MOHEX8%0CH HE NOPSIOK).

BpeMeHa Da3BUTHA NPENIOXSHHOR HeycTORUABOCTE L Ven Lig/VeVy
R cocrannamT npEMepro 0,02 .

H, HaxOHeW, OTMETHEM, 9YTO DACCMOTPeHENR mexaHEaM " padorset "
roxzro man —Veon OEor/OY >0 (on. (8), ‘\790“=-\913d0)u/\7¢); TaE |,
HanpEMep, a8 00aacTH EomochepH, rae anx/ 3Y He MeHAET 3HAE ,
"pxonAmEe " B MoHOCepy DOTORE SMEKTPOBOB GYHYT CO318BaTh HEOXHO
DOEHYD CTDYKTYDY DiasMu, 8 "BHXOmAWEe™ HET.

TpennoxeHEH® “rpameeHTHER"Me X8 HE3M naycroamoc:m HOSNSETPO -~

CTATHYOCKOR INaSMH MOXHO pea/M3OBAThH NAXe B CAyYae, KOTNA KOE -
OeHTPEERA- NIa3MH HO WSMeHASTOS (K = 0), HO yTHTHBSETCA SEBHCH -
MOCTDH UBCTOTH EYNOHOBCREX GTOARHOBSHRE 0 'reunepa'rypn; Yuwer arof
SQBHCEMOCTE B JDaBHGHEM TEILIOOCMEHA NA6T NONOAHATEALHOS -OCTHBAEE €

B%)Ha Bucore 250 KM ‘\74 _= 600 w/c.



878 ETPOHOY, HO STOT Y/NeH MEHBDe TepMONEDDYSEOHHOTO E He CRESHBaeT-
0 BB DesyirraTs. 3aTO CymOCTBEHHHM OR@SHBAEZCHA, YTO B STOM CAyuae
BO3HENEET 9ASKTDEUECKOe mOXe (CM./6/) E“-=%:-E..i/'(,. RoTOpO8
J86% BOSMOXHOCTH T'HEDaUME MAIRATHCIO NOXA 38 CY6T YASHA -3&,/ dy
(» npexZiomeHHOM BHDS WOXBHASME MaUHETHOS [OXe TeHEpHDyeTCA K3 - 33
938Ra GEW/ ay ). HarpeB sZ8kKTpPOHOB B HBUDABMSHAE T6OMATEETHOrO
TOAA OCTAETCH, RAK ¥ B DACCMOTDEHHOM RHIE MeXaHHSME, OINpeje ITIMIAM.

Hpopensi anEANTHIECKOS8 DPACCMOTPeHMe, 8HANOI'MYHOE yX6 CRENSH -
HOMY, HOAYYAEM CAeLyLURS YCAOBHS BO3CYXNeHEA TEDMOMATHHTHOR “rpa-
e HTHOR® HeycTORUMBOCTH:

Vd < 420 LoVen 0u 0t [ LBt Ve v
pvjﬁf/ Ly >% s*sin29 o8t 8s%eDpDow coudin /91 2 (8"

YeVin Jow 2w < COS“’ 4#"\& /SZR 5 K=Ky . (g')

YonoBee (9) Ha BHTAHYTOCTH HEONHODOXHOCTE OCTAaeTCA HEM3MEHHHM.
OrpanMYenme HI SHAYGHNE '\?d,a/ Lo cBepxy (7 ) mameHunocs B
005*% Wu/Vei pas. M CHABHee BHTAHYTHX Heomzoponmoctelt (cosds
2 VeVin {Ww S, ), 3TO 03HAUEET NOHMXBHUE ﬁ:paa IBa IOpAN K 8
(8 Vie [SAw p83), WTO mnA HsMepmeMHX cKopocTeR mpefida ®oHO -
cheprOR BIa3MH ncem\ua BHIIONHAGTCA C CONBMEM 380ACOM; N/I9 MeHee BH-
TARYTHX HeonHopozHoated (7') Tem Gonse yROBIBTBOPAGTCA.

OcmoBHOR EpHTEpHE BOSEREKBOBEHMA mpejmzaraeMol EHeycToORWmBOC T B
(8 ) MeHA8? mOPOrOBOS 3HANGHES BEIMUMER ’v()‘l)'é’ Qi [Le 3 costbx
X VentWnS2u/VeveiVin pa3. Jns cHAbHee BHTARYTHX HEONHODORHOCTER
€ cosd = VeVin /WOuf2n ) BO3CYANIGHNE HEYCTORUMBOCTH OGASIYasTCA
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P Wi/Yew ~ I0%°pas; mia mamMeHee PHTARYTHX HEOXHODOIHOCTef
( cs$ = Vin /52,) Dpemenzroe 3HAueHHE ?vi [,i/ Le 2 VewufVe
pas yBeIMuRBAeTCA. HEONHOPONHOCTE, BO3HAKANNAE 38 CYET TEPMOMAI-
HETHON! Heycroftumpoctd ( W <=0) mpu mammumn OEg /%Y , amaxors-
YHH BO3HAKAKGHM IDH "TPANMEHTHOSTEILIOBO# HEYCTOMMBOCTH, HO YC-
NOBRA BOSHARHOBEHMA CHIbHEe BHTAHYTHX BIOMH Hg HeomHOpomEOCTeft
(Ky/¥ Lz\};,&c/g@) yopomanTcA. B 00OMX OpefnaraeMHX MeXaHA3Max
BO3SHAKHOBERAA HEONHODOAHOCTe! HEOOXOMMMHM OCTAeTCA yCNOBRE, YTO
npoM3BeNleR#e 3NEKTPORHOTO TOKA jma-eﬂvuﬁ'{mﬁlﬂaa "rpamnenT”
PBHEWHETO 3/MeKTPHYECKOro mond Rox/8Y mOMEKHO ONTB Gombme Hyms(cM.
(8) » (8) ).

B SaKk/ueRMe yKaxeM eme ONHY EOSMOXHOCTH OCPRSOPAHMA Cnaco-
HEOIHODOJHOTO BHEMHETO 3NEeKTPMYECKOTO MONA, KOTODAR NerKO MOXET
peamM3oBaTECA KaK B NONADHHX OGNACTAX MOHOChepH, TAK B Ha Cpel-
HUX mApOTAX B dKBaTOpe. [NA BHCOT F -CnOf mOHOC(EpH B BHme mome-
pewsan npoEomaMocT EOHOE Giu=CVNMQ% *), rne uom - meftrpa-
NBbHAA YACTOTA CTONKHOEEHAH \Tin%&_,i("‘\* nu}iﬂm’g‘). U3 amamasa Hyne-

BOTO NpUGMMXeHs ypaeHenus duy | =0 cremyer, 9TO M M
} X T ox

=—:%§_C2‘ , TIe w"‘=<yl}%\'h'=4%; , eoxrz.-E-‘-’o-‘:‘; lpennonaras Hanudme He-
ONHOPOJHO# KOHIEHTpaluA RefirpanoB ( pesymbTar OyAeT AQHANOTMTIHHM
I perynaproro rpapmeRta N ) # momaras, 4To Ha GeCKOHEW H O C TR
M.ME 5“‘:0 , nonysaem, uro &ox =-um. O4eRnmHO, 9TO HAMH-
qne perynspHOTO TIpanueHTa HelrpanpHOH cocraBnaxmei Imasuy 'bumlay
Cyner OpUBOTATH K BOSHHEHOBEHHND CIAGOHEONHOPOIHOIO 3NEKTPHYECKOro

nons ¢ 360![ BY. ROTOpOe ARMAETCA HCTOYHAROM reHepandi MarEHTHOIO

%) Gou~ WVa ~ T2

’B‘)Ha 3THX BHCOT&X NpeolIanarT ROHH A HelTpams RaAcIOpona, g

afdexTnBHAR YACTOTA COYNAPEHH{t MOHOB C HeitTparamm onpexenrercs
aruuel nepesapAnkH. an pex pe=
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nons B OPeNIOXEHEHX HEyCTONYHMBOCTAX. MsMeHeHHe Xe KOHIEHTpAll A R
HeliTpasos “m JIETRO MOXHO CO3IATH HpA NPOXOXNEHHH BHyTpeHHel
TPaBATAIMOHHOR BOJHH B naupé.nnem Opeitfa mnasmve, NOAOBHMRA NepaA-
ofia KOTOpoll B OymeT OmpenenATh XapaKTEepHHHA macmrad A3MeHEeHUS Lo
BHEMHEI'0 3AeKTpAYecKoro noma. [locaempam# MoxeT cOCTARNATH OT €XH4-
HHER IO HECATHKOB M COTEH KAJIOMETPOB.

Herpymeo BoOGpasaTh A HpyrHe BO3MOXHHe ACTOYHMRA  BapAamui
MATHATHOT'O MOJA, BKIDYAA BOJHH MArauTocPepHOro X SEMHOTO MOpOHC-
XOXNGHAA, & TaKXe NPONOMBHHE TOKH B BO3MymEHHOH aBpopanpHO# HO-
Hocepe. 3ameTEM, UYTO LpH 3TOM NOMEHH MMETH MECTO EMOJHE ompene-
JeHHHE COOTHOMEHMA Mexiy HanpaBjieHMeM TOKOR ¥ nonepevnux  moieft
WM X TpamEeHToR ( cM. Bume). Tar xe CIeXyeT EMETH B BAAY, 4TO
B HemuHeHOM NpHGIMXEHMH Baprauum NPOBOLMMOCTH ¥ IDAgyeHTH 3NeK-
TPAYECROTO MOAA MOTYT GHTH DESYyNBTATOM DA3EMTHA YKA3aHHHWX HEyc-
TojtaEBOCTE .

BaxHHM fBAAeTCA 4 TOT $aKT, YTO NpPENIOXEHHHA MexaHu3M AMesT
IOCTATOYHO HHM3KAE NOPOTH OpH CPABHUTENBHO Hedompmod { ~ Vin | Q")
BHTAHYTOCTZ HEONHOPOINHOCTEH.

YueT He3NEKTPOCTATHYHOCTM MOHOCEEDHON IA3MH B CayJae ORHO-
PONHOrO BHEMHETO 3JIEKTPAYECKOTO HOJNA (anx/ 3\/ =0) m OTCYFCT BU A
IpYyTHX TOKOB, KpoMe naddy3moHHHX, paccmoTpeR B /5/ m, mo-cpaBHe-
HAD ¢ /2/, UDEBOIAT IAA BHCOTH T -CJIOA K YMEHBNEHAD LODOTOBOTO
3HAYEHA BHEMHEI'O 3/IEKTpHYECKOro noad B 2-3 pasa.

OT™MeTHM TaKxe, YTO OPENLJOXEHHHE MEX4HMSM Harpesa 1 1 a 3MH,
CBASAHHHA ¢ odpasopamueM ( MyCTE HA HeGONBMAE BpeMeHa) LpPONOAE-
HOTO TORA MOXET DeajM30BaThCA B ROCMUYECKOit HjaasMe. B YaCTHOCTH
SaManyuBo GHIO GH CBA3ATH ¢ HUM HATPER 3BESIHHX KOPOH.
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HEATING AND THERMOMAGNETIC INSTABILITIES OF
NORELECTROSTATIC PLASMA IN A WEAKLY INHOMOGENEOUS .
ELECTRIC FIELD

L.M.Erukhimov, IL.M.Kagan
Radiophysical Research Imstitute, Gorky, USSR

Nonelectrostatic approach to the ionospheric plasma
inhomogeneous structure emerging in the presence of natural
electric fields allows one to prupose a quite new mechanism of
a low frequency hydrodynamic instability. The latter is realized
due to two reasons.

h tirst regson is eleciron heating along the geomagnetic Ghug
fiefg disturbancg&generation in the presence of a weakly inhomo-
geneous electric field E, .

The submiti inscability criterion (7)-(9) shows a poassibility
for ita realization into the ionospheric F-layer (estimations
are made for 250 km height), where the observed values =
=E/Eq == 107 41073, the arift velocity Uyx200+600m/s
end the typical scale of an external electric field variation L“
is 1 + 10 km. The existing irregularities are oriented along the
plasma drift and are not stretched strongly along the geomegnetic
tiela Hy (VeVin/t04Qy < KX < Vi [Q. Irregulerities
appear only in case when a longitudinal electron current is of
the same sign as the external electric field variation.

RecentLry, heating-type instabilities are or great interest
/1-4,7/. We'll not discuss these papers, but propose a new way
of irregular structure treation. Let magnetic field disturbances
be present. Then if the magnetic field line deviates from its
undisturbed value 1t will be E; field projection on the
disturbed magnetic field line, and it results in the disturbed
electric field E; along Hy . which can in its turn cause
significant eleciron heating.

Besides, the analysis of the Maxwell equation

14



M/t + crotf*cmtf“ =0 (4)

demonstrates e possibility of the magnetic field generation by
the inhomogeneous electric field due to rotEu . Here E is
an electric field fluctuation without an external quasi-constant
electric field, and Eu is the electric field fluctuation
when the latter is present. Such weakly inhomogeneous fields are
usually observed during experiments and can be measured as e
Holl's conductivity change along the plasma drift. Usually, the
typical scale of 6',\- change approaches 1+ 10 km. For example,
there appears a term of the projection of Eq.(4) on Z axis

( % axis coincides with the geomagnetic field line, the
external electric field lies in X% ‘plane) which is proportio-
nel to ('Oon/ay)ﬁ, where 7\,:}{/”0 is the relative concentra-
tion disturbance. The latter provides the heating instability
excitation even in the case when the values of the external
electric field ere smaller then the such ona considered in /2/.

When the inhomogeneous electric field is present, an analytic
consideration of the system of magnetic nydrodynamic equations
together with Maxwell equations gives the following criterion of
instability appearence:

Vd 2 A% LyVen | L0k ’ (1
P f7Ly > 2025in24 DuDu OV v Hen s ®

VeVin /00uS2y < C0S¥<NQfQAy 4 K=Ky (9)

where Q' is the typical irregularity scale (according to (9)
{ is obviously = &) ¢= Er‘ , ¥ is the
weve vector, D,, and 30,! are the megnetic ang ?bipo}ar

diffusion coefficients, respectively, 39 =8 + Ky “-l- Kig% ,
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8 is the energy portion bdeing lost during tae electren
collision with other particles, ?,& is the free path length,
e is the electron gyroradius.

Due to the suggested instability mechanism irregularities
oriented along the plasma drift velocity should apvear (9).
Condition (7) i.s always valid for the drift velocities observed
experimentally ‘.

Evidently, from (9), for the stretching conditior K.\/ Ky~
= Vo Vi, /0n 2y , VY == 600 n/s end p.1o'5 A /L_
ratio should be larger than 2, i.e. the irregularity scale
should be larger than 3 m for the typical electric field scale
which is near 1 km. For irregulerities which are not so stretched
(Kg/K = \’iy., !/ S ) the lect ones should bYe larger. (For
the same ionospheric parameters their scales are nesr or larger
than 300 m), Besides, the weaker the external Plectric ficlds,
the larger the observing irregularities. The t:.me of developmeat
for the above instability t I’” ml.so/ve’l)'d, is about 0.02s.

At last, this instability "works" only for '\}eo"eEOx/ay>0
(see (8) , VYgp=-Y¥V4Wy[Vg) - So, for the same Yoy Y
sign the "going in" eiectron curreats snpold be unstable and
"going out" ounes shouldn't .

The similar instability mechanism can be realized even in
the case of unchanging concentration, when there is qci tempera~
ture dependence. Here it ig important that an eiectric field
disturbance .E'u = —-E:%-\}EQ‘-":% arises and generates the magnetic
field fluctuations.

The thermomagnetic instability criterion is:

Vi < ha'g Ldmw“cog‘(*/ Ped Vei (7")
VU4 (2 /L > &Q'SU' 2% cost BaVe D Dan uVin /Vuﬂu ary
YeVin fo, ey < 008 < Vin [ 5 K=Ky . 0

*) At 250 km the ionospheric height ‘Ud = 600 m/s .
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The condition for stretching is the same for both iustabilities
(9). Evidently, the instability exeiting for more stretching
irregularities ( 0S¥ =~ VeVin 7/ WuS2u ) facilitates in
Vet /Ven ~—~ 102 times and hampers in = Ve, Wy / Ve Vei times
for less stretching ones (COSY = Vin/Ryu ) .

It is necessary for both instabilities that g Ofoer /%y >0
Clen =—eNVey ) -

Thus concluding,we want to underline once more the possibi-
1ity of weakly inhomogeneous electric field creation. For the
ionospheric F-region the ion-neutral collision frequency Vin =
R (Ti+Ty )"2 N ( N\m is the neutral density)
and then the transverse conductivity G;_._~ NN, m e+ It follows
from the O-th approximation of the equation di‘\}—j’= 0

that  OWw [Jx + AN /0x = —0Eox /X
(v@aNkNm? 4 W=N/<N> | €oxr=Box/<Ex> ).

If we suppose the neutral concentration to be inhomogeneous and
V\.m\” = Box\m"—'“ we obtain &ox == Wwm . So, the
presence of the regular gradient (bﬁm (%Y should result in a
weakly inhomogeneous electric field fluctuations in the above
instabilities. The neutral density change should be easily made
by i1nternal gravity waves passing along the plasma drift,a half
of the period of which determines the typical scale of E, .
The latter may amount from units to tens and hundreds of kilome-
ters. )

It is not difficult to imagine other possible sources of
megnetic field variations including waves of magnetospheric and
earth origin. There should be quite definite conditions between
the current direction and transverse electric fields or their
gradients as it has been shown earlier. Note, that the develop-
ment of the above instabilities can result in conductivity end
electric field gradient variations at the nonlinear spproximation.
It is important that the suggcsied mechanism has a rather low
threshold at comparatively small irregularity stretch ("“Viu I Qu).
The nonelectrostatic approach to heating instabilities with
homogeneous electric field when other currents except for
diffusion ones are absent has been discussed in /5/. The thres-



hold values of the external electric field obleired thers by
2-3 times smaller than those in /2/.

Pinally, the mentioned instability mechanism deeling with
the longitudinel current formation can bte realized in space
plasma. In perticular,\it would be attractive to deal it with
heating of the stellar coroma.
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