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B >xypHane nmpeacTaBieHBl pe3yJbTaThl UCCIECIOBAaHUI B 00IAaCTH TCOPUHU H
NPAaKTUKA WHTEIUIEKTYyaJIbHOTO YIIpaBICHHs, WHPOPMAMOHHBIX TEXHOJOTHH, a
TaKkke OMOJIOTHYECKON U MEAUIIUHCKON KHOCPHETHUKH.

Jns HaydHBIX paOOTHHKOB, MH)KEHEPOB, aCIHPaHTOB M CTyIeHTOB BY3os
COOTBETCTBYIOLIUX CIIELUAIbHOCTEN.

VY KypHaJIi HaJlaHO Pe3yJIbTATH JOCHIPKEHb 3 TEOpii Ta MPAKTUKHU 1HTEICKTya-
JLHOT'O KepyBaHHS, iHQOpMaIliHHUX TEXHOJIOTIH, a TAKOK 010JIOTTYHOT Ta METUIHOT
KiOepHETHKH.

JlJi1 HayKOBUX CIIBPOOITHHKIB, IHXKEHEPIB, acmipaHTiB 1 ctyaeHTiB BH3 Biamo-
BijiHOTO (haxy.

The results of research in the field of theory and practice of information tech-
nologies, intelligent control, biological and medical cybernetics are presented.

It is intended for researchers, practical engineers, PhD students of correspond-
ing specialties.

B po3auuHyto mpogaxy *ypHail He IOCTyHaeT.

Hoanmucka OCyIeCTBJISICTCH:

o T'TI «IIpeccan: «Karanor Bugans YKpaiHm», HOAMMCHON HHIEKC 86598;
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Hayionanvuiu axademii nayk Yrpainu — 100 poxie

HAUIOHANBHIA AKAJREMIT HAYK YKPATHM — 100 POKIB

14 mucronama 1918 poky rersMman I1. Ckoponaacbkuit miamucaB 3aKoH YKpaiH-
cpKoi Jlep>kaBu Mpo 3acHyBaHHSA YKpaiHChKOi akaaeMii Hayk. Y Kuesi 27 nuc-
toraga 1918 p. BinOynocsa nepiue ycranoBue CrinbHe 310paHHS YKpaiHCBKOI
Axaznemii Hayk, I JaTa BBaXKAEThCS JTHEM ii 3acHyBaHHA. byno mpu3HadeHO
nepmmx 12 piicHux wieHiB Akazaemii. [lepmmii nmpe3ugeHT i 3aCHOBHUK Aka-
nemii, Bosomumup IBanoBuy BepHaachbkuii NOKIaB B OCHOBY ii CTBOpEHHS
MMOETHAHHSA TPUHITUIIB JEePKABHOTO IMAMOPSIAKYBAaHHS Ta CaMOBPSIHOCTI, a
TaKOX QYHIaMEHTAILHOCTI 3 MPAKTUYHOIO CIIPSIMOBAHICTIO HAYKOBUX HAIPSIMIB.
100-piyna icropis Axagemii — 1€ IUIAX, CHOBHEHUH MOCTIHOTO TBOPYOrO
MOITYKY 1 TOABWYKHUIIBKOI Tpalli BUeHWX. BU3HAYHUMH TiepiofaMu po30yA0oBH
HAH VYxpainu 0y 30—50-Ti pokw, 3a siKi CTBOPEHO ii IHQPACTPYKTYpy, 3aCHOBAHO
HHM3KY HAyKOBHX iHCTHTYTIB 1 HAYKOBO-BUPOOHHYiX KOMILIEKCIB, Ta nepion 50-90-x
POKiB, Ko OyJI0 3all0YaTKOBaHO BAaroMi MPUOPITETHI HAYKOBI HANpsAMU, 3HAYHI
pe3ybTaT SAKUX CTaM IepeayMOBaMU CTAHOBJIEHHS Ta PO3BUTKY YKpaiHH. 3a 1ei
HUISX, JOBXHUHOIO Y CTOPivdst, cOPMYBAJIHCS 1 BUMIILIA Ha CBITOBHIA PiBEHb MPOBi-
JTHI BITYM3HSHI HAayKOBI IIKOJW, CTBOPCHI TaKUMU BUIATHUMHU BYCHHMH, SK
M. Amoco, M. boromo6oB, O. boromonenp, O. Bpoxcekwmit, /1. I'pase, B. ['mym-
koB, O. [lunnuk, JI. Jlangay, FO. Mutpononscekuii, €. [1aton, b. ITaton, K. Cune-
npHUKOB, M. Crpaxkecko, B. Tpedinos, B. ®dinatos, [. ®paniieBud ta iHImMMH.
3apa3 y HamionanpHili akanmemii Hayk mitoTh Tpu cekmii: Cekmis izuko-
TEXHIYHUX 1 MaTeMaTHIHUX Hayk, Cekilis XiMigHuX 1 Oiomoriyamx Hayk, CekIris
CYCHIJIBHUX 1 TYMaHITapHUX HayK, siKi 00'€HYIOTh 14 BitiieHb Ta 6 perioHab-
Hux neHTpiB. Cranom Ha 01.01.2018 mo cxnagy HAH VYxkpainu Bxoasars 177 niid-
CHHUX WICHIB (aKkameMikiB), 352 wieHa-KopecoHaeHTa Ta 98 iHO3eMHUX WICHIB.
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Hayionanvuiu axademii nayk Yrpainu — 100 poxie

Hayxosumu yctanoBamu HAH Ykpainu BnpoBagKeHO B MPAKTUKY JECITKH
TUCSIY HOBITHIX PO3pOOOK, cepea sIKUX iH(GOpPMaLiiiHi TEXHOJOTIl A Pi3HUX
rajxy3ei BUpOoOHHUIITBA Ta COMIabHOI chepH, CydacHi aBTOMATH30BaHI KOMITIIEK-
CH, yCTaTKyBaHHS Ta MaTepiaiu, epeKTHBHI METOANKH TOCIIOIapIOBaHHS Ta COp-
T pociuH Tomo. KoHnenuis misiibHOCTI Akazaemii, po3pobieHa akaaeMikoMm
B.1.BepHancekum, gana 3mory copmyBaTi B YKpaiHi yHIKaIbHHNA OaratorpaH-
HUAW JOCIITHUIBKUA KOMIUIEKC, B SKOMY OPTaHIYHO MO€THAHO €PEeKTUBHE PO3-
poOneHHs QyHIAMEHTAILHIX HAYKOBUX IMPOOJIEM 3 PO3B’SI3aHHAM aKTyaJbHUX
3aB/laHb HAYKOBO-TEXHOJOTIYHOTO, €KOHOMIYHOIO, CYCIHiJIbHO-TOJITHYHOTO i
JIYXOBHO-KYyJbTYPHOro po3BUTKy. Hayka HaOyna peanbHOi cuim 3a0e3nedeHHs
PO3BHTKY KpaiHH B YCiX Taly3sX CyCIIBHOI JisUTBHOCTI.

100" ANNIVERSARY OF THE NATIONAL ACADEMY
OF SCIENCES OF UKRAINE

In Kyiv on November 27, 1918, the First Constituent Assembly of the Ukrainian Academy of
Sciences took place, this date is considered the day it was founded. The first President and
founder of the Academy, Vladimir Vernadsky, laid the foundation for the Academy's estab-
lishment a combination of principles of state subordination and self-government, as well as
fundamentalism with a practical orientation of scientific research.

The remarkable periods of NAS development were 30-50" years, for which its infra-
structure was created, a number of scientific institutes and scientific-industrial complexes
were founded, and the period of 50-90™, when important priority scientific areas were started
up, the significant results of which became preconditions for the establishment and develop-
ment of Ukraine. The 100-year history of the Academy is a path full of constant creative
search, the ascetic work of scientists, the way for which the leading domestic science schools
were created by such prominent scholars as M. Amosov, M. Bogolyubov, O Bohomolets, O.
Brodsky, D. Grave, V. Glushkov, O. Dinnik, L. Landau, Yu. Mitropolsky, E. Paton and B.
Paton, K. Sinelnikov, M. Strazhesko, V. Trefilov, V. Filatov, 1. Frantsevich, and others.

The scientific institutions of the National Academy of Sciences of Ukraine have imple-
mented tens of thousands of new developments, including information technologies for vari-
ous industries and social sphere, modern automated complexes, equipment and materials,
effective methods of management and plant sorts, etc. The concept of the Academy's work,
developed by academician V. Vernadsky, made it possible to form a unique multifaceted
research complex in Ukraine, in which the effective synthesis of fundamental scientific prob-
lems with the solution of the actual tasks of the technological, economic, social, political, and
cultural development.

6 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bera. Texa. 2018. Ne4 (194)
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NEURAL DISTRIBUTED REPRESENTATIONS
OF VECTOR DATA IN INTELLIGENT
INFORMATION TECHNOLOGIES

Introduction. Distributed representation (DR) of data is a form of a vector representation,
where each object is represented by a set of vector components, and each vector component
can belong to representations of many objects. In ordinary vector representations, the mean-
ing of each component is defined, which cannot be said about DR. However, the similarity of
RP vectors reflects the similarity of the objects they represent.

DR is a neural network approach based on modeling the representation of information
in the brain, resulted from ideas about a “distributed” or “holographic” representations.
DRs have a large information capacity, allow the use of a rich arsenal of methods developed
for vector data, scale well for processing large amounts of data, and have a number of other
advantages. Methods for data transformation to DRs have been developed for data of various
types — from scalar and vector to graphs.

The purpose of the article is to provide an overview of a part of the work of the Department
of Neural Information Processing Technologies (International Center) in the field of neural net-
work distributed representations. The approach is a development of the ideas of Nikolai Mik-
hailovich Amosov and his scientific school of modeling the structure and functions of the brain.

Scope. The formation of distributed representations from the original vector representa-
tions of objects using random projection is considered. With the help of the DR, it is possible
to efficiently estimate the similarity of the original objects represented by numerical vectors.

© GRITSENKO V.I., RACHKOVSKIJ D.A., REVUNOVA E.G. 2018
ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Kub. u Bbra. Texs. 2018. Ne 4 (194) 7
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The use of DR allows developing regularization methods for obtaining a stable solution of
discrete ill-posed inverse problems, increasing the computational efficiency and accuracy of
their solution, analyzing analytically the accuracy of the solution. Thus DRs allow for in-
creasing the efficiency of information technologies applying them.

Conclusions. DRs of various data types can be used to improve the efficiency and intelli-
gence level of information technologies. DRs have been developed for both weakly structured
data, such as vectors, and for complex structured representations of objects, such as sequences,
graphs of knowledge-base situations (episodes), etc. Transformation of different types of data into
the DR vector format allows unifying the basic information technologies of their processing and
achieving good scalability with an increase in the amount of data processed.

In future, distributed representations will naturally combine information on structure
and semantics to create computationally efficient and qualitatively new information tech-
nologies in which the processing of relational structures from knowledge bases is performed
by the similarity of their DRs. The neurobiological relevance of distributed representations
opens up the possibility of creating intelligent information technologies based on them that
function similarly to the human brain.

Keywords: distributed data representation, random projection, vector similarity estimation,
discrete ill-posed problem, regularization.

INTRODUCTION

The Department of Neural Information Processing Technologies of the Interna-
tional Research and Training Center for Information Technologies and Systems
of the National Academy of Sciences and the Ministry of Education and Science
of Ukraine (International Center) is the heir to the Department of Biological and
Medical Cybernetics, which was organized by Academician Amosov in 1962.

The main direction of research was considered by N.M. Amosov to be in the
development of efficient neural network information processing technologies
based on computer modeling of the principles of human thinking and features of
the neural organization of the brain [1], [2]. The information technologies are
intended for solving problems related to the field of Artificial Intelligence.

In this paper, we consider some of the research directions that have been
developed over the past 20-ty years. Other areas are discussed in [3], [4]. Since
the 1980s, the paradigm of associative-projective neural networks (APNNs) has
been developed in the department [5], [2]. The idea of APNNs is to combine the
hierarchical organization of the world model of Amosov with the advantages of
structurally sensitive distributed representations as well as assemblies of Hebb.

APNNSs are based on "distributed representations" of data of various types,
nature, and complexity. Distributed representation [7], [8], [9], [10], [11] is a
neural network approach based on modeling the representation of information in
the brain that stemmed from the ideas of “distributed” or “holographic” repre-
sentation of information.

Distributed representation (DR) of data is a form of a vector representation, where
each object is represented by a set of vector components, and each vector component
can belong to representations of many objects. In ordinary vector representations, the
meaning of each component is defined, which cannot be said about DR. However, the
similarity of the DR vectors reflects the similarity of the objects they represent.

Since DRs of various objects (from individual features to complex structured
episodes of knowledge bases that are represented by hierarchically organized
graphs) are vectors, a rich arsenal of methods developed for vector data can be

8 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bera. Texa. 2018. Ne4 (194)
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applied to their processing. The computational complexity of these methods is
usually not too high. For example, the complexity of calculating many measures of
similarity of vectors is linear with respect to their dimension, while the complexity
of calculating the editing distance between graphs is NP-complex in the general
case. In addition, some types of DRs can reduce the complexity of computations
compared to the vector representations from which they are obtained by reducing
the dimension or using special formats for the DR vectors, such as binary and
sparse ones. Distributed representations based on random projections are effec-
tively used to regularize inverse machine learning problems, where the properties
of the input-output transformation matrix lead to solution instability. Note that
similar methods are being developed in areas known as "randomized algorithms",
"random projections", "hyperdimensional computing" etc.

The DRs of APNNs use binary vectors with {0,1} components, which we
call codevectors. Codevectors are sparse vectors, that is the proportion of non-
zero components of the codevector is small. This data representation format is
used in search engines, it allows one to achieve high efficiency of distributed
auto-associative memory [12], [13], [14] and it is also required for the operation
of APNNs. However, DRs can also be useful in the form of real-valued vectors
(of small dimension), if they increase the processing efficiency relative to the
initial representations of objects, such as vectors of high dimensionality, etc.

This article provides an overview of the distributed vector representations of
source vector data on the basis of random projection, developed at the Interna-
tional Center both for efficient estimation of similarity of the initial vectors and
for solving discrete inverse problems. The methods are protected by three pat-
ents and are used in information technologies for efficient processing of large
data sets (Big Data) based on similarity as well as for efficient and accurate
processing of signal information.

SIMILARITY ESTIMATION WITH DISTRIBUTED REPRESENTATIONS
OF VECTOR DATA BASED ON RANDOM PROJECTIONS

Real-valued distributed representation of vector data is based on random projec-
tions. Most electronic digital data can be represented in the form of matrices or
tables. For example, text corpuses for the purposes of search or classification are
considered as word-text matrices, where the columns are texts, and the rows are
words. The same information can be interpreted as a set of points in multidimen-
sional space. The dimension of space can be, for example, hundreds of thou-
sands (by the number of words in a language), and the number of points can be
millions and billions (by the number of Internet web pages).

Many methods and algorithms of information retrieval, classification, clus-
tering, approximation, learning, example-based reasoning, associative memory,
etc. use measures of differences and similarities of vectors, such as Euclidean
distance, scalar product, angle. Therefore, it would be useful to operate with
transformed vector representations that have similarities consistent with the
similarities in the original multidimensional vector space, but are more efficient
in terms of saving memory, processing speed, the possibility of using special
methods of data storage and processing.

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Kub. u Bbra. Texs. 2018. Ne 4 (194) 9
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Such a transformation can be performed by using a perceptron-like neural
network. To solve the problems of classification, approximation, heteroassociative
memory and others, the weights of the connections of such networks are usually
tuned to the training set, starting with random weights. However, neural networks
with a random structural organization have a number of useful properties.

We transform the input data, represented as the input matrix A(D x N),
where N is the number of vectors, into the matrix U(d x N) by its feed, vector-
by-vector, to a single-layer perceptron (Fig. 1) with random connections repre-
sented as a matrix R(d x D), and thus performing U = RA. Note that for each
vector-result of multiplication, component-based binarization operation can also
be applied (see the next Subsection).

With a certain choice of R, by the resulting wvectors (that is, by the
d-dimensional column vectors of the matrix U), the distances between the original
D-dimensional vectors in A can be calculated with high accuracy and computa-
tionally efficiently, even with d << D. For example, this is true for a random ma-
trix R whose elements are formed as realizations of a Gaussian random variable.

Note that the components of the input vectors in our example with the presenta-
tion of texts had explicit semantics, i.e., the component corresponded to the word, and
its value was a function of the occurrence frequency of the word in the text. The com-
ponents of the output vectors corresponding to the texts no longer have such semantics
of the components. However, similar output vectors correspond to similar input vec-
tors. Such vectors are an example of distributed representations.

111
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Fig. 1. Single-layer perceptron for transforming
vector data by random projection
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Random numbers in the floating point format required to represent Gaussian
random variables are computationally difficult to generate, and they occupy a lot
of space. Obviously, the simplest embodiment of the elements of random matri-
ces are binary random variables with values of 0 and 1. They can be easily gen-
erated and stored. Then multiplication by a binary matrix is reduced to addition,
that is, computationally simple. Note that binary random matrices in a neural
network implementation are simply the set of present or missing links (of equal
weight) between two pools of neurons. Therefore, of interest are methods of
generating DRs using random binary matrices.

To transform the input vectors given in the floating-point format to the out-
put vectors in the same format, we proposed to use projection by a random ma-
trix with binary elements from the set {0, 1}. The element of the matrix takes
value 1 with probability ¢, and the value 0 with probability 1 — ¢. To center the
result of the multiplication, we subtract ¢ 2. ;- p a; from it. Centering can also be
provided by a binary matrix with the elements p; = r; — g. The analysis was car-
ried out for such a matrix, and its results are close to the experimental results for
the initial binary (sparse) matrix.

The output vectors allow estimating the scalar product and the Euclidean
distance, as well as the Euclidean norm of the original vectors. The computa-
tional efficiency of the estimate increases as the dimension of the output vectors
decreases. The error of estimating these similarity-difference measures was ana-
lyzed analytically and experimentally.

To compare the error of estimating the scalar product and the Euclidean dis-
tance by vectors after a random projection, it is informative to use the normal-
ized standard deviation (coefficient of variation), i.e. the ratio of the root of the
variance of the estimate to its expectation.

In [15], [16] it was shown that for the scalar product, the coefficient of
variation Var“z{(a,b)*} / E{(a,b)*} is equal to

(ab)y ™)' [(E{p"} / E{p’} —3) Tpro (@h)’ + (ab)” + [|alf|b]* 1"
and the square of the Euclidean distance Var'”{|ja— b||**} / E{[a— b|[**} is equal to
(la—bl*d"*) " [ (E{p"} / E*{p*} =3) Xip (@ =)' +2 [la—b|* 1"

Here p is a random variable, an element of the random matrix R (taking
centering into account). Thus, for different distributions of p, we obtain various
expressions for the coefficient of variation.

For a Gaussian random matrix i.i.d. elements, the value E{p*} / E*{p*} =3 [15].

For the binary random projection matrix under consideration (taking center-
ing into account), it can be shown [16] that E{p*} / E*{p’} = 1/(¢ — ¢°) — 3. For a
ternary matrix with elements from {-1/¢"% 0, +1/¢"?} with probabilities
{q/2, 1 —q, q/2} we get E{p*} / E*{p’} = 1/q.

Let's compare the estimation errors obtained by projecting binary and ter-
nary random matrices. The ratio E{p*} / E*{p’} for a binary random matrix is
less than for a ternary one (1/(g —¢*)—3 < 1/q) when ¢ < 2/3. Therefore, for
q <2/3 the error of estimates obtained after the binary random projections that
we propose is smaller than after ternary random projections at the same prob-
ability ¢ of a nonzero matrix element (Fig. 2).
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Fig. 2. The value E{p*} /E*{p’} — 3 vs the probability ¢ of a nonzero
element of the matrix. Binary matrix (Bin), ternary matrix (Tern),
Gaussian matrix (Norm)

Let us compare the error estimates for the binary and Gaussian random matri-
ces. Since 1g—qg>)—6<0 for 12— 1/2V3)< g< 12+ 1/(2\3) (ie., for
q ~[0.2112, 0.7887]), then binary random projections provide in this range the accu-
racy is higher than Gaussian (the greatest gain is achieved when ¢ =0.5). On the
other hand, projection acceleration requires g << 0.5, where the binary matrix loses
due to the presence in the error of the terms with positive coefficients at
2i=1D (ab;y’ and 2i=1p (a;—b;)". However, when D >> 1, their contribution is
small (for data with a finite fourth moment), therefore, we obtain an accuracy com-
parable to the accuracy of Gaussian random projections, and for the case g << 0.5.

As for other types of random projection matrices, the error decreases with in-
creasing dimension d of the output vectors ~1/d"*. Computational efficiency increases
with decreasing g (with increasing "sparseness” of the binary projection matrix). In
order to preserve the accuracy of estimates, the input vectors must have a sufficiently
large dimension, as is assumed by the very formulation of the problem of efficiently
evaluating the similarity of multidimensional vectors.

Binary distributed representation of vector data based on random projec-
tions. Let us apply in the output neurons of the perceptron network (Fig. 1) the bi-
narizing threshold transformation u — z: z;=1 when u;>¢ and z;=0 when u; <t,
where #>0 is the threshold value for the i-th component of the output vector,
i=1,..d

The degree of sparseness of binary output vectors is governed by the thresh-
old value. Moreover, the number of bits to represent binary vectors may be less

12 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bera. Texa. 2018. Ne4 (194)



Neural distributed representations of vector data in intelligent information technologies

than the number of bits per floating point representation of the vectors, even if
the dimension of the binary vectors is larger.

After binarization u — z; with a threshold #, and v — z, with a threshold #,,
we determine the probability of coincidence of the unity components z;; = 1 and
z,; =1 of the codevectors z; u z,. For standardized random variables (u,,v;), this
probability is the probability of a simultaneous excess of the threshold values by
the quantities #; and v;. The probability value is determined by the integral of the
two-dimensional Gaussian distribution:

pjoin(e) El)(Zl,i = 1, ZZ,i = 1 | 99 tl: tZ) :p(ul 2 tl: Vi 2 tZ | ea tla t2) =

2 2
Ny —2nmacos H+n;
.[ .[ 2(1-cos0)

dnydn;.
2n(1 cos26)

nit

Thus pjoin is a function of angle 0. From the pj.in value, we can obtain the
angle 6 as 0 = g(pjoin), Where g is the function inverse to the function pjein(0).

Therefore, 6 can be estimated as follows:

— tabulate the pjoin(0) function;

— transform the input vectors into output codevectors z, and z,, as indicated
above;

— estimate pjoin as (Z1, z2)/ d;

— find in the tabulated table the value pj.in closest to (z;, z,)/d and use the
corresponding angle 0* as the estimate of 0.

To standardize random variables (u;,;) for matrices R from a symmetric distri-
bution (e.g., Gaussian or ternary distribution with elements from {-1, 0,+1}, it is
sufficient to apply scaling. For binary R it is also necessary to center, which is per-
formed by subtracting ¢ -1 a;, and scaling is done by dividing by (g — ¢*)" ||a].

The binarization threshold was chosen above under the assumption of a
Gaussian distribution, and the relationship between pj,i, and cos O was made
under the assumption of a two-dimensional Gaussian distribution. When pro-
jected by binary R, the distributions are not Gaussian, but they converge to
them. Analytically and experimentally we investigated the convergence of the
distribution of the components of the real-valued vector, i.e., the result of the
random projection, to the Gaussian distribution, and the rate of convergence. For
this, the Lyapunov fraction of the third order (denoted by Lp) was used. For the
sum of D random variables obtained by multiplying the input vector a by a row
of the random matrix, the Lyapunov fraction can be represented as a product of
two fractions, L, and L,:

__ E{r-E{nl} Xiila |:LL I = E{|r—E{r} '}
COEr-EEHD? llalh T (B{ =B P
_Xla 0
T Jals
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The fraction L, depends on the input vector a and on D and does not depend
on the type of random matrix R, and the fraction L, depends on the distribution
of random variables used in R.

According to the strong law of large numbers, the sample average of D re-
alizations of independent and identically distributed random variables converges
almost surely to the expected value (if it exists and finite) at D — oo. Apply this

I Z20a, P /D
D2 (Z?:l la, 2/ D)y :

We assume that the components g; of the input vector a are realizations of
random variables with a finite third absolute moment E{|q,-|3} < oo, Then the
moments of smaller orders are also finite, in particular, E{|q,-|2} < o0, We use the
strong law of large numbers for r.v. |a_,-|3 and for r.v. |a_,-|2 . We obtain that when
D — oo, then X1 p la)f* /D — B{laf} <coand X ;-1 p laf’/ D — E{la)’} <.

Therefore, L, converges as follows:

1 z_?:l ‘aj |3 /D c E{| a; |3}

c=

= —> . T e———
a D1/2 (ij:l |aj |2 /D)3/2 DI/Z (E{|al |2})3/2

to L,. Represent L, as L, =

Now consider L,. It is easy to see [17] that for binary R the absolute
central moments are equal to E{r— ¢f}= (¢g—¢) (1- 2(¢— ¢°) and
E{jr— g} = g—¢*. We obtain the expression for the fraction L,= (1 — 2¢g+
+2¢%) /(g —¢»)". Since 0< g < 1,then 1/2<1-2g+2¢*<land L, < 1 /(g — ¢")".

Therefore, for a binary random matrix, the behavior of the entire Lyapunov
fraction Lp is determined by the expression (1/(¢— ¢°)/D)"* when D — oo.
Convergence to a Gaussian distribution occurs if the expression tends to zero,
that is, if 1 /(g — ¢*) = o(D).

The rate of convergence of the cumulative distribution function of the sum
of independent random variables to the Gaussian cumulative distribution func-
tion can be estimated by the Berry-Esseen inequality. Its use in this problem is
considered in [17]. The rate of convergence of the distribution of the compo-
nents of a real-valued vector (the result of random projection) to the Gaussian
distribution was studied analytically and experimentally for random matrices
with discrete elements from {1, 0, 1} (ternary matrices) and from {0, 1} (binary
matrices) Using sparse random binary or ternary matrices instead of Gaussian
random matrices allows obtaining output codevectors whose properties are simi-
lar to the properties of codevectors obtained using Gaussian matrices, when the
dimension of input vectors is sufficiently high.

For binary and ternary random matrices, the experimental estimates of the
difference between the distribution of u# and the Gaussian distribution for the
entire range of parameters studied are significantly less than the analytical limit
values calculated by the right-hand side of the Berry-Esseen inequality. Experi-
mental results for binary and ternary matrices are close to each other, the same is
observed for analytical results.

Experimental results show that with the input vector dimension D = 1000,
the difference between empirical and Gaussian distributions becomes close to
the error level obtained due to the estimation of empirical distributions by the

14 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bera. Texa. 2018. Ne4 (194)



Neural distributed representations of vector data in intelligent information technologies

finite sample. This was observed for the studied probabilities g = {0.5, 0.1, 0.01}
of nonzero elements in random matrices.

The obtained results show that for parameters for which the empirical dis-
tributions are not very different from the Gaussian ones, the experimental and
analytical errors in the angle determination by the output binary codevectors are
also small. With the dimension of the input vector D = 1000, the experimental
and analytical errors are close for all parameters studied. It follows that in appli-
cations it is necessary to comply with the condition Dg > 10.

Obviously, the smaller g, the greater the possibility of accelerating the im-
plementation of vector projection. In this case, the projection by the binary ma-
trix is potentially more efficient than by the ternary one, and even more so than
by the Gaussian matrix.

We investigated [18] the estimates of similarity measures for real-valued
vectors by binary codevectors obtained by projecting with a random binary ma-
trix and then using the output threshold transform that allows us to adjust the
degree of sparsity (the fraction of non-zero components) of binary codevectors.
The similarity of binary codevectors was estimated by measures based on dot
product (normalized to the codevector dimension).

The values of these codevector similarity measures decrease monotonically
with increasing angle between the original real-valued vectors, and allow us to
estimate the angle 0. The estimate together with the knowledge of the values of
the Euclidean norms of the original real-valued vectors |a|,, |[b||, also made it
possible to estimate their dot product (a,b)* = ||a|| ||b|| cos 6* and Euclidean
distance ||a —b|*= (||a||> + ||b|* — 2 ||a|| ||b]| cos 6%)"%. The dependences of the
error in estimating the angle, the scalar product, the Euclidean distance between
the input real-valued vectors, on the angle value between them were analyzed
analytically and experimentally.

To determine the expectation and variance of the angle estimate from the es-
timate pjoin™ = (21, Z,)/ d the linearization of the function of the random argument
(delta-method) was used. The number of matching unit components |A A B]
codevectors A = A(a) and B = B(b) of dimension d has a binomial distribution
with probability of “success” pjoin and d degrees of freedom, i.e. with the expec-
tation value dpjin and the variance dpjoin(l —pjoin). The estimate of
Pioin = sim(a,b) by the empirical probability (or sample mean) pj,in* = |A A B|/d
is unbiased: E {pjoin*} = E{|A A B|/d} = E{|A A B|}/d = dpjoin/ d = Pjoin.

Returning to the estimate sim* by pjoin*, we get E{sim*} = g(E{pji*}) and
Var{sim*} = (g'(E {pjom*}))2 Var{pjoin*}, with E{pjoin®} and Var{pj,n*} calculated
as above. An approximate value of the derivative of g'(E {pjoin*}) can be determined
for g specified using tabulation.

Errors of estimates by |A A B|/|[A| and by 1 — |A @ B|/d (where @ is the
component-wise XOR operation) are obtained similarly. The error values for
binary and ternary random matrices are close for the studied parameter values.
However, the proposed computational implementation of the transformation
using a binary random matrix makes it easier.

A promising topic of further work is to study the effect of modifications of
the proposed methods on the accuracy of similarity estimates, for example: using
the real fraction of non-zero elements in the matrix as well as in its rows and
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columns instead of the probability of non-zero elements; the use of random ma-
trices with a fixed number of randomly located non-zero elements in the entire
matrix, as well as in its columns; taking into account the real fraction of non-
zero components in the output binary codevectors when estimating the angle
based on their dot product.

DISTRIBUTED REPRESENTATIONS BASED ON RANDOM PROJECTIONS
FOR REGULARIZATION OF INVERSE PROBLEMS SOLVING IN MACHINE LEARNING

In problems of statistics and machine learning, a situation often arises when the
solution by existing methods is unstable, i.e. small changes in the input data
(conditions of the problem) lead to a large change in the solution. Such unstable
solutions are inaccurate and cannot be used in practice. To remove the instability
of the solution, the regularization approach is used.

Regularization imposes stability constraints on the sought solution. For exam-
ple, a compromise of accuracy and stability is provided by choosing a regularization
parameter that weights the ratio of the magnitude of the norm of the difference be-
tween the vectors of the reconstructed and the observed output, as well as the magni-
tudes of the norm of the solution vector (that is, the reconstructed input).

Our studies of the regularizing properties of random projection has begun
since 2009 [19]. Later other researchers began to explore the regularizing prop-
erties of random projection, for example, for classification problems and ma-
chine learning [20], and, more recently, for solving inverse problems [21]. Since
the approach of random projection, along with improving the accuracy of the
solution by regularization, reduces the computational complexity of the solution,
we have managed to develop algorithms that provide an accurate and fast solu-
tion for discrete inverse problems [22], [23], [24], [25], [26], [27], [28].

Let us consider in more detail the regularization of the inverse problem
based on random projection. In many practical applications, signal transforma-
tion is described by a linear model of the form y = Ax + g, where the matrix
A € RV and the measurement vector y € R" (y =y, + &, yo = AX) are known.
The components of the noise vector € € R" are realizations of independent
Gaussian random variables with zero mean and variance o*. The signal vector
x € R" has to be estimated.

In the case when y contains noise and the series of singular numbers of the
matrix A smoothly drops to zero (with A having a high conditionality number),
the problem of estimating x is called the discrete ill-posed problem (DIP) [29].
For DIP, the solution (estimate of signal x) obtained on the basis of a pseudo-
inversion as x* = Ay, where A" is a pseudoinverse [30], [31] is unstable and
inaccurate. To overcome the instability and improve the accuracy of the solution,
a regularization approach is used.

One of the approaches to ensuring the stability of solving ill-posed problems
is the use of an integer regularization parameter, which is the number of sum-
mands in the model (linear with respect to parameters) approximating the origi-
nal data. To obtain a stable solution (estimation x*), such methods as truncated
singular value decomposition [32], truncated QR decomposition, and the method
based on random projection [25], [26], [33] can be used.
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To obtain solution based on random projection, both sides of the original
equation are multiplied by the matrix R, € R** resulting in the equation

RkAX = Rky,

where (RiA) € R*Y, (Ryy) € R*. The vector of the recovered signal is obtained as
x; = (RA)Ryy.

As a random matrix R we use:

e the matrix G;eRY whose elements are realizations of a random vari-
able with a Gaussian distribution, zero mean and unit variance;

e the matrix QueR“" obtained by QR decomposition of GA matrix
(GA=QR);

o the matrix Q,eR*" obtained by SVD decomposition of G matrix
(G =Qz¥").

3
Similar to estimating x based on truncated SVD X, g, = ZV sTuly
i=1
(where u; € R", v; € R" are left and right singular vectors, s; are singular val-
ues), an estimate based on random projection can be represented by a linear
model of the form [26]:

k
_ T
X R _Zhiri Yy,
i1

where r; € R” is the column of the matrix R, = [r,,...,r,], which is the result of a
SVD of the matrix R, whose elements are random variables with a normal dis-

tribution; h; € R" is the column of the matrix (Q{A)+ =[h,,...,h, ]. Experi-
mental studies have shown that there is an optimal number £ (k < N) of the R

2
. . . . * . .
rows, which minimizes the error e = HX - X, H of the true signal recovering.

Fig. 3 shows an example of the x recovery error ¢ xQ (and its components
e xQ 1 and e xQ_2) dependencies on k for the Phillips problem for three noise
levels {1072, 107, 107},

In reality, it is impossible to calculate the error e, (k) due to the lack of in-
formation about x; therefore, it is impossible to directly determine the optimal £.
To select & close to optimal, use the model selection criterion (MSC), i.e., a
function that has an extremum when £ is close or equal to optimal ([35], [36]).

When creating a MSC for solving DIP, it is required:

— to present an error in the form of the sum of two error components;

— to show increasing and decreasing of error components;

— to show that the dependence on k of the recovery error of x and of the re-
covery error of y, has the global minima that coincide or are close;

— to obtain an expression for estimating the recovery error of y, using the
known measurement vector y.

Search for the optimal number of rows of a random matrix. In [23], expres-
sions for the recovery error of x were obtained for the random projection method:

e = H(F,:Fk - I)XH2 +c’trace(F;"'F,)
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Fig. 3. Recovery error and its components vs the number k&
of the random matrix rows

as well as for the recovery error of y:
e, :“(AF,:QE —I)yOH2 +o’trace(F;"ATAF;).

The number of columns N of the matrix Qy is determined by the size of the origi-
nal matrix A. The number of rows £ is not fixed a priori and can vary from 1 to N. The
dependence of the error components (e,, e,) on the number of rows & of the matrix Q
was analytically studied in [25]. Such a study is based on the representation of the

matrix F, = QzA as the sum of the original matrix and the perturbation matrix.

In order to study the behavior of the components of the error e, depending
on k, we write the expression to get F,” in a recursive form. To do this, we use
the representation of the perturbation of a pseudo-inverse matrix through the
perturbation of the original matrix, proposed by Stewart:

B"'-A"=-B'P,ER A" +B'P,P, -R;R A",

where B=A +E, E is the perturbation matrix, P, = AA™ is the projector on the
subspace of column vectors of the matrix A, R , = A" A is the projector on the sub-

space of row vectors of the matrix A, P; =I-P, and R, =I—R , are the pro-

jectors on the orthogonal complement of these subspaces, respectively.

Based on this representation, recursive expressions are obtained for the stochastic
and deterministic components of the true signal recovery error. These expressions are
a tool for studying the tendencies of (increasing, decreasing) behavior of the error

components depending on k. The matrix F, = QZA is formed as:

F 0 F
Fk{ kl}{ kl}z[ kl]
0, f, f,
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where F,_; eiRHXN, the row vector f; = q;A has dimension £, qy is the row of the
matrix Q = [ql,...,qk]T, O, is the zero submatrix size of (k— 1) x N. As a per-
turbation of the matrix F;_;, we consider a matrix E;e RN containing one non-
zero k-th row f,, which is added at the k-th step.

In [25], recursive expressions for the stochastic and deterministic error
components were obtained. For the stochastic component of the true signal re-
covery error, the recursive expression has the form:

e (k)=c’trace(F'F)=e, (k-1)+0c’tracc(M;, M, )+c’d,,

where M,_, =f/f.F,, d =1 "f  If f_ isnonzero then d, =f,'f} > 0.
For a non-zero M,_, we have trace(M, M, _,) > 0. Therefore, the value

of the stochastic component of the error increases with increasing k.
For the deterministic component of the true signal recovery error, the recur-
sive expression has the form:

e,(k)=x"x—x"F/Fx=e_(k—-1)-x'f/f (I-F _F,_)x.

As shown in [25], the matrix f, f, (I—F, |F, ) can be obtained by the

product of the column-vector (f, (I—F,,F,_,))" and the same (not transposed)
row vector divided by the square of its norm. Therefore, for non-orthogonal x
and f, (I-F F, ), the value of the deterministic component of the true signal

recovery error decreases with increasing k.

An experimental study demonstrating a decrease in the deterministic com-
ponent and an increase in the stochastic component of e, the proximity of the
global minima of the e.(k) u e, (k) dependences, was carried out in [25]. The cri-
terion for selecting the model x;z* when solving DIP based on random projec-
tion, which is an approximation of the output vector recovery error e,, was ob-
tained in [26]:

2
CR, = E|(AF;Q; ~Dy| - o trace((AF; Q] —-I)" (AF; Q] ~)) +
+ o’trace(F;" A" AF,)

Fig. 4 shows graphs of the values of the CR, criterion, the average output
recovery error (e,"~"), and the average true signal recovery error (e," ") vs k for
the Carasso problem. The graph lines corresponding to the CR, criterion and the
average recovery error of y, are close, so the MSC CRq well approximates the
recovery error of the output yo. The positions of the minima are also close.
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Fig. 4. Dependences of CRq(k), e,(k) and e,(k), for the
noise level of 5x107*

Reducing the input vector recovery error. The accuracy of the DIP solu-
tion by the method of random projection depends on two independent random
variables. The first one is the additive noise in the output vector (whose distribu-
tion is assumed to be Gaussian, and the variance is generally unknown) and the
second one is the random variable that forms the random matrix (Gaussian dis-
tribution with the unit variance, in the studied case). Changing the number of
rows k of the random matrix leads to a change in the accuracy of the DIP solu-
tion. In the absence of noise in the output vector, an increase in the number of
rows of a random matrix leads to a decrease in the solution error. Noise in the
output vector leads to the appearance of an error component, the value of which
increases with increasing number of rows of a random matrix. Therefore, the
dependence of the error of the DIP solution on the number of rows of the ran-
dom matrix has a minimum at k£ <N (at certain noise levels). In order to make
the dependence of the error on the number of the random matrix rows more
smooth and thereby facilitate the search for the minimum, in [22], [23], [24],
[25], [26] we performed averaging over noise in the output vector. Experimental
studies [23], [26] showed that averaging over random matrices leads to a
smoothing of the ex(k) dependence and a decrease in the number of local min-
ima. Analytic averaging over random matrices can lead to simpler expressions
for eg(k), facilitate further analytical research and improve the accuracy of the
method of DIP solving based on random projection.

In [34] important results were obtained related to averaging (finding the ex-
pectation) over random matrices R, of expressions of the form:

E.{R;(R,BR;)'R,}, E,{R/(R,ZR]) 'R},

where BeR"" is any symmetric positive semidefinite matrix, Z € R is the
diagonal matrix of the eigenvalues of the matrix B. In particular,

E.{R;(R,BR;)'R,} =UE,{R;(R,ZR]) 'R }U".
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Fig. 5. Theoretical values of the elements of the diagonal of the
matrix D; for the Carasso problem

For the structure of the form R, (R,ZR;)'R,, in [34] it is shown that
E.{R(R,ZR))'R,} =diag(Ai,....Ams.. s M., 1) = DY(Z,y,),

that is, Di(Z,,) (NxN) is diagonal, where A; = p/(1 + ps;>), p = const.

Averaging over random matrices leads to the diagonalization of the matrix
included in both error components (deterministic and stochastic).

An experimental study of DyZ,) showed that the sequence A,...,A, is
bounded by the sequence $172,...,5m > from above and that several initial values
of the diagonal of the matrix D approach s, > with great accuracy. For example,
for the Carasso problem the values of the diagonal elements of the matrix Dy for
k= {2, 3, 6,9, 13} are shown in Fig. 5, where 572 and M are also shown. The
values of the diagonal elements vary monotonically with k. This leads to a
smoothing of the e.(k) and e (k) dependences and to a decrease in the number of
local minima. The results of an experimental study showed the connection of the
element values of the diagonalized matrix with the singular values of the original
one, which creates the basis for the study of the relationship of the truncated
SVD and random projection.

To average the e, error over random matrices, the error components were
transformed so that they include the matrix structure of the form

R, (R,AA'R}) 'R, and then averaging was performed:

Epfe,} =Epfe, ) +Eple, J =X x X A'E,{R; (R, AA'R;) 'R, JAX +
+o’trace E,{R; (R, AA"R)'R,},

E {e} =x'x—x"VS’D,V'x + c’trace(UD,U").
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The resulting expression for E, {e} does not allow us to identify the entire struc-

ture of the error. The bias and variance of error that appear due to averaging over the
realizations of the random matrix are not explicitly presented and therefore cannot be
analyzed. In [33] expressions for the error were obtained in a form that allows us to
propose a method for solving the DIP with a reduced error with respect to the random
projection method [23], [25]. By analogy with the works that studied bias and variance
of the error arising due to the presence of additive noise in the output vector, we call

the component e,, = ||X - i”z as the squared bias, and e, = Hi - (RkA)+Rka2

as the variance of the vector x (input) recovery when averaged over random matrices
R;. In [33], the bias and variance components were obtained by averaging the error e,
over the realizations of the random matrix R;. Bias and variance of the input vector
Tecovery error are
2

b

ey =b"UD, U~ [ATUD,UD[", ey, =[x~ %] =[x~ A"UD, U

where X = E, {(R,A)'R,b} =A"UD,U'b.
The input vector x recovery error, averaged over random matrices is
Eleq) = egs + ¢y =[x ~ATUD,U"D| +b'UD,U"b - [A"UD,U"D| .

From the expression for E,{e,} it can be seen that the recovery error of the

input vector without averaging over noise can be reduced by the variance value
eyr (resulting from multiplication by a random matrix and subsequent averag-
ing). To do this, the recovery of the input vector should be performed as

X=A"UD,U"b , where U was obtained from SVD-decomposition A=ASV",
and D, was obtained as E ,{R; (R,S°R}) 'R, } = D, . Indeed, this gives us an

error that coincides with the squared bias in E,{e,}:
~112 T T 2
epp =[x~ =[x - ATUD,U"D| .

Let us call the method of solving DIP according to X = A" UD kUTb as the

deterministic method based on analytical averaging of random projection (DRP).
From expression epy it can be seen that the error of the input vector recovery,
when noise-averaged

E {Epxfex}} =E {eg}+E g} =E.{

+E,{b"UD,U"b~|A"UD,U D[’}

x~ATUD,U"b| "} +

is greater than the error epg, when noise-averaged averaged, i.e.

E {epr} =E.{

x-%[} =E, {x - A"UD,Ub|"}.
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A function approximating the output vector recovery error of the DRP
method was obtained in [33]:
T T 2 2 T T T T T
CRpy =E, {|(AA"UD,U" Db } - o trace((AA"UD, U" 1) (AA"UD,U" - 1)) +

+ o trace((AA"UD, U" )" AATUD U").

Averaging over random matrices leads to further smoothing the dependence
of the error on the size & of the random matrix [23], [26].

Analytical averaging over random matrices allowed us to analyze the bias
and variance of errors that appear due to averaging over the realizations of the
random matrix, and to obtain an estimate of the input vector that provides
greater accuracy of the DIP solution relative to the estimate obtained by averag-
ing both over noise and over the matrices.

An experimental study [33] showed that the proposed estimate of the input
vector provides a solution accuracy that is very close to the accuracy of the trun-
cated singular value decomposition method. However the dependence of the
error on k is smoother than for the truncated singular value decomposition. It is
assumed that the resulting smoothness can be used to improve the accuracy of
the DIP solution in real problems due to a more accurate choice of the optimal
dimension of the model by the model selection criteria.

CONCLUSIONS

This article provides an overview of some of the research of the International
Center in the field of neural network distributed representations. The formation
of distributed representations from the original vector representations of objects
using random projection is considered. Distributed representations allow one to
efficiently estimate the similarity of the original objects. They can also be used
in linear classifiers to perform an effective classification of objects whose repre-
sentations are not linearly separable in the input space [37], [38], [39], [40]. The
use of distributed representations formed by random projection allows increasing
the computational efficiency and accuracy of information technologies based on
solving discrete ill-posed problems [41], [42]. The solution accuracy of discrete
ill-posed problems was investigated analytically, [25], [26], [33]. These devel-
opments are protected by three patents.

We note, however, that distribution representations include not only random
projection based methods [15], [16], [17], [18], [43], [44], [45] but also a num-
ber of other representation schemes for vectors, such as those based on receptive
fields of other types [46] or compositional methods [47], [48], [49], [50]. DRs
can be used to represent certain types of images using a special type of LiRA
receptive fields [51], [52], [53]. One of the promising research directions could
consist in using DRs in the texture segmentation problem [54], [55], [56] and in
classification of satellite optical and SAR images [57], [58], [59].

For a long time it was believed that the main drawback of distributed repre-
sentations is the inability to represent structure. Recently, however, DRs have
been developed for complexly structured representations of objects, such as se-
quences [60], [61], [62], [63], [64] or graphs of situations (episodes) of knowl-
edge bases, etc., e.g. [65], [66], [7], [8], [3]-
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Thus, distributed representations built on the basis of ideas about the repre-
sentation of information in the brain, when used in information technologies,
increase their computational efficiency by converting data of different types —
both unstructured information in the form of vector arrays and relational struc-
tures of knowledge bases — into a special format of vectors. In addition, distrib-
uted representations allow naturally combining information about structure and
semantics, giving a basis for creating computationally efficient and qualitatively
new information technologies for processing relational structures from data and
knowledge bases. The neurobiological relevance of distributed representations
opens the way to the creation on their basis of intelligent information technolo-
gies that function similarly to the human brain.
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HEMPOMEPEXXEBI PO3IO/IUIEHI ITOJAHHS
BEKTOPHUX JAHUX Y IHTEJIEKTY AJIbHUX
[HOOPMAHIMHUX TEXHOJIOT'TAX

Beryn. Posnoainene momanust (PIT) manux — ¢Gopma BEKTOPHOTO TOJAHHS, J€ KOXHHN
00'eKT HagaHO OE3MMiY4I0 KOMIIOHEHTIB BEKTOPA i KOXKHUII KOMIIOHEHT BEKTOpa MOXKE Halie-
JKaTH TIOJITaHHIO OaraTthox 00'ekTiB. Lle HelipomepekeBHil MiAXia, OCHOBaHHUI HAa MOJCIIOBAH-
Hi mojaHHs iH(popMalLii B MO3KY, JI0 SIKOTO TpUBeNH i1ei npo "posnozinene” abo "romnorpa-
¢iune" noganus. PIT maroTh Benuky iHpopMaliliHy €MKicThb, Jal0oTh 3MOTY 3aCTOCOBYBaTH
GaraTuii apceHan METOMIB, PO3pOOICHUX I BEKTOPHUX JaHUX, J0Ope MaclTaOyloThCs JUls
00poOICHHST BETMKUX OOCATIB JaHUX, MAlOTh HU3KY IHIIMX NepeBar. MeTou nepeTBOPeHHS
B PIT po3po0iieHo At TaHUX PI3HOTO THITY — BiJl CKAJIIPHUX 1 BEKTOPHUX J0 TpadiB.

Mera cTaTTi — HaJaTH ONKMC YaCTHHU POOIT BIAAUTY HEHPOMEPEIKEBHX TEXHOJOTIH
00pobnenns iHpopmanii MixkHapoaHoro LleHTpy B rairysi HelipoMepeKeBOro po3noIiIeHOro
nojanHs. [linxin € po3BuTkoM inelt akagemika M.M. AMocoBa i HOro HayKOBOi IIKOJIM IIPO
MOJIEIOBAHHS CTPYKTYPH 1 QYHKLIN MO3KY.

PesyabTaTu. Po3risHyTo opMyBaHHS pO3IMOIiIEHOTO MOJAaHHS 3 TOYaTKOBOTO BEKTO-
PHOTO TOAaHHS 00'€KTIB 3a TOIOMOTH BUIIAIKOBOTO TPOEKTyBaHHs. 3a goniomoru PIT MoxxHa
e()EKTHBHO OI[IHIOBATH CXOXKICTh MOYATKOBUX 00'€KTIB — YHCIIOBHX BEKTOPIB, L0 A€ 3MOTY
PO3POOIIATH METOIM PETYISIPU3AIii ISl OTPUMaHHS CTIMKOTO PIIEHHS JUCKPETHUX HEKOPEK-
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THUX OOCpPHEHUX 3a/ay, IIiJBUIIUTH OOYUCIIIOBAIbHY e€(QEKTHBHICTH 1 TOYHICTh IX
PO3B’s13aHHS, aHAIITHYHO JOCIIKYBAaTH TOYHICTh PIlICHHS.

BucnoBku. PII nanux pi3HUX THUIIB Moxe OyTU BUKOPHCTaHO IJIS IiJABUILECHHS edek-
THUBHOCTI Ta PiBHS IHTEICKTYyaJIbHOCTI iHQOpMaliiHuX TexHoiorid. Po3podneno PIT sk mis
c1abo CTPYKTYpOBaHMX HAaHMX (BEKTOPH), TaK i JUIL CKIAAHO CTPYKTYPOBAaHOIO HOJAHHSI
00'exTiB (IMOCIIIOBHOCTI, Tpadu cuTyallii (emi3oai) 6a3 3HaHb TOIIO). [lepeTBOpEeHHS pi3HO-
TUIHUX JaHUX B BeKTopHUH ¢opmar PII nae 3mory yHidikyBatu 6a30Bi iH(popMaliiHi Tex-
HOJIOTIT X 0OpOOJIEHHS Ta OMOTTHCS HAAIHHOI MaciTaboOBaHOCTI 3i 30UIBLICHHAM OOCSTIB
00poOIIOBaHKX JTaHHX.

Knrwuoesi cnosa: posnoodinerne nooanHs 0anHux, 6unadkose npoeKmysants, oyiHka nodionocmi
8eKMOPIB, OUCKPEMHA HEKOPEKMHA 3a0ayd, pecyiapusayis.

TI'puyenro B.H., unen-xoppecnouneHT HAH Ykpaunsi,
JIUpexTop MexyHapoIHOrO Hay4yHO-y4eOHOro eHTpa
MH()OPMAILIMOHHBIX TEXHOJIOTHH U CHCTEM

HAH VYxpaunst u MOH Ykpaunst

e-mail: vig@irtc.org.ua

Pauxoeckuii /[.A., 1-p TEXH. HayK, BEl. Hay4. COTp.

OT/]I. HEHPOCETEBBIX TEXHOJIOTHI 00paboTKN MHDOpMAIHK
e-mail: dar@infrm kiev.ua

Pegynosa E.I'., kaH[1. TEXH. HayK,

CTapll. Hay4. COTP.

OT]I. HEHPOCETEBBIX TEXHOJIOTHIT 00paboTKN MHDOpMAIUU
e-mail: egrevunova@gmail.com

MexyHapOJHEIH HayYHO-y4eOHbIA IEHTP HHPOPMAIMOHHBIX
texHonorui u cucteM HAH Vkpaunsl 1 MOH Ykpaussl,
mp. Akan. ['mymkosa, 40, r. Kues, 03187, Ykpanna

HEMPOCETEBBIE PACIIPEJIEJIEHHBIE ITPECTABJIEHU
BEKTOPHBIX TAHHBIX B UHTEJIJIEKTY AJIbHBIX
NHO®OPMAIIMOHHBIX TEXHOJIOTMAX

B cratbe gan 0030p 4acTu paboT OTIEeNa HEHPOCEeTeBBIX TEXHOIOTUH 00paboTky MHpOpMa-
i MexaynapoaHoro L{eHTpa B 06J1acTH HEHPOCETEBBIX PACHIPEACICHHBIX MPEICTABICHUN.
[Nonxon siBnsiercs pazutuem uneit H.M. AMocoBa 1 ero Hay4HOM LIKOJIBI O MOJEINPOBAHNUN
CTPYKTYpBI ¥ QyHKIHWIT Mo3ra. PacnipeieieHHbIe PEICTaBICHHS TaHHBIX Pa3THYHbIX THIIOB
MOTYT OBITh UCIIOJIb30BaHbI JUIsSl MOBBIIEHHS Y()(EKTUBHOCTA U YPOBHS MHTEIUICKTYaJIbHO-
cTi HHPOPMAITMOHHBIX TeXHOoJorui. Paspadoransl PIT kak uist ¢1abo CTPYKTYypHUPOBAHHBIX
JTAHHBIX (BEKTOPBI), TaK U JUISl CJIOXKHO CTPYKTYPUPOBAHHBIX MPEJCTAaBICHUI 00BEKTOB (I10-
CIIeZIOBaTEeIbHOCTH, rpadbl cuTyaluil (3nu30/108) 6a3 3HaHuit, u ap.). [IpeodpazoBanue pas-
HOTUIIHBIX JaHHBIX B BeKTOpHbI (opmar PIT nmosBonser yHuduuuposars 6a3oBble HHGOP-
MAaI[MOHHBIC TEXHOJOTHMH HUX 0OpabOTKH U JOOUTHhCS MAacHITAOUPYEeMOCTH C YBEIUYCHHEM
00BbeMOB 00pabaThIBaeMbIX aHHBIX. B mepcrieKTHBe pacrpeliesieHHbIe TPeICTaBIeHHs T10-
3BOJISIT COENMHUTH MH(OPMAIHIO O CTPYKTYPE M CEMAHTHKE JUISl CO3IAHUS BBIYMCIUTEIBHO
3¢ PEeKTUBHBIX U KauecTBeHHO HOBBIX UT, B KOTOPBIX 00paboTKa PENSLUOHHBIX CTPYKTYP H3
0a3 3HaHUi1 BBINOJIHAETCA 1O CXOACTBY HX PII.

Knioueguvie cnosa: pacnpedenennoe npedcmasnenue OAHHBIX, CIYHAUHOE NPoeyuposauue,
OYeHKa cxo0Cmaa 8eKmopos, OUCKPemHas HeKOPPEKMHAs 3a0ayd, pecyispu3ayus.
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HHOOPMAIMOHHAA CMAPT®OH TEXHONOrMA ANA NPOTHO3A
COCTOAHMA 3[10POBbA YENOBEKA B JKCTPEMANBHbIX
YCNOBHAX CPEAI

[IpensoxxeH HOBBIN MOJAXOM U METOJ CO3JaHUs CMapT(HOH TEXHOJOTMU B IEpCOHH(UIMpO-
BaHHOH MEJUIIMHE, B OCHOBE KOTOPOHW HAXOIUTCA KOMIUIEKC MaTeMaTW4eCKUX Mojeneit
(hyHKIIMOHAIBHOTO COCTOSTHHS YEJIOBEKA B PA3JIMYHBIX YCIOBUAX. PaccMOTpeHa MHTEIUICKTY-
anpHass MHGOPMAIMOHHAS TEXHOJIOTHS I cMapT(hOHA, MO3BOJSIONIAs TTONYYHTh MPOTHO3
COCTOSIHUS 3[JOPOBBS YEJIOBEKA B AKCTPEMAaJIbHBIX YCIOBUAX cpenbl. [IpencraBieHa apXuTek-
Typa KIHEHT-CEPBEPHOTO MPUII0KEHHUS, 00€CIIeYNBAIONIET0 MHOTOIIOIB30BATEIBCKUI T0CTYTI
K pecypcaM M BO3MOXKHOCTSIM CMapT(OH TEXHOJIOTHH. TeXHOJOTus MO3BOJISET OLCHUTHh U
peaynpeanTs (HaKkTopbl PUCKa 3/I0POBbsS YEJIOBEKA B JKAPKHUX M XOJIOJHBIX YCIOBHUSAX CPEJBbI,
[IPY TIOBBIIIEHHOHN BIaXXHOCTH, IPU MONAJaHUKM B XOJIOAHYIO BOZY, BO BPEMs BBIIIOJHEHHUS
WHTEHCUBHBIX (PM3HUYECKUX HArPy30K U MHOT'OE JIPYTO€.

Knroueswie cnosa: cmapmeon, yugposas meduyuna, npocHOUPOBAHUE COCMOAHUSA 300PO-
6b31, MOOUILHOE 300P08bE, IKCIMPEMATbHBLE YCIOBUSL.

B Hacrosiee Bpemsi pazBUTHE MEPCOHUPUIMPOBAHHON HU(GPOBONH METHUIMHBI He-
MBICTIHMO 0€3 TpUMeHeHHs cMapToHOB [1]. DTo mpeamnonaraeT MOCTPOSHUE M
MHTETPalui0 MHPOPMALMOHHBIX MNAT()OPM, MOOWIBHBIX MPUIOKEHHH W MOpTa-
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TUBHBIX MEIUIMHCKUX YCTPOMCTB (Ta/KETOB) C MCHONB30BAHHUEM OOJNAYHBIX TEX-
HOJIOTHH B €IMHYI0 cuctemy [2]. MHOrMe KpyIHble KOMIIAHUM CO3AAl0T CBOHM WH-
(hopMaroHHbIe TIATPOPMBI UTI KOHTPOJIS 3I0pOBOro obOpasa »xm3HU. [lpexne
Bcero Kk HuM otHocsTcst Google Fit, Samsung S Health, the HealthGraph u Apple
Health. OHM UHTErpUPYIOT B OJJHOW CHCTEME MUMEIOIIECs MPUIIoKeHH s, puTHEC-
Tpekepbl U MOOWIIbHBIE MeTUIMHCKHE ycTpoiictBa [3]. Hambonee momymspHeIMU
YCTPOMCTBaMH SIBIAAIOTCS (pUTHEC OpacieTsl M YMHBIE Hachl. Takke CyIIeCTBYIOT
MEJIULIHCKHE YCTPONCTBA, CUHXPOHHU3UPYEMbIE ¢ MOOMIBHBIMH TPHIIOKCHUSIMU:
KapAMOMOHHUTOPBI, TOHOMETpHI, JAbIXaTeNbHbIC anmaparbl Uil KOHTPOJS aImHo?,
TIrOKOMeTphl U MHOTHE npyrue [4]. Ocoboe mMecto B mHealth TexHomormsax (mo-
OUIIbHOE 3710pOBbE) 3aHUMAIOT MPHIIOKEHUS ISl CMapT(HOHOB, TO3BOJISIOIINE CBOE-
BPEMEHHO OLCHUTH (PYHKIHOHAIBHOE COCTOSHUE YEJIOBEKa C MOMOILBIO JaTIYHKOB
caMoro cmapmeona, 4auie BCEro, 3TO MyJIbCOMETPHI, OKCUMETPHI M U3MEPUTEIH
apTepruaNbHOTO AaBJeHus [J, 6].

TpaauIMOHHO MEJUIMHCKIE HHPOPMAIIMOHHBIE MIaTGOPMBI COCTOAT H3:

- KIIMEHTCKOTO MPHUJIOKEHUS Uil cMapT(oHa, B GYHKIUH KOTOPOTO BXOMST
cbop n oToOpakeHHe WHPOPMAIIUN, CTATUCTUIECKUX IaHHBIX, BO3MOXKHBIX pe-
KOMEH/IaIil ¥ U3MepeHne MmoKa3aTeleil ¢ MOMOIIBI0 TaTYNKOB cMapT(hOoHa;

- Y3KOCTIeIUaTN3UPOBAHHBIX MPHUJIOKEHUH Ha caMoOM cMapT(doHEe A KOH-
TPOJISI COCTOSIHUS YEJIOBEKa;

- YMHBIX (JHUTHEC YCTpPOIICTB;

- MOOWJIBHBIX MEIUIIMHCKUX YCTPOMCTB, OTCIICKHBAIOMINX (DU3HOIOTHYE-
CKHE MOKa3aTeIH YeJ0BeKa.

- cepBepa, Ha KOTOPOM MPOUCXOAUT 00pabOTKa M XPaHEHHE TAHHBIX.

B coBpemeHHON MOOWJIBHON ITepCOHH(HUITMPOBAHHON METUITMHE OTCYTCT-
BYIOT MPOTHO3HPYIOIINE CHUCTEMBI, KOTOPhIE MOTYT OIICHMBATh M MpPENOTBpa-
math (aKTOpbl pUCKa 370POBbS YENOBEKA B SKCTPEMAalbHBIX YCIOBUSX CPEIbL:
JKapa W XOJIOJI, TIOBBILICHHAS BIIAYKHOCTB, XOJOAHAsI BOJA, HHTEHCHBHbIC (DU3H-
YecKHe Harpy3Kd U MHOTOE JIpyToe.

B crarbe mpeanaraeTcs HOBBIH MOIXOX It CMapT(OH TEXHOJIOTHUH B TIEPCO-
HUUIMpOBaHHON MenunuHe. TeXHOJOTHSl OCHOBaHA Ha NPUMEHEHUH MYJIbTH-
(YHKIMOHANBHOW CEPBUCHON IUTaT(OPMBI UIS MPOTHO3a COCTOSHHS YEIIOBEKa,
HaXOJISIIETOC WM CITyYaifHO OKa3aBIIETrOCs B SKCTPEMAJIBHBIX YCIOBHUSAX CPEbI.
MynbTrdyHKIHOHATIbHAS TUIATGOpMa COCTOUT U3 KOMILIEKca HH(POPMAIIMOHHBIX
Monyised. Kaxxaplii MOLyJIb OPHEHTUPOBAH Ha PELICHHME OIPENEICHHOIO Kiacca
TEOPETUIECKNX M MPAKTUIECKUX 3a/1a4, CBA3aHHBIX C TEINIOOOMEHOM M TepMope-
TyJIILUEN Ye0BeKa B 3aBUCUMOCTH OT CpeJlbl U BO3AeUCTBUA [7].

WndopmanmonHsle MOAYJIH IUIATQOPMBI MOCTPOEHBI Ha 0aze KOMILIEKCa
MaTeMaTHYECKUX MOJIENEH, MO3BOJSIIOIINX MOTYy4aTh TUHAMHUKY OCHOBHBIX (H-
3MOJIOTHYECKUX TIOKa3aTelel dernoBeka. Mo/eI ONMHUCHIBAIOT METa0OIUIECKHe
MPOIIECCHI, TIEPEHOC TeIUla KPOBBIO B OpPraHM3ME 4YeNOBeKa, Neperady Teruia
KOHIYKIMEH MEXIy OpraHaMH M TKaHsIMH, IOTOOTAEJICHUE U HCHapeHHe C Mo-
BEPXHOCTH KOXKH, IOTEPH TeIlIa C BEPXHUX JbIXaTeNbHBIX IyTeH, 3 dhepeHTHbIe
u addepeHTHBIE MyTH Tepeadll TEMIEPaTypHBIX CHTHAJIIOB B THIIOTATAMYC H
B3aKMMO/ICHCTBHUE YEJIOBEKa C OKpYyKarolen cpenoit [8].

OO0benMHEHHE BO3MOXKHOCTEH CEpPBHUCHOHM IIIATPOPMEI C COBPEMEHHBIMHU
CpeAcTBaMH MOOMIBHOH MEIMLMHBI MO3BOJSET pa3padoTaTh YHUKAIbHYIO WH-
(hopMaroHHy0 cMapThOH CHCTEMY JJIs OLIEHWBaHUS (DAKTOPOB PHCKa 37I0PO-
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Bbs YEJIOBEKA B PA3IMYHBIX YCIOBHUSIX OKPYXKAIOUICH Cpelpl. DTa cHCTEMa Io-
3BOJISICT BBIMIONHATh COOP MEPCOHANBHBIX JAHHBIX, OOBETUHATH MONYyYCHHBIC
JIAHHBIC C JIPYTUMH MOOHMIBHBIMU MPUIOKEHISIMA U TIPEIOCTABNIATH PE3YIbTATHI
IIPOTrHO3UPOBAHUS.

Lenab craTbu — pa3paboTaTh HHTEIUICKTYATbHYI0 HHPOPMAIIHOHHYIO CHC-
TeMy ¢ IPUMEHEHHEM CMapTHOH TEXHOIOTHI Ha 0a3e MyIbTH(YHKITHOHAIHEHON
CEPBHUCHOM MIaT(HOPMBI I MPOrHO3a (PYHKIIMOHAIBHOIO COCTOSIHHS UYeIOBEKa
B OKCTPEMAJIBHBIX YCIOBHSIX CPEIbL.

APXMTEKTYPA KNWEHT-CEPBEPHOIO NPUNOIKENMA

ApXUTEKTYpa HWHTEIUICKTYaJIbHOH WH(OPMAIMOHHONW CHUCTEMBI HMMEET KIIMEHT-
CEepBEpHOE peIIeHHe, KOTOpOoe MpeaycMaTpuBaeT IOCTYI IIOJb30oBaTelell uepes
MIPUIOKeHHEe Ha cMapToHe K CepBHCHOH Iumardopme, IEHTPATM30BaHHOW Oase
JIAHHBIX ¥ [ICHTPATU30BAHHOMY SJICKTPOHHOMY XpaHuuiy uHpopmarmu (Puc. 1).
[Mon TepMHUHOM «KITUEHT-CEPBEP» 3JIECh MOPA3yMEBACTCS CETeBas apXUTEKTypa, B
KOTOpOH 3a/IaHUsl JIOTHYECKU PACTIPEENICHbI MEXIY MOCTABIIUKAMU YCITYT, HA3bl-
BaeMbIMHU CEPBEPaMH, U 3aKa3UYMKaMH yCIIyT, HA3bIBAEMBIMH KITHIEHTaMH [9].

B naHHOM ciiyyae «KJIMEHT» — 3TO HPUIOKEHHE Ui CMapTQoHa, KOTOPOE
B3aMMO/IEHCTBYET C CEPBEPOM Uepe3 TeIEKOMMYHHUKAITHOHHYIO CETh TOCPEICTBOM
CETEBBIX MPOTOKOJIOB. KIMEHT 1MO3BOJISET BHITOIHATH BBOI, IEPBUYHBIN KOHTPOJIb
U Tiepefiady JaHHBIX Ha CEpBep, a 3aTeM OCYLIECTBIIATH NMPHEM U OTOOpakeHue
pe3yJIbTaTOB Ha dKpaHe cMapTdoHa monb3oBatens. Ha cepBepe pa3merieHo mpo-
rpaMMHOE OOecrieueHre, KOTOPOe OCYIIECTBISIET P[] ACHCTBUN 1O yIPaBICHHUIO
TMaHHBIMU (TIpueM, 00paboTKa, Tepesadya U XpaHeHHe B COOTBETCTBYIOINX 0azax
JTAHHBIX ), aBTOMAaTUYECKH KOHTPOIHUPYET IEJIOCTHOCTh M HEMPOTUBOPCUHBOCTH
MOMYYeHHOW ¥ XpaHWMOW HH(OpMaIyy, YIpaBIsieT MHOTOMOJIh30BATENBCKUM
JIOCTYTIOM M COOIOAaeT KOH(PHUIESHITHATFHOCTS 0a3 JaHHBIX, COOTBETCTBYIOIINX
Pa3HBIM TIOJIL30BATENSAM, BEACT KYPHAIl CHCTEMHBIX COOBITHH U IIp.
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Puc. 1. CtpykTypHas cxemMa cMapT(HOH TEXHOJIOTHH
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Bo Bpewmst paboThl HH(GOPMAIIMOHHONW CUCTEMBI MEXIY KIMEHTOM U CepBe-
POM OCYIIECTBIISICTCS OOMEH MaKeTaMU JTAHHBIX (IIPH JOCTYITHOM COCIMHEHUH U
MOJTyYE€HHOM COTJIACHH OT TOJIb30Barens). KimeHT HanmpaBiseT 3apockl 10 CETH
cepBepy 1 oOpabaTeIBaeT moryqaeMyto B oTBeT nHbopmanuio. CepBep morydaeT
1 o0pabaTbIBaeT 3aIlpochl, MPEANPUHUMAET COOTBETCTBYIOIINE 3alpocaM Jei-
CTBUS U ITEpPENIaeT KIINEHTY OTBETHHIC JaHHEIE.

OTnnuurensHas depTa pa3pabOTaHHOW CHUCTEMBI — 3TO HaJMYWE CEPBUC-
HOU matdopMbl Uit 00pabOTKH BBEJICHHBIX YCIOBUH W MOJMYYEHHUS MPOTHO3a
COCTOSIHHSI YelOBeKa. Pe3ynbTaThl MPOTHO3MPOBAHUS aHATU3UPYIOTCS U, IO
pe3ylbTaTaM aHaIN3a, BBISBISIFOTCS BO3MOXKHBIE (PaKTOPBI PHCKa 30poBbs. Ha
3TOM OCHOBaHUHU (DOPMHPYETCS 3aKIIIOUEHUE O PE3EPBHBIX BO3MOXKHOCTSIX Opra-
HU3Ma MO0 JienaeTcss MpeAylnpekIcHre 00 OMAaCHOCTH WX HcuepraHus. Bos-
MOKHOCTh aBTOMATHUYECKOTO aHAJIN3a M MIPUHSATHUS PEIISHUS MO3BOJISIET KIIACCH-
¢bunpoBaTh pa3padaThIBACMYI0 CUCTEMY KaK WHTEJUICKTYaTbHYI0 WH(MOpMAIIH-
OHHYIO TEXHOJIOTHIO.

CTPYKTYPA KNHEHTA

Knmentckoe nprioxeHne HaIMCaHO Ha A3bIKe Java JuIsi cMapTQOHOB IO OIe-
panonHyto cuctemy Android. ['padudueckuii uHTEpGHEHC COCTOUT U3 OKOH IS
BBOJIa JTAaHHBIX U OTOOpa)KEHUs pe3ysbTaToB Ha 3kpaHe. UHTepdelic aBTOMaTH-
YECKH QIaNTUPYETCS K pa3Mepy dKpaHa cMmapTdona. [locne yctaHOBKH mpuito-
JKCHUA CUCTEMA IPOCUT HOBOT'O IMOJIB30BATECIIA 3apETrUCTPUPOBATHCA UIIN BOWTH B
CUCTEMY, €CJIM IOJIb30BaTeNb ObUT 3aperucTpupoBaH panee. [Ipu perucrparuu
CHCTEMa TpeasiaraeT 3aMoHUTh aHKETY C MePCOHANBHBIMU JTAHHBIMU I WHIH-
BHIIyaJIbHOH HACTPOWKH CEPBUCHOW TUIAT(MOPMBI: WM, JaTa POKICHUS (It
pacueTa Bo3pacTa), o, Bec, pocT. [loap30BaTens MOXKET 3aperucTpUpOBaThCS B
CHUCTEME C TIOMOINBI0 aKKayHTOB B COIMANBHBIX ceTsax Twitter, Facebook,
Google+ uimm IIEKTPOHHOM MOYTH. B 3aBHCHMOCTH OT HpOGUIS COMMATBLHOMN
CeTH W pa3pellieHHs IOJIb30BaTeNs, CHCTeMa MOXKET aBTOMAaTHYECKH MOIydarb
JIOCTYTIHBIE MMEPCOHANILHBIC JaHHBIC. BKIIIOUCHHE B CUCTEMY COIMATIbHBIX CETeH
CIOCOOCTBYET MOIYIISIPU3AITUH TPHIIOKEHUS.

Jnst nporHozupoBanusi (YHKIMOHATEHOTO COCTOSTHHUS YeIOBEKa MCIIONB3YIOT-
¢ MMOO WHIMBHyAIIbHBIC JaHHBIC, BBEIEHHBIC MOJb30BATENEM, MO0 yCpenHEH-
HBIe ToKa3aTenn. Ha ocHOBaHMM BBEJEHHBIX JAHHBIX Beca, POCTA W I10JIa, PacCUH-
TBHIBAIOTCS MHJIEKC MACCHI TeJla U TIPOLIEHTHOE COMlep KaHke KUPOBOH TKaHU B Opra-
HHU3ME, YTO SBIIAETCS HEOOXOAMMBIM ISl IPOTHO3a COCTOSIHUS YeIOBeKa B IKCTpe-
MaJIbHBIX YCIOBHSAX. MEHIO TPUIIOKEHUS TPENOCTaBISIET OCTYI KO BCEM €ro
(GYHKISM: BBIOOp OKpY>KaroIieil cpezpl [T IPOrHO3UPOBAHMS, OTBETHI HA YacTO
3a71aBaeMble BOIPOCHI, IPOCMOTP COXPaHEHHBIX pe3yibTaToB U T.1. (Puc. 2).

Ecnu nmpunosxkeHue yxe YyCTAaHOBJICHO Ha YCTPONCTBE M ITOJIb30BATENb OBLI
3aperuCTPUPOBAH, TO MPH MOCIEAYIONINX 3aMyCKax MPUIOKEHUS BXOJ B CHCTe-
My IIPOUCXOJUT aBTOMATUYECKU U Ha DKpPaHe cpa3zy OTOOpakaeTcsi OKHO BBIOOpA
OKpYaroIlel cpelbl: BOAa, OTKPBITHIM BO3AYX WIM TMoMelieHue. i Kaxmon
cpensl mpeObIBaHUs 3aKPETUIEHO OKHO BBOJA MCXOMHBIX NaHHBIX. OKHa BBOJA
WCXOJHBIX JaHHBIX pa3/ielieHbl Ha o0JacTH: BHJ (U3NYECKOW aKTUBHOCTH, €€
AJIUTCIIBHOCTD U UHTECHCUBHOCTD, OACKAa UKW 3alIUTHOC CHAPSIKCHHUE, YCIIOBUA
cpeabl. Bun ¢usnyeckoil akTHBHOCTH MO3BOJISIET BHIOPATh: MOKOH, X0Ab0Y, Oer,
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€37y Ha BEJOCHIIe/Ie, IJIaBaHue Pa3IUHbIMU CTWIIIMU M MHOroe npyroe. Ilpu-
JIOXKEHUE aBTOMATHUYCCKHU TONyYaeT C MOTOTHBIX CEPBHUCOB MO JaHHBIM I'¢OJI0Ka-
UM TEKYIIYIO0 TeMIepaTypy, BIaXXHOCTh, CKOPOCTh JIBUKCHUS BO3JyXa U TEM-
nepaTypy BOJbl OTKPBITHIX Bo10eMOB. [IpenocraBiienHasl BO3MOKHOCTh PYUYHOTO
BBOJIa XapaKTEPUCTUK OKPYKAIOIIEH Cpe/bl 0 JKENIaHHIO MOJB30BATENS TI03BO-
JSIET IPOTHO3UPOBATH COCTOSHHUE YEJI0BEKa B JIFOOBIX YCIOBHSIX.

Brenennrsie qanHbIe TIEpENAIOTCS HA CEpBeEp, e 00pabaThIBAIOTCS CEPBUC-
Holi mnardopmoii. [IpenBapuTeNbHBIN TPOTHO3 COCTOSHUS YeJIOBEKa aBTOMATH-
YEeCKU aHATU3UPYETCS, BBISBISAIOTCS (haKTOPhI PUCKA 370POBBS M OTOOPAKAIOTCS
Ha DKpaHe BhIOpaHHBIE MOJIbh30BaTENeM MOKa3aTelld (CHCTeMa MpeiaraeT Mmoiib-
30BaTeNIO MEePEeYeHb MPOrHO3UPYEMBIX JaHHBIX ). 3aTeM Ha cepBepe GopMHUpYeT-
Csl W TiepeiaeTcs KIMEHTY OTBET Ha 3ampoc. [lonydyeHHbId 0TBET 00pabaThiBacT-
sl KIIMEHTOM U OTOOpakaeTcss B OKHE Pe3yJIbTaTOB MPOTHO3UPOBAHHUSL.

B HacTpoiikax mpuIoKEHUS MOIB30BaTEIh MOKET BEIOPATh HHTEPECYIOIIHE
MOKA3aTeNI €ro COCTOSHHSI, KOTOphIe OYAyT MOJYYeHBI MOCie 00paboTKH HC-
XOJIHBIX NaHHBIX WH(OpMaIMoHHOH Tutatdopmoil. B cipaBouHON MHDOpMaIim
MIPUIOKEHHSI TOJIPOOHO ONMKCAHBI BCE JOCTYIHBIC Il OTOOpaKEeHUs MOKa3aTeln
U uX (PU3HONIOTHYECKas POJib, TAKHE KaK OOIIME W JIOKAIbHBIC TEMIICPATYPHI,
KPOBOTOKH, TEMJIOMPOIYKIIMHU, TOTEPH TEIJIa U BOJBI M IIpoUee.

\ )
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Ha sxpane cmapToHa B OKHE pe3yJbTaTOB BBIBOSTCS IPEIYIPEKICHUE O Xa-
pakTepe pUCKOB (€CIM TaKOBbIE OOHAPYKEHBI), MPAKTHIECKHE PEKOMEHIANH, Ha-
NpaBJicHHbIE HA YNPEKACHWE SKCTPEMAIbHBIX BO3ICHCTBHHM, a TakKe 3HAYCHUS
(bU3K0IOrMYecKHX MOKa3aTenel K KOHIYy 3aJaHHOTO mepuona Bpemenu. [lo xena-
HUIO TIOJIb30BATEIbh MOXKET MPOCMOTPETh TpadMK W3MEHEHHs BHIOPAHHOTO MOKa3a-
TeJsl BO BpEMEHH, YTO MO3BOJISIET OTCIIEKUBATh EPEXOJHBIE IPOLIECCHl U Oe30mac-
HOE BpeMs NpeObIBaHus B 3alaHHBIX ycIoBUsX. [losydeHHble pe3ysbTaTsl MOIb30-
BaTelb MOXKET COXPAHUTDh Ha CEPBEPE U IIOCMOTPETH M03Ke MPH HEOOXOIMMOCTH.

CTPYKTYPA GEPBEPA

CepBep cucTeMbl COCTOMT W3 IPOrpaMMbl YIPaBICHUS MOTOKAMH JaHHBIX, Cep-
BUCHOH TUIaTGOPMBI, 0a3bl MEPCOHATBHBIX JAHHBIX U 0a3bl COXPAHEHHBIX pe3yJib-
TaToB NporxHo3upoBanus (“Apxus”). [locne ycTaHOBKM COETUHEHUS Ha CEpBEp
npuxoaut uaeHtudukarop (ID) xnueHTta, kKoTOpHINd cpaBHUBaercs ¢ ID yxe cy-
IIECTBYIOUIMX Y4eTHBIX 3amucell. Ecnmu 3amucu B cucTtemMe HET, TO MPOUCXOIUT
perucTpanus Moyib30BaTelsl U B 0a3y AaHHBIX J00aBiseTCst HOBas 3amuch. Eciu
MI0JIb30BATENb YIKE 3apETUCTPUPOBAH, TO NpoucxoauT ayreHtudukamus (Puc. 3).

[ YcTaHOBKa COEANHEHWSA KIMEHTa C cepBepom ]

!
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CepBep IOMyCKaeT OJTHOBPpEMEHHOE O0CIyXHBaHHE OOJNBIIOrO YHcia KIIH-
€HTOB. MHOronosbp30BaTeIbCKU JOCTYI HajaraeT Ha cepBep TpeOOBaHHS IO
COOJIFOZICHNIO KOH(UIEHIMANBHOCTH, Pa3srpaHUYEHUIO INIPaB I0JIb30BaTeled M
obecrieueHuIo 0e30MaCHOCTH JTaHHBIX OT HECaHKIMOHMPOBaHHOTO noctyma. [lo-
3TOMY, HOCJIE YCIICIIHON ayTeHTU(UKAMK MOJIb30BATENsl B CUCTEME IPOUCXO-
IUT mpoBepka mpas. Ilocne aBTopu3anuu cepsep NpeaocTaBisieT KIMEeHTaM J0C-
TYII K CBOMM pecypcam. CepBep 0)KHIAaeT OT KIIMEHTCKUX MPOrpamMM 3arpochl u,
B 3aBUCHMOCTH OT THIIa 3allpoca, BHIIOIHACT cleayouye QyHKINH:

1. CoxpaHeHHe MNOJIYYEHHBIX NPU PETUCTPAlMU WM OOHOBJIEHUE H3MeE-
HEHHBIX TTEPCOHATBHBIX JIaHHBIX.

2. OO6paboTka cepBUCHON miIaT(OopMol BEIOPAHHBIX MOJIB30BATENEM YCIO-
BUH peObIBaHMS M BUAA (PU3MUYECKON aKTUBHOCTH YENOBEKa, aHAIU3 Pe3ysbTa-
TOB NPOTHO3UPOBAHUS, (POPMUPOBAHKE PE3YJIBTATOB B 3aBUCHMOCTH OT IIEpPCO-
HAJILHBIX HACTPOEK ITOJIL30BATEINS U Mepeada OTBETa KIMCHTY.

3. ®opMHpOBaHHE U COXPAHEHHUE IOJIB30BATEIEM PE3YJIbTAaTOB HPOTHO3HU-
poBaHus B “ApxuB”’ cepBepa.

4. Tlepenaua KIMEHTY pe3yJbTaTOB MPOTHO3UPOBAHUS U3 “ApxuBa’.

B cooTBeTcTBHU € 3ampocoM cepBep nepenaeT KIUeHTY AaHHble 00 MOA-
TBEPKICHHE BBHINOJHEHHON OIepauny, IOCJIe Yero OH BO3BPAILAETCS K PEXUMY
O’KHJIaHMsI 3aIpoca OT KJIUeHTa. B ciryuae 3aBepueHust paboTsl KJIMEHTa IPOuC-
XOAUT pa3pbIB COEAUHEHUS 10 CIEAYIOIIETo 3ampoca Ha BXOJl B CUCTEMY.

PABOTA C KNMEHTCKMM NPHUNOXEHHEM

[IpunoxxeHne mpegHa3HAYEHO I MPOTHO3a (DPYHKIIMOHAIBHOTO COCTOSHUS H
OIICHMBaHUs ()aKTOPOB PUCKA 3/I0OPOBBS YEIOBEKA B PA3IMYHBIX YCIOBUSAX Cpe-
Iel. Pe3ynbraTel MPOrHO3WPOBAaHUS MOTYT OBITH WCHOJB30BAHBI IS PEUICHHS
3a[a4, CBS3aHHBIX C MOIEPKaHUEM 3I0pOBOTO 00pa3a KHU3HH, IMPOBEPKH 0e30-
MAacCHOCTH YCJIOBUI OKpy»XKaromiel cpefsl, moadopa OJekAbl M 3alUTHOTO CHa-
PSOKCHUsI, OLICHUBAHUS PE3EPBHBIX BO3MOXKHOCTEW OpraHM3Ma Mpu (PU3HUecKux
Harpy3Kkax BBICOKOH WHTEHCHBHOCTH M OPTaHHM3AIM{ TTOATOTOBUTEIEHOTO ATara
TPEHUPOBOK CIIOPTCMEHOB.

[TpunoxxeHue MO3BOJIAET MOJIB30BATENIO BBHIOpaTh cpeny (BOIA, OTKPBITHIN
BO3/yX WU IOMEIIEHHUE), apaMeTphbl cpenbl (TeMrepaTrypa, BIaXXHOCTh, CKO-
POCTh IBIKEHHS BO3AyXa W T.J.), BUI (PU3NIECKOl aKTHBHOCTH, MOIIHOCTh Ha-
TPY3KH, OJCKIY WU 3allUTHOE CHapsbkeHue. Tak, JUis MpOrHO3a COCTOSIHHS
YyeloBeKa BO Bpems MapadoHa, BBIOpaH BUI (PU3MYECKON aKTHBHOCTH — Oer
(running), nucraniusg 42,2 KM ¥ JUIATETLHOCTH Mpodera 2,1 gaca (Puc. 4a). Yc-
JIOBHSI OKPYIKAIOIICH Cpelibl, MOJyYeHHBIC C CEPBHCA MOTOJbI B 3TOT MOMEHT C
Y4eTOM reoJioKaluu KimeHTa: TeMieparypa 24 °C, OTHOCUTENbHAs BIAXXHOCTh
50% ¥ CKOpOCTh IBHKEHHSI BO3ayXa 4 M/C.

B oxne pezynsmamos npocrosuposanus (Puc. 40) mokazaHo mpemynpeskiaeHue
(Caution): moTeps >KUAKOCTH B OPTaHU3ME CIIOPTCMEHA 32 JUCTAHIIMIO TPEBBICHIIA
HOpPMY, YTO SIBISIETCS (HaKTOPOM PHUCKA €ro 3/I0pOBbs. BhimaHa pexoMeHIaIust
(Recommendation): HEOOXOIUMO BOCITOJTHHUTE TOTEPIO KHUIKOCTH (BBIUTH BOJIBI).
BuyTtpennsas temmneparypa tenma (Core temperature) u motepu xuakoctu (Water
loss) n300pakeHbI B BHIE MapKepa Ha mikaie. [|Jis HarmsaHOCTH 30HBI O€30IacHOo-
CTH W 30HBI pHCKa 0003HAaYeHBI pa3HBIMHU IBeTaMH. Ha TemmneparypHOW mikaie
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= Outdoor Outdoor

RUNNING -

Distance 42.2 km CAUTION

. Your water loss is more than 2% of body weight
Duration 2.1 hours RECOMMENDATION: You need t drink some
Pace 3 min/km D e
Speed 20.1 km/h _— @

. CHOOSE CLOTHES

Air temperature 24°C

Air velocity 4m/s FIND OUT MORE
Air humidity 50%
a) 0)

Puc. 4. Uurepdeiic mpuiioskeHus: a) OKHO BBOJA UCXOIHBIX JTAHHBIX; 0) OKHO
Ppe3yIbTaTOB MPOTHO3UPOBAHHS

3eJICHBIN [BET O3HAa4YaeT Oe30MacHbIN IS 3I0POBbS YeJIOBEKa JTHana3oH, CHHHHA —
yrpo3a TUIoTepMun (TMIePEOXIaKICHHUS ), KPaCHBI — yrpo3a TureprepMun (mepe-
rpeBa). Ha mxase motepu BoJIbI 3eJIEHBIM IIBETOM 0003HAYEHBI JOITyCTUMbIC 3HaYe-
HUst — 710 2% OT Macchl Telia, JKENIThIM — yMepeHHast aeruzaparamus (2% + 4%),
KpacHBI — yrpo3a CUIIbHOHU aeruapatauu (> 4%) [10].

Ha sxpane moxazansl Temmeparypa kpoBu (Tblood) cioprcMena k koHITy Ma-
padoHckoii aucTaHImu, cpenHss Temreparypa koxu (Tskin), oOpa3syroreecst BO
Bpems Oera temo (Heat production) u moTepu Temia NpH UCTIAPEHUH TMOTa C II0-
BepxHOCTH Tena (Sweat evaporation). [To eaHHIO TOJIB30BATENH MOXKET PACCMOT-
PETh pe3yJILTaThl MporHo3upoBanus nerainpHee (Find out more).

Ipemioxennas nHGOpMAMOHHAS CMAapTHOH CHCTEMa NMPEAOCTABISAET HOBBIE BO3-
MOKHOCTH ISl TIOJUIEP>KaHUS 37I0pPOBOTO 00pasa XKM3HH, TaK Kak IO3BOJIET BbI-
SBUTH W TIPeIyNPEeuTh (HAaKTOPBI CTpecca 310pOBbs denoBeka. KimeHT-cepBepHast
APXUTEKTypa HPHIIOKEHUSI 00ECIIEUMBAET MHOTONIOJIB30BATEIbCKUI JIOCTYI K pe-
cypcaM M BO3MOXKHOCTSM cMapT(oH cucTembl. KineHTcKas yacTh pealn3oBaHa B
BUJIE TIPHJIOKEHUSI JUTsl CMapTQOHa, KOTOPOE TIO3BOJISIET BITIONHATH BBOJ, NIEPBUY-
HBI KOHTpPOJIb U Tepefady JaHHBIX Ha CEepBEp, a 3aTeM OCYILECTBIATh MPUEM H
0TOOpaXXeHHe pe3yJIbTaToOB Ha 3KpaHe. CepBepHast 4acTh CUCTEMBI COCTOUT U3 IPO-
TpaMMBbl yNpaBJeHHs MMOTOKAMU JaHHBIX, CEPBUCHOM IaTdopmbl, 6a3bl mepco-
HaJIbHBIX TaHHBIX U 0a3bl JAaHHBIX PE3YJIbTATOB NPOrHO3UPOBAHHUSL.
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MynbTr(yHKINOHANBHAS CEPBUCHAS TIATPOpMa COACPKUT KOMIUIEKC MPO-

TpaMMHBIX MOJYJeH Ui pelIeHus: 3ajad NMpeObIBaHUs YellOBeKa B JKAPKUX H
XOJIOJHBIX YCIIOBHSIX CPENbl, TIPH MOBBIIIEHHON BIAXKHOCTH, ITPH NIPEOBIBAHNUH B
XOJIOJHOM BOJIE, BO BPEMSI BBITIOJHEHHUS WHTCHCUBHBIX (PU3UUYECKUX HArPY30K U
MHOTHX Jpyrux. VIMeHHO cepBUCHas IuIaTQopMa, COCTaBISIONIAsl OCHOBY
cMapT(OH TEXHOJOTHH, MO3BOJISIET MOIYYUTHh MPOTHO3 (PYHKIHOHAIHHOTO CO-
CTOSTHUSI YEJIOBEKa, YTO MOXKET IMMOMOYb IOJB30BATENI0 MPHUHATH MPABHILHOE
pEIlIeHUE O JITUTEIHLHOCTHU €ro NMPEObIBAaHMS B PA3IMYHBIX YCIOBUSIX CPEIIbL.
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INFORMATION SMARTPHONE TECHNOLOGY FOR PREDICTION OF HUMAN
HEALTH STATE UNDER EXTREME ENVIRONMENTAL CONDITIONS

Introduction. Nowadays it can't be imagined the development of personalized e-medicine
without smartphone use. It involves the integration of information platforms, mobile applica-
tions and portable medical devices via cloud technologies into a single system. Predictive
systems that can assess and prevent risk factors of human health in extreme environmental
conditions is still absent in contemporary mobile personalized medicine. Combining the
unique features of the service platform with the recent development of m-health allows to
develop a unique information smartphone system for assessing the risk factors of human
health in various environmental conditions. The system allows to collect personal data, inte-
grate them with another mobile apps and gadgets data and thus provide predictions of the
human state.

The purpose of the article is to develop an intelligent information system
using smartphone technologies based on a multi-functional service platform for predicting a
human functional state under extreme environmental conditions.

Results. A client-server architecture was used to build the intelligent information smart-
phone system, which allows a user to access the service platform (the crucial feature of the
system) and a centralized database via the smartphone application.

The “client” is the smartphone application that uses network protocols to exchange data
with the server. Data input, primary control and data transfer to the server, as well as receiv-
ing and displaying the prediction results on the smartphone screen are the main functions of
the app. The server software provides data management (receiving, processing, transferring
and storing data in the databases), automatically controls the integrity and consistency of the
information received and stored, manages multi-user access and confidentiality of databases
of different users, logs system events, etc.

The unique distinctive feature of the developed system is the service platform for proc-
essing the entered conditions data and giving the prediction of human functional state. The
prediction results are analyzed and based on the results of the analysis the system identifies
probable health risk factors. The automatic analysis and decision making allow to classify the
developed system as an intelligent information technology.

Conclusions. The smartphone-health system has been developed. The system has a cli-
ent-server architecture that provides multi-user access to its resources and features.

The “client” is a smartphone application that allows a user to input, control and transfer
the data to the server, and then receive and display the results on the screen. The server con-
sists of a data flow manager, the service platform, prediction result database. The multifunc-
tional service platform provides functional state prediction under chosen environmental con-
ditions and the physical activity.
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FORMATION AND DEVELOPMENT OF SELF-ORGANIZING
INTELLIGENT TECHNOLOGIES OF INDUCTIVE MODELING

Introduction. Effective solution of control and decision-making tasks in complex systems
should use the results of mathematical modeling. To construct adequate predictive models,
many modern methods and tools are available which may be generally based on two princi-
pal approaches: theory-driven (deductive) and data-driven (inductive) ones. The data-driven
methods are basic for solving typical tacks of data mining; they implement an inductive proc-
ess of transition from particular data to models generalizing the data. Among all such meth-
ods, very notable are those being developed within the area of GMDH-based inductive mod-
eling founded several decades ago by academician O.H. Ivakhnenko.

The purpose of this paper is analysing the background of the GMDH invention by
Ivakhnenko and the evolution of model self-organization ideas, methods and tools during the half-
century historical period of successful development of the inductive modeling methodology.

Results. Professor Ivakhnenko acquired broad knowledge in the areas of automatic con-
trol, engineering cybernetics and emerging neuroscience initiated by the idea of perceptron.
These were those prerequisites which helped Ivakhnenko to synthesize his original self-
organizing approach to solving tasks of constructing models of objects and processes on the
basis of experimental data. The paper tracks evolution of scientific ideas and views of
Ivakhnenko and main achievements in development of GMDH during the period 1968-1997.
Contributions of researchers from different countries to the GMDH modification and appli-
cation are characterized. Results of further developments of inductive modeling methods and
tools in the ITIM department are presented and the most promising prospects of investiga-
tions in this field are indicated.

Conclusions. Main prerequisites facilitating the creation of the GMDH by O.H.
Ivakhnenko were analysed, basic fundamental, technological and applied achievements of the
half-century development of inductive modeling both in Ukraine and abroad were character-
ized, as well as the most prospective ways of further research were formulated.
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INTRODUCTION

Effective solution of control and decision-making tasks in complex systems
should use the results of mathematical modeling. To construct adequate predic-
tive models, many modern methods and tools may be used which generally can
be based on two principal approaches: theory-driven or deductive and data-
driven or inductive ones. The data-driven methods are basic for solving tacks of
data mining; they implement an inductive process of transition from particular
data to models generalizing the data.

Among all data-driven methods, very notable are those being developed in
the area of inductive modeling based on the Group Method of Data Handling
(GMDH) [1-4]. For the scientific school of inductive modeling, founded several
decades ago by Professor Oleksiy Hryhorovych Ivakhnenko, the year 2018 is
reach for a few remarkable jubilees:

— 105 years of Ivakhnenko’s birthday (1913),

— 80 years of his first published article (1938),

— 75 years ago he defended the thesis for the title Candidate of Engineer-
ing Science (1943),

— 50 years of his the very first article on the worldwide-known GMDH (1968),

— 15 years ago he was elected Academician of NAS of Ukraine (2003),

— 20 years ago, the Department for Information Technologies of Inductive
Modeling (ITIM) was established at the IRTC ITS of the NAS and MES of Ukraine.

Taking into account the central item in this list, namely the half-century ju-
bilee of the GMDH origination, which is the main methodological base of Induc-
tive Modeling, it is reasonable to look through the historical period of formation
and development of this scientific direction. Accordingly, this article is intended
to analyze the following aspects:

— attempt to understand which sum of acquired knowledge helps Ivakh-
nenko to approach in 1968 to the creation of GMDH as a self-organizing method
of modeling from experimental data;

— examination of main achievements in development of this induction-
based method during long period from 1968 to 1997,

— appraisal the contribution of researchers from different countries into
evolution of the method;

— explanation of main developments of the ITIM Department in further
progress of the theory, tools and applications of the GMDH-based inductive
modeling during last 20 years, presenting the modern stage of functioning the
inductive modeling school;

— foresight of forthcoming prospects in development of the subject-area of
inductive modeling.

These aspects are comprehensively reflected below in the article and they
differ its matter from the known surveys [1-4] dealing with analysis of various
periods of GMDH and inductive modeling development.
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EVOLUTION OF SCIENTIFIC IDEAS AND VIEWS OF 0.H. IVAKHNENKO PRIOR TO THE “GMDH ERA”

Scientific and administrative career. After defending in 1954 the thesis for the
degree Doctor of Engineering Sciences in Kiev Polytechnic Institute and receiv-
ing in 1956 the academic title Professor, O.H. Ivakhnenko has became Head of
laboratory "Automatic control of manufacturing processes" at the Institute of
Electrical Engineering of the Academy of Sciences of the Ukrainian SSR
(1956-1962) reorganized later into the Department of Engineering Cybernetics
at the same institute (1962-1963). In 1961, Ivakhnenko was elected the Corre-
sponding member of the AS of UkrSSR.

In 1963, he with all members of his team has moved to the Institute of
Cybernetics of the Academy of Sciences being invited by the Academician
V.M. Glushkov, and worked there long time as Head of the Department of
Combined Control Systems (1963-1989). After retirement of Ivakhnenko in
1989 from the leading position, the Department was reorganized into the
Laboratory of modeling after experimental data headed by his disciple PhD
G.I. Krotov. In 1995, all the laboratories in the NASU were closed up, and this
team worked in another department as autonomous scientific group.

Based on this group, the Department for Information Technologies of In-
ductive Modeling (ITIM) was established in 1998 at the IRTC ITS of the NAS
and MES of Ukraine headed by his disciple and follower DSc. V.S. Stepashko,
and Professor Ivakhnenko worked there as a Directorate Adviser. In 2003, in the
year of his 90th anniversary, O.H. Ivakhnenko was elected Academician of the
NAS of Ukraine for outstanding achievements in the development of computer
science and artificial intelligence in Ukraine. He fruitfully worked at the depart-
ment up to 2007 when he passed away.

Main stages of the scientific activity. Oleksiy Hryhorovych was an out-
standing scientist in the fields of automatic control, cybernetics and informatics
whose research results in various areas had received worldwide recognition. The
fact is that Ivakhnenko always proves the validity of his views both theoretically
and also by the actual results, namely devices, operating systems and specific
applied tasks solved and it was impossible to not acknowledge such evidences of
rightness of his viewpoint.

Electroautomatics. Prior to the period of the 1960s, the main achievements
of O.H. Ivakhnenko concern areas of electroautomatics and the invariance the-
ory: he has developed a new principle of automatic speed control of alternating
current motors using magnetic amplifiers, asynchronous motors by the differ-
ence of voltage and current etc. [5].

Combined systems of automatic control. O.H. Ivakhnenko developed the theo-
retical basis of invariant automatic control systems that operate by the principle of
compensation of the measured disturbances. He is the author of a new for automatic
control theory principle of combined control based on the negative feedback with
respect to the controlled variable and the positive (compounding) feedforward by con-
trolled disturbances. This principle allowed for the first time to create real invariant
systems of automatic control for asynchronous motors speed [6].

Control systems with self-tuning, self-learning, pattern recognition and
forecasting. O.H. Ivakhnenko proposed to use a variety of devices and methods
of self-tuning in combined control systems. He published in 1959 the very first
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in the former USSR monograph on engineering cybernetics [7] where the cyber-
netic control systems are considered which differ from the conventional automa-
tion systems by the presence of automatic self-modification, self-adaptation and
self-tuning of characteristics when external and internal influences change. This
book brought him international recognition and was reprinted in English and
some other European and Asian languages. He was invited to give lectures in
Europe and the USA; the "father of cybernetics" Norbert Wiener visited Kyiv in
1962 at his invitation.

In 1960th, working at the Institute of Cybernetics, O.H. Ivakhnenko started
to use principles of self-learning, pattern recognition and forecasting when de-
signing control devices. Under his leadership, the recognition system "Alpha"
was constructed which demonstrated the self-learning process at first time in the
world. His monograph "Cybernetic forecasting devices" [8] was re-released in
English, Polish, German and Chinese.

The sum of this broad and diverse knowledge acquired by him personally and
supplemented by deep understanding the possibilities of the perceptron introduced by
Frank Rosenblatt [9] were those prerequisites which help Ivakhnenko to synthesize his
original self-organizing approach to solving tasks of constructing models of objects
and processes on the basis of experimental data. This development gave start to new,
long and very fruitful period of his scientific creativity.

MAIN ACHIEVEMENTS IN DEVELOPMENT OF GMDH DURING THE PERIOD 1968-1997

Heuristic self-organization of models. The very first article [10] on the group
method of data handling (GMDH) published in 1968 in Ukrainian journal “Av-
tomatyka”, reprinted in the USA [11] and followed by publications [12, 13] abroad,
signified the beginning of the most fruitful stage in the creative scientific work of
O.H. Ivakhnenko. It is worth to no note that in Ukrainian language this method is
called «Meton rpynoBoro ypaxysanHs aprymenTiB» (MI'YA), and direct translation
would give an accordant and correct English equivalent “Method of Group Using of
Arguments” (MGUA). But when translating the article [10] in the USA journal “So-
viet automatic control”, the reprinted version of “Avtomatyka”, a specific name
“Group Method of Data Handling” was introduced and the abbreviation GMDH is
now world-wide known as the method, explicitly associated with its creator.

With these publications, a new scientific area has emerged that was named at
first by Ivakhnenko as “heuristic self-organization of models” [14]. This name had
several modifications later: “self-organization of models from experimental data”,
further “inductive self-organization of models” [15], then “inductive learning algo-
rithms” [16], and finally, from the 1998, simply “inductive modeling” (see below).
Active development of this area was determined by brilliant scientific intuition of
the author and his original scientific hypotheses. Since 1968, this new scientific field
is steadily and successfully developing being recognized, adopted and used by re-
searchers around the world.

Generally speaking, the task of inductive modeling consists in an automated
data-based construction of a mathematical model, approaching an unknown regular-
ity of functioning the simulated object or process. GMDH is an original self-
organizing inductive method of modeling from experimental data, or structure and
parametric identification of forecasting models, first of all of polynomial type, under
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uncertainty conditions. It is notable for application of the following main principles for
solving optimization tasks of parameter estimation and structure determination:

— automatic generation of groups of model variants with various complexity;

— inductive way of model construction with evolution from simple to more
complex model structures;

— evaluation of the model quality by external criteria based on the division of a
dataset into at least two parts: the first one is used for parameter estimation and the
second for criteria calculation;

— non-final decisions during the evolutionary modeling process: at any stage or
iteration, not unique the best model is selected but a subset of best ones;

— successive selection of models of optimum complexity with respect to mini-
mal values of the external criteria.

GMDH is intended for automatic building a mathematical model that repro-
duces the unknown regularity of operation of the investigated object information
on which is implicitly contained in the available data sample (table). After the
modern terminology this is an original means of data mining.

The method effectiveness was repeatedly confirmed by the solution of vari-
ous of practical problems of modeling complex objects and processes in areas of
ecology, economy, engineering, technology, hydrometeorology, etc. [14—16]. In
parallel, researches were conducted on the development and application of self-
organization algorithms in pattern recognition tasks [17].

General characteristic of the model self-organizing task. As a rule, GMDH
deals with building models in the class of functions linear in parameters. Let us
be given a data sample W =[Xy] of n observations over m input variables

X :[x,-j],izl,_n, j =1,m, and one output y =(y1,...,yn)T. Suppose that we may
build a set @ of various models of the form

Fr=f(X.0p), fe®, (1)

using the data set W, where the parameter estimation 0 s foreach fe® is the
solution of a task of continuous minimization of an error criterion QR("):
0,=arg min OR(X,»,0,)
S 0 er Sf S 2)
where s, is the complexity of the model (1), or the number of unknown pa-

rameters of the model.

Consequently, the problem of the best model constructing from the given
experimental data consists then generally in finding the minimum of a given
criterion CR(-) on the discrete set ® of models of different structures:

f*=arg }nezg) CR(X y.f) 3)

The two criteria QR(-) and CR(:) are called in the GMDH theory as internal
and external ones respectively. They should be different, QR(-) # CR(-), because
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in another case the task (3) has trivial solution: f * corresponds to the model of
maximum complexity s,.. - It is evident especially in the case of linear func-

tions, when the task (2) is solved using the Least squares method (LSM) for
estimation of parameters, and the LSM is a monotonically decreasing function of
the number of parameters.

To ensure the condition QR(:) # CR(-), in GMDH the data division into at

least two parts is used:
A| | X4y4
BYB

then the internal criterion has the form QR(X 4,y 4,0 ,) when the external one

CR(Xpg,y B,é 47) : they are evidently different, and the task (3) is not trivial.

In general, the process of solving the problems of structural and parametric
identification (1-3) includes the following main stages:

1) setting a data sample and a priori information;

2) the choice or assignment of a class of basic functions and the respective
transformation of data;

3) generation of different model structures in this class;

4) estimation of parameters of generated structures by an internal criterion
OR(6 ;) and formation of the set @ ;

5) minimization of a given external criterion CR(f) and selection of the op-
timal model f*;

6) checking the adequacy of the model obtained;

7) completion of the process and/or the use of the model.

This means that each modeling method including GMDH can be described with
the help of four main components: a) class of basic functions, b) structure generator,
¢) method for estimating parameters, and d) criterion for model selection. As far as
GMDH is dealing mainly with model classes linear in parameters, the use of LSM-
estimator is the best option. Hence, there is a need to analyze the formulas for exter-
nal criteria and the types of model structure generators in GMDH algorithms.

One can use two main external criteria for model selection based on the
sample division (4). The first one is called the regularity criterion which for
linear models equals to the model error on the data subset B when parameters
were estimated on the subset 4:

ARp(X 3.y5.0 ) :“yB _XBéAHZ- (5)

And another one is the unbiasedness criterion, evaluating the difference be-
tween outputs of two models of the same structure with parameters estimated on
the parts 4 and B:

CB =Xy 0. — Xy B”Z . ©)

Main types of GMDH algorithms. Any of the GMDH algorithms realizes
some kind of a self-organizing process of sequential generation of more and
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more complex models in an inductive manner: any next such complication takes
into account results of the previous stage of model building and may by based on
both adding some new members to the previous model structures and combining
them using some superposition function called “partial description”. This self-
organizing process of model complication stops when the minimum value of a
given external criterion is reached.

Consequently, all the GMDH algorithms are generally divided into two big sepa-
rate groups: the sorting-out [18] and iterational [19] ones that differ from each other
by the methods of model structures generation and the procedures of search of mini-
mum of a selection criterion based on a data sample division into two or more parts.

Sorting-out GMDH algorithms. The first type algorithms generate models of
various structures in a given set of basic functions like members of polynomial
of a preset power or lag terms of an autoregression model. They all are based on
the exhaustive or directed search of the model of optimal complexity.

The most known combinatorial algorithm is called COMBI [20] generating
all possible model structures:

v, =X,0,,v=1,..2", (7)

where the decimal number v is assigned a binary structure vector d,, in which
units indicate the presence of arguments, when zeros their absence. Here, the
number of models being compared and forming the set ® equals to 2" and the
exhaustive search is effective only up to approximately m = 30 because of expo-
nential growth of calculations.

The purpose of the directed search methods is to find the global minimum
of the selection criterion, i.e. the result of an exhaustive search, by significantly
smaller calculations. They are runnable with hundreds of arguments, e.g. the
multistage algorithm MULTTI [21] which uses a special step-by-step evolving
procedure of the type

=X |x))0s, s=Lm, il =1,F,_, ®)

where s is the stage number (and the structure complexity); F; — number of the
best structures (freedom of choice) at the stage s; j is the index of an argument

vector being added to the matrix X!_;. In this case, a subset ®; c @ is analyzed,

with a high probability containing the result of a complete search. This algorithm
has the polynomial complexity of order n’.

Iterative GMDH algorithms. The second type algorithms, being classical,
are based on the nature inspired idea of biological selection with pairwise ac-
count of features. According to the principle of operation, the iterative GMDH
algorithms are similar to methods of optimization using successive approaching,
but the principle of indecisive solutions (freedom of choice F) is here substan-
tially used. Depending on the method of successive approaching, they may be
divided into two main groups: multilayered and relaxational ones.

The conventional is the so-called multilayered algorithm [11-13] which
starting from late 1990"™ is commonly called in the current literature as multilay-
ered iterative algorithm MIA GMDH. It is the algorithm that was initially cre-
ated in 1968 by Ivakhnenko and named multilayered algorithm MGUA/GMDH.
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It has the perceptron-like architecture and constructs hierarchical network-type
models through an iterational procedure of step-by-step complicating model
structures: a partial model of a current layer/iteration is a polynomial of any pair
of models of the previous layer.

The MIA GMDH was constructed by the analogy with the biological selec-
tion of living organisms: the complication of models from r-th layer to (7+1)-th
occurs due to the "crossing" of all possible pairs from F best models of the pre-
vious layer. Typically, the MIA partial description is of the form:

vt = T YD =00 i j = LF; [ =1,CF ©)

where second order polynomial is usually used, but bilinear or even linear one
may be applied as well. The iterative process of model complication stops after
the criterion CR starts to increase.

During 1970", there were developed a lot of various modifications of the classi-
cal algorithm; the most original among them are: multilayered algorithm with or-
thogonalization of arguments [22], linear CML [23] and nonlinear GN [24] algo-
rithms. They were generally dissimilar but had common features separating them
from the classical type algorithm: they have the only two-member partial descrip-
tions and the use of initial arguments on each layer of selection. A GMDH proce-
dure of such type (based on adding initial arguments to the intermediate ones) is
called now relaxational iterative algorithm RIA GMDH.

In GMDH algorithms of the RIA type, models are complicated on each
layer by "crossing" the best models of the previous layer with the initial argu-
ments, and a partial description of the following modification:

= 085, i=LF k=1m, (10)

which may be used with quadratic, bilinear or linear polynomial.
Such kind of descriptions was introduced in [22-24] in the form

r+l

Vi =y o(xg), i = LF; k=1,m to avoid some known drawbacks of the MIA

GMDH: e.g., they help to exclude the possibility of losing relevant arguments.

In general, iterative GMDH algorithms are operable at m > 1000, and they
allow constructing models even in degenerate problems when n < m. Historically
the very name of GMDH is associated primarily with them.

Expressions (7-10) represent in a simplified form the four main types of
structure generators in GMDH algorithms. All of them build models that are
linear in parameters but generally non-linear in inputs. Typical GMDH applica-
tions are modeling of nonlinear systems, forecasting complex processes, func-
tion approximation, recognition, classification, clustering and others.

Control with optimization of forecast. In 1970, O.H. Ivakhnenko had de-
veloped a new method of control with the forecast optimization [25] (optimiza-
tion on a sliding finite interval) which was fundamentally necessary in control
problems of environmental systems as the tasks with predicted disturbances. A
control system with such an optimizer is a combined one: in the implemented
control action the requirements are taken into account of both stabilization of the
output value and advanced compensation of the measured disturbance that at-
taches intelligent features to the control system. Such an approach called cur-
rently "predictive control" had started to develop only in the late 1980".
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Noise-immune modeling. In early 1980™ O.H. Ivakhnenko had established
an organic analogy between the tasks of model construction from noisy data and
signal passing through a noisy channel [26]. This had made it possible, using
Kotelnikov’s ideas on the noise-immune receiver of signals, to suggest the so
called “ideal criterion” for modeling tasks that enabled to proof theoretically
better forecasting capabilities of “non-physical” models [27] and to build fun-
damentals of the noise-immune modeling theory [18]. The basic result of the
theory: the complexity of optimum model depends on the level of uncertainty —
the higher it is the simpler (more «robust») is to be the optimum model.

Two-level predictive models. For modeling of dynamics of cyclic processes,
in particular economic and ecological, O.H. Ivakhnenko suggested a method for
construction of multilevel forecast systems [25]. The theoretical base of the two-
level modeling was presented in [18], and an appropriate algorithm for construc-
tion of two-level difference models for cyclicities of the “cycle-time” type was
described in [28]: the variables of upper (cycle-averaged) and lower (time-
averaged) levels in their balance relationship are thus considered.

Non-parametric forecasting. O.H. Ivakhnenko developed original non-
parametric approaches to forecasting complex processes: correlation predictive
models; a reverse transformation of the transition probabilities matrix into fore-
cast [29]; a method of the group analogues complexing [30].

Ideas of systems analysis and clustering. An algorithm of objective system
analysis (OSA) is intended for determination of inputs and outputs variables
among all measured ones and building the system of difference equations of an
object dynamics [31]. An algorithm of the objective computer clusterization
(OCC) solves the tasks of clustering with the use of self-organization of the
quantity and composition of clusters [32].

Modeling with other basic functions. O.H. Ivakhnenko promoted evolving
new algorithms of model construction in such model classes: harmonic models
of oscillatory processes in the form of sum of harmonics with aliquant frequen-
cies [33]; nonlinear additive-multiplicative models with automatic determination
of non-integer degrees of input variables [34]; etc.

Analysis of selection criteria, optimal complexity of models. In the GMDH
theory, the scope is first of all on analysis of selective properties of external cri-
teria which is carried out within the framework of the noise-immune modeling
theory. The initial results [26, 27, 18] were supplemented in [35, 36] by studies
of so-called J-optimality (J-criterion is another name for the “ideal” one [27]).

Theoretical results regarding the problem of convergence analysis of itera-
tive GMDH algorithms one can find in [37, 23, 19]. Another important aspect of
the GMDH theory was concerned the analysis of asymptotic properties of exter-
nal criteria [38, 39]. Main results of O.H. Ivakhnenko and his colleagues during
1980™ are reflected both in the domestic books [18, 19] and abroad [16].

GMDH as the polynomial neural network. In 1990" the typical MIA
GMDH procedure was interpreted as an original architecture of a neural net
called polynomial neural network (PNN). The point is that the originality of
GMDH as a neuronet consists in self-organization of both its structure and pa-
rameters. To the explicit advantages of GMDH we can refer automatic forma-
tion of a network structure, simplicity and speed of parameters adjustment as
well as the possibility to "fold" the adjusted network directly into an explicit
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mathematical expression ready to be used for solving tasks of simulation, predic-
tion, control and decision making.

To illustrate the originality of the MIA GMDH as an automatically con-
structed PNN architecture, Fig. 1 represents a very simple example of the net-
work state (for the case of 4 input arguments): a) after stopping the forward it-
erative process of the best model f* building, and b) the resulting trained

GMDH network after backward tuning. As the result of the net self-organization,
the argument x, appears to be redundant. As it is evident, the tuned net may be
easily reduced to direct formula f*= f(x,x3,x4) .

Neuronet with active neurons. A typical "GMDH neuron" in the form of
quadratic polynomial of two arguments can be called as "passive" because any
of the neurons have the same fixed structure, i.e. the PNN GMDH is homogene-
ous net. In the 1990™, Ivakhnenko proposed a new type of GMDH network with
active neurons [40] or a heterogeneous network in which any of the neurons is
in turn also a GMDH algorithm, due to that the structure of such neuron is opti-
mized. As a result, all neurons can get different structures increasing the flexibil-
ity of configuring the network to a specific task. Networks of such type are also
called as "twice multilayered" ones [41].

81(x,%3) fltsl.gz}|

A £2(x1,X7) [2183.84) Jai s }—b

£3(x,%4) fstgz..ga)‘

A 8a(X3Xy) J4(81.84)

2 2 .
m Cm:."F CF:>1" a)

81(x,%3)

f2183.84) i fa) >
83(% . X4)
84(X3xy) fa(81.84)
C2 ¥ 2
m = CioF b)

Fig. 1. An example of self-organization of the GMDH net architecture
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DEVELOPMENT OF IVAKHNENKO'S IDEAS BY RESEARCHERS OF THE WORLD

Scientific results of O.H. Ivakhnenko are widely known in Ukraine and abroad:
more than 40 books and 500 scientific papers were published by him, many of
which, in the first place books, was republished in English, German, Polish,
Bulgarian, Romanian and Chinese (11 monographs published abroad). Graphic
evidence of the global recognition of merits of this method and its author was
the publication in 1984 in the United States of the monograph of American and
Japanese researchers on theoretical and applied aspects of GMDH [42] dedicated
to the 70th anniversary of the GMDH author.

Hybrid GMDH-type algorithms and neural networks. New and efficient archi-
tectures of neuronets are recently intensively developed on the basis of hybridization
of GMDH procedures and various approaches of computational intelligence and
nature-inspired solutions: particle swarm optimization [43], RBF [44], genetic selec-
tion and cloning [45], immune systems [46] etc. Several variants of hybridization are
implemented in the GMDH-based architecture called GAME [47].

Fuzzy and interval approaches in inductive modeling. For the real tasks with
fuzzy variables there have developed corresponding algorithms: Multi-layer hybrid
fuzzy PNN [48]; Fuzzy GMDH [49] based on the classical structure MIA GMDH;
GMDH-like cascade wavelet-neuro-fuzzy network [50]. For another case of initial
assumption on interval-given input data, a method [51] has elaborated.

Algorithms based on paralleling operations. There are several effective re-
alizations of both iterative [52] and combinatorial [53] algorithms with imple-
mented parallel computations.

Ensembling-based prediction. The core idea in the GAME method [54] is a
kind of non-parametric procedures for predicting processes using not a separate
model but a weighted average of assemblage of several predictions obtained by
various GMDH-type algorithms.

Automated data preprocessing. An advanced idea is suggested in [55] to
build some kind of automated means for data preprocessing enabling to enhance
the accuracy of classification.

Modeling tasks with multiple outputs. New analytical and applied results
were obtained for the task of inductive modeling of multidimensional systems
with many outputs [56].

Inductive algorithms for classification, recognition, clusterization. Essential part
of real-world problems requires application of special methods of pattern recognition
in wide sense. Among current developments in the inductive modeling field there are
many methods and tools dealing with tasks of such type, for instance [47, 57].

Software tools based on GMDH. There are several examples of computer
tools for modeling complex systems completely based on GMDH and/or
GMDH-type algorithms. The software complex KnowledgeMiner of commercial
destination and its recent highly advanced realization [58] contains iterative and
several non-parametric GMDH algorithms for fully automatic building and ana-
lyzing forecasting models. Another variant of commercial software is
GMDHshell [59] based on COMBI and MIA GMDH algorithms. The technol-
ogy FAKE GAME [47] is intended for construction, investigation and applica-
tion of inductive evolutionary algorithms of different architectures.
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Real-world applications of inductive modeling. During the whole period of
GMDH evolution this method demonstrated good performance when solving
modeling problems for complex processes and systems of different nature in
environment, economy, finance, hydrology, technology, robotics, sociology,
biology, medicine, and others. Many examples of such modeling results can be
found on the ITIM department site [60] in papers presented at conferences and
workshops on inductive modeling as well as in the annual issue of collected
papers “Inductive modeling of complex systems”.

FURTHER DEVELOPMENTS OF INDUCTIVE MODELING METHODS
AND TOOLS IN THE ITIM DEPARTMENT

In 1998, precisely 20 years ago, when the Department for information technolo-
gies of inductive modeling (ITIM) was established at the IRTC ITS of NAS of
Ukraine, the scientific direction created by O.H. Ivakhnenko obtained its short
name «Inductive Modeling» being now generally accepted for scientific forums,
articles and books in Ukraine and abroad. This department is the only one in the
world which is professionally dealing with the theoretical, technological and
applied investigations in this field. Its activity presents the modern stage of func-
tioning the Inductive modeling school and provides the coordination of studies
in this area by annually holding International Conferences and Workshops on IM
as well as Summer schools for young researchers devoted to issues of the
GMDH theory, algorithms and applications. These events take place both in
Ukraine and abroad and involve researchers of many countries.

The research strategy of the department covers the full life cycle of a scien-
tific research: the methodology of modeling from data samples; the theory of
inductive construction of models of optimal complexity; algorithmization of
high-performance modeling tools; intellectualization of technologies of con-
structing models; computer experiments to evaluate the effectiveness of devel-
oped technologies; solving real problems of modeling and forecasting; applied
implementation of the developed software tools in monitoring, control and deci-
sion support systems.

The term inductive modeling is defined as a self-organizing process of evolu-
tional transition from initial data to mathematical models reflecting some functioning
patterns of the modeled objects and systems implicitly contained in the available ex-
perimental, observational or statistical information under the uncertainty conditions
[5]. Instead of the traditional deductive way of solution of modeling tasks «from gen-
eral theory — to particular model», inductive approach is based on the intensive use of
computers as the way «from particular data — to general model».

Main scientific results of the ITIM department may be characterized as follows.

Theory of inductive modeling. Detailed outcomes concerning conditions of
constructing models of optimal complexity were presented in [61] using so called
method of critical variances. This main analytical instrument of the inductive
modeling theory has made it possible to prove that GMDH is the method of con-
struction of models with minimum variance of the forecasting error. GMDH proc-
ess enables an automatic adaptation of the optimal model to the level of informa-
tivity of a noisy data sample. This makes it possible to classify GMDH as an effec-
tive method of data mining and computational intelligence, since it is aimed at
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automatic search and description of regularities with the choice of structure and
parameters of linear, nonlinear, difference and other models based on data samples
under condition of uncertainty and incompleteness of a priory information.

Enhanced and optimized GMDH algorithms. An original two-criterion
method of redefinition (additional determination) the optimal model choice was
elaborated in [62] which enhances the reliability of model building from data.

High-performance sorting-out GMDH algorithms were designed and im-
plemented based on recurrent calculations [63], paralleling operations [64],
sequential selection of informative variables [65], and genetic procedures of
model construction [66]. They all allow enhancing the dimensionality of the
real-world problems being solved.

New hybrid architectures of iterative GMDH algorithms were constructed
as a generalization of algorithmic structures of multilayered, relaxational and
combinatorial types, based on which the generalized iterative algorithm GIA
GMDH [67] was developed as a neural network with active neurons in the form
of the COMBI algorithm for automatic adjustment of a neuron complexity.

The generalized relaxational iterative algorithm GRIA GMDH was devel-
oped based on the use of high-speed recurrent computations of parameters and
external criteria during the multilayer procedure, which allows solving inductive
modeling problems from high-dimension data [68].

Theoretical foundations of intelligent modeling of complex processes, €.g. so-
cioeconomic ones, under conditions of incompleteness and uncertainty of a priori
information are developed based on the use of knowledge bases, means of induc-
tive data analysis and intelligent user interface [69].

An original approach to substantial enhancing the effectiveness of sorting-
out GMDH algorithms is based on combined implementation of recurrent and
parallel calculations [70].

Developed instrumental tools. Generally all GMDH-based means allow
solving typical tasks of data mining, knowledge discovery and business intelli-
gence. The following tools have been developed:

— complex of software tools [71] for designing, researching and applying
modeling methods, conducting experiments on testing modeling methods and
their components (model classes, generators of model structures, methods for
estimating parameters and models selection criteria).

— software package ASTRID-GIA [72] for inductive modeling of complex
systems based on various iterative GMDH algorithms makes it possible to use
the generalized algorithm GIA GMDH and all its special cases [69] in online
access mode both over the Internet and in the local network.

— computer system of automated structure and parameter identification ASPIS
[73] for building predictive models on the basis of the high-speed generalized relaxa-
tional iteration algorithm GRIA GMDH [68] for solving big data problems.

— software tool for modeling and predicting complex interrelated proc-
esses on the basis of recurrent-and-parallel GMDH algorithms in the class of
dynamic models of vector autoregression [74];

— management decisions informational support system MDISS for solving
problems of estimation, analysis and forecasting of the state of complex systems
of interrelated socio-economic processes with the purpose of making reasonable
managerial decisions [75].
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Many of the mentioned above results of ITIM department are reflected in
the three monographs dealing with: elaboration, computer-based research and
practical application of high-performance sorting-out GMDH algorithms [76];
design, theoretical study, numerical testing and application of the GMDH algo-
rithms of the relaxational type [77]; development and investigation of the gener-
alized iterative algorithm GIA GMDH, construction the interactive software
package ASTRID-GIA [78].

Basic application results. Various tasks of modeling of complex systems
and processes of different nature have been solved, in particular:

— dynamics of interdependent indicators of the energy and investment areas
in the class of vector autoregression models for a short-term forecast [74, 75];

— dependence of the sputtering (disruption) coefficient of a spacecraft surface
under action of ionized gas jets on the physical properties of the surface coating [76];

— predicting the results of testing blood samples with medicines to deter-
mine the most effective for a patient; construction of classifiers for the differen-
tial diagnostics of blood diseases [77].

— quantitative assessment of the impact of sea water pollution with bitu-
moid substances on the total number of species of benthic organisms in the Se-
vastopol bays [78];

— modeling of the quantity of microorganisms in the soil depending on
weather factors and the dose of contamination with heavy metals [79].

PROSPECTS OF RESEARCH DEVELOPMENT IN THE FIELD OF INDUCTIVE MODELING

The most promising directions of the research development may be indicated as
follows:

— theory of intellectualization of inductive modeling tools using paradigms
of neural networks with active neurons and hybrid architectures of GMDH with
evolutionary and multiagent methods;

— theory and high-performance structures of the sorting-out GMDH algo-
rithms on the basis of recurrent-and-parallel and evolutionary calculations;

— methodology, theory and intelligent algorithms for inductive solving
tasks of classification and clustering for detecting regularities and automatic
analysis of big data;

— intelligent technologies for informational support of making decisions in
systems of various nature on the basis of instrumental means of interactive syn-
thesis of inductive modeling algorithms;

— optimal preprocessing procedures to improve the modeling results;

— non-parametric modeling and forecasting based on waited averaging of
model ensembles;

— knowledge-based intelligent user interface with strong support and con-
trol of user’s activity;

— application of the developed means of intelligent modeling in applied
problems of analysis and forecast of socioeconomic, ecological and technologi-
cal processes;

— theory and application of tools for informational support of the decision-
making based on inductive modeling methods and algorithms;
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— knowledge discovery based on inductive procedures of automated con-
tent analysis of messages on Internet, in social networks and textual sources;

It should be noted that the research community dealing with the problem of
Deep Learning [80] has recognized that the GMDH created in 1968 by Ivakhnenko
is the very first example of a deep learning network with self-organization of its
structure, parameters and depth. This fact opens new and very promising prospects
for further research developments in the field of inductive modeling.

CONCLUSIONS

An enormous amount of articles has been published during the 50-years period
in the world on the subject of GMDH-based inductive modeling. In this article,
structured information was presented on historical aspects of the formation and
development of inductive modeling as original scientific direction in Ukraine
and abroad, including the ITIM department. Main prerequisites facilitating the
creation of the GMDH by O.H. Ivakhnenko were analyzed, basic fundamental,
technological and applied achievements of the half-century development of in-
ductive modeling both in Ukraine and abroad were characterized, as well as the
most prospective ways of further research were formulated.

GMDH as the main instrument of inductive modeling is an original and ef-
fective means of solving a wide range of problems of artificial intelligence. The
structure of GMDH is interpreted as a neural network whose originality consists
in the self-organization of both its structure and parameters, and it is defined as a
kind of architecture of deep learning. Inductive modeling theory refers to the
most modern methods of data mining, computation intelligence and soft comput-
ing. GMDH-based self-organizing inductive modeling tools represent an original
and efficient facility for solving a wide range of artificial intelligence prob-
lems including identification and forecast, pattern recognition and clusteriza-
tion, data mining and search for regularities.

The main objective of scientific research of the ITIM department is developing
theoretical and applied bases of designing intelligent tools and technologies for induc-
tive modeling of dynamics of complex interrelated processes based on statistical data
for informational support of management decisions in digital economy systems. This
objective corresponds to the dominating world trends in the development of technolo-
gies for high performance computing, deep learning and big data analysis.
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®OPMYBAHHA 1 POSBUTOK CAMOOPTAHIBOBHUX IHTEJIEKTYAJIbHAX
TEXHOJIOTI'TY IHAYKTUBHOI'O MOAEJIIOBAHHA

Beryn. EdexktuBHe po3B’si3aHHS 3aBAaHb KEPyBaHHsS Ta MPUHHATTSA PIllleHb Yy CKIAIHUX
CHCTeMaX Ma€ BUKOPHCTOBYBATH Pe3yJIbTaTH MAaTEMAaTHIHOTO MojemoBanHs. s mobymnoBu
aJICKBaTHUX IPOTHO3HHMX MOJENie € 0arato cy4acHHX METOJIB Ta IHCTPYMEHTIB, SKi, 5K
paBuiIo, 0a3yr0ThCS Ha JABOX OCHOBHHX MiIXOaxX: KEPOBaHI TEOPI€rO (IeTyKTHBHI) Ta Kepo-
BaHi gaHuMH (iHIYKTHBHI). MeTonu, KepoBaHi JaHUMH, € OCHOBHHMHU ISl PO3B’SI3aHHS
TUIIOBHX 33/1a4 aHAI3y JaHHWX; BOHH PEai3yl0Th IHIYKTUBHUHN MpOLEC TePeXony BiJ KOHK-
PETHUX JaHUX O MOJEJEH, 10 y3arajabHIOITh 1i aaHi. Cepen yciX TaKuX METOJIB JOCHTh
MPUMITHUMH € Ti, IO PO3POOJSIOTECA B paMKax iHIYKTHMBHOTO MOJIENIOBAHHS Ha OCHOBI
METO/ly TPYNOBOTO ypaxyBaHHs apryMeHTiB (MI'YA), cTBOpEHOTo KiJIbKa JECATHIIITH TOMY
akageMikoM O.I". IBaxHEHKOM.

Mertorw nociigxkeHHs € aHaniz nepeayMoB BuHaiineHHs MI'YA O.I'. IBaxHeHkoM Ta
€BOJIIOLII] i1el, METONIB Ta IHCTPYMEHTIB caMOOpraHizaiii Mojeneil IpoTAroM MiBBIKOBOTO
ICTOPUYHOTO MEPioy YCHILITHOTO PO3BUTKY METOIOJIOTIT iHIyKTHBHOTO MOJICITIOBAHHS.

PesynabTaTu. 3Hanns, HaOyTi O.I'. IBaxHEHKOM y raiy3sx aBTOMAaTUYHOIO KEpyBaHHS, iH-
YKEHEPHOI KiOEPHETHKHU Ta 3apoKyBaHOl HEHpOHAYKH, 1HINIHOBAHOI iIesIMU TIepCenTpOHa, Oyn
THMH TIEpPeIyMOBaMH, SIKi JOMOMOITIM HOMY CHHTE3YBATH OPUTIHAJIBGHUIA CaMOOpraHi30BHHI
MIJIXiT 10 PO3B’sI3aHHS 3aB/IaHb OOY/I0BH MOJIENei 00'€KTIB 1 MPOIIECiB HA OCHOBI €KCIIEPUMEH-
TaJbHUX JaHUX. Y PoOOTi MPOaHaNi30BaHO EBOMIOLII0 HAYKOBUX iJieil Ta OCHOBHI JOCATHEHHS y
po3sutky MI'VA B niepion 19681997 pokiB. OxapakTepr30BaHO BHECOK HAYKOBIIB 3 Pi3HUX
KpaiH y Momudikanito Ta 3acrocyBaHHs MI'YA. HaBeneHo pesysbTaTyl MOJaibIIoro po3poosieH-
HSI METOJIIB Ta IHCTPYMEHTIB IHIyKTUBHOTO MOJICIFOBAHHS Y BILI iHQOPMAIIHHAX TEXHOJOTIH
IHIYKTHBHOT'O MOJICJTIOBaHHSI 1 BKa3aHO HAWIEPCIIEKTUBHILIII HAIIPSIMH JIOCIIJDKEHB Y IIH ramysi.
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BucHoBku. [IpoaHanizoBaHO OCHOBHI INEpeyMOBH, IO CIPHsIM CTBOpeHHI0O MI'VA
O.I'. IBaxHEHKOM, OXapaKTEepH30BaHO OCHOBHI (yHIaMEHTAJIbHI, TEXHOJIOTIUHI Ta MPUKIAIHI
JIOCSITHEHHSI TMIBCTOJIITHROTO PO3BUTKY IHIYKTHBHOI'O MOJCNIOBAHHS SIK B YKpaiHi, Tak i 3a
KOPJIOHOM, a TaKOX c(hOpMyJIbOBAHO HAHOLIBII NEPCIIEKTHBHI NIIAXU MOAAIBIINX JOCHTiIKEHb.

Knrwuosi cnosa: mamemamuune MOOeN08AHHS, MOOENOBAHHS HA OCHOBL OAHUX, CAMOOPSAHI-
sayia modeni, MI'VA, indykmuene modenosanisi, 3a6adocmitixe MoOen08ants, ingpopmayiii-
HI MEXHON02I1, NPUKIAOHE OOCTIONCEHHSL.
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3aB. OT[. MH(QOPMAIIMOHHBIX TEXHOJIOTHI HHIYKTUBHOTO MOJCIUPOBAHHS,
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®OPMUPOBAHME U PASBUTUE CAMOOPI"AHM3YIOIIUXCA
UHTEJUIEKTYAJIBHBIX TEXHOJIOT MY UHAYKTHUBHOI'O MOJAEJIMPOBAHUM A

Llenbio paGoTHI SABISETCS aHAIM3 BOJIOLMH HIEH, METONOB U MHCTPYMEHTOB CaMOOPTaHHM3aIuH
Mojeliell B TEUEHHE MOIYBEKOBOI'O UCTOPHUECKOTO MEPUOJA YCIEIIHOIO Pa3BUTHSA METOIOIOIUH
UHIyKTUBHOIO MozienMpoBaHus. [IpoaHanin3npoBaHbl OCHOBHBIE TIPEATIOCHUIKH CO3/IAHUS aKaJeMU-
koM A.I'. IBaxHEHKO METO/a IPYIIOBOro yueTa apryMenToB (MI'YA), ncciemyeTcst 3BOIEOLMS €10
HAayYHbIX HMIEH M B3MVBIIOB, a TaKKe OCHOBHBIE JOCTIKeHMs B pasButiu MIYA B mepuon
1968-1997 ronoB. OxapakTepu3oBaH BKIJIAJ MCCIENOBAaTENeH pasHBIX CTPaH B MOIU(PHKALMIO U
npumMeHernre MI'Y A. TpuBeneHs! pe3yibTaThl JalbHEHIINX pa3padoTOK METOIOB U HHCTPYMEHTOB
WHIYKTHBHOTO MOJICITMPOBAHKUS B OTeNe MH(POPMAIOHHBIX TEXHOIOIUI UHIYKTHBHOTO MOJICIH-
POBaHMS M yKa3aHb! HanOoee epCIeKTHBHBIE HAIPABJICHHS MCCIIEJOBaHMIT B 9TOI o0macTy.

Knrouesvie cnosa: mamemamuueckoe mMooenuposanue, MOOeIUpo8anue Ha OCHO8e OAHHbIX,
camoopeanuzayusa mooeiu, MI'VA, undyxmugnoe mooenuposanue, nomMexoycmouuugoe Mo-
denuposaniue, UHPOPMAYUOHHbIE MEXHOLO2UL, NPUKIAOHOE UCCTIe008aHUE.
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DIGITAL TRANSFORMATION IN MEDICINE: FROM FORMALIZED
MEDICAL DOCUMENTS TO INFORMATION TECHNOLOGIES
OF DIGITAL MEDICINE

Introduction. According to the Concept of Ukraine's Digital Economy and Society Develop-
ment in 2018-2020, the key components of “digitalization” are the development of digital
infrastructure — broadband Internet throughout Ukraine, and the promotion of digital trans-
formations in various sectors of the economy and society, including medicine.

The purpose of the paper is to analyze the stages of digital transformation in medicine
and the results of authors and their colleagues of the MIS department for the development of
information technologies of digital medicine.

Results. A generated model of digital transformation in medicine is presented and sev-
eral main stages of this transformation are highlighted: I — digital transformation of pri-
mary medical information, II — development of support systems for the diagnostic and
treatment process,; III — development of technologies and systems for supporting the physi-
cians” activities with digital information; IV — mobile medicine; V — the digital medicine
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globalization. The method of determining the markers of the functional state of the cardio-
vascular system based on mathematical models of forecasting and classification with the use
of Data Mining is proposed. The method allows detecting and determining the prognostic
values of ECG parameters of the CVS functional state for different groups of patients. The
developed IT for supporting the processes of receiving, transmitting and storing digital medi-
cal images is aimed at ensuring the effective operation of a physician with digital information
from various sources: functional diagnostic complexes, digital medical data storage and
images using Picture Archiving and Communication Systems (PACS) and cloud technologies.
The proposed telemedicine systems theory including the formulated principles of organizing
these systems, criteria and methods for analyzing digital medical data has been implemented
for elaborating and functioning the Telemedicine Center. It enables to cover the population
in more than 20 Ukraine’s regions with qualified medical assistance.

Conclusions. The digital transformation in medicine like any new process takes place
with a gradual complication of tasks, methods and means of their implementation: from formal-
ization of primary medical information to improvement of methods of its analysis, transfer and
storage to improve the quality of medical care for patients at any point of the world.

Keywords: digital transformation in medicine, formalized medical records, Data Mining, IT for
assessing human state and physiological systems " state, telemedicine, m-medicine.

INTRODUCTION

Today, Ukraine’s pace of transition to high-tech industries and efficient proc-
esses is increasing using IT technologies and communications. According to the
Concept of Ukraine's Digital Economy and Society Development in 2018-2020,
the key components of “digitalization” are the development of digital infrastruc-
ture — broadband Internet throughout Ukraine, and the promotion of digital
transformations in various sectors of the economy and society, including medi-
cine [1]. On the way to the digital society, it is necessary for Ukraine to combine
the possibilities of domestic production with the possibility of wide use and con-
sumption of communication and digital technologies. The experience of many
world countries and the results of the implementation of products, designed by
Ukrainian specialists, demonstrate the unique opportunities that digital medicine
provides for increasing the efficiency of medical care.

More than 50 years ago, on the initiative of academicians V.M. Glushkov
and N.M. Amosov, a new direction of scientific research — biological and
medical cybernetics, was founded. During these years, scientists of the Medical
Information Systems Department of the International Research and Training
Center for Information Technologies and Systems have carried out research,
have developed and implemented methods and means of formalization and in-
formation support for diagnostic and treatment processes.

PROBLEM STATEMENT

The modern world is rushing into the process of digital transformation (DT). First of
all, this process covers the commercial activities of modern society. In their funda-
mental report, “Digital Transformation: A Roadmap for Organizations with Billion
Turnovers”, which was named as one of the top five intellectual ideas of the decade
according to Whitespace/Source.com., George Westerman, Didier Bonnet, Andrew
McAfee defined digital transformation for the sphere of production and management
as the use of modern technologies for drastically increasing the productivity and
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Fig. 1. Digital transformation model in medicine

value of enterprises [2]. The authors identified three key areas of enterprise activity
in the digital transformation: customer experience, operational processes and busi-
ness models, described the components of these areas and concluded that digital
technologies combined with integrated information allow companies to obtain a
global synergistic effect, while retaining the ability to react sensitively to local
changes. Only some components of this model are currently implemented, the digi-
tal transformation is developing. There is a further expansion of the functions used
and components of the DT.

Digital medicine (DM) as branch of digital transformation is an extremely spe-
cific area not only according to the subject, but also to the quality of the information
analysed. Therefore, we define the main components of the digital transformation
model (DTM) in medicine, taking into account its tasks and terminology (Fig. 1).

Digital medicine is a set of methods, technologies and technical means of
computer support for the treatment and diagnostic processes, the use of which
dramatically increases the efficiency of providing medical care to a specific in-
dividual/patient, as well as to the whole population or some population groups.

We have identified several main stages in digital medicine developing:
I — digital transformation of primary medical information; Il — development of
support systems for the diagnostic and treatment processes; 11l — development
of technologies and systems for supporting the physician's activities with digital
information; IV — mobile medicine; V — the digital medicine globalization.
These stages do not have clear boundaries and can occur simultaneously when
solving problems of different levels or with different degrees of preparedness of
digital medicine users — medical institutions, medical workers and patients.
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The purpose of the article is to analyse the stages of digital transformation
in medicine and authors’ contribution to the development of information tech-
nologies of digital medicine.

DIGITAL TRANSFORMATION OF PRIMARY MEDICAL INFORMATION

At this stage, digital medicine has been developing both technically and infor-
mationally. In accordance with the proposed DT model, the “Operational proc-
esses of the CM” (the digitalization of qualitative medical information, man-
agement of medical institutions) and the “Business-models of the medical proc-
esses” (Electronic medical document platform) are included.

As a part of the technical component, diagnostic devices giving information
about the patient’s health and certain physiological systems not in analogue (tra-
ditional recordings of cardiogram, encephalogram, electromyogram, etc.), but in
digital form were developed.

At the same time, methods for primary processing of the received informa-
tion (information component) were developed.

The beginning of the information component implementation was the stage
of formalization of medical information: medical data and records, medical
documents, the creation of a formalized medical history based on in-depth
analysis of a patient data.

These tasks, in particular, were solved in the Medical Information Systems
Department in the second half of the twentieth century. The monograph “Medi-
cal Information Systems” edited by Academician N. M. Amosov and Professor
Popov A.A. that laid the foundation for the methods of formalizing medical in-
formation was first published in 1971 and republished [3]. This monograph
raised a questions and gave the first decisions on the transformation of medical
data presentation forms, the organization of their automated processing, the crea-
tion of formalized medical cards for some nosological groups and approaches to
the development of mathematical software for medical information system.

Approaches to and methods for transforming qualitative medical informa-
tion into quantitative, digital records were formed.These methods of medical
data formalization became the basis for the development of standardized medical
documents (health passport), as well as the creation of electronic medical re-
cords. Standardized cards for various diseases and Standardized resort card and
other cards were created. Automated systems for entering, recording and storing
patient’s data were developed. Today, similar methods have been applied in
developing the standard for open EHR electronic medical records (Australia).

DEVELOPMENT OF SUPPORT SYSTEMS FOR THE DIAGNOSTIC AND TREATMENT PROCESSES

The beginning of this stage was laid down in the middle of the last century by
few developments, now this process covers all areas of medicine, work is being
carried out to create and improve DM diagnostic complexes: increasing the ac-
curacy of analysis and diagnostics, expanding the tasks, improving usability and
non-invasiveness. The development of such complexes covers a wide range of
objectives, and primarily on the components of the GT model “Object” (knowl-
edge about the object — about the patient) and “Business models of the diagnos-
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tic and therapeutic process” (using mathematical modeling methods to analyze
the state of the object).

Note the enlarged groups of tasks and the results obtained by employees of
MIS Department in each direction. In the 70-80 years of the twentieth century,
the first in the USSR models of the course of myocardial infarction were devel-
oped based on electrocardiographic and biochemical data, which made it possi-
ble to foresee its dynamics [4]. These models were implemented into the clinical
practice of the Kyiv Strazhesko Research Institute of Cardiology.

At the same time, theoretical and practical bases for the analysis of the elec-
tric field of the heart were developed using mathematical models, which made it
possible to create methods for automated analysis of ECG. Software realizing
the proposed algorithms was developed for the first time.

Of particular note are the problems of disaster medicine, a solution that was
based on long-term (since the 70s of the last century) studies, analysis and mod-
eling of the influence of external factors on the state of biosystems of different
levels by Vasilik P.V. He created a theory of the influence of heliogeomagnetic
factors on biosystems, which combines the principle of multichannel influence
of solar activity on living organisms, including human, the hypothesis about the
wave component of the gravitational field and the presence of a channel of non-
electromagnetic nature, along with the electromagnetic channel [5]. This made it
possible to predict the occurrence of epidemics, acceleration process, and cli-
mate change on Earth [6]. According to the results of the analysis of accident
data on various public infrastructure objects, periodograms of time series were
calculated and it was determined that there are rhythms in land and air transport
accidents, which will reduce the probability of emergency situations and, conse-
quently, the level of injuries [7].

Studies of changes in the state of an individuals and several physiological
systems using methods of mathematical modeling were carried out and their
results have formed the basis of decision support information technology in the
field of preventive medicine. Developed IT for assessing the psychophysiologi-
cal state of students to support the activities of psychologists in middle and high
schools [8-9], functional state models of the operators with high visual strain to
identify asthenopic disorders [10—11], IT for assessing of the population medical
and demographic state under the influence of various factors, which serve as the
basis for the formation of information support for management decision-making
in the health care system [12—15].

In recent years, we have developed the method for determining markers
of the cardiovascular system functional state, which is based on mathematical
models of communication of the ECG signs [16] and comprehensive assess-
ments of the regulation, state and reserves of the myocardium.

For prenosological diagnostics, it is important to carry out a comprehensive
assessment of the functional state (FS) of the cardiovascular system (CVS),
based both on the study of heart rate variability (HRV) [17] and on in-depth
analysis of 6, 12-channel ECG recordings [18].

A large amount of the initial data set (more than 300 ECG signs) and the need
for standardization of indicators into the interval deviation scale necessitated the
development of a multivariate method for analysis the functional state of the CVS
using Data Mining methods (DM). The peculiarity of medical data is a large num-
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ber of various interrelated parameters, often for small groups of observations. Data
Mining methods are more efficient for the selection of informative features, since,
unlike the statistical ones, there are no prerequisites for the data. Data processing
methods allow us to build a large number of prognostic models for both large and
small groups of observations. This allows us to obtain in an accessible form a new
knowledge that may be introduced into clinical practice.

The method combines the following stages.

Stage 1. Data preparation. The objectives of this phase are:

* primary processing, which covers the cleaning, transformation, identifica-
tion of missing data, recoding;

« standardizing of primary indicators using an interval scale;

* defining target (dependent) variables and a set of independent indicators;

+ dividing data into training and examination, testing samples in the case of
large samples (databases).

Stage II. Clustering Data. Segmentation includes the following steps.

2.1. The division of the sample of patients into typological groups is carried
out according to complex indicators (vegetative regulation state, estimates of the
myocardium and its reserves) and/or disease severity. To distribute patients into
groups, the ~-Means method is used, which is implemented in the DM module.
This method makes it possible to calculate the optimal division into groups ac-
cording to the following criteria:

- Criterion for calculating cluster centres with minimization of the target

function:
k
F=32

n=l x;eX,

2 .
— min,

|u[ - l’l'n

where 7 is the number of objects to be divided into k-groups (clusters), F| is the
sum of squares of distances between each object x; and the centre of the cluster
W, to which it belonged at each iteration;

- Criterion of the largest sum of distances between clusters:

k
Fy= |u -n,

n,i=l1

2
—> max.

2.2. In contrast to the classical k&-Means method, in this method we addi-
tionally included a cross-check for » random samples, which allows minimizing
the error and choosing the optimal number of clusters. Optimization is carried
out before solving for clusters £+1, at which the error function (average distance
to cluster centres) is not more than 5% better compared with the solution of clus-
ters k. Then the solution with & clusters will be optimal and final.

2.3. Standardization of variables is carried out to convert it to the range
from O to 1:

X - X

max min

The distance between objects and cluster centres is calculated using the
Euclidean distance.
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The results of this stage make it possible to identify and analyse the typo-
logical features of the selected clusters, taking into account such indicators as
evaluation of the CVS regulation, myocardial state (level of adaptation) and
others for the subsequent determination of predictors (the most informative
signs) on the basis of which violations of the regulation of cardiovascular system
and of myocardium state can be forecasted.

Stage I1l. Building models. This stage is aimed at identifying predictors and
combines several steps.

3.1. Feature Selection:

* identifying important predictors from a variety of prognostic features;

* removing unnecessary predictors.

3.2. Building models (forecast and classification) may be carried out using
several approaches: Neural Networks, Method of Classification and Regression
Trees, Boosted Trees.

3.3. Evaluation and comparison of simulation results to determine the opti-
mal model (for performance and complexity).

In this investigation, we use the Method of Classification and Regression
Trees (C & RT). The method of decision trees is a hierarchical and flexible
means of predicting the belonging of objects to a certain class or predicting the
values of quantitative variables. This method allows us to get a model, which is
a set of rules "IF (A) THEN (B)", where A is a logical condition, B is a subdivi-
sion procedure a subset into two parts, for one of which condition A is true, and
for the other, it is wrong. The results are easy to interpret because the rules are
presented in the form of a graphic structure (tree).

The construction of the tree goes from top to bottom by applying a recursive
procedure to a training sample ( size N ) using the following algorithm.

Selecting the threshold value of the variable x = 4 will provide “optimal
partitioning” according to a certain criterion for the target variable y.

For regression trees, the function of estimating the quality of a partition is
the sum of squared deviations or the mean square error:

&
MSE=—3% (y,-»)"
N4

For classification trees (target variable is categorical), the Gini index or the
statistical criterion 2 can be chosen as such a criterion:

k
Gini(d)=1-Y_p{ p!,

i#]

where p; is the classification probability at node d as i or j, Gini (d) is the degree
of uncertainty reduction at node d.

Separation of data into subsets is applied for each subset (internal node).

Thus, the algorithm for constructing decision trees allows us to define a set
of characteristic values (attributes) that separate one data category from another.
This process is called segmentation.

The depth of the tree (its size) depends on the amount of data. The more
branches a tree has, the better results of its testing on a training sample will be,
but less successful they will be on an examination sample. Therefore, the con-

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u bra. Text. 2018. Ne4 (194) 67



Kozak L.M., Kovalenko A.S., Kryvova O.A., Romanyuk O.A.

structed model should also be optimal in size, that is, it should contain informa-
tion that improves the quality of recognition, and should ignore the information
that does not improve it. To do this, tree pruning is done.

A peculiarity of the C & RT algorithm is the choice of the optimal tree size
using cross-validation.

Stage 1V. Verification of the classification model.

At this stage, the selected model with the optimal set of predictors is com-
pared with the previously obtained division into typological groups (clusters of
the II stage) or with the patient's state (severity of the disease). The confusion
matrix is calculated on typological groups obtained at the II and III stages.

Thus, the proposed method allows the construction of predictive and classi-
fication models of the relationship of complex indicators of the cardiac activity
regulation, assessments of the myocardium state and its reserves with ECG indi-
cators, the analysis of these models makes it possible to study the peculiarites of
the cardiac activity regulation.

The method was used to analyze the functional state of the CVS of children with
rheumatic diseases according to the signs system of a 6-channel ECG. The results of
the clinical and instrumental examination of children (41 children with rheumatic
diseases) who were hospitalized at the Institute of Pediatrics, Obstetrics and Gynecol-
ogy of the Academy of Medical Sciences of Ukraine were the basis for developing
models of the relationship of the studied parameters according to the proposed
method. ECGs were recorded and analyzed using the “Cardio Plus P” software and
hardware complex with the Cardio ORAKUL software. The “Cardio-plus P” registers
a large number of amplitude-time parameters, frequency indicators, characteristics of
the in-depth analysis of the ECG, and with the help of computer programs it calculates
a multi-level system of ECG estimates. The analysis is carried out according to the
hierarchical system of ECG assessments proposed in [18]. The system under study
identifyes four blocks of indicators.

Block of heart rate variability (HRV). HRV indices reflect the work of the car-
diovascular system and the mechanisms of regulation of the whole organism. The
HRYV method is widely used in functional diagnostics, mass prenosological surveys,
for rapid diagnosis. These are indicators of temporal, spectral, geometric analysis, as
well as measures of nonlinear analysis of the heart rhythm complex dynamics. On
their basis, two secondary indicators are formed — operational control of regulation
and the state of regulation reserves, the third generalizing indicator — a comprehen-
sive regulation assessment, is formed from them [16, 18].

The block of amplitude-time ECG indicators has more than 130 signs. It is
known that a complex of ECG amplitude-time indicators may be the markers of the
risk of adverse cardiovascular events (sudden death, myocardial infarction, heart
failure). This complex characterizes the regulation of the heart (operative control of
the myocardium state and reserves), and the degree of compliance of these indica-
tors with the norm is a measure of the functional reserve.

Based on the primary features of these two blocks, comprehensive assess-
ments of the HRV regulation, myocardial conditions and indicators of in-depth
ECG analysis are formed.

The following blocks combine ECG signs of cardiac arrhythmias and psycho-
emotional indices. The final assessment is an integral indicator of the FS of the CVS.
It is formed as a linear convolution of complex indicators and other ECG signs.
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The algorithm for calculating the complex indicators system as a method of
electrocardiogram universal score evaluation was proposed and described in
detail in [20]. According to the specified system of indicators, forecast and clas-
sification models were constructed. The model in the form of a decision tree
clearly represents the rules for classifying observations, and the regression tree
shows the dependence of the target variable on the predictors. Each classifying
rule reflects a certain regularity that is hidden in empirical data.

Let us give a solution to one of the research problems. Figure 2 shows the
regression tree calculated by the C & RT algorithm for a complex indicator (as-
sessment) of the myocardium state. This tree obtained by cross-validation (10-
fold cross-validation), is optimal both in size and in the number of predictors.
Teaching data set — 41 children. The predictors are 5 signs:

1) the integral indicator of the form STT (lead II) integral form indicator
STT (lead II);

2) ECG wave amplitude index (lead AvF) ECG wave amplitude index
(V AvF));

3) T wave amplitude (lead II);

4) ST segment offset 0.08 sec after point J (lead IT) ST-segment depression
at 80 ms after the J-point (V II)

5) angle oT in the frontal plane (lead II).

Tree 10 graph for KIICM
Num. of non-terminal nodes: 4, Num. of terminal nodes: 5

ID=1 N=41

Mu=57,682927
Var=72,411660

CwmelleHune cermenta ST yepes 0,08 cek nocne Touku J (oteeaexue )

<=0,050500 >0,050500
ID=2 N=28| ID=3 N=13|
Mu=54,000000 Mu=65,615385

Var=43,357143

Var=42,852071

WHTerpanbHbIii nokasatens ¢opmel STT (otBeaeHue 1) WHTerpanbHsbiii nokasatens ¢opmel STT (otBeaeHue 1)
L —

Var=9,000000

Var=32,000000

Var=17,250000

<=44,500000 >44,500000 <=60,500000 >60,500000
D=4 N=2] ID=5 N=26 ID=22 N=6 ID=23 N=7|
Mu=41,000000 Mu=55,000000 Mu=60,500000 Mu=70,000000

Var=23,142857

WHpexkc amnnnTya 3ybuos OKI (oTBeaeHne AvF)
—

<=41,000000 >41,000000
ID=6 N=14 ID=7 N=12]
Mu=51,714286 Mu=58,833333

Var=31,489796 Var=5,305556

Fig. 2. Regression tree for a complex indicator (assessment) of the tate of the myocardium
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The root node indicates the average value of the complex indicator of the
myocardium state (CIMS) of a group of children with rheumatic diseases
(CIMS = 57.6%). The value of the indicator “ST segment displacement after
0.08 s after point J” equal to 0.05 mV determines the division into two main
groups (with low and higher myocardial scores).

The method allows to indicate the ECG predictors of the cardiovascular system
functional state according to estimates of vegetative regulation, the state of the myo-
cardium and its reserves, to determine the boundary values of these predictors for
different groups of patients, as well as to identify different functional classes.

DEVELOPMENT OF INFORMATION TECHNOLOGIES AND SYSTEMS
T0 SUPPORT THE PHYSICIAN S ACTIVITIES WITH DIGITAL MEDICAL DATA

The development of this stage corresponds to the components of the DTM
model — “Object: patient” (knowledge of the treatment and diagnostic process)
and “Operational processes” (increasing the possibilities of a specialist; manag-
ing the medical institutions activities).

1. The level of medical institutions

Over the past 30 years, a large number of complex medical systems (CMS)
have been developed. The implementation effectiveness of these CMS depends
on their compliance with the real needs of the medical institution, so CMS func-
tional content must be analyzed at the pre-project stage [19]. Recently the main
efforts have been made to ensure the effective information exchange between
different systems and modules. It is the reliability of this exchange that will en-
able the physician to use the necessary set of various digital medical data for the
diagnosis and treatment of patients.

Digital medical data includes, in addition to clinical and laboratory data,
such large groups as digital medical signals and digital medical images (DMI). A
large amount of unique medical information comes to the physician in the medi-
cal images form. It should be emphasized that such information will be sufficient
for analysis only if there is metadata that links the images with complete patient
data, time and means of obtaining these images. The necessary conditions for the
diagnostic process are the unification of medical data, convenient storage and
data losless transmission both across the hospital's local network and between
different medical institutions using the standard for regulating the creation, stor-
age, transmission and visualization of medical images and documents — Digital
Imaging and Communications in Medicine (DICOM) [20].

Solving various problems of information support of providing medical care to
patients of the Hospital for Scientists of the National Academy of Sciences of
Ukraine has been the subject of our research and development for more than 20
years. A Hospital information network combining a medical information system
(MIS), diagnostic digital devices of various modalities with a DICOM prefix and a
medical image storage module has been developed. To ensure the interaction of
old-style equipment (without using the DICOM standard), a module has been de-
veloped for the transmission and conversion to digital medical images, which al-
lows communication with the Conquest DICOM Server and supporting the neces-
sary functions of operating with data and digital medical images.
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The main task of the developed information technology for supporting the
processes of receiving, transmitting and storing digital medical information is to
ensure effective work of the physicians with digital information from various
sources: diagnostics complexes, digital medical data and image storage using
Picture Archiving and Communication Systems (PACS) and cloud technologies.
The use of this technology provides the organization of long-term storage of
digital medical images obtained from diagnostic systems, and the ability to use
this medical information by the physician at his workplace in the current treat-
ment and diagnostic process [21, 22].

2. Telemedicine — interregional level

The theory of telemedicine (TM) systems developed by us includes the formu-
lated principles of TM systems organization (principles of hierarchy, adaptability,
fractality and scaling), criteria and methods for analyzing digital medical data [23, 24].

The principle of hierarchical construction of the TM network allows to co-
ordinate its structure with the organization of the health care system, in the in-
formation environment of which the TM network functions. The principle of
adaptability provides the opportunity to develop the network using new techno-
logical platforms to expand the target space and increase the efficiency of medi-
cal care by upgrading the information and communication basis of TM tech-
nologies. The principle of fractality provides a “vertical” similarity to different
levels of the structure of the MT network and determines the flexible process of
preparing and exchanging medical data by implementing the similarity function.
According to the principle of scaling, the “horizontal” organization of the MT
network is carried out, ensuring the possibility of replication of software prod-
ucts at the regional level and at the level of individual medical institutions.

There are several levels of telemedicine institutions that are interconnected
technically, informationally and documentally. The first level of the TM network
includes telemedicine centres or nodes located in different districts and regions
of the country (Counseling Objects). Counseling Subjects are medical institu-
tions that provide consulting services and have a staff of highly qualified medi-
cal specialists in various fields of medicine, as well as appropriate equipment for
remote consultations, medical diagnostic procedures and organization of training
for network users. This is the second level of the MT network and organization
can be both objects and subjects of counseling. At the third level, there is the
Telemedicine Center of the Ministry of Health of Ukraine, which includes a
dispatch center and also carries out scientific and methodological activities.

The introduction of this IT into the work of the Telemedicine Center of the
Ministry of Health of Ukraine enabled to provide the population of more than 20
regions of Ukraine with qualified medical assistance.

3. Harmonization of medical informatics standards

To integrate MISs into a single network and to enter the international infor-
mation space, it is necessary to ensure the standardization of information carriers
and the transmission of medical images. On the basis of international standards
Health Level 7 and DICOM, we harmonized standards in the field of medical
statistics and health informatics. Harmonized standards are focused on defining
data types for information exchange, defining requirements for the general struc-
ture of biometric data exchange formats, presenting units of measure for data
exchange between computer applications, requirements for drugs dictionary
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systems for healthcare and to electronic prescriptions. Such standards are essen-
tial for the development of mobile medicine.

MOBILE MEDICINE

At the present stage, the development of mobile intelligent information tech-
nologies (IIT) for digital medicine is underway. The basic structure of any mo-
bile application consists of a kernel (platform based on Android, IOS or Win-
dows Mobile) and functional blocks that are formed taking into account the spe-
cific tasks of this mobile application for a specific group of users (Fig. 3) [25].
When developing medical mobile applications, we focus on two main types of
users — the physician and the patient. They differ one from other intheirs pos-
sibabilities and restrictions on access to certain information. Applications can be
used in full or partial mode.

Methods and means of IIT based on the use of mobile devices provide in-
creased efficiency of medical care to the population by preventing chronic dis-
ease, increasing the duration of remission, reducing the recurrence of the dis-
ease. When using such IT for medical care to patients, there is also a decrease in
the cost of treating and rehabilitating patients, increasing the efficiency of stor-
ing and transmitting medical data with accelerating the exchange of digital
medical information.

FB (Laborato:
FB (Drugs) ( fests) Y
FB

(Hospitalization)

FB (Instrumental

Models for DSM |a—p]| Decision Support / studies)

Module
Kernel
(platform based on

™~

Gimitcd access to specific databases and functional b1009

Android, IOS or \

Windows Mobile) FB (Patients)

A

loud-based mobile platform

Fig. 3. Interconnection of mobile applications targeting a physician and patient

Statistics
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THE DIGITAL MEDICINE GLOBALIZATION

This is the stage of the future development of digital interstate medicine. Tele-
medicine and the use of mobile applications are only two facets of this process.
It is necessary to create global knowledge bases that include detailed information
not only about standard pathological cases, but also about deviations in the
course of pathological processes and the corresponding medical means, about
risk groups etc. As any interstate process, globalization of digital medicine re-
quires serious analysis and development of legal foundations taking into account
the principles of insurance medicine in different countries.

But we should not forget the ambiguous moments of the DM spread. The indis-
putable relevance and significance of DM induces a proposals flurry from the fields of
engineering and technology, much of which are “quickly baked”, not based on the
principles of evidence-based medicine, and on a rigorous analysis of the preliminary
studies results. There are cases of development of automated decision support systems
by physicians, in which the physician is practically excluded from the technological
chain. One of the mostly developing areas of DM is the creation of a variety of sensors
to collect information about the patient's state. But only a part of these proposals was
accepted by physicians for practical use.

Thus, the digital transformation in medicine, like any new process, under-
goes the stages of gradual complication of tasks, methods and means for their
implementation: from formalization of primary medical information to improv-
ing methods for its analysis, transmission and storage to improve the quality of
medical care for patients any time and at any point of the world.

CONCLUSION

The developed model of digital transformation in medicine includes such com-
ponents: Object, Operational processes and Business models of the treatment
and diagnostic processes, for which functions and tasks are selected taking into
account the specifics of the subject area according to object and quality of the
analyzed information.

There are several main stages in the digital medicine development:
I — digital transformation of primary medical information; Il — development of
support systems for the diagnostic and treatment process; 111 — development of
technologies and systems for supporting the physician’s activities with digital
information; IV — mobile medicine; V — the digital medicine globalization.
The beginning of the digital transformation of primary medical information laid
the formation of methodological foundations for the creation of formalized
medical records and standardized documents.

The proposed method for determining markers of functional status of the
CVS, based on mathematical models of forecasting and classification using Data
Mining, allows to determine the boundary values of these predictors by the iden-
tified ECG predictors of the CVS functional status (estimated vegetative regula-
tion, myocardial state and its reserves) for different groups of patients, as well as
to define different functional classes.

The development at the stage of IT support for a physician’s activity with
digital medical data ensures the implementation of such functions of digital
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transformation model in medicine: the acquisition of knowledge of the diagnos-
tic and treatment processes, enhancement of the specialist’s possibilities, man-
agement of medical institutions. These functions are carried out both at the level
of a medical institution and at the interregional level using international stan-
dards of presentation and transmission digital medical data.

The basic structure of any mobile application consists of a kernel (platform
based on Android, IOS or Windows Mobile) and functional blocks that are formed
taking into account the specific tasks of this mobile application. The development of
medical mobile applications is focused on at least two main types of users — the
physician and the patient, mobile applications for them are distinguished by a set of
opportunities and restrictions on access to certain information.

Medicine is already faced with the squall of information, which is being
formed through the use of new IT sources: large functional diagnostics com-
plexes, digital clinical laboratories, mobile data sensors of patients' health in real
time regime and others. This necessitates the creation of large information net-
works using cloud technologies for storing information and intelligent informa-
tion technologies to provide the necessary level for analysing this huge amount
of information and supporting decision-making by the physicians at all the
stages of the diagnostic and treatment processes.
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HNUPPOBA TPAHCOPOPMALIIS B MEJIULIVIHI: BIJI ®OPMAJIISOBAHUX
MEJWYHNX JOKYMEHTIB JJO IHOOPMALIIMHNX TEXHOJIOI'TA
MUOPOBOT MEJIMITVHU

Beryn. Bianosinzo 1o Konueniii po3Butky mudpoBoi €eKOHOMIKH 1 CycIijibcTBa YKpaiHH Ha
2018-2020, npwuitasaroi y ciuni 2018 poky, cepea KIOYOBUX CKIAJHUKIB «uuppoBizalii» €
PO3BUTOK HUPPOBOI iHPPACTPYKTYpH — IIHPOKOCMYTOBHU IHTEpHET IO BCii TepHTOPii
VYKpaiHu, i CTUMYJTFOBaHHS H(DPOBUX MEPETBOPEHD Y PI3HUX rally3sX €KOHOMIKH 1 CYCIiIbC-
TBa, 30KpEMa y ME/IULIMHi.

Mertolo cTaTTi € aHali3 eramniB H(POBOT TpaHCHOpMAIlil B MEAUIUHI 1 pO3pOOOK aBTO-
piB 1 IXHIX KoJler BiIily MeAWYHHMX iHGOpMalifHUX CHCTEM 3 PO3BUTKY iHGbOpMamiiHUX
TEXHOJIOTIH U(PPOBOT METUIIUHU.

PesyabsTaTu. Hagano cdopmoBany mozens udpoBoi TpaHchopMallii B MEWIMHI Ta BUJLIE-
HO JICKiJIbKa OCHOBHHX €TaITiB pO3BUTKY IrpoBoi Meauimun: | — nudposa tpanchopmariis nep-
BHHHOI MeuuHOI iHdopmaii; II — po3poOneHHs cucTeM MiATPUMKY JIIKYBalbHO-AiarHOCTHYHOTO
nporiecy; Il — po3poOieHHsS TEXHOMOTIH 1 CHCTEM MiATPHUMKH TSUTBHOCTI JIiKaps 3 IU(PPOBOO
inpopmartieto; IV — MoOitbHa MeuiHa; V — niobanizanist LuppoBoi MEAUIMHY.

3anporoHOBaHO METOJ BU3HAUCHHS MapKepiB ()YHKIIOHATEHOTO CTaHy CEepLEBO-CYAUHHOT
CHCTEMH, B OCHOBY SIKOTO IOKJI/ICHO MaTeMaTH4YHi MOJIEN MPOTHO3Y Ta Kiacudikarlii i3 3actocy-
BanHsAM Data Mining, 1110 Jia€ 3MOTy BUSIBJIATH Ta BU3Ha4YaTH rpaHuyHi 3HaueHHs EKI npequkTo-
PiB QyHKIIOHAILHOTO CTaHy CEpLIEBO-CYJUHHOI CUCTEMH JULS Pi3HUX IPYII HallieHTiB. Big3HaueHo
iH(opMAIlifiHy TEXHOJIOTIIO MiATPUMKH MPOLECIB OTPUMAHHS, TIepeiadi Ta 30epiraHnHs HTUPPOBUX
MEIMYHUX 300pakeHb, SIKY CIPSIMOBAHO Ha 3a0e3nedeHHs e()eKTHBHOT poOOTH JiKaps 3 LHU(pPOBIO
iHhOopMaITi€ro 3 PI3HUX JKeper: KOMIDIEKCH (DYHKIIOHATBHOI TIarHOCTUKH, CXOBHIIA [H(DPOBHX
MEIMYHHUX JIaHUX 1 300pakeHb 3 BUKOpUCTaHHAM PACS 1 XMapHUX TeXHOJOTIi. 3aCTOCYBaHHS B
poboTi LleHTpy TeleMeIuIMHN 3ampOIOHOBAHOI TEOpii TENEMEANYHUX CHUCTEM, SKa BKIIOUAE
chopMyJIbOBaHI TMPHUHIMIK OpraHi3alii UX CHCTEM, KpPUTEpil Ta METOAM aHalily Lu(poBHX
MEINYHUX JTAHKX, JAJI0 MOYKIUBICTH OXOIUTH KBaTi(piKOBAHOIO MEIMYHOIO IOIIOMOTOI0 HACENICH-
Hs Oinbiie 20-Tu obnactet Ykpainu.

BucHoBku. Po3BuToK nmdpoBoi TpaHcopMmanii y MEIUIUHI MPOXOAUTH CTaJil 3 TO-
CTYIIOBMM YCKIIQJIHEHHSIM 3aBJJaHb, METO/IIB 1 3ac00iB 1X peamizauii: Big dopmamnizauii mep-
BUHHOI MEAWYHOI iH(pOpMAIii 10 YAOCKOHAIECHHS METOMIB ii aHawi3y, mepenayi i 30epiraHas
JUTS TIJIBUINEHHS SKOCTI MEAMYHOI JONOMOTH MAallieHTaM B OyIb-iKUH 4yac Ta y OyIb-sKiii
TOYI KpaiH CBITY.

Knwuoei cnosa: yugposa mpanchopmayin y meduyuni, ghopmanizosani meOudHi 3anucu,
iHghopmayitini mexHono2ii oyinIoganHs cmany J0OUHU ma Qi3i0N0IYHUX CUCTEM OP2AHI3MY,
menemeouyuHa, MobLIbHI 3aCMOCYHKU.
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MexyHapOAHBIA HAYIHO-YIEOHBIN IEHTP HHHOPMAIIMOHHBIX TEXHOJIOTUI U CHCTEM
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MUDPPOBAS TPAHCOOPMALIMA B MEJIMITUHE: OT ®OPMAJIM30BAHHBIX
MEJIMIAHCKHX NTOKYMEHTOB K MTHOOPMAIIMOHHBIM
TEXHOJIOTMAM IM®POBOU METMIMHBI

[Tpoananu3upoBaHbl 3Tarnbl MUPPOBOI TpaHCPOpMalu B MeaulinHe: | — nudposas TpaHc-
(dopmarus mepBUYHON MemuuuHCKoi mHbopmarmu; I — pa3paboTka cCHCTEM MOJIEPIKKU
nedeOHO-MarHocTuaeckoro npoiecca; [II — pa3paboTka TEXHONOTHIT M CHCTEM MOAICPIKKH
JIeITeILHOCTH Bpaya ¢ nudpoBoi nHpopmanueid; [V — MoOmnpHas MeaunuHa; V — ri100a-
m3arus g poBoi MeauuuHEL [lokazaH BKiIan pa3paOOTOK aBTOPOB M MX KOJUIET (OTAENT
MEJUIMHCKUX MH()OPMAIIMOHHBIX CHCTEM) IO DPa3BUTHIO WH(OPMAIMOHHBIX TEXHOJOTHU
(poBO MEIUIIMHEI HA ATUX dTamnax. [IpeacTaBieHsl pa3paboTaHHbBIE: METO] ONPEICIICHHUS
MapkepoB ¢yHkunoHanbHoro cocrosusi CCC; UT noanep K MpoLeccoB MONIydeHHs, Te-
penaun WM XpaHeHUs LU(POBBIX MEIUIUHCKUX H300paKeHUH; TEOpHs TeJeMeTUINHCKAX
CHUCTEM M pe3yJbTaThl €€ NPUMEHEHHs; 0a30Bas CTPYKTypa MOOHMJIBHOTO MEIHIIMHCKOTO
TIPWIIOKEHUS ¥ B3aUMOZEHCTBHE ee (QyHKIMOHAIBGHBIX OJIOKOB C BEIJETICHHEM 3a1ad M orpa-
HUYEHUH JeMCTBUI OCHOBHBIX MOJIb30BATENIECH — Bpaya U MalMeHTa.

Knrouesnvie cnosa: yugposas mpancghopmayus ¢ meouyune, Qopmaru308anHvle MeOUYUHC-
kue 3anucu, Data Mining, ungopmayuonnvie mexnono2uu OYenKu COCMOsHUSL Yel08eKd U
Puszuonocuueckux cucmem opeaHu3IMa, MmeieMeouyuHa, MOOULbHbIE NPULOHNCEHUS.
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Mi>KHapOAHUIT HayKOBO-HABYAILHHUN IIEHTP 1H(OPMALIIITHUX TEXHOJIOT1H
ta cucteM HAH Yxkpainu ta MOH VYkpainuy,

np. Akaa. I'mymkosa 40, m. Kuis, 03187, Ykpaina

IHOOPMALIHHA TEKHONOIIA KEPYBAHHA PYXAMM.
EBONIOLIA CHHTESY | NEPCNEKTUBH POSBUTKY

EBoumionito cuHTE3y TEXHOJIOTIH OGlOeNeKTPHYHOTO KEepyBaHHS PyXaMH JIIOIUHHA MOAaHO B
aHali3l JEKUIbKOX IOKOJIIHb INPOTPaMHUX MioesleKTpocTUMynaTopis tumy «MIOTOH»,
«MIOCTUMYVYJI» i HoBoro kiacy anapatiB nupposoi meauiman TPEHAP®. OcobuBicTio
IUX anapaTiB € BHKOPUCTaHHA CcCIeliadbHO o0poOiieHux enexrpomiorpadiunux (EMI)
CUTHAJIIB y SIKOCTI TMPOTpaM KepyBaHHS CUTHAJIAMH €JIEKTPOCTUMYJISILIIT i 3BOPOTHOTO 3B'SI3KY.
Po3rnsiHyTO TNpPUHIWMHM, KpUTepil, METOAM, mOporpamMu, Ha 0a3i SKAX CHHTE30BaHO
IHHOBAI[IIHY TEXHOJIOTII0 TEPCOHANBLHOTO TpEeHyBaHHs/BigHOBICHHS pyXiB TPEHAP®.
[IpencraBneno komm'roTepHUil nporpamHo-anapaTHuii koMmiuieke «[IPOMOBA-1», skuit
peaitizye HOBY TEXHOJIOTiI0 MEPCOHAILHOTO BiJIHOBJICHHS YCHOT'O MOBJICHHS Y XBOPHX MiCIIS
IHCYJIBTY Ha 0a3i OpUTiHANILHMX METOAUK TPEHYBaHb TOHKOT MOTOPHKH KHUCTI. [IepcrieKTuBHI
JNOCHIDKCHHsT ~ CIPSIMOBAHO HAa  CHHTE3 TEXHOJOTid  MoOUTpHOI  iH(popMamiiHo-
KOHCYJIbTAIlIHHOI JOMOMOTH JIKapl Y JAiarHOCTUIN Je(ilUTy PYyXOBHX 1 MOBJICHHEBUX
¢GyHKUIH 1 popMyBaHHI IHIUBIIyaNIbHHX IUIaHIB pealuTiTalii, HA CHHTE3 TEXHOJOTIH Kepy-
BaHHS Y3rO/DKCHOK aKTHBHICTIO M'SI3IB il Yac BUKOHAaHHS KOOPIMHOBAHUX pPYXIB Ta
BiJTHOBHOT'O JIIKyBaHHS J1e()eKTiB IOCTaBH.

Kniouogi cnoea: dioenexmpuune KepygamHs, pyxu, MOGIEHHs, KOOPOUHAYisA, nocmasa, nep-
CoHanbHa peabinimayis, mMemoou, Npoepamu, MiOereKmpoCmuUMyIsAYis, Yupposa meouyund.

BCTYR

CTaHOBJEHHS 1 PO3BUTOK JOCTI/KCHb 3 KEPYBaHHS PyXaMH BHU3HAYAJIOCS HE
TUTEKH HAYKOBUM 1HTEpECOM, aje H MpaKTHIHOI HEOOXimHiCcTI0. PyXxoBa akTHB-
HICTh € BUHSATKOBO BAXKIUBUM, (YHIAMEHTAIbHUM YHHHUKOM (OpMyBaHHS,
30epeXKeHHsI, 3MIIIHEHHSI 3/I0POB’Sl Ta TAPMOHIYHOIO PO3BUTKY ITIOAUHH, 0COO-
JIUBO B AUTSYOMY, ITIUTITKOBOMY Ta IOHAIIBKOMY BiIli. Pyxu € Halijoc Ty mHITIIIME
Ta Halle(PEeKTUBHIIINMH JIIKAMH, HAHKPAIIUM 3aCO00M JJIs BiTHOBJICHHS 370pPO-
B's1. LlepeOpoBackysipHa matoJioris Ta ii HaliBaxkya opMa — iHCYJIBT, € OHIEO
3 HAWYACTIMUX TPUYHH BTPATH PyXoBHX (yHKMiH. CrocTepiraeThcsi cTpiMKa
TEHJCHIIIS 1O 301IbIIEHHS KIJIbKOCTI XBOPUX HA 1HCYJIBT, & TAKOXK JO X «OMO-

© BOBK M.L, 2018
ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u bra. Text. 2018. Ne4 (194) 79



Bosxk M.1

JO/KEHHS». [HCYNBT — MPOBiJHA MPUYMHA IHBANITHOCTI JOPOCIOTO HaceleH-
Ha. 3a nanumu BOO3 30 % XBOpUX CTaHOBIATH OCOOU MPAIE3aTHOTO BIKY (110
50-60 poxkiB). Jutsamit nepedpanpuauit napamiy (JJL{I1) 3anmummaerscs nmpoBigHOIO
MIPUYMHOIO 1HBATITHOCTI cepen miTei. [lopyIneHHsT MOBJICHHS CIIOCTEPIraloThCs
OUTBII HIXK Y TPETHHU XBOPUX, SIKi IEPEHECIH 1HCYIIBT, TA € IPYTUM 32 3HAYUMI-
CTIO 1 TOMIMPEHICTI0 TOCTIHCYJIBTHUM Je(PEeKTOM IIICIS PYXOBHX MOPYIIECHb.
Po3pobnenns epekTHBHUX METOMIB 1 3aC00iB BiAHOBIEHHS PYyXOBUX i MOBJICH-
HEBHUX (QYHKIIH HE repecTae OyTH aKTyaJIbHIM.

HocnimkeHHs, cupsAMOBaHi Ha KepyBaHHS pyXaMH JIOAWHH, 3apOAUIIHCS 1€
B crinax O6unciroBanpHOTO LlenTtpy AH YPCP y Bignini Giomoriunoi xkibepHe-
TUKHY (3aB. BigauioMm — akaaeMik M.M. AmocoB). TyT mopsj 3 iHIIUMHU CTOSIIO
3aBJaHHSl PO3POOHMTH TEOPiI0 KEpyBaHHS OCHOBHMMH (YHKLISIMH i OpraHamMu
JKUBUX OPraHi3MiB Ha OCHOBIi 0i0eNeKTpOCTUMYJIAMII. B paMkax 1poro 3aBaaHHs
chopmyBaBcsi HampsiM — OI0CTEKTPUYHE KEPYBAHHSI PYXOBUMH (DYHKIIISIMH,
KepyBaHHJ, sSIKke BUKOPHCTOBYE B SKOCTI KOMaH]| 00poOIieHi enexTpoMiorpadivni
(EMT') curnanu. 3 1964 p. ueit HanpsiM OTpUMaB LiJIECTIPSIMOBAHUN PO3BUTOK B
IactutyTi kibepuetnkn AH VYkpainu, B madoparopii «KepyBaHHS pyXxOBUMH
peaKisMu KUBUX OpraizmiB», 3 1969 p. — y Bimmini «bioenekrpuyne kepy-
BaHHS 1 Menn4Ha KibepHeTHkay». 3 TpaBHA 1997 p. mpoaoBXKye IUIIAHO PO3BUBA-
THCS B MiXHapogHOMy TeHTpi iH(OpMaIlifHUX TEXHOJOTi Ta CHCTeM
HAH VYxkpaian i MOH VYkpaian y 3raganomy Bigmiti. 3 1964 mo 2009 p.p. Ha
YOJIi AOCIiIKEHb CTOSIB JOKTOp MEAMYHMX Hayk, mpodecop Jleonin CenexoBuy
Anees, nmaypear [Ipemii imeni M.M. Amocosa ( 2004 p.).

HaykoBi 1ociikKeHHs! LIbOTO HanpsiMy XapaKTepH3YIOThCS K TE€OPETHUHH-
MU, TaK i MIPUKIAJHUMH pe3ylbTaTaMu — Bif ifei, po3poOJieHHS KOHUENTYallb-
HUX OCHOB, (Pi310JIOTIYHMX MEpeayMOB, METOJIB, (OPMYIIOBAaHHS NPHHLUIIB,
pO3pOONEHHS  anroOpuTMiB, iHGOPMAIIHHO-CTPYKTYPHHX 1  CTPYKTYpHO-
(YHKLIOHANBHUX Moeeld OI0TeXHIYHUX CHCTEM KEpyBaHHS pyXaMH JIIOJMHU
J0 TEXHIYHOI peasizalii KiIbKOX TMOKOJiHb €IeKTPOHHHUX amapaTiB KepyBaHHS
pyxamu, mepenadi ix B cepiliHe BUPOOHHIITBO 1 MPaKTHYHE BUKOpHUCTaHHs. Taki
amapaty IPU3HAYEHO UI: BIJHOBHOI'O JIIKYBaHHS 3aJIMIIKOBHX SIBHUIL YPa)KeHb
HEHTPaIbHOT Ta TeprudepruyHoi HEPBOBOI CUCTEMH Y JOPOCIHX 1 JiTed (Hampu-
KJIa/I, TIOCTIHCYJIbTHI Tapaiidi i mape3u, HEBPUTH PI3HOTO XapakTepy), TPaBM
OTIOPHO-PYXOBOTO amapary; KepyBaHHS pyXaMH, IXHbOI KOpeKiii abo HaBYaHHSI
MEBHUM PyXOBHM HaBHYKaM (HAIPHUKIAJ, Y CIIOPTi); NOMEPEIKEHHST HECIIPHUST-
JIMBOTO BIUIMBY OOMEXEHb PYyXOBOI aKTHBHOCTI, KOPEKIil HaciKiB nepe0yBaH-
HS JIIOJVHM B CHEUiaJbHUX YMOBax (HAaNpHKIAA, y HEBaroMOCTi); KepyBaHHSI
(GYHKLISIME, TICHO MOB'SI3aHUMHU 3 PYXOBUMH (HAIIPUKJIIa]l MOBHIMH) TOIIIO.

Merta cTaTTi — PO3IIIAHYTH TEOPETHYHI Ta TEXHOIOTIYHI OCHOBH €BOJIIOLIT
cuHTe3y OIOTEeXHIYHMX CHUCTEM KepyBaHHS PyXaMH, TOKa3aTH POJib HOBHUX iH(O-
pPMaIifHAX TEXHOJIOTIH 1 3ac00iB ITUMPOBOI MEIUIIMHN B CHHTE31 CUCTEM TIEPCO-
HAJILHOTO KEPyBaHHS pyXaMH JUIsl BiIHOBJICHHS MOPYLIEHUX MATOJIOTIEI0 PyXO-
BUX 1 MOBJIGHHEBUX (YHKIIH.
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BATATOKAHANbHI NPUCTOT BIOEMEKTPMYHOIO
KEPYBAHHA PYXAMM NIOAMHA THNY «MIOTOH>

3 kinng 50-x — mouatky 60-X pokiB XX CTONITTS [UIsl BiTHOBJICHHS PyXOBHX (QyH-
KUiH y Mapai3oBaHUX XBOPHUX CTAIU aKTUBHO BUKOPHCTOBYBATH EIEKTPOCTHMYJISI-
Iif0 SIK CHOCI0 PHUMYCOBOTO CKOPOUYEHHS M'A3iB, BHACHTIJIOK SIKOTO JI0 HEYIIKODKe-
HUX TUITHOK MO3KY TI0 KaHaJlaX 3BOPOTHOTO 3B'SI3KY HAIXOAWTH HEOOXimHa st
BiIHOBJICHHS PyXiB adepeHTHa iH(opMalis mpo cKopoueHHA M's3iB. Tpagumiiini
METOJIU CTUMYJISIIT 32 JIOTIOMOTH T€HEepaTopiB eNeKTPHYHHX IMITYIIbCiB 3 (pikcoBa-
HUMH [TapaMeTpaMH, 3MiHa SIKMX B JOIyCTUMHX ULl JAHOTO CTUMYJIITOpPA MEXax
MPOBOUTHCS OTIEPATOPOM, JTAJICKO HE 3aBKIU 3aI0BOJIbHSIIM 3aBJIaHHs peadimiTarii
XBOPHX 3 MOPYIIEHHSIMH pyXiB. LL{00 BiTHOBUTH HE TLNBKH CHITYy YPaKEHHUX M'S3iB, a
il BTpadeHy pyXOBY HaBUUYKY, BUHHKIJIA HEOOXIJHICTh B OaraTOKaHaJbHHUX €JIEKTPO-
CTUMYJISITOPAX, SIKi BUKOPHCTOBYIOTh TIEBHI NpOrpamu (MOZEINI) 3aTy4eHHsI M'sI31B
JI0 PyXY, IO BiINpauboByeThCsl. BaxkIMBUM €TarioM y pO3BUTKY MPOTpaMHOi Mioe-
JIEKTPOCTUMYJIALIT OyB Iepexia A0 BUKOPUCTAHHS B SKOCTI Mporpamu (MOJeli ak-
THBAITi M'sI3iB, SIKI BTATYIOTBCS B pyX) 00pobiernx EMI curaaiiB 370pOBUX JTOBi-
JBHUX pyXiB. Takuii crocid KepyBaHHsI 3HAWIIIOB BUKOPUCTAHHS B IPUCTPOSIX TUITY
«Miorton» [1-3]. ¥ 1965 p. B InctutyTi xibepuetnku AH YPCP BurorosneHo me-
pIInii eKCIepIMEHTATFHIN 3pa30K OaraTokaHaILHOTO TIPHUCTPOIO 0i0€TEKTPHIHOTO
KepyBaHHS pyXamu JroquHu «MioToH», sSIKHi peanizye ueir meton, Y 1967-1970
Pp- BUTOTOBJCHO AOCHIAHI 3pa3Ku IIECTHKAHAIBLHOTO amapara «MioToH-2» (puc.
la), sIKuil BKIIOYEHO B HOMEHKJIATypy AO3BOJICHHX IJISI 3aCTOCYBAaHHS B MEIUUHIH
MpaKkTUIl 1 cepiiHOro BHPOOHMITBA BUPOOIB MeanvHO! TexHiku (Peectpamiiine
nocsiguends Ne 77/29/13 Bin 4.02.1977 p.). Bukopucranns oopobnennx EMI cur-
HAaJIiB 37I0POBHX JIOBUIPHUX PYXiB B SIKOCTi IPOTPaM BXKe Ha [OMY eTarti 0yJIo To-
B'sI3aHE 3 TIOHATTSIM «Oi0CIEeKTPHIHOTrO 00pa3y pyxy» K Momeni (mporpamu) ¢op-
MYBaHH;I IPUMYCOBUX M'SI30BHX CKOPOUEHB IIiJ] BILTMBOM HPOTPaMHOI MiOENIeKTpO-
crumyssimii [3].

PesynsraTrom MomepHizarii anapata «MioToH-2» 0yJ10 po3poOJIeHHS i BUPOOHH-
ITBO Ha  Ap3amacbkoMy  npwianoOyaiBHomy  3aBomi  (AII3)  amapara
«MiotoH-3M», 1983 r. (puc. 1 6). OcobnusicTio «MioToH-3M» Oymno GopMyBaHHS
CHTHAJIA €IEKTPOMIOCTHMYITALII 3 PiBHS, KM BiAOBiIae IOpory 30yDKEHHS M'SI3iB.
e 30UTHITYBATIO BIOBIMHICTE HAB'SI3aHOTO PyXy mporpami (Mozeni) [4]. o ckimamy
«MioToH-3M» BXOIMB IIECTHKAHATLHUN MArHITHUHA PEECTPATOp, IO JIO3BOJISLIO
(opMmyBaTH «OaHK PYXOBHX IPOrpam» 340POBHUX M'SA31B 1HIIOI JTIOAWHM, a TAKOXK LIe-
CTHKAHATBHUH 1HAUKATOP IS BI3yaTbHOTO KOHTPOJTIO PYXOBHX IPOTPaM i TIOPIBHSH-
Hl iX 3 BUKOHYyBaHUMH pyxami. Y 1988 p. «MioToH-3M» memoHcTpyBaBcs Ha Jleir-
LIrCBbKOMY SIpMapKy, OyB HaropopKeHuii 3o10toro Megammo. Ha 6a3i anapara «Mio-
ToH-3M» 3 1989 p. Ha AII3 po3novaBcs cepiiiHuii BUITycK anapara «MioTor-604» 3
TIOJTIIMIICHUMH TEXHIYHUMHU XapaKTepPUCTHKAMH 1 cepBicHUMHU (yHKLisiMu (puc. 1 B).
Amnapary «MioTOH» 3HaHIUTM IMPOKE BUKOPHCTaHHA B KIIIHIKaX 1 KypopTax KOJIHII-
Hboro PagsHebkoro Coro3y I71s BiOHOBIICHHS PYyXOBHX (YHKLIH, HOIIKODKEHHX
TIATOJIOTI€I0 IEHTPATHHOI 1 TIepr)epHUIHOI HEPBOBOI CHCTEMH [3].
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Puc. 1. Anapatu 610€JIEKTPUYHOTO KEPYBaHHs PyXaMH JIIOAUHU TUITY «MiOTOH»

3aBasiku ciiBpoOiTHHIITBY 3 HITK® «biokop-iHdopmaruka» npu [HCTUTYTI Ki-
oepuernkn iMeHi B.M. I'mymkoBa AH YPCP Gyno po3poOiieHo, mocTaBieHo Ha
BUPOOHMIITBO Ta 3HAMIIUIO BUKOPHCTAHHS B MEIMYHHX YCTAaHOBAaX YKpaiHU IIECTH-
KaHaIbHUH MpOrpaMHUi OioeneKTpuuHul cTuMyisaTop «Miokop-MK-01», 1991 p.
Oco0nuBICTh amapaTa y TOpIBHSHHI 3 amaparaMyd THITY «MiOTOH» — HasBHICTh
0aHKy IITYYHO CHHTE30BaHHX IPOTpaM KEPyBaHHS, SIKI BPaXOBYIOTh HaiiXxapakTep-
HillI 3aTy4eHHs M's131B Y BUKOHaHHA Pi3HUX PYXiB.

BATATOKAHANbHI NPHCTOT AJANTMBHOTO GIOENEKTPMYHOTO
KEPYBAHHA PYXAMM NHOAMHA <MIOCTHMYN:»

Brenennst 3B0pOTHHX 3B'S3KIB B €ICKTPOHHI CHCTEMH KEPYBaHHS pPyXaMH JTO3BOJIH-
JI0 TIEPEHTH 10 HOBOTO KIIACy amapaTiB, SIKi peatizyloTh NPHHIMIH aJalTHBHOTO
KepyBaHHS. AJaNTUBHUI MiAXiJ € KOPUCHUM B YMOBax BEJIMKOI MOYaTKOBOi HEBH-
3HA4YeHOCTi, Ko Opak ampiopHoi iH(popmarii mpo 00’€KT KepyBaHHSA IMOTPIOHO
3allOBHUTH MOTOYHOK 1H(OPMAIIIEI0, a TAKOXK Y CUCTEMAX KepyBaHHS 00'€KTaMU 3
XapaKkTepUCTUKaMH, sKi Apeidyrors. OOMABI cuTyalii MalOTh Miclie Y KepyBaHHI
pyxamMH Ha OCHOBI 30BHIIIHIX KOHTYpiB. Tak, mapameTpu M's30B0i aKTHBHOCTI iJ1eH-
THYHAX M'S31B PI3HMX JIFOJCH 1 M'SI31B OJHIET JFOMWHM MAIOTh CYTTEBHH PO3KHI;
napaMeTpy M'SI30BOi aKTUBHOCTI ICTOTHO BiJPI3HSIOTHCS 32 YMOBH IATOJIOTI 1 3a-
3HAIOTh 3MIiH B IIPOLEC] ENEKTPOCTHMYJILIL. AJJaNTHBHE KepyBaHHsS mHependayae
aBTOMAaTHYHE TIiIAMNTYBAaHHS HapaMeTpiB CHUTHATY CTUMYJIFOBAHHS I (PYHKITIO-
HAJILHUH CTaH M'A31B, 110 CTUMYJTFOFOTHCSL.

B texHoOmOri1 CHHTE3y 3BOPOTHHX 3B'I3KiB BUKOPUCTAHO PE3yJIbTAaTH EKCIIe-
PUMEHTaIbHHUX JOCTIKeHb 3 AMHAMIKH aMIUTITYJHHUX 1 YaCTOTHUX XapaKTepHc-
THK M'SI30BOT aKTUBHOCTI (TTOpir 30y DKEHHsI, M’ s130Ba CHJIa, 0OCST PyXiB) IIiJ] 4ac
TPEHYBAIBHHX TPOIIEAYP, a TAKOXK pe3yIabTaTH aHamizy 3MiH EMI' curnany (am-
TUTITYy/Aa, 9acToTa) y pasi Bromu. Il yac peabiniTanii pyxoBux (QyHKIIiH HE cIij
BUXOJUTH 32 MEXI MaKCHMalbHUX IMOJpa3HEHb, OCKUIBKMA 3a BEJHKHX PiBHIB
CTHMYJTy B po0OOTYy BKIIOYAIOTBCS 3aXHMCHI peakilii opraHiamy, siki MOXYTb CIIO-
TBOPUTH Oa)kaHy IITYYHO BHKJIMKAHy adepeHTtamiro a1 GopMyBaHHS HOBOTO
JMUHAMIYHOTO CTEPEOTUIY. 3BIJCH BUHHKAE HEOOXiTHICTP B aBTOMATUYHOMY
peryJIoBaHHI IUHAMIYHOTO Jiana3oHy CTHUMYJy 3aJIeXHO BiJ (DyHKIIOHAJIBHOTO
CTaHy M's3iB, SKi CTUMYJIOIOTHCS. [[pHHIMIY aganTHBHOTO KEpyBaHHS peajizo-
BaHO B amaparti «Mioctumym». [IpomuciioBi 3pa3ku y KiIbKOCTI IBOX BHITYIICHI
nignpuemctBoM «OkrtaBay, 3aBoj «['eneparop», (M.KuiB) y 1975 i 1977 pp.
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Ieit mecTrkaHaNbHUM amapaT « MiOCTUMYJD» MICTHTH JBa BUIM 3BOPOTHHUX
3B'A3KIB: MEpIIMH ANl aBTOMATUYHOTO PETYNIOBAHHS TUHAMIYHOTO Niana3oHy
CUTHAJY CTUMYIALIl [S], ApyTruii — IUIsi 3MEHIIeHHS PiBHS CUTHANY CTHMYJIALI]
a0o 11 BIOKITIOUEHHS, KOJIM HACTa€ CTOMJICHHSI M'SI31B, SIKi CTUMYIIOIOTBCA [6]. Sk
CHUTHaJl 3BOPOTHOTO 3B'A3KY, BUKOPUCTOBYIOTH MOPIT 30yIKEeHHS Ta iHpopMaTu-
BHI mapametpu EMI" curnany mM'si3iB  (aMIuTiTyAa, 9acToTa), M0 3a1y4aloThCs y
PYXH, SKUMHU KEPYIOTh — «BUKJIHMKaHY eJeKTpoMiorpamy». TexHooris anantu-
BHOTO KepyBaHHs 3axuineHa nareHtamu CLHA, Anrmii, Himeuunnn ®panmii,
Kanann, lBemii, Itanii, FOrocnagii ([7]).

PESYNLTATH CYYACHMX LOCHTJIKEHD.
ENEKTPOHHI ANAPATH NEPCOHANBHOTO KEPYBAHHA PYXAMM «TPEHAP».

Opezanizayia inougioyanbHozo nioxody 00 KepysanHs pyxamu Ha 6a3i 306HIUIHIX
Koumypie. [HIUBITyIbHUN TIXI 10 JTIKYBaHHS € OJHUM 3 MPOBIIHUX HAIIPSMIB Y
CYYacHill CUCTEMi OXOpPOHU 37I0pOB's. Pealbimitariis — 11e mepin 3a Bce MOOLIi3aIlis
pe3epBiB OpraHi3My Ha BiTHOBJICHHS (DYHKITI, MOpPYIIEHOI BHACTIIOK IATOJIOTII.
BuxopucranHs cyd4acHUX iHQOPMAIIHIX TEXHOJIOTIH CTBOPIOE HOBI MOYKITUBOCTI y
BUOOpI 1HAMBIAYaTbHOTO «MApUIPYTY» JIIKyBaHHA. Y pa3i BiHOBIEHHS PYyXOBUX
¢yHKIii MoOLTi3alis pe3epBiB nepeadadae po3poOIIeHHs 1 peasi3alliio iHIUBIIya-
JBHUX KOMIUIEKCHHX [IPOrpaM MEAWYHOI pealiniTanii, B IKMX HOPSA 3 JTIKAPCHKUMHU
3aco0amMy TIPOBiMHE MiICIe 3aiiMarOTh TEXHOJIOTII IHAWBIAyaJLHOTO TPEHYBaH-
HsI/KepyBaHHS pyxaMu Ha 0a3i 30BHIIIHIX KOHTYpiB. Taki 30BHIIIHI KOHTYPH BHUKO-
HYIOTh POJIb BiJICYTHBOI JIAHKH Y (pOpMyBaHHI a00 KOperyBaHHI TOMEOCTa3y pyXo-
BOI CHCTEMH Ta 3a0e3MMedyIoTh (DYHKINI CIPUIHATTS, TIepeadi 3HaHb MMpo pyx, $o-
PMyBaHHS, pETYIIOBaHH i KOHTPOMOBaHH: pyxiB [8—10].

Ilpunyunu ma Kpumepii inougioyanvnoi axmueayii peszepeie opeanizmy
Ha @ionoenenns pyxie. [IOHATTS TOMEOCTa3y PyXOBOi CHCTEMH, HOTO 1HAWBIAY-
aITBHOCTI Ta 1HIWBIMYaIbHOCTI MOPYIICHHS 32 PyXOBOi MATONOTi MPUBOIATH 10
PO3yMIHHS JOMUIEHOCTI JTOTPUMYBATHCS NPUHYUNY OI0N02I4HOI a0eK8amHocmi
5K 207I06H020 Y KePYBAHHI PYXaMu 3a OONOMO2U 308HIUWHIX KOHMYPI8 HA PIZHUX
emanax peabinimayii. Y 3B'SI3Ky 3 IMM Ay’K€ BXIMBUM € BHOIp KepyBaJbHUX
BIUIMBIB HAa KOKHOMY €TaIl BiTHOBJIEHHS PyXOoBUX (QyHKUii. KepyBanbHi BIH-
BU TIOBUHHI OyTH TaKUMH, SIKi 3aIIyCKAIOTh i CTUMYIIOIOTh Pe3epBU BHYTPIIIHIX
CHCTEM PETYJIIOBAHHS 332 PaxXyHOK KOMOIHOBaHOI poOOTH BHYTPIIIHIX MEXaHi3-
MiB 1 KepyBaJbHUX BIUIMBIB, a KOJHM BHYTPIIIHIX pe3epBiB HEAOCTATHBO, TO 3a
paxyHOK poOOTH TiJIbKU KEpyBAIBHUX BIUIMBIB. TOMY 30BHINIHIN KOHTYp IOBH-
HEH MaTH (YHKLIOHANbHI i TEXHIYHI XapaKTePUCTUKH, SIKi JaBaTUMYTh 3MOTY
ONTUMI3YBaTH «MapLIpyT» JiKyBaHHs (BiIHOBJIECHHS PyXOBHX (YHKLil) gk Oa-
TaTOKPHUTEpiadbHy ONTHMI3AIliIo MpoIiecy (GopMyBaHHS PyXiB HA OCHOBI aKTHBa-
uii pe3epBiB Mali€HTa, aJeKBaTHOI cTaHy HOro pyXoBHX (YHKUiH, Ha pi3HHUX
eTarax peadimirarii. 3acobom, sIKuil 3a0e31neuye 6i0102iUHO A0eK8AMHULL 3aNYCK
i cmumynsayiro pesepeié opeanismy Ha BIOHOGNEHHS PYXi8, € Memoo, npoepamd,
MEMOOUKU, peclamMenm 306HiUHb020 6NAUEY, K1 BIINOBIAAIOTH CTaHY PYXOBHX
(GyHKIIN TMarienTa Ta Horo 3arajapbHoMYy cTaHy. [lepemideHi BUMOTH 10 CHHTE3Y
30BHIIIHIX KOHTYPIB KepyBaHHS TO3BOJIHIA CHOPMYIIOBATH MPHHIUIHA OpPTaHi-
3amii 1HAWBIMYaTbHOTO MiIXOAY M0 Oi0JOTIYHO a/leKBaTHOTO 3aMyCKy 1 CTHMY-
Jsii pe3epBiB OpraHi3My Ha BiTHOBJIECHHS PyXiB Ta PO3POOHMTH KpUTeEpii, sKi
3a0e3Mevy0Th BUKOHAHHS [TUX MPUHIUIIB (pUC. 2).
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Memoou ma inougioyanvni npozpamu axmueauii pe3epeie opzanizmy Ha
gionoenennsa pyxosux ynkuii 3a mexnonoziero TPEHAP®

[HnuBinyanpHMI miaXin g0 peabimitalii 3abe3neuyeTscss HabopoMm 0a30BUX
IIPOTrPaMHO-TEXHOJIOTIYHUX €JIEKTPOHHUX MOYJIB, OCHOBY CHHTE3Y SIKUX CKJIa-
JAIOTh Pi3Hi Memoou ma npocpamu MmpeHy8aHHsa NPUMYCOBUX [ OOBIILHUX CKOPO-
yenv m'azig. el muxin € OCHOBOIW CHHTE3Y 0i0iH(OpPMAaIiiHHOT TEXHOIIOTII Bij-
HOBJICHHS pyX0BHX i MoBnenHeBux dynxuiii TPEHAP®. Texnomoriio peaizye
HOBHI KJIac €JIEKTPOHHUX BHUPOOIB IUGPOBOI MEAMIMHH — amapaTHo-
nporpamMuuii kommiiekc «TPEHAP» [11]: «Amapar ans eneKkTpocTUMYILIi 3
OiokepyBanHaM Tpenap-01» i «Amapar Ui eIeKTPOCTUMYIIALIT 3 0i10IOTIYHIM
3BOPOTHHM 3B's13k0oM Tpenap-02» (Puc. 3).

Habip 6a30BuX nmporpaMHO-TEXHOJOTTUYHUX €IEKTPOHHUX MOIYJIB KOMILIe-
kcy «TPEHAP» cknanae:

Ipoepamno-mexnonociunuti mooynre « Cunmes». Metrog — mporpamHa ele-
KTPOCTUMYJIsLISE, porpama — «CHHTE3»; 3aBIaHHA — TPEHYBaHHs MPHUMYCO-
BUX PYXIB MiJ BIUTMBOM €JIEKTPOCTUMYJIALIT M'SI3iB 38 IUTYYHO CHHTE30BAHUMHU
ImporpaMaM 'y IIIHPOKOMY Mialla30Hi «IOCHJIAHHS — Tay3a» IMITYJIbCiB €IeKT-
poctumyisinii. Lleit MeTox i mporpamMul TpeHYBaHb HaJalOTh MOXKIIMBICTB 3iicC-
HIOBaTH aKTHBALilO0 Pe3epBiB HEPBOBOI CUCTEMH Ha BIJHOBJIECHHs pyXiB Ha 0as3i
atepenTtHoi npomnpionemntii (puc. 4). Momynb 3aCTOCOBYEThCS Ha paHHIX eTarnax
peabimitarii, y TOMy 9HCIIi MaikKe 3a BIICYTHOCTI PYXiB ypa)K€HOI KiHITIBKH.

Ipoepamno-mexnonoziunuii Mooy «Jonopy. Meton — mporpamHa eJek-
TPOCTUMYJISILIS; Iporpama — «/loHOp»; 3aBHaHHS — TPEHYBaHHs IPUMYCOBUX
PYXiB YpakeHO1 KiHIIIBKU il BIUTMBOM €JICKTPOCTUMYJISAIII BiATIOBIIHUX M'SI31B
3a TporpaMamH, SIKi «3YHTYIOTbCS» 3 BIACHUX 3/I0pOBUX (0a)kaHO CUMeETpHY-
HUX) M'sI31B MaIlieHTa a00 M'sI31B 1HIIOI JTFOAUHU (IHCTPYKTOPA) 32 YMOBH IXHBOTO
JOBIJIBHOTO CKOPOYEHHS 1 IepealoThCs M'A3aM, SIKi TPEHYIOTHCS B PEKUMI «OH-
naiiny. [amieHT caMocTiiiHO 3MiHIOE MporpaMmy TpeHyBaHHS, 3iHCHIOE KOHT-
poib ii BUKOHaHHA. [HpopMaUiiHui MOTIK, IO ¥ae B MOMIKOKEHY MOTOPHY
30HY KOPH T'OJIOBHOTO MO3KY, CKIAIa€ThCcA 3 MPONPIOLENTUBHUX IMITYJIbCIB SK
BiJl TOBITFHUX CKOPOYCHB-PO3CIabIeHb M'sI31B 3I0OPOBOT KHCTI, TaK 1 BiI IpUMY-
COBHX CKOPOYCHBb-PO3CiIa0JIeHb M'sI31B MOIIKOKEHOT KUCTI (puc. 5). besmocepe-
JHBO TIANIE€HT 200 IHCTPYKTOP MOXYTh KOHTPOIIIOBATH 1 3MIHIOBATH MPOrpaMy
TpeHyBaHb, PUTM 1 CHITy CKOPOYEHB M'SI3IB, SIKI TPEHYIOTHCS. 3POCTa€e POIbh MO-
TUBalii y mporeci aQ)epeHTHOr0 CHHTE3y BiJl JOBIIbHUX CKOPOYEHb 3/I0POBOI
KiHI[IBKK T4 MPUMYCOBHX CKOPOUYEHb MOIMIKOKEHOI. 3aCTOCOBYETHCS HA PaHHIX
eTarax peabiniTalii 3a Bi/ICyTHOCTI MOPYIIeHb KOTHITUBHOI chepH.

IIpoepamuo-mexnonociynuii mooyas «llopie». Metos, — TOpOroBa eNeKT-
pocTuMyIIsiLis, mporpaMa — «Ilopir»; 3aBAaHHs — TPEHYBaHHS CITiBBiHOILECHHS
JTOBLITBHO-TIPIMYCOBHX CKOPOYEHb M'si3iB. EnexTpocTuMysmis sk croci® mpu-
MYCOBOTO CKOPOYCHHS M'SI3IB «3aIlyCKAETHCS» Y pasi MOJOJAHHS MaIli€HTOM
neBHoro nopory EMI curnaiy, skuii BUHUKA€E 32 YMOBHU JIOBUIBHOTO CKOPOYEH-
HS TUX CaMHUX M'S3iB, IO TPEHYIOTbCS. PiBeHb MOPOTY BCTAHOBIIOE OIEPATOP
a00 caMOCTIMHO MaIli€HT.
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a TNPUHIAIH N\ KPUTEPIi

BinnosinHicTs adepenranii (mpornpiouenTus-
HOI, 30pOBOI, CIIyXOBOi, TAKTUJILHOI), PYXiB,
IN 1O TPCHYIOTLCS, MeTi TPEHYBAHHS, BUITY
naToJjorii, edinury pyxoBux QyHKLiH, eTamy
peabimiTarii

IN AdepentHuii cunTe3, 110 00’ €Hy€e (Bi3uuHi Ta
KOTHITHBHI BIUTUBH

BionoriuHo-agekBaTHe A0CST- AKTHBHa y4acTb Cy0’€KTa y IIPOBE/ICHHI Tpe-
HEHHs pe3yJbTaTy Ta Horo P HyBaJbHUX MPOLEIYD, YCBIIOMIICHE HAaBYaHHS
cTanicTh Ta CAMOKOHTNOMR

I VY 1ocKOHaNIEHHS HAaBUYKH CaMOPETYJLALIT —
YCKJIaIHEHHS] TDEHYBaHHsI 3aBIaHHs

IN CHHXpPOHI3aLlis ITYYHOTO Ta MPUPOTHOTO
30YIUKEHHS M’sI3iB

1 EBoironiiHO-a1eKBaTHUI 30BHIIIHINM BIUIUB

BianosiaHicTh AMHAMIYHOTO Jialia30Hy BILIH-
1 By MeTi TpeHyBaHHS, BHIy NaTONOTIi, qedimu-
TV nvxorux hvHKITi. eTanv neabimitamii

Bionoriuno-anexBatHe 30y-
JoKeHHs M s13iB. Brius, > Minimisanis 600
TITO HE MMKOTUThH
I MiHimi3alis cToMJIeHHs M 5131B 200 CTOMIICHHS
i1 KOHTPOJIEM
- - T MiHimi3anis nopora 30y KeHHS
MinimMakcHUH 1] |
BILTUB .
I MakcumanbsHa GYHKILsI (CHIM CKOPOUYCHHS) 32
OIIHAKOBHX CHEPTOBHUTPAT
BiamnosinHicTb 3a1aHiil Tpaek- < ITo6ynoBa nporpamu pyxiB Ha MIPUPOJAHUX
TODIi 3aKOHOMIDHOCTSX 3alIVUCHHS M’A31B V DVX
Minimizanis aganrarii 10 o 3MiHa mapamerpiB curHany BIUIMBY B ONTHMA-
BILIUBY JIBHOMY Jliana3oHi
HeinBasuBHicTh crioco0y mepe- JoctynHicTs popMyBaHHS PyXiB 3a JOHOMOTH
. » .
Iadi KePYBAIbHOTIO BILIUBY MOBEPXHEBUX EJICKTPOJIIB }
\ S o

Puc. 2. TIpuHIMNU Ta KpUTEPIi iIHAUBIAYAILHOTO KEPYyBaHHS pyXaMH
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Tpenap-02

Cgigourso Jlep:xaBHOT Csinourso Jlep:xaBHOL
peectpaniii Ne 13235/2013 peectpariii
Nel2121/2012

Puc. 3. Kommnekc «TPEHAP»

AdepenTHa iH(hOpMAILLisl BiJ] BUMYIICHUX
CKOpPOYCHb M’sI3iB Mapati3oBaHol PyKU

!

AKTHBANIA MOIIKOIKEHOT
MOTOPHOI 30HH KOPH Ha
BiIHOBJ/ICHHS pYyXiB

Cxopouennsi M's3iB
NAPali30BaHOI pyKH

TPEHAP-01. Ilporpama T f
“CHHTE3”

EnextpocTumyJisinis 3a
nporpamoro “CUHTE3”

Puc. 4. CtpykrypHO-(DyHKITIOHATIEHA MOJIETh aKTUBALIii MONIKOHKEHOT MOTOPHOT
30HH KOPH Ha BiTHOBJICHHS KEPYBaHH PyXaMu 3a Iporpamoro « CHHTE3»

AdepenTHa iH(pOpMaLid Bill BAMYIIEHHX CKOPOYEHb M’ A3iB
TIapani3oBaHoOl pyKu

MikniBKyJIbHA
B32€EMOlist

q AKTHBaNis 3710pOBOT
AKTHBALsI NOIIKO/IZKEHOT ¥4 MOTOPHOI 30HH KOpH
MOTOPHOI 30HH KOPH Ha Y

BiIHOBJIEHHSI PYXiB N

Adepentna inpopmartis i
JIOBUIBHHX CKOPOYEHb M’sI3iB
3710POBOL

& TPEHAP-01, 02 4
00poGIeHHst 0od
EMTI -curnamny 3a [ I

"Sunrypanns” nporpamoio
EMT -curnany AOHOP

Cxopouenns M'si3iB
napai ipykn

EnekTpocTumynsuis sa
nporpamoto “AOHOP”

Puc. 5. CtpykTypHO-(QyHKIIIOHATBHA MOJICIb aKTHBAIlil MOIIKO-
JUKCHOI MOTOPHOI 30HH KOPHU Ha BiTHOBJICHHS KEePYBaHHS PyXaMH
3a mporpamoro «JloHop»
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Ingpopmayitina mexnonoeis kepysanns pyxamu. Eontoyis cunme3sy i nepcnexmugu po36umky.

TpeHyBaHHS CHPSAMOBAaHO Ha T€, II00 3 KOXKHUM HOBHM CEaHCOM JOBLIbHE
CKOpOYEHHS M'si3iB tonano Bce Oinpimid mopir EMIT curHany, sSikuii BUHUKaE 3a
YMOBH JOBIJIBHOTO CKOPOYEHHS M'SI3iB, L0 TPEHYIOTHCA. THM CaMHM BHECOK
JIOBITFHOTO CKOPOUYEHHS Y TPEeHYBaJdbHE 3aBIaHHS IMOCTYIOBO 30UTBITYETHCS Y
MOPIBHSIHHI 3 IPUMYCOBHUM CKOpoueHHsIM. 3a MmeToaoM «lloporosa enexTpocTu-
MYJISIIis eQEeKTUBHICTh BIUTMBY MPOTIPIONENTUBHOI ad)epeHTaIii Bi IPHMyCO-
BUX CKOPOUYEHb M'SI3iB, 1[0 TPEHYIOTHCS, Ha MOIIKOIKEHY MOTOPHY 30HY KOPH
3pocTae, TOMy 110 MOUIKOKEHa MOTOPHA 30HA CTA€E IiATOTOBIICHOIO» 10 Kepy-
BaJIbHUX BIUIMBIB 332 paxyHOK adepeHTarlii BiI MOBUILHHX CKOPOYCHH M'SI3iB
MOIIKO/KEHOI KiHIIIBKH. 3pOCTae i poiib MOTHBAIl y mporieci adepeHTHOTro
CUHTE3Y BiJl JOBUIBHHUX 1 MPUMYCOBUX CKOPOYEHB M'SI3IB MOIIKOIKEHOI KiHIIiB-
ku. L mporpama, six i nmporpama «J{oHOp», HaJa€ MOXKITUBICTh MALlIEHTY CaMoO-
CTIMHO yCKJIaJHIOBaTH TpeHyBaibHe 3aBraHHA. Meton «Iloporosa enexTpocTu-
MYJISIISD 3aCTOCOBYETHCS Y pasi MOSBH Y TAaIli€eHTa HAHMEHIINX O3HAK JTOBiJIh-
HUX PYXiB 3a BIICYTHOCTI MOPYLIEHb KOTHITUBHOI CepH.

Tlpoepammno-mexuonoziunuii Mooyne «llam'sms-Aymoy. Merox — mporpamHa
eNeKTPOCTUMYJISLSL, TporpamMa — «[lamM'sITb-AyTo»; XapaKTeprucTHKa 3aBJaHHSI —
TpEHYBaHHS JOBUIBHUX 1 TPUMYCOBHX CKOpPOYEHb M'3iB BiIOYBaeTbcs B PEXUMI
«3aIuC — BINTBOPEHHs: 3amucaHuii y mam'sti EMIT curHan mOBUTEHOTO CKOpOYEH-
Hsl/po3cnabaeH s M'A31B BIITBOPIOETHCS Y BUIJISAL MPOrPaMH €IEKTPOCTUMYIIALIT THX
camux M'sziB. 3armic EMIT curHamy BinOyBaeThCsl 32 YMOBH ITOJIONIAHHSI TIEBHOTO TIO-
pory. ToMy MoTHBALlisl Y TPEHYBaHHI M'sI3iB 32 III€F0 IPOrPaMOI0 XBOPOI a00 3710pOBOi
JFOJMHY (HAaIIPUKJIaj, CIIOPTCMEHA) TEX Biflirpae BayKJIMBY POJIb.

IIpoepamno-mexnonociunuii mooyne «biompenysanns». Meton — bionori-
yHUH 3BopoTHUH 3B's130Kk (B33), 30poBuii i CIyXoBHIi 32 €JIEKTPOMiIOTPaMoIo;
nporpama — «bioTperyBaHH» (pHC. 6). 3a Ii€I0 MPOrPaMOI0 MAIIEHT TPEHYE
JTOBUIbHI CKOPOYEHHS M's31B BIAMOBITHO IO BCTAHOBJIGHOTO MAIli€EHTOM a0o0 iH-
CTPYKTOpOM (JTiKapeM) TpeHyBanbHOro 3aBnanHi. EMIT curnan m'ssa, mo Tpe-
HYETHCSI, TIEPETBOPIOETHCS HA Bi3yalbHI Ta 3ByKOBI iH(pOpMaIliiiHi cUTHAIH, SKi
1HPOPMYIOTh Talli€HTa PO YCIINIHICTh 00 HEYCMIIIHICTh BUKOHAHHS TPEHYBa-
JIpHOTO 3aBAaHHs. Ilin yac TpeHyBaHHSA HOBUIPHHX PYXIB 32 LI€I0 MPOTrPaMoro
EMI' curHamu, siki XapakTepu3ylOTh M'SI30By aKTHUBHICTh NOBUIBHHX PYXIB,
CHPUIIMAIOTHCS MALi€HTOM Y BUIIIAI 30pOBHX 1 CIyX0OBHX 00pa3iB. A iHpopma-
MIWHAN TOTIK, IO HAJAXOAWUTH B IIEHTPAILHY HEPBOBY CHCTEMY, € adepPCHTHUM
CHUHTE30M CHUTHAJIB BiJl IPOIMPIOLENTUBHOI, CIYXOBOi, 30pOBOI CEHCOPHUX CHC-
teM. Lle 3abe3nedye akTHBaLil0 AOJATKOBUX MEXaHI3MiB 10 HEHpOHaNbHOI Ie-
pe0y10BH HOMIKOIPKEHOT MOTOPHOI 30HM KOPH I'OJIOBHOTO MO3KY. Y pasi BHKO-
pHUCTaHHA MeTOAy 0i0JIOT1YHOTO 3BOPOTHOTO 3B'SI3Ky MOTHUBALis Bilirpac BUHAT-
KOBY poiib y Tiporieci adepentHoro cuutesy. Ilporpamy «bioTpeHyBaHHS» 3a
MetosoM b33 3a3Buuail BUKOPHUCTOBYIOTH Ha OCTaHHIX eTanax peadimiTamii 1is
HaOMMKEHHS PyXiB HalieHTa 10 HOPMHU. BaXaMBuUM € Te, IO 1I0 OpOrpaMmy Mo-
’KHa BHKOPHMCTOBYBATH 3a HAsBHOCTI y MAlli€HTa IEBHUX IPOTUIIOKA3aHb IO
€JIEKTPOCTUMYJISILI, HATPUKIIA KapAi0CTUMYIISTOPA.

MeTtomonorisi, sKa MOETHY€E BUKOPUCTAHHS «eleKTpomiorpadivyHoro obpa-
3y» PyXy SK IpOrpaMu KepyBaHHs (IIpOrpaMHa eJIeKTPOCTUMYJISLIS 3a Iporpa-
Moo «/loHOp») 1 dopmainizoBaHoro iHpopMariitHOrOo 00pa3y pyxy, 0 SIKOTO
MMOBWHEH TMParHyTH TAI€HT, sIK MUIboBO1 PyHKIIT kepyBaHHs («IloporoBa emek-
Tpoctumyisanii, 633), cnpuse yrBOpeHHIO HOBUX YMOBHO PE(IEKTOPHUX KOM-
TUTEKCIB ]I TI€I0 K i3uuHUX, MaK i KOZHIMUGHUX BNIUGIE.
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AdepenrHa iHpopMaris Bix OBUIBHAX

PyxoBuit CKOPOYEHb M’sI3iB
aHaJi3aTop
3opoBwuii
aHaJi3aTop T
1
1
CrnyxoBuit 1
aHamizatop [ 1
1
1
*

1

1 JloBiibHI

1 CKOPOYeHHS % D D
1 ot
TPEHAP-02 Pt
IIporpama

"BioTpenyBanns"

EMI curHanu D0BiIBHHX
CKOPOYCHb M 513iB

Puc.6. CtpykTypHO-(DyHKIIOHAJIbHA MOJIENIb AKTHBAIIii MMOIIKOJHKEHOT
MOTOPHOi 30HH KOPH Ha BiJJHOBJICHHS KEPyBaHHsS pyXaMH 3a Mporpa-
Mmoo "BiorpenyBanus" (metoq — b33)

CmpykmypHo-(yHKUioHANbHA M0O0eb KEePYySaHHs pyxamu Ha 0a3i ana-
pamie TPEHAP ak 306Hiuinix KORMYpie KepyeanHa

Sk 30BHIITHI KOHTYpH KepyBaHHS pyXaMu, anapatd TpeHap MaloTh el1eKTpH-
YHUI Ta iHQOpMaLiiiHU 3B'I30K 3 M'3aMH, SKi KEPYIOTh, a TAKOXK €JIEKTPUIHHUH
Ta/abo iHpopMamiHHIH 3B'I30K 3 M'I3aMU, IKAMH KEPYIOTh, 3aJIS)KHO BiJl IIpOrpa-
MH TpeHyBaHHS (puc. 7). PisHOMaHiTHiCTH mporpam (opMyBaHHS/TPEHYBaHHS
pyxiB 3a0e3rnedye BHOIp MEPCOHATBHOI IPOTpaMH, KA € aJeKBaTHOK (PYHKIIOHA-
JILHOMY CTaHy PyXOBOi CUCTEMH TAIli€HTa, J03BOJISE 1HIUBIIyaTbHO HA KOXKHOMY
erami peaOiniTanii opraHizyBaTH MpoLeC TPEHyBaHHS, M0 HaWOUIbII eEeKTHBHO
MOO1LTI3ye pe3epBH OpraHizMy Ha BiTHOBJICHHs pyXiB. KoHremniiss romeocrasy
PYXOBOi CHCTEMH 1 MPHHIMIT 0i0JIOTIYHOI a/JIeKBaTHOCTI KEPYBAILHUX BILIMBIB
Ha KOKHOMY €Talli BiIHOBIIEHHS pyXOBUX (DYHKIIIH JTO3BONHIN CPOPMYITIOBATH
TOJIOBHY BHMOTY JIO 30BHIIIIHIX KOHTYDIB KEPyBaHHsS: BUKOHYBaTH POJIb BiJICYT-
HBOI JTaHKH Y (POpMYyBaHHI TOMEOCTa3y PyXOBOi CUCTEMH 3a Ti€l UM iHIIOI maro-
jorii pyxoBoi (QYHKIII i, B KIHIIEBOMY IiJICYMKY, OyTH 3ac000M BiTHOBJICHHS
rOMeOCTa3y — CTIHKOTO BUKOHAHHS (PYHKIIT pyXy.

Ha 6a3i 00po0OneHHs Ta MepeTBOpeHHs eJIeKTpOMiorpadiuHUX CUTHAJIB y 30-
pOBi 1 ciyXoBi iH(GOPMATHBHI CHTHATH OTPUMAJIa PO3BHTOK TEOPis «0Opa3HOTO
YCBiIOMJICHHS» M'A30BOi aKTMBHOCTI TAL[IEHTOM 32 IOMOMOTH 30pOBOTO 1 CIIyXOBO-
TO aHaJIi3aToOpiB KOPW TOJIOBHOTO MO3Ky. BHacmimok Takoro meperBopeHHs EMIT
CHUTHAITH, 10 XapaKTepU3yIOTh M'SI30By aKTUBHICTB IiJl YaC BUKOHAHHS PYXiB, SKi
3a3BMYail HEAOCTYITHI CBiZJOMOCTI, YCBIIOMITFOIOTHCS TAI[IEHTOM Y BHUTIISII 30POBUX
1 ciyxoBux iH(OpMaTHBHUX 00pa3iB. Lle 103BoJIsTE aKTUBYBATH JOJAATKOBI PE3EPBH
MOTOpHOI 00JIaCTi KOpY Ha BiIHOBIEHHs pyxoBHX (yHKUil. Bigomo, mo motopHa
00JIacTh K «UEHTPAIBGHUN amapar moOyJOBH PYXiB» € KOPTUKAIGHHM BiIUILIIOM
MPONPIOIENTUBHOI CEHCOPHOI CHCTEMH 1 OIHOYACHO MiCIeM KOHBEPTeHIIil MpoeK-
Il BiJ YCIX 1HIIMX CEHCOPHUX 30H KOPH.
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TPEHAP-01
JloBinbHI Ilpocpamna
CKOPOYCHHSL: enekmpocmu
mynaia:
T - Cunres
M’s3iB Incmpykmopa i
30pOBUX M’SI3iB A
Hayienma > JloHop @DopMyBaHHsI
BUMYILCHHUX Hayi
. > <
R R pyXiB enm 4
> Ilam’ate
A
M’s3i Ilayicnma, 1o ST
TPEHYIOThCS am ATh-
Ayto
MoHiTOpuHr
TPEHAP-02 »| JaCTOTH IyJIbCY
MosiTopuHr
Ilpozpamna yacrotu EMI'
L. enekmpocmumy
JloBinmbHI ARWiR:
CKOPOUCHHS:
N ssin B Cunres > dopmyBaHHS
S3iB ncmpy5<m_opa i BUMyIIEHIX
HIOPOBUX M’si3iB R R pyxis
Iayicnma »  Jlonop >
11 TpenyBanus
3 ; opozoea e
M’si3iB Hayienma, mo CIIBBIAHOUICHD
> ¢lIeKmpo- >  JoBimbHO-
TPEHYIOTBCS cmumyianin >
YAy BHUMYILICHHX
pyxiB
> FBionoziunuii
,3eop0mmm i Tpenysanus
36 A30K: 30posuil JIOBIIBHUX PYXiB J
ma cayxoeuii >

Puc. 7. Anapatu TPEHAP sik 30BHIIIIHI KOHTYpH KEPyBaHHS PyXaMH.
CrpyKTypHO-(pyHKIIOHAIEHA MOJIEITH

Taxi nmporpamu sik «JloHOp» (32 paxyHOK MIKMIBKYJIOBOi B3aemosii) abo
«IToporoBa ctuMysIIis (O€3MOCEPETHBO) «TOTYIOTH» 1 POOJIATH MOMIKOKEHY
MOTOpPHY 30HY OUIBII CHPUHHSATIMBOIO JO KEPYIOUMX BIUIMBIB, ITiJCHIIOIOTH
e(exkTUBHICTH aepeHTallii Sk OCHOBHOTO crioco0y (opMyBaHHS HOBOI pediiek-
TOPHOI CHCTEMH CYNPACIHHAIHHOIO KOHTPOIIO PYXiB 3aMiCTh BTpadeHOro abo
cnotBopenoro mnarosoriero. Ilporpamu «Jonop», «Ilopir» i «bioTpenyBanH»
nependavaroTh aKTHBHY Y4acTb IAIli€eHTA B TPEHYBaHHI, J03BOJIAIOTh YHHKATH
MOHOTOHHHUX TMPOLEIYP, CAMOCTIHHO THYYKO 3MIHIOBATH PUTM 1 IHTCHCHBHICTb
PYXiB, SIKi TPEHYIOTBCS, MOCTYIOBO YCKJIQJHIOBATH TPEHYBAJIbHE 3aBJIaHHS.

OCHOBY ITX IMPOTPaM CTAHOBHUTH «eJIeKTpoMiorpadidauii 00pa3» M'sS30BOr0
CKOPOUEHHS, SIKMi BUKOHY€ Pi3Hi (yHKIii. Floro BHKOPHCTOBYIOTH SIK JETEKTOD
CTaHy M'S30BO1 aKTUBHOCTI (HOpMa, TIATOJIOTis) IMiJ] YaC BUKOHAHHS MPUMYCOBUX
1 JOBUJIBHUX M'SA30BHUX CKOPOUYE€Hb, MOJIENb (TIporpamy) (GOopMyBaHHS MPHMYCO-
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BHX 1 JJOBUTHHUX M'S30BHX CKOPOYCHb, MOJEIh KOMIUIEKCHOI aKTUBAIIlii CEHCOp-
HUX 30H KOPH TOJIOBHOTO MO3KY — MPOIPIONENTUBHOI, 30pOBOi Ta CIyXOBOi.
KepyBaHHs BiTHOBIEHHSIM pyXoBHX (QyHKIIN Ha 0a3i amapartiB « Tpenap» 3amo-
BOJIBHSIE TOJIOBHAM TIPUHITATIAM pealiTiTallii: paHHii MOYaToOK; CHCTEMAaTHIHICTh
1 TPUBAIICTh; aJIeKBAaTHICTh peabimiTaliiiHuX 3aX0IiB HAa KOXKHOMY €Talli; aKTHB-
Ha y4JacTh MaIli€eHTa y peadutiTarifHoMy mmpoIieci.

Amnapatu TPEHAP-01 i TPEHAP-02 Baeceno no JlepkaBHOTO peecTpy Me-
JMYHOI TEXHIKU Ta BUPOOIB METMYHOTO IPH3HAYEHHS, JO3BOJICHI Ul BUKOPHC-
TaHHA B KJITIHIYHIA TpaKkTUIll Ha TepuTopii YKpainu. BeebGiuna kimiHigHA arpoba-
1is anmapatiB y 17 KIIHIYHHX 1 030POBYHMX yCTaHOBaX Pi3HUX PETrioHIB YKpaiHH
MiATBEpANIIA IXHIO ePeKTUBHICTh I BiTHOBICHHS PYXOBHX (PYHKIIH y mHOpoOC-
nux 1 gited (moHax 15 000 naiieHTiB).

PESYNLTATH CYYACHMX JLOCTI[IKEHD.
THOOPMALIAHA TEXHONOTIA NEPCOHANbHOIO BIAHOBNEHHA
YCHOr0 MOBNEHHA HA bA3I TPEHYBAHD TOHKOI MOTOPHKM KHCTI

3B'30K PyXOBUX i MOBJICHHEBUX (DYHKIIiH, BeTMYMHA MPOEKIIii KUCTI, i1 OJM3bKICTh
JI0O MOTOPHOI MOBJICHHEBOI 30HM, NO3UTUBHHUH BIUIMB TPEHYBaHHS PyXiB HajblLiB
PYK Ha PO3BUTOK MOBJICHHSI AUTHHH CKJIAJIA TEOPETUYHY TIEPEIyMOBY pO3pOOICHHS
HOBOTO METOJy 1 TEXHOJIOTii EPCOHATIBHOTO BiJHOBJIEHHS MOTOPHOTO KOMIIOHEHTa
MOBJIEHHsI Ha 0a3i TpeHyBaHb TOHKOI MOTOPHKH KHCTi y XBOPHX IICIIS 1HCYJBTY 3
MOPYIIEHHSIMH MOBJICHHSI 32 THUIIOM MOTOPHOI a0 MOTOPHO-CEHCOPHOI adasii Ta
MOPYLIEHHSMH PYXOBHX (QYHKLIH 32 THIIOM Teminapesy [12—14].

TexHooTis BiTHOBIEHHS MOBJICHHEBUX (DYHKIIIH BUKOPHUCTOBYE METOIH 1 TIPO-
TpaMH TPEHyBaHb KHCTI i TAJBIIIB, SKI HaJa€e armapaTHoO-TiporpamMumnii komruieke TPE-
HAP®. Pyxu nanbliB pyk JUis TpeHYBaHHS BUOMPAIOTHCS 33 KPUTEPIMH PO3BUTKY
JpiOHOT MOTOPUKH KWCTI B OHTOT€HE3i, JOCTYIy Tiepefadi CUTHAIIB eIeKTPOCTHMY-
TSI BiMOBITHAM M's13aM 32 JIOTIOMOTH TIOBEPXHEBUX EIIEKTPOIB, CTAaHy PYXiB KHCTI
Ta MAIBILIB Micis HCYNLTY [15]. TexHosoriI0 peanizye KOMITIOTEpHHUH TPOTrpaMHO-
anapaTHU KOMIUIEKC TePCOHANBHOro BimHOBIeHHS MoBieHHA «[IPOMOBA-1»
(Puc. 8). LleHTpabHOIO JTaHKOIO KOMILIEKCY € TEXHIYHA CUCTEMA, SIKA CKIIaJaeThCs 3
JIBOX KOMITOHEHTIB: €JICKTPOHHI arapaty kepyBanHs pyxamu Tpenap-01 i Tpenap-02,
3a JOTIOMOTH SIKMX BiIOYBa€ThCsl TPEHYBaHHS PYXiB TOHKOT MOTOPUKH YPasKeHOI KUC-
Ti 1 maJBIB, 1 iHpOPMAIIHIN KOMITOHEHT — CIIEIiali30BaHUI TIPOrPaMHUI MOJTYITh
«ProMova 1.0», skuit pearizoBatno B apxitekTypi I1K. BximrodeHHS B TEXHIUHY CHC-
TeMy 1H(GOpPMaIIHOr0 KOMITOHEHTa 3yMOBJICHO TPOOJIEMOIO OaraToKpHUTepiaIbHOTO
BHOOpY MapaMeTpiB TpeHyBaHb, SIKi 3AIHCHIOE JiKap MiJ Yac opraHizauil iHIuBigya-
JILHOTO X0y IO peadimiTartii.

BusHaueHHs mapameTpiB MEepCOHAIBHOTO peaduTiTalifHOro Kypcy TpeHy-
BaHHS PYXiB KUCTI 1 MaNbIIB JJIs BIJIHOBJICHHS MOBJICHHS 0a3yeThCs Ha pO3po0-
JICHUX KpPUTEPisiX, BUPILIYBAIBHUX IMPaBWIAaX 3a CIHCLIAIBHUMH aJrOPUTMaMH
[15-16]. CnemianizoBaHuii IporpaMHUil MOIYJIh 3a0e3medye opraHizairo iH}o-
pMaLifHO-KOHCYIBTALIHOT JONOMOTH AJIS/MiJ Yac IUIaHYBaHHSA 1 MPOBEAEHHS
3aXO/iB 3 BIIHOBJICHHS MOBJICHHS.

Kiinigaa ampoOartisi KOMITIOTEPHOTO KOMIUIEKCY TIEPCOHATBHOTO BiHOBIICHHS
MoBiieHHs1 «[[POMOBA-1» y XxBopux micist iHCYyNIbTY Ha 0a3i HEBPOJIOTiYHOTO BifIi-
nennst Nel KuiBcbkoi Micbkoi KiiHiUHOT Jikapai Ne3 (puc. 9) mokasaina, o nporneHT
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MOKPAILEHb MOBJICHHEBUX (DYHKIIIM Y XBOPUX MIC/Is IHCYABTY (MOTOpHA adasis, mpa-
BOOIYHMIA reminape3) pocsrae 74 % mpotu 6azoBoro kypcy — 41 % (puc. 9).

KinpkicHe ekcripec-omiHIOBaHHS MOTOPHUX i CEHCOPHHUX MOPYIIIEHbh MOBJIICHHS
[17], sike BU3HAYAE BiAHOBIICHHSI YCHOTO MOBJICHHS HABITH B MEKaX HEBEIHKOI T10-
3UTHUBHOI AWHAMIKHY, ATBEPAWIIO OUThIy e(eKTUBHICTH BiJIHOBICHHS y TIAIli€HTIB
B PaHHBOMY TIEpiofi peadimitarii (o0 6 MicCAIiB Ticys iHCYNBTY) Ta y pa3i TpeHy-
BaHHS PYXiB TOHKOT MOTOPHKH KHCTi 3a TIPOTPaMoro «J{oHOp».

PosrnsHyTa oprasizariisi KepyBaHHs pyXaMU TOHKOT MOTOPUKH KHCTI JUIS BiJTHO-
BIICHHS MOBJICHHS Y XBOPHX 3 PyXOBHMH MOPYIICHHAMH 32 THIIOM remimnapesy i mo-
PYLICHHSMU MOBJICHHS 332 TUIIOM MOTOPHOI a0 MOTOpPHO-CEHCOpHOI adasii € mpu-
KJIa7I0M OpraHi3ailii iHTEeJIeKTYaJbHOI0 KePYyBaHHS BIJIHOBJICHHSIM IATOJIOTIYHO 3Mi-
HeHol (yHKUil, B JaHOMY BHIaJIKy YCHOTO MOBJICHHSI, Ha 0a3i 30BHIIIHEOTO KOHTYPY
KepyBaHHs pyXaMH KHCTi. TakuM 30BHILIHIM KOHTYPOM € KOMIT FOTepHHUI pOrpam-
HO-arapaTHU KOMIUIEKC TIEPCOHAIBLHOTO BimHOBIeHHS MOBIeHHT «[IPOMOBA-1»
Ha 0a3i TpeHyBaHb JPiOHOT MOTOPHKH YPaKEHOI KHCTI, BIJTHOBJICHHS PYXiB SIKOT OI1O-
CEpEeIKOBAaHO BIUIMBAE HA BiIHOBJIEHHS MOBJICHHSI.

TEXHIYHA CUCTEMA

Cneuianiso- Anapatu
ONEPATOP [ Torounm BaHuI TpeHap ||nepconanbhi
cTaH nporpamMHum nporpamu NAUIEHT

nauieHTa moaynb MioHeWpo-

cTumynauii
IHAMBIOYyanbHUNY
nnaH Kypcy
peabinitauii

YcTaHoBKa nepcoHarnbHWX nporpam
Ta napameTpiB MiOHenpocTUMynsuji

PesynbTat TecTyBaHHA nauieHTa

TecTyBaHHA NOTOYHOrO CTaHy natlieHTa

Puc. 8. CtpyKTypHO-QyHKILIOHAIbHA MOJIETH KOMII I0TEPOr0 IPOrpaMHO-aapaTHOIO
KOMIDICKCY TTEPCOHAIBHOTO BiTHOBJICHHS MOBJIeHHs! «[[POMOBA-1%»

Puc. 9. Ceanc TpeHyBaHHS pyXiB KUCTI 3a rporpamamiu: a) «JloHop», 0) «CunTres»
IS BimHOBIIEHHS MoBIieHHS (MoTopHa adasis. [TpaBoGiunuit reminapes).
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3a3HauUMO MOKA3HUKU IHTEJICKTYyaJIbHOTO KEpyBaHHS BIJIHOBJICHHSM yCHO-
TO MOBJICHHS MiCHS iHCYJBTY.

- €aHicTh cuTyaniiiHoi Ta KiHleBoi MeTH. CHTyalliifHa MeTa 3aJIeKUTh Bij
HEBPOJIOTIYHOTO CTATyCy IAIli€HTa, CTaHy HOTo PyXOBUX (DYHKIIIH, SKI BH3HA-
YarTh 1HAWBIAyaIbHUH TUIaH peabuTITAI[IIHOrO KypCy: METO, MporpamMy, napa-
METpH 1 perJIaMeHT TpeHyBaHHA PyXiB kucTi. KiHnieBa MeTa — 11 1 BiTHOBJICHHS
PYXiB KHUCTI, 1 BIAHOBIIEHHS MOTOPHOTO KOMIIOHEHTY MOBJICHHS.

- BriroueHHS B TEXHIUHY CHCTEMY IPOTrPaMHO-aapaTHOTO KOMILIEKCY Tie-
pcoHanbHOTO BinmHOBIEeHHST MoBieHHS «[[POMOBA-1» indopmauiiiHoro xom-
MMOHEHTY — CIIeNiali30BaHoro ImporpamMHoro Moayis «ProMova 1.0» mist Bupi-
HICHHS MPOoOJieMH 0araToOKpUTepiallbkHOrO BUOOPY MapamMeTpiB TpeHYBaHb TOHKOT
MOTOPHKH KHCTi JUIS BITHOBJICHHSI YCHOTO MOBJICHHS, SIKi 3JIHCHIOE JiKap Mij
Yyac oprasizarlii iHIuBIAyaIbHOTO MAX0MYy 0 peadimTarii.

NEPCNEKTUBHI JLOCMIAMEHHA

['0J10BHOIO METOIO Cy4acHHX JOCIHIIKEHb, PO3PaXx0BaHUX Ha OJIMKHIO 1 AaJIbHIO
MIEPCIIEKTUBY, € IIBUIICHHA €(PEeKTHBHOCTI CTBOPEHHMX 1 HOBUX TEXHOJOTIH
MIarHOCTUKY 1 peabimiTarii M’ s30BUX, MOBJICHHEBUX Ta IHIMUX (GYHKINN, SKi
MAaIOTh 3B'SI30K 3 M’SI30BHMH, 33 PaXyHOK HaOJNMKEHHS TEXHOJIOTIH JI0 MaIieHTa,
3a0e3MevYeHHs 1HAUBILyaTIbHOTO MiAX0ny A0 pealimitalii, OTpUMaHHs OmepaTH-
BHOI iH(opMaIii mpo cTaH narieHTa, GopMyBaHHS IHAUBIAYaTbHUX TIAHIB BifI-
HOBHOT'O JIIKyBaHHSI/KOPETyBaHHS MOLIKOKSHHUX MATOJIOTIEr0 (QYHKIIH, 3pydHO-
CTI MacoBOI'0 BUKOPHCTaHHS CTBOPEHUX TEXHOJOTIH.

JocaimkeHHs, SKi CIPSIMOBAHO HAa CHHIME3 MeXHO102ii MoOinbHOT inghop-
MayiiinO-KOHCYAbMayiitnoi 00nomozu aikapio y 0iazHoCmuyi Cmany pyxoeux
i MoseHHEBUX YHKYIT, HOWKOOIHCEHUX NAMOJI02icI0, ma POPMYBaAHHA IHOU-
gidyanvHux niaanie peadinimauii yux Qynkuyii, nependadaoTh po3poOICHHS
HOBUX METOIMK KUTBKICHOTO OITIHFOBAHHS Ne(IIUTY PYXOBUX 1 MOBJICHHEBHX (DyH-
KU y XBOPUX MICI iHCYNBTY, alTOPUTMIB, KPUTEPIiB, BUPINIYBATEHUX MPaBUI
(opMyBaHHS 1HOMBITYaJIbHOTO TUIAHY peadiiTawii pyxiB i ycHOTO MOBJICHHS Ha
0a3i KUTbKICHMX XapaKTePUCTHK TIUOWHH PYXOBUX I MOBIICHHEBHUX IOPYIICHB,
PO3pO0IIeHHS MOOUTBFHOTO CIEMiali30BaHOTO MPOrPAMHOTO MOJIYIIO, SIKHHA (yH-
KLUiOHye Ha cMapTQOHI/IIaHIIeTI g  OmepaTHBHOI  iH(poOpMaLiiiHO-
KOHCYJIbTAIIHHOI TOTIOMOTH JIiKapio y AiarHOCTHIII Ta peabiiiTamii pyxiB i yCHO-
T0 MOBJICHHS. B 1TbOMy HanpsMy BKe OTpHMaHO Tepiri pe3ynbrata [18, 19].

Cunme3 mexHon02iil KepyeanHs AKMUGHICMIO M'A316 011 6UKOHAHHA KO-
O0pOUHOBAHUX PYXi6, METOJNIB 1 3aC00IB iHOUGIdyanbHO20 (hopmysanns cknao-
HUX KOOPOUHOGAHUX pyXié Kinyieox Ha 0a3i OaraToKaHAIBHUX MPOTPAMHUX
MiO€IEeKTPOCTHMYJIISITOPIB Tiepenoayac po3poOieHHs THYYKO1 apXiTeKTypHu IITY-
YHOTO CHHTE3y aKTHBHUX (a3 3alydeHHS M’s3iB y BUKOHAHHs CKJIAIHOTO PyXy
Ta CTBOPEHHs 3pYYHOTO iHTepdeiicy, Ha sKOMy BimoOpaxkaeTbcs chopMoBaHa
nporpaMa (MoJiesib) pyxy AJIsl IOTIOMOTH OIEpaTopy 1 MallieHTy MPOBOJIUTH iH-
JUBiTyaJbHE BIINPALIOBaHHS OKPEMHUX aKTUBHHX (a3 M’S30BOi aKTUBHOCTI Y
CTPYKTYPI CKJIaAHOTO KOOPINHOBAHOTO PYyXY.

Bionoene nikysanus i npoginaxmuka oegpexmie nocmasu, K OIHIET 3
HalaKTyaJ bHIIIKUX MPOOJIEM Cy4YacHOI opTomeaii, nmepeadayae po3po0IeHHS HO-
BOT TEXHOJIOTIi JIarHOCTUKH Ta IHJMBIAyaJIbHOT KOpPEKIii Ne)eKTiB MOCTaBH Ha
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0a3l BHKOPHUCTAaHHS JIBOX METOJIB KOpEKIii — Oi0JIOTIYHOTO0 3BOPOTHOTO
3B’SI3KYy 1 IPOTPaMHOi eIeKTpoCcTUMYJIALii. Lle Hagae MOXKIUBICTD 3alisTH 101a-
TKOBI pe3epBH OpraHizMy A0 (GOpMyBaHHsS CHMETPHYHOI aKTUBHOCTI (CHMETpHY-
HOTO TOHYCY) M'SI3iB CIIMHH 3a PaxXyHOK KOMIUTIEKCHOI ad)epeHTarlii: 30poBoi,
CIIyXOBOI 1 MPONPiONENTHBHOI.

Po3risiHyTO €BOMIOLiI0 CHHTE3y OIOTEXHIYHMX CHCTEM KEPYBaHHS pyXaMu 5K
30BHIIIHIX KOHTYpPiB KepyBaHHA: Bigkputux tiimy « MIOTOH», aganTuBHuX, sKi
MaroTh 3BOpoTHI 3B's3ku Uy « MIOCTUMVYJI», a Takok HOBHUH KJIac €JIEKTPo-
HHUX arnapariB MHQPPOBOT METUITMHN — MEPCOHATLHUX, 010JIOTIYHO aJcKBAaTHUX,
tunry TPEHAP®.

Amnaparu OioenektpuaHoro kepyBaHHs pyxamu «MIOTOH» — me meprri
amapard, B SKAX BHKOPHCTOBYBAJIM IPOTpaMOBaHy OaraTOKaHaJbHY EJIEKTpPO-
CTHMYJISILIII0 HEPBOBO-M'I30BOr0 KOMIUIEKCY 3a MpOorpaMaMH y BUTJISIII Hepe-
TBOPEHUX eJICKTpoMiorpadiYHIX CHUTHAIIB OJHOWMEHHHMX M'sI3iB 1HIIOT JIFOTUHU.
VY noenHaHHI 3 OaraToKaHAIBHICTIO 1€ JaJ0 3MOTY HaB'SI3yBaTH PyXH, ONM3bKi
JI0 TIPUPOJHHX, 1 TIOKPAIIyBaTH BiTHOBIEHHS PYXOBUX (DYHKIIH IiCIS Ba)XKKUX
3aXBOPIOBaHb IIEHTPAIBHOI 1 TeprQepruuHOi HEPBOBOT CUCTEMHU.

Beenenns 3B0poTHUX 3BI3KiB B anaparty kepyBaHHs pyxamu «MIOCTUMYVYJI» 3
aBTOMATHYHOTO PETYIIIOBAHHS TMHAMIYHOTO JTialla30Hy CHTHATY CTUMYJBIi, aBTO-
MaTHYHOTO 3MEHILICHHS PiBHsI a00 BIKIIOYEHHS CUTHATY CTHMYJIALLI y pa3i BTOMH
M'S3IB BHACIIJIOK TPEHYBAJIBHUX IPOIEAYP [aj0 3MOTY IiJABWIIUTH BiIIIOBITHICTH
HaB'S3aHOTO PyXy MPOrPaMHOMY 1 YHUKHYTH BKJTFOUCHHSI 3aXFCHHX PEAKIIii opraHiz-
MY, SIKI MOXKYTh CHOTBOPHUTH IITYYHO BUKJIMKaHY a)epeHTallilo y pa3i MepeBUILICHHS
PIBHS EJIEKTPOCTUMYJISIIII. Pery moBaHHsS TMHAMIYHOTO Jiama30Hy CUTHAITY CTHMYJISI-
1i{ JIOIIBHO HE TUIBKK 3 METOK BiTHOBJICHHS PyXOBUX (DYHKINH, aje i B Crieliaib-
HUX 3aBJIAHHSX JIIHIHHOTO KepyBaHHSI.

I'onoBHOIO mepeBaror HOBOI'O Kilacy €IEKTPOHHUX amapartiB HU(PoBOi Me-
auuan TPEHAP® € MokiuBicTs OpraHi3yBaTH 1HIUBIAyalbHH, 0I0IOTIYHO
aNeKBaTHUN TIIXIM 10 BITHOBJICHHS PyXOBUX 1 MOBJICHHEBHX (PYHKITIH 3aJI€KHO
BiJl BUJY, INIMOMHM MATOJIOTII 1 eTamy peaOumitarii. [HIUBIyadIbHUNA MiIXiT 10
aKTUBaIlil TOaTKOBUX PE3epBiB MO3KOBOI MisIIFHOCTI HA BIAHOBJICHHS MOpPYIIe-
HUX PYXOBHX (DYHKLIH IOCATA€THCS 332 PaXyHOK BUKOPHCTaHHS OPUIiHAJIBHUX
nporpaM (OpMyBaHHS M'SI30BHX PYXiB, OCHOBaHMX Ha pi3HMX MeTomax. Ilpo-
rpamu «Jlonop», «Ilopir», «bioTpeHyBaHHS» mependavalOTh aKTUBHY Y4acTb
NalieHTa B TPEHYBaHHI, HAJJAI0Th MOMJIMBICTh YHUKATH MOHOTOHHUX IIPOIIEIYD,
CaMOCTIHHO THYYKO IepeOyIoBYyBaTH PHUTM 1 00’€M pyXiB, IO TPEHYIOTHCH,
MTOCTYIIOBO YCKIIATHIOBATH TPEHYBAJIbHE 3aBAaHHs. Bce 1me cripusie peabimitarii.

Ha 6a3i oOpoOsieHHsI 1 TiepeTBOpeHHsI eNeKTpoMiorpadiyHUX CHTHAJIB B
30pOBi 1 CIyXOBi iH(OPMATHBHI CUTHAIHM OTPHMaJia PO3BUTOK TEOPist «0Opa3HO-
TO YCBiJOMJICHHS» M'SI30BOi aKTHBHOCTI 30pPOBUM 1 CIyXOBHM aHali3aTopamu
KOpU TOJIOBHOTO MO3KY, IO HAJal0 MOXIHUBICTb 3aJisiTH JOJATKOBI Pe3epBH
OpraHi3My Ha BiTHOBJICHHS M’ S30BHX (DYHKITIH.

OpuriHanbHa TEXHOJIOTIS MEPCOHAIBHOTO BiIHOBJICHHS YCHOT'O MOBJICHHS
Ha 0a3i TpeHyBaHb TOHKOI MOTOPUKH KHCTI y XBOPHX IICJS IHCYJBTY 3 IOpY-
IICHHSIMHU MOBJICHHS 33 TUIIOM MOTOPHOI a00 MOTOPHO-CEHCOPHOI adasii Ta mo-
PYLICHHSAMH PyXOBHX (YHKIIH 3a THUIIOM remimapesy, sKy pealizoBaHo Ha 0asi
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KOMITFOTEPHOTO TIporpaMHoO-anapatHoro komiuiekcy «[IPOMOBA-1», TpeHy-
BaHHS PO3IIMPEHOI raMU PyXiB KUCTI i MabliB pyk 3a TexHonoriero TPEHAP®,
SIKi BPaXOBYIOTh OHTOT€HETHYHHUI 3B'I30K PO3BUTKY PYXiB KHCTi i yCHOTO MOB-
JIEHHS, BKIIIOYEeHHS B KoMmm'toTepaui Komruiekec «[IPOMOBA-1» crerianizoBa-
HOro mporpaMmHoro mMoaynsa «ProMova 1.0», skuii Bukonye ¢yHkuii iHpopmaTu-
BHO-KOHCYJIBTAIIHOT JOTIOMOTH JIIKapIo MiJ Jac MPOBEACHHS peadimiTariianx
3ax0/IiB 3 BIJIHOBJICHHS YCHOT'O MOBJICHHSI YMOXJIMBUJIO OpraHi3allito iHauBiIya-
JBHOTO MIiAXiMy 1 miABUIEHAS eEeKTHBHOCTI BiJHOBIICHHS Y MOPIBHSHHI 3 0a30-
BHM KypCOM pealimitarii.

KepyBanus pyxamu Ha 0a3i eeKTPOHHHX CHCTEM SK 30BHIIIHIX KOHTYDIB,
0 BUKOHYIOTH Y BIIACHIHM CHCTEMi poOJIb BiJCYTHBOI JIAaHKH 1/a00 10IaTKOBOTO
KOHTYPY B peryJisuii pyxiB, Jae 3MOTy IJIECHPSIMOBAHO BiJHOBIIIOBATH PYXOBi
¢yHKIT a00 omocepenKoBaHO BIUIMBATH HA iHIII, HANIPUKIAJ yYCHE MOBJICHHS,
SIK€ MA€ 3B'S30K 3 PYXOBUMH.

Opranizanisi KepyBaHHS BiTHOBJICHHSIM PYXOBUX 1 MOBICHHEBUX (YHKLIH
Ha 0a3i 30BHINIHIX KOHTYPIB, POJIb IKUX BUKOHYIOTH amapatu TPEHAP, € mpu-
KJIaJIoOM HOBOTO MIKIMCUUIUTIHAPHOTO HANpsMYy B KepyBaHHI (i3ionoriyHumu,
30KpeMa PyXOBHMH 1 MOBJIEHHEBUMHU (DYHKIISIMH, sIKE 3'SIBUJIOCS] HA CTHKY Kibe-
pHETUKH, iHPOPMATHKH, HEHPOOI0IOTii, MEIUITMHM, Ta € IPUKIATOM IHTEICKTY-
aIbHOTO KepYBaHHS BiTHOBJIEHHSM IaTOJOTIYHO 3MiHEHHX (QYHKIiH, opraHizo-
BaHOTO Ha OCHOBI MeTUKO-(Di3i10JIOTIYHHX 1 TEXHIYHUX 3HAHB.

CyuacHi JOCHIKCHHS, PO3paxoBaHi Ha OJWKHIO 1 JAbHIO MEPCIEKTURY,
CHPSIMOBAaHO Ha MOAAIBLINKA PO3BUTOK TAKUX MPIOPUTETHUX HANpPsIMIB Y MeIu-
[IAHI, K 1HAUBIAyaTHUH TiAXiM A0 JiKyBaHHS, H(poBa MEIUITMHA, MOOITHHE
300pOB’sl Ha 0a3i HOBUX IH(QOPMAIIHUX TeXHOJOTiH. MOOIIBHICTE CTBOPIOE
YMOBH /Il MACOBOTO BHKOPHCTaHHS IHHOBAIIMHUX TEXHOJOTiH, HAOIMKy€e HOBI
TEXHOJIOTT IO Mali€eHTa.
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3aB. OTJ[. OMOAIEKTPHIECKOTO YIPABICHNS U MEAUITHHCKOH KHOSPHETHKI
e-mail: vovk@irtc.org.ua; imvovk3940@gmail.com

MexayHapoIHBIH HAyYHO-YUEOHBIH LIEHTP

uH(opmaroHHsIX TexHonoruit u cucreM HAH Ykpaunst u MOH Ykpaunsl,
n-kT Akagemuka [mymxosa, 40, r. Kues, 03680 I'CII, Ykpanna

NHOOPMAIMOHHAS TEXHOJIOI'MA YIIPABJIEHWS JBMKEHHUAMMN.
OBOJIIOIUSA CUHTE3A U ITEPCIIEKTHUBBI PA3BUTIA

OBoJronusl CUHTE3a TEXHOJOTUH OHOBJIEKTPUYECKOIO YIPABICHUS [BIKCHUSMU 4YEIOBEKa
IIPEJICTaBJIEHa B aHAIN3€ HECKOJIBKUX MOKOJIEHMH MPOrpPaMMHBIX MUOEIEKTPOCTHMYIIATOPOB
tuna «MUOTOH», «MUOCTUMYVYJI» u HOBOro kiacca ammnaparoB HH(POBOH MeTUIIMHBI
TPEHAP". OcoGeHHOCTBIO 9THX anmnapaToB SBISETCS HCHONb30BaHHUE CIIEIMAIbHO 00pabo-
TaHHBIX 3IekTpomuorpapudeckux (OMI) curHamoB B KadecTBE NPOTpaMM YIPaBICHHSI
CUTHAJaMH 3JIEKTPOCTUMYJIAIMU ¥ OOpaTHOH CBsI3U. PacCMOTpeHB! NPUHIMIIBI, KPUTEPUH,
METO/BI, TIPOTPaMMEI, Ha 0a3e KOTOPBIX CHHTE3HNPOBAHA MHHOBAIMOHHAS TEXHOJIOTHSA IepCo-
HaJIbHOM TPEHUPOBKU / BOCCTAHOBJIEHUS JIBIDKCHUI TPEHAP". IIpencraBnen kKoMIbrOTEp-
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Ingpopmayitina mexnonoeis kepysanns pyxamu. Eontoyis cunme3sy i nepcnexmugu po36umky.

HBIM TporpammHo-anmnapaTHeiii kKomruieke «[IPOMOBA-1», xoTopblii peannsyeT HOBYIO
TEXHOJIOTHIO II€PCOHAIBHOIO0 BOCCTAHOBJICHHUSI YCTHOW pedH y OOJBHBIX IOCIE MHCYJIbTa Ha
6aze OpUIMHAIBHBIX METOAUK TPEHUPOBOK TOHKOM MOTOPHMKH KHCTH. [lepcrieKTHBHBIE HCC-
JIeIOBaHUSl  HANpaBICHbl HAa CHHTE3 TEXHOJOTMH MOOWJIBHOH  WH(OPMAIMOHHO-
KOHCYJIbTAIHOHHOW TTOMOIIM Bpady B IHATHOCTHKE Ae(DUINTA IBUTATENBHBIX M PEUEBBIX
(yHKUMH U GOPMHUPOBAHMM WHAWBUAYAIBHBIX IJIAHOB peaOWIMTAIMM, HA CUHTE3 TEXHOJIO-
THH YIpaBJIeHHUs COTJIACOBAHHOW aKTHBHOCTBHIO MBIIII BO BPEMs BBITOJHEHUSI KOOPAUHHUPO-
BaHHbIX JBIKCHUH 1 BOCCTAHOBUTEIBHOTO JICUeHHs A1e(DEKTOB OCAHKHU.

Kniouesvie cnosa: buosnexmpuueckoe ynpasienie, Osuxicenue, pedb, KOOPOUHAYUsL, OCAHKA,
NePCOHANbHASL PeabUIUmMayus, Memoobsl, NPOSPAMMbL,, MUOILEKMPOCTIUMYIAYUS, YUPDPOB8aAsL
Meouyuna.

Vovk M.1., PhD (Biology), Senior Researcher,

Head of Bioelectrical Control & Medical Cybernetics Department
e-mail: vovk@irtc.org.ua; imvovk3940@gmail.com

International Research and Training Center for Information Technologies
and Systems of the National Academy of Sciences of Ukraine

and Ministry of Education and Science of Ukraine,

Acad. Glushkov av., 40, Kiev, 03187, Ukraine

INFORMATION TECHNOLOGY OF MOVEMENT CONTROL.
EVOLUTION OF SYNTHESIS AND DEVELOPMENT PROSPECTS

Introduction. Movement training is one of the main factors to mobilize person’s reserves for
movement restoration

The purpose of the article is to consider the theoretical and technological bases of the
evolution of synthesis of biotechnical systems for motion control, to show the role of new
information technologies and means of digital medicine in the synthesis of systems for
personal control of movements for the restoration of motor and speech functions that are
affected by pathology.

Results. The evolution of the synthesis of technologies of bioelectric control of human
movements is given in the analysis of several generations of programmed muscle elec-
trostimulators such as MIOTON, MIOSTIMUL and the new class of digital medicine devices
TRENAR". The main feature of these devices is the use of specially processed electromyog-
raphic (EMG) signals as programs to control signals of electrical stimulation and feedback.
The principles, criteria, methods, programs, on the basis of which the innovative technology
of personal training / restoration of movements TRENAR" is synthesized are considered. The
computer program-apparatus complex "PROMOVA-1" is presented, that implements new
technology of personal reconstruction of oral speech after a stroke based on the original tech-
niques of fine motor hand training. Prospective studies are aimed at the synthesis of mobile
informational and consulting assistance to the doctor in diagnosing the deficit of motor and
speech functions and the formation of individual rehabilitation plans; at the synthesis of tech-
nologies to control muscle activity coordination during the performance of coordinated
movements and rehabilitation treatment of posture defects.

Conclusion. Current researches are aimed at the further development of such priority
areas in medicine as an individual approach to treatment, digital medicine, mobile health
based on new information technologies.

Keywords: bioelectric control, movement, speech, coordination, posture, personal
rehabilitation, methods, programs, myelectrostimulation, digital medicine.
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Huthopmauonnbie
coooujenus

Jlo 100-pivya axapemixa HAH Ykpainu
bOPMCA CBIEHOBMYA NATOHA

27 mucromama 2018 p. BumoBHMIOCS 100 pOKiB BHUAATHOMY BUCHOMY
B Taily3i 3BaploBaHHs, MeTanmyprii i TexHojorii merani, Ilpesupenty HAH
Vkpainu (3 1962), nupextopy IHCTHTYTYy €JEKTpO3BaprOBaHHS iMEHi
€.0. [Tarora HAHY (3 1953) bopucy €Brenosuuy IlaTony.

dyHnameHnTanbHi gociimkenHs b.€. [latona Ta #oro y4yHiB B rainy3i B3ae-
MOJi1 3BapIOBANBbHUX JKEPEN HarpiBy 3 pO3IUIaBICHUM METAIOM CTalld OCHOBOIO
CTBOpPEHHS HOBOI Tally3i MeTalyprii — CHemiaabHOi eleKTpoMeTanyprii. Aka-
neMik b.€. [latoH mepmuM 1movaB i pO3BHHYB JOCITIKEHHS 3 BUKOPUCTAHHSI
3BapIOBABHHUX MPOIIECIB B KOCMIYHHX TEXHOJIOTISX, sIKi OYJIO YCIIIIHO 3aCTOCO-
BaHO KOCMOHABTAMH ITiJl Yac OpOiTaThbHUX MOJBOTIB KOPAOIIiB i 32 yMOB BiJIKpH-
TOTO KOCMOCY. BiH 3ampomnoHyBaB i OYONHMB MacIITa0HI JOCTIKEHHS MO0
BUKOPHUCTaHHSI 3BapIOBAILHIX TEXHOJIOTIH B JIKYBalIbHO-XIpYPTiYHIN TPAKTHIIL.

Bopuc €srenosuy Ilaton € aBTopoM i cmiBaBTOpoM noHax 720 BUHAXOXiB
(500 iHO3emHuX mateHTiB), OUbII K 1200 myOumikamiid, 20 HAyKOBHUX MOHOTpa-
¢iii. Bin € wieHOM 0aratbox 3aKOPIAOHHHX aKameMii Hayk, 3 1993 poxy — mpe-
3uzieHT MikHapoTHOT acolianii akajgemiil Hayk.

3a Bemuki 3acnyru b.€. [latoHa ynocroeHo Jlenincbkoi i [epxaBHoi mpe-
Miii, BUCOKHX 3BaHb 1Bidi ['epost Comiamictuanoi [Ipari i I'epost Ykpainu, 9oTu-
prox opaeHiB Jlenina, opaeHis Tpyzaosoro Uepsonoro [Ipanopa, Jdpyx0u Hapo-
IiB, kHs3s SIpocnaBa Mynporo V cryneHs.

Penakiitna komeris xypHany «KiOepHeTnka 1 OOYHCITIOBAIIBHA TEXHIKA»
BiJ muporo cepus Bitae boprca €BreHoBnya 3 1oBieem, 6axkae MilTHOTO 3710PO-
B'sl, HATXHEHHS 1 TOAANBIINX TBOPYHX YCIIiXiB.
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