472

Salf-Oscillations in Recurrent Neural Structures
Y uriy Romanyshyn, Svitlana Petrytska

Abgtract — In this paper the conditions of the self-
oxcillations in one and two neurons with feedback are
considered.
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|. INTRODUCTION

Recurrent neural networks are one of the most important
clases of artificia neura networks. Ther importance lies in
possibilities of their use as associative memory systems, patterns
and sgnals recognition, classfication of objects and in their use
in modeling of bioneural structures, most of which are feedback
sysems that are adequately represented by recurrent neura
networks [1]. One of the important tasks of study of neura
sructures is the analyss of sdf-oscillations and synchronization
processes in such structures [2]. Sdlf-oscillating processes will be
discussad in thisreport.

[I. MODELS OF NEURON WHICH ARE USED IN THE
ANALY SISOF SELF-OSCILLATIONS

Sdf-osdllations  in recurrent  neural  dructures  were
investigated using different modds of neurons in particular
modds based on eguations with dday [3], Hodgkin-Huxley
model, the energy frequency sdective modd of neuron.

For modes based on equations with delay the network-ring
with three neurons was congdered in [3]. After running one of
the neurons of network and generating spikes by this neuron of
thering it turns in refractory sate. Under the action of spike of
the first neuron, second neuron also generates spike and turnsin
refractory state, then the same happens with the third neuron. In
such away oscillationsin thismode takes place.

Modd of Hodgkin-Huxley of neuron is represented by the
system of four nonlinear differential equations of first order:

%- f1(¥1, Y2 Y, ¥a) =% (1) ;%' fo(¥1,¥2) =% (t) ;
%- f3(y1,¥3) =%5(1) ; %- fa(Y1,Ya) =%, (1) . ()

Frequency sdective neuron modd includes band-pass filter
approximated transfer coefficient of which is determined by the
expression:

(jwtg +Dy)(jwt o +Dy)
where w - dreular frequency; t,, D;, D,, A - filter

K(jw) =
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parameters.

[11. THE CONDITIONS OF THE SELF-OSCILLATIONSON A
SINGLE NEURON WITH FEEDBACK

To get sdf-oscillations in neura network we need to make the
positive feedback in it. The appearance of sdf-oscillations can be
illugrated by the example of one neuron N; with feedback

which shown in Fig. 1. Modding of appearance the oscillations
was performed for Hodgkin-Huxley neuron, starting of sdf-
ocillations was performed by the rectangular current impulse
with the duration of 10 msec and with value of current density of
10 I Alon.

il(tg va(t)

B N1 k

)

kva(t)

Fig. 1. The structure of self-oscillating systems on asingle neuron

Unit k is the coefficient of connection, which performs the
function of conversion the voltage to current. Neuron N, hastwo
activating inputs, on the first of which an external gart signal
i,(t) is supplied, the second activating input provides positive
feedback.

Sdf-oscillations on a neuron arise only in a certain range of
values of the connection coefficient k = 0.31, 0.56, with the
same duration and value of the input gtarting impulse. Mode of
sdf-ocillations of one neuron with k = 0.4 isshownin Fg. 2.

Fig. 2. The self-osdill ations of one neuron with feedback
IV. CONCLUSIONS

In this work the conditions of appearance of sdf-oscillations
on a sngle Hodgkin-Huxley neuron are examined, a range of
values of the coefficient of feedback at which oscillations are
arisng is determined and it is shown that with an increase of
coefficient of feedback frequency of salf-oscillationsis decreased.
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