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In work results of research of spread spectrum of superhigh-frequency oscillations in the polymodal resonator filled
by plasma, placed in a magnetic field, due to stochastic disintegration of own modes of the resonator with participation
of low-frequency plasma oscillations are presented. Experiment is executed in conditions electron-cyclotron resonance
for oscillations with frequency 2.77 GHz and powers up to 1 MW in plasma with density 10° cm™ and electron
temperature ~60 eV. The opportunity enlarge of a spectrum of oscillation formed by magnetron generator in hundred

times is shown.
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1. INTRODUCTION

There are certain difficulties of creation of the
superhigh-frequency generators of the big level of power,
with adjustable width of a spectrum and spectral density
of power. It is caused by that, as a rule, generators
provide effective excitation of oscillations only at the
certain parameters of its operation, the deviation from
which leads to sharp deterioration of characteristics of
oscillations and their efficiency of excitation.

In work it is offered and investigated the formation of
spectra due to use of plasma nonlinear processes in
conditions of excitation the oscillations of the big
amplitude when stochastic disintegration processes take
place.

It was investigated increase the width of a spectrum of
the super-high-frequency (SHF) oscillations on frequency
2.77 GHz in the polymodal resonator with plasma in a
longitudinal magnetic field in conditions of an electron-
cyclotron resonance. Plasma was created by the beam-
plasma discharge. The density of plasma was
made 10°cm™, with temperature ~60 eV. The level of
exited field in the resonator is more threshold value for
development of stochastic decay of a exited wave at
which nonlinear interaction of two microwaves of own
modes of the resonator and one own low-frequency (LF)
of a fashion of plasma takes place.

2. THEORETICAL ESTIMATIONS

Theoretical researches are put in a basis of statement
of experiment three-wave disintegration processes in
plasma. They are in detail enough stated in works [1, 3].
In them stochastic disintegration of the microwave on
high-frequency and low-frequency plasma (LF) is
considered.

As an example process of disintegration of a wave in
electrodynamics structure with tubular plasma can be
considered. In such plasma there are two superficial

. W
waves. Frequencies of these waves of the order %E.

These waves are raised by electron beam. When the
amplitude of an exciting wave reaches some threshold

value, the mechanism of three-wave disintegration of this
wave on electromagnetic cross-section and lower hybrid
joins. To one of variants of three-wave interaction it is
presented on fig. 1.
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Fig. 1. Dispersive curves of a tubular plasma wave guide

The system of the equations describing disintegration
process has a following appearance:

de,
i—==¢pexp(ibr),

dr
de
i—==¢,0 exp(-ibT
il p(-ib1), (1)
P g2y ,
dr_2+ Q°p=-¢, exp(-zAT),
where ¢, — amplitude of a breaking up wave, ¢, —

amplitude of an electromagnetic wave, P — amplitude of
a low-frequency wave, ) — dimensionless amplitude of a
low-frequency wave, A — normalized difference of
frequencies of the waves. Transition to stochastic waves
is defined by factor [1]:
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that is carried out under condition of Q 2 >> 1.

Numerical modeling of system of the equations (1)
has confirmed that disintegration (decay) process begins
only at performance of a condition (2). At performance of
criterion (2), a spectrum of oscillations spreads, and
Lyapunov's exponents accepts positive values.
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3. DESCRIPTION OF THE EXPERIMENTAL
SETUP

The experimental setup (fig. 2) consists of following
basic units: chambers of interaction - the polymodal
resonator (7) in a longitudinal magnetic field, the
magnetron generator (15), an electronic gun (2) in the
chamber (1, 5), probes of registration of oscillations in the
resonator (14), vacuum pumps (3, 6, 9), the solenoid (10),
a collector (12) in the chamber (11, 13), an electron beam
(8) and a data-acquisition equipment.
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Fig. 2. The schematic image of the experimental setup

The chamber for creation of plasma is the cylindrical
copper resonator, with internal diameter 160 mm, long
650 mm. Face surfaces of the resonator are formed by
mobile plungers, with apertures in diameter 30 mm on an
axis, for posting through it of an electron beam in it.
Inside of the resonator pressure of gas (argon) was
adjusted from 5-10° up to 10° mm Hg, for creation of
plasma of necessary density.

The resonator is excited on frequency 2.77 GHz by the
magnetron generator with power up to 1 MW. The
microwave power was brought by a rectangular wave
guide 72x34 mm., which was jointed with the resonator
on the average section on its length. As a result of
experimental researches optimum communication with
the resonator is picked up at orientation of a wave guide
for excitation on one frequency of simultaneously
necessary fashions in it. Wide walls of a wave guide were
guided along an axis of the resonator. Following own
modes of oscillations could be excited in the resonator
with the lowest indexes: H() 15, H2 17, H1 19, Hz 18 H1 110,
Hois, Ei1s, Eois, Eo19, Ei16 Identification of excited
modes of oscillations was spent by a method of a trial
body [2].

The electronic gun with termoemission cathode from
LaB in diameter 18 mm settled down on an axis of the
solenoid of a magnetic field. The accelerating voltage of a
gun changed from 0 up to -600 V a current 0-100 mA.
Simultaneously with measurements of frequency
characteristics of oscillations the registration accelerated
electrons in raised waves on brake x-ray radiation from
volume of the resonator was made. For this purpose the
system consisting of crystal NaJ and the photo multiplier
was used.
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4. EXPERIMENTAL RESULTS

Studying of a spectrum of excited oscillations has
shown that the width of a spectrum of the SHF waves is
defined by their strange in the resonator. Prominent
feature of a spectrum is enlarge of it with displacement in
area of higher frequencies and presence of red and dark
blue satellites at frequency magnetron. Such spectrum is
characteristic for nonlinear disintegrations processes in
plasma. On fig. 3 the spectrum of excited oscillations is
presented for introduction of power of SHF oscillation in
the resonator ~1 MW.
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Fig. 3. The microwave spectrum of oscillations in the
resonator.

Raised SHF oscillation test complex modulation on
frequencies 10...100 MHz. This modulation corresponds
to own plasma frequencies.

The spectrum of these low-frequency oscillations is
presented on fig. 4.

Fig. 4. A spectrum of low-frequency oscillations

On fig. 5 are resulted the oscillogramm of low-
frequency oscillations registered in the detected SHF
signal. Excitation of low-frequency oscillations has
threshold character, and their amplitude depends from
intense the microwave oscillations in the resonator. The
oscillogramm of intensity of x-ray radiation from volume
the resonator caused by braking accelerated electrons in
field exited waves is present on fig. 5 too.
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Fig. 5. Oscillograms of low-frequency oscillations (top)
and x-ray radiation (bottom)

5. CONCLUSIONS

It is necessary to consider as the main-core result of
the executed experimental researches an illustration of an
opportunity of adjustment of width of a spectrum and
distribution of spectral density of oscillation power due to
use of nonlinear interaction of waves in plasma.

Qualitatively observable effects in experiment
coincide with theoretical representations in the description
of stochastic instability at nonlinear interaction of type a
wave-wave [1-3]. For it occurrence in a spectrum of SHF
oscillation of satellites and excitation with growth of their
capacity of the low-frequency plasma oscillations causing
complex character of modulation of high-frequency
oscillations is characteristic.

Authors express profound gratitude to M.G. Sokolov
for manufacturing of details, assembly, adjustment and
operation of experimental installation.
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HNCITIOJBb30BAHHUE CTOXACTHYECKUX PACIHHAJIHBIX ITPOITECCOB
JIJISI ®OPMUPOBAHMS CIEKTPOB KOJIEBAHU

A.H. Aumonos, B.A. byy, O.®. Koeénuk, E.A. Kopnunoe, H.K. Kosanvuyk, B.I. Céuuenckuii

[IpencTaBneHbl  pe3ysibTaThl HMCCICAOBAHUS YIIMPEHHS CHEKTpa CBEPXBBICOKOYACTOTHBIX KoJeOaHWHA B
MHOTOMOJIOBOM PE30HATOPE, 3alOJHEHHOM IIIa3MOM, MOMEIICHHBIX B MAarHUTHOE II0JI€, 32 CUET CTOXaCTHYECKOTOo
pacmiaia COOCTBEHHBIX MOJ pE30HATOpa C YYacTHEM HH3KOYACTOTHBIX IIIa3MEHHBIX KOJeOaHWH. OKCIEPUMEHT
BBINOJIHEH B YCJIOBHSIX 3JIEKTPOHHO-IIMKIOTPOHHOTO pe3oHaHca sl Konebanuii ¢ yacroroit 2.77 I'T MomHOCTBIO 110
1 MBT B niasme miotHocthio 10° cM™ npu sexTponHoi Temmneparype ~60 5B. [Toka3aHa BO3MOXHOCTE yIIMPEHHS B
JIECSTKH pa3 CHEeKTpa KojeOaHuil, GopMUPYyEMBIX MarHETPOHHBIM I€HEPATOPOM.

BUKOPHUCTAHHSA CTOXACTHYHUX PO3ITAJHUX ITPOLECIB
JJIS1 @OPMYBAHHA CIIEKTPIB KOJIMBAHb

O.M. Aumonos, B.O. Byu, O.®. Koenixk, €.0. Kopninos, I.K. Kosanvuyk, B.I. Céiuencokuii

[IpencraBneHo  pe3ynbTaTH  JMOCTI[DKEHHS  PO3UIMPEHHS  CIIEKTPY  HAJBHCOKOYACTOTHUX  KOJIMBaHb B
6araroMoJJOBOMY DPE30HATOpi 3allOBHEHOMY IUIa3MOI0, PO3MIIIEHHX B MAarHiTHOMY IIOJI, 33 PaXyHOK CTOXacTHYHOTO
po3majay BIACHHX MOJ pe30HAaTopa 3 y4YacTI0 HU3bKOYACTOTHHX IUIa3MOBHMX KOJMBAaHb. EKCIIEpUMEHT BHKOHAHO B
YMOBaX €JIeKTPOHHO-IIUKIOTPOHHOTO PE30HAHCY AJIs KoMuBaHb Ha 9acToti 2.77 I'T 3 motyxwicTio 1o 1 MBT B ma3mi
rycrunoro 10° cm® mpm enexTporHiii Temmeparypi ~60 eB. Ilokazana MOMXIHMBICTL PO3UIMPEHHS B JICCATKH pPasiB
CIIEKTPY KOJIMBaHb, 0 (JOPMYIOTHCS MATHETPOHHUM T'€HEPaTOPOM.
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