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The results of the experimental and theoretical investigations of chaotic decay process of HF wave on two new — HF
and LF wave in the cylindrical resonator filled with rare plasma are presented. The branches of oscillations which can
participate in such process are specified. The possible mechanisms of appearance of burst of radiation which follows
after certain time delay after the main impulse obtained in the experiment are discussed. The qualitative agreement of
the theoretical deductions with the experimental results is observed.
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1. INTRODUCTION

The decay processes of the regular waves in nonlinear
mediums are studied very well. The processes of
nonlinear waves interaction were also investigated in
details for the cases when the waves are completely
irregular and interaction occurs through intensities [1,2].
The case when the regular dynamics becomes chaotic is
not enough investigated. Such processes can play an
important role in plasma, especially in the beam-plasma
systems [3].

The modified decay of one HF waves on new high-
frequency and low-frequency can be one of the examples.
In [3,4] it was obtained the criterion which can led to chaos
in such system which, can be presented in the following

form VA/w, e I where V' - the matrix element of
nonlinear interaction, A4 - the amplitude of decaying wave,

W, - the frequency of the low-frequency wave

participating in the decay process. In the present report the
results of the experimental and theoretical investigations of
such process are given. The dispersion properties of the
cylindrical wave guide partially filled with magnetoactive
plasma are explored, the numerical investigations of decay
process of HF wave on new HF and LF of a wave were
carried out, the cascades of decays are reviewed. The
process of transition to chaos in conditions of decay
instability was investigated experimentally.

2. BRIEF RESULTS OF THEORETICAL
INVESTIGATIONS

For realization the condition of transition to chaos it is
necessary that the investigated system had enough low
natural frequencies, as it is seen from stochasticity
criterion expression which is given above. With reference
to experiment it is necessary to specify, which waves can
participate in the decay process. Moreover, it is desirable
to use the system with rich dispersion when the distance
between natural frequencies is small.

In the experimental setup which will be described in
more detail below, the round cylindrical resonator partially
filled with magnetoactive plasma is used. The frequency of a
pumping wave is close to the electron cyclotron frequency.
In order to define frequencies which can participate in the
decay process, the simplified model was investigated.

The dispersion properties of the round cylindrical
waveguide filled by cylindrical plasma are theoretically
investigated. The axes of plasma and a wave guide

coincide. All the system is placed into longitudinal constant
homogeneous magnetic field. For the chosen model the
dispersion equation describing fast symmetric waves
analytically was obtained. It was analytically and
numerically investigated in details near to the upper hybrid
frequency. Thus it was supposed, that plasma is rare (the
plasma frequency is much less then pumping wave which
is in its turn close to electronic cyclotron frequency). The
results of investigations of dispersion properties of the
wave guide partially filled by plasma are given in Fig. 1.
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Fig.1. The dispersion of the metal wave guide filled by
plasma

Is of interest the field of frequencies laying below
upper hybrid frequency which is shown in Fig. 1. Here
there is a large number of branches which are located
almost parallelly to horizontal axis. The parallelogram in
the figure corresponds to those modes which can
participate in the decay.

The process of decay was investigated numerically.
The model equations were obtained. The left-hand part of
each of these equations corresponded to the linear
oscillator, and the right part described the nonlinear
interaction of such oscillators. At the performance of
stochasticity criterion the dynamics of decay was
irregular. It is confirmed with spectrums and correlation
functions of the obtained realizations. The spectra were
wide and the correlation functions quickly fell down. At
disturbance of the criteria of stochasticity appearance,
with decreasing of the initial amplitude of pumping wave,
the spectrums became more and more narrow and time of
correlation was increased.

104

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2009. Ne 1.

Series: Plasma Physics (15), p. 104-106.



The opportunity of realization of cascade processes
was investigated analytically and numerically. In this case
the wave excited during one decay HF enters another
dacay process in which it represents as a pumping wave.
The equations for amplitudes of the waves participating in
such process are obtained, their analytical analysis and
numerical examination is done. The obtained spectrums
and correlation functions indicate that in such scheme the
realization of chaotic regimes is possible.

3. THE EXPERIMENTAL RESULTS

The experimental setup is multimode resonator which
is placed into the longitudinal magnetic field. The length
of the resonator is 65 c¢m, radius is 7.5 cm. The value of
the applied magnetic field is 950 Gs . Plasma in the
resonator is created with electron bunch with energy
600 eV and the current 90 mA. The density of plasma in

the resonator is 7 »

For excitation of the pumping wave in the resonator on
frequency 2.77 GHz the magnetron generator is used.
During carrying out of these experiments it was revealed,
that the impulse of excited microwave oscillations on
duration ( = 2 ps) is much greater, than the pulse length
of the magnetron. After some micro seconds after its
ending the bursts of the microwave oscillations appear in
the resonator. The duration of these bursts, the time of
their delay concerning the main impulse, and also the
number of these bursts depend on conditions of the
experiment. Their recurrence has quasiperiodic character.
The amplitude of each of the following burst decreases
through attenuation. The characteristic form of
microwaves impulses excited in the resonator, and the
bursts accompanying them obtained with numeral
oscillograph are presented in Fig. 2. As it seen, during the
time interval between the main impulse and the burst in
the resonator, the electromagnetic field does not
disappear.

Occurrence of the bursts had random character on time
and on amplitude. At decreasing of the value of the
magnetic field on half of the length of the resonator on
25 %, the regularity of occurrence of recurring impulses
of the microwave radiation increased. Recurring impulses
of the microwave radiation are accompanied by
occurrence of luminescence pulses of the plasma and
pulses of the X-rays, caused by inhibiting of accelerated
electrons from tens to several hundreds kiloelectronvolts
on neutral atoms of remanent gas.

Occurrence of low-frequency oscillations in the
resonator is observed experimentally. It points out that
there is a nonlinear decay of the microwave oscillations
excited by an external source (magnetron) on two new
modes: high-frequency and low-frequency as it was
discussed in the previous section. In the experiment
conditions the electronic cyclotron frequency is close to
frequency of excitation, and the plasma frequency is
essentially less each of them. Experimental investigations
have shown that with increasing of the power injected
into the resonator, process of decay becomes chaotic.
With its increasing the dynamics of a low-frequency
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mode becomes irregular. With magnification of injected
power the spectrum of low-frequency oscillations
becomes wide. Deductions of analytical and numerical
examinations which are stated in section 2 are
qualitatively well agreed with this experimental result. It
allows to confirm, that in the resonator the process of
stochastic decay is realized.
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Fig.2. The oscillogram of high-frequency oscillations in
the resonator

It is necessary to note, that the spectrum of oscillations
which can participate in the decay, actually can be mush
richer than the one which was explored in section 2. It is
related the fact with that in the investigated experimental
system, there are asymmetrical modes which were not
took into account above.

The mechanism of occurrence of the bursts is not
studied up to now. It is possible to suggest two
explanations of their occurrence. On the one hand,
occurrence of these impulses can be caused by electron
cyclotron instability which develops after the ending of
the main impulse. The other possible reason of occurrence
of the bursts can be the nonlinear interaction of the waves
which leads to periodic returns (Fermi-Pasta-Ulam
problem).

For checking out of the first hypothesis the estimation
of the increment of electronic cyclotron instability which
is proportional to derivatives of distribution function of
electrons of plasma on traversal and longitudinal
velocities has been made. Generally the increments of
cyclotron instability appeared large enough. In order to
explain occurrence of the bursts as a result of
development of this instability it is necessary to guess,
that in the experiment formed the distribution function
with the strongly pronounced plateau. Realization of such
function in experiment is represented improbable.

In the second case the model of nonlinear string
considering quadratic nonlinearity is used. In numerical
calculations returns are observed, particularly in the case
when at the initial moment of time the first space
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harmonic is excited in a string. The qualitative analysis of  obtained — the occurrence of bursts of radiation, which
return processes shows, that it is necessary to excite explanation needs additional investigations.
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JUHAMMUKA PACIIAJHBIX ITIPOLIECCOB B PEJIKOM IJTABME
A.H. Aumonos, B.A. bByu, H.K. Kosanvuyk, O.®. Koenux, E.A. Kopuunos, B.I'. Céuuencoxuii, /I.B. Tapacoe

IIpencraBneHsl pe3ynabTaThl 3KCIEPHUMEHTAIBHOIO M TEOPETHYECKOrO HCCIEIOBAHMSA IIPOLIECCA XAOTHYECKOIO
pacnaga BY- Boxnsl Ha nBe HOBele — BU u HU B nunmuapudeckoM pe3oHaTope, 3alOJHEHHOM PEeAKOoN IUTa3MOif.
VYka3aHbl BETBH KOJe0aHUH, KOTOpble MOTYT Y4acTBOBaTh B TakoM mnpouecce. O0CyKaloTcss BO3MOXHbBIE MEXaHH3MBbI
MOSIBJICHUS] OOHAPY>KEHHOTO B AKCIEPUMEHTE BCIUIECKA M3JIy4EHHUS, CICAYIOLIEr0 ¢ HEKOTOPOH BPEMEHHON 3a/1ep KKOH
II0CJIE OCHOBHOTO HMITysibca. OTMEUEHO KadeCTBEHHOE COTJache TEOPETHUECKUX BBIBOJOB C 3KCIIEPUMEHTATIHHBIMH
pe3yJbTaTaMu.

JJAHAMIKA PO3IIATHUX ITPOIIECIB B PIIKMI IIJIA3MI
O.H. Aumonos, B.O. byu, I.K. Kosanvuyk, O.®D. Kosnik, €.0. Kopninos, B.I'. Ceéiuencokuit, /I.B. Tapacos
Hpe}lCTaBHeH peE3ybTaT CKCIOCPUMCHTAJIBHOIO0 Ta TCOPETHUYHOI'O JIOCIIi)])KeHHﬂ IpoHeCy XaoTHYHOI'O pos3nany
BUY- xBuii Ha ;81 HOBI — BU ta HY B mpumiHgpuyHOMY pe3oHaTOpi, 10 3all0OBHEHHUH PiIKOr0 ma3Moro. BkasaHi riiku
KOJIMBaHb, SIKi MOXYTh OpaTu ydacTtb B TakoMmy Imporieci. OOTOBOPIOIOTHCS MOXKJIMBI MEXaHI3MH TOSIBH BHSBICHOTO B

eKCIIEPUMEHTI CIUIECKY BHIPOMIHIOBAHHS, IO 3 SBISIETHCS 3 JESIKOI0 YaCOBOKO 3aTPUMKOIO IICTS MEPIIOrO iMITYIIbCY.
BinzHaueHo sikicHHH 30ir TEOPETHYHUX BUCHOBKIB 3 €KCIIEPUMEHTAIEHIMH PE3YJIbTaTaMH.
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