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MEANS FOR A CLASSIFICATION TECHNOLOGY OF SYNTHETIC RADAR
IMAGES OF OBJECTS HAVING COMPLEX SHAPES

Introduction. Currently, research into the synthesis of wave images of reflected sound and
radio signals has been actively carried out, due to the fact a successful attempt to determine
the type of an object for which there is such an image requires either a very large sample base
or an intelligent recognition tool. An attempt is made to analyze and recognize the type of an
object of a complex shape (using ships as example) with the aim of its further use in applied
tasks such as creation of homing heads for anti-ship missiles.

© VOLKOV 0.Ye., BOGACHUK Yu.P., LINDER Ya.M., TARANUKHA V.Yu., VOLOSHENYUK D.O., 2022

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209) 5



Volkov O.Ye., Bogachuk Yu.P., Linder Ya.M., Taranukha V.Yu., Voloshenyuk D.O.

The purpose of the paper is to simplify and speed up the process of classifying objects
having complex shapes based on their reflected radar images. For this purpose, we consider
synthesized images generated on the basis of facet models. Then, on the basis of synthesized
images, recognition is performed using neural networks.

Results. It is shown that the method developed for recognition of synthesized images has
high reliability, and allows for building of a technology in the future. The elaborated model of
image generation provides for a possibility of conducting experiments exclusively in a digital
form, making thereby expensive live experiments unnecessary.

Conclusions. Despite very good results from a mathematical point of view, and in spite
of the available convenient tools, such as faceted models for creating radar images, the task
still requires further research, since the final product (technology) must be applied in the area
where the cost of an error is very high. As for now, the development of the neural network
approach looks the most promising.

Keywords: facet model, remote sensing, underlying surface, radar image.

INTRODUCTION

Currently, research is actively being conducted in the field of synthesis of wave
images for reflected sound waves and recognition of the resulting images [1].
These studies mainly concern systems and means of location, both passive and
active, based on sound waves. The next stage in this line of inqury is the
transition to active object location using radio waves.

Decimeter and centimeter range radars have wide practical applications in
tasks related to onboard radar stations (RS) of aircraft and, most importantly,
cruise missiles. At the same time, under the conditions of modern military
confrontation anti-ship missiles (AShMs) are at the same time the most common
and the most effective means for destroying ships.

Special attention should be paid to the complexity of the AShM electronics,
which should allow target search and identification, and long-distance route
planning without the need for prior course planning and/or external targeting. To
these ends, the USA has adopted LRASM AShM (since 2018), which meets all
the specified requirements. In Ukraine, the Neptune AShM was developed and
consequently adopted in 2020 which is a subsonic low-altitude AShM designed
to destroy not only ships with a displacement of up to 5,000 tons but also ground
targets. It was developed by the Luch a State Kyiv Design Bureau, on the basis of
the Soviet Kh-35 missile, in which development industrial enterprises of Ukraine
once participated.

The key component of AShM electronics, which gives the misiles such
capabilities, is a radar-based homing head (HH), owning to the use of phased
array antennas (PAAs) [2]. It was the development of antenna arrays (AA) that
led to increased AShM capabilities. Furthermore, the transition to digital antenna
arrays (DAA) increased the capabilities of missile technology.

Compared to a similar task of the active location of high-speed objects using
radio waves the task of location (targeting) of ships has a number of features that
complicate the development and possible use of such means. This is most
strongly manifested in the task of determining specific parameters, first of all the
shape of high-speed maneuvering objects. In the case of air-borne object, a high-
speed maneuvering object is usually an airplane, observing it for a certain period
of time, in addition to the distance, speed, and maneuverability assessment gives
the value of such parameters as the average value of the effective scattering
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surface or radar cross-section (RCS) and its dispersion [3]. The dispersion value
is an important parameter for recognition, as it contains averaged information
about the geometric properties of the aircraft. Yet, for both sea and river ships
due to their much slower speed of movement and much lower maneuverability,
the power of the reflected signal, which is a function of the RCS, has a much less
informative variance since the objects are hit with waves mainly from one of the
directions. In addition, there are other features requiring that the task of
researching the radar image of ships must be set and solved as a separate task,
and not just based on the results obtained for aircrafts.

PROBLEM STATEMENT

Let us consider the case when radio waves from the decimeter and centimeter
ranges are used to find and track a target. The research approach for this case is
based on the construction of models that reproduce the surface of the target, first
of all, on faceted models [4]. It is expected that it will be possible to classify
objects on the basis of emulating the signals reflected from these facet models.

A number of points are not considered in this paper, such as basic transformations
[5] of the time-frequency image, generalized features [6, 7], and Doppler effects [8].
The main element of this study is the RCS of the target as in [4, 9-11].

However, as noted above, the average RCS and its variance are not always
good sources of information. In our study, it is assumed that the reflectance
calculated from the surface (facet) model can provide enough information for the
identification of the characteristics of the object and, possibly, the complete
identification of the object. For this purpose we developed a surface model of the
object and a method of synthesizing the signal reflected from it.

To do this, an analysis of behavior of the value of the amplitude of the
reflected signal from the surface of model was conducted. For convenience, it is
assumed that the system of the emitter and sensor is monostatic, that is, the
source of radio emissions and the receiver are so close that the distance between
them can be neglected, or even the same physical antenna is used, which
alternately works for emission and for reception at different time intervals.

It is furhter assumed that the distortions induced by the model do not destroy the
effectiveness of the features that will be used for object recognition in the future.

The purpose of the paper is to create means for the technology of classification
of synthetic radar images for objects having complex shapes. It is based on RCS and
temporal characteristics of the amplitude of the synthesized radar image.

GEOMETRIC CHARACTERISTICS OF SURFACE MODELS

For many simple shapes, there are analytical formulas that allow obtaining RCS
values for shape at a given angle. It is assumed that the final RCS can be
constructed as the sum of elementary forms RCSs. Thus, Fig. 1 shows: a) a flat
square plate perpendicular to the direction of emission, b) a cylinder, and c) a
sphere. At the same time it is assumed that the wavelength (A) is much smaller
than the linear dimensions of the object (elementary form), and the distance D is
so large that the wave can be considered flat.

The dependence of RCS on the angle of emission is called the scatter diagram of
the target.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209) 7
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A) B) B)
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Fig. 1. Some simple forms and their RCS, where « is the side of the square, 4 is
the height of the cylinder, and d is the diameter (of the cylinder or the sphere).

a

Fig. 2. Triangular plate: a is
the base, b is the height.

When the angle of incidence of the wave is not the right angle (90°), the formula
for reflection from the plate at angle o takes the following form:

4 . 2
o= 41;1 (Smx(x)) cos? a (1)
‘= 2T a:ma @)

Since the surface model will most likely be formed as a faceted model, and will
consist of triangles, it is necessary to give the formula for the triangular area (Fig. 2).
2,2
- _ 4ma“h (3)
lrg 22
The value (3) is calculated for perpendicular exposure. However, under the
condition where emission hits at an angle, the formula becomes much more
complicated.
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irg * (COS (p cos B)?

0, =
o, 9) [(kasing cos 8)? — (kbsinB)?]? %

[(sin (kasing cos 0))? — (sin (kbsin®))?]? (4)
+(kbsin®)? +
(sin (2kasing cos8)  sin (2kbsing) 2
2kasing cos 8 ~ 2kbsin®

where 0, ¢ are the corresponding angles at which wave falls at the facet, & — coefficient
of multiplicity (k=1...n), a,b — dimensions of triangle, as before.

Using this formula it is possible to calculate the RCS of any faceted model
element by element if all the facets are reduced to a triangular form. At the same time,
the effects related to the phase of the reflected signal can also be taken into account
since when RCS is calculated by this method, the exact spatial coordinates of each
facet are known, along with the distances that affect the phase in which the signal will
arrive at the antenna.

However, a better alternative would be to directly calculate the RCS by using the
ray tracing method. In addition to the fact that exist ready-made free and commercial
libraries for this method it, among other things, theoretically allows the use of non-
triangular elements in the surface model, provided that there is a formula for them that
describes reflection (scattering).

For example, for a square plate, when the projection of the beam onto the plane of
the plate is parallel to one of the sides, the RCS values ¢ (depenfing on the angle o)
obtained by the ray tracing method are shown in Fig. 3.

o(a)
1400
1200
1000
800
600
400
200

0

0 5 10 15 Q

Fig. 3. An RCS (o(a)) graph depending on the angle a.
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A SHIP MODEL AND ITS REFLECTED SIGNAL

A number of features, such as basic transformations of the time-frequency
image [5], generalized features [6, 7], and Doppler effects [8] are not considered
in this work. The main element of this study is the RCS target as in [4, 9-11].

Fig. 4 shows a simplified faceted model of a ship, Fig. 5 dispalys visible
reflective (scattering) points (minimum reflective elements) are displayed, and
Fig. 6 presents the reflected signal, and Fig. 7 depicts the envelope of the signal.

As can be seen from Fig. 5, 6, and 7 there is a certain dependence between
the angle from which the scanning wave enters and the shape of the reflected
signal. The following parts of the signal corresponding to highly informative
features are of particular interest:

- the time interval before the wave has completely covered the ship;

- the time interval when the wave has not completely covered the ship.

Fig. 4. A ship model.

Visible reflect point: height = 100, heading = 10, dist = 1000
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Fig. 5. Visible minimal reflection elements (reflection points).
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Reflected signals RT: height = 100, heading = 10, dist = 1000
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Fig. 6. Structure of the reflected signal.

06 B

Signal envelope RT: height =100 heading = 10 dist = 1000
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Fig. 7. Envelope of the reflected signal.

Potentially, these parts of signal contain significantly more information compared
to the criterion that is based on the frequency correlation of fluctuations of the RCS of
the target during discrete tuning of the emitter frequency (as proposed in [7]).

SIMULATED SIGNAL RECOGNITION

Recurrent Neural Networks (RNNs) are a special class of supervised machine
learning models. They consist of a sequence of nodes with hidden states that have
nonlinear interaction. RNNs are mainly used with time series such as: speech
recognition [9], automatic anomaly detection in time series [10] etc. They serve a
good alternative to the ARIMA model [11].
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In a recurrent neural network, connections among nodes form loops. Every
cell contains a hidden state that is updated at each iteration using its previous
values. Such a structure creates the internal state of the network and works as a
memory.

The RNN equation is:

{St =fU-x +W:s.4), (5)
hy =gV -s.)

where x is the input vector, s is the hidden vector of RNN layer values, lower
indices ¢ and ¢-1 represent moments of time, 7 — the output vector of RNN layer
values, U — the weight matrix of the transition from the input layer to the hidden
layer, V' — the weight matrix of the transition from the hidden layer to the output
layer, W — the weight matrix of the transition of the states of the hidden layer
from the previous to the current moments of time, g and /' — the activation
functions for the initial and hidden layers, respectively.

Due to such architecture, RNNs are able to:

— recognize regularities, characteristics and dependencies in sequential and
time series data;

— store, remember and process complex signals for a long period of time;

— match the input sequence with the output sequence at the current time step
and predict the sequence at the next time step;

— reproduce any target dynamics after the training process, even with
adjusted accuracy.

However, RNNs are prone to explosive growth (or vanishing) of gradient
during training, making it difficult for such neural networks to learn long-term
dependencies.

In order to solve this problem, Long Short Term Memory networks (LSTMs)
were proposed in [12]. Their distinguishing feature is the existence of special
memory blocks in the periodic hidden layer which accumulate information about
the state. Each memory block has self-connected memory cells that store the
temporary state of the network and special multiplicative units called gates that
can control the flow of information. These cells and gates allow the LSTM to
capture the gradient at a node and prevent it from disappearing. The structure of
one LSTM cell is shown in Fig. 8.

By default, the activation function of all gateways is sigmoid. The output
value ranges from 0 to 1 and represents the percentage of information that is
allowed to pass out. The shape of the activation function is important and can
significantly affect the efficiency of neural network.

The hyperbolic tangent function is the default activation function for the
output gate of an LSTM cell. The main advantage provided by this function is
that it is symmetric about the zero of coordinate system, which helps with the
error backpropagation process.
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Fig. 8. LSTM node structure

HYRY
)

Every LSTM layer is characterized by:

- the matrix W;and vector b, which are the parameters of the forgetting gate;

- the matrix W, and vector b, which are the parameters of the input gate;

- the matrix W, and vector b, which are the parameters of the output gate;

- subindices ¢ and #-/ denote moments of time for each element.

The detailed procedure of an LSTM cell can be explained as follows using
notation from (5):

In the first step, the LSTM must decide what to forget. To this end,
information about the previous state of the memory is processed through the
forgetting gate f;

fo = 0 Wy [he—q, x|+ byp), (©)

In the second step, the input gate i, decides what should be updated. In
addition, the candidate vector C,” is updated:

ip= oW [he—p,x]+ D). @)
C;" = tanh (W, - [he_q, x| + be) )

In the next step, the memory state C, is updated as a combination of the two
parts above:

. ; x 9
Co=fr Cq+ip-Cp. ©)
Finally, the output gate o, is used to control the output 4,
0p = 0 (W -+ [he—q, Xl + D) ) (10)
hy = 0, X tanh (C;) (11

Therefore, every LSTM layer is characterized by:
the matrix W, and vector b, which are the parameters of the forgetting gate;

the matrix W, and vector b, which are the parameters of the input gate;

the matrix W, and vector b which are the parameters of the output gate.
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Fig. 9. A bidirectional LSTM Architecture [14]

To increase the performance and learning speed of LSTM neural networks,
bidirectional LSTM neural networks were proposed in the study [13]; they can
improve the performance of the model for sequence classification tasks. In tasks where
all temporal states of the input sequence are available bidirectional LSTMs train two
networks instead of one: the first network is trained on the input sequence and the
second on the reverse copy of the input sequence. This can provide additional context
for the network and lead to a more comprehensive study of the task.

The output sequence 4™ of the first network is iteratively computed using inputs in
the forward direction in the time range from # = 0 to t = 7. At the same time, the
inverse sequence 4*" is computed using the inverse time range from # = T'to = 0. Both
forward and reverse sequences are calculated using the standard LSTM state update
equations (6)—(11). The bidirectional LSTM layer generates an output vector y in
which each element is calculated using the following equation:

y = w(h™,hbW) (12)
where function 111 is used to concatenate the two output sequences. It can be a union
function, a summation function, an averaging function, or a multiplication function.

Another extension of LSTM multilayer neural networks is the "Attention"
mechanism [15]. The "Attention" mechanism in the deep learning model is a
model that mimics the attention of the human brain. When people observe
images, they are not looking at every pixel in the image. Instead, they selectively
focus their attention on some important parts of the image while ignoring other
unimportant parts of the same image.

THE CLASSIFIER INPUT

A set of reflected radar signals was generated for every ship model. For every
angle of observation the reflected signal was simulated (in 2 degree increments),
thus generating 180 samples for each ship. Table 1 provides information
regarding the parameters of the output radar signal, as well as the location of the
homing head relative to the ship.
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Table 1. Simulation parameters

Name in code | Value Parameter | Description
Location
dist 1000 m Distance to the homing head
phi -90° Angle between the vector from the ship
to the seeker head and the Ox axis
theta 5° Angle between the vector from the ship
to the seeker head and the plane OxOy
rotation_angle Changes in 2° Ship course

increments from 0 to 360

Heading Signal Parameters (Stored in the global GP dictionary variable)

w 1 GHz Signal frequency
length 100 ns. The duration of the signal

dt 0.05 ns. Discretization

phi 0 Phase shift

The following steps were taken for data post-processing:

- All generated signals were aligned to the maximal of them to be in a matrix
for training the neural network.

- All signals were replaced by their envelopes using an operator that
calculates the absolute value of the Hilbert transformation [16] to eliminate high-
frequency components of the signal that do not carry useful information.

- The discretization was reduced by a factor of 0.05 (by 20 times) to increase
the learning speed of the neural network.

- The data is divided into a training set and a test data set randomly in a ratio
of 4:1 to ensure the quality of the developed recognition algorithms.

THE CLASSIFIER NEURON NETWORK MODEL

A neural network model based on sequential bidirectional layers of the LSTM
type (Bidirectional LSTM) was used. The last layer of the network consists of
one neuron and determines the type of ship that the seeker head "sees" (civilian
or military). The network architecture is shown in Fig. 10.

The optimizer "Adam" [17] was chosen with the learning speed parameter
Ir = 10 . The quality function is the root mean square error value. Its equation
has the form

1 n
MSE (y,y*) = EZ(% —y:")? (13)
i=1

where y and y* are the expected and available output vectors, y; and y;* are
components of vectors, n — the number of values in each of vectors. The
optimizer tries to make MSE as small as possible. The major advantage of the
MSE function is that it is differentiable, so instead of subgradients one can use
normal gradients.
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Fig. 10. Architecture of the developed model

CLASSIFICATION RESULTS

Neural network training was conducted on 10 ship models. A military ship is
considered a positive class (“1”’) and a civilian ship is considered a negative class (“0”).

As characteristics of classification quality, we will use the following:

ROC curve — a graph that is created by plotting the true positive rate (TPR)
against the false positive rate (FPR). To quantify the ROC curve we also
calculated the area under it (50% means a random guess, 100% is a 100% guess).
This curve shows how the false positive and false negative rate will change when
the cutoff threshold is changed.

A cutoff threshold T, must be determined to calculate accuracy, sensitivity,
and specificity. If the output of the last neuron of the model is less than 7., we
believe that the model has recognized the signal as belonging to the negative
class. If the output of the last neuron of the model is greater than or equal to 7' we
believe that the model recognized the signal as belonging to the positive class.
We used a standard cut-off threshold of 7., = 0.5, which provides a balance in
the recognition of both positive and negative classes.

Maximum correlation criterion was chosen as the control method of
classification.
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Table 2. Classifier quality assessment

Parameter Neural network Maximum correlation
Accuracy 94.4% 55%
Sensitivity 100% 54%
Specificity 89% 56%

Area under the ROC-curve 98% Not calculated

ROC-curve (area below curve is 97.5%)

10

08 A

=)
@
L

False negative
o
I
!

0.2 4

0.0 4

0o 02 04 06 08 10
False positive

Fig. 11. ROC curve and the area under it for the neural network.

Maximum correlation criterion showed very poor performance so the area
under the ROC-curve was not calculated.

As can be seen from the table all reflected signals from warships were
correctly recognized by the neural network, and therefore these ships were
potentially destroyed. At the same time, only 89% of signals from civilian ships
were correctly recognized and remained afloat. Another 11% of civilian ships
were mistakenly identified as military.

Fig. 11 displays the ROC curve of the recognition results of two ships. This
curve is convex and is close enough to the ideal recognition curve. Therefore, we
consider the recognition result to be satisfactory.

The biggest problem in the recognition experiment was created by the
civilian ship model "Her Majesty's Hospital Ship Britannic". This is probably due
to the large number of different components of noticeable size on the upper deck.
They cause a complex envelope shape and complex envelopes are more typical
for modern warships.

In accordance with the given task the article demonstrates the method of
constructing a model of objects and radar reflections from them and considers the
general principles of the synthesis technique of reflective characteristics of
complex surfaces for short wavelengths. It is shown why and exactly how such a
model is built, and the existence of a significant difference in signal
characteristics for different angles is clearly demonstrated. The main advantage
of such a model is the possibility of conducting experiments exclusively in digital
form, without the need for expensive field experiments.
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CONCLUSIONS

According to the results of the software experiments, it is possible to assert the
success of the approach for the available data and under the introduced
restrictions, however we believe that it is necessary to continue the research in
order to increase the accuracy because the conditions of use of the systems that
will utilize this developing technology (or its elements) have a very high price of
mistake. Further research should continue in the direction of creating an optimal
recognition system, most likely it will be based on neural networks.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

18

Volkov O.Ye., Taranukha V.Yu, Linder Ya.M., Komar M.M., Volosheniuk D.O. Devising an
acoustic method for investigation of a complex form object parameters. Cyb. and Comp. Eng.
2021, Ne 4 (206), pp. 39-53.

. Voskresensky D.I. (ed.) Microwave devices and antennas. Design of phased antenna arrays

Textbook for universities. - 4th edition, revised and enlarged. - Moscow: Radiotekhnika, 2012. -
744 p. (in Russian)

. Kalinin T.V., Bartsevich A.B., Petrov S.A., Khrestinin D.V. Software package for model-

ing radar recognition systems, Software Products and Systems. 2017. V. 30, no. 4. pp.
733-738 (in Russian).

. Khrichov V.S, Legenkiy M.M. A faceted model of an object of a folding mold for the opening

of an electromagnetic rosette. Bulletin of Kharkiv National University named after V. N.
Karazin. Series "Radiophysics and electronics", (2019). V. 28, pp. 44-52. (in Russian)

. Chen V.C., Hao Ling. Time-Frequency transforms for radar imaging and signal analysis.

Artech House, 2002, 234 p. ISBN 978-1580532884

. Rihaczek A.W., Hershkowitz S.J. Theory and practice of radar target identification.

Artech House, 2000, 738 p. ISBN 978-1580530811

. Konovalyuk M.A., Kuznetsov Yu.V., Baev A.B. Identification of parameters of a multi-

point target from a complex radar image in broadband radar. 3rd International Confer-
ence "Acousto-optical and radar methods of measurement and information processing"
(ARMIMP- 2009), Suzdal, September 22—24, 2009, p. 48-52. (in Russian)

. Munoz-Ferreras J.M., Perez-Martinez F. On the Doppler Spreading Effect for the Range-

Instantaneous-Doppler Technique in Inverse Synthetic Aperture Radar Imagery. [EEE
Geoscience and Remote Sensing Letters. Vol. 7, No. 1, pp. 180—184, Jan. 2010.

. Graves A., Mohamed A., Hinton G.. Speech Recognition with Deep Recurrent Neural

Networks. ICASSP. IEEE Int. Conf. Acoust. Speech Signal Process. - Proc. Vol. 38,
2013, pp. 6645-6649 doi: 10.1109/ICASSP.2013.6638947.

Malhotra P., Vig L., Shroff G., Agarwal P. Long Short Term Memory Networks for Anomaly
Detection in Time Series. European Symposium on Artificial Neural Networks. Computational
Intelligence and Machine Learning. Bruges (Belgium), 22-24 April 2015, pp. 89-94
Siami-Namini S., Siami Namin A. Forecasting Economics and Financial Time Series: ARIMA
vs. LSTM. 2018. https://doi.org/10.48550/arXiv.1803.06386

Hochreiter S., Schmidhuber J. Long Short-term Memory. Neural Comput., 1997,V. 9, pp.
1735-1780. doi: 10.1162/nec0.1997.9.8.1735.

Schuster M., Paliwal K.. Bidirectional recurrent neural networks. Signal Process. IEEE Trans.
vol. 45, Dec. 1997, pp. 2673-2681, doi: 10.1109/78.650093.

Cui Z., Ke R., Pu Z., Wang Y. Deep Bidirectional and Unidirectional LSTM Recurrent
Neural Network. Network-wide Traffic Speed Prediction. 2018.
https://doi.org/10.48550/arXiv.1801.02143

Bahdanau D., Cho K., Bengio Y. Neural Machine Translation by Jointly Learning to Align and
Translate. Sep. 2014. https://doi.org/10.48550/arXiv.1409.0473

Bracewell R. The Fourier Transform and Its Applications, 2nd ed. McGraw-Hill. Jan.
1978, 444 p.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209)



Means for a Classification Technology of Synthetic Radar Images of Objects Having Complex

17.

Kingma D.P, Ba J. Adam: A Method for Stochastic Optimization.
https://arxiv.org/abs/1412.6980.

Received 27.05.2022

JITEPATYPA

L.

10.

11.

12.

13.

14.

15.

16.

17.

Volkov O.Ye, Taranukha V.Yu, Linder Ya.M., Komar M.M., Volosheniuk D.O. Devising
an acoustic method for investigation of a complex form object parameters. Cyb. and
Comp. Eng. 2021. Ne 4 (206) pp. 39-53.

Bockpecenckuii [I.U. (pen.) Ycrpoiictea CBY u anTeHHsl. [IpoektupoBanve (ha3upoBaHHBIX
aHTEHHBIX PEIICTOK Y4eOHOe TocoOue Ui By30B. 4-€ H3/aHue, lepepadoTaHHOe | JIOTIONTHEH-
Hoe. Mocksa: Pamnorexnrka, 2012. 744 c.: w1 ISBN 978-5-88070-311-1.

. Kanunun T. B., bapuesuu A.B, Ilerpos C.A, Xpectunun [1.B [IporpaMMHBIi KoMILIEKC

MOJICJIMPOBAHUSL CHCTEMBI PaInOJIOKAIMOHHOTO paclio3HaBaHus. [Ipoepammusie npooyK-
mut u cucmemot. 2017. T. 30, Ne 4. ¢. 733-738

Xpuaos B. C., Jlerenbkuii M. M. (2019). ®anetHa Moaens 00’€kTy ckiaaHoi GopMu st po3-
PaxyHKY €JIEKTPOMATHITHOTO PO3CISHHSL. BicHUK XapKi6cbKo20 HAYIOHATLHOZO YHIGEpCUmenty
imeni B. H. Kapasina. Cepis «Padioghizuxa ma enexmponixay. (28). c. 44-52.

. Victor C. Chen, Hao Ling, Time-Frequency transforms for radar imaging and signal

analysis, Artech House, 2002. 234 p. ISBN 978-1580532884

. August W. Rihaczek, Stephen J. Hershkowitz, Theory and practice of radar target identi-

fication, Artech House, 2000. 738 p. ISBN 978-1580530811

. Konosamox M.A., Ky3uenos 10.B., bace A.b. Unentudukanus napaMmeTrpoB MHOTOTO-

YeYHOH LN 10 KOMIUIEKCHOMY PaJHOJOKAIMOHHOMY H300pa)KeHUIO B IIHUPOKOINOJIOC-
HOI pajguonoKaInuy, 3-1 MeXIyHapomHas KoH(pepeHIUs «AKyCTOONTHYECKHE H pajHo-
JIOKAIIUOHHBIE METOJIbl Hu3MepeHuil u ob6pabotku wuHpopmanun» (ARMIMP-2009),
PHTOPOC um. A.C. TTonoga, r. Cy3nanb, 22-24 centsiopst 2009 r., c. 48-52.

. J.M. Munoz-Ferreras, F. Perez-Martinez. On the Doppler Spreading Effect for the Range-

Instantaneous-Doppler Technique in Inverse Synthetic Aperture Radar Imagery. [EEE
Geoscience and Remote Sensing Letters. Vol. 7. No. 1. pp. 180-184, Jan. 2010.

. A. Graves, A. Mohamed, G. Hinton. Speech Recognition with Deep Recurrent Neural

Networks. ICASSP, IEEE Int. Conf. Acoust. Speech Signal Process. Proc. vol. 38. 2013.
pp. 6645-6649 doi: 10.1109/ICASSP.2013.6638947.

P. Malhotra, L. Vig, G. Shroff, and P. Agarwal, “Long Short Term Memory Networks for
Anomaly Detection in Time Series. European Symposium on Artificial Neural Networks.
Computational Intelligence and Machine Learning. Bruges (Belgium), 22-24 April 2015,
pp- 89-94
S. Siami Namini, A. Siami Namin. Forecasting Economics and Financial Time Series: ARIMA
vs. LSTM. 2018. https://doi.org/10.48550/arXiv.1803.06386
S. Hochreiter and J. Schmidhuber. Long Short-term Memory. Neural Comput. Vol. 9.
pp. 1735-1780, 1997, doi: 10.1162/neco.1997.9.8.1735.

M. Schuster, K. Paliwal. Bidirectional recurrent neural networks. Signal Process. IEEE Trans.,
vol. 45, Dec. 1997, pp. 2673-2681, doi: 10.1109/78.650093. [EnextponHuii pecypc]

Cui R. Ke, Y. Wang. Deep Bidirectional and Unidirectional LSTM Recurrent Neural
Network for Network-wide Traffic Speed Prediction. 2018.
https://doi.org/10.48550/arXiv.1801.02143
D. Bahdanau, K. Cho, Y. Bengio. Neural Machine Translation by Jointly Learning to Align and
Translate. Sep. 2014. https://doi.org/10.48550/arXiv.1409.0473
Bracewell R. The Fourier Transform and Its Applications, 2nd ed, McGraw-Hill.
Jan. 1978, 444 p.

Kingma Diederik, Ba Jimmy (2014). Adam: A Method for Stochastic Optimization.
https://arxiv.org/abs/1412.6980.

Otpumano 27.05.2022

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209) 19



Volkov O.Ye., Bogachuk Yu.P,, Linder Ya.M., Taranukha V.Yu., Voloshenyuk D.O.

Bonkos O.€.", kauy. TexH. HayK, CTapIINIA JJOCITITHHUK,

JIPEKTOP

https://orcid.org/0000-0002-5418-6723 e-mail: alexvolk@ukr.net
Boeauyk FO.IT. , xaup. TexH. Hayk,

CTapIlL. HayK. CHiBPOO. Bill. IHTEIEKTYaIbHOTO KEPYBaHHS
ORCID: 0000-0002-3663-350X, e-mail: dep185@irtc.org.ua
Jlindep AM.?, xann.diz-Mar.Hayk,

JIOLICHT Ka(eIpH IHTEIEKTYTbHIX MPOrPAMHUX CHCTEM
https://orcid.org/0000-0003-1076-9211, e-mail: dep185@irtc.org.ua
Tapanyxa B.IO.?, xann.¢iz-Mar.Hayk,

acUCTEeHT Kadepu MaTeMaTH4HOi iHpOPMaTHKU
https://orcid.org/0000-0002-9888-4144, e-mail: taranukha@ukr.net
Bonoweniox /1.0. ! , KaHJ.TEeXH.HayK,

HayK. CIiBpOO. BiJUI. IHTENIEKTYATLHOTO KepyBaHHS
https://orcid.org/0000-0003-3793-7801, e-mail: p-h-o-e-n-i-x@ukr.net
! Mi>kHapOIHIiA HAYKOBO-HABYAIBHIH LIEHTP iHQOPMAIIIHIX TEXHOIOTTi
ta cucreM HAH VYxpainu Ta MOH Vkpainu,

40, mp. Axan. ['mymkosa, m. Kuis, 03187, Ykpaina

? KuiiBchKuit HaIioHaTbHIIA yHiBepenTeT iveni Tapaca I1leBuerka,
(hakysIbTeT KOMITIOTEPHUX HAYK Ta KiOEpHETHKH,

4., ip. Axaz. I'mymkoBa, M. Kui, 03022, Ykpaina

3ACOBU )14 T];XHOHOHi KJIACU®IKALIL CHHTE3OBAHUX
PAJTIOJIOKAIIMHIX OBPA3IB JIUIS OB’€KTIB CKJIAJTHOI ®OPMU

Bcemyn. Hapasi akmugno npogoosmuscsi O0CIIONCEHHs: CUHME3Y X6UNbOBUX 00pa3ie 8i0OUmuX
38YKOBUX A pAdiOCUSHATIB, OCKINbKU YCHiUHe GU3HAYEHHA muny 00 ’ckma, 0ia AKO20 € ma-
Kutl 0bpas, eumazac abo Oysice @eauxoi b6asu 3paskie, abo IHMereKmyarbHoeo 3acody s
posniznaganns. IIpoeooumvcs cnpoba uxonamu auaniz ma po3ni3HABAHHSA Muny ob’ckma
CKaoHoi popmu (Ha npuxiadi Kopabnie) 3 PO3PAXYHKY HA NOOAIbUE GUKOPUCIAHHS Y NPUK-
JIAOHUX 3a0ayax, sIK mo CMEOPeHHsI 2071080K CAMOHABEOeHH s OJisl NPOMUKOPADETbHUX PaKem.

Memoto cmammi € cnpoweniss ma NPUCKopenHs npoyecy Kiacugikayii oo ’ekmia cxaa-
OHOI popmu 3a ixnimu 6i0bumumu padionoxayiinumu oopasamu. /i1 ybo2o 6800amucsa 00
PO32nA0y cuHme308ani 0bpasu, 32eHeposani nHa ocHosi gayemnux mooenet. Ha ocnogi cum-
me306aHux 00pa3ie BUKOHYEMbCSA PO3NIZHABAHHA 34 OONOMO2010 HEUPOMEPEILC.

Pesynomamu. [lokazano, wo po3podaenuil Memoo po3nizHABaHHs O CUHME308AHUX
00pasie mae 8UCOKY HAOTUHICMb MA 0A€ 3MO2Y Y NOOAILUOMY 6)Y0y8amu MexHOA02I0 Ha 1020
ocnosi. Hasena modenv cenepayii 006paszie HA0Ae MONCIUBICIb NPOBEOCHHS eKCNEPUMEHMIE
BUKTIIOUHO Y YUDPOoBoMY 8ueNAdi, 6€3 HeOOXIOHOCMI O0POSUX HAMYPHUX eKCHEePUMEHMIE.

Bucnosok. [lonpu dysice xopouli pe3ynomamu 3 MAmemMamuyHoi moyxku 30py ma Hasag-
HiCMb 3pYYHUX 3aC00i8, AK MO payemHux mooeneti 01 CMEOpeHHs padioNoKaYitiHuX 0opasis,
3a0aua euMazae NOOAILUWO20 O0CTIONCEHHs, OCKINbKU KiHyegull npooykm (mexHono2is) mae
3acmocogyeamuce 'y 2anysi, 0e yina nomuaku oysce eucoxa. Ha nomounuii momenm uacy
HAUNepCcneKmMuBHIUUM MOACE 88AICAMUCH POZBUMOK HEUPOMEPENCEB020 NIOX0OY.

Knruosi cnosa: payemna moodenv, oucmauyiiine 30HOVEAHHS, CEHMU308AHUL 00pa3
00 ’ekma, padionokayiiine 300pasicens
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PROBLEM OF CONSTRUCTING AN ONTOLOGICAL METAMODEL
OF ITERATIVE GROUP METHOD OF DATA HANDLING ALGORITHMS

Introduction. Data volumes are permanently increasing and some new approaches are need-
ed for storage and processing them considering the development and improvement of modern
computers. This puts forward new requirements to automatic data processing tools and
intelligent systems for analyzing information with taking into account its semantics.

The advantage of iterative group method of data handling (GMDH) algorithms is that
they are able to work with a large number of arguments. The generalized iterative GMDH
algorithm includes various former modifications of these algorithms. For example,
algorithms of multilayer and relaxation types as well as varieties of iterative-combinatorial
(hybrid) algorithms are diverse particular cases of the generalized one.

Metamodeling is the construction of generalized models of a certain group of objects
(software tools, mathematical models, information systems). An ontological metamodel of the
iterative GMDH algorithms was built using the Protege tools in order to structure knowledge
in this subject area.

The purpose of the paper is to analyze the developed iterative GMDH algorithms and
propose an approach to structuring knowledge on iterative GMDH algorithms by building an
ontological metamodel of this subject area.

Results. A retrospective analysis of the developed iterative GMDH algorithms is carried out in
the paper, their advantages and disadvantages are indicated. It is shown that the generalized itera-
tive algorithm, whose special cases are both known and new varieties of multilayer, relaxation and
iterative-combinatorial GMDH algorithms, makes it possible to compare the effectiveness of various
algorithms and solve real modeling problems. Based on the results of this study, an ontological
metamodel of iterative GMDH algorithms has been developed.

© STEPASHKO V.S., SAVCHENKO-SYNIAKOVA Ye.A., PIDNEBESNA H.A., 2022
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Conclusions. Classic iterative GMDH algorithms allow processing large datasets. The
generalized iterative algorithm allows forming typical architectures of previously developed
modifications of these algorithms when setting up various operating modes of this algorithm.
The construction of an ontological metamodel based on this one allows structuring knowl-
edge on the available iterative algorithms making it possible to automate the design and use
of specialized software tools for specific applied tasks.

Keywords: inductive modeling, GMDH, iterative algorithms, mathematical model, metamod-
eling, subject area, ontology.

INTRODUCTION

The rapid development of modern systems and technologies puts forward new
requirements for automatic data processing and intelligent systems for analyzing
information taking into account its semantics.

Now there are new trends of supporting the processes of searching, process-
ing and using knowledge for business: knowledge management, data manage-
ment, data engineering, data mining, ontology building and many others.

The artificial intelligence technologies and intelligent computer systems are
actively developing. The internal structure of such systems is a reflection of
knowledge in the form of models of a subject area which are fed to the input of
the system in a formal form.

Information semantic technologies based on ontologies make it possible to
build applied systems for analyzing and modeling complex objects, systems and
processes of various natures. To develop such systems, the results of structuring
knowledge on a certain area of human activity are used helping to solve tasks of
analysis and design of the structure of knowledge bases and functionality.

One of effective methods for constructing models of complex objects and
systems based on observational data is the group method of data handling
(GMDH) [1-3] built on the principles of induction, that is sequential generaliza-
tion of partial phenomena (from specific to general ones). This method allows
automatic finding unknown patterns of functioning of an object or process under
study, information about which is implicitly contained in a data set.

An analysis of the subject area of inductive modeling will allow structuring
knowledge on the main stages of this process, the data nature, applied methods
and conditions of the effective use of the built models.

Ontological analysis explains the structure of knowledge and forms a con-
ceptual dictionary as the basis of any knowledge representation system for a
particular domain [4]. Such an analysis of the subject area is the first step to-
wards the development of knowledge-based systems.

The purpose of the paper is to analyze the developed iterative GMDH al-
gorithms, to propose an approach to structuring knowledge on these algorithms
by building an ontology of this subject area, and to build an ontological meta-
model of the algorithms.

THE TASK OF STRUCTURING KNOWLEDGE ON METHODS
OF CONSTRACTING MODELS FROM EXPERIMENTAL DATA

Building models is one of prerequisites for creating artificial intelligence tools
designed to identify knowledge in data for further analysis and processing, as
well as forecasting and decision making.
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Currently, hundreds of algorithms have been developed to obtain knowledge
from data, but there are still many unsolved problems in the field of computer model-
ing and data analysis. Modern data mining packages contain numerous modules for
collection and preprocessing, feature selection and construction, classification, ap-
proximation, optimization, pattern detection, clustering, visualization etc.

To identify knowledge that describes a particular subject area, their formal-
ization is required. To do this, it is necessary to perform a detailed analysis of
this area and to structure knowledge on the main stages of the processes which it
is composed of, on the data nature, on methods used to process the data, and on
the conditions of effective application of the resulting models.

In [4], the issues are considered on the role of ontology in the field of artifi-
cial intelligence research, the importance of their use for describing and structur-
ing knowledge of a subject area. Ontological analysis clarifies the structure of
knowledge, forms a conceptual dictionary as the basis of any knowledge repre-
sentation system for a particular domain. The ontological analysis of the subject
area is the first step to the development of efficient knowledge-based systems.

GMDH as a typical method of inductive modeling is an effective means of dis-
covering knowledge from experimental data, which has proven itself over more than
50 years of application in various fields. One of fundamental varieties of GMDH is the
class of iterative algorithms. The most known among them is the classical multilayer
iterative GMDH algorithm. Nowday, a whole range of iterative algorithms have been
developed, each of which has its own peculiarities. Based on these algorithms, a gen-
eralized iterative GMDH algorithm was developed [5, 6]. By adjusting its parameters,
different special cases of iterative algorithms may be obtained. In order to structure
knowledge on these algorithms and their tuning modes, it is planned to build an onto-
logical metamodel of the iterative GMDH algorithms.

The design and development of intelligent computer technologies based on the
creation of high-performance computing tools for inductive modeling in order to sig-
nificantly expand the possibilities of building models of complex processes of various
nature remains an important area of research [7]. The basis of it is the results of struc-
turing knowledge of the subject area in order to design the appropriate structures of
knowledge bases, functional support and intelligent interface tools. Therefore, it is
necessary to analyze the subject area of inductive modeling, the main stages of the
process of building models from data, the methods used and the conditions for their
effective application, as well as the construction of ontological models of inductive
modeling tools based on the performed analysis.

That is why the task was set in the paper to investigate the iterative GMDH
algorithms and build their ontological metamodel to structure knowledge in this
subject area.

METAMODELING. ONTOLOGY AS A METAMODEL OF A SUBJECT AREA

The prefix meta means a superstructure to some object. For example, metadata
is data on data which is some additional generalized information about data.
Metadata refers to data or information about information. Meta-knowledge in
the field of artificial intelligence is a part of the knowledge base that defines the
structure of data about the subject area. A meta-model in informatics is a model
that describes another model i.e. transitive relations between models [8].
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Metamodeling is the analysis of processes, the design and development of
frames, decision rules, constraints, models and theories that can be applied to
generalized models of intelligent software and information systems.

The term metamodeling is used to summarize the problems that arise in dif-
ferent areas at all stages: data collection, processing, object management for
automation purposes, simplification and streamlining, in order to form a
common structure that still has a certain level of flexibility and extensibility.

If we have a set of objects, we can build a model of each of them (objects of
the same class, close to functions, but performing different operations), but it is
better to build a generalized model or metamodel of this group of objects. Such a
metamodel is a generalized model of this class, set or group of objects. When we
modify this general model by some parameters, it will describe any particular
object of this group.

The main question of metamodeling [9]: how to design the elements on
which the metamodel is based? These features should combine characteristics of
a data set and relevant aspects of the learning model. Such characteristics of a
data set should not be limited to a simple enumeration of the number and type of
attributes and the number of objects.

The concept of metamodel is closely related to the concept of ontology [10].
The purpose of modeling can be considered as an explicit description (in the
form of structures and rules), that is as a model of a specific subject area.

Metamodels and ontologies are used to describe and analyze relationships
between concepts, limit complexity, and structure information [11]. This is an
explicit formalized description of how a domain-specific model is built. Typi-
cally, a metamodel is ontology but not every ontology can be explicitly pre-
sented as a metamodel. Ontologies are often distinguished by their level of gen-
erality from meta-ontologies (top-level ontologies) to the ontological domain
and to applied ontologies.

The latter can describe a specific task, its structure, data types, restrictions
etc., but they do not contain a specific implementation, they are not tied to soft-
ware. This ensures the principle of interoperability which facilitates the use of
formalized knowledge by many users in accordance with their goals.

In many areas, standard ontologies are being developed to formalize the basic
concepts of the subject area and the relationships between them. They are used to
analyze the subject area, define common dictionaries (thesauri) for sharing by
specialists of specific domains and for annotating information in their area, facilitate
its reuse, expansion by integrating several existing ontologies of one subject area [12].

In this article, we consider iterative GMDH algorithms in order to determine
their general structure and constituent elements, describe rules of their
application for the possibility of the automated use of this knowledge.

MAIN TYPES OF ARCHITECTURES OF ITERATIVE GMDH ALGORITHMS

A review and a comparative analysis of typical architectures of iterative GMDH algo-
rithms are presented here. The classical multilayer iterative algorithm MIA [1] is the
most widespread among them. As it is evident from the Fig. 1, it is of neural network
type with some original features: parewise connections to nodes of any hidden layer;
selection of best nodes on any layer; number of layers is not predefined.
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Fig. 2. Hierarchy of the developed iterative GMDH algorithms [13]

However, MIA has its own significant drawbacks: the possibility of losing
informative and/or including non-informative arguments, exponential growth of
the degree of the polynomial. To overcome these shortcomings, some modifica-
tions of MIA were implemented.

To date, seven standard implementations of iterative GMDH algorithms
with different properties are known [13], schematically presented on the Fig. 2.

The first group of algorithms consists of the following iterative GMDH
algorithms:

1) MIA — Multilayered Iterative Algorithm;

2) RIA — Relaxation Iterative Algorithm;

3) CIA - Combined Iterative Algorithm.

In each of the named algorithms, it is possible to apply combinatorial
optimization of the complexity of transfer functions of the nodes; this can be
abbreviated as optimization of partial descriptions. Then we get three new
algorithms with the obvious common name iterative-combinatorial ones. Hence
the second group of algorithms is iterative-combinatorial GMDH algorithms:
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4) MICA — Multilayered Iterative-combinatorial Algorithm;

5) RICA — Relaxation Iterative-combinatorial Algorithm;

6) CICA — Combined Iterative-combinatorial Algorithm;

7) GIA — Generalized Iterative Algorithm.

Thus, the Generalized Iterative Algorithm (GIA) GMDH developed in [5] is
a generalization of all six of the above algorithms.

In MIA GMDH, the problem of constructing an optimal model is solved in-
ductively: models of a gradually complicated structure are built, and the process
of complication has the character of iterations, when the best previous results are
used in the next layer (iteration). The complication occurs according to a single
rule, which allows building an arbitrarily complex model from a large number of
variables (arguments) that characterize the modeling object.

RIA is a modification of the iterative algorithm MIA, in which pairs are
formed from intermediate and initial arguments [14, 15]. Taking into account the
primary arguments on each layer, this algorithm eliminates the possibility to lose
informative arguments.

CIA is an iterative algorithm in which pairs are possible both from interme-
diate arguments and from intermediate and initial ones, so it combines the two
previous ones, MIA and RIA.

To eliminate the disadvantage of the basic algorithm, namely the exponential
growth of the polynomial degree, it was proposed in [16] to use an exhaustive search
of variants of a partial model, the so-called MICA, described in detail in [3].

The RICA proposed in [17] makes it possible to improve the MIA GMDH
generator of structures and obtain new variants that allow to not losing informa-
tive arguments that can be eliminated at previous stages of modeling.

CONSTRUCTION OF AN ONTOLOGICAL METAMODEL OF ITERATIVE GMDH ALGORITHMS

The complex developed in [18] can be called a metaprogram. It contains many vari-
ants of algorithms that generalize other algorithms and allow the author of the simula-
tion to build his own algorithm from separately programmed modules of the complex,
as well as compare the results with other algorithms and explore its properties.

It was shown in [19] that the successful solution of the problem of modeling
complex objects, processes, and systems based on data significantly depends on
the choice of an optimal method and, consequently, on familiarity with modeling
methods. First of all, it is important for a data-driven modeling specialist who
must decide which method will be most effective in a particular case, as well as
for a user who wants to apply the available modeling methods.

Functional and interactive structures of an integrated set of tools for the study and
application of modeling methods based on the observation data have been developed
and implemented. Computer tools are designed for experimental discovery of knowl-
edge about the comparative advantages and disadvantages of modeling methods and
its components. The computer complex has the ability to use recurrent parameter es-
timates in order to increase the efficiency of modeling methods.

In [5], a generalized iterative algorithm for inductive modeling was devel-
oped. This is one software product, which in its structure contains seven differ-
ent software products with various properties, and this product is a metamodel of
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the GMDH iterative algorithms.

The software structure described in [20] is built on the principle of meta-
modeling and is intended for the implementation and launch (execution) of sev-
eral GMDH algorithms. A key component of the software structure that distin-
guishes it from libraries of aggregated functions/methods is the kernel, which is
implemented in accordance with the object-oriented paradigm.

In [21], the problem of metamodeling is considered as one of the problems
of artificial intelligence. The author used methods for solving such specific tasks
as: estimation of parameters of nonlinear transfer functions by gradient methods;
development of heterogeneous nodes using genetic algorithms with niching
schemes; inductive choice of optimal models of the GMDH multilayer measure
using external criteria based on partitioning a given data set; improving the abil-
ity to generalize the network system by combining multiple models; visualiza-
tion of useful properties of multidimensional processes due to evolutionary
search based on genetic algorithms with special fitness functions.

The study of the classical multilayer iterative GMDH algorithm and its
modifications showed that if to structure the knowledge about these algorithms
in one ontological metamodel, this will allow to implement such a metamodel
once and get results using different algorithms, setting up its various parameters.

Let us first consider the architecture of the generalized iterative algorithm
GIA GMDH [5] based on various modifications of the classical iterative GMDH
algorithm. For further development of architectures of iterative algorithms, the
following ideas are introduced here [22]: selection of primary arguments (addi-
tion on each layer of initial arguments) and implementation of combinatorial
optimization of the structure of particular models. The idea of optimization [23]
means that each neuron implements a sorting or other GMDH algorithm.

The hybrid architecture of the GIA algorithm developed in [24] provides its
new properties: restoration of informative arguments sifted out at the first stages
of the algorithm, elimination of non-informative arguments remaining at the first
stages, avoidance of “degeneration” (repetition) of the structures of partial mod-
els. Thus, it is possible to generalize the main structures of the previously devel-
oped iterative GMDH algorithms and simultaneously obtain their new variants.
Fig. 3 shows the scheme of operation of the GIA GMDH [5].

The general scheme of the GIA GMDH architecture and, accordingly, the
hierarchy of the main types of iterative algorithms built using the Protégé onto-
editor is shown in Fig. 4.

Each of the algorithms has its own peculiarities in these components. It is neces-
sary to have a description of different options in one general ontological structure in
order to be able to obtain different types of algorithms by combining them.

The main principle of ontological analysis is the generalization of the task at
the top level and its detailing at the lower levels of the hierarchy. That is, the
upper level defines the basic principle of building a model, and the lower ones
determine the procedures and methods of forming a model.

The purpose of developing an ontological metamodel of iterative algorithms is
to build such a software tool that will allow to automatically configure this metapro-
gram as a metamodel of iterative algorithms with defining an algorithm that is most
adequate to a specific object by adjusting the control parameters.
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Fig. 4. Hierarchy of main types of the iterative GMDH algorithms

The software package that describes this generalized iterative GMDH algo-
rithm can be called a metaprogram that generalizes many algorithms and allows the
author of the simulation to build his own algorithm from the programmed modules
of the complex, compare the results with other algorithms, and explore its proper-
ties. In fact, this is one software product, which in its structure contains seven differ-
ent software products with different properties, i.e. this software product is a meta-
model of iterative GMDH algorithms.

CONCLUSIONS

The article considers the problem of constructing the ontological metamodel of
the iterative GMDH algorithms allowing to automatically discover dependencies
in data with minimal user intervention.

In order to generalize the knowledge on iterative GMDH algorithms, a re-
view of their typical variants was performed which showed that the advantage of
these algorithms is that they allow working with large data samples, since their
basic peculiarity is the pairwise consideration of input variables.
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The review showed that the generalized iterative algorithm GIA GMDH can
be called a metamodel of iterative ones since it includes all previously
developed their variants. Building a metamodel of iterative algorithms allows
generalizing knowledge on the main stages of the process of building models
from data, the methods used and the conditions for their effective usage.

The formed knowledge on iterative GMDH algorithms is organized in the
ontological metamodel built by means of the tool Protege.

It is planned to develop in future a concept and modeling tools based on the in-
ductive approach which will allow transferring the principles have worked out in the
field of inductive modeling to solving metamodeling problems. This will allow auto-
mating the process of designing software tools for efficient model building, taking into
account in the form of an ontological metamodel the experience gained in the devel-
opment and application of inductive modeling algorithms.
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MikHapoIHMIT HAyKOBO-HABYAIIBHHH IIEHTP 1H(OPMAIIIFHIX TEXHOMIOT i

Ta cucteM HAH VYkpainu Ta MOH Yikpainy,

40, ip. Axan. ['mymkosa, M. Kui, 03187, Ykpaina

ITOBY IOBA OHTOJIOI'TYHOI METAMO/IEJII ITEPALIIMHMX AJITOPUTMIB
METOLY I'PYIIOBOI'O YPAXYBAHHSA APIT'YMEHTIB

Bcemyn. OGcsirn jaHuXx MOCTIHO 301TBIIYIOTBCS 1 1151 X 30epiranHs Ta 0OpoOIeHHs MoTpio-
Hi HOBI MiJXOJM 3 ypaXyBaHHAM pPO3POOJICHHS Ta yJOCKOHAJICHHS Cy4aCHHUX KOMII'IOTEpiB.
Lle BucyBae HOBI BUMOTH 110 3ac00iB aBTOMaTHUYHOTO OOpOOJIEHHS JaHUX Ta HTEIEKTyallb-
HHX CHCTEM aHali3y iH(popMaii 3 ypaxyBaHHAM i1 CEMaHTHKH.

IlepeBaroro iTepaliifHUX alrOPUTMIB METOLY TPYMOBOTO ypaxyBaHHsS apryMEHTIB
(MI'YA) € Te, 110 BOHH TIpalie3/IaTHI 32 BEJIUKOI KIIbKOCTI apryMeHTIB. Y3arajabHeHuil ite-
pauiiinuit anroputm MI'YA micTuTh pi3Hi nonepeaHi Moaudikarii nux arroputmis. Hampu-
KJIaJl, AITOPUTMH 0araTopsiIHOTO Ta PeaKcalliifHOTO THIIIB, a TAKOK PI3HOBUAM iTepalliitHO-
KOMOiHaTOpHUX (TIOpUIHUX) ANTOPUTMIB € PI3HUMH OKPEMHUMH BHIAJKaMHU I[bOTO y3aralb-
HEHOT'O aJITOPUTMY .

MeramoienoBaHHs — Iie Mo0yJoBa y3arajJbHEHUX MoAeNel NeBHOI Ipymu 00’ €KTiB
(mporpaMHux 3aco0iB, MaTeMaTUYHUX Mojenell, inpopmaniiinux cuctem). 3acobamu Protégé
o0y/JOBaHO OHTOJIOTIYHY METaMOJIellb iTepaliifHux anroputMiB MI'YA 3 MeTOI0 CTpYyKTY-
pyBaTH 3HaHHS B il IpeMeTHiil ramysi.

Mema cmammi — nipoaHamizyBatu po3po0iieHi itepauiiini anroputMu MI'YA, chop-
MYJIFOBaTH 3aBJaHHS MOOYJIOBU OHTOJIOTIYHOT MeTaMmojeNi itepaiiiiaux anroputmis MI'VA
Ta 3aMpONOHYBaTH MiXif 0 CTPYKTYpH3allii 3HaHb Tpo iTepaiiiHi anroputMu MI'YA muis-
XOM 1oOyTOBH OHTOJIOTIT ITi€] MpeMETHOT Tamy3i.

Pe3ynbmamu. BUukoHaHO PETPOCIICKTUBHUN aHAII3 PO3pOOJICHUX iTepalliiHUX aaropu-
T™™iB MI'Y A, BKa3zaHO iXHi nepeBaru Ta Hepoliky. [1okazaHo, 1110 y3arajabHEHHH iTepalliitHuit
anroput™m MI'VA, okpeMHMU BUIIAJIKaMU SIKOTO € SIK B1IOMi, Tak 1 HOBI pi3HOBUAU OaraTops-
JTHHUX, pelaKcallifHuX Ta iTepaliiiHo-KOMOIHATOPHUX aJITOPUTMIB, JJa€ MOKIIUBICTH TIOPiBHA-
JIBHOTO JIOCTIKEHHSI €(eKTHBHOCTI PI3HUX aJTOPUTMIB i PO3B’S3aHHS peajibHUX 3aB/aHb
MojemoBanHs. Ha ocHOBI pe3ynbrariB HBOTO JOCIIIKEHHS. PO3POOIEHO OHTOJIOTIUHY Me-
TaMOJIeNIb iTepaniiiHux aaroputMis MI'YA.

Bucnosku. Knacnuni irepauiiini anropurvu GMDH narote 3Mory oOpoOnaTu Benuki
HAOOpHU BXITHHUX IaHUX. Y3arajabHEHHH iTepaiiiiauii anroputm MI'VA ymoxmnusitoe ¢dop-
MYBaHHS THIIOBIX apXiTEKTyp IMONEPEIHBO po3pobiieHux Momudikamii 1ux aaropuTMiB i
yac HaJAITYBaHHS PI3HUX PEKHMIB POOOTH 1HBOTO anroputMmy. [100ymoBa OHTONOTIYHOT
METaMOJIeJli Ha OTr0 OCHOBI JIa€ 3MOTY CTPYKTYPYBAaTH 3HAHHS IPO HAsBHI iTepaliiiHi anro-
putMH, 1O 3a0e3medye MOXKIMBICTh aBTOMATH3yBAaTH KOHCTPYIOBAaHHS Ta BHKOPHCTaHHS
creniani3oBaHUX MPOrpaMHUX 3ac00iB JJIs1 KOHKPETHUX MPUKIIAHUX 3aB/IaHb.

Knrwwuosi cnosa: indyxmusue mooenroeants, MI'VA, imepayiiini ancopummu, mamemamuina
MOOeNb, MEMAMOOeN08AHH S, NPeOMeMHA 00AACMb, OHMOAOIA.
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FROM COMMAND CONTROL TO THE AUTONOMY OF MOBILE ROBOTS

Introduction. The urgent needs of the modern technological order and the development of
intelligent information technologies, covering a wide range of scientific areas, have led to the
emergence of new principles for the organization of robot control systems. The main goal of
modern robotics is to minimize direct human involvement in the control loop when the robot
performs tasks in a weakly deterministic non-stationary environment. Historically, robotics
for such operating conditions has progressed from remote command control to autonomous
systems with the possibility of supervision by human. The influence of intelligent control on
increasing the degree of autonomy of service mobile robots is considered. The important
subsystems in the organization of intelligent control systems for autonomous mobile robots
and the objective difficulties of their practical implementation are shown.

The purpose of the paper is to discuss the influence of intelligent control on the level of
autonomous capabilities of robots in dynamic and incompletely defined conditions and the
objective difficulties of creating universal approaches to the implementation of autonomous
service robots control systems.

Results. The ways of increasing the autonomous capabilities of mobile robots are
considered. The role of the supervisory control principle on the way to reducing human
participation in the processes of remote control of service robots is given.
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Conclusions. The use of the proposed structural solutions of the service mobile robot
intelligent control system and the methodology for organizing its activating subsystem made it
possible to significantly increase the autonomous resources of the robot when performing complex
tasks in a weakly deterministic nonstationary environment.

Keywords: autonomous mobile robot, intelligent control system, supervisory control.

INTRODUCTION

A significant part of modern scientific research and practical developments in robotics
is aimed at increasing the autonomous capabilities of mobile robots operating in a
dynamic and not completely defined environment, when traditional approaches to the
theory of automatic control of moving objects lose their effectiveness. The topicality
of the development of new control principles has been discussed about 50 years. In the
same years, the autonomy of the purposeful activity of robots began to be associated
with the development of a new theory of intelligent control [1-5]. In fact, significant
advances in autonomous robotics in a realistic environment have begun to appear
since the early 2000°. The competition on projects Robotics Challenge, initiated by
DARPA (Defense Advanced Research Projects Agency) of US Department of
Defense, provided a significant impetus to this [6].

The last decade has been marked by the emergence of so-called service robots
with a variety of design solutions [7]. These are robots that partially or completely
replace humans when performing certain tasks for defense purposes, in medical care,
education, agriculture, courier services, in the areas of hotel services and catering, for
household assistance etc. While for industrial robots autonomy is necessary only
within the boundaries of their deterministic workspace, strictly associated with a
specific production process, the conditions for the functioning of service mobile robots
are less predictable, the actual goals of current actions are more difficult to determine
and formalize, which introduces fundamental differences in the implementation of
autonomous control systems for such robots.

Original design solutions for mobile platforms and sensor equipment with
microprocessor-based data processing and interpretation, extended use of
artificial intelligence technologies, a variety of functional applications — these
are the general characteristics of service robotics innovations, that are regularly
covered in the media today. However, not all of them have the ability to act
autonomously when performing tasks in a real environment. There are scientific
discussions about various paradigms of intelligent control, knowledge
representation structures and ways to operate with them when the robot
automatically chooses its purposeful actions in one situation or another [8—12].

In an effort to overcome the objective difficulties of creating robotic devices
capable to perform complex tasks in dynamically changing environments with
minimal human participation, the transition from the command principle of robot
actions remote control to the need for only supervision by the user is important [13].
Such transition became possible due to the development of intelligent control systems
and information technologies of imaginative perception and machine intelligence.

The purpose of the paper is to discuss the impact of intelligent control on
the level of robots autonomous capabilities in dynamic and not fully defined
conditions and the objective difficulties of creating universal approaches to the
implementation of control systems of autonomous service robots.
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PROBLEM STATEMENT

Let a mobile robot (MR) as a control object be in some real surroundings, which
we will call the outside robot environment (RE). For each system functioning in
a real environment, both biological and technical, a RE exists in the form of
some model obtained by mapping its properties that this system is able to
perceive. The actual MR equipping with a set of hardware, technological,
algorithmic and software implementations of the perception of the certain
properties of robot environment and its objects and determines the possible types
of interactions of the robot with their surroundings.

The control problems of MR, the surface of motion of which is a horizontal plane,
are considered. Note that this constraint characterizes the real operating environment
for service indoor robots with a wide range of purposes and makes it possible to
significantly simplify the mathematical models of MR motion and RE models.

In the general case, the task of an autonomous MR control system will be

understood as transferring the robot from its current state MR, to a given goal
state MR, without human intervention. Goal states MR, and MR, , i# j
i J

are considered different if they differ by a set of parameters that define them, not
only by their values. A specific task with a goal state MR, will be called a task

Tsk; . Since the MR interacts with RE in one way or another, we will talk about
the current and goal states of pairs <MR,, RE,> and <MR;, RE; >,

respectively. Here RE,, and RE are subsets of the characteristics of the RE

model that are related to the process of performing a specific task by the robot.
Of practical interest is the MR control system (CS) that supports the performing

the set of a certain class tasks 7sk ={Tsk,},i=1,..., N, N >1, and capable of

sequentially selecting and activating tasks from this set, necessary for the robot to
achieve a given goal state of the pair < MR, RE; > without human intervention.

Let us note the features of the autonomous MR control system problem in
the considered formulation:

— the states of RE and MR in the general case are not completely known,
and the state of RE can change regardless of the MR actions;

— the state of a pair < MR, RE > at a point in time ¢ is described by a set

of variables that can be represented by various data structures and types
including with asynchronous changes in their values over time, and only
estimated rather than exact values available for some variables;

— assessment of the current states of the MR and RE should be performed
by the resources of the CS, bringing the values of all necessary variables to a
single system time;

— the goal state of the pair < MR, RE; > can be specified at the abstract-

conceptual level (including verbally) with unknown values of all or part of the
variables determining this state.
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THE PRINCIPLE OF SUPERVISORY CONTROL

Today, service MRs usually have a human-machine interface for their remote
use via wireless networks. Remote control (or telecontrol) of the robot's actions
has developed in two directions — in the form of a command (manual) mode
and a semi-automatic one [14, 15]. The human operator, receiving the necessary
information from the remote CS of MR, in the first case forms the commands for
direct control of the robot executive organs, in the second case — periodically
transfers control to the automatic system that implements a particular available
program of certain MR actions. The operator is responsible for the choice of
permissible and expedient current actions of the MR in both cases.

Due to the incompleteness of the information about the RE available to the
control object, unpredictable changes in the situation over time and various

initial states of the MR when it receives some complex task 7sk; from the user,

a pre-prepared robot action program is not always equally successful in leading
it to the desired goal state < MR , RE; >. The wide variability of the possible

values of the variables of the current mutual states of the pair < MR, RE >

generates an unlimited set of situations in which the robot finds itself when
trying to use the same action program.

In the late 1960°, it was proposed in remote mode use the principle of
supervisory control of robots [16], according to which the operator-supervisor
represents the desired complex robot activity to achieve a certain goal as a sequence
of simpler actions, for which an automatic control program of the robot's actuators
can be prepared and successfully executed. It is customary to talk about shared
control with an external activating subsystem implemented by a human operator. In
fact, the operator decomposes the desired global goal into a sequence of local
subgoals, some of which the MR is able to achieve automatically under the
supervision of the operator with possible his intervention if it is necessary to directly
control the robot in difficult situations [17].

The main motivation for the further development of the supervisory
principle was the reduction of the human role in the robot control processes.
New ideas are focused on the implementation of an intelligent component to the
control system in the form of an internal activating subsystem, responsible for
automatic selection of locally reasonable subgoals, the autonomous achievement
of which should lead the MR to the main goal of the user task. The MR CS
should have its own resources for autonomous achievement by the robot of a
certain set of goal states [15]. In this case, the operator's role is reduced to
formulating the main task for the robot and, if necessary, supervising its
autonomous functioning to avoid abnormal situations.

The principle of supervisory control remains a priority even with a very high
level of autonomous capabilities of the MR control system in cases when the MR
performs tasks in areas of special requirements for minimizing the risk of abnormal
situations, as well as in conditions that significantly affect the ability of obtaining
high-quality information about the operating environment by the on-board robot
means (for example, during radiation pollution, in outer space etc.).
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INTELLIGENT CONTROL SYSTEM

The definition of an intelligent control system (ICS) for dynamic objects is
usually based on enumeration of the expected properties and capabilities of such
a system [9, 11, 12]. In [12] examples of fundamentally different ways of
implementing technical systems, the functionality of which can replace one or
another type of human intellectual activity, are shown. The most promising way
to implement ICS for autonomous multifunctional robots is the presence in their
control systems of structures and information processes similar to some known
forms of brain activity of living beings. Such systems can be implemented by
modeling particular low-level structures similar to brain neurons
(neurocybernetic direction) or by modeling high-level information processes
related to human thinking (direction of knowledge representation and use). Here
the second direction is considered.

The success of MR autonomous operation when some data on the state of the
control object and its environment is incompleteness and insuperable indetermination
depends primarily on the ability of its onboard control system to perceive, analyze and
interpret the environment characteristics that are significant for the robot purposeful
functioning. Such control system must form models (images) of objects and
phenomena, be able to recognize them, and assess robot state and position in the
environment [11]. Each of these abilities is associated with a certain type of cognitive
activity and requires the practical implementation of an independent task of artificial
intelligence with the necessary bringing the relevant methods and software and
hardware solutions to operate in real time. The system relationships of such abilities,
related to machine intelligence, and the synchronization of distributed parallel
information processes in the task of autonomous control of MR actions, related to
machine thinking, are essential.

Traditional automatic control theory considers strongly formalized systems
to perform, as a rule, one specific also well formalized problem. ICS tasks are
weakly formalized even at the level of their formulation [18]. For service MR, a
typical example of a weakly formalized control problem with incomplete
information is the task “Bring object A to object B”, when only the names of
objects A and B are specified, their positions are unknown, and the actual mutual
state of the pair <MR, RE> is unknown too. In a non-stationary environment
there is no guarantee of reliability and consistency of information about the
positions of objects A, B and objects-obstacles, among which the robot will
move to the goal position, and the MR goal position may not be determined
almost until the last moment of movement towards it.

Performing tasks of this type by a robot without human intervention is
associated with the solution of some previously unpredictable sequence of
independent ICS tasks.

Such tasks can be:

— determining the MR position in RE;

— object recognition and the RE model formation in the area of the MR

operation;

— determining the position of goal object A and path of safe motion to it;

— determining the positions of the MR and its gripper suitable for taking

an object etc.
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Due to the possible movements of objects in the MR workspace, not related
to its actions, the alternation of ICS tasks that are relevant at the current time
cannot follow a pre-determined plan. In difficult conditions of information
incompleteness, an intelligent system needs to have an internal mechanism for
choosing a well-formalized task from the class available to it, which is relevant
to the current situation.

The structure of MR ICS assumes a number of software and hardware modules
that implement the basic set of functions necessary for the robot to autonomously
perform a certain set of tasks, depending on the purpose of a particular robot [19]. Due
to the specifics of the functional purpose of these modules, each of them represents a
particular subsystem of the CS (Fig. 1), namely:

— the information subsystem, the purpose of which is the formation of
generalized RE models and MR states in the internal memory structures of the
ICS and their dynamic editing, performing the collection, processing and
interpretation of the current data of various sensory devices of the robot;

— the motion subsystem has the purpose of moving the MR platform and its
actuators to specified positions, performing the appropriate control of the drives
of the robot moving parts;

— the communication subsystem is responsible for the information
interaction of the MR with other external technical systems, as well as with the
user to receive target tasks from him and support the human-machine interface
in the supervisory mode of operation;

— the activating subsystem, interacting with the information subsystem, is
responsible for the reactivity and activity of the CS, reacting to changes in the
RE by determining the current goals, choosing the rules for achieving them, and
activating the corresponding actions of the MR.

The approach to the experimental implementation of the MR ICS adopted
by the authors is based on the ideas of the functional systems theory on the brain
activity of evolved biological organisms [20]. By analogy with this theory,
information feedbacks of the autonomous intelligent control of a technical
system should concentrate active processes of interpreting a certain part of the
current information around identifying local goals of the robot's actions that
bring the MR closer to obtaining a useful result on the user's task. It is the
activating subsystem that supports the robot's ability to self-assess its state in the
environment and make decisions about the necessary purposeful actions [18].

For the software implementation of the methodology of forming the
necessary informational feedbacks the principle of the acceptor of action result
was used [20]. In our case, the ICS constantly generates a model of the expected
informational equivalent of the result of the MR current actions and compares it
with the parameters actually observed by the onboard devices of the robot,
corresponding to the state of the pair <MR, RE>, which allows to timely detect
the need to change the current goal of the autonomous MR action (Fig. 2) [21].

Such approach to the organization of the internal activating subsystem of
the ICS provided the service MR prototype with the ability to autonomously
perform in a partially defined nonstationary environment such tasks as "Come to
object", "Bring object A to object B", "Track object" etc. [22].
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DIFFICULTIES OF PRACTICAL IMPLEMENTATION
OF AUTONOMOUS MOBILE ROBOT INTELLIGENT CONTROL SYSTEM

When the robot performs tasks, different information processes, which are generated
by different functionally necessary subsystems of the ICS in the context of the realized
goal, come into interaction. Each of the subsystems of the MR ICS operates with data
of a different nature. Each type of data objectively has its own representation structures
in CS memory and its own time period for computational processes for their analysis
and interpretation. Such asynchronous processes with heterogeneous data types
require structural matching and time synchronization of the internal processes of the
functioning of the system as a whole [23].

In the software for IMS MR, non-conflict functioning of parallel and
interacting real-time information and computing processes should be
implemented, such as:

— recognition of objects in the current onboard video camera images and
determination of these objects positions relative to the coordinate system of the
robot environment model;

— analysis, interpretation and formation of the models of surrounding
objects according to rangefinder data;

— dynamic generation in the ICS memory and visualization of the models of
spatial scenes as 3D models of the robot and its surrounding objects in the user
interface;

— determination of the current goals of the MR actions, relevant
information feedbacks, target positions and parameters for controlling the safe
MR movement to these positions;

— direct control of MR wheel drives, gripper or other actuators of the robot;

— generation text and/or synthesized voice messages about the current MR
actions in the session log and user interface.

At the same time, for some information processes the data sources are physical
devices for perception the real world characteristics, for others, the corresponding
mathematical or simulation models. Each of the active information processes of the
ICS can face uncertainties of critical state parameters of both the MR itself and its
environment, which generates a very high level of complexity in the design, software
implementation and testing of parallel thread computing. Estimation of a number of
the pair <MR, RE> current state parameters cannot be objectively performed without
errors of the random type.

Now, in the intelligent control theory there are no unified approaches to
practical implementation of the strategic and tactical problems of the
autonomous MR control. The search for principles for determining and
formalizing the current goals of autonomous MR actions, structures for
knowledge representation in the long-term and operation memory of the
technical system, creation of information technologies for the automatic new
knowledge formation and its handling remain extremely relevant for developers
of mobile robots capable of performing complex tasks without human
involvement in poorly defined dynamic environments.
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CONCLUSIONS

The paper shows important functional modules and subsystems of mobile robots
control system and the key role of intelligent control systems in the emergence
of autonomous capabilities of mobile robots to operate successfully in a non-
stationary environment. At the same time, intellectual control, as a scientific
direction, is aimed at a systematic approach to the application of methods and
tasks of artificial intelligence and the development of appropriate information
technologies. However, the practical implementation of MR ICS faces a number
of serious questions to which the intelligent control theory does not have
universal answers today.

First of all, a technical system for efficiency of purposeful actions in non-
deterministic environments must automatically form its own image (or model) of
the functional surrounding and be able to evaluate its state in it (the property of
reflexion). Significant expansion of the MR autonomous working capacity in
non-determined environment requires the development and improvement of
intelligent technologies for interpreting data on objects and phenomena of
different nature, especially weakly structured data with incomplete a priori
knowledge about these objects, phenomena and processes. The ability to classify
situations and make decisions about appropriate MR actions in the current
situation to achieve the main goal is the basis of another intellectual technologies
direction. The development of an autonomous MR intelligent control system as a
whole requires a systemic interconnection of a number of similar technologies.

The approach to the internal activating subsystem organization, as the most
important component of the MR ICS, given in the paper, is successful with significant
simplifications for mathematical models of RE perception and MR motions. In this
case, the MR motion surface is a horizontal plane, the objects surrounding the robot
are considered as solid bodies, which can be approximated with an acceptable error by
a finite number of convex polytops. Such simplifications are acceptable for the so-
called indoor robots, allocated in robotics in a special class, which often includes
unmanned vehicles for driving on the highway.

The weakening of these restrictions, for example, for MR operating the
complex profile rough terrain, surrounded by objects and phenomena of various
nature, is the subject of searching for other ways to organize the ICS. Today
such MRs, which are especially in demand in military applications, have only
limited capabilities to autonomously perform some typical actions under the
supervision of an operator. However, in the military actions conditions,
especially relevant, for example, MR, as ground unmanned vehicles, capable of
delivering cargo to combat positions and help evacuate the wounded under
difficult situations without human intervention.

Society's demand for autonomous mobile robots that can replace a person
when performing difficultly formalizable tasks under conditions of incomplete
information and various types of uncertainties generates a special interest in
searching for new scientific and technological solutions for the organization of
autonomous control systems.
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BIJI KOMAHZIHOT'O KEPYBAHHA /IO ABTOHOMHOCTI MOBUIBHMX POBOTIB

Bcemyn. AxtyanbHi oTpeOH Cy4acHOTO TEXHOJIOTTYHOTO YCTPOIO Ta PO3BHTOK iHTENEKTYATBHUX
iHopMaIiiHIX TEXHOJOrH, SKi OXOILUIIOIOTh LIMPOKUIA CIIEKTp HAYKOBUX HAINpPSMIB, CHPUSIIH
MOSIBI HOBMX MPHUHIMITIB OpraHiaiii CHCTeM KepyBaHHs poOoTamu. OCHOBHA MeTa CydyacHOL
poOOTOTEXHIKM — MiHIMi3allig Oe3nocepeHbol y4acTi TIOAUHU B KOHTYPl KepyBaHHS IIi 4ac
BHUKOHAHHSI POOOTOM 3aBJIaHb B YMOBaX CJ1a00 JETEPMIHOBAHOTO HECTAI[IOHAPHOTO CEPEIOBHIIIA.
Ictopuuno poboToTexHika I TakMX YMOB (DYHKIIOHYBaHHS IIPOXOAUTh IULIX Bif
JWCTaHIITHOrO KOMaH/IHOTO KEepYBaHHS /10 aBTOHOMHHUX CHUCTEM 3 MOJIMBICTIO CYIIEPBI30PHOr0
KOHTPOJTIO JIFOANHOO. PO3IIISIHYTO BIUIMB IHTENEKTYaJIbHOTO KEPYBAHHS Ha ITiBUILCHHS CTYIICH
aBTOHOMHOCTI MOOIUTBHHX pPOOOTIB cepBiCHOrO THIy. IIOKa3aHO BaXIMBI IMIJCUCTEMH B
opramizalii iHTENEKTyalbHUX CHCTE€M KEpyBaHHS aBTOHOMHHMMH MOOUIBHHMMM pOOOTaMU Ta
00'€KTHBHI CKIT/IHOIIII iX MPAKTUYHOT peatisarlii.

Memorw cmammi € OOTOBOPCHHsS BIUIMBY IHTEJICKTYaJbHOrO KCpyBaHHS Ha piBEHb
aBTOHOMHHUX MOXITUBOCTEH POOOTIB y TUHAMIYHUX Ta HE TIOBHICTIO BU3HAYEHUX YMOBax Ta
00'€eKTUBHUX TPYJHOLIIB CTBOPEHHS YHIBEpCAlNbHUX MiAXOHIB [0 peanizauii cucteMm
KepyBaHHs aBTOHOMHUMH CEPBICHMMHU pOOOTaMH.

Pesynomamu. Po3rissHyTO IUISXH HiIBUIICHHS aBTOHOMHHUX MOXKJIMBOCTEH MOOLTBHHX
poboTtiB. HaBeneHo poib NPUHIUITY CYIEPBI3OPHOTO KepyBaHHA Ha IUIAXY JO 3HIDKCHHS
Y4acTi JFOIMHY Y TpoIecax JUCTAHIIHHOTO KepyBaHHS CEPBICHUMH pOOOTaMH.

Bucnoeéxu. BUKOpPHCTaHHS 3alpONOHOBAHHX CTPYKTYpPHUX PIIICHb IHTEIEKTyalbHOI
CHUCTEMH KEpyBaHHsS MOOIIBHUM POOOTOM CEpPBICHOTO THUITy Ta METOJIUKH OpraHizaiii Horo
MiJICUCTEMH aKTUBALi Jajdy 3MOry CYTTE€BO MiJABHIIMTH aBTOHOMHI pecypcu poOoTa st
BHKOHAHHS CKJIQJIHUX 3aBAaHb Yy clla00 IETepPMiHOBAHOMY HECTAlLlIOHAPHOMY CEPE/IOBHIIII.

Knrwuosi cnosa: asmonomuuii MoOibHuil pobom, IHMeNeKmyaibha CUCmeMda KepyeauHsl,
CynepeizopHuti KOHMpOb.
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THE USE OF TELEMEDICINE TECHNOLOGIES TO CREATE A MEDICAL
INFORMATION SYSTEM FOR MEDICAL AND SOCIAL CARE

Introduction. The use of digital medicine methods is becoming more relevant due to the
COVID-19 pandemic, the current martial law in Ukraine, and the lack of medical equipment
in some rural areas.

The same applies to the provision of medical care to the chronically ill. Such assistance
includes, in addition to medical and diagnostic measures, also social measures, such as care
for the sick and disabled, provision of food, etc. These measures are united under the
term “medical and social assistance”.
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The purpose of the paper is the application of digital medicine methods, which include
telemedicine technologies, in the course of the construction of the Medical Information
System (MIS) model for assistance to the chronically ill with the telemedicine module for
implementation of appropriate medical services in hospital home conditions.

Results. The types and methods of telemedicine technologies were analyzed, the
diagram of business processes of the “Telemedicine” module was designed. The
modules of the system were described with the specification of their realization, and
the technical realization of the MIS for chronic care was carried out. The technical
requirements of the “Electronic prescription” module were described, and the
diagrams for the tasks that are frequently used in practice were provided.

Conclusions. Based on the results of the analysis of capabilities and experience of
using modern telemedicine systems, the architecture of medical information system for
the medical and social care of patients was developed which covers the doctor and
patient modules, united functionally by defined business processes with the
performance of specific functions (online interaction between doctor and patient,
issuing an electronic prescription etc.).

The use of the proposed MIS which is made using a modern REST API platform
for downloading files directly from clients, and an application implemented on the
basis of the Waterfal method and the Python programming language, ensures the
organization of the interaction of the medical staff with patients, in particular, the
implementation of remote consultation and the provision of electronic prescriptions on
based on entries in the patient's electronic card.

Keywords: medical and social assistance, telemedicine technologies, medical
information systems.

INTRODUCTION

During the COVID-19 pandemic, people who needed constant check-ups with
doctors and visits to medical facilities were at risk of getting the coronavirus
infection. This could have occurred in a live queue at a health care facility, either
through contact with any surfaces or due to the actions of others who neglect to
wear medical masks or are the carriers of the infection in the incubation period.

It should also be noted regarding the elderly category or people with
disabilities, for whom visiting health facilities in person can be very difficult, or
even lead to worsening of health due to excessive physical activity. In rural
areas, there is an insufficient number or remoteness of healthcare facilities and
an insufficient amount of medical equipment.

For now, there is already some experience in the use of telemedicine
technologies in so-called home medicine [1]. The same applies to patient
consultations when their implementation requires the direct participation of
patients and consultants, and certain resources.

The development of telemedicine has been given a great attention in the
majority of developed countries. This may be due to the effectiveness of
telemedicine in facilitating quick access to specialists, diagnostics, and treatment and
preventing injuries and diseases [2, 3]. The use of telemedicine has also been useful
during COVID-19 [4]. Telemedicine has played an important role in the fight
against massive epidemic outbreaks [5]. Different countries around the world are
using telemedicine as an effective way to test, and remotely monitor patients with
mild symptoms of COVID-19, tracing contacts and triaging symptoms.
Telemedicine technology has been effective in fighting the Ebola virus in some
areas of Africa.
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Although the above studies have shown how various telemedicine
applications can support measures to limit the negative impact of COVID-19,
there is a serious lack of research on telemedicine that would provide a basis for
determining user satisfaction with telemedicine services. We believe there is
little research on the use of telemedicine to provide medical services to patients
with chronic diseases. There are also many barriers such as geographical access,
affordability, accessibility, and acceptability of access to health care in
developing countries. These barriers become more problematic for women,
children, the elderly, and people with physical disabilities.

To overcome these barriers, the healthcare segment is now using
telemedicine solutions to increase the reach of its services. The rapid
development of information technology, particularly web technologies, has
opened up new opportunities to provide better healthcare to society.
Telemedicine is gradually becoming a viable policy option for governments in
developing countries.

The World Health Organization (WHO) defines telemedicine as: “The
provision of health care services, where distance is a critical factor, by all health
care professionals using information and communication technologies to
exchange valid information for diagnosis and treatment, prevention of diseases
and injuries, research and evaluation, and for the continuing education of health
care providers, all in the name of improving the health of individuals and
their communities” [6].

PROBLEM STATEMENT

In the modern world, there is a rapid development of Internet technologies,
affecting many areas of modern human life. The development of technology
allows establishing connection of healthcare institutions and facilities with any
state-level institution, thus freeing people from queues, and paperwork and
saving their time. Currently, numerous multipurpose platforms and services have
been created in the world, that allow society to exchange knowledge, skills,
experience, etc. Therefore, information technologies can also be applied in the
medical sphere to provide medical care remotely through telemedicine to people
who, for various reasons, do not have the physical ability to visit a medical
facility, but only remotely via telemedicine methods.

Studies have shown that primary health care physicians described
telemedicine as a more flexible, patient-centered way to provide care. The
benefits of using telemedicine to treat older patients included reducing delayed
care and increasing on-time care, increasing physicians' efficiency, improving
communication with caregivers and patients, reducing the patients' travel burden,
and allowing more patients to be treated [7]. Issues included unequal access for
rural, elderly, or cognitively impaired patients. Physicians noted that payment
parity with in-person visits, along with video and telephone visits, and the easing
of restrictive regulations helped to continue the usage of telemedicine.

Besides, during the COVID-19 virus pandemic, it was discovered that existing
approaches and technologies for providing prehospital medical care during
supercritical facilities loading were ineffective, resulting in a huge load on the devices
for artificial ventilation of the lungs (ventilators) and high mortality among the
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infected [8]. It was obligatory to develop effective means for the implementation of
such medical services, which would help to provide high-quality assistance to patients
on time. The analysis showed that it is the application of telemedicine that will provide
an opportunity to implement such objectives [9].

Telemedicine means providing remote clinical services through bilateral
real-time communication between the patient and the health care provider via
electronic audio and visual means [10]. With telemedicine, people can avoid the
additional risk of getting sick during the pandemic, the elderly can receive
medical care while staying home, and people in rural areas can receive qualified
consultations without visiting distant health care facilities. Also, telemedicine
gives an advantage not only in the “doctor-patient” direction but also in the
“doctor-doctor” direction. The above-mentioned direction allows experienced
doctors to share their experience with less experienced ones, as well as the
opportunity for doctors to consult with more qualified specialists on the
treatment of their patients. The main advantage of telemedicine in today's
conditions is the continuation of consultations in doctor-doctor and doctor-
patient directions at a distance.

The telemedicine industry and technologies have been developing rapidly
for years now, and their benefits are obvious. However, the implementation
processes are still not in good state. The adoption of telemedicine was humble so
far, especially in Ukraine, as several interrelated barriers have yet to be
overcome. While the hospital setting is a stable environment for implementing
telemedicine solutions, the adoption of home telemedicine services (TMS)
remains a relatively unexplored area. For the elderly population, due to the
increase of chronic diseases and other age-related health disorders, TMS is a
promising option to improve quality of life, reduce healthcare costs and provide
more independent living. This makes older people the main target of efforts to
implement TMS. TMS includes three core groups of services: access to the
healthcare system at home (access to personal health records); assistive living
technologies; and remote patient tracking and chronic disease treatment (vital
indicator measurement and online communication) [11].

Telemedicine technologies are gaining great importance in providing medical and
social care. Medical and social service is a type of professional practice that assists in
the restoration, preservation, and strengthening of health by solving the problems of a
patient/client who is in difficult life circumstances. This assistance includes preventive,
therapeutic-diagnostic, rehabilitation, prosthetic-orthopedic, and dental care, as well as
social measures for the care of the sick, incapacitated, and disabled people including
the payment of temporary disability benefits [12]. We consider the digitalization of
medical and social care, taking into account the use of information technology in the
implementation of medical care for patients with chronic diseases who are being
treated in a hospital home conditions.

As it known, telemedicine consultations can be divided into several directions.

1. Telemedicine consultations, both asynchronous and synchronous.

2. Use of telemedicine assistance by doctors of different specialties and for
different diseases. For example, in order to disseminate the experience of
surgery, it is now possible to use network video cameras to broadcast the
surgical procedures with the assistance of a consultant surgeon [13, 14].
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3. Mobile telemedicine complexes. Mobile diagnostic telemedicine
complexes, usually, consist of computer telecommunication equipment and
compact mobile telemedicine devices, which are used to perform full medical
consultations and diagnostics [14]. Such complexes are provided to emergency
teams, first-aid stations, and rural hospitals, as well as by the teams of the Center
for Disaster Medicine, sanitary aviation, and medical units of the Ministry of
Emergency Situations. The above-mentioned can effectively help in
mountainous terrain, where access logistics to healthcare institutions is
complicated because of the geographical location, an example of which is the
experience of the Chernivtsi region [15].

Also, mobile complexes can be very useful in conditions of combat
operations in Ukraine, with their help paramedics can consult with narrow-
profile specialists and under their guidance perform complex operations for the
defenders of Ukraine.

4. Remote biomonitoring systems. These can be bio-sensors, which are
easily attached to the skin of a person and do not interfere with daily activities,
recording ECG signals and blood pressure, which are associated with the
smartphone application that records and sends ECG via GPRS to the to the
relevant data processing centers, and if the life is threatened, after analyzing the
signal can determine person’s coordinates [16].

5. In the conditions of in-home telemedicine, it is the provision of remote
assistance to patients after surgery or with chronic diseases at home.

In all the above cases, it is necessary to have the appropriate equipment, for
example, a portable electrocardiograph for patients with chronic cardiovascular
diseases, and devices that can measure body temperature, blood pressure, and
partial pressure of oxygen. All data is sent to the cloud storage integrated with
the MIS (medical information system). Consequently, telemedicine technologies
optimize and increase the effectiveness of therapeutic and diagnostic measures,
which, in turn, improves the quality of medical care [17, 18].

The purpose of the study is to apply the methods of digital medicine, which
include telemedicine technologies, in the construction of the MIS model for
assistance to chronically ill patients with a telemedicine module to provide
appropriate medical services in a hospital home conditions.

THE MODEL OF A MEDIGAL INFORMATION SYSTEM USING TELEMEDICINE METHODS

The providing of medical and social care to patients with chronic diseases which
are in a hospital home setting is associated with a number of difficulties due to
their inability to come to a health care facility. The patient should have the
means of recording health indicators. The patient should be aware of their use, as
well as the ways to communicate with the doctor. The support of patients with
these needs is one of the tasks of medical and social care.

At the first stage, the goal was the construction of an MIS model, with the
help of digital medicine methods, for medical and social care with a separate
module for the chronically ill, using telemedicine technologies.

We suggested a model of medical information system with the
implementation of medical and social care for patients at home with chronic
diseases in the form of a hardware-software complex with a telemedicine unit.
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As the hardware in this configuration were used portable ECG devices, a
pulse oximeter, a glucometer, and a tonometer. All of them are connected with
the software application to collect relevant data and their accumulation in the
database, as well as to implement the communication with the doctor.

To display the implementation of the structural and functional diagram of
the developed application we have developed the business process model using
UML notations (Fig.1).

As can be seen from Figure 1, the business processes implemented in the
MIS are as following.

1. The patient, being at home and using mobile diagnostic devices, registers
his health indicators, which are sent to the database. The software mobile
applications are integrated with the cloud platform, in which the health
indicators are stored.

2. From the cloud platform, they are transmitted to the MIS to be stored in
the patient's electronic health record.

Measur & . . © Central
indjcaf(flrssuuzisng a _Sending data via GSM» s(t:(l?;;e component
diagnostic complex network or Wi-Fi ) {central database)
IDIS2GO '
integration
by API
0 ;
The patient Telemedecine _ _____ MIS, patient's _____ __ » Database
module electronic PACS
medical record
& e
Uploading results /
referrals /
prescriptions and
making them available . S
to the patient Writing the

prescription or referral
to a narrow-profile
specialist

Narrow-profiles,

specialist
¥ 4
o s
Familiarizing the conslultmg
family doctor with '
the examination = «---- Family &
results doctor

Fig. 1. The structure of business processes of the proposed MIS
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3. The electronic medical record can be accessed by the family
physician/therapist/pediatrician with the patient's informed consent. Accordingly, he
monitors the health indicators of a chronically ill patient, makes an appointment
depending on the dynamics of his condition, gives an e-prescription, or, if necessary,
form a request for a narrow profile specialist consultation.

4. After request approval (the appointment of the consultant and the time of the
consultation), the narrow-profile specialist provides the family physician with a real
time telemedicine consultation or only in the form of document analysis.

5. Based on the conclusion above the family physician decides on the
treatment of the patient: creates the necessary appointments, writes an electronic
prescription, or decides to take the patient to the hospital urgently.

6. The electronic prescription is sent to a certain pharmacy, with the patient
being notified.

7. Medical consultant’s report is added in the patient's electronic medical
record and is legally binding.

Also, worth mentioning the cloud-based Picture Archiving and
Communication System (PACS) [19], that stores relevant digital medical images
of the patient. This storage allows storing in an electronic patient record not only
data obtained through mobile complexes but also from different laboratories
with specific equipment.

Cloud storage, which stores the patient's electronic medical record, is a
structural unit of the Central Database (CDB) of the Electronic Healthcare
System of Ukraine [20]. Therefore, all electronic records and digital medical
images are stored in the CDB.

Based on the list of business processes, the essential requirements for MIS are:

— the availability of mobile diagnostic devices, which can include portable
electrocardiographs, blood pressure monitors, glucometers etc;

— use of an electronic medical record of the patient with appropriate access
rights, which meets all the requirements of e-Health of Ukraine for connection to
the Central Database [21];

— system for generating and transmitting electronic prescriptions.

Let us have a closer look at the last requirement. The electronic prescription
is formed in accordance with the international standard State Standard of
Ukraine ISO 17523: 2019 (ISO 17523:2016, IDT) “Requirements for electronic
prescriptions”. The most important question regarding e-prescriptions is what
information is required to accompany e-prescriptions to ensure that the patient is
given exactly the prescribed medicine, along with all relevant information that
focuses on correct and safe use. This standard provides a core set of information
requirements for supporting electronic prescriptions:

Patient Identification. Patient data content must support reliable long-term
identification, and provide contact information (e.g., location or phone number).
Patients must be able to identify themselves using an identification method that is
recognized as legal in Ukraine. The identification information should include contact
information to enable the routing of the patient in the case of an emergency.

Identification information of the healthcare professional who issues the
prescription. The prescriber must be a health care professional, i.e., a person who
is involved or associated with providing health care services to or caring for, the
object of care (ISO/TS 27527).
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Requirements

» ’
for the module Requirements for users

#»  Requirements for MIS

4
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h J

Requirements for " Receiving data
from the treatment plan and primary
prescribing TP for issuing EP"

The user must have access to all
» primary prescriptions according to the
TP with the type of prescription EP

The user must be able to obtain
details of the treatment plan

Fig. 2. Structure of the requirements for connecting the
“Electronic Prescription” module of the EHCS

Identification of the prescribed medicine. The information provided in the
electronic prescription should result in the pharmacist being able to reliably
identify the prescribed medicine (or medical device). Preferably (recommended
in the case of a medicinal product), the information be retrieved from a glossary
of medicines. If this is not available, or if the product is other than the prescribed
medicine, the pharmacist should be able to obtain enough information from the
electronic prescription to dispense the appropriate product.

The requirements for the connection of the electronic prescription are important.

The requirements for connecting the E-Prescription module according to the
Electronic Health Care System (EHCS) are following (Fig. 2).

1. Requirements for the ability to issue an Electronic Prescription (EP).
E-prescription is issued in a healthcare institution that provides medical care.

2. The subject of issuing an Electronic Prescription (EP). EP can be written
out by: A user with the role “DOCTOR” chosen by the patient as his doctor for
the provision of First Aid, as evidenced by the valid declaration on the choice of
a FA doctor; a user with the role “SPECIALIST” who has the appropriate rights
to create an EP depending on the settings of the reimbursement program. In
order to issue a prescription, the doctor issuing the prescription must be
registered and authorized in the eZdorovya system. Also, a valid declaration
must be signed between the doctor and the patient.
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3. Necessary steps for prescribing EP. The MIS must indicate the identifiers
of the patient and the doctor in accordance with the signed contract;
the possibility to indicate only the identifier of the interaction created by the
current user; Date of EP creation (“created at” parameter) cannot exceed date
of interaction (“date” parameter) for more than 7 days.

4. Requirements for receipt. The user must be able to write out an EP using
the following options: Determination of the identified patient (“person_ id”
parameter); when writing out an EP under the reimbursement program (the
value is present in the “medical program_ id” parameter), determine, within
which interaction (created by him) of the user with the patient is prescribed EP,
ie. in specify the interaction identifier in the “context” parameter
(“encounter_id” parameter); obligatorily choose the reimbursement program
according to which the EP will be issued; the creation of an application for EP
and creation of EP; if EP is prescribed on the basis of a treatment plan, then the
requirements ‘“Receiving data from the treatment plan and the initial
appointment of the treatment plan for prescribing EP” must be followed:

a) regarding the data on primary designations:

- reasons for assignment (parameter “detail.reason code™);

- extended description (“detail.description” parameter);

- justification of reasons (“detail.reason_reference” parameter);

- expected result (“detail.goal” parameter);

- explanation of the status (“detail.status_reason” parameter);

- the result of recognition (“outcome Codeable Concept” parameter) if available;

- link to the appointment execution record (“outcome Reference”
parameter) — if available;

b) regarding the treatment plan:

- status (“status” parameter);

- category to be defined from the "eHealth/care plan categories" category
directory (“category” parameter);

- name (“title” parameter);

- coverage period (“period” parameter);

- link to the interaction (“encounter” parameter);

- link to supporting info (“supporting_info” parameter array);

- medical condition (“address” parameter);

- extended description (“description” parameter);

- the reason for changing the status (“status Reasons” parameter) — if available;

- notes (“note” parameter) — if available.

The user must be able to choose what is necessary to create an EP appointment
with appointment type EP ("Medication Request") according to the treatment plan and
go to the forming an application for EP step, in case the treatment and appointment
plan is active according to the specified validity periods. The user in the MIS should
not be able to issue an EP according to the appointment if the treatment plan has such
status “Terminated”, “Cancelled”, “Completed” and/or primary assignments have
“Cancelled” / “Completed” status. Information that is entered into the Register of
Medical Records in reference to the electronic prescription includes:

- records of prescriptions;

- medical records on prescription redemption.
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The array of all patient records in the Register constitutes the patient's
electronic medical record. Data shall be entered into the Register and viewed
through the electronic cabinet in accordance with the rights of access to the
system defined by this Order or the regulations governing the functioning of the
electronic healthcare system.

In this MIS with a module designed to record health indicators of patients with
chronic diseases, an electronic prescription is a very important component, since
patients with certain chronic diseases constantly need the appropriate medicine.

The electronic prescription must contain a healthcare specialist identifier
(HCPI), a digital signature of the physician, the prescription identifier (according
to the international standard ISO/TS 16791), and the dosage as the active
substance content of the medication (according to Directive 2001/83, Article 1).

These steps are performed according to the following procedures (Fig. 3).

The doctor

Writes out an clectronic
prescription
(international standard)

The patient receives
an clectronic
prescription that is
stored in the electronic
medical record

The patient self-buys
medicine according to a
prescription

The patient orders
medicine delivery

Fig. 3. Diagram of proceedings — issuing an electronic prescription

54 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 2 (208)



The Use of Telemedicine Technologies to Create a Medical Information System for Medical and Social

TEGHNIGAL REALIZATION OF THE MIS MODEL
FOR MEDICAL AND SQCIAL ASSISTANGE

Since the proposed system includes features useful in providing medico-social
care, it can become an integral part of e-Health. Consequently, it will have
access to the database of physicians throughout Ukraine, and it will significantly
simplify the implementation of this system.

The proposed MIS has the following basic modules.

A physician module supports communication between the physician and the
patient and provides the opportunity to work with an electronic medical
document. This module is implemented in the form of a mobile application, and
is linked to the cloud storage, which means the CDB.

A patient module allows the patient to transmit his/her measured functional
indicators of health to the doctor and receive relevant recommendations from the
physician. In this case, the function of remote consultation is also performed.
This module is implemented in the form of a mobile application that is linked to
the cloud storage — CDB.

An electronic prescription module helps doctor form the appropriate
document and connect the patient with the pharmacy.

Technical characteristics of MIS. All the data used in the application is stored
in the Trembita Public Cloud environment. The application uses REST API to
upload files directly from clients. The application is implemented based on the
Waterfall method. The main advantages of this method are clear requirements and
timelines, which are documented from the beginning of the operation.

The programming language is Python. One of the advantages of Python is
the possibility of using applications several times. For convenient and quick
development of the project, the code editor Visual Studio Code was chosen,
considering its convenient interface, numerous extensions, links to the use of
different programming languages, and built-in debugger for errors search.

The system provides the exchange of text messages between the doctor and
patient modules, the patient can make appointments, receive doctor's orders and
electronic prescriptions, recommendations, and referrals to a narrow-profile specialists,
as well as sending their own data for remote monitoring [22]. The Fast Healthcare
Interoperability Resources (FHIR) standard is used to implement such tasks [23]. It
implements the principles of interoperability, which can be described as following.

Interoperability can be generally defined as “the ability of two or more
systems or components to exchange information and to use the information that
has been exchanged” [24]. Most definitions further distinguish between different
components, levels, or layers of interoperability [25]. While these components
may vary slightly across definitions, they typically distinguish between lower-
level technical components and higher-level organizational components.

Technical compatibility provides the basic capabilities of data exchange between
systems (for example, transferring data from a USB drive to a computer). This
requires communication channels and data transfer protocols. With modern digital
networks and communication protocols, achieving technical interoperability is usually
relatively simple. However, transferring data from A to B is not enough. In this case,
technical compatibility for effective interoperability is achieved through the interaction
of mobile devices with cloud storage. Syntax compatibility defines the format and the
structure of the data (for example, in an XML document). Structured medical data
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exchange is supported by international standards’ development organizations ISO, as
well as Health Level Seven International (HL7) or Integrating the Healthcare
Enterprise (IHE), which define healthcare IT standards and their use in systems.
A new standard for health data transfer is HL7's Fast Healthcare Interoperability
Resources (FHIR), which defines about 140 common healthcare concepts, referred to
as resources, that can be accessed and exchanged using modern web technologies [26].

While standards such as FHIR have already defined the basic semantics of
medical data, semantic interoperability is really the field of medical terminologies,
nomenclatures, and ontologies. They guarantee that the meaning of medical concepts
can be shared between systems, thus providing a digital common language for medical
terms that is ideally clear to both humans and machines all over the world.

At the highest level, compatibility also involves organizations, legislation, and
policies. Data exchange between health IT systems is not a goal itselfbut
ultimately should help healthcare professionals work more efficiently and improve
patients' health [27-29]. This requires common business processes and workflows
that ensure the smooth provision of healthcare within institutions [30]. The
implementation of this principle in the MIS is ensured by the organization of
interaction between the medical staff and patients, which is regulated by the
relevant documents of the Ministry of Health of Ukraine.

One of the functions of the developed MIS is to provide remote consultation.
Before the consultation, the patient must first measure basic indicators — ECG,
blood pressure, blood glucose etc. The patient enters all these data into a separate
journal in the account, which can also be viewed by the doctor. All admission data,
pre-recorded indicators, and the results of the medical tests are stored in the
electronic patient record. PACS24 cloud service is also used for long-term storage
and archiving of DICOM format images [31]. To access your own account, you
need to register in the system and authenticate with a message on your phone
number or document number. Authentication and authorization are implemented
with the help of the Python library — Authlib. Electronic prescriptions are always
available in the account for the patient to use at any time.

If the system has an automated registration system, the patient can
automatically make an appointment with the doctor if there is vacant appointment
time in schedule. The automated registration is implemented in the Python
programming language with the help of either the Priority queue library or
Appointment management system. The precedence diagram is shown in Figure 4.

The user
(Patient\Doctor)

Viewing
information
in the
account

Authentication

Account
and

registration

Authorization

Fig. 4. Diagram of procedures — authentication and authorization
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Fig. 5. Diagram of online appointment precedents
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i ‘useful articles” " article and read it

Fig. 6. Diagram of online support module usage precedents

Doctors in the EHCS also have their own accounts according to the registry of
medical professionals. The doctor's account displays the number of people who make
an appointment with the doctor and, accordingly, the schedule of appointments. The
doctor can make adjustments, for example, cancel a patient's appointment if the doctor
can’t meet the patient. Also, the doctor can view the electronic cards of patients who
have been to the appointment or have already made it (Fig.5).

A separate online support and assistance module provides answers to the most
common questions related to both illnesses and the use of the program (Fig.6).
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Consequently, using the above system with the telemedicine application
provides services to the patient who is in a home hospital setting in the form of
organizing interaction with the doctor and consultant in order to improve the
effectiveness of medical and social care.

CONCLUSIONS

Based on the results of the analysis of the possibilities and experience of using
modern telemedicine systems, the architecture of medical information system for
medical and social care to patients, which covers doctor and patient modules,
functionally united by specific business processes performing specific functions
(online interaction between doctor and patient, giving electronic prescriptions
etc.) has been developed.

The implementation of the proposed MIS is made using the modern platform
REST API for downloading files directly from clients, an application implemented
on the basis of the Waterfall method and Python programming language ensures the
organization of interaction between the medical staff and patients, in particular the
implementation of remote consultation and the provision of electronic prescriptions
based on records in the patient's electronic record.
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: MixHapoJHIH HAyKOBO-HABYAJIbHUIL IIEHTp iH(pOpMaLITHIX
TexHoorii Ta cucteM HAH Ykpainu Ta MOH Ykpainu,

40, np. Akap. I'imymxosa, Kuis, 03187, Ykpaina

? HaujoHasTbHuit TeXHiYHMIA yHIBepeHTeT YKpainm

"KuiBcbkuil noniTexHiuHuii iHCTUTYT iMeHi Irops Cikopcbkoro"
37, Ilepemoru, m. Kui, 03056, Ykpaina

METO/M TEJIEMEJNYHUX TEXHOJIOT'TA JUUTA CTBOPEHHSI MEJIMYHOT
HO®OPMAIIMHOI CUCTEMHM MEJJUKO-COLIAJIBHOI JOIIOMOI'

Bcemyn. BukopucTanHs METOIB UPPOBOT MEIUIIMHN HaOyBa€e BCE OLIBIIOI aKTYaJIbHOCTI Y
3B’s3Ky 3 manaemiero COVID-19, BoeHHMM cTaHOM Ha Tepuropii YKpaiHH, HemocTadero
MEIMYHOTO OOJIaTHAHHS B ICSKUX CUTbCHKHX MICIIEBOCTSIX.

Ie x cTocyeThbes 1 HaaHHS MEIUYHOI JONOMOTH XPOHIYHMM XBOpHM. Taka romomora
BKJIFOYAE, KPiM JIKYBaJIbHO-I1arHOCTHYHUX 3aXOJIiB, 3aX0H COI[IaTbHOTO HAMPAMY, JI0 SIKUX
HaJe)XaTh IO 32 XBOPHMH Ta HENpale3JaTHUMH, MOCTa4aHHsS NPOJYKTIB XapuyBaHHS
tomro. Ii 3axomu 06’ €qHAHO i HA3BOIO «MEIUKO-COIliaIbHA JJOTIOMOTay.

Memoto poOOTH € 3aCTOCYBaHHS METOIIB IU(PPOBOI MEIUIIMHU, A0 SKHX HAJICKATH i
TeJleMeANYHI TEXHOJOrii, miJ uyac MOOyIOBH MoAeNdi Mequ4Hoi iHpopMaliiHOI cuCTeMH
(MIC) nns momoMord XpoHIYHMM XBOPUM 3 TEJIEMEAMYHUM MOAYJEM Ui 3AiHCHEHHS
BiJITIOBIZIHUX MEJIMYHUX MOCIYT B YMOBAaX CTallloHapy Ha JJIOMY.

Pesynomamu. TIpoaHami3oBaHO BUIW Ta METOAU TEIEMEIUYHUX TEXHOJOTIH,
CIPOEKTOBAHO Jliarpamy Oi3HeC-NPOIECiB MPOrpaMHOTO MOAYII0 «TeneMeIuInHay, OIHCaHO
MOMYJIi CHUCTEMHU i3 3a3HAUCHHSAM TEXHIYHMX XapaKTepUCTHK iX peanizamii, 37ilicHeHO
TexHiyHy peanizaiiito MIC s 10omoMord XpOHIYHUM XBOPUM, OMHCAHO TEXHIYHI BUMOTH JI0
Moxymo «EnekTpoHHHmil penent», HamaHo miarpamu npeneneHTiB MIC mis 3aBnaHs, sKi
HaifyacTilnie BUKOPUCTOBYIOTH JIiKapi y MPaKTUYHIN AisIBHOCTI.

Bucnoeku. 3a pe3ynbraTaMy aHajlizy MOXKIMBOCTEH Ta JIOCBIy BHKOPHUCTAHHS Cy4YacHHX
TeJIEMEIMYHIX CHUCTEM PO3pOOJIEHO apXiTeKTypy MEAMYHOI iH(GOopMaIliifHOI CHCTeMH I HaJJaHHS
MEIMYHO-COLIIAJIBHOT JIONIOMOTH TIAIIIEHTaM, K& OXOILUTIOE MOJYJI JIiKaps 1 matienTa, (QyHKI[IHHO
00’€e/THaHI BU3HAYEHUMH Oi3HEC-TIpoliecaMy 3 BUKOHAHHSIM KOHKPeTHUX (PyHKIIH on-line B3aemonii
JIKapsi Ta TaLieHTa, BUMICYBaHHS €NIEKTPOHHOTO pelienTa TOIO. BUKOpHCTaHHS 3anpONOHOBAHOT
MIC, sika BuKOHaHa 3a 3acTocyBaHHs cydacHoi Iardopmu REST API ny1s 3aBaHTaxkeHHS (aiinis
0e3rmocepeTHbO BiJl KITIEHTIB Ta 3aCTOCYHKY, peali3oBaHOTO Ha OCHOBI Metony Waterfal, Ta MoBu
nporpamyBaHHsi Python, 3abe3nedye opraHizaiiro B3a€MOJIl JIKApChKOTO CKJIAAy 3 MAallieHTaMu,
30KpeMa 3IiHCHeHHs] IHMCTAaHIIHHOrO KOHCYJIBTYBaHHS Ta HAJAHHS EICKTPOHHHX pELENTiB Ha
OCHOBI 3aITHCIB Y €JICKTPOHHIH KapTIIi TAalli€HTa.

Knrwouoei cnoea: meduxo-coyianbha oOonomozaa, menemMeOudti mMexHonoz2il, MeoOuuHi
iH(hopmayiiini cucmemu, eleKmpoHHI peyenmu.
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METOJI0NOrI4HI ACREKTH BUKOPWCTAHHA
HOPMOMETPHYHOIO0 WKANOBAHHA ANA BATATOBHMIPHOTO
OLIHIOBAHHA PESEPBIB 310POB ‘A

Bcmyn. OnauM 3 HanpsIMIB Cy4YacHHX JIOCII/DKEHb B Taily3i HM(POBOI MEIMIMHA € PO3POOIICHHS
METOJIONOTIYHOI 0a3H OIIHIOBAHHS, IMIATPUMKH 1 KEpYBaHHS TIEPCOHATLHUAM 3[0POBSIM JTFOIWHH.
BuxoprctaHHs METOJ0JIOTIi CHCTEMHOTO ITiIXOY VISl pO3B si3aHHs 0i0OMEAMYHUX MpoOieM € Oazu-
CHHUM ]ISl pallioHaIbHOT OpraHi3aiiii HayKOBHX JIOCII/KEHb Ha eTarax JIarHOCTHKH, TIPOTHO3YBAHHS
1 KOperyBaHHs CTaHy 37I0pOBsl iHMBIyyMa Ta MOMYJISALIHHIX TPYIL

HayxoBe nocmipkeHHs, sIKe CIPSMOBAHO Ha po3pobieHHs iHGopMaumiiHOi TeXHONIOTIT
OLIIHIOBAaHHS PE3€PBIiB MEPCOHAIBHOTO 370POB’Sl MPAKTHYHO 3/0POBOI JIFOJMHHA HA OCHOBI
MIOKa3HUKIB (DI3MYHOTO Ta MCHXOCOLIAIBHOTO CTATYCiB, € aKTyaJbHHUM 1 OpPIEHTOBAHO IS
BUKOPHUCTAHHS Ha €Tanax JIOHO30JI0T1YHOI iarHOCTHKH.

Mema cTaTTi — TMOKa3aTH AOULUIBHICTh BHKOPUCTAHHS METOHIB HOPMOMETPHYHOTO
MIKAJTIOBAHHS JUISl KUTBKICHOTO OI[IHFOBAHHS 3JI0POB‘Sl OPraHi3My i HOro pe3epBHUX MOXKITH-

© KIGOPEHKO C.L, BEJIOB B.M., TOHTAP T.M., KO3JIOBCBKA B.O., OBEJIEL[b T.A., 2022
ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209) 63



Kigpopenxo C.1., benog B.M., I'oumap T.M., Koznoscvrka B.O., Obeneywv T.A.

BOCTEH JIJIs1 JOHO30JIOTIYHOT JIarHOCTHKH 1 akTUBAIlil ajanTailii B MiHIMBUX YMOBax 30BHi-
IIHBOTO CEPEJOBHINA.

Peszynbmamu. Po3po0iieHO anropuT™M 00YMCIICHHSI HOPMO-1HJEKCY PI3HOSKICHUX MOKa-
3HHUKIB 3]I0pPOB’s 32 BUKOPUCTaHHS HOPMOMETPHYHOIO LIKATIOBAHHS Ul OaraTOBHMIpHOTO
OIIIHIOBAaHHS PE3EPBiB 370POB .

Po3pobneno inpopmaniiiHe 3a0e3MeueHHsT alr'OPUTMIB pPO3paxyHKY Aiala3oHy HOpMO-
iHAEKCY Il HATYPHUX 1 €BPUCTHYHHUX MOKA3HHUKIB (DI3MYHOTO 1 IICHXOCOIIAIbHOTO CTAaTyCiB
3J10pOB’s I NOTPped HUPPOBOI MEIUIIMHY.

Po3po6ieHo MOy MPOrpaMHO-AITOPUTMIYHOTO KOMILIEKCY «370poB’s-Pe3epm» s Oara-
TOBUMIPHOTO KiTbKICHOTO OLIIHIOBAaHHS PE3EPBHUX MOMIIMBOCTEH OpraHi3My i 0COOUCTOCT JIIOIMHU
Ha OCHOBI CHICTEMH IIIKaJI HOPMO-IHZIEKCY [y iHPOpPMAIIIHHAX MOOLUTHHUX TEXHOJIOT 1.

Bucnoexu. Anroput™M po3paxyHKy Jiana3oHy HOPMO-IHIEKCY [UIS HaTYpHUX i eBpHC-
THYHUX TOKa3HUKIB (DI3UYHOTO 1 TMCHUXOCOI[AILHOTO CTaTYCiB 3/I0pOB’sl J1a€ MOXKIJIHBICTh
30UIBIIUTH PO3JUIBHY 3[aTHICTh pedepeHTHOI 30HM IIOKAa3HUKIB, SKi BPaxOBYIOThCS B OIli-
HIOBaHHI 3JI0POB’ S JIFOIMHU.

Po3po06ieHHS KOMIT'IOTEPHUX MOAYJIiB 0araToBUMipHOTO KiJIBKICHOTO OLiHIOBAaHHS 3/10-
POB’sl OpraHi3My Ta OCOOMCTOCTI JIFOJMHU Ha OCHOBI IIIKal HOPMO-1HJEKCY JIa€ 3MOTY aBTO-
MAaTH3yBaTH 1 ONIEPATUBHO NPOBOANTHU 30MPaHHS JAHUX 3a pe3yJbTaTaMH OOCTEKEHb, aHai-
3yBaTH AMHAMIKy AIarHOCTOBAHUX CTaHIB 1 MOKe OyTH e€(EKTHBHMM IHCTPYMEHTOM A
CKPHMHIHTY 1 MOHITOPHHTY 3JIOPOB'S HAaCEJICHHs, a peaii3ailis po3poOJICHHMX TEXHOJOTIH B
MOOUIBHUX AHAPOIA-3aCTOCYHKAX 301IbIIY€ SKICTh IPUHHATTS IEPCOHAIBHUX PILIEHb KOPH-
CTyBa4eM 3a paxXyHOK PO3IIUPEHHS JAOCTYITHOCTI Ta MiJIBUIIEHHS ONEpPATUBHOCTI y 3a0e3me-
YeHHI HEOOXiTHOIO iH(OPMAIII€IO TS OpraHi3amii CBO€ET )KUTTETISUITBHOCTI.

Knrouosi cnosa: HopmomempuuHe wiKamO8anHs, pe3epsu 300p08's, KibKicHe OYIHI08AHHS 300p08 s,
HOPMO-IHOEKC NOKA3ZHUKIB, MOOLIbHE 3CMOCYHKU.

BCTYR

CydacHe YsBJICHHS ITPO 3I0pOB'S JIFOAWHH TIOB'S3aHO 3 (POPMYBaHHSAM TapMOHIHHOL
BCEOIYHO PO3BMHEHOI OCOOMCTOCTI 3 MAaKCHMAJBFHHM PO3KPUTTSAM 1i MOTEHIIHHUX
JKUTTEBHX CUIL. 3I0POBA JIIOJIMHA Ma€ 3aTHICTh aJICKBATHO PearyBaTH 1 alanTyBaTu-
Csl 32 PaXyHOK PE3EPBHUX MOIIMBOCTEH OpraHi3My II0 TOCTIHHO MIHJIMBHX YMOB
010JI0TIYHOT0, EKOJIOTIYHOTO 1 COILIAIBHOTO CEPEIOBHIIIA, 3/1aTHA BIOCKOHAIUTH ceOe
Ta MiATPUMYBATH BUCOKY OCOOUCTY Ai€3[aTHICTh. Takuii CTaH JIOAMHU JIOCSTAETHCS
3aBISIKH CTIeNU(IYHAM (DYHKIIOHAJIBHAM OCOOJIMBOCTSIM 1 CKJIQIHOMY KOMILIEKCI
PETYISIIIMHNX TTICHCTEM HEHPOTYMOPATIBHOTO XapakKTepy, SKUi 3a0e3redye y3ro-
JDKEHY B3a€MOJIIF0 0araThoX CUCTEM OpraHi3My.

€ OJIM3BKO CTa BU3HAYCHD TOHATTS «310poB‘s». B mpeamOyii CratyTy Beecit-
HBOI OpraHi3artii 0XopoHu 310poB's (1948) ToBOpPHUTHCS, IO 370POB'ST — II€ HE TUIBKH
BIJICYTHICTb XBOPOO a00 (hi3nyHMX AedeKTiB, a CTaH MOBHOTO (i3UYHOTO, ICHXITHOTO
Ta couianpHoro onaronomyyds. Ls nedinimis BU3Ha4a€e 310pOB S B ONMUCOBUX, He(o-
PMaTi30BaHMX KaTeropisx OJ1arornoiydds, MpoTe BiAMOBIIA€ TOIOBHAM BAUMOTaM, IO
BHUCYBAIOTHCS JI0 JIe(iHIliil — CIyryBaTH iHCTPYMEHTOM Mi3HAHHS, JTABaTH MOMKIIH-
BICTh BUKOPUCTAHHS iX y MpakTUYHUX IULIX. CHHMparovuch Ha 11¢ BU3HAYCHHS 3/10-
POB‘s 1 pO3yMiHHS HEOOXITHOCTI yIOCKOHAIICHHSI BUBYEHHS IIi€1 aKTyanbHOI Impooiie-
MH CYCHUIBCTBA, Y MDKHApOIHOMY HayKOBO-HABYAILHOMY IIEHTPI iH(OpMAITIHIX
texHonoriii i cucrem HAH ta MOH VYkpainu po3po0ieHO BIKPUTY KOHIIETIIIiO
31m0poB‘st [1]. 3a Mi€r0 KOHIIETIIIEr0 3M0POB S PO3ITIAAAETHCS K CKIIAJHO OpTraHi3oBa-
Ha IUTICHA CTPYKTYpa O10JIOTTIHOT, TICHXIYHOI 1 COITIATEHOI TIPHUPOIH, T KPECITFOI0UN
TPUEIHICT (PI3UYHOTO, TICUXIYHOIO Ta COLIATBLHOIO 11 cTaTyCiB. /|1 BUBYEHHS TaKOi
CTPYKTYpH JIOIUIEHO BUKOPUCTOBYBATH CUCTEeMHMH Tijxin. CHCTEMHUIA MiIXia J1ae
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Memooonoziuni acnexmu 8UKOPUCMAHHA HOPMOMEMPULHOL0 WIKATIOBAHHS OIS 6AAMOBUMIPHOL0

3MOTy JOCIIKYBaTH O0‘€KT 3 MO3MIIM CTPYKTYypHO-iEpapXiuHoi Horo oprasizarii.
OcHoBa BUBYEHHS KaTeropii 3710pOB‘S IPYHTYETHCS Ha i€papXidHiil OaraToBUMIpHii
CTPYKTYpHIH opraizarii BciX mcuxoi3ionoriaHux IMiICHCTEM OpraHi3My, 1o 3a0e3-
MEYYIOTh NepeOyBaHHs HOro y 3/0pOBOMY CTaHi. Y caMOMy TepMiHi «OaraTroBUMIp-
HICTB» MICTUTBCS YSBIICHHS TIPO HaIiHHICTh, 30aJlaHCOBaHICTh, KOOPAWHOBAHICTb,
BJIaCTHBA 0araThOM YKHMBHUM OpraHi3MaMm.

3nopoBa JroIMHA 3a3BUYall Ma€ 3[IaTHICTh aJIeKBaTHO pearyBaTH i adanmy-
eamucsi 10 TIOCTIHHO MIHJIMBHUX YMOB HaBKOJHIIHBOTO CEPENOBHIIA 32 PaXyHOK
pesepeHux MOXIMBOCTEH 11 opranizmy. Came docmammsi KinbKicmb pe3epeie
3a0e3re4ye 37aTHICTh IPUCTOCOBYBATUCS, BIOCKOHAIIOBATH ce0e 1 miaATpruMyBa-
TH BUCOKY OCOOHUCTY Ji€3/1aTHICTb.

Ha nasBHicTH aganTaniiHUX pe3epBiB (PYHKIIOHYBaHHS JIFOJICBKOTO OpTraHi3-
My 3BepTanu yBary AmocoB M.M. [2], Ananacenko ['.JI. [3] Ta iami. CBoro gacy
M.M. AMOCOB 3a3HauaB, 0 caMe CyMOIO PE3ePBHUX MOXIIMBOCTEH (DyHKIIIOHA-
JIBHUX CHCTEM OpraHi3My BU3HAYAETHCS KUTBKICTH 340POB ‘s, 110 MOKHA OOYUCIIH-
TH 32 JOTIOMOTOIO CIICIialbHAX PE3EPBHUX KOSMIIIEHTIB, SIKi BPaXOBYIOTh BiJIHO-
HICHHS TTOKa3HUKa MaKCUMaJIbHOTO CIIOKMBAHHS KHCHIO 32 YMOB HaBaHTAXKCHHSI
JI0 LBOTO X MOKa3HUKa y CTaHi crokoro. [IpobneMaTrKy pi3HMX acleKTiB A0Ci-
JOKEHHS 1 OIIHIOBaHHS aJanTalifHIX MeXaHi3MiB aKTHBHO JOCIIDKYIOTh Ta 00-
TOBOPIOIOTH Y HAYKOBHX CTATTAX, MOHOTpadisx, calitax B IHTepHETI, B IKUX Ha-
BEJICHO JaHi MPO Cy4acHi MiJXOJH O OLiHIOBaHHS (PYHKLIOHAILHHUX PE3EpBiB Ta
PETYIATOPHO-aIaNTAlliHHIX MOXKIIMBOCTEH opranizmy [4-9].

NOCTAHOBKA NPOBNEMM

AnanTuBHICT — L€ (yHIaMeHTaJbHa BIACTUBICTH KHMBOI CHCTEMH, siKa Oa3yeThcs
HA TIOHSTTi TOMEOCTa3y. [i MOJKHA PO3ITISIATH SIK IThOBY (BYHKITIFO GaraTopiBHEBOT
IEPAPXIYHOI CHCTEMHM KEPYBaHHS JKUTTEMISUTBHICTIO JIIOJMHM, IO O€3M0CepeaHbo
3aJIEKUTD BiJl KUIBKICHOI CKJIaZI0BOI pe3epBHUX MOXJIMBOCTel opranizmy [10]. Kinb-
KICHa OIIHKa Pe3epBiB 37I0pOB‘s HeoOXiJHA SIK IUIS aHAI3y MOTOYHOTO CTaHy 370-
POB‘s, Tak i, y pa3i HEOOXITHOCTI, VI CBOEYACHOI aKTHBAIlii KePyBaTbHIX BIUIMBIB
II0JI0 TIOTIOBHEHHS TaKWX pe3epBiB. Take OIIHIOBaHHS Hazae OOIPYHTYBAHHS JOITi-
JIBHOCTI 3aCTOCYBaHHS PEryJIOBATBLHUAX 3aC00iB TS MATPUMKH (Pi3i0NOTIYHMX TIPO-
IIeCiB B TOMEOCTATHYHOMY Jlialia3oHi i JyIsl parlioHATEHOTO PO3MOALTY (hYHKITIOHAb-
HUX MOXKJIMBOCTEH B TIPOIIEC] KUTTEISITHHOCTI.

KinbkicHe ysBeHHs po pe3epBu 0a3yeThesl Ha OLIHIOBAHHI 340pOB ‘S B LIJIOMY 1
FOro CKJIaIoBHX Ta € HEOOXITHIM JUTsl CBOEYaCHOTO 3BEPHEHHS JI0 BIAIOBITHUX CIIe-
IiaIticTiB 3a IpodecioHATBEHOI BaJICOJIONYHOI, a00, 3a MOTPeOH, IO MEIUYHY J0-
nomory. IIpoOneMarrika IOHO30JOTIYHOI AIArHOCTHKU 3A0POB‘S Ta Pi3HUX HOro
CKIIAJIOBHUX ((Pi3MYHOT, TICHXOJIOTTYHOI, COIIATBHOT), PO3IIIAAAEThCSA B POOOTAX PSIY
JIOCITiTHUKIB, Hanpukiay [10-14], B skMxX HaBeIeHO BUKOPUCTAHHSA CYYaCHHX METO-
JUB 1 IPOrpaMHUX 3acO0IB JUIS OI[IHIOBAHHSI aIaNlTalliiHUX MOXKJIMBOCTEH OpraHi3my.
CydacHi TOCATHEHHS 3 BUKOPHUCTaHHs iH(QOpMaLifHIX TEXHOJIOTiH B GioJorii Ta Me-
JUIAHI  TAI0Th 3MOTY ITABHITMTH €(PEeKTHBHICTH KiJbKICHOTO OITIHIOBAaHHS CTaHY
37I0pPOB‘sI HA JIOHO30JIOTTYHOMY PIBHI 32 paxyHOK PO3pOOJICHHS 1 BUKOPUCTAHHSI TIPO-
TPaMHO-AITOPUTMIYHHUX 3aCO0IB.

Mera craTTi — mOKa3aTH AOLUIBHICTh BUKOPUCTAHHS METOAIB HOPMOMETPHY-
HOTO IIKATIOBAHHS U KUTBKICHOTO OITIHIOBAHHS 3/IOPOB ST OPTaHi3My 1 HOTo pesep-
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BHHUX MOYKJIMBOCTEHM JUISI JJOHO3OJIOTIYHOI JIAarHOCTHKHY 1 aKTHUBALil ajarrarii B MiH-
JIMBUX YMOBaX 30BHIIIHBOTO CEPEIOBHIIIA.

METO/I0NOT14HI OCHOBM CMCTEMHO-KINbKICHOIO
OLIHIOBAHHA PESEPBIB 3/10POB‘A

J1nst BUBUCHHS CKJIaJHUX CUCTEM Pi3HOI IPUPOIH, TAKHX SIK COLIabHI, EKOHOMIYHi, B
TOMY 9YHCII 1 G10JIOTiUHI, SIKi CKIIaalOThCS 3 BENHMKOI KUTBKOCTI KOMITOHEHTIB, B CY-
YacHI HayKOBil MPAKTHIl MIUPOKO BHUKOPHCTOBYETHCS METOMOJIOTIS CUCEMHO20
ananizy. OcHOBHUMH (yHIaMEHTAIbHUMHU MPUHLMIIAMH CUCTEMHOCTI €: YiTicHiCcmb
ma iepapxiynicme OpraHizamii CKIaIOBHUX TaKuX cucteM [15, 16].

3a3HauMMO, 1110 BUKOPHCTOBYIOUM CHUCTEMHHMH MMIIXiJ, JOCTI/PKYBaHUA 00 €KT
PO3IIAAEThCA K IUTICHA CHUCTEMa, BOJHOYAC OEPEeThCS O yBaru pPisHOMAaHITTS
3B‘SI3KIB MK CKJIaJIOBUMH CHCTEMH, SIKi Pa3oM (OPMYIOTh €MHHI 00pa3 CUCTEMH.
3aBISIKM BUKOHAHHS 1€papXidHOTO CTPYKTYPYBaHHS Ta AEKOMITO3MIII LIJIICHOI cHC-
TEMH Ha TIPOCTIIIi CKJIAIOBI, CIIPONTYETHCS 3aCTOCYBAaHHS MPAKTUIHOTO IHCTPYMEH-
Tapiro IS TOCSTHEHHS KIHIIEBOT METH JIOCITIJIPKCHHSI.

300pOB ‘sl TIOAMHYU PO3TILIAAETHCS K CKIIAIHA I€papXidHa CHCTeMa, SIKa Ma€e CHC-
TeMy 3B‘SI3KIB MK CKIIamOBUMH. Ha CHOTOHI BHKOPHCTOBYIOTH JOCHTH ITHPOKHI
HaOip Croco0iB, METO/IIB, METOIUK OI[IHIOBAHHSI 3/I0POB'S Ta OKPEMHX HOTO CKIIa/I0-
BUX, SIKi TAFOTh MOMJTHBICTH OTPHIMATH BEJIMKHIA CHEKTP SKICHHUX 1 KUTbKICHHX TTOKa3-
HHKIB [IPO CTaH JIFOMMHK. SIKiCHI TIOKa3HUKH YCKIIAIHIOIOTH (GopMatizallifo MpHUiHAT-
TSl KOHKPETHUX pillieHb. BUBYEHHST METOTIB KiTbKICHOTO OITIHIOBAHHS SIKICHUX XapaK-
TEPUCTUK OO'EKTIB 1 TPOIIECIB € TPESIMETOM JIOCHIDKSHHS TaKWX HAYKOBUX JIHCITHII-
7iH, sk «Teopist BuMiproBanb», «KBanimerpis». Came KBaiMETpHYHI METOIM Haza-
I0Th SIKICHAM TIOKa3HUKaM KUTbKiCHY (popMy SIK HA3pYUHIITy 1 TOUHIITY IS BUKO-
PHCTaHHS y CydacHHX cucremMax kepyBanui [17, 18].

[linkpecnumo, 10 U1l OLHIOBAHHS 370POB'Sl BUKOPUCTOBYIOTH Ba MiIXOAU:
00'exkmusnuil ma cy6'ekmuenuii. J1o 00'exmugnux METOIIB MOXHA BigHECTH J1abo-
PaToOpHO-IHCTPYMEHTAIbHI METOAWKU OLIHIOBaHHS (Pi3UYHOTO 310pOB's, (PyHKIiO-
HaJTbHI IPOOH, B SIKUX BUKOPHUCTOBYIOTHCS PealIbHI BUMIPIOBAHHSI i OCHOBaHI Ha HUX
obuucioBaibHI iHAEKCH. [lepeBara 00'€KTUBHUX MiIXO/IB € B TOMY, 110 BUKITIOYA-
€TBCS MPSMHHA BIUIMB JOCTIPKYBAaHOTO, CTaH 370POB'SI SIKOTO OLIHIOETHCS, Ha pe-
3yJIbTaT MIarHOCTHKY. BomgHOUYAc MOCIIMKEHHS, SIKi TPOBOISTH 33 JOMOMOTO0 1H-
CTPYMEHTaJIbHO-IA00PAaTOPHUX METOMIB, HE BUKIIIOUAIOTh HETATHBHOTO BIUIMBY Ha
Pe3yINbTAT OIIHIOBaHHS TOYHOCTI BUKOHAHHS BUMIPIB 1 Ja0OpaTOPHUX aHAI3IB, 10
MOK€ 3YMOBHTH MOXHUOKH B OCTATOYHHX BUCHOBKAX.

[opsin 3 00'€eKTHBHUMY OLIHKaMU, HE MEHIII BXKJIMBUM € BUKOPUCTAHHS Pi3HUX
METOMIB YO '€KmusHO20 OIIHIOBAHHS, SKi 0a3yIOThCS Ha CAMOCIIOCTEPEKEHHI Ta ca-
MOKOHTpoi. Po3noBcromkeHrM 3aco00M Cy0‘€KTHBHOTO OLIHIOBAHHS € BHKOPHC-
TaHHS TECT-ONUTYBAIBHUKIB, 33 JOMOMOIOI0 SIKMX PEeali3yeThCsl KBATIMETPHYHE T1e-
PETBOPEHHS SIKICHMX XapaKTEPHCTUK Y KUIBKICHI OIIHKY B OajaXx, siki BAKOPHUCTOBY-
I0Tb B JiarHOCTHYHMX mpouenypax [19]. Sk y pasi o0‘ekTMBHOro, Tak i y
Cy0‘€eKTHBHOMY OITiHIOBaHHI 3/I0POB‘sSl BAHUKAE TPOOJIeMa 6aeamosuMipHOCHi.

bararorianoBe KiJIbKiCHE OL[IHIOBaHHS CTaHy 3/I0POB‘S MOTPEO0Y€E BUKOPHCTAHHSI
TaKWX METOJIB, K KJIACTepHHH, (DaKTOPHMII aHAIT3, a TAKOXK METOJIIB OaraToBHUMIp-
Horo mkamoBanss [20, 21]. B Hammx KoCiipKeHHAX TEXHOJIOTIH0 0araTOBUMIPHOTO
OLIIHIOBAHHS CTaHy 37I0pPOB'I 1 IOT0 CKIIAIHWKIB, 3 yciMa BHYTPIIIHIME CTPYKTYPHH-
MH BKJIAJICHHSIMH, TTOJJaHO 1€papXidHOI0 CHCTEMOIO IIIKaJ, SIKi BU3HAYAIOTH MapameT-
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p¥ BifiOpaHUX I BUMIPIOBAHHS O3HAK, SIKI 0a3yrOThCsl Ha KUTBbKICHUX a00 SKICHHX
ix xapakrepucrakax [22, 23].

Bigomo, mo Bij BUOOPY METPUKH 3QJICKHUTH PE3yJbTaT KUTbKICHOTO aHaJIi-
3y. KokHa npenmeTHa 0061acTh Mae cBoi 0cOOIMBOCTI, KpUTEPIi 1 mpaBuia Mpu-
HHATTS pimeHb. HalimpocTimmM eneMeHTOM, IO JISKUTh B OCHOBI MPHUUAHATTS
pilieHs, ki GpopMatizyoThCs Ha MiJICTaBi BIAMOBIIHUX MPOLENyp MOPIBHIHD, €
BiZicTaHb. 3a po3pOOJIEHOI0 HaMHU CHCTEMOIO IIKAJIIOBAHHS ISl OLIHIOBAHHS
CTaHy 3/IOPOB‘s, Ha KOXKHIHM ITKaji BUOMPAIOTHCS TI€BHI YHMCIIOBI 3HAYCHHS, K1
BiJINIOBIJIAIOTh BEPXHIM i HUKHIM MEXaM BCIX MOXIUBUX 3HAYCHb IMOKa3HUKIB
(po3Mmax) i MexxaM niama3oHy HOpMH. Bin Toro, Ha sKiff BiICTaHi 3HAXOIUTHCS
BEJINYHMHA MTOKAa3HHKIB, 110 BUMIPIOIOTECS, BiJl €TAIOHHUX iX 3HAYEHb (HOPMH),
BU3HAYAETHCS 1 KPUTEPIH CTaHy iX SIKOCTI.

Tlousmms nopmu i nonamms 300p08's 3MAI0THCS HEPO3AUTLHUMH. Y Oara-
THOX BHIAJKAX IX IPOCTO OTOTOXKHIOKOTH, TPOTHCTABIISIOYH MOHSATTIO MATONOTI].
BinbImicTh MOKa3HUKIB KUTTEAISUTBHOCTI JIFOJUHU PO3UIATH HA «HOPMY» 1 «I1a-
TOJIOTII0» HE 3aBXKIHU JIETKO, & TOMY, 00 X iHTepnpeTyBaTH, NOTPiOHO MOpiB-
HSIHHS OTPUMaHMX JTAaHHUX 3 MOKa3HUKAaMH, BCTAHOBICHUMH B SIKOCTI HOPMHU.

B MemuaHiii mpakTHTi HOpMATEHI TTOKA3HUKH JJA00paTOPHHUX aHATI3iB — I1€ TIOKa-
3HHMKH, OTPUMaHi y 3[0poBHX toei. OfHaK, B TAKUX TPyIax MOKa3HUKUA MOXYTh
MaTH Pi3Hi 3HAYEHH, TaK SK HOpMa — TOHSTTA iHauBiAyansHe. Lle 3ymMoBIeHo sk
TIEPCOHATIFHUMH OCOOJIMBOCTSMH JTFOJCBKOTO OpraHi3My (OCOOIHMBOCTSMH OOMIHY
PEUOBHUH, TOOOBHX OIOJIOTTYHNUX PUTMIB, PYHKIIIHHOTO CTaHy THUX UM iHIIMX OPraHiB i
iX crcTeM), Tak i BIIMIHHOCTSIMH 3a CTaTTIO, BIKOM, (Di310JIOTIYHIM CTAaHOM.

[Hdopmanis, oTpumMana BHACHIIJOK JaOOpATOPHUX aHANi3iB, OCHOBaHA Ha
BUSBIICHHI Ta/a00 BHMipi B JOCHTIKYBaHUX 3pa3Kkax (OioMmarepianax) KOHKpET-
HUX 0Ci0 MIEBHUX KOMIIOHEHTIB (aHAIITIB), PYHKIIIHHO a0 CTPYKTYpPHO TOB'sI3a-
HHUX 3 OKPEMHM OpraHoM abo CHCTEMOIO OpraHiB JtoAuHH. HopmanbHi Bennuu-
HU 7a00paTOPHUX TOKAa3HHUKIB BCTAHOBIIEHO B IPOIECi KIIIHIYHHUX OCIIIKEHb
Ha OCHOBI PE3yJIbTAaTiB BUMIpIOBAaHHS JOCIHII)KYBaHUX aHAJITIB Y BEJIWKIH MO-
MyJAii 3J0pOBUX IIOJIEH, CHemiaibHO BigiOpaHMX 1 3rpyNOBaHUX 3a BIKOM,
cTaTTio ab0 iHmMUM 6i0JOTIYHNM 4H iHIMUM ¢akTopoM. OTpUMaHi JaHi 3BEICHO
JO CepelHiX 3HayeHb, BPAXOBYIOUM CTATUCTUYHO MOXKIIMBI CTAHIAPTHI BiIXu-
JICHHS 1XHIX BenUYuH. TOMY TOYHIIIE BUKOPUCTOBYBAaTH HE MOHATTS «HOPMI»
NOKa3HUKa, a MOHATTS «Jliana3oHy HopMu». HalimomyssipHimmii Hapasi B oli-
HIOBaHHI Pe3yJbTaTiB Ja00paTOpHOTrO JOCTIIKECHHS! TEPMiH «HOpMa» BHUKOPHC-
TOBYETHCS pifmie. 3aMiCTh HBOTO TOBOPSITH TPO peghepenmui 3HayeHHs, a pe-
3yJbTAaTH, OTPUMAHI JIJIsi KOHKPETHOI 0COOM (UM MAaIlieHTa), TOPIBHIOKOTH 3 pe-
Gepenmuum inmepsanom (Oianazonom) [24]. Llelt TepMiH € TOUHIIINM, OCKLITBKH
Jla€ ySBIICHHS MPO CTATUCTHYHO AOCTOBIPHI HIKHI 1 BEPXHI MEXIi Bapialliii Hop-
MU NIOKa3HUKiB. Ha crorofHi pedepeHTHi 3Ha4eHHS! BCTAHOBIIEHO ISl OaraTbox
MMOKA3HHKIB JKUTTEMISUTBHOCTI JIIONWHA. Y CBOIX pO3poOKax IMOAO OIliHIOBAHHS
cTaHy (QYHKUIIOBAaHHS CHCTEM OPraHi3My i 310pOB'A B IIIOMY MH TaK0XX KOpHC-
TYEMOCH TTOHATTSAM pedepEeHTHOTO Jiana3oHy, 10 BiAIOBigaE Aiama3oHy HOPMHU
NOKA3HUKIB, SIKHI BUKOPUCTOBYETHCS B TIPAKTHIII JJAOOPATOPHHUX TOCHIPKEHb.

Basyrounce Ha ompcaHMX BHUIIE METOAOJIOTIYHUX MigX0JaX, HAMH ITOCTaB-
JICHO MeTY — PO3pPOOUTH METOMH 1 AJITOPUTMHU 1HPOPMAITIHHOT TEXHOIOTIT KiJlb-
KiCHOTO OLIIHIOBaHHSI PE3EPBHUX MOKIMBOCTEH OpraHiaMy i ocoOMCTOCTI Ha
OCHOBiI 0araTOBUMIpPHOTOTO IIKATOBAaHHS CYKYITHOCTI peepeHTHHX [iana3oHiB
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Cy0‘€KTHBHUX 1 OO‘€EKTHBHHX TOKA3HUKIB 37O0POB‘Sl JIOMWHU 3 ypaxyBaHHIM
3aMpOIIOHOBAHOTO HAMU TOHATTS Jlianla30Hy HOPMO-1HICKCY.

ANTOPHTM BW3HAYEHHA RIANASOHY HOPMO-IHJIEKCY

VY po3poOieniii Hamu 1HGOPMAIIMHOI TEXHOJIOTII JIarHOCTYBaHHS 1 KUTBKICHOTO
OLIIHIOBAHHS 3/I0POB'Sl 3aIIPOIIOHOBAHO HOBE MOHSTTS «HOPMO-1H/IEKCY», Ha OCHOBI
SIKOTO PO3POOJICHO CIICIiANTbHY IIMKaTy OITIHIOBaHHA. Jliama3zoH HOPMO-IHICKCY €
€TaJIOHHUM 1HTEPBAJIOM 3MiHH MOKa3HHKA B MEKaxX PeEpeHTHOro iHTepBaly, B IKHIA
HOMaJIAI0Th HAaWKpal 3Ha4eHHsA. [l po3paxyHKy Aiana3oHy HOPMO-iHIEKCY MH
BUKOPHUCTAJIM MPABHJIO «30JI0TOTO MEPETUHY» [25, 26].

30m0THI IEPETHH — 1€ TIPOTIOPILis, 3TITHO 3 SKOIO BiPI30K MUTUTHCS Ha JIBi Ya-
CTHHH TaKUM YHMHOM, IO OLIbIlIa HOIro YaCTHHA BIIHOCHTHCS 10 MEHIIIOI TaK, SIK BECh
BIIPI30K BiTHOCHTBCS O OLIBIIOI Horo yacThHU. Po3paxoBaHa KOHCTaHTa TakKoro
posnoniny nopieatoe 1,67. B mporeHTHOMY BiTHOIIEHHI K MEHIIIA YacTHHA Bifpi3Ka
craHoBUTH 38%, a Olnlblila YacTHHA — BiMIOBIHO, 62%. 3 UM PaBHIIOM OTPUMY-
€THCS TUTBKU OJTHA TOYKA, KA JIJIMTh IHTEPBaI B «30JI0Tii mponopiii». s otpu-
MaHHsI {HTEepBAJIBHOI OLIHKM 1€ TPABMJIO 3aCTOCOBAHO CUMETPHYHO 3 ypaxyBaHHAM
JBOI 1 MpaBoi MexX pedepeHTHOro AianasoHy, U0 JoctimKyeTses. Ha puc.1 mpoimto-
CTPOBAHO MIKAITy 3MiHA HATYpPHUX J1a00pPaTOpPHO BIUMIPIOBAaHUX TIOKa3HUKIB pedepe-
HTHOI 30HH, B CEpPEIMHI SKOi HAJAHO IHTEPBAT HOPMO-IHICKCY, PO3PAxXxOBAHOIO 3a
OIMCaHUM NPABUIIOM 30JI0TOTO TIEPETHHY.

Sk Oyno 3a3Ha4YeHO BHINE, MEXiI HOPMO-iHIEKCY — IIe, IO CYTi, TOAATKO-
BUH [liama30H Ha IIKali BUMIPIOBaHb, IO 1A€ MOKIUBICTb 30UIBLIINTH PO3AITIBHY
3IATHICTh peepeHTHOro Aiama3oHy, Ha SKid MOKa3HUK 3MIHIOETHCS B MEXax

pedepentroi Hopmu [ X', X7 1.

min > ““max
Ha mxani (puc.1) Mexi giana3zony pedepeHTHHX 3Ha4eHb IMOKa3HUKIB 103~
HavyeHo Toukamu X'¢ — MiHiMalubHe 3HAYCHHS MOKa3HMKa, X' — MakchMma-

min max
JIbHE 3HAYCHHS MMOKa3HWKA. YCEpEeIuHi I[bOr0 iHTEpBally, 3a ONMUCAHUM TPaBU-
JIOM OOYHMCIIEHHSI 30JI0TOTO IEPEeTHHY, ITO3HAYEHO IHTEpBAJI 3MIHH HOPMO-

. Nii Nii [V v
ingexcy — [ XV, XY™, 1le TeopeTHdHO OGUMCICHHH Aiana3oH, SKUH MOXKHA

min 2 “*max
TPaKTyBaTH SK eTaloH (ifeanbHa HOpMma, abo onTHMyM HOpMH). [HTepBan Ha
IIKaJTi, 0 3HAXOUTHCA 32 30BHIIIHIMU MEXaMH €TAIOHY HOPMH 10 TPaHUIHUX
3HaYeHb peepeHTHOrOo Jiana3oHy, MOYKHA IHTEPIIPETYBATH SIK TOJATKOBY 30HY,
110 MPUUMAETHCS HAMH 32 MOXIIMBUI pecypc akTUBallii pe3epBiB.

Ilxama mabopaTopHHX 0K a3HHKIE

e -ind Tind e
0 Xmi” X”M erf: erx
{ - » i =+ >
DianazoH f F Tandion
aKTHeaUjl pezepey ﬂ'::ﬂzﬂ: :::::: THAeKcy aKTHeaLjipesepey
S __

-~

PedeperrHutt iHTepean

Puc. 1. lllkana 3MiHu 151 1aOOPaTOPHO BUMIPIOBAHUX MOKAa3HUKIB
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Butpatu nporo pecypcy 3a HaOJMMKEHHSAM [0 TPaHUYHUX 3HaYEeHb pedepe-
HTHOT 30HM MOXXHa OOYHCIUTH 32 TAKUM aJIrOPUTMOM. SIKIIO BUMipIOBaHE 3Ha-
YeHHs MOoKa3HUKa (X;), skl Xapakrepusye (yHKIIOHyBaHHS NeBHOI (izionori-
9HO{ crcTeMn ab0 KOMIUIEKCY CHCTEM, 3HAXOJHUThCA y MeKax Jlialma30Hy HOPMO-

. Nind Nind . o
ingekcy (eranony Hopmu), T00T0 — X5, <X; <X, , T0 QyHKUIOHATBHUI
pe3epB 310POB ‘A i€l CUCTEMH Y JOCIIKYBaHii 0COOH i€ 30BCiM HE BUTPAYEHO
i nopiBHto€ 100%.

Nind ref ‘

Sxmo X, <X;<X,7:, TO PE3EPB 370POB‘s, 3a YMOBU HAOIMIKEHHS 3HA-

max max
YEHHS MMOKa3HHMKa J0 MAKCUMAJIbHOT MeXi peepEeHTHOT 30HH, 00UYUCIIOETHCS 3a
hopmyJioro:

ref
XRZ _ X max X
Xref Xde

max

ref Nin .
Axmo X pin <X <Xmm TO pe3epB 370POB‘s y pa3i HAOIMKEHHS 3HAYCH-
HS TIOKa3HWKa JO MIiHIMaTbHOI MeXi pedepeHTHOI 30HH, OOYHCITIOETHCS
3a hopmyoro:

YR _ X=X
Nind N
Xpind _ xNref -

SKImIo 3HauYeHHS MOKA3HUWKIB BHUXOMIATH 32 MEXi pedepeHTHOI 30HH, TOOTO

U ef re .
Xi <Xy abo X;>X m[{x , TO B I,OMY BUTIAJIKy HaJIa€ThCsl PEKOMEHIAIlisl 3BEPHY-
THUCH JI0 JTiKapsi-PaxiBis ( 3aI€XKHO BiJl MOCHIIKYBaHOT (Hi310JI0TIUHOT CUCTEMH).

Ik aj1a 6 aTIbHIX TI0KA3HHKIB

X0 X7,
PedepenTini imTepBan
P X Hnd x Mind
0 X i S ma
) | T —1 »
I I | T >
Hianazon JianazoH HopMo-iHOeKCY
ATHBAIMI pe3epBy

Puc. 2. llIxana 3minn OalbHUX ITOKa3HUKIB
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Tabnuya 1. Po3paxoBaHi iHTEpBand 3HAYeHb HOPMO-iHmeKciB [ X

Nind

min

- X'

. RZ .
Ta pesepBiB 3710poB‘s X~ 3a KOXKHMM JJabOPaTOPHO BUMIPSHUM TMOKa3HUKOM

] ref ref Nind Nind RZ
Ioxasruky Xl X min X max X min X max X
Cep1ieBo-CyIMHHA CUCTEMA
4CC, yu/xs 60 55 85 66,40 73,60 43,9
ATC, 105 100 140 115,20 124,80 32,9
MM PT. CT.
ATL, 65 60 90 71,40 78,60 43,9
MM PT. CT.
TToKa3HMKH KUCIIOTHO-JIYXHOT'O CTaHy KpPOBi
Ph kposi 7,36 7,35 7,45 7,39 7,41 26,3
pCO,, 36 35 45 38,80 41,20 26,3
MM. PT. CT.
POz, 85 80 105 89,50 95,50 52,6
MM. PT. CT.
Bixap6onar
(HCO3) mmons/n 22 21,7 27,65 23,96 25,39 13,3
DopMeHi eneMeHTH KpoBi
T'emoro06in, 1/1 130 124,5 165 139,89 149,61 35,7
JleiikonuTu
#1079/ 5 4 9 5,90 7,10 52,6
I{’gf‘;ﬁ“ﬂm 190 150 450 264,00 336,00 35,1
T'emaTokpit % 40 38 47 41,42 43,58 58,5
IMoka3uuku 61IKOBOro 0OMiHY
3ar. 610K, r/n 65 62 82 69,60 74,40 39,5
AnpOyMiH, T/1 41 37 54 43,46 47,54 61,9
®DibpuHOTeH, /1 2,5 2 4 2,76 3,24 65,8
Kpearusin, 67 59 95 72,68 81,32 58,5
MKMOJIB/JI
TToKa3HHUKH BYTJIEBOAHEBOrO OOMiHY

T'moxosa, 43 4,1 5.6 4,67 5,03 35,1
MMOJIB/JT
Monousa kuex., | ¢ 0,4 1,4 0,78 1,02 65.8
MMOJIB/JT
Awmia, 11 11 32 18,98 24,02 0,0
MKMOJIB/JT

TToka3HHUKH eNEKTPOITITHOTO OOMIHY
Kauriii, MMoJIb/1T 3,6 3,5 4.5 3,88 4,12 26,3
Harpiit, mons/n | 139,42 136 145 139,42 141,58 100,0
XJ10p, MMOJIB/JT 99 98 107 101,42 103,58 29,2
Kamouii sar., 2,1 2 2,5 2,19 231 52,6
MMOJIB/J
Kaouii 10813, 1,16 1,15 1,33 1,22 1,26 14,6
MMOJIB/T
Poctop, 0,89 0,87 1,45 1,09 1,23 9,1
MMOJIB/JT
Maruii, 0,75 0,72 1,23 1,91 1,04 15,5
MMOJIB/JT
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VY tabn. 1 HaBeeHO NPHKIAIM OOUYKCIICHUX 32 MPABUIIOM «30JI0TOTO TIEPETUHY»
IHTEpBAaJIiB HOPMO-1H/IEKCIB (ETAJIOHHUX 3HA4Y€Hb) TSI HU3KH ITOKA3HHKIB, SIKi 4acTO
BHUKOPHCTOBYIOTE B JTA0OpATOPHIN TiarHOCTHIN. Y psmKax TaONWIT HABEIEHO CITHCOK
BUMIPIOBAHUX MOKA3HUKIB, @ Y CTOBITUMKAX TAOJMIIl — BIJIITOBIAHI [IUM TTOKa3HHKAM

. . .. Vef . ref .
pe(bepeHTHl MEXK1 (MlHlMaJ'IBHa X, min 1 MaKCUMaJIbHa X m({x) Ta po3paxoBaHl €Ta-

. . . Nind ..
JIOHH1 3HAa4YCHHA, TO6TO MCK1 HOPMO-1HACKCY (MaKCI/IMEUH)HC — X max Ta MIHIMaJIb-

XNll’ld . P RZ
He — X, ). Takok HaBEIEHO Pe3yJIbTaTH PO3PAXYHKY PE3EPBIB 370POB’ST X

JUIL KOHKPETHO OTPMMAaHUX 3HAYCHb MOKA3HHUKIB, SKI 3HAXOAITHCSA B IHTEpBATI —
Xref <X <Xde .

min min

Hamano xinmbKicHy iH(pOpMAILiO TIPO HASBHICTH PE3EPBIB 32 KOXKHUM Oi0XiMid-
HHM TTOKa3HAKOM Ha MOMEHT BUMiPIOBaHHI.

OyHKIIOHANBHI pe3epBU OpraHi3My — I1e CKIIaJJHa CHCTeMa, (pPyHIaMEHTOM SIKOi
€ 010XiMiuHI, 8 BEPIIMHOK — TCUXi4Hi pe3epBH. Di3i0noriuHi pe3epBH 3a A0MOMO-
TOI0 MEXaHi3MiB HEHpPOryMOpaIbHOI PEeryJsslilii iHTErpyIOTh Y €AWHE IIe CHCTEMY
(hyHKITIOHATTHHAX PE3EPBIB.

Jns TOKa3HUKIB cTaHy 3I0pOB's, BUMIpIOBaHMX B Oamax y pasi
Ccy0’€KTHBHOTO TeCTyBaHHS (30KpeMa ONHUTYBaHHS), PO3POOJEHO CIeIlialbHy
banpHy Kany (puc. 2).

Jiama3oH MOXJIMBUX 3Hau€Hb HAOpaHUX OalliB 332 pPe3yJIbTaTaMHu TECTYBaH-

HA (OHI/ITYBaHH}I) 3MIHIOETHCS BiZ[ HYJISL 10 3HAYCHHA X,m{x , AKC 3aJIC)KUTH BI,Z[

KOHKpPETHHX MMOKa3HUKIB Ta BUOpaHOI mpoleaypu TecTyBaHHs. B nibomy BapiaH-

Ti 0OYUCIIeHb MiHIMAIbHE pedepeHTHE 3HAUEeHHS OATbHOTO IMOKa3HUKA X m,’; —
e KUTBKICTh 0alliB, Mpr3HaueHe eKCIEPTHUM MUITXOM, 0 0a3yeThcs Ha 0coOu-
CTOMY JOCBiJi €KCIiepTa Ta aHaTi3i JiTepaTypHHUX JoKepell. Jliama3zon 3MiHU HO-
PMO-IHICKCY i OajdbHHUX MOKA3HUKIB 30ira€Thes 3 peepeHTHUM iarna3oHOM,

.o .. . Nind . .
TO6TO HUKHIM MCXK1 Mdlalla30HY HOPMO-1HACKCY Xmin B1AIIOB1a€ 3HAUCHHSA

ref .y Nind re .. .
Xpin, a Bepxniit Mexi Xpgy — X ,m{x Ha BinmMiny Bij mikayim 1ab0paToOpHUX

HOKa3HI/IKiB /:[iana30H aKTI/IBaL[ﬁ pe3epBlB B [IbOMY BHUIIaJIKY BU3HAYA€THCA BiZ[

ref
HYJISl 10 MiHIMaJIBHOTO ped)epPeHTHOTO 3HAYeHHs X iy . 'paHMUHy TOUKY miara-

30Hy aKTHBAIi pesepBiB mo3HaueHo X4, fKa 0GUHCIIOETHCS 33 MPABHIOM
«30JI0TOTO TIEPETHHY», aHAJOTIYHO 3 TMOMEPEJHIM BapiaHTOM, SIK 1€ MPOBOJIH-
JIOCH IS JTAOOPAaTOPHUX TOKA3HUKIB.

KOMI'IOTEPHA NPOTPAMA «3[0POB’A—PESEPB> INA OWIHIOBAHHA | KOPEKLIT
NEPCOHANBHMX PESEPBHHX MOMKMHBOCTEW OPTAHIIMY

Cy4acHi TEXHOJIOTIUHI ITPUHAOMH CIPSMOBAHO Ha TIEPCIIEKTHBHE PO3POOTICHHS aJro-
PHUTMIB i POrpaMHUX MOJIYJIB JUISl OLIHIOBaHHS 370POB‘Sl Ta HOr0 KOMIIOHEHTIB SIK
JUTsL KOMIT FOTepHOI peattizamii, Tak i sl BUKOPUCTaHHS Y MOOUIBHUX 3aCTOCYHKaX.
Kpim 1poro, po3po0IieHo pi3HI BapiaHTH aBTOMATH30BaHUX MPOTPaM JIIs KUTbKiCHOTO
OIIIHIOBAHHS 3/TOPOB ‘s, SIKI IIMPOKO BUKOPHUCTOBYIOTHCS Y TIPAKTHIT TPODLTAKTHIHIX
o0cTexeHb HaceneHHs [ 13, 14].
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Hamu po3po0iieHO MporpaMHO-alropUTMIYHUE KOMILTIEKC «310poB’si-Pesepny
JUIsl 6araTOBUMIPHOTO KiJIBKICHOTO OLIHIOBaHHS pE3ePBHUX MOKIIMBOCTEH OpraHis-
MY 1 OCOOMCTOCTI JIFOAWHYM HA OCHOBI CHCTEMH IIKal HOPMO-IHJAEKCY IS TOTped
MEIWIHUX IHGOPMANIHHNX TexHOoJorid. O Cy4acHOTO pIiBHSI PO3BUTKY
KOMIT'FOTEPHOI TEXHIKH CBITYUTH TIPO CTPIMKE PO3IIOBCIO/KEHHS Y TIOBCSKICHHOMY
JKUTTI HOPTaTUBHUX EJIEKTPOHHUX IIPUCTPOIB Pi3HOTO NPHU3HAYEHHS Ta 3aCTOCYHKIB
JUTST BAKOPUCTAHHSA Y MOOUIHHUX TIPUCTPOSX, CMapT(HOHAX, TIPUCTPOSX MOHITOPHH-
Ty CTaHy 3JI0pOB's, MEPCOHABHUX IU(PPOBUX MOMIYHUKAX PI3HOTO MPH3HAYECHHS.
Oco0nuBO 3pocTae HIYCTPis Pi3HUX MOOUTLHMX MeAW4HUX cepriciB (m-Health-
IHIyCTpisl) — TPUCTPOIB, 3aCTOCYHKIB 1 POTPaMHUX MPOIYKTIB, MPU3HAYSHUX IS
poOOTH 3 MEIMYHUMH JAHUMH JII KepyBaHHS [IEPCOHAIBHUM 310poB'sM. [Ipo cy-
YacHUI CTaH MOOLTFHOI OXOPOHH 3[0pOB'sl Ta HAIPSAMIB i1 PO3BUTKY iaeThbcs, Ha-
npuKiIaz, B poooti [14]. He3axkaroun Ha BENHMKY KUTBKICTH BXKE 3aIllPOTIOHOBAHUX
MIPOTPaMHUX 3ac00iB, HEOOXiTHO 3a3HAYMTH, 110 AKTYAIBHICT iX PO3pOOJICHHS HEe
3HIDKYeThest. e moB's3aHo 31 crienm$ikoro 3aBaaHb Ta BapiaHTIB TECTYyBaHHS, BIKO-
BUMH Ta IEPCOHATBHIMH OCOOJIMBOCTSIMH CTaHy 3/10POB'S TOLIO.

Ha ocHoBi po3po06ieHoi iHhopMaIiifHOI TEXHOJIOTIi OIIHIOBAHHS 370pPOB’S
JIIOJIMHU CTBOPEHO MOOUTBHUN 3aCTOCYHOK «310poB'si-Pe3epBy», y KoMy € Mo-
oyl «3nopos's-Peseps @izuune» i «3g0pos'sa-Pezeps Ilcuxocouniansae». Mobi-
JBHUH 3aCTOCYHOK PO3pOOIIeHO il onepatiiay cucteMy Android juist BUKopwc-
TaHHA Y MOOUTHPHHX CMapT-TIPUCTPOSIX 1 peaji3oBaHO 3a JIOMOMOTOI0 TaKOTO
IHCTpYMeHTapiro, 3aco0iB 1 MOB mporpamyBanHs: Android studio — cepenoBu-
me mporpaM s MOOITBHHX IMPHUCTPOIB 3 omepariiiHolo cucreMoro Android;
Java — o0'ekTHO-OpieHTOBaHA MOBa TporpamyBanHs; SQLite- BOymoBaHa peis-
mifiHa 6a3a ganux miardgopmu Android.

Monyas «310poB'sa-PezepB @izuune». Dizuune 3710pOB'S € HAHBOKIMBIIIIM
KOMITOHEHTOM Y CKJIaHIM CTPYKTYpi CTaHy 3[0pOB'A. Y paMKax MPHHAHATOI KOHIIET-
1ii TpreAHOCTI (PI3UYHOro, MCUXIYHOTO Ta COLIAIBHOIO 3/I0POB's, (Pi3UYHMI CTATYC €
€BOJIIOLIIHO OA3MCHUM CTAaTyCOM 3arajlbHOrO 3/I0POB'S JIIOAMHH 1 HOMYy HaJeKUTh
BI/INIOBiATIbHA POJIb Y MaTepialbHO-eHepreTHYHOMY 3a0e3nedeHHi (DyHKI[IOHyBaHHS
BCIX (Pi310JIOTTYHMX CHCTEM Ta OpraHi3My B IUJIOMY. € JTOCHTH IMPOKHIA HAOIP CIT0-
CO0IB 1 METO/IIB OI[IHIOBAHHS 3/I0POB'Sl B IIOMY Ta OKPEMHUX HOTO CKJIAJOBHX, IO
0a3yeThCs Ha BBEJICHHI KLUIBKICHO-SKICHHMX 3ac00iB, SIKi PO3KPHUBAIOTh BIACTUBOCTI
JOCITIDKYBAHUX CHCTEM. 3a3HAUYMMO, 0 METO¥ OIHIOBAHHS (Hi3MIHOTO 3I0POBS
MOYKHA PO3IIOIUIUTH Ha IHBa3UBHI 1 HEIHBA3UBHI.

3riHo 3 PO3pOOICHO HAMU paHilie iH(opMaIliitHO-1EpapXiqHOK CTPYKTYPOIO
31M0pOB‘sl, (i3MUHE 370POB‘S Maec TPH CKIIAJOBI: BHYTPIIHI ¢hizionoeiuni cucmemu
(ceprieBo-CyIMHHA, CHCTEMa JUXAHHS TOIIO), KepPy8aibHi CUCTEMH (€HIOKPHHHA,
HEPBOBA, IMyHHA) 1 BUKOHABYA CUCMEeMdA, STKa OE3MIOCEPEHBO  BiIIMIOBIIA€ 32 MOMKIIH-
BOCTI B3a€MO/Iii 3 30BHIIIHIM CEPEIOBHUIIIEM 32 PAXyHOK PYXOBOi aKTHBHOCTI.

BaxxnmuBuM 1S OIIHIOBAHHS (DI3MYHOTO 3MIOPOB‘S € MOCHIMKEHHS Pi3HUX
OlOXIMIYHMX TMOKA3HUKIB 3a pe3ysibTaTaMu J1abopaTopHHX aHami3iB. [Ipukmamu
o0YKCIIeHb 1HTEpBaNiB 3MiHHM HOPMO-IHAEKCIB Il TOKa3HUKIB, HAHMOIIU-
PEHIMMX V IPaKTHIIi JIJA00PATOPHUX AOCTIIKEHD, 1 BIMTOBITHI A0 HUX BEIHYNHU
iXHIX pe3epBiB HaBeJleHO B Tabmwmii 1.

InnukaTopoM cTany (i3MYHOTO 3A0POB'S, HA HAII MOTJISA, € TaKi CKIaJ0Bi
BUKOHABYOI CUCTEMH, K (PI3UIHUN PO3BUTOK, Qi3ndHa 1 (HyHKI[IOHATBHA MiATO-
TOBJICHICTh. BukoHaBYa ckimamoBa (i3MYHOTO 3T0POB‘S OIIHIOETHCS HAMH 32
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HEIHBa3MBHUMH MeTOIUKaMH. Lle JOCHTh PO3MOBCIOKEHA CYKYITHICTh METOIIB,
OCHOBaHUX Ha OOYHCIICHHSAX 1HJEKCIB, OB A3aHUX 3 AHTPOIIOMETPHYHUMH Xa-
PaKTePUCTHUKAMU OPTaHi3My 1 3 MOKJIHUBOCTSIMH MO0 aKTUBHOI MIsITBHOCTI 1
BUKOHaHHs (DI3MYHUX HABAHTaXKEHb.

Ha puc. 3 mnpoimoctpoBaHo (parMeHTH MpPH3HAYEHOTO Ul KOPUCTyBaya
iHTepdeiicy MOOLTEHOTO 3aCTOCYHKY «31M0poB’s-Pesepsy, Ae HamaHO CTApTOBE BIKHO
3aITyCKy NMporpaMu (puc.3a), 3a aKTUBAIl SIKOTO BiIKPUBAETHCS MOXKITHBICTH pOOOTH 3
KOHKPETHUMH MOJTYJIEM 3aCTOCYHKY «310poB's-Peseps-Dizuune» (puc.30).

300POB'A 300POB'A

PE3EPB Pe3eps

di3nyHe

a) / - 6)

Puc. 3. TIouaTKOBI CKPUHILOTH KOPUCTYBALBKOTO iHTEpdeiicy 3aCTOCYHKY «310po-
B's-Pe3epB»: a — cTapTOBe BIKHO 3aIlyCKy MpOrpamu, O — BIKHO 3aITyCKy MOJYIIFO
«3nopos's-PezepB-DiziramHe»

| ] '] 1 - B "

OBEPITb AHAJI3

Bl &¢

Temorno6in

Saranbhi FEMOTI0BIH

MOKA3HWKM KNCIOTHO-NYXXHOTO CTaHy HOPMA MIN: 50 |

GOpMeHHI enemMeHTH KpoBi HOPMA MAX: 210

MoKazHmKu 6inKoROre 0BMiHy

MoKkasHWKM BYrNeBOAHOr0 OBMIiHY Pesynsrar ananizy (r/n):

110

TMoKa3HMKI ENEKTPONITHOO OEMIHY.
PO3PAXYBATU

BUCHOBOK:
Peszepe zgopos'a: 80 %

<1 (@] [} |
|

K 1 I

a) 0) B)
Puc. 4. Expanni ¢opmu kopucryBaubkoro inrepdeiicy moxmyno «310poB's-Peseps-Disnuney mms
00po0IIeHHs 1a00PaTOPHHUX JaHKX/PE3yJbTaTiB: @ — CIHMCOK HOIIMPEHHX TPy MOKA3HHKIB JabopaTop-
HHX JIOCHiJDKEeHb, O — BIKHO BHOOPY KOHKPETHHX MOKAa3HHKIB, B — PE3YJIbTaTH PO3PaXyHKY Aiara3oHy
HOPMO-IHJIEKCY Ta Pe3epBY 370POB ‘s 32 KOHKPETHUM HOKa3HUKOM
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VY 1150My MOJIYJII peaTi3oBaHo, 30KpeMa, MOMJIIMBICTh PO3PaXyHKY PE3EPBIB 3710-
POB‘s 32 MIKAIOIO pehepeHTHOTO iana3oHy 3MiHM OKPEMHX MOKa3HHKIB 3 ypaxyBaH-
HSM HOpMO-iHzeKcy. Taki po3paxyHKH BHKOHYFOTBCS 32 HAsSBHOCTI pe3yJIbTaTiB Jia-
OopaTtopHuX OioXiMIUYHMX aHAM3IB. JlesKi (hparMeHTH KOPUCTYBAIBKOTo iHTepdercy
Moyt «310poB'a-Pe3eps Dizuune» HaBe[eHO Ha puc. 4, 1e puc. 4a UTIOCTpye Ha-
BEJIEHUIA U1l BUOOPY CITMCOK TPYTI MOMIMPEHUX JTA00PaTOPHUX JTOCIIIDKEHb; puc. 40
— BIKHO BHOOpPY KOHKPETHOTO TIOKa3HHWKAa, a PUC. 4B — PE3yJIbTaTH PO3PaXyHKY
Jliara3oHy HOPMO-iHJICKCY Ta pe3epBY 3I0POB s 38 KOHKPETHUMH MOKa3HUKaMH.

Monyas «3nopos’si-PezepB-Ilcuxoconianbney». s omiHoBaHHS i Kope-
TYBaHHS TICUXOCOI[IAIBHOTO CTaTyCy 3IOpOB’sl OCOOMCTOCTI PO3pOOJIEHO MO-
nyis «3mopoB’s-Peseps [IcuxocoriianbHey.

[ligBuieHna 3HAYMMICTH IICHMXOCOLIAJBHOTO 3/A0pPOB'SL Yy CY4acCHOMY
CYCIIiJILCTBI BUMarae BHBUYEHHS HOTO AK iH(GOpMAIIiitHOI MpoOIeMH B KOHTEKCTI
IUTICHOTO TIAXOAY MO JIOAWUHHU. Y 3B'SI3KYy 3 UM TEOPETHYHE OCMHUCICHHS
npoOJIeMu TMCUXOCOLIANTBHOTO 3/I0POB'S SIK CKJIAJO0BOi CTATYCy IHTETrpajbHOTO
300POB'Sl 3 MO3MULIKA HOBUX iH(QOPMALIMHUX TEXHOJOTIH TaKoX OyJlo y LEeHTpi
YBar# HaIIAX TOCIiIKEHb.

3a3HaunMoO, W0 370POBUM Yy COI[IFHOMY acIlleKTi YacTo CHpUHMAaroTh
TaKkoro cy0'ekTa, SIKM Ma€ 3JaTHICTh aKTHBHO aJalTyBaTUCS OO0 MOCTiHHO
MIHJIMBHX YMOB COIiaJIbHOTO CEPEIOBUINA 32 MIATPHUMKH BUCOKOI MEPCOHAIBHOT
nie3matHocTi. KpuTepieM OIIHIOBAaHHS CTaHy ICHXOCOITIATHHOTO 30pPOB'sS, Ha
Hally AyMKYy, [OBHHEH OyTH HE TUIBKM pIiBeHb 3AaTHOCTI JIOJUHHU IO
MPUCTOCYBaHHS B HABKOJHUIIHHOMY CEPEIOBHII B MIMPOKOMY PO3YMiHHI IIBOTO
MMOHATTS, ajie 1 MOro CaMOBITYYTTSA, PiBEHb BHYTPIITHHOTO KOMQOPTY YU
3aJI0BOJICHHSI. 3a HAIlMMHU YSIBICHHSMH, COLIalbHO 3/70pOBa JIIOAWHA — 1€
JIOAWHA, afalToOBaHa IO COLIANBHOTO CEpeloBHINA, sKa mepedyBae y craHi
COIIaTBbHOTO Ta AYMIEBHOTO KOM(OPTY B IWHAMII OCOOMCTICHO-CEPEIOBHUIIHOT
B3a€MOJIIi 32 YMOBHM ii aJleKBaTHOI MOpalbHOI MOBEIIHKK. BUXOASUM 3 TaKux
nepeayMoB, HaMu OyJio po3po0iieHo iH(OpMAaIliliHy MOJIENb TICUXOCOIIaTBHOTO
CTaTyCy 3/I0pOB'S, METOAWKY TECTYBaHHS 3a JOIOMOTOIO ONHUTYBAIbHUKA Ta
aJTOPUTM KUTHKICHOTO OIIIHFOBAHHS HOTO CTaHy.

Po3poliiennii HaMu ONUTYBANIBHUK CKIIATA€ETHCS 3 27 3alUTaHb, PO3AITICHUX
Ha TpU TPYyNH, AKi HaAJNEXKATh O PI3HUX cdep KUTTA TOAUHA: (PI3UIHAX YMOB
MPOKWBAHHS JIIOMWHWA, yMOB 1 TPYIOBOi IISIIBHOCTI, Mi)KOCOOHUCTICHUX
CTOCYHKIB y COIIiyMi Ta CiM’i. 3anMTaHHS KOXHOI TPyNu CPOPMYIBOBAaHO TaK,
o6 BigoOpakaTH HU3KY acHEKTiB BHYTPIIIHHOTO Ta 30BHILIHBOTO pearyBaHHs
JMIOAVHHA Ha ColiajbHEe OTOYeHHs. BHIIJIEHO Taki acmeKTH BHYTPIIIHHOTO Ta
30BHIIIHBOTO pearyBaHHs JIOANHU.

1. ComianpHa amanTaiiss — piBeHb aJamnTarlii JOJUHA 10 1 COIiaJIbHOTO
OTOYEHHS, CTYIiHb KOM(OPTHOCTI y COIiyMi.

2. CorianpHa 3aJI0BOJICHICTh — PiBEHBb NCHUXOJOTIYHOI HANPYTH, CTYIIIHb
BHYTPIIIHBOTO JAUCKOM(OPTY 3a CyO'€KTUBHOTO CIPHHHATTS JIIOJWHOIO il
JKUTTEBOT CUTYaIIii.

3. CormiasibHa aKTHUBHICTh — THIT aJalTallii y COIiaJIbHOMY CEpeIOBHIII,
BapiaHT MOJJIMBOI TOBEMIHKHM JIIOJMHW Y Tid YU IHOIK CHUTyamii, CTHJIb
BUPILICHHS HEIO CBOIX MPOOJIeM.
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FICEED

CoujianbHa

3,D,OPOB'$| aganTaLlisa
Pe3eps ' CoujanbHa

3a4,0BOJIEHICTb

McuxocouianbHe
CouianbHa
aAKTMBHICTb

a) 0)
Puc. 5. Expanni ¢opmu KopucTyBaumpkoro intepdeiicy Momymo «310poB's-
Pesepa-IlcuxocorianbHey: a — cTapToBe BIKHO 3ayCKy Mporpamu, 0 — cTaproBe

BIKHO BHOOpY CKJIAJOBHX MOJYJIO: COLIaJbHA aJalTallis, COLialbHa 3aJ0BOJIE-
HICTb, COIL[iaIbHA aKTUBHICTh

i Tpu acnekTH € TphboMa CKJIaJOBUMH OI[IHKH CTaHy ICHXOCOIaJbHOTO
3n0poB's JroauHH. OTpuMaHi B pe3yibTaTi NpPOBEOCHHS aHKETYBaHHA Ta
obuncineHHsT  OanmbHI  pe3yibTaTH 32  KOXHOIO  CKJIAIOBOIO  OIIIHKH
MICUXOCOLIANBHOIO CTaTycy HEOOXiMHO YHI(IKyBaTH Ta HOPMYBATH LUISXOM
TIEPEBE/ICHHS X Y BIAHOCHI OIIHKH, SIKi 3MIHIOIOTHCS BiJl HYJS JO OJUHUII.
AJITOPUTM ~ BHM3HAUCHHS  [Iala3oHy  HOPMO-IHIAEKCY  IOKa3HHUKIB  CTaHy
MICUXOCOITIAIbHOTO ~ 370POB'Sl, BUMIpPIOBaHMX B 0ajmax 3a pe3yJIbTaToOM
NPOBEJICHHS Cy0 €KTUBHOTO TECTYBaHHS, HABEACHO BHUILIE.

[IpoBeneHHsT TecTyBaHHS OpIEHTOBAHO Ha OTPUMAHHS MAiarHOCTHUYHUX
BHCHOBKIB ITPO CTaH IICHUXOCOIIAJIFHOTO CTaTyCy OMUTYBAHOTO, SIKi HATAIOTHCSA Y
UQpPOBOMY Ta BepOATLHOMY BUIJISII.

@OparMeHTH TpU3HAYEHOTo AJs KopHcTyBaya iHTepdeiicy Momymnro «310-
poB’s-Pesepr [lcuxocomiansHe» MPOUTIOCTPOBAaHO Ha pHC. 5, A€ Ha puc. S5a
HaBEJICHO CTapTOBE BIKHO 3amycKy mporpamu «3mopoB’s-Peseps Ilcuxocomia-
JbHE», 33 aKTHBALil SIKOTO BiAKPHUBAETHCS MOKIUBICTH POOOTH 3 KOHKPETHHUMHU
(hyHKIIIOHATPHUMHU CKJIAIOBUMHE cTaTycy (puc. 50). BogHouac HajgaeTbes MOXK-
JUBICTH OIIHIOBaHHS CTaHy TICHXOCOIIAIGHOTO CTaHy 3I0OPOB‘S 32 TphOMa CKJIa-
MOBHMH: COIliaJIbHA aJaIrTaiis, coIliajJbHa 3aJ0BOJEHICTh, COIliadhbHa aAKTHB-
HiCTh. BimoBimHO 0 po3paxoBaHMX KUTBKICHHX 3Hau€Hb IHUX CKIAJOBUX Ha-
JAIOTBHCS PEKOMEHAIi IOM0 MIATPUMKH pe3epBiB a00 KOpPETyBaHHS CTaHy
MICHXOCOLIANBHOTO CTATyCy 3I0POB‘Sl.

3a3HaurMOo, 10 aJaNTaliifHi MOKIIMBOCTI OpPraHi3My 3HIDKYIOTHCS 31 3MEHILICH-
HiIM pe3epBiB. Lle BinmOyBaeThesl TOCTYTIOBO 1 € ONHIEIO 3 OCHOBHUX IPUYNH BHHUK-
HEHHS Ta PO3BUTKY Martoliorii. ToMy myxe BaKIMBO 3HATH JUHAMIKY pPE3ePBHUX
3araciB 1y1sl BAOOPY KepyBaJIbHHX il 3 METOIO MiITPUMKH aIaNTAiHAX MOYKIUBO-
CTel OpraHi3My B MiHJIMBHX YMOBAaX 30BHIIIIHBOIO CEPEIOBHILIA.

PosnoBcromkenHst iHGOpPMaIiiHO-KOMI ‘FOTEPHUX CHCTEM TaKOTO THUILY Ta
iX BIpPOBaPKEHHS B MOOUTHHI MPHUCTPOI A€ 3MOTY IiABUINATA KOMQpOPTHICTH
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BUKOPUCTaHHsSI KOPHUCTYBa4aMH 32 paxyHOK JOCTYIHOCTi HPOBEJCHHS HEiHBa-
3MBHOTO CaMOOOCTEKEHHS 1 MITPUMKH MPUHHATTA pillieHb Y BUOOP1 03/10pOB-
YUX 3aXOMiB, OCKUIBKH II¢ HE BHMAara€ CKJIAIHAX MPHHAOMIB KOHTPOIIOBAHHS
CTaHy CBOTO 3/I0POB'S 1 € HEOOXITHIUM CKJIATHUKOM CyYacHOT KYJbTYpH JIFOAUHHU.

['0/10BHOIO CIIPSIMOBAHICTIO LILOTO JOCIIIKCHHS € OLIHIOBAHHS PE3EPBIB MEPCO-
HaJHHOTO 3[TOPOB’S MPAKTUYHO 3I0POBOI JIOAMHN HA OCHOBI ITOKA3HUKIB (hi3mU-
HOT'O T4 TICUXOCOIIAILHOTO CTATYCIB.

BuxopucTanHs: METOAOJIOTTT HOPMOMETPHYHOTO IHKAITIOBAHHS ISl OaraToBUMi-
PHOTO OIIIHIOBAHHSI PE3EPBIB 3/I0POB S 3 YpaxyBaHHSIM PO3POOJICHOTO alTOPUTMY
pPO3paxyHKy Iiara3oHy HOPMO-IHIEKCY ISl HaTYPHUX 1 €BPUCTUYHNX IOKA3HHKIB
(i3MYHOTO 1 TICHXOCOIIATEHOTO CTaTyCIB 3/I0POB’Sl Ja€ MOXIIMBICTh 30LIBIINTH
PO3IIBHY 3AATHICTH pedepeHTHOT 30HH BUMIPIOBAHMX MOKA3HHKIB, SIKI BPAXOBYIOTh
I Yac KUIbKICHOTO OLIIHFOBAHHS 3/I0POB’ S JIFOIUHH.

Po3po0iieHHsT KOMIT'IOTEpHUX MOJYJIIB 0araTOBUMIpHOTO KiJIbKICHOTO OIi-
HIOBaHHA (I3UYHOTO 3I0POB‘S OpPraHi3My Ta OCOOMCTOCTI JIIOJWHMA HA OCHOBI
IIKaJI HOPMO-1HJICKCY JIa€ 3MOT'Y aBTOMaTHU3YBaTH 1 ONEPATUBHO 30ipaTH pe3yiib-
TaTh 00CTEXEeHb, aHATI3yBaTH AMHAMIKY JiarHOCTOBAHHUX CTAHIB 1 MOXKe OyTH
e()eKTUBHUM 1HCTPYMEHTOM JISI CKPUHIHTY 1 MOHITOPUHTY pe3epPBHOI CKIIaJI0BO1
3I0pOB'Sl HACETIECHHSL.

Peanizanisi po3poOJaeHUX TEXHOJOTiH B MOOUTBHUX AHAPOIN-3aCTOCYHKAX
30UTBIIY€E AKICTh NIPUHHSATTS MEPCOHATBHUX PINIEHh KOPUCTYBAYEM 3a PaxXyHOK
PO3IIMPEHHS JOCTYITHOCTI Ta TiJBUIICHHS OIEPATHBHOCTI y 3a0e3NevYeHHI He-
00ximHOIO iH(opMaIli€ro s opraHizamii cBoel >KUTTeRisIbHOCTI. KinmbkicHe
OLIIHIOBAaHHS PE3ePBHUX MOXKIJIMBOCTEH Ja€ 3MOTY KOPHUCTYBadeBi palioHaJIbHO
IJIAaHYBATH 1HIWBITYyTBHHIHN BHOIp 03JOPOBUHX a00 peadiuTiTarliiHuX 3aX0/IiB.
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METHODOLOGICAL ASPECTS OF USING NORMOMETRICAL SCALING FOR
MULTIDIMENSIONAL ASSESSMENT OF HEALTH RESERVES

Introduction. One of the directions of modern research in the field of digital medicine is the
development of a methodological base for assessing, supporting and managing personal
health. The use of the methodology of a systemic approach to solving biomedical problems is
fundamental for the rational organization of scientific research at the stages of diagnosis,
forecasting and correction of the health state of individuals and population groups.

Scientific research, which is aimed at the development of information technology for assessing
personal health reserves of a practically healthy person based on indicators of physical and psycho-
social status, is relevant and oriented for use at the stages of pre-hospital diagnosis.

The purpose of the paper is to show the expediency of using methods of multidimen-
sional hierarchical normometric scaling for quantitative assessment of the body's health and
its reserve capabilities for pre-clinical diagnosis and activation of adaptation in changing
conditions of the external environment.

Results. An algorithm for calculating the norm index of various health indicators using nor-
mometric scaling has been developed for multidimensional assessment of health reserves.

Information support for algorithms for calculating the range of the norm-index for
natural and heuristic indicators of physical and psychosocial health status has been devel-
oped for the needs of digital medicine.
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Modules of the software-algorithmic complex "Health-Reserve" have been developed
for multidimensional quantitative assessment of reserve capabilities of the human body and
personality based on the norm-index scale system for information mobile technologies.

Conclusions. The algorithm for calculating the norm-index range for natural and heuristic in-
dicators of physical and psycho-social health status makes it possible to increase the resolution of the
indicators reference zone that are taken into account in the human health assessment.

The development of computer modules for multidimensional quantitative assessment of
the health and personality of a person based on norm-index scales makes it possible to auto-
mate and quickly collect data based on the results of examinations, analyze the diagnosed
conditions dynamics and can be an effective tool for screening and monitoring the health of
the population. The use of mobile Android applications implemented by the developed tech-
nologies increases the quality of personal decision-making by the user due to the expansion
of accessibility and increased efficiency in providing the necessary information for the or-
ganization of one's life.

Keywords: normometric scaling, health reserves, health quantitative assessment, indicators”
norm-index, mobile applications.
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okpemuMu ¢aiinamu Bignosigaux dhopmarie). lllupuna pucynkis — mxo 12 cm.

TabmuIli BUKOHYIOTh CTaHIAPTHUM BOymoBaHUM y Word iHCTpyMeHTapieM

«Tabmuusy. upuaa Tadaumi — 10 12 cm.
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- 3a «Karanorom Bumanp YKpaiHu», IHAEKC epearuiaTi ApyKoBaHoi Bepcii — 86598;

-3a JomoMoru nepenmnatHoi areHuii «Ykpindopmuayka» HAH VYkpainwm,

ukrinformnauka@gmail.com, iHaekc xypaany — 10029





