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The segmental apparatus of the spinal cord takes an active participation in tbe realization of motor acts 
and the spo r t smi s  capacity for uork considerably depends on the stabili ty of the spinal nechanisn. The .I 

I regulator apparatuses of the spinal cord play an hprtant part in co-ordination of the sp r t snw ' s  motor 
activity. Before the m v w t  s tar ts ,  not only th excitability of the mtoneurones change but also changes the 
interneuronal apparatus state of the spinal cord. The r d e  and transfornation of the control camand5 entering 
the skeletal nuscle is performed under the action of tbe coqlicated regulator mechanisms. 

The mechanism of the presynaptic inhibition is Us mst  effective and widely outstretched control 
mechanism. me limitation of transynaptic excitability occurs due t o  activation of the t-a-stage contour of 
negative feedback, f o m d  by the p h d a l  and gelatinosa neurones. Tk lechanisn action is  based on t5e long 
action of deplarization, increasing on evponent to 20 ss, and decreasing on e q n e n t  to 330 as. Depolariration 
development disp!ay in a feu nillisemnd and i s  connected with the synaptic delays availability in the negative 
f e e b c k  c h a ~ e l .  Tbe limitation of the excess information lowers the Unfavourable influence of the excessive 
control signal on the muscles, protects the motor apparatus from overload and promtes the fluent and p:acision 
mvenent (Pig. 1). 

The mechanisr of the pos t spp t i c  inhibition with Rensbcv neurones participation provides an additiondl 
control act in the wtor zone. Wechanism action also realizes according to the principle of the neqative 
feedhck. The joint action of the presynaptic and postsynaptic inhibition aechaniss a!lovs to realize the 
reliable control of the spo r t sm skeletal muscle (Pig.1). 

The stability of the control aechanisas of tbe spindl cord seqmental apparatus considerably influences on 
the sportsmen capacity for vork. The considerable stabili ty decrease of the control ~ckan i sns  occurs unler 
tiredness influence during execution of tbe intensive physical loads. Muever, there are a number sf linxs in 
the structure of the spiral cord s e q ~ n t a l  apparatus which allow to increase the spinal mechiisn stabili ty and 
respectively increase tbe sportsnen organism capacity for w d .  The availability of the considerable s p a ~ t i c  
delay in the neqative feedhck channel of the presynaptic and postsynaptic inhibition mechanisn i s  one of t k s e  
factors. The sflaptic delays of the Rolandi gelatinosa suOstantia neurones in the sensory zone and Rensbv 
nearones in the motor zone in:!lueience in favourab!e, s tabi l i~ ing way cn tbe stability cf t-e coqlica'ed ;pk,al 
~ 3 r d  control rechaniss. 

mumulr 

Figure 1: The automatic control scheme of the skeletal muscle. P-pyramidal neurones, C-gelatinose neurones, 
S-Renshou neumnes , U-mtoneur0ne.s. 
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Figure 2: Dependence of control rotor system fros relative delay r size. 

Let's consider the inflwnce of the synaptic delays value, just the delay, on the increase of the sportinen 
q n t a l  apparatus stability. The transnission function of the impulse systen with rectangular impulses in the 
interiqulse intervals is as follovs: 

Ihe syster beinq considered h.?s not divisible and zero poles. The transmission function is as follows 

Let's consider the influence of the Renshou neurones population delay (Pig.1) on tbe stability. The transnission 
fwt ion  of the continuos systen is 

On the basis of the displacement theorem, taking into account the delays i n  the negative feedback charmel, 
with Renshou neurones participation is 
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%it coefficient valuu in tbe formula (2) are as follows: 

(1' -1, coo a K t  clo a 

AEter substitution of tbe coefficients t o  f o m l a  (2 )  a t  Y = 1 it vi l l  be 

eq - 1 
fiq,r)  = x [I - - ,A e-M 1 

eq - e 
With regard to synaptic delay of tbe Rsnshov neurons and vith regard to that 

the fonula ( 6 )  vill  be (at r = 1 - 1) 

1-e4(4 -' ) eq + (e4' -l)e-' 
~ ' ( s l c )  = K [ 1 

eq(eq - e-') 

Let's examine tbe neuronous control system at different relative delays of the R e i s b o w  neurons r, by 
algebraic criteria. The characteristic polynoaial is obtained by addition o! the numerator and denosi~tor of 
tbe forpula (8 )  - 

- 

t'(q) ; e2q + [ 1:l - e-'(l-')- ,- 1 eq + K ( ~ ~ ~ -  1)e.' 
- 

(9) 

Folynonia! cmf f icients 

- t  c iq) = b e 2 q  + aieq t a3 

hve the followinq va!ue 

- ~ ( ~ - t ) ) ~ - a  a2 = 1, al = F.:l - e , a8 = I(/=- 1) e-& 

Stati!:?! cordition is 

a! + ai * 33  > 5 

a2 - a1 + a. 0' 0 

a2 - a. 0' 0 

last inequalities - 
a 2 -  al + a $ =  [ 1 -Kl[ l  - e'fl + 2~ed(1-T , o 

8 

a 2 -  a. = 1 - K (efi- 1) e-'> 3 

are of great interest, deteniniq stability l i r i t s  as * 
e n  1 - e-' 

X r p i = r  - 1 I l(rP2' I - e-fi - 2e-a(l- r 

Depndirq on relative 7 delay the degree stakiiity of the neuronal system control i s  chanqed i n  rather vide 
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l i n i t s  (Pig.2). Prom Figure 2 i t  i s  seen that with small s p p t i c  delay of 7 = 0.3 the stability of the system 
is mxiaal through a l l  the frequency bard and even excels the s w i l i t y  of control system with zero synaptic 
delay (7 = 9, dotted line). Men increasing the relative synaptic delay stability a t  hight frepuences ( l w )  
decrease. Shbi l i ty  decrease a t  high frequences, bovewr, is folloved by stability increase a t  low frepwncos . 
(bight B value). Ritb higher v a l w  of relative s p p t i c  delay (7 = 1) stability decreses both a t  high aad l w  
frequences. Starting from relative q m p t i c  delay 7 = 1.5 tbe systm temes unsteady a t  low frepuences and a t  
7 > 1.5 mn-stability is tranrfrred to  high frepuences. With so high values of relative synaptic T delay 
'excitenent' of neuroral a u t o a t k  s p t m  can cum. 

Value of relative synaptic delay fluctuates vidcly in neuronal automatic control s y s h  d e r  study. At 
153 Bz frecluency tbe relative synaptic delay is of 

Value anO a t  low freqwnces the relative synaptic delay makes up 

&ere i s  the ainizal time delay of the signal in feedkck loop zade by Renshow neurones ppulation. 
Therefare, the neurones system is  stable of the =st high values of relative delay equal to  is = I.kan and 

low values o! relative synaptic delay increase neoxow system stability at  low and hlgh freqwnces 
respctively. 

Let us ansider the processes which occur in sensory zone providing the participation of Roland0 gelatimsa 
sutistantia neurones. In negative feedback contour depolarization wave with e~ponent increase to  20 ms and 
similar attenuation to 300 ms i s  foned. 

The  trmmission function of the forning nve  may be presented as 

TI1  and TI2 tine constants are defined considerirq t i=  constants of depolarization forming vave as 

- = (18) 

It i s  loraula TH and T are the t h  constant of mediator increase and attenuation in forning wave of the 
prirary afferent depolarization. 

cn the basis of the well-known formula of disconnected automatic pulse system transmission function 

deternines neurones control system transmission function acting in high floor cord as 

where Il  and are the poles of nemnes control system. 
h t ! ~  basis of Nyquist criteria,  after q substitation for j wand transformation obtain the foraula for 

detenininq stability range as 
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a -  1 (22) 

b 

Dependew diagram of ~curonar control s y s h  stability fro1 rynaptic delays of pyrddal scum Bolaado 
gelatinosa substantia neurones population and ratio of t h e  paraaeters of depolarintion wave increase and, 
attenuation are shorn in Figure 3. h a  the Figure it is seen that sy~pt ic  delay of pyramidal a& 

- - 

Dependence of control sensory systea from relative delay 7 size. 

lor Irequcnc, 

XVpiOn arcitemant 

- 

Figure 4: Dependence of control neurone automatic system. from relative delay 7 size. 
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gelatirota neurones population increases stability both in high and low frequencies area whatever the value of 
disensionless parmter bl is. increase leads to  a small decreass of stability through all the frequency 
band. The relative r p q t i c  delay increases skrply the stability at high and lov frequencies in a certain delay 
range. 

Stability mlysis of neurones control system, providing tbe synaptic delay value is in  the range from 0 up 
to 0.7 7, proves tbe ircreased stabilit'j of neurones systems under the given relative synaptic delays. The 
observed automtic mPol systm operates just in the specified 0 - 0.7 T range. Yorking freqwncy range of the 
systea is  in the ranp of 0.5 iiz up to 150 Ez. Optiaal r-e of the relative synaptic delays correspond t o  the 
given frequency range. So, 1 = 0.0025 synaptic delay conespnds t o  5 Bz frequency and tbe relative sy~p t i c  
&lay of f a  0.7 correspands to 150 BE fre~uency (Pig.(]. 

Thus, automtic control aePrones systea operates in a favourable duty ushq the synaptic delays of negative 
feedback channel to increase stability of s p N m  motor appratus. 
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