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Estimating the influence of human factor on the activity of operators of complex
technical systems is an important problem for condition monitoring, personnel
training and diagnostics. Presented are both an overview and mutual comparisons
of the approaches which are useful to reveal the effect of human factor and have
already shown their performances in practical applications. Under consideration are:
the structural equation modeling, the Bayesian estimations for probabilistic models
represented by Markov random processes, the multivariate statistical techniques
including the discriminant and cluster analysis as well as wavelet transforms.

Keywords: Operators of complex technical systems, human factor, condition monitor-
ing, factor analysis, structural equation modeling, Markov random processes, wavelet
transform, multivariate statistical techniques, principal components analysis, multidi-
mensional scaling, cluster analysis.
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1. INTRODUCTION

Estimating the influence of human factor on the activity of operators of complex techni-
cal systems is an important problem for condition monitoring personnel training and diag-
nostics. Presented are the approaches which are useful to reveal the effect of human factor
and have already shown their performances in practical applications. Under consideration
are both the structural equation modeling presented in Section 2 and the multivariate statis-
tical techniques as well as Bayesian estimations for probabilistic models based on Markov
random processes, which are presented in Section 3. The first approach is intended for
revealing influences of human factor on variances of observed characteristics whereas the
second one recognizes influences of training level and psychophysiological state of opera-
tors of complex technical systems on their activity performance.

As a rule, available parameters measured for condition monitoring do not represent charac-
teristics of a system under study in the mode that is suitable directly for understanding system
status and formulating reliable conclusions sufficient for proper diagnostics. For multivariate
measurements, which condition monitoring usually deals with, it is important to reveal some la-
tent factors responsible for joint variability of observed measurable parameters, determine their
nature and scope of influences, and use the obtained information to identify system condition.

It is desirable to replace the parameters those are easy to measure by the parameters those
are easy to interpret and understand the system behavior, with minimal information losses
being expected during this data mining. Functional relationships between revealed factors and
observed parameters are also to be determined for further analysis. As a result of this study,
a researcher should get the structure of causal connections between revealed factors and ob-
served variables as well as immediate factor values to differentiate system status, if necessary.

To meet all the indicated requirements, empirical mathematical models and corre-
sponding methods of multivariate statistical analysis were developed [3-4, 13, 33, 37].
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The most appropriate in the discussed situation are exploratory and confirmatory fac-
tor models and methods of their analysis. Both approaches are based on the analysis of
sample covariance or correlation matrices of the observed parameters under study. The
exploratory analysis assumes unknown number of uncorrelated factors with a priori unde-
termined interpretation’!, whereas the confirmatory one assumes the factors, their interpre-
tation, causal connections with observed variables and correlation connections between
latent factors to be known beforehand. Confirmatory models also admit a convenient
technique for estimating statistical significance of each their component.

Since substantial hypotheses of the reasons of possible influences on the observed vari-
ables are usually available in practice, the latter approach is preferable.

Nevertheless, condition monitoring usually needs to take into account time dynamics
of observed parameters, with their magnitudes for different time points being formally in-
terpreted as different quantities to be analyzed. To comply with this demand, the simplex
method of the structural equation modelling was developed [16]. However, it has serious
inherent limitations, which frequently make its practical applications questionable, viz.: ca-
pacity of studying factor interaction for adjacent checkpoints only, impossibility of associ-
ating factors with time periods, acceptability for analysis of covariance/correlation matrices
with simplex structure merely, etc. Besides, the traditional structural equation modelling
has its own intrinsic defect. It needs solution of the laborious local multivariate optimiza-
tion problem to estimate the values of free model parameters that brings about impossibility
of the global minimum estimation and ambiguous solution.

To overcome these problems, an approach combining capabilities of both wavelet trans-
forms and trained confirmatory factor structures was developed. Its features and advantag-
es, including the possibility of finding the values of free model parameters by direct (non-
iterative) methods ensuring an unambiguous optimal solution, flexible capacity of studying
factor interaction, applicability for the analysis of arbitrary covariance/correlation matrices
et al., are presented in Section 2.

Presented in Section 3 is the approach for supporting the outcome grading for activities of
operators of complex technical systems. It is based on comparisons of current exercises with
the activity database patterns in the wavelet representation metric associated with observed
parameters as well as on probabilistic assessments of skill class recognition using sample
distribution functions of exercise distances to cluster centers in a scaling space and Bayesian
likelihood estimations with the aid of probabilistic profile of staying in activity parameter
ranges. These techniques have demonstrated the capabilities of recognizing sets of abnormal
exercises in the scaling spaces with the wavelet coefficient metric and detection of param-
eters characterizing operator mistakes to reveal the causes of abnormality. The techniques
presented overcome limitations of existing methods and provide advantages over manual data
analysis since they greatly reduce the combinatorial enumeration of the options considered.

An objective assessment of activity performance is essential for training process of
operators of complex technical systems. One of the critical aspects here is development
of the training evaluation criteria. The objective data based on trainee activity character-

! Pactors are usually interpreted using variables, which they are connected with: to identify a factor

it is necessary to assign it a name generalizing the meanings of relevant variables.
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istics may be an effective indicator for objective judging of the level of training effec-
tiveness and skills obtained after training. So, in demand are computer-aided diagnostics
techniques that can be employed for selection of operator candidates to estimate the level
of building-up of knowledge, ability and skills. These techniques can raise objectivity,
informational content and accuracy of estimations together with standardization and au-
tomation of measurements. Of special importance are development and analysis of new
approaches which are used to estimate level of training and psychophysiological state
of operators. The principal focus area in this regard is diagnostics as a result of work on
contemporary simulators where special conditions are worked out.

By now, a certain amount of results related to selection of abnormal exercise implemen-
tations has been accumulated [2, 7, 8-12, 14, 15, 18, 34-36, 41, 43-44].

Presented are the techniques for skill assessments associated with relevant activity data
obtained with the aid of both experiments and mathematical analysis of their results. As a
result of its application, classes of skills should be determined using activity parameters and
operator actions revealed during exercises.

The presented approach is developed to support assessment process. To evaluate the
data under study an activity record database is required, in which patterns of training data
representing exercise implementations by different operator crews are collected. A pattern
in question is a representation of a certain activity fragment to be analyzed, which is re-
ferred to as an exercise, via the set of parameters describing this exercise. These patterns
are to be related to one of the recognizable skill classes of trainees.

Collected training data should include exercise parameters as well as relevant expert in-
structor’s assessment/supervision comments from different sources including various types
of activity simulators (mobile, motionless, etc.), virtual reality systems and real operator
work. The expert comments in use should reveal weak points of operator performance using
information about typical mistakes in terms of activity parameters and advices to a local
instructor how to correct these weaknesses. Certain attributes related to recognizable class-
es can be stored in the database both for cluster centers of patterns belonging to the classes
under consideration and for each exercise pattern to solve application problems of interest.

General assumption of the approach in use is that the activities implemented in different
styles and quality as well as exercises of different types can be discriminated in the multi-
dimensional space formed by wavelet coefficient representation. This statement is proved
by computer experiments based on the exercises implemented on a simulator. The general
method that results from this conclusion is pattern selection.

After an operator completes a certain test exercise, then, in order to collect a meaningful
data set representing his results accumulated by some time check point, the following quan-
tities are to be calculated with the aid of the given database:

— Distances to cluster centers of patterns belonging to recognizable classes, which are deter-
mined in the metric associated with the wavelet representations of observed parameters,
together with the sample distribution functions of distances to centers of such clusters;

— The nearest pattern in the same metric, following to which the relevant attributes are
ascribed to the operator under assessment.

The fragment of exercise results must be comparable with patterns in the database in terms
of the number of test exercises under consideration and the time of their implementation.

10
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Presented techniques make it possible to carry out quantitative and qualitative assess-
ments of skill class, which are based on three ways, viz.:

o direct comparison of current exercises with the activity database patterns in the wavelet rep-
resentation metric associated with observed parameters (selecting activity database patterns
in the wavelet representation metric), which is considered as a basic technique as well as on

e probabilistic assessment of skill class recognition using both sample distribution functions
of exercise distances to cluster centers in a scaling space (selecting a skill class using ex-
ercise distributions in a scaling space), which is considered as a supportive technique, and

e Bayesian likelihood estimation (selecting a skill class with the aid of probabilistic profile of
staying in activity parameter ranges), which is also considered as a supportive technique.
The techniques presented provide tremendous advantages over manual data analysis

since they greatly reduce the combinatorial enumeration of the options considered.

The proposed techniques differ significantly from the probabilistic methods applied for
system control, predictive diagnostics of technical failures, condition monitoring and oper-

ator activity support [17].

2. STRUCTURAL EQUATION MODELING

Each wavelet coefficient b
is considered as an
observed variable

Figure 1. Principal stages of the analysis

Principal stages of the structural equation modeling are presented in Figure 1. This
technology combines capabilities of wavelet transforms and trained factor structures. Ac-
cording to the proposed approach, the samples of coefficients resulted from discrete wavelet
transform of initial parameter time series under study and responsible for different obser-
vation periods are considered as values of observed variables in the subsequent structural
equation modelling to reveal time history of factor influences and estimates of factor inter-
action. Data representation created with the aid of wavelet transforms makes it possible to
reveal differences in process characteristics for diverse scales. Identification of free factor

11



OLIEHKa BKJIa/Ta YeJIOBEYeCKOT O cpaKTopa B SKCIUIyaTallVIOHHbIE XapaKTePUCTVIKV CJIOXKHBIX...

i Kypabexuir J1.C., IOpveb I.A. 3aamompesxeb B.U., IOpveba H.E., Muxaiiio6 A.1O.
Mopenuposanue n ananm3s gaHHbIx. 2020. Tom 10. No 1.

model parameters (usually factor variances and covariances) is carried out by a new direct
(noniterative) procedure based on the maximum likelihood method, which is an alternative
to traditional local iterative solution of optimization problems.

2.1. Principal Components of the Technology: Wavelet Transforms

Monitoring process representation to be analyzed is created with the aid of wavelet
transforms. These transforms make it possible to reveal differences in process characteris-
tics for diverse scales, with the process features being available for analysis in different time
points of some interval under study. If the dependence under test is a usual one-variable
function, resulting wavelet-spectrum is the function of two arguments, viz.: scale param-
eter characterizes oscillation time cycles whereas shift parameter — time displacements.
Wavelet-spectra are calculated using wavelets, which are special functions in the form of
short waves with both zero integral value and localization along the axis of the independent
variable, which are able to shift along this axis as well as to scaling (stretching/contraction.)

Wavelet-analysis has clear superiority over the traditional spectral analysis since it
yields correct representation in case of transition (non-stationary) processes and keeps more
useful information about the object behavior under study. These and other advantages have
made the approach in question very popular among researchers of different specialties now.
Its discrete variant is used here to represent initial data patterns in the form of points of a
certain metric functional space with a wavelet-basis. This representation is necessary for a
recognition procedure described below.

2.2. Principal Components of the Technology: Alternative Variant of the Structur-
al Equation Modelling
Principal components of the structural equation modelling are presented in Figure 2.

™

L]

\‘
-
Criterion for
I identification

of free
model
parameters

Identification purpose: to find parameters of
the model that explains variability of
observations with acceptable errors

Figure 2. Principal components of the structural equation modelling

12
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Note. In case of several types of observed random processes a mixed covariance matrix
for wavelet coefficients is formed.

2.2.1. Traditional Structural Equation Modelling

Strictly determined factor model of the phenomenon under study is assumed in the tradi-
tional structural equation modelling. A factor model that connects latent and observed vari-
ables is formed using knowledge about the application domain. The hypotheses concerning
the model structure have to be based on the analysis of the investigated factors nature (that
is to say, both theory and observations are taken into account) [37]. It is admissible to for-
mulate quantitative assumptions concerning correlations between latent variables as well
as factor loadings. Free model parameters are calculated to get the best approximation of
correlation (covariance) matrices for observed variables (from the viewpoint of a given
criterion).

Objects of the traditional structural equation modelling are correlation or covariance
matrices for observed variables. Analysis purpose is to find model parameters that explain
variability of observations with acceptable errors.

Structural equation modelling has a following peculiarities:

e Nonzero (free) factorial loadings in the equations of model and number of investigated
factors are defined in advance

e (Correlation between errors of measurements are possible

o Factor loadings and covariances between latent variables can be free model parameters
or be equal to the given constants

e The analysis of several model groups is supposed

o It is possible to check whether the given restrictions meet observation results

o Possibility of checking hypothesises about model properties by selecting optimum val-
ues of free parameters

o Estimations of free parameters are determined by the maximum likelihood method.

Using the maximum likelihood method the following statistic is to be minimized as a
criterion for selection of free parameters:

F=[In|X|-In|S| +t«(SE") —m] (N-1),

where S — sample covariance matrix for observed variables, X — expected covariance
matrix for observed variables, |X| and |S| — determinants of matrices X and S, # (SZ') —
trace of matrix (SX'), IV — size of the sample used to calculate matrix S, m — number of
observed variables [33].

Elements of the expected covariance matrix are analytical expressions consisting of
free model parameters. In case of multivariate normalcy of observed variables values of the
statistic F are distributed as ¥2.

Thus, to estimate the values of free model parameters it is necessary to solve numerical-
ly a sufficiently laborious local multivariate optimization problem by the iteration methods.
In general case, this way results in impossibility of the global minimum estimation, since
one of the possible local minima depending on its initial approximation is usually found.
Consequently, the solution is ambiguous.
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2.2.2. Alternative Variant of the Structural Equation Modelling: General Principles
of the Approach

Since the traditional structural equation modelling expects decision of the laborious local
multivariate optimization problem to estimate the values of free model parameters that re-
sults in impossibility of the global minimum estimation and solution ambiguities. Proposed
alternative variant of the structural equation modelling allows to find the values of free model
parameters by direct (noniterative) methods ensuring an unambiguous optimal solution.

Expressing observed variances and covariances via free factor variances and covari-
ances with the aid of a factor model, in the alternative variant of the structural equation
modelling it is proposed:

e To compose overdetermined sets of equations;

e To solve them by a direct (noniterative) method using a certain form of the maximum
likelihood approach, which is different from the one used in the structural equation
modelling [20];

e To examine for the adequacy of the obtained equation sets to observations with the aid
of statistical goodness-of-fit tests.

To avoid solving nonlinear equation sets as respects correlation coefficients and factor
loadings the variance component’s path model in which path coefficients (factor loadings)
equal to unity is used.

Hereinafter, each observed variance and covariance is associated with an equation that
expresses analytically their expected value via free variances and covariances of latent var-
iables and equates it with the corresponding sample estimation [20]. In particular, tracing
rules of the path diagram? analysis may be used for that. Detour begins against a causal
relationship, then change of a direction on covariance communications, and then movement
along a causal relationship. It is necessary to remember also, that covariance communi-
cation cannot be bypassed twice. As a result the set of the equations is obtained, in which
number of the equations equals to the number of observed variances and covariances. If this
number of equations exceeds the number of free model parameters, the overdetermined set
of equations is the case that is necessary for the further decision. The method under consid-
eration needs also multivariate normalcy of observed variables.

Let us represent the obtained overdetermined set of equations in matrix notation:

Ax=b,

where A — system nHm matrix, which coefficients are determined using the factor model
(path diagram) under consideration; b — column nH/ vector of variance and covariance sam-
ple estimates, which are determined using observation results; x — column mH1 vector of un-
known free model parameters of interest (viz.: variances and covariances for latent variables).

Now, let us consider the vector e=Ax,—b that represents the residual of pseudosolu-
tion x, of the overdetermined system obtained by the least- squares method. Assuming in
the general case that components of the residual vector are correlated let us express their
nonsingular covariance matrix as 62V .

2 In path diagrams, ovals (circles) correspond to latent factors, rectangles correspond to observed

variables, unidirectional arrows correspond to causal relationships, double-headed arrows corre-
spond to covariances, variances or correlations.
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After substitutions vector b and matrix A can be expressed the following way:
b=V*b and A= V*A_,

where V=V*V*. The only symmetric nonnegatively defined matrix V2, which is called
the square root of V, exists for every symmetric nonnegatively defined covariance matrix
V, so that (V2)=V.

Thus, let us turn to the set:

Ax=b,,

for which the covariance matrix of the residual vector €= V¢ looks like ¢’E where E
is identity matrix.

Whether now it is necessary to define is the given pseudosolution a maximal likelihood
estimation. It will occur, if following conditions will be satisfied. First, the system should be
nonsingular, that is rank A=m, where m is the number of free model parameters. Secondly,
a vector are residual e should have multivariate normal distribution.

If these conditions are satisfied, the pseudosolution is a maximum likelihood estimation.
The pseudosolution is calculated by the least squares method using the formula:

X, = (A,JA)'ATb,= (A"V'A)'ATV b,
At that the statistics
X?=(b,-A, x,)"(b,-A, x,)/s*=(b-A x,)"V(b-A x,)/s’

has -distribution with n-m degrees of freedom.

Last statistics makes it possible to check the model validity. Under the assumptions
indicated above, the presented statistics X2 makes it possible to test the hypothesis of rep-
resentability of sample variances and covariances constituting the vector b with the aid of
variances and covariances of latent variables contained in the model under study. Accept-
ance region is X’<f? . where a is criterion significance level.

At realization of the given approach the necessary simplifications shown in features of
the decision are made:

1. Components of the residual vector e are assumed to be uncorrelated;

2. Mean-square deviation values of different components of the vector e are set equal to
the same fixed proportion (percentage) of the corresponding components of the vector b
(the hypothesis of proportionality);

3. The mentioned proportion (percentage) is selected to realize the equality X*<X* - at
the significance level a=0.05, after that the admissibility of this quantity is evaluated. (It
is convenient to evaluate the level of this characteristics having determined its reason-
able critical value, for example 0.1. Thus, a new criterion (critical percentage) appears
instead of the significance level.

Advantages of the suggested technique are:

e The solution of a problem is not reduced to the local multivariate optimization

e The new way of a choice of adequate model where the percent of mistakes is estimated
via the estimation of a residual vector

o Since this method is direct there is no multiplicity of solutions

e No need in search of global minima.
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Taking into account that the direct method of solution allows studying laws of interrela-
tions easily, connections between free parameters of the factor model have been investigat-
ed, namely: numerical estimations of certain parameters for the given combinations of other
ones with the aid of a matrix formula were carried out to reveal the dependencies of interest.

Since no special contingencies are provided for positiveness of calculated variance val-
ues and correct dependencies between connected covariances and variances, these quan-
tities may possess incorrect values for some models. In this case vector x, that meets the
given conditions and is closest to pseudosolution x, in Euclidian metrics is accepted as the
result to be found. To calculate vector x, simple linear optimization problem is solved. The
hypothesis of representability of sample variances and covariances constituting the vector
b with the aid of variances and covariances of latent variables constituting the vector x_ is
verified, as before, by means of statistics

X’=(b-A x )"V'(b-A x )/s’

that has X2-distribution with n-m degrees of freedom.

As in the traditional structural equation modelling, the considered method also allows to
make conclusions on statistical significance of different model components and judge about
the importance of the model components under study using goodness-of-fit tests.

To do this one should compare X? statistics for two models: saturated model containing
the component of interest and simplified model where this component is absent (equals to
zero.) Let’s denote hypothesis that the saturated model coincides with observation results as
H, Significance level of the component of interest is revealed if there is no grounds to discard
hypothesis H . At first one should estimate free parameters of the simplified model. The ob-
tained value for X statistics is compared with similar characteristics for the saturated model.

Since the difference in these statistics is asymptotically distributed as ¢* with the number
of degrees of freedom equal to the difference in degrees of freedom of saturated and sim-
plified models, this difference is used to verify zero hypothesis H_ that the simplified model
coincides with the observation results against alternative hypothesis H,

If H_ hypothesis is not discarded at the given significance level then the component un-
der study is treated as statistically insignificant and the conclusion is made that the available
data do not evidence the influence of the studied model part on the observed characteristic
under consideration. If H hypothesis is discarded (and H hypothesis is accepted), then one
can talk about the influence of the studied component on the given characteristic.

2.3. Alternative Factor Models for the Wavelet-Based Structural Equation Modelling

The ways of constructing new factor models for longitudinal studies instead of tra-
ditional simplex ones relying on the wavelet-based structural equation modelling include
development of path coefficients factor models and variance components factor models as
well as and their modifications. Typical examples of these two model variants are shown in
Figures 3 and 4. Composition of wavelet coefficients to be analyzed in the capacity of ob-
served variables depends on an application problem under consideration and may be varied.
It is usually supposed that the number of time points under study equals to some power of 2.
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Figure 4. Variance components factor model represented by a path diagram

In case of path coefficients factor models, expressions for covariances and variances of
wavelet coefficients W, are non-linear:

Cov(W,W)=ZZ Vgl Uy
ko1

Var(W)= Z Z FaWiiWy; -
k1

where k and / are factor numbers, u,, — path coefficients, r,, — correlations between fac-
tors. These non-linearities make it impossible to get simple direct unambiguous estimations
of free model parameters of interest. As contrasted to this, in case of variance components
factor models, similar expressions are linear:

Cov(W, W)= Z C i
k
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Var(W)=ZVk +ZZCk ,
k k1

where k and [ are factor numbers, V, — variances, C,, and C,,,— covariances between
factors. This fact makes it possible to obtain direct estimations of free model parameters
using the alternative variant of the structural equation modelling described hereinbefore.
Thus, it is the model type that may be used for solution of application problems in reality.
In practical situations, the basic variance components factor model generates a set
of particular modifications representing problem peculiarities that are important for solu-
tion. For example, simultaneous analysis of different model groups can be useful for study-
ing factor influences in case of several variants of observation conditions (see Figure 5).

Ca1N Cb1N CC1N Ca1N Cb1N Cc1N

Model 1 Model N

Figure 5. Studying factor influences in case of several variants of observation conditions:
simultaneous analysis of model groups. C*** are covariances between factors

Typical representation of the wavelet-based structural equation modelling results des-
tined for further interpretation includes:
— Factor variances and covariances estimated as free model parameters;
— Estimated correlations between different factors relevant to the same time points;
— Estimated correlations between the same factors relevant to different time points;
— Statistical significance estimations for different model components.
Corresponding examples can be found in papers [1, 20].

2.4. Model Singularity

If some model derived from an application domain yields system matrix A which rank is
less than the number of free model parameters, pseudosolution x,= (ATV'A)'ATV-'b can-
not be calculated properly because of singularity of system matrix ATV-'A. In this case, one
should reduce the number of free model parameters eliminating certain dependent variables
to transform the given matrix into nonsingular form. Number of eliminated variables equals
to the defect of matrix ATV'A. The following technique can be used to determine redundant
quantities subjected to this operation:
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— Solution of the eigenvalue problem for the matrix ATV-'A, which is symmetric and
nonnegatively definite, to obtain the proper subspace defined by the eigenvectors corre-
sponding to nonzero eigenvalues of the given matrix

— Rotation of the obtained proper subspace basis keeping it within this subspace to attain
maximal correspondence between directions of coordinate axes of the proper subspace
and ones of the initial basis that formally results in transformation of coordinates of the
proper subspace axes into either substantial or negligible values®.

The axes of the initial basis, which are represented in the expressions of all the rotated
basis directions by negligible coordinate values only, can be considered as lines that are ap-
proximately orthogonal with respect to the calculated nonzero proper subspace. Therefore,
these lines approximately determine a subspace corresponding to the zero eigenvalues and,
accordingly, define variables to be eliminated from the model to reproduce nonsingulary
of the matrix in question. Since these quantities cause matrix singularity, they may be con-
sidered as dependent (redundant) ones. Their elimination turns into either expressing these
variables via independent ones or assigning constant values to them and usually results in
the transformed matrix nonsingularity.

If these transformations result in an obviously unacceptable model, one can keep the
initial model representation and calculate an approximation of the pseudosolution using the
Gauss-Seidel iteration method* (as well as other relevant approaches for singular system
matrices).

2.5. Examples of models for practical applications
The approach under consideration was successfully applied to solution of the following
problems:

— Assessing influence of maneuvering loads occurrences and climatic conditions of bas-
ing on aircraft damage accumulation rate [1]

— Estimating the balance of flight proficiency and psychophysiological crew status influ-
ences on the variances of the oculomotor activity characteristics under study [25].
Corresponding factor models represented in the form of path diagrams are shown in

Figures 6-7.

First model is destined for 8-point dynamic series realizations of parameters under study.

In the aforementioned examples, they represented rates of damage accumulation and results

of psychological testing, correspondingly. Only four last wavelet coefficients (of eight)

were used for analysis: this detail was conditioned by the application features. Influences
of national features of pilotage technique (factors R and F) and influences of national en-
vironment exploitation (factors D and A) are under investigation in the first model, where-

as influences of different sorts of original phonological awareness (factors R, P and C)

and their associated distortions conditioned by test imperfection (factors E_, E, and E) are

*  This standard procedure called Quartimax is usually available in the widespread statistical soft-

ware packages.

This method always converges in case of the symmetric nonnegatively definite system matrices
under consideration.

19



OL[EHKa BKJIa/Ta YeJIOBEYeCKOT O anKTOPa B SKCIUTyaTallMMOHHbBIE XapPaKTePUCTVKI CJIOKHBIX...

i Kypabexuir J1.C., IOpveb I'.A. 3aamompexeb B.U., [Opveba H.E., Muxaiiio8 A.1O.
Mopenuposanue n ananm3s gaHHbIx. 2020. Tom 10. No 1.

under investigation in the second model. The analysis that has been carried out revealed
causal and temporal relationships between the latent factors in question as well as statistical
significance of different model components.

Vv Vv

c
W
v R. R¢. R(l' R¢.

v M\th;lrﬁf\(kf'¢l? 5050
\J \J \J \J

\ J
~
Model RA

Figure 6. Model to study influence of maneuvering load occurrences and
climatic conditions of basing on aircraft damage accumulation rate: influences of national
features of pilotage technique are represented by factors R and F, influences of national environ-
ment exploitation — by factors D and A, V, — variances, C,, and C,,,— covariances between factors

The factor model, which is represented in Figure 7, takes into account the effects of
aircraft crew proficiency, its psychophysiological condition and measurement errors on oc-
ulomotor activity. Used as observed variables are jointly the following gaze movement
primary indexes estimated during experiments at the Universal Crew Cockpit Prototyping
Bench (Figure 8) with the aid of an eye tracker (Figure 9) for comparable maneuvers per-
formed by the four pilots under study: duration of gaze fixations, rate of saccades and gaze
entropy. This model takes into account: effects of pilot proficiency (V, V,, N, and V) as
well as combined effects of both pilot psychophysiological condition and measurement
errors (S, S, S, and S,) — on the observed estimates of the given gaze movement primary
indexes, which are calculated for each of the four pilots under study during the time periods
of comparable maneuver implementations (P, P, P,and P ). Free model parameters to be
identified are: factor loadings (n, 5) and correlation coefficients (,, ). Values of the observed
parameters were standardized using mean values and standard deviations. The factors .S,
S, 8, and S, are assumed to be independent of each other.
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Figure 7. Factor model components: effects of pilot proficiency (N,, N, N, and N )
and combined effects of both pilot psychophysiological condition and measurement errors
(S, S, S,andS,) — on the observed estimates of the given gaze movement primary indexes,
which are calculated for each of the four pilots under study during the time periods
of comparable maneuver implementations (P, P,, P, and P ). Free model parameters
to be identified are: factor loadings (n, s) and correlation coefficients (, , )

Figure 8. The Universal Crew Cockpit Prototyping Bench
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Figure 9. Eye tracker to register oculomotor activity

To eliminate statistically insignificant components of the saturated model presented in
Figure 7 and reveal the structure that is optimal from the viewpoint of its matching the ob-
servations, the following models were compared:

— Saturated model;

— Reduced model without correlations between corresponding factors V,and S, (i=1,2,3,4);

— Reduced model without correlations between corresponding factors IV, and S, (i=1,2,3,4)
and corresponding factors N, and N] (ij=1,2,3,4; i#);

— Reduced model without factors N, (i=1,2,3,4).

Reduced model without factors Sl. (i=1,2,3,4) were not under consideration since the
application problem under study implies their obligatory presence.

Results of model fitting are shown in Table 1. For each model the hypothesis on its fit
to observation data was tested, with statistics F being used as a goodness-of-fit measure.

Table 1.
Results of model fitting
Degrees of Model fit. Statistical
Model Statistics F frge dom p-value significance of model
reduction

Saturated model 8.857 5 0.115 | Model fit.
Reduced model without Model fit. Difference in
correlations between F-statistic between the
corresponding factors N, 8.857 6 0.182 | saturated model and
and S, (i=1,2,3,4) - reduced model is not
ogtim'al model statistically significant
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Model fit. Statistical

D f
Model Statistics F egrees o p-value significance of model
freedom .
reduction

Reduced model without No model fit. Difference
correlations between in F-statistic between
corresponding factors 17.390 3 0.026 the optimal model and
N and S, (i=1,2,3,4) and ’ this reduced model is
corresponding factors N, statistically significant

and N, (1,j=1,2,3,4; i))

No model fit. Difference
in F-statistic between
17.390 9 0.043 the optimal model and
this reduced model is
statistically significant

Reduced model without
factors N, (i=1,2,3,4)

Table 1 shows that both the saturated model and the reduced model without correlations
between corresponding factors N, and S,- (i=1,2,3,4) fit observation data (p>0.05). At the same
time, the hypothesis on model fit should be rejected for the reduced model without correla-
tions between corresponding factors N, and S, (i=1,2,3,4) and corresponding factors /V, and
Ni (ij=1,2,3,4, i#j) as well as for the reduced model without factors N, (i=1,2,3,4) (p<0.05).

Difference in F-statistic for the saturated and reduced models is asymptotically distrib-
uted as X?, with number of degrees of freedom being equal to the difference in their numbers
of degrees of freedom. Thus, the reduced model without correlations between correspond-
ing factors V, and S, (i=1,2,3,4) should be recognized as optimal one since there are no
significant changes in the given statistic.

In case of the models for which the hypothesis on fit is rejected, the corresponding
differences in F-statistic are statistically significant. Therefore, the indicated changes in
factors and correlations degrade the model fit.

Since correlations between corresponding factors N, and Si (i=1,2,3,4) equal zero, the
variances of observed variables consist of two components () representing, respectively,
the factor of pilot proficiency and the combined factor of both pilot psychophysiological
condition and measurement errors. The n and s values identified for the optimal model
allow to conclude that the variance representing variability of the observed parameters is
conditioned by 38% influence of pilot proficiency and 62% combined influence of both
psychophysiological condition of pilots and measurement errors. This fact suggests the
comparable influences of the factors under study on the analyzed characteristics.
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3. THE EMPIRICAL APPROACH BASED ON
WAVELET TRANSFORMS AND MULTIVARIATE
STATISTICAL TECHNIQUES

Algorithmic aspects of this approach are represented by the following steps. It is as-
sumed that the operator’s activity is represented by a set of time series describing the dy-
namics of technical system parameters as well as operator’s state, if possible.

Step 1. Preliminary processing: selection of time intervals for exercise comparison
and data normalization. Selected are time series subsets corresponding to common time
intervals, which are suitable for comparison of the same type exercises to be analyzed.
Prior to the following computations, time series representing the history of performance
of exercise completion are brought to a single scale, where the maximum is one and the
minimum is zero.

Step 2. Elimination of redundant information. Where the data are broken down by
sub exercises or represented by several measured parameters, the redundant information
contained in the given time series is removed using the Principal Components Analysis
[40, 45]. To do so, matrices of mutual correlations of time series values are computed, the
algebraic problem of eigenvalues is solved and it is figured out to what extent it is possible
to decrease the dimension of eigen subspace of the researched parameters so that this would
contain a sufficiently representative (in practice, from 70% or higher) part of variability of
the observed parameters. For each of the selected eigendirections of this subspace (princi-
pal components), for one of the highest component loads a representative is elected from
sub exercises or registered parameters (transition to the basis of principal components is
impractical due to uncertain substantial interpretation of principal components and, in a
number of applied tasks, due to no precise synchronization of researched processes for
different exercises in time). The purpose of this stage is to leave only relatively independent
characteristics replacing groups of significantly dependent representatives with only one
characteristic parameter to avoid distortions stipulating to combined effect of strongly de-
pendent characteristics in the subsequent phases.

Step 3. Transition to integral characteristics for time intervals by means of dis-
crete wavelet transform. Time series representing the training processes under study
are replaced with series of wavelet coefficients obtained as a result of the Multiresolution
Analysis [39]. In this case, the original processes as functions of time are replaced with
the integral characteristics of the time intervals, which are associated with these functions
domain. In addition, significant saving (for about an order of magnitude) in the number of
coefficients necessary for a correct representation of these process becomes available. Due
to the rules for assigning wavelet coefficients to time series fragments, which are in use in
multiresolution analysis, problems associated with the need to precisely synchronize pro-
cesses relating to various same-type training exercises in time have been cancelled since
the most significant coefficients relating to relatively long time intervals are almost insensi-
tive to moderate time shifts. Length of the wavelet representations used during subsequent
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analysis stages can be significantly (approximately an order of magnitude) smaller than the
length of the corresponding original time series, with no loss in the estimations accuracy.

Step 4. Computing mutual distance matrices. For each researched sub exercise or pa-
rameter one needs to compute the matrix of mutual distances between wavelet representa-
tions of source processes for different operator exercises, which are obtained in stage 3.
Dimensions of such matrices are equal to the volume of the sample of analyzed exercises.
Such matrices of mutual distances for all considered sub exercises are added forming the
total matrix of mutual distances between the exercises under study.

Step 5. Multidimensional scaling to analyze the mutual allocation of operator ex-
ercises within a space with acceptable dimensions. The computed allocation of exercises
under study in the resulting space of the Multidimensional Scaling [5, 42] is further used
to define distances between the exercises to make diagnostic decisions. The dimensions of
the scaling space are defined based on the condition of sufficient differentiation of exercise
samples relating to different recognizable classes.

Step 6. Cluster analysis of patters in the obtained scaling space to reveal clusters
representing various types of exercises and operator skill classes. Steps 5 and 6 are neces-
sary to reasonably select clusters of abnormal exercises.

Step 7. Using the identification procedure, creation of probabilistic models rep-
resented by Markov random processes with discrete states and continuous time [6, 19,
21-27, 38] for each pattern cluster to represent probabilistic dynamics for each operator skill
class to forecast probabilistic class behavior in two ways: by distribution of probabilities
of being in model states and dynamics of mathematical expectations for each independent
parameter determined in Step 2 (parameters are considered approximately as independent
ones since they are calculated with the aid of the Principal Component Analysis).

Step 8. Computing distances to pattern cluster centers or to the pattern nearest to
the operator based on results of completion of a sequence of test exercises. Where the
volume of pattern samples is fairly large, distances are defined to centers of cluster patterns.
These are computed based on multidimensional scaling data obtained at Step 5. Where pat-
tern samples are small, the nearest pattern is defined, which definition may be done in two
ways: either immediately through the computing of the pattern being nearest in the Euclidi-
an metric of wavelet representation or through the identifying of the pattern in the resulting
space of multidimensional scaling, such pattern being nearest in the Euclidian metric.

Step 9. Probabilistic assessments of operator skill class recognition using sample
distribution functions of distances to cluster centers. Probabilistic assessments of rec-
ognition are defined using sample distribution functions of Euclidean distances to cluster
centers of patterns belonging to the relevant recognizable operator skill class i € {0, ..., z}
in a multidimensional scaling space. Computed values of , where is the Euclidean distance
of ™ cluster in the space of multidimensional scaling, are interpreted as probabilistic assess-
ments of belonging to the given classes. Their distribution among classes characterizes the
reliability of the obtained classification. In fact, the given approach implements the idea of
the linear discriminant analysis in an generalized form. But unlike the latter there are no
restrictions on observed data distributions.
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Step 10. Probabilistic assessments of operator skill class attribution using Bayes-
ian likelihood estimations. These estimations are calculated basing on identified prob-
abilistic models.

Step 11. Forecasting behavior of the parameters selected at Step 2 for the operator skill
class cluster recognized at Steps 9 and 10 with the aid of probabilistic models created at Step
7 by both distribution of probabilities of being in model states and dynamics of mathematical
expectations for each independent parameter to estimate probability of hitting into dangerous
situations associated with the certain intervals of the parameters under consideration.

The techniques, which implementation results are presented below, have been devel-
oped by the authors of this paper and presented in works [29-32]. The Intelligent System
for Flight Analysis (ISFA) implementing the developed approache with the aid of the Lab-
VIEW graphical programming environment provided the required calculations. ISFA has
been officially registered at the Russian Patent Agency (“ROSPATENT”) [28].

Partial comparisons to estimate parameter’s contributions to the mutual distances are
available in case of small exercise sample sizes. In case of greater sample sizes, plural com-
parisons to get Bayesian likelihood estimations for operator skill clusters attribution, which
contain parameter’s contributions, are available.

The actions, which an expert is responsible for, are:

— Assessment to select clusters of abnormal exercises;
— Analysis of parameter’s balance to select relevant parameters to be under study;
— Identification and interpretation of abnormalities and mistakes.

4. PRINCIPAL RESULTS AND CONCLUSIONS

1. The wavelet-based structural equation modelling, which combines capabilities of wave-
let transforms and trained factor structures, can be used to reveal the influence of human
factor on the activity of operators of complex technical systems. According to the pro-
posed approach, the samples of coefficients resulted from discrete wavelet transform of
initial parameter time series under study and responsible for different observation peri-
ods are considered as values of observed variables in the subsequent structural equation
modelling to reveal time history of factor influences and estimates of factor interaction.

2. Identification of free factor model parameters (usually factor variances and covariances)
can be carried out by a direct (noniterative) procedure based on the maximum likeli-
hood method that is an alternative to traditional ambiguous local iterative solutions of
multivariate optimization problems, which depend on the initial approximations. Main
features of this procedure are:

— Composing overdetermined sets of equations as respects free factor model parame-
ters and their following solution by the maximum likelihood method;

— Using variance components path model;

— Using new criterion instead of traditional significance level for testing model repre-
sentability of observation results, viz.: the critical percentage of mean-square devia-
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tion values of residual vector components for the corresponding observed variances
and covariances;

— Possibility of significance tests for model components using statistical goodness-of-
fit measures.

3. With the operator’s activity being represented by a set of time series describing the
dynamics of technical system parameters as well as operator’s state, if possible, the
empirical approach which is based on wavelet transforms and multivariate statistical
techniques, makes it possible to:

— Support the outcome grading for current exercises by means of comparing their param-
eters with the exercise patterns collected beforehand in the activity record database;

— Carry out quantitative and qualitative assessments of operator skill class, which are
based on comparisons of current exercises with the activity database patterns in the
wavelet representation metric associated with observed parameters (basic technique)
as well as on probabilistic assessments of skill class recognition using sample dis-
tribution functions of exercise distances to cluster centers in a scaling space (sup-
portive technique) and Bayesian likelihood estimations with the aid of probabilistic
profile of staying in activity parameter ranges (also supportive technique).

4. The multidimensional scaling and cluster analysis of patters in an obtained scaling space
can be used to reasonably select abnormal exercises. The techniques in use provide both
discrimination in a scaling space between the trial types and correct skill assessments.

5. The techniques in use provide possibility for creating certain classification rules to sep-
arate different scale levels of trial quality assessment in a scaling space. Wherein cluster
differences for an exercise type can be explained by the exercise implementation result-
ed from individual skills.

6. The pattern selection technique in use makes it possible to ensure assessments of ac-
ceptable correctness.

7. Both the technique for probabilistic recognition of skill classes via Bayesian likelihood
estimations (when a skill class is selected with the aid of probabilistic profile of staying
in flight parameter ranges) and the technique of calculating parameter’s contributions to
the mutual distances in the wavelet coefficient metric in pairwise exercises comparison,
have demonstrated the capabilities of:

— Recognizing sets of abnormal exercises in the scaling spaces with the wavelet coef-
ficient metric,

— Detection of parameters characterizing operator mistakes to reveal the causes of
abnormality.

8. The given empirical approach can be applied even if the exercise sample sizes are small
since both the pattern selection and calculation of the parameter’s contributions to the
mutual distances in the wavelet coefficient metric in pairwise exercises comparison are
available in this case.

9. The factor analysis shows comparable influences of the factor of pilot proficiency and
the combined factor of both pilot psychophysiological condition and measurement er-
rors on the analyzed primary indexes of oculomotor activity.
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OueHka BIUSHHMSA —4elIoBe4eckoro (akropa Ha JEATENbHOCTh  ONEpaToOpoOB
CIIOJKHBIX TEXHHYECKHX CHCTEM SBISCTCS BAKHOW 3aJauyeil 118 MOHHUTOPUHIA
COCTOSIHHS, IOATOTOBKM ¥ JWArHOCTHKM IiepcoHana. IlpencraBieHsl 0030p n
B3aMMHbBIC CPABHEHHUS IIOJXO/O0B, KOTOPBIC HCIIOJB3YIOTCS IS OLIEHKH BIUSHHS
YEJIOBEYECKOro (hakropa M yxke IMoKaszaau CBOK 3()(PEKTHBHOCTh B MPAKTHYCCKOM
npuMeHeHHH. PaccmarpuBaroTcsa: MOAEIMPOBAaHME CTPYKTYPHBIMU YpPaBHEHUSMU
(xoH(pUpPMATOPHBII (aKTOPHBIN aHanmn3), OaileCOBCKHE OLEHKH BEPOSTHOCTHBIX
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CTATUCTMYECKUE METO/IbI, BKIOYAIONINE JUCKPUMHHAHTHBIN U KJIACTEPHBIA aHAIH3,
a TaroKe BeHBIIeT-mpeoOpa3oBaHusI.
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The lack of valid and standardized instruments, directed on an assessment of the
language domain in adolescents and adults in Russia postulates the urgent necessity
of their development. To fill this gap, the language battery, ARFA-RUS, was
created and applied in a large project investigating the long-term consequences of
raring in institutional care settings on human development. In the current study,
an Item Response Theory (IRT) approach was used to examine the psychometric
properties of the Synonyms Subtest of ARFA-RUS as the first step of validation of
the battery. IRT results demonstrated the test is reliable for the low-to-moderate
levels of the assessed ability; yet, to capture a wider ability range, more difficult
items are needed. The ARFA-RUS Synonyms Subtest was less suitable for the post-
institutionalized group of adults; in this group, the latent ability estimate explained
a lower percentage of variance in comparison to adults raised in biological families.
With regard to item-specific analyses, two items demonstrated paradoxical patterns
with decreased probability of correct response at increased ability. In addition, one
item was eliminated from the final version of the Synonyms Subtest due to its poor
item fit and low discrimination value.
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1. INTRODUCTION

1.1 Language SKkills in Institutionalized Individuals

Language is a fundamental human ability, and it is a fundamental component of many dif-
ferent skills and processes (i.e., memory, executive functions, learning). Like other complex
skills, language development is influenced by a variety of genetic and environmental factors
and their interactions. One of the key risk and protective factors of language development is
linguistic input, defined as an obligatory (i.e. experience-expectant) element of the environ-
ment for every individual, as well as access to a caregiver, proper nutrition, and cognitive and
sensory stimulation [23, 70]. However, not everyone receives a sufficient amount of linguistic
input. Namely, an individual’s linguistic input can be placed on a continuum that ranges from
a lack of exposure in an environment to a rich and stimulating environmental experience.
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The consequences of the absence of linguistic input were investigated in studies of ex-
treme language deprivation, such as children who were sensorily deprived due to inborn
deafness [42] or full social isolation [19]. More subtle, but, correspondingly, more wide-
spread, are cases of children who have not had caregivers to provide them with the neces-
sary linguistic input. Orphaned, abandoned, maltreated and underprivileged children are
usually deprived of a rich linguistic environment while being reared in state institutions or
being raised in families with low-quality caregiving [70].

Longitudinal and cross-sectional studies have repeatedly examined the relationship be-
tween institutionalization and language deficits [7, 20, 21, 58]. Particularly, the following
language domains have been reported to be at risk: expressive language skills by the age
of 42 months [71]; expressive and receptive vocabulary, and narrative skills by 4-5 years
of age [3]; sentence repetition, nonword repetition, and word identification by the age of
8 years [72]; performance on the Comprehensive Assessment of Spoken Language and
Clinical Evaluation of Language Fundamentals (Fourth Edition) by age of 8-11 years [38];
sentence comprehension by 8 years of age [14]; and vocabulary skills by the age of 11
years [45]. Studies of institutionalization and their results are very heterogeneous due to
variability in the age of placement and the time spent in institutions, quality of institutional
settings, following remediation or adoption, transition to different language environments,
and so forth. However, despite sample and assessment differences, language abilities of
institutionalized individuals are expected to be lower than the population mean in a wide
range of domains, including the core language functions described above.

1.2 Vocabulary Skills

Vocabulary (includingvocabularyskills, vocabularyknowledge,andlexicon),broadly de-
fined,istheunderstandingofwordsandtheirmeanings. Vocabularyindexesthebroaderability—
lexical skills and processing, which refer to what one knows about a word, its usage, its
components — and the word’s phonological, orthographic, and physical forms — and their
link to its mental representation [48]. One of the most commonly used classifications of
vocabulary skills belongs to Kate Nation [22], who distinguishes receptive vocabulary as
comprehending a word in listening and reading, and productive vocabulary as producing
a word in speaking and writing.

Vocabulary skills are essential for all core language abilities. Studies have repeatedly
shown the association between size and quality of early vocabulary and later development
of listening, writing, reading, and speaking skills [5, 27]. This relationship is persistent in
adulthood. Andringa and colleagues [1] showed the intuitively comprehensive connection of
better vocabulary knowledge with increasing listening comprehension. Moreover, it has been
shown that participants’ lexicon size impacts accurate language perception, specifically in the
recognition of orally presented words [32], words in lexical decision tasks [73], and speech
recognition in adverse conditions [6]. The involvement of vocabulary skills in language pro-
duction is well investigated, namely in speeded pronunciation, picture naming, and verbal
fluency tasks [57, 59, 64, 73]. Similarly, knowledge of word meanings mediated by listening
comprehension affects text comprehension in children, adolescence, and adults [51] and vice
versa, since a sufficient part of vocabulary learning is done through reading [13, 28].
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Being a crucial component of general language abilities, vocabulary skills are a strong
indicator of an individual’s achievements, especially in education (e.g., [46, 49, 60]).
Correspondingly, vocabulary deficits put academic, vocational, and mental health out-
comes at risk at various stages of life [2]. Unfortunately, the discrepancies in vocabulary
abilities between individuals emerge primarily in childhood and are highly dependent
on family and socio-economic background [8, 18]. The research of Hart and Risley [25]
demonstrated that by the age of three the amount of words heard by children in high-in-
come families is double that of disadvantaged children. These differences in the quantity
of input influence the richness of children’s vocabulary, and hence, their later school
success [26]. We expect similar effects on individuals raised in institutional care in Rus-
sia. First, because the lack of linguistic input has been documented in Russian institu-
tions [47, 63]; and second, because the lexical deficiencies of institutionalized children
have been identified worldwide (e.g. [3, 38, 45]). However, the later-life trajectories of
language development in institutionalized individuals are largely unknown in Russia.
A simple explanation could be that there is a lack of diagnostic assessments of vocabulary
and other language-related skills for adults. Such an instrument is especially important
for proper diagnosis and the remediation of individuals’ language skills.

1.3 Measures Used to Assess Vocabulary

There are several measurement approaches, that examine vocabulary skills. According
to McGregor and colleagues [44], there are two directions, namely “breadth and depth”, by
which one can arrange lexical skills. Vocabulary breadth mainly refers to how many words
a person can produce or identify. On the other hand, vocabulary depth requires using words
in the whole language structure.

There are multiple standardized tests for adolescents and adults that assess both vocabu-
lary breadth and depth skills in English. To assess vocabulary breadth, one can use word-pic-
ture matching tasks (for example, the Peabody picture vocabulary test-fifth edition [16])
or picture naming approaches (like the Expressive vocabulary test-third edition [69]). On
the other hand, to investigate depth of word comprehension, word definition tests can be
used (i.e., vocabulary Subtests of the Wechsler intelligence scale for children (WISC)-fifth
edition [66] or the Wechsler adult intelligence scale (WAIS)-fourth edition [65]). However,
in Russia, there is a lack of standardized psychometric tests that evaluate lexical skills in
adolescent and adult populations. Russian versions of the WAIS, including its verbal Sub-
tests, were not standardized based on Russian norms and are outdated. The Russian Passive
Vocabulary and Active Vocabulary Subtests [75] are designed for 3-9-year-old children
and thus are not applicable to adults. While the Russian Aphasia Test (RAT) [31] that is
currently in the process of standardization and normalization includes Subtests that assess
word production and comprehension skills, it was made for a population with language
impairments and fails, and therefore may not address the general population in the best way.

In the middle of the vocabulary test continuum, located along the “depth” and
“breadth” axis, there are synonym and verbal analogy tests. In such tests, one does not
need to define the word but has to understand the meaning of the word and other linguis-
tic characteristics (for example, morphological). In verbal analogy tests there are usually
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three stimulus words: two of them illustrate a logical relationship rule, and for the third,
the participant finds a word to complete the analogy, based on the rule between the words
in the example. In tests of synonyms, the participant needs to produce or to choose a word
with the same meaning as the stimulus word.

There are multiple psychometric batteries, tests of school performance, and aptitude
tests that include analogy and synonyms subtests in English. Some of the common current
English verbal analogy and synonym tests for adolescents and adults are listed in Table 1.
These tests are commonly used to asses both children and adults because the execution time
is short, and they simultaneously assess two verbal cognitive abilities, namely, vocabulary
skills and reasoning.

Disappointingly, to the best of our best knowledge, Russian clinical language assess-
ments do not include verbal analogy or synonym tests. Existing tests that include such tasks
assess academic progress (e.g., Edinyy Gosudarstvennyy Ekzamen [Unified State Exam])
and are not designed for the assessment of individual differences. The lack of Russian
standardized diagnostic instruments for assessing the language domain in adolescents and
adults make it extremely important to develop a valid and reliable language and speech
assessment tools, capable of differentiating problems in different language subdomains.

1.4 ARFA-RUS Synonyms Subtest

To fill the gap in Russian psychodiagnostic tools of language assessment in adults and
adolescents, the ARFA-RUS Synonyms Subtest was developed. This subtest is part of a
large ARFA-RUS battery developed in the Laboratory of the Translational Sciences of Hu-
man Development of Saint-Petersburg State University. ARFA-RUS was applied in a large
research project studying the bio-behavioral features of the development (with a focus on
the language domain) of adult orphanages raised in institutional-care settings. Some data
on ARFA-RUS Synonyms Subtest performance as a part of this large research project have
already been reported[35]".

The ARFA-RUS Synonyms Subtest resembles other synonyms tests with respect to its
structure. The aim of this task is to recognize and distinguish all synonymous words from
words that are not synonyms. Also, the ARFA-RUS Synonyms Subtest partially resembles
verbal analogy tests because it contains an example of synonymous words that provide a
model of a correct response. The items on the ARFA-RUS Synonyms Subtest are formu-
lated as yes-no questions, which differentiates this Subtest from listed (Table 1) English
synonyms and verbal analogy tests that contain either open or multiple-choice format tasks.

1.5 Item Response Theory (IRT) approach

In modern test theory, item response theory (IRT) is the dominant psychometric para-
digm for scale development, analysis, and scoring. IRT assesses the extent to which items
evaluate individual differences on some specified construct. Estimates of IRT model pa-
rameters provide information about the discriminating power of an item separately from its

1

In the publication by Kornilov et al. [35], the original name of the ARFA-RUS Synonyms Subtest,
that is, “Analogies”, was used. We decided to change the name of the subtest to Synonyms because
the new name better reflects the task and structure of the test.
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difficulty or severity [61]. Traditionally, IRT models are named according to the number
of parameters that are used to model the characteristics of an item. If a single characteristic
of the item is modeled (e.g., item difficulty), the IRT model is called a 1-parameter model
(1PL). If two characteristics of the item are modeled (e.g., item difficulty and item discrim-
ination), the IRT model is called a 2-parameter model (2PL). When three characteristics of
the item are modeled (e.g., item difficulty, item discrimination, and item pseudo-guessing,
which is common for a multiple-choice item test), the IRT model is called a 3-parameter
model (3PL). In general, IRT provides information about measurement precision across
the range of a latent trait at both the item and test level rather than providing only a single
reliability estimate for all participants. In the case of the current study, the latent trait under
investigation is the ability to distinguish similar from discrepant word pairs. Table 2 sum-
marizes the terminology used in this article in connection with IRT.

The advantages of IRT can be clarified by comparing this approach with Classical Test
Theory (CTT). By CTT we are referring to traditional psychometric methods (such as factor
analysis and Cronbach’s a) based on the idea that a person’s observed or obtained score on
a test is the sum of his/her true score (error-free score) and error score. CTT concentrates
on the entire test, rather than on the responses to items. While CTT methods are easy to
compute and interpret, they have some principal limitations, including the (1) assumption
of a linear association between the measured latent trait and obtained scores, which rarely
corresponds to empirical reality in the case of psychological constructs; and (2) dependency
of reliability parameters from sample characteristics and sample size. In contrast to CTT,
IRT requires significantly more time and computational resources, large sample sizes for
analysis, and the need for stronger assumptions. However, the following benefits of using
IRT outweigh its complexity: (1) assumes a nonlinear relationship between the latent trait
and test scores, accounting for the random nature of these responses and use of probabilistic
models to explain their distribution; (2) provides trait scores at the item level; (3) provides
the reliability of each item at different levels of the latent trait, controlling for the charac-
teristics of the items in the scale (e.g., difficulty, discrimination, etc.), that can be especially
useful in the identification of items that may contribute little or make distortions to meas-
urement precision; (4) allows for the presence of separate parameters for the effects of the
subjects’ abilities, skills, or attitudes and the properties of the item; (5) permits independent
examination of psychometric properties from sample characteristics [17, 37, 50, 54].

Within the IRT approach, a common practice is to investigate the potential bias of
the test and/or items for various subgroups using the differential item and test functions
(DIF and DTF, respectively). DIF/DTF occurs when an item/test measures a latent
construct differently for one subgroup of a population than it does for another [36, 40].
DIF might be a threat to test validity for one or several subgroups. However, it is not
necessarily that the item or test is unfair, because DIF indicates the presence of a latent
trait, which might or might not be meaningfully or intentionally related to the targeted
construct [41]. In the current study, we will examine the potential bias of test items for
two groups of individuals, namely, adults with and without a history of institutional-
ization. The investigation of the test bias is essential because the Synonyms Subtest
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of ARFA-RUS will largely be used for incarcerated adults in future studies, thus the
reliability of the items for this subgroup is of the utmost importance.

1.6 Aims

The first aim of the study is to evaluate the psychometric properties of the Synonyms
Subtest of the new language battery ARFA-RUS using item response theory (IRT). The
second aim is to investigate the potential test and items bias for two groups: individuals who
experienced institutional care (IC) and individuals raised in biological family care (BFC).
We expect the test to work equally fairly for both groups when we control for the overall
differences in the measured ability. Although our main objective is to examine the psy-
chometric properties of the ARFA-RUS Synonyms Subtest, we also demonstrate practical
application of IRT models for other areas of cognitive and personality assessments. For this,
the decision-making process and analysis are transparently described.

2. METHOD

2.1 Participants

The initial sample for the 1PL and 2PL models included 655 native Russian-speaking
individuals who took part in a larger study of the long-term effects of institutionalization
(supported by the Government of the Russian Federation). For the group analysis, 5 partici-
pants were excluded due to missing information about group, sex, age or other demographic
characteristics. The final sample for group analysis consisted of 650 participants (366 fe-
males, 284 males) ranging from 15 to 38 years old (Mdn = 19, M =20.38, SD =4.703). Of
these, 342 had experienced institutional care (IC) and 308 were raised in biological family
care (BFC). The inclusion criteria for the IC group were: age ranging from 16 to 35 years
old, being native Russian language speakers, and having experienced living in an orphanage
or related institution. Exclusion criteria were the presence of: cerebral palsy, epilepsy, brain
diseases, genetic abnormalities, systemic autoimmune diseases (e.g. hypothyroidism, sys-
temic lupus erythematosus); metabolic disorders (e.g. metabolic syndrome, hypertension,
fibromyalgia), serious brain injuries (e.g., brain surgery; trauma with loss of consciousness)
or any traumatic brain injuries in the last 6 months. The BFC group was matched by sex,
age, socioeconomic status and educational level. Participants for the IC group were recruit-
ed through a number of vocational schools and organizations that support adolescents and
young adults left without biological parental care and raised in institutional settings (baby
homes and orphanages), located in two large cities in the Russian Federation. Participants
for the BFC group were recruited via colleges and social networks.

2.2 Assessment

The ARFA-RUS Synonym Subtest was presented as part of the ARFA-RUS battery.
The Synonyms Subtest assesses vocabulary knowledge and the ability to understand syn-
onymy relationships between associated words using a yes-no format. The Subtest includes
25 items. The participant is asked if two presented words have the same meaning or not,
and are asked to label them as “Similar” or “Different”. An example of a pair of words that
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have similar meanings is also provided (cmenbrii-Oeccrpamnbiii [smely'j-besstrashny'j],
eng. brave-fearless). The two words in each item always represent the same part of speech
(noun or adjective) and may or may not have any relationship to each other. Relation-
ships may belong to such semantic classes as synonyms (aHTPOITOT¢HHBII-YETOBEUCCKHIA
[antropogenny'j-chelovecheskij], eng. anthropogenic-human), antonyms (kOMU3M-Tparuszm
[komizm-tragizm], eng. comic-tragedy), or affiliation to the same category (Mepuaman-
skBarop [meridian-¢ kvator], eng. meridian-equator).

Participants were assessed individually; the Synonym Subtest was always the second
subtest of the administered battery. It was completed on paper forms by participants, with
no time limit. Instruction was provided both in writing (on the paper forms) and auditorially.

2.3 Analytical procedure

All analyses were conducted in the R programming environment [52]. The analytical
plan was as follows: 1) describe the test and item characteristics across and within the two
study groups; 2) investigate the dimensionality of the test; 3) compare the 1PL and 2PL
models regarding their fit to the data; 4) perform IRT group analysis for the BFC and IC
groups; and 5) examine the differential item functioning for these groups.

The latent dimensionality of the test was examined with exploratory factor analysis. The
appropriateness of the factor analysis for the data matrix was verified by the Kaiser—Mey-
er—Olkin measure, with a sampling adequacy of .86.

To perform the IRT analyses, we used the /tm [56] and mirt [11] packages. The fit of
the models was based on the marginal maximum likelihood / EM (expectation-maximi-
zation) algorithm (e.g., [9]). Marginal maximum likelihood is one of the basic estimation
techniques in IRT, along with maximum likelihood, conditional maximum likelihood, and
the Markov chain Monte Carlo method. The key characteristic of marginal maximum like-
lihood is the assumption that the participants are randomly sampled from a larger distribu-
tion. The estimation is conducted by maximizing the observed data loglikelihood, which
depends on latent data and integrating the person effect out of the joint likelihood [33].
It utilizes the approximation of required integrals; to accomplish this approximation, the
Gauss-Hermite quadrature rule was used.

Item analysis began with fitting a 1PL model. For each item, the difficulty parameter
(b) was estimated and the slope (discrimination) parameter (a) was constrained to be equal.
For the 2PL model, the slope (discrimination) parameters and the difficulty parameters were
estimated for each item. The terms “easy”, “moderate” and “hard” were used to indicated
relative item difficulty. For the interpretation of the slope, as per Baker [4], the following
labeling was used: none — 0; very low — 0.01-0.34; low — 0.35-0.64; moderate — 0.65— 1.34;
high — 1.35-1.69; very high — >1.70; perfect — +infinity.

To choose the best fitting model, the fit indices were investigated: lower values of Akai-
ke information criterion (AIC), Bayesian information criterion (BIC), log-likelihood and
higher values of test information were preferable.

A Monte Carlo procedure was used to approximate the distribution of the item-fit sta-
tistic. The statistical significance of the test indicates that the null hypothesis should be
rejected indicating that the items do not fit the model.
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To detect potential test bias, we applied several DIF-methods (difR package [40]), which
differed on how the participants were matched on the measured ability. The analyses included
classical methods — the Mantel-Haenszel statistic, standardization, and logistic regression —
which matched students based on the total scores; IRT-based methods, such as the Wald 2
test (also known as Lord’s test [39]) and Raju’s area test [53], which consider student ability
as a latent variable, estimated together with item parameters in the model. Those five methods
were applied to compare the results, however, we decided to use the Wald x2 test of IRT-
based methods group as the reference. The first reason is that IRT-based methods are more
accurate than classical ones since they measure the latent trait instead of the total score. The
second reason is that they allow detecting non-uniform DIF [41].

3. RESULTS

3.1 Descriptive statistics

Table 4 shows the mean, standard deviation, Cronbach’s alpha, skewness, and kurtosis
values for the global score of the ARFA-RUS Synonyms Subtest, separately for the IC and
the BFC groups. An independent samples t-test found that participants from the BFC group
scored significantly higher than the IC group (t (568) =-19.11, p <.0001) with a large effect
size (d = -1.61). Cronbach’s alpha for the global score was acceptable (.80), and was also
found to be acceptable for the BFC group (.74), but was poor for the IC group (.58). This
issue will be thoroughly examined in the IRT framework since CTT does not clarify be-
tween-group differences. Skewness absolute values were <|1|, and kurtosis absolute values
were <|3|, demonstrating sufficient univariate normality. Item descriptives may be found in
Supplemental Table 1. As the scale reliability could not be notably improved through any
item exclusion, it was concluded that all items were performing adequately. The frequency
of correct responses on items varied from 41% to 87%. Mean values for items 1, 3,9, and 23
exceeded 0.8; thus, these items were determined to be the easiest and should be examined
more closely in the IRT analysis. For items 2, 13, 18, and 24, correct responses were less
likely, but approximately equal, compared to the likelihood of wrong answers; these items
were determined to be the most difficult.

3.2 Dimensionality analysis

First, we conducted Horn’s [29] and a modified parallel analysis [15], which yielded
equivocal results, with the former indicating unidimensionality and the latter pointing to
the possibility of a second dimension. Therefore, we investigated one- and two-factor ex-
ploratory factor solutions. In the one-factor model, the factor eigenvalue was 3.79, which
explained 15.2% of the variance in the data. In the next model, two factors cumulatively
explained 18.2 % of the variance, with 11.1% uniquely explained by the first factor. More-
over, the examination of factor loadings and the corresponding items revealed that items
were clustered together based not on test but method factor. Specifically, the first factor was
indicated by items for which the response “similar” was correct, while the second factor
included items requiring the “different” response. Since we cannot claim that the cognitive
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processes are different when judging those two item types, we considered the second di-
mension as redundant and further analysis was conducted using unidimensional solutions.

3.3 IRT-model evaluations

Table 5 shows the model fit statistics for the 1-PL, 2-PL, and corrected 2-PL models,
and the difficulty and discrimination threshold parameters for each item of the ARFA-RUS
Synonyms Subtest.

The 2-PL model was superior to the 1-PL model on the basis of the BIC, AIC, log-like-
lihood and Likelihood-Ratio (LR) test (y 2(24) = 309.82, p <.001). In both the 1-PL and the
2-PL models, some items had a poor fit, but the number of misfit items in the 2-PL. model
was three times less than the 1-PL (see item fit indexes in Table 5). The correlation between
the difficulty parameter of the 1-PL and 2-PL models was high (» = 0.93). Thus, although the
1-and 2-PL models seemed not to differ much with respect to difficulty, the 2-PL model could
be considered the more appropriate model to describe the ARFA-RUS Synonyms Subtest.

In the 2-PL model, all items but 11 and 18, fit the model. These poorly fitting items need
to be examined for modification or removal. The difficulty of the items ranged between easy
and medium; item 23 was the easiest, while item 24 was the hardest (b = -2.34 and 1.07,
respectively). The discrimination parameter was very low for item 12; low for items 13,
15, 18, 24; high for items 5, 9, 20; very high for 3, 14, 19; and moderate for the remaining
items. The higher discrimination values indicate that those items are better at discriminating
among individuals with low and high latent ability (i.e. the ability to discern similar from
discrepant word pairs).

The ICCs of all of the items (Figure 1) indicate the expected increasing probability of
responding correctly at higher levels of ability. For the low discrimination items, this in-
crease was shallower, which means that these items differentiate between persons of high
and low ability less effectively, that is, persons with different ability levels are likely to
respond similarly to these items.

The information function along with the standard error measure for the overall AR-
FA-RUS Synonyms Subtest demonstrates that the test is most reliable at low-to-moderate
levels of the latent trait (right panel of Figure 1). The most information is provided for indi-
viduals with ability levels of about —1.0. At this point, the standard error is the lowest and,
conversely, the information is highest, indicating that the test should be considered easy and
less able to discriminate individuals at higher ability levels.

Within the CTT framework the exclusion of item 18 did not result in the improved re-
liability of the entire test as indicated by the Cronbach’s’ o statistic. While analyzed within
the IRT framework, this item demonstrated poor item fit and low discrimination, therefore
it was removed from the final version of the subtest. This decision was also influenced by
concerns regarding the features of the stimuli words: dekada [decade] - stoletiye [century]).
Both words belong to the same semantic category, and differ not qualitatively but rather
reflect quantitative differences of the time periods, in contrast to other stimulus pairs.

Vuong’s test for non-nested models demonstrated that excluding of item18 led to a sig-
nificant improvement of the 2-PL model (z = -86.53, p <.001), which was also confirmed
by advancing BIC, AIC, and log-likelihood indexes (Table 5).

44



Similar or different? An Item Response Theory Analysis of the Synonyms Test in Adults with...

i Logvinenko T.1., Talantseva O.1., Volokhova E.M., Khalaf S., Grigorenko E.L.
Modelling and Data Analysis 2020. Vol 10, no. 1.

ey
SE(m)

- - - H H i i

M o

Figure 1. Item characteristic curves for the 2-PL model (left panel) and the test information
function with standard error measure for all items of the 2-PL model without item 18 (right panel).
The ICCs are highlighted by different colors and numbers. The X-axis represents latent ability
levels, the Y-axis (left panel) — probability of the “correct” response, the Y-axis
(right panel) — information (blue line) and standard error (pink line)

3.4 Differential test and item functioning

The examination of the differential test and item functioning started with a fully uncon-
strained model, that is, the discrimination and the difficulty parameters were estimated for
each item respective to the group. The analyses revealed little agreement among DIF-detec-
tion tests. Still, all of the items were identified as functioning differentially by at least two
tests (Supplemental Table 2). However, when none of the items are constrained, the pres-
ence of DIF items might influence the estimation of the parameters for non-DIF items, with
the latter being wrongly identified as DIF [40]. Namely, without proper item parameters
equating among groups, the analysis does not just identify DIF, but might reflect a combi-
nation of differential item functioning and latent-trait distribution effects. Therefore, a set
of anchor items that will be constrained was needed. For this, we used the unconstrainted
model as a reference and compared it via likelihood-ratio tests with the models where group
equality constraints were added to the difficulty and discrimination parameters for each
item one by one (see [12]). Thus, eleven items were found to be invariant and were used as
anchors. There was no statistically significant difference between the final multigroup mod-
el with anchors and the fully unconstrained model (y2 (df) = 19.48 (20), p = .491), proving
that the anchor usage did not dramatically change the estimation.

The final model demonstrated adequate fit based on the M2* family of statistics with
M2*(df) = 890.857, CFI = .808, RMSEA = .035, and an SRMSR of .072 and .071 for the
BFC and IC groups, respectively. Note that the CFI value is slightly lower than the sug-
gested thresholds [30], which might indicate the preference for a more restricted model.
The reference latent mean and variance in the BFC group were fixed to 0 and 1, respec-
tively. The estimated latent mean for the IC group was -1.622 with the variance 0.378,
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suggesting that the IC had a notably lower estimated ability on the test and more homo-
geneous responses. Additionally, whereas the latent factor accounted for 26.4 % of the
BFC group scores (eigenvalue = 6.34), it explained half of the variance of the IC group
scores (12.5 %, eigenvalue = 3.00). The Wald y? test revealed the presence of DIF in six
items. The DIF test results, as well as item parameters for each group, are presented in
Table 6. Non-uniform or crossing DIF was also detected. That is, some items favored the
BFC group on one level of latent ability and the IC group on another. For items 1, 8 and
23, the probability of correct responses was above 0.5 even on the lowest ability levels
for the IC group. Furthermore, the trace lines for items 11 and 12 had negative slopes for
the IC group; in other words, the probability of the correct answers decreased for higher
ability participants in the IC group, indicating non-monotonicity of their responses to
these items. The above-mentioned effects are displayed in Figure 2.
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Figure 2. Item characteristic curves for the BFC and IC groups. The X-axis represents
latent ability levels, the Y-axis — probability of the “correct” response. Items 2, 3, 5, 9, 14,
16, 17, 20, 22, 24, 25 were used as anchors, therefore their parameters are equivalent
across groups. Item 18 was eliminated in the previous analysis steps

The practical implementation of DIF analysis is related to the question of whether any
specific item demonstrates a bias favoring a specific group; dropping such an item will im-
prove test fairness for groups, disadvantaged by such an item. Importantly, one can inves-
tigate the differential functioning of the whole test (DTF); even if some items demonstrate
DIF, it does not always lead to overall test bias (e.g., DTF). The omnibus tests revealed that
the average amount of test scoring bias (signed DTF) between the response curves of the
two groups was 0.35 of a raw test score (1.43 % of the total score) favoring the BFC group,
while the absolute deviations in item properties over the test (unsigned or total DTF, which
disregards the bias towards the specific group) was 1.38 points (5.76 % of the total score).
The expected total scores for both groups and the illustration of the changes in the overall
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test bias across all ability levels are in Figure 3. The results indicate that at the lower end
of ability, the ARFA-RUS Synonyms Subtest favors the IC group, but from the theta level
of -1.4 to the highest ability levels, the test favors the BFC group.

L =

L = /

L] L]

Figure 3. Expected total test score for the IC and BFC groups (left panel),
and differential test functioning (right panel). The X-axis represents latent ability levels,
the Y-axis (left panel) — score on the ARFA-RUS Synonyms Subtest (max = 24),
and the Y-axis (right panel) represents sDTF — signed differential test functioning.
Negative values of sDTF indicate that the reference (BFC) group scores lower than
the focal group (IC), positive values indicate the opposite

3.5 Discussion

The implementation of standardized and valid instruments is crucial for both practice
and research purposes in studies of individual differences and clinical research. The lack
of reliable standardized methods for assessing language abilities in Russia has encouraged
researchers to develop new approaches from scratch. Once the test is developed, however,
its psychometric properties must be evaluated.

The ARFA-RUS Synonyms Subtest was created in the Laboratory of Translational
Sciences of Human Development of Saint-Petersburg State University as a part of the
ARFA-RUS language battery. The Subtest was used to investigate the lexical skills of
participants with a history of being reared in institutional care settings, as well as their
peers raised in biological families. In the current study, we addressed the reliability of the
ARFA-RUS Synonyms Subtest and investigated to what extent the Subtest can be used in
the study groups without DTF.

First, to determine the applicability of the ARFA-RUS Synonyms Subtest for research
and practice we evaluated its psychometric properties using item response theory (IRT).
The dimensionality check revealed some evidence of a second dimension. In the two-factor
exploratory model, one factor was formed by items requiring the answer “similar”, while
the second factor — by items requiring the “different” response. There is evidence that the
identification of synonyms and antonyms measure one domain of cognitive abilities, yet a
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small proportion of the variance is explained by a method factor [67]. Thus, in this article the
unidimensional model was used, however, future work should specifically prove that the la-
tent construct is independent of the selected method of measure. Subsequently, we estimated
1-PL and 2-PL models, and the latter was preferred based on the model fit indices and likeli-
hood comparison. We eliminated one item because it had a poor fit, low discrimination, and,
more importantly, raised concerns regarding its content. The final 2-PL model with 24 items
had an adequate fit; all except two items fitted the model well; the discrimination parameter
varied with five items demonstrating low discrimination power and others moderate-to-high
discrimination. The item difficulty ranged between easy and medium levels (from -2.38
to 1.07). In general, the IRT demonstrated that the test is reliable at low-to-moderate levels
of ability to understand the relationship between synonyms (i.c., the ability to understand
the differences associated with similar versus discrepant word pairs); this observation cor-
responds to the notion of acceptable internal consistency of the global test scores calculated
with CTT. However, to capture a wider ability range, more difficult items are needed.

The second aim was to investigate the equality of the test and items for the two sub-
groups, namely, the average adults raised in biological families and adults who experi-
enced living in institutional care. The IRT analyses discovered that adults with a history
of institutionalization had a lower latent mean, and the presence of the latent factor ex-
plained the considerably lower percentage of the variance in their scores in comparison
with the reference group. Moreover, the adults with a history of institutionalization scored
more unfavorably on the test, that is, received negatively biased test scores. However, the
bias was inconsistent: at the lower end of ability, the Subtest favored the institutionalized
group, but from the theta level of -1.4 to the highest ability levels, the test favored the ref-
erence group. Specifically, we detected six non-uniform or crossing differentially func-
tioning items. That is, these items were unequal for the two subgroups, even when their
differences in the latent ability were controlled. Furthermore, items 11 and 12 revealed
paradoxical patterns: the decreased probability of correct response at higher ability levels.
Since those items worked well for the reference group of average adults, we are not going
to modify them; however, they should be removed when used for special populations or
non-average subgroups. Overall, the ARFA-RUS Synonyms Subtest demonstrated DTF
and was found to be less appropriate for individuals with early experience of institution-
alization (i.e., individuals whose early language input might have been challenged). The
trend was also reflected by a poor Cronbach’s alpha value in the post-institutionalized
group in contrast with acceptable indices for the reference group.

We hypothesize that the group discrepancy may be due to the existence of a second
latent trait that was unintentionally measured with our construct of interest. To suc-
cessfully perform verbal analogies tests, different components of executive functions
are needed [55]. Executive functioning is known to be altered in post-institutionalized
children [43], and those alterations might be persistent; therefore, we assume that ex-
ecutive functions may be an uncontrolled latent trait in adult samples, too. However, to
explore this assumption, further investigations are needed.

Also, since the group of post-institutionalized adults had, on average, lower ability in
the synonymy identification than the reference group, they could have used the guessing
strategy more frequently to solve the task. The chance answers might partially explain the

48



Similar or different? An Item Response Theory Analysis of the Synonyms Test in Adults with...

2 Logvinenko T.1., Talantseva O.1., Volokhova E.M., Khalaf S., Grigorenko E.L.
Modelling and Data Analysis 2020. Vol 10, no. 1.

inconsistent difficulty-to-probability item curves in that group. The limitation of the current
study is that we restricted the IRT analysis to the one- and two-parametric models, how-
ever, a future direction of the study might be to use a more advanced model with guessing
parameter (3-PL) to investigate the issue in greater detail.

The IRT approach to psychometric analyses has been used worldwide for decades and
has proven its effectiveness. Although it has provided several advantages over traditional
psychometric approaches, it is not a routine part of test development and evaluation in
Russia. It is possible that IRT is rarely chosen because it requires more statistical knowl-
edge and large sample sizes, and in psychology and related fields, investigators might
intentionally or unintentionally choose confirmatory factor analysis over IRT to appraise
the psychometric characteristics of the instruments they develop ([74]; see [62] and [34]
for CFA and IRT comparison). In the current study, all steps were described as transpar-
ently as possible to encourage the utilization of IRT for further research in the field of test
development and psychometric evaluation in Russia.

Table 1
English Verbal Analogy and Synonyms tests suitable
for the assessment of adolescents and adults
Group of tests Test, Subtest Description
Age range: 5:0 —21:11
Clinical evaluation of language Task format: multiple-choice
fundamentals — Fifth Edition. CELF-5, | Task: to identify two words
Word Classes (or pictures) that are related by
(Wiig et al., 2013) [68] semantic features, function, place, or
Verbal Analogy time from a list of four words

Age range: 12:0 —24:11

Task format: open

Task: to finish an examiner’s partial
analogous sentence with a word to
complete the analogy.

Age range: 12:0 — 24:11

Task format: open

Task: to write a synonym

(correct spelling is irrelevant)

for a printed stimulus word.

Age range: 3 - 21

Task format: multiple-choice

Task: to identify, using a list of four words,
a word synonymous to the target word.
Age range: 2:6 — 90+

Task format: open

Task: to provide a synonym to the
presented word or a spoken phrase

Test of Adolescent and Adult
Language — 4th Edition. TOAL-4,
Spoken Analogies

(Hammill et al., 2007) [24]

Test of Adolescent and Adult
Language — 4th Edition.
TOAL-4, Word Similarities
(Hammill et al., 2007) [24]

Comprehensive Assessment of Spoken
Language — Second Edition. CASL-2,
Synonyms (Carrow-Woolfolk, 2017) [10]

Synonyms

Expressive Vocabulary Test-Third
Edition. EVT-3, last 52 items of the
test (Williams, 2018) [69]

Note: Age range — range of ages for which the test is applicable; Task format — format
of questions; Task — brief description of the task.
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Table 2

Item Response Theory: key terms and definitions

Term

Definition

Latent ability/trait (theta, )

IRT model parameter that indicates unobservable
construct (latent trait) being measured by a scale.

Item difficulty parameter (b, )

IRT model parameter that indicates the difficulty
(or severity) of an item response. 3

Item discrimination or slope parameter (a, o)

An item parameter that indicates the strength
of relation between an item and the measured
construct or latent trait (0). The slope parameter
is usually positive (negative values mean the
positive responses to the item are associated with
lower values of the trait being measured, which
usually means the item is keyed incorrectly).

Information function/curve

A function that indicates the range over the
construct being measured (0) for which an item
or scale is most useful for discriminating among
individuals.

Differential item functioning (DIF)

DIF occurs when subgroups from a population
perform differently on an item after controlling
for the overall differences between subgroups
on the latent trait that was measured. There are
two types of DIF. The uniform DIF represents the
difference in success probabilities of subgroups
that is constant across the latent ability levels.
That is, an item consistently gives one subgroup
an advantage. If the subgroup differences are not
constant across ability levels but depend on it,
that is the nonuniform or crossing DIF.

Unidimensionality assumption

Assumes that one underlying (or dominant)
factor accounts for a person’s response to a
question within the scale.

Table 3
Sample characteristics
Variable IC BFC Overall
Overall 308 342 650
Age ( ) M=19.13, M=21.51, M=20.38
gelyears SD =4.08 SD =4.94 SD =4.70

0-4 years 67 (19.59%) - -

5-12 years 147 (42.98%) - -
Entrance Age

3-16 years 81 (23.68%) - -

NA 13 (3.80%) - -
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Variable IC BFC Overall
0-2 years 36 (10.53%) - -
Duration of
institutionalization | >2 years 255 (74.56%) - -
NA 17 (4.97%) - -
higher education and
uncompleted higher ed- 6 (1.94%) 70 (20.47%) 76 (11.69%)
ucation
secondary education and
Education uncompleted secondary 157 (50.97%) 129 (37.72%) 286 (44%)
education
secondary professional | 159 41 g0y | 127 (37.13%) | 256 (39.38%)
education
NA 16 (6.19%) 16 (4.68%) 32 (4.92%)
standard 233 (75.65%) | 338(98.83%) | 571 (87.85%)
Educational corrected for special edu-
program during cational needs 75 (21.93%) 3 (0.88%) 78 (12%)
school
NA 0 (0%) 1(0.29%) 1 (0.15%)

Note: Entrance Age — age of placement in institutional care settings, M — mean,
SD — standard deviation, IC — institutional care group, BFC — biological family group,
NA — missing value.

Table 4
Mean, standard deviation, Cronbach’s a, skewness,
and kurtosis values for the ARFA-RUS Synonyms Subtest
Variable IC BFC Overall
Mean 13.21 19.08 16.44
SD 3.63 3.71 4.71
Range 5-25 9-25 5-25
Cronbach’s alpha .58 74 .80
Skewness 0.26 -0.74 -0.18
Kurtosis 2.81 2.92 2.05

Note: SD — standard deviation, IC — institutional care group, BFC — biological family
group.
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Table 5
IRT analyses results of the ARFA-RUS Synonyms Subtest

Model 1-PL 2-PL 2-PL without item Ne 18

Model [];(Cj i }Sgg?;i’ AIC =18382.94, AIC=17501.7,
it Log—likelihood; . BIC.Z 186(17.32, BIC = 1771_7.11,

9296 38 og-likelihood = -9141.47 Log-likelihood = -8702.85

Ilt]eom b Item fit a b Itemfit | a b Item fit
1 -2.04 p =1.000 0.95 -1.99 | p=1.000| 0.93 -2.03 | p=1.000
2 0.11 p =.980 0.83 0.11 p=1.000| 0.84 0.11 p =1.000
3 -1.67 p=.010 2.14 -1.05 |p=1.000| 2.14 -1.05 | p =1.000
4 -0.46 p =.604 1.00 -0.44 p =.941 0.10 -0.44 p=.356
5 -1.56 p=.010 1.53 -1.14 p =.386 1.49 -1.15 p=.198
6 -0.84 p =.545 1.17 -0.72 p =.891 1.16 -0.72 | p=1.000
7 054 | p=.535 0.97 052 | p=277| 098 | -052 | p=.366
8 -1.42 p =1.000 0.71 -1.74 p=.975 0.70 -1.77 | p =1.000
9 -1.80 p=.020 1.57 -1.29 | p=1.000| 1.53 -1.30 p=.574
10 -0.87 p =.100 1.03 -0.81 p=.792 1.95 -0.80 p =.842
11 -0.02 p=.5% 0.70 -0.02 p=.010 0.68 -0.02 p=.020
12 -0.44 p=.970 0.33 -1.05 p=.277 0.31 -1.11 p =.485
13 0.11 p = .861 0.48 0.21 p = .861 0.49 0.21 p=.931
14 -1.27 p=.010 2.32 -0.80 p=.792 2.32 -0.79 p=.762
15 -0.29 p=.891 0.53 -0.44 p=.584 | 0.53 -0.44 | p=1.000
16 -1.13 p=.030 1.17 -0.97 p =.703 1.17 -0.97 p=.673
17 -0.23 p =.980 0.87 -0.24 p=.564 | 0.88 -0.24 p=.564
18 0.03 p=.178 0.40 0.08 p=.049 - - -
9 -0.55 p=.010 1.94 -0.39 p =.941 1.92 -0.39 p=.832
20 -1.02 p=.119 1.46 -0.78 | p=1.000| 1.45 -0.78 p=.693
21 117 | p=.753 0.97 112 | p=.970 | 098 | -1.11 | p=.792
22 -1.55 p=.010 1.31 -1.22 p =.406 1.30 -1.23 p=.267
23 -2.29 p =.861 1.31 -2.34 p =277 0.87 -2.38 p=.049
24 0.50 p =.832 0.39 1.07 p =.990 0.39 1.07 p =.980
25 -1.16 p =.891 1.05 -1.06 |p=1.000| 1.04 -1.06 p=.723

Note: a — discrimination, b — difficulty. AIC — Akaike information criteria, BIC — Bayes-
ian information criterion. Item fit was calculated by Monte Carlo simulation. Poorly fitting
items have p <.05 (marked in bold).
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Table 6
Difficulty and discrimination parameters in the IC and BFC groups
Iltl?l ; Bre ) ; I ) Wald y %, p-value

1 1.24 -2.46 0.16 -8.07 10.86,p=.014
2 0.66 -0.63 - - -

3 2.05 -1.96 - - -

4 0.78 -1.28 1.21 -1.44 0.32, p=.854
5 1.36 -2.08 - - -

6 0.72 -2.06 1.84 -1.63 3.89,p=.207
7 0.59 -1.83 1.37 -1.48 2.74, p = .300
8 0.61 -3.15 0.06 -10.86 7.70, p = .046
9 1.43 -2.23 - - -

10 1.13 -1.65 0.33 -1.52 10.31,p=.015
11 1.10 -0.46 -0.05 -10.30 37.00, p <.001
12 0.58 -0.90 -0.14 -0.39 23.96, p <.001
13 0.20 -1.03 0.92 -1.11 4.87,p=.143
14 2.04 -1.72 - - _

15 0.59 -1.09 0.21 -0.67 3.01,p=.289
16 0.99 -1.91 - - -

17 0.74 -1.06 - - -

19 2.31 -1.01 1.70 -1.33 5.35,p=.128
20 1.32 -1.68 - - -
21 0.55 -3.30 0.90 -1.91 1.66, p = .472
22 1.22 -2.17 - - -
23 1.22 -2.67 0.04 -30.31 13.87, p =.004
24 0.30 0.59 - - -
25 0.89 -2.02 - - -

Note: a — discrimination, b — difficulty. Items 2, 3, 5, 9, 14, 16, 17, 20, 22, 24, 25 were
used as anchors, therefore their parameters are equivalent across groups (marked with en-

dashes). Item 18 was eliminated in the previous steps of analysis.
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Meroanka HCIONB30BaJach B  MacIITaOHOM  HCCIIEAOBATEIBCKOM  INPOEKTE,
MOCBSIIEHHOM J0JTOCPOYHBIM d(ppeKTaM HHCTUTYIIMOHAIBHOTO YX0/1a Ha pa3BUTHE.
yesoBeka. B HacTosmeld paboTe B KauecTBe MEPBOro IIara BaluAN3alUH METOIUKH
MBI H3Y4YWIM TICHXOMETPHYECKHX CBOHCTB cyOtecta «CHHOHMMBD) Oatapeu
ARFA-RUS ¢ nomomipio noaxoxaa item response theory (IRT). Pesymbrarsr IRT-
aHanM3a ToKa3ajid HaA&KHOCTh TecTa JUIl OLEHKH HHM3KHX M CPEIHUX YpOBHEU
CIIOCOOHOCTH, OJJHAKO TECT TPeOyeTcs IOIOJHHUTH OOJiee CIIOKHBIMHU 3aJaHUsIMHU,
4TOOBI OXBATHTh OOJBINNIT TUana3oH crnocooHocTu. CyorecT « CHHOHUMBD) baTtapen
ARFA-RUS oxkaszancs cnabo MOIXOMAIIAM JJIsl TPYIIbI B3POCIBIX C OIMBITOM
WHCTHTYIHMOHAIN3ALMK: B JTOM TpyINe BBIYUCICHHAs JIATCHTHAs IepeMeHHas
OOBSCHSIA 3HAYUTEIHHO MEHBINYIO JOJIO JUCIEPCHH 10 CPABHEHHWIO C TPYIION
B3pOCJIBIX, BOCIIUTAHHBIX B OMOJIOTHYECKUX CeMbsX. Ha ypoBHE OT/eNbHBIX 3a1aHui
JIBa BOIIPOCA MPOJIEMOHCTPHPOBAJIN MTAPaT0KCAIbHBIE 3aKOHOMEPHOCTH: BEPOSITHOCTD
MPaBHJIBHOTO OTBETA YMEHbIIANACH IIPH YBEIHYESHUH criocoOHocTH. Kpome Toro, oHO
3a7aHue ObIIIO MCKIIIOUEHO M3 OKOHYATeNIbHOU Bepcnu cyoTecta « CHHOHHMBD) U3-3a
€ro IJIOXOT'0 COOTBETCTBHSI MOJIEIH ¥ HU3KOH ANCKPUMHUHATHBHOM CIIOCOOHOCTH.

Knroueswvte cnosa: Item Response Theory, ncuxomerpuka, nuddepeHipoBanHoe
(GYHKLMOHMPOBAHUE 3aJaHUI, SI3bIKOBBIC CIIOCOOHOCTH, CHHOHUMBI, TECTHPOBAHHE.
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)Y

Llenbto uccnenoBaHus SBISETCS ONpeIeleHIe XapaKTepUCTHK, Haubo1ee CUIbHO BIIH-
SIFOIUX Ha umcio nocrpaaasuux B JATII, u nocrpoeHune Moaen 3aBUCUMOCTH YHUCIIA MO-
CTPaJaBIIMX OT ITHX XapakTepucTuk. [Ipeanonaraercs ¢ MoMOIIbIO METO1a HAUMEHBIIUX
KBaJIPaTOB HAWTHU OLIEHKN HEU3BECTHBIX TAPAMETPOB B MHOKECTBEHHON MOJIENH PETPECCUI
U Ha OCHOBE IOCTPOEHHOM MOJEIH MPOBECTU aHAIN3 (PAKTOPOB, CHIIBHEE BCETO CIIOCO0-
CTBYIOLINX THOenH 1 paneHuto jroaei npu ATIL

2. CbOP JAHHBIX

Paccmorpenst I TI1, nuadopmanus o KOTOPBIX ObLIa IIPEOCTaBIeHa LIEHTPOM FOPOACKHX
mpoektoB «1lItaby. beita moxydena Tabmuma ¢ naraeiMu 0 732-x ATII, mponsomenmux B
Mockae 3a aBryct 2019 rona. Xapakrepuctuku JITTI aBastoTCS Kak KOJTMUECTBEHHBIMHU, TAK
Y HOMHUHaJILHBIMU. B Ta6J'l. 1 MPUBEACHO OIMMMCAHUEC BCEX N3BCCTHBIX XapaKTCPUCTHK.

Tabmuma 1
Xapakrepuctuxku JATII
ITapamerp Onucanue Buja xapakrepucTHKH
Time BpeMs KonnuectBenHas
DTP_V BUJI AT Homunanbnas. Tabmuna 2.
POG rorudmme KonngecrBennas
RAN paHeHble KonunuectBennas
osv OCBEILEHNE Homunanbnas. Tabmuna 3.
velo OBbILI T CPEAN YIACTHUKOB BETOCUIEINCT bunapnas
moto OBLT M CPEeIN YIACTHUKOB MOTOITHKIIHCT bunapnas
days of week | nenp Henenu HomunanbsHast
kids OBLI JIM CPEIM YIACTHUKOB peOCHOK bunapnas
. ObLI JIM CPEAN TPAHCIIOPTHBIX CPE/ICTB
public_tr 06meCTB§HHf,n71prchnp())pT P bunapuaz
truck ObLT 1 (ipezm TPAHCIIOPTHBIX CPE/CTB BunapHas
IPy30BOM TPAaHCHIOPT
road quality |BbIABICHHBIC HETOCTATKH copepkanus nopor | Homunansnas. Tabnuma 4
location MECTO ITII Homwunansuas. Tabnuna 5
weather roroza Homunansnas. Tabmmma 6
alco HaXOJIUJICS JIM BOAUTEINb B COCTOSHUN BunapHas
QJIKOTOJIEHOTO OTbSTHEHUS
dr viol HapyIICHUS BOTUTEICH Homunansnas. Tabnuma 7
ped viol HapyLIEH!s MeIeX010B HomunanpHas. Ta6m. 8
tr ¢ KOJIMYECTBO TPAHCIIOPTHBIX CPEACTB KosmmuectBenHas
ptpnt_c KOJINMYECTBO YJACTHHKOB KonnuectBenHas
date Oy/IHHI1/BBIXOTHOM bunapnas
[TopsiakoBast.
District YnanéHHOCTb OT IEeHTpa Palioner pasaeiieibl Ha eTbIpe
TPYIIIBI 10 yAATEHHOCTH OT
neHTpa MOCKBBI.
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BuHapHBIC TPU3HAKK KOJUPOBAIUCH unciaaMu | (mpucyrctByeT) U 0 (OTCYTCTBYET).
[Ipu xoMMpPOBaHUK YKCIIAMU HOMUHAJIBHBIX XapaKTECPUCTHUK ObLUT OCYIICCTBICH TIEPEXO0.T OT
HOMMHAJIBHOM IIKAJIBI K MIOPSIIKOBOM: rPagaliii XapaKTePUCTHK ObLIM HA OCHOBE IKCIIEPT-
HBIX OLICHOK YMOPSI0YEHBI [10 CTENEHU OMAaCHOCTH Jyis ku3HU yuacTHUKOB JTTI. Pe3yib-
TaT KOAMPOBAHUS YMCIAMH HOMHHAIBHBIX XapaKTEPUCTHK MPUBEAEH B TabI. 2 — 8.

Tabnuma 2
3navenus xapakrepuctuxku «Bua ITTD»
Bua ATIT Kon

He onpeneneno unu unoit sug JATII -1
Bosropanue BciaencTBUEe TEXHHYECKOM HEUCIPABHOCTH ABHKYIIETOCS WIN |
octanoBuBIierocst TC, yuacTBYIOIIETO B JOPOKHOM JIBHIKCHHUH.

[Tanenue naccaxxupa 2
Haesn Ha Benocunenucra 3
Haesn Ha nemexona 4
OnpoKuasIBaHNE 5
CTONIKHOBEHHE 6
Haesn Ha npensitcTBre 7
Haesn na crosimee TC 8

Tabnwma 3
3HauyeHHs xapakTepucTHKU «OcBemenne)
Ocgemenue Kon

He onpeneneno -1
CBeTioe BpeMsi CyTOK 0
B TeMHOE BpeMsi CyTOK, OCBEIIICHUE BKIFOUCHO 1
CyMepku 2
B TemMHOE BpeMs CyTOK, OCBEIIEHUE OTCYTCTBYET 3

Tabnua 4
3HaYeHUs XapaKTEePUCTUKH «BbIsIBJIeHHbIE HETOCTATKH COIePKAHUSI IOPOT»
BrisiB/IeHHBIE HEJOCTATKH COEPAKAHUSA 10POT Kon

He ycraHoBneHs! 0
Jle(eKThI MOKPBITHS 1
OTcyTCTBUE, IUI0Xas PA3IMYUMOCTh TOPU30HTAIBHON PAa3METKU IPOE3KEH yacTu 2
HewncnpaBHocThb cBeTodopa 3
HewncmpaBHoe ocBemieHne 4
OTCyTCTBHE HENIEXOIHBIX OrPAKACHUN B HEOOXOAUMBIX MECTax 5
OTCyTCTBHE HJOPOXKHBIX OTPAKICHUN B HEOOXOUMBIX MECTAaX 6
CyxeHune mpoe3xeil 4acTu; HallnuKe NPensITCTBUH, 3aTPyIHSIOMNX ABUKEHUE 7
TPAHCHOPTHBIX CPEICTB

OTcyTCTBHE TOPOKHBIX 3HAKOB B HEOOXOAMMBIX MecTax, oTcyTcTBre BpeMeHHBIX TCO/] B 3
MECTax MPOBENCHHS PaboT

HenpasuibHoe npuMeHeHue, I10Xask BUIMMOCTD JOPOXKHBIX 3HAKOB 9
OtcyTcTBUE, IUI0XAs Pa3IMYUMOCTh BEPTUKAIBHON pa3METKU 10
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Tabnuua 5
3nauenus xapaktepucTuku «Mecto JTID»
Mecto ATII Kox
He omnpeneneno iy HHOE MECTO -1
ABTOCTOsIHKa, OTJIeNIEHHAsI OT MIPOe3kKel yacTu 1
[leperon (net oObekTOB Ha Mecte JITII) 2
IMozxox K MOCTY, 3cTaKaje, MyTernpoBOLY 3
Mocr, 5cTakaja, Iy TenpoBOJ, TOHHEb 4
Perynupyempblii nemexonHelii nepexos 5
Heperynupyemslii nemexoaHbli nepexosn 6
Perynupyemslii nepekpecTok 7
Heperynupyemslif mepekpEcTok HepaBHO3HAYHBIX YIHI] MM JJOPOT, aBTOCTOSTHKA, HE 3
oTzienéHHas OT MPOe3XKeH 9acTu, BBIE3]] C IPHIICTAIOIIEH TEPPUTOPUH
BHayTpunsopoBast TeppuTOpHs, MELIEX0AHAs 30Ha, TPOTyap, MELIeX0AHas JOPOKKa 9
OcTaHOBKa 00IIECTBEHHOTO TPAHCIIOPTa 10
Tabmura 6
3nayenus xapakrepuctuku «Iloroxay»
ITorona Kon
He onpeneneno -1
Scuo 0
[TacmypHO 1
Jlox b 2
Tyman 3
[TacmypHo u J{oxab 4
Ta6muma 7
3Hauenns xapakrepucTuku «Hapymenus: Boqureein»
Hapymenus BogureJiei Kon
He onpeneneno -1
Hapymenus [11/] Benocuneauctom 1
Hapymenue npaBui ocTaHOBKU 2
Hapymenne npaBui morpy3KH, BEITPY3KU U KPETIIICHHS TPY30B 3
Hapymenune npasui npoeszia 0CTaHOBOK TpaMBast 4
Hapymenne TpeGoBaHMi JOPOKHBIX 3HAKOB 5
HecoGmonenne ycnoBuii, pa3peialonix JBHKEHHE TPAHCIOPTA 3aAHIM XOJJ0M 6
Okcrmyataius TC ¢ TEXHUUECKUMH HEUCTIPAaBHOCTSIMH, IIPU KOTOPBIX 3aMPEIaeTcs UX 7
IKCIUTyaTaIns
Hapyenust npaBriI IepeBO3KHU M1aCCAXKUPOB 8
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Hapymenus: BogureJiei Kon
Hapymenne mpaBuit mpoes/ia MenIexoaHoro mepexoaa 9
Hapymenue mpaBui nosib30BaHus 0OLIECTBEHHBIM TPAHCIIOPTOM 10
HecobntoneHne o4epeIHOCTH Mpoe3/a IepeKpecTKOB 11
HenpaBuinbHbIA BEIOOP AMCTaHIIUH 12
Hecobnronenne 60k0BOro HHTEpBaia 13
Hpyrue Hapymenus [1J1/1 Bogurenem 14
Hapyenne npaBuit mepecTpoeHust Hiin 00roHa 15
Hapymenune npasun pacnionoxenust TC Ha mpoesxeld yacTu 16
HecooTBeTcTBHE CKOPOCTH KOHKPETHBIM YCIIOBUSIM JABUKEHUS], TIPEBBIIIEHNE 17
YCTaHOBJIEHHOW CKOPOCTH JIBHIKEHHUS
Hapymenue TpeGoBanuii TuHAN pasMeTKH 18
Hapymenune TpeboBanuii cUTHaIOB cBeTOhOpa 19
Bble3ﬂ Ha MO0JIOCY BCTPEYHOTO ABMIKCHHS, BBIE3/ HA I10JIOCY BCTPEUHOI'O ABUKEHUS C 20
Pa3BOpPOTOM, ITOBOPOTOM HAJIEBO MII 00BE3/I0M MPEISTCTBUS
Tabnma 8
3unavyenus xapakrepuctuxku «Hapyumenus: nemexonon»
Hapymenus nemexonos Kon
He onpeneneno -1
ITepexon yepes NPOE3Kyto YacTh BHE MEIIEX0JHOT0 epexosia B 30HE ero BUAUMOCTH JM00 TpH |
HaJMYMHU B HETIOCPE/ICTBEHHOMN OJIM30CTH MOA3EMHOTO HAJ[3EMHOTO MEIIEXOTHOTO Mepexosia
Wnble HapymeHus
Heoxunanuelii BBIXOA U3-32 COOPYKEHUH 1€pEBbEB
Haxoxenue Ha nmpoesxei yactu 0e3 nenu e€ nepexoaa 4
[Tepexox dyepe3 Mpoe3kKyIo 4acTh B HEYCTAaHOBICHHOM MECTE IIPH HAINYUH B 30HE 5
BUIUMOCTH IIepeKpECTKA
[lepexon mpoe3kel 4acTH B 3aMpeIéHHOM MECTe 000PYIOBAHHOM IEMIEXOAHBIMU 6
OrpaskAeHUAMHU
HenogunHeHne curHanam peryiupoBaHus 7
JIBmKeHHe BIOJb MPOe3Kei YacTH MPH HAJIMYHUN U YOBJICTBOPUTEIHHOM COCTOSHHIN 3
TpoTyapa
Heoxxunanuslii BeIxos n3-3a crosiero TC 9
JIBm>KeHHe BIOJIb POE3KEHl YacT! MOy THOTO HAIIPaBJICHNS] BHE HACEJICHHOTO ITyHKTA IIPU 10
YAOBIETBOPUTEIEHOM COCTOSTHAN OOOYNHEI

3. Ob30P UCTOYHUKOB

O4eBHIHO, YTO MOMUMO XapaKTEPUCTHK, IPEICTABICHHBIX B TaOIHUIlE |, HAa YHCIIO TO-
rubmmx u paneHsx B JITTI BustoT Takke u qpyrue ¢paxTopsl. B ux uncie B padorax [3],
[4], [6] mOCBSIIIEHHBIX aHANMW3y MPUYWH rubenn U paHeHus mroneit B JTTI, Ha3zeiBaroTcs
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TEXHUYECKOE COCTOSIHUE aBTOMOOWJISI, TMEPEXO0J JOPOT MEMIEX0aMU B COCTOSHHUU AJIKO-
TOJILHOTO OTIBSIHCHUSI, HE MCIIOIb30BAHNE PEMHEN 6E30ITaCHOCTH, OIM30CTh MEUITHHCKHIX
yupexaenuit k mecty JITII u np. MHOTHE U3 3THX XapaKTEPUCTHK TPEOYIOT Oojiee moapoo-
HOTO W3YUCHHUS, U UX BBISCHEHWE — TPYJIOSMKHIA TIpoTIece.

4. AHAJIN3 JAHHBIX

PacueTs! B paboTe nmpoBeneHsl B mporpaMMHoi cpeae SPSS.

MHOX€eCTBEHHasl perpeccus ABISETCA PACIIUPEHUEM MPOCTON THMHEHHON PErpeccHi.
C momMoIII0 MPOCTON PErPECCHr OIEHUBANACH CTENIEHb BIMSIHHSI OJHON HE3aBHUCUMOM Tie-
pPEeMEHHOH (TIpeuKTOopa) Ha 3aBUCUMYIO ITepeMEHHYI0 (KpuTepHii). B otimuaune ot mpocroit
perpeccuu (Y = By + 51X;), MHO)KECTBEHHAsI perpeccus MCCiIeayeT BIUSHNUE IBYX U Oonee
MIPEAUKTOPOB HA KPUTEPUI (Y = Bo + f1Xy + BoXy + BaXy + -+ B X,)

IIpumeHeHre MHOKECTBEHHON PErpeCCHU MO3BOJISIET UCCIIEA0BATENI0 OTBETUTh HA BO-
IIPOC, HACKOJIBKO XOPOLIO OLEHEHHOE YPABHCHHE ANIIPOKCUMUPYET JAHHBIE, €CTh JIM 3Ha-
YHMasl JINHEHHAS CBSI3b, & TAK)KE KAKOBBI OIICHCHHBIC 3HAYCHUS KO DHUIIMECHTOB IS ypaB-
HEHHMS HAaWITy4IIero npecka3anus. Kpome Toro, MoxxeT OBITH OlpesieieHa OTHOCHTENIbHAS
BAXXHOCTH HE3aBUCHUMbBIX MEPEMEHHBIX B IPEACKA3aHUN 3aBUCHUMOM HepeMeHHOﬁ.

PaccmoTpruM MHOKECTBEHHYIO MOZEIb PETPECCUU:

SUM; = Bo+ (1 DTR;  + B,Time; + f,08v; + yvelo; + fsmoto;
+ Bedays_of_week; + B;kids; + Bypublic_tr; + fytruck;
+ Bioroad_quality; + Bi1location; + B,,weather; + zalco; (1)
+ Bisdr_viol; + Bysped_viol; + Bi.tr_c; + Bi-ptpnt_c;
+ BigDistrict; + B,,date; + ¢;
i=1,...,N,
I'me N — uucno JTII, £; He3aBUCUMBIE U OJUHAKOBO PACIpeNeIEHHbIE CyyaliHbIE Be-
JTUYUHBL.
C momomipto f...B,, METOa HAMMEHBIIMX KBaJPaToB ObUIM HaHIEHBI OLEHKH HEW3-

BCCTHBIX MApaMETPOB KOTOPLIC MPEACTABJICHLI BO BTOPOM CTOJ'I6H€ Ta6J'IPIIIBI 9.B TPETHEM
CTOJ'I6IIe MpeaCTaBJICHbI CPEAHNUEC KBAAPATUICCKUE OTKIIOHCHUS COOTBETCTBYIOIIUX OLCHOK.

Tabmuia 9
Pe3sysibTaThl onleHUBaHus napaMeTpoB mojaenau (1)
epemennas p CKO t D
Koncranra -0,412 0,124 -3,311 0,001
date 0,019 0,040 0,460 0,645
Time -0,013 0,020 -0,646 0,519
District -0,006 0,017 -0,351 0,726
DTP_V 0,111 0,017 6,492 0,000
osv 0,057 0,039 1,487 0,137
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Ilepemennasi p CKO t P
velo 0,658 0,102 6,465 0,000
moto 0,247 0,053 4,655 0,000
days of week 0,004 0,009 0,441 0,659
kids -0,099 0,061 -1,606 0,109
public_tr 0,013 0,069 0,185 0,853
truck 0,162 0,059 2,757 0,006
road quality 0,000 0,008 0,052 0,959
location -0,002 0,006 -0,259 0,796
weather 0,017 0,030 0,552 0,581
alco 0,027 0,145 0,183 0,855
dr_viol 0,012 0,004 3,092 0,002
ped_viol -0,011 0,012 -0,843 0,399
tr ¢ -0,664 0,031 -21,632 0,000
ptpnt ¢ 0,819 0,020 41,229 0,000

[ — oTieHKH KO3 PHUIINEHTOB PErpPECCHOHHOTO YPaBHEHHS,

CKO - cpennee kBagpaTHIECKOE OTKIIOHEHUS OIICHK,

{ — SMIIUPUYECKOE 3HAYCHHE f-KPUTEPHUs IUIS MIPOBEPKU THIIOTE3BI O CTATHCTHYECKOM
3HAYUMOCTH COOTBETCTBYIOIIETO KO3 PHUINCHTa,;

P — p-3Ha4eHUE IS IPOBEPKH THIIOTE3bI O CTATHCTUYECKON 3HAYNMOCTH COOTBETCTBY-
roniero ko3¢ ¢unrenTa (BeposSTHOCTh OITHOOYHOTO ITPUHSATHUS THIIOTE3BI O CYIECTBOBAHUH
HEHYJIEBBIX KOI((PHUIINEHTOB PErPECCHH).

Tabnuma 10
CBoaka st moaesu (1)
R? CroppeKTHPOBaHHbIN R* CKO Jlapoun-Yorcon
0,743 0,736 0,466 1,931

Koaddurment MHOKeCTBeHHOH netepmuHanuu R’cocrasnser 0,743, 4TO TOBOPHUT, O
TOM, 4TO 74,3% AMCHEpCUM 3aBHCHMOW MEPEMEHHON OOBSCHACTCS BIUSHHEM HE3aBUCH-
MO# mepeMeHHoi#t (ueM Onmxe R?k 1, TeM sydiiie mocTpoeHHas HaMu MoJienb). Takoe 3Ha-
YEHUE TOBOPUT O TOM, YTO MOJENb YYUTHIBAET OOJBIIYIO 4acTh (PaKTOPOB BIMSIOIINX Ha
yucio nocragasmux B ATII.

CrangapTHas omnOKa OIIEHKH 3aBUCUMOM TiepeMenHol 0,466.

3naueHne craTucTUKU J{apOnHa-YoTcoHA HE BBIXOIUT 3a TpaHuLH [1,5;2,5], mostomy
MO’KHO TOBOPHUTH O TOM, YTO aBTOKOPPEIIALINH HET.

Tabmnma 11
JucnepcuoHHbIil anaau3 A8 moxaesn (1)
Cymma CT. CB. Cpennnii F 3Ha4uMOCTH
KBaJpaToB KBaJpar
Perpeccus 447,579 19 23,557 108,551 0,000
Ocrartok 154,729 713 0,217
Bcero 602,308 732
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Tabnuma 10 moka3piBaeT CyMMBI KBaJpaTOB OTKJIOHCHHH, 3HAYCHUE CTATUCTHKH F-KpH-
tepus Pumiepa, p-3Hadenue g Kpurepus dumiepa, 1o KOTOpoMy MOXKHO CYAHUTH O J0-
CTOBEPHOCTH MTOCTPOCHHOM CBSI3H MEPEMCHHBIX.

[ocne HMCKIIIOYEHHs CTAaTUCTUYECKH HE3HAUYMMbIX Xapakrtepuctuk (days of week,
road_quality, district, alco, date, public_tr, weather, location, time) 6pUIa TOCTpOEHA HO-
Basi MOJIEJIb PErPECCHHU C MEHBIIUM KOJIMIECTBOM IIEPEMEHHBIX. VICKITIOYeHUE TEPEMEHHBIX
[IPOBOAMIIOCH 110 OJHOMY U B 3aBUCHMOCTH OT MOBEJICHHS CKOPPEKTUPOBAHHOTO KO3(h(hu-
[UEHTA JICTEPMUHAIINY ObUTH IPUHSTHI PEIICHUS O TOM, HCKJIIOUYATh IEPEMEHHYIO UITH HET.
B urtore Obuia mosydeHa ciaeayromas MoJelb:

SUM; = B, + B,DTP_V, + By0sv; + S velo; + Symoto; + 5 kids;

+ Petruck; + B,dr_viol; + fgped_viol, + Bstr_c; + Bioptpnt_c; (2)
+gi=1,...,N,
Tabmuua 12
Pe3ysibTaThl OlleHUBAHUS NTapaMeTPOB Mojeu (2)
Ilepemennas /] CKO t )/
Koncranra -0,421 0,077 -5,446 0,000
DTP_V 0,112 0,015 7,267 0,000
osv 0,073 0,034 2,178 0,030
velo 0,658 0,099 6,626 0,000
moto 0,242 0,052 4,676 0,000
kids -0,101 0,060 -1,673 0,095
truck 0,163 0,058 2,819 0,005
dr_viol 0,012 0,004 3,112 0,002
tr ¢ -0,665 0,030 -22,109 0,000
ptpnt_c 0,822 0,019 43,131 0,000
ped_viol -0,010 0,012 -0,841 0,400
Tabmuma 13

Caoaka st mojesu (2)

R? CKoppeKTHPOBaHHBIN R* CKO Jlap6un-Yorcon
0,743 0,739 0,463 1,926
Tabnuua 14
JucnepcuoHHBIH aHAIM3 11 Mojeu (2)
CymMma KBaJapaToB cT. cB. | Cpennuii KBagpar F 3HAYHMOCTDH

Perpeccus 447,229 10 44,723 208,215 0,000
OcTatok 155,080 722 0,215

Bceero 602,308 732
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Koahdunmenr gerepmMuHanvy B HOBOM MOJIETH MPAKTHYECKA HE U3MEHMIICS, YTO 101~
TBEPIXKJIAET ONPABIAHHOCTD MCKIIIOYCHUS IEBSATH OOBSICHSIONIMX TIEPEMEHHBIX M3 MOJICIH.
Taxkum 00pa3oM MOXKHO C/€aTh BBIBOJ O HE3HAUUMOCTH BIIMSHUS Ha YHMCIIO MOCTPaJiaB-
mux B JITII xanennapHoi oathl, IHs HEOEIN, BpEMEHU JHS, KAUeTCBA JOPOKHOIO IIOKPHI-
TS, YAAIEHHOCTH OT LIEHTPa TOPOJia U MOTO/BL.

W3 rucTorpaMMBbl CTaHAAPTU3UPOBAHHBIX OCTATKOB, IPUBEACHHON Ha PUCYHKE |, MOX-
HO C/IeNaTh BBIBOJ 00 OTCYTCTBHH BBIOPOCOB M OMPaBAAHHOCTH MPUMEHEHHS METO/1a Hau-
MEHBIINX KBaPATOB.

Cpegnee = 5 01E-16

200 Ta. OTen, = 0,993
N=733
150 -1
100
T
_ \i
50
o T T

I
ra
o
1=
&
.
@

Puc.1. l'ucmozpamma cmanoapmu3upo8antvix oCmamrkos

I'padux P-P cTaHOapTH3UPOBAHHBIX OCTATKOB, IPUBEAEHHBIA HA PHCYHKE 2, TAKKE TO-
BOPHT B I0JIb3Y MPEAIIOI0KEHHS 0 HOPMAJILHOM pacIipeieeH! ocTaTkoB. [Ipn Hopmaib-
HOM pacHpesie/ieHnn rpaduk mpeacTaBisieT co0oi mpsamMyto y = x, HaOmogaemMsblit rpaduk
JIOCTaTOYHO CJIa00 OTKIIOHSIETCS OT Heg.
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Puc.2. I'pagux P-P cmanoapmusuposanuvlx 0cmamkos

5. 3BAK/IIOYEHHUE

B pabore mMeTonaMu perpecCHOHHOro aHaiu3a OblIO IPOAHATM3UPOBAHO BIUSHHE J10-
KyMEHTAIBHO (HuKcHpyeMbIX xapaktepucTuk JITII Ha KOJMYEcTBO MOTHOMINX M PaHEHBIX
B pe3yinbTare npouciiectsus. C 01HON CTOPOHBI, UCCIIE0BAHNUE TT0KA3aJI0, YTO HEKOTOphIE
XapaKTEepUCTUKH 3HAYMMO HE BIUAIOT Ha KOIUYECTBO nocTpajgaBux. C Apyroi CTOpPOHSI,
MOYKHO CJIEJIaTh BBIBOJ O TOM, YTO MMEIOMINXCS B OTYETAX O MPOUCIIECTBUIX XapaKTEPH-
CTHK HEJIOCTATOYHO JIJIsl IPUEMJIEMO ITOJIHOTO OOBSICHEHHS BCEX MTPUYKH T'MOCIH U PaHSHHUs
mozeit npu JITTI. [Inst BeIsICHEHHS ¥ TOKYMEHTAIBHON (prKcanuy HeyITEHHBIX B UCCIIEI0-
BaHUM (PaKTOPOB HEOOXOIMMBI JOTIOTHUTEIBHBIC NCCIIEIOBAHMS.
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V[CCHEHOB&HT/IE V[I‘pOBOVI AKTMBHOCTM Ha CMaqu)OHaX

i XKapkoba O.I'., bapboruna C.A., Aponuna H.M., Boako6a B.H.
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MPOJOJDKEHHsT UIPOBOM AKTHBHOCTH, MHPEIIOYUTACMBIX JKaHpaX, 3aTPaudBacMOM
BPEMEHH Ha WIPbl KaXBIl JIeHb, MCIOJB30BaHHE OHJIAWH WIP M HAIMYHE TpaT
Ha MoOWibHBbIe Urpbl. CoOpaHHBIE JAaHHBIC TIOMOIJIM BBISBUTH MOTHBBI Hadaua W
MPOIODKEHNST MTPOBOW aKTHBHOCTH Ha cMapTdoHax. B xone mccinenoBanus ObUTH
MPOaHAIM3UPOBaHbl MOOWIIBHEIE MIpbl Ha miatgopmax iOS u Android. Ananms
COOpaHHBIX JaHHBIX IOKa3ajl, YTO CYLIECTBYIOT B3aMMOCBSI3H MEXKIY JKaHpPaMH.
Jlroqu, mpenroYuTaIoNIMe ONpPEACNICHHBIN JKaHp, MMEIOT CKJIOHHOCTh BBIOMpPAThH
MIOX0KUE JKAHPBI UTP. BhIsSBIICHA 3aBUCHMOCTB MOKYIIOK B OHJIAIH UTPax OT BO3pacTa
W BpPEeMEHH, POBOAMMOTO B Urpax KaXkAbli JeHb. UeM crapiie 1101 U yeM Ooblie
MPOBOJSAT BPEMEHHM B HIpax KaXIbli [eHb, TEM OHH OXOTHEE TPATAT JCHBIH
B urpax. [loymoBasi NpHHA/UISKHOCTh HE BIMSET HA UIPOBYIO aKTHMBHOCTH. BriGop
OIpe/IeICHHBIX )KaHPOB UIP HE CBS3aH ¢ BO3pacToM. Takue BBIBOBI ObLIN ClICTaHbI
B IIPOBEJICHHOM HCCJICIOBAaHUU UTPOBOI aKTHBHOCTH Ha CMapT(oHax.

Knroueswvie cnosa: cmapthoH, MOOMITEHBIE HTPBI, HTPBL, )KaHPBI, HCCIECIOBAaHNE, BO3-
pacrt, 3aBHCUMOCTb, MOTHB, BOIIPOC, BEIOOPKA.

1. BBEJIEHUE

B cBs13u ¢ Hapacraomniel MomyIIpHOCTHIO MOOMIIBHBIX UTP U UX BTOP)KEHHEM B T10-
BCEHEBHYIO KM3Hb OIPOMHOI0 KOJMYECTBA JI0/IeH BOSHHKAET HEOOXOAMMOCTh U3yde-
HUSI UTPOBOW aKTMBHOCTH JIIOJICH Pa3HBIX BO3PACTOB M BBISIBICHHE MOTHBOB, II00YXat0-
KX UrpaTh Ha cMapTdoHax. Celyac Urpsl Ha cMapT(OHAX MOMYJISIPHBI HACTOJILKO, YTO
B HUX UT'PAIOT JIIOJU BCEX BO3PACTOB, U JIEJIAIOT OHHU 3TO AOBOJIBHO YacTo. JIroan urparor
B TPAHCIIOPTE, IO JOPOTe Ha pabOTy U B MEPEPhIBaX; UTPAIOT, YTOOBI Pa3BIEUBCS, OTJOX-
HYTbh WIH pa3BesTh cKyKy. CorynacHo pesysbraram ucciaegosanusi BUMOM, nposenen-
HoMy B 2015 roay, Kakaslii BTOpPOIl pOCCUHCKHMI MHTEPHET-NOJIb30BaTENb ISl BBIXOJA
B MHTEPHET-CETh MOJIb3yeTcs cMapThoHoM, 55 % ncnoip3yoT cMapTdOH Kak OCHOBHOE
YCTpOWCTBA AJIsl BBIXOJIa B UHTEpHET [1].

Cmapthon (MOOMIBHBIN TeaC(OH), KaK MMPaBHIO, UMEST CEHCOPHBIN SKpaH U 00Jiaaa-
eT (YHKIMOHATBHOCTHIO KAPMAHHOTO ITIEPCOHANBHOTO KOMITBIOTEPA, KOTOPBIM MO3BOJISET
BCET/a, MpH HATMIuK nHTepHEeTa Wi CYIM-KapThl, ocTaBaThCs Ha CBSA3W U MOJIYYaTh pas-
HOOOpa3Hy10 HHYOPMALIUIO O COOBITHSIX B MHPE.

CMmapT¢OoHBI CTallM HEOTHEMJIEMOH YaCThIO KHU3HH MHOTHX Jitoei. [losiBuiioch Takoe
TOHATHE KaK «CMapT-3aBUCUMOCTH». [IpoBenennoe B 2017 roay uccnenoBanue «DeHo-
MeH cmapThoroBBIX 30M0K (CMOMBU)», npoBeaernoe B Cankr [letepOypre bemokpe-
aunkoii [1.A. n banamosoif K.A., mokaszamo, 94To KOIHYECTBO CMapT(OHO3aBUCUMBIX
moneit pactetr. Omgaako 60 % OMPOIICHHBIX B TaHHOM HCCIICTOBAaHUH HE CUHUTAIOT ceOs
3aBHCHUMBIMH OT HHTEpHETa U cMapTPOHOB. B pe3yibrare ObUIO BBISICHEHO, YTO PECIIOH-
JICHTHI JIOBOJILHO MHOT'O BPEMEHH IIPOBOJISIT B UHTEpHETE, a 35 % NpakTHYECKH HE BbI-
xoaiT u3 Hero. U kak ciencrsue, mHorue (oxoio 40 %) nmpoBoasT Oouibliie BpeMEHH B
WnTepHeTe, 4yeM npeamnonaraioT n3HadanbHo. K tomy xe 60 % pecrnoHAeHTOB HE BBICHI-
rmaeTcs, TaK KaK 3aCHKUBAETCS B CETH JOMO3/aHA [2].
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MoOHITBHBIE UTPBI — CAMBIH OBICTPOPACTYIIHNI CErMEHT UIpOBOTO phiHKa. B2018 rony Ha
HUX IpHUIUIOCH 74 % BCeX pacxo0B M0JIb30BaTeNe MOOMIBHBIX MTPpUIIOKeHHH. Urpsl mo-
MIPEeKHEMY YBEPEHHO 3aHHMAIOT [IEPBOE MECTO IO BBIPYUKE U 3arpy3KaM B Mara3uHax npu-
noxenuii Ha cmaptdonax 10s 1 Android [3].

2. XO1 NCCIIEAOBAHUA

HUccrnenoBanme ObII0 pa30MTO Ha 2 3Tama: MHTEPBHIOMPOBAHNE TECTOBOI BBIOOPKH H
MHTEpHET-o1poc. TecToBast BEIOOPKA MCMOIb30BaIach JUIS BBIICICHHUS BO3MOXKHBIX OTBE-
TOB Ha W3HAYAJIBHBIM CIIMCOK BOIIPOCOB, B JIAHHOM HCCIICIOBAHHE MBI HIMEHYEM HX KaK
UTPOBBIE MOTUBHI. Tarke TeCTOBask BBIOOPKA IIOMOTIJIA C ONIpEIeTICHHEM HAMITydIero ¢hop-
MYJIMPOBaHNS UMEIOIIMXCS BOIIPOCOB U (pOpMHUPOBAaHHEM HOBBIX. TecToBast BRIOOpKa co-
ctosina u3 30 uenoBexk.

Ha crajmu pa3paboTK ONPOCHUK COJIEPIKA CIIEIYIOIIHE BOIIPOCHI B CBOOOIHOM (opme:
CKOJIBKO BaM JIeT? (BO3DPacT)

Kakoro BbI moja? (o)

[Toyemy Hauamu Urpath B UTPHI HA cMapTdoHe?

[Toyemy npojormkaeTe Urpath/ ¢ KaKOM LENbI0 Urpaere ceifuac?

B kakwe xaHpsl urp urpaere?

CKOJIBKO IPUMEPHO YaCOB UTPACTE KXl JCHb?

Urpaete nu B OHJIAWH UTPHI?

Tpartute 1 ACHBIW Ha MMOKYTIKH (JIOHAT) B MOOMIIBHBIX HTpax?

[IpeoOpazoBaHHbBIE BONIPOCHI C J0OABIEHHEM BapHAHTOB OTBETOB HCIIOJIB30BAIHCH JIIS
coznanus onpocHuka B Google Forms. JlanHas mmardopma 1mo3BossieT pacrpocTpaHUTh
OITPOCHHUK II0 CCBUIKE, YTO 00JIerdaeT 3a1a4y NMpHUBJICYCHHUs yUaCTHHKOB K onpocy. Google
Forms — 9T0 OHJIaliH NPMIIOKEHUE TS aJMUHUCTPUPOBAHUS OIIPOCOB, KOTOPOE BXOJHT B
o¢ucHsii naker Google Drive.

B uccnenoBanuu npuHsiu ydactue 181 pecroHIeHT Oe3 ydera TECTOBOW BBIOOPKH.
Bcee OIIPOIICHHBIC ABJIAIOTCA aKTHUBHBIMU IIOJIB30BATCIIAMU UI'D Ha CMaqu)OHaX pa3iany-
HBIX XKaHPOB. Bo3pacT ygacTHHKOB Bapbupyetcs oT 4 10 72 net. KonmuuecTBo MyXYUH U
KCHIINH, IPUHABILINX y4acTHE B OIPOCE, IPUMEPHO OJMHAKOBOE.

PN RN =

3. UIT'POBBIE MOTHUBbI

B xone nHTepBbhroMpoBaHusi 30 YEJIOBEK M3 TECTOBOH BHIOOPKH YyJIallOCh BBIIEIUTH
IPYIIIBI YACTBIX OTBETOB HA BOIIPOCHI O TOM, KaK Hayalld HIPaTh U OYEMy UIPafOT ceifvac.
OTBETHI HA JaHHbIC BOITPOCHI Mbl Ha3bIBA€M «KUTPOBBIMU MOTUBaAMW»» UJIN HpH‘{I/IHOﬁ urpatb
B MOOMIIbHBIC HTPBL. [101 MOTHBOM MOZIpa3yMeBaeTcs MOOYKACHHUE K NeHCTBHIO. MOTHB —
coo0paskeH#ue, 110 KOTOPOMY CYOBEKT TOJDKEH JieiicTBOBaTh — onpezencaue Ko [ondpya.

Bomnpockl, 3amaBaeMble TECTOBOW BBIOOPKE:

Kak BbI Ha4YaM UrpaTh B MOOMIIbHBIE UTPBHI?

[To xakoii mpuYKHE BB IPOJIOJDKACTE UTPATh B MOOMIIEHBIC UIPBI?
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CKOJIBKO B CpEeTHEM BPEMEHH BbI TPATHUTE KaXK/IbIil IEHb Ha MOOWJIbHBIE UTPBI?
OTBeTHI pECIIOHACHTOB HA 3TH BOIPOCHI ITO3BOJIMIIN BBIICIUTD TPYIITEI MOTHBOB.
MoTuBBI Hayajla UTPOBOM AaKTUBHOCTHU:

1. CoBer uiy npsMoe MPHUIJIAIIEHUE CHITPATh BMECTE OT APyTa, POJCTBEHHHUKA, 3HAKOMO-
IO | T.II.

2. Bmusane CMU (pexiama)

3. HMHrepec K AEATENBHOCTH APYIUX JIIOJACH. YBUIEN y APYTMX W PEUIMI IONpoOOBaTh
CBITPATh CAMOCTOSITENBHO.

4. JKenanwne pa3BUThH KPyTo30p W HABBIKA (HAIIPUMEP, CKOPOCTH PEAKITHN)

5. PasBneuenue (HanpumMep, B JOpore)

6. 3amMeHa HACTOJbHBIM MI'paM (3aMeHa YKMBOTO OIIOHEHTA JUIs HACTOJILHBIX MIP Ha UC-
KyCCTBEHHBIN HHTEIUICKT U3 TP Ha CMapT(OHE WIN OHJIAiH-COTIEPHUKA)

7. Briroma — crioco0 3apaboTKa JICHET.
MoTHBBI IPOJOJKEHUSI UTPOBOM 1€ATENBHOCTH:

1. OOmenne

2. Tlcuxonormueckast HEBO3MOXKHOCTh OpPOCUTH Urpy (3aBUCHMOCTD)

3. CopeBHoBarenbHbIl 31eMeHT. JKenanue ObITh JYYIIUM WM BXOJIUTH B CIIUCOK JIy4-
IIMX UTPOKOB

4. Croco0 oT/bIXa ¥ pa3BICUCHUS

Crioco6 ckopoTaTh BpeMs B ITyTH

6. Pa3BUTHE YMCTBEHHBIX BO3MOKHOCTEH, MOTOPUKH H T..
MOTHB B JaHHOM CJIy4ae paccMaTprBaeTCsl KAaK CHHOHHMM CIIOBa «IpUYuHay. [Ipnunna

W

HavaTb UT'POBYIO ACATCIIbHOCTb BIIEPBBIC, U IIPUYWHA IPOAOJIKATh UTPATh B PA3HBIC UT'PbI
Ha MOOWJIBHBIX yCTPOICTBAX.

BriaenenHble MOTHUBBI MMO3BOJIMIIM MOHSTH, YTO YACTO JIIOAM HAUYMHAIM UTpaTh C Ka-
KOW-TO OJTHOH IIeJTbI0, a TIPOIOJDKAIOT yrKe MO IPYroi. DTo 3acTaBiseT 3aaymMarbes. Heko-
TOpBIE PECTIOHICHTHI HAPSMYIO B XOJI¢ HHTEPBBHIOMPOBAHUS BBICKA3aJIH, YTO Y HUX €CTh
3aBUCUMOCTD OT UTP, U UMEHHO MOATOMY OHU HE MOTYT IPEKPATUTh UTPaTh.

4. /KAHPBI UI'P, UCIT1OJIb3YEMBIE
B JAHHOM UCCJIEJOBAHUU

B x0/1e 10pabOTKH OMPOCHKUKA BBISICHIIIOCH, YTO KAHPbI HA TAKUX MOIMYJISIPHBIX I1IAT-
¢dopmax kak I0S u Android cunsHO paznuuarorcs. OnHa ¥ Ta ke Urpa MOXKET OBITh 3aITH-
caHa B pasHbIC KaHPbl. MeXIy miathpopMaMu U pa3padoTINKaMi HET HUKAK JOTOBOPCH-
HocTel. HekoTopble saHpbl HIMEIOT Ha3BaHUS, HE OTOOPAXKAIOIIUE AEHCTBUTEIBHOCTD, YTO
3aTPYAHSIET COMOCTABICHUE UTP C YKAHPAMH.

BbITH BBIZIETICHBI CIIETYIONINE KAHPBI, TIPECTaBICHHBIE B TabuIe 1, KoTopbie GBITO
Obl HHTEPECHEE BCEr0 aHAIM3UPOBATh, U HAW/IEHBI COOTBETCTBYOIIHME STHM XKaHPaM Ha3Ba-
HUSI TIONYJISIPHBIX Urp. HexkoTopble skaHpbl B OMpoce OBLIO PEIIeH0 00bEeIHHNTD, TaK KakK
OHH OY€Hb TTOXOXKH.
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Tabnuua 1
Hcnosb3yemblie :KaHPBI M IPUMeEPbI UTP
Kanp IIpumeps! urp
Kaprounsle Jypak, nacbsiHC, KOCbIHKA
T'osi0BOJIOMKH 3 B psz, cyAoKy, 1adbupunrt, 2048, TeTpuc

IMouck npenmeron

3araiouHbIii 10M: NOMCK NPeIMETOB

Cumyusitops! pepmbl, kade, ropona

3oM0u depma, CHMCHTH, Becenas pepma, MOost
KO(enHs

HacroabHbIe

MoHomnous, MAaXMaThl, MAHKOHT, TOMHUHO

Pa3BuBaromue u 06y'{a|0ume

Pa3urtne MO3ra, CKOpo4TeHHue, y1uM fA3bIKH

lyTepsl Fortnite, cs

Apkajbl Doodle jump, drop stack ball, fruit ninja
BukTopuHbI Bomnpoc oTBeT, MILTHOHED, HHTEJLIEKT-0aTTI
Tl'onkn Hill climb racing, asphalt, need for speed

A3zapTHble (Ka3UHO)

PyJierka, ciorsl

PosneBbie Eve, xponuku xaoca, 1ua6.10
CnopTuBHbIE DyT1H0.1, TEHHHC, OOKC, BOJIEHDOI
Kgectsl Kiy6 pomanTHKH, 100ET H3 KOMHATBI

Vr u 1ono/IHeHHAs PeaJbHOCTh

Pockemon go, cadapu, ropku

Ipuxiaoyenus BouH HUH/A351, KBeCTOMAHBAK

Crparerun 3ammra 6amen, clash of clans

CIOBECHBIE Pebychbl, aHarpaMMbl, KPOCCBOPABI, HAWAN
CJIOBO

Mys3bika Tiles hop, muanuno, guitar hero

MMOPIII' Lineage 2, sword of chaos

JKIIeH Swamp attack, muparsl, big hunter

Moba League of legends

Jlornyeckue IBpHKAa, BeceJible 32Ja4KH, MacTep JIOTUKH

DaiiTnHrN bokc, MMa, TeKKeH

5. PE3YJIBTATBI AHAJIM3A

B uccnenoBannn npunsiin ydactue 181 uwemosek: 91 sxenmmua u 90 myxumH. Bee
OIIPOIICHHBIE SIBIAIOTCSI aKTWBHBIMH TIOJIB30BAaTENsIMH WIrp Ha cMmaprdonax. Bospacrt
YY9acTHHKOB Bapeupyercs oT 4 mo 72 met. [IpoBepka Ha HOPMAaJIbHOCTH paCIpEICICHUS
BEIOOpKH TIpom3Boamitack B SPSS mo xputepuio Komvoroposa-CMupHOBa U Jana moio-
KHUTEIBHBIA pe3ynbTar. Takum 006pa3oM, BEIOOpPKa HMEET HOPMaJIbHOE pacIipeieIeHue 110

IIOJIy U BO3pacTy.
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JlaHHOE HcclleoBaHue MOKa3alo, YTo B CPEHEM JIFOAU IPOBOJAT B Urpax 1o 3 Jaca B
CyTKH. boJbllie Bcero BpeMeH! B Urpax MPOBOJAT JIFOIU, UMEIOIIHUE 3aBUCUMOCTb OT UI'P U
JKEJIaHUE COPEBHOBATHCS C IPYTMMU UIPOKAMU.

Kaxk Hauanm urpate
no cose 3en,

1 pcp.cheT:HiT;a 32 Ona uero urparor

2 | pexnama 39 1 | obweHne 25
3 | ysmnaen y apyrmx 31 2 | cnomkHo nepecTaTe UrpaTtb 13
4 | AnR pasBuTHA 13 3 | copeBHOBATENbHDbIA 3NEeMEHT 19
5 | cnocob 3aHATL BpemA a3 4 | otabix v paccnabnexme 64
6 | 2ameHnn HacTONbHDBIE MrPbi 8 5 | npoeecTv Bpema 45
7 | sapaboraTtb 7 & | camopazeuTre 10
8 | apyroe 8 7 | Apyroe 2

Puc. 1. Omeemot na 6onpocer 0 Hauane uepo8oll akMueHOCMuU U €€ NPOOONCEHUS

Ha pucynke 1 npenacraBieHsl 2 TaOIUIBI C OTBETaMH Ha BONpOCHl. JIeBbIi cTo-
6e1r — 9T0 mWHUdP MOJ KOTOPBIM KOJUPOBAJICS OTBET JUIsl HOcheayroleid oopaboTku,
a crpaBa KOJIMYECTBO JIOJEH, MaBIIMX Takoid oTeeT. [lo oTBeTaM BHIHO, YTO dalle
BCETO JIIOJM BIEPBbIC HAYMHAIOT UTPaTh, YTOOBI 3aHATH BpeMs (43) niau moja BiIHs-
HHUEM pekJIaMHBIX 00BsaBiIeHHi (39). IIpogomkaoT urpats, Tak Kak UTPhl TO3BOJAIOT
JOJSM OTAOXHYTh M PacclabUThCS.

CaMbIM MTOTMYJIISIPHBIM KaHPOM I10 Pe3yIbTaTaM OIMPOca SBISIOTCS TOJOBOIOMKH (84).

B xone uccnenoBanus OblIa BRISIBICHA 3aBUCHMOCTD MEXK/1y BO3PACTOM M MOKYIIKaMH
B Hrpax (IOHATOM) M 3aBHCHMOCTH MEXIY BpEMEHEeM HTphl U AoHaTamu. Uem Ooibmie
BPEMEHHU YEJIOBEK IPOBOAMT B MTPax, TEM OXOTHEE OH TPATWUT Ha HUX JeHBIH. boiee
CBOWCTBEHHBIMHU K TPaTaM B UTpax SIBISIOTCS B3POCIbIC JIIOAW. 3aBUCUMOCTH MEXIY I10-
JIOBBIM ITPU3HAKOM M JIOHATaMU He BbIsiBIIeHO. Hike npencrasiena tabauna 2 ¢ pesyiib-
TaTaMM NPOBEJICHNS aHAINM3a 110 BBISIBICHUIO 3aBUCUMOCTEH MEXJy T0JIOM, BO3PACTOM,
BpPEMEHEM UTPBI U JJOHATaMU. BhIsIBIIEHHE 3aBUCUMOCTEH MPOU3BOMIIOCH 110 KPUTEPHIO
Kpackena-Yosuteca B mporpamme JJist CTATUCTUYECKON 00paboTku JqaHHbIX SPSS.

Tabnuua 2
Kpurepnii Kpackena-Yosieca
Panrun
JAOHAT N Cpeanmuii panr
0 106 81,66
BO3pacT 1 76 105,22
Bcero 182
0 106 92,00
noJ 1 76 90,80
Bcero 182
0 105 77,22
BpeMsi_MIPbI 1 75 109,09
Bcero 180
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Panrun
CTaTHCTHKHU KpuTepus™®
BO3pacT oI BpEMsl_HIPbI
Xu-KBaapar 8,875 ,030 17,211
CT.CB. 1 1 1
AcCHUMIT. 3HY. ,003 ,861 ,000
a. Kpurepnit Kpackena-Yomneca
b. ['pymnmnupyrorias nepeMeHHas: TOHAT

3aBHCcHUMOCTEH, CBSI3aHHBIX C MOJOBBIM NMPHU3HAKOM, KpuTepreM MaHHa-YUTHU HE BbI-
ABJICHO. Pe3ynbTaThl mpeacTaBieHsl B TadauIe 3.

Tabnuua 3
Kpurtepuii ManHa-YuTHuU
Panrn
101 N Cpennuii paHr CyMMa paHros
0 91 92,23 8392,50
BO3pacT 1 90 89,76 8078,50
Bcero 181
0 89 85,43 7603,00
BpeMs_MIPbI 1 90 94,52 8507,00
Bcero 179
0 91 84,68 7706,00
OHUIAITH 1 90 97,39 8765,00
Bcero 181
0 91 91,29 8307,50
JOHATBI 1 90 90,71 8163,50
Bcero 181
CraTucTuKU KpUTepus®
BO3pacT BpeMsl_MIPbI OHJIAHH | JOHATHI
Crarucruka U ManHa-YuTHH 3983,500 3598,000 3520,000 |4068,500
Crarucrtuka W YHIKOKCOHA 8078,500 7603,000 7706,000 | 8163,500
V4 -,317 -1,203 -2,070 -,088
AcHMIT. 3HY. (IBYXCTOPOHHSISI) ,751 ,229 ,038 ,930
a. ['pynnupyromas nepeMeHHast: 1o

Haubounpimme TpyIHOCTH B UCCIICAOBAHIH BO3HUKIIM B CBSI3U C aHAITU30M IPEIIIOYTe-
HUH KaHPOB UTPHI JTIOJBMHU Pa3HOTO BO3pacTa. MBI BRIABHHYIIN 2 THIIOTE3EI O TOM, YTO
JIIOJTA Pa3HBIX BO3PACTHBIX TPYIII MPEANOUYNTAIOT UTPBI PA3HBIX KaHPOB.

[lepBas rumote3a pacmpocTpassiiachk Ha Bozpact a0 30 jert u mociue 30 ser.

Bropas runoresa: 1-as rpynmna ot 15 no 29, 2-ag ot 30 1o 60.

HOCJ’ICI[y}OHII/Iﬁ aHaJIn3 JXaHPOB OIMMPOBEPI 5THU T'MITIOTE3bI. A 3HA4YuT, Hpe[lHO‘{TeHI/Iﬁ
B JXaHpax, CBA3aHHBLIX C BO3paCTOM, HET. XoTs 9acTo KaXXETCd, 4TO JIIOAU PAa3HOTO BO3-

pacTa nNpeAnoOYnuTar0T pa3sHbIC

JKAHPBI.
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WuTtepecHoit 3aaueil cTano BBISBICHUE CBS3U MEXKAY MPEAIOYNTAEMBIMH KaHPaAMH.
AHaju3 BBIIOJIHSIICS C TMMOMOIIBIO KOppeIsIun CrmpMeHa, T.K. )XaHPbI HC UMCIOT HOPMaJib-
HOTro pacnpezeneHus. Hebompias yacts Tabnuipl kKoppensanuu CnupMeHa NpeacTaBiIeHa
Ha pucyHke 2. [ToJHOCTBI0 TaONUIy KOPPEJSILUil MOKHO M3YUHUTh 110 ccbuike: https://drive.
google.com/open?id=1 v PkPfXWQSrKdkZJGe7iKVbW4LnGxEC.
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CUMYNATOPbI

HaCTONbHbIE
W KapTOiHble

passuBaioLe
v oByuatowme

wyTepbl U
3KIWEHbI

apKaabl 1
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3HY. (2-CTOPOH)

N

112

0,164

0,085
12

2747

0.003]
112]

-0,074

0,436
112

0,067

0481
112

0,182

0,054
112

0,134

0,158
112

276

0.003]
112]

KoadpuimeHT

KoppenaLm
NoKncK
RpEOMETOs 3HY. (2-CTOPOH)

N

0,164

0.0835].

112]

112

0.008

093
112]

-0.073]

0,445
112]

0,176

0,063
112

0023

0,809
112

0027

0777
112]

0177

0.062
112

KoauLmeHt
KoppenaLmn

CHMYNATOPbI
3HY. (2-CTOpOH)

N

2747

0003
112

0,008

093]

112

112]

-0,007

0,941
112

-0.123)

0.202]
112

-0,099]

0.301
112

0074

0436
112

237

0014
112

KoadpmmeHt
KoppenaLmmn

HACTONbHbIE K

e i g 3HY. (2-CTOPOH)

N

0.074]

0436
112

0,073

0,445
12

0,007

0.941|.

112]

112)

0.088|

0.367|
112)

0,023

0,808
112

-198]

0038
112]

193

0.041
112]

Puc. 2. Yacms mabauysl koppenayuil #caupos uep Ha cmapmaeoHax

CnMcoK MOJIOKUTETBHBIX KOPPETSIUii:

Pa3BUBAIOIIUC, KBECThI, CJIOBCCHBIC

e VR —apkanbl
e Crpareruu — pojieBbie

T'onku — CIIOPTUBHBIC, IIYTCPHI U SKIICHBL

Cnucok oTpuLATENIbHBIX KOPPESIHii:
e HacronbHble U KapTOYHbIE — CIOPTUBHBIE, VR
e [IlyTepsl U AKIICHBI — BUKTOPHHBI
e VR — HacToJIbHbIE U KAPTOUHBIE

O mpupone JaHHBIX KOPPEIHLUil CyAuTh He MpocTo. OmpeneieHHO eCTh 3aKOHOMEp-
HOCTH, KOTOPBIE HY)KIAIOTCS B AaTbHEHUIIIEM U3ydeHHUH. JIF0/IH, 3a9acTyr0, yCTaHABIUBAIOT
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T'0JI0BOJIOMKE — CHUMYJISITOPBI, BUKTOPUHBI, CIIOBECHBIE
HacrosbHble U KapTOYHBIC — BUKTOPHHBI, KBECTHI
OOyuaromiye — BAKTOPHHEI
[TyTeps! 1 AKIIEHBI — TOHKHU, POJIEBBIC, CIOPTUBHBIE, MMOPIT 1 MoOa
BUKTOPHHBI — FOJIOBOJIOMKH, [IOMCK MIPESMETOB, HACTOJIBHBIC U KAPTOYHBIE, a3aPTHBIC,
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TIOTTYJISIPHBIC UTPBI M HE MHTEPECYIOTCS MX XXaHPOM. A pa3paOOTYMKH U TPHUUCISIOT
UTPBI CPa3y K HECKOJIBKUM JKaHPaM, YTO YCIOXKHSIET aHaJIM3.

6. SAK/IIOYEHHUE

HccnenoBanue UrpoBoi aKTUBHOCTH Ha CMapT(OHaX SIBISICTCSI HHTEPECHOM M aKTyallb-
HOi 3amaveit. Iy cOopa MaHHBIX [T aHa u3a Oblla W3ydeHa MpeaMeTHast 00J1acTh (1po-
aHaJIM3MPOBAaHbl MOOMJIBHBIC UIPBI, TIpeuIaraeMbie Ha iatgopmax 10S u Android, Beije-
JICHBI ¥ Pa3/IeJICHbI XKAHPHI).

CO6op HaHHBIX IPOBOAMICS B JOPME HHTEPBBIONPOBAHUS U OHJIAMH ¢ momoisio Google
Forms. B nccnenoBanun npussim yuactue 181 pecrioHmeHT.

BbIsiBNIeHO HaM9IHE KOPPEIALINH MEX Ty )KaHpaMu Urp Ha cmapTdonax. [Iposenen ana-
JI3 3aKOHOMEPHOCTEH, CBA3aHHBIX C MOKYIIKAMH B OHJIAWH UIPax, B X0/1¢ KOTOPOro Oblia
BBIIBJICHA 3aBUCHMOCTH MOKYTIOK B OHJIAIH MTpax OT BO3pacTa M BPEMEHH, TPOBOANMOTO B
UTpax KaXabli IeHb. AHAIN3, IPOBE/ICHHBIN B JAHHOM MCCJICJOBAaHHUH, TTO3BOJIMII C/ICJIATh
CJIC/TyOLIME BBHIBOIBI:

e Koppessius Mex1y BO3pacTOM U JJOHATOM TOJIOKUTENbHAsL, YeM CTapIle JIOJHU, TeM

OHU OXOTHEE TPATAT JCHbI'Y B UrPax.

o Koppensius Mex1y BpeMECHEM UTPbI U JIOHATOM TOJIOKUTEIIbHAS, YeM OOJIBIIIC JIFOH

C€KECAHCBHO UT'PAIOT, TEM OHU OXOTHEE TPATAT ACHBI'M HAa TOHATHI.

e 3aBHCHUMOCTH MCXKY ITOJIOBBIM MTPU3HAKOM, BDEMCHEM HUI'PBI U JOHATaAMU HE BBIABJIICHO.
e BrIi6op ompesieIeHHbBIX )KaHPOB UI'P HE CBsI3aH C BO3PACTOM.
e Mex1y )KaHpaMH CyIIECTBYIOT KOPPEJALUY, HAIPUMED, JIFOAU, UTPAIOIINE B TOJIOBO-

JIOMKH, 9aCTO UTPAIOT B BUKTOPHHBI, CHMYJIATOPHI U CIIOBECHBIE HTPHI.
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OCO0EHHOCTh HHHOBAIMOHHBIX M3IEJIHI TPeOyeT YUUTHIBATH OOJIBIIOE KOJHUECTBO
KPUTEPUEB, KOTOPHIC CICAYET arperupoBath B OOOOMIEHHBIE U CTPOUTH JCPEBO
CBEPTKH C KQUeCTBEHHBIMHU, KOJHUCCTBEHHBIMUA U HEUSTKMMH TpaBmiamMu. B pabote
MpeI0XKEeHA METOINKA ONTUMAITBHOTO Pa30HEHHUS KAl KPUTEPHUEB Ha 0000IICHHBIC
rpajialliy ISk UCIIOIb30BaHMs KOMOMHUPOBAHHBIX METOJI0B MHOTOKPHTEPUAILHOTO
aHanM3a albTepHATHB. [lepexo] K MEHbIIEMY KOJHUYECTBY KPUTECPHUEB MPHBOIUT
K 3HAYHUTEIILHOMY TOBBIIIICHUIO Pa3MEPHOCTH IKaT 0000EHHBIX KpuTepues. [1Ikamb
MPUXOIUTCS MPEOOPA30BBIBATH B HOBBIC IIKAJIBI C MEHBIIINM KOJIMUYECTBOM T'paIalinii.
Jlnsa perieHusl 3aaud MHUHUMH3AIUH HHGOPMAIHOHHBIX MOTEPh, BO3HUKAFOIIMX
npu mpeoOdpa3oBaHuy IIKAI,onpe/eacHa QyHKIUsS bemMaHa W MPUMEHEH METO.
JUHAMHYECKOTO MPOrPaMMUPOBAHUS. BBIYUCIUTEIBHBIC SKCICPUMEHTBI MOKA3aIN
3¢ GEKTUBHOCTH NMPETOKESHHOTO TOAX0Ia.
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Knrouesvle cnoea: nHHOBAIIMOHHbIEC M3JIEIHs, arperHpOBaHNe, KPUTSPUH, (YHKIIUS
BemMana, MHOrOKpHTEpHAIBHBIN aHAIN3 albTePHATUB, IIKAJIA, PAHKHPOBAHUE, HH-

TerpalJibHas OLUECHKA, MUHUMU3alUs I/IH(bOpMaL[I/IOHHBIX NOTEPh.

1. BBEJIEHUE

VHHOBaIys Mpe/ICTaBIIsIIOT CO0O0H MPON3BOACTBEHHYO (DYHKIIMIO, KOTOpast Ha 0ase u3-
MEHEHHUH BO BCEH COBOKYITHOCTH JCHCTBYIONIMX Ha MPOIYKT (PAKTOPOB TPEIOTIPEICTST €ro
KauecTBeHHbIE M3MeHeHws [ 1]. ITocKobKy CyIecTByeT MHOYKECTBO AJIbTEPHATHBHBIX ITyTEH
CO3/1aHMs] MHHOBALMOHHOHN TPOIYKINH, C PA3INYHBIMHA MPOTOTHIIAMH, KOTOPEIE HE MOTYT
OBITh BCE pEaM30BaHbl B CHITy OIPaHUYEHHOCTH PECYpPCOB, IPHUXOIUTCS OCYIECTBIIATh BbI-
OOpITyTH HCTIONB3YSIMETOAbI MHOTOKPHUTEPHATEHOTO aHAJIM3a albTepHATHB. MIHHOBAIIMOHHAS
COCTAaBJISIFOLIAS ITPOTYKIIMU PUBOIUT K TOMY, YTO BEKTOPHBIH KPUTEPHI UMEET JT0CTATOYHO
BBICOKYIO Pa3MEPHOCTB, 3a4acTyI0 JIECSTKU WM COTHA KOMITOHEHTOB. JIHIIo, mpuMuHaromee
pemrenue (JIITP) He B COCTOSIHUM OLEHUTH TaKylO OOJIBIIYIO COBOKYITHOCTh KPUTEPHEB, T103-
TOMY OOBIYHO TIPHUOETAIOT K MTOCTPOCHHIIO MHOTOYPOBHEBOTO JIepeBa KPUTEPHUEB [2].

B aTOM noaxozie KpuTepruu 00bEANHSIIOTCS B TPYIIIBI, ¥ KaK/1ast U3 HUX XapaKTepu3yeT-
sl CBOMM 0000111eHHBIM KpuTepreM. @opMupoBaHKE TPYIIIT TOJHKHBI TPOBOANTH HKCTIEPTHI
i JITTP no cMbIciOBOMY NpH3HAKY, T.€. MHTETPaIbHBIA KPUTEpUil HeceT 0000IECHHYIO
MH(OPMANHNIO 0 KAKOM-JIN0O0 aCHeKTe MHHOBAIIMOHHON MPOIYKIIUH, AETATBHO ONpeiessie-
MOM KPUTEPHSIMH, BOIIEIIIUMH B cocTaB rpymisl [3]. st kaxkaoro 06001IeHHOTO KpHTe-
pHsI CIleTyeT yKa3aTh pelaroniee mpasmio. TakuM IpaBHIOM MOKET ObITh KaueCTBEHHBIH,
KOJIMUECTBEHHBIH MIIM HEYETKUH METOJ] MHOTOKPHTEPHAJIBHOTO aHajHu3a albTepHATHUB, B
pe3ynbrare paboThl KOTOPOTO BEIYUCISIETCSI MHTETPATBbHAS OIIEHKA 110 0000IEHHOMY KpH-
tepuro. [Iporenypy nepexosna Kk BEKTOPHOMY KPHTEPHIO MEHBILEH pa3MepHOCTH, TIOCTPO-
€HHOMY Ha 00OOMIEHHBIX KPUTEPHUAX, OyIeM Ha3bIBaTh arperupoBaHueM [4]. Arperupo-
BaHME Oy/IeT IOBTOPSTHCS J0 TEX IOP, MIOKa MbI HE TIOJyYUM JIEPEBO KPUTEPUEB, B KOPHE
KOTOPOTO HAXOJUTCS OJIH 0000IIEHHBIN KPUTEPHHA.

2. ATPETUPOBAHUME

ANBTEpHATHBOH MPEATI0KEHHOTO JIePEBa arperupOBaHNsl KPUTEPHUEB ABISIETCS Hepap-
xust B Metoze ananusa uepapxuit (MAI) Tomaca Caartu [5]. Ho B ornnuuu ot MAU, xpu-
TEpUN Ha MPOMEXYTOUHBIX YPOBHSX AEpPEBa MOTYT OBITh KaK KOJMYECCTBEHHBIMH, TaK H
Ka4eCTBEHHBIMH, ¥ B PEIIAIOIIEM ITPaBUIIC HCIIOJIB3YETCsl HE TOJIBKO B3BEIICHHAS! CYMMa H
MYJIbTHUILUTIKATUBHASL CBEPTKA, HO M JIPyTHE METOABI, BKJII0OUAsi KOMOMHUPOBAHHBIN METON
Ha 0a3e oOJiacTeil mpeAnouTeHuii [6].

JlepeBo arpernpoBaHUs KPUTEPHUEB MOXHO MPEJCTaBHTH CIEMyIOmuM oOpasom. Ha
HHKHEM ypOBHE JiepeBa oOpasyeTcs N, rpyIi, Mo g, BJIEMEHTOB B KaXJIOH, T/Ie ¢, — YhCII0
KPHTEPHEB B [-OU TPYTITIE (KENATENBHO 9TOOBI ¢, HE TpeBOCcX0amiIo 10, nHave mpuMeHeHne
Ka4yeCTBEHHBIX METOIOB 3aTPYJHUTENBHO). ECITN 77 — 4KCII0 MEpBUYHBIX KPUTEPHEB, TO YHCIIO
N1 HaxXOAMTCS B IIpeeNax:
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o |ew <]
max q,; min g,
i i

Tax kak n/q,, HE BCET/IA ENOE YHUCIIO, TO TPUMEHSETCS ONEPANus [—| — OKpyTJIe-
HUE 10 OJMVDKalIIero meaoro OOJBIIEro WK paBHOTO onepanay. Ha cnenyromem ypoBHe
JepeBa: ¢, — YACII0 KPUTEPHEB B TPYIINAX, @ POJIb BXOJHBIX KPHTEPUEB MCIIONHAIOT NV,
TPy HUXKHETO YPOBHS U T.A. B pe3ynbraTe npuMeHeHHs AaHHON MpoLEayphl B KOPHE
JIepeBa OCTaHETCA OJMH MHTETPAJIbHBIN KPUTEPHIA.

IIpu TakoM arperupoBaHMM KPUTEPUEB, IMOJIYYAETCS BBICOKAs Pa3MEPHOCTH MIKal
0000IIEHHBIX KpuTepueB. Tak ecnu qaHbl 4 KpUTEPHs Uy KQXKIOT0 U3 HUX 5 Tpajauuid, To
JUTS pa3THIUMOCTH BCEX KOMOMHANINH 3HAYCHUH HE0OXOoAMMa mKana ¢ 625 rpajganusmMu.
PaboTa xauecTBEHHBIX METOJIOB HA BHICOKOPa3MEPHBIX LIKalaX 3aTpyAHUTEIbHA, T0ITO-
My HEOOXOAMMO pa3padoTaTb METOIMKY CHM)KEHHS PasMEpHOCTH TakuX IIKal. Pemenue
JIAHHOM 3a/1aun pa30MBaeTcsl Ha 2 ATara: MepBbIi dTall — BEIOOp YUCIa Tpaaliid Uil HOBOH
IIKAJIBI, ¥ BTOPOI — pa30ueHne UCXOJHOI KAkl Ha 3aJaHHOE KoIudecTBo rpagaruii. [1lka-
Ty, TIOJIyYCHHYIO B PE3y/IbTaTe NPUMEHEHHs JaHHOW METOIUKH, Ha30BeM 00OOIIEHHOM.
Ha mepBom stame JITIP mnm skcmepT, HA OCHOBE COMCPKATEIBHBIX COOOpakeHUH, cam
Ha3HayaeT TpeOyeMyro TOYHOCTb OLleHKH. Ha BTopom 3Tarme npeanararoTcs TpH METOAA:
1. Pa3Ouenune mikansl Ha MHTEPBAJbl C OJIMHAKOBBIM YMCIIOM rpaganuii. C Touku 3pe-

HUsl “THQOPMAIIMOHHBIX NOTEPh, KaK OYJIET MMOKAa3aHO HUXKE, ITOT METOJ HE BCEraa

3¢ (deKTUBeH.

2. TlpenocraBnenue JIITP BO3AMOKHOCTH caMOMy OTIpeAEIATh pa30MeHne Ha OCHOBE CO-
JepKaTeNBHOTO aHaim3a 3aaadu. Meton HeynooeH tem, uto JIIIP mpuxomutcs Tpa-
TUTHh MHOTO BPEMEHH Ha pa30HEeHNE U COTIIACOBAHUE IIKaJ.

3. Pa30ueHune mkanbl HAa OCHOBE MHHHMH3AIMH MHPOPMAIIMOHHBIX MOTEPh HUCIONIB3Ys
MOHATHE SHTPOMUU arperupyrounero Kpurepusi.

[loHsATHO, YTO MpoIEAypa AUCKPETU3AMMK MIKAJI MPUBOIUT K MH(POPMAIHOHHBIM
norepsiM. MHGoOpmamys 0 MHHOBAIIMOHHOM MPOAYKTE HAauOOJee MOITHO OTpakKeHa Ha
YPOBHE NEPBUIHBIX KpUTepueB. VIH(OpMamoHHbIE MOTEPH PACTYT OT NEPBUUHBIX KPHU-
TEPUEB K MHTErPAIBHOMY KPUTEPUIO B KOpHE JepeBa arperupoBaHus. OLUEHUTHh WH-
(opManMOHHBIE TIOTEPH, KOTOPHIE BO3HUKAIOT B MPOLIECCE arperupOBaHUsI KPUTEPUEB,
MO’KHO ¢ HH(pOopManoHHo! sHTponuy [7]. KonanuecTBo nHpopmManuu usmepsercs pas-
HOCTBIO 3HTpOl’[PII71 J0 U ITOCJIC BBIYMCICHUSA 3HAYCHUA KPUTCPUA. B JaHHOM CJiy4yae€ 3H-
TPOMUSI KPUTEPHsI TIOCIIE BHIUNUCICHUS 3HAUCHUSI KPUTEPHUS PaBHA HYJIO U KOJIMYECTBO
nH(pOPMAIUH ONPECIIIECTCS YHTPONHEH 3HAUCHN KPUTEPHS 10 €ro BeIUucieHus. [Ipo-
BOAMTDH pa3OneHne mKaiabl 0000IEHHOT0 KPUTEPHUS Ha Tpajlallui CIeayeT Tak, YTOOBI
SHTPONUS KPUTEpHs OblIa MakcuMalbHOH. [loaTOMy 1mIKamy xKputepus cienyer pa3ou-
BaTh UHTEPBAJIBI IPUOIMIKEHHBIE K TAKMM, B KOTOPBIX 3HAUYCHUSI KPUTEPHS TTOSBISUTHCH

OBl C OJIWHAKOBBIMH BEPOATHOCTAMMU.
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3. METO/J PELIEHUSA

B paccmarpuBaeMoii 3ajaue IMeeTCs HCXO/IHasI IIKasia 0000IIeHHOTO KpUTEpHs ¢ 00ITb-
LIMM KOJIMYECTBOM I'paJialluii ¥ U3 HEE CIIEAYET MOIYYNUTh KAy C MEHBIIINM KOJIMYECTBOM
rpajaiyii ¢ MUHUMaJIbHBIME MH(OOPMALMOHHBIMU 1ToTepsiMi. DopmannzyeM MoCTaHOBKY
COOTBETCTBYIOIICH ONTUMH3AIMOHHON 33/1a41, OHA PEIIAeTCs JUIsl KaKI0ro 0000IEeHHOT0
KPHUTEpHs Ha BCEX YPOBHSIX arpeTHPOBAHMA.

LeneBast GyHKIMS IPUMET CICAYIOIINIT BUJ:

r r

P 2w 2
N m I=1 =1
max I'=->( > polog,( X p,).,
oty e 0 r=l =
k:Zu,H k:Zu,H
=1 =1
OTpaHUYCHUS: .
m
Su=m.
r=1
*
u >0,r=1.,m,
e

ur* OIITUMHU3AITUOHHBIC nepeMeHHHe, IIOKa3bIBAKOIINUEC CKOJIBKO Fpal[aI_II/Iﬁ Ha I/ICXOZ[HOﬁ
IIKaJIe BKJIFOYACTCS B /-F0 TPAJaliio Ha 0000MICHHOM TIKaJIe,

D, — BEPOATHOCTH k-TO COCTOSIHHS B MCXOIHOM INKAJIE,

m* — 4KCio rpagaluii B 0000IIEHHOH MIKae,

™M — YHUCJO Ipajaluii HCXOJHON HIKaJbI,

r=1...,m— HOMeEp Tpajanny B 0000IICHHOH HIKaTe,

* V3
k 1= 1, ..., — HOMEp I'pafalili B UCXOJHOU IIKAJIC,
P

Z“M — MHIEKC TEPBOH Tpajali¥ MCXOMHOM MIKAJbl, BKJIIOYEHHOH B 7-10 IpalallHio
=1 0000IIEHHOI IIKaJIEI,

Z”l —  WMHIEKC MOCTeIHEH Tpaaliil UCXOTHON MIKANBI, BKIIOUYEHHOH B #-I0 TPaJallnio
(=l 0000IIEHHON IITKAIEI.

[IpakTHyeckoe UCIOIH30BAHNE TAKOM TIOCTAHOBKH 3a/1auu 3aTPYIHICT HEOOXOMMOCTh
3HaHud p,. He Beerya cymecTByeT MpocToii cnocod HaxoKAEHHS BEPOATHOCTHOTO Pacipe-
JACIICHUS 3HAYEHUH BEKTOPHOI'O KPUTEPUA. OHHaKO, npu l'IpO}IOJ'DKI/ITeJ'IBHOﬁ OKCILTyaTalnuu
WHGPOPMAINIMOHHO-aHATUTHYECKUX CUCTEM WHHOBAI[OHHO aKTUBHBIX MPEIIPUATHIA, OICH-
KM p, MOTYT OBITh BBIYHCIICHBI HA OCHOBE 00PAabOTKU CTATMCTUYECKH:

p,=mln,

IJIe 71— YHUCIIO ANbTEPHATUB Y KOTOPBIX 3HAUYCHHE KPUTEPHs IOMNaaano B k-0 rpaja-
LU0, 71— O0Illee YHCIIO OLIEHUBAEMBIX aJlbTEPHATHUB.

Ecnu cucrema Tonbk0 HaYMHACT (PYHKITHOHUPOBATH, TO MOXKHO HCIIOJB30BaTh CyOhEK-
THUBHBIC BEPOSITHOCTH, OCHOBAHHBIE HA OMPOCE IKCIIEPTOB 110 METO/LY ITAIOHHBIX JOTEPEH.

HaHHaH ONITUMHU3AIIMOHHAA 3aJla4ya OTHOCUTCA K KJIaCcCy 3aaad AUCKPETHOTO JUHaAMU-
YECKOTO MporpaMmupoBanus [8]. PemeHne mocTaBieHHOW 3a7aud OCHOBAHO Ha BBIBOJIEC
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¢Qynxuuu bemmmana A (). Ona onpeenseT MakCHMyM 3HTPONMM 7 MEPBBIX Ipajauui
0000IICHHO! IIKaJIbI, HAWACHHBIH MTPU YCIOBHH, YTO ¢ rpalaliuii MICXOAHOU IIKaIbl 00be-
JMHSIIOTCS B 7 IEPBBIX Ipajialiiii 0000IIEHHON IIIKAJIbI:

S S
A (&)= max (- Z( Z p ) log,( Z P’
/= k= ZM,H k= ;u,ﬂ
Zu <¢,
V<§ i

Jlst BEIYHCIeHs QyHKIME beiMana BEIBOIUTCS cneﬂyfomaﬂ PpeKyppeHTHas (GopMyIa:
A} (&)= Klriaé{_(z p;)log, (Z Pt
=< k=1 k=1

¢ ¢
Az(é‘):max{—( Z P 1og, ( Z pk)+Al(§—u2)},

<u, <
< i k=E—uy +1

A (&)= max {~( Z Pi)log, ( Z pO+A L (E-u)}
k=&-u, +1 k=&—u, +1
Ipu ¢&=m u r=m" dpyuxums bemmana OyeT paBHa ONTHMATFHOMY 3HAYEHUIO 1IEJICBOM
(YHKINH 1711 BCEH Kb

m

Ayom=max (- 3 pologa( Y pvA,(mou, )=
= k=m-u ++1 k=m—u «+1
—max( Z( z P ) log,( z P

k= Zu,ﬂ k= Zu,ﬂ
1=1

4. ATTIPOBAIIASI METOJIA

MerToayKa arperupoBaHusi KpUTEPUEB HOCUT SBPUCTUIECKUI XapaKkTep, U B 3aBUCUMO-
CTH OT TOTO, KaK KPUTEPHH OOBEAMHSIOTCS B TPYHIIBI, MOXKHO TIOJyYHTh Pa3JIMYHBIN pe-
3yspTat. [103TOMY aKTyalsieH BOIIPOC O KOPPEKTHOCTH MCTIONB30BAHMS arperupOBaHUs IS
MHOTOKPUTEPHAIBEHOTO aHaJM3a allbTEPHATHB. Tak Kak CTPyKTypa BCEX y3JI0B JepeBa KpH-
TEpUEB WACHTHYHA, MOKHO JIOITyCTUTh, YTO €CIIH JUISl OJHOTO U3 00OOIICHHBIX KPUTEPHEB
WCIIOJIb30BAaHKE MPOLEAYPhl arperupoBaHusl aJeKBaTHO MCXOJHOM (HEe arperupoBaHHOM)
OLIEHKE, TO 9Ta aJIeKBaTHOCTb COXPAHIETCS AT BCETO AePEBA KPUTEPHEB.

Crnoco0Ob! BBIYKMCIICHUS] MHTETPAJIBHBIX OLIEHOK ajlbTepPHATHUB OyJeM CUMTaTh a/IeKBaT-
HBIMH, €CJIH, 0JIb3YACh UMH, OJTHO U TO K€ JIMLI0, TPUHUMAIOIIIEee PeIIeHHs], TOJIyYUT CXOI-
HbIE PaHXHPOBAHUS aJIbTCPHATHUB.
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st onpeneneHust Mepbl OJIM30CTH HA OTHOIICHHSX JIMHEHHOTO MOPSI/IKa BOCIIONb3yeM-
Csl CTIelalIbHON Mepol, peokeHHol Kemenn.
Paccrosinue Mmexay pamxupoBanueM A u B onpexnensiercs no ¢popmysie:
1 N
d(4,B) = 5 2 ‘aii —b,

i,j=1

>

rae N — 4ucio anbTepHaTHB,
1, eciu i-g anbTepHATHBA IIpeIIIOUTUTEILHEH j-H,
a; =40, eciu -3 aIbTePHATHBA SKBUBAICHTHA jf-H,
—l,ecnu i-s1 anbTepHATHBA TIpeAMTOYTHTEIbHEH i-1,

b, onpeienAeTCs aHATOTHIHO.
MaxkcuManbHO BO3MOXKHOE PACCTOSHUE MEXIY PAaHKUPOBAHUSMU PaBHO:
max d(4,B)=N(N-1)/2.

B pesynpraTe HOpMHUPOBAHUS PACCTOSIHUS MEXK LY PAaHKHPOBAHUAMHE IIOJTydaeTCst Kodd-

¢umnmeHT panroBoi Koppersinnn Kennama:
d(A4,B
T(A,B)ZI—ZM.

N(N-1)

Kpome Toro, Mo>KHO BOCTIONB30BaThes KOG GHUINEHTOM paHroBoH Koppessun Crup-
MeHa!

6 N
p(A’B):l_i (”;'_Si)27
N’ _N;

TJie ¥, — PaHr i-i aJbTepHATHBBI B PAHKUPOBAHUM A, 5, — PAHT i-i aIbTePHATUBBI B PaH-
JKUPOBaHuUU B.

CJ105KHO MPEOYeCTh OTUH U3 3THX KO3 (DUIIMEHTOB, Pe3yJIbTaThl PACYCTOB 110 HUM Pa3-
HSTCSI, XOTb U HE3HAUUTEIILHO, I0ATOMY BBIYHCIIUM OLIEHKY KOPPEJSLIK MEK/Ty PaHKUPOBa-
HUSMH 00ouMH criocoOamu. OLieHKa MPOBO/IMIIACH Ha JIBYX THIIOBBIX 331a4aX PaHKUPOBAHUS
00pa3110B MHHOBAIIMOHHOM MPOJYKIMH B IIPOCTPAHCTBE YETHIPEX KPUTEPHEB, LISl TIOJTYyYECHHS
pamXupoBaHus A MPABUIIO BEIYHCIICHUS PAHTOB aJIbTEPHATHUB PHMEHSIIOCH HETIOCPEICTBEH-
HO K IEPBUYHBIM KPUTEPUSIM, & JUIsl paH>KUPOBAHUsL B IPOBOIMIIOCH TIPEIBAPUTEIBHOE arpe-
TMpOBaHKE NIEPBUYHBIX KPUTEPUEB B JIBA arperupyrOLIMX KpuTepus. Pe3ybrarsl craTucTu-
4ecKol 00pabOTKH JaHHBIX SKCIIEPUMEHTA MPUBE/CHBI B TadIMIE 1.

Tabmuua 1
Kos¢puunenTs! koppeassnun
JITTP JxcnepuMeHT 1 JKCHEePUMEHT 2
T p T p
1 0,18 0,25 0,42 0,59
2 0,66 0,82 0,72 0,85
3 0,34 0,45 0,47 0,58
4 0,58 0,74 0,58 0,63
5 0,84 0,96 0,48 0,64
6 0,46 0,63 0,4 0,44
7 0,66 0,83 0,41 0,53
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JkcnepuMenT 1 JKCIEePUMEHT 2
JIIIP
T p T p

8 0,19 0,2 0,2 0,21

9 0,84 0,96 0,73 0,87

10 0,65 0,8 0,59 0,72

11 0,69 0,87 0,69 0,87

12 0,82 0,95 0,74 0,9
Jinana3zon [0,18; 0,86] [0,2;0,97] [0,2; 0,86] [0,21; 0,97]

Cpennee 0,61 0,75 0,59 0,71

Jucnepcus 0,05 0,06 0,04 0,04

Ha ocHoBe aHanm3a pe3ynbTaToB SKCIIEPUMEHTOB CJICJIAHbI CIICAYIOIINE BBIBOIBI:

® PAH)XHUPOBAHUS MOJyYEHHBIE O3 arperupOBaHMS U C arpeTUPOBAHIEM XOPOIIO KOppe-
JIMPOBAHBI BO BCEX IKCIIEpUMEHTax Kak 1o Kengamny (t), Tak 1 no Crimpmeny (p);

e 3HaueHMe Kod(duireHTa kopperinun Kennamia B cpeiHeM MeHbIIIee, HO JaXe TaKue
3HAYEHHs BCE-PaBHO TOBOPAT O 3HAUNMOM KOPPETISALIUH;

e GonpmmHcTBO JITIP BBICKa3amu MHEHUE, YTO B OOJBIIEH CTENEHN X TOYKY 3PEHUS OT-
paXkaeT paHKMpPOBaHHE IMOJTYYEHHOE B PE3yNbTaTe arperupoBaHuUs], YTO OOBSCHIETCS
T€M, YTO HEMOCPEICTBEHHOE MOCTPOCHUE KAUYECTBEHHBIX PELIAIOIIUX MPH BBICOKOI
Pa3MEpHOCTH KPUTEPHS BBI3BIBACT 3aTPyIHEHUS 33 CUET HEOOXOAMMOCTH 3aIIOMUHAHHS
YPOBHEH NpeAnoYTeHUH It OOJIBIIOTO YMcIa KOMOMHAIINN 3HAYeHUH KPUTEPHEB;

e HU3Kas aucrepcus Ko3()(UIMEHTOB KOPPENSAHH IIO3BOJSIET CUUTATh SKCIEPUMEH-
TaJIbHBIE JaHHBIE 3aCITY KUBAIOIUMH JJOBEpUE, HECMOTPSI Ha CPAaBHUTEIBHO HEOOIBIIIOE
YHCII0 HAOFOIEHN.

CrenoBarenbHO, METOJIMKA arpernpoBaHusl KPUTEPUEB HE BHOCUT 3HAYMMBIX UCKaXe-

HUH B yueT npeanoyrenui JIIIP.

5. BAKVIIOYEHHUE

[peno>xeHHbIH MOAXO0/ MO3BOJISIET CHU3UTH MH()OPMAIMOHHBIE TIOTEPH, TIPH PAHKHPOBa-
HHUHM U BEIOOpE 00Pa3Ii0B MHHOBALIMOHHON MPOIYKIUH C YY€TOM BEKTOPHOTO KPUTEPHSI BBICO-
KO pa3MepHOCTH. VICcrionp30Banme SHTPONMIHOTO MO/IX0/1a K Pa30UEHHIO KAl JaeT BO3MOJK-
HOCTb HCIOJIb30BaTh Ka4eCTBEHHBIE METOABI MHOTOKPUTEPHATIBHOTO aHANIN3a AbTEPHATHB C
BBICOKOpa3MepHBIMU KpUTeprsiMi. OH MOKET OBITh IPUMEHEH MPH CO3/IaHUH CUCTEM IUIaHHU-
POBaHUsl, YIPaBICHNU HA HHHOBAIIMOHHO-aKTUBHBIX ¥ HAYKOEMKHUX MPEANPHUITHSX.

JlaHHas MeTOMKA MTPOLIelyPhl pa30MEeHNs KAl KpUTEPHEB OblIa anpoOrpoBaHa s 3a-
Jla41 BbIOOpa 000pyI0BaHMs ISl TPOBEACHHSI KOCMHYECKHX KCIIEPUMEHTOB Ha POCCHHCKOM
cermenTe MesxxtynapoaHoit Kocmuueckoit Cranunu (MKC). Bt mpoBesieH pacuet BEIMTPhI-
1112 OT ONTUMAIBHOTO pa30MeHus], B KOTOPOM /ISl ONIPEAETICHHS OLICHOK BEPOSITHOCTEH Tora-
JaHWS 3HAYCHUH B TPAIAIMK KA UCTIOIb30BAINCH JaHHBIE TI0 93 KOCMUYECKHUM JKCIEpH-
meHTaM [9]. UccnenoBanne 3aBUCHMOCTH SHTPOIIMHU OT YKCIIa IPaaliuii B JTaHHOM IIpUMeEpe
I0Ka3aJI0, YTO He IIe1ecO00pa3HO MCIOIB30BaTh OoJbire 36 rpajanuii, Tak Kak SHTPOITHS
IIEPECTAET CYILIECTBEHHO BO3pacTaTh. Eciy unciio rpafamnuii BeIMKo, TO CTPOUTD PEIIAOIIUE

92



Sivakova T.V., Sudakov V.A.
Application of Criteria Aggregation Techniques for the Selection of Innovative Products

Modelling and Data Analysis 2020. Vol 10, no. 1.

MpaBWia B KAYECTBEHHBIX IIKAJIAX TPYJOEMKO, TaK Kak HCOOXOIUMO 3a/1aBaTh MIPEAMOYTCHUS
Ha OOITBIIIOM KoTHdecTBe obnacteil. Pazouenne Ha 16 rpamammii mo3BOIMIIO COXPaHUTE 83 %
HH(POPMAIMU U3 UCXOHOW IIKAJIBI, YTO SBJISCTCS XOPOIIMM KOMIIPOMICCOM MEKIY COKpa-
[IEHHEM IIKAIBI B 16 pa3 v BBIHYKICHHBIMUA HH(POPMAIIHOHHBIMU TTOTEPSIMH.

10.
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The peculiarity of innovative products requires taking into account a large number of
criteria that should be aggregated into generalized ones and building a convolution
tree with qualitative, quantitative and fuzzy rules. The paper proposes a methodology
for the optimal partitioning of criteria scales into generalized gradations for using
combined methods of multicriteria analysis of alternatives. The transition to fewer
criteria leads to a significant increase in the dimension of the scales of generalized
criteria. Scales have to be converted to new scales with fewer gradations. To solve
the problem of minimizing the information loss occurring when converting the
scales picked Bellman function and applied method of dynamic programming.
Computational experiments have shown the effectiveness of the proposed approach.
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1. IOCTAHOBKA 3A/IAYHN

B nmannolt paboTe paccMaTpHBaIOTCS CIEAYIONINE 3aJadll CHHTE3a MPU HAJIMYUH He-
TIOJTHBIX N3MEPEHUI: CHHTE3 CTallMOHAPHOTO JIMHEHHOTO PEryssTopa 1o Beixoay [2; 3] u
cunre3 H” -perymnsropa [1; 3-5].

1. CuHre3 cyOONTUMAIBHOTO CTAIIMOHAPHOTO JINHEHHOTO PETyIIsiTopa Mp1 HEMOJIHOW HH-

(opMaryy 0 COCTOSIHUH.

Maremaruueckas MoOJIellb 00bEKTa YIPaBJICHHS ONUCHIBAETCSI CHCTEMOW JIMHEHHBIX
OOBIKHOBEHHBIX U depeHInanbHbIX YPaBHEHNH:

X(t) = Ax(t) + Bu(?), (1)
rjle X — BEKTOp COCTOSIHHSI CHCTEMBI, X = (X,,...X,)" € R"; u — BeKTOp ynpasieHus,
u=u,...u, ) €R?; t €[0,+00) — NPOMEKYTOK BpeMeHH (DYHKIHOHHPOBAHHS CHCTEMBI;
A — MaTpuLa CUCTeMBbI pa3MepoB (nxn), B — Marpuia BIUSHUS YIPABICHUS HA BEKTOP
COCTOSIHUS pa3MepoB (71X ¢) , BHELIIHUE BO3/ICHCTBUS HE YUUTHIBAIOTCSL.
Hauansnoe ycnosue x(0) = x, 3a7aeT Ha4aJIbHOE COCTOSIHUE CUCTEMBI.
YpaBHEHHE MOJIETH U3MEPHUTEIILHOIM CUCTEMBI:

y(1) = Cx(1), 2
rae y=(y,,-.,»,) €R" —Bekrop Bhxoaa, C — MATPHUIIA, YIUTHIBAIONIAS HETIONHOTY
u3MepeHuit, pasmepos (mxn), m<n, rigC=m.

3a/1aH 3aKOH yIpaBIICHHs 110 BBIXOJY B JIMHEHHOW popme:

u(t) = —Ky(t) = -KCx(1), A3)

rae K — marpuna KodGpQHUIUEHTOB YCHIICHHUS PETYJIsiTopa pasMepoB (g X m) .

Kpurepuii kauecTBa ynpaBieHHs: UIMEET BUJI:

oL

2

rae S — MaTpuna pasmMepoB (nxn), 3ajaarommas TpeOOBaHMS K MEPEXOHBIM MTPOLec-

caM (HeOTpHLATEIBHO OIpEeeIeHHas, CHMMeTpHrUecKas), J — mMaTpuiia pa3mepoB (¢ xgq),

3ajiaroliasi TpeOOBaHMs K 3aTpaTaM Ha yNpaBJeHUe (TOJIOKHUTEIBHO ONpeeIeHHasl, CUM-
MeTpuyecKkas).

TpeOyercst HaiiTh cyOONTUMAIBHBIH CTAllMOHAPHBII perysiTop Buaa (3), KOTopskiid 00e-
CIeYUBacT OJIN30CTh K MUHUMAILHOMY 3HAUCHHIO KPUTEPHUS KadecTBa (4) ist Jr0ObIX Ha-
YaJIbHBIX COCTOSIHUHN (MHBIMH CIIOBaMH, HAMIy4IIyto MaTpuily K* € R™™ ko3¢ dunmenton
YCHUIICHHSI PETYIISATOPA).

2. Cunte3 H” -perymsitopa.

T [ X" (0)Sx(t) +u" Qu | dt — min, (4)

PaccmaTpuBaeTcs Mojienlb 00bEKTa YHPABJICHHS, ONUCHIBAEMAasi CHCTEMON JIMHEHHBIX
i depeHnnanbHbIX YpaBHEHUH ¢ aINTUBHBIMHI BO3MYILICHUASMH:

x(2) = Ax(t) + Bu(t) + Dd (1), (%)

IJle X — BEKTOp COCTOSIHHSI CHCTEMBI, X = (X,,...X,) € R"; u — BEKTOp yIpaBie-
HUS, U =(u],...uq Y €R?; d — BeKkTOp BHENIHHX BO3MYIICHHH, d =(d,,...d, Y eR’";
t €[0,4 ) — MPOMEKYTOK BpeMeHN (GYHKIHOHUPOBAHUS CHCTEMBI; 4 — MaTpHIla CHCTe-
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Mbl, B — MaTpHIa BIWSHUs YOPABICHHS HA BEKTOpP COCTOsHHS, D — MaTpHIa pa3MepoB
(nxr) BIUSIHUS BOBMYILICHHUIT HA BEKTOP COCTOSHHSI.

HavansHoe ycnoBue x(f,) = X, 3aacT HAYAIbHOE COCTOSHUE CUCTEMBL.

VYpaBHEHHE MOJENU H3MEPUTEIBHOW CHCTEMBI 3aIaeTCsi COOTHOIICHHEM (2). 3aKkoH
ynpasJieHus onpenensercs hopmynoii (3). Kpurepuii kauecTBa yrpaBieHus IMeeT BUJ (4).

0603HaUNM ||z(t)||2 =x" ()Sx(¢) +u" (t)Qu(t) ,Tne z — XapaKTepHCTHKa KauecTBa TIpo-
ecca ynpaBJeHUs.

TpeGyercs naiitu Takyro matpuity K* € R 4TO BBINOJHAETCS yCIOBUE

[l de [[x" @)Sxey+u" (©)Qu() |dt
0 =0 - <Y, (6)
[ld@ d [d" d(@yar

rae Y >0 — 3aJaHHOE YKCII0, IPUIEM 3aMKHYTasi CHCTeMa 00BEKT-PETYIISATOP SIBIISCTCS
ACUMITOTUYECKU YCTOMUUBOI.

2. AJITOPUTMBbBI PEHIEHUA

Jnst peiieHust 3a7a4yd CUHTE3a CTAIlMOHAPHOTO JIMHEWHOTO PeryJiisitopa 1Mo BBIXOIY
npeaiaraercst He JOPMUPOBATH HAOJIIOIATENb COCTOSHNUSI, TEHEPUPYIONIHH OLIEHKY BEKTO-
pa COCTOSIHHMS 10 TIOCTYMAIOIIUM HETIOJIHBIM U3MEPEHUSIM, U, KaK CJIeJCTBUE, HE MCIIOJIb-
30BaTh IMOJYYCHHYIO OIEHKY B KJIACCHYECKOM ONTHUMAJIBHOM JIMHEHHOM CTalMOHAPHOM
peryisitope. BMecto aToro npejyiaraercst npuOIMKEHHO BOCCTaHABIUBATH BEKTOP COCTO-
SIHUSL, CIIONIB3Ys oleparuio nceppooOpamienus marpuisl C B ypaBHenuu (2) [6]. Ilpu
3TOM BMECTO BEKTOPA COCTOSHUSA x Haxoautcs Bektop ¥ =C™'y=C" (CC")™" y , koTopiit
MIOJICTABIISICTCSL B CTPYKTYPY ONTHMAIBHOTO JIMHEHHOTO PETYJIIsITOpa MPY HAIWYNH ITOTHOH
uHpopManmy o coctostHun [2]: u*(x) =—0 ' B Px,rne C™' —nceBnoo6parHas MaTpua,
P — penienne anredpandeckoro ypaBHeHUs Pukkatu. Pe3ynbrar, Kak mpaBHUiio, MOXKET OT-
JIMYATHCS OT ONITHMAIIBHOTO, T.€. OBITh CyOONITUMAIbHBIM.

[Ipeanonaraercs caeayoLui aITOPUTM PELLICHHUS.

[ar 1. CocTaBUTh U peHIUTh anredpandeckoe ypaBHeHHE PUKKaTH:

-A"P-PA+PBQ'B"P-S=0,

rze MaTpuna P pa3MepoB (71X 7) CUMMETPHUYECKas M MOJIOKUTEIBHO OIIpeaeIeHHas.

Ilar 2. Haiitu MaTpUILy K03 PHUIINECHTOB YCUJICHHUS perymastopa
F=Q0"'B"PC"(CC")'C wm chopMupoBaTh ONTHMAIBHBI  pETYIATOp  BHIA
u*(y)=—-K*y=-K*Cx=—-Fx.

[ar 3. Peann3oBate mporiecc MOICIUPOBAHUS CHCTEMBI (1) Ha KOHEYHOM MPOMEKYTKE
BPEMEHH, OIpeeIIsIeMbIM 3aBEPLICHUEM [IEPEXOIHBIX NIPOLIECCOB B CUCTEME, IIPH 331aHHBIX
HavyaJbHBIX YCIOBHUSIX C YIPaBICHHEM, NOJy4eHHbIM Ha 1are 2. Jljisi MoJennpoBaHus peKo-
MEH/IyeTCsl MCII0JIb30BaTh SIBHBIC WITM HESIBHBIC YNCIICHHBIC METO/IbI PEILICHHSI CUCTEM OOBIK-
HOBEHHBIX M epeHaNbHbIX ypaBHEHU, Hartpumep, Meto ] Pynre-KyTTbl 4-ro mopsiika.
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[Ipoananu3upoBaTh BHIIOJIHEHNE TPEOOBAHUH K MEPEXOHBIM MporeccaM. [Ipu nx He-
BBIMOJIHEHUH TIPOIOJIKUTE T0A00p Matpull S, 0 ¢dyHkuuonama (4).

[ar 4. MccnenoBaTh aCUMNTOTHYECKYIO YCTOHUMBOCTh MOJIYYEHHOW 3aMKHYTOH CH-
ctemnt X(1)=[ A-BQ™'B" PC" (CC")" cﬁ x(1) .

Ausroput™ HaxoxaeHust H ™ -ynpaBieHus: umeet ciaeayromuit Bua [1]:

3amate ¥ >0,6>0.

Iar 1. TTonoxuts k=0, L' = O — HyneBas MaTpHIa.

IlIar 2. CocTaBUTh U pelIuTh anrebpandeckoe ypaBHeHHe PUKKaTh, TO ecTh Halith P :

A" P +P"A+L2P"DDTP" -P'BO'B"P + 'O +S=0.

[Har 3. OnpeienuTh 3HAUEHUE BCIIOMOTraTeNbHbIX MaTpull Ha (k +1) -M miare:

Kk+l — Q—] (BTPk +Lk )CT (CCT )—I , Lk+] — QKk+1C_BTPk .

[ar 4. Ecn HKM -K* H <&, To muk (mar 2 — mar 3) 3akanuuBaercs U K* = K"
Wnade nonoxuts k =k +1 u mepeiitu k mary 2.

Iar 5. Haittu H” -perymsrop (3): u*(y)=—-K*y=-K*Cx=—Fx.

[ar 6. Peann3oBaTh mporiecc MOACTHPOBAHUS CUCTEMBI (5) Ha KOHEYHOM TIPOMEXKYTKE
BpPEMEHH, ONpe/eIsieMbIM 3aBEPIICHUEM MEPEXOIHBIX MPOIECCOB B CUCTEME, MPH 3a]aH-
HBIX HAQYQJIBHBIX YCIIOBHSX C yIPaBJICHUEM, ITOJIy4EHHBIM Ha 1nare 5. OyHKIuu Bo3Mylle-
Hui d(¢) BeIOMparoTcst MO0 M3 Kilacca OrpaHWYEHHBIX (YHKIMH, THOO OJXHOBPEMEHHO
OTPaHWYEHHBIX U CTPEMSIIUXCS K HYJIO TIPH ¢ — oo . J[JIsl MOJIeTMpOBaHHs PEKOMEH Y eTC s
HCTIOJH30BATh SIBHBIC MITH HESABHBIC YHCICHHBIC METOBI PEIICHHUS CHCTEM OOBIKHOBEHHBIX
nuddepeHInaIbHbIX YpaBHEHUH, Hanpumep, Meto Pynre-KyTTe! 4-ro mopsaka.

[Ipoananu3upoBaTh BHINOJIHEHNE TPEOOBAHUH K MEPEXOHBIM Mpoueccam. [Ipu nx He-
BBITIOJTHEHUH MTPOAOJDKUTE 110100p Matpull S, O dyHkmoHana (4) u mapamerpa y .

Ilar 7. MccnenoBarh aCUMITOTHYECKYIO YCTOWYMBOCTD MOJTYYEHHON 3aMKHYTOH CH-
creMbl x(t) = [A - BKC] x(®)+Dd(t) .

[Tar 81. Haiitu ans mommydeHHO# TpaekTopun x(f) HauxXyjllee BO3MYIICHHE BHIA
d*(t) = Y_z D" Px(t).

3. HPOI'PAMMHAS PEAJIM3ALIMSA

Ha ocHOBE M3/I0KEHHBIX alTOPUTMOB Pa3pabOTaH MPOrPaMMHBIN KOMIUIEKC, C TIOMO-
I[bI0 KOTOPOTO MPOBOAMIIACH pealn3alisl MPOLEeayp CHHTE3a JMHEHHBIX PEryssTOPOB B
JBYX ITOCTaHOBKax 3a/1ad, ChopMyIMpOBaHHBIX BbImIe. J[JIsl €ro co3aHusi HCIOIb30Bal-
Csl MaTeMaTHYECKUI TakeT sl pereHns: npukinaaaeix 3a1ad MATLAB. Beibop nanHoro
MIPOTPAMMHOTO TTaKeTa ObIT 00yCIIOBIICH THOKOCTBIO €ro (pyHKINOHAIIA, a TAKKE ITHPOKUM
HabOpOM mpoueayp i paboThl ¢ MaTPUIHOH anreOpoil. Peann3oBaHHBIN KOMIUIEKC MTPO-
rpaMM I03BOJIIET MOJEIUPOBATh (DYHKIMOHUPOBAHHE 3aMKHYTOH CHCTEMBI, 00ecednBast
BU3YaJIN3aIMIO TIEPEXOIHBIX MTPOLIECCOB MTPU PA3INYHBIX HA0OPAaX BXO/HBIX JaHHBIX.

Pemenue 3a1a4n 1 CpaBHUTEJIBHBINH AHAJIN3 JTHHEHHBIX PEryJsiTopoB

PaccmoTrpuM B KauecTBe IpuUMepa 3a/1ady cradminusanuu camonéra F-16, n=5, g =1,
m=4,r=1.Torna maremarinueckas MOJIeJIb 00bEKTa YIIPABICHHS ONHICHIBACTCS CIEAYIO-
[IFMMA MaTPHUIIAMH, HCIIOJIb3yeMBbIMU B ypaBHeHUX (1), (5):
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-1,01887 0,90506 -0,00215 0 O 0 0
0,82225 -1,07741 -0,17555 0 O 0 0
A= 0 0 -20,2 0 O0(,B=120,2(,D=|1
10 0 0 -10 0 0 0
-16,26  -0,9788  0,4852 0 0 0 0
Marpuia ypaBHEHHs U3MEPHUTEIILHOM CUCTeMbI (2) HMeeT BU/I:
0 0 0 57,2958 0
0 57,2958 0 0 0
B -16,26 —-0,9788 0,4852 0 0l
0 0 0 0 1
Martpuiibl KBaApaTUIHOTO KpUTEpHs KauecTsa (4):
264 16 1 0 O
16 60 0 0 O
S={1 0 0 0 0 |,Q0=0,1.
0 0 00 O
0 0 0 0 100
Bekrop coctosHus x = (X,,...,X;)" , TJl€ X, — yrojl aTaku, X, — yrJIoBas CKOPOCTh H3-

MEHEHUs yIila TaHraxa, X, — yroji IoBOpOTa IPUBOJA, X, — IPOIYIIEHHOE uepe3 QUIbTp
3HAYEHUE U3MEPEHHOT0 YIJla aTaku, X; — OLIMOKa OTPabOTKU BXOJHOIO CUTHANA. 3a1aAuM
BEKTOp HauaIbHbIX cocTosHmit: x, = (0,1;1;0,05;0,1;0,01)" .

B kauectBe BHEHIHUX Bo3MylIeHHUi B (5) Obuta BeiOpaHa GyHKIMs XeBucaiina 6e3 Ko-

d(t) = 0,1<0;
1, t>0.

s puLIUeHTa yCUIICHHS:

Paccmorpum 3amauy cunTesa H ™ - perynsropa. s ero HaXOKICHUsS HEOOXO.H-
MO o0ecHnedyuTh BBINOJIHEHHE ycloBus (6). OmpeneneHue mapaMerpa 7y IPOBOAWIOCH
OMBITHBIM MyTEM. Pe3ynbTaThl CEpUM 3aIlyCKOB JUIs MOMCKA HAUMEHBIIETO IapameTpa 7y
npuBeACHB B Tabn. 1, rpaguku 3aBUCHUMOCTEH KOOPJAWHAT OT BPEMEHU IPHUBEICHBI HA
puc. 1-6. Ha ocHOBaHMHU TOyYE€HHBIX PE3YyIBTaTOB MOYKHO YTBEPKAATh, uTo Y = 0,03 sB-
TIeTCS HAaMMEHBITUM 3HAUYCHUEM ITapaMeTpa, IPH KOTOPOM TPAaeKTOpUHU X(#) yIOBIIETBO-
PSIOT TPeOOBaHMAM K MEPEXOJHBIM IIpoIleccaM. BITOCIEICTBUH HCIIONB3YETCs 3HAYCHUE
mapameTpa Y = 0,03, Tak Kak OHO BCE €IIe TapaHTHUPYET COXPAHEHHNE CBOHCTBA aCHUMIITO-
TUYECKOHN YCTOMYUBOCTH 3aMKHYTON CHCTEMBI_
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Tabnuua 1
Pe3y.m,TaT1,1 paﬁOTbI ajJaropurmMa aJjs noucka y
1 2 3 4
ITapameTpsl
sanyeka | 7 0,05 0,04 0,03 0,02
21.3450 22.6836 26.3068 49.8403
(=0 65.8600 65.8600 65.8600 65.8600
45.5610 51.4545 69.2050 248.4060
-0.9820 -0.9605 -0.9101 -0.7272
(=2 0.4010 03970 03915 0.4130
0.0965 0.0923 0.0828 0.0529
0.0083 0.0076 0.0059 -0.0017
u(t) (=4 0.0025 0.0024 0.0023 0.0024
() Sx(0) 6.8359¢-06 5.7266e-06 3.4633e-06 2.8966e-07
-0.0497 -0.0500 -0.0505 -0.0518
u®) Qu(t) | ,_¢| 2.5683¢-04 2.3852¢-04 1.9860¢-04 8.3810e-05
2.4730e-04 2.4985¢-04 2.5521e-04 2.6843e-04
-0.0498 -0.0498 -0.0497 -0.0495
(=8| 2.1785e-04 2.0445¢-04 1.7565¢-04 9.4633e-05
2.4836¢-04 2.4796¢-04 2.4709¢-04 2.4466e-04
-0.0495 -0.0495 -0.0495 -0.0495
f=10| 2:2125¢-04 2.0775e-04 1.7857e-04 9.5035e-05
2.4472¢-04 2.4475¢-04 2.4481e-04 2.4502e-04

PaccMmoTpuM perieHne 3a1a4n CHHTE3a CyOONITUMAITBHOTO PEryIsITOpa 0 BRIXOy. Pe-
3yJIBTAThl IPUBEICHBI ayiee B Ta0I. 2 u Tadi. 3, a rpadMKu U3MCHEHUST HEKOTOPBIX KOOP-
JUHAT U300pakeHbI Ha puc. 7—14.

Tabnuua 2
Pe3yJ'lI;TaT])I CHHTE3a CyﬁOHTI/IMaJILHOFO peryjasaTopa mo BbIXoay
1 2 3 4
Hapamerput | ) 0,1 0,05 0,075 0,25
3aIycKa
16.0088 18.7506 17.0267 13.6765
(=0 65.8600 65.8600 65.8600 65.8600
25.6280 17.5792 21.7430 46.7615
-1.6160 -1.4901 -1.5610 -1.7009
u(t) (=2 1.1088 0.8546 0.9870 1.5069
, 02611 0.1110 0.1827 0.7233
x(t)" Sx(¢)
, 0.1138 0.0821 0.0978 0.2007
u(t)y Qu() | _, 0.0180 0.0104 0.0139 0.0436
0.0013 3371e-04 7.172¢-04 0.0101
0.0127 0.0110 0.0121 0.0030
f=6| 250904 1.315¢-04 1.876¢-04 7.2570¢-04
1.611e-05 6.028¢-06 1.102¢-05 2.3214¢-06
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1 2 3 4
Hapaverper | 0,1 0,05 0,075 0,25
3amycKa
-0.0032 -0.0021 -0.0027 -0.0048
u(t) (=8| 447206 1.727¢-06 2.923e-06 1.3729¢-05
. 1.043¢-06 2.183e-07 5311e-07 5.8557¢-06
x(1)” Sx(t) 1.636¢-04 6.125¢-05 1.04¢-04 7.4570¢-04
u(®) Qu(t) |;=10|  6.923¢-08 2.076¢-08 3.99¢-08 4.2456e-07
2.685¢-09 1.876¢-10 8.112e-10 1.3902¢-07
Tab6numa 3
Pe3yabTaThl cunTe3a H ™ -ynpaBiaeHus
1 2 3 4
Tapamerpst 0 0,1 0,05 0,075 0,25
samycka Y 0,03 0,03 0,03 0,03
26.3068 25.6611 25.4380 53.0917
/=0 65.8600 65.8600 65.8600 65.8600
69.2050 32.9245 48.5318 704.6824
-0.9101 -0.9806 -0.9490 -0.5536
f=2 0.3915 0.3867 0.3884 0.5000
0.0828 0.0481 0.0675 0.0766
0.0059 0.0045 0.0056 -0.0130
u(f) f—4 0.0023 0.0022 0.0023 0.0036
(1) Sx(0) 3.4633¢-06 1.0064¢-06 2.3310e-06 4.1990e-05
-0.0505 -0.0493 -0.0499 -0.0519
u(®)' Qu(t) | ,_g| 1.9860e-04 1.2971e-04 1.7020e-04 1.3829¢-04
2.5521e-04 1.2171e-04 1.8693¢-04 6.7404¢-04
-0.0497 -0.0498 -0.0498 -0.0494
(=8| 1.7565¢-04 1.0403¢-04 1.4390e-04 1.9932¢-04
2.4709¢-04 1.2418¢-04 1.8585¢-04 6.0905¢-04
-0.0495 -0.0495 -0.0495 -0.0495
/=10 1.7857¢-04 1.0597¢-04 1.4644¢-04 1.9541e-04
2.4481e-04 1.2238¢-04 1.8358¢-04 6.1289¢-04
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Puc. 17. Hzmenenue napamempos éexmopa cocmosnus. 3anyck npu d(t) =1(t—1) :

a — yeon amaku, o — yeojl maneasca

AnHanu3 rpaduKoB MEpPEeXOAHBIX MPOLECCOB CBUAETEIBCTBYET O TOM, YTO 3a7a4H CHH-
Te3a CyOONTHMAIBLHOTO PEryJsisiTopa 1o BbIXOAY M CHHTe3a H ™ -peryistopa MmopoxaatoT
B II€JIOM CPaBHUMBIE Pe3yIbTaThl, HAOI0aeMble IPU U3MEHCHHUH, HAIpUMep, yIJla aTaKu
WK yTia TaHraxa. JlocTaTouHo GOJbIIOe BIMSHUE OKA3bIBAIOT BEIWYHHBI 3JICMEHTOB Ma-
Tpuy Q,S B KpUTEpUHU KadecTBAa. B pacCMOTPEHHBIX CiIydasiX MPOCIEKUBACTCS TCHIICH-
LUl YMEHBIICHUSI 3HAUYCHNI KOOPJMHAT BEKTOpa COCTOSIHUS X(¢) TPU YMEHBIICHUHU 3Ha-
YEeHUs] KpUTepus. B paccCMOTPEHHBIX CIydasx MPOCICKUBACTCA TCHACHIMS YMEHBIICHHS
3HAUYEHWH KOOPJMHAT BEKTOpAa COCTOSIHUSI IIPH YMEHBIICHWH 3HA4YeHUs! Kputepus. B To
e BpeMsl MPH 3HAYUTEIEHOM YBEJIMUCHUN 3HAYCHUSI KPUTEPUST HAOIIOIACTCSl YMEHBIIIE-
HHE 3HAYCHUH KOOPIUHAT BEKTOpa X(f) TOJNBKO B 3amade cuHTe3a H ™ -perynsatopa. [Ipu
PacCMOTPEHHH PA3IMYHBIX 3HAYCHUH BHEIIHEr0 BO3MYILCHUs d(¢) He HaOmoqaercs 3Ha-
YUTEIbHBIX U3MEHEHUH B MTOBEJICHUH COCTOSIHUA CUCTEMBI. C OHOI CTOPOHBI, TO MOXKET
CBHJICTEJILCTBOBATh O POOACTHOCTH CHUCTEMBI M O NMPAaBUIILHOM I000pe €€ mapameTpos,
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IIPU KOTOPBIX JIJISI JIIOOBIX BO3MYILECHUH OHA COXPaHSET CBOMCTBO YCTOMYMBOCTH, OHAKO
C JAPYToil CTOPOHBI, 3TO CBHJIETEJILCTBYET O HEOOXOAUMOCTH JAbHEHIIUX UCCIIeI0BAHUN
BJIMSIHUS IaPaMETPOB HA CBOMCTBA CUHTE3UPYEMOU 3aMKHYTOH CUCTEMBI.

4. 3AKJIIOYEHUE

Ha ocHoBe mosry4eHHBIX Pe3ylIbTaTOB MOYKHO C/AETaTh BBIBOJ, YTO pPealn30BaHHbIC aj-
TOPUTMBI CHHTE3a JIMHEHHBIX PEryJsITOPOB MO3BOJISIIOT 00ECHEYHUTH HKEIaeMoe KauecTBO
MIEPEXOIHBIX MPOIECCOB U ACUMIITOTHYECKYIO YCTONUMBOCTh 3aMKHYTOM cucteMsl. Ilpu-
MeHeHue H* - ynpasieHHs 1Mo3BoJsieT d(P(EKTHBHO MOracHTh BIUSHUE OrPaHMYCHHBIX
BHEIIHNX BO3MYIIEHHI HA CUCTEMY.
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The article presents a comparative analysis of linear stationary controllers’ efficiency.
Algorithms of output regulator synthesis and finding of H ™ control are presented.
A complex of programs based on the stated algorithms, which allows to find an
suboptimal control of dynamic systems and to simulate the process on a stated time
interval for getting full information about the ongoing process for further analysis of
its stability, was developed in the MATLAB environment.

Keywords: linear regulator, H ™ -control, closed loop control, airplane stabilization,
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VJIK 519.85
AJITOPUTMU3AIUSA U IPOrPAMMHast
peaju3anus MeTo1a HCKJIKYEHUS NepPeMeHHbIX
B NMOJIMHOMHUAJIBHBIX 32/1a4aX ONTUMHU3ALNHU
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MAMU, Mocksa, Poccus,
e-mail: nefedovvn54@yandex.ru

Kapkux A.B.**
MAMW, Mocksa, Poccus,
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PaccmatpuBaeTcss METOA IOCIIEI0BATEILHOIO UCKIIIOUECHUS ICPEMEHHBIX B IIOJIMHO-
MHAJIBHBIX 3aJa4ax ONTUMM3aLuu. [IpuBOANTCS psa 3aad, pelaeMbIX ¢ MOMOLIbIO
9TOro Meroa. ONMUCHIBAIOTCS MPAKTHUYECKU Pealn3yeMble MIard aJropuTMa, KOTo-
PBII CBOJUT MCXOJIHYIO IOJIMHOMMAIBHYIO 33/1a4y ONTUMU3ALUKU K MHOIO3TAITHOMY
BETBAIIEMYCs MIPOLECCy MOTyUSHUS] KOHEYHOTO YHCIIa aJbTEePHATHBHBIX 3a1ad, Ha
BBIXOJIC KOTOPOTI'O I10JIy4aeTCsl KOHEUHAasi COBOKYIIHOCTh MHOTOWIECHOB OT OJIHOH I1e-
peMeHHOH. B pesynbraTe pemenne psjia MoJIMHOMHANBHBIX 3a/1a4 CBOAUTCS K Tepe-
00py KOHEYHOT0 YHCIIa BEKTOPOB, KOMIOHEHTHI KOTOPBIX SIBISTIOTCS IeHCTBUTEIHHBI-
MU KOPHSMH MHOT'OYJIEHOB.

Kniouegvie cnosa: TONMHOMEL, UCKITIOUCHHE EPEMEHHBIX, 3a/1a9H ONITUMH3AIIHH,
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1. BBEJIEHUE

B marematnueckoM MpOrpaMMHUPOBAaHWU TPAAUIIMOHHO BBIJIENAIOTCS HEKOTOPBIE pa3-
JIeTIbl (JIMHEHHOEe, KBaJpaTHYHOE, BBITYKIOE MPOrpaMMHPOBAHKE U T.1.), B KOTOPBIX HC-
MIOJB3YIOTCS CIICIMATbHBIE METO/BI, pa3BUTa CIICIHAIbHAs TCOPHUsSl HAXOXKICHHS JHOO
TOYHOTO, JINOO MPUOIIKEHHOTO pemeHus. B HacTosmielt paboTte paccmarpuBaeTcst 3a1a4a
MOJIMHOMHUAJILHOTO IPOrpaMMUPOBaHuUs, T.€. 33/ja4a BUaa

D,(x) — min (wm max), (1
pi(x)<0,i=12,...0, p;(x)=0, 7= +1..,1, 2)

rae x =(x,,...,x, ) €R", p, — mommHOMBI, R — MHOXECTBO JCHCTBUTEIBHBIX UHCEIL.

Bynem paccmarpuBats 3amaqy (1), (2) B kKaHOHHYECKOH opme:

X, = extr (T.e. 1u00 min, MO0 mMax), 3)
p,(x)=0,i=12,...,/, @)

K KOTOpOil M OyeT MPUMEHATHCS METO NCKITIOUeHH mepeMeHHbIX [ 1,2]. 3amaga (1),
(2) MmoXxeT OBITH JIETKO CBeJIeHA K 3aja4e Buaa (3), (4) BBEJeHUEM JOTIOJHUTEILHBIX T1e-
PEMEHHBIX U OTPaHWYEHUH. MeTo] NCKIIOUEHHS TIEPEMEHHBIX ONMCHIBACTCS B BUIE all-
TOpHUTMa, O3TOMY Oy/IeM ero Tak)Ke Ha3blBaTh aITOPUTMOM HCKIIIOYCHHUS TTEPEMEHHBIX
(AUIT). OcuoHas uaest AUII 3akmoyaeTcst B CASAYIOMIEM. 32 KOHCYHOE YUCIIO IIAaroB
CTPOUM KOHEYHOE YUCIIO MHOI'OYJIEHOB OT OJJHOM IEPEMEHHOH X, TaKuX, 4To JII000e 3Ha-
YeHHE JIOKAJILHOTO 3KcTpeMyMa 3a7ad (3), (4) sBisercs 1eiCTBUTENEHBIM KOPHEM XOTS
OBl OZIHOTO M3 ATHX MHOTOUJICHOB.

3ameuanue 1. [TockonbKy maru anroputma OyJIyT OCHOBAaHBI Ha 3JIEMEHTapHBIX OIle-
panusx HaJl TOJIMHOMaMU: CJIOXKEHHH, YMHOKEHHH, TUddepeHnpoBaHny, To Kod3hhumm-
€HTHI MHOTOUJICHOB, IOJTy4aeMbIX Ha BBIXOJIE AJITOPUTMA, SBJISIOTCS SIEMEHTAMHU TOTO XKe
KOJIIbIIa, 4TO ¥ K03(duiMeHTh! B nojuHomax 3azaauu (3), (4). Hanpumep, 3to Moxer ObITh
KOJIBIIO JIEHCTBUTENBHBIX, PAIIMOHATBHBIX, HEJIBIX YHCEN WIM KOJBIIO MHOTOUYICHOB (Ha-
npumep, R[¢], rne t € R — mapamerp).

[NonnHOMHUANBbHBIE 3a/1a4M ONTUMM3AIMH HEPEKO BO3HUKAIOT MPH PEIICHUN NPAKTH-
YecKuX 3a1a9 (cM. mpumep 1).

Mpumep 1. [3]. [Tycts TpeOyeTcs CIPOSKTHPOBATH KOHTEHHED B (hopMe MPSIMOYTOIBHO-
ro napajienenumnea oobeMoM ¥V = [ M*, mpuuem sxenatebHO H3PacX0I0BaTh Ha €ro H3ro-
TOBJICHUE KaK MOYKHO MEHbIlIe MaTepHuaia. [Ipy MOCTOSHHON TOMNIMHE CTEHOK MOCIIEAHEES
yCIIOBHE O3HAYaeT, YTO IUIOLIA b MTOJTHOM MOBEPXHOCTH KOHTEHHEpa J0JKHA ObITh MUHU-
ManbHOHU. Eciiu 0003HaunTh uepes x,, x,, x, JUIMHBI pedep KOHTelHepa, TO 3aJa4a CBeJeTCs
K MHUHUMU3aLUH LeneBoi QyHKIMH p, (X,, X, , X, ) = 2(x,X, + X, X; + X, X; ), ABIsAoLIeiics mo-
JMHOMOM, TIPH OJHOM MOIMHOMHUATIBEHOM OTpaHUUEHHN p, (X,,X,,X;) =X, Xx,x;, —1=0, T.e.
npunuin K 3azxade Buza (1), (2). [lousaTHo, uTo BBIOOpP TOW MM WHOM (OPMBI KOHTEHHEpa
MIPHUBEIET K Pa3HOOOPA3NIo MOAOOHBIX 3a/1ad (HapuMep, 3TO MOKET OBITh HMIMHAP WU
cdepa, odpe3aHHas CBEpXy U CHU3Y U T.1.).

Pabora anroputma (ANIT) ocHOBaHa Ha OCIEIOBATEIEHOM HCKITFOUCHUH IIEPEMEHHBIX.
CHayana uCKIIOYaeTcs X, , 3aT€M X, , M T.J. U Ha IOCIEAHEM JTale MCKII0YaeTCs X, .
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Haka oM 1rare anroputmMa iMeeM KOHCUHYHO CHCTEMY albTepPHATUBHBIX 3a1a4 BUa (3), (4)
TaKy0, YTO MHOXKECTBO 3HAYCHHI JIOKAJBHOT'O PKCTPEMyMa B MCXOHOM 3a/1a4e SBJISCTCS
ITOIMHOXKECTBOM MHOJKECTBA 3HAUCHHI JIOKAJHHOTO 3KCTPEMyMa B allbTCPHATHBHBIX 3a-
Jadax. Torga nocie HCKIIOYEHUs IOCIEAHEH IEPEMEHHON X, IOIy4aeM KOHEYHOE YHCIIO
MHOTOUJICHOB OT HMEPEMEHHOH X, , IIPUCYTCTBYIOMNX B OTPAaHMUYCHHSIX albTePHATHBHEIX
3a/1a4, 3aBHCSIINX TONBKO OT X,. [Ipm 3TOM no6Goe 3HaYeHHE JIOKATEHOTO 3KCTpPEMyMa
3amaun (3), (4) ABnseTCs NEHCTBUTEIEHBIM KOPHEM XOTsI OBI OJJTHOTO U3 3TUX MHOTOUJICHOB.

2. 3AJIAYHU, PEHTAEMBIE C TIOMOLIbIO
METOJA UCKIIIOYEHUA NTEPEMEHHBIX

[lepeuncaM HEKOTOPBIC 3a7aul, KOTOPhIE MOYKHO PEIIaTh METOJIOM HCKIIOUEHHS Te-
peMeHHBIX B 3amadax (3), (4). IIpu 3ToM motpebyeTcst mpoleaypa Hax0XICHHs BCeX JCH-
CTBHUTEJIBHBIX KOpHEH MHorowieHoB. Ilocienuss 3amada sSBISETCS XOPOILIO M3yUEHHOM.
B nuteparype noapoOHO onMcaHbl METOABI €€ pereHus (M., Harpumep, [4]), apdexTuBHO
IIPUMEHsIEMbIE Ha MIPAKTHKE.

3agaua 1. HaxoxkJeHne MHOMECTBa M30JIMPOBAHHBIX PEIICHUI CHCTEMBI IOJIMHOMHU-
IBHBIX ypaBHeHUH (4). 3ameTnMm, 4TO J1000€ N30JIMPOBAHHOE PEIICHNUE CHCTEMBI (4) sB-
JsleTCs TOYKOM JIOKaIbHOIO AKCTpEMyMa KayKIOW HMEepeMEHHOH X,,...,X, Ha MHOXKECTBE
pemrennit cuctemsl (4). Ilpocreiiimmm crocoboM pemieHns 3amadul |, MCIONB3YIOMNUM
AWII, apnserca ciemyromuid. s KaXIOH 3a0a4M X, — exfr Ha MHOKECTBE PEHICHUH
cuctemsl (4), ucronszys AWUII, HaxoaUM KOHEYHYIO COBOKYIMHOCTh MHOTOWJICHOB OT OJ-
HOH NepeMEHHOH X,, a 3aTeM MHOJKECTBO X, BKIIOYAIOIIEE B ceOsl BCE JIEHCTBUTEIIb-
HBbIe KOPHH 3TUX MHOTOYJICHOB, TIe [ = 1,2,...,m . 3aTeM MOCTaBIsAEM KaX bl 13 HAaOOpOB
(x,...,x,) € X, x..x X, Bcucremy (4) u oTOupaeM B MHOKECTBO M Te U3 HUX, KOTOPBIE
YAOBIETBOPSIOT cucTeme (4). B pe3ysibTare moyduM KOHEYHOE MHOKECTBO M , BKIIOUa-
toniee B ce0s1 BCE M30JIMPOBAaHHbIC PEIICHUS] CUCTEMBI (4) 1 OBITH MOKET HEKOTOPBIE JIpY-
rue. Ecim jke MHOXKECTBO peleHuil cucTeMbl (4) sBIseTCsl KOHEYHBIM (a Clie/I0BaTebHO,
BCE €0 PELICHUS N30JUPOBaHbI), TO M SBISETCS COBOKYITHOCTBIO BCEX €TI0 PELICHUH.

3agaua 2. HaxoxaeHue Toukn riro0albHOTO AKCTpeMyMa B 3aj1ade min (WM max) Ha
MHOXKECTBE pemeHnit cuctemsl (4). st pereHus 3Toi 3a1a4un paccMaTpruBaeM BCTIOMOTa-
TebHYIO 3a/1a9y (Buaa (3), (4))

u—extr; u—p,(x)=0, p,(x)=0, i=12,..,1. (5)

Ucnons3ys AUIL vaxoquMm U — KOHEYHOE MHOKECTBO IeHCTBUTENBHBIX KOPHEH MHO-
TOYJICHOB, MOJYYEHHBIX B pesysbrare npuMeHenust AWUIT k 3agaue (5), B KoTopoe BXO-
JUIT BCE 3HAYCHUS JIOKAIBHOTO dKCTpeMyMa 3anaun (5). 3arem nepedupaem uucna u3z U
B IOpsIIKE BO3pacTaHMs, HAUMHAs ¢ MUHUMaJbHOTO. [l Kaknoro ouepennoro u’ € U
paccMaTpuBaeM I0CIIE0BaTEIbHOCTh aJIbTEPHATUBHBIX 33/1a4, KOTOopas NMpHBeiIa K MHO-
rousieHy OT MepEMEHHON u, 1eHCTBUTEIBHBIM KOPHEM KOTOPOro sinseTcs u' . ITycTsb 310-
My MHOTOWIEHY TpEIIECTBOBANA 331a4a (pe3ysnbTaT IMOCIEI0BATEIHLHOTO NCKIIOYEHHS
HEPEMEHHBIX X, ,..., X, ):
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u — extr
gl.“) (u,x)=0,i=12,...1,

1
rae g\ (u,x,) —nonunomsl. [TycTh fanee 3a1ade (6) npe/inIecTBOBANA 331242 (Pe3yib-
TaT I0CIEA0BATEIBHOIO UCKIIOYEHHS IEPEMEHHBIX X, ,..., X; )

(6)

u —> extr
gfz)(u,xl,x2)=0, i=12,..,1 )

(rne g (u,x,,x,) — NOJTMHOMBI) U T.1I., TIOKA He JI0i{/IeM 110 ucxoHo# 3anaun (5). TTo-
CJIe MOJICTAHOBKY B CUCTEMY YpaBHEHUH (6) u = u’ MOJIy4YUM CUCTEMY YPaBHCHHI OTHOCH-
TEIBHO OJHOI HEM3BECTHOH X, , pellasi KOTOPYIO, HAXOAUM MHOXKECTBO perneHuid X, (u”).
Ecmn X, (u°) =, 10 mepexoamm K ciexyromemy 3HadeHnio #’ € U . B npotuBHOM city-
yae jaeslaeM IOACTAaHOBKY u =u’, x, =x, € X,(u’) B cucremy ypaBHeHuil 3agauu (7)
U TIOIydaeM CHCTEMY YPaBHCHUH OTHOCHTEIBHO OIHOM HEHM3BECTHOI X, , pemas KOTo-
pYy0, HAXOAUM KOHEUHOoe MHOkecTBO X, (u”,x{) ee pemenuil. Ecmn X, (u’,x) =0, 10
nepexoauM K ciexyromemy x, € X,(u°). Ecmm nust Beex x) € X, (u’) X,(u’,x))=4,
10 mepexoauM K cuenytromiemy u’ € U. Ilycts ams Hekotopwix ouependbix u’ €U,
xeX W) X,w’,x)=. Torna nemaeM MOJICTaHOBKY u =u,, X, =x; €X,(u’),
x, =x; € X,(u°,x]) B cHUCTeMy YpaBHEHHI [UIs aJbTEPHATHBHON 3a1ayuH, MPEIIICCTBY-
romieit 3agade (7) u 1.4. JeficTByeM Tak 0 TeX IMop, MOKa HEe HaiaeM I TeKYIIero Mu-
HuManeHOTO #° €U umema x) € X, (u’), x; € X,(’,x)),...,x, € X, (u’,x/,...x, ),
yJIOBJIETBOpsIIOIME cucteMe ypasHeHuit B (5). Haitnennoe pemwenue (x/,...,x, ) u Oyaer
TOYKOH II100aThHOT0 MHHAMYMa B 3a7ade (5) co 3HaUYCHHEM TII00aTbHOTO0 MUHIMYMa u° .
Ecnu sxe yka3aHHas Ipolielypa He AacT pe3yJibraTa Hu npu ogHoM u’ € U , To B 3a1aue (5)
OTCYTCTBYIOT TOYKH JIOKAJILHOT'O, & CJICJ0BATEIBHO, U IJI00aIbHOTO MUHUMYMA.

3anaua 3. [TonyyeHue oTBeTa Ha BOTIPOC, SIBISIETCSI JTH CUCTEMa MOJIMHOMHAIBLHBIX YpaB-
HeHUH (4) COBMECTHOH 1 B CIIy4ae €€ COBMECTHOCTH — HaX0XK/ICHHE OHOTO U3 €€ PEIICHUH.
DTa 3aj1aua CBOIMTCS K MPeAbLAyIed pu p, (x) = x> +...+x.,

Kpome toro, AUII npumensiicst B MaTeMaTHYECKON SKOJIOTHH Uil UCCIIEOBAHUS Ma-
TpuI Ha D-YcToitauBocTs (cM. [5,6]).

Crenyer OTMETUTh, YTO METOJ UCKIIIOUYEHHS MePEeMEHHbIX ObLI onucaH B pabore [7]
TaKoKe UL cllydasi, korza B 3axaue (3), (4) p,(x), i=1,2,...,/ , — Ipou3BoJIbHbIE aHATIH-
THYeckne (YHKIUU W OBUT IPUMEHEH B 3TOW paboTe Iy MOMydeHHS HEOOXOIUMBIX U
JIOCTAaTOYHBIX YCJIIOBHI JIOKAIHHOTO MHUHUMyMa B aHAJTIUTHYCCKUX 3a/a4aX ONTHMHU3AIUU
(a TakKe HEOOXOAUMBIX U JOCTATOYHBIX YCIOBUI Pa3peLIMMOCTH ATOM 3a/1a4M).

3ameuanue 2. J{yisi pereHns: HEeKOTOPhIX MOJMHOMHAIIBHBIX 33/1a4 MOXKET OBbITh MpUMe-
HeH anroputM byxOeprepa, O3BOJISIONINI 32 KOHEYHOS YUCIIO MPAKTHUCCKH PEaTU3yeMbIX
Iar0B HAXOIUTh MUHUMAIIBHBINA peyupoBaHHbIN Oa3uc I'pebHepa uneana, HopokKICHHOTO
COBOKYITHOCTBIO IIOIMHOMOB P, (X),..., p,(x) (cM. [8,9]). B yacTHOCTH, TaKo#H MOIX01 MOKET
OBITh (P (PEKTUBHO UCTIOIH30BAH JIJIs HAXOXKICHHS MHOXECTBA U30JIUPOBAHHBIX PEIICHHI CH-
CTEMBI TMOJMHOMHANBHBIX YpaBHeHu# (4). OqHako, Hanboee 3HaAYNMbIE PE3yJIbTAThI MOy~
YeHbI (IIPU TAKOM TIOJIXO/IE) IS CITy4asi, KOTJia OCHOBHBIM TOJIEM SIBJISIETCS ajreOpandecKku
3aMKHYTOE I0JI€ KOMIUIEKCHBIX YMCEl, & B HACTOsAIIEH paboTe OCHOBHBIM IOJIEM SIBIISIETCSI
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TI0JIe JISWCTBUTENBHBIX YKcel (HEe SIBIISIONIeecs: alreOpandecku 3aMKHYThIM). Clieyrommii
TIPUMEP NMOKAa3bIBACT CYIIECTBCHHOC OTIIMYUEC B MCIIOJIb30BAHNU OTHUX JIBYX MOJICH.
[Ipumep 2. PaccmoTpum ypaBHEHHE
p(x,%,,%)=(x, —1)* +(x, =2)" +(x, =3)° =0.

OTO ypaBHCHHE WMEET B TOJC JCHCTBUTCILHBIX YHCEN CIUHCTBCHHOC PECIICHUC
(x),x5,x7)=(1,2,3), KoTOpOE JIErKO MOKET OBITH HaiiieHo ¢ nomotsio AUIL. Ecnu ke
paccMmarpuBaTh 3TO YpPaBHEHHUE B T0JIe KOMIUIEKCHBIX YHCEN, TO OHO Oy/eT MMEeTh OecKo-
HEYHOe MHOXecTBO peuieHuil u peuienue (1,2,3) He OyAeT SBIATHCS W30JUPOBAHHBIM.
Kpome Toro, MUHUManbHBIM peIyIIUpOBaHHBIM Oazucom I'pebHepa uaeana, MOPOKACHHO-
r0o IOJMHOMOM p(X,,X,,X;), OyA€T caM 3TOT IIOJHHOM, T.€. PACCMOTPEHHE ITOro Oaszuca
Jake B TAKOM IIPOCTEHIIIEM pUMepe He TACT KaKOTO-THO0 YIIPOIICHHUS peraeMoil 3a1adu.

3. AJITOPUTM UCKJIIIOYEHUA TIEPEMEHHbBIX
B IOJIMHOMMUAJIBHBIX 3ATAYAX OIITUMU3ALINU

MeTo/ UCKITIOUYEHHS TIEPEMEHHBIX 0A3UPYETCsl Ha CIEYIONMX MPOCTHIX YTBEPIKICHHUSIX.

Jdemma 1. Tlycts [ =1, x° — TOUKa JOKAIBHOTO 3KcTpeMyMa B 3a1aue (3), (4). Torxa
15/
Dy 20, i=2,m.
Ox, '

Jlemma 2. IlycTb x° —TOUKa JOKaIBbHOIO 9KCTpeMyMa B 3anaue (3), (4), g, (x),...,q,(x) —
nosHOMEL, ¢, (x°) # 0, p,(x)=q,(x)p,(x)+...4+¢,(x)p,(x) . Torna

x° — TOYKa JIOKaJIbHOT0 SKCTpeMyMa B 3azaue (3), (4) mpu p, (x) = p,(x) .

Jemma 3. Tlycts x° =(x],...,x,) — TOYKa JOKAILHOrO dKCTpeMyMa B 3axaqe (3), (4) n
p,(x)=p.(x,....x, ), i=2,..,] (T.e. Bce MOJIUHOMBI, KpOME IIEPBOTO, HE 3aBUCAT OT X,, ).

o 0 .
,#0,10 (x/,..., X, ;) — TOUKa JIOKAJIbHOT'O 3KCTPEMyMa B 3ajJade:

x

0
Torna, eciin D
Ox,,

x, >extr; p(x,...x,,)=0,i=2,.,[.

Jlemma 4. Tlycts x° € X, < X < R", pynxuus f(x) ompeneneHa Ha MHOXKeCTBE X , U
Xx° —TOYKa ee JOKIbHOTo 3KcTpemMyMa Ha X . Torzma x° — Touka JIOKaJIbHOTO 3KCTpeMyMa

f(x) ma X,.
BBeI[eM TCHEPb OICpalnto Rl 3JIEMCHTAPHOI'0 MOHMKCHUA CTCIICHU HepeMeHHOﬁ xm
B ITOJIMHOME
p(X)=p, (X)x;) +p, (D)X +...4 py ()
OCPEACTBOM IMOJIMHOMA
q(x) =q,, (X)x; +q, (D" +4,(3),

i — — — —

e xeR", X =(x,... X, ), m21, py(X),... p, (X), ¢y(X),....q, (X¥) — monuHOMBI
OTHOCHTEJIBHO TEPEMEHHBIX X;,..., X, ;, P, (¥) #0, g, (X) #0, n, 2 n, 2 1. Pesynprarom
STOH ONepalUH ABISIETCS TIONHHOM:

R (p.q9)=q, X)p(x)-x,™" p, (X)q(x).
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O06o3nauum p(x) =R (p,q). Torna

n—

p(x)=p, ,(¥)x, ! +..+p,(x),
q, (X)p; (%) i=0,L..,n—-n,-1 n —n, 21,

rae p;(X) = = _ -
qnz ('x)pz (x) _pn1 (x)qi—(nl—nz) (x)’ 1= nl - n2 2°00s nl _1'

Takum 00pa3oM, cTeNeHb IEPEMEHHON X, B IOJMHOME pP(X) He IPeBOCXOuT 1, —1.

Bcaydae n, 2 n, +1 xnonuHoMaM p(x) , g(x) MOXKeT ObITh TAaKKe IPUMEHEHA OTIepaIlHs
R, IBYKpaTHOTIO 2J1€MEHTAPHOIO IOHMKEHH CTENIEHU IIEPEMEHHON X, B OJIMHOME p(X)
MIOCPEACTBOM IMoJIMHOMA ¢(x), ompezernsieMas paBeHCTBOM R, (p,q) = R, (R, (p,q),q) . 3a-
METHM, 9TO CTCTICHb IIEPEMEHHON X,, B TOIMHOME p(x) = R,(p,q) nenpeBocxomur n, —2.
CoBepIlIEHHO aHAJOTMYHO MO>KHO BBECTH OINEPALUIO TPEXKPATHOIO, ..., (1, —n, +1) —
KPaTHOr'O 3JEMEHTAPHOIO [OHIKEHHs CTEIIeHU IEPEeMEHHOH X, B monuHoMe p(x) Io-
CPEJCTBOM MoNMHOMA ¢(X), KOoTOpble Oyaem 06o3Hauath Yepes Ry,..,R, , ., COOTBET-
cTBeHHO. [Ipr 5TOM cTeneHs epeMennbIX x,, B nonautome R, (p,q),rae 1< j<n —n, +1,
HE IPEBOCXOJUT 1, — j .

BBenennyto onepanuio 0000mMM U Ha citydaif, korga 0 <n, <mn, (T.e. 1axe DOIYCTH-
MO, 4TOOBI IOJIMHOM p(X) BOOOIIE HE 3aBHUCEI OT IEPEMEHHOH X, ); IPU 3TOM I10JIaraeM
R (p,q) = p, a cnenoBateibHO, B 3ToM ciiydae Vk e N R, (p,q) = p.

IMpumep 3. Ilycte m=2, x, =x, x, =y,

p(x,y)=(x+1)y’ —4x’y* +3x°y+5, q(x,y)=x"y" —Bx+1)y—x" +2.

R (p,q)=x"p(x,y) = y(x+Dg(x, y) = x* (x +1)y" —4x*y” +3x°y +5x" —
Torma —x” (x+1)y° +Bx+D)(x+1)y* + x> (x+1)y —2(x+1)y = (—4x* +3x* +
Hx+1)y" +3x° +x° +x° =2x-2)y+5x7,

R, (p,q) =R (R (p.9) = x"R (p,q)— (-4x" +3x* +4x+1)q(x, y) =

=(Bx’ —11x° =3x* +7x° +13x7 + Tx+ 1)y —4x° +11x* +4x° —5x* —8x-2.

3ameuanue 3. B nanbHeitmem onepamnus R, Oyzner npumMenstees B AUIT MHOrokpaTHO
C LeJIbI0 MCKIIIOUEHHUS] IEPEMEHHOM X, (@ 3aTeM M JIPYruX IEePEeMEHHBIX IIOMUMO X, ) U3
aJIbTEPHATUBHBIX 3a/1a4. [Ipy 3TOM CTENEHN OCTaIbHBIX HEPEMEHHBIX MOTYT OBICTPO PACTH.
UYroOBI 0 BO3MOXKHOCTH YMEHBIIUTH CKOPOCTH 3TOTO POCTA, MOYKHO JOTOJHUTEIHLHO MO-
IA(UIIPOBATH ONepaInio R, creayromuM obpasom. Ecim g(¥) = HOII(;J"] (x ),q,,__ (x)#1,
p, @) =5, ®LE), 4, (=4, ®gE, 10 nomracw R(p.q)=g, ©p()-
X P, (¥)q(x). Toraa B npuseneHHbIX Bblle Gopmynax wis p,(X) cieayer 3aMeHUTb
g, (x),p, x) Ha q, (X), p, (X), COOTBETCTBEHHO.

Hcnonp3ys npuBeeHHbIe BblIe JIeMMbl 1—4, a Taxxke oneparop R, (IOHMXKeHUS CTe-
IIeHU [IEPEMEHHOH X, ), OIHIIIeM BeroMoratenbublil 1t AWIT anroputM HCKIIOYEHHs T1e-
peMmeHHOH x, u3 3amauu (3), (4), T.e. aNropuT™ nepexoja ot 3anauu (3), (4) kK KOHEUHOH
COBOKYITHOCTH aJIbTEPHATHBHBIX 3aJ1a4 TOT0 XK€ BH/Ia, B KOTOPBIX OTCYTCTBYET IIepeMEHHast
X, U MHOKECTBO 3HAUEHHH JOKAJILHOTO 3KCTpeMyMa B 3agade (3), (4) sBisercs moaM-
HOXECTBOM MHOXKECTBA 3HAUYEHMH JIOKAJIBHOTO 3KCTPEMyMa B allbTEPHATHBHBIX 337a4ax.
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OTOT aITOPUTM OCHOBAH Ha MHOTOITAITHOM BETBSIIEMCS MIPOLIECCE MPUMEHEHHS HECKOIb-
KHX MPOCTHIX NMEPEXO0/I0B OT KAXK0i TeKyIel aJbTepHaTUBHON 3a7jauil K IByM (MJIH B O]~
HOM CIIy4ae — K OJJHOI) HOBBIM aJbT€PHATUBHBIM 3a1adaM. [Ipu 3TOM moiydeHa oleHKa
JUTS MaKCUMaJIbHO BO3MOYKHOTO YHCJIa TAKUX TTEPEX0/I0B, YUTOOBI TOOUTHCSA UCKIIIOUCHUS U3
albTEPHATHBHBIX 33/1a4 IEPEMEHHON X, .
UroObl cienath pacCykKACHUSI Ooyee HarNsAHBIMH, PAacCMOTPHUM Cilydai, Korja
m=3, x, =X, X, =y, X; =z, T.e. UMEeM 3aj1auy
x—extr; p(x,y,2)=0, i=1,2,..,1L ®)
OnumieM anropuTM Tepexoja oT 3a1a4u (8) K HECKOJbKUM allbTEPHATHBHBIM 3a]jauaM
TOTO K€ BHAA M TAKUM, 9TO MHOXECTBO 3HAUEHHUH JOKAIBHOTO SKCTpeMyMa B 3amade (8)
COZIEPIKUTCS] B MHOXKECTBE 3HAUEHHH JIOKAIBHOTO SKCTPEMyMa B AJIbTCPHATHBHBIX 33/1a4aX,
U B 9THX AJIBTEPHATHBHBIX 33Jja4ax OTCYTCTBYET IIEPEMEHHAS Z .
Bynem mox creneHpio mepeMEeHHOH z B 3ajade BHAA (8) MOHMMATh MAKCHMAIBHYIO
CTeleHb ATOH NEPEMEHHOII B MoauHOMaX p, (X, y,z), i=1,2,..,1.
B coorBercTBHH € 1eMmaMu 1-3 OyzneM paccMaTpuBaTh CleyIOLIHE TPH CIIydast.
Cayuyaii 1. [Tycts / =1, T.¢. 3ama4a (8) umeeT BU]
x —extr; p(x,y,z)=0, ©)
U CTEINeHb NepeMEHHO z B mommHoMe p(X,y,z) paBHa n>1. Bocrnonap3oBaBIIUCH
neMMoii 1, momydaeM, 4to st 000l Toukn (x°, y”a z°) e R®, sBnsiomeiics TOUKoit J10-
KaJBHOI'O 3KCTpeMyMa B 3anade (9) BbINOJHSACTCS —— =0, a cienoBareyNbHO, B

(x7,)7,2%)

cuity Jemmbl 4 (x°, y°,z°) sIBAsIeTCS TOYKOI noxanmf?gro SKCTpEeMyMa B 3a/1a4e

0
x > extr; p(x,y,z)=0, @P_ 0,
Oz
KOTOpast DKBUBAJICHTHA 3a/1aue

19/ 0

X — extr; np—z—pzo, Py (10)
0z oz

(y THX 33124 OTMHAKOBEIE JOMYCTUMBIE MHOKECTBA BO3SMOKHBIX PEIICHNHT). 3aMeTrM,

YTO CTETICHb IEPEeMEHHON z B 3aaade (10) Ha eMHUITY MEHBIIIE, YeM B UCXOIHOU 3a1aue (9)
(cM. Takke 3amMedaHue S).

Coyuait 2. Ilycte />1 ¥ mepeMeHHast z BXOJIUT TOJBKO B OJHO OTpaHHYEHHE, T.C.
3aja4a (8) nmeeT BUA

x—extr; pi(x,»,2)=0, p,(x,y)=0, i=2,...,1 (11)

ITyctp nanee creneHs nepeMeHHOR z moauHoMma p, (X, y,z) paBHa n,rae n>1.

B atom ciiyuae B cuity sieMMbl 3 Juist J1i000# Touku (x°, y°,z°) SBISIFOLIEHCS TOUKOM
JIOKaJIBHOTO 9KCTpeMyMa B 3aaue (8), BBIOIHICTCS:

(a ) nmubo &
oz

SKCTpEeMyMa B 3a/1a4e

=0, u torza B cuny Jemmsbl 4 (x°,y°,z°) — TOYKa JOKAILHOTO

(x?,5%,2%)

x—extr; p/(x,y,z)=0,

0
PLLD 0, g1, =0, 122,
4
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KOTOpas SKBUBAJICHTHA 3a/1a4€

a 2 b
X — extr; npl(x,yaz)—zwzo’
oz
) (12)
WZO’ p(x)=0, i=2,..,1
zZ

(y 9THX 3amad OAMHAKOBBIE JOMYCTUMBIC MHOXKECTBA BO3MOKHBIX PEIICHHI!), CTETIEHb
MIepEeMEHHON z B KOTOPOH Ha eAMHUITY MEHbIIe, 4eM B 3a1ade (11) (cMm. 3ameuanue 4);

15
(p) mubo 6_p #0, u Torga B cuiy jemmbl 3 (x°,y°) — TOYKa JOKAILHOTO

(x.°.2)
AKCTpEMyMa B 3a/1a4e
x—extr; p,(x,y)=0, i=2,..,1, (13)

B KOTOPOIi MepeMeHHast z MOTHOCTHIO HCKITIOYCHA.

Takxum 00pa3zom, B cirydae 2 0T eTUHCTBEHHOH 3a1a4u (1 1) mepenuiy K AByM anbTepHATHB-
HbIM 3371a49aM (12), (13) takum, 9T0 1F000€ 3HAYCHUE JIOKATEHOTO SKCTpeMyMa B 3a1a4e (11)
SIBIIICTCS 3HAYCHHUEM JIOKAITBHOTO SKCTpeMyMa XOTs ObI B o;fHOM U3 3a1ad4 (12) wim (13) u
CTEIEeHb IEPEMEHHON z B 9THX 33ja4ax JIn00 Ha €AMHHILy MEHBIIIE, YEM B HCXO/IHOH 3a/1a-
ye (11), mubo paBHa 0 (T.c. IEpEeMEHHAsT z UCKIJIIOUCHA).

[TpuBenem Ternepsb Oosiee KOHKPETHBIM BUI cucTeMbl (12), 4To OyAeT UCIOb30BaHO B
nanbHenmeM. [lycts

(x5, 2) =4, (x5, 0)2" +q,, (6, )2+ +q,(x, )2+, (x, p).
Tornma

p - n-
6_21 =nq,(x,y)z "4 (n-Dgq,,(x,y)z T+ 2q,(x,y)z+q,(x, ),

0 i
np, —§ = (n-n)q, (x,y)z" +[n—(n-Dlg, , (x, »)z"" +

Hn—(n—2)1g, ,(x, )" +...+ (n—1)q,(x, )z +nq, (x, y) =
=q,,(x, )z + 2q, , (x, V2" 4+ (- Dgq, (x, y)z+nq, (x,y),

a, cIeZI0BaTebHO, 3a7a4a (12) nmeet Bu
x—extr; p,(x,y)=0,i=2,..,1,

p a- -

a—zl =ngq,(x, ))z"" +(n=1)gq, (X, ))2" 7 +..42¢,(x, )z +¢,(x, y) =0, (14)
p . o

np, _Za_zl =q,,(x, )z : +2q, ,(x, )z : +ot+(n=1)g (x, y)z +nq,(x, y) =0.

Bynem mepexon ot 3amaun (11) x anprepHaTuBHO#M 3a1a4e (12) (wm 6oiee KOHKPETHO —
K 3amade (14)) Ha3bIBaTh « -NEPEXOAOM, a NMEPEXo]| K ajdbTepHATHBHON 3amaue (13) —
f -niepexosioM. 3ameTHM, 4To B ciydae 1 mepexon ot 3agaun (9) k 3amade (10) Takxe siB-
JSIeTCS TeM K€ ¢ -IIEPEXOJIOM.

3ameuanue 4. PaccMoTpuM Takke B citydae 2 BOZMOXKHBIN O CiTydaii, Koraa s 11o-
nuHOMA p, (X, Y, Z) BBIIOJIHACTCS

117



#. Hecpeoob B.H., Kapxux A.B.
AJITOpMTMM3ALIVS 7 IPOrPaMMHAsT peasIn3alyisi MeTOa MCKITIOUeHIS IIePeMEHHBIX. .
Mopenuposanue n atainm3s gaHHbIX. 2020. Tom 10. No 1.

nz2,¢,(xy)=0,..q,,(x,y)=0. (15)
Torna 3agaua (14), noiaydeHHas B pe3ybTaTte « -niepexona ot 3aaauw (11), mmeeT Bu
x> extr; p,(x,y)=0,i=2,..,1,q,(x,y)z2"" =0, g,(x,y)=0.
Iycts (x°,1°,2°) — mpousBosbHas TOUKA JTOKANBHOTO SKCTPEMyMa B JTOH 3ajave.
Torna
(aa ) 6o gq,(x°,y°)=0, u torma B cumy nemmsr 4 (x°,1°,2°) — Touka mokanbHOrO
IKCTpEMyMa B 3aj1a4e

. -1
x—extr; p,(x,y)=0,i=2,..,1,q,(x,»)z" =0, q,(x,y)=0, g,(x,») =0,
OUYEBUJIHO, HE 3aBUCSALICH OT IIEPEMEHHON z U SKBUBAJICHTHOM 3a1a4ye

x—extr; p,(x,y)=0,i=2,...,1,q,(x,y)=0, q,(x,y) =0, (16)

B KoTOpoit (x°,)°) sABIAETCSA TOUKOI IOKATBLHOTO IKCTPEMYMA;

(af) mbo q,(x°,y°)#0, utorna z’ =0, a (x°,»") — Touka JOKAILHOTO SKCTpE-
MyMa B 3aj1a4e

x—extr; p,(x,y)=0,i=2,...,1, q,(x,y)=0. (17)

bynem mepexon ot 3amaum (11), ynosnerBopsitonieit (15), k 3amgaue (16) Ha3bIBaTh

aa -niepexonom, a k 3anade (17) — af -nepexogom. Ilpu stom (16), (17) — 3amaum ¢ uc-

KJIIOUEHHOU TlepeMeHHOH z . Takum 00pa3zom, B ciydae 2 mpu BbIMOJHEHUH (15) BMeCTO
o -TIepexojia pacCMaTpUBaeM J[Ba Mepexona: aa u af .

3ameuanue 5. B ciryuae 2 npu crenenu z B nmoiauHOME p, (X, y,z), paBHOII 1, B mo00i
13 anbTepHATUBHBIX 3amad (12) wm (13) mepeMenHas z TONHOCTEHIO HckiodeHa. Cosep-
IICHHO aHAJIOTHYHO B CITydae 1, eCITi CTeTNIeHb TIEPEMEHHON z B IMOJNMHOME p(X, V,Z) paB-
Ha 1, TO B €IUHCTBEHHOH JUIS ATOTO CIydYas albTepHaTUBHOMN 3amave (10) mepemeHHas z
OTCYTCTBYET, T.€. UCKJIF0oueHa. KpoMe Toro, eciii B ciaydae 2 BBIIOIHACTCS TOTTOTHUTEITh-
Hoe yciosue (15), To B mo0o# u3 anpTepHaTUBHBIX 331a4: (13) (mocne f -mepexona), (16)
(mociie aa -nepexona), (17) (mociie af -nepexona) nepeMeHHasi z UCKIFOUCHA.

3ameuanue 6. Yxe B ciydasx 1, 2 B 3agade (10) (uist cimyvast 1) u B 3ampavax (12), (13)
(mst cmydas 2) MOTYT MOSIBUTHCS 3HAYCHUS JIOKAIBHOTO IKCTPEMyMa, OTCYTCTBYIOIIUE B
UCXONIHOH 3amade (8), HO MBI M3HAYAJIFHO M HE PACCUUTHIBAIM HAa PAaBEHCTBO MHOKECTBA
3HAYEHHUH JTOKAJIbHOTO OKCTpEMYyMa B HCXO)IHOﬁ 3a4a4e€ U B 06’BCJII/IHGHI/II/I MHOXECTB 3Ha-
YEHHH JIOKATBHOTO AKCTPEMyMa B aJIbTEPHATUBHBIX 3a/a9ax.

[pumep 4. PaccmoTpum 3amady

x—extr; x—y =0.

B a10i1 3a1aue HET TOYEK JIOKAIBHOI'O KCTPEMyMa, T.K. MHO)KECTBOM BO3MOXHBIX pe-
IIEHHI ABJISETCA COBOKYMHOCT map (X, V), rae x=)", y€R, a dynkuus )’ He umeer
TOYEK JIOKAIbHOTO 3KcTpemyMa Ha R . C apyroif CTOpOHEI, 3Ta 3a7a4a COOTBETCTBYET CITy-
4aro | (HO ¢ MCHBIINM KOJIMYECTBOM TIEPEeMEHHBIX). 11 B 3TOM ciydae MBI paccMaTpHUBaeM
aNbTepPHATUBHYIO 3a1auy X — extr; 3(x—1’)—y—(x—3")=0, —(x-3") =0,

T.€. 3aa9y oy

x —extr; 3x=0, —3y2 =0,

MMEIOIIYIO OHO 3HaYCHHE JIOKATBHOTO SKCTpeMyMa, paBHOe 0.
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Crnyuaii 3. Ilycts B 3amaue (8) /> 2, NOJOXKUTEIbHYIO CTENIEHb MIEPEMEHHON z HMe-
10T k 22 TOMMHOMOB U3 p, (X, y,z), i =1,...,/, 1 MaKCUMaJbHas CTEIEHb IEPEMEHHOH 2
B 3THX MOJMHOMAX paBHa n > 1. Kpome Toro, myctsb i ONpPEACICHHOCTH ICPEMECHHAS Z
BXOAUT B p,(X,y,z) C HaUMEHbIIEH MOJOKUTEIbHONW CTENEeHbIO 7, (CM. 3amMedaHue 7
0 BO3MO’KHOCTH OZHO3HAYHOTO BBIOOpA MmoJnHOMa p, (X, y,z)),rne 1<n <n,T.c.

p(xy,2)=p, (602" +p, (602" ot p (6 0)z+ p (X, ),
D, (X, ) #0.
[ycts nanee (x°, y°,z°) — OPOU3BOIBHAS TOUKA JTOKATBHOTO IKCTpEMyMa B 3aaue (8).
Torna BbINONTHSAETCS:
(7)mbo p,, (x°,»°)#0, nrtorna s cuiy nemmbl 2 (x°,y°,z") — TOUKa JIOKATLHOIO
9KCTpEMyMa B 3a/1a4e

x, >extr; pi(x,y,2)=0, p(x,y,2)=R,_, ., (p,p)=0,i=2,..,1 (18)
(3neck onepauust R, , ., NPUMEHSETCA B OTMEUCHHOM paHee 0000LICHHOM CMBICIIE, TAK
YTO OHA OCTABJISICT O3 M3MECHEHHUSI TOJUHOMBI, HE 3aBUCSIIUE OT Z , & TAK)KE CO CTEIICHBIO
NIEpEMEHHOI z , MEHbIIEH 7, , @ BCE TIOJIMHOMBI CO CTEIEHbIO, OOBILEH HIIH paBHOH 7, ,
mpeoOpa3yeT B HOIMHOMBI CO CTEIIECHbIO, MEHBIIIEH MK PaBHOU 7, —1);
(6)mbo p,, (x?,”)=0, u torma B cry seMMs 4 (x°, y°,z°) — TOYKa JTOKATHHOTO
IKCTPEMyMa B 3aj1a4e

x, —>extr; p(x,y,z)= Pyt (x, y)an_l +..t Py (x,y)z+ Do (x,y)=0,

Pry (x,0)=0,p,(x,y,2)=0, i=2,..,1.

Bynem nepexon ot ucxoaHoi 3anaun (8) B paccMaTpuBaeMoM ciydae 3 K ajJbTepHATUB-
HOM 3a/a4e (18) Ha3pIBaTh y - MEPEX0I0M, a K aJIbTepHaTHBHOH 3a1a4e (19) — & -nepexoaom.

HUrak, B paccMaTprBaeMoM ciydae 3 IeiicTByeM ciieayromuM oopa3oM. OcymiecTBIsIeM
o0a mepexoja, T.e. ¥ - HEPEXO] U O -NIepexo/]] OT UCXOAHOHU 3anaun (8) K AByM ajbTepHa-
TUBHBIM 33/1a4aM Buja (8), Kakaast U3 KOTOPBIX CHOBA COOTBETCTBYET OJTHOMY M3 IIEpEUHC-
JICHHBIX TPEX CIIyJaeB.

Takum 00pa3oM, B KOKIOM U3 clydaeB 1—3 oCymIecTBisieM MEpexo/l OT UCXOHON 3a-
naun (8) K HOBBIM JIFTEPHATHBHBIM 3a/1a4aM Buza (8) (K ogHOW — B ciydae 1, K IBYM HIIH
TpeM B ciydae 2 ¥ K IByM B ciiydae 3), OT KOTOPBIX B CBOIO OYepeab MOXEM HepeiTn K
HOBBIM aJIbTEPHATUBHBIM 3aJla4aM M T.J., T.€. MOXKEM OpPraHM30BaTh MPOLIECC MHOTOATAI-
HOTO BETBJICHUS UICXOAHOM 3a1a4H (8) Ha MHOXECTBO AJIbTEPHATHBHBIX 3a/1a4 TOTO K€ BUIa
(t.e. Buma (8)). [Ipu 3TOM Ha Ka)IOM dTare 3TOTO Iporecca (B CHIIy BRIOOPa B KaXIIOM
13 TPEX CIIy4acB COOTBETCTBYIOIUX aJIbTCPHATUBHBIX 3a}1al1) UMEEM KOHECYHYIO COBOKYII-
HOCTH aJbTEPHATUBHBIX 33/1a4 TaKHX, YTO OOBbEIMHEHHE MHO)KECTB 3HAUEHHH JIOKAJILHOTO
9KCTPEMYyMa B 3THX 3a7adax COAEPKUT MHOXKECTBO 3HAYEHHUH JIOKATHHOTO SKCTPEMyMa B
ucxoaHou 3agaue (8). Llenbro 5T0ro MHOTOATAITHOTO MPOLIecca SBISETCS MOTYUYeHHE COBO-
KYITHOCTH JIbTEPHATUBHBIX 33/1a4 C MCKIIOUCHHOW NMEPEeMEHHOW z . AHAJOTHYHBII Mpo-
IIECC TIO3BOJIUT 3aTE€M HCKITIOUHUTH TIEPEMEHHYIO ) , H MBI TOJIYIHM COBOKYITHOCTH AJIbTEp-
HATHBHBIX 3a7a4 BUJA (8) ¢ OAHOI mepeMeHHOH x , T.€. 3a7a4 BUaa

(19)

x—extr; p,(x)=0,i=1,2,..,1,
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rae p,(x) —mHorounensl, i =1,2,...,/ . IIpy 5ToM MHOKECTBOM peLIEHUI 9TOi 3a1aun
SIBJIAETCS. MHOXKECTBO OOLIMX JEHCTBUTENbHBIX KOPHEH MHOrOUIeHOB p,(X), i=1,2,..,1,
paBHOE MHOXKECTBY JEHCTBUTENBHEIX KopHEH MHOrowieHa p(x)=HOI( p,(x),..., p,(x))

3ameuanue 7. Ecayn mMeeTcs HECKOJIBKO IOJMHOMOB ¢ HAMMEHbBIICH ITOJ0KUTSIBHON
CTEIEHbIO IIEPEMEHHON z , paBHOHU 7, , TO BBIOUpAEM CpPell HUX MOJIMHOM C HAaUMEHBbILIEH
CTCICHBIO IICPEMEHHOI y B IOIUHOME P, (x,¥) (4TOOBI MHHUMU3UPOBATH MAKCUMAITb-
HYIO CTCIICHb IIEPEMCHHON ) B aJlbTCPHATHUBHBIX 33Ja4ax, MOJYyYaeMbIX B PE3yJIbTaTe UC-
KIIFOUYCHUS IEPEMEHHON Z ), @ €CJIM U TaKUX MOJMHOMOB HECKOJIbKO, TO BBIOMpaEM Cpeau
HUX TI0JIMHOM C HAaNMEHBILIEH CTCNCHBIO X B MONMHOME P, , (X, V) U T.A.

4. ObOCHOBAHHME AHUII

IToxaxem, 4TO yKa3aHHBIM IPOLIECC BETBIICHUS SIBIIAETCS KOHEYHbIM. boree Toro, noiy-
YUM OLICHKY CBEPXY JJIs YKCiIa BO3MOXKHBIX IEPEX0/IOB BUa o, 3 ,aa, aff, ¥, 6 , 4TO0bI
13 UCXOAHOM 3a/1a4¥ (8) B pe3yabTaTe IENOYKN 3TUX TIEPEXO0/IOB MOJTydaaach albTepHATHB-
Has 3aj]a4a ¢ UCKJIOYEHHON IEpeMEHHON z .

Hawm monano6stcs HeKoTOpBIe 0003HAUCHIS, CBSI3aHHbIC C 3a1a4eii (8). O6o3HaunM ye-

1
pe3 7, cTeneHb IEPEMEHHON z B IOoMMHOME p, (X, ,z), i=12,..,[, ny, = Z n, . 3aMeTuM,

i=1
4To A7 Jro0oro u3 ciydaeB 1-3 ng > 0. [Iycts B orpannueHusx 3agaun (8) umerorcs

k >1 MOJUHOMOB C MOJIOKUTEIILHOW CTEIICHBIO MIEPEMEHHON z ¥ JJIsl IPOCTOTHI 0003HA-
YCHU OHHU PACIIOJIOKEHBI B OTPAaHHUCHHSX 3a1a4u (8) TakuM 00pa3oMm, 4To

1<n <.<n, 1<k<I. (20)

[TpuBenem cHavaa CiIeayIoIyI0 BCIIOMOTATEIbHYIO OLIEHKY JIJIs TPOU3BOJILHOTO k > 2.
Kak Oynet mokasaHo janee (CM. yTBepKaAeHHUE 4), JUisl JTF000M MOCIeI0BaTEeIbHOCTH Iepe-
XOJIOB BUAa y WM O OT 3anaud (8), ynosnerBopstomeit (20) mpu k > 2, B pe3ynbTare He
Oonee ny —n, TaKUX NEepPexooB, rae 1< n, <n,, OyJeT nojyueHa aJbTepHATUBHAS 3a/1a-
4a, B KOTOPOH TIepeMeHHast z OyJeT 100 OTCYTCTBOBATH, THOO MPHUCYTCTBOBATH TOIBKO B
OJIHOM OTPaHUYEHUH C MOJIOKHUTEILHON CTENEHBIO A .

Hus cnydas k =2 mpuBeeM YTOYHEHHE BCIIOMOTATENBHOW OICHKH, MPUBEICHHOW
JUTS TIPOU3BOJIBHOTO k > 2. B aTOM ciydae (cM. yTBepkaeHue 6) s ro00ii mocieaoBa-
TEJILHOCTH NEpPEeX0JI0B BUJA ¥ WIM O OT 3aj1aud (8), yrosnersopstomeit (20) npu k=2,
B pe3ylbTaTe He Oojee 7, TaKUX IepexoloB OyAeT IOyueHa albTepHATUBHAs 3a/aya, B
KOTOpOH nepemMeHHast z OyJer J1M00 OTCYTCTBOBATH, JIMOO NMPHUCYTCTBOBATH TOJIBKO B O]
HOM OIpaHUYEHUH C HEKOTOPOH IO0JI0KUTENbHOM CTeneHbto i, , rae 1<n, <n, .

Vcnone3ys mnpuBeAeHHBIE BCIIOMOTATENbHBIE OLEHKH, IMOJYYHUM Tereph HEKOTOpPHIC
OIICHKH JJIsS YMCJIa TMePeX0JIoB OT 3a/1a4yu (8) K aJlbTepHATUBHBIM 3aJladaM C UCKIIOYCH-
HOH mepemMeHHON z . byaem 3amady Buzaa (8) ¢ OAHUM OTpaHUYCHUEM C MOJIOKHUTEITHHOM
CTETICHBIO TIEPEMEHHON z , He TIpeBOCXosmiei n € N, KpaTko Ha3wBath (1, n )-3amadei,
a3amady Buza (8) ¢ IByMsI OTpaHUICHUSAMH C TIOJIOKUTEIbHBIMU CTSTICHSIMH IEPEMEHHOH Z ,
HE TIPEBOCXOMIUMH # € N, KpaTKO Ha3bIBaTh (2, 1 )-3a1aueii.

[Tycts crauana B 3amade (8) ycmosue (20) mmeeT BUI
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k=2,1<mn <n,<n, 21
T.€. paccMaTpuBaeTcsl MPOU3BONbHAS (2, n )-3amada. Toraa coraacHO MPUBENEHHON BCIIO-
MoraTeabHOU oneHKe (1t k =2 ) uepe3 <n (y Vv O )-mepexoaoB OT 3aaauu (8), yJoBIeT-
Bopsitotneit (21), Mpou3BeCHHBIX B JIO0O0 MOCIIEN0BATEILHOCTH, OY/IET ToJIy4YeHa 0o
anbTepHATUBHAS 3a7a4a 06e3 z , oo anprepHaTuBHAasA (1, n )-3amaqa. OT nmocieHel 3aqaun
(B v aa v af)-nepexonsl cpazy HawoT 3a1ady 0e3 z, a o -Iepexoi MPUBOAUT K ajbTep-
HaTHBHOH (2, n —1)-3amage. OT (2, n—1)-3agauml COTIACHO MPHUBEJICHHON BCIIOMOTATEIb-
HoH onenke (st k =2) uepe3 <n—1 (y Vv I )-nepexonoB OyJET MOTydeHa aTbTePHATHB-
Hast (1,n—1)-3amaua, or kKoTopoi (S Vv aa v aff) -nepexonsl cpaszy JaloT 3axady 0e3 z,
a ¢ -TIepexo]] IPUBOIUT K aJIbTePHATUBHOH (2, n —2 )-3amave. Ot (2, n—2 )-3a1a49H COTJIac-
HO MPUBEICHHON BCIIOMOTATEIbHOM otleHKe (st k =2 )yepe3 <n—2 (y Vv O )-epexooB
Oynet nosryyeHa aspTepHaTuBHasi (1, n — 2 )-3agava, u3 Kotopoit (S v aa v aff) -nepexo/ist
cpa3y jaaloT 3ajady 0e3 z, a ¢ -mepexo]| MPUBOJUT K allbTepHATUBHOM (2, n— 3 )-3a/1aue
u T.0. Y3 3TUX paccy:KAeHUi CleyeT, YTO I IIOJHOIO UCKIKYECHUs NIEPEMEHHON z U3
3anaqi (8) B cioyyae (21) morpedyetcs He Oomnee
n+(n-D)+m-2)+..4+2+1=n(n+1)/2
MEPEeXOJI0B BUa ¥ WU O , a TAKXKeE He 0oJiee n TepexonoB BUuaa a v fv aa v afl ,T.c.
B 00111eH ClIo)KHOCTH He Oosiee n(n+1)/2+n mepexonoB Buga ¥y vov av Bvaavaf .
O6o03naunm N(2,n) =n(n+1)/ 2+ n —BepxHss OLICHKA JIJIsI YHCJIa IEPEXO0I0B OT 3a1a4H (8),
ynoBieTBopsitomiei (21), K adbTepHATUBHBIM 33a1adyaM C MCKIIOYEHHOW NEePeMEHHOU z .
OdeBuaHO, uTo N(2,7) MOHOTOHHO BO3pacTaeT MO MEPEMEHHOH 7 .
[Tycts manee B 3amage (8) ycnosue (20) nmeer BUA
k=1,1<n =n. (22)
Torma umeror mMecto caydau 1 wim 2. B ciyuae 2 (£ v aa v aff) -nepexoasl cpasy
NPUBOJAT K aJbTEPHATUBHON 3aJaue C UCKIOYEHHOM nepeMeHHol z . Ecim n=1, 10 «
-TIepeX0/] TAaK)Ke MPUBOJINT K aTbTEPHATUBHOM 3a/1a4e C NCKIIOUYEHHON TIepEMEHHON z (CM.
3amevanue 5). Ecnu n> 2, To o -mepexof MpUBOANT K aJbTePHATUBHON (2, n —1 )-3amade.
Ho torma, yuntbsiBas paccMOTPEHHEIH paHee cirydaii (21), momydaem, 9To BEepXHsSA OIlCHKA
N(l,n) nns yucna mepexoqoB oT 3aaa4i (8), ymoBieTBopstomei (22), K anbTepHATHBHBIM
3aj[a4aM C UCKJIFOUCHHOU MEPEMEHHON z MOXKET BBIYUCISATHCS 10 (hopMyJie (B HEW yUTECHBI
BCE MEPEUNCIICHHBIC CITy4an)

NLn)=1+NQ2,n-)=1+nn-1)/2+n—-1=n(n+1)/2.
[Tycts Teneps B 3amade (8) yciosue (20) nmeet BUg
k>23,1<m <..<n, =n, k<. (23)

Torna, ucrob3ys MPUBEICHHYIO paHee BCIIOMOTATENbHYIO OLEHKY (Uil MPOU3BOJIb-
HOTO k >2), momy4aeM, 94To BepxHsisd oneHka N(k,n) Ui 9rcia MepexofoB OT 3adadi
(8), ymoBnetBopsroreit (23), kK abTepHATHBHBIM 3a/1adaM ¢ NCKIIIOYCHHON IEpEMEHHON z
MOYKET BBIYUCIISATHCS 110 (hopMylie

N(k,n):ltzqazc{n2 -n,+N(Ln,)} :1r<na<x{n2 —n, +n,(n, +1)/2} =

121



Hegpeoob B.H., >Kapxux A.B
AJITOpMTMM3ALIVS 7 IPOrPaMMHAsT peasIn3alyisi MeTOa MCKITIOUeHIS IIePeMEHHBIX. .
Mopenposanue n ataim3s gaHHbix. 2020. Tom 10. Ne 1

=max{n, +n,(n,—1)/2} = ny, +n(n-1)/2<kn+n(n-1)/2.

1<ny<n
3aMEeTHM Tereph, 4TO BO BCEX PACCMOTPEHHBIX cirydasix (21) — (23) MoxeM BEpXHIO0
OLICHKY JUIS YMCIIa IEPEX0JI0B OT 3a7a4H (§), K alNbTepHATUBHBIM 33/1a4aM C HCKIFOUCHHON
TIEPEMEHHOHN z BBIYHCIATH MO 00ImIeH Gopmye

N(k,n)= kn+n(n-1)/2. (24)
[puBeneM Ternepb BCIIOMOTaTeIbHbIC YTBEPKICHUS, KOTOPbIE HaM MOTPEOOBATIMCH AJIS
noydeHus GopMysl (24).

YrBepxnenue 1. [Tycts 3amaga (8) yaoBieTBopsieT BBeICHHOMY BhImIe yciaoBuio (20),
! k

= z n, = Z n, ,n=n,,k>2 (1.e. 912 335a4a oTHOCUTCA K ciydaio 3). Torna nns 3ana-
i=1 i=1
g (18), momydenHoi u3 (§) B pe3ynbraTe y -epexoia, BHITOIHICTCS

!
fly :Zni <n,—(k-1)<ny, -1,
i=1
rie i, =n,, i, — CTeleHb IEPEMEHHON z B IONMHOMAX P, (X, y,z), i=2,..,1.
Joka3zatenbcTBo. [To onpeneneHuio 0000IEHHOH omeparii R ,Tne je N TSI CTETIe-
HM 71, TIEpeMEHHOU z B monuHome p,(x,y,z)=R__ . (p,,p) BI)IHOHH}ICTCSI n <n -1,
Wk n,=0,i=k+1,..,1, OTKyL[a
!

iy = Zn +an (k-1) Zn, (k=1)<ng —(k—-1)<n, —

CJIe,I[CTBI/Ie 1. HyCTB st 3amaun (8) mmeer mecro cimydait 3. Torma B pesynbpTare
¥ -Tiepexofia OT ATOH 3a/jauil K aJbTEPHATUBHOM 3a/1aue CyMMa CTEICHEH MepeMEHHON z
B I[IOJIMHOMAX, BXOJAIINX B OTPaHUYCHUA, YMCHBIIACTCA HE MCHEEC, YEM Ha 1.

Crenyromue yTBep)KJICHUSI OYEBUIHBI (HEIIOCPEICTBEHHO CIIEAYIOT M3 ONpe/IeeHUI
TIepexo/I0B BUIa ¥ U O ).

VYreepxxaenue 2. [lycts it 3amaun (8) nmeer mecro ciyuail 3. Torga B pesynbrare
J -mepexojia OT 3TOH 3a7aun K allbTepPHATHBHON 3a1a4e (cM. 3agady (19)) cymma crenenei
MIEPEMEHHOI z B NMOJIMHOMAX, BXOJIINX B OTPAHUUYCHUSI, yMEHBIIIACTCS HE MEHee, 4eM Ha 1.

VYreepxknenue 3. [lycth mis 3agaun (8) umeer mecto ciydaid 3. Torma B pe3ynabTaTe
¥ -liepexojia WM O -liepexojia OT ATOW 3a/1aud K aJbTEPHATUBHOI 3ajaye KOJIUYECTBO
OTpaHWYEHUH Kk C TIOJOKUTEIBHON CTENCHBIO NMEPEMEHHON z, a TaKKe MaKCHMallbHas
CTEINCHb MIEPEMEHHON z B 3THX OTPAaHMYCHUSIX HE YBEINUUBAIOTCSL.

W3 yTBepxkaenuit 2, 3, a Taxke ciencTBus | noydaem, 4To CpaBeyIuBO

YrBepxnenue 4. [Tycts s 3amaun (8), orpaHnYeHnsT KOTOPOH yHoBieTBopsioT (20),
uMeeT Mecto ciyuait 3, T.e. k>2. Torma amnst 000 MOCIE0BATENBHOCTH MIEPEXO0JI0B
BUJa ¥ WIM O OT 3TOH 3amauu B pe3ysbTaTe He Oosiee ny —H, TAaKUX MEPEeXOI0B, IIe
1<n, <n,, Oyaer noiayueHa aabTepHATUBHAA 3ajlada, B KOTOPOU IepeMeHHas z Oyner
1100 OTCYTCTBOBATh, TMOO MPUCYTCTBOBATH TOIBKO B OJTHOM OTPAHHYCHUH C TIOJIOKUTEIb-
HOW CTENEHBIO 71, .

Kpome Toro, Ham OHaJOOUTCSI ClIEAYIOIIEEe OYEBUIHOE

YrBepxnenue 5. [Tycts mns 3amaun (6), orpaHUYCHUS KOTOPOH yHoBieTBOpsioT (20),
UMeeT MecTo ciydvaii 3, T.e. k> 2. Torma

=1y
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1) ecnu B 3amaue (18), nomyuennoit u3 (8) B pesyibrarTe y -Iepexona, k — xommaectBO

IIOJINHOMOB C IOJIOKUTEIbHON CTENEHbI0 IEPEMEHHON z, /i, — CTeIeHU epeMEeHHOH

z BIONMHOMAX P, (X,y,z), i=2,...k, TO

a) Bciydae k =1 eIMHCTBEHHBIM IIOJTHHOMOM C TIOJIOKUTENBHOMN CTENICHBIO TePeMEH-
HOH z sBIAeTCs p,(X,),z) ¥ OTa CTENEHb PaBHA 7, ;

6) Bciydae k >1 MUHEMasIbHAS IOIOKUTENBHAS CTCTICHD [IEPEMEHHON z HE NPEBOC-
xomut n, —1;

2) ecnm B 3amade (19), momydenHoit u3 (8) B pe3ynpTare O -mepexona, k — xonmaecTBO

MTOJIMHOMOB C TIOJI0KUTENIBHON CTENIEHBIO IEPEMEHHON z , TO

B) B ciydac k =k MHHMMAIbHas IONOKHTEIBHAS CTCIICHb [IEPEMEHHOI z B OTPaHN-
yeHusx 3a1a4un (19) He npeBocxoaut n, —1;

I) B ciydae k=k-1 (oueBmano, uro JpPYTUX CIIy4yaeB KpoMe k=k wm k=k-1
OBITH HE MOXET, T.K. IPH & -TIEPEX0Jie MEHSAETCS TOJIBKO OJJHO OIpaHWYEHHE C I10-
JIOXKHUTEIFHOM CTENEHBIO NEPEMEHHOI z ) MUHUMaJIbHAS [TOJIOKUTEIIbHAS CTEIICHb
NepeMeHHOll z B orpaHuueHusIx 3afaqu (19) pasHa n, .

Beeaewm crnenytomiee onpesenenue. bynem 3amgauy (8), y0BIETBOPSIONLYIO YCIOBHIM

(20), (21), Ha3bBaTH (2,7, 7, )-3a1a4eH, €CIH
n <n,n, <m, n,n, eN,n <n,.

CrencTBUEeM YTBEPIKACHUS S SIBISICTCS

Yreepxnenue 6. [lycts mnst 3amaun (8), orpaHUYCHUST KOTOPOH yI0BIEeTBOPstOT (20),
HUMEeT MeCTO ciiy4yaid 3, u ipu 9ToM k =2, T.e. BbinonnHsiercst (21). Torna mis mo6oit mo-
CIIeOBATEILHOCTH IEPEXO0B BUAA ¥ WIH J B pe3ysbTaTe HE OoJiee 7, TaKUX EePeXxoll0B
OyzieT mojyueHa alibTepHATHBHAs 3ajia4ya, B KOTOPOW MepeMeHHas z OyaeT aubo OTCyT-
CTBOBATh, JINOO MPHUCYTCTBOBATH TOJIFKO B OTHOM OTPAaHUUEHHUH C HEKOTOPOH MOJIOKUTEIh-
HOH cTeneHsto n,, rae 1<n, <n,.

JokaszaTenbcTBO. 3aMeTUM, YTO MCXOAHAs 3ajaua ssisercs (2,n,,hn,)-3agadeil u B
CHIIY YTBEPXKJICHHS 5 Tocie 1mepBoro (¥ v § )-nepexoja OT Hee MOIyduM JIM00 adbTepHa-
tuBHy0 (1,7,)-3ana4y (T.€. yJOBIETBOPSIOILYI0 TPeOOBAaHUAM JJOKA3bIBAEMOI0 YTBEPXKIe-
HuA), 160 (2,n, —1,n,)-3agadqy. Cnegyroumit (y v §) -nepexon ot (2,n, —1,n,) -3anaun
B CUIIy YTBEPKJICHUs 5 IpHUBEET IU00 K anbTepHaTUBHOU (1, 1, ) -3amaue (T.e. yAOBIETBO-
pstroreil Tpe6oBaHUAM JOKa3bIBAEMOI0 YTBEPIKACHHUS), 1100 K (2,1, —2,n, ) -3a1a4e U T. 1.
W3 3THX paccyKIeHUH CTaHOBUTCS OYEBHIHBIM, 4TO Iocie =7, (¥ Vv O) -IepexoloB OT
HCXOJHOI 3a1auyl OJTy4YeHNEe B KaueCTBE AJIbTEPHATUBHOM (2,7, ) -3alaull HEBO3MOXHO, a
MOKET OBITh IOJTy4YeHa TosbKO (1, 7,) -3amaya.

5. IPOI'PAMMHASA PEAJIM3ALIUA

Jlyist peliieHust IEPSUMCIICHHBIX B pa3ene | MoJMHOMHAIBHBIX 3a/1a4 ObLT pa3paboTaH
MIPOrpaMMHBIH KOMIUIEKC Ha BBICOKOYPOBHEBOM si3bike Python ¢ ucmons3oBanuem 0ubIn-
oreku SymPy, mpenHa3HaueHHOW TSI CHMBOJIBHBIX BBIYHCIEHUN. B 3TOM mporpamMmmMHOM
KOMIUIEKCE UCTIONB3YEeTCS aarOPUTM HCKITIOYCHUS IEPEMEHHBIX, I KOTOPOTo OBLTH pea-
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JIM30BaHbI OTIEPAIMX TIEPeX0/ia OT KAHOHMUYECKOH 3a1a41 OJIMHOMHAIBHON ONTHMH3ALUH
Buja (3), (4) x anbTepHATUBHBIM 3a/]a4aM.

Ha BXOO OCHOBHOM IIporpaMMbl MOJACTCA CUCTEMA IMMOJIMHOMOB, BXOAAIINUX B OI'paHU-
yeHus 3a1auu Buzaa (3), (4), mociie 4ero B COOTBETCTBUM CO Cy4asMu 1-3, ONMCaHHBIMU B
paszene 2, OCyIecTBISIETCS TIEPEXO K allbTEPHATUBHBIM 3a/auaM. 1Ipu aToM [uist Kaskaon
OYepeHON albTepHATHBHON 3a/1a4M 3aIIOMIHACTCS MH(POPMAIHS O MPEIIIeCTBYIOMIEH eif
3amade. TakuM 00pa3oM, OCYIIECTBIISICTCS ONMHMCAHHBIN B pa3ziesie 2 MHOTOSTAITHBIN Mpo-
LIeCC BETBJICHHSI, KOTOPBII 3aBEPIIACTCS TOCTPOSHUEM COBOKYITHOCTH aJIbTEPHATHBHBIX 3a-
Jlad, B OTPaHUYEHUsI KOTOPBIX BXOAST MHOTOWICHBI OT 0J{HOH nepemenHo. [Tpu aTom s
KaXJIOTO M3 3TUX MHOTOWICHOB MOKET OBITh BOCCTAHOBJICHA BCSI LIETIOYKA MPE/IIIECTBYIO-
KX eMy (WM ITOPOXKIAIOUIMX ero) albTePHATUBHBIX 3a1a4 BUAa (3), (4), 4TO MO3BOJISET
T10CJIEI0BATEIbHO HAX0/ANTh 3HAUCHHs] HEN3BECTHBIX IIEPEMEHHBIX.

Iporpammuoe obecnieuerne AUIT ObII0 peamn3oBaHo JJis caydas ABYX M TpeX mepe-
MCHHBIX.

IIpumep 3. TIporpaMMHbBIii KOMIUIEKC OBLI MPOTECTUPOBAH HA CICAYIOLIEM MPHUMEpE.
PaccmarpuBaetcs 3aiaua (Buna (8))

x —>extr; p,(x,y) =y +2xp> =3xy+x—-1=0,
P(x, )=y +x =X’ y+)y’ -2=0.

ITpumenum k 3anage (25) AUIL. JI7s1 5TOT0 MOCTPOUM LEMOUKY IIEPEX0I0B OT 3a1a4H (25)
K HECKOJIbKMM aJbTEPHATHBHBIM 33/1a4aM C MCKIIOUYEHHOH mepeMeHHOW y . 3amada (25)
OTHOCHTCS K CITydaro 3, HOATOMY OCYIIECTBIIIEM J -NIEPEXOJ (3AECh O -NIEPEX0]] HEBO3MO-
JKeH) OT 3a1a4 (25) Kk anpTepHAaTHBHOH 3amade (Buaa (18))

x = extr; p(x,y) =y +2xp" =3xy+x-1=0,
D, (%, ¥)=R(p,p)=p,—p = yz(_2x+1)_y(x2 _3x)+x3 -x-1=0.

3anmava (26) (3xBHBaNieHTHAs 3aaade (25)) Taxke OTHOCHUTCS K ciaydaro 3. 31ech BO3-
MOXHBI 00a Tepexosa: 6 M y. AIbBTEepHATUBHOW 3a/aueil, momydaemoit u3 (26) ¢ momo-
B0 O -TIEPEX0/1a, SABISIETCS

x = extr; p,(x,y)=y" +2xp> =3xy+x-1=0,

(25)

(26)

27)
2x+1=0,-p(x* =3x)+x’ —x—-1=0.

W3 mocnerHUX MBYX OrpaHUYCHU 3amaun (27) ciemyeT, 9To eAMHCTBCHHBIM €€ Pelle-
HueM sBisiercst x = 0.5, y =1.1, onHaKo, 3TO peleHUe He YI0BJIETBOPSIET IEPBOMY OI'pa-
HUYCHUIO, T.C. 337a4a (27) HEe UMEET PCIICHUIMA.

AJIBTepHATUBHON 3a/1a4cii, morydaeMoi 13 (26) ¢ TOMOIIBIO ¥ -TIePeX0/ia, SBISCTCS

x —>extr; q,(x,y) =Ry (p;, p,)s
Dy (x,3) =y (2x+1)— p(x* =3x)+x’ —x—1=0.
3aMeTuMm, 9TO MPH ITOM
R (p,p,)=(2x+)p, —yp, =
=(2x+1)y’ +2(2x+1)xp* =3(=2x+Dxy + x(-2x + 1)+ 2x —1 -

= (2x+D)+ ¥ (x* =3x)— " +px+y =

(28)

=17 (3x" = x)+ y(—x’ +6x> —2x+1)—2x" +3x—-1=0,
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q, (x, y) = Rz (Pl > ]32) = R1 (R1 (171 s 132 ), ]32) =(2x+ 1)R1 (pl s ]32 )— (_3x2 _x)ﬁz =
= p(=x* =5x" +13x" —4x+1)+3x" +x* +x° —12x7 +4x -1,
T.€. 3a/1a4a (28) umeeT BUJ
x = extr; q,(x,y)=y(=x" =5x" +13x* —4x+1)+
35 +xt +x —12x* +4x-1=0, (29)
Dy (%, )=y (2x+1) = y(x* =3x)+x’ —x-1=0.
3agaua (29) (sxkBUBaNIeHTHAs 33j1a4e (25)) TakKe OTHOCUTCS K ciydaro 3. 3/1ech BO3-
MOXHBI 00a Tepexosia: 6 W y . ANbBTepHATUBHOW 3a/aucii, momydaemoit u3 (29) ¢ momo-
LIBI0 O -TIEPEX0a, SBISETCS
x—>extr; —x' =5x +13x* —4x+1=0,
3x° +xt +x7 —12x7 +4x-1=0, (30)

P,y (x,¥) =y (2x+1)— p(x* =3x)+x’ —x-1=0.
JeiicTBUTETFHBIMEI KOPHSMU TTepBoro ypaBHeHuUs B (30) sBistrotes: 1.64595, -6.95486,
a 'y BTOpPOT0 €AMHCTBEHHBIH KopeHb — 1.29617, T.e. 3anaua (30) He UMeeT pereH .
AJNbTepHATHBHOM 33/1a4ei, norydaeMoii u3 (26) ¢ MOMOIIBIO O -TIepexo/1a, SBIsIeTCs
x > extr; q,(x,y) =R, (P,,4,)s

31
q,(x,¥) = y(=x* =5 +13x" —4x +1)+3x° +x* +x° —12x* +4x-1=0, GL
KOTOpasi 10Cjie COOTBETCTBYIOIIUX MPEOOPa30BaHUI HMEET BU]T
X —> extr,
q,(x,¥) = y(=x* =5 +13x" —4x+1)+3x" +x* +x° —12x* +4x-1=0, (32)

4, (x,¥) =R, (P,,q,)=-20x" +71x" = 77x* +170x" —328x° +275x° —
~114x* +26x° —3x* =0.

3anmava (32) oTHOCHTCS yKe K cirydaro 2. 31ech BO3MOXKHEI J1Ba Tiepexona: o u [ .
3aMeTuM, 94TO

iql()c,y) =—x*=5x +13x% —4x+1,
oy

0
q, (x, y)—a—ql (x,y)=3x" +x* +x* —12x" +4x -1,
y
Y TIpU 9TOM, KakK OBIJIO MMOKa3aHo MpHU paccMoTpenuu 3amaun (30), cuctema

iql()c,y) =—x*=5x +13x —4x+1=0,
oy

0
q, (x,y)—a—q1 (x,9)=3x" +x* +x* —12x% +4x-1=0,
y

He wumeer pemeHuid. Ho Tormja M anpTepHaTMBHAs — 3ajada, IoJyvae-
Mas Tpu ¢ -miepexoje OT 3amaud  (32), He WMeeT peHIeHHH. AJbBTEpHATHB-
HOW 3amadeir, momydaemodi w3 (32) ¢ TOMOWIBIO O -TIepexoja,  SBIACTCS
x> extr; —20x" +71x° =77x® +170x" —328x° +275x° —114x* +26x* —3x* =0.
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Ota 3agavda UMECT PCIICHUA ()IeﬁCTBHTeHLHLIe KOpHHU €JUHCTBCHHOI'O MHOTOYJICHA B

OTpaHHUCHUSX ITOH 3amaum): -2.69841961, 1, 1.28513433, 0.5, 0. [ToxcraBmnss HaiijeH-
HBIE pEIIeHHs B CHCTEMY OTrpaHMYCHMH HCXOAHOW 3amaud (25) momydaeM MHOXECTBO
TOYEK JIOKAIBHOTO IKCTpeMyMa 3Toi 3amaum: x =0, y=1; x=1, y=1;x=1.28513433,
y=0.07815279 ; x =—-2.69841961, y =3.26360934 . IlpuBeneHHEeM CHUCTEMbI IIOJHNHO-
MOB B OTPAaHMYCHUAX 337aud (25) K MUHUMAaJIbHOMY peaylnupoBaHHOMY Oasucy ['pedne-
pa HETpyAHO YOEIUTHCS, YTO 3Ta CHCTEMA NMEET KOHEYHOE MHOKECTBO M30JIMPOBAHHBIX
pelIeHuni B Mojie KOMIUIEKCHBIX YHCEN, a TeM OoJiee M B I0JIe JICHCTBUTENIBHBIX YHCEI, a,
CJI/IOBATEINILHO, HAMIEHO MHO)KECTBO BCEX JACHCTBUTEIBHBIX PELICHUH CHCTEMbI PABEHCTB
B 3aj1a4e (25), T.e. MOJHOCTHIO pelleHa yKa3aHHas B paszaene | 3amaqa 1.
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The method of sequential exclusion of variables in polynomial optimization problems
is considered. A number of problems are solved using this method. The practical
steps of an algorithm are described, which reduces the initial polynomial optimization
problem to a multi-stage branching process of obtaining a finite number of alternative
problems, the output of which gives a finite set of polynomials in one variable. As
a result, solving a number of polynomial problems reduces to sorting out a finite
number of vectors whose components are the real roots of polynomials.

Keywords: polynomials, exclusion of variables, optimization problems, systems of
algebraic equations.

References

1. Nefedov V.N. Metod isklyucheniya peremennykh v polinomial’nykh zadachakh optimizatsii —
Dep. v VINITI, 1984, Ne 7590-84.

2. Nefedov V.N. Polinomial’nyye zadachi optimizatsii. ZH. vychisl. matem. i matem. fiz. 1987.
T.27. Ne 5. pp. 661-675.

3. Gubar’ YU.V. Vvedeniye v matematicheskoye programmirovaniye. — INTUIT (natsional’nyy
otkrytyy universitet), 2016. — 227 p.

4. Verzhbitskiy V.M. Osnovy chislennykh metodov. — Moscow: Vysshaya shkola, 2002. — 840 p.

5. Kanovey G.V., Logofet D.O. D-Ustoychivost’ matrits 4x4. ZH. vychisl. matem. i matem. fiz.
1998. T. 38. Ne 9. p. 1429-1435.

For citation:

Nefedov V.N., Zharkikh A.V. Algorithmization and Software Implementation of the Method
of Eliminating Variables in Polynomial Optimization Problems. Modelirovanie i analiz
dannykh = Modelling and Data Analysis, 2020. Vol. 10, no. 1, pp. 110-128. DOI: 10.17759/
mda.2020100107 (In Russ., abstr. In Engl.)

*Nefedov Viktor Nikolayevich, Candidate of Physical and Mathematical Sciences, Associate
Professor, Department of Mathematical Cybernetics, Moscow Aviation Institute (MAI), Moscow,
Russia, e-mail: nefedovvn54@yandex.ru

**Zharkikh Aleksey Vladimirovich, Master’s degree student at the Faculty of Information
Technology and Applied Mathematics, Moscow Aviation Institute (MAI), Moscow, Russia, e-mail:
alexvzhar@gmail.com

127



Hegpeoob B.H., >Kapxux A.B.
AJITOpMTMM3ALIVS 7 IPOrPaMMHAsT peasIn3alyisi MeTOa MCKITIOUeHIS IIePeMEHHBIX. .
Mopenuposanue n atainm3s gaHHbIX. 2020. Tom 10. No 1.

6. Logofet D.O. Stronger-than-Lyapunov notions of matrix stability, or how “flowers” help solve
problems in mathematical ecology. Linear Algebra Appl, 398 (2005), pp. 75-100.

7. Nefedov V.N. Ob odnom dostatochnom uslovii ekstremuma dlya polinomov i stepennykh ryadov —
Dep. v VINITI, 1990, Ne 2666-V90.

8. Bukhberger B. Algoritmicheskiy metod v teorii polinomial’nykh idealov. Komp’yuternaya
algebra. Simvol’nyye i algebraicheskiye vychisleniya. — Moscow: Mir, 1986.

9. Arzhantsev 1.V. Bazisy Grebnera i sistemy algebraicheskikh uravneniy. — Moscow: MTSNMO,
2003. - 68 p.

128



MopenupoBaHue 11 aHaJIM3 JaHHbBIX Modelling and Data Analysis

2020. Tom 10. Ne 1. C. 129-139 2020. Vol 10, no. 1, pp. 129-139
DOI: 10.17759/mda.2020100108 DOI: 10.17759/mda.2020100108
ISSN: 2219-3758 (reuartbrit) ISSN: 2219-3758 (print)
ISSN: 2311-9454 (online) ISSN: 2311-9454 (online)
© 2020 ®I'BOY BO MITIITY © 2020 Moscow State University of Psychology & Education

OOOOOOO YUCITEHHBIE METOABI OO0

VJIK 519.61
IIporpammHoe o0ecnevyenne pemieHUs MOJHOCThHIO
HEYEeTKHX CUCTEM JIMHEHHBbIX YPAaBHEHUI
C MPAMOYTO0JIbHOM MAaTPHIEl CHCTEMbI

Ilanmenees A.B.*
MAMU (HannoHaIBHBIN HCCIeIOBaTeNbCKUNA YHUBEpCUTET), Mocksa, Poccus,
e-mail: avpanteleev(@inbox.ru

Casenvesa B.C.**
MAMU (HanmnoHaIBHBIN HCCIIeNOBATEIbCKHN YHUBEpCUTET), Mocksa, Poccus,
e-mail: verassavel@mail.ru

B crarbe paccmaTpuBaercs npoOsema pelieHus] MOJHOCThIO HEYeTKOH JIMHEHHON
CUCTEMbI YPABHEHUH C HEUETKOW MPSIMOYTOJbHOW MaTpULEH M HEYETKOM MpaBoi
YaCThIO, ONMCHIBAEMBIX C IIOMOIIBIO HEYETKHX TPEYTOIbHBIX dYHCeT B (opme
OTKJIOHEHHUH OT cpenHero 3HaueHus1. CHOPMHUPOBAH aIrOPUTM pENIeHHs Ha OCHOBE
HaXOKAEHUs ICEBJOPELICHUH cUCTeM JIMHEHHBIX YPaBHEHMH M COOTBETCTBYIOIIEE
nporpamMmHoe obecrieuenue. [IpuBeneHs! NpUMEpHI, HITIOCTPUPYIOIIUE TPUMEHEHHE
CO3aHHOTO IIPOTPAMMHOTO 00ECIEIEHHS.

Kniouesvie cnosa: HeueTKUE YHCIIA, TOJTHOCTHIO HEYETKAs TMHEHHAs CHCTEMa ypaB-
HEHUH, TpeyTroNbHbIE YUCHa, ICEBI000pAaTHAS MaTPHUIIA, ICEBOPEIICHHUE.

Jlns uuTaThI:

Ilanmenees A.B., Casenvesa B.C. IIporpammuaoe obecrieueHre peLIeHus] HOIMHOCTBIO HeyeT-
KHX CHCTEM JIMHEHHBIX YPaBHEHHH C IIPSIMOYTOJIBHOM MaTpHIel ciucTeMsl // MonenpoBanue
¥ aHayim3 pasHbix. 2020. Tom 10. Ne 1. C. 129-139. DOI: 10.17759/mda.2020100108

*Ilanmeneee Anopeit Bnaoumuposuu, n1oxTop Gpu3nKo-MaTeMaTHn4ecKux Hayk, mpodeccop, 3aBe-
Ayronuii Kaeapoil MaTemarnueckoil kubepHetukn (akynprerta «H(MOpPMALMOHHBIE TEXHOJIOTUH
W NpUKIIaHAs MaTeMaTHkay MOCKOBCKOIO aBHAI[MOHHOTI'O MHCTUTYTA (HAIIMOHAJIBHOTO HCCIIe/I0Ba-
TEJILCKOTO YHUBepcuTeTa), MockBa, Poccus, e-mail: avpanteleev@inbox.ru

**Casenvesa Bepa Cepeeesna, crynent GakanaBpuara daxynprera «/HpOpMaOHHbIE TEXHOJIO-
THU U TPUKJIAIHAs MaTeMaTHKa» MOCKOBCKOTO aBHAlMOHHOTO MHCTHTYTA (HAIMOHAIBHOTO HCCIIe-
JIOBaTEIIbCKOTO YHHUBEpcuTeTa), MockBa, Poccus, e-mail: verassavel@mail.ru

129



[lanmeneeb A.B., Cabesveba B.C.
[TporpaMMHOe obecriedeHe peleH s IIOJTHOCThIO HeUeTKIX CUCTeM JIVHEVHbBIX Y PaBHEHWI. ..
Mopenuposanue n adainm3s gaHHbix. 2020. Tom 10. Ne 1

1. BBEJIEHUE

Ha mpaxTrke npu 3a1aHUH JIEMEHTOB MaTPHII, ONHCHIBAIOIINX MATEMATUICCKYIO MO-
JIeTIb B MH)KEHEPHBIX M 9KOHOMUYECKHUX 33j1a4ax, HH(POpPMaIHs MOKET ObITh Pa3MBITOM, T.€.
MPEJCTaBIATECA HEKOTOPBIM OTPE3KOM BO3MOJKHBIX 3HadueHuil. bonee Toro, Bo3MokeH
Cllydall, KOTJa 3aJjaeTcsl YeTKOE 3HAYEHHE ¥ TPaHUI(bl OTPULATENLHOTO U TIOJ0KUTEIBHOTO
N3MEHEHHUI OTHOCHTEIBHO YETKOTO 3Ha4eHUs. B 3TOM ciryyae MOXKHO OITHMCATh 3JIEMEHTBHI
MaTpHIl ¢ TIOMOIIBI0 HEUETKUX YHCEI U ONEpallii HaJ HUMH, B YACTHOCTU TPEYTOIbHBIX
yrcen. YnciaeHHOMY 3HAYCHHIO U3 MHTEPBaia BO3MOXKHBIX 3HAYCHHUN CTABUTCS B COOTBET-
CTBHE CTEICHb YBEPEHHOCTH, KOTOpasi B TCOPHH HEUETKUX MHOXKECTB 3aJ1aeTCs TaK Ha3bl-
BaeMbIMU (pyHKIMsIMH ipuHauIexkHoCTH [10; 12; 14]. OHIM N3 BO3MOXKHBIX THITOB (YHK-
LU PUHAJUIEKHOCTH SIBISIOTCS TPEYTOJIbHbIE, KOTOPBIE 3aJal0T TPEYTOJIbHBIE UUCIIA.
Hawubosnpiree pacnpocTpaHeHHE B WHKCHEPHBIX M YKOHOMHUYECKHUX PACUeTax MOIydH-
JIM JIMHENHbIE MOJEIHM, ONMCHIBAEMbIE CUCTEMAMM JIMHEHHBIX ypaBHEHUH. B ciayuae He-
OTIPEICNIEHHOCTH MapaMeTPOB MATPUIIBI CHCTEMBI U BEKTOpa €€ MpaBBIX YacTed cucTemMa
JINHEUHBIX YPAaBHEHUM TPAKTYETCsl KaK IIOJIHOCTbO HEUETKas, PELICHUE KOTOPOM HUINETCS
B KJIacC€ TPEYroJbHbIX HeueTkux uucen [10; 12]. Pa3muuHble METOMBI pelleHHs TAKUX CU-
CTEM TIpeJUIoKeHsl B [3; 6; 7; 8; 9; 11; 13; 14]. ABropamu c)opMHpOBaH aIrOPUTM pelle-
HUSI TIOJTHOCTBIO HEYETKOH CHCTEMBI YPaBHEHHUH B CIIydae MPsSIMOYTOIbHON MaTPHIIBI CHCTE-
MBI, KOTOPBIH pealn30BaH B BUIE TIPOTPAaMMHOT0 obecriedeHus, 3pPeKTHBHOCTh KOTOPOTO
MIPOAEMOHCTPUPOBAaHA B XOJI€ aHAIM3a PEIICHUH MOJENbHBIX NMpuMepoB. [Iporpammuoe
o0ecreueHHE MPOIECcCa PEIICHUS HeUCTKUX JINHCHHBIX CUCTEM C HCUCTKOW MPaBOi YacThIO
U C HEYETKOH KBaJpaTHON MaTpHIlel CCTEMBbI ONUCaHHI B [4; 5].
[TpuBenemM OCHOBHBIE ONpeIeJICHHsI, KOTOPBIE Oy IyT UCIIOIB30BATHCS ITPU COCTABICHUH
HEYEeTKOW MaTteMaTudeckor monenu [10;12].
1. TpeyrombHOE HEYETKOE YHCIIO A=(m,a, f) 3amaercs QpyHKIMEH TPUHAICKHOCTH
1—D m—a<x<m, a>0,
a
X—

pi ()= 1= m<x<m+ B, B>0, (1)

0, B OCTaJIbHBIX CITyYasiX.

Yucno 0=(0,0,0) cunraercs HyIeBEIM TPCYTOJIbHBIM HEYCTKHM YHCIIOM.

2. Heuerkoe unucio A HA3BIBACTCS HOIOKUTETHHBIM (A >0), ecim ero QyHKIMS NpH-
HaJUICKHOCTH fi5(x) =0 Vx <0, 1 oTpHIaTe/bHBIM (A<0), ecm ero GyHKIHS MPH-
HAUIEKHOCTH 415 (x) =0 Vx 2 0 Yncno A= (m,a, f) sBIIETCS TOMOKHUTEIHHBIM,
ecmt m—a =0.

3. JlBa HeueTKuX TpeyrombHbIX uncia M =(m,a, ) u N =(n,y,5) paBHBI Torma u
TOJIBKO TOT/a, KOraa

m=na=y,f=9. 2)

4. CyMmMoii IBYX HEYeTKHX TpeyroibHbiX uucen M = (m,a,8) u N =(n,y,5) Ha3bBa-

€TCsl YUCII0
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(m,a, BY®(n,7,6) =(m+n,a+y,f+5). A3)
5. TlpomsBeneHne nOBYX TIOJNOKHTENBHBIX HeueTKkux uwucen M =(m,oa,f)>0 u
N =(n,y,0)>0 npu ManbX 3HAYCHUSIX «, 3 10 CPABHCHHUIO C M W MaJbIX y,0 IO

CPaBHEHUIO C 1 TPHOJIMKEHHO OIPEJIeNseTCs, KaK HeYeTKOE YMCIIO BUIA
(m,a, )®(n,y,0) = (mn,my +na,mé +nf3). @)

B yacTHOM cilydae yMHOXKEHHSI Ha YETKOE YHCI0 A :
(Am,Aa, Af), A >0
A®(m,a, B) = U ’ (6))
(Am,-Ap,—Aa), A < 0.

Korma pasz0poc, xapakrepusyemslii o, f 1 y,0, HE SBIACTCS MallbIM, MOXKET OBITH
HCII0JIb30BaHa OoJiee ToYHast POpMYyJsIa YMHOKEHHSL:

(m,a, B)®(n,y,0) = (mn,my +na —ay,mé+nf+ ). (6)
6. Marpuua A =(a;) Ha3bIBACTCS HEYETKOM, €CIN KAX/BIH €€ JJIEMEHT HPEICTABIISCTCS

HEYETKUM YHCIIOM.

Heuerkast MmaTpuila Ha3bIBaeTCs MOJIOKHUTEINBHON ( A > 0 ), eciau KaKIbIi €€ IEeMEHT
(HEYeTKOE YHCIIO0) MOJIOKUTEICH. AHATTOTHYHO OTIPEACTIAI0TCS HEOTPUIIaTeIbHEIE, OTPHUIIa-
TeJbHbIE, HeTIOJIOKUTEIbHBIC HEYSTKUE MATPHIIBI.

Heuerkas matpuia mMoxer ObiTh npeacrasneHa B popme A =(a;) =((a;,%;, ;) ,
wm A=(A4,M,N),rne A=(a;),M(a;), N(f;) — Tp1 MATPULIBI C YCTKUMU SJICMECHTAMH.
7. Cucrema BHuaa

A®Xx=b 7

C HEUETKOH MpsSIMOYroJibHOM MaTpuued A = (&ij) , i=L..,m;j=1..,n U HEUETKOU
marpuueit b =(b;) pasMepoB mx1 Ha3bIBACTCS MOJHOCTHIO HEUCTKON JIMHEHHON cHCTe-
Moii. B pacimpenHoii hopme ee MOXKHO Mepenucarhb

(@, ®5%)®..0 @, ®%,)=h,

(G ®F)®...®(d,, ®F,) =b,,

(@, ®%)®..®(,, ®%,)=b,.

2. METOJA PEHIEHUA
MOJHOCTHIO HEUETKUX JUHEWHBIX CUCTEM

B [10] npeanmoxkeH MeTOA HaXOXICHUS TOJOKUTEIBFHOTO PEHIeHus X = (X, Y, z) >0
TOJIHOCTBIO HEYETKON JIMHEHHOM cncTeMbl Ax¥=b ¢ A= (4,M,N)> 0, Matpuua A4
HeBbIpoxaeHHas, b = (b, g, h) >0 1pH BBINOIHEHIH IPEIIONOKEHUIT O MAJIBIX 3HAYCHHSX
o, f TI0 CPAaBHEHHIO C /1 ¥ MJIBIX ¥, TI0 CPAaBHEHHMIO C 7 :
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x=A"'b,
y=A"(g—Mx), (®)
z=A"(h—Nx).

umn x=A"'b,y=A"(g—MA'b),z= A" (h—NA"'b). Jlns momyduenus pemenus
%=(x,y,2) >0 TpeGyercs MOCIELO0BATENHHO IPHMEHHTE HOPMYIEI B (8).

B [11] chopmynrpoBaHbl yCIIOBHS, TIPH KOTOPBIX HOJIHOCTHIO HEYETKAsl CUCTEMa UMe-
eT MONOKHTEeNbHOE peureHme: Matpuua A HesipoxaenHas; A (E+MA™" )b > Ak
A h> AN MAT Y, A g > AT'NAT'B. Dti yenoBust samennnu Goree KeCTKHE, MPE-
JIO’)KeHHBIE B [8].

Ecmu matpuma A mpsmoyronbHas, B [13] momydeHs! GopMyIIs A1 ciydast, eCiin A-
HEOTpHIATENbHAS HEUeTKAs MATPHIA, X — HEOTPHIATEIbHBIN HEUSTKHA BEKTOp, b— W3-
BECTHBIN HEUETKUHN BEKTOP:

x=A"b,
y=A"(g-My), 9)
z=A4" (h— Nx),

rIe A - nceBmpooOpaTHas Marpuma [1], a x= A'h— TICEB/IOPEIICHNE CUCTEMBI

Ax = b, T.e. HAUMEHBIIHH 110 MOIYIIIO |x| = \/xf +...+xf croabern x cpean Bcex CToJo-
L{0B, MUHUMHU3HPYIOLINX BEIHIHHY |Ax —b| . ~

Ecimm A— HeoTpunarenbHas HeUeTKas MaTpuIa, b — HEOTPHUIATEIbHBIA HEYETKUHN BEK-
TOp, TIceBI000paTHas MaTpuiia A HeOTpHIATENbHAs, & TAKKE BBITOTHAIOTCS YCIOBHS:
h>NA"b, g2 MA™'b, (E+MA™")b> g , To cuctema (7) IMeeT HeOTpHUIIaTeIbHOE HeUeT-
KO€ MUHUMAJIbHOE PELIeHUE, YIOBIEeTBOpsoLee yeiaoBusiMm y >0, z>0, x—y >0 u ume-
OLLEE CPEIU BCEX BO3ZMOKHBIX PEILIEHUI HAUMEHBIIYIO BEIMYMHY €BKJIMAOBOM HOpMBI [13].

3. AJITOPUTM PEILEHUSI
MOJIHOCTBIO HEYETKOM JUHEMHOM CUCTEMBI

1. 3amate Matpuus! cuctemst A =(A4,M,N)>0 u npasoii yactu b= (b,g,h)>0, e
A— HeoTpHuATeIbHAS HEUETKAS MATPULA, b — HEOTPULIATE/LHBIN HEUCTKHIT BEKTOD,

2. HaiiTu nceBnoo0OpaTHY MaTPHUILY A7, MIPOBEPUTH, UTO OHA HeoTpuuarenabHasd. Eciu
A— wmarpuia pasmMepoB (rxn), To Ipu r<n u rg A=r MCEBIOOOpATHAS MATPH-
na maxomurest mo dopmyne A~ = A" (447)"  anpu r>n u rg A=n no dopmyne
A" =(A"4)" 4T . B obuem ciryuae MOKHO IPEMEHHTB MeTOZ | peBUILIIS, METO HTe-
MEHTapHBIX TPeoOpa30BaHUi OJIOUHON MATPHIIBI, METO CKEJIETHOTO pa3nokeHus [1].

3. IlpoBepuTh BBHIOIHEHHUE YCIOBHUII CYIIECTBOBAHUS HEOTPHIATEIBHOTO HEYETKOTO pe-
wenns cucteMsr: i > NA™'b, g > MA™'b, (E+MA™)b> g . Ecii OHO He BBIIIOIHEHO,
nepertu K 1. 1.

4. Haiitn pemenne X = (x, y,2z) >0 mo Gopmynam
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x=A"b,
y=A"(g-Mx),
z=A""(h— Nx).

3ameuanusn

Ecmn marpuna A4 — KBazpaTHas HEBBIPOXK/IAEHHAs, TO B II. 3 TIPOBEPSTH YCIOBHSA

ANE+MA Y > Ay A h> A MA Y, A'g>A'NATD, a B . 4 wc-
I10JIb30BAaTh (bOpMyJ'H)I U ONpeACJICHUSA HCUYCTKOIO IMOJIOKUTCIIBHOTO PCHICHUA

F=(x0,2)>0: x=A4"'b,y=A4"(g—Mx),z= A" (h— Nx).

Jyis HaXOXKICHHSI PEIICHUS] MOYKHO MPUMEHUTH 0oJiee ToOuHyI0 Gopmyiy (6) yMHOMKeE-

HHA HCUYCTKUX YUCCII. Torua HEOTPULATCIIBHOC HEYETKOC MUHUMAJIbHOC PCUHICHUC CH-

CTEMbI MOXKET OBITh HalCHO 10 popmyniam [3]:
~1
x=A"b,

y=(A-M)"(g-Mx),

z=(A+N)" (h—Nx).

TIPH BBITOITHEHUN YCIOBHM: (A4 ~M)'>0, (A+N)"' >0, h>NA"b, g2 MA™'b,

(A —(A-M)Y"'"MA b2 (4-M)"g .

4. MOJAEJIBHBIE ITPUMEPBI

IIpumep 1. PemuTh MOTHOCTHIO HEYSTKYIO CHCTEMY JTMHEHHBIX ypaBHEHHUIA:
(0.4,0.01,0.02)®x, ©(0.2,0.017,0.03) ® %, ©(0.6,0.05,0.02) ®%; =(2,1,2),

(0.5,0.03,0.03) ®x, ©(0.7,0.02,0.02) ®x, ©(0.2,0.03,0.04) ®%; =(3,2,1.5).
31ech

04 02 0.6 (001 0.017 0.05)  (0.02 0.03 0.02
05 07 02) 1003 002 003, (003 002 004)

)

5 (2.0071,1.111,1.250)

IMo popmynam (9) nonyuum pemenue: X =| X, |=| (2.5222,1.823,0.417) |(puc. 1).

%) (1.15453,0.117,2.129)
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[ ——
[———

e 1
el -

Puc. 1. Pe3ynomamul pewienus npumepa 1
IIpumep 2. PemuTh MOJHOCTHIO HEYETKYIO CHCTEMY JIMHEHHBIX ypaBHEHHH:

(1,0.1,0.5® %, =(4,0.2,1),
(2,0.6,03)® % =(3,1.3,0.6),

(3,0.5,2)® % =(5,1,4).

1 0.1 0.5 4 0.2 1
3mecs A=|2 |, M=[06|,N=|03|b=|3],g=[13],h=]|06].
3 0.5 2 5 1 4

B [13] naiineno peuienue no gpopmysam (9):
A7 =(0.0714,0.1429,0.2143),

= (%) = ((1.7857,0.0571,0.1087)) (puc. 2).

* JIS "

Puc. 2. Pe3ynomamul pewrenus npumepa 2
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IIpumep 3. PemnTh MOJHOCTBIO HEUETKYIO CUCTEMY JTHHENHHBIX YPaBHEHUH, 3a/1aHHYIO
MaTpulamH (3aja4a 0 HaX0XKICHUU TUIaHa MPOU3BOJICTBA TKaHeH [2]):

03 02 0 1 0 O 001 002 0 0 0 O
A=102 0 02 0 1 O,M=|002 O 001 0 O O},
0 03 02 0 0 1 0 002 003 0 0 O

002 003 0 0 0 O 72 4 3
N=(005 0 004 0 0 O0|,b={9 |,g=|3]|,h=
0 0.04 006 0 0 0 120 7 6

(32.64,0.975,0.573)
(40.93,1.741,0.707)
(36.517,1.176,0.695)
(54.022,2.214,0.806)
(82.168,1.552,1.654)
(100.418,4.328,1.821)

=
]

[To ¢popmynam (9) nomyuum perieHue:

(puc. 3).

1
imjnjam afemlems 8 o 1ejalae e
NIRRT T I

v af0 0 o o jomfom ax mlamin o lh o fe e

Puc. 3. Pesynomamul pewrenus npumepa 3

IIpumep 4. PemuTh MOTHOCTHIO HEYETKYIO CUCTEMY JMHEHHBIX ypaBHeHHH Buaa (7),
3a1aHHYI0 MAaTPHLIAMH:

40 50 40 4 5 6 4 51 200 30 20
30 20 10 3 21 3 21 100 30 50
A={20 10 30|,M={2 1| 3|,N=|1 1| 2|,b=|80 |, g=|25|, h=|30|.
40 20 80 4 2 2 1 21 160 25 40
10 40 20 3 21 3 51 120 35 60
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(1.614,0.155,0.279
ITo popmymam (9) momyunm pernenue: x =| (2.225,0.313,0.330 | (puc. 4).
(0.657,0.015,0.158

o St (1§ o s W) G - o x
e e
= p—
et =
s e -

v o [l Jarsiss 1

2 [xm aun (1

Puc. 4. Peaynomamul pewienusi npumepa 4

Ha puc. 1-4 oTpaskeHbI pe3yabTaThl, HOJIYyUYSHHBIE C TIOMOIIBIO Pa3pabOTaHHOTO MPO-

rpaMMHOro obecriedenust B cpenie VisualStudio na sizbike CH.

5. BAKVIIOYEHHUE

CdopMupoBaH alropuT™M pEUICHUsS TOJTHOCTBIO HCUYETKOW JTMHECHHON CHCTEMBI C Tps-

MOyFOJIBHOf;I ManI/ILICﬁ CHUCTEMBI Ha OCHOBE TOHATHUSA IICEBAOPCHICHUSA, @ HA €T0 OCHOBE

COo3,

JIaHO TIporpaMMHoOe obecriedenre. Ero npuMeHeHne npoeMOHCTPUPOBAHO Ha IpHMe-

pax pe€HICHUA MOJTHOCTHIO HCUCTKUX JIMHEHHBIX CUCTEM C TIPSAMOYT'OJIBHBIMU MaTpUllaMn

pas.

JINIHBIX Pa3MEPOB U COOTHOIIICHHUH YHCIa CTPOK 1 CTOJ'I6I_IOB, BBIIIOJTHEHO CPABHEHHUE C

H3BECTHBIMU PE3YyJIbTaTaMU.
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The article discusses the problem of solving a fully fuzzy linear system of equations
with a fuzzy rectangular matrix and a fuzzy right-hand side described by fuzzy
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IIpo0siembI KayecTBa
NMPOrpaMMHOI0 o0ecredeHust

Jlykun B.H.*
MITTIITY, Mocksa, Poccus,
e-mail: lukinvn@list.ru

PaccmarpuBaeTcst «BEYHO JKUBasH» MpoOiieMa KayecTBa MporpaMMHOr0 00ecTieueHusl,
KOTOpasi CTOMT TeM 0oJiee OCTPO, YTO MPOTrPAMMHBIE M3/ICIHs BCTPOCHBI BO BCE UTO
MOJKHO U Helnb3s. Uto nmonumaercs o kauectBoMm? KakoBel ero kpurepun? MoxHO
11 ero m3MepuTh? UTo MemaeT Ka4ecTBy U KaK €ro yJIydIIHTh?

Knrouesvie cnosa: KauecTBO MPOrpaMMHOIO 0OOECIIE€UCHHs, CTAHIAPTHI Ka4ecTBa,
HaJEKHOCTh, Y100CTBO HCIOIb30BAHNU, 3AIMIIEHHOCTh, OL[CHKA Ka4yecTBa, YIpaB-
JICHHE KaueCTBOM, O0y4eHHe KaueCTBEHHOH pa3paboTKe.

1. BBEJIEHUE

Ecau oaoice kaswcowviil 6yoem oenams éce,

umo 6 e2o cuiax, Amo gce dice He Oyoem omeemom,
A0EKBAMHBIM CILOJCHOCIU NPOOIIeMbL KAYeCmad.
3. [lemune

[Ipobrema kagectBa mporpammuoro obecredenus (I10) obcyxmaercs gaBHO, U BCE
BpeMst 0CTaéTcsl akTyalnbHOU. J{efcTBUTEIBHO, Ha KaXK/IOM IIAry IPHXOIUTCS CTaIKUBATh-
csi ¢ [10, koTopoe MBI cuMTaeM HekadecTBeHHBIM. Ho 9T0 Hatia Touka 3penust, pa3paboTdnk
K€ MOYKET UMETh CBOI B3IJISI[], COTJIACHO KOTOPOMY BCE XOPOIIIO, & €CJIU C €ro MPOIYKIIHU-
el TpynHo paboTath — yauThesa Hajo. ABTopy [10, 0cobeHHO HaYMHAIOMIEMY, TT0YEMY-TO
TPYIHO IOHATB, YTO IPOrPAMMHBIC IPOIYKTHI aIPECYFOTCS IPYTHUM JIFOJIIM, KOTOPBIM HYX-
HO JIeJaTh CBOE JIeNo, a He pa3dmpaThcs B €ro KpeaTHBHBIX HJesx. BompocaMm kadecTsa
MOCBSIIIICHO MHOTO paboT (Hampumep, [1, 2, 3, 4]), HO mpobieMa oka3anach YIUBUTCIHHO
JKHUBYYEl: BCE IOHUMAIOT, YTO TaK )KUTb HEJNb3s, HO KHUBYT.

Jlns uuTaThI:
Jlykun B.H. IIpobnembl KauyecTBa MporpaMMHOTO odecrieueHust / MoaennpoBaHue U aHAIN3
nansbIX. 2020. Tom 10. Ne 1. C. 140-156. DOI: 10.17759/mda.2020100109

*/Iykun Bnaoumup Huxonaesuy, xanoquaat GU3HNKO-MaTeMaTHYSCKUX HAYK, TOLEHT, MOCKOBCKHIA
rOCY/IapCTBEHHBII TICHXOJIOTO-TIe[arornueckuii yuusepeuret, Mocksa, Poceus, e-mail: lukinvn@list.ru
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2. KAYECTBO

Urto651 n36aBUTHCA OT HeKadecTBeHHOTO [10, HaO, IO KpaifHe# Mepe, HACHTHPHINPO-
BaTh «BPara» M ONPEIeNIUTh XapaKTepHbIC YEPTHI «Apyray. Pazymeercs, 3To ObLIO clienaHo,
B TOM 4YMCJIe, HA YpOBHE cTaHaaprtoB [5, 6, 7, 8]. B crangaprax kauecTBo onpenenser-
csl TI0-pa3HOMY, HO OJIMHAKOBO HeynoBjieTBoputenbHo. B cranmapre TOCT P UCO/MBK
9126-93 (ISO 8402:94) [8] xauecTBOM cUHTaeTCs OOBEM MPHU3HAKOB M XaAPAKTCPUCTHUK
MIPOTpaMM, KOTOPBIH OTHOCHTCSI K MX CIIOCOOHOCTH yJJOBJIETBOPSATH YCTAHOBJICHHBIM HJIH
npeanonaraeMbeiM notpedHocTsM. ['OCT PB 51987-2002 onpenensier kauecTBO (hyHKIH-
OHHMPOBAHUS MHPOPMAIIMOHHBIX CUCTEM KaK COBOKYITHOCTH CBOMCTB, 00YCIIOBIUBAIOIINX
WX TPUTOIHOCTH B COOTBETCTBUH C IieNeBbIM HaszHaueHueM. B ISO/IEC 25000:2014 [6]
Ka4ecTBO ompeaensercs kak crnocodHocts 10 mpu 3a1aHHBIX YCIOBHAX YAOBICTBOPSITH
YCTaHOBIICHHBIM WJIM MPE/IIoJIaraeMbIM TOTpeOHOCTsIM. Ho ecitu 1ienieBoe Ha3HAYCHHE HITH
YCTaHOBIICHHBIE MOTPEOHOCTH €€ MOXKHO 3a(MKCUPOBATH JOKYMEHTAJIBHO, CKaXKEM, B
cenuduKauy K IPOIYKTY, TO TPeIIoNaraeMple TOTPEOHOCTH aOCOMOTHO HEN3BECTHBI.
Jlaxxe HEM3BECTHO, YbM OHH: MOTPEONTEIS MIIM TIPON3BOUTEIS. [ eciti OMH CKaXKeT, 9To
[1O xauecTBeHHOE, COTJIACUTCS JIM ¢ HUM Jipyroi? Mrak, cTanaapTsl HE 1al0T BO3MOYKHO-
CTH OAHO3HAYHO OIMPEACINTD, Ka4eCTBEHHBIN JIN IMPOAYKT.

Xopor1o, ecii He ToNTydaeTcs ONpeAeTnTh KadyecTBO (opMalbHO, Tompodyem obpa-
TUTBCSI K COBOKYITHOCTH CBOMCTB, KOTOPBIC 38 HETO OTBEYAIOT.

3. XAPAKTEPUCTHUKHU KAYECTBA

Crangapt ISO 8402:94 [8] onpenensier mecTs rpyIn KauecTa: pyHKIMOHAIbHAS TIPH-
TOIHOCTh, HAJIEKHOCTD, IIPUMEHUMOCTb, 3P (HEKTHBHOCTH, COMPOBOXKIAEMOCTb, TIEPEHOCH-
MocThb. Kaxkmoit n3 HIX cOOTBETCTBYeT HabOp XapakTepucTHK (Bcero ux 21). B moxenn ka-
YyecTBa NpoyKTa, npetoxkenHol B cranaapre ISO/IEC 25010:2011 (TOCT P NICO/M3BK
25010-2015) [7], rpynmsl kauyecTBa Ha3bIBAIOTCS XapaKTEPUCTUKAMHU, a XapaKTEPUCTUKU
MIPEABIIYIIEro CTaHaapTa — MoJxapakTepucTHKaMu. Bcero aToT craniapTt BKIOYAET BO-
CEMb XapaKTEPUCTHK, B KOTOPBIX 30 MOAXapakTepUCTHK: (PyHKINOHAIBHAS MIPUTOTHOCTD,
Ha/I&KHOCTb, Y100CTBO UCTIONB30BAHUS, TPOU3BOANTEIHLHOCTD, COPOBOKAAEMOCTb, IIepe-
HOCHUMOCTB, COBMECTUMOCTb, 3alHIIEHHOCTb.

MBI BUAUM, YTO B TIOCIEAHEM CTaHAAPTE, MO0 CPABHEHUIO C MPEABLIYIINM, T00aBUIUCH
JIBE XapaKTePUCTHKH: COBMECTHMOCTD U 3aUIMIEHHOCTh. CoBMecTMOCTH B 8] He ObLIO, a
3aMMIIEHHOCT BXOIMIIA XapaKTEPUCTUKON B (DyHKIIMOHATIBHYTO PUTOAHOCTE. Hecomuen-
HO, BBIJICJICHUE €€ B OT/AEIBbHYIO XapaKTepPUCTHKY MOJHOCTHIO ONpasiaHo. Bo-niepBbIX, 310,
BCE-Takd, He (YHKIMOHATIbHAS XapaKTEPHCTHKA, a BO-BTOPBIX, B YCIOBUSIX 3HAUUTEIHHO
YYacTHBIINXCS TOTBITOK B3JIOMa MPOTPAMMHOTO OOECIICUCHHMS, 3AMUIIEHHOCTH KaK 3J1e-
MEHTY KauecTBa He0OX0/IMMO OKa3bIBaTh 0co00e BHUMaHue. Kpome Toro, TepMHuH «IIpuMe-
HUMOCTBY 3aMEHEH ropasio 0osee MoIXOISMIINUM «y100CTBO HCIIOJIb30BAHUSY.

Tema xauecTBa 00CYkKIaeTcs B Cpesie MPOrPaMMHCTOB-IIPoheccHOHanoB MHOro Jet. [lep-
BBIM CITy4aeM, rociie Kotoporo kadecto [10 u3 pa3psina KypbE30B (THIa, HEOTUTaYeHHBIH CIET
Ha 0,0 mommapoB MpHBEN K MITpapHBIM CAHKIMAM HEIUIATENBIMKY) MEPeInio B IpodiIemy,
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ObLI, KaK U3BECTHO, HEY/IAYHBIH 3aIlyCK aMEPHUKaHCKOr0 KOCMHYECKOro kopalisi Ha BeHepy.
Crajo MoHATHO, YTO MPOCTHIC ONEYAaTKH B MporpaMMme (TOUKa BMECTO 3aIlSITON) MOTYT CTOUTh
o4eHb j1oporo. ToT cityyaii HOpOIUII TEOPETHYECKUE NCCIISIOBAHMS B 00JIACTH JOKa3aTeIbHOTO
MPOrPaMMHPOBAHUS], & TEXHOJIOTUH «TIOJAPUID CTPYKTYPHOE ITPOrPaMMHUPOBAHHE.

OnHaKO OKOHYATENILHO PELINTB NPOOJIEMY KauecTBa HE yaanoch. boree Toro, nosiBisimch
BCE HOBBIC M HOBBIE IPH3HAKN HEKAYECTBEHHOTO IPO/IYKTa, KOTOPBIE HEBO3MOYKHO OBIIIO HTHO-
PHUPOBATh XOTS OBI TIOTOMY, YTO OT HUX 3aBHCENO MPUHATHE WM HETIPUHATHE TTPOIYKTa 3aKa3-
yrkoM. [103TOMy B IPOrpaMMHCTCKOM COOOIIIECTBE, HAPSIIY € IOCTATOYHO MEUIEHHO (hOpMU-
PYIOLIMMHUCS CTaHIapTaMH, MOSIBISUINCH U APYTHE MOIXObI K HAO0PY XapaKTepPUCTHK.

Tak, P. I'macc [3] nmpuBOIUT 1 0OOCHOBEIBACT MPHU3HAKU KaYECTBA, HECKOIBKO OTIIMYHBIC
OT CTaHIApTOB: IIEPEHOCUMOCTb, HaJENKHOCTD, 3()(PEKTUBHOCTD, YI0OCTBO PabOTHI, TECTH-
PYEMOCTb, MOHSITHOCTb, MOJU(UIMPYEMOCTb. 3aMETUM, YTO 3/1€Ch HET (DYHKLHOHAIbHOM
MIPUTOJIHOCTH, KOTOpasi B CTaHAApTax CTOMT B IepBoi crpouke. P. ['macc npuHummnmansHo
CUMTAET, YTO ITO HE XapaKTEPHUCTHKA KaueCTBa, a ECTECTBEHHOE CBOWCTBO JIt0OOTro padoTaro-
LIEr0 MPOIYKTa: €CJIM OH (PYHKIIMOHAIBLHO HEIIPUTO/ICH, 3HAYUT, O HEM U TOBOPUTH HE CTOMT.

A. Kymep [1] npeanaraer 3a ocHOBHOE TpeOOBaHHE K Ka4eCTBY CHCTEM, OPUEHTHPOBAH-
HBIX HE Ha CIICIUATIBHO NOATOTOBIEHHOTO, a HA OOBIYHOTO YEJIOBEKA, B3SITh IIPOCTOTY U YA00-
CTBO B3aMMOIEHCTBHS. DTO, OE3yCIOBHO, Pa3yMHO: €CIIH HCIOJIb30BaHUE TIPOTPAMMHOTO H3-
Jenst TpeOyeT CrenHaIbHOr0 O0yUEeHHSI, 4 €ro NCHOJIb30BAaHNE TTPETIOAHOCHT HEOKHUTAaHHbIC
CIOPIIPH3bI, KAUECTBEHHBIM HA3BaTh €TI0 HEJIb3sI, KAKUM ObI 3()()eKTUBHBIM OHO HE OBLIO.

JIx. PeitaBoTep [9] cunTaer, 9TO MpOTpaMMHOE H3/IETHe KadeCTBEHHOE, ECITH MOJB30-
Batenb UM yaoBieTBopéH. Oxraxo P. I'macc [3] yTBeprkaaeT, 9To Ka4eCTBO — JIUIITH OJIHH 13
KOMITOHEHTOB YZOBJIETBOPEHHOCTH, OCTAJIbHBIC — 3TO BBIIIOJIHEHNE TPEOOBAHUI 3aKa3uHKa,
CBOEBPEMEHHas [IOCTaBKa, pruemiieMas 1eHa. FIX OH B KauecTBO He BKIIFOUAeT.

A. H. Tepexos [10], Ha ocHOBe aHa/IM3a HOPMATUBHBIX JJOKYMEHTOB, MpeAIaraeT cuu-
TaTb MPOrpaMMHOC o6ecnequHe HCKAQUCCTBCHHBIM, CCJIN BBIITOJIHACTCA XOTs OBl OIHO U3
HETaTHBHBIX YCJOBHH, OTBEYAIONIMX HauOoJee 3HAYMMBIM XapaKTepPUCTUKaM KadyecTBa:
HeaJIeKBaTHOCTh ()YHKIIMOHUPOBAHUSI, HEJOCTaTOYHOE B3aUMO/ICHCTBUE C IPYTUMH CpE[I-
CTBaMH, OTKa3bl B ITPOLIECCE PUMEHEHUS 110 Ha3HAYEHHIO, HeA((PEKTUBHOCTH 110 BPEMEHN
OTKJIMKA, HETIOJIHOTa OTpakeHHs: MH(OpMauu U 1motepsi e€ akTyalbHOCTH, HECOOTBET-
CTBHE XPaHUMBIX JaHHBIX U BBOAMMON MH(OpManuy, HapylIeHne KOH(PpHUICHIMATbHOCTH,
HEKOPPEKTHOCTH COIIPOBOXKIAIOMICH M CIIPABOYHOMN TOKYMEHTAIIH.

WHTEpecHO MOCMOTPETH Ha IepecedeHUe CBOMCTB Ka4eCTBa, yKa3aHHBIX KCIEPTAMH, U
XapaKTepUCTUK cTaHaapra [7]. B Hamem ciydae nepecedeHue, ¢ TOYHOCTBIO 10 HAa3BaHUS
XapaKTEePUCTUKH, CIEIyIOIee: HaAéKHOCTh, IEPEHOCHUMOCTh, y100CTBO HCIOJIB30BAHUS,
3alIMIIEHHOCTD, TPOU3BOIUTEIBHOCTD, COMPOBOKIAEMOCTb.

3nech HEOOXOIMMBI HEKOTOpble KOMMEHTapuH. [Ipexie BCero, pacCMOTPUM TOHSITHE «CO-
MPOBOYKIAEMOCTBY, KOTOPOE BKIIFOYEHO B [IEPECEUCHHUE, XOTSI B IBHOM BHJIC Y IKCIIEPTOB €T0 HET.
VYuureiBas, uto P. ['macc MHOTro JieT 3aHUMAJICsl COTTPOBOXKACHUEM, B CBOUX ITyOJIMKAIIUSIX HEO -
HOKpAaTHO oOpariajics K 3Toi npodiieme, OH, Kazaaoch Obl, JOJDKEH ero yromsHyTh. Ho oH, Oy-
Jly4H CIICLUAIMCTOM, INTyOOKO 3HAIOIIMM CyTh IIPOOJIEMBI, TOBOPHUT 00 3TOM KOCBEHHO, pa3OuBast
COIIPOBOYKJICHNE Ha TPY KOMIIOHEHTA: TECTHPYEMOCTb, TIOHSATHOCTh, MOAN(UIINPYEMOCTb.
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3aMeTHM, YTO B IEPECCUCHHH HET TAKOTO IMOHSTHS, KaK (DYHKYUOHANbHAS NpUu2oo-
Hocmyb. Mbl 3HaeM oTHoleHue kK Hemy P. I'macca. Ho Beab KTO-TO ApyToil TOJIKEH PO ITO
ckazarb! U neiicrBurensho, y A. H. TepexoBa ecTh HeaeKBaTHOCTh ()YHKIIMOHHPOBAHHUS
KaK OTpHLATENbHBIN pu3HaK. Ho agekBaTHOCTD (YyHKIMOHMPOBAHMS U (DYHKIIMOHAIbHAS
[IPUTOTHOCTD — BEIllW pa3Hble. [Ipuiioxkenue MoxeT QyHKIIMOHUPOBATH, OBITH PUTOTHBIM
JUIS1 HEKOTOPOT'O TIPOM3BOJICTBEHHOTO MTPOIIECCa, IPUHOCHUTB M0JIb3Y, HO HE BHIIOIHATD HIIH
HE TOJIHOCTBIO BBIMOJHATH Kakue-To ero GpyHkunu. Hanpumep, eciiv Bbl IPUXOIUTE B OT-
nenenre CoepbanKka, 9TOOBI OTUTATUTh KOMMYHAJIBHBIC PACXO/bI, B3Th ACHBIH C KapTOU-
KM U OTMETUTb IIATEXK, PUILECIIIMNA Ha KHUKKY, BaM IIPUAETCS HECKOJIbKO pa3 BBOAUTH
IIUH-KOJ], XOTS Bbl HUKYJIa HE OTIY4aeTeCh, & OINEPALMOHNCT BBINOJIHSET, IO CYTH, OJIHY
TpaH3aKIUIo. CDyHKIlI/lOHaJ'H)HaH IPUTOAHOCTD 3/1€Ch €CTh, KaK U HEAACKBATHOCTDH (l)yHKLIl/I-
OHHUPOBAHMS, KOTOPAsi CHI)KAET Ka4eCTBO MPOJIYKTa.

K coxanenuto, Hukro, kpome A. H. TepexoBa, He ynomuHaeT npodieMy, BO3HUKAIO-
IIYIO U3-32 HEKaUYECTBEHHOU Pa3pabOTKH 6a3bl OaHHbIX. A Ha 3TO Clle0BaIO OBl 00PaTUTH
0co00c¢ BHHUMAaHHUE: CKOJIBKO 3JieCh ObIBacT HempusiTHocTell! Jlaxke HamrymesInas B CBOE
BpeMsi KaracTpoda MpH 3amycke Kopadiisi ¢ KocMozapoma «BocTodnslii» mpownsomnuia Bo
MHOT'OM, €CJIM HE UCKIIOYUTEIBbHO, 110 MPUYMHE HEaKTyaJbHOCTH MH(OpMALUH, KOTOpas
CITy>KHJIa JUIsl OpUCHTALNH.

Yoobcmeo ucnonvzosanus u yno0ocTBO B3aMMOACHCTBUSI MOYKHO CUUTATh CHAHOHUMAMH,
XOTsI pa3HHLA €CTh: B IIEPBOM CIIydae I10JIb30BaTENb PAOOTAET C CUCTEMOMN KaK ¢ HHCTPY-
MEHTOM, €My HYXHO, 4TOOBI 3Ta «iomaray ObUIa yao00HOW. Bo BTOpOM mpeamoaraercs
JIBYCTOPOHHEE B3aMMOJEHCTBHUE: T10JI30BATENb JIOJDKEH MOHUMATh «IOTPEOHOCTH» JIpY-
rOif CTOPOHBL. DTO HajlaraeT Ha pa3paboTyrKa JIOMOJIHUTEIbHBIC TPEOOBAHNUS, CKAXKEM, T10-
HATHOCTb ¥ OJJHO3HAYHOCTH AMAJIOTA, BKIOYas rpaduieckoe oGpopmiieHHE U HABUTALHUIO,
HCKJIFOUEHUE CIICHI'a, YMOIYaHUN, HEKOPPEKTHBIX BbICKA3bIBAHUN U T.II.

Tepmun «npouzsooumenvrHocmey, KOTOPbIA NPUHAT B CTaHAapTe, BUAUMO, OoJiee moj-
XOs1ui, yeM 3 HekTuBHOCTD. [1oCieHssT MOKET TOJIKOBATHCS U3JHIIHE PACIIUPUTEIIb-
HO: 3aKa34MK, UCTIOJIB3YIOIINNA CHCTEMY, MOKET cUMuTaTh e€ Hed((PEKTUBHOM, eciii OHa,
CKaXXEM, HE ITPUHOCUT HpI/I6le'lI/l. HOH)ITHO, YTO K MMPOU3BOAUTECIIBHOCTHU 3TO HE UMCCT IIPs-
MOTO OTHOHICHHUS. D(P(PEKTUBHOCTh MO BpeMeHHU oTkimKa (A. H. TepexoB) mpakTmaecku
TO € camoe, HO 3/IeCh MOJIPa3yMeBaeTCsl YCIOBUE KECTKOTO pealbHOIO BPEMEHH, TOTaa
KaK IPOU3BOJUTEIILHOCTE MOKET OBITh B CPEAHEM, YTO OOBIYHO YCTPAUBAET MOJIH30BATEIS.

3awuwénnocmo, ynomrnHaeMasi BCEMU aBTOPAaMM M BBICTYIIAIOIIAs KaK OTAEIbHAsS Xa-
paKTepUCTHKA B CTaHAapTe [7], B oTiimume ot [§8], rie oHa BXOIUT B (QyHKIIHOHATIBHYIO ITPH-
TOJIHOCTb, € T00anu3anueil HHPOPMAIMOHHBIX CTPYKTYP, CTAHOBHUTCS BCE OoJiee BaXKHOM
XapakTepucTukon kadecTna. Ceifuac naxke MPOCTEHbKHE CTYIEHUECKHE TOAEIKH BKIFOYa-
IOT 3JIEMEHTBI 3aIUThI, XOTsl Obl APOJIILHON. A cepbE&3HyI0 MH(MOPMAOHHYIO CHCTEMY,
0CcO0EHHO €CIT OHAa UMEET JOCTYI K )KHU3HEHHO BaKHOU MH(OPMAITHH, BOOOIIE HETb3s pe-
KOMEH/IOBATh K HCII0JIb30BAHHIO, €CJIM OHA HE UMEET NMPOPeCCUOHATIBHON 3aIUTHI.

Ilepenocumocms — 3TO XapaKTepHCTHKA, KOTOpast TpeOyeTcsl, eCJI IIporpaMMHoe ooe-
CIICYCHUE IIJIAaHUPYCTCA HCIIOJb30BATH B PA3JIMYHBLIX IMPOTpaMMHO-aIlIapaTHbIX Cpeaax.
[TepenocumocTs ObUTa 0COOEHHO BaXKHA, KOTa IMOJO00HBIX Cpe OBIII0 MHOTO JaXKe B paM-
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Kax OJJHOM OpraHu3aluy, U Be3/ie JOJDKHBI ObIIM paboTaTh OJJMHAKOBBIE TPOrPAMMHEBIC M3~
nenusi. Celigac ocTpoTa MPOOIEMBI CYIIECTBEHHO HIKE.

W, HakoHen, Hadéxcnocmy. ITO CBOWCTBO YIIOMHUHAETCS BO BCEX OLIEHKAaX KauyecTBa
¢ caMbIX paHHHUX BpeMEH. IlogpasymeBaeT OHO MPEICKa3yeMOCTh U yPOBEHb JTOBEpHUS K
IIpoleccy M pe3yibraTaM paboThl MPOrpaMMHOTO M3ZAEIHS, €r0 OTKa30yCTOHYMBOCTH H
BOCCTaHABJINBAEMOCTh. B Oosiee paHHME BpeMeHa CKa3aiu Obl — MPOTPAMMHO-ANIAPaTHO-
r'0 KOMIUIEKCa, HO B IOCJIEHNE TOJbI HAIE)KHOCTD alaparypbl MHOTOKPAaTHO BhIPOCIa, a
MIPOTPaMMHOTO OOecTIeueH s, TOX0KEe, CHU3MIACh, TAK YTO PO anmapaTHyIO0 COCTaBIISIO-
1yto roBoputh He Oynem. A. H. TepexoB BMeCTO TepMHHA «HEHAJEKHOCTBY HCHOIb3YeT
«OTKa3bl B TIPOIECcCe MPUMEHEHHS TI0 HA3HAYCHMIO», YTO MMEET CBOM PE30H: €CIH KaKy-
10-TO BEIllb MCIOJB3YEelIb HE TI0 HA3HAYCHUIO, CKayKeM, MUKPOCKOI JUIsl 3a0MBaHMs TBO3-
JIed, TPYyIHO CETOBATh HAa HEHAAEKHOCTb. [IpaBaa, nporpaMMHbIe U3EIMS PEIKO UCTIOIb-
3yIOT HE 1Mo Ha3zHayeHuto, pa3se uto [1O s BumeokoH(pepeHnnii, KOTOpOe MPUMEHSIOT
JUISL TUCTAHIIMOHHOTO OOYYEHUS B IEPHO/L SITHIEMHN.

[TprnunHa HEeHaAEKHOCTH — MTPOTpaMMHBIEe OMMOKH. TpyIHO BOOOIIE MPUIyMaTh, YTO,
KpOMe TIPOTPaMMHBIX OIIMOOK, TIPUBEIIO OBl K HEHAAEKHOCTH. M OIMOKH STH YaIe BCEro
CBsI3aHbI C 00pa0OTKON HEMTATHBIX CUTyaluid. [IpuBeném TobKO napy NpruMepoB, MEpBbIN
13 KOTOPBIX CBSI3aH C KPYNHBIMH MAaTCpHATBHBIMU MOTEPSIMH, & BTOPOH, K COXKAJICHUIO, C
YEJIOBEUECKUMH JKH3HSIMH.

[To coobmennto EBporeiickoro kocmurdeckoro areHTcTBa 23 HOs0ps 2016 1., mpom3oren
cOoit mpu Bxozae «Ckuanapesim» B armochepy Mapca. [TonyunB HeBepHbIE TaHHbIE, CUCTE-
Ma yIIpaBJICHHUs] HEMPABUILHO BBIYMCIIMIIA BBICOTY, KOTOpasi OKa3ajlach OTPUIATENBHOM, TO
€CTh HIKE YPOBHSI TOBEPXHOCTH. DTO IPUBEJIO K MPEKAECBPEMEHHOMY PACKPBITHIO MapaIiio-
Ta ¥ cpabaThIBAaHHUIO TOPMO3HBIX IBUTATEINEH, a 3aTEM K aKTHBAIIUH Ha BBICOTE 3,7 KHIIOMETpa
CHCTEMBI TI0Ca/IK1, KOTOpast IOJKHA Oblia cpaboTarh yKe MOcie TOro, Kak MOJYJIb cell Obl
Ha Mapc. Koneknust mporpaMMHBIX OITHOOK, KOTOPBIE BUAHBI N3 3TOT0 COOOIIEHHS, TIPOCTO
nopaxkaer! Crcrema, MoJTy4dHlB 3aBEJOMO HEKOPPEKTHbIC JIAHHBIE, HE HJCHTH(HUIUPYET CH-
TyaI|Io KaK HEIITaTHYIO, a IEWCTBYET 10 OCHOBHOMY aJTOPUTMY: TIapaIlIioT PacKpbIBaeTCs,
BKJTIOYAETCS CHCTEMa MOCAIKH, MOCIIE Yero MOJLYJIb 113/1aeT Ha MOBEPXHOCTH [LIAHETHI.

Bropoit mpumep — karactpoda c camonérom Boeing 737 Max aBHaKOMIIaHHUH
Ethiopian Airlines B O¢uonuu 10 mapra 2019 r., B koTopoii morudio 157 uenosex. Ye-
pE3 HECKOIIbKO MUHYT ITOCJIE B3JIETa MMUJIOT COOOIIHI AUCTIETYEpaM o mpolieMax B CHCTe-
Me yTpaBJICHUs MOJIETOM: AaTYHK yIila aTaky OIINO0YHO MOKAa3all, YTO HOC CY/IHA OTIaCHO
3apaH BBEPX, B PE3y/lbTaTe aBTOMATHYECKasl CHCTEMa IMPEJOTBPAILICHUS CBAJMBAHUS
CaMOCTOSITEJILHO HalpaBHiia CaMoJIeT BHU3.

Takum oOpa3zom, HU3Kas HAAEKHOCTH — OTO THUIHMYHAs MpoOieMa pa3padoTKH Tpo-
IpaMMHOTO 00€eCIIeUeHHsI, IPUYMH KOTOPOH MHOXECTBO, HO B IIEPBYIO O4epeb — 0E30TBET-
CTBEHHOE PYKOBOJICTBO ITPOEKTOM, HEBEPHOE INIAHUPOBAHNE CPOKOB BBITIOJTHEHUS], HU3KUH
YPOBEHb NOATOTOBKHU pa3paboTyukoB. [lociieiHee — B HEMaoi CTENEHH CIIeACTBUE dKCIIe-
PUMEHTOB ¢ 00y4eHHEM HH(POPMAIMOHHBIM TEXHOIOTHSIM.

W, HaKoHel, HUKTO M3 HAa3BAHHBIX CIICIMAINCTOB HE YKA3bIBACT COBMECTNUMOCb KAK
CYIIECTBEHHYIO XapaKTEPUCTUKY KadecTBa. BrpodeM, M B NpebIAyIINX CTaHAApTax eé
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Toxe He Obu10. KOHEeuHO, COBMECTUMOCTB BaKHA, €CIIH TIPE/ITIONIAraeTcs pacimpsemMas Mo-
JIeTb pa3paboTKH MPOTPAMMHOTO CPECTBA, KOTOPAs MPEATOJIaracT BKIIOUCHNE BHEITHNAX
CHCTEM MJIM JK€ OHO BKITIOYAETCsl B JIpyTrue cucTeMbl. Kpome Toro, COBMECTUMOCTB ITPEATIO-
JlaraeT KOPPEKTHYI0 padoTy MpH pa3AeleHHH PEeCcypcoB (COCYIIIECTBOBAHNE) H CBOOOIHBIN
0OMEH JIJaHHBIMU (MHTEPOIIEpadeIbHOCTD).

B cootBerctBuu co crangaptom [OCT P MCO/MDK 250102015 [7] obmiee nmpencTas-
JICHHE O Ka4eCTBE OIMCHIBACTCS IBYMsI MOJICIISIMU: MOJIEJIBIO Ka4eCTBa IPH HCIIOJIb30BAHUH
1 MOJIEJIBIO KauecTBa MPOLyKTa. Bele paccMaTprBaIoch NMEHHO KaueCTBO MPOIYKTa.

Mopenp KauecTBa MMpH MCHOJIB30BAHUH OINPEIEISIET MSTh XapaKTEePUCTHK U ONHCHIBA-
€T BO3/IeiCTBHE MTPOTyKINHU HA 3aHHTEPECOBAHHYIO CTOPOHY. XapaKTEPUCTUKHU TAKUE: pe-
3yJIETATUBHOCTH, TPOU3BOANTEIBHOCTD, yIOBJIETBOPEHHOCTD, CBOOO/IA OT PUCKA M MOKPHI-
THE KOHTEKCTa (TIOTHOTa KOHTEKCTa, THOKOCTH). [1o yIOBIETBOPEHHOCTHIO TTOHIMAIOT
MIOJTHOIIEHHOCTh, JTOBEpHUE, yIOBOJILCTBUE, KOM(pOpT. PaccmarpruBaeTcsi S5KOHOMUYECKHUH
PHICK, PHCK JUIS 3/10POBBS 1 O€30TTaCHOCTH, YKOJIOTUIECKHI PUCK.

OOparyM BHHUMAaHHE, YTO C TOYKH 3PESHHS TTOJIB30BATENS KAYeCTBO OTHOTO M TOTO XKe Tpo-
TPaMMHOTO TTPOIYKTa MOKET OLIEHMBAThHCS COBEPIICHHO MO-pa3HOMY. Tak, OfHY MpOorpamm-
HYIO CHCTEMY, aKTHBHO BHEJIPSIEMYIO B MEJIMIIMHCKUE YUPEK/ICHUS, BpauH OLICHUBAJIN BEChbMa
HI3KO. Ha Borpoc, ecth i y He€ XOTsI OBI OTHO JOCTOMHCTBO, OTBET OBLT: «/la, y mpuHTEepa
TIOYEpK TOpas3Jio JIyulle, 4eM y Bpada». [IpaBia, onuH U3 Bpayeil OTMETHI emié OJJHO JIOCTO-
WHCTBO: Pe3yJIbTaThl aHAJIM30B BUIHBI cpady. Ho OH ke oTMeTnn n kpaiiHe HeyJo0HOe B3au-
MOJIEHCTBHE: HA OJJHO ACHCTBUE HY)KHO MATh KIUKOB (YHMCIIO0, MOHATHO, ycioBHOE). Ho pyko-
BOJICTBO, CBOEBPEMEHHO ITOTyUAIOIIEe OTUETHI, HABEPHOE, OBUIO JTOBOJIBHO. XOUETCSI BEPHUTH,
YTO aBTOPBI MOYMAaJIM O TAKMX XapaKTEePUCTHKAX KauyecTBa IMPOJIYKTa, KaK HaJI&KHOCTh, (pyHK-
IIMOHAJIbHAS! IPUTOJJHOCTB, COMPOBOKIAEMOCTh (Ha MOMEHT OIICHKH HCIIOJIB30BAIACh BEPCHS
16.2!), HO Ka4ecTBO B MPOLIECCE ET0 UCTIONb30BAHMS UCTIOPTUIIO BCIO KApTUHY.

AHanm3upys IporpaMMHBIC CHCTEMBI, KOTOPBIC 3apPEKOMEHJOBAIIN Ce0sT KaK KaueCTBEH-
HBIE, IPUXOJUM K BBIBOJIY, YTO OCHOBHBIMH TPEOOBaHHMSIMHU K KaueCTBY JIydIlle CUHTATh
xapakrepuctuku cragmapra [OCT P UICO/M3K 25010-2015. JletampHOe WX OmMHCaHUE
Y YTOYHEHHUE C UCIIOJIb30BAaHHEM MOAXAPaKTEPUCTHK JNAET JIOCTATOYHO a/IEKBATHOE MPE]-
CTaBJIEHHE O KQUeCTBE, KAK OHO OOBIYHO TOHMMAETCSI.

4. OHEHKA XAPAKTEPUCTHUK

Jlnist OLIEHKH M CPaBHEHMsI XapaKTEPUCTHK KauyecTBa XKEJIATeIbHO HCIIOIb30BaTh He-
KOTOPBIE U3MEPUTENBHBIC AITOPUTMBI HA OCHOBE OOBEKTHUBHBIX KpuTepreB. CTaHIAPTHI
PEKOMEHAYIOT HPEAyCMOTPETh BO3MOXHOCTh OOBEKTUBHOTO W BOCIPOM3BOJIMMOTO H3-
MEpEeHUs KaKI0H U3 XapaKTePUCTHK KauyecTBa JJISl COMOCTABIICHHSI C TEXHHUECKUM 3a]1a-
HUEM C Y4ETOM HOPMBI JOIYCTHMBIX OIIMOOK M3MepeHHs. B aTom cinydae HeoOxoamma
mpoueaypa OnpeleleHHs YUCIOBBIX 3HAUeHUH IapaMeTpoB npoekra. KonndyecTBeHHbIE
XapaKTepUCTHKH OIIPEJIENISIOTCS] HETTOCPEJICTBEHHO U MOTYT OBITh IPE/ICTaBJICHBI YNCIIO-
BBIMH 3HaueHUsMU. Ho Takux XapakTepUCTUK HEMHOTO. DTO MPOU3BOAUTEIBHOCTD U, C
HEKOTOPBIMU OTOBOpPKaMHU, HaA&KHOCTh. OCTalbHbIE ONPEACIAI0TCA KOCBEeHHO. J{11s 3T0-

145



. Jlyxun B.H.
ITpobreMs! KadecTBa IIPOrPAMMHOIO 00eCiede s
Mopenposanue n anainm3s gaHHbIx. 2020. Tom 10. No 1.

IO PEKOMEH]TyeTCsl HJICHTH(UIIMPOBATh MOJJMHOKECTBO CBOWCTB, KOTOPOE B COBOKYITHO-
CTH OKPBIBAET XapaKTEPUCTUKY, TOJyUYHUTh IOKA3aTEIN Ka4yeCTBa AJIs KaKJJOr0 CBOMCTBA
1 OTPECINTh 3HAYCHNE KaueCTBA JUISl ATOM XapaKTEPUCTUKH, UCTIONB3YS CICIHaTbHbIC
pac4€THBIC anTOPUTMBI ((QYHKIIUH H3MEPEHHUS).

K KosmuecTBEHHBIM CBOHCTBAM OTHOCSIT, B YACTHOCTH, 00BEM TEKCTa MPOrPaMMBI, €T0
CJIO’KHOCTB, CI0KHOCTbB TI0 YIPaBICHUIO. VX BBIYMCIEHUE ONPEAETICHO Pa3INYHbIMU Me-
TOJMKAMU W MOXKET OBITH BBIITOJTHEHO aBTOMaTH4YeCKN. OHAKO OHU COCTABIISIOT HE3HAUH-
TEJIBHYIO JIOJII0 B MCCIEIOBAHMAX MPOTPAaMMHBIX CHCTEM Ha KadecTBo. U momb3a oT HUX
COMHHTEIIbHAsS: (POPMATBHO YIOBICTBOPUTEIBHBIN KOJI MOXKET COJEPKaTh HEKOPPEKTHBIC
(YHKIMH, HE COOTBETCTBOBATH TPeOOBAaHMSM, HEY/IOBICTBOPUTEILHO 00padaThIBaTh MC-
kmroueHus1. Ecau ko 0010, He 00s13aTENBHO €r0 Ka4eCTBO BBICOKOE: CIENIaTh OOIBIION
TEKCT U3 MAJICHBKOTO U peOEHOK cMokeT. Ecim kox Maj, OH, BO3MOXKHO, HETIPUTOACH ISt
cornpoBoxaeHus. CI0KHOCTb TEKCTa MPOrpaMMBbI TOXKe HU 0 4éM He roBopuUT. OHa MOXKET
OBITH CIENCTBHEM CJIO)KHOTO ITOPUTMA, PEATH30BAHHOTO OYCHb KBAJIH(DUIIMPOBAHHBIM
nporpamMmmucToM. Ho, BO3MOKHO, 3TO pe3ysIbTaT MHOTOYHCICHHBIX MTPABOK HA ATAIE MPO-
TPaMMHPOBAHUS WM MOPOXKICHHE HOBUYKA, Y KOTOPOT'O MBICIH ITyTAlOTCs B roiose. Ta-
KHM 00pa3oM, [IEHHOCTb TT0100HBIX XapaKTePUCTHK [UISl KauecTBa HUUTOXKHA.

Hanéxnocts I10 ompenensiercs, B OCHOBHOM, 0€30IIMO0YHOCTBIO: 3a4acTyi0 HEKOp-
PEKTHOCTH — CIIEICTBUE OMINOOK, HE BBISIBICHHBIX BO BpeMs TecTHpoBaHus. OHa n3Mepsier-
cs1 crenienbio MokpbIThs [10 Tectamu. Mepoit MOXKET CIIYKHUTh OTHOCHUTEIHHOE KOJINIECTBO
MIPOTECTUPOBAHHBIX (DYHKIIMI M MapIIPYTOB, HO CIIEIyeT YUUTHIBATh YPOBEHb TOTCHIINAIb-
HOW OIaCHOCTH OTAEIbHBIX 2JIEMEHTOB, OLIEHKA KOTOPOT0 YacTO CJIOKHA U HE OJHO3HAYHA.

l'opa3no TpyaHee OLEHNTH TAaKyIO XapaKTEPHCTHKY, KaK yZOOCTBO B3aMMOJCHCTBUSL.
OOBIYHO MPUBOJAT MPUMEPHI «XOPOIINX» U «IUIOXHUX» ITOJNb30BAaTEILCKUX MHTEP(EHCOB,
HO KOPPEKTHBIX KPUTEPHUEB KOJIMUECTBEHHOH OIICHKM UX Ka4eCcTBa HET.

3amuménnocts [10 — Toxe TpyaHo Qopmamuszyemas XapaKTepucTHKa. MeToJbl
B3JIOMa Pa3BUBAIOTCS HCKIIOUUTEIBHO OBICTPO, 3TOYMBIIUIEHHUK HEPEIKO HCIIONb3YyET
TaKyl0 yI3BHUMOCTb, KaKk mporpaMmMmubie omuoku [11]. Ouenka 6e3omacHOCTH ompene-
JIeTCsl HKCIEPTHBIM, PETUCTPAIIMOHHBIM UM pacdyeTHBIM nmyTeM. B crangaprax 'OCT
28195, TOCT 15987 npuBOAUTCS METOJ OLUEHKM TaKUX IMOKa3aTeJed KadyecTBa, Kak
KOH(UACHINATLHOCTD, 3alIUIIEHHOCTh OT IMPOrPAMMHO-TEXHHYECKHX BO3JCHCTBUH
1 OT HECAaHKIIMOHMUPOBAHHOI'O JOCTyIa. B mepBom ciydae OIeHKa — 3TO BEpOSITHOCTh
COXpaHEHHUsl KOH(UIEHIIMAILHOCTH MH(QOPMALlMK B TEUYEHHUE 3aJlaHHOTO NEepHuosa, BO
BTOPOM — BEPOSITHOCTh OTCYTCTBHUSI OMACHOTO BO3AEHCTBUS B TEUEHUE 33aJaHHOTO Ie-
pHoJsia, B TPETbEM — BEPOSTHOCTH COXPAHEHUS 3AMIMIICHHOCTH WH(OPMAIMOHHBIX H
MporpaMMHBIX pecypcoB. KomruiekcHas oneHKa (pOpPMHUPYIOTCS Ha OCHOBE YaCTHBIX
nokasateneil. [IpuMep pacuéra 3amUIIEHHOCTH C UCNOIB30BAHUEM aBTOMATHUECKOTO
aHaJIM3a MPOrPaMMHOTO K0J1a MpUBOAUTCS B padore [11].

CornpoBOX/IaEMOCTh M 9aCTh APYTUX XapaKTEPUCTHKH KOJINYECTBEHHO HE U3MEPHMBI,
OHHU OIICHMBAIOTCS KAUeCTBEHHBIM Crtoco00M. [TpuMephl KaueCTBEHHBIX KA JIJIsl U3Mepe-
HUSI IPUBEICHBI B Tabuuie 1.
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Tabnuua 1
IIpuMepbI Ka4eCTBEHHBIX HIKAJ JAJI51 K3MEPEHHUS COMPOBOKAAEMOCTH
XapaKTepUCTHKA U CBOICTBA Ka4ecTBa Mepa Ikana
HU3zyuaemocmo
TPYAOEMKOCTb U3yUEHUS IPUMEHEHUS; Yen.—vacer | 1-100
MIPOAOJIKUTENLHOCTD U3yUEeHMUS; Yacsl 1-1000
00BeM IKCIUTyaTallMOHHON JIOKYMEHTAIIUH; Crpanuusr | 10-1000
00BEeM JIEKTPOHHBIX yUeOHUKOB Ko6aiTst 100-10000
Moouguyupyemocmo
TPYAOEMKOCTb MOATOTOBKH H3MEHEHHIA; Yesn.-gacer | 1-1000
JUIATENIBHOCTD IMOATOTOBKY H3MEHEHU N Yacel 1-1000
Tecmupyemocmu:
TPYAOEMKOCTh TECTUPOBAHUS H3MEHEHUIT, Yen.—gacer | 1-1000
JUTATENILHOCTD TECTUPOBAHNS H3MCHECHUI Yacsl 1-100

MBI BHIIFIM, 9TO JTa’Ke €CITH MEPBI BEIPAKEHBI YHUCIIOBBIMH IIKAJIAMHU, UX HEOTIPEICIEHHOCTD
He TaéT BO3MOXKHOCTH a/IeKBATHO OIIEHHUTH KadeCcTBO. BO3HHMKAEeT BOMPOC U O KOPPEKTHOCTH
9THX YKMCIIOBBIX IKal. Hampumep, eciin 00beM dKCIUTyaTaliMoHHOM fokymeHTanuu 1000 crpa-
HWUIL, 3TO Iyurie, 4eM 10?7 Bo3MoKHO, H3enne CToIb HeKaYeCTBEHHO, 9TO 03 TaKOro JOKY-
MeHTa He OOOHTHCH, a KOPOTKAsi HHCTPYKIMS TOBOPUT O TIPOCTOTE HCIIOIB30BAHHS, TO €CTh
0 BBICOKOM KauecTBe. HO KOpOTKast HHCTPYKIMS MOKET OBITh HEMOJHOM WM BBIIOJHEHHOM
HEOPEXKHO, a 00BEMUCTBIH IOKYMEHT COOTBETCTBYET CIIOKHOMY U CEPhE3HOMY TIPOILYKTY.

Heckompko c10B 00 M3MEpEeHNH MPON3BOAUTENFHOCTH. B «IpeBHME» BpeMeHa, KoTaa
OCTPO CTOSJI BOIPOC PEaTM3allUU CIOXKHBIX BBIYUCIUTEIBHBIX aJTOPUTMOB, MPOU3BOIH-
TEJIFHOCTh paccMaTpHUBAJIach KaK OJJHAa W3 BAKHEHINMX XapaKTepHCTHK KadecTBa: Hed(-
(exTHUBHAsI MO BPEMEHH IMporpaMMa H3-3a CIa00CTH BBIYHCIUTEIHHON TEXHHKH MOTJa
cuntaThcd cyTkamMu. C TOSIBJIEHHEM MOIIHBIX IMPOLECCOPOB U EMKOI MaMATH OCTpOTa
mpoOieMbl Mcuesna U o Hell cranu 3a0biBath. Ho ¢ ncronp3oBanieM TiIo0aIbHBIX CEeTeH
1 HEOOXOIMMOCTBIO 00pabOTKH OOJIBIINX TaHHBIX ITPOOJIEMa MPON3BOAUTEIIFHOCTH CHOBA
BBIXOJUT HA MepBbIi I1aH. KOHEYHO, B COBPEMEHHBIX YCIOBHSX JOCTYITHBI 3HAYUTEIb-
HbIE BBIYUCIIMTENBHBIE MOIIHOCTH, OJHAKO UX 3arpy’K€HHOCTb MOCTOSHHO pacTéT. Kpome
TOTO, BcE O0JIee 3HAYUTENBHYIO IO IPOTPAMMHOTO 00ECIICUEHHUS COCTABISIOT CHCTEMBI
peasbHOrO BPEMEHH, KOTOPbIE BEChbMa 4yBCTBUTENIbHBI K A3(PEKTUBHOCTH MO0 BPEMEHH, H
MX Ka4eCTBO MPUHIUMNHAIBHO 3aBHCUT OT ITOH XapaKTepUCTHKH. M3mepeHue mpousBo-
JTUTETHHOCTH MPOTPAMMHOM CHCTEMBI, KOTOpast paboTaeT BO B3aMMOJACHCTBHH C IPYTUM
HpOrpaMMHBIM OOECIIeueHNEM, B HATPY)KEHHBIX CpejiaX, KpaiiHe cioxkHast 3aayda. Kak nmpa-
BIJIO, OIICHOYHBIC 3HAYCHUSI MOYKHO MOJYYUTH TOJIBKO B pe3ysbTaTe KBaIH(OUIIMPOBAHHO
BBITIOJTHEHHOTO HATPY309HOTO TECTUPOBAHHS.

5. HPEIIATCTBUSA

YTO MOYKHO CUHTATh OCHOBHBIM TIPENATCTBUEM K JOCTUKECHUIO KauecTBa’? OHHOSH&‘IHO
Ha 3TOT BOIIPOC OTBETUTH HEBO3MOIKHO: KAK PA3JIMYHBIC XaPAKTCPUCTUKU B pa3HbIX Clly4a-
AX MOTYT UMCEThb paSJ’II/I‘IHHﬁ MIPUOPHUTET, TaK U MPHUYIHNHBI HAPYIICHUA KAa4CCTBA B Pa3HbIX
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cUTyanusix pasnuuHsl. Henb3st, Hanpumep, He cornacuthed ¢ . [Tnatrom [2], uTo Bo MHO-
THX CIIy4asX 3TO Pe3yJabTaT MCITyTAaHHOTO COTJIACHS JIIOZEH MOIb30BATHCS HABSI3BIBAEMBIM
emy HerogubsM [1O. A. Kynep cripaBeiiiMBO CUUTAET, YTO IPOU3BOJICTBO KauecTBeHHOTo [10
He TpeOyeT HaMHOTO OOJIbIIIe PECypcoB, MEIIAIOT TPaJUIUK IIPon3BoAcTBa. [locMoTpuM Ha
YKM3HEHHBIH IIMKIT TIPOM3BOJICTBA CO CTOPOHBI PHCKA HE JIOCTHKEHMS TpeOyeMOoro KayecTsa.

[pexxne Bcero, 3To0 OMIMOKM YIpaBIECHUS MPOEKTOM, B YaCTHOCTH — HEBEPHAs OIICHKA
BpeMeHH pa3paboTku. [ToueMy-To «MeHeKephl» YBEPEeHBI B ITPABUIBHOCTH CBOCH OLICHKH,
a IPOTPaMMHUCTOB CYUTAIOT CIIOCOOHBIMH BIUCATHCS B JIFOOBIC 33/TaHHBIC BPEMEHHBIE PAMKH.
B pesynbrare 00pasyercst TEXHUUECKU IoNT (ONPOCTY HEIOACNKH), I IMKBUIAIINK KO-
TOPOTO MOTPEOYETCs 3HAUMTENBHBIE CPECTBA, HE TOBOPSI YK 0 ToM, uTo 1O Bcé 310 Bpems
OylleT NCTOYHUKOM 3HAYMTENBHBIX, IOPOH KaTtacTpo(HIecKux, HenpusiTHocTel. [loctarou-
HO BCHIOMHUTB «D000C-TPYyHT», IPOEKT 3aITycKa KOCMUYECKOro Kopalist Ha CIyTHHK Mapca
®000c, KOTOPBIi ¢ TPECKOM TPOBATIMIICS ¥ TTOPOJINIT OOJIBIINE MaTepUalIbHbIC M PEITyTallH-
OHHBIE TIOTEPH IS Hatel cTpansbl. [IpuanHO ObUTa HEBepHas OIIEHKA BPEMEHH pa3paboTKH
MIPOrPaMMHOT0 00ECIIEUYEHHMSI, CPOK CIaYH KOTOPOTO MO €CTECTBEHHBIM MPUYMHAM IEPEHECTH
OBLTO0 HEBO3MOJKHO, Pa3Be UTo Ha JBa rofa. Ha Ty npuuanay ykasemmsan P. ['macc [12]: «Yarme
BCEr0 OCHOBHOM NMPUYMHON HEYNIPABISIEMOCTH MPOEKTA ABIAETCA IJI0Xask OLIEHKA CPOKOBY.

[Ipobrema KOPPEKTHOH OICHKH TPYIOEMKOCTH pa3pabOTKU CBS3aHA, MPEXKIE BCETO, C
TIPUPOIOH ITPOrpaMMHOT0 obecrieueHust. B oTiimume or MaTepruaabHOrO IPOU3BO/ICTBA, KakK-
JIBIH TIPOTPaMMHBIN TPOEKT YHUKAJIECH, U 1AKE ECITN €CTh aHAJIOTH, 0COOEHHOCTH HOBOT'O TIPO-
JYKTa MOTYT CYIIECTBEHHO MOBJIHATH Ha OILIEHKY. MOJIenM U METO/bI OLIEHKH, KOTOPBIE HC-
TIOJB3YIOTCS B 0071aCTH HH(OPMAIIMOHHBIX TEXHOJIOTHH, Pa3INIaloTCs, ¥ TIOPOi BeChMa 3Ha-
yutesibHO [13]. Bee oHM, KOHEUHO, HE JIMIIICHBI HEIOCTATKOB: Oy/IyIlee TOYHO MPEICcKa3aTh
Henb3st. Ho 9T0 He 3HAYNT, YTO JOCTATOYHO YKA3aHUS — U «IIPOTPAMMHUCTBI» BCE CIETAIOT B
cpok: «S sxe um miauy!». Kpome Toro, Ha4anbHbIe OLIEHKH ITOYTH HUKOT/IA HE YTOUHSIOTCS 1
HE nepecMaTpuBatoTcs. M TyT MOXeT OBITh MOJIE3HBIM MOAXO0/I, OCHOBAaHHBIIN Ha TMHAMUYE-
ckoii onenke [ 13, 14], XoTs u1st HEero u TPEOYIOTCSI AOTOIHUTENIBHbBIE PECYPCHI.

Cuutaercs, 9T0 OMIHMOKH 00XOIATCS TEM JOPOKE, UEM paHBIIIC OHH CIACIIaHBl U TI03Ke
oOHapyskeHbl. TsoKENbI caydyail — HEKa4eCTBEHHO NPOBEJIEHHBIN aHaIu3 TPeOOBaHHIH,
TIPA KOTOPOM TEPSIOTCS MJIH HEBEPHO MHTEPIPETHPYIOTCS TPEOOBAHUSI IPEAMETHOH 00-
nactu. K 3HauuTEIbHOMY CHMIKEHHUIO KauecTBa NMPUBOAMUT HEYJAYHOE MPOCKTUPOBAHUE
JAHHBIX: 0a3a TaHHBIX — OCHOBA MH(POPMAIMOHHON CHCTEMBI, U HETIPABUIILHO CIIPOEKTH-
pOBaHHasi, OHa BBIHYAUT MPOrPaMMHKCTa pa3oMpaThCs ¢ aHOMAIUSIMH, JIMIIHUH pa3 3a0o0-
TUTHCSI O [IEIOCTHOCTH ¥ HEMPOTHBOPEUMBOCTH JAHHBIX, PEIIaTh MPOOIEMy TPOU3BOIN-
TEJILHOCTH, KOTOPYIO MOXHO OBIIIO N30€KaTh.

Ha srame xonupoBanus camble OONBITHE HEMPUATHOCTH HCXOIAT OT c1aboii KBamugu-
Kaluu nporpammucta. HegoctaTok KBanupuKauy MOXKET OBITh MO Pa3HBIM IPHYMHAM.
Ecmm 3T0 HOBHYOK, €cTh MIaHC, 9TO OH 00yunTcs. HopManbHBINA MTPOrpaMMHCT paHee MOT
paborath ¢ IpYruM KJIACCOM 33/1ad, a ¢ TeKYLIMM HE CTAIKHUBAICS. XyXKe, KOTJa B pOJH
MIPOTPaMMHCTAa OTKPOBEHHBIN TMJICTAHT WM TYIHIIA, KOTOPBIH HUYEMY HE MOXCET WIIH
He xoueT o0y4daTbesi. CyNmIeCTBEHHBIH PUCK MPEACTABISIET CI0XKHOCTh POrPaMMBI, KOTO-
past MOXKET OBITh CJICACTBHEM CIIOKHOCTHU 3a7a4d. Jlaxe eciu mporpaMma M He CIUIIKOM
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CJIOYKHAsl, OHa MOXKET BBINOJHATHCSI B MHOT03aJIJauHOM CpeJie ¢ B3aMMOJICHCTBYIOIIUMHU
TporieccaMi, OCOOCHHO B CHCTEME JKECTKOTO PEalbHOTO BPEMEHH, YTo TpedyeT ocodboro
BHUMaHUsL. [IporpaMmma MOKeT OBITh CII0KHOM U ITPU MTPOCTOM 3a/1aue, ecin e€ peaan3arus
OecriopsiiodHasi, OHa He O0JyMBIBaeTcs, a mumercs mo Qgakry. Takoe Jamie ciayJaercs ¢
HAYMHAIOMIMMH TIPOrPAMMHUCTAaMHM, HO M ONIBITHBIN TPOTPAMMHCT MOYKET MOMACTh B JIOBYIII-
Ky Ka)XyIIEeHcs! MPOCTOTHI, €CIIH MODKAMAET BpeMsi. TpeThsl IpUUNHA — HAIJIEBATEIbCKOE
OTHOIICHHE K CTHJIIO HAIIMCAHMSI TIPOTPAMMBI.

IToMuMO CII0KHOCTH, €CTh ONACHBII PUCK, CBA3aHHBIN ¢ HEKAUECTBEHHOM OTIaAKOW U
HEJIOCTaTOYHBIM TECTHPOBAHUEM IPOTpaMMbI. PasymeeTcs, ONBITHBIA TECTUPOBIIHUK IS
JOCTHKEHHUsST TpeOyeMOoro KadecTBa ITOCTapaceTcsi 0OECICUUTh JIOCTATOYHO IOJTHOE IT0-
KpbITHE TecTaMH. [IporpaMMucT, NOIyYUB Pe3ysIbTaThl TECTUPOBAHMS, UCIIPABISIET CBOIO
nporpammy... Ho Ha 310 TpeOyercst Bpems, KOTOPOro AajeKOo HE BCETJa XBaTaeT B KOHIIE
MIPOEKTa, OOBIYHO M3-3a OIIMOOYHOIl OIIEHKH CPOKOB BBINOJHEHHs paboT. B pesynbrate
KEPTBYIOT TOJIHOTON TECTUPOBAHUS 1, COOTBETCTBEHHO, KAUECTBOM. 3aMETHM, UTO B 3TOM
cllydae Xy»e BCEro InpoBepseTcs KOPPEKTHOCTh 0OpabOTKM HEIITATHBIX CUTYalldi, YTO B
KOHEYHOM UTOTE 000paunBaeTCs OONBITIMHU TOTEPSIMH.

Kax y»e oTMedanoch, MoJIeib KauecTBa [P HCII0JIb30BaHUH [ 7] ONMCHIBAET BO3ICHCTBUE
MIPOrPaMMHOTO TIPOIyKTa Ha MOJIB30BATEs], KOTOPBIN OIIEHUBAET €T0 Yepe3 TaKylo XapaKTe-
PHCTHKY, KaK Y/I0BJIETBOPEHHOCTH. U ecim ¢ mpoyKToM Hey100HO paboTaTh, MOJIb30BaTENb
CUUTACT €r0 HEKaYEeCTBEHHBIM. ABTOp OBUT CBHJIETENIEM CHUTYalllH, KOTAa TIOJIb30BATEIH B
3HaK MPOTECTa NPOTHB HEYOOHOTO B3aMMOICHCTBHSI ITOBEPHYIIN SKPaHbI K CTEHKE M OTKa-
3aJHCh padoTaTh C, BOOOIIE TOBOPSI, TIOJIE3HBIM MPOIXYyKTOM. OT HEro MpUIIIOCh OTKA3aThCS.
Takum 00pa3om, HEYIOBIETBOPUTENIBHBIM HHTEP(HEHC CTAHOBUTCS IPOOIEMOiA.

Co3maHne KaueCTBEHHOTO HHTep(deiica — CIoKHOE POoecCHOHATBHOE 3aHATHE, KOTO-
poe aJIeKo He BCEraa MOXKET BBIMOJHATH IPOrPaMMUCT, pa3padaThIBAIONIMK TPOrpaMM-
ue1i kKoa. [To muermio A. Kymepa [1], mporpammucTy BooOIIIe HeNb3s JOBEPATH ATy pado-
Ty: €ro TOYKa 3peHHs Ha MPOrpaMMmy OOBIYHO 3HAYUTEIHHO OTIMYACTCSl OT TOYKH 3PEHUS
TIOTB30BATENA, ¥ TO, UYTO TPEJCTABIACTCA yJOOHBIM €My, JaJeKO HE Bcernaa ymoOHO I
nosp3oBarens. OH CpaBeyIMBO 3aMEYaeT, YTO HEJb3sl CUUTATh Ka4eCTBEHHBIM IPOIYK-
TOM TOT, TJI€ HYXKHO «IIpoAnpaThes yepe3 11 5KkpaHOB ¥ B KOHEYHOM HTOTE BBISICHUTH, YTO
BCC PaBHO MPUJICTCS 3BOHUTH B KoMIaHUi0». Emé 6omee xéctkuii B3rmsia y . [Tnarra [2],
KOTOPBI 3aMedaeT, YTO MBI C OTBpPAIICHHEM CMOTPHM Ha MHTep(deiic Hy)KHOW HaM Ipo-
rpaMMBbl, HE TOHUMasl, KaK C HEIO YIPaBISTHCS, M IPUBBIKAEM BBIMOJIHITH MHOKECTBO He-
HYXHBIX JIBVDKCHUH JUISl TOCTHKEHNUS IPOCTHIX PE3YIIBTATOB.

B obnactu mocrpoenust naTEepdeiica pa3paboTaHbl CTaHIAPTHI, KaK KOPIIOpaTHBHbIE,
Tak ¥ MeXIyHapoJHble. B HUX paccmarpuBaeTcs mpeacTaBieHne HHTepdeiica, ero cormna-
COBaHHOCTb, COCTaB KOMIIOHEHTOB, NMPHHIMIIBI TPOEKTUpOBaHus. [IpuBoasITCS pexoMeH-
JIALUH TI0 [IBETOBBIM PEIICHUSAM, ONPEACISIOTCS YHU(PHUIIMPOBAHHbBIEC ICHCTBHS JAUAIIOTA.
Ecnu Bce pa3paOOTUUKH CIIE/IyIOT CTaHIapTy, OJIb30BaTENIb MOKET TP NIEPEX0/Ie Ha JIpy-
T'YIO CUCTEMY OBITh YBEPEHHBIM B MIPABMIIBHOCTH OOBIYHBIX JICHCTBHH.

OnHako, nake coOoAas CTaHJApT, JIETKO CjelaTh MHTepdeic HeKaueCTBEHHBIM.
B Gomnbmioii cTenieHn Ka4ecTBO B3aUMOICHCTBHUS C TPUKIIATHON CUCTEMOH OIpeIesieTCs
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€ro CTHJICM, KOTOPBIH HEMOCPEACTBCHHO OIICHUBACT MoJib3oBartensb [15]. Eciau Beiaepxu-
BAETCs COTJIACOBAHHBIN CTHIIB, MOJIB30BATENIh OBICTPEE MPUBBIKAET K CUCTEME, 9TO CHU-
JKACT PUCK OIIMOOK B3aMMOJCHCTBHS M, COOTBETCTBCHHO, YPOBECHb BO3MOXHBIX MOTEPb.
Pabora BrrmonHseTcs 3pdeKTUBHEE 32 CUET TOTO, YTO BCEMH HEOOXOANMBIMH B JaHHBII
MOMECHT ()YHKITHSIMH MOKHO JIETKO BOCIIOJIb30BaThCs. K cokaneHHI0, MpOrpaMMHICTHI HH-
Tepdeiic game BRICTPanBaOT O] cesl, a He OPUEHTUPYIOTCS Ha Tob3oBaTens. Ecim k
TOMY K€ CTAparoTCsl COKPATUTh CTOMMOCTh H3JICNIUs, Cr0 Ka4eCTBO CTAHOBUTCS yiKaca-
rouM. 1 0coOwIit cmydait — mHTEpdeiic ans craboBuasmux. Ecau ¢ mporpaMMHBIM H3-
JICJIEM TIpeJoiaracTest paboTa TaKuX MOJIb30BaTeNeH, HEOOX0AMMO OKa3bIBaTh 0C000C
BHHMaHUE Ka4eCTBY U UCTIOIB30BATh CICIMAIbHBIC TOIX0HI [16].

CyimectByeT emgé OHO MPEISTCTBHE, O KOTOPOM PEIKO YIOMHHAIOT. DTO MEPexoj B
TIPOIIecCe BBIMOTHEHUS TTPOEKTa Ha HOBBIC SJIEMEHTHI CPEIbl pa3paboTKH, TaKUe, KaK sS3bIK
nporpammupoBanus, CYB/I, onepaimonHas cpe/ia Wil HoBasi BEpCUsi HHCTPYMEHTOB. Takoe
garre ObIBaeT MPHU OOIBIIOTO MITH CIIOKHOTO MTPOTPaMMHOTO M3/ICNHS, TJIe Ka4eCTBO KPUTHY-
Ho. KoHeuHo, daiie nepexoj MPOUCXOJUT B OTUASIHHOW CHTYaIlUH, U PYKOBOJICTBO BHIUT
€IMHCTBEHHBIN MyTh CIIACCHUS THOHYIIIETO MMPOEKTa B TAKOH COJIOMHHKE, KaK HEKOE HOBIIIE-
cTBO. Ho He 3pst roBOpSIT, UTO KOHEH Ha MepernpaBe He MCHSIOT: OOraTast MPaKTHKA TOT00HBIX
JEWCTBUI TOBOPUT 00 MX MOPOYHOCTH. [IoMHMO TOTO, YTO TIPH STOM 3aMETHO CHIDKACTCS
MIPOHM3BOAUTEIHLHOCT Pa3pabOTUMKOB, KAYECTBO CTAHOBUTCS HEYJIOBICTBOPUTEIBHBIM XOTS
OBI TOTOMY, YTO Y pa3pabOTINKOB HET OIBITA U HEAOCTATOYHO BPEMEHH IS O0yUCHHS.

6. YIIPABJIEHUE KAYECTBOM

TepMuHOM «ympaBieHHE KaYeCTBOM» Ha3bIBAIOT ACHCTBHSA, HAIIPABJICHHBIC HA YIIyd-
wenue kayectsa npoaykuuu. Cranpapt UCO 9000:2005 onpenensieT ero Kak «4acTh Me-
HE/DKMEHTA KadecTBa, HAallpaBJIeHHAs Ha BBIIIOJHEHUE TpeOoBaHUH K KadecTBY». OOBEKT
yTpaBIICHUS] KAYECTBOM — MPOIIECC CO3JJaHNs MPOIYKIHH, CYObEKT — PYKOBOJUTEIH, KO-
TOpBIe BO3ICHCTBYIOT Ha MPOIECC CO3AaHNS IPOAYKINU. BmecTe oHM 00pa3yloT cucteMy
yTpaBJICHUs] Ka4eCTBOM. [ pyIia OIeHKH KadyecTBa MPOBEPSET €ro mapameTpsl B Mpo-
11ecce BBITIOTHEHHS IPOEKTAa U Mepe BRITYCKOM MPOAYKTa. B 3aBHCHUMOCTH OT TSXKECTH
JeeKTOB MPOJYKT JINOO BO3BpaIaeTcs Ha AOPabOTKy, MO0 OJIOKHpyeTcs ommbOoYHast
¢GyHKIUs, THO0 BHOCSTCS KOCMETHYECKUE TPABKH.

[TpoxykT mpoBepsieTcss Ha COOTBETCTBHE (POPMATBHBIM TPEOOBAHMSAM U COJEPKAHUIO.
Ho uto Takoe «dopmanbubiec TpeboBanusm»? CooTBeTcTBUE CTaHAapTam? TeXHHUCCKOMY
3aganuio? U gaxe ecim NpoayKT MOJHOCTBIO BCEMY 3TOMY COOTBETCTBYET, €€ HET rapaH-
THH, YTO OH KayeCTBEHHbIH. TeM Oosee, 4TO U BHATHO c(hOPMYJIUPOBATH 3TH TPeOOBAHUS
KpailHe CI0XHO, U IPOBEPUTH MPAKTHUYECKU HEBO3MOXKHO. JJ0CTaTOYHO BCIOMHUTH PsAO-
BOI1 crieHapmii u3 obmactu TectupoBanus [10, Koria TECTHPOBIINK YKa3bIBaeT Ha OLIHOKY,
a MPOTrpaMMHUCT TOBOPHT, YTO 3TO «He 0Oar, a ¢uuay. CoxepkarenbHas npoBepka TpeOy-
eT emi€ OOJIBIIEro TPy/ia, BpEMEHH M KBaTH(UKAIMU KOHTPOJIEPoB. K cokanenuto, mopou
KaKOM-TO M3 3THX COCTABJISIONIMX HE XBATaeT, M BTOpasi 4acTh IMPOBOANUTCS COKPAIIEHHO,
0COOCHHO, €CJI B KOMIIAHHUH TTOOMIPSIOTCS (POPMaTIbHO-0I0POKPATHYECKHE TTPOLICTY PhI.
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PerymspHblit KOHTPOJIb BBITIOJTHEHHS ITPOEKTA U OLIEHKU €ro KayecTBa JAaéT BO3MOMKHOCTb
CBOEBPEMEHHO NPUHSATH MEpHI, IT0Ka CUTYalus He Mepenuia B HeoOpatnmyto (a3zy. Pasymuas
(hopma KOHTPOJIS — 00CY>KICHHE U SKCIIEPTHAS OLICHKA IIPOEKTa Ha JIF0OOM CTauu ero TOTOBHO-
ctu. Pa3nnyaror KOHIENTya bHbIE, TEXHUYECKHE U aIMUHHUCTPaTHBHBIE 00cyxaeHns. C TOUKn
3peHusl yIpaBJIeHNs KauecTBOM HanOoJsee NPOIyKTHBHBI TEXHUYECKUE 0OCYK/ICHUS (CECCHH).
Ecnm oHn mpoBosATCS HA MPOTSKEHUN BCETO TIEPHOA PAa3padOTKH, M HA HUX 3aTParuBarOTCs
BOIPOCHI KQUECTBA, a HE TOJIBKO «IIPOLUIH JIM MBI OUEPETHYIO BEXY», €CTh IIaHC MOIYyYUTh
yra4uHblil poaykT. OOHApYKEHHBIE HEOCTATKH MCIIPABIIIOTCS, PE3YJIBbTAT JIOKIIA/(BIBACTCS
Ha crefyromeii ceccuu. BaxkHO, 4TO Ha TEXHUYECKUX O0OCYKICHUSX IIPOU3BOAUTCS HE 3aIUTA
CIIETIAHHOTO, a BBIABICHHUE 3aTpyAHEeHHI. ClieyeT y4ecTs, 9To 3T0 pabodue 1Mo CBOEH CyTn
BCTpEuH, 37IeCh Hy)KHa OTKpbITasi aTMoc(epa, a He OTUET repe] HaualbCTBOM.

Hy a camoe xyamiee, 94To ceifuac, K COXKaJICHHIO, CTAHOBUTCS TJIABHBIM — 3TO CTPEM-
JICHHE «MEHEPKEPOB» K MakCUMaibHO ObicTpomy BbIOpocy 1O Ha peiHOK. Ecnu panbine
HETOJJHBIC TPOYKTHI ICJIANIH C OTJISAKOM, TO ceifuac CyIecTBYIOT JJaKe METOAOJIOTHH THITA
Scrum, KOTOpble pEKOMEH/IYIOT BBIITYCKAaTh OYEPEHYIO BEPCHIO KaK MOJKHO ObIcTpee, BHE
3aBUCUMOCTH OT CTENEHU €€ TOTOBHOCTH. BO3HMK COBEPIIIEHHO Pa3pyILIUTEIbHbIA TEPMUH
«MUHHAMAJILHO TIPUTOJIHBIN MTPOJTYKT», KOTOPBIM MaCKUPYIOT OTKPOBEHHBIN MOy adpuKar,
Jla ¥ TO 3aBEJIOMO HEroIHOTO KadecTBa. M, HeCMOTps Ha 3TO, IPOU3BOANTEND 3asIBIISIET, UTO
OH 3200THUTCS 0 MOJIb30BaTeNe: O0HOBIECHUA-TO UAYT! TeHaeHIMS BecbMa TPEBOXKHASL.

7. OBYYEHUE KAYECTBY

EcrecTBenno nonarars, 9To Ka4eCTBEHHOE MPOrpaMMHOE 0OecIieueHHE TIPOU3BOIUT Kade-
CTBEHHO 0OY4YEHHBIN CIICIMAINCT, HY KHBIH Ha poduiibHOM npou3BoacTse [17]. Torma B By3e
HY>KHO YYHTh HE TIPOCTO IPOrpaMMHpPOBATh, & CO31aBaTh KaueCTBEHHBIN MpoaykT. K coxkae-
HHIO, B IIpoliecce 00yUeHHsI TOHATHE KaYecTBa eCIU U AaETCsl, TO BCKOJIb3b, JIa M TO Ha CTapIIHX
Kypcax, Kor/ia y>Ke MO3/IHO YTO-TO MEHATb B TIOJITOTOBKE CTYZEHTA KaK IporpamMmucTta [4].

KoHe4yHo, MeTO/Ibl KOHTPOJISI KauecTBa, KOTOPbIE UCIIOIb3YIOTCS Ha MPOU3BOJICTBE, B
BY3€ JIJICKO HE BCeraa MpuMeHNMbI. OJJHAKO ecIM 3HAKOMUTDH CTY/ICHTOB KaK MOKHO PaHb-
11e XoTs Obl C OYEBUAHBIMHU TPEOOBAHUSIMU K KAYECTBY M JOOUBATHCS UX BBINIOJIHEHHUS, CH-
TYaIio MOXKHO YJIYYIIHTh. DTO KacaeTCsl M HANMCAHMS MPOTPAaMMBI, 1 KOHCTPYHUPOBAHUS
untepdeiica, 1 TPOSKTUPOBAHHUS 0a3bl JaHHBIX.

[Ton0oXXnTEeTbHO HA MPUBHIUKY K KAYECTBEHHOMY ITPOTPAMMHPOBAHHUIO BIIUSIET ydacTHE
CTYJICHTOB CTapIINX KyPCOB B PEAIbHBIX MPOEKTAX, MOJIb3y KOTOPOro OTMeuall elié akajie-
Mmuk A. I1. EpmoB («OTKyzna 6epyTcs 710,11, CIOCOOHBIE CO3/1aBaTh HAJIEKHOE ITPOTPAMM-
Hoe obecneuenue», «IIporpammupoBanue», 1976 r.). IIpaBaa, mMpoKkol MOJAEPIKKH 10
pa3sHBIM MPUYMHAM 3TO MPEATI0KEHHE HE MOIYyYHIIO, XOTS CTYJICHTOB K PEaJIbHOMY IIpO-
IrpPaMMHUPOBAHUIO MOJKIIOYAIM B pPaMKax X03J0rOBOPHBIX WM JAMIUIOMHBIX pabor. IIpo-
¢deccop A. H.Tepexos [10] Takxe cunraer, 4ro 310 Hanbosee d3PPEeKTUBHBII C11OcO0 1M0-
JIYYUTh KA4€CTBEHHBIX IIPOIPAMMHUCTOB.

Crenyromuii BapuaHT — IIPUBJICYEHHE CTYICHTOB B peajbHbIC IPOEKTHI, pa3padaTbiBa-
emble Ha Kadenpe. bynem cunraTs, 4T0O OCHOBHAS LIENIb HTOTO — MOATOTOBUTH KAUECTBEH-
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HOTO TporpaMmucra. B aToM ciydae cTyJeHT JOJDKeH 3HaTh MOTPEOHOCTH KOHKPETHOTO
3aKa34YMKa U KPUTEPHU Ka4eCTBa, KOTOPOE He0OX0AuMo obecnieunTs. KoHedHO, OH I0IKEeH
JIOPO’KUTH BO3MOYKHOCTBIO paboThI B ITpoekTe. UToObI 0CBOOOMTE BpeMsi Ha CECCHIO, ITPO-
eKT JIOIDKeH OBITh JTNOO0 HEeOOINBIIOH, HA OJUMH CeMecTp, JHOO0 ENUTHCS Ha aBTOHOMHEIC
Moayiu. CIIOXKHOCTB MPOEKTa JIOJDKHA, C OJHOW CTOPOHBI, COOTBETCTBOBATH ITOJIIOTOBKE
CTYZIeHTa, C APYTOi — CTUMYJINPOBATH MOJydIEHUE HOBBIX 3HaHUH. CTyAEHTHI BEChbMa HN30-
OpeTraTesbHBI, YTO XOPOIIO, HO MOIBITKY THCATh BUTHEBATHIN KOJI HEOOXOAMMO IIPECEKaTh.

Emg oqua BapmaHT — paboTa CTYACHTOB B PEATbHBIX MPOEKTaX OpraHU3AINi, HE IMEFO-
LIMX MPSIMOTO OTHOIICHHS K yueOHOMY mporeccy. Pe3ysbrar 3aBUCHT OT OpraHHM3alu, TJe
paboTaeT CTy/IEHT, OT XapakTepa MPOEKTa M PO B HEM cTyieHTa. OpraHn3anust ¢ BEICOKUM
YPOBHEM 3pEJIOCTH — XOPOIIast IIKOJIa, HO €€ TpeOOBaHMS K CTY/ICHTY OBIBAIOT 3aBBIILICHHBIMH.

HeOomnpmast nTnHaMUYHAS OpPraHU3anus, KOTOPast IPOM3BOANT HHTEPECHBIE TPOTYKThI —
BapuaHT BeChbMa IPHUBJIEKATEIbHBIN, HO CTYJICHT HepeIKo 3a0pachiBaeT yuély, 4To OOBIYHO
TIPUBOJINT K MIEYATBHBIM MOCIEACTBISAM. XyALIINN BapuaHT — PyTHHHAS paboTa, He TprOaB-
JISFOIAst 3HAHWH M CTUMYJIMpYIOIast HU3KOEe KayecTBo.

Ouenp HerIoXas abTEPHATHBA MPAKTHKE — Pa3paboTKa HEOOIBIINX, HO HYKHBIX TPH-
KJIaJTHBIX TIPOTPaMM B paMKax KypCOBBIX WJIM JUIUIOMHBIX paboT, 0 4éM, COOCTBEHHO, H
ynomuHan A. I1. Epmos. [Ipu aToM, pazymeeTcs, JOIDKHBI IBHO (POPMYITHPOBATHCS TPeOo-
BaHMS K KQUeCTBY. DTOT BapHAHT MOXKET YCIEIITHO COBMEIIATHCS C APYTHMH.

[TporpammupoBaHnE — TEXHOJIOTHIECKUH 3Tal, KOTOPOMY, B OTIIMIHE OT MPOYNX, MOXK-
HO JICWCTBHUTENILHO HAyuuTh cTyAeHTa [ 18]. Hy’KHO, 4TOOBI OH 4yBCTBOBAJI, 4TO TAKOE Kaye-
CTBEHHAs IPOrpaMMa, 3HaJl, YTO HACTOSIINI CICIMAIUCT 3ayMBIBACTCS O JOJITOH KU3HA
CBOETO U3J1eNNsl, KOTOPYIO 1aET, B YACTHOCTH, TAKOE CBOHCTBO, KaK «IPO3PaYHOCTH» KOAA.
Crenyet oTkazaThcs OT JEMOHCTPALINH PA3JIMYHBIX TPOTPAMMHBIX TPIOKOB, XapaKTEPHBIX
JUISL N3y4aeMOro alrOPUTMHUYECKOTO sI3bIKa: X HCIIOJIb30BAaHHE B pEalIbHBIX MporpamMmax
XapakTepHO, CKopee, sl aMOMIIIO3HOTO HOBHYKA, YeM JUIi npodeccronana. Ciemyer 00-
pamars BHUMaHie Ha CTWIIb HanucaHus nporpamM. OH, KOHEYHO, HE CHHOHUM KauecTBa,
HO BEPOATHOCTB JIYUIIETO KA4eCTBa IPH XOPOIIEM CTHJIC BBIIIE.

EcTh 0/1HO MHTEpECHOE NpeyIoKeHne, o KotopoM yrnomuHaet P. ['macc [3] u koTopoe
JOCTaTOqHO neTanbHo paccMmarpuBaeT B. 1. Kaypman [19]. OTo ncnonp3oBanue ombiTa
KJIACCHBIX MPOTPaMMHKCTOB, KOTOPBIE MO0 PA3HBIM MPUYMHAM YIIUIA U3 aKTHBHOTO [TPOrpam-
MupoBaHus. Pabora B 00macTn MH(OOPMAMOHHBIX TEXHOJOTHI — YA€ MOJOABIX, a TOT,
KTO TOJIYYHJI XOPOIIUH ONBIT M MPUOOPEN MacTepCTBO, HEOXKHMJAHHO OKa3bIBACTCS HE Y
nen. Monon&xe MPOXOIUT TEM JKe TTyTEM, JeTaeT Te JK€ OINOKHN, ¥ OTPACIh MPAKTHUECKH
HE pa3BUBAETCS KAUYECTBEHHO. POJIb «CTapUKOB» MPHU ATOM — JICIIUTHCS ONBITOM, KOTOPBIH
TIO3BOJIUT YIYYIIUTh KAPTUHY.

8. IINJIOI

MBI Bce 00pEUEHBI )KUTh B «IIH(PPOBOM» MUPE, OIH30BATHCS HEOCSI3aeMbIMH ITpEIMe-
TaMU, KOTOpBIE, TEM HE MEHEE, CYIIECTBEHHO BIMSIOT Ha KA4eCTBO XKU3HHU. MBI, Kak U ae-
CATh, U MATHAALATH JIET Ha3aJ CIPABEIIMBO BO3MYILAEMCS KOPSIBBIMU U3IEIINUIMU HALIUX
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rope-«alTHITHUKOBY. VIcTopust ¢ snmuaeMueid, u3-3a KOTOPOH MPUXOAMUTCS paboTaTh ya-
JIEHHO, 1OKa3ajia, YTo 3asiBICHHbIC aMOUIMH, ITPSIMO CKa)KeM, M OJIM3KO HE COOTBETCTBYIOT
peasbHON MOTPEOHOCTH B KayeCTBE MPOrPAMMHOI0 OOecreueH s, HalpuMep, Uil TeXHO-
JIOTHM MacCOBOTO JAMCTAaHIIMOHHOTO MPOBEJCHNS YUCOHBIX 3aHATHI. TeM He MeHee — BIy-
MaeMmcs. MaTepuaiibHbIe Opyausl TPyAa COBEPIICHCTBOBAINCH THICSUCIETHSIMH, MTOKa HE
CTaJIN SPTOHOMHUYHBIMH, TIOKA UX CO3/aTEIN HE TIOHIN OCOOCHHOCTH YEI0BEYEeCKOTO BOC-
TIPUATHS MHCTPYMEHTA. MIcTOpus pearbHOro B3aMMOICHCTBHS MacCOBOTO TTOJTE30BATEIS 1
HEMaTepPHaJIHbHOTO HHCTPYMEHTA HACUUTHIBACT OT CHITBI 40 j1eT. 3a 3T0 BpeMs KapAHHATBHO
M3MEHWINCH BO3MOKHOCTH TPEICTABICHUS WH(POPMALNHN, KaXKIBIH CICAYIONIHNA TPOPHIB
«OTpHULAET» NPEAbITYINE HAXOKHU, U IOHOE TOKOJIEHUE MAaCTEPOB HE yCIIEBAE€T BHUKHYTH B
(dyHaaMeHTaIbHbBIEC WICH MTPEBIIYIIEr0 TOKOJICHUS, YBIEKasCh BO3MOXKHOCTSIMH B yiepo
norpedHocTsiM. CTpemileHHe OBICTPO HANKCATh IPOrPaMMy M TI0Ka3aTh MUPY CBOE MacTep-
CTBO IIPOBOIMPYET HEKAYECTBEHHYIO paboTy, KOTOpasi, TeM HEe MEHee, HpaBUTCS aBToOpy. A
KOTJIa OH HaYMHAET [IOHUMATh CBOM OLIMOKH, OH BJIPYT CTAHOBHUTCSI «CTAPUKOM», U CIIC/Y-
IOLIAs TIOPOCIIb UAET MUMO IO TEM K€ rPadJIsiM.

Ho Hanexna, 4To moTpeOHOCTH OTHAXK B! Oy YT YCIIBIIIAHBI TEMH, KTO UIMEET BO3MOXKHO-
CTH, KHBET, U 3aJI0T 3TOT0 — TPY/ IPEToiaBaTeeii, MacTepOB U AEECIIOCOOHBIX BETEPAHOB.
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We consider the “ever-living” problem of software quality, which is even more acute
because software products are built into everything that can or cannot be. What is
meant by quality? What is its criteria? Is it possible to measure it? What hinders
quality and how to improve it?

Keywords: Software quality, quality standards, reliability, usability, security, quality
assessment, quality management, training in quality development.
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1. BBEJIEHUE

PazpaboTka criennaJn3upoBaHHBIX MH()OPMAIMOHHBIX CHCTEM JJIsl aBUAlMOHHOHM OT-
paciu SIBISICTCS TEXHUYECKH CIIOKHOM, HAYyKOEMKOH 3agadeid, TpeOyIommeil mpruBiIedeHus
BBICOKOKBATM(HIMPOBAHHBIX Pa3padOTYMKOB M 3HAYUTEIBHBIX (PHHAHCOBBIX PECYPCOB.

K uuciy Takux cucrem otHocutcst cuctema Electronic Flight Bag (nanee — EFB), mony-
YUBILEH MOLIHBII TOJYOK Pa3BUTHUS C IUUPOKUM PACIpPOCTPAHEHUEM IUIAHIIETHBIX KOMIIbIO-
tepoB ¢ 2010 rona, mpencraBisronias co00H BEICOKOTEXHOIOTHYHBIH ammmapaTHO-IPOrpaMM-
HBII KOMIUIEKC, U TIpeIHa3HAYECHHAs, ITPEKE BCETO, [UIS TIOBBIIICHHS CUTYaIl[MOHHOH OCBe-
JIOMJICHHOCTH ¥ TIOJUICP KK ITPUHATHS PELICHUH WICHOB JICTHBIX SKUIaXXeH, KaK B Iporecce
MOJTOTOBKH K 3aIlJIAHUPOBAHHOMY IOJIETY, TAK U HEMOCPEICTBEHHO IIPU €T0 BBIIIOJIHEHUU.

BeiiieykazaHHasi cucTeMa COCTOMT M3 MHOXKECTBA KOMIIOHEHTOB, BKJIFOYAIOIINX B Ce0s
ammnapaTHyIo wiaT(opMy, ONIEpariOHHYI0 CUCTEMY M IPOrPaMMHBIE TIPHIIOKESHUS, OPUCHTH-
POBaHHBIE Ha PEIICHUE ONPE/IENCHHbIX 33/a4, T.€. peaIU3YIOIIIe ONpe/IeTIeHHbIE ClICIHaN-
3upoBaHHbIe QyHKINM crcteMbl EFB, a Taxske psiia Ipyrux COCTABISIONINX, OMPEISIISIOIINX
B MTOTE KOHKPETHYIO KOHIIEIIIIMIO KOHKpeTHOH crcteMbl EFB B KOHKpeTHO# aBHaKOMITaHHH.
[Tpu 3TOM, pa3pabOTKOI1 ¥ MOCTaBKOI pa3HBIX KOMIIOHEHTOB OJTHOM M TOH ke cucteMbl EFB —
Kak allrapaTHbIX, TaK U IPpOrpaMMHBIX, MOTI'YT 3aHUMATbCA PAa3HBIC OPpraHU3allun.

HeCMOTpﬂ Ha TO, YTO NPAKTHYCCKHU BCC OTCUCCTBCHHBLIC aBUAKOMITAHUN BHCIPUIIU TC
WM MHble peanu3auuu cucreMbl EFB B cBoell MpOM3BOACTBEHHON IEATEIBHOCTH, KOM-
TIOHEHTHI YKa3aHHBIX CHCTEM B IIO/IABJISAIONIEM OOJIBIIMHCTBE CIIydaeB pa3paboTaHbl HHO-
CTPaHHBIMH KOMITAHHMSIMU U 00J1a/IaI0T MHOXKECTBOM HEJIOCTATKOB, B YHCIIE KOTOPBIX: OTIpe-
JieTIeHHble (PMHAHCOBBIE PUCKH B YCIIOBHUSX HECTAOMIBHOTO Kypca HallMOHAIBHOH BaJIOTHI
(mocKoJIbKY 1IeHBl Ha HHOCTpaHHOe oOopynoBanue U [10 npuBsi3aHbl K J0JJIapy U €BPO),
HemnoJHoe cooTBeTcTBUE pyHKIMoHana I[1O ocobeHHOCTAM pocCcHiiCKOl HOPMAaTHBHO-TIpa-
BOBOM 0a3bl, OTCYTCTBUE TTOAICPKKH POCCHIICKIX BO3IYIIHBIX Cy0B [1, 6].

Pa3paboTka oTeuecTBEHHBIX KOMIOHEHTOB cucTeMbl EFB ycnoxHseTces Tem, 4To B Ha-
CTosIIee BpeMsl OTCYTCTBYET B JIOCTATOYHOM Mepe CHCTEMaTH3MPOBAHHOE 1 MpopaboTaH-
HOE onHcaHue npeaMeTHoi obnactu EFB, orcyTcTByeT enynas TepMuUHOIOrHYecKas Oasa.
B Hacrosiieii pabote It pelieHns: yKa3aHHO# NpoOJIeMbl NpeuIaraeTcesi Co3JaHue OHTO-
JIOTHH, CIIOCOOHOM MOCITYKUTh (PYHIaMEHTOM YHH(DHUIIHPOBAHHOTO MMOAX0/a K pa3paboTKe
otedyecTBeHHBIX cucteM EFB, mo3Bossist OpICTpee U ¢ MEHBIIMMH 3aTpaTaMi PECYPCOB OCY-
LIECTBIIATH MX pa3pabOTKy U BHEAPECHUE.

Taxum 06pa3om, B yCIIOBHSIX OTPaHUYEHHOTO (PMHAHCHPOBAHNS U KPUZHUCHBIX SBICHUH
B HaI[MOHAJIBHOW M MUPOBOH 9KOHOMHKE, OCOOYIO aKTyaJbHOCTh IIPUOOpeTaeT npodiema
HaY4HO-TEXHUYECKOI'0 COMPOBOXK/ICHHS pa3paboTKK oTeuecTBeHHbIX cucteM EFB.

2. HIOCTAHOBKA 3AJAYA

Owronorust — 310 (GOpMaNbHOE SIBHOE OITMCAHHE TEPMUHOB TPEIMETHON 00JIaCTH U OT-
HOIICHUH MEXTy HUMH [2], CMBICIIOBas MOJIENh IPeAMETHON obactu [3].
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dopmManbHO MOJIEITb OHTOJIOTHH MOKET OBITH ITPEJICTABIICHA B BUE CIICIYIOIIETr0 KOpTexkKa:
SEFB =<X,4,R>,

rne X = {x, |i =1, ..., N} — KOHEYHOE€ MHOXECTBO TEPMUHOB MpPEIMETHOH 00JacTH,

MPECTABISIIONINX COOOM MOHATHUS, 00BEKTHI, KJIACChI, 00pa3yroiue onrooruto S, . (N —

EFB
KOJIMYECTBO TIOHATHH OHTOJIOTHH S, );

A= {a, =1, ..., M} — KOHEUHOE MHOXECTBO aTpUOYTOB MOHATHI (M — KOJIUUECTBO
aTprOyTOB, OMMCHIBAIOIIUX MOHATHS U3 X);
R={r k=1, .., L} — KOHEYHOE MHOXXECTBO OTHOLIEHUH MEMKTy TOHATHAMH (L —

KOJIMYECTBO OTHOIIEHHH MEX/TY TIOHATUSMH X, OHTOJIOTHH S,.).

OHTONOTHA HODKHA 00ECTICUYUTh CTAaHIAPTHU3AIMI0 TEPMHUHOJIOTHH W YHU(DUITUPOBAH-
HYI0 WHQOPMAIMOHHYIO OCHOBY ISl BCEX YYaCTHHKOB, BOBJICUCHHBIX B IPOIIECCHI pa3pa-
00TKH 1 BHeApeHus cucteM EFB.

B pamkax paGoThl TOCTaBIIeHa 33a1aua pa3pabOTKu O0IIeH OHTOIOTHU PEAMETHON 00-
nactu cucteM EFB ¢ onucanuemM KOHIENTYalIbHON MOJENN MPOrPaMMHOTO MPUIIOKEHHS
EFB n1s1 pacuera B3J1€THO-IIOCA/I0UHBIX XapaKTEPUCTUK BO3AYIIHBIX CYI0B.

3. OIMCAHUE OHTOJIOI'MHA

B kadecTBe 0a30BBIX KJIAaCCOB OHTOJNOTHH TpeaMmeTHoU obnactu EFB BBenem cienyro-

1[1€ MOHATHS:

e xiacc EFB, onpenensromuii annaparsyto peanusaunuio EFB;

e mporpammHoe obecrnieueHre EFB, onpenerstoriee yHkiwu, peanusyembie cucremoit EFB;

® JCTOYHUKH HMCXOAHBIX MAHHBIX — HCTOYHUKU JAHHBIX U I/IH(bOpMaHI/H/I, I/ICHOHBSyeMOﬁ
it peanu3anuu Qyukuuit EFB.

Cornacuo gokymenty ICAO Doc 10020 [4], o6opynoBanne EFB nenmnrces na aBa kiac-
ca: MIOPTaTHBHOE W yCTAHOBJICHHOE (T.€. sBIIIoNIeecs 9acThio KoHpurypannu BC). [Ipu
9TOM, ammapaTHbM obOecriedeHneM EFB mopraTwBHOTO Kilacca SIBISIETCSI DIIEKTPOHHOE
YCTPOICTBO, MpEACTaBIISIONIEe COOO0H MITAHIIETHRI KOMIBIOTED.

Wndopmanns u ucxonHsle JanHble, Hcnoib3yeMble B EFB, 10MmKHBI MOCTyIaTh TOJIBKO
13 opHUINATBHBIX UCTOUYHUKOB. J{71st HOHSTHS «VICTOYHUKHM MCXOIHBIX JaHHBIX» BBEJCHBI
KJIACCHI, ONPE/IEISIONINE OpraHu3aliy, pabOTHUKOB U OOPTOBBIC CUCTEMBI, SIBIISIOIINACCS
o(uIHMaNbHBIMK MTOCTABIIMKAMHU M UCTOYHUKAMHU MH(GOPMAIMU ¥ JTAaHHBIX, UCIIOIb3YEMbIX
JIeTHBIMU SKunaxamu B EFB npu noaroroBke k noJjieTy u npu €ro BbIIOJHEHUHU:
®  (YIOJHOMOYEHHBIH JINLEH3UPOBAHHBIN a3POJIPOMHBII METEOPOJIOTHUECKUN OPTaH»;
®  (MEXIYHApOJIHBIA OAHK METCOJAHHBIX);

o «Dumman [HAU ®I'YII I'ockopriopanus o OpB/l», Bkirodaromuii moakiace «basa as-
poHaBuTaMOHHBIX MaHHBIX APHA JI»;
® (INICH3UPOBAHHBINA TOJETHBIN TUCIIETIEP), BKIIOYAIOIINN TOUepHUH 00BEKT «pabdo-

YHH TJIaH TT0JIeTa;
® «HA3eMHas CIIyk0a a3popoMay, BKITIOYAIONINI TOYEPHNI 00BEKT «CBOAHO- 3arpy304-

Hasi BEIIOMOCTbY;

e «OoproBoii komibroTep BC»;
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e «mpous3BoauTenh BCy, BKItoUaromuii 1ouepHuii 00beKT «PyKoBOICTBO 1O JIETHOH dKC-
TUTyaTaliy BO3YIIIHOTO CyIHAY;
® «AaBHAKOMIIAHHS», BKIIOYAIONIHIA J0UYEPHUE O0BEKThI «yTBEPKICHHBIN PocaBuariueit
MEL» 1 «I1ONUTUKY aBUAKOMITAHUNY.
B xauecte kacco nousaTus «IIporpamMuoe obecrieuenne EFBy BricTymaroT ciemyro-
e ¢pyaknun EFB, peanmsyeMbie KOHKPETHBIM ITPOrPaMMHBIM MTPHIIOKCHUEM:
® 3JIEKTPOHHAs Cy/10Basl JOKyMEHTALMS,;
® DJEKTPOHHBIN pabounii iaH moneta (OFP);
® 3JIEKTPOHHBIE A3POHABUTALIMOHHBIE KAPThI U CXEMBIL;
® pacueT B3JIETHO-NOCAJOYHBIX XapaKTEPUCTUK BO3AYIIHOIO CyJIHA;
® pacueT LEHTPOBKH BO3YIIHOIO Cy[IHA.
st onucaHusi KOHLETITYalIbHOM Moieu mporpaMMHoro npuioxkenust EFB, peanu3y-
oniero (pyHKIMYM pacyera B3JIETHO-IT0CaI0UHBIX XapaKTEPHUCTHK BO3AYIIHBIX CY/I0B, ObLIH
BBEJICHBI CIICYIOINE CYIIIHOCTH:
e (a3a JaHHBIX;
B3JICTHBIC XapaKTEePUCTHKH;
[10Ca/I04YHbIE XaPAKTEPUCTUKH;
(hakTHUECKHE SKCIUTyaTallHOHHBIC YCIOBHUS;
JKCIIEpTHAs CUCTEMA.
Baenewm cnemyromue KJIacchl H aTPHOYTHI CYIIHOCTH «0a3a JaHHBIX:
1. Atpubytsl k1acca « MEL»:
a. Homep nmynxra MEL.
b. Ommucanue mynkra MEL.
2. Kiacc «aspoHaBuranioHHasi ”HGOpMAaIKs BKIIOYaeT B ceOsl:
a. arpubytel «MKAO-kon asponpomar, «MMATA-kon a’spoapomMay, «HAUMCHOBAHUC
a’pOoJIpOMay, «IPEBBILIICHUE a3POAPOMay, a TAKKE
b. moaxnacc «Unenrtuduxarop BIIID», Brimtodaromuii B ce0sl, B CBOIO 04epe/ib, aTpH-
OyThI koHKpeTHOU BIIIT — 3asiBNeHHBIC JUCTAHIIUN, KypC U YKIIOH.
3. ATpuOyTHI KJacca «BO3AYIIHOE CyTHOY:
Boprogoii Homep BC.
Tum BC.
ITonoxenust 3aKpbUIKOB.
PexwMbl paboThI TBUTATEIS.
PexuMbl TOpMOKEHHUS.
BBeznem arpuOyThI 1Sl OIIMCAHUS CYITHOCTH «B3JIETHBIE XapPaKTEPHUCTHKI:
CKOpOCTb NPUHSTHUS PELICHUS;
CKOpOCTh MOABEMa NEePeJHEN OMOPHI 1ACCH;
Oe3oracHasi CKOPOCTh B3JIETa;
MaKCHMAaJIBbHO JOIyCTHMAas B3JIE€THAs Macca.
Bgenem atpuOyThI U1 OMTUCAHUS CYIITHOCTH «IIOCAJOYHbBIC XapaKTePUCTHKID»:
CKOPOCTb 3aX0Ja Ha IIOCAJKY;
® MaKCHUMAaJIbHO JOIyCTUMAas [10Ca04Has Macca.

o pe oe
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Jnst ormucaHust CYITHOCTH «(aKTHUECKHE IKCIUTyaTallMOHHbBIC YCIOBUS» BBEJCH aTpH-
OyT «¢aktudeckas macca BC» m Kitacc «aBHAIIMOHHBIE METCOPOJIOTUYECKHUE TAHHBICY,
BKITIOYAFOIIUH B ce0sI CIICAYIOMIIE aTPUOYTHI:

e J[aBJIEHUE HA a3POJPOME;

e HampaBJICHHE BETPa,;

® CKOPOCTBH BETpa;

e TeMmIepaTypa BO3AyXa Ha a’dpoJipoMe;
o kodddumnuent cueruierns BIIIT.

e cocrosiHue nosepxuoctu BIIIL.

Jlnist onmcaHust CYIIHOCTH «9KCIEPTHAsI CHCTEMay BBeJIeM Kilacc «0a3a 3HaHMI», BKITIO-
yaromuii B ce0s moakmaccsl «mpasmwia MELy, «mpaBriza pyKoBOJACTBa IO JIETHOH IKCILTY-
atanuu BC» u «ipaBmiia SKCILTyaTaHTay.

4. OHTOJIOrMYECKOE
IPEJACTABJIEHUE B CPEJE PROTEGE

OHTONOTHS TIPEIMETHOW 00JIACTH CO3aBajiach C MPUMEHEHHEM IPOTrPaMMHOTO obecrie-
yenus Protégé Bepcum 5.5.0, MOCKONBKY JAHHBIA PEIAKTOP COIMPOBOXKIACTCS OOMIMPHON U
JICTAIBHON JIOKYMEHTAIMEeH, OIeP)KMBACTCSI 3HAYUTEIIBHBIM COOOIIECTBOM, COCTOSIIUM 13
Pa3pabOTYMKOB U YUEHBIX, PABUTEIBCTBEHHBIX M KOPIIOPATUBHBIX MOJIb30BATENCH, HCITOIb3Y-
FOIIMX €T JUTS PEIICHHUS 3a]1ad, CBA3aHHBIX CO 3HAHUSIMH B TAKUX Pa3HOOOPA3HBIX 00JIACTIX,
KaK OMoMeanIMHa, cOOp 3HAHMI U KOPIIOPAaTHBHOE MOJICIMPOBAHKE, & TAKKE JOCTYICH ISt
CBOOOJTHOTO CKaYMBAHMS C OQUIHAIBLHOTO CaiiTa BMECTE C IIArHHAME M OHTOJIOTHSIMHE [S].

* 8 Knacc_EFB e

[ RRr— | [oree—] e
—trs_|

— = == | = (o] = 1 T e
e @ Nporp _obe ” —pr
§ owiThing cnevesine_EFB e ; =

* @ Mcroummio_nexon 8 Skt =
i i

Puc. 1. Dpacmenm Puc. 2. Dpacmenm
OHmoR02UYecK020 npedcmagierus (1) OHMONO2UYECK020 npedcmagietus (2)

[Momy4deHHsbIi pe3ynbTar (hopMaIn3alyi OHTOJOTHH B cpene Protégé mpexncrabiieH B
Buzie rpada Ha pucyHkax 1,2 u 3.
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Puc. 3. I'pagh onmonocuueckoeo npeocmasnenus: npedmemuou oonracmu EFB

5. BAKVIIOYEHHUE

[IpuMeHeHne OHTOJIOTMYECKOTO IMOX0Ja MO3BOJIMIO OMHMCATh MPEIMETHYIO 001acTb
cucreMm EFB, a pa3zpaGoranHas oHTONOTHS OBIIa YCIENIHO HCIIONB30BaHA B Pa3paboTKe
nporpaMMHoro npuiioxxenust EFB juist pacuera B3/1€THO-1IOCAI0UHBIX XapaKTEPUCTHK BO3-
JYIIHBIX CYZOB, pACCMOTPEHHOTO B [7-9].

PaccMoTpeHHast OHTOJIOTHS B JajbHEHIIeM OyeT paciIupeHa 3a c4eT BKIIOUCHHUS J10-
TIOJTHUTEIBHBIX KJIACCOB M CYLIHOCTEH, BBISBIICHHS U YCTaHOBJICHUS IOTTOJIHUTENIBHBIX 3a-
BHCHMOCTEH MEXly HUMH, YTO B KOHEYHOM HTOTE MO3BOJIUT CHOPMHUPOBATH (DyHIAMEHT
KOMITJIEKCHOTO YHU(DHIIMPOBAHHOTO MOJIX0/Ia K pa3paboTke oTeuecTBeHHBIX cucteM EFB,
103BOJISISt OBICTPEE U C MEHBIIMMHU 3aTpaTaMU PECYPCOB OCYIIECTBIISITh KaK UX pa3paboTKy,
TaK ¥ BHEJIPEHHE.

duHaHCHPOBaHHE

Pabora BrimosHeHa npu nojepxke rpanta POOU npoext Ne 18-00-00012 (18—-00—
00011) KOMDMU.

162



Melnichyuk A.V., Sudakov V.A.
Application of an Ontological Approach to Process of Development and Implementation...
Modelling and Data Analysis 2020. Vol 10, no. 1.

Jumepamypa

1. Menvnuuyk A.B., Cyoaroe B.A. IIpennocbuIky CO3/1aHMsI CHCTEMBl aBTOMaTH3UPOBAHHOIO pac-
yéTra B3JICTHO-TIOCAI0YHBIX XapaKTEePUCTHK BO3AyIIHOrO cyaHa // ['arapuackue utenus — 2016:
XLII Mesxxynapoanast Mosoa&xHast HayqHast KoHpepeHnus: COOpHUK TE3HCOB JOKIanoB: B 4 1.
M.: MockoBCKMii aBHaIMOHHBIN HHCTUTYT (HalmoHambHBIH HCClIe10BaTeNbCKUI YHUBEPCUTET),
2016. — C.428-429.

2. Gruber T. A translation approach to portable ontology specification // Knowledge Acquistion. —
1993. - Vol. 5. - P.199-220.

3. Cmupnos C.B. OHTONOTHH KaK CMBICIOBBIE Mojein // OHronorust npoextuposanus. — 2013. —
Ne 2(8). — C.12-19.

4. ICAODoc 10020 «PykoBOACTBO MO 3MEKTPOHHBIM ToieTHbIM ImraHmeTaMm (EFB)» — 2016 //
[smexTponnsli pecypc] — Pexmm moctyma — URL:http://dspk.cs.gkovd.ru/library/viewitem.
php?id=1082 (nata obparuenus 20.09.19).

5. O¢wunmanbHblil callT coobmiectBa Protégé // [anexTponHsIit pecypc] — Pexxum moctyma — URL:
https://protege.stanford.edu/ (nara o6pamenus 20.03.20).

6. Menvuuuyx A.B., Mapyeniox E.A. Ilpennocsiikn co3panust DC uis onpeneneHust TpedyeMbIx
XapaKTepPHUCTHK Iporecca BaneTa/mocaaku BC B 3aBHCHMOCTH OT HOTOHBIX YCIOBUH M KOHKPET-
HBIX TIaPaMETPOB B3JIETHO-TIOCATOYHON 1moJock // 16-1 MexayHapoaHas KoHhepeHIHs «ABHa-
s U KocMoHaBTHKa — 2017»: COopHUK Te3ucoB okaanoB, Mocksa: Tunorpadus «JIrokcopy,
2017. - C.174-175.

7. Menvnuuyx A.B., Hecmepog B.A., Cyoakos B.A., Ceinano K./. Pa3paboTka S5KCIIEpTHON CUCTEMbI
UIeKTPOHHOTO u1annrera eranka (EFB) s onpenenenus pannoHaabHBIX XapaKTEPUCTHK IPO-
LIECCOB B3JIETa U TOCAIKU BO3AYIIHBIX cyIoB // 11-1 MEKXIyHapOIHOH KOH(EpeHIH «YIpaB-
JICHWE pa3BUTHEM KpymHoMacmTaOHbIX cuctem» (MLSD’2018): Tpyasr konpepenuuu, B 3 T. —
Mocksa: UITY PAH, 2018. - T.2. — C.310-316.

8. Menvnuuyx A.B., Hecmepos B.A., Cyoaxoe B.A., Ceinano K.H. Pa3paboTka TpPUIOKEHHUS IS
OIIpEeIeNICHHs] PALlOHAIBHBIX XapaKTePUCTHK MTPOLECCOB B3JIETA U MOCAIKH BO3AYIIHBIX CYI0B
C IpUMEHEHHEM JKCIepTHOH cucteMsl // EskexBapTalbHBIA HaydHBIH XKypHAT «DICKTPOHHBIC
rHpOpMaoHHbIe ciucTeMbl». — MockBa: AO «HTL DJIMHCy», 2019. Ne 1 (20). C.63-72.

9. Menvnuuyx A.B., Hecmepog B.A., Cyoakog B.A., Cuinano K.[. PazpaboTka mporpaMMHOTO TIPH-
JI0KEHMS TIJIAHIIETHOTO KOMIBIOTEPA ATl ONPE/IENICHNs] TapaMeTPOB B3JIETa U TTOCAAKU BO3YI-
HbIX cynoB // Tpyast XIII Beepoccuiickoro coBemnanus 1o mpodiemam ympasienus. C.940-945.

163



. Meavnuuyk A.B., Cydakob B.A.
[TpuMeHeHVIe OHTOJIOIMYECKOTO TIOXO/IA K IIPOIieccy pa3pabOTKy 1 BHEIPEHVIS CUCTEM. ..
Mopenposanue n anainm3s gaHHbIx. 2020. Tom 10. No 1.

Application of an Ontological
Approach to Process of Development and
Implementation of Electronic Flight Bag Systems

Melnichyuk A.V.*
Moscow Aviation Institute, Moscow, Russia,
e-mail: alexander.melnichyuk@gmail.com

Sudakov V.A.**

Moscow Aviation Institute, Moscow, Russia,

Keldysh Institute of Applied Mathematics, Moscow, Russia,
ORCID: https://orcid.org/0000-0002—1658—1941,

e-mail: sudakov@ws-dss.com

The paper considers application of an ontological approach to development and
implementation of Electronic Flight Bag information systems (EFB). An ontology of
EFB systems’ subject area with description of a conceptual model of EFB software
application for take-off and landing characteristics calculations of aircraft has been
developed. The ontology was formalized using Protégé software.
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MooOuiabHoe npuinoxenue DiaPsy
JJIAl yJIyYIIeHUsI CAMOKOHTPOJIA 11adera u
MCUXO0JIOTHYECKOM MOJAePKKH JIKel
¢ caxapHbIM auaberom 1 Tuma

Mocun U.C.*
MITTIITY, MockBa, Poccus
e-mail: lossdemoss@gmail.com

B crathe ommcaHBI CHCTEMHBIC PEHICHUS W IPUHIUIBI TOCTPOCHHUS MOOWIBHOTO
NPUIOKEHMS ISl JIFO/Iel ¢ caxapHbIM JuaberoM | THma, KOTOpble 00eCIeYrBarOT
peuieHne TpoOIeMBl OpraHU3alUU JHEBHHKA CAMOKOHTPOIS, BHU3YyalIH3allHH
MOKAa3aTelis caXxapa OTHOCUTEIILHO BPEMEHH, pacuéTa XJICOHBIX SAMHUIL M OPraHH3aluH
TICUXOJIOTMYECKON MOIIEPIKKH.

Knrwouegvie cnosa: Indopmannonnas cucrema, HHGOPMaLOHHOE 00ECIIEUCHHE, MO-
OUIIbHOE IPUIIOKEHHUE, OpraHu3alyst 0a3 TaHHbIX, CaXapHbIi 1uader | THa, THeBHUK
CaMOKOHTPOJISI, TICHXOJIOTHYECKas! MOAACPIKKA.

1. BBEJIEHUE

Caxapnprii tuader | THma — XpOHHYECKOE HEU3ICUNMOe 3a00NIeBaHIe, XapaKTepH3y-
olIeecs TOBBIIICHHBIM COJICPKaHUEM caxapa B KPOBH, KOTOPOE BO3SHHKACT B PE3YJIbTATE
pa3pylLleHus: KIETOK MOJKEITYA0YHON jKele3bl, CUHTe3upyomux nuacyiut [3]. B Poccun
Ha Havano 2018 roma mo manHBIM DenepaibHOTO PErHCTpa CaXapHOTO AradeTa HACUUTHI-
Baetcs 4,5 MJIH. IAIIMEHTOB C JHAa0CTOM, M3 HAX OKOJIO 256 THIC. — C CaXapHBIM JHa0CTOM
1 Tuna (Janee — CJ1 1 Tumna), a gereit u moapocTkoB — 0koiio 33 Thic. [1]. Jleuenue CJI 1 Tuna
npesmnosiaraet 3pGEKTUBHBIN CaMOKOHTPOJIb MAMEHTA U TPABIIIBHBINA OI00p HWHCYJIMHA.
IIpu HeperymsipHOM CaMOKOHTPOJIE M HU3KOW MPUBEPKEHHOCTH K JICUCHUIO BO3HUKAIOT
CePhE3HBIC OCIOKHEHHSI, KOTOPBIE CHUKAIOT KAYeCTBO KU3HU U BIMUSIOT HA €€ MPOI0IIKH-
TeTbHOCTh [4]. HeManoBa)KHO W MICUXOJOTHYECKOE COCTOSTHUE YEeJIOBEKa, KOTOPOE MOXKET

Jlns uuTaThI:

Mocun H.C. MobunsHoe npuioxenue DiaPsy mis yiydileHHs caMOKOHTpOJs auadera
NICUXOJIOTHYECKON MOUICPIKKH JIFoJei ¢ caxapHbIM auaberoM 1 tuna / MopenupoBaHue u
agaym3 gaHubex. 2020. Tom 10. Ne 1. C. 166-175. DOI: 10.17759/mda.2020100111

*Mocun Hzopb Cepzeesuu, ctynient 1 kypca, MOCKOBCKHUI TOCY1apCTBEHHBIN IICUXO0JIOTO-TI€aroru-
4yeckuil yHuBepcuret, Mocksa, Poccus, e-mail: lossdemoss@gmail.com
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OBITh HECTAOWIBLHBIM B TIPOIIECCE MPUHSATHS OOJIC3HU W TPHU JUIUTCIFHOM CTaXe auadera.
IToapocTky u ero ceMbe He0OX0IMMa TICUXOJIOTHYECKas MOAIePKKa JIJIsl aAanTaluy K HO-
BBIM YCJIOBHSIM JKHU3HU C THA0ETOM U MTOCTEICHHOTO BBIXO/a U3 KPU3UCHOM cuTyanuu [2].
Moutofple JIFOIU SIBISIOTCS aKTUBHBIMHU TOJIB30BATESIMA MOOMIIBHBIX MTPHJIOKEHUN B CBO-
eil moBcenHEeBHOH Xn3HU. [loaToMy mzues pa3paboTKH MPHUIIOKEHUS, TIPU3BAHHOTO YIIyd-
1aTh SMOIMOHATIBFHOE COCTOSIHUE U TOAICPKUBATH MOJIOJIBIX JIFOACH ¢ caxapHBIM nuade-
TOM | Tuna Ha JKU3HEHHOM IIyTH, KpaliHE aKTyaJlbHa.

Moeii cectpe Anéne 21 rog. OHa IHIIET CTUXH, KAPTUHBL, YIuTcs Ha 4-oM Kypce B MITI-
[TV, Benér Onor B Instagram, 3aHuMaeTcs TaHaMu. Kakaplif IeHh OHA CIICAUT 33 KOJIUYe-
CTBOM caxapa B KpOBH, BBICUUTHIBaCT XJIcOHbIC eaquHUIIEI (nanee — XE (1 XE = 10-12 1. yrue-
BOJIOB)) M €IMHUIIBI MHCYIMHA. CaxapHbIil 1uadeT — 0/THa U3 YacTel e€ KI3HHU, M OHA OTHIOTh
He npocra. Korya s Hayaia HHTEepecoBaThCsl TEXHOJIOTUSIMH, ST 3AMETHII, YTO OOJIBIIIUHCTBO 3
MTOBCETHCBHBIX 33124 uesioBeka ¢ CJ1 1 Tuna hopMaan3yeMbl v UX PEIICHAE, KOTOPOE IIOMOT -
JI0 OBI JIFOJIIM BECTH THCBHUKHU M BBICUUTHIBATH YIJICBOJIbI, BIIOJHE BO3MOKHO PEaIM30BaTh
B KaKOM-JI0O0 MPOrpaMMHOM MpoAyKTe. OYeBUIHO, YTO TAKOE MPUIIOKEHUE TOJHKHO BCeTia
OBITh MMOJT PYKOM, HO TIPU ATOM UMETh IOCTATOYHO MOIIHBIN U TIPOCTOH B oOpaieHnu HyHK-
nuoHal. EAWHCTBEHHBIM I1e5IeCO00pa3sHbIM pelIeHHeM OyAeT pa3paboTka moj| MOOMIEHBIC
ycrpoiictBa. Tak poawack uaest co3aanus mpuiiokerns DiaPsy.

2. AHAJIN3 PBIHKA ITPUJIOKEHUM

Ha MoMeHT 3aposkieHus HJIeH Ha PhIHKE OblIa MpeICTaBICHA Macca IIPOrpaMMHBIX pe-
IICHAN A1 MOOWIIBHBIX YCTPOUCTB. J[s meTanpHON XapaKTepHCTUKH HEKOTOPHIX ITOIY-
JISPHBIX TMPUIOKESHUHN AJIS JTFO/IeH ¢ caxapHBIM nTuabeToM ObLTa pa3zpaboTaHa CPaBHHUTENb-
Has Tadauma.

Basa | fpbaenerne | Kanbkynatop | PACUMpenbe [Busammaaumal goo o
MennoxeHme Kj;‘:’f;f:;ng faKHbX | cofeTeken: | pacouETa | MACTRORKM | ASFHEE oy imoiaanin ©ELLE CTOMMOCTE| e nocTarin
npo, TOB MCHOOHEH M pammbl, EOIMOHOCTH
NPpOayKTOE P Oy Gonwca T e W TRAHCAALMK
o
XEwka - - - - - - - dyHELMOHER
MEABUMHCK 3A EEEmmETE
noAAepKEa
Eaza pasnmuHen 16489 BElcokan
Diabetes:h + - $ + + % - I | L |orenriatm,
pyBnen e
KOPGTKMX HHCYIMHOB
npoaykToE
BricokaA
CTOHMBETE, HeT
- rpoBoi, 2265 TRAHCAAUNH
vow %S S S 3
KoHTEHT W BBEAEHHA
HCHDAHBE
AAHHEIR
HeT Basel
MHTERaK THEHEIR nﬂUﬂVKTDEJ
Diaheter + - = + $ $ % oByawuye craton | 2000 HEYOBHEI
<llizona Auafeta, | PYONew KanekyNATOR
paccuETa XE 1
Sonioca
8 Gaman noporas
Glucose Buddy (Reeey nonnncka, Her
Diabstes + + + + MKMRGBaHHOTD b
Tieek - remMomoBiHa 4190 |[CMHXpOHWEALMK
racker e pyfinen | M TRAHERALMM
EEICTREIA NOWCK N0 OcmyteTsie
AvaBeTCTyanA o o - + + + + TEFEM, JHUEATEHEIR | BesnnaTia| T ORT
paccusT Bonoca
npoayeTos
Mewsenomyeckan
=+ = NOAaepoKE 3,
DiaPsy + + + KanbkynATOR HE, | DEENAATHe
MEHH PECTOPAHOE
© XE

Puc. 1. Cpasnumensnas mabauya moounsbuslx npuiodicenuil oas modeu ¢ G/ 1 muna
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CpaBHUTEIBHBII aHATU3 MO3BOJIMI BBISBUTH OCHOBHBIE HEJIOCTATKHU, KOTOPBIE 5 y4en Mpu
pa3paboTke cBoero ImpoekTa. Tak, Hi B OTHOM 13 IPIJIOKEHNI HEeT W3HAYaIbHO 0a3bI MPOIyK-
TOB, YI0OOHOTO KaJIbKYJIATOpA pacyeTa XJIeOHbIX eUHHLL. Takke He BCTPETHIIOCH TPUIIOKCHHH,
KOTOpBIE OKa3bIBAIOT IICHXOJIOTHYECKYTO MOACPKKY B IPHHITHN TPOOJIEMBI M KM3HH C THade-
ToM. K Tomy e, MHOTHE (DYyHKIINH MPUIIOKEHUH HE TIPEIOCTaBIISIOTCS OECIUIaTHO.

3. ©OPMAJU3ALIUSA 3AJAUU

HeBo3MOkHO OBLIO TIEPEHTH K CO3/IaHUI0 KaKOro-Tr00 MpoykTa 0e3 BhIACIEHUS Ka-
JKTOTHEBHBIX TIoTpeOHOCTEeH yenoeka ¢ C/I | tuma. Mtak, paccMOTpUM JaHHBIE TOTPEO-
HOCTH ¥ UX BO3MOJKHBIE TEXHUYECKHE PEHICHHS C TOMOIIBI0 (DYHKIHIA Oy TyIero MoomIb-
Horo npunoxenus «DiaPsy»:

1) Benenue mHEBHHKA CAMOKOHTPOJIS. DIEKTPOHHBIN JHEBHUK CAMOKOHTPOJIS TIO3BOJIET
OBICTPO BHOCHUTH U COXPaHATH AaHHbIE (Caxap KpOBH, €AMHHUIIBI JITHHHOTO U KOPOTKOTO
nHCynuHOB, XE) B 000 MOMEHT, KOTOpbIe HEOOXOIUMBI AUAOCTHKY JUIsi KOHTPOJIS
KOMITCHCAIH ¥ CBOEBPEMEHHON KOPPEKIIUH HHCYJIHHOTEPAIIHH.

2) BeicunrtsiBanue XE npu npuéme numnm. CrerpansHast popma aist Beraucienus XE, co-
ennHEHHAA ¢ 623011 JaHHBIX coaepxkannsi XE B MPOIyKTax, MO3BOIUT OBICTPO B YIOOHO
paccuutats XE B mopuuu.

3) s rounoro nojcuéra XE HEoOX0MMO ros1araThbesi Ha CrielMaibHO pa3padoTaHHbIE Ta-
OMIBI XJIEOHBIX €IUHULI, HO Yallle BCEro, B HUX HET CI0XKHBIX OII01 M KojauuecTBo XE
B HUX MPUXOANTCS BHICUUTHIBATH CAMOCTOSITENIbHO. He00X01MMO co31aTh CTPYKTypHpPO-
BaHHYI0 023y TaHHBIX O copepkaHuu XE B OCHOBHBIX ITPOIYKTaX, BHECTH B HEE MEHIO He-
KOTOPBIX CETEBBIX pecTopaHoB ¢ rojcuéTom XE B Omrozie, a Taxke co3/1aTh CleHATbHYIO
(dbopMy Juist 10OaBIICHHS TIOJIb30BATENEM JIaHHBIX O cojiepskanu XE B HOBOM MPOJIyKTE.

4) Heo0xoamMocTh B HAaOIIOIEHUH TEHICHIINH KOJIeOaHUs caxapa B TSUCHUE [THS WIIH He-
CKOJIBKMX CYTOK JUISi ONTHMH3alUH WHCYJIUHOTEPANNH U CBOCBPEMEHHOW KOPPEKIMN
BBICOKHX WJIM HU3KUX 3HaueHWH. Busyanu3upoBarh JaHHBIE MOYKHO TP TOMOIIH I'pa-
(uKoB (raukeMuueckux npoduiieil / «caxapHbIX KPUBBIX»), HA KOTOPBIX OYIyT HArJIsi -
HO TIPE/ICTAaBIICHBI KOJIeOaHUs caxapa KPOBH OTHOCHTEIHLHO BPEMEHH.

5) HyxXna B ICHXOJIOTHYECKON MO/IIEPKKE B CBSI3M C XPOHUUECKUM 3a00ieBaHeM. Moxk-
HO peajM30BaTh MPU MOMOIIM pa3MEIIeHHs CTaTeil Ha TeMy IICHXOJIOTHU Juadera u
CCBUTKA Ha CTPaHMILY TICHXO0JIOTa, Ha KOTOPOi MOYKHO 33/1aTh BOIPOC CIIEIIAAIUCTY.

Ha stame pa3paboTku koHIenTa Obiia chopMUpOBaHA CIIEAYIOMIast TAOINIIa OCHOBHBIX
AKTUBHOCTEH TPHIIOKEHUSL:

Tabmuua 1
DOyHKIMU MOOMJIBLHOTO NpuJiokeHusi DiaPsy
OcHOBHasl aKTUBHOCThb DYyHKUHT
v BBox u coxpaHeHHe 3aMepoB caxapa KpPOBH B 0a3e JaHHBIX
JIHEBHUK CaMOKOHTPOJIS v B03MOXXHOCTB y1aJIeHuUs 3al1CH
v IIpocmoTp 3amuceii AHEBHUKA B YI00HO# hopme
v T'paduk 3aMepoB B PEKUME PEATLHOIO BPEMEHH
CrarucTuka pag p P P p N
v/ DYHKIUS HATOKEHHS TPAPUKOB TIIMKEMHUYECKUX Tpoduieii 3a 3 aus
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OcHoBHAasi AKTHBHOCThH

DyHKUHMH

baza npoaykros

v’ CoprupoBanHas 6a3a IpoayKTOB

v BO3MOJKHOCTB 7100aBJIATh B IAMSTh 6a3bl JTHOObIE TPOLYKTHI

v Kanekynsrop pacuera XE

v/ Basa 6111011 ceTeBbIX pecTopanos (¢ konuuectsoM XE B nopim)

IIcuxonornueckas
MO ICPKKA

1 peuent «Kak npuaaTh 11a0eT?»

2 peuenrt «I[louemy S1?»

3 peuent «CTOWT JIM CKPBIBATH AUA0ET OT OKPYIKAIOIIUX ?»

4 penent «Kaxk cka3arb 0 cBoeM anadere OKpyKarommm?»

5 peuent «Eciu Thl ycTal...»

6 peuent «CBo0OoIa — pasyMHast OTBETCTBEHHOCTEY.

7 peuent «Ha kaxxplii 1eHbY.

v/ AKTHBHAsl CCBUIKA Ha CTPaHMIly aBTOpa CTareil, BO3MOXHOCTbH
3a/1aTh CBOM BOIIPOC MCHXOJIOTY OHJIAH.

4. TIPOI'PAMMHOE PEHIEHHUE

Kaxayro (yHKIHIO MOOMIBHOTO MPHIIOKCHHS PEIICHO OBLJIO BBIHECTH B OTHCIb-
HBIe OKHa TpmiIokeHus (Activity) /i ymoOCTBa MOJIB30BAHUS W MEPEKIIOUYEHUS MEXK-
ny ¢yukiusMu. Tak, B HaBUralnoHHOE OOKOBOE MEHIO ObUTH BHECEHBI pasjielibl: J[HeB-
HuKk (ZamerListActivity), Cratuctuka (Stats), Ilcuxonorms (Psychology), Menio XE
(BUMenu), 3agats Bonpoc nicuxoiory (Question), a Taxke TOMOIHUTEIbHBIE pa3nensl: 00
aBTope crareit (AboutSpec), Ot pazpadorunka (Thanks).

Juist Gostee OHATHOTO OMHUCAHUS IPHHITUTIOB PA0OTHI PHIIOKEHUS U CBSA3U MEKIY €TO
9JIEMEHTaMH ObUIA TOCTPOEHA CTPYKTYpPHAs CXeMa, 0TOOpakaromias Co3laHHOE IIPOTPaMM-

HOC pCIICHUC.

SplashActivity

Puc. 2. Cmpyxmyphas cxema mobuibH020 npuiodicenus
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3enEHbIM MoKazaHbl Activity MPUIIOKEHNUS, PO30BBIM — (parMeHThI (IIPSIMOYTOJIbHUKOM
BHYTPHU TIPSIMOYT'OJIbHMKA MOKa3blBaeTcsl yaepskanue/ynpasienue (inflation) ¢parmenra
pu oMoIH Activity), OpaHXeBbIM — BCIIOMOTaTeJIbHBIC KJIACChl MPUIIOKEHHS (T. H. Ja-
6oparopun/padprkn) 1 0a3sl JaHHBIX, TYyTH MIepeaaddl HHPOPMAIIUN TOKAa3aHbI YEPHBIMH
JTUHUAMM. J{JIs JTydmero MOHUMAaHUS CTPYKTYPBI NPUIOXKEHHUS, B CKOOKaX WIIM B TEKCTE
Oy/lyT yKa3blBaThCsl HA3BaHUSI JJIEMEHTOB TaK, KaKk OHM 0003HAYEHBI B CTPYKTYPHOH cXeMe.
CKpHHIIOTHI IepeHeceHb! B [IpuiioxkeHue.

[Monmp30Batens, 3alIeAmiero B MPIJIOKCHHUE, BeTpedaeT 3actaBka (SplashActivity) c
AQHUMHUPOBAHHBIM NepcoHakeM DiaPsy, HaJl HUM MOSBIIAETCS OJJHA U3 25 3aJI0)KSHHBIX MO-
TUBAIMOHHBIX (hpa3 (puc. 3), KOTOPbIE CIOCOOCTBYIOT ONTHMUCTHIECKOMY HACTPOIO YEII0-
BEKa B TCUCHHUE JHS.

[lo 3aBepuIeHHIO 3aCTaBKU OTKpbiBacTcs Activity JIHEBHHKA CaMOKOHTPOJIS
(ZamerListActivity), KOTOpBIi, B 3aBUCIMOCTH OT IIYCTOTBI 0a3bl 3aMEPOB, MOKA3bIBACT UH-
CTPYKIIMIO O CO3JaHUHU HOBOTO 3amepa (pHc. 4) UM CIIUCOK BHECEHHBIX 3aMepoB (puc. 5).

~ = HEBHWK CAMOKOHTPO... -+ = €BHWK CAMOKOHTPO..
Bceaga Bbibupatime A MoRoatE A Sk
camMblt mpygHLIt nymb - e
maM Bel HE BCMpemume
KOHKYPEHMOB.
bBasa
MNpusem! Basa
A - Aualcuy, xpaHUMEeAL MBOLUX
coxopoB. Ac60BbL 30Mep NPU NOMOLU
KHONKU +, U § @20 30NOMHIO. . ’
! - 03:37:30 29 AHeops, cpega
Dia Py
Puc. 3. Momusayuonnvle ¢hpasvl Puc. 4. Uncmpyrkyus Puc. 5. Cnucox
0711 H08020 3amepa BHECEHHBIX 3AMEPO8

3amep—3amuchk B THEBHHKE, COJEpIKalllasi CIeAYIOIIUe JaHHbIe: caxap KpoBH, XE, ko-
JIMYECTBO €IMHMI] KOPOTKOTO W JUIMHHOTO MHCYJHMHOB, THII 3aMepa (10 €JIbl, MOCIe €/bl,
COH, aKTMBHOCTb) M J1aTa 3amepa. [Ipu Haxxatuu Ha sneMeHT crincka (ZamerListFragment),
OTKpbIBaeTcs Activity neranuzanun 3amepa (ZamerPagerActivity), B KOTOPOH MOXKHO M3-
MEHHTh WM YAINTH TeKyIuid 3amep (puc. 6). [Ipu aToMm, Bce mosst st KI3MEHEHUs 1aH-
HBIX 3aMepa HaxoJsTces B (parmMente ZamerFragment. Drta jxe Activity OTKpbIBaeTCsl pH
n00aBJICHHsI HOBOT'O 3aMepa.

INocne u3MeHeHWsT WM CO3/IaHWsI HOBOTO 3amepa JlaHHbIE IOMAaJalT B METOJ Kiacca
ZamerLab, riae npoxoasT 00paboTKy, a 3arem 3anucbiBatorcst B SQLite 6a3y HaHHBIX zamers.
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&

db. IMocne nobapieHus 3aMepa 0a3bl JaHHBIX OOHOBJISIFOTCS: CITHCOK 3aMEPOB COOMpAETCs, CO-
pTHpyeTCs U qoOaBISETCS B OTCOPTUPOBAHHYIO 0a3y maHHBIX sortedZamers.db. Takast cuctema
ObUTa co31ana Ui KOPPEKTHOTO oToOpakeHns rpadukos B Activity Craructuka (Stats).
Activity Cratuctuka yaepxuaetr ¢pparmeHt GraphFragment (puc. 7). Bo ¢par-
MEHTE HaxoJsTcs JBa rpaduka u3 cropoHHei 6ubnanorekn GraphView. Ha onnom u3
rpauKOB IpeIOCTaBICHO KojiebaHNEe YPOBHS caxapa B KPOBH 3a mocieanue 24 gaca,
Ha BTOPOM — TIIMKEMUYeckue mpoduian 3a nocieanne 3 aus. [Ipoduiib 3a Kax bl AeHb
MIOMEYEH LBETOM (CHHHUI — CeroaHs, KpacHbIi — BYepa, 3eEHbINH — mo3aByepa). Hao-
KEHUE TITMKeMUYEeCKHX poduield 1aéT BO3MOKHOCTb CPABHUTEIBHOIO aHAIU3a KOoJIe-
OaHMl YpOBHS caxapa 3a HeCKOJIbKO AHel. HaxxaTue Ha TOYKM Ha rpaduke 1mo3Bosser
yBuaeTh nHpopmamuio o 3amepe. MacTpymentsl 6udnuorekn GraphView 1mo3BossiioT
MIOCTPOUTH I'padUK TOJIBKO MO ABYyMEPHOMY MaccuBY. Takoi MaccuB (GOPMHPYIOT Me-
tonbl ZamerLab, cobupast nanubie u3 sortedZamers.db.
ActivityITcuxomorus(Psychology)(puc. 8)ynpasnserdpparmerTomArticleListFragment.
Bo ¢parmenTe comepKUTCS CIUCOK MCUXOJIOTHYECKUX MHHH-CTaTe. Kaxaplii sjIeMeHT
CIIFICKa OTOOpayKaeT 3aroj0BOK CTAThH, MILTIOCTPALINIO U HEOONIBIION ()parMeHT TEeKCTa.

.-l’_‘;XAP HPOBK
8.9

E[MHHLIb! WHCYNHHA
2

XNEGHLIE EAMHMLIbI

4

ANAHHBLIA HHCYNHH

OnuHHbIF

YNUH
AATA 3AMEPA:

03:37:46 29 AHBAPR, CPEAA

BREMA

LATA

YEKAZATE TN

@

Puc. 6. [lemanuzayus 3amepa

=  CratucTuka

Teryuwve caxapa
12
0
g
6

4
04.11.18

Caxapa 3a 3 gHn

20

04.11.18

Puc. 7. Cmamucmuka

1 |

1]

oo

puncare (R

MNcuxonorua

e oo

Mpouecc NpuHaAMuUA guatema
NPOUCXOGUM NOCMENEHHD

U 30HUMQEM NPUMEepHO 200.
Mymb NPUHAMUA HUKD20O

He BLBOeMm AS2KUM, TOALKD
npodgsa Yepes onpegeseHHLIe
3IMOUUCHOALHLIE 3Manbl..

HMTATE AANEE

RS

Puc. 8. Ilcuxonoeus

[Ipu Haxkatuu Ha (parMeHT crmMcka HOMep CTaThH nepenaérest B kiacc ArticleLab,
KOTOpBIN BBIOMpaeT HOMEpP CTaTbu M3 3aJlaHHOrO MaccuBa. Ilociie (OPMHUPOBKH CTAThH
ArticleLab otkprBaeT ArticleHoldingActivity, comepiamryro AeTaaW3alui0 CTaThH B
ArticleFragment (puc. 9).

Menro XE (BUMenu) nmeert ciioxxuyro cTpykKTypy. [Ipu otkpbrtun Activity BUTypeLab
nepeaéT CIMCOK THIIOB IMPOJAYKTOB, KOTOPBIH OTKPBIBAETCS B YAEPKHBaeMOM (hparMeH-
te BUTypesListFragment (puc. 10). Ilpn Ha>kaTnu Ha ONpeNENEHHBIN THIT TPOLYKTOB,
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BUProdLab co3nmaér ciucok npoayKToB, BXOASIINX B THI. DTOT CIHHCOK 3aTeM O0TOOpaka-
etcs BusyanbHO B ProdListFragment (puc. 11).

Menio Xe

Mowu npoaykThbl Mpevxa oTeapHan ig rHa
PELIENT N21. KAK NMPUHATL JWABET? Kykypy3a (nowaTok) 1001 Ha
Bbineuka XE
Mpouecc npuHATHMA guabeTa
NPONCXOANT NOCTENEHHD W 3aHUMEET KyKypy3a KOHCepBUpOBaHHan 60 r Ha
npMMepHo rod. MyTe NpUHATKA XE
HUKOrQa He BbiBaeT NerkkM. Tonbko Kpynbl, MakapoHbl
npoitgs Yepes onpeaeneHHbIe KypySHbts XRomRR 5 rum
SMOLMOHANBHBIE STanNbl, YeNoBex XE
MOKET NPUHATE CHTYELMIO U
WATH Aanblue, He o6BUHAR 1 He .QBOLL!,H MonkopH 15rHa
WLYE BUHOBATBIX, NPOCTO MUTb W XE
pafoBsaTtLen KaxgoMmy gHio. Mpsamo
cendac Thl YaHaelWb O KaXoM aTane,
fl Hagetock, YTo aTa MHBIOpMaLUMa TpuBbI ManHas kawa igr Ha
NOMOMET TeGA NOHATE, B KAKOW TOuKE
NYTH NPUHATURA HAXOAMWIBLER Thi U
BO3MOMHO NPOABHHYTECA Aanblue, il )ch -
Gnaroflapa COBETaM HUME. Hro,qb[, ¢DYKTbI
Puc. 9. [lemanuzayus cmamou Puc. 10. Tunvt npodykmos Puc. 11. Cnucok npooykmos

Jast Toro, uro0s! oTKpEITh Kanskymsarop XE (CalcActivity), HeoOX0qUMO Ha)KkaTh Ha
OJIMH M3 DJICMEHTOB CIUCKa. J{aHHBIC MPOIYKTa UCIONB3YHOTCS s pacyéra rpaMMOBKH
MIPOJIyKTa Ha ONpeeIEHHOE KOJIMUYECTBO XIEOHbBIX equHull (puc. 12).

Taxoxe y mosbp30Batesist eCTh BO3MOKHOCTb JI00ABIISITH CBOU MPOYKTHI U PACCUUTHIBATH I10
BBeJIEHHBIM JlaHHbIM. [Ipy HaxkaTnu Ha kHOTIKY BHM3Y MeHio XE BUProdLab coznaér 3amich B
productBase.db, otkpeiBactcst AddNewProductActivity, sBisiroIascs IeTau3aiiei mpoayK-
ta (puc. 13). IIpomyKTsl, 100ABICHHBIC TAKUM 00Pa30M, MOMAIAIOT B THIT «MOHU MPOILYKTHI».

e ] e
Kanskynatop XE AoGasnesne HOBOro NPOAYKTA
HAZBAHME NPOAYKTA
Manim mupor =
. 25 FPAMM HA XE
100
501 va XE
pasamis > XE
250 50
PACCHHTATE
XE > Fpassssi
L5 750
PACCHMTATE
Puc. 12. Pacuém epammosKu npooykma Puc. 13. Jlemanuzayus npodyxma

172



- Mosin I.S.
2 The DiaPsy Mobile App for Improving Self-Control of Diabetes and Psychological Support...
Modelling and Data Analysis 2020. Vol 10, no. 1.

Activity Question OTKpbhIBaeT OKHO Opay3epa U I0JIb30BaTE/b MONAIaeT Ha CTPAHUILY
caiita AHO noanepxku mojeit ¢ caxapubiM nuadetom J[naCoros, riae oH MOXKET 3a/1aTh
BOIPOC KIMHUYECKOMY TICHXOJIOTY TI0 JTF000# BOJIHYIOIIEH ero npodsieme.

5. AIIPOBAIIAA ITPOAYKTA

1 nexabpst 2018 roma OblIa IPOBEICHA MIPE3CHTAIN MOOWIIBHOTO TIpriiokeHus DiaPsy
JUI MOJIOZIBIX JIFOJICH ¢ caxapHbIM nuaberom u wx poauteneii B AHO «/InaCoro3». Ha
Mpe3CeHTAIMK IPUCYTCTBOBaNIO 10 MOAPOCTKOB ¢ auadberom, 8 mereit u 19 B3pocibix (po-
JOUTENHN). YYaCTHUKN YCTaHOBMIIN NpuiiokeHne «DiaPsy» Ha cBou TenedoHbI U IPOTECTH-
poBayn paboTy MPHUIIOXKEHHS U er0 (DYHKIMH, JaIn CBOIO OLIEHKY C ITIOMOIIBIO OTBETOB Ha
BOIIPOCHI aHKET, a TAKXKE MMCbMEHHBIX OT3BIBOB. [0 MTOramM TECTHPOBAHMS IPHIIOKEHHS
NOJIB30BATEIISIMH, OblIa JlJaHa BBICOKAsi OLEHKA PabOThl MPHUIOKEHHUS U QYHKIIHUU TICUXO-
JIOTUYIECKOW MOJJIEPKKH, a TAKXKE MOITyYeHbI NOJIOKUTENbHbIE 0T3bIBBL. [Ipn aToM 79 %
PECIIOHACHTOB TOCYUTAIN 3HAYMMOM BO3MOXKHOCTb 3aJaTh CBOM Bompoc ncuxoiory. Tak-
XKe 0KOJIO 85 % pPEecrOHIEHTOB OTMETHIIH, YTO IIOCOBETYIOT yCTaHOBHUTH «DiaPsy» cBonmM
JPY3bSM MM 3HAKOMBIM C IHa0ETOM.

6. SAK/IIOYEHHUE

CraTtucTuka CBUAETENIBCTBYET O 3HAUUTEIHHOM POCTE 3a00JIeBaeMOCTH JHabEeTOM H TI0
nporHo3am crieranuctoB K 2030 roxy urcio OonpHEIX B PO yBenmunthes Ha 1,3 Muumio-
Ha. KomnieHcanms caxapHoro auadeTa (CTaOMIbHBIA caXap KPOBU) O3BOJISACT YEIIOBEKY IPO-
YKHTb JIOJITYIO )KU3Hb Oe3 ocnoxHenuit. [Ipu caxapHoM 1uadere 1 THa KoMreHcanys Hanpsi-
MYIO 3aBHCHT OT aJ€KBaTHOTO OTHOIICHHUS MAllMEHTA K OOJIE3HN W OHIMMAaHHI MEXaHU3MOB
HWHCYJIMHOTEPAITUH, a TAKXKE CTETICHH IPHHATHA AUadeTa M MCHXO0JIOTHIECKOTO COCTOSHHS.

MobwisHoe npuioxenne «DiaPsy» oka3pIBaeT IMCHXOJIOTUYECKYIO TOIICPIKKY, CIIO-
COOCTBYET NPHUHATHIO TMa0eTa, IIOMOTaeT yJIy4YIINTh KOMIIEHCAIHIO U MTOBBICUTH IPHBEP-
JKEHHOCTD K JICYCHHUIO, OTIOCPETOBAHHO TOBBIIIAs KA4eCTBO KU3HU MOJIOIBIX JIIOACH C ca-
XapHBIM THA0ETOM.

Pasmemenune npunoxenns Ha Google Play nemaet npoayKT JOCTYITHBIM 1 0€30IIaCHBIM
Jutst nonb3oBaresisi. Ha 1 ¢eBpainst 2020 r. o 3anpocy auaber npuiioxenue DiaPsy 3anu-
Mmaet 11 crpouky crucka. [Ipmnoxkenne ckagano 6onee 1500 pas, 9TO CBUACTENBCTBYET O
BBICOKOH IMTOTPeOHOCTH JIIOCH ¢ cCaxapHBIM AUAa0ETOM B MTOJOOHBIX MOOMIIBHBIX TIPHIIOKE-
Husix. [Ipunoxenue omyonarkoBaHo Ha miomaake Google Play, rme ero MOXHO ckadaTh U
YCTaHOBHUTH Ha MOOMJIBHOE YCTPONCTBO OSCILIATHO.
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The DiaPsy Mobile App for Improving
Self-Control of Diabetes and Psychological
Support for People with Type 1 Diabetes

Mosin L.S.*
MSUPE, Moscow, Russia,
e-mail: lossdemoss@gmail.com

The article presents decisions and principles of building mobile application for people
with diabetes type 1, which provides the solution of the problems of organization of
the self-control diary, visualization of indicator of sugar in the blood relatively to
time, calculation of bread units and organization of psychological support.

Keywords: Information system, information support, mobile app, database organiza-
tion, type 1 diabetes, self-control diary, psychological support.
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Nudopmannonnas cucrema
JJIS1 y4e0HO-MeTOAMYeCKOM MOAIePKKH TUCIIUILIHHbI
«YucjieHHbIEe MeTOAbI JIMHEHHOM aJIre0pbI»

Hypkaesa H.M.*
MITIITY, Mocksa, Poccus,
e-mail: nurkaevaim@yandex.ru

Kopuazuna K.A.**
MITIITY, Mockga, Poccusi,
e-mail: vereinaka@mgppu.ru

B crathe paccMaTpHBAIOTCS BOMPOCH Pa3pabOTKM HH(OPMAIMOHHONH CHCTEMBI
UL y4eOHO-METOMIECKON MOIJICPIKKH IHUCIUILUIMHBL MaTeMaTHUeCKOrO IIHKIIA.
OrmpezeneHsl OCHOBHBIE TPEOOBAHMS TSI pa3padaTbIBaeMON TUCIIUIIINHEL.

Knroueswie cnosa: MlnpopmanmonHast cuctema, CaMOKOHTPOIIb, TECTHPOBaHUE, 00Y-
4yeHue, HHGOPMAIMOHHbBIE TEXHOJIOTHH, HHTEPHET.

1. BBEJIEHUE

[Tpu nocryruieHny Ha 00y4eHHe, KaXK/IbIil YeJIOBEK X0UeT JOOUTHCS YCIIEX0B B BbIOpaH-
Holl mpodeccun. Ho, uist mosmyueHns: Ka4eCTBEHHOTO 00pa30BaHMsI B BBICHINX y4eOHBIX
3aBEICHHSX U MOCICAYIOIIET0 YCIICIHOTO TPYI0yCTPOUCTBA O MPOpECCHH, HEOOXO MBI
YBEpEHHBIC 3HAHUS OCHOB, KOTOPHIC 3aaf0TCS PEOCHKY eIl B IIKOJIE.

B coBpemerHOM 00pa30BaHUM CYIIECTBYET MPOTPAMMBI TIO OIIEHKE YISOHBIX JOCTHIKE-
Hull yuamuxcs. OgHoi u3 Takux nporpamm seisiercs PISA — MexxyHapoaHast mporpaMmma
I10 OLIEHKE 00pa30BaTEIbHBIX JOCTHKEHUH 00YYaOINXCS.

OHa cTaBHT CBOEH IIEITBIO OMPECTUTH 00Pa30BaTEIILHBIC TOCTIKCHHUS 15-1eTHIX 00y4a-
IOIIMXCsI B 00JIACTH YTEHHSI, MATEMaTHKHU M €CTECTBO3HAHMS BCEX OpraHu3alnii o0pa3oBaHusl.
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Hypkaesa U.M., Kopuacuna K.A. IndopmaronHas cucteMa sl y4eOHO-METOIMIECKOi
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Camo uccrnenoBaHue MPOBOJUTCS IUKJIAMU — Kaxiple Tpu roja HaunHas ¢ 2000 r. ITo-
CclIeiHUI BUTOK LuKIia mpoxoaui B 2018 roay. B pamkax nporpamMMbl OTOMpAIOTCs ydalu-
ecst 74 cTpaHax Mupa, BO3pacToM 15 neT u nanee myTeM perieHus pa3InyHbIX THIIOB 3a/1a4
Y HHX TIBITAIOTCS BBIIBUTH YPOBHH I'PAaMOTHOCTH:

a) Mamemamuueckas. Kotopas mO3BOISIET HE TOJBKO BBIABHTH CIIOCOOHOCTH YENIOBEKA
HHTEPIPETHPOBATh MATEMAaTHKy, HO M BBIPAXaTh W MPHUMEHATHh €€ B pa3HOOOPa3HBIX
ciydasx u obmactsax. JlaHHBIC 3aJaHUs BKITIOYAIOT B ce0sl MaTeMaTHIECKHUE pacCyKae-
HUS, UCTIOJIH30BAHNE MATEMAaTHICCKUAX MOHATHH, Tponenyp, GakToB U HHCTPYMEHTOB
JUISL OIIMCaHMs1, OOBSICHEHNUS U TIPEJICKa3aHuUs SIBJICHUM.

b) Ecmecmeennonayunas. OTodpakacT TOTOBHOCTh W CIIOCOOHOCTH YCIIOBEKA MPOSBUTH
MHTEPEC K €CTECTBEHHOHAYYHBIM MJIESIM U €r0 YMEHHUE 3aHUMAaTh aKTHBHYIO I'pask1aH-
CKYIO TIO3UIIMIO TI0 BOIIPOCAM, CBS3aHHBIM C €CTECTBEHHBIMH HaYKaMH.

¢) Yumamenvckas. 910 6a30Bas CIOCOOHOCTH YETIOBEKA K TIOHUMAHUIO, UCTIOJIE30BAHHIO
IMUCbMEHHBIX TEKCTOB, Pa3MBILIUICHHE O HHMX, YTCHHUEM C IIEJIbI0 JIOCTHIKEHUSI CBOUX
IUIaHOB, PACHINPEHHS] CBOMX 3HAHUW M BOZMOYKHOCTEH, II03BOJISIIOLIAsI ObITh ITOJHOLICH-
HBIM WJICHOM COITyMa;

d) @unancosas u komnvromepnas epamomnocms (¢ 2018 roxa).

Ecmu obpatuthest k qanHbIM necnenoBanus PISA 3a 2015 u 2018 ronma, To MOKHO 3a-
METHTb, YTO YPOBEHb ITOJTOTOBKH UCTIBITYeMBIX B Poccru 1o myHKTY «MareMaTmaeckas
TPaMOTHOCTBY, Ha (hOHE OOJBIITIMHCTBA Pa3BUTHIX CTPaH, HIKE.

YPOBGHI) MaTeMaTH4YeCKON I'paMOTHOCTH
600

500

400

300

200

100

m2015 m2018

Puc. 1. Perimune cmpan no oanuvim uccieoosanus PISA

C 1e71p10 NOBBIILICHUS Ka4eCTBa 00YUSHNUS CTYACHTOB 110 JUCIUILIHHE «HCIIeHHbIe Me-
TOJIBI TUHEWHOW anreOpsl» U OpraHu3aIlii 00PaTHON CBSA3H, 3a CUET ONEPAaTUBHOTO peIre-
HUSI KOMITIEKCa 3a/a4 1Mo cO0py, XpaHEHNIO, HAKOIUICHHIO, aKTyaln3alul nH(popManny,
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ObLIO perieHo pa3padoTaTh HHPOPMAIIMOHHYIO CHCTEMY Y4eOHO-METOINUECKOM MOIePK-
KM BBIIIICHA3BAaHHOM TUCIUIIMHBI ¢ TPUMEHEHUEM COBPEMEHHBIX BEO-TEXHOJIOTHH [5].

2. CTPYKTYPA HH®OPMAIIMOHHON CUCTEMBI

Wudopmanmonnas cucrema st y4eOHO-METOAWYECKOW ITOAJCPIKKU JTUCIUTUIHHBI
«YucaeHHbIe METOABI TUHEHHON anreOpb» paccyuTaHa Ha 2 KaTEerOpUH IOJIb30BaTeNeH:
CTYJIEHT, IperoaBateib. J{Jst KaXKJ0ro peaan30BaH JIMYHbINH KaOMHET MOJIb30BaTEs.

[Ipu pa3paborke HHPOPMAIIMOHHBIX CUCTEM JUISi MOJICITUPOBAHHS BAPHAHTOB HCIIOJb-
30BaHus npumensercs auarpamma Use Case, KOTOpasl CHPOEKTHPOBaHa Ha CBOOOJHOM
nporpamMMHOif iatdopme StarUML (puc. 2).

[IpenogaBaTens UMEET yPOBEHb JOCTYIIA, KOTOPBIN OTKPBIBACT VISl HETO CIEAYIOIINE
GbyHKIIHA:

a) PenmaxtupoBanue conep:kaHus HHOOPMALMOHHON CHCTEMBI:

1. nobGaBienue mMarepuana;

2. ynaJeHHe MaTepHaa.

b) 3amomHenue xypHaa:

1. yder mocemaemocTH;

2. KOHTPOJIb YCIIEBAEMOCTH.
¢) KoHcynbTamus cTyeHTOB.

[ToceTnTenb MMeEET BO3MOMXHOCTh O3HAKOMHUTHCS C TEOPETHYECKUMH MaTepHalaMH,
IIPEACTaBICHHBIMH B HH()OPMALIIOHHON CHCTEME.
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OznakomMnexue ¢ ) -
Marepuanammn 3 —
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ospameuueu )( e
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3agarte — msm nocewaemocTh _
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T
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«mciude» CTYAGHTOB
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s roT0BOr0
Eggm"u"e':_g AOMAaWHEro
pinypen 33aHNA

Puc. 2. Use Case-ouazpamma 8apuanmos ucnoib308anus UHGOPMayuoHHOL CUCEMbl
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CryieHTy HEOOXOMMO POUTH PETUCTPAIIHIO, [TOCIIC YETO Y HETO MOSIBIISICTCS THIT J10-
CTYIIa, IIO3BOJISIOLLUI:
— O3HAaKOMIJICHHE C TCOPETHUYCCKUM MaTEPHAIIOM;
CaMOKOHTPOJIb 3HAHUH;
— TPOXOKICHUC TECTHPOBAHUS,
— oOpalieH#e K Mperno/aBarelo:
a) BO3MOXKHOCTb 3a/1aTh BOIIPOC;
b) momyunTh 3amaHUE Ha I0M;
C) cIaTh rOTOBOE JOMAIIIHEE 3a1aHKE;
— PpeHaKTHPOBaHUEC MPOPUIISL.
Bce BrImeonucanHbie ()yHKIIAH MTOJTB30BATEICH OTOOPAKAIOT KITFOYCBBIC BO3MOXKHOCTH

B CUCTEMC.

3. MPOEKTUPOBAHUE NH®OPMAIIMOHHOMW CUCTEMBI

[IpoekTupoBanue NHPOPMAIIMOHHON CHCTEMBI CTPOUIIOCH C MCIIOIb30BAaHUEM METOI0-
noruit IDEF0 u DFD, xoTopbie TO3BOJISIFOT CO3/IaTh MOJIEINb (DYHKIIUH mporiecca. biaroma-
psl LIMPOKOMY (PyHKIIMOHAITY, B KQUeCTBE MHCTPYMEHTAILHOTO CPEACTBA CO3aHUs MOJIe-
Jieit ucnosb3opacs naket BPWin [4].

Merononorust IDEFO no3BosnsieT co3nath (hyHKIMOHATIBHYIO MOJIENb BCEX B3aUMOICH-
CTBYIOIINX B cucTeMe npouecco. Ha nuarpamme IDEF0 oTto6paxarorcss OCHOBHBIE (hyHK-
LMY NIPOLECCA, BXOABI, BBIXOJBI, YIIPABISAIONIME BO3AECHCTBHS U yCTPOICTBA, B3AaUMOCBSI-
3aHHBIE C OCHOBHBIMHU (DyHKIIMSIMH.

OfpasceaTensruiit Jaow | noomauua
CTamnapT PO QACUAN
Crynent Crymes
Lenn uc
apcs "YucnexHble MeTofbl :
nuHeAHoR anrebpul” - >
Peaynsrar
0p of OCBOeHMA
Mpenopasarens

Puc. 3. JJuacpamma IDEF0

Ha rpaduueckoit monenn (puc. 3) paccMOTpeH y4eOHBIH MpOLECC MPU HCIOJIb30-
BaHUM HMH(OPMAIMOHHOW cUCTeMbl «UHMCIEeHHbIE METOBI JIMHEHHOW anredpsn»y. ITOT

179



Hypxaeba .M., Kopuaeuna K.A.
VHdopmarmoHHas crcreMa 1j1sl y4eOHO-MeTOIMYeCKOV ITOIIEePKKI AVICLIUIUIVHEL...
Mopenuposanue n atainms gaHHbIx. 2020. Tom 10. No 1.

MpoIiecC PEriiaMeHTUPYeTCsl TPOrpaMMON JIMCIUIIIIMHEI, TOCYIapCTBEHHBIM 00pa3oBa-
TEJIBHBIM CTaH/IAPTOM M 3aKOHOM O COXPaHEHHMHU JHMYHBIX JaHHbIX. OOyueHHe BeleTcs
110l KOHTpOJIeM npernojasatesns. Ha BXxoJ nmomanaroT cTyIeHT U Leau Kypca. Ha Boixone
CTYZAEHT U pe3yJIbTaThl OCBOCHUS IUCLUILINHBL.

Hexommosunus auarpammsl IDEFO mponecca paboTsl B mH(DOPMAIIMOHHON cHCTEMeE,
ITO3BOJIUT OTIACATh MIpOIiecc 00yUSHHS nepapXudecku (puc. 4).

Bepedmumposars OGpasosaTensHiIi porpaua
p;'ihfuﬂu CTaHgapT ”f:;zwm
Cryassr Crygest
e

Lenn kypca Pesynetar
OCBOBHMA
JUCUMRN
—_—

Inpem.qmnm.
Puc. 4. /lexomnosuyus ouaepammul IDEF0 ons unghopmayuonnou cucmemot

B nipezcraBnenHol HHOOPMAIMOHHOM CHCTEME MPETOIaBaTeNb BBICTYAET, KAK MeXa-
HU3M Bo3/eiicTBusL. OOsS3aHHOCTHIO MPEOAABATEIS ABIISETCS BEICHUE Ky PHAJIA yueTa 10-
CeIaeMOoCTH/ yCIIEBAEMOCTH CTYAEHTOB M BbIjayua JIOMyCKa JJIsl IPOXOKAECHHS CTYAEHTOM
TECTUPOBAHUS 110 OKOHYAHUIO M3YUEHHS JUCIIUTUTHHEI.

DFD—nuarpamma i1t oArporiecca «3anoHeHHe )KypHAIay MPE/ICTABICHA Ha PUCYHKE 5.

Bbinams aonyc:

Moenonasarens

Puc. 5. luaepamma DFD ons npoyecca «3anonnenue scypnanay
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JlaHHBIC W3 )KypHAIa CHHXPOHU3UPYIOTCS ¢ 0230 JaHHBIX, OOHOBJISICTCS CITUCOK CTY-
JICHTOB 1 HH(OpMAIIKs [0 UX yCIeBaeMocTH. Jlaniee nmpernoiaBarelib MOXKET CaMOCTOSTElb-
HO BHOCHTH M3MEHCHHS, HA OCHOBAHHH KOTOPBIX, CUCTEMA OYAET BBHIBOAUTH JOMYCK IS
Ka)XJIOT0 CTyJIeHTa U (pOPMHUPOBATH CPE/IHIOIO OIICHKY.

[ocne co3manus GpyHKIIMOHAIEHOW MOAETH OBLIO BBIIOTHEHO MPOCKTHPOBAHUE Oa3bI
naHHbIX cuctembl (Puc. 6). [Ipu npoexTupoBaHnH 0a3bl JAHHBIX YUUTHIBATIUCH TPEOOBAHMS:
— B 0ase IaHHBIX JIOJDKHA XPAHUTBCS BCS HEOOXOMMast HH(OpMAaIus;

— COKpalleHHe N30BITOYHOCTU U AyOJIMPOBAHMUS TAaHHBIX;
— obecrieueHue 1eJI0CTHOCTH 0a3bl JaHHbIX.

Attendance Answers
PK semestr PK unigueld
FK1  id_group FK1 id_quest
date Result answer
value ® _|PK id_res ® correct
= FK1 id_user o
FK1  id_test 0.1
date_res
1 rark Question
Group iteration PK !d_quest
PK id_group admission FK1 id_test
name_group text
specialization -
name_group
1
1 1
1 |Test
e SELtenE PK id_test
PK id_user - 1 = B
Pk id_cont Fi id_cont
FK1  id_group 1 ¢
login pagt description
name text var
soname for enable
password

Puc. 6. Jlocuueckas mooenv 6aszvi OaHHbIX

4. MIPOT'PAMMHBIE CTPEACTBA JIUIS1 PEAJIN3ALIUU
WH®OPMAIIMOHHON CUCTEMBI

Crenyst cpoeKTHpOBaHHOM MH()OPMALMOHHON cucTeMe, ObUIO peann3oBaH web-pe-
CypC sl y4eOHO-METOIUIYECKOHN MOICPIKKU TUCIUILIHNHBI «UMCICHHBIC METOIBI JIMHEH-
HOM anreOpsD ¢ UCIIOTB30BAHUEM CIIEIYIOMINX MTPOTPAMMHBIX CPEJICTB!

— JUIsl KJIIMEHTCKOM 4acTH MPWIOKEHUs: s3bIK pazMeTku runeprexcta HTML; kackan-
Hble TabauIbl cTuie CSS; MeTas3bik Sass, KOTOPBIA BBICTYIAET KaK IPOMEKYTOUHOEC
3BCHO MEXKIY TaOJIHIIaMU CTHIICH W CepBEPOM; CKPHUIITOBBIH S3BIK MPOTPAMMHUPOBAHHS
JavaScript; TexHonorus Ajax, Ho3BoJIstoIIast 00padaTeIBaTh 0OpaIleHNE, OPraHU30BaH-
Hoe ¢ nomolnkko JavaScript k cepBepy, 0e3 repe3arpy3Ku CTpaHHUIIbL.

— JUIsl CEpBEPHOM YaCTH MPUIIOKEHUS: CKPUIITOBBIN sI3bIK porpammupoBanust PHP,
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st xpanenust napopmanuu 6suta Beiopana CYBJl MySQOL. JInst anMUHUCTPUPOBAHUS
CYB/1 66110 BBIOpaHO BEO-nipriiokeHuE phpMyAdmin, KOTOPOE TPEACTABIACT COO0¥ MOJI-
HOILICHHBIN HHTepdEC IIsi aAMUHUCTPUPOBAHUS CEPBEPA.

5. OCHOBHBIE PEKUMbI PABOTBI CUCTEMBI

ITocne aBTOpU3aLUU HA PECYPCE CTYNEHTY OTKPBIBAETCS BO3MOKHOCTD II03HAKOMUTHCSI
¢ paboueii mporpaMMoii TUCHUILIMHBL, U3yYUTh TEOPETUUECKUH MaTeprall, BOWTH Ha Tep-
COHAJIM3MPOBAHHYIO CTPAHMUILY.

CTpaHuIIBI ¢ PErUCTPalMel ¥ aBTOPU3AIMEH T0JIb30BATENEH BBITIAIAT CTAHAAPTHO, MBI
He OyZieM Ha HUX OCTaHABJINBATHCS.

INepconanu3anust IPOUCXOIUT B IMYHOM KabuHete. Ilocne aBTopu3anny moib30BaTe-
JI51, My TIPEJOCTaBIAETCS BO3MOKHOCTh B JIMYHOM KaOWHETE MOJMYYHUTh 3aJaHusl [UIsl ca-
MOCTOSITETIBHON PabOTHI 10 TeMe, IPOUTH CAMOKOHTPOJIb 110 H3yYSHHBIM TeMaM, a TaK XKe
00s13aTeTBHOE TECTHPOBAHNE, PE/ITIOKEHHOE MPEIIO/1aBaTelIeM.

Ha pucynxke 7 nmpezacraBiieH BapuaHT 3aJJaHUH JJIsl CAMOCTOSITEIBHON PabOTHI MOJIB30-
Baresis. PemieHne MaHHBIX 3a7ay MO3BOJISET 3aKPENUTh HABBIK KaX10i TEeMBbI, IpeACTaB-
JICHHOW B MH(OPMAIMOHHON CUCTEME.

HoExoBCR M
FOC AR I BEHMAS
ey

- PRAATO HECKH A
VHMBERCHTET

3ajauM K TeMe

Peln T CUCTEMBI AMHEHBIX ypaBHeHWMIA.

$ Bt =i
Memo = g g
oy It s e i3
4, Mivan - e de -
Br)+ Bepbime+ mywd,
PABOYAS MTPOTPAMMA n+ Mybldngs z=ll,
Qry + W00y + By + Tay b,
CHCTEMbI NHHEAHBIX YPABHEHHA  ~ e
Tay + 9ey 4 day 4 Brg =3 =
I -2 4 M4 ay-8=0
by + 60y 4 30y + 2043 = 0
3, M+ins nen =0
= p=8zs Ne 1m0
Te-dg+r -1+ =0
g-dy=dré W= ful
4, = p+u- &+ 4e0
= Frl=9
SARANH K TEME it e
5.
Toy ¢ deg 4 Doy 4 Bay = B,
BHMMCAEHHE COBCTEEHHHX . M+ oyt Syt Begal
IHAYEHMR § BEKTOPOR Ine ;e Inelee-d
6. n+ m+ dnedage-d

NPOBEPH CEBS Iy +dn b

BOMPOCK K 3K3AMEHY

MATEPHANH Getly-sls dmi)
Sr- gprde- t-13m0,
Irsdys2-N- =l

PEKOMEHOYEMAR NHTEPATYPA 8. dr-% P

Puc. 7. [lpumepwl 3a0au 0115 camocmosmensHol pabomsl

Ha ctpanuiie noiap30BaTess COAEPIKaTCs pETUCTPAIMOHHEIE JaHHBIEC aBTOPH30BAHHOTO
akkayHTa. CTpaHnIa C TMYHBIMHU JAHHBIMH ITOJIB30BATEIS HE OTJIMYAETCS OT CTAHJAPTHBIX.
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B Hell cTyIeHT MOKET KOPPEKTHPOBATH CBOU JIMYHBIC TAHHBIC, KPOME MAPOJIs B IIENISIX 0€30-
macHOCTU. Bo BTOpO#i yacTu CTpaHUIIBI MY T PE3yJIbTaThl 00yUCHMsI [10JIb30BaTesI (pHrc. 8).
Ha neit oToOpaxkaroTcst pe3yibTaThl €r0 TECTUPOBAHUS, OIICHKA 3a KOHTPOJIBHYIO paboTy,
u cpennuii 6am. [IpencraBnennas HHOOpPMAIUSI CAHXPOHU3UPYETCS C KYPHAIIOM MPeEIro-
maBaTens U 02301 TaHHBIX.
PEJYHBTBTM OGY‘IEHHE

Tun Ousina BopHuie oTBaTH Ownbkn Npouest

Peayawurar TecTHposanng 12 40 10 8o

Posyaurar KowTpoANOMA paGoTe Ml 1

Peaynnrar konTponsnod patore ti2 1"

Cpoghwil Bann 125

CnpocuTh MpenogaBaTens

3/IECH B MONETE 3AIATE CBOR BOMPOC

Butepuio Daan | Pain ne nwbpan OTTIPFARMTS COOBMENNE

Puc. 8. Jluunwlii kabunem noavzosamens

st oOpaTHOI CBsI3M B KaOWHETE CTYICHTa peaycMoTpeHa popma « CTIpOCHTH MIPerio-
nmaBatess». B cucteme oHa peanmu3oBana 1pu nmomormu PHPMailer. PHPMailer — 6u6mm-
OTeKa, MO3BOJISONIAs PUKPEIUISATh JOKYMEHTBI U OTIPABIISATH UChMA Yepe3 BeO-MPUIIo-
xerne. U yxe ¢ momomrpio php K BBEJICHHOMY COOOIICHHIO aBTOMAaTUYECKH JT00ABIISCTCS
AJIEKTPOHHBIHN aJ[pec ¥ UM TIOJIb30BaTEIs, KOTOPBIN MHIIET MTUCHMO.

Camokonmpons

Paznen «IIpoBepb ceOs» MO3BOJSET BHISIBUTH HEJOCTATKH B 3HAHMSX, HOHITH KaKylo
TEMY HOBTOPHUTb JUIsl HOATOTOBKM K KOHTPOJIHBIM MEPOINPHATHIM. B pazpaboTanHOi uH-
(hopMaIoHHON cucTeMe CaMOKOHTPOJIb MPE/ICTABIISIET COOO0H TECTHPOBAHKE C 3aKPBITHIMU
BapuaHTaMU OTBCTOB.

CaMOKOHTpOJIb TPEJICTABJICH MO JBYM pazjaenaM AUCHUIUIUHBL. CTyIeHT BbIOMpaeT
TEMY, IMOCJIC YE€Tr0 BOMNPOCHI U BaAPUAHTHI OTBETOB BBITPYKAIOTCSA B MAaCCHB. OTBeyaTh Ha
BOITPOCHI MOKHO B TPOU3BOJIBHOM Hopsike. [IpexycMoTpena BO3MOKHOCTD 3aBEPILINTD Te-
CTUPOBAHUE C JIFOOBIM KOJMYECTBOM OTMEUEHHBIX OTBETOB. Bompocs! mojaroTces mocieno-
BaTENHHO FIJTH TIOIH30BATENb MOKET BRIOPATH JIF000M BOMIPOC ¥ 1aTh 0TBET Ha Hero (Puc. 9).
JUi1st penieH st TOro BOIpoca Mbl ITOJKITIOYUITH K TECTY CIICIHaIbHYI0 HABUTAIIMOHHYO T1a-
Helnb — naruHanuio. OHa rnpezcTaBisieT co00H CIMCOK U3 HOMEPOB BOIIPOCOB IO MOPSIIKY H
TI03BOJISICT IPE/ICTABIISITH KasK/AbI BOIIPOC B OT/ICIILHOM I10JIe 0€3 Tepe3arpy3Ku CHCTEMBI.
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Bor cobeT # ¥ BEKTOPOR
Beero sonpocos 10

Ecau MaTpuna usee J5¢ 0IHHAKOBBIE
CTPOKH, TO €€ OmpeJeHTe s

PAEeH CYMME 3IEMEHTOE, CTOALI Ha IIAEHOM MAroHam
PaBeH CYMME SNEMEHTOE, CTORLNIX Ha 106 ouHoit AHaroHam:
paBeH Hymo

ECe OTESTHI HEEEPHE]

JAKOHYHTS TECT

Puc. 9. Bapuanm éonpoca na memy «Bviuucienue cobcmeennvix 3navenull u 6eKmopos»

Bonpocsl, Ha KOTOpPBIE CTYIACHT OTBETHJI BEPHO, OTOOPAKAIOTCS C 3€JICHOM 3aJMBKOM
(Puc. 10).

s

Ynopmo'lermau COBOKYTIHOCTDL NIEMEHTOB, ¥ KOTOPBIX HOMEpa
CTPOKH H cTONG1A COBNANAIOT, HA3LIBALTCA

noGo4HOl AHArOHATBIO MAaTPHIIL!
HeHynesoit MatpHieft
rIagHoll AHAraHATEI0 MATPHIL

nmaroHansHO# MarpHueit

Puc. 10. Pezynbmam npasuibHo2o omeema Ha 60npoc

Ecnu cTyeHT oTBeTHII HEBEPHO, €r0 OTBET OyAeT KpacHoro 1Beta (Puc. 11).

~

Ilpi nepecTaHoBKe [ABYX CTPOK ONpeeniIens

HE HIMEeHREeTCH
MeHHeT CBOH 3HaK
CTAHOBHTBCA OTPHLATEIbHBIM

VBEMIMHBACTCA
Puc. 11. Pe3ynemam nenpagunsnoz2o omeema Ha 60npoc
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Buixoonoe mecmupoeanue

B undopmannonHoii cucreme npeycMoTpeH KOHTPOJIb 3HAHUH B BUJIE TECTUPOBAHUS,
3a KOTOPOE CTYJICHT MOTYyYaeT OLCHKY, €r0 Pe3yIbTAaThl XPAHATCS B CHCTEME.

3ammcu pe3ynbTaToB TECTUPOBAHUS XpaHATCA B Tabiwile itog (Puc. 6), KoTopas Comep>KutT
NAeHTU(UKATOP MOIB30BATENS, ATy TECTUPOBAHNS, KOJIMYECTBO BEPHBIX OTBETOB U HOMEP
TIOMBITKU. Y Ka’KI0T0 MOJIb30BATENS €CTh /IBa IIAHCA CAATh BHIXOAHOE TECTHPOBAHME.

[epen npoBeaeHNEM TECTHPOBAHMUS TOJIB30BATEIIO IPEBABIACTCS HHCTPYKIHNS, B KO-
TOpO¥ ommcaHbl KpuTepuu oreHku (Puc. 12).

Bbl 10/1KHBI BBIOPATH OJMH OTBET U3 MIpe/iJlaraeMbiX BADUAHTOB OTBETA HAa KX/ bIH BO-
npoc. [Ipy 3TOM TOJIBKO O/{UH U3 PE/II0KEHHBIX BAPUAHTOB SIBJISIETCS TPABUJIbHBIM OT-
BETOM. BBINOJHUBIINM TECT CYUTAETCS IK3aMEHYEMbIH, KOTOPbIA OTBETHJI IPABUIBHO
He MeHee yeM Ha 21 Bonpoc. Ec/ii Bl oTBeTHIIM BepHO Ha 80% BOnpocoB u 6oJiee, To Baii
OTBeT oLleHNBaeTcs Ha 5 6asioB. Eciu Bamn pe3ysibTaT B Anianasone ot 79% g0 60%, To
uToroBbii 6ayn4.0T35% 10 59% oneHuBaeTcs Kak 3 6asiia. [Ipy BEINOJTHEHU U KOMIIbEO-
TEPHOTr0 TeCTa He pa3pelaeTcs N0Jb30BaThCsI KAKUMH Obl TO HU GbLJIO MeYaTHBIMU Ma-
TepuasiaMH, 3alUCMHU, HEMPEeyCMOTPEHHBIMU TEXHUYECKUMHU CpecTBaMU (MOGHUJIb-
HbIMH TeJiedoHaMu, poToanmnapaTypou v T.I1.) UK TUCbMEHHbIMU TPUHA/JIEKHOCTSIMH.

Puc. 12. Hnempykyusa 015 661Xx00H020 MeCmupo8aHus

HpI/IMepBI MPEABABIACMBIX BOIIPOCOB BbIXOHOI'O TCCTUPOBAHUA IIPEACTABJICHBI HA PHUC. 13.

Beero sonpocos: 50

12045,,.5?484950

FHANCHIE ONPCICICHROND INTCIPATA 00 (opasy e CHMmcons paamo ...
" Yo " ¥ .y Je d . A
ahy, + Illt‘ Xy )+ :_H‘ LY+ 4 " (x=-x) +

fix,)
Fix)

v =N tHG )

G, +

AR e A O S B ]

JAKOHYHTD TECT

Puc. 13. IIpumep 6onpoca 8vb1xo00Hno20 mecmuposanus

B pesynbrare NpoXOoKIEHMsI BBIXOJHOI'O TECTUPOBAHMS I10JIB30BATEb IIOJYy4aeT Ha
9KpaH pe3ynbTaT U CTATUCTHUKY, KOTOpast MPeACTaBlIeHa Ha pUCYHKe 14.
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MHYHBA KABHHET m

40

Puc. 14. Cmamucmuka pe3yismamos 8bIX00H020 Mecmupo8anus

OTH pe3ysIbTaThl HHTETPUPYIOTCS B JINUHBII KaOWHET moJib3oBaTeis. UTo 1aeT BO3MOXK-
HOCTb CTYJEHTY IIPOCIEAUTH 32 CBOUMU YCIIEXaMH.

Kypnan npenooasamensn

Jliist ydeTa 1mocenaeMocTi U yCIeBaeMOCTH CTYIEHTOB ObUT pa3paboTaH AIIeKTPOHHbIH
JKypHAJT MIPENo/IaBaTeIsl, Pealn30BaHHbII B BUJIE TAOIUIIbI, COJEPIKAIlEii CIIMCOK CTY/ICH-
TOB TPYIBI U JaThl MPOBEJCHUS 3aHATHsI. B jKypHam 3arpy’kaercs CIMCOK CTYJICHTOB
IPYIIIBI PENoIaBaTeIeM 3apaHee, 3aTeM MPOUCXOAUT CHHXPOHU3AIHUS C CYIIECTBYIOIIH-
MU CTYJCHTaMHU, [IOCIIE UX PETUCTPAIIUHU B CHCTEME.

Tabnuia mocTpoeHa ¢ MOMOIIBIO ajax TeXHOJIOTHH. [IperycMoTpeHo 100aBIeHHE CTONO-
IOB C JaTaMH PEIIOIaBaTEeIIeM, KOTOPBIC TCHEPUPYIOTCS TMHAMHYICCKH C TIOMOIIIBIO IIAKJIA.

Ha pucynke 15 mpencraBiieH BapHaHT 3allOJHEHUS TaOJHUIBI ydeTa MOCEIIAeMOCTH H
yCIIEBAEMOCTH.

Kypuaa yonesaeMocrn

ara
IO = e T 1 T ]
o M - ‘
2 + +—4
Mmoo Al m |5
fraawe LA L) | 1
+ 4
Lt e LY
| ¥
favinil a f im }
Aveamla IE | 1
a6 5 i
| L PR T " 3
o 4 + * 1 '
kymvates ol ! m s l
w' oA [}
B v 39405 T 1= ]

Puc. 15. Ilpumep sicypuana nocewaemocmu u ycnegaemocmu
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B Tabnuie BO3MOXHO BBE/ICHHE JIIOOBIX 3HAUCHUH W KaXk/as siueiika, Kpome IepBoro
cTon0I1a, OTpaHUYEHA JUTMHHON B 5 CUMBOJIOB JUIsI KOPPEKTHOTO BBOJIA JAHHBIX.

[IpeacraBnenHast HHPpOPMALMOHHAS CHCTEMa MO3BOJIUT MPEIO/IaBaTe0 aBTOMATHU3H-
pOBAaTh TPOIIECC BEICHHS KypHaja, UMETh K HeMy YAaJICHHBIN JOCTYII.

6. SAK/IIOYEHUE

Pazpaborannas ndopmaronHas cucremMa i yueOHO-MEeTOANYECKO MOJUIePIKKHU JIHC-
LIUIUIMHBL «YKCIIeHHBIE METOIbI JIMHEWHOI anreOpb» MO3BOJISIET CTYJCHTAM HM3y4aTh TEO-
PETHYECKHUI MaTeprall, pACCMOTPEHHBIN Ha JIEKIINH, TAKKE 1aeT BO3MOKHOCTD 3aWHTEPECO-
BaHHBIM CTYyICHTaM TIIy0XKe H3y9aTh TEOPETUIECKIIA MaTepHaJl, OIyIaTh HHINBHIyTbHBIE
3aJaHus IS CAMOCTOSITEIIFHOTO BBIITOTHEHHS, TIPOBOIUTH CAMOKOHTPOIIb, OTIPABIISATH BBI-
TIOJTHEHHBIC 3a/IaHMS TIPETIOIaBATeIII0, 3a1]aBaTh BOIIPOCH MIPENOAaBATENIO, IIPOXOIUTH BHI-
XOHO€ TECTHPOBAHWE IO JUCIUIDINHE. TakuM 00pa3oM, pa3paboTaHHas HHPOPMAIMOHHAS
CHCTEMa TO3BOJISIET YIIYUIIHTh KaUeCTBO YCBOCHHS yUeOHOro MaTepuasa CTy JCHTaMH.

Jlumepamypa

1. Kypasckuii JI.C., Hypkaesa U.M., FOpves I'A. Auctmmmmaa « THPOpMaTHKa 1 IpOrpaMMHpOBa-
HHUE»: IPOrpaMMa, METOANYECKUE PEKOMEHIANU 1 ydeOHbIe mocobus: YueOHoe mocodue. — 2-e
u3ganue gonojHenHoe. — M.: ®I'6OY BO MITIITY, 2017. — 102 c.

2. Maxgaprano /]. bonsmas xaura CSS3. — CII6.: Turep, 2016. — 720 c.

3. Huxkcon P. Co3naeM nmuHaMuueckue BeO-caiThl ¢ momomnisto PHP, MySQL, JavaScript, CSS u
HTMLS. 3-e uzn. — CII6.: ITutep, 2015. — 688 c.

4. Hypkaesa U.M., Komopuna K.A. HpopMamoHHas: CHCTeMa THarHOCTHKH PO(eCCHOHATBHOTO
BBIFOpaHus negaroros // MoaenupoBaHue u anaiau3 JaHHbx. — M.: @I'bOY BO MI'TIITY, 2017. —
Ne 1. - C. 95-103.

5. Hypraesa UM., 3aiiyee A.H., Oenobaun A.A. UupopMaIioHHass cucteMa Uis MOHHUTOPUHTA
yueOHbIX goctikenuid cryaentos MITITTY // MonenupoBanue u ananu3 gaHaeix. — M.: ®T'BOY
BO MITIITY, 2019. — Ne 1. — C. 30-41.

187



. Hypraeba .M., Kopuaeuna K.A.
VHdopmarmoHHas crcreMa 1j1sl y4eOHO-MeTOIMYeCKOV ITOIIEePKKI AVICLIUIUIVHEL...
Mopenuposanue n atainms gaHHbIx. 2020. Tom 10. No 1.

Information System for Educational
and Methodological Support of the Discipline
“Numerical Methods of Linear Algebra”

Nurkaeva .M. *
MSUPE, Moscow, Russia,
e-mail: nurkaevaim@yandex.ru

Korchagina K.A.**
MSUPE, Moscow, Russia,
e-mail: vereinaka@mgppu.ru

The article deals with the development of an information system for educational
and methodological support of the discipline of the mathematical cycle. The main
requirements for the developed discipline are defined.

Keywords: Information system, self-control, testing, training, information technology,
Internet.

References

Kuravskii L.S., Nurkaeva .M., Yur’ev G.A. Distsiplina «Informatika i programmirovanie»:
programma, metodicheskie rekomendatsii i uchebnye posobiya: Uchebnoe posobie. — 2-¢ izdanie
dopolnennoe. — M.: FGBOU VO MGPPU, 2017. - 102 p.

Makfarland D. Bol’shaya kniga CSS3. — SPb.: Piter, 2016. — 720 p.

Nikson R. Sozdaem dinamicheskie veb-saity s pomoshch’yu PHP, MySQL, JavaScript, CSS i
HTMLS. 3-¢ izd. — SPb.: Piter, 2015. — 688 p.

Nurkaeva .M., Komorina K.A. Informatsionnaya sistema diagnostiki professional’nogo
vygoraniya pedagogov. Modelirovanie i analiz dannykh. — M.: FGBOU VO MGPPU, 2017. —
Ne 1. — pp. 95-103.

Nurkaeva LM., Zaitsev A.N., Ogloblin A.A. Informatsionnaya sistema dlya monitoringa
uchebnykh dostizhenii studentov MGPPU. Modelirovanie i analiz dannykh. — M.: FGBOU VO
MGPPU, 2019. — Ne 1. — pp. 30-41.

For citation:

Nurkaeva .M., Korchagina K.A. Information System for Educational and Methodological
Support of the Discipline “Numerical Methods of Linear Algebra”. Modelirovanie i analiz
dannykh = Modelling and Data Analysis, 2020. Vol. 10, no. 1, pp. 176-188. DOI: 10.17759/
mda.2020100112 (In Russ., abstr. In Engl.)

*Nurkaeva Irina Mikhailovna, candidate of pedagogics, docent of applied Informatics and
multimedia technologies, Moscow State University of Psychology and Education, Moscow, Russia,
e-mail: nurkaevaim@yandex.ru

**Korchagina Kristina Alekseevna, specialist in educational and methodological work of the IT
faculty , Moscow State University of Psychology and Education, Moscow, Russia, e-mail: vereinaka@
mgppu.ru

188



MopenupoBaHue 11 aHaJIM3 JaHHbBIX Modelling and Data Analysis

2020. Tom 10. Ne 1. C. 189-197 2020. Vol 10, no. 1, pp. 189-197
DOI: 10.17759/mda.2020100113 DOI: 10.17759/mda.2020100113
ISSN: 2219-3758 (reuartbrit) ISSN: 2219-3758 (print)
ISSN: 2311-9454 (online) ISSN: 2311-9454 (online)
© 2020 ®I'BOY BO MITIITY © 2020 Moscow State University of Psychology & Education

OOOOO METOAUKA OBYUYEHHSA OO0

VJIK 159.9, 004.4
Ieiimupukanus o0yyeHus: Ha NpUMepe
pa3padaTbiBaeMOil BUACOUTPHI JJISl N3yYeHUS
TA0JIMIBI YMHOKEHUS «Y MHOKAH € JINCOI»

Kapkosa O.I'*
T'BOY BITIO MITIITY, Mocksa, Poccus,
e-mail: Olga.milk.13@yandex.ru

B crartbe mpUBOAATCS OOOOIICHHBIE pE3YJIbTAThl BBIIOIHEHHS BBITYCKHOM
KBaJH(PUKAMOHHOM pabOoThI, CBSI3aHHOW ¢ 00YYCHHEM JICTeH MIIQIIICTO MIKOJIEHOTO
BO3pacTa TaOJHIle YMHOXEHHsS B (OpME BHACOUTPBI, 3TOT IOJXOJ Ha3bIBACTCS
reiiMupukanueir. OOBACHACTCS OTIMYHE IOAXOAa TeMMUPUKANIUU O0ydYeHUsS
OT TPAJUIMOHHBIX, COBPEMEHHBIX M HIPOBBIX MCTOAMK IS M3YyUCHHS TaOJHUIIbI
YMHOKEHHS, TaeTCsl OMHCaHue MeToAMK. IIpuBeneH kpaTkuii 0030p BO3ZMOKHOCTEH
BHICOUTPHI «YMHOXall ¢ nucoit». [IpuBomsTCS pe3yipTaThl YCTHOI'O OMNpoca Ha
NPOBEPKY 3HAHMs TaOJIUIII YMHOXKEHHS U TECTUPOBAHUS Pa3pab0TaHHON BUICOUTPBI
Ha JIETSAX JOIIKOJIBHOTO ¥ MIIAJIIIETO MIKOJILHOTO BO3pacTa. Jlenaercs BEIBO O TOM,
YTO JTAHHOE MPHIIOKECHUE CIIOCOOHO MOIOUTH HE BCeM 00YJAOIIMMCS U HAIICJICHO Ha
OTPECIICHHYIO ayJUTOPHUIO — ITO, B OCHOBHOM, 001 AIO0IIHE XOPOILINM 3PUTEIbHBIM
BOCTIPHATHEM, YK€ UCTIONB3YIOIIHE CMAPT(OHBI I UTP U IPYTUX LeNeil, 1eTH, W
CTECHUTENbHbBIC, WIH C CHHIPOMOM Je(UIMTa BHUMAHHS U THUIIEPPEAKTHBHOCTH,
WJIH C PACCEsTHHBIM BHIUMAaHHEM, HE ITO3BOJISFOIIUM JI0JITO 3aHUMAThCSI OJHUM BHIIOM
JeATeIBHOCTH 0e3 IOJDKHOTO CTUMYIa. B Xo/e TecTHpoBaHUs ObLIO BBISIBICHO, YTO
00y4aromMM TMPUIOKEHHEM HE MOTYT TOJIB30BATHCS JIIOJM, KOTOPBIC MEJICHHO
YHUTAIOT, TUI0X0 3HAKOT YMCJIA UK UMCIOT MPOOJIEMBI CO 3PCHUEM.

Knrouesnle cnoga: Tabnnmna yMHOXKEHHS, TeHMU(UKAINS, TPUIOKEHHE, BUICOUTPA, YM-
HOJKEHHE, UTPBI, U3yUeHHE TaOIHIbI YMHOKEHHS, METOIUKH, TOJIXO/I, YUEHHUKH, IETH.
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1. BBEJIEHUE

W3ydenne TabIUIIBI YMHOKECHUS Y MHOTHX JIeTel BBI3BIBACT TPYIHOCTH. BONBITMHCTBO
JeTell He TOTOBBI TPATHTh BPEMs Ha BBHIIOJHCHUE OMAITHUAX 33aJaHUN M, TeM Oolee, 10-
MOJIHUTENbHBIX 3a1aHui. C pa3BUTHEM MYJbTUMEAUMHBIX TEXHOJOIHMM, CUTyalusl yCyTy-
Omack eme ¥ TeM, YTO JIETH C PaHHEro BO3pacTa CTAM NPHOOpETaTh 3aBHCUMOCTH OT
TEXHUYECKUX yCTPOUCTB. [1o naHHBIM HcClle0BaHMsl, IPOBEIEHHOTr0 kKomnanuel « TBuamy
u Boicmreit Ilkonoit DxoHomuku, 80 % OMpOIIEHHBIX IETe U MOAPOCTKOB, B BO3pAcTe OT
6 1o 15 ner, akTMBHO MCHOJIB3YIOT raJuKeTh. Jletn no 12 et ucnonb3yoT cMapThOHbI 1
MIJIQHIIIETHI B OCHOBHOM JJISI UTP M MPOCMOTpa BHUeO [4].

Takoe moBaJibHOE YBJIEUEHHUE raJKETaMU CIOCOOCTBYET M3MEHEHHUIO MBIIUICHHS Jie-
Teil. JIeTn BBINOJIHSIOT HECKOJIBKO 3a/IaHUH OJTHOBPEMEHHO, UCIIOJNB3YIOT (DOHOBBIH I1IyM,
CMOTPSAT BUIEO, NEPENUCHIBAIOTCS C APY3bSIMU U, IIPU BCEM 3TOM, BBIIOJIHAIOT 3aJaHMUS,
TpeOyromue KOHIICHTPalui BHUMAaHUSL.

2. METOJUKHU U3YUYEHUSA TABJINLbBI YMHOXEHUA

Tpaouyuonnslit n00X00 u3yueHuA MadIUYbL YMHOHCCHUS
UYarre Bcero nmpuMeHsETCS U ABISETCS OCHOBHBIM. PaccunTaH Ha OTBETCTBEHHBIX JeTeil

WJIH TIOMOIIh POIUTEINCH U yUUTeNeH, ISl IPOBEPKU Pe3yIbTaTOB 3ayduBaHus. B Tpaaniu-

OHHOM TTOJIX0/I¢ N3yUCHHS TaOIHUIIBI YMHOKEHUS BBIICTISIOT 3 dTara:

1. TToATOTOBHUTENBHBIA — yYaIIUMCsI OOBSCHSIIOTCS TEOPETHUSCKUE OCHOBBI YMHOKCHHS
7 0cOOBIC CITyYal YMHOKCHUS, TAKAC KaK YMHOXKCHHE Ha HOJIb, CAMHUILY U ICCATKY.

2. cocTaBlieHHe TabJIHIl — yJalluecs COCTAaBIIOT TaOINIbl, ONMPAsCh HA CIOKEHHE U Ha
JeUCTBHS ¢ (PUTypaMu U TIpeIMETAMH.

3. 3anoMuHaHME TaOJIHI — TaOJIUIAa YMHOKECHHUS N3y4YaeTcs B OPS/IKE BO3pACTAHUS YHCEIl
ot 2 10 9. Ilpu M3y4eHUH HCIIOJIb3YETCsl MEPEMECTUTENHHOE CBOMCTBO MHOKHTEIEH.
3TO CBOMCTBO MO3BOJISIET COKPATHUTH 3ayYUBAHUE TAOJIUIIBI YMHOKECHUSI.

Y CHenrHoCTh BHIMONMHEHHUS KaXKI0TO dTana ¥ BO3MOYKHOCTh MEPEeX0Aa Ha CIIETYIOLTHHA

OILICHUBACTCS YUUTEIICM.

Cospemennvle MemoOuKu 0nsa uzy4eHus maoauyvl YMHoOHceHUus

CoBpeMeHHbIE METOANKH O M3YUYEHUIO TaOJIUIbI YMHOXKEHHS NPU3HAIOT HEO0O0XO0IH-
MOCTb HCHOJIb30BaHNUS PA3HBIX IT0JIX0/IOB C yUETOM TEMIIEPAMEHTa, XapaKTepa, IPeIpacIo-
JIOKEHHOCTEH, (PU3NIECKO aKTUBHOCTH M CKJIana yma. [IpaBuiipHO MOT0OpaHHBIA METOT
TI03BOJISIET IOCTHYB JKEITAEMOT0 pe3ysbTaTa B KOPOTKHE CPOKU. M3ydeHne MoxeT mpoxo-
JUTH B TPYIITNE WIIM WHANBULYTbHO.

AKTHBHBIM JIETSIM TIpeJUIaraeTcss NTpOBOH MeToJ. B HeM MOKHO HCIIONIBb30BaTh Kap-
TOYKH, KAPTHHKH, CYETHBIC MaJOYKH, CIICIMAIbHBIE POrPAaMMBbI, MYJIbT()HIbMBI, HIPHI C
MSTIOM, CUET Ha TajbliaX U APYroe.

TBOpUeCcKHM JeTSIM IpeyIararoT H300paskaTh TadIHMIly YMHOXKEHUS B SIPKUX PUCYHKAX,
IICTh IICCHU, CBA3AHHBIC C TaGJ’lML{eﬁ YMHOXKCHUS, YIUTDH BECCJILIC MAaTECMATUYCCKNUE YCTBC-
poctuius, Hanpumep, Y cauésa u Kasapunoit.
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ITo muenuto Aprunckoit V.U, u3yucHre yMHOKCHUS U JICIICHUS SIBIIICTCS BAYKHCHIIICH
4acThIO BCETO Kypca MAaTEeMaTHKH BTOPOTO Kiracca. V3ydeHue TabIuIbpl YMHOKCHHS HadHU-
HaEeTCs ¢ OOBSICHEHHUS CBSI3U YMHOKCHUA U CIIOKCHUSA, CBA3U ACJICHNUA 1 YMHOXCHUA, 3aKO-
HOB U CBOWCTB YMHOXCHUS U NesieHus. [To MeToauke ApruHcKoi, TaOIUIBI YMHOXKCHUS U
JIETICHISI U3YYal0TCs IMyTeM PEIICHUS MaTeMaTHIecKux 3a1ad [1].

W3ydeHue TabauIbl yMHOXKEHUS 110 cucteme o0yuenns Jnbkonuna /1.b.—Jlasbiosa B.B.
TIPOMCXOMIUT B TPETheM Kiacce. [locienoBaTebHOCTh N3YUSHNS TaOIHIl YMHOKESHS: YMHO-
skerne 0 u 1 Ha r000e uncito, a 3HauuT U Ha 10,100 u T.1., 3aTeM yMHOXKEHHE 9-KH, 2-KH,
5-xu, 6-ku, 4-kxu, 8-k, 3-kut 1 7-ku. OCHOBHBIM CIIOCOOOM H3yUYCHUS TaOJUIIBI YMHOKCHHS
10 TOM METO/UKE SIBIISIETCS BBIBICHUE 3aKOHOMEPHOCTEN (CEKPETOB) U OOITHX CITOCOOOB.
Cama onepanusi YMHOKECHHSI OTIHCBIBACTCSL KaK 0c000€ MaTeMaTH4ecKoe ACHCTBUE, CBS3aH-
HOE C TIepex0IoM K HOBBIM MEPKaM B IIpoIiecce U3MEepeHns BendrH [2; 3].

Wzyuenne TabauIbl yMHOXKEHUSI ¢ IOMOIIBI0 Bueourp. K coxaneHnuro, OOIBIINHCTBO
TaKUX UTP UMEIOT CKYYHBIH, CyXOW NW3aifH, KOTOPBI OYEHB OBICTPO HATOCHACT ICTSM.
Urpsl, peacTaBleHHbIC HA PHIHKE, CKOPEe, TOMOTAOT IIPOBEPUTH 3HAHUE TAaOIHIIBI YMHO-
JKCHHS U HE Tal0T HOBIIIECTB B €€ U3yUCHHUU.

Kpome mepedncieHHbIX CyIeCTBYeT MHOKECTBO APYTHUX METOIHK IS M3Y4YCHHUS Ta-
OJTUIIBI YMHOXKCHUSI.

3. TEUMUOUKAIIAS

lefimuukanms kak TepMuH, Brepsble Obu1 Mcroib3oBaH Hukom Ilemmuurom (Nick
Pelling), ameprkaHCKuM mporpaMMucToM U m3odperarenem, B 2002 r. Cerogns reimMuu-
Kalysi IPUMEHSIETCS] BO MHOTHX 00JIacTsX.

[eiimudukanns (urpodukanust) — TO HCIOIB30BAHUE UTPOBBIX 3JIEMEHTOB B HEHIPO-
BOM KOHTCKCTE, TO €CThb IPOLECC, KOorja 3JIEMEHTbLI UT'PbI UCIIOJIB3YIOT JJId AOCTUKCHUSA
peanbHBIX Ieneid. BaxkHo, uTo reiiMuukanus — 3To He CO3/IaHNE MOTHOLEHHON UTpPhI, a
TOJILKO MCIIOIb30BaHNE ONPEJICICHHBIX JIEMEHTOB. 3a CUET 3TOT0 CO3JaeTcst OoubIie ruo-
KOCTH M OOJIbIlIee COOTBETCTBHE JKEIAEMbIM LEIsIM [5].

4. OTVIMYUTEJIBHBIE
YEPThI TEUMHU®UKAIIAU OBYYEHUS

C noMoIipio reiiMupUKaul U3MEHSIETCS CII0co0 opranu3anuu ooyueHus. [Ipu aTom,
B OTJINYHME OT UTPOBBIX MPAKTHK, I7I€ IPUHATO UIPATh pa3HbIe POJH, reMMUpUKaIHs Cco-
XpaHSICT POJIM U HE U3MEHSCT XapaKTep ACATCNFHOCTH. [Ipu m3yueHHH TaOJUIBl YMHO-
JKEHUsI KaX/IbI IOHUMAET, 4TO u3y4aeT e€ u ocraercs co0oit. OnHa U3 OTIUYUTEIBHBIX
4epT TeUMUUKAIIMK 3aKITFOUACTCS B TOM, YTO «PCAbHOCTh OCTACTCS PCAIbHOCTBIO, HE
[IPEBPAIIasiCh B UTPY, & UIPOBbIC YCTAHOBKH BBOJSTCS B CUCTEMY Ollepaluii cyObekra ¢
9TOU peaIbHOCTHIO.» [6].
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Kypc o0yuennst ctpoutcsi TakuM 00pa3oM, YTOOBI aTh JTOHMOJHHUTEIBHYIO MOTHUBALIMIO
JUTSL BBITIOJTHEHUST 00pa3oBaTeNbHBIX 3a1anuii. Hanpumep, He nmpocTo pemuth 20 MaTemMaTy-
YEeCKUX IMPUMEPOB, a HaOpaTh 40 6AIIIOB 3a pelIcHNe MaTeMaTHISCKAX IIPAMEPOB K 33aaHHO-
MY CPOKY JUIsI IOJyYEHHs TOCTHKEHHS «apru(PMETHK» M IIepexo/ia Ha CJIEIYIOIINI yPOBEHb.
BBox moctwkeHnit 1 ypoBHEH JienaeT mporecc o0ydeHns 0ojee 3axXBaThIBAOIINM.

OmHUM U3 HEIOCTATKOB TeMU(DUKAINH SIBIIICTCS CMEIIeHne MoTuBalmn. Eciin nHTe-
pechl yuYeHHKa OCHOBAaHbI Ha BHYTPEHHEH MOTHBAIMH IMOJKPEILISATh BO3HATPAKIACHUSIMHU,
HaIpuMep, pelIeHIe HHTEPECHBIX TPUMEPOB, TO CYIIECTBYET BEPOATHOCTh CHIKEHHS CO0-
CTBCHHOT'O MHTEpECca YICHUKA K ATOH 00JIaCTH M CHIKCHHE aKTUBHOCTH [0 MHHAMAIIEHOTO
YPOBHSI, TPeOyEeMOTo JUIsl HOTYUSHHs] BO3HATPaXKICHHUSI.

UrpoBsle 1 poseBble METOUKN O0YUCHHS KapAWHAIBHO OTIMYAIOTCS OT MOAX0/a Teii-
MuuKanun. PojeBble UIPhl MEPEHOCAT YYCHHUKA B BOOOpa)KaeMBIil MUp, TIe KaKIOMY
MIPUCBOEHA HeKast poJjib. JIEKIMK MPENnoAHOCATCS B UIPOBOW (hOpME M JOCTABISIOT YO-
BosbCTBHE. HO 9acTo yUeHWKH HE OCO3HAIOT CBS3M MEXKAY 3HAHWUSAMH, IMOTyYCHHBIMH BO
BpEMsI POJICBOI UTPHI U PEATbHBIMU 3HAHUSIMU.

Hcnonp3oBanue reiiMuukanuy He 3aMEHSIET BCEro mpolecca TPaauIHOHHOTO 00Y-
YeHHA. YUEeHHUKAM HEOOXOIMUMO IOCeHaTh JICKIMH, CEMUHAPH! U BBITOIHATH JOMAITHUE
3amanus. ['eiMuQuKanys JOMOIHIET mporece 00ydeHHs, YTOOkI cenaTh ero 0ojee yBie-
KatenbHbIM. OLIEHKH MOTYT OBITh 3aMEHEHBI YPOBHSMH U JOCTIKeHHsiMH. CaM mporiecc
00y4YeHHS OCTaeTCA B PEaTbHOCTH.

O1eHKH, pSHTHHT, YCIIEBaEMOCTh — 3TO BCE CKPBITast reiiMu(ruKanus, KOTopas HaCTOJb-
KO YKpenuJiach B CCTeMe 00pa30BaHUsl, YTO BOCHPUHUMAETCSI KaK YTO-TO €CTECTBEHHOE.
Jlaxxe KOHTPOIBbHBIE PAaOOTHI U MIEPEXO/ B CICTYIONIIH KIIACC SBISETCS aHAIOTOM OUTBEI C
00CCOM U HEeKHUH 1mepexo/] Ha HOBEI yPOBCHb.

MHeHWUsI yYEeHBIX O MOJIb3€ TAKOTO MOAX0/a IPOTHBOPEYNBBI. KTO-TO BUUT ONIACHOCTD
B CHIDKCHHY MOTHBAILIMH U TFIOXOM YCBOSHUH HOBBIX 3HAHUH, APYTHE BOCXBAIAIOT TaHHBII
ITOJIXOJI B CBSI3H C TEM, UTO Y YICHUKOB MOSBIISICTCS NOTIOHUTEIbHAS MOTHBAIHL. OYeBHI-
HO, YTO BCE JIETH MHMBUAYAIbHBI, M K KXKJOMY HYKEH 0COOBIH MMOJIXO/I.

5. Ob30P BUAEOUI'PHI IJIAA U3YUYEHUA
TABJIMIIBI YMHOXEHUSA

Bupneonrpa nmo u3y4eHHIO TaOIUIBI YMHOXKEHUsS «YMHOXai C JMCOH» OTHOCHTCS K
KaHPY OCCKOHEUHOTO paHHEpa C MPEMATCTBHSIMH. PaHHEp — 3TO aHP UTPBI, B KOTOPOM
TIEPCOHAX HEMPEPHIBHO MEePEMEIIaeTCs, YIIPaBIeHHe OCYIISCTBICTCS HaKaTHEM Ha CEH-
COPHBIN 9KpaH JUIst IPbDKKA WM BBIMOJHEHUS KAKOTO-JIN00 JICHCTBHSI.

JUis mepenphIriBaHus MPEMATCTBIA B pa3padaThIBaeMOM IPHIIOKEHUH, HEOOXO0AUMO
OyZeT pemmuTh IpuMep U3 TaONHIIEI YMHOKEHHUS OJHO3HAYHBIX YHCEN 32 OTBEICHHOE Ha
9TO BpeMsi, BIOpAB MPaBWIBHBIA OTBET U3 4 MPECTAaBICHHBIX. Y MIPOKa €CTh 5 KHU3HEH,
T.€. 5 pa3 MOXHO OIIMONUTHCS 3a UTPOBYIO ceccrio. KommuecTBo BEpHO pemmeHHbIX U o01ee
KOJIMYECTBO MPIMEPOB 0TOOpaXKkaeTcsl B IIPaBOM BEepXHEM yriry dkpana (Puc. 1).
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Puc. 1. Hnmepghetic uepuvl « Ymnoorcaii ¢ aucoiiy

Ecnu urpox He ycnieBaeT BRIOpaTh OTBET WIIM BBOANUT HEBEPHBIH, TO IEPCOHAXK HE yCIIe-
BaeT MEpeIphIrHyTh MPENsSTCTBUE, BPE3aETCsl B HETO M TEPSIET OJIHY JKU3Hb. 3a IPOHICHHOE
paccTosiHie HAYKUCISIOTCs O4KU. [Ipu motepe Beex jKU3Hel nepcoHax rnorubaer. B koHIe
UTPHI BEIBOANUTCS HAOpPAaHHOE KOJIMYECTBO OYKOB M MPABHIBHO PELICHHBIX IIPHMEPOB.

[Iporpecc urpoka 3amuceiBaercs B 0a3y aaHHbIX. [Iporpecc MOXKHO MOCMOTPETH B MPO-
¢uie urpoka B Buze rpauka, 1aThl HTP U KOJIWYECTBA MIPABHIBHBIX M HETIPABHIBHBIX OT-
BeTOB. /711 COPEeBHOBATEIILHOTO MHTEPECa B UTPy A00aBiIeHa TabIuIa JINACPOB.

3arnoMuHaHUe IPOUCXOUT MEXaHUUECKH, TaK KaK Ha HeyJlauy YeJI0BeYECKUH MO3T pe-
arupyet octpee. CI0)KHOCTh HTPBI TOCTEICHHO YBEINYMBACTCS, HO €CIIM UI'POK HE CIIpaB-
JISIeTCSl C TIPUMEPaMH, TO MPOHUCXOIUT YIPOIIEHHE UTPBI: CKOPOCTh MaJacT, MPHUMEpHI
CTaHOBATCS Tpolle. B 1aHHOW Mrpe MOXKHO CXHUTPHUTb, HCIOJB3YS 11ay3y, YTOObI yCIeTh
IIOCMOTPETb BEPHBIH OTBET, HO Ja)Ke TaK M3-3a BO3PACTAIOIIEH CKOPOCTH MI'PBI NPHIETCS
3a[IOMHHTH OTBET, YTOOBI YCIIEBATh.

CymiectByet 3 Trmna npoduiieii mojabp30BaTeie:

e PeOeHOK: UMeeT JIOCTYI K UrPe JUIS N3yueHUsT TaOIUIbl YMHOKEHHS, TPO(UIIb ¢ mpo-

IPECCOM M JJOCTHKEHUSIMU.

e  VYuurenb: UMEET JOCTYI K MPOTrPECCY yYEHUKOB, MOXET 00aBiIATh MHOOPMALUIO O

KJaccax.

e Poaurens: IMeeT TOCTYI K ITPOTpeccy cOOCTBEHHBIX JICTEH.

Cpena paspabotku: Unity 5. JlaHHOE NMprI10KeHHE TUIAHUPYETCS BBIITYCTUTh HA CMaPT-

¢oubl mox ynpasnenueM Android, a 3arem u 1Os.
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6. PE3YJIBTATBI TECTUPOBAHUSA
BUJIEOUI'PBI «YMHOXAHU C JIMCOU»

TecTrpoBaHue MPOXOAMIO B OJJMHAKOBBIX YCIOBHSX I Bcex aereil. st rectupoBanus
ObL HCIIOIb30BaH MOHOOJIOK (DPHPMBI SONY ¢ CEHCOPHBIM YKPaHOM. TeCcTUpOBaHHE COCTOSIIO
U3 JIBYX 3TaIlOB: YCTHOT'O OMPOCa JIETEH M PEIICHUsI IPHMEPOB C TIOMOIIBIO TPUIOKEHHS.

TecTupoBaHue BUIECOUTPHI IPOBOAMIOCH C yyacTHeM JeTeil. Bo3pacT nereii Bappupy-
ercs oT 6 1o 11 ner. UrpoBas ceccus Obia orpanuyena 15 npumepamu, mociie UX petieH s
Urpa 3aBepluanach, )KU3HU He ObUIM OrpaHUyeHBl. Pe3ynpTaTsl (PUKCHpOBaAJIa BPYUYHYIO.

Jeru nposBuny ceds no-pazHomy. OIHH CTECHSIINCH, APYTHe CIEIIMIH IOCKOpee Mo-
poboBaTh HOBUHKY. Jlyuiiie Bcero B TecTipoBaHuu ceds nposiBiia AutoH, 10 ser. OH oka-
3aJIcsl OUYeHb CTECHUTEIBHBIM, OATOMY B YCTHOM TECTHPOBAHHMH OH IUIOXO MOKAa3all CBOM
3HAHMA TaONINIBI yMHOXKEHU. 3aT0 MOOMIIbHASI BEPCHUSI €My OUEHb IIOHPaBHUIIACh U B HEW OH
CMOT YJIy4IINTh CBOM PE3YJIBTATHI, ITOCIIE YCTHOTO ompoca. Ero nmokasareny yayqaimucs B
nporecce Urpbl. Y AHTOHA €CTh IUTAHIIET ¥ OH UTPAET BO MHOXKECTBO Pa3HOOOPa3HbIX UTP.

Tabmuua pe3yabTaToB IPeACTaBIeHa HIDKE.

Tabmuma 1
Tabauua pe3yJbTaTOB TECTUPOBAHUS
‘YeTHblii onpoc TecTupoBanue TpeHaKepa
Wmsa | [lonbITKa | BepHO | BCero | CKOpoOCTh BEPHO | BCero | CKOpPOCTh BHJ{
JaBun 1 15 15 | ouens GbicTpO 12 15 OBICTPO KJIaBUATypa
2 10 10 | ouens GbICTpPO 15 15 OBICTPO CEHCOp

B xome TectupoBaHUs OBUIO BBISBICHO, YTO TPEHAKEPOM HE MOTYT HOJIB30BATHCS
JIFOJH, KOTOPBIE MEIUICHHO YUTAIOT, IUIOXO 3HAIOT YMCIA WM UMEIOT IPOoOJIeMBI co 3pe-
HueM. MoOmibHast BepcHsl HIMEET MPEUMYIIECTBO TEPE KOMIBIOTEPHOH, T.K. CEHCOPHBIN
BBOJI TOpa3o ynoOHee, a BBIOOP BapHaHTa OTBETA C TIOMOIIBIO MBIIIN MOKET BBI3BATH 3a-
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TpyaHeHus. C MPUBBIKAHUEM K MPUIIOKEHUIO PE3YIbTAThl YIyUIIatOTCsl.

Bupneourpa «YMHO)ail ¢ 1MCOM» HalleJIeHa Ha ONPEIEJICHHYI0 ayAUTOPUIO — 3TO, B OC-
HOBHOM, o6naz[afoume XOpOIKUM 3pUTEIbHBIM BOCIIPUATHUEM, YIKE UCIIOJIB3YIOIHUE CMapT-
(OHBI U1t UTP | IPYTUX LEIeH, JIETH, UM CTECHUTENbHBIC, UM C CHHIIPOMOM JIe(HIIUTa
BHMMAHHUS U TUIIEPEAKTUBHOCTH, UJIU C PACCESHHBIM BHUMAHUEM, HE TI03BOJISIOLIUM JI0JITO
3aHAMAThCA OJHUM BUIOM JIEATETFHOCTH 0€3 TOKHOTO CTUMYJIA.

7. BAK/IIOYEHUE

Ieifimudukaiys CTAaHOBUTCS HEOTHEMJIEMOH 4YacThl0 cOBpeMeHHOro mMupa. C Majbix
JIET JIFOIA CTAHOBSTCS aKTUBHBIMH ITOJIF30BATEIISIMH JIEKTPOHHBIX YCTPOHCTB Pa3sHOTo Ha-
3Ha4YeHns1. OHHU He T0O0ST MOHOTOHHYIO JeSITeITHHOCTD, CTOCOOHBI BRITIOTHATH MHOTO 33,124
OTHOBPEMEHHO, 00JaMaroT TIOXOW KOHIICHTpPAIeH, OOIBIION CKOPOCTBI0 pabOTHl M MM
HeoOXoarMa 00paTHAS CBS3b I TOHUMAHUS. DTO MEHSIET CIIOCO0 MBIIIIICHHUS COBPEMEH-
HOTO TTOKOJICHUS, a 3HAYNT HY KHBI HOBBIC ITOIXOBI B 00pa30BaHUH.

Buneourpa mis cMapTgoHOB «YMHOXKAH ¢ JTUCO» OCHOBBIBACTCS Ha HOBBIX CIIOCO0-
HOCTSIX U TIOTPEOHOCTSX COBPEMEHHOTO ITOKOJICHHUS AeTell. TecTupoBaHue Urphl MMOKa3ao,
YTO HAWIYTCs JETH, KOTOPBIM OHO TOJOMUJIET JIy4llle, YeM TPaJAULMOHHbIE U COBPEMEHHBIE
MCETOAWKU U3YUCHUA TaGJ'lI/ILU)I YMHOXKCHUA.

BaaropapHocTn
ABTOp OJ1aroJIapuT 3a MOMOIIb B MOJAEPKaHNU pabouei aTMocdepsl HaydYHOTO PYKO-
BojUTeNs NpoekTa K.¢.-M.H. Jlykuna B.H.
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Gamification of Training on the Example
of a Video Game Being Developed to Study
the Multiplication Table “Multiply with the fox”

Zharkova 0.G. *
MSUPE, Moscow, Russia,
e-mail: Olga.milk.13@yandex.ru

The article summarizes the results of the final qualification work related to teaching
children of primary school age the multiplication table in the form of a video game,
this approach is called gamification. The difference between the teaching gamification
approach and traditional, modern, and gaming methods for studying the multiplication
table is explained, and a description of the methods is given. A brief overview of the
features of the video game “Multiply with a fox”. The results of an oral survey to
test the knowledge of the multiplication table and test the developed video games
for children of preschool and primary school age are presented. It is concluded that
this application is not suitable for all students and is aimed at a specific audience —
these are mainly people with good visual perception, already using smartphones for
games and other purposes, children who are shy, or with attention deficit disorder and
hyperreactivity , or with distracted attention, not allowing for a long time to engage in
one type of activity without the proper incentive. During testing, it was revealed that
people who read slowly, have poor knowledge of numbers, or have vision problems
cannot use the training application.

Keywords: multiplication table, gamification, application, video game, multiplication,
game, learning multiplication table, technique, approach, child.
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SEEO—SS5 - Hay4YHas KoHGepeHuus
aagi-] «HellpoKoMIIBIOTEPLI U

HX IPUMECHCHUE»

17 mapta 2020 rona B 3garnu MITIITY Ha OTKpBITOM IIOCCE, C COOIIOJCHIEM BCEX yC-
JIOBHH, TIPEAYCMOTPEHHBIX B CBS3H € dmmaemMueii, 6puta nposeneHa X VIII Beepocceuntickas
Hay4Hasi KoHpepeHust «HelpoKOMIbIOTEpB! U MX PUMEHEHUEY, TOCBAIICHHAS aKTyallb-
HBIM IIpo0JIeMaM PUMEHEHHUsI HEHPOHHBIX ceT3el n Jpyrux 00ydaeMbIX CTPYKTYp B 00J1a-
CTH €CTECTBEHHBIX, TEXHUUECKHX M T'YMaHUTAapHbIX HayK. Llenbio kondepeHnnn sBisercs
00beIMHEHNE CIICIUAINCTOB, pa0OTAIOIINX B Pa3IMYHBIX chepax MpruMeHeHus HelpoceTe-
BBIX QJITOPUTMOB M MHTEIUICKTYaJIbHBIX HH(POPMAIMOHHBIX CUCTEM, 00CyKaeHne u 0000-
IIIEHHE OIbITA UX TEOPETHUECKUX U MPAKTHYECKUX Pa3padOTOK, ONpE/ICICHHE IEPCIICKTHB
pa3BuTHSL 00y4aeMbIX CTPYKTYp. Boibloli MHTEpec y y4acTHHKOB BBI3BAJIM IUICHAPHBIC
nokiansl C.U. Tlonkosa «Pa3paboTka mporpaMMHOT0 TPEHaKEPHOro KOMILIEKCa Ha OCHO-
BC npmcna;moﬁ MHOT'0ar¢éHTHOM CUCTEMBI JUIA 06yquI/I${ OIICPaToOpPOB CIOKHBIX CUCTEM»,
C.A. llanukoBa «IIpumMeHeHNEe CHCTEMHOTO MOAX0/1a TIPH CO3JIaHUH UCKYCCTBEHHBIX HEH-
POHHBIX ceTeif Ha 6aze MempucTopoBy, C.J1. Kymuka «Oco6eHHOCTH TIpeCTaBICHNS KBa-
TU(PUKATTMOHHON paboTHI, CBI3aHHOW C IPIMEHEHHEM HeMPOHHBIX ceTei» u A.B. 3aifiieBa
«O HOBOH cnennanbHOCTH “POOOTOTEXHNKA BOGHHOTO M CHEUAIBHOTO HA3HAYCHHS ».

O3HaKOMHUTBCS ¢ MaTepuagaMu KOH(QEepEeHITUN MOXKHO Ha caiTe gakynbreTa HHPopMa-
nroHHBIX TexHonoruit MITIITY: http://it.mgppu.ru/action/.

Ha g@omozgag@uu: @OKWZOp(l HAyK, ydacmeoeaesuiue spa60me cekyuu
«HHmeﬂ.veKmyaﬂbele qubopMauuongze cucmemaul)
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