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The segmental apparatus of the spinal cord takes an active participation in the realization of motor acts
and the sportsmen’s capacity for work considerably depends on the stability of the spinal mechaniss. The
requlator apparatuses of the spinal cord play an important part in co-ordination of the sportsmen's motor
activity. Before the movement starts, not only the excitability of the motoneurones change but also changes the
interneuronal apparatus state of the spinal cord. The remake and transformation of the control commands entering
the skeletal muscle is performed under the action of the complicated regulator mechanisas.

The mechanisa of the presynaptic inhibition is the most effective and widely outstretched control
mechanism. The limitation of transynaptic excitability occurs due to activation of the two-stage contour of
neqative feedback, formed by the pyramidal and gelatinosa neurones. The mechanism action is based on the long
action of depolarization, increasing on exponent to 20 ms, and decreasing on exponent to 320 =s. Depolarization
development display in a few millisecond and is connected with the synaptic delays availability in the negative
feedback channel. The limitation of the excess information lovers the unfavourable influence of the excessive
control signal on the muscles, protects the motor apparatus from overload and promotes the fluent and precision
movezent {Pig. 1).

The mechanisa of the postsynaptic inhibition with Renshov neurones participation provides an additional
control act in the motor zone. Mechanisa action also realizes according to the principle of the negative
feedtack. The joint action of the presynaptic and postsymaptic inhibition mechanisa allows to realize the
reliable control of the sportsmen skeletal suscle {Fig.1).

The stability of the control mechanisas of the spinal cord segmental apparatus considerably influences on
the sportspen capacity for work. The considerable stability decrease of the control mechanisms occurs under
tiredness influence during execution of the intensive physical loads. Bowever, there are a number of linxs in
the structure of the spinal cord segmental apparatus which allow to increase the spinal mechanisa stability and
respectively increase the sportspen organism capacity for work. The availability of the consideraktle synaptic
delay in the neqative feedback channel of the presynaptic and postsynaptic inhibition mechanism is one of these
factors. The synaptic delays of the Rolandi gelatinosa substantia neurones in the sensory zone and Renshow
neurones in the motor zone influence in favourable, stabilizing way on the stability of tse corplicated spinal
cord control mechanisas.
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Figure 1: The automatic control scheme of the skeletal muscle. P-pyramidal neurones, G-gelatinose neurcnes,
S-Renshov neurones, N-sotoneurones.
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Figure 2: Dependence of control motor system from relative delay T size.

Let's consider the influence of the synaptic delays value, just the delay, on the increase of the sportsmen
segmental apparatus stability. The transaission function of the impulse systes with rectanqular impulses in the
interimpulse intervals is as follows:
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The systen being considered has not divisible and zero poles. The transmission function is as follows
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Let's consider the influence of the Renshow neurones population delay {Fig.1) on the stability. The transaission
function of the continuous system is
Kylq) = —— (3)
On the basis of the displacepent theorem, taking into account the delays in the negative feedback channel,
vith Renshow neurones participation is
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The coefficient values in the formula (2) are as follows:
g=-h, Gy =X Cg=-k (5)

After substitution of the coefficients to formula {2) at ¥ = 1 it vill be
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With regard to synaptic delay of the Renshov neurones and vith regard to that
Plge) = 1K (g, eT) m
the foraula (6) will be (at € =1 - T}
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let's examine the neuronous control system at different relative delays of the Renshov neurons 7, by

algebraic criteria. The characteristic polynomial is obtained by addition of the nuperator and denozinator of
the forsula (8} -
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Polyncmial coefficients
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have the following value
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Stability condition is
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Two last inequalities
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are of great interest, determining stability limits as
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Depending on relative 7 delay the degree stability of the neuronal system control is changed in rather wide
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linits (Pig.2). Prom Pigure 2 it is seen that with small synaptic delay of T = 0.3 the stability of the systea
is maximal through all the frequency band and even excels the stability of control system with zerc synaptic
delay (T =0, dotted line). When increasing the relative synaptic delay stability at hight frequences {lovp)
decreases. Stability decrease at high frequences, however, is folloved by stability increase at low frequences
{hight § value). With higher values of relative symaptic delay (T = 1) stability decreases both at high and lov
frequences. Starting from relative synaptic delay T = 1.5 the system becomes unsteady at lov frequences and at
7> 1.5 non-stability is tramsfered to high frequences. With so bigh values of relative synaptic T delay
*excitesent” of neuronal automatic systea can occur.

Value of relative synaptic T delay fluctuates videly in neuromal automatic control system under study. At
150 Hz frequency the relative synaptic delay is of

TB=1:TB=5HS:7!S=0.7 {15)
Value and at lov frequences the relative synaptic delay makes up

Tg= 1 Tly= 5yt 2000 go = 0.0025 (16)
where 1 is the minizal time delay of the signal in feedback loop made by Renshow neurones population.

Therefore, the neurones systes is stable of the most high values of relative delay equal to Ty = I.Mean and
lov values of relative synaptic delay increase neurones system stability at low and high frequences
respectively.

Let us consider the processes which occur in sensory zone providing the participation of Rolando gelatinosa
substantia neurones. In negative feedback contour depolarization wave with exponent increase to 20 ms and
similar attenuation to 300 ms is forzed. .

The transaission function of the forming wave may be presented as

1
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') and ') tize constants are defined considering time constants of depolarization forming wave as
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It is foraula Ty and T, are the time constant of mediator increase and attenuation in forming wave of the
primary afferent depolar¥zation.
n the basis of the well-known formula of disconnected automatic pulse system transmission function
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deteraines neurones control systenm transmission function acting in high floor cord as
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vhere §; and §, are the poles of neurones control systes.

Cn the basis of Nyquist criteria, after q substitation for j Grand transformation obtain the formula for
deteraining stability range as
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Dependence diagran of neurcnes control systes stabjlity from synaptic delays of pyramidal neurones Rolando
gelatinosa substantia neurones population and ratio of time parameters of depolarization wave increase and
attenuation are shown in Pigure 3. Prom the Figure it is seen that symaptic delay of pyramidal and
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Figure 3: Dependence of control sensory systea from relative delay ¥ size.
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Pigure 4: Dependence of control neurone automatic systea from relative delay T size.
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gelatinoza neurones population increases stability both in high and lov frequencies area whatever the value of
dimensionless parameter By is. p; increase leads to 2 small decrease of stability through all the frequency
band. The relative synaptic delay increases sharply the stability at high and lov frequencies in a certain delay
range.

Stability analysis of neurones control system, providing the synaptic delay value is in the range from 0 up
to 0.7 T, proves the increased stability of neurones systems under the given relative synaptic delays. The
cbserved automatic control system operates just in the specified 0 - 0.7 T range. Working frequency range of the
systea is in the range of 0.5 Bz up to 150 Hz. Optimal range of the relative synaptic delays correspond to the
given frequency range. So, T = 0.0025 synaptic delay corresponds to 5 Bz frequency and the relative synaptic
delay of T = 0.7 corresponds to 150 Hz frequency (Pig.¢).

Thus, automatic control neurones systea operates in a favourable duty using the synaptic delays of negative
feedback channel to increase stability of sportsmen motor apparatus.
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