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Summary

Relevance. Community-acquired pneumonia (CAP) is an urgent problem in practical medicine and the main cause of
morbidity and mortality in the world. Diagnosing pneumonia is complex and requires a comprehensive study, taking into
account many factors. The development of passive diagnostic methods, such as acoustic ones, is especially promising for
children, as this approach reduces significantly the level of radiation exposure to an unformed child's body.

The aim. To determine the peculiarities of the frequency characteristics of acoustic signals in the lungs of children with
pneumonia using the new acoustic diagnostic device « Trembita-Coronay.

Materials and methods. We studied 120 children aged 1 month to 18 years, who were treated in the pediatric
departments of the Children's Clinical Hospital Ne. 5 and Children's Clinical Hospital Ne 7. The children were divided into
two groups: Group I — 60 patients with community-acquired pneumonia, Group Il — 60 healthy children. Children from I
group underwent a comprehensive examination. All children underwent research using the "Trembita-Corona" acoustic
monitoring device for the diagnosis of respiratory noise and localization of lung lesions. The computerized analysis of
breathing sounds was carried out using mathematical methods without involving human factors.

The study was conducted in accordance with the international principles of conducting clinical studies GCP, GLP,
the protocol was approved at the meeting of the Commission on Bioethical Expertise at the National Medical University
named after O.0. Bogomolets (protocol No. 138 of November 10, 2020). Informed consent of parents/guardians was
obtained for conducting the study, which was approved at the same meeting of the Commission on Bioethical Expertise at
Bogomolets National Medical University (protocol Ne 138 of November 10, 2020).

Statistical processing of the obtained results was carried out using the licensed programs "MedStat", "Matlab" and with
the original calculation programs included in the "Trembita-Corona" system. This work is a part of the complex research work
(CRW) of the Department of Pediatrics of Postgraduate Education of Bogomolets National Medical University "Characteristics
of the state of health of children who have suffered from COVID-19 and the justification of medical and rehabilitation measures"”
(2022-2024). State registration number 0122U000486. The authors are performers of the CRW fragment.

Results. In children, the clinical picture of CAP consisted of pulmonary (respiratory) complaints, symptoms of
intoxication, RF, and local physical changes. Respiratory lung sounds in the frequency range from 0.1 Hz to 30 kHz were
studied in all patients using the "Trembita-Corona" device and the corresponding original software. The most promising is
the selection of the pathological process of lung damage in pneumonia in the ranges of 0, 1, 2, 3, 4, 5, 6 octaves based on
the differences between the average signal power (p<0.05) in children with CAP and healthy children.

Conclusion. We, in cooperation with leading specialists of the National Aviation University, have developed an
experimental sample of the "Trembita-Corona" acoustic monitoring device for the diagnosis of respiratory lung sounds.
The "Trembita-Corona" acoustic monitoring device is a new and promising acoustic method for determining the location
of a pathological process in the lungs. It was found that the most promising is the selection of the pathological process of
lung damage in pneumonia in the ranges of 0, 1, 2, 3, 4, 5, 6 octaves based on the differences between the average signal
power (p<0.05) in children with CAP and healthy children.
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Introduction

Community-acquired pneumonia (CAP) is currently
an urgent problem of practical medicine and the main
cause of morbidity and mortality in the world. In recent
years, international recommendations for improving
the treatment and diagnosis of CAP have been updated.
Quick diagnosis of CAP has great practical importance
for timely diagnosis and treatment [1,2,3,4,5].

Diagnosis of CAP requires a comprehensive
study taking into account the clinical picture and the
results of paraclinical research methods [6,7,8,9].
Diagnosis and treatment of CAP is carried out in
accordance with the new order Ne 1380 of the Ministry
of Health of Ukraine (Standards of medical care
"Community-acquired pneumonia in children") dated
August 2, 2022, according to which the diagnosis
of community-acquired pneumonia is established
on the basis of anamnesis, clinical manifestations,
as well as the use of the results of instrumental and
laboratory research methods [10,11]. According to

this order, X-ray examination of community-acquired
pneumonia is not mandatory and is carried out only in
direct projection. According to the clinical guideline
2022 year "Pneumonia in children", the diagnosis of
community-acquired pneumonia is made clinically,
since the use of radiological examination in children
also has negative consequences. One of the reasons
for this is the high biological sensitivity of children
to X-ray radiation. Also, according to this instruction
and the guidelines of the British Thoracic Society, the
results of an X-ray examination do not allow to verify
the etiology of the disease, therefore, in patients with a
mild form of community-acquired pneumonia, an x-ray
examination of the lungs is not usually used. However,
in patients with persistent symptoms of community-
acquired pneumonia, X-ray signs of infiltrative lung
damage make it possible to establish a final diagnosis
of community-acquired pneumonia. X-ray examination
of the chest organs is a widespread and affordable
diagnostic method for visualization of pathological
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processes in the lungs. According to the literature, the
sensitivity of the radiological method for detecting
pneumococcal pneumonia is 93% (CI 80-98%), and
the negative predictive value is 92% (CI 77-98%)
[4]. In patients with severe community-acquired
pneumonia, X-ray examination is used to identify
or rule out complications. Therefore, according to
the instructions of the Ministry of Health of Ukraine
and the guidelines of European countries, X-ray
examination should not be performed routinely in
patients with community-acquired pneumonia, but
only according to individual indications [12,13,14].

Currently, the world is experiencing a pandemic
of COVID-19. In connection with the COVID-19
pandemic, the order of the Ministry of Health of
Ukraine dated March 28, 2020 Ne. 722 "Organization
of medical care for patients with coronavirus disease
(COVID-19)" entered into force in 2020. According to
this order, all patients with increased body temperature
and in the presence of catarrhal syndrome, suspicion
of lung inflammation are required to be tested for the
detection of SARS-CoV-2 antigens or for the detection
of SARS-CoV-2 RNA. That is why timely diagnosis
of CAP acquires great practical importance for the
appointment of adequate therapy. A safer method
of diagnosis in the initial stages of the disease and
for monitoring changes in the lungs in dynamics is
respiratory acoustics [4,12,13,14,15].

Currently, respiratory acoustics is a promising
scientific direction, the main tasks of which are
the development of the theory of propagation and
generation of sound in the lungs and the creation of
objective acoustic methods that can improve the
diagnosis of diseases [12,13].

In children's pulmonology, the method of
pulmonography is used [13,14]. When using this method,
respiratory sounds are registered at certain points above
the lungs using electret microphones. The received signals
are filtered and digitized with further mathematical data

analysis. However, with the help of this method, it is
possible to analyze only one type of noise, and this method
also does not allow to precisely localize the location of
the noise source in the lungs.

In pulmonology, the method of computer
phonospirography is used, thanks to which it is possible
to visualize additional noises over the lungs. The
method is based on the analysis of two-dimensional
phonospirograms and determination of the time of a
complete respiratory cycle. Electronic auscultation is
performed using only 4 fixed sensors, which reduces
topical diagnostics. During this study, the patient must
stand or sit, which makes it impossible to use the device
for lying patients. Deciphering and interpretation of the
results is carried out by the doctor, which subjectively
affects the result [4].

The creation of a fully automated system for control
and evaluation of respiratory noises is an urgent task
[15,16,17,18]. Currently, the problem of early diagnosis
of inflammatory changes in the lungs, which can be
determined using the acoustic method, has become
acute [19,20,21]. This is important for the diagnosis of
CAP in the early stages of the disease, when the disease
is asymptomatic, or when the affected area of the lung
is behind the rib [22,23,24,25,26,27].

The purpose of the study is to determine the features
of the frequency characteristics of acoustic signals in
the lungs of children with pneumonia using the new
acoustic diagnostic device "Trembita-Corona".

Materials and methods

We examined 120 children (56 boys, 64 girls)
aged from | month to 18 years who were treated in
the pediatric departments Children's hospital NeS and
Children's hospital Ne 7 in Kyiv.

The children were divided into two groups: Group
I — 60 patients with community-acquired pneumonia;
Group II - 60 healthy children. The distribution by age
and gender is presented in table 1.

Table 1

Distribution of patients according to age and sex

Indicator | groughggm:nﬁg’itz-:ascoquired Il group, healthy children,
n= 60 9,6+0,3 12,1+0,5
Age, years 9,6+0,3 12,1+£0,5
The number of boys 35 (58,33%) 21(35%)
Number of girls 25(41,67%) 39 (65%)

The criteria for including patients in the 1st group were:

- children aged from 1 month to 18 years;

- community-acquired pneumonia, confirmed by
anamnestic, clinical laboratory and radiological data;

- informed consent of the child's parents or
guardians.

The criteria for excluding patients from group I were:

- congenital pneumonia,

- endocrine diseases (hypothyroidism, hypocorticism,

pseudohypoparathyroidism, growth hormone
deficiency),
- genetic syndromes (Prader-Willi, Kogan,

Carpenter, etc.),
- congenital heart defects,
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- organic diseases of the brain.

The children from the 1st group underwent complex
studies that required community-acquired pneumonia,
namely:

- objective examination (percussion, palpation,
auscultation),

- X-ray of the lungs,

- laboratory tests (general blood test, biochemical
blood test).

Also, all children were examined using the
"Trembita-Corona" acoustic monitoring device for the
diagnosis of breathing sounds and localization of lung
lesions [12,13,15]. The analysis of respiratory sounds
is carried out using mathematical methods without the
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involvement of the human factor, the general view of
which is shown in Fig. 1.

Fig. 1. General view of "Trembita-Corona"
acoustic monitoring device and data
acquisition and analysis system

The essence of the proposed control method is to
record and analyze acoustic vibrations with the help
of two receivers at each of the investigated points of
acoustic analysis. After mathematical processing of
acoustic signals, it becomes possible to analyze the
nature and characteristic features of these acoustic
vibrations, as well as to calculate the direction and
position of the source of these vibrations using acoustic
triangulation of the signal, which makes it possible to
accurately determine the location of the lesion in the
lungs. Thus, it becomes possible to make a general
characteristic of the state of the lungs in a real time
scale with the possibility of localization of zones of
lesions, including in the extracostal zones.

The device has an automated system of control
and evaluation of respiratory noises with the complete
exclusion of the human factor and with the possibility
of mathematical data processing.

The study was conducted in accordance with
the international principles of conducting clinical

studies GCP, GLP, the protocol was approved at the
meeting of the Commission on Bioethical Expertise
at the National Medical University named after O.O.
Bogomolets (protocol No. 138 of November 10, 2020).
Informed consent of parents/guardians was obtained for
conducting the study, which was approved at the same
meeting of the Commission on Bioethical Expertise at
Bogomolets National Medical University (protocol No.
138 of November 10, 2020).

Statistical processing of the obtained results was
carried out using the licensed programs "MedStat",
"Matlab" and with the original calculation programs
included in the "Trembita-Corona" system. This
work is a part of the complex research work (CRW)
of the Department of Pediatrics of Postgraduate
Education of Bogomolets National Medical University
"Characteristics of the state of health of children who
have suffered from COVID-19 and the justification
of medical and rehabilitation measures" (2022-2024).
State registration number 0122U000486. The authors
are performers of the CRW fragment.

The patient examination procedure is as follows:
each patient and parent or guardian is told about the
upcoming procedure, how it will be performed, and
informed consent is provided for the child's parent or
guardian. Next, the patient is offered to free the chest
cell from clothing, and the lungs are examined in a
certain methodical sequence. First, the examination
is carried out with an ordinary phonendoscope, and
then with the "Trembita-Corona" acoustic monitoring
device, the lungs are listened to: first, the front, then
the back surface, then the side surfaces of the chest.

The doctor stands in front and to the right of the
patient. Start listening to lung sounds from the front
surface of the lungs. The "Trembita-Corona" acoustic
monitoring device is placed in such a way that the
earpieces of the device's sound receiver are tightly
pressed to the surface of the patient's body, and the axis
connecting the centers of the shell ring (sound receiver
lips) of the double sound receiver is parallel to the line
connecting the patient's clavicles, as shown in Fig. . 2.

o o G/DS
J

a) 0)

B)

Fig.2. The main points for listening to the lungs with the "Trembita-Corona" device
(a - front surface, b - back surface, c - side surfaces)
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Then the sound receiver of the acoustic monitoring
device "Trembita-Corona" is successively placed on
symmetrical areas of the front wall of the chest at the
level of the II intercostal space, and the mid-clavicular
line should pass between the two sides of the device,
then the device is rearranged on the right in the III
intercostal space, and on the left - in the 5th intercostal
space (points 1, 2, 3, 4).

When listening to lung sounds from behind, the
"Trembita-Corona" device is placed symmetrically
in the middle interscapular space and symmetrically
under the shoulder blades (points 5, 6, 7, 8).

When listening to lung sounds from the side, the
"Trembita-Corona" device is placed along the midaxillary
line in the 6th intercostal space (points 9, 10).

In addition, the same measurements were performed
for patients in the supine position, and during acoustic
monitoring of points on the back, the patient turned over

and lay on his stomach. These studies were conducted to
assess the possibility of acoustic diagnosis of patients who,
due to the severity of the condition, cannot stand or sit.

Using the "Trembita-Corona" acoustic monitoring
device, sounds are analyzed at different octaves, and
an octave was considered to be an interval in which the
frequency ratio between sounds is one to two, that is,
the frequency of a high sound is twice as high [3,4,5,12,
13]. Subjectively by ear, the octave is perceived as
a stable, basic acoustic interval. Successive octaves
make up sounds that are similar to each other, although
they differ in pitch. A frequency of 1000 Hz was taken
as the base frequency.

Table 2 shows the average fm and band edge
frequencies (f, ta f,) in Hz of the first 11 octaves, and
in the calculations, it was assumed that the lowest and
highest octaves include frequencies from 0.1 Hz to 30
kHz, respectively.

Table 2
Band limit frequencies (f1 and f2) in Hz of the first 11 octaves

Octave 0 1 2 3 4 5

fm 5,610092272 | 15,84893192 | 31,6227766 | 63,09573445 | 125,8925412 | 251,1886432

f, 0,1 11,22018 22,38721 44,66836 89,12509 177,8279

f, 11,22018 22,38721 44,66836 89,12509 177,8279 354,8134
Octave 6 7 8 9 10 11

fm 501,1872336 1000 1995,262315 | 3981,071706 | 7943,282347 | 15848,93192

f, 354,8134 707,9458 1412,538 2818,383 5623,413 11220,18

f, 707,9458 1412,538 2818,383 5623,413 11220,18 30000

When performing calculations and analysis in
octave and third-octave ranges, it was assumed that the
limit frequencies of the band are such frequencies of the
lower and upper limit of the band that the exact center
frequency is the geometric mean value of the lower and
upper limit frequencies f, and f,, respectively.

We calculated the limiting frequencies of the
bandwidth according to the formulas:

f= (GV@)(fm)
fz: (G*Ve9)(fm)

where: G — octave ratio of frequencies, calculated
according to the formula (G10=10 3/10=1,99526) in
the system with a decimal base;

fm — the exact center frequency of the passband,
calculated by the formula (fm=(G x/b)(fr).

The generally accepted objective unit of relative
pitch is the octave. An octave characterizes a two-
fold ratio of frequencies. The octave is divided into
half octaves, third octaves (thirds), semitones and
cents. For example, a third is 21/3 = 1.26; semitone—
21/12 = 1.06; cent — 21/1200 = 1.0006.

The signal power is defined as the integral of the
square of the amplitude over time or frequency, that
is, as the sum of the squared amplitudes recorded at
different points in time. In this case, the integral
means that the signal is not simply divided into two
or three parts and the averaged amplitudes of each
part are taken. Using the "Trembita-Corona" acoustic
monitoring device and computer data processing, we
split the signal into a series of short-term sections, and
carry out precise analysis of the amplitude value at
each sampling point. We have taken s(t) as a periodic
signal with a repetition period of To. This type of signal
depends on the class of power signals and for it the
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average power is equal to:
to+To

Po=— [s(t)]?dt

To

to

where, s(t) a periodic signal with a repetition period
To, to — arbitrary point in time

Results and discussion

All children were examined on the "Trembita-
Corona" acoustic monitoring device for the diagnosis
of breathing sounds. A computerized lung monitoring
acoustic signal database was created, which included
more than 1200 recordings, each of which was digitized
and processed according to the above acoustic signal
processing techniques.

Statistical processing of the acoustic monitoring
materials of both groups of children, which were
included into the above-mentioned created database of
acoustic signals, allowed, at the first stage, to confirm
with a probability of more than 97.5% the possibility of
diagnosing pneumonia using the proposed computerized
acoustic method according to the proposed algorithms
of analysis using the device "Trembita-Corona".

All patients were tested for average signal power in
12 octaves using the "Trembita-Corona" device.

It was found that in children with CAP in the Oth octave,
the average values of the signal power vary from 500,000
Conventional Units (C.U.) up to 3,000,000 C.U. In healthy
children in 0 octave, the average values of the signal power
are from 100,000 C.U. - 450,000 C.U. (Fig. 3)

When comparing the central tendencies for two
independent samples, namely children with CAP and
healthy children, the central tendencies differ at the
significance level of p<0.001.
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Fig. 3. Confidence interval when comparing
central tendencies for two independent samples,
namely children with pneumonia and healthy
children in 0 octave (p<0.001)
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Fig. 4. Graph comparing the average of
two independent samples in the 5th octave
according to the Student's criterion. Two-sided
critical area (p<0.001).

When studying the average values of the signal
power in | octave in children with CAP, it was found
that the average values of the signal power vary from 0
to 3500000 C.U.

3 main groups were distinguished, namely from
0-800000 C.U. - 1 group, from 800,000 C.U. — 1,300,000
C.U. - 2nd group, from 1,300,000 C.U. - 3500000 C.U.
- 3rd group. In healthy children, the average values of
the signal power in 1 octave range from 800,000 C.U. —
1,300,000 C.U. When comparing the average values of
the signal power in children of group 1 with healthy
children, the averages differed at the significance level
of p<0.001. If we compare the average values of signal
power in children of group 3 with healthy ones, the
central tendencies differ at the significance level of
p<0.001. When comparing the average values of the
signal power in children of 2 groups with healthy ones,
no statistical differences were found.

On the basis of the found out peculiarities of the
signals, which were described above, it was concluded
that if the differences in the average values of the
signal power are in the range of less than 800,000 C.U.
or more than 1,300,000 C.U., then you can think about
pneumonia, but if the data is between 800,000 C.U. and
1300000 C.U., then it is necessary to check the power
in other octaves and then draw a conclusion.

When studying the average values of the signal
power in 2 octaves in children with CAP, it was found
that the average values of the signal power vary from
200,000 C.U. up to 1,600,000 C.U. 2 groups were
allocated, namely from 200,000 C.U. up to 800,000
C.U. - 1 group, from 1,000,000 C.U. - 1,600,000 C.U. -
2nd group. In healthy children in 2 octaves, the average
values of the signal power range from 500,000 C.U. up

to 1,500,000 C.U. When comparing the average values
of the signal power in children from group 1 with
healthy ones, the averages differ at the significance
level of p=0.008. When comparing the average values
of the signal power in children from the 2nd group
with healthy ones, it was found that the averages
differ at the significance level of p=0.027. Based on
the findings described above, it was concluded that
with a confidence level of 97,3%, we can distinguish
the acoustic picture in children with CAP compared
to healthy children using the average values of the
signal strength. Therefore, if we separate part of the
patients into a separate group, in which the frequency
in the 2nd octave is less than 800,000 C.U., and make a
comparison with healthy ones, then we can conclude that
at significance level of 0,008 can state that if the integral
noise index is in the 2nd octave is less than 800,000 C.U.,
then this patient has pneumonia. For a more detailed
analysis, it is necessary to analyze acoustic signals in
other octaves or third octaves of this octave.

When studying the average values of the signal power
in 3 octaves in children with CAP, it was found that the
average values of the signal power vary from 0 to 300,000
C.U. In healthy children, the average values of the signal
power in the 3rd octave range from 40,000 C.U. up to
90,000 C.U. When comparing the average values of the
signal strength in children with CAP with healthy ones,
the averages differ at the significance level of p<0.001.

For a more accurate analysis, the average values of
the signal power of children with CAP were separated
into 2 groups, namely from 0 to 100,000 C.U. - 1 group,
from 100,000 C.U. - 300,000 C.U. - 2nd group. If we
compare the average values of the signal power in
children of group 1 with healthy ones, the difference in
the averages is not statistically significant, p=0.406. If
we compare the average values of the signal strength in
children from group 2 with healthy ones, the averages
differ at the significance level of p<0.001. Therefore,
it can be concluded that with average values of signal
power from 100,000 C.U. up to 300,000 C.U. the
probability of detecting pneumonia increases, the
means differ at the significance level of p<0.001.

When studying the average values of the signal power
in 4 octaves in children with CAP, it was found that the
average values of the signal power vary from 0 to 6000
C.U. In healthy children, the average values of the signal
power in the 4th octave range from 0 to 700 C.U. When
comparing the average values of the signal strength in
children with CAP with healthy central tendencies, they
differ at the significance level of p<0.001.

For a more accurate analysis, 2 groups were
allocated, namely from 0 to 700 C.U. - 1 group, from
700 C.U. - 6000 C.U. - 2nd group. When comparing the
average values of the signal power in children of group
1 with healthy ones, a difference in the averages was
found, which was not statistically significant, p=0.472.
If we compare the average values of signal power
in children of group 2 with healthy ones, the central
tendencies differ at the level of significance p<0.001.
Therefore, we can conclude that with average values
of signal power from 700 C.U. up to 6000 C.U. the
probability of detecting pneumonia increases. Central
tendencies differ at the significance level of p<0.001.

When studying the average values of the signal
power in 5 octaves in children with CAP, it was found
that the average values of the signal power vary from
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200 C.U. up to 1500 C.U. In healthy children, the
average values of the signal power in the 5th octave
range from 0 to 100 C.U. When comparing the average
values of the signal strength in children with CAP with
healthy ones, the averages differ at the significance
level of p<0.001, which is presented in Fig. 4.

For a more accurate analysis, 2 groups were selected,
namely from 200 C.U. up to 650 C.U. - 1 group, from 650
C.U. - 1500 C.U. - 2nd group. If we compare the average
values of the signal power in children from group 1 with
healthy ones, the averages differ at the significance level
of p<0.001. If we compare the average values of the signal
strength in children from group 2 with healthy ones, the
averages differ at the significance level of p<0.001.

When studying the average values of the signal
power in 6 octaves in children with CAP, it was found
that the average values of the signal power vary from
0.5 C.U. up to 10 C.U. In healthy children, the average
values of the signal power in the 6th octave range from
0to 0.5 C.U. When comparing the average values of the
signal power in children with CAP with healthy central
tendencies differ at the significance level of p<0.001,
which is presented in Fig. 5.

P R VR S N S S
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Fig. 5. Graph of comparison of central
tendencies for two independent samples in the 6th
octave for patients with pneumonia and healthy
people according to Wilcoxon's W-criterion
(p<0.001)

When studying the average values of the signal
strength in the 7th octave in children with CAP and
healthy children, no statistically significant differences
were found (p=0.287), which is presented in Fig. 6.

No statistically significant differences were found
when examining the average values of the signal power
in the 8th and 9th octave in children with CAP and
healthy children (p=0.691 and p=0.513, respectively).
Also, in octaves 10, 11, 12, no differences were found
between the average values of the signal strength in
healthy children and children with CAP.

Based on this, it can be concluded that the most
promising is the determination of the pathological
process of lung damage in pneumonia in the ranges of
0,1,2,3,4,5, 6 octaves by the differences between the
average signal power (p<0.05) in children with CAP
and healthy children.

A detailed analysis of the acoustic signals of the
lungs, which was carried out by the "Trembita-Corona"
acoustic monitoring device, showed the possibility of
detecting the pathological process at the maximum
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of the signal power precisely in places where it is
better to auscultate, with the help of a phonendoscope,
pneumonia. However, with the help of the "Trembita-
Corona" acoustic monitoring device, in other
listening points, not above the inflammatory focus
of pneumonia, it is also possible to listen to a special
acoustic signal that corresponds to lung damage. These
specific acoustic signals were found for the first time
thanks to the use of highly sensitive acoustic receivers
and mathematical processing of the recorded signal.
Thanks to this, the use of the Trembita-Corona acoustic
monitoring device and computer processing together
make it possible to hear specific acoustic signals over
the entire plane of the lungs, and not only at the location
of the pathological process.

023}

children with pneumonia healthy chﬂdren

Fig. 6. Graph of comparison of central
tendencies for two independent samples in
children with pneumonia and healthy children
according to Wilcoxon's W-test (p=0.287).

The "Trembita-Corona" acoustic monitoring device
during the COVID-19 pandemic will improve and speed
up the diagnosis of the disease, thanks to the precise
localization of the lung damage zone and the ability
to use the method remotely. The "Trembita-Corona"
acoustic monitoring device is a new and promising
acoustic method for determining the location of the
pathological process in the lungs with CAP.

Conclusions

1. Developed and patented "Trembita-Corona"
acoustic monitoring device for more effective diagnosis
of breathing noises and their localization in the lungs.

2. It was established that for determining the
inflammatory process in the lungs during pneumonia,
the most promising are the studies of respiratory sounds
in the ranges of 0, 1, 2, 3, 4, 5, 6 octaves.

Prospects for further research.

1. The "Trembita-Corona" acoustic monitoring device is
a new and promising acoustic method for determining the
location of the pathological process in the lungs with CAP.

2. The "Trembita-Corona" acoustic monitoring
device during the COVID-19 pandemic will improve
and speed up the diagnosis of the disease, thanks to the
precise localization of the lung damage zone and the
possibility of using the method remotely.
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YACTOTHA XAPAKTEPUCTUKA AKYCTUYHUX CUTHAJIIB V JET'EHAX JITEW 3 THEBMOHIEIO
3A JOIMOMOTI'OIO HOBOTO MPUJAAY AKYCTHUYHOI AIATHOCTUKHU «TREMBITA-CORONA»

10.B. Mapywixo, O.B. Xomuu

Hanionanbuuii MennuHuii ynipepcurer imeni O.0.boromouabus
(m. KuiB, Ykpaina)

Pe3rome

AxTtyaabHicTb. [Tozanikapasna naesmonis (I1I1) napasi € akTyanpHOM Mpo6JIeMOI0 NPAKTUYHOT MEAUIIMHH TA OCHOBHOIO
MPUIMHOIO 3aXBOPIOBAHOCTI i CMEPTHOCTI Yy CBiTi. JliarHOCTHKa MTHEBMOHI{ CKJIaJHA 1 MOTpeOy€e KOMIIEKCHOTO JOCIHTiIKeHHS
3 ypaxyBaHHAM Oaratbox ¢aktopiB. OCOOIMBO MEPCIEKTUBHUM IS AiTeH € PO3BUTOK MACUBHUX METOAIB A1arHOCTHKH THITY
AKyCTHYHHX, 10 CYTTEBO 3HHKYE PiBEHb ONPOMIHEHHS Ha HEC(HOPMOBAHUI AUTAUUI OpraHizM.

MeTta pocailsKeHHs. BU3HAUYUTH 0COOIMBOCTI YACTOTHUX XapaKTEPUCTUK aKyCTHYHHUX CUT'HAIIB y JIETCHAX JIITEHl 3 MHEB-
MOHI€IO 32 JOIIOMOTOI0 HOBOIO MpHiaay akycTuyHoi aiarnoctuku «Trembita-Coronay.

Martepiaau i metoau. byno nocmimxeno 120 miteit Bikom Big 1 Mmicsis g0 18 pokiB, 10 MPOXOIUIHU JTiKyBaHHS B Tedia-
TpuuHux BiagineHHsx JKJI NeS ra JIKJINe 7. liTeit Oyno posnineno Ha aBi rpynu: I rpyma — 60 manienTis 3 I1I1, 11 rpyma — 60
3n0poBux aiteit. Y miteit 3 [ rpynu Oynu npoBeaeHi KOMIIEKCHI JOCHiuKeH s, 1o noTpebdysaina [1I1. Takox BCiM AiTsM Oyno
MPOBEJCHO JOCIIKEeHHS Ha MPUCTPOT aKycTHYHOTO MOHiTopuHTY «Trembita-Corona» s JiarHOCTHKH AMXaJIbHUX LIYMIB
Ta JOKamizamii 30H ypakeHHS JeTeHb.

Jocnimkenns 0yn0 NpoBeAeHO BiAMOBIAHO [0 MDKHAPOAHUX NPHHLHUIIIB NpOBeAeHHs KiuiHiunux gocnimxerb GCP, GLP,
MPOTOKOJI 3aTBepkeHo Ha 3acinanHi Kowmicii 3 murans 6ioeTnunoi excneprusu npu HMY imeni O.O. BoromonsIs ( mpoToxot
Ne 138 Bix 10 nmuctomana 2020 poky). Ha mpoBenenHs gocmimkenHas 0yino oTpuMaHo iHQOpMOBaHY 3roay 0aThbKiB/OMiKYHIB,
mo Oyna 3arBepkeHa Ha ToMy x 3acigandi Kowmicii 3 nutanp 6ioetnunoi excrneprusu npu HMY imeni O.0. boromombis (
npotokos Ne 138 Big 10 nmuctomana 2020 poky).

CrarucTuaHy 00poOKy OTpHMaHUX PEe3yNbTaTiB MPOBOAMUIN 3 BUKOPUCTAHHIM JileH3iiHHUX mporpam «MedStaty, "Matlab"
Ta 3a J0MOMOI0I0 OPUTiHAIBHUX PO3paXyHKOBHX HPOrpaM, ski BXoasaTh B cucteMy «Trembita-Coronay.

Jlana po0oTa € 4acTHHOIO KOMIIIEKCHOT HAayKOBO—J0CHiAHOT poboTu kadenpu meniarpii micasaumioMuoi ocsitn HMY
imeni O.0. boromonpis "XapakrepucTika cTaHy 310poB's niTel, mo nepenecan COVID-19, Ta oOrpyHTyBaHHS JTiKyBaJIbHO-
peabinitaniiinux 3axoxiB" (2022-2024 poxu). Homep nepxpeectpanii 0122U000486. ABtopu — Bukonasui ¢pparmenta HJIP.

PesynbraTtu Ta ix obroBopeHHs. Y xpitedl kiiniuna kaptuHa [1I1 ckiaganacs 3 nereHeBHX (peclipaTopHUX) cKapr, CHMIITO-
MiB iHTOKCcHKaii, IH, mokanpHUX (i3nkanapHUX 3MiH. HamMu y cliBpoOITHHNTBI 3 MpOBIAHUMH crieniarictamu HanioHanpHOTO
ABgiauiitnoro YaiBepcuteTy OyB po3po0ieHHil eKciepUMeHTalbHIH 3pa30K NPUCTPOI0 aKyCTHUHOTO MOHITOpuHTy «Trembita-
Coronay» JJ1s 1iarHOCTUKH JAMXalbHUX MIYMiB JIeTeHb. BeiM mamieHTaM 3a 1omomMoror npuctporw «Trembita-Coronay i Bigmo-
BiTHOTO OPUTIHAJIBHOTO MPOTPAMHOTO 3a0e3medeHHs Oy 10CiKeHI TNXadbHI IyMH JIETEHb B Aiana3oHi yactor Big 0.1 'y
10 30 kI'. HaiiOinpur nepcneKTHBHUM € BUAIICHHS HATOJOTIYHOIO MPOLECY yPaXKeHHs JIereHb PH IMTHEBMOHIT B Jiama3oHax
0,1,2,3,4,5, 6 OKTaB 10 BiIMIHHOCTSAX MIX CEPEIHBOI MOTYXHicTI curHaiy (p<0,05) y miteii 3 I1I1 Ta 3mopoBux miTeid.

Bucnosok. IIpuctpiii akycTuanoro MoHiTOpuHTY «Trembita-Coronay» € HOBUM i MEPCNEKTUBHUM aKyCTHUYHHUM METOJIOM
JUIs BU3HAYEHHS MICIS PO3TAIIyBaHHS NATOJOTIYHOIO NPOLECY B JIEreHsAX. BusBieHo, 1110 HaAHO1IbLI MEPCIEKTUBHUM € BU -
JICHHSI TTATOJIOTIYHOTO MPOIECY YPaKEHHs JICTeHb MpH MHEBMOHIT B giamasonax 0, 1, 2, 3, 4, 5, 6 okTaB 1m0 BIAMIHHOCTSIM MiX
cepeqHbOoI0 MOTYXHicTI0 curHany (p<0,05) y miteit 3 [1I1 Ta 3mopoBHX miTeil.

Karo4doBi cjoBa: nitu; nosanikapusna mHeBMOHis; JiarHOCTHKA; IPUCTPiii akycTHYHOro MOHiTOpUHTY « Trembita-Coronay.
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