CPABHEHUWE OBYX NOAXOA0B K ONMPEAEJNEHUIO CMEKTPAJIbHbIX
COCTABNAKOWNX B MNPUBOPAX CO CKPELLUEHHBIMU NONAMU

BonoeeHko M. B., HukuteHko O. M.
Xapkiecbkull HayioHanbHUU yHieepcumem padioerieKmpoHIKu
M. Xapkig, 61166, YkpaiHa
men.: 057-7021331, e-mail: nikon@kture.kharkov.ua

AHHOmMayus — PaccMoTpeHa BO3MOXHOCTb aganTauuu cu-
cTeM, onucbiBaloLWwmux paboTy npubopoB CO CKpeLueHHbIMU No-
NAM K NHeapu3oBaHHbIM. Takoe ynpolueHue no3sonseT 3Ha-
YNTENbHO YNMPOCTUTb M3yYeHUe CneKTparnbHbIX COCTaBMSOLMX
B BbIXOJHOM CMeKTpe NpubopoB CO CKPeLLeHHbIMU NOMSMU.

|. BBepgeHue

B nocnegHue rogbl MeToAbl HENMMHENHOW ANHAMUKN
HaxogsAT Bce Gonbllee pacnpocTpaHeHWe Npu Uccneqo-
BaHUN ANHAMMUYECKMX CUCTEM CaMOW Pas3nmMyHON NpuUpo-
abl. Tpn 3TOM BbISABNSATCA paHee He oOHapyXeHHble
XaoTUYECKME PEXUMbI, MO3BOMMBLUME OOBACHUTL psafg,
acpdekToB 1 0COBEHHOCTEN CMCTEM, KOTOpbIE 4O 3TOro
He UMenu YeTKon n3nNYEecKom TPaKTOBKN.

OpHuM u3 Hanbonee pacnpocTpaHeHHbIX NprdopoB
MarHeTpoOHHOrO Tuna sIBNSIETCS MHOrOpe30HaTOPHbIN
MarHeTpOH, MWCMONb3yeMbIl Kak reHepatop MOLLHbIX
3NeKTpoMarHuTHbIX KonebaHun. CyLecTBEHHOW Oco-
6eHHOCTbI0 paboTbl MHOrOPe30HaTOPHbLIX MarHETPOHOB
SABMNAETCH TaK Ha3blBa€Mbl «aHOMarbHbIA» LUYM, YpO-
BEHb KOTOPOro 3HAYUTENbHO MPEBbIAET LYMbl OPYrUX
npubopos CBY, B yactHocTu, JIBB.

C aTOW TOYKM 3peHMs OCOObI MHTEpPEeC BbI3biBAKOT
3aa4n, CBA3aHHbIE C ABWXEHWEM 3apPsPKEHHbIX YacTuL,
B CKPELLUEHHbIX 3IEKTPUHECKMX WU MAarHWTHbIX MOMAX B
Takmx obnacTtsax kak acTtpodusuka, dum3anka yckopuTe-
nen, CBY-anekTtpoHuka n gp.

CamoopraHmsaums cuctem, KOTopble copepxart
6onbLUOE KONMUMYECTBO 3apsKEHHbIX YacTuL, HaYMHAETCS
C YCTaHOBMEHNS MEXAY HUMW YCTOMUMBLIX CcBA3en. [ns
3TOr0 YacTuubl OOMMKHbI B3aMMOAEWCTBOBaTb Apyr C
Opyrom. OnEeKTPOHHbIE CUCTEMbI SIBMAIOTCA MNpUBreKa-
TenbHbIM 0O6BEKTOM MCCNeaoBaHWs MeXaHW3MOB Camo-
opraHusauuu. lNMons, KoTopble Npu 3TOM CYLLECTBYIOT,
NpuBOAAT K 06pa3oBaHMI0 3NEKTPOHHBLIX CTPYKTYP.

CamoopraHn3oBaHHbIE 3MEKTPOHHbLIE CTPYKTYPbl CY-
LLeCTBYIOT Npu GOMbLUNX rPagueHTax HanpsbkeHUn, npu
KOTOPbIX MPUHLMM FIOKANbHOTO PaBHOBECUS He BbIMOI-
HseTcs. [na aHanusa npoueccoB B npubopax co ckpe-
LWEHHbIMW MONSAMU UCMONb3YIOT YPaBHEHUST OBUWXEHWS,
KOTOpble HE cofaepxaT B SIBHOM BuAe AMCCUMATUBHbBIX
uneHos [1].

CamoopraHu3aums 311eKTPOHOB B 3NIEKTPOHHbIX Npu-
6opax co CKpeLeHHbIMU MONAMM pa3BMBaETCH Kak npo-
Lecc caMoCOrnacoBaHHOIO B3avMOLEWCTBUS OonbLIOro
yncrna 3apsHKEeHHbIX YacTUL, C BHELUHUMW MOMsIMUA OTHO-
CUTENBHO K KaXgon u3 Hux. [Ana onucaHus Takux nonemn
3a4acTyl0 MCMOMb3ylT METoAbl aHanUMTUYEecKoW Mexa-
HUKK [2].

[onyckaloTcs Takme 3Ha4YeHns BHELLIHUX MapaMeTpoB,
NPy KOTOPbIX BO3MOXHbI NWLIb YCTONYMBBIE pELUEHUSI.
JInHeapunsysa aTn ypaBHeHus, onpegensiem Habop co-
ctangawowux. Npn usmMeHeHUM BHELHUX napamMeTpoB
HEKOTOpPbIE COCTaBNALLNE CTAHOBATCA HEYCTONYMBBIMU.

B aton cBfA3u, B HacTosien paboTe uccnegyetcs
CpPaBHEHUE 3HEpPreTU4eCcKUX CreKTpoB nMHeapu3oBaH-
HbIX U HENMWUHENHbIX YPaBHEHUIN OBMKEHUSA 3apsPKEHHbIX
YyacTuy B Nnpubopax co CKpeLLeHHbIMU NOMNSAMMU.

Il. PesynbTaTbl CCNegoBaHUMn
XOpOLIJO N3BECTHO, YTO ypaBHEHUA OBWXEHUA 3apa-
JKEeHHbIX YacTul, (SﬂeKTpOHOB) B CKpeLleHHbIX nonax
MMEeKT BMa And MmarHeTpoHHOro amoaa:
d’s s b 1

_— +—4 —
dt? 4 s 45
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n ana marHeTpoHa:

S 0
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YunTbiBas, 4TO B COBPEMEHHbIX npubopax MarHe-
TPOHHOTO TUMa OTHOLEHWe . /1. <2, To 6e3pasmepHbii

a n=1

paguMyc S MOXHO MpeacTaBUTb kak S=1+x. B atom
cnyyae NPUMEHWB K YpaBHEHWSIM [OBWXEHWUSI npoLecc
nNUHeapu3auum, 3TM ypaBHEHUS NPUMYT BUA AN MarHe-
TPOHHOTO Anoja:

d?x
?:b—(l'f'b)x

do _

dt
n ona MmarHeTpoHa

‘th —af+ -+ ap+ B

de
dt
PelueHne 3TMx ypaBHEHUI MOXeT ObITb HalgeHo B

aHalmmTn4eckomMm Bmnae.
Takum o6pa30M nMmeem ana MmarHeTpoHHoro gunoga

x(t)= 1%(1— cosﬂt)

olt)=7 b

(1 b )«/
n ona MmarHeTpoHa

x(t)= M(l—cos 1+aff + ﬂt)

=X

(1 sin Ft)

1+[1+a)s .
(t)= 1+a)p _(1+a),8cos 1+af + pt
1+ (1+a)B A+ap+p)*

M3 3Tux pelueHnin BUOHO, YTO 3apsbkeHHas vactuua,
HaxoAsALascs B CKPeLLEeHHbIX NOMsAX, B LUIUHAPUYECKNX
KOHCTPYKLMSAX, y4acTBYeT B ABYX BUAAX ABWKEHNS: Kone-
6aTenbHOM B pagmanbHOM HanpaBneHUn 1 poTaLMOHHOM
(BpaLwaTensHOM) B a3uMyTarnbHOM HanpasneHuu [3].

OHepreTnYeckuin CNekTp onpegenvm Kak

2 2
()&
dt dt
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MonyyeHHbI TakuM 0Opa3oM CNekTp npuBedeH Ha
puc. 1.
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Puc. 1. SHepeemuyeckul criekmp.
Fig. 1. Energy spectrum

[Mpu 3TOM 3HEpreTUyYecKkMn CNeKTp, NOMyYeHHbIA 13
NMHEapM30BaHHOTO OMNMCAaHWS UMEET BUL,

1-0.1436311652 cos(t) — 0.8367827665 cos(2t) —

0.02267860502 cos(3t) + 0.003092537049 cos(4t).

CpaBHeHVe cnekTparnbHbIX COCTaBNSAOWMX, MOMy-
YEHHbIX YMCMEHHbIM W FMHEapu30BaHHbIM MeToaaM,
nokasblBalT COBMaJEHUE MO YacToTe, Yero Hemb3si cka-
3aTb 06 amnnuTyge.

I1l. 3akno4yeHune

[lokaszaHO, 4TO NPUMEHEeHWe JfMHeapu3oBaHHOIo
nogxoda K U3yYeHuto OABMXEHUA 3apAXeHHbIX 4YacTul B
I'IpVI60an CO CKpelleHHbIMU 3INeKTpnu4eCkuMm n MarHuT-
HbIM NMONAMUN NO3BONIAET 3HAYNTENBbHO YNPOCTUTb peLle-
HMWe 3agadv no oueHMBaHUK 4acToT CheKkTpalibHbIX CO-
CTaBnAlOLWUX.
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Abstract — The possibility of adaptation of the systems de-
scribing operation of devices with crossed fields to the linear-
ized ones is considered. This simplification allows significantly
simplifying the study of output spectrum in certain processes in
crossed—field devices.

|. Introduction

In recent years the methods of non-linear dynamics find
their increasing application in researches of dynamic systems of
completely different nature. Self-organized electron structures
exist, when the pressure gradient is large. To analyze the pro-
cesses in crossed-field devices the motion equations without
dissipative terms are used. In this work we studied the compari-
son of energetic spectra of linearized and nonlinear motion
equations in crossed—field devices.

Il. Main Part

The solution of linearized equations can be found in analyti-
cal form. Thus we have the following for a magnetron diode:

x(t)= %(1— cos Jﬁt)

’

—sin Mt)

b b
t)= t— 1
olt) 1-b (1+b)\/1—b(
for a magnetron

x(t)= M(l—cos 1+ a/)’+,6’t)

1+ (1+a)p
(t)= 1+a)p t_(1+a)ﬂcos 1+af + Bt
C1+(1+a)p (+ap+pB)"°

Thus a charged particle in crossed fields in cylindrical struc-
tures, participates in two kinds of movement: oscillatory move-
ment in radial direction and rotational one in azimuthal direction.

Energetic spectrum is defined as

2 2
ds) ,(sde
dt dt
The diagram of energetic spectrum is shown in Fig. 1.

The comparison spectrum components both numerical and
linearized methods have shown good frequency coincidence.

I1l. Conclusion

It is shown that the use of the linearized approach to study
the charged particles’ motion in crossed electric and magnetic
fields allows simplifying the solution of such problems to esti-
mate the frequency of spectral components.

2012 22 Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2012). 10—14 September, Sevastopol, Crimea, Ukraine
228 © 2012: CriMiCo’2012 Organizing Committee; CrSTC. ISBN: 978-966-335-370-8. IEEE Catalog Number: CFP12788



