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The p rob l em  or changes in synchronizat ion  of the b ra in  potentials  has long been a subject  of in te res t  
to inves t iga tors .  In r ecen t  y e a r s ,  a s t a r t  has been made on the study of dis tant  synchronizat ion,  as well  
as the f a m i l i a r  local  synchronizat ion e x p r e s s e d  by an inc rease  in the ampl i tudes  of waves  of the e l e c t r o -  
encepha logram (EEG). tn dis tant  synchronizat ion,  the potent ials  a re  s i m i l a r  in va r ious  spa t ia l ly  d is tant  
pa r t s  of the cor tex .  

To exp res s  the degree  of synchronizat ion  of these  p r o c e s s e s  quantitatively, a convenient  method is to 
calculate  the c r o s s - c o r r e l a t i o n  coeff ic ients  ove r  a ce r t a in  t ime  in terva l  (the ana lys i s  epoch). The use of 
this method with mul t ichannel  r ecord ing  s y s t e m s  in different  s ta tes  of the o r g a n i s m  has revea led  a n u m -  
be r  of genera l  ru les  connecting the functional s ta te  of the b ra in  with the degree  of synchronizat ion of 
potentials  f r o m  r em o t e  regions .  Changes in dis tant  synchronizat ion have been demons t r a t ed  in human sub-  
jec ts  during menta l  work,  in va r ious  pathological  s ta tes ,  and following admin i s t r a t ion  of pha rmaco log ica l  
agents ,  and in an imals  during adequate and inadequate s t imulat ion of the bra in ,  dur ing the fo rma t ion  of 
conditioned re f l exes ,  and so on [2, 7, 10-12]. The r e su l t s  of these invest igat ions indicate the functional 
impor tance  of dis tant  synchronizat ion  of co r t i ca l  potent ia ls .  However ,  before  this s ignif icance can be 
measu red ,  d i r ec t  compar i sons  a r e  n e c e s s a r y  between the level  of d is tant  synchronizat ion  and an e f fec tor  

indifferent e lectrode 

l 

Fig.  1. D i a g r a m  of an automat ic  
e lec t rophys io logica l  expe r imen t  
with feedback.  

r eac t ion .  Such invest igat ions became  poss ib le  with the avai labi l i ty  
of the "Dnepr"  control l ing e lec t ron ic  compu te r ,  with d i r ec t  o p e r a -  
t ional  coupling with the object  and informat ion  feedback f r o m  it. The 
compu te r  is not s imp ly  a machine ca lcula t ing the expe r imen ta l  data,  
but an organic par t ic ipant  in the exper iment .  It was thus poss ib le  
to p e r f o r m  an automat ic  e lec t rophys io logiea l  expe r imen t  with f eed -  
back.  

In this pa r t i cu l a r  invest igat ion this method was used to s tudy 
the s ignif icance of synchronizat ion of potentials  between the mo to r  
r ep re sen ta t i on  of a l imb and the v isua l  co r t ex  in rabbi t s  during p e r -  
f o rmance  of a mo to r  r e sponse  to f l ashes .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 14 rabbi t s .  A descr ip t ion  of 
the or ig inal  f o r m  of the expe r imen t s  is given in a paper  by M. N. 
Livanov and c o - w o r k e r s  [9]. The rabbi t  was scalped,  and the a r e a  
of m o t o r  r ep re sen ta t i on  of the hind l imbs or f o r e - l i m b s  was located 
through the bone by d i r ec t  s t imulat ion.  Next, two EEGs were  r e -  
corded s imul taneous ly  f r o m  this par t  of the s e n s o r i m o t o r  co r t ex  
and f r o m  any point of the v i sua l  cor tex ,  and a f t e r  ampl i f ica t ion  and 
coding, they were  fed into the calcula t ing pa r t  of the compute r .  T h e  
compu te r  continuously calcula ted the cu r r en t  coeff icient  of c r o s s -  
c o r r e l a t i o n  (frequency of in te r roga t ion  100 cps ,  analys is  epoch 1.5 
sec) .  At a definite level  of synchronizat ion  of the potent ials  specif ied 
by the p r o g r a m ,  the compu te r  switched on a f lash  of light and tim 
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TABLE 1. Number  of Movements  in Response  to F l a shes  fo r  Dif ferent  Values of Coefficient  of C r o s s -  
Cor re la t ion  between Potent ia ls  of Motor Represen ta t ion  of Limbs and Visual  Cor tex  

19 points (all points) 
7 points ("act ive")  
12 points (all the res t )  

High coeff ic ient  of co r r e l a t i on  Low coeff icient  of co r r e l a t i on  ( f rom 0 to 
(from 0.8 to 1) 0.2) 

number  of movemen t s  total  num-  
b e r  of s t i -  
mul i  applied 

2,661 
1,064 
1,597 

number  of m o v e -  
ments  

absolute % 

174 6.5~-1 
104 9 . 8 a l  

70 4.3 ~-1 

tota l  n u m -  
b e r  of s t i -  
muli  applied 

434 
269 
165 

absolute 

12 
7 
5 

% 

2.8~-1 
2.6• 
3.00• 

TABLE 2. Number  of Movements  in Response  to F lashes  fo r  Different  Values of Coefficient  of C r o s s -  
Cor re l a t ion  Between Potent ia ls  of Motor Represen ta t ion  of Limb and Visual  Area  of Cor tex  

Coeff icient  of co r re l a t ion  

f r o m  + 0.8 to + 1.0 f r o m  + 0.2 t o - 0 . 2  

number  of movements  All 19 points to ta l  number  
of app l i ca -  
Itions of s t imulus  

hind l imb 380 
fo re l imb  284 

number  of m o v e -  
ments  

absolute  I 
104 27 • 4 
109 70 ~- 4 

total  number  of 
applicat ions of 
s t imulus  

261 
580 

absolute  1 

41 16 ~-4 
174 . 30 ~- 3 
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Fig.  2. H i s tog rams  showing re la t ionship  between number  of movemen t s  in r e sponse  to a f lash  and value 
of the coeff ic ient  of c r o s s - c o r r e l a t i o n ,  a) Movements  of hind l imb.  H i s t o g r a m  plotted fo r  2130 values of 
the coeff ic ient  of c r o s s - c o r r e l a t i o n  (for al l  19 pa i r s  of leads);  b) movemen t s  of fo re l imb .  H i s t o g r a m  
plot ted fo r  1988 values of the coeff icient  of c r o s s - c o r r e l a t i o n  ( for  al l  19 pa i r s  of leads);  e) movements  of 
hind l imb.  H i s tog ram plotted fo r  678 values of the coeff ic ient  of c r o s s - c o r r e l a t i o n  (for 3 pa i r s  of leads fo r  
"ac t ive"  points indicated in Fig.  3); d) movemen t s  of hind l imb.  H i s t o g r a m  plotted fo r  1452 values of the 
coeff ic ient  of c r o s s - c o r r e l a t i o n  (for the r ema in ing  16 pa i r s  of leads);  e) movemen t s  of fo re l imb .  His to -  
g r a m  plotted fo r  642 values  of the coeff ic ient  of c r o s s - c o r r e l a t i o n  (for 5 pa i r s  of leads for  "ac t ive"  points 
indicated in Fig .  3); f) movements  of fo re l imb .  H i s t o g r a m  plotted fo r  1346 values  of the coeff icient  of 
c r o s s - c o r r e l a t i o n  (for the remain ing  14 pa i r s  of  leads) .  A b s c i s s a  r e p r e s e n t s  values  of coefficient  of c r o s s -  
cor re la t ion ;  ordinate  r e p r e s e n t s  number  of r e s p o n s e  movemen t s  (in percent ) .  Broken line r e p r e s e n t s  
a s s e s s m e n t  of ma thema t i ca l  expectancy of r e s p o n s e  reac t ion .  
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TABLE 3. Number of Movements in Response to Flashes  with Different Degrees of Spatial 
Synchronization of Potentials  between the Motor Representat ion of a Limb and the Visual 
Cor tex  

total number of applications 
of stimulus 

number of movements 
percentage of response 

reactions 

Simultaneous high cor re la t ion  (from 0.8 to 1.0) between 
potentials of motor  a rea  with potentials f rom points of 
visual cor tex  

with 5-4 

41 
20 

49 • 13 

with 3 

87 
32 

37 • 

with 2 

91 
33 

3 7 •  

with 1 

207 
33 

16 •  

Fig. 3. Location of active points. Inside the out- 
line of the hemisphere  a re  shown the borders  of 
the cytoarchi tectonic  zones as given by Rose 
(1931). The c i rc les  indicate the position of the 
e lectrodes .  The motor  representa t ions  of the limbs 
and corresponding points of the visual cor tex  
("active" points) are  shaded identically. 1) Location 
of representa t ion of fore l imb;  2) location of r e -  
presentat ion of hind limb for  some rabbits ;  3 ) loca -  
tion of representa t ion  of hind limb for  other rabbits .  
Unshaded c i rc les  -po in t s  of the cor tex  which are  not 
"active" points for  any limb representa t ion.  

ins t rument  record ing  the animal ' s  motor  response  
(Fig. 1). The energy of the f lash was 0.4 J ,  the 
distance to the eye 25 cm,  and the light was 
scat tered .  Delay of the f lash relat ive to the 
moment  of actual existence of a par t icular  co -  
efficient of c r o s s - c o r r e l a t i o n  was less than the 
interval  between two interrogat ions of the de-  
tectors  (< 10 msec) ,  i.e., it was pract ical ly  
instantaneous. 

Study of the phenomenon by the use of two 
leads was not sa t i s fac tory  because,  while ob- 
serv ing  the behavior of synchronizat ion of the 
potentials between the motor  representa t ion  of the 
limb and one point in the visual  cortex,  it was 
impossible to know the state of synchronizat ion 
of the potentials between the senso r imoto r  a rea  
and other parts  of the visual  cortex,  Attempts 
were  therefore  made to increase  the number of 
record ing  leads. The difficulty here  is that only 
10 msec (the interval  between interrogations)  is 
available to in terrogate  the detectors  of the 
analogue-discre te  t ransducer  and to analyze the 
information obtained. Ability to do this is l imited 

by the speed of response  of the t ransducer  (1 msec  for  each interrogation),  the speed of response  of the 
computer  (10,000 operations per second), and the volume of operative m e m o r y  (1500 numbers) .  By 
ar ranging  the numer ica l  mater ia l  rat ionally and using shortened operations of multiplication and division, 
the number of channels could be increased  to 6. The number  of calculated coefficients of cor re la t ion  was 
now equal to the number  of combinations of 2 f r o m  6, i . e . ,  15. This considerably  increased  the informative 
value of the experiments .  As before,  one pair  of leads was used for  t racking.  

It was found that information could be obtained as regards  both synchronizat ion between visual points 
(4 or 5 at once) re la t ive  to motor  points (1 or  2), and synchronizat ion between different points within the 
visual  area .  

Two ser ies  of experiments  were  ca r r i ed  out. In se r ies  I the light was switched on when the co -  
efficient of c r o s s - c o r r e l a t i o n  lay within the region p - 0.2 (absence of synchronization) or p -> 0.8 
(presence of synchronization).  

In ser ies  II the light was switched on at different values of the coefficient of c r o s s - c o r r e l a t i o n .  
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

In the experiments  of se r ies  I, 4600 applications of f lashes were  analyzed fo r  high and low values 
of the coefficient  of c r o s s - c o r r e l a t i o n .  The resul t s  a re  given in Tables 1 and 2. In the f i r s t  experiments  
the movements  of the hind limb were  recorded  mechanographical ly .  Table 1 shows that the difference 
between the number  of responses  for  high and low coefficients of c r o s s - c o r r e l a t i o n  is significant.  How- 
ever ,  in these investigations only a smal l  percentage of response  react ions  of f lashes could be recorded .  
This was presumably  because only powerful movements  could be r ecorded  mechanographical ly ,  and weak 
movements  were  not therefore  taken into account. In addition, the interval  between st imuli ,  determined by 
the duration of search ing  for  p - 0.2 or  p >- 0.8, when testing a se r i e s  of pairs of leads, was less than 
30 see.  As a r esu l t  of the frequent  repeti t ion of stimulation, the rabbi t ' s  response  to f lashes thus became 
extinguished. 

In subsequent investigations e lec t romyographic  record ing  was used (leads taken f r o m  the f lexors) ,  
enabling weak muscu la r  contract ions to be taken into account. In addition, before  each sea rch  of the c o r r e -  
sponding coefficient  of cor re la t ion  by a random number program,  the waiting interval  was determined,  and 
the t ime between stimuli  was thus random between limits of 30 see and 5 rain. 

In these conditions the percentage of responses  of the hind limb to f lashes increased  (Table 2). As 
before,  the number  of movements  was grea te r  with a high coefficient of c r o s s - c o r r e l a t i o n ,  and the d i f fer -  
ence between the number  of movements  developing against  a background of synchronizat ion and in the 
absence of synchronizat ion was significant.  Still g rea te r  numbers  were  obtained when the movement  of the 
fore l imbs  were  recorded .  The general  rules  d i s cove red  previously were  conf i rmed in these experiments 
also.  

When the coefficient  of cor re]a t ion  was high, excitation evoked by the f lashes thus t raveled more  
easi ly to the motor  centers  than when the coefficient was low, i. e., synchronizat ion of potentials between 
the motor  and visual  a reas  of the cor tex  plays an important  ro le  in the format ion  of movements  in response  
to f lashes.  

To analyze the relat ionships between the coefficients of c r o s s - c o r r e l a t i o n  and the motor  responses  
more  accura te ly ,  obviously the relat ionship between the number  of movements  and intermediate  values of 
the coefficient  of c r o s s - c o r r e l a t i o n  had to be investigated, i . e . ,  a curve  of the relat ionship between the 
percentage of movements  and values of this coefficient had to be plotted. This problem was examined in 
the experiments  of ser ies  II. 

The resul ts  obtained a re  given in Fig. 2 as h is tograms showing the relat ionship between the pe rcen t -  
age of responses  and the value of the coefficient of c r o s s - c o r r e l a t i o n .  It is c lear  f r o m  Fig.  2 that the 
relat ionship between the number  of movements  evoked by f lashes and the coefficient of c r o s s - c o r r e l a t i o n  
is l inear:  the higher the coefficient of corre la t ion ,  the more  frequent  the movements .  This l inear re la t ion-  
ship emphasizes  yet  again the functional importance of synchronizat ion of potentials between the motor  and 
visual  a reas  of the cor tex  for  the t rans fe r  of excitation f r o m  the visual  analyzer  to the motor  sys tem.  

The existence of movements  even in the absence of synchronizat ion of the potentials complicates  the 
elucidation of their  cause.  In these experimental  conditions, this may mean either that synchronizat ion with 
other points not tested at that par t icular  moment  was present  in these c a s e s , o r  that the reflex responses  
evoked by f lashes were  not of cor t ica l  origin, or finally, that a cer ta in  number of motor  effects may also 
a r i se  in the absence of synchronizat ion of the cor t ica l  potentials.  These suggestions do not conflict  with 
modern  views of the pathways of spread  of excitation f r o m  the visual  analyzer  to the motor  sys tem [13,14]. 

F r o m  the mater ia l  at present  available the resul ts  obtained can be as sessed  only in toto. Insufficient 
data have so fa r  been obtained to assess  the degree  of synchronizat ion of the potentials r ecorded  by each 
pair  of leads separa te ly .  However,  f r o m  the tendency of the process  it is possible even now to pick out a 
number  of points in the visual  cor tex,  the synchronizat ion of whose potentials with the sensor imotor  cor tex 
was of great  importance for  the phenomenon observed.  In the experiments  of se r ies  I, for  instance: for  7 
of these Wactive~ points the number  of movements (hind limb, mechanographic recording;  see Table 1) with 
a high coefficient  of c r o s s - c o r r e l a t i o n  was 9.8%, whereas  for  the remaining 12 points it was 4.3%. Jus t  as 
fo r  the nactiven points, as is c lear  f r o m  Fig. 2, e-f ,  the c u r v e  showing the relat ionship between the num-  
be r  of movements  and the value of the coefficient of c r o s s - c o r r e l a t i o n  is s teeper  than that for  "inactive ~ 
points. 
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What may  de t e rmine  the fac t  that  synchronizat ion  of the potentials of individual points in the v isual  
c o r t e x  with the potent ials  in the s e n s o r i m o t o r  co r t ex  v a r i e s  in i ts  functional  i m p o r t a n c e ?  

The location of Waetive ~ points v a r i e s  f r o m  one mo to r  r ep re sen ta t i on  to another  (Fig. 3). A common  
fea tu re  of these  points is that  those fo r  the fo r e l imb  a r e  s i tuated m o r e  o ra l ly  and those fo r  the hind l imb 
m o r e  caudal ly .  Synchronizat ion between the potent ials  of these  points and those  f r o m  the moto r  a r e a  
indicates the se lec t ive  link between these  a r e a s .  However ,  another  explanation is no less  l ikely.  The 
location of the nactive~ points may  s e r v e  as the bas i s  fo r  a hypothesis  explaining the predominant  i m p o r t -  
ance of synchronizat ion of the potentials  f r o m  these  points with those of the s e n s o r i m o t o r  cor tex .  

When the r e su l t s  of these exper imen t s  a r e  analyzed f r o m  the standpoint  of M. N. Zhadin 's  theore t i ca l  
examinat ion  [5] it is c l e a r  that the coeff ic ient  of c r o s s - c o r r e l a t i o n  fa l ls  with an i nc r ea se  in the d is tance  
between the t es t  points.  This was seen  pa r t i cu la r ly  c l e a r l y  in exper iments  when the compute r  was fed 
s imul taneous ly  with data cha rac te r i z ing  6 b ioe lec t r i ca l  p r o c e s s e s ,  and coeff icients  of c r o s s - c o r r e l a t i o n  
were  calcula ted between the moto r  cen te r  of the l imb and 5 points of the visual  cor tex .  This d e c r e a s e  of 
the coeff icient  of c r o s s - c o r r e l a t i o n  with dis tance does not follow p r e c i s e l y  the s a m e  cou r se  as the de-  
c r e a s e  de te rmined  f r o m  the r e su l t s  of examinat ion of the volume conductivity of the bra in  t i ssue .  It  may  
be concluded f r o m  these  r e su l t s  that if the coeff icient  of c r o s s - c o r r e l a t i o n  at a d is tance  point is high, it is 
a l so  high at al l  i n t e rmed ia te  points.  The higher  the coeff icient  of c r o s s - c o r r e l a t i o n  between potent ia ls  of 
the s e n s o r i m o t o r  co r t ex  and those f r o m  dis tant  points,  the wider  the a r e a  of the co r t ex  with synchronized  
act ivi ty .  

Motor r e sponses  probably  a r i s e  m o r e  eas i ly  when the re  is global synchronizat ion of the cor t i ca l  
potentials. In this case the ~active ~ points are those lying at the border of the region within which 
synchronization of the potentials is essential for movements to take place in response to photic stimulation. 

It is clear from Table 3 that the greater the number of points in the visual cortex where the potentials 
are synchronized with the potentials of the motor representation of the limb, the more marked the pheno- 
menon described above. 

From this point of view some light can be shed on the mechanism of the stage of generalization of the 
conditioned reflex. It has been known for a long time that at the beginning of establishment of a con- 
ditioned reflex a sharp increase in synchronization of the cortical potentials takes place [1-4, 6, 8, 15, 

16, 18]. V.D. Trush and T. I. Luchkova have now confirmed these data by calculating coefficients of cross- 
correlation between the motor center of the hind limb (to which the reinforcement was applied) and one of 
the points of the occipital region of the cortex in the course of the experiment. 

After comparing the results described above with data given in the literature it may be postulated 
that an increase in the number of motor responses in the initial stage of generalization of a conditioned 
reflex is probably attributable to the fact that synchronization of the bioelectrical processes is established 
between the motor representation of the limb and numerous other areas of the cortex (in particular, the 
visual cortex). This must lead to an increase in number or to the appearance of motor reactions in 
response to the conditioned stimulus, and also to other stimuli of the same modality. 
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