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YIK 523.98, 537.862

OB SJEKTPOMAT'HIUTHBIX CBOMCTBAX MOPAYEN
BECCTOJKHOBHUTEJIHHON I1JIABMBI B OBJIACTH
MATHYTHOTO IIEPECOEJIVMHEHNA

B. M. I'y6uenxo, M. JI. Xodauenxo

Hoyyenye nponeccoB MATHHTHOIC NEPECOCMHEHUE B TOpAYeil GeCCTONRHO-
BETEIBHOM KOCMHYeCEOH Mnasme TpebyeT PasBUTHE METOHOB CAMOCOLIACOBaH-
HOTO KHHETHYECKOIO PACCMOTPEHHS [HHAMAKH IIa3MHBI B OKPEC PHOCTH XCHEH-
rypauny Maruutroro nonf B{r) tuna X, rje BaxXHy®0 poib MHIpaor crenwdn-
weckne opPexTH PEsOHAHCHOTO H HEPE3OHAHCHOTO BIAMMOJEHCIBHE YaCTHI]

" ® nonel, u napectroe MI']l onucanme He mpencrapigercs shpderTUBHNM. B
2THX 66macTAX IPHCYTCTBYET CHIbHOe oaekTpuvecsoe noae E(r), ycropsio-
1ee YacTRUH ¥ GopMupyoliee criennduyeckoe TedeHye, CaMOCOrIacoBaHnoe
¢ TeHepallHell TOKOBOrO Citof H 6oee HoBecTHOEe Kak Tevenue Cauta-laprepa
Torxas NpoCTPaHCTBEHHad CTPYRTYpPa TakMX TeYEHHH M TOKOBBIX CHCTEM B
6€CCTONKHOBETENbHOM IIasMe JO CHX HOp He sca JlIs IpOBefeHMA aia-
,IHTHY€CEOrO PAaCCMOTPEHHA MEI o6palllaeM BHMMaHHe Ha TO, YTC HENOCPej-
CTBEHHO B OBNACTH YCKOpEHHS dIeKTpHieckoe nome mpeobiagaer [E| > |B,
'9TO HO3BONAET PAasBHTh TEOPHIO BOOMYIIEHMH fus ypasHemui MaxcBemma u
ypasuenns Buacosa. IlogBuenne snexTpuyecxoro nons o6ycaoBIcHO MHAYKUH-
OHHEIMH 3¢ exTaMy IPH HECTAUMOHAPHBIX NpONECCaX, OFHAKO M ofpalaeM
BHUMaHHE Ha BaJ{aqfl CTAIlHOHAPHOTO EPECOENHERHA, Tfle OHO CBA3AHO C feH-
CTBMEM CTOPOHHEX MCTOYHEEOB 3apdjla B HyleBoM HpHOTHXEHMH B OTCYT-
CTBHE HCTOYHHEOB MAarHHTHBIX TIONeH pachpe[jeleHHe YacTHI, COOTBETCIBYET
HEOJ[HOPORHOMY pacHpefeNeHHIo YacTHI B 3alaHHOM OfHOpojHoM none Ko,
ABILIOIMMCE MapaMeTpPoM 3afjadl K ONpPEfeNdIolIAM AONONHHTENIbLHEH Mac-
WTa6 NPOCTPAaHCTBEHHON AHCNEPCHY TEa = 1/(—ikra), e kpa = igako/Tq,
a TakXe XapaXTepHLIH YaCTOTHHHK MACIUTal WEa = —ikpav¥a. Bosmyulexue
JYHERUMH pacupefeneHus HOJ BoafeHcTBHeM moumed Ei(r) u Bi(r), a smavur
BOOMYIICHHS IBMOKEHHS YacTHI U (r), BooMyulenns sapsya p1(r) 1 ToxK ji(r)
ONPEENFIOTCE HHTEIPRPOBAHEEM IO H3IBECTHOH TPAEKTOPYH YCKOPEHHOIO [{BH-
XeHES YaCTHIH B OJ(HOPOJHOM dnexTpuieckoM mone. Ilapamerpudeckoe Bo3-:
nelictsue mons Eg IPHBONHT K IlepeonpefeleH o 3K TPOMarEHTHHIX CBOHCTE
NIa3MB H NOSBACHUIO CBA3H SIEXTPOCTATHYECKHX MOJ C 21€XTPOMATHH THHIMY
3a CYeT y4eTa MarHHTHOrC Jpeida wactax. Meropamu Pypse-Jlanmac npe-
06pasOBaHEH NOXYYEHH CHCTEMH CBE3AHHKX IAHEHHWX HHTEIrPalbHHX ypas-
‘HeHMH [ ONMCAHHS CaMOCOTNacOBAHHOTO SIEKTPOMACHHTHOro noas. B mo-
K3JIBHOM DPHOILKEHHE PACCMOTPEHE! COGCTBEHHKE OIeXTPOMATHUTHEE MO/

cnabereonuopofHOR mirasMul {krga 9 1) Bo BHEIIHEM SNEXTPHYECKOM TIONeE.

3
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1. BBEJIEHUE

_ Ilpm paccMoTpesns MarsmTocQep IUTaHeT, a Taxxe KOPOHAJIBHEIX 06pa- "
soBangd Ha ConHme obpamaeTr Ha cebs BHAMaHHE IPHCYTCTBHe o6nactei .
TOKOHECYIIeH TIasMHBl, MeHSIOmeH UCXONHY CTPYKTYPY MAarHMTHOTO IONL I
dopmupyromux camy Marautocdepy. C camoro HaYana HCCHeOBAHMM JaH-
HBIX NPONeCCOB BEIETHINCH HeCTaHOHApHHEE BaNadd, KOrja NOsBIeHHE DIeK-
Tpudeckoro nont E o6ycnaBimBanocs BEYTPENHUMH PeTakCAlMONHEIME IIpQ-
IIeCCAMHM ¥ JWHAMVWKOH CHCTeMbl BO BPEMEHH, M CTAIHOHaPHEE BajadH, KOTLa
BIeKTPHYECKOe NONe B CHCTeMe BHIBRIBANOCH BO3JEMCTBHEM Ha Hee BEENIHHX
{axTOpOB ¥ CTOPOHHMX CHIJI, KOTa pabOTald UCTOYHHKY H CTOKY WIasMbl [1].
O6a Tuma B3afad BOBSRHKAIOT I'PH UCCIEROBaHUY MArHUTHOrO liepeCcOeliHe N,
CONPOBOXK/26MOTr0 KOHBEpCHei Mamn'moﬁ SHEPTHH B TENO, YCKOpEHHe Ya-
CTHI{ H TeHEepaIHIO BONH. - (

IIpu amanuse oGpamaeT Ha ce6f BHUMAHWE TOT (I)ax'r, YTO TOKOHECYyIas
IlacMa B PacCMATPUBAEMEIX CIyYafx KOpOHH (2] B MarHmTOC(epHl IBIfeTCE
paspexeHHOll H'ropgyed, BelMYMHA INTasMeHHOTO f B ﬁeﬁ HOCTAaTOYHO Be-
NKKa,. TAK YTO B TAaKOH NTa3Me YaCTO MOXEHO BHIIEIHTH HeBaMarHNYEHRHe
o6nacti, 61nskue no roHdurypanmms K X n O TOYKAM K HeRTpAIbHbIM IH-
HMSM MarHHTHOTO IOId, B KOTCPHX HMeIoT MecTO »OexkTH nepecoefuHeHns
U yckopenud JacTHI. M3-5a paspexeHHOCTH IIa3MH JIMHa CBO6OJHOrO Ipo-
fera 4aCTHI OKa3EBacTC MHOTO GOmbIell pasMepa HaGIIONaeMEIX CTPYKTYP,
4TO HO3BOTSET CIMTATH IITa3MYy 6ECCTONKHOBHTENBHOM, 2 BHICOKA TeMIepa-’
Typa onpefiergeT BHAYUTENbHbIe TEMIOBLE CKOPOCTH 9aCTHY IO CPAaBHEHHIO C'
HabmIogaeMbIMA cxopoc"mmi MaKpONBHXeHHi. B oTHX yCnOBHEX B IpOCTpaH-
crBe cKopocTel Ha (YHKIHH pacupejeleHus BBIIENFIOTCE [IBe IPYNNE YaCTHI,
(10-PasHOMY B3aMMOJNEHCTBYIOMNX ¢ HHIYKIHOHHEIM DIEKTPOMAarHNTHHIM IO-
fleM W SIeKTPOCTATHYECKHM LOTeM, CBIBAHHBIM ¢ PACcIpeieleHreM 3apajioB.
Opya 1pynna JacTHI B OCHOBHOM ajjHabaTHYeCKM OTCIEXHMBAET NOKAIBLHYI
CTDYKTYPY TIONeH, ODKCHIBaeMELIX HOTeHIHallaMd ¢ W A, gpyrad rpynna da-
CTHII, HaXOU4Ch B yCNOBUIX “pesoraHca”, ycxopsercs B JaHHOH CTPYKTYpe
wold, CO3aeT AONONHHUTENbHEIN BIEKTPHYECKHI TOK, YTO 06GyCIaBINBaLT CY-
WeCTBEHHNN BKNaj B HaMeHeuse nons. Taxoro popa o@dexTH KIf HX ca-
MOCOITaCOBaHHOTO ONMHcalHg TPe6yIOT, Kak HaHbonee HONHOIO H NOCIefoBa-
TeLbHOr0, KHHETHYECKOrO PACCMOTPEHUS BMECTO TPATHIHOHHO IPUMEHAMOTO
(eOMCHOIOTHYC CKOTO MarRRTOrHIpofuHaMateckoro (MTT) onucamns [3).

KureTuyeckoe onmucanme OpPONSCCOB — JOCTATOYHO CIOXKHAH JIPoO6iIeMa.
‘Jina ToxoHecyled MIa3MH OHO PABBATO NUIllh ANE CIAGOHENHHEHHHIX CHTY-
alMd ¥ QIL UPOCTEHIHX KoHQUrypauuil Thla HEHTPalbHOIO TOKOBOIO C1OL
[1]. PaccMoTperue ke BOPEIBHELX NIPOILIRGLOB B MarEKTOC(jepax SBeS] H Ina-
HeT TpebyeT aHaNN3a CHILHO HEMHHEHHBIX CHTYaIAH, KOTJja TOKH YCKOPSeMBIX
JaCTHI MOTYT OKa3aThCH CYISCTBEIHRIMA B CBOeM BIHSHUHM Ha oblee diek-
TPOMATHHTHOE IIOJe, 2 3HAYAT  Ha JUHAMHUKY TOKOHECYMIeH IIaSMBL.
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Hpyuenue cBoiicTB MIaBMH B 6€CCTONKHOBATENLEOM KMHETHIECXOM ITDH-
6NYKEHNN ONMpaeTCH Ha HBYYeHHE ABMKEHUS B2PLKeHTHIX YaCTHI IIasSME
B CaMOCOTJaCOBAHHOM DIEKTPOMArHATHOM JIONE, YTO BasKHO JNd ONpeNeIeHns
XapakTepUCTHICCKHX TPaEKTODPHIl, K, BOBMOKHO, JalbHCHIIEro yCpenHen d 1
TeM CaMHIM YIPOUICHHS- HCXONHHX ypabHedAHN. Bupy Taxax XapaxTepHCTEK
Hambolee DPOCT TOIUBKO B CIyYae HPOCTHIX KOHPHrypamuil 2IexTPOMarHAT-
HOTO ToN%6 M TONHKO B DTHX CIyYaaX CBONCTBA INIasMHE MOYYeHH B NMOTHOH
Mmepe. TakuMyu OpoOCTEHNIUMY CHTYAIUMP ABIETCH CBOGONHOE OBHXEeHHEe da-
CTHIH B OTCYTCTBHE NOei, ABIKeHUe B ONHOPOLHOM MOCTOSHHOM BO BpeMeHH

MarHUTHOM IONE M, PacCMaTPUBaeMHH B HauHO# paboTe, CIydai JBHKEHHS -

JaCTUL B ORHOPOIHOM MNOCTOIHHOM BO BpeMedH 3NeKTPHUYECKOM TOe. ,HJIX 6o-

jlee CIOXHABIX BIeKTPOMATHATHHX KOH(Urypanui Gonsuiad paboTa Ipojlerana

B 06IACTH MCCIENOBAHUS IBIKEHHT OTHENbHOM JaCTHIE B COOTBETCTBYIOIEM
(asoBOM LPOCTPAHCTBe, HO B TO K€ BpeMi HELOCTATOYHOE BEHMAHHE yHC-
NAIOCH CAMOCOTIIACOBANHOMY ONHCAHHMIO IIA3MLI U BIEKTPOMATHATHOTO MOJS.
B cBa3u ¢ 3THEM HeOGXOQNMO OTMETHTD, YTO OCHOBHOU TPYAHOCTBIO TEOPHH
HepeCcoeNHHEHNA IBIIeTCE TO, YTO DIEKTPOMArHUTHOE IOie 3HeCh HE MOKET
6HITH BapaHee BaJlaHo, OHO JIOIDKHO OIPENeNniTHCY M3 CAaMOCOTIaCOBAHHOTO De-
IIeHUS KHHEeTHYECKOTO ypaBHEHUS K ypaBHemMid Maxcsemna.

PaccMaTpusas B [aEHON paboTe gBIeHNE NEpeCOENHHEHAE, ME OTPaHMyH-
BaeMCH H3yUeHHeM y3KuX oOnacTed craboro MarHHTHOr'O OIS, B YAaCTHOCTH
B6mEoy X 1 O ToYek M HeHTPaNbHHIX IMHUH, e r € THo ¥ Apeiidosoe onu-
‘CaHHe JBHKEeHHE JACTUIE C BHPaKeHHLIM M'MpOBpaleineM HecrpaBeinuso. B
BTOM CIydyae JacTHUa IBISeTCHd HeBaMarHW4YeHHOH, U ee CBOGOHOE IBMXKEeHUE,
KOTOpO@ MOXeT OKa3aThCd YCKOPEHEIM B DIeKTPHIECKOM NofTe, “BosMylIaeTcs”
mop gedicTereM cwa Kymona m Jlopenua, 4To u cGycnaBiuBaeT oco6nle CBOU-
CTBa NIaB3MH B 9TOH 061aCTH, OTIMYHLE OT ee CBOMCTB B NpendoBoi obna-
CTH, EPH 9TOM DIEKTPOMAIHHTHEE d(PQPEKTH MOI'yT UI'PATh ONPENeILIOINyIo
POIb B JHHAMHKe H OIpeNeleHHH TOHKOM CTPYKTYpHI noned. Ecam yckoperrnoe
IBUKEHHE B DIEKTPHYIECKOM IIONe JHMIIb CIabo BosMywaetes, Bce pdeETH
HKOMKHE! ONACHBATHCA THHEeHROW Teopuwed. MccienoBaHme COGCTBEHHHX MO
TaKOH IUIaBMHEl SBISEeTCH HepBRIM IIarOM Ha NYTH MCCICHOBAHHMA HHAMHKA I
TOHKOH CTPYKTYPH IONed B OGIACTH MarHHTHOTO IepecoeUHerus [4, 5].

B nuEedHEIX Bajavax, rje HONPABKH K OBIKEHHIO JacTHI BHPaXaloTCE
Jepes BOBMYIIEHHS K XapaKTEPUCTHEE, 3aJaHHON ACXONHEIM BHEIUTHEM IOJeM;
CTyXallAM IapaMeTpPoOM B dajade, Hanbolee H3yYeHHHMH KaK Pad H OKasa-
NHCH CHTYAlN¥ HEe3aMArHMIEHHOM HIM ONHOPONHO HaMarHHYEHHOM ITasMEL.
]Ipn 9TOM BCE CBOMCTBa OHOPONHON MIIa3MH, T.€. HOBeenue Nolel cnabo Bos-
MY2IOMHX ABH>KeHIle YacTHI IO XapakTepUCTHKAM ONHCHBAIICH TEHBOPOM
IUDNeK TPHYECKOH NPOHKIAEMOCTH €;j. Korja TpaekTOpHM-XapakTepHCTHKH

ABIAIUCH NPAMEBIMHU JINHHAAMY B Hes’éMaanqunou 1as3Me, 3TOT TEHBO0p CTa-.

HOBHJCSE JHATOHATBHEIM C IPOTXOILHOM £ H [BYMA TONEPEIHHIME £; KOMIOHEH-
TaMH. B OIHOPOZHOM MATHUTHOM IOJEe MCXOJHAf TPaeK TOPUI-XapaKTePHCTH-
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Ka SBIFeTCH CHEPANBIO, 3 TEH30P TUOICKTPHISCKON IPOHUNAEMOCTH MORupu-

HEPYeTCE ¥ HMeeT yXe Bce KOMHOHEHTHL

IIMonex TPAYeCcKye CBOMCTBA MTa0MH, HOMEIIEHHOM B OfROPORHOe oeKTpH!
JecKoe Ione, ¢ yIeTOM YCKOPSIOMEero AeHCTBHE DTOrO IONA Ha YaCTHIH Tpe-
6YIOT CHeNHAILHOrO paccMoTpeHHs. Y sjech M MOXeM BHETHTH CTal{KoO-
HapHSIe Baj(aiH, B KOTOPHX STO BIEKTPHIECKOe IOe He MeHSeTCs M INasMa
HEOJHGPOJH2 BJIONb OIS, H HeCTaMOHAPHEE 3aJadH, B KOTOPEIX 9T0 IOIe Mo-
JXeT MEeHAThCE IO ONpefeNeHHOMY BPEMEHHOMY B3akOHY ¥ ITasMa BJOMb NMOIL
MOXEeT pacCMaTpABaThHCE ONHOPOUHOH. B ciyvae rapMOHMYECKMX BO BpeMeHH
K OJHOPOJHEIX B IPOCTPAHCTBE BNEKTPAYECKHX TOIeH, KOINa HeBO3MYTIeHHOe
IBIXXEeHHe YaCTALBLl PacCMaTPUBAETCI KakK TapMOHHYECKOe, UDNeKTPUIeCKUe
CBOMCTBA NNas3MH NpUBeleHH B Monorpadun [6]. Tam, B 9aCTHOCTH, NOKa3alo,
4TO KaK B B BaMarHMYeHHOH IiasMe CBOMCTBA TaKoll Cpelkl CTaHOBATCH alif3o-

TPONHHME ¥ Ha PadBHETHE [ONEPEeTHBIX KONeGaHNH OKasHBAIOT BIHIHUE NPO-
RONbHEIE HONE, UPH 9TOM MCCIeNOBaHME Kacaluch, B OCHOBHOM, lapaMeTpl-
9eCKOTC BOBJIeHCTBHS Ha BLICOKO$ACTOTHEIE MONH ITasMHl. Bnngume yckops-
IOHIErO 2NEKTPHIECKOro NONH Ha PadBHTHE KBABHCTAUMOHAPHEIX DIEKTPOMAr-
HMTHHIX ToNel, T.e. PasPHBHON MOIH “XONONHOT0” B TOHKOrG TOKOBOTO CIOi,)
paccMoTpeHo B pab6oTe [7]. B npucyTCTBAE CTaMOHAPHHIX HEOTHOPONHHIX
BIEKTPUYECKNX TONel MONKTKH yyeTa BO3JEHCTBUS Ha DIEKTPOCTATHYECKHe
MOJBI IIT23MBl YCKODEHHS YaCTHI[ NPHBCNeHE B MoKorpaduu [8], cymecTsyer
HaImpaBleHAe JesTeIbHOCTH O MCCIeOBAHHMIO YCTONIHBOCTH NBOMHEIX CIOEB

C y4eTOM TPONEeTHHIX H OTPaXEHHHIX NOTEHIHaIoM YacTul [9], ofHako, Bo3-
" 6yXKJeHHe DIeKTPOMAarHMTHBIX MOJ| B TaKoil cHCTeMe, IO-BHIUMOMY, €llie He
PacCMaTpHBAlIOCh. .

B panHON pabGoTe MH HHTepecyeMcs B IEPBYIO OYepelb npobnemoﬁ cTa-
IIHGHAPHOIO MAarEETHOTO TepeCOeWHEeHHS M HCCIeyeM CBOMCTBAa MEIKOMac-
mMTa6HEX (10 CPaBHEHUIO € MacIITaboM HeOZHOPORHOCTH Ia3MEI) BIIEKTPO-
MATHHTHBIX TIoNelf, BO36yXIacMEIX B IIasMe, HaXONgIuedcs BO BHEUIHEM DIeK-
TpHYECKOM IIOTe. '

2. OCHOBHBIE YPABHEHUA

B 0TCYTCTBHE MCTOYHHKOB H CTOKOB WacCTHI[, a TakKxkKe IBHKEHUH Hakara-
eMoe Ha MIasMy CTaIHOHapHOe BHelIHee dilexTpuieckoe noine By = —V&o(r)
BHOCHT 2HHSOTPOLHIO B CHCTEMY, OIPHBOLHT X NepepacipeleleHHIo BapLI0B
B OPOCTPAHCTBe M OOYCIaBTMBaeT BOSHAKHOBEHME IPOCTPRHCTBEHHOH Heoi:-
HOPOJHOCTH INIasMH. B 5TOM cilyyae paBHOBecHa§ (yHKOHS pacnpefelleHHd
CTaHOBHTCH OTTHTHOH OT ONHOPOJNHON MAKCBEIIOBCKOW M MMeeT BHJ, paclpe-
nenepns MakcBerna~-BonsnmMana:

3
e

Halr, V)] .
fao(r,v) Wﬁp{“—%})}, (1)
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MoV
e Ho(r,v) = ——+ ¢o Bo(r) — oHeprug wacTHUbL, Vo = (To/mé)? — Te-

wIoBag, CKopocTh, [ fao(r,v)dv = ng(r) — xonueHTpa,una\‘lac'rﬁn, a'=e;i. B

Ka4eCTBe NIPOCTeRuIerorciyYad.B JaTbHelIeM ME GyfieM PaccMaTpHBATH CHTY-
allMIo, KOT[ja BHEIIIHee BIeKTPHYecKoe oe IBIFETCS OJHOPOTHEIM B TPOCTPAH-
CTBe W TOCTOSHHHIM BO BpeMeHH: Eo = const, 4To B o6mieM Cly4yad peamu-
OyeTCH B OKPECTHOCTH HEKOTOPOH TOYK To Ha THHeHHOM y4dcTke mpoduis
notennuaia, rue $o(r) = $o(ro)—Eo-(r—1o). BoToil curyauun, HecMoTpS Ha,
Hai4Ke DIeKTPUYECKOTO IO, OCyIlecTBNgeTcs 6allaHC YCKOPEHHS M TOPMO-
" XeHHMS YACTHI[, 4TO U obeclednBaeT JaHHOE CTallMOHapHOe cocTogHMe. B Ta-
,KOM TIO/le B YCIOBUAX PaBHOBECHS YaCTHIB MOTYT HMeTh HBOTPOIHOE pacipe-
[ielleHHe TIO0 CKOPQCTAM, TOTfia KaK MX MPOCTPAHCTBEHHOE pacipelele e FBld-
eTCd HeO[HOPOAHHIM, HOCAUINM xapaKTep'aKcrmHeH‘uuaglbﬁbﬁ aT™Moc(epsl, U
MOXeT GHITh BEHIPAXXeHO B CIe[lyIoleM BIe:

na(r) = Nao CXP‘{&K%E)’} = Ngo exP(_i l'(Ear) ’ (2)

1
\

rie BekTop kpo = i(gaEo/T%) XapaKTepHuayeT HanpaBueHne I 'XapaxTep-

Hm‘f[ MacTab HeONHOPOQHOCTH IIA3MBl TEq =

. 3nech HEOBXONIMO |
Eo
BaMeTK‘I‘B, YTO NOCKOMBKY B KMHETHYeCKOil Teoplm IIa3MBI DTICKTPOMAT HIT-
HEIe TTONS OMICHBAIOTCS CAMOCOTIACOBAMIBIM 06pasoM ¢ IOMOWIBIO KIHETHYe-
CKOTO ypaBHeHHs M ypaBHeHuil Maxcpenma, To [jIf CyUIeCTBOBaHMS B IIa3Me
OJHOPOJJHOTQ ®IEKTPHYECKOr0o HONE HeOOXOOUMO OIpefelieHHOe pacipenele-

HHUe CTOPOHHeI‘O Bapdfa pext Takoe, 4yTo6Hl 06ecledYuTh BHIIONHEHHE ycinoBusg
pext + e [ foody =0. o

I
B naHnon pa6oTe MBI OTPAHNYNMCE PAMKAMIL IHHEHHOIO OIICAHUS TTOBele-

HUE 6eCCTONKHOBHTENBHON MIABMEI IPH HATHYHH BHEIIHETO BIeKTPHYECKOTOo
OIS, YITO MPEANoNaraeT craboe BOSMyIEH!e YCKOPEHHOTO IBIKEHUS YaCTH
ITa3MEI TONAMU [OMelljaeMbIX B Hee CTOPOHHHX HCTOTHHKOB.

_JIufieapusoBaHHOe KUHETHYECKOe yDaBHEHHe NI BO3MYIIeHHS (YHKIMI
" pacnipefieneHus fio B ClIyYae 6€CCTONKHOBHTENHHON INTadMBI B MPHCYTCTBHH
OJJHOPOJIHOTO IIOCTOXHHOIO BO BpeMeHH BHEILHEro anempnt{ecxoro nons Eg
uMeeT Bn;q

i
“

8 e (g, VB
v-V E V =—-— (B +—=1}V .o
(8t+ + o v) la ma( 1+ c ) vieo. *(3)
3pecs E;; By — BoSMymIeHus dneKTPUYeCKOTO M MAarHMTHOIO NOTH, a
fao(r,v?) — paBHOBecHas QyHKIUSL pacTpefeNeH s JaCTHI cOPTa & (CM. ().
YpaBHenue (3) pemraeM MeTOIOM UHTEIPHPOBAHUL [0 TPACKTOPHAM, H3IO0-
xennsM B [10]. Tlomyvyaemoe B pesynbTaTe pelenye N BosMymemts QyHk-

B. M. I’y6ﬁeu\na, M. JI. Xodauenxo ) ,137



1996 Hsze. BY 306 PAOHODPHIHKA Tom XXXIX X 2

YU pacnpefeneHnd 3alMChIBaeTCd ClIefYIOLIUM Oﬁpa{}OM: !
t
g
fa(r,v,t) = —i‘— / dt' By (r', ') - Vi fao(r', V') . (4)
[23 .
— o0

Onextpuieckoe noie E; mMeer B ofuieM ciyyae BUXPEBYIO M IOTEHIU-
albHYI0 KOMIIOHEHTY, CBABAHHBIE COOTBETCTBEHHO C HM3MEHEHUEM BO BPEeMeHI!
MArHUTHOTO IOd THG0 C BOBMYUIEHHEM 3apANOB.

Bosmymennoe MaranTHoe none By me Bxonut B (4) B CHIIYy HBOTDOIHOTO
XapaKTepa HCXOJHOTO PaBHOBECHOrO DAaCIpefeleHHs YacTHIl MO CKOPOCTHM
(Vv fao || v). Kpome Toro, npn Hamucanuu (4) MBI IOTATAIN PABHEIMU HYIIO
HaganpHble (1pu t' = —o0o) BooMymlenus QYHKIUM pacupenenenus. Bxops-
1Me B MOJBIHTErpalbHoe BhIpaxkenue B (4) Bemudnssl r' u v’ onpegensiorcs
yPaBHEHUAMH XapaKTepHCTHK, ONUCHIBRIOLIMMH PaBHOYCKOPEHHOe [BIKEeHHe
9acTHL IIA3Mbl O]} fleiiCTBUEM BHEIIHero SIeKTPHYeCKOro IoNd:

'

r_ 9o Eo ’
,v—v+———ma (t/ t), (5)
' P r 9o Eo I 4\2
r'=r+v(t t)+————2m (t'—t)*. (6)

(o3
Crosiumit o unTerpanoM B (4) Vs foo MOXKeT GBITH IPENCTABIEH Yepes
MPOMB3BONHYIO QYHKIUN pacupenencHus fno 110 SHEPIUIH:

’ " Ofao ,0Hs  Ofao _,
Vv'faof oH, : v —‘maaHa V. (7)

IIpu TOM, IIOCKONBKY CTalMOHapHas (YHKIHS pacupeneneHus fyo IO OIpene-
IEHHIO HE.3aBHCHT OT BpeMeHH M HONHasg BHApTUs YyacTHl H, ecTh NOCTOSHHAL

O fa0
5_—Hg~ TaKXe gBligercd HHTerpajloM IBHXKEHNd Ir[/,
o

CIIelOBATEIbHO, MOXKET OBITH BhIHeceHa B (4) us-1oj BHaKa MHTerpaza. Y4H-
THIBad 9TO OGCTOLTEIBCTBO M KOHKPETHBIH BU PABHOBECHON QyHKIUK pacipe-
nenenHus fuo (cM. (1)), nocie mogcranosku (7) B (4) 1 BoinonHenud B (4), (5) u
(6) vaMensl nepemeHHNX: T = t' — ¢, peluenue ypapuenud (3) nmpencraBaseTcs
CrenylowuM obpasoM:

BeIIMYHHa, TO U IIPOU3BOIHALA

) . 0
falr,v,t) = %ﬁfao(r,v"’) / drE (v, 7 +t) - v/(v,7). (8)

IIpepcTaBnM BO3MYLIEHHOE BIEKTPHYECKOe MOjle B BHMle HHTEIPaloB OT MX
dypre-Jlamiac—o6pasos [10]
A >

! po+ico

o d ' _ .
neo-[o [ e enmn o

Ppo—ico
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\

1

. HETerpupoBanye TPOHCXOET IO BCeMy NpocTpaHcTBy k, BKIMOYas Kak
mpogonnEre (k) 1o oTrOmeRMO X nomo Eo B HaTpapIe N HeONHOPORHOCTH, |
Tak B nonepednkie (k, ) BHaYeHUs BOAHOBOTO BeKTOpa. Takod momxop yRaercs
HOCIEI0BATEIHHO PABBATD, 6Iarolaps JOCTATOYHO IPOCTOMY BHAY HCXOZHOTO
pacupefencEHd IITasMH. ‘

' Hlopcranosxroit (9) B (8) C HOCTeyOIHM YIeTOM (OPMH TPaeXTOPHH
r'(x,v,7) (cM. (6))  cMeHO¥ MOPENKa HHTErPHPOBAHAS BHPAKEHHE [/if BOO-
MymeHHS (DyHKIAN pacHpefieleHBs BhIpaxkcaeTcs depes Jlamnac—o6pas

Ppo-Hico d -
flr)= [ g e alep), | (10)

Po—ic0

XOTOPHM EMeeT CHeNyIOHH BHX:

o Q.
fa(r;P) = %ﬁfao(r’ vz} /\ dk e'¥* f dar V’(V,T)Ek(k',p) elptikv)r o

Xexp{' 72} . (11)

HosgBnenwe 1o 6aBOYHOr0 SKIOHEHOHATHHOIO MHOXHTENS CRI3aHO C YCKOPS-
OIHM JeHCTBHEM DIeKTPHYECKOTrO HOIE H3 YACTHIHL.

Hcooneays (11) onpenennym nannac-o6pasH BOSMYILIEHHS TOKa M 3apiia B
. ITanMe C BHEITHWM bIEKTPHYECKUM HoleM. IIpH bTOM ydTeM ompejesnseMEli
xapaxrepucruramu (5) uj Qysxnmn v'(v,T) H BHIONHHM B IEpBYIO OYepelb
HHTErpHpPOBaHMe IO IMPOCTPAHCTBY CKOPOCTEH:

i) =g [vhadv=

= Z / dk eikr {Ek . Ala(k,p, 1’) - k(Ek “Ea) ° Aza(k,P,f)} ) (12)

AEp)=) ga f Jfadv =
=3 / ake*‘hi(Ek-fca) [0 Ka) - Aaalic, %) =~ drallc,p,8)] - (13)

Koac,’p(bnnnen'rm Am(k, pr),n=1,238 (I)opmyna.x (12), (13) mmeioT cne-
RyDImi BUN

Aol p,x) = 2220 /dr { F-Ro)r - = ”;j“mea), (19)
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pa()

Aza(k,P,l’)— ”a/d'r T pr{—-——(k ka)r "PT}

w(’)l(k K™ [Ta(e) +E2(1- J+(£a))] - (15

onecn wZo(r) = PN g () = iR B ww(6a/VE) — pyucms, B

paxatomagce depe3 Pynxnuo Kpamma -w(z):exp{—z2 (1 + -j—; / exptzdt)} ,
‘ 0

tp

_ . dvar-
VTa(k . ka)1/2 YEE

KOTOpas XOPOWIO HBYYeHa ¥ MPOTabyTHPOBaHa, fo =

g J4(€x) EMeeT crenyomue aCEMITOTHKN:

Tl M 14 o + e — iy 7260 B2
& fa

(mpa o] > 1, |Re éa| > [S),

Ti{€a) ™ —ivV2r Eae™/? (mpm €] > 1, "[Re fal < [Sal, SEa < 0)(16)
’ \
Te(€a) m —in/7/%a (up [Gal < 1). (17)
Kpowme Toro, B (12), (13), (14) u (15) Mut BRenn XOMOWHAUNOHHEN BEKTOP

ke = k- i22Eg = k — kg, (18)
Ta
xo'ropmn BXO[NHET B yKasaHHHe BHpaxeHHs B Bujie kombumammm (k - k,) =

=k - T (k- ﬁo) 910 OOH2YaeT, TTO OTKINE NAOMH CHILHO MEHZETCH B

BABHCEMOCTH OT BEIHYHHH BekTopa k H ero OpEeHTANEY IO OTHOMEHNIO K Ha-
Ipasnenyio HeOJHOPOJHOCTH, XapakTeprayeMoll HanpasnenreM BekTopa Kgq.

B 8aBHCHMOCTH OT BeTHYEHH H HANPABICHHAL BekTOpa k 110 OTHOmeHHO K
BekTOpY. kg, ME BHjenseM paJ IpefelbHHX CIyYaeB, HPEICTABISIONNX HH-
repec. Cnydsaii MenxoMacTabHEX BosMymeRmit ¢ ky >> |kgol, T.e.
kyrgs << 1, mam cuydai JOCTaTOYHO CI26OTO BHENIHETO NONH, B PaMKax
KOTOPOro-yjaeTcs BHPalHTh HUCHEPCHOHHEE CBOMCTBa CPEJIEl 9epes HoBeCT-
HEle CBOHMCTBa OJHOPONHOR HPOTpPONHOY mnaoMH. CioydYall KpymHOMACIITab-
HEX BOSMYINEHHH k"rga << 1 ®mI¥ caydail CHIGHOTO BHENIEEro mond. Pe-
BOHAHCHWH CITy9Yadl, KOTjja BOSMYMICHNS COMSMEPEMH C MacmTabaMH Heoj-
' HOPOGHOCTH IIABME! Ic”rEa =1 (ka 0) ¥ mMeeT MeCTO CHIBHOE OTTHIHE
CBOMCTB HeONHOPONHOH IINAnMH OT CBOKCTB H3OTPONHOH INIasMH. B caydae
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Xe, EOrfla BOIH2 pacopocTpanseTcd nmomepex mous Ep (k L Eo), aHao-
r'uYHOe NPHBEJEHHOMY BHIe feNeHEe Ha CHTYalRH clTaboro, CHILHOTO IONs X
PesOHaHCHHN IKWIIEHO cMHcHa, Tak kak (k- k,) = k?, B nonygaemuie ¢ yteToM
aTOro paBencTBa uo (12) u (13) Bhipaxenus Auf BOSMYIIEHHS INOTEOCTH TOK2
¥ DapsNa OKAOKBAIOTCS CHPABENTHBH IPK TOSGHX COOTHOMEHUIX MEXLY TE H

A~ T rne k = k3. BosMoxHO TaKKe paccuo'rpenne PabIE'{HEX TaCTOTHEX
HHTEPBANOB: W << WEqy, W = wga, W >> WEe, THE wa= —ip. I[on06nax Emac-’
cudukanus aHAJIOTHYHA PACCMATPHBAEMOM IPH MCCNeJOBAHHK nna.ne'rapnmx
aT™Mocdhep, HAXONTIIUXCE HOJ BOBHEACTBHEM HONE CHIILI TIXKECTH:

Tloncrasngs (12) n (13) B ypasmemns Makcsenna, yauTrpas (18) u ompe-
Hengs SIeXTPOMAarEETHOE IOl ¢ NOMOMBIO CKAILIPHOTO H BEKTOPHOTO NOTEH-
wnanon: By(k,p) = ik Axlle,p)l Bulk,p) = ~ikpulk, ) - S Axlle,p), —
MHl TONyTUM ypaBHEHHSE, KOTOpHe, GyfyyH AOIONHEHH yCIOBHEM XaTHGPOBKE
kAy = 0, onpenensioT pleK TPOMArHATHEIE NONL, BO36YXaeMbe CTOPOHEMMHE
HCTOYHHKaMH B NZIa3Me C-BHELIHUM OJHOPONHHEIM BICKTPHYICCKHM IOIEM:

fdke"kr {Ak (k2 + ( ) ) +k (tpk =€ +2( )zikgz)} = 41-.( »P),
- (19)

/ dk 5T {(ﬁk [kzél ﬂt%?—] Akaarel} = 4xp,(r,p). (20)

B (19) = (20) MuI, yYATHBag BHENIHEE CXOICTDO COOTBETCTBYIONIX BHpa-
XEeHHH ¢ 3BeCTHHMHA BHPaXXeHHIMH JIf IPOROIBHOH M NONEPeYHOH AHOIEK-
TPHYeCKHX MPOHNIAEMOCTel OHOPONHOR H3OTPONHOM IVIABMEI, BBEIH CIELy-
omyue 0603Ha9eHHL:

2 (T)
5l(k)P7r) 1 + Z Ala - (k ka)AZa 1+ Z "ﬂm (1 - J+(£a)) 9
(21)
£k, pyr) =14 2= ZAR; =1+ Z e )J+(ga) (22)

BamMeTHM, YTO B o'rcy'rc'rnne BHEIIHETO dIeKTPHIECKOro NOMd Bupa.xcenm
(21) = (22) nepexojiT B E3BeCTHHE BHIPaXKeHHT L ei(k,p) n g4(k,p) on-
HOPOJHOM M3OTPONHOR INIaBMH. '

Ypasuerue (20), omucHBampomee Bo36yXeHyKe dDICKTPOMArHHETHOIO HNONL
B CIydYae, XKOrfa MCTOYHAK NPeACTaBIZeTCS B BUJe CTOPOHHEIO 3apsfa, He
fBIFeTCS He BABHCEMEIM' NO oTHoweHwIo X (19) m MoxeT GHTH NONYYeHO
H3 TIOCIENHEro ¢ ncno:maona,nnem BaKOHa COXPAHEHHS BapAfid AIL HCTOYHMEY
Phs + dWJ. =10
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Ho suga ypasmemmit (19)  (20) cnemyer, 4To B obmeM CyJae BEXpe-
BOE H NOTeRNHAIbHOE BICKTPOMArENTHEIE IIOTE, BOBGYX/laeMble CTOPOHHEMHU
HCTOYHWKAMW B IIasMe ¢ BHENIHAM DNEKTPUIECKAM NONeM, SBIFIOTCE B3AUMO-
€BISAHHEIME ¥ BOosOyXeHne OHOTO THIA BOIH BledeT Ba coGOH TeHepauuio
Mo fpyroro THma. Ilopo6Hoe BoamMOjelCTBHe NOTEHNHAIBHOrO H BHXpe-
BOT'O BIEKTPOMATHETHEIX JIOTell MPORCXOUT ¥8-0a HAIAYAS B IadMe C BHeM-
M By npend:a, sapmKeHHEX vacTH Vg, o« [Ep + B;], posnukaromero npn
PACHPOCTPaHCHHE B HEH HIeKTPOMArHETHHIX BOSMYIIEHHI I MPOIBILONIerocs
yXe B IepBoM m)psmxe TEOPHH BOSMYIIEHNN 1O MalEIM 1531 nB;. .

IIHCIIEPCKOHHBIE CBOHCTBA CJIABO HEOIIHOPO,I[HOI/I
* IIJIABMBI

/

PaccMoTpuM cnydad MenKoMacOITabHEXX BO3MYIIEHUHA C IPOMSBONLHOK
B3aMMHOH opHeETamued BexTopoB Ep u k. BunmomumM pasnoxenue mOQREH-
Terpmmx (byuxlmi B (19) u (20) B psEn O CTemeHEM MaNOro HapaMeTpa
———(k - Bg) = ——=—, OrpandYABagch B PadIOKEHHH CIaracMbIMH NepBOH

sza
CTelleHH [0 BTOMY napa.me'rpy. ManocTsb yxasaHHOrO TapaMeTpa PasNoXeRns

2
k
IpPeNNONaraeT CIPaBeliIHBOCTD Hega.nencmna TEak|. (—f—) + 1} > 1, xoTo-
. ’ i : .

PpOe yNIOBlleTBOPAETCH IPH YCIOBHH JOCTaTOTHO craboro nong (kyrge > 1). B
PeayIbTaTe yPaBHEHHS JId BOBOYKIaEMEIX CTOPOHHMMH MCTOYHMKAMH OIIeK-
TPOMarHATHBIX TIONeH MK MOXeM BaIHcaTh CIe[yONMM 06pasoM

2\’ p\’i d¢e?
2 o_ (£} 2 g -t
/dke {Akk [1+( k) g (ck) 2d1v(ak)}+

8 i (p\2: O 4r ‘
+k (‘Pk‘zg [51 - _dl (ai:)] - fi (%) A.kg(S? - 52'))} =—g'J:(r7P)a(23)

s

, .

T de i 30
ikr )} - 1,2 _ & vy _ - B I N
[ o - 0n (5E) - (- 5
< . O L,
-£ (Ak ' "é'rl") } = 4wp,(r,p) - (24)

Bseeniennznie 8 (23) B (24) £d(r,p,k), £)(r,p,k) HMe0T cMBICH TOKATBHBIX
onepeTHOH K NPOJONbHOH JJHONeX TPUIeCKHX HpoHunaemocTeil. Mx pup onpe-
nengerce opmynamu (21) 7 (22), B KOTOPHIX MONaPaeTCE ko = k. Buecp Heq6-
XO[EMO DaMETHTE, 1TO ypaBReRud (23)# (24) sBnsooTcs Gonee o6z Bapu-
AHTOM YPaBHeHHIH, ONECHBAIOINX Bo36YKNICHEe DIeKTPOMATHHTHEIX NOTeH B
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cTa60ReOHOPONHOM ITanMe ¢ BHENIHAM DK TPHIECKHM TONeM, BCCIelyeMEIX
B 8], RoTopHIe 65 TONyYeHN 18 cIydag By ~ —Ve.

Ilns Gonee peTaNBHOTO MBY4eHHE OcoGeHHOCTel BO3OYXKAEHHE BIEKTPO-
MarHATHHIX NO7elf B TIasMe C BHEIIHWM DIeKTPHIECKHM IOoneM PaCcCMOTPEM |
B IOKalbHOM NPHOIMKEHHH JUCIEPCHOHHHE CBOMCTBa Takoid mnasmul. Ilpx
DTOM, /L ONPefleIleHHOCTH, CHCTEMY NPOCTPAHCTBERHHX KOOPAHHEAT BHbepeM
TakHM o6pasioM, ITOGH BHemHEee Tione Eg 6LII0 HalpaBieHo BAOIL OCH 2. Pa-
60Ta B TOKAIBLHOM NPHONKEHNE 03HAYaLT, YTO MH, IO CYMECTRY, HCCIENyeM
TACIEPCHONERE CROHCTBA CHCTEMH, ONUCHIBaEMOH BEKTOPHEIM YPaBHEHHEM

Akt k (621 + 42 T) =0, (25)
N

KOTOpOe EBIgeTés nonun'rerpa.ubnou Qyuxuuei B (19). B (25) Mu BBenu
o60o3Ha4eHns:

en ot b ()
) Dl(z’p:k)"‘el T 9 div (ak) s ‘(26)
2 2
= i . [0
Dt(z:p’k) =1+ (zpik‘) E‘t) - ('c}ik) E div ('é‘lf) ’ (27)
T.k*- P 0,0 o _4r -1 40 28
(Z,p, )"" 'Tc_k-z‘ a(el _6t') = TZrEa 2a* ( )

a

KoapQuument A (z,k,p) B (28) anpenenserci Popmynoi (15), rue monara-
ercs k, = k. ‘

IucnepcuonHOe ypaBHeHHe, oUpefelndioliee YCIOBHE CYIMIECTBOBAHUA He-
TPHBUAIBHHX PelleNHH y ypaBHeHud (25), BHIILFHT CleqyomuM o6pasoM:

DiD;=0. (29)

Taknum o6pasoM, MORO6HO -TOMY, Kak H B CIy4ae OJHOPOJHOH HBOTPOI-
HOH IUTaBMH, B C1a60 HEOHOPOAHOH MasMe C BHEIIHUM BIeKTPHYECKHM IIO-
MeM B JOKAILHOM NPHONMKEHHH TaK Xe YOaeTCE BHAETUTH [Ba OCHOBHHIX
THIA CO6CTBEHHRIX KONeGaHMui, ONMCHBAEMEX COOTBETCTBEHHO YPABHEHAAMH
Dy(z,p,k) = 0 & Dy(z,p,k) = 0. Ho npu aroM, xak GyfieT moxanaHO HHXe,
pasjieleHne COGCTBEHHRIX MOJl Ha YHCTO NOTEHIHANbHEE H BAXPEeBHe anex'rpo-
MAarHATHHE IONL, TOR06HO TOMY, KaK 5TO IPOHCXOQHT B OGHOPOJHOM IIanMe,
B JaHHOM CHTYAUHH OKa3HBaeTCH NAJEKO He BCETJa BOBMOXHEIM. (

Ilpexpe, 4eM MPECTYNaTh XK PaCcCMOTPEHHI OCOGEHHOCTeH WOIYJaeMBIX
COGCTBEHHEIX MOJl, 3aMETHM, YTO B CyYae OPOJOILHOrO MO OTHOWICHHIO K
BHemHeMy nomio Egp pacnpodTpaEeHHS BonEH k || Boy k = k.2zo, curyanix
YIPOMIaeTCs, NOCKONBKY H3 YCIOBUS xanu6ponxn Kynoxna, (Ak k) 0 Mul 1o-
nygaem Ag, = 0. Us (25) c ydeTom A = 0 cnenyer, 970 BIIeK TPOMAarHATHBIE
nons ¢ k || Eg, BosbyxjjaeMble B pacCMaTPHBaeMOH MiIasMe, HOCST TH60 IHCTO
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norennwansENH (P F# 0, Ak = 0), mubo qucTo anpqnofi (Ax #0, @ =0)
XapakTep.

Ons MO, 'OmpejlengemMoli ycloBUeM Dz(z, k)= 0, ypaBHeHue (25) npH-
oﬁpe'rae'r BEY: '

AkL2D¢+kA;,, -T'=0. (30)

B crny BeoGxogEMOCTH gus Bex'rbpnorono'rennnana YROBIETBOPATH KallH-
6posxe Kynona, us ypasuenus (30) cnenyer, 4TO NPORONBHASL IO OTHOUICHHIO
K BHemHeMy T0MIG By KOMIONEHT?2 BEKTOPHOrO HOTEHNNANA A, NOMKHA paB-
HATHCE Hymo. B oToM cydae mpu ycnosuu, ¥to Dy(z,p,k) # 0, uMH, cormacko
(25)  (30), EMeeM peno ¢ YHCTO NOTEHUHATHHLIM DIIEKTPOMATHHTHBIM TONeM,
ONHCHBAaEMEIM CKANEPHNM HOTeHuZanoM @, (Ayx = 0). Bos6yxnenue Ta-
KOT'O POfia BIEKTPOCTATHYECKHX KoneO6anui Kak pas ¥ PaccMaTpuBalioch B [8].

Topaspo Gonbmni HHETEpeC, C TOYKHE 3PeHUT TEOPHH MArHMTHOIO Iepeco-
eNUHEeHAd ¥ TOKOBHIX CIO€B, IpelCcTaBifeT MOJa, ONHChIBaeMas ypaBHEHHEM
Dy(z,p,k) = - 0. g oroit Monsl w2 ypaBreHus (25) cueiyer cBISh MeXAy Ha-
NpaBIeHHOH BIOTH BHEITHEro NOTS Eo XOMIIOHEHTOH BEKTOPHOTO noTenuHANa
Ap, 1 cxaxmpm:m NOTEHUHATIOM P

Doy

Akz=“ T

(31)
Jlannag cBEBH OBHAY2eT, YTO B PACCMATPHUBAEMCH MOjle TIOTeHIHAIbHAL H
BHXpeBas COCTABILIOUIYeE HIEKTPOMATHATHOTO MM ABIIOTCE BBARMOBABHCH-
MBIMH H BO36YXal0TCE CTOPOHHUM HCTOYHAKOM OjfHoBpeMenso. To ec1s Boa-
6yKHeHHe CTODOHHHM TOKOM MarHETHEOTO IIONg, B PaMKaX PacCMaTpUBaeMOH
MOQHl, CONPOBOXAAETCH TakXKe BO3OyXK[leHileM DIeKTPOCTATHYeCKOro Noid, 1
Ha060pPOT, CTOPORHRH Baps] B IIa3Me C BECIIHUM HIeKTPHIeCKUM TIOTeM OKa-
BHIBa£TCE cnocobeH BoabyXgaTh AAPAAY C DIEKTPOCTATHYECKHM eIe M Mar-
HETHOE YOJe. OTO CBHAETENbCTBYET O HANMYHH B CHCTeMe Cuenu(PuIeckon
NOTeRNHATHHO-BAXPEROH BIEKTPOMATHETHOM MOIEL, I1f KOTOPO XapakTepHO
COBMECTHOE CYIleCTBOBAHUe IOTEHIHAIbHOTO SIeKTPHYECKOrO i TONepeTHoro
TO OTHOMIEHHIO K BHRITHEMY nomo Eo MarzuTHOTO noneii: ATa Mofa HMeeT,
NO-BE[MMOMY, UPHENENHAILHOE SHAYCHHE JULf TEOPHH TOKOBHIX CIIO€B H Mar-
HATHOTO NepeCcOoefNHe R, Tak KaX BCTPeYaOM¥uecs B YKadaHHKX CHTYAmHIX
DNEeKTPOMarHMTHHE CTPYKTYPH BeChbMa IOXOXKH Ha CTPYKTYPY HONY B JaHHOM
MOJie B MOTYT PaCCMAaTPFBaThCE Kak cBOeo6pasHLle (POPMH ee IPOIBIEHHAA.
Heoﬁxo;muo BaMeTHTH, OJHAKO, YTO B JaCTHOM Clydae, Xorga Ag. = 0,
MBI TIONYydaeM B paMxax paccMaTpHBaeMOM MOKH! (Dt(z, p,k) = 0) YHCTO
anpenoe none (@ = 0), omHchBaeMoe BEKTOPHHM IOTEHIHAIOM Ay .
Eime ogHOH HETepecHON 0cO6EHHOCTHIO PAcCMATPIBACMON CHCTEMH ZBILE-
ercd TO 06CTOITENBCTBO, YT0 B HeH OKaBHBASTCE BOBMOXKHEIM CYH[ECTBOBa-
HHe CBOEro pojja CHETeTHIECKOM CMeNaHHOH DIeKTPOMATHNTHOM MOJH, ONH-
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CHIBaeMOH CHCTeMON:

El(z’p’k) = 0 ’
] (32)
Dy(z,p,k) = 0.

Ilone B »TOM MOfe MMeeT B o6mIeM CiydYae NOTEHIHATLHYIO M BHXPEBYIO
COCTaBIAIONAE ¥ ONHCHIBAETCH BEKTOPHLIM fik,,,/iky #£0, Ap: = 0 u cxa
NIEPHEIM @) NoTeHuuaitamu. I[pocTpaHcTBeHHO-BpeMeHHbIE XapaKTePHCTHKH
9TOH MOIH OIpeNeNdIoTCS KOHKpeTHHMH 3Hadennsmu {p,k};, xoTopue gBung-,
JOTCH PEHIeHUSIMH CHCTeMH (32) B cliydae, eCIH TakOoBOe CymeCcTBYeT.

4. SAKJIIOYJEHNE

P v

\

B sakmoveHMe ClieTaeM HECKONBKO B3aMeYaHMH OTHOCHTEILHO IpHMeHe-
HHf K JalbHeHllero PasBUTHE IONYIEeHHBIX pe3ylbTaToB. Ilpexpe Bcero,
IpOBeTieHHOE BBILIE MCCIEGOBaHUe CBOMCTB INTasME BO BHEUIHEM dIEKTpHde-
CKOM IIOJIe #BJIfeTCSH TONHITKOH Pa3BUTH METOJ CaMOCOITACOBAHHOT'O OMMCA:
HMS IIasMB B 06nacTdx, e 9ICKTpHYecKoe Iole mpeobrafaeT MO OTHO-
IIeHHI0 K MarHETHOMY. B 4YacTHOCTH, Nojo6HAS CHTyallus HMeeT MeCTO B
okpectHocTH X —, O-—ToYeX M HeHTpalbHHX JMHHE MarHNTHOTO TONE, H,
CHeOBATENbHO, IPefCTaBIgeT HHTEpeC 1S TeOPHH TOKOBBIX CIOEB ¥ MATHHT-’
HOTO IepecoennHenns. [IpeinokeHHHH MeTOX HOBBONZET PABBHTH CaMOCO-
I'TacOBAHHOE ONMCAHHEe NBIKEHHH IIaOMBl ¥ TeHEPAIMH BIeKTPOMArHITHOTO
IOoNg B CHTYaIUEX, KOTfla YaCTHIEl HAaXONATCH ION BOBJEHCTBMEM YCKORSIO-
Wero BIeXKTPHYECKOro Iomg. IlokasaHo, YTO TeHepalHd BIeKTPOMATHHTHHIX
nonel B NTasMe, HaXOMAIIEHCH BO BHEUIHEM DIEKTPHYECKOM Iole, obnagaeT
PEOM OcOOeHHOCTeHl U OTIMYaeTCH OT AHAIOTHMYHKEIX CUTYAINH B ORHOPOJi-
HOHM, HBOTPOMHOM UIN BaMarHWYeHHOH InasMe. BHeusue HCTOYHHKM BO3OY-
K[AOT B TakoM IIasMe OJHOBPEMERHO BHXPEBYIO H HOTEHIKATbHYI) KOMIO-
HEHTH JIeKTPOMATHUTHOTO HONf, M B HEKOTOPHIX YaCTHHIX Cay4YasxXx Boaby-
XKJaCMBEIe CTOPOHHUMM HUCTOYHMKAMH IIONE MOTYT MMEThb CTPYKTYpy, l0go6-
HYIO CTPYKTYpPe DIeKTPOMAarHMTHOrO 11014, TeHEPUPYEMOro B Ipollecce Mar-
HETHOTO IepecoefuHeHnd. [[1g MONemHpOBAHUS MTasMEl & OKPECTHOCTH Mar-
HATHOH! X —TOYKH HEO6XONMMO B3ATh B Kd4eCTBE (TOPOHHETO HCTOTHHER TOK,
IapalenbFhi BHelllHeMy monio Eg ¥ coBlalowni B 3aKyyMe MarHETHOE IIOTe
X —rouxn. [lns MopennpoBaHWi TOKOBOTO CIOS HEOOXOJUMO pacCMaTpUBaTh
B Ka4ecTBe MCIGYHMKA CfOPOHHMM 3apsjl, COBNAIOILEH'B BaKyyMe dNeKTpH-
Yeckoe IoMe, MapamlenbHoe NMomio Bo HakoHelN, paccMaTpHBaeMHIH B JaH-
Holt paboTe clIydait C1a6OHEOIHOPONHOIN MIa3MEl OKanHBaeTcs DOHGHEK THBHEIM
Ipy paGoTe ¢ HeCTAMMOHAPHBIMH CTOPOHHMMY MCTOYHMKAMM, TOTHA KaK pac-
CMOTpPEHWe CTAMOHAPHBLIX HCTOYHMKOB JiIf ONMCAHHS IIPOLECCOB, IOPOGHEIX
CTaIMOHAPHOMY MaTHUTHOMY Ile€pecOefHHEeHHIO, HeOOXONHMO PacCMaTPUBaTh
peaoHaHCHH cnyyait k = kg, B 06mux ypasrennax (19) un (20).

B. M. I'y6uenxo, M. JI. Xodauenxo 145



1996 H38. BY306 PATHODPH3HKA Tom XXXIX N 2

'

. /
M. 1. XogayeHko 6GnarogapurT B8a MOQNEPXKKY 9TOH paboTh Poccmitckui
Poug Pyrpnamentansbanx Accnegosanuit (rpart No. 93-02-3008). B. M. Ty6-
' 9erKo SnarogapuT Bprranckoe Koponesckoe O6méctea (rpant No 638072.P),
HOxnoesponeiickyio O6cepparopunio (rpanT No A-01-080) u Porp KaTonude-
CKOTC YHUBEpPCHTeTa T.JleyBeH 3a QUHAHCOBYIO MOJAEPXKKY.

t
’

JIUTEPATYPA

1. Galeev A.A. // In: Basic Plasma Physic II. /Ed. by A. A. Galeev, et al.
Chapter 6.2. — Amsterdam: North Holland Phys. Publ., 1984. P. 305
. Feldman U. // Phys. Plasmas, 1994. V.1. N 5. P.1390.
. Priest E.R. // Rep. Prog. Phys., 1985. V.48. P.955.
'4. Moses R.W., Finn J.J.M., and Ling K.-M. Plasma Heating by colli-
* sionless Magnetic Recconectlon Analysis and Computatxon // Journ.
Geophys. Res., 1990. .
5. Burkhart G.R., Drake J.F., and Chen J. // Journ. Geophys. Res., 1990.
V.95 Al11. P.18,833.
6. Cuaun B.II. IlapaMeTpudyeckoe BO3[eiCTBHE MOIIHOTO HBIYyYeHHS Ha
mnasMy. — Mocksa: Hayxka, 1973. |
7. Bynanos C.B. //Tpyngxt ®UAH, 1974. N 74..C.88.
8. Muxaitnonckuii A. B. Teopus nmasMenuEx Heycroiuusocrei. 2. Heycroii-
YHBOCTH HEOJHOPONHOI mIasMel. — Mocksa: ATomusaar, 1977.
9. Bonoxurtur A.C. 1 Kpacuocensckux B.B. [lBoiinnie ciou B miasme. —
Mocksa: BUHUTH, 1988.
10. Krall N. A. and Trivelpiece A.V. Principeles of Plasma Physics. — New
York: McGraw-Hill, 1972. '

[Z-30 ]

MNHCcTHTYT MpURIAHON PUBKMKH IlocTynuna B pegaknuio
PAH, r.H. Hoeropog 17 wons 1995 r.

i

ON THE ELECTROMAGNETIC PROPERTIES OF HOT COLLISIONLESS
PLASMA IN THE REGIONS OF MAGNETIC RECONNECTION

V. M. Gubchenko, M. L. Khodachenko

Magnétic reconnection problems in a hot collisionless space plasma have
led us to develop new methods for a self-consistent description of plasma dy-
namics in the region of an X-type magnetic field B(r), where kinetic effects
of resonant and non-resonant interaction of particles and fields are important,
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and traditional MHD description becames nonadequate. Inside the region of
reconnection we have a very strong electric field E(r) which accelerates parti-

cles and as a result a plasma flow, which is known as Sweet—Parker one, with a
self-consistent current sheet is generated. The fine structure of fields, currents

and flows in such a hot collisionless plasma as yet remains unclear and needs

a special study. For an analytical study we confine ourselves to the internal
part of the reconnection region, where the electric field is much stronger than

the magnetic field, | E [>| B |. We have there a regular behaviour of the

particles and we develop a perturbation method for the Maxwell and Vlasov

equations. The electric field is often related to inductive fields but we are in-

terested mainly in stationary reconnection and so consider a stationary electric

field imposed externally and produced by external boundary conditions. In a

zeroth order approximation we have no magnetic field and the particles are

stationary, distributed with a balance between acceleration and deceleration in

the homogeneous electric field Eg. This field is a free parameter of the problem

and it produces a new length-scale rgo = 1/(—tkgs) Where kgo = i¢aFo/Ts

and frequency-scale wg, = —ikpaU, for reconnection scaling. A linear re-

sponse of particles under fields E;(r) and B(r) and the distributions velocity

of flow wy(r), charge pi(r) and current ji(r) are found by integrating along
the particle trajectory in the homogenous electric field. The external electric

field Eq redefines the linear plasma electromagnetic properties. In particular,

it connects the electrostatic and electromagnetic modes via drift terms. As

a result, we have a system of linear integral equations with external sources

for a self-consistent description of the plasma behaviour in regions with a

strong accelerating electric field. We study them in the small-scale field limit

(krgq > 1) with a local approximation.
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RECALCULATION OF THE DIFFUSION TENSOR FOR
- - PLASMAS WITH ION-ACOUSTIC TURBULENCE

C.-V. Meister, L. Kﬁbyslz—kin

The quasi-linear theory of a plasma with wave-particle collisions is recon-
sidered for the case of current—driven ion-acoustic turbulence. Especially the
angular dependence of the energy spectrum of the waves is taken into account
more accurately in the quasi-linear collision integral. The kinetic equation is
solved assuming that the scales of the density gradients of the plasma parallel
and perpendicular to an external magnetic field are much larger than the ef-
fective mean free path of the electrons. Expressions for the electron diffusion
tensor are developed and estimates of the diffusion in solar flare plasmas are
made.

1. INTRODUCTION

Recently one intensively tries to estimate diffusion coefficients in épace
plasma, especially at geomagnetic boundary layers and in connection with
magnetic reconnection processes in current sheets. Thus in [1] the diffusion at
the low-latitude boundary layer of the earth’s magnetosphere was estimated
using ion—cyclotron wave measurements of the ISEE satellites. Maximum
possible diffusion coefficients of the earth’s magnetopause for the case of lower—
hybrid-drift turbulence were estimated in [2, 3] using quasi-linear plasma
_theory [2] and particle simulations [3]. In [4] quasi-linear and nonlinear plasma
calculations of stochastic forces in solar flares, in the solar wind and in the
plasma of the earth’s magnetosphere are presented assuming ion—acoustic and
lower-hybrid-drift turbulence.

Besides estimates of diffusion coefficients are of importance for active space
experiments with particle beams and currents. Further they can be necessary
regarding some wave measurement interpretations. In dependence on beam
or current velocities various types of waves can be excited in a plasma. These
waves then interact with their driving forces and cause additional spatial dif-
fusion.

"In any case, all studies of space diffusion show, that a good knowledge of
the energy spectrum of the occurring waves is a prerequisite for the estimate
of diffusion coefficients.

Thus in this work the quasi-linear theory for diffusion processes in so-
lar flare plasmas is reconsidered assuming that electron currents excite ion-
acoustic turbulence. Special attempt is done to take the dependence on the
wave propagation direction into account.

\
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2. QUASI-LINEAR KINETIC EQUATION

As starting point to estimate the diffusion of an electron current in a .
solar flare plasma with ion—aconstic turbulence driven by the current itself a
stationary kinetic equation in quasilinear approximation (with respect to the
wave disturbances) can be used

8fb QeEoz afb afb _ 7PP QL
01‘ oy avz WLQ asav = Ib + Ib . (1)

fo(Fyv, P, <p,,) represents the distribution function of the electrons of the
current and E,, de51gnates an external electric field, Wh1ch is antiparallel to the
mean magnetic induction B |7z ¢ay May Mgy Ta, Va, Va wr, are charge, mass,
density, temperature, thermal velocity, drift velocity, and cyclotron frequency
of particles of type a, a = e = b — electron, a= -1 — ien. The particle collision
term [5] -

3 0 fb - B

b in® —_ -

IfF 335 y T & = costy,, ¥, = L(¥, B,) (2)
describes the weak srattering of the beam electrons by the background ions.

For solar flare plasmas the electron-ion collision frequency
/

4‘\/ 27 mQ: Qb A, Azh;lly_l’ ) (3)
3(47:'50) \/’-T?’/z Uy .
_ omymy Ty omiTy +mypT; S
my = ———, — = ——— % 4)
my + m; kB mp + m;
QP 1 1 1 1 naq’ .
— __l_i.__l_ = = 5+ =5, - (5)1

dmeokpT,’ r4 L, rd rh. eobs’

amounts to only =~ 6 1/5. More essential is the action of theé waves on the
electrons. taken into account by the quasi-linear collision integral

au_y 9, 9 S
Ib - g Ovy Da,p 8vpfb' (6)
In (6) [6-8]
Dag(F,,t) = 23“ ko I:p WE(k 7 i)‘)’(k 7 t)~ dE (7
mzéo k (w,.(k V) — k¥)? + y2(k; 7, 1)
is the quasi-linear diffusion-tensor and ‘ '
WE(E; Fa t) l6E(E) F: t)‘z (8)

2V(2 W (2r)
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represents the spectral density of the energy of the electric field §E of the
wave. W(k) is the total energy.density of the wave mode with wave vector k
consisting of electrostatic and kinetc parts,

Owe(w, k))
Ow

Further, the temporal development of Wg can be given by the relation

W(E; 1) = Wi, ). (9)

(52 + -‘?i"-(_gz"_t_); ) WE(F;7,t) = 29(k; 7, ) Wr(k; 7, 1), (10)

and for the wave frequencies w = w, + 7y and 6 F one has
w,(; T,t) = —w,(—k;7,1), v(k; 7,t) = v(=k; 7, 1), (11)
§E(—k;7,t) = 6E*(K;7,1). - (12)
A system of equations analogeous to (), (6)—~(12) has already been used in [9]
to estimate the anomalous electrical conductivity of homogeneous plasmas and
was applied in [10] to investigate anomalous heating effects in the earth’s iono-
sphere. To find the three—dimensional stationary solution of (1) for plasmas

with density gradients here first a spherical coordinate system is introduced,
(v, ¥y, 0u), k(k, O, ok). Integrating over ;. one obtains from (1)-(12) the

expression (@ = 27m;/n;m?)

000 _ 9EBo:0fs _  0f _ ipp
harra me Ov, Le Op, b

+ 5, (13)

= 19 ( 2Dw%—vD,,5sint9vQ-f—b)—

2 o0 Bv 3¢
10 o 1,0
v OE (smt? D¢y af D“;Slnz 19v'a'%)7 (14)
Doolv,€) = ;Qg / de / dkk™1wAW (k, z) B(€), (15)
re 0

Dye(v,8) = Dey(v,€) = %/ dz/dkwfgif\/%zW(k,z)B(f), (16)

Dee(v, ) = -—/dz/dkkw (“’; 52) W (k,z)B(§), (17)
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-1

%,z WP ]“’ 2 (18)

During the ¢r—integration the condition
L f"’r w2 » w2
T MW EE <t = e (9

appears, where 7 = /1 — £2. In the limit # — 0 one has n? > wf/(k?vz). As
for ion—-acoustic waves with

3T\ /2 k5T, ’
. & ke; =), d= == 20
“ \c' (1+ Te) “Tm (20)

the inequality w, /(kvy) < 1 is valid, from (14)-(19) follows, that the charac-

teristic relaxation time of the energy T‘(;;g; = 0,507 D5} ~ 0,50¢k%w 2D} is

much larger than.the relaxation time of the momentum 1'65%, = (WP 1 =

=0, 5030&1. Thus neglecting the energy relaxation one has in second nonva-
nishing order with respect to the small parameter w, /kv

e }_il/ﬂ’ 7 zwiW(k,z) 3fy
29yv g Vvt - z? 3{

10 (1 T zwdW(k,z )35,
+1—1:9— /dz/dk \/172——:2 av

ka(k z) wpéz z2 \|8f
i fu el s T)|%) @

Assuming a weak angula.r dependence of the distribution function f; in former
works in I, QL only the second line of (21) and the term of the third line pro-
portional to w? was considered [8, 11]. Here two further terms proportional to
(wr/kv)? and the frequency-dependence of the limits of the third integral of
(21) are also taken into account.

’

3. INFLUENCE OF THE WAVE PROPAGATION ANGLE ON THE
QUASILINEAR COLLISION INTEGRAL

Assuming for the wave saturation a two-step process consisting of wave
scattering by the background ions and following damping of the waves with
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long wave lengths by ion-ion collisions the total spectral energy density of the
waves can be factorized,

W(E) =~ W(k)&(z). /(22)
According to [8] one has
W) [Tme 9 e, (23)

dxnpkpTy,  \| (2m;) (20%K5)

3 2
w, TDe r 3 .
h = =2 (__) xp | — De _ ° 4
Wpi \TDi € ( 27'2Di 2 , (2 )

with (1+ k)u,; < ¥, and g < h, that means if the inverse Landau damping at
the jons determines the wave saturation, Bychenkov & Silin [11] found for the
angular dependence of the wave spectrum [8, 11] (z = cos ¥, 9 = L(k, B,))

For small values of

_ 4Bn d z(z® - z2)3/2

&(z) = 3xzdz 1—z+h ' (25)

| VN R %:;’;: for\ vi; — 0, ‘ (27)
2N (122" [W] <1, (28)
22t I;r.th ~ Kl.,’ K= :—° Vi ~ 0. (29)

For small values of h (h < g) the amplitudes of the ion-acoustic waves can
considerably increase and nonlinear wave damping becomes important. Then
according to [8, 11} one has again an angular dependence (25), but A has to
be substituted by g.

In [8, 11] considering ion—acoustic waves the condition » < 1 was assumed.
But for quasineutral space plasmas h is larger than unity if ion-acoustic waves
are generated, as T3 /T; is usually smaller than 12. It should be mentioned,
that one can derive the approximate relation b = Vit/c, — 1. V™ s the
minimum electron velocity necessary for the excitation of ion—acoustic waves.
On the other hand, according to the derivation of (25) in [8], it seems that
the general form of the presented angular dependence of the wave energy ®(z)
can approximately be used, if h satisfies the condition (1 + h) < v,. Thus
in the following also finite values of h will be considered.
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At rather strong wave excitation with z2 < 1 in (21) angular integrations of
the types (7% = sin?9d, < €*?,e* =1+ h)

_4Kn z|zd)
xa(n) = 3z / \/175 —z2dz [e‘ —z| (30)
_ 16Ky 8c*Kn [ n : £* ]
T P 3 oo e R )
\ 4Kn dz z z|z3| n
= — 1)
x2() = 3mwn? / Vit -zt de [e" “z| T X o 81)

oceur.
Taking the dispersion equation of the ion—acoustic waves (20) and (23) mto
account, for the k-integrations in (21) follows

’

o 1/rp
H= / AW (k)E® ~ / dEW (k)k® =
0 kmh I

|
2rm, wnkaTbcf 37T:12
= 3 14— -
m; viTD T,

14 ——e In ——o 1 "~ (32)
U VIFLT . 1+ T/T: '

u,,w,,,rD, _

whrps(L+h)  TDp

is the wave number for which the wave dissipation because of the ion-ion
collisions is of the order of the Landau damping at the ions.

As the integrand in the third line of (21) proportional to w? diverges ac-
cording to 0%/2 for z — 7, in (21) temporarily the exact tensor Dge:will be
“considered, that means the third line of (21) reads

krmin % (33)

B(z)(z - af)? |
Is-—HOtX3 ,x -/d N R (34)

a = vdl-%-%{-, r=fa-nV1-a? s‘:fa-!-n\/l—az: (35)
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f\:rther one has ,
X3 = "3;“(1. ~14), (36)

_.",.O

- - (2t af)? d [ =z*
I = dz [ —
* o./ zy/n? - a? F2afz — z2dz \e* Lz (37)

(the limit of the integral —r* belongs'to €* + z, the limit s* correspands to:
e —z). Under the conditions ¢* > 1, a? < 1 and & < 7 from (36), (37) follows
in first order with respect to a

37xs 27 — e*29? 4+ ate*® + 3ate*n?
STX3 _ _94/n? — o2
4K N K 7% — e*2 + 2afe*

afeaks - 7]25’4 N
(6% — 72 — 2abe™)3/2 ~

+2(afe™® - nle” — :;'-afnz) arcsin S:—yé +

_ 2%y —an® me*in?
N —e*2 (e*2 = p2)3/2
Substituting (30)—(32), (38) into (21) one obtains for the quasi-linear collision
integral .

(38)

I 18f [3X3 ] n
FQH(1+3%,/T.) v 06 [ 8¢ X

2nax: 8%f, | @ 8f0(nx1) | x3 0%
v OfBv ' v? Bv O v3 9g2’

+— (39)

4. SOLUTION OF THE KINETIC EQUATION

If L = 1/|(81nny/8r)| is much larger than the effective mean free path of
the electrons I, f; can be developed in a Taylor-series with respect to /3 /L. In
zeroth order the distribution function of the stationary magnetoactive plasma
without particle-particle and wave—particle interactions can be represented by

- - v - aln b ’
F(7.9) = B (F v, v.) (1 + = [wm x I‘b]) : (40)
Wie or
Mo _om(® | (o + . - W)
fb (‘l', ‘U-L,‘Uz) - (va)g/g"xp‘{ vg . (41)
For the inhomogeneous plasma with interactions the ansatz
H(F9) = RF )+ f(79), (42)
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K(7,9) = §(F o1, 0:)¢7(70), ¢'(7,9) = 5¢(7,9), (43)

59) = A6 TR 4 () ("’“‘”b - Tka,)+ (4
(s [ x 220

Olung _ Olomy | geE(v: — Vi) (45)

or or ( kpTyv, )

is used. Thus substituting (2), (39)-(45) into (13) one obtains in
first order with respect to dlnn; /87 and ¢.E,./m.v?, zeroth order of
(0lnn;/67)q.Eo-/(kpTs), and in second order of a (35) the kinetic equation

vzalnnsz_w 6fb1

Lcasav =
0 .”A 2 3T; 3fs
= 3% (vb, 3QH{ X )65 - (0)
Then, to solve (46), the functions
X(z) = {A(z), Ai(z), Az(2)} (47)

are developed in series of Laguerre polynominals

z me**
d n

L (z) = —(z.n + me™*), (48)

INz) =1, IMz)=1+A-1z,.., (49)

(n+ 1)L (2) = @+ A+ 1-2z)IA(z) - (n+ NIA 4 (2),  (50)

o .
- I'(p+m+1) v?
m,—z. 7(m) (m) - . = —
o/ 2 L) L )z = —F ] oo 2= 50 (5)
X(z) = 3 2L z). - (52)
1 ! ‘k:o
Multiplying (46) with
—v,L3%(2,), §=0,1,2,... (53)
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and integrating over the velocity space one has

. ‘
dlnn; 2n,
3/2,2 ¢M 1 b . _ 2T -
[ B sa = -0 [ deu@r(s, ), (54)
e
T(s Ic:):]?de:’/2 v exp RN
KAVt vz
Lt O L2 *
[Wb £ 3 a1 (” ) ( + Tle )/‘91;”‘ } (55)
k=0 'Ub A

Thus in the case s = 0, k = {0; 1} follows

ny [V:’+ 2] 2 - o / dep (E){ferfc( &) [f"b ;

Vp

Bln * 3 o3 ' 3vo3 Svos
L2nn ao[svm + 58 afewry - £ -S|+
0z vp Up

Uy
£2Vp? o  Olnn} v? o
+exp{— vé’ Wt ao[—2‘l+£’Vb’ +
3 2 £2Vb02 €4Vb°4] N .
+01 [4 5 vz N (56)
Vo2 2 3T ’
#(€) = exp {— 50277 } ( vn?vd + cEQH [1 + T] x:a) (57)
b
For s = 1, k = {0; 1} one obtains
ny _gvo2__ 'Vl:>4 alnnz -
2 - vg z

1 .
_ ‘2nb eVbo £Vb _ £3vo4
=~ -/1’ dep(€) {ﬁerfc (— . ) [ et

Uy
Inn* 303 5y05
.2 oo (ao [Evbv? 8T §__l.»__]+

: v,
5 E£3Y03  gg5y/os 7V°7
+a1{56vbvb°+ RV RS D} +
2y v vy
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£Vl [3,, @ve | olnn [3v§ £V e%‘]
+exp{ vZ 2V v? L P R 2 vt +
13 2 7 Ez Vboz 5 £4Vbo4 €6 Vb°6 ]

+a1[ P+t 57 + o : (§8)

Thus for the solar flare plasma with n, = n; = 1019 m=3, T, = 107 K,
T; =2.5-10° K, 8lnn}/dz = 0.01/km, E,, = 17.4 V/m one finds for the
coefficients of the Laguerre polynominals the values @, ~ —8.7-107%s
a1 ~ —1.2-107% s?, and the equations (56), (58) can be transformed into

" - "
(V'boz .*.‘ sz-) -———-—-——algznb =A + aoBalgvnb +a lcalgnb $ = 0) (59)

3,02 Vi&*\Olnmj dlnn; alnnb
( aVh T ) Tar S PrelTg tafg
Where A = 2.7-10'® m/s?, B = 9.7-10% m?/s®, C = 1.2 - 10%® m?/s%,
D=23.7-10*® m/s?, £ = 1.2-10% m?/s3, F = 2.9- 10?6 m?/s®
Again, multiplying (46) with

, s=1.  (60)

—~vsin 9, L3/%(z.) cos(py — @, ), §=0,1,2,... (61)

and integrating over the velocity space it follows

oo d o
. Z L(s, k)azkugfe = Z M(s, k)ay, (62)
k=0 .

k=0

< 2 2 02
- ny v v v 4V
L(s, k) - W/def/z (;g_) 3/2 (,_g_) exp{_.__zz_.b...} .
0 P

. [exp{z";z/ }(21)5 °v -—vbv)-}-exp{
M(s, k) = "” / d€pu(€) / dvL3/? (” ) L3 (vg)

e e e

2
Y Y% 7

2 } (2w Vo + va)] , (63)
b

-
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In the case s = 0, & = {0;1} (62) is equivalent to

2
w
nb2Lc (azovg _ 021%02) -
n .
—‘/7—:”3 a0 Fi (v, V7)) + ann Fo(ws, Vi) + ...}, (65}
b

and for s = 1, k = {0; 1} the equation \

A

2
nb‘;’Lc (_azo%oz + ap [%1’5 + 2%02}) —

4

= \/— [alon(vb; Vo) + auFa('Ub, \71; ) + .. ] | (66)
! v

is obtained. Here the relations

o) = [ deu) (e (-£5)

. wVy Xg_ci_ 1’bvbo\ ~3] — €V o} Vet — _2_ 2
[ 2 €+ ( vy . 2’]2){J_+exp{ Evb I' 21’2‘6 4 (67)

Fy(o, W) = /ldﬁu(f) {ﬁerfc (—%)
1

REAPIEY b w,, I L/ Dt I
2 2\ w 2upn? ‘vb

o 3 252 Vo2 Vo4
+exp{-£*V;%/ b}[ v;z + (537;— o7 )E‘]} (68)

f

Fa3(w, V3) = /1 dép(§) {\/?erfc (-%i).

_[5v;n°£+g(n°§ vbv;)fa 5%"5{5_,_("1,5 R/l )57]+

vy 2v} v 2uin?

er02 1 2 oz 130 VARSI A
esteengry (s - BF) 1 (B2 1) e

Uy
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Vbos Vi“ 6
+ ( vg - 2vg’72 6 (69)

L
\

are introduced. Then multiplying (46) with

~vsin 9, L3/?(2.) sin(pz - ¢7) (70)
one has
e M(s,k=0) X .-
=S s, Banre = 20220 4 S g bagere, (1)
k=0 WLe k=0

that means for s = 0, k = {0;1} it follows

_ NpWie

- 2 2
(alovb - auV? ) =

- \/77—1’:::1, [(1 + a20wi ) Fi(vs, V) + anwl Fa(w, Vi) + ] o (72)
b e ,

and for s = 1, k = {0;1} one finds

_nb;’Lc (—auﬂfbo2 + }111 [gvf + 2%02]) =
(& 2 : 2 0
—wﬁvawz, [(1 + azowi ) Fa(vs, W) + anawi, Fa(vs, V') + ] . (73)
bWLe

As within quasilinear theory the total wave impuls equals zero [6] the momen-
tum conservation of a plasma system with electron—ion collisions and electron—
wave collisions is fulfilled, if the coefficients a;o and asg vanish. Thus in the
case |V}®| < v, one has

—2\/;‘03V°2F1 --4F1F2
a1 = b-b wi azy =
4F? + moful Vot e 4F2 + nofwl V2t

/

(74)

according to (65), (72). In solar flares with wr. ~ 3.5-10° Hz F; amounts to
~ 7.5-10%" m5/s® and F; has a value of ~ 1.3 - 1048 m5/s®, that means one
has a;; ~ ~2.6- 10-12 s, 12 X —4.8 - 1020 g2,
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5. CALCULATION OF THE DIFI!“USION TENSOR :
Fmany the macroscopic properties of the turbulent plasma have to be

calculated with the help of the coefficients a,, a3, and az,. The diffusion tensor
D is defined by

(75)

7o = Vi, — D" O0lnn? o D (Gn, qen,E).

a7 v T T\ 57 T kel

Thus estimating the mean electron velocity parallel to 150‘

1 s 0 1 - a]nn‘
Ve: = e f div. fy = Vg + -~ / dvvfﬁ“A—-—-——az b~

3 2
=V § : L3/2 ~(v=V2)? vpv
= b°+k f/d (2){ ( )/%[E__o._. 602..‘_

4 viv VR v® + »v? + vgv? || dlnny -
oy wip TV TS| e -

2 : o4 *

_ yo. Y 2 302, Vi dlnny

=W+ (ao [—2— + V{.] —‘t'll ['2‘%0 + ‘;)'g— + ... _EZ— (76)
the coefficient Dﬁ can be found. Dﬁ describs the reduction of the electron
current parallel to B, exciting the plasma turbulence. In this work Dﬁ includs
also terms completing the zeroth—order momentum balance of the plasma,
as in the ansatz (40)-(41) for.the electron distribution function fJ of the
collisionless plasma no density gradients parallel to the magnetic induction B,
are taken into account (consequently a, # 0).

The mean electron velocity perpendicular to the magnetic induction is

1 — 3/2
s )

k==0

-(v—V")’/v’ 2 - vs‘v _ e-—(v+V;)2/v vp,v + vbv
2V°2 4Vb°3 2V°2 4V°3

alnn; _ v 1 02 dlnn;
. ap = (am ) - 20.11% + ... 8p . | (77)

Thus for the turbulent diffusion in a solar flare plasma one has
Dj~55- 10® m?/s and D} ~ 3-10% m?/s.

i
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+ 6. DISCUSSION AND CONCLUDING REMARKS

In this work the quasi-linear kinetic theory of a plasma with particle-
particle collisions and collisions between charges and ion-acoustic waves is
considered. The influence of the wave propagation direction on the collision
integral is recalculated for wave excitation in a solar flare plasma with an
excitation threshold of the waves of Vet 1le,. The kinetic equation is
solved assuming that the scales of the density gradients of the plasma parallel
and perpendicular to the external magnetic field are much larger than the
effective mean free path of the electrons. In comparison to former works
investigating transport .coefficients of inhomogeneous plasma [5, 10] the ansatz
for the electron distribution function (40)-(42) takes the electron drift velocity
into account. Expressions for the electron diffusion tensor are developed and
estimates of the diffusion in solar flare plasmas are made. It is shown that
under typical flare conditions the turbulent diffusion is many orders larger
than the collisional diffusion.

The obtained values for the diffusion coefficients in solar flares with ion-
acoustic turbulence parallel to the magnetic field (and parallel to the electron
drift according to the assumptions) are of the order of values found for the
plasma near the earth’s magnetopause using quasilinear theory [1, 2] and com-
puter simulations [3). The diffusion perpendicular to the magnetic field is or-
ders of magnitude lower. That is a consequence of the fact that ion-acoustic
waves with maximum energy propagate parallel to the magnetic field. To
model in future reconnection processes in space plasma it would be interest-
ing to repeat the here made diffusion tensor estimates for waves propagating
mainly perpendicular to the magnetic field.
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YIK 550.388.2

BOSBYKJEHUE HU3KOYACTOTHBIX BOIH
HA IEPETHEM ®POHTE IIYYKOB .
YCKOPEHHBIX SJIEKTPOHOB B 9KCIIEPUMEHTAX
10 HATPEBY NOHOC®EPHI MOIHOM
PAIIMOBOJHOM

B. B. Bacvros

7

Hccneponano BoabyKRERMe RH3KOYACTOTHLIX BOIH BO BHEUIHEH roHocdepe
Ha nepeHeM GPOHTE MYYKOB YCKOPEHHLIX DUEXTPOKOSB, 06pasynmuxce B 0613,
CTH OTpPaXXeHlis MOMON pafuoBoast oT worochepst. Haligen mnrerpansunt
MHEpeMeHT neycToituusocT I' pus Boamosoro naxeTa, nepecexapimero Heycro-
yusylo o6racts. Bemruuna T oasncuT oT oTHOwenns R = (8@/81:") / (w/kn)
rpYNIOBOK CKODOCTH BONHOROTO UaxeTa B HaNPABICHAN reoMarsMTHOro MOuf
X COOTBETCTBYIOMIEeH Da3OBON CKOPOCTH, PABHOR CKOPOCTH PE3OHAHCHEIX Ya~
CTHRX.

Hoxaaano, 9T0 Ha BHICOT2X BHelHeH HOHOCHEPH (mpo‘mcro'ra JNEXTPO-
HOB fpe = 1 MT'n, oTHolleNHe ROMHOM ¥ omexTpoHHON Macc M/m = 18364)
uuEpemeHT I HHXHeru6DHAEKIX XomeGaHHH HMeeT MAaKCHMYM HA YacTOTe
f = 200 xT'y, Bosuuxaloumit B o6racTe R = 1, xorga dasosas cxopocTs w/ky
Boa6yXHaeMHX BOIH HaYHHAET YBEXHMHBATHCA NOX BIHAHEEM HOHOB. Bos6y-
XJeHHe NMOTEHNKANLHHX XoneGamuit ¢ vacrorort f < fp: BOBpacTaeT no Mepe
yMeHbUIeHRS f, TOCKONIBKY B 9TOM CIy4Yae OTHOUIERKe cxopocTed R crpemaTcs
X euHALe. YCHIEAXe HORHO-JAKIOTPOHHKX Xonle6arni Haubonee adhdexTHBHO
B OKPECTHOCTH BTOPOH HOHHOK ruporapMomuxu f < 2fmpi ~ 1 MIn.

MaruuTorHgpogHHAMEYECKHE BOZRK BOAKMQMEHCTBYIOT ¢ Gonee sHEprud-
HBIMH SIERTPOHAMM, CROPOCTS XOTOPHIX CpaBHEMa C ans$BeHOBCROH CXOpO-
creo V4 ~ 10° cvfc. DTo BoamMopelicTBHEe NONABIEHO MO MANOMY ITapaMe-
Tpy (m/M) = 1/1836. Opnako HHEpEMEHT BOBOYXNEHHE HUIRKOYACTOTHHIX
AnbdBEHOBCKHX BONH CTAHOBHTCA SHAYHTEIHHHM B CIydYae ¥X KBaSHIONEpeY-
HOTO PacNpOCTPaHEHHK (k" < Iu) B CHJBHO JaMATHHYEHHOH MoHOCHepHON
TurasMe, KOrfia albBEHOBCKas CEOPOCTH OHARYHTENHHO NPEBHIIACT TEIIOBYIO
CKOpOCTH 3IeKTPOHOB. BoaumopeiicTre 6mHcTpoit Marurossyxosoit (BM3)
BONHH C PE3OHAHCHMIMM OUEKTDOHAMH CYUIECTBEHHO BOIPACTaeT B o6macTa
qacror f > fpi B cuydae R = 1, xorja BONROBOH HmaXeT BMKETCE BROUL
MAIHHTHOTO TNONA €O _ CKOPOCTHIO PE3OHAHCHHX 4aCTHI (9TO YCIOBHE AHANO-
IHYHO XODOLIO HOBECTHOMY ycuoBR® JKAaH[peNa, HCCUEROBAHHOMY paHee Jus
BHICOROYACTOTHRIX CBHCTAUMX 2TMOCHEPHIOB, BodGyXRaeMEX 6oliee SHEPru-
HBIMH onexTpoRamk). HalijleNt! BeIHYHH2 ¥ HaUpaBIEHHE BONHOBOTO BEXTOPa
BM3-Bounkr B 3aBHCHMOCTH OT e YacTbTH f B ycmosuax R=1.

O6cyxfaeTcd BO3ZMCXHOCTh NPHIOKERHS PACCMOTPEHHHIX NPORECCOB RAS . |
O06bACHEHHS HEEOTOPHX OCOGEHHOCTEH TeHEPAlER HHIXOYaCTOTHOTQ m&m
HES B HArPEBHEIX 3ECHEPHEMEHTAX. '
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\ 1. BBEAEHUE

HorecTHO, 4T0 B 061aCTH OTPaXeHHS MOUIHON PAIHOBOIHEL OT HOHOCHEPHL
PasBMBAETCE BHICOXOYACTOTHAS INTasMeRHad TYpOyIeHTHOCTH, ELI3HIBaIOIad
HarpeB TEINIOBHIX H YCKOPEHMe CBePXTEINOBRIX DIeKTpoHoB MrasMel. Ilocnen-
HHe MOIYT DAcCUPOCTPaHATHCH BAONL CHIOBBIX TMHHE ICOMAlMMTHOMO ICIL,
IIDHBOJR K noaéyxcnemno INa3MEeRHKX KoneGanuit Ha GONBUMX PACCTOSHUIX
OT 061acTH OTPaXXeHMS MOIIHOH PajMOBONHH. B YacTHOCTH, ycKopeHHEIE
BIEKTPOHH! MOTYT CIYXKUTH HCTOTIHNKOM reHepanun KH'Y-umymoB Bo Breumnei
HoHOocdepe, BaperucTPHPOBaHHLIX GopToBol anmaparypoir MC3 Hajp cTen-
nom “Cypa” B okcmepmMenTax [1-3]. B ykasammEIX pa6oTaX cjenaHo Ipej-
NONOXKEHNe, YTO yCHIeHUe MIyMOB Haj, MOUIHKIM HAIDEBHHIM CTEHZOM MOXET .
6HITH CBEBAHO C HMIYIbCHEIM XapakTEPOM IIPONecCa YCKOPEeHHS ¥ IPOHCXO-
HUT Ha UepefneM (PpOHTE NMYyYKOB YCKOPEHHHX DIEKTPOHOB, PACIPOCTPAHLIO-
WMXCE BO BHEIIHIOK noHocdepy. IIpm 5TOM B Havane KaXX[OTo MMIYIbCa Ha
QYHRKIKH pacnpefleNleHES CBEPXTENNIOBEIX DIeKTPOHOB 0GpasyeTcs mepeMela-
omuics “rop6”, B3auMoneicTBHE C KOTOPHIM H IIPMBOIHT K packayke Ias-
MeHHHIX KoneGaruil. B HacTofmeM COOOIIEHHH DTOT MEXaHH3M IeHepanuy
BONH paccMCTpeH 6olee MOTPO6HO JiIf PasIMYHKIX BeTBEH HASKOTACTOTHHIX
KoneGaHui.

2. OBIIE COOTHOMEHNA

PaccMoTpuM clienyiouyio nocTaHoBKy Bafayqu. Ily¢Th Mounas pauoBonHa
OTpaXKaeTCs Ha JOCTATOYHO GOnbuIoi BuicoTe ~ 300 XM, Ha KOTOPOH CTONK-
HOBEHHIMY CEEPXTEMIOBHIX BIEKTPOHOB C APYTAMH YaCTHIIAMH MOXKHO NIpeHe-
6peyb. ByneM cyuTaTh, YTO NPOLECC YCKOPEHUS HMeeT HMIYIHCHHHE Xapak-
T€p, ¥ PaCCMOTPHM pPacHpPOCTPaHeHHe NYYKa YCKOPEHHBIX DIeKTPOHOB BHONb
MarHUTHOTO DONL B HaYale KaXAOTro M3 MMIYIbCOB Ha DHAYHTENBHEIX pac-
CTOSHUEX OT OONACTH KX TeHepamuu. benxumo pacrpefieleHus yCKOPEHHBIX
JaCTHI C AOCTATOTHOH CTeNeHbIo o6nmoc'm MOXHO 3alHCaTh B BHJE

0 7<0,
f (vu,v.l.,&,,t) =N, fi(v) { fi g"ll"") 0<r<, (1)
L) <
. =1-s/v.

3pecs 8 — paccTOfHKE, OTCYUTHBAEMOE BIONH CHIOBHIX THHMH I€OMarHMT-
—~—

EOro Nong B, HaYHHAf OT YPOBHY OTPaXXeHH I MOIHOH PafHuBOIHEL, B OKPECT-
HOCTH KOTOPOrO HPOMCXOAUT YCXOpeHHe acTHI; vjj, vy — KOMIOHEHTH CKO-

. ‘- 0

POCTH BIeKTPOHa BROXb ¥ monepex mouns B; N,, fi (v1), fﬁ ) (v” — yCTaHO-

BHBIIVECSE DHAYEHAE KOHIEHTPANNH YCKOPEHHHX SIEKTPOHOB B OOIAaCTH OTpa-

Xenus ¥ ¥X QYHKNUi pacHpefereHud MO CKOPOCTSM v}, V)|, HOPMEPOBAHEEIX
!
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Ha eUHUILY: /fJ_ (vy) 27"”J.dv.L =1, _/-'f!(IO) (v“) dv" = 1; 7, — xapaxTep-
Hoe BpeMs (POPMUPOBaHHE DNEKTPOHHOIO MY4YKa B OONIACTH YCKOpEHHS JaCTHIL
s = 0. llpegnonaraercd, 4YTO HPOLUECC YCKOPEHUS HAYHHAGTCE B MOMEHT Bpe-
MeHE t = 0.

¥ (1) cuepyet, 970 Ha mepefHeM YPOHTE IyYKa YCKOPEHHBIX DICKTPOHOB
Ha JOCTATOYHO GONBMINX PACCTOSHAIX

~
-

s=1 t> Y| Te (2)

OT o6nacT¥ uX regepanud Ha QYHKIHUE pacnpefencHus f, (v") obpasyercs
“rop6” B mHTepBane cxopocreil s/t < vy < s/ (t - ), BodHUKHOBeHUE XOTO-
pOTO CBE3aHO ¢ OTCTaBaHHeM Golee METEHHBIX YaCTHI HpPH HX PacHpoCcTpa-
HeHHM B laHHyI0 To4ky, OOpasoBanue “rop6a” IPOMCXOEMT B CIy4ae, KOrja
BpeMs POpPMUPOBaHME IIy4YKa BIEKTPOHOB B 0GNIACTH YCKOPEHHE MAJIO 1O CPaB-
HEHUIO ¢ BpeMeHeM KX PaclIpoCTPaleHUs B TOUKy HabmofeHus: 7, K L = s/v).
BooHuknosenue “rop6a” NPUBOAUT X Pa3BUTHIO IYYKOBOH HEYCTOHYMBO-
CTH, MHKPEMEHT KOTOpOHl B CIydyae BO3OYXIEHHE HUBKOYACTOTHHIX BOIH
¢ w € wp, = eB/(mc) MoxHO sanmncaTs B Popume [4]:

7= A;‘%fu (”u) v oy =wli/ky . (3)

3aecs nponssefiena samena d fj /0y = (s/ vﬁ) 0 £/ 0T, cupaeguBasg B ycro-
BusX (2) B urTepBaie s/v|— 7, < t < $/v)|, B KOTOPOM IPOMCXORHT HIMEHEHHE
PyHKIAR f“(r) B peayibTaTe (OPMUPOBaHHE Nyyka. Bxopsmuit B (3) xood-
¢ueHT A BaBHCHT OT JMCIEpPCHOHHHIX CBOUCTB BO3OYXJaeMBIX KoneGaHmi
¥ B cliyyae TOTeHIMATHLHLX BONH paBeH

4w2e?N, __ €’ KT,
— ———p 8 ——— - __'L—.—_
A mk? ¢ Io(z,) /3w » % w3, 4)

3nech w, E— 9aCTOTa M BOIHOBOH BEKTOP BO3OYXaeMHX KolneGaHAH ¢ KOM-
nonenTamu kjj, ki, BMomb M momepex MarHUTHOTO HONA, ¢ (w,.l-c.) — pei-
CTBUTETbHAY HaCTh IPOQOTHHOH JUDIEKTPUYECKONH NPOHUUAEMOCTH IIABMBI,
wp. = eB/(mc) — rupodacTora vIekTPOHOB, Jo(2) — PyHKuus Beccens oT
MHHMOTO apryMeHTa. IIpMHITO WIf NPOCTOTH, 4YTO (YHKIHE paclnpeneneHns
f1 (vy) 6nnsxa x MakcennoBckoi ¢ MM)eK'funﬂof{ Temuneparypou T :

~

- 2
, fi(vy) = 2,31@{—%}. (5)

Bynem yuuTriBath, 4To “rop6 ”, BosHHKalomUH Ha (PyHKUMH pacOpeleleHHs
' B obmacTy cKopoctelt v =~ w/k), nepeMemaercs B IPOCTPAHCTBE C TOM XKe

1
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\

ckopocThio. IlopToMy pusg onmpemeneHHs ycHIeHus ITasMeHHEIX BOIH Heo6xo-
MO NPOMHTEIPUPOBATh WHKPEMEHT (3) BIONb TPaeKTOPHH BONHOBOIO Ha-
KeTa, JBHXYIUETOCE BHOMb MArHUTHONO NONL CO CKOPOCTBIO v, = Ow/dky.

Brrancienne uuTErpama .
r= / 29 (¢) dt' (6)

CYIIECTBEHHO YIPOI[AETCE B YCIOBHEX, KOTMIa IEPHOY BpeMeHy At i IpoCTpaH-
CTBeHHKI HHTEPBaT As B3aUMOJIeiicTBHS BOTHOBOTO IaKeTa ¢ PEe3OHAHCHEIMH
BIEKTPOHAME OKasHBAIOTCE BHAYHTENBNO MeHblle “cpenHero” BpeMeHH t i
KOOPIHHATH 8 B OOTACTH HEYCTONIHBOCTH

At = v"-rc/]v" - vgl Lt,
; ‘ (7)
As = vy 1;,/. '

‘U"—-'L’g!<8.

3necs, kax # panee, v = w/ky. B ycnopuax (7) MOXHRO CYHTATh, YTO yCHIEHHE
BONH HPOUCXONHAT B MAJIOH OKPECTHOCTH TOYEK C KOOPIMHATAMH $ H £, KOTOpEle
YROBIETBOPAIOT COOTHOMEHHUIO §/t = w/k) = v, a-BurYHCIEHHE HHTerPaTa (6)

] "'1
JaeT mpE ydere dt = dr (1 - vy /v") :

I'= ,12_AR{ ;,fﬁfﬁo) (on) U= w/ky=s/t, )
‘ R = (3w/8k”) /(w/k”) , ' (9)

rae fl(IO) (vu) ~— yCTaHOBHBHIeeCE BHaYeHHe QYHKIIHU PACIpPeNeNe s yCKOpeH-
HEIX 9IeKTPOHOB. BHHO, 9T0 HHTErpaJbHEIA WHKpeMeHT I' 3aBACHT OT coOT-
HOIIEHHWS MEXJAY I'DYINIOBOH CKOPOCTHIO BONHOBOIO NaKeTa vV, BEOIb MarHHUT-
HOTO TIONE H COOTBETCTBYIOWeH (HasoBoit ckopocTsio w/k), paBHO# CKOPOCTH
Pe3OHAHCHHIX 4acTHL v)|. C npubimkeHMeM OTHOIEHHS STHX CKopocTed R
 enuanne 5HQexT yCHIeHns IIyMOB BO3PACTaeT BCIENCTBYE YBEIHICHNS Bpe-
MEHH B3aWMOJEHCTBYS BOIHH C Pe30OHIHCHHIMH HIEKTPOHAMH, 3aMeTHM, YTO
B Ipefiene R — 1 Hapymalorcs ycnoBusg (7), IpH COGMIOREHUN KOTOPHIX IIO-
nmydeno Brpaxernue (8). B oToM crydae nnTepsan (6) HauWHAET DABHCETH He
TOIBKO OT BENTHYHHE, HO # OT XapakTepa HaMenenus Qynxumu fj(r). Onnako
€ TOYHOCTHIO IO MHOXKUTENS MOPIAKa eUHHUI OH NO-NPeXKHEMY ONUCHBAETCE
BhIpaxkerueM (8) npm samesre (cM. (7) ): '

|1-R I'l—‘-» sfvgTe > tf7.. . < (10)
{

A
Cornacuo (8) maTerpamsHHl HEKpeMeHT I' BoBpacTaeT ¢ yBenlHdeHHEM pac-
CTOSHHS 8 OT OGIaCTH YCKOPEHHS BIeK TPOHOB JI0 O6TacTH yCHIeHHS IUIa3MeH-
HEIX BOTH. OTO BOBPACcTaHHE CBIBAHO C YKPYIEHHEM NepPexOnHoH “crymeHbku”
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(1) c pocToM s = (w/k") t. B To e BpeMs Ha GONBUIAX PACCTOSHHSEX CTa-
HOBSTCH CYyI[ECTBEHHHIMA DPeIakCallHOHHEIe NPOLECCH, KOTOPHE HCKAXamT
¢yuakmmio pacnpefenenus (1), cooTBeTCTBYIONUIYI0 CBOGOJHOMY PacnpocTpa-
HeHMIO YacTHN. K TakuM HpOmeccaM OTHOCHTCE TpeXe BCEro TOpMOXe-
HHe Iy4Ka onekTpuyeckuM noneM E, o6ecnevnBaionuM KOMIIEHCANHIO MOTOXa
YCKOPEHHHIX 9MeKTPOHOB N,v) Ba CeT JBHKEHHd TEINIOBHX BleKTPOHOB CO
cxopocThio V = —N, 5Y|| /Ne. Onennpag BenwdnHy STOTO WONL IO dopuyne

eE = —mv.v)N,/N,,

HeTPYRHO y6enuThcd, YTO €ro BIHIHMEM Ha YCKODEHHHE BIeKTPOHHEl MOXHO
npeHe6pedsb BINOTH JO NOCTATOYHO GONBIIKX PacCTOSHHE

cuN
- RS Sl (11)

3necs N, v, — KOHIIEHTPAaNN ¥ oQPeKTHBHAX YacTOTa COyNapeHuil Temno-
BHIX BIEKTPOHOB. Yesosxe (11) xopomo cormacyercs ¢ (2) mpx Ma.xmx BpeMe-
Hax (pOpMHpOBaHUE Hyika T, < ¥. N, /N,.

-

3. BO3BY2KJIEHME NOTEHLHAJIBHBIX KOJIEBAHHY

Boabyxyenne mOTeHUHAILHHX BONH ONUCHBaeTes Qopmynamu (4), (8)
IPENBIAYIIEro Pasyena.

Hmxueru6pugusle xonebauug. JacTora HIXKHErHOPHEHHX BOIH pPaBHA
MeHbIIEMY H3 ABYX KOpHel AMCIEepPCHOHHOrO ypaBHEHHE

' — wz m wz
€ (w,k) =]j-—‘—d-"§°-(coszﬂ+—1[[—) ;—;:"T%—sm 9. (12)

B mpenene MalHX YacTOT w? / (‘4’:@ <+ w%e) <1 oma ONHCHIBaETCH BhIpaxe-
HHeM '

M
w2=w%5(1+;‘—c0520), )
13
“.’%H M?’Be / (1 + “’Be/ )

.3mech wpe = y/4meIN, /m — IIacMeHEAZ TacTOTA anex'rponon, m/M —
OTHOUIEHKE MaCCH DIEKTPOHA K Macce OHa, cosfd = & /Ic — KOCHHYC yIiIa

—-—

Mexuy nonuonmu BEKTOPOM k DAacCCMATPHBAEMEHX KOTeGAHMIt ¥ MArRETHHM
norem B. Cornacxo (13), orsourenne ckxopocreir R (8) y6rBaer B o6macTi
GONBIIMX K MATHIX YaCTOT ¥ IPHOMMKALTCE K eJUHALE B IPOMEXYTOYHOM CIIy-

qae cos? § ~ w? / (wf,c + w%e) ~ v/m/M . llpu 5TOM MUHEMAILEOE BRAYEHHE
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passocTy (1 — R) OKadHBaeTCE TOMO Xe NOPIAKA, ITO H CaM NApaMeTp pad-
noxenus. [looToMy fug pacuera (1 — R) cregyer HCIONb30BATH 6onee TOYHbIE
BLIPaXEHNT (em. (12)):

\

\

2 2 2 2
w (ww'{_wBe-w) m

29
cos’ 9 = Lo, =~ (14)
Re w?, w}, sin? 6 cos? § _'6_2' _ Wi, +wh, - 2? ‘(15)
w? (w2 tuh, —2w?)’ 0w w(wh -

1

SJIBCB MHE BOCHOJIB3OBAIHCH CQOTHOIIIQHH@M

e (tag) / ), pewt(-uh)ls o

m ; '
¥ IpeRe6Perii MaIBIM CTaTaeMbiM w2; ——wz B CyMMe \(w;‘;, +wk + wfge) ~

pe
o (w;e + wﬁc).
B npepiene 6onpmmx dactoT w? > /M/mwly (T.e. cos?8 > /m/M)

B npaBoil 4actu (14) mMoxHO npeHebpeys crnaraeMuM (m/M), cBE3aHHEM C
BnugHneM noHoB. IIpu oToM Bripaxenus (4), (8) npusogsrcs X BUpy:

E

N, wZ @h, —w?) (i +wh, —w?) 5
T=ng ) —— ) e L) A (), (D)
e (wge«;-wBe-wz) - w2, wh,

v =w/k=s/t.

2
2 2 2 2,2
(1 R) _ w? (wpe + wWpe — W ) — Wy Wp,
—_ = ——
FTET (b 2)

(18)

Bupno, 470 ¢ yMeHblIEHHEM YACTOTH w MHTErpanbHulil HHKpeMeHT I' Bospa-
cTaeT ~'1/w, a OTHOCHTeIbHAZ PaBHOCTH IPYINIOBOI ¥ (asoBOH CKOpocTen
(1—-R) y6uBaer ~ w?. B mpoTHBONONOKHOM CIydae MAILIX YacTOT NOLYTaeM
IPH yYeTe ITHIOb MIABHBEIX YIeHOB pasnoxerus (1 — R) mo MarsM mapaMeTpaM

(m./M) H wz/ (wﬁe + w};e):

= Na “"2 wBe (m/M) (wzl“’LH 1) ~z, (0)
Pt obtwh, . wi-m) ¢ e (), 09

m w? Wl " 2
(I_R)=71’M";'g; ';L}Ii) 71=1‘w:ew%e/(wze+w§c) . (20)
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Bennunna c6s? @ onpepensercs wo (13) (camMerum, 9TO OTKIOHeHNKE KOFPPUNHE-
enTa 71 B (20) OT eNMHAIL CBIBAHO C YIETOM MATKIX WIeHOB ~ w? /(wi, +wj,)
B (14), (15)). Cornacro (19), (20) BuusHMe HOHOB OIrPaHHYMBAET PA3HOCTH
(1 ~ R) B o6racTu MalIkX JacToT. MakcHMalbHOE yCHIEHUe. IIyMOB IIPOHC-

-

XOJMT HOPH HEeXOTOPOM (PHKCHPOBZHHOM BHaYeHMM YaCTOTH w H BEKTOpPa k
BO36yKaeMBIX KoneOaHMil, ONpefenseMhIX BEPaXeHnIMHA \

i

M\ M4 A 3m\ 1/4 ' 2 ~1/4
w,,t = (—";7-1-) WL = (—ﬂ_—) Wpe WBe {(w; + w%,) - wze w%c} ,
. (21)

3n’z,)1/= :

2 - D ——
cos® Oy, = ( M

Koasduument cos? /(1 — R) B npasoir wactu (19) fi1 ONTHMANBHEX Iapa-
meTpoB (21) paBer 3/(471). Buguo, yro MakcumanbHoe sHaderue I' gocTura-
‘eTcd B cly4uae, KOrfla BogHa 3((EXTHBRO BBAHMONEHCTBYeT ¢ PesOHAHCHBIMN
JacTHOaM4, T.e. OTHOUIeHHe R rpynmoBod ® ()a3oBOil CkOopocTeill GIM3KO X
enuaune. [Ipn MOMeHeHHN JaCTOTH W # Wy, YCHICHHe HIDKHErHODHIHEIX IIy-
MOB YOHIBaeT BCICCTBHE YBeIWYEHHS PA3HOCTH MEXHY STHMH CKODOCTAMA.
“TlogyepkHeM, YTO ONTHMAIbHOE BHaYCHHE JacTOTH dpYekTUBHO BO36yXKHae-
MEIX BOJIH HE 3aBHUCHT OT BpeMeHH ¢ B KOOPMHATH $ B 06IACTH HX FeHePalUu.
Ilpu moMenenun s/t MeHgeTCH TOILBKO BOTHOBOE YHCIO k BO36yXAaeMHIX BOIH

k= wt/(.\s cos o), (22)

rje Benmyuia cos § caMa gBIgeTCE QYHKIACH w. v
B sakmodeHNe OCTaHOBHMCS Ha YCIOBHEX IPUMEHHMOCTH XONOLHOIIa3-
" MenHOro BHpaxerud (12) qud noTeHNHANLHEX BonH. M cnonsays sakoH gucne-
penn (13) u crepyromee ua Hero coornomenrne (cos? 8 > m/M, wh, fwZ < 1):

g . (23)
\ [

IPHEBOAUM WCKOMEIE YCIOBHS K BHRY
. 2
- _ ML KT T

Te mwp, ~ wim - mvj < 1. (24)

Cormacso (12), OHE BHIOIHSIOTCE B CIyYae JOCTATOYHO GONBLIIOH CKOPOCTH
v|| PE3OHAHCHEIX YaCTHL B CPABHEHHE CO CKOPOCTHIO vT./m TennoBrx onex-
TPOHOB ¢ TeMmnepaTypod T,.. YcCIoBHe HOTEHIHANBLHOCTH HHXKHErMOGDHIHEIX
ot k?c?/w?, > 1 BHNONHSETCE B 06TACTH HOCTATOTHO BHICOKEX CKOpOCTelt

V|| < CWBe [/Wpe, BHATUTENFHO NPEBHIAIONUX TEIIOBYIO CKOPOCTD VT.m.
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HHEBKOYaCTOTHEIR MIAaOMEHHHH PE3OHAHC. Ho'remmanbnme BOIHH C 4a-
CTOTOR w < wp; OTHOCATCS K HHOKOYACTOTHOMY ITasMEHHOMY peaonaacy
" OBX onmECHBALOTCE RECEDCHOHHEM yDaBHeRHeM

w2 wi.
£ =-Lcos?l- 5L =0, (25)
, w —Wwg;
HMEOIAM pelleHre
2_ .2 (M/m)cos? M .,
Y =Wy (M/m)cos28’ m cos™ = wh —w?’ (26)
3necs wp; = VirelN, /M — nnasMennasg YacTOTa HOHOB, wp; = eB / (Mc)—

THPOYacTOTa HoHOB. Ilpegmomaraercs, 910 WZ; > wh;. Hnterpanbueli ua-
kpemenT I' (8) m mapaMeTp CHHXpOHHBMA MexXay BoaHOH ¥ sacTuuamu R (9)
B PacCMaTpHBaeMOM ClIy4ae IPHHUMAIOT BHA, cp. [1-3]:

g w/wni) (1 - w?[wh;)
(w/wg.) + 1./t

N, |
K=ngtosis i (w), w=w/ky=s/t, (27)

" (1-R)=w/uh;.

3nech B cooTBeTcTBRH C (7), (10) crenana saMena [1 — R| — |1 - R[4+ 7. [/t u
y4TeHO, YT0 B PACCMaTPHBAEMOM CIydae JOCTATOYHO JIMHHOBONIHOBHIX KOJIe-
6annii (28) mapaMeTp z, B (4) MOXHO CYHTAThH MalbIM, Honarag e~ Io(z,) ~
~ 1. .
Hs (27) cnenyet, 910 B ycnoBuax (7) HHTETpalbHHH HAHKPEMEHT HEYCTOH-
YHBOCTHE BO3PAaCTaET C YMEHBbIIEHEEM YaCTOTH w BoeOy)XHaeMbIX BOIH, NO-
CKONBKY OTHOmeH®e R IpymmoBoit ckopocTx k dpasopolt ang BorH (26) B Ipe-
Aene w < wp; CTpeMETcH K equamme. Orpanuyenue Ha (27) O CTODOHH Ma-
_IHIX 9aCTOT MOXeT GHTH CBIBAHO ¢ HapyIIeHUeM YCIOBUE W > Ve,<Y, KOTOpOe

OELIO HCHONBL30BaHO NpH BHBofe (3), (4). YcioBHE IpHMEHHMOCTH IpHOIH-
XeHHH XONORHOH INadMH X yCIOBHe NOTEHNHATHHOCTE Ak BOMH (26) mMenT
BH] ‘

KT T; w?
= it _ 2
z; ——L——Mw% ; ——-—mvlzl (1 w———% ;) <1, (28)
k2 V2 ( w? ) \
LAY PR PN (29)
Wi Y Wi . i

rae Vi = cwp; /wpi — AnbsdBeHOBCKad CKOPOCTh, T; —~ TeMIepaTypa WOHOB.
Cornacro (28), ( 29) paccMaTprBaeMEe BOIHH Bo36YXAaioTCE JOCTATOYHO
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“e
HUBKOPHEPIHIHKIMHA DIeKTPOHAMH, “IpOJonbHad” CKOPOCTH KOTOPHIX JOXKHA
6n1Th 60oNbLIE TENIOBOH, HO He NpeBHmaeT ANb(HBEHOBCKYIO CRKOPOCTH V4!

VIi/m <y =w/ky < V. - (30)

Hongo-nurnorponnne xone6atni. Kax ¥ panee, paccMoTpuM Bosbyxpe-
Hile BONH IPH B3aNMOJeACTBAN C JOCTATOIHO SHEPTHIHKIME JacTHnaMu. [Ipy-
THMY CIOBaMH, GyneM CYATATDL BHLIIIOJHEHHHLIM YCIOBUE w/ky > I, [m, xo-
TOpOe B cyyae nonuo—nnxno'rponmx BOIH y;o6HO nepenucaTsh B q;opMe

, 2
:}i—coszg/‘ [T et l}<<1 (31)

TwB,‘

Kpome Toro, 6yneM paccMaTpHBaTh JOCTATOYHO HEBKOYACTOTHHE Konebanns
(w < wpg ~ /M]muwg;) ¢ He ouenr Manoil juiHON Bonuu (z; < M/m) u
CIaGRM UHKIOTPORHBIM NOINIOIEHIleM Ha MOHaX (]w - nwgi| > kT: [M )
B yKanaHHBIX YCTOBHEX IOUTH IONEPEYHOTo pacmpocTpaenni (cosf < 1)
[UCHepPCHOHHOe ypaBHeHHe [ IPOJONbHEX HOHHO-IMKNOTPOHHEIX BOTH IIpHU-

. HAIMaeT BHI
2

' — W, \
£ (w,k)=-::32°—c0329+6e,-(w,kl)=0, (32)

)

rre 8¢; (w, k1 ) — BXIaJ DIEKTPOHOB B HPONOIBEYIO THAIEK TPEYECKYIO TP OHH-

HaeMOCTh IIa3MHEl, PaBHH [4]
\

be; (w, kp)= w(;):; {1 —-e Flh(zi) - 22 i w} , (33)

)
Bi%i nm1 TTR

.

z=wfwh;, == kiT‘/(ng") ’

I.(z) — dynxnus Beccens oT MumMoro aprymerta. B (32) ynepxano nép—
BOe, BIEKTPOHHOE, ClaraeMoe, KOTOPOe MOXeT OKasaThCd CyIeCTBEHHBIM
npu 2; < 1. B cnyyae (32) o6uiee BEpaxeHne [l AHTEIPAIBHOTO mpeuen’ra .
(8), (4) npuBOpETCE K BUAY ‘

T ' .

w u
F=K— v = w/k = s/t, (34)
e i
wz .z 8 R
. G (=, :!:,')' = 5:2,{ 5;55,’ (w, ki), . (35)

a xoopPuument K ompepnener B (27). YuTeHO, YTO IPH HOYTH IONEPeYHOM
PacupoOCTPaHeHHN IPYNNOBAI CKOPOCTH HOHHO-LHMKIOTPORHBIX BOIH Maja IO
cpaBHenuIo ¢ (pasoBoil (R < 1) B He BHISHIBAET YCHIIEHES HEyCTOHYHBOCTH.

1
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Cornacro (32)~(34) noftHO-IAKNOTPOHHEE BOTHE MOTYT BOIGYXIATHCE B IIH~
POKOM JiFaanoHe 9acTOT (B BaBHCHEMOCTH OT BeNHIMHE HapaMeTpa z; ~ k2 ).
MusnMaTbHOE BHAYEHHE xoa@(lmnnema G (35) mocrturaercs mpu z; < 1 B
OXPECTHOCTH - BTODOH HMOHHON TMPOTapMOHNKY w < 2wp;. JucuepcrorHoe
ypasHenue (32) = BHIPaXKeHHE I JACTOTH W I xoo(unuenTa G TPHHAMAIOT
B DTOM CIy4ae BUE :

1 > N

2
€ (w k) = -2 {W—cos’wr +x —”—‘—‘i‘i—} =0,

wg, 4m 3 4w-—2wpg;
- 3 IM
w-2w3,-=-.-zwg,-z;/ {1+Z—’;l—c0320] , (36)
1 sM L, .
G—9[1+4mcos 0] . .

.

Bo Bcex mpyrux ciyyagx ¢ NpUOIIDKEHMEeM YaCTOTH W K MOHHCH THpOrapMo-
HAKe nwg; Upu z; € 1 mubo z; > 1 Benuiuna xosdduuuenta G (a:,- , ) BO3pa-
craer. [looTomy HauGonee sddexTrBHOE BO36YyKAeHe HOHHO-IIHKIOTPOHHBIX
BOJIH IPOUCXONHT-B YKasaHHOM ClIydae w < 2wp;. OQuako gaxe B 5TOM ONTH-
MaJIBHOM CIIyYae HOHHO-IHKIOTPOHHEIE BOTHE BO36YX[2I0TCE HECKONBKO Clla-
6ee, YeM NOTeRUMAIbHEE KOne6aHUE C JaCTOTON w & wg;, CM. BHpaXKeHue
(27) mpennpymiero paspena.

4. BO3BYKJEHUE MATHUTOTHIAPOINHAMMWYYECKUIX BOJH

PaccMoTpnM xone6aHms XONORHOE IIasME HESKOH HacTOTH w? < wiy
B YCIOBHEX JaleKHX OT NoTeHnmambHOCTH kic? & w?,. Oum omucmBaoTCE
O6Im¥UM RUCHEpCHOHHHM ypaBHEHMEM TeTBepTOro IOpLfkKa IO IOKa3aTerio
npenomnerus BorEH N = kc/w, B KOTOPOM MOXHO BHIIEIHTH KOODQHIHEHT

-
A (w ) k) IIPH KOMIIOHEHTE TeH30pa JIKBIIQKTPH:IGCKOH IPOHHIIAEMOCTH £33, CO-

HepXamer GONBINOHA MapaMeTp wﬁ, /w?. B peoynpTaTe nolyyaeM H3BECTHOE
ypaBHeHHE, OIMCHBaiomee pacupocrpadenie nsyx MI'Il-Bomn: AJIB(I)BeHOB-
CEO¥ BONHH ¥ 6HCTPOH MArHHTO3BYKOBOH (BM3) BONHEI, NPHHATIEKAICH K
BeTBH CBECTAINUX aTMOC(HEPHKOB:

A——coszaN‘—-el(l-}-cos 0) Nz-}-el——ez—-o © (87)

o= —wk/ (w2 —-w}’,,-) , e2=¢6(w/wpi).
-

9To ypaBHeHWe TOBBONSET BHIPASHThL Yrol HAKIOHa BOTHOBOFO BEKTOpa k
pacCMaTpuBaeMOH BONHH 4depesd ee wac'rd'ry u (asosyio cxopocTs w/ky

z+z~ : .
J Z(Z 1) (38)

172 B. B. Bacb%os



Tom XXXIX ¥ 2 H36. BY30s PATHO®H3NKA 1996

rfie BBeieHH 6e3palMepHEIe IepeMeHHhe

2
z=wi/wy;, y=-cos?d, z=<k—u;l-) /V}. (39)

-—
OrmeTHuM, 9TO Ge3pasMepHad pasoBag CKOPOCTh z (BONb MoNL B) B cIydae
Anb(BeHOBCKOH BOTHH 32KJTIOYEHA B [iHala3oHe

1-yz<z<1~-2, z<1, . (40)
a B cnyyae BM3-Bonunl yoBnieTBOpSeT HEPaBEHCTBY
1+v/z<z (41)

HE3aBHCAMO OT BEeNIMYMHH IapaMeTpa Z (IpuBelleHHKe HEPaBEHCTBA obecne-
YMBAIOT BEIONHEHNe ycrnoBus ¥ = cos?§ < 1).

HeycToiiiuBOCTh ITa3MeHHHX BOIH CBESaHa C aHTHPPMHUTOBOH JaCThIO
TeH30pa AUANEeKTPHIECKON MPOHUIAEMOCTH INIa3MEl, BOSHUKAIOIIEH HOf BIH-
SHMeM PE3OHAHCHEIX DICKTPOHOB. KOMIOHEHTH TeH3Opa IpHBEJeHH B [4].
Wcnonbays BrpaxeHud [4], MOXHO pacCYuTHBaTh kKoapduuueHT A M HHTe-
rpanbuniil mEkpemerT I' (8), (9), onrcrBaiomuil ycunenne BOTHOBBIX IaKeTOB
PaccMAaTpPYBaeMEIX BOIH:

_ m\ vz(1-y)y 7\’ T z ,2
e () S () ] |

(1-R)=;;%—‘(‘-zl_%(yzz-1). - (43)

3neck T — oddexTuBHag TeMiepaTypa YCKOPEHHBIX BIeKTPOHOB B OPTOTO-

BaTBHOM X TOTO B HalpaBlIeHUH (OpefmonaraeTcs, WTO IHapaMeTp z, B (4)
MEHBIlle eIMHULE ), TapaMeTp ¥, kak Qyuxunus z = (s/t V4)? u 6espasmepuoit
4aCTOTH z, onpefener B (38), koopduuuent K npusenen B (27). Coriacro
(43) rpynnosag cxopocTh vy = Ow/0k| mng BM3-ponn ¢ z > 1 Moxer coBma-
JaTh CO CKOPOCTHIO PE3OHAHCHHEIX dIekTpoHoB (R = 1) npu ycrmoBun

yiz=1, o (4
KoTOpoe ¢ yyeroM (38) mpuBOgUTCH X BHLY:
z=(vz-1)(z-1)= (1-9*) (1-9)/¥*. (45)

B cnyyae R — 1 Manas pennymsa |1 — R| B syamenarerne (8), (42) saMens-
etcd, cornacuo (10), Ha Maloe, HO KOHeYHOe OTHOWIEHHe T./t. Bipakenns
(44), (45) B HedBHOM BHJe ONpefeNfIOT HalpaBleHHe y = cos’f BOTHOBOTO
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-
\

BeKXTOpa P BMB-BOIIHH H OTHOCHTENbHYIO BEIHYHEY ee (asoBOH CKOPOCTH
(w/k”VA) B DABHCHMOCTH OT Ge3pasMepHOll JacTOTH z = (w/wp;)’ B

YCTOBUSX paBeHCTBa IpynnoBoi m (asosoil ckopocreit Ow/dky = w/k). B
SBHOM BHJ€E 5Ta BaBUCHMOCTH ONACHBAETCE ACUMITOTHICCKUMHE PopMyTamu,
CIIPABEUIABEIMY DA GONBIIMX U MaNbIX Z:

y~1l—y/z/24..., (46)

ze=1-!-\/2:|:+...,~ rL1,

Yy z—1/3 (1 - -1-2:"1/3 - 12'2/3 - .. ) ) (47)
3 3

2/3 21/3 :

z~z +§a: +14+..., z>1. -

- 3ameTHM, ITO NOCTefiHee BHIPaKeHHe [l Z XOPOIIO aPOKCHMHPYeT moBefe-
Hile z(z) Bo Bcelt o6nacTu naMerenus z > 0. OTMeTHM Takxe, YTO YCIOBHSE
(44), (45), cnpaBeqIHBHe A4 HUBKOYACTOTHOH BM3-BOTHE, aHANTOTUYHE Ho-
BecTHEM ycrouaM 2Kamppena cosf = 2w/wp., k*c? = W, momyuenynM

paHee I CBHCTSIIMX aTMOCepUKOB B WIOTHOM mIasMe ¢ wl, > wh, B o6ma-

cTu 6onee BHICOKAX 9aCTOT w > WLH, KOIa BIMSHAEM HOHOB MOXHO IIpeHe-
6peys [5]. Ua (42) cnenyer, 110 BoammopeiicTane MI'JI-BonH ¢ PE3OHAHCHBIME

BIeKTPOHAMH, BOOOIIe FOBOPS, CHIBHO NOAABNEHO, T.K. UX HHTErPATBHEI HH-

xpement I' conepxut mantni napamerp (m/M). Haubonee nnrencusnoe yeu-

JIeHNe STHX BOIMH NPOHCXORHUT B Cy4ae KBaSHIONEPEYHOTO PacIpOCTpaHEHNS

npu y = cos?0 € 1, re. (14+/Z) € z png BM3-ponnnt u z >~ 1 — z fus

AnbdBeHOBCKOH BONHH, cM. (38).

lng BM3-BonHH B onTAMaNBHEIX ycnoBuax |R| ~ 1, z > 1 momyyacym

' +

m - 253 .
I‘—Kﬁ-m, (48) .

|1—RI=»z‘1/3l 218 -1, 2= (s/tVa) m 2¥

Bupgso, 9To B naHHOM cnyvae Mansiil napamerp (m/M) moxer xomneucnpo-
BaThCH BCHefcTBHe R — 1  8a cYeT pocTa YacTOTH BO36YKAaeMEIX BOTH.
CxopocTh pesoHaHCHBIX ONeKTPOHOB vjj = w/k)| IPK DTOM Takke BO3PACTaeT
~ (w/wp:)?3, cu. (47). ‘
B cyvae KBaBHIONEPEYHOTO PaCIPOCTPake s ATbPBEHOBCKHX BONH Pop-
mynnr (42), (43) c yseroum (10) gaor

T = K(""/“"Bt) (l wz/“’Bz) (mV}z") , (49)

) wz/wB, + 7./t T;
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v“=v1-zVA=s/t. ) .
Snler MB!I BOCIIOJIB3OBAJINCh ONpeelIeHneM

, ¢, .
y = cos?f = 3’22—— ¢ =8rNT:/B? = I;'fﬂ
Irjle napaMeTp z; npusejed B (28). Koaq)q)unuenfr K, xax u paHee, onpejeneH B
(27). Buguo, uro manui napamerp (m/M) B piipakenuu (49) nerxo xoMmes-
cupyercs' GonpiMM napaMeTpoM 1/¢; nmake IpH MalkX BHadeHHiX z; < 1
(paccMaTpuBaeTcd Ciydad XONONHOM CMIBHO SaMarHWYeHHOH HOHOC(epHOH
mrasMur). OtmeTuM, ¥TO BHpaxenue (49) mng Anb)BeHOBCKHX BOIH C TOY-
HOCTBI0 fio 6onpiuoro napamerpa (mV3 z;/T;) opmanbHO coBnafaer ¢ dop-
Myno# (27), onrceiBatouieil Bo36yKaeHNe TOTEHIMANBHEIX Kole6aHyH a3 MBI
€ 4acTOTOH w < wp;. CueflyeT ¥MeTh B BULY, ONHAKO, YTO B BhIpakenuy (49),
B ornmyne oT (27), CKOPOCTh PE3OHAHCHEIX YacTHU v) ~ V4 IpH 3ajamHOl
YaCTOTE w IOCTOSHHA BO BPeMEHH. DTO OBHAYaeT, YTO TOUKa BOBOYXKIEHUL
Anb(BEHOBCKHX BONH IaHHON YaCTOTH IlepeMelaeTCs B IPOCTPAHCTBE CO CKO-
pocTsio vj. KpoMme Toro, ckopoCTh pe30HAHCHBIX BNEKTPOHOB, HEOGXONMMELX
g Boa6y>xnemm Ans@BeHOBCKUX BONH, JOMXKHA ORITH BHAYUTEIbHO Gonblle,
YeM [If TeHepallii NOTEeHNUATbHEX KoleOatuii mrasMel, cM. (29).

(50)

5. OBCY2KJIEHME PESYJILTATOB

O6cynuM Tenmeph BO3MOXKHOCTB TeHepPAIlMH HHBKOYACTOTHBIX NIYMOB Iy Y-
KaMH YCKOP@HHHIX 91eKTPOHOB, TeHEpHPYEMEIX BO BpeMs akK THBHEIX HOHOCHep-
HHEIX DKCIepUMeHTOB. [[ng BTOro oueHUM BenWYMHY COMHOXHTens K B BHI-
paxennsx (27), (34), (49) ans uHTerpambHOro MHKpemerTa ycunerus KHY-
nrymoB. BypgeM y4uTHBaTh, 4To 5PQPeKTHBHAS MOIGHOCTSH PaJHOM3IyYeHHI
B aKTUBHHIX HoHoCepHHX dKcmepuMerTax P =~ 150 MBT, wto coorser-
CTByeT NOTOKy sHeprum S; =~ 0,26 spr/cm’c = 2,6 - 10~* Br/M? npu Bh-
coTe oTpaxkeHus BOMHH h ~ 300 kM. OTa 9Heprug HPAKTHYECKH IOIHO-
CTBHIO NOMIOMI2eTCH B NTasMe M B KOHEYHOM CYeTe IepefaeTCd ee YaCTHIAM,
B TOM 4HCIle CBEDXTENIOBHIM dIeKTpoHaM. IIpomecc ycKOpeHHS BIeKTPOHOB
B G6NaCTH OTPaXKEHNMS MOIUIHOH DPajgHOBONHHE HOCHT JUCTATOYHO CIOXHHIH,
MHOTOCTYNeHYaTHH XxapakTep. OfHako mepBaf, CTPHKIHOHHAS CTafgUsd BOB-
6yXIeHES IIa3MEeHHON TypOyNneHTHOCTH, IPHBOJ el X TeHepallMd yYCKOPeH-
HHEIX DIEKTPOHOB, PadBUBaeTCH B TedeHNe EIMHUI MHIIACEKYHH [6]. DTo mo-
3BONZET CYUTATH, ‘{TO BpeMs ()OPMHMPOBAHUL IYYKa YCKOPEHHHX DIEKTPOHOB
nopsyra 7. ~ 10~3 c¢. Ilpennonaras, 9ro 64IbIIaE acTh 9HEPTHH MOLIHOM
PaIHOBOIHHEl PaCXORyeTCE Ha YCKODEHHe CBEDXTEIITOBHIX BIEKTPOHOB, IONLY-
JaeM ONeHKy “cBepxy” Ha uX KoHueHTpauuio N, = S/ (e,«e,?m), Iie £, —
XapakTepHad OHEprud YCKOPEHHKIX dIeKTpOoHOB. IIpu ToM B 061acTH CKOpO-
cTen L < v, = +/2¢,/m QYHEIHMIO paclpefieTeHns YCKOPEHHEIX JaCTHI] MOXHO

CINTATh PaBHON f( ) (v") =1/(v/7v.).
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HMes B BNy CONOCTaBIeHHe C DECIepuMeHTaMH [1-3], paccMoOTpuM reme-
Panumio MIyMOB BO BHemHel# moHoc(epe Ha BEcoTax h & 1000 kM (T.e. mpm
s ~ 700 ku). Ha Taxux BHCOTax HOHOC(EPHYIO INa3My MOXHO CUHTATh BOJO-
pOJHOH ¢ THpodacToTaMy fp. ~ 1 MI'n, fg; ~ 540 ', M/m = 1836. Y4uth-
Bad IpHBeleHHbe COOTHOWEHNAT H ITojlaras, YTo TeMIepaTypa U KOHIeHTpalus
TENIOBHIX BIEKTPOHOB M CPENHLf DHEPrus YCKOPEHHHIX, YaCTHI PaBHH COOT-
Bercrsenro T, = 3000° =-0,26 0B, N. = 2-10°% cM™3 (fpe = 4 - 108 '),
&, = 12 9B, monyyaeM OueHKY

K ~1 npu 0,3-10% cm/c <v"<v,_2 IOSCM/C .

ononnurensHoe yBenuyeHne MHTerpanbHoro wnkpeMenta I' ~ K ~ ]2
B’ CIyYae NOTEHNHATLHEX BONH (27), (34) MoXeT GHTH BHIBBAHO yMEHBIIex
HHEM £, IPH ONHOBPEMEHHOM yMeHblieHHE (a30BOH CKOPOCTH Boabyxpae-
MHIX Xomebammit w/ky = sft < v,. 3BameruM, 9TO B Ciyvae AmbdBeHoB-
CKOHl BONHH BeIWYHHa £, ROMKHA NpeBENaTh mV}/2, Tak Kak CKOPOCTH )
PEBOHAHCHHIX DIEKTPOHOB B IaHHOM Cilydae paBHa Anb(BeHOBCKkOH (B pac-
cMaTpuBaeMoM npumepe fp. = 4 MI'm, ¢, = 12 oB xapakxTepHas CKOpOCTb
v, = 2-10% cM/c 6nuska x Anbppenonckoir). ONHaKo MHTETrPATbHBIT MH-
kpemeHT (49) pag AnbQBEHOBCKOH BONHBL COJEPAMT AOMOTHUTENbHEIH 6OIb-
mok napamerp V2 / (T;/m) ~ 103, xoTopmii o6ecneinBaeT sddexTuBHOE BOS-
6yXpeHde DTUX BOINH B CIyyae NOCTATOYHO GONBIION SHEPTHH YCKOPEHHBIX
acTrn. (QTMeTHM, YTO MHTEerpambHbIN MHKpeMeHT (27), (49) mis musxoya-
CTOTHHX BOTH ¢ f < fgi BoapacTaeT ~ fg;/f. s cxasamnoro cregyer, 4To
HabmofaeMoe B 9kcrepuMenTe [1-3] ycunenue KHY-mymoB B guanasone ya-
ctot f < 150 I'm < fp; MOXeT OHITb bLI3BAHO MX B3aMMOJEHCTBHEM C My4-
KaM7 VCKOPEHHBIX SNeKTPOHCB, FeHePUPYEMLIX B HOHOCHEepS MOUIHEIM Harpes-
HBIM CTeHHOM. AHAIOrMYHO BOBHUKHOBEHHE MAKCHMMYyMa IIyMOB Ha 4aCTOTE
f =~ (0,9-1,0) xI'u, pacHoOnOXeHHON HECKOIbKO HXXe 2fp;, MOXKET GHITh CBi-
3aEBO ¢ BOSHYKJeHUeM DIeKTPOHAMA BTOPOH HOHHOH MUPOT2PMOHHKH, XOTd CO-
OTBETCTBYIOIHAH HRTErPANGHLIN HEXDeMEeHT (57) OKasHBaeTCd MeHblle, 4eM
B ciydae f < fgi (27).

Tepepanys BH3-BonE Hambonee HHTEECHBHa B 06TaCTH cpannmenmzo
6onbmEx HacToT f 3> fp; (48). OvcyTcTBHe Tak#X BONH B BKCLEPHMEHTE
MOXeT GHITh CBESAHO € OTCYTCTBHEM YCKOPEHHRIX DIEKTPOHOB JOCTAaTOIHG
BHRICOKEX BHEPTKH, HeOOXOIMMBIX FiL LOBCYKASHHA ITAX BOIH.

BaxgEas 0COGeHROCT, B CHEXTPe MCKYCCTBEHHRX IIYMOB BOJHHKAET
B obracTn Gonee BHICOKEX YacToT, éoo'rBeTc'rByionmx BOBAYXKIEHEIO HHXK-
EeTHODHHOA BETBR HOTeRNMALHELIX KoneGagmi. HATerpanbERi HHKDEMEHT
(i9) oTEX BQJIH Ha BRHICOTAX BHeWHeH nosocq)epu FMeeT SPKO BHIPaKeHHBLH
MakcHMyM Ha qactore f = (3m/M)/4, fp. ~ 200 xT'u. Muxpement BooGy-
XeHus HWKHETHODHNHEIX BOIH BHAYHTENLHO BHIOe, YcM Y 06CYXKIaBUIMXCE
KBY- -IIYMOB. BosHUXHOBeHNE PESKOTO IHKa B CHEKTpe HCKYCCTBEHIBLX IIy-’
MoB Ha dJactore, f ~ 200 xI'ny Mo:xe'r AaTh IpEMOe YKasaHHe Ha B036yXKIeHre
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HIKHEeTMOGPUHKX BOIH IIyYKaMH YCKOPEHHHIX DIeKTPOHOB (B DKCIEpHMEHTaX
[1-3] BepxHas rpanuma PETHCTPHPYEMEIX BOTH 6HlTa BHAYUTENbHO HIDKE “fa-
CTOTH OXHLAEMOIC MHKa ¥ cocTannsna 20 I'n).

_ Pabcurta smnonHena npu ¢niaHcopon nognepxre Poccuiickoro foHpa PyH-
AaMeHTalbHBIX HCCIENOBAHKM.
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EXCITATION OF LOW FREQUENCY WAVES IN THE TOi’SIDE
IONOSPHERE IN HEATING EXPERIMENTS ON THE FORE FRONT OF
ACCELERATED SUPRATHERMAL ELECTRON BEAMS

V. V. Vas’kov

Excitation of low frequency waves in upper ionosphere was considered on
the fore front of suprathermal electron beams which have been created in the
reflection region of powerful radio’wave. The integral growth rate I' of beam
instability for wave pocket crossing the instability region was obtained. The
growth rate I' sufficiently depents on ratio R = (8 w/d k") / (w/ Ic”) of group
velocity of wave pocket along the magnetic field to it’s corresponding phase
velocity which is equal to the velocity of resonant particles.

' It is shown that in upper ionosphere (the electron gyrofrequency is fg. =~
~ 1 MHz, the ratio of ion to electron masses is equal M/m = 1836) the growth

/
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rate T' of longitudinal lower-hybrid oscillations have a maximum at the fre-
quency f =~ 200 kHz when R ~ 1 and the phase velocity begin to grow due
to influence of ions. The excitation of longitudional oscillations with f < fg;
become stronger when it’s frequency decrease becouse in this case the ratio
R aproach to unity. The enhancement of ion cyclotron oscillations is most
intensive in the region of second ion gyroharminic f < 2fg; ~ 1 kHz.

. Magnetohydrodinamic (MHD) waves interact with more high energy par-
ticles with velocities of order Alfven velocity V4 ~ 108 cm/s. This interection
was damped by small parameter (m/M) ~ 1/1836. However the integral
growth rate T’ of low frequency Alfven waves become considerably large in the.
case of it’s quasi-ortogonal (with respect to the magnetic field) propagation
(n” <k _L) in ‘the strong magnetxzed ionospheric plasma where the Alfven ve-
locity is much large then thermal electron velocity. The interaction of quick
magnetic sound (QMS)-wave with resonant electrons can growth significantly
at f > fp;in the case R = 1 when the wave pocket moves along the magnetic
field with the velocity of reconant particles (the last condition is similar to the
well known R. Gendrin condition obtained earler for high-frequency whistler
waves excitation by high energy electrons). The value and direction of QMS

wave vector as a function of it’s frequency were found in the case R = 1.
' The possibility to apply the considered processes for explanation of same
features of low frequency waves excitation in heating experiments is discussed.

178 ; B. B. Bacbxos
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.

-SPORADIC E-LAYERS AS CURRENT GENERATORS

V. A. Liverouvsky, C. V. Meister

Quasi two- and three-dimensional models of dense night-time sporadic E-
layers of the earth’s ionosphere as current generators are developed. The layers
are assumed to be situated in the ambient plasma of about fifty times lower
density and their neutral particles possess a rather high bulk velocity relative
to the ions. The quasi-two dimensionality of the first model results from the

- assumption, that relative electron-ion drifts in the neutral wind direction are
almost compensated. The ion current in the neutral wind direction is caused
by collisions with neutrals, but the electron current is a result of the appearing
electrical polarization field. Within the supposed model the electron current is
closed by the external circuit, for which a rough description is developed. The
electrical polarization field is considered and estimated taking into account the
altitude profile of the electrical conductivity in the external circuit. Further a
quasi-three dimensional model of local current generation caused by the action
of short-time intense neutral winds on_ sporadic E-layers of finite horizontal
dimensions is presented In the analysis Hall and Pedersen currents in the
sporadic layer as well as in the less dense plasma above the sporadic layer are
taken into account. Thus, currents in two horizontal plasma layers of different
density and field-aligned currents connecting the borders of this two layers are
considered The two-fluid hydrodynamic analysis of the system shows, that
maximum Hall currents occur if the sporadic layer-generator is situated at
altitudes of about 120 km. The bulk electron veloci’ty in this currents can
reach values of the order of the neutral wind velocity.

1. INTRODUCTION
|

The morphology and creation conditions of sporadic E-layers (E,-layers)
in the mid-latitude ionosphere at altitudes of 90 km to 130 km have been
* studied for some decades [1, 2, 3, 4]. It was found that night-time midlatitude
E,-layers contain large concentrations of metallic ions (Fet, Mg*t, Al* K+,
Ca*) in addition to the usual O and NO*-ions. Other typical E, parameters
are: charged particle density n, ~ 10* cm™3, vertical width 100-500 m and
horizontal extent about 50-100 km [1]. Thus E,-layers can be considered as
plasma clouds, which are denser and havier than their surroundings. Further,
it seems to be'clear, that strong earthquakes as well as strong anthropogenic
activity in the vicinity of large industrial centres can cause E,-layer anomalies
{1, 5, 6, 7].

In order to explain the also unusual high electron velocities perpendicular
to the magnetic induction B, a model of an E,-layer as _current generator is
developed. It is assumed, that the sporadic layer moves under the action of an
intensive wave, may be an acoustic one (Fig.1). Acoustic waves have indeed
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acoustic_ wave
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sporadic + + + +
E-layer
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" source of ' surface of the Earth
‘acoustic wave

Fig.1. Acoustic wave, propagating up from the earth’s surface into the E-region
and causing spikes of neutral wind. The velocity VA is the compouent of
the neutral wind velocity, perpendicular to the geomagnetic field B,. The
neutral wind generates electrical currents in the E,-layer, which are closed
in the environmental plasma of the E-region. Under special conditions the
external circuit can contain a second E,-layer. The system of generated field-
aligned and perpendicular to 50 currents is three-dimensional. Currents
perpendicular to the drawing plane of Fig.1 are not shown.

been observed in the ionosphere e.g. during seismic and strong anthropogenic
activity [2, 8]. Besides, acoustic waves can be generated under special meteo-
rological conditions as severe weather. According to ionospheric filter effects
waves with frequencies of 5 x 1073 - 0.1 Hz should propagate up to E-layer
altitudes of 90 — 140 km. Thus it is assumed, that an acoustic wave with a
period larger than 10 s and below the Briint-Viissala period of 500 s directly
transfers its momentum to the neutral particles of a sporadic layer, and only
slightly influences the environment of the sporadic layer. That means a sit-
uation is considered, when the half-length of the wave is of the order of the
dimension of the sporadic layer in the direction of wave propagation, and the
layer interacts with the positive wave-phase.. Observed neutral wind velocities
V2 in the lower thermosphere at mid-latitudes in summer are of the order of
20 — 40 m/s [2] but occasionally higher values of up to 80 m/s and more seem
to occur.

180 V. A. Liperovsky, C. V. Meister
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In order to understand the main features of phenomena which take place
when the acoustic wave propagates through a finite sporadic layer here two
simplified models will be considered: first a quasi-two-dimensional and then a
quasi-three-dimensional.

2. QUASI-TWO-DIMENSIONAL CURRENT
GENERATOR MODEL OF E,-LAYER

For simplicity, first a quasi-two dimensional model of the E-layer is con-
sidered, assuming that electrical currents in neutral wind direction are quickly
compensated: by strong electric currents above the sporadic layer.

The main feature of the phenomenon of current generation by sporadic
E-layers can be studied with the help of the following easy model (Fig.2).

IS ST

Pg ‘sporadic E-layer
2+

Fig. 2. Schematic picture of a plasma cloud (sporadic E-layer) as current generator.
In the cloud the neutral particles initially move with velocity V,2,. + + +
and — — — represent positively and negatively charged layers forming at
the horizontal edges of the cloud.

An homogereous in density n, and temperature plasma cloud has the form
of a paralielepiped, which is placed in a plasma of much lower density n,
perpendicular to an homogeneous magnetic field B, directed along the z-axis.
Under the action of an acoustic wave the neutral particles of the cloud move in
z-direction, V2 || #i,. As a result of the Lorentz force at the edges of the cloud
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charged layers form and a polarization field E, occurs, which decellerates
the electron motion in the y-direction. The electron current in the cloud
is closed by Pedersen and field-aligned currents in the plasma layers above
the sporadic E-layer. Thus in this model effects of the external circuit have
to be taken into account. Studies of the influence of external circuits using
models for the electrical conductivity were already partially done by V6lk and
Haerendel [9] for ionospheric plasma clouds above the E-layer, and by Jacobson
and Bernhardt [10], who also considered electrostatic effects during acoustic
influences. In the E-layer the Pedersen conductivity

qzna Vam
) 1
aP(Z) a..ze‘ Mg “’Ba + ( )
has an altitude profile _
z
op(z) = opexp {Z;} (2)

with scale length Lp '~ 70 km. The altitude profile of the field-aligned electri-
cal conductivity

| ay(z) = Z ada (3)

md Van

s :
: 9| = oj “P{ ”} (4)
" with Ly ~ 10 km. 0% ~ 1.4 X 10~ (Qm)~! and of = 3 X 107* (2m)~? are
found using ‘the expressions for the electron-neutral v., and ion-neutral v;,
collision frequencies given in [11, 12, 13]. One has 0} /0] ~ 5.4 x 1074 at

is

z ~ 110 km. wp, = |gs|Bo/m, is the Larmor frequency. mg, ng, ¢a, and 17"
represent the mass, density, charge, and mean velocity of partmles of type a,
a = e — electron, @ = 1 — ion.

Taking the formation of charged layers and the polarization field E, into
account the system of equations of motion for the plasma particles reads

0= gen.E; —~ "‘;e"e”cn(V: - V:z) - mcnewBth; (5)

0 = gen. By — mencven Vg, + menewpV;

0= By — myniuin (V) - V3) , '
E is the mean electric field. It is suggested that no y-dependence appears in
(5). As relative electron-ion velocity-drifts in ‘z-direction are assumed to he
compensated one has V? = V3, = V3. At the considered atmospheric altitudes
the ions are nearly unmagnetized, v;, > wp;. Besides, possible processes of
current generation seem to appear with time scales below the time scales of the

- 7
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formation of sporadic layers, for which the influence of ion magnetization has
to be taken into account. The particle temperatures are as assumed almost
space-independent. As a first approximation also the space dependence of
the densities is neglected, which is certainly not correct for the edges of the
sporadic layer and for the transition layer to the environmental plasma of lower
density.

To solve the system of equations (5) first the polarization field
E, = —gradp(z) has to be found separately. From (5) we find for the electron
bulk velocity of the Hall current suggesting

By=xVS (6)

the relation :
e ™)
Ven[l +p+1/R)’
where the parameter g = —g.&/(m,Ve,) characterizes the influence ‘of the

external circuit. In the case g > 1+ 1/R, R = VenVin/(wBewp;) the polariza-
tion field determines the dynamics of the sporadic E-layer essentially. u = 0
corresponds to infinite conductivity of the external circuit, i.e. £, = 0. The
coefficient & in (6) can be found considering the external circuit. Thus it is
necessary to make electrotechnical estimates or to solve the current continuity
equation divj = 0 within magnetohydrodynamics.

s

2.1. Electrotechnical description of the external circuit

Taking into account Pedersen currents and field-aligned currents in the
thin current layers in and above the horizontal boundaries of the sporadic
layer, that means in the AL,-surroundings of y = +L,/2, and neglecting
field-aligned currents along geomagnetic field lines through the inner part of
the sporadic layer (which increase the electrical conductivity of the external
circuit) (Fig.3), the Pedersen currents dJ;p(z) at different altitude intervals
dz can be expressed by field-aligned currents Jjj of the current layers,

dTip(e) = ~Eop(e ) [oly = 3 2) - ply == = (©)
_ 9y = -Ly/2,2) ds =
Oz
= AL, ALy~ 06 [ou(y = _£_ 2l = —zLy/i’ z)}

> is the scalar potential of the electnca.l field,
E = —grado. (9
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‘Fig. 3. Electrotechnical scheme of the external circuit. Rp, and Ry, designate the

Pedersen and field-aligned resistivities in the altitude intervals dz,.

!

The Pedersen conductivity in (8) depends on the mean ion mass’
m? =~ 31 AMU of the environment of the sporadic layer. Introducing in
e(y = Ly/2, z) — p(y = —Ly/2, z) the potential difference Ap(z) along the

magnetic field lines regarding the symmetry of the system -

| L,

2 :=0)=

Ap(z)=p(y = %,z) -y =

L

ht 2

. L,
=ply=- 2 ,2—0)7‘P(y———2—,z),

L L
oly= -5“&) -y = -*-2!,2) = 2A¢(z) - po

184 ' V. A. Liperovsky, C. V. Meister

-(10)

(11)



Tom XXXIX » 2  Haze. BY30s PATHODPASHKA 1996

from (8) follows the relation

L,AL, 8 . L, 9p(y=—L,/2z ’
ot (i e s R

: L, L
= o+ 2‘P(y = ‘_22)1) —2‘P(y =,"‘§g»z= 0)-

Substituting the altitude profiles of the electrical conductivity com-
ponents (2), (4) into’(12), neglecting terms of first order with respect to the
small parameter'¢; ~,0.01 (L, = 50 + 100 km, AL, ~ 1 km) and taking the
houndary condition ¢(—L, /2, z = 0) = ¢,/2 into account one finds

_ Ly, _ % 1) _
<P(y--2”,Z)-(1+£1)(H&exp{L“Jer}) 5 (13)‘

\ ( o LPLHO‘%
VT Ly ALof(1+ Ly/Lp)

From (13) follows, that the characteristic length scale of the field-aligned
electrical field E, is determined by Ly, but the length scales of the field-
aligned electrical currents jij = —0)(0p/0z) as well as the Pedersen currents
jp = 20pyp/L, are given by Lp. Then the current continuity equatxon of the -
form

Jeloud = geaVy, nol, = o = —oy(2)(9¢(2)/02) L AL, (14) -
gives a polarization potential E; in the sporadxc layer (z = ) proportional to
Ve .

Qc'na
’ = Ve 1
T oLy ' e

Thus & equals —g.an,/2L,0% and under mean conditions with a ~ 200 m and
n,/n, ~ 50 the coefficient u describing the influence of the external circuit is
almost 140. N

2.2. Hydrodynamic description of the external circuit

Now the electrostatic potential of the external circuit will be recalculated
using a more realistic model, which has its basis in the current contmmty

equation
0%p(y, - B%p(y, z
op(2) ‘P(y . ‘;(j; ) — ¢ (16)

giving the possibility to determme the y-dependence of the scalar potential.
Using the altitude dependence of the conductnnty components (2) and (4)
from equation {16) follows

2, 1
%{;exp( z ) + %(Zfexp(—~{;)) =0 (17)
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with # = 0%/ aﬁ =3 X 10~4. For the small parameter

- BLply

: L3+ Ly/Lp)

(18)

one obtsins from (17)

]} \ (19)

o= g, "xP("E;) {1 + fexp[—z (‘,51‘;"' %,’i)J

Taking the E,-generator geometry intc account for the electrostetic potential
in the Adifferent y-intervals follows -

Ly<-I,/2

\ y—1L,/2 L,/2

p= A(Z)n%[exp<3—/—f’-'-/—> - exp(y—iLL/)], (20)
v y .

M ~L,/2<y<L,/2 |

@ = A(Z)n%[exp (g—_ngy_/_Z) ~ exp (—%)} (21)

‘ v . Y

ML y > L,/2:

¢ = A(l)nsoo[exp (—y;i”—/z> ~ exp (—uil/—z)] (22)

Atz) is the altitude profile of the electrostatic potential. Thus the electric field
at y = 0 is given by

dp  A(z) )

_ % _ -1/2
Bylyen =~ 50 = 5 (23)

and from the continuity conditious at z = 0 follows n = 4/e. Taking into
account that { < 1 is satisfied the density of the Pedersen current can be
expressed by
9 .
ip = ope/1lr L . (24)
oLy

Further, according to the current continuity equation (16) it can be shown,
that the total current in the cloud Jaoud = galz VS n, equals to the Pedersen
current, . *

Jp = L, /a'p 2po: exp| —— | dz = ?—SO—OU?JLQLP. (25)
: Ly Lp L,
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‘Then one finds for the elec‘trigai polarization field the same result as obtained
within the frame of the electrotechnical model

E . yo I8 gan,

Vool = V- T (26)

3. QUASI-THREE-DIMENSIONAL ‘
CURRENT GENERATOR MODEL

Now the more realistic three-dimensional model will be considered. That
means relative electron-ion drifts in the direction of the neutral wind are taken
into account.

It is assumed that in the E-layer two horizontal sporadic layers occur and
are placed at different altitudes. The sporadic layers have finite dimensions and
are connected by the geomagnetic field lines. One layer is an “E,-generator”
and the other is an “E,-load”. ‘

The main features of the plasma system can be studied with the help
of the following easy model illustrated-in’'(Fig.4). A homogeneous plasma
cdoud of the form of a parallelepiped extends perpendicular to the earth’s
magnetic field B, || #i, which is directed along the z-axis (the z-axis points
to the earth’s surface). Under the action of the acoustic wave the neutral
particles in the upper sporadic layer move in the z-direction with velocity
V4 || .. As a consequence of collisional effects also electron and ion currents
and a polarization field (E;) in z-direction are generated in the upper layer.
Besides as a result of the Lorentz forces a polarization field E, forms. The
electron currents inside the E,-layer are closed by Pedersen, Hall and field-
aligned currents through the.near horizontal plasma layers or: through the
lower second sporadic E,-layer, which is the “E,-load”, The thickness of the
“E,-generator” is described by a*. Its density is n,. The “E,-load” has a’
‘thickness of ' and a density n’. L, and L, are the horizontal dimensions of the
current generator and the load, and AL., AL, are the horizontal thicknesses
of the current sheets near the edges: of the sporadic layers.

Taking the formation of charged layers and the polarizgtion fields E, and
E, into account the system of equations of motion for the plasma pa.rtxcles of
both E,-layers reads:
upper floor (“E,-generator”) (h = 120 km, V4 < 300 m/s)

0= q,E; - mewB,'V,‘y, ) ’
0= qu; + mche‘/g::s (27)
0 = GE; — mvj (Vi = VA) + mwp Vi,

0= gEy — m;, Vi — miwp, Vi,
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lower layer — “E, -load” (in partm;lar case it is the plasma of the night-time
E-layer): \ ;
0= q:K'zEz - mewBeVeya‘

0= QG"'yE;'*""newBeAVelz’ ’ (28)
0= girz EZ — ’_'nl'ut{nVifm
0 = giny B} — muv, V.,

),
Ly, e Y
ISR Ainians

py -/ (XI‘ |
-7/ - - - - lll
| - | '*
{x) i! i a!
i + + o+ + - {
Z*| / 7 T VY,
N Y )
4 V.,/ +
-/ _ _ - Vf« Cs

B

Y Yz 1 °

Fig. 4. Schematic picture of the .model “E,-generator” — “E,-load”. The neutral
wind acts on the upper layer (“E,-generator”) and does not influence the

lower layer ( ‘Eq-load”). Then in the lower layer an electron drift velocity
V,, can occur.

“The index “” designates the E,-layer — “load”, “” — denotes the “E,-
generator”-layer. At the considered altitudes of the “E,-load” the ious are
unmagnetized, v;, » wp;. The continuity equations for the electncal currents
in 2-, and y-direction give

Vi +EV5 =V, +¢V5, (29)
< VL EVEL =V +¢Vs (30)

188 V. A. Liperouvsky, C. V. Meister
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with :

. a'n' .
| =L (31)
The condition necessary to neglect electrical currents in the surrounding pla-
sma of lower density n, is {5 = n,a,/n,Lp > 1, where L, is the vertical scale
of the ambient plasma of lower density (L, = 50 km) Further a linear de-
pendence between the electric fields in the lower (5') and upper (E*) layers -
is assumed,

E! =k, E, - (32)
E, = x,E;.

The value of the coefficients x; < 1 and &, < 1 depends on the geometry
and altitude of the considered plasma layers. Really the coefficients k., and &,
have to be calculated solving the current continuity equation for the two-floor-
system taking the voltage drop along the field-aligned currents.into account.
In this work assumed values of x, and «, are used.

Solving the system of equations (27)-(30), (32) one finds for the depen-
dence of the electron bulk velocity components in the sporadie layer on the
neutral wind velocity the relation

! s 2y-~-1
I/c‘:c = VA { Bs Kz Ky wB } ,

\

‘ a -1
Vo, =—€r V4 {(f+~y)(€ ‘" +&y(£+~z) +~=~y } .

37\ .ﬂ
(33)
Taking the conditions ¥, /w}; > 1, v}, /wh; > 1 into account one approxi-
mately finds the relations

VA

"y +E
. Kz Wh; ‘
v
fzku “’1‘3:‘2
(E+r=)(E+my) v,2°

Coys_ EVA wh

Vb Ry v
. fzth“‘ w.B.z .

3

B e m) e m) o

po_ Emiwp VA
q(€ + xy)

]
Ve ®

Ve=Vv4 -

(34)
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“fof K < 1 Ky <L, €21, The electron velocity in the “E,-load” can be ex-
pressed by

: b VAR
CC' K'y + 6

Thus one has ¥V, < V4 ~ ¢,. Here it can be assumed that x, ~ 1 and k, = 1
according to the infinite conductivity along the geomagnetic field lines.

(33)

‘

4. DISCUSSION AND CONCLUDING REMARKS

A possible model of the generation of atmospheric current systems by
the action of strong neutral winds on sporadic E-layers is considered. The
neutral winds can be caused by acoustic waves of seismic, anthropogenic or
meteorological nature [14]. ’

The presented three-dimensional model is evidently more real, but very
conplicated. Up to now the altitude and coordinate dependence of the cur-
rent density components are only found within the two-dimensional model.
‘The two-dimensional modelling shows that electrotechnic description and hy-
drodynamic approximations give almost the same results. Theses results were
then used to solve the three-dimensional problem.

Estimates of the electrostatic potentials, polarization fields and current
components are obtained ‘within the two-dimensional model. For the consid-
ered E-layer altitudes of about 85120 km it is shown, that the scalar potential
of the electric field caused by the neutral winds only slightly depends on the
altitude. In a system with one sporadic E-layer playing the role of the current
generator the scales of the electric fields and the potential variations are equal
to the characteristic scale of the altitude variation of the Pedersen conductivity
of about 50 km. If the current system contains a further sporadic-layer-load
in the external circuit then the scales of the current system will change.

The presented current generator models can also be applied to small period
gravity waves, but then the influence of the wave on the sporadic layer and its
surrounding plasma has to be considered.
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YIIK 533.951

CTPYKTYPA DJIEKTPOMATHUTHBIX IMOJIEN
PAMOYHbBIX USJHYYATEJIEUN .
B MATHUTOAKTHUBHOMU IIJIASME
B CBHCTOBOM EHA/HABOHE HACTOT

T. M. Baboponxosa, A. B. Kocmpos, A. B. Kydpun,
A. H. Cuupnos, A. A. Hlatixun

i

)

OXCIHepEMEHTAaIbHO ¥ TEOPETHYECKH H3y4eH BENAJ PasiIHYHEIX YYacCTEOB
HPOCTPAaHCTBEHHOro cnexTpa B OPMUPOBaHUe NONH HILAYYAEMOIO PaAMOYHOH
aHTEHHOH B CBHCTOBOM JHamadone 1acToT. OCHOBHOE BHHMAaHHe yReleHO HC-
CIeNOBaHE®D CTPYETYPH HOlel B “IPOMeXyTOYHOH” O6NacTH PacCTOSHUH OT

HCTO4YHHKA IO TOYKH naﬁmonemm.
’

BBEIEHUE

OXCHepAMEHTaNbHOMY ¥ TEOPETHTIeCKOMY HCCIC[OBAHHIO IONedl DIeKTpO-
Mar}inTnug HoIydYaTened B MarHATOAKTHBHOH IIasMe B CBHCTOBOM JHalia-
BOHe JaCTOT NOCBAMEHO Gonbinoe 4mcao pabor (cM., Hampumep [1-16]). B
SKCIEPEMEHTAIbHEX paboTax H3ydanach MaBHKHM 06pasoM CTPYKTYpa IO
RENONbHEX aHTEHH dleKTpryeckoro Tuna [1-6]. lloBrienHoe BHIMAHNKE IPH
BTOM YHeNSNOCh BOIPOCaM BO36YX/IeHUS H PACIPOCTPAHEHMS KBABHBIEKTPO-
cratudeckux (mIasMeHHHX) BOIH [1—4]. Ocyxpamuch TakXke BO3MOXHOCTH
HCIIONbBOBAHKE KBa3HOIEKTPOCTATHIECKMX BONH [if [MAarHOCTHKE nafopa-
TopHO# [4] # xocMudeckol [5] rasmMu. TeopeTHyeckme pacieTH HONeH, BO3-
6y XHaeMHX SIeKTPHYECKEMH JHIONIMH B MarHMTOAXTUBHOM INIasMe IPOBO-
RUIACH NPEMEHATENHHO K CBHCTOBOMY AManasoHy B paborax [7-10].

B mocnenEee BpeMs B CBSBH C NOCTAHOBKOM KOCMWYECKHMX BKCIEPHMEHTOB
"0 FeHepanuy Pnaxoqacrow nanyqelmf“a B HoHOC(epe u MarmrTOoCcepe [11]
GHAaYATENbHLH HHTEpEeC BHBHBAOT PaMOYHEE aHTEHHH, ¢ KOTOPHIMH CBH-
BHBAOT ONpeJielicHHbE HAJEeXAH Ha BO3MOXHOCTh Gonee o pexTHBHOTO BO3-
6yXNeHH - IMHHOBOIHOBOY YaCTH IPOCTPAHCTBEHHOrO CIEKTPA CBHCTOBHIX

Hacrosmas pa60Ta IOCBIMEHa DXCHEPEMEHTAILHOMY ¥ TEOPETHIECTKOMY
AOY9YeHHIO DONH PaBIMYHHX YYaCTEOB HPOCTPAHCTBEHHOTO CIEKTpa Bo36y-
KJaeMHX PaMOYHOM aHTEHHOH BOJH CBECTOBOTO JHaNasoHa B (POPMHPOBa-
HAH CTPYKTYPH 5IeKTPOMArHMTHOIO IONL. 3aMeTHM, YTO TeopeTHYECKHe
‘pacdeTH NONeH TaKEX aHTEHH B OCHOBHOM BHIIONHENHCH 1ubo0 18 Hemocpes-
CTBEHHOH OKPECTHOCTH ECTOYHEXa [12, 13], mubo mus panseelt somu [13-15].
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t

B mame# pa6oTe OCHOBHOE BHUMaHWE yAelfeTcd “IpoMexyToIHOR” o6nacTu

PaCcCTO4HYH OT ECTOYHHKA 10 TOYKH HaOIONEHNd, TOCKOIBKY TIOBEfienne mons

B 9TOH OGIACTH He NONYYWIO paHee JOCTATOYHO NONPOGHOrO PacCMOTPEHEA.
v

" PE3YJBbTATEI S5KCOEPMMEHTA

OKcllepAMEHTH IPOBOJHIHCH B BAXYYMHOR XKaMepe fuuHoR 150 cM 1 gHaMe-
TpoM 80 cM. AproHoBag IIasMa COBaBalach IIPH JaBnenuy p = 5 - 10~ Topp
BHCOKOYaCTOTHHM HMIYILCHEM PaspafioM JIHTETBHOCTHIO Ty = 2 MC B OfHO-
PORHOM MAarHHTHOM IIOle C BEINYMHOH HampaxeHHOCTH Ho = 200 +- 5000 =
HMena (JOpMY. KBaSHOLHOPORHOFO cTon6a JumHOK 100 cM B grameTpoM 40 cM.
B ycmoBmax bEcIepHMeHTa TeMiIepaTypH onexTpoHos T, ¥ momos T; B mman-
MeHHOM cToube coBnajamd B coctapisum I, ~ T; = 0,4eB. IIpm Takux sHa-
YeHHAX TeMIEPATYPH IIasMy MOXHO CYAT2Th CI1a60CTONXHOBHTEILHOH.

AsnTenHa, HpeiCT2BIIIONAL CO6OH BUTCK pajuycoM a = 1+ 2,5 cm, pacmo-
naralach Ha OCH CTONGa; INOCKOCTH BUTK2 Ghlla NepHeHAKYIIPHA BHEIIHEMY
MarguTHOMY nomo. Ilocme BHEIIOYEHUS HCTOYHHKA, COSHAIONIETO IIasMy,
K aHTeHHe NOJBOJMICE HMIYIHC BEICOKOTaCTOTHOrO HAPEKEHHS € (PHKCHPO-
BaHHOM YacTOTOR w = 3. 10% =+ 10°c~!. OxcmepmMenTH mpoBOmEIACHL IpH
CPaBHETEILHO HeGONbIIMX BHaTeHUIX NOJIBOJMMOH K aHTeHHe MOIIHOCTH (aM-
_ INATYf2 HaOpXeHRUS BHOHpanach U < 5B), Tak 1TO B IIasMe He BOSHUKAIO

BaMeTHHEIX BOSMYIIEHWH HIOTHOCTH. \

_ MloMeperus momepevTHOro ® HPOJONLHOrO (IO OTHOMEHHIO X BHEIIHEMY
MaTHATHOMY NONI0) pacupefieNieHAs KOMIIOHEHT II0IY TPOAGBOJUIKCEH B PacHa-
JADIedcs MIasMe, YT0 HOBBOLLIO HCCIEAOBATEL CTPYKTYPY NOIE B IIHPOKOM
JMaIla3oHe bHadeHEH moTHOCTH miasMu (N, = 10 + 10'% cm~3), xoTopas
rxoHETpoIApoBatacs CBY nn'rep(bepome'rpou. IlpocTpancTeennoe pacmpene-
TeHHe HIEKTPOMarHATHHX NOJeH HCCIEROBAIOCH IIPH NOMOMA NONBEXHOM pa-
MOYHOH 2aHTEHHH ¢ pajuyscM iy = 0,5cM. Jng mckmodenns BIMEHHS JBOH-
HOTO CI08 Ha HMUEJaHCH HOU» I DIed B IPHEMHOH aHTeHH, X HOBEPXHOCTH
OHIA DOKPHITH CIOEM RHONXTPHKA.

Momeperne MpOCTPAHCTBEHHOrO PaCHpPENENCHAS PadsITMYHE KOMIOHEHT
OIIEKTPOMArHUTHOTO NOILL OK2Dal0, ITO UPH AOCTATOYHO HAOKHX SHATCHUIX

KOHIIEHTPAIHA NI3aB3MEl (—;‘ a < 1) aHTeHHa Boaﬁymnae’r B OCHOBHOM KB&BH’

14

BIEKTPOCTAaTHYECKHE BONH C BOTHOBHIMY YHCTaMu k > . 9TO HITIOCTPHEPY-
c

eTCd IPeJCTaBICHHME Ha PHC. 1 pacupeelleEHIMH IPOOIHHOR KOMIOHEHTH
MarguTHOrO nois H, B MIOCKOCTH, NePNCHNHKYISPHOH K BHEITHEMY MATHHT-
Homy momo Ho, IPH PasIHTHEIX PACCTOSHEAX OT'HCTOYHHEA z = 5 + 35cM
(Ne = 2-10'cu~3). Ha pucyHEe OTYETIHBO BHIHE De3OHAHCHHE HAIpPaBle-

1
wiwh + Wi - w?) ) 2

HES, MIyIIHe U3 NeHTPa aHTeHHH Ol YIIoM 9 =arctg ( (w% Zo7)( wf, — o)
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'

x Ho, 9T0 cBEReTeILCTBYET 0 MpeobraganneM BEIajie B JAHEYK KOMIOHEHTY
KBasHBIEKTPOCTATHYECKEX BOIH. ‘ ’

‘ ‘ Ilpr 66nbIMX DHaYEHHEX IUIOT-
mocTr miasmu (N, = 7-10M cu~3),
1S KOTOPHX BRIOTHIIOTCSE YCIOBEL

-10 -5 =2 2 -] 10

) 1< -a—‘:l < %ﬁ yCHNeHre HOld
B OXDECTHOCTH PEIOHAHCHOIO . KO-
" Hyca mepecTaeT OHTbL BaMeTHHM
{cu. prc. 3). B sTOoM cnyvae rias-
Hy® poub B (POpPMHDOBaHHH TIONL
ATPAIOT HPOCTPAHCTBEHHHE rapMo-
HHKH C BOTHOBHIMY YHCTaMH k ~ 2‘1,
HAOHBaeMie BONHAMH KOHHYeCKOl
pedpakmun. Pasnmeme B CTpyk-
Type HONE NpPH WOMeHeHHWe IUIOT-
HOCTH IUaBMH MOXHO HPOCIEHTH

KOMIIOHENTH MarsaTHoro mous H,
OT KOODAHMHATH 2z CHITHE Ha OCH
‘I’ 10 ycramorkm (puc.5). Ha pnc.5a

-01) ® puc. 56 ———=005
W

o'rn%qa.lonm cpamm'renbgo HHSKHEM
BHa4YeHHEIM SICKTPOHHOH KOHIEHT-
pammr (N, = 3,8 10%x~3), xo-
PoOmO 3aMeTHO CyHIeCTBEHHOE YBe-
IEIeHHe aMINUTYAH Houd B obna-

)

prbea bl

70
-0
-3

1

&.‘
1

~
N
o
-
o

. Prc. 1. CTH NepecevYeHHE CXONLIErocs pe-'

BOHAHCHOTQ KOHYCa C OCBIO aHTEHHE, B OTIHIHE OT PHC.5B, COOTBETCTBYIO-
mero 66nnmmy sHaveHusM miotHocTH (N, = 1,2 - 10'2cu~3), npr xoToprx
FIABHYIO POIb B (JOPMEPOBAHKE NOLK ATPAOT BONHH KOHHYECKOH pe(hpaknud.

TEOPETHYECKHHN PACYET

HanoMu®M, 9TO B CBECTOBOM JHaNaldOHe 3JacTOT wig € w < wyg < Wwp
(g — HEWXHeruGpHEAHaE JaCTOTa, Wy M wp — TEPOYACTOTA H INaBMEH-
Haf JaCTOT2 DICKTPOHOB  COOTBETCTBEHHO) TEHBOD JUBIEKTPHYIECKOH HPOHE-
' 1aeMOCTH XOIOXHOK &ccromonnmﬁon vamaramrgensoi (Ho || 0Z ) MIasMu
HMeeT BHJ:

e -ig 0
€= ig ¢ 0, (1)
/ 0" 0 1q
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(saBECUMOCTL OT BpeMeHM mpepuonaraercs BhbpanHoil B Buge et*@t). Ilo-

BEPXHOCTH NOKa3aTels IPeIOMIeHNE HOPMAIbHEIX BOIH B TaKOH IIa3Me OIlU-
\

CHIBAaIOTCH, KaK H3BECTHO, BRIpaXKeHUeM:

Ny, (nL) =

crpaHcTBe kot my =

1/2

g2
n? = + g2 (2)

n

HupekcH o ¥ e 0TBeYaloT BeCh OGHIKHOBEHHOH M HeOOGLIKHOBEHHOR BOI-
HaM COOTBETCTBEHHO (X, = —1, X, = 1). 3Hauk# || ¥ L oTMeyaoT Hampa-
* BICHHS BJOIb ¥ NONepeX BHEUIHero MariMTHOTO MONS, a CaMi COCTABIIIOUIHE
BONHOBOTO BeKTOpa k Hopmnponanm Ha BONHOBOE YHCIO B CBOGOJHOM NPO-

y
n =
ko’ L

1
e B paccMaTpuBaeMoM RuanasoHe 4a-
0

CTOT PacHpPOCTPAHAIOMENCS IBILETCS THIIb HeoGHIKHOBeHHAS BOIHA, noﬁepx-
HOCTH HOKasaTeld NpeNOMIEHHS KOTOpoH m3o6paxeHa Ha pHC.6 Inug aByx
XapaKTePHHX OTBEYAIOUIWM YCIOBUIM DKCIEPHMEHTA BHAYeHUH NIasMEHHON
HaCTOTH wp (wp, = 8,0 -109¢™1; wy,, = 5,0-10%¢!) npr wg = 5-10%¢1,
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w =9,5-108c~!. Buadenue n,, Ha pHC.6 OTBeYaeT yIIy Ctopu, a sHavenue
N OTBeYaeT KOHHIeCKOH pedpaxmuu. -

Jng TeopeTHyecKHX pacyeTOB BHOEepeM B Ka4eCTBE HCTOYHHKA DIEKTPO-
MAarHUTHHX HOIeH KOIbHEeBOH DIeKTPHIECKHH TOK ¢ OGHOPORHLIM paclpefeie-
HUEeM BJOTH KONbIa 1:

§°(7) = ¢°Iob(p - a) 6(z) . 3)

(p, ¢, z — DUIAHIPHYECKHE KOOPJHHATH).
KoMnonenTs BomHoBOro monus, BosGyxpaemoro TokoM (3), MoryT GHTH

BalHCaHH B crenyomeM Bujge [16]: .
Fulr)= 3 x / Fim(ny) Ju(kopny) exp ( = ikolz|ng))dny,  (4)
L=e0 ¢ :
rae

Fm =(EpEp,E,,Hy Hy Hy), n=0m=3,6), n=1m=124,5),

7y fim(ny) Ji(koany)

1/2
[ni(l —&/n)? — 4n? g%/n + 497 !

2
ny-n . ny—19n

Fm(ny) = Io——k

y

fll = -1 ] ftz=9 3 fl3 =Ny Signz’
: ) ng)(n} — €)
2

ny, — . . .
fta=—g t 7 signz, fis =1insignz,

ni("i 1) 2 2 2
flﬁ =19 sy My =1y =+ ny (n.L))

nzn(nf - ¢) I

Jn(€) — @ynxmusg Beccens.

Opn ycmoBmax & < lg] < |7| BHIpaxeHuS ANE KOMIOHEHT IIONE MOTYT
6HITH CyIECTBEHHO YIPOMEeHH. B YacTHOCTH, Jif HPOROILBOR KOMIOHEHTH
MarggTHOro nons H, uMeeMm:

H, =~ ko / ( re 4 2)1/2 Jl(kon_La) Jo(konlp) X
(8)
";:-g—ée‘“ eihober 4 p ehohor | dn,
79

! PeannBoe pacnpepieleHEe TOXa OO NPOBOAHHEY HOKDHTOM CIOeM JHONCKTPHERa cuabo
BaBHCHT OT XOHNEHTPAllHH INNasMH H, Kak MH ybegamcs ;xa.nee, B YCIOBHEX OECHEDHMEHTA
AEHCTBHTENBHO MOKET CIHTATHCH OfHOPOJIHEIM.

/
’
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rge - ’

_ nL 2 ny 1
A, (4+g) +oE et ,
: 4 V2, \ V2 2
{2, 2 Ry = YB .

dopmyna (5) nosBongeT B HEKOTOPHX YaCTHHX CIyYagX HOLYYHTH IPOCTHE
BHIPAXXEHHS [NIf ONMCAHHS NMONg. Tak, HapmMep, IPU BEIIOTHEHHS YCIOBHS

w "
( Lakg 1) , KOT'1a OCHOBHOM BKIaJ B YOPMHEpOBaHHAE NIONL BHOCAT XBas3MoleK-
c .

TPOCTaTHIeCKNe BOIHEI, KOMINOHeHTa H, Ha ocu mCTOYHEKa (r = 0) MOXeT
GHITH IIpeficTaBleHa B BHAE:
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: 27 z z \? ‘
H,(z,O)zIo—c—kgag (-‘71_"-*—1 1-(a ) ), z < a+/u,
\ , (6)

2r _, z z \? -
~ g — — —yf{—=] -1 2
H.(2,0)~ Ip - ksag (a\/i (aﬁ) 1) , z>a+u,

C noMosio (I)opmynm (6) nerko omeHATH AMINIUTYAY IHONE B TOUKe Ilepecetye-
HES PE3OHAHCHOTO KOHYCa C OCBIO HCTOYHHKA — Zp = G,/u. (CM. pnc 3).

Q
i

8T H
19.2 L

12.8

oM

Puc. 6.

YrcneHABe pacieTH KOMIOOHEHTH MAarHHTHOTO mong H, BHIIOMHEHHHIE IO
dopumynam (4) mokasams, 9T0 mone ¢ GONBUION CTENEHbIO TOYHOCTH OMHCH-
BaeTCH METErPaloM, OTBEMAIOIMM HeOOHKHOBEHHOM BONHe. PeaylIbTaThl 4u-
CIeHHHX PacYeTOB NPH COOTBETCTBYIONIMX OKCIEPHMEHTY BHAUYEHMIX Hapa-
MeTDOB IpHBENEHH Ha puC.2,4, a Takxe Ha puc.7. I[yHKTHpHHE IHHHU

mao6paKeHHEe Ha pHC.2,4 OTBEYalOT CIENYIOUMM O6TacTIM HHTEIrpPHpOBa-
. n
HHf IO IepeMeHHOH n; B dopmyne (4): ny. + —'2L'- < ny; < oo (puc.2),

b
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PacieTOB HETPYAHO yOeNHThCH, ITO CTPYKTYpa KOMHOHeHTH mnons H, ¢op-
MHpYeTCHE B OCHOBHOM IHGO KBasHONeKTPOCTATHIECKHMY BOTHAMH, B 061aCTH

wp ~
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SAKJIIOYEHWE

~ Ilposeuerntie nccnenona.nﬁx NOKaBald, YTO OTHOCHTENbHEIM BKIal pas-
TAYHBIX Y4aCTKOB OIPOCTPAHCTREHHOTO CHEKTPa B (JOPMHPOBAHHE CTPYKTYPHL
IGIS PAMOYHON aHTEHHH CyMECTBEHHO BaBUCHT OT JUIOTHOCTH IIA3MHL. iIpk
FHMGKIY GHAMEHHIX IUIOTHGCTH OCHOBHOM BKIAj| BEOCAT KBaoWRIeKTPOCTATH-
Hecke BOTHEI, O YeM CBHJIeTeNbCTBYIOT JaHHEIe SKCHEPUMEHTA 2 PesyNbTaTH-
YHCICHI'HIX DacieToB, npefctaBleHdue Ha puC.1,2. C yBenmuennem LIOT-
HOCTH HNa3MHEl BCe GONBIOYIO ponb B (OPMUIPOBAHAE HBIYyYaeMEX aHTEHHOH
IONel HaYMHAIOT HI'PATh BONHE KOHHYecKoi pedpakuun (cM. puc. 3,4). B me-
IOM, norzy'{em{me DKCIIEpHMEHTaNbHEIE DC3YNLTATHE HAXOZIATCH B I(OCT&TO‘[HO
’ XOPOIIIQM COrTacHi C TeOopeTHYeCKMMH pacvyeTaMH, BBINIOIHECHHHIMH B IIPK'r
6NAKEHNE CIafOCTONKHOBUTENLHOH OJHOPONHON MarHHTOAKTUBHOH IUIABMEL.
HergoTOpoe HecoBIaJleEyde DKCIEPHMENTATHLHEIX DE3YILTATOB C TeopeTHde-
CKEMY DacyeTaM¥ 0OBICHIETCH, EO-HEPBLEIX, TOIPEMIHCCTHIO BKCUEPAMENT?.,
0G6yCIOBNEHHON OrpaHUIEeHHOCTHIO NPOCTPAHCTBEHHOrO X aMINIATYIHOTO pas-
PCINeHNs IPHEMHON aHTEeMHE!; BO-BTOPHIX, IMEIOITUM MeCTO B BKCHePHMEHTe
BaTyXaHUEM KBas3HMONEKTDPOCTATHYECKHX BOMH.
13 conocTaBnenus SKCIepUMEH TANBHEIX JaHHKX M Pe3YIbTaTOB T€OPEeTH-
YeCKHX PacyeTOB MOXHO TaKXe CHelaTh BEIBOJ, YTO p;:mcpamoqnux AHTEHH C

JHOTIEKTPHYECKHM IIOKPHITHEM, UMEIOHIUX pajguyc a S w“", HJOBOJIBHO promo

I 4
p&éOT&eT IIPKGJ’IK)KGHHG OQHOPOJLHOI'O pacupeneileHud TOKa BOOAb NIPOBOLa.

~

T.M.3a6oponxkosa, A.B.Koctpos, A.H.Cumupuos, A.A.Ilajixan npu-
sHaTensHH PoccmiickoMy ¢omuy (yHIaMeHTaNbHBIX KCCIENOBaHHH (rpaHT
N 94-02-05447-2) u Mexpaynaponuomy ¢ouny Copoca (rpant N NOP 300)
sa QuHaHCOBYIO noAfepKky. A.B.Kynpun npusnatenen Poccuitckomy ¢orny
$yHRaMeHTANbHEIX HcchepoBanuil (rpanT N 96-02-18666) sa pusancosyw mop-
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PAH, r. Huxauni Hosropog

THE STRUCTURE OF ELECTROMAGNETIC FIELDS OF LOOP
RADIATORS IN MAGNETOACTIVE PLASMAS IN THE WHISTLER
FREQUENCY RANGE

T. M. Zaboronkova, A.V. Kostrov, A. V. Kudrin,
A. I Smirnov, A. A. Shaykin

4

This work deals with the experimental and theoretical study of the role of

different sections of the spatial spectrum of the whistler waves excited by a
loop antenna in formation of the structure of the electromagnetic field. The
main attention is given to the intermediate region of distances between the"

source and the observation point.

A

202 - T. M. Baboponxosa u p.



Tom XXXIX X 2 H3e. BY306 PATHODHA3AKA . 1996

THE INVESTIGATION OF THE ARTIFICIAL
IONOSPHERIC TURBULENCE BY THE METHOD
OF PROBING RADIO WAVE PULSES

G.I Terina

The experimental investigation results of the artificial ionospheric turbn-
lence by the method of its sounding by short powerful pulses are presented. The /
characteristics of three types of signals scattered by the artificial ionospheric
turbulence are considered: time dependences, dependences on the heating . .
power, on the probing frequency, on the virtual height of scattering.

INTRODUCTION

This paper is the continuation of investigation of signals scattered by
artificial ionospheric turbulence in its sounding by short radio pulses [1-4].
When the heating transmitter is turiied on two types of the scattered signals
appeared: , “caviton” signal (CS) and “plasma” signal (PS) [2]. In experiments
carried out in winter 1991-92 by the facility “Zimenki” it was discovered the
third signal which was appeared after turning off the heai?ing transmitter. This
signal has the same character (wide-band) as “plasma” signal. Therefore we
shall call it “plasma” signal of “aftereffect” or AEPS.

In this work the characteristics of these three signals depending on the
heating power, on the probing frequency, on the virtual height of scattering
are considered.

MEASUREMENTS AND RESULTS

Measurements were carried out by the heating facility “Zimenki” dyring
1930-94 years at day time. The heating transmitter radiatéd ordinary po-
larization at frequencies 4.785 MHz, 5.455 MHz, 5.75 MHz, 5.828 MHz and
was switched on periodically for time 7 and off for the same duration
{(T'=0.15- 3 min). The effective radiated power was changed from 1 to
20 MW. The "probing transmitter was operated in the- frequency range
5.5-5.9 MHz (also ordinary polarization) and radiated pulses of duration 25,
§0 and 100 ps with the effective power of about 100 MW.

We made registration of amplitude and phase of observed scattered signals
from a number (5-10) of fixed virtual heights simultaneously by the self-
recorder (V = 1 cm/s) and the pheto-registration of the height-amplitude
scanning (V = 1 frame ina second).

G. L. Terina 203



1996 Hse. BY 306 PAITHOPHIHKA Tom XXXIX K 2

CS appears with switching on the heating transmitter mainly. before the

funda.n;ental signal of the probing transmitter. ‘When the probing frequency
is larger than the heating one CS cccuring before and behind main signzl
is changed by PS in some seconds. The time of CS occurence is changed
from milliseconds up to several second, the relaxation time is some tens of
milliseconds. :
. PS by contrast to CS increases gradually when the heating transmitter is
turned on, occupying the virtual height range of width Ah’ ~ 200-300 km
mainly behind the fundamental signal of the probing transmitter. The rising
time of P§S is changed from fraction of a second up to some tens of seconds,
the relaxation time from fraction of a second up to several second.

AEPS gradually increased when the heating transmitter was turned off
reaching its maximum value and then slowly decreased. It is located at the
virtual heights, exceeding the reflection height of probing radio pulse on 100
¥m or more and occupyng the height range of width 300600 km.The time of
its maximum amplitude appearance () is several seconds. The relaxation
time is changed from several seconds up to tens minutes.

t j

Fig.1 a. The examples of time dependences of scattered signal: CS 22.01.92,
9.50 LT, f,,=5.6 MHz, f,=5.75 MHz, I — h'=219 km, 2 — I’ =
= 216 km. Arrows mark the moments of turning on (1) and off ({) the
heating transmitter.

. Fig.1a,b, cgives the examples of the records of time dependences of TS,
PS and AEPS obtained from two virtual heights simultaneously.

The character of time dependences of observed scattered signals cften was
more complex. It should be noted that AEPS was observed mainly as PS
had amplitude fluctuations [4]. The character of scattered signals is due to
both the parameters of transmitters (heating and probing) and the ionospheric
conditions. We shall consider the dependences of amplitude, increase time and
relaxation time of these signals on the heating power, the probmg frequency
and the mtual height of the ionospheric scattering.
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Fig.1b. The examples of time dipendences of scattered signal: PS 28.12.93,
12.42 LT, f,r=5.55 MHs. £, =5.75MHz, 1 — h'=270 km, 2 — k' =
+ =290 km Arrows mark the moments of turning on (1) and off (]) the

X heating transmitter. ‘ '
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Fig.1 c. The examples of time dependences of scattcred signal: AEPS 29.01.92,
15.01 LT, fpr=5.6 MHz, f3=5.455 MHz, I — h'=435 km, 2 — k' =
= 335 km. Arrows mark the moments of turning on (1) and off () the
heating transmitter. .
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16.02.82 9.36-10.21 LT
fh=5.75MHz (o), fpr=5.6MHz (o)

t’s q L] -
A 5 =230k, s =300km #
200 — hp=250km /AL CS
. ! . ’/
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. x s
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Fig.2. The dependences of amplitude and increase time of CS and PS on‘the
heating power. 16.02.82, 9.36-10.21 LT, f,,=5. 6 MHg, f,=5.75 MHzg,

h’cs=230 km, h'PS=300 km.

A s _ b 4
16.02.82 10.37-10.50 LT /
L300 150 f, =5.75MHz (0), W, =20MW ,
h.,=220km. h{=300km /
I =240km VA
pr s A CS

’ f..MHz
5.56 5.60 5.64 568 P!

Fig.3. The dependences of amplitude and increase time of CS and PS on
the probing frequency. 16.02.82, 10.37-10.54 LT, f,=5.75 MHz,
Wi=20 MW, hicg==220 km, h}=300 km.
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Fig/4. The dependences of amplitude, increase and relaxation time of CS, PS,
AEPS on virtual height of scattering. ‘
a) CS 24.12.91, 10.16 LT, f,,=5.6 MHz, f,=5.756 MHs.
b) PS 27.11.91, 16.12 LT, f,,=5.6 MHz, f,=5.828 MHs.
c) ACPS 22.01.92, 14.46 LT, f,,=5.6 MHz, f3=5.828 MHz.
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The Fig. 2 presents the depéndences of amplitudes of CS,PS (A, Ao), the
rising time of PS (7.,) determined by a level (1—e~?) relative to PS stationary
amplitude (Ap) and the appearance time of maximum amplitude (A,,) of C§
(7m) on the heating power. One can see the infinite increase of CS amplitude
and satiation of PS amplitude with an increase of the heating power. The
times 7,, and 7;, decreased with increase of the heating power.

Fig.3 shows the dependences of amplitudes of CS, PS, values 7., and 7, on
probing frequency.- One can see the increase of CS amplitude with the increase-
of the probing frequency (just with its approach to the heating frequency) and
the decrease of time 7,,. The PS amplitude has maximum on the frequency
5.65 MHz and the rising time has minimum on the same frequency.

Fig.4 shows the dependences of amplitudes of CS, PS, AEPS increase
times (7,,,7m) and relaxation times (7,) on virtual height of scattering. From
figure one can see that the amplitude of CS and P$ increases with the approach
of the virtual height of scattering to the reflection height of the probing wave
and AEPS amplitude has maximum at the virtual height exceeding above
height on 100 km. The increase times little decrease with the increase of the
virtual height for CS, PS, AEPS. The relaxation time of PS decreases and the
rela.xatlon one of AEPS essentially increase with the increase of the virtual

'. hexght of scattering.

CONCLUSIONS

The investigation results of characteristics of observed signals allow us to
assume that CS is due to scattering of radio pulses by caviton formations
[5, 6] excited by strong Langmuir turbulence”in the reflection region of a
powerfull radio wave; PS is due to multiple scattering of probing radio wave
(with their transformation into slow z—-mode and inversely) by small-scale
irregularities excited by the thermal pa.rametnc instability in the region of
the upper-hybrid resonance of the powqrful wave [1, 7). The obtained height
dependencies of amplitude and relaxation time of AEPS suggest the excitation
of artificial turbulence in the upper ionosphere which probably is produced by
the accelerated electrons, escaping from plasma resonance region to the upper
ionosphere layers with turning off the heating transmitter.

It should be noted that as it follows from frequency dependences (Fig.3) .
CS has the same nature as “narrow continuum” and P§ as “broad continuum”
in the stimulated electromagnetic emission (SEE).

The obtained height and time characteristics for PS, CS, AEPS permit
us to approach to a creation of the physical model of artificial ionospheric
turbulence, however many questions still have not been solved.

208 ' G. I Terina
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YIK 533.951

OB UBJIIYYIYEHUN HJIAZSMEHHO—BOJIHOBOI[HI:»IX
AHTEHHBIX CUCTEM OHY JUAIIASOHA
B NTOHOCPEPHDBIX YCIOBUAX

" T.M. Baboponxoea, H.I'. Kondpamses, A. B. Kydpun

- HccuegyeTca nnasMeRRO-BOXROBOJHAA aHTenHas cucTrema OHY puanasona,
npegcTaBIgoOWag co60d BHTAHYTOE BAONbL BHELIHETO MAarHMTHCIO HONA IH-
THERPHIECKOE NIA3MEHHOe 06PABOBAHNC C NOBHINEHHONH NIOTHOCTHIO, MIABHO
cuapawumel K GOHOBOMY 3HAYEHHIO IPH YRANEHHE OT 32[AHHOTO M3IYYaTENd.
Hpegmoxena agexBaTHa2® MO[ENb HOSBOILIOUIAA PACCYHTEIBATH Kak IOIHYIO
MOILHOCTD A3IYYEHHS 3TOH CHCTEMH, T2K H Paclpefenesue MOLHOCTH 110 Ipo-
CTPaHCTBEHHOMY CHEXTPY WOIydYaeMHIX BomH. Ilorasama, B YaCTHOCTH, HPHH-
HHNAANLHAS BO3MOXHOCTH HCOOIb3 OBAHUS NQNOGHKIX NNa3MEHHEIX aHTEHH NI
NOBHILIEHUA YPOBHA MOLIHOCTH, MAYIleH B JIMHHOBOIHOBYIO 4acTh IPOCTDaH-
CTBEHHOT'O CHEKTDPa BO3OYKJAEMEIX B OKDYKalolllell NIasMe CBHCTOBHIX BOIH. '
Hpobegensr XOHKpeTHRIE OBEHKH, OTBEYAIOIHE YCIOBHAM 3€MHOH MOHOCHEDHI.

L. BBEITIEHME

Hacrosmas paboTa, SBILIOMAICT HETOCPENCTBEHHEIM MPONIOMKEHHEM pa-
6ot [1-4], nocBamena uccnefoBanmio ocobenroctell Boa6yxaenus OHY Bonx
HCKYCCTBEHHKIMY NTasMEeHHO~BONHOBQIHEIMY U3y YIOMMME CHCTEMaMA B HO-
Hocepe. C HCHOTBIOBaHUEM TaKUX CHCTeM, (POPMHEDYIOUIMXCS B MATHHTOAK-
THBHOH INasMEHHOH cpefie BOIH3M H3NydaTenell caMOCOTTACOBAHHEIM 06pa-
3ouM [5-8], cBEBEIBAIOT B HACTOMINEe BPEMS ONpeNeTéHHLE HAJEX/H Ha BOS-
MOXHOCTb ONEPAaTUBHOI'O YIPaBIeHH: XapakTepHcTAKaMn uanydenus 8 OHY
nuarasoHe. B gaHHOM pa6oTe MH OrpaHMYMMCH PACCMOTDEHHEM IpHHALIe-
xamero x OHY nguanasony mETepBana IacTOT

wrg <w L wg < wp ‘ (1)

(wrg — HEmxHL rEGPHAHAL YACTOTA, WH M Wp — THPOYACTOTA H IIABMEH-
Haf JaCTOTa BIEKTPOHOB COOTBETCTBEHHO), OTBEYAlOIEro CBUCTOBHIM BOI-
HaM, ciocobul opdexTHBHEOrO BodbyXeHis KOTOPHIX B IlTasMe HOBOC(epHOTO
THI3 ITHPOKO OOCYXJAAXTCE B IOCIENHYE PORH.

Kax moBecTHO, B 06mactn yactor (1) pacmpocTpansiomeiics gBrfeTcs
TONBKO OfjHA MG ABYX HOPMAJILHEX BOIH XOQIOFHOR MAarHATORKTHBHON IIaBMHEL.
TloBepXHOCTH MOKanaTeNs NPeTOMICHIS BTOM BOTHE IOKadaHa Ha puc. 1 B BEje
BaBHCAMOCTE p = p(g), THe p H ¢ — COOTBETCTBEHHO IPOJONbHAL ¥ IOIEped-
Hag KOMIIOHEHTHI BOTHOBOTO BEKTOpa, ROPMUPOBaHHEIE Ha BONHOBOE JHCIO B
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cBo6onHOM npocTpaHcTBe kp = w/c. JloBHINeHHHH WHTepec 1id MBOIOYHC-
neREHIXx npuioxeHud (cM. [9]) BEBHBaeT Bompoc 06 ysenmyeHHM dhPerTHB-
HOCTH BO36YX/IeHUS JIHHEHOBONHOBOR JaCTH NPOCTPAHCTBEHHOTO CIEKTPa W3-
IyMaeMRX CBECTOBEIX BOIH, KGTOPYIO YCIOBHO MOXHO BEIENUTDH CIEYIONIUM
obpasom: 0 £ ¢ £ ¢, (vpmeck ¢, — vHadeHWe, oTBevawmee konycy Cropn:
?"(g,) = 0), OToT HATepec 06BACHIETCE, C OJHOH CTOPOHE, TeM, YTO BONHH
TOTBLKO BTOrO YYaCTKa NPOCTPAHCTBEHHOTO CHEKTPa MOIYT BHICBEYHBAThCH
B BONHOBOR 3eMIf-HOHOC(epa B JOCTHraTh NOBEPXHOCTH 3eMIM B CIydIae
PasMelIeHHS HBAyJaTels B CPEIHEUMPOTHON MM noxgpHoi momocdepe {10],
¢ IpPYTOH CTOPOHEI ~— TeM, ITO BONHKE BTOr0 y9YaCcTEa HCHOHITHIBAIOT B HO-
Hoc(epe BHAIUTENHHO MeHBbINEe CTONKHOBHATENBHOE BaTyXaHWe, YeM BOIHE,
OpHHAJIEXaNINe MPOMEXYTOIHOMY WETEpBaly ¢, < ¢ £ ¢, ¥ ocobenno
MenxoMaclTabHEe KBasHONeKTPOCTATHIECKHe BOTHE, OTReYalonHe o6nacT
¢ > ¢ (g. — momepedHOE BONHOBOE TUCIO, COOTBETCTBYIOLIEE XOHWIECKOM
pedpaxuu: p'(g.) = 0). IooToMy BO3GyKJeHHE NIMHHOBOMHOBHIX CBHCTOB
upencTaBngeT HHTepec puf TpaHcuopTrposBku OHY usnyuenwii.Ha Gonpurme
PacCTOSHUE B OKONTOBEMHOM IPOCTPAHCTEE.

\p

l —
’ , - -
| _L--
1--"1
H ] -
0 g q. ' q
Puc. 1. IloBepxuocTs mokasaTeNns OpeNOMICEHS B CBHCTOBOM gnanasoHe

qacroT (1).

Bronse moBsTHO, ¥TO HOBHIIIEHHe TONHOM MOITHOCTH HOTYYeHHS, a TaKXke
€e OTHOCHTENbHOH JONH, HAYINeHd B IVHHOBOIHOBYIO JaCTh TPOCTPAHCTBEH-
HOTO CHEXTPa, MOXeT OHThH HOCTHTHYTO IyTeM yBenudeHHE Nub60 pasMepoB
caMoro manydarend [1}, m6o MIOTHOCTH MIaBMH B ero okpecTHocTH [2]. B
JaCTHOCTH, KaK IOKa3ald SKCHEPYMEHTANbHEE H TeOpeTHYeCKHe HCCIEHoBa-
EEg 2, 11], popMupoBanye B6IHOH HOTyTaTeld IIa3MEHHOTO KaHala ¢ HOBH-
IIeHHOH MIOTHOCTHIO NPHBOAHT B JHanasoHe (1) X BaMeTHOMY yBelHYEHMIO
HONHOM MOIIHOCTH ManydeHus. IIpM MCHONB30BaHHE B KaveCTBe HBIyIaTens
PaMOTHON aHTEHHH! C KOMbIEBEIM dIEKTPHIECKHM TOKOM OCHOBHAS JaCTh BTOH
MOITHOCTH HIeT B MOfiepXKUBaeMule KaHalOM XBaBHIOKAIA30BaHHEe (HeCo6-

\
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CTBeHHHEe) MOJihl, KOTOPHIE fialee NEPeusayIaloTCa C er0 KOHIOB B OKPYXKalo-
uIyio nrasMeRHylo cpeny [2, 3]. Ecrecrseruo, 4To cTpyrTYypa nons WAy eHns
B OKpy’Kalomell cpefe CYIeCTBEHHO SAaBHCHT OT COCTaBa MOJ, a TakKe aM-
IIHTYAHEEX B (aBOBRIX COOTHOIMEHEN MeXAy HUMA Ha BEIXOfie H3 kaHama [4].
CaMun ke 9TH (PaKTOPH OUPERENIIOTCE, OUEBHIRO, YCIOBHAMA BOBGYKIEHHS
H XapakTepoM TPaHCHOPTHPOBKH MOT B kaHane. Hccueopanme BIHSHNE JaH-
HBIX OCHOBHHIX (JAKTOPOB Ha pacHpeneleHre H3Iy4aeMOd MOUIHOCTH IO [IPO-
CTPAHCTBEHHOMY CIEKTPY BOIH, BO30YX2eMHIX B NIasMe HOHOCHepHOro THIA
COOTBETCTBYIOWEH MIa3MEHEO~BOTTHOBONHON aHTEHHOMN CUCTEMOM, B SBIFeTCH
FIABHOH NeNbI0 HaCTOgMIeH PaboTH. L

2. OCHOBHBEIE COOTHOIUEHUA ’

‘PaccMoTpnM Hanyvalomylo CHCTEMY, COCTOSNIYIO M3 OpPHEHTHPOBAHHOI'O
BIOTH BHEIHEro MarwmTHOro mons Ho = Ho 3 UWIMHIPHYECKOTO ITasMeH-
HOrO KaHalla H.HaXOJfIlerocd BHYTDPHE HEI'O BIeKTPOMarHHTHOIO MCTOTHAKA C
safaHHKM FapMOHUIECKMM BO BpeMemH (~ exp(iwt)) XONbUEBEIM DIeKTpUie-
CEHM TOKOM

J(7) = GoIo 5(p - ) (2). ‘ (2)

3necs p, ¢, z — TUIHHAPUIECKHE KOOPAHHATH 6(¢) — menbTa-pyHELIHS Nz-
P ’

‘paka. IlnoTHocTs mrasmu N (p, z) B KaHalle IpeJIONATaeTCd MIABHO COANalo-

weit X GoHOBOMY BHadeHmIO N ¢ yjaleHHeM OT HCTOYHMKA (cm. pmc.2). |,

//;'" ) _
\\\\ d—R" R Rz

Puc. 2. CrpyxTypa auani nocrosrHok miotsocrn: Ny > N2 > Ns.

1

Ilockonbxy pganbHediee pacCMOTpPEHHE ONHPaeTCs, KaK yXKe OTMeYaloch, Ha
pesynbTaTH HpefHIymuX paboT [2-4], Mu BocnpousBeieM 37ech HEKOTOPHE
Heo6XOUMEe CBEleHUE, B3LTHE U8 9THX paboT.

Ipexpge Bcero HANOMHEM, YTO ]IS ONMCAHME IONS B YKaSaHHOM IIas-
MEHHOM KaHajle MOXHO BOCHONB30BAaTHCS MBBECTHHIM MeTOJOM IONEPeIHHX
cevennit, paspabOTAHEHM Jif PKPAHHPOBAHHEIX H OTKPHTHX HBOTPONHEIX
IE3NEK TPHIECKHX BOTHOBONOB [12, 13]. O6o6imente oToro MeTofa Ha Ciryyait
OTKPHTHX HATPABILTIONIX CHCTEM C THPOTPOIHBIM DalONHeHYeM BEIIONHEHO

Y

8 [3]. Cormacro [3], kommnekcure ammmurygst mons 5(p, z), H{p, z) » xanaze ¢
NOBHIIeHHOW INIOTHOCTHI0 mIasMK (N > N), nomyckaiomeM B fuanasoxe (1)
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cymecTBOBaHHe TOJIBKO KBaSHIOKaNNSOBaHHEX MOJ [14], MoryT 6miTH mpen-
CTaBIeHH B BHfe y

ﬁ(p,z) ZdV(Z)E +Z/d,,a(z,q)ﬁ,,a\(q)dg,

3 r

te

3)

hm.

(0.)= L@ B+ S [duate ) B.ale) d

~ 8Qa r
BenuyuHu E,,a, )24 s ¥ E,,, ﬁ,,,- crogume B (3), ONMCHBAIOT TPEMEHUTEIBHO K
BOIHOBO[lY CPaBHEHHS, OTBeYaollleMy HeKOTOPOMY cedeHuio z = const, Dome-
peyHbIe paclpejiefieHHs COOTBETCTBEHHO NONEH BOIH HEIPEPEIBHOTO CHEKTPA,
He yHepXMBAIOIMXCH B KaHalle HOHATANLHO, ¥ NOTeHl KBaSHIOKATM3OBAHHBIX -
MOji, TIONIePXKMBAaEMEIX KaHANOM. I[OCKOMbKY 9TH MOQH fBISIOTCE BHITEKAIO-
. LJIMH, UX TOCTOSHHHE PACIPOCTPAHEHAL P = Py (P—y = —P,) OKABHBAIOTCE
KOMITEKCHLIME JjaKe B cIydae OTCyTCTBUE NOTeph B cpefie: p, = pl, — ipl.
CuMBOIH Y B Y, MMEIOT Cleylomuil CMBICI:

+r sa
-1 M- +) e
Soa= Y G D)= 'Z(...
+v v=—M v=1 :,a s=(-) a=o

Biech M — TOMHOE YHCIO MOJ, BHAKH * YKasHBAIOT HA HAIPABIEHHE PACIPO-
cTpadenud oTHOCUTeNbHO oct 0Z — nonoxurensHoe (v > 0, 8 = (+)) umu
oTpunarersroe (v < 0, s'= (-)). HunexcH a ormMedanoT “06HEKHOBEHHYIO”
(a = o) mmu “meo6rkHOBeHHYI0” (o = e) BomHy. -Kax xopomo maBecTHO [15],
B ORHOPOJHON (JOHOBOH ITasMe, ONHCHIBACMOH TEHBOPOM JHPNEKTPUYECKOH
LpOHYNAEMOCTH 06mero Buja

) e ~ig 0
E=1 i € 0 4)
A0 0 19

CBI3b leOlIOJIBHOﬁ u nonepe‘moﬁ COCT&BMlOH.IﬁX BOJHOBOI'O BE€KTOpa 9THX
BOIIH JaeTcd cpopmynaMn

12 -

Pa(Q)— [6—1 (1+ )q’+x;R(q)] ,

24 922 21/2
wo= [ (-2 - Love]
(9)= [ ) B i 9]

(5)

!3pecy u nanee MPHBORATCA BHIPaXEHUA, OTHOCAIUMECA X MOTYMPOCTPAHCTRY z > 0, mo-
CEOIBKY BOsOyX[{aeMoe TOXOM (2) none CHMMETPHYHO OTHOCHTENLHO MAOCKOCTH MCTOMHMEA

(z = 0).
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THE Xe = —Xo = 1, Pa = Ppa = —P—jay Impa < 0, ReR > 0 2. Kouryp
Ty, IO XOTOpOMY NPOBORATCE MHTErPEPOBaHMe B BhIpaxeHHixX (3), hger B
KOMITTEKCHOM JITOCKOCTH ¢.OT TOYKH ¢ = 0 1o GeCKOHeYHOCTH BAONL THHHH,
omnperniengeMol cooTHomerueM Imgq = —Regtgy. Ilpm sToM yrom 4 momken
YOOBIETBOPATH YCIOBHSM [2, 3] \

-

max {arctg (/7)) } < 7 < 7/4. o

Tpouenypa oTHCKaHKS NONEH, BXONAIGHX B paBHe YacTH Beipaxenni (3),
IPEMEHHTEIBEO X CTy4alo IPOUBBONBHOTO PAcIpelleNe ks INasMH B lloTepet-
HOM cedeHuy, monoxena B [3]. IIpencrasrensne STHX Noneil B aRATATHIECKOH
JdopMe BO3MOXKHO TONBKO [ ONHOPOJHOrO PaCHpefelleHN T Ia3MHEl B KaHale.
CooTBeTCTBYIOLINE BHIPAXXEHUS MOTYT GHITH B3ATH H3 paborth [2].

3aMETEM, 9TO HOCKOIbKY B JHamasoHe 4acToT (1) yTeuka oHepruMm MOJ
qepes GOKOBHE CTeHKH XaHana BechMa Mana — plif & pl, [14, 16], gug npaxTa-
YecKH peatusyeMuX B HoHoc(epe kaHaioB (cM. [8]) MOXHO ¢SHTATH BHILON-
HEHHBIM YCIOBHe i

kop, L < 1 (7N

(L — xapakTepHad [NMHa KaHaia), KOTOpPOe NOBBOIEET OTPAHMYHTHCE Pac-
CMOTpeHHEM H3Ny4YeHHd JIHUIb C TOpIla.

Koo@dunuenTtt diy, ds,a, cTOSIIHE B (3), IBIIIOTCH PEIUCHAIMU CHCTEMBL
CMETYISPHEIX HHTErpo-guddepeHunalIbHEX yPaBHEHNH, NONYYeHHHX U HpU-
. aHannsEpoBaHHHX B [3]. Ilns kaHama, napaMeTphl KOTOPOTO M3MEHSIIOTCE B
IIPOJONLHOM HANPABIEHUHN JOCTATOYHO MeNIEHHO, OTH YDPaBHEHNE JOMYCKAIOT
pelieHAe MeTONOM Boamyniennﬁ. Ilpn BrIMONHEHAN YCIOBHH »

2
kopl, L'> [pL/(Phes — 2L)]
{8)
U i3 U 2
: kopy L > [Pl/(Pl - 7’)] )
rpe P = ma.x{\/e + 14, 251/2} P<pi<...<p,< . < pju <VE+]al,

MOAHO OrPaHHTUTBCE HYIEBHM NOPIKOM TEOPHH BOSMYIEHUIH, OTBESAIONHEM
agEabaTIIecKoMy (BKB) npubnmxeruo [3]:

4,(2) = d(2 )( ”(’“’)) " exp [—iko /x-éu(c)dc v

N.(2)
©)
dua(2,0) = dyal20,9)exp [ ko Paalg)(z - )]-

’Baue'r'xm, 4YT0 HoobpaXkeHHad Ha PHC. 1 NOBEPXHOCTH NOKAa3aTENs HPEIOMICHHA, € yie-
TOM IPHHATOH TEPMHHOIOTHY, OTBeYaeT “He0OHIXHOBEHHOH™ BOIHE.
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3Hech KOMIIOHEHTHI TEH30Pa €, § U €, g OTBEYAIOT BHAYEHUIM JNIOTHOCTH ILIas-
ua N(0,z) u N COOTBeTCTBeHHO, N, — HopMa v-# KBaB3HIOKalM30BaHHOM

MOJBIL:
N, = / { E’,,," D] - [EE,),H]}zo-pdp, (10)

)

ungexc (T') ykasHBaeT Ha TO, YTO COOTBETCTBYIOIAs BeIMYMHA OTHOCHTCH K
Tak HaBHBaeMoOH “TPaHCIOHMPOBAaHHOK" cpefle, T.e. X Cpelle C TPaHCHOHHPO-
BaHHEIM TEHGODOM [HONEKTPHIECKOH NPOHUIAEMOCTH é(T) (mepexop x Taxo#
cpefie mocTHraeTcs myTeM samenn Ho — —Hg); xouTyp L., uper mo Bemje-
crBerHOR och p = Rep npn 0 < p < po = max{a, b} u ganree — o Gecroney-
HOCTII (p = 00) mo nuruK p = Re p+i(Re p—po) tgy B XOMIIIERCHOH IIIOCKOCTH
_p (a — noxanbHH paguyc KaHala).

HIpw ynanenun oT HCTOYHHXR, HATHHAS C HEKOTOPOTO CEYEHNS Z = Zer <L,

anuabaTudeckoe npubamKenue (9) mepecTaeT BHNONHITHCL. ECiH moTHOCTD
NIa3Mbl B KaHajle B OKPECTHOCTH CEYeHHS Z = Ze NOCTATOYHO GIMBKa K (o-
HOBOH, TO AMINIMTYAH OTPAXXEHHHIX BOIH, OYEBHJHO, HEBENMKH, Tak 4TO B
IepBOM IPUGTHKEHMH HX MOXHO IPOCTO He YIUTHBATD, T.e. IONOXUTH IPH-
6muxenno B-(3) d_, = 0, d_, = 0. IlpunuMag TaxXe BO BHUMaHHUe, YTO
npH mMeomeM o6kYHO MecTo ycrosuu N(0,0) > N [7, 8] ocHoBHas YacTh
MOIHOCTH, MBIy4YaeMoi ToxoM (1), MpgeT B HalpaBiseMEe KaHAJIOM MOJE,
OKOHYATEIBHO IOLyYaeM

’

\

M@) &up_m/mm«,

Nu(2)

ol

@@~zau(
(1)

ﬁ@4~zdm(:ﬂ) By exp ko [n0) ),
' 0

rae xosuunenTr d,,(0) HaXOEATCE C NOMOUIBIO METOJa, ONKPAIOLIEroCcs Ha
nemmy Jloperna, m, cornacso [2, 3], papan

4,(0) =

’

T ( z )
( 5 2m0 B, (0, ), o (12)

B mensx ympomwenns onucanus mong E(p,z), H(p,z) (6es ymep6a nus
¢uanIeckoro cogepxauug) NpoduiIb NIOTHOCTH INIaBMEI B KaXOM CEYeHHH
z = const yfo6HO alNpPOKCUMHEPOBATEH MOJEILHEIM BaKOHOM

| N(p,z)= N+ (8 = N)[1 - U(p- )] , (13)

T. M. Baboponxosea u dp. 215
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. €' COOTBETCTBYIOUMMH NOKAaTBHHMH MapaMerpamu N = N(z) u a = af2)
(U(€) — ¢yuxuns Xepucaiiga). Takas annpoxcuManug, Xak yXKe OroBapu-
BalOCh, NOSBONIET NPENCTABHTH BXongiue B (11) semwunn E,, H, B ana-
miTHYeckoM Bupe. IIpudeM mpHM BHINOMHEHWH PaciéTOB B 06TacTH p < a
Henecoo6pasEO HCHOTB30BATH CIE[YIOMHe CTPOTHe BHPaXeHH

2 - -
My + g v
Eup=-Y P2t 50 5 (0nf),
m=}

2
Eu,lp = E ‘B,(:) N (Qm 5’) ’

m=1

(14)

2
Hop=- 3 iwBP 5 (0nt),

m=1
2 P
Hv,q: = - Z ﬁm-BS:) Jl (Qm ";) )
m=1

a B 06nacTH p > a — clefyloliyie NIpHGTHKeHHEIe BEIPaXeHHd

B, ~-PMY9 o0 g, (s -’3) ,
! € a

E,p= iV K, (S g) ’
‘ - (15)
H,,~-ipC® K, (s ‘-Z) ,

H,,~ -nm CY K, (s g) :
rae

Qm = kOan(p) N)’ S= koas, 32 = -Q§(prN),

fiyy = nm(P’ -Iv)r Nm = nm(pr N)’ , (16)

2
nm(p, N) = —€ (p’ +am (o N) + ge_ - e) /g,

Jn(€) ® Kn(§) — dymruumn Beccens u ’Maxnonanbna COOTBETCTBeRHO (B2
BCeMH TOJpPOGHOCTAMH MH OTCHITaeM IHTaTelf K pabore [4]). CooTHoure-
HEE 1% ¢m(p, N) monyyatorcs us (5), eciu BHPasuTh g Yepes p:

/
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o, N) = 62 = %+ en— (n +€)p* + (=1)™ Q(p, V)] 2,
| | (17)

Q('p, N)= {( e)?p* + 2[ Yn+e)—e(n~ e)z]p2 + (2 - ¢ —,677)2},,1/2~

Dopmysr gug nepm(p, N) 1 g (p, N) nony4arorcs o COQTBETCTBYIOUIMX BHI-
paxenni (16), (17) sameHoil Benu4nH €, g, 1) Ha BeIMYHHH &, §, 7, OTBe-
YalolMe OJHOPONHOI MIasMe ¢ MIOTHOCTHIO N. 3aMeTuM, 4TO MH IpHBeIH
BHIpaKeHHS IHUIb [JI4 IOIePEYHHIX KOMIOHEHT NONel, IOCKONbKY UMEeHHO OHH
noTpebyloTcs IpH RalbHelimx pacyérax. IlogdyepkHeM, YTO JaHHEE KOM-
' TOHEHTHI 6epyTCcs NPY P = p,, IPHIEM CaMH NIOCTOSHHHIE PAaCIpOCTPaHeHHS
Py HaXOJLTCH MyTeM PelIeHNT CleNyIoMero NpUGIIKEHHOTO JHCIePCHORHOTO
YypaBHEHHA, cnpaBe;qm{Boro B guanasoHe gactot (1):

O e O ECAR e R TR O
rie
_ _5(Qm) _ K(8)
7O g sy *O 5kts)

(cM. [4, 16]). B paMkax MCIONB3YeMHX NPUOTHKeHUH X0dPPUUKEHTH ‘B,(,':),
C’(”) naro'rca ¢$opmynamu

; B( ) = = (fz —n1)Jl(Q2)K1(5)l
) Bg Y) = (n1 = #1) J1(@1) K1(S) L=va (19)
O = (7 — #r) J1(Q1) h(Qa) | _

IpuBegennsle Bhile (JOPMYIEl 7S TONL B KaHajle IIO3BONIIOT PacCIATHI-
BaTh XapaKTePUCTHKH MIMYYeHUd, HIYIIErO C TOPla B OKPYXKAIOIIYiO Cpeny.
K ux 06CyXNeHHI0O MH U IIepeXONuM.

3. PACIPEJEJIEHUE U3JIYYAEMON MOUIHOCTH IO
IIPOCTPAHCTBEHHOMY CIHEKTPY

Ilonnas (mHTerpanpHas) MOUIHOCTH MBiydeHus Py xombueBoro Toka (2)

IpH HaJMYMY OMUCAHIOTO IUIA3MEHHO-BOTHOBORHOTO XaHATA IOJCYNTHBALTCS
c.moMomplo o6umx GopMy, NOIyYeHHKX B paboTax [2, 3] IpUMeHHTENbHO X
clyYaio 6eCKOHEeYHOTO IIa3MeHHOTo cTdnGa. [t 5Toro ciefyeT UL MOfCTa-
BUTH B COOTBETCTBYIOUINE (POPMYIIH MapaMeTpPhl MIa3MEeHHOro KaHala, OTBe-
Jajollie HeNOCPeRCTBeHHOll oKpecTHOCTH MunydaTens. OTeickaunme xe gud-
depeRUMaNbHEIX MBIYYaTeNbHHX XapaKTEePHCTHK TAKUX CHCTEM, B YaCTHO-
. CTH, PacIpefieleHns 1By 1aeMoil MOMHOCTH 10 MPOCTPAHCTBEHHOMY CIEKTDY
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1

BOINH, BO30YX[aeMEIX B OKpY Kaloliel asMeHHOH cpefe, TpebyeT, O¥eBHHO,
PaccMOTpeHHs OTHAeNbHON Bajjadl — 3aJadl O nepenanyqeunn MOJ| C TOPLOB
WIASMEHHOTO KaHalla.

C oTol Wenbi0 MH BOCHOIB3YeMCS OSIEKTPOAMHAMHMYECKHEM UPHHIHIIOM
Tiofirenca ® sajauM B HEKOTOPOM CEYEHNN Z = 2, < Zery AL KOTOPOTO ele

5 3
cIpapelnnBo npencTasnenne mong F, H B dopme (11), PukTHBHEE BIeKTpH-
YecKWe ¥ MAarHHUTHBIE TOKY BHJA

c

.= — | & 7 - -vn;_-_‘_:_ 3 B -
Je = i [207H} 8(z—-2z), 7, yp- [zo,E] 8(z = z,). (20)

. . \ \
Ucnonroys sareM HexoTOphie O6LIHE COOTHOLIEHUS, NPUBEIEHHHE B pabo-
Te {1}, mpuxopuM K ClefyloleMy BHIPaXXERWIO OIS MOUHOCTH MBIYYeHH: Ba-
RaHHKX TOKOB B OJHOPOJHON NIasMe ¢ MIOTHOCTHIO N:

2 @@+ | [F@)f + @] -
P=_41rér;/ £\ 2 2 1/2 -, (21)
. 7°pe(q) [94 (1— ;;) —442%’—+4g”]
roe \ ' ’
F@) = (6t atyms) @)+ (0 s 3
my = _ g 'z my =
F™g) = [( qfff’n o p%?q) )J.-z(Qe)'*' (22)
N9z igqy U
* ( ¢ -7 q2+pe(9) >]’”(?e)] rela),

75™(qe) / 75 (7) exp(iko @ 7) dF,

Pnd

4. = Zog:+ Yoqy + Zop(2), ¢= (Qz + 2)1/2 dq = dg dgy.

Bripaxkenue (21), gBngioneecs NpeCcTaBleHneM B CIHeKTPAIbHOM BHjle MOI-
HocTH naityyenns P ¢ Topua, BechMa yoOHO Jns fanbHeiunx pacyéros. Ilon-
Hafg MOIUHOCTH u3nyyenus Py, B CHIY OTMeYaBLIEHCS yXKe CAMMETDHH 3afadi,
PaBHa yIBOeHHOIN MolHOCTH P, oTBevalnowei TokaM (20).

* s nponenennx\qncnenamx paci€ToB HeoOXONMMO, OYEBHIHO, ONHPAIChH
Ha COOTHOHIEHHMS, NPHBENleHHEIe B TPENBIIYIIEM pasfiene, HafiTH IpexBapu-
TenbHO QyHKIMn*(22), BXodiHe B NONHHTErpaIbHOe Bripaxenue (21), a sa-
TeM BRITOTHHTHL CaMO METerpuposauue. IIpi 5ToM HeTpynHO y6eguThCd, YTO
mnrerpan (21) 6yneT CXOZAIUIMC. B¢io 06nacTh UHTETDUP OBAHHS MBI, CTIELY
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pa6ore [1], pasoGreM Ha TpH YacTH, ompefenseMble HePaBEHCTBAMH

i’ OSQS!IM
.ﬁ_~ ¢ < q9<¢q., (23)
m ge < g < 00.

’ s

Burucienve. OTeNbHEX HHTErPANOB B YKABaHHEIX Npefenax RaeT BHaYeHUS
HapUHalbHEIX MOHMHOCTeH uanyyenns Pw, Pr, Pg, uiymux B ATMHHOBOIHO-
BYIO 4acTh HPOCTpaHCTBeHHOro cmektpa (I), mpoMexyrotnyio 1acts (II)
KOPOTKOBONHOBYIO 4acTh (II1), OTBEYAIOMYIO KBaBHONEKTPOCTATHIECKUM BOI-
HaM, coOTBeTcTBéHHO. Hapany c napnuaibHBIMH MomHocTiM¥ Pw, Pr, Po
MH GyleM TakxKe HCIOIb30BATh HOPMHDOBAHHEE BelMyMHH fw = Pw /P,
é&r = Pr/P, {o = Po/P. Ouepupno, uto &w + &1 + €g = 1. Xors, pas-
6uenue (23) gBIZETCH AOCTATOYHO YCIOBHEIM, OHO OKaDHIBAETCH aJIeKBATHBIM
dusugeckoMy CymecTBY pacCMATpPUBAEMOH BajadH.

Huxe npuBOggTCE HEKOTOpPHIe BHOOPOYHEIE Pe3yIbLTATH YHCIEHHBIX pac-
96TOB, IEMOHCTPHPYIOIME BIHSHHE INIaBMEHHOrO KaHala Ha XapakKTep pac:
TIpellelleHHs WOIIyYaeMOil MOUIHOCTH II0 IpOCTpaHcTBeHHOMY cmekTpy. Co-
OTBETCTBYIOIHE DACYETH NMPOBOJUINCH Aif H306pa’XeHHOro Ha pHC.3 Mo-
NelbHOTO pachpefeNeHus MIa3Mbl B KaHale M CUENYIOU{HX SaJaHHBIX IapaMe-
Tpax OKPYXKalouled NIa3MeHHOM Cpellbl, OTBEYaolHX YCIOBHIM 3EeMHON HOHO-
cpepri: N = 108cu™2 (w, = 5,64 -107c7?), Hy = 0,59 (wy = 8,78 -10%c71);
PajiHyC M3IydYaTeNnd M JacTOTa UBIY4YaeMOro CUrHana GBIIM BEIGDAHH paB-
EeME b = 2,5M ¥ w = 1,88 - 10%¢~!. [Ing o6neryenns paciéToB MCIOIL3O-
BaJNach annpoxcuMaiis Bufa (13) mioTHOCTH mrasMu B KaHate N(p, z). lpu
9TOM BHayasle JIg psfa CHelHIbHNM 06pa3soM Hofo6paHHEIX CeHeHUH Zz = z;
ONpeNeNsMICh IoKaTbHble BHavenus Bemmyu a(z), N(z) (cu. (13)), o6ecne-
YHBaol#e GIM30CTL paclpefeNeHUs NOIE B KaHalle C YIPOIUEHHBIM Ipodu-
neM (13) ¥ pacnpejeneHuio mond, oTBeyaouleMy Golee pealbHOMY IPOQHIIO
N(p, z), uso6paxennoMy Ha puc. 3. Jlanee o NOTyYeHHHM TakKHM OyTeM JHa-
qemusM a(z), N(z;) crpounack anmpoxcuManus (byuxu;m a(z), N(z) png Bcex
TOYeX z H3 HHTepBaia [0, z,).

OcHoBHOE BHUMaHHe OBLLIO yIelTeHO aHaJmey noBefieHns BelwiMH {w, I,
éo npn nocnenona'renbnon pEelakcanuu — “pacTIrUBaHUE" noxazxauﬂoro Ha
puc. 3 pacupepeneHus N(p,z) B IPONONHHOM HANPABICHUH. B pacfxe'ra.x 9TO
HAIIO OTPakeHHe B HOMEHEeHHUH BeIHYUHE 2, B mpefenax 3,5 kM < z, < 6KM.
Kak oxasanoce, B paMKax IPMHETOH MOJEIH IPU BHODAHHHIX BHAYEHHIX Ia-
PaMeTpOB NONHAE MOIIHOCTH HBIyYeHHs Py C1a60 BaBHCHT OT IPOTHKEH-
HOCTH KaHana. CoOTBeTCTBYyIOllee MONHOE conpo'rmaneuue wonyyenns Ry =
= 2Pg/|Io|? wpu moTHOCTH mIasME B UeHTpe kKaHama N (0, 0) =5-107cm™3
(cM. prc.3) cocraBnger Ry = 0,12 OM
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_ Puc. 3. Pacnpegenesne nA0THOCTH IIaBMH B KaHaJe.

220 - T. M. 3aboponxoea u gp.



Tom XXXIX ¥ 2  Hze. BY30os PATHOPH3HKA 1996

OcHOBHag JacTh NONHOM UBIYyYaeMOH MOIHOCTH MAET 37iech B HepBHe eCThb
(v = 1,...,6) KBaOHIOKATHIOBAHHEIX MO, HAIpaBIfeMHX KaHAJOM: COIpO-
THBIIEHNE WBIy4YeHNs B 3TH MOJH paBHO Rj._g = 0,10 Om. IlosToMy panee Mu
OTPaHHIMMCH YYeTOM TOIHKO YKABAHHHIX NIECTH MOR M GyleM NpUGIHXEHHO
nonarath Ry & Ry_s. OTMernM, 4T0 BenmiuHa Ry BaMeTHO IPEBOCXONHET
CONpOTHBIeHUE H3NydeHus Ry g Toro xe Toka (2), oTBedamIinee ero pasMe-
HIEHHIO B OKpYXaloleii oroBoit cpege: Ry = 3,53-1073 OM. Uro xe kaca-
eTcd saBucHMocTell BemuwyuH fw, £1, {g OT NPOTHLKEHHOCTH KaHANA, TO OHH
MMEIOT IPXO BHIPaXKEHHHIH OCHUIITHPYIOMHA XapakTep, IpuieM BeTHIuHH {w
7 €1 OHOBPEMEHHO NPUHIMAIOT MAKCUMANLHEE BHAYeHNE, DABHbIe (B paccma-
TPHBAEMOM HHTepBalle BHAMEHHI 2,) E(m“) =17,63-10"3 1 f(mu) =5,14.1071;
BenuinHa g sech paBHa {g = 4,78-1071. YMHOxas faHHKe 3HaYeHUL HA IIOI-
HOe CONPOTHBIeHNEe HBTyYeHUf, NONYyIHM COOTBETCTBYIOUME ITapHUaTbHBIE
COTPOTHBIEHUS MBIyJIeHHS R( %) — 7,63-10~4Om, R( =) — 5,14-10~2 On,
Rg = 4,78 - 1072 Om, oTBevamomHe BHeTeHRHM Bhmme (cM. (23)) xapaxTep-
HBIM Y4aCTKaM IPOCTPaHCTBEHHOrO CHeKTpa. J[ig cpaBHeHHS yKaXkeM Iap-
UualbHble CONMPOTHBIeRHd uanyyenus Rws, Ris, Rge mpu pasMmemennn
Toka (2) B Qononoii cpese: Rws = 1,80-107°0mM, Rrg = 7,91 - 1074 0un,
Rg,e = 2,72-1073 Om. B xavecTse npumepa Ha pic. 4 ToKasaHa 3aBACUMOCTD
THapHUATLHOTO CONPOTUBIEHNE UBNYyYeHus Ry, HOpMHPOBAHHOIO Ha Rw g, OT
HPOTEKEHHOCTH KaHana (BEMMYMHH Z,). AHaNOrm4Has 3aBHCUMOCTH AL OT-
HOIIEHHSI ‘RI/ Ry 3 mMeeT NMOXOXHHE BHJ M IODTOMY 3Jiech He IpuBOjuTCE. B
TOYKaX, I'le BennynHa Ry NpUHUMaeT MUHUMAIbHEE BHaYeH! s, IPAKTHIECKH
BCH MOITHOCTE, lepeuaiyyaeMasd ¢ TOPIOB, YXONAT B KBaOUOIEKTPOCTATHYE-
CKHe BOIHEI OKDYXXaloled CPefHl, Tak ITO fgm,x) ~lu Rgn“) = Ry.

AHANKG IPOMEXYTOTHHIX YMCIEHHHX PaciéToB IOBBONEET HATH dusn-
JeCKyI0 MHTepIpeTaluio MONy4YeHHHX pesynbraToB (puc.4). OxaseBaercs,
B PacCMAaTPUBAEMHX YCIOBHIX HANpPaBIfEMHE XaHAJIOM KBAaSHIOKAIM3O0BAaH-
HEl€ MOJHI, flalOllie TTaBHEI BKNajJ B NONHOE Hoie Ha TOpHe, HMeT GrHs-
KIie aMIIMTYAH W JOBONBHO GIMBKME BHAYEHHS NONEPEeYHHX BOMHOBEIX THCEN
Q1(p,), oTBEHAIOWUX KPYNUOMACIITAGHOH YaCTH HONA, onncmxaeuou dyHK-

nuEME Jp, (Q1 -—) (cM. (14), a Taxxe paGory [4]): @1(pl) — Ql(pLH) L =,

(I@1] < |@2). B To xe Bpems monepeunnie BonHOBE Yucia Q2(p,) pasumy-
HEIX MOJI, OTBeYalolHie MeTKOMACIITa6HO! YaCcTH NONg, OMECKBaeMOl Py HKIH-

* aME T (Qzﬁ-) , OTIHYAIOTCE APYT OT KPYra BechMa CylecTBeHHO: Qa(p),, )~

—Q2(p),) ~ w. llosroMmy, ecii IpH HEKOTOPOM DHAYEHHH Z, MOJIH OKaoHIBa-
10TCH CHEpaBHEIMH, TO xpynuomacmraﬁume COCTaBIfIONE KX NOMNell TPOCTO
CYMMUpYIOTCS Ha TOpIe, 32 CYeT Yero i JOCTUTaeTCs NepepacnpeflelieHue Ho-
Ty9aeMOl MOUIHOCTH HMEHHO B [INHHOBOTNHOBYIO JacCTh IPOCTPAHCTBEHHOTO
cnexkTpa. B pesynpTare Habmiofalorcs MakcMMyMul BenwiuH Rw u Ry. Uo
CKaBaHHOTO TakikKe ACHO, 4T0 (OpMa IIPEeNCTaBICHHON Ha PHC. 4 3aBHCHMOCTH
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) el
DOIDKHa NpHOIMIXEeHHO ONHCHBATHCE PYHKOHEH BUAA ;

re

(-zko [ 70 dc)

e M — KONHYeCcTBO yIATHBAEMEIX MQJ (Banommu, yro y Hac M = 6).

Rw/Rw, [/

2

== (24)

40

30+

20

- 10}F

’ 1

N v

-0 4 5 6 zg, km
Puc. 4. 3aBAcMMOCTL HapHRAaNbHOTO CONPOTHBIEHAS M3Ny4YeHHst Ry orT
NpOTHAXEHHOCTH KaHania.

{ .
Kpome Toro, ns npoBeljeHHHX PaciéToB ClelyeT, YTO BaBUCHMOCTH pl,(2) mo-
OycKaloT B HallleM clydae ClefyoLylo HPOCTYyIo anmpoxcuMauuio: pl(z) =
~ (14 vA)P(2), rne A — HEXOTOP2d KOHCTAHTA. C y4eroM fauHOro Qakra

ua (24) nomyvaem ;
sin® (____ko'yMA)
1 2

(25)
rge -
y= / P(C) .

Herpynso y6enuTscs, YTo BhpaxerHe (25) feiiCTBETETLHO ONUCKHBAET Kade-
CTBEHHO BaBHCHMOCTh Ry 0T nporsxenHocTy xaHama (cp. ¢ puc.4).
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Kax BHAHO HO NIpe[CTaBNeHHEX JaHHbIX, apIHajbEoe CONPOTHBICHHE UG-
nydenns Rw pacCMOTDEHHOH NIa3MEeHHO-BONHOBORHOH aHTEHHOH CHCTEMEI
MOXeT B OTAeIbHEE MOMEHTH BAMETHO npenocxonn'rb COOTBETCTBYIOMYIO Be-
nuquny Rw s, oTBedatomyio QoHOBOY IIasMe (RW /qu. = 42), XoTH OT-
HOCHTEIHHEIH BK/Iaj ATHHHOBOTHOBOI'O YYaCcTKa NPOCTPAHCTBEHHOTO CHEKTPa
B HOMHYIO MOIIHOCTH HOIyHeHHS IO IPEXKHEMY OKashIBACTCH BeChMa HedHa-
YHTeNbHBIM (fg'?“ ) & 1). Poct Bennuuub {w MOXeT 6HThH B IPHHUHNE JO-
CTHTHYT IyTeM yBelU4YEHH{ PajHyca KaHaja B OKPECTHOCTH TOpNa Z = z,. B
YaCTHOCTH, IIPH CTEfyIOMHX NOCTRTOYHO GONBIIMX DHAYEHNEX PAfNyCa TOPIA

a(z,) > k3 (e + lg] )/

BENAJ JAHHOTO y‘ia,c'rxa 1 eBHCET nxnan npouexcy'roqnoro ydacTEa Ipo-
CTPAHCTBEHHOTO CHeKTPa: £y ) >£

/

4. BAKJOYEHNE

IIpoBeennoe paccMOTpeHUe NO3BONGET YTBEPXKAaTh, YTO ONMCAHHAL

IIasMeHHO-BONHOBOHad anTeHHas cucteMa OHY guanasona geicTBHETENbHO
MoXeT OHTh HCIONb30BaHa IS MOBEIICHNL KaX MOIHOM MAIy4aeMOd MOIIHO-
CTH, TaX ¥ MOIIHOCTH, HAylUeH B JIMHHOBOTHOBYIO YaCTh IIPOCTPAHCTBEHHOTO
crekTpa BO36yXJaeMEIX B OKDY’Kalolle [IasMe CBHCTOBHX BolH. Ilpu eToM
IONHad MOIMHOCTDH HBIydYeHUd onpefenserTcs (B clyyae JOCTATOYHO MPOTH-
XEHHOTO IIAa3MEHHOro 06PasOBaHKe) TOKATLHEIMHU BHaYeHHIMH I1apaMeTPOB
IIaBMH B HEMOCDPENCTBEHHOM OKPECTHOCTH BAIHTHBAOMEro UCTOYHNKA. Pe-
SYIbLTHpYIOlee Xe pacnpefeleHre MOWHOCTH IO npoc'rpaxc'rnenuomy crek-
TPY CYWECTBEHHO BaBHCHT OT UHTErPANbHBIX cnouc'rn nIasMeHHOro 06paso-
PaHMd B IENOM. 3aMeTHM TaKXe, YTO B CIyYae NCKYCCTBEHHHX 0GpanoBaHuil
CTPYRTYpa CyMMapHOTO HONy4aeMOoro CHrHanta GyfeT onpenelsThCs XapakTe-
poM GOPMEDPOBaHNT U NOCHERYIONeH peJakcaliy COOTBETCTBYIOmEro 06paso-
BaHng. Bce 5TO OTKPHBaeT oNpefieNeHHbe BOSMOXHOCTH JOCTATOYHO ONépa- *
THBHOTO YIpaBIeHUS XapaKTEePHCTHKAMH HBIYYCHAS.
" Brnomme 04eBHJHO, YTO, XOTE BCe KOHKPETHHE PE3YIHTATH OTHOCHINCH K
HCKYCCTBEHHEIM INTaBMEHHKM O6PaBOBaHMEM, ¥ CaM HOJXON, H oMy YeHRRke
ofIue BHpaKeHUS NPAMEHMME! X IUIa3MEHHO-BOTTHOBONHHEIM KaHAlaM, Cyle-
CTBYIOIIHM B €CTECTBEHHHIX YCIOBHIX OKONO3eMHOI'0 KOCMUIeCKOFO IPOCTPaH-
CTBa, TaKNM, HaNpHEMEp, Xak MarHUTOC(epHLe JaKTH WIOTHOCTH. .

PaGoTa nepBLIx ABYyX aBTOPOB BHINONHEHa NPH mopfepxkke Poccuiickoro
dorma (QyHpmaMeHTANIbHHX ucClefoBanuil (xopn npoexTos N 95-02-05001,
N 94-02-05447-a cooTBeTcTBenHo). PaGora Tpernero aBropa (Kynmpuua
A.B.) 6nna nopnepxana rpanToM Poccuiickoro ¢onpa (yHpaMeHTaNBHEIX
uccnenoBaEui (rpant A 96-02-18666).
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WAVE EMISSIONS FROM A VLF PLASMA-WAVEGUIDE ANTENNA
SYSTEM IN THE IONOSPHERIC CONDITIONS

T. M. Zaboronkove, I. G. Kondrat’ev, A. V. Kudrin

VLF plasma-waveguide antenna system possessing the form of field-aligned
quasi-cylindrical enhancement of plasma density smoothly relaxes to the back-
ground magnetoplasma with removal from the given source is investigated.
The model allowing to calculate both the total radiated power and the distri-
bution of the power over the spatial spectrum of radiated waves is suggested.
We have shown that the described plasma antenna can be used for increasing
the power going in the long wave part of the spatial spectrum of whistler-mode
waves excited in the surrounding plasma. We give concrete estimations for the
Earth’s ionosphere conditions.
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A STUDY OF QUASI 16-DAY IONOSPHERIC
OSCILLATIONS

J. Y. Liu i

A quasi 16-day oscillation has been found in measurements of ionospheric
parameters and geomagnetic field strength in winter 1988. Data obtained from
numerous magnetometers show that this oscillation is a global event. The

- horizontal phase velocities in the E—~ and F—region of the middle Jatitudes
demonstrate that the oscillation is a westward- travehng wave. The downward
phase velocity and upward group velocity mdlcate that the oscillation source
locates in the lower atmosphere.

IL.LINTRODUCTION

An intrinsic property of the terrestrial atmosphere is the transient charac-
ter of the various components that constitute the flow geometry. Rossby et
al. [12] employed the model of nondivergent flow to interpret the existence of
long period planetary waves. Madden [9] analyzed data of the equal poten-
tial surfaces between 850 and 30 mbar, and found that these planetary waves
inhabit a vertical propagation. Salby [13] considered planetary waves with
periods in the range of 2 days to 16 days.in the troposphere and stratosphere
to be resonant or Rossby normal modes of the atmosphere. He further indi-
cated that propagations of these waves are strongly influenced by background
flow condition and temperature field. Although the propagation characteris-
tics of normal modes in the ionosphere and thermosphere about 80 km are
not well understood, evidences of planetary waves penetrating to atmospheric
regions above 100 km have been observed [1-4, 11, 14]. The analyses of elec-
trodynamics signatures of the ionosphere [2, 5] suggest that the quasi 2-day
wave occurs with amplitudes of order tens of meters sec™? up to ca. 150 km.
Forbes and Leveroni [4], studying the perturbation surface horizontal mag-
netic intensity and the critical plasma frequency of the ionospheric F—layer
obtained from Huancayo Observatory, Peru (12.00°S, 75.30°W) during Jan-
uary /Fehruary 1979, also found that the neutral wind for a quasi 16-day os-
cillation over the 100-150 km height range is of order 10 ms™?,

The evidences of the quasi 16-day oscillation in the ionosphere [4] and re-
cent studies of planetary wave signatures [8, 11] prompt an investigation of
the occurrence, persistence, and variability over interval of many years. In
this study data of the geomagnetic H—, D—, and Z-—components, ionospheric
parameters foF2, R'E, and a sequence of ionograms obtained from numer-
ous observatories during 1979 and 1985-1990 are examined. Some analysis
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techniques are introduced to detailedly investigate the vertical and horizontal
velocities, and oscillation period of the quasi 16-day osc¢illation.

2. OBSERVATION AND DATA ANALYSIS

Forbes and Leveroni [4] found a quasi 16-day oscillation in the sur-
face geomagnetic AH and the ijonospheric foF2 at ®equator area during
January/February 1979. They interpreted the oscillation in terms of elec-
tric field induced by the ionospheric wind dynamo. To identify the.same
signature, this paper also examines the daily noontime values of ionospheric
foF2 obtained from Chung-Li Station, Taiwan (24.95° N, 121.23° E) and geo-
magnetic AH, AD, AZ recorded by Lunping Observatory, Taiwan (25.00° N,
121.16° E) for whole year of 1979. In the results, a very clear quasi 16-day
signature is found in geomagnetic AH but no significant oscillation is detected
in ionospheric foF2 during January-May, 1979.

Relative Amplitude

b

1 1 1 1

3 4 5 6 7 8 9 10

Beginning Month

Fig. 1. Relative amplitude of quasi 16-day oscillations for AD and fyF2 for
the interval March to December 1988.

To find the concurrent signatures in ionospheric and geomagnetic mea-
surements, both ionospheric and geomagnetic data recorded in Taiwan during
1985~1990 are further investigated. It is found that when the quasi 16-day
oscillation appears in foF2, the same signature occurs in geomagnetic data

v }
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" but not vice—versa. Three simultaneous signatures of ionospheric foF2 and
geomagnetic AD are clea.rly detected during November 1985 — February 1986
(R12 Y15), August-—December 1988 (R;2 ¥120), and November 1989 — Febru-
ary 1990 (R;2 Y160). In contrast to the results obtained during January and
May 1979, the geomagnetic signatures occurring in these three periods are all
in the D—component. The most prominent signature is found to be during
August—-December 1988 (see Fig. 1).

. Lunping, 1988 Lunping, July-Dec., 1988
JoF2

aH .

Amplitude
Relative Power

T Az -
e
R : . R . ik N : . e
150 200 250 300 350 2 4 6 & 10 12 14 ¢ 128
Day of Year Frequency (day™})

Fig.2. The noontime values and power spectra of geomagnetic AH, AD, AZ
and ionospheric foF2 observed between July 1 and December 31, 1988
at Lunping, Taiwan.

Figure 2 shows the noontime values of ionospheric foF'2 and geomagnetic
AH, AD, and AZ, and their associated power spectra during the period. A
spectral analysis of daily value of various local times in foF'2 and geomagnetic
AD reveals that the quasi 16-day signature in the two quantities have two
maxima, which simultaneously occur at 1200 and 2100 LT (see Fig. 3).
In addition, the daily noontime values qf ionospheric fo F'2 and geomagnetic.
AH, AD, AZ recorded during August-December 1988 at Kokubunji, Japan
* (35.7° N, 139.5° E) are examined. It is found in Fig. 4 that the quasi 16-day
signature are in ionospheric foF2 and geomagnetic AZ. A phase analysis
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yields that ionospheric foF'2 in Taiwan and that in Japan both lead their
associated geomagnetic AD and AZ by 217°, which indicates that the two
'locations actually observed the same quasi 16-day oscillation. Notice that the
magnetic signatures detected by the two locations are in different components.
To further understand the quasi 16-day signature of the geomagnetic field
strength, magnetometer data published by National Geophysical Data Center
(Optical Disk NGDCO05) are examined. Figure 5 shows that 26 magnetometers
distributed all over the world all detect the same quasi 16-day oscillation but
in various components.

3

2

"é-

< - JoF2 )
2

=

o AD

1~

0 § 12 18 24
Local Time (hr)

Fig. 3. Relative amplitude of quasi 16-day ocilllations of AD and foF'2 derived
from daily values of various local times for the interval August to De-
cember. 1988. ; ' .

Geomagnetic data shows that the quasi 16-day oscillation during
August-December 1988 is a global event. Therefore, it is possible to de-
rive the horizontal phase velocities and the vertical phase and group veloc-
ities in the ionosphere. To evaluate the horizontal phase velocities in iono-
spheric E— and F—layer, data obtained from networks of three magnetome-
ters and three ionosondes in the Asia sector are analyzed. Figure 6 shows that
the triangular array of magnetometers, denoted by solid circles, Vladivos-
tok (43.8°N, 132.0°E), Memambetsu (43.9°N, 144.2°E) and Kakiok (36.2°N,
140.2°E) nearly co-locates with the triangular array of ionosondes, denoted
by solid square, Wakkanai (45.4°N, 141.7°E), Kokubunji (35.7°N, 139.5°E).,\

J. Y. Liu 229
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Okinawa (26.3°N, 127.8°E). Clear 16-day oscillations in ionospheric foF2 and
geomagnetic AZ are simultaneous detected by the two networks. A cross
correlation study reveals that the horizontal phase velocity in the F-layer,
derived from the geomagnetic network is 24.5 m/s in the direction 25° west
of the north, and the phase velocity in the F—layer, obtained from the iono-
spheric network, is 141.7 m/s in the direction 36° west of the north (see Fig. 6).

Kokubunji, 1988 Kokubunji, July-Dec., 1988

PSR I NI
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Flg 4. The nontime values and power spectra of geomagnetic AH, AD, AZ
and ionospheric foF'2 observed between July 1 and December 31, 1988
at Kokubunji, Japan.

To evaluate the vertical velocities in the jonosphere, a systemic method de-
veloped by Kou et al. [7] is adopted. On the basis of their development, this
study considers | the Fourier analysis of the time series of the virtual height fluc-
tuations derived from midday i ionograms obtained from Chung-Li Station dur-
ing August-December 1988. Virtual helghts at the sounding (or plasma) fre-

'quencies 6-14 MHz, {h!, i =1,2, 3,4, . N } with time solution At = 1 day

and frequency resolution 1 MHz are ngen as

N/2
hi = Ao + Z(A cosa,t‘ + Bjsinaojt;) . (1)

> =1
Assume h} to be the combination of plane waves of period 2 to 45 days [10]
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and then Eq. (1) ‘can be farther expressed as

N/2 '
= Ao+ ¢cjcos(ajt; — kjz — Ly — n;z) (2)
=1 :

and o
oj= 2w3/NAt - (3)

where o; represents the observed frequency of the jth harmonic, and k;, ¢;, n;
are the wave numbers of the z—,. y— and z—component, respectively. For
routing observations of ionosondes, the ionograms are obtained by vertical
sounding and, therefore, n; is much greater than k; ,.and £;, which results in
the following relation being obtained

1 _ B:
kiz — Ly - njz = tg 1'(2-’;) R &;(2) - (4)

.}
2
.
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Fig. 5. Distribution of quasi 16-day geomagnetxc signatures dunng August and
December 1988.

If the jth harmonic is present in the physical quantity, then the Fourier analysw
of the time series of successive height should give a smooth function 5,(2)
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Fig. 6. Horizontal phase velocities derived from networks of three magnetome-
ters and three ionosondes in the Asia sector.

For the jth harmonic, the vertical wave nu.mber n; can be obtained by differ-
entiating @ with respect to z, that is, -

a8, . d[ (B
ME L T dz [tg (A,-)] ) (3)

Figure 7 reveals that all 9 virtual height traces exhibit 8 great cycles which
are approximate 16-day oscillations. Therefore, the vertical phase velocity is
given as o
Vp: = ;‘:— . (6)
Figure 8 shows the phase velocity between the ionospheric E— and F-lay,
about 340 km virtual height, to be 0.9 m/s in the downward direction.
Instead of a monochromatic wave, a wave packet centered at center fre-
quency is usually detected in observed data. The wave packet propagates with
the group velocity which is the velocity of energy transmitted. To evaluate the
group velocity, the different frequencies closely distributed within the packet
must be identified by successively changing the length of the data. When
the data changes from T’ = NAtf to T = (N — AN)AL, both the observed
frequency of the jth harmonic ¢; and the vertical wave number n; also change.
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Fig. 7. Virtual height at 9 fixed sounding frequencies 6-14 MHz derived from
noontime ionograms for the last 128 days of 1988.

Then, the group velocity of the wave packet is simply the derivative of o with
respective to n, -

Vgy = ET—I. . (7)

Figure 9 is the groﬁp velocities derived by continuous taking out the first 2
points from 128 to 114 observed points which shows the group velocity at the
quasi 16-day period to be 0.09 mm/s in the upward direction.

. DISCUSSION

Quasi 16-day signatures in both geomagnetic AH and ionospheric foF'2
at equator area were observed during January/February 1979 [4]. Hryowever,
the current study reports that during the same time period only the signature
of the geomagnetic AH is observed in Taiwan. This indices that this 16-day
planetary wave in the F—region neither horizontally propagates from equato-
rial area to off equator latitudes such as Taiwan, nor directly penetrates from
the ionospheric £— layer to F-layer in Taiwan. To interpret the sole sig-
nature of the geomagnetic AH observed in Taiwan, an electric circuit model
proposed by Kelly and Heelis [6] is adopted. The model showed that during the
day off-equatorial E—region wind dynamo competes the F—region dynamo at
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the equator to determine the voltage differences between magnetic field lines.
Note that Forbes and Leveroni [4] concluded that quasi 16-day oscillation in
the ionosphere is due to electric fields induced by the ionospheric wind dy-
namo. On the basis of the model [6] and the conclusion [4], the interpretation
is that the quasi 16-day ionospheric fo F'2 (or plasma density) oscillations near
equator modulate the electric field and/or the conductive in the off-equatorial
E ~region (Taiwan, for-example) via the magnetic field lines. The changes
in the E—region further modify the ionospheric current which results in the
signature of the geomagnetic AH. Certainly, there is a possibility that the sig-
nature of the geomagnetic AH in Taiwan was caused by the local penetration
from the lower neutral atmosphere to the E—layer but due to the background
flow and structure conditions, the signature was confined below the E—region
and can not further travel into the F—region.

Although the penetration condition is still not well understood, an inter-
esting relation between the virtual height of the E—layer, A'E, and measure-
ment of geomagnetic field strength is found. Figure 10 shows a time series
relative power spectra of h'E and AD and their associated phase difference
observed in Taiwan during March 1988 and January 1989. It reveals that
when the clear quasi 16 day signatures appear in the spectra (for exaraple,
during June-November 1988), the phase differences between the two tend to
be 180°, which shows when the altitude of the E—peak decreases, the geo-
magnetic field strength increases. Note that the down geing of the E—peak
results in the increases of the plasma density below the E—peak. Therefore,
the anti-phase relation between h'E and AD implies that the quasi 16-day
ionospheric current system is suited at the bottom of the E—region.

The '16-day waves’ are considered to be associated with the 12.3-days pe-
riod secoud symmetric rotational normal mode, which is a westward-traveling i
wave [4]. Figure 6 shows that during August-December 1988, the phase ve-
locities derived from geomagnetic AZ, which associates with the horizontal
" phase velocity'in the E—region, and those from ionospheric fo F'2, which rep-
. Tesents the horizontal phase velocity at the F—peak, are vg = 24.5 m/s and

vr = 141.7 m/s in the direction 25° and 36° west of the north, respectively. It
can be seen that in both E— and F—region the pha.se velocities have the west-
ward component wluch agrees with the consideration of Forbes and Leveroni
{4] An interesting result can be obtained by examining the magnitude ratio
between the two velocities. For the quasi 16-day oscillation, let the average
altitude of the F—peak be zp = 350 km and the altitude of the jonospheric
current system be zp. Assume that the two phase velocities and their altitudes
can be expressed as

YE _ZF “ (8)
VE g

Then, the altxtude of the 16-day current system is about 70 km. This also
implies that the current system locates below the E—peak
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Fig. 7. ’
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. Forbes and Leveropi [4] indicated that the near anti-phase relationship ex-
‘ists between the lunar oscillations in AH and foF2 during January/February
1979. A more detailed examination of their Fig. 4 shows that after the lunar
contribution is removed, the quasi 16-day oscillation in fo F2 without the lunar
contribution tends to lag the one with the contribution by 10°-90°, while there
is no significant phase change in the measurements of the geomagnetic AH.
Therefore, in 1979, foF2 tends to lead AH by 90°-170°. This study reports
in'1938 foF2 approximately leads AD (or AZ) by 217°. Based on these two
observations, it can be assumed that the altitude of the X— and F—peak lo-/
cate about 90 and 350 km, respectively, and the phase difference of the quasi
16-oscillation between the two layer approximate 4-9 days. An estimation
yields the vertical phase speed in the ionosphere to be about 0.3-0.7 m/s in
the downward direction. A detailed calculation by applying the Kou et al.’s {7]
model shows the vertical phase velocity to be 0.9 m/s in the downward direc-
tion. Notice that this phase velocity is derived fromn the virtual heights instead
of the true heights. If the ratio between true height and virtual height is 0.8,
the phase velocity in the loncsphere obtained in this paper is approximate
0.7 m/s in the downward direction which agrees with the earlier estimation.

0.0 — . v . . -

0.085} L

0.07 4
*14.7 days
0.065 | .
0.05 2 . " ! . 1 . :
-1.6 -{.4 -1.2 -1 -08 -0.6 -0.4 -0.2 0

n (km")

Fig. 9. Frequency vs wave number derived from diagrams of Fig. 8.

In Fig. 9 three group velocities 0.11 mm/s, 0.58 mm/s and 0.09 mm/s,
all in the upward direction, are found to be associated with the solar EUV
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Fig. 10. Relative amplitude of quasi 16-day ocilllations in AD and A’E and the
phase differences between the two during March 1988 and January 1989.
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flux periodicity (13.3-day), lunar periodicity (14.7-day) and quasi 16-day pe-
riodicity, respectively. It is obvious that these group velocities are too small
to penetrate into the ionosphere. A possible explanation is that the group
velocities are derived when their associated oscillation fully developed. Once
the oscillation fully developed, only small amount of energy is allowed to be
transferred. Certdinly, in the beginning stage of the penetration, the energy
flow (or group velocities) must be very huge and travel very fast and, the sig-
nature at various altitudes are expected to be very different and complex from
" each other. Consequently, it is not possible to apply the method devéloped by
Kou et al. [7].

The analysis of the horizontal phase velocities shows that the quasi
16-day geomagnetic signatures originate from the lower ionospheric region
where is near 70 km, while the f,F'2 signatures represent the oscillations at
350-400 km. It has been found that the quasi 16-day oscillations appear in
foF'2, the same signatures occur in geomagnetic data, but not vice-versa. This
finding implies that the oscillation energy transmits from the lower to higher
ionosphere, and there is a critical layer between 70 and the F—peak, which
allows or~blockls the energy’s propagation. Since the simultaneous signatures
of quasi 16-day oscillation presented by this article and Forbes and Leveroni [4]
were found occurring from August to February, the background flow condition
and temperature field of the layer in winter is important. Murgatroyd [10]
showed that in the winter west winds have a maximum speed near or just
above the stratopause, and the strongest wind shear and coldest temperature
. appear at 80-90 km which is near the mesopause. On the basis of his results
and the observations presented in this article, the critical layer is possibly near
the-mesopause.

To precisely determine the period of the 16-day oscﬂlatxon, the fo F2 data
recorded in Taiwan during August/December 1988 are firstly processed by a
14-18 day band pass filter. These filtered data are further examined with a
series Fourier analysis by changing total data from 120 to 105 points. On the
basis of the law of energy conservation, it is found that when the total data
pointd lie between 109 and 110, the most symmetric and the strongest power
spectra appear at the 7th harmonic. Therefore, the period of the quasi 16-day
oscillation observed in 1988 is 15.6 day. A similar process applied on the foF2
data recorded in Taiwan during January-April 1979 yields the period to be
16.5 da.y Since the period of fyF2 and the geomagnetic component observed
in 1979 and 1988 are different, the causal mechanisms of the two quasi 16-day
oscillations are not necessary the same.

’
N ‘

4. CONCLUSION

Many experimental studies have been undertaken to find the signatures
of quasi 16-day oscillations. This study has extended earlier work and intro-

4
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duced new methods and models to analyze and interpret the data and results.
A survey of ionospheric foF'2 and geomagnetic AH, AD, AZ recorded in
Taiwan during 1985-1990 shows that the oscillation in general occurs in win-
ter of the years near the solar maximum or minimum. The most prominent
signature is detected during August—December 1988. The diurnal variation of
this duration appears maximum values at 1200LT and 2100LT. Data obtained
from 26 magnetometers show the global pattern of the current to be rather
complex. An anti-phase relation between ionospheric 'E and geomagnetic
AD implies that the current system of the oscillation is suited at the bottom
of the E—region. The horizontal phase velocities near the E—peak and at the
F—peak derived from the ionosonde and magnetometer networks confirm that
the oscillation is a westward~traveling wave. The downward phase and the up-
ward group velocities demonstrate that the energy of oscillations propagates
from the lower ionosphere.
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QUASI-THREE-DIMENSIONAL MODEL
OF CURRENT GENERATION IN THE
IONOSPHERE CAUSED BY NEUTRAL

WIND'ACTION ON E;—CLOUDS

V. A. Liperovsky, C. V. Meister, S. A. Senchenkov,
K. V. Popov, M. A. Oleynik, E. V. Liperovskaya

e

The paper is devoted 4o the questions, connected with the possible ef-
fects of excitation of local current systems in E—region of ionosphere on the
basis of a quasi-three-dimensional model. A hypothesis of local current gen-
eration caused by the action of short-time intense neutral winds on sporadic
E—layers of finite horizontal dimensions is accepted. Currents in two horizontal
E,~layers and field—aligned currents connecting the borders of this two lay-
ers are considered. The Hall currents in sporadic layers can be strong enough
to generate Farly-Buneman turbulence. Some heating effects of local electric
fields and the effects on the electron distribution function were found which
causes the effective excitation of some ibnosphere neutral components.

LINTRODUCTION

In some previous works the action of the acoustic waves on the E —region
of the ionosphere were disscussed. In these works the assumption was that
the regions of the increased ionization have the infinite extend. In this work
we discuss the effects in the increased ionization plasma clouds of the finite
extend and also near the borders of this clouds. >

The strong impulses of the neutral wind acted on the sporadic E-layer
may excite the local current systems. Acoustic waves, which produced the
neutral wind may be of the seismic, meteorologic and antropogenic nature [1].
The theoretical research of the local current systems gives a chance to explain
some unusual cases of the back-scattering in the mid-latitude ionosphere,
which were observed in the experiment SESCAT on the isle of Crete [2] and
may be used for diagnostics of the natural and artificial phenomena.

Two- and three~dimensional models of the local current systems, formed
under the action of the acoustic waves were proposed in this volume. It was
found, that the most intense currents across the strength lines of the geomag-
netic field will appear in the system of two sporadic layers — “E,—generator”
and “E,—load”. In this system the maximal electron speed may be about the-
sound speed. The analysis was carried out in the assumption of the strength
line equipotentiallity, i.e. )] — oo.
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1996 H36. BY3068 PATHOPHIHKA Tom XXXIX X 2

In this work we.analyse the consequences of such local current systems
‘formation and discuss the problem of the experimental observation of the
phenomena in the night-time E—region. Let.us look for the three topics:

At first the effects of the field—aligned currents, and their value in a system
with not infinite value of 4}, and the possibility of the heating effects in some
regions and excitation of the ion-acoustic turbulence.

At the second hand the local electric fields in the E,—layer may disturb the
energy distribution function of the electrons, which can excite some neutral
components of the atmosphere and in the regions of the local electron heating
they may produce an anomalous optical emissions.

And at last we discuss the possibilities of the excitation of the Farley-
Buneman instability by cross-field Hall currents. Let’s notice that during
the SESCAT experiment on the isle of Crete coherent radar backscatter from
irregularities that means wave inhomogeneities, in the ionospheric E—layer
were observed [3]. Thus seldom radar backscatter from irregularities with
phase velocities of up to 300 m/s were found. Such irregularities are be-
lieved to be caused by spikes of Farley—-Buneman turbulence in the E,—layer.
The observations were performed in a rather hilly seismoactive region. Thus
winds streaming around the mountains.can cause the formation of wave per-
turbances. Besides during the earthquake preparation an acoustic waves can
be generated [4, 5].

2.-ON THE FIELD-ALIGNED CURRENTS

Let’s analyze the problem of field—-aligned currents in the system “E,—ge-
nerator” — “E,—load” (see [6]). We are considering the X Z—section of this
system. The current in E,—generator along z—axis is locked by the field-
aligned currents on the “E,—load”. The cont‘inuity condition of the whole
current is: / ’
'q' nya, L (V e:n) = ]“ L AL, (1)

The Ohm low for the field-aligned current

: U
n=oz- - (2)

U — is the potential difference along the strenéth line between the
E,—generator and E,—load, o) = ¢*ng/MeVen, Z* is the characteristic dis-
tance between the layers along the strength line of the geomagnetic field.
20 =L |B(l-r). (3)
Using the equations ( 1)—(3) and the formulas for V2, V4 and E? from [6] one

ex?

can find:
11—k _ Ky 20,2 n, v, V:n (4)
£+ Ke EZ AL L. nowpe wB, )
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Let’s write the continuity equation and Ohm low for the field~aligned currents .
in the Y Z—section of the system “E,—generator” — “E,—load” ,

, !Q‘no a, L. (V.; - :y) = _7" L, ALy

gng U
My Ven Z*

20 = L, |E}|(1- x,)
Using the expressions for V3, V;; and EJ one can find

n=

Ke 2a,Z*% n, v}, wh;
£+ Ky ALy Ly Np WBe V:n )

l-ry= ()
From the system of equations (4) and (5) k; and &, may be found. Assuming
a, = 2 x 102 m, Z* =2x10*m, AL, ~ AL, ~ 102 m, L, ~ L, ~ 10° m,
ny/no ~ 50, v, fwpe ~ 1073, v} [wh; ~ 3, and £ ~ 1 we find x, ~ 0.99
and &, ~ 0. 8 And at last we esthate the maximal value of speed in the
field-aligned current jj ' '

J ‘a, m,
V||=--“-=-——————-~y——VA. (6)

Taking mto account that the cntlcal value V“ for the excitation of iono—

acoustlc waves
o [ksT, Tom; 3 T '
5y (1+ T exp[-2 2T]) ()
-at T, ~ 250 K one has estimation V;‘ﬁ' ~ 8600 m/s,if T, ~ T; and in the case of
‘additional electron heating up to T, ~ 3T; =,750 K one has V‘ﬁ' ~ 9640 m/s.
Taking the accepted parameters and o’ =~ AL one can ﬁnd = 7500 m/s
and the jon-acoustic waves will not be excited.
But a geometric factor gives a chance for Vj; to be bigger 1f a* JA L, is equal

1.5~ 2 and n, /mo can equal 102, Thus V” ~ 30000 m/s and occasxonally ion~
acoustic waves seem to appear also. . .

3. THE EFFECTS OF THE LOCAL ELECTRIC FIELD

One further effect should be mentioned when a local current system is
generated by the action of acoustic waves and neutral winds. First hints at
the possibility of such processes were given in [7].

But it should be mentioned, that the here presented model takes into
account the finite dimension of the sporadic Iayer in the neutral wind direction

V.A. Liperovsky et al. . : 243
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and the three~dimensionality of the external circuit, gives smaller field-aligend
currents and heating effects.

Nevertheless, let us consider the problem of local night-time variations of
the radiation of the mid-latitude ionosphere caused by the electron heating in
the sporadic E—layers local current system. By the action of the local electric
fields in the E,-layer the distribution function of electrons can be modified.
As defined in [8] the approximation for such modificate function may be the
quasi-maxvellian exponenential function with increased middle energy. There
were defined that in the local ﬁeld—a.hgned electric field approximation for the
middle energy of the electron will be

e?E?

E = kaN+W’ (8)

where v — is the frequency of elastic collisions of electrons with neutrals and
§ & 2m./m,. So, one can suggest that in the region near the borders of the
E,-layer, dumped by the neutral wind in a quasi-three-dimensional model,
the local heating of the electrons takes place and using the approximations
for the electric field from [7] and part 2 of this work we will find that the
middle electron energy increases up to about 0.4-0.5 eV. Normally one obtains
0.02-0.03 eV. Then we consider the problem of neutral ionospheric components
excitation by the low energy electrons excited in the local field-aligned electric
field. The speed of excited component arising in the collisions with electrons
can be find as the integral:

F=n (K] [ [ £.(Ve) fe (Vi) x

X|Ve = Vil 0% (|Ve — Vi) &V, d*Vi \ (9)

(where K means the component which is get excited). Here f,{Va) — is the
energy distribution function of electrons or neutral component K, off is the
cross—section for the excitation of moleculas K in collisions with electrons. As-
suming that f; is the maxwellian distribution, i.e. fix(vx) = (My / 2xkTx)?/2-
-exp(—Myv? [ 2kT) and fcv. > vi and the electron distribution function is
isothropic in any point i.e. f. (Ve) = f. (v.) we find for Rt that

2 » drn, [K) / v® fo(v) 022 (v) dv . (10)
(4]

In the case when the distribution of the electrons is also maxwellian we find:

oo .
o ., [K]”:’:f‘ /ue'“af,f (\/uzr’;Te) du
(3 (]
0
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2 Me

2kT,

For the volume intensity of optical emissions of electron exited components in
the lower'ionospere we find: '

1

(11)

u=v

I = -A_; 3 ’ ’ . (12)
where the extinguishing divisor for the exicited states K™ is
D=1+ Z kG (13)

Here Ay is the Ainstein coefficient for the excited state, [G;] are the con-
centrations of the extinguishing'components G;, and k; are the constants
of speed for the extinguishing reactions, such as {K* + G; — K + G;} or
{K* + G; — K + G:}. The exited states of O, O, and N3 in the lower iono- °
sphere may be extinguished in the reactions with not excited molecilas of O,
O3, N2, N and NO. The cross—sections oli for the electron excitation of O,
and O were have been taken from [9]. The values of k;, [G;] and [K] were have
been taken from [10]. Then the intensities of this emissions in rayleighs can
be approximately found as Ig;, = 1078(z; — 22)I,1(z) phot./cm? s.

Assuming that in' the region’ of local electron excitation in the
E,~torches I, is approximately constant we find the intencity of the emis-
sions O(S?) and O3(a*A,) (I R—atmospheric lines). For the thickness of the
E,-layer h, = 1 km and the.case of maxewellian distribution with a tempera-
ture T, = 0.4 eV we find for the intensity of emission O(S?) IFF?7 = 3 rayleigh,
for the intensity of the emission Oj(a'A,) we find-Ip(a! Ag) 50 rayleigh
and for the total intensity of optical emission in the I'R field by electron exited
vibrational states of N3 we define ] r(N3*) 2 10 rayleigh.

4. DISPERSION EQUATION OF FARLEY-BUNEMAN WAVES

Above it was shown, that only under rather seldom codditions the
electron bulk velocity Vg in the Hall currents is larger than the threshold of
the Farley-Buneman mstablhty Vo - V‘ir R Vg = c(1+VenVin/{wBewsn:)) >
330 m/s (c? = kpT./my). Nevertheless m this sectmn first results of the linear
plasma theory of electrostatic waves, which can indeed be described within the
here presented three—d1mens10nal two—hqmd hydrodynamic E—layer model if
strong enough neutral winds appear, will be given. Note, that neutral wind
velocities V4 in the ower thermosphere at mid-latitudes in summer are of the
order of 20~40 m/s (e.g. [9]), but occasionally higher values of up to 80 m/s
of more may occur. N ' l

In so far the sources of electric currents generation are the neutral wings, it

-is obvious that maximal speed of ions under the action of neutral wings could

f
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‘be reached on such altitudes, wher\ is yet v;, < wp. and V4 is maximum,
i.e. on the altitudes h ~ 120 km. Higher, ions are carried away more ‘weakly.
Taking into account, that the amplitude of acoustic-waves, which are propagat-
ing up to the neutrEl -ionosphere, grows exponentially and in the E—region on
the altitude h & 100 km the amplitude of the acoustic wave speed oscillations ’
may be 80m/s, so this waves propagating to the h = 120 km will have the
amplitude on /n(h = 100)/n(h = 120) times more, which is approximately
equal c, (on the altitude h = 120 km the frequency of metallic ions collisions
is yet v > wgi). .

Therefore thé maximal effect of FB-waves generation in the “E,—load”
will be if the “E,—generator” is placed on.the altitude A = 120 — 130 km.
Certainly, the existing of such sporadic layers on this altitudes is not usual.

Let’s notice that on the E—region altitudes the background electric field
E'o is not so la.rge to produce the Farley-Buneman turbulence but in partic-
lar case if Eg is westward, then background field added with the E]-field
of “E,~load” and the whole field may become enough for electron dnft ve-
locity in spread would be V.; > ¢; which will provide the Farley-Buneman
instability. e

From the particle density and momentum balsances of the electrons and
ions in the sporadic E—layer: -

/ g—t-na + div (naV:) =0 | (14)

mana%v': + mang(Vagrad)V, =

= —kpgrad(naTs) + gana(E + 72 x B) = naman(V2 = V2)van  (15)
one finds the following dispersion equation for waves with complex freiuenéy

w propagating in Hall direction

7

1+wr/(Aw = kW) + ko 2/ 2)+

g /((Ae — whe/Ae)w — ky V) + kzvﬁ/ 2)=0 (16)
A= kVE —w = ien
4 = kyVE — w — imuvin /(i + my), (17)

02 = 2kBTa/mu{w2 = qzna/(soma) .
The numerical solution of the equation (18) for the case, that the mean relative
electron—ion drift velocity V5 w-V” amounts to 400 m/s and is thus larger than
the ion sound velocity of a.bout 335 m/ s, is giveh in (Fig.1). The parameters
T.~ T, ~ 250 K, ne = np & 104 cm™3, ven & 4 104 1/s, vin ~ 1.4 103 1/s,
and wpe = 5.3 % 106 Hz were chosen. It is shown, that the dispersion equation

246 " V.A. Liperovsky et al.
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has three solutions w; = w} + kyVey + 57;. The solution with j = 3 describes
an instable electrostatic wave with wavelength 1/m > k > 70/m, which is
excited by electron—neutral collisions. In agreement with experimental/data
the maximum growth rate 43 ~ 400 Hz appears at wave numbers k ~ 27/m,
that means below the inverse electron Debye radius 100/m. The solution w;
does not exist in the limit ¥ — 0. The phase velocity of the wave is about
vph =~ 500 m/s and the group velocity is somewhat larger than 530 m/s.

£

ok

mj 1 I l. I 'Yj T F T ] l" 73.

0

= 2 0 -
.0 20  40k[m 0 20 0 k[m'}j

Fig. 1. Solution of the dispersion equation (18) for electrostatic waves driven in )
the plasma of a night-time sporadic layer by collisions of neutral particles
with'charges. A relative electron-ion drift velocity of 400 m/s is assumed.

. 5. DISCUSSION AND CONCLUDING REMARKS '

The generation 'of électron Hall and field-aligned currents and poséible ef-
fects followed in and the vicinity of ionospheric “E,~layers” by strong acous-
tic impulses, propagating from the surface of the earth into the ionosphere,
was considered. The acoustic waves can be of seismic, anthropogenic or me-
teorological nature. The estimates within a quasi-three~dimensional model
“E,—generator” — “E,~load” show, that under certain conditions in the
E,~layer and its surrounding plasma, a sufficiently large velocit\y VA of an -

V.A. Liperovsky et al. - o247
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acoustic wave is capable of sustaining large electron drift instability which
might be sufficient to excite the Farley-Buneman instability resulting into
quasi-stationary turbulence. '

Experimental evidence exists that large velocity electrostatic waves to be
generated in the mid-latitude nighttime E region of the ionosphere. Indeed, in
the midlatitude backscatter data obtained with SESCAT, more than a dozen
of pure Farley-Buneman waves with phase velocities near 300 m/s were found
within the summer period of 1993 [2]. In this regard, the excitation of mid-
- latitude Farley-Buneman waves can be regarded as a rather rare henomenon,
caused possibly by current-generator mechanism presented in this paper.

Further, under different extreme conditions, especially at large altitudes,
field-alined currents in the external circuit seems to generate ion-acoustic
waves too. Besides, outside the sporadic E—layer the velocity VI has also
strong gradients along the magnetic field lines, above all perpendicular to
them. Thus, also the exitation of drift waves should occure.

The field-aligned currents appearing in the system cause a collisional heat-
ing, especially above the borders of the sporadic layer at altitudes of the tran-
sition region. The heating results into a decrease of the polarization potential
and the Hall current. But, occasionally the Hall current can be nevertheless
strong enough to generate Farley-Buneman turbulence [7].

In addition, according to estimates by [7] the closure field—aligned currents
in the external circuit.can cause collisional heating, and probably turbulent
heating as well, of the electrons, especially in the torches above the edges of
the sporadic 'la.yer: Also experiments on wave propagation in E,~layers, as
discussed in [4, 5, 11], show that at times the E,—layer becomes transparent
and breaks into parts during strong seismic activity. This could be understand
in the framework of the proposed current generation mechanism, if heating
effects are also to be taken into account. The model “E,—generator” — local
current system can be applied to small period gravity waves, but then the
influence of the wave on the sporadic layer and its surrounding plasma has
also to be considered.

Optical effects, which are discussed in this work are interesting because of
the possibility of sattelite registration of disturbunces in the noise atmospheric
acoustic field in the infrasonic part of the whole spectra. It is well known
[11], that this disturbunces may be produced by the processes of earthquake
preparation and of cource with the earthquakes themselfs. From the another
hand such effects were found due to the anthropogenic and meteorological
activity, and the researches of this appearances may be used for the diagnostics
of the ecological problems.
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YK 550.3

AHTPOIIOTEHHEIE 0D PEKTHI
HEIEJDbHOU NNEPUOINYIHOCTH
B F-OBJIACTH NOHOC®EPHBI

K. B.Ilonos, B. A. Jluneposcxud,
K. B. Meticmep, E. B. Jluneposcxag

Hposenés CcTaTHCTHYECKHN aHANH3 XOf{a XapaxTepHOH HoHOocdepHOil ya-
crornl foF'2 no cemu muam negenu sa 1987 r. Hcnodpsosanuch fauubie HTa-
NLARCEHX CTaHuuil PuM, Haxojaumxca B MPOMBIIUIEHHOR SoHe M cTaHuuK ['n-
GHIBPMaHa, HAXONAIUEHCE B CEILCKOM MECTHOCTH. IIpoMulimennHoe mpoM3BOR-
CTBO €BPONEHCKAX CTPaH SHAYHTEIbHO yMeHblUaeTcd Ha week—end, mosToMYy B
nosefienyy nMIoTHocTH F2 ciog HabnwpaaeTcs HegenbHad NepHORHUHOCTE. IIpH
pasuaoxenuu B paf Dyphe MATEHCHBHOCTH rapMoBuKH ¢ nepuofom T = 12 vac
yBEIHYHBaeTCE K KOHOY pabodel Hejexnn, RO3PPHIHERT XOPPENAUUM MEXILY
PasOIMYHBIME MaPaMH COCEHHMX [HeH HefelH MOHOTOHHO YBEIHYMBAETCH B Te-
genHe regenn. IIockonbRy 9TOT X02PPUUREHT ROPPENLAUHH NPAMO CBA3aH € a-
SOBBIM CIBHIOM IF2PMOHHK O PASHEIM AHAM OTHOCKTENBHO APYT JPYIa, MOXKHO

,  CEelaTh BEIBOJ, YTO paG0OTa MPOMEBILIEHHBIX NPEINPHATHH OKa3hIBAET CHCTe-
MaTH4YeCKOe BOJ[leHCTBHE Ha CYTOMHBIN XOff MIOTHOCTH MOHOC(EpH, HaXOME-
weHcd Haji NPOMEIIUICHHHM DErMoHoM. MOXHO npenonoxuTs, 4o sdpdexT
06yCHOBIEH TOKANbHBIMH DUU3ORMYECKHMM HATDEBaMH IIPH BO3HEHCTBHHM HH-
$PpasBYEOBLIX BOOR aHTPONOTLEHHOM IPHPOAH Ha HOHOCHEpY.

N

1. BBEZEHHUE

B pape pabot [1-5] paccmaTpuBanucs HonocQepHbe 9PPEKTH, BHBBaHHEE
MOIIHEIM aHTPONOTEHHEIM BO3JleicTBHEM — B3PHBAMH, BallyCKaMH KOCMHKIe-
CKHX KOpafned, paGoTO! MOIMIHKIX THHAN BIEKTpolepenay.
 BHIIO yCTaHOBIEHO, YTO BHAYATENbHOE BOBEHCTBHe Ha HOHOC(Epy OKa-
BHBAIOT MPakTUYIECKH BCe HOBECTHHE KPYNHOMACIITAOHHE COGHITHS, KaK TO

' geMIeTpICeHHs, METeOpOIorHieckre BOSMYIICHHS B aTMocepe, HHTEHCHB-
HEle BOSMYINeHHS Ha NOBEPXHOCTH BeMIE ¥ B HIXHeHl aTMocdepe CBEIGAHHEE
¢ leSTeNbHOCTHIO YenoBeka (HampuMep BoHHE!) [6-8]. OnHaxo MeHee MomERe
BoBMymalomye (PakTOPH, TakKHe Kak, HalpEMep, NOBCENHeBHAS HHIYCTPHAIb-
Hag aKTHBHOCTH, OGHADYXHTD He YaBaloch. B jamHo# paboTe IpeIpHHITA
HONKITKa OGHADPYXUTH Hogo6utie B PerTH B JOCTATOYHO PAa3BHTOM IIPOMEIII--
JIeHHOM paMOHE. ,

Tax Xak MHTEHCHBHOCTH IPOMHIUICHHOTO HNPOW3BOACTBA EBPOHEHCKEX
CTpaH CyIWeCTBEHHO YMEHBIIaeTCE Ha week-end, TO MOXHO IyMaTh, 9TO HO-
‘BefleENe MOHOCHEPH Haj| KPYIHHM TPOMHIUICHHRM JeHTPOM DasiHyaeTcs B |
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v

Tevyenne pabovHX fHed Hemenn u B week-end. Ilpencrasnanocn HHTepeCcHHM
BEISBHTE TaKOTO. pofia ddPerTH, nposenis CTATHCTHYECKHH aHAIUS DL HO-
'HOC(epHEX mapaMeTpoB. Hs MHOrEX NapaMeTpoB, XaPakTepA3YIOIMX HOHO-

‘ nocq)epy, 6nito 6K €CTECTBEHHO, B IEPBYIO OYepeRb, BHIOpaTh XapakTEpHYIO
qactoTy cnos F2 momochepns — foF2.

[ns amamusa B paboTe HCHONL3OBANUCH JaHHEIE HTATBIHCKOH CTAHIHH
BepTHEaNbHOrO 3oRAnpoBanug (B3) PuM u cranguu I'm6unbMana sa 1987 r,
HPYIEM HCHONL3OBANMCH JaHHbE, NPEICTaBIcHEE B Blije CTaHJ{APTHHX BHa-
uenEH foF2 c uATepBaioM B ofEH Yac. PHMCKas CTaHOHS HaXOXHMTCH B IIPO-
MHINDIEHHOH BOHe, GOMbIIaf YaCTh HPOMHIINIEHHLIX 06HEKTOB B 9TOM palioHe
paboTaeT NATH NHel B HENENIO, ITO JaéT BOBMOXHOCTH BHIENITh CeMHIHEB-
i pukn. Cranmus TaGrnpMana HaXofjHTCS B CENBCKOE MECTHOCTH Ha pac-
crogaun 400 xM ot r. PaM. TakmM oGpasoM, B JaHHOH péﬁo're CTaBUTCH
IeIbi0 BHERICHHE BOBJEACTBES NPOMHIIICHEOH NedTebHOCTH YelloBeKa Ha
BEIMYHAY IIOTHOCTH MOHHBAUWH cuos F2.

\

2'1 DKCHEPAMEHTAJNBHEIE PE3YJIIBTATH

1. [Ins BhigBICHHA TeXHOTEeHHHIX B(pexToB OHII IPOBEIEH CTATHCTHYE-
CEHH aHANHS Xofa foF'2 mo ceMu pEEM Hefen®. 3aj2xa BHEBIEHHA HPPerToB
| HefleNbHOM NMEPHOAMIHOCTH OKananach He OYeHb MPOCTOH, HOCKONbKY BHBY-
AIBHO GHUIO MPaKTHYECKH HeBO3MOXHO OGHADYXKHTH PasHUTHL MeXNY YCPefi-
HEHHEIMH CyTOYHEIMH XOJaMHi JacToTH foF'2 B P2OIHTHEIe IHH HeJleNH. Tax
Ha pHC. 1 IpeNCTABICHO H3MEHEHNE CyTOYHOTO X0[a YacToTH foF'2, ycpenuen-
HOIl IO KaXJIOMY Yacy 8a COOTBeTCTBYIOIUMI leEb Hejlen B TeienHe Tofa Jid
KQXIOH W3 JBYX CTAHIHI. '

TlonsTKa BREIATD odPekT, ycpenis 7acToTy folF2 82 cyTEH B TeueHHe
rojia Takxe OKasaach HEyNAaYHON, XOTH GHIIO BEISCHEHO, 4TO dacToTa fol'2

_EMeeT TeH[IeHUUIO K POCTY B week-end.

Tax Ha prc. 2 a, 6 OpeicTaBleHa YCPeJHeHHas 3a CYTKH XapakTepHai Ja-
crora foF2 mo nugM Hepenn (BepTHEaNbHAS OCh), Hefeld HadMHAETCE OHe-
fenbEEKoM (NepBHA JieHb) H BaKaHTHBAETCH BOCKPECEHbEM (cemvMoit pens)
(ropusontanbrag och). Hug yno6cTBa paccMOTpEHHS JaHHEE HOPMEDOBAHbL
Ha CpefHerofoByio acToTy foF2. s rpaduxa BUAHO, 9TO HPOKCXOJHT yBelA-
yeHHWe cpefHero BHavdeHus foF'2 B TeveHEe HeJenH, HO HEJOCTATOYHAS CTATH-
CTHKa He IOGBONEET CAelaTh 0GOCHOBHAKIH BHEBOY O BIEIHAY UPOMBIUIICHHON
[eSTENHHOCTE Ha NIOTHEOCTL F2 cinod.

2. KTax, RUIf CTATHCTHYECKY YGENUTENHHOTO BHIBIEHAS HENENbHEIX o-
$exTOB OKanaloCh HEOGXONUMEIM HCHONL30BATEH GoNee TOBKEe MeTOjH. Ho-
B2 HalHYH{d CYyTOYHOH NepmogwyHocTH Benmunay f,F2 Moxno npeucraBaTs B
nuje psga Dypre ,
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ALALN ALNLA
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IIs. Br. Cp. Ir. Or. C6. Be.

Pac.1. CpegnerogoBoe HoMeHeHRe CYTOIHOIO XOAa JacTOTH foF2 B TedeHme
HeJelH. '

\

101%p

101%
100%

160%
9%

9%

1 'Y } | ] i ] { 'R [ 4 L ] [ ]

{ .
,'fw. Byr. Cp. Yr. Hr. C6 B M. Br.  Cp. Ys. Hry. C6.  Be

Puc.2. Cpegnecyrounas 4acrora foF2 B 8aBHCEMOCTH OT NHE HEReNH, yC-
pefHEHHAA B Tedenne roga, HOpMEPOBaHHAA Ha CPERHET OFOBYIO TACTOTY

(foF2).

252 K. B. Ilonos u dp.
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f(t) = %9 + Y Ci cos(wit + o) , . (1)
k

hd ‘

rrek =1, 2, .. gg — cpefiuee sHavenne; Ck U @ — aMmIuTyAa u $asa
k-oit rapmonuky; wy = 2rk/T, T = 24 yac. ‘

IlepBag rapMoHMKa paslOXKeHHd olpefenseT cyToyHu# xof foF2. Ecre-
CTBEHHO OHIIG HCKaTh PPEKT, UCCIERYys BTODPYIO, TPEThIO B ApYrue rapMo-
Buku. Ws-8a HeGonplion cTaTucTHkKH 8PPEXT B TpeTheil, HeTBEPTOR H ToCIe-
AYIOIUX TaPMOHHEAX CTATHCTHIECKM FeBhIpaKeH.

120% b~ -
110%F

110% |-
100%} )

wo%l 4
90%/ N

90% ¢

INe. Bi. Cp. .Yr. [Mir. C6. Be Me Br. Cp. Yr. TMr. C6. Be.

Pnc. 3. UaTencuBEOCTL BTOPOH PaPMOHUEKH JA# PASIOKEHHS Dyphe cyTOTHOrO

XOfia 9acTOTH foF'2 B Tedenne Hefenu B cpeRHeM Ba rof (COoWIHAH OB~

HUA — CTaBHUuA PuM, IyHKTHp — cTaHnus Ih6unbmana) Janame HOp-

. MKpOBaHH Ha CPEIHIOW MHTECHCHBHOCTH BTOPOPI rapMOHHKH B Te9€HUe
Topa.

Ilpu pasnoxennu foF2 B pan Pypoe 6uI0 06HAPYKEHO, YTO HHTEHCUB-
HOCTBH BTODOX TapMOHMKH foF'2 ¢ mepuogoMm T, = 12 vac ymenrnyuBaeTcs K
KoHUYy paGoyei uefenyu. Ha puc.3 a, 6 npegcraBieHa cpeqHds RHTEHCHBHOCTD
Bropoi rapmonukm (T'=12 9ac) xopa xapakTepHoil acToTH foF2 Ba cyTxu
no pHaM Heflend. [JanHble HODMHPOBAaHH HAa CPEJHIO WHTEHCHMBHOCTH BTQ-
POl TaDMOHUXH XOfia XapakTepHol yacTorh foF'2 na roj. Bunno ysenuvernne

?
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MHTEHCHBHOCTH OTOH FapMOHMKE X XKOHNY pabodei Hemenn. Takke BRISH-
BaeT HHTepeC CHHXPOHHOCTH HBMEHeHWS HHTEHCHBHOCTH BTOPOU TapMOHUKH
Ha 060uX rpaduKax, ITO MaéT WOBOJ NI GONee CTPOTOrO ¥ NETATHLHOIO HC-
ClleflOBaHUS HOBENEHNE XapaKTePHOH 4acTOTH fuF2 MyTEM CpaBHeHNT JAHHEIX
O[JHOBPEMEHHO IO IBYM, a B IIep CHEeKTHBE H 10 GOMBNIEMY KOTHYeCTBY CTAHIMNK
B PasHBIX PAHOHAX 3eMIH.

HecMoTps Ha OGHADYXEHHEI, TP HCCICOBAHHH BHIE NepeTHCICHHEIX
HapaMeTpoOB, 3{(pexT HEROCTATOUHEI OGBEM CTATHCTHKH He NO3BONKI cle- -
IaTh ONHOBHAYHEIE BEIBONE O BOBEHCTBYH IPOMBIIUIEHHOR AeATeTLHOCTH Ye-
OBEXa Ha H3MeHeHHe ILIOTHOCTH cnof F'2 monoc@epsl.

g 6onee feTanbHOrO H3Y4eHUs OBUT NPOBENEH CTATUCTHIECKAN aHa-
nus Koo()QUNHEHTOB KOPPENfUMN MEXIY XapaKTeDHERIMK dacToTaMu foF2 B
pPasiuuYEHe JHHE. DBHIN paccMOTpeHEl KOPpeNsNHH BceX MapMOHHMK IO OT-
menbEOCTH. KooddunumenT xoppensuny NmepBOil TapMOHHKM BechbMa BeTUK,
nopsffka 1, MOCKONBKY NepBad MapMOHWKA ONpeNeNseT CYTOYHHE Xom fofF2.
AMIIETYIH BTODOH, TPeThel, YeTBEPTOI 1 MOCTENyIOUIHX TAPMOHHKK MAIKI IO
cpaBHeHNIo ¢ neppoil. IlooToMy ecTecTBeHHO GHINO UCKaTh oQdeKT, HCCaeRys
x0o(PUIUEHTH! KOPPeNsIAN BTOPHIX rapMonnk foF2. OrmeruM, uTo kK0od-
¢uuHeRT KOppeNdnuy MeX]y OTHeTbHBIMA rapMOHNKaMH IPIMO CBIBaH ¢ (a-
BOBHIM CBHTOM () ®THX rapMOHHK OTHOCHTeNbHO OpYr ppyra (K = cos ).
Brinn pacuuTaHH cpefiHne BHATCHUI Koaq)qmuneHTOB KODDensUuy Mexjy
PasIMYHEIMN CTAHNISAMH M PasIHYHBIME IapaM¥ COCENHHX JHel Hefleny . 1o
mepBEIM 12-Tm rapMmommkay. Hampmmep, K;(1,2) — cpenuuit xosdduiment
KOPPENANHy MeX[y NOHeNeNLHIKOM M BTOPHUKOM -0/ I'apMOHMKIL:

(Frafig) = (Fa)(Fig)
VUFEY = (F DS ~ (Fa)?)

e — -1 < Ki(e,f) < 1; @,8 =1, 2, ..., 7T — nomepa jneit negeny; f*,,
f'ﬂ — BHAYEHNS TADMOHHK B TeYeHHe COOTBeTCTBonmnx cyrox; (f.), ( f’ﬁ)
— cpefiHue snat{emm B COOTBeTCTByIOHIHe cyTru (orMerum, yTo {fi ) =0u
(fig)=0); (F2) = (£, (f‘ﬁ) () — nucnepcun rapmonnx. Ipn aToM.
CYATANOCH, ITO KAXKIOMY JHIO COOTBETCTBYET BHIGODKA BHAMEHUH € 06HEMOM
N =24, nepBoe nHadenne coorercrByer 00.00 LT, a nocunegnee 23.00 LT.
Bcero g nonydenus ofHOro SHaUeHHMS HCHONB30Banoch oT 46 1o 50 gued mo
Pamy u or 25 1o 33 pueit no Twbminmane. IlorpemHocTs BHIYHCILTACH 1O

dopmyne: |

~ Ki(a, ) = @)

. _1-K 2
- ‘ ’7 VNN ’
rae Ng — KOIH1ecTBO fHell O KOTOPHIM NPOBOJNTCE ycpegHenue. CraTucTu-
Jecxag MOTPENHOCTh cpegHero koo(duunenta xoppemsmmu K(a, B) cocra-
BigeT no Pumy 9 = 3% u mo I'ubunemane 5 = 4%.

-
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Puc. 4. Hepenpublit xo k0o(HUHEHTOB KOPDENIUME MEX]Y MHTEHCUBHOCTAMH
BTOPHIX TapMOHMK pasioxeHus Pypbe CyTOYHOro X0fa JacToTh foF'2,
BEITHCIEHHBIX AU COCETHUX JHEH Heflenn (CIUOWHAsA AUHUA — CTaHLIAS
Pum, nynktap — cranuus [ubunemana).

Ha'pniz. 4 mpepcTaBieH I‘ba(pux wsMenenus K, — cpegsero xoodpduinenra
XOPPeLilnH BTOpPOH IapMOHHKH OTO JHE KO AHIO 10 Pumy u ['ubunbmane B Te-
qeHue Hefenrn. Mo ananusa rPaQUKOB MOXHO BUIETh, YTO K7 UMeeT MOHOTOH-
HOE OMeHeHHe B TeveHue Hefenn. O6HADYKEHO, YTO Haj| O6eHMH CTaHIUAMH
KOO(YPUUNEHTH KOPPEILIIIH BTOPOH IapMOHMKH YBEIHYMBAIOTCE OT HaYala.
Hegenn X koHuny. Ilpm sToM Hax Pumom sToT xoodduuueHT KOppensuuud B
LeIoM BHIIeE, 4eM HajJ [MOuIbMaHOH.

IIpencraBngino uHTEpeC NPOBECTH CTATHCTUYECKMI aHANAS H3MEHEHHH KO-
3QPUUNEHTOB KOPPETIUUN BTOPHX IrapMOHUK foF'2 B OHH H TOT Xe JeHb IO
ABYM PasmiYHBIM cTaHURIM — Pumy u Tubunsmane. I'padux noMeHenns sTux
Koo PUUMEeHTOB NpeNCTaBIe Ha pUC.5. 3aMETHO yBelWYeHHe KOPPEIfIHM C
TMOHENENbHUKA 40 CYy660TH B yMenﬁmeHne eé ¢ cy660TH Ha BOCKPECeHbe.

Xopomo UBBECTHO,; 9T0 OCHOBHEIM (PAKTOPOM, BIMAIOIIUM Ha BETUIHHY
nnoTHOCTH F2 cnog morocdepH, gBIgeTCH CONHEYHOE MOHMBHPYIONIee H3ILy-
9eHHe. BoaMoxeH BONPOC O BOBMOXHHIX HeNEIbHHX BaPHALMIX BIEXTPOH-
HOM NIOTHOCTH, He CBE3AHHBIX C HHIYCTPHATLHOH aKTHBHOCTHIO. Bapnamm
:anex'rpomton IUIOTHOCTH, CBA3AHHEIE C CONHEYHOI aKTHBHOCTBHIO MOTYT HMeTh
‘nepnon B HECKONBbKO Hefelb. BOBMOXHH BapHal¥H PasIMYHEIX NapaMeTpOB,
HOHOC(QEpH!, CBABaHHEIE ¢ ConMHeIHnM unknoM (I’ = 27 gueir). Opnakp ManoBe-,
PO4THO, YTO OTH M3MeHeHHs OyyT OPOUCXONHTH B OUHHM H Te XKe JIHH Heelu.
Iycrs, mampumvep, B XKaXasii 27-# geHb UUKNa 6L peakull MaxcumyM foF2.

K. B. Ilonos u dp. . 255



1996 Hsze. BY3oe PAﬂHO@E8fIKA Tou XXXIX ¥ 2

t

- Torga B OIMH IHKI BTOT JeHb ORI 6bl, HAIPAMED, BOCKpPECEHBEM, B IPYTroH —
cy660TOH, malee — NATHHIEH, a OPH ycpenHeHHH Ba roj sPdexT 6K OTCYT-
cTBOBaJI. JIOMONTHATENLHO Ha BEIUYMHY INOTHOCTH HOHOCHEPH MOTYT BIHATH
emie paf GakTOpPOB, KaK IPUPOJHOTO, TaK ¥ TEXHUIECKOTO IPOUCXOKAeHH L, KO-
TOPHIE MOrYT UMeTh PasiIHIHbie XapaKTepHble BpeMeHHkle MacTabhl U GHTH
CONMOCTaBUMEI IO NOPAAKY BeIWIMHH. B yacTHOCTH, 9)PekTH celicMuiecKol
2 MeTeopgnormecxoﬁ IPHEPOXNH COIOCTABHMEL C aHTPONOreHHRMY [4, 7).

08}
0.6 e
—1
0.4
0.2
1 1 1 1 1 §

M Br. Cp. Yr: I C6. Be.

Puc. 5. HegenbHul xop kooQPUINEHTOB KOPpenduiy MeXy MHTEHCHBHOCTAMU
BTOPBIX TApPMOHMK paznoxeHus Pypbe CyTOYHOIO XOfa 4acTOTH foF'2
MeXAY PaSIUYHBIMH CTaHuuAMU — Pumom u [ubuabManoun.

4. OPdexTh TEXHOreHHON aKTHBHOCTH ObUIH BEISBIEHH M IIf 061acTU
_ E nonocepni. IlpoBefieno cpaBHeHHWe CpelHEeHOYHHX BHadeHui fyE, — Xa-
PaKTEepHOM YaCTOTHl CIOpajgudeckoro cinof E Hal MHAyCTpHAaNbHHM PurmoMm
¥ HaXOgfNleHCE B CEIbCKOM MecTHOCTH IubunbMasoi. [ng anamusa Geirn
HCNONB3OBaHK HecKonbko neTHuX Mecsues 1987 r. Kosdpduuuenr xoppens-
M MeXIy CpelHeHOIHHMHE fpF, mo gsyMm cTraunuaM r = 0.45, morpeurHocTs
paBra 0.15 (paccMoTpensr 74 Houn). Jlanee HOYM paspeneHsl Ha JiBe IPYINEL:
COOTBeTCTBYIOIHE paboyuell Hefene ¥ coaTBeTCTBylouue week-end (Hounm C
NATHHUE Ha cy666'ry, ¢ cy660THE Ha Bockpecedbe). Kooddunuert xoppe-
NSOWE [ HOvell pabouedl memenum r; = 0.30, morpemHocts pasra 0.15 (51
HOYB), g Hovell week-end r, = 0.70, morpemmocts paBna 0.15 (23 Houm).
Amanorngnoe usMeHeHHe KOB(PUINEHTOB KOPPELIHE MOXET UMETh MeCTO B
TepHOXBl MOJTOTOBKH BeMiaeTpicenni [4]. OTHocuTensHo Gonee HUBKMH KO-
opPUNMEeHT XOppenguuy Io HoYaM pabovedl Helenu O3HaYaeT, YTO NPOMHIIN-
TeHHad AeATelbHOCTH BOBMOXKHO OKadhIBaeT BIHSHUE HAa CHOPAUIECKHH CIOI
E wonocdephr.’

256 K. B. I[lonoe u dp.,
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- 3. OBCYXXJIEHHUE PE3VYJIbTATOB

Ilpn paccMorpennu >dPexToB aHTPONOreHHON NPHPONH B HOHOC(Hepe, a
TaKXe CBEIBeH Mexny nuTocdepoit # HoHOcPepol, OGLIYHO 06 CyXKAaeTCE He-
CKOIbKO BOBMOXHBIX MEXaHM3MOB TakuX cBEseil. OCTaHOBHMCH Ha JBYX M3
HEX. )

MOXHO NpeNoNOXHUTh, YTO NPUIMHOK Habmopapumxca >PQPexToB FBIL-
eTCH IeHepalus aXyCTHIEeCKMX LIyMOB IPOMEIIICHHKMA 06bexTamu. Torga, -
IpH PAaCHPOCTPAHEHHH BBEPX [0 HOHOCHEPHHX BHICOT, aKyCTHYeCKHE BOIHHI
MOTYT HarpeBsaTh HedTpaibHyl0 aTMocdepy. OpgHako BTOT Harpes, B Cpel-
HeM, II0-BAJMMOMY, He IPUBONUT K KaKuM-mu60 3aMeTHHM HOHOC(HEPHHM MO-
nupuranuaMm. Jng moHmManug moHocPepHHX >PPexkTOB HeoO6XONUMO HCKATH
IPyr#e BO3MOXHOCTH. Takoll BOSMOXHOCTBHIO SBIZeTCE BOSHMKHOBEHHE IO-
KAJIbHBIX TOKOBEIX CUCTEM IPH NaJeHN! aKyCTUYEeCKHMX BOIH Ha CIIOpajuiecKue
ciou [7-9)]. ,

B peaynnTaTe JeiicTBHSE TaXOro MeXaHH3Ma, IO-BUIMMOMY, HMeeT MeCTO
TOKaNbHEI BIH30AIeCKHil HarpeB E—~o6nacTy HoHoceph HaJl IPOMBIIIICH-
HRIME paifonamn. Harpes, B cBOIO ovepenb, IPHBOJAT, B CPeJHEM, K yMeHb-
IIeHUIO peKOMOWHaNnuM, T.X. Kooduunent pexombunanun a ~ T,7, ragey > 0
'/ ¥ yBeTHYEeHHIO MIOTHOCTH HoHOC(epH B E—o6nact#. OTMeTHM, 4TO Harpes
M aKyCTHYeCKMH IIyM IIPUBENYT K YBEeTMYeHHIO H3MeHYHBOCTH E,—cloeB, ux
HONOTHATENHHOMY PaCIIBIBaHUIO ¥ 06pPasOBaHUIO, YMEHbIICHUIO xoppexmum{
foE,, aoMepensrx B Pume u Tubunomarne.

Y4uTHBag, YTO TPAHCAAUMA IUIABMEL BHOIH CHIOBBIX NTHHUMH I'€OMarHHT-
HOTO TONE MOCTATOYHO 5(PEeKTHBHA, MOKHO IIPE[IOIOKHATH, ITO IPOLECCH
MoguUKaldK CyTOYHOro Xona foF'2 Bo BpeMs pabodei Heflend MOryT GHITH
CBEBaHHl C NOKalIbHBIM DIIHBOJHYECKMM HAaIPeBOM M BapHAIUEMHU IIOTHOCTH
NIIasMH B HO4HO# E—o06nacty.

HOpyroit BOMOXHBIH MeXaHM3M AaHTPONOTeHHOTO BO3BJEHCTBME Ha MO-
HocPepy oOycloBIeH Tak Hal3HIBaeMHM TpUMOU-dPPexToM, T.e. IBIEHHEM
BHICHHAHAS BapiXEeHHHX MaCTHI U3 PaJUAIMOHHKIX IOSCOB NOJ NEHCTBHEM
OHY monyyenns B moHocdepy [10]. B HOYHEIX YCIOBHIX paJHOBOTHOBOM
wyM OHY nuanasona NPoxoguT BBepX € HeGONBIIMM HOIIOLICHHEM H Pacupo-
cTpaHfeTCH B 3aMarHUYeHHOMN ITasMe BepxHel HOHOC(epH MarsATOCQepH
BJONb CHIOBHEIX JIHHMH MarHHTHOTO nond. B pesynbTaTe UMKIOTPOHHOTO B3a-
., AMOJeHCTBHE BNEKTPOHOB € BONHAMH B O6MACTH SIEKTPOHHO-UMKIOTPOHHOTO
: PE3OHAHCA MOMEHATCE MX MATY~YIIH, X YACTh BIEKTPOHOB MOMAJlaeT B KOHYC
noTephb M, COOTBETCBEHHO, BEICKINAeTCE B HIDKHIOW HOHOC(epy.

B pesynpTaTe nelicTBHE YKaBaHHKIX MEXaHUSMOB INIOTHOCTDH DIEKTPOHOB -
B F—cnde uorochepn Mopuduuupyercs, YTO B NPUIHIeE -IeTaeT NOHITHHIM
BaKOHOMEPHOCTH, IIONYYeHHEIe DKCIEePAMEHTAIbHO. '

Pa6ora 6mua BHITIONIHEHA B paMka.x coTpynuuyectBa Mexuy O65-

K. B. Ilonoé u dp. 257
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eIMHEHHEIM WHCTATYTOM Qmanku Semuy 1 IloTCIaMCKUM yHWBEDCHTETOM IO
coBMecTHOMY npoekTy “HecranuonapHhie # TypOyleHTHEIE IPOUECCH B HOHO-
cdepHoit nrasme”. ABTOPH TakxkKe BHIPaXXaiOoT GI1arofapHOCTH OPraHU3ALNH
Deutsche forschungsgemeinschaft sa unancoByio noggepxkky. UccnegoBanis
HPOBOAMINCH Ha CPEACTBa o copMecTHOMY rpaiTy JAO100 Mexxnynapognnoro
douna JIx. Copoca u Poccuitckoro ¢onfia GyHIaMeHTATLHEX HCCTEOBAHUIA.
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WEEKLY ANTHROPOGENIC PHENOMENA IN THE
F2-LAYER OF THE IONOSPHERE

| K. V. Popov, V. A. Liperovsky, C.-V. Meister, E. V. Liperovskaya

-

A statistical analysis of the behaviour of the characteristic frequency foF'2
during the seven days of the weeks in 1987 is done. Applied the italian data
from the station of Rome, which is situated in an industrial centre, and from
the station-Gibilmanna, which is located in an agricultural region. As in-'
dustrial activity in european countries decreases rapidly at'the weekends the
behaviour of the density of the F2—layer shows a weekly periodicity. Devel-
oping the density in a Fourier series it is found, that at the end a working
week the intensity of the second garmonic with a period of twelve hours in-
creases. besides the correlation coefficient for the second harmonics of pair of
sucsessive days-increases duding the course of the week. As this correlation
coéflicient is directly connected with the phase shift of the harmonics from one
day to the next day one can conclude, that industry systematically influences
the behaviour of the density of the ionosphere above industrial centres. It
might be, that the here observed modifications of the parameter f,F2 are a
consequence of local random heating processes by the influence of infrasound
waves of anthropogenic nature on the ionosphere.
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