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Summary

In the treatment of bronchial asthma (BA), an integrated approach is used that includes both drugs and alternative methods
that influence the psycho-emotional state of the patient. In this regard, one of the most powerful methods of psycho-emotional
influence on a person is musical influence.

The aim of the research is to study the effectiveness of influence of audio signals of different amplitude-frequency range on
the central mechanisms of regulation of ventilatory capacity of bronchi of patients with asthma.

Material and methods. Twenty-five children between the ages of 9 and 14 with clinically diagnosed BA participated in the
study. Three melodies with different component composition were used. Their amplitude-frequency characteristics were analyzed
using the Matlab environment. The sound energy fraction of the studied musical compositions in one-third octave frequency
bands throughout the duration of the audio signal was calculated. Statistical processing of the data was performed using IBM
SPSS Statistics software.

Results. The results of the study indicate that the most effective musical influence is provided by the audio excerpt from The
Magic Flute by W. A. Mozart. It was found that the main spirographic indicators of bronchopulmonary obstruction increase under
the influence of music, and correspondingly there are changes in the integral characteristics of bioelectrical activity of the brain.

Conclusion. The results of the study show reliable normalization of spirography indicators in children with bronchial asthma
under the influence of selected musical melodies of a certain frequency. Effectiveness of sound influence on central regulation
mechanisms of bronchial ventilatory capacity can be used for preventive and therapeutic purposes.

Key words: Bronchial Ventilatory Function; Amplitude-frequency Characteristics, Electroencephalography; Bioelectrical

Activity of the Brain; Absolute Power Spectral Density.

Introduction

Bronchial asthma (BA) is one of the most common
chronic inflammatory diseases of the respiratory tract
(predominantly allergic), and its main symptom is
breathlessness due to narrowing of the bronchial lumen
resulting in chronic airflow limitation and bronchial
mucosal edema. Asthma is incurable, but treatment can
slow the progression of the disease [1, 2, 3]. Currently,
the basis of asthma treatment is pharmacological agents,
which allow to achieve a high level of disease control. On
the other hand, it is recognized that psychological factors
play an important role in the pathogenesis of BA [3, 4, 5].
In particular, the psychological component is expressed
in childhood. Psychological disorders associated with BA
include anxiety, depression, and panic attacks, as well
as behavioral factors such as poor social adjustment and
lack of self-control. These symptoms worsen the course
of the underlying disease and are associated with higher
rates of hospitalization and worsening control of asthma
manifestations, and significantly affect the quality of life,
ability to work, and social activity of patients [5].

Pathological process of asthma involves nervous,
endocrine and immune systems, which integrate vital
processes of the body. Insufficiency of organ mechanisms
of autoregulation and BA resistance causes predisposition
to realization of central pathogenic influences. Impaired

function of the central nervous system in patients with BA is
noted both during exacerbation and in the post-attack period.

Therefore, in the treatment of BA an integrated
approach is used, including drugs and methods influencing
the psycho-emotional state of the patient [6, 7, 8].

Recently, considerable efforts have been made in the
development of psychological methods of influence capable
of dealing with the problems of the psycho-emotional
component of BA. Effectiveness of such psychological
methods of influence as hypnosis, cognitive-behavioral
and relaxation therapy has been proved in clinical practice.
These methods of influence on psycho-emotional state lead
to improvement of quality of life and decrease of anxiety
level and control of BA symptoms [7, 9, 10].

The emotional reaction of a person is reflected in
a change of the indicators of the brain electroencephalogram
(EEQG), which is manifested in a change of the ratio of
such basic rhythms as delta, alpha and beta [11, 12, 13].
The objectification of the psycho-emotional state of the
patient is, as it is known, the assessment of the level of
alpha brain activity, since it is known that such a psycho-
emotional state as anxiety is associated with the depression
of the alpha rhythm [11, 14]. These waves decrease during
anxiety and depression. And increase in power of such EEG
signals as alpha and theta rhythms testifies to normalization
of psychosomatic status of a patient [11, 14, 15].
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One of the methods of the most powerful psycho-
emotional influence on a person is musical influence [16,
17]. Therefore, this method can be included in relaxation
therapy and can be part of a psycho-educational complex
program for treatment and rehabilitation of children with
BA S, 10].

Previously, music as a therapeutic method was used
to sing or play musical compositions on wind instruments
with the aim of training the muscles responsible for the
functioning of the respiratory system. Music hasn’t been
used to influence the psychological status of children with
asthma [7, 8, 9, 10].

The research of the influence of audio signals (musical
fragments) on the human body in order to improve
the psycho-emotional status of listeners began to be
systematically undertaken since 2012 under the guidance
of Professor Vitaliy Didkovskyi and Larysa Kalashnikova
at the Department of Acoustics and Multimedia Electronic
Systems of the National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute» jointly with
the Department of Respiratory Diseases and Respiratory
Allergies in Children of the Institute of Pediatrics,
Obstetrics and Gynecology of the National Academy of
Medical Sciences of Ukraine under the direction of Serhiy
Bartenev.

The obtained results showed an increase in the attention
of the listeners — students of the Department of Acoustics
and Multimedia Electronic Systems — while listening to
specially selected musical fragments during the breaks
between the first and second, and especially between the
third and fourth university classes.

In addition, in 2016, on the basis of the Institute of
Pediatrics, Obstetrics and Gynecology, studies began to
examine the effect of audio signals on the course of BA
in children. The main results of this work are presented in
this article.

We have proposed a non-drug method that promotes
activation of reserve and adaptive abilities of the body
with asthma, which allows us to study the effectiveness of
therapeutic music effects on the ventilatory function of the
bronchi in asthma.

The purpose of this work is to study the effectiveness
of influence of different amplitude-frequency range audio
signals on the central mechanisms of ventilatory capacity
regulation of bronchi in patients with BA.

Material and methods

According to the objective of our research, we studied
both the spectral characteristics of the brain bioelectric
activity and the functional indicators of the bronchial
tree under the influence of audio signals. This study is
a continuation of the scientific work [18] to justify the
effectiveness of the musical correction method of the
bronchial ventilation function.

The study included 25 people — children aged 9
to 14 years with clinically diagnosed bronchospasm
accompanied by moderate respiratory failure of obstructive
type due to bronchospasm. The children were treated in
the Pulmonology Department of the Institute of Pediatrics,
Obstetrics and Gynecology of the National Academy of
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Medical Sciences of Ukraine. The study was conducted in
accordance with the principles of biomedical ethics. The
research was conducted in accordance with the Declaration
of Helsinki of the World Medical Association. The approval
of the Commission on Bioethics and Deontology (CBD) of
the State Institution «Institute of Pediatrics, Obstetrics and
Gynecology named after Academician O. M. Lukyanova
of the National Academy of Medical Sciences of Ukraine»
was granted at the meeting of CBD No. 2 on 07.02.2020
and the official letter of CBD No. 2.6-04/280 confirming
the approval was issued on 28.05.2021.

Musical fragments used to influence the psycho-
emotional state of the examined persons for correction
of the respiratory function are the following: ocean
noise — audio fragment 1, Lullaby by W. A. Mozart —
audio fragment 2, The Magic Flute by W. A. Mozart —
audio fragment 3. Suggested musical fragments are audio
stimuli of different compositional structure, varying in
melodic component and playback speed. Mozart’s music
was chosen as a stimulus signal based on the fact known
from literature that Mozart’s music helps most people with
strong psycho-emotional stress [19]. This phenomenon
is called the «Mozart effect». The peculiarities of the
effect of Mozart’s music on the electrical activity of the
brain have been studied in two directions: the frequency
of the rhythmic change and the actual frequency of
the sound. However, in the literature there are no data
on the relationship between the amplitude-frequency
characteristics of Mozart’s works and the psychosomatic
functions of the body.

In the present study, the amplitude-frequency
composition of the used audio signals is investigated.
The spectral analysis was carried out using the Matlab
application software package, which calculated the sound
energy fraction of the studied musical compositions in the
one-third octave frequency bands throughout the duration
of the audio signal.

To study the electrophysiological indicators of the central
nervous system, the method of electroencephalography
(EEG) was used [18]. The EEG was recorded monopolarly
using the computerized electroencephalograph
Neuroscope-416 (NPF Biola, Ukraine) and silver cup
electrodes placed in the leads according to the international
system «10-20» on 16 channels (Fpl, Fp2, F3, F4, F7, F8,
T3, T4, TS, To, C3, C4, P3, P4, O1, 02). EEG recording
was performed in the 0.5 to 70.0 Hz passband. A ground
electrode was placed on the subject’s forehead.

The absolute power spectral density (PSD) was used as
a quantitative parameter of the electroencephalogram. The
spectral analysis of EEG was performed using the fast Fourier
transform algorithm to calculate the PSD in standard ranges
of physiological frequencies of the main brain rhythms:
alpha, beta, theta, and delta [2, 20]. Licensed software of
the Neuroscope-416 computer electroencephalograph was
used for EEG registration and processing.

At the time of EEG recording, the patient was in the
soundproof chamber in a state of quiet wakefulness with
eyes closed. The study was performed in a comfortable
environment, in the morning, in a sitting position. At the
beginning of each study, 3 minutes of EEG were recorded
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in a state of quiet wakefulness, with eyes closed, in the
absence of any sound stimuli. These data were considered
background. During the next part of the study, the EEG was
recorded while the subject listened to the different audio
stimuli. The signals were reproduced binaurally, and the
sound sources were amplified using vacuum headphones.
The sequences of audio signals generated on the computer
were the load options. Each audio signal was listened to
three times by the subject during a ten-minute period of
quiet wakefulness with eyes closed and no sound signals
between audio stimuli.

To assess the functional state of the respiratory system,
the method of spirography was used — the method of
graphic registration of changes in lung volumes during
natural and forced respiratory movements [21].

An open type spirographic complex Spiro-Spectrum
(KhAI-Medika, Ukraine) was used in the study. The basic
requirements for spirographic examinations [2, 21] were
observed. Calculation of spirographic indicators and
their normative values was carried out using the software
Spirokom-Standard.

Functional changes in BA are associated with a decrease
in the main spirometric velocity indicators that reflect the
degree of bronchial obstruction (BO), namely

— Forced vital capacity (FVC) of the lungs — the
volume of air expired (in liters) during the fastest and most
forceful exhalation.

— Forced Expiratory Volume (FEV1) — the volume
of air (in liters) exhaled in the first second of forced
exhalation.

— Forced expiratory flow (FEF) after exhalation of
25 %, 50 %, 75 % of FVC, calculated from the beginning
of exhalation (FEF25, FEF50, FEF75, respectively, liters/
second).

— Tiffno Index (FEV1/FVC, %).

These indicators are diagnostic criteria for bronchial
obstruction (BO) and are used to determine the severity
of BO [2].

The calculation of velocity indicators is of great
importance in identifying signs of bronchial obstruction.
A decrease in Tiffno index and FEV1 is a characteristic
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symptom of diseases associated with a decrease in
bronchial patency.

FEF indicators are used in the diagnosis of early
manifestations of BO. FEF75 reflects the patency of the
large bronchi. FEF25-50 indicates the state of patency of
small bronchi and bronchioles, which characterizes the
early stages of impaired ventilatory function.

Statistical Analysis. Independent samples t-test and
Mann-Whitney U-test, as appropriate for the type of data
being analyzed, were used to assess statistical significance.
Data were analyzed using IBM SPSS Statistics 19 software.
The precision of the differences in EEG PSD levels
(background and music exposure) for each subject was
assessed by the Mann-Whitney U test. The statistical
reliability of the Mann-Whitney U-test indicators was set
at p=0.05. Reliability of values of EEG PSD levels for the
whole group of subjects was assessed by Student’s criterion
(p<0.05) [20, 22, 23].

Results

In order to analyze the contribution of the mentioned
audio signals to the physiological response, a fraction of the
total sound energy of each frequency band of the studied
musical fragments was used. This indicator combines all
musical works into one group —sound stimuli of different
amplitude-frequency range.

The percentage of the sound energy of the selected
musical compositions in one-third octave frequency bands
was calculated using the Matlab software (Fig. 1).

According to the sound energy values of the musical
fragments, all the studied frequencies of the sound range
can be divided into three groups: low (LF), medium (MF)
and high (HF) frequencies according to the frequency range
perceived by the human ear. For low frequencies, typical
frequencies are approximately from 50 Hz to 315 Hz, for
medium frequencies, typical frequencies are approximately
from 315 Hz to 3 kHz, and for high frequencies, typical
frequencies are approximately from 3 kHz to 16 kHz.

There is a graph of the sound energy fraction distribution
in one-third octave bands during the audio exposure time

(Fig. 1).

4000 &

Fig. 1. Graph of sound energy fraction distribution in one-third octave bands during the period of
audio exposure. Ordinate: fraction of sound energy. Abscissa: frequency of sound compositions.
Graph: line 1 — audio fragment 1, line 2 — audio fragment 2, and line 3 — audio fragment 3
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From the graphs in Figure 1, it can be seen that in
musical fragment 1, the percentage of low-frequency sound
energy dominates over the medium and high frequencies
that are also present in this musical fragment. In musical
fragment 2, the low-frequency component dominates
against the background of the absence of medium and
high frequencies. Musical fragment 3 does not contain
high frequency audio signals, but this fragment contains
low and medium frequencies with a low percentage of
sound energy.

The clinical and psychological study of the influence of
music on the ventilatory function of the lungs was carried
out in two stages. In each stage, boys and girls between the
ages of 9 and 14 were included in the research.

Twenty-five children with clinically diagnosed BA
participated in the first stage of the research. According
to spirography, at the time of the study the children were
diagnosed with obstructive impairment of the ventilatory
function of the bronchopulmonary system of moderate severity.

First of all, the musical influence on the indicators of
electrical activity of the brain was studied, namely the PSD
of brain rhythms (alpha, beta, delta and theta rhythms) in
relation to the background EEG values when listening
to the studied audio signals. The results of this series of
studies are presented in Table 1.

After listening to each piece of music, the effect of the
selected pieces of music on bronchial ventilatory function
was studied.

Table 1
Change of PSD of the brain rhythms under the audio signals influence (n=25, M+m)
Average values of PSD indicators
Under the audio signal influence
Indicators Ne 1 Ne 2 Ne 3
Main brain rhythms Main brain rhythms Main brain rhythms
a B 0 0 a B 0 0 a B 0 0
Before 39,0 | 36,3 | 27,7 45,0 | 18,0 | 22,3 50,3 | 44,6 | 358
listening 253108 | 116 | x15 | +32 | 18321 o5 | 117 | 215 [32310 110 | £311 | 08
During 32,5 343 | 314 22,3 42,0 | 150 | 18,3 39,6 | 36,5 | 253
listening 281202 | 116 | +15 | 32| 21 | x25 | +17 | +15 |*17*2°] 119 | 131 | z08
. . 31,0 | 32,5 | 33,7 23,3 36,3 | 16,0 | 21,3 43,5 42,3 | 37,6 | 26,3
Afterlistening | 27,5809 | .16 | +15 | 432 | 21 | 425 | +17 | +15 | 25 | +19 | +31 | +08

Note:
Student’s criterion was p<0,05.

The development of bronchial patency was assessed
on the basis of spirographic data, which testify to the
effectiveness of the influence of musical audio signals on
the autonomic regulation of the smooth muscle tone of the
bronchial tree.

Before listening to musical fragments, spirographic
indicators of respiratory function were 10-30 % lower
than the reference values. After listening to the sound
signals, the indicators chosen to characterize the respiratory
function normalized in 68+1,1 % of the subjects of the first

reliability of the differences in the external respiration function indicators of the subjects according to the

group (group A). In the subjects of the second group the
figures were 32+1,1 % (group B), and there was no reliable
improvement of the respiratory function after listening to
musical fragments.

In the first group — group A — the influence of the
heard sound fragments leads to the normalization of the
indicators of the ventilatory function of the lungs, the
research results are presented in Table 2.

Distribution of changes in forced breathing indicators
in the subjects is shown in Figure 2.

Table 2

Absolute changes in spirography indicators under the influence of the audio signals (n=25, M+m)

Average values of | Average values of | Average values of
forced exhalation forced exhalation forced exhalation
e)l(:hoggi%n ?gg:g ee:}?;ﬁj:}?ozf indicators indicators indicators Reference values
indicators indicators Under the audio signal influence
Ne 1 Ne 2 Ne 3
FVC 63,5+2,17 73,5+2,35 75,5+1,07 88,5+1,07 100-80 %
FEV, 59,9+2,02 75,9+1,92 71,9+1,25 78,9+2,92 100-80 %
Tiffno index 58,4+2,19 70,4+2,19 66,4+2,19 73,412,119 100-75 %
FEF,, 45,5+2,32 58,5+2,82 50,5+2,82 69,5+2,82 100-55 %
FEF,, 60,2+2,05 65,2+2,05 65,2+2,05 72,242,05 100-65 %
FEF._, 55,5+1,04 62,5+1,24 58,5+2,14 70,5+1,55 100-60 %
Note: reliability of the differences in the external respiration function indicators of the subjects according

to the Student’s criterion was p<0,05.
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Indicator of external respiration function 1 - FVC; 2 — FEV; 3 - Tiffno index; 4 - FEF2s; 5 - FEFsq; 6 - FEF 75

Fig. 2. Comparative analysis of spirography indicators in the examined children before and after
influence of various audio signals: 1 — before listening; 2 — audio fragment 1; 3 — audio fragment 2;
4 — audio fragment 3. Abscissa: indicator of external respiration function: 1 - FVC; 2 — FEV1;

3 —Tiffno index; 4 — FEF25; 5 — FEF50; 6 — FEF75. Ordinate: average indicator of forced exhalation.

The analysis of the obtained results showed that only
when listening to the musical fragment 3 there were
changes of the ventilation indicators to the reference values
in 100 % of the examined persons.

At the second stage the specifics of musical influence on
children with bronchopulmonary pathology were studied.
At this stage of the research, audio fragment 3 was used
as a factor of musical influence and it showed the highest
efficiency in normalization of ventilation parameters.

At this stage of the study 25 children with bronchial
hyperreactivity syndrome, diagnosed with obstructive
respiratory failure of mild and moderate severity
according to spirometry data, were included. At this
stage, we studied the effect of musical fragment 3
on pulmonary ventilation function and indicators of
electrical activity of the brain of children who were not
initially diagnosed with BA. The results are presented
in Table 3.

Table 3

Absolute changes in spirography indicators under the influence of the audio signals, control group — children
with hyperreactivity syndrome (n=25, M+m)

Average Average Average spirography
i i spirography values values
Siilg?ga?oﬁ:y P ales i pGrguppI (¥1=1 6) Group Il (n=9) Reference values
(n=25) Under audio signal 3 influence
FVC 70,2+2,07 67,5+3,76 80,1+2,23 100-80 %
FEV, 58,0+1,64 57,8+2,47 79,4+3,03 100-80 %
Tiffno index 63.41£2,19 66,4+2,19 73,4%£2,19 100-75 %
FEF,, 53,6+1,97 54,8+2,25 58,5+2,82 100-55 %
FEF,, 57,5+1,52 54,8+2,25 67,1+3,05 100-65 %
FEF,, 61,412,06 59,4+1,95 69,4+2,37 100-60 %
Note: reliability of the differences in the external respiration function indicators of the subjects according to the

Student’s criterion was p<0,05.

As a result of the study, two groups of children were
identified according to their response to the influence of
the audio signal 3. The first group (group I) included 16
children in whom no statistically significant deviations
from clinically normative spirographic indicators were
found. Children of this group were not diagnosed with BA.
Various forms of somatic changes in the bronchopulmonary
system were observed in the anamnesis of the children.
Children of this group did not show statistically significant
changes in the value of PSD of brain rthythms under the
influence of the studied musical fragment.

Children of the second group (group II), which
consisted of 9 children, showed a statistically significant

improvement of spirographic indicators. BA was diagnosed
in children of this group.

Analysis of the obtained results showed that only when
listening to musical fragment 3, 100 % of the examined
persons showed improvement of standard spirometric
indicators of ventilation to the reference values.

Analysis of PSD of brain rhythms in children of this group,
when listening to musical fragment 3, shows that the value of
PSD of a-rhythm increases on average by 46.5+3.6 %. The
change of PSD of other rhythms in relation to EEG values
is less pronounced, and for 8-rhythm it shows a decrease by
14.542.8 %, and for d-rhythm by 12.3+3.5 %. Beta activity
of the brain (3 rhythm) decreased by 22.54+2.1 %.
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Discussion

It is known that among all EEG rhythms the most
stable characteristics of psycho-emotional state of a person
are changes in PSD of o and  brain rhythms. It was
established that a-rhythm is inhibited during emotional
experience, and the amplification of B-rhythms power
occurs against the background of development of stressful
situation for the individual. As for 6 and 6 rhythms, despite
the lack of data on functional value of frequencies of these
rhythms in emotional behavior of a person, there are facts
that let us consider these rhythms as EEG correlates of
psychophysiological orientation of a person. It is known
that the increase of power of 0-rhythm is the indicator
of emotional excitation, and the increase of power of
d-rhythm against the background of depression of PSD of
a-rhythm reflects the development of stress reaction. Thus,
it is possible to use the changes of electrical characteristics
of brain activity as indicators of realization of psycho-
emotional reaction of the body to musical influence.

The effectiveness of the studied musical fragments as
a psycho-emotional factor was assessed by the changes of the
PSD of the main brain rhythms, primarily a and p rhythms.

According to the results of the study, audio fragment
1, where the high-frequency components of the audio
signal are insignificant and the energy of the audio signal
is concentrated mainly in low and medium frequencies,
practically doesn’t change the PSD of the studied brain
rhythms: a, B, 0 and & rhythms changed in 1.1; 0.83; 0.94;
1.13 times, respectively.

Audio fragment 2, where mainly low frequencies are
present, like the first audio fragment, practically did not
change the PSD of the studied brain rhythms. PSD of
brain rhythms B, 6 and 6 changed in 0.9; 0.8; 0,8 times,
respectively. Under the influence of this audio signal, the
change of a-rhythm is expressed more significantly in 1.2
times, which corresponds to the increase of PSD rhythm
by 20.0 %+2.2 % (p=0.05).
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Audio Fragment 3, an excerpt from The Magic Flute
by W. A. Mozart, has the most effective musical influence.
It does not contain high frequency sound signals, but this
fragment contains low and medium frequencies with
a low percentage of sound energy. When listening to
audio fragment 3, the most significant change in PSD of
the studied brain rhythms is noticed: a, 3, 6 and 6 rhythms
changed in 1.49; 0.69; 0.81; 0.74, respectively.

PSD of a-rhythm increased on average by 49.0+£2.0 %
(p<0.05), and at the same time B-rhythm decreased by
31.0£3.6 % (p<0.05). Under the influence of this audio
fragment, PSD of other brain rhythms changed in this way:
PSD of 0 and 6 rhythms decreased by 19.0+3.1 % (p<0.05)
and by 29.0+0.8 % (p<0.05), respectively.

Since the indicators of psycho-emotional state of
a person are first of all changes in PSD of a- and B-rhythms
of the brain, it can be concluded that audio fragment 3 leads
to the decrease of emotional stress through the increase
of PSD of a-rhythm and on the other hand through the
decrease of PSD of B-rhythm. A combined change in
the activity of these rhythms leads to a balance between
excitation and inhibition in emotional experiences.

In accordance with the purpose of this research, we
studied the effectiveness of the influence of the studied
musical fragments as a psycho-emotional factor on the
ventilatory function of the bronchi in patients with BA.

Before listening to musical fragments, spirographic
indicators of respiratory function were 10-30 % lower
than control indicators. The spirographic data show an
improvement of bronchial patency in 68,0+1,1 % of
subjects (group A) against the background of exposure to
sound signals. Musical influence led to normalization of
ventilatory function to varying degrees (Fig. 3.). When
listening to audio fragment 3, a significant improvement
of standard spirometric ventilation indicators towards
the reference indicators was observed in 100 % of the
examined group A.

W Barl m®Bar2 Bar3
150

130 130
120

105

Indicators of external respiration functions: 1 - FVC; 2 — FEV1; 3 - Tiffno index;
4 - FEFz5; 5 - FEFs; 6 - FEF7s5
Fig. 3. Relative changes in spirographic indicators under the influence of the audio fragments.
Abscissa: 1 - FVC; 2 - FEV1; 3 — Tiffno index; 4 — FEF25; 5 — FEF50; 6 — FEF75. Bar 1 indicates audio
fragment 3, bar 2 indicates audio fragment 1, bar 3 indicates audio fragment 2.

The study of the specifics of the musical influence
on children diagnosed by spirometry with obstructive
respiratory failure of mild and moderate severity was

68

carried out using the audio fragment 3, which, as it turned
out, not only increased the spirographic indicators in
100 % of the subjects, but also significantly increased all
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the studied spirographic indicators in the direction of the
reference values.
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An improvement in respiratory function was noted in
patients diagnosed with BA (Fig. 4).

Barl MBar2

120 113

I 100 I 100

Indlcators of external respiration functons: 1- FVC; 2 —FEVy; 3 - Tiffno mdex;
4 - FEFzs; 5 - FEFsq; 6 - FEF75
Fig. 4. Relative changes in spirographic indicators under the influence of audio fragments
in the group of children who, according to spirometry data, were diagnosed with obstructive
ventilation failure of mild and moderate severity. Abscissa: 1 — FVC; 2 — FEV1; 3 — Tiffno index;
4 — FEF25; 5 — FEF50; 6 — FEF75. Bar 1 indicates children diagnosed with BA (Group B), bar 2
indicates children without BA.

It was found that in children of this group, after listening
to audio fragment 3, there was a significant improvement
in spirographic indicators against the background of an
increase in PSD of alpha brain rhythm, which may indicate
a decrease in psycho-emotional stress. On the other hand,
there was a decrease in PSD rhythms responsible for such
sensations as fear, anxiety and depression.

Thus, a change in the activity of the main brain
rhythms (alpha and beta rhythms) under the influence of
sound signals with a predominance of low and medium
frequencies (audio fragment 3) causes a balance between
excitation and inhibition in emotional experience and
contributes to the normalization of the external respiratory
function in children with BO.

Conclusions

1. For the first time in Ukraine a systematic study
of the effect of audio signals on the human body with
a recreational purpose, namely for the treatment of
bronchial asthma in children, was started.

2. Audio influence causes change of absolute power
spectral density of brain rhythms in children suffering from
bronchial asthma with predominance of neurovegetative
and psychosomatic disorders.
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3. Reliable normalization of spirographic indicators
in children with bronchial asthma under the influence
of selected musical melodies of certain frequency
proves a positive effect on the reflex chain consisting of
sequentially interacting central and autonomic nervous
systems. The result of this interaction is the expansion
of the smooth muscles of the bronchi and the relief of
bronchospasm.

4. Changes in activity of a and § rhythms under the
influence of sound signals with predominance of low and
medium frequencies (audio fragment 3) contribute to
normalization of external respiratory function in children
with bronchial asthma by reducing psycho-emotional
stress.

5. In the future, when developing rehabilitation
programs for children with different degrees of severity
of bronchial asthma, it is possible to introduce music
therapy into the programs in order to influence the psycho-
emotional status of the patient.
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IICUXOCOMATHYHI MEXAHI3MH PET'YJIIOBAHHS ®YHKIIi 30BHIITHLOTO JUXAHHS Y JITEN
3 BPOHXIAJIBHOIO ACTMOIO ITPH MPOCJIYXYBAHHI AYIIO CUTHAJIIB PI3HOT'O KOMIIOHEHTHOI' O
CKJIALY

JI. €. Kanawnixosa', C. A. Haiiod?, B. C. [liokoscokuii®, B. I1. 3acuv’, C. I. Bapmenes®

®axkyabrer 6ioMequuHOI iHzKeHepii HanioHa/bHOTO TeXHIYHOro yHiBepCHTETY YKpaiHu
«KuiBchkuii noJitexniunmii incrutyr imeni Iropsi Cikopcbkoroy',
daxkyabTeT eleKTpoHiku HanionaibHOro Texniynoro yniBepcurery Ykpainu
«KuiBchkuii noJitexniunmii incrutyr imeni Iropsi Cikopcbkoro»?,
Binnpisienns pecipatopHux XxBopo0 Ta pecnipaTtopHoi aJseprii y aireii Incruryry neaiarpii,
akyuepcrsa i rinexosiorii HAMH VYkpainu®
(m. KuiB, Ykpaina)

Pe3rome.

Jns nikyBaHHs1 OpoHxianbHOT acTMu (BA) BUKOPHCTOBYETHCS KOMIUIEKCHHUM MiAXiM, SKUK BKIIOYAE K MEIUKAMEHTO3HI, TaK
1 aIbTepHATHUBHI METO/IH, 110 BIUIMBAIOTH HA TICUXOEMOLIHHHI CTaH MalieHTa. Y 3B’SI3Ky 3 IIMM, OHUM 3 METOIB HAMIOTYXHIIIOTO
TICHXOEMOLIIHOTO BIUIMBY Ha JIOIMHY € My3UYHUH BILIHB.

MeTo10 1aHOT poOOTH € BUBYCHHS €(DeKTHBHOCTI BIUIMBY 3BYKOBUX CHTHAJIIB PI3HOTO aMILTITYTHO-4aCTOTHOTO Jiara3oHy Ha IIeH-
TpajIbHI MEXaHI3MH PETyIALil BEeHTHIISLIHHOI 31aTHOCTI OPOHXiB XBOpHUX Ha BA.

Marepiaa Ta MeTOAM J0CTIKeHHs. Y TOCITIKeHH] B3sUIM y4acTh 25 aiTei BikoM Bix 9 10 14 pokiB 3 KINIHIYHO BUSBIECHOIO BA.
BHKOPHCTAHO TPH MENOil Pi3HOTO KOMIOHEHTHOTO CKJIay. IX aMIUTITYIHO-9aCTOTHI XapaKTEPUCTHKN aHANi3yBalu B CEPelOBHUII
Matlab. Po3paxoByBasin 4acTKy 3ByKOBOi €HEPTii TOCIIKYBaHUX My3HYHUX KOMITO3UIIIH Y TPETHHOOKTABHUX CMYTaX 4acTOT MIPOTATOM
BCi€1 TPUBAIOCTI 3ByKOBOTO CHTHAITY.

Craructnyay 00poOKy TaHHX MPOBOIMIIN 32 JOMOMOTOI0 IporpaMHoro 3adesnedeHus IBM SPSS Statistics.

JlocmimkeHHs TpOBOAMIN BiAnoBigHO 10 [enbcincpkoi nexnaparii BeecBiTHROT Meqmunoi acomiamnii. CxBanenns Kowmicii 3 6ioetu-
ku ta neontonorii (KBA) Y «lactutyt neniarpii, akymepcrsa Ta rinekosnorii imeHi akagemika O. M. Jlyk’snoBoi HAMH VYkpainm»
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Bix 28.05.2021.

Pe3yabraTn pociaixkenns. Pesynsratn gociipkeHHS CBIAYATh PO Te, 0 Hale(h)eKTUBHINIMN My3UYHHUH BIUTUB 3/[ICHIOETHCS
aynio ypuBkoM i3 «HapiBHoi ¢uiediti» B. A. Monapra. BecTanoBieHo, 1o i1 BINTMBOM MY3HKH i IBHIYIOTHCSI OCHOBHI CITiporpadiuni
TIOKA3HUKH OpOHXOJIETeHEBOi 00CTPYKIT 1, BIAIOBITHO, 3MIHIOIOTHCS IHTErPaIbHI XapaKTePUCTHKN 010eeKTPUIHOI aKTHBHOCTI TO-

JIOBHOTO MO3KY.

BucnoBku. Pe3ynsrari ociiukeHHS CBIT4aTh PO JOCTOBIPHY HOpMaUTi3amilo MOKa3HUKIB criporpadii y aitelt, XBopHux Ha OpoH-
XiaJbHY acTMy IIijl BIUINBOM OOpaHUX My3WYHHX MENOJii neBHoi yacToTH. E(heKTHBHICTS BIUIMBY 3ByKy Ha IEHTPAIbHI MEXaHI3MHU
perymsnii BEHTIISIIHHOT 30aTHOCTI OpPOHXIB MOXke OyTH BUKOPHCTaHA 3 MPO(UIAKTHYHOIO Ta JIKyBaJIbHOIO METOIO.

Ku1rouoBi cj10Ba: pentunsuiiina GyHkitis GpOHXiB; aMILTITYIHO-4ACTOTHI XapaKTePUCTUKY; eNekTpoentiedaorpadis; Gioenex-
TpUYHA aKTUBHICTH MO3KY; a0COIIOTHA CHEKTPaIbHA TyCTHHA MOTYXKHOCTI.

Contact Information:

Larysa Kalashnikova — Ph.D. in Biology, Associate Professor,
Deputy Dean for International Affairs, Faculty of Biomedical
Engineering, National Technical University of Ukraine «lgor
Sikorsky Kyiv Polytechnic Institute» (Kyiv, Ukraine).

e-mail: doc_hom2000@yahoo.com

ORCID ID: http://orcid.org/0000-0001-5816-134X

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=7004999145

Serhiy Naida — Doctor of Engineering, Professor, Head of
Department of Acoustics and Multimedia Electronic Systems,
Faculty of Electronics, National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute» (Kyiv, Ukraine).

Email: naida.s.a@gmail.com

ORCID ID: https://orcid.org/0000-0002-5060-2929

Researcher ID: https://www.webofscience.com/wos/author/
record/1739597

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=56587996100

Vitaliy Didkovskyi — Doctor of Engineering, Professor, Department
of Acoustics and Multimedia Electronic Systems, Faculty of
Electronics, National Technical University of Ukraine «Igor Sikorsky
Kyiv Polytechnic Institute» (Kyiv, Ukraine).

Email: v.didkovskyi@gmail.com

ORCID ID: https://orcid.org/0000-0002-0807-822X

Researcher ID: https://www.webofscience.com/wos/author/
record/1899624

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=7004277256

Vitaliy Zaets — Ph.D. in Engineering, Associate Professor,
Department of Acoustics and Multimedia Electronic Systems,
Faculty of Electronics, National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute» (Kyiv, Ukraine).

Email: zaetsv84@gmail.com

ORCID ID: https://orcid.org/0000-0002-2232-9187

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=57196299374

Serhiy Bartenev — M.D. (pediatric pulmonologist), Department
of Respiratory Diseases and Respiratory Allergies in Children,
Institute of Pediatrics, Obstetrics and Gynecology of the National
Academy of Medical Sciences of Ukraine (Kyiv, Ukraine).

Email: sb4198324@gmail.com

KoHTakTHa iHcbopmauin:

KanawHikoBa Jlapuca €BreHiiBHa — kaHaugaT GionoriyHmx
Hayk, OoUeHT kadeapn BiomeanyHoi iHxeHepii, 3aCTynHUK AeKaHa
3 MiXHapogHoro cniBpobiTHUUTBa akynbTeTy GiomeanyHoi
iHxeHepii, HaujoHansH1n TexHIYHUI yHiBepeuTeT YkpaiHn «KuiBcbkuii
NOMITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcbkoro» (M. Kuis, YkpaiHa).
e-mail: doc_hom2000@yahoo.com

ORCID ID: http://orcid.org/0000-0001-5816-134X

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=7004999145

Hanpa Ceprin AHaToninoBUY — [OKTOP TEXHIYHMX Hayk,
npodpecop, 3aBigyBad kadeapu akyCTMYHUX Ta MynbTUMELINHMX
€NeKTPOHHUX cucTem PakynbTeTy eneKkTpoHiku HauioHanbHoro
TEeXHiYHOro yHiBepcuTeTy YkpaiHn «KWiBCbKUI MOMITEXHIYHUN
iHCTUTYT imeHi Irops Cikopcbkoro» (M. KuiB, YkpaiHa).

Email: naida.s.a@gmail.com

ORCID ID: https://orcid.org/0000-0002-5060-2929

Researcher ID: https://www.webofscience.com/wos/author/
record/1739597

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=56587996100

LinkoBcbkui Bitanin CemeHOBMY — JOKTOP TEXHIYHUX HayK,
npodecop kadegpu akyCTUYHMX Ta MyNsTUMEAIVIHUX eNEKTPOHHNX
cuctemM hakynbTeTy enekTpoHikn HauioHanbHOro TeXHiYHOro
yHiBepcuteTy YkpaiHn «KUIBCbKUIA NOMITEXHIYHUIA IHCTUTYT iMEHi
Iropsi Cikopcbkoro» (M. Kuis, Ykpaina).

Email: v.didkovskyi@gmail.com

ORCID ID: https://orcid.org/0000-0002-0807-822X

Researcher ID: https://www.webofscience.com/wos/author/
record/1899624

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=7004277256

3aeub Bitanin NaHTtenenoBuY — KaHAMAAT TEXHIYHMX Hayk,
[OLEHT Kadeapn akyCTUYHUX Ta MyNbTUMEAINHNX eNeKTPOHHUX
cuctemM hakyneTeTy enekTpoHikn HauioHanbHOro TeXHiYHOro
yHiBepcuteTy YkpaiHu «KUIBCbKUI NONITEXHIYHWIA IHCTUTYT iMeHi
Iropsi Cikopcbkoro» (M. Kuig, YkpaiHa).

Email: zaetsv84@gmail.com

ORCID ID: https://orcid.org/0000-0002-2232-9187

Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=57196299374

BapteHeB Ceprin NpuropoBu4 — nynbMoHonor-negiatp
BiAAINEHHA pecnipaTopHMX 3axBOPIOBaHb Ta pecnipatopHUX
aneprin y giten IHCTUTYTy neaiaTtpii, akywepcTsa Ta riHekonorii
HauioHanbHoi akagemii Hayk Ykpainu (M. Kuis, Ykpaina).

Email: sb4198324@gmail.com

Received for editorial office on 23/0/2023
Signed for printing on 12/10/2023

71



