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Vladimir Nebylitsyn (July 21, 1930 - 
October 1, 1972) was a member of the 
Academy of Pedagogical Sciences of the 
USSR. He was one of those who were at 
the origins of the creation of the Institute 
of Psychology of the USSR (named like 
the Institute of Psychology of the Russian 
Academy of Sciences now), whose efforts 
made this major step in the development 
of psychological science in Russia, 
associated with its promotion in the field 
of recognition by the scientific 
community.  

In his work, V. Nebylitsyn was 
associated with many scientific 
institutions:  The Psychological Institute 
of the Russian Academy of Sciences, the 
Institute of Psychology of the Russian 
Academy of Sciences, the Faculty of 
Psychology of Moscow University, many 
institutes in Moscow, Leningrad, Tbilisi, 

and other cities of the country. He was 
vice-president of the All-Union Society of 
Psychologists, deputy chairman, member 
of the editorial board and deputy 
executive editor of several major 
scientific journals. 

He played a particularly important 
role in the fate of the Institute of 
Psychology of the Russian Academy of 
Sciences. The very fact of the Institute's 
existence is inextricably linked with the 
name of Vladimir Nebylitsyn. Together 
with Boris Lomov, the first director of the 
Institute of Psychology of the Russian 
Academy of Sciences, Vladimir 
Nebylitsyn carried out the work of the 
young institution, determined its spirit, 
selected employees, invested directly in 
the arrangement of the institute 
premises. 

From the first days of the foundation 
of the Institute of Psychology of the USSR 
Academy of Sciences (1971), he was 
deputy director and head of the 
Laboratory of Differential Psychology.   
V. Nebylitsyn believed that differential 
psychophysiology is the most productive 
of all the biological theories of 
personality development proposed so far. 
Its obvious advantages stem from the fact 
that it takes as a starting point not the 
secondary or secondary signs of 
biological organization, such as, for 
example, morphological indicators (signs 
of the bodily constitution in the theories 
of Kretschmer or Sheldon), but the signs 
of the central nervous system. The 
advantages of neurophysiological factors 
of individual psychological differences 
are confirmed by the whole course of the 
development of ideas and. Pavlov 
researchers working in the field of 
studying the basic properties of the 
nervous system, both in the field of 
purely physiological study of them, and 
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in the field of research of their 
psychological manifestations and 
correlates (Nebylitsyn, 1971). 

 On the basis of B. Teplov's research, 
V.D. Nebylitsyn developed the basic 
principles of differential 
psychophysiology. He proved Teplov's 
hypothesis about the inverse relationship 
between the strength of the nervous 
system and sensitivity. He described the 
properties of the nervous system 
developed by Teplov (mobility, lability). 
Introduced a new term - dynamism. He 
has developed a number of 
electrophysiological methods for 
studying the dynamics of nervous 
processes occurring in the brain. He 
hypothesized about the general 
properties of the nervous system that 
underlie such personal characteristics as 
activity and self-regulation. One of the 
pioneers of the use of factor analysis in 
Soviet psychology. 

V.D. Nebylitsyn identified three 
leading components in temperament 
related to the spheres of the individual's 
general activity, his/her motor skills and 
his/her emotionality. Each of these 
components, in turn, has a very complex 
multidimensional structure and different 
forms of psychological manifestations. 

The first component in the structure 
of temperament is the general mental 
activity of the individual. The essence of 
this component lies in the tendency of the 
individual to self-expression, effective 
development and transformation of 
external reality. According to the author, 
the degrees of activity are distributed 
from lethargy, inertia, passive 
contemplation at one pole to the highest 
degrees of energy, powerful impetuosity 
of actions and constant ascent at the 
other. 

The second component of 
temperament is motor, in which the 
leading role is played by qualities related 
to the function of the locomotion (and 
primarily speech-motor) apparatus. 
V.Nebylitsyn attached special 

importance to motor skills as a means by 
which the internal dynamics of mental 
states with all its individual gradations is 
actualized. Among the dynamic qualities 
of the motor component are: speed, 
strength, sharpness, rhythm, amplitude 
and a number of other signs of muscle 
movement (some of them characterize 
speech motor skills). 

The third component of temperament 
is emotionality, which is an extensive 
complex of properties and qualities that 
characterize the peculiarities of the 
emergence, flow and termination of 
various feelings, affects and moods. This 
component is the most complex and has 
its own branched structure. The main 
characteristics of emotionality are 
impressionability, impulsivity and 
emotional lability. Impressionability 
expresses the affective susceptibility of 
the subject, his sensitivity to emotional 
influences, his ability to find the ground 
for an emotional reaction where there is 
no such ground for others. Impulsivity is 
the speed with which emotion becomes 
the motivating force of actions and 
actions without their prior consideration 
and conscious decision to carry them out. 
Emotional lability refers to the rate at 
which a given emotional state ceases or 
one experience is replaced by another. 

V.D. Nebylitsyn is the author of more 
than 80 scientific publications. The most 
breakthrough studies are presented in 
the monographs “Basic properties of the 
human nervous system” (1966) and 
“Psychophysiological studies of 
individual differences” (1976).  
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Abstract: As is well known, electroencephalography provides the researcher 

with a number of convenient indicators of the basic properties of the nervous 
system, and in particular the dynamism of nervous processes based on the study of 
the phenomenon of activation, in other words blockade, suppression of the 
dominant rhythm. The only, but, unfortunately, important restriction of this 
method, which prevents its widespread use for the study of individual 
characteristics, is the lack of a sufficiently clear pronounced alpha-rhythm in some 
normal adult individuals (about 15-20%) and, consequently, the impossibility of 
applying to them methods based on determining the parameters of indicative and 
conditionally reflex activation. This important restriction to the widespread use of 
the EEG method can be overcome if such electroencephalographic indicators are 
found that are not reduced to the parameters of the activation reaction and 
themselves reflect certain properties of the nervous system. This paper includes 
some preliminary results to solve this problem. We will consider two issues here. 
One of them concerns the relationship between the dynamism of nervous processes 
and indicators of rest EEG or background indicators of EEG, and the other – the 
correlation between the dynamism of nervous processes and indicators of one of 
the frequently used “functional loads”, namely, the reaction of imposing the 
rhythm of a flashing light stimulus. 

Keywords: EEG Analysis, Alpha-Rhythm, Types of Electrical Activity, Types 
of Higher Nervous Activity, Reaction of Imposing a Rhythm 

 

1. Introduction 
1.1. Background EEG indicators and 

dynamism of nervous processes 
The electroencephalogram differs 

from other recordable bioelectric or 
vegetative functions of a living organism 
in that it can be assumed to carry a huge 
amount of meaningful 
psychophysiological information, which 
is encrypted in the form of a continuous 
sequence of vibrations with a rather 
complex configuration. The task of 
decoding this information, i.e. 

establishing possible correlations 
between certain characteristics of the 
electrical activity of the brain, on the one 
hand, and some psychological or 
physiological parameters of the 
individual, on the other hand, has long 
attracted the attention of researchers. 

At the same time, it should be borne 
in mind that the breadth of studying 
these background indicators is directly 
dependent on the arsenal of technical 
means of EEG analysis that the 
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researcher has. In the presence of only 
one recording device, only a visual 
assessment of the electroencephalogram 
is possible, mainly according to the 
parameters of the dominant rhythm, and 
obtaining some of the simplest numerical 
values. Therefore, in the early works of 
electrophysiologists, mainly indicators 
related to the alpha-rhythm are analyzed: 
index, frequency and amplitude, and 
only recently, with the development of 
automatic analyzing technology, similar 
characteristics of other rhythms have 
been seriously studied, as well as a 
number of indicators based on 
mathematical processing of a continuous 
wave process, which in essence and is an 
EEG. 

It was found that background EEG 
indicators are characterized by 
significant stability and for each given 
individual they form a unity that changes 
little over time (Loomis et al., 1936; 
Livanov, 1940; Shpilberg, 1940). At the 
same time, the general pattern of the 
EEG curve and the characteristics of 
individual parameters of the bioelectric 
activity of the brain varies very 
significantly from one individual to 
another, thereby suggesting that the 
elements that make up the 
electroencephalogram are in a certain 
dependence on some deep and stable 
qualities of individuality, first of all, 
obviously, of a psychophysiological 
nature. 

This reason was guided by many 
authors who investigated the features of 
the main rhythms of the 
electroencephalogram in the aspect of 
personality characteristics (Lindsley, 
1952; Ellingson, 1956; Gastaut, 1954; 
Were, 1957). 

Although not all such attempts have 
resulted in the establishment of certain 
positive correlations, nevertheless, 
observations, guesses and assumptions 
of various authors have given us reason 
to think that, if not all, then at least some 
EEG parameters may be in some 

connection with the most stable 
personality traits – the main properties 
of the nervous system that form the basis 
of a number of human psychological 
personal characteristics. Some 
competent authors directly point to this 
possibility. So, N.V. Golikov said: “A 
special classification of the types of 
electrical activity should be associated 
with the characteristics of the types of 
higher nervous activity” (Golikov, 1956, 
p. 11). Indirect data in favor of such an 
assumption can be systematized as 
follows. 

Based on the fact that concentration 
of attention and emotional arousal cause 
blockade of the alpha-rhythm, some 
authors have investigated the question of 
a possible relationship between the 
alpha-index and the tendency of subjects 
to a neurotic state of “anxiety”, that is 
increased emotional tension with the 
fixation of the subject on various 
negative, in his opinion, circumstances 
and factors. 

The data turned out to be very 
contradictory. If M. Brazier (Brazier et 
al., 1945) assumed that EEG without 
alpha-rhythm reflect a tendency to 
anxiety, then A. Dondero (Dondero et al., 
1956) indicates the absence of a 
significant correlation between the 
alpha-index and anxiety. L. Johnson and 
G. Ulett (Johnson & Ulett, 1959) found 
that the amount of alpha-activity reveals 
a connection with anxiety, but only when 
measured in the first experiment, when 
this activity turns out to be markedly 
reduced in people prone to anxiety. After 
the subject gets used to the situation, the 
connection of these two indicators is no 
longer observed. A curious dependence 
was observed by F. Beckman and M. 
Stein (Beckman & Stein, 1961), who 
obtained a significant negative 
correlation between the success of 
solving logical problems and the alpha-
index on 33 subjects; they suggest that 
people who solve problems better and 
individuals with a low alpha-index have 
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the same common feature: a higher level 
of cortical arousal. 

The amplitude of the alpha-rhythm 
can in point of view be considered as an 
indicator similar to the alpha-index: 
states of attention and tension lead to a 
decrease in the amplitude of the alpha-
rhythm in the same way as the alpha-
index. With respect to the amplitude, 
therefore, the same assumptions are 
possible as with respect to the alpha-
index. Indeed, Н. Gastaut and co-authors 
(Gastaut et al., 1951) characterize 
individuals with a high–voltage alpha-
rhythm as “slow, calm, balanced”, and 
with a low-voltage one – as 
hypersensitive, hyperemotional, 
hyperactive. L. Saul and co-authors (Saul 
et al., 1949) associate a high amplitude 
with passivity and a tendency to avoid 
responsibility and effort, and a low 
amplitude with opposite qualities. A. 
Mundy-Castle (Mundy-Castle, 1957) 
notes “slowness, caution, balance” in 
individuals with a high amplitude of 
alpha-rhythm and inverse qualities in 
persons with a low-voltage alpha-
rhythm. J. De Lange and co-authors (De 
Lange et al., 1962) found that subjects 
with an increased amplitude of alpha-
rhythm and a high alpha-index were 
psychologically characterized by activity, 
self-confidence and lack of tension or 
anxiety, in general – stability, and 
subjects with low amplitude and alpha-
rhythm index – opposite qualities: 
tension, anxiety, insufficient adequacy of 
behavior. 

The least variable EEG indicator – the 
frequency of the alpha-rhythm – reveals, 
apparently, the least connection with the 
psychophysiological qualities of the 
individual. However, some authors 
(Brazier et al., 1945) found on a large 
material that the frequency of the alpha-
rhythm in people with symptoms of 
anxiety is on average slightly higher than 
in normal people (11.2 and 10.6 Hz, 
respectively), and A. Mundy-Castle 
(Mundy-Castle, 1957) believes that 

persons with a relatively higher 
frequency of alpha-rhythm (more than 
10 Hz) have a tendency to a sharp, 
impulsive, unstable reaction, while 
persons with a lower frequency – to a 
more depressive behavior, but the 
dependencies they found are still not 
enough a certain character. 

All three of these indicators related to 
the alpha-rhythm reveal, based by some 
literature data, a certain relationship 
between them. So, A. Roget (Roget, 
1960) notes that all indicators related to 
the alpha-rhythm are interconnected, 
although not very closely. We also point 
to the systematization of Н. Gastaut 
(Gastaut, 1954), who classified the 
results of a number of authors and his 
own and came to the conclusion that it is 
possible to distinguish the main types 
(syndromes) of electrographic recording, 
within each of which the alpha-index, the 
frequency of the alpha-rhythm and 
amplitude are in a certain 
correspondence, as well as the features of 
the distribution of more frequent 
activity, imposing rhythm and reaction to 
hyperventilation. In particular, 
hyperexcitability syndrome is 
characterized by the presence of periods 
of desynchronization (hence, a reduced 
alpha-index), a high frequency (11-13 Hz) 
of alpha-rhythm, its small amplitude, 
and hypovexcitability syndrome is 
characterized by a high amplitude, 
continuous, without desynchronization 
intervals alpha-rhythm-frequency of 8-9 
Hz. Of course, this classification reflects 
only the main trends, which the author 
himself notes, but the direction of these 
trends deserves attention. 

It can be considered very likely that 
the psychological qualities mentioned by 
the listed authors in connection with 
certain features of alpha-activity reflect 
some properties of the nervous system, it 
is only necessary to establish which ones. 
The analysis shows that the closest thing 
to these qualities is this property of the 
nervous system, which is usually 
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designated as a balance of nervous 
processes and which, apparently, should 
be considered as a balance of nervous 
processes in terms of dynamism. Then, in 
general, a low-amplitude, high–
frequency alpha-rhythm with frequent 
periods of desynchronization should 
correspond to high dynamism of 
excitation, and a high-amplitude, low-
frequency alpha-rhythm recorded 
continuously should correspond to high 
dynamism of braking. This proposal was 
tested by us in comparison of the three 
indicated parameters of the alpha-
rhythm with a number of indicators of 
indicative and conditionally indicative 
activation. 

1.2. Correlation among resting EEG 
indicators and electrocortical balance 
indicators of nervous processes 

The results of this comparison in the 
form of grade correlation coefficients are 
given in Table 1, which is an extraction 
from the intercorrelation matrix of all the 
indicators studied in this table 
(Nebylitsyn, 1963 b, 1961 c). In this table, 
attention is drawn to the high correlation 
between the alpha-index and the 
amplitude of alpha-waves (note that the 
maximum amplitude was measured, and 
not the average, as usual), equal to +0.60 
(p < 0.01); some connection also exists 
between the alpha-index and the 
frequency of the alpha-rhythm (p = 0.37; 
p> 0.05), and the correlation between 
amplitude and frequency is close to zero.  

When comparing these background 
indicators with activation response 
indicators, it turns out that the alpha-
index has quite high correlations with 
many of these indicators and that 
correlations of the alpha-rhythm 
frequency are also significant in some 
cases; as for the alpha-rhythm 
amplitude, although all its correlation 
coefficients with activation indicators are 
negative, which indicates despite a 
certain trend, none of them is statistically 
significant. During factorial processing, 

both activation indicators and 
background indicators entered into the 
same factor, which we can now define as 
the balance of nervous processes by 
dynamism. Thus, there are grounds to 
assume that, if not all, then some 
indicators of EEG alpha-activity are 
associated with the dynamism of nervous 
processes, determined using 
electroencephalographic techniques. 

This conclusion was tested in the 
second series of electroencephalographic 
experiments conducted on 
approximately the same number of 
subjects; the only difference between the 
series was that instead of the amplitude 
of the alpha-rhythm, another indicator 
was taken for comparison in the second 
series, namely the total energy of the 
alpha-rhythm, measured using an 
electronic integrator (Nebylitsyn, 1965 
a). 

1.2. Correlation among indicators of 
the dynamism of nervous processes and 
the EEG background 

The results turned out to be partially 
different from those obtained in the first 
series (Table 2). If the alpha-index still 
gave fairly high correlations with 
dynamism indicators, then the frequency 
of the alpha-rhythm this time found no 
connection with any of these indicators. 
As for the total energy of the alpha-range, 
this indicator, which is a function of the 
amplitude and the alpha-rhythm index, 
correlates with the dynamism indicators 
at about the same level (or slightly 
higher) as the amplitude (Table 1 and 2); 
in this case, the direction of correlation 
coincides with that which is 
characteristic of the alpha-index. 

So, two separately conducted studies 
have shown a generally satisfactory 
coincidence of the results in the part that 
concerns the relationship between alpha-
rhythm indicators and indicators of the 
dynamism of nervous processes. The 
only exception is the frequency of the 
alpha-rhythm, the correlations of which 
in the first series were quite high, and  in  
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Table 1. Grade correlation coefficients between resting EEG indicators and electrocortical balance indicators of nervous processes 
(Nebylitsyn, 1963 b) 

 

Indicators Alpha-
Index 

The max 
amplitude 

of the 
alpha-
rhythm 

Alpha-
rhythm 

frequency 

The duration 
of the alpha-

rhythm 
blockade for 

the 1st 
presentation 

of a sound 
stimulus 

The number 
of 

presentations 
before the 

extinction of 
the 

approximate 
reaction to the 

sound 

The duration 
of the alpha-

rhythm 
blockade on 

the 1st 
presentation 
of the light 
stimulus 

The average 
duration of 
the alpha-

rhythm 
blockade at 
the first 10 

combinations 
of sound and 

light 

Average 
duration of 
conditional 

alpha-
rhythm 
block 

The number 
of 

presentations 
before the 

extinction of 
the 

conditional 
reaction 

The number of 
combinations 

before 
differentiation 
is developed 

Alpha-
Index 

 0.60** –0.37 -0.54** –0.64** –0.45 ** –0.47 * – 0.61 ** –0.45 * –0.24 

The max 
amplitude 

of the 
alpha-
rhythm 

  –0.17 –0.33 –0.31 –0.38 –0.35 –0.31 –0.10 –0.26 

Alpha-
rhythm 

frequency 

   0.45* 0.66** 0.39 0.52* 0.56** 0.32 0.29 

 
Note: *р < 0.05; **р < 0.01.
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Table 2. Correlation coefficients between indicators of the dynamism of nervous processes and the EEG background 
 
 

Indices of dynamism EEG background indices 

Frequency Total energy Coefficient 

Theta Alpha Beta Theta Alpha Beta Theta Alpha Beta 

The duration of the alpha-rhythm block at the first 
presentation of sound 

–0.171 –0.006 –0.222 –0.208 –0.202 –0.227 –0.006 –0.429 * –0.303 

The number of presentations before the sound 
orientation is completed 

–0.023 0.065 0.164 –0.252 –0.307 –0.197 –0.174 –0.514 *** 0.008 

The duration of the alpha-rhythm block at the first 
presentation of light 

0.002 0.009 0.008 –0.268  –0.367 –0.233 –0.110 -0.474 ** 0.056 

Average duration of alpha-rhythm block in 10 "light 
stimulus presentations" 

–0.065 –0.058 –0.104 –0.298 –0.398 * –0.341 –0.081 –0.718 *** 0.011 

The average duration of the alpha-rhythm block in 
25 combinations of sound and light 

–0.120 0.064 –0.186 –0.052 –0.150 –0.036 0.023 –0.309 0.041 

The average duration of conditional reflex block of 
the alpha-rhythm 

–0.141 –0.033 –0.160 –0.113 –0.064 –0.254 0.041 – 0.618 *** –0.423 * 

The number of presentations before the extinction of 
the conditioned reflex block of the alpha-rhythm 

–0.142 0.099 –0.005 –0.205 –0.380 * –0.321 –0.097 –0.612 *** –0.096 

 
Note: * р < 0.01; ** р < 0.05; ***р < 0.001. 
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Table 3.  Statistical evaluation of differences between the average EEG background values for groups with high and low dynamism of the 
inhibitory process 

Indices Frequency, Hz Total Energy Stand.Unit Coefficient 

Theta Alpha Beta Theta Alpha Beta Theta Alpha Beta 

Average for a group with high braking dynamics 
(N=6) 

6.25 10.1 19.9 17 180* 67 90.5 79 * 95 

Average for a group with low braking dynamics 
(N=6) 

6.07 10.38 19.3 11.5 100 42 87.5 60 94 

Difference of averages 0.18 0.28 0.6 5.5 80 25 3.0 19 1 

Student's T-test 4.20 3.51 2.92 1.96 5 4.17 3.51 6.89 2.09 

Sig. (2-tailed) <0.01            <0.01 <0.05 >0.05 <0.001 <0.01 <0.01 <0.001 >0.05 

 

 
Table 4. Statistical evaluation of differences between the average EEG background values for groups with high and low dynamics of the 

excitatory process 

Indices Frequency, Hz Total Energy Arbitrary 
Units 

Coefficient 

Theta Alpha Beta Theta Theta Alpha Beta Theta Theta 

Average for a group with high braking dynamics  
(N=6) 

6.10 10.28 19.2 11.3 110 39 88 55 93.2 

Average for a group with low braking dynamics  
(N=6) 

6.48 10.23 19.9 17.1 156 58 87 83 95.2 

Difference of averages 0.38 0.05 0.7 5.8 46 19 1.0 28 2.0 

Student's T-test 10.54 – 2.85 2.10 3.07 2.98 – 10.13 3.69 

Sig. (2-tailed) <0.001 – <0.05 >0.05 <0.05 <0.05 – <0.001 <0.01 

 



Nebylitsyn, V.D. Manifestations of the Dynamism of the Nervous System in Some 
Electroencephalographic Parameters. 
______________________________________________________________ 

____________________________________________________________ 
 

52 

 

the second they fluctuate around zero. 
However, the influence of the dynamism 
of nervous processes on the frequency of 
the alpha-rhythm still exists. It can be 
opened with the help of another method 
of statistical tests, for the success of 
which the presence of “graduated and 
proportionate” relations between the 
studied parameters is not necessary 
(Gurevich, 1965 a).  We are talking about 
assessing the significance of the 
differences between the average values of 
the two extreme groups of subjects 
selected based on the results of 
determining the dynamism of excitation 
or inhibition in them. The use of this 
method made it possible to show that in 
this sample, the dependence of the alpha-
rhythm frequency, as well as other 
indicators of the EEG background, on 
dynamism exists and even has a rather 
significant character.  

1.3. Differences between the average 
EEG background values for groups with 
high and low dynamism of the 
inhibitory process 

Table 3 presents the values of 
averages, their differences, criteria t and 
probabilities of the null hypothesis tested 
relative to the compared averages. This 
table compares the groups formed on the 
basis of one of the main indicators of the 
dynamism of the braking process – the 
rate of extinction of the conditional 
reaction. It can be seen that the 
difference between the averages of the 
total energy of the alpha-band and the 
alpha-index is very significant and that 
the difference in the frequency of the 
alpha-rhythm is also quite significant, 
although at first glance the difference in 
the averages is too small here. At the 
same time, persons with high dynamic 
inhibition (with rapid extinction of the 
conditioned reaction) have, on average, a 
lower frequency of the alpha-rhythm and 
higher values of the alpha-rhythm and 
the total energy of the alpha-stripe, 
which is a function of the index and 
amplitude of the alpha-rhythm. It is 

curious that if the same comparison is 
carried out for groups that differ in the 
dynamism of the excitatory process (by 
the average duration of the conditioned 
reflex activation reaction), the 
differences turn out to be much less 
distinct in two out of three cases (Table 
4), namely, the difference in the 
frequency of the alpha-rhythm 
practically disappears, although the 
difference in total energy remains 
significant, but only at the 5%-level, and 
only the difference in the average values 
of the alpha-index increases even more.  

So, the use of a statistical criterion 
that is in some sense more sensitive than 
the correlation coefficient allows us to 
confirm the conclusions regarding the 
dependence of the indicators related to 
the alpha-rhythm of the EEG on the 
dynamism of nervous processes and, 
moreover, to clarify these conclusions by 
indicating that a more significant role in 
the variations in the frequency and 
energy of the alpha-rhythm apparently, 
the dynamism of the braking process 
plays a role, while the alpha-index, 
apparently, equally depends on the 
dynamism of braking and on the 
dynamism of excitation.  

As already mentioned, in the second 
series of our electroencephalographic 
experiments, an electronic analyzer was 
used (Kozhevnikov, 1954), which 
allowed, in addition to the alpha-rhythm, 
to isolate frequency bands belonging to 
beta- (14-25 Hz) and theta- (4-7 Hz) 
rhythms from the initial EEG. Therefore, 
we had the opportunity to compare with 
the indicators of the dynamism of 
nervous processes some characteristics 
of these two physiological rhythms, 
namely frequency, total energy for 10 
second time intervals and index.  

The literature data on beta-rhythm 
generally agree that increased beta-
activity is one of the signs of increased 
emotionality, excitability, activity, etc. 
(Bogachenko, 1960; Mangan & Adcock, 
1962; МсАdаm & Orme, 1954; Nelson, 
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1960; Werre, 1957), it could be assumed 
that high values of indicators related to 
the beta-band may be associated with 
high values of the dynamism of the 
excitatory process.  

Correlation analysis shows that these 
assumptions are generally not justified 
(Table 2): the frequency of the beta-
rhythm (in this band) does not correlate 
with the indicators of the dynamism of 
excitation, the total energy of the beta-
band, like the total energy in the alpha-
rhythm range, has negative correlations 
with these indicators, but far from 
significant; and only the beta-index, 
completely uncorrelated with the 
indicators of dynamism of inhibition, 
reveals some connection with the 
indicators of dynamism of the excitatory 
process, namely: with an average 
conditional effect (r = -0.423; p < 0.1) 
and with the duration of the alpha-
rhythm blockade on the first sound (r = 
0.303; p> 0.1).  

We associate the dynamism of 
excitation mainly with the activity of the 
reticular formations of the brain 
(Nebylitsyn, 1964 b). At the same time, 
beta-activity is often considered as a 
function of activating reticular 
influences. Based on this, we could 
expect to find a positive relationship 
between the indicators of beta-activity 
and the indicators of the dynamism of 
arousal, but the problem is that this 
relationship is more negative than 
positive. This can be seen from the 
comparison of group averages. When 
dividing the subjects into groups 
according to the dynamism of arousal 
(Table 4) it turns out that both the 
frequency and the total energy, and the 
beta-rhythm index are on average higher 
in subjects with a small conditional reflex 
effect, i.e. with low dynamicity of 
excitation, and the differences in all three 
indicators are statistically significant.  

In addition, comparing groups of 
subjects differing in the dynamism of the 
braking process (Table 3), it can be found 

that both the frequency, energy, and 
beta-rhythm index are higher not in 
those individuals who have low 
indicators of dynamic inhibition, but, on 
the contrary, in subjects with high 
indicators of this property (although the 
difference in the average values of the 
beta-index is statistically insignificant). 
It is currently difficult to give any 
effective explanation to these facts. If we 
were talking only about the total energy 
and the beta-rhythm index, we could 
assume that the beta-rhythm, being 
perhaps the second harmonic of the 
alpha-rhythm, follows the parameters of 
the alpha-activity with its parameters, for 
which the specified direction of relations 
is “normal”. However, the frequency of 
the beta-rhythm is not directly related to 
the frequency of the alpha-rhythm, as 
one would expect with the assumption of 
harmonic relations between them, but 
rather the reverse (Table 3 and 4). 
Therefore, the question of the reasons for 
the described nature of the relationship 
between beta-activity parameters and 
dynamism indicators should remain 
open for now.  

As for the indicators related to the 
theta-rhythm, it turned out during 
correlation processing that only the total 
energy of them has a stable tendency to a 
negative relationship with a number of 
activation indicators (Table 2). However, 
when comparing the averages, another 
curious dependence is found: subjects 
with high dynamism of excitation have 
on average a noticeably lower frequency 
of theta-rhythm than persons with low 
dynamism of arousal, and the same can 
be said about subjects with low 
dynamism of the braking process in 
contrast to individuals with highly 
dynamic braking; the difference in 
averages, especially in the first case, is 
statistically highly significant (Table 3 
and 4). Translating this into the language 
of traditional terms, we can say that 
subjects with a predominance of arousal 
tend to have a slower theta-rhythm 
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compared to subjects with a 
predominance of inhibition. This trend is 
the opposite of the one that is 
characteristic of the alpha-rhythm, but is 
similar to the trend already noted above, 
found for the frequency of the beta-
rhythm.  

Summarizing the data on the 
relationship between the dynamics of 
nervous processes and the indicators of 
the electroencephalographic 
background, it can be noted that such a 
relationship apparently exists, but it is 
mostly very far from functional and is 
revealed mainly by statistical evaluation 
of differences between averages. At the 
same time, some rhythms tend to one 
kind of dynamism, others to another, for 
example, the alpha-rhythm shows a 
greater connection with the dynamism of 
the inhibitory process, and the beta-
rhythm, rather, with the dynamism of 
excitation. In some cases, such an 
opposite direction of dependencies is 
characteristic of individual indicators of 
the same rhythm, for example, the 
frequency of the theta- rhythm reveals, 
judging by the comparison of averages, a 
greater dependence on the dynamism of 
excitation, and the theta- index on the 
dynamism of inhibition. In general, the 
problem seems too complicated to be 
fully understood within one or two series 
of experiments. But at the same time, it 
seems to be too rich in potential 
conclusions both for questions 
concerning the structure and nature of 
the EEG itself and its components, and 
for the problematic properties of the 
nervous system to neglect its thorough 
study. 

1.4. The dynamism of nervous 
processes and the reaction of imposing 
rhythm 

The study of the reaction of brain bio-
currents to the effect of a rhythmic light 
stimulus (the reaction of imposing a 
rhythm) holds great possibilities for 
obtaining results in a differential 
psychophysiological aspect. This 

reaction is observed in almost all 
subjects, even with a visual assessment of 
the effect, although it is preferable to 
conduct a detailed study of it using 
frequency analyzers and integrators that 
allow recording and quantifying the 
dynamics of individual sections of the 
electroencephalogram spectrum. There 
is a very significant range of individual 
differences in the rhythm imposition 
response. It is equally great both when 
studying the frequency characteristics of 
reactions, and when determining its 
dependence on the intensity, color or 
other parameters of the presented 
stimulus (Danilova, 1963; Ilyanok, 1961; 
Povarinsky, 1960; Ulett & Johnson, 
1958). In some works these individual 
variations were compared with some 
personality traits (Mundy-Castle, 1953; 
Shagass, 1955; Ulett et al., 1953). In other 
works, the dependence of the imposition 
reaction on various states of an object, 
human or animal was studied (Danilova, 
1958, 1959; Dolin & Farber, 1963; Farber, 
1960; Golubeva, 1959; Kopylov, 1956, 
1960; Kreindler, 1960; Zislina & 
Novikova, 1962).  

The first experience of studying the 
reaction of imposing rhythm in 
connection with the properties of the 
nervous system, as far as we know, was 
the work of E.A. Golubeva (Golubeva, 
1963), performed in the laboratory of 
B.M. Teplov and aimed at comparing 
some indicators of the reaction of 
imposing rhythm with the characteristics 
of the balance of nervous processes (the 
latter was determined by V.I. 
Rozhdestvenskaya by the ratio of the 
rates of formation of positive and 
inhibitory photochemical conditional 
reactions and, thus, is a characteristic of 
the balance in terms of dynamism; in 
addition, it was judged by the galvanic 
skin indicator). 

In this work, it was found – however, 
on a small number of subjects – that 
individuals with a predominance of 
arousal have a certain tendency to better 
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impose low stimulation frequencies – 
from 1.5 to 7 Hz. This fact was 
presumably explained by E.A. Golubeva 
by the well-known fact that some 
individuals with a predominance of 
arousal tend to quickly fall into an 
inhibitory, sleepy state, which is 
characterized by just a more pronounced 
imposition of slow frequencies. 
Following this work, a whole group of 
studies was carried out in the laboratory 
of psychophysiology to determine the 
role of the properties of the nervous 
system in various parameters of the 
rhythm imposition reaction (Golubeva, 
1965; Golubeva & Schwartz, 1965; 
Nebylitsyn, 1964 c, d). One of such 
studies was a complex experiment we set 
up, in which the indicators were 
compared: (1) imposition of rhythms in 
the range from 5 to 22 Hz and at different 
intensities of the light stimulus, (2) 
indicative and conditionally reflex 
blockade of the alpha-rhythm when 
exposed to sound and light stimuli and 
their combinations, and (3) 
“background” features of the 
electroencephalogram, more precisely, 
its components isolated using a 
frequency analyzer.  

Let's focus on the results of 
quantitative processing of these 
comparisons, which are relevant to the 
problem of dynamism of nervous 
processes. Those aspects of the rhythm 
imposition reaction that have found a 
connection with the problem of the 
strength of the nervous system will be 
discussed in the following papers. 

 
2. Method 
Let's briefly describe the 

methodological side of the experiment. 
The subject was in a soundproof chamber 
in a lying position with his/her eyes open 
in the dark. Bipolar temporal-occipital 
abduction on the right was recorded; the 
choice of abduction was dictated by the 
desire to obtain the maximum intensity 
of the alpha-rhythm for a clearer 

definition of its background features and 
reactions. The use of bandpass filters that 
isolated frequencies of 4-7, 8-13 and 14-
25 Hz from the EEG (Kozhevnikov, 1954) 
made it possible to register its 
components simultaneously with the 
electroencephalogram on three other 
feathers: theta-, alpha- and beta-activity; 
inclusion in the integrator circuit 
(Kozhevnikov, Soroko, 1959) made it 
possible to quantify the electrical activity 
(oscillation energy) in the bands of each 
of the rhythms allocated. The source of 
light pulses in experiments with rhythm 
assimilation was the photostimulator 
EFS 01; the duration of the light pulse 
remained constant, amounting to 10 ms, 
the frequency and intensity varied 
according to the specific program of the 
experiment.  

The method of obtaining indicators of 
imposing rhythm differs somewhat from 
the one used by most authors. We sought 
to obtain accurate quantitative indicators 
of the effect of imposition and applied to 
this end a technique that allows us to take 
into account the “pure” effect of imposing 
rhythm. This technique is as follows. 
Before proceeding to the presentation of 
flashing light, we measured the 
oscillation energy of a given frequency 
band under the action of continuous light 
of the same duration (10 s) and the same 
intensities as rhythmic light. After that, 
we proceeded to measure the energy in 
this band under the action of flashing 
light of the appropriate frequency (in the 
theta-rhythm band when stimulated with 
a frequency of 5, 6 and 7 Hz, in the alpha-
rhythm band when stimulated with 9, 10, 
11 and 12 Hz and in the beta-rhythm band 
when stimulated with 16, 18, 20 and 22 
Hz). The rhythm imposition index was 
derived as the difference between the 
second and first indicators and thus 
means an increase in the total energy of 
oscillations in a given frequency band 
under the action of flashing light 
compared to the energy measured under 
the action of continuous light; it means, 



Nebylitsyn, V.D. Manifestations of the Dynamism of the Nervous System in Some 
Electroencephalographic Parameters. 
______________________________________________________________ 

____________________________________________________________ 
 

56 

 

therefore, the “clear” effect of exposure to 
a rhythmic light stimulus. The final index 
for each of these frequencies was 
calculated by summing the indices for the 
six applied stimulation intensities (25, 
50, 100, 200, 500 and 1000 lux). It is 
designated by us as the energy index of 
imposing rhythm (EIIR). In addition to 
calculating the indices for individual 
frequencies, the calculation of the total 
EIIR for the frequency bands as a whole, 
as well as the total index for all the 
frequencies used, was carried out (by 
basic “addition”).  Individual imposition 
indices were compared with a number of 
indicative and conditionally indicative 
activation reaction indicators; these 
indicators obtained from those subjects 
who had a sufficiently pronounced alpha-
rhythm (20 out of 25 people) are listed in 
Table 6. As for background indicators, 
they include frequency, total energy and 
theta-index., alpha- and beta-rhythms. 
The frequency and rhythm index were 
calculated in one of the experiments near 
the end of the experimental series; the 
total energy of each of the frequency 
bands was measured in each of the three 
experiments on imposing the rhythm, 
and then the averages were derived. 

 
3. Results 
We will begin the review of the data 

obtained by presenting the results of 
comparing the EIIR for different 
stimulation frequencies. Individual 
imposition indices for each of the 
frequencies, as well as for the three 
rhythms as a whole and the total EIIR for 
all frequencies are given in Table 9. 
Negative values are found in this table. 
They owe their origin to the fact that in 
some cases the values of the oscillation 
energy under the action of continuous 
light exceed those obtained under the 
action of flashing light; flashing light, 
even of those frequencies that 
correspond to a given rhythm, leads to its 
greater oppression than continuous. 
There is a kind of “negative imposition”, 

observed, however, quite rarely and at 
strong light intensities less often than at 
weak ones. As for the comparative effect 
of stimulation corresponding to different 
rhythms, then, as can be seen from the 
table, the highest absolute values belong, 
as a rule, to the frequencies of the alpha-
band, in many cases - to the frequencies 
of the beta-band and in individual 
subjects – to the frequencies 
corresponding to the theta-rhythm. The 
greatest average effect is observed at a 
frequency of 12 Hz, then at a frequency of 
11 Hz, the lowest effect is given by a 
frequency of 5 Hz. For greater clarity, 
these relations are presented in the form 
of a histogram in Figure 1. So, in the vast 
majority of subjects, rhythm imposition 
takes place at all applied stimulation 
frequencies, including frequencies 
corresponding to the theta-rhythm, in 
which our data are consistent with the 
results of E.A. Golubeva (Golubeva, 
1963) and some other authors. The 
intercorrelation table (Table 6) shows the 
values of the EINR correlation 
coefficients for each frequency with the 
EIIR for each other frequency. 
Consideration of this table leads to 
interesting conclusions. 

 

 

Figure 1. The imposition of rhythm as a 
function of the frequency of rhythmic 
light stimulation (average data). The 
abscissa axis is the frequency of 
stimulation (Hz); the ordinate axis is the 
“pure” effect of binding (stand. units). 
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Table 5. Energy indices of imposing rhythms (Nebylitsyn, 1964 c) 
 

Subject's number Frequencies, Hz Rhythms Total 

 5 6 7 9 10 11 12 16 18 20 22 Theta Alpha Beta 

1 23 97 121 –26 –23 135 59 6 56 76 66 241 145 204 590 

2 25 40 40 62 80 159 226 23 21 81 13 105 527 138 770 

3 19 11 9 21 73 161 224 16 30 12 11 39 479 47 565 

4 18 57 117 25 36 58 57 76 157 166 52 192 176 451 819 

5 6 31 19 –10 10 –20 38 32 –23 40 12 56 18 61 135 

6 –13 2 13 –1 57 156 144 149 435 358 117 2 356 1059 1417 

7 19 44 140 161 300 305 91 56 81 80 9 203 857 226 1286 

8 2 4 1 0 9 19 34 25 61 27 42 7 62 155 224 

9 –2 18 3 72 136 119 98 –13 –17 –32 –19 19 418 –81 356 

10 2 4 3 2 17 49 91 61 50 41 33 9 159 185 353 

11 13 13 10 –1 –19 14 54 1 17 22 2 36 48 42 126 

12 33 11 34 26 44 102 392 23 34 12 2 78 564 71 713 

13 1 4 6 21 24 17 13 21 26 48 4 11 75 99 185 

14 9 8 31 8 10 9 17 23 40 53 53 48 44 169 261 

15 6 15 2 4 5 557 746 41 57 42 30 23 1312 170 1505 

16 0 0 31 –24 123 101 52 22 25 25 –15 31 252 57 340 

17 36 12 43 51 91 135 145 72 28 56 34 91 422 190 703 

18 1 5 6 101 168 176 151 35 39 16 22 12 596 112 720 
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19 52 66 134 13 255 283 237 46 61 70 17 252 788 194 1234 

20 –1 5 5 –3 15 30 22 12 17 20 5 9 64 54 127 

21 6 16 22 27 65 105 114 8 53 20 –1 34 311 80 425 

22 6 13 11 6 0 24 38 37 32 19 34 30 68 122 220 

23 19 29 52 70 100 93 97 41 47 83 52 100 360 223 683 

24 –2 14 80 47 51 112 46 11 31 19 6 92 256 67 ' 415 

25 3 13 8 5 11 8 19 19 23 32 8 24 43 82 149 

Average 11,2 20,9 37,6 26 65,5 116,0 128,2 33,7 55,2 55,4 22,6 69,8 336,0 167,1 572,3 

Note. The imposition indices are given in stand. units, which, using a special formula, can be recalculated in mkV/s. 
 

Table 6. Intercorrelations of rhythm imposition indices for different frequencies (V.D. Nebylitsyn, 1964 c) 

Frequencies, 
Hz 

Frequencies, Hz 

5 6 7 9 10 11 12 16 18 20 22 

5  562** 568*** 152 347 250 264 –020 -212 -086 –0,76 

6   784*** 057 196 218 009 –017 –002 163 284 

7    288 475* 264 066 144 114 228 151 

9     686*** 293 034 048 –069 -064 -175 

10      429* 070 152 036 028 -216 

11       788*** 197 154 109 035 

12        109 054 -002 -018 

16         807*** взо*** 699*** 

18          904*** 728*** 

20           768*** 

22            

Note.  р* < 0.05; ** р < 0.01; ***р < 0.001. 
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Figure 2-5 shows examples of how 
different subjects have a different 
reaction of imposing a rhythm at 
different stimulation frequencies. 

Designations: 1 – the mark of the 
stimulus action, 2 – theta-rhythm, 3 – 
alpha-rhythm, 4 – beta-rhythm, 5 – 
unanalyzed EEG, 6 – time mark. 

 

 

Figure 2. Flashing light with a frequency of 6 Hz causes a pronounced reaction 
of imposing a rhythm in the theta- and partly in the alpha-band (second harmonic). 

 

 

Figure 3. Flashing light with a frequency of 10 Hz leads to the appearance of an 

imposed rhythm in the alpha-band.  

  

 Figure 4. Flashing light with a frequency of 18 Hz causes a pronounced reaction of 

imposing a rhythm in the beta-band.  
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Figure 5. Flashing light with a frequency of 9 Hz doesn't cause an imposition reaction.  
 
 

One of them is that the imposition rates for 
the lowest frequencies – 5, 6 and 7 Hz – at a 
high level of significance (p < 0.01; p < 
0.001) correlate with each other, but almost 
do not correlate with the imposition rates of 
other frequencies, especially high ones. At 
the same time, similar indicators for 
frequencies lying in the beta-rhythm zone 
(16, 18, 20, 22 Hz) give extremely high cross-
correlations (p < 0.001), but their 
correlations with indicators of all other 
frequencies are almost zero. As for the EIIR 
frequencies included in the alpha-rhythm 
band (9, 10, and 12 Hz), they not only do not 
correlate with the rest of the indicators, but 
they are also in a very peculiar relationship 
with each other, it is the indicators of 
imposing only neighboring   frequencies that 
correlate: 9 and 10, 10 and 11, 11 and 12 Hz, 
and note that the first and third pairs 
correlate at the level of p < 0.001, and the 
second – only at the minimum level of 
significance p < 0.05. When comparing the 
EIIR frequencies of this band “after one” (9 
and 11, 10 and 12 Hz) or “after two” (9 and 12 
Hz), the correlations turn out to be 
statistically insignificant or even close to 

zero. All this means that the imposition of 
theta-group frequencies is determined by 
one factor of the nervous system, the 
imposition of beta-group frequencies is 
determined by another factor, moreover, 
judging by the nature of correlations, it is 
extremely sharply limited from the rest, 
and in the alpha-band there are perhaps 
even two factors (although, as can be 

seen, they are related), one of which 
determines the effect of imposing  
rhythmic stimulation corresponding to a 
low-frequency alpha rhythm, and the 
other takes effect when stimulated 
corresponding to a higher-frequency 
alpha-rhythm. So, one can think that the 
neurophysiological mechanisms of the 
formation of the imposition reaction are 
different at different frequencies of light 
stimulation. 

It is possible, however, that these very 
clearly delimited frequency groupings 
owe their origin to reasons of a more 
external nature, namely, that the very 
range of light stimulation frequencies 
used in the experiment had interruptions 
just in those intervals that lie on the 
boundaries of physiological rhythms: 
frequencies 8, 13, 14 and 15 Hz weren't 
used. If these frequencies had been used, 
then, perhaps, the boundaries between 
rhythms revealed in the experiment 
would not have been so distinct. This idea 
is suggested by the results obtained in the 
study of the reaction of imposing the 
rhythm of E.A. Golubeva (1965), who 
used a much more fractional and wide 
logarithmic range of frequencies from 2 
to 80 Hz. 

It should be noted that the 
methodology of E.A. Golubeva's work 
was quite significantly different from 
ours: she used a narrow-band frequency 
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analyzer, which made it possible to 
isolate from the EEG a very narrow 
section of the spectrum corresponding to 
the frequency of the irritation being 
applied at the moment, and a pulse 
counter that counted the number of 
waves of this frequency with an 
amplitude above 10 mcV (1963). One of 
the differences between this method and 
the one we used is, therefore, that 
oscillations with an amplitude of less 
than 10 mcV were not taken into account 
at all, and with an amplitude of more 
than 10 mcV were considered the same 
regardless of their actual magnitude, 
while the use of the indicator allows you 
to take into account the energy of 
oscillations of any amplitude. Another 
difference lies in the method of 
calculating the effect of rhythmic 
stimulation: the index of imposition 
applied by E.A. Golubeva, served as the 
number of oscillations (of the specified 
amplitude for a given period of time) as 
such, while in our case the index of 
imposition was the difference between 
the indicators of the integrator with 
flashing light and with continuous light 
stimulation. 

There is no doubt that the difference 
in the methodology leads to certain 
differences in the results. 

E.A. Golubeva's data are presented in 
the form of intercorrelations in Table 7. 
According to the distribution of 
coefficients, this table in some respects 
resembles the matrix obtained by us 
(table 10), in others it is quite different 
from the latter. A certain similarity can 
be seen in the presence of certain 
groupings of coefficients according to 
physiological rhythms. Thus, the 
frequency imposition indices of the delta 
zone almost do not correlate with the 
imposition indices of other frequencies, 
and the same can be said about the 
imposition of the highest of the applied 
frequencies (more than 50 Hz), although 
both, especially the latter, have high 
internal correlations. The indices of the 

theta-zone correlate with each other and 
with the indices of neighboring 
frequencies related to the low-frequency 
alpha-rhythm, but weakly correlate with 
the indices of frequencies corresponding 
to the higher-frequency alpha-rhythm 
(10 and 12 Hz). As for the differences in 
the distribution of correlations, the main 
one is that the indices of the theta-zone, 
as well as (to a lesser extent) the alpha-
zone, show rather high positive 
correlations with the indices of imposing 
frequencies corresponding to the low-
frequency beta-rhythm (up to 30-35 Hz). 

It should be assumed, therefore, that 

with this methodological approach to the 

study of the imposition reaction, the 

effects of low–frequency (3.5–7 Hz) and 

medium-frequency (16-35 Hz) 

stimulation are apparently based on 

common brain mechanisms, the nature 

of which, however, is by no means clear 

at the moment clear. It is possible that 

this commonality is due to the same 

reasons why both theta- and beta-activity 

are often considered to be related to the 

emotional manifestations of an 

individual. 

Concluding the analysis of the 
problem of the relationship between the 
effects of imposing a rhythm at different 
stimulation frequencies, we believe that, 
regardless of the methodological 
differences, we can draw some general 
conclusions. Probably, there are no sharp 
edges between the frequency groupings 
revealed during the study of the 
imposition reaction and the 
corresponding individual physiological 
rhythms, just as there are no sharp edges 
between the physiological rhythms 
themselves; this is confirmed at least by 
the fact that there are very high 
correlation coefficients between the 
imposition indices of all adjacent 
frequencies (table 7). Nevertheless, these 
frequency groupings themselves seem  to   
be    revealed   with    sufficient  
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Table 7. Intercorrelation of coefficients (E.A. Golubeva, 1965) 
 

Frequencies, Hz Frequencies, Hz 

2 2,5 3 3,5 4 4,5 5 6 7 8 9 10 12 14 16 18 20 25 30 35 40 45 50 60 70 80 

2   481** 224 146 215 146 167 299 387* 286 237 299 203 166 97 108 217 55 14 –107 –038 –008 125 48 –141 -125 

2,5     201 397* 486** 247 151 208 269 45 273 306 187 218 193 265 276 78 118 2 66 95 269 87 –082 –047 

3       456** 370** 80 200 195 133 27 218 167 161 223 130 64 50 77 79 111 98 181 216 123 31 108 

3,5         804*** 636*** 523** 396* 333* 238 430** 247 207 277 455** 561** 472** 433** 377* 343* 192 218 231 130 84 186 

4           785*** 694*** 566*** 536*** 364* 477** 295 287 361* 541*** 692*** 574*** 509** 473** 337* 216 279 346* 144 7 130 

4,5             847*** 705*** 539*** 555*** 482** 367* 339* 388* 582*** 727*** 613*** 566*** 501** 378* 220 292 262 120 95 180 

5               760*** 630*** 570*** 346* 225 173 243 369* 509** 425** 474** 419* 290 147 175 241 102 12 95 

6                 786*** 077*** 527*** 452** 328 351* 383* 532*** 493** 404* 345* 226 64 137 150 –044 –097 –049 

7                   763*** 616*** 539*** 470** 477** 389* 466** 436** 443** 495** 332* 312 350* 359* 246 130 195 

8                     555*** 531*** 323 272 234 422* 399* 393* 356* 316 223 259 207 126 53 41 

9                         523** 458** 337* 483** 514** 485** 512** 503** 469** 430** 379* 201 150 220 

10                         750*** 637*** 459** 486** 476** 336* 332* 361* 366* 340* 404* 252 168 197 

12                           817*** 640*** 481** 422* 433** 509** 495** 521** 414* 437** 346* 275 315 

14                             726*** 558*** 551*** 488** 471** 457** 465** 396* 444** 289 220 292 

16                               789*** 696*** 499** 425** 393* 269 268 189 120 110 189 

18                                 820*** 588*** 400* 321 203 166 132 –032 –112 –023 

20                                   653*** 470** 419* 294 214 164 36 –066  004 

25                                     841*** 686*** 553*** 425** 542*** 333* 264 243 

30                                       865*** 718*** 658*** 558*** 532*** 448** 466** 

35                                         807*** 764*** 574*** 581*** 605*** 597*** 

40                                           742*** 653*** 717*** 691*** 717*** 

45                                             696*** 625*** 693*** 687*** 

50                                               806*** 633 ***  670 *** 

60                                                 836*** 845*** 

70                                                   936*** 

80                                                     

Note. * р < 0.05; **р < 0.01; ***р < 0.001. 
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distinctness, corresponding, in general, 
to the basic physiological rhythms. 

This conclusion, based on the analysis 
of statistical processing data, echoes the 
conclusions reached by some authors as 
a result of a direct physiological 
experiment. Thus, A.Y. Supin (1963), 
analyzing the mechanisms of potential 
formation under rhythmic light 
exposure, notes that the responses of the 
cortex to frequent and rare flashes are 
"not completely identical", since they 
occur at different levels of cortical 
excitability due to the frequency of 
flashes. The various mechanisms of 
formation (in rabbits) of imposed 

rhythms during stimulation are less often 
and more often 6-7 Hz are indicated by 
V.I. Guselnikov and A.Y. Supin (1962). 
According to R.M. Meshchersky and G.D. 
Smirnov (1961), reactive potentials 
arising at different frequencies of light 
stimulation have differences in their 
structure and may be associated with the 
excitation of various elements of the 
cortex and with varying degrees of 
participation of nonspecific thalamic 
nuclei. Japanese authors (Kaneko et al., 
1961) observed in cats opposite shifts of 
imposing slower and more frequent 
rhythms under conditions of stimulation 
of reticular formations. 

 

Table 8. Correlation coefficients between energy indices of pacing  
and resting EEG parameters 

EIIR, Hz Frequency Total Energy Coefficient 

Theta Alpha Beta Theta Alpha Beta Theta Alpha Beta 

5 015 –009 112 258 265 329* 072 –018 280 

6 097 –076 429** 619*** 507*** 468** 111 162 008 

7 085 –181 112 429** 376* 301 106 157 –007 

9 –117 044 –208 –116 207 –066 113 –269 –016 

10 –110 –124 –212 –064 250 –067 071 149 023 

11 066 081 021 150 500*** 195 062 183 328* 

12 066 208 –004 194 385** 216 022 –055 471** 

16 104 006 –214 000 075 235 238 093 354* 

18 102 –037 –078 147 122 251 130 123 257 

20 122 –052 –064 175 139 303 164 202 298 

22 155 –018 070 291 100 331* 226 001 143 

Note. *р < 0.05; ** р < 0.01; ***р < 0.001. 
 

All these data, we believe, go in the 
same direction as the results we have just 
reviewed. They indicate that the 
electrical reactions formed in the cortex 
at different frequencies of stimulation of 
the sensory apparatus are not 
unambiguous and, as can be seen, 
depend on various structural, functional 
and constitutional factors. 

Let us now turn to the consideration 
of the dependencies between the 
imposition reaction and the indicators of 
the electroencephalic background, by 

which we mean the frequency of rhythms 
dominating in the bands 4-7, 8-13 and 
14-25 Hz selected with the help of filters, 
the total energy measured in these 
frequency bands for 10 seconds of rest, 
and the theta-, alpha- and beta- rhythms 
in frequency bands, i.e. the percentage of 
time occupied on the curve by the 
corresponding rhythm. Studying the 
correlations between EIIR and these 
indicators table 8), one can notice a 
curious relationship, which consists in 
the fact that the number of significant 



Nebylitsyn, V.D. Manifestations of the Dynamism of the Nervous System in Some 
Electroencephalographic Parameters. 
______________________________________________________________ 

____________________________________________________________ 
 

64 

 

correlation coefficients between 
imposition and background indicators 
increases as the frequency of rhythmic 
light stimulation decreases. 

Indeed, among the correlations of 
background indicators with the 
imposition indices in the beta-band 
(frequencies 16, 18, 20 and 22 Hz), there 
is not a single significant one even at the 
level p < 0.05. 

The EIIR of two alpha- band 
frequencies (11 and 12 Hz) have two 
significant positive correlations with 
such a background indicator as the total 
energy of the alpha-rhythm. 

The greatest relationship with the 
EEG background indicators is found by 
the EIIR frequencies lying in the theta-
rhythm zone (5, 6 and 7 Hz), especially 
the frequencies of 6 Hz. The imposition 
of this frequency is associated with a 
positive significant correlation with the 
indicators of the total energy of all three 
rhythms, and in two cases – with the 
energy of the theta-rhythm and alpha-
rhythm - these correlations (0.619; 
0.507) are significant at the level of p < 
0.01. The imposition of frequencies of 5 
and 7 Hz also positively correlates with 
the indicators of the total energy of all 
three rhythms. 

It should also be noted that, although 
the correlations of the imposition indices 
of each of the three frequency groups 
with the indicators of the total energy of 
the rhythms corresponding to them are 
mostly statistically insignificant (except 
for correlations for the theta-zone), they 
are still mostly consistently positive and, 
therefore, indicate the manifestation of 
the same trend. It consists in the 
presence of a positive relationship 
between the effect of rhythmic light 
stimulation and the magnitude of cortical 
electrical activity. This trend is especially 
clearly revealed when comparing the 
indicators of cortical activity with the 
indices of imposition of those 
frequencies that correspond to the theta-
rhythm band (5, 6, 7 Hz). 

Based on these data, it can be 
assumed that both the magnitude of the 
electrical activity of the cortex and the 
imposition of slow rhythms, apparently, 
are at least partially determined by the 
same factor of activity of the nervous 
system acting in the direction of a 
positive connection between the two 
phenomena. 

In this last point, our data apparently 
diverge from the materials of E.A. 
Golubeva (1965), who included in her 
comparison one of the EEG background 
indicators – the alpha-index - and 
obtained negative correlations between 
this indicator and the effect of imposing 
slow frequencies (2-8 imp/s), although/ 
these correlations are not always 
significant (Table 7). As an estimate of 
the alpha-index of E.A. Golubeva, the 
number of alpha-waves with a frequency 
of 10 Hz was taken, isolated from the 
initial EEG using a narrowband analyzer 
and calculated by means of a pulse 
counter for a certain period of time. In 
principle, such an indicator as the alpha-
index is in a certain sense (but, of course, 
not completely) similar to the total 
electrical activity of the alpha-band, so 
the correlations of both of these 
indicators with the third one would have 
to have the same sign. However, in two 
comparisons, the signs turned out to be 
opposite. 

The reasons for this discrepancy have 
not yet been clarified, but it can be 
assumed that the methodological 
differences noted above in the method of 
determining the effect of imposition, as 
well as the features of the alpha-index 
measurement method used by E.A. 
Golubeva, played a role here. It is also 
possible that this discrepancy may be 
only apparent, since, according to the 
above-mentioned assumption of E.A. 
Golubeva (1963), the best imposition of 
slow frequencies in subjects with a 
predominance of arousal takes place 
insofar as these subjects have a tendency 
to rapid development of sleep inhibition, 
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and the development of inhibition is 
accompanied by an improvement in 
imposition just in the area of slow 
rhythms (Danilova, 1959;  Zislina, 1955). 

Let us now consider the reaction of 
imposing rhythm in its comparison with 
electrographic indicators of the 
dynamism of nervous processes. A 
general idea of the nature of the 
dependencies operating here can be 
obtained from the graphs shown in pic. 6 
and 7, and from Tables 9 and 10. Pic. 6 
shows two histograms based on the 
average EIIR for groups with high (solid 
line) and low (dotted line) dynamism of 
the excitatory process, and in Fig. 7 
shows the corresponding histograms for 
groups that differ in the dynamism of 
braking (solid line – high dynamism, 
dotted line – low dynamism of the 
braking process). The following points 
attract attention here. 

The differences that are revealed 
when comparing group graphs 
constructed for groups with different 
dynamics of the braking process are 
much more distinct (pic. 7). These 
differences relate only to the frequencies 
corresponding to the theta- and alpha-
rhythm, in the band of which obviously 
the best EIIR belong to persons with high 
dynamism of the braking process. In the 
beta-rhythm band, these differences are 
practically absent. 

The chart for groups differing in the 
dynamism of excitation (Figure 6) pass 
almost along their entire length quite 
close to each other. However, in some 
areas they are still noticeably diverging. 
This discrepancy is evident in the area of 
stimulation frequencies corresponding 
to the beta-rhythm, where the imposition 
is more pronounced in individuals with 
reduced dynamism of arousal.

 
 
 

 

Figure 6. The rhythm imposition reaction as a function of the stimulation frequency on 
average in groups with high (solid line) and low (dotted line) dynamism of the excitatory 

process 

 

The abscissa axis is the frequency of stimulation (Hz);  
the ordinate axis is the effect of imposition (stand. unit). 
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A similar difference is observed in the 
frequency zone adjacent to the beta-band 
- 11 and 12 Hz, as well as frequencies 
included in the theta-rhythm band. From 
this rule, only the frequencies 9 and 10 
Hz are distinguished, the imposition of 
which has (perhaps accidentally) the 
opposite character. Thus, in general, 
subjects with high dynamism of the 
excitatory process are characterized by 
slightly worse indices of rhythm 
imposition than subjects with low 
dynamism of excitation. The differences 
that are revealed when comparing group 
graphs constructed for groups with 
different dynamics of the braking process 
are much more distinct (pic. 7). These 
differences relate only to the frequencies 
corresponding to the theta- and alpha-
rhythm, in the band of which obviously 

the best EIIR belong to persons with high 
dynamism of the braking process. In the 
beta-rhythm band, these differences are 
practically absent. So, if the division on 
the basis of the dynamism of excitation 
reveals differences in the imposition of 
mainly higher frequencies (from 11 to 22 
Hz), then the division on the dynamism 
of inhibition leads to the identification of 
differences mainly in the zone of low-
frequency stimulation covering the 
bands of theta- and alpha-rhythms, and 
on the second sign, the subjects 
differentiate much more clearly. 
Statistical analysis of the significance of 
the noted differences indicates that most 
of them are not accidental, and this 
especially applies to differences in the 
dynamism of the braking process.  

 
 
 

 

Figure 7. The pacing reaction as a function of stimulation frequency, on average, in 
groups with high (solid line) and low (dashed line) dynamics of the inhibitory process. 

 
The abscissa axis is the stimulation frequency (imp/s);  

the y-axis is the effect of imposition (conventional units) 
. 
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An assessment of these differences is 
given in Table 13, from which it can be 
seen that the difference in the average 
EIIR for low stimulation frequencies (up 
to 10 Hz inclusive) statistically, it is very 
significant, and the difference in the 
average EIIR for higher frequencies (11 
Hz or more) does not reach the level of 
significance.  The differences at low 
stimulation frequencies are so great that 
the difference in the total EIIR (total for 
all frequencies used) also turns out to be 
statistically significant. Evaluation of the 
differences in the EIIR depending on the 
dynamism of excitation (Table 10) shows 
that these differences are for the most 
part either significant at a minimum 5% 

level, or completely insignificant, as, for 
example, when comparing the total EIIR 
for the alpha-band.  

4. Conclusions 

Based on statistical analysis, the 
following conclusions can be drawn:  

(1) the imposition of theta-band 
frequencies and the statistical evaluation 
of the differences between the average 
total indices of rhythm imposition for 
groups with high and low dynamism of 
the excitatory process depends very 
significantly on the dynamism of the 
inhibitory process; the imposition of 
frequencies of the alpha-zone (9-10 Hz); 
the imposition of frequencies the beta- 

 
Table 9.  Statistical analysis of the differences between the average total indices of 

rhythm imposition for groups with high and low dynamism of the inhibitory process 
 

Statistical indices Frequencies Total 
Theta Alpha Beta 

Total 9–10 
Hz 

11 – 12 
Hz 

Average for a group with high dynamic 
arousal (N=6) 

119 398 151 247 123 640 

Average for a group with low dynamic 
arousal (N=6) 

30 231 36 195 100 361 

Difference of averages 89 167 115 52 23 279 
Student's T-test 7.64 3.44 4.80 1.66 1.37 4.72 
Sig. (2-tailed) <0.001 <0.01 <0.001 >0.05 >0.05 <0.001 

Table 10.  Evaluation of the differences in the EIIR depending on the dynamism of 
excitation 

 

Statistical indices 

Frequencies 

Total 
Theta 

Alpha 

Beta 
Total 

9–10 
Hz 

11–12 
Hz 

Average for a group with high 
dynamic arousal (N=6) 

26 322 84 238 112 460 

Average for a group with low 
dynamic arousal (N=6) 

60 358 21 337 268 680 

Difference of averages 34 36 63 99 156 220 

Student's T-test 2.77 – 4.49 1.47 3.05 2.61 

Sig. (2-tailed) <0.05 – <0.01 >0.05 <0.05 <0.05 
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bands (in the range of 16-22 Hz studied 
by us) and the adjacent frequencies of the 
alpha-zone, as statistical processing 
shows, do not depend on the dynamism 
of braking;  

(2) the dependence of the imposition 
of the rhythm of all frequencies on the 
dynamism of the excitatory process is 
generally much weaker and, in statistical 
evaluation, is on average somewhere on 
the verge of significance;  

(3) the direction of dependencies as a 
whole is such that high indices of 
imposing low frequencies belong mainly 
to persons with high dynamic inhibition, 
and high indices of imposing high 
(within the studied limits) frequencies 
are characteristic, as a rule – though with 
less certainty – to persons with low 
dynamic excitation.  

In the language of traditional terms, 
this means that the best imposition of all 
frequencies is more often observed in 
“unbalanced” individuals characterized 
by the predominance of the inhibitory 
process. The fact that suggests a 
connection between the imposition of 
rhythm in the low frequency band and 
the dynamism of inhibition can be 
compared with data from various 
authors indicating a connection between 
bioelectric activity in the slow rhythm 
band, and in particular theta-rhythm, 
and the development of cortical 
inhibition in the development of 
extinction (Hernandez-Peon, 1962; 
Gastaut et al., 1957), differentiation 
(Gastaut et al., 1957; Yoshii et al., 1962; 
Rabinovich, 1961) or memorization (Yus 
& Yus, 1954; Yoshii et al., 1962), as well 
as when introducing narcotic substances 
(Khapazhev, 1962). Some authors 
(Danilova, 1959; Zislina, 1955) also 
report a connection between the 
development of inhibition and 
imposition in the field of slow rhythms. 
Our data stand somewhat apart here, 
since they do not concern the 
development of the braking state, but 

individual differences in the dynamism 
of braking. However, the basis for the 
interpretation of the above literature and 
our experimental data concerning the 
imposition of slow rhythms, apparently, 
remains the same. Both literary and our 
own data seem to indicate that slow 
rhythmic cortex – both background and 
when imposing rhythm – is to a certain 
extent an expression of the prevailing 
inhibitory tendency. 

Limitations 
It seems to us that it is still premature 

to draw concrete conclusions based on 
the materials of this chapter. Although 
there is, apparently, a direct influence of 
such a parameter of nervous activity as 
the dynamism of nervous (especially 
inhibitory) processes on a number of 
indicators of the resting 
electroencephalogram and its changes in 
the levels of rhythmic light stimulation. 
This influence, as one could see, is far 
from unambiguous and unidirectional 
both in relation to different rhythms 
(and, accordingly, stimulation 
frequencies) and in relation to various 
indicators characterizing these rhythms. 

At this stage of the study of EEG 
correlates of the basic properties of the 
nervous system, the fundamental 
conclusion is more important that such 
correlates can still be detected and 
characterized even with the initial 
approach, even if only with the help of 
statistical criteria. Any manifestation of 
individuality in the functions of the 
central nervous system cannot ultimately 
be determined by one or another 
combination of properties of the nervous 
system. We are deeply convinced that 
this fully applies to the dynamics of brain 
biopotentials. Further experimental 
work will help to reveal and characterize 
in detail those dependencies and 
relationships that link the basic 
properties of the nervous system and the 
individual characteristics of the electrical 
rhythm of the cerebral cortex. 
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