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Some results of researches of dynamics of particles and fields at such intensity of fields, when the stochastic
instability develops, are represented. It was shown that conditions for arising stochastic instability at the wave-particle

interaction practically could be always created.

It was revealed that the stochastic instability at the wave - wave

interaction could be cause of beam instability disruption. Besides the conditions are formulated, at which the non-

relativistic charged particles radiate as relativistic.
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1. WAVE - PARTICLE INTERACTION

The basic processes in physics of plasma and in high-
frequency electronics are the processes of interaction of a
type a wave - particle and type a wave - wave. Regular
dynamics of these processes is well investigated. By us
earlier [1-2] the general analytical conditions for
transition from regular dynamics of a wave - particle
interaction to chaotic for all known resonance’s were
found. The analysis of these conditions shows that in
many practically interesting cases it is difficult to reach a
regime of stochastic instability. For example, for
overlapping nonlinear cyclotron resonance’s, in
conditions usually used in experiment (look below), are
necessary to have very large intensity of electromagnetic
waves. The purpose of the present section is the
illustration of fact that conditions for development of
local instability practically can be always created. In most
cases for achievement of a regime of stochastic instability
it is enough to carry out insignificant updating. We used
or additional waves (laser heating of solid-state plasma
[3]), or low-frequency fields and waves [4,5], or
additional spatial modes [6] for necessary updating. As an
example we shall represent results on stochastic heating
of plasma [6]. Let particles of plasma are moving in a
field of a H-wave in round wave-guide with radius @in a
constant magnetic field H, directed along an axis wave-
guide. If the particles of plasma are moving in a field only

one f,;- wave, than for overlapping nonlinear

resonance’s in wave-guide with radius a=8 (
w/2p=2 .8 GHz, and H,= 1 kG), are necessary to

have E, =300 kV/cm. If in it wave-guide simultaneously

with 1}, to excite a mode .., than for development of
stochastic instability It is enough to have fields
considerably smaller - 24 kV/cm. The distribution
function of electron energy at the moment of time
t=200 p is submitted in the figure. The electrons are
moving in a field of two spatial modes propagating
towards each other.

Experimental researches are in good qualitative, and
in many cases and in the quantitative consent with the
theory [6]. In experiment the efficiency of heating was 50
%, and average energy of plasma particles ~1MeV. It is

necessary to note that in the same experimental conditions
without stochastic instability the energy of plasma
particles did not exceed 100 eV.
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It is useful to compare described above scheme of
heating with the schemes of heating, which are used in
magnetic traps. The efficiency of plasma heating in a trap
is possible to estimate by effective frequency collision
v~1/T, where T - time of passage by particles between
mirrors. For stochastic heating it is possible to enter the
Veﬁ‘Nl/Tc s where -

following  frequency

T c~ 1/wInK time uncoupling of correlation, K -

relation of nonlinear resonance width to distance between
them. T: - is comparable to the period of a high-frequency
field. The time, during which the particles pass from one
mirror to another in magnetic traps, is about 10° periods
of a high-frequency field.

2. WAVE-WAVE INTERECTION

The second important process of plasma physics and
electronics is the process of nonlinear interaction of
waves. Most important and well investigated is the
process of regular three-wave interaction. We earlier [7]
received the conditions, at which dynamics of three-wave
interaction becomes chaotic. Analytical expression of this
condition is very simple:. 2 /d >1 Here I - increment
of an initial stage (linear) three-wave interaction. O -
distance (on frequency) up to one of the nearest waves,
"not participating" in interaction. In particular, it can be
the frequency of a low-frequency wave which take part in
three-wave interaction. This last case, as is known,
corresponds to the modified disintegration and, as follows
from the formulated condition, such disintegration is
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always chaotic. Chaotic dynamics of three-wave
interaction now is investigated a little. It is possible to
pint, at least, two potential opportunity uses of this
regime. In the first case the originally regular
electromagnetic waves after such interaction become
chaotic, with a wide spectrum. Such transformation of a
spectrum of regular electromagnetic waves in chaotic
opens new opportunities in creation of sources intensive
noise radiation. The second opportunity is connected with
that fact that the presence of such regime of waves
interaction can result in break down of beam instability.
Seems that this last opportunity is realized in experiments.
Therefore we shall describe it in more detail.
Schematically process of break down of beam-plasma
interaction can be presented as follows. The electron
beam excites one of own waves of plasma. When the
amplitude of the exited wave will enough large the
process of disintegration of this wave into two other own
waves arise. At this stage the channel dissipation of the
exited wave already has appeared. In some cases, this
channel itself can stabilize a level of the waves. The
dissipation became large when the process of
disintegration becomes chaotic. Really, in this case exited
fields have got to a casual component. Well known that
such fields quickly and effectively transfers their energy
to particles of plasma. The additional channel of
dissipation in this case has appeared. To this it is
necessary to add, that efficiency of excitation of fields,
having a casual component, by electron beam falls.

The presence of these features of nonlinear interaction
of waves can result in breakdown of plasma-beam
interaction. For the quantitative characteristic described
above of the mechanism of breakdown of beam
instability, we shall represent some quantitative results.

Let's show that the efficiency of energy transfer from
an electronic beam to electromagnetic waves, which have
a casual component, is significant less. Let beam interact
with an electromagnetic wave in the short resonator. Let
wave has got a casual phase A® . Let's consider (for
simplicity), that this phase 0 -correlated:
<AP(E)AP(E') >= NO(§ —&'). Then it is possible to
show that the average energy, which is lost by particles of
a beam on excitation of this wave, can be submitted by

the formula <& >=¢(sin®, / ACDm)2 . Here € - energy,

which the particles of beam lose at interaction with a
regular wave; A®, - maximal value phase fluctuation of

a wave. It is visible, that at AP, ~ 7T a beam practically
does not interact with a wave.

Let's estimate, as quickly the casual electromagnetic
fields can transfer their energy to particles of plasma. For
this purpose we shall consider, that plasma particles are in
a field of 0 -correlated waves (

(E(t)(E(t,))= A*[8(t, ~1,)). In this case from the

equations of movement it is easy to find the following
expression for an average square increase of energy of

particles: ((Ay)*) = ((¥(1) = y(0))) =v* Of [F . From this

formula it is visible, that plasma electrons can change the
energy from eV up to keV during the time about hundreds
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periods of a high-frequency field, if the intensity of this
field is about ~100V/cm.

3. NON-RELATIVISTIC FEL

In some cases the insignificant changes of properties
of environment, in which radiation occur, can
considerably changed character of radiation. So in works
[8] is shown, that the occurrence even of very small
periodic perturbation of permittivity results that non-
relativistic  particle can radiate as relativistic.  So
radiation power of oscillator with energy ¥ =1.005 in
medium with permittivity € =1+gcoskz | ¢=10" on
10° harmonics is equal to radiation power of oscillator in
vacuum only in that case, when his energy is equal
y =500,

The maximum of a radiation spectrum at this
conditions isat W=KW (A~d/B k=2m/d, B=v/c
), where V- is maximal oscillator velocity. Therefore for
excitation x-ray radiation by non-relativistic particles it is
necessary to have perturbation with the period
comparable with the period of crystal lattices. In crystals
except the periodic perturbation of permittivity there is a
periodic potential. The period of this potential coincides
with the period of permittivity. In work [9] was shown,
that non-relativistic particles in such potential can radiate
as relativistic. And the maximum of radiation coincides
wits the maximum of radiation in periodic dielectric. Let's
formulate the most important results about radiation non-
relativistic particles in periodic potential. Let charged
particle are moving in a field of such periodic potential

U=U0+g@os(K§),

Quantum consideration. The methods of quantum
electrodynamics in many cases allow to see many
important features of radiation, which are difficult for
seeing by classical consideration. If particle is moving in
potential with weak periodic heterogeneity, her wave
function is possible to present as:

qu :%wi,m exp E(l;i+mﬂf) B:E (1)

where ¥; , ~ g" B0
It is visible from (1) , that the wave function has
components, which can be identified with particles, which
velocity is larger than velocity of a real particles (virtual
particles). Such particles themselves do not exist.
Analogy to virtual waves in periodically non-uniform
medium here is looked through. Only in the latter case we
were interested with slow virtual waves. For a case of
particles we will be interested with fast virtual particles.
Namely this fast virtual particles give the contribution
to radiation. Using a method of perturbation and wave
function (1) it is possible to receive the following
expression for radiation power of the charged particles,
which are moving in periodic potential:

P:gz(ezV/cz)(NH)jwdw(l—cz/vz) 2)
In the formula (2) v =2[80/(K L&) if photon carries

away practically all energy of a particle. If the energy of
photon is insignificant part energy of particle, than



v=w/(K [€,) . Here €, - unit vector directed along V, .

If an external electrical field E(f) = E [Bos( Q@) creates
an oscillator and this oscillator is moving in periodic
potential then for radiation power on frequency
w=mlQ it is possible to receive the following
expression:

ezQ2 Oeg 01

3% BT&H?WJ’Z”(M

where A =(eE)/(mcQ)=.
The formula (0) defines radiation only in a maximum of a
radiation spectrum. The maximum of radiation is
determined by equality of argument of function Bessel to
number of this function, i.e. at performance of conditions:
Ked=(2j+1)Q=mQ

Once again we shall note, that the maximums of
radiation in periodic potential and in periodic permittivity

P=

coincide. If (eg/mcz)>(qA2) than the role of periodic
potential in radiation will be more significant
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OCOBEHHOCTH JIMHAMMKM YACTHIL ¥ TIOJIEN ITPH KPUTUUYECKUX HANTPSI)KEHHOCTSX
SJIEKTPOMAT'HUTHBIX BOJIH (HACTD II)

B.A. Byy

W3noxeHsl HEKOTOPBIC PE3YJIbTAThI HUCCICI0BaHMI JUHAMHUKH 4aCTHUI] H moJie IIpU TaKUX HAIPSKECHHOCTAX HOHeﬁ,
KOrjga pa3BHUBACTCA CTOXAaCTUYCCKas HCYCTOI\/'I‘II/IBOCTB. HOKaSaHO, YTO MPAKTUYCCKU BCCraa MOryT OBITh CO3aaHBbI
yCJI0BUA, IPU KOTOPBIX BO3HUKACT CTOXACTUYCCKAA HGYCTOIZQHBOCTL BSaHMOHCﬁCTBHH THIIA BOJIHa-4aCTUIA. HaﬁIlCHO,
YTO CTOXAaCTHUYCCKas HGYCTOﬁqHBOCTL B3aHMOHeﬁCTBHﬂ THIIA BOJIHA-BOJIHA MOKET OBIThH HpP[‘-IPIHOﬁ CpbIBa MMYYKOBBIX
HCYCTOﬁqHBOCTCﬁ. C(i)OpMyJ'IHpOBaHI)I yCJiOBUs, TIpU KOTOPLIX HCPCIATUBUCTCKUC YaCTUIbI H3Jy4YarOT KakK
PEIATUBUCTCKHUC.

OCOBJIMBOCTI JMHAMIKHA YACTOK I ITOJIIB ITPU KPUTUYHUX HAIIPY KEHOCTSX
EJIEKTPOMATHITHUX XBHJIb (HACTHHA II)

B.O. Byy

BuknaneHo geski pe3ynbTaTd JOCHIKEHb MUHAMIKM YacTOK 1 TMOJIB MPU TaKMX HANpPYXEHOCTAX OB, KOJIU
PO3BHBAETHCS CTOXAaCTUYHA HeCTiiKicTh. [lokazaHo, 0 MPAKTUYHO 3aBXKIU MOXKYTb OyTH CTBOPEHI YMOBH, IPH SIKHX
BHHUKA€E CTOXAaCTHYHA HECTIHKICTh B3a€MOJIl THITy XBWII-9acTKa. 3HAWICHO, IO CTOXACTUYHA HECTiHKICTh B3a€MOIi
THITy XBWISA-XBHJISI MOXKe OyTH IPHYMHOIO 3pHBY ITy4KOBHX HecTilikocteil. CdopMyaboBaHO yMOBH, NpPH SKHX
HEpEJIAITHBICTCHKI YaCTKH BUIIPOMIHIOIOTH SIK PEISTUBICTCHKI
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