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YIK 523.62-726

HUSKOYACTOTHBIE PATNOCIIEKTPbL
KPABOBUIHOM TYMAHHOCTMU, IEBHEI A
1N JEBEIA A

IO. B. Toxapes

IIpepcraBnens! pesyarbTaThl abCONIOTHBIX MBMEPEHHH INIOTHOCTH NMOTOKA
RUCKpeTHHIX paguoMcTouHHkoB 3C 144, 3C 274 u 3C 405 na 4acToTax 5,6
u 8,9 MI'y. Hoswle fannble MCNONb3yIOTCA B O6CYXKIEHHH HH3KOYACTOTHEIX
PaHOCIEKTPOB OTHX HMCTOYHHKOB C LENbIO YTOYHEHUA PUIHYECKHX YCIOBHM
B papuoranaxTukax [esa A, Jle6ens A u ocraTke cBepxHoBoit Kpa6opupnas
TYMaHHOCTbD.

1. BBEIEHUE

B 1984-1989 rr. Ha gexaMeTpoBoM papguoTeneckome HUPPU BIP-300
GBI BHINONHEH LUK HabIofeHui HanGolee MOIUHBIX AUCKPETHHIX KOCMHUYe-
CKMX PalHONCTOYHUKOB ceBepHOro HeGocBopa Ha vyacToTax 8,9 m 5,6 MI'm.
K mayamy oTux paboT cBefleHns 06 oGBekTax ceBepHOro HeGOCBOfA HA va-
crotax HiKe 10 MI'n uc4epneiBanuch, MO CymecTBy, JaHHBIMU O IIOTHOCTH
IOTOK2a €IMHCTBEHHOTO pagnoncToynnka — Kaccuones A [1, 2].

H3-82 BEICOKOTO ypOBHE pajuo(oHa ¥ CHIBHOI'O BIMSHHS BE€MHON HOHO-
cPeprl paguUoaCTPOHOMHUYECKHE MCCIEIOBAaHUS B PacCMaTPHBaeMOM JAHala-
soHe BecbMa TpypoeéMkn. Ha BIIP-300 ouu ‘mpoBOfdTCd B NEpHONHI, KOTHa
KPHTHYECKHEe YaCTOTH HOHOCHEDPH He IpeBHIIaOT ypoBHS “0,5” oT paboueit
JaCTOTHI TeNeCKolla, KaK NMPaBUIO, B HOYHOE BpPeMs CYTOK OCEHHe—3MMHEro
ce30Ha. PesynrbTaTHBHOCTH M TONE3HOE BpeMs HaGNIONEHUH CyIIeCTBEHHO
BOBPACTAOT B TOJBl MHHUMYMa COTHEYHON aKTHBHOCTH, XapaKTepU3yIOlIH-
ecq r1o6GaNIbHEIM NOHIDKEHNEM BIIEKTPOHHOTO COfiepXKaHus HOHOCHEpHL.

YXe Ha TIepBHIX ®TalaX pabOT BHIACHWIOCH, YTO Pe3YyNIbTATHl H3MEPEHUN
INIOTHOCTY IOTOKa HCTOYHHKOB S¢ B PaBHBIX Ce€aHCaX 3aMeTHO PAaBIHYaloTCA.
OcobeHHo BenMK CyTOYHHIN pas6poc okasancd nus KpaGoBugHOM TyMaHHO-
cru, 3C 144, (50% u Gomee ot cpennero sradenus Sy). ComocraBuenue ¢ pa-
nuoranakTukamu Jesa A (3C 274) u Jle6enp A (3C 405) moxasano, YTo HapAny
¢ nonocepHEIMu dPPexTamMu BaMeTHHIA BKIag B aucnepcuio Sy (3C 144) gaér
co6cTBeHHas epeMennocTh KpaGosuunoi TymannocTu [3]. [Ind onpenenenus
eé mapaMeTpoB NOTPe6OBANUCH JOCTATOYHO JIMHHEE PANH HAOMIONEHUH Kak

camoit KpaGoBugHO! TYMaHHOCTH, Tak U “ONOPHBIX” pafguoucToYHUKOB [leBa
A, JleGens A.

IO. B. Toxapes 945
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B 1994-1995 rr. ¢ mpu6GnmkeHHeM HOBOI'O MHHUMYMa CONHEYHOH aKTHB-
HOCTH HabNIOfeHNH YKa3aHHBIX MCTOYHUKOB GhIIH mpopomxkeHH. OHH MpoBO-
AWIKCh B OCHOBHOM Ha BepXHeil pabodvell YacTOTe pajHOTeNecKolla, Tak Kak
KpUTHYecKasg 4acToTa cnod F2 moHocepH B 9TOT IepHop pefko OMycKalach
HIke 3 MI'n.

B crarpe mpepcTaBIeHH pe3ylIbTAThH aGCOMOTHHX M3MEPEHHH INIOTHO-
cTi moToka pajuoucrounnkoB 3C 144, 3C 274 u 3C 405 nHa vyacToTax 5,6
u 8,9 MT'n, xpaTko 06CyKAal0TCd OCOGEHHOCTH HX HU3KOYACTOTHHX PajHo-
CIIEKTPOB.

2. METOOIUKA HABJIIOOEHUN U OBPABOTKM JAHHBIX

Ilpnémuas aHTeHHa paJguOTelNeCcKoNa MpeNCcTaBIgeT o601 (asupOBaHHYIO
aHTEHHYIO PeUIETKY u3 144 HIMPOKOIONOCHKIX H3NyYaTeleil KPYroBoi NONgpH-
sSaluu AuamnasoHa yacToT 4,6-9,3 MI'u.Ona cocTouT M3 TPEX HAEHTHYHHIX
cexuuii pasmepamu 100 Mx 300 M kaxpad. CxaHUpOBaHHUe Ny4a IPOUBBOTUTCS
B INIOCKOCTH MeCTHOT'O IeOMaTrHHTHOTO MepuinaHa (asumyT A = 9°) B npefe-
nax +44° ot senurta. OcHoBHEIE paboyne YaCTOTH Teneckona 5,6 u 8,9 MI'u
BHIOpaHH B yYacTKaX IMalla3oHa, Haubonee CBOOOIHEIX OT pajJUOIOMEX.

Hcrounnku HaGIIORATHCH Ha IIPOXOXK/eHue BOIM3H BepXHel KyIbMUHAIKH.
SeHMTHBIN yToll CKaHHPOBaHMS Ny4a z, d@PexTHBHAL IIOMafb AHTEHHH Af M
IIHTETbHOCTD MPOXOXJIeHNs UCTOYHNKa Aty Yepes Jyy TelecKola IO yPOBHIO
“0,5” B HampaBlIeHMU HAGIIONEHHS DACCMAaTPHUBAEMBEIX HCTOYHHKOB IpeENCTa-
BIIeHH B Tabi. 1.

Ta6numpma l

Hcrounux z Asg Asgo Atsg | Atgg
X [yra.rpan] | [10%M%] | [10%M?] | [mun] | [mMus]
3C 405 16 5,7+0,6 | 46+05 | 48 32
3C 144 34 494+0,6|26+04 | 40 26
3C 274 44 43+0,6|1,56+0,3 38 24

IIpn HaxoxpeHnu Ay yUTeHH pe3yIbTaTH Paci€éTOB JUarPaMMEl Hallpa-
BiueHHOCTH 144-onementHoit PAP, a Takxke OKCIIePHMEHTOB IO KanuOpOBKe aH-
TeHHH Teneckona BIIP-300 meTomom pannonoxaunn JIyHH C HCTIONH30BaHUEM
STAJIOHHOH JUIONLHOW aHTEHHH [4].

Ha6miofeHus IpOBORMINCE, KaK IPaBUIO, B HOYHOE BpeMs cyTok(19% — 07k
MEeCTHOTO BPEMEHH ) OCEeHHe—3HMHero ce30Ha (OKTI6pb-MapT) Ha OGHKHOBEH-
HOl KOMIIOHEHTE PaJHOBONH, MeHee NOJBePXEeHHOH MOHOCPEPHOMY MOrJolne-
Huo. Ilomoca npuéMma mo MpOMEXYTOYHON YaCTOTE COCTaBIfmIa 2-5 KI‘n,
nocrogsHHas BpeMenu ~ 0,1 c.

946 IO. B. Toxapes
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Puc.1. ®dparMenT OCHWIIOrPaMMEI OTHOTO U3 NEPBLIX HAGMIONEHUH IMCKPETHRIX pa-
muoucTounukos Ha BIIP-300 (3C 144; 25.12.82; {= 8,9 MT'y; f,F2 = 2,3 MI'y;
ceanc ¢ oKycupoBkoil). Pexum 5-cex ckaHMPOBaHMA ceBepHOIO (CKIOHEHUe
§ = 32°) n 10xHoro (6§ = 40°) nyueit, BpeM MOCKOBCKOE€, ClleBa — KaluGpoBKa.

Ha o6enx pa6o4ux 4acTOTaX CHUTHaJI MCTOYHHMKA, KaK IPaBHIO, CHIBLHO
QIyKTyupyeT c BpeMeHHHIMHU MacuiTabaMu oT 10 ¢ u Brime (cM. puc.1). Ilep-
BU4YHag 06paboOTKa CceaHCa BaKMiOYalach B (UIBTPAMM MMIYILCHHIX IIOMeX,
CrI)XMBaHUM OTKINKA M HaxoxXpeHun cpeguero dT, oT npupanieHuit aHTeH-
HOM TeMIepaTypHl HCTOYHKKA Ha uHTepBale +0,25At¢(z) B6IUs3H paciéTHOro
MOMEHTa %o, MAKCHMAIBLHOIO OTKIMKA HCTOYHNKA (M3-3a PABIMYUA INIOCKO-
cteil ckanupoBaHug my4a BI[P-300 u nymeBoro MepupgnaHa MaKCUMyM OTKIHUKa
HCTOYHMKa HabMofaeTcd 03Ke MOMeHTa KyIbMuHaluy ). PoHOBas MOIOKKA,
oIpefendnach TMHEHHON SKCTpAnoidliiedl aHTEHHHIX TeMIIepaTyp Nepeq BXO-
[IOM ¥ IOCIe BEIXOJa MCTOYHMKA U3 AMArpaMMHl Teleckona (cM. puc.2).

400

160 | - -

140

130

100

N N L " . A
-40 -20 o 20 -0 a0

Puc. 2. IIpnmep ceanca, BKI0YEHHOTO B 06paboTKy [ ONpefeNeHus IWIOTHOCTH IIo-
Toka mcrounnka (3C 274; 04.02.87; f = 5,6 MI'm; f,F2 = 2,7 MTI'n).
Ocb opguHAT — aHTeHHas TeMIepaTypa (OTHOCHTENbHBIE ETMHALBI), OCh ab-
cuce — BPeMA B MUHYTaX OT PacYETHOrO MPOXOXKNEHUSA MCTOYHMKA. ITyHK-
THpP — pacuéTHAsA KPHUBasA NPOXOXKMEHHH, TOYKM — (HOHOBas MOJIOKKA, IPO-
nyck B6musn —25 MMH H3-3a paJUONOMeX.

Pesynbrarh namepennit dT, nis paccMaTpHBaeMBIX MCTOYHMKOB Xapak-

IO. B. Toxapes 947
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1

TEPUBYIOTCE 3aMETHHIM CYTOYHHIM pasbpocom (cM. pucyHok us [3]). Ins
yMeHblIeHHs BIMSHUA Mellaolmx PakTopoB (MoHOCPepHad pedpakuus, ¢o-
KYCHDOBKH, PafyoNlOMeX ¥ Mp.) Ha HaGilIofaeMylo INOTHOCTH IIOTOKAa HCTOY-
HUKa M3 BCeX NPOBENEHHBIX CEaHCOB OTGHPANMCh CEaHCHl ¢ MMHUMAIbHHIMH
MCKa)KEeHUSMHU OTKIIMKA II0 CPABHEHHUIO C PaCYEéTHOM KpUBO npoxoxuenus. Jlo-
NONHATENIbHO C LeNbI0 UCKIIOYEHUS CIyYaiHBIX BHIGPOCOB M IPOMAXOB M3Me-
peHuil HauGonbliie 1 HauMeHblINe 3HaYeHU M3 MOy YeHHEIX TaKUM o06pa3oM
Ha6opoB dTy, monmapHo uckmoyanuch (1-2 mapn). Ilo ocTaBmumcs sHave-
HHEM HaXOJWIach cpefHeapupMeTnieckas Bennuuua (dTy,) u eé cayvaiinas
omnbxa.

IlnoTHOCTP mMOTOKa MCTOYHMKA oOmpefendiack Io ¢Qopmyre Sp =
= 1,07 2k I'y(2)(dT4n(2))/As(z), THe A; -— oddexTUBHaZ IIOWAThL Tele-
ckona us Tabn. 1, MmHoxuTens 1,07 — penykuus Ha QopMy nyda Temeckonma
U3-3a yCpeHeHus OTKNMHKa 1o yposHio 0,25dts, k — nocTognnas BonsuMana.
daxtop I'y(z) = 0,4 - [5,8/ f(MI'n))?/ cosz paér nmompaBKy Ha MOHOC(epHOE
ocnabneHne MOTOKA HCTOYHHEA Ha OGHIKHOBEHHON KOMIIOHEHTE DPajHOBONH.

B xavecTBe onmenxu cpefHero sHayeHns I'y MBl B3SIM 32 OCHOBY pe3yib-
TaTH ACCIEAOBaHUI OCTATOYHOTO IOINIOMIEHHS KOCMUYECKOTO PaHOU3Iy4de-
Hug Ha yacToTe 5,8 MI'y B HOYHOM B3UMHel itoHOC(epe Ha CPeIHHX UIMPOTaX:
I'sg = 0,4 16 [5].

3. PE3YJBbTATHI HABJIIOJAEHUN

B Ta6n. 2 mpeicTaBIeHH IIOTHOCTH IOTOKOB PaCCMaTPHBAaEMEIX MCTOY-
HHUKOB II0 JaHHEIM Habmiofenuil Ha BIIP-300 ¢ nonpaBkoil Ha OCTATOYHOE TO-
IJIolleHNe B HOYHOW 3MMHell MoHoc(epe.

Tabanuma 2

YactoTa | notHocTh moToka (B ex. 10723 BT-M’-I‘H)
[MT'u) JleGeny A | Kpa6oB.ryman. | [esa A

5,6 <1l4 15,4+ 2,5 16,3 +£ 2,8
8,9 86+1 68+1,2 10,2+ 2,1

(4,11,8(18)) | (8,16,10(40)) | (4,20,8(22))

Ilpnmeyanne: B cko6KaX MON KaXAbIM BHAYEHHEM NOTOKA NDHUBEXEHBbI, COOTBET-
CTBEHHO, ClyvaiiHas own6ka MSMepeHHu# u3-3a CyTOYHOro pasbpoca,
CUCTeMaTH4ecKasd MOTPeUHOCTh onpefeneHus dPPexTUBHON Mmiowagy
aHTEHHBI, YUCIO OTOGPAHHBIX CEAHCOB ¢ MUHMMAILHBIMU MCKAXKEHH-
AMM OTKINKA U O6liee YUCIO NMPOBENEHHBIX CEAHCOB.

HusxovacToTHEe cnekTphl paguoucrtounnxo 3C 144, 3C 274 u 3C 405
0 pe3ynbTaTaM HacTodllel paGoTH (Tabl.2) u gaHHHM paboT [6-12] mpex-

948 IO. B. Toxapes
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cTaBleHH Ha puc.3-5. B cooTBeTCcTBUMH C pexoMeHTauueil paboTH [9] mOTOKH
ncroynukoB Ha 10,05 MT'y us [7] (xpome 3C 405) u 22,25 MI'u us [8] yse-
mnyensl Ha 20 u 15%, coorBercTBenHo. CHEKTpP KOMIAKTHOIO HCTOYHHKA
Kpa6oBugHoii TYMaHHOCTH IO JaHHHM HHTeppepoMeTpHieCKUX HaGIIoNeHHI
Ha yacToTax 16,7; 20; 25; 26,3; 38 u 74 MI'u sauMcTBOBaH U3 paGoTH [6].

[~

v-off
—r-.

1000 -

»

~ A

N

a0 100

Puc. 3. PaguocnexTpnl mHTerpajibHOro noroka u paguorano JeBn A B guamasone
5,6 -408 MT'u. BeicokoyacToTHbIE faHHBIe U3 paboT [7-9, 11-13]. IIpamas —
CNIEKTP MOJIHOIO MOTOKa ¢ & = 0,76; MyHKTHP — CIeKTp PagHoraio.

Mot

l//l

A

Pnc.4. Paguocnextp Jle6exss A B gunasone 5,6 — 152 MI'u. BricokodacToTHBIE aH-
Hble us {11]. KpuBas 1 — anmpokcumauus TaHHBLIX HaGNIONEHUH B MOJENH
CHHXPOTPOHHOTO MCTOYHHMKa ¢ peabcopbuueil U TOPMOSHBLIM MOIIOIIEHUEM,
KpuBasi 2 — TO ke 6e3 TOPMOBHOrO NOINIOUEHUs, KPHBaA 3 — CIEKTP HC-
TOYHMKA ¢ CHHXPOTPOHHLIM CaMOIMOIIOIEHyIeM Hocle PefyKIMH KpuBoi 1 Ha
MexaBésgHoe nornomenne (ME = 145 cm~%-nx, T = 8000 K).

1000 /

10 100
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Puc.5. PaguocnexTpet KpaGoBugHOM TYMaHHOCTH M KOMIOAKTHOIO PagHONCTOY-
HHKa B fuanasoHe 5,6-178 MI'u. BricokosacToTHbie pannble 3 [6-10].
MynkTupHas npsmMast 1 — CNEKTP KOMNAKTHOTO PafMOMCTOYHUKA S; =
= 936(25/ f)z’09 Bt/T'u-m?. KpuBast 2 — cnekTp KpynHOMacITabHOH CTPyK-
TYpPH B MOJENHU MOIIOWEHHS B NepuepHitHbIX BOJIOKHAX C ONTHYECKOH TOI-
el 1'}’ = (14/ f)z'1 U 4MCIOM BOJIOKOH Ha aydye speHus K = 1. Anmpoxcu-
Mupyolas KpuBasid 3 — cCyMMa CIeKTPOB KOMIaKTHOIo paguoncto4Huka (1)
¥ KpyHOMacIITaGHOH CTPYKTYpH (2).

IlexaMeTpOBHIE PaJIMOCHEKTPH PACCMAaTPUBAEMBIX HCTOYHMKOB HMEIOT
pasnuuHyl0O KpUBHSHY: ecnu cnekTp deBn A B MacmrtaGe 1gS-—lgf 6musox
K nuHeiHoMy, To Jle6ep A XapaxTepusyeTcs HH3KOYaCTOTHOH Jempeccuei
MOTOKa, a paauocnekTp KpaGoBHHOH TYMaHHOCTH CTaHOBUTCE Gomee Kpy-
TeiM. Kak Bunno us puc. 3-5, nannnie Habmonenuit Ha BIIP-300 cymecTBenno
KOHKPETUSHPYIOT MX IOBefeHue B 06IacTH NpelenbHO HUBKUX 4acTOT.

4. OBCY2KJIEHUE PAJUMOCIHEKTPOB, BEIBOJbI

desa A(3C 274). PaccMoTpuM, npexpe Bcero, papuocnexTp lleBn A
(3C 274). Kak usBecTHO, TOT MCTOYHMK, OTOXJAECTBISEMBIH C BIIUIITH-
veckoil ramaxtukoii M 87 (NGC 4486), xapakTepusyeTcs HaIHIHeM £1pa X
paguorano. B puamasone 10-178 MTI'i ero cmekTp onmucHBaeTCs CTeNEHHOM
¢ynkumeir Sy o< f~ co cnekTpalbHEIM HHAekcoM a = 0,76 + 0,03. IIpu sTom
ocHoBHOM Bkmaj (> 80%) B MHTerpambHHI IOTOK JaéT pajuoralo, MMeo-
mee Gonee KPyTOH, YeM Yy A0pa, PAfMOCIEKTP. PeHTreHOBCcKHMe HaOMIOfeHUS
MOKasHBaloT, Y4T0 M 87 OKpyXeHa 061acThIO Pa3pPEXEeHHOTo (dIeKTpOHHAL
xonuentpanus n ~ 0,06 cu~3) ropsyero (remneparypa T > 10°K) nonnso-
BaHHOTO rasa ¢ pafuycoM ~ 90 KIK, IpHMEPHO BIBOE NPEBOCXONIIINM PafiyC
rano. Beuny paspeXXeHHOCTH M BHICOKOH TeMIepaTyphl HOHUBOBAHHOTO I'ada

950 IO. B. Toxapes
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B6musy M 87 ero omrTuvyeckad Tona T Ha pacCMaTpPHBaeMBIX JaCTOTaX HH-
yroXHO Mana. Cnabo nmpogBngeTcs B NOINOIEHNH B HanpaBienuu Ha 3C 274
(ramaktuieckas muporta b= 75°) Taxxe n lamaxtuxa: 756 < 0,05 [16].

HuskovactoTHbi# paguocnekTp 3C 274 geficTBUTENHHO HEe OGHADYKUBAET
BaMeTHOH OTpHMIATeNbHOH KPMBH3HE BINOTH 10 4acToTH 5,6 MI'n (cm.
puc. 3). Bes 60nb1IHX IOrpeIHOCTEN MOXKHO yTBEPKATh IIO9TOMY, YTO HAIIH
HaOIIOleHUs [aIOT OLleHKY MOTOKa SMUCCHOHHOTO paguousnydenus ramo M 87
B NINHHOBOTHOBOH 4aCTH [JeKaMeTPOBOrO JHANasOHa BOIH.

CoexTp paguorano M 87 mo pesynbTaTaM BHIYHTAHUS BKIaJa A0Pa U3 MH-
TerpalbHOrO NOTOKa Ha dYacToTax 101,158 m 408 MI'y [13] n mabmomenuit
Ha BJIP-300 npepcraBnen Ha puc.3 (mynkTupHas KpuBag). Kax BugHO u3
PHCYHKa, ero KpyTH3Ha MOHOTOHHO YMEHBHIAeTCHd C IOHMKEHHEM YaCTOTHI,
NPUYEM PasHOCTH a B uHTepBanax 5,6 —30 MI'n u 158 -408 MI'y cocTaBnger
~ 0,3. Taxum o06pa3oM, HUBKOYACTOTHEIE JlaHHBIE CYIECTBEHHO JOMONTHAIOT
CBEleHHS O XapaKTepe HHKEKIHOHHOTO CHEeKTpa PaJUOUBIyYalolUX BIEKTPO-
HOB 3C 274, 4YTO mpeicTaBIgeT BHAYUTENbHBIH UHTEpeC NId aHAIUBa DBOIIO-
I¥M 5TOr0 PaTMOUCTOYHUKA.

Jle6enn A (3C 405). B orauune ot [leBH A CHEKTp PajHOralakTHKA
JleGenp A uMeeT OTPHLATENBHYIO KDHBHBHY BO BCEM JI€KaMeTPOBOM [IHala-
soHe ¢ MakcuMymoM BO6musu f = 22 MI'n (puc.4). Papguocrpykrypa ncroy-
HUKa JIOBONBHO CloXHa. HauGonee 3aMeqaTerbHON 0COGEHHOCTHIO ABIAETCH
HalM4¥e [BYX DACIONOXEeHHKX Ha OJHOM IUHUYM C ANPOM aKTUBHOH Talak-
THKY PAJHONENeCcTKOB, MEIOINX ropsyyne MATHA Ha BHEIUIHUX KpagXx. Bxkmap
NETeH B MHTErPAIbHBLIN IIOTOK YMEHBIIAeTCH C IOHIKEeHHeM f M yXe Ha 4a-
crote 150 MTI'y He mpeBnimaer 10%; nmemecTku Ha ®TON YacTOTE JOBOINLHO
CHMMETPHYHbI, NONHag NPOTIKEHHOCTH Kaxaoro cocrasiuger 30”7 x 65"
(~ 32knkx 70 k1) [14].

Hanpaxk€HHOCTH MarHMTHOTO Iond B,y M3 ycloBHS paBHOpaCIpeneneHus
DHePrHil MArHMTHOTO IONd M KocMudeckux nydeir B JleGene A cocraBnger
~ 50 mx[c. PaguomongpusaunuoHHble HAGNIONEHUS CBUAETEILCTBYIOT O Ha-
TMYUA B HCTOYHWKE HOHM30BaHHOTO rasa ¢ n = 0,05 cM™3, Bokpyr Hero ume-
eTcs Takke o6macTh Gomee paspexensoro (n = 0,005 cu~3) ropsuero
(T = 5-10°K) rasa c macmrabom ~ 100 xnx. Hmxe paccmarpuBaioTcs
IBe Haubolee pealbHble IPUYHHLI 3aBala pannocneKTpa 3C 405 B 36macTn
f < 20 MT'u: cuuxporpoHHas peaGcop6uus B UCTOYHUKE X TOPMO3HOE IIO-
riomenue B Hamreil anaktuxe. ([IBa qpyrux usBecTHHIX MEXaHU3Ma HU3KOYa-
cToTHOU fempeccuu — Pasun-spdext ¢ XapakTepHoi yacroroir ~ 80n/B u
o6pesaHue BHEPTEeTHYECKOTO CIEKTPa — MeHee BepOATHHL. IlepBHI B ycio-
BHEX HCTOYHHMKA JOMKEH IPOABIATHCA Ha ropasfo 6omee HUBKMX YaCTOTaX
< 100 xI'y; Bropoit gadr Sy o« O3, uro He oGecmednBaeT HabIOAaEMYIO
CKOPOCTD JIENPECCHH CIIEKTPa).

Ha6mogaeMas INIOTHOCTH IOTOK2 S7 OJHOPOJHOrO HCTOYHHKA CHHXPO-
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TPOHHOTO PafMOU3IYy4YeHHS C YIIOBHIM AMaMeTpoM § CBIBaHA C HANPIKEH-
HOCTBIO €ro MarHMTHOrO Nois B M Mepoll MHCCHH HOHH30BaHHOTO Fada Ha
nyTH oT ucroynuka ME Buipaxkenusmu [15]:

St =Sope™™, (1)

Sof = 5,6 - 1072792 B8 f25(1 — ¢™"4"), (2)
T4 = 0,88 . T~ 13521 ME | (3)

1-;“ P f—-3.21 (4)

rfe T4% B T4 — COOTBETCTBEHHO, ONTHYeCKHe TONIK peabcopbuuu 1 TopMos-
Horo mornomenus, So5 B Br/mM%-I'y, § — B cexynpax gyru, B B MmxI'c, ME —
B cm~ 8.k, T B en. 8000K, f B MI'u; uncnennstit koapuunent B (2) u moxa-
BaTelb CTeNeHU B (4) BamucaHb! N4 CIeKTpPalbHOro uHgekca a = 0,71.

3aMeTHM IIpeXje BCero, YTo JaHHbIe HaGMIOJeH il MOTyT GBITh 06bICHEHH
B MOJ€ITY MOTIOUIAIONIErO 9KPaHa B OTCYTCTBHE CHHXPOTPOHHOU peabcopoiuu:
7% = 0, 759 = 2,2. Takas nHTepnpeTauus, OfHaKO, BPAJ I¥ IBIFETCH Npa-
BWIBHOIM, nockonbKy npusHaku CCII — ynnomenue cnekTpa ropa4ux NATeH —
HAYMHAIOT NMPOABIATHCE B CTPYKTYpe MCTOYHUKA yxe BOmusu 150 MI'n [14].
IlonbITKa 06BICHEHN HAGIIONAEMOTO CIIEKTPa TONBKO CHHXPOTPOHHBIM CaMo-
noriomenueM (74 = 0) IPHBOZUT K MPOTHBOPEUHIO C NAHHHIMU HAGIIOREHUH
Ha yacroTe 5,6 MI'ny (xpuBas 2 puc. 4).

Bonee npaBUIbHEIM IO9TOMY SBISeTCH MIOAXO], JOMYCKAIOUUA COBMECTHOE
nposgBieHre 060X paccMaTpUBaeMbIX 5PPEKTOB HUBKOYACTOTHOM IeNMpecCHH.
IIpouenypa annpokcuManuyu faHHHIX HabmopeHui fug JleGend A B guamasoHe
5,6-178 MI'y ¢ noMompio Bepaxenmii (1)-(4) (xpuBag 1 puc.4) paér
189 = 1,3, 78% = 2,7, orxyna us*(3) cuenyer ME = 14572 cm~8.nx.

Momyyennoe suatenue ME xopomo cornacyercs ¢ onenxoit ME(T=8000K)=
=95 cM~8.nx B manpasnenuu Jle6ens A us 0630pa Ha WBTyYeHHS TalaKTH-
4eCKOro HOHM3OBaHHOrO rasa [16, 17]. Ilocme mompaBok Ha SKCTHHKUMIO Ha
MSIy4YeHNd B MEX3BE3NHON B C XapaKTePHOHN MIHHOM 1 KIIK 9Ta BeIUYHHA
ROMXKHa GHITH yBelnuyeHa MpuMepHO B 1,5 pasa. 3uech yu4TeHO, YTO OCHOBHOM
BKIIaJ] B Mepy ®BMHUCCHH B HanpaB}IeHnn Ha MCTOYHUK (TamakTHYecKHe KOOp-
puHaTH 1= 75°, b= 5°) paér xommiexc Jle6ens X ¢ pasmepamu ~ 0,5 Kk,
Haxofguiica Ha paccrogHuu ~ 1,2 xnx ot Connia.

OMucCHOHHHI criekTp Jlebens A mocne peyKLUuu Ha MeXSBESJHOE HOTIOo-
mieHwe ¢ 739 = 1,3 mpeucraBnen Ha puc.4 kpusoii 3. ComocraBieHue ero
C TeOpeTHYeCKUM BhIpaxkeHHeM (2) NaéT cBA3b MeX[Ay yIIOBEIMH pasMepaMy
M MaTHUTHEIM TIONEM HCTOYHHUKA:

6% = 220- B®®. - (5)
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Jlng xapakTepnoro sHadenns B., = 50 MxI'c yrioBasg nionrafs paguonenecTxa
no yposHio 0,5 paBHa ~ 1550 kB.cek., HTO NPUMEPHO B YeTHIPe pasa 6onplire
HabnofjaeMoil Ha yactoTe 150 MT'n [14].

Horpemnoctu naMepenuit Sy gomyckaioT, BoOGlle FOBOPH, HEKOTOPhIE Ba-
puanuu pesynpTaToB purTHHra. OLEeHKa ONTHYECKOH TONUIM B HampaBie-
Huu Jlebeng A npu dTOM MOXeT GHITH TOIBKO yBelIM4YeHa, TOCKOIbKY BelHM-
YHHa Tge = 1,3 BromHe obecmeynBaeTcs, Kak OBIIO OTMe4YeHO BHILIE, yXKe
MEX3BEBHOM cpefioil Ha myTH fo Kommiekca Jle6ens X. Us (1)—(4) HeTpynHO
BHJIETh, YTO I'HIIOTETHYECKOE IOBHIIEHHE POIH IOIVOUAIoNIero SKpaHa, Ha-
mpuMep, 3a CYET Gollee yRanéHHBIX o6nacTeil [amakTuku umm rasoBoit 06o-
JIOYKH pafUoralakTHKH JleGenb A TPHBORUT, K YBeNUYEHUIO YHCIEHHOTO KOBP-
¢unuenta B (5) 1, CIEROBATENBHO, K YCHIEHHIO OTMEYEHHOTO PACCOMIACOBAHHUS
oneHok 6.

Comocrasienne pajHoKapT UCTOYHUKA Ha 4acToTax 150 u 2700 MTI'n peit-
CTBUTENHHO CBHAETENLCTBYET O HEKOTOPOM YBEIMYEHMH PadMepoB pajuolie-
IeCTKOB C NOHMKeHMeM 4YacTOTH Habniofienud [14]. DTo pacmibiBaHue, Ofi-
HaKo, IPOUCXOQUT IO HANPABIEHUIO K APy ONTUYECKOH ralakKTHKU NO4YTH Gea
H3MeHeHYs o6uIell MPOTAXKEHHOCTH PaJHoMCTOYHNKa. IIpu coxpaHeHUM DTOH
TeHJEeHIIHU OXUAATh JAIbHEHIIET0 POCTa INOIMAJAN UCTOYHUKA B JleKaMeTpo-
BOM JIMalla3OHe HeT OCHOBaHMH, TaK Kak yxKe Ha yacToTe 150 MI'y BHyTpennue
Kpas paJHonenecTkoB (PakTHYECKH CMBIKAIOTCH.

Ilonyyenusiii HaMu pe3ynbTaT CIEiyeT NOPTOMY PacCMATPUBATH, CKOpee
BCEro, Kak He3aBHCHMOEe YKa3aHHe Ha TO, YTO HANpPAKEHHOCTH MarHUTHOT'O
nond B paguonenecTkax JleGens A cymectsento (B 10-15 pas) cnabee, 1eM
®TO MaéT YCIOBHE PaBEHCTBA €rOo DHEPTMU C DHeprHedl KOCMUYEeCKHX Iydei.
Taxas xapTHHa, IO-BUIUMOMY, XapaKTepHa JJIL MONOALIX PAIUOUCTOTYHHKOB C
Xopouo HabnofaeMbBIMH BEIGPOCaMU U3 aKTHBHOTO f71pa, YCIOBHS B KOTOPHIX
elé faJekKd OT CTAUUOHAPHEIX.

Kpa6osupguas Tymannocts (3C 144). UnTepec X HH3KOYACTOTHOMY
PaJHOUBIYYEHHIO HTOTO MOJIOJIOrO OCTaTKa CBEPXHOBOM B BHAYNTEILHOR Mepe
06yCIOBIeH HAIMYKeM B HEM KOMIakTHOro paguoucroynuka (KP) ¢ anoManbHO
KPYTHIM CIIEKTPOM, OTOXJecTBIZeMoro ¢ myiascapoM PSR 0531+21 (NP 0532).

PapnocnexkTp nonHoro nmotoka KpaGosupuoii TymanHoctu S(3C 144) Ha
yacTtoTax 300-35000 MI'u xapakTepusyeTcs NpakTHYeCKM NOCTOSHHBEIM Ha-
kioHoM (B Macurrabe 1gS —1gf) co cnekTpanbueM uugekcoM a = 0,28+0,01 [11].
B nexamMeTpoBOM fHamasoHe CTAHOBHTCS 3aMETHOW €ro OTPUIlATENbHAs KpH-
BU3HA, O6YCIOBIEHHAS HAPACTAIOIUM BKIaJOM KOMIAKTHOTO PajMOUCTOYHHU-
ka. CormacHo uHTeppepoMeTpHIeCKHM HabNIONeHUIM CIEeKTPATbHBIN HHAEKC
nocnefnero e’ B guanasoxne 16,7-121,5 MI'y pasen 2,09 + 0,04 [6]; Ha sacTo-
rax f < 16 MI'y Bxaag KP B S(3C 144) crasoBuTcs goMuHUpyoOUHM (cM.
puc.5). CkasaHHOe IO3BONZET PACCMATPHBATH WHTEIPAIbHBIH PaHONOTOK
3C 144 xax cymmy nByx xoMmnonenT S’ u S”, oTBeYaloUIUX, COOTBETCTBEHHO,
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KOMIIaKTHOMY PaJMOMCTOYHHKY M KPYMHOMAcCIITaGHOH CTPYKType TYMaHHO-
CTH.

PaccmoTpuM mpexpe Bcero yactory 5,6 MI'u, rae 6e3 Gonplinx morpeur-
HOCTell MOXHO nmonoxuTh S(3C 144)~ S'. HabmionaeMmslit MOTOK 3Jiech BCEro
b B 1,4 pasa HMKe oXuaeMoro npu skcTpanonsuuu cnekrpa KP us obna-
ctu f > 20 MI'u ¢ o = 2,09 = const(f). O1oT RepuUUT ecTecTBeHHee
BCETO CBEBaTh C TEIIOBHIM IOrIOUIEHHEM DaJHOBOIH Ha NMYyTH A0 KOMIIaKT-
Horo pajnoucrodnuka. CoorBercTBylomlas onTHieckas Tomma Tge = 0,33;
OHa oIlpefiendeTcs, BOOOIIEe TOBOPL, KaK MeX3BBE3IHOM cpefoil, Tak ¥ 060104-
KOH CBEpXHOBOIi.

ComocTaBuM OLEHKY Tgg ¢ OXHIaeMoll omruyeckoir Tommeit M3C B Ha-
IpaBleHUH UCTOYHUKA T¢. B pabore [18] npu ob6cyxpennn cnektpa 3C 144
Ha dacroTax Bhme 10 MI'u ucnonssoBanack onenka 79 = 0,6, monydennas
M3 aHaTH3a HaGIIONaeMONl KPMBUSHEl HUSKOYACTOTHHIX PaJiHOCIEKTPOB [HC-
KPEeTHHX HCTOYHMKOB B KBa3HOIHODONHON MOJIeNH Morioujaouero aucka [a-
TaKTHKH.

Ilocne pepykiun uBMepeHHBIX BHaYeHUN S5 ¢ M Sgo Ha IOrJoOLIeHHe C Pak-
TopoM exp[—7; = 0,6 - (10/ f(M 'r))*!] cexrpansumiit nupexc KP B guama-
soHe 5,6 - 8,9 MI'y paBen 4,5, ocTaBasch IpakTHieCKH Hen3MeHHHIM (2,09) Ha
qacToTe BHe 16,7 MI'u. Cronb GeicTpOe yBenuueHne HAKIOHA CIIEKTPa B y3-
KOM YaCTOTHOM HHTepBalle HETHIIMYHO /1T KOCMUYECKUX PAJHMONCTOYHHKOB, K
oueHka 7¢ B [18], ckopee Bcero, saBhimeHa. IIpuunHOM TOro, Ha Hall BIIILf,
gBngeTcd Hanu4yie B M3C cHIBbHBIX TPOCTPAHCTBEHHHIX Bapuauui koodduuu-
€HTa INOTIIONIeHHS, KOTOPEle MOTYT JaTh CYLIECTBEHHYIO OUIMOGKY IpHU OlieHKe
T§ B HallpaBIEHMU OTJEIBHOTO HCTOYHHKA IO pe3ylbTaTaM CTaTHCTHYECKHX
MOJICY&TOB.

Bonee ajexBaTHYIO OLlEHKY Tf MOXHO MONYyYHTh U3 HabGmioflenuit H, ua-
ny4enns OpmnoHoBa pykaBa. KapTa pacupefienenns ero HHTEHCUBHOCTH HaéT
nns nosunuu Kpa6osunnoit TymannocTn Mepy smuccnu 10 cM~8-mx [16], uTo
npu teMmeparype rasa 6000K orsevaer 156 = 0,35 (cm. (3)). IIpu paccros-
HuU ~ 2000 K TYMaHHOCTb JOMXKHA HAXONUTCA Ha BHYTPEHHEM Kpae DyKaBa
Ilepces, Bkmajg KOTOPOro B Tf, CIENOBAaTEIbHO, HEBENUK. YYET MeXpyKaB-
HOTO TPOCTpaHcTBa ¢ xoddduiuentom nornomenus < 0,05 xnk~! Ha vacToTe
5,6 MT'n [19] Moxer ysemuunts 7§56 (M3C) B nanpasnenun na 3C 144 no
<04.

TaxuMm o6pasoM, HabmiogaeMoe moBefeHue ciekTpa Kpa6oBugHoil TyMaH-
HOCTH Ha NpPeeNbHO HUBKHUX YaCTOTaX XOPOIIO 0GbACHIETCS MOMIOIEHHeM B
MeX3BEBHOM cpene B npeqnonoxenun o’ = 2,09 = const(f). OTo o3HavaeT
TaKXe, YTO HOHUBOBaHHHI ras o60noykn KpabGoBugHOil TYMaHHOCTH He Ipo-
ABISEeTCH B IOIIOUIEHUN PATUOUBIYYeHHS KOMIIAKTHOI'O HCTOYHUKA BIUIOTH JI0
f = 5,6 MT', ectu TOTBKO MCKIIOYUTHL KaTacTpouyeckoe yBenHUeHHe Ha-
KIOHa CHEKTpa NOCIeNHero Ha yacToTax Hinke 10 MI'u.

PaccMoTpuM Temeph KpynmHOMaciTaGHYIO CTPYKTYPY TYMaHHOCTH,
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cnekTp koTopoit §§ MoxeT GHTH Haiifen xax pasHocts Sy — S%. Ilpumep
TaKoro pa,anenemm nocrne penyxmm S$ Ha MeXsBES[HOe NOITOLIEHNE NpH
S;p=18- 108 f(MI'z)~%% Br/T'u-M? npusenén na puc.5. Crexp S§ umeer
IIMPOKUH MAKCUMYM BOIHBH fmax = 35 MI'u. IlorpemnocTn usMepennit He
MO3BONAIOT IPECKasaTh €ro TOYHOEe NoBefeHue B oGmacty Huke 15 MI'm.
MoxHO BaKIIOYUTh, TEM HE MeHee, YTO YOGRBaHUe IOTOKa C YaCTOTOH Habiio-
TeHHs MPOMCXORUT MO BaxoHy S7 o f umu GHcTpee.

Yunomenue crexTpa Sf B ekaMeTPOBOM [Malas3oHe BIepBhe GLIO OTMe-
veno B [20]. B xauecTBe ero BO3MOXHOrO MeXaHH3Ma B 5TOH paboTe yKa3Hi-
BallOCh Ha OGDHIB DHEPreTHYEeCKOro CIeKTPa PAHOMBIYHAIOLMX SIeKTPOHOB
CO CTOPOHEI HMOKUX dHepruit. Us puc. 5 BupHo, ofHako, YTo cnexTp 5§ nmeeT
6ornee KpyTOH HAKIOH, YeM OXHAAETCA B OTOM cryyae ( f° 33),

dusyuyeckde yYCIOBUS B TYMaHHOCTH B aMOp(QHOH Macce TYMaHHOCTH
(n £ 0,1 cM~3, B ~ 500 mxIc [21]) nckmovaoT Takxke 53PPEKT MIOTHOCTH
H CHHXPOTPOHHYIO peaGcopOuuio Kak BOSMOXHYIO NMPUYMHY 0G6CYXK[IaeMOoro
BaBala CHeKTpa S7. Ero eIMHCTBEHHHM PEATHCTMYHBIM MEXaHW3MOM IpH
®TOM OCTaéTCSA TEIIOBOE NOIIOLIEeHNEe PaJHOBOIH.

Ha Hamr Baragp, oHo MoXeT GHTH 06GecledeHo CIabbIMM DMICCHOHHBIMU
BonoxHaMu Kpa6osupuoit TyMannoctu. Kax mssectHo (cM. [21]), ux obmas
IPOTEXKEHHOCTH COCTaBNgeT okono 4 - 10* cex.iyru, ek TpoHHas KOHLEHTpa-
nng rasa B Hux ~ 150 cM~3, TemmepaTypa ~ 10 K. IIpu Tommmue ~ 0,01 nx
BOJIOKHA 3aHUMAIOT OKoNo 3% 06BEMa TYMaHHOCTH, MX CpeHee YUCIO Ha Iyye
8peHud GIU3KO K €NUHUILIe.

Takas cTPYKTypa MOIIOIIAIOIErO rasa obecneYuBaeT 3HaYMTENbHbIE Ba-
puanuu ontuieckon Tonu mo muMoey 3C 144. DTo cHuMaeT Kaxylleecd Ipo-
THBOpEYHEe MEX/Y OTHOCHTETbHO BHICOKMM SHaYeHUEM frax = 35 MI'n B crek-
Tpe KPYNHOMACIITaGHO! CTPYKTYPH M OTMEYEHHHIM BHIIE CTabbIM BIHSHUEM
060MOYKY TYMaHHOCTH Ha CIIEKTD KOMIAKTHOTO PagHOMCTOYHUKA BIIOTH O
5,6 MI'ny (mpH OXHOPORHOM pacIpelelneHuy rasa ¢ ONTHYECKOH Tommel, o6ec-
neyuBaiomen fmay = 35 MI'n, ucTounuk 61T 66 He HabmofaeM Ha BIP-300).

OddexTUBHAL ONTHYECKAas TONIA CPeNHl ¢ PEJKHMH NOIOUIAIOIMMY He-
onuoponnocmMn dexb PacTéT C IMOHIKEHMeM 4acTOTHl MeIeHHee, YeM IIO
sakoHy “obparnoro kBagpara” [22]. E€ Benuuuna onpefenseTcd onTHYeCKON
TOMWEH CpeHeCTATHCTHYeCKOH HeofHoponHocTH 7§ & =31 ¥ ux 4mcnoM Ha
nyye spenus K = pL/l, rue p — xoodpduunent samnonHenus o6béma, [ —
IPOTHXKEHHOCTH 06GIACTH mornourenus, | — xa,pax'repnmﬁ pasMep HeofiHO-
pogHOCTH. B 06macTy BEHICOKMX YacCTOT ('rf < 1) 'rf = Krg,mpu 77 2 1
apexTUBHAL TOIIIA ‘rf‘M’ KIn(1,78 72).

Kax moxasama mpouenypa anmpokcumauun, cnextp Sy (xpuBad 2
puc.5) yQoOBIeTBOpHTeNpHO OGDBACHEETCH B Monenn Heonnoponnoro To-
MIOMAIOIEr0 BKPaHa (aaKon NOTJIONIEHUT € ) mpn 7§ =250 f~2 u

K=1. TlnaT =1,1-10*K Mepa oMHCCHH Cpe[HECTATHCTHYECKOTO BONOKHA
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ME = 390 cm~%-nx (cm. (3)). Dtu snauenus ME, T u K xopoumo cornacyoTcs
¢ mapaMeTpaMy ClabbIX SMUCCHOHHHIX BOIOKOH KpaGoBupgHO#l TyMaHHOCTH.
Ipennoxennas MHTepIpeTauud CIeKTPa KPYIHOMACIITAOHOH CTPYKTYPHI
}‘ NO3BONAeT YTOYHUTH Pusnyeckue ycroBus B KpaGoBunHON TYMaHHOCTH H
MOXeT OKa3aThCH IIONE3HOW NPU aHAIU3€e PajMOM3IYYEeHHI OCTATKOB CBEpX-
HoBeIX I Tma. BMmecTe ¢ TeM, nannnie Habmiofnenui Ha BIIP-300 ysenuuuBaoT
OLIEHKY CBETHMOCTH KOMIIAKTHOro pajuouctoyHuka KpaboBupgHoit TyMaHHO-
CTM B pafyonuanasoHe kKak MuHuMyM nio 5 - 1032 opr/cex, 4To cocraBnger
okono 6% ot onrTuyieckoit cBeTuMocTn mynscapa PSR 0531.

5. SAKJIIOYIEHUE

B craThe nmpencTaBneHbl pe3yIbTaTH HaGNIONEHHH MOIMHBIX JUCKPETHHIX
paguouctounukon 3C 144, 3C 274 u 3C 405 B MaonsyYeHHON JIIMHHOBOITHOBOM
JaCTH [leKaMeTPOBOro J¥anasoHa Ha paguoTeneckone BIIP-300. Onpenenenn
a6COMIOTHEIE BHAaYEeHNS MX iNIOTHOCTH MOTOKa Ha YacToTax 5,6 1 8,9 MI'n u
YTOYHEH XapaKTep HU3KOYACTOTHHIX PAJMOCIEKTPOB DTHX HCTOYHUKOB.

C y4éToM JaHHHEIX O PafiHOCTPYKType ¥ (USMYECKUX YCIOBHAX B PaJHOra-
makTukax Jle6ens A, lleBa A 1 ocTaTke cBepxHOBOH KpaGoBugHas TYMaHHOCTh
YCTaHOBIIEHEI HOBHIE, paHee HeU3BEeCTHBEIE 0COGEHHOCTH CIIEKTPOB PaJUOKOM-
MOHEHT PaCCMaTPUBAEMBIX MCTOYHUKOB.

YcTaHOBIEHO, B YaCTHOCTH, YTO yMeHblIeHHe HaklIOHa paguoraito JleBn A
C moHMXeHueM f, HabmiofaeMoe B AELVMMETPOBOM M MeTPOBOM QHAIa30HaX
BOIH, NMPaKTHYECKU Npekpamraercs Ha 4dactortax f < 20 MI'm, 4ro pmaér
OIIEHKY CIEKTPAIHHOTO MHJEKCa WHXKEKIMOHHOTO CIEeKTPa PaJHOU3IyYaloUuX
BIEKTPOHOB DTOH PagHOralakTHKH ¥ = 2,5.

Ilocne pemykuunm Ha mormomeHue B [amakTuke ¢ Mepoil SMHCCHH
ME = 145 cm~%.nx paguocnekTp Jle6ens A o6HapyXHBaeT NOBelieHHe, TH-
IMUYHOE IS CHHXPOTPOHHEIX PaJHOMCTOYHMKOB C CAMOIOITOUICHHEM IpH Ha-
crore MakcuMyMa BO6musu 14 MI'u. Pacyérml nmo craHmapTHHM (opMmyraMm
II8 MCTOYHUKOB C peabcopOuuell yKashIBaloT Ha Gonee ciaboe, YeM B yclo-
BUAX pPaBHOpacIpefleleHd, MarHHTHOE Iolle pajuolenecTkoB JleGeng A, ecan
UX YITOBHIE paB3Mephl Ha IeKaMeTPOBHIX BONHAX OCTAIOTCH TaKUMM XKe, Kak B
MEeTDOBOM JMala3oHe.

HaxnoH crekTpa KOMIaxTHOro pagHoncToYHNKa B Kpa6oBugHO# TyMaHHO-
CTH IPaKTU4YeCKH He YMEHbIIaeTCd B ATHHHOBOIHOBON YaCTH J€KaMeTPOBOTO
pHanasoHa BonH (a' ~ 2,1); ero paguocBeTnMocTh Ha dacToTax > 5,6 MI'n
cocraBungeT npuMepHo 6% oT onTHYeckoil cBeTuMocTH myibcapa PSR 0531, ¢
KOTOPHIM DTOT MCTOYHUK OGHIYHO oTOXAecTBIgeTcd. [logTBepxKéH BEIBOT 06
YIIOIEHNH CIEeKTPa KPYNHOMACUITaGHOH PajioCTPYKTYPhl OCTATKa CBEPXHO-
Boit Kpa6oBugunas TyManHocTs B6nusu 35 MI'u; nokasano, 4To ero nosefeHue
XOpOIO 06bACHIETCH TeNIOBLIM NOTTIOLIeHHeM B CTaGhIX DMHCCHOHHBIX BOJNOK-
HaX TYMaHHOCTH. ' -
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ABTop BrpaxaeT 6marogapHocTh Poccuiickomy QoHay PpyHzaMeHTaIbHBIX

HCCIeOBaHMH 3a PUHAHCOBYIO MONAEPXKKY paboTH (rpanTh N2 93-02-17073 u
N2 96-08-18508).
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LOW-FREQUENCY RADIO SPECTRA OF CRAB NEBULA, VIRGO A
AND CYGNUS A

Yu. V. Tokarev

The results of flux density absolute measurements of discrete radio sources
3C 144, 3C 274 and 3C 405 at frequencies 5.6 and 8.9 MHz have been pre-
sented. New data are used in the discussion of low-frequency radio spectra of
Huse sources to specify physical conditions in radio galaxies Virgo A, Cygnus
A and supernova remnaut Crab Nebula.
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EXCITATION OF PLASMA WAVES BY AN EXTERNALLY
APPLIED ELECTROMAGNETIC WAVE TO A
NONUNIFORM CLASSICAL PLASMA °

Ling-huai Liv? | Masaru Matsuoka®, and He-qi Zhang®

Radiation-driven plasma wave equations (RWE’s) are derived from the basic
dynamical plasma equations through restaining the external radiation source
terms and significant nonlinear terms under the simplified assumptions used
by Zakharov [1]. Excitation processes of the transverse plasma waves, Lang-
muir waves plasma waves by an externally applied electromagnetic wave to a
nonuniform unmagnetized plasma are investigated by means of rough numer-
ical simulations based on RWE’s. The results show that the amplitude of the
transverse plasma waves are sensitive to their effective damping rate and that
the radiation-induced density profile modification looks like a step, which are
in qualitative agreement with analytical results.

1. INTRODUCTION

Plasmas are potentially instable dynamical systems. When such a system
is in the state of thermodynamical equilibrium, various plasma waves such
as Langmuir waves, transverse plasma waves and ion acoustic waves in a un-
magnetized plasma are of thermal noise level. When some externally supplied
free energy source such as electromagnetic wave beams or electron beams is
present, plasma waves can be excited up to a much higher level and then
nonlinear interactions among them will become important. In this paper we
are about to investigate excitation of plasma waves by an externally applied
electromagnetic wave to a nonuniform classical plasma.

The physical prototype of radiation-excited plasma waves is that a plane-
layered plasma is illuminated by an externally applied electromagnetic radia-
tion coming from its low density end with frequency of wy < w., where w, is
the maximal plasma frequency of the inhomogeneous plasma. Laser-plasma,
micriwave-plasma and ionospheric heating experiments as well as some astro-
physical situations pertain to this prototype. Suppose that the plasma is in the
state of thermodynamic equilibrium before an electromagnetic wave is applied,
then there exist transverse plasma waves, Langmuir waves and ion acoustic
waves only of thermal noise level in the plasma. A basic question is: How will
these waves be gradually excited up to a finite level after an electromagnetic
wave is applied?

Conventionally, excitation of the transverse plasma waves by an externally
applied electromagnetic wave is treated as a propagation problem of the ap-
plied electromagnetic wave in the plasma that is considered to be a linear
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medium [2]. However, this classical book did not answer one of the questions
proposed above: How will the transverse plasma waves be gradually excited
up to a finite level after the electromagnetic wave is applied? We have not
found the answer in the other literature, either. Langmuir waves can be ex-
cited not only directly by the applied electromagnetic wave but also indirectly
by the having-been-excited transverse plasma waves. These two aspects have
been studied extensively. For the direct process, see [3—6] and references cited
therein. For the indirect process, see, for example, [7-9] and references cited
therein. Direct conversion of electromagnetic waves to electrostatic waves oc-
cures because net charges appear when the applied electromagnetic field drives
electrons to move along the density gradient. Parametric instability dominates
in indirect processes, of which parametric decay instability and modulational
instability are important. Doolen et al. [10] discover that nucleation is also an
important indirect conversion mechanism. These processes have been incorpo-
rated in a set of extented Zakharov equations by Los Alamos group (theoretical
division, Las Alamos National Laboratory) and some other authors (see refer-
ences cited in [7]). Plasma turbulence controlled by these equations is called as
strong Langmuir turbulence (SLT), which will reduce to weak Langmuir tur-
bulence (WLT) under the weak field approximation [11]. Ion acoustic waves
cannot be excited directly by the applied electromagnetic wave, but can be
driven indirectly by the ponderomotive force of the induced transverse plasma
waves and/or Langmuir waves.

Since the classical book written by Ginzburg [2] did not describe excitation
processes of plasma waves, and the literature seldom discussed these processes
in detail, it is worth to investigate them by generalizing Ginzburg’s work [2].
We start from reexamining one of the approximations used in the book: the
external currents and charges are omitted from the Maxwell equations. The
stated reason is “since we shall consider only fields outside sources (e.g. aeri-
als)”, see p.13 of the book. Many authors [3-6, 12] have go beyond this
approximation. In the next section, we try to demonstrate that the source
terms should be restained for our purpose. The excitation processes of the
high-frequency transverse plasma waves and Langmuir waves are investigated
numerically in §3 and §4, respectively. A brief discussion will be placed in the
last section.

2. RADIATION-DRIVEN WAVE EQUATIONS

The basic dynamical plasma equations with external currents and charges
can be written symbolically as follows:

B(f,Etot, Biot) = 0, (1)

M(Etot’ Biot; Ppl + Pe:zt:jpl +je:ct) =0, ‘ (2)
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which are equivalent to Eq.(2.1) of Ginzburg [2], where the external current
density jes: and charge density pez; locate in the aerials, the total electric
displacement D’ has been replaced by the total electric field E,,: and the
induced current j, in the plasma. The external current density and charge
dennsity have been omitted in the classical book [2]. In order to judge if they
can be omitted, the best way is to take them into account first and then to
see if their effects can be neglected. We will do so below.

In order to do with the external currents and charges we utilize the fact
that the Maxwell equation is linear: if E; is generated by j; and p;, where
i =1,---,n, then By = Y 1=, E; is generated by the total currents j;: =
Y% and charges psot = > 7y pi- In orther words, electromagnetic fields obey
the superposition principle. Acocording to this principle, if E,; and E..; are
assumed to be generated by j1, ppi and jest, pext T€Spectively, then the Maxwell
equation (2) can be decomposed into two component equations [12]:

M(Eecta Bezt;jezt, Pezt) = 0, (3)

M(EplaBpﬁjpthl) =0, (4)

where E;o; = Epj+ E.z; and Byt = B+ Beos. Since the external currents and
charges are regarded as given independent of E;,; and B,,;, see the statement
below Eq.(2.1) of Ginzburg [2], the external fields E,,; and B, are indepen-
dent of the plasma fields E, and By and thus can be regarded as given. The
former are the so-called vacuum fields in the literature.

In fact, Eq.(3) can be solved by using scalar and vector potentials ac-
cording to radiative theory‘[13, 14]. The resultant potentials are the retarded
ones called as the Liénard-Wiechart potentials, see (3.7) of Rybicki and Light-
man [14]. If we consider only the radiation field far away from the sources (e.g.,
aerials), the dipole approximation is suitable and the radiation field E,,q or
E..: can be represented by the following formula, see (3.22) of Rybicki and
Lightman [14]:

Eezt(Ra t) = P_X(Zle}:_l:jll’ (5)

where n = R/R is the (mean) unitary vector of the field point with respect
to the sources, J = f[i; jeztdr’ is the total source current and the dot over J
means time differentiation, the notation [J] means that J is to be evaluated
at the retarded time

] =de- 3

If the source current is assumed to be monochromatic, J = Jgsin(wet), the
solution of Eq.(3) can be written as follows:

Ee:(R,t) = % cos(wot — ko - R), (6)
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where a = won X (n X fo)/cz, ko = wo/e, Jo = Jo/Jo.

The basic dynamical plasma equations now reduce to (1) and (4), in which
Eiot = Epi + E.z¢ where E,,; is given by (6) while E,; is determined by the
induced currents j,; and charges p,; in the plasma. The external currents take
a role through generating the induced currents j,; in terms of the fields E..;
and B,..:. In order to simplify these equations we use two-fluid hydrodynamic
plasma equations or velocity moment equations to approximate the Boltzmann
equation.

The lowest order moment equations are the particle conserva.tlon equa-
tions [15, 16]

on,
B+ Y (naVa) = ™)
where a = i, e. The second ones are the momentum transport equations
dVa _ o rior t Ao
= — Vo x Bt - —-V(n,T

+v. Vg, (8)

where v, stands for collisional damping, A, is the ratio of specific heat at
constant pressure over that at constant volume, which can be determined
phenomenologically. The third moment equations are the energy transport
equations, which can be represented by the following thermal energy balance
equations:

3 dTe

§n¢'d7 =Qe—-V- ("‘cVTe) - neVei(Te - Tz)

_neuenTe’ (9)
3 dT;
Eni—&'t_ = Ql -V. (K'sVTz) - nz”ze(Tt - Tc)

—n;VinT5, (10)

where Ve; = Vee, Vie = 2(m/M)ee, ke = 3n.T./(mv.) and &; = 3n;T;/(Mv;)
are the electron-ion collision frequency, ion-electron collision frequency, ther-
mal conductivity coefficients of electron fluid and ion fluid, respectively, with
Ve = Vee + Vei X 2. and v; = 5 + Vie X Vs = Jx(m/M)VY(T. | T;)* v,

,4V2mn et

IVERE oA, 11
Sl P73 4

Vee = (47€g)
in which we have assumed that the charge number of an ion is unity, A =
4n(eoT,)*/?/(nt/?e3) is the plasma parameter. Q. and Q; represent wave en-

ergy absorbed by electrons and ions.
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The literature [1, 9, 17, 18] have shown that the two-fluid description of a
plasma can be simplified substantially under some (plausible) approximation
assumptions. For a classical unmagnetized plasma, since an ion is much heavier

1

than an electron, the ion-fluid timescale T; ~ w,; is much longer than the

electron-fluid timescale 7, ~ w,,". So, it is plausible to assume that the average
of fast timescale quantities over the slow timescale vanishes. This is the so-
called two-timescale approximation. Another approximation is the so-called
quasi-monochromatic approximation:

Ay = %{A exp(~wot) + A* exp(wot)}, (12)

where Ay stands for a fast-varying quantity while A is its complex envelope
or amplitude, A* is the complex conjugate of A. If we further assume that
(1) the low frequency perturbation density |§n| is much less than the back-
ground plasma density no everywhare, (2) the characteristic wavenumber k
of all excited waves is much less than the electron Debye wavenumver kpe,
(3) the wave energy density W = e E?/nokT. < kpe/k and (4) T. = const.
and T; = const., through separating the fast-varying quantities and the lowly-
varying ones by following the literature, we obtain

2 2
2B Vregy B S UxVUXE
wo Ot wé w;§
w2 v w2
— P L TE\E = B
+ (1 o2 +zw )E o (13)
0 0 _ prorys, 2_|BI?_
(8t2 + v; * % - C;V*)bn = noeoV aminy’ (14)

where V2, = T./m., wpe = £o(no + én)e?/m,, C? = (T. + 3T;)/m;. E and
E, = aJpexp(tko-R)/R with kg = wp/c are complex envelopes of the induced
electric field and the electric field generated by the external source currents,
respectively. Symbol “*’ stands for convolutiongproduct. ng is the bachground
density profile, while §n is the density modification caused by heater E.;.
Eqs.(13) and (14) are the simplified radiation-driven plasma wave equa-
tions (RWE’s), which contain the following ingredients: the applied electro-
magnetic wave (the right-hand side term of Eq. (13)), Langmuir wave(the
second Lh.s. term of Eq. (13)), transverse plasma wave(the third L.h.s. term
of Eq. (13)) and ion acoustic wave(the third Lh.s. term of Eq. (14)), density
inhomogeneity and dampings of high frequency waves(the fourth Lh.s. term
of Eq. (13)) and low frequency waves (the second Lh.s. term of Eq. (14) and
ponderomotive force (the r.h.s. term of Eq. (14)). Therefore, they are general-
ization of Ginzburg’s wave equation (16.1), Zakharov’s Langmuir wave equa-
tions [1], Thornhill and ter Haar’s wave equations [9] and Morales and Lee’s
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Langmuir wave equations [6] as well. In fact, RWE’s reduce to Ginzburg’s
wave equation (16.1) if we omit all nonlinear terms, the source term and the
time-differential term, to Zakharov equations if we omit the source term, per-
form dievergence operation on (13) and then integrate back, to Thornhill and
ter Haar’s if we omit the source term, to Morales and Lee’s if we project (13)
on the direction defined by the plasma density gradient.

In these equations two-timescale difficulty has been resolved through
coarse-graining the fast-timescale quantities by using the slowly varying com-
plex envelope of fast varying electric field to replace the fast varying electric
field. However, the two-spacescale difficulty remains because the transverse
plasma waves of long wavelength and Langmuir waves of short wavelength
couple closely. Although it is in principle possible to numerically solve such
a two-spacescale problem, it is memory-occupying and time-consuming when
the plasma temperature is very low and thus ¢ > Vrp., see [19] for an algo-
rithm. In order to resolve the two-spacescale problem, we should separate
transverse plasma waves and Langmuir waves [12]. The key point is that E in

RWE'’s satistifies:
E=E'+E, (E)~E, (E)=~0, (15)

which leads to
bn=nt+n!, (n)xnt, (n)x0 (16)

where the symbol () represents space averaging. This decomposition implies
that the space scale over which the average is made should be much larger than
the characteristic wavelength of Langmuir waves so that (E') = 0 and much
smaller than the characteristic wavelength of the transverse plasma wages so
that (E') = E® at the same time. As a result, (RWE's) can be written
explicitly as follows:

2 OEt c2 ¢ Mo nt Vet
‘;;W—Z’EVXVXE +(1—n—c—7—l:+z;)E
S,
_w_‘& _1_ Il
82 o 2v2y ¢t Ne€o 2 t12 12
(?+y,*52—C,V )n —mv (|E| +(|E|>), (18)

where n, is defined by wy = ggn.e?/m,. Substracting these equations from
RWE’s respectively, we obtain the following Langmuir wave equations:

. 5E! 2 ¢yl
20 0F + ___3V§‘evv B - (R tno i2)E'
wo Ot wé ne w
= Lom - Limy, ©(19)
c e
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0

o? c€ .
(5 7% g = CiV)nl = Z"—va(E' - E

i1o

+E' - EY). (20)

We shall use these equations to investigate excitation processes of transverse
plasma wave, Langmuir waves and ion acoustic waves below.

3. EXCITATION OF TRANSVERSE PLASMA WAVES

For the sake of simplicity, we assume a linear plane-layered density profile
ng/n, = 1+ z/L, where L is the scalelength. If we further omit the cou-
pling term between E? and E' (otherwise, see [12] and introduce the following
nonuniform medium scaling [6]:

£ = (kL)¥(2/L), 7= (kL) */*(wt/2),
n= (ktL)_4/3(E3:c/ncTe)—1(nt/nc)s
A= (kL) */%(Es/Eos), k* = (c/w)?, (21)
Eqgs. (17) and (18) can be rewritten as follows

O0A 0%°A

z ~+ e aet + (iTe—€—-pn)A=1, (22)
92 o 07 9% Al
(Vs +Tix -~ 3 "= 3| £2l : (23)

Here T', V and p are the dimensionless parameters:
Loy = (kL) (v [w),

V? = (kL) /%(mi/me)(1/4)(/VEe),
= (ktL)z(eoEozz/ncTe)’ ’ (24)
which will determine properties of solutions. When L, T, m;/m, and w are
given, p depends not only on the characteristic wavenumber k; as I' and V' do,
but also on FEy..

The role played by I' is very important. This can be seen from the following
energy conservation equation derived from Eq. (22):

3| A)?
or

T.|A|? and ImA represent the wave energy dissipation caused by damping
v, and the wave energy input determined by Eq., respectively. The latter is

=T,|A]> - ImA. (25)
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active and the former is passive. These two processes balance for the steady
state solution: T'.|A|? = ImA or v,|E.|? = wE¢,ImE, in unrescaled physical
units. This relation implies that |E;| will increase with decrease of v, when
the external field is fixed and that |E,.| will increase with the external field
when the damping is fixed. When v, is very small and/or the external field is
sufficiently intense, such a detail balance is likely to be destroyed. These have
been verified by numerical solutions as will be presented below.

We use a second-order explicit pseudo-spectral algorithm [20] to solve
Eqs.(22) and (23). In order to attenuate influence of the periodic bound-
ary condition assumed by this numerical method, we use a plasma slab whose
width is large enough so that the dynamical processes do not reach the edges.
In the numerical experiments presented in this paper we shall take use of typi-
cal ionosphere modification experiment parameters: L = 5-10*m, 7, = 2-10%
K, M/m =4-10% n. = 3.25-10'! m~3 and w = 27 5.1 MHz.

3.1. Linear process

Under the linear approximation with p = 0, V does not play a role because
the electric field equation decouples with the density perturbation equation:
What is important in this case is the collision frequency v., which will deter-
mine the asymptotic patterns as well as the transient processes. Fig. 1 shows
the asymptotic patterns for (a) v, /wp, = 1-1072, (b) 4-1073,(c) 1-1073 and
(d) 2-10~%. Case a is of strong damping and case d is of weak damping.

0.40 0.8
0.30F 0.6}
< 0.20} < 0.4
0.10f 0.2
0.00 . 0.0
-40 -20 0 20 40 -40
. ¢
1.5 " 2.0
1.5
1.0
< < 1.0
0.5}
0.5
0.0/ . . ) 0.0
-30 -20 -1C O 10 -20

¢

Fig. 1. Changes of asymptotic pattern of the transverse plasma waves with electron
collision frequencies (a) v, /w = 1-1072, (b) 4-1073, (c) 1-10~3 and (d) 2-10~%.
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From a to d not only does the number of standing wave maxima increase
but also the maximal value increases, as have been predicted by the energy
conservation principle discussed above. Fig. 1c is similar to the Airy pattern,
but the swelling at the first maximum is about two orders of magnitude with
respect to the externally applied electric field. In contrast, the swelling with
respect to the lower boundary value is less than one order of magnitude. This
may imply that the transverse electric field and/or the wave energy loss in
the lower ionospheric region (c.g., D-region) had been underestimated in iono-
spheric modification experiments. In fact, some explanations neglected such a
loss in order to ensure that the threshold value of certain parametric instabil-
ity had been surpassed. In light of the result obtained here it can be seen that
the threshold will be exceeded even if the external field strength were reduced
by one order of magnitude due to absorption along the ray path.

Figs. 2-5 show the excitation processes of the transvere plasma wave with
different collision dampings in decreasing order and demonstrate that the
weaker the damping is the stronger the steady state electric field is and the
longer the transient time is. This transient process demonstrates that a large of
amount of input electromagnetic wave energy will be deposited in the plasma
in the form of the transverse plasma waves. Release of the deposited energy
may explain overshoot phenomena. Another feature of the linear results is
that wavelength of the transverse plasma wave decreases as £ decreases as
it should be in view of the linear dispersion relation of such a wave. It will
be seen below that this feature will play a important role in the nonlinear
evolution process of long time.

Although these results are obtained by assuming p = 0, we find that they
also hold good if T < 100 and p < 3-10* (W, < 1-1073) for case a, p < 3-10°
(Wo < 1-1074) for case b, p < 3-10% (Wp < 1-107%) for case ¢, p < 3 - 10!
(Wo < 1-107) for case d, in which the density perturbation caused by the
ponderomotive force of the transverse plasma waves does not have time to
develop. As a matter of fact, our numerical simulations show that the so-
called asymptotic pattern obtained here is also a transient pattern when p is
large and/or the time after onset of the heater is sufficient long.

3.2. Nonlinear effects

The linear approximation holds well only when the externally applied elec-
tromagnetic field is very weak and/or the integration time is very short so that
the nonlinear parameter p is very small and/or the perturbation density n is
very small. However, the linear density profile will be modified gradually due
to ponderomotive force of the excited transverse plasma waves. Of cause,
the modified density profile will redistribute the transverse plasma wave field.
This is one of the main nonlinear processes. It should be noted that n also
represents ion acoustic waves driven by the ponderomotive force of the trans-
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verse plasma waves. Another nonlinear process is the indirect excitation of the
Langmuir waves by the transverse plasma waves and has been studied exten-
sively with inhomogeneous effects neglected in the literature as was pointed
out above, which will be discussed in the next section by taking into account
some inhomogeneous effects.

From numerical experiments it is found that the nonlinear process will
be affected by the following physical factors: (i) heating time length =, (ii)
the applied external electric field strength Eg, (Wp), (iii) damping rate of
the transverse plasma wave I'. (v./w) and (iv) Landau damping rate of ion
acoustic waves I'; (T./T).

3.2.1. Integration effect

For the sake of simplicity, we assume a continuum wave heating. As a
result, the time factor can be simulated by using different integration times
7, and fixing the other factors like this: Wo = 1-107%, v /w = 2-10~* and
T./T; = 2. :

Figs. 6 and 7 depict |A(¢,7)| and n(€,7) with 7, = 500, respectively.
So do Figs. 8 and 9 but with 7, = 1-10%. The first pair of figures clearly
illustrate effect of density profile modification on spatial distribution of the
transverse plasma wave field: |A(§,7)| reduces to linear pattern (see Fig. 5
before the ponderomotive force of the transverse plasma wave has time long
enough to modify the density profile(r < 100). Obviously, another quasi-
steady state ensues while the density perturbation n(§, 7) grows gradually and
the transverse plasma wave field becomes weaker since part of energy content
of the transverse plasma wave transfers to ion acoustic wave energy. The
second pair of figures demonstrate that the excitation region of the transverse
plasma wave and ion acoustic wave upshift gradually, which can be seen more
clearly from Fig. 10, snapshots with 7 = 5 - 102 (the top row) and 1-10° (the
bottom row). The cause is that we have assumed strong Landau damping of
the ion acoustic waves: The density perturbation at the low density end will
bé damped out first because ion acoustic wavenumber there is largest. As a
result, plasma will be expelled into the high density region and the resonance
point(s) upshifts. Using typical ionspheric F-region parameters cited above,
the length unit is about 150 m, the time unit is about 0.2 us, Eo, ~ 30 V/m if
Wo = 1. Therefore, Fig. 10 shows that the resonance point upshifts about 1.5
km at about ¢t = 2 s with Eo, ~ 0.1 V/m. This effect implies that when the
unperturbed reflection altitude is close to the critical altitude of the ionsphere
and the ion plasma temperature is not much lower than the electron plasma
temperature the reflection altitude will upshift up to the critical altitude and
remain there for some time because the expelled plasma will leak out there.
Consequently, some parametric processes may take place at the critical level
rather than at the unperturbed reflection level.
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3.2.2. Damping effect of ion acoustic waves

T./T; determines Landau damping rate of ion acoutic waves and thus de-
termines response of density perturbation to the ponderomotive force of the
transverse plasma waves. This can be investigated by using different tempera-
ture ratioes and fixing the other parameters like above. Numerical experiments
reveal that I'; has little effect on the nonlinear evolution when 7, = 5-102% but
plays an important role when 7, = 1-105. The reason for the former is that
this time interval is less than the characteristic damping timescale. Fig. 11
shows n(€,72) with (a) T./T; = 4, (b) 8, (¢) 12 and (d) 16, which demon-
strates the latter. This figure clearly reveals that the amplitude and range
of density profile modification increase as T./T; increases and that the mod-
ification not only downshifts but also upshifts with respect to the original
reflection altitude. From numerical experiments we find out that upshift of
density perturbation will be suppressed by some nonlinear unperturbed den-
sity profile. This implies that it is likely to be too rough to use linear density
profile approximation when the large scale behaviours are concerned.

When a plasma is heated by the externally applied electromagnetic wave,
electrons are heated first. In other words, the heating process will modify the
temperature ratio of electron fluid over ion fluid gradually. This implies that
plasma turbulence will gradually shift away from the original reflection alti-
tude if the input power of the applied electromagnetic wave exceeds certain
threshold value so that the heating effect substantially raise the temperatur
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Fig. 11. Changes of large scale density perturbations with the ratio of electrom
plasma temperature over ion plasma temperature: (a) T./T; = 4, (b) 8,
(c) 12 and (d) 16.

ratio. Since absorption of incident wave energy takes place in the actual reso-
nance region, modified T, /T; is not uniform. As a result, the transport process
of heat energy must become important in this case.

3.2.3. Damping effect of the transverse plasma waves

Beside collision damping, conversion of the transverse plasma waves to
the Langmuir waves and ion acoustic waves forms anomalous damping of the
transverse plasma waves when parametric instability threshold values are ex-
ceeded. DuBois et al. [7] have pointed out that the average term (n'E')/n,
appeared in Eq. (17) embodies the anomalous damping. Generally speaking,
the anomalous damping is more effective than the collision damping. In this
paper, we only discuss the collision damping.

In previous subsection we have shown that the weaker the collision damp-
ing is the stronger the steady state electric field is and the longer the transient
time is in the linear case. In the nonlinear case we have the similar conclusion:
the weaker the total damping is the stronger both the excited transverse wave
field and density profile modification are. Since the anomalous damping is non-
linear, this conclusion implies that Langmuir turbulence is likely to be excited
by the transverse plasma waves in an intermittent way. At the early excitation
phase of the transverse plasma waves after onset of the electromagnetic wave
source the main damping mechanism is the collision damping, the transverse
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plasma waves can be excitd up to a high level if the collision damping is weak
and/or the appled electromagnetic wave field is sufficiently intense so that the
parametric instability threshold value is exceeded, then Langmuir turbulence
ensues and the anomalous damping cuts in. If the anomalous damping is suf-
ficiently heavy, the excited transverse plasma wave field will not exceed the
threshold field and thus Langmuir turbulence will fade away and the anoma-
Jous damping cease to take a role. Consequently, new cycle follows. Of cause,
if the illumination intensity is fairly high so that the intermittent time is very
short, the intermittency is not likely to be discerned.

It is well known that the total collision frequency in a two-component
plasma is the sum of electron-electron collision frequency and electron-ion
collision frequency and is approximately equal to double electron-electron col-
lision frequency, which depends on electron plasma temperature:

o=, 4
Ve = Vee + Vei X 2Wee = 2(41?60)2%1111\ (26)

3mi/2r3/2 7

where A = 47 (&T.)%/?/ (n}/2e3) is the plasma parameter. This dependence re-
lation can be approximated as ve o« T, 3/2, Obviously, the collision frequency
will decrease up to one third of the original value if the plasma temperature
doubles. Fig. 1 shows that the first maximum strength of the asymptotic trans-
verse plasma wave field will double or even triple. This implies that Langmuir
turbulence is easy to be excited through parametric processes indirectly by the
externally applied electromagnetic radition if the plasma is preheated by the
electromagnetic wave or a weaker electromagnetic wave. This effect naturally
provides us with an explanation to dependence of plasma line enhancement
on HF pulse length and ionsphere preconditioning [21].

3.2.4. Illumination intensity effect

The externally applied electromagnetic wave is the free energy source of all
linear and nonlinear effects in the electromagnetic wave heating experiment.
It will be senseless to talk about all those effects discussed above without
the free energy source, if it is the unique energy source. Therefore, it is
the most important physical factor in all radiation heating experiments in
this sense. The illumination intensity will determine which process plays a
role and which effect dominates. Generally speaking, the higher illumination
intensity is, the larger the density profile modification is if the integration
time is fixed. Without taking into account other nonlinear effects such as
wave-mode conversion, particle transport, energy balance and thermal every
transport we cannot go into the details. What we can ensure at this stage is
that the small density perturbation approximation widely used in the existing
strong plasma turbulence theories, including our RWE’s, will become invalid
if the illumination intensity is sufficiently high.

Ling-huai Li, Masaru Matsuokae, and He-qi Zhang 975



1996 H3e. BY30e PATHODPHIHKA Tom XXXIX X 8

The excited transverse plasma waves in a plasma can escape from the
plasma to form electromagnetic emission. The bachground density profile will
generate the main radiation component of incident frequency and the heater-
generated density perturbation may generate some sidebands. Usually, such
sidebands are called as SEE, which was for the first time discovered by Thidé
et al. [22] in ionospheric modification experiments near Tromosg, Norway.
Eq. (17) shows that the Langmuir waves can be converted to the transverse
plasma wave with the help of both the large scale regular inhomogeneity and
small scale density perturbation induced by ponderomotive force of the Lang-
muir waves. The latter has been used to explain the downshifted peak (DP)
feature by Stubbe et al. [23]. Density profile modification is another important
nonlinear phenomenon, which has been observed by [24].

4. EXCITATION OF THE LANGMUIR WAVES

The Langmuir waves can be excited not only directly by the electric field
component Eg, of the externally applied electromagnetic wave along the den-
sity gradient direction but also indirectly by the transverse plasma wave ex-
cited by the electric field component of the exterenal field transverse to the
density gradient direction. The former is called as direct excitation, while the
latter is named as indirect excitation.

4.1. Direct excitation

In order to investigate direct excitation of the Langmuir waves, we have
to project Eq.(13) on the direction defined by the density gradient. If we
substitute 3V;2, for c? in the above nonuniform medium scaling, as was done
by Morales and Lee in their original work [6], the projected equation and its
coupling equation can be rewritten as follows:

BA 924

+ e + (Te - € - pn)A = q(f + pn), (27)

52 o &2 04
2
(V= 3z + T e 52) N ER

Here I', V, p and g are the dimensionless parameters:

Loty = (kiL)3(vesy/w),

(28)

V2 = (ki L)™2/3(M/m)(3/4),
p = (kL)X (B2, /n.T:), q= (kL)% " (29)
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Here k7 = 3(Vre/c)?. It should be noted that the pure spatially uniform
term has been neglected in oeder to quarantee that A = (k,L)~2/3(E,/E,) is
longitudinal and that the transverse waves have been ignored. )

Ths pair of equations imply a linear conversion process (the first r.h.s. term
of the first equation) and a direct conversion process (the second r.h.s. term
of the same equation). For the former the density perturbation is assumed to
be self-consistent, while for the latter the density perturbation is assumed to
be preexisting.

4.1.1. Linear conversion

Numerical experiments reveal that this process also depends on v,, v; and
Ey.. Fig. 12 with v,/w = 1-10~2 and Fig. 13 with v./w = 1-10"* show
dependence of A(¢,7) on v,. Fig. 13 with Wy, = 1-1073 and Fig. 14 with
Wo. = 1102 show dependence of |A(£,7)| on Eg,. Fig. 14 with T./T; = 2
and Fig. 15 with T, /T; = 10 show dependence of |A(£, 7)| on »;. Density per-
turbation cannot be excited and thus the process is linear when Wy, < 1074,
Fig. 16 shows the typical density perturbation with Wy, = 1073, As W,
and/or heating time and/or T./T; increases, density perturbation increases
and the process will become chaotic. From these figures it can be seen that
the characteristic feature of this process is that it cannot take place at the
unperturbed resonant point if density perturbation has not developed there.
This is implied by the controlling equations: z = 0 at the resonance point and
thus the driving term vanishes there. Although the driving term is propor-
tional to z, the larger |z| is, the more efficient the linear conversion is not. The
reason is that this process is also controlled by the resonance factor. Another
feature of the linear conversion process is that the smaller the inhomogeneity
scalelength L is, the more efficient it is. This can be seen from the rescaling
equation, in which the linear conversion term ¢ = z/L is still inversely pro-
portional to L even though the equation has been rescaled in terms of L. This
has been confirmed by microwave experiments [25].

4.1.2. Direct conversion

Linear conversion and direct conversion are same in essence: both are
caused by preexisting density inhomogeneity. The only distinction is that
the former is caused by the small scale inhomogeneity §n while the latter is
caused by the large scale inhomogeneity z/L, where n, = n.(1+2/L+én/n.).
Numerical experiments reveal that the direct conversion depends on v, and
v;, in addition to én, but weakly on Eg,. Fig. 17 with dnj « exp(—:276g),
where 0), € [0,1] is random, and Fig. 18 with dn; = 0 except at ko # 0 show
dependence of |A(£,7)| on the preexisting density irregularities depicted in
Figs. 19 and 20 respectively, in which the induced density perturbations have
been included in. Fig. 21 with v./w = 11072 and Fig. 17 with v./w =
1.10~* show dependence of |A(£,7)| on v.. Fig. 17 with T./T. = 2 and
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Fig. 16. Small scale density irregularities generated by linearly-converted Langmuir
waves. Same as Fig. 13 except that n(§, 7) is depicted.
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Fig. 17. Direct excitation of Langmuir waves by means of direct conversion of the
externally applied electromagnetic wave with the help of random density
inhomogeneity presented by Fig. 19, where v./w =1:10"%, T./T; = 2 and
Wo, =1-1075,
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Fig. 22 with T,./T; = 10 show dependence of |A(£,7)| on »;. These figures
clearly demonstrate that the direct conversion process tends to take place at
effective resonance point and that the resonance mode will saturates due to
ponderomotive effect, which have been confirmed by Wong et al. [26] and
Morales et al. [21]. These numerical results show that the direct excitation
processes do not require any threshold condition.
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Fig.22. Same as Fig. 17 but with T, /T; = 10.

4.2. Indirect excitation

Indirect excitation of the Langmuir waves can be investigated by using
Egs. (19) and (20), which are the model used by Hanssen [27, 28]. If we
further let (nA) = 0, they reduce to the one-dimensional counterpart of DuBois
et al.’s two-dimensional model equations [8]. These authors have carefully
studied these reduced models and gone so far beyond the initial excitation
processes that they have computed various spectra, which are the dynamical
invariants and can be compared with observations [7]. In their simulations,
the transverse plasma wave E! is assumed to be given. Therefore, for the sake
of completeness of this paper, we need not repeat their simulations for indirect
excitation processes but quote their relevant conclusions as follows:
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1. From a unperturbed initial state the basic excitation mechanisms are
the parametric decay instability (PDI) at the place where the matching
conditions are satisfied and the threshold is exceeded as well and the
modulational instability (MI) at the place where the threshold value has

been exceeded.

2. MI-generated Langmuir waves tend to form soliton-like wavepacket and
collapse to a singularity in a finite time if the dampings are ignored or the
damping rates are not sufficient high. The unphysical singularity of col-
lapse will be removed by strong wave-particle dissipation at small scales.
PDI-generated Langmuir waves will cascade if the energy conservation
condition is met.

3. MI-generated localized electric fields will give rise to localized density
depletions, i.e., cavities, by means of their ponderomotive force. When
the former are burnt out at the late stage of collapse, the latter will fade
away after that. Free Langmuir waves and ion acoustuc waves will be
emitted at this phase. PDI generates ion acoustic waves, either.

4. When some preexisting small scale density irregularities and/or burntout
caviton remnants are present, nucleation is the main excitation mech-
anism of Langmuir waves. Nucleation is same as direct conversion ex-
cept that the externally applied electromagnetic wave is replaced by the
transverse plasma wave. )

5. These processes do not simply depend on the altitude parameter £ that
determines the unperturbed linear density profile but on the effective
density profile, including the natural large scale density irregularity if
any and large scale density distortion caused by the transverse plasma
waves.

This quotation is never complete, for a summary and the details, see [7] and
references cited therein.

5. DISCUSSION

So far we have investigated excitation processes of the transverse plasma
waves, Langmuir waves and ion-acoustic waves by an externally applied elec-
tromagnetic wave based on RWE’s derived in §2. In comparing with
Ginzburg’s wave equations, RWE’s have restored the source term and some
nonlinear terms.

The transverse plasma waves are also called as electromagnetic-waves-in-
the-plasma, or simply as electromagnetic (EM) waves in the literature. The
source term caused by the aerial currents makes the EM wave equations be-
come forced-type inhomogeneous equations. On ignoring all nonlinear terms
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and assuming that the steady state be reached, EM wave equation reads
A'(2) + €(2)A(2) = S(2). . (30)
In contrast, the corresponding Ginzburg’s wave equation looks like
o(2) + €(2)Ao(2) = 0. (31)

If we assume € = —(z + ivess) = —2z' and require that Ag(z) and A(z) be
bounded, then we have
Ao(2) = apdi(Z'), (32)

A(2) = /: W(z,z)dz, (33)

where

(z — ivess)[Ai(2)Bi(z) — Ai(z)Bi(z)]
Ai(z)Bi'(z) — Ai'(z)Bi(z) ’

in which A7 and B are the first and second type Airy function respectively.
a9 should be determined by the incident boundary value. In contrast, an
outgoing-wave boundary condition should be and has been assumed in (33).
Since S(z) o exp(ikoz), S(& — ivess) x exp(kovess). Consequently, (33) is
sensitive to v.¢s (< 0), which is in good agreement with our numerical simula-
tions. Although the computed A(z2) is similar to the exact solution (33), they
are not in good agreement quantitatively, which might be attributed to the
fact that an outgoing-wave boundary condition is used in the exact solution
while a homogeneous boundary condition is assumed in the numerical solu-
tions. However, although Ag(2) is not sensitive to v.sy, if we ajust ag properly,
Ao(2) is in good agreement with the exact solution except for an amplitude
modulation when |v.s¢|/wp is less than 10~%. Conventionally, a is so selected
that the amplitude of the EM wave electric field near the incident is equal to
the amplitude of the external field. If so, |A(2)| is much larger than Ag(2).

In our simulations to EM waves, we only take account of their ponderoro-
motive force, the main effect is to generate large spacescale step-like density
profile modification. This is in qualitative agreement with analytical works
of Gil’denburg [29] and Gil’denburg and Fraiman [30]. Recently we [12] have
taken account of both the EM wave ponderomotive effect and interactions
between EM waves and Langmuir waves, the result shows that the former
generates a (symmetric) continuum EM wave sideband while the latter gener-
ate peaks and maximums in the radiation-stimulated EM emissions. Of cause,
in order to make the detailed comparisions with ionospheric heating experi-
ments we have to include the geomagnetic field in the radiation-driven wave
equations.

One of the authors (Li) wishes to thank V.L. Ginzburg, E. Mjglhus, B.
Thidé, N.S. Erokhin, J.Y. Liu, J.W. Lee, T.D. Carozzi and J. Bergman for
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YIK 533.9

ABTOKOJIEBAHUA B IUKJIOTPOHHOM MASEPE
C ®OHOBOMU IIJTASMOHA

A.T. ,Zl;amexoe, . JI. [Tacmanux, B. FO. Tparmenzepy,

PaccmaTpuBaeTcs JUHAMHKA IUKIOTPOHHOIO Masepa B JBYXYPOBHEBOM
NpHOIHIKEHUH C HENMHEWHBIM MHEDLUMOHHHEIM HACHIUIEHHEM NOTIOUIeHUA, o6yc-
JIOBIEHHBIM NporpeBoM (OHOBOM MiasMbl. HalfleHB yCIOBHMA CyLeCTBOBaHHA
aBTOKONE 6aTEIbHOTO PEXHMa B 9TOM CHCTeMe NPH HATHYMH B HEH OCTOAHHOTO
HCTOYHMKA DHEPIUYHBIX YaCTHI M NpoOlecca YCKOPEHHS YacCTHIl NpH apguaba-
THYECKOM MACHHTHOM CXAaTHH MiuasMmel. lIpoBefeHo 4uCIeHHOe HCCIEefOBaHUE
XapaKTEePHCTHK aBTOKOIeBaHUH B 3aBUCHMOCTH OT NapaMeTPOB CHCTEMBI.

- BBEIEHWE

Wsyyenue gBieHuit, NIPOUCXONALUIMX B YCIOBUEX KOCMUYECKON IUIa3MHl M
B Ta6OPATOPHBIX YCIOBHIX, IPUBOJUT K HEOOXONUMOCTH MCCIEOBAHUE TaKUX
06’beKTOB, Kak Madep Ha HUKIOTPOHHOM pesoHaHce ¢ OHOBOMH mmasMoii [1, 2].
Taxkoii uuknoTponHsil Masep (IIM) npefncraBigeT co60il reHepaTOp BIEKTPO-
MarHMTHOTO MBJIYy4YeHHs, Ileé Pe3OHATOPOM SBISEeTCH OTKPHTad IIa3MeHHas
MmarunTHas noBymka (IIMJI), axTuBHOe BemecTBO — J06GaBKa DHEPTMYHBIX
SIIEKTPOHOB C HEPABHOBECHHIM pacHpefieNeHneM 1o CKOPOCTAM, a dIeKTpoMar-
HUTHOE HBIIy4YeHHe — CBHCTOBHIe WIH anbQBEHOBCKHE BOIHH. B ocHoBe pa-
60T [IM neXHUT UUKIOTPOHHAS HEYCTONYHBOCTH DIEKTPOMArHUTHHIX BOIH,
o6yclIoBlIeHHas IONepeYHO! aHu3oTponuell GyHKINYN pacupeleneHns S9Hepruy-
HBIX YaCTHUI.

Opunm ms npunoxenunit Teopun IIM ¢ $oHoBO# mmasMoll gBIgeTcE 06B-
SACHEHHE XaPaKTEePUCTHK MeHePAlMH BIeKTPOMArHUTHHIX CUTHAIOB B MarHUTO-
cpepax 3emnn u IOmnTepa, armMocpepe Connila 1 1a60paTOPHEIX YCTAHOBKAX,
a TakXe MCIONB30BaHUe ee NId HHTEPIPeTAlUH HKCIePHMEeHTATBHBIX JaHHBIX
IO MHAMMKe BONH H YACTHI B OTUX CHCTEMaXx.

Oco6eHHOCTHIO TaXOTo TeHepaTOpa ABIIETCI 3aBHCHMOCTD XapaKTepa re-
HepallMM He TOIBLKO OT CBOHCTB aKTUBHOTO BellleCTBa, HO # OT CBOUCTB (OHO-
BOM KOMITOHEHTHI IIasMEl. OTO CBABAHO C T€M, YTO IPH Pa3BUTHH HEYCTOM-
YHBOCTHU HapARY C MPOIeCCaMi DHEPrOoOOMeHa MeX[Y H3Iy4eHUueM U dHepruy-
HBIMM YaCTHI[AM¥ BOSMOXKEH U DHeprooGMeH Mexpuy usinydenueM u GpoHoBoOM
nnasMoi. B wacTHOCTH, BO3HNKaiollee B UHKIOTPOHHOM Ma3epe UBIyYeHHe
MOXeT IIporpeBaTh (DOHOBYIO ITasMy, TEM CaMEIM CHI)Kad IOTEPU B CHCTeMe.
Takag cuTyauud MMeeT MeCTO B IIONHOCTHIO HOHM3MPOBAHHON IIasMe, THe
YaCTOTa COyHapeHMH, a, CIefOBATeIbHO, H 3aTyXaHHe BOIH, YMEHBIIAETCL C
POCTOM TeMIlepaTypH IUTaA3MEI.

988 A.T. femezos, I. JI. Hacmanux, B. I0. Tpazmenzepy



Tom XXXIX X 8 H3ze. BY30e PAOHODHIHKA 1996

Bonsmoe BrugHue Ha pexuMH paboTel IIM oxashBaeT Takx)Ke HCTOYHHK
9HEPrMYHHX 4YacTHI, o6GecneuynBaloumii ux Hakomrenue B IIMJI. Ilpocteit-
UMM BHAOM UCTOYHHKA SBIFETCE MCTOYHHUK, IIOCTOSHHHIA BO BpEeMEHU M He
BaBUCAIUH OT NMapaMeTPOB CHCTeMHl. IIpHMepaMu Takoro HCTOYHHKA B KOC-
MHUYECKMX YCIOBHEX SBISIOTCH CTAIMOHApHAd MHXKEKIMI FOPSIUX BIEKTPOHOB
I MX MaTHUTHHI fpeidd B MarHumToc(epe, Korga oGracTy reHepaluyu us-
TydeHHs ¥ 06pasoBaHMd IOpSYMX BIEKTPOHOB pasielieHHl B IPOCTPAHCTBE.
Jpyroil BUJ NCTOYHUKA — 9DTO YCKOPEHHME HHEPTUYHBIX YaCTHI[ MpH aguaba-
THYECKOM MaIrHUTHOM CXKATHH IIasMH [3]. Takoil MCTOYHMK 3aBUCUT ¥ OT Xa-
pPaKTepa UBMEHEHNS MarHUTHOIO MOIL B JOBYIIKe, H OT IIaPaMeTPOB CHCTEMHI,
B YaCTHOCTH, OT KOHIIEHTPAIIM}K ropsieil KOMIOHEHTH IIa3ME B JIOBYIIKE.

O BOBMOXHOCTH pa3BHTHA aBTOKOleGaTenbHEX npoueccos B IIM ¢ nenu-
HEHHHIM NpOrpeBoM (OHOBOH MIABMHEL P HAIUYUY NOCTOSHHOTO MCTOYHHUKA
roBopuTcs B [1], ofHako X HacCTOflUIEMy MOMEHTY He OHIIO IPOBEEHO aHa-
TMBa TaKUX peXXuMoB. Takxke He GO MpoBefeHOo aHanusa paborul IIM mpu
HalIM4YUM B CHCTeMe Takoro dPQeKTHBHOIO MCTOYHMKa JacCTHI, KaK MarHMT-
Hoe ckartue. CofepxaHHeM JaHHOM pabOTHl IBILETCS HAXOXKIEHUE YCIOBHH
CYyIIECTBOBaHNE aBTOKONe6aTENbHEX PEXIMOB I HBYUEHHE HX NapaMeTPOB B
PaMKax TakK Ha3HIBaEMOTO |ByXyPOBHEr0 NPHOIHXKEHHS C y1eTOM 060X BUOB
HUCTOYHHKOB.

YPABHEHWS, OIITMCBIBAIOIIVUE TMHAMHUKY IIM
B IBYXYPOBHEBOM IIPUBJIN2KEHUN

IIpn nocTpoenur Teopuu IIM ucnonpsyercs xBasunuHeiHas Teopud, Ga-
SHUpyoUmascs Ha CAaMOCOINIACOBAHHOH CHCTeMe KMHeTHYeCKMX YPaBHEHMH s
BonH u vdactuy [4]. OpHaxo, BBUY HEBO3MOXHOCTH HCCIE{OBaHHMS [aHHOU
cMCTeMB B o6lieM BHje, MCHONb3YIOTCH pasinudHble npubnuxenus. Cnenys
[1, 2, 4],- paccMoTpuM ypaBHeHMs, ONMCHBaiouue IuHaMuKy paborn IM B
ABYXYPOBHEBOM NpHGTIKeHHH ¢ ydeToM sddekra “mpocBernenus” GoHOBOR
IUIa3MBI DY IPOTDEBE €€ BOBHUKAIOIIMM B CHCTEME MBIY4YEeHHEM. '

B kavecTBe usmyeckuX IepeMeHHHX, OMUCHBaooumux cocrogHue IIM, B
NaHHOM NpHOIMXKEeHNH PacCMaTPUBAIOTCH MONTHOE YUCIO DHEPTHYHAIX BIEKTPO-
HOB B CHJIOBOH TPyOKe MATHUTHOTO IIONE C eUHIYIHBIM cedenneM y Topua (N),
INIOTHOCTSH dHepruu BolH (W), 1 TeMIepaTypa XOIOIHOH KOMIIOHEHTHI IIa3MBI
(©).

CucreMa ypaBHeHHI B JaHHBIX ePEMEHHKIX uMeeT BuA [1]

( %=—n‘laNng-+J,

T

4 %W; = (a,,N - Vo — foe_s/z)w ) (1)

w
%9=6%%—5(®—90),
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rie T — BpeMs, aN — ycpeHeHHbIN HHKPEMEHT HUKIOTPOHHON HEeyCTONYHBO-
ctu, 7 — KIIII reneparopa, J — MOLIHOCTH HCTOYHUKA DHEPTUYHBIX TaCTHII,
€) — CpelHAs DHEprus IMOoIepevyHOro MAarHUTHOMY ITONIO JBMXKEHHS TOpAYHX
9IIEKTPOHOB, Vg — JIEKPEMEHT IIOCTOSHHOI'O BaTyXaHUd BOIH, OIf elelseMblil
K02 (PUIIMEHTOM OTpaKeHHs BOIH OT TOPIIOB MarHMUTHOM JOBYLIKY, YaCTOTOM
CTONKHOBEHHUS DIEKTPOHOB U MOHOB C HeHTpalaMH M [p., £0@~3/2 — Hexpe-
MeHT 06'beMHOTO 3aTyXaHus, ONPEeNIeMOro SeKTPOH—MOHHBIMU CTOIKHOBE-
Hugmu: €o = 4,5 1075M,; (cm™3), ecnu @ BrpaxkaeTcs B DIEKTPOH-BONbTAX,
N; — ycpenHenHas No [iMHE TOBYIIKH KOHIEHTPAIUs XONOLHON KOMIOHEHTHI
mIasMel, §~! — xapakTepHoe BpeMs pelakcallii TeMIepaTyphl ()OHOBOIM KOM-
NMOHEHTH! MIasMEl O TeMilepaTyphl TepMocTaTa Og.

Ilpu oToM Benw4uHH 7, a, €4, fo, Nz, §, @¢ eCTh MONOKUTETLHEIE KOH-
craHThH. Kos()QuuueHT a B npocTeilieM ciydyae MOXeT OHITh B3allMCaH B BHJle

a~ Awpr/(N:L) ,

rae A = ¢ /g — 1 — mokasaTenb aHU3OTPONUU MUTY-YITOBOTO pacmpefierne-
HIS BHEPTUYHHIX YacTul, (Nz{f) — uucno 4acTuy QOHOBOM NIA3MEL B CHIOBOH
Tpy6Ke C eUHMYHBLIM CEeYeHHEeM y TOpla, wpl — TUPOYaCTOTa DBIEKTPOHOB
B HEHTPAIbHOM Ce4YeHHM MarHuTHo# noBymiku; npu sToM KIII[ rereparopa
paBeH 7 & w/wpy, (mogpobHee cM. (2, 4]).

Ilo BHemHeMy BMAy IepBble [Ba ypaBHeHus cucreMbl (1) coBmagaior ¢
YPaBHEHHSMHM, OIMCHIBAOIIMMH [HHAMHMKY [BYXYPOBHEBOTO OITHYECKOTO
KBaHTOBOTO TeHepaTopa B GalaHcHOM npubmmkenuu [5]. B oramuume ot
ONTHYECKOTO reHepaTopa llepBoe YpaBHeHNe PacCMaTPHBaEMON CHCTEMEL OllH-
CHIBaeT AMHAMMKY YHCIIa YaCTHI B CHIOBON TpybKe, a He MHBEPCUU HaCeleH-
Hoctu. IloTepu 4acTul 06YCIOBIEHEl TE€M, YTO BCIENCTBHE B3aUMONEHCTBHS C
BOIHAaMH OHH IIONAJAIOT B KOHYC MOTEPhb U BHUIETAIOT U3 MAarHUTHOMU JIOBYUIKM
4yepes ee Topubl. Crenuduka miasMul IPOIBISETCI B TPETheM yDaBHEHHH H
MOCIEHEM YIeHe BTOPOTO, OMHMCHIBAIOUIMX XapaKTEpPHYIO NIf INIasMbl Helu-
HEeHHYIO CBE3b O06'BEMHEIX IOTEPD C MIOTHOCTHIO BIEKTPOMATHUTHOTO U3IYYe-
HAS, XKOTOpaig U ONpefenseT BO3MOXHOCTH Pa3BHUTHE B CHCTEME PABIMYHBIX
PEXNMOB.

Kax 65110 0TMe4eHO BO BBEIeHHH, B JaHHON paboTe pacCMaTPHBAIOTCH JBa
THUIIa MCTOYHUKA DHEPIrHYHBIX 4YacTHl, KOTOphle B PaMKaX JBYXypPOBHEBOI'O
NpUOIMXKEeHHS BalUIIYTCd B CIeAyoleM Buje

a) Ilocrosuusiii ucrounux — J = Jo = const;

" 6) O6pasoBaHue SHEPIrMYHBIX YACTHI NPH aJHabaTHYECKOM MarHHTHOM
cxatnn — J = aoglN, tie KooQQUIUNEHT ap ONpeNeNIeTcs XapakTepoM Hapa-

CTaHMg MarHUTHOro noius B u B o6ueM cnyyae BaBHCHT OT BpeMeHH ( ap X B
[4])-

B panHOM paboTe paccMaTpHBaeTcs ¢p = const, TO €CTh DKCIOHEHIIH-
ANBHEIH POCT MArHUTHOrO moig. MOXHO OXHAATh, YTO PE3YyIbTATHl MPOBE-
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JeHHOT'O aHAJIN3a OCTAHYTCI CHPAaBEITMBHIMH U TPH MENICHHON 3aBUCHMOCTH
ao(t), a Takxke Apyrux xosdduuuenTos B yparenuu (1), onHaxo STOT BONPOC
TpebyeT OTHENbHOTO PaCCMOTPEHHS.

Jlng pansHeitiero ucciegoBanus cucreMnl (1) mpuBemeMm ee k 6espasmep-
HOMY BHJy Clelylolleil 3aMeHOH mepeMeHHEIX:

N = '10 N -z,
W = Nzeo ‘w,
(2)
0=0-
LS
Oo aNz ’
rae z,w,T,t — HOBHIe NIepeMeHHEIE, U BBeleM HOBHIEe TapaMeTpH:
i = _eint _EiM _€1nbo
° - wzez ' aN-0p a0’
(3)
° neEL ! a.A/ @o

B HOBHIX 0603Ha4YeHUIX C y4eTOM 06OMX THUIIOB HCTOYHUKOB cHcTeMa (1)
IpUMeT BUJ
z2=-2z2wt+ar+1ip,

=(z-v— T )w, (4)

r w
T=§§ﬂi—%§(T-1)’

Herpyaso BumeTs, 4TO NpH HeHyneBHIX notepix (to # 0 u § # 0) oTa
cucreMa rnobalbHO ycTOWYMBA, KpoMe 060cobnenHoll TpaekTopun z = z(t),
w = 0, T = 1 4, Kax 7erko MOKa3aTh, IpA tp # 0 y CHCTEMEHl CyLIeCTBYeT eiH-
CTBEHHOE COCTOfHNEe paBHOBecHus (Zg, Wo, To), ONOKEHHEe KOTOPOTO Ompefe-
ngeTcH U3 CIelyIOIUX ypaBHEHUH:

i9To€ aref
To -1= ) (5a)
Y A I
« zo= v+ €T, (56)
wp = 2 ta. (58)
o
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Ilpu i = 0 B cucreMe nosfBIgeTCE BTOpPOE COCTOSHHE DaBHOBECHS —
(0, 0, 1). D710 cocTosHHE paBHOBeCHH ABIAETCH CENIOM C CeNapaTpUCAMH
(z=0,T=1),(z=0, w=0)u (w=0, T =1). Ognako faHHKE Tpaek-
TOPHH ABILIOTCE 060COGIEHHEIMH, TO €CTh OHH TONONOTHYECKH He MBMEHAIOT
ocTalbHOe (Pa30BOE NIPOCTPAHCTBO, CIEOBATEILHO JaHHOE COCTOSHNE PaBHO-
BeCHE MOXeT GHITh UCKIIOYEHO M3 JalbHeNIIero pacCMOTPEHHS.

M3 ¢akTa rinobansHOM yCTONYHBOCTH JAaHHOH CHCTEMHI CIElyeT, YTO ee
TpaekTopuM B a30BOM NPOCTPAHCTBEe NPUTATHBAIOTCA K HEKOTOPOMY Ipe-
JenTbHOMY MHOXecTBY. Kak mHokasano 4ucieHHOe HCCleloBaHHe, B CIy4ae
YCTOHYMBOTO COCTOSHUS PABHOBeCUS TAaKHM IPUTATHBAIOIUM MHOXECTBOM
CIYXHUT NHIIb CaMO COCTOSHWE DAaBHOBeCHd, a B CIy4ae HeyCTOHYMBOTO —
ycTOHYUBHIH npenenbHuil qukia. [losToMy B manbHelimeM GyneM CYHTaTh, YTO
yClOBYE HEYCTOMYHBOCTH COCTOSHHS PABHOBECHS €CTh YCIOBHE Pealu3aluy B
cucTeMe aBTOKONeGaTelbHOTO PexuMa.

IIlpoBecTn nonHEIH aHAMMTUYECKHH aHAlIN3 3aBHCHMOCTH IOBENEHHI CH-
CTeMHI OT ee TapaMeTPOB B 06HIeM clIyyae He yraeTcs. OfHAKO BTO BO3MOXHO
B IpEeeNbHOM CIy4Yae MaJOCTH BPeMeHH pelakcallui TeMIepaTyph (OHOBOH
IJIASMBl IO CPABHEHHUIO € IPYTMMHU XapakTepPHEIMH BPeMeHaMH — CIy4al OHl-
CTPOro HAaCHIEHUd MOTIOIIEeHNS.

IIpu BHIIOMTHEHUM DTUX YCIOBUH MOXHO CYHTATh, YTO TeMIepaTypa (oHo-
BOH INIaBMHl YCIEBaeT OTCIEKHBATh H3MEHEHHS INIOTHOCTH BIEKTPOMarHHT-
HOTO MBJIY4YeHHd, GCTaBagCh NPU BTOM GIM3KOM K TeMIlepaType TepMOCTaTa,
ro ectb T = 1+ AT, rie AT € 1, u T ~ 0. B pesynbraTe MoxeM IepeiiTH K
CHCTeMe U3 ABYX ypaBHEHUH

t=—-2zw+taz+ip,
w=(z—u)w—3—§——T. (6)
ETOE + "~
YcnoBug NpUMEHUMOCTH 5TOrO NPUGIMKEHUS UMEIOT BHJ
To < . ) ]
v+§€
ipTo < min{l,v + ¢}, argé € 1. (8)

Ha 6udypxauuoHHEIX AuarpaMMax mapaMeTpoB (i, Zo) NMPHUBENEHH pe-
SYIbTATHl NPOBEJEHHOTO aHalW3a CHCTeMbl C NOCTOSHHHIM MCTOYHHKOM
(puc.1 a) u npu fobaBreHun MarHUTHOrO cxatus (puc. 1 6).

OTMeTHM, YTO O6NACTL H3MEHEHUd NapaMeTpa Zg ecThb (v, v + £) — cum. (56).
IIudppamu o6osHaueHk! clefyolye 06GIacTH NOBEeHNS CHCTEMEL:

I — ycroiuunit ¢poxkyc,
II — HeycTONYMBHEI POKYC M YCTOMYMBBIN NPEIENbHBIN UK,
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T

i0 v - - io |V’ - /

[
1
$
[ "W Xo il Xo
v v+ ’ r/ v+
a) 6)

Puc. 1. Budypkaumonnas guarpamma gis cucreMs (6): a) a =0, 6) a # 0.

IIT — HeyCTOWYMBHIN y3€l U YCTOHYMBEIN NMpEAeNbHBIN MUK,

IV — ycroivyuBhi ysern,

V — ycroituuBmi QoOKyc U gBa NMpelelbHEIX LHKIAa: YCTOMYMBEIA H He-
YCTOMYHBHIM.

. Taxum o6pasoM, o6nactu I u IV cooTBeTcTBYeT pekuMy C BHIXOJIOM Ha CTa-
IHOHAPHHIN peXXuM reHepauuu, o6mactu II u III — aBTokone6aTensHOMY pe-
XHMY C MST'KMM BO36yXKJIeHHeM, a 061acTh V — XKeCTKOMY peXXuMy Bo36yxje-
Hug aBTOKOoNeGaHuil. IlyHkTHpOM Ha puc. 1l nsobpaxeHa nunug 6udypxaunuu
[BOIHOTO IpeNeNbHOro MHKIa, KOTOPYIO He YHalIOoCh HaTH aHAIUTHYECKH.

B coorBercrBux c (7) u (8) nannoe nmpubnuxenne BepHO, CTPOro IOBOPA,
IHIOb B MaJIoi 06GTacTH MapaMeTpoB, YCIOBHO 0GO3HAYCHHOM IITPUXOBKON Ha
NpHBEeHHHX AuarpamMmax. PaKkTHYECKH NI MCIONL30BaHUE NPUGTHKEHUS
GHICTPOro HacHIIeHUs NOITONIeH s Heo6XouMo aums ycaosue (7), TpebyeMoe
[If BEIONHeHHs paBeHcTBa T’ ~ 0. YcnoBus (8) obecneunBaioT BHIOIHEHNE
HepaBeHcTBa AT & 1, xoTopoe He NPUHIUIHAILHO U faeT IHUIIL BOBMOX-
HOCThH IpOBefeHNs aHATUTUYECKOro McclefoBanus. CnenyeT oXupaTbhb, 4TO
npuBelieHHEe 6u(ypKAUMOHHBIE JMATPAMMEl IPAaBHILHO ONMMCHIBAIOT IIOBefe-
HHe CHCTEMH ¢ GHICTDHIM HachIlleHWeM INOITOlIeHNs ¥ BHe BalllTPHXOBAaHHOK
o6macta. OpHako, YHCIEHHOE HCCIENOBaHHe MOKa3alo, YTO O6IacTh mapa-
MeTpOB, Ifie B-cucTeMe (6) peanusyeTcd XeCTKUH pexHM BO36YXKJeHHI aB-
Tokone6anuii (06macTb V) BEHIXOZUT 32 paMK¥ IPUMEHUMOCTH NPUGTMXKEHHUS
GEICTPOr'O HaCHIUEHHS MOFIOUICHNS.

Jng HaXOXJeHUd YCIOBMH peannsalMi aBTOKole6aTelbHOro peXuMa BO
Bcell 06IacTH MapaMeTpoB, B paGoTe OHIIO IIPOBENEHO ucclenoBanue 6udyp-
KallUM yCTONYMBOCTH COCTOSHUS PaBHOBeCHS HCXONHOM cucTeMH (4). Us ycio-
Buit Payca-IypBuna GuIT0 MONy4YeHO, YTO KPHUTEPHH YCTOMYMBOCTH BaIUCHI-
Baetca B Bume A > 0, rge A — auaroHalbHBIH MHHOpP MaTpuuhsl [ypBuua

A.T. femexos, M. J. llacuanux, B. 0. Tpazmenzepy 993
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TpeThero nmopanka:

-2 02 .
LB aies B (s By o (g 3y
A= zo +ado + 27020 (5 To) + 47dzg (5 To)
- 320(T0 - 1) 3
4To7'g(io + 020) (5 To) ) (9)

OTMeTuM, YTO BeIMYUHH Zo ¥ To CaM¥ BaBUCAT OT MapaMeTPOB CHCTEME —
cM. (5).

vo

i 0
l‘l //‘. nop

a) 6)

Puc. 2. KawecTBeHHas 3aBHCHMOCTDb BhIpaxeHus (9) oT 3. a) a =0, 6) a # 0.

lOnw

Ha puc. 2 npencraBnent kayeCTBeHHEE 3aBUCHMOCTH TaHHOTO BRIPAaKEeHUL
OT MONIHOCTH ITOCTOSHHOTO MCTOYHMKA fg Jjif 060MX TUIOB MCTOYHMKa. Kak
BHIHO, XapakTep 9TOM B3aBUCHMOCTHM PaSHEIH NPH HAIWYHM M OTCYTCTBHH B
CHCTeMe MarHUTHOI'O CXKaTHL:

a) a = 0 (puc.2 a) — npu s3aBucuMocTu Buja I cocTosHume paBHOBecHsS
YCTOWYMBO [ MIOGHIX BHaYeHHH ip, a g BaBUCHMOCTH BHAa II uMeeM He-
YCTOMYMBOCTD NS BHaYeHMH g < fomop. 3aBHCHMOCTH Bufa II peamnsyercs
[PH BHIIOITHEHUH YCIOBHL

-23—1'062 >1. (10)
BosBpamasgch X HaYaIbHEIM 0603HaYEHUIM, UMeeM
Wy,
2 rYo6
~—_— 11
Tof Wb (11)

rge Wy ¥ Wy — NIIOTHOCTH SHepPI'UM XONIOJHON i ropfdeil KOMIOHEHT IIaBMHI
COOTBETCTBEHHO, Vo5 — XaPaKTEPHHIH JeKPEMEHT 0GbeMHOT0 BaTyXaHUd BOIH
B cucreme. TakuMm o6pasoM Pusmyecknit cmpica ycrosus (10) — orgada ¢o-
HOBOIf IITa3MOi}i 9HEPTMH TEPMOCTATY MeHBbIIE, YeM ee IPOTPeB BOBHUKAIOUM
B CHCTeMe HUBIy4YeHUeM.

6) a # 0 (puc.2 6) — B BTOM Ciydae COCTOSHNE DaBHOBecH: GyfeT He-
YCTOHYMBO A8 FOCTATOYHO MAJHIX BHAYeHUH MOIIHOCTH NOCTOSHHOIO HCTOY-
HHKa, ip IIPH T060M cooTHOIEHUH § i To. [[py 5TOM, eciin HakoIIeHHe DHeprHY-
HBIX YaCTHIl B CHCTeMe 06eCIeYHBaeTCs TOIBKO IPOLECCOM afiHabaTHIeCKOro

994 A.T. [lemezos, [. JI. Hacuanux, B. IO. Tparmenzepy
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MarsuTHoro cXkaTus (ip = 0), To cocrosHue paBHOBecus GyfeT HEyCTOWYMBO
IPH TOOHIX BHAYEHUIX MapaMeTPOB CHCTEMBL.
OxoHYaTenbHO YCIOBHE CyLIeCTBOBaHUS aBTOKONeGaHHl B pacCMaTpHBae-

MOM CHCTEeMe MOXEM 3alucaTh B BHJe

19 < iOnop(Va "'o,f, a) . (13)

PesynpTaTh pacueToB ignop(¥, To, £, @) IpelcTaBieHH Ha pHuc. 3-6.

70 - io nop 1
60 -
50
40
30
20
10
0

LINS S S NN RN B S0 B MRS

0 § 10 15 20 25 30

Puc. 3. 3aBHCHMOCTH MOPOrOBOTO BHa-
YeHUs MOUIHOCTH MCTOYHMKA
ionop(§) mpu  PUKCHPOBaHHBIX
SHaYEHUsAX &, YV U T &
l—a=0,v=01=001;
2—a=1v=0,7171=0,01;
$—a=10,v=0, 1 =0,01.

28 : io nop

d 2"

000 004 008 012 0.16

Puc. 5. 3aBHCHMMOCTHU NOPOrOBOTO 3HA-
YeHNs] MOLIHOCTH MCTOYHHUKA
ionop(70) pH  UKCHPOBaHHBIX
SHaveHUAX o, Y U § :
l1—a=0,§{=10,v=0;
2—a=2,6=10,v=0;
$—a=2,§¢6=15v=0.

75 N i0 nop 1

0 10 20 30 40 §0

Puc. 4. 3aBHCHMOCTH MOPOTOBOI'O BHa-
YeHN MOIIHOCTH MCTOYHHKA
tonop(T0) MPH  (PUKCHPOBAHHBIX
SHaYeHUAX o, V U € ¢
1—a=0,§=10,7=0,1;
2—a=1§¢(=10,7=0,1;
83— a=10,¢(=10,719=0,1.

30 iO nop

0 10 20 30

Puc. 6. 3aBUCMMOCTH MOPOroBOrO 3HA~
YeHHS MOIJHOCTH MCTOYHUKA
ionop(70) Mpu  uKCUPOBAHHBIX
SHavyeHUsx £, VU 7p ¢
1—¢=5,1=0,01,v=0;
2—§¢=10,79=0,01,» =0
3—¢€=151=001,v=0;
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Kak BugHO, yBenuyeHHe MOTeph B CHCTeMe IPUBORUT K YBEIHYEHHIO HO-
POrOBOTO BHaYeHMS MOILHOCTH MCTOYHMKA (puc.3 u 4), a BaBHCHMOCTH OT
BpeMeHH pelakCaliy He SBIfeTCI MOHOTOHHOIH (puc.5). BBenenne B cucremy
mpolecca MarHUTHOTO CXKaTHd IIa3MBl IPHBONUT K BHAYUTEIHHOMY H3MeHe-
HHIO 06JIaCTH NapaMeTpOB, I'fle BOBMOXHKI aBTOKoneGanus (puc. 6).

PE3YJIBTATBI YUCIIEHHOI'O AHAJIN3A
ABTOKOJIEBATEJIbBHBIX PE2KUMOB

Brime 661TH HalIEeHEl YCIOBHS CYLIeCTBOBAHUA aBTOKONe6aHHH B CHCTeMe.
Taxxe mnpefgcTaBiseT HHTEpeC H3yUeHHE XaPaKTEPUCTHK TaKUX DPeXHMOB.
OnHako, K HACTOSIIEMY MOMEHTY He CyIIeCTBYeT OOLIMX aHAIMUTHYECKUX Me-
TOJOB TaKOro aHalu3a, MOPTOMY B paboTe OBIIO IPOBENEHO MX YHCIEHHOE
HCCTeNOBaHue.

Hamnume B rmoGambHO yYCTOMYMBOH CHCTEMe HEYCTOWYMBOTO COCTOSHMS
PaBHOBeCHS IPHBOAHT K TOMY, YTO TpaeKTopus B (asoBOM HPOCTPAHCTBE
CTPEMHUTCH K HEKOTOPOMY NMpHUTATHBaIOIEeMy MHOXecTBY. Kak 6GBIIO BaMedeHo
BHIIIIe, B IIMPOKOH 06IacTH NapaMeTPOB PaCCMaTPHUBAEMON CHCTEMBI 6LUT Hail-
lleH eIMHCTBEHHBIH THUIl NPUTATHBAIOUIEI0O MHOXECTBa — IIpeleNbHbIH UK.

NHTepecyomuMu Hac napaMeTpaMu aBTOKONeOGaHUN B pacCMaTpUBaeMOH
CHCTeMe ABIFIOTCA Iy6MHa MONYISLUUK lepeMeHHbIX z, w u T, mepuop aBToO-
xoneGanuit P ¥ BpeMs pasBUTHS HEyCTONYMBOCTH B CHCTEME — Tynu, TO €CTh
BpeMs HOPMHUPOBAHUS MMIYIHCA DIEKTPOMAarHUTHOro nsnyyenus. Ilpu Burun-
CIeHHH IIOCTefHell BeIMYMHEl 3a HaYajo M KOHel[ HMIIylbca 6paluch MOMEHTHI
MaXCHMyMa YMCIa JaCTHI X ¥ INIOTHOCTH SHEPTHH BONH W COOTBETCTBEHHO.
IIpn TaxoM onpeneneHnu BpeMs MMIYIbCa PaBHO Y€TBEPTH IIEPHONa I rap-
MOHHMYECKOT'O UBMEHEHHS £ M W BO BPEMEHH.

B HacTosme#r pa6oTe IpOBeNeH aHAINS M3MEHEHUS ONMCAHHHIX BHIIE Be-
JIUYUH NPH U3MeHEeHUU ITapaMeTpPOB CHCTEMH g, £, To, @ B 06IACTIX:

io € (0’ 1;20) )

¢ € (1;20),
To € (0) 01; 5) )
a € (0;10) .
IIpuMmepH peanusanuy NpeienbHLIX UUKIOB IPHBEIEHBl HA PHC. 7.
B pesynpTaTe YHCIEHHOrO HCCIENOBaHMS OBLTH HOIYYEHH 3aBHCHMOCTH
ONUCAHHHEIX BHIIIE XapaKTEPUCTHK aBTOKONeOGaHUI OT MapaMeTpPOB CHUCTEMEHI,
npefcTaBleHHBIe Ha puc. 8-10.

HPH yBeIn4YeHUH MOULIHOCTH NMOCTOAHHOTO MCTOYHHKA io NPOUCXOOUT
YMeHblIeHHe IIOPOora pa3BUTUL HeyCTOﬁ‘lHBOCTH, OIIpeneiseMoro paBeHCTBOM
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Puc.7. Peannsanuu npegenbHOro LHKIAa B CH-

cTeMe IIpY PasIMYHEIX BHAYEHUAX Napa-
MeTpOB:
a)v=0a
io = 0, 2;
6) v =0,aa =0, 1o = 0,07, § = 16,
io = 2, 5;
B)v=0,a=11 =025 ¢ = 10,
i0=0,2.

B (asoeom obnpeme (z,w,T) usobpa-
XeH NpeeNbHbIH UK U ero MpOeKIuu
Ha KOOpPAMHATHBIE IIOCKOCTH.

0, 0 = 0,01, § = 10,

1E+2 Winax + Win

-
o

UTTY INTWT YR MR eI

p2-0ssss0eeee, o

o
-

0.01
1E-3
1E-4 F———————

""0-00-“3:&.-0-0
%/ P——

io

T ]
3 6 9 12
- v=0, a=0, 1,=0.01, &=1

>—o—o—o— - v=0, a=2, 1,=0.01, E=1

Puc. 8. 3aBUCHMOCTH NMapaMeTpOB aBTOKONe6aHUH OT MOIMHOCTH IOCTO-

SSHHOTrO MCTOYHHKA.
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100.0 Xrmax + Xmin 1E+2 Wiax + Wmin
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9090000000 000¢ : 1 :
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Puc. 9. 3aBucumocTn napaMeTpoB aBTOKONEGaHUH OT BPEMEHH DeNakKCaluy
(¢oHOBOI MIa3MBI.

HHKpEMEHTa IUKIOTPOHHON HEYCTOMYMBOCTH M CYMMApHHEIX MOTEpPb, YTO BH-
BHIBAET MOHOTOHHOE YMEHBIIEHHE Tmax; Wmax, Imax H YBETHYEHHE Zpmin, Wimin,
Tmin IO MOMEHTa PaBEHCTBa COOTBETCTBYIOMMX MaKCHMATBHBIX U MHHUMAIb-
HBIX BEINYHH IIPH %9 = Zouop (PHC.8). AHANOTHYHEIE H3MEHEHNS MapPaMeTPOB
aBTOKONe 6aHUN HAGNIONAIOTCH IPH IPU yMEHbIIEHHH 06BeMHEIX NOTeph &.
OpHako B3aBHCHUMOCTH PAaCCMOTDEHHBIX BEIHYMH OT XapaKTEpHOTO Bpe-
MEeHH pelaKCallii TeMIlepaTyphl (OHOBOM INIa3MH Tg (pUC.9) MMeIOT ABe Xa-
pPaKTepHEIEe 0COOeHHOCTH. Bo-mepBrIX, OHU He ABIAIOTCE MOHOTOHHHIMH. DTO
CBABaHO C TeM, YTO O6NaCTh HEyCTOMYUBOCTH IO MapaMeTPy To OrpaHMYeHa
Kak cBepxy, Tak U cHusy (cM.puc.5). Bropag 0co6eHHOCTH COCTOUT B TOM,
YTO MOYTH BO BCeil 06NACTH HEYyCTOMYUBOCTH MO To, 3a HCKIIOUEHHEM He6O0lb-
IINX OKPEeCTHOCTell BOIUBH NMOPOTOBHIX SHAYEHMH, IepHOJ KoneGaHUi U MiIu-
TeNbHOCTDh UMIYIhCa OYeHb C1a60 BaBUCAT OT JAHHOTO MapaMeTpa CUCTEMHL.
IIpoBeneHHbIN aHATN3 CHCTEMBI C MATHUTHBIM CXXATHEM IOKasall, YTO Ha-
TMYHe B CHCTeMe JaHHOTO THINA MCTOYHHKA DHEPTUYHBIX YACTHUI[ MOXKET CyIIle-
CTBEHHO MBMEHATh B3aBUCHMOCTH IIapaMeTPOB aBTOKOJIEGATENbHHX PEXXHMOB
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OT MapaMeTpOB cHcTeMH. IIpu 5TOM BaBHCUMOCTH OT MapaMeTpa & CaMH He
ABIFIOTCI MOHOTOHHEIMH (puc. 10).

5 Xmax 1+ Xmin 1E+2 Whax + Win
3
2 1E+1 4 .....oooo::
b4 .
ooe [
10 - ® 00..... i ....o
@ . 1 ..0.
5 \
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3 N ®evcees®’ 01
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(41 (4]
1 “r : ' ] r_‘ ~ T'l "["Y-"l 1E'2 T ] N 1 I 1 1 v T "‘V "
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20 o
/ 2
15- qe0000000e ‘\.
e® .... \\‘.
1.0 secses®’ \ h :..oo
) 10 | * o%seg
05 ’ -
X (4
0.0 I | N ] 1 T T | 1 T T ’l 5 1 |- [ L I 1 1 t ‘ 1 "]

0 2 4 6 8 10 12 0 2 4 6 8 10 12
—————— - v=0, 7,=0.01, =10, ;=10

o——o—o— - v=0,7,=0.01,E=15, ;=15

Puc. 10. BaBucumMocTH napaMeTpoOB aBTOKONeGaHMUl OT IapaMeTpa «.

3AKJIIOYYEHHNE

B pesynbTaTe mpOBENEHHOTO aHANN33 PEXHUMOB PAGOTH LUKIOTPOHHOTO
Masepa ¢ (JOHOBOM ITA3MON B paMKaX (BYXyPOBHEBOI'O MPHONIKEHUS OHITH
HalJeHH YCIOBHS CYIIECTBOBAHHE aBTOKONeOGaHUM NPH HATHYKHK B CHCTEMe
NQCTOSHHOTO BO BpeMeHH HCTOYHHMKA DHEPTHYHBIX YaCTHUIl H HCCIEROBaHH 3a-
BUCHMOCTH IapaMeTPOB aBTOKONeGaHMI OT IapaMeTPOB CHCTEMH. PaccMoT-
peHa [MHAMHMKa IMKIOTDOHHOTO Madepa IIpH ydeTe IPOLECCA YCKOPEHHS
DHEPTUYHBIX YaCTHUI IPH aANabaTHIECKOM MAarHUTHOM CXKAaTHHU IUIA3MBI.

[oGaBneHne B cucTeMy afuabaTHYeCKOIO MAaTHUTHOTO CXKATHA 3HAYNTENb-
HO M3MeHHeT 06IacTh NapaMeTPOB, B KOTOPOH BOSMOXHO PasBUTHE aBTOKO-
nmeGanuit. B YacTHOCTH, IPH OTCYTCTBUH NOCTOSHHOTO BHELIHEr0 MCTOYHUKA
YaCTHI B CHCTEMe C y4eTOM MarHHTHOrO CXKAaTHS CTallHOHApHOE COCTOSHME
BCErfla OKa3HIBaeTCA HEyCTONYHBHIM.

A.T. Memezos, . JI. Hacmanux, B. IO. Tparmenzepy 999
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CnenyeT 0OTMeTHTD, YTO B PACCMOTPEHHON CHCTEMe YpaBHEHMH pealuso-
BaH MPOCTEHRLINIi CIoco6 yyeTa BIMIHKA afuabaTHieCKOrO MalHHTHOTO CXKa-
Tuda. [lpu ucciaenoBanunm peanbHbIX (PUBUYECKUX CHCTEM HEOOXONMMO IpH-
HATh BO BHMMaHHe H3MeHeHHe AaHM3OTpPOINHM (QYHKUUM paclpeleneHus IIOf
HeicTBHEM afuabaTH4eCKOro YCKOPEHMs U KBasHIMHEeHHOW nud@ysuu, u cBi-
BaHHOe C DTMM H3MEHeHMe CIIeKTPa BOIH, OHAKO ®TH BOIPOCH BHIXOAAT 3a
PaMKH IaHHOH paGoTHI.

Pa6oTa BuImonHena npu QpuHaHCOBOM mofiepxke Poccuiickoro onga pyH-
RaMeHTaIbHEIX HccnenoBakuit (rpaHT N2 96-02-16473a).
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SELF-OSCILLATIONS IN A CYCLOTRON MASER
WITH BACKGROUND PLASMA

A. G. Demekhov, D. L. Pasmanik, V. Yu. Trakhtengerts

There has been considered the dynamics of a cyclotron maser in two-
level approximation with nonlinear inertia saturation of absorption caused by
background plasma heating. The conditions have been found of the existence
of a self-oscillation mode in this system in the presence of a permanent source
of energetic particles in it and the particle acceleration process at adiabatic
magnetic compression of the plasma. A numerical study has been carried out
of self-oscillation characteristics as dependent on system parameters.
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YIK 533.951

TEHEPAIIUA UMIYJbCOB MATHUTHOI'O IIOJIA
IIPU PASBUTUU B3PHIBHOM HEYCTONYMNBOCTH
AJIbOBEHOBCKNX BOJIH B CUCTEME
MMOTOK-IIIIA3BMA

A.E. Beaguyes, C. M. Patinwmetin, E. A. Yepnosa

IlpoBepeno mccnefoBanue Bo36yXKMeHUA aNbPBEHOBCKOTO HONYYEHMA IIDH
PasBHTHH BIPHIBHOH HEYCTOWYMBOCTH B HarpeTOH IMPOTPONHON NIasMe, Npo-
HHU3BEIBAEMOH MOHOCKOPOCTHBIM NOTOKOM HOHH3HPOBaHHOrO rasa. IlokasaHo,
YTO MPH ONPEJENEHHBIX YCIOBHAX B INIA3ME I €HEPHPYIOTCA MMIYIbCHl MATHUT-
Horo mons. HailifeHBl aMIIHTYRbl FapMOHMK alb(BEHOBCKMX BONH, a TaKXKe
YCIOBHA CTaGHIM3auNN “B3pHIBa” M3-3a HETMHEHHOTO MOTIOIIEHNS , CBA3AHHOT O
co c1ab0 3aTyXaloUMMM FapMOHMKAMH alb(pPBEHOBCKHX MOF.

1. BBEIEHUE

v
1

HsBecTHO (cM., Hanpumep, [1-3]), 4TO B HepaBHOBeCHHIX cpefax, K Ko-
TOPHIM OTHOCUTCH CHCTEeMa IIOTOK—TNa3Ma, BOBMOXHA B3PHIBHAS HEYCTOWIH-
BOCTb, KOTfla BOTHa BhHICIIEl JaCTOTH (MM ABe HUSIUHMX) HMEIOT OTPHLATENb-
HYIO 9HEpTHIO, a MOAK HUBIINX YaCTOT — IONOXKUTENbHYIO sHepruio. “Baprin”
cTabMIN3HpyeTCs TH6O0 HeTHHEHHBIM CIBHI'OM YacTOTH [1], 1n60 HenTHHEHHEIM
nornonienyeM [4] — 9To eguHCTBeHHas paboTa, ITe, HACKOILKO HaM H3BECTHO,
Oo6HapyKeH HOBBIH MeXaHMBM CTaOUIH3ALHH B3PHIBHOH HEyCTOMYMBOCTH 3a
cYeT reHepalli¥ I'apMOHHK MOHHO3BYKOBBIX BOIH B ITa3MEeHHOH cucTeMe. B
HepaBHOBECHHIX CpeflaXx BOBMOXHa Takxke “an-konBepcus” (BY Heycroiium-
BOCTbB), KOT'[]a BOIHA IIPOMEXYTOYHOM YaCTOTH HMEeT OTPHIATEIbHYIO dHep-
TMI0, a fiBe Jpyrue — MONOXKUTelnbHyo. IIpum 8TOM pocT MOAHl BHICHIEH 4a-
CTOTH IPOUCXONHT OKCIOHEHIHAIBHEIM 06pasoM [5-T7], kak IpH pacmagHOM
'HeyCTONYMBOCTH BOMHH “Hmoirelr” wacTors! [8]. B [9] nccmenoBana HeycToit-
YMBOCTDH aJb()BEHOBCKUX BOIH B CHCTEMEe NOTOK-IIIasMa, HO TaM HOIYHIEHa
HeTOYHOCTH, T.K. IIPH JOOBIX KOHIEHTPAUMAX Iy4Ka, Kak IIOKaBaHO HIXKe,
THHeHHHIH MHKPEMeHT paBeH Hymio. Il09TOMy IpejcTaBifeT HeCOMHEHHBIH
MHTepec Kak ¢ TeOPeTHYecKoll TOUKM BPEeHNMS, TakK I JIf NPaKTHYeCKHX IpH-
NOXEeHUH B TBepHOTENbHOM, ra30paspAfHON, KOCMUYeCKol mIasMe (Ipu pas-
BUTHH BCIBINEYHRIX SBNEHUH) UCCIENOBaHNE HETHHEHHOH HEyCTONYMBOCTH —
BY u B3pHIBHOI1, KOrJja TeHEPUPYIOTCH UMILYIbCHl MATHUTHOTO IO, KOTOPHIE
MOTYT GBITH IPMHATH KaK SoHAaMHu npu IHepuuonuom Y TC, Tak u HaseM-
HBIMH M CIYTHHKOBHIMM aHTE€HHAMH B KOCMHYECKOIl IIasMe.

A.E. Beasnyes u dp. 1001
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2. IOCTAHOBKA 3AJAYY. NICXONHBIE YPABHEHUA

IlycTh MMeeM HarpeTylo MarHHTOAKTHBHYIO ILIasMy (ﬁo [|OX — Bpous
ocx O X pacnpoCTPaHSIOTCE MOJBI CHCTEME ), TPOHUBHIBAEMY IO MOHOCKOPOCT-
HEIM IIOTOKOM MOHMBMPOBaHHOI'O Iasa, JBIDKYIEMCH CO CKOPOCTBHIO Vo BHOTH
Hy. Ucxonmas cucrema MTI'[I-ypaBuenuit umeer Bug [10]:

¥y = rot [v + Uy; H] - v AH, (1)

0p .. oy
_a?'i'dlv (pv)—O,
30,

5 + (V) Ty = ——— [HrotH]

(2)
8[’: . — —
ot (Po vl) =0,

rae ¥, Uy, Py Py B, v, — cooTBeTCTBeHHO CKOPOCTH INIOTHOCTH YaCTHI[ IIa3-
MBI, IyYKa, MarHNTHOE Tole M cI1abad MarHUTHai BA3KOCTH, KOTOPad B Jallb-
HelllleM CYUTaeTCd OJHOIO IMOPAMNKa, YTO M HelMHEHHOCTb. C, — CKOpOCTH
afuabaTHyeckoro 3Byka. Bo BTopoM ypaBHenuu cuctemu (1) mpegmomara-
eTcd, YTO MaTHUTHai BA3KOCTb CBE3aHa C MAaTePHHCKOH ImasMoil (mIasMa
nMeeT KOHEYHYIO IPOBOJMMOCTB), a IOTOK MMeeT NMPOBORUMOCTH — oo. O6e
HOJICHCTEMHl B3aUMOJIEHCTBYIOT TONHKO Yepes oblee MarHUTHOE IIOle. .

IlpencraBuM p = po + p', ps = pso + Py Vs = Vo + Ui, H = Hy+ h,
rae sHa4oK “0” OTHOCHTCS K PAaBHOBECHHIM SHadYeHHIM HepeMeHHhIX. [lamee
nepeifieM K 6e3pa3sMepHHIM IIepEMEHHEIM, KOTOPhle UMEIOT BHA™:

Voyz hy,: w

g M H = < = e— ;
CA Vs, é HO y ws QH'
ks = Qm, » Q= MC’' “AT Inpg

(w, k, C, M — 4acToTa, BOTHOBOH BEKTOD, CKOPOCTh CBETA, MACCa HOHOB).
Iocne HecnoxHBIX BBrYMCcIeHui u3 (1), (2) monyyuM nuCHep CHOHHBIE ypaB-
HeHHUd 11d aTbPBEHOBCKHX M MarHUTO3BYKOBBLIX BOIH:

(w—-kM)? - k*B% =0, (3)

*HUnpexc “6” B panbHeiflleM omycKaeM.

1002 A. E. Beagnyes u dp.
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(w—kM)? - k*(1+n,)=0, (4)
LI N}
CA’ CA’ * p:O.

CooTHomenne (3) omucHBaeT 3BYKOBYIO MORY, a (4) — anbdBeHoBckyo. Hs
(3), (4) merxo BHECHUTD, YTO B CHCTEME CYIIECTBYIOT Pe3OHAHCHBIE TPHIIETHL:

wy +w, =ws; k1 + ky = ks;

wy +wy = 2wy k4 by = 2k,
MH y4uTHBaeM IHIIb Be TApPMOHHKH aJb()BEHOBCKOH MOJHI, IOCKONBKY, KaK
IOKa3aHO HMDKe, BHICIINE TAPMOHHKM CHIBHO BAaTyXalOT KaK M3-3a MarCHHT-

HOlf BABKOCTH, TaK M M3-8a saTyxaHus Jlangay [10]. B Tabuuue 1 nmpuBefeHs!
KOHKpeTHEIe 3Ha4YeHNd YacTOT U BOTHOBHIX BEKTODOB.

Ta6bnuma 1

‘wn | k1 | wp | ke |ws | ks | B | M |n,
0,32| -0,1 |0,04| 0,2 |0,36] 0,1 |0,1]0,3]10
0,49 | -0,21 0,37 [0,41|0,86| 0,2 [0,1] 1 |10
0,46 | 0,04 |0,43[0,05|0,89(0,09/0,1]10] 1
0,67| 0,05 |0,32(0,05(0,99| 0,1 [0,1] 1010

[N SN Ol I ]

3. AHAJIN3 YKOPOYEHHBIX YPABHEHUN

Hcnonpsys acuMmnrToTHyeckuil MeToq [1, 11-13)], us (1), (2) terko nomy4uts
YKOpOUeHHHEe YDaBHeHUS [ KOMIUIEKCHRIX aMIITHTY/ BONH (y4HTHIBaeM IHLIb
KBaJipaTHYHEIE HEMUHEHHOCTH).

Ba aa * -

?tl +vrp1 5—;} =010a90a3 — 4Vmal +‘)’G§,

80 aa * =
_5t_2+vrpza—:=aza1a3—vmaz, (5)
80.3 6a3

ot T0i= 5 = aman

A. E. Beagnyes u dp. 1003
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Uy — 6eapamvxepuax MarHiTHad BA3KOCTb, VUrp; — IPYNIIOBbIE CKODOCTH MO],

012 = —kia(wiz— ki oM+ 14 %) (wrz - k1,2 M)™? x
-1
X ~[3(w1,2 — k1,2M)? — 2k} 5(1 + n,)] ;

V;

o3 = —ks[(wa—kaM)+1+ﬂ2]; 17m=9—;;

a; — KOMIUIEKCHas aMIUTMTYJa MOAH; 7 = 20;. B Tabuume 2 npusefeHs
KO3 PUIMEHTH 0.

Tabanunma 2

o 2 o3
753 | —0,198 | —11,53
1,45 | —0,398 | —1,64
—2702 | —2040,8 | —0,09
—64,4 | -30,4 | -0,1

wlew ||~ |2

OTMmeTuM, 4TO amb@BEHOBCKME BOIHBI YaCTOT W2 MMEIOT NOIOXHUTEIbHYIO
9HEpruio, a 3ByKOBad — OTPHLATEIbHYIO, T.€. pealn3yeTcs B3PhHIBHAI HeCTa~

GUIBLHOCTD NPU YCIOBHH:
M?>n,+1. (6)

PaccMOTpHM CTanMOHApHHIA CIydad, T.e. = 0, Torga, Kak IIOKa3aHO

9

ot

B [4], mpH ycnoBuH, KOTOpOE B pealbHEIX (PUBHYECKHX YCIOBUIX JEIKO BEIION-
HEeTCH,

2 2 2
w12 h CA) 01,2
[ —_ — — 1, 7
(QH.«) (Ho> ( C ) ki, < @

B3DHIB c'rabunmmpye'rcx 8a CYeT HEIMHENHOro NOTTIOMIEHNE Vop-

s = [1+ 71 (5420 "] (s o) . 0

|“§°)| = |o1] |as| |ag| V$¢ (|a1|2) ; |a§°’|2 = —27|ay? (417m 442 Iallz) —1. (9)

CooTHomrenue (9) onuceiBaer pemenus (5), korga arbpBeHOBCKHEe MORBL CIEALT
8a “GByKoM” M “BSpHIB” CTaGUIM3NpPyeTCd; NPH DTOM I'eHepHpyeTcHd BTOpad
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rapMOHMKa albQBEHOBCKOM MOMIbl. PyHKINS Vpp XapakTepusyeT HelMHeNHOe

BaTyXaHHe alb(BEHOBCKOH MOJHI Ba CYeT NepeKayKM DHePIMM B BEHICIINE rap-
0

MoHuKH. KavecTBeHHO Vogg pacTeT OT 1 mpu Mammix lag )l mo (L4+19+4?%)

npH 60nbmNX |a£°)| (60onee mogpo6Ho cM. [4]). CuBur $as Mexpy rapMOHHKa-
MH OINpefiengeTcs COOTHOmEHHIMH (9). 3aMeTHM, YTO B yKaBaHHON CHCTeMe
peamnsyercs ¥ B HecTabUIBHOCTD, MPH BTOM MHKDEMEHT HEyCTOWYMBOCTH
B BajlaHHOM IIo%e |az| 3> |ay 3| uMeeT BHA:

oo 1/2
T= (_—‘—”—) |as]. (10)

Urp1 Urp3

TakuM o6pasoM, IpH ONpeNeNeHHHX YCIOBHAX B CHCTEME IMOTOK—MarHHu-
TOaKTHBHaf INIasMa BOSHHMKalOT BaphlBHag ¥ BY meycroiuusocTH, ImpuieM
“BapHIB” CTaGUIHBUPYETCH U3-3a HETHHEHHOTO MoriolleHns. PesynsTaTH pa-
60TH NONE3HH KaX B TEOPHH BOTHOBBIX MPOLECCOB B CIUIOIIHEIX CPefaX, TaK I
IS MPaKTHYECKHX NPUIOKEHHH — COBJaHMi MOIHEIX reHepaTopoB (ycumu-
reneit) HY uonyvenns 1 {uarHocTHKU Ta60PATOPHON M KOCMUYECKON IITa3MBHI.

PaGoTa BHinonHeHna npu moupepxke rpanTa PODU N2 95-02-05255.
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Huxeropopckuit rocynapcTBeHHBIH Iloctynuna B pegakuuio
TeXHHYeCKUH YHUBEPCUTET 16 anpensg 1996r.

GENERATION OF THE MAGNETIC FIELD PULSES IN DEVELOPMENT
OF THE EXPLOSIVE ALFVEN WAVE INSTABILITY IN THE
FLUX-PLASMA SYSTEM

A. E. Belyantsev, S. M. Fainstein, E. A. Chernova

An ivestigantion has been carried out for excitation of the Alfven radiation
at the development of the explosive instability in a heated gyrotropic plasma
being penetrated by a monospeed flux of ionized gas. It is shown, that under
definite conditions the magnetic field pulses are generated in plasma. The
amplitudes of the Alfven wave harmonics have been found as well as conditions
of the ”explosion” stabilization due to nonlinear absorption associated with
weakly damping harmonics of the Alfven modes.
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YIK 533.9

K BOIIPOCY O IIOJIAPUSAIIVMOHHBIX -
XAPAKTEPUCTHUKAX PAIVIOBOJIH
B CIIYYAMHO-HEOTHOPOIHOM
MATHUTOAKTHUBHOM IIJIABME

B. A. Aaumos, A. B. Pazaun, B. B. Tamotixun

MeTtofoM pedpakuHOHHOrO PaCCesHHA PAafMOBONH IONYYEHEl BLIPaXKEHHA
Rus mapametrpos CTOKCa NPH pacHpPOCTPAHEHMH PafHOBOIH B TypOyJXeHTHON
MarHUTOaKTHBHOM Miasme. PaccMoTpeH BOIpoc o NpOCTPaHCTBEHHOM KOTe-~
PEHTHOCTH NOIAPU3OBAHHOTO M3Ny4YeHMA. B cilyvae HacCHIUEHHEIX QIyKTya-
IUH BONHOBOLO NOIA MONYYEHH BHIPAXKEHMd [IA KOPPENAUMOHHEIX QYHKIUN K
Rucnepcuit punyxryaunit nmapamerpos Croxca. IlokasaHo, 4To B mpHHMMae-
MOM M3ny4eHuM GynyT HabmIORaThCa QPIYKTYyalHM UMPKYIADHO NMONAPU3OBaH-~
HOH KOMIIOHEHTBHI, laKe €CIN B NaJalolieM Ha CIOH MarHMUTOAKTHUBHOH MIasMbI
MONY4YEeHHM KPYTOBaA NONApPH3alMi OTCYTCTBYeT. IIpefioxen MeTop onpe-
ReTeHHS MPEeHMYLIECTBEHHON OPMEHTALMM MArHHTHOrO NONA B HEOTHOPOXHOM
ClIOoe KOCMHYECKOH MIa3Mbl, OCHOBAHHEIH Ha CUHXPOHHBIX HOMepeHHAX PYHK-
it npocTpancTBeHHOM Koppensuuyn dayxryauuit I, V nmapamerpos Ctoxca u
¢apafieeBCKOTO BPALEHUA TUIOCKOCTH MONAPHIAUMH HIIYYEHHA OT MCTOYHHKA
C MOBECTHEIMH MONAPUBAUHOHHBIMH XapaKTePHCTHKAMH.

Bomnpocam IepeHOCa MONIPHBAUN PAJHOUBIYICHHI B MaTHHTOAKTHBHOMN
IIas3Me MOCBAIIEHO TOCTATOYHO GQubloe KonuyecTBo padot (cM. [1, 2]  un-
THPOBAHHYIO TaM IHTEepPaTypy). B SHauMTenbHO MeHbIIeH CTeNeHH TO OT-
HOCHTCHE K mpolieMe NONIPU3aUUM PATUOBONH IPH PACHPOCTPAHEHHH UX B
CIy4ailHO-HEOJHOPONHON NiasMe. 3hech clelyeT oTMeTHTh paboTH [3, 4],
B KOTODPHIX OLITH BHIMOTHEHH pac4éTH napamerpoB CTokca mpu pacmpocTpa-
HEHHY PAJMOBONH B MarHMTOAKTUBHOH INasMe CO CIyYalHBIMH HEeOJHOPOJ-
HocTaMu. M XOTS KOHKpeTHHle COOTHOIIEHHS Mg mapameTpoB CTokca GEIIH
nonyeHH B [3, 4] npaxTHYECKM AL UIEHTHYHBIX YCIOBHUi (C1a6orupoTpPONHaL,
paspexeHHad IIa3Ma), COOTBETCTBYOLINE pe3ynbTaTh paboT [3] u [4] oTnu-
YalOTCA CyIeCTBEeHHRIM o6pasoM. KpoMe MeTONUYeCKMX OTIHYHMH PaciéToB
B [3, 4] cienyeT OTMeTHTDH TakKXe ¥ HEKOTODHE OIDAHUYEHHH, KOTOPHIEe GBITH
HAJIOXEHbl Ha XapaKTEPUCTHKY CPEBl PACHPOCTPaHEHUS PAJIUOBONH (TakK, Ha-
npumep, B [3] paccMaTpuBancs crydail HEOGHOPORHOCTEH IIA3MEL C Faycco-
Boit PyHKuMelt Koppensuuu QryxTyanuit, a B [4] prykTyanun Gass HopMalb-
HBIX BONH Ha DKpaHe CYUTAINCh uaeHTH4YHBIME). IlosToMy mpencraBigeTcs
1enecoo6pasHbIM ellé pa3 OCTAaHOBUTBLCA Ha BOIPOCE O MONSPH3ALUM PAJHO-
BOJIH IIPH PACIPOCTPaHEHUH HX B CIy4YalHO-HEONHOPOAHON MarHHTOAK THBHOK
mwiasMe. [Ipu sToM MHI 6yjieM pelaTh 3ajady MeTOlOM pepaKIMOHHOTO pac-
cegnus papuosont (PPP), xoTophifl, Xak N3BeCTHO, MOBBONZET HCCIENOBATH

B. A. Aaumos, A. B. Pazaun, B. B. Tamotixun 1007
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0COGEHHOCTH pacCIpOCTpPaHEeHUS PAJHOBOIH B TYpOylNeHTHOH cpefie C CHIb-
HBIMM KDYNHOMACIITaOHHIMH HEONHOPONHOCTAMH NYTEM COOTBETCTBYIOUIMX
PacCiETOB CTaTUCTHYECKNX XaPaKTEPHUCTHK PAJHOBOIH 33 DKBHBAIEHTHRIM (pa-
B0BHIM 9KpaHoM [5]. KpoMe Toro, Mbl pacCMOTpPHM BOIPOC O POCTPAHCTBEH-
HOM KOT€PEHTHOCTH MONIPUBOBAHHOTO UBNYYEHUS NIPH PACIPOCTPAHEHHH ero
B CIyYallHO-HEONHOPONHOM MarHMTOAKTHBHOM mmasMe. J[lng ciydasg craGuIx
$ryKTyanuil BOIHOBOrO MOIL ®TOT BONIPOC HcClenoBaics B pabore [6]. B o1-
auyue ot [6] meton PPP nosBonger nmpoaHalusupoBaTh NOBEfeHNe KOppens-
IMOHHHEIX (QyHKIMH napaMeTpoB CTOKCa B pexuMe CHIbHHIX ' (HACHIIEHHHIX )
¢uykTyauuit mond. B Takoil MOCTaHOBKe pellleHHe 3aJaid O NPOCTPAHCTBEH-
HOM KOT€pPEeHTHOCTH MONAPUBOBAHHOrO H3NyYeHUd, Kak 6yfeT MOKa3aHo HIXKe,
HaéT pSf UHTEPECHHIX Pe3YIbTAaTOB, KaCAIOUHMXCA 0COGEHHOCTEN PacCIpOCTpa-
HeHHUf NONIPUBOBAHHOTO UBNyYeHHS B KOCMUYECKOH IIasMe.

Urak, mycTh minockad, MOHOXpOMaTHYeCKad, IIPOM3BOILHO MONIPH30BaH-
Had BONIHa NafjaeT HOPMalbHO (BJOIb ocH Z) Ha Cioi on_}foponnoﬁ XONOHOK
MarHNTOaKTHBHOH NMnasMHl. BHeurnee MaruuTHoe mone Ho 1eXHUT B IIOCKO-
CTH Yz ¥ COCTaBIfeT Yrol a ¢ ocbio Z. B Havare cnos (npu z = 0) pacmono-
XKeH TypOyneHTHHIH (pasOBHIH SKPaH, BHBHBAIOIMN CHILHEE (;{; > 1) kpyn-

HOMacIITabHbEIe Z & Lg) pnykryauuu ¢as HOPMAIbHEIX BOIH 2, —
kl 2 1,2

cpefHue KBagpaTh QIyKTyauui (pas HOPMAJIbHAEIX BOIH B IIasMe; ky,2 — BOI-
HOBBHIE YHCIIa U3IY4eHUd; z — PACCTOSHKE OT Hadala clos (9KpaHa) JO TOYKH
HabmiofeHus; Lo — BHewHuii MacwTab TypGyIeHTHOCTH).

Tlng KOMILIEKCHOTO MO/ iBYX HOPMAIBHHIX BOIH B TOUKe HaGIIOeHNS MOX-
HO BallKcaTh clefyiolee Brpaxenue (cp. [4])

E(2) = Ey(2) + Ey(2),

w N (1)
. Big(s)x [ dRy Gia(Ry)expl-ig"¥(RL)2).

-0

3nech Ky (Kz,Ky) — BOIHOBOH BEKTOD B INIOCKOCTH ZY; @1,2(2 1) — mpo-

CTPAHCTBEHHBIE CNEKTPH IONeH CHPHAla Ha DKpaHe [ JBYX HOPMAIBHBIX

BouH; ¢'?(K)) — mpononbHEe BOTHOBHIE YMCTa HOPMATbHHIX ‘BOTH. B mpu-

GITHXEHUU MaTbIX YITOB PAacCesHHs PaAiOBOTH KPYTHOMACIITAGHEIMH HEONHO-
PORHOCTAMH NMIasMH [4]:

K2 K2

"} (R1) = o0 + qtey + "5 + 07 (2)

Jlng cny4ad c1abornpoTPONHON K paspeXeHHOH MIasMkl (u,v < 1), koTo-

phIit ME 6yfieM paccMaTpuBaTh HiXe (cM.Takxe [3]), Bxopgiyue B (2) napame-
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TPH ¢ PaBHH [2, 4]:

1,2 1.2 u sina 1.2 _ 1, -
@ ~knyia(a), ¢ :I:——2 T S nlé("‘) J
(3)

nyjg~1-— %(1:1:\/17 cosa),

rae k = w/c; v = wi/w?; u = wi/w?; w, — rUpovacTOTa BIEKTPOHOB, Wo —
JIEHI'MIOPOBCKAsf YacTOTa DIEKTPOHOB [2]; w — KpYroBag 4aCTOTA MBILYYEHHS.

Gra(®r)= [ Cral®))Goyy(Rs - RL)AR,. @

[ <]
3necs éo;,z('ﬂ.) = (27)2 // exp{i[s12(z,y) — k’+p‘]}dﬁ’— IPOCTPAHCTBEH-

HEIE CITeKTPH (PasoBEIX MHOMTENelt s Toei HODMAJIBHEIX BOTH Ha 9KDaHe;
p(z,y) — BexTop B miockocTu zy; Cy2(R;) — BeKTOpHBIE aMILTUTYIH HOD-
MaJBbHEIX BonH [2]. B Haurem cry4ae (pasoBOro skpana ¢ KpyIHOMACIHTaOHBIMH
HEOJHOPOHOCTAMH

Cr2(R1) = Co126(RL), (5)

o
rae §(KL) — nmembTa-QyHKIUS, a AId KOMIOHEHT BeKTOpa Coy,2 MOXKHO BalH-
caTh Cleyouue COOTHOMEHUs [2]:

K2Eoz — Eoy Eoy — K1 E,,

CoZz =

(6)
C’oly = Kloola_n Co2y = K3Cs2¢.

Bnech Eoz, Eoy — TPOEKINH BEKTOPa KOMIIIEKCHOTO IO TAfaolieil BOTHH Ha
oc £ ¥ § cooTBeTCTBeHHO; K1 3 — K0B((UIUMEHTH NOTIPU3ANNHE HOPMAITBHEIX
BonH [2]. B yacTHOM ciydae KBaSHIIPOJONHHOrO PaCcIpPOCTPAHEHN S PAJHOBOIH
K 1,2 & +i. '

Hcnonssys coorHomenus (1)+(6), MoXHO BHYHCINTH TpebGyeMble Iapa-
MeTphl CTOKCa, KOTOPHIE XapaKTepU3YIOT COCTOSHNE MONIPU3ALNH IPHHIMA-
eMoro nanyyenus [1):

I=E,E:+E/E;, , U=2Re E.E},

(7
V=2mEE;, , Q=E,FE-E.EL;

Koukperusie pacuérsl mo ¢opmyram (1)+(7) Obim BHIOTHEHBI AN
cryyag cIaboOrMpOTDONHOM H paspexxeHHoil mmasmbl (u,v € 1) ¢ cumb-
HBIMH_KPYTTHOMACIITaGHBIMU HeonHoponHoclix DIEKTPOHHOH KOHIIEHTpa-

unn (52, ~ s3(1Fva cosa)? > 1; s =s2,(u=0); Gor2(RL) = Go(RL) =
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1996 ' H3e. BY3068 PATHODPH3HKA Tom XXXIX ¥ 8

% ks
== P\"Tr

QuyxTyauuil KOMIIIEKCHOTO mons Ha ®kpaHe [5]). B pesynbTaTe HecClToXHBIX
BHIMMCIeHUI monyyaeM (cp. [4])

I=1I, Q-_—Qper(z)’r’

V=W, U=Uper(z)'r7

, g~ Ly/+/s: — xapakTepHblil MaclTa6 KOppPeNILUUH

(8)

- 2
T ~exp{ —s2 [2u cos’a + (f— uv sina)
2

3neck o, Vo — mapamerpr Crokca A1d najgaiouero usiaydenud (npu z = 0);
Qper(z), Uper(z) — mapamerpnr CTokca B TOuKe HAaGMIONeHNS IIPH PacIpo-
CTPaHEHNH M3IyYeHHS B PerylIspHOM ClIoe XONONHOH INTasMHl [1].

CooTHourenns (8) coBmajaioT ¢ COOTBETCTBYIOIMMMH BHIPAXKEHUIMH HJIf
mapaMeTpoB CToKca, Mony4eHHHMH B [3] §is cydas pacnpoCTpaHEHHS H3IY-
YeHHd B TOINCTOM ClIO€ MarHMTOAKTHBHOM INIa3MBI C TayCCOBEIMM HEO[IHOPOJ-
HOCTSMHU STeKTPOHHOI koHuentpauun (npu ! = Ly, s3 > 1). Ho B ornuyue
oT [3] BeIpaxkeHud (8) crpaBeIMBEL IPY PACHPOCTPAHEHUN PAJUOBOIH B CIOE
MarHUTOAKTHBHON INIaBMBI C CHILHEIMHM KPYITHOMACWITAGHHIMUH HEOJHOPOHO-
CTAMH NPOM3BONBHON TypGynenTHOH cTpykTypH [5]. Kak u B [3], pedppakuu-
OHHOe pacCesHHE PAJHOBOIH B TYP GyI€HTHOM CIO€ MAarHUTOAKTHBHOM IUTa3MBL
IIPMBOJUT IUUIb K yMEHBIIEHHIO KOd()PUIUHEHTa THHEHHON TONAPHI AN HIILY-
JeHud.

B sakmioyenne KpaTKO OCTaHOBMMCS Ha BOIPOCE O IPOCTPAHCTBEHHON
KOT€PEHTHOCTH NONSAPU30BAHHOIO MBINY4YeHHS NPH DACIPOCTPAHEHHH €ro B
CIIyYailHO-HEONHOPONHON MarHUTOakTHBHON ninasMe. Mcnonssys meton PPP,
IPOaHATHBUPYEM IOBEeHHe KOPPeISUUOHHEIX (PyHKuui napamerpoB CTokca
B pPeXMMe CUIBHHX (HACHIEHHBIX) QIYKTyanuil H3ILyYeHus.

DyHKUNY TpOCTpaHCTBeHHOH Koppenduun Guykryauuit napamerpos Cro-
Kca QaKTHYeCKH SBIIIOTCH COOTBETCTBYIOIINMH KOHQUTYPaIMIMH YeTBep ThIX
MOMEHTOB BOIHOBOTO IIONS MPH IPOCTPAHCTBEHHOM PasHeCeHHH TOYeK HabiIo-
nenns (cM. [6]):

Tu(P) = MGOM (5 + 7) - M) - (i + ), 9)

rie M(p) — mo6oit us Tekymmux napamerpos Croxca {I(p), Q(p), U(p), V(p)}.
CpenHue 3HaYeHUs UX ONpPENeNdiOTCS COOTHOmeHuIMH (8).

Pacyér Qysxumit xoppensunu (9) nposenéu mMeromom PPP ¢ ucnonsso-
BanueM cooTHomenuit (1)-(8). Ilpm orom GygeM CYMTaTh, YTO TOYKH Ha-
GmiofileHus HaxofiTcs B 3oHe dpayHrodepa Ba SKpaHOM C CHILHBIME (haso-
BRIMH (QIyKTyalusM# HOPMalIbHEIX BOIH (cM.Bhime, a Takxke [4]). Torma B
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pesynbTaTe HECIOXKHBIX Ipeo6pasoBaHUil IonydaeM crefyiouue obuine BH-
paxkeHus Rnd GyHKIUE NPOCTPAHCTBEHHON KOppensuuy PIykTyanui napame-
TpoB CToKca: .

I'1(P) = ITE.E:(P)? + |TE,5;(P) £ 2Tk, 55(P)?
Ty(p) = 2T, 8 (P &, 5;(P) + [TE.5;(P))* + [TE,E: ()] (10)
T'v(p) = 2Tk, 5:(P)T 5, 5;(P) — |TE.£5;(P)* - T 5,52 ().

3nece Tg;E; (P) — QyHKUME NPOCTPAHCTBEHHOW KOppensuud (QIyKTyauui
MONSPHBOBAHHEIX KOMIOHEHT BONHOBOIO IONS B IUIOCKOCTH HabmiofeHus
(i,j = =,y).

C y4éroM cooTHomeHuii (1)—(8) B paMKrax HCIONB30BaHHEIX BHIIlle IPHGIH-
XeHHH MOXHO BHIYMCIMTH (yHKmum I'g; Ea(ﬁ’) BXofgmue B BhIpaxenus (10)
(cM. Taxxe [4]). B pesynpTaTe mpHXOOMM K CEAYIOIIMM BEIPQXEHHIM IS
QyHKUHH IpOCTPAHCTBEHHOH Koppenduuu napamerpos CTokca B 061acTH Ha-
chilleHNs QIyKTyaluil BOMHOBOTO MOIL 33 CIOEM MarHUTOAKTHBHON IIasMEI C
KPYIHOMACIITAGHHMY HEOJHOPOXHOCTIMH SIEKTPOHHOH KOHLIEHTPAILHH Ipo-
ASBONBHOH TYpO6YIeHTHOH CTPYKTYPHI:

e_ng/lzg 2
Trv(p) =~ -—2——{(12 + Vz)e'z"vﬂa + (I2 Vz)e—ﬁ 2(py—poz) /'3}

(11)

_2p2
V) A B[ Q ()~ Uen(z))e PN ),

[4

Tfi€ Pz, Py — BEIMYNHA IPOCTPAHCTBEHHOTO Pa3HECEHHS TOYeK HabNIONeHNS B
IVIOCKOCTH ZY BIIOTb OcCelt £ i § COOTBETCTBEHHO; Pg = q(l) - q(z) = vy/usina
(cM. (3)); B = 4ucos?a - si. Tlpu BrBope (11) y4TeHO, YTO [iIf MOTHOCTHIO
nongpusoBannoro wanyyenns Q2..(z) + Ul (2) = I — V¢ (cm. [1]).

U5 coornowennit (11) cuefyeT, 4T0 Ha BEIXOfie TOICTOrO HEOFHOPORHOTO
cnos (poz > lg) mng mucmepcuit Ppuykryauuit napamerpoB CTOKCa BHIIOTHS-
I0TCH Clefyiolliie BakoHHl coxpaHenns (03, = I'p(p' = 0)):

dtoh=B, ch+oh=B-V.

B gqacTHOCTH, ecIM B NMajalollleM Ha CIOH MarHUTOAKTHBHOM INMa3MHL H3-
NyYeHHH LOUPKYILPHO NMONEPH30BaHHAd KoMmoHeHTa orcyrcrByeT (Vo = 0),
TO Ha BEIXOle TONCTOTO CJIOS C KPYNMHOMACIITAGHEIMY HEOJHOPONHOCTAMH Gy-
IyT HabMIONAThCE GIYKTYaUuK U NUPKYILPHO MONIPH3OBAHHON KOMIIOHEHTHI B
npurMMaeMoM uonydennn (0 = o = IZ/2, cm. (11)), XoT4 cpefHee BHaUeHHE
sToro mapamerpa Ctokca 6yner paBro Hymo (cM. (8)) (cp. [6]).

B. A. Auumos, A. B. Pazaun, B. B. Tamotixun 1011
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Heo6xoguMo OTMETHTH TakXe, 4TO aHUBOTPOINHEIH XapakTep PacCesHns
PAJMOBOIH B CIO€ MarHUTOAKTHBHOM Ia3Mbl CO CIyYailHEIMU HEOJHOPOJHO-
CTAMH IPUBORUT K PAsIUYHBHIM 3aBMCUMOCTSM IPOCTPAHCTBEHHOW KOppens-
muy GruykTyauuii napaMerpoB CTOKca IPH PaBHECEHUH TOYeK HaCIIOfieHHS B
INIOCKOCTH MarHUTHOTO MepHAMaHa Yz U B IEePIEHANKYISPHOH INIOCKOCTH 2
(cM. (11)). Korpa Ty TOYKM HabIIONEHAS PACIONOXEHB! B IIIOCKOCTH MarHuT-
HOTO MepupuaHa (p; = 0), IPX HEKOTOPOM PaBHECEHUH pj <~ Poz KOPpeIdIHu
dnyxryanuit mapamerpoB I,V u @, U B ToncToM ciioe ¢ KpyTHOMACIITaGHEIMY _
HeofHopoaHoCTAME (poz > l.) GyiyT NomapHO paBHH IO BeNMYHHE M NPOTH-
BOIIONOXKHEI IO BHaKy (cM. (11)):

2-v§) _
Tryv(py) = i(—°-2-—°26 #, Tou(p}) ~

(Q er(z) - Uger(z))e-ﬁ . (12)
2

9T0 06CTOATENbCTBO MOXET GHITH HCHONL30OBAHO IS M3MEPEHHS Ipe-
UMYUIeCTBEHHOH OpPHEHTAUWM MAarHHTHOrO IONf Ho B xocMudeckoit miasme
OpH Ha3eMHOM IIpMéMe HBIYy4eHHS OT MCTOYHHKA C BaJaHHRIMM NMOINIPU3a-
IMOHHBIMU XapaKTepHUCTHKaMU. [[eCTBHTETHHO, MPOBOJS MBMEPEHHS TpOo-
CTPaHCTBeHHOU Koppenguuu $uykryanui napamerpos Crokca I u V mug asyx
TOYeK HaGNIofieHHs, Pa3HECEHHBIX Ha PACCTOZHUE pj, MOXKHO 3aperucTpuUpo-
BaTh OTMe4deHHHIH Bhille aPPekT (cM. (12)). Torpa ms usMepeHHOro sHa-
YeHHd pj MOXHO ONpENeNUTh NapaMeTp PoZ M, COOTBETCTBEHHO, BeTMIHHY

K, = sinay / N - Ho(l)dl, ycpenHénnyio BHONb Iy4a BpEeHHS HAa MCTOYHUK
nanydeHus (ap — HEKOTOpOe CpefiHee 3HaYeHHe YITa MeXy BeKTOPOM Mar-
- -
HUTHOTO Tond Ho 1 BOMHOBEIM BEeKTOPOM k£ B HEOJHOPOLHOM ClI0€, CM. BHIILE).
Ecnu xe npu 9ToM npoBOAMTH CHHXPOHHEE U3MepeHUd (PapajieeBCKOro Bpa-
INeHNd IIOCKOCTH NMONIPUBALMU, TO MOXHO OIpENeNuTh “Mepy BpalleHHs”
K3 = cosay / N - Ho(1)dl (cM. [7]). OTHOmeHNe n3MepeHHBIX BenuduH K
1 K, fjacT BO3MOXHOCTH HailTH BEIHYHHY Qpf — IPEHMYIIECTBEHHYIO OpH-

€HTAIMI0O MaTHUTHOTO IIOJId B Clioe MaTrHUTOAKTHBHOM IINTasMEL C paBBHTOI\;I
TypO6yneHTHOH! CTPYKTYpPOH.

PaboTta BrInonHeHa B paMkax npoekTa 96-02-18632 PDDIU.
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r. H. Hosropog

TO THE PROBLEM ON POLARIZATION CHARACTERISTICS OF
RADIO WAVES IN RANDOMLY INHOMOGENEOUS MAGNETOACTIVE
PLASMA

V. A. Alimov, A. V. Rakhlin, V. V. Tamoikin

Expressions have been obtained by the method of radio wave refraction
scattering for the Stokes parameters at radio wave propagation in a turbulent
magnetoactive plasma. A problem is considered on spatial coherency of the
polarized radiation. In the case of saturated fluctuations of the wave field,
expressions have been obtained for the correlation functions and fluctuation
dispersions of the Stokes parameters. It is shown, that in the received radi-
ation fluctuations of the circular polarized component will be observed even
if the cicular polarization is absent in the magnetoactive radiation plasma
falling on the layer. A method is suggested for the definition of the preference
magnetic field orientation in the irregular layer of cosmic plasma, based on
synchronous measurements of spatial correlation functions of fluctuations I,
V Stokes parameters and the Faraday rotation of the radiation polarization
plane from the source with the known polarization characteristics.
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YIK 621.378.9

OTPA2KEHUE CPOKYCHUPOBAHHOI'O CBETOBOI'O
IIYYKA B CPEJE C HEJIMHENHOCTBIO KEPPA.
II. YN CJIEHHOE PEIIEHUE BOJIHOBOI'O YPABHEHMUA

B. B. Bopob6bves

3Bapaya MCCIENOBaHMA CAMOBO3[{EMCTBHA CBETOBOTO MYy4YKa B HelMHEHHOH
Cpefe, ero pacCesHMs M OTpa)KeHud o6IacThbiO CXJIONLIBAHMA CBeeHa K pe-
IEHHIO CHCTEMB! OGBIKHOBEHHBIX AMPPEepEeHUHANBLHEIX YPaBHEHHH 60XbUIOrO
nOpAfKa. OTO MO3BOIMIO NMPHUMEHUTH Rusi eé peuwieHus Mertop Pynre-Kyrra,
o6ecneYHBaIOLIMI CYIECTBEHHO GONBLIYIO TOYHOCTD, YeM OGBIYHO MpHMEHse-
MBI} 1A peLIeHUs 3afjay CaMOBO3AEHCTBUA MeToJ| (asoBHIX 9KpaHOB. IIpo-
BE[EHO YHCIEHHOE MCCIEfOBAHME CAMOBO3EHCTBHA H OTPaXXEHMA My4YKa OT
061acTH CXNONBIBaHHMA, TRe KHAMeTP NYy4YKa YMEHbLIaeTCA [0 RIMHBI CBETO-
Boil BoaHEI A. OHO NMOJTBEPIHIO OCHOBHEIE BHLIBOJBI PELICHHS NaHHOH 3ajxavH,
NONYYEHHOrO paHee C MCIONb30BaHHEM NPUOIUIKEHHA NapPaKCHAIBHBIX MY4YKOB.

BBEIEHUE

B pa6ote [1] 6BIM NpHBEIEHH OLEHKM MHTEHCHBHOCTH WBIYy4YeHHs, OT-
PaXXEHHOTO OT CNOS HETHHEHHOrO JU9IEKTPHKA, NONyYeHHLIEe B IPHOIMKEHHH
MaPaKCHAIBHBIX MAJaloUIero ¥ OTPaXKEHHBIX NIY4YKoB. M3 9THX OLEHOK clenyeT,
YTO OTPaXKEHHOE NOJIE BHE CIIOK ONpefendeTcd, B OCHOBHOM, Pa3pHIBOM MOKasa-
Teld MPeNOMIEeHNS Ha I'paHuNax clog. Eciu o61acTh CXIONEBaHHE HAXOTUTCH
BJQJIM OT I'PaHUIl, OHa He BHOCHT 3aMETHOTO BKIaJla B BHIXOUAIIYIO H3 CPeNHl
OTpaXXEHHYIO BoIHY. TeM He MeHee YyY&T OTpaXKeHNd, BaXeH U B 9TOM CIy4ae,
TaK KaK OHO JIDHBOJMT K IOSBIEHUIO BHAUYNUTENbHHIX IO BeIHYHHE BO3MYIIe-
HUH NMOKa3aTeld NpeNoMIeHNs B O6NacTH CXIONbIBAHUA, JONOMHUTENbHHX K
TeM, KOTOPDHE HHHIUUDPYIOTCS NMafalomiedl BOTHOH. JTO MOXeT NOBIUATH HA
npouecc caMoOKYCHPDOBKM MPAMOM BOMHEL. SHAYMTEIbHBIX 9(PPekToB Hemu-
HEeHOTO OTpPaXXeHHUd, COTIaCHO NPOBENEHHBIM OIEHKaM, MOXHO OXHIATh IPH
¢$oxycupoBke Iy4KOB, Ha4YaJIbHEE ITONEPEYHRe Pa3MePhl KOTOPHIX CPaBHHMBI
¢ POKYCHEIM pacCcTOfHUeM, IPM MOINHOCTEX B Iy4ke, GMMSKUX HIM GONbIue
KPHTHYECKOHN, KOTHa pasMep NMydYKa B O6GNACTH CXIONHIBAHUS MOPANKA NIHHBL
CBeTOBOH BONHHL. [IpDHMEHMMOCTH NPUOGNMKEHNS NapPaKCHANbHEIX MYYKOB A1d
paciéTa pacHpOCTpaHEHHd KakK IPIMBIX, Tak H OOPATHHIX BONH B DTHX CIy-
YJagX COMHHUTeNbHa. B maHHOH paboTe NPENCTaBIAIOTCE PE3YIbTATH YHCIEH-
HBEIX MCCIENOBaHUI BTUX MPOLECCOB.
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METO]I YMCJIEHHOT'O PACYETA

B 4HCIeHHEIX MCCIEOBAHMIX MOJENHPOBAIOCH CAMOBO3JENCTBHE ABYMep-
HEIX IIyYKOB, IOJE€ KOTOPHIX BaBHCUT OT KOOPAMHAT y u 2. McnonbsoBanuch
6eapasMepHHe koopfiuHaTH y' = ky, 2/ = kz, none E' = E/E, (rne Ey — Max-
CHMaTbHOE BHadeHNMe mofig E B mapaiomewm Iyuke) M BemuynHa €5 = £ EZ. B
coorHomenusx (2)—(5) u ypaBrennsx (6), (7) paborsl [1] mpu nepexoge K oTuUX
NepeMeHHRIM ClleyeT MONOXUTH BeIUYHHYy k paBHOM efuHuLe. B manbHeitreM
WTpuX y 6e3pasMepHEIX NepeMeHHEIX GyJeM OIyCKaTh.

3a OCHOBY MeTOfa YMCIEHHOI'O MOJenMpOBaHHs ORI BHIGpAH MeTOJ pas-
NOXEHUd MPIMON U OTPaXKEHHOH BONH IO MIOCKAM BOMHAM C aMIUIMTYJaMH,
onpefiengeMBIMH ¢ TOMOMLIbIO 6bicTporo npeo6pasoBanus Pypre (BIIP). Bos-
MoxHocTu BIIP ycmemno npojeMOHCTPHPOBAHEL NIPUMEHEHHEM B pelIeHHU
8ajjad PaCNpPOCTPaHEHMS Ta3€PHOTO MBIYYEHHS KaK MalBIX, Tak U GONbLIMX
MOIIHOCTeH B TypOyneHTHOH aTMocdepe [2-5], 1 B cpefle ¢ HEMMHEHHOCTHIO
Keppa [6]. B untupyeMrix pa6orax BII® npuMensnocs B KoM6UHALMH C METO-
noM (aBOBHIX BKPAHOB, KOTOPHIMH 3aMEHSNOCH [eCTBHUE CIOEB MO IHHEI
hz HenmueiHOM unu TYypO6yneHTHOU cpennl. [l peumreHns 3ajayu C OTpaxe-
H¥eM MeToioM ()a30BHIX BKPAHOB BOCNIONB30BATHCA HENb3%, TaK Kak (PasoBHLil
®KpaH, 10 ONpefieNleHNIo, HUYero He oTpaxaeT. Oxasaioch, YTO B IPUMEHEHUH
MeTofa (JaBOBHIX DXPAHOB, IIPU PElIeHUM PeryIspHHIX 3a[ad M HeT HeoOGXoNu-
MocTH. BMecTO Hero MOXXHO BOCIONB30BaThCA METOfAMH, 06€CneYnBaIOIIMK
CyIIECTBEHHO GONBILYI0 TOYHOCTH PACYETOB.

IIpn ucnonssoBanny pasnoxenns Qyuxuui E(y, z), u(y, ), v(y, 2), F(y, 2)
(ux ompepenenus cmotpu B [1]) B muckpeTnuil pax Pypbe M0 KOOpAHHATE Y
BHJa

N/2
E(y,z) = E E’m(z) exp(2wimy/ D),
m=-—N/2+1
1=

En(2) = Z E(l, z) exp(—2mimiN),
l_.O
rge D — pasmep pacuéTHoi obmactn mo koopuunare y, E(l,z) = E(y(l), z),
I HUX MOXHO IONYYHTb CHCTEMY COOTHOWIEHHH M yDaBHEHMil, aHAIOIH4-
HHIX (2)-(7), pa6oTH [1] an8 AUCKPETHHIX CIEKTPAlIbHEIX KOMIIOHEHT. YpaB-
HeHHS JIf IPAMON % U 06paTHON § BONH, B YaCTHOCTH, NEPEHAYT B CHCTEMY
u3 2N ypaBHeHU}

du,,, zez - . - .
L opim (u—-§£+1’ ...,U%r,v__12!+1,...,v_1;g,z) exp(—ipmz); um(0)=0, (1)

U_N_ g, ""’."%’f'—’—;’-ﬂ’ ...,1")%, z) exp(ipmz); vm(H)=0, (2)
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rae
Pm = /(1 + &1 — ae?), ae, = 2rm/D, (3)
Fn(2) = 5 22 |E(L2)*E(l, 2) exp(~2mimi/N), (4)

1=0, .

m=-N/2+1,-N/2+2,...,N/2.

Hone E'm(z) mpu 0 < z < H onpenengercs depes (GYHKUHH Um(z) =
(aem, z) 1 In(2) = Om(aem, z) cornacHo popmynam (2)—(5) pabors [1).

Cuctema ypasueHuii (1), (2) — oT0 cucreMa 06bIKHOBEHHBIX AHpPepern-
albHBIX ypaBHEHUN, /4 PellleHNs KOTOPOH MOXHO BOCIONb30BATHCE METOJOM
Pynre-KyTTa, ommnbka KOTOpoOro, Kak H3BeCTHO, IIpU IlIare HHTErPHPOBAHUS
10 ocH 2, paBHoM hz, mopsapka Bemwuunsl (hz)®, B To Bpems xax ommbka Me-
Tofia (pasoBoro sxpana — nopiaxa (hz)® [2].

IIpu y4ére oTpaxkeHns safada uHTerpupoBanus cucreMs (1), (2) ycmox-
HEeTCH TeM O6CTOLTENhCTBOM, YTO I'PaHUYHbIE YCIOBHA [id QYHKUUA @ U D
BaJlaloTcd Ha PasHBIX TPaHUIIax, U, B 06eM ciydae, TpeGyeTcs BBeieHHe HTe-
PAIMOHHHIX NMPOLENYP AJIA HaXOX[IeHHUS pelreHus. B gaHHol paGoTe MH Orpa-
HAYKMCS PacY€TaMy B NPUGIIKEHUH METO[a BOSMYIIEHUH 110 HHTEHCUBHOCTH
06paTHOM BOTHEI, TO ecTh GyleM NpenonaraTh, 4To Gyukuuu F,, B ypanne-
Hugx (1), (2) He saBucAT OT Benmu4HH y,. ClekTp moind 06PaTHOR BOTHHL Ha
rpanune (z = 0) B MeTOlle BO3MYIIEHHH ONpeNieNgeTCs HHTerpaTaMu

. H
- ? 5 (= - .
vm(O) = é-z;:n-iz‘/Fm (‘u_g_n, ...,u¥,z) exp(zpm(,’)d( ’ (5)
0

Ecnu onpenenuth QyHKUHIO §1,m(2) Kak 1m(2) = 9m(0) — 9m(z), Tax 4TO
IId Heé BHINONHAETCE TPaHUiHOe ycnoBue 91,,(0) = 0, eé sHavenne ¥1,(H) =
©m(0) MOXeT GHITH BHIMHCIEHO C IIOMOIIBIO HHTEIPUPOBAHNA ypABHEHUS

d':;lzm = —-2;—"‘52 F, (1'4_%_1_1, ...,z't%, z) exp(tpmz), 91,,(0)=0. (6)
HHTerpupoBanne cucteMnl ypaBHeHnui (1), (6) B oTanune oT aHAIOIMYHOTO
1o dopmymnam (5), He TpeGYIOT BANOMHHAHUS BYMEDHHX MaCCHBOB Fi(z1),
YTO pacHIMpIeT BOSMOXHOCTH YHCIEHHHIX PacYEéToB.

BripaxeHus B mpaBeIX 4acTax cucteMmsl (1), (6) xak QyHKUAM BemHYUH
Pm HIH ae, MMEIOT OCOGEeHHOCTH IpH p, = 0, ae, = 1. Ouu obpama-
I0TCA B 9TO#l TO4YKe B 6€CKOHEYHOCTh. Kpome TOro, B 5TOH TOYKE Pa3pPHIBHEI
nepBEle IPOMBBONHEE OT exp(+ip,m2). B Hammx pacyérax oco6rle TOYKH HC-
KITIOYAIHCh C NOMOINBI0 COOTBETCTBYIOIIEro Bei6opa pacyérHoit cerku. Ilar
Aae = ae,, — ae,,_; BHIOUpPAJICA TakKUM, YTOOH BHIIOTHINOCH COOTHOIIEHHE

p(1+ Aae/2) = ip(1 — Aae/2). (7
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To, 4To TakKas IpOLELypa PeryIdpuBalUy IIF HaXOXKIEHUS OTPaXEHHOIO
oNg KOPPeKTHa, IPOBEPANOCH ABYMS CIOCO6aMU: BO-NEPBHIX, C IOMOIIBIO H3-
MEeHeHMs 4MCIa WaroB pac4éTHoil ceTku N (oHO BHIGMpANOCh PaBHHIM IHGO
256, mu60 512), Bo-BTOpHIX, npuMeHeHueM BMecTo BIId unTerpansuoro Jipe-
o6pasopanus Pypbe. Iockonbky Qynxuus F(ae)(l — ae?)~1/? gpngerca uu-
Terpupyemoit, o Kpaitneii Mepe, mpu yCIoBHH, 4TO GyHKuUs F(ae) He uMeeT
ocobennocTeil npu ae? = 1, mepexop kK UHTerpaTbHOMY Ipeo6pasoOBaHUIO TO-
BBONEET BHIJENUTH BKIaJ OCOOBIX TOUEK. UMCIEHHEIN SKCIEPMMEHT IIOKa3al,
O[IHaKO, YTO PEBYIHTATH PACYETOB BTHMH [BYMS MeTofaMiu (B TOM Ciy4yae,
KOrjfla MPMMEHHM MeTOJ, BOBMYILEHHI) IpakTHiecku coBmajgaior. C ysenu-
YeHHeM IapaMeTpa £z paHbllle, YeM MNOSBIFeTCA Dal3lNyMe B pPe3yIbTaTax
PacyéToB Pa3HHIMU METOaMH, IPOIBILETCI HEKOPPEKTHOCTH HCIONb30BaHUL
MeTOja BO3MYILUEHHH.

PE3YJIBTATHI PACYETOB OTPAXKEHUSA U PACCEAHUSA

Ilone E B najaioneM Ha CIOH NMy4Ke 8aaBajloCh B B

E(0,y) = exp(—y*/2a3 — iy/y? + F}), (8)

Ige @p — HajyaIbHEIH paguyc, Fo — dokycHoe paccroguue. IloBepxHocTaMu
TOCTOSHHON (Da3hl I NAHHOTO paclipefieNeHus ABIFIOTCE KPYTOBHE I[UIMH-
IpH C LEHTPOM B Touke zg = Fy. Takoit Bh6Gop ¢azoBoro Ppporra obecrme-
4HBaeT BOBMOXHOCTH (JOKYCHPOBKYM IIMPOKOANEpPTYPHHIX MyukoB (¢ ag ~ Fp)
[0 MEeHBIUMX Pa3MepoB, 4eM NpH (OKYCHPOBKe TMH3AMH C MapabonuyecKUMH
NOBEPXHOCTAMM IOCTOSHHON (Has3Hl.

IIpn BEIGpaHHOM pacHpeleleHHH BXONHOT'O IO IPONECC PacIpoCTpaHe-
HHS IIy4YKa ONpefenseTci YeTHIPbMH NapaMeTpaMu: €, €3, do, Fo, H, cooT-
HOLIEHHS MEXAY KOTOPBIMH MOT'YT MEHAThCA B IIUPOKHX Ipefenax. B mpo-
BEéHHBIX PacyéTaX Mbl OTPAHMYMINCH MCCIEOBaHWEM OCOGeHHOCTell Ipo-
Ijlecca pacIpOCTpaHeHHs BOIMSH O6TACTH CXTONLIBAHME: TaM, Tfie PasMephHl
Iy4Ka CTaHOBATCHE CPaBHUMBLIMU C ATHHOM BonHH. IlosToMmy B pacyérax maH-
HOTO pasfiena KaK pajiuyc IIy4Ka Ha BXOJie CPelbl dg, TaK M JIMHA HETHHEHHON
cpensl H BRIGHPANMCH CPABHUMBIMY C J/IMHON BOMHEIL, 3 UMEHHO dg = Na-hy &
57 (sHavenus wara hy u yucia Na B cooTBeTcTBHH C ycnoBueM (8) BHGUpa-
nuch paBHBIMHE hy = 0,2539367, Na = 20 npu N = 256. PasMephl pac4@THHIX
o6nacreii cocraBnanu D /2 & 6,4ap, aemax = 7/hy = 4. llar guckpeTusauun
Mo KOOpAMHATe z COCTaBRan hz = w/16. DTo BHaveHue GbIIO BHIGPAHO, HC-
Xofig U3 Tpe6oBaHHUA, YTOOH JOCTATOYHO TOYHO YYHTHIBATH HEOMHOPORHOCTH
IONE U CPeNsl C pasMepaMHu IOpAfKa A/2, KOTOpEE ONpPENeNdioT OTPaXKeHne
Hasaj. C y4yéroM uyérHocTH QYHKUHI 4nclIO ypaBHeHuil B cucreMme (1), (6)
cocraBnmio 258 npu N = 256 u 514 npu N = 512. BenmunHa €1 B JaHHBIX
pPaciéTax BHIGMpalacCh PaBHOW HYIIIO.
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XapakTep M3MEHEHHS OTPA)KEHHS NPH PABIHYHHIX YCIOBMAX HIMIOCTDPHU-
pyiot puc. 1, 2. Ha Hux npeicTaBieHs:

aa’d\l#l!,l
1 A

0 z/a IS 0 y/r 15

Puc. 1. CnexTps mpsimoit BoaHbl Sz(2e) Ha Bbixofe cpennl (A), o6paTHO BoaHH Sv
npu z = 0 (B), pacnpepenennii MHTEeHCHBHOCTH B Npoxofsuell Bonne W(ze)
Ha BhIxofie cpensl (B) u B oTpaxénnoit Bonne W Ha Bxoge (T, E), kBagpaTa
aMIUINTYAB OJIA U MPAMOM BOIHH Ha ocy my4dka (J), mpu sHaveHusxX mapa-
merpoB: H = 15), Fo = 1,2H u €, = 0,001 (1), 0,01 (2), 0,03 (3).

(4) Sa2(ae) = Im(E*(ae, z)dE(ae, z)/dz)l b
z=
CIIeXTPHl OIS MPAMOM BOIHHI Ha BEIXOfle HEMHEHHOTO CIog,

(B) Sv(ae) = Im(v*(ae, 2)dv(ae, z,)/dz)lz=0 —
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CIIEeKTPH NOIA o'rpa.ménnoﬁ BOJIHBI Ha BXOje B cpeny, coo'rne'rc'i‘nylomue M
pacnpeneineHud MHTEHCHBHOCTEH

(B) Waly) = Im(E*(y, 2)dE(y, 2)/d2)| __,

(I, E) Wo(y) = Im(v*(y, 2)dv(y, 2)/d2)| _,

a Taxxe saBucuMocTy ([I) OT KOOpAMHATH z KBaipaTa MORYJIS HAIPIXKEHHO-
cru nons wu = E(0,2)E*(0,z) Ha ocu nyika. KoopgunaTh y ¥ z HOpMupO-
BaHH Ha JJMHY CBETOBOM BONHHL .

ooo8h,; ' ' ' o.oo1s[ T T

3 - \ B

. A ] ]
S| ] AR

o | ]

B ] 1

a 1 1 1 i

0 2 12 0 2 04

0.1{ ' L T Ll
- B -
Wy '/\ ’
A n\/n\L

Puc. 2. To xe, yro Ha puc. 1, Ho npu H = 15\, F; = 0,5H.

Tloppo6Hee paccMOTPHM 0COGEHHOCTH M3MEHEHUs IIPOLECCOB OTPaXKEHUS
u paccegnus B cuy4yae Fo = 1,2H. Ha puc.l mpencraBieHH pe3ylIbTaThl
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pacyéra IpH SHavyeHHu oTHoweHus Fp/ap = 6 ¥ BHaYeHMEX MapaMeTpa €3 =
0,001 (1), e2 = 0,01 (2), e2 = 0,03 (3). (XapakTepHHIM BHadYeHHeM Ia-
paMeTpa €2 B JBYMEDHOM Cllyyae SBISeTCS BeNHYHHA £3,, COOTBETCTBYIOIIAL
CTallMOHapHOMY PpelIeHUIO BOIHOBOTO ypaBHEeHUS, PaBHAd £z, = 2/a3 2 0,008
npu ap = 57). IIpu sHaveHusx mapamerpa €2 < 0,01, BIMgHNE HETHHEHHOCTH
cnabo NpogBIgeTCH KaK Ha UBMEHEHUH CIEeKTpPa, TaK M Ha pacHpeleleHHy HH-
TEHCHBHOCTH NPAMOI BONHEI, HATMYNe TPAHHUL IPUBORUT K CTabOMY IO HHTEH-
CHBHOCTH OTpaxKeHHo. Pafuyc nydxa Ha BEIXOJHOM IpaHHIEe IPUGIUBUTENHHO
paBeH JuyuHe BOmHH. IIpM ®TOM, B COOTBETCTBHMH C BHIBOfaMH (1], kBagpaT
NOIYNIMPUHEl paclpefeNeHns WHTEHCHBHOCTH O0GpaTHOH BONHEI B INIOCKOCTH
z = 0 npuGIUSHTENHHO B TPH pasa Goiblle KBajgpaTa PafuUyca Iafalolero
My4Ka.

Ilpu €2 = 0,03 paguyc nyyuka B cedeHuu z = H yMeHbIIAETCS 10 MOTOBHHEL
IVIMHBl BONMHBI, CIIEKTDP NPAMON BOJNHEL B 9TOM C€YEHUH YIIUPAETCS Ha HHTEp-
BaJl BOTHOBHIX 4yucen ae 10 ae = 0,4. CrekTp 06paTHOM BONHEI YIIMPAETCH Ha
MHTepBal fio ae = 1. B pacnpenenenue HHTEHCUBHOCTH O6PATHON BONHEL IPH
®TOM BaMeTHBIH BKIaJl BHOCAT BOIHBI, PACIPOCTPAHAIOMIECS BONb PPAHHUILL
pasfiena, 4YTO NPUBOJUT K NOIBIeHHIO ocuumiauuil pyukuuu Wv ¢ nepuonom,
IpUGIH3UTENHHO DABHBIM IIONOBHHE JINHBI BONHHEL. [[aHHHIH pesynbTaT MmpH-
BefleH TOIBKO B KayeCTBe WIITIOCTPALUU TOro, K YeMy IPHBORUT (opMalabHOe
npuMeHeHWe BHIGpDAHHBIX METONOB pacuyéTa. JSIcHO, YTO OHM He KOPPEeKTHHI
IS ONMHMCAHHUE IPOIECC3 OTpPaXKeHMd B NaHHOM ciy4ae. Bo-IepBHX, MOTOMY
YTO [If PacY€Ta KOMIIOHEHT CIeKTpPa C BOTHOBHIM YHCIOM ae = 1, KOTOpEHIE
SBIAIOTCH ONpENENdiOIMMHE B JaHHOM CIy4ae, He NPHMEHMM MEeTOJ BO3MY-
IIeHWil, BO-BTOPHIX, IOTOMY YTO He IIPUMEHUM MeTOJ pellleHHs, OCHOBaHHEIH
Ha HCNONL3OBAHMHU DalNoXeHMid B pianl Pyphe, MOCKONBKY MHTEHCHBHOCTH
paccesHHOH KOMIIOHEHTH OTIHYHA OT HyIsf BOIMSH U Ha TPaHMIeE PaciETHON
obnacTu 10 y.

KapTuna pacmpenenenns MHTEHCUBHOCTH OGPATHOM BONHHI PE3KO MeHsd-
eTcs, KOrja QO6IacTh CXIONBIBAHMS HAXONUTCA He BONWSHM TPAaHUUEI, a BHY-
TPU Cpelbl. DTO BUAHO M3 PHC.2, Ha KOTOPOM IPEICTaBICHH Pe3yIbTaThl
pacyeroB npu H = 157, Fy = 0,5H. IlepBoe oTiuune BaxiodaeTcs B Cy-
INEeCTBEHHOM yMeHBLIIEHUHM HHTEHCHMBHOCTH OTpPaXXeHUd, BTOpOe — B OTCYT-
CTBMH OCUMIIIMDYIOUIe!l KOMIIOHEHTHI, HECMOTPS Ha TO, YTO PaJuyC My4YKa IpH
€2 = 0,03, Hanpumep, Xak ¥ B IPeNHINYIIEM CIyiae, YMEHbIIA€TCH B 06IacTH
(OKyCHPOBKM O BeTMYMHBEI, PABHOH IIONOBMHE NIMHBI BOIHHI.

Ha puc.3 n 4 npusefeHE 3aBUCHMOCTH OT oTHoweHus Fo/ag u mapame-
TpPa €2 OTHOCHTENHHOM MOIIHOCTH OOGPATHOTO MBNy4eHHS, MOMAJAIOIIEro B
pacyéTHyI0 O6IacTh, T.e. oTHoweHnd Pv/Py, roe

Pv= zk:Wv(y(k)), Py =Y Im( B*(y(k),z)dE (y(k), 2)/de| _,
k

z=

H OTHOCUTENbHHIX pasHocTelt (P, — Py)/Po, rie P; — MOMHOCTH IMy4YKa Ha
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Puc. 3. OrHOCHTENbHAsA MOWHOCTD O6paTHOM BonHH Pv/ Py (A) 1 oTHOCUTENbHAA He-
BA3Ka MOIHOCTeN Ha Bbixofie ciiost (P — Po)/Po (B) kax ¢yHKImu oTHOUEHAS
(Fo/ao) npu Fo = H u €3 = 0,002 (1), 0,01 (2), 0,03 (3).

ar ! T r) T T s

/

Py —| B-R —
3 i \
i

004 L 1 1 -8 1 1

Puc. 4. To xe, uTo Ha puc. 3, Ho npu Fo = 0,5H.

BHIXOJIe U3 HEIMHEHHOH CpemHl:

Py = ;m(E* (y(k),2)dE (y(k), 2) /dz|

z=

OrMeTHM, YTO NpH BHa4YeHHAX mapaMeTpa €2 < 0,01 B uHTEpBale H3MeHe-
Hug oTHowenus Fo/ap or 1,5 no 5 saBucMMOCTH, IpuBeeHHEEe Ha puc. 3(a) ¢
OTHOCHTENbHOM omu6Koi, He Gonpiuei 10%, MOXHO allIpOKCUMUPOBATEH (Op-
mynoit Pv/Py = 10e3(ao/Fo)?. (B TpéxmepHoM ciydae, Kak ClefyeT U3 Olle-
Hok (1], Benmunna Pv/P, nponopuuonanbHa nponssefenuo £3(ag/ Fo)?.)

Us cpaBHeHuS OTpaXkeHHd My4KoB, YOKyCHPYIOIHXCE Ha TPAHHUIY TaK, 4TO
Fo = H (puc.3a), u B IeHTp HemuHeiiHoro cnos Fo = H/2 (puc.4a) npu pas-
MMYHBIX BHaYeHHIX TOIMWHK ciog H, BUHO, UTO B IepBOM CiIydae OTpPaKeH-
Haf MOIIHOCTH NPUGIHBHTEIBHO Ha MOPANOK 6OIbIIe, YeM BO BTOPOM.

IlockonbKy ¥ HHTEHCHBHOCTH IYYKOB Ha BajiHell PpaHULe B IIEPBOM U BTO-
POM ClIy4agX TakXe OTIMYAIOTCE Ha NMOPANOK, MOXKHO CHENaThb BHIBON, 4TO
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OTpaXKeHHe OT HeIMHEeHHOro Cliog, B OCHOBHOM, ONpejieligeTcd rpaHulei. OTo
He OBHaYaeT, OfHaKO, aBTOMaTHYeCKOH BO3MOXHOCTH NpeHeOpeKeHHs BIHg-
HueM O6paTHOH BONHBEI Ha PacCHpOCTpaHeHMe IPAMOro IMydyka, €ClId o6IacThb
CXNIONBLIBAHKA HAXOAUTCH BAANd OT rpaHuunl. O BenuuuHe BOSMYIUPHUH HpH-
MOJ BOIHEI, 06YCIOBIEHHEIX BIUSHMEM 06paTHOMN, MOXHO CYAUTh 1O BelIMiHHe
oTHOCHTenbHOM pasHocTH (P — Py)/ Py.

Ilng noneit, onuchiBaeMbIx ypaBHeHunaMu (1), (2), DOMXKeH BHINOTHATHCK
BaKOH COXpaHeHUsS MOIMHOCTH Py = P; + Pv. MoUIHOCTD e NpIMON BONHHI,
onuchiBaeMoil ypaBHeHusMHU (1), B KOTOpHIX npeHe6peraeTcs BaBUCUMOCTHIO
OT 1mong o6paTHOM BONHEI, B 06lIeM ciiy4ae, He coxpangerca. OTMeTHM, YTO
HMEHHO 9TO 06CTOLTENbCTBO, OTMeYeHHOe B paGoTe 6], MHHIMUPOBAIO NOCTa-
HOBKY Halllell Bafjauu HCClIeloBaHus Ioig o6paTHol Bonuul. Ms pesynbraTos,
NpeNCcTaBIeHHKIX Ha puc. 3(6) u 4(6), BuaHO, 4TO Kak NPH (OKYCHPOBKE My4Ka
Ha TPaHMIy, TaK ¥ BHYTDPb CIOA BEIMYHHH HEBIBOK B SHaYEHHAX PACYETHHIX
MOLIHOCTEH, 06YCIOBIeHHEIX NpeHebpexenneM BIHAHKA 06GPaTHOH BONHEI Ha
NpSAMYI0, NTPHOIN3UTENLHO OIWHAKOBE, HECMOTDPSA Ha TO, YTO BETHIMHE MOII-
HOCTeH OTpPaXeHHBIX BOIH PasilHYaloTcd Ha NMOPIHOK M Golee.

HEJIMHENHOE OTPAXKEHUE 'PAHUILIEN PA3EJA

NsnoxeHHBIe pe3yIbTaTH INOMYYeHH B IPHOIIKEHUN METOla BOSMYIEHUI
10 MHTEeHCUBHOCTHU OGPaTHO! BONHH. JHCIEeHHH aHAIU3 MPOIECCOB OTPaXe-
HHUH BOIH Ha I'PaHHIIaX MOXHO IIpOBeCTH Golee KOppekTHO. PaccMoTpuM, Ha-
IpHMep, OTpaXKeHue MoIyGecKoHeYHEIM cnoeM z > 0. CormacHo UBIOXEHHOMY
paHee, MOXXHO IIPENIOIOKHTh, YTO B NMONYNpOCTPaHCTBe z > 0, cymecTByeT
TONBLKO NpSMas BONHA, B TO BpeMs Kak nmpH z < 0 mpaMag M OTpaxKeHHas
BONHH. B6nusu rpanuus z = 0 nmpeucTaBuM CIeKTpalibHble KOMIOHEHTHI MONg
B BHJeE:

E.(z) = AO,, exp(ipmz) — B0, exp(—ipmz) mpn z<0,

E(2) = A exp(igm2) mpy z2>0,
rae pZ () = 1 — 22, a Bennyuub m, BOm, Am TORnexaT onpenenenno. Ha
ycnoBuit HenpepuBHocTH QyHKuuu E,(2), dE,,(2)/dz Ha rpanuue u ypaBHe-

Hug
2B, /d2? + pLE = —¢3 Fp(A)  mpm 220,

e Fr(4) = Fm(A_N/2+1,A_N/2+2, vevy Ao, ..., AN/z), TIOTYyHHM COOTHOMIE-
HUS:

gm(®) — pm(2) = €2 Fm(A)/[zponm] ) (9)
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Ap = A0y, — 62 Fry(A)/[4(1 — ®2) + €3 Fry (A)/ AOp] (10)
B0, = Apy — A0, (11)

MeTopn BO3MyLIEHHH COOTBETCTBYET NpeHeOpeXeHUIo WIeHOM ¢ Koadu-
IMEHTOM €3 B 3HaMeHaTele (10) u samene A Ha A0 B apryMenTe QyHKUHOHAIA
F. Tipu o6pamenny npeoGpasoBanus dypbe HHTErpa 0 & MOHEMAETCH Kak
rIaBHOe SHaveHue. PellleHMe HenMHEHHOro MHTerpalbHOro ypasHenus (10),
KakK [IOKa3all YHCIeHHBIH 9KCIIEPUMEHT, B KOTOPOM IIapaMeTp €2 BapbHPOBAICK
B nmpenenax —0,3 < €2 < 1, MOXXHO HaXO#UTh, IPUMEHAS NMPOCTYIO HTEpalH-
OHHYIO CXeMy, T.e. BBIYMCIATH k + 1 mpubnmxenue A mo ¢opmymne (10), B
IPaBOM YaCTH KOTOPOH BeKTOp A momaraeTci PaBHHIM BHa4YeHHIO M3 HTepa-
muu ¢ HoMepoM k. OTMeTHM, YTO y4€T HEMHHEHHOrO WieHa B BHaMeHaTele
Bripaxenns (10) aBToMaTHYecku o6ecleYUBaeT perylipU3alidio HHTErpaia
o 2, B Toykax & = +1. Urepanuu GHICTpee CXONATCA IPH MOIOKHUTETHLHBIX
OHaYeHHEX TapaMeTpa £z, YeM IIPH TAKUX K€ IO BEMUYHHE OTPHUATENBHBIX
sHaveHnsx. (IIpu €2 < 0 BOBMOXHO NONHOE BHYyTpPEHHEE OTPaXKEHHe KOMIIO-
HeHT cmekTpa C |&| < 1 u, KaK IIQKa3HIBaeT aHATH3 CaMOBOBJEHCTBUA INIOC-
K¥X BOIH (7, 8], B Takoil cpefie NO/BKHBI HabMIOaThc 60ee 3HAYUTENbHEE U
pasHooG6pasHule 2()pekTh, YeM B cpene ¢ HenumHeiHocThbio Keppa. Hetans-
HOT'O HCCIENOBaHMA OTPaXKeHUs COKYCHPOBAHHHIX MYyYKOB IpHU €2 < 0 MH He
npoBoaunu. IIpo6GHEIe pacYETH MOB3BONAIOT YTBEPXKAATh, OMHAKO, YTO MpeJ-
TaraeMbli MeTOJ IPUMEHHUM [ aHAIN3a HEIHHEHHOrOo OTPaXKeHHd M B DTOM
ciydae.)

Ha puc. 5 npuBeieHH pe3ynbTaTH PaciéTOB OTPaXKeHUS My4YKa C pacipe-
IeneHneM Iond, 3ajaBaeMbM Qopmyioi (8) ¢ Fo = ag, npu €2 = 0,1. Ilpn
ag = A/2 ycnoBus pacyéTa NPHGIUBHTEIHHO COOTBETCTBYIOT (C y4€TOM caMo-
(OKYCHPOBKH B ClIO€) yCIOBHIM pPacyéToB ¢ €2 = 0,03, pesynbTaTh KOTOPHIX
npencTaBleHbl Ha puc.l. CmnexTpn Sv u pacnpepenenus W, nmonyyennse
U3 pelleHNd HEeMMHENHOTO ypaBHEeHUd, TaKue Xe, KaKk PacCYATaHHEIE MeTO-
IOM BOBMYILEHUH, eCI pajuyc Ny4dka Golblie NIMHE CBeTOBOW BOMHH. Cy-
LIeCTBEHHbIEe OTIUYHSA MMEIOTCH, OHAKO, B KapTHHAX OTPa’KeHHd IYYKOB C
ag = A/2. Y4ér HenMHEHHOCTH NpoLecca NPUBOAUT K MOAABIEHUIO OCIMIIE-
IMH ¥ YMEHbUICHHWIO MX aMINIUTYAH NPH yHaleHHH OT LeHTpa My4yka. BOmusu
I'PaHUIB PacYETHOH O6NACTH OCHUIILINY NPAKTHIECKH OTCYTCTBYIOT.

OCHOBHBIE PE3YJIBTATHI

3aava MCCIeIOBaHHA CaMOBO3[ENCTBHE CBETOBOTO IIy4YKa B HETHHEHHOU
cpefie, €T0 PACCeSHHS M OTPAXKeHHI OGIACTHIO CXIONBIBAHME CBEfeHa K pe-
IIEHNIO CUCTEMBl OGHIKHOBEHHHIX JTHQPepeHINATbHbX ypaBHEHUH GOIBIIOro
NOpAfKa. OTO MO3BONUIO NPUMEHUTDH Ang €€ pemleHus merol Pyure-Kyrra,
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Puc.5. Cnextpul (A, A’) u pacnpefeieHie MHTEHCHBHOCTH BOIHBI, OTPaXX€HHOH OT
IrPaHMOb HETHHEHHOH Cpebl, PACCIMTAHHLIE NPH SHAYEHMH MapaMeTpOB:
e2=0,1, Fo/go=1mnap/A =05 (1),1 (2),2 (3),3 (4).

o6ecneYnuBaOIHUH CylIeCTBEHHO GONBIIYI0 TOYHOCTD, YeM OGBIYHO IIpUMeHse-
MBI 171 pellleHHsd 3aJlad CaMOBO3[eiCTBHS MeTof (a3oBLIX 9KpaHOB. B uu-
CIIEHHOM 9KCIIEPHMEHTE NIPOBEPeHa YCTOMYMBOCTh PACYETHOIO ajlropHTMA.
IIpoBeneno 4ucleHHOe HCCIEOBaHKE CAMOBOBJEHCTBUSL H 06PAaTHOTO pac-
CegHMS My4YKa B OGNACTH CXIONLIBAHHSA, IJie fMaMeTp IY4Ka YMEHbIIAETCI IO
JIMHEL CBeTOBOM BOTHH A. OHO MO TBEPHIO OCHOBHEIE BEIBOJH! PEllleH!s JaH-
HOW BaJiavyH, MOIYYEHHOrO C MCIONH30BAHMEM IPUOGIIDKEHNS MapaKCHAIbHBEIX
My4YKOB, a HMEHHO: 06IACTh CXIONBLIBAHKI MOXET IPHBOJUTH K 3aMETHOMY OT-
PaXXeHHUIO UBIY4EHHUS TONbKO B TOM CIy4ae, eClTH OHa HAXOTUTCE BOIUBH rpa-
HUILI HETMHEHHOM cpefbl. Y4YéT 06paTHOrO OTpaKeHHS BaXKeH, TeM He MeHee,
IS KOPPEKTHOrO pacyéTa CaMOBO3JeHCTBUH MpiMoil BonHH. IIpeHeGpexe-
HHe UM B TOM Cliy4ae, KOrjja JUaMeTp Iy4YKa yMeHbLUIaeTCH 1O JIUHBI BOTHHI,
IPUBOJUT K HapYLIEHHIO 3aKOHA COXPAHEHUS MOUIHOCTH B IyYKe, IPUYEM He-
BASKH B PaCHYETHEIX BHAYEHUAX MOI[HOCTEH MOI'YT Ha NOPANKU IMPEBOCXOTUTH
BEIMYMHY MOIMHOCTH 06paTHOi BonHbl. CHOpMyIHpPOBaHO HEIHMHEHHOE HHTe-
rpalbHOE ypaBHEHHe [ld PaciéTa OTPaXKeHUs OT FPAHUULI HeIHHEHHOH Cpefbl.
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Hoxaaauo, YTO N8 HAXOXJEHUA ero YUCIEeHHOI'O pelleHHd IIpHMEeHHMa IIpO-
cTernasg HTepallHOHHad CXeMa.
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ma, A.C.Iypsuuy, B.Il.KaugumoBy u B.H.TanaHoBy Ba mnomgepxxy
pa6otn, B.U.TarapckoMy 3a o6cyxieHue pesyIbTaTOB U UX IIPEACTaBIEHUe
rFa cumnosuyMe Progress in Electromagnetics Research (PIERS-95), CuoTa,
CIIA.

PaGoTa BhInonHeHa npu YMHAHCOBOM MOAJepxKe MeXIyHapOHOrO Hayd-
Horo ¢oupa u IlpaButenscrBa Poccuiickoit Penepanun (IIpoextst MR1000 u
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REFLECTION OF A FOCUSED LIGHT BEAM IN A KERR MEDIUM.
II. NUMERICAL SOLUTION OF WAVE EQUATION

V. V. Vorob’ev

Self-focusing of light beam, its reflection and scattering are studied nu-
merically. The fast Fourier transformation in combination with Runge-Kutta
method are applied instead of the phase-screens method which is usually ap-
plied for the solution of a similar problem. This allows to investigate the
self-focusing process even if the incident beam diameter is reduced to a wave-
length. The calculations confirmed the conclusions of the approximate solution
of this problem obtained earlier by the author.
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PACYET MHWHUMAJIBHOTI'O I10J151 PACCEAHUSA
IPOU3BOJILHON AHTEHHBEI I10 EE TUAT'PAMME
HAIIPABJEHHOCTH

IO. II. Boponaes, B. B. Te6exun

Ilonyueno cTporoe aHaIUTHYECKM 3aMKHYTO€E BhIpaXKeHHe i pacyeTa ole-
MEHTOB NOIAPU3AUMOHHONH MATPHULBI paccesHus Sp, OMUCHIBAIOWIEH MHHUMAND-
HOe B KBa[pPATHYHOM CMBICIE NOJle PacCeAHUs MPOKIBONBHOM NaCCHBHOM COrfla-
COBaHHOM aHTEHHHI. DNeMEHTHl Sp aHANHTHYECKH BHIPakKalOTCA TONbKO Yepes
BEKTOPHYIO KOMMNIEKCHYIO {HAarpaMMy HampaBIeHHOCTH aHTEHHEI.

1. BBEIEHUE

IIpueMo-nepepalomue CBOACTBA COTTACOBAHHON IO BXOAY aHTEHHH GyfeM
ONMCHIBATh AMarpaMMoil HanpasienrocTs ([IH)

f(7) = \/;(;;ﬁ(Fo) = &ﬁ%) (1)

P CTAHAAPTHOH HOPMHPOBKE
[ P Fryda=1, @
Q

Tfie OPT 7o OlpefeNdeT HaNpaBleHUe Ha TOYKY Habnofenus; G — MakcUMalb-
HEH kooPuuuenT ycunenus; A, — oPQexkTHBHas MWIOWANb aHTEHHBI; A —
IIMHA BONHH; max |ﬁ (7o)| = 1; x — spmuToBO conpskenue; d) = sin 8 df dip.
B pa60're ncnonwye'rca MaTPHYHOE IPEICTABICHNE BEKTOPHHIX BEIHYUH
= [fe, f,,,] , F' = [Fg, ,p] rage T — TpaHCIOHUPOBaHHe.
Paccenna,lomne CBOMCTBa aHTeHHH! GyJeM ONUCHIBATH NONSIPU3ALKOHHON
MaTpuuel paccesnus [1, 8]

1 W \/’—
Syo(To, —Up) = - 3
P( 0, 0) b \/‘I; : ’ ( )
,/a’,,,a . ,/
Ifie OpT —¥p ONpenenseT HalpaBleHHe IPUXOJa K aHTEHHe MIOCKOH SIeKTPO-

MarHMTHOM BONHHI; 0gg, 04y, ... — KOMIDIEKCHBIE NapUualbHEle 5{deKTHBHEE
miomany paccesuns (OIIP) anTeHus.

1026 IO. II. Boponaes, B. B. Tebexun
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HsBecTHO, YTO MeXJAYy BeTMYMHAMHU f u Sp CylleCTBYeT OIpefieleHHas
B3aHMOCBI3b [2-4], KOTOPYIO CTapaloTCi MCIOML30BATH AN OLIEHKH paccen-
BaloIIMX CBOMCTB aHTeHHH no ee [IH. B o6mweM cioyvae unopmanuu, co-
pepxamteiics B [[H, negocraTovHo mng pacdyera MaTpuusl Sp. Mckmiouenne
COCTABIFIOT TaK HasHBaeMble KAaHOHHYeCKHe aHTEHHH, 74 KOTOPHIX Sp aHa-
IUTHYeCKN BHpaxaeTcd yennkoM depes OH. Kpome Toro, B pabore [4] mo-
Ka3aHO, YTO MOIYT CYyIeCTBOBATh aHTEHHH, Ha3BaHHHE HEKAHOHHYECKMMHU
MUHMMAJIBHO PacCeHBAONIMMMU aHTEHHAMH, IS KOTOPHX Sp TakxXe aHATUTHU-
YeCKM BRIpakaeTcs Tonbko yepes [[H. PesynpraThl HccneoBaHNS 9TOTO THIIA
AHTEHHH UBIAraloTcd HUXKe.

2. KAHOHUYYECKHWE I HEKAHOHUYYECKNE AHTEHHBI

He BpaBagch B mogpoGHOCTH KIacCUPUKALUY COCTABILIOUINX MONS pacces-
HMS DaBIMYHHIX aHTEHH, PasfeluM MOCIefHNe BCEro Ha JBa KiIacca — KaHO-
HUYecKMe M HekaHOHM4Yeckue. Cieqys HCTOPUHU, Ha3OBEM KAHOHMYECKOH Ta-
KyI0 HJIeaTMSHPOBaHHYI0 (T.e. 6e3 MOTeph MOLIHOCTH) NACCUBHYIO aHTEHHY,
Yy KOTOpOM B IPHEMHOM peXHMe MpPH MOJCOeNMHEHHH HEKOTOPOH PeakTHBHOM
HAarpySKH KO BXOJly OTCYTCTBYeT IOlle PAacCedHUS IPH NIO6OH MONIPH3ALUK
u mo6oM HampaBleHHH npuxofa miockoir OMB, T.e. §, = 0. Taxoe cpolicT-
BO KaHOHMYECKHX aHTEHH YaCTO HasHIBAIOT CBONCTBOM HeBHIMMocTH. Bce
OCTalbHEIE aHTEHHHE, He 00Iajalolye CBONCTBOM HEBUIUMOCTH, OyfieM Ha3Hl-
BaTh HEKAHOHMYECKUMH,

HsBecTHO [5-7], 4TO Bce cornacoBaHHbIE KAHOHMYECKHE AHTEHHBI B IPUEM-
HOM peXMMe IIpH paboTe Ha COITaCOBAHHYIO Harpy3Ky IPHHUMAIOT M PacCeH-
BalOT OJIMHAKOBEIE MOIIHOCTH. M3-3a 9TOro cBoiCTBa KaHOHHYECKHE aHTEHHHI
HaSHIBAIOT MHHUMAIbHO paccewBatomuMu [5]. I[ng HeKaHOHMYECKUMX AHTEHH
npu paboTe B TOM Xe PeXHMe pacceMBaeMas MOIIHOCTH BCETa NpeBHIIaeT
IPHHEMAEMYIO.

HsBecTHO Takxke, YTO BCe MpHEMO-IIEPENAIONINe H PACCEHBAIOIINe CBOMCT-
Ba kaHoHMYeckux aHTeHH (KA), Bce mapaMeTpHl ¥ XapaXTepHCTHKH B3aMMO-
peiicTBug ¢ KA onuchBaloTCd aHATUTHYECKH CTPOTUMHY BBIPAKEHUIMH TONBKO
yepes JIH nsomupoBannbix KA. OueBngHo, 4To KA — abcTpakuusd Hamopo-
61e rapMOHMYECKHX COCTABIHIOIMX B CIEKTPAIbHOM aHaIM3e, HO HUMEHHO B
BTOM COCTOMUT HX TeOpeTHYeCcKas MPHBIEKATETHLHOCTHh KaK IPOCTHIX DIeMeH-
TOB pealIbHKIX, HO 60iee CIOXHEIX aHTEHH.

Hcnonsayem pesynbTaTh paGoTH [4] ¥ onuiueM OCHOBHEIE DIEKTPONVHA-
MHYeCK¥e CBOHCTBa NPOH3BOILHOM Ka,nommecxoﬁ_‘an_'l:enﬂoﬁ_‘peme'rm, nmeio-
mei#t N BxofoB ¥ cTOnbKo xe napunansHuix [IH fi, fo,..., fn. CocraBum us
HEX 2 X N MaTpuuy

v . foo fe2 -+ fen
'7:(7-"0)=[f1,f2,...,fN]= cee e e e ) (4)
for for oo fon

IO. I1. Boponaes, B. B. Te6exun 1027
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ByneM cuntaTh napunansieie [JH pemeTxu opTOHOpMHPOBaHHEIMY, T.e€.

[ 7y da = Ew, (%)
Q

rie Eny — enuHuvyHag MaTpuua mopgaka N.
B pa6ote [4] mony4enn o6uiue COOTHOUIEHNS, CIpaBelIuBLe A4 II0GOH
COINIaCOBaHHON KAHOHUYECKOM pelIeTKH:

To FT(~o) = —=F*(7o) V, (6)

rge Matpuna V = diag[l, —1)], a yuurapHas MaTpuua

To=— f F (7o) VFT*(~0) dO (1)
(1]

nonyvaercs us (6) mocme ymHoXenus cnpasa Ha Matpuuy FT*(—7p) u un-
TeIpHPOBAaHUL C y4eToM cBoiicTBa (5). 3ameruM, 410 cooTHomenus (4)—(7)
OCTalOTCH CIPaBEIMBHIMY IIPH 3aMeHaX apIyMeHTOB 7o — tip M APyrux aHa-
NOTMYHBEIX.

PaBenctBo (6) ycraHaBIMBaeT CBESH MeXJy SHAaYEHHSIMH MapLUUAIbHBIX
JIH xaHOHMYeCKoil pelleTKH B JHAMETPAIbHO MPOTHBOIOIOKHHIX HalpaBiIe-
HugX. B vactHOCcTH, mpn N = 1 umeeM I f (i"o)l = l f (—Fo)l, T.e. H3BECTHOE
CBOJCTBO LeHTpalIbHO cuMMeTpur aMmnaurynHou [[H mo6oi KA c ogauM Bxo-
oM.

Yuurapuas matpuna To mMeeT npocroil Qusuyeckuii cMuica [4] — oHa
paBHa MaTPHYHOMY KOB(QPUIMEHTY OTPaKeHHS OT CHCTEMEl PEAKTHBHBIX Ha-
rPY30K, IIPH TMOKIIOYEHUH KOTOPHX K N BXofgaM KaHOHMYECKOH pelleTKH OHa
CTaHOBHTCS HEBHJMMOI B IOJe NIOCKOH BOIHHL.

Hakonern, sanuiueM BhIpa)keH¥e [ NOIEPH3aIMOHHON MaTPHLLI pacces-
Hug (3) mpoMBBONLHOM KaHOHMYeCKO! pemeTky [4]:

Sp(Fo, —To) = iF (7o) ToF T (~tp), i=+v—1. (8)

BrimeonucaHuyio KaHOHHYECKYIO peIIeTKy MCIONb3yeM Aid MOCTPOEHHS
MaTeMaTH4YeCKON MOMEeNH IPOU3BONbHOM HEKAHOHUYECKOM aHTEHHH C OfHUM
BXOJIOM.

3. MOJIEJIb HEKAHOHUYECKO! AHTEHHBI

Opu# BXOJ KaHOHUYECKOH pelleTKH, HallpUMep, IePBhIH, OCTaBUM CBOGO-
HHIM U 6yJeM CYHUTATh ero BXOJOM MOJeNnupyeMoil HeKaHOHMYeCKOM aHTeHHHL.
K ocranpEpiM N — 1 BXOjaM NONCOETMHUM CHCTeMY (MKTHBHBIX Harpys3oK,
ONUCHIBaéMEIX MaTPUYHEIM KooduumenToMm orpaxenus I' (cM. puc.1l). B

1028 IO. II. Boponaes, B. B. Tebexun
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KaHoHUUecCckas

SHTEeHHASs

peuweTra <

§

Puc. 1. Mopens HeKaHOHMYECKOH aHTEHHBI.

COOTBETCTBHH C TaKMM pasbueHueM BxofioB M mapunanbHeix JIH mpepgcraBuM
BhIpaxkeHus (4), (7) u (6) B 6mouHoM Buze:

1 N-1
F(%) = [F(f) i B |, FF) = filR),

: 2 1
T, = T oy1-ITI e |} -

. N-1
T /1 - IT? ¢ T — T T*Tis }
F1()
- - / ...... V[FT(~70) i FF*(~70)]dR, (9)

i

-------------
.

(10)

YuutapHoit Marpuue Ty IpUIaH CIEUMATbHBIH BHA AIf MONYepKABAHUL
oco6oro 3HaveHus dreMeHTa T', mogpo6Hee pas6HpPaeMOro JalIblIe.

IO. II. Boponaes, B. B. Tebexun 1029
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.

SanuimeM TakKe BHIpaKeHHe [ NONIPUBANMOHHON MaTPULLl PAacCesHus
Hamel Mopenn (4]

0 = 0| FT(~7)
Sp(Fo, ~T0) = i[Fi(Fo) i H(R)] [To— | ... ¢ ... T A5
0 : T F3 (~7)

TaxuM o6pasoM, nmapuuansiad JH F; = f-i KaHOHMYECKON pelueTKH OIH-
CHIBaE€T NpHEMHEIE U Iepelaolle CBOMCTBA MOJENUPYeMOl HeKaHOHMYeCKOM
aHTeHHH, a Bce N mapumansHux [JH BMecte ¢ MaTpuuei I' — paccenBaroiue
CBOJCTBA. .

PaccMoTpuM cHavama mpueMo-nepenaiomue cBoiicTBa. Oco6eHHOCTH BHI-
paxenus (10) cocrour B ToM, YTo mpu N > 2 OHO NPENOCTABILET MOIHYIO
cBo6opy BeIGOpa cBoiicTB nmapuuanbuoir JH F; = f1. IlosTomy Benmuuny fy
MOXHO BaMeHUTH Yepe3 f us. (1), xoropas omuceiBaer [TH mo6oi peambHOR
aHTeHHH. IIpu 5TOM U3 BhipaxeHus (9) umeeM:

T =t = — / Fo (7o) VFT*(~70) dQ2. (12)
1]

OTO YHCIO — BaXXHai MHTErpalbHai XapakTEPUCTHKa M0G0 aHTEHHH.
B vacTHOCTH, Aud ®reMeHTapHOIo oleKTpudeckoro punons (gumons [epua)
t =1, 7 = 0; g dDIeMeHTapHOI0 MarHUTHOro t = 1, 7 = 7; 14 BEKTOPHOIO
sneMeHTa ['loiirenca ¢ = 0. [[1g DpOUSBONLHEIX aHTEHH CIPaBEIUBH Hepa-
BecTBa 0 <t < 1,0 <7< 27, B 4eM MOXHO y6eNUTHCHE, BHIIOIHIS PacieTH
no ¢opmyie (12) gug IH xopouro #BBeCTHEIX aHTEHH.

Nrak, Mopmenrb aHANMTHYECKH MOXeT ONHMCHIBATH IPHEMO-Iepefalolrne
CBOMCTBa 1060 pealbHOM aHTEHHH ¥ B 9TOM CMEICIE IBISeTCH IONIHOM.

Ilog4yepkHeM, YTO MHHHMAIbHO BO3MOXHOe 3HadeHue N, coxpaHfiollee
MONTHOTY ONMUCAHUS IMPHEMO-NepeNalolX CBOHCTB M060i aHTEHHE, COCTABIE-
eT Nuyin = 2.

PaccMoTpuM mopgpoGHee paccerBaiolie CBONCTBa MOJENH, ONpeengeMble
Beipaxkennem (11). Tyma Bxomutr marpuua I', omuchiBaiomas cBoicTBa (uK-
THBHBIX HarPy30K, SBAKIOIINXCE NPHHINIHAIBHO HeO 6XOMUMBIMH DIeMeHTaMu
MoJiel — OHH 3aJal0T KOHKpeTHHe ycIoBus Ha N — 1 BXolaX KaHOHMYeCKOil
PELIeTKH.

- YantapHag MaTpuna I' onncriBaeT QUKTHBHEE Harpysku 6e3 IOTepb, M
MOJEeNbL B IIEIOM TakKXe He GyleT MMeThb MOTepb, T.K. pelleTKa MOJNEIH II0
ycnoBuio noreph He uMeer. Heynnrapuas marpuna I' (co6cTBeHHble 4ucna
maTpuusl I'*I' MeHbure 1) onuceiBaeT QUKTHBHbIE HAIPYSKH C IOTEPAMH, H
Mofienb B enoM GyfeT OMUCHBATH aHTEHHY C MOTEPAMH. OTH IIOTEPH YCIOBHO
Ha30BeM criequ@uyeckuMu, GUBMYECKN pealn3yeMEIMHI, HO TEXHOJOTHH HX CO-
8JaHNd KacaTbcd He OygeM. 3aMeTuM, 4To cBoGopa B BhGope MaTpuusl I

1030 IO. II. Boponaes; B. B. Tebexun
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paclIEpseT BO3MOXKHOCTH ONHMCAaHUS PACCEHBAIOIUX CBOMCTB aHTEHHH, He B3a-
TparuBasg IpHeMo-IepeNalomux. .

B Bripaxenne (11) BxopguT Taxxe MaTpuna Fa, cofepxamas N — 1 napuu-
ansHylo [IH xaHoHW4eckoli pemerku. Anaius BepaxeHnus (10) noxashiBaeT,
yro npu N > 2 MaTpuuy F, Helb34 QHO3HAYHO BEIPAasUTh Yepes F1 = f; = f
n napametp T, T.e. F, ABIgeTCS OTHOCHTENbHO HesaBucumom ot JIH Mopemnu-
pyeMol anTeHHH. ClefoBaTelbHO, OTHOCHTENbHAL CBO60/ia BHI6GOpa MaTPHIHL
F2 u monHag cBoGofa BhIGopa MaTpuusl I', Bxoggmux B Bhipaxenue (11),
o6ecneYnBalOT HeO6XONUMYIO IOMTHOTY MOJENH NMPH OMUCAHHH PAcCEeHBAIOLIMX
CBOMCTB mio6oil anTeHHH c¢ BafanHoi [{H. C mpyroit cTOpoOHH, 9TO MUIUHUI
Pas NMOJITBepXKJlaeT M3BECTHOE IIONOXKEHHE O TOM, YTO MaTpHUy Sp B o6meM
cIy4ae Helb3d BHIPaSHTh TONbKO Yeped [[H aHTeHHH.

OpnHaxo ecTh BaXXHOe MCKIIOYEHHE M3 9Toro obinero npapuna, eciu N =
= Nmin = 2. PaccMoTpuM ero nogpoGHo.

4. HEKAHOHUYYECKHMNE MUHNMAIJIBHO PACCENBAIOIIINE
AHTEHHBI

CHavyana sanuureM GopMyITH, ONpeNensione HHTerpalbHEe XapaKkTepuc-
THKM PaCCEMBAIOMIAX CBONCTB aHTEHHH:

op(—1 .
—%ﬂ=ﬁ/&&m (13)
Q
— nonayio spPexTHBHYIO MIomans paccesuus (OIIP) anTenHs (8] u
g o
.§=/@e%ma (14)

Q

—mnonHyio cpennioo JIIP.
3amuch Tr A osHavaer Bruncienue ciefa Matpunnl A. Ilopcrasum (11)
B (13) u ganee B (14), yureM cBoiicTBo (5) 1 momy4nm

_ 0 : 0 0 : 0
op . .
.X{:Tr TJ*" cee 1 een To-‘ cee 3T eee . (15)
0 : I~ 0 : T
CHadala pacCMOTPMM aHTeHHy 6e3 IoTeph, cunTas MaTpuuy I' yHuTap-
Hot. MoxHo mokasaTs, uTo npu (QukcuposanHoi Marpuue To Buma (9) cy-
wectByloT Matpuun I'; u Ty = -, Takue, npu xoroprix DIIP (15) gocTu-
raloT SKCTPEMAIbHEIX SHAYEHHI:
OP min

A2

=3-2t, (16)

IO. II. Boponaes, B. B. Tebexun 1031
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ap
——%:4N—5+2t. (17)

Hau6onbuvii vHTepec NPeICTaBILIOT AHTEHHE, Y KOTOPHIX 3HadeHHe JIIP
P meax MUHMMaIBHO. OTO OyfeT npu N = Ny, = 2. Takue aHTeHHB HaB3O-
BeM HEKaHOHMYeCKMMM MHHMMAIbHO pacceuBaomumu. Hug nux us (16)-(17)
MMeeM cleflyioliiie SKCTpeMalbHble BHAUeHN:

OP ext
;2" T =3 F 2t (18)
MoxHo nokasaTs, YTO SKCTpeMaibHble BHavenud (18) gocruraioTcd npu
T' = Fexp(—ir). (19)

Jlng HeyHHTapHHIX BHadeHuH I', T.e. AId aHTEHH cO cnenu@uIecKUMH IIO-
TepaiMu BMmecTo (18) Gynem umeTs

op
T gz (20)
4TO JOCTHraeTcd NpH
T = Ftexp(—ir). (21)

HanoMHuM, 4TO BHaYeHUd ¢ M T BHYHCILIOTCH M0 opmyre (12).

Us cpasuenns (18) ¢ (20) cmegyor nepaBemcTBa 2 — t2 < 3 — 2t
2+ t% < 3 + 2t, T.e. BHecCeHMe CHeNH(PUIECKUX NOTEPh CHIKAET CPEIHION
OIIP MUHMMaIbHO PACCEMBAIOMNX AHTEHH.

IlonyynM BeIpaXeHue, ONKCHBalollee MATPULY S, HEKAHOHMYECKOH MUHU-
MaJbHO pacceMBaiomeil anTeHHsl. Ilpu N = 2 B Boipaxenuu (10) umeem:
T2z = 0; T12 = T = exp(i¥), npuyeM sHadeHne ¥ MoxeT 6HITH NPOUBBOIL-
HBEIM U Ha KOHEYHHH pesynbTaT He BuufeT. 3aTeM u3 (11) HaxofuM sHaveHue
F, u nogcrasiugeM B (11). B pesynbsrate, onyckasg IpoMexyTOYHEE BHKIA[KH,
MONYYUM:

-1

fo(fo) :  f5(—o)

SP(FQ, —-170) = X

1-1t2
fo(70) i —fo(~o)
(22)
diu : di2 fo(=%) : fo(—7%0)
X . . . ,
dpy : dp f;(%) : —F5(%)
rie
diy = T(l + I‘T), diz =dyn =1+T1T,
(23)
dys =T* +T.
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TaxuM 06pasoM, pacceMBaiollne CBOMCTBA HEKAHOHMYECKUX MUHUMAIBHO
PACCEMBAIONINX aHTEHH aHAIMTHYECKH BRIpaxaioTcd depes JIH (1), kommmekc-
Hoe uucio T, Berducingemoe yepes TH no popmyne (12) 1 nponsBorbHOe KOMI-
nexcuoe uncio I' = |T'|exp(iy), 0 < [I'| £ 1,0 £ v £ 27. Anamus BHpa-
xenud (15) moxasai, YTO NMpH BCEBOSMOXHEIX HM3MeHeHnsx I' sHayeHue p
MeHgeTcs oT a6CcomoOTHO MuHKManbHoro (2 — t2) A2, onpenensemoro (20), oo
abcomoTHO MaxcumanbHoro (3 + 2t) A%, onpepenszemoro (18). Takum o6pa-
B0M, HeKaHOHMYECKMe MUHUMAIbHO pPacCeMBalolie aHTeHHH ¢ sagaHHoi [[H
COCTABILIOT HEKOTOPOE MHOXECTBO, Ille eCTh OfiHa aHTEeHHA C HaMMEeHbIINM
paccesHMeM M OfHa aHTeHHa ¢ HauGonpmuM. Ileppas sBIgeTCE aHTEHHOH CO
crenuuIeCKUMHU MOTEPAMH, a BTOpad — aHTEHHOH 6e3 MoTeps.

Hcnonsayem (13) u npusenem aBe Ppopmynsl aug pacyera OIIP.

IIng anTeHHH 6e3 MOTephb IIPH HCIONL30BAHUY BepxHero sHaka B (19), T.e.
npu I' = — exp(—i7) nmeem:

op(—7o) 1 — [IF( vo)| it IF(60)|2_

(24)
— 2Re[Fo(~T) Fali) — Fy(~T) Fy(i)] exp(i‘r)].

Ilng anTeHHH co crenuduYecKMMN NMOTePIMH NPH HCIOIB3OBaHHH Bepx-
Hero sHaka B (21), T.e. npu I' = —texp(—ir) = —T* umeem:

op(~i) = Au(1 ~ )| F(~)[ + 4 (25)

IlpuBenem Takxe BHpaxeHUd i pacieTa dleMeHTa ogg 3 (3). IlopcTas-
ngg B (22) cuadana I' = —exp(—ir), a sateM I' = —T*, cooTBeTCTBeHHO
HMeeM:

GA,
14¢

12
+  Fj(—70) Fo(—) — Fy(~o) Fy (i) e""l .

ir

loge|

(26)

(7o) Fa(—To) tei” + Fa(o) Fy () + F§ (<o) Fo(~0)[ . (27)

Jlng uckI04eHus HeOPa3yMEHMH MOACHUM BHAYEHUI HCIONb3YeMbIX apry-
MeHTOB: 79 — 0,90; —To — 7 — 60,7 + ¢; -V — 7® — b;,7 + @;;
0, u 0;p; — chepuyeckne yrisl HaOMIOAEHHS U MpHXORa Imockoir OMB x
aHTeHHe COOTBETCTBEHHO.

IO. 1. Boponaes, B. B. Te6exun 1033
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5. BIBOJBI

B craThe paccMaTpHBAIOTCH TONBKO COINIACOBAHHEIE aHTEHHH, §¥ KOTO-
pEIX k0(PUIUEHTE OTPaKeHUd OT BXOHOB i KOd(P(UIHEHTH B3aNMIION CBIBH
MeXQy HEUMHU PaBHAIOTCH HymIO. [[f COracoOBaHHHX aHTEHH CIPaBEINBH CO-
otHowenus (2) u (5). BronHe BoaMoXeH NOROGHEIH aHAINSG HECOITACOBAHHEIX
aHTEHH, OfIHAKO BHIKIAJKH 3HAYUTEIbHO YCIOXKHSAIOTCH, a HOBHE dp(eKkTH He
06HapyXHUBalOTCH.

ITo pyHnaMeHTaNbHEIM CBOMCTBaM IONA pacCesHUS NpellaraeTcd NEIHTh
aHTEHHHl Ha KaHOHMYeCKHe U HeKaHOHUYeCKue, a MOCIefHIe — Ha MUHUMAIbHO
1 HEMHHHMaJbHO pacceuBalomyue. IlocnenHee He fBIZeTCS OGIENPUHATHIM,
OJHAKO CIefyeT M3 COJiepKaHUA CTAThH.

Iongpusanyuonnas MaTpula paccesHus S, HEKAHOHMYECKOH MUHMMAIBLHO
pacceMBaloOLIeil aHTEHHHl AHATUTUYECKH BhIpaxkaeTci Qopmymnoil (22) depes
AHarpaMMy HaINpaBIeHHOCTH aHTEHHH ¥ NpOMSBONbHHINA mapamerp I'. Ilo-
CIENHUN OHOBHAYHO ONpefcnieTcs IS MHUHUMAIbHO PacCEeUBAIOIIMX aHTEHH
C HaHMeHbUIMM M HaHGONBIIMM paccesHueM. Bce momyyeHHEIe B CTaThe CO-
OTHOIIEHNS ABIAIOTCE CTporuMu. EpuncTBeHHOEe uauyeckoe fomyleHHe —
OTCYTCTBHE IIOTE€Ph MOLIHOCTH B KAHOHUYECKOH aHTEHHOW pellleTKe MOJeNH
aHTEHHH!. -

Ilo npuHuMNy CynepnoOSHIMN MaTpPHIY Sp IPOM3BONLHON HEKaAHOHMTECKOH
aHTeHHH c safanHoi [JH MOXHO pasmoXHuTh Ha [|Ba CIaraeMBIX: NlepBoe W3
HUX MMeeT BUA (22) M ONMCHIBaeT MUHHMAIBHYIO B KBaipaTHIHOM cMEIcie (18)
nu (20) cOCTAaBNLIOUIYIO NONA PAacCesHNS AHTEHHH], & BTOPOe — OCTAIbHYIO
YacTh OGlIero Noid paccesHus; NepBoe craraeMoe Buuucagercs vepes IH, a
BTopoe — HeT. IlepBag cocTaBngiomad uMeeTcs ¥ BCeX HEKaHOHUYECKHX aH-
TEeHH, a BTOpad MOXeT OTCYTCTBOBaTh, H TOTAA aHTEHHY HaSHIBaeM HEeKaHO-
HUYeCKOM MUHHUMAIBHO paccenBaiouedl. IlepBad cocTapiugiomas Npyu 3afaHHON
JH He MoXeT GHITH yCTpaHeHa IPUHIMIUAIBHO, 3 BTOPAai MOXET OHITh YyCTpa-
HeHa 6e3 wasmeHenus [[H. B pesyasrarte ycTpaHeHus BTOPOIl COCTaBISIOLIEN
HEMMHUMAIbHO PaCcCEeNBaoOllad aHTEHHA CTAHOBUTCE MHHUMAIbHO PacCeNBalo-
mei. Cnoco6ul ycTpaHeHHs BTOPOM COCTaBIAiOUIeH, T.e. CIIOCOGH ONTHMH-
BallMi TONS PacCesHUS aHTEHHH, a TakXe IPHYUHEI CyIIeCTBOBAaHMI BTOPOMH
COCTaBIdIOlEe B CTaThe He paccMaTpuBaioTca. TaxuM o6pasoM, aHTeHHa,
IONle paccesHUd KOTOPOi ONMCHBaeTcd MaTpuuei S, Bupa (22), MoxeT cuu-
TaThCd IO IIONIO pacCcedHNd STANOHHOM Jlf BCeX aHTeHH ¢ Takoil xe [[H.

- ABTOpH He MPUBOJAT PE3YIHTATOB KOHKPETHHIX PaCieTOB, BHIOIHEHHBIX
no gopmynaM (24)—(27), cuurag ¥X ZOCTATOYHO MPOCTHIMU. EpuHCTBeHHYIO
CIOXHOCTH NMPENCTABIAIOT PacieTH NapaMeTpoB ¢ i T no popmyie (12); same-
THM, YTO BO MHOTMX CIy4afX ¢ &~ 0, YTO JOMONHUTENHHO yNPOIAET PaCYETH.

MaTtpuynas $opMa BanucH HOYTH BCEX PE3YIHTATOB NO3BONIET UX 0606-
HIUTH Ha CIy4al HeKaHOHWYeckod aHTeHHH ¢ M > 1 Bxogamu. Ilug sToro,
HampuMep, B (Qopmyrne (9) cmenyer cpenaTh Takue SaMeHH: 1 — M,
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N-1-N-M, \/1 - |T)? - \/EM ~T*T wnu \/Ep — TT* u T.5., @ Ais
NONyYeHHS HeTPHBHAILHEIX Pe3ylIbTaTOB MUHHMalbHOE 3HadyeHue N [OMKHO
COCTaBUTh Npin = 2M.
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CALCULATION OF MINIMUM SCATTERING FIELD OF AN
ARBITRARY ANTENNA BY ITS DIRECTIVITY PATTERN

Yu. P. Voropaev, V. V. Tebekin

A strict analytically closed expression has been obtained for the calcula-
tion of the elements of polarization scattering matrix S, which describes a
minimum in quadratic sense scattering field of an arbitrety passive matched
antenna. Elements S, are analytically expressed only through the vector com-
plex antenna pattern.
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YIK 537.533

BO3HUKHOBEHME OCOBbLIX PE2KMIMOB
POPMHUPOBAHUS SJJEKTPOHHBIX IIOTOKOB
B MHOI'OYACTOTHOM MATHETPOHE

C. M. I'yduaos

PaccMoTpennt oco6eHHOCTH POPMUPOBAHHA SNEKTPOHHEIX IOTOKOB B IIOC-
KOM MarHeTpOHe NpPH HAIMYMHM MHOTOYaCTOTHOro curiana. Ha ocHoBe Tpaex-
TODHOI'O aHalH3a NMOKalaHO, YTO B JaHHOH ciHcTeMe Ha al’oBOH IIOCKOCTH
MOTYT CYLIECTBOBATb TOIBKO CENIOBHIe paBHOBecHble TOoukM. OG6HapyxeHo,
YTO TH CEIOBbIE TOYKH MOTrYT GHITh IBYX THNOB. BBefieHo moHaTue o61acTn
PpacxoguMOCTH TpaekTopuil. OnHcaHbl NPOLECCH KaYeCTBEHHOI'O M3MEHEHHA
$OpMEI CIULE! B 3aBUHCHMOCTH OT NapaMeTPOB.

g onucanus paGOTH MHOTO4YaCTOTHHX 9lekTpoHHEIX CBY npu6opos co
CKpelleHHEIMU TOIIMH HeoGXONMMO UMeTh NpecTaBleHne o (OpPMUPOBAHHK
B IPOCTPAHCTBE B3aNMOJEHCTBHA SIEKTPOHHEIX MOTOKOB. OnHako, 06pasoBa-
H¥le DIeKTPOHHHIX IOTOKOB B ®TOM CIy4ae MOXeT UMeThb piAj 0cobeHHocTel
IO CPaBHEHHUIO C OMHOYACTOTHHIM MarHeTpoHOM. B JacTHOCTH, OKa3EIBaeTCd,
YTO B MHOTOYaCTOTHOM MarHeTpPOHE CYIIECTBYIOT P€XHUMBI, KOIla HEOCHOB-
HBEl€ YaCTOTH MOT'YT OKa3hIBaTh CYIeCTBEHHOE BIUAHUE Ha (OPMUPYIOIHIACT
noTOK. B 5TOoM CBA3H IpencTaBIseT HHTEpeC UCCIe[OBaHue, Ha OCHOBE TPaek-
TOPHOTO aHAIN3a, YCIOBUH (POPMHPOBAHHSL B IIIOCKOH MOJENH MHOIOYaCTOT-
HOTO MarHeTPOHa SIeKTPOHHBIX IIOTOKOB, HEyCTOMYMBHIX O OTHOUIEHHIO K
MaJIKIM UBMEHEeHHIM aMIIUTy] ¥ (a3 HeOCHOBHHIX YacTOT.

IIpene6Gperas BIusHNEM MPOCTPAHCTBEHHOTO 3apAfia, yCPeHEHHHE ypaB-
HEHHT IBUXEHNL BIEKTPOHOB B MHOTOYaCTOTHOM MarHeTPOHE MOXHO, IiId CIy-
Jyaf c1aboro pacCHHXPOHHGMA, BalKCaTh B NIEPBOM IMpHGmKeHnu B Buge [1]:

d® .
- €1 lag — ; am ch g, T sin(gn® — €,0,0 + ¥n)] ,

1
. (1)
- €1 ) ,amshgnT cos(gn® — epbn0 + 9Pp).

m

31ech OCh ¥ HallpaBlieHa OT KaToMla K aHOJY, OCh z IapaiielbHa 3aMeligio-
el CHCTeMe M COBMAJaeT ¢ HAPaBIeHHEM JBHXKEHHI SIEKTPOHHOr'O MOTOKA,
® = f1z—w1t u T = B1y — ocu cUCTEMH KOOPANHAT, TlepeMelalomeics BIOTb
OCH 2 CO CKOPOCTBIO IIepBOM 'apMOHUKM v3; = wi/P1, fn U w, — NOCTOSH-
Haf pacHpOCTpPaHeHHA M 4YacCTOTa Nn-H rapMoHuku, § = w;it — “MennenHoe”
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BpeMs, w, = |e/m|By — HUKIOTPOHHAL 4acTOTa, by, = 1 — (vg1/ven) — ma-
paMeTp PacCUHXPOHM3MA BOIH, Egg = wy Bo/f; — BenM4uMHa HANPIKEHHOCTH
CTaTHYECKOro NONL B CHHXPOHHOM pexume u ag = Eg/Egp— 1. °

JunamMuyeckad cucTeMa, oNHMCHBaeMas ypasHeHusMu (1), mpu n = 1 fo-
CTaTOYHO XOPOILO HCCIefoBaHa [2]. B To Xe BpeMs, B muTepaType He UMeeTCH
CKONB-HUOYb CUCTEMATHIECKUX CBEleHUH O MOBEleHUN JaHHOH JUHaMUYeCKOH
CHCTeMH B ciydae m > 2. B HacTofnell cTaThe MPEACTaBIeHH PE3YIHTATH
TaKOr0 HCCIeTOBaHUS, OCHOBaHHKIE Ha HBYYeHHHU (a30BOro IPOCTPAHCTBA yKa-
BaHHON RuHaMuYeckoit cucremu. Tax xak asoBoe MPOCTPAHCTBO CHCTEMbI
onpepnengercs kxoopaunaTamu & u T [3], To qug onpeneneHHOCTH HCCTEOBaHNE
IPOBefieHo B HHTepBale usMeHenns ® or —w go . Kpome Toro, Besje B faib-
HelIleM IIpeJIolaraeTcs, YTO PaCCHHXPOHU3M BOIH BecbMa cnabuii (b, ~ 0),
TaK 4T0 cucreMy (1) MOXHO CYMTATH ABTOHOMHOIL.

Kak u B c1y4ae ofiHOM 4aCTOTHI, BTa CHCTEMa JOIYCKAaeT CylIeCTBOBaHHE
TOYeX PaBHOBECHS, KOTODHIE ONPENENIIOTCS U3 COBMECTHOTO pEUIEHHS ypaB-

HEeHUH:
fl(ﬁ, T) = 0,

£2(8,T) = 0. @

3nech BBeIeHE 0603HaYCeHUL:

fl(é’ T) = €1 {G0 — Z%ChQnT Sin(q'z§ + ¢n)] ’
" (3)
f2(®,T) =61 anshgaT cos(ga® + ¥n).

CrpyxTypa ypaBHeHumit (1) mosBongeT cOpPMYIHDOBATH yTBepXkKJeHMe,
4TO B JaHHOM NMHAMMYECKOH cucTeMe, JIf MO60TO YHCTa JacCTOT 7, BOS-
MOXHH TONBKO CEAIOBhIe PaBHOBECHBIE TOYKH.

HeficrBuTensho, nycrb (8, To) — Takad paBHOBecHas TO4YKa. Bpemem
BEKTOP COCTOSHUA

7=[%]. (@
¥ MyCThb
o-[13]

Torfa cucremy (1) MOXHO BanucaTh B BHJeE:

A
=5 = (V). (6)

C. M. I'yduaos 1037
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OIIpGI(eJ'IHB Mallble OTKIOHEHHd OT NOJOXEeHNd PaBHOBECHI BEKTOPOM

a=[z:]a ’ (7)

sanyeM (6) N1 COCTOSHUA, GIUBKOTO K PaBHOBECHOMY, B BHJE:

d(Vo+7 ,
—(—(;:—2=f(%+6). (8)

Pasnarag IIPpaBYIO 4acCThb (8) B pdn 110 MallbIM OTKIOHEHHIM H OCTaBIdgd
TOJIBKO YJIEHH! II€PBOIrO NMOpAIKa MallOCTH, HMeeM:

v .
-J-o-—A‘U, (9)

rge MaTpuna A nMeeT BH]

_elzanq” chg,T CQS(%&Q +¢n) —512073911 shg,T 5in(9n§ +¢n)
A=| " " . (10)
—e;Za,.q,. shg, T sin(g,®+vn) elza,,qn ch g, T cos(gn®+vn)
n n

Heo6xoguMo 0TMETHTH, 4TO B H3Y1aeMOM CHCTeMEe TOYKH PaBHOBECHE MO-
IyT GHITH TONBKO CE[IOBHIMU MIM THIIA IEHTpPa, Tak Kak oTobpaxenue (1) He
nsMeHgeT $as30BOro MPOCTPAHCTBA:

div(,T)=trd = 0. (11)

Jng BHIACHEHNS KOHKDETHOTO THIa TOYeK PaBHOBECHS ONpefelnuM cobceT-
BeHHHIE BHAYEHUS 0 MATPUUH A:

2
o,z = £ { [61 Y angn chgn T cos(gn® + ¢n)] +

1/2

2
+ [51 Z angn shq, T sin(g,® + ¢n)] } . - (12)

Kax sunno us (12), cTpykTypa MaTpuisl A TakoBa, 4TO ee COGCTBEHHEIE
OHAaYeHHsS OKABHBAIOTCHE AEHCTBUTENLHEIMH U NPOTUBONOIOKHHIMU IO BHAKY
npy mo6ux $, T u n. DTo M KoKasHBaeT cOPMyTHPOBaHHOE BHIIE yTBEPX-
JileHHe O CYIeCTBOBAHMHU TONBKO CEIIOBHX TOYeK paBHOBecHd [4].

B ciayyae ofHOH 4acTOTH HMeeTCs TONBKO OffHa CENIOoBai TOYKa C KOOD-
puHatamu (7/2,Yo) npu ao > 0 wmu (—n/2, To) mpu ap < 0. B nepBom
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cIy4ae cOGCTBEHHOMY BHavYeHHuIo g1 = —&1a1 sh Ty cooTBeTcTByeT co6CTBEH-
HHI BEKTOp
1)
ol
=1, | (13)

St

a CO6CTBEHHOMY SHAYEHHIO 03 = £1a; sh Tg — coO6GCTBEeHHHI BEXTOp

3 (2)
VU = _v,v(Z) . (14)

Bneck v(1) u v(2) — npousBONBHEE MalEe OTKIOHEHNS BJOIH OCel OT To-
NTOXEHHS paBHOBecHE. TakuM o06pasoM BHJHO, YTO CENapaTPUCH CENIOBOH
TOYKM COCTABILIOT C OCAMM KOOPOMHAT B 9TOM TOYKe Yrin B 45°. Anarormy-
HEI€ BEIBOJH MOXHO IIONYyYHTh NIk ap < 0.

Ilpy HanmM4Y¥M HECKONBKHMX YaCTOT MOMCK CEJIOBHIX TOYEeK MOXeT GHTb
OCYLIECTBIEH C NMOMOINBIO KOMNbIOTEpa. lIpHvyeM STOT MOUCK MOXeT OHITH
BHaYMTENbHO OO6leryeH BBEeHHEM B pacCMOTpeHMe o6nacTeil pacXogMMOCTH
TpaekTopuit. MccregoBaHue Takux o61acTell MOBBONIET TakXKe MONYYHUTH HO-
INOTHUTENbHYI0O HHPOPMAIMIO O B3ANMHOM PACHONOXEHHN TPAEKTOPHH.

Ov4eBHfHO, YTO C CEJIOBON TOYKOH NOMXKHA GHITH HENMOCPENCTBEHHO CBS-
BaHa 06IacTh, B KOTOPOU MOGHIE [Beé TPAEKTOPHH PACXONATCA IPH NMPHUGITIKe-
HAN K aHOXy. PaccMoTpuM ciy4ail, korga mpaBble 4acTi (1) He 3aBUCET OT
BpeMenu (b, = 0), Torga MOXHO BalUCATh:

dd _ fi(8,T) _
5= f:_(<I>,_T) = N(&,T). (15)

YpaBuenue (15) ompefenseT TPaeKTOPHU BeIYIIMX LEHTPOB SIEKTPOHOB.
Jng pasTMYHHEIX BIEKTPOHOB TPAEKTOPHH OKa3HIBAIOTCH Pa3HHIMH M3-33 pas-
HBIX HavdalbHHX ycnopuil. IlycTh BhGpann e 6muskue Tpaekropun &1(7T),
®,(T) u png HekoTOpOro PuKCUPOBaHHOrO T ONIpPENENeHO PAcCTOSHHE MEXHY
TPaeKTOPHAMH:

u= [85(T) - &1(T)|- (16)

s (15) u (16) cuenyeT, 4TO MSMeHeHHe u, NPU NPUOIMKEHHH K aHORY,
MOXeT GHTH HaiifleHo 1o popMyie:

du
T N(®;,T)- N(2,, 7). ’ n
Pasnaras mpaByio wacTb (17) B pfj o MaloMy IapaMeTpy % M OCTaBIAA
TONBKO TMHEHHEIE WIEHH!, IOLY YHM:

du
ZT = Au. (18)

C. M. I'yduaos 1039
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3necs

oIpefieNngeT IKCIOHEHIMAIBHYIO PACXONHMOCTh TPAeKTOPHH IIPH MONOXKUTENb-
HHIX BHavYeHHEX. B o6ueM ciyyae

A = { ag — E aoch ¢, T sin(g. & + 1,&”)] Za,,q,, shq,Tsin(¢,® + ¥,) —
- E ao sh g, T cos(gn® + ¥n) Z angn ch g T cos(g.® + %)} /

"
/ [Z aosh g, T cos(g,® + ¢n)] . . (20)

O6nacts pacxogumoctu (OP) npeacraBaser co6oit 4acTh (PasoBoro mpo-
CTpPaHCTBa, Aug koToporo A > 0. Tak, Hampumep, [7Z OQHOYACTOTHOLO pe-
XKuMa, npu ap = 0,08 u a; = 0,066 (puc.1) o61acTh paCXOFUMOCTH ONpefe-
TUTCA U3 BHIpaXKeHHd

apsin® —a;chYT > 0. (21)
Y
S,
oP
) 0 a2
Puc. 1.

O6nacTh pacXOAMMOCTH BCETjla CBABaHAa C CENIOBOM TOYKOM, PacIOIOXeH-
HOM Ha IpaHMIe 9TOH 06IacTH B BepXHell ee YacTH. Kax moxasamyu YuCIeHHEe
®KCIIeDUMEHTHI, CYLIECTBYIOT ABa THIA CENIOBHIX TOYEK B JAaHHOH CHCTEME.
IIpu cooTBeTCcTByIOIEM MBMEHEHMH aMIUIMTYQ M (as CUTHAIOB, TOYKM IIep-
BOro THumna (S;) BOBHHKAIOT OT NIOBEPXHOCTH KaTORA X COOTBETCTBYIOT CEJIO-
BOM TOYKe, OMMCAHHOH [ OHOYACTOTHOro pexuMa [2]. CXORHHIMH OKa3HI-
BalOTCE M YCIOBMS MX CyulecTBoBaHMA. Kak mpaBuio, oHM o6pa3yioTcd IpH
sHayeHnsx & ~ =7/2, Ha rpaHule 30HH, GIATONPHITHONX ANE 0GpasoBaHUL
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CNUUE], H 3OHH IOJaBIeHNd. 3OHA OJABIEeHHUI IIPH DTOM CONPHKACAETCH Kak
C KaTouioM, Tak i aHogoM. CennoBag TOYKa pasjengeT IOTOK Ha JBa, ONMH U3
KOTOPHIX BO3BpalllaeTCH Ha KaTOJ, & PYrOf BUXKETCH K aHOAY.

Touku Broporo Tuma (S;) MOZBISIOTCE B OGIACTH B3aMMOJEHCTBHE CO
CTOPOHH aHOMa U CYIECTBYIOT TONBKO AlIf MHOTOYAaCTOTHOTO CHT'Hala. B
9TOM CIy4iae 3O0HA NMOJaBIeHN HAYMHAEeTCS Ha aHOJE U OKa3hIBaeTCE BHYTDHU
6naronpuaTHOH BOHH. O6a NMOTOKa, pasfeleHHHX TaKOH TOYKOH, yCTpeMid-
lorcs K aHouy. Kax mpaBuno, Touky Sa nerde oGHapyXuTh IO BO3HUKAIOIIEH
BHayaJle BOMMBM aHORa o6nacTu pacxoguMocTi. CelloBEHe TOYKU IEPBOTO U
BTOPOrO THIOB MOIL'YT CyLUIECTBOBAaTh OHOBPEMEHHO MId ABYX H Golee 4da-
cror. Ha puc.2 moxasaHH gBe Takue TOYKH Alf ABYXYaCTOTHOTO CHTHAlIa
npu ap = 0,089; a; = 0,0793; a; = 0,0785; ¥ = 1,8; ¢2 = 2,7.

X Sa

opP
S,
g oP
2 0 x2 ®

Puc. 2.

K mHTepecHHM fBIeHHEM IPUBOIUT BOBHUKHOBEHHE CEIOBOH TOYKH BTO-
POro THNIa NpHM HAIWYUU CHMT'Hala Tpex M Gomee yacToT. B sToM ciyvae
BO3MOXHO BHaYMTeNbHOE pa3BaMBaHue cnuubl. Ha puc.3 mpencrasneno Ta-
Koe fBIleHHe [JIf TpeX YaCTOT IIPH ClIelylomux mapamerpax: ap = —0,01;
a; = 0,069; a; = 0,058; azg = 0,041; ¥, = 3,0; ¥3 = 3,7; ¢2 = ¢z = 1,3.
Cnenyer oTMeTHTH, 4TO 06pasoBaHue [BYX 9IEKTPOHHEIX TOTOKOB U3 OHOTO
NIPOHMCXOAHUT B CPABHHUTEILHO YB3KOM [QUAIla3OHe M3MEHEHHH NMapaMeTpa, BHI-
BBaBINEro ®TOT mpouecc. Tak, nsMeHenme Y3 ot 3,55 mo 3,74 pay mpusBomuT
K nepebpocy CHMIK M3 OTHOH YacTH 06GIaCTH B3aMMOJNEHCTBHL B APYTYIO C
H3MeHeHNeM KOODAMHATH BePIIMHH Ha BenuyuHy nopaaka w (puc.4 u 5). Ilo-
JNOXeHUe CEJIOBOM TOYKM M OONacTH PACXONUMOCTH NP STOM MeHIeTcd He-
BHAYUTENbHO. TakuM 06pasoM OYEBMIHO, YTO CNULA NMEPEXONUT U3 OJHOM
061acTH MPOCTPAHCTBa B3aMMONEHCTBUL B APYTYIO He HENPEpHIBHO, a IyTeM
o6pasoBaHHd KaieCTBEHHO HOBOTO COCTOSHMS — pachaja dIeKTPOHHOTO Io-
TOKa Ha [[Ba PYKaBa, OfJMH U3 KOTOPHIX MOCTENEHHO YCHIMBAETCL, a NPYrou
HCCIKaeT.

C. M. I'yduaos. 1041
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Y

OH

Puc. 3.

op

Puc. 4.

D

-7,) 0 x2 ®
Puc. 5.
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MoOXHO NpEeNONOXHUTh, YTO IO TaKOMY XKe ClleHapuio MPOTEKaloT ¥ Ipo-
HEeCCH KOHKYPEHIUN HEeCKOIbKMX JaCTOT B MpH6Opax NaHHOTO THIA.

Taxum o6pasoM, IpefcTaBIeHHEIE Pe3YIbTaThl YKashBalOT Ha CHOCOO-
HOCTH JaHHOM IMHAMUYECKOH CHCTEMH K CIOXKHOMY moBefieHuio. Kpome Toro
OYEBHJHO, YTO pacyeT aMIIHUTY] COCTABILIOIIXX MHOIOYACTOTHOTO CUTHAIA
KBasHaHATUTHIECKMMM MeTORaMu TpebyeT akKKypaTHOTO olpefneneHund GopMEL
CIIMIH W3-32 BOBMOXXHOCTH €e pa3[BauBaHUS.

JINTEPATYPA
1. Illenn A.T., Tepacumon B.II. // 2KT®. 1975. T.45. N 7. C.1353.
2. Hevaes B.E. // Uss. BysoB. Pagnopusuxa. 1962. T.5. N3. C.534.

3. Tuxonos A.H., BacunbeBa A.B., CemnukoB A.I'. Iudpdepennnanpusie
ypaBHennsg. — M.: Hayxka, 1985. 231 c.

4. Mocc XK., Mxosed JI. DneMeHTapHas TeopHs YCTOHYMBOCTH M GHPYpKa-
uuit. — M.: Mup, 1983. 301c.

Bonrorpapnckuit rocygapCTBeHHHIH HocTynuna B pegakuuio
TeXHHYECKHH YHHBEpCUTET 18 pexabps 1995r.

THE ONSET OF SPECIAL CONDITIONS OF ELECTRONS STREAM
FORMATION IN A MULTIFREQUENCY MAGNETRON

S. M. Gudilov

The initiation of the electron stream in a planar magnetron in the presence
of a multyfrequency signal has been considered. Based on the trajectory anal-
ysis it has been shown that on the given system phase plane there can exist
saddle equilibrium points only. It has been discovered that the saddle points
can be of two types the Processes of qualitative modification of the stream
form has been described in relation to the signal parameters.

C. M. I'yduaos 1043
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YK 621.396.96

MHOT'OKAHAJIBHOE OBHAPY2KEHUWE CUTHAJIOB 1
N3MEPEHUWE UX ITAPAMETPOB B IIPUCYTCTBHUU
HET'AYCCOBBIX ITACCHUBHBIX IIOMEX

M. A. Ocmposckuii

CHHTe3sHpOBaHbI MHOTOKaHAIbHbIE ACUMITOTUHYECKHE ONTHMANbHEE O6Ha-
PYXHMTEIH CUTHAIOB M M3MEDUTEIM MX NapaMeTPOB B NMPHUCYTCTBUU HErayc-
COBBIX MacCHBHBIX momex. IIpuBeneHs! pesyabTaThl OUEHKH 3(PPEeKTHBHOCTH
06HApPYKEHHMA U UBMEPEHHA B CHHTE3MPOBAHHBIX YCTPOHCTBaX.

IIOCTAHOBKA 3AIAYIN

B [1] najineHo BhIpaxkeHue norapuMa YCIOBHOTO OTHOUIEHHE IPaBIOINO-
no6ug mnd cuyyas npueMma N-MepHoil BHI60opKH Y afuTHBHON CMecH Herayc-
coBoit maccuBHoil nmoMexu H u curHana S(a), #BBeCTHOTO C TOYHOCTHIO O

BEKTOpa [apaMeTPOB & = ||ay, ..., am]|
N
mA(Y/a)= 3 {].nwl [#2 Y. (a) - ¥7'S,(a)] - Inw; [27 Y, ()] } (1)
v=1
rge ¥, = ||'¢u, cors Wy N+1|| — BeKTop-cTonbeln koahPuuneHToB 06endouero

MexpynepuopHoro ¢uibTpa; wi( ) — OAHOMepHad INIOTHOCTH BEPOSTHOCTH
06elleHHRIX OTCYeTOB noMexy; T — BHaK TPAHCIOHMPOBAHUS.

IIpy usBecTHOM NIOTHOCTH BEPOATHOCTH NapameTpoB P(a), samaHHOH Ha
MHOXecTBe A, cTaTtucTHKa BHOOpkH Y XapakTepusyercd norapudmom Ges-
YCIOBHOTO OoTHomIeHHs npaBponofo6us (JIOII)

InA(Y) = / InA(Y/a) Pa)da, ac A. @)
(4)

Ha ocroBanun (1), (2) MoryT GBITH CHHTE3MPOBAHHI ONTHMAIbHEE OGHA-
PYXMTEIH CHTHAIOB M M3MEPHTEIM MX apaMeTPOB, ONHAKO B BABHCHMOCTH
0T CcIoco6a BEIYUCIEHNA STHX (YHKIHOHATIOB BO3BMOXHBI Pa3IMYHEIE METONBI
peanHsalMi ONTUMAIBHBIX ycTpoiicTB. B [1], Ha mpuMepe gByX HemH$opMa-
THBHBIX NTapaMeTpoB (aMINIMTYyGa M HadalbHas (pasa), CHHTE3HDPOBAH OITH-
MaIbHHEIH OGHApYXUTeIh CUTHAIOB ClIeffiero THma. B qannoii pabore nccie-
AYIOTCE BOBMOXHOCTH MHOTOKAaHAIBHOTO OGHApyXEHHS CHTHAIOB M M3Mepe-
HUE MX [TapaMeTPOB B YCIOBHIX JeHCTBUS HErayCCOBHIX MACCHBHHIX NOMeX.

1044 M. A. Ocmposcxuil
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MHOTOKAHAJIBHOE OBHAPY>KEHHUE CUTI'HAJIOB
C HESBECTHBIMHU ITAPAMETPAMHA

UsBecTHO [2], 4TO cuHTed 0GHapyXXHTend IO MI060MY U3 KPHTEpUeB Ka-
YeCTBa MPHBORUT K OJHOMY M TOMY XK€ DelIdolleMy NpPaBHIy, OCHOBAHHOMY
Ha cpaBHeHuu 6esycinosroro JIOII (2) ¢ moporom o6Hapyxkenus £o

In A(Y)2 4. (3)

OTnnvud MeXAy NpPaBUIAMM COCTOST IHIIb B PaBIMYMM BHAYEHUH IIOPOra,
BaBUCANIMX OT IOMHOTHI ANPHOPHHEIX CBEIEHHH O MATpHIe MOTEpPh M INIOT-
HOCTH BEPOATHOCTH BEKTOpa nmapaMeTpoB. Takxum o6pasoM, Bhuucienue (2)
TpebyeTcd NpH CHHTe3e 0GHApYKUTENd TI060ro H3BECTHOTO THUIA.

Kaxpad n3 KoMIoHeHT BekTopa mapaMeTpoB «; (i = 1,...,m) Moxer
NpHHUMATh mo60oe u3 k+1 BOSMOXKHBIX JUCKPETHHIX SHAYeHHH o, ...,k
mu60 GHTH HeMpephiBHOH. B mepBOM ciyyae BeKTOp MapaMeTpOB a MPUHAN-
IeXHUT JUCKPETHOMY MHOXecCTBY Aa, pasMepHocThbio m(k + 1), Bo BTopoM —
IUCKpPeTHO—-HeIpepHBHOMY MHOXecTBYy A. PaccMorpum o6a oTu ciydas Ha
npumepe sasucuMocT JIOII Tonbko oT ofHoro (m = 1) ckangpHoro mapa-
MeTpa a; = a. llpu cTaTHCTHYeCKOM He3aBUCUMOCTH KOMIIOHEHT BEKTOpa
NaHHBIH MpUMep JTerko 06061aeTCS Ha BeKTOPHBIN CIyvai.

IIycts nmapaMeTp curiala o NPUHMMAaeT OJHO U3 AUCKPETHHIX BHAYEHHH
a, = plAa, rpe Aa — unnreppan paspemenus PJIC mo mapamerpy a. Ilpu
5TOM MIOTHOCTH BEPOSTHOCTH ITapaMETPa OMHUCHBACTCI 3aBHCHMOCTHIO

k
P(a) = Z P(pAa)é(a - pAa),

u=0
a pematomee npasuno (3), ¢ ydeToM Brpaxenus (2), uMeeT BuJ

k
zlnA(Y/pAa) P(pAa)z2ly, a, € Aa. (4)

u=0

Uz (4) cnenyer, yTo o6HapyXXuTenb HpencTaBifeT k+1-KaHalbHOe yCT-
POMCTBO, KaXMBIH KaHal xoToporo BhryucaseT ycnoBHbiit JIOII gng curnama
co sHadeHneM mapamerpa a = pAa (g =0,1,...,k). Ha Brixoge ocymecTBng-
eTCH BeCOBOe CyMMHUPOBaHHe BEIXONHEIX o(dekToB kaHanos ¢ BecaMu P(pAa)
H CpaBHeHHe pesyinbTaTa ¢ moporoM fp. Ilockonbky npu pafuonoxalHOHHOM
OGHapyXKeHUN ANPHOPHBIE CBEJEHHS O BEPOATHOCTH NPHHATHA NapaMeTPOM
SHayeHM# pAcq, XKak IPaBWIO, OTCYTCTBYIOT, pealu30BaTh airoputM (4) B
PealbHBIX YCIOBMAX He yJaeTcs. BMecTe ¢ TeM MBBecTHO [3], YTO HauMeHb-
IIMX alPMOPHHEIX CBEJEHUN O mapaMeTpe TpebyeT KPHUTEpHHl MaKCHMAIbHOTO
npaBRonono6us, NpH KOTOPOM pellleHHe O HATMYMM CUTHala IPMHUMaeTcd Ha

M. A. Ocmposcxui . 1045
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OCHOBaHWU CPaBHEHUH C TOPOroM ob6HapyKeHHs BBIXOLHOrO 3(dekTa TOro Ka-
HaJa, /IS KOTOPOro JaHHBIH dddekT MakcuMaleH

sup {].nA(Y/uAa)}%Zo. (5)

CxeMa 06HapyK¥Telsd, pealusyioutero anroputy (5), npusenieHa Ha puc. 1, rge
Ha BXoJie Toporosoro ycrpoucta IIY ocymecTBigercs 0T60p MaKCHMAIBLHOTO
sHayeHus ycnoBHEIX JIOII us k41 xaHaloB NpueMHHUKA.

InA(Y/0)

bo

T3

<
> g
S
SUP
2
v

|
|
l
»ll InA(Y/kAd)

Puc. 1.

IlycTh Temepb a MPUHANIEKUT HEMPEPHIBHOMY MHOXeCTBY A M MeHgeTcd
B NPeeNax [Qminj Omax] € A. HcnonssoBanne B 9ToM ciyyae anrropuTMos (4)
1 (5) MpHBOJHUT K HEONTUMAIBHOCTH OGHAPYXKHUTENel U3-3a BOBMOXHOTO He-
COBIIajleHHd NMapaMeTpa & ¢ ero PUKCHPOBAHHBIMU JUCKPETHHIMH 3HAYeHUIMH
a,. Jnsg cuHTe3a ONTHMAIBHOIO OGHAPYKUTEIA B CIyYae HElPepPLIBHOTO 3Ha-
YeHHd TapaMeTPa PacCMOTPHM 7+ 1-MepHEIE MOMEHT (PYHKIHOHANA YCIOBHOTO

JIOII (1) mp (o, ..., ) = f[ InA(Y/a,) ), a Takxe Pypbe-conpaxeHHy0
. =0
eMy pyHKIHIO g

Fy(Q0,...92,) = / .../mA(ao,...,a,)e“jz”(“°n°+"'+“’n')dao...da,..

r+1
Ecnu norapuM ycrnoBHOro oTHOLIEHN S 11paBoONogo6ys IpeIcTaBisieT CIy-
'{a,fmylo q)HHHTHyIO dyHKUUIO MapaMeTpa a, HHTepBal CTATHCTHYECKON B3aBHU-
CHMOCTH KOTOpOﬁ He TpeBhIIIaeT 3HAYEHUI Aa, TO CDypbe-npeo6pa,aona.Hue
ee 1‘+1-MepHOI‘0 MOMEHTa d4BIdeTCH orpanwieﬂnoﬁ (I)ym(uneﬁ. Hpn 9TOM,
mo6oe u3 r+1 ceyeHuil RaHHOH (PYHKIUH TOXTECTBEHHO PABHO HYIIO IDH

'Q‘.| > ﬂ =
2 2Aa .
Hio 0,5. [lng yxasaHHOro xmacca CIy4aWHHIX IPOLECCOB, B COOTBETCTBHMHU C

, Tme A — mmpuua cevenus QyHkuuu Fp mo ypos-

1046 M. A. Ocmposcruii
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Teopemoit KoTenbHukoBa, CnpaBefInBO MpeiCcTaBIeHHe HeNpepHBHOH (yHK-
uua In A(Y /) coBokynHOCTBIO €e AUCKPETHHIX OTCYETOB IO MapaMeTpy a

k/
InA(Y/a) ~ i InA(Y/pAa)J(a - pAa), (6)
p=—k/2

sin (7/Aa)(a — pAa)
(v/Aa)(a - pAa)
MapaMeTpa @; Omin = —k(Aa/2); Omax = k(Aa/2).
B cooTBeTcTBHE C (6) ANrOPHTM MaKCHMAIBHO NPaBAONOf06HOrO 06HApY-
XeHNA CHI'Halla C HEMPEPHIBHEIM SHaYeHMEM MapaMeTpa & HMeeT BHJ

rie J(a — pAa) = — HHTepHnonMpymolnas QyHKIUL

k/2
sup { >, WA(Y/pha)J(a- uAa)} 24, (7)
pu=—k/2

a CTPYKTYpPa COOTBETCTBYIONETO eMy OOHapyXHTend usobpaxkeHa Ha pHC. 2.

r——""
J+k4%) |
I | Lo
InACY/-kA2) | y
| ! | ny —
! |
¥Y(a), D> LSUP
| | | A
: L : arg -
| J ((!,'k TZ |
' ﬁ I
llA(Y/kAzg)?é‘ I
I I
| |
Lrreprion. |
Puc. 2.

U3 pucynka BHgHO, 4TO OGHapy>XUTENb CUI'HAla C HeNpPepHIBHHIM INapa-
METPOM Tax XKe, Kak B CIIyyae JMCKPETHO! ero BeIUWINHE], NpefcTaBngeT k+1-
KaHaJIbHOE YCTPOMCTBO, B KaXXIOM KaHalle KOTOPOrO BRIYHCIZeTCd NMapIHalb-
Hoe sHaveHHe ycnoBHoro JIOII. Brixogunle ek T KaHATOB YMHOXAIOTCH Ha
coOTBeTCTByIoIMe uHTepnonupyomue pynkuun J(a — pAa) 1 saTeM cym-
mupyoTcs. Ha BhIXOfle CyMMaTOpa OTHICKMBAETCS MaKCHMAJIbHOE BHadeHUe
CYMMH! IIpH BapHALUH O B MPEIENaX [Omin; ¥max|, KOTOPOE 3aTeM HUCIHTHIBA~
eTcd Ha IOPOT.

M. A. Ocmposcxui 1047
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Buiuncnenue 4YaCTHBIX SHaYeHHH norapuMa yCIOBHOTO OTHOLICHUS NPaB-
ponopo6ug In A(Y/puAca) npousBogutcs B COOTBeTCTBHU ¢ BEIpaxkeHueM (1)
npu a = pAa. Cornacho (1) gng sToro TpebyeTcs OCYWECTBATH MEXAYIle-
pHonHyIo obengionyio GUIbTPALUIO KaK caMOM NpUHATON peanusanuu Y (a),
TaK U PasHULK MeX1y Heil M OXufaeMbM curHaioM S(pAa), Ge3EHIHEPIMOH-
HOe HellMHeliHOe Npeo6pasoBaHye 06enx COCTABILIOWMX 10 3akoHy Inw; () u
KOTE€PEeHTHOe HaKOIIEHHe Pa3HUIEl Pe3yIbTATOB IIePBOTrO i BTOPOro npeo6pa-
sosaTrened. J[aHHHIA AITOPHTM MOXHO OTHECTH K Paspsify KOMIEHCAlUOH-
HEIX, T.K. B HEM IIPeNyCMaTpUBaeTCd HelHHelHOe NpeoO6pasoBaHue PaSHULEL
MeXJy NPUHATOH peanusaiueil u oxugaembM curkaioM: Y(a) — S(pAa) =
= H + S(a) — S(pAa). Ous Toro, 41066 HeluHelHOe IPeo6pPa3OBaHHKE OCY-
IIECTBIANOCH TONBKO HajJ NMoMexoBou cocrasagiomeil H, xax Toro TpebyioT
ONTHMAallbHbIE ANTOPHUTMbI OGHapyxeHHs (1], HeO6XOIUMO COBNajieHHe BCeX
uMefomuxcs (BKIo4as HeMHPOPMATHBHHIE) NTAPaMETPOB NPHHATOTO M OXHU-
maemoro curianoB. OpgHako, 1id 9TOro TpebyeTcs yBenuieHHe YUCIa KaHAIOB
06HapyXHUTeNsd B KOIMYECTBO IapaMeTPOB pas, YTO PE3KO CHIXKAET BOBMOXK-
HOCTH €ro IPaKTHYeCKOH peamusaly.

B psge ciyvaeB u, B YaCTHOCTH, IIPH TayCCOBOM 3aKOHE pacIpeReleHHUs
noMexH, JIerko nonyyaemom us (1)

N
InA(Y /pAa) = a_iz- Z vIY,(a)ST(pAa) ®, + const,
v=1
ONTHMAIBHEIH OGHAPYXKUTENb PeIusyeTcd He B KIacce KOMIEHCAMOHHEIX, &
KOPPENdIHOHHEIX WM (PUILTPOBHIX yCTpolicTB 06paborku. Kax ussecrHo [2],
nocieHye He TPeGyIOT MHOTOKaHAIbLHOTO IOCTPOEHHS [0 TaKUM [apaMeTpaM
KaX BpeMd BallasfHIBaHMd, aMINIHTYAa U HadalbHad (asa CHrHala. AHalo-
FUYHEIME CBOHCTBaMH OGNafialoT ¥ aCUMITOTHYeCKH onTuManbhse (AQ) 06-
HapyXWTeIH CIa6hX (IOPOroBEIX) CHIHAIOB, alropuTM (yHKUHOHKPOBAHHS
KOTOPHIX HaXOAUTCS M3 BhIpaxKeHHus (1) myTeM ero pasnoxeHus B pf IO CTe-
NeHSM CUTHANBHEIX cocTapngiomux ¥I S, (uAq) u OrpannyeHus pasioXeHus
[0 TUHEHHOTro 4neHa [1]

N dlnw [¥7Y,(a)]

In Aoou(Y/pAc) = - 3~ [#7 S, (sAa)] - . (8)

= o[e7 Y. ()

B cooTBercTBuu c (8) yacTs AO o6HapyXuTend, BRYMCILIOLAS TapUUATLHOE

sHadeHue ycnoBHoro JIOII, BkmiouaeT MOCTeROBaTeNbHO COENMHEHHEHIE: 0Ge-

nsomuit Gunbrp (OP), Henunelinniit npeobpasosarens (HII) ¢ xapakTepuc-

lnwl(

o(-) . .

Halla, €ClIH NPUHMUMAEMEINl CUTHAI SBINAETCA CIOXKHKEIM, I KOTepEHTHHIH Hako-
mutens (KH) curnanbHoil mauku (puc. 3, KaHat o6HapyXeHHs).

THKOH f(-) = — 2| cormacoBanmsiit GunbTp (CD) opuHOYHOTO cHI-
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Cxanan obrapymeman S, (uae) | .
| '] |
I |
T HII X co KH InA cen (YnAc)
1 l

—————— —— T — W S D W —— U t—— - — J
e T e, ——— “'
|
| t
. co KH  |—"hen (Vg
| |
| !
| |
! ¥'S, (paa) '
| Sl gy |

]

| Kamar mmeperma__ |

Puc. 3.

XAPAKTEPUCTHKN MHOT'OKAHAJIBHOI'O OBHAPY>KEHUA
CHUI'HAIJIOB

HaiifieM BEIpa)KeHUS [JI BEPOSTHOCTEH NOXHHX TpeBOr Fjy; ¥ mpaBuin-
Horo o6HapyxeHus D41 B MHOrOKaHAILHOM OGHAPYXHUTeNe MaKCHMAILHOTO,
npaBgonogo6us (puc.2). Eciu ¢yskumonan morapudma ycroBHOro oTHOIIE-
HUAS NPABIONONO6HE YIOBIEeTBOPEEeT BHILENPUBENCHHKM yCIOBUIM QUHUTHOC-
TH, TO Ha BHIXOJl¢ HHTEPIONITOPa B KaX[blii MOMEHT BpeMeHH (opMUpyeTCs
cay4aitnoe noie In A(Y /a), 3aBucdinee oT HenmpepEIBHOrO NapaMeTpa &, a Ha
BEIXOJle BBEHa Sup BHENAIOTCI HanGonblIMe BHa4YeHHs DTOro mons. Taxum
06pasoM, BepOITHOCTH Fiy1 U Dpyy UeNHKOM ONpeRengioTcd INIOTHOCTIME
BEPOATHOCTH MakKCUMyMOB cioy4aitHoro noas InA(Y/a) npu orcyrcTBun M
HAIMYUK CHTHAIA Ha BXOJle OGHADYKUTENS.

Ananusy pasIHYHEIX alPOKCHUMAIMi INOTHOCTEH BEPOSTHOCTH MaXCHMY-
MOB CIy4aiHOT'O IO M HAXOX[IEHUIO Ha UX OCHOBe BeposTHOCTEH Fii1, Diq1
MoCBllleHa O6MMpHas nuTepaTypa (Hampumep, [3, 4]). B 4acrroCTH, B (4]
NPHBOAATCE YIPOMEHHEe YOPMYIEl STHX BEpPOSTHOCTEH, CIpaBeNIUBHEE IIPH
MOCTaTO4YHO G60nblIMX 06beMax BHOOPXH N M HHCle He3aBUCUMBIX NMaplHalb-
HBIX KaHaloB k + 1 o6HapyXuTeNd

Fk+1 ol (k + I)F; Dk+1 ad D, (9)

rie F 1 D — BepOATHOCTH JOXHHIX TPEBOT ¥ IPaBHIBHOIO OGHAPYXKEHUS IPU
IpueMe CHI'HAJIOB C MOMHOCTHIO H3BECTHRIMHE NTapaMeTpaMH.

lIng onpenenenus xapakTepuctTuk AQ oGHapyXuTens JeTepMHHHDPOBAH-
HHIX CHTHAJIOB BOCIIONB3YyeMCH S KBOPTOBCKOI alIpoKCHMallieil 3akoHa pac-
npefenenus nponecca Ha Buxofe KH (puc. 3), cnpasennuBoii Ipu ocTaTOYHO

M. A. Ocmposcruii 1049
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60nB1IOM, HO KOHEYHOM 06beme Hakomnenus N [5)

W(t)=[ |\/_(t3—3t)+4'N(t4 6t2+3)] Tor P (--—), (10)

rie t = (2 — NxJ)//Nx3; 1§, 75, ®F — x0oQQUUMEHTH acHMMETDHH, DKC-
ecca ¥ KyMYISHT $-Io nmopsaka Ha Brxoge HII.

HuTerpupys (10) B npenenax [to; 00] Npu OTCYTCTBUH CHTHANa B IPUHITOM
Be6opke Y (&f = 9§ = 0), nonyyaeM BEIpaXKeHHe AJIS BEPOSTHOCTH JOXKHBIX
tpesor (JIT)

V2 (43 _ R _ﬁ
F= F+4|N(to 3to)\/2_1rexp( 2), (11)

rae F. = 1—-&(t9) — BepogTHOCTS JIT B rayccooMm (T.e. Heconepxamem HIT)
06HapyXKUTeNe P BO3[EHCTBHH TIOMEX C FayCCOBEIM 3aKOHOM paclpeeleHus;

to = zo//N=j — HopMUpOBaHHEIl MOpOT. ‘
AHanOru4YHO BBIYUCIAETCS U BEPOSTHOCTH IPABUIBLHOTO OGHADYXEHHS

(=f # 0; 7f # 0)
x ’.2
D=Dot [Tt 0+ T - wm) e (-E). )

/N
rfe Dp =1 — ®(ro), ro = to — 2§ ;;:,

IIpu gocraToyno GonbmoM o6beMe HakomneHus (N > 1) u Dy =D=0,5
us (12) cefyeT, 4TO NOpOroBoe sHadenue curuana Ha sxofe HII npubmuxento

PaBHO
335 to (Fiet1,73)
ad b
=5 gV N
2/ nop
=7 =t
e ¢ = —= / L — pumrpum B oTHomenmu curnam/momexa (OCII)

&;’ E: 2
BClIeICTBHE HCIIOIB3OBaHUSA HIIc AO xa,pax'repnc'mxoﬁ. th'rmnax, 4YTO 3Ha-
YeHHe ITOPOroBOro CHrHajia B rayCCoBoM 06Ha.py>l<n'rene nMeeT BHU]

\/;3 nop.r \/F ’

M COCTaBIff OTHOLIEHHE DTHX BHAYEHHi, MOTYyYHM BHIpaXKeHHe BHIMIDHIIIA B
oTHomeHuu noporosrix curianos (OIIC) AO u rayccoBa o6HapyxuTeNneH

_ (= =) for(Fen28)
”‘(\/jg) /(\/feg) = CFng) D

nop. r. nop.
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Mo (13) cnemyer, uto Beurpam OIIC ompenengeTcs BeMMYMHOM BHIMIPHIIIA
OCII ¥ cooTHolIeHHEM NMOPOrOB B MHOI'OKaHAIbHHIX rayccoBoM u _AQ obua-

PYXHTeNgX.
B [5] nokxasaHo, 4TO ImpM MalBIX BHaYeHUIX moporoseix curxaios B HII ¢

_3]111.01(6)
3

PunuenTa dKCHECCa HErayccoBOM ToMexH (oppext nepeHopmannaannn) Ilpu
9TOM JJIS MOMEX C TONOXHTEIbHBIM DKCUECCOM (72 > 0) BenuymHa MOpOra B
AO o6napyxuTene to MeHbllle, 4YeM B IayCCOBOM lgr M, CIEIOBAaTENbHO, BHI-
urpamm OIIC npeesunaer OCII (p > ¢). Ipu 75 <0 nMeeT MeCTo ‘'o6paTHas
saBuCHMOCTS (p < ).

Ha puc.4 npusegensl rpauxu saBucumoctu p(lgFiy1) mug k = 9;
N =10, 50, co mpy pacnpepenenus nomexu [5] :

exp (—\/glfl) (15=31=-24¢=V2) u

wi() = = exp 161~ 0z (<61 -1)’]
(a = 10; 72 = -1,59; 95 = 11,77; ¢ = 3,07).

XapaKTepHCTHKOR = ocyllecTBIfeTCd HHBepCHA BHaKa Koa(-
p P YL P

wy(§) =

N e Y R S R T

— — —4N=50 .

8F' = ”’_‘_,t,‘N=lo

I
4Z N=10
~

N=50
=00

2L \
7 -6 5 4 . 3 2 1gFit

Puc. 4.

M5 rpagukoB BuHO, 1TO B CIyYae MONOXKHUTEILHOIO 9KCUECCa IOMEXH Ha BXOJe
HII, a cnepoBaTenbHO, OTPULUATENHHOrO Ha €ro BEIXOfe (CINIONIHBEIE KPHBEIE),
yBenudenne o6beMa HaKONNeHHd, TakKe Kak yBemudyeHue Fjij, MPHUBOJUT K
YMEHBIIEHNIO BEINTPHIINA p [0 BEINYHHHE ¢ BCIENCTBHE YMEHbUIEHUS OTIHYHi
pacnpefnenenud noMexu Ha Bxoge IIY ot rayccosa. Ilpn orpunaTenrbHOM BHa-
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YeHHuu dKcuecca nomexy Ha Bxofe HII (momoxurensnoM — Ha Brixofie) mepude-
PHiiHag YacTh ee BHIXOJHOTO paclpefieNeHus pacliolaraeTcs BHILE IayccoBa,
YTO NPHBOAMT K MOTEpIM B o6HapyxkeHuu no kpurepuio OIIC mo cpaBHeHuIO
¢ OCII (p < q). Ilpu aToM yBenuuenne N u ymeHblieHHe Fp.; BemeT X CHH-
XeHHIO NepHPepHIHON JacTh pacHpefeneHus  COTHKEHNIO BeIUIHH p U {.

MHOI'OKAHAJBHOE UBMEPEHUE HEM3BECTHBIX IIAPAMETPOB
CHT'HAIJIA

Auxroputms (5), (7) MOryT HCIONB3OBATHCS NI HAXOXK/EHNS MaKCHMAIBHO
NPaBRONOROGHEIX OLIEHOK ITapaMeTpa & Kak B RHCKPETHOM

& = argsup {lnA(Y/yAa)},
TaK U HeNPEPHIBHOM CIy4Yasgx’

k/2
& = argsup Z In A(Y/uAa)J(a — pAa) } . (14)
u=-k/2

Eciu B nepBoM ciy4ae mapaMeTp CHrHalla ONpefenseTcd IO HOMEPY KaHala
€ MaKCHMaJIbHHM BHIXOTHHM 3((eKToM, TO IpH HENPEPHIBHOM ero BHaYeHHH
C LeNbI0 yBeNMYeHHd TOYHOCTH OLEHKH HCIONb3YyeTCd MHTEPIONSLUS YCIOB-
Horo JIOII no mamepsemomy mapamerpy. IIpu 5TOM CTPYXTYpH ONTHMAIb-
HEIX OGHapYXUTeNd U H3MePUTENd NPaKTHYECKH COBIAJAIOT, 32 HCKIIOIeHHEM
BHIXOJHEIX 8BeHBeB: IPM OGHapyXeHUHM MakCHMAalIbHOe BHa4YeHHe YCIOBHOTO
JIOII ucnuTHBaeTcs Ha mopor (IIY), nmpm moMepeHHM OTHICKUBaeTCS BelH-
YHHa OlleHHBaeMOro apaMeTpa (arg), Ipu KOTOPOH AOCTHraeTCH AAHHEIH MaK-
cumyM (puc. 2).

Bhille 0OTMeYalIOCh, YTO NPHMEHeHHe ONTHMAIbHON NpOLefyphl BEITHCIE-
Hug ycnosHoro JIOII, B cuiny ee XOMIEHCAllMOHHOI'O XapakTepa, TPYRHO OCy-
IIeCTBUMO B pealbHHX ycmoBusx. IlosToMy Takxe, kak M IpH OGHapyxKe-
HUH, nepeiiieM X paccMoTperuio AO anropuTMmoB oleHkM mapamerpa. Mc-
MONB3OBaHKe [JIA DTOM WenN HelHHeHHOro arroputMa (8), o6ecneynBalomero
61MBKYI0 K MOTEHUUANBHOH TOYHOCTH OLEHKM IapaMeTpa ciaboro (moporo-
BOrO) CHTHAJa, B pAfe CIyYaeB NPUBOJMT K alOTMYHEIM pesynbTaTaM. Tak,
mo Mepe npubmxkenus menu k PJIC, xorma suavenne OCII 6nicTpo Bospac-
TaeT M, KasaloCh 6L, TOYHOCTh OLEHKHM JOIDKHA YBEIMYMBATHCH, Ha CaMOM
Relle IPOHCXOAUT €e CHIXKeHHe, BCIe[CTBUE MCKa KeHUS CHIBHOTO CUTHANA NIPH
npeoGpasoBanuu B HII.

PacCMOTPHM IIOSTOMY [pPYroe ACHMITOTHYECKOE DABlOXKeHHe alrOpPHT-
ma (1). Ecnu momHocTs currana Ha Beixofle O cyIecTBEHHO IpeBHIAET
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[UCNepCHIO moMexH, To PyHKunoHan (1) MoxeT GHITH pasloXeH B PAJ IO CTe-
TTleHgM IOMEXOROFO YlleHa ¥ OTpaHMYeH 0 IMHeHHOro mpubmmxenusd [1]

-

N dln TS, (pAa
In Apou(Y /pla) ~ — uz=:1 [\Ilf Y,(a)] at[u;g“l’su(s“(:a)] )] . (15)

Kak cuegyer us (15), npu oleHke mapaMeTpa CHIBHEIX CHTHAJIOB Ha (hoHe IO-
MexX ¢ IPOM3BONBHHIM BaKOHOM paclpefeleHnd NpUeMHad 4acTh U3MepHTend
HOMKHa pealu30BaThCd B Klacce MHHEMHHIX CHCTEM U IPENCTaBILTh IOCHTe-
JOBaTeIbHOE COeNUHeHMe O6elgIoIero  COrmacoBaHHOro GUIBTPOB, a TakXe
KOTePeHTHOr0 HAaKONHUTeld CHIHalbHOH maukm (puc.3). BHyTpumepmopHsiit
C® cornacoBaH ye ¢ caMuM curHaitoM Ha Brixofe Od, a ero HenmMHeHHHIM
npeoGpasoBanueM f( « ), YTO OTINYaeT JAHHYIO CTPYKTYPY OT rayccoBa IpH-
€MHHK3.

Taxum o6GpasoM, MHOrokaHanbHEH AQ OGHapYXHTeNb CHTHAIOB M M3-
MepHTelIb HX NMapaMeTPOB B NMPHCYTCTBUU HETayCCOBHIX NMACCHBHHIX NOMEX
npefgcTaBnger k + 1-KaHalIbHOE YCTPOMCTBO, KaXOHH KaHAI KOTOPOro “Ha-
cTpoer” Ha p-e JUCKpeTHOe BHadeHHe IapaMeTpa CHTHama. llapuuarbHBIA
Xagal YCTPOUCTBa BKIIOY3eT MeXJyNepHORHHEH oGensiomuil GuibTp, Hemu-
HEeHHHI MofKaHal O6HApYXeHUS M IHHEeHHHH — H3MepeHUus. Brixopunie s¢-
$exTH k + 1 nogxaHalnoB o6HapyXeHus OGbEIUHAIOTCE B COOTBETCTBYIOLIEM
HHETEPNONSTOPE MapaMeTpa, a €r0 MaKCUMAIbHOE BRHIXONHOE SHaYeHue UCIHI-
THIBAaETCE Ha NMOPOT. AHAIOTMYHO BHIXONHEIE d((PEeKTH IONKaHAIOB U3Mepe-
HH§ 00BeIUHAIOTCE B CBOEM MHTEPNOIATOpe, a B3HaYeHHe IapaMeTpa, COOT-
BETCTBYIOIlee MaKCUMYMYy BRIXOJRHOT'O HalIPAXKEeHUd MCIONb3YeTCd B KayeCTBe
MaXCHMAJIBHO NPaBJONONQGHON ONEHKH.

IIOTEHINAJBHAA TOYHOCTHh NSBMEPEHUA

HuxHgg rpaHula AUCIepcHH 02(q) HeCMeleHHOW OLEHKH ONpefelnieTcs
HepabeHcTBOM Pao—Kpamapa [6)

o*(a) 2 I"Y(a), (16)

o, . 2
rae ,f(a) = <{8—i- InWx [Y - S(a)]} > — xonuiecTBo unpopmanuu PDu-

mepa, cofiepXKaleecs OTHOCUTENbHO o B N-MepHoi BHIGopke Y ¢ PyHKUHMei
npasjiogofo6us [1]

Wy [Y - S(a)] = ﬁ wi[#L Y, - ¥75,(a)]. (17)

v=1

3Hax paBeHCTBa B (16) cooTBeTcTByeT 5{(eKTUBHOI OLEHKe IapaMeTpa.
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YHHTHBad CTallHOHADHOCTD X CTATHCTHYECKYIO HE3aBHCHMOCTH OTCYETOB
noMexu Ha Bhixofe Od [1], a Takke MX CTATHCTHYECKYIO HE3ABHCHMOCTH OT
0TCYeTOB CHTHaila (B o6ieM ciyyae ciydaiiHoro), Haxoug us (17) morapud-
MHYeCKy10 MPOH3BOJHYI0 QYHKIMIO NPaBAONOf06HS, IOTY IHM

1) = ([grmwste)] )

e £ = PTY - €T S(a).

Kakx Bugno ns (18), xonmmyecTBO MHQOPMaUUM OTHOCHTEIHHO NapaMeTpa «
3aBHCUT OT BH[la ONHOMEPHOI'O 3aKOHAa pacHpefeleHud IIaCCPIBHOfI IIOMEeXH H
MOXeT M3MEHIThCH B JOCTATOYHO IMHPOKUX mpenenax. OmHako, IpH TO60M,
OTIHYAIOIIEMCH OT IayCcCOBa 3aKOHe pacIipelileleHus Wy (£ ), konudecTBO HHPOP-
Manuy I(a) npeBHIIaeT aHAIOrHYHOE BHAYEHHe I IayCCOBOM MOMEXH

97 (Lo Lsi@) v, ()

v=1

L(e) = E@T (32 5@ 2= 2(@) ®. (19)

v=1

- - {[fi]
IlosToMy Bemuymna A I (a 3 £Inw1(£) , XapakTepHayouiag

IpeleNbHYI0 TOYHOCTH a(I)q)eK'mBHon OlleHKH NapaMeTpa B HerayccoBOHd IIO-
Mexe IO CPaBHEHHUIO C 'ayCCOBOM, IPEBOCXOUT eHHUYHOEe BHAYEHHE.

Tak, IpH TaIIaCOBCKOM BaKOHe pacnpefeneHus moMexu wi(€) = X

20¢f

2 N
X exp (—1 /-—g |£|), HMeIOLIeM IONOXHUTENbHEIH BKCIeCC 7§ = 3, BemMyMHa
2y

pucnepcny 5GPeXTHBHOM OLEHKM IapaMeTpa YMeHbIIaeTcd B A pas, rme

2
A= ae2/ (\/—38115) wy(§) df = 2.

B cny‘{ae 3aKOHa pacnpeneneﬂna IIOMeéxXH C OTPpMIATEIbHEIM B3KCIEeCCOM

w1(§) = \/— exp [Ifl - — (e"I - 1) ] BEIHYMHa er0 BTOPOTrO KYMYISHTa

/ g2 oMl e=mim (¥1-1)" g = \/— / In*(1 + at) e~/ dt

.?3,..

21r

" Koarqunnenwa

- [ (e e ]

1 2
= = +- —+2
a2 aVnw
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BaBUCAT OT IlapaMeTpa pacupefieneHud a. Ha puc.5 cmiomsoil nueuei uso-
6paxceHa 3aBHCHMOCTH KOd(@UIUMEHTa yMeHbIIeHUs fucnepcuu 5QQPekTHBHOM
OIICHKH A OT BEIMYMHH MapaMeTpa a. Ha 9TOM Xe pHCyHKe MyHKTHDHON TH-
HHell u306paxKeHa 3aBHCHMOCTH MOJYNd Koo((UIUEeHTa dKCIecca MoMexH 7§
OT BeIM4MHH a. U3 comocraBnenus rpadukoB ciefyeT, 4TO BO3pacTaHHE OT-
IUYMH pacIpefeneHNus NIOMeXH OT rayccoBa (yBenudeHye |7§|) BrlevYeT 3a co60i
COOTBETCTBYIOIllee YMEHbIIEHNEe NUCIEPCHH OLEHKH MapaMeTpa CHIHalIa.

A, 13 |

L~

- -
0 2 4 6 8 10 ¢
Puc. 5.
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MULTICHANNEL DETECTION OF SIGNALS AND ESTIMATION OF
THEIR PARAMETERS IN NON-GAUSS CLUTTER

M. A. Ostrovsky

In this article multichannel asymptotically optimal signal detectors and
measurers of their parameters in non-gauss clutter are synthesized. The effi-
ciency of synthesizally structures are presented.
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YHK 537.86 + 621.396.9

METOI UBMEHEHUA TUATIASOHA U3MEPEHUI .
B CB9-PAIUOMETPAX C HINPOTHO-UMITYJIBbCHOU
MOIOYJIAINMUEN OIIOPHOT'O CUTHAIJIA

A. B. ®uaamos

B cTaThe paccMOTPEH FOCTATOYHO NPOCTOM CIIOCO6 H3MEHEHUA IHana3oHa
usmepenuit B Hynessix CBY paguomeTpax ¢ IIMpOTHO-MMIYILCHOM MORYINA-
1Mel, KOTOPHIH 3aKIIOYaeTCA B H3MEHEHHH MORYIALMY CHI'HAOB ONODHEIX Te-
HEPaTOPOB LIyMa, a He HX a6COMIOTHHX BElTHYHH.

B [1, 2] npuBenero omucaune CBY pajuoMeTpoB, OTIHYAOWMXC OT U3-
BECTHBHIX HYJIEBEIX PaJHOMeTpPOB (3] HOBHIM CIOCO60M peryIupOBKE ONOPHOTO
IIyMOBOT'O CHTHaJa. B HUX perynnpoBKa HEH3MEHHOrO [0 MOIMHOCTH CHTHAIa
reHepaTopa IIyMa OCYLIECTBISeTCE HBMEHEHNEM JIUTENbHOCTH €ro BBOJa BO
BXO[IHOM TPAaKT PafiHOMETpa. SHATMTEIHLHOMY YIPOIIEHHIO IOBEPIIOCh YCT-
POHCTBO BBOfa DTOr0 CHTHalla, KOTOPOE CTAIO BKIIOYaTh OGKYHBIA KIIOY Ha
pin-guonax, QINTENBHOCTh 3aMKHYTOTO COCTOSHUS KOTOPOro USMEHSeTCHd, U
TeM CaMBIM PerylIupyeTcs CPefHEs MOIIHOCTH OIOPHOTO CHTHAla Ba NepUOJ
monyunsuuu. CnenoBaTenbHO, B HyIeBHIX pajuoMeTpax Oblla pellleHa IIpo-
6eMa BBOJj2 OIIOPHOTO CHTHAaJIa BO BXOJHOH y3el pajHoMeTpa C BHICOKOHW IH-
HEHHOCThIO. YIpaBleHHe KIIOYOM OCYUIECTBILNOCH B IEPBHX PajHOMeTpax
KOPOTKMMHU IO JUIHTEIbHOCTU UMIYITHCaMM, YaCTOTa KOTOPHIX MeHfeTcs, H,
nospHee, IMPOTHO-UMILYIbCHBIM CUTHAIOM. B o6oux ciayyadx ympaBleHHe
YaCTOTHO-HMILYJIbCHEIM H IINDPOTHO-HMIIYTbCHRIM MOYISTOPaMH IIPOUCXONHUT
¢ BHIXOfla pajguoMeTpa. llonydeHue BHIXOGHOrO HANpAXKEHHd, KOTOPOe Of-
HOBPEMEHHO CIYXXHT YNPAaBILIOIIMM B KOHType OGpPaTHOM CBA3H, JOCTHUTra-
eTcd NMpUMEHeHHeM OOGBIYHEIX HUBKOYACTOTHHIX ysioB (QUIBTPOB C BajaH-
HeIME AYX, CHHXPOHHHIX JI€TeKTOPOB) ¥ 3TO IPHBOJUT IPH MBMEPEHUIX K
GONBIIMM MOTPEUIHOCTAM, YeM B OGBIYHBIX MOAYISLUMOHHBIX PAfHOMETpaxX C
NpIMOYTONbHOM, CHMMETPHYHON MOJyndluel, Tak KaK ONOPHKLIA CHTHAN TeHe-
paTopa IIyMa B 3aBHCUMOCTH OT BEIHYUHE CUI'HATA aHTEHHH M3MeHAeTCs IO
MINTETHPHOCTH B IIpeleNnax IONOBMHEI Nepuofa Monynsuuu. TaxuM obpasoM,
NOCTHIHYTad TOYHOCTb M NMPOCTOTA PETYIUPOBKH OIOPHOTO CHIHAIA MONHO-
CTBIO He Peald30BaHa B TAKMX PAJHOMETPaxX U KOMIEHCHPYETCHd yBeIHIeHHOH
. IOTPEIIHOCTHI0 06PaGOTKN CHUTHAJIOB IO HUBKOW YacToTe.

Ilng nmpeofjoneHns STUX HENOCTATKOB B [4] mpuBeeHo onucanue MoguduKa-
I¥H MeTofa HyleBoro mpueMa u cosganioro CBY pagmomerpa ¢ mupoTHO-
HMIIyITBCHOM MOQYJIAUMEH OIOPHOrO CHI'HAla, B KOTOPOM M3MEPHTENbHBIH
TPaKT NOCIe KBaipaTHYHOI'O JeTeKTOPa KayeCTBEHHO H3MeHeH. B pabGote
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A — anTenna, HO — nanpaeienHm oTBeTBuTens, CH — corna-
coBaHHag Harpyska, M — mopynaTop, ATT — ¢puxcupoBaHHBIN
aTrenioatop, ['lll — remepaTrop myma, YI'T — ynpaBagseMbu
IO BKIIOYEHMIO—BHIKJIIOYEHUIO reHepaTop Toka, KJI — xBagpa-
THYHHHI fgeTekTop, UY. — mMoynbcHmn ycmaurens, CUIIC —
cXeMa MCKIIIOYEeHMS IOCTOSHHOM COCTABIfIOWIeH (B MpocCTeMmeM
cnygae — pasgenmunrensHas CR-nens), K — xommapaTop Hyme-
BOro ypoBHsf, BY -— 610k ynpasneHus.

Puc.1

NpHBEJEH ITrOPUTM aBTOMATHYECKOTO PEryIHPOBaHUS IO JIMNTENbHOCTH
ONOPHOTO CUIHalla FeHepaTopa UIyMa, YTO obecnevynBaeT NOfAEpXKaHe B pa-
AMoMeTpe HyleBoro Gamanca. Ha puc.l nmpuBeena (pyHKUMOHANbHad CXeMa
pajiuoMeTpa, a Ha PHUC. 2 — BpPEMeHHHIe JMarpaMMEI O[HOTO IepHofia MORYId-
IMH C HENOCTUIHYTHM (a) ¥ ROCTUTHYTHIM (6) Hynb-6a1aHCOM, pETHCTpHpYe-
MEIe Ha BXOfle KoMNnapaTopa pajuoMerpa. CorinacHo npusefieHHOro B pa6ore
alrOPUTMa CpaBHEHHE HANPAXKEHHI HA BXOJe KOMIIapaTOpa C HyNeBELIM MOTEH-
IMAIOM OCYIeCTBISETCS B Ty MONOBUHY IEPHORa MOMYISIUH, KOTAA Ha BXOT
NPHEMHHKa Yepe3 MOJYISTOp MOAKII0YeHa COrMacOBaHHAd HATPY3Ka C IIyMO-
Boii TeMneparypoit To. PyHKUMOHHPOBaHKe 610Ka yIpaBIeHUd BaKIIOYaeTCH
B NIOCTOSHHOM MOJiePXXaHUN HYIEBOTO NMOTEHIHAla Ha BXOfe KOMIapaTopa,
YTO JOCTHraeTCd NMPH USMEHEHMM CUTHAla aHTeHHH T, COOTBETCTBYIOIIMM
HSMEHEHHMEM [UIMTENbHOCTH tyye MOCTYIUIEHMS ONOpPHOro curHala Ty, B Ha-
NpaBleHHHI OTBeTBUTENb. Kak clielyeT M3 BpeMeHHOH AHarpaMMbl puc. 26
BOJIbT-CEKYHJIHbIE IIOLAfH MONOKUTEIBHOrO H OTPULATENLHOTO HMIYIECOB B
TIepBOil NONOBHHE ITepHOfia MOJYILIHH TOCITe CXeMbl HCKITIOYeHHS TOCTOSHHON
COCTaBIAIOMEN NOJIePXKUBAIOTCE PAaBHEIMHE, S; = S, U

k(To — Ta) df G B RK (ty/m — tumc) = F(Two + Ta — To) df G B RK tume, (1)

roe G — KOBCI)(I)PIIIHGHT YCHIIeHNd CUT'HAJIOB IO MOUIHOCTH B IIpHEeMHHKE. ﬁ _—
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I, t‘ml ,tn/n . c-Ta
i-#t 2-i
' NTONMYNepPHOAN
MORYRAUKK
a. 6.

Puc. 2.

YyBCTBHTEILHOCTD IO TOKY JIeTeKTODPHOrO AMOja, k — mocTosHHas Bombi-
MaHa, df — IoNoca IpUHHMaeMEIX IPUEMHHKOM 4acTOT, R — cONpoTHBIeHHE
HarpyskH KBajipaTHYHOrO HeTekTopa, K — kxoaduuueHT ycumieHus No Ha-
IPSKEHUIO HMAYIBCHOTO YCHIUTENS, Ly/g — AIHTENBHOCTH NONOBHHEL II€PHO-
Ka Mopynsuuu. Ilocne O4eBUJHEIX COKDAIlleHWH M pellas OTHOCHTENIBHO fymc,
MOIYYHM, 4TO 9Ta JINTENHHOCTH CBIBAHA C CHTHAIOM AHTEHHBl THHEHHEIM
NPOCTHM COOTHOLIEHHEM:

To - T
tume = _OF"'_a turuc. (2)
HO
'BXOTHOH CMTHAN aHTEHHH
T, = Ty — Too 203 (3)
tn/n

B sToM cnyyae MMHMMaNbHag MoMepgeMas TeMNeEPaTypa, KOTAd tumc = fu/n,
paBHa T yum = To — Tro, & MaKCHMaNbHAL NPH tyme = 0 — Ty maxc = To-
lnamasoH usMepeHni

dTa = Ta,uaxc - T&,m = TO - (TO - THO) = THO (4)

onpefiengeTcs BETHIMHON IIyMOBOH MOIIHOCTH, IOCTYNAIOMEel OT reHepaTopa
mIyMa Jepes HalpaBIeHHHIH OTBETBUTENb Ha BXOJ MONYILTOpa. ’

Taxnm o6pasoM, B pagHoMeTpe OTCYTCTBYIOT IIpeo6pa3soBaHUS CUT'HAIOB,
HalpaBIeHHEIE Ha IONyYeHHEe HANpAXKeHUd, BHIXONHOTO M YIPaBILIOWIEro, M
CIIeNOBATEeNbHO, IOI'PEIHOCTH, CBI3aHHEE C DTHMM IpeoOpasoBaHUIMH, OT-
CYTCTBYIOT.

Mo §opMynst (3) 1 cTPYKTYpPHOI CXeMBl PaJIOMETpa CIeAYeT, YTO BEPXHIL
rpaHULa A¥aNasOHa HSMepeHH onpefeneHa TeMunepatypoi To COriacoBaHHOM
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HarpyskH, a HIKHES — MOIIHOCTHIO LIyMa, NOCTYNAIOWero B HalpaBleHHHIH
oreeTBuTenb OT reHepaTopa (Ty). CuenoBaTenbHO, HOMeHeHNMe AMANa3OHA
H3MepeHUil MOXeT GHITh BHIIIONHEHO H3MeHeHNeM ONOPHEIX CHTHAMOB To 1 Tyo.
YacTo B KayeCTBe IeHepaTOpa LIyMa MCIONb3YIOT JIaBHHHO-IPONETHHE NHO-
Oe. B cmydae ux npuMeHeHud naMeHeHue Ty, MOXHO CBECTH K AMCKPETHOMY
H3MEHEHHIO MHTAIOUIEro JHOJ TOKa. 3aTPYAHAET TaKylo PErylTHPOBKY HeIlH-
HellHas B3aBHCHMOCTH BBIXOJHOH MOIIHOCTH AHOfa OT IPOTEKAIOUIero Yepes
Hero Toka. C Apyroil CTOPOHEHI, TakK Kak AMOREL UMEIOT GONBIIOH TEXHOJNOTH-
yeckuil pas6poc NapaMeTPOB, TO MOCIE UX 3aAMEHE! HEOGXOIUMO IIPOUBBOJUTD
HaCTPONKY MCTOYHMKOB TOKa 3aHOBO. CloXHee 0OGCTOUT Jel0 ¢ HM3MEHEHHEM
BepXHeH I'DaHHILI AUANa30HA H3MEPEeHUii, TaK KaK IIi ee H3MeHEHHS HeoO6Xo-
IMMO H3MeHITh Qusnyeckyio Temnepatypy To COrTacoOBaHHON HArpySKH.

B mauHOil pa6oTe onmucaH crnocob UBMeHeHUs AKANa30Ha H3MEpEHHii B 1IO-
NOGHKIX pafMoMeTpax 6e3 HapyIIeHUs BEIMYUH ONOPHHIX curanoB To U Ty
M BCeHl CTPYKTYpPH pajuoMeTpa, KpoMe GIOKa yImpaBleHHi. OTOT CIOCo6
BAKIIOYaeTCd B WSMEHEHWH MOJYISUWM [ABYX ONMOPHHIX CHTHANOB M CHTHATIA
aHTEHHH IO MOCTYMAIOWUM C GIOKa yIpaBleHHd YNPABIMIOMMM CHTHAIAM.
HelicTBUTENbHO, JONONHMM NIEPUO] MORYILLHUH, B KOTOPOM OCYIIECTBIIETCH
IIMPOTHO-MMITyTbCHAS MOJNYIALUMs CHTHalla IeHepaTopa Iryma (puc.26) eme
O[fHMM II€PHOJIOM, Ha IPOTIKEHHH KOTOPOro reHepaTop liyMa BHKIoYeH. [[nsg
IOy 1eHHOH TaKUM 06pa30M IIepHOAMe KOl IOCIeROBATEILHOCTH CATHAJIOB H
IIOKa3aHHON Ha pHc.3a (permcrpanusd, kak U B NPENHIAYINEM CIydae ClelaHa
Ha BXOfie KOMIIapaTOpa), NPH AOCTHULHYTOM IYTeM UOMEHEHHS tyyc HYIeBOM
GanaHce (HanpAXKeHHe Ha BXOfie KOMIIapDaTOpa BO BTOPOM IIONyNepHofe MORY-
AAUUM PaBHO Hymi0) GyfeT NMeTh MeCTO PaBEHCTBO BOIBT-CEKYHAHHIX IIIONIA-
fieit TONOXUTENHHOTO ¥ OTPHIATENLHOTO MMIYNbCoB, S + Sz = S3 wiu mo
aHanoryy c (1)

A(TO - Ta) tn/n + A(TO - Ta.)(tn/n - tumc) = A(Tno + Ta - TO) tumc’
rne A=kdf GBRK. Orciona

2(To — Ta) '
tume = —L-%,—a)tn/n. (5)

CHurHal aHTeHHH OIIpEeNeNNTCd KaK

_ Tmnc
Ta - To TBO 2tn/n .

(6)

IlomcTaBngg B noclegHee BHIpaXeHUe tymye = tn/,, H tyne = 0, mONy4nM 3Ha-
JYeHHd MUHHMAIbHOH M MaKCHMAJILHOH TeMIIepaTyp aHTeHHHI, KOTOPHIE MOTYT
66T HoMepeHH T yum = To — Two/2 ¥ Ta,maxc = To. Torma

dT, = Ta,ua.xc - Ta,mm =T - (TO - Txo/z) = Tno/2~ (7)
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CpaBHuBag nonyvenHoe coorHomenue (6) ¢ (3), MOXXKHO OTMETHTB, UTO BepX-
HEd TPaHWNa AHalla30Ha M3MEepPEHMH OCTaNaCh MPeXHeH, a N3MEeHIIach HIXK-
Hif B CTOPOHY 6ollee BHICOKHX TEMIEPATyp aHTEeHHH. [[Malla3soH WBMepeHHiH
dT, no cpaBHenuo c (4) cTan B ABa pasa MeHbLIE M IPH TOM Xe H3MEHEHUH
tumc B Ipefenax oT 0 go i/, paspemaomad cnoco6HOCTh nsmepenuit T, Bos-
pocna B Ba pasa. Ha rpaduxe puc. 4 nepefaTo4Hoi XapaKTepPUCTHKe Pafuo-
Metpa (5) B cIydae ONMCAHHOM BHIIE MORYISLMH COOTBETCTBYeT mpaMas 1.
Ha oToM xe rpaduke myHKTHpPHON TMHMeH IOKa3aHa IlepefaTOYHAd XapaKTe-
PHCTHKa pajHoOMeTpa, eClIM MOAYIALHI B HEM BHINOIHEHA KakK Ha DHC. 2.

B gpyrom ciydae, npy BEIIOTHEHHN MORYISIHY ONOPHEIX CUTHAJIOB ¥ H3Me-
pSeMOro CHrHajla aHTEHHEH Tak, YTOOH IepHOfMYecKad IOCIEfOBaTENLHOCTD
CHTHAJIOB COCTOSa U3 JBYX 4epefyIollMXcd IIepHOAOB: INepHofa C IHPOTHO-
HMIYTbCHOH MOJYNAlidell ONOPHOTO CHrHala (PHC.2) M IepHoRa, B KOTOPOM
reHepaTOp IUIyMa NMOCTOSHHO BKIIOYeH M B HAIPaBIEHHHIH OTBETBUTENb He-
NpPepHIBHO NMOCTYIaeT UIyMOBOH CHTHAJ ONOPHON BENIHYHHBI, BpeMeHHad IIO-
CllefloBaTeIbHOCTh CHTHAIOB Ha BXofe KoMIlapaTopa OyleT MMeTh BMA, IIOKa-
BaHHHH Ha puc.36. Torma, mpu JOCTHrHyTOM HylTeBoM GanaHCe B KOHTYype
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aBTOMATHYECKOTO DPEryTHPOBEHHA JIMTEIBHOCTH tymc, S1 + Ss = S, wmm
A(T& + Tgo - To) tn/n + A(Ta + Tno el To) tumc = A(To - Ta)(t_nln - tnmc)~
OTCIOR& MOXXHO IIONYYHNTH

_ ATo—To) — Tao

tume = tao tn/m (8)
_ Teo tumc
Ta=To~ = (1+ t,./n)’ (9)
dT, = Too (10)
2

Ilng xpaiHuX BHaYEHUMH AMTHTETBHOCTH fymc, PABHHIX ln/n ¥ 0, MUHNMaNbHOE
Ta, s B MaxcuManbHOeE T}, yaxc BHAYEHUS CUTHANA aHTeHHH 13 (9) 6yayT cooT-
BeTcTBeHHO paBHH To — Tqo u To — T /2. Taxum o6pasom, B cpaBHeru c (3)
HIXHES TDaHMIa MUANasOHa H3MepeHHil ocTaeTcd 6e3 MSMEHEHMH M paBHOM
To—Txo, @ UBMeHHAETCA BepXHid, BHaUeHHe KOTOPOi cocTaBUT To—Tyo/2. Cue-
HAOBaTEeIbHO, NUANA30H HBMEPEeHU COBHIraeTCi B CTOPOHY MaMepeHHs Golnee
“xonogumx” Temnepatyp aHTeHHH. Ha rpaduxe puc.4 npamoir 2 6yneT cooT-
BeTCTBOBAThH NepefaToYHai XapaKTepHCTHKA pajinoMeTpa (8) B oToM clyuae.

Ha pnc. 3B noxasan TpeTuil BapHaHT MOAYISIMY CHTHANOB, KOT'a EPHON
¢ IIHPOTHO-UMITYTbCHOH MOJyNfAlHel JONOIHEH NBYMS IIepHONaMH, B OHOM
U3 KOTOPHIX FeHepaTop IIyMa IMOCTOSHHO BHIKIIOYEH, a B APYTOM — BKIIIOYEH.
CocTaBHB aHAJIOTHYHOE PABEHCTBO BOIBT-CEKYHIHHIX IUTOM[afeil MOIOKATEeNb-
HHIX S2, S4 M oTpULaTeNbHHX Sy, S3 UMIYIbLCOB ¥ PELIXUB €ro CHadalla OTHO-
CUTENBHO typyc, & BaTeM OTHOCHUTENBbHO Ty, MOMyYnM

— 3(T0 - Ta) - Tno
Teo

tumc tn/m (11)
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T,,=To-?-’2 4 e ) (12)
3 tn/n .

s ypasuenus (12) cnepyet, 410 NpH tyye = 0 Ta = Tamaxc = To — Tuo/3
u 0pH tyme = tan Ta = Tapam = To — 2Tqo/3. OTu 3HaveHHd TeMIepa-
TYp aHTEHHHI ONPEReNdioT I'PAHUIH [AHaNa3OHa H3MEPeHHi, B KOTOPOM [IH-
TeIbHOCTh IIMPOTHO-UMILYIILCHOTO CHTHAlla FeHepaTopa IIyMa B OCHOBHOM
mepuonie Monynguuu usMensercs oT 0 .o ty/g, dTa = Tamaxc — Tapmm =
= (To — Tuo/3) — (To — 2Txo/3) = Tno/3. To ecTs, B faHHOM CIyYae MORYIS-
IOMH paspelieHHe H3MepeHHil BO3pacTaeT B TpH pasa. IlepeaTovHON Xapak-
TepucTuke paguoMerpa (11) Ha puc.4 cooTBeTcTByeT npaMas 3. [uamason
A3MepeHuil CHBUraeTCd CHMMETDHYHO K LEHTPY IONHON INKAIH H3MepeHud
CHTHalTa aHTEHHH, KoTopas 6€3 JOMOMHHTEIbHHEX NEPHONOB HMeeT 3HadYeHud
TO - Tnoa TO-

B o6uieM cnyyae, MOLyIHPYs ABa OMOPHBIX CHIHAJIa M HOMEpPSEMEIH TaK,
YTOGHl MEPHOAUYECKad ITOCIENOBATENIbHOCTh CHTHAIOB COCTOMNIa U3 N-IIepHO-
HOB C BHIKITIOYEHHHIM TeHepaTOPOM ILIyMa H M-IEepHONOB, Ha NMPOTIKEHUH
KOTOPHIX I'€HEepaTOp IIyMa BKIIOYEeH, MOXXHO BHIOGpPATh M0G0 NUANABOH M3-
MEepeHHH TeMIepaTypH aHTEHHH B IpefelaX IOITHOM IIKaJH, OrpaHMYeHHON
BennyuHaMu To u Tp — Tyo, He H3MEHEHHEM ONOPHHX cHTHANOB Tg ¥ Ty, a UB-
MeHEeHHeM MX MOMYIAlHK C OJHOBpEMEHHEIM 5(PQEeXTOM IPONOPLHOHAILHOrO
YBeIHYeH!S Da3pellalomell CIOCOGHOCTH M3MepeHUH. JHadeHUd typyc, Ta U
dT, paccHuTHBalOTCE IO POpMyIaM

_ (1 4+ n)(To — T,) + m(To — Ta) — mTo

t"mc Tno *n/n’
TBO tnmc
=Ty — —22
Ta. 0 1+n+m m+tn/u ) (13)
TBO
o= Tntm’

PaccMOTpeHHH MeTOR H3MeHeHHMS RHAlla30Ha M3MepeHHi GHI ompobo-
BaH DKCIepUMeHTanbHo. J14 paguoMeTpa, BHINIOIHEHHOTO paHee O (PyHKIHO-
HaIBHOM CXeMe, IIOKaBaHHOM Ha puc. 1, 6611a paspaboTaHa MPHCTaBKa — GIOK
YNpaBlIeHHS C PACIIHPEHHHIMH (YyHKIHOHATbHHIMU BOSMOXHOCTAMH. B 6moke
yIpaBIeHUE, BRIIOMHEHHOM IIOIHOCTHIO Ha UUQPOBHIX IOIrMYeCKUX dlIeMeHTaX,
IIPOUCXOAUIIO TIOCTe 3aJlaHUd OllepaTOpPOM HeoOGXOUMOro Auala3OHa H3Mepe-
Hu#t popMUpOBaHHe YNPABILIOMNX HMIYIHCOB BKIIOYEHNS IeHepaTopa IIyMa.
@PopMHEpOBaHHe JONONHUTENBHHX IEPHOfOB OTBevalo cooTHoweHusM (13).
IIpuMenenne HOBOro GiIOKa yIpaBleHHS NOBBOIUIO BHAYMNTENHHO YBEIUIHUTH
paspelaoyio Croco6HOCTh M3MepeHu# paguomeTpa Ges usmeHenus CBY
610Ka H perucTpupoBaTh 60nee ToHkHe dPPekTHl, NPOUCXOALIINe B IPHPOT-
HBIX 06bekTax (IbJaX, MEPBIHX 'PYHTaX).
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B sakmioveHne He06XOQUMO OTMETHTH, YTO YBeIMYEHHe HHCIa NONOMHU-
TeNbHEIX ePUONOB, KONMIECTBO M TUII KOTOPHIX ONpPENeNIIOT IPaHUILl AUaNa-
BOHa MBMEpEeHMil, BeleT K NPOMOPLUUOHAILHOMY CHUKEHHIO GHICTPONEHCTBHS
ycrpoictBa. OfHako, IPH M3MEPEHHU KBaSHCTAUUOHAPHBIX PajiGTENIOBEIX
noleil JOCTHUraeTCs BHICOKAaS TOYHOCTb M3MEDEHHH.
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YUTHHCKHH MHCTHUTYT HPUPONHBIX IlocTynuna B pegakunuio
pecypcoB PAH 10 suBaps 1996 .

THE METHOD OF THE MEASUREMENT RANGE CHANGE IN
MICROWAVE RADIOMETERS WITH PULSE-WIDTH MODULATION OF
REFERENCE SIGNAL

A. V. Filatov

A rather simple method of changes of the measurement range in zero mi-
crowave radiometers with pulse-width modulation has been considered which
lies in the modulation change of reference noise oscillator signals but not of
their absolute values.
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