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DYNAMICS OF ULTRA-SLOW BIOELECTRIC PROCESSES OF THE
BRAIN IN PRIMARY SCHOOL-AGED CHILDREN UNDER THE
INFLUENCE OF DIFFERENT LOADS

The goal of our paper was to study the functional capabilities of the central
nervous system in primary school-aged children when performing mental work and
physical exertion. It is shown that in children aged 9-10 years mental work load
causes greater tension in the mechanisms of brain regulation, characterized by an
increase in the level of ultra-slow bioelectric processes. Physical exertion in the form
of a game lesson of physical training optimizes the state of the brain of primary
school-aged children.
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One of the main issues covered by the World Health Organization is the health
of children and adolescents. Unfortunately, in our country, there has recently been a
tendency to reduce the health status of schoolchildren. Every year, the number of
students who are completely exempt from physical training lessons increases, and
there are cases of child mortality in physical training lessons [2, 3].

This is due to various factors, the key one of which is physical health, which
places high demands on the level of physical development and functional capabilities
of the body. Today, unfortunately, sufficiently comprehensive examination of
children is not conducted. Based on the results of one Ruffier test, a conclusion is
made about the student’s state of health. It does not take into account either a

sedentary lifestyle, an increase in mental stress at school, or the fact that it is physical
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training and sports that increase the reserves of adaptation. Their limits in the child’s
body, reaction ranges and level of performance are determined by the value of
physiological and biochemical reserves. The main tasks of Physical Training at
school are the development of motor abilities of children, the formation of the
foundations of a healthy lifestyle, especially in the lower grades [4]. However, these
age opportunities are neither used enough, nor little studied.

In connection with the above, the goal of our paper was to study the functional
capabilities of the central nervous system (CNS) in primary school-aged children
when performing mental work and physical exertion.

The study was conducted in Odesa Secondary School No. 107. 30 students
aged 9-10 years (3rd grade) were examined. At the time of examination, there were
no complaints about the state of health.

To determine the functional capabilities of the central nervous system, the
method of recording ultra-slow bioelectric processes (BEP) of the human brain
(omegametry) was used according to the method of O. H. Sychev et al. (1980). The
method of recording the omega potential involves the discrete measurement of
indicators in a sitting position at rest and directly under the influence of test and
training loads. One of the electrodes is installed in the fontanel area on the surface of
the head, and the second is in contact with the tenor of the right or left hand.

This methodology enables to quickly assess the state of adaptive and
regulatory systems of the body and the degree of their damage based on the values of
omega potential at different time intervals, after functional load [5].

Measurements were taken in a state of relative muscle passive tone, after
mental work load, and after physical exertion. We used the Landolt test as mental
work load, and physical exertion was given during a physical training lesson
(different parts of the game lesson are a game of football).

Empirically, we have identified the three gradations of the limits of omega
potential fluctuations (OP), which characterize differences in the functional state of

the brain: low level (determined by the OP fluctuation in the range from 1 to 20 mV),
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medium (from 21 to 40 mV), high (41-60 mV).

Children with low OP values are diligent, master the material well during
training, but are not always able to successfully implement it. With inadequate
physical exertion and mental work load, they are characterized by a decrease in
reserve capabilities, tension of adaptive mechanisms, which requires an individual
approach, more attention and encouragement.

Students with average values of omega potential, as a rule, cope well with the
training load, easily learn the techniques, clearly implement the scheduled program,
and are able to consciously manage their actions.

Children with high omega potential values learn mainly by the demonstration
method, they are persistent and determined to succeed. However, they need more
time to work out precise technical actions (relative to years of training sessions) and
achieve high technical results.

The analysis of the results of the study of ultra-slow brain processes has shown
that in the initial state, the value of omega potential in children aged 9-10 years
ranges from 13 to 55 mV, which, according to V. A. lliukhina and O. H. Sychev, is
an optimal indicator for future activity. The obtained data indicate that in the majority
of the examined students (56.25%), the OP is in the range from 40 to 60 mV, that is,
corresponds to a high level, which, according to the established canons, can reflect
the tension in the mechanisms of neuroreflective regulation of the background state
[5].

The dynamics of OP under the influence of mental load was characterized by a
further decrease in the number of students with low and medium levels of OP, but the
main type of changes in ultra-slow bioelectric activity was its increase both in
guantitative and qualitative terms. The analysis of individual data showed that
18.75% of students experienced a decrease in the OP values and their increase in 75%
of cases (Fig. 1).
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Fig. 1. Changes in ultra-slow bioelectric processes of the brain in children aged

9-10 years under the influence of different loads.

An increase in omegametry indicators within 25 %, according to the literature
data, is a physiologically optimal brain response. An increase in the constant potential
from 25 to 50% indicates a state of voltage level of relatively stable operation. A
reduction in OP to 50%, according to O. H. Sychev et al., characterizes a high degree
of tension in the regulatory mechanisms of the brain.

It is interesting to note that in 6.25% of students, the mental load has caused
changes in OP of more than 75%. A similar range of response is given in the studies
by A. I. Bosenko [1], in which omega potential in children has decreased in some
cases by 75% or more from the initial level during work to failure. Most researchers
who have studied the dynamics of ultra-slow bioelectric processes under the
influence of factors of different modality and strength have come to the conclusion
that a positive or negative shift in the level of OP within these limits should be
considered as a sign of overexertion of the body.

In relative passive muscle tone before exercise, the omegametry data ranged
from 14 to 64 mV. At the same time, a low level of OP values was observed in 6.25%
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of cases, which indicated low brain activity, an average level was registered in
12.5%, and a high level was registered in 62.5% of students. There were also students
with the registered level higher than high, which was 18.75% of those examined.

Muscle loads have a positive effect on the body, in particular, on the central
nervous system. Thus, there were no students with a low level of OP after a physical
training lesson. There were also no children with higher levels of omegametry. In
addition, the number of respondents with an average level of indicators increased
(Table 1).

The analysis of individual brain responses to physical exertion enabled
students to be divided into two groups according to the type of reaction: an increase
and a decrease in omegametry values. It was found that an increase in constant
potential was observed among subjects with the low OP values, and a decrease — with
high ones. It can be concluded that physical exertion causes convergent changes in
the omega potential, which are due to the initial values of the constant potential.

The issue of gender characteristics of the omega potential dynamics is
interesting. Our study has found a significant difference between the data of girls and
boys. Thus, in a state of relative rest to mental load, among girls there was the same
number of students with medium and high levels (37.5% each). Low levels of OP
were registered in 25% of girls. No low-level individuals were found among boys.
Most of the boys were characterized by a high level of permanent potential (75 %),
and 25% — by an average level.

Mental work load had different effects on the super-slow BEP of boys and
girls. In boys, the percentage of cases of the average level decreased (12.5%), the
high level remained at the same figure, but there were cases of registration of the
level above the average.

In girls, on the contrary: after the Landolt test, the number of female students
with the high-level OP decreased and increased with the low-level OP (50%, 12.5%,
respectively). The percentage of respondents with an average BEP level did not
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change. That is, mental performance in boys caused tension in the mechanisms of
brain regulation.

In relative passive muscle tone before exercise, 12.5% of girls were in the low
— to-medium range, 50% had a high level, and 25% had an above-average level. After
the physical training lesson, the majority of girls (62.5 %) had an average level. At
the same time, a significant number of girls (37.5%) had a high level of OP.

Three levels of potential were found in boys before physical activity: average —
in 12.5 %, high — in 75 %, above average — in 12.5% of cases. After playing football,
their omegametry values were in the range of high OP levels.

Thus, it is shown that in children aged 9-10 years, students of the 3rd grade of a
general education school, mental work load causes greater tension in the mechanisms
of brain regulation, characterized by an increase in the level of ultra-slow BEP.
Physical exertion in the form of a game lesson of physical training optimizes the state

of the brain of primary school-aged children.
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M. C. Tonuii, B. A. [lomon
JANHAMIKA HAJAMOBIJIBHUX BIOEJIEKTPUYHUX ITPOIIECIB
MO3KY Y JITEA MOJIOAIIOTO KIJIBHOI'O BIKY I1J] BINIUBOM
HABAHTAKEHbB PI3HOI CIIPSIMOBAHOCTI
IIposedeno docniodcenusn peakyii yeHmpanbHoi Hepeoeoi cucmemu y oimeti 9—
10 pokie ma HasanmadcenHs pizHoi cnpsmosanocmi. Bcmanoeneno Oinvute
HANPYHCEHHST MEXAHIZMI8 pe2ynayii 20106H020 MO3KY Y Oimell ni0 4ac po3yMOBUX
HABAHMAMNCEHb, WO  XAPAKMEPU3YEMbCS — 3POCMAHHAM — PIBHA  HAONOBLIbHUX
bioenekmpuunux npoyecieé Mo3xy. Di3uuHi HABAHMANCEHHS Ni0 YaAc YPOKY 3 Qi3udHOl
KYIbMypu OnMumMizyioms CIMan 20J108H020 MO3K) Oimell MOJI0OUL020 WKIIbHO20 BIKY.
Kniouosi  cnosa: omecamempis, wkonapu, mecm Jlanoonrema, @izuuni

HABAHMANCEHHAL.
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