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The lumbar spine, due to its axial location in the human skeleton and the
predominance of spongy bone tissue in the structure of vertebral bodies (66%)
with a constant and diverse functional load, is an important diagnostic object.
The lumbar spine experiences two multidirectional effects: static - resistance to
load and transmission of power impulses, and dynamic - motor function. In
other words, the lumbar spine is an element of transmission and adaptation. The
dynamic function involves intervertebral discs, muscles and articular surfaces of
the vertebrae, and the presence of physiological curvature of the lumbar spine -
lumbar lordosis-also plays a significant role. Thus, the spine is the main
supporting structure of the human body.

Due to the anatomically intensive structure, the lumbar spine is the most
loaded. It is affected by the weight of the entire trunk, which leads to the
appearance of many pathological conditions. It is in this department that primary
lesions in multiple myeloma (MM) begin. Also in this department there are
manifestations of other common bone tissue pathologies, such as osteoporosis,
hemangioma and metastatic lesion [1-4]. And since treatment and development
prospects differ for each case, the exact definition of the type of pathology is not
burdensome for treatment tactics and possible surgical planning [5, 6].

For the lumbar region, namely for the L1-L5 vertebrae, a number of
parameters were calculated to analyze each of them. In total, 15 morphological
features were calculated, among which 4 were identified as the most significant
for the characteristics of the type of lesion and subsequent prediction [7-8].
These signs are: the width of the cortical layer, the average height and width of
the vertebral column, the brightness coefficient, the area of the vertebra in the
sagittal section, the index of the degree of compression. These signs were
calculated for the following cases: norm, osteoporosis, hemangioma, multiple
myeloma and metastatic lesion caused by breast cancer (because the highest
percentage of the probability of bone metastases occurs with breast cancer
(about 60%) [9].

Selected cases are justified by the following: osteoporosis is one of the
most common diseases in people over 50, which is characterized by a decrease
in bone density and mass and, as a consequence, a violation of the structure of
bone tissue. Spinal hemangioma is a benign vascular tumor inside the spine. It is
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a fairly common benign neoplasm. Hemangiomas occupy 2-3% of all spinal
tumors and the first place among bone tumors. Multiple myeloma is a type of
bone marrow cancer. Breast cancer is considered as an example of metastatic
bone damage. All these cases are compared with the indicators of the studied
parameters in a normal healthy person.

A decrease in the biomechanical properties of vertebrae is a consequence
of a violation of their morphological and functional integrity, which in turn
causes deterioration, and in some cases leads to a critical state of the
musculoskeletal system. In this paper, a set of experimental data was calculated
for four cases: norm, osteoporosis, hemangioma, and multiple myeloma. This
data allows you to classify the primary image according to the selected
characteristics.
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This work consists of developed program module of 3D Laser Scanning
of Biological Objects and will help the Doctor for 3D scanning. Which will help
user to make 3D image clear.

Laser scanning is a highly accurate method to capture the details of any
object. By using laser light, advanced scanners create 3D representations known
as point clouds. These point clouds contain data that is used by the Laser
Scanner and emits a beam of infrared laser light onto a rotating mirror that
effectively paints the surrounding environment with light. The scanner head
rotates, sweeping the laser across the object or area [1]. Laser scanning
technologies for the reconstruction of objects are widely used today, including in
medicine. In the simplest case, the work is reduced to registering the object's
profile image [2-3]. Fig. 1 shows a 3D scanner of the BME Department of
Kharkiv National University of Radio Electronics. This device we used in our
experimental research for 3D scanning of biological objects.

Figure 1- A 3D Laser of the BME Department of KhNURE

In this work, we scanned one biology object. We got profiles of 360°
degrees during the rotation of the object. Development of software for the 3D
representation of scanned objects includes the use of OpenGL (Open Graphics
Library). Fig. 2 demonstrates a sample of one profile, which was scanned by a
3D Laser during the experiment [1-3]. The profile is not uniform and has a
certain gradient.



Figure 2 — A sample of profile of 3D scanning of the object

Fig. 3 represents the program module interface of 3D visualization of the
scanned object, projection from the down.

[t

Figure 3 — 3D visualization of the scanned object
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In this work, an available technical solution that helps people who have
obesity is considered. Developed system will use low frequency ultrasound to
help people get rid of fat from non-surgical operations or side effects.

Most of the world's population lives in countries where overweight and
obesity kills more people than underweight. Over 340 million children and
adolescents, aged 5-19 were overweight or obese in 2016 [1]. Common problem
of obesity is likely associated with sedentary lifestyles and unbalanced diets.
Over 60% of men and 70% of women are dissatisfied of the unwanted fat
appearance of their body. We know that most people with obesity do not have a
healthy life. Obesity causes many diseases. It is important that we help a person
to be healthy and happy in his life [2].

The purpose of work is analysis and developing the method and device for
non-surgical lipolysis using radio frequency (RF) method and 3D body scanning
into one system for monitoring the dynamics of fat reduction [3]. It is not an
overall weight-loss method it is not a treatment for obesity.The aim is aesthetic -
the patient wishes to change and enhance the contour of his/her body. Therefore,
the development of available technology of external lipolysis is relevant task [4,
5].

Low Frequency Ultrasound (LFU) is also known as Ultrasound
Cavitation. Ultrasonic cavitation works best on parts with localized fat. Such
areas include the abdomen, flanks, thighs, hips, and upper arms. This procedure
cannot be performed on body parts like the head, neck, and other bony areas of
the body.The LFU technology allows a predetermined amount of energy to be
focused onto the subcutaneous adipose tissue. As the ultrasound waves converge
towards the targeted area, they cumulate at a certain point and produce the so-
called cavitation (a specific phenomenon that generates small gas bubbles inside
adipose tissue).

The developed structure scheme consists of complexUltrasonic treatment
device that includes 3 one-way transducers, pulse generator, low-noise amplifier
and some supplied circuits.

Pulse Generator and High Voltage Amplifier form a low frequency, high
voltage pulses to excite the US transducer to produce ultrasound waves. For US
low frequency liposuction 40 kHz frequency pulses are usually used (fig. 1).
Transducers 1, 2, 3 are managed by Selector Transducer and used for cavitation
effects in fat at the depth 1,5 cm, 3 cm, 4,5 cm.
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Figure 1 — Block diagram of Ultrasonic device

This method of external delivering ultrasound to the fat without
depositing significant ultrasound energy in the skin would provide the benefits
of ultrasound disruption of fat with greater safety. The 3D optical scanning
system may be used to confirm the changes of body contours during this
treatment. The main advantage of developed device is easy and safe liposuction
and availability for wide use. Specialized device for US liposuction can be
widely used by medical practitioners of Cosmetology clinics [3-4].
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In this work, chemiluminescence (CL) detection based on an avalanche
photodiode (APD) instead of a photomultiplier tube (PMT) is proposed. The
main system is a combination of an CL detection unit and a flow injection
analysis (FIA) unit. This system can be used in medical applications such as
protein blotting, immunoassay, pharmacological and toxicological testing.

A flow detection system mainly used in flow analysis is liquid phase CL.
CL methods are based on the measurement of electromagnetic radiation emitted
by an exothermic chemical reaction which is usually an oxidation reaction. CL
detection has several attractions such as high sensitivity, compact and simple
instrumentation, controllable emission rate and a wide dynamic range. Low
limits of detection are achievable rather to a luminescent spectroscopy analysis
because an external light source is not necessary for excitation and hence there
IS no source noise or light scattering, [1].

The combination of flow analysis with CL detection is therefore
advantageous because it enables precise control and timing of the different steps
involved in the analysis as well as on-line sample treatment, high sample
throughput and low sample and reagent consumption [1-2].

The purpose of this work is the development of a CL-FIA system with an
APD as an optical detector. A structure of proposed work is shown fig. 1.

COMPUTER
LUMINOL ﬂ
PERISTALTIC THREE-WAY FLOW TUBE
» PUMP1 VALVE
H,0,

APD

CELL

DETECTOR

PERISTALTIC

PUMP2
CARRIER

WASTE

Figure 1 - Block Diagram
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Luminol (CgH7N3O2) is a chemical that exhibits CL, with a blue glow,
when mixed an oxidizing agent such as hydrogen peroxide(H202). The
propelling unit that is used to transfer the samples through the system is a
peristaltic pump along with a three-way valve. The flow rate of the pumps and
direction of flow of the valve is controlled with the computer. The complete CL
reaction takes place on flow through the tube. The light from the reaction is
detected with the help of an APD. The final data signal after being converted to
digital form is transferred to the computer [3-7].

The proposed system is beneficial as an APD has a higher sensitivity range,
a quicker response time, higher performance and it has the ability to detect low-
intensity light. The system can therefore be effectively used in pharmaceutical
testing.
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The purpose of this study is to create method that can be used from

anywhere in the world to online diagnose nystagmus that can be identified by
studying the trajectory of involuntary eye movement.

There are hundreds of different eye diseases and vision problems. Some
have no cure, but many others are treatable. Nystagmus is a condition where the
eyes move rapidly and uncontrollably. They can move: side to side (horizontal
nystagmus), up and down (vertical nystagmus), in a circle (rotary
nystagmus).The movement can vary between slow and fast and usually happens
in both eyes. The eyes may shake more when looking in certain directions.
People with nystagmus may tilt or turn their head to see more clearly. This helps
to slow down the eye movements [1].

There are two main types of Nystagmus: Congenital and Acquired. The
brain controls eye movement. In people with nystagmus, the areas of the brain
that control eye movements do not work properly (see fig. 1).

HORIZONTAL NYSTAGMUS A Congenital nystagmus

VERTICAL NYSTAGMUS

B Cerebellar gaze-evoked nystagmus

vV VTV

' )
\g/ C Vestibular nystagmus
Fix » /\/\/\/\/\

Figure 1 — Nystagmus eyes movements

ROTARY NYSTAGMUS

Nystagmus is diagnosed by an ophthalmologist. The tests that may be used
to diagnose nystagmus are: eye-movement recordings (to confirm the type of
nystagmus and see details of the eye movements), a neurological exam, tests to
get images of the brain etc. But very often such examinations are not available
because of absence of qualified specialists and specific equipment. Also, the
need to work on this topic is due to the current lack of free, publicly available
medical applications for eye movement diagnosis, which use the lens movement
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trajectory to provide a professional assessment of the subject's condition based
on well-known eye movement analysis methodologies [1].

The idea of this work is to create online application for medical vision
diagnostics for timely detection of problems and defects caused by various
factors that negatively affect the patient's vision or psychological state. Such an
analysis plays an important role both for the maintenance of the personal
condition of various professions that have important social and psychological
responsibility, and for everyday use by an ordinary person to prevent the
development of complications of defects of a psychological and physiological
nature, which will contribute to the increase in the number of identified and
eliminated potentially dangerous for person's diagnoses. This will contribute to
the increase in the standard of life of people all over the world and in a certain
way will facilitate the work of specialists.

Visual impairments that can be recognized by determining the trajectory of
the involuntary movement of the eyes or their pupils (fig. 2), based on the
analysis of the input image from portable web cameras of various devices
(tablets, personal computers (hereinafter referred to as PCs), laptops or mobile
devices).

Figure 2 — Recognition of the pupil center for recording eye movement
trajectory

Based on all of the above, it can be confidently stated that specialized
online applications that can successfully convert images and videos to a
completely real diagnosis through diagnosis can be used both by specialists to
facilitate their work and by an ordinary person to recognize the presence of
defects and the need to eliminate them.
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The development of fiber-optic technology allows it to be widely used in
various fields of industry. Due to its physical properties, the optical fiber is
devoid of the disadvantages of a copper cable. Measurements are another
Important application of optical fibers. Possible applications for lattices are still
in development. One of the applications is temperature measurement using
Bragg gratings [1]. There is no universal Bragg fiber array model suitable for all
applications. Bragg gratings are used in fiber-optic communication systems in
chromatic dispersion compensation devices. Such gratings can be widely used in
the creation of sensitive elements of fiber-optic measuring systems based on
arrays of Bragg gratings. The article presents studies of the mathematical model
of chirped Bragg lattices. To build a model, it is necessary to determine the main
parameters, such as the effective refractive index, the lattice period, the lattice
length and other input parameters.

Introduction. The temperature sensitivity of the chirped Bragg lattice can
be determined by the value of the effective refractive index in the core and the
period of the chirped Bragg lattice [2]. These values depend on temperature and
deformation. This relationship underlies the use of Bragg gratings with chirp for
measuring temperature and voltage in medical practice.

Method. To develop a method of mathematical model of chirped lattices,
we assume that the refractive index and the value of the lattice depend on the
variable z (Figure 1), where z is the axis of the optical fiber along which the
lattice is written (the lattice is written into the fiber along the z axis).

Therefore, the refractive index of the lattice is represented as:

2T

n(x,y,z) =n(z) = ny + dny + dn(z)cos (72 + <p(z)), 1)

where: ng is the refractive index of the core in the fiber section without a
lattice, ny is the minimum refractive index inside the lattice structure, ny is the
maximum value of the refractive index inside the lattice structure, ong is the
average value of the refractive index of the modulation (constant component of
direct current), én(z)-is the amplitude modulation per factor (variable), A is the
lattice period, L is the lattice length [3].
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Figure 1 - Lattice as a refractive index of modulation

A homogeneous Bragg lattice (uniform lattice) is considered as a system
with uniformly distributed parameters. All parameters of the lattice model
(including the period) are fixed along the entire length.

The change in the amplitude of the refractive index and the lattice period
are constant values. The lattice uses one transmission matrix (fixed lattice period
and refractive index modulation period). We describe the process of light
passing through the lattice structure using the equation:

R+L/2] [R—L/Z]
=F , 2
[S—L/Z M1S11/2 @)

R+ represents the signal transmitted through the grating, the value of the
signal after passing through the grating, S..» is the reflected signal through the
grating, R.2 is the signal fed into the grating in the + z direction, while S/ is
the signal entered according to with the direction - z.

Modeling. To conduct simulation tests, it is necessary to write a model
using the programming syntax of the Matlab environment. The Bragg fiber-optic
lattice model should contain the following parameters:

- grid length,

- refractive index neff,

- number of grid periods,

- Bragg wavelength,

- apodization profile if the grid under test is an anodized grid,

- the average value of the refractive index modulation,

- the amplitude of the refractive index modulation,

- grid period,

- refractive index of the core in a fiber without a lattice.

Fiber-optic Bragg model in the Matlab programming environment was
implemented, after entering the input values of the lattice, it became possible to
obtain spectral characteristics for various preset temperature values, examples of
which are given below. It should be emphasized that with the help of such a
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mathematical model, it is possible to model lattices with different parameters
and in different configurations [5].

Experimental results. The approximate diagrams of the simulated lattice
in the Matlab development environment are in the wavelength range from 1550
nm to 1556 nm. Due to the fact that there is a mathematical model and its input
parameters can be chosen arbitrarily, and we can simulate lattices for
temperature values.
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Figure 2 - Simulated spectral characteristics of the lattice for temperature

The spectral characteristics of the simulated lattices are shown in the
figures below. The longer the period of this lattice, the greater the value of the
Bragg wavelength for this lattice, which is confirmed in Figure 3. A similar
comparison is shown in Figure 4. For different values of the effective refractive
index in the nes lattice, the values of the Bragg wavelength, which will lead to a
shift in the spectral characteristics of the gratings in the wavelength region.
Lattices with different values of the effective refractive index and the same other
parameters will have exactly the same shape of spectral characteristics (also the
same half width) [4].
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Figure 3 - Transmission spectra obtained by the matrix method for different
values of the lattice period A
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Figure 4 shows a comparison of the spectral characteristics of the gratings
for different lengths. The longer the grid, the greater the slope of the "peak™
transmission is more vertical. As can be seen, the 0.1mm long grating is
practically not used for most applications of spectral characteristics. Its spectrum
Is so blurred that the reflection coefficient reaches only 30% of the desired value
(equal to 99.9%).
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Figure 4 - Transmission spectra obtained by the matrix method for different
values of the lattice length L

Figure 5 shows the results of modeling the transmission spectrum for
different values of LPM, but with the same values of n and the same lattice
lengths. If the lattice parameters are positive, then the period of the chirped
lattice will increase along the direction of light propagation. If negative, then
this period will decrease. In our model, we will include both positive and
negative values. As can be seen from Figure 5, the characteristics of spectral
lattices with LCM are shifted relative to the lattice without chirp. The "blurring"
of the spectrum is also noticeable. Blur is the absolute value of the chirp. If the
lattice parameters are negative, the wavelength of the central lattice (the length
of the Bragg wave) moves to the left (towards smaller wavelengths). If positive,
then the central wavelength (Bragg wavelength) is shifted to the right (towards
longer waves). Information about the effect of the chirp of the lattice on its
spectrum is very important when using the lattice as a sensor, for example,
stress.
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Figure 5 - Simulated transmission spectra of three cells of different chirp values

Conclusion. The created model can also be used to simulate sensors made
on different chirped gratings. This model allows us to determine the spectral
responses of chirped lattices and a wide range of changes in the medical
parameters of these chirped lattices.
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In this work, we propose complex system that consists of the historical
combination of computer tomography ’CT’” and Positron emission tomography
for oncology and the detection of the rays which is generated by the devise.

Imaging technologies support a personalized approach for cancer care.
Early recognition of anatomical changes and physiologic behavior can lead to
improved tumor diagnosis and management. Several imaging techniques are
used for assessing tumor properties, including Magnetic Resonance Imaging
(MRI), ultrasound (US), Computed Tomography (CT), Single-Photon Emission
Computed Tomography (SPECT) and Positron Emission Tomography (PET).
PET plays an important role in oncology for diagnosing and staging of cancer as
well as for therapy response, as it images whole body metabolism. It is a non-
invasive technique for quantitative assessment of tumor behavior, often
combined with CT for anatomical information and attenuation correction. It is
used for staging or restaging patients with several types of cancer, as it is
considered as a safe, accurate and reproducible technique. By using a
radioactive tracer coupled to glucose, tissues with high glucose metabolism can
be visualized as shown in Fig. 1. High glucose metabolism is a common
characteristic for tumors. After imaging is performed, staging or restaging of the
tumor is performed, based on the TNM-system. It evaluates the extent of tumor
invasion, number and location of lymph nodes (N) and the presence and location
of metastases (M). To further investigate the origin and extent of tumor tissue,
pathology is often performed by means of surgery or biopsy, resulting in a
pathological TNM (pTNM) staging. Based on TNM-staging, a patient-specific
treatment plan is made [1, 2].
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Figure 1 — A Function circuit diagram of PET/CT mechanism
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Due to the high physiological FDG uptake in the brain, FDG PET/CT is of
limited value for detection of brain metastases. Consequently, FDG PET/CT is
generally not used for the primary detection or exclusion of brain metastases.

1. Increased FDG uptake is observed in many neoplastic lesions,
granulation tissue (e.g. wound healing), infections and other inflammatory
processes. A detailed description of pitfalls and situations that can lead to false-
positive (benign processes that can show FDG uptake) or false negative FDG
PET/CT interpretation has been published.

2. Patterns of FDG uptake, established CT morphological criteria and
correlation with patient history, physical examination and other imaging
modalities may be helpful for differentiation between malignant and benign
lesions.

3. SUVs and related quantitative measures, such as metabolic tumor
volume (MTV) and total lesion glycolysis (TLG), have gained increasing
importance for therapy response monitoring and for prognostic assessment.

4. There is no single lower limit of the intensity of FDG uptake for the
detection of abnormal uptake within lesions as it depends on the degree of
contrast between the tumour and its immediate surroundings. This contrast is
related to several pathophysiological factors, the most significant of which are
histology (FDG avidity of the type of tumour), volume of vital tumour cells,
movement during static acquisition.
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In this work we have modeled recognition of melamine as a model
template by thirteen functional monomers using density functional theory (DFT)
method at ®B97X-D/6-31G(d) level of theory. The calculations shown above
allow selecting promising functional monomers (AMPSA, itaconic and acrylic
acid) for the creation of high performance MIP for melamine.

Molecular imprinting is a rapidly developing technique to prepare polymers
with high recognition properties for target templates and it involves three steps:
preparation of covalent conjugate or non-covalent adduct between a functional
monomer and a template molecule; polymerization of this monomer-template
conjugate (or adduct); and removal of the template from the polymer [1]. One of
the greatest advantages of molecularly imprinted polymers (MIPs) over natural
molecules is freedom of molecular design[1-2].

The purpose of this work is development a computational approach based
on DFT-method applied to screening the optimum monomer for imprinting of
melamine.

Table 1 - Calculated values of the binding energyof 1:1 monomer/template
complex and water (PCM)

Monomer BindingenergyEying,kcal/m
ol

AMPSA -36.2
Itaconicacid -13.5
Acrylicacid -12.3
N,N'-methylenebis-acrylamide -10.7
Methacrylamide -9.3
N,N-diethylaminoethylmethacrylate -8.4
EGMP -8.1
Acrylamide -1.5
Allylamine -6.6
1,3-DVB -6.1
Styrene -4.9
Acrolein -4.8
Acrylonitrile -3.3
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complex of melamine with acrylic acid (Eping = -12,3 kcal/mol) in
water (PCM)

The results shown in Table 1 allowed us to conclude that melamine in
water and acetonitrile may form the most energetically favorable complexes
with AMPSA, itaconic and acrylic acid. The optimized geometries of the most
energetically favorable pre-polymerization complexes of melamine and different
functional monomers in water medium are shown in Figures 1-2.
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This work is devoted to EEG indicators of epilepsy to classify epileptic
EEG from non-epileptic to improve diagnostic methods. The features were
extracted from second-order difference plot (SODP). SODPs were divided into
four quadrant and three circle regions in order to extract number of points in
each region as informative features. We analyzed EEG signals for 5 groups with
healthy, ictal and pre-ictal states. Data were prepared for next analysis with
artificial neuron network to classify ictal, pre-ictal and inter-ictal states.

Our brain is one of the most critical parts of our body. A small change in
it creates not only neurological problems but also physical and mental problems.
An epileptic seizure is one of them. It is a chronic disorder of the human brain
that affects people of all age group. Electroencephalography (EEG) is the
important method in the diagnosis of epilepsy. Parameters extracted from EEG
signals are very useful for detection and discrimination of epileptic
seizures [1], [2].

Second Order Difference Plot (SODP) is a feature extraction method
which is formed employing time domain information. The method of SODP can
be used as an independent feature extraction tool as well as a supplemental
technique to confirm the frequency domain results. If X(t) is the EEG signal,
SODRP is formed by X(n + 1) — X(n) and X(n + 2) — X(n + 1) points on the
plot. In other words, SODP includes scattering of consecutive difference values
of points in EEG signal. Thus, the statistical condition of consecutive
differences can be observed [3].

We analyzed EEG signals from data base available on the Internet [4].
EEG data are presented in five groups. Each of five groups contains 100 single-
channel EEG recordings with duration 23.6 s. Sets A and B consisted of
segments taken from healthy volunteers in relaxed awake state with eyes open
(A) and eyes closed (B). Segments in set D were recorded from within the
epileptogenic zone, and those in set C from the hippocampal formation of the
opposite hemisphere of the brain. While sets C and D contained only activity
measured during seizure free intervals, set E only contained seizure activity.
Here segments were selected from all recording sites exhibiting octal activity.
We used MatLab to analyze this data by constructing SODP, division of it on 12
areas and counting number of points in each area (fig. 1).
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Fig. 1 — SODP for healthy group (left) and ictal group (right)

We got 12 parameters extracted from SODP for EEG signals from 5
groups. Prospect of the work is construction of the neuron network for
classifying EEG signals by these features on ictal, pre-ictal and non-epileptic
states. New informative features and classifying methods can help to improve
diagnostic methods in detection of epilepsy. For an epileptic patient, recognizing
the period when a seizure is occurring is necessary for the caregiver to prevent
serious injuries due to the seizures.
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The main part of a successful endodontic treatment is the accurate
determination of a working length of a root canal (the distance between the
external landmark on the crown of the tooth to the apical border)[1]. As a border
for root canal filling and treatment the apical constriction zone is most
recommended. Intraoral X-Ray lets you obtain needed information about the
direction of bending of the root canals and determine the working length. Yet,
the radiograph is a two-dimensional summary image and is not able to recreate
the whole anatomy of the apical part of the root - often layering and image
deformation take place. There is a possibility of mistaking during the X-Ray
interpretation, which is connected with subjectivity of the specialists™ estimation
result. That is why being guided only by this working length determination
method can be impractical [2].

The threshold method was used to select the object of study (tooth root).
This is a binarization method based on dividing an image into 2 parts based on
threshold values. The value (T) is selected according to the task to be performed
(from 0 to 255). All brightness values that are in the range of values higher than
T are called object values, everything below is the background value. Next is the
boundary layer - a curved line that separates the elements of the object and the
background. A segment is selected along this line if it satisfies the low-pass
noise filtering condition.

Physiologically sealed root canal corresponds to intervals with large
brightness indicators. To select these areas, it is enough to select the value of T
and determine all points that have f (x, y)> T, which belong to the object, and
otherwise - belong to the background [3].

X-ray images always contain small details and noise, which often
interfere with the analysis process. Preprocessing or correction is a stage that
allows solving this problem, for example, using low-pass and median filtering
algorithms [4, 5]. If smoothing (noise removal) correction is executed on
individual images, then the preprocessing of the sets of sections ensures the
alignment of the geometric and brightness-contrast characteristics of the images
in the set. For this purpose, methods for leveling brightness histograms in a
sequence of images and reconstruction are used. The result of preprocessing is a
set of images with relatively the same brightness-contrast characteristics and a
smooth surface [6, 7]. The result of threshold segmentation is shown in fig. 1.
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Figure 1 -The result of drawing segmented contours of the root of the teeth on
the initial image: a - tooth No1l, b - tooth No2, ¢ - tooth No3

References:

1. Kovetskaya EE. Methods for determining the working length of the root
canal. Modern dentistry. 2006; 3:35-9 Available from:
http://www.mednovosti.by/journal.aspx?article=2740. (In Russian).

2. Perepelytsia, O., &amp; Nosova, T. (2022). Determining the working
length of a root canal using intraoral radiography segmentation . Informatyka,
Automatyka, Pomiary W Gospodarce I Ochronie Srodowiska, 12(1), 44-46.
https://doi.org/10.35784/iapgos.2878

3. The MathWorks, Inc.Image Processing Toolbox [Internet]. [cited
2021 Aug 02]. Available from: https://www.mathworks.com/products/image.htmi

4. Avrunin, O. G., Nosova, Y. V., Abdelhamid, I. Y., Pavlov, S. V.,
Shushliapina, N. O., Wojcik, W., Kalizhanova, A. (2021). Possibilities of
automated diagnostics of odontogenic sinusitis according to the computer
tomography data. Sensors (Switzerland), 21(4), 1-22. doi:10.3390/s21041198

5. Avrunin, O., Tymkovych, M., Semenets, V., Piatykop, V. (2019).
Computed tomography dataset analysis for stereotaxic neurosurgery navigation.
Paper presented at the Proceedings of the International Conference on Advanced
Optoelectronics  and Lasers, CAOL, 2019-September  606-609.
doi:10.1109/CAOL46282.2019.9019459

6. Avrunin, O. G., Tymkovych, M. Y., Abdelhamid, 1. Y., Shushliapina, N.
O., Nosova, Y. V., Semenets, V. V. (2019). Features of image segmentation of
the upper respiratory tract for planning of rhinosurgical surgery. Paper presented
at the 2019 IEEE 39th International Conference on Electronics and
Nanotechnology, ELNANO 2019 — Proceedings, 485-488.
doi:10.1109/ELNANO.2019.8783739

7. Avrunin, O., Tymkovych, M., Drauil, J. Automatized technique for
three- dimensional reconstruction of cranial implant based on symmetry (2015)
Information Technologies in Innovation Business Conference, ITIB 2015 —
Proceedings, pp.39-42.

29


http://www.mednovosti.by/journal.aspx?article=2740
https://doi.org/10.35784/iapgos.2878
https://www.mathworks.com/products/image.html

V]IK 614.876:629.7
HARMFUL IONIZING RADIATIONIN SPACE AND THE USAGE OF
BORON NITRIDE NANOTUBES FOR AUSTRONAUTS’ RADIATION
PROTECTION
Rohulia A.O.

Scientific director — Ph.D. Associate Professor Averyanova L.O.
Kharkiv National University of Radio Electronics, BMEDepartment
Kharkiv, Ukraine
ph. +38(067)923-10-47, email: alina.rohulia@nure.ua.

This research aims toendorse the concept of usage ofboron nitride
nanotubes (BNNTSs) in astronauts’ protection from harmful ionizing space
radiation. To highlight the importance of provided work, types of radiation and
their dangers on human’s organism were examined. Furthermore, it was studied
that BNNTs have numerous highly required properties for the material to be
used in space conditions. Thus, BNNTs were suggested as useful and essential
material for the purpose of making a layered spacesuit toshield astronauts from
radiation.Withthe increasing interest of society towards space exploration, new
space missions are being conducted by government organizations such as
NASA, ESA, and private companies like SpaceX and Blue
Origin.Consequently, it is being planned to launch rockets not only with
artificial objects but also with humans in the near future.

As known, there are a lot of risks and dangers to a person’s life in the
conditions ofouter space. Although technicianshave alreadyfound practical
solutions for manyissues that astronauts may deal with, the problem of
protection from radiation remains unsolved. However, it is being currently
studied by specialists in both biomedical engineering and space medicine fields.

Radioactive environment consists of three main parts: galactic cosmic rays,
particles trapped by the Earth’s magnetic field, and solar energetic particles.
Secondary particlesmay injure surface tissues such as the eyes and skin as well
as cause the risk of degenerative tissue defects such as cataracts, circulatory and
digestive diseases. Energetic particles radiated during solar flares affect deep
tissues such as bones and the cardiovascular system. Thus, skin melanoma and a
loss of bone mass may occur. Moreover, there is a big chance of facing other
types of cancerous diseases, sterility, and neurological disorders.

For the past few years,the use of nanomaterials has increased significantly.
Meanwhile, a nanomaterial called Boron Nitride Nanotube (BNNT) has drawn
the attention of many scientists and engineers due to its complex properties and
various functions.BNNTSs are a type of one-dimensional nanostructure and are
known as tubular structural analogs of carbon nanotubes (CNTSs). Nevertheless,
in BNNT carbon atoms are replaced entirely by boron and nitrogen atoms,
arranged in a hexagonal lattice.

As for their properties, Young’s modulus and yield strength are higher in
CNTs, yet thermal conductivity and oxidation resistance (up to 900 °C) are
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similar. However, BNNTs are more thermomechanically stable, theyare an
excellent insulator with a bandgap between 5.5 and 5.9 eV, and have high
hydrophobicity, heat and electrical insulation, resistance to oxidation and flame,
and hydrogen storage capacity. The most important is that BNNTs molecular
structure is attractive for hydrogenation as they are compounded of isotope 10B
that hasa high level of neutron absorption cross-section (3835 barn).Hence,
hydrogenated BNNT is an excellentneutron shielding nanomaterial and has a
great ability to protect astronauts from ionizing radiation.BNNTSs, enriched with
hydrogen (H-BNNT), are going to be used in spacesuits created for astronauts’
extravehicular activity. Among nanomaterials manufacturing companies there is
American BoroniteCorporation that has developed a method for producing a
large amount of high qualified BNNTSs. Hence, currently there is an opportunity
for testing BNNTS as a radiation shielding component for advanced spacesuits.
Furthermore, the layers of BNNTSs are going to be inputted among others. As for
that, another benefit of BNNTs nanostructures is that the whole fabric made up
of them is light and will not make the suit more bulky and uncomfortable for
wearing and working in.Due to the different radiosensitivity of organs and
tissues, some areas of the body require extra protection. For example, such
organs of the reproductive and gastrointestinal system as testis, ovary, mucous
membrane, and small-intestinal villus can be covered by the wide belt of thick
BNNTs layers. Organs of the hematopoietic system like thymus gland and
lymph nodes of the neck can be protected by shrink-wrapping spacesuits with
the high collar.

Overall, BNNTs have a whole set of interesting properties: the material is
strong, thermally stable, chemically passive, conducts heat excellently, and of
course, catches neutrons. Accordingly, we can think of its application in space
exploration missions to protect health and the life of astronauts from harmful
ionizing radiation.
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Determination process of temperature dependence of sensor main
parameters based on fiber Bragg grating requires the arrangement of multitude
additional analytical works. Since fiber optic with Bragg grating, in general
terms depends on two parameters.

As it was considering in the previous section, the sensitiveness of fiber
Bragg grating depends on variation of its period A and effective refractive index
Nett.  Thesetwoparametersdependonexternaltemperatureandpressure.  Based
onthisdependencetheworkonresearch ~ offiberBragggratingisarranged.  This
section is meant for laboratory measurements and research, it consists of content
of laboratory measurements and analysis of the results. Research device
intended to be used to make measurements of dependency of optical wavelength
passing through fiber Bragg grating. After measurement the action of
temperature on transmission characteristics of grating, it is possible to determine
the action of temperature on Bragg’s wavelength. Then can proceed to regularity
of temperature dependence via math modeling of fiber Bragg grating main
parameters. It will be presented in the next section. Determination process of
temperature dependence of sensor main parameters based on fiber Bragg grating
requires the arrangement of multitude additional analytical works. Since fiber
optic with Bragg grating, in general terms depends on two parameters.

Onlycurrentwavelengthcharacteristicsoflightpassingthroughthegratingarer

egisteredinmeasurementsbymeansofexperimentaldevices [1].

Figurel -
WavelengthtransmissioncharacteristicofBragggratinglightpassingthroughthegrati
nginaparticulartemperature
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By computer processing of current wavelength characteristics, as shown at
Picture 1, the bend point of this function can be recorded as one of the value of
wavelength for one particular tempareture.

Transmission spectra of fiber Bragg grating with tilts3°, 5°, 7° is shown at
Figure 2.
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Figure2 -Transmission spectra of fiber Bragg grating with tiltsa)3°, b) 5°, ¢) 7°
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In experimental research we measure curved Bragg grating to determine
the correctness of temperature dependance of researched Bragg grating with
preset parameters. Measuring devices: Bragg grating, light source,
thermometer, optical analyzer recording wavelength characteristics of rays
reflected from Bragg grating or passed through the grating, camera probe,
heating — hot air-blower or automatically controlled heater. Simple light and
power sources with the following technical specifications were used as input
signal:

Wavelength1550nm - 1561nm;

Operating temperature in oven -20 and +120 °C.
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Diagramoflaboratoryunitformeasurementofcurrentwavelengthcharacteristics

In the implemented research the currentwavelengthcharacteristics of
several types were received on the basis of Bragg gratings. Few light-emitting
halogen bulbs were utilized as light source for
currentwavelengthcharacteristics since the radiation range of each differs.
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The values of the best results out of several dozens of measurements
results were aimed to use for mathematic model development. The immensity
of such experimental work lies in the fact that sensitiveness of sensor to
wavelength variation range correspondent to required temperature range is not
resolved by the fact that each sensor has different results for different
temperature range, also depends on light spectra depending on chemical
properties of selected fibers. The individual laboratory measurement and
mathematical calculations are required for each sensor. Consequently, due to
the impossibility of developing a universal mathematical model, it’s necessary
to develop a mathematical model for the final sensor for each user [2].

Main implemented research:

A
KT = A_'IE;’ (1)

Research results -20°C u 120°Cwith tilts3°, 5° 7%re presented below
(Figures 5 and 6).
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Table 1 -Values of temperature and wavelength of fiber Bragg grating

As[HM] As[HM] As[HM] T [°C]
30 50 7°

1550 1550 1559,9 -20
1550,1 1550,1 1660 -10
1554,2 1550,1 1560,1 0
1554,3 1550,2 1560,1 10
1554,3 1550,2 1560,2 20
1554,4 1550,3 1560,2 30
1554,4 1550,3 1560,3 40
1554,5 1550,4 1560,3 50
1554,5 1550,4 1560,4 60
1554,6 1550,5 1560,4 70
1554,7 1550,6 1560,6 80
1554,7 1550,7 1560,7 90
1554,8 1550,8 1560,8 10
1554,8 1550,9 1560,9 110
1554,9 1551,9 1561 120

In Curved Bragg grating “ghost” appears - ghost mode and u Bragg
resonance (Ag).

Using the results it is possible to show main parameters of fiber Bragg
grating: L grating length, A grating period, n.rr effective refractive index,
agrating coefficient, and for determination of temperature dependency it is
required to build mathematic model.
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This work is devoted to calculation of higher order spectra (HOS) features
of healthy and epileptic EEG signals. HOS are defined to be spectral
representations of higher order cumulants of a random process. Bispectra for
different groups of EEG signals were constructed. By these bispectra and power
spectra entropy features were calculated. Numerical values of calculated
parameters were prepared for construction of mathematical model to cluster
EEG data by these parameters on different groups to detect seizure state.

Epilepsy is characterized by the spontaneous and unforeseeable
occurrence of seizures, during which the perception or behavior of patients is
disturbed. An automatic system that detects seizure onsets would allow patients
or the people near them to take appropriate precautions, precautions, and could
provide more insight into these phenomena [1].

Higher order spectral (HOS) techniques are advantageous in gaining
information about the nonlinear dynamics of a system from observed signals.
Epilepsy related information may manifest itself in disturbed distributions of
bispectral values indicatives of changes in phase coupling between harmonic
modes and changes in the randomness of the EEG signal. Such information was
used to defined and extract HOS based features for classification.

HOS and power spectral density (PSD) based features are 1% and 2" order

entropy [1]: P = — X px log py, Where p,, for PSD entropy: py, = <2k

2kl X ™
|B(f1.f2)I"

ZalB(fuf)I"’
Five sets (denoted A-E), containing 100 single channel EEG segments of

23.6 s duration, were used for analysis. Sets A and B consisted of segments
taken from surface EEG recordings that were carried out on five healthy
volunteers using a standardized electrode placement scheme. Volunteers were
relaxed in an awake state with eyes open (A) and eyes closed (B). Segments in
set D were recorded from within the epileptogenic zone, and those in set C from
the hippocampal formation of the opposite hemisphere of the brain. While sets C
and D contained only activity measured during seizure free intervals, set E only
contained seizure activity. Here segments were selected from all recording sites
exhibiting ictal activity [2]. We constructed bispectra [3] and calculated entropy
parameters for all signals from this base. Bispectra for EEG signals for different
groups are shown in fig.1.

, Py for

HQOS entropy: g, = n — order of the entropy.
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Fig. 1 —Bispectra for healthy with open eyes(top left);healthy with closed eyes
(top right); opposite to epileptic zone (bottom left); epileptic zone (bottom right)

Bispectra and PSD were constructed for all EEG signals for all five
groups. By bispectra and PSD entropy features of the first and the second order
were calculated and saved with reference on group of EEG signal. Thus, it was
prepared an array for construction of the model for clustering of EEG data on
ictal, pre-ictal or inter-ictal state by values of entropy parameters.
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Electrical analogy (Lumped method) is an easy way to model human
cardiovascular system. In this paper Lumped method is used for simulating a
complete model. It describes a 42-vessel model and cardiac system of human
body with details that could show hydrodynamic parameters of cardiovascular
system. this paper includes studying of whole cardiovascular system and
modeling different cardiovascular pathologies such as arterial aneurysms or
cardiac abnormities.

Human cardiovascular diseases, which cause the majority of deaths, are
the most disastrous health problems in industrialized nations. To analyze
cardiovascular system and effects of diseases on it different ways are usable
such as lumped model, one, two or three dimensional modeling and
experimental methods. In this context, different approaches were used with the
goal of providing better understanding and simulation of the blood flow in the
human cardiovascular system.

In our model, every blood vessel, atrium, ventricle and set of all
capillaries and arterioles have been presented by a block consisting of a resistor,
an inducer and a capacitor. VVoltage, current, charge, resistance and capacitance
in the electronic circuit are respectively equivalent to blood pressure, blood
flow, volume, resistance and compliance in the cardiovascular system. Ground
potential (reference for voltage measurements) is assumed to be zero as usual.
The correlation between electrical characteristics of the system and their
mechanical counterparts are as follow:

1mmHg = 1 volt (pressure~ voltage)

1ml/pa = 1000 pF (compliance~ capacitance)

1 pa.s/ml = 1kQ (resistance- resistance)

1 pa.s?/ml =1 pH (inertia ~ inductor)

The initial values were calculated using the classical formulas of lumped
parameter modeling as follows [1, 2]

In this simulation, cardiac output and aortic pressure should be 100 (ml/s)
and 120-68 mmHg. This was exactly calculated in our circuit.

In this work, we propose a complex system that consists of the method
studying of the hemodynamics of the human cardiovascular it means that we
have to understand the meaning of hemodynamics and how it works the system
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of the hemodynamics of human cardiovascular and we have also to understand
the Simulation of the Aorta Artery Aneurysms with an electrical circuit
simulation programs and compare the result how it looks like.

The model is capable of showing pressure and volume signals for
different arteries throughout carotid to femoral triggered by initial systolic
contraction. The result is in complete agreement with experimental observations
of physiological text. The experimental data of physiological reference confirm
this result for left ventricle variations[3-8].
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The possibilities of estimating the pneumatic power during breathing are
considered. The comparison of energy characteristics during nasal and oral
breathing is described. Own research - rhinomanometry and spirometry was
carried out using a device for testing nasal breathing. The rationale for the use of
nasal dilators for cardio loads is being carried out.

30BHINIHE AUXAHHS — OJIMH 3 HAWBAXXJIUBIMIKX (i31070T19YHUX mporieciB [1].
Bix HbOro Oe3mocepeIHbO 3aJICKUTh TPAHCIIOPTYBAHHS KHUCHIO, 0€3 SKOro He
MOJKJIMB1 OUTBIIICTh (PYHKIIA Opra”i3My JIOJWHHU, 30KpeMa poOoTa M’si3iB [2].
3aBAsiKM BUCOKIA I1HAMBIAyaJbHIN BapiaOenbHOCT1 (Hi310JIOTTYHUX TMPOIECIB,
JOIIUTBHO TPOBECTH OIIHKY KOPEJIAIIl EHePreTHUYHUX XapaKTEPUCTHK JTUXaHHS
3 poboToro M’s31B mpu (I3UYHHUX HABAHTAKECHHSAX. Taki IMOKa3HUKUA HE €
CTaHJAPTHUMU ISl MEJUYHHUX MIPOTOKOJIB MPHU MPOLETypax PUHOMaHOMETPIi Ta
criipomeTpii [3].

Mertoro po0GOTH € aHaIi3 THEBMATHUYO1 MTOTY>KHOCT1 TIPU JTUXAHHI JIFOJUHU 1
MOPIBHATH 11 3 MOTYXHICTIO NESKUX BHUIIB (DI3MUYHUX HABAHTAKECHBb JIFOAWHHU.
[THeBMaTHYHA MOTYKHICTh BU3HAYAETHCS 32 POPMYIIOF0 [4]

N=Ap-Q, 1)

ne Ap — nepenaj TUCKY, a Q — BUTpaTa HOBITPS MIPH JUXaHHI.
ExcniepumenTanbH1 JOCTIHKEHHS POBOIMIKNCH 32 JOTIOMOTOIO MPUCTPOTO
U1 TecTyBaHHS HocoBoro nauxanHs THIA [3] y moaunu wosoBidoro moiy 18
pPOKiB 0€3 BHpa)XE€HUX 3aXBOPIOBaHb JAMXalbHOI cucteMu (nuB. puc 1, 0). [Ipu
[[bOMY TPOBOAMIOCH BU3HAYEHHSI BUTPATU TOBITPS Ta BIAMOBITHOTO MEpemamy
TUCKY Ha BEPXHIX NUXATbHUX NUIAXaX MpU (HOPCOBAHOMY TUXaHHI HOCOM Ta
BUTpPATH TIOBITPS TMPHU POTOBOMY JHUXaHHI 3 BUKOPUCTAHHSAM BiAMOBIIHHUX
(b131070TIYHUX TTOKA3HUKIB TIEpenay TUCKY Yy JereHsax. OTpuMaHi MakKCUMaIbH1
3HAueHHs IIPU HocoBoMy auxanHi 9 klla nepenany tucky ta 0,005 m%/c BuTpaTu
noBiTpst  3rimHO 3 Qopmynoro (1) 103BONMMIM BHU3HAYHWTH ITHEBMATHYHY
noTyxHicTh y 45 Bt. [Ipu poToBoMy AnxaHHI MaKCMMaJlbHAa BUTpaTa MOBITPS
cknana 0,0076 m%/c, mo npu MakcuMansHOMY (i3ioNoriyuHOMY Iepenaay TUCKY
y nerensx (40 xlla) cknmamae cyTrTeBO OUTBIIY BEIHYMHY ITHEBMATHYHOL
noTy)HOCTI — 61u3bpko 300 Bt. Skio mpoBecTy mMOpiBHAHHS MOTYKHOCTI, SKa
PO3BUBAETHCS NIPU JTIOJAUHOIO MPU TUIIOBUX HABAaHTAXXECHHAX, Hanpukiaa, 200 Bt
— xoab0a 31 mBUAKICTIO (7 kM/Tron), 320 BT — i31a Ha Benocuriei 31 HIBUIKICTIO
20 xm/rox, 690 Bt — i31a Ha BeyocuIrenl 31 MBUAKICTIO OuThI 20 kM/Toj, ado
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npu BiTpi, 750 BT — Oir 31 mBuakicTio 9 kM/roa, a takox ao 4000 Bt — npu
CWJIOBUX HABAHTAXEHHAX (HANpUKIad, Y Ba)KKOi aTIETHIll), TO, BUXOIAYU 3
MOJIOXKEHHSI, 10 TOTYXKHICTh JUXAJIBHUX M S31B MOXe ckianatu a0 10% Bin
3arajbHOI MOTY)XHOCTI M’SI31B, MOXKHa 3pOOUTH BHCHOBOK, LIO0 CTaOUIbHE
HOCOBE JMXaHHs 3a0€3Me4y€eThCs JIMIIE MPHU MBUJIKINA X0/1b01 Ta HE MBUIKICHIN
311 He BeJlocUIleNl, MpU IHIIMX HaBaHTaKEHHAX (Oir, MIBHAKICHA i37a Ha
BEJIOCHIIE/1 3 BITPOM) BEJIMKA IMOBIPHICTh MEPEXOAY Ha POTOBE AUXaHHS. ToMmy
JOLIJIBHO BUKOPUCTOBYBATH Pi3HI Ha3albH1 po3muproBadi (AuB. puc 1, 0) s
MIABULIEHHS BUTPATH MOBITPS MpHU OUIbII (H1310JI0TTYHOMY HOCOBOMY JIMXaHHI.

,‘va |

a 0
Pucynok 1 — Jlocnipkenns 3a gonororw punomaHometpa THJIA (a) Ta
BUKOPHUCTaHHS Ha3aJbHOTO po3iiuproBaya (0)

Jlo Toro >k, HaBelEHI BHIM HABAHTAKEHb € TPUBAIMMH Ta MOXKYTh
HiATPUMYBATUCH JAECSATKU XBUJIUH 1 MOXJIMBUH MOCHIIOBHUN MEpexXiJ Ha POTOBE
nuxaHHs. HartoMmicTh, KOpOTKOYAacHE I1IKOBE HAaBaHTAXEHHS TIpH TMiaHOMI
IITAHTU TOTpeOye POTOBOTO AMXAHHS JIJIS BIAMOBITHOTO 3a0€3MEeUeHHS] TKaHUH
kucHeM. [lepcriekTHBOO poOOTH € HAOIp CTATUCTUYHUX PE3YJbTATIB JIs PI3HUX
rpyn Ta JOCIIKEHHS BIUIMBY PI3HUX THUIIB HA3aJIbHUX PO3IIMPIOBAYIB Ha
MMOKA3HUKW HOCOBOT'O TUXAaHHS 1 €)eKTy BTOMU IIPHU TPUBATUX HABAHTAKECHHSIX.
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MOBUIBHUH 3ACTOCYHOK JJI51 PO3BUTKY JIPIBHOI

MOTOPUKHU PYK VY JITEA
Annpymenko M.P.1, Cunoperko 3.M.2
'HayxoBnii kepiBHuk — .T.H. gouent Cenisanosa K.I'.
1XapkiBchkuii HaliOHAILHUN YHIBEPCUTET PadiOENEeKTPOHIKH, Kadeapa
O6loMennyHOI iHXKeHepii, M. XapKiB, YKpaiHa

teir. +38 (057)-702-13-64, e-mail: marko.andrushchenko@nure.ua

2XapKiBChKHIi HALlIOHAILHUN YHIBEPCHTET PaJiOeICKTPOHIKY, Kadeapa 6e3nexu
1HGOopMaIIITHUX TeXHOJIOT1H, M. XapkiB, YKpaiHa
ten. +38 (057)-702-14-25, e-mail: zoia.sydorenko@nure.ua

An insufficient level of development of fine motor skills or motor disorders
Is important to detect at an early age of the child because it can lead to disorders
In communication, perception of information, mental retardation, etc.

HenocratHiii piBeHb pO3BUTKY JpiOHOI MOTOPUKH PyK YH PO3TaAH
MOTOPHOI c)epr BaXKIWBO BHUSIBUTH y PAHHBOMY Billl JUTHHH, OCKUIBKU II€
MOK€ TPHU3BECTH JO TMOPYLIEHb Yy CHUIKYBaHHI, CHPUUHATTI 1HDOpMAaIli,
NICUXIYHOMY PO3BUTKY, PO3YMOBOi BijicTasiocTi Ta iH. [1]. JomiapH0 mpoBOauTH
TECTyBaHHS AUTHUHHU Yy Bill Big 3 10 5 pokiB. OJHaK, y Cy4acHHX peaisax
3pOOUTH 1€ Ba)KKO uUepe3 CBITOBY MaHAEMIIO Ta BIMCHKOBHH CTaH B YKpaiHi.
ToMy, akTyanbHUM 3aBIaHHSIM € po3poOkKa came MOOUIBHOTO 3aCTOCYHKY JJis
peamizailii TeCTyBaHHs B IpoBidi (opMi, KOTpl MOXYTh BCTAHOBUTH OaThKU Y
cebe Ha cmaprdoHi yu Ha iHIoMy ramkerti [2]. Came po3poOka mporpamMu y
BUTJISIZI MOOUIBHMX JIOJAATKIB 4YM 3aCTOCYHKIB € HaWKpalluM BapiaHTOM,
OCKUTBKM TaKH BHJI MPOTPaMHOro 3abe3leueHHs Mae Kpamuid (QyHKITIOHAI,
J03BOJISIE BUKOHYBAaTH TIpoliec y OyAap SKUM 3pydHHMH dYac Ta Miclli,
BUKOPHUCTOBYIOUH Pi3HI U POBI IpucTpoi [3].

PeanizoBanuii MpOEKT HaJa€e Taki MOXJIMBOCTI SK TECTyBaHHs rpadidHUX
HABUYOK Ta JIPIOHOT MOTOPHKU PYK Y JOMAIITHIX YMOBaX, a TaKOXX MOXIJIUBICTh
MOIIUPEHHSI  PE3yNbTaTiB  aKpeAuTOBaHUM  ocobam  (daxiBisam)  aus
JIarHOCTYBaHHS MOPYIICHB 1 pO3pOOKH 1HAMBITYaTbHOT TPOTPAMH TECTYBAaHHS.

Y M001TbHOMY 3aCTOCYHKY pealli3oBaHi Taki €KpaHHU:

- EKpaH aBTOpU3aIlii;

- EKpaH peecTparlii;

- €KpaH 13 TECTaMH,

- €KpaH 13 pe3yIbTaTaMH TeCTYBaHHS,

- €KpaH 13 JETATHHOIO 1H(POPMAITIEIO PO TECTH.

i expanu peanizoBaHi y BUTJISIAI BIIKETIB, SIKI MO’KHA BUKOPUCTOBYBATH B
iHIIMX poekTax. Bonu mpencrasneni Ha puc. 1.

TakuMm YWHOM, BIPOBAKCHHS MOOUIBHMX 3aCTOCYHKIB YW JIOJATKIB Yy
crierfiaizoBaHi HaBYAJIbHI 3aKJIaJM JOIIKUIHHOT 1 MIKIJIBHOT OCBITH, KOPEKIIIHH1
IIKOJIM, MEAWYHI YCTaHOBHM HaJa€e MOXKJIMBOCTI aBTOMAaTH3allli IPOIEeCy
TECTYBaHHs, BIIPOBAIUTH HOBI aBTOPCHKI ijei [4-6].
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KOMII'KOTEPHE TPUBUMIPHE MOJEJIOBAHHS ITPAU
KOHCTPYIOBAHHI NIEPCOHAJII30BAHHOI KHUCTI JIOJANHUA
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XapKiBChbKUI HallIOHATBHUHN YHIBEPCUTET PaJioeNeKTpoHikU, Kad. BMI,
M. XapkiB, YKpaina
teir. +38 (057)-702-13-64, e-mail: matvii.botsman@nure.ua.

More and more citizens of Ukraine suffer traumatic injuries as a result of
the aggressive war of the russian federation. A significant number of such
injuries are injuries of the upper limbs, including its loss. The paper considers
the necessity of using modern three-dimensional scanning tools for the
development of a personalized prosthesis. Further steps in the development of a
parameterized prosthesis of a human hand are shown, which will make it
possible to develop and manufacture a prosthesis in a short time. Further stages
of the work are aimed at the direct development of a method of computer design
of a personalized human hand.

IToBepHeHHsT Ta BITHOBIEHHS (YHKIIM OMOPHO-PYXOBOTO amapary €
HEBIJ €EMHOIO CKJIQJIOBOIO y Cy4YyaCHOMY TNpoTe3yBaHHI. llpuumHamu BTpatu
KIHI[IBKM MOXYTh OYyTH SIK TPaBMAaTHYHI MOIIKOIHKEHHS, TaK 1 CYJTMHHI XBOPOOH,
iH(ekii, reHeTrnuHi narosorii. 3a craructukoro BOO3, 6mussko 25 % nroaei
MalOTh TOPYIIEHHS Ta 3aXBOPIOBAHHS OMOPHO-pyXxoBoro amapary [1].
AmryTaliiss KHUCT1 € OAHIEI0 3 HAWMOUIMPEHIMHUX OTNepalii y Mosici BEpXHIX
KIHIIIBOK 1 BHKJIMKA€ 3HIKEHHS (YHKI[IOHAIBHOCTI PYKH W HaHOCUTH
NICUXOJIOTIYHY Ta COLIAJIbHY IIKOJY. AKTYaJdbHICTh TEMH MPOTE3yBaHHS JOCUTH
BHCOKa, TaK SK OaraTo JroAed MmoTpeOyroTh y MPOTE3yBaHHI TUX YH I1HIIHUX
opraHiB a00 YacTHH TiJIa, OCOOJMBO >KOPCTOKY BiMHY pociiichkoi ¢emepartii
npotu Ykpainu. Ha choronHi icHye HOCUTH 06araTto TEXHOJIOTIM Ta TEXHIYHHMX
pillIeHb TPOTE3YBAHHSI, SIKI MAIOTh JIOBOJII BEIUKUHN MEPEiK METO/IB KPITUICHHS,
METO/IIB YMPaBIIHHS Ta 3BICHO K BEJTUKY KUTbKICTh BUKOHYIOUUX (PYHKITIH.

AKTHBHI IPOTE3U € HAUOUIBII MOMUPEHUMH Y BUKOPUCTAHHI Yepe3 Te, 110
BOHU MiI[HI, MAalOTh BUCOKMU TEPMIH €KCIUTyaTallli, He MOTpeOyIOTh 4acTOro
oOCITyroByBaHHSI Ta B TOPIBHSHHI 3 MIOCIEKTPUUYHUMHU TIPOTE3aMH BOHU
KOIITYIOTh JCTIEBINe. AKTHBHI MTPOTE3U BUKOPUCTOBYIOTH TPOCOBY CUCTEMY JIJISI
3a0e3nedeHHsT (PYHKIIIOHATBHUX MaHIMyNsAmiid KucTi. Pemeni Ta KpireHHS
YTPUMYIOTh TIPOTE3, a 3aBASKH pyXaM Iuieda abo JIKTROBOTO Cyrioba
BiIOyBAETHCS yNPABIIHHS PYKH.

[Ipore3  moBWHEH  BIANOBIAATH  SKICHUM Ta  MMapaMETPUYHHUM
XapaKTepUCTUKaM MoJIeNtoBaHHs. J[0 SKICHMX MOXXHA BITHECTH: 3PYy4YHICTb,
KOM(OpPT, KOCMETHYHHI 30BHIIIHIM BUIIAA TOIIO. Y po3poOIi MpoTe3iB
napaMeTpuyHe MOJICNIIOBAHHS BIJIIpPAa€ poJib MITOHKK Ta 30alaHCyBaHHS
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ONTUMAJIBHUX PO3MIPIB MpOTE3y BIAHOCHO IHAMBIIyaJIbHUX IapaMeTpiB
KIHI[IBKH.

Hama po6ota nependadae po3poOKy yHIBEpCaIbHOI MOJE1 IPOTE3y KHUCTI
M0 BIJICKAHOBAHMM IapaMeTpaM HEMOIIKOJKEeHO1 KiHI[iBKM. HacTymHuil kpok
micisl cKaHyBaHHS — 1€ po3poOka 3D oOpasy 3 ypaxyBaHHSM T'€OMETPUYHOL
napameTpu3zarii [2, 3].

[lepuoyeproBuit nepesik napaMeTpiB pyku JrOAUHU (puc.1):

- lllupuna xucti. BuMiproeTbcs AOBXKHMHA BiJ JPYroro 10 I1'STOTO
'ICTKOBO-()aJITaHTOBOI'O CYTJI00Y;

- loxknHa nepenrmiivys. Binctans BiJ JIKTHOBOTO CyTyio0a A0 3aI'acTs;

- Kono mnepeammiyus. [liamerpu Bim JiKTS 10 3am'sacTss 3 I1HTEpBajIoM
BUMIPIOBaHHS OJIUH CAHTUMETP;

- Kono Oiterncy. JliameTp HalIMpIOi YaCTUHU JBOTOJIOBOI M'S3U TjIeya.

Pucynok 1 — I[epenik napameTpiB pyKu JHOJUHU

Mertoauka 3D ckaHyBaHHSI pyKH Ta OTpUMAaHHS MapaMeTpU30BaHOI MOJIETI
7A€ MOJKJIUBICTh TPUCKOPUTHU TPOIIEC BUPOOHUIITBA MPOTE3iB Ta JI0Aa€ OUIBII
TOYH1 BUMIPIOBaHHS TTapaMeTpiB.

HactynmHauMm eramoM € JOCHIDKEHHS Cy4YacHHUX 3aco0iB TPUBHUMIPHOTO
CKaHYBaHHS Ta MOXJIHMBOCTI iX BHUKOpHUCTaHHS B 3adadi 3D MojemtoBaHHS.
[lepcriekTBOIO pPOOOTH € BIPOBA/KEHHS pPe3yJIbTaTiB JOCIIKCHHS Ha
MIPaKTHIIL.
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KOMILJIEKCHUM METO/JI BUBHAUYEHHS BIOJIOTTUYHUX
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Octporpancekoro, kadgeapa KIE, m. Kpemenuyk, Ykpaina
ten. +38(096) 176-81-93, e-mail: dkuch100@gmail.com

In my opinion, such research methods as ECG (electrocardiogram) — the location of the
electrodes presumably in the safety belt in the heart region, EEG (electroencephalogram) — the
location of the electrodes in the pilot’s helmet and the electromyogram of the pilot’s limbs should be
introduced into the system of research into the parameters of the pilots’ condition during the flight. -
location of electrodes in gloves. Thus, the combination of three diagnostic methods will be able to
provide an explanation of the aviation event that has occurred and reduce their probability, thanks to
the implementation of specialized expert systems that will assist pilots during flights.

VY ckimajmi TPaHCHMOPTHOI CHCTEMHM YKpaiHW BaXKIUBE MICIEC HAJCKHUTh
aBianii. HeoOXiTHOIO CKJIaJOBOIO aBialllfHOTO TPAHCIOPTY € aepoHaBiraijiiiHa
cucreMa (AHC), npusnaueHa s €EeKTUBHOTO Ta OE3MEYHOrO BUKOHAHHS
NOJILOTIB. AepOHaBITaIliliHA CHCTEMa SBJISIE COOOK0 CKIIAJIHY JIFOJUHO-MalIuHHY
cucremy (JIMC), sika 3aBISIKM BUKOPUCTAaHHIO CIEIIaAJIbHUX TEXHIYHHUX 3ac00iB
3abe3reuye OpraHi3aiiio TOBITPSHOTO PyXy O€3NMeYHUM, pEeryJISpHUM Ta
e(eKTUBHUM aepoHaBIraliiHUM OOCIYrOBYyBaHHSM. BHKOHaHHS LIUX BUMOT 3a
PI3HOT IHTEHCUBHOCTI Ta HILJILHOCTI MOJBOTIB, HECIIPUATIUBUX MOTOJHIX YMOB,
MOXJIMBUX BIIMOB 3ac00IB aepoHaBiraiii 1 BIUIMBY JtOJChKOTO (pakropa, €
CKJIQJIHUM 3aBJaHHSM, BHPIIICHHSAM SKOTO 3aliMarOThCA BY€HI W aBialliifHi
daxiBii npotsaroM yciei icTopii asiamii. CTaTUCTUYHI JaHI MO aBialiiHi momii
(AIl) 3a ocrtaHHI JECATWIITTS BKa3ylOTh Ha JOMIHYIOUY pOJIb BIUITMBY
moackKkoro ¢dakrtopa Ha 3aranbHy KUTbKicTh All, mo cranoBuTh 61musbko 80%
[1]. Tomy orliHIOBaHHS, aHaji3, MPOTHO3YBaHHS Ta IMJBHUIICHHS ¢(EKTUBHOCTI
JOJCHKOTO (hakTopa 3aluIIaloThesa akTyanbHuM.3HauHa dvacTka All (49%)
IpUnagae Ha CBIIOMI MOPYIICHHS YiICHAMH EKINaXiB IMOBITPSHUX KOpaOIiB
(ITK) nboTHUX 3aKOHIB, MPaBWJI Ta 1HCTPYKIii [1] Ta mopymieHHS B Tporieci
nepeanonboTHOl miaArotoBku (42%) [1]. Le cBimuutsh, mo-nepmie, mo AHC 3a
MPUHIIMIIAMH  (DYHKITIOHYBAHHS CJIiJ] BBaXKaTH COIIOTEXHIYHUMH CHCTEMaMH
(CTC), 1 mo-nmpyre, 10 camMe ONTHMI3AIis COIIATBHO-TICUXOJOTIYHUX (PaKTOPIB
SK y TIpoIieci BUKOHAHHS IMOJIBOTY, TaK 1 Ha CTajii MepeAnoIbOTHOI MiATOTOBKH
0OyMOBITIOE 3HaYHI MOXKJIMBOCTI CKOpoueHHs KimbkocTi AIT.OTxe, BupimeHHs
mpoOJIeMHu JOCHIKEHHS MapaMeTpiB CTaHy IUIOTIB MiJ dYac TOJIBOTY Ta iX
kojekTuBiB B AHC sK COIIIOTEXHIYHOI CHCTEMH, € METOI0 Ili€ei poboTu.yY
CUCTEMY JOCIIDKCHHS TapaMeTpiB CTaHy MJIOTIB IMiJl Yac TOJBOTY, Ha MOIO
TTYMKY, Tpeba  BBECTH  Taki  METOAW  JIOCHIIKCHHS, gk EKI
(eniekTpokapaiorpaMMa) —pO3TalllyBaHHs €JIEKTPO/I1B IMOBIPHO Y MacKy Oe3neKu
B obuacti cepusi, EEI" (enekTpoeHiniedanorpamMma) — po3TalryBaHHs €JIEKTPO/IIB
y IIOJOMI MUIOTa Ta EJEKTPOMiorpaMma KIHIIIBOK MUIOTa — PO3TallyBaHHS
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eNeKTpoaiB 'y pykaBuilsix. Enekrtpokapniorpadis — 1€ MeToJ AIarHOCTUKHU
pobotu cepus, 1m0 (IKCye KOJMBAHHS EJIEKTPOIOJs cepieBoro Mm'siza. Take
OOCTEeXXEHHSI CcepIsl MPOBOAMTHCA 3a JOMOMOTOI0 eJeKTpokapaiorpada —
anapary 3 kjaemamu (iX 3aKpiIUTIOIOTh Ha TUIl), IKMM 3a3Ha4ya€ 3MIHU CEpLEBOTO
puTMy B pi3HUX (aszax 1 BUBOAMUTH iX Yy BUIISAl rpadika Ha mamip, ToOTO
eJIeKTpoKapaiorpaMu. Bupdaroun rpadik 1 mOpiBHIOIOYH HOTO 3 €TaIOHOM, JIIKap
BHU3HAYA€, YA HOPMAJILHO TpAIOe cepieBuil M's3 abo € sikich nepeboi. EKT
JI0TIOMAara€ CBOEYacHO BUSBUTH ITOPYIIECHHS PUTMIB CEPIlS 1 YaCTOTH CKOPOUYCHb,
apuTMil0 1 TOWIKOMKEHHS Miokapaa.Enekrpoenuedanorpama — Kpusa,
OTpHIMaHa TPH PeecTpallii KOJMBaHb EJIEKTPUYHOTO IMOTEHIIiady TOJOBHOTO
MO3KYy 4epe3 MOKPHBH TOJIOBH. Ha TroiioBy IIOJUHHM OJSTAETHCS CIEIiaibHA
IIarnoyka 3 eIeKTpoJaMu-aHTeHAMHU, 3 €HAHUMHU 3 caMuM mpuiaagoM. CUrHaim,
0  HAAXOAAThb 3  KOPH  TOJIOBHOTO  MO3KYy, IMEpenalTbCsi  Ha
enexkTpoennedanorpad, KUl rnepeTBoproe iX B rpadiune 300paxkeHHs (XBUII).
Ile 300paxeHHs Haramye puTM cepill Ha enekTpokapaiorpami (EKIT). Meroro
JOCIIDKCHHSI € BUSBJICHHS CITUICTITUYHOI aKTUBHOCTI Ta BU3HAYCHHS THITY
eNUIeNTUYHUX MPUNIAAKIB; A1arHOCTUKA IHTPAKpaHiaJIbHUX OCEPEIKIB ypasKeHHS
(abcrec, MyxJIMHM), OI[IHKA EJEKTPUYHOI aKTUBHOCTI TOJIOBHOTO MO3KY IpHU
XBOpoOax oOOMiIHY pe4YoBUH, imIeMii MO3Ky, HOro TpaBMax, MEHIHTITI,
eHiedaiTi, MOPYIIEHHS PO3YMOBOTO PO3BHUTKY, NMCUXIYHUX 3aXBOPIOBAHHAX 1
JIKyBaHHI PI3HUMH TMpernaparamu; OIlIHKa CTYIEHS AaKTUBHOCTI TOJIOBHOT'O
MO3Ky, miarHoctuka cMeptTi Mo3ky.EEI" BimoOpakae M03aiky akKTUBHOCTI KOpH
TOJIOBHOTO MO3KY, SIKa Y 370pOBOI JIOJMHU BIAPI3HAETHCS MEBHOIO KapTHUHOIO,
BIJIMOBIIHOT TapMOHIi TPOTIKAaHHS OCHOBHUX HEPBOBHUX IPOIECIB B MO3KY. [Ipu
naToJIorii MO3Ky I rapMoHis mporeciB nopymyerbes. EEIT moxe mokaszatu
OJIMH 3 OCHOBHHMX MapaMeTpiB poOOTH HEPBOBOI CHCTEMH — BIIACTHBICTH
PUTMIYHOCTI, K€ BiOOpaka€e y3TO/KEHICTh POOOTH PI3HMX CTPYKTYP MO3KY.
Came s MmoxiuBicTh poouts EEIT yHikansHUM 1, 6€3yMOBHO, IIIHHIM METOJIOM
niarHoctuku. Enektpoennedanorpadiuai 0OCTEKEHHs JTO3BOJISIIOTH PO3KPUTH
AK JOJICHKUI MO30K BUKOPHCTOBYE CBOI byHKIIIOHATBHI
pesepeu.Enekrpomiorpadis (EMI') € miarHOCTHYHOIO MPOIETYPOO ISl OI[IHKH
CTaHy M’sI3iB, HEpPBIB 1 HEPBOBUX KIITHH, fKI IX KOHTPOIIOIOTH. Meton
JI0TIOMAara€ BUSBUTU MPUYMHY TaKUX YaCTUX MPOOJIEM, K M’s30Ba CIaOKICTh B
KIHI[IBKaX, TOPYIICHHS YyTIHBOCTI (OHIMIHHS 1 1H.), AG0 Oo0mr0, a TaKoX
JI03BOJISIE BUSIBUTH, 3 YAM BOHHM TIOB’S3aHI — 3 MATOJIOTI€I0 CIIMHHOTO MO3KY,
KOpIHIIiB, HepBiB abo0 M’sa3iB.TakuM 4YHMHOM TIO€JHAHHS TPHOX METOIIB
JTIarHOCTUKHA 3MOJKE JaTH TOSCHEHHS TPO aBialliiHy IOJif0, sKa cTayjacs i
3MEHIIUTh iX WMOBIPHICTh, 3aBISKH BIPOBADKEHHIO  CIEIiaTi30BaHUX
EKCIIEPTHUX CUCTEM, AKi OyAyTh TOTIOMAraTy MijIOTaM ITiJ 9ac MOJIbOTIB.
Cnucok BUKOPUCTAHUX JIAKePeJt:

1. IlpuliHATTS pilleHb ONEpPaTOpPOM aepoHaBiramiiHoi cucremu. Pexum
noctyny 10 pecypey: https://dspace.nau.edu.ua/bitstream /NAU/26366 /1/
Momnorpadis_Ilpuitnarrsa%20pimens%20onepaTopom.pdf.
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M. KoctsintuniBka, JloHenpka 0071, Ykpaina
e-mail: rdckonst@ukr.net
Scientific work is devoted to the issues of substantiation of use, the

mechanism of action, technique and methodology for applying modern methods
of local cryotherapy. The therapeutic effect of cold through the use of water-
containing cryoagents for therapeutic purposes has a long history. The end of the
20th century was characterized by the development of new cryogenic carriers,
the study of the effect of cold on various body systems, and the discovery of the
mechanisms of human adaptation to its action.

B ymoOBax BOEHHHX JIiif, 10 CYINPOBOKYIOTHCS 30UIBIICHHSIM HEPBOBO-
NICUXIYHOTO HAINpPYXXEHHS, 1 SK HACIiJOK BHUKIMKAE 3arOCTPCHHS XPOHIYHOI
IaTOJIOT1i, 30KpeMa NPUMHOXEHHS M’S30BHX CIIa3MiB aKTyaJbHUM BHCTYIIA€
3aCTOCYBaHHS IHHOBAI[IMHUX METOJIIB JIIKYBaHHS, CEpell SIKUX METOJ JIOKAJIbHOT
KpioTepartii.

OcHoBHI edekTu aii JOKambHOI KpioTepamii: 3HATTS OO0, 3MEHIICHHSI
3amajabHOr0 HAOPSAKY Ta JIIKBiAaIlis M'sI30BOTO CIla3My. 3a TaHUMU PSy aBTOPIB,
XOJIO[ Ma€ aHTHUTIMOKCHYHY, TE€MOCTaTHYHY Ta penapatuBHy naito [1, 2].
MicueBa X0y0J10Ba il MPU3BOAUTH JI0 JOKAJIBLHOI'O YHOBLILHEHHS OOMIHHHUX
IPOIIECIB B OXOJIOPKCHUX TKaHWHAX, 3HUKEHHS MOTPeOU Ta CIOKUBAHHA HUMU
KHCHIO [3].

VY 1eit yac BBaXKaeTbCsd, IO 3BY)KCHHS CYIUH TiJ 4Yac KPIOBIUIMBY €
MIEPIIOI0 3aXMCHOIO PEAKIN€I0 Ha OXOJOHKEHHS 1 CpsSMOBaHE Ha 30epeKeHHS
TEIUIa, pyra 3aXMCHA PEaKIlisi — PO3MIMPEHHS MPOCBITY KPOBOHOCHUX CYIMH,
[0 CIpPHUS€ MOCHICHOMY TEIUIOYTBOPEHHIO. TaKWMM YHWHOM, MICHS JIOKAJIBbHOI
KpioTeparrii BUHHKA€E XOJIOJ0BA TillepeMis, y MeXaHI3Mi SKOi1 BIAIrpaloTh pPOJIb
YTBOPEHHS  KOMIUIEKCY  CYJAWHOPO3IIMPIOBAIBHUX  PEUYOBHH, 3HIDKCHHS
M'SI30BOT0 TOHYCY, aKCOH-pediiekcu. PUTMIUHI KOJMBAaHHS MPOIECIB 3BYKECHHS
Ta PO3IMHUPEHHS CYAWH IIKipH 3amo0iraroTh IMEMIYHOMY TOMIKOKEHHIO
TKaHVH.

BmuB kpioteparii Ha HEPBOBO-M'SI30BUI amapaT MOB'SI3aHUN HacaMIiepe;]
13 30y/DKeHHSIM MIKIpHUX perenTopiB. TpuBaiie OXOJOIKCHHS BUKIHUKAE iX
TaJIbMYBaHHS, y 3BSI3KY 3 UMM 3'ABISIOTHCA 1 CyO'€KTHBHI BIAUYTTS: CIIOYATKY
BIIUYTTSI XOJIOAY, TIOTIM TIEUiHHS Ta MOKOJIOBAHHS, Ayl Oub, IO 3MIHIOETHCS
aHecTe31€l0 Ta aHaire3i€r0. MOXKIMBICTh PEryJlOBaHHS M'SI30BOTO TOHYCY 3a
JOTIOMOT0I0 KpioTepamii Mae BeIWKe IPaKTUYHE 3HAYCHHs. 3alie)KHO Bia
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IHTEHCUBHOCTI Ta TPHUBAJIOCTI KPIOBIUIMBY MOXHA JOCATTH peiakcauli M's3iB
a00 MIBUIIIECHHS IX TOHYCY.

KpioTepamist copusie MBUAKOMY MNPUAYIIEHHIO AKTUBHOCTI 3alaJbHOrO
mporiecy, OCOOJMUBO TIPU TOCTPOMY 3amlaj€HHI, OJIHOYACHO BiAOYBAEThCS
CTUMYJISIIA TPOIIECIB pereHepallii Ta MiJBUIICHHS 3arajibHOl PE3UCTEHTHOCTI
Opratizmy.

Cryninp TposBY JIKyBaJbHUX BIUIMBIB KplOTepamii 3aleXHUTh Bij
HACTYNMHHUX MapaMeTpiB: IHTEHCUBHICTb, TPUBAIICTh, JUHAMIKA BIUIUBY, IUIOLIA
MOBEPXH1 TUIa, YaCOBUU IHTEpPBaJ MDK BIUIMBAMH, a TAaKOX BiJ XapakTepy
NaToJIOT1i, 1HAUBIAYaTbHUX OCOOJMBOCTEH 1 BIKY malieHTa. UMM MEHIUN Yac
npoueypy, THUM BHIIE TOHI3yIO4a 3JIaTHICTH KpioTepanii. binbim TpuBana
npoueaypa, HaBMNaKW, Mae€ COa3MoMTH4YHY Aito. g  30epekeHHs
aHAIreTUYHOro e(exTy KpioTeparii IONUIBHO IOBTOPIOBATH MPOLEAYPH 3
iHTEepBaaoM 4-5 ro.

Kniniuny edexTuBHICTH NaHUW METOJ I[OKa3aB y TpaBMATOJIOTIl Ta
oproreii (3aXBOPIOBaHHS Ta TPaBMH M'SKHX TKaHHWH, 3B'S30K, CYXOXXHWJIb,
Cyrio0iB Ta KICTOK, 30KpeMa: CBDXKI CHOPTUBHI TpaBMH, TpaBMaTU4HI
MOLIKO/KEHHSI OMOPHO-PYXOBOTO amapary y [iTed; MoCcTIMMOOIi3aIiiHi
KOHTPAKTypH; TOPYIICHHS pPYyXOBUX (VYHKIIH pI3HOTO TEHEe3y); HEBPOJIOTii
(cmacTuHU TeMi-1 maparnapes, MIrpeHb, HEBpPaIris, PO3CISHUN CKIEpO3, CTaH
micyisi  TOPYIIEHHS MO3KOBOTO KPOBOOOITY, BepTEOpOT€HHA MAaTOJIOTris);
peBMaToJioriss  (3amajgbHi  3aXBOPIOBAaHHS  CYIJIOOIB —  pEeBMaTOITHUH,
NOJIarpUYHUMN, TICOPIATUYHUN apTPUT; PEBMATUUYHE YPaKCHHSI M'SIKMX TKAHUH —
nepiapTpUT, CHOHIUIOAPTPUT; JETCHEPATUBHE 3aXBOPIOBAHHS CYIVIOOIB —
octeoaptpo3 [-IV craniit; gepmartosnorii Ta KOCMETOJOTii — 3amaibHI
€KCYJaTUBHI1 XBOPOOH MIKIpH, ByTPOBUN BHUCHII, CE00Opesi, aTOIMMUYHUMN TEPMATHT).

Cnucok BUKOPUCTAHHUX JIKepeJI:

1. [Manuenko O.A., Omnimenko B.O., Cepmiox [LA. (2018).
Kpiorepamis B cucremi o3mopoBieHHs Ta peabimitanii. I[lcuxocoriaabHa
MiATPUMKA 0Ci0 3 TPaBMOIO BIHU: MIKHAPOJHHM JOCBIJ Ta YKpaiHCHKI pearii:
Marepiaiu BCEYKpaiHChKOI HayKOBO-TIpakTU4YHOI KoHpepenmii (Mapiymods,
28 motoro 2018 p.). 56-59.

2. [Tanuenko O.A., Pamuenko C.M., Cepaioxk LA. (2017).
[lcuxodusnonornueckue acmneKkTbl T'eMOAMHAMHUKH TpPU KPHUOBO3JACHCTBUH Yy
MAIMEHTOB C COCYAMCTON maTtosioruei. CydyacHa cUCTeMa OCBITH 1 BUXOBAHHS:
JIOCB1T MHHYJIOTO - TIOTJISIT Y MallOyTHE: 301pHHUK T€3 HAYKOBUX POOIT YUaCHUKIB
MixHapogHOT HAYKOBO-IPAaKTHUHO1 KoH(pepeHtii 6-7 xoBTHa 2017 p. — Kuis.
136-137.

3. [Tanuenko O.A., Jlax 10.€., Omnimenko B.O. (2011).
[Iporno3yBaHHS peakilii CHCTEMHU TEPMOPETYJIIAIIl HA KYpCOBUI eKCTpeMaTbHUN
kpioBmMB. V 3131 yKpaiHChKOro 010(p)i3M4HOr0 TOBApUCTBA: TE€3U JIOMOBIICH. —
JIyupk: BonuHchkuil HanioHanbHUM yHiBepcuteT iMeHi Jleci Ykpainku. 108.
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Octporpancekoro, kadgeapa KIE, m. Kpemenuyk, Ykpaina
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The design of the capsule for endoscopy for the chamber is equipped with
two additional cameras on the cob and in the end and with a MEMS sensor
(accelerometer, gyroscope and magnetometer, so that the battery does not work),
to ensure the selection of additional information about the small image of the
frontal image of the capsule at the moment of the capsule , and th panoramic.
Also, the grain of the capsule can help the survivors to carefully look at the
pathology and growth of the lice. For which it is possible to use an electroactive
polymer, which, under the influence of an electric strum, will increase the
capsule in rosemary.

KancynpHa eHmockomiss — cydyacHUNM MajlOiHBa3WBHUN METOJ OOCTEKEHHS
HUTYHKOBO-KUITKOBOro  TpakTy (ILIKT) 3 BuKOpHCTaHHSAM CHEHialbHOI
€HJIOCKOIIYHO1 KalcCyJu, 37aTHOI mepeaaBatu BigeocurHan. I[lomiOuuit criocid
JOCJIIJDKEHHSI TPaBHOI CHCTEMH € aHAJIOrOM E€HJOCKOIIYHOTO TOCTIIKCHHS 1
MOXKE 6YTI/I BI/IKOpI/ICTaHI/Iﬁ B THUX BUITaJKax, KOJIN HOBHOHiHHa
¢bi6poracTpoay0I€HOCKOITISI HEMOXKIIMBA Y KOHKpPETHOTO TarienTa. KarncynpHa
GH,IIOCKOHi}I IMIJTYHKa OJO3BOJIAIE€ OHiHI/ITH CTaH CJIM30BOI OOOJIOHKH oprany, a Tak
caMO BHUSIBUTH IT1JI03p1II1 TOOPOSKICHI 1 37105KICHI HOBOYTBOPCHHS.

Pucynok 1 — CxematnyHe 300paxxeHHs KarcyiabHOT €HI0CKOTIi

Bineoengockorisi 3 BUKOPUCTAHHIM KallCyld — MPOIEaAypa Bi3yaJIbHOTO
oOCTeXeHHS NMUTYHKa Ta BIIALUIIB KUIIeuHHuKa. [laieHT KoBTae Kamcyimy, micis
4Ooro Ta CaMOCTIMHO TIPOCYBA€ThCA TIO NUIYHKOBO-KHUIIKOBOMY TpPAaKTYy,
BIJIMTPABIISIIOYM HAa KOMITIOTEP JIiKapsi 300pakKeHHS Ta BiEO 3 MOMIIMBICTIO
HaJAIITYBaHHSA KUTBKOCTI KaApiB B CeKyHAy. JlaHwii MeTon 4acTto oOMpaeThes
CaMHMHM MAaIll€EHTaMH, TaK SK IIOBHICTIO Oe3NeYyHuii 1 HEMmOB sI3aHUM 3
HEMPUEMHUMH  BIIYYTTSIMH, Ha BiIMIHY BiI PI3HOBUIIB TacTPOCKOIIIi.
KancynbHa eHpockomis TMOKa3aHa NPU HAABHOCTI y XBOPOTO OOJbOBOIO
CUHJPOMY y BEpXHIM YacTUHI >XUBOTa a00 B HaBKOJOMYNKOBOi oOsacti 0e3
BCTaHOBJIEHOT mpuuuHU. KpiM 1bOTO, MPOIEAYpPY BHKOPHUCTOBYIOTH Y TaKHX
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CUTYallisIX: M103pa Ha BHYTPIIIHBO KHUIIKOBY KPOBOTEUY MPHU HEMOKIUBOCTI
MIPOBEJCHHS €HIOCKOMIYHOTO AOCTIKEHHSA. Y [OMY BUMAJAKY 32 JOMOMOTOI0
KalcyJaul MOKHa LIBUIKO BHUSBHUTH PIBEHb 1 JDKEPEIO KPOBOTEYl. 3amalibHi
3aXBOPIOBaHHSI TPABHOTO TPaKTy (TacTpuT, eHTeput Toino). KiiHiyHa KapTHHA
I00pOsSKICHUX abo0 3JO0AKICHUX HOBOYTBOPEHb B OpraHax TpPaBHOTO TPAKTy.
XBopoba KpoHa 3 ypakeHHSIM KUIIEYHHMKA 1 UTyHKA HAa OyJb-IKOMY DIBHI, a
TaK0 MOJIMBICTh KOHTPOJIIO €)EKTUBHOCTI 3aXBOPIOBAHb JIAaHUX OpPIaHiB.
KancynpHa BileO€HAOCKOIISI A03BOJISE SIKICHO JOCIIJUTH CTaH OpPraHiB
HIKT. [Ipu uboMy MeTOLy BUAUIAIOTH SIK IEBHI NE€peBaru, M0 BUAUISIOTH HOTO
cepell aHAJIOTTYHUX METO/IIB, TaK 1 HEJOJIKH, JIMITYyI0ul 3acTocyBaHHs. OCHOBHI
TIO3UTHBHI CTOPOHH TMPOLEAYPUHACTYIHI: HU3bKHIA PU3UK PO3BUTKY MOOIYHUX
edeKTIB 1 BIACYTHICTH TpPaBMYBAaHHS BHYTpILIHIX opraHiB. Bineokamepa Mmae
HEBEJIMKHUIA po3Mip 1 HE 3/1aTHA MOIIKOANTH CTIHKY NUTYHKa a00 KUIICUHUKA MIPH
JOTpUMaHHI TTOKa3aHb 1 MPOTUIIOKA3aHb 10 oO0cTexxeHHs. MeTon 6e300micHUH 1
HEeTOB’si3aHUK 3 JAUCKOM(OPTOM,  XapakTepHUM  JUIsi  OyAb-SIKOTO
€H/IOCKOTIIYHOTO MeTOIy. Malli BUTpaTH 4acy y 3B 3Ky 3 MOXJIMBICTIO BiXOIy
naiieHTa 3 JIKyBaJbHOTO 3aKiany. JIroauHi HEOOXIHO MOBEPHYTUCS JO CBOTO
mikapst gepe3 10-12 rogwH micis MPOKOBTYBaHHS Kamncynn. He BUMaraerhbcs
3aCTOCYBaHHSI HApPKO3Y, SIKHH MOXKE 3HAJIOOMTHCS MPH KOJOHOCKOINI Ta 1HIIUX
nomiOHMX Tpouenypax. Bimeokamncyma kpamie BChOTO — IMIAXOAUTH IS
JOCIIPKEHHSI TOBIOIO0 TOHKOTO KHIEYHUKA. EHIOCKOMIYHE OOCTEKEHHS HE
3aBXJIM MOXJIMBO B 3B’SI3KYy 3 (DI3MYHOIO HE3IATHICTIO €HAOCKONAa OOCTEKUTU
KUIIKY Takoi MpOTSKHOCTI. BukopucTOBYBaHa BifeoKancyiia OJHOPa3oBa, IO
3HIKY€E pU3UK Tepeaadl MK marieHtamu iHpekmin (rematut B, BIJI Tormo).
KancynpHa BiJIeOSHIOCKOITISI — MOMYJISIpHUHN 1 ePEeKTUBHUN METOJT 00CTEKEHHS
opraniB IIIKT 3 HU3BKMM PH3HKOM PO3BUTKY YCKJIATHEHb 1 JUCKOM(POPTY Y
naiieHTa. JIoTpuMaHHS MOKa3aHb 1 MPOTHIIOKA3aHb 0 JOCIHIIKEHHS J03BOJISE
BUOUpPATH TUIBKA TUX XBOPUX, Y SKHUX JlaHa Tpoleaypa MOKake HaWBUILY
Oesneky 1 edexTuBHICTh. IIpu3HAUYEHHS KaICyJIbHOTO OOCTEKEHHS ITOBHHHO

MIPOBOJIUTHUCS TUTBKH TiCTs KOHCYJbTaIlii y JiKaps.
3anmponoHOBaHAKOHCTPYKIISKATIC YU IIICHIOCKOM13apaXxyHOKOCHAIIICHHS 1012
TKOBHMHBOMaKaMepaMHHa MOYaTKy 1 B kiHIitTaMEMC-

CEHCOPOM(aKCEIEPOMETP,IIPOCKONITAMATHITOMETP, IO HE 3aBAacTh IIKOIU
aKyMyJIATOPY ),3a0€3MeunTh301p10aTKOBOTIH(GOPMAITITTPOMICIIE3HAXOIKECHHSIK
anCyTMBMOMEHTKAIPYTa300paXEHHSAM HE TUIbKH (PPOHTANIBHOI KapTWHH, a U
naHopaMHoi. TakoX 3ymMUHKAKarCyiau MOXKE JTOMOMOTTH JTOCHTITHUKAM yBa)KHO
OTJIAHYTH MaTOJIOT1IO
Ta3pOOUTUBUCHOBOK. J[JI1IOTOMOXXHABUKOPUCTATUEIICKTPOAKTHBHUUTIONIMED, ST
KHUITITI€0eTIEKTPUIHOTOCTPYMYO y1€30 TBIITYBaTHKATICYTYBPO3MIpI.

Cnucok BUKOPUCTAHHUX JIKepeJI:

1.KamncynpHa €HJIOCKOMIA: TOKa3aHHS, MPOBEACHHS, HEIOTIKH. Pexum
noctymy jgo pecypey: https://ihealth.in.ua/diagnostika/kapsylna-endoskopiia-
pokazannia-provedennia-nedoliki.html.
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The paper analyzes the current state in the field of laparoscopy. The
necessity of developing methods and means of automated surgical interventions
and analyzing the quality of their work is shown. One of the stages of this
technology should be methods of detecting a surgical instrument. For this
purpose, a dataset was prepared for training and testing a convolutional neural
network. Based on these data, such a convolutional network was trained and
tested. The obtained results indicate the sufficient efficiency of such a network
and require further research. The perspective of the work is the use of the
obtained results in practice.

Xipyprist € onHi€0 3 HAWOUIBIN BIAMOBIAAIBHHX 00JacTed IiSTIbHOCTI
moauuu. [IpoBeneHHs XipypriyHoro BTpYYaHHs, Ta HOTO aHaji3 € CKJIaJHUM
IPOILIECOM, SIKUW MOTpedye MUPOKOro KoJia 3HaHb, HABMYOK Ta yMiHb. CydacHi
TEXHOJIOT1i B 0ararboX CHUTyallifX HE JO03BOJISIOTH IPOBOJUTH IOBHICTIO
ABTOHOMHI XIpypriuHi BTpy4aHHs, 3 BAKOPUCTAHHAM POOOTH30BAaHUX MEIMUYHUX
cucrteM. ToMy po3poOka METOIB Ta 3ac00iB aBTOMATH30BAHOTO aHAJI3y CICHU
XIpyprivHoOro BTPYYaHHs € aKTyaJbHOI 3a7adelo 3arajoM, 1 B JamapoCKOIii
30KpeMa € BaJIMBUM 3aBnaHHsAM [1-2]. Tak nmerekTyBaHHSA XipypriuHOTO
THCTPYMEHTY € Ba)KJIMBOIO CKJIQJIOBOIO JIJISl OpraHizallii Bi3yalbHOTO 3BOPOTHOTO
3B’ SI3KY.

400

Pucynok 1 — Pe3ynbrat po60TH 3rOpTKOBOT HEHPOHHOT MEPEXK1
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3 wi€l0 METOoK Oyjo MiArOTOBJIEHO AHOTOBAaHUW HAOIp JaHUX fAK I
TpeHyBaHHs Ta HaB4aHHs. Habip /uist HaBuaHHs BkitodaB 126 RGB 300paxkens 3
OJIHI€T BiJIEO TMOCIIIOBHOCTI y SKIA MPOBOJWIU JIAMAPOCKOIMIYHY TMEPEIAHIO
pesexuiro. A TectoBui Hablp maHux BkiIrodaB 83 RGB 300paxeHHs 3 iHIION
BIJICTIOCIIIOBHOCTI Yy  SKIH  MPOBOAWIM  TOTAJIbHY  JIAAPOCKOMIYHY
rictepekToMito Ta JiMpaaenexktomito. Ha ix ocHOB1 Oyi0 MpoBeIeHO HAaBYaAHHS
3rOPTKOBOI HEUPOHHOT Mepexi [3-5] 3 TeTeKTyBaHHS TMOJIOKEHHS XIPypriyHOIO
IHCTpYMEHTY. Pe3ynbTar ii poboTH HaBeaeHo Ha puc. 1.

Sk BugHO 3 puC. 1, JETEKTyBaHHS MPOBOJIUTHCS JOCUTH TOYHO, ajie CIij
BpPaxoOBYBaTU MOXJIHMBI HETOYHOCTL. OKpIM TOro CiiJi MPOBECTH aHaII3 100
KUTbKICHUX TOKa3HMKIB MEpPEki, a O0COOJIMBO ii reHepandi3oBaHICTh HIMPOKOi
BapiaTUBHOCTI XIpYpriyHUX MAHIMYJISTOPIB.

B pesynbrari mpoBeAEHOro0  JOCHIKEHHS  OyJI0  MIArOTOBJIEHO
crerianizoBaHi HA0OPH JIAMAPOCKOMIYHUX 300paXKe€Hb ISl HABYAHHS 3rOPTKOBOT
HEHUPOHHOT MEpPEeXi, TaK 1 JUIsl TeCTyBaHHA. Byno mpoBezieHO HaBUYaHHS MEpEexl,
M0 JI0 JETEKTYBaHHS XIPYypriyHOro I1HCTPYMEHTY Ha JIaapOCKOMIYHOMY
300paxenHi. [lonepenHi pe3ynbTaTi, HAa 0OMEXEHOMY HA0Op1 TaHUX, CBITYATh
po A0CTaTHI MOKa3HUKU (QyHKIIT BTpat (~10%).

[lepciekTBOIO pOOOTH € BIPOBAIKEHHS OTPUMAHUX PE3YIbTaTIB y 3aC00U
aBTOMAaTU30BAaHOTO aHATI3y MPOIECY MPOBEICHHS XIPYPTriuHUX BTPYUYaHb.
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Injuries in children remain one of the leading medical and social problems

due to the high prevalence of injuries and their impact on the level of mortality
and disability in the child population. Various types of knee joint injuries in
childhood require a carefully differentiated approach to both diagnosis and
treatment, especially when it comes to intra-articular injuries, when there is a
high probability of complications leading to joint dysfunction. A special place is
occupied by the technologies of local air cryotherapy.

TpaBmMaTu3M y JiTeld 3aJMIIAETBCS OJHIEID 3 TIPOBITHUX MEIHKO-
COIAJIBHUX TPOOJIEM YHACTIIOK BUCOKOT MOIMIMPEHOCTI TPaBM Ta iX BIUIMBY Ha
pPIBEHb CMEPTHOCTI Ta 1HBaJHOCTI JUTAYOr0 HacesleHHs. BiH mocimae apyre
MICIIE€ Y CTPYKTYpI 3arajibHO1 3aXBOPIOBAHOCTI JIITEeH, ckilamgarouu 6-8%.

ANTOpUTM KIIIHIYHOT peadimiTallii qiTei 13 TpaBMaMM KOJIHHOTO Cyriio0a
nependayae ik yCyHEHHsI CTPYKTYPHHX YIIKO/KEHb, 3alaJIbHOI peakilii cyrioda
Ha TpaBMaTWYHUU BIUIMB, a ¥ MOBHE BITHOBJIEHHS (DYHKI[Ii KIHI[IBKH 3 METOIO
MIHIMI3aIii PU3NKY BHUHUKHEHHS PEIHMIMBYIOYOTO CHHOBITY, HECTaOLIBLHOCTI,
KOHTPAKTYPH YIIKOJKEHOTO CYyrio0a.

VY uei yac (pi3uvHI METOIM MIMPOKO 3aCTOCOBYIOTHCS HA PIZHUX €Tarax
KJIiHIYHOT pealumitamii aiTed 13 TpaBMaTUYHUMHU YIIKOJKEHHSIMH KOJIIHHOTO
cyrinoba. EpexTuBHO BUKOPUCTOBYIOTHCSI HACTYITHI IPpymH (Pi3ioTeparneBTUYHUX
METOMIB: TMpOTH3amaibHI (EJMeKTpUYHE TIOJI€  yIBTPABUCOKOI  YaCTOTH,
CJEKTPOMArHiTHI ~ XBWJI  CAaHTUMETPOBOTO  JIiala3oHy),  penapaThBHO-
pereHepaTuBHI (HU3bKOIHTEHCUBHE J1a3epHE BUIPOMIHIOBAHHS 1H()padyepBOHOTO
Jiana3ony, ynbTpadioneToBe, iH(padepBOHE BUTIPOMIHIOBaHHS),
¢idpomomymror0ui  (BUCOKOYACTOTHA  MarHiToTepamisi,  MeloimoTeparnis,
yIBTPa3ByKOBa Tepamisi; yabTpadoHodopes, Jikapcbkuii — enexkrpodopes
depmentin) [1, 2].

Bognouac Hapas3i BHBYEHO MEXaHi3M Jii Ta BCTAHOBIEHO TEPANECBTUYHY
e(eKTHBHICTh HU3KM I1HHOBAI[IMHUX TEXHOJIOTiM KIIHIYHOI peabimitamii mpu
TPaBMaTUYHUX YIIKOJDKEHHSAX Yy JITEH, sIKI PEKOMEHIYIOTHCS ISl IHAPOKOTO
BIIPOBAKCHHSI Y KIIIHIYHY MPAKTUKY MEJIMYHUX OpPTaHI3allii.

OcobOnuBe Mmicie 3aliMarOTh TEXHOJIOTIi, 10 3aCTOCOBYIOTHCS Y paHHIN
nicasonepaniiauii  nepiog. OCHOBHMMM 3aBAaHHSIMH KIIHIYHOT MEIWYHOT
peaburiTanii Ha IOMY €Talll € YCYHEHHS HICIsonepaliiHoro HaOpsKy Ta
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3aCTIMHMX $BUII Yy TKaHUHAX, KOPEKIis CYAMHHHX IMOPYLIEHb, aKTHBAllsl
IHTepCcTULIAIBHOTO  00MiHy. KoMIuiekc JKyBaJbHUX 3aXOJiB  BKIIIOYA€
3aCTOCYBaHHS  JIOKaJIbHOI  TOBITPAHOI  KpiloTepamii Bxe y  MEpILy
nicasionepaniny n100y. OcHoBHi edektu aii kpiorepamnii (KT) — 3uarTs 6oiro,
3MEHIIIEHHS 3alajbHOTO HAOpsIKy Ta JIKBiAalis M'a30BOro crnasmy. Jlani
JTEpATypH CBIAYATh PO aHTUTIMOKCHUYHY, T€MOCTaTUYHY Ta pernapaTUBHY 10
xonoay. MicueBa Xo0i0/10Ba Jisi MPU3BOAUTH JI0 JIOKAIBHOTO YIIOBUIBHEHHS
OOMIHHMX MpOLECIB B OXOJOJKEHHX TKAaHWHAX, 3HIKEHHS MOTpedu Ta
cnokuBaHHs HUMHU KucHI0. KT crpusie mBHIKOMY NPUAYHIEHHIO aKTUBHOCTI
3aMajlbHOTO  TPOLECY OJHOYACHO CTUMYJIIOIOYM TMPOLIECH  pereHepartii.
[IpoTu3ananbHa nis MOB'SI3aHa 3 aHAITETUYHUM €(EKTOM, 110 PO3BUBAETHCSA
BHACJIZIOK «OJIOKYBaHHS» OOJIbOBUX PELENTOpPIB IIKIpU Ta aKCOHPEPIEKCIB,
HOpMaJi3alii aHTUAPOMHOI 30YyJJIMBOCTI HEMPOHIB CHMHHOTO MO3KY, Yy4acTi
€HJIOTCHHUX OIT10i/iB, a TAKOXX MOKpPAIIEHHS CYIUHHOTO TOHYCY [3].

OOGnanHaHHg [ JIOKAJIbHOI TMOBITPAHOI KpioTepamii TeHepye TMOTIK
XOJIOAHOTO TOBITps 3 Temreparyporo Big Mminyc 30 mo minyc 60 °C. Cyxe
XOJIOJIHE TOBITPS, Ha BIIMIHY BiJ IHIIMX XOJIOJIOAr€HTIB, J103BOJSE YHUKHYTHU
O0OMOpPOXKEHb BHACHIZIOK BIICYTHOCTI THUCKY Ha TKaHUHY, KOPOTKOYACHOCTI
BIUIMBY; Ma€ OUIbII BUPAXCHHI MIOPENAKCYIOUM Ta aHAITeTUYHUN e(deKT;
BUKJIIOYA€E TOMIKOJDKEHHS Ta MIKPOTpaBMHU UIKIPH; J03BOJISIE BIUIMBATH Ha
JUISTHKY 3 TIOIIKO/KEHHSAM IUTICHOCTI IIKIPHUX TTOKPUBIB, SIK1 HE JOCTYITHI JJIst
IHIIIUX XO0JOJ0areHTIB.
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The value of aerobic productivity can serve as an integral indicator of the
functional reserve of the swimmers' body. An increase in the range of
physiological reserves and great opportunities for their mobilization are
provided by the development of endurance. Aerobic endurance depends on the
functional capabilities of the oxygen transport system, which ensures the
absorption of oxygen from the air and its transport to the working skeletal
muscles and other active organs and tissues, and the utilization of oxygen in the
muscles from the blood. One of the limiting factors of oxygen consumption is
the myocardial contraction capacity, since the oxygen demand of working
skeletal muscles is greater than the heart's ability to supply oxygen.

Haii6inpiia epekTUBHICTS TPEHYBAaHb TUIABIIIB MPOSBISETHCSA HA PIBHI TOPOTY
anaepobnoro ob6miny (ITAHO), mpudomy, MO3WTHBHHI BIUIMB Ha aepoOHY
MPOAYKTUBHICTh HAaBaHTaXeHb IHTEHCHBHICTIO Onuspkoro [TAHO wmoxe
MPOSIBUTHUCS TIPH TpUBAJIOCTI 3aHATh 10—12 xBwmH [4, c. 85-88; 5, c. 33-39].

[Ipr GiBUYHNX HaBAaHTAKECHHSIX BAXJIMBUMHU JIETEPMIHAHTAMHU TPAHCIOPTY
KHCHIO € TTIOKa3HUK XBWJIMHHOTO 00’eMy KpoBOoTOKY (XOK), Bim sikoro Ha 50 %
3QJIEKUTh BEJIMYMHA MakcuMalibHOro croxuBaHHs kucHio (MCK). Benuuuna
XOK, y cBoro uepry, JIIMITYEThCS BETUYMHOIO CHUCTOJIYHOTO 00’€MY KpOBI,
SAKUN OOyMOBIIGHHN TOTYXKHICTIO pobotu cepus. [Ipu 1mpomy, 30UTBIIHBIIH
MaKCUMaJIbHUM  CUCTOJNIYHUM 00’€M KpoBI 3a paxyHOK (Hi310J0ri4HOL
rinepTpodii Miokapaa Ta AWIaTalii MOPOKHHUH CEPIsl, MOXHA 3MEHIIUTH
oomexyroay poib XOK. Tomy BBaxkarTh, 1m0 miaBuilieHHs BeanunHun MCK
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IUIIXOM 30UIbIIEHHS MAaKCHUMaJbHOI BEJIWYMHH CHUCTOJIIYHOIO 00’€My KpOBI
oOMexeHe, ajxke (i3losoriyHa rinepTpodis Ta auiaTalis MOPOXKHUH cepus
BIIOYBA€ThCS 10 MEBHOTO PIBHA, MICJIS YOro MOAANbIIE iX 3POCTAHHS B¥KE
BBAKAETHCSA SIK TMATOJIOTIYHE SBHUIIE, IO CYIPOBOKYETHCS 3HAYHUM
3HW)KCHHSM aepoOHOT TPOAYKTHBHOCTI opranizmy [2, c. 144-148].

HaykoBisiMu 10BeZCHO, IO CHUCTEMATUYHI TPEHYBaHHS, CHPSIMOBaHI Ha
yIOCKOHAJICHHS BUTPUBAJIOCTI, IPU3BOIATH 0 3pocTaHHs mokasHukiB MCK Tta
nmopory  aHaepoOHOro OOMiHY, SKHH TeX  XapaKTepuzye aepoOHy
MPOJIYKTUBHICTh, OCKIJTbKM BU3HAYa€ THTEHCUBHICTH (DI3MYHOTO0 HABAaHTAXKCHHS,
BUIIIC SKOTO B JIIOJUHU PO3BUBAETHCS METAOOMIYHMIA arumo3. SIKIo piBeHb
MaKCUMaJIbHOTO CIokuBaHHA KucHIO (VO?Max) mij BIJIMBOM TpPEHYBaHb
30ubIyeThess B cepennboMmy Ha 20-30 %, o [TAHO — na 40-50 % [3, c. 85—
88]. Mexi 3pocTaHHA MOKa3HUKIB aepOOHOI MPOAYKTHUBHOCTI € TE€HETHUYHO
JICTCPMIHOBAaHUMH.

MakcuMallbHEe CIOKMBAHHS KHUCHIO SIK MOKa3HWK HAWBHINOI 1HTCHCHBHOCTI
MeTabomi3My B aepoOHIA cHCTeMl eHepro3ade3leueHHs 3HAayHOK MIpOIo
BU3HAYAETHCSA BIKOM Ta CTATTIO CIIOpTCMEHa. [1o Mipi po3BHTKY JTUTHHU PIBEHB
VO?max nocriiiHo 3pocrae. Y xmonuis 36insmenas VO?Max OpopoBxKyeThCs
1o 20 1 OunblIe pokiB, 0COOJMBO 1HTEHCHBHO Yy Bili 13—17 pokiB. Y aiB4yaT
KapTHWHA JENIOo iHIIA: BXKe y Bimi 14—15 pokiB y HUX BIIMIYA€ThCS HAWBUIIUM
piBens VO?Max, KMl y IIOJAIBIIOMY MOKE HAaBiTh 3HU3UTHCH.

PisHung y piBHi VO?Max Mik XJIONISAMH Ta JiBYaTaMU BXKe BiAMIidaeThes y
Billi 6—7 pOKIB, ajiec BOHA BIJHOCHO HeBeJMWKa. Tak y Bimi 13—15 pokiB y
xnonuis VO?max Bxe Ha 13-16 % Bumle, HiK y JiBYaT, a y JOPOCIUX IIs
pizauns nocsirae 32 %. HaBith 3 ypaxyBaHHSIM YHCTOI Macu Tila, PI3HULIS MIX
YOJIOBIKaMH 1 KiHKaMH, Ay»e Benuka i qocsrae 18-20 % [1, c. 24-34].

VY mimmitkiB 13—15 pokiB, K 1y TOPOCIUX, BIAMIYAETHCS JIHIIHA 3a7ICKHICTh
MDK CEpIIEBUM BHKHIOM 1 pIBHEM CIIOXHBaHHA KHCHIO. O0 €M cepiist Ta piBEeHb
VO?max 3HaXoAAThCa y NpAMiii 3a1€KHOCTI Bijl €TaniB CTaTeBOro J03piBaHHS.
36inbmenas VO?Max 3 BiKOM IPaKTUYHO 3HAXOAMTHCA y MPSAMIil 3a1eKHOCTI
Bix 30UIBIICHHS M S30BOi MacH, IO XapaKTepHO SIK JJIS XJIOMIIB, TaK 1 JIA
niBYaT.

Binbmwa pisaung y piBHi VO?Max y 4YO0JIOBIKiB 1 KIHOK OOYMOBIIOETHCS
HU3KOIO IPUYMH. Y YOJOBIKIB 3HAYHO BUIIE BIAHOIIEHHS Macu CepIls J0 Macu
TiTA: CepeaHiil MOKa3HUK y XKIHOK ckiamae 85-90 % moka3HHWKa 4YOJIOBIKIB. Y
qonoBikiB 20-30 poxkiB Ha 15 % Bume BMicT remorsiobiny B 100 mu kpoBi Ta Ha
6 % Ginplue eputpouuTiB Ha | MM® y HOpIBHAHHI 3 KIHKAMH TAaKOro % BIKY.

Takox y *IHOK 3HAYHO HFDKYI TMOKAa3HUKH CEPIIEBOTO BHKHUAY — BOHHU
cknanaroTh 75-80 % moka3HUKIB, SKi XapaKTEPHI 7151 YOJIOBIKIB.

Jit, y TOpIBHSAHHI 13 JOPOCIMMH, BIAPIZHSIIOTHCS 3HAYHO OLIBIIOIO
PYXJIMBICTIO aepoOHOi cucteMu eHepro3adesnedeHHs. [lpu Tpusaniii poOOTi
aepoOHOro xapaktepy 3 iHTeHcuBHicTIO 60-70 % piBHa VO?max 3a3Buuaii
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yepe3 10—15 XBWIMH NOCATA€ThCS CTIMKUI CTaH 3a MOKa3HUKaMM JIETE€HEBO1
BeHTHIIsAII1, YCC 1 CrIOXKMBaHHS KUCHIO.

3HIKEHHSI  PiBHS VO’max 3 BIKOM KOMIICHCY€EThCSl  MIJBUILICHHSIM
MOXJIMBOCTEH 1HIIMX (PaKTOpIB (PYHKIIOHAIBHOI MiArotroBiaeHocTi. Tak, y
qonoBikiB 25-30 pokiB 3HmkeHHS VO?Max CyIpoBOIKYEThCA 301IbIIEHHAM
€MHOCTI Ta €()EKTUBHOCTI aepOOHOTO MPOIIECY.

BucnoBok. CrareBi Ta BIKOBI OCOOJMBOCTI aepoOHOI MPOAYKTHUBHOCTI
OpraHi3My IUIaBIIB ICHYIOTh, iX HEOOXIIHO BpPaxOBYBaTU B TPEHYBaJIbHOMY
npoiieci. YHAcCHiOK TPEHYBaHb B aepOOHOMY pEXUMIi €Heprozabe3reueHHs B
oci0 >KIHOYO1 cTaTi BiAOYBA€ThCS OUIBIIMNA TPHUPICT MOKA3HUKIB aepoOHOL
OPOJYKTUBHOCTI, HDK y MPEJCTABHUKIB 40JIOB14Oi cTaTi. [Ipy oMy TpuBaicTh
30epeKeHHs] KyMYJSTHBHOIO aepoOHOro TPEHYBAJIBHOIO edexTy micis
NPUIMHEHHS 3aHATHh CTAHOBUTH BiJl § 10 16 THXKHIB.
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Successful learning of the elements of volleyball is quite difficult to develop for
those who have different sports qualifications. Research shows that the
predominant separate teaching of technical elements, as well as the traditional
organization of classes (performing exercises, standing sideways to the net, in
pairs), do not contribute to the strength of the formation of technical and tactical
skills. There is a need for a non-standard approach in the teaching of volleyball
program material. Integral training can be considered as a rational method for
the formation of knowledge, abilities and skills that are necessary in educational
and future professional activities.

VY nanuiéi yac y (i3uyHOMY BUXOBaHHI BCE€ AKTHUBHIIIE 3IHCHIOETHCS
KOHBEPCIis CIIOPTUBHUX TEXHOJIOTIH [4, C. 44]. OTxe, 3aKOHOMIDHUM € Te,
[0 B TPOLIECI TPOBENCHHS HABUYAIBHUX 3aHATh 3 ITPOBUX BHIIIB CIOPTY
BUKJIaJIla4aM¥ IIAPOKO BUKOPHUCTOBYIOTHCS IHTETPAIbHI BIPABH, SKi CKIAAAIOTh
OCHOBY CITOPTUBHOTO TpeHyBaHHs [1, c. 138—140; 3, c. 412-414].

[lepenbayaeThesi, MO BUKOPUCTAHHS BIPAB IHTErPATbHOTO XapaKTepy Ha
3aHATTSIX 3  BOJEHOONy edeKTHMBHO BIUIMHYTh HAa  TEXHIKO-TAKTUYHY
MiATOTOBJICHICTh 3100yBaviB OCBITH. AJie JIUIIE €KCIIEPUMEHTATBHUM MUISIXOM
MOXXJIMBO BCTAHOBHTH HACKUIBKM YCHIIIHAM € OBOJIOJIHHS €JIEMEHTIB
BOJICHOONly TpU I1HTErpalibHIA COPSIMOBAHOCTI 3aHATh Yy TMOPIBHSHHI 3i
3BUYAMHUMHM, JI€ PO3JLJICHE HaBYaHHS 3a TEXHIKOK, TaKTHUKOIO, (DI3MYHOIO
miAroTOBKOIO [2, ¢. 87; 5, c. 12-14].
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VY HaByalbHOMY EKCIEPUMEHTI MPUUHSIM Yy4yacThb 3400yBayl OCBITH
KpemeHUyIIbKOTO ~ JTBOTHOTO  KOJEMKY  XapKIiBCHKOTO  HAI[iOHAJHHOTO
YHIBEPCUTETY BHYTPIIIHIX cOpaB. Y KOHTPOJBHINA rpymi AgociaipkyBanucs 17
3100yBayiB OCBITH, B €KCIIEPUMEHTAIbHIN rpyri — 16.

HaBuanbHuii mpomec y KOHTPOJBHIA Ta EKCHEPUMEHTANbHIM rpynax
BIJIpI3HABCS OpraHizalliiiHo0 MoOyJA0BOIO 3aHATh. B excrnepuMeHTanbHIl rpyIi
nependavanocs MOB3OBKHE PO3MILEHHS 37100yBayiB OCBITH Ha MalJaHUUKY,
TOOTO 00dMuYusiM (200 CNHMHOK) 1O CITKM, Ta, SIK MpaBWiO, YCl BIpaBU
BUKOHYBAJIMCS «Ha CITKY» y TpiKax Ta yeTBipkax. B excriepumeHTanbHii rpymi
(E) BopaBu 3 YIOCKOHAJIEHHS TEXHIKM Y3TOJUKYBAJIUCS 13 TPYNOBUMHU
TaKTUYHUMU J1SIMH CTYJICHTIB.

VYV xontponbHiit rpymi (K) 3aHATTS npoBOAMIIMCS 32 PO3AUTHHOIO
METOJMKOI0, TOOTO Ha IMOYATKy OKPEMO BHUBYAIWCS Ta BJIOCKOHATIOBAIUCS
TEXHIYH1 MPUHOMHU, TIOTIM NMPOBOJUIIOCS HABYAHHS TAKTUYHUM YMIHHSIM.

[Ipouiec HaBuaHHs B 000X Tpynax NPOXOIUB HA MPOTs31 4-X MICSIIIB Y B
eranu. Ha mepmromy ertami (2 micsiiii) MpOXOAMJIO HABYAHHS Ta YAOCKOHAJICHHS
npuifoMy M’sida 3HM3Y, nepeiada 3Bepxy. Ha gpyromy erami (2 wmicsii)
NPOBOJMIIOCS HABYaHHS Ta BIOCKOHAJCHHS BEPXHBOI MpsMOi TMojmadi Ta
PSIMOTO HAMaJarydoro yaapy.

Heo6xigHO 3BepHYTH yBary Ha HacTyIHi acnektu. [lix yac iHTerpanbHO1
MiATOTOBKM BUHUKAE HEOOXITHICTh IPYIMOBOTO OIIHIOBAHHS JIiii, a B TPYIIOBOMY
TECT1 OL[IHUTH [1i OKPEMOT'0 TpaBLs. 3a3HAYNMO TAKOX T€, 110 Y HAaBYAIBHOMY
mpoiieci Mae Miclle HEOOXITHICTh PO3pOOKM Ta 3aCTOCYBaHHS TaKHUX
IHTErpaJIbHUX BIIPaB, sIK1 O CHPUSIIM HE JIMIIE NOKPALIEHHIO TEXHIKO-TaKTUYHOT
MiATOTOBJICHOCTI, ajie ¥ BIUIMBAJIN O HAa PO3BUTOK KOJICKTUBI3MY, caMOaHali3y,
CaMOHaBYaHHS.

[TopiBHSIIBHUH aHATI3 PE3YIbTATIB 3aCTOCYBAHHS TPATUIIIMHOT METOIUKHU
Ta METOJUKH THTETPaJIbHOI CIIPSIMOBAHOCTI MIPEeCTaBIeH1 Ha puc. 1.
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[PERDE BEE BEPESAMA TPERRY | BEpRED EpEmas PR
a—ry A mamApuCr YASD

Puc. 1. PiBH1 hopmyBaHHs y 3700yBadiB OCBITU yMIHb 1 HABUYKIB 13
3aCTOCYBAHHSIM PI3HUX METOAUK (%5).
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Sx BugHO 13 puC. 1, pIBEeHb yMiHb Ta HAaBHUYOK y €KCIEPUMEHTAJIbHOI
Ipynd BHILII, HDK Yy 3400yBauiB OCBITM KOHTPOJBHOI TIpymnud 3a BCIMa
MOKa3HUKaMU: Mojadi, IpuioMy, nepeaadl, Hanajgadyoro yaapy.

Cnig  3a3HAaYUTUM  HASBHICTH 3B’SA3KIB MDK YMIHHSMHM BHKOHYBAaTH
€JIEMEHTH BOJICHOONy y Tpyli Ta HaBUYKaAMU BEACHHS KOMAHJHUX [id, IO
MIABEP/KYE TMO3UTUBHUI BIUIMB IHTErPAJIbHOI IMMIJITOTOBKM HE JIMILE Ha
3aCBOEHHSI TEXHIUHHMX €JIEMEHTIB, ajie¢ 1 Y BUIbHE, BIEBHEHE iX OBOJIOJIHHS B
I'pOBIM A1SUTBHOCTI, 11O MOCTIHHO 3MIHIOETHCHL.

BucnoBku. BripaBu iHTErpajibHOrO XapakTepy MO3UTUBHO BIUIMBAIOTh Ha
MIIHICTb 3aCBOEHHS 3100yBaauMu OCBITM EKCINEPUMEHTAIBHOI TPYINH
€JIEMEHTIB BOJICHOOINYy: TMojayl, NpUAOMY, Mepeaayi, Hamajaardoro yaapy.
CrnocrepiraeTbcss picT piBHS IFPOBOIO MHUCIEHHS Y MpoOIeci NMPOBEACHHS
3Marasb.

Hami nmomaneini gocimimkeHHs: OynyTh CHPSIMOBaHI Ha po3poOKy OLIbII
e(eKTUBHUX IPYMOBUX BIPAB Ta METO/IIB TECTYBaHHS.

CnHCcoOK BUKOPUCTAHUX JKePeJI:
1. Bozutok T. B., KoBanpuyk A. A., Kopanpuyk O. B. Boneii6on y 3akiamax
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In Ukraine, heart disease is the main cause of death in the population. For
this show, our country is deprived of one of the leaders of the world. The main
of the most important factors are those that a large percentage of deaths in heart
and vascular diseases are found in diagnosing ailments already at the advanced
stages of development. The oscillometric method and the Pefiaz method were
selected from the methods of vimiryuvannya arterial pressure. These methods
are the most common to permanent non-invasive suppression of the arterial
pressure, even if they give the opportunity to change the human factor in the
registration process, which allows reducing the suppression of the suppression.

CeplieBO-CYIMHHI 3aXBOPIOBaHHS, MIEPEBAXKHO 1IIIEMIYHA XBOpoOa ceplis Ta
1HCYJIBT, € OCHOBHMMH NMPUYUHAMHU CMEPTHOCTI i OJTHUMHU 3 OCHOBHUX (PaKkTOpiB
IHBAJIITHOCTI B YChOMY CBITi. Taki BHCHOBKHM OTpPHMaHI 3 JOCIIIKCHHS
I'mo6ansHoro TsAraps xBopob (GBD — Global Burden of Disease) 3a 2019 pik.

Tsrap ceplieBo-CyIMHHMX 3aXBOPIOBAHb MPOJOBXKYE 3POCTATH MPOTATOM
JECATUIITh Maike y BCiX KpaiHax 13 CepeAHIM 1 HU3BKUM pPIBHEM JOXO.Y.
Buknukae TpuBory i Toil (akT, 10 CTaHAAPTU30BAHUM 3a BIKOM IOKa3HUK
CEPIIEBO-CYIMHHUX 3aXBOPIOBaHb TMOYaB POCTH B NIEAKUX KpaiHaxX 13 BHUCOKUM
pIBHEM 10XO1y, J€ paHille BiH 3HWKYBaBCs.BUSBICHHS BHMAAKIB CEPIICBO-
CYIMHHUX 3aXBOPIOBaHb Maiike mojiBoinocs 3 271 minbitona B 1990 pomi 1o 523
MiTbHOHIB Yy 2019 pori, a KUIBKICTB CMeEpTell BiJ CEpIeBO-CYIUHHUX
3aXBOPIOBaHb HEYXWJIBHO 301IbInyBanacs 3 12,1 minsiiona B 1990 pori g0 18,6
Mmiteiiona y 2019 pomi [1].B VYkpaini ceprieBo-CyiMHHI 3aXBOPIOBaHHS €
TOJIOBHOIO TIPUYMHOIO0 CMEPTHOCT1 HACEJICHHA. 3a I[UM MOKa3HUKOM Hallla KpaiHa
JUIIAETHCS OJTHUM 31 CBITOBUX JiziepiB. OCHOBHUM 13 HaWBaXKJIMBIMUX (HaKTOPIB
€ Te, 10 BEJIUKHI MPOIEHT CMEPTHOCTI BiJl CEPIIEBO-CYIMHHUX 3aXBOPIOBAHD
MOJIATA€ Yy J1IarHOCTYBaHHI XBOPOOM B)KE€ HA TMI3HIX CTajisAX il PO3BUTKY.
Hampuknaa, mnomupeHiCTs aprTepianbHOi TimepTeH3ii cepes  J0pOCioro
HaceJleHHs YKpaiHu ctaHoBHUTH 35% [2] 1 Taka XBopoOa B 0ararboX BHIAIKaX
HE MOXe OyTH BWSIBICHOIO TPHU BiIBiMyBaHHI JiKaps (Tak 3BaHA TIMEPTOHISA
Oimoro xamara). Came HemepepBHE BHUMIPIOBAHHS apTEPIaIbHOTO THUCKY
MPU3BOJAUTh IO TOJIMIIEHHS MPOTHOCTUYHOTO 3HAYE€HHS IIi€l XBOpoOH, 1
BUSBIISIE BEIUKY JIarHOCTUYHY IIHHICTP MOHITOPHHTY apTepiaibHOTO THUCKY.
Takox 3apa3, B yMOBaxX MaHJEMil TOCTPO MOCTAJIO MUTaHHS MOTPeOH Cy4acHOTO
MPUCTPOIO IS BHUMIPIOBaHHS TOKAa3HUKIB CEPLEBO-CYJIMHHOI CHUCTEMH B
JIOMAIIIHIX yMoBax. Takow 1HHOBAII€I0 € HEIHBA3MBHI MPUCTPOi HEMEPEPBHOTO
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MOHITOPUHTY  apTepiajibHOrO0  TUCKY.MeTon ~ HEIHBa3WBHOIO  BHUMIpPY
aprepianbHoro Tucky (AT) — meTon po3BaHTaXeHOi apTepii, 3alPOIOHOBAHUMN
[leubsizom [3]. Lleli mpuHuMn 3acHOBaHMM Ha Oe3mepepBHINA OIIHII 00'eMy
CYJIUH Nanbl o GoTorieTu3MorpadiuHoMy CUTHalYy 1 €JIeKTPONHEBMATUYHIN
CHUCTEMI, IO CTEXHUTb, IO CTBOPIOE THUCK, IO MPOTHAIE 3MiHI Jiamerpa
MPOXOJATh IMiJ MaHXETOI apTeplaibHUX CYIWH Yy Najblll PpyKH. Y IbOMY
BUMAJKY 3a0€3MeUy€eThCA CTANICTh (OTOIIETU3MOrPAPIYHOTO CHUTHAJIYy Ha
3aJlaHOMY PIBHI, a TUCK Y MaHXET1 IOBTOPIOE TUCK KPOBI1 B apTePisiX MajbLs.

VY 1npoMy BuUMNAKy 3a0e3MeuyeThbesl CTaNiCTh (OTOIIIETU3MOTIpadiuHOro
CUTHAJTy Ha 3aJJaHOMY PIBHI, a TUCK Y MaH>K€T1 IOBTOPIOE TUCK KPOBI1 B apTepisix
nanblisl. BigoMi Takox mnpucTpoi, (YHKLIT SKUX BXOAWTH Oe3nepepBHUIN
HeinBa3uBHUN BUMip AT B KpOBOHOCHUX CyIWHAX TMANbILiB PYKH, 3aCHOBAHUIA
Ha MeTOoAl po3BaHTaxeHoi apTepii. Ilpu poOGOTI mUX HPUCTPOIB HA OJHY 3
¢anmaHT manablyl PyKH CTBOPIOETHCS 30BHINIHINA TUCK, 1 OTHOYACHO HA il AUTSHIN
TiIa peecTpyeThesi (GOTOIUIETU3MOTrpaMa. 30BHINIHIA THCK CTBOPIOETHCS
NaNblIEBOI0 MAaHXXETOI, a (OTOIIETU3MOIPAMa PEECTPYETHCS 3a JIOMOMOTOIO
OIITOENIEMEHTIB, BOYZOBaHUX y Kopiryc MaHxeTu.Omxaak Bumip AT poBOIUTHCS
Ha niepudepuuHii AUISHIL apTepii. AOCOJIIOTHI 3HAYEHHS THUCKY 3MIHIOIOTHCS
Opv BUJAJCHHI MICHS BUMIPIOBAHHS BiJl CEpIsl, OTXKE a0OCOJIIOTHI 3HAYEHHS
TUCKY B TaJIbIll BIIPI3HAIOTHCSA BiJ TUCKY B Iuledi. 3a3BUYai, CUCTOIIYHUN AJ]
MiABUIIYETHCA, TOAI sK giactomiuHuil AT 3HIKYeETbCS, 3a 30epekeHHs
BIJTHOCHOTO 3MiHM THCKY.Bigomuii MeTo | anmiaHamiitHoi ToHoMeTpii. B manHomy
BUIIAJIKy MaHXETa PO3TAIIOBYETHhCS Ha 3am'aCcTi 1 MICTUTh JAaTYUK TOHOMETpaA
HaJl TPOMEHEBOIO apTepiero. JlaTynK NpuTHUCKae apTepito 10 MPOMEHEBOT KICTKH
HACTUIBKH, 00 JOCTATHBO ii CTUCHYTH, 3pOOUTH KOHTAKT 3 il CTIHKOIO MIJIOCKUM
(aste HEe MepeTHCHYTU N0 OKII03ii). IloTiM Yepe3 CTIHKM CyJIUHH 3a JOTIOMOTOIO
JATYMKIB THUCKY PEECTPYIOThCS ITYJbCOBI 3MIHHM apTepiaJbHOTO  THCKY.
Bemnuuna THCKY, HEOOXimHaA MIsI TOro, 100 VYIMUIBHUTH, aje HE 3aKpUTH
apTepiro, BijoMma K "pobOode 3yCHIIIS MPHUTUCKY" 1 PO3paxOBYETHCS 3a JIOCHUTH
CKJIQJTHUM aJITOPUTMOM, SIKMA BKJIIOYA€E ITOMEPE/IHI OIIHKKA cHUCTOdigHOTO A]l,
miactomiyHoro AT 1 mynbcoBoro tuckiB. Jlis BumiptoBanHs AT wmoxe
BUKOPUCTOBYBATHUCS SIK BUXIIHUN MapamMeTp IMIBHUAKICTh MOMIMPEHHS MYJIbCOBOT
XBUII, IO € (PYHKITI€IO apTepiallbHOTO TUCKY. JlaHWiT METO/ TTONIATae B TOMY, 11O
oOuucnendss AT Ha KOXHOMY CEpIIEBOMY CKOpPOUEHHI 3aCHOBaHE Ha daci
MOIUPEHHS MYJIHCOBOT XBWJII, IO BU3HAYAETHCS 3 eNEKTpokapaiorpadicio ta
dorormnernzmorpadiuHUM CHTHAJIOM 3 YacTHHHM Tina mnamienTa.HeooxigHo
BIJI3HAYUTH, IO MEPETBOPEHHS /10 HEIHBa3WBHOTO THCKY, BUMIPSIHOTO B IUIEYi,
BUKOHYETBCS Ha OUIBIIOCTI TPHUCTPOIB, XOo4ya METONU KamiOpyBaHHS
BiZpi3HAIOTECA. Y mpmwiafi ¢pipmu CNSystems mpoBoauThes BumiptoBanas AT y
miedi mepex  BuMmiproBaHHAM — OesmepepBHoro AT y mampmi.  [loTim
OoOUHCITIOETHCSL 1HAMBINYaldbHAa TiepefaTHa (QYHKIIS Ta 3aCTOCOBYETHCS 10
curHany AT y maneui. Oanak BumiproBanHs AT y miedi po3aiieHe B 4aci 3
BuMiptoBaHHsIM AT y maneli 1 HE YCYBAalOTbCS HEJOJIKH, BIIACTHUBI
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BUKOPUCTAaHOMY METOAY BHUMIPIOBAHHS y IUI€Yl, 1, OTXKE, MPU3BOJUTH 0
HENpaBWJIBHOTO TepeTBOpeHHs curHainy AT 'y mnaiieHTiB 3 CHIBHUM
MOPYLICHHSIM PUTMY Ta BUPAXKECHOIO Bapialll€ro TUCKY.

VY npuwnanax ¢ipmu Finapres BUKOPUCTOBYEThCS TJIOOaidbHA TepeaaTHa
GyHKIIA Bl TUCKY Halbls [0 IUIEYOBOro. Y XOJl poOOTH mpHiany
BUKOHYETBHCSL MIICTPOIOBAHHS YCTAHOBKU (POTOIIETHU3MOTPadiuHOTO CHUTHATY
06e3 mnoBTOopHOro BUMIpy B Iuiedi - Physiocalibration. IlneuoBa manxkera
J03BOJISIE OTpUMATH JIMIIEe 3HAaYeHHsS cuctoniudHoro AJl meromom 'return to
flow". He nepepuBatoun BUMIp y Majblll, HAKAYy€eThCS IMJI€YOBA MAaHXKETa y Tid
pyli 10 piBHS TUCKY, 110 nepeBullye cuctoaiynuii AJl. Ilynbcaiii nanpueBoro
TUCKY TMpOMajarTh. THCK y IUICUYOBIM  MaHXETI 3MEHIIYETbCA 3
KOHTPOJbOBAaHOK  IMIBHUJKICTIO JI0 TMOSBM  NyJbcallil y  HaibleBii
manxeTi.[Ipouenypy nmoBToproroTs. HenonmikaMu € MOXIMBICTb BUMIPY JIMILE
cuctoiiyHoro AJl; TUCK y 1uiedl BUMIPIOETHCS B IHIIMI Yac, HIXK KOPUTOBAaHUU
CUTHAJ; (IKCYIOTHCS MMOOJIMHOKI 3HaYEHHSI THCKY, IIO HE JO3BOJISIE BU3HAUYUTU
AT y maiieHTiB i3 CWIbHUM MOPYUIEHHSM PUTMY Ta BHPAXXEHOIO Baplalli€io
TUCKY; BuMiproBaHHS Ha OJIHIM pyll NMPU3BOAUTH A0 3MIHM T'€MOJWHAMIKH.3
yCiX METO[IB BUMIPIOBaHHSI apTepiaJbHOTO0 TUCKY OOpaHO OCHUIOMETPUYHUUN
meton Ta Mmeton llenwsz. LI Meroam € HaWOUIBII TPUCTOCOBAHUMHU 10
HENEPEPBHOI0 HEIHBA3MBHOTO BUMIPIOBAHHS apTEplaiIbHOTO THUCKY, aJi)K€ BOHU
JAl0Th MOMKJIMBICTH 3MEHIIUTH BIUIMB JIIOJACHKOTO (AaKTOpy Ha TMPOIIEC
peecTpariii THUCKY, 10 JT03BOJISIE 3HU3UTH MOXUOKY
BuMiproBaHHs. [IpoanamizyBaBimu  pizHi  Kiacudikaiii eMolii y JIIOJAUHH,
BCTAHOBJIEHO, MI0 CTpeC € HaWOUIBII SCKPAaBO BHUPAXKEHOI HEraTUBHOIO
€MOIII€l0, 110 Hece JECTPYKTUBHUM BIUIMB Ha CTaH 3/I0POB'A MaIli€HTa, Ta HOTO
CepIEBO-CyIMHHY  cucTeMy. B  skocti  emoIiiHOi  ckimagoBoi  Oyne
BUKOPHUCTOBYBATUCS CTpeC-1HACKC 10 baeBCchbkOMy, MKW HAaWOUIBII ITOBHO
OMHUCY€E TIOBEAIHKY CEpPIEBO-CYJAMHHOI CHCTEMH IIJI Yac CTPECOBOI CHTYaIlii.
[Ilo6 omiauTH iHIEeKC baeBchkoro B Mozem MOTpiOHO  BpaxyBaTH
BapiaOenbHICTh ceplieBoro putmy. Ilicms aHamizy MeTofiB BapiaOeNIbHOCTI
CEpIIEBOIO0 PHUTMY OyJI0 BHUPIIICHO CKOPHCTYBAaTUCS METOJAOM BapiamiiHOi
MyJIbCOMETPIi.

Cnncoxk BUKOPUCTAHUX JIKepeJI:
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aprepuanbHoro gnasneHuss / B.JI. CeBoman, .B. 3emnsnoit // 3amoposxckuii
MeauuuHeKui xypHal. — 2011, — T.13, Bum. 6. — C. 61.

3.3HaueHHs 1000BOr0 MOHITOPHHTY apTepialbHOTO THCKY Y MPAKTHUIll CIMEHHOTO
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The specificity of the information approach developed by D. Marr is that
the processes occurring in the stars are described like a computer algorithm,
and this significantly distinguishes it from psychological or
neurophysiological interpretations and therefore makes it very useful for such
modern ones as artificial intelligence, creation of artificial sense organs,
development of new information technologies for the analysis of visual
information. This makes it possible to develop medical software taking into
account the peculiarities of visual perception.

[HdopmaniitHuil miAXia y MCUX0JIOTIT CIPUUHSTTS PO3TJIsAIac JIOJAUHY K
CKJIQIHY KOMIT'FOTEpPOIOIIOHY CHUCTEMY TMEpepoOKH BXiJHOI CEHCOPHOI
iHpopmarii. Ileil mporec po3riasgacTbCs y BUIJISAAI TOCHITOBHUX Ta/abo
napajieibHUX CTaAii (eTamiB), KOXKEH 3 KX BUKOHYE crnenudidHi oneparii 3
nepeTBOpeHHs 1HdOpMaIlii, HampuKiIaJ: KOAyBaHHS, BHIUICHHS O3HAK,
biTbTpalis, po3Mi3HAaBaHHS, MEPEBIpKa TINOTE3, MPUHHATTSA PIIICHHS Ta I1H.
KinmeBa wera iHGOpMAIIHHOTO MIAXOAY — CTBOPEHHS CTPYKTYpPHO-
(GYHKIIOHAJIBHOT MOJEIN, IO CKJIAJa€EThCSd 3 OKPEeMHUX 1 IOB'S3aHHX MIiX
co00r0 0JI0KIB, III0 BUKOHYIOTH (DYHKIIIFO IMOOYIOBH NEPIEITUBHOIO 00pa3y
NCHXIKOW JroauHU. 3rigHo 3 Teopieto JleBima Mappa [1, 2], 30poBe
CIIpUMHATTS — 1II€é TpolleC BHU3HAUCHHsA 3a oOpa3zamMu, IO caMe € B
HAaBKOJIMIITHBOMY CBITI 1 J€ caMe BOHO 3HAXOJUThCA. BakIuBHUMHU
BIIACTHBOCTSAMHU IIpeaMeTa € Horo ¢opmMa 1 mOpOCTOpOBa oOpraHi3ailis.
[Ipu3HaveHHs 30py — me MoOyaoBa JESIKOTO onmucy (Gopm Ta po3TanryBaHHS
00'exTiB. B peanpbHOCTI MOXIJIMBOCTI 30py Habarato mIHMpII, 3TITHO 3
iHpopMaIli€0l0 PO OCBITJIICHICTh IOBEPXOHB, iX SCKPABOCTI, KOJbOPH 1
TeKCTYpy, iX pyx Ta iH. [IpoTe, OCHOBHUM 3aBIaHHAM 30py Mo Mappy €
dopmyBaHHs ysaBiaeHHS 1npo ¢opmy [1-3]. 3o0poBe cCHpHHHATTI €
MTOCJIIIOBHICTIO €TaliB 3pOCTAKY01 CKIAIHOCTI, JIe 3a 00pa3aMu BigOyBaeThCA
MOPOJIKEHHSI PeTpe3eHTallii BUJUMOTO CBITY, KOPUCHOTO JUIsI CIIOCTepiraya i
HE TEPEBAHTAXEHOTO HECYTTEBOIO I HHOTO iHQopmalicro. Ha koxHOMYy
eTam BigOyBalOThCS O0poOKa Ta MEPETBOPEHHS YacTKOBOi iH(opmarii, B
pe3ynbTaTi GOPMYETHCS pEMpe3eHTallis, M0 MICTUTh YacTUHY iHMopMarrii
Ipo CBIT, 1 JWIIe HAa OCTAaHHBOMY €Tali I peNpe3eHTarliss MOBHICTIO
BIIMOBIZIa€ peambHOMY CBIiTy. BuXimHa pempeseHTarisi, 3 K01 MOYUHAETHCS
nporec o06poOku iH(opmallii, € MacuB 3HAYEHb SCKPABOCTI KapTUHU 3
doropenentopamu ciTkiBku. Hanani mpouec oTpumaHHs 1HPopMaIii mpo
bopmy ckitamaeThes i3 TphoX cramiii [1, 2].
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PesynpraToM mepmioro eramy oOpoOKH € JABOBHMIpHA pempe3eHTarlis,
AKa Ha3MBAETHCS IOYATKOBUM €cKi3oM. Po3moain 3HaueHb SICKPaBOCTI
BijloOpakae KOHTPACTHICTh CIPUNMAETHCS KapTUHH, IO JO3BOJISIE 30POBIii
CHUCTEMI1 pO3IMi3HABATH KOHTYpH (BHYTPIIIHI Ta 30BHIIIHI) GIryp i BUSBISITU
edexTu, MoB's3aHl 3 OCBITJIIEHHAM, JKepesia MiJCBIYyBaHHS, BIIOJUCKIB Ta
MPO30POCTI.

[TouaTkoBuii eckiz OyayeThcs 3 0a30BUX €IEMEHTIB 300paKCHHS - ILISIM,
MEX, MEepeTUHIB, PO3pHUBIB Ta KIHIIB BiApi3kiB. Ha napyromy erami 10
MOYaTKOBOT'O €CKI3y 3aCTOCOBYEThCS PSJ MpoOIEayp, W0 3abe3mneuye
OTpUMAaHHS HOBOI pempe3eHTallli, sKa Ha3uBaeThCs 2,5-MipHUM eckizoMm. Ha
i cTamii BUAUIAEThCS 1HGOpMAIS MPO OpIEHTAII0, HAaXWJ, BIACTaHb Bij
criocTepiraua, a TakoX KOHTYPU MOPYIIEHb OE3MEePEePBHOCTI IIUX MapaMeTpiB.
Sk moyaTkoBH# ecKi3, 1 2,5-MEPHBIM €CKi3 3aJIe)KUTh Bl Opl€HTAIlll MPOeKIiT
BUJIMMOI KapTUHM Ha CITKIBII 1 OYIyIOTbCS y CHUCTEM1 KOOpPAMHAT
crioctepiraua. Ha TpeThoMy eTami CTBOPIOETHCS TPUBUMIpPHA MOJEIb
BHIMMOI'O CBITY, sSKa 3aJeXHUTh BIJ OpIEHTAIlll NaTEepHY CTUMYJAIMIi Ha
citkiBui. Jlo 2,5-MipHOTO ecKi3y J0JaeThes iH(MOpMals PO TPUBUMIPHY
dbopmy, ii opieHTaIil0 Ta MPO B3a€MHE PO3TAlllyBaHHS IMOBEPXOHBL OJHA IOJ0
ognoi. Crnenmdika iHbOpMaIIHHOTO MmiaXoay, po3pobienoro J[.Mappowm,
MoJIsiTa€ B TOMY, IO IPOIECH, IO BiIOYyBAaIOTHCS B 30pi, OMUCYIOTHCS Ha
KIITAJT KOMII'FOTEPHOI'0 ajrOpUTMy, 1 II€ HOro ICTOTHO BIAPI3HSAE BIiJ
IICUXOJIOTTYHUX a00 HeHpoQi3i0JOTIYHHX TPaKTyBaHb 1 TOMY POOUTH IyiKe
KOPUCHUM JJIsl TAKUX CYYaCHUX, K IMITYYHUH 1HTEJIEKT, CTBOPCHHS IITYUHUX
OpTaHiB YyTTs, po3p0o0Ka HOBUX 1H(POpPMAIIMHUX TEXHOJIOT1H aHaIi3y 30pOBOi
iHpopwmamii.lle mo3Bossie po3poOJIITH MEIUUYHE MporpaMHe 3a0e3ledeHHS 3
ypaxyBaHHSAM OCOOJHUBOCTEH 30pOBOTO CIIPUUHSTTS.
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YK 615.47
CEI'MEHTAILIS BEPXHIX JUXAJIBHUX HIJISIXIB JIJIS1
BU3HAYEHHS HOCOBI'O OIIOPY 3A JTAHUMM TOMOTI' PA®II
[Oparim FOnycc Abnenxamin, Xynaesa C.A., Hocosa f.B., Hymusnina H.O.
HaykoBuii kepiBHUK — 1.T.H., Ipodecop ABpyHiH O.I'.
XapKiBChKUW HaLllOHAJTBHUMN YHIBEPCUTET PaJII0CIEKTPOHIKH, Kadeapa
O0loMennyHOI iHXKeHepii, M. XapKiB, YKpaiHa
teir. +38(057) 702-13-64, e-mail: ibrahim.younouss.abdelhamid @nure.ua
Possibilities of segmentation of the upper airways for the purpose of
nasal resistance are described. Methods of the segmentation process and some
results are proposed. When forming an analytical model of the aerodynamics of
the nasal resistance, the main parameter, that characterizes the configuration of
the nasal canal is the equivalent diameter. Segmentation of nasal airways allows
to computation this equivalent diameter.
3a ocTaHHI JBa JecATHpiuYsl OyJd BCTAHOBJICHH! MiAXOIU JOKA30BOi
MEIUIMHU TIPpU MPOBEJEHHI JIKYBAIBHUX 1 JIarHOCTUYHMX Npoueayp. Taxi
JI0Ka30B1 JIOCTIP)KEHHSI 3aCHOBaH1 Ha 00'€KTUBI3allli 3aCTOCYBaHHS 3a PaxyHOK
KUTBKICHUX  1HCTPYMEHTQJIbHUX METOAIB 1 CTaTUCTUYHO JOCTOBIPHUX
pe3ynbratiB [1, 2]. TakuM YMHOM, BPaXOBYIOUYH BiJICYTHICTh )KOPCTKUX CTAIOHIB
UL MEAWYHUX  JIaHWUX, 3aJMIIa€Tbcs 0araro  HEBUPINIEHUX MUTaHb
JOCTOBIPHOCTI ~ OTPUMAaHUX  pPe3yibTaTiB, OCOOJMBO TIpH  IPOBEACHHI
GyHKITIOHAIBHUX JOCHKeHb [3]. B puHOOTii Taki 1OCHiKEHHS TIPOBOIATHCS
Uil a”Hamizy  (QYHKI[IOHANbHUX  TOKa3HHKIB  HOCOBOTO  JMXaHHA Ta
ApPXITEKTOHIKOK BEPXHIX IUXATbHUX NUIAXIB [3, 4], M0 BaXXJIMBO TPH 3MiHI
KoH(iryparii BHYTPIIIHRO HOCOBUX CTPYKTYp IIPH BHUKOHAHHI KOPHUTYHOUYHX
OTICPAaTHBHUX BTPYYaHb JUIS IMOKPAIICHHS Ha3aJIbHOI MOBITPSHOI MPOBITHOCTI
IpY BUKPHUBJICHHSIX HOCOBOI MEPETUHKU, XPOHIYHUX CHUHYCUTAaX, PECHipaToOpHO-
0JIb(paKTOPHUX TMOPYIICHHSAX Ta 1HIIMX HO30JIOTIAX (PYHKIIOHATBHOI PUHOJIOT 11
[5, 6], a TakOX TIpU BIpTyaIbHOMY IVIAaHYBaHHI1 ONEpaTUBHUX BTPYYaHb [7, §].
I[Ipu QopMyBaHHI aHamITUYHOI MOJENI aePOJAMHAMIKA  HOCOBOI
MOPOKHUHU OCHOBHUM TIOKa3HUKOM, SIKUHA XapakTepu3ye KoHpirypaiito
HOCOBOT'O KaHANly € €KBIBAJICHTHHUU JiaMETp, KU BU3HAYAETHCS HA KOKHOMY
MEepPEeTHHI HOCOBOI TOPOKHMHH. BiH pO3paxoBye€ThCSs Ha OCHOBI IUIOHII Ta
MEePUMETPY BIAMOBITHOTO TIEPETHHY HOCOBOro KaHamy. Ilpm cermenTtarii
HOCOBO1 OPOKHUHH HEOOXITHO B TMEPITY Yepry YCYHYTH MOBITPSHI CTPYKTYPH,
SKi HE BIUIMBAIOTh HA a€POAUHAMIKY BEPXHIX AUXaTbHUX MUIAXIB — 1€, B TIEPIITY
4yepry, IHTaKTHI MPOCTOPYM NPHIATKOBUX IMMa3yX HOCY, B SKHX TIEpeBaxkae
nudy3Huid 0OMiH TIOBITPS. B aBTOMaTHYHOMY peXUMI 1€ MOMIJIMBO 32 PaXyHOK
BUKOHAHHSI YCYHEHHSI HE3B’ SI3HUX BIJOKPEMIICHHX 00JacTeil Ta HAXOKCHHSIM
Koe(iIlieHTIB BiIMIHHOCTI JUISHOK 0O0JIacTeH, 3B’SI3aHMX CITIB YCTAMH C
HOCOBUM KaHajoM, Ha HacTynmHoMy Kpoui. CkianHa xkoHQIrypaiisi Ta BUCOKa
IHAUBINYyadbHa MIHJIMBICTh CTPYKTYp HOCOBOi MOPOXXHHHU HE J03BOJISIE
MOBHICTIO MPOBOJUTH CETMEHTAIlII0 B aBTOMATH30BAaHOMY PEXUMI, aje Takid
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MIAX1T CHOpPHSIE BIICYTHOCTI I1HTEPAKTHBHOTO KOPETyBaHHS TOMOTrpapiyHUX
JaTaceTiB. 3alpoloHOBaHA METOJMKA, L0 BPAXOBYE IHTEHCUBHICTh €JIEMEHTIB
300pak€HHA OJM3bKUX 10 KOHTYPHHMX, [O3BOJISIE 32 PAXYHOK IITYYHOI'O
CyOpO3pi3HEHHSI 3HM3UTH MOXMOKY YCEpeIHEHHd Big  ToMorpadiuHoi
PEKOHCTPYKIIII.

[lepcriekTuBOIO pOOOTU € PO3poOKa METOAIB TMOBHICTIO aBTOMATHYHOT
CEerMEHTallll CTPYKTYpP HOCOBOi MOPOXHMHHM C YpaxXyBaHHSAM I1HAMBIAYaJbHOI
aHATOMIYHOI BapiaOeNbHOCTI BEPXHIX TUXATbHUX HUISIXIB.
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The paper discribed methods of the skin reserch, using different diagnostic
devices. A dermoscopic image of the skin of the hand is analyzed using a
portable dermatoscope or trichoscopy. Differences between dermoscopic images
of a conventional dermatoscopy and a dermatoscopy using ultraviolet light — the
SkinScope device are discussed. The characteristics that can be seen using each
of the devices are compared. Images of the affected area after the application of
creams are considered.

3aXBOPIOBAHHS Ta ypa)XCHHS IIKIpW JIIOJUHU 3aiiMalOTh MPOBITHE MICIIe
cepell yCciX HaMNOIMMPEHIIINX 3aXBOPIOBaHb. PO3MOBCIOIKEH] YpaKEHHS MIKIpH
NPOSIBIIIFOTHCS y BUTJISAI 3aMajieHb, akKHe, KOMEJIOHIB, aJlepriYHUX JCPMAaTHTIB,
CYXOCTi YM >KUPHOCTI HIKIPHOTO MOKPOBY Ta 1H. UWMHHMKH, SKI BIUIMBAIOTH HA
BUHUKHEHHS 3amajieHb MOXXYTh OyTH PI3HOMAHITHHUMH, HANPHUKIIAJ: XOJOJHUN
a00 HaIMIpHO >JKApKUK  KJIIMaT, TEHHI 3aXBOPIOBaHHSA, CIAJKOBICTb,
HENpaBWIbHE Xap4yyBaHHS, TOPMOHAJIbHI 3MIHH, 3aXBOPIOBAHHS BHYTPILIHIX
OprafiB, HEOTPUMAaHHS HEOOXITHHUX MpaBuI TirieHu [1-2].

OmHuM 13 BIIOMHX CyYacHHMX METOJIB JOCIDKEHHS IKipu € Y-
JIEPMATOCKOIIiS, KWW JO03BOJISE 3a CBITIHHSAM 1 KOJIBOPOM ITOBEPXHI IIKIpH
BU3HAYUTH OKpeMi marojoriuyni cranu [1]. Takox miarHOCTYBaTH CTaH IIKipH
J03BOJISIE METOJ JACPMATOCKOMIi 13 BUKOPUCTAHHAM HHU(PPOBUX JEPMATOCKOIIIB
a6o TpuxockomiB [2]. Ilpukinagy oTpUMaHHX JEPMATOCKOMIYHUX 300pa)kKeHb
HaBeJIeH1 Ha puc. | mij yac mpoBeIeHHs JOKITIHIYHUX BUNpoOyBanb. Ha puc. 1 a
300paKEHO CyXICTh IIKIPH Ha TaNbIMX, OTPUMAHOTO 3a JIOMOMOTOIO
MOpTaTUBHOTO JiepMaTockomny. Ha puc. 1 6 HaBeaeHO Ta K caMa IISTHKA MabIIs
MICJIsl HAHECEHHS KUBUJIBHOTO Kpemy. SIK BHAHO 13 puc. 1 6 — cTaH MIKipH
3HAYHO TOKpammBcs. Peectpamito 300pak€Hb MPOBOAWIN 32 JOIOMOTOIO
mudpoBoro Bimeogepmarockona UMO039 3 ontuunum 30imbmeHHsM g0 200
pasiB, po3auIbHOIO 3aaTHicTIO Marpuii 2880x1800 eneMeHTIB, OCHAICHUM
BOy/IOBaHUM OJIOKOM PETYJIbOBAHOT'O CBITJIOJIOJHOTO OCBITJICHHS, INITATHBOM 1
MOBOPOTHUM 3-X JIOWMOBHUM JHUCILICEM. 3a IOMMOMOTOI0 TAaKOTO MPHUCTPOIO JIiKAP
MOXX€ JIETalbHO PO3TJISHYTH eMiJiepMic, WOTro KOJip, JepMO-eligepMabHi
CIIONIYyKA Ta COCOYKOBHM Immap JepMH. Taki 300pakeHHS BUMAararoTh
MOJIAJIBIIION0 aHAMI3y 3a JOMOMOIOK aBTOMAaTHM30BAaHUX IMPOTPAMHHMX 3aCO0iB.
Ha puc. 1 ¢ HaBeneHo MeToA MOCHIIKEHHS CTaHy WIKIpH 3a Jonomorow Y®d-
nepmartockornii — npunanay SkinScope, ne mifCBIYEHHS OUIMM KOJbOPOM MOXKE
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CBIITYUTU MPO HASBHICTh MATOJIOTTYHUX O3HAK, KOMEIOHU, HAIMIPHA KUIbKICTh
OakTepiil Ha MOBEpXHI WIKipH [3, 4].

a o B
Pucynok 1 — Pi3H1 MeTOIM JOCIIIPKEHHS HA TIPUKJIIAJI1 IIKIPYU MaJIbIIS:
a, 0 - HUPPOBUM JEpPMATOCKOIIOM; B - Y D-1€pMaTOCKOTIOM

VY xoxdi mochimkeHHs, OyB MPOBEJACHUN MOPIBHSAIBHUM aHali3 OTPUMaHUX
nuppoBuX 300paKEeHb JIISHOK IIKIPM JBOMAa alapaTHUMH METOJaMH.
BukopucToBylouM METOAM JE€PMATOCKOMIi, KpiM BCTAHOBJIEHHS J1arHo3y,
MOXHA TIEPEBIPITH y TUHAMIII €PEKTUBHICTD JIIKYBAaHHS PI3HUMH IIperapaTamu.
[lepcriekTuBOIO poOOTH € poO3poOKa METOAYy aHalizy JAepPMATOCKOIMIYHUX
300pakeHb 1 BHU3HAYCHHS 1H(GOPMATUBHUX YMCIOBHX TOKAa3HUKIB [5] mid
nudepeHIiaIbHOT TIarHOCTUKY 3aXBOPIOBAaHb IIKIPH.
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Children, who witnessed the war, need a personal approach in order not to
inflict repeated trauma on the child's psyche. Therefore, the rehabilitation and
recovery process begins with the first meeting with specialists - doctors,
psychologists, and teachers.

BiifHa 3aBkaM 3aBlla€ BEIMYE3HWH HEraTHUB Ta JIOBFOTPWBAJI HACIIIKH
JUISL TICUXIYHOTO 370pOB’S JIFOAWHU, a JITH € OJHIEI0 3 HaWOUIbII BpPa3IMBUX
KaTeropii HaceJCHHS, SKi 3a3HAIOTh BILUIMBY BOEHHHX Jii. BoHM moTpeOyroTh
3aXUCTy 1 PaHHBOTO BHUSBIICHHS MEIUKO-TICUXOJOTIYHUX MPOOJEeM, a TaKOX
BIJIMOBITHUX 3aXO0/I1B 11010 BIIHOBJICHHS Ta peaduIiTaIiii MEHTAIBHOTO 3/I0POB’ S
[1-2].

PesynbTatil mociimkeHb, MPOBEACHUX MPOTATOM TpaBHs-cepriHs 2022
poKy Ha 6a3i 3akimany caHatopHoro tumy (IBano-®dpaHkiBchka 0011.), y SKHX
B3sTM y4acTh 217 oci6 mkinbHOTO BIKYy (10-14 pokiB) Oys0 BCTaHOBIEHO, IO
3HauHa OUTBIIICTH OOcTex)eHuX niteit (83%) 3 JAHinponeTpoBchKoi, XapKiBChbKO1
ta JloHenpkoi oOnacTel Manu MOPYIIEHHS TCUXOJOTIYHOTO Ta COMATHYHOTO
crany (tabm. 1).

Tabmums 1 - Menuko-nicuxosoriyni mpoOjieMu AiTed 1 MIIITKIB B yMOBax
BiIiHU

Buim MeauKko-1cuxonorigyHux mpoosiemM Kutekicts, %
[TopymieHHst CHy, HIYHI CTpaxu, KOIIMapHI CHOBHU/IHHS Ta 57 %
4acT1 HIYH1 TPOOYHKEHHS
BereraruBHi mopymeHHs 46%
[linBuieHU# piBEHb TPUBOTHU, CTPaXH LIOJ0 BIMHU y BUIJIAI 25%
CTaHIB EMOIINHUX MEPEKUBAHb, BITUYTTS HEOC3MEKU

JliTH, SIKi CTadM CBiAKAMH BilfHU, TOTPEOYIOTHh IHAWBITYaJIbHOTO ITIXOTY,
100 HEe HAHECTH MOBTOPHOI TPABMU TUTSAYIN MICUXIIll, TOMY Tpoiiec peadimiTarii
1 BITHOBJICHHS TIOYMHAETHCA 3 TEPIIOi 3yCTpidi 3 (axiBIsIMH - JKapsSIMH,
TICUXOJIOTaMu, TielaroraMu Ta iH. [3-4].3HallOMCTBO 1 mepiry Oeciay 3 JUTHHOIO
MPOBOJUTH TICUXOJIOT, BUKOPUCTOBYIOYM TICUXOIarHOCTUYHUN 1HCTPYMEHT
«AHKeTa JOUTUHM IIKUIBHOTO BIiKY» (aBTOp KaOanmeBa A.B.), mo 30upae
HEOOX1IHUI MIHIMYM aHKETHUX JAaHUX MPO JUTHUHY 1 PSAJl KOPEKTHUX MUTAHb
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OJI0 YMOB COIIIaJIbHOTO Ta TIICHXOJIOTIYHOTO PO3BUTKY IUTHHH, HASBHUX
npoOiem 1 crpaxiB. 3a moTpeOu NPOBOAMTHCS IPYTHMM €Tam J1arHOCTHKHU, JI€
3aCTOCOBY€ETbCS aBTOpChbkUM mporpamHuil 3acid0 «EMOJIT» (aBTopchKuid
konektuB: Ilamuenko O.A., KaGanmea A.B., CemiBanoBa K.I'.) 3anmnsa
BUSBIICHHSI TPOSIBIB HEBPOTHMUHUX DO3JIAJIB (TpUBOra, AEHpecis, MOPYLIECHHS
MOBEJIHKU, BETETAaTHBHI pO3JIaJiIi) Ta BCTAHOBICHHS TPUTEPIB TPHUBOTH.
OOOB’SI3KOBUM BHUCTYMNA€ OrJsAn Jikaps-nemiatpa. [licns 4oro KOHTHHIEHT
MOAUISIETCS HA TIEBHI TPYNH: TCUXOKOPEKIIHHA, MEIUKO-TICUXOJIOT1YHA 1
peaburiTamiitHa, Ta ncuxonpodinaktuyHa. KomaHnowo (axiBIiB CKIAJAETHCS
MEJMKO-TICUXOJIOTTYHA peaburiTaiiiiHa nporpama, 1o HOCUTh 1HAMBIAYaJbHUN
XapakTep, a caM Ipoliec peaduniTamii 31IMCHIOETbCS Y BIAMOBIIHOCTI 0
JOTPUMAaHHS MPUHITUIIB KOMIUIEKCHOCTI, €TalHOCT1, JUHAMIKK 1 BUaCHOCTI [5-
6]. 3 miTbMH, SIKi 32 pe3yJbTaTaMU MCUXOIarHOCTUKNA OTPUMAIIA XapaKTEPHUH
cepedHil piBeHb pPU3UKY ab0 TEHACHIIO [0 IMJBUIICHHS IPOBOJIUTHCS
NCUXOKOpEKIiifHa poboTa Ta HAAAIOTHCA ICHUXOJIOTIYHI  KOHCYJIbTAIII.
BHKOpHCTOBYIOTBCS METOAM KOTHITUBHO-TIOBEIIHKOBOI —TcMXoTepamii  (3a
IIPOTOKOJIAMH TO/I0JIaHHS TPUBOTH, MOPYIICHHS CHY, CHaJiaxiB arpecii Ta iH.);
apT-Tepamii JUIsi pPO3CNIa0JICHHS, 3HMKEHHS M S30BOi Ta €MOIIIMHOI HaIpyTH,
MiJBUILCHHS BIEBHEHOCTI; Ka3Ko-Teparis (MICUXOTEpanmeBTHYHI Ka3Ku 3
MOJIOJIaHHS HIYHMX CTpaxiB, MOpyIIeHHS cHY) [7-8].[{iTh 3 BUCOKMM piBHEM
PU3UKY HAsSBHOCTI NIEBHOTO KJIIHIYHOTO CUMITOMOKOMIIJIEKCY (HAasBHICTh O3HAK
Jenpecii, acTeHii, BEereTaTUBHI pO3Jadd, MOPYIIEHHS CHY Ta TMOPYUIECHHS
MOBEIHKK)  MPOXOMASITh  MEIUKO-TICUXOJOTIUHY  peaburiTallito, 30KpemMa
3aco0amMu O10CYreCTUBHOI TICUXOTeparnii (BUKOPHUCTOBYETHCS ayio3amuc 3
roJIOCOM TepamneBTa 1 TEKCTOM CEaHCy, IO CKJIAJa€TbCs 3 TEpPaneBTUYHHX
CyrecTUBHUX (pa3-KOHCTPYKIIN TiJ MYy3UKy Ta pedieKkcoTepaneBTHIHUM
TOPKaHHSM TAIlI€EHTIB). 3 METOI0 OIlIHKM e()EKTUBHOCTI 3aXOJiB JI0JaTKOBO
BUKOPHUCTOBYIOTHCS METOJIUKH « TepMomeTp emorliii» Ta «MOHCTPUKH e€MOITI»,
JIe JITSIM TIPOTIOHYETHCS OILIIHUTH CBIM CTaH JI0 Ta TICIS CeaHCy, MEBHI 3MiHU
MPOTATOM JIIKYBaHHS. Y JITed 3 TPaBMOIO BifHM XapaKTEpPHUM BHCTYIIA€
HasBHICTh AuCYHKIIT aissmpHOCTI HepBoBoi cuctemu (HC): HangBucoke
30ymKkeHHa abo 3araqbMOBaHiCTh. Tomy st omiHKY 1 HopMmadnizanii ctany HC
BUCOKY €()EeKTHUBHICTH MOKA3aJI0 3aCTOCYBAHHS MPOTPAMHOTO 3aC00y TPU-TECTY
«6nyuna rycenuns» (po3poobuuk Kocrin J[.O.), 110 BUKOHY€E TIarHOCTUYHY 1
TPEHYBaJIbHY (YHKIIIIO, 30KpeMa CHPSIMOBAHUN Ha KOHIICHTPAIIIO, TaM'ATh,
30CEPEIKEHICTh 1 IEPEMUKAHHS yBaru, Mpare3/aTHICTh, IPIOHY MOTOPHKY [6-
8].Takum unHOM,peabiniTalis CcTaHy JITed 3 TpPaBMOI BiifHM TOBHHEH
00O0B’SI3KOBO BIJMOBIJATH PSAIY YMOB Ta JOTPUMAHHIO OCHOBHHMX MPUHIIMITIB -
noTiepe/KeHHsT peTpaBmaTu3aitii. PeabiniTaiiss OyIyeThCsl TaKUM YUHOM, 1100
TPaAMIIHHI METOAW TICUXOTEPANCBTUYHHMX IHTCPBEHIIH TOETHYBAIHCS 3
iHTepakTUBHUMH MeToaamu 1 IT-texnonorismu.3actocyBanus [T-texHonoriit y
peaburiTaliiHOMY Tpolieci MalTh PsJl MepeBar, cepej SIKUX: BUCOKHM 1HTepec
PECTIOH/ICHTIB JI0 MPOBEACHHS JIarHOCTMYHMX 1 peaOuTiTaliifiHuX 3axoiB,
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JIETKICTh BHUKOPUCTAHHS, CKOPOUYEHHS Yacy Ha OpraHi3alilo JOCHIIKEHHS 1
00poOKy TaHUX.

[lepciekTHBHI HAPSMKHU MOAAIBIITNAX JOCTIKEHD TMOJSATAIOTh Y PO3po0IIi
MPOrpaMHUX 3ac001B 1 MPHUJIAIB MOHITOPUHTY Ta PO3BAHTAXKEHHS €MOLIMHOIro
CTaHy AITeH, MiJTITKIB.
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Neural Interface is a way to control devices using brain signals in particular

areas. In the work, a prototype of the software-hardware complex was developed
by simulating control of a neuro interface based on the Arduino Uno platform
with the S4A visual programming environment.

HeiipoinTepdelic €  CKIagHOIO  CydacHOK  TEXHOJIOTi€r0,  siKa
3aCTOCOBYEThCSI y Oararbox Hampsmax aociimkeHb [1]. [lutanHs ynpaBiiHHA
PI3HUMH TIPUCTPOSIMH 32 JOIIOMOTOI0 TCHEPYBaHHS CJICKTPUYHUX IMITYJIbCIB
TOJIOBHUM MO3KOM MOTpeOye rITMOMHHOTO BUBYEHHS [2].

3 MeTo BUKOHAHHS IMITAlIMHOIO KEpyBaHHS MIIMIEHHIO Yy po0OoTi
IPOMOHYETHCS CTBOPUTH OUIBII AOCTYIHHH 1 MPOCTHM 3acid TpeHyBaHHS —
IMPOTOTHUIT TMPOTPaMHO-aNapaTHOrO KOMIUIEKCY Ha 0a3i miatdopmu Arduino
Uno, BHUKOPHCTOBYIOUM aJanToBaHe Bi3yalibHe cepenoBuie S4A. AmnaparHa
YacTHMHA KOMIUIEKCY € TPEHIHrOBUM CTEHAOM, SKUW CKJIAJa€eTbes 3
MIKpOKOHTpOJIepa, TOTEHILIOMETPY, 3MIHHUX pE3UCTOpIB Ta JHKOMCTHKA.
Po3pobnennii TpeHIHTOBHI CTeH ] 0a3yBaBCsl Ha MOMEPEIHIX JOCTHKeHHAX [1-
6], OCKUIbKU MOENHYE CTBOPEHHS TECTOBO1 IPOrPaMHU Ta araparHoi nmiaargopmu.

[IporpamHa yacTuHA TPEHIHTOBOTO CTEHAY MPEACTABISETHCS SIK TECTOBA
nporpama, 1o 300pakeHo Ha puc. 1. [IpuHnum aii monsarae y mporpaMmyBaHHI
MIIIEH] 3 3aITaHUMU KOOPJMHATaMHU Ta i1 MEpPEeMIIEeHHs JHKOHCTUKOM IUISIXOM
imitariiinoro kepyBaHHsA. CHcTeMarMyHe TIOBTOPEHHS  OJHAKOBHX  JIiH
YYaCHMKOM BHIPOOYBaHHS HAJAa€ 3MOTY 3AIMCHUTH KOHTPOIb 3a KEPYyBaHHSIM
MIPUCTPOEM.
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Pucynok 1 — 300paxkeHHs iHTepdeiicy po3po0OIieHOT TECTOBOI IporpamMmu
MPOTOTUIY TPEHIHIOBOro KoMmIuiekcy «Helpoinrepderic»
Ha puc. 2 300paxeHo npukiaa neprmx crpod nepemMilieHHs IKOUCTHKA
OuIs MillIeH1 3a JOMOMOIOI0 IMITAIl[IiHOrO KepyBaHHA IIiJl 4Yac TECTOBOIO
BUNIPOOYBaHHS.

© || ©

-

Pucynok 2 — [puknan nepemMinieHHs JHKOUCTHUKA MIJITXOM IMITAIIITHOTO
KepyBaHHS M1J] 4ac TECTOBOTO BUIIPOOYBaHHS
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Patient records are an integral part of medical documentation for further

care. Databases are the newest form of recording, storage and transmission of
personal medical information. Modern technologies will help to keep records of
the wounded at the front, which in turn will prevent the loss of certain medical
information about the patient, which is stored in databases.Thus, the
development of an application for reporting, recording the patient's health status,
which is integrated for quick use during hostilities, which will help to effectively
continue the rehabilitation process, is relevant for this work.

CydJacHy MEIMIMHY BXE HEMOXIJIMBO YySBUTH 0O€3 BHKOPHUCTAaHHS Oa3
nanux. Ile HOBITHS hopma opraHizailii, HAKOMUYEHHs, 30epiranHs, oOpoOKHU Ta
noctyn ao iHpopmartii. Tak 3BaHa «peecTparypay NaIli€HTIB, 110 BMIIIye B cebe
BCl ictopii xBopoO, pesynabratu ananmizi, EKI' Ta iHmI nani, siki MOXYTb
BIJICTe)KYBATHCS 5K JIIKapeM y pa3i HeoOXiaHocTi, Tak 1 mamieHToM. [lepexin Ha
eJICKTPOHHUHN OOJIIK Ha/la€ MOXJIMBICTH MpaIOBaTH Oe3 Tarepy Ta BOepirae Bif
BTpaTH IEBHOI Meau4yHOi iH(popmarlii, 60 30epiraeTbcs y BUTIIAAI 06a3 JaHUX.
Jlo3BoJIsi€ OTlepaTUBHO BHUpINIyBaTH TIpoOJjieMu mepedadi iHdopmarii B iHIII
MEINYHI 3aKJIaau, y 3B’S3Ky 3 MEpei3loM YW HAmpaBleHHSM Ha JIKyBaHHS
XBOPOTO.

B Vkpaini BukopucToBy10Th MeanuHy iHGopmarliiiny cucremy (MIC), mo
€ OJIHIEI0 13 CKJIQJIOBUX CYYacHOI €JIEKTPOHHOI CHUCTEMHU OXOPOHH 370pOB’s
(CO3) eHealth. MIC nmaroTh MOXJIHBICTH aBTOMATH3yBaTH POOOTY MEIUIHHX
yctanoB 13 LlenTpanpHoto 6a3oro manux (I[BJl), mo momomararoTh BH3HAYUTH
TEHCHITIT TpoOyieM 310pOB’ sl B CycniuibcTBl. Hampukian, ocTaHHIMEA MIiCSISIMU
MaHJeMisi KOpPOHaBIpyCy cTajla HAaOYHUM TMPUKIAIOM TOro, SK PO3yMHE
BukopucTtanHus iHpopmatuBHIX CO3 MigATpUMYE 370pOB’ ST HACEIEHHS, HAaIal0un
mpariBEukaM CO3  iHCTpyMEHTH, HEOOXIimHI IS BIACTEKEHHS BHUIIAJIKIB
3aXBOPIOBAHHS Ta MOHITOPUHTY perioHabHKUX crajnaxiB. Lle BkoTpe moBeno, 1o
K HIKOJIM BaXJIWBO, MO0 0a3u naHux y cdepli OXOPOHH 3M0pOB’s Oymiu
oprasizoBaHi, 700pe MATPUMYBaHI Ta TPOCTI Y BUKOPUCTAHHI.

B cporoguimHix peanisx, B SKuX rnepedyBae Haiia KpaiHa, OyJivd BUSBIICHI
TeBH1 HEJOJIIKM B CKJIaJaHH] 0a3 JaHUX MAaIIEHTIB y MICIIX O0oMoBuX aiil. OTxe,
MOHa 3pOOUTH BUCHOBOK: 1H(pOpMaIlisd PO MOPAHEHOr0 a00 HE BHOCUTHLCS abo
3aMMHUCYETHCS MPOCTO HA MATepPi; IpHU TPAHCIIOPTYBAaHHI MOPAHEHOTO BTPAYAETHCS
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iHpopMaIIiiHUN 3B’S130K MK MEAMYHUMM MpaliBHUKaMH Ha MEpeoBId Ta
JikapsiMu (PPOHTOBOTO TOCHITANSI 1 TUM Maye HEHTPAIbHUX MEIUUYHUX 3aKJIaj(iB
rIMOOKO B THILY; KOHTakTHa 1H(opMalis, iHpopMalis Opo AlarHo3, METOAU
JIKyBaHHS Ta OCOOJUBOCTI XBOpPOOM HE € 00’€AHAHOI0 Ta MOCIiIOBHOKO [1].
SKIo HEXTyBaTH TaKUMHU HEOOXITHUMHU JaHWMH, HAMNPUKIAA, PI3SHOMAaHITHI
TpaBMH uepena, KICTOK, Jie MOYaTKOBE JIIKyBaHHS TMOJsrae B 3a0e3MeyeHH1
MPOXITHOCTI AUXAIBHUX MUISAXIB, MIATPUMIN HAJIEKHOT BEHTUJIALII JIETEHb,
OKCHUT€Hallil, TO UMOBIPHICTb JIETATLHUX BUIMAKIB 30UTBIIYETHCS Bpasu [2, 3].
3B’s13ka 4yar-00Ty 3 0a3010 JaHUX Hajgae 3MoOry 30epiraTd MEIUYHY
iHpopMaIlito BIiCbKOBUX Ha (PPOHTI, 60 11e HEe NOTpedye BUKOPUCTAHHS NaM’ SIT1
TeneoHa YW OyAb-SIKOTO I1HIIONO MPUCTPOIO, B SKOMY 3I1HCHIOETHCS
dopmyBanHa BitomocTell. Llg cuctema inTerpye QpyHkuii epekTuBHOI 00pOOKH,
CTBOPIOE 3alUTH Ta 3BITH I 3allOBHEHHS CBOEPITHOT MEIMYHOI KapTKH
naiieHTa 3 OOpaHHSM pI3HMX CTaflll TOpaHEHHs, TpaBM dYepemna, KICTOK 3
BKa3aHHSAM TNPOXITHOCTI JMXaJbHUX NUIBIXiB, IO Yy CBOI Yepry MoOXKe
MiJAaBaTUCS TOJATBIIUM KOpPEKTHBaM. B cuTyallisx, KoM MarieHTy MnoTpioeH
OuThbIl peTenbHUM moryisia abo K HEoOXigHE J0JAaTKOBE BUKOPHUCTAHHIM
JIarHOCTUYHUX arnapariB, MOXKJIMBE (OpMyBaHHS 3alUTIB 0 HAHOUIBII OJIM3bKO
PO3MIIIICHUX MEAUYHUX YCTAHOB y THIIY, J€ € KOHKPETHO T€, III0 HEOOXIJHO B
naHui MOMEHT. JlaHa MOXIIUBICTh JJa€ 3MOTY 3aBYACHO MOMEPETUTH TOJIOBHOTO
MEIUYHOTO 3aKJIaly MPO HAIXOMKEHHsSI 0 HHUX XBOPOIrO, IIO y CBOIO 4YEpry
JI03BOJISIE BYACHO IMIJATOTYBaTH IMajaTy, MPOIeaypH, crerianicta tomio. [Ipu
IIbOMY KOKEH pa3 iH(opMaIllisi CTBOPIOETHCS 3aHOBO Ta HAJCUIIAETHCS JUCT HA
€JIEKTPOHHY MOIITY MEIUYHOTO MYHKTY PO MPOXaHHS HAaIaHHS JIONIOMOTH.

OTxe, OIIHMUBIIM CUTYAIlIF0 3 BEJICHHSIM 3aIlMCIB Ha MICIIX OOHOBUX i,
HEOOXITHO CTBOPUTH 3B’SI3KYy Yar-00Ty 3 0a3010 JaHUX JUIS 3BITHOCTI,
¢bikcyBaHHS CTaHy 3J0pPOB’S TMAIli€EHTa, IO Yy MOAAJBIIOMY JIOTIOMOXKE
e(eKTUBHO MPOBOAUTH peadimiTaiito xBoporo. CTBOpEHHS AaHOI CHUCTEMU
JIOTIOMOKE€ MEJMYHMMH TIpalliBHUKaM Ha TepeoBii, JiKapsMu (POHTOBOTO
rocmiTansi 1 IEHTPAJIbHUM MEIWYHUM 3aKjiaJiaM B THIY 3pOOMTH Tpolec
MPOCTHUM Ta aBTOMATHU30BAHHM.
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CIHEKTPU BUIIOI'O MMOPAAKY JJISI EJIEKTPOMIOTPA®IYHUX
CUT'HAJIIB OCIB 13 BOJIEM Y IIOINEPEKY
Kypoukin 1.O. Yepnikosal.B.
HaykoBuii kepiBHUK — K.T.H., 1o1eHT Kemuyxkina T.B.
XapKiBChbKUI HallIOHATBHUHN YHIBEPCUTET PaJioeNeKTpoHikU, Kad. BMI,
M. XapkiB, YKpaina
teir. +38(095) 119-31-07, e-mail: ivan.kurochkin2@nure.ua.

Low back pain (LBP) is a leading cause of years lived with disability.
Electromyography (EMG) is used for diagnostics of the functional state of a
person with LBP. This work is devoted to the study of higher-order statistical
characteristics of EMGs for LBP persons. These methods can be useful due to
the non-stationarity, nonlinearity and non-Gaussianity of EMGs. Signals from
five groups of patients, including vertebral disorders, scoliosis, functional pain,
healthy people without complaints, and healthy people with pain complaints
were processed.

binpynmwxuidausHicnuan  (BHAC)Bin HIKHBOrOo Kparo ABaHAALSTOrO
pedpaso HWKHBOI CIAHUYHOI CKIagku3 OojieM abo 0e3 0omoB ofHIN a60000X
HUKHIXKIHI[IBKaXEMOIIMPEHOOTII00ampHo0NMpooiaemoro. [lomupeHicts 00110 B
nornepeky 3a omiHkoio 2017 poky craHoBWia NpuOIM3HO 7,5% HaceneHHS
1aneT, abo 0au3pko 577 MiTbitoHIB JroaekH [1].

Ouinky ¢GyHkIii M’s3iB momepeky Hamae enektpomiorpadis (EMIY) —
METOJl peecTpallii eJeKTPUYHOI aKTUBHOCTI M'A31B — CYMapHHX KOJHUBaHb
MOTEHITIaiB, 10 BHHUKAIOTH SK CKJIaJoBa Tpolecy 30y KeHHS B 00JacTi
HEPBOBO-M'S30BUX 3'€lHAHb 1 M'SI30BUX BOJIOKOH IIPH HAJIXO/KCHHI 10 HHX
IMITYJICIB BiJT MOTOHEHPOHIB CIMHHOTO ab0 joBracroro mo3ky. EMI' curnamu
3a3BUYall aHANI3YIOTHCS 3@ JOMOMOTOI0 CTATUCTUYHUX METOAIB 2-TO MOPSAKY,
TaKMX SK CHEKTp TOTyXHocTi [2],[3], aie dYepe3 HecTalioHAPHICTD,
HEeTiHIWHICTE 1 HeraycoBicTh EMIT 111 MeTtomm He MOXYyTh 3a0e3NeduTH
anexBaTHHA aHaii3 [4], [5]. Cnextpu Bumoro nopsaky (CBII), Takox Bigomi sk
MOJIICTIEKTPH, € CHEKTPAIbHUM IMOJAHHSM CTATUCTHK BHUIIOTO MOPSAKY, TOOTO
MOMEHTIB 1 KyMYJSHTIB TpeThoro mopsaky 1 Bumie. CBII moxe BusiBnstu
BIIXWJICHHS BiJl JIHIAHOCTI, CTaI[iloHAPHOCTI ab0 TayCOBOCTI B CHTHAJI.
KyMynsHTHHI CcnekTp Jpyroro TOPSAAKY € CIEKTPOM TOTYXHOCTI, a
KYMYJSIHTHUH CIIEKTP TPETHOTO MOPANKY Bimomuii sk Oicriektp. [lik y GicriekTpi,
BKa3ye Ha Te, M0 €HEepPreTUYHa CKJIAaJ0Ba HA JBOX YACTOTHUX KOMIIOHEHTaX
YTBOPIOETHCS, IMOBIPHO, Yepe3 KBaJApaTUUHYy HEJIHIMHY 3aliexHICTh. HaBmakw,
MJIOCKUH OICTIEKTp Ha JBOX YAaCTOTHWX KOMIIOHEHTaX CBIMYUTH MPO BIACYTHICTH
Takoi akTUBHOCTL.B poOoTi anamizyBammcst EMI' curHanm mamieHTiB 3 ITATH
rpyn: ocobu 3 BepTEOPOJIOTIYHMMH 3aXBOPIOBAHHSAMH, 31 CKOJIIO30M, 3
(GyHKIIIOHAIBHUMU OOJIIMH, 37]0pOB1 0€3 CKapr Ta 3J0pOBI 31 CKapramu Ha Oulb
y nonepeky. I'padiku OicnekTpiB 3a iX BUIJIAAOM OyJIO PO3JUIEHO HAa YOTHUPH
rpynu. Takox Oys10 mpoaHani3oBaHO OICIIEKTPH MALIEHTIB 3 BEPTEOPOIOTTUHUMU
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3aXBOPIOBAHHAMM JI0 Ta MICJIA XIPYpPriuHOro BTpydaHHs (puc. 1).
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Puc.1—- bicnektp naiieHTa 3 BepTeOpOIOrYHIM 3aXBOPIOBAHHSAM J10 (JIIBOPYY)
Ta yepe3 3 POKH Micisl XIpYPriuHoOro BTpydaHHs (IpaBopyy)

Bceranosneno, mo meron CBII moxe OyTH BHKOPUCTaHMM ISt OIIIHKH
ctany narientiB 3 BH/IC, a Takox OIIHKK SIKOCTI JIKyBaHHS BEPTEOPOJIOTTUHHUX
3aXBOPIOBaHb, OCKUIBKHU BIH JIa€ JOJIATKOBY JI0 OI[IHKHM CIIEKTPaIbHOT MILUTBHOCTI
NOTYXHOCT1 iH(popMalito. BusBieHo 4oTHpHU XapakTepHi popmu OiCEKTpiB Ta
3MiHy OicniekTpy Tmicas JikyBaHHsA. llepcnekTuBor0 poOOTH € BUBYCHHS
oiciexkTpiB EMI" Guiblux rpym nmaimi€eHTiB Ta aHaji3 3aJ1€KHOCTI MK /11arHO30M
1 xapaktepuctukamu CBII.
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This work is devoted to the description of the principles of operation of a
laser scanning microscope and the construction of its prototype using DVD
drives. The structure of the microscope prototype and programs for its operation
are considered.

CydacHuil mpouec OJICIIKEHHsI OI0JIOTTYHMX 3pa3KiB MICTUTh y co01
JeKUIbKa 3arajbHUX KPOKIB, OJHUM 3 SKHX € OTpUMaHHS 30UIBIICHOTO,
nepeBakHo mudpoBoro 300pakeHHs. JIJIS OTpUMaHHS SKICHOTO PE3YJIbTaTy,
HeoOXiJlHAa BIJIMOBIHA amaparypa, 1o OyJe BiJMOBIIATH BHUMOTaM IEBHOTO
JOCIIHKeHHs. 30KpeMa, TaKUM TMPUIIAJIOM MOXKe OyTH KOH(POKAIbHUMN Jla3epHUN
ckanyrounit Mikpockon (KJICM). Ane BIIMB KaTOAHUX TMPOMEHIB BHCOKOi
€Heprii Ha 3pa3Ky 3 METAJIEBUM MOKPUTTIM y BaKyyMHIN Kamepi FPOMI3AKOTO Ta
J0POroro MpUIaay — He €AUMHHM CrIocid oTpuMaTH HeoOXifaHi 300paskents [1-2].

KJICM — me crnemiaqbHUM CBITJIOBUH MIKPOCKOTN, SIKMH BUKOPHCTOBYE
choKycoBaHMI Jla3epHUI TPOMIHb HJisi CKaHyBaHHA 3pa3ka 3 MOJAJIBIIUM
PEKOHCTPYIOBAaHHSIM TPUBUMIPHUX CTPYKTYp 3 HaOOpiB 300paxeHb, OTPUMaHUX
Ha pi3HEX rauOuHax. CkaHyBaHHS Jla3epa B3JIOBXK 3pa3ka 3A1MCHIOETHCS
IUIAIXOM PYXy Ja3epa B HAmpsIMKYy X 1 Y. 300pakeHHS CKIAJAEThCS MUITXOM
KOMOIHYBaHHSI BUMIPSHUX CBITIOBUX TouoK. KJICM 9acTo BUKOPHUCTOBYIOTHCS
B TOEJHAHHI 3 (IyOPECHEHTHUMH MapKepamu JUisi BUBUEHHS BIIACTUBOCTEH
OlosoriyHMX 3pa3kis [3].

Po3ninbHa 3MaTHICTH TaKOTO MIKPOCKOMY BH3HAYAETHCS  KUIBKICTIO
MOXXJIMBUX BUMIPIOBaHb, 3pOOJICHMX Yy HANpSIMKY X, 1 KUIBKICTIO JIHIA Yy
HampsAMKy Y. MakcumanbHa po3AUIbHA 3/JaTHICTH OOMEXEHa YHCIIOBOIO
anepTyporo JiH3M 00’€KTHBA CHUCTEMH Ta JOBXHHOI XBHIII Jja3zepa, K 1 Y
3BUYAMHUX ONTHYHUX Mikpockomnax. OCKiIbKHM po3aiibHa 37maTHICTh DVD —
pimepa moBWHHA OYyTH JOCTaTHBO BHCOKA JJIA YWTaHHS iH(OpMmaIlii Ha JHUCKY
(puc 1) [4], To MOXHa 3pOOUTH BHUCHOBOK, IIIO TOJIOBKA 13 OJOKOM JiH3 1 ii
CEPBOINPUBOAN MOXKYTh OyTH BUKOpHUCTaH1 Jy1si moOymoBu KJICM.

[IpoToTHN yCTaHOBKM BUKOPUCTOBYE NBi TOMIBKU. OHA BUTTPOMIHIOE J1a3ep 1
CKaHye B HampsiMKy X. J[pyra rosiBka 3axoITioBada Hece 3pa3oK 1 PyXaeThCs B
HanpsaMKy Y. Curnan ¢ikcyerscst npoctuM (poromionoM. CepBonpuBogaMu, 110
pyXaroTh TOJIBKH, @ TAKOX CTPYMOM, IO MOJAEThCSA Ha ja3ep Kepye Arduino
Micro3 enekTpoOHHMUM TPUBOJOM Ha TICUATHIM IUIaTi, a 300pakeHHs
BIITBOPIOIOThCSI B mporpami  Processing [5].  Processing Hancwiae
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HaJalllTyBaHHA Ha MIKPOCKOIN, a y BIANOBIAb OTPUMYE JaHHI AJIs 3YUTYBaHHS
300paKeHHA PAJOK 32 psAAKOM. MoKHa BCTaHOBUTH Taki apaMeTpu: THII Jlazepa
(iHppauepBoHUH, ynbTpadioseTOBUN, YEPBOHUN 1 TI.); MOTYXKHICTh Ja3epa;
CTapTOBa TMO3MULIA; pO3AUIbHA 3AAaTHICTh CKaHyBaHHS; KOJIpHa cxema 1
SICKpaBicTh [3].

CD DVD HDDVD Blu-ray
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Pucynok 1 — Po3ainbHa 31aTHICTh PI3HUX THUIIIB TOJOBOK AUCK — PiiepiB

O6rpynroBaHo kopucHICTh po3podku KJICM 3a BukopucranasmDVD
IPUBO/IIB, IO JT03BOJUTH HAYKOBISIM UM CTYACHTAM 3 HEBEIHKUM OIO[KETOM
o0y yBaTh MIKPOCKOT, 3AaTHUH OTpUMYyBaTH IU(PPOBI 300pakKeHHs 3 JTIOCUTH
BHUCOKOIO PO3AUIBHOIO 3/IaTHICTIO. PO3p00I€HO CTPYKTYpHY CXEMY MPOTOTHUITY
KJICM nHa ocnoBi DVD mnpuBoxiB. IlepcrnexktuBoro poOOTH € TOAaIbIIe
yIIOCKOHAJIEHHS KOy MPOrpaMu KepyBaHHS MPUBOJOM Ta po3po0Ka BIAMOBIIHOT
BaKyyMHOT KaMepH JIJIs MOKPAIICHHS YMOB OTpUMAaHHS 300paKeHHS.
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The signal is recorded using bipolar surface electrodes. They record

activity from distant potential sources, the effect on the potential difference of
the activity coming from the source to both electrodes leads to a distortion of the
potential shape and the impossibility of determining the true phase of the
potential. The system is designed to determine the mobility of the facial muscles
and it can be used for diagnostics in plastic surgery and rhinology when
assessing the mobility of the nasal valve.

CucteMy NMpHU3HAYCHO JIUIST BUBHAYCHHS PYXOMOCTI M’s3iB 0OJIMYYS 1 BOHA
MOke OyTH BHUKOpPHMCTaHa IS JIIarHOCTUKU B TUIACTUYHIN Xipyprii [1, 2] Ta
PUHOJIOTIT MpU OLIHILI PyXOMOCTI HocoBoro kiamany [3, 4]. Hdns po3poOxu
0JIOKY peecTpallii aBTOMaTU30BaHOI CHCTEMH OIIIHKH TOHYCY M SI31B 0OJIAYYs
JOIUTBHO BUKOPHUCTOBYBATH €JIEKTPOMIOrpadiyHUN METO, SIKUK 311HCHIOETHCS
3aBISKM peecTpallii eJIeKTPUYHUX TMOTEHINaliB M's3iB. Peectpariiss curnamy
BiIOYyBA€THCS 3a JOIMOMOIOK0 OIMOJAPHUX MOBEPXHEBUX eleKkTponaiB [3]. Bonu
PEECTPYIOTHh AKTHBHICTh BiJ BIJJAJICHUX JDKEpEN TMOTEHIlaly, BIUIUB Ha
PI3HUINIO TOTEHINAIIB aKTMBHOCTI, IO HAIXOJIWTh BIJ JKepena Ha oOuaBa
€JICKTPOJIH, MPU3BOJIUTH IO CIIOTBOPEHHS ()OPMHU MOTEHITIATy Ta HEMOMXIHUBOCTI
BHU3HAYUTHU CHpaBxHIO (a3y moreHmiany. [Ipore, BUCOKHIA CTYNiHb JTOKAITBHOCTI
poouTh 1el crmocid KpammM JUIsS aHalizy TOHyCy M's3iB obimuus. [liametp
enexkTpoaa aopiBHioe 10 MM, IO J03BOJISIE MIHIMI3YBaTH HaBOJKY BiJ CYCITHIX
M's131B. KUIBKICTh €71€KTPO/IiB, 110 BUKOPUCTOBYIOTHCS B MPOMOHOBAHIN CHCTEMI
JIOPIBHIOE IT'SITH, 3TIHO 31 CXEMOIO HaKJIAeHHS €JICKTPO/IIB.

Curnan 3 eneKkTpoMiB HAAXOAHWTh B OJOK KOMYyTaIlii, KW MOCTiZOBHO
MIAKITI0YAE eIEKTPOAH A0 TOMAIbIIoro JaHIrora. biiok komyTarii kepyerbes 3a
JOTIOMOTOI0 OJIOKY yIpaBliHHSA. bJOK JKHMBIGHHS 3a0e3nedye CTaluIbHY
HaTpyry, M0 >KUBUTh EJICKTPUYHI JAHIJIOTH BCIX OJIOKIB B JIAHIIO31 OJIOKY
peecTpaitii enexTpomMiorpadiqHOro curHamy. Y OJ0Ii YIpaBIiHHS 3aITyCKA€ThCS
TYUIBHUK IS BUITIKY 1HTEpBATIB Yacy JJIsl peecTpallii exexTpomMiorpadiqaaoro
curHaiy. Y Oomi ympaBiiHHS (OPMYETHCS IMITYJIbC, IO TEPEMHUKAE KaHAIN
Oyioky komyTartii. /lani curHan HagxoauTh B OJIOK MOCHIJICHHS CUTHANY, JIe BiH
MMOCHJIIOETBCS, TIPOXOJASYM dYepe3 JIAHIIOr ITJICKIIFOBadya Oi10MOTEHITIANIB.
[TlincwmroBau  3a0e3meueHrid  CTYMIHYACTUM  TEepeMuKadeM  KoedilieHTa
MIJICWJICHHS, 110 J03BOJIIE€ PETYIIOBATH PIBEHBb IMIJICHICHHS B 3aJI€KHOCTI Bia
aMILTITYIM PEECTPOBAHOT aKTUBHOCTI. Jlami MiCWMICHUM CHUTHAJ HAIXOJUTh B
00K (QuibTpanii curHany, Jie BiH (QUIBTPYETbCSI CMYroBUM (UIBTPOM 3
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HIDKHBOIO TIPOMYCKHOIO 3AaTHICTIO 10 I'l 1 BEpXHBHOIO MPOMYCKHOO 3/IaTHICTIO
20 k[, 1m0 BiANOBI A€ YACTOTHOMY JIiana3oHy eyekrpomiorpamu [3-5].

Enextpomiorpama  MICTUTh  BEJIHMKY  KUIBKICTh  BHCOKOYACTOTHUX
CKJIAJOBHMX, TaK WLI0 JJIi OTPUMAHHA IIOBHOTO CHEKTpYy IHTepdepeHUiiHol
AKTUBHOCTI 1 HECHOTBOPEHOi (OpPMH OKpEeMHX MOTEHIialiB HEOOX1AHO
BUKOPHCTAHHS MO MOXIJIMBOCTI IIUPOKOI CMYTH MPOMYCKaHHS BUCOKHX YacTOT.
3a cydYacHUMH BHUMOTaMH BEpXHS CMyra TMPOIyCKaHHS MiACHIIIOBaYa
enexktpomiorpamu moBuHHa OyTu Onm3bko 20000 I'p 1 He menm 10000 T
BincyTHICTh Ha eleKTpoMiorpaMi BIACHUX MOBUIBHUX CKJIAQJOBUX MOTEHIIANY 1
HEOOX1IHICTh BUKIIFOUEHHS TOBUIBHUX MOTEHIIATIB, MOB'SI3aHUX 3 PyXOM M'S3U
npu  ii  CKOPOYEHHI, JO3BOJIIFOTH ICTOTHO OOMEXHUTH HWXKHIO CMYTY
nporyckanHs nifacuiaoBada 10 2 — 10 I'n. BindinsTpoBanuii curuan HaaXxoauTh
B OJIOK Tiepeiadi TaHuX, JIe BiH MEePETBOPIOETHCS IS Mepeiadi Ha BXiJl 3BYKOBOi
TUIaTH TEPCOHANBHOTO KoMIT'totepa. s 3aXucTy BXOAY 3BYKOBOI IUIATH BiX
KOPOTKOYaCHUX TIKIB BHKOPHUCTOBYETHCS JIIMITEp MpPU MOPOTOBIM pPI3HUIII
noteHIgams = 1 B.

VY pesynbTaTi poOOTHM CXEMHU CHTHaiW, L0 OYyJIu 3apeecTpoBaHi Ha
eJeKTPOoaX, MIJACUIIOITHCA MiJACUIIOBaYeM OI10MOTEHIlIaniB 1 BinduIbTpoBaH1
CMYTroBuM (DiTbTPOM HAAXOIATH Ha 3BYKOBY IJIaTy KOMI'FOTEpPA, A€ MPOXOIAThH
nojaneiry oopooky. Takum uMHOM po3poOKa Takoi aBTOMATH30BaHI CHUCTEMU
BUMIpY 1 O0OpoOKM Meauko-0iojoriunoi iHdopmarlii, ICTOTHO pPO3IIUPIOE
JIarHOCTUYHI MOXKJIMBOCTI Cy4acHO] eJleKTpomiorpadii.
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THHOBALII B PEABLIIITAIIL JOMAIIHIX TBAPUH
Ocanua 10. O.
HaykoBuii kepiBHUK — 1.T.H., ipodecop Kocymnina H. T'.
Jep>xaBHUii 010TeXHOJIOTTYHUH yHiBepcuTteT, kapeapa EPBMIE
M. XapkiB, YKpaina
teir. +38(050) 123-45-67, e-mail: kosnatgen@ukr.net
The development and current state of rehabilitation of domestic animals
are considered. Services provided in rehabilitation centers and clinics are given

VY 1960-x pokax peaOuriTaniiHI METOAM, SKI 3aCTOCOBYIOTH Y JIOAEH,
novyajau akTMBHO 3aCTOCOBYBATH Ha CHOPTHUBHUX KOHAX. 3 KiHUA 1980-X pokiB
JIOCBIJI Ta 3HAHHSA, HampalboBaHi y (G13MYHIN peabumiTaiii Jroeld Ta KOHEM,
MOYaJii 3aCTOCOBYBATH IO BITHOIIEHHIO 0 COOaK.

JloHenaBHa BBaXajocs, IO peadUTITAIli KIMIOK HE ICHYE SK TaKoi.
[IprunHa B TOMY, 110 OCHOBOIO (P13M4YHOT peabdiniTallii € TOTOBHICTh MaIl€HTa A0
BUKOHAHHS TEBHUX i (a00 Xxoua © MOXIJIMBICTh MOTEPIITH CIOKIMHO, MOKHU
IIPOBOJIUTHCS TIPOIIEAypa), a KIINIKA CKJIAJHIIIEe 3a COO0aKM MOTHBYIOTHCS 1
npecupytotbes. [Ipore B ocraHHi poku peaOuTiTallis KIMIOK —[oyYaa
PO3BHBATHCS, 3arajbHi MPUHIMIK Ta METOAW IAEHTUYHI MiIXOAYy N0 cobak, 3
MOTIPABKOIO Ha (H13WYHI Ta MOBEIIHKOB1 OCOOJIMBOCTI I[OTO BUIY TBapHH.

Takox 3MIHWIOCS 3arajoM CTaBJIEHHS CYCHUIbCTBA Ta Oi3HECY [0
BETEepHUHApIi: JIIOM MOYaIH PO3YMITH, 110 TBAPUHU T1HI KPan[oro o0CTe:KeHHs
Ta JiKyBaHHs. BH3HaueHHA TOYHOTO [iarHO3y Ta MpPHU3HAYEHHS TPaMOTHOI
peabuTiTaIlii ymupaeTbes y BIICYTHICTh TEXHIYHOT MOYKJIMBOCTI.

Ane nmocsarHeHHs y (i3uuHIM pealimiTallii po3BUBAIOTHCS HAa OdYaXx: IIE
I'AIThb-CIM POKIB TOMY HaBiThb y BEJIHMKHX MiCTax 3pOOWTH TBAapHWHI MarHiTHO-
PE30HAHCHY YHM KOMIT'IOTEpHY Tomorpadiro He Oyno xge. 3apa3 MoOxHa
BUKOPUCTOBYBAaTH amapar mnoTyxkHicTio 1,5 Tecnma, mo mo3Boiisgie oTpumaru
OUTBIII IeTaJIbHE Ta SIKICHE 300payKCHHS.

st peaGuritamii TBapuH TexHoioridHi mpopuBu XX—XXI cromite Ta
BIIPOBA/PKCHHSI pOOOTHU30BAHUX amapaTiB CTAJIA CIPABKHIM MOPSITYHKOM — SIKE
CIIPUYUHUIIO TIOPSATYHOK 0araThoX KHUTTIB.

CborogHi B Cy4acHMX KIIIHIKAX BHUKOPHUCTOBYIOTH MAaJjOiHBAa3UBHY
Xipypriro, mo0 BTpy4YaHHS B Opra”izM OyJld MakCUMajabHO O0€300JICHUMHU.
JIOCSITHEHHST HAyKH JTOMOMAararTh MPOBOJUTH OUTBI TOYHI JOCTIKCHHS IS
JIarHOCTUKH 3aXBOPIOBAHb: HAMPHUKIAJ, SKIIO MOTPIOHO TIEPEBIPUTH CTaH
CIM30BUX OOOJIOHOK TBapWHHU, BETEPUHAPH pOOIATH M, SIK 1 JIOISM,
€H/IOCKOITIFO: Yepe3 MaJieHbKH OTBip BBOJSATH y TUIO MAaIliEHTa MiHIATIOPHY
BiJleOKaMepy, 3'€THaHY JIOBI'UM KaOeaeM 3 MOHITOPOM. 3 PO3BHUTKOM TEXHOJIOTIN
oOslalHaHHs IS €HJOCKOIIi 3MEHIYyeThCsl y po3Mipax. Hampukmnan, icHye
»)opcTkuit engockon Karl Storz miametpom Bchoro 1,9 Mm, SKuM MAXOIUTH
HaBITh I MAJCHBKUX TBApPWUH 1 JIO3BOJISIE€ OTJITHYTH HOCOBY TOPOKHHHY
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(puHOCKOIISA), 30BHIIIHE Ta CEPEIHE BYXO (OTOCKOMIs), YpeTpy Ta CEUOBUU
MIXyp (YpeTpOLHUCTOCKOIIA), MOCTABUTH AIarHo3 1 MpU HEOOXITHOCTI BUTAITH
CTOPOHHE TUIO 0e3 MacmTaOHOiI omeparii. Tenep mikapi MOXYTb MPOBOJIUTHU
JOCIIDKEHHs] Ta MaJjOlHBa3WBHI omepalii 30BCIM MaJIEHbKUM 3a pPO3MipoM
TBapUHAM: TPU3YHAM, KOIIEHSM, IIyIEHSIM, coOakaMm JEKOPATUBHHUX IOPiI.
Takox saxicte 300paxkenns (HD/UHD), wmo mnepemaerbcs 3 Kamepw,
MOKpalluiacs, BETEPUHAP OTPUMYE HaWJETaNbHINy IH(pOpMalilo Mix Yac
MPOLETYPH.

binbuiicte  omepariii 13 XIpypriyHMM BTPYYaHHSIM MPOBOASTH Tif
KoHTposeM ynbTpa3Byky (Y3/), pearreny (C-nyru), romorpady (KT uu MPT).
Ile nmo3BoJsise MIHIMaNbHO TPAaBMYBATH TBApUHY Y TPOLEC] JIKAPCHKHUX
MaHinynamii. Hanpuknan, oOnagHaHHs [0 KOAryisiiii Ta pi3aHHS TKaHUH
Caiman gormomarae mepeTsAryBaTy, M00 He JOMYCTHTH KpOBOTEUi CyJIuHH /10 7
MM y JiaMeTpi 6e3 HeoOX1THOCTI TX MPOITMBAaHHA HUTKAMHU.

Y IOCKOHAIOIOTBCSI  HABiTh TOHOMETPHU: CY4YaCHHH BETCpUHAPHUIA
TOHOMETP JI03BOJISIE OTPUMYBATH TOUYHIII MOKA3HUKH BUMIPIOBAHHS KPOB'STHOTO
TUCKY Y TBapvH, BiH BpPaxoBy€ BUJ 1 pO3MIp TBapHHH, MICLIE BUMIpIOBaHHS
THUCKY.

VY cydacHuX peaOuTITalliiHUX WEHTpax JUisi TBApUH BUKOPUCTOBYIOTH
oOnajHaHHA Ta M[pwIagd JUIsl:  KOHAMLIOHYBAaHHS, HEPBHO-M'S30BO1
eJIEKTPOCTUMYIISINT, Ja3epHOi Teparmii, yJbTpa3BYKOBOI Tepallii, rigpoTeparrii,
TEpaleBTUYHOIO0 Macaxy, Tepamii Peilku, Teparii IMIyJIbCHUM CHUTHAJIOM,
Teparnii IMIyJIbCHUM €JIEKTPOMArHiTHUM TOJIEM.

BucnoBok. Ilopsan 13 mepeloBUM  pPO3BUTKOM  BETEpHHapli Yy
IIPOMMCIIOBOMY TBApUHHUIITBI BETEpUHAPHA JOMOMOTa JJIi MICHKHUX JOMAITHIX
TBapuH (co0akK, KIIIOK TOIO) 3HAYHO BiJICTaBaJIa Bl €BpOIEHChKOro piBHs. s
CUTYyaIlis TTovayia BUIpaBiIsATHCS Juie Hanpukiaii 90. Takox icHye aymka, 1o
oOylalHaHHs HE TaK BaXKJIMBO, SK 3HAHHS Ta JOCBIA Jikaps. Aise ogHe 0e3
iHmoro He npautoe. CydacHe 00JaAHAHHS MOXXYTh BUKOPHUCTOBYBATH JIUILIE
(axiBIli BUCOKOTO KJIacy, iHaKIIe HOro mpua0aHHs KIIHIKOIO € 0€3TTy3/I1M.
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AJITOPUTMMH ITPOXO/IKEHHA KOHTYPY HA
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This work is about contour traversal algorithms, modern methods of
image processing are developed for automated analysis of micropreparations,
but they do not take into account the specifics of the analysis of cell images
when performing the corresponding ones cryoprotocols. And the study of cells
and the process of their cryopreservation is very much topical topic of modern
reparative medicine. Thus, development and research of new methods and
means of cryomicroscopic analysis images is a demanding and urgent task.

[Tinxomu KpiOMEIHWIIMHH 3apa3 BUKOPHUCTOBYIOTHCS y PI3HUX Taly3sX,
30kpemMa y Heupoxipyprii [1, 2]. Ilim wac mIpoBeAeHHA aHAIIZY
KPIOMIKPOCKOMIYHIX 300pa)K€Hb BAXJIWBY pOJIb Biairpae anamiz Qopmu
JOCITIJKYBaHOTO MiKpooO’ekta [3, 4]. 3okpema, 3MiHa (popMH y MIKpPOOO’ €KTa
MOKE€ CUTHAJII3yBaTH MPO HOTO Mepexia 3 OJHOro craHy B iHmMA. B mpuponi
dbopmy MikpooO’ekTa BHM3HAUYAOTh CTIHKA KIITHHM Ta CTaH BHYTPINIHIX
CTPYKTYPHHUX €JIEMEHTIB KJIITUHU.I paHuiis o0’ekTa — 1€ YacThHA 00’ €KTa, sKa
MICTUTh BEJIUKY KUIBKICTh 1H(popMaIlii npo Gopmy 06’ekTa Ta caabo 3ajleKuTh
Bl KOJbOPY Ta TEKCTypH 300pakeHHs. KoHTypu MiKpooO’ €KTiB MOXKHA
PO3IUIUTH 3a TAKUMH KPHUTEPISIMU: THUIIOM 3B’ S3HOCTI, CTPYKTYPOIO Ta (popMo}to.
BuniieHHs KOHTYpy MoOKe BIZOYyBaTHUCh JBOMAa NUISXaMU: IMIIKPECICHHIM
TpaHUIlb MIKpOOO’€KTa TUIIXOM (UIbTpalii BXiAHOrO 300paxeHHs, abo
MPOXOKEHHS! BHYTPIIIHIM KOHTYPOM OJHOPiHO1T 06s1acTi. OCHOBHI alTOPUTMU
BUJIUICHHS TpaHUIb MIKpOooO’€KTa Taki: anropuTMm 3mii, anroputM KenHi,
¢urpTparnii Ha ocHoB1 onepatopiB Cobens, Jlartaca, [Ipesita Ta iHmIi [5, 6].

Ha 1ie#t vac BimoMi Taki anroOpuTMHU MIPOXOJIKEHHS KOHTYPOM:

- Anroput™m ,,xyka” (Square Tracing Algorithm), ocHOBHOIO mepeBaroro
SKOTO € MPOCTOTA, sIKa 3aCHOBaHA Ha JBOX MPOCTUX IMPaBUJIAX: SIKIIO 3HAYCHHS
aKTUBHOTO TIIKCENs JOPIBHIOE OAMHUIN (BIH HAJEXHUTh 00’€KTy), TO
MIPOBOJUTKLCS TTOBOPOT JIIBOPYY, B IHIIIOMY BHUIIAJKY, KOJW 3HAYEHHS aKTHUBHOTO
MIKCEIIS TOPIBHIOE HYIIO, TPOBOAUTHCS MOBOPOT MPABOPYYI. AJITOPUTM 3YITUHSIE
CBOIO POOOTY IIPH MOBEPHEHHI IO CTAPTOBOT TOUKH.

- Agnroput™m ,,Moore-Neighbor Tracing” 06a3yeTbcs Ha TOKPOKOBiH
MEepeBIpIli BCIX CYCIAHIX TOYOK 3 METOK 3HAXOJ/DKEHHS HACTYITHO! KOHTYPHOT
TOYKH Ta 3yIIMHKU POOOTH MPHU HOTO MOBEPHEHHI B CTAPTOBY TOUKY.

- Anroput™m ,,Redial Sweep” € mogudikaiiero nonepeanboro. OCHOBHA
HOro BIAMIHHICTH MOJSATA€ B TOYI[l MOYATKYy OOXOAY aKTUBHOIO MIKCENs — 1€
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TOYKa, 110 OyJa BU3HaHA KOHTYPHOIO Ha MONEPEIHbOMY KpOLll aITOPUTMY, a HE
TOYKA 3 SIKOi BIIOYBCS NEpEXi] Ha aKTUBHUM MIKCENb.

- Anroput™ ,,Theo Pavlidi’s Algorithm” — ocHOBHOIO 1Ae€r0 SIKOro €
BUKOPUCTAaHHS TpPynu 3 TPbOX MIKCETIB Ui BHU3HAYEHHS HACTYIHOI'O
KOHTYpHOro mikcens. [lepeBipky 311MCHIOIOTH HUISIXOM MOCIITOBHOT EPEBIPKU
CYCIIHIX TOYOK 3 CTPOTr0 BU3HAYEHOI MOCIIMOBHICTIO. [[pakTHUHO 1151 KOXKHOT
MOBH IIPOrpaMyBaHHs ICHYIOTh 010J110TEKHU 3 peaai30BaHUMU aJrOpUTMaMHU.

OCHOBHMM iX HEIOJIKOM € 3aJIeKHICTh Bl CKIAIHOCTI KOHTYpPY Ta
KPUTEPII0 3yNUHKU. AJITOPUTMHU YYTIMBI J0 MIKPOOO €KTIB, KOHTYpP SIKHX
MICTUTh BITaly>KEHHs TOBLIMHOIO B OJIMH Mikcenb. Lle Moxke mpuBecTH siK 10
NOMMJIKOBOTO 3aBEpIICHHS pPOOOTH alrOpuUTMiB, Tak 1 JO HEKOPEKTHOIO
BUJUICHHS KOHTYpY. AHajoriyHa mnpooOsemMa MOXe BHHUKHYTH, SKIIO
MIKPOOO’€KT CKJIAIAETHhCS 3 JABOX 1 OUIbIIE YACTHH, IO 3’€IHaHI MK COO0OIO0
TUTBKM OJWHOYHUMHM IKCENAMH. I[HIIUA HENOJIK alrOpUTMIB TIOJISITAE Y
HEJOCKOHAUX KPUTEPIX 3YNUHKU (MIOBEPHEHHS B CTApTOBY TOUKY,
POXOJIKEHHSI TIEBHOI TOUKH JIEKUIbKa Pa3iB), IO MPU3BOASATH A0 HEKOPEKTHUX
pesynbrariB  poOoTu.ToMy, NEpCHeKTUBOIO POOOTH € JOCHIHKEHHS JaHUX
QITOPUTMIB  IIOJ0  MOXJMBOCTI  iX  BUKOPUCTaHHS TIpu  0OpoOIIi
KPIOMIKPOCKOTIIYHUX 300paKeHb.
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XapKiBChKUW HALlIOHATBHUMN YHIBEPCUTET PAJIOCIEKTPOHIKH, Kadeapa
O0loMennyHOI iHXKeHepii, M. XapKiB, YKpaiHa
teir. +38(057) 702-13-64, e-mail: karina.selivanova@nure.ua

Physical rehabilitation is a process of returning to physical form after
recovery from various injuries is one of the most urgent problems of modern
society, which requires the training of specialists in medical and rehabilitation
medicine and relevant specialists in the development of appropriate biomedical
equipment. Aspects of preparation of 3D content for physical rehabilitation tasks

are considered.
®dizuyHa peaburiTalliss — Ipolec MOBepHEHHA y (i3MuHy ¢GopMy mpu
ONly’)KaHH1 TIC/sS PI3HUX TPaBM € OJHOI 3 HaWaKTyaJbHINIMX MpodiIeM
Cy4aCHOTO CYCIUIbCTBA, HIO0 MOTpeOdye MIATOTOBKM (PaxiBIIB 3 JIKyBaJIbHO-
peabuTITAllifHOT MEAWIIMHA Ta BUIMOBITHUX CHEHIANICTIB 3  PO3POOKH
BIJIIIOBITHOT'O 010MeIUYIHOTO o0JIaHAHHS [1, 2]. I[Ipu  1poOMy
BUKOPHUCTOBYIOTBCS Pi3HI HOBITHI TEXHOJIOTii 3 BHUKOPHCTaHHSM CY4acHOTO
obOnagHaHHsS Ta KOMIT'BOTepHUX cucteM [3, 4]. Ha cydacHomy etami B pi3HI
chepu XKUTTA BIPOBAKYIOTHCS Pi3HI 3aCO0M BIPTYaJbHOTO MOJCITIOBAHHS IS
cumyJisiiii ado CTBOPIOBAHHS JIOAATKOBUX YSBIEHb IOJO PEATbHUX 00’ €KTIB.
Taki cepenoBuilla BUKOPHUCTOBYIOThCS TMPU  JUCTaHIIMHIA  poOOTI 3
1abopaTopHUM OOJagHAHHSAM, TP MOJIEIIOBAHHI CKJIAJIHMX TEXHIYHHX CHUCTEM
opy BIpTyalbHOMY HaBuaHHI Ta B IHmUX cdepax [5, 6]. ApTtopammu
IIPOIIOHYETHCS MIAX1A, SKUH TO3BOJIAB OW MPU BHUKOHAHHI (DI3UYHUX BIIPAB ITiJT
Jac TpeHyBaHb, a00 mnpu Gi3uyHOT peadimiTaii OTpUMYyBATH OUIBITY
iHdOopMaIIiI0 TIPY MEPCOHATI30BAHUX 3aHATTAX B JUCTAHIIKHOMY pexumi. Lle
MOJKJIMBO 32 paXyHOK BHKOpHCTaHHs TexHoiorii 3D-Bineo [7, 8] npu nmoganHi B
SAKOCTI HABYAJIBHOTO KOHTEHTY CTEepe0300pakeHb i (OpMyBaHHS TMOBHOI
MIPOCTOPOBOi KApTUHH TPEHYBAJBHOTO cepefoBuina. Po3BuTuii crepeo 3ip
JIOJMHU  JTO3BOJISIE OTPUMYBATH JOJATKOBY 1H(QOpMAII0 MO0 TIUOWHH
MPOCTOPY Ta 3a0e3MeyuTH OUThII TOYHI YSABICHHS MPO MPOIEC BUKOHAHHS
¢izuunnx BmpaB. KpiMm TOoro, B yMOBaxX JUCTAHI[IHHOTO BUKOHAHHS (DI3MYHUX
BIIpaB (aKTHYHO HANAETHCA 3aHYPEHHS y CEpeNoBHINE, M0 3a0e3neuye edekT
npucyTHOocTi. CTBOpPEHHsT TaKOoro KOHTEHTY Tmependadyae diTKAKA Migoip
TPEHAXKEPIB, OKPEMUX BIPAB Ta iX CHCTEM, a TAKOXK amapaTypu 1 MiAXOIIB, IS
3a0e3medeHHsl came SKICHOro peaiicTudHoro ¢opmary. Jlns mporo mpu
OTpUMaHHI KOHTCHTY HEOOXiTHO po3paxyBaTH HEOOXiTHI BIACTaHI JO OKPEMHX
00’€KTIB cepeloBUIlA 3 ypaxXyBaHHSIM T'€OMETPUUHUX CIIOTBOPEHb 00’ €KTHUBIB,
cTtepeo0as3u Ta PO3pI3HEHHSI 30POBOTO anapary JIIOAUHU 1 COPUUHATTS TITMOUHU
npocTopy (BiICTaHb BiJl KaMepH 0 IEHTPATbHOTO 00’€KTy 3MOMKH MOBHHHA
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3HaXOJUTUCh B MEXaxX IIBTOpa-iBa MeETpH). 3 TOYKH 30py KOM(OPTHOro
MpEeACTaBICHHS 300pa)K€Hb Bi€O JO KOXXKHOIO OKa IMOBUHHO MOJABAaTHUCh 3
po3pizHeHHsiM He MeHlI HDK FullHD Ta po3paxyHKy BIANOBIIHMX MO3UTHUBHUX
Ta HEraTMBHUX MapaiakciB, sIKI B3araji He MOBUHHI NEPEBUILYBATH YCEPEAHEHOT
BEJIMYMHM CTepeoda3n Ta 3HAXOJAUTHCh Ha OUTBLIOCTI KaJpiB B MEKax MOJOBUHU
crepeobasu. [lepcriekTuBOO pPoOOTH € po3p0oOKa MOBHOTO JUCTAHIIITHOTO KypCY
Ha OCHOBI cTepeo 3D-KOHTEHTY AJisl PI3HUX 3aBAaHb (PI3MYHOI peaduriTarii.
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Local cryotherapy is a method of short-term therapeutic effect on a certain

area of the body with low temperatures. Installations for local cryotherapy are
divided into the following types: cryoinstallations on thermoelectric modules;
cryoinstallations with liquid refrigerant (nitrogen) and installations for local air
cryotherapy. The latter ensure the cooling of atmospheric air to low
temperatures and the supply of a dried air stream to any part of the body.The
advantage of devices for local air cryotherapy is the better tolerability of the
procedures and a softer action.

JlokanbHa KpioTepamis — e MetoA (izioTeparii, M0 MOJATa€E y BIUIMBI
TBEPAUMHU, PIAKUMU a00 Ta30MOAIOHUMHU XOJOJOareHTaMH ISl BiJIBEIACHHS
TeIJja BiJ OKPEeMHUX MUISHOK IOBEPXHI TiUTa JIOJWHM TaKUM YHHOM, 100
TeMIlepaTypa TKAaHMH 3HIDKyBajacs B MeXaxX iX KpIOCTIHKOCTI Ta He
BiI0YBaJI0OCs 3HAYHKUX 3PYIIEHb TEPMOPETYJIIALIl opranizmy [4].

YcraHoBKM IS JIOKaJIBHOI  KpioTepammii 3aliekHO Bil poOOUYOTo
cepeoBHINA MOAUISIOTHCS Ha TaKi THUIIH: KPIOYCTAHOBKH HA TEPMOCICKTPUIHUX
MOJIYJISIX; KPIOYCTAHOBKM 3 PIIKHM XOJOJOAareHToM (a30T) Ta YCTAaHOBKH JJIsi
JIOKaJIbHOI MOBITPSIHOT KpioTepartii.

3acTocyBaHHS MPOTITOM KUIBKOX JECATUIITh PIAKOTO a30Ty AJIs JIOKaJIbHOT
KpioTepamii BHSBHWJIO PSJ ICTOTHUX HEJOJIKIB IIi€l TEXHOJIOTii: BHCOKa
HMOBIPHICTH OOMOpOXXKEHb, NUCKOM(OPT (0COONHMBO MpH BIUIMBI HA YYyTIUBI
30HU), TPYIHOIIl JT03YBaHHS Ta PETYIIOBAHHSA KpIOMpOLEaypH, HEOOXITHICTH
MOCTIMHOTO TIOTIOBHEHHS, 30€piraHHs Ta BeJIWKa BUTpaTa PIAKOTO a30TYy.
[lepeBaroro amapariB, 110 BUKOPUCTOBYIOTH JIJISi OXOJIO/XKEHHS Ta3u (XJIOPETHI,
BYIUICKHCIIUH Ta3, PIIKUI a30T) € BUCOKA MBUIKICTh OXOJIOKCHHS.

Huni i#Tepec mikapiB 30CepeKeHHM Ha JIOKaJIbHINA  TMOBITPSHIN
KpioTeparrii, OXOJO/KEHHI TIEBHOI MUISHKH Tilla TOBITPSIHUM TIOTOKOM, SKa
3abe3neuye HaOUTb edexkTuBHE Ta KOMGOPTHE 3 YCIX KpiloareHTiB
OXOJIOJUKEHHSI OyIb-IKMX YaCTHH TilJa Ta BUIMOBIZHO MaKCHUMAJbHY
3HeOoMoBaNbHY aito [1, 2, 3].

di3ioTepaneBTUYHI amapatd I JIOKAJIBHOI TMOBITPSHOI KpioTeparii
3a0e3meuyloTh ~ MOJady  OXOJO/DKEHOTO,  OCYIICHOTO,  PEeryJbOBaHOTO
MOBITPSHOrO CTpyMeHsi 3 Temiiepatyporo Bia -30°C mo -60°C 3a 1omomororo
THYYKOr0 IIJIaHra 4epe3 3MiHHI coIlia Ha Oynb-siKy AULTHKY Tita. Hemomikom
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[[FOTO anapaTypy € HU3bKa MIBUAKICTH OXOJIOKEHHS.

Jlist mpoBeAeHHS JIOKAJIbHOI MOBITPSIHOI KploTepanii npu3HayeH1 MOOUIbH1
yctaHoBku — «Kpio/Ixer», «CrioAir», «Cryoflow», mo 3abe3nedyroThb
OXOJIO/PKEHHSI aTMOC(EPHOIro TMOBITPS [0 HU3BKUX TEMIlepaTyp 1 Mojady
OCYIIEHOTO MOBITPSIHOTO CTPYMEHSI Ha OyIb-AKy AUISHKY Tijia. Bumieza3znaueni
MOOUIbHI YCTAHOBKM [JIsl JIOKQJIbHOI TMOBITPSAHOI KpioTepamii 3a0e3neuyroTh
nojaavy oxojiogxkenoro g0 -32°C, -40°C a6o -60°C armochepHOro moBiTps y
BUTJISA/II OCYIIIEHOTO MOBITPSHOTO CTPYMEHsI 10 THYYKOMY IUIAHTY Ha OYyIb-SIKY
JOUISHKY TUIa, TMPU LBbOMY TOTYXHICTh IOBITPSHOTO MOTOKY 1 4Yac MOXKHa
BapifoBaTH 3a JOMOMOTOI CEHCOPHOI MaHeNi. YCTaHOBKH IiIKIIOYAIOTHCS 10
noOyTOBOI €JIEKTPUYHOI Mepexi, TOToB1 J0 pobotu yepe3 30 XBHJIMH MICHs
YBIMKHEHHSI Ta MalOTh PEXHM OUIKYBaHHSA. Y KOMIUIEKT BXOJATHh 2 3MIHHI
HacaJKu Ta 3 3MiHHI HAKOHEYHHWKHU JJIsi BUOOPY ONTHUMAbHOI Aii. YCTaHOBKH
MalOTh 3aMKHYTHH XOJOJWIBHHUNA IHWKJ, HE BHMararoThb 3aMiHH CYJIUH
XOJIOJIOAreHTY, IHIMUX ~ BUTPAaTHUX  MarepiajgiB  Ta  CHEIIaIbHOTO
o0ciyroByBaHHs. Bimpi3HIIOTHCS OUIBIIO0 CKIIAIHICTIO KOHCTPYKIIii[2].

JlokanpHa TOBITPsIHA KpiOTEpallis € MPEACTABHUKOM HalKpamux CydacHUX
TEXHOJOriA (di3loTepamnii y psial aHAIOTIB MOMEPEAHUKIB, II0 3HAYHO
BIJIPI3HSAETHCA Bl CBOIX MPOTOTHIIB 32 PSAAOM HAMBaXKIIMBIIINX XapaKTEPUCTHK,
Hacammepen — I1oa0 e(eKTUBHOCTI Ta Oe3meku s marieHTa. IlepeBaroro
amapaTiB JUIi TPOBEJEHHSA JIOKAJBbHOI TIOBITPSAHOI KpioTeparii € Kpaia
NEePEHOCUMICTh MPOIEAYyp 1 OUIBII M'sKa Mdis, OCKUIBKM TEIUIOEMHICTh 1
TETJIOMPOBIIHICTh Y MOBITPSHOTO CEPEAOBUINA HUXKYA, HIK Y TBEPAUX 1 PIAKUX
0XOJIOJIDKYBauiB, a TAKOXX BIZICYTHICTh BUTPATHOTO MaTepiaiy.

Bucoka eeKkTHBHICTh METOAY, MOETHAHHS 3 MEIUKAMEHTO3HOK TEPAITIEI0
Ta IHIUMHA PakTopaMu (I3UIHOTO BIUIUBY, IIMPOKHH MPOQiITh TEpaneBTUUHUX
e(deKTiB 1 MOKazaHb JI0 HHOTO, JIOBEJCHI B JOCHIDKEHHSX POCIMCBKHX Ta
3aKOPJIOHHUX aBTOPIB, CTaBIATH JIOKAIBHY TOBITPSHY KpIOTEpaIiio y HHU3KY
HE3aMIHHUX METOJWK, PEKOMEHIOBAaHUX IS JIIKYBaHHSA, NPOQIIAKTHKHA Ta
pealbuTiTallii mamieHTiB.
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This work is devoted to portable orientation systems for blind people. It
discusses the idea of a portable device architecture, the necessary tasks for its
implementation, and the ideas of experiments to test and select the most optimal
neural network model and the number of object classes for the task of navigation
for blind people.

VY cBiTi HanmuyeThCsl TOHA A 39 MUTBHOHIB MOBHICTIO CINMUX JIPoAeH, ae 5,9
MJIH. HaJluyeThest B Adpui, 3,2 miaH. B AMepuii ta 2 muH.[1] B €Bpomni. Coimi
JIIOJTM MalOTh 3HaYHI OOMEKEHHS y MOBCAKICHHOMY JKHTTi, B OCHOBHOMY IIIOJIO
iXHpOT MOOUTIBHOCTI. XOuYa BOHM 4YacTO 3JaTHI BHUBYMTH TEBHI MapuIpyTH
(HampuKIa, SK JiCTaTHCS HAWOIMKYOro MarasuHy 4 CTaHIlii), 1 34aTHICTh
Jajeka BiJ MOHSATTSA BILIRHOTO mepemimieHHs. HeoOximHo, o0 He3psul JTroau
Oynu 31aTHI BHSIBIISATH TIEPEIIKOAM, PO3TAIIOBaHI HAa IXHHOMY MIIIOXITHOMY
IUIAXY, YHUKATH X 1 YCIIIIHO CI1YBaTH 32 CBOIM MapUIPYTOM.

Ty4Huii 1HTENEKT 3HAXOIUTh BCE OUTBII MIMPOKE 3aCTOCYBAHHS Y PI3HUX
rajxy3sx, a cydacHi 00YMCITIOBAIBHI MOYKJIMBOCTI JIO3BOJISIIOTh BUKOPUCTOBYBATH
HEHPOHHI Mepeki B pealbHOMY Yaci Ha MIKPOKOHTpojiepax 1 cMapTdoHax.
3acTocyBaHHSI HEHPOHHUX MEpPEK BUKOPUCTOBYETHCSIISIXOM OOYUCICHHS Yy
XMapi Ta Ha IPUCTPOI.

OOGuucieHHss y Xmapi J03BOJSIOTh BHKOPHUCTOBYBATH OYIb-SIKI MOJENi
PI3HOI CKJIAJIHOCTI, aje MOTpeOyIOTh MOCTIHHOrO [HTepHeT-3'eNHaHHS Ta TUIATH
3a BUKOPUCTaHHS XMapHUX pecypciB. Mojeni, Mo BUKOHYIOTHCS Ha MPUCTPOI,
oOMEKeHI TaM'ATTIO MPUCTPOIO 1 HE 3aBXKIU 3/aTHI peani3yBaTd HEoOXigHe
CIHIBBIIHOIIEHHS IIBUAKOII] TA TOYHOCTI.

3 METOI0 CTBOPCHHS IMOPTATUBHOI HaBIramiiiHOT CHCTEMM JUIS CIIIHUX,
MIPOTIOHYETHCS BUKOPUCTOBYBATH KamMepy TJIMOWHU Ta OOYUCITIOBAIBHI pecypcH
cmaptgona. Marum KapTy TIMOMHU Ta KaJpw 3 BiJ€OKaMepH, HAJAAETHCS
MOJKJIMBICTh JIETCKTYBaTH 00'€KTH y KaJpi Ta po3paxyBaTH BiACTaHb J0O HHUX[2].
[Ticns goro mokHa TpoiH(GOPMYBaTH KOPUCTyBa4a MPO THUM MEPEIIKOAN Ta
BiICTAHb JO HBOrO. 3AJIEKHO Bil JIHUCTAHIT 70 TIEPEIIKOAHW, 3 PI3HOI0
IHTEHCHBHICTIO Ta/a00 YacTOTOIO, BIAMOBIMHI IMKCEIiI HaBiramiidHOT MaTpHIli
CTBOPUTH TPOCTOPOBE YSBICHHS TIPO HABKOJMWIIHE cepemoBuie. Taka
KOHCTPYKIIISl JTO3BOJUTH JIIOJAMHI KOPUCTYBATHUCS PYKOIO, HAMpUKIaA, 1100
yTpuUMyBaTH Oy TpocTHHY [3].
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[HpopMmariis kKopucTyBaua BIIOYBATUMETHCS 3a JOMOMOIOK0 CIELIaIbHOTO
MOJYJSI 3BOPOTHOTO 3B'A3KY, Y BUIUIANl Opaciery 3 marpuueto ERM-motopis,
10 3a0€3MeYyl0Th TAKTUIBHUM BIATYK A1 KopucTyBada. Bubip ERM-moTopiB
3aCHOBAHMI Ha OUIBII MPOCTIM CXeMl opraHi3allii >KUBJICHHs, HEMAaE MOTpeOU B
ApaiiBepax Ta 3MIHHOMY cTpymi[4-6].

[lepciexkTBOIO POOOTH € MPOBEACHHS Cepli €KCIEPUMEHTIB 3 MOJYJIEM
kamepu OV2640 ta wmonmensmMu 13 3o0omapky TensorflowLite, Takumu sk
EfficientDet, SSD MobileNet, Faster R-CNN, YOLO Tta in.HeoOXinHO OIIHUTH
AKICTh PO3Mi3HABAHHS 00'€KTIB, M0 NEPEKPUBAIOTHCS HAa 300pa’K€HHI PIZHUMHU
MozenssMU. TakoX IJIAHYEThCS MPOBECTU ONMUTYBAHHS HE3PSUYUX JIOJEH s
BUSIBJICHHSI HEOOXIHMX KJAciB IS 3aBJaHHS HaBIraiii He3psuux JIoAeH 3
MEPCICKTUBOI0 TOHKOTO HAJAINTYBaHHS HaieQeKTUBHIIUX Monenei[5].
['o10BHOIO BUMOTOIO 10 MOJIENII € TOYHICTh JETEKTYBaHHS OO €KTIB, 1 IJis
KOPEKTHOI pOoOOTH JIOCTATHHO aHANI3yBaTH Kaap ofauH pa3y 0,5 -1 cexkyHmy.
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The medicine of the future depends on the development of artificial

intelligence, robotics and biotechnology. Artificial intelligence is used in many
areas, and medicine is considered one of the most promising for using its
capabilities. This work is devoted to on the ability to application of systems of
artificial intelligence to the solving the problems of aging and longevity. On the
basis of the possibilities of the most popular bioinformatics packages with an
open code, there is an application of the best way for the completion of the tasks
of biomedical engineering.

Ha 11 eminemii kopoHaBipycy BUPAa3HO BUSBISETHCS CyCHUIbHA MOTpeda,
coIliaJibHE 3aMOBJICHHSI Ta BCEOCSDKHUM 1HTEpec N0 Oiojorii, 0ioTexHoJorii Ta
meauiHu. [ TydHuii 1HTENEeKT cTae HEeB1I €MHUM aTpUOyTOM CYy4acHOTO CBITY,
KEpOBAHOTO TEXHOJOTiAMHU Ta AaHuMH. LIITydHuil iHTENneKT, poOOTOTEXHIKA Ta
O10TEXHOJIOT11 € MariCTpaJIbHUMHU HAIPSMKaMH JIOCIIKEHb, BiJl IKHX 3aJIe)KaTh
1 MaliOyTH1 ycixu (yHIaMEHTAIbHOT MEUITUHU.

Biopython — me HalWOuIbIIKMHA Ta  HAHOOMYIAPHIIIMKA  IMaKeT
0ioiHGOPMATHKH 3 BIAKPUTHM BUXITHUM KojoM. Biopython — micTtuTe Moy,
K1 HaarTh GyHKIIT 171 pobotu 3 nmocaigoBHocTsaMu JIHK, PHK ta 61nkoBuMu
nociioBHOCTIMU. Moy Biopyth m103BOJISIFOTE BUKOHYBATH TOIITYK MOTHBIB Yy
OUIKOBHX TOCIIIIOBHOCTSIX, aHaJli3 TeHOMHHUX JaHWX, IIBUIKE MAaHIyJIFOBaHHS
MAacuMBOM, SIK€ MOXKHAa BHUKOPHUCTOBYBaTHM Yy KOJI KJlacTepa, BUKOHYIOTh
Bi3yalnizaiito Ta aHaji3 OuIkiB Tomio. Biopython cnomydaerbes 3 Takumu
Monyisimu, sik BioPerl, BioJava, BioJS, BioDAS, BioLisp Tta BioRuby, ski
MOJICTIIYIOTh PO3pOOKY CKPHUIITIB /1Jis 3aBAaHb OioiH(opmaTuku [1, 2].

BuBuaroun mpoGnemu crapiHHs Ta noBroiittsa (aging and longevity),
OCOOJIMBHM 1HTEpPEC NPEACTaBIsS€ BUBUCHHS TPHOX OCHOBHHX O10JOT1YHHX
MaKpOMOJEKyJ, sKi  HeoOXigHi  jajua  Hamoro  >kutra, 1ne JHK
(me3oxcupubonykieinoBa kuciora), PHK (pubonykneinoBa kucimora) Ta OUIOK.
JIHK BBakaeTbcs '"cBiTnokomiero" xmiTmHH. Bona 3a0e3medye 30epiraHHs,
nepenady 3 TOKOJIHHA B TOKOJIHHSA 1 peali3allilo TeHEeTHYHOI MPOorpamu
po3BUTKY ¥ (GyHKIIOHYBaHHS >kuBUX opraHi3miB. PHK mie sk «dotokomis
JHK» y kmituni. Monekyna JIHK ymakoBana B HUTKOMOMiIOHI CTPYKTYpH, SIKi
Ha3uBarThCA Xpomocomamu. KoxxnHa xpomocoma cknagaetses 3 JHK, mo
IIIJIbHO 00OMOTaHa 6araTo pasiB HaBKOJIO OUIKIB, sIK1 HIATPUMYIOTH 11 CTPYKTYPY.
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JluHamMi4H1 CTPYKTYpH KIHIIB XPOMOCOM - TEIIOMEPH - 3aXUILAIOTh
cTaOUIbHICTh TeHOMY. BioMo, 1110 TeIoMepH € OHIEI0 3 OCHOBHUX JIETEPMIHAHT
CTapiHHS Ta JIOBTOJITTS y JIOAUMHU. ICHye mpsiMa KOpemsuis MK JOBKHUHOIO
TEJIIOMIpY, TPUBAIICTIO KUTTA, cTpecoMm, momkomkeHHsM J[HK ta mouatkom
3aXBOPIOBaHb, OB’ SI3aHUX 13 cTapiHHAM. OCKUIBKH TEIUIOMIPU pearyroTh, K Ha
MO3UTHUBHI, TaK 1 HA HETaTUBHI (PaKTOpH 370pOB', HEOOX1THO MAaTU MOKJIUBICTh
0e3mocepe/IHbO BILUIMBATH HA OOMIH TEIIOMIPIB, YIOBUIBHIOBATH 1X MOT1PILIEHHS
Ta 3MEHIIYBaTH CTapiHHSA W HAMaraTucs MPOJOBKYBATH JKUTTSA Ta 3MIIHIOBATH
310poB’a. UYUMCIEeHHI JOCHIKEHHS BKa3ylOTh Ha HAKONMUYEHHS 3acTapuinx
KJIITUH, $SK OCHOBHY NPHUYMHY CTapiHHA Ta TOB'I3aHl 31 CTapiHHAM
3aXBOPIOBaHHS, 1110 CIIOCTEPIraloThCs y pi3HUX opraHizMax [3].

MopenbHi pimieHHs, skl Hajgae Biopython, 103BOJISIIOTH BUKOHYBaTU
BUMIPIOBaHHS JOBXHHHU TEJIOMIpY y Hepu(epiiHUX JeHKoUuTax, Mo 100pe
KOpEJoe 3  JOBXKHHOIO TEJIOMIpIB B  IHINMX TKAaHUHAX OpraHi3my.
BukopucToByeThCsS cepellHs JOBXKMHA TEJIOMIpy, SIK HaIilfHUN Oiomapkep ams
IPOTHO3YBaHHS MII[HOCTi 370POB'SI Ta TPUBAJIOCTI KUTTS, K Y JIOJCH, TakK 1y
TBapuH. ToMy, KpiM BHMIpPIOBaHHS CEPEIHBOI JOBXKUHHU TEIOMIpiB, BaXKIHBO
CTEKUTHU 3a 3MIHAMHU JOBXHHHU TEJIOMIPIB MPOTATOM Hacy, a TaKOX KUIBKOCTI
KOPOTKHX TEJIOMIpIB Yy 3arajbHii mpo0i [4].

OcoOnuBuii 1HTEpEC BUKIMKAE TOW (DaKT, IO HABKOJHUIIHE CEPEOBUIIE
Ta CIOCIO KUTTS BIUIMBAIOTh Ha OOMIH TeJIOMIipiB. 3 JITepaTypHUX HAYKOBHUX
JOKEpeJT BIIOMO, 10 Ha MIATPYHTI JOCIIIKEHb (PI3UMYHOTO CTaHy MPUMATIB Ta
JroJIei, OyJIo BIIKPUTO HOB1 INMEPCIEKTHBU IIOJ0 OOpPOTHOM 31 CTapiHHAM Ta
XBOpOoOaMH, SIKi MPOBOKYIOTh CTapiHHSA y JIOAUHU. KpiM TOTO, TOCTIIPKEHHSIM Ta
BUBYCHHSIM TAaKHUX 3aXBOPIOBaHb K pak, Aiaber 2 TUmy Ta imeMidHOi XBopoOa
cepIlsl BCTAHOBUJIH, IO X MEPIOUYHICTh, MOKE OyTH 3MEHIIIeHa OUTbII HIK y 2
pasu, B 3aJIEKHOCTI BiJ crioco0y KUTTA. Lle o3Hauae, B mepiny 4epry, BBEJACHHS
JIETU TIPOTH CTAPIHHA 1 TOMIPHI, ajie peryisapHi (i3uuHI HaBaHTaXXEeHHS [5].
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Breast cancer is found in all countries of the world in women of any age

after reaching puberty but at an older age the level of incidence increases. The
breast cancer treatment can be highly effective, especially when the disease can
be detected at an early stage. Breast cancer treatment is often combined,
including surgical surgery to remove tumors, radiation therapy, and drug
treatment (hormonal therapy, chemotherapy, and targeted biological therapy),
which are aimed at treating microscopic forms of cancer, spreading through the
bloodstream of the breast. Such an approach to treatment saves a life.

OHKOJIOT14YH1 3aXBOPIOBAHHS MOJIOYHOT 3aJ103U CTaJM OJHIEI0 31 CBITOBUX
npo0JIeM OCTaHHIX JEeCATUIITh, 10 NoTpedye HeraitHoro BupimeHHs. [{opiuno
y CBITI PEECTPYEThCS MOHAA | MIUIBMOH BHUMAAKIB paKy MOJOYHOI 3aj03u
(PM3).V cTpyKTypi OHKOJIOTIYHOI 3aXBOPIOBAHOCTI kiHOK PM3 wmaiike y Bcix
€KOHOMIYHO PO3BHMHEHHUX KpaiHax rnocifgae 1 paHrose Miclie.

3a ocTaHH1 POKU BiI3HAYAETHCS Pi3KE 3POCTAHHS KUTBKOCTI MAI[IEHTOK, SKI
3BEpTAIOThCS 10 JIKYBaJbHUX 3aKjiajdiB IIOAO JOOPOSKICHHX 3aXBOPIOBAHb
MOJIOYHUX 3aj103. HalG1b1 yacTuMu cepe HUX € pizHi ¢popMu mMacTomnaTii, Ha
aKi ctpaxkaaoTb 20-60% sxiHok, dactimie y Bimi 30-50 pokis. Hapasi Bimomo, 1110
3JIOSIKICHI YTBOPEHHS MOJIOYHHUX 3aJI03 3yCTPIYarOThCsA B 3-5 pas3iB yacTiiie Ha
1 JOOPOSIKICHUX 3aXBOPIOBaHb MOJIOYHMX 3ai03 Ta y 30% BUMAIKIB TIpH
BY3JIOBUX (pOpMax MacTOIATIi 3 sBHIaMu Tposridepartii [1-2].

Mertoro poOOTH € BUKOHATH TOPIBHSJIBHUM aHAM3 HAWMOMIHUPEHIMNX
METO/IiB JIIarHOCTUKU OHKOJIOTIYHUX 3aXBOpIOBaHb M3.

VY poGoti OyB nipoBeeHni aHali3 epeKTUBHUX METOIIB MiarHocTHKA PM3:
mammorpadis, Y3/, KT, MPT, IIET.

MammMmorpadiss — 1€ pPEHTTeHIBCHbKUN 3HIMOK, SKHH JO3BOJIAE JIKAPSAM
BUSBUTH 3MIHU B MOJIOYHIN 371031 JKIHKH, MTOYMHAIOYM 3 paHHIX cranii. [1[o6
OTpUMATH SIKICHE 300pa)KeHHS, TPyAd TMOMIMAIOTh HA HUXKHIO TUTACTHHY
MAaIlTuHU, & BEPXHS OMYCKAETHCS Ta CTHCKAE€ MOJIOYHY 3aJI03Y Ha KiJTbKAa CEKYH]I.
Jlami 1g omeparisi TOBTOPIOETHCS Yy IHONKA TUIONMHI, y pe3yjibTaTi -
iHbOpMaTHBHE 300paKEHHA Yy JBOX NPOEKMiAX.Y3]] MOIOYHMX 3am03 —
PO3MOBCIOKEHUM METO/T MIBUIAKO Ta O€3MeYHO 00CTEeKUTUTPYAU. Amxe 10 80%
KIHOK CTPaKJAIOTh Ha XBOpPOOM Tpyaed (MacTomaris), Ha T SIKUX
PO3BUBAETHCS pak MOJOYHUX 3a03. Y3/ M3 e abcomoTHO 0€300iiCHUM 1
Oe3MeyHuM JJid Malli€eHTa, 1 TPOBOJUTHCS aMOyJIaTOPHO, O3BOJISI€ BU3HAYUTH
HE TUIbKU HAsIBHICTh HOBOYTBOPEHbB, a M JI3HATHUCS 3JI0SKICHI BOHH YU Hi.
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KT monouHuX 3a103,[1pU IKOMY OLIHIOIOTHCS HE TUIBKK MOJIOYHI 3aJ103H, a
i yci rpynu niM(aTHYHUX BY3JIB, KyAUM NyXJIMHA MOXE MeTacTa3yBaTu
(HaOKJIIOYMYHI, MIIKIIOYMYHI, MaxBOBl, MHapacTepHalbHI, JIM(pATUYHI BY3IU
CEpEelIOCTIHHS Ta KOHTpasiarepaibHi). Takok 0OOB'I3KOBO OIIHIOIOTHCS LIKIpa
MOJIOYHHUX 3aJ103, MIAIIKIpHA KJIITKOBUHA, COCOK, TPYJ/IHI M'I3U, KICTKH, JIETEHI,
CYyIMHU OpraHiB TIPYAHOI KIITKM Ta BHYTPIIHBOTPYAHI JIM(ATHUHI BY3JIU.
BusBnsoTeCs BC1 MOXKIIMBI 3MIHHU.

MPT w™momnouHoi 3ano3upae jAeTanbHy 1HGOpMAII0 Mpo JoKaIizarlii
NyXJIUHH, ii po3mip Ta micueBe nomupeHHs. MPT Takox 103Bojsie mobdauuTu
MeTacTas3u, SIKUX He BUAHO mij yac Mamorpadii. [le MoxyTs OyTu MeTacTaszu y
Til JK€ MOJIOYHIH 3aJ1031, Jie TIepBUHHA MyXJIMHA a00 B iHIIIH 3an03i1. el meton
TaKOX Ja€ BaXJIMBY 1H(GOPMAIlII0 OHKOIJIACTUYHOMY XIpYpry MpH IUIaHYBaHHI
opraHos0epiraruoi onepartii.

ITET mono4Hoi 3a103u 3a0e3nedye OHKOJIOTIB JOJATKOBOIO 1H(opMaIrieto
JUIsL  TIONIIIIEHOTO IUIAHYBAaHHSA XapakTepy 1 o0cary ximioTeparii, 10
NPOBOAUTHECSA. TakoX IIed JIarHOCTUYHUN METOJ HaJa€e JiKapsaM I[HHY
iHbOpMaIil0 100 ONTUMAJIBHOI JOKali3alli BIUIMBY TiJ 4Yac MPOMEHEBOI
tepanii. [lani, mo HamaroTtecs IIET, cmyxate 11 BUpOOJICHHS
nepcoHi(piKOBAaHOTO JIIKyBaHHS, IO BpaxoBY€ IHAMBIAYallbHI OCOOJMBOCTI
MyXJIMH KOHKPETHOI MalieHTKU. SIK mpaBuiao, MeTa0oIiuH1 3MIHU BiI0OYBAKOTHCS
panime, HDK aHaroMiuHi. Y pa3i konu [IET BusBisie 3HauHE 3HUKEHHS
CIO’KMBaHHS TKaHWHAMH pajiodapMipenapariB (I1arHOCTUYHUX TMpernaparis,
AK1 CIy’KaTh JIJISl BUSIBIICHHS PAKOBUX IYXJIHMH), II€ CBIAYUTH MPO €(PEKTUBHICTD
JIKyBaHHS.

Takum YMHOM, TOPIBHSBIIM METOAW JIIarHOCTYBaHHS OHKOJIOTIYHHUX
3aXBOPIOBaHb MOJIOYHHMX 3aJ103, MOXXHA BHUIUIUTH HaliH(QOpMATHBHINII - IIe
MPT, KT nmocaimkeHHs Ajisi BUSBISHHS paKy Ha paHHIX CTaisgX, a BXKe Iij Jac
nikyBaHHs 3actocoByeThcsl [IET. Ilpodimakruuaumu MetogaMu Jjisl MIOPIYHUX
obctexxeHp Moiiofoi kiHku € Y3][, a BikoBoi - mammorpadis. Bim cramii
3aXBOPIOBAHHS Ta PO3MIPY MYXJIUHU 3aJICKUTh OOCAT JIKYBaHHS — UMM paHillie
BUSIBJICHO 3aXBOPIOBAHHS, THM TPOCTIIIE Ta JIETHIE TPOBOAUTH €(PEKTUBHE
JIKyBaHHS.
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At the moment, the relevance of studying systemic changes in bone
structures according to tomographic studies is justified by the wide interest of
scientists in a certain topic and the practical need to solve this problem. The
creation of tools for assessing the individual parameters of bone structures based
on CT in combination with other research methods creates the possibility of a
comprehensive assessment of the bone status of a person and early detection of
signs of both systemic disorders and local pathological lesions of human bones.

CyyacHi METOAM HEIHBa3IMHUX BI3yali3alliiHUX JOCITIKEHb KICTKOBHUX
CTPYKTYP HIUPOKO 3aCTOCOBYIOTHCS y PI3HHX Trajy3sX MEIWIHWHH, TMPOTE iX
pe3y/IbTaTH HEJOCTAaTHBO CHCTEMaTH30BaHI Ta oOrpyHToBaHi [1]. Tpamuiiiino
Opu  JOCHIIPKEHH1 KICTKOBOTO —CTaTycy JIIOJIMHM TIepeBara HaJa€eThCs
PEHTIeHIBCBKMM METOJlaM Bi3yajizallii 3 MNOJaJbIIUM KUIbKICHUM aHaji30M
napamMeTpiB KICTOK 3a iX HU(PPOBUM PEHTIC€HIBCHKUM 300paxkeHHsAM. OcoOnBuit
1HTEepeC HUHI MPUKYTUH A0 PEHTIeHIBCHKOI KOMII FOTEpHOT ToMorpadii 3 TOUKU
30py MOXKJIMBOCTI TOTJIMOJIEHOT KUIBKICHOI OLIIHKM MOP(OJOTIYHUX 3MIH Y
kicTkax. Haliuacrtimie Taka OIlIHKa MPOBOJIUTHCS IMOJO0 KICTOK XpeOTa Ta
KYJIBIIIOBOTO CYTJIOOY.

[IpoBeneno momepeaHidi aHaji3 HAsABHUX JaHUX 110J0 Bu3HaueHHs KT-
yKcena U PI3HUX BigAiniB xpedra y Hopmi (tadm.l, puc. 1)[1, 2]. Takox €
BIIOMOCTI III0JI0 BiKOBUX Ta crtarteBux 3MiH KT-umcenm xpebrta nroguHu

(puc.2)[2].

Tabmums 1 -IlIkanuBu3HaueHnx uncen XayHcdinma 1 xpeomis[1,2]

xpebews | HUmMIn[1] | HUmax[1] [ HU1 [2] | HU2[2] HU 3 [2]
L1 95,2 176,6 149,9 170,5 236,3
L2 98,7 165,9 170,4 169,2 234,3
L3 93,3 164,3 161,8 166,8 227,3
L4 94,6 167,7 175,3 167,7 229,7
L5 98,4 164,4 180,5 242,6
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Po301KHOCTI y HaBeAEHMX AAHMX CBIIYaTh MPOTE, L0 ISl CTBOPEHHS
HOPMaJII30BaHOI IIKaJIM Hacammepea HeoOX1IHO yHI(iKyBaTH METOAUKY BUOOPY
30H BuMiproBaHHs HU Ta BpaxoByBaTH BIKOB1 MOP(OJIOT14HI 3MIHU KICTOK.
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Pucynok 1 - Jliana3on yrcen Xayuchinga mis xpeomis L1-L5[1,2]
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Pucynok 2 - Jliana3onu uncen XayHcdiagaa y BIKOBOMY Ta CTATEBOMY aCIEKTi
[2]

CtBopeHHS 3ac00iB OIIIHKM IHAMBIAyaJIBHUX TapaMeTPiB KICTKOBUX
cTpykTyp Ha ocHoBi KT wMae O0a3yBaTuCh Ha TMOPIBHSHHI 31 IIIKaJ0IO
HOPMATHBHUX 3HaueHb, IO CTBOPIOE MOXKIUBICTh KOMIUICKCHOI OIIIHKH
KICTKOBOTO CTaTyCy JIOJWHW Ta paHHE BUSBICHHS O3HAK SIK CHCTEMHHX
MOPYIIeHb, TaK 1 JIOKATTbHUX MATOJOTTYHUX YpaKE€Hb KiCTOK JIFOIUHHU.
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The paper considers the issue of substantiation of the design of the power
module in the magnetic neurosurgical system. When performing minimally
invasive surgical interventions on the human brain, the issue of low-traumatic
access to target structures is relevant. One such approach is remote control of a
stereotaxic instrument using an external magnetic field. Such a force field can be
created by a system of either fixed or moving magnetic coils. The last approach
with moving magnetic coils is considered in the paper.

B cyuacHiil Helipoxipyprii akTyaJIbHUMHU € MIAXOAW 010 3a0€3MeUCHHS
MaJIOiHBa3WBHOTO JIOCTYITY JI0 TIMOMHHO-PO3TAIlIOBAHUX BHYTPIITHEO MO3KOBHX
ctpyktyp [1, 2]. Takuii migxig Ha3UBAETHCS CTEPEOTAKCHUYHUM 1 Tepeadadae
JIOKaJbHUM BIUIMB Ha OKpemi ooOmacti [3, 4]. Jas 11b0ro BUKOPUCTOBYIOTHCS
CKJIaJIHI CHCTeMHU HeWpoBi3yamialii [5, 6] ta Helponasiramii [7, 8]. Onaum 3
HAWTIEPCIIEKTUBHIMIMX  MIAXOMIB MpPU IbOMY € TaK 3BaHl MarHiTHI
CTEpPEOTaKCHUYHI (HEUpOXipypriuHi) CUCTEMH, K1 JJO3BOJSIOTH BUKOPUCTOBYBATH
JTUCTAHIIIMHUN CHJIOBUM BIUIMB MArHITHOTO TMOJSA JJIA PyXy XIpypridHOTO
IHCTpyMeHTa 3a THy4koto Tpaektopieto [9, 10]. Tomy, B poOOTI po3rIsiAaEThCS
IMUTAaHHS OOIPYHTYBaHHS KOHCTPYKIIi Ta MOCHIIKEHHS pPOOOTH CHIIOBOTO
MOAYJII0 B MAaTHITHI HeWpoxipypriuHid cucteMi. CuiioBe I0je B TaKHUX
CHUCTEMaX MOXKJIMBO CTBOPIOBAaTH CHCTEMOIO a00 HEpPyXOMHX, ab0 pPyXoMHUX
MarHiTHEX KoTymok [9, 10].

B po6oTi mpomoHyeThcs CTBOPEHHS HEOOXIIHOTO TPajliEHTa CHUIOBOTO
MarHiTHOTO TIOJS CHUCTEMOIO NEKUIbKOX (0akaHo, 6-TH) PYXOMHX MOCTIHHUX
MarHitiB giamerpom O0mu3bpko 100 MM Ta ToBmmHOKO 10 MM. IlocTiliHi MarHiTu
BCTAHOBJIOIOTHCS Ha TUIaTGopMu, SAKI MOXKYTh TEpPEMINIyIOBaTbCc 32
JIOTIOMOTOI0 KPOKOBUX JIBUTYHIB Til YIPABIIHHAM 3 MIKPOKOHTPOJIEPY THITY
Arduino. Ha mucranpHIl 4acTHHI XIpypridHOTO IHCTPYMEHTY BCTaHOBIIOETHCS
MOCTIMHUI MarHiT miaMeTpoM 2+3 MM. [HCTpyMEHT MoOxke SBIATH COOOIO
THYYKHN KaTeTep. ExcrepruMeHTanbHa yCTaHOBKA 3 BUKOPUCTAHHSIM B SKOCTI
MOJICIEHOTO CEPEOBUINA KEJIATUHY JI03BOJMJIA BCTAHOBUTH MOXJIHBICTD
3a0e3MedeHHs PyXy XIipypriqyHOTO 1HCTPYMEHTY 31 mBHUAKICTIO A0 10+15 mwm/c.
[IpoBoANTECA OOIPYHTYBAHHSI HEOOXIIHOCTI CUHXPOHHOTO, a00 HE3aJIeKHOTO
MEpPEeMIIIEHHs]  KOTYHmIOK  JJIsi  (OpMyBaHHS  3aIUlaHOBAHOI  TPAEKTOPIL
XIpypriuHoro 1iHCTpyMeHTy. Taka cucremMa [103BOJIUTb B MOJAJIBIIOMY
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3a0e3nevuyBaTd BHCOKOTOYHHMM JOCTYyN A0 INIMOMHHUX CTPYKTYpP TOJOBHOIO
MO3KY 32 JIOBUIbHOIO THYYKOIO TPAEKTOPIEIO.

[lepciekTHBOIO POOOTH € BIOCKOHAJIECHHS CHUCTEMU YIPABISHHS s
y3roJPKEHOT0 PyXy MAarHiTiB, 10 3Morjo Ou 3abe3nedyyBaTd MEepeMIlICHHS
XIpypriyHOro 1HCTPYMEHTa B3JI0OBX 3aIUIaHOBAHOI TPAEKTOPIi 3a IHTEPAKTUBHO
BBEJICHUMU TOYKAMHM 3T1JHO 3 HaBITal[liHUMU TapaMeTpaMHu.
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Metacarpophalangeal interphalangeal and joints play an important role in
the function of the hand as an organ of labor and self-care. The frequency of
joint injuries of this localization reaches 32% in the structure of hand injuries,
and unsatisfactory consequences are associated with the severity of the injury.
Metacarpophalangeal joints arthroplasty shows good functional results enabling
to eliminate the pain syndrome, improve social adaptation of a patient and
cosmetic view of the hands.

Kucte pykn JrOAUHU — IIe OpraH CKJIaJHOI aHATOMIYHOI OyJOBH, TOHKOT
¢i3ionoriyHoi QYyHKIII Ta KOOPAMHOBAHUXPYXiB. SK ojHa 3 HAWOUIBII
(GYHKIIOHAIBHO HABAHTA)KEHMX CHUCTEM KHCTh Ta 1l YMCENbHI aHATOMIYHI
CTPYKTYPH TOIIKOJKYETHCS JOCUTH YacTo. [TomKomKeHHS ICTHO-(halaHTOBHX
1 MK (hajaHroBuX Cyriao0iB ckianaarTh 10 60% cepea ycix TpaBM KUcCTi [1].

Enpornpore3u cyrio6iB BUTOTOBISIIOTH 3 TUTaHY, KepaMiKd Ta CHIIIKOHY
[2]. Metoauka eHAONPOTE3yBaHHS CYrjao0iB KHUCTI 3aCHOBaHA Ha YCTaHOBII
npoTe3a B KICTKY, KU (PIKCyeThbcs M’SIKUMU TKaHWHaMU. EHponpoTe3yBaHHA
HE BUKOPUCTOBYETHCS, SIK MOXKJIUBICTh BIHOBJIECHHS PYXJIMBOCTI CYTJIO0IB KUCTI
micyist oTpuMaHuX TpaBM. OCKUIBKM B TaKOMY BHIIAJIKy, YacTO CTPAXAAIOTh 1
cyxoxwust.llei Meron wactimie CHpsSMOBaHWW Ha KaTEropiro IAIli€HTIB
crapimroro Biky. Uepes Te, 1110 mpoTe3 He nepeadadae GpiznuyHOi aKTUBHOCTI.

HoBi MoxnuBocTi B peabimitamii XBOpUX 13 MICIATPaBMAaTHYHUMU
0CTE0apTPO3aMH, BHYTPIIIHHOCYTII000BUMH TIepeoMaMu 1 fedeKkTaMu cyrio0iB
BITKPUBAIOTHCS 13 PO3ZBUTKOM METOAY €HIOMPOTE3YBaHHS,BUKOPUCTAHHS SKOTO
JI03BOJISIE BITHOBUTH BTPAuCHY(QYHKIIIO KHACTI Ta 3HAYHO CKOPOTUTH BIIACOTOK
cTabimi3alifHUX BTpyYaHb Ha CymioOax mnamblmiB  kucti  [3]. Mertoa
€HJIONPOTE3yBaHHS CYTJ00iB yKe 0arato pokKiB IIMPOKO 3aCTOCOBYETHCS B
Vkpaini. 3a ocTaHHE MAECATHIITTA TMPOBIJHUMH BYCHUMH HAIIOi KpaiHw,
daxiBIsIMU 3 €HAOMPOTE3yBaHHS CYIJIO0IB, 3pOOJICHO 3HAYHWUN HAYKOBUH Ta
NPAaKTHYHUH BHECOK y PO3BUTOK Mboro Hampsmy [4]. EnmonmporezyBaHHS
MDK(paTaHTOBUX  CYMJIOOIB  TambIliB 1  IT'ACTHO(MATAHTOBUX  CYIJIO0IB
KHCTIMOBEPTAE TAIIEHTIB JI0 3BUYHOTO CMIOCOOY JKHTTA, T030aBisi€ BiX
6aratopigHOTO OOJIIO.

YTpuUMyIOThCS Bil YCTAHOBKHM IMIUIAHTATY, SKIIO HE MOXHA BHUKIIOUUTH
MIJBHINCHE HaBaHTaXEHHS Ha cyriio0. OckiTbkd B TOMIOHOMY BHITQJIKY,
BCymneped OUiKyBaHHSM TIAIIEHTIB, ONeEpaliss He BHUABUTBHCA JIOCHUTH
€(DEeKTUBHOIO, TAaKOX 3 YacOM MOXKYTh MOCWJIMTHCS Oulb, Jaedopmaris 1
HECTaOUIbHICTh cyriio0a.MixkdanaHroBli €HAONPOTE3W MPU3HAYEHI SAK JJId
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LIEMEHTHOI, TaK 1 s O0e3LeMeHTHO1 (ikcalii. BUKOHaHHS €HIONpOTe3yBaHHS
J03BOJIIE YCHIIIHO BUPIMIHUTUA MPOOJEMY YCYHEHHsSI OOJBOBOTO CHUHAPOMY, a
TaKOXX  JOCSIITH ONTHUMAJIbHOrO o0ciary Ta OlOMEXaHIKM pyXiB B
IHCTPYMEHTOBAaHOMY CYIJIOOl, a 3 PO3BUTKOM TEXHOJOIIH ULeld MeToA
OMEpPAaTUBHOIO  JIIKyBaHHS  MOXE  CTaTH  Olepali€elo  BuUOOpy  Ipu
BHYTPIIIHbOCYTJIO00BUX — mepenomax  ¢anaHroBoro cyrinoba. Iloganbiie
BJIOCKOHAJICHHSI €HIONPOTE3yBaHHS Ma€ BPAaXOBYBATH ONTUMAJbHUM Jlana3oH
PYXIB, BUCOKY CTaOUIbHICTh IPU OCbOBUX HABAHTAKEHHAX, (DYHKIIIIO CYXOXKHUIb,
HaAIMHICTE (iKcallli, IPOCTOTY 3A1MCHEHHS! ONEPATUBHUX MPUHOMIB, O10JIOTTYHY
CYMICHICTb, TOTEHIIIIIHY MOKJIMBICTh PeCcTaBpallii MapaapTUKYISIPHUX TKAHWUH
[5, 6]. YmockoHaneHHsT KOHCTPYKIIT €HJIOMPOTE3iB MOTPEOyE MPOJAOBKCHHS
HAyKOBUX TMOUIYKIB 13 3aCTOCYBAHHSM TNPUKIAJHUX PO3pOOOK 1 METOIB
O0iomexaHiku,  3D-MojentoBaHHA  TampOBEJAEHHS  EKCHEPUMEHTAJIBbHOIO
JIOCIIJKEHHS.
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Measuring the electrical conductivity of biotissues is used in medicine to
determine their electrophysical properties. Research and analysis of such
properties allows improving diagnostic technologies for treating patients. The
method of bioimpedancemetry allows to analyze the state of the biological
environment at the structural level by only one indicator - impedance.A review
of the literature and an in-depth analysis of methods and means of building
devices for bioimpedance analysis of the patient's condition were conducted.
Special attention is paid in the work to the diagnosis of the affected skin surface,
for example, hemangioma.

BumiproBaHHS ~ €JEKTPONPOBIIHOCTI OIOTKAHWH BHKOPHUCTOBYETHCS B
MEUIMHI JIUIT BU3HAYCHHS 1X €JICKTPO(I3MUHUX BIACTHBOCTEH. JlOCHiHKCHHS
Ta aHali3 TaKWX BIIACTUBOCTEW JIO3BOJIAE€ TOKpAILlyBaTH [1arHOCTHYHI
TEXHOJIOT11 JIIKYBaHHS MAaIli€HTIB. BaXKJIMBOIO BIACTUBICTIO )KMBOi O10TKAHUHH €
3IaTHICTh MOJIApU3aIlii ii CKJIaJOBUX €JIEeMEHTIB (TKaHWHHMX IapiB, KJIITHH).
HenomikomkeHi KIIITHHA MalOTh BUCOKY MOJISIpU3AIliiHY €MHICTh. EnexTpuunuii
iMIieianc  O10TKaHWUH 3JICKHUTh BIJl YaCTOTH BUMIPIOBAJIBHOTO CTPyMy TIO
€MHICHOMY THIy. B TemepimHiii yac mIMPOKO 3aCTOCOBYIOTHCS OJIHOYACTOTHA,
JIBOYACTOTHA Ta OaraToyacTOTHA IMIIETAaHCOMETPIS B PI3HUX 00JIACTIX KITHIYHOT
MEJUIIUHK: JOOIMEPAIifHOT JIarHOCTUKKU — JUIsl BUSBICHHS BIIKPUTHX Ta
BHYTPIITHLOTKAHUHHUX CTPYKTYPHUX MATOJIOT1H Maioro 06’emy (B TOMY YHCIII,
B OTOPHUHOJIAPHHTOJIOT11, TIHEKOJIOT1i, MpU 0OMOPOKEHHSIX, OIiKaX 1 TaKe 1HIIL);
iHTpaonepamiiHii JIarHOCTHIIl — JUIS BUSBJICHHS IMyXJIMH Ta BU3HAYCHHS iX
MEX, 3HIDKCHHSI KpOBOBTpPAT MU XIPYpPridHUX BTpydaHHSX. JJ1d BU3HAUEHHS
iMnegaHcy 010TKaHMHYM CHCTEMa BUMIPIOBAHHS Tepeadadae peecTpallito CTpyMmy
Ta HAIPYTH B KOJI1 €JIEKTPO/IIB.

Meron  OioimMmmegaHcOMeTpii  MO3BOJSE  TPOBOAWTH  aHANi3  CTaHy
010JI0TIYHOTO CepeIOBHUIIA HA CTPYKTYPHOMY PiBHI JIMIIIE TTO OJJHOMY MTOKA3HUKY
— immenancy [1-3]. IHdopmaruBHICTH 1HOTO MOKa3HHKY Ta CYIYTHIX
PO3PaXyHKOBUX TMapaMeTPiB eIEKTPOMPOBIMIHOCTI OI0JIOTIYHOI TKaHWHU Oyje
pO3TIIAIaTUCS HA 3ampOTIOHOBAHOMY MpHUCTpoi. PesympraTé  AOCHiIKEHD
MOKaXyTh €(PEKTUBHICTh IarHOCTUKH MOTOYHOI'O CTaHy O10JIOT1YHOI TKAaHUHHU
Ta MOKJIUBOCTI AuQepeHIiarii cTaaii po3BUTKY TéMaHT10MH.

Peectpanisi iMmenaHcy BiIOyBaeTbCsl HUISIXOM MIAKIIOYEHHS 00’ €KTY
JTOCTIIKEHHSI 10 BUMIPIOBAIbHOT cHUCTeMH. I[I[iAKIIOYEHHsS MaIll€eHTIB 3a A
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KOMIUJIEKCHOI ~ OIIHKM  iX CTaHy TUIa 3a3BU4ail  BIOOyBaeTbcs  3a
3arajibHONPUUHIATUMEU cxeMamH (puc. 1.1) [1].

Pucynok 1.1 — 3araabHONPUIHATI CXEMHU MIAKIIOUCHHS MAI[IEHTIB JJIsI
OI[IHKM CTaHy TAacKJaJy Tijia JIJIsl BIIOMHUX METOJIMK peecTpallii iMIe1aHncy

Haiinepmioro cxemoro B immneaancometpii Oyna cxema A.Tommaccera, 1o
K1l BiOyBaeThcsl BuMiproBaHHs 3a cxeMoro LN/LN. Jlo o6macTi mociigKeHHs
BXOJIUTh 3HAYHA YaCTHHA TyJy0a, PyKH Ta HOTH, 4epe3 IO ICHYE MOMIIHBICTh
IPOBECTH IHTErpalibHE OIlIHIOBaHHS ckiany Ttuta. CraHgapTHa cxema €
HaWOUIBII 3aCTOCOBaHOK ChOroAHl 1 mo3HaudaeTbess sk RN/RN, cyrreBux
nepeBar BOHA HEMae 1 € ONTUMaJIbHUM BapiaHTOM TP BUMIPIOBaHHI 3a
JIOTIOMOT'OI0 YOTHPHOX €JIEKTpoAiB. HacTymHa cxema, 1mo Oyja 3armporoHOBaHa
Tumenko M.I., 103BoJIsI€E TPOBOAUTH JTOCKOHAJIBHUI aHATI3 IMIIEIaHCY TYJyoa,
olHaK TOTpeOye BABIUI Ourbine enekTpoaiB. Cxemum Omron Ta Tanita
noTpeOyIOTh BIIOMOCTI IIIOJI0 Bard Ta POCTY MAIlEHTY I 4Yac JOCIIKCHHS,
OCKUTBKH PpE3yJbTaT JOCHIIPKEHHS CJiJ] EeKCTparojoBaTH Ha BCE TUIO 3
BUKOPUCTAHHSIM €MITIPUYHUX CITIBBIIHOIIIEHb. Pe3ynbraTBHE 3HAUEHHS TIi7] Yac
BUKOPUCTAHHS 8-€JIEKTPOJIHOT CXEMH BiIOYBA€ThCS Ha OCHOBI IIECTH OKPEMHX
BUMIPIOBaHb Ta iX BHYUTYBAaHHI OJIMH 3 OJHOIO: TEPIIi YOTHPU — IIe cyMma
BUMIPIOBaHb IMIIEAAHCY TyJyOa Ta KIiHI[IBOK, a OCTaHHI JBa — JIUIIEC 3HAYCHHS
iMITeTaHCy Tyy0a.

Haii6inpm ToOYHUM Ta JOCKOHAJIUM BHUMIPIOBAHHSIM MOXXHA Ha3BaTH JEsKI
koH(piryparii 12-eneTpomHoi cxemu. BumiproBaHHS IMIIEIaHCY Ha JIKTI Ta
KOJIIHAaX J03BOJISI€E TOYHO BUMIPSTH IMIIEAHC TUCTAIBHUX Ta MPOKCUMAJIbHHUX
CerMeHTiB KiHIIBOK. OjHaK MpyM BUMIPIOBaHHS IMIIEJaHCY TiIa B Takid
KoH(irypairii 3Ha4Ha WOTO YaCTUHA HE TOTPAIUISIE Y 30HHU JTOCHIKEHHS B CHILY
OPUPOAM TPOTIKAHHSA CTPyMy B OlomoTiuHHX 00’e€kTax. BupimeHHsM maHoi
mpobsieMu Moke OyTH PO3MIIICHHS OJHIET TapH €JICKTPO/IIB Ha TOJIOBI MAIli€HTA,
TaKUM YUHOM CTPYM TPOXOJUTH Yepe3 BeCh 00’€M Tyimyda 1 € MOXIHUBICTH
TOYHO 3apeecTpPyBaTH IMIEAaHC Jrojachkoro Tima [2]. Takum uwmHOM,
3aMpPOTIOHOBAHUNA YOTUPHOX EJEKTPOJHUN TPHUCTPIA i  O10IMITIETaHCHOTO
aHamizy (auB. puc 2, a Ta 2, 0) ypakeHOT TOBEPXHI IIKipK 200 MaToJIOT 1.

B pobGoti Oyno mpoBemeHO OTJsAn JiTepaTypud 1 TOTIHOJIECHUN aHai3
METO/IB 1 3ac00IB MOOYIOBU MPUCTPOIB AJisI O10IMIIEJAHCHOTO aHaNI3y CTaHy
narfienra [4].
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Pucynok 1.1 — 3anponoHoBaHuil YOTUPHOX €NEKTPOJIHUNA MPUCTPIM 115t
0101MIIETaHCHOTO aHaNI3y ypa)Xe€HO1 MOBEpPXHI MIKIpH ab0 MaToJIOr1i: a) caM
NpUCTPIi; 0) eNeKTpoan

OcoOnmBy yBary y poOOTI 3BEpHYTO Ha JIarHOCTYBaHHS Ypa)KeHOi
HoBepxHi mikipu [5, 6], HanpuKIIag reMaHrioOMO¥O.
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The equipment developed by the authors and the method of its use for non-
contact diagnostics during the initial examination of patients are
considered. In the presence of inflammatory processes, postoperative
sutures, infectious diseases and diseases, only remote non-contact
examination is possible. By analyzing and comparing heat fluxes from the
studied areas of the body, conclusions are drawn about certain deviations
from the normal conditions of the body's functioning and a forecast is made
about the probable causes of these deviations.

OpHiero 3 HAWBAXKIIMBIIIKX 337124 MEJAUYHOI JIarHOCTUKU CTaHY JIIOAUHU €
BUMIPIOBAaHHS TEMIIEpAaTypu Ta pajialliiHUX TOTOKIB 3 IOBEPXHI 00'€KTa.
OTpuMaHa TakUM YMHOM iH(OpMaIlisl, JO3BOISE SKICHO Ta KUTBKICHO OIIIHUTH
(GyHKITIOHAIBHUH CTaH OpPraHi3My, BCTAHOBUTH IOPYIIEHHS Ta BiIXWJICHHS
napaMeTpiB BiJl HOpMaJIbHHUX, a00 JOIMYCTUMHUX 3HAUYCHb.

[Hbopmarllis  34UTYEThCS  TOJOBKOI  MpUIAAy Ha  aHI30TPOIHHUX
KPUCTATIYHUX  HAMIBIPOBITHUKAX 1 HAKONHUYYETbCS HAa  KaceTi 13
3amam'sITOBYHOUMM IpuctpoeM. Kacera mig yac BUMIpIOBaHb PO3TAIIOBYETHCS Ha
BificTaHi 1 cM BiJ JOCHIIKYBAaHOI MOBEpPXHI, MPUUOMY iH(OpMAIliI0 MOKHA
3UNTYBaTH y JIBOX PEXKUMax, SKi 3aJal0ThCS TEpe] BUMIPIOBAHHIMHU CaMUM
JOCTITHUKOM: a00 y AMCKPETHOMY pPEKHMMIi depe3 TMEeBHI, 3a3[ajeriip 3ajaHi
MPOMDKKH dacy, abo — y Oe3mepepBHOMY pEeXUMI, TPH SKOMY Yy TNaM'ATh
MPUCTPOIO TIOCTyMae iH(opmaIllis, sika MePeTBOPIOETHCA y TpadiuHi 3aJIeKHOCTI.
['onoBka, sika 3unTye 1HPOPMAIIIIO 3 KACETOI I HAKOMUYCHHs iHpopMaIrii Ta
MIPOBEJICHHS BUMIPIOBaHb Ma€ po3Mip mayku nurapok. Baxkute O6ims 100 T ta
3'€elHaHa 3 MEPCOHAIBHUM KOMII'IOTEpOM, a00 HOYTOYKOM KaOenem, JOBXKUHOIO
1.5 M. OnHOYacHO 3J1MCHIOETHCS Bi3yalli3allisl CUTHANIB, sIKI BUMIPIOIOTHCS, Y
urdpoBoMy BUTIISIAI Ha ekpaHi MoHiTopa. [licis oOpoOku 3a AOMOMOroro
CHEIiaTbHO PO3p00JIEHOT TPOrpaMu B TPOIECOPi MPUCTPOIO, PE3YIBTATH IS
MOAANBIIOr0 aHAII3Y Ta MPUUHSITTS PILICHHS MEPENalOThCsl y BUTIIAIL TaOIUlb,
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rpadikiB Ha €KpaH MOHITOpa, (POPMYETHCS TEKCTOBUN IMOBIPHHMI N1arHO3 AJis
MOJAJIBIIOTO MOMIUOJIEHOTO CHENali30BaHOT0 0O0OCTEKEHHS.

[Iporpamue  3a0e3medeHHsT  KOMIUIEKCY  JO3BOJISi€  3/IMCHIOBATH
HaKoMMWYeHHs 1H(dopMallli, ONepaTUBHO peai30ByBaTH 1ii TOPIBHSIHHS 13
OTPUMAaHMMHU paHillle pe3ydbTaTaMd BUMIPIOBaHb, a TaKOX - 3 CTAJIOHHUMH
rpadikamu, siKi BIANOBIAAIOTH HOPMAIbHOMY ()YHKIIOHYBAHHIO AOCTIIKYBAHUX
opraHiB. JIOCIIPKEHHsSI TPOBOAWIMCS 1O 1 MICHs 3A1MCHEHHs omeparifiHux
BTpy4YaHb, a TaKOX — Yepe3 JeKuibka JHIB micias omepauii. Lle mo3Bossiio
BCTAHOBUTHU SIKICHY KApTUHY 3aro€HHs IICIsONepaliiHuX WIBiB, MIBUAKICTH
3arO€HHS y XBOPUX PI3HUX BIKOBHX TPYI, IICJS ONMEPAaTHBHUX BTPYy4YaHb IO
OPUYMHI JIIKYBaHHS MEPEJOMIB 1 BCTAHOBJIEHHIO IITYYHHX CYIJIOOIB HMXKHIX
KiHI[IBOK. MakeTHHIl 3pa3oK mpuiaxy, 3a pe3ylbTaTaMd BUIPOOOBYBAaHb
3a0e3nedye BHUMIPIOBaHHS €HEPreTU4YHOi OcBiTIeHOCTI B aianazoni 10 - 20000
Br /M? 3 TouHicTiO He ripme £6% NPy HOPMAIbHUX yMOBax. IIpu LbOMY
Hanpyra kuBiieHHs 9B 1 ctpym ckianaoTs He Outbiie 100mA, ujo 3abe3neuye
HeTiepepBHY poOOTy Ha mpoTs3i 8§ roauH. [Y-nmpuiiMay ocHaAIIEHUH KPEeMHIEBHM
¢uibTpoM ToBHIMHOIO 0,5MM Ta 3a0e3neuye poOoUrid /1iarna3oH BUMIPIOBaHb Bl
2 o 16 MikpoH 13 KoedilieHToM mponyckaHHs He MeHIie 60%.

Jliist morermeHHsT poOOTH, 3pyYHOCTI ii BUKOHAHHS TPWIIAJ] OCHAIICHHIA
3BYKOBOIO Ta CBITVIOBOIO CHUTHANI3alli€l0, IO JO3BOJSE MPU JUCKPETHUX
BUMIPIOBAHHSIX YITKO BHUTPHUMYBAaTH 4Yac EKCIIO3MIIi KOXXHOT'O BHUMIpPY, a
MEIWYHIA cecTpi abo JIKapo — MEHIIe BTOMJIIOBATHCh NPH BUKOHAHHI
IpOLelyp BUMIPIOBAHHS TEIUIOBUX IOTOKIB 3 KOXHOI JOCIIIPKYBAaHOI TOUKH.
Bigctane MK IUMU TOYKaMH, a TaKOX PEKUM JOCITIKEHHS, SIKUI MPOBOIUTH
Jmikap, abo MelcecTpa BCTaHOBIIOKOTH PI3HUMH, B 3aJ€KHOCTI Bl MICIA
oOcTexkeHHS Ta crenudiku JOCHiKyBaHOTO posnany abdo zamaneHHs. [lpu
HEOOXIJTHOCTI OOCTEKEHHS TOBTOPIOETHCS B IHIIOMY, HOTPiOHOMY JIiKapio
PEXKUMI, SKUH BBAXKAETHCS OUIBII JOIUIBHUM B TOMY YH 1HIIIOMY KOHKPETHOMY
BUIAJIKY.

3a momomororw koMmiuiekcy «TepMomiH» po3poOsieH] BiAMOBIIHI METOAH
MEPBUHHOT JIarHOCTUKHM B MYJIBMOHOJIOT1I, Xipyprii Ta HEBPOJIOTii, OHKOJIOTI,
TPAHCIUIAHTOJIOT 11, SIK1 MOKa3aJIi CBOIO BUCOKY €(PEKTUBHICTh Ta HAIIMHICTB.

CnuCcoOK BUKOPUCTAHMX JIKEpeJI:

1. Kommnekc  «TepMmomuH» 1  JAUCTAHIIMOHHOTO  H3MEPEHMS
temmepatypsl/ Tpynet MexnyHap cummosuyma «HaméXHOCTP W KadecTBO-
2014»,/3unpkuB O.U., bemoB M.E., Canoxnuxk B.H., buaeik I'.A., Illaiiko-
[TarikoBckuii A.I'. - Ilen3a, Poccus,-2014.- ¢.113-116.

2. llaiiko-IaiikoBckuii A.I'., benop M.E.,Onexcroxk N.C. u gp. /
A.I'.IJaiiko-laiikoBckuii, M.E. benos, HN.C. Onekciok Amnnapatypa u
METOJINKAa JMCTAaHIIMOHHOTO OECKOHTAKTHOTO M3MEPEHUS] pPaJuallMOHHBIX

TEIUJIOBBIX MOTOKOB // Marepuansl Mexaynap. Hayun-texn. kong. PTIICAC-
2016. — C. 200-202.
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PuwxenkoBa O.B.
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This work is devoted to DNA methylation, which is one of the leading
mechanisms of epigenetic transcription regulation. A wide range of modern
methods based on restriction, bisulfite conversion, immunological reactions and
structural analysis were analyzed. The initial amount of DNA, the size of the
studied sequence, sensitivity, specificity, advantages and disadvantages of the
main methods of DNA methylation research were determined.

Ctyniap NposBY TEHETUYHO JETECPMIHOBAaHUX O3HAK BHU3HAYAETHCS IIIOIO
HU3KOI0 MeXaHi3MiB. OJHUM 3 MPOBIJTHUX MEXaHI3MIB €MIFr€HETUYHOI Perysiii
TpaHckpumnilii € metuatoBanus JJHK. [1]

MetumoBanas  JIHK €  kiIr0o4oBUM — MexaHI3MOM, 1[0  PETYIIOE
eMOpIOHATBHUI PO3BUTOK, TPAHCKPHUIILIIO TEHIB, CTPYKTYpHY OpraHi3aiiio
XpOMaTHHY, I1HAKTUBAIil0O X-XpOMOCOMH, XPOMOCOMHY CTaOLIbHICTh Ta
reHOMHMI IMOPUHTUHT. B nanuii yac 3'BIs€TbCs Bce OUIbINE AaHUX MPO POJIb
abepantHoro metuwintoBanHs JJHK y po3BuTKy pi3HHX MaTOJIOTH: OHKOJOTTYHUX
3aXBOPIOBaHb, IMIIPUHTHHUX PO3J1a/IiB, PI3HUX 3aMalbHUX Mpo1eciB.[2]

MetumoBanns JIHK —cnagkoBa emireHeTnyHa MoaudiKallis, 1110 MMOJISATaE B
IpUETHAHHT METHIIBHOT TPYIH JI0 IIMTO3UHY, (10 IT’SITOTO aTOMa BYTJICIIO) TAKUM
YUHOM yTBOpIOHOYM S-meTuaiuto3ud (SmC). ¥V ccaBuiB metumtoBanns JIHK,
3a3Buyai, BinOyBaeTrhes y CpG-aunykieotuaax. O01IacTi po3MipoM HE MEHIIe
200 map mykineonunais, 36araueHi CpG-nunykieoTuaamu, HaszubaroThesi CpG-
octpiBisiMu (CpGi). Beranosneno, mo CpGi nmoB'szani 3 60-70% mpoMoTopis
reHiB[1].

OcHoBHMMHU TigxoaMu 10 BuBYeHHs MeTmmoBanHs JIHK e tapreTnuii ta
IHTETpaIbHUN aHami3u. Y paMKax TapreTHOTO aHaji3y OIiHIOITh pPIiBEHb
METHJIIOBAHHS TIEBHOI YAaCTHHU T€HOMY - T€HIB, MPOMOTOPIB T'€HIB Ta IHIIUX
cnenuiyHUX TMOCTIAOBHOCTEH. Y CBOIO 4epry, Mpu IHTErpaJbHOMY BHUBYCHHI
MIPOBOJUTRLCS aHaJi3 MAapKEPHHUX IMOCHIIIOBHOCTEH TEHETHYHHUX E€JIEMEHTIB, IO
TPAHCTIO3YIOThCS, ab00 KapTyBaHHS METHIIOMA, SKE JO03BOJIAE MOPIBHIOBATH
mpo i1l METHITFOBAaHHS YMOBHO HOPMaJbHUX TKAHWH 1 TKAHWH 3 TATOJOTTYHUMU
3MiHaMu a00 TKaHWH OPTaHi3MiB, EKCTIOHOBAHUX JI0 MIEBHOTO BILTUBY|[3-4].

B naHmit 9ac JOCTYNHUM IIUPOKWUM PsAJ  METOMIB BHUSABICHHS S-
MetuianuTo3uHa B nociigoBHocTi JIHK. TIpoBeneno anam3 MeToiB BUSHAYCHHS
metwntoBanHsg JIHK 3a OCHOBHMMHM NOKa3HMKaMmMu, BU3HAUYEHO II€peBaru Ta
Henomiku (Tabm.l).
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Tabauus 1 — [lopiBHsAHHSA MeTOA1B BU3HauYeHHs MeTmioBaHHs JIHK

Buxinn
a
Hassa . MoxnuBoc | YUyrnu | Crnenu-
[IpuHIMD KUIBKIC . .. .
METOJ T1 - ¢iunic | [lepeBaru/Hemomniku
Merony T [IOKPUTTS | BICTh Thb
HT
He notpeOye
) Moaudikarii
MSRE Crneundiu | cepent | cepent
500 fen ¢ pea pei JIHK/O6mexena
-PCR HI IUISHKH | A i . o .
KUIBKICTH CalTIB
Pectpuxiiis peCcTpUKIii
JIHK He motpeOye
Mo udikarii
100- Becs Auikan .
DMH Bucoka | Bucoka | JIHK/Ckmanmnicts
200 T€HOM . .
MIKpOYHITIiB, BUCOKA
IiHa
Bucoka po3niipHa
BicyasdiTHa Crenndia cepenH | 3patHicTh/HecTaOuinH
y (b. BS-seq | 50 fen ¢ BHCOKa e .
KOHBEPCiA Hi JUISTHKA A 1cTh 01cynb(ITHOT
peaxiii
Bucoka po3niipHa
Pectpukiist 3naTtHicTs/ OOMexeHa
JIHK+ COBR | 100- Becs CepeH | KUIbKICTh CalTIB
! ) BHCOKa
bicynedita | A 1000 TE€HOM S PECTPHKIITII.
KOHBEPCIiA HecrabinpHICT
oicynb(diTHOT peakiii
IIpocroTa,
JIOCTYITHICTh, BUCOKA
MIPOITYCKHA
IMMYHOTPEII 3natHicTe/Huspka
- yHomp MeDIP | 3000- Becs CepelH | cepeaH | po3JAUIbHA 3/1aTHICTb,
o -chip 5000 TCHOM s s HEYYTJIMBICTh Ha
miTaris )
NUITHKAX 3 MaJIoio
kinekicTio CpG,
3AJIEKHICTD BiJ SKOCTI
aHTUTLI
He notpedye
ImMmyHODED- moaudikamii JJHK
MeH?[,EI/IIgI) " | ms- 10 000- | Bece BUCOKA | HU3bKA | II (I)[(:Tq())TaLI A
. ELISA | 200 000 | rexom p .
aHaii3 BUKOHAHH/3aJIEKHICT
b BiJ SIKOCT1 aHTUTLI
Bucoxka 9yTnuBicTsb,
Amnanis He TIoTpedye BUCOKOTO
100- Becn
CTPYKTYPH LCMS BHCOKA | BUCOKA | CTYNEHIO YACTOTHU
1000 T€HOM )
JAHK JIHK/Bucoxka BapTicTh
oOagHaHHs
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[upokuii COEeKTp CydyaCHUX METO/IIB Ha OCHOBI PECTPUKII1i, 01CYIb(ITHOI
KOHBEpCii, IMyHOJIOTTYHUX PEakKilii, a TAaKOX CTPYKTYPHOI'O aHAIII3y JA03BOJISIE
BHBYATHU EMIMCHETUYHHI CTATYC SIK OKPEMUX I'€HIB, TaK 1 BEJIMKUX T€HOMHUX
obnacrei.

VY Toli e vac, 3aBIASKH PO3BUTKY TEXHOJIOT1i CEKBEHYBaHHS HOBOTO
MOKOJIIHHS CTaJIO0 MOKJIMBUM aHalli3yBaTu cTyninb MetuitoBanus JJHK Bceoro
TE€HOMY.

KoxHuii Meron mMae meBH1 nepeBaru Ta Henodiku. BuOip Toro uu iHIIOro
METONly 3ajeXuTh Bi BuxigHoi KuibkocTi JIHK, po3mipy nocmimxyBaHoOi
MOCIIJOBHOCTI, HEOOXIHOTO PIBHS YYTJIHUBOCTI Ta MPOMYCKHOT CIPOMOKHOCTI
METO]1y, a TAKOX BiJl JOCTYITHOCT1 peareHTiB Ta 00JaAHaHHS.

[Nomanpmuii po3BUTOK MeTOA1IB BU3HaueHHs MeTwnoBanHa JIHK mae Gytu
COpPSIMOBaHUI Ha MiABUIIEHHS YYTIMBOCTI JOCTYMHUX METOAIB Ta JOCTYIHICTb
BUCOKOYYTIMBUX METO/IIB aHAII3Y.

Cnoucok BUKOPUCTAHUX HKCPCII:

1.Maksimova V.P., Bugaeva P.E., Zhidkova E.M., Usalka O.G., Lesovaya
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of epigenetically active xenobiotics.//Advances in Molecular Oncology. —2019.
—V6. —Ne3 —P.8-27.

2. Cxpsaobun H.A., KameBapoBa A.A., Jleaucor E.B., and JleGener .H.
MGTO,IILI HCCIICAOBAHUA MCTUIIMPOBAHUSA I[HK: BO3MOKHOCTH U IICPCIICKTUBLI
UCITOJIB30BaHMS B OHKOJoruK// CHUOUpCKHUil OHKOJIOrHYeckuil xypHan, —2013, —
Ne6 (60) — P. 64-69.

3. V Chekubasheva, O Glukhov, O Kravchuk, Y Levchenko, E Linnyk, V
Rohovets. Possibility of Creating a Low-Cost Robot Assistant for Use in
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This work is devoted to survey of interactive web servers for protein fold or
domain annotation, protein-structure databases, protein-structure-classification
databases, structural alignments of proteins, and molecular graphics programs
available for personal computers. The most representative websites suitable for a
wide range of researchers were selected. The resources were organized by the
appropriate categories.

BusHnaueHHs TIPOCTOPOBOT CTPYKTYypH OLTKOBUX MOJICKYJI € HEOOXITHUM
€TarioM JUIS BCTAHOBJICHHS CTPYKTYPHO-(QYHKI[IOHAIBHUX 3B’s3KiB. 3HAUHI
YCIIIXU Yy CEKBEHYBAaHHI T'€HOMIB OPraHi3MiB CHPHSUIA TOSIBI HOBUX JAHUX IPO
aMIHOKHMCJIOTHI TOCTIZIOBHOCTI (NEPBUHHI CTPYKTYpPH) THCSY PI3HOMaHITHHX
ouikiB [1-2]. Tlompu 1e, maHi IOAO0 CTPYKTypH poctymnHi jume mis 10%
aMIHOKMCJIOTHMX TOCHIAOBHOCTeH (moHanm 15 THc. eKcrepuMeHTalIbHO
BU3HAYCHUX CTPYKTYp). Tomy Ui aHamidy OUIBIIOCTI OLIKIB  Jemani
BXUIMBIIIMMHU CTalOTh KOMITIOTEPHI METOAM TMepefadadyeHHs iX MPOCTOPOBOi
CTPYKTYPH, K1 HaJIeKATh J10 METOIIB OOUYHCITIOBAIBHOT 010J10T1i.

OOGuucroBabHI METOAM JJII MOJICTIOBAHHS CTPYKTYpPH OUIKa PEryJsipHO
BUKOPUCTOBYIOTBCSL  JJIi  JIONOBHEHHS €KCIEPUMEHTAILHOTO  BH3HAYCHHS
CTPYKTYPH, TaKMM YWHOM BOHH JOTNOMAaralroTh BHUPINIUTH IIUPOKUN CHEKTP
HAYKOBHX IMHMTaHb y OIOMEINYHHMX AOCTIHKEHHAX [2].

[IIBuaKke 3pocTaHHS JAaHUX IMPO CTPYKTYpPY OUIKIB pa3oM i3 OJHOYACHUM
3pOCTaHHSIM BCECBITHBOI MAaBYTHMHH TIOJIETIIye 30WMpaHHS Ta PO3MIIICHHS
YUCIICHHUX 0a3 MaHuX CTPYKTypHOI 6ioiorii. OMHOYaCHO MIBUIKUMH TEMIIAMU
pPO3pOOIIAIOTECS BeO-CepBEpH, sKI 3a0e3MeuyroTh 1HTEPAKTUBHI OOYHMCIICHHS,
Taki SIK BHUPIBHIOBAHHS CTPYKTYpH OINKiB, CTPYKTYpHUH aHaji3 Ha OCHOBI
rpadiku Ta 3icTaBICHHS MA0IOHIB.

Byno mpoBeneHoro ananizy Be0-caifTiB 3 610i1HQOpPMATUKH, K TIPAIFOIOTH 3
OITKOBUMH CTpyKTypamu. B pesynpTaTi mpoBeaeHoro aHamizy Oymo oOpaHo
HaWOUTBII pemnpe3eHTaTuBHI BeO-caiitu (Tabin.1). Pecypcn Oyino BmopsimkoBaHO
3a BIAMOBITHUMHU KATETOPISIMU. BIIbIN JOETaNbHUI OMHC PECypCiB, a TaKOXK
IHCTPYKINIKM 1010 1X BUKOpUCTaHHA, MicTuThess B Current Protocols in
Bioinformatics.
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Tabauus 1 — O0uucnoBaabH1 pECYpCH IS aHaji3a OUIKOBUX CTPYKTYP

InenTudikaiiis Ta aHoTallis OUTKOBHX JOMEHIB

PROSITE

Swiss Institute for Bioinformatics
http://us.expasy.org/prosite

SMART
The Simple Modular Architecture
Research Tool

European Molecular Biology Laboratory
http://smart.embl-heidelberg.de

Wellcome Trust Sanger Institute

Pfam http://www.sanger.ac.uk/Software/Pfam
Inter Pro European Bio_informa}tics Institute
http://www.ebi.ac.uk/interpro
ba3u nanux OUIKOBUX CTPYKTYp
Research Collaboratory for Structural
PDB Bioinformatics
http://www.rcsh.org/pdb
MSD European Bioinformatics Institute
Macromolecular Structure http://www.ebi.ac.uk/msd/index.html
Database
MMBD National Center for Biotechnology Information

Molecular Modeling Database

http://www.ncbi.nlm.nih.gov/Structure/MMDB/m
mdb.shtml

[Tporpamu MonekysapHOi rpadiku

RasMol hitp:/Amww.bemstein-plus sons.conmvsoftware/rasmol

Chime MDL Information Systems
hitp:/Amww.mdichime.conv/chime

Mage http:/kinemage.biochem.duke.edwkinemage/kinemage.php

Deep View/Swiss-Pdb Viewer hitp:/fus.expasy.org/spdov

Cn3D

http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d
.shtml

Kiacudikariist OUTKOBUX CTPYKTYP

SCOP
Structural Classification of
Proteins

http://scop.mrc-Imb.cam.ac.uk/scop/index.html

CATH
Class, Architecture, Topology,
Homologous (CATH) Superfamily

http://www.biochem.ucl.ac.uk/bsm/cath_new/index
html

FSSP
Families of Structurally Similar
Proteins

http://www.ebi.ac.uk/dali/fssp

CTpyKTYypHi BUpPIBHIOBaHHS

HOMSTRAD Homologous Structure http:/Amaww-cryst.bioc.cam.ac.uk/~homstrad

Alignment Database

VAST Vector Alignment Search Tool http:/Amwwv.ncbi.nim.nih.gov/Structure \VASTVast shtml
CE http://cl.sdsc.edu/ce.html

Combinatorial Extension
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Bka3zaHi pecypcu MarOTh IIKUPOKI (PYHKIIIOHAIbHI MOXIIMBOCTI, 3HAUHUN
oOcAr gaHux, ApykHiil iHTepdeiic Ta MOKYTh OyTH pEKOMEHI0BaH1 JJ1s
IIUPOKOTO KOJia JOCIIITHUKIB, sIK 010JIOT1YHOI, TaK 1 TEXHIYHOI Ta MAaTEMaTUYHOT
rajay3eu.
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The provision of a microclimate in health care institutions is a complex
process due to the presence of rooms in different cleanliness classes in one
hospital building. The aim of this paper is to present a variant of a universal
module for monitoring the main elements of the microclimate.

MikpokiiMaT — e noeaHaHHs (Pi3uyHUX (HaKTOpiB, IO BIUIMBAIOTH Ha
TEIUIOOOMIH JIFOAMHU 3 HABKOJMIIHIM CEpPEAOBHINEM, 1I CaMOIOYyTTS,
npaie3gaTHICTh, 3J0POB'S Ta MPOAYKTUBHICTD MpaIll.

MikpokiaiMaT  MOpUMINIEHb  JIIKYBaJbHUX  3aKJIaJiB  BU3HAYAETHCS
NOETHAHHSAM TEMIIepaTypH, BOJIOTOCTI, PYXJUBOCTI TIOBITpS, TeMIIepaTypu
HABKOJIMIITHIX TIOBEPXOHb Ta IiX TEIUIOBUM BWIPOMiHIOBaHHsAM. Ilapamerpu
MIKpOKJIIMATy BH3HA4alOTh TEIUIOOOMIH OpraHi3My JIIOJUHH 1 1CTOTHO
BIUITMBAIOTh Ha (PYHKI[IOHAIBHUM CTaH PI3HUX CUCTEM OPraHi3My, CaMOINOYYTTS
Ta 370pOB'sl.

Buninstorh 1'Th OCHOBHMX  TapamMeTpiB  MIKpPOKJIIMaTy Yy
npuMitieHasx[1]:

1) Temneparypa moBiTps;

2) BOJIOTIiCTh TOBITPS;

3) MIBHIKICTH PyXy MOBITPS;

4) tertoBe (1H(ppavYepBOHE) BUITPOMIHIOBAHHS;

5)TemniepaTypa HarpiTux MOBEPXOHb OMATIOBATILHUX TIPUIIATIB.

HaliBaxmuBilIuM YMHHUKOM KOMQOPTHOCTI € TMOKa3HUK TEMIIEpATypHu y
npumitieHH1. J[pyrum 3a 3HaUMMICcTIO (DaKTOPOM, IO BIUIMBAE HA TETUIOOOMIiH
JIIOJTUHU, € BOJIOTICThH MOBITPSI.

3a0e3nedeHHs] MIKpOKJIIMAaTy B OyJIWHKaX MEIUYHOTO MPU3HAYCHHS a0o
nikyBanpHO-ipodinakTuuHux 3aknafgax (JIII3) e ckmagaum mporiecom, 1o
noTpedye cChemiabHUX 3HaHb, JOCBIAY Ta HOPMAaTUBHHX JOKYMEHTIB,
3aBJIaHHIM 4Yepe3 HAasBHICTh B OAHIN Oy/iBII JiKapHI MPUMINIEHb PI3HUX KJIACIB
YHCTOTH.

Tox, B Hammiif poOOTI MPUBEACHUI ONMH 13 BapiaHTIB peaizallii mpuiasy
st MOHITOpUHTY Mikpokmimary B JIII3.B  ocHOBI TPHUCTPOIO JIEKHTH
ArduinoNano nans 30opy gaHMX 3 JaTYMKIB Ta MOJAJIBINOLI  BiAMPaBKH
iogHIUTaTHUN KoM rotep RaspberryPi 3, skuit otpuMye Ta00po0IIsie oTpuMany
iHpopmariro. Y skocti Wi-Fi Mmoxynst BukopuctoByethesi ESP-12E. [l 300py
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iHpopMallli  BIJHOCHO CTaHy  MIKpPOKIIMAary 3acTtocoByeTrbcss DHT22
(Temniepatypa, BoJioricte) a0o BME280 (Tuck, TemmnepaTypa, BOJOTICTS).

Jatymk
TemnepaTypu Ta Ovcnnei
BOJIOTOCTi
Wi-Fi mogynb ESP-
12E
Knasiatypa USB-iHTepdelic

Oepeno
KMBNEHHA

Pucynok 1 — brok-cxema npunanay

B xomi 1mi€i pobGoTHM CTBOpEHO MOOUIBHUN TpuiIaj KOHTPOJIO
TEeMIIepaTypH KIIMaTyCUCTeEMa YIPaBIiHHS MEIUIHUMHU TPUMIIICHHIMH.

Leit mpwtan mpu3HAYCHHIA AJI1 BUMIPIOBAHHS TEMIIEpaTypH Ta BOJIOTOCTI
30BHIITHBOTO MOBITPSAMEINYHUX KaOIHETIB 1 BiIOOpaKeHHs MOTOYHUX 3HAUYEHD
Ha eKpaHi KOMIT foTepa.

OCHOBHHMMH TIepeBaraMu JaHOi pO3pOOKH € Te, 10 MPUCTPIHA IpaIloe B
peXUMi aBTOMATHYHOTO 300py, OOpoOkM Tamepedadi iHdopmarii B IEHTP
00poOKKu maHuX, Il 3a0e3leueHHs pPoOOTH MpUJay BHUKOPHCTOBYETHCS
30BHIIIHE JDKEPEIO JKUBJICHHAMOXKIIMBICTD Tepenayl iHdopMmalrii Ha BixgaieHi
npucTpoi npu BuKopucTanai Wi-Fi-mepexi.
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EJJEKTPHUYHAMOJEJb JJIS1 JUCTAHIIMHOT O BUSHAUYEHHSI
BEJIMYUHU AKYCTUUYHOT O OIIOPY JIOKAJIBHOI JIJISTHKHA
BIOJIOTTYHOI'O CEPEJIOBHUIIIA
bonnapenko 1.C.
HaykoBuii kepiBHUK — 1.T.H., ipod. ABpyHiH O.T'.
XapKiBChbKUHHAIIIOHATbHUNYHIBEPCUTETPA10ETEKTPOHIKU
61166, Xapkis, Ykpaina, np.Haykul4, kad. biomennunoi inxeHnepii
ten. (057) 702-13-64
e-mail:igor.bondarenko@nure.ua

An electrical circuit has been modeled for remote determination of the acoustic
resistance value of a local section of the biological substance under acoustic-
magnetic influence on it. Based on the developed dipole model, mathematical
relationships are obtained that relate the measured value of the alternating
electric field strength to the local value of the acoustic resistance of the
biological substance.

Berym. AHOMaJIbHE 3HAYECHHS aKyCTHYHOTO oTIopy (AO)
oionoriunorocepenopuina (bC) MOAMHUCBIIYUTEL PO 3aXBOPIOBAHHS, ajie JOCI
HE ICHYBaJIO JMCTaHIIHHOTO crnocoOy Bu3zHaueHHs AO BC 1, 30kpema,
nokanpHux3HaYeHb AO BC in vivo.

Meta po6oTu. MeToro JOMOBII € OOTPYHTYBaHHS MOMJIMBOCTI JUCTaHIIIHHOTO
BU3HAaueHHs IN Vivo AQO gjokanpHOl minsgHku bBC g [1iarHOCTHUKH
3aXBOPIOBAHHSI MIPH 3aCTOCYBaHH1 aKyCTOMAarHiTHOTO BILJIUBY.

Cytb po6otrn. OcoONMuBICTIO TPUCTPOIOJUIS AMCTaHIIMHOrOBU3HAYeHHST AQO
nokanpHOi nuisHKM BC y  cepenmHi Tima TMaimieHTa €  pO3TallyBaHHS
BUMIPIOBAJIbHUX 30H/IIB Ha MOBEPXHI MIKipH mHaifienTa (moai0HOA0 BUMIPIOBaHHS
elIeKTpoKapaiorpaM).  PO3rasHEMO  OCHOBHI  €IEMCHTH  PO3PaxyHKOBOT
EJCKTPUYHOT CXEMH BHUMIPIB €JIEKTPUYHOIO TIOJS 3 JIOMOMOTOK 3OH/IIB.
Di3UYHOI0 MOACIUII0 JIOKAIBbHOI MUIsHKH BC 3 30ymKeHUM y HbOMY 3MIiHHUM
CICKTPUIHUM TIOJIEM MOKE OyTH €JICKTPUYHUN JUIOJIb, IO CKIAAAETHCS 3 IBOX
PIBHUX 32 BEJIMYUHOIO (() TOUKOBHX PI3HOIMEHHHX 3apsiiB, IO 3HAXOSTHCS HA

n.n

BizcTani "s" OAWH Bl OJTHOTO 1 MIHSIOTBHCS MICISIMH 3 YaCTOTOKO YJIBTPa3BYKY
(hme.1) [1,2].

Ha puc. 1 mokazaHo po3moail CWJIOBHX JIiHIA EIEKTPUYHOTO TOJS JUTIOJNS
BcepeanHi Ta mo3a HUM. OCTaHHI € JIHISMU OIS po3citoBaHHsA. Ha mamroHky
TaKOXK TTOKa3aHi JABI Mapy BUMIPIOBAJbHHUX 30HIIB 1, 2 y IBOX PI3HUX MMO3HITIAX
(mo3moBxkHiK - I Ta momepeuniit - II) momo enexTpuunoi oci aumnons. Borwu
CIy’XaThb JUIsl BHUMIPIOBaHHS PI3HUII TOTEHINANIB EJIEKTPUIHOTO  TIOJIA
PO3CIFOBaHHS AUIOJS Ha BijcTaHi R Bij qumors.
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Puc. 1. Cxema €IEKTPUYHOIO AUIONSA, L0 CKIAJAAETHCS 3 JABOX TOUYKOBHUX
3apsiAiB 3 BIACTAHHIO S MDK HHMH, MOJIETIOE JUISHKY CEpeJOoBHINA 3
30y/’)KEHUM B HBbOMY 3a JONOMOTOI0 aKyCTO-MarHIiTHOTO BIUIMBY 3MIHHHUM
CJIEKTPUYHUM TOJEM 3 HampyxeHicTio E (HanmpsiMOK CHJIOBHX JIiHIM mOJIs
JUIOJIS TOKA3aHOo JIsl OJTHOTO 3 IBOX MOMJIMBUX 3HAKIB 3apsiay).

B pesynbTaTi po3paxyHKiB OyJI0 OTpUMaHO, IO €JIEKTPUYHA Hampyra Ha
30HaX, IO 3HAXOAAThCSd Ha BiacTaHi L omguH Big omgHoro B mos3migx [ 1 11,
JIOPIBHIOE:

0,25B4 L(2Ps /pc)®>
Umnst ® Emsr - L=
(R/S)3 (1)
012B4L(2Ps /pc)®?
Umsi = Emsn L= 3
(R/5s) ()

1€ Ums Ta Umsii — aMIUTITY U €IEKTPUYHOT HANIPYTH Ha 30Haax y mo3uitii | ta 11,
Emst Ta Emsii — Hanpy’>XKeHICTh €JIEKTPUYHOTO TIOJISI PO3CIIOBaHHS JUIS 30HIIB Y
IBOX TO3UIIsAX, p — HIBHICT BC, Bg-1HayKIlisl 30BHINIHBOTO IOCTIHHOTO
MarHiTHOTO Mo, Ps — MOTY>KHICTh yIBTPa3BYKOBOT'O BUIIPOMIHIOBAHHS.
3a pgomomoroto 1wux ¢dopmyn (1,2) Mu MOXEMO po3paxyBaTh BEITUYHHY
aKyCTHYHOTO Omopy (pc) 61070T14HOTO CepeloBHIIIA.
BucnoBku. Po3po06ieHO AWMONBHY MOJENb JIOKAIBHOTO JpKepesa 3MIHHOTO
SJIEKTPUYHOTO TOJIA, 110 BUHUKAE B 3afaHii nisHil bC B pe3ynbTaTi CIbHOTO
JIOKAJIBHOTO BIUIMBY Ha HHOTO YJIBTPa3BYKy Ta MOCTIHHOTO MarHiTHOTO TOJIS.
CnncoKBUKOPUCTAHUX/IKEPEJI
1. I.S. Bondarenko, O.G. Avrunin, O. Gryshkov, B. Glasmacher, Possibilities of
joint application acoustic radiation and a direct magnetic field for biological
researches, ICBEM and RGC conference in Aahen, International Journal of
Bioelectromagnetism, 2018. p.66
2. Bondarenko, 1., Avrunin, O. (2021), On the acousto-magnetic method of
measuring the acoustic resistance of local areas of the biological tissue,
Innovative Technologies and Scientific Solutions for Industries, No.2 (16),
P.72—79. DOI: https://doi.org/10.30837/1TSSI.2021.16.072
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IMATAHHSAPO3POBKU CUCTEM BE3JIPOTOBOI'O 3B'SI3KY
I'pumikos C.B.
HaykoBuii kepiBHuK — cT. Buki. kag. MEEIII Kapnaymenko B. IL.
XapKiBChbKUW HalllOHAJTBHUN YHIBEPCUTET PAII0CIEKTPOHIKH
(61166, Xapkis, mpocn. Hayku, 14, kad. MEEIIII,
teir. (099) 507-01-29), e-mail:sviatoslav.hryshkov@nure.ua
Designing security, communication and alarm systems in residential, or
industrial, office buildings, the question of building local networks arises and,
above all, the developers face a dilemma — wired or wireless network.For
economic reasons, the decision is often in favor of wired networks. But
sometimes you need to abandon simple solutions in favor of innovations that
provide more scalability, deployment speed, and network configuration.

[Ipu npoexTyBaHHI cucTeM O€3MEeKH, KOMYHIKAI[lii Ta OMOBIIIEHHS B
OyniBisix 1oOyTOBOro, ab0 MPOMMCIOBOTO, O(MICHOrO MpU3HAYCHHS BCTAE
NUTaHHS TOOYJOBM JIOKAJILHUX MEPEX 1, MepIl 3a Bce, Mepel PO3POOHUKAMU
BUHUKAE JTUJIEMa — IPOTOBUM, a00 0€3IpOTOBUI BUJT MEPEKIi.

3 €KOHOMIYHHMX MIPKYBaHb JIOBOJII YacTO PIIIEHHS OCTA€THbCA HAa KOPUCTH
IpoToBUX Mepex. Takuii BHOIp He MOTpeOye BUCOKOI KBamidikallii mepcoHary
Ta HeMa MOTPeOH BUPILIYBATH MPOOIEMY BUOOPY KOMIUICKTYIOUHX.

Ane iHOII TOTPIOHO BIAMOBISATHCH B TPOCTHX PIlIEHh HAa KOPHUCTH
1HHOBAIIIM, AKI HAJAIOTh OUIbIIE MOXJIMBOCTEH MaciTaOyBaHHS, MIBHIKOCTI
PO3ropTaHHs Ta 3MiHU KOH]Irypalii Mepexi.

[Tepmum KpokoM y mpolieci MpoeKTyBaHHS € BUOip 6e3aporoBoro MK, 1o
o3Hauae BUOIp sk matdopmu MK, Tak 1 TpaHcHBEpiB, a TaKOXX BHOIp OJHOTO 3
YUCJICHHUX MPOTOKOJIB 3B'3KY. PO3rissHEMO MOXIHMBI BapiaHTH PIIICHHS IS
0e3IpPOTOBOI CUCTEMHU KOMYHIKAIlIH JuIs OyaiBenb. Y Mipy PO3BUTKY BUMOT abo
30UTBIICHHS KUIBKOCTI KIHIIEBHX MPOAYKTIB CTA€ Ba)KKO OHOBJIIOBATH MPUCTPOIT
Ta TporpamMHe 3a0e3MedeHHs, 100 HE BiJICTaBaTU Bia OE3ApOTOBOT MEpPEXKi.
Tomy mHailikpame BuOpaTu O€3ApOTOBUI MIKPOKOHTpOJIEp, SKUid Oyne
mpaioBaTd  SK  JUIS  MEepmoro, Tak 1 IS MaOyTHIX  ITOKOJIHB
npoaykty.KoHcTpykIis, mo 3abe3neuye MailOyTHe, 3a0e3nedye THYUYKICTb IS
OHOBJICHHSI a00 pO3IMIMPEHHS TMPOJAYKTIB, BUKOPUCTOBYIOYH I1HBECTHIIII,
MIHIMI3YIOYHM Yac MUKy PO3POOKHU Ta ONTHUMI3YyIOYH BUTPATH HA MPOAyKT. HoBi
TEXHOJIOTIYHI MOYJIMBOCTI, TaKi SIK 3HUKEHHS CHEPrOCIIOXWUBAHHS, MEHIIIHMA
po3Mip, iHTEerpamis Ta HOBI (YHKII TPOTOKONY 30UTBIIYIOTH KUTBKICTh
0e3pOTOBUX MPOTPaM.

KoHuctpykirii 6e31poToBOro 3’ € JHAHHS BUMAaraloTh 0€3MEpPEepBHOTO 3B’ SI3KY
MDK PI3HUMHU TUIaMM KIHIIEBUX OpUCTpoiB. Hampukian, y cucremi Oe3nexu
BEJIMKOTr0 0araTOKBapTUPHOTO OyAMHKY KUIbKa O€3ApOTOBUX MPHUCTPOIB
MpalooTh pa3oMm, OO0 3axuctutu MewmKkaHiB.[lepumii piBeHb Oe3nexku
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0araTOKBapTUpPHOTO  OYIMHKY MOXE€  I[OYaTHUCA 3  IHTEJIEKTyaJbHOTO
€JIEKTPOHHOTO 3aMKa Ha KOXXHOMY MiA'i3[1 KBapTUpu. ENeKTpoHHUN 3aMOK
BUKOPHUCTOBYE 4yacToTy Hipkde 1 [T, Sk mMpOTOKON MiKMICBKOTO 3B’SI3Ky Ta
¢yukuito Bluetooth Low Energy, mo0 3a0e3neunTd KOHTPOIb HaJl KOXKHUM
MOMEIIKAaHHSAM 1 IEHTPaIi30BaHUM KOHTPOJIb U3y Oe3neku. TyT BaxIMBO
BpaxoBYBaTH OOCST mam'saTi, 0COOJMBO TpH po3poO0Ll Oarato MpPOTOKOJIbHHUX
nporpaM.besnipotoBuit Mikpo koHTposep SimpleLink igeanbHO MIAXOAUTH IS
olHOYacHOi pobotu 3 mporokojamu Bluetooth 1 1 I'Ty 3 HuM3BKUM piBHEM
eHeprii, 3 ¢Quem-nam'aTTIO 1 BOYAOBAaHUM MIJCUIIOBAYEM MOTYKHOCT1 JJisi
PO3IIMPEHHS [iama3oHy [UIsl OXOIUICHHs BeNMMKHX OyxaiBenb. Skmo Oyzde
HEOOX1JITHO OHOBUTH NpPOrpaMHe 3a0e3MEeUeHHsl EJIEKTPOHHOIO 3aMKa, MOXKe
3HAJI0OUTHCS A0JATKOBA MaM’ATh, 00 YBIMKHYTH MIKpOIpOrpamy 0e3/poToBOi
Mepexi abo (pyHKIi, 3aBaHTaKEeH1 3a OCTaHHIMU crieuudiKalisiMi MPOTOKOJY,
Hanpukiaa piBHI QizuyHoro mudpyBanns g Bluetooth LE, mo 30umbmrye
niana3zoH BUOOPY KOMIIOHEHTIB.

[lpuxman  3acTOCyBaHHS:  CHUCTeMa  ONAJICHHS,  BEHTWIAIIT  Ta
KOHJIMIIOHYBaHHA. SIKIIO 3aCTOCOBYBAaTH CHCTEMY TEPMOCTATiB, JO CUCTEMH
MOJKHA JIOJIATH JaTYUKU TEMIEPATYpPH, 0O KOPUCTYBaUi MOTIN KOHTPOIFOBATH
Ta HAJIAMITOBYBaTH TEMIIEpaTypy B CBOii KimHaTi. J[is mmmo3y TepMocTara
po3pobJieHi  6araTtonporiecopHi CHUCTEMH, IO MIATPUMYIOTH  MPOTOKOI
OJTHOYACHO 3 0arato MpOTOKOJbHUM TUCIIETYEPOM 1 MaroTh ¢Jeni-nam’sTh Ta
3axXuIIeHy naMm’siTh I MIATPUMKH CTEKIB HU3bKOI MOTYXHOCTI Hik4e 1 [T
a6o Zigbee. 11{06 3uu3uTH BapTicTh cucteMu, T1 po3pobIeHO €TMHUM TPOTOKOJ
0€37pOTOBOT0 MIKPOKOHTpOJIepa Uil OUTBII MPOCTOI Ta MEHII JOPOT0l CUCTEMH.

TepmocTaTu Ta aTYMKK TEMIIEpaTypH MAlOTh Pi3HI CKJIAJIHOCTI Ta BUMOTH
1010 TakuX (paKTOpiB, K MaM’ATh, pO3Mip Ta I11iHa; L{e moka3ye, YoMy BaXKJIMBO
BUOpaTH OE€3ApOTOBUN MIKpPO KOHTpOJep 31 CIHpaBXHIMH KaOemsiMu 3a
IPaBUIIBHOIO I[IHOIO.

Ile 3abe3neuye cBOOOMY SK I Yac MOYATKOBOT'O MPOIECY MPOCKTYBaHHS,
Tak 1 17 MaiOyTHIX 1HHOBariii. MIKPOKOHTPOJIEPH MAaIOTh TMOINEPEAHBO
cepTudikoBaHy OMIIIO0 CUCTEMHU B TIAKETI, IO 3a0e3Medye MBUIIINA Yac BUXOIY
Ha puHOK. Kpim Toro, CyMiCHICTh IPOrpaMHOT0 3a0e3MeueHHs sl 0€3pOTOBUX
MIKPOKOHTPOJIEPIB Ma€ BUPINIAJbHE 3HAYEHHS [JI1 ONTUMI3allii BHUTpAT Ta
MMOBTOPHOTO BUKOPUCTAHHS JJISl ICKUTHKOX IMOKOJIIHB MIPOYKTIB.

Matroun mUpOKUI CHEKTP MepPEeAOBHX TEXHOJIOTiH, 1HTYITHBHO 3pO3yMiNTi
IHCTPYMEHTH NPOEKTYBAaHHS Ta MPOrpaMHE 3a0e3MeUeHHs, MOXKHA MiJKII0YaTh
Oy/Ib-SIKHIA IPUCTPIH 13 HATAIITOBAHUMH (DYHKITISIMHU.

Cnucok BUKOPUCTAHUX JXKEPel:

1. «MikpompoIiecopHi CUCTEMH KOHTPOJIO Ta KepyBaHHs»: HapuambHuii
nocionuk nns cryaeHtis 3BO. / Ynopsa.: bounapenko 1.M., boponin O.B.,
I'punrynos O.B., Kapuaymenko B.II. [Tekcr] /. —Xapkis: XHYPE. — 2020. —
2438c.

120



VK 616-073.65:536.31
BE3KOHTAKTHA IIEPBUHHA JIAT'HOCTHKA
3AITAJIOBAHB OPT'AHI3MY
Hynxo O.I'.%2, Kpuonocos B.€.3, Hazapak M.C.!
HayxoBuii kepiBauk — npod., 1.1.1. laiiko-11laiikoscrkuii O. I'.!
"Yepuisenpknii HanionansHuUii yHiBepcuTeT iM. I0pis ®enpkosuya,
M. YepHiBi, YKpaiHa
050-255-77-50, e-mail: shayko@bk.ru
050-739-28-05, e-mail:Mikhail.nazarak@gmail.com
’ByKOBMHCBHKHI1 IepsKaBHUI MeIu4IHui yHiBepcuTeT, YepHiBLi, Ykpaina
050-768-80-99, e-mail: dudko.oleksii@gmail.com
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Abstract. The equipment developed by the authors and the method of its
use for non-contact diagnostics during the initial examination of patients are
considered. In the presence of inflammatory processes, postoperative sutures,
infectious diseases and diseases, only remote non-contact examination is
possible. By analyzing and comparing heat fluxes from the studied areas of the
body, conclusions are drawn about certain deviations from the normal
conditions of the body's functioning and a forecast is made about the probable
causes of these deviations.

Key words: thermal radiation, diagnostics, equipment for non - contact
measurements.

OnHi€ero 3 HaAWBAXIIMBIIIKX 33/1a4 MEIMYHOI JIaTHOCTUKH CTaHy JIFOJUHU €
BUMIPIOBAaHHS TeMIIEpaTypH Ta pajdialliiHUX TMOTOKIB 3 MOBEpXHI  00'eKTa.
OTpuMaHa TaKUM YUHOM iHGOpPMAIlis, JO03BOJSE AKICHO Ta KUIbKICTHO OIIIHUTH
(GyHKIIIOHAJIBHUN CTaH OpraHi3My, BCTAHOBUTH TIOPYIICHHS Ta BIIXUJICHHS
napaMeTpiB BiJl HOpMaJIbHHUX, a00 JOIMYCTUMHUX 3HAYCHb.

[apopmalliss  3YUTYETHCA  TOJOBKOIO  TpUIAAy Ha  aHI30TPOIHHX
KPUCTATIYHUX HAMIBIPOBIMHUKAX 1 HAKOMUYYETHCS Ha KaceTi 13
3amam'sIToByrOUMM mpuctpoeM. Kacera mij yac BUMIpIOBaHb PO3TAIIOBYETHCS HA
BifictaHi 1 cM BiJ JOCHIIKYBAaHOI TMOBEpPXHI, MPUUOMY iH(OpMAIliI0 MOKHA
3UNTYBaTH y JIBOX PEKMMax, SKi 3a7al0ThCsA Tepe]] BUMIPIOBAHHSIMHU CaMUM
JOCIITHUKOM: a00 y AMCKPETHOMY DPEKHMMIi depe3 TMEeBHI, 3a3[ajeriip 3aaaHi
MPOMDKKH dacy, abo — y Oe3mepepBHOMY pEXHMI, TPH SKOMY Yy TaM'Th
MPUCTPOIO TocTymnae iHdopmarris, sika IEPeTBOPIOETHCS Y rpadivHi 3aJI€KHOCTI.
['onoBka, sika 3unTye iHPOPMAIIIIO 3 KACETO I HAKOMUYCHHs iHpopMaIrii Ta
MIPOBEJICHHS BUMIPIOBaHb Ma€ po3Mip mayku nurapok. Baxkwute O6ims 100 T ta
3'€elHaHa 3 MEPCOHAIBHUM KOMIT'IOTEPOM, a00 HOYTOYKOM KaOeneM, JTOBKHUHOIO
1.5 M. OpHOYacHO 3HIMCHIOETHCS Bi3yaui3allisi BUMIPIOEMUX  CHUTHAJIB Y
urdpoBoMy BUIIISIAI HA eKpaHi MoHiTopa. Ilicms oOpoOku 3a AOMOMOIOIO
CHEIiaTbHO PO3p00JIEHOT TPOrpaMu B TPOIECOPi MPUCTPOIO, PE3YIBTATH IS
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MOJAJIBIIOTO aHANI3Y Ta NPUUHATTA PIIEHHS NEePEeNaloThCs Y BUIIIAI TaOJIULb,
rpadikiB Ha €KpaH MOHITOpa, (OPMYEThCS TEKCTOBUI IMOBIPHHMI J1arHO3 Jis
MOJAJIBIIOTO TOIJIMOJEHOro CrenianizoBaHoro ooctexxeHHs.  IIporpamue
3a0e3MeUeHHs] KOMIUIEKCa JI03BOJIsiE€ 3A1MCHIOBAaTH HaKOMWYEHHs 1H(opmailii,
OMEpPAaTUBHO  pEaNi30BYBaTH 1i MOPIBHAHHA 13 OTPUMAaHUMHU paHille
pe3yiabTaTaMl BHUMIPIOBaHb, a TaKOX - 3 CTAJIOHHUMH rpadikaMu, sKi
BIJIMOBIAI0Th HOPMAJIbHOMY (DYHKLIOHYBAHHIO TOCIIIJ)KYBAaHUX OPTaHiB.

JlocnipkeHHsT TpOBOAMWIMCS 0 1 TICAS 3IIHCHEHHA OmepaiiiHux
BTpy4YaHb, a TaKOXX — dYepe3 JeKUibka IHIB micisg omepauii. Lle mo3Bossuio
BCTAHOBUTHU SIKICHY KAapTHUHY 3aro€HHs MiCJIsONepaliiHuX IIBiB, MIBUAKICTb
3arOE€HHS y XBOPUX PI3HUX BIKOBHX TPYI, IICJS ONMEPaTHBHUX BTPYy4YaHb IO
OPUYMHI JIIKYBaHHS MEPEJIOMIB 1 BCTAHOBJIEHHIO IITYYHHX CYIJIOOIB HMXKHIX
KiHI[IBOK. MakeTHHIl 3pa3oK mpuiamy, 3a pe3ylabTaTaMd BUIPOOOBYBaHb
3a0e3nedye BHUMIPIOBaHHS €HEPreTUYHOi OcCBiTIeHOCTI B aianazoni 10 - 20000
Br /M? 3 TouHicTiO He ripmie £6% NPy HOPMAIbHUX yMOBaXx. IIpu IbOMY
Hanpyra kuBiieHHs 9B 1 ctpym ckianaoTe He O6utbmie 100mA, mo 3abesneuye
HeTiepepBHY poOOTy Ha mpoTs3i 8§ roauH. [Y-mpuiiMay ocHaIIEHUH KPEeMHIEBHM
¢uibTpoM ToBHIMHOIO 0,5MM Ta 3a0e3neuye poOoUnid 1iarna3oH BUMIPIOBaHb Bl
2 o 16 MikpoH 13 KoedilieHToM nponyckaHHs He MeHIie 60%.

JUis moJiermeHHss poOOTH, 3pYYHOCT] 1i BUKOHAHHS IPWJIAJ] OCHAILCHUN
3BYKOBOIO Ta CBITJIOBOIO CHTHANI3alli€l0, LI0 JA03BOJSE MPU JUCKPETHUX
BUMIPIOBAaHHSIX YITKO BHUTPHUMYBAaTH 4Yac eKCIIO3MIIi KOXXHOT'O BHUMIpY, a
MEIWYHIA cecTpl abo JIKapo — MEHIIe BTOMJIIOBATHCh NPH BUKOHAHHI
IpoLelyp BUMIPIOBAHHS TEIUIOBMX IOTOKIB 3 KOXHOI JOCHIJIKYBAaHOI TOYKH.
Bigcranp MK HUMH TOYKaMH, a TaKOX PEXKUM IMPOBOAUMOTO TOCITIIKCHHS
Jmikap, abo MelcecTpa BCTaHOBIIOKOTH PI3HUMH, B 3aJI€KHOCTI Bl MICIA
oOcTe)keHHS Ta crenudiku JOCHiKyBaHOTO po3nany abo 3amaneHHs. [lpu
HEOOXITHOCTI OOCTEKEHHsSI TOBTOPIOETHCS B IHIIOMY, HOTPIOHOMY JIiKapio
PEXKUMI, SKUHA BBAXKAETHCS OLIBIN AOMUIBHUM B TOMY UM IHIIOMY KOHKPETHOMY
BHUIMQJIKy. 3a JOTOMOrol KoMIUIeKcy «Tepmomia» po3poOieHi BiAMOBITHI
METOIM TIEPBUHHOI JIarHOCTUKH B IYJIBMOHOJIOTiI, Xipyprii Ta HEBPOJIOTii,
OHKOJIOT1l, TPaHCIJIAHTOJIOT1, Kl MOKa3ajlu CBOI BHUCOKY €(EKTHUBHICTH Ta
HaIIHHICTb.

Crincox BUKOPUCTAaHUX JIKepe:
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2016. — c. 200-202.

122



VJIK 535.2:004.9
TEPAI'EPIHOBA CIIEKTPOCKOIIIA ®IJIAMEHTY JJIA 31 APYKY
3aiiuenko H.A.
HaykoBuii kepiBHUK — K.T.H., 1011 3aiiuenko O.b.
XapKiBChbKUI HalllOHATBHUM YHIBEpPCUTET pajioeneKkTpoHiku, kad. MEEIIIT
M. XapkiB, YKpaina
ten. +38(057) 702-14-94, email: nataliia.zaichenko@nure.ua.

This work is devoted to teraherz spectroscopy in time domain of filament
for 3D printing. The relevance of the topic of this study is confirmed by a large
number of modern publications on this issue. The subject of research in this
paper is the determination of the refractive index of a filament for 3D printing.
The scientific novelty consists in taking into account the solidification of the
filament during the manufacturing process, the presence of metal impurities, and
taking into account the rate of filament supply from the extruder. The practical
value lies in the possibility of using recycled materials for processing into
filament, thereby solving environmental problems.

PobGora mpucssueHa yJaOCKOHAJIEHHIO METOJIIB Ta MOJIEICH TepareprioBoi
CHEKTPOCKOMii y 4acoBiii oOmacti uramenta ans 3D apyky. AKTyaJbHICTb
TEMHU JAHOTO JOCIIIHKEHHS MIATBEPIKYETHCS BEIUKOIO KUIBKICTIO CYYaCHUX
nyOJikaiiid 3 1mporo mnuTaHHS [1-5], K1 TPUCBSYEHI pPAAY HEBUPINICHUX
npobaeM. [IpeameroM mociiJKeHHS y il poOOTI € BU3HAYCHHS ITOKAa3HUKA
sasiomieHHs dinamenty mis 3D apyky. HaykoBa HoBH3Ha monsirae B OOJIKY
comaidikaii ¢iTaMeHTy y TMpolieci BUTOTOBJICHHS, BpaxyBaHHIO HasBHOCTI
METaJeBUX JOMIIIOK, OOJIKY MIBHAKOCTI Mojadi ¢ilaMeHTy 3 eKCTpylepa.
[lepeniueni (akrTopu NPU3BOAATH A0 HEBHU3HAYCHOCTEH, BPaXOBYIOUH SKI Ta
BHOCSIYM TIONIPABKH JI0 PE3yJIbTaTIB BUMIPIOBaHHS, MOXHA TiABUIIATH TOYHICTh
KepyBaHHs TEXHOJOTIYHMM TMpolecoM. IIpakThyHa I[IHHICTH TMOJATAE Y
MO>KJIMBOCTI 3aCTOCYBAaHHS BTOPUHHOI CHPOBUHHU JIJIs1 TIepepoOKu Ha (hiTamMeHT,
TUM CaMUM BHPIITYIOYH €KOJIOT14HI MPOOIEeMHU.

3D npyk BHKOPHUCTOBYETHCS JJII BHPOOHHIITBA JIyKE IIUPOKOTO CIEKTPY
pedeii: Big TPOTOTHINB JeTajed IS CHCTeM aBiOHIKM Ta oOOJagHaHHS
MIPOMHUCIIOBOCTI, Ta IO IUJIOTO PSANY MPEAMETIB MOOYTY, TaIKETIB Ta Irpaiiok.
Opnak mpu BUTOTOBIICHHI PI3HMX BHUPOOIB ICTOTHO BIJIMBA€ Ha IX SKICTH
KOHTPOJb TapameTpiB (imamenty. dDinaMeHT Ma€e pPi3HOBUAM, KiacuQIKaIiio
SKUX TYT HE HABOJIMMO, ajie B3aram (pilaMeHT HaJleKUTh JI0 KIJIAcy MOJIiMEpiB.

VY cycimabOMy a0 TeparepiioBoro MmikpoxsmiboBoMy (HBY) miamaszoni
OMHUM 3 3aco0iB BHMIPIOBAaHb [IEICKTPUYHOI MPOHUKHOCTI PEYOBHH €
JBAHAISATUIIONIOCHUNA CKaJISApHUN aHajizaTop Kim [1], mo € m10JaTKOBOIO
OMITI€0 70 TPAMMIIIMHUX JJIs JBAHAMNSATHIIONIOCHUX aHAJI3aTOpiB oOreparin
BU3HAYEHHSI MOTY>KHOCT1, KOMILJIEKCHOTO KoedillieHTa BIIOUTTS HABAHTAXKCHHS
ta 1H. KoedilieHT 3aI0MJIeHHSI, SKUW HAC LIKAaBUTh, € KBaJPAaTHUM KOPEHEM 3
JIEIEKTPUYHOI MPOHUKHOCTI, SIKIIIO MaTepiajl He Ma€ MarHITHUX BJIaCTUBOCTEH
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K, Hanpukiaal, ¢uiameHT IlpuunHamu depe3 ski He HAOYJIO pO3BHUTKY
BUMIPIOBAHHS 3a JIOIIOMOT OO JIBAHAISITUIIOIIOCHUKIB napaMeTpiB
TIENIEKTPUKIB € HEBEJIMKAa TOYHICTh 1 BJIACTHUBOCTI BUIPOMIHIOBAHHS
MIKPOXBWJIBOBOTO  Jlala3oHa, SKI  BHUMAararoTb  €KpaHyBaHHsS  JDKepell
BUIIPOMIHIOBaHHS BiJl JIIOJMHU-ONEpatopa. Bce 1€ CHoHykamo A0 MOHIYyKY
aNnbTEpPHATUBHUX METOJIB Ta 3aco0iB A€(PEKTOCKOMii y IHIIMX CYMDKHHX
nlama3oHax 4acToT.

JloHenaBHa uepe3 BIICYTHICTh €(EKTUBHUX JDKeped Ta NpuiiMadiB
teparepiioBa (TI'1) 06acTh 4aCTOT B aHTJIOMOBHIH JliTepaTypl OTpUMala Ha3By
"Terahertz gap". Ilpore, 3a ocTaHHI ABAAUATh POKIB, 3aBASKU 3YCHIUIAM
NPOBITHUX AOCHIAHUX TPYI Y PI3HUX KpaiHax OyB 3A1MCHEHHI 3HaYHUN TPOPUB
y OCBOEHHI I1bOTO Jiama3oHy: 3'IBUNUCS JoKepena Ta mnpuitmaui TI'n
BUIIPOMIHIOBAHHS K 3 BHKOPHUCTAHHSM OINTHYHUX METOMIB TIeHepalii Ta
JICTEeKTYBaHHSI BUIIPOMIHIOBAHHS, TaK 1 13 3aCTOCYBaHHSM MIKPOXBHJIHOBOIO
IiIX0/1y, @ TAKOX OyNM CTBOPEHI 3 iXHbOi ocHOBI TI'11 ciekTpomeTpu. UuciaeHH1
JTOCHIDKEHHST  JIEMOHCTPYIOTh ~ MEPCHEeKTUBHICTH  3actocyBaHHs  TIn
CHEKTPOMETPIB [IJIsl aHali3y PEYOBUH Yy PI3HOMY arperaTHOMy CTaHI y pI3HHX
rajy3sx, TakuX sK pagloeJeKTPOHIKa, MeIUIIMHA Ta 0610J10T1s, CUCTEMH OE3MEKH.
BumiproBanHsa y 4acoBiii 00JacTi TPYHTYETbCS Ha JMCKPETH3allli HEBIJIOMOIO
TI'n monst 3a JOMOMOTOI0 BiIOMOTO (PEMTOCEKYHIHOTO JIa3€pHOrO IMITYIIbCY,
AKUW Ha3UBAIOTh IMITYJIBCOM 3UMTYBaHHs. TeparepiioBa CIEKTPOCKOMIS Yy
4acoBiil 007acTi BUKOPUCTOBYE 3TOPTKY KOPOTKOTO IMIYJIBCY 3YUTYBaHHS 3
JOBIIIMM TeparepuoBuM iMmyiabcoMm [2]. Orsia miTepaTypHUX JKEpeN MpHUHIC
Taki KOPUCHI Pe3yJIbTaTH JJI MOAAJBIIOTO OMPAIIOBaHHS: Y BUJIAHH1 [3, po3ia
13] mpoBeeHo KiTbKICHHM aHami3 Pi3MKO-XIMIYHUX BIACTUBOCTEH KIICHOBHX Ta
nasHuX 3’€JHaHb TModiMepiB. BigoMocTi mpo HEBHM3HAYEHOCTI BiJl HEBIIOMOI
TOBIIUHU JOCIIJPKYBAHOTO 3pa3ka Ta iH. MICTAThCS y [4] TlepcnekTuBHUM €
MOJICITFOBAHHS, IPOTOTHUIIOM SIKOTO MOYE CTaTH ImyOikaris [5].
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Creation and study of a biconical resonator with the possibility of its
application for excitation of plasma sources of optical radiation. This work
describes the process of developing a model of a cavity resonator to study its
characteristics, namely the distribution and power of the electromagnetic field
inside the volume.

PonpaiamazoHyHaIBHCOKMXYACTOT (HBY)
3pOCTAE3KOKHUMPOKOMY3B s13Ky30 yPHUMPO3BUTKOMCAMUXPI3HUXCPEPHAYKH —
KBaHTOBOICJICKTPOHIKH,  pajiojoKallii, 3B 3Ky, OCBITIIIOBAJIbHOITEXHIKH,
TaK0»XHAIBUCOKOYACTOTHIPHIIATUIITUPOKOBHKOPHUCTOBYIOTHCSIBPAKETHIH,
aTOMHIATaKOCMIYHUXTaTYy35X. HapocTarounii monuT B psaji obacTed MeIUIIMHI,
IPOMHUCJIOBOTO Ta CUIBCBKOTO TOCIOJAapCTBa MOTPEOYIOTH BIPOBAKCHHIO
BUKOPUCTAHHS TeXHIKHM Ta nprmianiB HBU-enekTpoHiky.

Haiimomupenimumu enemenramu HBUY TexHiku € 00’eMHI pe3oHaTopu
3aBISKM 1X 3aCTOCYBAaHHIO B PI3HUX MPHUCTPOSIX, SK YacTOTHI (PUIBTPH Ta
PE30HAHCHI KOJMBAJIbHI CHCTEMHU TI'€HEpaTopiB, MiJICHIIOBAYiB, MPUHAMaIbHUX
OPUCTPOIB, aHaNI3aTOpIB CIEKTpa Ta IHIIE, 3 METOI HaKOMWYyBaHHS
€JICKTPOMArHiTHOI eHeprii B 3aMKHEHOMY ab0 Maiike 3aMKHeHOMY 00’ emi [1].

Merta poOoTH — HOCHiIKEHHS OIKOHIYHOTO PE30HATOPY 3 MOJKJIIHBICTIO
3acTOCyBaHHS Horo s 30y/DKEHHS IJIa3MOBHUX  JKEPENT  ONTHYHOTO
BUIIPOMIiHIOBaHHS [2].

JJist CTBOPEHHSI TA30BOTO PO3PSIAY 3aCTOCOBYETHCS €IIEKTPOMArHITHE TOJIE,
30ymkene 3oBHimHIM HBY renepatopom B OikoHidHOMY pe3oHaTopi [3].
bikoHiuHMi pe3oHaTOp Mae€ psAI TepeBar Tepea IHIMUMHA 00’ €eMHUMH
pe30oHaTOpaMHu, a came:

— Mae€ TaK 3BaHI 3aKpUTHUYHI 005acTi, 3MIHM B SKHX HE BIUIMBAIOTh HAa
CTBOpEHE BCepenHI TO0JIE;

— TEOMETPUYHI TMOXMOKM Maibke He BIUIMBAIOTh Ha KIHIEBI TapameTpu
noJist [3];

— Ha BIAMIHY Bil UIWIHIPUYHOTO MEHIN YyTIMBAA J0 MEXaHIYHOT
MEePECTPOIKHU, IO TO3BOJISIE TUNIABHO PETYIIOBATH YaCTOTY TMOJIS;

— JIOBXXMHA TIEPECTPOMKH (32 JOMOMOIOI aKCIaJbHOI'O CTPHOKHS) OinbIma 3a
JTOBXKHUHY IWTTHAPUIHOTO [3].

s enexrpoanHamiyHoro MojentoBaHHss HBY-npuctpoiB Ta mosiB B Halll
4ac IIMPOKO BUKOPUCTOBYIOThCS CreliajibHI mporpamHi mpoayktu: Comsol
Multiphysics, QuickWave, CST Studio Suite Ta 6araTo 1HImUX. 3 BOTO CHUCKY
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Tpeda Buaumutu Comsol Multiphysics, sikuil Bpaxae CBO€I0 MyIbTHU(PI3UUHICTIO,
aJpKe came 1d OMIlisl Hala€ MOKJIMBICTh, CTBOPUBIIM OJIHY MOJEIb, JOCIIIUTH ii
“31 Bcix cTtopin” [4]. Tomy came B Comsol Multiphysics Oyna cTBopeHa Mojienb
OIKOHIYHOTO pe3oHaTopa, [JIsi BU3HAYEHHS PO3MOJAULY Ta MOTY>KHOCTI
€JIEKTPOMArHiTHOTO TOJIsl B cepeAnHi 00’ emy.

[Ipouec crtBopenHs wmogneni B Comsol Multiphysics mnpoBonutbes B
JEKUIbKa eTamiB: OyJqoBa TreoMeTpli OIKOHIYHOTO pe30HAaTOpa, BU3HAYEHHS
MarepialliB CepeJIoBHUINA, BUOIp PO3PAXYHKOBOI CITKM Ta caM pPO3pPaxyHOK 3
OTPUMAaHHSM HEOOXITHUX pe3yJbTaTiB MoJeItoBanHs (puc.l.1).

Model Builder - *  Settings .

t L TEEE- Material

LraEEn| ¢y @ @@ B «2E2- a- T fNea@BE T
4 % bicone_2.1.mph (root) 1=}

Variable | Value
ansi...|alpha_... alpha_p.
Mn |0.028971...
muB | muB(T)
mut i, |1

epsilo... 1

Pucynok 1.1 — Moaenb GIKOHIYHOTO pe3oHaTopa
Otxe, B X011 poO0TH OyJI0 BUKOHAHO aHai3 MPOTPAMHUX MPOIYKTIB s
€JICKTPOMArHITHOTO MOJICIIIOBaHHs, TPOBEACHO IOPIBHAHHSA XapaKTEPUCTHUK
pi3HUX 00’€MHHMX pPE30HATOPIB Ta CTBOPEHO MOJIENIb OIKOHIYHOTO pEe30HATOpa
JUIA  TIOJAJIBIIOTO WOTO JOCTIDKCHHS 3 METOK 3aCTOCYBaHHS HOTro JuIs
30y KSHHSI TIA3MOBUX JDKEPEI ONTUYHOTO BUITPOMIHIOBAHHS.
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The creation of virtual laboratories in order to master the knowledge and
skills of working with technical devices in a pandemic allowed not to stop the
educational process in various educational institutions. In this work, the virtual
laboratory stand provides an opportunity to get acquainted with the principle of
operation of the solar battery and to study its volt-ampere characteristics and
determine other parameters of the device. The advantages of this technology are
simplicity, clarity, free and online access.

[Toxii 2020 poky NmpUBEpHYJIU yBary BChOTO CYCIUIBCTBA JO TEXHOJIOTIN
nucraniiiHoro HaBuaHHs. [langemiss COVID-19 3pobuiia HEMOXKIIMBOKO OYHE
HaBYaHHS, a JUCTAHI[IHHE HABUaHHS CTAJI0 €IWMHOI0 JOCTYIHOK (GopMOIO B
3aKiaax BUIIOT OCBITU. [{ucTaHIiiiHe HaBYaHHS — OJHA 13 (POPM HABUAHHS, SIKA
BUHUKJIA ¥ yIOCKOHATIOBAJIACA Pa30M 13 PO3BUTKOM IHTEPHET-TEXHOJIOT1H, 1 Ha
CBhOTOJIHI Ma€ YITKI XapakTepHl O3HAKHW, NPUHIUIN 1 TIEBHI METOAWYHI
HanpairoBanHda. JloTenep aucTaHIiiHE HABYaHHS OyJIO HE Jy>KE MOIIUPEHOIO
dbopmoro, 3a3BUYal, I TOPOCIHX JIoAe ab0 yUHIB, SKI MPArHyIu MOJIMITATH
Ta TOrIMOUTH CBOI 3HAHHSA Ta BMIHHS Yy TIeBHIA Tamy3i, aje 3apa3 3
PO3MOBCIOJKEHHSIM ~ JIAHOTO METOJly OTPUMAaHHS OCBITH CTajla TOCTpPOIO
HEOOXITHICTIO ajanTallii B HayaJlbHOMY TpOLECi y BHUIJIAAI BipTyaJbHUX
JabopaTopHUX PoOOIT 3 MOXKIMBOCTIO I1X BHKOHAaHHS 0€3 JOCTymy 10
HEOOXITHOTO TEXHIYHOTO O00JIaHAHHS.

Mera naHoi poOOTH — CTBOPEHHS BIPTYyabHOTO J1aOOPATOPHOTO CTEHIY
JUIsT  O3HAWOMJIGHHS 3 TpHHIOUIOM pobotu coHsyHOoi Oartapei (Cb) Ta
nociimkerb i1 BAX (BonbT-aMIepHHX XapaKTEpUCTHK) 1 BU3HAYEHHS 1HIINX
napameTpiB.

JIist CTBOpEHHSI CHUMYJSITOpa JabopaTOpHOTO CTeHAy Oyina BHKOpUCTaHA
onnaiH-iporpama Tinkercad (Autodesk) [1], sixka mo3BOJsi€ CTBOpIOBATH Pi3HI
aHayoroBi 1 MUQPOBI EIEKTPOHHI CXEMH Ta OCBOITM HAWMPOCTINI TPUHOMHU
MpOrpaMyBaHHSI ~ MIKPDOKOHTPOJIEPIB, a TaKOX Ma€ BeCb HEOOXITHUI
iHCcTpyMeHTapiit aiis STEM-ocBitu, a came:

- 0e3KoImTOBHUI online-cepBic Ta cepe0BHUIIE MOIEIIOBAHHS JIJIsl POOOTH 3
CJIEKTPOHHUMHU CXEMaMU;

- 3py4Huil rpadiuHUil peJakTop A Bi3yaibHOI MOOYAOBH €IEKTPOHHUX
CXeM;
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- HasBHICTh BJIACHOI €JIEMEHTHOI 0a3u sl CTBOPEHHS NPOEKTIB, B SKHUX
BUKOPUCTOBYIOTHCS €JIEKTPUYHI JJAHIIOTH;
- MOKJIMBICTH 1HTErpauii nporpamu B Google Classroom Ta iHie.

[Ipu cTBOpEHHI BIPTYaabHOro J1A0OPATOPHOrO CTEHAY CUMYIISALIi poOOTH
Cb Oynu BHUKOpUCTAaHI B EJEKTPUYHIA CXeMl Takl eJeMEHTH: JiaMIia
pOKAPIOBAHHSA, IOTEHUIOMETP, COHSYHUWA  €JIEMEHT 3  MOXJIMBICTIO
BCTAHOBJICHHS! BJIACHUX 3HAYE€Hb MaKCHMAJIbHOI HAINpyrd Ta CTpyMy 1 ABOX
MYJIBTUMETPIB, Yy PEKHUMI aHaNI3y Hampyru Ta aHamizy crpymy [2]. Cxema
71a60paTOPHOrO CTEHY JUISl AOCIIIKEHHS BOJIbT-aMIepHUX Xapakrepuctuk Cb,
noOynoBaHoi B oHnaitH-cepeosuii Tinkercad, HaBeneHo Ha puc. 1.

[7]
T — IO:--0

L B« »BOC @B — - [0 Kon B HauaTs MogenHpoBaHHe sendTo

i

Pucynok 1 — Cxema nabopatopHoro crenny «/locmimxenus podotu Ch»

[Ticns moOGynoBu eneKTpu4HOi cxemu, MoxHa ctBopuTH URL-nmocumanns
Ha TPOEKT, SIKUM MOXKHA TMOAUTUTUCS 3 IHIIUMHM YYaCHUKaMU HAaBYAIBHOTO
IpoIleCcy Ta MPOBECTH IMiTarliiiHe MoAenoBaHHs podotu Cb, a came mocniautu
3QJIEKHICTh CTPYMY Ta Hampyrdw BiJ CBITJIOBOTO IIOTOKY Ta OIOPY
HaBaHTaXCHHS. 3a pe3yibTaTaMHu BUMIPIOBaHb OyayroThes rpadiku BAX, ski
J03BOJIAIOTh BU3HAYUTH PEXKUM MAaKCUMAalbHOT TOTY)XHOCTI 3a BHPa30M
Imax * Umax (MakcumanbHi poOodi CTpyM 1 Hampyra) Ta po3paxyBaTd 3HAYCHHS
IIUIBHOCTI MTOTOKY BHIPOMIHIOBAHHS, TIOTIK eHeprii BunpoMinroBanHs ta KK/I.

Sk pe3ynbTaT, BUKOPUCTAHHS CUMYJATOPIB Y TOETHAHHI 3 TPaaUIlITHUMU
dbopmaTaMyu HaBUYaHHS MIJBUIIUTH SKICTh Ta JOCTYNMHICTH BHINOi OCBITH Ta
J03BOJINTh BHKJIQJadaM Ta CTyJE€HTaM BHUKOPHUCTOBYBATH INHUPIINK HaAOIp
CepBICIB Ta  MarepiagiB y JWCTaHIIHHOMY  OCBITHROMY  TPOIIECI,
BUKOPUCTOBYIOYHM paHIIle HAmpalboBaHI HAyKOBO-METOJWYHI Ta HAaBYAIbHI
Marepiaiiv, SKUMH BOJIOIIOTh HaBYAIbHI 3aKJIa A HA JAHWA MOMECHT.
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Photonic crystal waveguide with ferrite elements is considered. Numerical

investigations of electrodynamic characteristics of the waveguide are performed
on base of packages MPB and MEEP using. Dispersion characteristics and
spatial distributions of the electromagnetic field components are calculated.
One-way guiding due to effect of external magnetic field is shown by means of
band diagrams and time scaling calculations.

MaruitoonTu4Hi1 Marepianu XapaKTePU3YIOThCS aH130TPOTIEIO
€JIEKTPUYHOI ab0 MAar”HiTHOI MPOHUKHOCTI, KOHTPOJBOBAHOI 30BHILIHIM
Mar”iTHUM mojieM. Marepian kiIacuiKyeTbesl 5K MarHiTOONTHYHHM, SKIO BIH
BIUTMBA€E HA XapaKTEPUCTUKH MOUTUPEHHS CBITIA, KOJIU IO HHOTO MPUKIAIA€ThCA
30BHIIIHE MarHiTHe Tmojie, abo cam wmatepian € depomarnerukom. Lli
BJIACTHBOCT1 3aCTOCOBYIOTHCSI B KOHCTPYKIIISIX HEB3a€EMHUX MPUCTPOIB, TAKUX K
ONTUYHI 130JIATOPH, IUPKYIATOpH Ta Tipatopu [1, 2]. [3omaTopu nmpusHayeHi
JUISL 3aXUCTy ONTHYHUX JHKEpeN BiJ BIAOMTOTO CBITIA 1 MPUCYTHI B CHCTEMax
ONTUYHOTO MIJCUJICHHS. Hupxynstopu BUKOPHUCTOBYIOTHCSA AK
MapIIpyTH3aTOPHU CUTHATIB 1 JIIFOTh B MPUCTPOSX, K1 BIIOKPEMITIOIOTH JOBKUHU
XxBWIb B cucremMax WDM (cmektpanbHe yuiuibHEHHS KaHamiB). OOepraHHA
IUIOIIMHKA TIONSApHU3allii THpH TPOXO/HKEHHI CBITJIa Yepe3 MarHiTOONTHYHI
MarepiaJd  3aCTOCOBYETBCS  TAaKOX  JUII  PO3POOJICHHS  Mpenu3idHUX
BUMIPIOBAIBHUX MPUCTPOIB Ta CEHCOPIB 3 BUCOKOIO YYTIUBICTIO.

Ani3oTpomiss (QepoMarHiTHUX MarepiaixiB BUKIUKAHA 3aCTOCYBaHHSIM
MMOCTIHHOT'O MarHiTHOTO IMOJIA 3MimeHHs. [le moje BUpiBHIOE MarHiTHI JUIOJI B
Marepiami, I1mo00 CTBOPUTH YUCTUN (HEHYJIHOBHI) MAarHiTHUN JUTOJbHUN
MOMEHT, 1 3MYIIye MAar”iTHI JWMONI  TpelecyBaTd 3  YacTOTOIO,
KOHTPOJBLOBAHOIO  CHJIOK0 ToJisi  3MimieHHs.  KOpHCHOIO  BIAcTHBICTIO
dbepoMarHiTHUX MarepiagiB € Te, 10 B3aEMOJIEID 3 TPUKIATCHUM
MIKPOXBHJIHOBHM CUTHAJIOM MOKHA KEPYBATH IIJISTXOM PETYTIOBAHHS CHIIH TIOJIS
3MIIIEHHS.

B pamiit  poboTi po3risiHyTa ABOBUMIPHA KOMI'IOTEPHA  MOJCIb
HEB3aEMHOTO ()OTOHHO-KPUCTATIYHOTO XBHJIEBOAY, IO MICTUTh (PepUTOBi
enemeHnTd. CxeMa XBUJIEBOJlY MpencTaBieHa Ha puc. 1. BuaHo, mo obonoHka
MyCTOTLIOr0 XBUJIEBOJHOIO KaHay GOpMYy€eThCsl OTOHHUMH KpHCTalaMu JIBOX
pizHuX KoHbIrypamii. JlucnepciiiHi XapakTepUCTUKU (OTOHHUX KPHUCTAIIB, IO
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(GopMy0Tb  OOOJIOHKY  XBWJIEBOJY, pPO3paxoBaHI 3  BUKOPHUCTaHHSIM
cnenianizoanoro mnakery MIT Photonic Bands (MPB) [3]. Pesynbtatu
PO3paxyHKIB MOKa3ylOTh, 1[0 B yMOBaxX HAasBHOCTI 30BHIIIHHOTO MAarHiTHOTO
noyigs (epuToBUN (POTOHHUN KPHUCTAI Ma€ J0JATKOBY 3a00pOHEHY 30HY. B
[IbOMY Jiala3oHi 4YacTOT AOCIIPKYBaHUM XBWJIEBIJ CTa€ HEB3aEMHUM, TOOTO
XBWJISI MOXE PO3MOBCIOJKYBAaTUCS B HBOMY TUIBKM B OJHOMY HAIPSMKY.
@DakTUYHO, B LIbOMY BHUMAJAKY peali3yeTbCs ONTHUYHUN A10]1. XapaKTEPUCTUKU
PO3IMOBCIOKEHHS XBUIII B (OTOHHO-KPUCTATTYHOMY XBUJIEBO/I1
po3paxoByBaiucs 3a pgomomoroto makery MIT Electromagnetic Equation
Propagation (MEEP) [4].
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................
.................
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Pucynok 1. Cxema (pOTOHHO-KpUCTATIYHOTO XBUIIEBOA.

Takum dYWHOM, Ha OCHOBI OTPHUMaHUX B POOOTI pe3yJabTATIB MOXKHA
JOCIIJDKYBAaTH Ta TPOEKTYBAaTH (POTOHHO-KPHUCTATIYHI MPHUCTPOI, SAKI MICTATH
¢dbepuTOBi TIPOTPOIHI eleMeHTH. UyTIMBICTh XapaKTEPUCTUK 10 30BHIIIHBOTO
MarHiTHOTO TIOJIS Ja€ MOMJIMBICTh PO3POOJIEHHS KEPOBAaHMX XBHJICBOJIHHUX Ta
PE30HATOPHUX CTPYKTYp MJs 3a7a4 CEHCOPHKH Ta TOYHHUX BHMIPIOBaHb
eJICKTPOAMHAMIYHUX Ta MaTepiaJbHUX MapaMeTPiB CEPETOBHIIL.
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