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RANDOM PROJECTION AND TRUNCATED SUD FOR ESTIMATING
DIRECTION OF ARRIVAL IN ANTENNA ARRAY

Introduction. The need to solve inverse problems arises in many areas of science and tech-
nology in connection with the recovery of the object signal based on the results of indirect
remote measurements. In the case where the transformation matrix has a high conditional
number, the sequence of its singular numbers falls to zero, and the output of the measuring
system contains noise, the problem of estimating the input vector is called discrete ill-posed
problem (DIP). It is known that the DIP solution using pseudoinverse of the input-output
transformation matrix is unstable. To overcome the instability and to improve the accuracy of
the solution, regularization methods are used.

Our approaches to ensuring the stability of the DIP solution (truncated singular decomposi-
tion (TSVD) and random projection (RP)) use the integer regularization parameter, which is the
number of terms of the linear model. Regularization with an integer parameter makes it possible to
provide a model close to the best in terms of the accuracy of the input vector recovery, and also to
reduce the computational complexity by reducing the dimensionality of the problem.

The purpose of the article is to develop an approach to estimating the direction of arri-
val of signals in the antenna array using the DIP solution, to compare the results with the
well-known MUSIC method, to reveal the advantages and disadvantages of the methods.

Results. Comparison of TSVD and MUSIC (implemented in real numbers) when work-
ing with correlated sources and five snapshots showed the advantage of TSVD in terms of the
power of the useful signal P, by 2.2 times with the number of antenna elements K = 15 and
by 4.7 times with K = 90. The advantage of TSVD in P, is by 3.7 times for K = 15 and by
4.2 times for K = 90. Comparison of RP and MUSIC (implemented in real numbers), when
working with correlated sources and five snapshots, showed the advantage of RP in P ,,;, by 3
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times at K = 15 and by 4.4 times at K = 90. When working with 100 snapshots, the advantage
Oof RP in P,;, is by 3.8 times for K = 15 and by 4.2 times for K = 90.

Conclusions. The approach to determining the direction of arrival based on the [ ,-
regularization methods provides a stable solution in the case of a small number of snapshots,
high noise and correlated source signals. Methods of determining the direction of arrival
based on ly-regularization, in contrast to | -regularization, do not impose restrictions on the
properties of the input-output transformation matrix, do not require a priori information on
the number of signal sources, allow constructing efficient hardware implementations.

Keywords: Direction of arrival estimation, truncated singular value decomposition, random
projection, MUSIC.

INTRODUCTION

The need to solve inverse problems arises in many areas of science and technology
in connection with the recovery of the object signal based on the results of indirect
remote measurements. The transformation of the object signal when interacting with
the propagation medium and the measuring system is modeled by a linear input-
output transformation matrix. The transformation matrix and the vector of the results
of indirect measurements (the output vector) are known, it is required to determine
the vector of the input signal (the input vector, i.e., the solution vector).

In the case where the transformation matrix has a high conditional number, the
sequence of its singular numbers falls to zero, and the output of the measuring sys-
tem contains noise, the problem of estimating the input vector is called discrete ill-
posed problem (DIP) [1, 2]. Discrete ill-posed problems arise, for example, in such
areas as spectrometry, gravimetry, magnetometry, electrical prospecting and others
[3]. Similar properties are possessed by the matrix formed by the steering vectors of
the antenna array.

It is known that the DIP solution using pseudoinverse of the input-output trans-
formation matrix is unstable. Small changes in the measurement (output) vector lead
to large changes in the solution vector, while the value of the solution error is large.
To overcome the instability and, accordingly, to improve the accuracy of the solu-
tion, regularization methods are used. In one of the regularization approaches [1, 2]
the functional of the least-squares method is complemented by the restriction of the
norm of the parameter vector, weighted by the regularization parameter [2]. The
disadvantages of this regularization method are the high computational complexity
and complexity of the selection of an adequate value of the regularization parameter,
on which the stability and accuracy of the solution largely depends. To overcome the
instability and increase the accuracy of the DIP solution, one could use an approach
based on Truncated Singular Value Decomposition (TSVD) [4-7] and an approach
using random projection [8—16].

In this article, the problem of estimating the direction of arrival (DOA) of sig-
nals in an antenna system is considered as a DIP. A linear model for obtaining the
output vector from the input vector (from the signal sources) is given, the impor-
tance of determining DOA from a small number of output vectors (snapshots or
samples) is considered, and a brief review of the methods for the DOA estimation
is given. The methods of solving the DIP based on the Truncated Singular Value
Decomposition and on the Random Projection and their application for the DOA
estimation are considered. Results of the simulation of DOA estimation by these
methods and comparison with results obtained by the known MUSIC method [17]
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are given. Based on the analysis of the experimental study, the domain of applica-
bility of methods for determining the direction of arrival based on the Truncated
Singular Value Decomposition and on the Random Projection are given as well as
directions of further research.

DIRECTION OF ARRIVAL ESTIMATION IN THE ANTENNA ARRAY

The model of output formation for antenna array. We will model the output
of the antenna system under the assumption that the signal sources are distant
and narrow-band [18]. Assuming a distant source, the wave on the array of re-
ceivers is a plane wave moving from the source to the origin. The vector of the
output of the antenna array of K elements in the case of M plane waves incident
on it is written as follows:

y(®) = A©) x(1) + &),

where A(0) is the matrix K x M, formed by the antenna array steering vectors
{a(0)},i=1,..., M, x(?) is the source signal vector (of dimension M), &(¢) is a K-
component white noise vector, ¢ is the time moment. The vector y obtained at a
specific time will also be called a sample (also known as snapshot). The total
number of samples will be denoted by M.

Elements of the vector a(0;) are determined by the phase of the i-th signal (the
signal received from the i-th direction) onto the corresponding antenna element:

FPdsin0) - dysin0) - dysing0,)

2
a0,)=[e * e * oy 1],

where A is the carrier wavelength, d;, = (k—1)d, d is the distance between the
antenna elements (Fig. 1).

The task is to estimate the direction of arrival of the signals, using the in-
formation contained in y(#) and the known matrix A(0).

L] L [ |

-l
-

1 2 K-1 K

Fig. 1. The scheme of receiving a plane wave from
a remote source by a linear uniform antenna array
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Methods for estimating the direction of arrival of a signal using an ar-
ray of antennas. Classical methods of processing data from antenna array can
be divided into parametric and nonparametric methods. The first group includes,
for example, methods based on the maximum likelihood principle. And the sec-
ond group includes methods based on spectral approaches.

The methods based on the maximum likelihood, in turn, can be divided into de-
terministic and stochastic ones, where the signals are considered, respectively, as
deterministic or stochastic processes. In the process of solving the optimization
problem, the parameters corresponding to the arrival directions of the signal are
chosen so as to maximize the likelihood function. Parametric approaches provide an
accurate estimate of the DOA, but have a high computational complexity.

Nonparametric methods for DOA estimating can be divided into two main sub-
groups: methods of beam forming and methods based on subspaces. Nonparametric
methods have less computational complexity with respect to parametric ones.

The popularity of approaches to the DOA estimation on the basis of subspaces
is explained by the fact that they provide high resolution. The representative of the
methods of this group is MUSIC [17-19]. MUSIC uses the Figen Value Decompo-
sition (EVD) of the covariance matrix of samples (or snapshots, i.e., signals received
by the antenna system), on the basis of which the signal and noise subspaces are
formed. The signal subspace is formed by selecting M eigenvectors (spanned by M
eigenvectors), where M is the number of signal sources. The noise subspace is
spanned by K— M eigenvectors. Further analysis and obtaining power spectrum is
based on the orthogonality of the signal and noise subspaces.

MUSIC has a higher performance than conventional beamforming [20]. In the
case where the number of data samples obtained from each element of the antenna
array is sufficiently large, the method provides statistically consistent estimates.

One of the drawbacks of MUSIC appears in the situation when some of the
source signals are strongly correlated, the efficiency of the algorithm in this case
deteriorates sharply. In this case, the number of large eigenvalues becomes less
than the number of signals. Another disadvantage is the reduced efficiency of
MUSIC with a small number of samples.

In the framework of parametric methods for DOA estimating, methods
based on sparse representation and /;-regularization, have been developed. The
use of the concept of sparsity for DOA estimation was first proposed in [21, 22],
where the source localization problem was posed as a linear inverse problem and
the /;-SVD method was developed. The formulation of the task of estimating
DOA using sparseness is natural in the sense that the number of directions from
which signals are sent to the antenna array is much smaller than the total number
of directions analyzed when processing data from the antenna array. Steering
vectors for all possible spatial positions where a source can exist, form a so-
called "overcomplete dictionary".

The /;-regularization methods estimate the DOA based on the data from the
array output and the overcomplete dictionary [23, 24].

Approaches based on sparsity can provide high resolution when working
with a limited amount of noisy data and with correlated signal sources. The
drawbacks of this approach include strict requirements to the properties of the
overcomplete dictionary, i.e. to the value of its mutual coherence. To obtain
reliable estimates based on this approach, one needs to increase the number of
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antenna elements. The drawbacks also include the complexity of hardware im-
plementation of approaches based on sparsity.

Therefore, the study of methods for solving the problem of the DOA estima-
tion based on /,-regularization methods deserves attention. This approach pro-
vides a stable solution in the case of a small number of samples (snapshots), high
noise and correlated source signals. At the same time, it does not impose restric-
tions on the properties of matrix A, and also allows building effective hardware
implementations. The advantages of approaches using regularization include
work in the absence of a priori information on the number of signal sources
(which is required, for example, in MUSIC).

REGULARIZATION METHODS FOR SOLVING DIP
Consider a signal transformation described by a linear model of the form

y=Ax+g, (1)

where the matrix AeRX  and the measurement vector yeRX

(y=yo+€,y¢ =Ax) are known. The components of the noise vector € RE are
realizations of independent, normally distributed random variables with zero mean and

o’ variance. It is required to estimate the signal vector X € R* . With respect to the
antenna array, L is the number of directions, K is the number of antenna elements.

In the case when y contains noise and sequence of singular values of the A
matrix tends to zero (and A has a large condition number), the estimation prob-
lem is called a discrete ill-posed problem. For DIP, the solution (signal vector

estimation) obtained by pseudo-inversion as x* = A*y, where A" is the pseudo-

inverse matrix, is unstable and inaccurate. To overcome the instability and im-
prove the accuracy of the solution, the regularization approach is used.

The classical regularization method is the regularization of Tikhonov. The
Tikhonov regularization problem of the standard form is formulated as follows:

X = arg min([Ax—y], + 2], ). )
X

where A is the regularization parameter. To select the regularization parameter, spe-
cial methods are used, such as the L-curve method, the generalized discrepancy
method, the cross-validation method [1]. Methods for solving DIP based on Tik-
honov regularization are inherent in such shortcomings as the difficulty in correctly
selecting the regularization parameter and the computational complexity.

Another approach to ensuring the stability of DIP solution uses an integer
regularization parameter, which is the number of terms of the model that ap-
proximates the initial data (the model is linear with respect to parameters). To
obtain a stable solution (the estimate x*), for example, methods such as trun-
cated singular value decomposition [1], truncated QR decomposition [25, 14], a
method based on randomization [7, 10, 16] can be used.

The vector x* that estimates x based on the truncated singular value decom-
position is obtained by the following linear model [1]:

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 3 (193) 9
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k
1T 1T
Xi syp = ViSk Ugy = 2 vis; w0,y (3)
i=1

where u are left singular vectors, v are right singular vectors, s are singular values.
The estimation vector on the basis of random projection is obtained by a
linear model of the form [7]

k
T
xp rp =(REA) Ry =Y ey, 4)
i=1

where r is the column of the random matrix R;, ¢ is the column of the matrix (R;A)".
There is an optimal number k of terms of the linear models (3) and (4),
which minimizes the average recovery error of x

2

e.(k)=E{x-x;['}. 5)

where E{-} is the expectation operator over the noise realizations in the meas-
urement vector, x;* is the vector of the recovered signal, i.e. the vector of x es-
timate by (3) or (4).

Existence of optimal k£ <N is possibly due to the fact that the error of the
true signal reconstruction can be represented as a sum of two terms, one of
which (deterministic) decreases with increasing of the model component num-
ber, and the other (stochastic) term increases and is proportional to the noise
level in the measurement vector [16, 7, 10]. Thus, at a certain noise level, the
global minimum of error can be achieved at 1 < k<.

Unlike regularization associated with the minimization of the functional (2),
where the regularization parameter is a real number, the approach to solving DIP
by regularization with an integer parameter makes it possible to ensure selection
of the best model in terms of error (accuracy) of x recovery (5), by enumerating
N of k-component models (3), (4). Moreover, the solution of DIP based on ran-
dom projection (4) makes it possible to reduce the computational complexity by
reducing the dimensionality of the problem when £ <N [16].

Solution of DIP based on singular value decomposition. The solution of DIP
based on singular value decomposition is obtained [25, 1] as follows:

x*=Ay, A, =VS'U".

Here A, is the A matrix approximation obtained from the £ components of SVD,
U is the matrix of left singular vectors with orthonormal columns, V is the matrix of
right singular vectors with orthonormal columns, S is the matrix of singular values,
and A" is the pseudo-inversion of A. The estimation of the solution x*

k T
uy
X*= E —v,
=1 S;

is formed as the sum of the vectors v; weighted by the coefficients w; = (u;, y)/s;.
As the index i increases, the singular vectors become more and more alternating,
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noise-like. In the case where the estimate x* is determined primarily by the
terms of the sum corresponding to large singular values (that is, to smooth singu-
lar vectors), a smoothness and a small error of the solution are ensured. If x* is
determined by the terms of the sum corresponding to small singular values
(strongly alternating singular vectors) the solution error increases. It is intui-
tively clear that there can be some optimal number of components in expression
(3) that is sufficient to deliver all the features of the modeled signal, but does not
include noise-like singular vectors.

In [5-7] an approach was developed to determine the optimal number of
components of the SVD for the solution of DIP, that is, such number that the
accuracy of the solution is maximal. Let us consider the accuracy of the recovery
of the true signal x and the accuracy of the recovery of the output vector y when
solving DIP on the basis of SVD.

In [5-7], an expression was obtained for the RMS error of x recovery

2
e (k)= “(AZA,{ - I)XH +o’trace(A] A}) (6)
and its components
2
ea(k) =[(A;A, —Dx| and ¢,(k) = o’trace(A;"A})
where ¢4 is the deterministic component of the recovery error and ¢ is the sto-
chastic component of the error.
The expression for the output recovery error [5—7] has the form
2
e,(k) = |(A,A; ~Dy,| +0 trace(A;"ATAA}). 7

Components of the output recovery error:

ey () = |(AA; =Dy, [ . e, (k) = trace(A;"ATA,A)).

where ey is the deterministic component of the recovery error and e is the sto-
chastic component of the error.

In practice, it is impossible to calculate the recovery error due to the lack of in-
formation about x, therefore it is impossible to determine the optimal £ directly by
(6). For a choice of k close to optimal, the model selection criteria have been devel-
oped (i.e., functions having an extremum at k& close to or equal to the optimal £).

Experimental studies [16, 7] have shown that there an optimal number of
the components of linear models (3) and (4) exists, that minimizes the error (5).
The optimum exists because the true signal recovery error can be represented as
a sum of two components, one of which (deterministic) decreases with the in-
creasing number of model components (the model dimensionality), and the other
(stochastic) grows and is proportional to the noise level in the measurement vec-
tor [15, 16, 10, 7]:

e(k) = eq(k) + ey(k) = eq(k) + &° ey(k), (8)

where e4(k) is the value of the deterministic error component for the model of
dimensionality £, ey (k) is the value of the stochastic error component for the
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model of dimensionality k, e (k)= ey(k)/c’. Thus, at a certain noise level, the
global minimum of the error can be achieved at 1 <A< N.

The representation of the error in the form (10), the study of the error compo-
nents and the development of the model selection criteria (MSC) are the techniques
used by the inductive modelling approach [26-28] to find the optimal solution. In
practice, it is impossible to calculate the recovery error e,(k) due to the lack of in-
formation about x, therefore it is impossible to determine the optimal £ directly. For
the choice of & close to the optimal, MSC is used, that is, a function that would have
an extremum at k close to or equal to the optimal one.

Solution of DIP using random projection. One of the problems of using
SVD-decomposition for the solution of DIP is its high computational complexity
O(N?) (for a square matrix). The approach [15, 8, 16, 10, 7] based on finding the
minimum error of solving a discrete ill-posed problem using random projection,
ensures the stability of the solution and allows one to reduce the computational
complexity. Random projections and other randomizations are also used for
various versions of DIPs in [29-32].

Random projection is a kind of methods for the formation of neural network
distributed representations. Distribution representations include not only random
projection based methods [33—-35], but also a number of other representation
schemes for vectors, such as those based on receptive fields [36] or composi-
tional methods [37—41] as well as for structured data, e.g. [42—48]. Note that
distributed representations are closely related to associative memory, e.g. [49,
50] as well as to human memory [51].

To find solution on the basis of the random projection approach, we multi-
ply both parts of the original equation (1) by a matrix Q and obtain the (ap-
proximate) equation:

F x=b,,where, F,=Q;A, F, eR“" b, =Q/y, b, e R".

It was proposed in [16] to obtain the matrix Q by the
QR-decomposition of the matrix GA = QR, where Q is the orthonormal matrix,
R is upper triangular matrix. Elements of the matrix G are the realization of a
random variable with a normal distribution, zero mean and unit variance, k£ < N.

Recovery of x based on the pseudoinversion is obtained as

* +
x, =F/b,.

In [16], the expression for the mean-squared error of the x recovery was ob-
tained for the random projection method:

2
e = ”(F,:Fk - I)x” +o’trace(F,'F;")
and its components are:

e, = ”(F,ij -I)x 2, e, = o trace(F,'F}),

where ¢4 is the deterministic component of the recovery error and ¢ is the sto-
chastic component of the error.
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The expression for the mean-square error of y, recovery has the form:
2
e, =|(AF;Q] —Dy,| +oc’trace(F;"A"AF;).

Components of y, recovery errors are:

AT 2 2 ST AT A T+
¢,q =|(AF;Qf Dy, | . ¢, = c’trace(F;"ATAF;),

where ¢4 is the deterministic component of the recovery error of the measure-
ment vector and e; is its stochastic component.

EXPERIMENTAL STUDY OF THE DOA ESTIMATION METHODS BASED ON REGULARIZATION

Let us consider the results of simulation of DOA estimation using the methods
of truncated singular value decomposition (TSVD), random projection (RP),
and MUSIC.

From the above theoretical analysis it follows that the advantages of the
TSVD and the RP methods (as parametric methods) with respect to the non-
parametric MUSIC are most pronounced when working with a small number of
samples (in the limit with single sample) and also in the case of correlating
source signals. The experimental study was aimed at experimentally confirming
the conclusions about the conditions for the best performance of TSVD and RP.

We used important characteristics of the methods for the DOA estimation.
The first characteristic is the dependence of the output power ("spatial power")
on the angle P(0) that shows how the power in signal direction exceeds the non-
signal power. The second one is the ratio of the maximum power value outside
the directions of the source signals to the maximum power value in the direc-
tions of the source signals that we denote as P.q0.

We used linear array antenna with element spacing d=A/2, the carrier
wavelength A was equal to 150.

Simulation modeling was carried out for the case of two signal sources (sin
waves) with angular coordinates of 10 and 20 degrees and with a signal-to-noise
ratio SNR = 0 (Gaussian noise).

We experimentally investigated non-correlated and correlated source sig-
nals, various number of antenna elements, and various number N of snapshots
and measured the dependences P(0) and P;(K). The non-correlated sources
were modelled by using different (low) frequencies ®, = n/4, w, =n/3 for the
baseband complex signal (known as complex envelope). The correlated sources
were modelled by using the same frequency o, = /4, w, = n/4.

Study of MUSIC and TSVD in complex numbers. Let's compare MUSIC
and TSVD in the case of two signal sources of 10 and 20 degrees with the fre-
quencies ; = /4, o, = ©/3, respectively, at signal-to-noise ratio SNR = 0.

We will calculate P, for antenna arrays with different number of ele-
ments: K = {15, 45, 91, 181}.

P..io dependence on the number of antenna elements was investigated for
the number of samples N = 100 and N = 1. The results are shown in Fig. 2. With
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the number of samples N = 100, the MUSIC method provides a stably high Py,
value at —26, —26.5 dB for K = {45, 91, 181} and —23 dB for K = 15. Py, for the
TSVD method with N = 100 improves with an increase in the number of antenna
elements from —4 dB at K =15 to —27 dB at K = 18]1.

Conversely, in the case of single sample (N = 1), the MUSIC method shows
a small value of P4, at —2.5, —2.9 dB. The TSVD method is superior to the
MUSIC for all values of K. The suppression for the TSVD method with N=1
improves with increasing K, from —10 dB at K = 15 to —20.5 dB at K = 181.

Examples of the P(0) dependence for the MUSIC and TSVD methods for
K= {180, 15} are shown in Fig. 3, 4. The range of angles from —90 to 90 degrees.

For the TSVD method (at K= 180, N= 100, o, = /4, w,=7/3), the P(0) de-
pendence (Fig.3) outside the directions to the sources has a constant (of the order of
—32 dB) level in the range of angles from —45 to 45 degrees. In the range of angles
—45...-90 and 45...90 degrees, the P(0) dependence gradually decreases to —50 dB.

O - P ratio or P ratio
— o —o»
©T e MUSIC 5 F  —e-MUSIC
-10 f —®-TSVD 10 —B-TSVD
-15 F
_15 -
_20 -
20 F
25 F
K K
_30 1 '} 1 '} 1 1 1 J _25 1 '} 1 '} 1 '} 1 J
181 91 45 15 181 91 45 15
a) N=100 b) N=1

Fig. 2. Dependence of Py, on the number K of antenna elements (MUSIC and TSVD
in complex numbers)

P(6) dB — MUSIC

-10 ——TSVD
|
230 RS R AR PR SRR RS

Nl “%

S i
N g

-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

-50

Fig. 3. Dependence P(0) for MUSIC and TSVD methods at K= 180, N= 100,
SNR =0, o, = /4, ®, = 7/3
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_0 P(6) dB fn@ —— MUSIC

5
f (X ——TSVD

¥ oY
% ForS FIRR A
-25 ”ﬁﬁ 7/ \_ %Qﬁ%q
-30 vﬂ“&j d EE@T 0
-35

-90 -80 -70 -60 -50 -40 -30 -20 -10 0O 10 20 30 40 50 60 70 80 90

Fig. 4. Dependence P(0) for MUSIC and TSVD methods at K= 15, N= 100,
SNR =0, o, = m/4, ®, = 7/3 (in complex numbers)

The peaks in the directions to the signal sources are narrow, the area between the
peaks is flat without spikes, which makes it easy to identify the directions to the signal
sources. The MUSIC method outside the directions to the signal sources provides P(0)
at —35 dB across the entire range of angles (—90 to 90 degrees) and well-defined peaks
in the directions to the signal sources. Thus, with the above parameters, both methods
(TSVD and MUSIC) effectively solve the problem of determining the direction of
arrival of the signal, and the TSVD works somewhat better than MUSIC.

For the MUSIC method (at K= 180, N= 100, ®; = ©/4, o, = 7/3), the P(0)
dependence (Fig.4) has a constant level of —27 dB outside the directions to the
sources. Peaks in the directions to the sources are well pronounced, but they
have a broadening at the base up to 10 degrees. For the TSVD method, P(0) has
a "lobe" character, and it is possible to determine the direction of arrival as the
maxima of P(0) if one selects an adequate threshold value for P(0). In this ex-
periment, the MUSIC method works better than TSVD.

For the TSVD method (at K= 180, N=1, o, = /4, 0, = 1/3), the peaks in the
directions to the sources are well defined (narrow), the P(0) dependence (Fig.5)
outside the directions to the sources has a noise-like character with a constant aver-
age (of the order of —32 dB in the range of angles from —50 to 50 degrees). For the
MUSIC method, outside the directions to the sources P(0) in the entire range of
angles (from —90 to 90 degrees) is at the level of —2.5 dB. There are peaks in the
directions to the signal sources. In this example, TSVD solves the problem of de-
termining the direction of arrival of a signal much better than MUSIC.

For the experiment presented in Fig. 6 (at K= 15, N=1, 0, = /4, w, = /3),
the P(6) dependence obtained by the TSVD method has a "lobe" character, P(6)
for a maximum lateral lobe is of =10 dB. The P(0) dependence obtained by the
MUSIC method also has a number of false peaks, the maximum level of which is
—3 dB. In this experiment, the TSVD method works better than MUSIC.
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Fig. 5. Dependence P(0) for MUSIC and TSVD methods at K= 180, N=1, SNR =0,
®; = /4, ®, = /3 (in complex numbers)
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Fig. 6. Dependence of P(6) for MUSIC and TSVD methods at K= 15, N=1, SNR =
0, ®; = w/4, ®, = ©/3 (in complex numbers)

In many practical tasks it is necessary to know the angular coordinates of
the signal sources that (are correlated, i.e.) have the same frequency. For the
experiment, we form the signal sources with ®, = @, = n/4.

We obtain the dependence (Fig.7) of Py, on the number K of antenna ele-
ments for the number of samples N=100 and N=1.

In the case ®; = ®,, the MUSIC method demonstrates a poor P, both for N =
100 (at the level of —2.46,—-3.75 dB) and for N=1 (1.5, -2.8 dB).

For the TSVD method, the P, value at N= 100 improves with an increase in
the number K of antenna elements from —10.5 dB at K= 15 to —26.88 dB at K= 181
and at N=1: —-10 dB to —20.6 dB. This is much better than for the MUSIC method.

Examples of the P(0) dependence for MUSIC and TSVD for K = {181, 15}
are shown in Fig. §, 9.

16 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 3 (193)



Random Projection and Truncated SVD for Estimating Direction of Arrival in Antenna Array
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Fig. 7. Dependence of P.;, on the number K of antenna elements in the case ®, = ®,
(MUSIC and TSVD in complex numbers)
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Fig. 8. Dependence P(0) for MUSIC and TSVD methods at K= 180, N= 100,
SNR =0, o, = m/4, ®, = m/4 (in complex numbers)
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Fig. 9. Dependence P(0) for MUSIC and TSVD methods at K= 15, N= 100,
SNR =0, o, = n/4, ®, = 7/4 (in complex numbers)
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Fig. 10. Dependence P(0) for MUSIC and TSVD methods at K= 180, N= 1,
SNR =0, o1 = /4, ®2 = 7/4 (in complex numbers).

The P(0) dependences (at K = 180, N =100, o, = n/4, o, = n/4 (Fig. 8) and
at K= 15, N= 100, o, = /4, 0, = /4 (Fig. 9)) are similar to those of P(0) in
Fig. 3 and Fig. 4. For TSVD outside the directions to the sources (Fig. 8), P(0)
has a constant level of —28 dB (from —45 to 45 degrees) and outside drops to —50
dB. For MUSIC, P(6) is at —3 dB outside the directions to the sources. That is, at
®; = m,, the MUSIC method works much worse than TSVD, and a sufficiently
large number of samples (N = 100) does not improve the situation. For TSVD
outside the directions to the sources (Fig.9), P(0) has a "lobe" character, the
maximum side lobe level is —11 dB. For MUSIC, P(0) outside the directions to
the sources is at —5 dB, the maximum false peak level is —3 dB; which is much
worse than for TSVD.

0 L N~
P(Q) dB / — MUSIC

;Z P s &Y v Jﬁiﬁ 9’%%_0_-TS ’

4
-50 %
1

-60 0
-90 -80 -70 -60 -50 -40 -30 20 10 O 10 20 30 40 50 60 70 80 90

Fig. 11. Dependence P(0) for MUSIC and TSVD methods at K= 15, N=1, SNR=0,
o, = /4, ®, = 1/4 (in complex numbers)
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The P(0) dependences (at K= 181, N= 100, o, = /4, 0, = /4 (Fig. 10)
and at K= 15, N= 100, o, = n/4, ®, = n/4 (Fig. 11)) are similar to those of P(6)
in Fig. 5 and Fig.6. For TSVD outside the directions to the sources (Fig. 10),
P(0) has a noise-like character with a constant level of —33 dB (from —45 to 45
degrees) and outside drops to —48 dB. For MUSIC, P(0) is at —3 dB outside the
directions to the sources. That is, at ®; = w, and N= 1, the MUSIC method
works much worse than TSVD. For TSVD outside the directions to the sources
(Fig. 11), P(0) has a "lobe" character, the maximum side lobe level is —10 dB.
For MUSIC, P(0) outside the directions to the sources is at —4 dB, the maximum
false peak level is —2 dB, which is much worse than for TSVD.

Study of TSVD and RP in real numbers. Let us compare the methods
based on the random projection (RP) vs TSVD and MUSIC in the case of two
signal sources of 10 and 20 degrees with the frequencies ®;, ®, (Fig. 12) and
with the signal-to-noise ratio SNR = 0. The range of angles is from 0 to 90 de-
grees. The simulation for RP was carried out in real numbers.

In the case of @, = w, (Fig. 13), MUSIC demonstrates a poor P, for both
N=100 (at the level of —2.35, —4.3 dB), and for N= 5 (-2.7, -3.26 dB). The
P..io value for TSVD (in complex numbers) at N= 100 improves with an in-
crease in the number K of antenna elements from —10.2 dB at K =15 to —19.7 dB
at K=91 and at N=5 from —-10.9 dB to —16.9 dB.

TSVD in real numbers at N = 100, an increase in the number of antenna el-
ements leads to an improvement in the P, from —8.8 dB at K= 15 to —18.1 dB
at K= 91 and at N=5 from —6.1 dB to —15.6 dB. The P, value for RP in real
numbers at N= 100 improves with the increase in the number of antenna ele-
ments from —9.1 dB at K= 15 to —17.9 dB at K =91 and at N=15 from —8.0 dB
to —14.2 dB. TSVD (both in complex numbers and in real numbers) and RP pro-
vide a much better P, value than MUSIC. Examples of P(6) dependencies for
the MUSIC, TSVD, and RP methods for K = {91, 30} are shown in Fig.14, 15.

We also investigated the dependence P(0) at K= 91, N= 5, o, = /4,
o, =7/4 (Fig.14) and at K= 30, N= 5, o, =m/4, o, =n/4 (Fig.15) for the
MUSIC and TSVDc methods working in complex numbers, as well as for
TSVDr and RP methods working in real numbers.

0 [ Puic —e MUSIC —8- TSVDGC O Paio e MUSIC -8 TSVDc
5k —A-TSVDr —%-RP —A-TSVDr —%-RP
_5 -
_10 L
15 b 10 b
20
_15 L
_25 L
———« K K
_30 i 1 i 1 i 1 i J _20 1 1 1 1 i 1 . J
1 45 30 15 91 45 30 15
a) N=100 b)N=5

Fig. 12. P, dependence on the number K of antenna elements for RP, TSVD and
MUSIC (MUSIC and TSVDc in complex numbers, TSVDr and RP in real numbers)
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Fig. 13. P, dependence on the number K of antenna elements in the case of ®; = ®,
(MUSIC and TSVDc in complex numbers, TSVDr and RP in real numbers)

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89

Fig. 14. Dependence P(0) for MUSIC, TSVD and RP at N=5, K=91
(MUSIC and TSVDc in complex numbers, TSVDr and RP in real numbers)
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Fig. 15. Dependence P(0) for MUSIC, TSVD and RP at N=5, K=30
(MUSIC and TSVDc in complex numbers, TSVDr and RP in real numbers)
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The MUSIC method works poorly for both K= 91 P(6) outside the direc-
tions to the sources is —4 dB, and for K= 30 P(0) outside the directions to the
sources is —3.5 dB.

The TSVD methods (in complex and real numbers) and RP work in a simi-
lar way to each other. The dependence of P(0) outside the directions to the
sources has a stochastic (nonsmooth) character and a decreasing trend from —20
dB to 40 dB at K= 91, and from —15 dB to —35 dB at K = 30.

For TSVDc, P(0) outside the directions to the sources at K =91 decreases
somewhat faster than for TSVDr and RP; the P(6) dependences for TSVDr and
RP practically coincide. The entire group of the TSVDc, the TSVDr and the RP
methods works better than MUSIC.

CONCLUSIONS

The approach to DOA estimation based on the /,-regularization methods pro-
vides a stable solution in the case of a small number of samples (snapshots), high
noise level and correlated source signals.

Comparison of TSVD and MUSIC implemented in complex numbers, under
conditions of correlated sources and single sample showed the advantage of
TSVD in terms of Py, by 6.7 times with K =15 and by 7.5 times with K= 181.
At 100 samples, the advantage of TSVD in terms of P, is: by 4.3 times for
K =15 and by 7.2 times for K = 181.

Comparison of TSVD and MUSIC implemented in real numbers, under
conditions of correlated sources, and five samples showed TSVD advantage in
terms of P, by 2.2 times for K= 15 and by 4.7 times for K = 90. At 100 sam-
ples, the advantage of TSVD in terms of P, is: by 3.7 times for = 15 and by
4.2 times for K = 90.

Comparison of RP and MUSIC implemented in real numbers, under conditions
of correlated sources, and five samples showed RP advantage in terms of P, by 3
times for K= 15 and by 4.4 times for K= 90. At 100 samples, the advantage of RP
in terms of Py, is: by 3.8 times for K = 15 and by 4.2 times for K = 90.

Methods the DOA estimation based on /-regularization, in contrast to those
based on /;-regularization, do not impose restrictions on the properties of the input-
output transformation matrix, and also allow efficient hardware implementations.
The merits of /-regularization include the fact that unlike such methods as MUSIC,
it does not require a priori information on the number of signal sources.

Let us consider the following promising directions for further research.

The characteristics of the random projection method for the real-valued case
were investigated. It is of interest to study the characteristics of the random pro-
jection method for the complex-valued case.

Radar images (2D or 3D) which are formed by processing radio signals emit-
ted by the radar and reflected by the object, have a widespread use in various ap-
plication areas. For example, in geoinformatics [52, 53] and other areas they use
such images obtained by remote sensing of the Earth from space [54-57].

Advantages over optical images include the possibility of obtaining at any time
of day, in the presence of cloudiness, under different weather conditions, and with
characteristics of objects different from optical images [58, 54-57]. So, they are
used for automated mapping of various crops and assessment of the structure of their
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areas and conditions, forecasting the harvest, etc. [54-57]. In addition, it is possible
to display objects under snow, vegetation, and even underground [58].

When receiving radar images, beamforming is used, i.e. antennas with a
formed radiation pattern (scanning is performed perpendicular to the direction of
motion of the satellite), for which the method proposed in this article can also be
applied. Therefore, it is important to study its adaptation and characteristics in
the task of obtaining radar images.

A synthetic aperture radar (SAR) produce images by processing the records
of the reflected signal of certain part of the Earth's surface from a variety of an-
tenna positions obtained by the motion of its carrier. In this case, taking into
account the Doppler shift of the frequencies of the received signals makes it
possible to "focus" at a certain point. This gives a large effective virtual ("syn-
thesized") antenna aperture for a particular point and significantly increases the
image resolution compared to the physical antenna used [58] (along the direction
of motion, the resolution reaches half the length of the physical antenna, regard-
less of the distance to the object).

The reverse SAR is obtained by observing a moving object from a fixed antenna.

Therefore, it is of interest to study the application of methods based on a sta-
ble solution to discrete inverse problem to SAR, by analogy with [59].
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3ACTOCYBAHHS BUITAJIKOBOI ITPOEKIIIT TA YCIYEHOI'O CUHT YJIAPHOTO
PO3KJIAHAHHA U1 BUSHAYEHHA HAITPAMKY ITPUXOAY CUTHAJIIB
3A IOIIOMOI'M AHTEHHOI'O MACHUBY

Beryn. HeoOxinHiCTh po3B'si3aHHS 00E€pHEHUX 3a7ad BUHHKA€ B 0araTbox ramy3sx HayKH i
TEXHIKH Y 3B'3KY 3 BiJHOBJICHHSM CHUTHAITy 00'€KTa 3a pe3yJbTaTaMH HETPSIMUX JAUCTAHIIiN-
HUX BUMIPIOBaHb. Y Da3si, KOJM MaTPUIls IEPETBOPEHHA MA€ BUCOKE YHCIO 00YMOBIIEHOCTI,
psn 1l CHHTYISIPHEX YHCENT CIaJae 0 HYJNS 1 BUXiJ BUMIPIOBAJIBHOI CHCTEMH MICTHTB IIyM,
3a7ady OI[IHIOBAHHS BEKTOpa BXOJYy Ha3UBAIOTh JUCKPETHOIO HEKOPEKTHOIO OOEpHEHOIO
3amauero (JJH3). Bigomo, mio pimennas JJH3 3 BUKOpUCTaHHSAM TCEBIOOOCPHEHHS MATPHIL
NePETBOPEHHSI BXi-BUXiJ] € HECTIMKUM. J{J1sI MOI0JIaHHS HECTIHKOCTI 1 MiZIBUIIICHHS TOYHOCTI
PpIIICHHS] BUKOPHCTOBYIOTh METOJH PETyJsIpU3aLii.

Po3pobaeni nmigxonu no 3abesneuyeHHs criiikocti pimenHs JIH3 (yciuene cuHrynspHe
poskinaganus TSVD 1 BumaakoBy mnpoekTyBaHHS RP) BHKOPHUCTOBYIOTH HiJIOYHCENbHUIT
napameTp peryispusallii, B SIKOCTI SIKOT0 BUCTYIA€ KUTBKICTh WICHIB JIiHIIHOT Mozeni. Pery-
JIAPU3AILs 3 IITIOYHCETBbHUM [TapaMeTPOM JIa€ MOXIIUBICTD 3a0e3MeYnTH BUOip Mojei, OJiu-
3bKOI 10 HaliKpamioi 3a TOUHICTIO BiTHOBJIEHHS BXiJHOTO BEKTOpa, a TAKOXX JIO3BOJISIE 3HU3U-
TH OOYHUCITIOBAIBHY CKJIaHICTh 32 paXyHOK 3HIDKEHHS pO3MIPHOCTI 3a/1a4i.

Meta. Po3poOuTH miaxix 10 BU3HAYCHHS HANPSIMKY IPUXOAY CHTHATIB B aHTEHHY CHC-
TeMy 3a Jonomoru pimeHHs JITH3, mpoBecTr HOpPIBHSHHS PEe3YyNbTaTiB 3 BiJOMHM METOIOM
MUSIC, BUSBUTH NepeBaru Ta HEJIOMIKH METO/IIB.

PezyabTaTn. IopiBasuas TSVD i MUSIC, peanizoBaHuX B JIHCHHUX 4HClaX, Mif 9ac
pobOTH 3 KOpENbOBAaHUMH JDKEpeNlaMH II0 I'SIThOX 3pa3kax IMokazano rmepeBary TSVD 3a
NOKAa3HUKOM TOTYKHOCTI KOPHUCHOTO CHUTHaNY P, B 2.2 pa3 y pa3i KUIbKOCTI aHTEHHHX
eneMeHTiB K = 15 1 B 4.7 pa3 y pasi K = 90, mig gyac pobotu o 100 3pa3kax nepesary TSVD
32 IOKa3HUKOM P, CTAaHOBUTH 3.7 pa3 y pa3i K =15 14.2 pa3z y pasi K = 90. [Topiusuus RP
1 MUSIC, peaiizoBaHuX B JIHCHHX YUCIIaX, i 9ac poOOTH 3 KOPEIHOBAHUMH JDKEPEIAMH 110
n'IThOX 3pa3kax Iokaszayo nepeary RP 3a moka3sHukoMm P, B 3 pasu y pasi K=1518 4.4
pasu y pasi K =90, mig yac podotu o 100 3pa3kax nepeary RP 3a moka3sHukoM P, cTaHo-
BUTH 3.8 pa3 y pa3i K=1514.2 paz y pazi K =90.
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BucnoBku. Ilinxix 10 BU3HAYEHHS HANPSIMKY MPUXOJY CHUTHAIIB HAa OCHOBI METOMIB
l,-perynsapuzaniii 3a0e3neuye CTiliKe pillleHHs B pa3i Majioi KiJbKOCTI 3pa3KiB, BUCOKOTO 3allly-
MIICHHSI T2 KOPEJTbOBAaHOCTI CHUTHANIB JpKeped. MeToan BU3HAYEHHS HANPSIMKY TPHXOIY CHT-
HaJIIB Ha OCHOBI /,-peryisipu3altii, Ha BiZIMiHY BiJ /;-perynspu3altii, o He Haki1ajgae 0OMeKeHb
Ha BJIACTHBOCTI MATPHIIi TIEPETBOPEHHS BXIiJI-BUXiJl, HE BUMAraroTh anpiopHoi iHdopmariii mpo
KUIBKICTh JIXKEPEN CHUTHAIY, I03BOJISIIOTh OyyBaTH ¢(DEeKTHBHI arapatHi peanizarfii.

Knrouosi crhoea: susnaueniss HANpsamMKy npuxooy CUCHALE, YCIueHe CUHSYISIPHE PO3KIAOAHHS,
sunaokosa npoexyis, MUSIC.
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[IPUMEHEHUE CJIVYAMHOI' O ITPOELIMPOBAHMS U YCEYEHHOI'O
CHUHI'VJIAAPHOI'O PA3JIOXEHUA JUIA OIIPEJEJIEHUS HATIPABJIEHN A
[MPUXOJA CUT'HAJIOB C ITOMOLIBIO AHTEHHOI'O MACCHUBA

B cratpe 3anaua onpenenenus HanpasneHus npuxoaa cursanos (HIIC) B antenHoit cucteme
paccmatpuBaetcs kak [IH3. IlpuBoautcs nuHeliHas MOAENb MOJTYYEHHs BEKTOPA BBIXOJA IO
BEKTOpY BX0Ja (MCTOYHHKOB CHI'HAJIOB), paccMaTpuBaeTcs BaxkHOCTh onpenenenus HIIC no
MaJioMy KOJIN4ECTBY BEKTOPOB BhIX0J1a (00pa31oB WK KaJIpoB), JaH KpaTKHi 0030p METOZI0B
onpenenenust HIIC. PaccmarpuBarorcst meronsl permenus JIH3 Ha ocHOBE yCeueHHOTO CHH-
TYJISIPHOTO PA3/IOkKEHUS U CIy4alHOTO MPOELMPOBAHMUS U UX MPUMEHEHHE JUI ONpeaeIeHNs
HIIC. IlpuBoasitcs pe3ynbTaThl UMHUTAIMOHHOTO Mozenuposanus onpenenenus HIIC stumu
METO/IaMH U CpaBHEHHUE C Pe3yJIbTaTaMy, N0Jy4eHHbIMU U3BecTHBIM MeTogoM MUSIC.

Kniouegvie cnosa: onpedenenue manpagienus npuxooda CUSHANO8, YCEYEHHOe CUHZYNApHOoe
pasaodicenue, cryyaiinoe npoeyuposanue, MUSIC.
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INFORMATION TECHNOLOGY FOR CONSTRUCTING THE COMPOSITE
INDICES FOR DATA OF DIFFERENT TYPES
USED IN MEDICAL AND ENVIRONMENTAL STUDIES

Introduction. Information technologies used in medical and environmental researches often
deal wiht huge amounts of information processing. These technologies allow us to identify
and investigate previously hidden dependencies and interactions in complex environmental,
medical and biological systems, and on the other hand, it is accompanied by the analysis of
large data sets, some of which (sometimes most of them) have an uninformative (noisy) char-
acter. One of the ways of solving this problem are the methods of constructing composite
indices (CI), i.e. complex indicators, which allow to perform an integral assessment of the
state and functioning of ecological, medical and biological systems.

The purpose of the paper is to develop a generalized information technology for constructing
composite indices for different types of data used in medical and environmental studies.

Results. Medical and ecological researches include two main components: analysis of the
states of both human health and of the environment, in solving such problems it is necessary to
evaluate and analyze the state of the bioobject according to the data of different types: quantitative,
rank, binary and qualitative variables. The developed general information technology is oriented on
supporting the solution of a wide range of medical and hygienic tasks and integrates various ap-
proaches to processing and analysing of data of different types. Proposed technology consists of four
stages: the formation and initial analysis of an initial indicators set, the calculation and normaliza-
tion_for obtainig unnamed equivalents, the actual design of the composite indices, and their verifica-
tion. The implementation of this technology makes it possible to compare data of different dimen-
sions, determine the significance of specific characteristics in a general research totality, to evaluate
the integral state and to classify the research objects.

Conclusion. The proposed information technology for the construction of composite in-
dices based on data of different types: quantitative, rank, binary and qualitative variables, is
an effective tool for determining and comparing the state of bioobjects of different nature,
and its use makes it possible to avoid mistakes in the incorrect application of mathematical
methods for processing medical and ecological information.

Keywords: information technology, composite indicators, processing medical and ecological
quantitative, rank, binary and qualitative variables.
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INTRODUCTION

At present, information technologies used in medical and environmental researches often
deal with huge amounts of information processing. The reasons are obvious: an increase
in the complexity of research tasks, the expansion of the capabilities of recording tech-
nology, the possibilities of Internet technologies for the transmitting digital information,
and the program and technical capabilities of computers used for data processing and
analysis. On the one hand, this allows us to identify and investigate previously hidden
dependencies and interactions in complex environmental, medical and biological sys-
tems, and on the other hand, this is accompanied by the analysis of large data sets, some
of which (sometimes the majority) have an uninformative (noisy) character . These prob-
lems cause development of such methods of the initial convolution, compression of the
initial numerical arrays, in the application of which the loss of information would be
minimal [1].

In mathematical statistics, traditional methods of factor, discriminant, clus-
ter and regression analysis have been developed years ago and successfully used
for these tasks. Modern software products make it easy enough to apply the rela-
tively newer methods of Data Mining: multidimensional scaling, multifactorial
dimensional reduction (MDR), decision trees, graphical methods for represent-
ing and classifying multidimensional data [2].

One of the most popular and rather effective ways of solving this problem
are the methods of constructing composite indices (CI) that is complex indica-
tors, which allow to astimate integrally the state and functioning of ecological,
medical and biological systems [3].

Such evaluation has certain advantages: the complexity of the obtained in-
formation, the ease of use. It can serve as a tool for accounting, analysis and
planning, an indicator of the state and the criterion of comparative evaluation, an
indicator of the effectiveness of decisions taken and the completeness of their
implementation, it can also serve as the basis for selecting the possible measures
and indicators of expected results in the future.

PROBLEM STATEMENT

Medical and ecological researches include two main components: analysis of the
state of both human health and environment.

A comprehensive assessment of human health is done at three levels: indi-
vidual, group and population.

At the individual level, the following calculated indicators are used: those
characterizing the functioning of individual physiological systems of the body
(cardiovascular, respiratory, etc.), generalizing indices characterizing the coordi-
nation of two or more of these functional systems, and integral indices describ-
ing the complex interrelationships of organs and systems (an index of somatic
health, adaptation potential, etc.).

The appropriate formulas are used to calculate these indices, in which the
variables are a limited list of anthropometric and functional indices: height,
weight, chest circumference, respiratory hold-up time, heart rate (before and
after the activity), arterial and systolic pressure, recovery time, dynamometry,
etc. Often, the same indicators are included in the formulas of different indices,
which causes their interdependence. The range of changes in the indices is most
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varied, and criterial scales of health assessment respectively. Their orientation is
also uncertain: the increasing of some indices indicates an improvement in the
state of the body, others — on the contrary, a deterioration. Sometimes a certain
range of "norm" is postulated, and the deviation in any direction is considered as
a negative phenomenon [4-8].

Group comprehensive health assessment is meant to evaluate and monitor the
status of identified groups of individuals, in particular children's groups. It is based
on the definition of the health group of each individual using at least four criteria:
the presence or absence of chronic diseases at the time of examination; the level of
the functional state of the body basic systems; the degree of the body resistance to
unfavourable effects; the level of development achieved and the degree of its har-
mony. Group complex health indicators are descriptive expert characteristics [9].

For the comprehensive assessment of population health, morbidity and prevalence
are usually used, on the basis of which standardized coefficients, primary and general
morbidity rates, indices and other characteristics are calculated. Such secondary indica-
tors are the result of a simple ratio of the values of some indicators to the values of oth-
ers, these indicators are analyzed using graphical and descriptive methods [10]. Among
the methods that aggregate the initial population indicators, the method of "per-centil-
profile", the method of the sum of places, methods using age-specific disease rates can
be identified [11-13]. All these comprehensive population indicators in the mathemati-
cal aspect are simply calculated ratios or additive scores of points. When studying the
level of regional demographic development approximation of the preference function by
a linear regression model is proposed for constructing a composite index [14], and also
composite indicators are used to analyze the dynamics of the health status of the
population using mathematical models [15].

Environmental indicators often describe the state of the water and air envi-
ronment. As an integrated index of drinking water quality, the most obvious
formula is the sum of the concentrations of all contaminants (x;) normalized to
their "safe" (x,) value (to the maximum permissible concentration — MPC) [16].
There are a number of similar indicators (for example, the total index of chemi-
cal contamination [17], the combinatorial pollution index [18, 19]), which com-
bine a given number of primary characteristics.

For a comprehensive assessment of air pollution, basically, the following
characteristics are used:

Lox ok nooo noooy.
CIAP= Y (ZL)ki TAPI=Y S p= | Ei )2,
i=1 %0 i:1x0ki i=1 Xok;

where CIAP — the complex index of atmospheric pollution [20]; TAPI — total
air pollution index [21]; P — Pinigin’ indicator of atmospheric pollution [22]. The
dimensionless constant, which depends on the hazard class of the ith substance
(k;), assumes values of 1.5; 1.3; 1.0; 0,85 at the calculation of IAP, values of 0,8;
0.9; 1.0; 1.1 at the calculation of TAPI and values of 2,0; 1,5; 1,0; 0,8 at the calcu-
lation of P respectively, for substances of 1-, 2-, 3-, and 4th hazard classes.

Thus, the analysis showed the existence of many proposed complex indica-
tors used in medical and environmental studies; methods and formulas for their
calculation are very diverse. However, their mathematical contents are reduced
mainly to the standardization of characteristics (mostly by dividing by some
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"norm") and subsequent summarizing (sometimes with calculated or predeter-
mined coefficients). The ranges of their variation are specific for each indicator.
Also, their breakdown by gradation (criteria) and their subsequent verbal quality
assessment are specific and different. Each of the complex indicators is intended
for use in its narrowly restricted field of research.

All these shortcomings make it possible to talk about the expediency and
topicality of developing an unified information technology (IT) for designing
composite indicators for medical and ecological researches that would be appli-
cable to combining private characteristics of various types of data of the health
status and quality of the environment, would have a standard and adequate
mathematical completeness and would be easy to use [23].

The purpose of the paper is to develop a generalized information technol-
ogy for constructing composite indices for different types of data used in medi-
cal and environmental studies.

INFORMATION TECHNOLOGY OF CONSTRUCTION OF COMPOSITE
INDICES FOR QUANTITATIVE VARIABLES

In mathematical statistics, the original data are classified as belonging to one of
four types of scales: quantitative, rank, binary and labels. Information technol-
ogy for the design of CI for each of these types of data has both common and
distinctive stages. Common are the initial and final stages, the specific — the
actual processing of data and technology for the formation of CI.

Taking into account the variety of research tasks, normative or methodical
regulations and expert opinion, the proposed IT design of CI on quantitative
indicators unites various effective and acceptable approaches at all its stages.

The first stage is the formation and initial analysis of the set of initial indicators.

When forming the initial list of indicators it is necessary to be guided by the follow-
ing principles: informativeness — indicators should characterize the most significant
propetties of the object under study; completeness of the description — the totality of the
recorded characteristics must be exhaustively and comprehensively described; uniguality
— each indicator characterizes only one characteristic; measurement capabilities —
indicators can be recorded; representativeness — they must reflect the immanent quali-
ties of the object; non redundancy — the characteristics should not be interrelated. An
important feature of the chosen variables is their acceptability — the necessity of match-
ing variables to quality in which the CI is non-contradictory.

The evaluation of the informative value of quantitative indicators is determined
by the research task and, accordingly, the statistical methods used in this process.
Thus, in the analysis of variance, the most informative variables are those that have
the greatest variance, when comparing samples — those for which the criteria of
difference are the greatest, in the correlation analysis those having the highest corre-
lation coefficients with the resulting index, in discriminant analysis those the most
reliably entering the classification function, in descriptive statistics those having the
greatest (least) variability of the index, etc.

Decrease in the number of indicators. In the process of collecting initial
data, the problem of their redundancy often arises. The solution of this problem
consists in selecting only significant features by some criteria, for example,
by the threshold value of information content.
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The second stage is the calculation and normalization of unnamed equivalents.

At this stage, the choice of the "basis” of the indicators is performed at first.
As a rule, quantitative variables have different units of measurement and for
their transfer to a dimensionless scale it is necessary to standardize them rela-
tively to a certain "basis". As a "basis," it is advisable to use the parameters of
the original data array, such as the arithmetic mean, the smallest or largest values
of the sample, if they correspond to the notion of the "ideal" of the characteristic.
"Basis" can be configured as the upper or lower limit of the confidence intervals
of the means, i.e. as a limiting value of the average totality. As the "basis" you
may take the values of the characteristics in the control group (if the study con-
sists of comparing the experimental and control groups) or in the same basic
group under more favorable conditions (for example, the values of the indicators
in youth when analyzed in old age). "Basis" may be physiological norms or
MPCs, or can be given by the objectives of the study (for example, as a desired
idealized result).

The procedure for choosing a "basis" should be carried out not formally, but
using the whole set of priori knowledge. Within the framework of one research,
it is necessary to use a unified approach to its basis selection.

The next step is fo calculate the dimensionless equivalents of the original
quantitative variables, i.e. there is a transition to some uniform description for all
characteristics, regardless of the units in which they are measured. To obtain
dimensionless equivalents, it is necessary to use values of the same dimensional-
ity (kg; cm; mm Hg, etc.).

The simplest way to obtain a dimensionless quantity (d;) is to calculate the
ratio of the value of the initial indicator (x) to its "basis" (xy). For this purpose, it
is possible to calculate the relative deviation: d, = (x — x) / x4, which can be
expressed as percentage. It is also simple to use the matching procedure with the
sweep of the sample:

dy=(x-x)/(x"~x")

As limiting values (x” and x"), the real minimum and maximum values in the
sample, or the lower and upper limits of the confidence interval of the arithmetic
mean may be used.

When calculating dimensionless equivalents useful method is to compare
initial values with variability indices, in this case the significance of indicators is
indirectly taken into account (if assuming that the variability is greater, the less
is the significance of the indicator). In particular, when using the arithmetic
mean error S as variability indices, we have d, = x / S. If the standard deviation
as the variability characteristic is used, then obtain ds = x / . The standardized
deviations (d;) or the Student's coefficients (d; = f) may be used:

In the last step of this stage, the normalization of dimensionless equiva-
lents is performed. Best of all the normalization is to be performed so as
new variables have firm limits of the change, for example, changed be-
tween 0 and 1. The transition from the initial data or their equivalents to the
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normalized variables can be described by different functions. Their forma-
tion or choice is determined solely by the research objectives and the art of
the data processor.

By using different transition functions, you can focus either on variables close
to the average value, or on the maximum / minimum values. At the same time, the
greatest "weight" is assigned to either "good" for the biosystem to indicators close
to the "ideal", or, on the contrary, the most "pathological". In fact, the normaliza-
tion operation is equivalent to an expert evaluation of the significance of the data,
with the difference that these "weights" are not equal to discrete values, but are
described by a continuous function.

There should be complete clarity about what is "good" and what is "bad"
concerning the state of the object. If the value of "1" is chosen as a favorable
state of the bioobject, then for each particular registered index of the state of this
object the normalization function should be chosen so that the best values for the
biosystem are close to 1, and the worst values are close to 0.

The normalizing linear functions throughout the sample over (the entire
span of the sample) are the simplest. They are: an increasing linear function (gy),
which is equal to 1 for x = x" and 0 for x = x’, and a decreasing linear function
(2») equal to one for x =x and 0 for x = x

gr=dy=(x-x)/'-x")  g=0"-9/G"-x")

If the "basis" of the indicator is not equal to a strictly fixed value and the

values in a certain range (from x; up to x; ) can be considered normal, then it

makes sense to assign the "best" value of the normalized variable to this entire
range, for example, g = 1.
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Fig. 1. Normalization by piecewise-linear functions "truncated pyramid" and "inverse trun-
cated pyramid" (a) and "pyramid" and "reverse pyramid" (b)
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In this case, the normalization function ( g;) will be written in the form of a
"truncated pyramid" (Fig. 1a):

xX—Xx . _ _
- > if x SXSXO,
.XTO—X

g3 = I, if x) <x<xg,
+
X —X .
— ) if x(J)“SxSer.
+ +
X —)CO

If the range of the "basis" is considered to be the worst for the biosystem,
the normalization function g4 will be a mirror-symmetric of the function g; and
will be written as an "inverted truncated pyramid":

Xg — X . _ _

%, if x <x<xg,

.XTO—X

ga=1 0, if xj<x<xg,

+

X— X .

=0 if xg <x<x.

+ o+

X —.X'O

If the "basis" does not have a range of variation and is strictly fixed, then

Xy = Xg = X the functions g; and g, degenerate in the g5 ("pyramid") and g ("re-
verse pyramid") functions, consisting of two segments (Fig. 1b).

X—x . _
—, if x <x<x,
XO—X

X —x .
— if x0<xﬁx+.
+

X —XO

Xg— X . _
0—_, if x SXSXO,
XO—X

86 =
X—X .
0 if xo<x<xt.

+

X — X0

However, it is more reasonable to use nonlinear transformations to normalize
physiological parameters. Nonlinear functions do not have fracture points; they can
be formed in such a way that they do not reach the limit (anomalous) values, but
only aspire to them asymptotically; their description is more compact and aesthetic.
It is best to use exponential functions for nonlinear normalization.

For example, if the maximum "weight" (equal to 1) is given to the value of
"optimum", and the extreme values correspond to unsatisfactory estimates of the
biosystem state, and the further from the "optimum", the worse, then as the nor-
malizing one can use the symmetric unimodal function "bell" (Fig. 2a):

g7:exp(—a(x—x0)2).
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Fig. 2. Normalization with the help of the unimodal "bell" (a) and "semi bell" function
with asymptotic approximation for the maximum values (b)

The width of the "bell" is determined by the value of the parameter a: in
Fig. 2a, the parameter a in the function g is half the width of the function gg. The
value of the parameter a can be specified through the variability of the original
array, then the "bell" covers a certain number of standard deviations ( ©).

For example, for @ = 1/(26%) the function g, can be written in the form of a
Gaussian curve:

g7 = oxp(~(x— %)/ 20°).

If x is the best value for the biosystem, then the value of the normalizing equiva-
lent is 1, and its values with increasing x asymptotically tend to O ("the more, the
worse"), the normalization functions are logically chosen as a "semi bell" (Fig. 2 b):

go=exp(—a(x-x)%).

Examples of indicators for which this normalization can be used are the
availability of bilirubin and creatinine in the blood, the availability of protein,
sugar, leukocytes and erythrocytes in the urine, etc.

If, conversely, the minimum value of the original array corresponds to the exact
minimum value of the equivalent (g (x = 0) = 0), and the maximum value of x is
assigned to equivalent value close to 1 (the larger, the better), the normalization
function can be written in the form of an increasing S-shaped function (Fig 2 b):

go=l-exp(—a@x—x)?)

This normalizing function is acceptable for a lot of parameters: blood oxygen ten-
sion, visual keenness, intellectual development, minute breathing volume, vital capac-
ity of the lungs.

The third stage is the actual construction of the composite indicators. When
combining the characteristics in the CI, it is necessary to take into account their medi-
cal and biological meaning and clearly understand the goals and objectives of the
study. It is recommended to combine variables related to the same body system (i.e.,
cardiovascular, respiratory, etc.) or taking into account the specificity of the study (in
psychophysiological or psychological testing).

The generalization of the standardized equivalents can be carried out:

- additively as the arithmetic mean or as a weighted average with "weights"
wi (G1);
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- multiplicatively as a simple product or a product with corresponding
power "weights" that characterize their relative importance (the so-called "pro-
duction functions"); using the geometric mean, or the formula for calculating the
probability of independent events:

n n n
Gl:{szglJ/{ZWz]’G2:1_H(1_gz)
i=1 i=1

i=1

For multiplicative convolutions, it is necessary to ensure that the products do not
have 0 or close to 0 values. If these values cannot be eliminated at the normalization
stage, then it is necessary to apply preliminary averaging in these formulas.

To construct composite indices, the use of regression models is possible. In this
case, the direct use of the initial variables for CI not standardized (dimensionless)
equivalents is possible, which greatly simplifies CI construction and practical use.
With this approach, the choice of informative variables takes place automatically (as-
suming that the informativeness in this case is determined by the reliability of the coef-
ficients), the significance and action direction of the initial characteristics action is
determined by the B-coefficients of the model, the adequacy of the CI is easily calcu-
lated (i.e., by the Fisher criterion).

The only fundamental problem is the lack of the function empirical values,
which are required in regression analysis for constructing models. However, it
can be solved if the values of the CI calculated by one of the above methods or
expert estimates are used as the output function. At the same time, it is natural
that the list of variables included in the regression model should differ from the
set of characteristics by which the external function (CI) was calculated. If these
values are enclosed in the interval [0,1], then the range of the regression func-
tions will also be between "0" and "1".

After calculating the CI for any of the variants, it is possible to successively
combine the CI in a community of a higher level, taking into account the hierar-
chy of the organization of the biosystems. For example, it is possible to obtain
separate Cls for the state of various physiological systems (blood, cardiovascu-
lar, respiration, etc.) for specific characteristics, and then to combine them into a
general "super comprehensive" index of the physical state. Further, these as-
sessments, for example, physical, mental and social status, can be combined into
an even more general indicator of the individual health state.

With complex indicators, you can carry out any mathematical processing — statisti-
cal analysis, comparison, the identification of dependence on time and other factors, etc.

At the final, fourth stage, verification of the CI takes place, i.e. verification
of the correctness and adequacy of its obtaining. This check can be carried out
by experts using the selected assessment procedures. For a qualitative evaluation
of the result, the expert's opinion can be expressed in the categories "capable",
"corresponding", "effective" or vice versa. It is advisable to choose "contrasting"
examples for testing. In this case, the worst object, in the expert opinion, should
be expressed by the minimum value of the CI, the best object should be ex-
pressed by the maximum value. If some object is "ideal" by the expert's opinion,
then after evaluation it should receive the greatest value on condition of CI cor-
rect construction. Naturally, the importance of the expert evaluation increases if
there are several experts and/or they compare several Cls obtained by different
methods or with some other CI, already recognized.
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Mathematical verification of CI can be done by various methods, for example,
by calculating the correspondence of the CI to the entire spectrum of variables that
are included in its construction. To do this, you can use pair and multiple correlation
analysis, differentiation criteria, etc.

Naturally, if the result of verification is unsatisfactory, it requires the recalcula-
tion of the entire design of the CI.

The effectiveness of CI use increases significantly if it is given the practical
meaning, understandable to any user. For example, the range of CI possible changes
can be divided into several gradations, each of them will have a verbal (semantic)
assessment. The number of gradations can be determined arbitrarily. The division
into two gradations is acceptable for strict selection (as "suitable"/"unsuitable").
Three or four grades correspond to the traditional division into "bad", "satisfac-
tory", "good", "excellent". Gradation limits are either simply established, based
on the convenience of classification, or are calculated mathematically. In this
case, there can be a simple partitioning into equal intervals (i.e., the range from 0
to 1 as 0-0.33, 0.34-0.66, 0.67-1). Either there is partitioning by statistical meth-
ods based on empirical data: using sigma deviations (when there are three, four,
five ranges) or quartiles (when there are four ranges, each containing an equal
area of the CI normal distribution).

As aresult, the researcher gets a tool with which he can evaluate the significance
of a set of informative characteristics expressed by one number. This is the verbal
integral evaluation (IE).

Upon completion of the work on the CI and upon obtaining the 1O, their visuali-
zation and implementation of these results are necessary. Such block is similar to the
final stage in the performance of any scientific work.

COMPOSITE INDICES FOR RANK AND BINARY VARIABLES

For rank variables a technology developed for quantitative variables can be
implemented with the exception of options for calculating group parameters and
normal distribution parameters. More over, instead of the arithmetic mean for
rank variables, it is customary to use the median.

When forming the composite indicators for rank variables, it is easiest to
use the method of direct points evaluation. In this case, all significant character-
istics of the object are normalized in the same interval, as a rule, between "0"
and "1". At the same time, the highest value is assumed maximum "good", for
example "1", and "0" is regarded "bad". Next, we compare all the attributes by
their significance for the object’ integral evaluation and introduce points (meas-
ures, multipliers) of this significance (weights) for each of the attributes.

The total complex score of the whole object is obtained by adding up the points
relating to the particular characteristics. In this case, as in the case of quantitative vari-
ables, it is possible to normalize the final CI from "0" to "1" dividing it into the maxi-
mum possible value of the sum of points.

The option of binary variables is the simplest to calculate: the informative indi-
cators are highlighted, the criterion of assigning the indicator to the "necessary quality"
is formulated, as a result of which a list of "unidirectional" binary features is compiled,
and weights are assighed to these characteristics. If the research task is to classify an
object, the decisive rule for this classification is additionally established. Mostly, this
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rule consists of comparing the sum of points (weights) of characteristics taken into
consideration with the previously chosen limit.

CONSTRUCTION OF COMPOSITE INDICES
FOR QUALITY VARIABLES (MARKERS)

When obtaining a CI for qualitative variables, the main difficulty is in their transform-
ing into a quantitative scale (digitization). This is done with the help of expert evalua-
tion. If the characteristics are few (up to ten), the ranking of characteristics can be
used, followed by normalization of the sum of ranks, a direct score or pair comparison.

In the latter case, it is best to apply the hierarchies method of T. Saati, which is
well described in literature [24]. It should be noted that the expert, comparing » char-
acteristics, actually holds n(n - 1)/2 comparisons. If the number of characteristics is
estimated by the ten, then to facilitate the work of experts, it is recommended to use
the step-by-step calculation of the significance by the following algorithm.

Step 1. Partition of the array of analyzed characteristics according to seman-
tic contents into m groups, each of them contains #; characteristics.

Step 2. Determining the importance of the ith attribute in each jth group by
the kth expert (w;;) by the Saati method using matrix procedures (calculation of
vector eigenvalues (A ) and their normalization):

Step 3. Determining the significance of the signs, which (like the eigenvectors
values) depend on the dimension of the feature matrices in each group (7). The
more features, the less these values are obtained on average. To compensate for
this effect, it is recommended to use a correction coefficient with the appropriate
normalization:

Step 4. Comparing the significance of the feature groups by experts for the
constructed CI and calculating the normalized coefficients of the significance of
the groups:

4

ij
m
Y
ij
J=1

Step 5. Calculating the coherence of expert assessments. Since the expert evalua-
tion assumes the activity of a group of experts, it is necessary to evaluate the consis-
tency of their estimation, mostly with the help of correlation analysis. Since the values
obtained by the Saati method are quantitative, the correlation can be calculated by the
Pearson’ formula. If the assessments of some experts do not correlate with the opinion
of the rest of the group, these experts are mostly excluded from the group.
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To assess the consistency of the results suggested by the kth expert when fill-
ing in the matrix of paired comparisons (the lack of "logical chains"), the index for
consistency (IC):

1C4 = Mmax — 1)/(n;— 1),

An expert evaluation is considered agreed if the IC <0.1.

Step 6. Assigning the classification ratings to experts. The skill levels of ex-
perts may be different. Therefore, it is advisable to assign to each of them a certain
standardized qualification coefficient e, based on the length of service in this sub-
ject area, academic degree and rank, position, etc.

Step 7. Calculating the total significance of each sign carried out by the formula:

W,-j = Wik V kg je-

Since normalization was performed at each stage of calculations and the
"weights" of experts and groups in the formula have already been taken into
account, therefore the sum of the significances of all characteristics is "1", and
they can be compared regardless of their belonging to the group.

Thus, the developed technology allows to design a complex indicators for data of
any kind of scales (relations, ranks, binary variables and markets). The technology has
been tested on a variety of medical, biological and environmental data sets.

CONCLUSIONS

The developed generalized information technology is oriented at supporting the solu-
tion of a wide range of problems of medical and ecological researches and integrates
various approaches to the processing and analysis of data of different types. Proposed
technology consists of four stages: the formation and initial analysis of an initial indi-
cators set, the calculation and normalization for obtainig unnamed equivalents, the
actual design of the composite indices, and their verification. The implementation of
this technology makes it possible to compare data of different unnamed, determine the
significance of specific characteristics in a general research totality, to evaluate the
integral state and to classify the research objects.

The use of the proposed modifications of information technology for constructing
composite indices based on data of different types: quantitative, rank, binary and quali-
tative variables, allows to avoid mistakes in the incorrect application of mathematical
methods for processing medical and environmental information.
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[HOOPMAIIMHA TEXHOJIOI'TSI KOHCTPYIOBAHHS
KOMIUIEKCHUX ITOKA3HUKIB JJIS PI3HUX TUIIIB JAHUX
B MEJIMKO-EKOJIOI'TYHUX JOCJIIKEHHAX

Bcmyn. Oonum 3 epexmuerux wnsaxie eupiulenHs npobiemu 00poOneHHs i aHanizy
senuyesHux 06cs2i8 IHopmayii MeOUUHUX Ma eKON02IUHUX OOCHIONCEHb € 3ACMOCY8AHHS
iHGhopMmayitiHux MexHON02il Ha OCHOBI MemOoi8 KOHCIMPYIOBAHHS KOMNOSUMHUX [HOEKCi8, o
003601UMb  GUKOHYSAMU  IHMeZPAlbHe OYIHIOBAHHA CMAHY eKONO2IYHUX, MeOUdHUx i
bionociunux cucmem.

Memoro cmammi € po3pobnenns  y3aeanvHenol  iHGopmayitinol  mexnoao2ii
KOHCIPYIO8AHHS KOMNIEKCHUX NOKA3HUKIG OISl PI3HUX TUNie OaHUX, AKi 6UKOPUCTHOBYIOMbCS
8 MEOUKO-EeKON02IUHUX OOCTIOINCEHHSX.

Pezynomamu. Meouxo-exonoeiuni 00cniodcents Maiomos 08d OCHOBHUX CKIAOHUKA:
auaniz cmany 300po8's M0OUHU i HABKOIUWHBLO20 cepedosuwa. Y pasi po36 si3anHs maxux
3a60anb HEOOXIOHO 30IlCHIOBAMU OYIHIOBAHHS MA aHANi3 cmany 6i000'ckmy 3a OaHuMU
PI3HUX MUnie. KiNbKICHUMU, PAH208UMU, OIHaApHUMU T AKICHUMU 3MIHHUMU. Pospobneny y3a-
2AbHEHY THOPMAYITIHY MEXHON02II0 OPIEHMOBAHO HA NIOMPUMKY PO36 SI3AHHS UUPOKO20
KONA 3A680aHb MeOUKO-eKONOSIYHUX OO0CHIONCEeHb, MOMY Y MeXHON02is iHmeepye pisHi
nioxoou 00 06pobrenns i ananizy Oawmux pizHo2o muny. Buxowamnms uomupvox emanie
3aNpPONOHOBAHOI MEXHON0RIT (a came QOpMYBaHH MA NEPBUHHULL AHANIZ KOMNLEKCY BUXIOHUX
NOKA3HUKIB, PO3PAXYHOK MA HOPMYEAHHS Oe3DO3MIPHUX eK8I8aeHmis, KOHCIMPYIOBAHHS KOM-
NJIeKCHUX NOKA3HUKIG 1 iX eepuixayis) 0036018€ NPoOBOOUMU NOPIGHAHHA OAHUX DI3HOL
PO3MIDHOCMI,  BUSHAYAMU  3HAYYWICMb  KOHKDEMHUX XAPAKMEpUCUK 6  3d2ailbHill
OQ0CTIOHUYBKILL CYKYNHOCMI, OYIHIO8AMU [HMe2PalbHUll cmaH i 30ilichiosamu Kiacu@ixayio
06'exmie 0ocniodicenns..

Bucnosku. 3anpononosana inghopmayitina mexnonozis KOHCMPYIO8AHHA KOMNIEKCHUX
NOKA3HUKIE 34 OQHUMU DIZHUX MUNIG: KUIbKICHUMU, DPAH2OGUMYU, OIHAPHUMU [ SKICHUMU
SMIHHUMU, € epeKmuUeHUM THCMPYMEeHmom OJisi NOPIGHAIbHO20 AHANIZY cmaHy 6iood'ckmis
pi3Hoi  npupoou, il euKopucmauHs  00360JA€  VHUKHYMU NOMUIOK  HEKOPEeKMHO20
3ACMOCYBAHHS MAMEMAMUYHUX Memo0ie 00pOOIeHHs MeOUKO-eKOI02iUHOI iHGhopmayii.

Kniouosi cnosa: ingopmayiiina mexnonozis, KOMno3umHi noKasHuKu, oopooaenHs MeOuyHux
i eKON0TUHUX KINbKICHUX, PAH208UX, OIHAPHUX | AKICHUX 3MIHHUX.
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NHOOPMAIIMOHHAA TEXHOJIOT A KOHCTPYNPOBAHMA
KOMIUIEKCHBIX ITOKA3ATEJIEN UL PA3HBIX TUIIOB JJAHHBIX
B MEJIMKO-3KOJIOTUYECKUX NCCIIEJJOBAHUAX

Oonum u3 3¢ppexmusHvix nymetl peuteHusi npoodIemMsbl 00PabOMKU U aHaiuza 6oaLUWUX 00ve-
MO8 uHgopmayuu MeOUYUHCKUX U IKOLOSUHECKUX UCCIeO08AHULL S6IAeMCs NpUMeHeHUe
UHDOPMAYUOHHBIX TMEXHONO02ULl HA OCHOBE MeMOO08 KOHCIMPYUPOBAHUA KOMNOIUMHBIX UH-
0eKCcos, uUmo NO360JseMm BLINOTHAMb UHMEZPATLHYIO OYEHKY COCMOSHUS IKONOSUUECKUX,
MEOUYUHCKUX U OUOTIOSUYECKUX CUCTHEM.

Llenvio cmamvu sgasiemes paspadbomka 0600WeHHOU UHDOPMAYUOHHOU MEXHOIOSUU
KOHCIPYUPOBAHUSL KOMNJIEKCHBIX nokaszamenel Ol pasiuidHblX munoe OaHHbIX, UCHONb3Ye-
MBIX 8 MEOUKO-IKONOSUHECKUX UCCLeO0BAHUSIX.

Meouxo-sxonoeuneckue uccne0o8anus umelom 06a OCHOGHLIX KOMNOHEHMA. AHANU3 CO-
CMOosIHUSL 300P06bsL YUeN08eKa U OKpyJicaroujel cpedvl. B cryuae pewenus makux 3a0a4 neoo-
X0OUMO OCYWEeCMEIsAMb OYSHKY U aHanu3 OUu006beKma no OaHHLIM PA3TUYHBIX MUNOS, M.e.
KOUYECMBEHHbIMU, PAHCOBLIMU, OUHAPHBIMU U KAYeCTNEHHbIMU nepemenuvimu. Paspabdo-
mannas 0600WeHHAs UHDOPMAYUOHHASL MEXHOIO2USI OPUSHIMUPOBAHA HA NOOOEPICKY peuie-
HUll WUPOKO20 Kpy2a 3a0ai MeOUKo-IKOI0SUYECKUX UCCIeO08AHUM, NOIMOMY OHA UHMeZPU-
pyem paziuyHvle NOOX00bl K 00pabomke u aHaauzy OAHHGIX pazno2o muna. Beinoanenue
uemulpex ImManog npednazaemoll MmexHoIocul (a UMeHHoO gopmuposanue u nepeutHvlll ana-
U3 KOMNIEKCA UCXOOHBIX NOKA3amenel, pacyem u HOpMuposamue 0e3pasmepHvix IKEUGd-
JIeHMO8, KOHCMPYUPOBAHUe KOMNIEKCHbIX noKasamenel u ux eepuguxayus) no3eoniem npo-
600UMb CpPAGHEHUE OAHHBIX PA3NUYHOU PAZMEPHOCU, ONPedelamb 3HAYUMOCHb KOHKDem-
HbIX Xapakmepucmux 6 obujell uccie008amenscKkol COBOKYNHOCMU, OYeHUBAMb UHINEeSPalb-
HOe COCMOsIHUE U OCYIeCBNAMb KIACCUDUKAYUIO 00bEKMO8 UCCTIe008ANUSL.

IIpeonooicennas un@PopmayuoHHas MexHoI02Usl KOHCIPYUPOBAHUS KOMNIEKCHBIX NOKA-
3ameineti N0 OAHHBIM PA3IUYHBIX THUNOG. KOAUYECNEEHHbIM, DAH2OBbIM, OUHAPHBIM U KaYecm -
BCHHBIM NEePEMEHHbIM, AGNACNCA IPDEKMUSHBIM UHCTNPYMEHTNOM O CPAGHUMENbHO20 AHA-
U3 COCMOsHUA OUO0OBEKMO8 PA3IUYHOU NPUPOObL, ee UCHONb306aHue NO360s1em u3be-
arcams OUUOOK HEKOPPEKMHO20 NPUMEHEHUS MAMeMAmuYeckux Memooos 0opabomxu meou-
KO-9KONI02U4ecKol uHghopmayuu.

Knrousvie cnosa: qubopmauuonnaﬂ mexHoI02us, KOMRNO3ummnsvle nokasameiu, o6pa6omka
Met)ul/;MHCKI/LX U IKOJI02UHUECKUX KOJIUUYEeCMEBEHHblX, PAH206blX, 6uHaprlX U KavecmeeHHblX
NEePeMeHnHbLX.
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@OPMYBAHHA IHAHBIYANbHOTO KOMNNEKCY KEPYBANbHUX
BINHBIB [INA PEABINTALLI PYXIB | MOBNEHHA MCAA IHCYNLTY

Bemyn. Co0200Hi 00HUM 3 NPOGIOHUX HANPAMIB Y CUCHEMI OXOPOHU 300P08 5 € THOUBIOYAIbHULL
nioxio 0o nikysanns. LLJo0o 8iOHONEHHS M A308UX | MOBIEHHEBUX (DYHKYILL NICIISL IHCYIILINY KOJCEH
eman peabinimayii nepeddadae Gopmyeants IHOUBIOYATbHO2O KOMIIEKCY KEPYBALbHUX BNIUBIE —
npoepam, MemoouK mpeHy8anHs 3a2aibHUX PyXie KIHYIGOK, MOHKOI MOMOPUKYU KUCMI Ul NATbYi6
015 GIOHOGEHHSI MOGNICHHS, SIKI CNPAMOBAHO HA 3MEHWEHHST 0epiyumy pyxoeux i MOGLEHHEGUX
Qyuryill, HAOYMo20 HACTIOOK NAMONOCI.

Mema cmammi — u3HaAuUMU, 30 AKUMU ATCOPUMMAMY, THHOPMAMUSHUMY KPUMEPIAMU
OYIHIOBAHHS Oeqhiyumy PyXoeux i MOGNIEHHEBUX (IYHKYILL Ma SUPTULY8ATbHUMU NPABUIAMU (opMY-
€mbcst IHOUBIOyanbHUlL HAOIp PyXie, npoepam i peiamenm ix mpenysans Osi BIOHOGACHHS PYXOBUX
i MOBNIEHHEBUX (DYHKYILL NICHISL THCYIbMY.

Pesynomamu. Po3pobneno 3aeansHuil i 000AmMKO8i aneopummu Popmy6éaHHst iIHOUBIOYAIbHO2O
KOMNIEKCY KepyBAIbHUX GNIUGIE OJist peabiiimayii M A3068UX | MOBIEHHEGUX (DYHKYILL NICISL IHCYIbIY.
3eioHo 3 yumu aneopummami y NAYiEHMA NEPeGIpsIONb HAAGHICMb 3a2ANbHUX | CneyudiuHux npo-
MUNOKA3AHL 00 3ACMOCY8AHHS MIOCIEKMPOCIUMYIAYIL ma/abo OiompenysanHsl, RPOBOOsiMb KibKi-
CHe OYiHIOBAHHS NOPYULEHb PYXOBUX | MOGIEHHEBUX (DYHKYITL, MSI3086020 MOHYCY 30 HOBUMU OPUSIHA-
JILHUMU MEMOOUKAMU, NEPEBIPKY 00MeHCeHb 00 3ACMOCYBAHHS NPOSPAM | MPUBANOCTT MPEHYBAHD.

© M.I1. BOBK, €.b. TAJI)IH, O.A. KYLISK, A.I. JIAVTA, 2018
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Jlooamxoei aneopummu po3pooneHo O 8paxysanist NOKA3HUKIG 5K 2inep-, max i 2inomonycy. Oco-
OIUBICINIO YUX ANCOPUMMIB € 88e0EHHS 000AMKOBUX YMO8 0036011y MPEHYBAHHS HA OCHOBI ChopMO-
BAHUX KPUMEPIIB 3a IHMEPBAIaMU 3HAYeHb M 1306020 monycy. Pospobneno supiutyeanvui npasuna iz
3ACMOCYBAHHAM ANeeOPU NPEOUKAMIB, TO2IYHUX 3MIHHUX, SIKI 8I0N0GI0AIONb 3A3HAYEHUM KPUMEPIsm
i nokasHuxam. 3a yumu npasuiamu y OiHapHitl oopmi Ha KodCHOMY emani peabinimayii usHaya-

"o

10mb peKomMen008anutl 3a npiopumemom Haoip pyxie, npocpam mpenysans ("'Cunmes”, "/Jonop",
"[lopic", "Biompenysanna" 3a mexnonozicto TPEHAP" ) ma ix pecnamenm.

Bucnoexu. Posensimymuti nioxio 00 opmyeanHs iHOUBIOYWILHO2O KOMNIEKCY KepPySalbHUX
6NIUBIB OISt peabinimayii pyxie i MOMOPUKU MOBIEHHs NIC/IS THCYIbIMY € MEOPEMUYHOI OCHOBOIO
cunmesy MoOLbHOL IHopmayitinOl MmexHONO2I Yuppoeol Meduyunyu OONOMo2U JUKApIo Y OlaeHOC-
muyi ma npoeederHi iHOusioyanbHol peabinimayii pyxXosux i MOGIEHHEBUX (YHKYILL NICT THCYIbMY.
Knwuoei cnosa: incyiom, pyxu, MoeneHHs, peabinimayis, Memoouku OYiHIBAHHA, alo-
PUMM, BUPTULYBATbHI NPABUILA, THOUBIOVATLHI KEPYBANbHI BNAUSU, NPOSPAMU, MIOENEeKMPOC-
Mumyasyis, OiompenyeanHs.

BCTYR

LepebpoBackysisipHa Hatonoris Ta il HaliBaxkua opMa — iHCYJIBT, € OHIEIO 3 Halvac-
TIIMX TPUYHH IHBATITHOCTI IOPOCIIOro HaceNeHHs. HalOubIn nommpeHnM MocTiHCY-
JETHUM J1e)eKTOM € PyXOBi MOpyIIeHHs. J{pyruM 3a 3HAYUMICTIO 1 MOIIUPEHICTIO —
PO371a11 MOBJIEHHS], 30KpeMa MOTOpHa adhazisi — MaToJIOriss YCHOTO MOBJICHHS, POSIB-
nstetbest y 18-27 % martieHTiB, skl nepeHeciy iHcyapT. HasBHICTE pyX0OBOTo i MOBJICH-
HEBOTO J1epeKTy BHACHIJIOK TIEPEHECEHOTO 1HCYIIBTY, YePEeTHO-MO3KOBOI TPaBMH, TTyX-
JIMHUA MO3KY a00 ONEpaTUBHOTO BTPYYaHHS HA TOJIOBHOMY MO3KY 3HAUHO 3HIDKYE KO-
MYHIKaTUBHI MOXITMBOCTI, TIOBCSAK/ICHHY YKUTTEBY aKTHBHICTH XBOPHUX, IPU3BOJUTH 110
X comianpHOI 1305111, 3a pi3HUMHU NaHUMU iHBaNifgamu ctaroth 70-80 % oci0, siki
BYDKHJIM ITICIIA THCYIBTY, @ 2030 % 3 HUX MOTpeOyIOTh MOCTIMHOI CTOPOHHBOT I0IIOMO-
ru. PeabiniTarist XBOpHX 3 pyXOBHM 1 MOBJICHHEBHUM JE(DILIUTOM, 1110 TIEPEHECTN MO3KO-
BHUI IHCYJIBT, € aKTyaJIbHOIO MPOOJIEMOIO.

Peabinitaniss — 1e, mepi 3a Bce, MOOLTI3aIs Pe3epBiB OpraHi3mMy Ha Bif-
HOBJICHHS TTOPYIIIEHOT BHACHINOK naronorii ¢ynkmii. [llogo BimHOBICHHS pyXo-
BUX (YHKUiH, IpOBigHE Miclle y KOMIUIEKCI MporpaM MeOU4YHOi peadimitamii
BIIBOJUTHCS TPEHYBAHHIO PyXiB Ha 0a3i HOBUX iH(QOpMALMHHUX TEXHOJOTIH.
[IpoGiema peabiniTarii moJyisrae y 010J0TIYHO aJeKBaTHIN MOOLTI3ali pe3epBiB
OpraHi3My Ha BiJJHOBJICHHS PYXiB, Y HEOOXiTHOCTI BHOOPY METOJy, NpOrpamHu,
METOJMK TPSHYBaHHS, SIKi € aJJeKBATHUMH CTaHy PyXOBUX (YHKIIIH i eTary pea-
Oimitauii. Came Takuil MiAXiA MOKIaJEHO B OCHOBY KOHKYPEHTOCIPOMOKHOI
OioiHopMaNiitHOT TEXHOJOTIi BiJHOBJICHHS PYXOBHX i MOBJICHHEBUX (DYHKIIiH
TPEHAP®, siky peanisye HOBHil Kilac BUPOOiB HH(pPOBOI MEIUIMHI — amapar-
Ho-nporpamunii komruiekc TPEHAP®. T'0lOBHOO NepeBaroro TeXHONOTIT € Mo-
JKIIMBICTh OPTaHi3yBaTH IHAWBIMyaTbHHUH MiIXil A0 BiJHOBHOTO JIIKyBaHHS Ha
KO>KHOMY eTari pealdiniTamnii pyxiB i MOBJIeHHS [1].

3actocysauns Texnosorii TPEHAP® y BinHOBHOMY niKyBaHHI pyXiB i yc-
HOTO MOBJICHHS TOKAa3aJ0 3HAYHWH HPOLEHT IMOKpallleHb PYXOBUX (QYHKUIH,
SKHWH, 30KpeMa Ticisl 1HCYNbTY, 32 €KCIIEPTHUMH OIliHKaMu paocsirae 93 %, a
MOBJIICHHEBUX (QYHKIIH y pa3i TpeHyBaHHS TOHKOT MOTOPUKH YpaKeHOI KUCTi y
XBOpHX Micisl iHCYAbTy (MoTOpHa adaszis, MpaBOOIUHHMI remimapes) mocsrae
74 % npotu 41 % 3a 6a30BUM KypCOM JIiIKyBaHHSI.

HageneHi pe3ynbTaT € MijICTaBoOIO JUIsl BKIIFOUECHHS 3alPONOHOBAHOI TEXHO-
JIOTii BIZTHOBJICHHS PYXiB 1 MOBJICHHS JI0 000B’I3KOBOT'O KOMILIIEKCY peadiiTarliii-
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DopmysanHst iHOUBIOYANbHO20 KOMNAEKCY KePYBAIbHUX 6NIUGIE OIS peabinimayii pyxié

HHUX 3ax0fiB. BapTo 3a3HauWTH, 110 MOKa3HWKW MOKPAIICHHS BiAI3EpKAIOIOTH
SKCIIEPTHY OIIHKY CIEIIaIICTIB, siIka HOCHUTh SKICHHH 1 B 0araThbOX BHUIIaJKaX
cy0’ekTUBHHHN XapakTep. PazoM 3 TUM, ycIiX HIMPOKOTO BUKOPHCTAHHS iHHOBA-
witinoi Texuonorii TPEHAP® 3naunoro MIpOI0 BH3HAYAEThCS 00 €KTHBHHUM OIli-
HIOBaHHSM ITO3UTHBHOI JUHAMIKH JE(ilUTy PyXOBHX 1 MOBJICHHEBUX (YHKIIH
BHACITIZIOK peadiTiTaiiH1X 3aX0/1iB, BXKJIMBE 3HAUCHHS B SKOMY BIJirpa€e KijabKi-
CHE OI[IHIOBaHHS AeDIUTY 3a JOKa30BUMH KpuTepismu. KibKiCHE OI[IHIOBaHHS €
B)XJIMBUM CKJIaJHUKOM y LUQPOBiil MeAUIMHI, 30KpeMa, OCHOBOIO CHHTE3Y Me-
TONIB Ta 3aco0iB iH(GOPMALIHHO-KOHCYIBTATHBHOI JIOTIOMOTH JIKAapI B OIHIO-
BaHHI e()eKTUBHOCTI peabiiiTamiiHoro mporecy i GopMyBaHHI iHIUBIIYaIEHOTO
KOMIUIEKCY KepYBAILHHUX BIUIMBIB y pealiiTaiii XBOpOTo Micysl iHCYIbTY.

TexHoIoris peabimiTalliifHOr0 MPOIeCy MOYMHAETHCS 1 3aKIHIYEThCS EKCIIEPT-
HHUM OLIIHIOBaHHSM 00’ €KTa peabiiTalii Ha KOXKHOMY eTari. SIK mpaBuiio, MamienT y
BiIHOBHOMY JIiKyBaHHI PyXiB NPOXOIWTH Kijbka eramiB. KoxxHuil nepenbayae Bu-
3HAYCHHS 1HUBIIYaTbHOrO0 KOMILUIEKCY KepyBaJbHUX BIUIMBIB: METOJIB, MIPOTPaMm,
METO/IMK Ta PeTJIAMEHTY TPEHYBaHb PYXiB, SIKU 0a3y€ThCsl HA OLIIHIOBaHHI Jediny-
Ty PYXOBHUX (DYHKLIH 3 ypaXyBaHHSIM 3araJIbHOIO HEBPOJIOTIYHOTO CTaTyCy MAlli€H-
Ta, CYMyTHIX 3aXBOPIOBaHb, IOTOYHOrO (DYHKIIOHAJBHOTO cTany. Kpim Toro, mij
yac (opMyBaHHS 1HIWBITyaIbHOTO KOMIUIEKCY KepyBaILHUX BIUIHBIB ITOCTA€E HEOO-
XiZIHICTh POBOJMTH HE TUIbKU 1HTErpaJIbHE OLIHIOBAHHS €EeKTHBHOCTI peadiiTa-
wii, ane ¥ JOoCHiKyBaTH TUHAMIKY AeilUTy pyXxoBUX (PyHKLIH OKpEeMO BEPXHIX i
HIDKHIX KIHIIIBOK, TX JUCTAJIbHUX 1 MPOKCUMAIbHUX BIIIUIIB Ha PI3HUX eTamax
peabimitarmii. A/pKe BiJOMO, [0 CHMITOMATHKA PYyXOBHUX IOPYIICHb 3aJI€KHUTh BiJl
nepiofy micis iHCYNbTY, JOKami3auil i po3Mipy maToioridHoro Borauia [2]. B pe-
3yNbTAarTi, Ml 4ac OpraHizaiii iHJUBiIyabHOTO MiXOAY JIKAp CTHKAEThCS 3 TPO-
07eMoI0 OaraToKpUTEpiaIbHOTO BHOOpY JUIsl BU3HAYECHHS 1HIMBIIYaIbHOTO KOM-
IUIEKCY KepyBaJbHUX BIUIMBIB Ha KOXKHOMY eTarli peaOinitanmii.

[lepmmmM kpokoM y BupimeHHi Li€l mpobiemu Oyno po3po0sieHO HOBHI Me-
TOJl KUTBKICHOTO OIIIHIOBAaHHS Je(IiIUTy pyXOBUX (PYHKIH 32 OCHOBHUMH Ta
JIOAATKOBUMHM KpUTEPisiMHU [3], sIKMI Hajae He TiJIbKH IHTErpajbHy OLIHKY Hedi-
LUTY pyXOBUX (DYHKLIH, ajle i OKpEeMO NPOKCHUMAIbHUX 1 IUCTAJIbHUX BiJALTIB
KIHIIIBOK, @ TAKOXX TOHKOI MOTOPHKH KHCTi. MeToa NpOMIIIOB KIIIHIYHY anpoda-
uito (73 mamieHTH) mig yac peaOuTiTalliiHUX 3aXOJiB 32 HOBOIO TEXHOJIOTIERO
TpeHyBaHHs/BiTHOBIEHHs pyxoBuX (yHkuiii TPEHAP® y xBopux Ha iHCYIbT.
[Tonepennst anpobaiss METOLy MiATBEPANIA 3aJISKHICTh eEeKTUBHOCTI peadisi-
Tamii BijJ mepioy micist iHCYJBTY, a TAKOXK HEPIBHOMIPHICTh JUHAMIKK nedinu-
Ty M’s130BUX (DYHKIIH BEPXHIX 1 HUKHIX KiHI[IBOK, X TIPOKCHMaJBbHUX 1 AUCTA-
JBHUX BimaimiB [3].

OCKiNBKH 3aCTOCYBaHHS JAESIKUX TPOrpaM TPEHYBaHHS PYXiB 32 TEXHOJOTi-
ex0 TPEHAP® Bumarae 36epexeHHs y NaLli€HTiB (yHKIT pO3yMiHHS 3BEPHEHO-
TO MOBJICHHSI Ha IIEBHOMY PiBHi, a BUSIBJICHHS Yy MalieHTa AediluTy yCHOTO MO-
BJICHHSI IOTpeOye 0OOB’SI3KOBOTO BKJIIOYEHHS B iHAMBIAYyaJIbHUM KOMIUIEKC Ke-
pYBalIbHUX BIUIMBIB TpEHYBaHb pYyXiB TOHKOi MOTOPWUKH KHCTi, TO
00’ €KTUBI3aLS OL[IHKH CTYNEHs BUPA’KEHOCTI MOPYIIEHb MOBICHHEBUX (PYHKIIIH
Yy XBOPHX 3 MOTOPHOIO, CEHCOPHOIO a00 MOTOPHO-CEHCOPHOIO adaszi€ro € He
MEHIIl BKJIMBUM 3aBJaHHSIM. Pe3ynbraToM NOCHTIDKEHb 3 BUKOHAHHSM IHOTO
3aBJlaHHS € PO3pOOJICHUI HAMU METOJ| KiJIbKICHOTO €KCHPEC-OIiHIOBaHHS CTY-
MEHsI CEHCOPHUX 1 MOTOPHUX NOPYIIEHb MOBJICHHS y pa3i ahaTHUHUX pO3JIajiB y
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XBOPHX Ticisi iHCYNbTY [4], sskuii BepudikoBaHO B KIIHIYHUX yMoBax y 31-ro
XBOPOTO MIiCHs 1HCYNBTY. MeToa Mae HU3Ky NepeBar: HeBeIHKa TPUBAIICTh 00-
CTEXCHHS, MPOCTOTA Ta 3PYYHICTh BUKOPUCTAHHS CIEUialiCTaMH HE JIOTOIeIu-
YHOTO Mpodimto (HaNpHKIa, JiKapsIMU-HEBPOJIOTaMHK), 3a0e3redeHHs] MOKIIU-
BOCTI KUJIbKICHO OI[IHUTH BiJIHOBJICHHS MOBJICHHS B PE3yJIbTaTi peabimiTariiftHux
3aXOiB HABITh B MEXaX HEBEJIMKOI MO3UTUBHOI TUHAMIKH.

Po3pobneni HOBI MeTOM KiJIBKICHOTO OLIHIOBaHHA Ae(iuuTy pyxoBuX (y-
HKIIIH 1 MOBJICHHS |3, 4] cTajau OCHOBOI CHHTE3Y IHIUBIAYAIbHOI'O KOMILICKCY
KEepYBaJIbHUX BIUIMBIB AJIs1 BiTHOBJICHHSI PYXOBHX 1 MOBJICHHEBUX (DYHKUIH ITic-
7151 iHCYTIBTY Ha Pi3HUX BIJTHOBHHX IEpiofax.

Mera cTarTi — BH3HAYMTH, 32 SIKUMU JITOPUTMAMH, 1HPOPMATHBHAMH KpUTE-
PisSIMH OIIIHIOBaHHS Ie(ilMTY PyXOBUX 1 MOBJICHHEBUX (DYHKIIIH Ta BUPIITYBATLHUMA
npaBuiiaMu (HOPMY€ETHCS IHIUBIAyaTbHIN Hablp pyXiB, MPOrpaM 1 persiameHt ix Tpe-
HYBaHb IS BITHOBJICHHSI PyXOBHX 1 MOBJICHHEBUX (DYHKIIIH ITiCIIs IHCYIIBTY.

SATANbHMA ANTOPMTM ®OPMYBAHHA IHMBIYANbHOTO
KOMNNEKCY KEPYBANbHUX BNNMBIB

dopMyBaHHs 1HAMBITYAILHOTO KOMIUIEKCY KEPYBAIBHUX BIUIMBIB IS BIJHOBJICHHS
PYXOBHX 1 MOBJICHHEBUX (DYHKIIH MiCTs IHCYNIBbTY Ha 06a3l TpeHyBaHb PyXiB 30iHCHIO-
€ThCS 32 AJITOPUTMOM, SIKMH HAJIaHO Ha prc. 1. [0OBHUMY eneMeHTaMHt 1bOTO aJro-
PUTMY € IiIarHOCTHKA HEBPOJIOTIYHOTO CTaTyCy Ta (P)YHKLIIOHATILHOTO CTaHy Ialli€HTa,
sIKa BKJIIOYAE BUSBIICHHS Y TIAIli€HTa 3arajlbHUX 1 CHEIU(IYHUX MPOTUIIOKA3aHb 10
3aCTOCYBAHHS MIOCJICKTPOCTHMYJIAINI Ta OIOTpeHYBaHHS, a TaKOX OI[IHIOBAHHS I10-
PYLLIEHb PYXOBHX 1 MOBJICHHEBUX (DYHKLIH.

l'onoBHUMY OCOOJIMBOCTSIMHM PO3PO0JICHOT METOAMKHM KIIBKICHOTO OIIIHIO-
BaHHs NeiuuTy pyxoBuUX (QYHKUIH (TMHOMHM PYyXOBHX IMOPYLIEHb) Y XBOPHUX
MiCJIs IHCYJIBTY Ha 0a31 EeKCIePTHOTO OI[IHFOBAHHS 32 OCHOBHHMH Ta JIOJJATKOBH-
MU KpuTepismu € [3]:

* BBEJICHHSI OKpPEeMOl KUIBbKICHOI OWIHKU Ae(inuTy pyXxoBUX (QYHKLIH ypa-
JKEHUX HMKHBOI 1 BEPXHBOI KIHIIIBOK, X MPOKCUMAIbHHX 1 TUCTAILHUX BIIILTIB
32 OCHOBHUMH KPHTEpisMH, Ha 0a3i sKMX (QOpMyeThCs iHTETpanbHa KilbKicHa
OLIIHKA TITMOMHU PYXOBHX MOPYIIEHb KiHIIBOK;

* BBEJICHHSI JIOJJATKOBUX KPHUTEPIiB JUIs OI[IHFOBAHHS PYXOBHX ()YHKIIIH TOH-
KOT MOTOPHKH KHCTI;

* BBEJICHHSI JIOJIATKOBUX KPUTEPIiB IS OLIHIOBAHHS XOJIH;

* BU3HAYEHHS 1HAMBiAYyanbHOI HOPMH BiJICYyTHOCTI MOPYIIEHB: EKCIIEPTHE
OLIIHIOBAaHHS YPa)KEHUX KiHIIBOK MPOBOJUTHCS BiIHOCHO BJIACHUX 3J0POBUX
KIiHIIIBOK TaIieHTa, pyXOBi (QYHKIIT SKMX BU3HAYAIOThH 1HIUBIIYaIbHY HOPMY;

* yHi(piKawis KiTBKICHOrO OLIHIOBAaHHS PiBHS AeiIUTy pyXOBHX (YHKIIH:
yCi HIKamM KiJbKICHOTO OIIHIOBAaHHS 32 BCIMa KPUTEPISIMH MalOTh OJHAKOBY
niecTuOaNbHy CTYNEHEBY Tpajallilo 3 OJHAKOBOI CHPSIMOBAHICTIO BiJl Haikpa-
moro (5-te OaniB, BIACYTHICTh MOpYLIEHb) A0 Hairipmoro (0 Oamis, mieris)
MOKa3HHKA 3 IPUB’SI3KOK0 JI0 CTYTICHS Mapesy.
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‘4> 3aCTOCyBaHHS MiOenNekTpoCTUMYnsLii Ta 6ioTpeHyBaHHS

KinbkicH iHIOBaHHSI NMOPYLUEHb PYXOBUX (PYHKLN |«
PekomerAaul oo K')raaM';lsoggr)cl) TeOH c’:)y ° Py 1<
LIOAO 3HWKEHHSI yey
cnacTuku

MepeBipka 3aranbHUX NPOTUMOKa3aHb A0

cTon

—JH —

KinbkicHe OLiHIOBaHHS NOpyLUEeHb

MOBJIEHHEBUX (PYHKLIiN

—

MepeBipka o6MexeHb A0 3aCTOCYBaHHS
nporpam Ta TpUBanocTi TpeHyBaHb

CTaH eMoLjinHOo- MUroTNnvBa apuTMis

Y

BONbOBOI Chepn (komneHcauist) abo

LykpoBuii aiabet

BuaHayeHHs Habopy pyxiB Ta nporpam
TPeHyBaHb

{_}

Bunbip pekomeHAOBaHWX TPEHYBaNbHUX PyXiB, |«

Y

nporpam TpeHyBaHb Ta iX TpMBanocTi

&

PopmyBaHHA pekoMeHAaLin LWOAO iHAVBIAYaNnbHOTO KOMMMEKCY
KepyBasbHUX BNMBIB

—

MpoBeaeHHs kypcy peabiniTauii

[MpoBeaeHHs
> roomean. |
TpeHyBaHb

Mineuwena
4yTnuBicTb A0
cTumynauii y
nauieHra?

TAK Pekomengauii
Ha 1 ceaHc

Y A\

MpoaoBXeHHs TpeHyBaHb 3a
iHOVBIAYanbHYM KOMMNEKCOM

[MoBTOpHE
OLliHIOBaAHHS

TAK

naujieHta?

OcTaHHin
ceaHc?

Puc. 1. 3aranpuuii anroput™ (GOpMyBaHHS IHAMBIAYaJIbHOTO KOMILIEKCY
KepyBallbHUX BIUIMBIB JJIS BITHOBJICHHS PyXOBHX Ta MOBIICHHEBUX (DyHKIIiit

Hicis iHCynbTy
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[lepeniueni BigMiHHOCTI pO3p00IEHOT0 METOLY HAIAI0Th MOXKIIUBICTh:

*  OIIIHIOBATH 1 3iCTABJIATH TUHAMIKY BiJIHOBICHHS PYXiB BEPXHIX 1 HIKHIX
KIHIIIBOK, iX MPOKCHUMAJIbHUX 1 IUCTAIbHUX BIIIIIB;

* 3MEHIUUTH MOXUOKY BU3HAYEHHS ITTMOMHH PyXOBUX IOPYILIEHb Y BiIO-
BIIHUX BiJJiJaX BEPXHHOI Ta HWKHBOI KIHIIIBKH, a TAKOXX TOHKOI MOTOPHKH
KHCTI y MAaIli€ATIB MiCIs 1HCYIBTY;

* chopmyBaTH OLTBII TOYHY Tpajallilo BiJHOBJICHHS PyXOBUX (PYHKIIH Ta
3MEHIIUTH MOXHOKY MiJl yac BU3HAYEHHS KUIbKICHOT IHTErpagbHOI XapakTepuc-
TUKH TTTHOMHU PYXOBHX MOPYIICHb YPAXKEHHUX KiHIIIBOK;

*  JIOCNIJPKYBaTH Ta 3iCTaBJISATH TUHAMIKY BiJIHOBICHHS PYyXiB TOHKOI MO-
TOPUKHU YPAKEHOI KUCTI 3 BiJIHOBICHHSIM MOTOPUKH MOBJICHHS y pa3i MOTOPHOT
ab0 MOTOPHO-CEHCOPHOI adasiii;

*  OIIHIOBATH JIMHAMIKY BiJTHOBJICHHS M’SI30BUX PYXiB Y MPOKCHUMAJIBHUX 1
JUCTAJILHOMY BiJTIJIaX HUYKHBOT KIHITIBKH 1 3ICTABJIATH I[i TOKa3HUKH 3 OI[IHKOO
XOJHM 32 JOAATKOBUMH KPUTEPISIMH, KA TIEBHOIO MipOIO BiJoOpa)Ky€e MOPYILECHHS
KOoOpAuHaMLii M’ I30BUX PYXiB YpaKeHOT HUKHBOI KIHLIIBKH 31 3J0POBUMH.

Jo ocobmuBOCTEl METOY KITBKICHOTO €KCIIPEC-OIiHIOBAHHS MOBIICHHEBUX
MOpYIIEeHb CITiji BigHecTH [4]:

* CIpSMOBAaHICTh TECTOBHX 3aBJaHb HA BUABJICHHS SIK CrieU]iku 1eeKTy
(cencopna a0o/Ta MOTOpHA CKJIaJI0Bi MOBJIEHHSI), TaK 1 HOro CHCTEMHOCTI (po3-
JIaiv Pi3HUX CTOPIH MOBJICHHS);

* BpaxyBaHHS TiJ Yac OIIHIOBaHHS (YHKIIH MOTOPHOTO i CEHCOPHOTO
KOMIIOHEHTIB MOBJICHHSI OCHOBHUX CUMITOMIB apaTHUHHX PO3MajiB Ta ix cre-
nuGiuHUX NPOsABIB B KOXKHIN (yHKILIi, 30KpeMa: arpamaTusM, aHOMisl, yTpyAHe-
Ha apTUKYJIsIMis, napadasii, mepceBepailii, HOPyIICHHS PO3YMIHHS Ta CIIPUHHSAT-
TSI 3BEPHEHOT'0 MOBJICHHS TOIIO;

*  BIICYTHICTh HEOOXiZIHOCTI JIONATKOBHX JIPYKOBAHKMX MATEPIaliB [Tl BUKOHAH-
HsI TECTOBHX 3aBJaHb, BUKOPHUCTOBYIOTHCSI O0'€KTH 3 HABKOJIMIIIHBOI'O CEPEIOBHILIA;

* yHi(iKaIis KiUTHKICHOrO OIHIOBaHHS CTYIEHS BHPAKEHOCTI TOPYILICHb 32
okpemMuMu (QyHKIissMu MoBiteHHsI B Oanax (0, 1, 2, 3) 1 HenepeciuHi Mexi CyMapHOi
KUIBKICHO! OLIIHKY TTTMOMHY TIOPYILEHb ISl CEHCOPHOTO i MOTOPHOT'O KOMITOHEHTIB.

Ha 6a3i oTpuMaHMX MOKAa3HUKIB JIarHOCTHKH 31MCHIOETHCS MOETAITHO IIe-
peBipka 0OMEKeHb J0 3aCTOCYBaHHS MPOTpaM TPEHYBAHHS Ta TPUBAIOCTI IIO-
JCHHUX CEaHCiB, BU3HAUCHHA HAOOpy O3BOJICHUX PYXiB Ta MporpaM TPeHyBaHb,
cepesl SIKUX BUAUISETHCS PEKOMEHIOBAHWN KOMIUIEKC KEpyBaJbHHMX BIUIMBIB.
Jyis mporpaMHol peatizaiii anroputMy (puc. 1) po3poOsooThCs BUPIITyBaIbHi
IpaBuja JJIsl KOXKHOTO MOro eramy.

BHPIYBANbHI NPABMNA Y ®OPMYBAHHI IHAMBIAY ANbHOI0
KOMNNEKCY KEPYBANbHMX BNNUBIB

BupimyBainbHi npaBuia OyIyrOTBCS i3 3aCTOCYBaHHSM anreOpH MpearKaTiB Ha
0as3i JOTIYHUX 3MIHHHX, 110 BiIMOBIAAIOTh KPUTEPISM Ta MOKa3HUKAM ACMILUTY
PYXOBHUX 1 MOBJIIEHHEBHX (YHKLIH Ta CTyIEHS M S30BOI'O TOHYCY.

Jns yridikanii pe3yapTaTiB BUPILIYBalbHUX MPaBHJI HaJlalli BBAKAEMO, IO
SKIO KPUTEpili HASBHWH, TO BINNOBiJHA HOMY JIOTiYHA 3MiHHA NMpHUIMae 3Ha-
YeHHsI JIOTIYHOI OJWHMUII, 32 WOTO BiJICYTHOCTI — 3HAYEHHS JIOTIYHOTO HYJIS.
Takox BBaXaeMoO, IIO SKLIIO TOKAa3sHUK PYyXOBHX (QYHKLIH abo cTymeHs
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M’SI30BOTO TOHYCY BIJAINOBiJa€ MEBHAM yMOBaM, TO BiAIMOBigHA HOMY JIOTidHA
3MiHHA TpUiiMae 3HAYEHHS JIOTIYHOTO HYJISl, iHAKIIe — 3HAYCHHS JIOT1YHOI O/IU-
Huti. [lo3uTuBHI pe3ynbTaTH JOTIYHUX BHPa3iB MalOTh 3HAYEHHS JIOTTYHOIO
HYJIsI, HETaTHBHI PE3yJIbTATH — 3HAYEHHs JIOTTYHOT OZMHUIII.

3arajibHi MPOTUIOKA3aHHS 0 3aCTOCYBaHHsSI MioejleKkTpocTUuMyJsmii. [{o
3arajbHUX NPOTUIIOKA3aHb BITHOCATHCS TaKi KPUTEPIi, SIK HASIBHICTH KapAiOCTUMYJISI-
TOpa, TPoMO0(IIebiTY, 3aXBOPIOBAH CEPLIEBO-CYJMHHOI CUCTEMH Yy CTalii IeKOMIICH-
calii, IfyKpoBOTO JiabeTy y cTajlii ICKOMIICHCAITIT, SMICHTHYHUX HATaJIiB TOLIIO.

3a HasiBHOCTI X04a O OHOTO 3 HUX Y TaIli€eHTa MiOEIEeKTPOCTUMYJISIIIS HEMOXK-
ymBa. ToMy 171 TiepeBipKH HasBHOCTI 3aralbHUX MPOTUIIOKA3aHb Ta OEPXKaHHS J0-
3BOJTy 3aCTOCYBaHHsI MiOGIEKTPOCTUMYJIAIIIT Y TPEHYBaHHI PyXiB MPOMKUCAHI BUPIIITY-
BaJIbHI MpaBia Ha 6a3i iHdopMallii mpo 3araibHi MPOTUITOKA3aHHSI.

ITo3naunMo 3arajabHi IPOTHIOKA3AHHS JIOTIYHO0 3MiHHOW a,, e i =1..n,

1 — KiJIbKICTh MPOTHUIOKA3aHb. Bupiuiysanvue npasuio 103BOIY MiOEIEKTPOC-
TUMYJISIIIT Ha 6a3i 3aralibHUX MPOTUIIOKA3aHb MA€ BUTIISIL:

" 1 — zabopona
S=>a=a+a,+..+a, = pone. (1)
i1 0 — 0o3ssin

Coig 3a3HauYMTH, 110 HA [IBOMY €TaIli MOBa Hjie Mpo 3a00pOHY OY/Ib-IKO1 IPO-
rpamu MioenekTpoctumyisnii («Cunres», «lonop», «llopir»), ane moxe OyTu
npu3HaueHa nporpama "bioTpeHyBaHHS", 3a SKOIO MALIEHT TPEHYE NOBUIBHI PYXH 3
BUKOPUCTAHHSIM 30pOBOTO Ta CIYXOBOTO 0i0JIOTiYHOro 3BOpOTHOTrO 3B's13Ky (B33) 1
(opMyBaHHS pPEKOMEH[AIIN 100 I1HIMBIIYAILHOTO KOMIUICKCY KepyBaJbHUX
BIUIMBIB y peadiftiTanii 3riqHo anroputMy (puc. 1) mponoBxKyeThCsL.

KinbkicHe ouinoBanns neinuty pyxoBux GyHKUid Ta M 130BOro TOHYCY.
HactymHuMm eTarnoM anropuTMmy € KiJIbKiCHE OI[iHIOBaHHS JEe(IIUTy pPyXOBUX
(GYHKLIN Ta M’S30BOr0 TOHYCY 3a CHELIaNbHO PO3POOJICHUMHU MeToIuKamH [3].
Kinbkicue onintoBanHs aedinuty pyxoBux (QyHKIiH 6a3yeTbcs Ha 3aCTOCYBaHHI
OpHTiHAILHUX METO/IIB, SIKi, y CBOIO Uepry, 0a3yloThCs Ha 3arajJbHONPHUIHHATUX Y
HEBPOJIOTI] IKajgax eKCIepTHOTO OIiHIOBaHHSA [5, 6] Ta cnemiaabHO MOIUGIKO-
BAaHMX aBTOPAaMH LIKanax [3].

Metoarka BKIItO4Ya€e iHGOPMATUBHI KpHUTEpii OIIHIOBaHHS AeDIUTY pyXo-
BUX (DYHKIIIH:

- cuna M’s3iB ( F') (tabn. 1), odcsar pyxis (V') (Tabn. 1) y npokcuma-

JIbHUX 1 IUCTAJIbHUX BIiAJIJaX BEPXHBOI Ta HIDKHBOI KIHI[IBOK, Ha 0a3i
SKMX BH3HAYA€THCS CyMapHa KUIbKICHAa OLHKa Ae(iIUTy PyXOBUX
¢dyHkuii (Tabdmn. 2),

- M’ si30Buii Toryc (717) (tabm. 3) [3].

[Topsin i3 3arajJbHONPHUIHSTO IIKAJIOK OI[IHIOBAHHS TiepTOHYCY (IIKajaa
Anidopra) po3po0IieHO IIKalTy OLiHIOBaHHA TIIOTOHYCY (Tadi. 3), sika npoinuia
KJIiHIYHY Bepudikaito y 16-T1 iHCYIbTHUX MALli€HTIB.
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Ta6n. 1. OuiHIOBaHHS M'S130BOi CHJIH Ta 00CATY pYyXiB

CriBBiHOIIEHHS
M’s130Ba cHJIa ypa)keHOI axKeHuH / .
Baxn cnra yp op L XapakTepucTuka 00csiry pyxis
KiHIBKH 340pOBUI M's13),
%
Pyx y mnoBHOoMy o00cs3i
npy Al CHIM TSDKIHHS 3 .
5 pu 1 . 100 OO0csr pyxy MOBHHI
MaKCHMAJIbHOIO ~ 30BHIIII-
HBOIO TIPOTHIEI0
P HOBHOMY 00cs31 . o
nyz y11 - TzI/)KiHHﬂ ; OO6csar pyxy nHoBHHH abo Maibke
4 pu A .\ . 75 noBHUI — 75-100% Bix HOpMU; cua,
IpY HEBENUKIH 30BHILI- . .
S CIIPUTHICTh, TEMII 3HIKEHI
Hill mpoTuail
. Pyxu oOmexeHi momipHo, ciabo
Pyx y mnoBHOMY 00cs3i ., . .
3 . 50 nudepeniioBani, He3rpabHi, CKia-
HPH Ail CHIH TSOKIHHS o)
naoth 50-75% Big HOpMH
2 Pyx y noBHomy o0cs3i B 25 Pyx B 006cs3i 25-50% Bin HOpMH, B
YMOBaX pO3BaHTAKEHHS OCHOBHOMY IJI00AJIBHI
1 Biguyrtst Hampyru 1mpu 10 [pucyrni Bkpail oOMexeHi, rioda-
crpo0i OBUILHOTO PyXy JIbHI pyxu 10 25% Bix HOPpMU
BincyTtHicTh 03HaK Ha-
0 OpYrd IpH cIpobi moBi- 0 AKTHUBHHUX pYXiB HEMa€e
JIBHOTO PyXy

Tabn. 2. CymapHa KiJIbKiCHA XapaKTepUCTHKA IVIMOMHHM PYXOBHX IOpYLIeHb y Pi3HUX Binti-
J1aX BEPXHbOI Ta HIKHBOI KiHIIBOK

CyMapHe OLiHIOBaHHS B 6aj1ax 3a KpuTepisiMu (cuiia M’si3iB, ofcsr pyxiB) BinainiB

BePXHbOI KiHIiBKH (IPOKCHMANBHHUIL: IUICHOBHH Ta JIKTHOBHH CYIJI00H, IUCTAIbHHNI:

IIPOMEHEBO-3aI1 SICTKOBUH Cyri00) i HHZKHBOT KiHIiBKH (IIPOKCHMMAaJIbHUI: Ta30CTer-
HOBUI1 Ta KOJIIHHHUH CYIJIOOH, IMCTAIBHUNA: TOMIUJIKOBO-CTYITHEBHIT Cyriio0)

Cryniep BIJICyTHICTb . L . . .
JIErKUH HOMIpHHUI 3HaYHUI rpyouit TuIeris
mnapesy HOpYIICHb
bam 10 7-9 5-6 3-4 1-2 0

ToHyC € BaKITMBAM KPUTEPIEM OIIHIOBaHHS TJIMOWHHU TIOPYILIEHh PYXOBHX (yH-
KIIH, SIKUHA CiJ BpaxOBYBAaTH MiA 4ac (HOpMyBaHHS 1HAMBILYaJIBHOTO KOMILIEKCY
KEpYBAIBHUX BIUIMBIB Y MAli€HTa Micis 1HCYAbTY. JocmimKkeHHs Ha 6a3i HOBOi METo-
JIKY OLIHIOBAHHS TTOKA3aJIM, IO TOHYC KOJMBAETHCS BiJI TillO- JIO TIiEPTOHYCY 1 €
PETryJISTOPOM PYXOBUX (DYHKIIIH — JMHAMIKA TOHYCY BIUIMBA€ Ha AMHAMIKY 1HIIIHMX
MOKa3HHKIB PyXx0BUX (YHKLIH. Beranuuna ToHycy (rinep- i TinoTOHyCY) BIUIMBAE HA
BUOIp IPOrpaMu TPEHyBaHHS PYXIB.

3a HasIBHOCTI CHAacTHKH (TTiIBHUIIICHHS M SI30BOTO TOHYCY JI0 BACOKUX 3HAYEHb —
T e[+4;+5]) TpeHyBaHHS NPOBOAUTH HEMOXIMBO. lIpomoHyroThCs peKoMeHmawil
JUISL 3MEHIIICHHS BEIMYMHK TOHYCY 32 JIOTIOMOTH MIiOPENAKCaHTIB, a depe3 JCsSKHI
9ac, 32 YMOBH 3HIKEHHS TOHYCY 10 IPUIHATHHUX ITOKa3HHUKIB, TPEHYBaHHS PYXiB CTa€

MOXIMBUM. HasBHICTH CIACTHKM MO3HAYMMO JIOTIYHOIO 3MiHHOW T, (7, =1 mns
T e[+4;+5]).

Bupiwysanvre npasuno 3a00poHU TpeHYBaHHs PyXiB 32 HASBHOCTI CIIACTH-
KHA Mac BUTJISL;

1 — 3abopona
pone. )

0 — oozein
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Ta6n. 3. OUiHIOBaHHS TOHYCY YPasKeHOI KiHIlIBKH

XapakTepucTuka M’5130BOT0 , .
ban . Ban | XapakrepucTuka M’f30BOr0 rinoToHycy
rinepronycy
0 M’s130Buii TOHYC 6€3 3MiH, HOpMa 0 M’s130BHii TOHYC €3 3MiH, HOpMa
Jlerke 3HIDKEHHS M’A30BOTO  TOHYCY.
Jlerke miABHIIEHHS M SI30BOrO JloBinbHI pyxu MOXxiIMBi Ha 75% BiTHOCHO
TOHYCY, IO BiIYyBaeThCs IPU Hopmu (75% Big MOBHOTO 00CATY PYyXIiB).
+1 3rUHaHHI a00 po3ruHaHHi cerme- | -1 [MamieHT MOXE YTPUMYBaTH ypaKeHy
HTa KiHLIBKM Yy BUIVII He3Had- KiHIIIBKY y MIOJIOXKEHHI 3rMHaH-
HOT'O OIIOpY B KiHIII PyXYy HS1/PO3TUHAHHS NPHU BUKOHAHHI NMAaCHUBHUX
pyXiB.
Hesnaune 3HIDKEHHS M SI30BOTO TOHYCY.
He3naune I IBUILIEHHS JloBinbHI pyxu Moxu1uBi Ha 50% BimHOCHO
M’S30BOrO TOHYCY Yy BHUIJISAI HOpPMH (10 TIOJOBMHHM HOBHOrO 0O0CSTY
+2 CIIPOTHBY, IO BHHHUKae micnd | -2 | pyxiB). IlamieHT MoXe yTpuUMyBaTu ypa-
BUKOHAHHS HE MEHIIE IOJOBHHH JKeHY KIHIIBKY Yy MOJIO)KEHHI 3rMHaH-
00’eMy pyxiB HS1/PO3TUHAHHS NPU BUKOHAHHI NMAaCHUBHUX
pyXiB.
[loMmipHEe 3HIDKEHHS M’S30BOTO TOHYCY.
TTomipHe migBHUIIECHHS M’SI30BOrO JloBinbHI pyxu MOXIuBI Ha 25% BiITHOCHO
+3 | TOHYCY, LIO BHSBIAETHCSA BNPO- 3 | HOpMH. IMarieHT MOXeE YTpPUMYBaTH ypa-
JIOBX BCBOTO PyXy, ajle HE yCKJa- KEHy KIHIIBKY Y TIOJO)KEHHI 3TrUHaH-
JTHIOE BUKOHAHHSI TACUBHUX PYXIiB HSI/pO3TMHAHHS TIPU BMKOHAHHI MaCHUBHUX
pyXiB, aJie KOPOTKHIA yac.
3HayHE 3HW)KEHHS M S30BOTO TOHYCY.
. s JloBinbHI pyxu MoxuBi Ha 10% BiHOCHO
3HauHe MiJBHUIIEHHS M S30BOrO .
Hopmu. [lamieHT He MOXe YTPUMYBATH
+4 TOHYCY, W0 YCKJIAQJHIOE BUKO- -4 . -
. ypaxkeHy KiHIIIBKY Y IIOJIO)KEHHI 3rMHaH-
HaHHS NaCHBHHX PYyXiB .
HsI/pO3THHAHHS NPU BUKOHAHHI IACHBHHX
pyXiB.
. - M’s30Buii  TOHyc BiacyTHiil. JloBinbHI
VYpaxeHuid CerMeHT  KiHI[IBKH, 4 AcyT A
. . ; pyxu HeMOuuBi. [lanieHT HE MOXe yTpH-
3aikcoBaHMid Y  TOJIOKEHHI L .
+5 -5 | MyBaTH ypaxkeHy KiHILIBKY Y IOJO)XEHHI
3ruHaHHA a00 pO3rMHAaHHA — .
. 3IMHAHHS/PO3TMHAHHA NPH  BHKOHAHHI
cBacTuKa. Pyxu HemMoxIuBi . .
MIACUBHUX PYXiB. ATOHis

VY pasi BiICYTHOCTi CIIACTHKH alTOPUTM IEPEXOJHUTh JI0 €Taly, Ha SKOMY
BiJJOYBA€THCS KUTBKICHE OIIHIOBAHHSI MOPYIIEHb MOBJICHHEBUX (DYHKIIIM.

KinbkicHe ouiHIOBaHHS MOpyLIeHb MOBJIEHHEBUX (YHKUiH niepenOayae mo-
eTarHe OLIHIOBaHHS CEHCOPHOTO (PO3YMiHHSI 3BEPHEHOIO MOBJIEHHS) T4 MOTOPHOT'O
(ycHe MOBJICHHSI) KOMIIOHCHTIB MOBJICHHS Ha 0a3i BUKOHaHHSI XBOPUM HaOopy TeB-
HHUX TECTOBUX 3aBIaHb. AJICOPUTM OIL[IHIOBaHHS HaJaHO Ha pucC. 2.

3aBIaHHs CKJIaCHO Ha OCHOBI BiZJOMHX JIOTONIEAUYHHUX TECTIB Ta PO3IUICHO HA
PYOpHKH, sIKi OMUCYIOTh Ty YM iHITY (YHKIi}O MOBIEHHS. B koxHil pyOpumi Bix
TPHOX JI0 LIIECTH 3aBaHb. BUKOHAHHS cepii 3aBaaHb 10 KOKHIM PyOpHIIl OI[IHIOETHCS
33 TPHOXOATHHOIO MIKAJIOKO, JIe OmiHKa «0» — BiICYTHICTh MOMUIJIOK a00 «HECTICIH-
(hiuHi» TOMIUIKH, «1» — IMOMIJIKA TIPU BUKOHAHHI 3aBaHb B 30 % BUMAJKIB, «2» —
TIOMMJIKA TIPY BUKOHAHHI 3aBaaHb B 50—60 % Bumajkis, «3» — MOMMIIKA IIPU BUKO-
HaHHi 3aBaHb B 90-100 % Bunaakie abo BiMOBa BiJl BUKOHAHH:. [ToMuiKu Qikcy-
I0TBCSL HA OCHOBI OMHUCY CIEIM(IYHUX TPOsiBIB eeKTy MOBIEHHS mpu adasii, sKi
HaZaHo ISl KOKHOI pyOpuKH okpemo. Hampuknaz, a1 mopyiieHs MOTOPHOTO KOM-
MOHEHTa MOBJICHHSI XapakTepHi mapadasii — 3amiHa 3ByKy abo OyKBH B CIJIOBI Ha
1HIIII, TIepceBepallii — HaB'SI3IMBE MOBTOPEHHS OJTHOTO 1 TOTO K 3BYKY a00 CIIOBa,
arpamaTH3M, CKaHIOBaHE MOBJICHHS TOLIO.
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Crymninb BUpaKeHOCT] adaTUIHUX PO3JaJiB BU3HAUAETHCS OKPEMO ISl KO-
YKHOTO KOMITOHEHTa MOBJICHHS 38 CYMapHHM Pe3yJIbTaTOM B 0alax, siki HabpaHo
XBOPHM IPU BUKOHAHHI 3aBAaHb 10 pyOpukax. KinbKicTb cTyNeHiB BUPasKeHOCTI
cerncoproro (U ) ta moropHoro (Sp) kommoHeHTiB yHidikoBaHo. KinbkicHa
IIKaJa OI[IHIOBAaHHS TNIMOWHY MOPYIICHh MOBJICHHS BH3HA4a€ YOTHPHU CTYICHI
adasii: nerka (u, — I CEHCOPHOI CKJIA[0BOI, Sp, — IJIs1 MOTOPHOI), MOMipHa

(BIANOBIAHO U, Ta Sp,), BUpaxeHa (u, Ta sp,) Ta rpyba (u, ta sp,) (puc. 2).
IIpu BincytHOCTI adaTnynux posnanis U =u,ta Sp = sp, .

OOMeskeHHs1 10 3aCTOCYBAHHSI IIPOrPaM TAa TPUBAJIOCTI TPEHYBaHb PYXiB.
[Ticnst KiMBKICHOTO OLIHEOBAHHSI MOBJICHHEBHX HOPYILIEHb 3arajbHAN alrOpUT™ (puC.
1) mepexomuTh 10 erary, Je MepeBipsitOTECSI OOMEKEHHS 3aCTOCYBaHHS IPOrpaM Ta
TPUBAJIOCTI TpeHyBaHb. Lli 0OMEKEeHHS BKITIOUAOTh:

— CTaH eMOLIHHO-BONIBOBOI chepr, Ky BXOMTh: MOPYIIEHHS KOTHITUBHUX
¢ynkuiit  (k;), TOpyIICHHS 3MATHOCTI BHKOHAHHS MPOCTHX  IHCTPYKLi

(k,),mocrincynsTHa menpecist Ta ii nposiBu (K, ), BUpa)keHa eMOLiiiHa 1aGUIbHICTh

~
BukoHaHHS TeCTOBHX 3aBJaHb N0 PyOpHKax
o \ o«
Cencopnuii Komnonenm MomopHuii KOMNOHeHmM MO6IeHHs
MognenHs.
1. Bumoga ciiB
1. Po3ymiHHs 3HaYeHb CIiB 2. ABTOMAaTH30BaHE PAI0BE MOBJICHHS
2. PO3yMiHHS IPOCTHX i 3. ApTHKYZALis, TIABHICTh 1 IMHAMIKA MOBJIEHHS
CKJTIHUX {HCTPYKILiH 4. TIoBTOpHE MOBJIEHHS
3. Po3ymiHHs JI0TiKO- 5. Jlianoriuse i CHOHTAHHE MOBJICHHS
rpaMaTUYHUX KOHCTPYKLIi 6. YuranHs Bronoc
7. OnoBiganbHe MOBJIEHHSI
hN J

L

N
OuiHka BHKOHAHHS 3aB/IaHb 10 KOKHiil pyopuui B 6anax Bix «0» 10 «3» 3 ypaxyBaHHIM
criendiky MposiBiB ah)aTUIHUX TOPYIIEHb

L

CyMmapHa KiJIbKiCHa OlliHKa BUKOHAHHS 3aB/IaHb /15l CCHCOPHOTO Ta MOTOPHOTO
KOMITOHEHTIB MOBJICHHSI

e

BusHaueHHS cTyHeHs BUPa:KeHOCTi a)aTHUHUX NMOPYIIEeHb 3TiJHO MIKaT KiTbKiCHOro
O HIOBAHHSI TNIMONHY IIOPYIIEHb IS CCHCOPHOTO i MOTOPHOTO KOMIIOHEHTIB
CencopHa adaszist MortopHa adas3is
CryniHb BUPaXXEHOCTI Banu CTymiHb BUPa)XEHOCTI | Banu
Topymenns BifcyTHI, Uy 0 TTopymmeHHs BifCyTHI, spy 0
Jlerka, u; 1-3 Jlerka, sp; 1-7
IMomipHa, u; 4-6 ITomipHa, sp; 8-13
Bupaxena, u3 7-8 Bupaxena, sps 14-18
I'pyba (ToTanbHa) , iy 9 I'pyba (ToTansHa) , spy 19-21

Puc. 2. AnroputM KiNBKICHOTO EKCIIPEC-OI[IHIOBAHHS CTYICHS BHPa)XXEHOCTI
HOpYLIEHb MOBJICHHS y pa3i apaTHYHUX pO3TaiB y XBOPHUX MICJIS IHCYNBTY
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(k,) — HasBHIiCTB LMX KPHUTEPIiB BUKIIOUAE 3aCTOCYBaHHS IIPOrpaM TPEHYBaHb
pyxis "douop", "Hopir", "biotpenysauns" (k,, k,, k;) i oOmexye TpuBamicTs
TpeHyBaHHs pyxiB (&, );

— HasBHICTh NOPYIIEHb CEHCOPHOI'O KOMIIOHEHTa MOBJICHHS y IOMIpHiH,
BUpaxeHil Ta rpy6iii popmi (U ) Bukmtouae 3actocyBanHs mporpam "JloHop",
"IMopir", "bioTpenyBanHs";

— HAsBHICTb Yy CTaii KOMIEHcallli MUTOTIMBOI apuTMii (77, ) a00 IyKpoBO-
ro niabety (71, ) OOMEKYIOTh TPUBAJIICTh TPEHYBaHH:.

Ha 6a3i 3a3HaueHnx KputepiiB cpopMOBaHO BHUPILIyBaIbHI MPaBIa BUKIIFOUCH-
Hs 3a3HAYEHUX TIPOTpaM TPEHYBaHb 3 1HIMBIIYaIbHOIO KOMILUIEKCY KEepyBaTHHHX
BIUIMBIB Ta BUPILIyBaJIbHI TIPaBIIa 0OMEKEHHS TPHBAJIOCT] TPEHYBaHb.
Bupiwysanvue npasuno 3aboponu 3actocyBanHs nporpam "onop", "Ilo-
pir", "bioTpenyBaHHs" Ma€e BUTIIAL;
1 — 3ab6opona
L o=k +k,+k +U= . 3)
0 — dossin

3HaueHHs JoriHol 3MiHHOI U  BiIOBizae 3a HasBHICTH NOPYIIEHb CEHCOPHOTO
KOMITOHEHTa MOBJICHHSI TAKOTO CTYIICHSI, III0 MEPENKOPKAE PO3YMIHHIO i BUKOHAHHIO
XBOPUM TIPOCTUX IHCTPYKIIH Ta BH3HAYAETHCS Uepe3 IIKATy OLIHIOBAHHS CEHCOPHOI

adasii (puc. 2 ), acame U =1 pu U e [u;u ;u,].
Bupiwyeanviie npasuiio BUSHAYEHHs! HAsSBHOCTI TIOPYIIEHb MOBJIEHHS! CEHCOPHO-
IO XapaKTepy Mae BULIISJL:

1 — nopywenus nasgi

U= 4)

0 — nopywennsa eiocymmi .

Bupiwysanvue npasuno 0OMEXEHHSI TPUBAIOCTI 3aCTOCYBAaHHS MIPOTPaM Mae
BUTJIAT;

1 - obmedicenns
Lit)=k,+n +n, =

)

0 — 3a cmanoapmuumu incmpykyismu

[IpaBuno (5) BpaxoByeTbcs MpHU BUOOP] periaaMeHTy IIOAECHHHUX MPOLEAYP
TpPEHYBaHb PYyXiB.

Bu6ip nadopy pyxiB Ta mporpam TpeHyBaHb. [liciis mepeBipku 0OMeXeHb
HACTYIIHUM €TalloM 3arajlbHOr0 ajlropurMy (OpMyBaHHs 1HIHMBIILyaIbHOTO
KOMILJICKCY K€pyBaJIbHUX BIUIMBIB (puc. 1) € BU3HAUEHHS PYXiB Ta IpOrpam Tpe-
HYBaHb Y TPOKCHMAJIBHUX 1 JUCTABHUX BIIJiIaX BEPXHbOI Ta HUKHBOI KiHITi-
Bok. [l mporpam "Cuntes", "onop", "Ilopir", "BiorpenyBanHs" BBeaeMo
nosHaueHus: p, d, th, bfb BimnosinHo.

Buxonsuu 3 KIIHIYHOTO JOCBiTy HEOOXIAHO 3a3HAYMTH, IO Y MAIlIEHTA ITic-
7Sl THCYJIBTY TMij] Yac pealbimiTaliifHuX 3aXO0JIiB MEpEeBaXHO TPEHYIOTh PO3THHA-
JBHI PYXH, OCKUIBKH TPEHYBaHHS 3THHAIBHHX PYXiB, OCOOIHBO INIOOABLHUX,
MO>KE MPU3BECTH A0 MATOJIOTIYHOrO MiIBUIIEHHS M’ S30BOrO TOHYCY B KiHIIiB-
kax. [Ipore M’s130Bi rpymnu, siki GOPMYIOTh JesIKi 3TMHAJIBHI PyXH TOHKOI MOTO-
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PUKHU KHCTi, 3HAXOISATHCS B 00J1aCTi JOJIOHHOT IOBEPXHI KHCTI i HE YMHSITH 3HAY-
HOTO BIUIMBY Ha (opMyBaHHs rimepronycy. OTie, 32 YMOBHU BiJICYTHOCTI Trinep-
TOHYCY OyAb-KOTO CTYNEHS MiJ TOCTIHHMM KOHTPOJEM JIiKaps 3HaueHb
M’SI30BOTO TOHYCY, MO)KHAa BKJIIOYAaTH B TPEHYBAaHHS 3THHAJbHI PyXH TOHKOL
MOTOPHUKH KHCTi 7151 BiTHOBJIEHHS MOTOPUKH MOBJICHHSI.

Hagenemo pyxu, siki XapakTepHi JUisl pi3HUX BiUILTIB BEPXHIX 1 HYKHIX KiHIIIBOK:

— enobanvui pyxu: BinBeaeHHs ruieda (M;) 1 BinBenenus nikts (M) Binmno-
BiJTHO y IUIEYOBOMY 1 JIIKTHOBOMY CYyIJI00aX MPOKCHMAJIBHOTO BiLIUTY BEpXHBOI
KiHLIBKU, PO3TUHAHHS KHCTi (M;) y IpoMeHeBo-3a1l’ ICTKOBOMY CyTio0i aucra-
JBHOTO BiJUIITY BEpXHBOI KiHIIBKH, 3THHAHHS KOJiHA (M7) Ta TWIIbHE 3TUHAHHS
cronu (M) BiNOBIHO Y KOJIHHOMY CYIJI00i MPOKCUMAIBHOTO BIAJILTY 1 TOMIJI-
KOBO-CTYITHEBOMY CYTJIO01 TUCTAILHOTO BiJIALTy HUXKHBOI KiHIIIBKH;

— PYXU MOHKOI MOMOPUKY KUCmi: BiIBEICHHS MAJIBLIB Bifl CEPEIHBOI JIHIT
(M,), mpoTHCTaBICHHS BETUKOTO MaJbIls (M), IPUBEAECHHS BEIUKOTO MalbIs Ta
Mi3uHIA (Mj).

Cepen HUX BUIUTHMO po3euranvhi pyxu (M —M, M, My) ta 3eunanvui pyxu
(M5, My). Hapani it BUKOPUCTaHHSI y BUPINTYBAIBHUX MPaBHIAX BBEIEMO I10-
3HAYEHHS PO3TUHAIILHUX PYXiB — A, 3THHAIBHUX PyXiB — B.

Ha 6a3i xiiHi9YHOr0 IOCBiMy TpeHYBaHHS PyXiB 3a METOJAMH 1 porpaMaMu
texnonorii TPEHAP® copmoBaHo meperik mporpaM TpeHyBaHHs, SKi MOXKIIHBO
BUKOPUCTOBYBAaTH y TPEeHYBaHHI BHOpaHuX pyxiB (Tadm. 4). Ha 6a3i tabn. 4
chopMOBaHO y3arajbHEHE BHpIIIyBaJbHE MPABUIIO TPEHYBAHHS PYXiB Yy Pi3HUX
BiJIIiNIaX BEPXHBOI Ta HUKHBOI KiHI[IBOK 32 TIPOTpaMaMy TEXHOIOTI1 TPEHAP®:

1 — 3abopona

(), = : ©)

0 — 0o3ein

ne M, — TpeHyBalbHUI pyX, X — Hporpama TpeHyBaHHs pyxiB: "Cunres",

"ouop", "Tlopir", "bioTpeHyBanHs", Y — BHI TPEHYBaJIbHHUX PYXiB: ¥ = A —

PO3TUHANBHI, Y = B — 3ruHaibHi.

Tabn. 4. locTynHi NporpaMu TpeHyBaHb IJ100aJbHUX PYyXiB Ta pyXiB TOHKOI MOTO-
PHMKH KHCTI

TpenyBanbHui pyx "Crres” | m );[ElggrgaMT Tr,),ic_i[yB.aI,THﬂl py:ig m
P opir 10TpeHYBaHHs
I'100aabHi pyxu
BiZIBe/IeHHsI 1uieva (M) + + + +
BijBeeHHs JIKTS (M)) + + + +
posruHaHHs KucTi (M3) + + + +
3rUHaHHs KomiHa (M7) + + + +
TUJIbHE 3TUHAHHS CTOMHU . . . .

(Ms)

Pyxu TOHKOI MOTOPHKH KHCTI

BIBEICHHS MaJbL(iB Bifg

. + - - -
cepenanbol JdiHii (M)
HpOTHCTaBJ‘[eHH: BEJIHKO- " 4 4 4
ro nanbis (Ms)
HPHUBEICHHS BEIIMKOTO
PHBC + + + +

natbIpst Ta MisuHIs (Me)*
THpumimra: * — seunanvmi pyxu
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Jns dopMyBaHHS BUPINIYBAILHUX MPABUII JI03BOIY TPEHYBaHb OKPEMO IS
I00AJIBHUX PYXIB Ta PYyXiB TOHKOI MOTOPHKH KHCTI 3a MPOrpaMaMHu TEXHOJIOTT
TPEHAP® eii eTan 3araibHOro aaropuTMy pO3/IiIeHO Ha 1Ba GIOKH:

1) anroputM BHOOpY Mporpam TpeHyBaHb INIOOATBHUX PYXiB (PO3TMHATIBLHUX) 3
ypaxyBaHH;IM OOMEKEHb 3aCTOCYBAHHS MPOrpaM, MOKA3HHKIB JCPIIUTY PyXOBHX
(yHKILIH Ta M'SI30BOr0O TOHYCY JJIs PI3HHUX BiZIUIiB BEPXHBOI T2 HIKHBOI KIHIIBOK;

2) aaroputM BHUOOpPY NIporpaM TPEHYyBaHb PYXiB TOHKOi MOTOPHKH KHCTi
(po3TMHANPHHX Ta 3TMHABHKX) BiJIOBIHO JIO CTYIECHS M'S30BOTO TOHYCY.

Ha 6a3i kinpkicHOTro OLiHIOBaHHA Ae(ilUTY PyXOBHUX (YHKIIH Ta M’I30BOT0 TO-
HyCy (K rimep- Tak i TiloToHYyCy), OOMEXEHb 3aCTOCYBaHHS IPOrpaM TPEHYBaHb
pyxiB (3) Ta pekoMeHaIli MO/I0 TPEHYBaHHS PyXiB 32 BIIIMOBIIHUMHU MPOrpamMaMu
(6) ms BMOOpPY TPEHYBaHb JIO3BOJICHUX INIOOATBHUX PYXIB JAUCTAIBHUX Ta MPOKCHU-
MaJlbHUX BIJUTUTIB BEPXHBOI Ta HIDKHBOI KIHIIIBOK 32 BiIIIOBIIHUMH JTO3BOJICHIMH
MporpaMaMy TPEHYBaHb IMI0OABHUX PO3THHATIEHHX PYXIB (pHcC. 3).

Bu3snaueHHst HabOpy pyXiB Ta NPorpaM TPEHyBaHb

S P —

Bubip nporpam TpeHyBaHb IJ100a71bHUX PyXiB BiAMOBIAHO 10 0OMEkKEHD TX 3aCTOCYBAHHS, MOKA3HUKIB

nediunty pyxoBux (GyHKLIH Ta M'S30BOr0 TOHYCY JUlsl Pi3HUX BiAIiJIiB BEPXHBOI Ta HIIKHBOT KiHI[IBOK

TAK
0OMENKEHHS
HI HI
TAK TAK
0OMEeKEHHS
- r

HI

TAK TAK

HI

T
- OIHIII
—>| Biompenyeanns |

Puc. 3. Anroput™ BUOOPY NIPOrpaM TpeHyBaHb ITI00aNbHUX PYXiB (PO3THHATIBHUX)
BIJIIOBIZTHO /10 OOMEXEHb 3aCTOCYBaHHS MPOTPaM, MOKA3HHUKIB AeDIUTY PyXOBHX
(hyHKIIIH Ta M'I30BOT0 TOHYCY UL PI3HHUX BiJIIUIIB BEPXHBOI Ta HUYKHBOT KiHI[IBOK
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Buxomsun 3 anroputMy, chOpMOBaHO GUPIULYSATIbHI NPASUIA JTO3BOIY TPEHY-

BaHb IIOOATBHHUX PYXiB (PO3TMHANBHUX) 3a mporpamamu "CuHTe3

, , 1 — 3abopona
L(p),, =T+ fi+v +L(p), = ;
: ’ 0 — 0ossin

, , 1 — 3abopona
L), =T+ f+v+L.(d), +L,= .
’ ’ 0 — Ooszsin >

, y 1 — zabopona
L .(th), =T,+ f,+v,+L.(th), +L, = .
' ' 0 — ooszsin

, , 1 — 3abopona
L, (bfb)M, =T+ f,+v,+L, (bfb)M, +L, =

0 — Oossin

ne M, — TpeHyBanbHHH PyX;

"non

Honop", "Ilo-
pir'" Ta "bioTpenyBanns" (Bignosimuo L, (p),, , L,(d), , L, (th), , L,(bfb),, ):

(7

®)

)

(10)

f,=0npu Fel[0.4], v,=0 mpu V €[0..4], 7, =0 mpu T e[-5...+3] ;

f,=0mnpu Fe[2.4],v,=0mpu VVe[l..4], T, =0 npu T [-3...+3];

f,=0npu F=4,v,=0mnpu Vel[3.4], T, =0 npu T e[-1...+1].

‘ ‘ BusHauenHs Habopy pyXiB Ta Iporpam TpeHyBaHb ‘ ‘

— L

Bubip nporpam TpeHyBaHb PyXiB TOHKOi MOTOPHUKH KHCTI

(PO3TMHAIBHUX Ta 3rHHAIBHUX) BiAMOBIIHO 0 CTYIEHS M'S30BOr0O TOHYCY

|
I— Pyxu TOHKO1 MOTOPHKH KHCTI |
| M4. sioseoenns nanvyie MS5. npomucmasnenns M6. npugedenns genukoo I
| 8i0 cepeOHvOl NiHil BENUK020 NANbYS nanvyst Mma MizuHys I

HI HI
@ HI @ T=0 @ 1-5— M4 - Cunmes
TAK

TAK TAK TAK 5
1-4 —p - Cunmes, Jlonop
HI e 2-4 o M5, M6 | » [Topi
3,4- - g
Ak 5 | - biompenysanns
\
1 2 3 4 5

Puc. 4. Anroputm BHOOpY NporpaM TpeHYBaHb pYyXiB TOHKOI MOTOPHKHM KHCTI

(po3ruHANBHUX Ta 3TMHAIBHUX) BIATIOBIIHO IO CTYIEHS M'SI30BOTO TOHYCY
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Ockinbku KpiM TTIO0aNbHUX PO3THHAJIBHUX PYXIiB TPEHYIOTHCS LIE PyXd
TOHKOT MOTOPHKH KHCTI, Cepell IKUX € 3TUHAIBHI PyXH, HEOOXiTHO BBECTH JIJIS
HUX JOJATKOBI YMOBH JIO3BONy TpeHyBaHHs. ToMy Ha 0a3i TNOKa3HHUKIB
M’SI30BOTO TOHYCY C)OPMOBAHO iHTEPBAJIM 3HAYCHb M SI30BOI'0 TOHYCY, CTOCOB-
HO SIKMX MOXe OyTu BUOpaHO AJISl TPEHYBaHb 103BOJICHI PYXH TOHKOI MOTOPHKH
KHCTI (PO3THMHANBHI Ta 3rMHAJIBHI) Ta 3aCTOCOBAHO BIAMOBIIAHI JO3BOJICHI IpO-
rpamMu TpeHyBaHb, IO MPOLTIOCTPOBAHO B aJrOPUTMI Ha puC. 4.

BiamosigHo f0 anroputMy (prc. 4) chopMOBaHO BHPINTYBaJbHI MPpaBUIIa J0-
3BOJIy TPEHYBAaHHS PYXiB TOHKOI MOTOPHUKHU KHCTi (PO3TMHAJIBHUX TA 3TUHAIBHHX)
3a mporpamamu "Cuntes", "Honop", "Ilopir" ta "biorpenyBannsa" (Bimosia-
wol,(p), . L, (), , L,@h), , L, (b)), ), Ki BpaxOBYIOTh PEKOMEHIAIlii TPEeHY-

BaHb PyXiB TOHKOI MOTOPHKH KHUCTi 3a BIINOBIIHUMHU mporpamamu (6), CTyIiHb
M’SI30BOTO TOHYCY JTUCTAITBHOTO BiJILTy BEPXHBOI KIHI[IBKH Ta J03BLI TPCHYBaHHS
PO3THHATIBHOTO PyXY Y JUCTaJbHOMY BifIisli BepXHbO1 KiHLiBKH 32 (7)—(10):

— Ui pO3TUHAJIBHUX PYXiB TOHKOT MOTOPUKH KHUCTI:

1 — 3a6opona

L,(p), =L (p), +L(p), +T = { 0 sossin (11)

— JUIsl 3ATHHANBHUX PYXiB TOHKOI MOTOPHKH KHCTI:

. . . 1 — 3ab6opona
L,(p), =L (p), +L/(p), +T*= N (12)
0 — Odossin
. .. . 1 — 3ab6opona
L), =L (d), +L(d), +T*= o (13)
0 — Oossin
) L eh) 2 i) - 1 — 3abopona
th), =L (th), +L (th), +T*= ;
S weoTE 0 — 0ossin (14)
, L . 1 - 3abopona
L, (b)), =L, (bfb), +L,(bfb), +T*= ’ (15)
: ’ o 0 — Odossin

ne M, — TpenyBamuuii pyx; L, (p),, » L, (d),, , Ly (th), , L (bfb), — Bupiury-
BaJIbHI TIPaBHJIa, 1110 CTOCYIOTHCS JIO3BOJIY TPEHYBAHHS PO3THHAILHOTO PYXY y JIHC-
TaJbHOMY BiJUIiTi BEpXHBOI KIHIIBKH BiNOBiAHO 10 nporpaMam "Cuntes", "loHop",
"Tlopir" Ta "biotpenyBanns"; 7, =0 1pu T e[-5..+3]; T*=0 npu T €[-5..0];
T*=0 mpu T e[-3..0]; I,*=0 npu 7 [-1..0].

Taxum urHOM, onepkaHo Bupasu (11)—+(15) ans no3Bony TpeHyBaHHs PyXiB TOH-
KOi MOTOPHMKH KHUCTI (PO3TMHATIBHHX Ta 3rMHATBHLX ) 32 BIAOBIIHIMH ITPOrPaMaMH.

SIkio y BiAMOBIAHOMY BiAIiII BEPXHBOI a00 HUXKHBOI KIiHIIIBOK JUIS PYXY
oziepxkay 3a00pOHy Ha BUKOPHCTaHHs mporpamu tpeHysanus ( L(x),, =1), To

3aCTOCYBaHHS TAKOI MPOrpaMHu Uil TPEHYBAaHHsI TAKOTO PyXy HEMOXJIUBe. Ko
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JUIs TPEHYBAJILHOTO PYXy 3a00pOHEHI YCi MporpaMu TPeHyBaHHs, — TPEHYBaH-
HS IIBOTO PYXY HEMOJKIIMBE.

OTxe, BiMOBiAHO A0 aaroputMmy (puc. 1), moOyaoBaHi BUpILIyBalbHI Ipa-
Buia (7)—(15) Ha 6a3i moka3HHUKIB JeQiUTY PyXOBHX (QYHKIIH — CHIN M S31B
(F), obcsiry pyxiB (V), a Takox M’si30Boro ToHycy (') 3 BpaxyBaHHSIM oOMe-
KEHb 3aCTOCYBaHHS TPOTpaM TPEHYBaHb PyXiB, SIKi JaOTh JO3BUI Ha 3aCTOCY-
BaHH [IPOrpaM TPEHYBaHb BIAMOBIIHUX PYXiB y BEPXHii 1 HIKHIH KiHIIIBKaX, iX
JUCTAIBHUX Ta IPOKCHUMAIBHUX BiAinax.

@®opMyBaHHSI PeKOMeHAANIi 10 IHIMBIIyaJbHOT0 KOMILIEKCY KepyBa-
JBbHUX BIUIMBIB (PyXu, mporpamMm i perjiaMeHT TpeHyBaHb). OnepkaBIIu
Habip AOCTYMHUX PYXIB i MpOrpaM TPEHYBaHHS, HACTYITHUM €TarloM 3arajbHOTo
aIroputMy € (GopMyBaHHS PEKOMEHAALINH OO0 1HAUBIIYalbHOTO KOMIUIEKCY Ke-
pYBaJbHUX BIUTHBIB, a caMe: HabOpy PEKOMEHJOBaHUX PYyXiB Ta MporpaMm ix
TPEHYBaHHS 32 MPIOPUTETHICTIO Ta POPMYBaHHS PErIaMeHTy TPEHYBaHb.

Ha xoxxHOMY eTami peabiniTauii pyxoBux (yHKLiH MOTpiOHO MparHyTH OO
3aCTOCYBaHHS Ti€l MPOrpaMu TPEeHYBaHHS, SKa 3a0€3MEYUTh MiAKIIOYCHHS 1012~
TKOBHUX PE3EPBIB OpraHi3My Ha BiJJHOBJIICHHS pyXxoBuX (yHKid. [IpiopureTHicTh
MporpaMy TPEHYBaHHS PyXiB 3aJISKUTh Bil TUHAMIKM CTYICHS Mapesy MalieHTa
micys iHCynbpTy 1 3pocrtae y HampsMky: "Cunte3" — "onop" — "llopir" —
"BiorpenyBanus". Hanpuknaza, sKIIo cepell AOCTYIHUX MPOrpaM TPEHYBaHHS
narieHTa 3 MOMIPHO BUpaXeHUM mape3oM € nporpamu "Cuure3" i1 "oHop",
BUIIMH npiopuTeT Mae mporpama "loHop".

[piopuTeT TpeHyBaHHs PyXiB CIPSIMOBYETHCS Y HANPSIMKY PYXY, IO Bi/IMOBI-
Jla€ HAMOLIBII YIIKO/PKEHOMY BiZUTUTy KiHIiBKU. Ha 11e Bka3ye cuna m’si3iB ( F):

F \= npiopumem pyxy T. (16)

ToOTo, AKIIO CHiIa M’SI3iB Y TUCTAJILHOMY BT BEPXHBOI KIHI[IBKM MCH-
112 3a CUIIy M sI31B Y IPOKCHUMAIBHOMY BiAJisli BEpXHBOI KiHIIBKH, TO IpiopHTe-
THHM € TPEHYBaHHS PyXy PO3THHAHHS KUCTI (TPEHYEThCS 3 MEPIIOTro CeaHcy), a
PO3TUHAHHS IJIeYa MOXKHA MTPHETHATH Y T3HINIAX CeaHcax.

Heo0ximHo 3a3HaunTH, MO y pasi GopMyBaHHS HAOOPY TPEHYBAIHHUX PYyXiB
BEPXHBOI KiHIIBKH, KPiM INIMOMHM MOPYILEHb Y PI3HUX BiAIIaX KiHLIBKH, Ha Npio-
PUTETHICTh TPEHYBaHHS PYXiB BIUIMBA€ HASBHICTH Yy Mali€HTa MOTOpHOI abo Mo-
TOPHO-CEHCOPHOT aasii. Y TakoMy BUIAAKY 10 HAOOPY MPIOPUTETHUX VI TPEHY-
BaHHs PYXiB JI0JAIOTkCS PyXH KHCTI Ta manmbuis M,, M., M, (3 ypaxyBaHHIM

BUPILIYBaJIbHUX MPaBUII 103BOJTY TPEHYBaHHS 3rHHAIBHUX pyxiB (12)—(15)):

Sp € [splgspz;sps;sp 4] = npuopimem pyxi6 MOHKOI MOMOPUKU KUcmi , 17)

ne Sp — NorivyHa 3MiHHa, 10 BU3HAYAE CTaH MOTOPHOTO KOMITOHEHTA MOBJICHHS.

PernameHT TpeHyBaHb pyXiB Malli€eHTa Micis iHCYJIBTY 3yMOBJICHO 3arajb-
HUM CTaHOM TMali€HTa (BKJIIOYAIOYM CTYHiHb AMHAMIKH Mapesy), 0COOMCTOO
YyTIUBOCTIO JIO MiOEJIEKTPOCTUMYIIALI, OOMEXKEHHIMU TPHBAJIOCTI TPEHYBaHb
Ta BUOpaHUMHU MIPOTpaMaMy TPEHYBaHb 1 TPEHYBaJbHUMH PYXaMH.

Buxonsuu i3 nocBigy KIiHIYHOI MPAaKTUKW, MaKCUMaJIbHA TPUBAIICTH Tpe-
HyBaHb Tali€HTa Ha 1 AeHb cTaHOBUTH 40 XB., MAKCUMAJIBHUI Yac Ui TpeHY-
BaHb 3a nporpamoro "Cunre3" — 20-30 XB., MaKCUMaJIbHUN Yac JJIS TPEHYBaHb
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3a nporpamoro "lonop", "Ilopir" a6o "biorpenyBanus" — 15-20 xB., moyarko-
BHI PErJIAaMEHT — SIK MPAaBHJIO0, 5—7 XB. 3aJISKHO BiJI CTaHy Malli€HTa.

TpuBaJicTh TPEHyBaHb MOXKE PO3MOAUIATHCS Ha (asu: oJJHO(pA3HHI ceaHC, JTBO-
(azHuit abo TpudazHuii ceanc. Y ogHohazHOMY ceaHCi MOXKIIBE TPEHYBaHHS PyXiB
1o 20-30 xB.; y nBohasHOMYy — TpeHyBaHHA po3noAlLsiroTses 1o 20 xB. (20 xB. st
nporpamu "Cuares" i 15-20 xB. mas nporpam "onop", "Tlopir" ta "bioTpenyBan-
Hs'") 3 BUKOHAHHSM Tay3d MK TPEHYBaHHSMU, y TpU(a3HOMy — TPEHYBaHHS PO3-
MOAUTSIIOTECS TI0 15 XB. 3 BUKOHAHHSIM Tay31 MiXK TPEHYBaHHSIMU.

3anexHo Bil CTaHy NalieHTa (BKIIOYAIOUM IMHAMIKY CTYICHS apesy) MOXKYTb
3MIHIOBATHCS KUTBKICTh 33/ISTHUX TPEHYBAIBHUX PYyXiB, a BIATIOBIHO JI0 HUX 1 KiTb-
KICTh TIPOTpaM TPEHYBaHb, a 3 HUMH 1 KUTBKICTh ()a3 TPHUBAIOCTI TPEHYBaHb.

BpaxoByeTbesl TakoX opep;KaHe paHillle BHUpILIyBajbHE HpaBwiIo (5), 1o
CTOCYETbCSI OOMEKECHHSI TPUBAIIOCTI TPeHYBaHb. TOJIi MAIli€HT TPEHYETCS MaK-
cumyM 15 xB. porpamoro "Cunte3" i MakcumyM 10 xB. 3a mporpamamu "Jlo-
Hop", "Ilopir", "bioTpenyBanus".

CryniHp YyTIMBOCTI MALi€EHTa IO MIOETEKTPOCTUMYJIILII MpOSBISETHCA HA
MEPIIOMY CeaHCi TPEHYBaHb, TOMY 32 HAsBHOCTI BUCOKOI YYTJIHBOCTI KOPETYEThCS
TPUBAIICTh TPEHYBaHb, IOYMHAOYH 3 5 XB. 1 MOCTYIOBO (JI030BaHO) 30LIBIIYIOUH
TPUBAJIICTb Y HACTYIHUX CeaHCcax 0 MAaKCUMAJIBHOTO, BpaXOBYIOUH CTaH MALli€HTA.

Bupiwysanvre npasuno, Mo BU3HAYA€E 3aCTOCYBAHHS J030BAHOI MiOEJIEKT-
POCTUMYIIAIIT Yepe3 BUCOKY UYTIMBICTh MAIli€HTA:

) 1 — obmednrcenns
L") =S, = _ o (18)
0 — 3a cmanoapmuumu iHCMpPYKyiamu
ne S, — InoriyHa 3MiHHA, IO BiJIIOBiJa€ BHCOKIl YyTIMBOCTI 0 MiOEIEKTPOC-

TAMYJIAIII.
BI/IXOIDI‘-II/I 3 ObOro, MOXHa 3aIliiMcaTh MaCUBH, IO BHU3HAYAIOTb HApOCTAHHSA
TPUBAJIOCTI TIPOIIEAYPH TPEHYBAHHS BIIPOJOBXK Kypcy peadutiTanii o ceancax. [lo-

3HAYMMO 1, 1 tld — 3BUYaiiHa Ta JJ030BaHa TPHBAIICTh TPEHYBAHb 33 3BUYAIHUX YMOB!
3a mporpamoro "Cunres” £, =[7;10;15;20] (x8.), t," =[5;7;10;15] (x8.) i mpo-
rpavamvu "Honop", "Iopir", "BiotpemyBammsa" ¢ =[7;10;15;15] (xB.),
tld =[5;7;10;15] (xB.). Takox nosHaummo ¢, i tzd — 3BUYaifHa Ta JJ030BaHa TPU-
BAJliCTh TPEHYBaHb 32 yMOB OOMexeHHs: nporpamoro "Cunres" ¢, =[7;10;15;15]
(xB.), tld =[5;7;10;10] (xB.) i mporpamamu "douop", "ITopir", "biotpenyBanHs"
t, =[7;10;10;10] (xs.), tld =[5;7;10;10] (xs.).

Braciiok 3acTocyBaHHS BHIIE BUKIIAIEHOTO ITiIXOMy 0 BUOOPY PyXiB, PO-
rpaM TPEHYBaHHS 3a MPIOPUTETHICTIO Ta PErNIAMEHTY TPEHYBaHb (OPMYIOTHCS
peKOMeHaIil MOoA0 IHAMBIIYaTbHOTO KOMIUIEKCY KEpyBAIBHHMX BIUIUBIB JUIS
BIZTHOBJICHHSI PYXOBUX Ta MOBJICHHEBHX (DYHKIIH MAI[i€eHTa MICJIS 1HCYJBTY, IIO
BKJIFOUAIOTh BapiaHTH TPEHYBAHHS PYXIB i3 3aCTOCYBaHHSM Bi/IMOBIHUX MpOrpam
1 perJaMenTy ceaHCiB TpeHyBaHb X pyXiB. OkpeMo QopMyIOThCS peKOMEH A
II0/I0 MEPILIOTO CEaHCy TPEHYBaHb PYXIB.
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[Ticst 1pOro 3AICHIOETHCS peati3allisl IHIMBIAYaTbHOIO KOMILICKCY KepyBaslb-
HHX BIUIMBIB JUI1 TPEHYBaHHS pyxiB matienta. [lix gac neprroro ceancy (ikCyroTh
Yy TIMBICTh MALIEHTAa — Y pa3i BUCOKOI YyTJIMBOCTI 0 MiOEIEKTPOCTUMYJIALII 1HIU-
BiJlyaJIbHHH KOMILIEKC KEpYBAIGHUX BIUIMBIB YTOUHIOIOTH BITHOCHO BHOOpY TpHBa-
JocTi TpeHyBaHb (puc. 1). TpeHyBaHHS MPOJOBXKYIOTH 3 CKOPETOBAHOK) TPUBATICTEO.
V pasi BiCyTHOCTI BHCOKOI YyTJIMBOCTI peabifiTaliio NpoaoBXKyOTh 3a chopMoBa-
HUM KoMIuiekcoM. Ha 5-My ceaHci, SIK MpaBmIIO, IPOBOISATE MOBTOPHE OLIHIOBAHHS
TMAaI[i€HTa, 8 TOMY KPOKH aJITOPHTMY MOBTOPIOIOTH CHOYATKY. [HIVBIMyanbHUNA KOM-
IJIEKC MOXKe OYyTH 3MiHEHO, OCKUIBKH 3MIHIOETBCS CTaH (1 CTYMiHb Mape3y) MaiieHTa.
[licns ocTaHHROrO ceaHCy 3IIMCHIOIOTH OIIHIOBAaHHS €(EKTUBHOCTI BiTHOBIICHHS
PYXIB i MOBJICHHSI ITiCIIsl TIPOBENICHOTO KYPCY TPEHYBaHb PYXIB 3TiIHO 3 METOIUKAMH,
sSIKI BUKJIAZICHO B [3, 4].

OnHuM 3 MPOBITHMX HAMPAMIB Cy4acHOi CHCTEMU OXOPOHH 3[0pOB’S € iHIUBITyasb-
HUI TiAXi 10 JiKyBaHHS. Ko)keH eTarn BiTHOBJICHHS PYXIB 1 YCHOIO MOBJICHHS Y pasi
MOTOpPHOI a00 MOTOPHO-CEHCOPHOI adasii micis HCYNIbTY nependadae iHIuBiLyab-
HHH MOX17 10 aKTUBALlil Pe3epBiB OPraHi3My, B SKOMY Ba)KIMBE MicIle 3aiiMae TpeHy-
BaHHsI pyXiB Ha 0a3i iHIMBIyaJbHOTO KOMIUIEKCY KEpYBaJIbHHX BIUIUBIB — MPOTPaM,
METOJIMK aKTHBAIlil M S30BUX CKOPOUCHb, SIKI CIIPSMOBAHO HA 3MEHIIECHHS aedinuty
PYXOBHX 1 MOBJICHHEBUX (DYHKLIiH, HAOYTOr0 BHACIIZOK MATOJIOTT.

®DopMyBaHHS IHAMBIAYATFHOTO KOMIUIEKCY KEPyBaJIbHUX BIUIMBIB 3TiJHO 3 3ara-
JIEHAM aJITOPUTMOM BKITFOYAE: BUSABJICHHS Y MAIIEHTA 3arajlbHUX 1 crienu(ivHuX 1po-
THUIOKA3aHb JI0 3aCTOCYBaHHS MIOCJICKTPOCTUMYJISALIT Ta OIOTPEHYBaHHS, KiJIbKICHE
OLIHIOBAaHHS MOPYLIEHb PYXOBHMX 1 MOBJCHHEBUX (DYHKLIH, MOPYIIEHb M’ SI30BOTO
TOHYCY 32 HOBUMH OPUTIHAJIGHAMH METOJIMKaMH, MEPEBIPKY 0OMEXEHb JI0 3aCTOCY-
BaHHSI IIPOTPaM Ta TPHUBAIOCTI TPEHYBaHb.

Jna BpaxyBaHHsI TOKA3HHUKIB SK TillEp- TaK i TIIIOTOHYCY PO3POOJICHO JOIATKO-
BUI AJITOPUTM, 32 SKUM I JO3BOJICHOTO TPEHYBAHHS ITIOOATBHMX PO3TMHAIBHUX
PYXIB pi3HUX BIJUIUJTIB BEPXHBOI Ta HIDKHBOI KIHITIBOK BHOMPAIOTH JI03BOJICHI TIpOrpa-
MH TPEHYBaHb, a TAKOXK JOJATKOBUH aJITOPUTM, 32 SIKUM BHOUPAIOTH JJO3BOJICHI 3TH-
HaJIbHI PyXH TOHKOI MOTOPHUKH KHCTI Ta IX porpaMu TpeHyBaHb. OCOOIMBICTIO LIMX
QNITOPUTMIB € BBEICHHS JIOJIATKOBHX YMOB JIO3BONY TPEHYBaHHS, ISl 4oro copmo-
BaHO KpUTEpii 3a IHTEpBaIaMU 3HAYEHB M’ S30BOTO TOHYCY.

Buxonstuu 3 anroputmis, Oyno po3podiaeHo BUPILTyBajIbHI NpaBuia, sKi Oymy-
IOThCS 13 3aCTOCYBAHHSAM aireOpy MPETUKATIB, JOTTYHUX 3MIHHMX, 110 BiIIOBiaa-
10Th 3a3HAYCHUM BHIIIE KPUTEPISIM 1 MOKa3HUKaM. 3a IUMH MpaBHIaMH y OiHapHii
¢dopmi Ha KO)KHOMY eTami pealiniTanii BU3HAYAIOTh PEKOMEHIOBAHUH 3a MpiopuTe-
ToM Hadip pyxiB, mporpaM TpenyBanb ("'Cunres3", "Honop", "Ilopir", "biotpeny-
Bamms" 3a Texuonorieio TPEHAP®) Ta ix periamenTt.

PosrnsgnyTuii nigxig 1o ¢opMyBaHHA 1HOUBIAYaJIbHOTO KOMILIEKCY KEepyBa-
JBHUX BIUIMBIB AJIs peabiniTauii pyXxiB i MOTOPMKM MOBJICHHS MiCHsl iHCYNBTY €
TEOPETUYHOI OCHOBOIO CHHTE3y MOOUIBHOT iH(OpMAIiiHOT TEXHOJIOTIH 1Iudpo-
BOT MEIUIIMHM JOMOMOTH JIIKApIO Y JIarHOCTHIII Ta MPOBEACHHI 1HAMBITyalIbHOT
pealbinitanii pyxoBUX 1 MOBIIEHHEBUX (DYHKLIH MiCHs IHCYNBTY.
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POPMUPOBAHME MHANBUAYAJIBHOI'O KOMIUIEKCA
YIPABJIIIOIINX BOSAEMCTBUN UL PEABUJIMTALIINA
JABWXXEHNWU U PEYU TTIOCJIE UHCVYJIbTA

Pa3paboranbl oOmUI W MOMOIHUTENbHBIC AITOPUTMBEI (HOPMUPOBAHHS HHIUBUIYAIbHOTO
KOMIUIEKCAa YIPaBIAIOUIMX BO3JIEHCTBUH I peaOMIIMTAllUM JIBUTATENIBHBIX U PEUYEBBIX
¢byHkuit nocne uHcyabra. CoracHoO aaropuTMaM y HalMeHTa IPOBEPSIOT HaIW4Ke OOLIMX
U cnenupuIecKuX MPOTUBONOKA3aHUH K TPHUMEHEHUIO MHOJIEKTPOCTHMYISIIUH H/WIH OHO-
TPEHUPOBKH, MPOBOJAT KOJUYECTBEHHYIO OLIEHKY HapyLIEHUN [BUTaTEIIbHBIX M PEUYEBBIX
(GYHKIMH, MBIIIEYHOTO TOHYCA 110 HOBBIM OPHTMHAIBHBIM METOAMKAM, ITPOBEPKY OrpaHHde-
HUH K IPUMEHEHHIO IIPOrpaMM U MPOAODKUTENBHOCTU TPEHUPOBOK. PazpaboTaHb! permraro-
[Iye MpaBuWiIa ¢ MPHUMEHEHHEM aireOpbl MPeANKaTOB M JIOTMYECKUX ITePEMEHHBIX, KOTOPbIE
COOTBETCTBYIOT YKa3aHHBIM KpUTEpUSIM M nokaszaTessiM. CoriiacHoO 3TUM IpaBuUiIaM B OuHap-
HOHM (opme Ha KaXKIOM dTare peaOdMINTALUH ONPENEISTIOT PEKOMEHIYEMBbIE IT0 TPHOPUTETY
HaOopBI IBMKEHHUH U porpamm TpeHupoBok ("Cunres", "donop", "Tlopor", "buotpeHnpos-
Ka" 10 TEXHOJIOTUH TPEHAP®) U MX PETJIAMEHT.

Knioueswvie cnosa: uncynom, osudicenue, peus, peaburumayus, MemoouKu OyeHku, ai-
eopumm, pewiarowjue npasud, UHOUBUOYATbHbIE YNPAGIAIOWUE 8030€UCMBUs, NPOSPAMMYL,
MUOINEKMPOCMUMYNAYUS, OUOMPEHUPOBKA.
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FORMATION OF INDIVIDUAL COMPLEX OF CONTROL ACTIONS
FOR MOTOR AND SPEECH REHABILITATION AFTER A STROKE

Introduction. At present, one of the leading directions in the healthcare system is an individ-
ual approach to treatment. Restoration of movements and oral speech after a stroke suggests
the formation of an individual complex of control actions — programs, techniques for general
limb movements, fine motor hand training to reduce the deficit of motor and speech functions
acquired as a result of pathology.

The purpose of the article is to determine on the basis of which algorithms, the informa-
tive criteria for estimating the deficit of motor and speech functions, as well as rules to be
solved, an individual set of movements, programs and training schedule to restore motor and
speech functions after a stroke are formed.

Results. A general and additional algorithms for the formation of an individual complex
of control actions for motor and speech functions rehabilitation after a stroke have been de-
veloped. According to the algorithms, the patient is tested for general and specific contraindi-
cations to the use of muscle electrical stimulation and / or biofeedback training, quantitative
assessment of motor and speech functions, muscle tonus according to new original tech-
niques, verification of limitations to the application of programs and the duration of training.
Additional algorithms are designed taking into account both hyper- and hypotonic parame-
ters. A special feature of these algorithms is the introduction of additional restrictions, for
which intervals of muscle tone values are formed.

Decision rules have been developed using the algebra of predicates, logical variables
corresponding to the specified criteria and indicators. According to these rules, in each stage
of rehabilitation, a set of movements and training programs recommended by priority ("Syn-
thesis", "Donor", "Threshold", "Biofeedback" according to TRENAR® technology) and their
schedule are determined in binary form.

Conclusions. The considered approach to the formation of an individual complex of
control actions for movement and speech rehabilitation after a stroke is the theoretical basis
to synthesize the mobile information technology of digital medicine for assistance the physi-
cian in diagnosing and carrying out individual rehabilitation of motor and speech functions
after a stroke.

Keywords: stroke, movement, speech, rehabilitation, quantitative assessment, algorithm,
decision rules, individual control actions, programs, electrical muscle stimulation, biofeed-
back training.
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NPOTHOSHPOBAHME PEAKI/HA OPTAHMSMA GMIOPTCMEHOK )
HA BAIXAHHE TMNOKCMYECKMX CMEGEW HA MATEMATHYECKOM
MOAENN OYHKIMOHANBHOM CUCTEMbBI JAbIXAHHA

Ha marematnueckoil Mozmenu (hyHKIMOHAJILHOH CHUCTEMBI JIbIXaHHSI MMHUTHPOBAJIOCH BIIBIXAHHUE
CIOPTCMEHKaMHM Ta30BOM CMECH C HHU3KMM COAEP)KaHHEM KHCIOpPOJAa M HCCIEeN0Balach
3aBUCUMOCTh (DYHKIMOHAIBHOM CaMOOPraHU3alliy UX OpraHu3Ma OT TOPMOHAIBHOTO CTaTyca Ha
NPOTsDKEHAN MEHCTPYaJIbHOrO IHKIA. IloydeHHbIe pe3yabTaThl CBHIAETEIBCTBYIOT O TOM, YTO
IpHU IUIAHUPOBAaHUH TPEHUPOBOYHOTO Ipolecca U (POpMUPOBAHUN KOMAHI B COPEBHOBATEIHLHON
JIEATENILHOCTH CIOPTCMEHOK HEOOXOIMMO YUUTHIBATh OCOOEHHOCTY aaNTalluH K ITHIOKCHYECKON
cpezie PY LUKIMYECKUX M3MEHEHHUAX KOHIICHTPAIMH [TOJIOBBIX TOPMOHOB B MX OPTaHU3ME.

Knrouegvie cnosa: mamemamuueckas mooenb QyHKYUOHATLHOU CUCTEMbI ObIXAHUSA, MPEHUPOBOY-
Hblll NpoYecc CNOPMCMEHOK, a0anmayusi Opeanu3ma cHOpmMCMEeHOK, UHMEPBANbHAS 2UNOKCUECKAs
MPEHUPOBKA, PYHKYUOHANLHAS CAMOOPAHUAYUS OP2AHUIMA.

ApanTarys K BBICOKHM Harpy3KaM OCTaeTCsl OTHOM U3 aKTyaIbHBIX IPpodJieM B (hu3u-
OJIOTUH CTIOPTA, TPYJa U B MPAKTUKE CIIOPTUBHON MEIULIMHBL. B coBpeMeHHOM criop-
T€ BBICIINX JOCTH)KEHHUHN MPH CYIIECTBYIONTIX TPEHUPOBOUHBIX M COPEBHOBATEILHBIX
Harpy3Kax OpraHm3M HaxOAWTCS Ha TPaHH NPeIelTbHBIX BO3MOKHOCTEH MHINBUTYa-
nmpHOM amantaiuu [1]. MccnenoBanue MEXaHU3MOB PETYISILUHA CUCTEMBI TbIXaHUS —

© JI. A.-T. IHAXJIMHA, H.W. APAJIOBA, 2018
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OIHOM M3 BaXHEHINMX (DYHKIMOHAIBHBIX CHUCTEM OpraHM3Ma — TPH Pa3IMYHBIX
BHYTPEHHHX W BHEITHUX BO3MYIICHUSX OTHOCHUTCS K IIEHTPATBHBIM 3a/a4aM (HU3Ho-
JIOTHH ABIXaHUS M KPOBOOOPAILICHHSI.

VYcnenHoe pa3BUTHE HAyKU 00 YIpaBJICHUH, TOCTHKCHHS B Pa3pabOTKe Te-
OpHUU CHCTEM, TPOHUKHOBEHHE TEOPHUHU CUCTEM B CaMble pPa3HbIE 00JIACTH HAYKH,
TEXHUKU W COLMAJIbHOM cepbl crenanu BO3MOKHBIM OCYIIECTBICHHE CHCTEM-
HOTO MOAXO0Ja K U3yYCHHIO OMOJOTMYECKHX CHUCTEM M K YIPABICHUIO TPEHHUPO-
BOYHBIM IMIPOIIECCOM CITOPTCMEHOB.

[Ipumenstroruiicss B CIOPTUBHOM NEAArOrMKE CUCTEMHBIN MOJXOA K YIIpaBiie-
HHUIO TIPOLIECCOM MOATOTOBKHM CHOPTCMEHOB, CHCTEMOOOPa3yromuM (akTopoM B
KOTOpPOM SIBJISETCS CIIOPTHBHBINA PE3yJbTaT, MO3BOJSET OCYLIECTBISATh JETaTbHbIN
aHaJIM3 Mpoliecca MOATOTOBKU CIIOPTCMEHOK M POJIM B 3TOM IIpoIiecce Grosorudec-
KUX OCOOCHHOCTEH KEHCKOTr0 opranusma [2, 3], ero peakuuii B pasHble (a3bl MEHC-
TpyasnbHOrO 1HKiIa (ML) Ha BO3MyIIIeHHs] BHYTpEeHHEN U BHEIIHEW CpeJlbl OpraHu3-
Ma, U3 KOTOPBIX OJHHM U3 HauOoJiee pacipoCTPaHEHHBIX SIBIISIETCS] TUTIOKCHYECKAsT
rumnokcus [4, 5].

AHalu3 CIIOPTUBHBIX PE3YIbTATOB JYUIIUX CIIOPTCMEHOK MHpa CBUICTEIb-
CTBYET O TOM, YTO JBUTATEIbHAas OJapEeHHOCTh, BEICOKUI TyXOBHBINA MOTEHIIMAI,
OTPOMHAsl TPYAOCIIOCOOHOCTh U YIOPCTBO B JOCTHXKEHHUHU LIEJU IMO3BOJISIET UM
JOCTHYb CHOPTUBHBIX PE3YJBTATOB, KOTOpPBHIE paHee OBbUIM IOCTYIHBI TOJIBKO
MyXK4HHaM [5].

Bwmecte ¢ Tem, HeCMOTpsi Ha OOJIBIIOE KOJHUSCTBO HCCIEIOBaHUU [5, 6],
OCTAIOTCSI aKTyaJIbHBIMH M MAJIOM3YYCHHBIMH 3aKOHOMEPHOCTH (HOPMHUPOBAHUS
aanTallMOHHBIX PEaKUuil KEHCKOr0 OpraHM3Ma K M3MEHCHUSIM BHEIIHEH WM
BHYTpeHHEH cpeabl. Tarke mpeacTaBisieT HHTEPEC XapaKTep BIHSHHS OUOJIOTH-
YEeCKUX 0COOCHHOCTEHN KEHCKOTo OpranusMa (IMKIMYHOCTh (PYHKIUH ero CHCTEM
B CBSI3U C U3MECHEHHEM KOHIIEHTPALMH IOJIOBBIX TOPMOHOB B KPOBH OpraHu3Ma
YKEHIIWHBI B pPa3HbIe (a3bl MEHCTPYAILHOTO [IMKJIA) HA IICUXIMYECKUE COCTOSHHUS 1
¢du3ryeckyo paboTocrocoOHOCTh CIOPTCMEHOK [2, 7.

MOCTAHOBKA SAJIAYM

OoecnieyeHre pabOTOCIIOCOOHOCTH CIIOPTCMEHOK, Pa3BUTHE MX BHIHOCIMBOCTH 00YC-
JIOBJICHO, TIPEX[E BCETro, adpOOHOM MPOM3BOAMUTENBHOCTHIO, ONpeeIsIouIeiics pas-
BUTHEM U COCTOSIHHUEM (DYHKITMOHATIBHOM crucTeMsbl pixanus (PCJI), koTopast BKIIO-
YaeT CUCTEMY BHEIIIHETO JIBIXaHUsI, KPOBOOOpAIIEHHS, ABIXaTeNIbHYI0 (DYHKIHIO KO-
B, MEXAaHW3MbI OMOJIOIMYECKON PEryJisILiY, OOECIEeUNBAIOLIME TKAaHEBOE AbIXaHUE
[8]. Taxke MOKHO TPEAIONOKHT, YTO, HAPSAY C OOIIMMHU 3aKOHOMEPHOCTSMHU pea-
KU OpraHu3Ma Ha BHYTPEHHHE M BHEIIHHE BO3MYILAIOIME BO3ICHCTBHS, HYXKHO
YUHUTBIBATh PEAKLIMIO OPraHM3Ma >KEHILMHBI Ha TUIIOKCHIO HA poTspkennn ML

[IpencraBisroT Takke HHTEpEC HEAOCTAaTOYHO 3yueHHbIe peakiuu OCJI Ha
W3MEHEHHUs] TOPMOHAIBHOTO COCTOSIHHS OpraHM3Ma JKEHINWHBI B pa3Hble (hasbl
MII u, B 4aCTHOCTH, XapakTep KUCIOPOAHBIX pexuMoB opranuszMma (KPO). Otu
JaHHBIE UMEIOT HE TOJBKO TEOPETUYECKOE, HO M MPaKTHYECKOe 3HAueHHE, T.K.
OHHU BO MHOTOM OTIPEJIEIISIIOT pab0oTOCTIOCOOHOCTH JKeHIMH [4, 8, 9].

B coBpeMeHHO# MOATOTOBKE CIIOPTCMEHOK HAILIO IMPUMEHEHHE TaKoe HeTpa-
JULMOHHOE CPEICTBO, KAK TPEHUPOBOYHBII MPOLIECC B TOPHBIX YCIOBHUSX W HHTEP-
BaJIbHAs TMITOKCHUYECKAasl TPEHUPOBKA, HANpaBJIeHHbIE HA TIOBBIIIEHHE BRIHOCINBOC-
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TH ¥ pa3BUTHE (PYHKUMOHAIBHOW cucTeMbl abixaHus [8, 9]. Ongnako, HeCMOTps HA
MHOT'OJIETHEE HCIIOIb30BaHKE TOPHOTO KIIMMaTa, 0OCOOEHHOCTH PEaKIMy OpraHu3Ma
YKCHIIIMH Ha HU3KOE MapIlfaibHOEe JaBJICHHE KUCIOPOJa BO BIBIXaEMOM BO3IYyXE B
pazinunble (a3sl MeHcTpyansHOTO IKKna (ML) TpeOyeT nanpHelero uccaenoBa-
HUS, T.K. )KEHCKHE TIOJIOBBIE TOPMOHBI — 3CTPOTCHBI — SIBJISIOTCS BXKHBIM 3BEHOM
B aJIalTAllMOHHO-TPO(HUUECKHUX PEaKIMAX OpraHu3Ma. ITa rpyIina ropMOHOB obec-
MEYMBACT BO3MOXKHOCTH aJICKBATHOTO TIPHCIIOCOOJICHUSI OpraHru3Ma JKECHIIMUHBI K
Pa3IMYHBIM BO3MYILAIOLIMM BO3ICHCTBUSAM, B TOM YHCIIE U K (PM3UUECKUM Harpys3-
KaM, ¥ K HEeJOCTaTKy KUCJIOpOoJa BO BABIXaeMOM BO3yXe. BiusHue n3MeHsomero-
Csl TOPMOHAIILHOTO CTaTyca Oprann3ma Ha ()yHKIIMOHAIBHOE COCTOSIHYE M padoToC-
MOCOOHOCTh CITOPTCMEHOK TIO3BOJISIET TMPEATIONOXKHUTh, YTO PEAKIUsl OpraHu3Ma
CIIOPTCMEHOK Ha BJBIXaHHE TA30BBbIX CMECEH C HU3KUM COAEPKaHUEM KHCIOpOJa B
pazubie Gazbl M1 Oyner HeonuHakoRBO# [4, 8.

Obecnieyenre pabOTOCIOCOOHOCTH CIIOPTCMEHOK, Pa3BUTHE BBIHOCIHBOCTU
00YyCIIOBIIEHO, IPEXIE BCEro, a3pOOHOI MPOU3BOAUTEIILHOCTHIO, ONPEACIISIOIICHCS
Pa3BUTHEM U COCTOSIHUEM (DYHKIMOHAIBHOH cucTeMsbl Abixanus [8]. OTMeTHM Tak-
e, YTO eCII pacCcMaTpUBATh OPTaHU3M YESIOBEKA C TOYKU 3PEHHUS] TEOPUH HaJexkK-
HOCTH U TIPE/ICTaBUTh €r0 B BUJIE MOJICIIH LIETIH CO CIIa0BIM 3BEHOM, TO TAKUM ClIa-
ObIM 3BeHOM siBJsieTcsl cuctema apixanus [10]. OHa BKIIOYaeT OpraHbl BHELIHETO
JbIXaHUs, CHUCTEMY KpPOBOOOpAIIECHHS, CHUCTEMY IbIXaTeNbHOW (YHKLUHHM KPOBH,
MEXaHM3MbI OMOJIOTUYECKOM PEryIsiI, 00ECTICUNBAIOIINE TKAHEBOE JIBIXaHUE C e¢
CJIO’KHBIMH 3BEHBSIMA — HEPBHOU ¥ T'yMOPAJILHOM PETYJISALMEN.

Ha npotskeHnn MEHCTpYaabHOTO IIMKJIA IPOUCXOAAT U3MEHEHUS TOPMOHa-
JBHOTO CTaTyca, BBI3bIBAsI CIOXKHYIO IEPECTPOHKY HEHpOryMOpalbHOM perys-
UM QYHKIWH BCEX CUCTEM OpTraHu3Ma — JIbIXaHUsl, KpOBOOOpAIICHUsI, IbIXaTe-
JIbHOW (DYHKIIUM KPOBH, MOTPEOJCHHS KUCIOPOa, CYIIECTBEHHO BIIMSAS Ha (hU-
3UYECKYI0 pabOTOCIIOCOOHOCTD JKEHIIMHBI [9] .

B nepByto azy mukna QyHKIUs CHCTEMBI JbIXaHHS OpraHu3Ma SKEHIIMHBI JTaxe
B COCTOSIHMHM TTOKOSI IOCTATOYHO HAmpsDKEHA: BBICOKAs JIETOYHAS BEHTUIIALMA U CKO-
POCTh MOTPEOSIeHNsT KUCTIOPOa COTIPOBOMKAAIOTCSI HIU3KOM IKOHOMHUYHOCTBIO M3-32
YBEJIMYEHHS YacTOTHI AbIXaHUs! (BHICOKMH BEHTWISILIMOHHBIM SKBUBAICHT U HU3KUHA
KUCITOPOJHBIN dPdeEeKT pIXaTenpHOro MuKia). B crucreMe kKpoBooOpalleHHs BRICOKAsT
yacrora cepaeunbix cokparieruii (HCC) npu caMoM HHU3KOM yIapHOM 00beMe 00yc-
JIOBJIMBAET IOCTATOYHO BBICOKMI MUHYTHBIN 00beM KpoBu (MOK). Huskumu siBisito-
TCS CcoAepKaHHE IeMOITIOOMHA B KPOBH H, CIEIOBATENIHHO, KHUCIOPOIHAS €MKOCTh
kpoBH [11]. CHmwkaercst oOmias u crelnuaibHas padboToCIOCOOHOCTh CIIOPTCMEHOK,
YBEJMUYHUBACTCS PYHKIMOHAIBHAS CTOMMOCTD Pa0OTHI.

[MoctmencTpyanbHas (BTOpas) U IOCTOBYJISITOpHAs (deTBepTasi) (a3bl UK
OTHOCATCSI K ONTUMAaJIbHBIM (hazaM: QyHKIMH CHCTEMBI JIbIXaHHS U KPOBOOOpa-
LIeHUs] HanOoJiee SKOHOMHUYHBI U B COCTOSIHUM TMOKOS, U NPH (U3UUECKUX Ha-
rpy3Kax, HanOoiblIas KHCIOPOIHAs €MKOCTh KPOBHU TOBBIIIAET a3pOOHBIC BO3-
MO>KHOCTH OpTaHH3Ma CIIOPTCMEHOK.

Tpetpst (haza xapakrepusyercsi Hanboyee BBICOKOM CKOPOCTBIO mMOTpediie-
HUS KHCIIOPO/a, TIPH 3TOM YBEJIWYCHHE MHUHYTHOTO oObema npixanus (MOJ])
MPOMCXOJIUT B OCHOBHOM 32 CUET YBEIUUEHHUs IbIXaTelnbHOro o0bema. CpeHuii
yposenb MOK o0ycnoBnuBaeTcsi HEOONBIIMMY BEJIMUMHAMH yIApHOTO 00beMa
W 4acTOTHI CcepJeuHbIX coKpamieHnil. da3a xapakrepusyercsi BRICOKOH (yHKIIU-
OHAJIBHON CTOMMOCTBIO PaOOTHI.
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Juns msitoid, mpenMeHcTpyanbHOl a3kl uKiIa, XapakTepHbl BHICOKAs W Ha-
MMeHee SKOHOMHUYHAs! JIErOYHasi BEHTHUJISAIUS, OCYIIECTBIISIONIAsICS B OCHOBHOM
3a CYET YBEIWYCHHUS YaCTOTHI AbIXaHWS NPU HaMMEHbBLIEM JbIXaTeIbHOM O0be-
Me, CIIeI0BaTeNbHO, BEBICOKUM BEHTUJISIIMOHHBIM 3KBHUBAJICHTOM W HU3KUM KHC-
JIOPOIHBIM 3(P(HEKTOM ABIXaTSIBHOTO IMKIA. Takke HEIKOHOMUYHO paboTaeT
cucreMa KpoBooOpaieHus — Bbicokoe 3HaueHne MOK o0ycioBieHo KoMIeH-
CaTOPHO BBICOKOHM YaCTOTOM CEpACYHBIX COKPAILIEHHH HPU HU3KOM CEPACYHOM
BbIOpoce. CHMKAeTCsl KOHILICHTpAIUs reMorioornHa B KpoBu. ClieJICTBUEM 3TOTO
SBIISICTCS HU3Kasl crenyaibHas U o0mas paboToCcocoOOHOCTh U BBICOKAs (PyHK-
IMOHATIbHAS CTOMMOCTH BBHITIOJTHEHHOH paboTsl [4, 9].

Hacrosimas paboTa sBisieTcs: IpoIOJDKEHHEM H3yYeHHs Peaknuid (pyHKIHU-
OHAJIbHOW CHUCTEMBI JIbIXaHUS HAa MU3MEHEHHS TOPMOHAJIBHOTO COCTOSHHUS Opra-
HU3Ma KEHIIUHBI-CIIOPTCMEHKH Ha npoTsbkeHuu MII. B [4] mpencraBnens! pe-
3yJIbTaThl UCCIIEIOBAHMSI PEaKI[MH OpraHu3Ma Ha BJIbIXaHUE Ta30BOM THIOKCHYE-
ckoii cmecu ¢ 11 % kucnopona (rumokcuueckuii Tect 10 MUHYT) B pa3Hbie (a3sl
MILI. OgHaxko cOBpEMEHHBIE METOIUKH HE MO3BOJISIFOT ONPEIEIUTh CTENEHb TKa-
HEBOW THIOKCHH [9] M BBIIBUTH Ha OCHOBE 3TOTO (YHKUMOHAIBHBIA pecypc
OpraHu3Ma KeHIIHUHBI.

UccnenoBanns Ha maremarmueckoil Momenn @CJI MO3BOIMIM ACTaIbHO
MPOAHAIM3UPOBATH KUCIOPOIHBIC PEKUMBI OTACIBHBIX OPraHOB M OpraHU3Ma B
LIEJIOM U POJIb OTHAENBbHBIX KOMIIEHCATOPHBIX MEXaHH3MOB CaMOpPETyJSALUU Ha
BIIBIXaHME THIOKcHUeCKnX cMmeceit ¢ 11 % xucmopoma [12, 13]. Umuramms Ha
MaTeMaTHYECKOH MOJENM MacColepeHoca U MaccooOMeHa PeCcHUpaTOPHBIX Ta-
30B TOKAa3aJld, YTO BABIXaHUE razoBod cMmecH ¢ 11 % kucimopoga NpUBOIUT K
CHIDKEHUIO HANpsHKEHHUA KUCIIOpO/a B apTepuanbHOil KpoBH HIkEe 50 MM pT.CT.
Bo Bce (a3t M1 [14].

Heus nccnenoBanus — onpeAeiacHue peakuuu GyHKIHOHAIBHONW CHCTEMBI
JBIXaHUS U BBISBIIEHUE CTENEHH TKaHEBOM TMIIOKCHU Y CTIOPTCMEHOK TpH BbI-
XaHWUU TUIIOKCHYECKON Ta30BOM CMECH B pa3HbIe (a3bl MCHCTPYaJIbHOTO IIUKIIA.

PEWIERME SAJLAYH

CucteMHBIl MOIX0 TpeOyeT, TMpeXkIe BCEro, MONYyYSHUs] JAaHHBIX O JIETOYHOM
BEHTHJISIIIMM, CHCTEMHOM KPOBOTOKE, JIBIXaTEIbHOW (PYHKIIMH KPOBH, TUIIOKCH-
YECKOM COCTOSIHUM OpPraHU3Ma B COCTOSIHUM MOKOSI M IIPU BHYTPEHHUX M BHEI-
HUX BO3MYILLCHUSIX.

Mojens OCTpOCHA Ha TUTIOTE3E, YTO OCHOBHOM (DYHKITUEH CHCTEMBI JIbIXa-
HUS SBJSICTCS HanOoJiee ONTUMAJIbHOE YIOBJIETBOPEHUE MOTPEOHOCTH OpraHu3-
Ma B Ouonorundeckoi suepruu [15]. [y sToro ypoBeHs notTpebiieHIst KUCIOPO-
Jla TOJDKEH 00eCneuuTh SHEPTreli CKOPOCTh CHHTE3a HEOOX0MMOTO KOJIMYECTBa

aneHosuHTpudochara (ATPD), a ckopocts Macconepenoca (), — ypoBeHb I10-

TpeOJIeHUs] KUCIOpOoaa, KOTOPBIN TOJDKEH COOTBETCTBOBATH MOTPEOHOCTH B HEM
opranusMa (KHCJIOpOTHOMY 3arpocy). PerynupoBaHue KHCIOPOIHBIX PEXKHUMOB
OpraHyu3Ma OCYIIECTBIISETCA €MHON CUCTEMOMN, KOTOpasi KOOPAUHUPYET U HHTe-
TPUpPYET CIOKHEUITYI0 pabOTy CaMbIX Pa3IHMYHBIX MEXaHW3MOB U MOJAYUHSIET €€
€AMHON 3ajjaye — MOAJEP)KUBATh HA ONTHMAJIbHOM ypOBHE KHUCIOPOIHBIE Ma-

pametps! Ha BceM myti O, B OpraHusme, T.e. Hanbosee IKOHOMHO, 3PHEKTHBHO
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Y Ha/eHO 00ecreunBaTh COOTBETCTBHE JOCTABKH KHUCIOPOAa KHUCIOPOIHOMY
3ampocy TKaHEH.

MartemaTnuyeckasi MoJesib (PYyHKIMOHAJIbHON cucTeMbl Abixanus. [Ipu-
MEHSIs1 CUCTEMHBIH MOAXO0 /U ONMUCAHUSA MIPOIIecca MacCoIepeH0ca PeCcIuparTo-
PHBIX Ta30B B OpraHU3Me, NPEJCTABUM CUCTEMY JBIXaHHS B BUIE yIPaBISIEMON
CHUCTEMBI, B KOTOPOU OCYIIECTBIISIETCSI MacCOIEPEHOC KUCIOPO/Ia, YTIEKHUCIOTOo
rasza u a3oTa U yIpaBJsaIonieii, KOTopas BbIpadaThIBACT ONPECIICHHBIE BO3ICHC-
TBHS, 00eCIeUNBAOIINE HOPMAIIEHOE TEUSHHE IMPOoIlecca MaccolepeHoca ra3oB
[16—18]. MaremMaruyeckas MOJEIb YIPABISIEMOW YaCTU CUCTEMbl JIbIXaHUS B
[12, 13] mpencraBnsier co0Ol cuCTeMy OOBIKHOBEHHBIX AU(PEpeHINATBHBIX
ypaBHEHUH, ONMUCHIBAIONTNX JHHAMHUKY HAIMPSKEHUH KHCIOPOa Ha BCEX dTamax
€ro IyTH B OpraHu3Me, B KPaTKOM BHJIE IMEET BUJI:

dp;O .
pclir 2 = (P(Pi02,piC02,ni,V,Q,Qt[ ’Gl‘[OZ’ql‘iOZ)
dp;CO (1)
Pldr 2 =¢( p;0y,piCOM;.V,0.0,..G;,CO,,4,CO, ),

rae QyHKIMM @ U (]5 JIETaIbHO omnMcanbl B [12, 13]; V — BEHTWIALUS, 1) — CTe-
TIeHb HACBIIICHHS TEMOTTIOOMHA KHCI0poaoM, () — 00beMHast CKOPOCTh CHCTEMHOTO
u Qt,- — JIOKaNIbHBIX KPOBOTOKOB, ¢, O, — CKOpOCTb MOTPEOIICHHS KUCIOpOoa i -
bIM TKaHCBBIM PE3epBYapoM, ¢, CO, — cKOpOCTb BBIZIEIICHNUS YITICKHCIIOTO Tasa B
1 -OM TKaHEeBOM pe3epByape. CKopocTH Gz, O, 1noToKa KUCIIOpo/a U3 KPOBU B TKaHb

u G, CO, yriekucsoro rasa 13 TKaHH B KPOBb OLPE/IEISICTCS. COOTHOIICHHEM

G,

1

:DtiSti(pCtl’_pt‘)’ (2)

1

rae D, — kodpdHULIHEHTH MPOHUIIAEMOCTH Ta30B Yepe3 a’poreMaTH4YecKui

Gapbep, S, — IUIOIIab HOBEPXHOCTH ra3000MeHa.

Henpto ynpasnenus [16] sBnseTcs BRIBOJ BO3MYIIEHHON CUCTEMBI B CTalU-
OHAPHBIN PEKUM, TIPH KOTOPOM BEITIONHSIOTCS COOTHOIICHUS

1G,02 4,05 1< €1, 1G,CO, +¢,,COy < &3, (3)

rae 81 . 82 3apaHeC 3aJaHHBIC NOCTATOYHO MaJIbI€ MOJIOKHUTCIIBHBIC YHCJIA. HpI/I
9TOM Ha YIPABJIAOMIUC MTApaMCTPhl HAKIAAbIBAIOTCA OIrPpaHUYCHU A

. . m
OSVSVma)wOSQSQmax’OSQt,-SQaZQt,-:Qa (4)
i=1

TJIe 71 — KOJIMYECTBO TKAHEBLIX PE3EPBYapOB B OpraHU3ME.

Kpome Toro, st paspenieHuss KOHOIMKTHONH CUTYaIlluM MEXITy MCIIOTHUTEb-
HBIMU OpTaHaMH PETYJISIUH (IbIXaTeIbHBIMHA MBIIIIIAMH, CEPIACUHBIMHI MBIIIITIAMA 1
TJIAJKUMHA MBIIIIAMHA COCYZOB), SIBIISFOIUMHUCS B TOXE BpPEMs IHOTPEOUTEISIMU
KHCJIO0pPO/Ia, U OCTAJIbHBIMU TKAaHSIMHU U opraHami [16, 19], BBeeHbI COOTHOILICHUS
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qresp.m.OZ = f(V) H qhearl.m.OZ = gD(Q) H qsmonth.m.OZ = ¢(Q) . (5)

B kadecTBe KpuTEpHs PETYJISIIAN paccMaTpuBaeM (QyHKIIMOHAI

T
. 2 2
I'= " min _[ [Plzkti (G,0,-4,,0,) +p227»ti (G,COy +q,,COp )" ]dn
0<V <Vipgx ) t; t;
0<0r; <Opmax

(6)
i=lLm,

r1e T,— MOMEHT Hauaja BO3JeHCTBUS BO3MYIIEHHUs HA CUCTeMY, | — JUIATe-

JIBHOCTh ATOTO BO3ACUCTBUSA, P, U P, — KOIDPULIUEHTHI, XapaKTepU3yIOLI1e

4yBCTBHTEIBHOCTh KOHKPETHOTO OPraHM3Ma K FMIIOKCHU U THIIEPKAIHUU, A, —
1

KO3 PHUIIMEHTHI, OTpaxarlye MOphoJorndeckue O0COOEHHOCTH OTIEIHHOTO
TKaHEBOTO pe3epByapa i .

[pu TakoM yrmpaBIeHHH MUHUMHU3UPYIOTCS OOIIME 3aTpaThl KUCJIOpoa B Opra-
HHU3ME U B K&KJJOM TKAHEBOM PETHOHE, a TaKkKe HAKOTUICHHE YTJIEKUCIIOTO raza.

[Ipu ¢usmueckoil Harpyske, U3MEHEHUH KaueCTBEHHOI'O COCTaBa BbIXae-
MOTO BO3JyXa M APYIHMX BO3MYLICHUSX BHEUIHEH U BHYTPEHHEH CpeIbl OpraHu-
3Ma, Maremarudeckas Mojienb (1)—(6) uMuTHpyeT paspemieHne KOH(DIUKTHOMI
CUTyallud MEKAY TKAaHSAMH HCIOJIHUTENBHBIX U YIPABJISIOUINX OPraHOB PeryJis-
uun B 60ps0Oe 3a kucnopon [16] B Buae nepepacnpeneneHusi KpOBOTOKA.

ITycTs B MOMEHT BpPEMEHH T, PE3KO YBEIMYMIACh MHTEHCUBHOCTb PabOTHI
IPYIIBI CKEJIETHBIX MBIIIL. B Moaenu 3To oTpakaeTcs yBEIMYEHHEM CKOPOCTH
norpedneHnst Kuciaopona (.., ,, 0, (U TPOIYLMPOBAaHMEM YITIEKHCIOrO rasa

qscel.m.CO2 ): qscel.m.02 (TO) >> qscel.m.OZ (T > 7'-0) . Eciu cucrema 10 MomeHTa Bpe-

MeHHU T, Haxoawnack B paBHoecuu, 10 G, O,(7,) <<q,.,; . O,(7,) 1 notpedy-
€TCS 3HAYMTENIBHOE YBEINUCHIE KPOBOTOKA B CKEJICTHOM MBIIIIIE JUTST KOMIICHCALIHH
pasnoctu G

scel.m.

0,(t9) = 4,01 O, (T,) . D10 OCYyIIECTBIsICTCS ABYMSE Ty Tsimu [20]:
1. He u3MeHsisi BEMMYMHBI CHCTEMHOTO KPOBOTOKa () TepepacipesesnTh

KPOBOTOK I10 TKaHAM. B 3TOW cUTyanuu BO3HHKAEeT KOHQIUKT MEXKIY CKeEJeT-
HBIMH MBIIIAMH, pab0oTa KOTOPBIX MOTpeOoBalia YCHIICHUST KPOBOTOKA pa3iimd-
HBIMH TKaHEBBIMU PETMOHAMH, Y KOTOPBIX BCIIEICTBHE 3TOTO HAPYLIAETCS paB-
HOBecHe. PaspelieHue 3Told KOH(JIMKTHOW CHUTYAIlMd COCTOMT B TOM, YTO BCE
TKaHU HEJOIO0JIY4aT COOTBETCTBYIOIIETO KOJNYECTBA KUCIOPOIA.

2. PocT KpOBOTOKa B TKaHSX BO3MOXEH 3a CUET YBENWYCHHS OOBEMHOUN
CKOPOCTU CHUCTEMHOTO KpoBOTOKa Q. B 3TOM cilyuae yBenuuuBaeTCsi HHTEHCUB-

HOCTB paOOThI MBIIIIIBI CEPIla, YBEIMUUBACTCS €€ KUCIOPOIHBIN 3aIpoC U TOT-
Jla B HEHM pa3BUBACTCS KUCIOPOAHASI HEAOCTATOYHOCTE. TakuM ke 00pa3oM Kuc-
JIOpOoAHasi HENOCTAaTOYHOCTh BO3HUKHET B MBIIILE CEpALa MpHU KOMIICHCALUU
TUIIOKCHU 32 CYET padOTHI AbIXaTEIbHBIX MBI, HHTEHCU(PHUKAINSI paboThl KO-
TOPBIX YBEITNINBACT BEHTUIISIIUIO JICTKHX.
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Kputepuii kauectBa perymsinuu (6) yduTbIBaeT 00a CTUMYyNa peryssuu
JBIXaHUSI — TUINOKCUYECKHUIl, HANpaBICHHBI Ha KOMIIEHCAIMIO HEeJO0CTaTKa
KHCIIOpOJIa, W THIEpKAaITHUUECKUH, HApaBICHHbIM Ha BBIBOJ M3 OpraHu3Ma mu3-
OBbITKa YITIEKUCIIOrO ras3a. 3ajadya CBOAUTCS K MOMCKY ONTHMAIbHBIX yIpaBis-

IOIMX BO3JCHCTBUM V', O 1 O .

[Ipu BO3MyIIEHMSAX BHEIIHEW W BHYTPEHHEH Cpeabl OpraHu3Ma BO3HHKAET 00-
pb0a 3a KHCIOPOI MEXIy paOOTaIOIIMMK MBIIIIAMKA M MBIIIEH cepaua. B coot-
BETCTBUH C MOJIEITBIO ONTUMAJIBHOTO BBIOOPa CKOPOCTH KPOBOTOKA B OpraHax IpH
BO3MYyIIEHHH [16] 11 KOMIIPOMICCHOTO pa3pelieHusi dTOi KOH(IMKTHOH cuTya-
K OyzieT BRIOPaHO HEKOTOPOE KOMIIPOMHCCHOE PELICHHUE, IPH KOTOPOM 00e Ipy-
B! MBI Oy/yT OLIyIIaTh HEXBATKY KUCIOpoAa 1 Hanpspkenue (), B HUX CHHU3H-
tcst. [Tpu 3ToM HEOOXOIMMO MUHHMHU3HPOBATH (PYHKIOHAITBI

W,

rain

LGy Os = Quruin 05V,
mein =J.( brain”2 ™ Dbrain 2) Clyrain dT

+ ]: GbrainCO2 + qbrainC02)2
W,

VCthmin d T

7 rain

heart 1
Jheart T

w,

heart

_ j (GheartOZ - qhear102)2 I/vct

+ ]: (GheartCO2 + qheart(?OZ)2
W,

VCtheart d T

Ty eart

Clycel.m. dr

scel.m.

Jscel.m, = ]. (GSCGZ.mOZ - qscel.m.OZ)zV

+ ]" (Gscel.mCOZ + qscel.m.C02)2 Vct

scel.m. dT
T, scel.m.
T 2
J _ (Gother.tis.OZ _qother.tis.OZ) Vctu,h”_m_d +
other.tis. T
7 other tis.
T 2
(Gother.tis.COZ _qother.tis.COZ) Vctmh”_m_
drt,
T other tis.
Ie T, — MOMEHT Hadaja BO3MYILIAOIIEH Harpy3k, / — JUIMTEIbHOCTH 3TOTO
Bo3aeHcTBUSL, W, ..o Wiviis Weoim. > Womersis. — Macca MO3ra, Cepala, CKeleT-
HBIX MBIIIII ¥ JIPYTHX TKaHEil COOTBETCTBEHHO, V V V., —

Clirain " Clheart > CL

scel.m. other tis.

00BEM KPOBH, OMBIBAIOIIHI COOTBETCTBYIOIIYIO TPYITITY TKaHEH.
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Hcxoanble qaHHbIE AJ1s pacyeToB. i NOITy4YeHUs] UCXOAHBIX JAHHBIX IS
AMUTALAU TIpOIlecca NbIXaHWs OOCIEOBAIM 3I0POBBIX JEBYIIEK C HOPMAILHOMH
MEHCTpyanbHO# (yHKImen. McciemoBaHus MPOBEICHBI OMHOKPATHO B KaXKIYIO
a3y 1mwkma. Daszpl NUKIA ONPEACISUIA C TIOMOIIBIO CHEIHATbHOTO aHKETHOTO
OIpoca, Mo JaHHBIM eKETHEBHOTO U3MEPEHHUS 0a3aIbHON TeMIepaTyphl, (heHOMEHY
,,JTATIOPOTHUKA"* (LIUTOJIOTUYECKHUIT TECT SCTPOTEHHON HACHIILIEHHOCTH OPraHu3Ma).

Taxxe ompenemsuin MO/I, ra30BBIN COCTaB BBIIBIXaEMOTO U ATBBEOJSIPHOTO
BO3/yXa, HapaMeTpbl CUCTEMbl FEMOJUHAMHUKHN U KpoBHU. C UX MOMOLIBIO paccuu-
THIBAIM MOKA3aTeNU, XapAKTEPUIYIOIINE COCTOSTHUE CUCTEMBI JBIXaHUsI U KPOBO-
oOparieHus: (CKOPOCTh MOTPEOICHUST KUCIIOPO/a, IbIXaTeIbHBIA 00bEeM, JIbIXaTe-
nbHBIN Koddduiment, MOJI, cucrommueckuii 00beM) U MTOKA3aTeNH, XapaKTepH-
3YIOIIHE 3KOHOMUYHOCTh, HTHTEHCUBHOCTH U 3(PPEKTUBHOCTh CUCTEMBI JIBIXaHUS H
TEeMOJMHAMUKY (BEHTWIAIIMOHHBIA M T€MOJUHAMHYECKAN IKBHUBAJICHTHI, CKOPO-
CTh MOTPEOJICHUS] KUCIOPOa Ha OTACIbHBIX y4acTKaX €ro MaccoIepeHoca, KUC-
JOpoAHbIe S3PPEKTHI IBIXaTENEHOTO U CEPJSYHOTO IIUKIIOB U T.11.) [21].

Hanee, ucnomnb3ysl pacCUMTaHHBIE TAPAMETPHI U JaHHBIC, IOJYUYECHHBIE B pe-
3yabpTaTe 00OCIeAOBaHMS, UIMUTHPOBAIN YCIOBUS THMOOAPUU U PaCCUUTHIBAIH
MapIuaIbHbIC TaBICHUS U HAMIPSHKCHUS PECITUPATOPHBIX Ta30B B aTbBEOJISIPHOM
BO3JyX€, apTepUaIbHOM M CMEIIAHHOM BEHO3HOH KpPOBHU, KPOBU TKAHEBBIX Ka-
nuusipos [14, 22, 23].

Ha maremaTtryeckoii Mozien (yHKIIMOHATIBHOM CUCTEMBI JIbIXaHHsI ITPOBEICHA
MMWTALMS BIBIXaHUS CIIOPTCMEHKaMH HOPMOOApHUECKOM M TMIIO0APHIECKON CMe-
cu ¢ 11% xucnopona B pazueie a3l ML, [l nHIUBHIyau3anmy MOJIENTH CHUCTe-
MbI JIbIXaHUSI UCIIOJB30BATM CIEAYIOUINE UCXOJHBIC JaHHbIC, MOMYyUYCHHbIE B pe-
3yJIbTaTe (PYHKIIMOHAIBLHOIO OOCJCIOBAHUSA: CKOPOCTh MOTPEOJICHUS KHCIOPOJa,
MUHYTHBIA OOBEM KPOBM, Macca Tella, COACPIKAHUE T'eMOIVIOOWHA, JbIXaTe/bHbIH
ko3 urment. VicxoiHbIe TaHHBIE [T pacyeTOB MPUBECHBI B TA0M. 1.

Tabn. 1. Vcxonuble JaHHbIE JJISI HMHTAIIMN BABIXaHUS Ta30BOil CMeCH COOTBETCTBYIO-
el ycJIOBHAM HOPMOKCHM M THIIOKCHYecKol runmokcum ¢ 11 % kuciaopoaa npu pas-
JIMYHOI KOHIIEHTPAIUHU MOJIOBBIX TOPMOHOB B OPraHu3Me CIOPTCMEHOK

®da3pr ML

TToxa3arenu % 02 I T T v v
21 57.93 61,74 62.48 66.72 67.28
Q.ml/s i 79.0 77.14 80,66 79,14 83,15
O ml/ s 21 3.6 2.91 333 2.93 2.75
9192, 11 2.46 473 412 4077 3,46
RO 21 0.86 0.81 0.92 0.80 0,90
1 0,85 0,04 0,85 0,84 0,85
— 21 3834 3526 400.,6 3453 310,0
t 11 4446 469.6 5442 439.8 226
o 21 1245 125.5 120.9 122.0 126,6
11 124.9 124.1 123.0 124.7 130.8

e 21 3,57 3.7 3.4 3,57 2.9
' 11 3.4 38 35 35 357
21 56 56 56,5 57 575

W.kg 11 56 56 56,5 57 57,5
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HUccnenoBanus mpoBOAMIIM HA MOJIENH C YETHIpbMsI TKaHsAMu. 1Ipu 3Tom ckopo-
CTU TOTPEOJICHNSI KHUCIOpOoa MO TKAHEBBIM PETHOHAM PaCIpeAeIUINCh CIEAyIo-
M obpaszom: B mosre 14,65 %, B Tkansax cepamna 7,87 %, B CKEIETHBIX MBIIIIIAX
30,2 % m Ha Bce octanbHble TKaHU 43 %.YTo KacaeTcs CHCTEMHOIO KPOBOTOKA, TO
€ro J0Js B TKaHsIX Mo3ra cocraBisuia 15,5 %, B cepaeunoit meie 4,46 %, B cke-
neTHbIX MbImax 20 % u 60 % B TKaHIX APYTUX OPTaHOB.

WzBectHO [15], 4TO ypOoBEHb HANpPsHKEHUS KUCIOPO/A B TKAHAX 3aBUCHUT OT KpPO-
BOCHaO)KEHHSI M MHTEHCHBHOCTU OKHCJIMTENBHBIX MPOLECCOB B HUX. Tak, CKOPOCTbH
NOTpeOJICHUsT KUCIIOPOa TKaHSAMH MO3Ta CHIDKAETCSs, CiU MapluaibHOe JaBJICHUE
KHCIIOPO/Ia BO BIBIXaeMOM ra3oBoii cMecH mamaeT Hwke 100 mm pr.ct. [24].B ycno-
BHSIX TUITOKCHYECKOM TUIIOKCHH MPH COAEP>KaHUU BO BABIXaeMoM Bosmyxe 11 %
KHCIJIOPO/A, €r0 HampsDKEHHE B MO3T€, CEpALE, CKEIETHBIX MBILIAX U APYTUX
OpraHax CyIlecTBeHHO cHibkaeTcd [14]. Tak, B yClIOBUsIX HOPMOKCHH CHIKEHHE
MHUHYTHOTO 00BheMa KpoBH (Bo BTopyio a3y mukina MOK mensbire Ha 489 mMi/MuH
M0 CPaBHEHHIO C YETBEPTOH) MPHUBOIUT K CHIKECHHUIO HANPSDKEHMS KUCIOpOJa B
Mo3re Ha 2,1 MM pT.CT, B TKaHAX cepAla — Ha 1,6 MM PT.CT., B CMEIIaHHON BEHO-
3HOU KpOBHU Ha 1,6 MM PT.CT. IO CpaBHEHUIO ¢ YeTBepTo (azoii. HeznaunrensHoe
YBEJIMUYCHUE B MATYIO (ha3y M0 OTHOIICHUIO KO BTopoi ¢aze nukina MOK Ha 537
MJI/MHUH BBI3bIBaeT 0oJiee BBIPAKEHHBIEC Pa3lIMyuusl HANPSDKEHUS KUCIOPOAa B U3Y-

YaeMBbIX TKaHsX B 31U (asbl, Tak p(, B MO3re HIDKE Ha 3,28 MM PT.CT., B cep/ed-

HOM MpIIIe Ha 2,66 MM PT.CT., B CKEJIETHBIX MbIIax — Ha 2,3 MM pr.cT. OT™e-
TUM Oollee BBIPAKEHHYIO, 110 CPAaBHEHHUIO C CEPACYHOI MBIIIIEH, Peakuuo Ha
THITOKCHYECKYIO TUTIOKCHIO TKAaHSIMHU MO3Ta.

[pu yBemmuennn MOK B msaTyro ¢a3y Ha 633 MJI/MHH 10 OTHOIICHHIO KO BTO-
PO#i, BAbIXaHHe THIIOKCHYEcKoi cMecH ¢ 11 % kuciopoza npuBeno Obl K eltie 0osee

BBIPAXKCHHOMY CHWXCHHIO p02 , TaK, B TKaHAX MO3ra HAlpsLKCHUE KUCIIOpOJda CHU-

3WII0Ch OBI HAa 5,33 MM PT.CT., B CE€p/IeUHO MbIIe Ha 2,43 MM PT.CT., B CKEJIETHBIX
MBIIIax — Ha 4,5 MM PT.CT., B TKaHsAX APYTuX opraHoB Ha 4,4 mm pt.cT. Hampsoxe-
HHE KUCJIOPO/ia B TKAHSX CTajI0 Obl HIKE KPUTHUCCKUX YPOBHEH, 3TO MPUBEJIO ObI K
CHIDKEHHIO CKOPOCTH TIOTPEOJICHHS KUCIOpoia B HAX U, KaK CIIEJICTBHE, K HapyIIe-

HUIO MX (yHKIWMH. B cMemanHoit BeHo3HOM kpoBu pO, cHusanoch Obl Ha 4,1 MM

PpT.CT., T.€. HaOJroanack ObI BRIPaKEHHAsT BEHO3HAS TUTIOKCEMIIS.

Jlanee Ha MozeNnM HWCCIENIOBAIM KOMIIEHCATOPHYIO POJIb JIOKAJIBHBIX MeXa-
HU3MOB CaMOPETYIIANNN B IPEAYIPEKICHUN PA3BUTHS TKAHEBOI THIIOKCUU TIPH
MMHTAIMK JBIXaHUs Ta30Boi cMmechio ¢ 11 % kuciopona Ha mpoTsokenun ML
Bbutn npoBeieHbI ClleAyIoIne Ceprur SKCIIEPUMEHTOB.

Ixcnepument 1. MOJ — nocmosmnblil, KOMHEHCAYUS OCYWECMBIAEemCsl
monvko 3a cuem MOK. Ha puc. 1. npeacraBieHsl pe3ynbTaThl UMUTALUN BIbI-
xaHus crioprcMenkamu cMmecu ¢ 11 % xucnopona. IlaprmansHoe gaBieHUe KUC-
JIOpOJIa B alTbBEOJISIPHOM MIPOCTPAHCTBE BO BCE (ha3bl IIMKIIA OKA3aJI0Ch ObI HIKE
50 MM PT.CT., HCKIIIOYCHHE COCTABIISET JIMIIL YeTBepTas (pasa co 3HaueCHHEM
sToro napamerpa 50,9 MM pr.cT. B aprepuanbHoil KpOBU HANpsDKEHUE KHCIOPO-
Jla CHU3UIIOCH OBl HAMHOTO HU)KE KPUTHYECKOTO YPOBHSL.

EcTecTBeHHBIM ClieICTBHEM apTepPHAIbHON TUIIOKCEMUH SBISICTCS CHIKCHUE
HaNpsHKEHUS KICIOPO/Ia B HCCIIEAYEMBIX TKAHIX HUKE KPUTUIECKOTO YPOBHS .

3aMeTHM TaKke, 4To B mepBylo ¢azy ML B ycloBUSIX HOPMOKCHU HAIIpsi-
KEHHE KHCIIOPO/ia B HMCCIEAYEMBIX TKAHSX BBIIIE, YEM BO BTOPYIO, TPETHIO W
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YEeTBEPTYI0, B TO BpeMs, Kak B NEpBYIO ¢a3y NpU T'MIIOKCHYECKOH THIIOKCHUH
TKaHU JIPYTUX OPraHOB HAaXOJATCS B ele Oojiee CIIOKHBIX YCIOBHUSX B IUIaHE
CHaOXEHHSI UX KUCIOPOJIOM.

IxcenepumenT 2. MOK pasen ycnogusam HOpMOKCUY, KOMAEHCAYUsl OCYUeCMeIs-
emcsl MoNbKO 34 cuem cucmemvl Obixanus. HeckonpKo MOBBIIIACTCS MapLyaIbHOS
JIaBIIcHUE KHCIIOPOJIa B &TbBEOJIIPHOM BO3IyXe, OCOOCHHO B ITEPBYIO, TPETHIO H TISTYIO
¢azbl 1ukia (Puc. 2). HanpsbkeHue KUCIopoaa B CMEIIAHHON BEHO3HOM KPOBH HIDKE

30 MM pr.cT. OcOGEHHO 3TO BBIPOKEHO BO BTOPYIO (hasy, 1 TOJbKO B ITyo hazy pO,

B CMEIIaHHON BEHO3HOM KPOBU HECKOJIBKO BBIILIE [0 CPABHEHUIO C APYTUMHU.
CHmxeHHe B apTepUaIbHON KPOBH HANPSHKEHUS KUCIOPOa HIKE KpUTHYE-
CKOTO YPOBHSI MOKET IPUBECTU K CHIKCHHIO CKOPOCTU MOTPEOICHUSI KHCIOPO-
Jla C TPOSIBIIEHUEM HEKOMIIEHCUPOBAaHHOW T'MIIOKCHH B TKaHsAX. Tak, ucciuenosa-
HUE Ha MOJENH TI0Ka3aJio, YTO MpH BABIXaHUU Ta30Boi cMmecu ¢ 11 % kucnopoaa
HampspKeHHE KHCTIOopoJa B TKAaHAX Mo3ra CHU3WiIock Obl mo 16,4 MM pT.cT., B
TPEThIO U MATYIO0 (pa3bl OHO ObUTO ObI HECKOJIBKO BhIie 20 MM PT.CT, JIUIIb B
4eTBepTyI0 (hazy oHO ObuIo ObI 25,91 MM PT.CT, UYTO BCe paBHO 3HAYUTEIHHO

HIDKEe (H3HoIornyeckoil HopMmbl. Tawke cHu3MIOCh 061 p(), W B CKENETHBIX
MBIIIIAX, U B TKaHAX OCTAIbHBIX OPTaHOB, KPOME MBIl CEPALIA, B KOTOPOH B
IEPBYIO, TPETIO U MATYI0 (assl pO, yBENUUWIOCH Obl, HE JOCTUIasi, OJHAKO,

3HAYeHU HOPMOKCHH, BO BTOPYIO M YeTBEPTYIO ObLIO Obl HIKe 20 MM p.CT.
Takum 00pa3zoM, eciy NpH THIOKCUYECKOM THIIOKCUU HE MPOHCXOAUT yBeIU4e-
Hue MOK, To 3T0 OBl IpHUBETIO K BEIPRXKEHHOH apTepHaIbHON U BEHO3HOI rUIo-
KCEeMHH, 0COOCHHO BO BTOPYIO M YeTBEPTYIO (a3bl, a 3TO, B CBOIO OYepe/ib, PHU-

BEJIO OBI K CHIDKEHUIO p02 B TKAHAX pa60TaI0me OpraHoOB.

MOJA - Hopmokcusa, MOK — Bo3pacTtaeT, cmMecb ¢ 11 % kucnopopa
PO2

40

35 4 X 4

30 | B G T L

25 1 A2 . 2
X4 A

20 4 1

Il [l V2 Y,
®asbl ML

Puc. 1. [luramuka HampsDKEHMsI KACIOpoa B TKaHAx | — cepare, 2 — Mo3T, 3 — cKe-
JIETHBIC MBIIIIBI, 4 — Jpyrue TKaHU Mo ¢a3zaM IUKJIA MPH KOMIICHCAIMU TOJBKO 32
CUET CHCTEMBI KPOBOOOPAIIICHHS
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MO[ BozpactaeT, MOK — Hopmokcusa, cmecb ¢ 11 % Kucnopoaa
PO2
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Puc. 2. Jluramuka HanpsDKEHUST KUCIIOPO/Ia B TKaHIX 1 — cepye, 2 — Mo3T, 3 — CKeleT-
HblE MBIIIIBL, 4 — Jpyrue TKaHu 1o (pazaM IMKIa NPU KOMICHCAIIMH TOJBKO 33 CUET
CHCTEMBI JbIXaHUS

MO[ - Hopmokcus, MOK — Hopmokcus, cmecb ¢ 11 % kucnopoaa
PO2

40 -
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25 A

20
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Puc. 3. Jlunamyika HanpspKeHUs KUCIIOpoAa B TKaHsaX. | — cepane, 2 — Mo3r, 3 — CKelneT-
Hble MBIIIBL, 4 — Apyrre TKaHW 1Mo (a3aM IHKIA MPH OTCYTCTBHH KOMITCHCAIUH 33 CUET
CHCTEMBI JIbIXaHUs 1 KPOBOOOPAILICHNUST
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OxcnepumMenT 3. Beauuunvt MO u MOK ne usmensaiomces no cpaguenuio ¢
Hopmoxcuell. PacdeTsl TIOKa3and, 4TO BO BTOPYIO M HYETBEPTYIO (a3bl MPOUCXO-
IUT CHIDKCHHE HaNpsDKEHHUS KUciIoponaa Hike 50 MM pT.CT., B TpeThio a3y 3TOT
nokazarenb coctaBui Obl 50,23 MM pT.CT., B TATYIO (pa3y — HECKOJIBKO BBIIIIE.
Ha puc. 3 BumHO, 4TO HampspKeHUE KUCIOPO/ia B apTepUATbHON KPOBH HAXOIUT-
Csl MEXAY 3HAUYCHUSIMHM TaKOBBIX IPH OTCYTCTBHUM KOMIICHCAIMH CO CTOPOHBI
MOJI u MOK. Uto kacaercsi CTENIEHU BEHO3HOW TMIIOKCEMHUH, TO HAMMEHBIIINE
3HAYEHUS ITOTO MOKa3aTelssi ObIIM BO BTOPYIO a3y, HECKOJIBKO OOJNBIINMU Obl-
7 Obl BEJNYHMHBI B TPETBIO M 4eTBEPTYIO (asbl, B martyo pazy pO, B cMelnaH-

HOW BEHO3HOW KPOBH cocTaBmiIo ObI 30 MM PT.CT.
[Ipy mOTHOM OTCYTCTBMM KOMIIEHCAIIMM CO CTOPOHBI CHCTEMBI JIBIXaHHUS U
KpOBOOOpAIlleH!sI B TKAHIX MO3Ta BO BTOPYIO (hazy MPOHUCXOIUT PE3KOE CHIKE-

uue pO,, B TPETHIO U YETBEPTYIO (ha3bl ITOT MOKA3ATEIb HECKOIBKO YBEIHYHU-

Baetcs a0 20,77 u 20,86 MM pT.CT, B maTyto $aszy g0 25,27 MM PT.CT., T.€. ITH
MOKA3aTeN! J1a)Ke HECKOJIBKO BBIIIE, YEM IPU OTCYTCTBHM KOMITEHCAIH MU CO
ctoponbl MO/, nnu co croporst MOK. IIpu mosHOM OTCYTCTBUU KOMIIEHCATO-
PHOHM peakuH CO CTOPOHBI CHCTEMbI OBIXaHUS M KPOBOOOpAILEHHs 3HAYCHUS

IIOKa3aTeyis p02 B Cep,[[e‘lHOﬁ MbBIIIIEC TPUMEPHO TAKUC KC, KaK U IIPU OTCYTC-

TBUM KommeHcarnuu co cropoabl MOK. Korma e oTcyTcTByeT yBenndeHue Jie-
TOYHON BEHTWISIIIH, 3TO MPUBOAMUT K CAMBIM HU3KUM BEIHMYMHAM HAIPSKCHUS
KHUCJIOPOJa B TKaHAX CEpLa.

AHanm3 UMUTAITIA OTCYTCTBUSI KOMITEHCAITH CO CTOPOHBI CHCTEMBI BHEIITHETO

AbIXaHW BbIABUIL, YTO JOCTOBCPHO CHMIKAIOTCS p02 u pC02 BO BCC (1)8,3131 MUKJIa,

TIPH 3TOM NapLIHUaAIbHOE JABICHNE KHCIOpo/a B anbBeonax U Hanpsbkenue O, B ap-

TepUaJIbHOM KPOBH BBIIIIE B TPETHIO U IATYO (Da3bl LUKIIA IO CPABHEHUIO CO BTOPOH U
yeTBepTol. [Ipn OTCYTCTBHM KOMIEHCAIIMU TOJIBKO CO CTOPOHBI CHCTEMHOTO KPOBO-
TOKA MPU TUIIOKCUYECKOW TMIIOKCHU CHIDKEHUE ITUX MapaMETPOB MEHEE BBIPAKEHO,
HO CHIKaeTces pu 3ToM p(), B CMELIAHHOT BEHO3HOM KPOBH.

Crnenyromas cepusi S9KCIIEPUMEHTOB MO3BOJIMIIA BBIIBUTh 3HAUEHHUE HEOIU-
HakoBbiX BemuunH MOJ] u MOK mns obecriedeHnss opraHu3Ma KHCIOPOJIOM
B pasuble (azpl MII. Pe3ynbTaTbl UMHTAIIMIOHHOTO MOJICTHUPOBAHUS MIPEACTAB-
JIeHBI B Ta0M. 2.

OkcnepumeHT 4. Bo ece pasvl yuxna npu nopmoxcuu eenuyunvt MO u
MOK svibupaiomes coomeememeyioujue smopoil gaze yukia, Ko2oa 3HA4eHUs
21020 noxkazameisi HAUMeHbUUue nonepemenHo uiu oonospemento. Ilpu cHu-
xeHHoM MOK nmapruansHoe TaBieHHEe KHUCIOpOJa B allbBEOIIPHOM MIPOCTPAHC-
TBE M HaIpsDKEHHE KUCIOpOoAa B apTepHabHOW KPOBH H3MEHSIOTCS OOJbIIE,
4YeM TpU OTCYTCTBHM KomreHcaruu co cTtopoHsl MOK. CHmkxeHue ogHOBpe-
MeHHo MOK u MO/I B ¢aze oByssiuuu NprBOAUT K emie OONbIeMy CHIKEHHIO

pO, B aprepuanbHOii kpoBH. IIpu 3TOM, Takke, eme OoJblIe HPOSIBIICTCS Be-

HO3HAs THTTOKCEMMS.

JKcnepuMeHT 5. Bo sce ¢hasvl yukna npu 2unokcuueckotl 2UnoKCUU 8enudUHbl
MOL u MOK ewibuparomcst nonepemeHHO Ui 00HOBPEMEHHO COOMBEMCTNEYIOUfU-
MU 6mopou ¢haze yukia, Ko20a 3HAYEHUs IMO20 HOKA3AMENs HAUMEHbUUUe.
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Tabn. 2. PacyerHble 3Ha4eHust pO, NpH UMHTALMHU BAbIXaHHs cMecH ¢ 11 % kuciopo-

na B Tpethbio (pazy MIL npu pazanunom Beioope MOK u MO/I (B MM pT.CT.)

MOK | MOJI BozgyxonocH. | AnmeBeonspH. | Apre- Txanu Bena
myTH BO3yX pust Mosr | Cepn. | Ckm. | Hpyr.
1 I 74,51 51,17 42,32 | 23,27 | 18,9 23,38 | 32,25 | 28,94
tdaza | ¢aza
I I
74,59 51,43 42,93 | 23,01 | 18,9 23,02 | 32,18 | 28,81
¢daza | ¢aza
I I
57,79 53,95 4548 | 23,78 | 19,05 | 23,1 32,6 29,12
¢daza | ¢aza
1 1 63,31 60,8 56,53 | 41,72 | 29,08 | 23,81
tdaza | ¢aza

HabmtonaeTcs Ta ske 3aBUCHMOCTB, YTO U NIPU HOPMOKCHHU: Pa3HOCTh U3Me-
Henuit pO, u pCO,OonpMii PU OTCYTCTBUH KOMIICHCALMA CO CTOPOHBI

MOK uem co croponst MO/I. IIpu ogHOBpEMEHHOM OTCYTCTBHU 3THX KOMIIEH-
CaTOPHBIX KOMIIOHEHTOB BEHO3Has TMITIOKCEMUSI CTAHOBHUTCS elle Ooyiee BEIpa-
YKEHHOH, YeM TPU OTCYTCTBHUU OJHOTO U3 3TUX KOMIIEHCATOPHBIX KOMIIOHEHTOB,
ocoberno MO/I.

OTH pe3ynbTaThl CBUACTENLCTBYIOT O TOM, YTO MPH BO3MYILIEHHH BHEITHEH
Cpenbl B BHJIE THITIOKCHUYecKoi cMmecu ¢ 11 % kucnoposa 6e3 yBearmueHus JIerod-
HOW BEHTWJIALIMM U CUCTEMHOTO KPOBOTOKA HANPSDKEHHsI KHCIOPOJa B TKaHIX
MOTYT 0Ka3aThCs HIDKE KpuTndeckoro yposHs (Tabi. 2).

Cepyn 9KCTIEPUMEHTOB 4 U 5 1OKa3aJIH, YTO B YCIOBUSX HOPMOKCUH TKaHH MO-
3ra OOJBIIEe pearupyroT Ha W3MEHEHHE KPOBOTOKA, & B YCIOBHUSIX THIIOKCHUYECKOM
THITOKCHH ¥ Ha OTCYTCTBHE KoMIieHcarwn 1 co ctopoHsl MOJI u co croporst MOK,
0COOEHHO TP COBMECTHOM OTCYTCTBHH KOMIIEHCATOPHBIX PEAKIIUH.

TkaHu cepiia Mpu HOPMOKCHH OOJIBIIE PEarHpyIOT Ha OTCYTCTBHE KOMITCH-
CaTOPHOM PEaKIy CO CTOPOHBI CHCTEMBI BHEIIHETO JbixaHus. [lpu runokcuue-

CKOM TUIIOKCHH B TpeThel paze p(O, B cepAedHON MBIIIIEe CHIKACTCS 10 CpaB-

HEHUIO ¢ HOpMOoKcueil Ha 4, 42 MM pT.cT. ipu Hensmenstromemes MO/,

B derBepTyro u mATYI0 ¢aspl HUKIA 33 CUET MOBBILICHUS TOHYCa CUMITaTH-
yeckoro otaena [{HC [11] B ycnoBusix u Hopmokcun u runokcnn MOK ysenu-
yupaercs. [loaToMy, cremyromas cepust SKCIIEPUMEHTOB COCTOSIA B UMUTAIIUH
neuuuTa CO CTOPOHBI CHCTEMHOTO KPOBOTOKAa B UYETBEPTYIO U ITYIO (a3bl
LHUKJIa IPU HOPMOKCHHU M THUIIOKCUYIECKOH THITOKCHH.

IxcnepumMeHT 6. Ilpu eeruuune MO, coomeemcmeyoweil ucciedyemou
gase yuxna, 6epem MOK no seauuune pasmulii smopoti ¢pase yuxia. I[omyden-
HBIE PE3yJIbTAThl MOKA3BIBAIOT, YTO OTCYTCTBUE KOMIIEHCALIMU CO CTOPOHBI CHC-
TEMHOT'O KPOBOTOKA B YCIIOBHSIX HOPMOKCHHU TIPUBEINIO OBbI K BBIP2YKEHHOW BEHO3-
HOW TMITOKCEMHUU TIPU HEKOTOPOM YBEJIMYCHUH HAIIPSHKCHUS MApIUaIbHOTO J1aB-
JICHHSI KUCTIOPOZa B apTEepUANbHON KPOBH U albBEOJISIPHOM HPOCTpaHCTBE. Tak,
ecnu 061 MOK B uetBepToii paze 6b11 061 paBHEIM MOK BTOpO# (assl, T.€. CHU-

3uiacst Obl Ha 489 MI/MHH, TO B CMEIIAHHOH BeHO3HOH kpoBu p(), CHU3HIIOCH
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Obl Ha 3, 25 MM PT.CT., a B apTepHaJIbHON KPOBH BO3POCIO Ha 2,22 MM PT.CT.
[Ipu umuTanuu BObIXaHUs ra3oBoi cMmecu ¢ 11 % kucimopona B apTepHUanbHOM

KpOBH, B KOTOpOil p(, NOCTOBEPHO HIXKE KPUTHYECKOTO YPOBHS, CHIIKCHHE

CHCTEMHOT0 KPOBOTOKA (110 YpOBHS BTOpOH (ha3bl 1mKiia) nossicuiio 661 pO, Ha

0,34 MM pT.CT B CMCIIAHHOW BEHO3HOW KpOBH. B msaTyt0 (a3y npu 3aMeHe 3Ha-
yenuss MOK Ha TakoBoe u3 Bropoi ¢azsl (MOK cHmswmics Ha 537 mMi/MuH B
YCIIOBHSAX HOPMOKCHH M Ha 633 MII/MUH NPH TUIIOKCHYECKOW THIIOKCHH) IIPHUBE-
na Obl K MEHEE BBIPAKEHHON BEHO3HOW T'MIIOKCEMHUH, MPUUYEM KaK B YCIOBHAX
HOPMOKCHH, TaK U B YCIOBUSAX TUITOKCUYECKOW TMITOKCHH.

YMeHblLIeHHEe KOMIIEHCAaTOPHOTO 3((eKTa CHCTEMHOIO KPOBOTOKA CBH/EC-
TENBCTBYIOT O OOJBIIEM MPOSIBICHUN BEHO3HOW TMIIOKCEMUH U B MATYIO H, OCO-
OEHHO, B YETBEPTYIO (a3bl UKIA, TAKAM 00pa3oM MOJUEPKHUBAsl 3HAUYCHHUE CHUC-
TEMHOT'O KPOBOTOKa B 3TH (Da3bl IUKIIA.

[Ip1 HOPMOKCHH CHHKEHHE CUCTEMHOTO KPOBOTOKA IPHUBEJO OBl K CHIKE-
Huto pO, B Mo3re Ha 5,04 MM pT.cT., B TKaHsX cepaua Ha 2,91 MM pT.cT.

B nccnenyempIx TKaHAX MpPU THIIOKCUYECKON TUITOKCHH (BIBIXaHHE BO3IIyXa
¢ 11 % xucnopona) pO, B TKaHAX MO3ra cocTaBmio 6bI Bcero 23,27 MM pT.CT.

(cHmxenue Ha 16,86 MM PT.CT. MO OTHOUIEHHIO K HOPMOKCMM M Ha
0,82 MM pT.CT [0 OTHOIIECHUIO K TMIIOKCHYECKON T'MIIOKCHU) YTO 3HAYUTEIHHO
HUKe KPUTHUECKOro ypoBHs. B TkaHIX cepiiia HanmpsHKeHHE KUCIOpOoAa CHU3HU-
jock Obl Ha 9,98 MM PT.CT. IO OTHOIICHHIO K YCJIOBHSM HOPMOKCHU M Ha
0,33 MM 1O OTHOIIEHUIO K TUTTOKCHYECKO# runokcuu (18,9 mm pr.cT.).

B msATyto (hazy npu UMUTALMU YCIIOBHI HOPMOKCHH pacyeThl MOKa3ald, 4TO

pO, B Mo3re cHu3minock Obl Ha 4,73 MM pT.cT, B TKaHsiX cepaua Ha 3,07 MM

PT.CT., IPH MMHUTALUU BAbIXaHMS Ta3oBoit cmecu ¢ 11 % xucnopoma pO, B
TKaHSAX MO3Tra CHU3WIOCh Ha 13, 91 MM pT.CcT, a B cepAe4uHON MbIiLe Ha 7,56 MM
PT.CT., CHI)KCHHE BEJIMYHMHBI CHCTEMHOIO KPOBOTOKA cHM3MIO Obl p(), B TKa-

Hsix mo3ra Ha 0,95 MM pT.cT, B cepaue Ha 1,12 MM pT.CT., T.€ peakuus Obiia Obl
OoJiee BBIpXKEHHON YeM B YETBEPTYIO (ha3bl.

IIpuBeneHHbIE pe3yabTATHl HIMUTALMOHHOTO MOJEIMPOBAHNS HATSAHO Je-
MOHCTPHUPYIOT UMEIOINecS Pa3indusl B KUCIOPOAHBIX peXHMax TKaHeW opra-
HU3Ma B pa3HbIe (a3l MEHCTPYaIbHOTO IMKIIA U JIOCTOBEPHBIE pa3IHyMs B pea-
KIMAX TKaHEH MO3ra, Cep/la, CKEJIETHBIX MBI Ha THIOKCHYECKYI0 TUIIOKCHIO
MIpH U3MEHEHUU TOPMOHAIIBHOTO CTaTyca OpraHu3Ma CIIOpTCMEHKH.

Pe3ynpraThl TEOPETUYECKOTO MCCIEAOBAHUS HAa MAaTEMaTUYECKOW MOJEIU
MaccOIepeHoca PEeCIUPATOPHBIX ra30B B OPTaHU3ME CBUACTEIBCTBYIOT O HEOO-
XOJUMOCTH TIpH MJIAaHWUPOBAHMH TPEHUPOBOUYHOIO MPOLECCA CHOPTCMEHOK C
OJTHOH CTOPOHBI Y4HTHIBaTh (azel ML, a ¢ apyroil cTOpoHBI pa3pabaThIBaTh
HOBBIE METO/bI, IO3BOJIAIOUINE YIyUIIaTh QYHKIHOHAIBLHOE COCTOSHIE OpraHu-
3Ma CIIOPTCMEHOK U CIIOCOOCTBOBATH POCTY CLIOPTUBHBIX PE3YJIbTATOB.

[Ipu nnanupoBanun 00beMa, HHTEHCUBHOCTH, HAIPABICHHOCTH TPEHUPOBO-
YHBIX HArPY30K C YYETOM I'OPMOHAJIBHOIO CTAaTyCca OpraHu3Ma CIOPTCMEHKH He-
00XOJMMO YYHTHIBaTh, YTO BTOpas M 4eTBeprTas (a3bl LUKIA XapaKTEePU3yHOTCS
SKOHOMHYHOCTBIO M 3()()EKTUBHOCTBIO CHUCTEMbI JIBIXaHHS U KPOBOOOPAILCHUS,
KHCJIOPOJHBIX PEXUMOB OpraHM3Ma: MPOSIBIIEHUE CKOPOCTHO-CHIIOBBIX BO3MOXK-
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HOCTCI71, IIPOMPUONLICITUBHAA YYBCTBUTCIBHOCTD, KOOPpAWHALIMA ]Z[BI/I)KCHI/Iﬁ B OTH
¢azsl Beime. [Toatomy B 3T dasel Oyzaer 6oinee 3hheKTHBHO pa3BUTHE CKOPOCT-
HO-CHJIOBBIX KayeCTB, CIIELHaTbHON BEIHOCIHBOCTH, TEXHUUECKOTO MacTepCTBa.

B tpetbto dazy, B cBSI3M ¢ OHOIOTHUECKUMH OCOOCHHOCTSIMH KEHCKOTO Op-
raHu3ma, Jito0oi BUJ ACATEIbHOCTH, HE UMEIOIINN MPSAMOr0 OTHOIIECHUS K IPO-
LECCYy OBYJISILMH, CTAHOBUTCS BTOPOCTENECHHBIM, MOITOMY HAapyIIaeTcs TOY-
HOCTh U KOOPIUHALMS ABMKCHUH, TOBBILIAETCS JIAOMIBHOCTh HEPBHBIX MpoLec-
COB, YTO NMPHUBOJHUT K CHWKEHHIO pabOTOCIIOCOOHOCTH, T.K MOBBINIACTCS (PYHK-
LUOHAJIbHAS! CTOUMOCTh PabOTHI, €€ CHIIOBBIX M CKOPOCTHBIX BO3MOXHOCTEH.

BbIBO/LbI

[Ipu mMuTaruM BABIXaHUS Ta30BOM cMecu ¢ 11 % Kxuciopoma ObLIH MOTYYEHBI
3HAYCHHUS JIOKATHHBIX KPOBOTOKOB M HANPSDKCHHSI KUCIOPOJIa B paccMaTpuBae-
MBIX TKaHSX, YTO MO3BOJISIET CYyIUTh O crieruduke (yHKIIMOHATHHONH caMOopery-
JILIMY U, CIEAOBATENbHO, aJalTAlUOHHBIX BO3MOXKHOCTSIX K TMIIOKCUU OpPTraHU-
3Ma KEHIIWH TPH ITUKITHICCKUX U3MEHEHISIX TOPMOHAIBHOTO CTaTyca B Pa3HbBIC
($a3bl MEHCTPYaJIbHOTO IIHMKJIA. Pe3ylbTaThl HpeBapUTEIIbHBIX HCCICIOBAHUIMA
MOKa3bIBAIOT, UTO B YCIOBUSAX TMIIOKCUU B PE3yJIbTaTE BABIXaHUS FA30BOM cMeCH
¢ 11% xucmopona 6e3 KOMIEHCATOPHOTO YBEIMYCHHS JISTOYHONW BEHTIIISAIIUU U
CHUCTEMHOTO KPOBOOOPAIIICHUS HANpsIKECHHE KHCIOPOJa B TKAHIX OpPraHH3Ma
MOXET OKa3aThCsl HUXKE KPUTUYECKOT'O YPOBHS U C Pa3HOM CTENEHBIO BBIPAXKEH-
HOCTH B pasHble (a3l MII, 9To 1 moATBepkKaaeTCsl MPEeACTABICHHBIMH Pe3yiib-
TaTaMH pacuera Ha MaTeMAaTUYECKOW MO HAMPSHKEHUS KUCIOPOIa B UCCIIe-
TyeMBIX TKaHSX. PacdeTHbIe 3HAYCHHUS CHCTEMHOI'O0 KPOBOTOKA TMOKa3ajdl XOpo-
1Iee COBMAJCHUE C JAHHBIMU, TIOJYYEHHBIMHU SKCIIEPUMEHTAIBHBIM ITyTEM.

IIpuBeneHHBIE BBIIIE PACCYKIEHUS TOBOPAT 0 HEOOXOIMMOCTH JaJIbHEUIITEe-
r0 U3YYCHHsI WHIANBUIYaTbHBIX PEaKIMii OpraHu3Ma CIOPTCMEHOK B YCIOBHUSIX
TUIMIOKCHYECKOW THUIOKCHH JJI1 HAYy9HOH 00OCHOBAaHHOCTH CIIOPTHUBHOW TOJTO-
TOBKH KCHIIH C y4ETOM OHOJIOTHYECKUX OCOOCHHOCTEH UX OpraHu3Ma.
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[IPOI'HO3YBAHHS PEAKIIII OPTAHI3MY CIIOPTCMEHOK .
HA BIUXAHHSA T'TTIOKCUYHOI CYMIIII HA MATEMATHUYHIM MOJIEJII
®YHKIIIOHAJIBHOI CUCTEMU IUXAHHS

3a mormoMoru MaTeMaTHIHOT MOAENi (hYHKIIOHAIEHOT CHCTEMH AUXaHHS MPOIMITOBAHO BIUIMB
BAUXAHHS CIOPTCMEHKAMH Ia30BOI CyMillli 3 HU3BKHM BMICTOM KHCHIO Ta JOCIiKEHO 3aje-
XKHICTh (PYHKLIOHANBHOI caMOOpraHizanii opraHiaMy CIOPTCMEHOK BiJl TOPMOHAIBHOIO CTa-
TYCy MPOTATOM MEHCTPYAIbHOTO HUKITYy. OTpHMaHi pe3ylbTaTH CBiqUaTh Mo Te, M0 MiJ 4ac
IUIAHYBaHHS TPEHYBAJIBHOTO Ipolecy Ta (popMyBaHHS KOMaHJA B 3MarajibHid JisSUIBHOCTI
HEOOXiJIHO BPaxOBYBAaTH OCOOJHUBOCTI ajamnTarlii J0 TiloOapuYHOTO CepeIOBHIIA 32 YMOBH
IUKJIIYHUX 3MiH KOHLEHTpAIllii CTATEBUX TOPMOHIB y OpraHi3mi ClIOpTCMEHOK.

Kniouosi cnosa: mamemamuuna mooenv QyHKYionanoHoi cucmemu OUXaHHs, MpPeHy8aTbHUl
npoyec, adanmayis OpeaHizma CHOPMCMEHKU, IHMep8aibHe 2INOKCUYHe MPeHy8ants, dyHK-
YIOHANbHA CaMOOP2aHI3aYis OP2AHIZMY.
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FORECASTING THE ORGANISM REACTION OF THE ATHLETES
ON INHIBITING HYPOXIC MIXTURES ON THE MATHEMATICAL MODEL
OF THE FUNCTIONAL RESPIRATION SYSTEM

Introduction. In the modern sports of higher achievements, the issues of training and com-
petitive activity of athletes using the hypoxic factor in natural-mountain conditions or with
artificial hypoxic training with the use of pressure chambers or hypoxicators continue to
attract great interest among specialists in the field of physiology, medicine, sports pedagogy.
The influence of reproductive hormones on the functional breathing system responsible for
the aerobic capacity of the female body remains insufficiently studied. There are no scientifi-
cally substantiated programs for training athletes, mainly developing the quality of endur-
ance, in conditions of hypoxic hypoxia, taking into account the phases of the menstrual cycle.

The purpose of the article is to determine the reaction of the functional breathing sys-
tem and to reveal the degree of tissue hypoxia in athletes when inhaled hypoxic gas mixture
with 11% oxygen in different phases of the menstrual cycle.

Results. On the mathematical model of the functional breathing system, based on physio-
logical examination data, an imitation of a hypoxic mixture with athletes was performed with
athletes of 11% oxygen in different phases of the menstrual cycle. The partial pressures and volt-
ages of oxygen in alveolar air, arterial and mixed venous blood, heart, brain and skeletal muscle
tissues were calculated. Numerical experiments were also performed with the replacement of the
real values of the minute volume of respiration and the minute volume of blood in the correspond-
ing phases of MC for adaptation processes in other phases of the cycle.

Conclusions. The results of the prediction on the mathematical model of the respiratory
system of the athlete's reactions to the inhalation of hypoxic mixtures testify to the specificity
of functional self-regulation and, consequently, the adaptive capabilities to the hypoxia of the
female body during cyclic changes in the hormonal status in different phases of the menstrual
cycle. The results of preliminary studies show that under hypoxic conditions, as a result of
inhalation of a gas mixture with 11% oxygen without a compenetration increase in pulmo-
nary ventilation and systemic circulation, the oxygen tension in the body tissues may be
below the critical level and with different degrees of expression in different phases of the
MC, which is confirmed by the presented results of calculation on a mathematical model of
oxygen tension in the studied tissues.

The obtained results testify to the need for further study of the individual reactions of
the organism of athletes in conditions of hypoxia for the scientific substantiation of sports
training for women taking into account the biological characteristics of their organism.

Keywords: mathematical model of the functional breathing system, training process of ath-
letes, interval hypoxic training, phases of the menstrual cycle, functional self-organization of
the organism.

82 ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. u Bbru. Texs. 2018. Ne 3 (193)



DOI: https://doi.org/10.15407/kvt192.03.083
VK 504 75.05.001.05

C.A. KH®OPEHKOQ', 1-p 6von. Hayk, BeJI. Hayd. COTp.

OTJI. IPHIMEHEHMST MATEMATHYECKUX M TEXHUYECKIX METOJIOB B OFOIOTHH U MEIHIIMHE
e-mail: skifor@ukr.net

T.M. TOHTAPb', ka1 GyoJ. HayK, CTApIL. HAyd. COTP.

OTJI. IPHIMEHEHHUSI MATEMATHYECKIX M TEXHUYECKIX METOZIOB B OFIOJIOTHMH U METHIIMHE
e-mail: gtm_kiev(@ukr.net

E.YO. UBACBKHMBA?, kanz. Mex. HayK, CTaplil. Hay4. COTp.
HAYYHO-KOHCYJIbTHBHBIH OT/I. aMOyIaTOPHO-NPOPUIAKTHIECKON TTOMOIIH
OOJIBHBIM C SHAOKPUHHOM MaToorueit

e-mail: k iva@ukr.net

T.A. OBEJIEIL’, aHa/iTHK KOMITHIOTEPHBIX CHCTEM

e-mail: obel.tet@gmail.com

! MeskTyHapOIHbIi HayUHO-yUeOHbIH HIEHTD HH(POPMALHOHHBIX TEXHOIOTHIT ¥ CHCTEM
HAH VYxpannel 1 MOH Ykpaunsl, np. Akan. ['mymikosa, 40, r. Kues, 03187, Ykpauna
* VIHCTHTYT SHIOKPHHOIOrHH 1 0OMeHa Beiects uvern B.IT. Komucaperka

HAMH Vkpaunsl, yi. Bemmroponckast, 69, r. Kues, 04114, Ykpauna

3 HanpoHa/bHbIi TeXHUUECKHMi YHHUBEpCcUTET YKpanHb! «KHEeBCKUI MOTNTEXHUUECKUH
uHCTUTYT UM. Uropst Cuxopckoroy, nip. [Tobernst, 37, r. Kues, 03056, Ykpanna

WHOOPMALHOHHAA CUCTEMA MOJAEPKKH NPHHATHA PEWEHHN
JiNA KOHTPONA W KOPPEKILMM OWUIHYECKOTO 3[10POBBA

Onucana ungopmayuonHas mexHoIousi OYeHKU U KOPPeKyuu Guuieckozo 300posbs 4eno-
sexa. Ilpeocmasnena cmpykmypa 300posvs ¢ nozuyuii meopuu ynpagienus. Cunmesuposano
npospammnoe obecneuenue 0N Pearu3ayuu noOOEPICKU NPUHAMUS peuleHull npu evlbope
0300pogumenvHulx Meponpuamui. IIpounnocmpuposan noaw3o08amenvckui unmepgetic ona
UCNONBL306AHUSL 8 MOOUTLHBIX NPUTOHCEHUSIX.

Knrouesvle cnosa: d)wuqecme 300p06b€, asmomamusuposanHal uH(}bOpMﬂl{uoHHCL‘l MEXHOJI0CUAL,
06b€Kmu6H0-Cy6’b€Kmu6H0€ OYeHusaHue, npocpammmoe 06ecnequue, MobUbHbIE NPUTIOIACEHUAL.

310pOBbE COBPEMEHHOTO UYEJIOBEKA SIBJISCTCS MHAUKATOPOM COCTOSIHHS 0OLIecT-
Ba, €T0 IKOJIOTUUECKOT0, SKOHOMHUYECKOTO U COLManbHOro Omarononyuns. Kpu-
THYECKUH ypOBEHb 3arps3HEHUS JKOCPEIbl ¥  CIIOXKHBIE  COIMAIBLHO-
HSKOHOMHMYECKHE OTHOLICHHUS! HETaTUBHO OTPAXAIOTCS HA COCTOSHUH 310POBbHS
HaceNeHHs ¥ Ha 3()(HEKTUBHOCTH CHCTEMBI 3/IpaBOOXPAHCHUSI.

© C.H. KHOOPEHKO, T.M.I'OHTAPbD, E.10. UBACBKHNBA, T.A. OBEJIEL], 2018
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310poBbe TpaskAaH YKpauHbl HAXOJUTCS Ha TPaHU KaTacTpo(dbl, O 4eM CBH-
JETeNBCTBYET OTEYECTBEHHAS U MEXTyHapoaHas cTatuctuka [1]. B atom acmek-
Te YKpauHa 04eHb OTCTAET OT LMBUIM30BAaHHBIX €BPOIEHCKUX rocynapcTs. 11 B
CUTYyalluH, KOTAa MEIUIMHCKAs IOMOILb 10 «00palaeMocTu sIBIsETCS HEYIO-
BJIETBOpUTENHHOM, Te3uc «Illomoru cebe cam» mpuoOpeTaeT akTyalbHOCTb. A 0
ro0albHOM XapakTepe 3Tol MpoOJIeMBl U 0 HEBO3MOXXHOCTH TTOJIHOTO o0ecIie-
YCHUS HACEJICHUS CPEICTBAMHU MPOPHIAKTHUECKONH METUIIMHBI CBUACTEILCTBYET
Takxke BHUMaHue BO3 K MOBBIIEHUIO NEPCOHAIBHONW OTBETCTBEHHOCTH TIPaK-
JIaH 33 COCTOSIHHE CBOETO 3/I0POBBS.

CoBpeMeHHasi CTpaTerus COXpaHeHUsI U YKPEIJICHHUS 37I0POBbS, OCHOBAHHASI
Ha COIMAIFHON IIEHHOCTH 37I0POBBSI JINYHOCTH, a TAKKE HA UJIee OTBETCTBEHHO-
rO OTHOIIECHHUS KKJIOT0 YeJIOBEKa K CBOEMY 370POBBIO, OTBETCTBEHHOCTHU TPaX-
JlaHWHA Tiepe; 00IecTBOM M OOIIECTBa TMepel HUM, 3WKIETCs Ha uaee GopMu-
poBaHus 310poBOro oopasza xuszau [2—4]. [Ipu 3TOM BaXKHO HE TOIHKO AKIICHTH-
pOBaHUE BHUMaHHA KaXI0TO HA MOTHBALIMU U CAMOKOHTPOJIE COCTOSIHUSI CBOETO
310poBbs. OpHeHTauusl Ha BEJCHUE 3I0POBOTO 00pa3a KU3HU — Heo0Xoaumast
COCTABJISIIOIIAs KYJIBTYphl COBPEMEHHOTO dYeioBeka [5, 6]. EcrectBenHo, st
TOT0, YTOOBI TPAMOTHO KOHTPOJIUPOBATH M YIPABIATH MEPCOHAIBHBIM 3/I0POBb-
€M, HaJl0, C OJHOH CTOPOHBI, YMETh OLICHUTH €r0 YPOBEHb M 3HATh BO3MOKHOCTH
CBOETr0 OpPraHu3Ma, a ¢ APYrod — HEeoOXOAWMO 3HATh CIEKTP METOAUK U IpH-
€MOB, COBPEMEHHBIX 3JI0POBbECOEPETaoNX TEXHOJIOTHH, 00eCreunBaIOINX
aJICKBATHOE aKTUBHOE B3aUMOJICHCTBHE YEJIOBEKA C BHEIIHEH Cpeloi.

B 00m1eii cTpyKType 300pOBBS UEI0BEKa, KOTOPasi BKIOYAET HE TOIBKO (H-
3UYECKHH, HO U MCUXUYECKUH M COLUUAIBHBIN CTAaTyChl, UMCHHO (PHU3UUECKOMY
CTaTycy NPUHAJICKUT OTBETCTBEHHAs] POJIb B MaTepUAIbHO-DHEPIeTHUYECKOM
oOecriedeHu QYHKIIMOHUPOBAHUS (PU3UOJIOTHYECKUX CUCTEM.

CoBpeMeHHbIE 1aHHbIE MOHUTOPHUHIOB COCTOSIHUSI (PU3NYECKOTO 310POBBS
(®P3) naceneHus: cTpaHbl, a TaKKE COCTOSHHS CHUCTEMBl 3[pAaBOOXPAHCHHS B
VYkpanHe 00ycJOBIMBAaET aKTYalIbHOCTh U HEOOXOJAWMOCTh PEUICHHUS MOCTaB-
JICHHOW HaMH LeJii — pa3paboTars MHOOPMAIIMOHHYIO TEXHOJIOTHIO TEepPCOHa-
JBHON MOAJEPKKHM NMPHHATHUS PEIICHUH MOJIb30BaTeNIeM Ui MoJAepKanus (u-
3MYECKOTO 3/I0POBbsSI B TPAHUIIAX HOPMBI WIIK KOPPEKIIMU €r0 HApyIICHHH.

NOCTAHOBKA 3AJIAYM

Ha coBpemMeHHOM ypoBHE pa3BUTHSI KOMIIBIOTEPHON TEXHUKH B IIOBCEIHEBHYIO
KU3HB Bce OOJIbIIIE TIPOHUKAIOT TIOPTATHUBHBIC AJICKTPOHHBIE YCTPOHCTBA Pa3INIHOTO
Ha3HAUCHUS! WM TIPUIOKEHUS JJTs1 UCTIONb30BAaHKS B MOOMITBHBIX YCTPOMCTBAX: CMa-
prdoHax, YCTPOUCTBAX MOHUTOPHUHIA COCTOSIHHS 30POBBSI, MEPCOHATBHBIX LU(PO-
BBIX TTOMOIITHUKAX Pa3IMYHOrO Ha3HaYeHMs. Pacter MHIyCTpus pasiiIHBIX MOOHIIb-
HBIX MEIMIIMHCKHUX cepBucoB (mHealth-MHIyCTpUs)) — YCTPOWCTB, MPUIOKEHUN |
MPOrPaMMHBIX MPOLYKTOB, NPEAHA3HAYCHHBIX A1 paOOThl ¢ MEOUIMHCKUMH JaH-
HBIMHU TS yIpaBjieHus 310poBbeM. O030p COCTOSHMSI COBPEMEHHOTO MOOMIIBHOTO
37IpaBOOXPAHEHUsSI U HAIIPaBJIEHUH eTo pa3BUTHs OKA3bIBAECT, YTO HAUOOJIEE MOILyJIsI-
PHBIMH MOOWIJIBHBIMY TIPUIIOKEHUSMH SIBJISTFOTCS IIPOT PAMMBI, TIpeTHa3HAYEHHbIE JIS
MOAJZIEPKAHUS U YKPEIUIEHUsI 3I0pPOBbs NOJIb30BaTeNel [7]. 3To mporpaMmsl, COIpo-
BOXKIAIONME (PU3MIECKUE YNPaXHEHHs, KOPPEKTUPYIOIME MUTaHUE, KOHTPOIUPY-
IOIMEe Maccy Tela, IoMoraronme B 6ops0e ¢ KypeHneM. BecbMa pacnpocTpaHeHs! 1
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LIUPOKO MPUMEHSIOTCS B 30PaBOOXPAHEHUH NPHIOKEHUS ISl KOHTPOJIS XpOHHUYEC-
KuX 3a00JIeBaHMH, TAKUX Kak AMa0eT 1 cepeuHococymcTbie. HecMotpst Ha Gorbioe
KOJIMYECTBO IMPE/IaracMbIX NPHIIOKEHUH, aKTyalIbHOCTh UX pa3pabOTKH HE CHUDKae-
TCS1, UTO CBSI3aHO CO CHELM(HUKON PETMOHOB, BApHAHTAMH TECTHPOBAHMSI, 0COOSHHOC-
TSIMU HallMOHATBHON KyXHH, XapaKTepa MUTaHHs U JIp.

KonuuecTBeHHOE OlieHWBaHUE (PU3UYECKOTO 370POBbS — HEOOXOAMMBIN
9TaIl MPH Pa3padOTKe CHCTEMBI TIOIEPKKH PUHSTHS PEIICHUH 51 KOPPEKITUH
¢usnueckoro craryca. CyLIeCTBYIOT J1Ba MOJAXOAA K OLEHUBAHHUIO (DH3UUECKOM
COCTABJISIIOIICH 310pOBbS: OOBEKTHBHBIN U CyObeKTHBHBIH. K 0OBEKTHBHBIM CIIO-
cob6aM MOYKHO OTHECTH J1abOpaTOpHO-UHCTPYMEHTATbHBIE METOIUKH OLIEHUBAHUSA
(DM3UYECKOTO 3/10POBbsI, B KOTOPBIX HCIIONB3YIOTCSI PealibHbIE M3MEPEHHS U OCHO-
BaHHBIC Ha HUX BBIYMCICHHBIC MHACKCHI, HanpuMep, uuaekcsl Kerne, PoOuncona,
Cxubunckoro, lllamoBanosoli, Pygdse u ap. B ocHOBe 3THX MeTOIUK — H3Mepe-
HHE MAaccChl Tella, OTHOIIICHUE KM3HEHHOH EMKOCTH JIETKHX K Macce Tela, JTUTENb-
HOCTb IIEPHOJa BOCCTAHOBJICHHS YaCTOThI CEPIACYHBIX COKPAILIEHUH M YacTOTHI JIbI-
XaHMsl, KapauorpaduuecKue HCCIIeNOBaHUS, OMOXMMHYECKHE IOKa3aTend U [p.
[penmyiecTBO OOBEKTUBHBIX MOAXOJIOB B TOM, YTO UCKITIOYACTCS TIPSIMOE BIIHSTHHE
HCCIIElyeMOTO CyOBEKTa, COCTOSIHHE 3/I0pPOBbSl KOTOPOTO OLICHUBACTCS, WIIH, TIO
KpaiiHell Mepe, MUHHMH3HUPYETCS CO3HATEIbHOE €ro BO3JACHCTBHE Ha pE3YNbTaT
IUarHOCTHKU. B TO >ke BpeMsi HccaenoBaHus, IPOBOJMMBIE C TOMOLIBIO HHCTPYMe-
HTaJILHO-TA00PaTOPHBIX METOMUK, He UCKITIOYAIOT HETATUBHOE BIMSHIE Ha PE3yIlb-
TaT OICHWBAHUSI TOYHOCTH BBIMIOJHEHUsI U3MEPEHUI M J1a00paTOpHBIX aHAJIM30B,
YTO MOKET BHECTH MOIPELTHOCTH B OKOHYATEJILHBIC BEIBOJIBL.

Hapsany ¢ 00beKTUBHBIMH OLIEHKAMH, HE MEHEE BaXKHBIM SIBIISICTCS MCIIOJIb-
30BaHHME PA3IMYHBIX METOJUK CYOBEKTHBHOTO OIICHHBAHHWS, OCHOBAHHOTO Ha
caMoHaOII0JIeHnH U camoKoHTpoiie. OHaKo, HA/J0 UMETh BBUAY, UYTO CyOBEK-
TUBHBIC TIOKA3aTEM OTHOCATCS K CaMOOILIGHKE YEIOBEKOM CBOEr0 TEKYILIETO
COCTOSIHUSI 3JJO0POBBSI — CaMOYYBCTBHSI, U HE BCET/Ia COOTBETCTBYIOT OOBEKTHB-
HOMY COCTOSIHUIO 3JI0POBBSI UesioBeKa. VHOrza 4YesioBeK MOXKET ceOsi XOPOIIOo
YyBCTBOBATh MTPH HAYMHAIOIIMXCS MATOJIOTUIECKAX W3MEHECHUSX.

AJbTepHATHBHAS OLICHKA 310POBbsI, OCHOBAHHASI HA CAMOOLICHUBAHUH, Oa3upye-
TCS. Ha TEXHOJIOTMH TECTHPOBAHMS C TOMOIIBIO ONMPOCHUKOB. OIHUM U3 TIPEUMYy-
IIECTB TAKOTO Crioco0a OIEHWBAHMS, HAIIEIIETO IIMPOKOE MPHUMEHEHHE TS Pa3IiH-
YHBIX JKM3HEHHBIX CUTYalWil, SBISETCA WX HEHMHBA3UBHOCTb. VIMEHHO pe3ybTaThbl
CaMOOLICHUBAHMS €CTh ITIaBHBIN MTOOYKIAIOINIA CTUMYIT JJI1 CAMOKOHTPOJISI U BBIpa-
OOTKH KMU3HEHHO BaKHBIX JUISl CyOBEKTa PEIIAIONINX MTPABHIL, OTIPEICIISIONINX CaMO-
COXpaHHTELHOE TOBE/ICHHIE B OKpYKaromieii cpene. TakuM o0pa3oM, K CyObEKTHB-
HBIM crioco0am orieHkd D@3 OTHOCHTCS TECTUPOBAHKE, aHAMHE3 (COBOKYITHOCTD CBE-
JCHUH, TOyYaeMbIX ITPU MEIULMHCKOM OOCIIEIOBaHUH ITyTEM OIpoca camoro o0-
CIIelyeMOr0 W/WITH 3HAOIINX €TO0 JIUII), @ K 00BEKTUBHBIM — JIA0OpaTOPHbIC aHAIIH-
3bl, PyHKIMOHAIbHBIC MPOoOBL. O0a criocoda JOMOMHSIOT APYT Apyra U JIatoT Oosee
TIOJIHOE MPECTABICHHE O BO3MOXKHOCTSIX PEaIM3alliK MPOLEAYPbl OLICHUBAHUS 3710~
POBBS C IO3UILMI HHBA3UBHOCTH/HEMHBA3UBHOCTH.

310pOBhE UeiOBeKa Kak OOBEKT OIICHKHM pacCMaTPUBACTCS KaK B HAIIMX pado-
Tax, Tak U B paboTax Apyrux aBTOpoB. Hamu pa3paOoTaHbl METOJ0IIOTHYECKUE
OCHOBBI KOJIMYECTBEHHOTO OLICHUBAHUSI 37I0POBbSI B LIETIOM U €ro (pr3HUecKoi, rcu-
XMYECKOM, COLMAIBHON CTPYKTYpPHBIX COCTAaBILIOIMX [8—11]. YumreBas crmox-
HOCTh 00BEKTa MCCIICIOBAHKS 1 OLICHUBAHS, CBSI3aHHYIO ¢ MHOTO()YHKIIMOHATIBHO-
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CTBIO, MHOTO()aKTOPHOCTBIO, & TAKKE HEOAHO3HAYHOCTHIO MPEACTABICHHUS O TaKOH
KaTEeropuy OpraHM3Ma Kak 3/I0pOBbE, IIENIeCO00pa3HO HCIIOIb30BaTh MPHHIIHUIIBI
MHOTOMEPHOTO OIleHMBaHus. VICronp30BaHNe 3TUX MPHHIUIIOB U1 KOJIMYECTBEH-
HOrO OLCHMBAHMS 3I0pPOBBs, Oazupyromieecss Ha MeETONax KOMIIO3HLIMH-
JEKOMIIO3HLIMH, TIO3BOJISIET YIIOPAAOUUTh HUCCIIeyeMblii OOBEKT IyTeM HepapXu3a-
LUK CTPYKTYPBI ATOM CHCTEMBI B COOTBETCTBUM C peajbHON opraHuzarueii. TexHo-
JIOTUsI MHOTOMEPHOTO OIIEHMBaHHSI COCTOSIHHS 3I0POBbSI U €r0 COCTABJISIONINX Oa-
3UPYETCsl Ha HePapXHUYECKON CUCTEME KA CO BCEMU BHYTPEHHUMH CTPYKTYpPHBI-
MU BJIO’KEHHSMHU, OIPEIEIISIONINX METPUIECKYIO OTIPE/IENICHHOCTh OTOOPAHHBIX JIIsT
M3MEpEeHus MPU3HAKOB, TPEIONPEASIAIOMNX KOTUIECTBEHHOE MIIH Ka4eCTBEHHOE
BbIpakeHue u3MepsieMoro cBoiictsa [12]. Cozganue TeXHOJIOTHH OLEHUBAHUS COC-
TOSHUS 37I0POBbSI B OOILLIEM BUJE BKIIOYACT TAKWE OCHOBHBIC ATAllbl: pa3padOTKa
WH()OPMAIIMOHHO-CTPYKTYPHON MOZENH MPOOJIeMBI, TIPEIOIIpeielisItomieii ee mpoe-
KIMIO Ha HCcieayeMoe MH(POPMAIMOHHOE TPOCTPAHCTBO COTJIACHO TIPHHSTON He-
papxXuul TPU3HAKOB (C YIETOM MPUOPHTETHOCTH BBISIBISIEMBIX KaueCTB); HOPMHUPO-
BaHHME COOTBETCTBYIOIIMX ITOKa3aTeNel; pa3pa0d0TKa JOKAIBHBIX HIKal JJIsl BCEX
OIICHMBACMBIX Ka4yecTB; Pa3paboTKa JIOKATBHBIX JUArHOCTUYECKHX MOJIENeH ¢ yye-
TOM MEpapXUYEeCKOW COTOYMHEHHOCTH; CBEPTKA MOyYEHHBIX JIOKATbHBIX OLEHOK
(Ha OCHOBE MHOTOMEPHOCTH) B €IUHYIO OOOOIIEHHYIO JHArHOCTHYECKYIO MOJIEIb;
WHTEPIIPETAINS TIOTYYSHHBIX PE3yIbTaTOB.

KonnyectBeHHoe oLieHMBaHUE COCTOSHUS (PU3NUECKOTO 310pOBbsl Oazupye-
TCSl Ha OIpeeNIeHHH (PU3NIECKOTO 3/I0POBbhS, IJAHHOM B paboTax psja Mccieno-
Barenen [5, 6], corjlacHO KOTOpOMY, @uzuueckoe 300p08be — 3TO COCTOSHHE
OpraHM3Ma 4ellOBeKa, IIPH KOTOPOM WHTETpajibHbIE MOKa3aTenu (hu3nonmornyec-
KHX CHCTEM JIe)KaT B mpejiesiaX (pU3HOJIOTHIECKON HOPMBI U aJeKBaTHO M3MEHSI-
IOTCSI TIPM B3aMMOJICHCTBUH YETIOBEKa ¢ BHEMIHEH cpemoit. OgHaKo OYeHb BaXK-
HBIMU KPUTEPHSIMHU OLCHKH (PU3MUYECKOTO 310POBbS UEIOBEKa SABISIOTCS: YpPO-
BEHb (PM3NYECKOr0 Pa3BUTHs, KOTOPBIM OTpakaeT MHIMBUAYAJIbHBIA YPOBEHb
Moph 0o YHKIIMOHATBHOM 3pEIIOCTH OT/AENBHBIX TKaHEH, OPraHOB U CHCTEM IIEJO0-
CTHOTO OpraHW3Ma; yYPOBEHb (PU3UYECKONH AKTUBHOCTH W CTETICHH BIIAJCHHUS
JIBUTATEIHHBIMH YMEHHUSIMA U HAaBBIKAMH; YPOBEHb a/IallTAI[IOHHBIX BO3MOYKHO-
CTell opraHm3Ma, JOCTATOYHBIX JUIsl (PU3MYECKON aJanTalyud K pa3IndHbIM (ak-
TOpaM CpeJibl IPU CoXpaHeHus romeocTasa [13—15].

HH®OPMALMOHHO-CTPYKTYPHAA MOJEND OLEHKH OWUIHYECKOTO 310POBDA

Hamu npennosxena nHQpOpMaMOHHO-CTPYKTYPHAsI MOAENIb (PU3NYECKOro 310pO-
Bbs (pHc. 1), 0OBEKTOM OLICHUBAHUS KOTOPOH CIIy>KUT «BHyTpeHHss cdepa opra-
Hu3zMa» (6mok 1), Brmoyaromas Moxynn «®Pusnonoruyeckue cucteMe (PC)
n «Koopmuaupyromnie cucrems» (KC), a Takxke TpencTaBieHHbIE B OJOke 2
«HcnonaurensHble Pprznyeckre Bo3MokHOCTH» (MDB).
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| OU3NYECKOE  3[0OPOBbE

i
: i

1 BHYTPEHHAA  CPERA 2 UCNONHUTENBHBIE ®U3NYECKUE BO3MOXHOCTU

BHyTpeHHue Koopavnupytowme duany__passutie
M3MOTOTMYECKINe CUCTEMBI CUCTEMbI OpraHi3ma OWant OynkynomroToska
/AnanTal| pe3epebl

Cepre4HOCycrema Crictema CicTemsl

COCYAUCT nbixaHusi kpoBu  0BMeHa Hepaiian SHpokpu Vimyk-as

1
['TexHonorusi oueHkn coctoshita |
| O6bexTBHbIe:TabopaTopHble anHble'

| CyGbexTuBHbIe: TecT-0npoCHHKI |
| Hopmuposaivie |
| MHOromepHoe Wwkanuposaxve |
| |
] |

CUHTE3 MarHoCTU4EckIX Mogeneit
WHtepnpetaums

! |

4 [lnarHocTyeckuin BbIBOL, | | 5 [lnarHoCTU4eCKuit BbIBOS
6 CpaBHWTENbHbII aHanm3
ConocTasnexue
BbiBon

Puc. 1. THpopMaIMOHHO-CTPYKTYpHAs! MOJIEIb OLIEHKH (PU3HUECKOTO 3/J0POBbS

B Giioke 3 mpezcraBneHsl dTanbl WICHTH(QUKAIIMA COCTOSIHUSI KaK BHYTPEH-
Hel cdepbl, TaK U MCIOIHUTENBHBIX BO3MOkHOCTeH. [lo pesynpTaTtam oreHuBa-
HUSL QOPMHUPYIOTCS JUAarHOCTHUYECKUE BBIBOIBL: B OJIOKE 4 MpeICTaBiIeHa KOIuJe-
CTBEHHASI OIICHKA COCTOSTHUI (PM3UOJIOTHIECKHX (CepIIeUHO-COCYUCTOMN CUCTEMBL,
CHCTEMBI JIbIXaHHSA, KPOBH, YIJIEBOAHOTO OOMEHa) M KOOPIMHHUPYIOUIMX CHUCTEM
(HepBHOH, 3HAOKPUHHOW, HMMYHHOW) OpraHu3Ma; B OJIOKe 5 HaeTcsl KOJIH4ecT-
BEHHAS! OLICHKA UCTIONHUTENBHBIX (PH3UYECKUX BO3ZMOXKHOCTEH, O KOTOPBIX MOYKHO
CY/IUTh Ha OCHOBAaHUH JIAHHBIX O (PM3MYECKOM Pa3BUTUH, (PHU3NUECKON TIOATOTOB-
JICHHOCTH, aJlallTallHOHHBIX pe3epBax. Ha ocHoBe 0000IIEHHOrO IUarHOCTHYEC-
KOT0 BBIBOJA O COCTOSIHUM BHYTPEHHEH (DU3MOIIOrHYECKOM cepbl U UCIONHUTE-
JIBHBIX BO3MO)KHOCTEH MTPUHUMAETCS pellieHHE O JATbHEHIIINX MEPOTIPUATHSX.

KOMNNEKCHOE OUEHMBAHUE OU3UYECKOTO 3[10POBbA YENOBEKA

[pennoxkennass MHOOPMAIIMOHHO-CTPYKTYpHAsi MOJICNIb TOCITYKWJIa OCHOBOM
Uil pa3paboOTKH aBTOMAaTH3MPOBAHHOW CHCTEMBl KOMILJIEKCHOTO OLICHUBAHHS
(U3UIECKOTO 3/IOPOBBSI.
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W3BecTHO, 9TO NIPU MacCOBOM CKPUHHHTOBOM OOCIIEIOBAHUH aCTICKThI OTepa-
TUBHOCTH TIPOBEAECHUS METOIUK M MX HEMHBAa3WBHOCTH MIPAIOT KITIOYEBYIO POJIb.
Hcxonst u3 aToro, A1 OLEHUBAHHS COCTOSHHUA (PU3MOJIOTUYECKUX U KOOPAHHUPY-
IONIUX CHCTEM OpraHu3Ma, PH3MYECKOTr0 3/I0POBbsi HAMHU OBUTH pa3paboTaHbI CIie-
LUabHBIE aHKETHI-0MPOCHUKY [11]. OCHOBHOM MPUHIIMIT IPU COCTABJICHUN aHKET
COCTOSUI B TOM, YTOOBI NIPM MUHHUMYME BOIPOCOB MOJYYUTH BO3MOXKHOCTbH BBISIB-
JICHUS] HAaYIbHBIX (DYHKIMOHAIBHBIX OTKJIOHEHHH A0 BHIMMOTO HPOSBICHHS Ma-
TOJIOTMYECKOI'0 IIPoLEcca ¢ BO3ZMOXKHOCTBIO I10CTIEIYIOIET0 IPOBEIEHUs CBOEBpE-
MEHHBIX NPOQUIAKTHYECKUX MEPONPHUITUH, HANPABJICHHBIX HAa COXpaHEHHE 3110-
POBBS YENOBEKA. AHATM3UPOBAIUCH OTBETHI Ha BOIPOCHI: TIO3UTHBHBIN OTBET OLle-
nuBascs 0 6aywios, HeratuBHBIN — 1 6amt. CyMMbl HaOpaHHBIX O0aIoB (X;) SABIIS-
JIMCh MOKa3aTelsIMU, KOTOPbIE B JalbHEHIIEM MPeoOpa3oBBIBATUCH B OTHOCHTEIb-
HBIE BEIUYMHBI U OCYILECTBISIACh HOPMUPOBKA 10 (hopMynam:

no_X
min i n
n , TIpH XminSXi<Xmin
min — X min
_ n n
XOW!H - 0, npu min < Xi < Xmax' ,
X - Xx"
i max n
Y on pu Xy < X <Xy
X max X max
n n
rae X, > X, — HUKHISI M BEpXHAS TPAHULBI HOPMBI (Ha3HAYAIUCh dKCIEp-
Tamu); X min > X mae —— MUHUMAQJILHBIE ¥ MaKCHMajabHO BO3MOJXKHBIE 3HAYEHHS

rmokaszateneit; X, - TeKyIiee 3HadeHne mokasarens, i = 1,..., N, rme N — konude-
CTBO MOKa3aTesen.
Takas mporemaypa HOpMUPOBaHUS TpeoOpa3yeT auama3oH W3MEHEHUsS H3-

MEpEHHBIX a0COJIOTHBIX 3HaueHUH mokaszateneid [ X

min >

X ppax ] B IMAIIA30H OT-
HOCHUTENbHBIX 3HaueHui [0, 1].

CocrosiHre (HU3NOIOTUIECKOW U KOOPIUHHUPYIOIIEH CHCTEM ONPEACISIIOCH
Kak B3BELICHHas CyMMa IOKa3aTeJieil COCTOSHUS uX cocTapisionmx. Komruiek-
CHas OllEHKa COCTOSIHUS BHYTpeHHel cdepsl Pusmyeckoro craryca (X Eg)
CTPOUTCSI B BUAC JINHEHHOM CYyMMBI:

BC oC KC
XOTH =Y XOTH + VZXOTH P
dC . KC
rae X, — OLEHKa coCTOsHHs KoMIOHEHTH OC; X1, — OLECHKA COCTOSHUS

kommoneHTsl KC; vy, v, — BecoBble KO3 HUIIMEHTHI.

s mosmydeHnsi OKOHYATEIBHOTO TUAarHOCTUYECKOTO BBHIBOAA O COCTOSTHUH
BHYTpPEHHEH cepbl PU3NIECKOTO 3I0POBHS UCIIOIB3YeTCs MPEIOKEHHAS KI1ac-
cu(UKaIUs BO3MOXKHBIX COCTOSTHUI [9]:

- 1l ypoBens: HOpManbHOE QHU3NOTOTHUECKOE COCTOSIHUE X, (],ig =0,

. BC .
- Il ypoBeHB: Majoe OTKIOHEHHE OT HOPMBI 0 <X,y <0,33;

- III ypoBeHb: cpenHEe OTKIOHEHHUE OT HOPMBI 0,33 < X ?Tg <0,66 ,;
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- IV ypoBeHb: 3HaUNTEIBHOE OTKIIOHEHUE OT HOpMBI 0, 66<X(])3T?{ <I.

B otimunme ot 6ioka «BHyTpeHHss cpeaay, 650k «McnoaHuTenpHbe HU3U-
YECKHE BO3MOKHOCTH» (PU3NYECKOTO 3[J0POBBS OLICHUBAJICS HAMH IO pe3yibTa-
TaM OOBEKTUBHBIX M3MEpPEHHH TMoKa3zarened (hu3nveckoro pazBuTHs, puznyec-
KOH ¥ QyHKIIMOHAJTLHON MOATOTOBICHHOCTH, aJalTallMOHHBIX PE3EPBOB C UCIIO-
JIb30BAHUEM CIICIHATIBHBIX METOMUK. JIJ1s OlleHKH (PU3MYIECKOTO pa3BUTHSI HCIIO-
JB30BaNKCh cnenyromue oneHku: Muaexc Ketne, onennBaromuii paccoriacona-
HHUE MEXAy Maccoil u poctom, unaekc Ilupke, nanexc Ilunbe, unnexc Ipucma-
Ha, KOTOpPbIE XapaKTEepPHU3YyIOT MPOMOPIHUOHATHHOCTh, TUI TEJIOCIOXKEHHUS U pa3-
BHUTHE IPYJHON KJIETKH COOTBETCTBEHHO [14, 15].

Juist otieHkH (GU3NYECKON MOJrOTOBICHHOCTH UCTIONB30BaNN TecT Kyrepa n
¢dyHkunoHanpHbIe TpoObl Maprtune, lltanre, 'enue [16, 17].

g onpenenenus amanTtalpioHHOTO NoTeHIMana yenoeka (All) P.M. bae-
BCKHM ObLiIa MpeIo’keHa METOIUKA, XapaKTEepU3yIOIasi BO3SMOXHOCTU MPUCIIO-
coOJIeHHs OpraHrn3Ma K U3MEHEHUSIM BHelHel cpensl [18]:

All=0,011*4YCC + 0,014*AT, + 0,008*AT,+ 0,014*B +
+0,009* MT + 0,009*1T — 0,27,

rne YCC — gacrora myneca; AT, AT,— cucronudeckoe (BepxHee) U AUACTO-
JIuyYeckoe (HWKHEe) apTepuanbHOe AaBieHue (B MM pT. cT.); B — Bospacr;
MT — macca tena, AT — mnmaa Tena (pocr).

Jl1s1 KOPPEKTHOTO COTIOCTABJICHUS Pa3HOKAYECTBEHHBIX HATYPHBIX ITOKa3a-
TeJIeH, KOTOPhIE HM3MEPSIOTCSA B Pa3HBIX CIMHMIIAX, BBIMOIHICTCS MpOIEIypa
MepeBojia UX B OTHOCUTENBHEIC €MHULIEI 1 HOPMUPOBAHUS 110 ONTUCAHHBIM BEI-
e npapwiaM. O000IIeHHAsS YHHPUIIMPOBAHHAS OLICHKA MCIIOJIHUTEIBHON KOM-
MMOHEHTHI (PU3MUECKOr0 CTAaTyCa BBIYUCIIACTCS 110 (hopMyJIe:

Xomn® =Y1 Xom +Y2X o0 +73X ot
rac X(I;Ir?;B — KOMIIJICKCHAsI OLICHKA HUCITIOJITHUTCIBbHBIX BO3MO>I<HOCT€ﬁ (1)1/131/1‘16—
CKOIro CTaTyca SHOpOBBﬂ, X((;I?IE — OLICHKa (1)H3H‘IeCKOFO pa3BI/ITI/I$I, X(érll_{[
OIICHKA a/IalITAI[MOHHON OCTaBIstomeii, X ((,I;IHT — oneHKa (U3UYECKON MOAT0TO-
BJICHHOCTH, 'Yl , 'Y2 , 'Y3 — BCCOBBIC KO3(1)(1)I/IHH€HTI)I, KOTOpBIe BBI6I/IpaJ'II/ICL

SKCIIEPTHEIM ITyTEeM TIPH yCIoBUH XY, = 1.
WTOroBeIif AMArHOCTUYECKII BBIBOJ] OIICHUBAETCS 10 IKaie [21]:

I ypoBeHB: 3HaUUTENBHOE OTKIIOHEHUE OT HOPMBIL, 0 <X (ﬂ?{’B <0,25;

II ypoBeHs: cpenHee OTKIIOHEHHE OT HOpMBI, 0,25 <X (I,/EB <0,50;
[II ypoBeHb: Manoe OTKIOHEHHE OT HOpMBI, 0,50 <X (I,/EB <0,75;

IV ypoBens: npaktudeckas Hopma, 0,75 <X (I)/EB <l

PaccmoTpennas mpouenypa oUeHHBAaHUS (PU3NYECKOO 3J0POBbS CIIY)KWIIa
WHPOPMAITMOHHBIM 0a3UCOM JIJIsl pa3pabOTKU KOMITBIOTEPHOM CHCTEMBI SKCIIeCC-
nuardoctuku [19-21]. KommbioTepHash peaiu3ariisi COCTABJISIONINX OIICHKH
(pU3UUECKOTO 30POBBS BBHIIOIHEHA HA 0O BEKTHO-OPUEHTUPOBAHHOM SI3bIKE Java
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PUSUNYECKOE 3[JOPOBbE

BHYTPEHHAA CPEPA

duanonornyeckme cucTemMbl

Cucrema
AbIxaHns

CepneuHo
-cocyavcTas

TecTupoBaHue

KoopavHupyioLme cuctemsi

HepsHasi OuaokpuH  VMMyHHasn

TecTupoBaHue

WUCMONHUTENDbHLIE

dusnyeckme BO3IMOXHOCTU

Duzny
passuTue

Pean|

Duamd pyHKL
noaroToska

Hble U3MEepPEeHUs: ...

Apantay
pesepebl

U . U WHpekc maccs! Tena | Mpo6a MaptuHa Hacrora nyneca
Bompocki: 12,0 |y Bonpocst: ... X Pisos Mopre MpoGa llivarre | apTepuans gaen;
Bannei: 1,2,..m i Bannbi : ... ; ineko Mitibe Fpoba Mertie MT — macca Tena,
il Unpexc Opromara | Tect Kynepa EwmKocTb nerkwx
Hopmuposanne Hopuuposane —x ¥ ¥
i ! !
i}
HopmipoBanie | Hopwuposarie Hopmuposanve
c_ e . - crareees lees PR
X:ZY/J_F(X’K:H'M’ o Xomin) 1Ko =F i3 Koo X Koo X X D, G XM=
1 I S T (T SO SO (I SO O R S |
Wkanuposanue Likanuposarme ”\: 25\: 5&:5\: °\: 25\: 5{:5\: “\:’ 25\:'5\“:5\:
1
0_ 033 066 1 ! 0 03 0ee
unmepnpemayus unmepnpemayus
BC _ @C KC HoB  _ op Al @11
X =V X o +7 2 X o Ko =V1 Xows ¥V 2 X o 7 35X
bt 8
0 0.33 0.66 1
N 0 o025 05 075 1
N

unmepnpemauus unmepnpemayus

Puc. 2. Cxema nporiecca OLICHUBaHUS (PU3UUECKOTO 310POBbS

¢ ucrnonp3oBanreM TexHojorud SQL. IIporpamma paccunrana Ha OOBIIOE KOJIU-
YECTBO MOJIb30BATEIEH.

OTH KOMIUIEKCHI METOJUK OLICHHBAHHWSI COCTOSHHS BHYTpPEHHEH cdepbl u
WCTIONIHUTENBHON COCTABISIIOIIEH (PH3MUECKOrO 3/I0POBbSl CXEMaTHYECKH IPO-
WJUTIOCTPUPOBAHBI Ha PHC. 2.

Beenennbie naHHbIe 00pabaTHIBAIOTCSI, COXPAHSIOTCS M BHIBOJISATCS HA OKPaH B
BUJIC HOPMHUPOBAHHOK OIEHKH U BEepOALHOW MHTEPIPETAIIMU OIICHUBAEMOTO COC-
TosiHMs. ['padudeckuii nHTEpderc co3aaH ¢ MOMOLIBI0 MHCTPYMEHTapus Swing,
MOAJEPKUBAIOLINN TUATIOT TIOJb30BATENsl C MPOrpaMMON M PEAT3YIOLINN BHU3Ya-
TM3AIMI0 JHarHoctideckol nadopmanuu [21]. @parmenTs! rpadudaeckoro nHTe-
pdeiica KOMIOBIOTEPHON MPOTrpaMMBbl OLEHKH HCIIOJHUTEIBHOM COCTABISIOIICH
(bU3UUECKOTro 30POBBS MILTIOCTPUPYIOTCS Ha puc. 3,au 3, O.

W3noxxeHnHas BbIlIe MpOIENypa OLEHUBAHUS CTPYKTYpPHBIX COCTaBIISIOIINX
(DU3NIECKOTO 3I0POBbS SABISIETCS MPEABAPUTEIBHBIM TAOM pa3padoTKu UHPO-
PMAaLMOHHBIX HPaBWII IJIs1 BEIOOpa YIPABISIIOIIUX U MPOQHIAKTHYECKUX MEPOII-
PUSTHI yIpaBIeHUs U TOAACPKAHUSI (PU3MUECKOTO 3/10POBbSL.

NOAAEPKKA NPHHATMA PEWEHHA ANA KOHTPONA
H KOPPEKLIWM ®U3HYECKOrO 3[10P0OBbA

st perienus 3a1a4u LeJICHANIPABICHHOTO HHAUBUIYAIbHO OPUEHTHPOBAHHOTO
(hopMUpOBaHUs, TONIEPKAHNS, PA3BUTHS (PUINIECKOTO 370POBHS YEIIOBEK J0JI-
JKEH pacrojaraTh IAPOKOH MaTUTPO BO3MOXKHOCTEH J1Jisl BLIOOpA TOCTYIHBIX H
aJIeKBaTHBIX YIPABJISIONINX BO3JEHCTBUI Ha opraHu3M. Hambornee ecrecTBeH-
HBIMH ¥ 3HaYMMBIMU I 00€CTIeueHIs] HOPMAIIBHOH KU3HEIEATEIIbHOCTH YeIo-
BEKa BO3JICUCTBUSAMH ABJISIOTCS TUTAHUE U aKTUBHOCTb.
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= N
T T T T T —— ..:.._.-g

|| Ouirxa disnuraro possumey

Inpekc Mipre -

BianoBigHicTb AOBXUHW TynyGa NoavHN Ta NOro KiHUIBOK
Ina. Nipke =(3picT cT.(cM)-3picT cug.(cm))/3picT cugaum(cm)

BennunHa nokasHuka |X3D3KTEDMDTMKE BIOHOCHOI QOBXWHK HIT

MeHewe 0,87 Mana goexuHa Hir(HW3bKe PO3TAWYBAHHA LEHTPY TAMIHHA.

0,87-092 MponopLjiHe ciBBiAHOWEHHA Mi3K AOBXWHOI HIF | TynyGom

Binswe 0,92 |Eu1Hm:Hu BEMNWKA JOBXWHA Hir (BWCOKE PO3TAWYBAHHA LEHTPY TAMKIHHA).

025 0.5 073 1

maae Imiﬂ'l‘]ll
[ERITTT HOpMA

— =

SpicT cnasaym (cm): 90
PesynbTar AiarHOCTUKMN:
3picT cToA4M (CM): 175 IHpeke Mipke = 0.94

HopmagaHa ouUiHka - 0,567 .
BiaHoOCHO Benuka AOBXWHA Hir (BUCOKe
po3TaWyBaHHA UeHTPY TAXIHHA).

TloBepHYTHCH 10 BHOOPY _ IMiapaxyBaTH ¢TaH Gi3HIHOTO POZBHIKY
a)

—r— = ]
|4 Oiia dud g o 00 5 * e e Aal sba

=
Inpexc Mikbe A4

Tun cTaTypy NAUHKA
IHA. MiHbE = 3picT{cM)-(Maca(Kr)+OoKpPYXHICTEL rpyaHOI KNITUHU({CM))

3HAYEHHA iHOeKey  [TuN KOHCTMTYLT |xapakrepncrika Tny

Binbwe 30 MiNOCTeRIK(ACTEHIYHKI THIT) |xynopn;laa cratypa
Big 10 go 30 HOPMOCTEHIK HOpMankHa cTarypa

MeHwe 10 riNepCTEHIK(MIKHIYHUA TN} Bara

0 025 05 078 1

Mae TPAKTYEA
ELIXRIEERS HOpMA

Maca Tina (kr): 58
: ’— Pe3aynkTaT AiarHoCTHKM:
g 165
picx croani{c) J IHaekc MiHbe = 18.
OKpPYXHICTb rpyAaHOi 59 HopmaBaHa oLiHKa - 0,950 .
KNiTUHAM (cMm): HopmanbHa cratypa.

IMoBepHYTHECA 10 BHOOPY IMigpaxyBaTH ¢TaH (Gi3HTIHOTO PO3BHTKY

Puc. 3. JlmarHocTHdecKkWii BBIBOJ C HCIONBb30BaHWeM HHIeKCcOB [lupke (a)
u [Tunsbe (0)

OnHuM 13 MapKepoB (U3NYECKOTO 3I0POBBS MPUHATO CUATATH COOTHOIIIE-
HHE POCTa U BEcCa 4YeJoBeKa. POCTO-BECOBas TapMOHMUS — CaMblii OYEBUIHBIN
WHIUKATOP, KOTOPBIA OLlEHUBAETCs Jaxe Bu3yalbHO. CyIIecTByeT MHOTO CIIO-
c000B, TIO3BOJISIONINX KOCBEHHO OIICHUTH, SIBJSIETCS JIM Macca HEJOCTaTOYHOMH,
HopMasibHOHM WK n30eiTounoi (Munekc Kerne, Munexkc bpoka, meron Devine,
Meto Robinson, Tabiuiia Eroposa-JleBurckoro u ap.).
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B xiMHU4ecKol MpakTUKe P MacCOBBIX 00CIICI0BaHUAX HanOoJee 4acTo
HCIIONIB3YETCSI MHJIEKC OIEHKH PacCOTIACOBaHMSI MEXKIy Maccoit (M, Kr) u poc-
ToM (R, M) — HMunekc Ketne (/), koTopslii paccuuthiBaeTcs 1o popmye [15]:

I=M/R.

OCHOBHBIM BO3/CHCTBHEM, PETyIUPYIOLIUM HHIUBHIYaIbHOE POCTO-
BECOBOE COOTHOILIEHHE JJIS 3I0POBOTO UYEIOBEKa, ABIISETCS cOaJaHCHPOBAHHOE
MUTaHUE, aJIcKBaTHOE PEXKUMY aKTHBHOM JesTeNbHOCTH yenoBeka. llomnepika-
HHUE 3Toro OajaHca sIBIIIETCS OJHUM U3 TMIaBHBIX (PakTOpOB, 0OecIeUrBaIOMINX
XOpoliIee 310pOBbE U JONTOJIETHE, MOBBIIIAET COMPOTUBISEMOCTh OPTaHU3Ma K
HEONIArompHUATHBIM YCIOBUSM CpENbl, YIY4IIaeT YMCTBEHHYIO W (DU3HYECKYIO
paborocniocobnocTs [22, 23]. Pa3paboTansl NpUHLIMIBI BIASHUS 3TOTO (pakTopa
Ha OpPTaHW3M, COTJIACHO KOTOPBIM HEOOXOIUMO COONIO/ICHHE TPABIIBHOTO COO-
THOILICHUS MMUTATEIIbHBIX BEIIECTB (OEIKOB, KHUPOB, YIJIEBOOB), HabOpa He3a-
MEHHMBIX aMUHOKHCIIOT, BATAMUHOB, MUHEPATIOB 1 MUKPO3JIEMEHTOB B pPalliOHE
NUTaHUS 4esioBeka. Kpome 3TOro, BaKHBIM acleKTOM SIBJISIETCS peau3allys
COOTBETCTBHSI SHEPTeTUYECKOM [IEHHOCTH BCero 00beMa MUTaHUS dHEpreTHyec-
KHM 3aTpaTaM OpraHH3Ma MpHU Pa3lIUYHBIX BUAAX JESTEIBHOCTH C Y4€TOM DHEp-
THH A7 TOAACPKaHUsT (PU3NOTIOTHYECKUX (PYHKIMH.

Paspabotanbl TabnUIBl HEOOXOTUMBIX MOTPEOHOCTEN B SHEPTUU JIJIsl B3POC-
JIOTO TPYJOCTIOCOOHOTO HACEJIEHUS C YUYE€TOM Pa3IHYHbIX BUJOB aKTUBHOCTH U
MHTEHCUBHOCTH TpyAa [24, 25]. B pacdeT CyTOYHBIX 3HEPrOTPaT BKIFOYEHBI
HEperyJupyeMble SHEProTpaThl, CBI3aHHbIE C oOecreueHHeM (PyHKIIMOHHPOBa-
HUS BHYTpeHHEH cdepbl opranu3ma (0OCHOBHOW 0OMeH: paboTa cepala, JTBUKe-
HHE KPOBHU IO coCynaM, paboTa AbIXaTEeNIbHBIX MBI B IIOKOE, MOAACPKaHUE
MOCTOSIHHOW TeMIIEpaTyphl Tea U Ip.) U PEryIupyeMble — TaKHe Kak (YHKIUH
TPYAOBOMU EATENFHOCTH, OT/ABIXa, CIOPTa, paboThI MO AOMY H T.JI.

PesxxuM muTaHMS M AaKTUBHOCTH  SIBJISIETCSI KITFOUEBBIM (DAKTOPOM TaKKe M JIst
MALMEHTOB, OTATOLICHHBIX HAPYIICHUSMU Pa3INYHBIX (DPU3HOJOTMUECKUX CHUCTEM
OpraHu3Ma, B TOM YHCIIC ¥ CHCTEMBI YITICBOJHOTO oOMeHa, HapylieHne (yHKIINO-
HUPOBAHUS KOTOPOI MPHUBOJHUT K TAKOMY TSDKEJIOMY SHIOKPHHHOMY 3a00JIEBAHUIO
Kak auabet. st quabera 2-ro TUIA COTIacOBaHUE MUTaHUS U AKTUBHOCTH SIBIISICT-
cst He (hOHOM TSI MEAMLIMHCKUX MEPOIIPUSTHI, 2 OCHOBHBIM JIEUCOHBIM CPEICTBOM,
0COOCHHO Ha paHHUX CTaAuAX 3a0osieBaHus [26, 27]. B To ke BpeMs, HECMOTps Ha
00JBIIOE KOJIMYECTBO MH(OPMAIIMH, MTPEIOCTABIIEMON MMOIb30BATENIO ISl OAe-
PrKaHUsI 310POBbs, BEIOOpA MUTAHUS M XapaKkTepa akTHBHOCTH, Takas MH(OpMAaIusI
B pAZie CIy4aeB OTIMYAETCS HEOAHO3HAYHOCTHIO U ITPOTHBOPEUNBOCTBIO.

HNudpopmannonHoe odecrieyeHne 1151 MPOrPAMMHOM pean3aliii pacyera
3HepronoTpedHocTel. J[aHHbIE O CYTOYHBIX MOTPEOHOCTSIX B KAJIOPUMHOM SKBUBA-
JICHTE TSI B3pOCJIOrO HACEJICHHUS C YUETOM BO3PACTHBIX 0coOeHHOCTeH [24] anmpo-
KCHMHUPOBAHBI PErPECCHOHHBIMHU YPAaBHEHUSIMH. Pe3ybTarsl anmpoKCUMAIH TIPH-
BezieHsl B Ta0u. 1, rae Q — moTpeOHOCTD B KaJOpHsX 0e3 (PU3MIECKO aKTHBHOCTH
npy a0COMOTHOM NoKoe, W — Bec.

C yderoM npefmosiaraeMoi (pM3UIeCKOl aKTUBHOCTH Pa3HOM MHTCHCUBHOCTH
MOTPEOHOCTH B QHEPTUH PACCUUTHIBATIACH TIO (POpMYTIam:

Q=Q+Q6;Q=Q+Q/3;Q=Q+Q/2;Q=Q+2Q/3;Qs=2Q,
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Taba. 1. @opmyabl AJisl pacyeTa HOPM CYTOYHBIX (PU3HOJTOTHYECKHX MOTPeOHOCTel
B JHEPIrHH

Bospacr MyX4uHBI JKeHmuHbl

18-29 ner Q=16,433W + 610,778 Q=15,0W +477,778

30-39 ser Q=15,533W +572,667 Q=14,533W + 465,78

40-59 ner Q=14,567W + 540,333 Q=14,133W + 449,778
6oubiie 60 sier Q=13,467TW +495, 111 Q=13,367W + 426, 889

/-

BeiBox | Tekcr 2
- PeKoMeHx

.“‘

Texcr n

ObpadoTka
JAHHBIX

Bsoa nanupix:

TekcToBbIe
Ludposbie Pacuerno- -
JIOrHYecKHe

MOTYJIH

HnTepnperauus

)\ > = -
A#0 > A= Q- Quugp
\
A
Ba3za JaHHbIX 10 NPOAYKTAM Hoamporpamma Moanporpamma
Paunon Menio >
THNBI, rPYNNbI, CHIHCKH
Bunon
A<O
Ba3za 1aHHBIX M0 BHIAM

I:': ¢uznyecKoil AKTHBHOCTH

Toxnporpamma BeiBonx
®u3. aKTHBHOCTH

Puc. 4. CrpyKTypHO-QJITOPHTMUYECKAsT CXeMa HH(POPMAIMOHHOA CHCTEMbI «3I0pPOBbE-
DHeprodanaHcy

rae Q;— oueHs Jierkast pu3nveckas akTHBHOCTb, Q, — Jierkas (pu3uueckas akTHB-
HOCTB, Q; — (u3HUecKast aKTHBHOCTh CpelHel TshkecTH, Qg — Tsbkenas ¢uzuuec-
Kasi aKTUBHOCTb, Qs — OYEHb TsiKeNas PU3nuecKasi akTHBHOCTb.

JU1s moAnep KKU MIPUHSTUST PELICHUH TP BBIOOpE PEKOMEHIOBAHHOM Kayo-
PHHHOCTH TWTaHMsI, 0OECTICUMBAIONIECTO MPEIIoiaraéMble SHEProTPaThl, aJeKBaT-
HbIE AKTUBHOCTH, PAIIOHAILHOE HCIIOJb30BAHNE KOMITBIOTEPHBIX TEXHOJOTHUM, B
CTPYKTYPY CHCTEMBI BKIIoueHb!I 0a3bl gaHHbIX (B/]), obecrieunBaromme XpaHeHHe 1
JOCTYITHOCTb BOCTPEeOOBaHHOM HH(OpMAIHH.

st BEIOOpa MUILIEBOTO palMoOHa, aJeKBAaTHOTO IMPEIIoNIaracéMbIM SHEProTpa-
Tam, pa3padoTaHa HHPOpPMAIIMOHHAsI CHCTEeMa «3I0poBbe-JHeprodananc». Ha cxe-
Me (puc. 4.) TaHbI OCHOBHBIE MH(OPMAIMOHHBIE MOTYIIU JUTS IIPOTPAaMMHON pealtu-
3allMM: MOJIYJIM BBOJIA JAHHBIX, 00paOOTKM, MHTEPIIPETalliH, ()OPMUPOBAHHS BEIBO-
JIOB (PEKOMEHIAIIui1); 0a3bl JAHHBIX O KAJIOPHHHOCTH MPOYKTOB MTUTAHUSI, SHEPro-
TpaTax MpH pa3HbIX BHJAaX akTHBHOCTH. [IporpaMmHOe oOecredeHne Uit KOMITbIO-
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TEpHOW peanu3anuu BoInoiaHeHO B cpene Delphi ¢ momnepxkoit B/ Paradox c uc-
Mojib30BaHMeM mporeayp Borland.

OcHoBHOE HH(DOPMAIMOHHOE SIPO TPOrPAMMBI COCTABIISIIOT 0a3bl IAHHBIX T10 BU-
naM (PU3MYECKON aKTHBHOCTH U MPOAYKTaM MUTaHMs. Ta HHPOPMALHS UCTIONb3YeTCs
TS IOJUIEP>KKH TIPHHSITHS PEILCHUH P CHHTe3¢ cOalaHCHPOBaHHOM METHI, a1eKBa-
THOW WHAMBUTYTHHBIM aHTPOIIOMETPHYECKIM XapaKTEPUCTHKAM T0JIb30BaTeNel U NX
SHEProTpaTam, 4To OCOOCHHO BaYKHO JIIS JKENAOIINX BECTH 3/IOPOBBIA 00pa3 )KU3HH,
CJIEIUTB 32 MAaCCOM CBOETO TeJIa U MOIEPKUBATH €€ B PEKOMEHTYEMBbIX Ipeeiax.

Mo0OniabHoe npuiiokeHue «310poBbe-JHeprodananc-M». [ Bo3MOX-
HOCTH 0o0Jjiee IHUPOKOTO MCIOIB30BaHUS HHPOPMAIIMOHHON CUCTEMBI MOJIEPIK-
KU TPUHATHUS PEIICHUH Ny BEIOOpE MUTaHUS, aIeKBATHOTO YHEProTparam, pas-
paboTaHO MOOMIIBHOE NMPUIIOKEHHE «310poBbe-DHeprodananc-M». @parMeHTsl
MOJIb30BATENECKOTO ~ MHTepdeiica MOOMILHOTO MPWIOKEHUS  «310pOBbe-
OHeprobananc-My IpOWLIFOCTPUPOBAHBI Ha PUC. 5.

Ilocne crapra MOOHMIIBHOTO MPHIIOKEHHUS OCYIIECTBILICTCS BEIOOP MOZYJISI KOHK-
pEeTHOro NpuiIoKeHust: «PaHHss AMarHocTUKay WK «Heprodanancy. [lpu akTususa-
n QYHKIMHY «HeprodaaHc» OTKPHIBAETCS BO3MOXKHOCTh BBOJIA aHTPOIIOMETpHYEC-
KX JaHHbIX «Bozpact, «Poct», «Becy, BBIOOp BapHAHTOB aKTUBHOCTU U3 CIHCKA:
«Ouenb nerkas», «Jlerkas», «Cpennelt TsoxecT», «Tsprenas», «OueHb ToKenas» U
BO3MOYKHOCTb YKa3aHHsI KOJIMUECTBA MPEATIONIaraéMbIX MPUEMOB MWLM (pHC. 5, a).

B 3aBricuMOCTH OT BBEJICHHBIX JIAHHBIX, B CJICIYIOIIEM OKHE (pHC. 5, 0) 1aeTcs un-
CJIOBOE 3HAUECHHE JKeJIaeMON MIealTbHOM MAcChl M MHIEKC MAcChl TeNa, Ha OCHOBE KOTO-
PBIX IPUBOJUTCS PEKOMEHIyeMast THAMBUITyalbHAs CYTOUHAs TIOTPEOHOCTH OpraHm3Ma
B SHEPIUM B COCTOSHMM TIOKOSL ¥ TIPY BBIOPAaHHOW akTHBHOCTH. Ha criemyrommem stamne
paboThl TpUIIOKEHKS 1aeTcss MHQOpMAIMs O KaueCTBEHHOM cocTaBe i (Oerku,
YKUPBI, YTIIEBO/IBI) ¢ Pa30MBKOI Ha KOJIMYECTBO IIPHUEMOB.

B mocrnenyrommx 3kpaHHbIX (HOpMax HNPerOCTaBICHbI JAHHBIE O PEKOMEHIYEMOi
0011IeH KaJIOPUIHOCTH TIPOAYKTOB Ha TPUEM IHILIM, KOJIMYECTBE KaIOpHH, OTpeoisie-
MBIX TIPH BBIOOPE KAKIOro OJIo/ia MEeHIO (B 3aBUCUMOCTH OT €ro 00beMa) U BCEero pa-
IMOHA ITUTAaHWM 3a JICHb (prcC. 5, B). Ha mocieiHeM Starie mporu3BOAWTCS OLICHKA PAcCco-
I71aCOBaHMI PEKOMEHIOBAHHBIX MPH MPEATIONaracMod akTUBHOCTH M M3pacXOIOBaH-
HBIX TIOJIE30BaTENIeM SHEProTpar B KAIOPHHHOM dKBUBaIeHTe. MToroBas omeHka Jwc-
OarnaHca BBIBOJIUTCS HA OKpaH (puc. 5, T).

OTo mpuiokKeHue pazpaboTaHo MO olepanuoHHyoo cucreMy Android s
WCTIONB30BAaHMUSI B MOOMJIBHBIX CMapT-yCTPOMCTBAaX M PEaIn30BaHO C MOMOIIBIO
CJICYIOIIETO HHCTPYMEHTAPHs, CPEACTB U S3bIKOB MporpaMMupoBanus: Android
studio — cpena nporpamMm I MOOMJIBHBIX YCTPOHCTB C ONEpaIlMOHHON CHCTe-
Moi Android; Java — 00BEKTHO-OPHEHTHPOBAHHBIN A3BIK IPOTrPAMMHUPOBAHUS;
SQLite- BctpoeHHas pensinuoHHas 6a3a gaHHbIX aTgopmbl Android.

CrpykTypa pa3paOOTaHHOW paHEEe CHUCTEMBI 3KCIPECC-OLEHKH (HU3NYECKOro
37I0pOBbs yesioBeka [20] paciimpeHa 3a c4eT BKIIOUYCHHS MOAYJs (GOPMUPOBAHUS
YIPaBISIONINX BO3ACUCTBHM (TIMIIIEBOTO PAIlMOHA) C YUETOM 3HEpro3aTpaT W pea-
JIM30BaHa B IByX BapHaHTaX — KOMITBIOTEPHOIO ¥ MOOHMJIBHOTO pelieHui (puc. 6.).

OTmeTuMm, 4TO pa3BUTHE MOOMIBHBIX HH()OPMALMOHHBIX TEXHOIOTUH SBIISI-
€TCs aKTyalbHBIM U OTKPBIBAET HOBBIC BOBMOXKHOCTH IS TTOJIICPIKKY TPUHSTHS
pelIeHnit pAAOBBIMH TOJB30BaTeNsIMU. lcmonb3oBaHHe pa3pabOTOK TaKOro
TUIA CHOCOOCTBYET COKPALICHHWIO BPEIHOrO BO3JCHUCTBHUs (DaKTOPOB DHCKA,
NPUBOAALIMX K BO3HMKHOBCHMIO PA3JIMUHBIX 3a00JieBaHMH WM OOOCTPEHUIO
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xpoHnuecknx. Kpome 3Toro, BO3MOKHOCTH B chepe MOOUIHLHOTO 3/IpaBOOXpa-
HEHUS CYIIECTBEHHO CHIDKAIOT PAacXOibl HACENeHHS Ha MEIUIIMHCKHE YCIyTH,
MIpeKe BCEro, 3a CUET CHIDKEHUS MOCEUIaeMOCTH MEIULMHCKUX YUPExACHUH,
MEPCOHATBHBIX KOHCYJIBTAIINI JOKTOPOB U CHEIHAINCTOB-PEaOUINTONIOT OB,

OpgHako, HECMOTpsT HAa  IIUPOKOE  MPHUMEHEHHE  COBPEMEHHBIX
WHPOPMALMOHHBIX TEXHOJOTHH, MPOOJieMa KOHTPOJS COCTOSIHUSI 30POBbSI
0CTaeTCs HEPEIICHHOM U TPpeOyeT NalbHEHIIIEr0 COBEPIIICHCTBOBAHUS.

Mon:

HeHwmHa 2 Bawa waeannHan macca: 72

BospacT: WHOekc Maccel Tena: 22

36 BuiBog: Hopma

Bec (kr): MoTpe6HocTe B aHepran (KKan)
(aBconoTHBRIA Nokoi): 1454

68
MNoTpeGHocTe B 3Heprvun (kkan): 2181

Poct (cm):

172

THN aKTHBHOCTH:
CpegHe TAMaNan -

KONWYecTEO NPUEMOE MALLK:

5

BLIGOD MEHD
Hamep npuesa nuug-

1 -
YTeHWe CHIOA
BhiGop

Bpests (mian):

Cyn 0BOLWHOA o
Konwuectao(rpasm):. 150 Hazeauwne Pacxof kanopui(kkan

Eapa Ha Benocunene B 170,00
+
Yrenne cuan 40,80

Hazeanue 3Heprikkan) Benku(r)
Xnet yipan.. 96,85 345
BwHerper o. 80,16 1.68
CyN OBOWH.. 57,15 1.65
Kanopmw cogepmalmecn & npuese nnwn; 545,00

Boibpanw: 210,80
Ocrarok: 334,20

Pexomen. kanopan Ha npues: 545,00
BoiGpann: 234,16
Ocrarox: 310,64

B) r)

Puc. 5. Dxpannbie (OpMbl MOOMIBHOTO MPUIIOKEHUS «310poBhe-DHEprodananc-M»
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| dPusnuyueckoe 3popoBbe |
BHyTpeHHue Koopaunupytowme WUcnonHuTenbHble
®dusmonornyecue cucCTeMbl cucrtembl hu3nY BO3MOXHOCTH

OueHka cocTosHUA OueHka BO3MOXHOCTEN
Wnpekc Ananua WHpekc
00 0,33 0,66 1,0 conocraeneHue |7|v|7 0,33 0,66 1,0

! l

NMPUHATUE PEWEHUN Bons  XO4Y BbITb 300POBbIM

|

Mopnepxka NPUHATMA peLLeHnin
AHanu3 oueHKNn COoCTOsIHUA

Basbl gaHHbIX: MnTaHne AKTUBHOCTL

O300pOoBUTENbHbIE METOAUKA

|

NMPOrPAMMHAA  PEANU3ALNA

Puc. 6. VHbOpMaLMOHHO-TEXHOJIOTHYECKAsT CXeMa IOAAEPKKH TNPHUHATUSL
pelIeHuii Ipy BIOOpE 0310POBUTEIBHBIX MEPONIPUATHI

BbiBOJIbl

NudpopmanmonHas cucrema eKCIPecc-TUarHOCTHKH (H3HMUYECKOTO 3/I0POBbS,
KOTOpasi BKJIIOYAeT JIBE COCTaBisronne — «BHyTpeHHss chepa» u «VcrnomHu-
TENbHBIC (PH3MYECKUE BOSMOKHOCTHY, TA€T BOZMOXKHOCTB, C Y4ETOM CyOBEKTH-
BHO-00BEKTHBHOTO OI[CHUBAHUS, KOJMUECTBEHHO OI[EHUTh COCTOSIHUE (hu3nyec-
KOTO 3/10pOBBS MOJIB30BATENS AJISI BBIOOpA O3I0POBUTENIBHBIX WIN peadbuinTa-
IIMOHHBIX MeponpusThil. [IpemoxkenHas cucteMa 1mo3BoisieT aBTOMaTH3HPOBATh
U OIIEpaTHBHO HPOBOJIUTH COOp JAHHBIX OOCIICIOBAHUM, aHAJIM3UPOBATH JUHA-
MUKY THArHOCTHPOBAHHBIX COCTOSHUN W MOXET CIYXUTh 3P ()EKTUBHBIM HHCT-
PYMEHTOM JIJIsi CKPUHMHTA 1 MOHUTOPUHTA (PU3UIECKOTO 3I0POBbS HACEICHUSI.

WudopmanmonHas cucreMa NOAICPKKU MPUHATHS PELICHUI TPEIOCTaBIS-
€T MOJB30BATENII0 BO3MOXKHOCTh (DOPMHPOBAHHMS NHIIEBOTO pAalMOHA, YHEPro-
IIEHHOCTh KOTOPOI'0 COOTBETCTBYET YHEProTPaTaM YeIOBEKa C y4eTOM MepCOHa-
JBHOTO PEKUMa aKTUBHOCTH.

Peanmuszanmst pa3paOOTaHHBIX aITOPUTMOB HH(POPMAIIMOHHON CHCTEMBI
«3nopoBbe-DHeprodanancy B MOOMIBHBIX Android-npuiioxkeHnusx K cMapTQoHy
o0ecrieurBaeT MoICPKKY MPUHATHS PEIICHUH T0Ib30BaTeNs MpH BBIOOpe cOa-
JIAHCHUPOBAHHOTO MUTAHMUS, TPEAOCTABIISS BO3MOKHOCTh (POPMHUPOBATH U Olepa-
THUBHO OIICHUBATH B PEXKHME PEabHOTO BPEMEHH IPOrpamMMy cOajaHCHPOBaH-
HOTO MUTAHKS C YYSTOM MHIMBUIYaJIbHBIX YHEProTpar.
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[HOOPMAILIMHA CUCTEMA HIATPUMKHU IPUMHATTS PILLIEHD
JJIS1 KOHTPOJTIO TA KOPEKIIIT ®I3MYHOTO 3/JOPOB'S

Hanano ctpykTypy 320poB's 3 O3ULiH Teopii kepyBanHs. Onucano iHpopMaliiiHy TexXHoIO0-
rifo OI[IHFOBAHHS Ta KOPEKIii (Gi3HuHOro 3A0pOoB'sS JtOAUHU. [ MiATPUMKH MPUHAHATTS Pi-
IICHb I11]1 Yac OIIHIOBAHHS CTaHy 370pOB's Ta BUOOPI MpodiTakTHUHUX 3aX0/1iB ((OpMyBaHHS
nporpaM 30alaHCOBAHOTO XapuyBaHHS, aJeKBaTHOI'O aKTHUBHOCTI 1 JOOOBUM €HEproBUTpa-
TaM) po3po0JIeHo iHpOPMAIiiHY CUCTEMY TATPUMKH MPUNHHSTTS PillleHb, KA MICTUTh KOM-
IUIEKC KOMITIOTEPHUX MPOrpaM «3710poBbe-DHEeprodanancy, mporpaMHe 3a0e3nedeHHs aaar-
TOBAHO IS 3aCTOCYBaHHS Ha MOOIIBHUX MPUCTPOSX («310poBbe-DHeprodananc-My).

Knwwuosi cnosa: ¢hizuune 300pog's, ingopmayitina mexnonois ma cucmema, ob'eKmusHo-
cy6'exmugHe oyinioganHs, npocpamue 3abe3nevents, MoOLIbHI NPUCMpOr.
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INFORMATIONAL DECISION SUPPORT SYSTEM
FOR MONITORING AND CORRECTING SOMATIC HEALTH

Introduction. Somatic health is the most important component of human health. It is the
physical status that has a responsible role in the material and energy provision of the func-
tioning of the physiological systems of the organism and their maintenance within the
boundaries of the homeostatic norm. Emphasis on the motivation and self-control of their
health, on an adequate orientation in the use of modern health-saving technologies is relevant.

The purpose of the article is to create a decision support system for increasing aware-
ness of the health status and improve the efficiency of correcting the state of somatic health
by using modern computer and mobile technologies.

Methods. The paper describes the information technology of quantitative assessment and cor-
rection of a person's physical health, which is based on the information-structural model of a person's
physical health. A software-algorithmic complex for use in personal computers and mobile applica-
tions to support decision-making in the selection of recreational activities has been developed.

Results. The information structure of physical health was developed from the viewpoint of
management theory, taking into account the subjective-objective aspects of evaluation and the multi-
dimensionality of the research object. To support decision making in assessing health status and
selecting preventive measures, a set of computer programs "HEALTH-ENERGY BALANCE " has
been developed. The basis of the complex is the modules "Early Diagnosis" — for assessing the
condition and "Energobalance" — to support decision making when choosing a balanced diet, ade-
quate activity and daily energy costs. Given the current trends in the development of the mHealth
industry, this software is adapted for use in mobile devices.

Conclusion. The developed technology allows, using non-invasive techniques, to quan-
tify the state of physical health. Depending on the position of the evaluation criterion on the
diagnostic scale, the user is given the opportunity to choose the appropriate recreational tech-
niques and minimize the mismatch between the energy value of the food ration and energy
expenditure in selecting the activity mode. Implementation of the developed algorithms in
mobile Android applications to the smartphone increases the effectiveness of supporting
independent decision-making when organizing the life of the user.

Keywords: somatic health, automated information technology, objectively-subjective evalua-
tion, software, mobile applications.
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