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Studying of many oscillatory and wave processes is reduced to the studying of dynamics of connected oscillators.
Parameters of these oscillators may be under influence fluctuation forces. Instability in this case develops. Such
instability can be named fluctuation parametrical instability. In systems with one degree of freedom (one oscillator) this
instability is investigated. Increment of it is proportional to intensity of fluctuations. In the present work it is shown, that
in systems with the big number degree of freedom (two, three connected oscillators) may be realized conditions when
such increment essentially grows. Possible consequence of such increase of increment may be fast diffusion fluctuations

in systems with the big number degree of freedom.
PACS: 52.35.-g

1. INTRODUCTION

Oscillator is model, which widely is used for studying
of different oscillation processes. For example, many of
oscillation in plasma physics may be considered as connected
oscillators. This may perform by distinguishing temporal and
spacing parts in solution of according physical problem. Space
part is described by differential equation in partial derivatives.
This allows to define space structure of electromagnetic fields.
On other hand temporal processes dynamic is described by
means temporal ordinary differential equations, which may be
considered as describing the system of connected oscillators.
Such  consideration is  possible in  complicated
electrodynamical structures filled by plasma. For example,
cavity filled by plasma. Such system may be considered as
two connected oscillators. One of them is electromagnetic, i.e.
this is natural oscillation of cavity, and other is oscillation of
plasma. This system was considered. It was supposed that
plasma density was subjected to fluctuation action.

The dynamic as linear as nonlinear oscillators has
enough studied. The different physical systems are subjected
action of fluctuations. In oscillation ones they may be as
additive as multiplicative. One of the important results is that
multiplicative fluctuations may cause instability. It increment
usually is proportional to fluctuation level. Ref. [1,2] are
devoted different physical processes that may be considered as
connected oscillators.

But it may be expected increment increasing of such
instability in some cases. We investigated some of these ones.
We showed that fluctuations instability increment might be
proportional to root of some power of fluctuation level. It may
be realized at some values of parameters, which describe
concrete physical system. Values of parameters are defined.

First of all we considered two connected oscillators
with multiplicative fluctuations. On other hand, we studied
three connected oscillators, where each of them is connected
with neighboring. Such system may be employed for
modeling of continuos matter. We also made some conclusion
when increment increase may be realized.

2. THE SYSTEM OF TWO CONNECTED
LINEAR OSCILLATORS
Let us consider two connected linear oscillators,
frequency one of them is subjected of random
perturbation action. The differential equations describing
this system are following:
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where ¢,¢{, — generalized coordinates, describing these

oscillators, ¥ — connection coefficient (0< § <1),Q0 —
dimensionless frequency of the second oscillator (the
dimensionless time is normalized on the first oscillator
period, A << Q2 — random addition to second oscillator
frequency, 0 — coefficient accounting additive influence
of second oscillator on first one (0< a < 1). Random
addition is Gaussian and delta-correlation,
M@ATHO= NI(-1"), ()
where N —noise level.
The differential equation set for first moments

which are average values of ¢,,¢,,{,,¢,, coincides with

set (1) when A =0, therefore they are not interest for us.
We investigated second moments, which are average

values of all products above mentioned ¢ 1,{.1 L€ 2,5.2. The

amount of second moments is ten. The differential
equations set for them was obtained. The technique of
variational derivatives and Furutsu-Novikov formula was
used for obtaining of second moments equations set. This
technique is described in [2].

For solution defining of these equations in
exponential form as €xp(A7), the characteristic equation

was obtained. It is algebraic equation of tenth power. It

may be presented such as consisting of two parts:
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where ) @ — roots of left part, N — fluctuation level. Left
part is polynomial. Right part is polynomial too
proportional to fluctuation level. The right part of
characteristic equation in such form is conditioned by
fluctuations influence. The roots of left part polynomial
simply are connected with natural frequencies of initial
connected linear oscillators system without fluctuations,
which describing by set (1) when A =0. These are all
different sums and differences of natural frequencies
multiplied on imaginary one. The characteristic equation
for (1) when N=0 is following:
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and its solutions are:
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They coincide with natural frequencies without imaginary
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one i. Accordingly for )@ we obtain following
expressions:
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When noise is low, the roots of characteristic equation
may be presented in following form: ) = ) @+ § . The

addend ¢ is conditioned by fluctuation influence. 1 is
complex value. If real part of A (i.e. real partd ) is
positive, there is instability on the second moments in the
system consisting of two connected linear oscillators. This
instability is conditioned by fluctuations, and it increment
equals real part. In general case this increment is proportional
to noise level. But it is possible that § will be proportional to
root of some power of fluctuations level. It may be when there
are multiple roots among ones of left part polynomial. In this
case the addend 0 is proportional to root of power, which
coincide with the left part equal roots number. In general case
the equal roots of left part of characteristic equation may exist
at some parameters of initial set (1). The values of these
parameters were defined. When left part of characteristic
equation has multiple roots, increment of mentioned instability
becomes more large comparatively the ordinary case. We
defined increments of second moment instability, which were
proportional as cubic root as square root of fluctuation level.
The parameters values, when this is possible, were defined.

The above considered may be using for concrete
physical system. It is cylindrical cavity filled by plasma with
fluctuating density. Such system may be considered as two
connected linear oscillators. One of them corresponds to
electromagnetic oscillations of cavity other corresponds to
plasma oscillations. The last is objected to plasma density
fluctuations. There is instability on second moment in such
system. But there is not expected increase of increment in
cavity with fluctuating plasma.
3. SOME CONCLUSION ABOUT ARBITRARY

OSCILLATORS NUMBER

Let us consider system of arbitrary number linear
connected oscillators described by following differential
equations set:
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where X; — coordinate

generalized describing  i-th

oscillator, ®; — it frequency, @; — connection

coefficients, n — oscillators number. We suppose that
there is frequency fluctuation in one of oscillators. The
above mentioned technique of variational derivatives may
be used for moments equations set obtaining. It may be
shown that first moments equation set coincides with set
(3) without fluctuations. The second moments are
interesting. The first moments number is M; = 2n . It
may be shown that second moments number equals
M, = n(2n+1). The differential equations set may be
obtained. It will be linear homogeneous set. Solutions
may be presented in exponential form as for two
oscillators. There is characteristic equation for second
moments. It is algebraic equations of M, power. It may
be presented in form of two parts, as that performed for
two oscillators. The left part of this equation may have
more large number of multiple roots than in two
oscillators case. The maximum multiplicity is defined by
as oscillators number as parameters number describing
this physical system. Maximum multiplicity may equal

k= min(Mz,Mp)’ where Mp _

parameters of considered system.

In general case the system containing large number
of connected linear oscillators and described by large
number of parameters, and subjected action of
multiplicative fluctuations may have large multiple roots
number of characteristic equation left part for second
moments. Solutions of characteristic equation in the case
of low fluctuation level may be presented in form
) = 1@ 44§, as it was mentioned above. In the case of

left part roots with large multiplicity the addend 0 will be
proportional to root of multiplicity power of fluctuations
level. The addend 0 may be larger, if multiplicity of
corresponding root is large, in the case of many oscillators
comparatively case of two oscillators. It was mentioned
that the roots A are complex values. Therefore § is
complex too. If real part 0 is positive there is instability
on second moments in system of many oscillators with
multiplicative fluctuations. If multiplicity of mentioned
root is large the instability increment, which equals real
part of 0 , will be large too. In the case of many
oscillators it may be more larger comparatively case of
two connected linear oscillators.

4. THREE CONNECTED OSCILLATORS
UNDER ACTION OF MULTIPLICATIVE

number of

FLUCTUATIONS
In this section we shell be shown that in system of
three  connected oscillators with  multiplicative

fluctuations the essential increase of fluctuation instability
is possible. Such system is describing by following:
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where symbols are as in (3). The characteristic numbers  Therefore 0 = 5/ N, for 1@=0 andd = 6 N, for
of this system are:

@ = +2;i. There are complex 0 with positive real part.
Moz ti,hy, = tilt A, dg o= til- 4, 4™ = +2i. There are comp pos P
’ ’ ” There is instability in this case. Fluctuations are faint.
where A= apay t+ aypas, . Therefore we have fluctuation increment increasing when
We suppose that frequency of first oscillators ©;  multiple roots ) ® exist. Thus as it see from this section

is under action of fluctuations, which are delta-correlative  there is increasing possibility of fluctuation instability
with level N;. The number of second moments is 21.  increment for three connected oscillators comparatively of
two ones case. This confirms conclusions made in section
3. Results of this section may be used when fluctuation
influence on continuos matter is investigated. Continuos
matter may be presented as chain of connected oscillators.

The differential equations set for them was obtained. The
technique of variational derivatives and Furutsu-Novikov
formula as in section 2 was used for obtaining of second
moments equations set too. As in section 2, the
characteristic equation was obtained. It was presented in 5. SUMMARY

form: It is well known that multiplicative fluctuations

|_|21 (A -19)= NP . (5) ~may cause ins'tability. It was showp on the example of one
i1 oscillator, which frequency is subjected to random action,
1 @ are all possible sums of 1, . The roots were analyzed. 11 [2]. This instability exists on second moments for delta-
correlation fluctuation. In this repot possibility of
fluctuation instability increment increasing was
considered. It has been noted that such increasing may
take place in a system of large oscillators number, which
were obtained. } =0 with maximal multiplicity that  described by large parameters number. It was considered
equals 9 and )@ = +2; with multiplicity 6. It possible ~ on the examples of two and three connected oscillators
with multiplicative fluctuations. It is necessary to note
that in the case of three oscillators instability increments
polynomial P(1) . To exhibit this the right part of (5) was may be more large. The necessary conditions of
transformed. This right part is determinant. The increment increasing were investigated. The parameters
determinant order was reduced to order of three. It was  when increment increasing takes place were defined.

exhibited that polynomial P()has multiple roots
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The goal of this analysis was to obtain the existence
multiple roots among ) . There are roots with different
multiplicity. The parameters values when this is possible

when parameter 4=0. But such ) ® may be roots of

=0. 1 =0 is fourth degenerated root of polynomial P(}) .

HECTIMKICTD 3B’SI3AHUX OCIIAJISATOPIB, IKI 3HAXOJATHCS I JIEIO
MYJbTIINIIKATABHUX ®JYKTYAIIN

B.O. Byu, L.K. Kosanvuyk
BuBdeHHs 0ararb0X KOJNMBAJIGHUX Ta XBHJIBOBHMX IPOIIECIB MPUBOJWTH [0 BHBUYCHHS JMHAMIKM 3B’SI3aHUX OCLIMJISITODIB.
[NapameTpr IMX OCITIIATOPIB MOXKYTB OIMHHUTHCS T[T Ji€f0 (IIyKTyaIliifHuX Crol. B 1Ib0My BHIIaIKy pO3BHBAETHCS HECTIHKICTD.
Taky HecTiliKicTh MOXHA Ha3BaTH (IIYKTYyaliifHOIO MapaMeTPUYHOI0 HECTIHKICTI0. B cucremax 3 omHMM CTyIeHeM CBOOOIN
(OIMH OCIMIIATOP) LI HECTIHKICTH BUBYeHa. [ iHKpeMeHT mponopiiHuit inTeHcHBHOCTI (itykTyaniit. B nauiit po6oti okasaso,
0 B CHCTEMax 3 BEJIMKUM YHCIIOM CTYIICHIB CBOOOIM (ABa, TPH 3B’S3aHMX OCIFIIATOPIB) MOXKYTh OyTH peatizoBaHi yMOBH,
KOJM TaKWil IHKPEMEHT CyTTEBO 3pocTae. MOMJIMBHM CIIIJICTBOM TaKOIO 3POCTaHHS IHKPEMEHTY MoXke OyTH MLIBHIKE
po3cacyBaHHS (IIYKTyaIliii B CHCTEMaXx 3 BEJTMKHAM YHCIIOM CTYIICHIB CBOOOIH.

HEYCTOMYMBOCTH CBA3AHHBIX OCHALISITOPOB, HAXOISIINXCS NOJ JEMCTBUEM
MYJIbTUTINIMKATUBHBIX ®JIYKTYAIIAMN
B.A. byuy, H.K. Kosanvuyx

W3yuenne MHOrMX KoseOaTeNbHBIX M BOJHOBBIX IIPOLECCOB CBOAUTCS K M3YUYEHHIO JMHAMUKH CBS3aHHBIX OCLIJUIITOPOB.
[MapameTps! 3THX OCLIUIIATOPOB MOTYT OKa3aThkCsl II0J] BO3ICHCTBHEM (NIYKTYallMOHHBIX CHIl. B 3TOM citydae pasBuBaeTcst
HEYCTOMYMBOCTh. TaKyr0 HEYCTOMYMBOCTh MOXKHO Ha3Barh (MIYKTyallIOHHOHM IapaMeTpHYecKoil HeyCTOHYMBOCTHIO. B
CHCTEMaX C OJHOW CTEIEHBIO CBOOOIBI (OJMH OCLIILIATOP) 3Ta HEYCTOMYMBOCTh M3ydeHa. VIHKpEMEeHT ee IpOoIOopHHOHAICH
MHTeHCUBHOCTH (uiyKTyanuid. B Hacrosiieii paboTe mokasaHo, 4To B CHCTEMax C OOJIBILIMM YKCIIOM CTereHeil cBo0o/b! (1Ba,
TPH CBSI3aHHBIX OCLMJUIATOPA) MOTYT OBbITh PEaM30BaHBI YCJOBUS, KOIJa TaKOW WHKPEMEHT CYIIECTBEHHO BO3pacraer.
B03MOXHBIM CIIEICTBHEM TaKOTO BO3PACTAHUS MHKPEMEHTa MOXET ObITh OBICTPOE paccachlBaHHE (IyKTyaldii B CHCTEMax C
OOJIBILINM YHCIIOM CTEITEHEH CBOOOIBL.
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