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Ilpeoucnosue / Editorial

Dear Readers!

This paper of the journal is devoted to the issues of data mining, the use of
methods of mathematical modellling, optimization and decision making support in
the tasks of management of complex socio-economic and technological objects.
The issue mainly includes the articles written by the research scientists of Pan-
European University (Bratislava), in collaboration with the scientists of VVoronezh
Institute of High Technologies (Russia).

The research area of the presented works is related to the solution of a
number of current scientific and practical problems, among which are:

- Building of the information database for the purpose of handling the
problems of data mining and predictive modelling;

- Building of parametric and semi-parametric quantile-regression models and
their use in the data analysis problems;

- Identification of objects with inhomogeneous characteristics;

- Algorithmization of decision-making in management of objects with
inhomogeneous characteristics;

- Development and use of the expert virtual resource of corporate intellectual
capital in the managerial decision-making environment.

We hope that the published articles will attract the attention of many
researchers working in the field of information technology, and will be interesting
for the young researchers as well as for the recognized authorities in the field of
use of information technology to meet the challenges of data mining, modelling
and management in various fields.

O. N. Choporov, D.Sc. Voronezh Institute of High Technologies VVoronezh,
Russian Federation, took part in the release of of the collection.

President of VVoronezh Institute of High Technologies
D. Eng. Sc. Prof. Y. E. Lvovich




Special aspects and principles of identification
of objects with inhomogeneous characteristics

M. Sperka

Abstract:

The analysis of the ways of the efficiency improvement of management of
technological objects is carried out. It is suggested that there are different
inhomogeneity in the objects in the majority of tasks, and from the perspective of
the specific characteristics of technological objects, the inhomogeneity
measurement is one of the sources to increase management effectiveness. The
technology of development of identification and management principles aimed at
improvement of efficiency and quality of object functioning based on the analysis of
the diversity category in relation to objects with inhomogeneous characteristics is
proposed. The scheme of an algorithm of testing of objects for inhomogeneity is
developed. For identification of objects with inhomogeneous characteristics the
procedure of decomposition of their mathematical description of homogeneous
components with the use of current information obtained as a result of the
experiment, archival information and expert assessments, is proposed.

Key words:

Principles of identification, cybernetic assesments, optimization and efficiency,
inhomogeneous characteristics, technological objects, management, homogeneous
components.

ACM Computing Classification System:
Control structures, Development frameworks and environments, Software
development techniques.

A Introduction

The control systems entails their ever more complex topology, i.e. they become
more diverse, which calls for developing more efficient techniques of their design [1].
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One of the sources of such diversity in designing control systems, being one of the
most important concept in cybernetics, is the diversity of controlled entities. A separate
class of controlled entities that feature these differences resulting in their wider diversity is
entities with inhomogeneous properties. Even to now, when controlling them differences
in their characteristics (their inhomogeneity) are only taken into account partially and
obliquely. No system approach based on assessing the effect of such inhomogeneity on the
quality of control processes is followed. Respectively, their control algorithms are not too
effective. Inhomogeneity of controlled entities of coinciding physical nature and use and
its manifestations give birth to the problem of optimal choice, which means offering the
best possible option among the many admissible.

When accounting for the inhomogeneity of controlled entities, their objective
functions and control actions are formulated for uniform series of entities or — if the level
of inhomogeneity is really high — for each such entity separately, to optimize their control,
improve the efficiency and quality of their functioning. The task of identification of
control of objects is closely related to the problem of their inhomogeneity.

h 1. The concept of identification and management with
iInhomogeneous characteristics

The concept of effective high quality control of entities hinges on developing the
techniques of optimizing control systems. The task of optimization emerges in the course
of planning and controlling production and technological processes, controlling economic
systems, identifying entities and systems, while planning experiments, developing and
implementing CAD systems, etc. Solutions of the optimization problem in various areas of
technology is the topic of numerous studies by both domestic and foreign scientists.
Meanwhile advances in optimization techniques remain one of the most important and
topical issues in cybernetics.

With upgrades in control systems their topology becomes ever more complex, i.e.
diverse, and that results in the need to find ways to improve the efficiency of their design,
e.g. using sensitivity functions [1, 2]. Another source of diversity faced when designing
control systems, itself being a core concept in cybernetics, is differences between
controlled entities. The role and importance of differences and diversity in cybernetics
were studied in detail by William Ross Ashby [1] and later in [2]. One of the classes of
controlled entities that feature differences resulting in their higher diversity is formed by
entities with inhomogeneous properties. The concept of "inhomogeneity" is found in the
description of many physical phenomena and processes.

The principles of identifying and controlling entities with inhomogeneous
properties have found their development in [3-5]. The task of classifying inhomogeneities
that separate classes of entities with inhomogeneous properties has arisen from practical
problems of controlling production processes in radio and electric machinery components
manufacturing, microelectronics, capital construction design, and healthcare [5, 7]. The
task of optimal control has called for accounting the inhomogeneity of the characteristics
of entities. Sources of inhomogeneity had to be classified, techniques to identify and
assess the level of such inhomogeneity developed, the uniform control problem
formulated.
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1)  develop classifications of sources and techniques to assess the degree of
inhomogeneity of entities;

2)  design techniques to identify such entities;

3)  develop the techniques to simplify rationally mathematical models,
separating and describing their homogeneous components to reduce time and scope of
identification experiments;

4) develop the techniques to set and solve the problem of multiple criteria
optimization and of numerical assessment of qualitative characteristics;

5)  develop assessment techniques to provide for efficiency, reliability and
quality when control is affected by subjective factors due to man-technology interaction;

6)  design algorithmic procedures that take care of optimal distribution of
functions between man (DMP) and machine;

7)  develop heuristic preparation techniques for decision making, for drafting
and adopting decisions that resist formalization;

8)  design simulation systems that combine expert assessments with formalized
models;

9) streamline algorithmic support for decision making.

10) Consider the inhomogeneity of entities' characteristics and the way it affects
control efficiency.

11) Such inhomogeneity precipitates differences in problem setting and in
mathematical description of optimal control of technological entities of one and the same
physical nature and use. When formulating and solving the new cybernetic problem of
principles of identifying and controlling entities with given properties, one has to evaluate
the economic efficiency of control systems constructed on the basis of those principles [8].

For such valuation we analyze possible approaches to the task of control in the
following two situations:

1) principles of identifying and controlling entities with inhomogeneous properties
are absent;

2) principles of identifying and controlling entities with inhomogeneous properties
are fully developed.

The first situation corresponds to hypothesis H1: the technological entity has an
integrated mathematical description and a unique setting of the problem of its optimal
control for every mode it may function in. In that case one may recourse to single-time
identification: collecting the information terminates at a prescribed moment, and a unique
entity model is constructed once the experiments are finished, the entity inhomogeneity
disregarded completely [59]. The structure of control algorithm is predefined by the
setting of optimization problem and its parameters, i.e. by the structure and parameters of
its mathematical description.

That hypothesis disagrees with the actual features of technological entities.
Following such a description results in poorer production quality and entails extra
expenditures on restructuring the control system. Attempts are taken to reduce economic
losses due to inadequate mathematical description and algorithmic support of optimal
control. Systems based on relatively "rough" models are designed and launched, to be
gradually tuned while control quality is improved due to continuous replenishment of
experimental data [10, 11]. Such an approach is justified in case the entity parameters
change continuously, e.g. they drift while the respective characteristics remain unknown.
In case the entity is inhomogeneous, its mathematical model — built for certain conditions
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shall eventually differ in either its structure or discrete values of its parameters from
actuality. Restructuring such models and algorithms requires accumulating new
experimental data. The respective period is aggravated with economic losses, since the
probability of having adequate products diminishes at that time. Even after the model
tuning is over it may remain far from the optimal level of quality. We call such losses "the
losses of first type".

From the point of view of control, the features making our entities different are
significant in case they affect formation of the objective function and the quality of
processes going in the entity. Hereunder we shall call differences in several significant
features (characteristics) between controlled entities their inhomogeneity. Inhomogeneity
is a category related to the diversity of entities of identical physical nature and use.

There exist well known and developed techniques of identification and control of
entities with uniform characteristics [9, 12, 13]. However inhomogeneity in their
characteristics is also a feature of well-tuned technological processes. In case
inhomogeneity is insignificant, one may use regression analysis technique [14] to retrieve
the characteristics of the respective technological process. If, on the other hand, the
inhomogeneity of the managed entity is significant, its statistical samples become
inhomogeneous and it becomes impossible to use probabilistic techniques. Besides,
mathematical description of such entities becomes hardly adequate (if possible at all) in
case one does not account for the significant inhomogeneity of their characteristics, and
quite complex and poor in its performance.

Meanwhile it is known that information from the DMP may be brought in to reduce
ambiguity in selecting the objective function, hence to progress to adaptive techniques [7].

One needs a clear description of the scope of problems solved by the DMP when
identifying and choosing the tactics to run the process going on in an entity with
inhomogeneous properties. Issues should be reviewed that the DMP faces when
interacting in dialogue mode with digital and analog computers in the course of decision
making. These issues of DMP functions have only found their reflection in some
publications [15, 16]. Commonly most entities with inhomogeneous properties do not
accept any special impacts that might be used to identify such entities and search for their
optimal control. These entities have to be tested either in their normal operational mode or
via computer simulations [15, 17].

Accounting for the inhomogeneity of entity characteristics in either partial or
oblique way improves control efficiency somewhat. It may be considered "rough" tuning.
To achieve "fine" tuning in controlling such entities one needs to introduce certain criteria
and account for the significant inhomogeneity of their characteristics.

When identifying such entities one needs to consider their specifics in dependence of
control tasks. Problems of such identification in the conditions of inhomogeneity is the
topic of monograph [3]. However it deals with one task only: reducing the error margin
when planning experiments. Inhomogeneity sources are classified there with respect to
entity nature only, disregarding the physical nature of processes or the degree of
inhomogeneity manifestations. Inhomogeneity sources are divided into discrete and
continuous. First, variability is assessed of raw materials, equipment, performers, i.e.
inhomogeneity descriptors belonging to qualitative input variables of the process.
Moreover, the level of such qualitative descriptors is not considered at all, as having no role
in the issue [3]. Inhomogeneity source of continuous type is the drift of some entity output
descriptor with time or some other coordinate (change in the catalyst activity, equipment

6
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aging, variations in the composition of raw materials, etc.). All the inhomogeneities are
demonstrated to be of quantitative and qualitative nature [3]. The authors of [4] undertook
a theoretical study of a,t-uniform processes, i.e. they only considered certain uniform
components of discrete dynamic processes without analyzing other sources of
inhomogeneity. Studies are practically absent that would offer exhaustive classification of
inhomogeneities of controlled entities, quantitative assessment of their degree, account for
them in the course of forecasting and control, or describe the techniques of selecting and
describing uniform components.

We shall consider a managed entity, fully identifiable in case one can pinpoint its
inhomogeneous properties, find a mathematical description linking that entity inputs and
outputs, and formulate a single optimization criterion for it. In actual conditions one may
only expect some — larger or smaller — degree of identifiability. This degree of
identifiability for the class of entities with inhomogeneous properties consists in assessing
the level of identification and description of their uniform components for each type of
inhomogeneities.

The analysis of a priori information and Substantive description of entities with
inhomogeneous properties [1, 18-21] has demonstrated that alongside their
inhomogeneous properties entities of that class feature [4]:

1. Stochastic character of processes run in them.

2. Constraints of varying level on active experiments.

3. Control aggravated by incomplete a priori information and ambiguities.

4. Numerous input and output variables.

5. Lack of exact quantitative relationships between their input and output
variables.

6. Dynamic nature of processes run in them.

The characteristics of controlled entities being inhomogeneous, such features affect
the selection of techniques chosen for their identification; in many cases special
approaches have to be developed to separate uniform components and shorten the time
needed for such identification.

Identifying entities with inhomogeneous properties makes it possible to describe
uniform components mathematically in the simplest way via their significant
inhomogeneities. It yields the basic economic effect at the initial stage of developing
systems to manage complex technological processes, improves the efficiency of
mathematical models that describe the processes adequately and are quite capable to solve
the optimization problem [1, 2]. In its turn, simplifying the models results in simpler
structure of systems to manage technological processes.

When accounting for inhomogeneities, the objective function and control actions
are formed for separate uniform series of entities or for individual entities in case their
inhomogeneities are high. Thus formed, they help to run the processes optimally and
improve control efficiency.

It is also advisable to take inhomogeneity of the controlled entities into account when
these entities differ significantly from each other. It affects the choice of control techniques
and the decision making process that boils down to the type and level of control actions. As
of now, there are no theoretically proven techniques available to assess the inhomogeneity
of entities by their aggregate features; therefore the problem arises of quantitative
assessment of the degree and level of inhomogeneity. The number of mathematical
models of uniform components grows for higher inhomogeneity levels, so that the scope,
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time and cost of experiments needed to identify entities with inhomogeneous properties
grow too. Hence one faces the task of shortening identification time, i.e. of developing
mathematical instruments to accelerate identification of uniform components. That would
simplify mathematical description and increase both accuracy and efficiency of the
respective adequate models, economically being more feasible from the control point of
view: simpler efficient adequate models require less computer resources for decision
making [23].

A 2. Specifics of identifying entities with inhomogeneous properties

Identifying entities with inhomogeneous properties should be preceded by the

analysis of inhomogeneity of the sub-group of entities Q (v =1, ¢) according to the

variance of their most informative descriptors O ;(j = 1,m) and their entropy based on

observational results. In case these inhomogeneity prerequisites are met, one proceeds to
identify the characteristics of entities, i.e. decomposes their mathematical description into
uniform components (see definitions 4, 5 [23]).

Following [88] and the classification of inhomogeneity sources for entities, the
number of models describing the population of uniform components is given by the
expression [23]:

S

Cyi = ISZ mjaiql Pwe, |, (1)
i=1

j-1
i=1,m, j=1Ls,

where / is the number of series of entities in sub-group Q , (v =1, q) ;

S is the number of stages in the process run in the entity;

mj, is the number of output variables, y; characterizing the j-th stage of the process
for g-th series of entities;

p:is the number of control ranges for the i-th output variable;

w; is the number of inhomogeneity types of uncontrolled qualitative input variables
for the i-th output variable;

e; is the number of quality levels of uncontrolled input variables for the i-th output
variable;

m, is the number of output variables, ¥, (i = 1, m) for the ¢-th series of entities.

Uncontrolled input variables include the parameters of entity design and state, of
raw and input materials for the process run, and descriptors of technological environment
that cannot be controlled due to technical and economic reasons.

Physical and mathematical models are used to identify design inhomogeneities. It is
impossible to employ mathematical models during the initial stage of the study because of
a lack of respective analytic and experimental data. Applying physical models is limited
by the very complexity of entities so they are idealized in a way. It is feasible to take a
series of direct observations on the normally functioning entity during the first stage of
analysis to study the inhomogeneity of its physical fields.
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Depending on the task of studying the sources of design inhomogeneity and the
availability of a priori information we will use the following approaches to identification:

1) conduct a series of direct observations of the industrial entity in its normal
operational mode and process the data obtained using variational analysis techniques;

2) study preliminarily the entity in its normal operational mode modeling its
physical fields on an analog or physical installation.

Production inhomogeneities stem from variable quality of raw and other materials,
from results of previous treatment and level of production. These inhomogeneities are
affected by random descriptors and are of stochastic character.

In case production inhomogeneities and uncontrolled input variables affect the
output variables of processes run in the entity strongly, one needs to identify the
parameters of vectors describing the inhomogeneity of uncontrolled input variables for
mathematical description of uniform components. Accounting for design and production
inhomogeneities, the model of uniform components for the i-th output variable belonging
to the g-th series of entities has the form [1]:

Vi = S(X,ULZ, VW), 2)

where X={x,...,x,} is the vector of significant controlled input variables;

U={u,,...,u,} is the vector of control actions;

V={v,..,v,} 1is the vector characterizing production inhomogeneity in the
quantitative uncontrolled input variables;

W={w,,..wz is the vector characterizing production inhomogeneity in uncontrolled
qualitative input variables; -is-

Z={z,,...,z,} 1s the vector characterizing design inhomogeneity.

To construct the model of uniform components for the ¢-th series of entities, one
has to introduce quantitative descriptors of the levels of vectors Z and W into equation (2)
or separate parameters z,...,z, into uniform groups.

To identify static characteristics under the conditions of inhomogeneity, one uses
current information obtained from experiments, archive information and expert
assessments [24-26]. In dependence of means used to accumulate statistical data to
identify static characteristics, one may differ between the active and passive experiments.

Following the split of sub-group Q (v =1,q) into series of entities

Q (v=1,1) that are significantly inhomogeneous in their descriptors Q;, a set of

significantly controlled input and most informative output variables is formed for each g-
th series of entities. Depending on the possibility to stage active experiment, one chooses
the technique to identify static characteristics and designs and implements the experiment.
Initially it disregards the inhomogeneity of uncontrolled qualitative input production
variables. Experiment results are then used to assess statistical significance of the

regression coefficient and the adequacy of i-th model (i = 1,m) for the g-th series of

entities; the respective multiple correlation coefficient is calculated using either
experimental data or archive material. If the model describes adequately the process run in
the entities of the separate g-th series, the respective multiple correlation coefficient
Ry < 0.80, the i-th model thus retrieved is considered to be poorly efficient [24]. Then the
variational analysis technique [27] is used to estimate the effect of inhomogeneity in
uncontrolled qualitative input production variables and these are accounted for when
constructing the following series of models for entities of the g-th series in sub-group
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Q (v =1,qg) Finally one defines which other types of inhomogeneities in process

characteristics have to be taken into account to identify sub-group entities, separates
uniform components for each inhomogeneity type and forms the a priori model structure

for the series Q ,(v= L1).

In case uncontrolled input variables may be estimated quantitatively, identification
techniques based on the current or archive information are used to describe uniform
components. The plan of active experiments E may be implemented in case one manages
to select the values from among the population of these variables that correspond to

prescribed variability levels A ij (k=1,N,j= I,_n, where N is the number of

experiments in plan E, and # is the number of input variables.

A separate group of uncontrolled quantitative input variables is formed by
individual parameters of entity that remain constant or change with time. To account for
their inhomogeneity in the model describing uniform component for the g-th series of
entities, quantitative descriptors are introduced or the model of uniform component is
constructed separately for each individual entity in the course of control [4]. Sometimes
the latter appears difficult because of lack of statistical material, while setting active
experiments on the entity remains impossible [4]. It is more feasible to separate and
describe uniform components at the level of individual parameters, when a variable is
introduced into the model of uniform components that characterizes individual features of
the population of entities in the g-th series with respect to a certain descriptor Qj [3]. Then
the mathematical model is constructed implementing the plan of a passive experiment [3].

The issue of reducing experiment duration becomes quite important for identifying
entities with inhomogeneous properties when their static characteristics have to be
identified for each uniform component separately, their number increasing for higher
degree of inhomogeneity. The number of uniform components growing, the scope of
experiment needed to identify them also grows, and that affects the time spent on
designing control systems for entities with inhomogeneous properties. There arises the
problem of designing techniques for accelerated identification of uniform components [4].

In many papers the practical applications for the study of objects with
heterogeneous characteristics are discussed [28-35].

A Conclusion

The proposed approaches and principles can be used in order to solve a wide range
of tasks of identification and control of technological processes with varying
inhomogeneity in production and technological processes, in control of economic systems,
in identification of entities and systems, in planning experiments and CAD systems
developing and implementing etc.

The concept of an effective high quality control of entities hinges on the
development of the techniques of optimization of control systems. The task of
optimization emerges in the course of planning and controlling. The solution of the
optimization problem in various areas of technology is the subject of numerous studies by
both domestic and foreign scientists. Meanwhile advances in optimization of the
techniques remain one of the most important and topical issues in cybernetics.

10
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Algorithmization of decision-making in management
of objects with inhomogeneous characteristics

F. Schindler

Abstract:

The question of algorithmization of decision-making in identification and
management of objects with inhomogenious characteristics is considered. The
analysis of features of objects with inhomogenious characteristics is carried out.
The decision-making basis in management of objects with inhomogenious
characteristics is defined. The necessity for the development of human-machine
procedures of decision-making in management of objects with inhomogenious
characteristics is proved. General principles of management of objects with
inhomogenious characteristics are presented. Inhomogeneity of management
results in a variety of variants of management, each of which is characterized by
the set of indicators. The three approaches for turning of indicators which depend
on the information sources are offered. They are aprioristic, dialogue and adaptive.
The classification signs which are the basis for a choice of the optimum decision in
management of objects with inhomogenious characteristics are offered.

Key words:

Decision making, management, objects with heterogeneous characteristics, optimal
solution.

ACM Computing Classification System:

Control structures, Development frameworks and environments, Software
development techniques.

A Introduction

The development of techniques of optimization of control and decision-making systems
is closely connected with the concepts of effectiveness and high quality control of objects. The
problem of optimization and decision-making emerges in planning and controlling
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of production and technological processes, in management of economic systems, in
identification of objects and systems, in planning of experiments, in CAD systems
development and implementation, etc. The solution of the optimization problem in various
areas of technology is the subject of numerous scientific papers. Meanwhile the
development of optimization techniques is one of the most important and topical issues in
cybernetics.

A 1. The particularities of controlling entities with inhomogeneous
properties

With upgrades in control systems their topology becomes ever more complex, i.e.
diverse, and that results in the need to find ways to improve the efficiency of their design,
e.g. using sensitivity functions [1, 2]. Another source of diversity faced when designing
control systems, itself being a core concept in cybernetics, is differences between
controlled entities. The role and importance of differences and diversity in cybernetics
were studied in detail by William Ross Ashby [1] and later in [2]. One of the classes of
controlled entities that feature differences resulting in their higher diversity is formed by
entities with inhomogeneous properties. The concept of "inhomogeneity" is found in the
description of many physical phenomena and processes.

In many cases one is forced to solve the task of optimization and decision-making
while a priori information remains incomplete, stochastic characteristics of controlled
entities are only known partially and various ambiguities are present. That is why adaptive
control systems find more and more use [3, 4]. While a priori information remains
incomplete and disturbance is present, optimization techniques develop towards seeking
for "the best" optimization algorithms [5, 6], developing a single approach to analyze and
synthesize optimization algorithms [7, 8], and build a "man-machine" interaction dialogue
in automated systems that manage technological processes, and working on computer-
aided design [9-11]. Simulation techniques [12] find more and more use for complex
entities and systems.

The task of optimal control has called for accounting the inhomogeneity of the
characteristics of entities. Sources of inhomogeneity had to be classified, techniques to
identify and assess the level of such inhomogeneity developed, the uniform control
problem formulated.

Consider the inhomogeneity of entities' characteristics and the way it affects control
efficiency.

Such inhomogeneity precipitates differences in problem setting and in mathematical
description of optimal control of technological entities of one and the same physical
nature and use. When formulating and solving the new cybernetic problem of principles of
identifying and controlling entities with given properties, one has to evaluate the
economic efficiency of control systems constructed on the basis of those principles [5].
For such valuation we analyze possible approaches to the task of control in the following
two situations:

1) principles of identifying and controlling entities with inhomogeneous properties
are absent;

2) principles of identifying and controlling entities with inhomogeneous properties
are fully developed.
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That hypothesis disagrees with the actual features of technological entities.
Following such a description results in poorer production quality and entails extra
expenditures on restructuring the control system. Attempts are taken to reduce economic
losses due to inadequate mathematical description and algorithmic support of optimal
control. Systems based on relatively "rough" models are designed and launched, to be
gradually tuned while control quality is improved due to continuous replenishment of
experimental data [13, 14]. Such an approach is justified in case the entity parameters
change continuously, e.g. they drift while the respective characteristics remain unknown.
In case the entity is inhomogeneous, its mathematical model — built for certain conditions
— shall eventually differ in either its structure or discrete values of its parameters from
actuality. Restructuring such models and algorithms requires accumulating new
experimental data. The respective period is aggravated with economic losses, since the
probability of having adequate products diminishes at that time. Even after the model
tuning is over it may remain far from the optimal level of quality. We call such losses "the
losses of first type".

The second situation corresponds to hypothesis H>: the technological entity features
inhomogeneous properties and there are diverse mathematical descriptions and settings of
the problem of optimal control available for various conditions of functioning of that
entity. In that case we have extra economic expenditures to identify the models for all the
uniform components and set respective optimization problems. Also, larger computer
storage space is needed. We shall call these losses "the losses of second type". Losses of
first type are absent then, since we have optimization models constructed and control
algorithms defined in advance for each set of conditions characterizing the inhomogeneity.

From the point of view of control, the features making our entities different are
significant in case they affect formation of the objective function and the quality of
processes going in the entity. Hereunder we shall call differences in several significant
features (characteristics) between controlled entities their inhomogeneity. Inhomogeneity
is a category related to the diversity of entities of identical physical nature and use.

Despite the existence of wide class of entities with inhomogeneous properties, they
are commonly managed using classical techniques. Moreover, only some selected sources
of inhomogeneity are considered, and no systemic approach is pursued. The latter should
be based on assessing the level of inhomogeneity and its effect on the quality and
efficiency of processes occurring in such entities. It is attempted instead to improve
control efficiency via automatic control and stabilization of the number of controlled entry
variables without any account of their own inhomogeneities and inhomogeneity of
uncontrolled entry variables. In other cases the best option is chosen from those already
available [15] or the level of control actions is calculated using the data from preceding
steps of control and the weighted average control that describes the changing trajectory of
output variables. However, when a priori information remains incomplete, the algorithms
proposed to manage the process with inhomogeneous properties disregard the information
from the decision making person (DMP) at each consecutive step of control [16].

Inhomogeneity of certain features and their manifestations define the way the
control task has to be set. Together with differing sets of output descriptors and differing
forms of objective function it all results in setting the problem of optimal selection: the
best option has to be chosen among the many admissible, given the ambiguities.
Publications are available [17] that interpret the problem of optimal selection as searching
for an optimal solution on a discrete set. However, the approach outlined in it focuses on
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developing respective algorithms while offering no methodological foundations for the
problem. The principles of identifying and controlling entities with inhomogeneous
properties have found their development in [16, 88].

It is particularly the practical problems of "fine" control that have called for
accounting the inhomogeneity of entity characteristics, for developing a classification of
inhomogeneity sources from the point of view of control needs, ways to assess the degree
of such inhomogeneities, the degree of identifiability of entities, designing algorithms to
choose identification techniques that are still lacking from any publications.

Eventually one has to solve the problem of decision making and selecting control
actions to run the process going on in an entity in the most efficient way. Therefore, the
control system has to be built as an "automated system of decision making" (ASDM). To
control entities with inhomogeneous properties, the ASDM structure is defined by the
features typical for that class of controlled entities, various sources of information, and
possibilities and conditions for its active search.

Moreover, inhomogeneous technological processes have to be managed on the basis
of incomplete information while ambiguities remain numerous and sources of information
are scanty. When controlling such processes decision making is driven by deterministic,
even random preferences of the DMP and these shape man-machine procedures that are
followed. That is why still another problem arises: to formalize decision making
procedures and develop algorithms to select the current control objectives and levels of
control actions on the basis of online information coming from the DMP. Most
inhomogeneous technological processes preclude any active search for optimal control
options among the set of those admissible, or remain limited in possibilities to do so and
that makes computer simulations necessary. The task consists in developing
methodological foundations for such simulations, staging them for various situations,
selecting control algorithms and their parameters and forecasting control outcome. Since
the final decision consists in choosing the values of control actions, man-machine
procedures have to be implemented using ASDMs. In that case one needs to combine
rationally the functions of DMP with digital and analog computers to improve the
efficiency and reliability of decision making and quality of running inhomogeneous
processes.

A 2. General principles and methods of decision-making during
control of entities with inhomogeneous properties

Inhomogeneity of entities in certain descriptors and its manifestations define the
setting of the problem of control, and the differing set of output descriptors and result in
varying form of the objective function (Definition 1, [18]). It all results in the problem of
optimal selection related to defining the best option among the many admissible [16].

If one reaches the level of mathematical description while identifying the
characteristics of the entity, commonly a uniform optimization model is developed to
control that entity, and that model is used to select the optimal solution U*={U,",..., Uk},
where U* is the optimal vector of control actions. The optimization model is understood to
be the mathematical formulation of the objective function and its constraints on the basis of
static and dynamic models of the entity.

In case the control problem is non-uniform, selecting the tactics to control the entity
has to follow several optimization models. The DMP is brought in for selection, and he/she
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prefers this or that option on the basis of subjective information. This option may be updated
using the current information obtained in the entity normal operational mode or remain
unchanged.

Heterogeneity stemming from diverse options of control problem manifests itself as
the need to account for various sets from the total population of entity descriptors and as
the differing significance of descriptors when selecting optimal controls for separate sub-
groups, series, and separate entities with inhomogeneous properties. Heterogeneity of
controls generates diverse control options, each of them characterized by its own set of
descriptors. The procedure of selecting optimal control includes forming a set of
descriptors, defining their weights o;{i=1,...,m) in the course of ranging them, convoluting
the descriptors into a global criterion and selecting the type and level of control action to
reach a preset control goal.

In dependence of sources of information three approaches may be used to convolute
descriptors:

a) the a priori, according to estimated descriptor weights obtained in advance of
searching for optimal solution [19];

b) the dialogue, making it possible to construct man-machine procedures for assessing
descriptor weights from the current results of searching for optimal solution [3, 18];

c¢) the adaptive, making it possible to tune the probability of controlling this or that
descriptor by the current information and information coming from the DMP [20].

In the result of identifying controlled entities with inhomogeneous properties one
separates uniform components, each of them characterized by its own set of descriptors. If
that set is determined, their weights a;{i =I,...,m) are set a priori of control, and their values
and relations remain constant. Descriptors are ranged by their significance via sequential
solution of the extremum problem: problem solution U;*={U,,...U,*} belonging to the
Pareto set is found for the area S; [19]. Eventually, searching for the optimum on the
consecutive descriptor in the ranging series results in the area S; degenerating into a point.
That is why it is recommended [19] to limit this search to a compromise that only differs
from the optimal U;* within acceptable limits, using the concessions technique.

In case the experts that take part in ranging descriptors disagree on concessions, one
proceeds to synthesize a global criterion as a function of the initial descriptors [19]. The
solution of multi-criteria problem is reduced to an unconventional optimization [19]:

W) = W(Q.,0.,...,0n)— min. (1)
Hes
Accounting for the requirements on the global criterion [21], the latter may be
presented as:

W)=Y a 22 -3 a,5,m). @
i=1 Qi - Q
where O, is the minimum value of i-th descriptor in the area S;
O, is the maximum value of i-th descriptor in the area S;
o; is the weight of i-th descriptor obtained via expert assessment with its further
ranging [21].

ai = m (3)
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he values of a obtained yield constant weights of descriptors of the process and their
relations.

When choosing the tactics to run the process, descriptor weights may change, and if
the decisions are taken with incomplete a priori information and ambiguities in the assessed
quality, the decision making person (DMP) is brought in at certain stages of solving the
problem of optimal control. In that case the dialogue approach [1] is used to retrieve
descriptor weights.

To convolute criteria, a non-parametric procedure is followed in dialogue mode with
the DMP, the convolution algorithm proposed in study [1]. The DMP may help to define the
set a = {al,...,am }

Since entities are heterogenic, each of them or each separate series of entities in the
sub-group needs its own set of descriptors to be formed. Meanwhile, descriptors in the set
may contradict each other, while their contradiction traits may be different. A leading (core)
descriptor has to be distinguished in each group of contradictory descriptors. A set of
descriptors F'={F}}, j=1,2,...x, where « is the number of contradictory groups is formed from
such leading descriptors. Identifying the leading (core) descriptor in the group belongs to
DMP functions.

There is a number of techniques available for grouping descriptors. Studies [9, 30]
suggest two algorithms for extreme grouping when random values f,’=I(I=I,...K),
A,A4,,..., AK are split into groups in the best possible way via minimizing the functionals

e Z (@ )P+ 7 (Qufy)? = ot Z @R

QeSdy Qe Edwr
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Using these algorithms, crossed groups A,.., 4, are separated from the total
population of descriptors (i,..,0,. The problem of defining "the best number of groups"
may be a task for DMP, while searching for the number of descriptor groups may be an
iterative problem. We consider it possible to use the technique of a priori ranging [24] to
split descriptors into groups preliminarily while executing extreme grouping to define the
number of descriptor groups. That method may be applied in case the ranging diagram
features an uneven distribution of the sum of ranks. Study [18] suggested an adaptive
approach to convoluting descriptors; with it probabilities of involving a given criterion may
be tuned using the current information and the information coming to the DMP, while the
goal remains indefinite [16].

Formulating the optimization problem does not yield any conclusion on the
techniques to solve it. Such techniques are simply decision making algorithms for choosing
the best possible option of running a process. Same as in formalized presentation of the
optimization problem, to develop its solution technique one needs to account for the
specifics of the controlled entity, e.g. the degree of its identifiability and the characteristics
of the set of its descriptors.

When the population of control options V'={V} contains a single V; with its selection
probability P,;-1, the optimal control is chosen following DMP's deterministic preferences.
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If there is a probability P;# 0 of bringing in some optimization problem or selecting
an i-th control option, while DMP indicates the preferred control option stochastically, the
selection of optimal control follows DMP's stochastic preferences.

Selecting controls for entities with inhomogeneous properties depends on such
entities' heterogeneity, on the presence of ambiguities and on conditions of active search for
optimal control options [25].

Below we introduce classification indicators to encode the choice of techniques of
optimal control [25].

Identifiability indicator, a. Since entity identification depends on control goals [69],
the specifics of identification while controlling inhomogeneous properties consists in
selecting uniform components and in constructing their models to improve the efficiency of
entities' functioning. We interpret the degree of identifiability [16, 18] as the level of

selecting and describing uniform components y, = f* (1) for each inhomogeneity type.

The level of separation of uniform components depends on the initial information and the
possibility to account for sources of inhomogeneity when identifying the characteristics of
entities.

Depending on the degree of their identifiability, entities with inhomogeneous
properties are separated into those fully and partially identifiable [3, 25].

When selecting optimal control options for partially identifiable entities, a priori
information remains incomplete and there is a number of ambiguities, so adaptation
techniques are needed [3, 25]. To select optimal control options for fully identifiable entities
mathematical models are available for every uniform component, the optimization criterion
is defined in a unique way, its probability P,=1, and the constraints are set, so the
optimization problem may be formulated as [25]:

Yix) — max
XE @ (6)

"v'|f'§’*:' b=,y
G = { s

= 0, 1.... n

Depending on the form of objective function and constraints on the solution of the
problem of selecting optimal tactics to run a fully identifiable process mathematical
programming techniques are used [3].

We set the identifiability indicator a = 1 for fully identifiable controlled entities and a
=0 in the opposite case [3, 16].

Selection stochasticity indicator, b. Three basic types of ambiguities are faced when
selecting control options [14]:

1) process output variables are subject to random perturbations, their characteristics
unknown;

2) functions setting control goals are not single extremum (the desired values of
output variables depend on the entities' inhomogeneity). They are defined for a discrete set
of possible types of control actions and there is no explicit analytical expression via control
actions;

3) there is no criterion to assess the efficiency of running the process in general.
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Depending on the degree of identifiability of entities some ambiguities are removed
in the course of identifying their inhomogeneous characteristics. Ambiguities of selecting
control options depend on individual inhomogeneous characteristics of entities, the
inhomogeneity of uncontrolled input variables and non-uniformity of the control problem.
Ambiguities are defined using current information, and information from the DMP is
brought in next [3, 4].

Ambiguities remain present in the course of selecting optimal control; the choice is
assessed stochastically and the criterion for the preferred alternative features some
probability. Therefore the stochasticity indicator is set as b = 1. In case a single optional
control problem is indicated, the stochasticity indicator b = 0. In the first case selecting the
optimal (efficient) control option follows stochastic preferences of the DMP, in the second it
is deterministic [16, 18].

Selection activity indicator, ¢. Not every entity with inhomogeneous properties
tolerates active selection of optimal control option. Search duration may be limited due to
economic, technological or technical reasons (C = 0). To solve the non-trivial control
problem (when a set of alternative control options is available, possibility is lacking for
active search, one needs to adjust control parameters often, etc.) it is advisable to use
simulations [12]. This simulation approach to the task of designing search algorithms for
optimal control depends generally on the following factors:

1) limited possibilities for active experiments;

2) time constraints of decision making for extended processes;

3) random interferences and perturbations due to changes in characteristics that defy
quantitative assessment;

4) systematic changes in control actions in the course of control;

5) strong influence of DMP on the process as the decisive element of the control system.

To conduct simulations one needs reasonably simple imitational models describing
the studied process adequately [27].

Selecting the technique of optimal control goes according to the values of
classification indicators Z = [a, b, c] [3, 16].

The specifics of entities with inhomogeneous properties defines what combination of
known techniques and special man-machine procedures should be used (Table 1.1) [16, 18].
Beside the a, b, ¢ indicators one needs to account for the indicators of entity type: its
dynamism and discreteness [19].

Some applied problems are considered in different papers [28-35].

A Conclusion
The offered principles and methods of an optimum choice can be used for the
solution of a wide range of problems of rational management of objects with

inhomogenious characteristics including productions and technological processes,
economic, social and other systems.
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Structurization of an expert and virtual resource
of the corporate intellectual capital in the environment
of adoption of administrative decisions

1. Y. Lvovich

Abstract:

The new approach to the building of systems of managerial decision making
support based on the integration of expert evaluation techniques and algorithmic
procedures of computer (virtual) components functioning that are viewed as the
virtual expert resource of corporate intellectual capital, is considered.

The concept of the two types of virtual expert resource is introduced: the
procedural and the knowledge resources. Algorithms of interaction between real
and virtual experts for the purpose of generation of prospective managerial
decisions via methods of optimization - search and variational modeling, are
considered.

Key words:

Expert and virtual resources, corporate intellectual capital, adoption of
administrative decisions, expert estimation, optimization, variation modeling.

ACM Computing Classification System:
Control structures, Development frameworks and environments, Software
development techniques.

A Introduction

The modern stage of the society development is characterized by stronger
competition between different manufacturers, globalization of the markets, and
introduction of technological novelties. The speed of decision making comes to the
foreground, that is the process aggravated by the need to process large streams of
inhomogeneous information. Therefore the role of intellectual resources of both separate
operating entities and whole industries becomes more important. Intellectual resources
stand apart as an independent object of economic and managerial relations and turn into an
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important strategic resource of every organization that controls its competition and
development capabilities [10].

A 1. The concept of virtual expert resource as a form of intellectual
capital information resource

Considering the development of intellectual resource in the corporate information
environment one needs to treat separately expert and virtual components in the structure
of intellectual capital and multi-alternative presentation of its elements in the course of
managerial decision making [2, 3]. By ‘decision making’ we mean a three-stage procedure
that includes analyzing the initial information, preparing to make decision and selecting a
decision generated in the course of interaction between the expert (experts) and a
computer system. We shall call the combination of expert and computer resources ‘the
virtual expert resource for decision making’ and treat it as a component optimizing the
management of corporate social (economic) system.

Effective corporate management is defined by a set of indicators (criteria) that stem
from the task set for the functioning system. As the system evolves, it accumulates the
information on both itself and the mechanisms of its development, such information
presented as expert knowledge (human capital) and computer information resources.
Together they form the corporate intellectual capital system within their common
information space. Using the algorithm of interaction between the components of
intellectual capital we form a new integrated virtual expert resource and develop
management procedures to optimize system development, as shown in the structural
flowchart presented in fig. 1.

As follows from the structural flowchart, virtual expert resource serves as the basis
for choosing managerial decisions. The leading role is played by expert, a decision
making person (DMP), designer and manager. However virtual expert resource is
oftentimes as valuable as the human resource in shaping the intellectual capital needed for
managerial activities.

Despite such an understanding of importance of integrated intellectual resource in
the computer component of decision making, it is still attributed an auxiliary role only, as
first postulated in the 1970-80’s. That point of view finds its concentrated expression in
[4]: information processing automats may serve as perfect assistants in decision making,
but never more than that. Meanwhile the authors of [5] point to certain weaknesses of
experts who are incapable to explain how they arrive at specific decisions and recourse to
fuzzy and conclusions difficult to understand. The authors suggest using artificial expert
systems to produce an equivalent of human expert. Study [6] indicates a more promising
path forward: it is only the human-computer alliance, a well designed system of man-
machine procedures (man-machine system, MMS) that may improve reliably the quality
of decisions taken.

The choice between the human and the computer resource is usually dependent on
whether decisions are taken in formalized vs. non-formalized ways [7]. The first approach
means solving highly structured problems with sufficiently clear algorithms, the choice of
the solution explained using formal mathematical techniques and computer resources. The
second approach relies on DMP cognition, i.e. is informal.
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Figure 1. Optimizing and managing corporate systems with virtual expert resource of
intellectual capital. A structural flowchart

Currently, partially formalized solutions are predominant; the computer resource
viewed as intellectual support for DMP in decision making and the basic question is how
to organize the man-machine dialogue optimally.

Combining formal and informal techniques to substantiate decisions assumes wider
use of expert assessments and man-machine procedures to prepare for taking decisions. It
is suggested to consider the set of such procedures as ‘virtual’ expert while the DMP
commanding the necessary scope of knowledge, intuition and experience is a ‘real’ expert.
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Then selecting the best (optimal, rational) decision from a set of alternative options
depends on the integral assessment based on objective analysis by virtual expert and on
subjective understanding of preferences on the part of real experts. The virtual expert
resource provides the necessary conditions for equivalent interaction of real and virtual
experts to form an integrated intellectual resource.

It is suggested to identify two types of information resource in the corporate
intellectual capital that supports interaction between the virtual and real experts during
managerial decision making: procedural and knowledge-based. The first virtual expert
resource provides intellectual support for decision choosing, the second supports all three
stages of decision making.

The procedural virtual expert resource processes current information on the
operation and development of corporate intellectual capital applying modeling, optimizing
and multi-agent search techniques to structured knowledge-type information.

A 2 Formalizing the interaction of components of virtual expert
resource of procedural type via optimized search modeling

Virtual expert resource of procedural type is meant to intellectualize support for
managerial decision making in cases when the corporate knowledge environment is
weakly structured, features fuzzy links and a multi-level subordination hierarchy.

The basic components of virtual expert resource are real and virtual experts, the
basic principles of their interaction proposed in studies [3, 8].

Either an individual real expert (IRE) or a team of real experts (TRE) is brought in
to make decision.

In their turn, virtual experts may be divided into the following types according to
the functions they execute during decision making:

— imitational prognostic virtual expert (IPVE);

— multi-alternative virtual expert (MVE);

— multi-agent virtual expert (MAVE).

Each type of experts listed above has its own formalized presentation with the help
of the following components:

X = (X1, ..., Xj, ..., Xj) 1s the vector of values of varied parameters;
y = (Y1, ---» ¥i» ---» Y1) 18 the vector of values of quantitative indicators;
v=(V, . V,, ., VI,) is the vector of linguistic values from subjective

assessments of qualitative indicators;

F= (E y ey F;l y ey F;l ) is the set of criteria for selecting the best option; a single
criterion is used in the extreme case;

o=(Q, ..., (pl.2 () I ) is the set of constraint functions;

W= (Wi, .., Wy, ..., Wp) is the set of alternative optional managerial decisions (of
at least two);

W is the optimal (rational) decision;

W, is the set of dominating options close to W';

f is the expert preference function including both objective criteria from set F and
personal subjective assessments;
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®(f) is the group preference function depending on the vector of individual
preferences of expert team members, f=(f}, ..., fy, ..., fp), where D is the number of
members in expert team;

I" is the mechanism of group expert valuation and selection of decision.

The sequence of forming the listed components is shown in detailed structural
scheme of three-stage decision making procedure (Fig. 2).

Of particular importance for formalized presentation of interaction between the
components of virtual expert resource is the multi-alternative virtual expert (MVE).

Analysis of initial information
1. Collecting the data on the coordinates of vectors x, y.
2. Defining vector v.
3. Selecting the technique for designing the imitational prognostic model.
4. Building the imitational prognostic model.

Preparation for decision making

1. Forming sets F and ¢.
2. Selecting the real expert (experts).
3. Selecting the virtual expert.

4. Selecting the mechanisms for group expert valuation, d=1D
5. Forming the set W (in case of MVE it is W,).

Decision selection

1. Selecting the mode of interaction for real and virtual experts and the respective
algorithm.
2. Virtual expert valuation of alternatives.
3. Selecting the final decision.

Figure 2. Structural scheme of three-stage decision making procedure with virtual expert
resource of procedural type

To describe MVE, an optimization model is formed, its optimized variables being
the coordinates of vector x = {x;, Xy, ..., Xa}, plus the specially introduced alternative
variables:

1 in case the alternative at m-th level of aggregation of ¥ is chosen as
Z, = a prospect for forming W*
0 in the opposite case, m=1,M

that form vector Z = { Zi, ..., Zu1, .0, Zis }» m=1,M

Besides, quantitative measurements of subjective assessments are taken into
account: V = {vy, ..., Vi, +.., VM2}-
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Then the optimization model for MVE takes the form:
Wiz, y(x, v)) — extr, iy =i =1,1,,

L1,

(Pi2(z, Y(X, V)) < (piz 5 i2

MUH Maxkce s __
X[ SXSX 0, = LJ

where y (X, v) denotes the possibility of using the model of dependence of y on (x, v)
while calculating y.

This optimization model serves to form the algorithms for the following functions
of MVE [8, 9]:

— forming the set of prospective options;

— aggregating the set of prospective options;

— maintaining the interaction with real expert.

Each function has several implementations. They all hinge on the basic variational
procedure over the components of vector z.

Integrating the procedures of variational modeling with MVE functions requires
combined use of fuzzy systems, neuron networks and genetic algorithms, i.e. intellectual
modeling defined by the concepts of Computational Intelligence.

If MVE optimization model only accounts for vector z:

Yi(z) — extr, 1 :1, ]1 ,

Zm =

02(2) < @, =1, 1,
1,
0, m= laM’

then the set of prospective options is formed using the multi-alternative optimization
model [10].
In case vectors z and x are taken into account:

Wi(z y(x) = extr.ii=L1,,

P(z, yX) < @, 2 =11, ,
Xj.MuH S XJ S Xj.MaKC,j — 1,(],

then the set of prospective options is formed using the following models:
— parametric optimization models

Yiu(x) — extr,
X

o) < @, 2= 11,

MUH Makc,
Xj < X < Xj

b

— imitational model of mass service systems and Petri nets;
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— model of image transformation.

Vector z is then included in the structure of the respective modeling procedure,
making it possible to integrate the basic variational procedure into the algorithmic scheme.

When accounting simultaneously for vectors x and v, variation of variables z,,

m= 1,7/[ is merged with forming the y(x, v) model. That model cannot be constructed in

its algebraic form, since the values of subjective assessments are defined by linguistic
variables, and their quantitative grades are given by functions of belonging to fuzzy sets.
In that case it is feasible to use the model of fuzzy rules in combination with the procedure
of variational modeling.

Since each alternative belonging to the set of prospective options W, is presented

by components of level m = 1,M aggregating these alternatives becomes possible via

selecting the best combination of components. That function of MVE is executed via:

— mathematical description of the set of prospective options;

— euristic algorithms;

— genetic algorithms.

Upon executing that function, MVE should provide for its possible interaction with
real expert. The following forms of interaction are possible:

— the use of linguistic variables;

— visualized imaging mechanisms of expert intuition;

— adaptive accumulation of expert information.

Then the formalized presentation of decision making for various types of experts
takes the form [8, 11]:

— individual real expert:

<x,yv,F, 0, W, fL W >;

— team of real experts: .

<x,yv,F, 0, W, (), [, W >;

— imitational prognostic virtual expert:

<X,,V, W/FM}I,(DWI, [=1,L>;

— multi-alternative virtual expert:

<x,¥,V, F, o/ Wy>;

— multi-agent virtual expert:

<W/F", p" 1=1,L>.

Selecting this or that optimization model and managerial decision follows the
implementation of one of the possible modes of interaction for the components of virtual
expert resource:

1. Virtual interaction mode (VM).

This option is based on interaction between virtual experts. Its first stage consists in
Selecting the most effective Agent for Search and Assembly (SASA) of information from
the structured information resource of intellectual capital, needed for joint operation of
imitational prognostic and multi-alternative virtual experts. The respective formalized
presentation looks as:
<VM>=<MVE ><SASA ><MAVE ><IPVE > <MVE > - W,,
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2. Dual mode (DM).

This option is based on interaction between the IRE and VE. Since the activities of
those experts are based on contradicting principles (see Table 1) [7], assessing the values

of criteria ‘Pl-] , i=11 1 for every alternative W, should be presented as a (2 x J) matrix

game (MQ).

Table 1 — Activity principles for real and virtual experts during decision making

No. Real expert Virtual expert

Simplifies the situation in dependence | Treats the situation following the accepted
1 of subject assessments, disregards | technique of model construction; simplification

certain alternatives or consequences | level stays the same for every alternative

thereof

Starts from subjective value of this or | Uses a combination of objective assessments of
2 that optional decision called its utility | quantitative indicators and subjective assessments

of qualitative indicators

Overestimates probabilities of | Attributes equal assessed probabilities
3 unlikely events while underestimating

probabilities of extremely likely

events

Bases one's decision on maximizing | Bases one's decision exclusively on calculated
4 the linear combination of utility and | values of criteria and constraints

subjective probability of reaching it

Traditions of decision making and | Decisions are only assessed on the basis of
5 personal expert qualities are prevalent | imitational prognostic model and multi-alternative

over the trend to maximize some | optimization

criterion

The respective formalized presentation looks like:

*
<DM>=<IRE><><VE>—-W, .

ES
where WMH is the optimal pure strategy of matrix game.

The second option is based on interaction between GE and MVE. It runs a matrix
game of GE to select option W from the set W, formed by MVE, i.e.:

%
<DM>=<GE><><MVE>— WMH'

3. Team mode (TM) [8]

The first TM option is based on interaction between TRE and VE. To obtain a
coordinated decision, a mechanism is used from the set I' for TRE, followed by group
assessment by real expert. It is then used to construct a man-machine procedure with VE
which follows the imitational prognostic model to retrieve the values of criteria W, i =

L1I:
<TM>=<TRE><I'><MMS><VE>—- W".

The second option prescribes the interaction of TRE and MVE. Now MVE starts
forming the set of dominating options W,, and then the group preference by TRE is
identified on that set with the use of one of the mechanisms from set I' following the
MMS principle:

<TM>=<TRE><I'><MMS><MVE>— W',

4. Team mode with dominating expert (TMDE) [8]
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A dominating expert (leader) is identified among the team of real experts.

The dominating expert (DE) sets the option that is reviewed via question-answer
situations (QAS) to reach a decision coordinated with the team of real experts of equal
rank. Interaction with virtual expert goes similar to the TM procedure:

(<DE><QAS><TRE><TI><MMS >
<VE>_ W’

< TMDE > = { <DE><QAS><TRE><T><MMS >
<MVE>— W'

\

Some of problems were considered in relatives on subject papers [12-20].
A Conclusion

The suggested approach is based on the integration of the well-known tools of
expert evaluation, the techniques of imitational prognostic modelling and multi-alternative
optimization. They form instrumental and technical base for generation of managerial
decisions in the virtual expert corporate information environment. That way the negative
effect of ambiguity is diminished and the algorithmic procedures can be applied for
selection of optimal managerial decisions on sets of alternative optional states of managed
entities.
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Formalization of user interaction with virtual expert
resource of knowledge type via ontological modelling

E. Ruzicky

Abstract:

The question of creation of systems of support of adoption of administrative
decisions on the basis of integration of formal (mathematical methods and a
computer resource) and informal (mentality of a person) methods that make expert
and virtual resource is considered. The description of an expert and virtual
resource of the knowledge type which includes the knowledge base and the car of a
logical conclusion is given. The ways of representation of knowledge are described,
the prospects of use of productional rules or rules of substitution are introduced.
The semantic description of basic components of an expert and virtual resource of
the knowledge type with the use of ontologies and division of metadata on
contextual and content is considered. The scheme of multialternative aggregation of
components of an expert and virtual resource of the knowledge type is developed.
The formalized procedure of interaction of users with a resource for making
reasonable administrative decisions on the basis of optimizing models is offered.

Key words:

Decision-making support system, expert and virtual resource, representation of
knowledge, ontologic modelling, expert estimation, optimization.

ACM Computing Classification System:
Control  structures, Development frameworks and environments, Software
development techniques.

A Introduction

The growing importance of the activities for storing, transferring and reproducing of
knowledge as the basic resource for operating subjects at various levels, as well as their
networking interaction call for more advanced systems of management based on the modern
information technologies. Making effective decisions for optimization of expenditures
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and increase of the reactivity of production in the environment of ever growing
information fluxes of varying nature cannot be based only on expert assessments.
Decision makers must be provided with modern techniques of analyzing, planning and
forecasting based on optimization models and algorithms considering numerous
parameters and criteria in the system of information acquisition, storage and processing.

In this regard, the considerable interest is represented by the designing of systems
used to support managerial decision making based on integrating expert evaluation and
algorithmic procedures for computer (virtual) components viewed as the virtual expert
resource of corporate intellectual capital.

h 1. Expert and virtual resource of knowledge type

Combining formal and informal techniques to substantiate decisions assumes wider
use of expert assessments and man-machine procedures to prepare for taking decisions. It
is suggested to consider the set of such procedures as ‘virtual’ expert while the DMP
commanding the necessary scope of knowledge, intuition and experience is a ‘real’ expert.
Then selecting the best (optimal, rational) decision from a set of alternative options
depends on the integral assessment based on objective analysis by virtual expert and on
subjective understanding of preferences on the part of real experts. The virtual expert
resource provides the necessary conditions for equivalent interaction of real and virtual
experts to form an integrated intellectual resource.

It is suggested to identify two types of information resource in the corporate
intellectual capital that supports interaction between the virtual and real experts during
managerial decision making: procedural and knowledge-based. The first virtual expert
resource provides intellectual support for decision choosing, the second supports all three
stages of decision making.

In its structure the virtual expert resource of knowledge type splits into two basic
components — the knowledge base and the logical conclusions machine. The base contains
knowledge used by the machine to form logical conclusions. These conclusions are
answers by the expert system to enquiries by users wishing to retrieve expert knowledge.

Apparently, the more information is stored in the knowledge base of intellectual
helper, the more its actions will remind actions by an expert. Developing an intellectual
helper may be an effective intermediate step before building a full-scale CIS to support
managerial decision making [23]. Besides, the intellectual helper frees a lot of time for an
expert, its use promoting accelerated problem solving.

Expert knowledge on solving specific problems is called the expert knowledge area.
The expert system processes information (does its reasoning) in that area and makes
logical conclusions (issues expert conclusions) that help reduce risks and shorten time
expenditures by decision making persons (DMP).

Knowledge in expert systems may be presented in many ways. One of the wider
used techniques consists of rules formulated in the IF-THEN form.

In a rule-based system, knowledge needed to solve problems is coded in the
problem area in the form of rules and is contained in knowledge base. Undoubtedly, rules
are used the widest for presenting knowledge.

Being the most important operational function, management aims at achieving goals
set for each specific system and at forming conditions needed to reach it. Such conditions
may include sustainability of some structure, its effective functioning, and support for a

34



Formalization of user interaction with virtual expert resource ...g

prescribed activity mode, saving or forming some qualitative feature in the system,
execution of a prescribed program.

Consider the ontology aspect of functional mechanisms used by the virtual expert
resource to retrieve and process data in support of decision making. The expert’s task
consists in analyzing the content of knowledge databases on a given subject area, or in
studying facts and points of view on the problem, events and processes in the socio-
economic sphere available from the open environment. The data accumulated in the
system form knowledge space for subject area or studied problem, its basic form being the
ontology.

The problem ontology is composed of classes of facts that reflect problem
manifestation, patterns identified in facts contents, normative foundations for the studied
problem, and assessments of the impact of that problem on various activities of socio-
economic systems. To classify facts a special system is used of qualitative content
indicators. To classify such indicators of fact importance as their “significance level” and
“uniqueness” one uses numerical scales and logical values. Filter systems make it possible
to characterize professional level of authors (sources) of data, their belonging to socio-
economic or other sphere, the level of trust in fact content and its scalability, importance
and utility.

The system of classes of ontologies makes it possible to model typical processes of
knowledge formation presented as a series: single fact — generalized fact — empirical law —
hypothesis — formal law. The work of expert forming the base of facts consists in
searching new information resources that emerge in the newly opened or specially
identified information environments [1]. Elements of the base are processed fragments of
primary materials in their digital form with their attributed sets of values of semantic
properties used to classify resources and manage the process of their analysis and use.

Separate components of ontology forms a system of rules (criteria) to assess
systems of accumulated facts and conclusions stemming from them, described by certain
formulas. These make it possible to recognize conditions for making typical decisions and
executing special actions. An example of such criteria is the degree of completeness in
presenting a typical structure of a process or a phenomenon that defines whether standards
are met or special professional actions taken before making decision.

A 2. The structure of an expert and virtual resource of knowledge
type

The virtual expert resource of knowledge type described under Section 1 consists of
the following components:

- User interface. It is a mechanism for user interaction with expert system.

- Explanation tool. A component making it possible to explain reasoning by the
system to the user.

- Operative memory. The global fact base used in rules.

- Logical conclusions machine. The SW component that shapes logical conclusions
(decides which rules agree with facts or objects), prioritizes executed rules and executes
the highest priority rule.

- Operative list of rules. Logical conclusions and list of prioritized rules formed by
the machine, their templates corresponding to facts or objects that are kept in operative
memory.
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- Knowledge acquisition means. An automated means for entering knowledge into
the system.

Many systems feature tools to acquire knowledge. In some expert systems these
instrumental means are capable of self-learning, judging rules by induction: they use
examples to develop rules automatically.

In a system based on rules, the logical conclusions machine defines which of the
antecedent rules (provided there are such rules) follow the facts.

In dependence of the scope of problems solved by virtual expert resource, the
logical conclusions machine of expert system takes either direct or reverse logical
conclusion or both such conclusions together. Selecting the logical conclusions machine
itself depends on the type of task set. Diagnostic problems are better solved using reverse
logical conclusions, while problems of prognosis, current control and management fit
direct logical conclusions better.

The logical conclusions machine functions in the mode of “recognition — processing
of information — action” cycles until certain criteria are met, which terminates its cyclic
activity and calls for “producing the decision”.

Upon executing all the rules, management is returned to the interpreter of
commands of the top level, so that the user may issue additional instructions to the
command interpreter of expert system. Operating in the top level mode corresponds to the
default mode in which DMP interacts with its environment via the virtual expert resource
of knowledge type. This operation is called the task of “accepting new user command”.
Accepting new commands occurs particularly at the top level.

During the period when SW application of expert system is developed the top level
is a user interface with command interpreter. However user interfaces of a more complex
nature are developed capable of simplifying interaction with the expert system.

The main feature of virtual expert resource in support of decision making is the
explanation tool envisaged in the system, which enables the user to ask how the system
arrived at a specific conclusion. Certain information is needed for that. Rule-based system
is capable easily to answer how a given conclusion was obtained, since the chronology of
rule activation and the contents of operative memory may be saved to a stack. A
developed explanation tool enables the user to ask questions of the type “what if” and
study alternative pathways via hypothetical reasoning. In other words, DMP need not limit
oneself to well-founded managerial decisions but can forecast various situations in
dependence of changes in the external conditions.

The basic problem of traditional expert systems, their information presentation form
based exclusively on the ‘if-then’ rules is their low speed in processing large data arrays
from various DBs and multi-alternative user enquiries. Therefore, to implement full scale
virtual expert resource of knowledge type in support of decision making one needs to
introduce, besides the standard rules for data processing, algorithms and techniques that
permit using any rule contained in operative list free of further sequential testing.

In that context it appears promising to use production rules or substitution rules [2].
Such rules find wider use in linguistics as a tool to define language grammar. Obviously,
any mathematical or logical system is a set of rules that indicates the ways for
transforming a string of symbols into a different set of sequential symbols. In other words,
upon receiving the input string (the antecedent) production rule is capable to produce a
new string (the consequent).
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Such an idea is also true with respect to SW programs and expert systems where
initial strings of symbols are input data and output strings result from certain
transformations that the input data were subjected to.

That said, the structure of the proposed virtual expert resource of knowledge type in
support of decision making looks as shown in fig. 1.

Facts Post
> production
rules
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=
=
=
=
D]
]
&N
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v = LOgIC'&l1 Execution
Template é conclusions tool for
interfacing = machine right-hand
]
tool Z part of rule
O
8
= .
[ Conflict
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Rete-
algorithm

Figure 1. Structure of virtual expert resource for data processing and support in decision
making

h 3. Semantic description of basic components of virtual expert
resource of knowledge type that uses ontologies

Consider semantic description of basic components of virtual expert resource of
knowledge type that uses ontologies [2], meta-data separated into contextual and content
parts (fig. 2).

We introduce the following notations:

M; are meta-data of i-th object;

O is the ontology containing the specimen (concepts) and predicates (relations);

M;(O) are contextual meta-data that describe interrelations of concepts with other
concepts or literals;
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M.(O) are content meta-data that describe knowledge contained in the specimen
concept.

. . " Contextual
meta-data

Content
meta-data

Figure 2. Meta-data structuring

Then:
M;= { Mki(O), Mci(O) },
where

M, (0)=(r(c;,v;) AR (¢ vy) AT (C,v,)),
M ;(0)=({ri(c1,v)), ki } Ay (€5v0)kp } AT (s Vi) oK )
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r; is the predicate (relation) from ontology O,

¢; is the specimen or the concept of ontology O,

v; is the specimen or the literal,

k; are important given statements for object 7.

Similar ontological description is used for web-services [2].

Therefore, virtual expert resource of knowledge type (S) is presented as an
aggregation of ontologies used as the basis for constructing meta-data, web-services and

technological operations, i.e. as a set of elements Wg (g =1,G), each of them being

some combination dependent on the set of ontologies O and the set of technological
operations 7*

Wy (0,4, T,).

The basic techniques offered for constructing virtual expert resource are based on

aggregating preliminarily chosen elements Wg into a combination of ontologies and

technological operations (fig. 3).

Wi W, We

Figure 3. Aggregation scheme for the components of virtual expert resource of knowledge
type

Such aggregation results in a certain level of vector criterion

F={F, ., F;, ., F}

where F Iz j= 1,J are the criteria for selecting alternative options.
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Note that vectors f e:8= 1, G include the values of indicator elements Wg , the

values of indicator F’ Iz ] =1,J for system S dependent on them.

Alternative implementation of ontologies and technological operations results in the
diversity of the following sets:
set of ontologies

ch{oi:iel},

where — denotes relation; x denotes Cartesian product; 0, = 1,0, is the set of numbers

of alternative optional implementations of ontologies of i-th type; [ is the set of indices of
the types of ontologies included in the CIS;
set of technological operations

Tcx{t, :keK),

where f, =1,7, is the set of numbers of alternative optional implementations of
technological operations of 4-th type, K is the set of indices of the types of technological

operations implemented in the system.
The diversity of elements O; and #; results in the diversity of combinations:

o, = (Oi,tk) ~o, =LW,.
In that case forming the virtual expert resource follows the scheme of multi-

alternative aggregating (Fig. 4) and results in a multi-optional character of the system
itself

S > Z = 1, L,
where L is the total number of options.
Each option is characterized by its vector of criteria F). Selecting the best option is
done with the multi-alternative optimization technique [3].
The first stage of optimizing consists in selecting implementation ontologies

Oi* ,1 =1,1 and technological operations Z k=LK according to vector criterion

F = W( Jo g (Oi,f k )) with the account of constraints of instrumental

environment chosen to implement the components of virtual expert resource.
During the second stage those groups of concepts and relations are chosen from the

ontology O/

; that maximize semantic proximity to external meta-data if applied to the

pairs of such meta-data operations Z (fig. 5).
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(Dl:Wl COQZWQ COG:W

Figure 4. Scheme of multi-alternative aggregation of the components of virtual expert
resource of knowledge type

Assessing semantic proximity B of the pair of meta-data M,, M, is done according
to the formula:

B(Mk,Mp):ZZsim(mi,mj) Y, 2 sim(m;,m;),

m;eM; m;eM ,
where m;, m; are sub-sets of meta-data, belonging to the sets of meta-data M, and M,,
respectively

sim(m;,m ;) = sim((¢;,r;, i, k;), (€, 2,50,k p) =

(sim(c; ¢, ) +simp(z;,z,) +sim iy ,i,)) f (k. k)
Simc (Cl. R CX) is semantic proximity of concepts ¢;, ¢, in ontology O: ;
sim,(z Iz Zy) is semantic proximity of relations z;, z, in ontology 0,-* ;

Sim[ (ik,iz) is semantic proximity of contextual meta-data in specimen of
concepts iy and i;
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f(k,,k_) are functions used to account for the importance factors of statements.

Ontology ( 01.* )

Heading
(Mpyﬁ)

Search
enquiry
(M3(H'l)

\ B(Mcnel,;a Msan) — max
Classifi-
cation

(t)

Search

*

(L o)

Figure 5. Second stage of selection with the use of optimization model and semantic
proximity

In papers [4-12] we can see similar problems, connected with control of complex
objects.

Therefore, the suggested model not only provides for semantic description of
storing the virtual expert resource knowledge for its further automated processing,
integration and repeated use, but offers a formalized procedure for user interaction with

that resource to select well-founded managerial decisions with the use of optimization
model.
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A Conclusion

As a result of the conducted research the option of creation of system of support of

adoption of administrative decisions based on integration of formal and informal methods
thar make an expert and virtual resource is offered. The semantic description of basic
components of an expert and virtual resource of knowledge type with the use of ontologies
is given. The model which provides the formalized procedure of interaction of users with
a resource for a choice of reasonable administrative decisions is suggested.
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The use of quantile regression in data analysis tasks

Ilpumenenue KeaHmuaIbHOIU pezpeccuu
6 3a0auax aHaiu3a OaHHbIX

E. Ruzicky, V. N. Kostrova
E. Pysrcuuyku, B. H. Kocmpoesa

Abstract:

Theoretical and applied aspects of the use of quantile regression in data mining
tasks are considered. The features of application of quantiles for modeling and data
mining are introduced. It is shown that the most complete picture of the impact of
the explanatory variable on the shape of the distribution provides the finding of
conditional quantiles, that is, the use of quantile regression. The methods of
construction of quantile regression are analyzed and the two-step procedure with
the use of the method of k-nearest neighbors for the computation of the quantile
functions and kernel smoothing for the final quantile regressions is carried out. The
analysis of the efficiency of application of quantile regression models in different
socio-economic areas is analyzed.

Annomauusn:

Paccmampusaiomess meopemuyeckue u NPUKIAOHbIE ACNEKMbl UCHONb306AHUSL
K8AHMUIbHOU pezpeccuy 6 3a0auax UHMELIeKMYaIbHO20 AHANU3A  OAHHbIX.
Tpusoosimest ocobeHHocmu npuUMeHeHUs. K6AHMUAel 6 3a0a4ax MOOeIUPOSaHus U
UHMENLIeKMYAIbHO20 anaiusa dannvix. Ilokazano, umo naubonee NOIHYIO KAPMUHY
GIUAHUSL NOSICHAIOWE NepeMeHHol Ha ¢opmy pacnpedeienus obecneyusaem
HAXO0JICOeHUe YCIOBHbIX K8AHMUNEU, MO eCcmb, UCHONb308AHUE KEAHMULLHOU
pezpeccuu. Ilposeden ananuz memoo0o8 NOCMPOCHUS. KEAHMUILHOU pecpeccuu,
paccmompena 08yXCmynewyamasi npoyedypa ¢ UCHOIb306aAHUEM Memooa k-
onudicatiuux coceoetl O GbIYUCTICHUS KEAHMUIbHLIX (QYHKYUL U S10ePHO20
cenadxcusanus Ol (PUHANBHBIX KEAHMUIbHBLIX peepeccuti. [Iposeden ananus
aphexmuenocmu npumenenusi K6AHMUIbHO-Pe2PeCCUOHHBIX MOOELE 8 PA3IULHBIX
COYUATbHO-IKOHOMUYECKUX 0ONACMSIX.

Key words:

Monitoring, data analysis, regression analysis, quantile regression.
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Knroueewvie cnoea:

MOHumopul-te, ananus 0aHHblx, peZpeCCMOHHblﬁ AHAJIU3, K6AHMUIbHAA peepeCcCusl.

ACM Computing Classification System:

Statistical timing analysis, Probability and statistics, Probabilistic reasoning
algorithms, Information theory.

A BBenenue

KBanTunpHass perpeccusi HCHONB3YETCSI B CBA3M C JKCTPEMaIbHBIMHU
COOBITUSIMA — O3TOT THI TMPEIAINOoJIaraeT HaMEPEHHOE BBEIACHHE CMEIICHHS B
pe3yJibTaT, MOBbIIAA TOYHOCTh MOJEIHA. MeToJ KBaHTWIBHOW PErpeccuu NpHU
aHaJ M3€ TPEHIIOB B pa3IMYHBIX3aJadax IMO3BOJIAET MOJYYUTh HH(POPMALUIO O
TpPEeHJax [0 BCEMY Juana3oHy 3HaueHui kBaHTwied ot 0 no 1 pacmpeneneHuit
3aBUCUMOM TIEPEMEHHOM, YTO AaeT OoJibllie WH(OPMAIMU, YeM HCIIOJIh30BAHUE
TPaJAUIIMOHHONW, OCHOBAaHHOM Ha MeToJe HauMmeHblnx kBajgpaTtoB (MHK)
pPETPECCUOHHOW TEXHUKH, MAIOIIEd BO3MOXKHOCTh IOJIYYHUTh OLEHKH TPEHAOB
JUIIb JUIsl CPEAHMX 3HAYEHWH 3aBUCMMON mepeMeHHOW. B manHOI paboTe Mbl
paccMOTpUM MPUMEPHI MCHOJIB30BAHUS KBAHTUJIBHOW PETrPEeCcCHM ISl PEUICHUS
pa3JIMYHBIX 3a/1a4.

A 1. [Ipumenenus: KBaHTHIIEH B 32129aX HHTELIEKTYAIbHOTO
aHAJIN3a IaHHbIX

Lenpro MOHUTOpPHHTA KaK MH(MOPMAIIMOHHOTO TPOIEcca SBISETCS MPOM3BOICTBO
HOBOT'O 3HaHHUsA, KOTOPOC GYILCT HCIIOJIB30BaTbCd IJId TIPUHATUA YIIPABJICHUCCKUX
peutenuii. /Iy HaX0XkISHUS HOBOTO 3HAHUS HA OCHOBE HAOJIOIaEMBIX MOHUTOPHHIOBBIX
WHIWKATOPOB HEOOXOIMMO IOCTPOCHUE MOJeNel W OlleHKa HX pe3ynbratoB. Ha
CETONHAITHUMA JeHbp Hanboyiee pacHpOCTPAaHEHHBIM METOJIOM OIHCAHUS CYIIECTBYIOIINX
3aKOHOMEPHOCTEH B TAHHBIX SIBISCTCSA PETPECCUOHHBIN aHAIH3.

CopmepkaHne pErpecCHOHHOTO aHalli3a COCTABISIOT METOAbl HaXOXKIACHUS
3aBUCUMOCTH CpPEJITHUX 3HAYEHUW OT KOHTpOJIMpyeMon nepemenHoi. Eciu perpeccop X —
HE3aBUCUMAs ClIydaiiHas BEIWYMHA, TO MOXHO PaccMaTpuUBaTh PETPECCHOHHYIO MOJEIH
KaK YCJIOBHYIO OTHOCHUTENBHO JCHCTBUTEIHLHO HAOJIONABIIMXCS 3HAYCHUW perpeccopa

xi,T. c.

M[Y|X, = x, |= f(x)+¢, (1)

e feC : [a,b] — HEKOTOpas Criaxupawomas (GpyHKIuUs, onpeaciicHHas Ha WHTEpBaje
xe(a,b);

€; — OTKJIOHEHHUE (CcaydaiiHas omMOKa) — HOPMAJIbHO paclpeelIieHHas CilydaiHas

. . 2
BEJIMYMHA C HYJICBBIM CpeHUM U eauHuIHOM quctiepeneii ee N(0,07) .
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SIBsIsICH 3aBHCHMOCTBIO BCErO OJHOTO MapaMeTpa paclpeieieHns, perpecCuoHHas
(yHKIMS HE OTpakaeT BIIMSHUEC OOBACHSAIONIMX TEPEMEHHBIX. Tak, €ciii 3aBUCHMAs
MepeMeHHasi IICH3ypHUpOBaHa CjJeBa WM  CIIpaBa, 3aBHCHMOCTh, OTpakaeMas
perpeccoHHON (YHKIMEH, HCKaxaeTcs. M3 XapaKTepUCTHUK TMOJIOKCHUS MeIraHa
Hau0oJee yCTOMUMBa K BRIOpOCaM | LIEH3YPUPOBAHUIO, YEM CPEHEE 3HAUCHHE.

B [2] yka3siBaeTcs 4TO, €CIH perpecCHoHHasi KpuBasi 0000IIIaeT cpefHue 3HAYSHHS
pacripeneneHnif, COOTBETCTBYIONIMX MHOXECTBY X, TO HECKOJIBKO PETrpecCHOHHBIX
KPUBBIX JJIA Pa3HBIX YacCTEH paclpeeleHH IMO3BOJSICT IMOMYyYHUTh TOJIHYI0 KapTUHY
3TOrO0 MHOXKECTBA. 3HAYCHHE, XapaKTEPU3YIOIIee OTACIbHYI YaCTh BEIOOPKH WU JOJHO
(porteHT) HAOMIOACHUH, COCTABISAET KBAHTHIIb WITH ITPOIICHTHII.

Ctporoe MmaTemMaTn4ecKkoe ONpeaeseHre KBaHTUIIN COTJIaCHO CIIeayroIee: eciu Y —
cily4aiiHasi TEpeMEHHas, HMermas (QyHKUW pacnpeneneHus F(y) wiM TUIOTHOCTB

pacnpenenenus f(y), To kBanTIIBIO (. Hopsiaka 7 € |0,1| oqHomepHOro pacmpenencHus
HA3bIBAETCA TAaKO€ 3HA4YEeHWE ), CIydYyalHOH BenMuuHBl Y, A1 KOTOPOro (yHKIHsA

pacrpeneneHus NPUHUMAET 3HAUCHHE T HIM HMEET MECTO «CKauoK» €O 3HAaue€HHEM
MeHbIIE T A0 3HAa4eHUs Oonbplie T, T.e€. P{Y < y,}z F(y,)=rt. Jins HenpepbIBHBIX

pacrnpeneneHuid, KBaHTWIb MOPSAKA T, TAE YUCIO T € [0,1], oTpenensieTcs Kak peleHne
ypaBHEHUS:

F(g)=[f(dy=t. 2)

IlockonbKy T MOXET paccMaTpuUBaTbCd Kak IIEPEMEHHas, OIpelesIeHHas Ha
unteppaie ot 0 10 1, To ¢(7) MoxkeT ObITH GYyHKIHMEN OT BEPOSTHOCTH T WM 00paTHas K
(yHKIIMH pacTipeieIeHNs:

q,(0)=F,(0)",

Ka)XJI0€ 3HA4YeHHE KOTOPOH eCTh 3HAYCHHE CIy4YalHOW BEJWYHMHBI Y , BEPOSITHOCTH
HACTYIUICHUS] KOTOPOTO GOJIBINE WK paBHA T € [0,1].

Tak, ecnmu Y — ciaydaiiHasi nepeMeHHasi, uMeronias GyHKIuIo pacnpeneneHus F(y),
TO Ui J1000ro 3Ha4YeHus T, HMpUHAAIeXkamero uHrepBanry oT 0 o 1, KBaHTHIbHasA
(yHKIHS MOXKET OBITH OmpezesieHa KaKk TOYHas HIDKHAA TpaHUIla MHOXKECTBa R Todexk v,
IIPU KOTOPBIX (PyHKIMSA pacipeneneHus IpUHUMAaeT 3HaueHNs OOJIbIIIE WM PaBHbIE T:

0, (7) =inf{F(y)> 7.

KBantunbHast QyHKIHs, SBISSCH OOPAaTHOM K (YHKIMH paclpe/ie]eHus, MOXKET
TaKXKe TOJHO OMKCHIBATH CIIYYaiiHy10 BeMUUHY Y Kak U QyHKIHS pacrpeaeieHus.

Camas u3BeCTHasi KBAHTHJIb — 9TO ME/IMaHa WK KBaHTHIIb Tiopsika 0,5, KoTopast JemuT
BBIOOPKY TIOTOJIAM, OCTaBJsisi ¢ OOEHX CTOPOH OT CeDsl paBHOE YHCIIO HAONIOJICHHH, T. €.
P{Y < ,u}z P{Y 2 ,u}z 0,5. Menmuana sBisiercss poOACTHOM OLEHKOM —LEHTPAIBHON
TCH/ICHIIMM BBIOOPKH M XapakTepH3yeT MOJOKEHHe LEeHTpa pacmpesencHus. Jlamee, Mo
AHAJIOTHH, OTPEIEISICTCS HIDKHSS W BEPXHSS KBAPTHIIb, TAK XK€ Pas3/IelSIONINE MOJOBHHBI

BEIOOPOUYHBIX 3HAYCHWH Ha OBE paBHBIE MO 00Bemy BBIOOpKH, F(y)=1/4 u F(y)=3/4
COOTBETCTBEHHO. PaccTosiHre MeXy KBapTUIIIMU — MHTEPKBAHTUIILHBIN pa3Max, KOTOPBIH
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AHAJIOTHYHO CPEIHEKBAJPATUYECKOMY OTKJIOHCHHUIO CIY)KHT MEPOH paccerBaHUs
ClTydailHOM BeNMYMHBI. 3aTeM TakKe ONpeAeisieTCs HIKHAA U BepXHAA OKTWiIH. B [3]
YKa3bIBaCTCA, YTO «HaXKe 3HAUCHHS KBAapTWICH W MEIMaHbl NAIOT XOPOILUE CBEACHHS O
XapaxkTepe pacrpeleIeHHsD).

Yacto BcTpeuaercss ymoTpeOleHHE BMECTO TEpPMHHA KBAaHTWIb MOHSATHSA
MPOLEHTUIb, T. €. KBAaHTHIb Topsiaka T. [IporeHTuny u ueHTwim aenst Beioopky Ha 100 u
10 gacteli, monagaHust B KOTOpble paBHOBeposTHHL. Jlrobas 7 -100 mponenTHiap — 31O
TaKoe 3Ha4YeHHEe, MeHbIlIe KoToporo Haomogaercs 7 -100 % 3HaueHwMiA, a BCe OCTaIbHbBIC

Boibopounbie 3Hauenus (1—7)-100% Gompmie srtoro 3maveHus. IlpoueHTHIH

OTIPENENSIOT OTHOCHTENBHOE IMOJOKECHNUE NAaHHOTO 3HAYeHHs B BBIOOpKE, T.. MPSIMO
YKa3bIBAIOT HA OTKJIOHEHUS OT MPUHSATHIX WM JOIYyCTUMBIX HPEAENOB, & TaKKEe MOTYT
TPaKTOBATHLCS KaK PEHTUHIOBasl OLleHKa Kaxxaoro HabroneHus o 100 OanpHOM mKase.

PaccmoTpum npumep — TuHaMuKa 3a0051€BaeMOCTH HepponaTusmMu 1o 33 paiioHam
Boponexckoit obmactu 3a 2004-2008 rr. (puc. 2). [loctpoeHHas TMHAS PETPECCHHA HMEET
HEKOTOPYIO TEHAEHIMIO K YBEIMUYCHHUIO, YTO CBUIETEIBCTBYET O pOCTe 3a00JIeBaEMOCTHU B
LIEJIOM B PETUOHE.

4000 T T T X T
X p
X -
X X X P e
- -
-
é 30001 P — —
(0] I ~— e e - X
s ———— — % X
[0)
® X
g 20001 5 5 —
X X X x
5 % 2 X X
(e}
: I N T
O g ............. % B .
.._._,___%__‘___x__‘___i____x' ________
0 X X g X X
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----- FIMHEenHaga perpeccusa
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Pesyabrar 10 % BBIOOPOYHBIX HAONIONECHUN ¢ HAUMCHBIIUMH 3HAYCHUSMHU
3a00J1€BaEMOCTH, CBHUJETENBCTBYET O TEHACHIMH K cTabunn3anuu 3a00JIeBaeMOCTH, a B
10% BbIOOPKM ¢ HauOONBIIMMHU 3HAYCHUSMH HAOJIOHAeTCd  BBICOKMHA  pOCT
3aboneBaeMocTi. B BbIOOpKE M3 25 % HaOMIOAEHWHA CO 3HAYCHHSIMH MEHBINE CPEeTHETO
MPOCIIEKUBAETCS POCT 3a00IEBAEMOCTH, a BEIOOPKE TaKOTO K€ 00beMa, HO C OOJIBIINMHU
CpeAHero 3HaueHWsAMH HaoOopoT yOwiBanue. ClenoBaTesIbHO, AJS pailOoHOB C MCXOJHO
BBICOKMM YPOBHEM XapaKTepeH pOoCT 3a00JIeBa€MOCTH, TOTJa KaK B paiiOHAX, UMEIOIIUX
HHU3KUI ypOBEHB, 3HAUECHHE 3a00JIEBACMOCTH TPaKTHUECKH He MeHseTcs. Takke nmeercs
psiA paliOHOB, B KOTOPBHIX NMPH MCXOJHO HEBBHICOKOM YpPOBHE HAONIOAAETCsl yBETUUCHHE
3200J1€Ba€MOCTH, U DSl PAOHOB C MCXOAHO BBICOKMM YPOBHEM, TZ€, BEPOSITHO, MIET
npoduiaakTudeckas padoTa, CllocOOCTBYOIIAs CHIPKEHHIO YPOBHS 3a00JIeBAEMOCTH.

Takum 00pa3oM, HCHONB30BaHHE aHaIN3 NPOLUEHTUIBHBIX 3HAYEHUH CO37aeT
HanOoJjiee TONHYIO KapTHHY, HEOOXOOUMYIO [UIi MOHMTOPHHIa 3a00JIeBa€MOCTH
HedponaTHsIMHU U IT03BOJIIET ONTHUMAIBHO KOPPEKTUPOBATh OOCTAHOBKY B PETHUOHE.

JleueOHBIN 3PPeKT MOKeT OBITH ONpeneNieH KaK «TOPH30HTAJIBHOE PACCTOSIHHE
A(X) MeXIy HaCTOAIIMM pacrpeaeneHreM F B KOHTpOIbHOM Tpymnie ¥ HOBIM G B rpyrmne
mocie BMematenbcTBa: F(X)=G{x+A(X)}. DT0 MOXeT OBITh 3amHCaHO B TEPMHHAX

. -1
00paTHBIX (YHKIMHA, T. €. KBAHTUIBHBIX, Kak: A(x) =G {F (x)}— X.
Hnsa  1=F(x)  xBaHTHIbHBIH  Je4eOHBIH  3ddexkT  ompedeneH  Kak:
-1 -1 -1 .
o(r) = A{F (T)}: G (r)-F (7) I K&KAOM ~ KBAaHTHIM  HACTOSIIETO
pacmpenenenus F.

CranpapTHas JIMHEHHasl perpeccus M[Yl |Dl.]= a+ - D, ¢ oueHkoii napameTpos
METOAOB HAUMEHBLINX KBAAPATOB IMOKAa3aJ1a TOJIBKO HAJTMYNE 3HAYMMBIX Pa3IMIUi MEXKIY
rpynnamu. Ksautunenas perpeccus as te(0,1) O, [T|Di]= a(r)+ B(r)- D, nossonnna
BBISIBUTH HHIMBHUIYAIbHBIC PA3IHYMs B KaXKI0W KBAHTHIIH.

[TockonbKy GyHKIUS YCIOBHOM KBAaHTHIIN AaeT OoJiee MOMHYIO0 KaPTUHY YCIOBHOTO
pacrpeeNicHusT 3aBUCHMON TIEpEeMEHHOH, 4YeM (YHKIUS yciaoBHOTO cpemuero. [lo
AHaJIOTHU C PErPECCHOHHBIM aHAJIM30M CTaTUCTUYECKUH METO[l, MO3BOJSIOMINN OLEHHUTh
napaMeTpbl YCIOBHBIX KBAaHTWIIBHBIX (DYHKIMH, N3BECTEH KaK KBAaHTHJIbHAS PEerpeccusl.

Tak kak Kakmas KBaHTWIBHAS PErpeccHst — 3TO (PYHKIUS HEKOTOPOTO MHOXECTBA
perpeccopoB AJisl 3HaUeHUS KBAHTHIIN 33JJaHHOTO TOpsIIKa:

Q,ltx]=g(Ax)+e;, 3)

TO MHOXECTBO (DYHKIMH, COOTBETCTIBYIOIIMX OIPEIEJIEHHOMY Ha0opy IOpSAAKOB
COCTaBJISIFOT CEMEWCTBO YCIOBHBIX KBAaHTUJIBHBIX (QYHKIHUNA. CaMbIM pacipoOCTpaHEHHBIM
SIBJIACTCS CIEAYIOLIEE YIOPSIA0UEHHOE MHOKECTBO 3HAUCHUH OPSAAKOB KBaHTHIICH:

{0,05; 0,10; 0,25; 0,50; 0,75; 0,90; 0,95}.

A2 Anamms METO/0B NOCTPOCHUSI KBAHTWIbHON perpeccuu

KBantunpHast perpeccust JOBOIBHO «CTapWUHHBIN» CTAaTUCTHYECKHUH METO],
YIIOMHHaHUE 3TOT0 TEPMUHA B MaTEMaTUYECKOM CTaTUCTUKE natupyercd eile XIX BEeKoM.
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Bo MHOroM ero «3abBeHUE» CBs3aHO C IIUPOKOH paclpoOCTPaHEHHOCTbIO METOAA
HaMMEHBIIMX KBaJpaTOB AJsl BBIUMCIEHHA JHHEHHON perpeccun. CraBmiee ceiidac
KJIACCHYECKUM OIpeeJieHne KBAaHTWIIBHOM perpeccun Obiio BBeaeHo Koenkepom u
Baccerom B 1978 T., Kak pacuipeHHe TMOHITHA TOPSAKOBBIX KBAaHTWIEH WU
MPOLICHTHIICH B JIOKAIBHBIX MOJEIAX K OOIIEMY KJIAacCy JMHEHHBIX MOJENEH, B KOTOPBIX
YCIIOBHBIE KBaHTHIIM UMEIH JInHEiHY0 hopmy [4].

[lo aHamorum ¢ HaxXOXICHUEM YCJIOBHOTO CPEIHEro, KOTOPOE MOXKHO
paccMaTpHuBaTh Kak pellieHre 3aaud MUHUMH3aliK OCTaTOYHONH CYMMBI KBaIpaToB:

argmin D (y, — u)°

ueR
rae Y; — 3HaueHue HaONIoAeHus U3 BEIOOPKH 00beMa n,

1L — BBIOOpOYHOE CpeiHee, OLIEHUBAEMOE M0 3TOH BBIOOpKE,

[onck Memuanbl MOXET OBITH OCYHICCTBIEH KaK MWHUMHU3AIUS ~CyMMBI
a0COJIOTHBIX OCTATKOB.

Takum oOpa3oM, HaxOXJE€HHE KBAHTWIM ( 33JaHHOTO TIOpsAKAa T MOXHO
paccMaTpuBaTh Kak IOMCK apryMeHTa MUHUMYMa CIIeHUaIbHOH LeneBoil (yHKINH:

argmin ) p, (v, —q)

geR =l
rae Pq (u) — xomTpomeHas (yHKIHS, OGeCTEUMBAIOMAS T-GATAHC HABGITIOJAEMBIX
3HAYCHUI W 3a/laHHAs B BUJIE:
T U, u>0
pe ()= (r—=D-u, u<0

Ecnu B perpecCHOHHOM aHalm3e YCJIOBHOE CpelHEe MpPEICTaBISIeTCS B BHIC:
M{Y /x} =1(8;,p)+¢&;, To omeHka mapameTpoB [ perpecCHOHHON (YHKIHU €CTh
pelleHre ONTUMHU3AMOHHON 3a/1a4H:

ar%minZ(yi _;u(xiaﬂ))z . “)

eR i=1
ITo aHAIOTMH C PErPECCHOHHBIM AHAIM30M MOXKHO TEPEUTH K OMPEIEIICHHUIO
KBAaHTUIBHO-PErPECCHOHHBIX (QyHKImMi V(X;,B), kaxaas U3 KOTOPBIX MPEACTABIISIET
coboit HekoTOopylo perpeccuro ycinoBHoit kBautwin ¢(7){Y,/x}. Torma mocrpoenue

KBaHTUJIHO-PETPECCUOHHBIX MOJeJell MOYKHO pacCMaTpHBaTh Kak 3ajady OIICHKH
napameTpoB GpyHKIuH V(X,, f) 1 HAXOAUTH pPeLIeHNe MUHUMHU3AINCH:

argmin ) o, (v, =v(x,, ). (5)

PR g
PemieHue mpeacTaBiIeHHOW MHHMMHU3ALMOHHOW mpoOieMsl, korma V(X;,[)

nuHelHas (YHKIMS € HEM3BECTHBIMH IapaMeTpamu, 3(PQEKTUBHO OCYIICCTBISETCS
METOAAMMU JIMHEHHOTO IPOrPaMMHUPOBaHUS.
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B YaCTHOCTH, JIMHEHHas KBAaHTUJIBHO-PErpCCCUOHHAsA MOACIIb [5] 3aJaHHasI B BU/IC:
X P,

Y, =X, B, +&, wm 7= jfy(s|‘xi)ds’

rae 3 — HEU3BECTHBIM BEKTOP PErPECCHOHHBIX ITApaMETPOB, OICHUBACTCS KaK PEIICHUE
MUHUMHA3ALUOHHON 3aJa4u:

~

ﬂ=a2gmin Doy, —x B+ D=0y, —x- |,

Ly >x; iy <x;fp
rae gUl — HEU3BECTHBIN BCKTOp OHII/I60K, TaK 4TO YCJIOBHAas KBAHTHJIb IOPAAKA T €ro

3HAYEHU paBHA HYJIIO.

Takoro poja OIEHKH MOYYIIIA HazBaHue L.2-0IeHKH, TaKk KaK OHU OCHOBBIBAIOTCS
Ha MMHHUMU3AIlUU B3BEIICHHBIX OCTaTKOB. [Ipu perieHuu 3aay OlCHUBAaHUS TTApaMETPOB
pEeTrpeccCHOHHBIX MoJeneld Hanbollee paclpoCTpaHeH KPUTEpUN HaWMEHBIIUX KBaJpaToB
1o (4), T. €. M-OIIcHKH.

AnbpTepHATHBOU SIBIIICTCS MCIIOJIb30BaHUE OIICHOK MaKCUMaJIBHOTO
npaspononoous uian L-oneHok, koTopsle B ommune oT MHK He TpeOyroT HOpManbHO
pacrpeneneHHBIX omuOoK. OIeHKa MaKCHMaJbHOTO TMPaBIOTOM00HUS HAXOIUTCS
MUHUMH3AIMeH QYyHKIUHU paBaonooous [6, 7]:

argminL (6,), (6)
roe L — ¢ynkuus npaBnomonoOust BEIOOpKM pa3Mmepa n UIS 3aAaHHBIX BBIOOPOYHBIX
3HAYCHUH {Y{,Yy,...Y,} OT HEHM3BECTHOro mnapamerpa @ (QYHKIUM pacHpeaeleHus
BEPOSITHOCTEN CIy4yallHOM BEIUYUHBI Y:

L=f[ﬁ(yi,9).

HaunGonee oOmmii xapakTep HOCHT Tporeaypa 0alleCOBCKOTO OIeHHWBaHUA. Ecmu
3amana ¢yskuus noreps W( 00), ompemensromias moTepd BCIACACTBHE OTKIOHCHUSI

MOJIYYEHHBIX OLIEHOK MapaMeTpoB 0 OT MCTUHHBIX 3HAUEHWH, TO GaleCOBCKUE OLEHKH
ImapaMeTPOB HAaXOISATCS U3 YCIOBHS MHHUMYMa (pyHKIMH pucka [7, 8].

OHCHKI/I MAaKCUMAJIBHOT'O HpaBIIOHOI[O6I/I5[ 1 OIICHKNW HAMMCHBIINX KBaApPaTOB MOTYT
OBITH MOJIyYEHbl KaK YaCTHBIE CIydyan 0alleCOBCKHMX OLIEHOK MPH ONPENEIEHHOM BBIOOPE
(GYyHKIMM TIOTEP, W TPH COOTBETCTBYIOIIMX BEPOATHOCTHBIX Mepax dG(0) u

dFy(Yyn) [7, 9]. TIooToMy BO3MOXKHO MHOXKECTBO IOAXOZOB K OLICHKE ITapaMeTpOB

KBAaHTHJIHOH PErpeccuy UIl Pas3IM4HbIX BEPOATHOCTHBIX MEp M 3aJaHHON (QyHKIMH
MOTEPh.

B wucxomnoit pabore [10] criaxuBaHMe BceX Tpex (QYHKIHHA, OMUCHIBAIOIINX
MO/JIEJIb, IPOU3BOJMIOCH OTAENBHO C ITOMOILBIO CIIJIAHHOB, M BEIOOP MOJIENIN CBOAMICA K
mof0opy ONTHUMAIBHOTO YHCIa Y3/IO0B KaXIoW u3 Tpex (QyHkuuid. B mampHeimem
HCTIONB30BAINCH pa3NUYHble MOTU(HKALNHU, TaK Yee MpPEAJOKII OLEHUBATh BCE TPH
(byHKIIE COBMECTHO BEKTOPOM CIUTaifHOB [11].

B xadecTBe aNbTepHATUBEI HOPMAIBHOMY PACHpPEIEIICHUIO PA3INIHBIMU YUCHBIMU
NIpeIaraloch MCHOJIb30BaTh t-pacrnpeneneHue, KpuBble JIKOHCOHA, 3KCIOHEHIMAIbHO-
MOJIaIBHOE paclpeacieHle, FTaMMa-pacipeeIeHue.
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B pabore [12] mnpeanaraercss HCHONB30BaTh CTEMEHHOE HKCIOHEHIIHAIBHOE
pacnpenencane Box-Tiao wmm oOmmx omuOOK, KOTOpPOE SIBISAETCS OOIIUM BapHaHTOM
3aJaHus PA3IMYHBIX OJHOMOAANBHBIX PACIpeeIeHUH OT HOPMaJIbHOTO 10 PABHOMEPHOTO
IS JTaHHBIX, HWMEIOMIMX CIHIIKOM OOJBIION DKCIECC ITOCJIE  HCIOIL30BAHUS
Tpancpopmanun bokca-Kokca.

[Tpu oTcyTcTBUM anprOpHON MHpOpManuKu 0 (HopMe pacrpeaeIeHus MPeIoKEeHbI
HeTlapaMeTpUYeCKHe KBaHTHUIIBHO-PETPECCHOHHbIE MoJenu. B wgacTtHOCcTH, 00cyxkmaercs
BOIPOC 00 MCIOJIb30BaHUH SEPHOTO OLIEHUBAHUS (QYHKIIUH YCIOBHOTO pacIpeieNieHUs] U
MOJyYCHUE YCIOBHON KBaHTHIM oOpamieHreM 5Tod (yHKuuu. Pemasi BBIYUCIUTENBHYIO
npobieMy oOpalieHus OIeHEHHOW (YHKIWK YCIOBHOTO pacmpeneneHus Yu and Jones
(1998) ncnonp3oBany ABOHHYIO SIEPHYIO allPOKCUMAIINIO Kak MUHUMU3aruio [13]:

n
argmin Y’ p. (v, —v)- K, (x, - %),
v i=1
rue Vv=V(X) — OlLIeHKa KBaHTHJILHOH pEerpeccuH,
K — siapo ¢ 3aganHON mupuHO# okHa h.

CootBercTByMOmas  (GyHKIMsS peaqu3oBaHa Yu g makera  S-PLUS,
pa3pabOTaHHBIH AITOPUTM TAPAHTUPYET CXOJUMOCTb.

HauGonpmee MHOrOOOpa3zue pemieHuil KBaHTHIIBHOW pPErpeccHy MpeACTaBICHO B
cneruanbHOM cratuctudeckom I[IO — SAS, B KkoTOpoM Ha CErOgHSIIHUN JCHB
pean30BaHbl — CUMIUICKC-aJITOPUTM, AITOPUTM C BHYTPEHHEH TOYKOMW, CIIIaXKHBAFOIIUN
ITOPUTM, KOTOpBIE OCHOBaHBI Ha TpeoOpa3oBaHMH 3amaud (5) B 3amady JHHEHHOTO
MIPOTPaMMHUPOBAHHSL.

Peamuzammmst LMS-meTona BBIIONIHEHA B CHENUadbHOM mpukiaagaoM I10
ImsChartMaker, paspaborannom T.Cole and H.Pan, wumeercs mnyOnukamumm Kak
ncxomuoro tekcta FORTRAN-nporpammer Koyma, Tak m xom Kepu (Carey) mns ee
peaym3anuu S-PLUS Ha http://biosunl.harvard.edu/ carey/.

MmuoxectBo pabor Koenkepa (Koenker) mo oreHke nIHHEWHOW KBaHTWIBHOMN
perpeccur TpeACTaBICHO B KadecTBa OTpHITOro kojga Ha s3bike R (http://cran.r-
project.org) w B Buae (yHKIMM Ha A3pIke S g makera  S-PLUS
(http://econ.uiuc.edu/roger).

Cneunanu3upoBaHHbIi cratuctuyeckuid maketr STATA umeer komanay «qreg» st
OTICHKY KBAaHTWJIBHOU perpeccuu, Onoimoteka moanporpamMm komauna STATA mocTossHHO
pacmmupsieTcss 1 BCE MHOXKECTBO TOJb30BATEIBCKUX BEPCUI BBIYHMCICHUS] KBAHTHUIIBHOM
perpeccun MOXKHO HalTH Ha http://www jstor.org.

B crenmansaom MmatematudeckoM 1O XploRe mMmeercs BO3MOKHOCTH OICHKH
napamMeTpoB KBaHTHIBLHON (QYHKIMH M Psifi CEPBUCHBIX NPOLEAYP MO MPOBEPKE TUIIOTE3 U
noctpoenus rpadukos [14].

Tax:ke W3BECTHHI CIIEIUANIbHBIEC MTPUKIIAIHBIE PEeaTH3allMd HEKOTOPHIX alrOPUTMOB
KBAaHTWJIBHOW  perpeccmm — makeT VGAM, paspaborammeiii T. W. Yee
(http://www.stat.auckland.ac.nz), peanusyroomuii LMS-meTon, OueHKY KBaHTHICH IpH
HCXOIHOM TamMma pacIpelleieHHnH 3HAaYeHUHd W HWCIOJB3YIOMIUKA CBOI MOIU(PUKAIIIO
TpaHchOpMaIui K HOPMAIFHOCTH TSI TIOJIOKUTEBHBIX U OTPHUIIATEIbHBIX 3HAYEHUH.

[poexr GAMLSS (Generalized Additive Models for location, scale and shape —
0000IIeHHbIE aATUTUBHBIE MOAETH IJISl TOJIOKEHHS, CMEIIeHUs U (opMbl) paspaboTaH
JUTS TIONTYTIApaMEeTPUIECKHUX PErPECCHOHHBIX MOJIETIEH.
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[penmonaraercs, 4YTO MapaMeTPUICCKUMH TOJDKHBI OBITH QYHKIIUH pacIipeesiCHHs
3aBUCHMBIX TEPEMEHHBIX (OTKJIMKa) Y, a MOJCIMpOBaHHE MapaMeTPOB PaCIpeIeTICHUs
KakK (DYHKIMI HE3aBUCHMBIX PerpeccopoB X MOMKET OCYHIECTBISTHCS C UCTIOIb30BAHUEM
HeTlapaMeTPUUIECKUX CriaxuBaomux ¢GyHKuid. B ocHoBe Momeneir GAMLSS nexut
9KCITIOHCHIIMAIBHOE CEMEWCTBO pacIpelleieHnH, KOTOpOoe IO3BOJISET MOJIEIHPOBAThH
HETMPEPBIBHBIC W JUCKPETHBIC PACIPEICICHUs 3aBUCHMBIX MEPEMEHHBIX Y C BBICOKHM
ko3 puIMeHTOM acHMMETpUHN | dKcrecca. CucTeMaTideckas 4acTh MOJCIICH pas3ioskeHa,
YTOOBI TO3BOJIMTH MOJICJIMPOBATh HE TOJBKO cpenHee (IOJOXKEHHE), HO BCE ApYyTue
mapamMeTphl pactpenesieHust Y Kak THHEHHBIMY, TaK U HeTHHEHHBIMY MapaMeTPHUCCKUMU
U QIIUTUBHBIMH HelapaMeTpUIeCKUMU (YHKIUSAMH HE3aBHCHMBIX TIEPEMEHHBIX CO
cyuaitaeivu 3 dexramu (http:/ www.gamlss.com).

[IpuMeHeHne moaXo/la HA OCHOBE CIIIQXKMBAHHS IPEAINOoJaraet, 4Yro s Ka)JIoro
(MKCHpPOBaHHOTO  3HAYEHUS  IEPEMEHHOU X OCYIIECTBIISIETCS ~ BBIOOpKA
COOTBETCTBYIOIINX 3HAUEHWH 3aBMCHMOM IMEPEMEHHOM Y, MO KOTOPOH BBIYHCISAETCS
BBIOOPOYHAs KBAaHTHIIb 3aJaHHOTO TMOPsAKa. YTOpPSAOYEHHbIE 1O (HUKCUPOBAHHBIM
3HayeHHssM X KBaHTHIM OJHOTO M TOTrO K€ MOpPSAKAa HHTEPIOIUPYIOTCS TIaIKOM
HenpepblBHOH PyHKumel. [lockonbky mogoOHas 3a/1a4a pemaercs B JBa 3Tamna;

1) pacuet sMIpHUYECKOr0 KBAHTWIISL 3aIaHHOTO TTOPSIKA TI0 BRIOOPKE;

2) cruaxuBaHHE MHOXECTBA OMIIMPHYECKHX KBAHTWIIEH 10 HE3aBHCUMOU
MEePEMEHHOM, 3a()UKCUPOBAaHHONW AN K&KAOTO PacCUYMTaHHOTO  KBAaHTWISL, TO
COOTBETCTBYIOIIHIA MOIXO]] MPUHITO CUUTATh JBYXCTYTIEHYATHIM.

Ha ceronusimamii eHs HanOoJIee U3BECTHA pean3alus ABYXCTYIeuaToro moaxoa
mpu o0paboTke HcciaeqoBaHUH AMEPHKaHCKOTO IEHTpa 10 KOHTPOJIO 33 MHTAaHHEM
(CDC) nmnst mocTpoeHWs CIpPaBOYHBIX IUArpamMM pa3BUTHS neTeil. [ m3MepeHHBIX
3HAYeHHUH OBLIH MONYYEHbI IepBOHAYANBFHBIC CTIIA)KEHHBIE KPUBBIE BHIOPAHHBIX TJIABHBIX
NPOILICHTHIIEH W Ha BTOPOM JTale MOJYUYEeHBI MapaMeTphl, KOTOPBIE ObLIH HCIOIb30BaHBI
JUTSL TTIOCTPOSHUST (PMHAIIBHBIX CTIIAKEHHBIX KPUBBIX M JIOTIONHUTEIHHBIX MPOIEHTHIIEH. B
Ka4yecTBE CTIKUBAIONINX (PYHKIWH OBIIM MCIIOIH30BAHBI TOJTMHOMHUAIBHAS 5-11 CTeleHH,
nokaneHO B3BemnieHHas perpeccust (locally weighted regression). Iloxronka mozenu
OCHOBBbIBaJlaCh Ha MHUHHMMH3AIMM OCTATOYHOTO cpenHero kBajapara oumbok (RMSE),
koadp¢unmenta gerepmuHanuu (R2). [TogpoOHOe ommcaHne BBIYUCIUTENHHBIX MPOIETYD
MOJKHO HalTH Ha http://www.cdc.gov/growthcharts.

A 3. Anamu3 3¢ (peKTUBHOCTH NPUMEHEHUSI KBAHTUJIBLHO-
perpecCHOHHbIX MoJiesiell B Pa3IHYHbIX COLHAIBHO-
IKOHOMHUYECKHUX 00,1aCTAX

KBantunpHast perpeccusi Kak CTaTUCTUYECKHI METOJ UCHOIB3YeTCS B Pa3IMUHBIX
COLMATIbHO-3KOHOMHUYECKUX O0JIacTAX.

B Menuko-connasbHOM MOHHUTOPHHIE LIMPOKO MCHOJB3YIOTCSl CIPAaBOYHBIC WM
CTaHAAapTHBIE IMOKa3aTenu ¢u3nueckoro pas3BuTus gereil. CrnpaBouHbIe MOKa3aTeNn
UCIIONIB3YIOTCA KaK Ha ypOBHE MOIYJISIIMH, TaK M HAa HHAWBUAYaILHOM ypoBHe. Ha ypoBHe
HOMYJISIIMKA CIPaBOYHBIE IIOKA3aTEIM MOTYT IOMOYb B OLIEHKE PaclpOCTPaHEHHOCTH,
OTIpeNieNIeHNH TPUYUH 3a00JIeBaHUs W HIACHTU(GHUKAIMK TPYIMI PHCKa, MpH BBIOOpE
HanpaBJICHHUH U OlleHKe 3P QEeKTOB JieueOHOro BMemaTeabcTBa [16].
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Ha wuHIuMBHIyadbHOM YpPOBHE CIpPaBOYHBIE IMOKa3aTeld pOCTa  SBISIOTCS
3¢ ()EeKTUBHBIM WHCTPYMEHTOM Ui CKPHHUHTA-JUarHOCTUKA ¥ TPOTHO3UPOBAHUS
3a0oneBanuii y nerell, CBI3aHHBIX ¢ pa3ButheM [17].

CrpaBouHble  TMOKazaTedd (UIUYECKOTO  pPa3BUTHS JAETe  MpPEeACTaBISIOT
MPOLIEHTUIILHBIMU KPUBBIMH, COOTBETCTBYIOIIKE 3HaUeHUsIM 3-ro, 10-ro, 25-ro 50-ro, 75-
ro, 90-ro, 97-ro MpOUEHTWISA AJUHBI U MAcChl Tella, OKPYXKHOCTH TOJIOBBI 3I0POBOTO
pebeHka onpeeICHHOTo oJia s KaKaoro Bo3pacta [18, 19]. [l qeTckoro opranm3mMa
XapaKTepHa CHJIbHAs BO3pacTHas 3aBHCHMOCTH ITOKa3aTelei (hU3MYecKOro pa3BUTHS,
MO3TOMY TNPHUMEHEHHE KBaHTHJIHHO-PETPECCHOHHBIX MOJIENICH — ONTHMAJbHBIN CIIOCO0
MOJTyYeHUs] TUArHOCTUYECKHX KpHUTEpHeB. MeTonbl KBAaHTWIIBHON perpeccuu ObLTH
MPUMEHEHBI TPU pa3paboTKe BpHTaHCKHMX HAIMOHAIBHBIX CTAaHAAPTOB (PU3UUESCKOTO
pasButus (LMS-meTon) [0], HAIMOHANBHBIM IIECHTPOM KOHTPOJIS 32 3a00JIEBAEMOCTHIO U
mutaans CIIIA (aByxcryneHuatsiii Meton) [18], crarmaproB BcemmpHol opraHuzanuu
3apaBooxpaderus [17].

Ha ceronmusniamii 1eHb BEAYTCS pa3pabOTKU MPOIEHTWIBHBIX KPUBBIX TS JPYTUX
MEIMKO-OMOIOTMYECKUX TIOKa3aTesneld, B 4YacTHOCTH, paboTel [20, 21], TOCBAIICHBI
aHAIIN3Y apTepUaTbHOTO aBICHHUS.

B ¢wunancoBoii cdepe pacmpocrtpanen VaR-ananuz [22], MO3BOJSIOLIHIA
paccuuTaTh BEIMYMHY pPHCKAa B CIIy4asx, Korja HaOop ()MHAHCOBBIX HHCTPYMEHTOB,
COCTaBJITIOIINX TTOpT(hens, He orpaHudmBaeTcs 1-2 BuUmaMu IeHHBIX Oymar. llemp VaR
OTIPEIENNTh, YTO C 33JaHHOI BepOATHOCTHIO 32 N THEH Bo3MokHa moTeps He 6oree p %
OT HaydalbHOTrO KamuTana. Beibop BeposTHOCTH BapbupyeTcs B mpeaenax 95-99 %. Ilon
yOBITKOM TOHUMAETCS OTPUIATENbHBIA Jorapu(M OTHOIICHWS KamuTana moprdens B
HEKHii MOMeHT BpeMeHH t u3 mHTepBama [0, N] k crommoctu moptdens mpu t = 0,
KOTOpPBI paccMaTpuBaeTCs Kak CilydailHas BeJIMYMHA Y, 3aBUCSINAs, HAIpUMeEp, OT
BaJIIOTHOTO Kypca ¥ T. . CremoBaTenbHO, JJs BBIYMCIEHHS VaR HeoOXoamMmo 3HATh
XapakTep MMOBEACHUS JIOTapU(PMOB N3MEHEHUI CTOMMOCTH MOPTQeEIs.

Ecnu npupamenus norapudmMoB NpHEMIEMO OMUCHIBAIOTCS HOPMAIHHBIM
3aKOHOM HCIIONb3yeTCs, NapaMmeTpudeckas moneib VaR. B peambHOCTH «XBOCTBI»
pacrpeneneHuii norapuMoB MpUpANICHUH OKa3bIBAIOTCS OOJiee TSHKEIBIMH, YeM Y
HOPMAJIBHOTO  pacrhpejieneHus.  AJbTepHaTHBa  HCIOJB30BAaHHIO  CEMEHCTBa
TUNIEPOOINYECKUX  PACHpeACiCHU — IOCTPOCHHE H3MIUPUYECKON  (yHKINHU
pacrpeneneHuss 1Mo apXUBHBIM JaHHBIM. [locTpoeHHWe KBaHTHIHLHO-PErpecCHOHHBIX
MojleNieil aKTyanbHO IJIS pemIeHHs 3a7ad MOPT(HETbHONH ONTHMHU3AINHN 10 KPUTEPHUIO
JTIOXOMHOCTH — PUCK [23, 24].

B skoHOMEKe TpyJa ¥ ynpaBJICHUH MEPCOHAIIOM IUPOKO MPUMEHSIOTCS aHaIu3 U
MOJIETTMPOBAHHE COIMAIFHO-TPYAOBBIX MMOoKa3aTeneid. OHM MO3BOJISIOT BEISIBUTH Hamboliee
CYILIECTBEHHbIE YEePThl M3y4aeMOTro SBJIEHHS MyTeM 3aMelleHHs OOBeKTa HCCIeIOBaHMS
€ro MOJIeJIbI0, KaK MPABUIIO, IKOHOMHUKO-MaTEMAaTUIECKO.

Pa3smep 3apaboTHOW TUIaTBl 3aBUCHUT OT YPOBHSA KBalM(UKAIUU pabOTHHKA,
WHTEHCUBHOCTH TPYZa, YCIOBHH TpyHda, a TaKkXKe OTPaciid, B KOTOPOW 3aHAT paOOTHUK,
TEPPUTOPHAILHOTO Pa3MEIEHUS TMPEANPUATHIA W OpraHu3aimuil u Apyrux (GakTopos.
[ToaToMy KBaHTHIBLHO-PETPECCHOHHBIE Mojenu odeHb 3ddexruBHpl. Hambonee wacto
OUTHpYyeMast paboTa 1o U3YUCHHIO PHIHKA — [5], T/Ie TpOBEIeH aHaIn3 yPOBHS TOXOJ0B OT
pa3auuHbBIX (HAKTOPOB C HCIOJB30BAaHHUEM KBAaHTHIIBHOUM perpeccur. B pabote [25]
HCcCIeNOBaHO pacmpenencHue noxogoB B CoeaunenHoMm Kopornescte, B [26]
CpPaBHUBAETCS N3MEHUYNBOCTH B ypoBHE 3apaboTHEIX miaT B CLIA u I'epmanum.
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Wudopmarus o CTpyKType A0XO0A0B HaceIeHUsT HeoOXoauma Jisl U3y4eHus crpoca
HaceJIeHUs1, MOCKOJBbKY 00BEM M CTPYKTypa CIpoca CYLIECTBEHHO 3aBHCAT OT pa3Mepa
JIOXO0JIa TOW WIJIM MHOM TPymIbl HaceneHHs. [lodToMy mpu M3ydeHHH MOTPeOUTEIECKOTO
pBIHKAa TIpUMEHEHHE KBaHTHJIBHO-PETPECCHOHHBIX MOJIENICH IT03BOJSIET YYWUTHIBATH
COLMANbHYIO0 TU(QepeHnnanno moTpeduTeneil mo moiy, BO3pacTy, YPOBHIO TOXOJOB,
COCTOSIHHIO 3/I0POBbSI U OOpa3oBaHWS W JAPYTUM ImapamerpaMm. Tak B [27] momydeHsI
3aBHCHMOCTH CIIPOCa Ha AJIEKTPHYECTBO B 3aBUCHMOCTH OT BPEMEHHU CYTOK.

KBaHTHIIBHO-perpeccuontble  Moaenn Au((OEpPEeHIUIUNA  T0X0J0B MOTYT OBITh
WCTOJIB30BaHbl IPH pacueTax CpeACTB, HEOOXOMUMBIX JIJIS TOBBIIMICHUS MHHAMAIILHOU
3apabO0THOMN TUIATHI ¥ TICHCHH, TapU(HBIX CTABOK, Pa3MEPOB M METOIOB HAJIOTOOOIOKECHUS
TPYI HaceNeHWs C Pa3IMYHBIMH YPOBHSMH JOXOJOB. Iyl OCYILECTBICHHS IIEIEBOU
COLMAILHON  TIOJIUTHKHM, PETYJIMPOBAaHUS  MOTPEOUTENBCKOTO  pPBIHKA  HEOO0XOIUM
MOHUTOPHHT U TIPOTHO3 CTPYKTYPHI MMOTPEOICHUS B 3aBUCUMOCTH OT (DAKTOPOB COLUATEHON
maddepennranun, >POEKTUBHEIM HHCTPYMEHTOM KOTOPOTO SIBISIOTCS KBaHTHUJIBLHO-
perpeccuoHHbIE MOJIEIH.

[Ipy TpOEKTHPOBAaHUH CIOXKHBIX UYEIOBEKO-MAIIMHHBIX CHCTEM OCTPO BCTaeT
BOINIPOC O KadecTBe TakoW cucTteMbl. Kak mpaBuiio, IS TOJOOHBIX CHCTEM IMPOBOIUTCS
aHaJIM3 PUCKA, NP KOTOPOM MOJYYAIOTCS KOJMMYECTBEHHBbIE MOKa3aTeld — BEPOSITHOCTD
HACTYIUICHUST HEONarompusATHBIX COOBITHII W pa3Mep ymiep6a. Ha ocHoBe anamu3sa
CTaTHCTUYECKHUX JAHHBIX 10 HEOIArOMPHUSITHBIM COOBITHSAM, HUMEBIIIUM MECTO B IIPOIILIOM,
OTIPENEINSIOTCST CpeIHUE M TIpe/iebHbIe 3HAYCHHUs, KOTOphIC SBISIOTCS KBAaHTHUIIAMH
SMIUPHYECKHUX pacrpeneneHuil. Tak, IUid OLeHKH MaKCHUMalIbHOTO yiiepOa HCHOJb3YIOT
95-it, 99-i u 99,9-i NpPOUEHTWIb, YTO COOTBETCTBYET BEPOSTHOCTH MPEBBILICHUS
MaKCUMAaJIBHO TIPHEMIIEMOTO YPOBHS yIiepOa ¢ yacTotoit oxuH pas B 20, 100 u 1000 et
[28]. B cBs3m ¢ STUM TNpUMEHEHHWE KBAHTHIHLHO-PETPECCUOHHBIX MoOJeie Oyaer
3¢ (heKTUBHO U MIPH MTPOTHO3UPOBAHUH UPE3BBIYANHBIX CUTYAIIUH.

Hcnonp30BaHMe KBaHTHIBHOW perpeccMr Hambolee dYacTo BCTpPEYaeTcsl B
3apy0eKHBIX COLUAIBHBIX HCCIeNOBaHUSAX. [10CKONBKY Ui TIOCTPOEHUS KBAaHTHUIIBHO-
pErpecCHOHHBIX MoJeNeil HeoOX0AUM OONBIION 00beM AaHHBIX, TO B KAYECTBE UCXOTHBIX
JAHHBIX HCIOIB3YIOTCS Pe3yJbTaThl HAMOHAJIBHBIX HCcemnoBaHui 3710poBbs (National
Population Health Survey). Tak B paGote [29] /Uis OLEHKHA B3aUMOCBSI3U MEXIY
COCTOSTHHEM 3J0pPOBbSI M YPOBHEM JOXOJIOB HCIOJNB30BaHbl JaHHBIC HCCIIEI0BaHNE
3nmopoBbsi Kananckoro HacemeHusi. UToObl ydecTh HENMHEHHOCTh W HEOJHOPOIHOCTH
JMaHHBIX Oblla BbIOpaHa YaCTHYHO JIMHEHHas WOJylapaMeTpryeckas KBaHTHIBHO-
perpeccuoHHasi MOJAEb.

Jpyras o01acTh MpUMEHEHUS KBAaHTHIILHOW PErPecCUU — 3aJlaud KIUMATHYECKOTO
moruTopuHra [30]. Meps! Mo amanTanuy K U3MEHEHHSIM KJIMMaTa JOJDKHBI CTPOUTHCS C
y4eTOM BCEro Jana3oHa H3MEHEHHU METEOBEIHYNH, TI0ATOMY aKTyalbHO HCIIOJIb30BaHUE
HE CpEIHUX, a 3HAYCHWI KBaHTWIEH 3aJaHHOTO mopsaka. Ha ceromusiiHuii IeHb A
OTIpe/IeTICHUS PEKMUMOM PabOTHI CHCTEM OTOIUICHUS, BEHTHIISAIIUU U KOHIUIIHOHUPOBAHHSI
ucronb3ytorcs 0,5-i, 6-i, 98-i IPOIEeHTIIh CYyTOYHBIX TeMrepaTyp. HakorieHHbIe 60a3bl
JIAHHBIX METEOPOJIOTMYECKUX TEPEMEHHBIX, MPEACTABISIOT MHOTOMEPHBIC BPEMEHHbBIC
pSABI, KOTOPBIE MOTYT OBITH MPEICTAaBICHBI KBAHTHILHO-PETPECCHOHHBIMH MOEISIMHU
ncciexyeMoro paiona. [lomydeHHble pe3ynpTaTbl MOTYT OBITH MCIIOJIB30BAHBI HE TOJIBKO
JUIsl IPOTHO3UPOBAHUS, HO [UTsl (JOPMHPOBAHHUS YIIPABICHUSCKIX PEIICHHH.

MeToabl PEerpecCHOHHOTO aHalin3a MOTYT OBITh HCIOJB30BaHBl TPU PEIICHUH
Pa3TUIHBIX IPAKTHIEeCKHUX 3a1ad [32-49].
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A

3akjIroyeHue

B pabore paccMoTpeHbl OCOOCHHOCTM IPHMEHEHHUS KBaHTHIEH B 3amadax

MHTEIUICKTYalbHOTO aHalW3a JaHHBIX. [IpoBemeH aHamM3 METONOB TMOCTPOSHUS
KBaHTWIIBHON perpeccuu. JlaHa omeHka 3((EeKTHBHOCTH TPHUMEHEHWS KBaHTUIHHO-
PErPECCHOHHBIX MOJICIICH B Pa3IMYHBIX COIIMATLHO-I)KOHOMHUYECKHUX 00JIACTSIX.
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Methods of calculating of quantiles
of various orders

Memoowt évluucienus Keanmueu
Pa3iuuHO20 NOPAOKA

Y. E. Lvovich, A. G. Yurochkin
A. E. J/Iveoeuu, A. I'. FOpoukun

Abstract:

The methods of calculation of quantiles of various orders are considered in the
work. The procedure for the definition of quantiles on selected theoretical
distribution is introduced. It presents an algorithm for determining the distribution
function, including the procedure of histograming, the choice of the formula for the
empirical distribution function, the determination of the parameter estimates by the
method of quantiles with the examples for various practical cases. The technique
for the determination of quantiles approximated by the empirical distribution
function based on nuclear estimation and interpolation by splines and orthogonal
polynomials is presented.

AHHOmauusn:

B pabome paccmompenvl memoobl GblMUCIEHUS KEAHMULE PATUYHBIX NOPSAOKOG.
Tlpusedena npoyedypa onpedenenus Keaumuiell no NOOOOPAHHOMY MEOPEMUUecKomy
pacnpeoenenuio, 8 pamkax KOmopou npedcmasier aicopumm onpedeneHus QyHkyuu
pacnpedenenusi, GKIIOYAOWUL NPoYedypy ROCMPOEHUs. SUCMOZPAMM, 6blOopa 6Uod
IMAUPULECKOU PYHKYUY pacnpedenenuss, Onpeoeienust OUEHOK NapamMempos8 Memooom
Keanmunell ¢ npumepamu Oisl paiudHbIX npakmudeckux ciayyaes. Ilpedcmaenena
MemoouKka — onpeoenenus — Keawmuielu  Nno  AnAPOKCUMUPOBAHHOU  (DYHKYUU
IMAUPUHECKO20 pacnpedenenusi HA OCHO8e SIOEPHO20 OYEHUBAHUS, UHMEPROAYUL
CRIAUHAMU U OPMOSOHATLHBIMU NOTUHOMAMU.

Keywords:
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Knroueewvie cnoea:
(Dynm;wz pacnpe()e/zeﬁwz, Kearnmujiu, cucmoecpamma, annpoxkcumayusl, UHmepnoAayusl,
ﬂdepﬂoe OYEHUBAaHUE, OpmocOHANIbHbLE NOJTUHOMDBL.

ACM Computing Classification System:

Statistical timing analysis, Probability and statistics, Probabilistic reasoning
algorithms, Information theory.

h BBenenune

KBaHTHIIbHAsST perpeccHs IIMPOKO WCIOIb3yeMbI CTATUCTHYECKHI METOH B
9KOHOMETPHKE, B (DHHAHCOBHLIX M OHOMEIMIIMHCKHX MCCIENOBAHUAX, [PH H3YUYECHHH
OKPYKaIOIIEeH Cpeapl U JAPYTUX MPUKIAIHBIX 007acTIX. B CBSI3U C MOSIBJICHUEM HOBBIX
BBIYUCITUTEIBHBIX MPONEAYDP, BHICOKOIPOU3BOIUTEIBHBIX AITOPUTMOB aKTYaIbHOCThH €€
NpUMEHEHUST OyneT TOJBKO pacTd. Bo MHOrMX 3agadax HEOOXOJMMO TPOBOIUTH
BBIUUCIICHNE KBAHTHIIEH PA3IMYHOTO MOPSAKA, COOTBETCTBYIONIHE METOIBI PACCMOTPEHEI
B JJaHHOH padoTe.

AL Omnpenesienne KBaHTHJIEH 10 TOJ00OPAHHOMY

TCOPECTHICCKOMY pacnpeac/jiecHuI0

AnnpoxcuManys HM3BECTHBIM TEOPETUYECKUM DPACHPEICICHUEM U BBIUUCIICHHE
KBAaHTWJIEH TEOPETUYECKOrO pPAaCIpe/leNieHuss — JOCTaTO4YHO paclpoCTpaHEeHHas 3ajadya.
Ecnu it taHHBIX MOXKHO HPaBWIIBHO TOA00paTh TEOPETUYECKOE paclpeaesicHre, TO Bce
IOpyTUE XapaKTEPUCTUKU MOTYT ObITh BBIYMCIICHBI ¢ HEOOXOAUMOW TOYHOCTBIO, TIOCKOJIBKY
(YHKIMOHAJIBHOE OIMCAaHUE pACHPEAETICHUSI JaeT CaMO€ IIOJIHOE IIPEICTaBICHHE O
J11000T0 MHOKECTBE BEIOOPOYHBIX JaHHBIX.

Tak kak BbIOOp BuAa (YHKIMH pacupenelicHus He MOANAeTcs Kakoi-1mbo
¢dbopmanuzannu, BHJ 3aKOHAa BbIOMpaeTCsl MO pe3yiabTaTaM BHU3YaJIbHOIO aHAIN3a
SMIUPHUYECKONH (PYHKLIMHU pacrlpeAeNeHHs WIH INIOTHOCTH pacipeseneHus (Hanpumep, 1Mo
THCTOTpaMMe) U OLIEHKE ITapaMEeTPOB pacpeacIeHHUs.

Anroputm BbIOOpa  TEOPETUYECKOH byHKINN pacipenenesus 1o
9KCIIEPUMEHTAIBHBIM JaHHBIM BKJIIOYAET CJIEAYIOIINEe [Iaru:

BBoJ1 ONIBITHBIX TaHHBIX.

CocraBieHne BapualiOHHOTO psifia.

ITocTpoeHure rucTorpamMmmel.

Bri6op Bua sMuupuueckoi QyHKINH pacipeaeIeHusl.

OneHka napaMeTpoB BEIOpaHHOW (DYHKLUH paclpeaeeHusl.
IIpoBepka runoressl 0 Buae GyHKUUH paclpeeseHUs.

OreHKa TOYEYHBIX U WHTEPBAJIbHBIX 3HAYCHUH MTapaMeTpoB (QyHKITHH
pacnpezeneHusl.

8. BbIBOJ pyHKIMHU pacmpeeeHusl.

BaxHpIM BcrioMOTaTeNbHBIM CPEACTBOM IPHU MPHHITHUN THIIOTE3BI O BUJE QYHKIUH
pacnpezeneHus SBISETCS TUCTorpaMMa. [[si ee MOCTpoeHHs K BapUAIlIOHHOMY pAIY
HaOJII01aeMbIX 3HAUEHUH IPUMEHSACTCS CIESAYIOINN alrOpUTM.

NV AE LN -
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Hlar 1. Paszmax BapWalMOHHOTO psifa NenuTcs Ha k wHTepBanoB. Hambonee
pPacIpOCTPaHEHO BBIYKCICHHE 4YMCIa MHTEepBAIOB 1o Qopmyrne Crapmkecca (Sturges):

k=1+3,31g(N,).
B 3amauax KOHTpOJIA KadyecTBa Ui ONPEICNICHHS «ONTHMAIBbHOTO» YHCIa
HMHTEPBAJIOB peKOMeHYI0T hopMyiy Bpykca u Kappysepa [1]:
k=5Ig(N,).
IIpu Gonbmnx o0beMax BHIOOPOK pa3Opoc 3HauYeHMI K, 3a1aBaeMbIX Pa3IUMYHBIMHU

(dopmynamu, 1OocTaTouyHO BenuK. 1loaToMy Ha mpakTuke MpH BBIOOPE YMCIIa MHTEPBAIOB
PYKOBOICTBYIOTCS TeM, 4TOOBI B MHTEPBaJIbI MONAJalI0 YHCIIO HAOMIOACHUI HE MeHee 5-

10. B pekomennanusx BHUMMerponoruu B 3aBUCUMOCTU OT YHCIIa HAONIONCHUIN — NO

MpeiaratoT CISAYIONINe 3HaYCHHS K:

N, 40-100 100-500 500-1000 1000-10000
k 7-9 8-12 10-16 1222

Ilar 2. I[J'IH KaXa0ro n3 MHTCPBaJIOB BBIYHUCIIACTCA 3HAYCHUEC YaCTOThBL HOHa,I[aHI/II\/'II

? n(Ax)
i - b
Ax - N,
rae n(AX;) — 4MCIIO YWICHOB BapHALMOHHOTO Psi/ia, TIONABIIKX B i-i HHTEpBAl,

AXi — MIMPWHA UHTEPBAJA, N, 0~ oO1iee 4KcIo WIEHOB psiaa (HaOIoAeHUN).
Hlar 3. TI'paduyeckm THCTOrpamMMa H300paKaeTCs pPAAOM MPIMOYTOJLHHUKOB

mmpuHoit At ; ¥ BeicoToit fj. Cumraercs, 4To B TruUCTOrpaMMe HE JOJ/DKHO OBITH

MPOITYCKOB MHTCPBAJIOB U MHOTOYHCIICHHBIX I/IHBepCI/Iﬁ BBICOTBI fi .

IIpn mocTpoeHUM THCTOTPaMMBbl CIEAyeT HCIHOJIb30BaTh HECKOJBKO Pa3IMYHBIX
3HAYSHW JUTMHBI NHTEPBajia U BEIOUPATh HAUMEHbINIEE, P KOTOPOM TMCTOrpaMMa HMeeT
OoJiee TUTaBHYIO hopMy.

3anmaua 1. [TocTpoeHne THCTOTpaMMbI MAaCCHI TeNa MPH POKACHUN MaIbYUKOB 1997-
2000 roga poxJacHHS Ha OCHOBAaHUM NAaHHBIX HCCICIOBAHUS (PU3UYECKOTO pa3BUTHS [2].
Pasmep Be1OOpKH 1558 HaOMIOIEHUIA.

Pesyabratel 3amaun 1. Ha pucynke 1 mpeacrtaBiieHbl THCTOIPaMMBbI, TOCTPOEHHbIE
JUTSL pa3IYHOTO YKCiia UHTEPBAJIOB.

[Ipy 3HAYMTENHHOM YBEIMYEHUHM YHWCIIa WHTEPBAJIOB HAONIONANOCH TOSBICHHUE
MHOJKECTBa M3JIOMOB — WHBEPCHH, IIPU BHIOOpPE MEHBIIETO 3HAYSHHS YHCIa HHTEPBAIOB
UCTUHHAasg (opMa OKasbIBajach CKPBITOM CIHUIIKOM LIMPOKHMH CTONONAMH H UK
pactpenencHust He BBIIBIsUICS. CleyeT OTMETUTh, UTO B 3HAYUTENBHBIX Mpeaenax ot 10
o 25 wHTepBajgoB (opMa THECTOTPpaMMBI B paccMaTpUBaeMON 3adade 3HAYUTEIHLHO HE
M3MEHAJIACh.

Ha pucynke 2 mnpencraBieHO CONOCTaBIEHHE THUCTOTPAMMBI C TEOPETUYECKHM
pacnpezneneHieM — HOPMAaIBHBIM U JIOTHOPMAJIbHBIM, TTapaMeTPhl KOTOPBIX OIEHEHHI 110
BeIOOpKe. [locie BrIOOpa MOAXOAAIIETO BHA PACIPEIEIeHNsT IPOU3BOINTCS OIIEHKA €ro
apameTpoB.
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0.6 T

0.4 i

yacmoma ronadaHutl
yacmoma rnonadaHudi

1 1.5 2 2.5 3 35 4 4.5 5 1 15 2 2.5 3 35 4 4.5 5

macca, k2 macca, k2

a) mpu k=1+3.31g(1558)=13 0) mpu k=23

Puc. 1. [Ipumep mocTpoeHusi TUCTOTPAMM MPH 3aJJaHUU PA3IMYHOTO YKCIIa HHTEPBAJIOB
(3amaua 1)
st 3amaHHOTO ceMelcTBa HENpPEpBIBHBIX pacHpeeeHU, OT HOPMANbHBIX 0
raMma-pacripeielIieHuii, CyIecTBYeT HECKOJIbKO allbTePHATHBHBIX CIIOCOOOB OMpPE/IeIICHUS
IUIOTHOCTH  pAacIpeleNeHnusi  BEepOSTHOCTEH. OOHO3HAYHOCTh  TIPEICTABICHUS
o0ecrieunBaeT mapamMeTpu3aiys, T. €. 3aJlaHie ero mapaMeTpoB — IMOJIOKEHUS, MaciiTada
1 HOpPMBL.

Yyacmoma

2 22 24 26 28 3 32 34 36 38 4 42 44 46 48

mMacca, Ke

a2ucmoezpamma
HopmaribHoe pacripedrieHue
— — rioegHopMaribHoe pacripedesieHue

Puc. 2. CpaBHeHHE THCTOTPAMMBI ¢ TCOPETHICCKAM pacrpeeienneM (3amaga 1)

[NapameTp monoXeHUs ompenesieT NoJI0KeHHe 00JIaCTH paclpeleeHs] 3HaUeHUH
mo ocu abcmuce, 00BIMHO — 3TO cpemHsst (M 1T HOPMaJIBHOTO pAacIpeAciiCHNs) WIN
HWKHSISI KOHEUHas TOuKa o0JIacTH pacripenerneHus (mapamerp casura). llpu n3menenuu
napameTpa TMOJO0KEHHs! (CIBUTa) COOTBETCTBYIOIIEE pacIpeelieHHe MPOCTO CIABUTAEeTCs
BJIEBO U BIIPaBO 0€3 KaKUX-JIMOO N3MEHEHUH.
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MacmTaGHbIi mapaMeTp omnpeaenseT MacTad n3MeHEeHUs] 3HaYCHUH B TUara3oHe
pactipenenieHul (G — 111 HOPMAJIBLHOTO pacipeaeneHus). M3MeHss mapameTp macmrada,
COOTBETCTBYIOIIIEE PACHPEACICHNE MOXKHO COKPATUTh MM YBEJINYUTH 0€3 U3MEHEHHS €ro
ocHOBHOU (opmbl. Ha pucynke 3 mpeacraBieH moa00p HOPMAaIbHOTO pacIpeieICHHs C
pa3NUYHBIMU 3HaueHUAMHU moyiokeHus (M) um macmraba (G) A BEIOOPOYHBIX AaHHBIX
3agayu 1.

[Mapametrp ¢opmbl omnpezaensier ¢GopMy pacnpenescHHss B oO0IIeM ceMelcTBe
pacnpeneneHMt M ero Mu3MEHEHHe TMPHUBOJIUT, Kak TNpaBuUio, K JPYyroMy BHIY
pacnpeneneHuss naHHOTO cemeiictBa. C OHOM CTOPOHBI OLCHWTH TapameTp (OpPMBI IO
THCTOrpaMMe HENb3s, HO € APYroil CTOPOHBI, HEKOTOPBIE pacIIpeAeeHUs] UIMEIOT XapaKTepHbIE
3HAYeHHsI 3TOr0 IapameTpa, KOTOpble OJHO3HAYHO YKa3blBalOT BHJ pacIpeleieHHUs.
[Ipumep npencTaBieH peleHueM 3a1adu 2.

T T
(EU @
£
g 0
5 5
0 0
b T
macca, k2 macca, K2
2ucrmozspamMmma sucrmozspamMmMma

—_— 8b/60opoyYHOoe cpedHee (M —_— CKO oyeHeHHO ro ebi6op

— — M-0.17 — — CKO-0.17

------ M+0. 1 ceeess CKO+0. 17

a) U3MEHEHUE MOJO0KEHUS 0) u3MeHeHue MaciTada

Puc. 3. [Togbop mapameTpoB pacnpeneiacHus (3amxada 1)

3amagua 2. Ilogbop  TeopeTWYEeCKOTO  paclpeaelieHhus  3a0o0JieBaeMOCTH
He(dponmaTHUsMH Cpeau IMOAPOCTKOB B 32 paifoHax BopoHexckoit obmacTu U ropoje
Boponex Ha ocHOBaHMM HaHHBIX paboTel Hedpouentpa BOJIKB 3a necstunerHuii
nepuof. 3abojeBaeMOCTh ONpeAesslach Kak YHCIO HOBBIX ciydaeB Ha 100 ThIC.
MTOJPOCTKOBOTO HACEIICHUS palioHa.

Pesynbrater 3amaun 2. Ha pucyHke 4 mpejacTaBieHa THCTOTpaMMa paclpeieeHHs
3a0oeBaeMOCTH HedpomaTHAMU H (QYHKIUM IUIOTHOCTH OKCIOHEHUHAIBHOIO U
JIOTHOPM@JIBHOTO PACHpPEAEICHUs] C IapaMeTpaMM, OLEHEHHBIMH IIO0 BBIOOPOYHBIM
JAaHHBIM.
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yacmoma

l — e T—— .

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

3abosiesaenmocms

2ucmozpamma
—— 3KCrIoHeHyuaribHoe pacripedesieHue
— — Js102HOpPpMAaribHoOe pacripedesieHue

Puc. 4. ConocrapneHune rucTorpaMMbl pacipe/ieieHrs 3a00JI6BaCMOCTH C TEOPETHYCCKUM
pacmpeneneHueM (3aaqa 2)

3HavyeHue K03(QOUIMEHTa aCHMMETPHH 110 SKCIIEPUMEHTAIHHBIM JaHHBIM COCTaBHIIO
2,60 m koadduumenta skcuecca — 10,4, UTO CBUAETENBCTBYET O TIOKa3aTEIILHOM
pactpeesleHul JaHHbBIX, TaK KaK Y TEOPETHUECKOTO AKCIOHCHITHAIBHOTO PACIIPEICICHUS
K03(h(ULMEHT aCHMMETPHH paBeH 2, a sKcuecca 9.

i olleHKHM TapaMeTpoB pacIpeleNeHns] HCIONB3YIT METOIbl MaKCHMAIbHOTO
MIPaBIONIO00MS, MOMEHTOB I KBAaHTHIICH.

Hpumep. [MomydeHue OIEHOK MaKCHMAJIbHOTO MPaBIOMOA00MS IKCIOHECHIIHATEHO
pacnpesieieHHON BEIMYMHBI — TTOKa3aTels 3200JI€BaCMOCTH B PETHOHE.

Jia kaxmoro j-ro palioHa 3alMIIEM allOCTEPHOPHYIO BEPOSITHOCTH HEKOTOPOTO
3HaueHus 3abonesaemoctd:  f(x;A)dx =A-e"'dx. Jlna HaOmomaeMbIX —3HAYEHHH

nokasarens 3abomeBaemoctd B N palioHax X ,X,,..X, QyHKIUA NpaBIONOAoOuUs

N
, S x
L =1 f(x;\)dx passa L=)" exp{—k 3 xj} , Tak Kak 1 = # — Cpe/iHee 3HAYCHHE

BBIOOpOUHBIX ~ HaOmomenmii, 1o L =A" eXp{—K-T -N } Jlorapudpm  pyHKIMK
npasaononodus ¢ =In(L)=NIn(A)—A-T-N. Tlpoussomnas or JorapudmMa paBHA:

1
dl N

| ==T |. Ypasuenue npapionono6us npuaumaer pua: N - X—T =0. Ono

an

M=

AMEeT peIICHHe A :L]\);"‘ CrenoBartensHO, OIEHKAa MaKCHMyMa IIPaBIOMOAoOWsS paBHA
00paTHOW BENMUYHMHE OT CPETHETO 3HAUYEHHSI PE3YIIETAaTOB 3a00JIeBaeMOCTH T10 paiioHaM.

B oredecTBeHHOW TMpaKTHKE ONEHKA MaKCHMAaJIbHOTO TPaBIOMOAOOMS IS
mapaMeTpoB  HanmOojee pacHpOCTPAaHEHHBIX  pacHpeleNieHHil  persiaMeHTHpPOBAaHbI
rOCy/IapCTBEHHBIMH CTaHaapTaMu. B Ttabmuie 1 npuBeneHsl (GoOpMyJbl s pacdera
OIIEHOK IIMPOKO PacIpOCTPAaHEHHBIX paclpeielIeHnd 0 BEIOOPOYHBIM TaHHBIM.

63



B [nformation Technology Application

Tabnuma 1. OneHky mapaMeTpoB pacIpOCTPAHEHHBIX paclpeaesIeHui

OyHKIU WIOTHOCTH | ['paduk Gpyukumu f(x) Ouenku
pacnpenenenust f(x) MaKCHMAaJIbHOTO
MIPaBAOIIOA00HS
HOpMaJIbHOE . 1.
2 H=—ZX
(x—p) N7

o221 2c°

OKCIIOHCHIINAJIBHOC J\

~ N
A=~
N exp(—A-x), x=0 A%
0, x<0
paBHOMEpPHOES a= min X
! a<x<b S
PR b=maxx,
0, x<a,x>b I
JIOTHOpMAJIBHOE . 1. 1
. > p=—zxInx
X Inx— A
NN CEST) v
27‘:02 20 ~ \/ 1 N (1 ")2
C=,/—z(nx —pn
N =1

BaxxuapiM dTanoM mpu BEIOOpE BHIA paclpeneieHus SBISETCS MPOBEPKa COTIIACHS
BBEIOPAHHOTO TEOPETUIECKOTO PACIIPEACIICHUS C IKCIIEPUMEHTAIBHBIMU JAaHHBIMH.

Kputepuun cormacus NpUMEHSIOTCS, YTOOBI ()OPMANBHO OLICHUTH, SIBISIOTCS JIH
HaOIIO/ICHNsI HE3aBHCUMOW BBIOOPKOW W3 TperojiaraeMoro pacrpenenenus. Hambomee
pacripocTpaHeH Kputepuii cormacust — 3~ ITupcona. IIpi HCIOMB30BaHUH STOrO KPHTEPHS
o0yacTp 3HAaYeHWH HOeIuTCd Ha kK mpuiexammx WHTepBajoB. Mepa pacxXoXKIeHUs
TEOPETUYECKOTO U OMIIUPHYECKOTO pacmpenelicHUs WIM CTaTUCTUKA KPHUTEPHUS
onpenensieTcs Kak [1]:

H: d (n, _]\fopi)2
" Np

M=

) (M

i

rae N, — obmuiee yncio HabIOICHHIA;
N; — 4UCII0 HAOMIOAEHUI B i-M HHTEpBaJe,

p; — TeopeTHYecKas 4acToOTa IONaJaHui B i-i HHTEpBAaJl.
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Brruncnennas mo (1) mepa pacxoxkaenus H ectp ciayyaitHas BeTMdnHA, HMEIOIIAs
y’-pacripefie/ieHne ¢ dHCIOM cTermeHeil cBo6omsl r=k-1-S. 3Hausennme S — umCiO
MapaMeTpoB  MPOBEPSIEMOr0  3aKOHAa  paclpeleNieHus, I  HOPMalbHOTO U
JIOTHOPMAJILHOTO 3aKOHA S=2, 3KCIMIOHEHIMAIbHOTro S=1.

CpaBHEHHE BBIYHCICHHON Mephbl pacXox/aenns H ¢ KBaHTHIIBIO Y -pacrpe/iesIeHus
10 YPOBHIO 1-0l C I CTENEHSIMH CBOOO/IBI, TJIE 0L — JOITyCTUMAasi BEPOSATHOCTh OIIUOKH, JTaeT
ocHoBanme otBepruyTh (H>y’(1- r)) WIM OPHHATH HPOBEPSEMYI0 THIIOTE3y O
COOTBETCTBHM aHAIU3UPYEMBIX JAHHBIX HOpPMallbHOMY pacnpezencHuio. Cremyer
OTMETHTh, 4YTO ) -KPUTEpHil JIeiCTBHTENCH, T.€. HMEeT YPOBEHb 0O TOJBKO
ACUMIITOTHYECKH Ipu 1 —> o0 [3].

Kputepuii KonMoropoBa-CMUpHOBa JIMIIIEH YKa3aHHBIX HEJIOCTATKOB, TaK Kak
o0OecrieunBaeT CpaBHCHHE (YHKIMH SMIUPUYECKOrO pachipeaeicHuss ¢ (QyHKIUeH
TEOPETHUECKOTO M He TpeOdyeT HWUKAKOro I'PYNIHPOBAHMS NTAHHBIX M KaK CIIEICTBHE —
notepu uHGOpManuu. [IpenmymiecTBo ero eme 1 B TOM, YTO OH TOYHO JOCTOBEpPEH IS
M1000r0 00beMa BHIOOPKH, HO TOJBKO €CJIHM M3BECTHHI BCE MapaMETPhl TEOPETHUCCKOTO
pactpenencuus [4, 5].

Craructuka Komvoroposa-CmupHOBa GopMansHO onpenenseTcs [6]:

D, =sup{|F.(n)~ £},

rne F n (y) — sMnupuyeckas QyHKIHS pacnpeieneHus,

F () — ouenuBaemast QyHKIWS pacpeiesCHuUsL.

Beruncienne cynpeMyMa OCyIIECTBISICTCS C IPUMEHEHUEM aJITOPUTMa COPTUPOBKH
JaHHBIX 110 hopmyde [6]:

] -1
D =max{max i—F(z,) ,max F(z)—l— , 2)
I<isn n I<i<n ! n

rne F (Zl-) — 3HaYeHne QyHKIMU MON0OPaHHOTO PACTIPENEIECHHUS B TOUKE Z; .

B 3aBucuMocTH OT BMAA pacmpeiiefieHUus] UMEIOTCS MOIU(UIIMPOBAaHHBIE (HOPMBI
kpurepusa Konmoroposa-CMUpHOBa, MO3BOJIIOIIME OCYILECTBISTh IPOBEPKY COIJIacus
0€e3 anpuOPHOTo 3HAHUS APaMETPOB PACHPEACITICHUS.

Pesynbratel 3amaun 2. B pesynbprate aHanmza (GOpPMBI pacmpenencHHs o
THCTOTpaMMe, a TakXke ee MapamMeTpoB (GOpMBI OBIJIO CAENAHO TPEAIoIoKeHHEe 00
SKCIOHEHLIMAIILHOM XapakTepe paclpelencHus 3aboseBaeMocTH He(dponaTusiMu B
paiioHax.

— n-(x—x L
C momomipro npeoOpasoBanus z, = u, rae v = n(¥-x) U u=x ——
L n-1 n
YTIOPSI0UEHHOH BBIOOPKH X, X,,...X, TIEPEXOAMM K HOPMUPOBAHHOMY SKCHOHEHLHATBLHOMY

peoOpa3oBaHuIo, T. €. C HAPaMETPOM, PaBHBIM 1.
[lockonpKy mapameTp ampHOPHO M3BECTEH, TO MOXET OBITh WMCIOJBb30BaH KPHUTEPUI

i

Komnmoroposa-CmupHosa B Buze (2.2), rae F(z) =1—e ™ — dyHKIUHS SKCIOHSHINATEHOTO

pacnpesienieHus ¢ mapaMeTpoM, PaBHBIM 1.
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B pesynerare pacueroB 3HaueHme [ =0,186, mocie NpUMEHEHHS IONPABKU
Credenca, ycTpaHdoOmEeld 3aBHCHMOCTb  IPOIEHTHBIX  TOYEK  paclpeieseHHi
Konmoroposa-CmupHOBa 0T 00beMa BeIGopkr n D =0,618. 13 TabmuI NpONEHTHIBHBIX

Touek [7] s ypoBHs 3HaumMoctn 0=0,05 kpuTHueckoe 3Hauenue 1,224 u D <1,224,

TUIIOTE32 O DOKCIOHEHLUMAIBHOCTH paclpelesieHust 3a00JIeBaeMOCTH B palioHax He
OTKJIOHSIETCS.
Crenyer OTMETHTB, YTO B CIydae TOIOBON BHIOOPKH 3a00JIEBAEMOCTH I10 paiOoHaM,

Korja ee pasmep 6611 Menble 50 (n=33), 3HaueHne D, usMeHsAnock B npenenax or 0,318

no 0,816 3a kaxaplii HaOJrOAaeMblil ToJ U s ypoBHs 3Hauumoctd o=0,05 rumoresa
TakKe HE OTKJIOHSIACh, YTO TO3BOJSET CYUTATh W €XKEroJHOE pacIpeeeHne
3a0051eBaeMOCTH HEPPOATHUSIMHU B PETHOHE SKCIIOHEHIIHATHHBIM.
Ipumep. Tlomyyenne oOpaTHOH (YHKUWH DHKCIOHEHIHAIbHO paclpeleseHHBIX
CIIy4alHBIX 3HAUYEHUH MoKa3arens t — 3a001eBaeMOCTh B PETHOHE.
exp(—A-t), t=0

[LnotHoCTh pacmpeneseHust umeer Bum: f (1) = ,  (QyHKIMsA

0, t<0
1 t
pacnipesienienus umeer Bug: F(¢) = Y 1f(t)dt =1—e™" . Ecnu x = F'(t), To 171l IOy 4eHus

obparHoit dymkimm f= F ! (x) Heo0XOAMMO BBIPA3WTh t, CJIENOBATENLHO, H3

t

cooTHoueHust X =1—e ™" ompenenuTb t, T. €. t = —A-In(l - x).

Hcmonp3oBanne JTOTO TOAXOJA JIGKAT B OCHOBE pPAaOOTHI  OONBITMHCTBA
TeHEepaTOpPOB CIYYaWHBIX YHCENl C 3aJlaHHBIM 3aKOHOM DAaCIpEeJeNIeHUs, Pean3yIOIIX
peoOpa3oBaHUsl PaBHOMEPHO pPAacCIpEICICHHBIX YWCEN B 3alaHHOE pacHpeielieHHe C
HNUCIIOJIB30BAHUCM (1)OpMy.HLI JJIA BBIYHCIICHUA KBaHTHHeﬁ TCOpeTquCKOFO
pacrpenencHusl.

B Ttabmumne 2 mnpuBenmeHsl (OpMYINBI UTS BBIYMCICHHS KBaHTHIIEH HanOomee

pacnpoCTpaHEHHBIX pacIpeeIeHui.

Tabnuma 2. KBaHTHIM pacnipocTpaHEHHBIX pacipeeeH i

OyHKIMS pacnpeaeneHus Bug KsanTtumu
HOPMAJIbHOC
F(x)= u+o-z'(1)
X _(X—/l)z
1 J‘e 202
o2
SKCIIOHCHIINAJIBHOC
F(x)= 1 1
“Inl ——
l1-exp(-4-x), x>0 A U-1
0, x<0
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paBHOMEPHOE
0 x<a a+(b-a)-7
X—a
F(x)=¢—— a<x<b
1 x2b
JIOTHOPMAJIBHOE
F(x)= u+o-z'(r)
x_(nx—p)’
1 J.e 202
o2
A

2. OnpenejieHHe KBAHTHJIEH 0 alINIPOKCUMHPOBAHHOM PYHKIUH
IMIMPHUYECKOr0 pacnpeneeHus

ABTEpHATHBOM, ITO3BOJISIONINH yYeCTh BCE XapaKTEpHBIE OCOOCHHOCTH (DOPMBI
SMIIUPUYECKOTO  pacHpeleieHus,  SBISETCS  alpOKCUMAIUs  SMIHPUYECKOTO
pacmpezneneHus 1Mo THUCTOrpamMme. B 3THX mensx WMCHonb3yercs saepHOe OleHUBAHHE,
WHTEPIOIAINS CIUTaifHAMH U OPTOTOHAIBHBIMHE ITOJIMHOMAaMHU.

B TexHHUECKHX 3a/avyax paclpocTpaHeHa HemapaMmeTpudeckas (sjaepHas) OlCHKa
IUVIOTHOCTH pacIpe/eieHss B 3aJaHHON TOuYKe, M3BECTHas Kak oOleHKa Po3eHOiarTta-
IMap3ena. ['mcTorpaMmma MOXeT OBITh TIPEICTaBIICHA KaK:

- 1
f)=

) L (x,+i-Ax)<x<(x,+(@+1)-Ax)
e 1(x,x, +i-Ax) = —  HMHAAKATOpHAs
0, x<(x,+i-Ax),x=(x, +(i+1)-Ax)

é[(x,onri-Ax),

dbyHKIHS.
3aMeHa HMHOUKATOpPHOW (YHKIMHM Ha SApO, NPEACTaBISIONIas CHMMETPHUYHYIO

B3BCLIMBAIONIYI0 (YHKLHIO, II03BOIACT OLEHUTh IUIOTHOCTH  W,()) BBIOOPKH n
HEe3aBUCHMBIX HaOmoAeHui {y ,y,...y } ciaemyromeil GpyHKiumeii:
1 . -
3K y—J
n-h(n) ~ h(n)
rae K(y) — npousBosbHOE PO anmpoKCUMAaIu,

h(n) — macmTab sapa WM IIMPHHA OKHA alIPOKCUMALIUH.
Anepnas ynknus K(u) — HeoTpuuaTenbHas U yIOBICTBOPSCT YCIOBHAM:

0<K(u)<oo, limuK(u)=0, | K(u)du=1.

w ()= , 3)

Lens simpa — obecneduTh TIAAKOCTh U AUPPEPEHIIUPYEMOCTh PE3yIBTUPYIOLICH
OlleHKH. B kauecTBe KpHUTEepHs OIEHKH OOOCHOBAaHO WCIIOJNIb30BAHUE MUHUMU3AINH
WHTETPATLHON CpeaHEKBAIPATHICCKON OIIHOKH.
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3agacTyro BEIOOp si/ipa ONpeAesIeTcs] BRIYUCIUTENFHON ClOXKHOCTRI0. Ha mpakTrke
HauboJee paclpoCcTPaHEHO HOPMAIBHOE (IFayCcCOBO) SIIPO:

K(u)= \/;__n exp(—u’/2).

Xorts simepHas QyHKIHS BayKHA, POBEJCHNE KaYECTBEHHOTO HEMapaMeTpUIecKOro
OLICHMBAHUSI B OCHOBHOM 3aBHCHT OT BBIOOpA MOJXOMAIICTO [UIS MOCTABICHHOW 3a1aun
MacmTaba siapa h(n), KOTOPHIN 3aBUCUT OT YUCIIA HAOTIOACHUH, M IOJDKHO YIOBJICTBOPSTH

yemosuto: lim(n) =0.

Ha mnpakTuke B KayecTBE CTApTOBOM HCIOJIB3YETCs YHUBEpcaibHas Gopmyiia
BBIOOPA ONITUMATBHON IIUPHHBI OKHA, H3BECTHAS Kak npaBmiio CUiibBepMaHa:

/5

hny =1,364) T | Gonv,

4

(¢

K
rae o — BBI60p0‘IHOC CTaHAAPTHOC OTKJIOHCHHUC,
2 2
o =uK(u)du,
R =1K(u) du — xoHCTaHTBI, 3aBHCSIINE OT BHIOOpA SAPA.

Jlns rayccooro sapa: h(n) =1.059c-n™".

Kak moka3pIBalOT pe3yabTaThl 3KCICPUMEHTA, OINTUMAallbHAs IIMPUHA OKHA
obecrieynBaeT TIAAKOCTh OICHHBaeMOW (YHKIIMA M OJIM30CTh K THCTOTpaMMe,
MOJIyYeHHOW JUId 4uclia uHTepBaioB 1o ¢opmyie Crapmkecca. Ha pucynke 5
MIPEJICTABJICHBI PE3yJILTAThI SICPHOTO CTIIAKUBAHUS C TAyCCOBBIM SIPOM JaHHBIX 3ajaud
1 mpu pa3nUYHON MHUPUHE OKHA.

qyacmoma

2 22 24 26 28 3 32 34 36 38 4 42 44 46 48

mMacca, Ke

aucmoepamma
— canaxueaHue c ornmumarsribHol wupuHoti okHa (h)
— — ceanaxusaHue c h/2
------ canaxkueaHue c 2h

Puc. 5. Pe3ynbTaThl siIEpHOTO CTAaKUBAHUS C Pa3MTUYHON IIMPUHON OKHA (3a7a4a 1)
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Pesynbrarel CriaXXuBaHus sAPaMU BTOPOrO IMOPsAJKA IPAKTUYECKH COBIALAIOT C
rayCCOBBIM SIIPOM IIPU HUCIOJIb30BAHMM ONTHUMAJIBHOM IIMPUHBI OKHA CIJIAXKUBAHUS,
HCIOJB30BaHMs TPEYTOJIBHOIO SA]pa 3HAUMUTENBHO HAPYIIAET TINIAJKOCTh OLEHHUBAEMOMN
¢ynknun. Ha pucyHke 6 mpencTaBieHbl pe3yibTaThl SAEPHOTO CIUIAXHUBAHHUS C
Pa3NUYHBIMU SACPHBIMA (QYHKUOMSMHA  JaHHBIX 33Ja4d | TIpH ONTHUMAaJIbHOW JUIs
rayCccoBOIO sipa LIMPUHE OKHA.

1.2 T T T T T T T T T T T T T T

vJacmoma

2 22 24 26 28 3 32 34 36 38 4 42 44 46 48

mMmacca, Ke

aucmozpamma
—— carna’kusaHue si0pom EnaHevyHukosa
— — canaxxueaHue 2aycco8biM SOpPOM

------ cena)kueaHue mpeyaosibHbIM I0pOoM

Puc. 6. Pe3ynbTaThl SII€PHOTO CTIIAXKUBAHUS C ONTUMAJIbHON IUPUHOMN OKHA U
pa3IMYHBIMU siApamMu (3a1aua 1)

Taxum 00pa3om, CBONCTBA SIEPHBIX OLIEHOK 3aBUCST KaK OT BEIOOpa BUIA AApa, TaK
W OT mapamerpa criaxkuBanus h(n). M kak ciieicTBue olleHKa KBaHTHIIEH Takke Oyaer
3aBHCETh OT 3THX MMAPaMETPOB.

Jpyrum nokanbHBIM HeapaMeTpU4eCKUM METOIOM OLEHKH (GYHKIMH U TIIOTHOCTH
pacrpeneneHus — SABIAETCS  OIEHKAa OmKaMImMxX  cocelei, ee  CyIIeCTBEHHBIM
MPEUMYLIECTBOM Tepell SACPHBIM OLCHUBAHHEM CUMTAETCS HaJW4YHe OLICHKH B JIIOOOM
ciyudae. Tak eciu HEOOXOIMMO TONYYHTh OUEHKY (DYHKIMH pacrpelelicHUs B TOYKE )

10 BBIOOPKE N HE3aBHCUMBIX HAOMIOACHUH {),V,...) }, TO MOXKHO YBEINYHUTh HHTEPBA

BOJIM3U TOYKH ) , TaK 4TOOBI B HETO monajaano k Habmopenuil. Toraa oneHka MIOTHOCTH
oTpesieTsieTCs KaK:

_ Kk
n-2d () ’

rie k — uucno HabmromeHuii B MHTepBae [ﬁ—dk(ﬁ), y+d, ()3)], T. €. Ommxaifmmx

wy)=

cocenen.
Lenoe ymcmo k KOHTpoONHMpYyeT cTeneHb CrIaKWBaHUS W JOHKHO OBITh MHOTO
MEHBIIIE pa3Mepa BEIOOPKH, 0OBIYHO BEIOUPAIOT k ~ /7 .

[ToaTomy mcmons3yeTcst KOMOMHUPOBAaHUE 3TUX METOIOB WM OILEHKA OMpenelseTcs
KaK:
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—',,%K Y-y
n-d(y) " | d(»)

U PacCMAaTPHBATHCS KaK SEPHOC OLICHHBAHUE C MMpHHOIL okHa d, (). DTO mo3BOIISIET

w(y) = “4)

YIPAaBJIATh CTIIQKWBAHUEM MIOCPEICTBOM I1eJ10T0 K, MCIOMB3ys IPU OIICHKE JTFOOYIO TOUKY
HaOJIIOIeHUS BOJIM3H OLIEHUBAEMOIA.

HexoTopoii pasHOBUIHOCTHIO 3TOTO MOAX0/1a MOXKHO CUHUTATh AZCPHOE OICHUBAHKE
C TIEPEMEHHBIM SITPOM:

X 1, 1 y-y
w(y)=—-1% K -, (5)
n " h-d, h-d_
o J
rae K — sgepHas pyHKuus,
k — monoxxutenpHOE LENIOE YHCIIO,
d,, — paccTosHUE OT TOUKU ) j no k Ommkxaimux coceIHUX TOYEK Ha MHOXKECTBE

BKITIOYEHHBIX JPYTHX n-1 TOUEK JaHHBIX,

h — crinaxxuBaromuii mapamerp.

OrneHKa HEW3BECTHOTO 3aKOHA DPACIIPECIICHUST MOXET Takke OBITh TOIy4YeHa B
BUJIC PSJIOB OPTOHOPMUPOBAHHBIX MOJIMHOMOB:

w(x) =B, -¢,(x),

rae ¢, (x)— cucTeMa OpTOroHANbHBIX (YHKIMH, JUISL KOTOPBIX:

1 n 1, p:q
-2, (x)o, (x)= .
! 0, p#q

KoadduiueHtsl 3 onpenensiroTcsi ¢ MOMOIIBI0 CTaHAAPTHBIX MPUEMOB JIMHEHHOMN
anreOpsl MUHUMH3AIMEH 0CTATOYHOW CYMMBI KBaIpaTOB:

B=(Dd D) DY,
rae Y — BEKTOp 3HaYCHU# y,...,J ;

¢1(x|) b ¢p(‘x1)
@ , — MaTpula, orpeaciiceMmas qbp =

o (x) .. 9¢,(x)

o k=6 pernieHre JIeTKO MOXET OBITh TMOJYYCHO YUCICHHBIMHA METOJIAMH, IS
omnpenencHusl Ko3(G(GUIUCHTOB TOJIMHOMOB CTapIiuX CTEHEeHEeH TpeOyeTcs TOHCK

CII€IaJIbHBbIX peIJ_IeHI/Iﬁ BBULY CHJIBHOM OGYCJ'IOBHGHHOCTI/I MaTpulbl CDP

Jnsa pacnpefiencHU, HE3HAYMTENBHO OTIHYAONIMXCS OT HOPMATBHOTO, MOXKET
HCIIOJIB30BATHCS PA3IOKEHHUE C HOMOIHI)IO pslz[OB FpaMMa-HIapJILe [8]:

f= (P(x)+ (0'”( )+ 290, (6)

rae @(}C) — IJIOTHOCTB CTAHAAPTHOTO HOPMAJIBHOTO PACTIPCACIICHUS,

bl 1 b2 — k03 PULMEHTH ACUMMETPUHN U DKCIIECca.
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Ha pucynke 7 mpencramieHa ammpOKCHMaNUsg pachpeneicHUs JaHHBIX 3amadn |
psanamu ['pamma-1llapnbe, 3HaueHne ko3dpPuuuenTa aCHMMETPUH OBLTO OTPULATENBHOE -
0,33, a xoaddumment oskcuecca paBeH 1,13. g cpaBHeHHS TIpeaCTaBlieHa
anmpoKCUMaNusl pachpeelieHns] JaHHBIX 3a00JIEBAEMOCTH B paioHax 3afgadu 2, s
KOTOpBIX acCUMMeTpus cocTasisiia 2,60 u akcuecc — 10,4.

0.5 0.8 T T T T

0.6 7

yacmoma
yacmoma

0. | | | |
0 1 2 3 4 5
cmaHO. 3HaqyeHue
cmaHO. 3Ha4YeHue
aucmozpamma

—— annpokcumayusi padamu pamma-LLiapnse aucmoezpamma
— — HopmarbHoe pacnpedneHue —— annpokcumayusi psadamu Ipamma-Lllapnbe

— — HopmarbHoe pacripedrnieHue

a) annpokcumayuu pacnpedeﬂeuuﬂ MAcCChl a) annpokcumayuu 3abonesaemocmu

mena npu pooicoenuu (3adava 1) Hegponamusmu (3adava 2)

Puc. 7. Annpokcumanust pacnpesieneHuit 1anubix 3a1a4 1 u 2 papamu I'pamma-Illapibe

Cremyer OTMETHUTh BaKHOCTH OIIGHKH MapaMeTpoB (GopMbl — KOIPPHIUESHTOB
acumMmeTpuH () 1 9Kcrecca (Y) Ipu BEIOOpE METOa OLICHKN (PYHKLUH pacipeaeIeHus.

Tak, paBHOMEpHOE pacrpe/eJIeHue HMEeT O4eHb BEICOKOE 3HaUeHHe dKciecca — 1,8
IpU HYJIEBOH acHMMeTpHH. [IpH SKCIOHEHIMAIFHOM pacIpeieleHun KO3 (OHUINESHT
aCHMMETpPUH TIOCTOSIHEH W paBeH 2, a kodddunueHt skcuecca 9. [lomydyeHHsie mo
BBIOOpPKE 3a7a4d 2 OLEHKH TPETHETO W YETBEPTOr0O MOMEHTOB OYCHB ONIM3KH, M (popma
THCTOTPAMMBbI CHIIBHO ITOX0Ka HA KPHBYIO SKCIIOHEHIIMAIBHOTO PACIIpEIeTICHUS.

Crenyer OTMETHUTD, UTO ISl pACTIpEeIeICHUH, OTIIMYAIONINXCSI OT HOPMAJILHOTO, PSIIT
I'pamma-1llapnee MOKeT BecTH ce0sl HEpETyISIpHO, T. €. NPH yBEIUUCHHE KOJIMYECTBa
YJICHOB PsAZa HAOJI0JaeTCsl CHIDKCHHWE TOYHOCTH ammpokcumanuu. Ilpu kospouumenre
acuMMeTpuH TpeBbimaromeM (0,7 cyMMa KOHEYHOTO YHCa WICHOB psifa TPUBOJHUT K
OTPHULATEIBLHBIM 3HAUCHHUAM AalNpPOKCHMUPYIOMINX (QYHKIMHA, OCOOEHHO Ha Kpasx
pacnpenenenuii. [losBiaenue BEIOPOCOB HEAOITYCTUMO, TaK KaK BBIYHCICHHE KBAHTHIIU 110
aNIpOKCHMALUH B PSI/I OCYIIECTBISIETCS YNCICHHBIMH METOJAMH.

Brruncnenne kBantwim ((t) Ans QYHKOHH pacripeneneHus F(X) mpu 3amaHHOM
BEPOATHOCTH T SKBUBAJICHTHO HAXOKICHHIO HYJISI (PyHKIIUH:

o(x)=1-F(x). (7

Ora 3aa4a pemaercs B ABa dTana. Ha nmepsoM ompezensiercs uarepsan (x,,x,), Ha

KOTOpOM 3Ta q)YHKLII/ISI 06pamaeTc;1 B HYIJIb. Ha BTOpPOM DJTalc J3TOT HHTCPBAI
YMCHBIIACTCA OO TEX IIOP, IIOKa €ro MJINMHA HE CTAHCT MCHBIIC SaHaHHOﬁ NOrpeIIiHOCTU
BBIYHCJICHUA €.
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Oyrknus F(X) MOHOTOHHas MO oOmpeAeNieHHIo, TO M O(X) TOXe MOHOTOHHA,
ClIemoBaTeIbHO, MOXXKHO  BOCIIONB30BAaThCS  crnenuanbHON  dynknmeir  MathCad
root(d (x), X). To4HOCTH BEIYUCIICHHS OTIpEACIIIeTCs crienuanbHoi koHctanToir TOL=¢. B
(yHKIM 100t MOTYT OBITh HUCIIOJIB30BaHBI HEOOS3aTEIbHBIN MapaMeTphl a U b, KOTOpPbIC
3a/1af0T MHTEPBAJ IIONCKa KOpHeH ypaBHEeHMSI, q=root(d (X), X, [a, b]).

Pemenue ypasuenus O(q)= T—i f(y)dy mo annpoxcummpoBaHHO#H MIOTHOCTH

pacmpeneneHus YHUCICHHBIMH METOAaMH He O0ECHeunBaeT XOpOIIeH CXOAUMOCTH
UTEPaLMOHHOIO IIpolLecca.

[IpennokeHHbIE METOABI CTAaTUCTHYECKOrO aHanM3a MJaHHBIX MOTYT OBIThH
HCIIOJIb30BAHBI B PA3IMYHBIX MPAKTHUECKUX MPUIOKEHUIX [9-34].

h 3akJIr0YeHue

B pabote npoBeneHo onpeeneHre KBaHTHIIEH IO TOJOOpaHHOMY TEOPETHUECKOMY
pacnpenencHuio. JlaHBl OLEHKM MapaMeTpoB pacHpOCTPAaHEHHBIX paclpeneIeHHH.
[TokazaHo, KakuM 00pa3oM OIpeNeNIOTCS KBAHTHIIN 110 alllIPOKCUMHUPOBAHHON (PyHKIINU
SMIHUPUIECKOTO PACIIPEIEICHNUS.
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Parametric quantile-regression models
and those similar to them

Hapamempuuecrcue U Ou3Kue K HuUMmM
K6AHMUJ/IbHO-peZpecCuUOHHbLe mooenu

L Y. Lvovich, Y. E. Lvovich
H. A. JIveosuu, A. E. /Iveoeuu

Abstract:

The parametric approach to the construction of quantile regression models based
on the selection and evaluation of parameters of the functional dependence of the
moments of the first and second order distribution of the dependent variable from
the values of the independent variable is considered. The mathematical and
algorithmic maintenance of the procedures for the construction of parametric
models is described. Comparative analysis of the statistical validation criteria
distribution for normality is carried out. The information criteria that ensure
selection of the optimal number of model parameters are given. The possibility of
using the parametric quantile regression models for charting the age dynamics of
the growth of children is considered.

Annomauusn:

Paccmampusaemca napamempuueckuii nooxo0 K NOCMPOEHUI0 KE8AHMUILHO-
PEecPeCcCUOnHbIX MOOenell, OCHOBAHHbIL HA 6blOOpe U OyeHnKe NaApamMempos
(DYHKYUOHANBHOU  3A6UCUMOCHU  MOMEHMO8 Nepeo2o U 8MOpPO20 NOpsAOKa
pacnpedenenus 3a8UCUMOl NePEMEeHHOU Om 3HAYEHUS He3A8UCUMOL NepeMeHHOU.
Onucano mamemamuyeckoe U ajleopummuyeckoe obecneuenue npoyeoyp
nocmpoenus napamempuyeckux mooenei. Illposeden cpasHumenvbHbvlll aHAIU3
CMAMUCMU4ecKux Kpumepueg npogepKu pacnpedenenus Had HOPMAlbHOCHb.
Tlpusedenvt ungopmayuonnvle Kpumepuu, HO360AA10WUE 00eCneuusams vlOop
ONMUMATBHO20 YUCAA naApamempos modenu. Paccmompena 603M0OdHCHOCD
UCNONb306AHUA  NAPAMEMPULECKUX K8AHMUIbHO-DESPECCUOHHBIX Modenell 04
NOCMpPOoeHUs OUAZPAMM 803PACHHOU OUHAMUKU POCMA Oemell.
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Parametric models, regression analysis, error, criterion, growth curves.
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h BBeaenue

B Hacrosmee Bpemsl perpecCHOHHbIE MOAEIM HMEIOT OOJbIIoe MHOroobOpasue
(dbopM, cTeneHel CI0XKHOCTU U BO3MOXKHOCTEH NMPUMEHEHHUS IS PELICHUS] TEOPEeTHUESCKUX
U MIPUKJIAIHBIX 337a4. B OCHOBE KBaHTUJIBHBIX CTATUCTHUECKUX PErPECCHOHHBIX MOJENeH
Pa3IMYHBIX CTPYKTYp M IPOLECCOB JIEKHUT IIHPOKOE HCIOJIB30BaHUE MAaTEMaTHYECKOM
TE€XHHUKH yCIIOBHBIX MEUaH U KBAHTUJIIEM MHOTOMEPHBIX BEPOSITHOCTHBIX PACTIPENCICHHUM.
Tpebyercs onpenensTb HHGOPMALMOHHBIE KPUTEPUH, KOTOPBIE MO3BOJISIOT JIaBaTh BEIOOD
ONTUMAJIBHOTO YHCIIa TapaMeTPOB MOJEIH.

A 1. Maremarnueckoe n AJIrOPUTMHUYECKOe o0ecredeHust

napaMeTpu4ecKuX MoaeJen

HaubGonee wacto mpu aHanu3e AAHHBIX AOIyCKACTCsl HOPMAJIbHOE paclpelesiCHUue
nokasaresnei. TeopeTndueckoil MpeArnoCcbUIKON AJIs ATOTO SIBIISIETCS LICHTPAIbHAS IIPEIEIbHAS
TeopeMa JIsmyHoBa, yTBep)KJaromas, YTo pacipesiesleHe CyMMBl HE3aBUCUMBIX CITy4aiHbIX
BEJIMYMH C JIOOBIM HMCXOAHBIM pacrlpefesicHHeM OyIeT HOPMAJIBHBIM, €CIIH YHCIIO
cllaraeMbIX IOCTaTOYHO BEJMKO, a BKJIAJ KaXI0r0 B cyMMy Mai [1].

IIpn mnpennosokeHUH O HOPMAIBHOCTH paclpeneieHns KBaHTHIb 33JaHHOTO

nopsijika T € [0, 1] MOXKET OBITh BBIYUCIICHA KaK [2]:

_ -1
O(t)=M(x)+o(x)-®'(1), (1)
rae M (x) — yclaoBHOE Cpe/iHee 3HAYCHUE;
6(x) — ycnosnoe CKO;
@' (1) — obparnas dpynkuus N(O, 1).

Takum 00pa3oM, B OCHOBE MapaMETPHYECKOTO IOAX0Ja K MOCTPOCHHUIO
KBaHTHJIbHO-PETPECCHOHHBIX ~ MOJENECH  JIEKUT BBIOOP ©  OIEHKA [apaMeTpoB
(bYHKIIMOHAIBHOM 3aBUCMMOCTH MOMEHTOB MEPBOTO M BTOPOTO MOPSIIKA pacIpeaeieH s
3aBUCHUMOM TIEPEMEHHOH y OT 3HaUCHHUS HE3aBUCUMOW TIEPEMEHHOHN X. DTH 3aBUCHUMOCTH B

2
CTAaTHCTHKE M3BECTHBI Kak perpeccuonHas M(X) u ckemactuueckas G~ (X).

Ha mpaktuke Hambosee pacmpocTpaHEHHas 3ajada — ONpelesieHHe 3aBUCHMOCTH
cpeaHuX 3HadeHuH. MeToabpl HaXOXJEHMS TaKUX 3aBUCUMOCTEH M OIEHKa HX
CTaTUCTUYECKUX CBOMCTB COCTABIISIIOT COJIEP>KaHNE PETPECCUOHHOTO aHATN3a.
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Cxema pPerpecCHOHHOrO aHajlu3a BKJIIOYAET B ce0s IMOCIeI0BaTEbHOE pEelIeHHe
CIIEAYIOMINX 3a7ad: BHIOOp BHIAa PErpECCHOHHON (YHKLHUH, OLEHKAa €€ MapaMeTpoB,
MPOBEPKa CTATUCTUYECKOW 3HAYMMOCTH BBIOOPDOYHOW pErpecCHH B CpPaBHEHUH C
0e3yClIOBHBIM ~ pa30pocoM  3HAueHWH Yy, UWMEIOUIMX JUCIIEPCHIO,  OIpecieHre
JOBEPUTENBHBIX TPAaHUIL], C 3aJaHHOW BEPOATHOCTBHIO BKIIOYAIOMIMX B ce0sl MCTUHHYIO
perpeccuro.

Bun perpeccronHoit ¢yHkimu m(Xx) BbeIOMpaeTCS HCXOIS M3 OCOOCHHOCTEt
ncciexyeMoro mnpomecca. Ha ocHoBe aHanmza rpadndecKoi 3aBUCHMOCTH MEXIY V H X,
nonbupaercs ¢opma (YHKIMOHAIBHOW 3aBUCHMOCTH. Yamie BCEro CTaparoTcs
WCIIONB30BaTh JIMHEUHYI0O MOJAENTh, a B CJydyae SBHO BBIPQXCHHOW HEIMHEHHOU
3aBHCHMOCTH — HCITOJIb30BaTh Pa3HyHbIE THHEPUIYIOIINE MPE00pa3oBaHuUs MEPEeMEHHBIX
XHUY.

Ilpocrelilied MOAENBID PETPECCUU  SBISAETCS MOJENb OJHOMEPHOM JMHEWHOU
perpeccun:

Y=8,+Bx +¢,

B KOTOpOﬁ OIINOKH 8‘ nmpearnojararoTCsa HE3aBUCHUMbIMU CﬂyqaﬁHBIMI/I BCIIMYMHAMU,

kaxnaas u3 kotopeix umeer pacupenenenue N(0,6°). Eciu u perpeccop X — ciydaiinas
BEIMYMHA, TO MOXHO paccMaTpuBaThb MOJEIh KaK YCIOBHYK OTHOCHUTEIBHO
JEHCTBUTENBHO HAOMIONAaBIIMXCS 3HAYCHUM perpeccopa X :

M[Y|X =x]|=B,+Bx.

Ha mpaktmke pemaroTcs — pasiwyHbIe  JOMYyIIEHUS, YTOOBI  MMOA00paTh
PErpecCHOHHYIO 3aBHCUMOCTh, HO HEOOXOIUMO, YTOOBI COOTBETCTBYIOIIAS CBsI3b ObLIa
YCTOMYMBOM MW BOCHpou3BoAMMOW. Ilojg yCTOWYMBOCTBIO IOHMMAETCS, YTO NIPU
MOBTOPEHUHU SKCIIEPUMEHTA B PA3NMUHBIX YCIOBUAX:

1) ypaBHEHHE perpeccHH OCTaeTCs 0e3 W3MCHCHHH, MaXe KOTIa W3MEHSIOTCS
JIpyTHE aCHEKThl JaHHBIX;

2) monmy4yaemble B Pa3IMYHBIX YCIOBUSAX JIMHUH PETPECCHUU TTapalIeNbHBL,

3) IMHUHM perpeccHy BCerAa MONMYYaloTCs yAOBICTBOPUTEIHLHBIMH, HO UX HAKJIOHBI
U PacCIoJIOKEHUE PA3TUIHBL.

Henapamerpuueckas perpecCHOHHas MOJEITh MOXKET OBITh 3aIMCaHa B BUJC:

y =n(d,p)+e,

rae 3 — HeM3BECTHBIN BEKTOP MapaMeTPOB PErpecCui;
2
neC [a,b] — HEKOTOpas CIIIaKUBAIoIas QyHKIMS;

€ — OTKJIOHEHHME (cayuaiiHas ommnbKa) — HOPMAJIbHO pacnpe/ieeHHas CirydaiHas

BEJIMYMHA CO CPEJITHUM, PABHBIM HYJIIO, © HEKOTOPOU AUCIEPCUEN.
[Ipu nocTpoeHnH MOJETH BO3MOKHO HCIIOJIB30BAHUE PA3IMUHBIX KIIACCOB (PYHKIHMHA

N(x,B) mpu yciaoBuu, 4TO UX MEpBasi K BTOPask MIPOU3BO/IHBIC HETIPEPBIBHAL.

YuuTeIBas, YTO MPU MPOTPAMMHON peaIn3alui UCIONb3YIOTCS YHCIEHHBIE METOIbI,
T. €. OONBIIMHCTBO (PyHKUMH peanusyercsi pasjioKeHHEeM B pAl, 0e3 00OCHOBaHHOTO
IIPEATNON0KEHUS 0 (opMe HEIMHEHHOH 3aBHCUMOCTH HET HEOOXOIMMOCTH HCIOJIb30BaTh
crieraibHble MareMaruueckue GyHKIun. [103ToMy B OONBIIMHCTBE MPAKTHYCCKHUX 3aad
ONITUMAJICH BBIOODP MOJMHOMHATBHON PErpeccuu:
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nex.p)=£B,-¢,(x),

k o]
rae ¢,(x)=Xo x" nomunoM crenenn k-1.

XoTss mogbop Mo n HAOTIOACHUSM TOJWHOMA CTENEHU M0 N-1 BKIIOYUTEIHHO
MIPUHIIAITUAIEHO BO3MOXKEH BCEr/a, Py OOJIBIINX 3HAYCHUSAX K BO3HUKAIOT TPYIAHOCTH C
MpaKTHYecKoi peanm3arnuei. Tak, mpu 3HadeHUsX k mopsimka 1mectd u  Ooree
perpeccroHHasl MaTpHIla CTaHOBHUTCS ILIOXO oOycioBieHHOH [3]. IlosToMy oMM U3

peleHHiT SIBISIETCS HCIIONB30BAHNUE CHCTEMBI OPTOrOHANBHBIX QyHKuuA ¢, (X) .

B Tako#l cuTyanum BO3HHMKAaeT BONPOC 00 WHTEPHNpETalud BUAAa MOZOOPaHHOTO
ANMPOKCUMUPYIOMIETO ITOJIMHOMA, TOT/Ia MOXKET OKa3aThCS YMECTHBIM HCIOJb30BaTh
JTUHEWHYI0 KOMOWHAIINIO OJHOWIEHOB. ClemyeT OTMETHTh, YTO Ha CETONHSIIHUX JEHb
MpUMEHsIeMble B CIEIHMAIbHBIX MaTeMaTW4ecKuX Makerax, B 4vacTtHoctn MathCad,
ITOPUTMBI 00ECIIEUHBAIOT MPAKTHYECKH OJMHAKOBOE KayeCTBO OLEHKH PETrPEeCCHOHHBIX
MoJieJIel KaK OAHOWICHAMH, TaK ¥ OPTOTOHAFHBIMHU TIOJIHOMAaMH.

OtpunaTenbHO Ha OOBSACHSIOMIMX CBOMCTBAX MOJEH CKa3bIBAaeTCs KaK OTCYTCTBHE
3HAYMMOM TIEpEMEHHOH, TaK ¥ U30BITOYHOE MPUCYTCTBHE HE3HAYMMOH.

B cimydae, xorma B Moaenb He BKIIOYEHA CYIIECTBEHHas TepeMeHHas
(cymecTBeHHOW HA3BIBAIOT TEPEMEHHYIO, KOTOpas IOJDKHA OBITh B MOJENH COTJIACHO
MPaBUIBHON TEOPUH), HAOMIOJAIOTCS CIEAYIOIINE TOCTECICTBHS:

— MicUe3aeT BO3MOXXHOCTh TPABUIIBHOM OIEHKH ¥ HHTEPIIPETAllNN YPaBHEHH;

— K02 PUIHUEHTHI TPHU OCTABIINXCS TIEPEMEHHBIX CTAHOBSITCS CMEIIEHHBIMU;

— cTaHAapTHBIC OUIHOKU KOA()(HUIIMEHTOB U t-CTATUCTUKHA HEKOPPEKTHBI  HE MOTYT
OBITH UCTIONIL30BAHBI ISl CYKICHHS O Ka4eCTBE MOATOHKH MpearacMoi MOIeIu.

BxitoueHue HecyliecTBEHHOW NMEPEMEHHOW B MOJENbh HE MPUBOJUT K CMEIICHUIO
OLIEHOK K03((PUIIMEHTOB, HO TOSBISIETCS IPYrOdl HEJIOCTATOK — PAacTyT CTaHAapTHBIC
omuOKku K03 PUIreHTOB. OLUEHKH CTAHOBSTCS CTATUCTUYECKU HE3HAYNMBIMHU.

Ecmn  TowHas  cremudukanmus ~ MOAETHM  HEW3BECTHa, TO  HCIOJNB3YIOT
nH(OPMAITMOHHBIE KPUTEPHUH, MO3BOJSIONINE H3BJIEKATh MAaKCUMyM HWH(MOpMAIu U3
WCXOAHBIX JAHHBIX M TEM caMbIM oOecrednBaTh BHIOOP ONTHMAJIBHOIO YHCIA
rapaMeTpoB.

Hawmbomee pacnpocTpaHCHHBIMA KpPUTEPHSAMHU sBIsieTcss kpurtepuit  IlIBapria
(Schwarz) wu xpurepuit Axaiike (Akaike). O6a KpuTepus TIO3BOJNSIOT BBHIOUPATH
HaWJIYYIIyl0 MOJENb W3 MHOXKECTBAa pa3IMyHBIX crenudukanuii. Kpurepun dmcieHHO
IIOCTPOCHBI TaK, YTOOBl YYECTh BIUSHHE HAa KAdeCTBO TIOATOHKH MOJEIN JBYX
MIPOTHBOIIOJIOKHBIX TEHACHIIUH.

[lpu mocTpoeHumn Mopesnell mpennoyTHTeNbHee poOacTHas — mpouexypa,
MTO3BOIISAIONIAs BHIOPATh MOEIH B MPEAIONI0KEHUH HECTPOTOH HOPMaIbHOCTH OIIUOOK U
MTO3BOJISAIONIAS  HCIIONIB30BaTh pa3jMYHBIE POOACTHBIE OIEHKH, OJHOW M3 KOTOPBIX
sBIIETCS POPMYIHPOBKa Kputepus Akaiike B Buze: [0]:

AIC(df) = In(6) + 2']\‘,# :

rie G — pobacTHas OLEHKA MapaMeTpa PacCcenBaHus,
N — pa3mep 6a3ucHON BBIOOPKH.
Kpurepuii lIBapua:

SIC(df) =In(6") + W .
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B stux Qopmynax mepBoe ciaraeMoe MpeAcTaBiseT co0oil mrpad 3a OOJBIIYIO
IHCIIEPCUIO, BTOpOe — IuTpad 3a HCIONB30BaHUE JOMOJHUTEIBHBIX IEPEMEHHBIX.
Kputepun paccuuThIBarOTCS Ui KaXIOoW paccmarpuBaeMor crermpukanuu. [lpu
CpaBHCHHUUN PAa3JIMIHBIX MOI[CJ'ICﬁ MMPEAINIOYTCHUC OTAACTCA TOﬁ, KOTOpad HMECT
HaMMEHBIINE 3HAYCHUS] KPUTECPHEB.

B perpeccrnoHHOM aHanm3e BHIOOP ONTUMAJIBHOW MOJEIH BCET/Ia CONPOBOXKIACTCS
OLICHKOHM IapaMeTpoB KaXJOro M3 pacCMaTpHUBAEMBIX BapHaHTOB perpeccuu. [lpm
pelieHHH 3a1a4  OLCHHWBAaHUS IMApaMEeTpOB PErPEecCHOHHBIX Mojelnieil Haubolee
pacmpocTpaHeH KpUTEpHH HaWMEHBUIMX KBagpaTOB, KOTOPBIM 3amuchIBaeTCs B
cnemyromeM Buae [5]:

a=arg min3|y, -n(a,x)],
IJie @ — BEKTOP OIIEHOK MapaMeTPOB MOJIENH,
n(a,x ) — perpeccuoHHas MOJEIIb,

Y., X — pe3yabTaThl HAOIIOIECHNH 3aBUCHMOT0 U HE3aBUCUMOTO U3MEPEHHUS.

Bo mHOroM wMeHHO 3(QEKTUBHOCTh BBIYUCIUTENHHBIX aJTOPUTMOB MeETOJa
HanMmeHbUX kBaapatoB (MHK) o0ycnmoBmia mmpokoe NPHUMEHEHHE JIMHEHHOTO
pPerpecCHOHHOTO aHaau3a KaK METOJa BOCCTAHOBJICHHSI PAa3IUYHBIX 3aBUCHUMOCTEH.
3auacTyro Ha MpaKTHUKE MbITatOTCI ucnoiab3oBath MHK, He paccmaTpuBas momycTuMbIe
YCIOBHS €ro TNPUMEHUMOCTH. VIcmonap30BaHWE MeETOAa HAMMEHBINNX KBaJpaToOB
HpeJnoIaraeT, uTo OeHKH d pachpeseleHbl HOpMaabHO. IIpH HErayccoBhbIX CIydyaiHbIX
OmMOKax HAOMIOAEHNS ONTHMAJILHBIE OIEHKH HAXOOAT METOAOM MAaKCHMaJILHOIO
NpaBaONoa00us.

[IpumeHeHne MeTola MAaKCHUMAaJbHOTO TIPaBIOMOA00OHS TIO3BOJSET TMONydYaTh
ONITHMAJIBHBIE OIEHKH HE3aBUCUMO OT (HOPMBI pacIlpelelicHUs CIyYaiHBIX OIIHOOK
BBIOpaHHOH Mojenu [6], mo3TomMy oOHa 3(QeKTHBHA IS OLCHKH NapaMeTPOB Kak
TMHEWHOW Tak W HenuHeWHoW Moxaenn. DyHKIWs mpaBAOmonoOus I OICHWBaHUS
cpenaero u CKO HOpMamsHOTO pacripeaeseHus umeet Bun [1]:

N M)
L = ]i[l—exp _('y’—z)
T oV2n 20
U ee jorapudM paBeH:
1, (v -M) N
£=——§M—Nln(0)——ln(2n).
27 20 2
OrmeHka mapamMeTpoB (QYHKITHIA M (H)m 6(t), xoTOpBIE ABNAIOTCA TapaMeTpaMu
HOPMaJIbHOTO paclpelefieHus — XapaKTepUCTUKAMM TOJIOKEHUS U PacCerBaHUS
COOTBETCTBEHHO, OCYIIECTBIISIETCS MaKCUMHU3aIUel 10 BBIOOpKe 00beMa N (hyHKInu:
1, (v, —M@)) 7
((M,0)=—=% Mﬂn(cs(;)-) . @)
2" o(t)

Takum o00pa3oM, MpH HOPMAIBHOM pacCHpeACiiCHUH W3MEPEHUH, MOCTPOCHHE
MOJIEIM CBOJIUTCS K BHIOOPY BHAA M OIEHKE IMapaMeTpPOB allpOKCUMHUPYIOMHX (PYyHKIINI

M(@t)u &(1).
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ITockonpKy BUA pacrlpenesieHHs] alpHOpPHO H3BECTEH, TO MHOXKECTBO Pa3IMYHBIX
CTaTHCTUYECKHX KPUTEPUEB TMPOBEPKM HAa HOPMAIBHOCTh MOXET OBITH YCICIIHO
HCIIONB30BaHO.

Ha cerogusmmmii gennr paeiictByer crapmapt [OCT P HMCO 5479-2002
«Cratuctuueckue metonbl. [IpoBepka OTKIOHEHHUS PACHPENCICHUS] BEPOSTHOCTEH OT
HOpMaJIBHOTO pactpenenenus» [7]. CorimacHoO cTaHAapTy IpUMEHeHue Haunbolee
pacnpoctpanenHoro kputepusi lllammpo-Ywuinkca gomyckaeTcss TOJIBKO Ha HEOONBITNX
BbIOOpKax (N<100). [lng mocTpoeHns KBaHTHIBHO-PETPECCHOHHBIX MOJENIel HeoOXOoauM
0OJBIION pa3Mep BBIOOPKH, B TAaKOM Cllydae COIJIACHO CTaHAApTy OCYIICCTBISETCS
MIPOBEpPKa HA ACHMMETPUIHOCTD U dKcriece 1’ AroctuHo [8].

B neficTByromeM cTaHmapTe OTCYTCTBYET ONKCAHUE BHIYUCIUTEIHHOU TIPOIEIYPHI,
a TpUBEJCHBI JIMIIL MOPOTOBbIE TOYKM. Ha OCHOBaHMM OpPUTHMHAIBHOW CTaThU
I’ ATOCTHHO COCTaBl€H aJrOpPUTM BBIUKCICHUI, MO3BOJLSIIOMIMN MPOU3BOAUTH OLECHKY
BBHIOOPOYHBIX 3HAYeHWH Ha CHUMMETPHYHOCTh W JKCIlecc pacmpeaeneHus. VcxomHpie
JAHHBIC JUIA alropuTMa BbIOOpKa 3HaueHwit yi, i=1..N. IlociemoBaTenpHOCTh IIAroB
OIIEHKH HA CHMMETPHYHOCTh pacIipe/ieieHns] BRLIOOPKH 3HaueHHH cieayromas [0].

1. Onpenenenne ko3 duienTa aCHMMETPUH 3 IO BELIOOPOYHBIM JaHHBIM.

2. BeruncieHrne BpeMeHHBIX TIepEMEHHBIX:

t1=[bl|- J(N+1)(N+3)/6/(N-2),
1+\/§ 3(N*+27N —T70)(N +1)(N +3) 1
(N=2)(N+5)(N+T)N+9)
3=42/@2-1).
3. Pacuer BEIOOPOYHOW Z-CTAaTUCTHKH:

2, =In((11/63) +01/3+1)/ | In({r2) .

4. B cooTBeTcTBHME C 33/JaHHBIM YPOBHEM 3HAUYMMOCTH O HaxoXxiaeHwe 1-o.-
KBaHTHJIM CTaHIApTHOTro HopManibHOTo pactupeneneHus N(0,1).
l'umoreza o0 cormacuu SMIOUPUYECKOTO M HOPMAIBHOTO  paclpelesIeHUs

12=—

OTBEpraercs, €ciu ycnosue Z >7 = BHIIONHSETCS. 3HAUeHHE BHIOOPOUHON Z-

CTAaTUCTUKHU MOXCET 6BITB HCIIOIB30BAaHO B KadyeCTBE KOJMYECTBEHHOM OILICHKU
CUMMETPHUYHOCTH HE TOJLKO MPH OMPEACTCHUH TUIIAa MOJCTH, HO U B MPOIecce TMOATOHKU
MOJIEJH K TAaHHBIM, KaK OI[CHKA KaYeCTBA COOTBETCTBHS MOJICITH TAHHBIM.

IMocre0BaTeIbHOCTh  IIATOB  OIIGHKH Ha 9KCIIECC paclpeieieHHs BbIOOPKH
3HAYCHUH CIIeayIoNas:

1. Onpenenenue ko3 HUIUSHT KCIEcca Y 0 BBIOOPOYHBIM JaHHBIM.

2. BoluncieHne BpEMEHHbBIX TIEPEMEHHBIX:

~ p2|=2(N —1)/ (N +1)
J24N(N =2)(N=3) /(N +1)" /(N +3) /(N +5)
s_ (N+T(N+9) [N(N-2)(N-3)
3(N* =5N+2)\ 6(N+3)(N+5)
16=6+4-15-(t5+t5 +1).

3. Pacuet BEIOOPOYHON Z-CTAaTUCTHKHU IO opMmyIie:
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Parametric quantile-regression models and those similar to them

. 1=2/9/16-3/(1-2/16)/ (1+142] (16— 4)
" J2/9/t6 '

4. B COOTBEeTCTBUHM C 3aJaHHBIM YPOBHEM 3HAaYMMOCTH O HaxoXkIeHue 1-o-
KBaHTHJIM CTaHIAPTHOTO HOpMalbHOTO pacnpenenenus N(0,1).
l'umoTe3a o0 corjacuM SMIMPHYSCKOTO W HOPMAJIBHOTO  pacrlpeiciieHUs

OTBEPraercs, €Cili yCjloBhe Z 2> Z  BBINOIHACTCA. 3Ha4YeHHEe BHIOOPOUHON CTATUCTHKHU

Z  TaKKe MOXET ObITh MCIHOJNb30BAHO B KA4ECTBE KOJNMYECTBEHHOW OLEHKU KPYTH3HbI
SMIIUPUYECKHUX PpACIpeleieHN Ha Ppa3IM4HbIX 3Tamax IOCTPOSHHs U BepuUKALUH
MOJIETEH.

CoBmecTHBII TecT (omnibus test), OLlEHUBAIOIIMI HOPMAJIbHOCTH BBIOOPKH TIO
aCHMMMETPHH M JKCIECCY, COCTOMT B BhIYMCIeHHH cTatucTuku K = Z ' +Z °, npoBepke

e COOTBETCTBHS *-PACIIPEICICHHUIO C 2 CTEIICHIMH cBOGOIBI [8].
Takum oOpasoM, ouenku Z,, u /,, MOryT ObITb HCIOIb30BaHbl KaK

KOJIMYECTBEHHAs Mepa HECOOTBETCTBHS IMITMPHUYECKOTO DPACIPENeICeHNUs HOPMAILHOMY.
Ot OIICHKHU MOTYT OLITh MCIIOJIBL30BAaHbBI KakK AJIg omnpeAcICHU MIaroB 1o CHHXXCHHIO
ACMMMETPHH WM DKCIlecca Ha dTare MOATOTOBKU NAHHBIX, TaK W JUIA OIEHKH KadecTBa
MOJy4aeMbIX MOJIEIIEH.

Ilockonmpky  pe3yapTaToM  pa3pabOTKM  MOJENH  SIBISETCS  ONpeiesieHHe

¢GyukmonansHON 3aBucuMoctd M (X) — ycnoBHoro cpemsero u O (X) — CKO, 10
UCXOJIHbIE BHIOOPOYHbIE 3HAUEHUS ) , MOTYT OBITh CTaHAAPTH30BaHbI (HOPMHUPOBAHBI) K

BCJIMYMHC Z :

_ Y M)
Z ==, 3)
o(x,)
HMeEIoIIEeH CTaHIapTHOE HOpMalibHOE pactnpeneneHue ¢ napamerpamu 0 u 1. Beneacteue
4Yero BO3MOXKHA ITPOBEPKa TUIIOTE3 paBEHCTBA BEIOOPOYHOTO cpeaHero Hymo, a CKO —1 ¢
MOMOILBIO Pa3IMYHBIX KaK MapaMeTPUIeCcKuX, TaK U HelapaMeTPHUECKUX KPUTEPHEB.

W3 mmpokoro MHOXeCTBa albTEPHATHB B MHPOBOH MpakTUKE HanOomee
PACIPOCTPAHEHO HCIOIb30BAHKE Y -KPHTEPHs. ITOT KPUTEPHil TAKKE MPUMEHSETCS I
MIPOBEPKH TUTIOTE3HI O COBIAJCHIH 3aKOHOB pacmpeeneHuil 1ist cepun G BEIOOPOK.

Jitst mposepku rumotessl H @ M{z} =0 nna muoxectBa G mogBBIGOPOK U3

0a3ucHON BBIOOPKH MOXKET OBITh UCIONB30BaHA TaK Ha3bpiBaeMas (Q-CTaTHCTHKA,
BBIUHCIsIEMast TT0 PopMyJIe:

¢ —
Q,=xinz; “

U OCHOBaHHAash HAa TOM, YTO CTATUCTHYCCKUEC XAPAKTEPUCTHUKU BBIOOPKH TpU 00BEeMe
Kaxaoii N—oo UMEIOT HOpMallbHOE paclipelelicHHe, a cyMMa KBaJpaToB HE3aBUCHMBIX
HOPMAJIbHO PAaCIPENeICHHBIX BEIHUHH ¢ ) -pactpemienne ¢ G-dfm crememsmu cBoGOIBL.
Juist mpoBepku rumotessl H @ D{z}=1 pgus mHoxectBa G MOABBICOPOK H3

0a3ucHON BBIOOPKM [JIs1 BBIYUCIEHUS QQ-CTaTUCTHUKHM HA OCHOBE TpaHC(hOpMaIiH
IHCIIEPCUH K HopMalibHOCTU Buiicona-Xundeptu ucnomnb3yercs hopmyna:
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2
9(n, —1)

2
9(n, —1)

KoTOpas uMeet )~ — pacnpemenne ¢ G-dfs crenensamu cBOGOIEL.

[locnenoBaTenbHOCTH IIArOB AJISl IPOBEPKH HOPMAJIbHOCTH CIIELYOLIast:

1. Pa30Opoc 3HaueHHii HE3aBUCHMOTO TiepeMeHHoro X pasbuBaercs Ha G rpymm
UCXO0JS U3 CICAYIOLIEr0 COOTHOLICHHUS:

max {n”‘z“,max(dfo) + 3} <G <min {n“, n/ 50} ,

rae dfo — obmee uncno cremeHeit cBoOoabl, PyHKIMI BCEX MapaMeTpOB, OMMCHIBAIOIINX
MOJIETb.

IIpu aTOM HEoOXx0aMMO, uT00B G-dfo>3 u pazMep KaxxaoH TpyHIIsl He MeHbIe 50.

2. Jnas  kaxmod — Tpynmbl  BRIYHCISIETCS  BBHIOOpOYHOE — cpedHee |
TpanchopmupoBaHHas Buicona-Xundeptu nucnepcust.

3. ITo dhopmymnam (4) u (5) Beraucisgercs Q-CTaTUCTHKA.

4. B COOTBEeTCTBUHM C 3aJaHHBIM YPOBHEM 3HAaYMMOCTH O HaxoxIeHue 1-o-
KBAaHTUIH y -pacnpeienue ¢ G-dfo cTenensmu cBoGOIBL.

l'mmoTesa o cormacWM OSMIMPHYECKOTO W HOPMAJIbHOTO  pacmlpeieseHus
oTBepraercs, ecnu ycnoBue Qy<Qwm u Qy<Qs BBINOIHIETCS.

Hawnbonpuryro TpyJHOCTH COCTaBIISIET MPOBEPKA CIO0KHOW THITOTE3BI HOPMAaJIHbHOCTH
pacrpeneneHuil ¢ HEU3BECTHBIM CPEIHUM M AucTepcuei. s mpoBepKu Takoil TUIOTe3bl
C TOYKH 3peHHs yAo0CTBa MpOrpaMMHON peanm3anuu >¢pdexkTuBeH kpurepuil JlnHa-
Mynxonkapa B mpencraBieHud Henbcona. IlpuMeHeHne kputepus He TpeOyeT HU
YIOpPSIOYMBaHUs, HH NpeoOpa3oBaHUsl IEPEMEHHBIX, HU BBHIOOPOYHOH  OIICHKU
rapaMeTpoB pacrpenenenus [9].

Kputepuii ocHOoBaH Ha aHajlM3€ N CPEIHUX W JUCIEPCHUN, PACCUUTAHHBIX 1O N
MOJBBIOOPKAM W3 0a30BOM BBIOOPKH, TIONy4aeMbIM IyTEM HCKIIOYEHHUS OJHOTO
Habmronenus. [lomyyeHHbIe Mapbl 3HAYEHUH CPENHETO W AMCIEPCHH HCIOJB3YIOTCS IS
MPOBEPKH WX HE3aBHUCHUMOCTH IIOCPEICTBOM JHHEWHOTO KO3(PQUIMEHTa KOPPEISIUU
[Mupcona. Hcnonp3zoBanwme 5TOro Kod(pQuIHEHTa KOPPETSAIHNH BO3MOXKHO TOJNBKO B
HOPMAJIBHOM IBYXMEPHOU COBOKYITHOCTH.

B ornmume ot pacmpezneneHus CpeIHHX 3HAYCHHA, paclpe/ielieHne TUCTIepCHil He
ABNISIETCSI HOPMAJIBHBIM, TIODTOMY K HEMYy MPHUMEHSIETCS HOpMaIIH3yIoIIee
npeobpazoBanue Buncona-XundepTu:

d” -1
QS =

)

i Ma
-

/3

al,:l ssd’ — : (zsdv)Z )

n J# J n— 1 J# J

rae sd; = lz (Xi - MZ) — BBIOOpOYHAS TUCTICPCHUs HAOIIOACHUH 3a HCKITFOUSCHHEM 1-TO.
j#i
Jna  TmoCcTpoeHHMS ~ CTAaTUCTHKH —KPHUTEPHs]  HCIONB3YeTCS  HOpMaIM3yIomas
Tpanchopmarus duiepa s JIMHEHHOTO KOAPPUIIMSHTA KOPPEISAIUH T
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Hu €Ciin |Z| O4YCHb BCJIMKO, TUIIOTE3a O HOPMAJBbHOCTH OTBCPracTcsa, T. €. B YHUCIOBOM
BBIPAXKCHUU:
|12 <2(0,5+0./2),

rie z — KPUTMYECKOE 3HAYEeHHE CTaTMCTMKM KPUTEpHs, OIpelelseMoe depes
COOTBETCTBYIOIIME YPOBHIO 3HAYMMOCTH O, KBAaHTHJIM CTaHAAPTHOIO HOPMAJLHOTO
pacnpenenenus z = 1o Gopmyie:

37,324 53,0057 | , (2) -3z [ 11,7 55,06
z(t)=| —— + wz 4 | = +

n n’ n’ 24

Cnez[yeT OTMCTUTDH, YTO KPUTCPUH, OCHOBAHHBLIC Ha OICHKAX MAKCHUMAJIbHOI'O

MpaBIOMOA00NsS — OTHONIICHWH TMpaBaomonoOus, M-olleHKaX, HE pPacCMOTPEHBI
MpeAHAMEPEHHO, TaK KaK ATOT METOJI UCITOJIB30BaH JIJIsl OIICHKHU MapaMeTPOB MOJICIIH.

2

n n

Ao IIpakTHyeckas 3a1a4a — pa3padoTKa permoHAIbHBIX

CIIPABOYHBIX KPUBBIX POCTA JeTel

OKCIIepUMEHTaNbHBIN MaTepuai. [[ns aHamu3a B KadecTBe Oa3MCHOM TPYIITBI OBLTH
HCIIOJIB30BaHBI JTAHHBIE TTepEeKpecTHOTO obcnenoBanms 8422 nerei B Bo3pacrte ot 2 mo 14
ner. Bce HU3MCPCHUA ObLIH IMPOBCACHLI B YCJIOBUAX MOJUKIMHUKH WM CTallUOHApa U
BBITIOJTHEHBI B COOTBETCTBUH CO CTaHAAPTHONW METOAMKOW CHEIHaIbHO MOArOTOBICHHBIM
MEIWIMHCKAM TIepCOHAJOM. bBUIM WCKIIOYEHBl JAETH, WMEIONINe BBIPAXCHHYIO
OHAOKPHMHHYIO U APYTYIO MAaTOJIOTUIO pa3dBUTHUA, 4 TAKKE POAUBIINCCA HEAOHOIICHHBIMU.
Kaxxnoe u3mepeHune cocTosyio U3 YEeThIpeX MapaMeTpoB: 3HAUEHHWE MACCHl U JUIMHBI Tela,
IOJI MU XPOHOJIOTHYECKni Bo3pacT pederka, UMT ObLT BBIYUCIIEH C TOYHOCTBIO JI0 TPEX
3HaYaIUX HUQp Mocie 3amsaTou.

[IpenBapuTenbHbli  aHaNW3 JaHHBIX. B Tabnume 1 mpencTaBiieHbl OCHOBHEIC
OIHCATENLHBIE CTATUCTUKU BHIOOPKH.

Tabnuma 1. OnucarenbHble CTATUCTUKU UCXOTHOW BEIOOPKH

cpeonee owuoka Huxcnuan | meou | eepxuas | CKO acum- IKC-
M) M Keap- ana Keap- Mmempus uecc
muno muo

neBoukn (N=4199)
Macca 27,5 0,2 18,0 24,0 35,0 11,9 0,9 0,2
JmHa 1244 0,4 105,0 125,0 | 142,0 22,9 0,0 -0,9
NUMT 16,9 0,1 15,1 17,0 18,4 2,7 1,2 4,2
Bospact 8,0 0,1 4,8 7,8 11,0 3,6 0,1 -1,2
Maspunky (N=4223)
Macca 27,9 0,2 18,0 25,0 35,0 12,1 0,9 0,3
JmHa 125,2 0,3 106,0 124,5 | 142,0 23,7 0,1 -0,8
NUMT 17,1 0,0 15,4 17,2 18,3 2,7 1,7 8,2
Bospact 8,0 0,1 4,8 7,7 11,0 3,6 0,1 -1,1
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Pacmipenenenve AMUHBL Tesla JEBOYEK U MAJIBYMKOB MPEACTABICHBI THCTOTPAMMOIt
Ha pHuCyHKe | COBMECTHO ¢ KpHBOIl HOpMaibpHOTO pacmpereneHusi, cpeanee u CKO
KOTOPOI OLIEHEHBI 110 COOTBETCTBYIOLIMM BBIOOPOUHBIM IaHHBIM.
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HaGJ'IIOD,aeMbIe Y4acToTbl
— OXwupaemas 4YacTtoTa npn HopmMasnbHOM pacnpeaeneHnn
0) meBoveK

Puc. 1. I'mctorpaMmma 3MIUpUIECKOTO paCIpeACIICHUS UTHHBI TeJIa MaJTbLIIMKOB U JI€BOUYCK
B Bo3pacTte ot 2 1o 14 ner

IIpoBencHHBIM aHAMN3 pacHpeeiICHN HCXOOHBIX JAHHBIX, MPeoOpa30BaHHBIX
¢yHkuusmu HatypansHoro (In(x)) u gecstiuuHoro jorapudma (logl0(x)), OTHOIIEHHEM K
1 (1/x), u3BneueHneM KBaapaTa (\/; ), 9KCIIOHEHTOH (€ ) M JIOTHCTOI (1/Q-=¢e™))

JUTMHBI TeJa, BBISABIII 3HAYMMBIE OTIUYHS OT HOpMabHOTO. KoadduurenTsr acummeTrpun
TpaHC(OPMUPOBAHHBIX BBIOOPOK 3HAYMMO OTIMYAINCH OT HYJS, 32 HCKIIOYEHHEM

npeoOpa3oBaHHs \/; (-0,097 y manbuukoB u -0,147 y neBouek).
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Koaddumuentsr sxcuecca BEIOOPOK BceX YKa3aHHBIX MPeoOpa3oBaHUil HEHAMHOTO
MpEeBhIIATY 3HaYCHNE B UCXOAHOM BbIOOpKe. VcKimroueHne cocTaBisuio mpeoOpa3oBaHue
— 1/x, xorma xo3ddunmenTsr skcuecca ObuIM paBHBI -0,15 y neBouexk u -0,16 y
MaJIBYHKOB, HO ITPH 3TOM KO3 PHUIIUEHTHI acHMMeTpuH ObuTH BhICOKH:0,67 1 0,64.

[IpoBepka mo kpureputo Kommoroposa-CmupHOBa ¢ mompaBkoi Jlummudope He
BBISIBUJIA COTJIACHSI PACIpENENCHUs] HU ONHOW IEepPeurCIICHHOM TpaHC(hOpMaLuH JUIMHBI
TeJla Yy MaJbUUKOB U I€BOUYCK C HOPMAJIbHBIM.

B xozme mpoBeseHHOro aHanM3a ObUIO BBIABJIECHO, YTO MPOCTOE MpeoOpa3oBaHHE —
BO3BE/ICHHE B KBaApaT, I03BOJIIET MOJYYHTh HOPMAJIBHOE paclpeleleHie B
OOJIBIIIMHCTBE MOJI0BO3PACTHBIX Tpymil. Kaxoe BEIOOpOUHOE 3HAUEHUE [UINHBI Tea ObLIO

2
TpaHcGopMupOBaHO 1O (opmyne: . =| -
100
KBaHTHJILHO-PETPECCUOHHON MOJICIH JJTHHEI TEla.

Hponecc noctpoenus moaenu. OCHOBHOH 3a/adeil mpolecca NOCTPOCHUSI MOACIH
SIBIISUIACH  AllIPOKCHMAIMS  CBS3BIBAOIIMX QYHKIMH M(X) u  o(X), SBISIOMAXCS
PETrPECCHOHHON M CKEAACTHUECKON 3aBUCHMOCTSIMH. [10CKONIBKY perpecCHOHHBIN aHaIn3
ABJSIETCS. JOBOJIBHO PAacIpOCTPAaHEHHOW 3anadeii, OOJIBIIMHCTBO €0 METOAOB JIOBOJIBHO
HIMPOKO PEaTM30BaHO B OOJIBIIMHCTBE CHEIMANBHBIX MATEMATHIECKAX M CTATHCTHUECKUX
MaKEeTOB, MO3TOMY BbIOOp PyHKIMK M(X) HE mpeAcTaBIseT OOIBIION CIOKHOCTH.

Ha nepBom mare Ob11 OcyIlIecTBICH BBHIOOp BUAA PETPECCHOHHON (YHKLUUH, IS
MEepBOHAYAIILHOTO aHal3a Oblla BhIOpaHa MOJMMHOMHUANIbHAS (YHKIUS. BeiOop crenenu
MOJIMHOMA OIpefeNsuicss C Hucrnonb3oBanueM kputepus Axaiike (AIC). PesynbraTsl
pacyera B Bue 3aBucuMmoctu 3HaueHus AIC ot crenenu nonunoma K B mpeaenax ot 1 go
10 nmpencTaBiieHbl HA PUCYHKE 2.

T T T T —3.28 T T T T

AL TIOCTPOCHUA HapaMeTqueCKOﬁ

AIC (K)
3335 -

334

—3.345
0

a) 0egouex 0) ManLYUKOE
Puc. 2. 3aBucumocTts 3HaueHUS Kputepus AIC OT CTeTIeHH MOTMHOMA, BEIOPAHHOTO JIIS
anmpoKCUMAIINH CPETHETO

Jns Momenu AnAMHBI Tena JEBOYEK CTENEHb IOJMHOMA, MHHUMM3HPYHOLIas
3HA4YEHUs KpUTepHsi Akaiike, Oblia paBHa 5 U JJIS1 MaTbYMKOB — 3.

Ha BropoM miare Obln OCyIecTBIEH BBHIOOp BHIA alNpPOKCUMHPYIOLIEH (YHKINH
st CKO. s ymo6cTBa BEIMUCIICHUA ObllIa MCIIOJIB30BaHA MOJIMHOMHAIBEHAS PETPECCHs
JUIA KBajipaTa OTKJIOHEHHH KakJIoro HaONIONEHUS OT cpenHero 3HadeHud. OmnpeneneHue
ONTHUMANBHON CTEMEeHH AaNNpPOKCUMHPYIOIIEro IOJIMHOMAa TakKXe OCYIIECTBIEHO C
nomotipio kputepusi AIC. Peanm3zanus pacdera BKIIIOUAET COBMECTHBI BBHIOOD CTETIEHU
MOJIMHOMOB JIJIsl PETPECCUOHHON U CKEJaCTUYECKOU 3aBUCUMOCTEH.
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Jns anmpokcumanuu ¢GyHKOuE G(X) MOJENH JJIWHBI Tela JeBOYEeK BHIOpaH
moTmHOM 4 cTemeHu u Maiab4ukoB — 3. Ciemyer OTMETHTh, YTO IJIS MOJETH IITWHBI
Tella MaJdbIYUKOB coBMecTHas oneHka AIC aByx ¢yHKmid M(X) 1 6(X) yKa3sIBaeT Ha
HEOOXOAUMOCTh YBEJIWYCHHS CTEMECHU AaIlMpPOKCHUMHPYIOMIEro moiuHoMa M(X) mo 5
(puc. 3).
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Puc. 3. Pa3zpaGoTanHble AUarpaMMBbl pocTa JIeTei

Takum 06pa30M, MOZCIJb KBaJApaTa JJINHBI TCJIa ACBOYUCK UMECT BU:
M(x)=0,785-0,134x+0,086x* —0,012x" +7,7-10"x"
_1, 8 * 1075 xs )
S(x)=0,061+3,1-10"x=3,4-10°x +1,7-10"x’_

IJIE€ X — XpOHOJIOTHYECKUH BO3paCT.
Mojens kBagpaTa JJIMHBI TEJIA MAaJIbYUKOB UMEET BUI:

M(x)=0,928-0,301x +0,146 - x* —0,022x" +1,5-10"x",
-3,7-10°x
S(-x) :—0,049+0,045x—0,01x2 +9,8.104x3 _3,2_1075)‘:4’

Trae x — XpOHOJ'IOI‘I/I‘{CCKI/Iﬁ BO3pacT.
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g monmydyeHHWs auarpamMM BO3pAacTHOM TWHAMHKHU JUIMHBI Tela MAalbYUKOB H
neBouek (puc. 3, BbIUMCIEeHHBIE 1O Qopmyne (1), 3HaueHHs KBaHTWIEH ObUIH
TpaHchOpMUPOBaHbI (DYHKITUEH KBAJAPATHOTO KOPHSI.

Brruncnennpie Mo MOAENTH JJIMHBI TeJla MaJbuUKOB Z-OIEHKH MU3MEpPEeHUIl UMeTHn —
HyJIeBOE cpelqHee (pacxoXIeHHe B 8-M 3HaKe), eAMHUYHYIO AUCIEPCHIO (PacXOKACHUE B
3-M 3Hake mocne 3amsTol), kKodpdunuent acummerpuu -0,019 u skcmecca 0,526.
[IpoBepka Ha CIMMETPHYHOCTH 10 /|’ ATOCTHHO MO3BOJIMIIA TIPUHATH HYJIEBYIO THIIOTE3Y,
3HaYeHHE OJKCIlecca ObUIO CTATHUCTUYECKH 3HAYMMO Ooblile HyJsA, YTO TPUBEIO K
OTKJIOHEHHIO HYJEBOW THUIOTE3bl MpPH HCIONb30BAHUM COBMECTHOTO TeCTa Ha
CUMMETPHUYHOCTP U DKCIIECC.

Brruncnennple 0 MOJAEIH IJIMHBI Tejla JACBOYKH Z-OLEHKHM WU3MEPEHHUN HUMeNnu —
HyJIeBOe cpefHee (pacxXxoKAeHUE B 5-M 3HaKe), AMHUYHYIO AUCTepcHio (B 3-M 3HaKe
mocrne 3amnsTor), kodddunuent acummerpuu -0,048 m sxcmecca 0,555. IlpoBepka Ha
CUMMETPHUYHOCTh 10 JI’ATOCTHHO MO3BOJNMIIA TPUHATH HYJIEBYIO THUIOTE3y, 3HaUCHHE
9KCIecca CTATUCTHUECKH 3HAYMMO OOJIbIIe HYJIS.

Jns Bepudukanuu TMOMyYeHHBIX MOJENlel BeCh BO3pPAcTHOM pa3Opoc 3HAUYSHWUS
JUIMHBL TeJda MaJbYMKOB OBIT pa3OuT Ha 17 rpynm, ¢ OAMHAKOBBIM BO3PACTHBIM
WHTEpBAJOM U dYHciIoM Habmonenunid He Menee 200. [lnsg xaxmod Tpynmsl ObLTH
paccuuTaHbl Z-OLIEHKH, [0 KOTOPHIM OBUIM BBIYHMCIECHBI BbIOOpouHble cpeanue U CKO.
Brruncnennoe mo z-oneHkaMm 3HadeHHe (Q-CTAaTUCTHKY CPETHETO JUTHHBI Tela MaJTbUYHUKOB
cocramwio 4,3 u neBouek — 9,1, mpu 3HAYCHUM 5- NOPOLUEHTHIBHOW TOYKH ¥ 2-
pacnpemienus ¢ 12 crenensmu cBobomsl — %2(0,95, 12)=19,7. 3naueHune Q-CTaTHCTUKH
muctiepenii coctaBmiio 21,3 mo BBRIOOpKE Zz-ONECHOK UIMHBI Tella MajdbuukoB W 24,5 —
neBouek, uto MeHbIne 3HaueHus Y2(0,95, 15)=25,2. BapeupoBanue umcia Tpymm B
JOITyCTHMBIX U1 UMEIOIIEerocs o0bemMa BRIOOPKM M YWCHa CTeTleHeld CBOOOIBI MOAETH B
npeaenax — ot § 10 28 He MPUBENIO K 3HAYUMOMY YBEITHYCHUIO Q-CTaTUCTUKH.

OrneHeHHOe N0 Z-OLIEHKaM JUIMHBI Tella JeBoYeK 3HaueHue (Q-CTaTUCTUKU CPEIHEro
coctaBuwio 31,6, yTO MEHbIIE 3HA4YEHUS S5-W MPOLEHTHIBHON TOUKH Y 2-paclpenieHus C
12 crenensimu cBoGomel — %2(0,95, 12)=19,7. 3naueHue Q-CTAaTHCTUKHA IUCIEPCUHU
coctraBmwio 31,3, uro menbmie 3aadeHus x2(0,95, 15)=25,2. BappupoBanue 4uciia rpymi B
JOMYCTUMBIX AJISl IMEIOIIEerocst oobemMa BHIOOPKH M YHCIIa CTeleHe CBOOOIBI MOAETH B
npeaenax — or 8 A0 28 He MpUBEIO K yBeIUYeHHIO Q-CTaTUCTHKU. OTKIOHEHUs
KO3 UIIMEHTOB aCHMMETPHH Tak)Ke HE 3HAYUTENHFHO OTIWYAINCh OT HYJS, TOTAa Kak
OTKJIOHEHHE 3KCIlecca ObUIO 3HAUYNUTENBHBIM U B HEKOTOPHIX BEIOOpPKAxX MpeBBIIIao 1.

[IpuunHOW CHHUITKOM BBICOKOTO DJKCIlecca SIBISETCS HEONTUMATBHBIN BBIOOD
TpaHChOpMalNA TIEPBUYHBIX HM3MEPCHHM, IMO3TOMY 3(PQPEKTUBHO OCYIIECCTBIATh HE
oI00p MPOCTOro Mpeodpa3oBaHus, a mocrpoeHue LMS-mofenu, KoTopas BKIIIOYAeT B
ce0st BBIOOp ONTUMAaJIBbHOM TpaHCPOpPMAaI K HOPMaJIbHOCTH.

B pa6ote [10] mpencraBnena LMS-Monenp IIHHBI Tela, TOCTPOSHHAS M0 TAKOMY
KE OKCIEPUMEHTAILHOMY MaTepually, a pe3ylbTaThl e¢ BepHU(QHKAIUU TOKa3aiH
CTaTHCTUYECKH HE3HAUMMOE OTKJIOHEHHE JKCIecca.

CrnemyeT OTMETUTh, YTO, HECMOTPS Ha BBICOKYIO) CKOPOCTh BBIYHCIICHHIA, OLIEHKH
MTOJITMHOMHUATBHBIX  K03¢dunreHToB 3aBucuMmoctedl cpemHero u CKO, momydeHHbIC
METOJIOM HauWMEHBIINX KBaJpaToB, MEHEE YCTOMYMBBIC, YeM OIICHKH, MOJyYeHHbIE
METOJIOM MaKCHUMaJIbHOTO IpaBaononoous. [loatromy ams moctpoeHus nmapameTpudeckon
KBaHTHJIILHO-PETPECCHOHHOW  MOZENM  Mpe[iaraeTcs HWCIIONb30BaTh  ajirOPUTM  C
OILIEHWBAaHUEM MTapaMeTPOB METOJOM HAaMMEHBIIINX KBaJIPaTOB.
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[TockonbKy, AN BHIUMCICHUN TpeOyeTcs pelleHre ONTHMU3AalMOHHON 3aJadd, TO
OpU peaju3alyd BBIYUCICHUH Ha NpakTHKe 3(QQEeKTHBHA CXeMa C MpeABAPHTEIbHON
OLICHKO! IapaMeTpOB METOJJOM HAUMEHBIINX KBaIPaTOB, KOTOPhIE OyAyT UCIIOJIB30BAThCS
JUTS MHUITHATTU3AIUN ONTHMHU3aIIMOHHON TIPOIIe Iy PHhI.

Bri6op uncna creneneit cBoOOABI Ui KaKI0K U3 (QPYHKIMIA, BXOIAMIUX B MOJCIb,
OCYILECTBIISIETCS] MUHMMHU3aLUe 0000IEeHHOTO AKaiike KpUTEepHsl ¢ 3a1aHHBIM ITpadoM.
Jns BepuuKanuy Moay4yeHHOH MOJEIH UCIOIb30BaHbl CTATUCTUUECKUE XAPAKTEPHCTUK
Z-OLIEHOK MCXOHBIX TAHHBIX.

MeToabl PerpecCHOHHOTO aHalln3a MOTYT OBITh HCIOJB30BaHBl TPU PEIICHUH
pa3TMYIHBIX MpakTHIecKuX 3amad [11-35].

A 3akirouenue

B pabore omnmcaHel MareMaTH4ecKoe U aJTOPUTMHYECKOE 00ecredeHHs
apaMeTpUYeCKuX Monened. PaccMoTpeHa mpakThdecKkas 3ajada, CBA3aHHas C
pa3paboTKOW peruoHaNbHBIX CIPABOYHBIX KPHUBBIX pocTa AeTell. B xone mposeneHHOTrO
aHanu3a OBLIO BBIABICHO, YTO MPOCTOE MpeoOpa3oBaHHE — BO3BEICHHWE B KBaJpar,
MO3BOJISIET TONIYYUTh HOPMAJIbHOE paclpeliesieHue B OOJBIIMHCTBE I10JI0BO3PACTHBIX
rpymi. Pa3paboraHsl tuarpaMmsbl pocTta JIeTeu.
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Building of semi-quantile regression models

11 ocmpoerue nojiynapavempuidecKkux
KeanmujlbHO-peZcpecCuUOHHbIX Mooeneil

L Y. Lvovich, Y. E. Lvovich, O. N. Choporov
U. A. jIveosuu, A. E. J/Iveosuu, O. H. Yonopos

Abstract:

The article describes the mathematical background of building of semi-parametric
quantile regression models (LMS-models). The basic characteristics of statistical
distributions are considered and the algorithms of their transformation to normality
(box-cox  transformation,  Manly  exponential  transformation,  modular
transformation) are given and their modification is proposed. The criteria for
selecting optimal models are defined. The developed integrated algorithm of LMS -
model construction based on the transformation of the primary measurements to
normality, including stages of the model initialization, the model selection and the
model configuration is presented. The scheme of a process of the model
configuration with the use of a modified chain graph is introduced. The reference
chart of body mass, which can be used to monitor obesity in the pediatric
population are built with the application of the proposed LMS-method in different
quantile modes.

AHHOmMayusn:

B cmamve  onucamet = mamemamuueckue — HPEONOCHUIKU — NOCPOEHUS.
noynapamempudeckux Ke8aHmMuibHO-pecpecCuonHblx mooenei (LMS-moodenei).
Paccmompenvt ocHogHble XAPAKMepUCmuKku Cmamucmuyeckux pacnpedeneHuil u
npueedeHvl ANeOpUmMMbL UX mMpancopmayuy K HopMmarbHocmu (mpauncpopmayus
boKkca-Kokca, — IKCHOHeHyuanvHas — mpancgopmayus — Mawnnu,  modyavHas
mpancghopmayus), npednodicena ux mooupuxayus. Onpedenenvl Kpumepuu 8b1o0pa
onmumanvHou  moodeau. Ilpedcmagnen  paspabomanHulii.  UHMEZPUPOBAHHDII
aneopumm nocmpoenus LMS-modenu Ha ochoge mparcghopmayuu nepeuyHbIX
uMepeHuti K HOPMANbHOCU, GKIIOYAIOWUL IMANbl UHUYUATUZAYUU MOOeuU,
sblOOpa modenu u Hacmpotiku modenu. Ilpedcmasnena cxema npoyecca HACMPOUKU
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MOOenu ¢ UCNONb308AHUEM MOOUDUUUPOBAHHO20 Yenoueunoeo epaguka. C
npumenenuem npeonodtcenno2o LMS-wemooa 6 paznuunvix K6AHMUILHBIX PEHCUMAX
NOCMPOeHbl  CHPABOYHble OUAZPAMMbL MACCbL Mend, KOmopble Mo2ym Ovlmb
UCNONL3068AHYL OJi MOHUMOPUHRA OMHCUPEHUS CPeOU OeMCKOL NONYIAYUU.

Key words:

Semi-parametric models, quantile regression models, LMS method, transformation
to normality, chain graph, body weight diagram.

Knrwowuesvie crosa:
Tonynapamempuueckue mooenu, K6aHmuibHO-peepeccuottvle modenu, LMS-wemoo,
mpancghopmayus K HOPMAILHOCHU, YENOUeuHbIll 2PAPUK, OUASPAMMA MACCHL Meld.

ACM Computing Classification System:

Statistical timing analysis, Probability and statistics, Probabilistic reasoning
algorithms, Information theory.

LN BBenenune

Bo MHoOrux crnydasx 3ajgada moiynapaMeTpUdecKoro aHaju3a CBA3aHa C OLEHKOI
perpeccHoHHBIX  KO3(p(PHUIMEHTOB, OMpENENAIONMX  IOJIOKEHUS  paclpeneieHHs
nepeMeHHBIX. BakHO 3HATH Mepy TOYHOCTH TMOIYYaeMBIX OIICHOK IPU HCIOIb30BAHUU
MOJTyIapaMEeTPUIECKOIr0 TMOAX0/a B KBAaHTHIBHO-PEIPECCHOHHBIX MOCAX. B pabore
HEOOXOIMMO PacCMOTPETh OCHOBHBIE XapaKTEPUCTUKH CTATHCTUIECKUX paclpeieIeHuN U
JIaTh aJTOPUTM ITOCTPOCHUS TPeOyeMOil MOIEIH ISl Pa3IMYHbIX KBAHTHIBHBIX PEXKUMOB.

A 1. MaTtemaTH4ecKue MPEINOCHIIKH MOCTPOEHHS
NoJIynapamMeTpu4ecKuxX MoJesien

Ha mnpakTuke peako BCTPEYalOTCsl paclpelesieHHs, TOYHO COOTBETCTBYIOLIHE
HOpMalibHOMY [1], IO3TOMY TpM aHanu3e AaHHBIX CTPEMSTCS MOA0OpaTh HEKOTOPYIO
TpaHCOPMAIMIO HCXOIHOTO 3HAYCHHS, B pe3ysbTaTe KOTOPOH oOecrednBanoch Obl
COOTBETCTBHE HOPMAJIbHOMY 3aKOHY pacmhpejaesieHus. Takod MojxoJ]l, OCHOBAaHHBIA Ha
TpaHC(OPMaLK K HOPMaJIbHOCTH, IIPUHATO CUUTATH ITOJIyIapAMETPUICCKUM.

[IepBBle 1Ba MOMEHTa — MaTOXXKUJAHUE M AUCTIEPCHUS — XapaKTEPU3YIOT MOJIOKEHUE
U pacceMBaHHE paclpeAesieHHs, TPEeTH M YEeTBEPTHIH — SBISIOTCS XapaKTEPUCTUKAMHU
(opMBI U TO3BOJSIIOT KOJMYECTBEHHO IPEACTaBIATH (popMy pacmpenesneHus. Tak kak
KO3(QPULIMEHTEl acCUMMETPHUH M JKCLecca XapaKTepu3yloT (opMmy pacmpeneneHus, TO
CJIeIOBATEIbHO, OHU MOTYT OBITh BBIOPAHBI B KaueCTBE MEpPHI, OMPEIEIAIoNnIeil, ¢ KaKoi
TOYHOCTBIO ~ 3MIIMPUYECKOE  pacClpeliesieHHe MOXET ObITh  annpOKCHMHPOBAHO
HOpMabHEIM [0-4]. CauTaeTcs, 4To H3MeHeHne Ko UIIHeHTa aCHMMETPUHN TTPUBOJIHUT K
Oonee (QyHAaMEHTATbHOMY H3MEHEHHIO CBOMCTB pacHpeicieHus, 4YeM H3MEHEHHe
rapaMmeTpa MoJIoKeHHUs U paccenBanus [2, 5, 6].

B npuxnagHoii cTaTncTHKe HamOoiee paclHpoCTPAHEHO MPUMEHEHHE MpeoOpa3oBaHMs
Bokca-Kokca ¢ nensto TpancdopmMariiy NepBUYHBIX JaHHBIX K HOPMAJIBHOMY PACHIpPEICIICHHIO.
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B opurumnampHOif paboTe MOKa3aHO, YTO CTEMeHHas TpaHchopmarus bokca-

(' -D/A, A#0
log(y), A=0’

ACHUMMETPUYHOCTE (DOPMBI pacTpeAesICHNs, HO W CTa0HIM3UPOBATh THUCIIEPCHIO OIIHNOOK,
a Take HM30aBUTHCA OT HETMHEHHOCTH. YKa3aHHas TpaHc(hopMmanus BKIHOUYACT BCE
W3BECTHBIC TMPOCThIC TNpeoOpa3oBaHUs: CTEICHHOE, JorapuMuUUeckoe, oOpaTHOE,
KBaJApaTHOTO 1 KY6I/I‘IGCKOI'O KOpHs, a TAaKXXC BCC BO3MOXKXHBIC IPOMECKYTOUHBIC TOYKU — U

IIO3BOJIACT HE TOJIBKO YCTPAaHUTH

Kokca[7] V(M) ={

MO3BOJISIET M30€XaTh paspbiBa HpU A=0 [IpencraBnennass ¢opma TpaHchOpMaLUH
Bokca-Kokca He mpuMeHHMa K OTpUIATENbHBIM 3HAYEHUSM, [TO3TOMY B TaKHUX CIydasx
HCTIONB3YETCS MOAUDUKALIMS:

V(A = ((+A4)" =)/ A,A#0

log(y+4,), A=0

b

rae A=(A1, A2).

OueBUIHO, YTO HE BCE JJAHHBIC MOTYT OBITh TPAHCHOPMHUPOBAHBI K HOPMAITLHOCTH.
UccnenoBanus 3T0i MpoOJieMbl MOKa3aJid, YTO JaXKe KOrja CTEleHHas TpaHchopMarus
¥*(A) He MOXeT NPHUBOAUTH paclpelelieHHe K HOPMAIBHOMY, MOJYYEHHOE B XOIE
OIICHWBAHUs 3HAUYCHHUE A, 00ECIICUNBaET HYJICBOE 3HAYCHHUE KO3 (PHUIIMEHTAa aCHMMETPHHU.

CylecTByeT W JApyrue mpeoOpasoBaHUs A TpaHCHOPMAIMH K HOPMAIBLHOCTH.

Manuu PEUTOKHIIT SKCIIOHEHIUAIBHY IO TpaHchopMaIUIo BHJIA:
. (e -1/A, A#0
y(A)= =0 JIOTyCKAIONIYI0 ~ WCIOJNIG30BAHUE  OTPHUIIATENBHBIX
Vs =

3HAYeHU HMCXOAHBIX JaHHBIX. JTa Tpanchopmanus 3PQPEeKTHBHA IS OJHOMOIATBHBIX
ACHMMETPHUYHBIX paclpeAe]cHuil, HO He NMpuUMeHHMa K OuMopanbHeiM M U-00pa3Hoit

(hopMBI.
st cmydaeB, korma ¢dopma pacmpenenacHus Onu3ka K CHUMMETPUYHOMY BHUIY,

OpeaIOKECHA «MOAYJIbHAA TpaHC(l)OpMaL[I/Iﬂ» BuUaa:

sign(»)-((|y|+1 =D /A, L0

Yy = . ,
sign(y)-log(|y|+1),  A=0

. I, y=20
rae sign(y) = .
-1, y<0
Tak ana HekoTOporo A mpeoOpasoBaHHble HabmoneHus ) (A) yHOBIETBOPSIOT

o 2
TPENONOKEHUAM HOpManbHO# Teopuu, T.e. )V (1) e N(XB,0°1) n ee mioTHOCTH
pacrpejiesieHust paBHa:

f1(A)=Q2ro?) " eXp{— 2%‘2@2 - X" - XP) }

[Ipu sTom ¢yHKUMSA TpaBrONOAO0Us A UCXOAHBIX HAOMIOJEHUI HMeeT
BUJL:

L= (Eﬁﬂﬂj-ﬂuﬂngxp{—:? [_Tf" - Kﬁ}f (_T_.r" - Xﬁj},
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no -
rae J =11y — abconoTHAs BeIHYMHA KOOHAHA IPeoOPa3OBaHus OT y K y*.

C TOYHOCTHIO JO KOHCTAHTHBI OTHOIIEHHWE MAaKCHMaJIbHOTO TPaBJOMOA00HS
paBHo [7]:

‘max

L ()= —glog{RSS(l,y)} +logJ -

CrenoBaTtenbHO, MAKCUMU3UPYS OTHOIIEHHS MPaBIOMOA00MS, MOXKHO ONMpPEICIUTD
3HaueHue A. Ilpu mporpamMMmHON peann3aluy BBIYMCICHHE CTENEHH TpaHchopmanyu
HETNOCPEJICTBEHHO M0  rpadWKy  3aBUCHMOCTH  Jiorapupmuyeckod  QyHKIHMN
npasjononodus L (L) or A, KoTopoe BEIYUCISETCS Kak [8]:

L (M) =-0.51-log(RSS(z")), (1)

‘max

rne RSS — ocrarounas cyMMa KBaJpaTOB perpeccHy 3HA4eHHWS Z Ha HE3aBHCHUMYIO
MIEPEeMEHHYIO X,
Z — TpaHchopMaIysl 3aBUCHMOTO TIEPEMEHHOTO Y BUA:

I3

I8} %’ )\':#0
Z" = y >
ylogy, A=0

rJie y — CcpejiHee reOMETPUUECKOE BHIOOPOUYHBIX 3HaYEHUIT y,,

MOXeET ObITh 3aMEHEHO IIOMCKOM II0 CETKE.
[ IpoBepKH MPHUTOJHOCTH NPeoOpa30OBaHUsl, COOTBETCTBYIOLIETO HEKOTOPOMY
3Ha4YeHHI0 A = A, B [8] mpeutaraercs HCIONb30BATh CTATUCTUKY KPHTEPHS OTHOLICHHS

MIPaBIONOA00HS 2( L (A)- Lm(i)), ACUMITOTHYECKUM PacCIpeleIcHUEM KOTOPOU IIpH

nposepke runoresst H: A = A siBisiercs y2-pacnpeieHue.

MonudunupoBannas TpaHchopMalys KakIOro BHIOOPOYHOrO 3HAYEHHA ),

MO3BOJISIET  MOJMYYUTh CTAHIAPTU30BAHHYIO BEIUYMHY Z, paclpelesieHHyI0 II0
HOopManbHOMY 3akoHy N(0,1) mo dopmye [9]:

HE
U
—, A=z0, 2
z= rG ()
logy /W), _,
S b

rjae A — cTeneHb Tpanchopmaliu bokca-Kokca BHIOOPOYHBIX 3HAYCHHIA,

| — MeiiaHa BLIOOPOYHBIX 3HAYCHUM Y,

6 — CKO BBIOOpOYHBIX 3HAYCHUH Y.

3amena mapamerpa TpaHchopmanuu GyHKIHCH HE3aBUCHMOTO IEPEMEHHOTO
MPUBOJUT K clieAyomeil GopMyie mpeoOpa3oBaHUs HM3MEPEHHOTO 3HAYEHUS Y K
BEJIMYUHE Z, UMEIOIIEH CTaHapTHOE HOPMAJIBHOTO paclpeiesieHHe:
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PE
M
L, L(x)#0 3)
7= L(0)-S(x)
log(y /M) ;o
Sy

rne L(x) — dyHKIus, mpenctaBusionias 3aBUCHMOCTh CTENEHH TpaHCHOpMAIH OT
HE3aBUCUMOI0 MEPEMEHHOIO X, YCTPaHSOWIAs aCUMMETPUYHOCTh pacHpeneseHus
3aBUCUMOM NIEPEMEHHOM Y;

M(x) — ¢yHKOMS, TPENCTABISIONIAS 3aBUCHMOCTh MEIUAHBl MEPEMEHHOW Yy OT
HE3aBUCUMOTO IEPEMEHHOTO X;

S(x) — ¢yHKIMs, TPEACTABIIAIONAS  3aBUCHUMOCTh KOd((HUIIMEHTa BapHalUU
MIEPEMEHHON y OT HE3aBUCUMOT'O IIEPEMEHHOTO X.

AnocTeprOpHasi BEpOSTHOCTb HEKOTOPOro pe3yjbTaTta TpaHC(HOPMUPOBAHHOTO
ze N(11,42)

U3MEPCHUS passa [10]:

f(z01,02)d ! (z=1) ),
z; M, Iz = exp| ——— |dz,
A2V 2T P

202

Tax xak TpancpopMHpOBaHHAS BEIMUNHA Z TOJHKHA YAOBIETBOPSITH CTAHAAPTHOMY
HOPMaJbHOMY pacmlpe/elieHHI0, 3HAaYeHHe IapaMeTpoB JOJDKHBI ObiTh A1=0 u A2=1.
[oncrasmsist BMecto Z dopmyrny TpanchopManuyu HCXOTHOTO H3MEPEHHS, IOydaeM
BEPOSATHOCTh U3MEPEHUS Y:

2

(ij_ (y)L
1 1 M M
,L,M,S)dy =——exp| ——- : dy-
S Yy N21 P 2 L-S y-S 4

VYuuteiBas Bce N n3MepeHuit, norydaem GpyHKIHUIO IPaBIOnOA00Hs:

v i ) v x5
1 1 J\M(x) M(x)
A =1 s

exp| ——- :

"\an 2 | L(x)-S(x) Y, S(x)

2

u ee jorapuM paBeH:

)}l L( )_
s Y. 1 [M(x,»)}
I(L,M,S)= g(L(;q)th()q) ln{yS(x)} AN + const

Makcumuzanus Jjorapudma (YHKIHA TPaBIOMOAOOWS IO3BOJISET OICHUTH
napameTpsl pyHKmiA L(x), M(t) u S(x) mo BeIOopke.
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Haunyumas ¢yHKOust JODKHAa TPOXOAWTH 4depe3 Bce N ToUeKk HaOIIOACHUS.
OueBuAHO, YTO TAKOE KAuyeCTBO MOATOHKH H30BITOYHO, IMO3TOMY IpH CIUIAHOBOH
anmpokcuManuy QYHKIMHA MOJIEITN BBOIUTCS MITpad 3a yCIoKHEHUE BUA (DyHKIUIA:

R(L,M,S) =%I{L"(x)}zdx+%;{M"(x)}zdx+%J{S"(x)}zdx,

rac O(,L , (XM 5 (XS , — CrUIaXXKUBAOMIUEC MMapaMeETphbI, H606XOI[I/IMBIC IJIL KOHTPOJIA KadeCTBa

MOJATOHKH.
Jliis MOATOHKM MHOJKECTBA AAaHHBIX Hanbojee MOIIHBIM CPEACTBOM BbIOOpA Cpeau
Pa3NUYHBIX MOAENEH SABIsAeTCS OOIIM HHPOPMAaMOHHBIH KpuTepuid Akaiike [11]:

GAIC(p) =—2-L(df)+ p-df , “)

rae df — konrgecTBO mapaMeTpoB MOJIEIH,
L(df) — oueHka norapupMUUecKoli (YHKIMM TPABIONOAOOUS MOJIENH ¢

KOJTMYECTBOM ITapaMeTPoOB, paBHBIX df,

P — dUKCcHpOBaHHOE 3Ha4YeHUe mTpada.

WNudopmarmonnslii kpuTepuid Akalike, OCHOBaHHBIH Ha TeopuH HHMOpMAIUH,
HMPUOJIMIKEHHO MAaKCUMHM3UPYET SHTPONUIO0 MOAENH. [IpMMEHHUTENbHO K PEerpecCHOHHBIM
MOJIENISIM € HOPMAallbHO paclpeleleHHBIMA OIMMOKaMU KPUTEpPHUH OCHOBBIBAETCS Ha
muHUMU3au RSS u Berauncnsgercs [11]:

AIC(df)=K(n,6)+RSS /& +2-df

rae K(n,6) — KOHCTAaHTA, 3aBUCSINAs OT YaCTHBIX pacIpeelIeHui,
RSS — ocraTounas cymma KBagpaToB OTHOCHTEIBHO CPEAHEKBAAPATHYHON OLICHKH.
Takum 00pa3om, i BeIOOpa onTuMaibHOM LMS-Mozenu MoxeT ObITh IPUMEHEH
nHPOPMALMOHHBIN  KpuTepud Axaiike 1o (4) ¢ uuClIOM cTemeHed CcBOOOIBI
df =dfl +dfm+dfs +1, rne dfm, dfs u dfl — mopsAIOK MOMMHOMA WM KOJIMHYECTBO y3JIOB

CIUIAHOBOM  ammpoKCHUMAaIMu  cBs3pIBapommx  ¢yakmmu  M(x), S(x) wm LX)
COOTBETCTBEHHO, 1 | J00ABIIETCS P MCIIONB30BaHUH CTIIAKUBAIOIIETO IMapaMerpa d.

OntuMainbHas LMS-monens JIOJDKHA obecrieynBaTh COOTBETCTBHE
TpaHcpopmupoBanHbix 1o (3) 3nHauenmit N(0,1). YactHeiM ciyuaem LMS wmopenn
SIBIIIETCS TIapaMeTpuiecKast Mojiesh 0e3 Tpanchopmarun, koraa L(x)=1 u dfl=1.

Ocobennocteio LMS Moneneit sBisiercst TpanchopMarivsl IepBUIHBIX H3MEPEHUH K
HOPMAJIBHOCTH, T.€. TMOJYYCHHOC C TIOMOINbI0 (YHKIUH MOJAENCH MHOXECTBO
TpaHCOPMUPOBAHHBIX 3HAYCHWH MCXOIHBIX AaHHBIX [ =1,/N IOIKHO COOTBETCTBOBATH
CTaHAApTHOMY HOpMalibHOMY pactpeneneHuio N(0,1).

CrnenoBarenibHO, MOXHO C(OPMYIHpPOBAaTh HYJIEBYI0 THIOTE3Y CIEAYIOLINM
00pa3oM — TpancHOpMHPOBaHHEIE ¢ ToMOomB LMS-moznemu nsmepenns ( z, ) ABAAIOTCA

HE3aBHCUMBIMHA U HOPMAJIbHO PACIIPEIEIICHHBIMH CITYYaiiHBIMH BEJIMYWHAMH, C HYJICBBIM
CPeHUM U eMHUYHOM aucnepeueil, T. e. z € N(0,1).

B paccmatpuBaemoii 3agade B KaueCTBE SMITMPUICCKON (QYHKIIMH pacrpeacieHus
paccmarpuBaeTrcs HaOmojgaemas (YHKIUS — pacupeielieHuss TpaHC(POPMHUPOBAHHBIX
M3MepeHuii (Z-OIleHOK), a B KadecTBE TeOopeTHdecKord (YHKIMH pacrupeieieHus —
HOPMaJIbHOE C M3BECTHRIMH Imapamerpami, T. €. N(0,1).
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Bbruncinenne cynpemyMa BBINOJHSACTCS C NMPUMEHEHHEM alrOpUTMa COPTHPOBKH
JIaHHBIX 110 popmye [12]:
i i—1
D, =max max[ - CD(zi)},max[CD(zi) - } , 4)
1<i<n n

I<isn| n
rac 'IH:: E:[ — 3HA4YCHHUC q)YHI(LII/II/I CTaHJapTHOrO HOPMAJILHOI'O pACHPCCICHUA B TOUKE Z, .
CratucTuka Dn MOKET CIIYXKUTb KOJIHMYECTBECHHOM Mepoﬁ TOYHOCTHU ITOATI'OHKH

MOJENIM B II€JIOM, HO NPH 3TOM CTATUCTUKU MOTYT IPOBEPATH TOYHOCTH IOATOHKH
YEeTBIPEX OCHOBHBIX XapaKTEPUCTHK — TIOJOXKEHMs, pAcCCEUBAHUSA, ACUMMETPUH U
JKCIIecca.

HyneBas rumoresa ¢ ypoBHeM 3HauuMMOcTH 1-0=0,95 Ha OCHOBaHMH W3BECTHOTO
touHoro npubmmxerns Credanca otkionsercs, ecnu [Ommdka! UCTOUYHHK CCHLIKA He
HalijeH.3] BBIOTHIETCS YCIOBHE:

(n+0,12+0,11//n)-D, >1358. (6)

DT0 MO3BOJISIET YCTaHABIMBATH MOPOTOBOE 3HAUEHHE PUHITHS MOJEIH C 3alaHHOM
JIOBEPUTEILHON BEPOSTHOCTHIO — 1-aL.
Kpantunpable QyHKIMH U3 TOTyYeHHOW LMS-MOoAemn BEIMHUCIIIOTCS 110 (hopMyJIe:

0, ()= M(x)-(1+ L(x)-S@)- z()" F),

O (x) =M (x)-exp(S(x)- (1)), L(x)=0

rae L(x), M(x) 1 S(X) — QYHKITHH, COCTaBIISMIONINE KBAaHTHIBHO-PETPECCHOHHYIO MOAECITH
nokasarens GU3NIECKOTO Pa3BUTHS I JAHHOTO I10JIa H BO3PAacTa X;

Z(t) — KBaHTWIb TMOPSAKAa T CTaHAAPTHOrO HopmaipHOro pacupexaenerus N(0,1)
WM U3BECTHOE 3HAUEHHE Z-OLICHKH.

L(x)#0, @)

A2, AaropurmMudeckoe odecreyenne nocrpoennst LMS-mopedeit

OcHoBy mocTpoeHusi LMS-mopneneil cocTaBiseT pemieHne ONTHUMU3AIMOHHON
3a/layl — MUHHMH3AIHUK JIoTapudmMa MaKCUMAIBHOTO MpaBaonofodus. CXoauMocTh
ONTHMU3AIMOHHBIX AITOPUTMOB 3aBUCUT OT BHIOOpA CTAPTOBON TOUKH.

Ha puc. 1 mpencraBien pa3pabOTaHHBIN MHTETPUPOBAHHBIN aJITOPUTM ITOCTPOCHUS
LMS-monenu. Huunmanmzanus LMS-Mozenu BKJIIOYaeT BHIOOP BHUAA CBS3BIBAIOIINX
dynkmmit L(x), M(x) u S(X) ¥ 3a7aHie HavyalbHBIX 3HAYCHUHN WX MapaMETPOB, a TaKXKe
3aJIaHne MPOCTOTO MTpada It KaKION U3 CTeNeHeH CBOOOIBI, HCTIOIB3YEMOM B MOJIEIIH.

Tak kak cBs3pBatomme QyHkouu M(x), S(X) m L(X) uHTEpHpeTupyroTcs Kak
Mearana, Kod((UIMEHT BapHallid U CTENEHb TpaHCc(OpManuu, KOTOPhIE MOTYT OBITh
OIIEHEHBI TI0 BBIOOpKE, TO AMAINa30H W3MEHEHHUS HE3aBHCHMOTO MEpEeMEHHOTro 0a3MCHOM
BBIOOPKH clieAyeT pa3OWBaTh Ha MHOXECTBO WHTEPBAIOB, IS KAKIOTO W3 KOTOPBIX
OTIPEJEIISIIOTCS. YKA3aHHBIE CTATUCTUUECKUE XapaKTEPUCTHUKHU.

I[J'IH YMCHBIICHUA CJIOKHOCTH NpeaACTaBJICHUA MOXKET OBITh BBI6paHa
dfin i

nonuHomuaneHas ¢pyukuus M(x) = zax ,rae dfm — crenens cBOOOBI 9TOH ByHKIMH

dfs i w
B MOJZIC/TH U TIOTHHOMHaTbHAs pynkims S(X) =X ax ', raie dfs — cTenenb cBOGOBI ITOM

(hyHKIIMH B MOJICITH.
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Caopdicam.p )
v

dfl dfin dfs

L(x)= Z:al[x’;1 , M(x)= Z:am[x”l S(x)= Zas

dfm=dfs =dfl =1
v
(ali,a&ask) =Elx{é(L,ﬂS)},
iel,dfl,jel,dfmkel,dfs

I
max{GALC(p)}? SN dfm++

|
(al;,am;,as,) = max{/(L,M,S)},
ieldfl,j el,ITfm,k el dfs

maX{GALC(p)}? —dfs++

(ali,amj,ask) zglx{f(L,ﬂS)},
ieldfl,je 1,|dfm,k el,dfs

¢ [a
max{GALC(p)}? —dfl++

Z; = fBC (L(xl.),M(xl.), S(xi ))s
iel,N
| var{dfm + 1, dfs 1}

Ha

(N +0,12+0,11/</N)D, > ¢, ,

|

@e@l; amj,jeWm; ask,ke@

Puc. 1. AnropuT™ MocTpoeHUsI MOJIEH Ha OCHOBE TpaHC(OpMaIMK IEPBUYHBIX
HU3MepeHHN K HOPMaIbHOCTH
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3HaueHue CTeNeH! TpaHc(opMalMy OmpenenseTcs HEMOCPEACTBEHHO 0 TpaduKy
3aBHCUMOCTH Jjtorapudmudeckoil ¢ynkuuu mpasgomomobust L (A) or A, kortopoe ¢

TOYHOCTBIO JIO KOHCTAHTHI paBHO [7]:

L (M) =-0.5n-log(RSS(z")),

‘max

rae RSS — ocrarounas cymma KBaapaTOB pPErpeccCHU 3HAUYCHHS Z HA HE3aBUCHUMYIO
MEPEMEHHYIO X, Z — TpaHCc(HOopMaIus 3aBUCUMOT0 IEPEMEHHOT0 Y BH/IA!

s

4 2 =0
Z’“" = y'7 5
ylogy, A=0

rae y — CpeAHCE ICOMETPHUICCKOC BBI60pO‘IHI>IX 3HAYCHUH Y.

s pHUnManu3anuy HayaiabHOro 3HaueHus L(X) BBUIY OTCYTCTBHUSI OJHO3HAYHOTO
MaTeMaTHYEeCKOTO  Ompe/eNieHus] Obula  pa3paboTaHa  JIONIONHUTENbHAS — (QyHKIHSA
Lmax(X,Y) B cpene MathCad, obecrieunBaromas nepeOOpHBIH MONCK MaKCHMaJIBHOTO
3HA4YEHUs OTHOILEHHS PAaBAOIOA00NS:

OyHKIMs OPMUPYET MACCHB CPETHUX OCTATOYHBIX KBAJIPATOB OIIMOOK PETrpeccHr
TpaHC(OPMUPOBAHHBIX 3HAYEHUI NUArHOCTHYECKOTO IOKa3aTess Pa3iIMyHOH CTEeNeHH B
npenenax oTr -4 go 6 c¢ marom 0,25 W Bo3BpamaeT 3HaYCHUE KOIPPHULIMEHTA
TpaHCOPMaIIH, COOTBETCTBYOIIEE MAKCHMYMY .

Jns  ynoGctBa BBIUMCICHUH B IPEACTaBICHHOM alrOpPUTME HCIIOJIB30BaHA

dan i o
MOJIMHOMUAJIbHAA aIllIIPpOKCUMAL U L(X):Elal.x ¢ dfl guciaom cremneHeit CBOGO,E[LI B

MOJIEIIH.
EnvHuuHOMY 3HAa4e€HHIO CTENEHH CBOOOABI COOTBETCTBOBANA IIOCTOSHHAS
BEIMYMHA, paBHAs 3HAYCHHWIO MeauaHbl A GyHKmuu M(X), KoaQuimenTa Bapuauu
s S(x) u creneHu Tpancopmanuu s L(x), BeUucieHHOW 1o (6) B 0a3HCHOMN
BBIOOpKE. [Ipw gmciie cTeneHeil cBoOOIbI, paBHOM 2, KaKIIas M3 CBI3BIBAOIIHNX (YHKITHAH
IpeAcTaBsla HPOCTYI0 JIMHEeHHYI0 perpeccuto u npu df>2 — HONMHOMHUAIBHYIO
perpeccuto crereHn df. Onenka mapameTpoB 3Tux ¢QyHkuumd npu df>1 nHa srtame
nHUnuanu3anuu ocymectsisiiace MHK 1o MHOXeCTBY COOTBETCTBYIOIEMY CTATUCTHK —
MeraHbl, KodhduuenTa TpaHchopMaIiy BRIOOPOK OJIM3IEKANINX 3HAYSHUH X.

Br16op 3HaueHus mpocToro mrpada p MOXKET ObITh OCYIIECTBIICH B JHaNa3oHe OT 2
o 8, Tak Kak MPOCTON KpUTepHil AKaliKe COOTBETCTBYET 3HAUCHHUIO P=2, a KPUTEepUU
[IBapia — p=log(n), rae n — pasmep BeIOOpKH [14].

Bropoii sTam mpouenypsl NOCTPOGHUS MOAETH COCTOMT B mepedope uucia
creneneit ceodoapl dfm, dfs u dfl ¢ marom 1, u moucke coueraHus, 0OSCIEUNBAIOLIETO
HanMeHblee 3HaueHue kpurepus GAIC(p). Ilpoumecc BbIOOpa Monenu HauyMHAETCS C
ycraHOBJIeHUsT 3HadeHnd QyHkouu L(x) u S(x), coorBercrByromux dfs=dfl=1 u
OTIpeNIeNICHIsI TIOpsiKa TonmHOMa GyHKIUKA M(X), mpu kotopoM 3HadeHue GAIC(p)
MuHUMalbHO. Ha BTOpOoM miare mpu BeIOpaHHOW GYyHKIMH M(X) U (QUKCHPOBAHHOM
3HaueHun L(X) ocylIecTBIsieTcs TIOMCK TOpsIKa MOoNMHOMa  (GYHKIUH  S(X),
muaIMIBHpYtomero GAIC(p).
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3aBepiraeT 3TOT JTal OMNpeAeieHHe 3HA4YEeHHs CTeNeHH mnonuHoma L(x) mpu
BbIOpaHHBIX paHee QpyHKOUAX Mogenu M(x) u S(x). Ha Tpetbem sTame s kaxxaoil mapst
BBIOOPOYHBIX 3HAYEHHWH HE3aBHCUMOH MepeMeHHOH X M 3aBUCHUMOro m3MepeHust Y II0
MIOJTy9eHHBIM B TIpoliecce MoAroHk: Mojenu GyHkusaM L(x), M(x), S(X) mapameTpoB W, o
U v BbluuciseTcs 3Hayenne Z. Kak OblIo moka3zaHo, OCHOBHBIM cBoiicTBoM LMS-moaenn
SIBIIIETCSL TO, YTO TPAHC(OPMHUPOBAHHBIE (YHKIMSAMH MOJENW 3HaueHUs Z (Z-OICHKH)
nmeroT N(0,1), moaToOMy HACTpOIKa MOJENH JOJKHA COCTOSITh B IMIPOBEPKE COOTBETCTBUS
MOJYYEHHOTO  pachpeieieHus] TpaHCHOPMHUPOBAHHBIX H3MEPEHHH  CTaHJapTHOMY
HOPMaJBHOMY paclpeieIeHHIO.

Lmax(X,Y) = |1« 0
for me—-4,-375..6

Zig<« |rl « gmean(Ym_l)
m
Z« |— ifm=0
rl
In(Y)-gmean(Y) otherwise

In(stderr(Z ,X))

Zi| < m

1<—1i+1
a<« match(min(Z<O>) ,Z<O>)

Za(),l

Jna cpaBHeHHsT HAOMI0aeMOTO paclpeieNieHHs] ¢ TeOpeTHYecKUM Hanbosee
a¢dextuBen kputepuit Kommoropoa-CMupHOBa, a UMEHHO, IPOBEpKa ycinoBus (6). IToT
KPUTEpHI yUYUTHIBAE€T PAacXOKACHUE B (GopMe, T. €. MOJIENU B LEIOM, U HE IMO3BOJSIET
OTIpENIEINTh, Kakasg W3 (YHKIUHA MOJENH SBISETCS HanOojiee BEPOSITHOW TPUIHHON
HECOOTBETCTBHA MOJIENH JAHHBIM.

Henoueunslii (worm) rpaduk mnpeactaBmsieT co0OH TpaHCHOPMHUPOBAHHBIN
KBaHTWIb-KBaHTWIH Tpaduk [15]. Ilo BepTHKaIBHONH OCH IS KaKIOTO HAOIIOACHUS
OTIIOKEHO OTKJIOHEHHE MEXAy €ro MOJOXKEHHEM B TEOPETHYECKOM M 3MIHPHYECKOM
pacmpeneneHusx. TOYKM JaHHBIX KaXAOro rpaduka oOpasyloT psa B BHIE LEHNOYKH.
PoBublif  rpadmk = mOKa3plBae€T, YTO  BBIOOPOUYHBIE  JAHHBIE  COOTBETCTBYIOT
npeamnonaraeMoMy pacnpezneneHuto. OTKIOHeHHs Tpaduka OT HpsAMOH, NpoxXoxsmien
BI0JIb ocH X IIOKAa3bIBalOT, HACKOJBKO JaHHBIE OTJIMYAIOTCS OT MPEANoyaraéMoro
pacnpeneneHusl.

Ilens mpomecca MOATOHKM MOJENH K JAHHBIM CBOAWTCSA K BBIPABHUBAHUIO TOYEK
LENOoYeYHoro rpaduka W yCTpaHEHHIO UX (QIyKTyauud. AHaIuM3 pe3ybTaToB
IIPOBEIEHHOI0 MOJIEIMpOBaHus [16] Mo3BONMI NPEAIOKUTE HHTEPIPETALNIO Pa3IHYHbIX
¢bopM LemnovedyHbIX TrpadUKOB Ui HM3MEHEHHS CTAaTUCTUYECKUX XapaKTEPUCTHK —
MOJIOXKEHUS], PACCEUBAHUS U (POPMBI, MPEACTABICHHYIO B Tabnuie 1.
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[Iporiecc MOATOHKM MOJENH TO I[ENOYeyHOMY TpaduKy MOMXKHO COBMECTHTH C
BBIUUCJICHHEM TOYHOIO 3HaueHus cratuctuku Kommoropopa-CMmupHOBa Uil NPOBEPKH
TUIOTE3bl O HOPMAJIBHOCTU pachpeneneHus. s 3Toro mno BEPTHKAIBHOU OCH CIEAYET
OTKJIa[IIBaTh PA3HUIy OSMITUPUYECKOH W TEOPETHYECKOH (QYHKIUH paclpeeleHusl,
paccuuTaHHyo 10 (5) U KaXKJ0ro 3HAYEHUs! Z-OLCHKH, a 110 OCH X OTpa)kaTh 3HAYCHUS
caMoil Zz- OIIGHKH, TONyYeHHOH TpaHcopmanueld (3) NEepBUYHOTO HU3MEpPEHHS C
npuMeHeHueM  aHanmusupyemoirr  LMS-momenmun.  [lpeanoxeHHas — MoaugUKaims
LENOYEYHbIX TI'Pa(UKOB IO3BOJISIET OOECHEUMTh BU3yaIM3aLlMI0 HPOLEccCa HACTPOUKU
MOJIETH C MPUMEHEHHEM MOIIHOTO cTaThucTHdYeckoro kputepus Konmmoroposa-CMmupHoOBa.

Tabnuma 1. MaTepnpeTaliys BUIOB LEMOYSUHBIX TPAPUKOB MPH MOATOHKE MOJICIH
K JaHHBIM

Buo yenoueunozo zpaguxa Cxema no0zonku modenu

Dopma Honoowcenue Xapakmepucmuxka H3menenue
TOPH30HTAIBHAS 0JT OCBI0 abcIce cpexee YMCHBIICHHE
npsMast HaJI OChI0 abcIuce p YBEIWYCHUE
HAKJIOHHAsI HAKJIOH IOJIOKUTENBHBIN CKO YBEIWYCHUE
npsMast HAKJIOH OTPUIATEIhHBINA YMCHBIICHHE
npsMas YBEIUYCHUE

mapaboia ACUMMETpPHS
WHBEPTUPOBAHHAS YMCHBIICHHE
npsMasi YMCHBIICHHE

CHHYCOUa JKCIIECC

WHBEPTUPOBAHHAS YBEJIUYCHUE

Ha orane HacTpoiikn Mozmenw BBIOpaHHBIE HAa NPEABLIYIIEM JTare CTEleHH
cBoOoabl pyHkmmidi L(x), M(x) u S(x) BappupyloTcs B mpeaenax 1 u Juist KaxIol ux
KOMOMHALIMKM COBMECTHO OLCHHMBAIOTCS Bce mapaMmeTpel LMS-momenm ans pacuera z-
OLIEHOK. 3aBepIlieHHe 3TOr0 ATalna OCYIIECTBISETCS IPU JTOCTIKEHHH HYJEBBIX 3HAUYCHUN
cpenHero u k03(QUIHEHTOB aCHMMETPUN U JKcliecca TpaHC(HOPMHUPOBAHHBIX 3HAYCHUH
HW3MEPEeHHUH, a TaKke MHUHUMM3ALUM 3HAYEHUS CTaTUCTHKM Dn, nexamieil B OCHOBe
kputepus Konmoroposa-CmupHoBa.

[IpoBeneHHbIE JKCIEPUMEHTABHBIE HCCIENOBaHMs IMOKA3aJId, YTO €CIU BEITHKO
3HAYEHHUE IKCIIecca, TO CIeAyeT U3MEHUTh B[ alllPOKCHMAIMK CBS3bIBaIOIIEH (QyHKIMN
M(x), eciii BEIMKO 3HaYEHUE CTaTUCTUKU Dn, TO HeoOXoauMo u3mMeHeHne QyHKIuu S(X),
W €ClIM pacrlpelielieHHe Z-OIEHOK aCHMMETPHYHO, TO CIEAYET YBEIWYHUTh KOJIUYECTBO
crerieHel cBoOo bl pyHKIMH L(X).

ho3, IpakTuyeckas 3agaya — nocrpoenne LMS-monenn
MOHUTOPHMHIA H30BITOYHOI0 Beca y JeTeil

Hdns  anpoOammy  MpeUIOKEHHOTO — alTOPUTMHUYECKOTO  obecriedeHust  ObLIo
OCYILECTBJICHO MOCTPOCHHE MOJEIH MAaccChl Teja JEBOYEK M MaJbuMKoB BopoHexckoin
00JIaCTH Ha OCHOBE JKCIEPUMEHTAJIbHBIX IAaHHBIX OA3UCHOM BBIOOPKH, MOJIyYCHHOH B
XO0JIe TIEePEeKpecTHOro wHccienoBaHus. basucHas rpymma cocrosuia  u3 8422 nereil B
Bo3pacte oT 2 g0 14 ner, xaxgoe HaOmOAEeHHE OBUIO NPEACTaBICHO 3aBHCUMON

NEPEMEHHON ), — M3MEPEHHOE 3HAYECHME MOKa3aTels (PU3MIeCKOro pa3sBUTUs (JIMHEI UK

MacCChbl Tena) U HE3aBUCUMOHU X, — XpOHOJ’IOFI/ILIeCKI/Iﬁ BO3paCT Ha MOMCHT IIPOBCACHU

HU3MEPEHUM.
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IIpenBaputenbHO TNPOBEACHHBIM AHAINA3 BBISBWI JIMHEHHO-3KCIOHEHIIMAIBHYIO
3aBHCHUMOCTh MEOHaHBl OT BO3pAcTa, B CBA3M C 3TUM OBUIO BBHIIIOJHEHO COIMOCTaBIICHHE
MOJIMHOMHMATBHOM M SKCIOHEHIMATbHOM PErpecCHOHHON (YHKUMH C BBIOOPOYHBIMH
3HAYEHUSIMH CPEIHEro 3a KaxIble 2 Mecsla U CIUIAHOBON MHTEPIONSALUN BEIOOPOYHBIX
CpeOHMX 3a KaxAeli rox (puc.2.). OKCHOHEHIMalbHas perpeccus NPaKTUYECKU
COBIIA/Ia€T C TOJMHOMHUAIBHON 2 CTENEeHH, Hawilydilee NPUOIMKEHHE K BBIOOPOYHBIM
JAHHBIM O0ECHEYMBACTCS C YBEIMYEHHWEM CTENeHH MoiauHoMa. [lonmuHomuanbHas

dfin i v
bynkmma M (x)=tax ', tie dfm — crenens cBOGOBI 3TON QYHKIMH B MOJENH, ObLIA

BBIOpaHa Ha dTarec MHUIIHATH3AIAH.

50

46

42
38 K

34
30 %

Macca Tena, Kr

26 X

22

18 M
e

10

2 3 4 5 6 7 8 9 10 11 12 13 14 15

BO3pacT, netT

-------- OKcnoHeHuanbHasa perpeccust
nonmMHomMmumarnbHasa 2 cteneHu

X X X BbIGOpO4YHbIE cCpegHUue Ha Ka)XKable 2 mecsiba
nonmMHomMmmarnbHasa 12 cteneHu

Puc. 2. Beibop Buza perpeccuu I MOJICTH MAacChl TENa IEBOYECK

Ha pucynke 3 mpexncrtaBieHbl 3aBUCHMOCTH 3HaueHHs Kod(@HUMEHTa BapHaLlIH
MaJIBPYMKOB M JIeBOYEK OT Bo3pacTa. Kaxmoe 3HaueHHe BBIUMCICHO IIO BBIOODKE,
cocTaBJIeHHOI B mHTepBaie (t+At/2), rue t — 3HaueHHe Bo3pacTta, At — yCTaHaBIMBAEMBIii
miar pa3oueHus.

Kak BugHo, BBIOOpOUHBIH KOI(D(UIMEHT BapHalUUd HEYCTOMYMB, CHIIBHO
H3MEHSETCSl B 3aBUCHMOCTH OT BO3PAaCTHOTO JMana3oHa (OPMHUPOBAHHS BHIOOPKH U HE
MOJKET OBITh IIPECTABIEH HEJIMHENHOH 3aBUCUMOCTBIO OIMHAKOBOM KaK JIs IEBOYEK, TaK
U MaIlb4YMKOB. B TakoMm ciiyyae MOTYT OBITh pacCMOTPEHBI J1Ba IyTH — MOJIMHOMUANIbHAS
CIIafHOBAs ANIMPOKCHMAIIHH.
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ylH/ITBIBaSI, 4TO HOpHU BBICOKOM CTCIICHH MOJIHHOMA JOCTUTACTCA CXOJAHMMOCTH K
COOTBGTCTByIOH_Ieﬁ CILIAMHOBOM UHTCPHOOJAINU, a MNPEACTABJICHUEC IMOJIMHOMOM IIPOCTO
PCAIN3yCTCA BBIYHUCIUTCIIBHBIMA MCTOAAMH, I CBH3LIBaIOHIeI>i q)YHKHI/II/I S(X) TAKXKC

& o
Obuta BHIOpaHA MOTMHOMMANbHAs ammpokcumarms S(x)=:ax", rme dfs — mopsmox

MIOJIMHOMA W CTETIeHb CBOOOBI ATOH (YHKIMH B MOAENH. VCIonb3ys XpOHOJIOTHIECKUN
Bo3zpact Xx-10, ocymIecTBICHO pa3HECCHHE 3HAYCHUH perpeccopa X Ui IMOJy4eHUs
3aBUCHMOCTH cTenieHn TpaHchopmanuu bokca-Kokca B HeOONbIIOM BO3pacTHOM
nuama3zoHe. Ha puc. 5 mpeacTaBieHbl BO3pAacTHbIE 3aBUCUMOCTH 3HAYEHUH CTENEHU
Tpancopmaru bokca-Kokca ManbunkoB u eBodyek. Kaxmoe 3HaueHnE onpeieieHo 1o
BBIOOpPKE, COCTABIEHHOH B Muana3one 1, 2 1 3 roJja OT COOTBETCTBYIOIIETO BO3pacTa.

20
s
hY
)
[}
S
Q
)
1]
'_
I
0
S
=)
S
g
g
0
0
X
10 :
2 3 4 5 6 7 8 9 10 1 213 14
BO3pacT, neT
0) MaTbUYUKOB
T
3 20
] ) ...
T SR
E R Y o T
¢ S L A T NI TN
] R - Y i R
g o e A N
2 R[S :
10 :
2 3 4 5 6 7 8 9 1011 12 13 14

BO3pacT, neT

war 0,25 rona
war 0,5 rona
s = 8 war 1 ron
=== iar 2 roga

a) IeBOYCK

Puc. 3. Bo3pacTHble 3aBUCUMOCTH BBIOOPOYHOTO KOO PUIMEHTA BapUAI[UN MACCHI TN
neren
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B [nformation Technology Application

Ha mepBom 3Tane noctpoeHus: MOAETH ObUTHA BBIOPAHBI TIOJIMHOMHUAIBHBIE (PYHKIMH
st M(x), S(x) 1 L(x) ¢ dfm, dfs u dfl crenensimu cBoGoabI cCOOTBETCTBEHHO. B Tabmuie 2
NPUBEICHBl 3HAYCHUS KOHCTAHT, WHULIMHUPYIOMUX (GYHKIMU TIPH €INHUYHOM YHUCIE
creneHeil cBoOoxabl. MHunmammsanus Kod(QQUIMEHTOB MOIMHOMOB OCYIIECTBISUIACH
NOJIYYEeHHBIMH 110 BBIOOPOYHBIM 3HAYECHUSIM
MeIWaHbl, CTAHJAPTHOTO OTKJIOHEHHS W KOI(P(PHUIMEHTa aCUMMETPHU HEPBHYHBIX

PETPECCHOHHBIMHE KO3 PHULIHUEHTaMHU,

U3MEPEHUN y JeTeN KaKI0ro MOMyTro/ia AKU3HHU.

I\

3.4

26 \

18 A /\

0.2 N N

—0.6] ~
1.4

2.2

2 3 4 5 6 7 8 9 10

BO3pacT, net

a) IeBOYEK

1 12

13

14

cTeneHb TpaHcdopmauum bokca-Kokca

5 T T 1
a3l [ war 1 rog
— war 2 roga
36 |a—u—n war 3 roga
2.9 .
2.2 :' .
15 . R
08 5 T~
0.1 T . ~—
0.6
-1.3
2
2 3 4 5 6 7 8 9 10 11 12 13 14
BO3pacT, net

0) MaJIbYUKOB

Puc. 4. Bo3pacTHble 3aBUCUMOCTH CTEIIEHU TpaHCcHOopManuu
Boxkca-Koxkca mist 3HaueHuit Macchl Tella

3aBUCUMOCTH JIOTApUPMUIECKON (PYHKIIMH MaKCHMAaJIBHOTO MPaBAOIIOAO0US OT
CTEIeHH TpaHC(HOPMALMM A MacChl Tejla IeBOYECK M MaJbUUKOB B Bo3pacte oT 2 1o 14 jer
IIPUBEACHBI Ha PUCYHKE 5. MakcuMyM 00€MX KPUBBIX COOTBETCTBYET 3HAUCHUIO CTEIIEHU
Tpancopmanyu -0,133, KoTopoe OBUIO UCIOIB30BAHO ISl HHUIHAATA3AIIH.

Tabmuma 2. [loctosHABIE A5 PyHKIMNA Moaenn M(x), S(x) u L(x) npu dfm=dfs=dfl=1

Monenb M S L
MacCHI
JIEBOUEK 25,0 0,432 -0,133
MaJbUYHKOB 24,0 0,434 -0,133
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24

Lmax
Lmax
|
[\)

(o))

a) IEBOYKHU 0) ManbUUKU

Puc. 5. 3aBUCHMMOCTD OTHOIIEHUS] MAKCUMAJILHOTO MPaBAONOA00Ms 0T K03 duienta
TpaHchOpMaLUK IJ1s TOKa3aTesIe Macchl Tena y AeTer

Hns wHnnuanmsauny  QyHkowii M(x) Oblia ompeneneHa CTENEHb ITOJIMHOMA,
obecnieunBaromas MUHUMYM Kputepusi Akaiike npu dfs=dfl=1. J{ns monenu maccel Tena
JIEBOYCK CTEIEHb MOJIMHOMa cocTaBmiaa dfm=>5 u mrs mampunkoB dfm=3. Ha pucynke 6
npuBeaeHa 3aBucuMocTh Kputepust AIC ot BeiOpaHHO#M crenenu noiauHoMa K perpeccun
BO3pacTa MEPBUYHBIX U3MEPEHUH Y.

11.35 T T T T T 11.414

11.348 11.413

11.412

AIC

11.346

AIC

11.411

11.344

11.41

11.342 11.409
2 . 2

a) MaJIbYHKH 0) IeBOYKH

Puc. 6. 3aBucumocts kputepus Akaiike ot creneHu K moasuHoMuanbHON BO3pacTHON
perpeccun Macchl Tena JEBOYEK U MaIbUNKOB

[pocroii mrpad p=3 Ol BEIOpaH AT MOATOHKH MOJIEIIH.

Bropo#f mar mOIroHKM MOJENU COCTOSII B Iepedope COYeTaHWd CTerneHeH
nonuaomoB dfs m dfl ¢ marom 1 ot dfs=dfl=1 g0 3mauenwuii, 00€CIEUYHUBAIOIINX
nanMensbinee 3Hadenne GAIC(3) npu QuxcupoBannom dfm. B Tabmune 3 u 4
npencrasiensl 3HaueHus kpurepust GAIC(3) ans paznmnunbix coderanuit dfs u dfl mogenu
JIEBOYEK U MATbYHUKOB.
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Tabnuua 3. 3nauenus kpurepus GAIC(3) npu dfm=6 Moaenu Macchl Tena IeBOUeK

dfs=1 dfs=2 dfs=3 dfs=4 dfs=4 dfs=6
dfl=1 16500 14766 14719 14691 14697 14706
dfl=2 16578 14777 14704 14690 14692 14692
dfl=3 16563 14755 14705 14689 14696 14793
dfl=4 16238 14768 14712 14696 14701 14805

MunumansHoe 3Hauenne GAIC(3)=14689 mns dfs=4 u dfl=3 Oput0 MOMy4eHO Mt
MOJENIN Macchl Tena neBodek. MuamManbHOe 3HaueHne GAIC(3)=14895 mia dfs=3 u
dfl=2 Obu10 MOTy4EHO ISt MOJICTM MACChI TEJIa MAJIbYHKOB.

Tabmuna 4. 3nauenus kputepuss GAIC(3) nmpu dfm=3 momenu maccwl Tena
MaJIbuYMKOB

dfs=1 dfs=2 dfs=3 dfs=4
dfl=1 16786 14949 14896 14897
dfl=2 16840 14952 14895 14898
dfl=3 16825 14964 14898 14901

Hactpoiika mMozenun maccel Teia JeBOYEK ObUIa TPOBEACHA TPU YBEIUYCHUU U
YMEHBIIIEHNH YMCiIa CTENeHer cBOOORI Ha 1 OT MepBOHAYAIFHO BBIOPAHHOTO 3HAYEHUS
dfm=6 mpu mocToSHHBIX BHIOpaHHBIX Ha 2-M mare 3HaueHusx dfs=5 u dfl=3, omHaxo,
MuHuMU3UpoBath 3HaueHne GAIC(3) 6onpuie He yaanock. OLeHka napaMeTpoB QyHKIHUN
L(x), M(x), S(x) ocymecTtBieHa MaKCHMH3alueld JorapudMa MaKCHUMaIBHOTO
MIPaBIONO 00U 110 BEIOOPOYHBIM 3HAUCHUSM.

B pesynbraTte mpoBeNeHHBIX BBIYMCICHWI Oblla BHIOpaHa MOJIENIb Macchl Teja
neBouek LMS c¢ 2 crenensmu cBodoas! g L(x), 6 — mgt M(X), 4 — ma S(x) [18]:

M (x) =14,749 -3,346x +1,641x" —0,24x" +0,017x" —4,209-10"x*;
S(x)=0,133-0,015x+3,441-10°x" —1,637-10"x";
L(x)=0,191+0,017x.

Hactpoiika Monenu macchl Teiqa MajJbuUKOB Oblila TIPOBEJCHA MPU YBEIUYCHUH H
YMEHBIICHNH YHciia cTeleHed cBoOOoAbl Ha | OT mepBOHAYAIbHO BHIOPAHHOTO 3HAYECHUS
dfm=4 npu MOCTOSHHBIX BBIOpaHHBIX Ha 2-M mare 3HadeHusx dfs=3 wu dfl=2. [lpum
yBenmuyenune dfm Ha 1 u 2 3Hauenue GAIC(3) cocrasmiio 14895. B pesynbrare anamusa
CTaTHCTUYECKHX XapaKTePUCTHK TPaHC(HOPMUPOBAHHBIX H3MEpeHUN Oblia BBHIOpaHa
MOJIeJTh MacChI Tea MaTbuukoB ¢ dfm=>5 mis pyaknum M(x).

PazpaboTanHas MoJielh MacCHl Tella MAIBPUYNKOB OMHUCKIBaeTCs PyHKIHEH M(X) ¢ 5
cTeneHsMu cBoOobl, 3 — st S(x) u 2 — s L(x) [18]:

M(x)=11,863—-0,04x+0,391x* —0,033x" +1,329-10"x";
S(x)=0,094+7,698-10"x—1,729-10"x";

L(x)=0,151+2,093-10"x .
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st onpeenieHrs ONTUMATBHOTO YKCTa CTENeHEeH cBOOOIABI MOJAENe MacChl Tena
OBUT UCIIOJIb30BaH MH(OPMAIIMOHHBIN AKalike KPUTEpHil, 00eCIIeUHBAIONIUN U3BICUCHUC
MaKCHMaJbHOTO KOJIMYecTBa WHPOpMAIMM W3 JaHHBIX. VccienoBaHWe CTeTeHU
COOTBETCTBUS pa3pabOTaHHOM MOJEIN HCXOAHBIM JaHHBIM OBLIO OCYIIECTBICHO
Pa3IUYHBIMUA CTATHCTUYCCKUMHU METOJAMH.

W3 modyd4eHHBIX pe3yNbTaTOB  CIEAYyeT, YTO HAaWOONbINIHE  OTKIOHEHHS
HaOOJaeMbIX U OXKMIAEMBIX YaCTOT BCTPEYAEMOCTH 3HAYEHHWH MacChl Tella JEBOYEK U
MaTpuuKOB He TpeBsimanu 0,05 i Bcex aHamu3upyeMbIx mporeHTmwield. Pazdpoc Touek
HOCHJI CIIyYallHBIX XapakTep, He HaOMI0JaloCch BBIPAKEHHOW (YHKIMOHAIBHON
3aBHCHMOCTH M KOPpEJSIHA C BO3pacToM Oblia paBHA Hymro. i Mozenn macchl Tena
JIEBOYEK MpPH CpPaBHEHUM MO 3- NPOLEHTWIM M Y MalbuUKOB MO 97-if OTMEYeHO
peo0IaflaHue TOJIOKUTENBHBIX OTKJIOHEHHWH. YBEIUYCHUE 4YKCIA CTETIICHEeH CBOOOIBI
(dbyHKMit Momenedd Ha +1 He TpHWBENO K YMEHBIIEHHIO KOJIMYECTBA BHIOPOCOB Ha
rpadukax cpaBHEHHsS C KpAaHUMHU TIPOTICHTUIISIMIL.

[Mostomy s kaxmod pa3pabOTaHHON MoOAENnu ObUTM pPACCUUTAHBI PAIAYMSL
HaO0IIF0JaeMON YaCTOThI BCTPEUAEMOCTH 3HAUEHHWI B 0a3uCHOW BBIOOPKE M 0XKHIAEMOH,
paBHOH TOPSANKY KBAaHTHIIH, MPUHATON B KadecTBe rpanudHoit ot 0,05 mo 0,95 ¢ marom
0,05. MaxkcuManpHasi pasHUIlA COCTaBWJIA  JJIS MOJENE: MacChl Tela JEBOYEK
LMS (2,4,4) — 0,02, maccer Tena MmanbunkoB LMS (2,4,3) — 0,019.

CornmacHO  BBIABMHYTHIM TpPH  TOCTPOEHUM  MOJETH  IPEIOJIOKEHHM,
tpanchopmupoBanHbie 1Mo (3) ¢ wucnonb3oBanueM QyHkmmid L(x), M(x) u S(x)
pa3paboOTaHHOUN MOJIENIM MIEPBUYHBIC U3MEPEHUS JOJDKHBI YIIOBJICTBOPSATh CTAaHAAPTHOMY
HOPMaJBbHOMY pacIpe/ieieHnto. bein mpoBenier aHanmm3 (GOpMBI pacpeeeHus Z-0IeHOK
MIEPBUYHBIX HM3MEPEHWH, PACCUMTAHHBIX [0 IOJyYeHHBIM MoneisM. CTaTuCTHYecKue
XapaKTEPUCTUKH TOTYUYEHHBIX Z-OIICHOK IPEACTABICHEI B TAOIHUIIE 5.

Cpennee 3nHauenne 1 CKO cooTBeTCTBOBalIM OXuAaeMbiM U cocTaBmsuin 0 u 1
COOTBETCTBEHHO. MennaHa COBIaJaja co CpedHHM W Obuta paBHa HyIO. llomydeHHble
3HAYEHMs] HAXOJWJIMCh B CHUMMETPUUYHBIX IpeAeiax. 3HadeHHe KOd(PQHUIMEeHTa
ACUMMETPHUM CTaTUCTHUYECKHU 3HAYMMO U paBHO 0, a 3HaUCHHUE DKCIECCa HE3HAUUTEIILHO
npessbimaet 0,5.

IIpoBepka THUIOTE3BI O HOPMAJILHOCTH PACHpPEICIICHUS  Z-OICHOK  OblLia
ocyliecTBieHa o kpureputo Konmmoroposa-CMupHOBA, C JOBEPUTEIHLHON BEPOSTHOCTHIO
0,99 myneBas rumote3a OblTa MpUHATA. MaKcUMaIbHOE PACXOXKICHUE IMITUPHUECKOTO U
HOPMAaJIEHOTO pacHpeIelICHIN COCTABUIIO JIJIST MOJIeTIei: Macchl Tena aeBodek LMS (2,4,4)
—0,0211, maccel Tena manpuukoB LMS (2,4,3) — 0,0192. Jlns Bcex UCCIeIyeMBbIX OIEHKA
aCUMMETPHUH IO Kputepuro /[’ ATOCTHHO MOATBEpAMIa HOPMAIBHOCTh paclpeAelICHU C
ypoBHeM 3HaunMoOCTH (,01. JIOCTUTHYTH CTaTHCTHYECKOW 3HAYMMOCTH DKCIlecca He
yaanock. AHanu3 Mojened C yBEJIHMUEeHHEeM CTeleHeil CBOOOABI MOKa3al, YTO TOJBKO
BBIOpaHHBIE MOJICIM WMEIH MHHHUMYM 3KCIIeCCa U3 BCEX BO3MOXHBIX BapUaHTOB.
CoBMecTHas OIlEHKAa aCHMMETPHH U JKclecca mo Kputepuio [’ ATOCTHHO moaTBepania
HOPMAaJILHOCTH paciipenesienuii ¢ yposHeM 3Hagumoctu 0,05.

YBenuuenue creneHerd cBoOoas! Ha 1 L(x) m S(X) GyHKIMIA Mozeneii He IpUBETIO K
YMEHBIICHUI0 aMIUIMTYbl BBIOPOCOB W paz0Opoca Touek. lIpm W3MeHeHWH CTerneHu
dbyaknmn M(x) HaOMIOTAIOCH HE3HAYUTENIBHOE CIUVIAKUBAHUE IIETTOYCYHBIX TpauKoB U
YMEHBIICHUE MaKCUMaJIbHOTO 3HaueHusl craTuctuku Kommoroposa-CmupHosa, ipu dfm=4
monenb LMS (2, 5, 3) cocraBmsBmiee 0,0181 u dfm=5 mogens LMS (2, 6, 3) — 0,0182.
[ToaToMy Ha OCHOBaHMH aHAJIHM3a CTATHCTHYECKUX XapaKTEPUCTHK TPAHC(HOPMHUPOBAHHBIX
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3HaueHWi Oblaa BbIOpaHa Moxensr LMS (2, 5, 3) macchl Tejga MajbUuMKOB, BMECTO
LMS (2, 4, 3), ontumanbsHoi o nHGopmannonnomy GAIC(3) kpureputo.

Tabnuma 5. CraTucTryecKkrue XapaKTepUCTHKH 3HAYSHHUH Z-OLIEHOK MacChl JIETeH B
BO3pacTe ot 2 10 14 nmet

8b100pKa cpeonee CKO | meouana | maxcumym MUHuU- acum- IKC-
MYyM Mempus__| yecc

JI€BOUKU 0,00 1,00 0,02 3,67 -3,54 0,03 0,32

(N=4168)

MaJIbYUKHI 0,00 1,00 0,00 3,98 -4,51 0,00 0,53

(N=4175)

Busyanuzanus nporecca HaCTPOHKH MOJIETH C IMOMOIIBIO [EMOYEeYHBIX TpadHKOB
WITIOCTpAaTUBHA, HO HMECT CY6BeKTHBHBIﬁ XapakTep, a HCIOJIb30BaHHUEC YHCIOBBIX
3HAYCHUI IMO3BOJISIET YCKOPUTH MPOIECC MPHUHSTHUS PEIICHUH B IMOJIb3Y TOW WM MHOHN
MOJIENTA, TMO3TOMY WCIOJL30BAHUS YHUCICHHBIX OIICHOK CTaTUCTHKH KomMmoroposa-
CMmupHOBa W BBEIOOPOYHBIX 3HAYCHUH KOI(DPHUIIMEHTOB aCHMMETPHUH W JKCIlecca IPH
IMPOBCACHUN BBIYHCIICHUH MMpEACTaBIIACTCA HanOoJIee ONITUMAIIBLHBIM.

Ha pucynke 7 mpencraBieHbl pa3pabOTaHHbIE TI0 IOCTPOCHHOW MOJEITH
CTIpaBOYHBIC JHATPAMMbl MacChl Teja, KOTOpble MOTYT OBITh HWCIIOJNBE30BAHbBI JIIs
MOHUTOPUHIA OXKUPEHUSI CPEAU IETCKON NOMyISLUY.
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MeTtoabl PEerpecCHOHHOTO aHall3a MOTYT OBITh HCIOJB30BaHBl TPU PEIICHUH
Pa3IMYHBIX MPAaKTUYEeCKUX 3aaa4 [19-27].

A Bakiouenue

B pabore mpoBedeH aHauM3 MAaTEeMAaTHYECKUMX MPEANOCHUIOK IOCTPOCHHS
roJTyrnmapamMeTpudeckux mojeneid. OmrcaHo alroOpUTMHYECKOe 0OecledeHrne MOCTPOEHUS
LMS-mogeneit. PaccmoTpeHa mpakTudeckasl 3ajada, cBsi3aHHas ¢ mocTpoeHueM LMS-
MOJIENTI MOHUTOPHHTa N30BITOYHOTO Beca y ETeH.
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Technique of information database formation
for carrying out multilevel monitoring and
classificatory-and-forecasting modelling

Memoouxka popmuposanua ungpopmauuonnoi oazol

OAHHBIX 015 npoee@enuﬂ MHOC0YPOBHEB020 MOHUmMOpUHZA
u maccu¢ul<auuouno-npoznocmuuecxozo MOOeJlupoeaHu}l

O. N. Choporov, A. A. Kurotova, 1. I. Manakin
O. H. Yonopos, A. A. Kypomoea, H. H. Manaxkun

Abstract:

The article offers a technique of computer information database formation for
carrying out multilevel monitoring and classificatory-and-forecasting modelling.
The author considers an algorithm of quality indices transformation in numerical
values based on expert assessments, an algorithm of information filtering
allowing to exclude doubtful messages, a modified algorithm ZET based on a
missing values prediction accounting competent lines and columns of an initial
database, an algorithm of the characteristics information value assessment, a
procedure of the construction of integrated indices being an additive convolution
of several unrelated local components according to their importance. The offered
technique is recommended to be used for databases formation for carrying out
medical-and-social monitoring and data intellectual analysis.

AHHOmauusn:

Ilpeonooicena memoouka hopmuposanusi KOMHbIOMEPHOU UHPOPMAYUOHHOU Oa3bL
OAHHBIX OJISI NPOBEOEHUSI MHOLOYPOBHEB020 MOHUMOPUHSA U KAACCUDUKAYUOHHO-
npoeHocmuyeckozo Mooenuposanus. Paccmompen  aneopumm  npeobpasosanus
KaueCcmeeHHbIX noKazameinell 6 YUCIeHHbIe 3HAYEeHUsl, OCHOBAHHbI HA IKCNEPIHBIX
OYeHKax, aneopumm Quibmpayuy uH@OOpMayuy, HNO36OLUOWUL  UCKTIOUUMb
HeodoCmogepHble cooduerus; Moouguyuposannsiil areopumm ZET, ocnosannwiii Ha
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NPeOCKa3aHuu NPONYUJEHHIX 3HAYEHUU C YYemoM KOMHEeMeHMHbIX CMpPOK U
cmonbyos UCXO0HOU 6asbl OAHHBIX, AICOPUMM OYEHKU UHGOPMAMUSHOCTU
Xapakmepucmux,  npoyedypa  NOCMPOCHUS  UHIMeZPAlbHblX — noKazamenell,
AGNAIOUUXCST AOOUMUBHOU CEEPMKOLL HECKObKUX HEB3AUMOCEA3AHHBIX IOKATbHbIX
cocmasnsiowux ¢ ydemom ux sHayumocmu. Ilpeodnooicennas Mmemoouxa
PpeKoMeHOyemesi K UCHONb308AHU0 Npu  (opmuposanuu 6a3 OAHHbIX O
NPOBEOeHUsI MEOUKO-COYUAILHO20 MOHUMOPUHEA U UHMETIEKMYAIbHO20 AHATU3A
OaHHbBIX.

Key words:

Database, monitoring, data analysis, classificatory-and-forecasting modelling,
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A BBenenue

OnHolt W3  OCHOBHBIX  MPEINOCHUIOK, OOCCICUMBAIONIUX  PAIMOHAILHOE
IUTAHUPOBAHUE WM YIPABJICHHUE SIBISICTCS OPTaHHW3alUs WHTEPAKTHBHOTO cOOpa, TMOHWCKa,
HAKOIUIEHHUs] Pa3sHOPOMHON WH(MOpMAIMK, a TaKKe TMPENOCTaBIeHHE BO3MOXKHOCTH
TTONTydeHHsI HarIHOW WMHGOPMAITNH, XapaKTEepH3YIOMIeH WCCICIyeMyl0 CHUCTEMYy B
pealbHOM MacIiTabe BPEMEHM, YTO JOCTUTAETCS TIOCPEICTBOM IPUMEHCHUS CHCTEM
MOHHTOpUHTA [9].

IIpp 3TOM MOHHUTOPHHT TpEIJIaraeTcsl pacCcMaTphBaTh KaK MHOTOYPOBHEBYIO
CHUCTEMY, HaIllpuMep, IUISI CHCTEMBI 3IPAaBOOXPAHCHHUS ITO MOXKET OBITh PEerHOHATLHBIN
(MyHHITUITANTBHBIA) W WHAWBUAYAIbHBI YPOBHU: HAa PETHOHAIHHOM (MYHHIIMIAIHHOM)
YPOBHSIX aHAJIM3UPYIOTCA TIOKa3zaTeldn 3a00JIeBaMOCTH HACEIEHUs, AeATEIbHOCTH U
PECYPCHOTO OO0CCIICUCHUST YUPEKACHUN 31ApaBOOXPAHECHUS, a HAa WHAWBHIYATbHOM —
MEJIMKO-COITUAIbHBIC (haKTOPhI PUCKA U COCTOSIHUE 3/I0POBBs 00JIbHBIX [8, 10, 11, 15, 16].

[Ipu wWcHoNB30BaHUM MHOTOYPOBHEBOTO TOAXOJA JUII CHUCTEMHOTO aHaln3a
pe3yIbTaTOB MOHHTOPWHTAa Ha KaXJIOM YPOBHE pacCMOTpPeHHs TpeOyeTcs BBIOOD
QJICKBaTHBIX ~ METOJOB  CTATUCTUYECKOH OOpa0OTKM  JaHHBIX, MaTeMaTU4eCKOro
MOJICMPOBAHUS U TIPUHSATHUS PEIICHUI.

Crnemyer OTMETHTb, YTO TOYHOCTHh ITOJMYYCHHBIX CTATUCTHUYECKHX OIEHOK |
aJICKBaTHOCTh TOCTPOCHHBIX MOJIENEH CYIIECTBEHHO 3aBHCHUT OT KadeCcTBa HCXOHBIX
JIAHHBIX, B CBSI3U C 4eM, TpeOyeTcs pa3paboTka METOUKH MPEIBAPUTEILHON 00paboTKU
JAHHBIX, BKJIIOYAMOIIEH AallTOPUTMBI, HANpaBICHHBIE Ha TOBBIIICHUE JIOCTOBEPHOCTH
HCXOAHOM HH(DOPMAITMOHHON 0a3HI.
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Takxum oOpa3zom, opranm3amnus cOopa i MpeaBapuTEIbHON 00paboTKH MHGPOPMAITHT
SIBJISICTCSL  ONIPEACISIONICH MpY TMPOBEACHUM MHOTOYPOBHEBOI'O MOHHUTOPHHIA H
KIacCH(UKAITUOHHO-TIPOTHOCTUYECKOM ~ MOJICIIMPOBAHUU € TOYKM 3PCHUSl KauecTBa
MOJYYCHHBIX PE3yJbTATOB MHTEIUICKTYaNbHOTO aHai3a. OObEKTHBHBIC OIICHKH HE MOTYT
OBITh MOJIY4YCHbI IPU HKCIIOJIB30BAHUU HETIOJTHOUCHHOI'O WJIM HEIIOJIHOI'O Marcpualia. B
CBS3M C OTHM npu cOOpe TMEPBUYHOTO MaTepHaia BO3HUKAeT IOTPEOHOCTh B
MpEBAPUTEIILHOM — IUIAHMPOBAHUM  JTOTO  Mpollecca, a Takke B 00paboTke
nH(OPMAITMOHHON 0a3bI IS MTOBBIMICHHUS KaK Ka4eCcTBa, TaK M JIOCTOBEPHOCTH COOpaHHON
uHpopmarmu [2, 5, 7, 10].

A Sranm ¢popmupoBannst ”HGOPMALMOHHOI 0a3bl JAHHBIX

Kak moka3piBaeT MpakTHKa, CTPEMJICHHE OTPa3uTh OOJBIIEe KOJINIECTBO
(hakTOpoB, XapaKTEPUCTHK OO0BEKTa WM IpOIecca YacTO HE TOJIBKO HE IO3BOJIAET
JIOCTUYb TOBBIIICHUSI TOYHOCTH PEIICHUS TOCTABJICHHOW 3a/1ayM, HO M JIEJIACT MOJICIIb
Ooyee TPOMO3AKOWM W TPYIHO BOCIpHHUMaeMoil. B cBs3m ¢ »TuM, yxke Ha
[IEPBOHAYAJIFHOM  JTale  IeJIecCOOOpa3HO  SIBHO  YETKO  OIpenNeiHuTh, Kakue
XapaKTePUCTUKHU UCCIIeIyeMOro 00beKTa MK MPOoLecca OTHOCATCS K CYIIECTBEHHBIM, a
4eM MOXKHO TpeHeOpeus [6].

bompmryto  wacte  wH(OpMarMM, Ha ~ OCHOBE  KOTOPOM  CTpOSTCS
KJIacCU(UKAITMOHHO-TTPOTHOCTHUECKIE MOJEIH, COOMpAIOT MPH aHANIW3e apXUBHOU M
TeKyIeld nHPOPMAIINH, TOTyYSHUH Pe3yIbTaATOB MOHUTOPHHTA, H3YUYSHHH PE3yIhTaTOB
mabOpaTOPHBIX HCCIEOBAaHMA, TPOBENEHUH »JKcrepuMeHTa. IlokasaTenmu, KOTOpHIE
U3MEPEHBl B KAYECTBEHHOW INKaie, JUISl JalbHEHIEeH CTaTHUCTHYEeCKOW 0O0pabOTKU
TpeOyeTcs mpeoOpa3oBaTb B  KOJUYECTBEHHBIE OLEHKH. Takke HEoOXOIuMO
OTIpEeIeTNTh, KaKue MapaMeTphl yIpaBisdemble, a kKakue HeT. [Ipu 3TOM 3HaueHue u
YIPaBIsiEMBIX, 1 HEYTPABIIEMBIX (DAKTOPOB MOXKET MEHSTBCSI CO BPEMEHEM.

Takum oOpazoM, npu (HOPMUPOBAHUU KOMIIBIOTEPHOW MH()OPMAIMOHHOUN 0Oa3bl
JAHHBIX IS TPOBEACHUS MHOTOYPOBHEBOTO MOHHUTOPWHTAa W KIIACCHU(UKAIMOHHO-
MIPOTHOCTHYECKOTO MOAEITUPOBAHUS TOJKHBI OBITh PEaTM30BaHbI CICAYIOIINE STaIIbI:

1) dopMupoBaHHE CIHCKa UCCIEIyEeMBIX IOKa3aTelel, pa3paboTka CTPYKTYpHI
0a3bl JaHHBIX JJI1 MOHUTOPUHTA;

2) mpoBeneHne cOopa (haKTHIECKOTo MaTepraia U 3armoTHeHe 0a3bl JaHHBIX;

3) npeoOpa3oBaHHWe 3HAYCHHUH KAYECTBEHHBIX XapaKTEPUCTUK B YHCJICHHBIC
OLICHKH;

4) UCKITIOYEeHNE HETOCTOBEPHBIX JaHHBIX ((PUIBTpalus HHPOPMAIIHN);

5) 3amonHEeHHE MPOOETIOB;

6) oueHka WH)OPMATUBHOCTH ¥ BHIOOP OCHOBHBIX KOHTPOJIUPYEMBIX
noKa3aTeJieit;

7) pa3paboTka HHTETpaIbHBIX TTOKa3aTeeH.

Ha mepBoM »osTame pas3pabarbiBaeTcssi CTpYKTypa HH(MOPMAIMOHHOM
KOMIIBIOTEpHOM ©0a3pl. DKcHepTaMu OmpenesseTcss NepeueHb MoKazaTened s
Ka)XJIOTO yPOBHS OMHCAHUSA HCCIeAyeMOoW cucTtembl. Hampumep, mns cucrtemsl
3IpaBOOXPAHCHHS WU OTICIBbHBIX MEIUIUHCKUX YUPEXKIECHUN Ha PErHOHAIBLHOM H
MYHUILIMITAIBHOM YPOBHSAX 3TO IOKa3aTelnd pPaclHpoCTPaHCHHOCTH 3a00JieBaHUM,
MOKa3aTeNnu AEeATEIbHOCTH MEAUIIMHCKOW CITy’)KOBI M ee pecypcHOro oOecleueHHs;
Ha WHIWBUAYAIBHOM YPOBHE, IS OTAEIHFHOTO OOJIBHOTO — 3TO JaHHBIE aHAMHE3a,
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pe3ysibTaThl KJIMHUYECKMX M JIA0OPATOPHBIX MCCICIOBAHMMA, a TaKKe pPEe3yJIbTaThl
MEIMKO-COIUAIBHOTO HccaenoBanus. ClaenyeT OTMETHTh, YTO eciii cO0p MH(pOpMaIuu
CBS3aH C HEJONYCTUMBIMH  (MHAHCOBHIMH WJIM  BPEMEHHBIMH  3aTpaTaMu,
LIEIeCO00Pa3HO COKpAIlleHWEe IEPEeUHs H3y4aeMbIX IIOKas3aTejei, U OTOOp CaMbIX
3HAYUMEIX.

OrneHka 3HAYMMOCTH UCCIIEAYEMBIX MTOKa3aTellel Ha JAHHOM JTarle BBITOTHASTCS
Ha OCHOBE OKCIIEPTHBIX OIICHOK, OOpaOOTaHHBIX C MCIOJB30BAHHEM METOJa
AIPUOPHOTO PAHKUPOBAHUS.

Crnenyromume 9Tar, CBS3aHHBIA ¢ (OPMHUPOBAHHUEM WCXOMHOH 0a3bl JTAHHBIX
OTHOCUTCSI K Hambosee TPYIOEMKHM, TaK KaK OH CBsI3aH C IPOIeIypamMH OOpaOOTKON
CYIIECTBEHHbIX 00BEMOB HOPMATUBHO-CIIPABOYHOW, apXMBHOM  JOKYMEHTAIIUH,
MPOBCJICHUEM  AHKCTHUPOBAHWS W  OKCICPUMCHTAIBHBIX  HccienoBaHuit.  Jlms
MIOJIHOIIEHHOTO aHaIHM3a JUHAMHKH aHaJIM3UPYyeMbIX ITOKa3aTelied Ha PernOHalbHOM
YPOBHE M TIOCTPOCHHS IPOTHOCTUIECKUX MOJIeNiel TpeOyIoTCs TaHHbIe, H3MEPCHHBIC HE
MEHee, YeM B 7 BPEMEHHBIX TOYKaX, TO €CTh IPU PETHCTPALMU 3HAYCHUH MOKa3aTenei
[0 UTOTaM 3a KaJCHJApHBIX TOJl, HEOOXOIUMO OXBATUTh BPEMEHHON HWHTEpBAN HE
MeHee 7 JIeT.

Heobxommmoe KomW4ecTBO OOBEKTOB 0a3bl MAaHHBIX C WHIWBHIYAIBHBIMU
XapaKTePUCTUKaMU O00CIEeIyeMOro KOHTHHIEHTa HACeJCHWsI 3aBUCUT OT TpeOyemoi
TOYHOCTH M JOCTOBEPHOCTH PE3yJIbTaTOB WCCiemOBaHUA. J|JIsi pacdeTa WCTIOIB3YETCS

CIIEIYIOIIEE BBIPAKECHHE:
_
n =2 n

rae n — HeoOXOAMMEBI 00BeM BBIOOPKH; ¢ — 3HadeHue f-Kputepus CThIOJEHTA,
3aBHUCAIIEE OT TpeOyeMoit JocToBepHOCTH (TIpH ypoBHE 3HauUMOCTH 0=0,05, t=1,96); 0
— CpEIHEKBAaIpaTHUECKOE OTKJIOHEHHWE aHAIM3UPYeMOH XapakTepucTtuku; 4 —
JOMyCTUMasi OLIMOKa (OTIpeeNsieT TOYHOCTh PEe3yNbTaTOB UCCICAOBAHMS).

Tak nd ModydeHus: JOCTOBEPHBIX JAHHBIX MpH ypoBHE 3HauuMoctd 0=0,05 u
momyctuMoit omubke B 5%, Tpebyercs He meHee 400 dWemOBEK B KaX[AOW TpyIIe
00CIIeIOBaHHBIX.

Hcnons3oBaHNe METOIOB CTATUCTHIECKOH 00padOTKK WH(OPMAIHH, TOCTPOCHUE
KJIACCU(PUKAITMOHHO-TTPOTHOCTHYECKUX MOJIeTIe 3aTpyIHUTETFHO HEBO3MOXKHO 0e3
WCTIONB30BaHMs CPEICTB BBIUMCIUTENbHOH TexHuku. I[losTomy ¢dopmupoBanue
KOMITBIOTEPHOH 0a3bl JaHHBIX IeJIeco00pa3HO OCYHIECTBISATh C HWCHOJIb30BAHHEM
CHETMaTN3UPOBAHHBIX TPOTPAMM I CTaHIAPTHBIX AMeKTpoHHBIX Tabmui u CYB/I.
Hcnonp3oBanne crenyain3upoBaHHBIX IporpaMM Ooiee 3pQekTHBHO, TOCKOIBKY aeT
BO3MOXHOCTb YYeCTh HPU HX CO3JaHHM OCOOCHHOCTH HCCIEOYyEeMOro OOBEeKTa |
00BEIMHUTH B paMKaxX OJHOTO NMPOTPaMMHOTO KOMIUIEKCA KaK CPEICTBA YIIPABIICHUS
0a3oi MaHHBIX, TaK W pa3pabOTaHHBIE MOJETU M aIropuTMbl. llpu OTCyTCTBUHU
BO3MOXXHOCTH CO3[aHMS CIELUATU3UPOBAHHBIX MPOTPAaMM BO3MOXHO HCIIOJIb30BaHUE
CTaHIAPTHBIX AeKTpoHHBIX Tabiun u CYB/] (manpumep, MS Access, MS Excel u np.),
npudeM ucrionp3oBanue CYBJ] 6onee rhpexkTHBHO, Tak Kak IPH 3TOM CYIIECTBEHHO
o0Jieryaercsi BBOA UCXOJHBIX JIAHHBIX, a TAK)KE UMEETCS] BOZMOXXHOCTb ()OPMUPOBAHHS
CJIO’KHBIX 3aITpOCOB LTS ITONTydeHUs TpeOyeMol HHPOPMAIIHH.
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h AJIFOpI/lTM npeoﬁpasoBaHmI KauyeCTBEHHbIX MoKa3aTeJei
B YHCJICHHBIC OLICHKH

g mocnenyromeit 00paboTKY 3HAUEHUS MOKa3aTelNel, IpeACTaBIeHHbIE B BHJIE
CMBICIIOBBIX  (JIMHTBUCTUYECKUX) 3HAUYEHWM, JOJDKHBI OBITH MpeoOpa3oBaHBl K
yucineHHOMYy By [5-7]. Takoe mpeoOpa3oBaHue TpeasiaraeTcsi OCYIISCTBIATH Ha
OCHOBE CJICAYIOILET0 aJrOpUTMa.

1. Iokazarenu, mpeacTaBICHHBIC ABYMsI BOBMOYKHBIMY 3HAYCHUSIMH (HAIpUMED,
«a» / «Her»), npeobpasyrorca B 1 u 0.

2. JIMHTBUCTHYECKUE 3HAYEHUS MOKa3aTeNeld yInopsaJ0uuBalOTCs M0 BO3PACTaAHUIO
3HAYMMOCTH (HANpHUMEp, «HEYIOBIETBOPUTEIBHO»-KYIOBIETBOPUTEIHLHON-KXOPOIIO»-
COTIIMYHO»; «ICTKHUI»-«CPEAHUN» -« TSDKEINBI», «HETH»-«3aTPYAHAIOCH OTBETHTB»-«J1a»
HUT. I.).

Ecnu nmeroTcs 3aTpyqHEHHMS WM CUTyallus HEOJAHO3HAuHas (Hampumep, Takas
CUTyalusi MOXXET BO3HHKHYTb NpPH OIICHKE CEMEHHOT0 MOJOXKEHUS — «BIOBEID)-
«pa3BeleH»-KXOIOCTH~CKEHAT»), TIPeIIaraeTcsi K UCIONb30BaHUIO METOJ| allpHOPHOTO
PaHXUPOBAHUS, KOTOPBIA IO3BOJSIET [1aTh OOBEKTUBHYIO OLEHKY CyOBEKTHBHOMY
MHEHHIO 3KCTIepToB (criennainctoB) [4, 12].

IIpu opranmzamum cbOopa anpuopHO wH(pOpManuu m 3Kcneptam (m>7)
[IPEIJIATratoTCs K 3alI0JHEHUIO aHKEThI, B KOTOPBIX TpeOyeTcs AaTh OLEHKY # 3HAYEHUSIM
[IOKA3aTelIsd C YYeTOM X 3HAYMMOCTH (TIPH 3TOM Hambosiee 3HaUMMOMY NPHCBaNBaeTCs
pasr «1»). B ciaydae, koraa sKcnepThl 3aTPYAHSIOTCS C IPUCBOSHHEM BCEM 3HAYCHHUSIM
Pa3NUYHBIX PAaHIOB, UM AAETCSI BO3MOXXHOCTb NPUCBOUTH IBYM HJIM Oojee pa3IudHbIM
3HAYEHUsIM [IOKa3aress coBHajaromue paHrd. llpm Hanuauy COBHABIIMX PaHIOB
MaTpUIly  pPAaH)XMPOBaHUS  HEOOXOAMMO  TPHBECTH K  CTaHIAPTH30BAHHOMY
(HOpMaJIBHOMY) BUAY, NMPH KOTOPOM CyMMa PaHIOB MO KaXXAOMY CTOJIOIy MAaTpHLIbI

PamKHUpPOBAHUS, B KOTOPOM 3aIlMCaHbl OLEHKH j-T0 3Kcreprta (j=1,m ), 6pina ObI paBHA
n(n+1)/2. g pemeHus TaHHOM 3a1adi BCeM 3HAYCHUSAM ITOKa3aTelIs, KOTOPBIE HMEIOT
COBIIABIIIME PAHTH, MPUCBAUBACTCSl PAHT, ONPEEINIIEMbIi Kak CpeHee 3HAYCHUE MECT,
KOTOpbIE MOJENUIIN MOKa3aTeIH C COBIABIIMMHU PaHTaMHU MEXIy COOOH.

Ha ocHOBe wmarpuipl paHXUPOBAaHHS OCYIIECTBISACTCS OICHKA CTEICHU
COTJIACOBAaHHOCTH  MHEHHH  OKCIIEPTOB C  HCIIOJIB30BAaHHEM  JIUCIIEPCHOHHOTO
ko3 duunenta Koukopaayu [ 14]:

s(a?)

llzmz(;f -)-m)T,

J=1

W =

2

rae s(d’)=2 %aﬁ —;m(n+1) ; 3)
Jj=1 ]:1

a;; — CyMMa PaHIOB i-0ro 3Ha4YeHMs 110Ka3aTells;
T; — nmoka3zarelb CBA3aHHOCTH PaHIOB, KOTOPBIH onpeenseTcs mo Gpopmyie

l &
T =—>(t-t) 4
J 12 l-:l(l 1) ()
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{; — 4KMCJIO MMOBTOPEHHH B j-TOM CTOJIOLE MAaTPUILBI i-ro paHra. B ciaydae, xorza B
MaTpHIle PaH)XKUPOBAaHHS OTCYTCTBYIOT COBITABLINE PAHTU
2
_128(d7)
2,3 :
m-(n” —1)
3HadeHne ko3 PuIreHTa KOHKOpIAIuy HaxoquTcs B naTepBaie [0,1]. B ciaydae,

Korma W=1 3KcnepThl OJHOCTHIO €AMHOIYIIIHEI B CBOMX OIleHKax, mpu W = 0 cormacue
JKCIIEPTOB MOJIHOCTBbIO OTCYTCTBYET.

)

JIIst OIEHKH CTaTHCTHYECKOW 3HAYMMOCTH Kod((dHIMeHTa KOHKOopmanuu W
paccuuTBIBaeTCS )’ — Kputepuii ITnpcona:

Zpae =m(n=1W. (©)
B cnydae, xorma tabnmuHOE (KpPHTHYECKOE) 3HAUCHHC Z,iaaq (mpu ypoBHE

3HAYUMOCTH O, M YHUCIIC CTEIEHEeH CBOOOABI f=n-1) OKa3bIBACTCS MEHBIIIE MOJYyUYECHHOIO
2 o
1o popmyie (6) (pacyeTHOro) ¥ ., TUIOTE3a O COINACOBAHHOCTH MHCHHH yYaCTHHKOB

9KCIEPTU3HI MPUHIMAETCS.
HOJIy‘IeHHI)Ie TaKUM o6pa30M paHTu MOTryT OLITh MCIIOJIL30BAaHLEI B KA4ECTBE
YUCJIICHHON OLICHKU aHAJIM3UPYEMOTO TTOKa3aTessl.
3. Ecnu paznuuus IByX CMEXHBIX Map 3HAYEHUNW aHAIM3UPYEMOTO MOKa3aTess
HEpPaBHO3HAYHBI, BBITIOJNHACTCA CICAYIOMMA dTal MpeoOpa3oBaHusi, HAa KOTOPOM
JKCIepTaM HEOOXOAWMO JaTh OIICHKY, C HCIOJb30BAaHUEM S-Oa/UTbHOW IIIKAJIBI,

3HAYUMOCTH Pa3IHYHi Aij—l ; (i=2,n, j=1,m) Mexay cMEeKXHBIMHU («COCETHHUMI»)
2

TrpagalyvsaMU IIOKa3aTeIsd, KOTOPBIC NPCABAPUTCIIBHO TOJIKHBI OBITh OTCOPTHUPOBAHHBIMHA
B IOPAAKE YBCINYCHUA UX 3HAYUMOCTHU.

. 2 2
B ciy4ae cornacoBaHHOCTH MHEHHIT SKCIEPTOB ( ¥, > Xy, )» AAHHBIC HMH

OLICHKHN YCPECAHAIOTC:
A1~ 2 Ay i=2n ™)
J=1

Jlns BBIYMCIICHUS YHUCICHHOM OIICHKH 3HAYCHHMH TIOKA3aTeNsl HCIOIb3yeTCs
CII/IyIOIIEe BRIpaKECHUE:

Z1:O’ Zf:ZH+AH,i’ i=2,n, ®)
I/ie 7 — YUCIIO Pa3IUYHbIX TPaJalnuii MOKa3aTes, KOTOPble OTCOPTUPOBAHHBI B TOPSIKE
YBEJIMYEHUS UX 3HAYNMOCTH.
st manbHEUITUX pacueTOB BHITIONHSAETCS HOPMHPOBKA TOJYUYCHHBIX HA OCHOBE
BbIpaxkeHwuii (7)- (8) YMCICHHBIX OIICHOK:
=L i=1n. ©)
Z’l
B uTore monmydeHHbIEe TaKUM 00pa30M YHCIECHHBIE OIICHKH 3HAYCHUN TTOKa3aTems
HaxonsaTrcs B wuHTepBane [0,1], HauMeHee 3HAUMMOMY («HAWUXYIIIEMY») 3HAYCHHUIO
COOTBETCTBYET HOJIb, @ HAN0OJIEE 3HAYUMOMY («HAWITYUIIEMY») — CAUHUIIA.
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h AJITOPUTM 3aN10JTHEHUS MPONYIIEeHHbIX 3HAYEeHU I

B xoze 3amonHeHUs] KOMIBIOTEPHOW MH(POPMAIIMOHHON 0a3bl JaHHBIX, OCOOCHHO
MIPU UCIIONB30BAHUM APXUBHON WHPOPMAINH, BOSHUKAIOT «IPOOENBD», KOTOPBIE MOTYT
ObITb OOYCIIOBJICHBI HETOJHOTOM HMMEIOMMXCA NaHHBIX. ClexyeT OTMETHTb, 4YTO B
OOJIBIIIMHCTBE CIy4YaeB OTCYTCTBUE JaXKe 3HAYCHHUS OJHOTO IMOKAa3aTesis MPHBOAUT K
HEBO3MOXKHOCTH HCIOJIb30BaHUS TPH TIOCTPOCHHUH MOJENEH BCEH OCTalbHOM
nH(popMaIu 06 00bEKTe MOJEITMPOBAHUSI.

Hns 3aII0JTHEHUS mpo0enos IpeasaraeTcs K HCTIOJIB30BaHUIO
MouduuupoBanHbiid anroput™ ZET, B OCHOBE KOTOPOTO JIEkKAT TPH MPEINOT0KESHUS.

IlepBoe — rumore3a W30BITOYHOCTH, KOTOpas 3aKJIIOYaeTcs B TOM, 4YTO B
peanbHBIX TabIMLAX C JAaHHBIMH HMMEETCs H30BITOYHOCTh, KOTOpas HPOSIBISAETCA B
HaJIMYUH CXOXXUX OOBEKTOB (CTPOK) M B3aMMOCBS3aHHBIX CBOWCTB (cTosbIoB). B
cilyyae, Korja H30BITOYHOCTh OTCYTCTBYeT (Hampumep, B Tabiuue, coiepKauier
cllydaifHble YMcia), OTAaTh NPEANOYTCHUE OAHOMY M3 IIPOTHO30B HEBO3MOKHO.

Bropoe — rumnore3a aHaJIOTMYHOCTH, KOTOPas 3aKJIF0YAETCS B yTBEPKACHUH, UTO,
KOTJja HEKOTopast Tapa 00BbEKTOB CXO03Ka M0 3HAYEHHSIM (n-1) CBOMCTB, TO OHA CXOXa H
10 N-OMY CBOWCTBY.

Tpetbe — rumnoresa JIOKaIbHONH KOMIIETCHTHOCTH, KOTOPasl 3aKJIFOYAETCs B TOM, UTO
M30BITOYHOCTh MIMEET JIOKAIBHBIA XapaKTep, TO €CTh IS KaKI0ro 00BEKTa UIMEETCSl CBOC
MOJMHOXECTBO TOXOXHX OOBEKTOB-aHAIIOTOB M JISI KaXKIIOTO CBOMCTBA MMEETCS CBOE
IIOJIMHOKECTBO CXOKHX CBOMCTB-aHaIOroB. Eciin 3T0 yTBEep)kaeHHE HE BBIOIHACTCS, TO
HET CMbICTIAa TPUBJICUYCHHUS K MPEACKA3aHUI0 3HAYCHUS HEKOTOPOTO JJIEMEHTa Yij
nH(OpMaLUK, COACPKAILECHCS B CTPOKAX, HE CXOXKHUX C i-ii CTPOKOH, W B cTONOLAX, HE
CXOXHX C j-M CTOJNIOLOM. B mosyueHun npenckasaHuil JOJDKHBI HCIONB30BATHCS TOJIBKO
«KOMIICTEHTHBIE» CTPOKH U «KOMIIETEHTHBIE» CTONOIBI, KOTOpBIE A KaKAOro
IPE/ICKa3bIBAEMOT0 AJIEMEHTa BBIOMPAIOTCS OTHENbHO. [ HCHONB30BaHUS JaHHOTO
aJIropuTMa, TpedyeTcsl cCHavasa BEIIIOJIHUTh HOPMUPOBKY BCEX MOKa3aTeseH.

B camom anropurMe MOXKHO SIBHO BBIACIUTH TPU 3Talla.

1. Jns anamusupyeMoro mpoOena (MPOIyIIEHHOTO 3HAYCHHS) W3 HCXOTHOM
MaTpHIIBI, H3BICKAaETCS IOAMHOMKECTBO «KOMIETEHTHBIX» CTPOK, a 3aTeM Ui
BBIOpPaHHBIX CTPOK BBIOMPAETCS NOAMHOXKECTBO «KOMIIETEHTHBIX» CTOJIOLIOB.

2. B aBTOMaTn4eckoM peXHMeE B BBIPAKCHUH, MCIIONB3yEMOM JUISI TIPEICKA3aHHSI
MPOMYIIEHHOT0 3HaYeHHUs TTOAOUPAIOTCS TapaMETpPhI, IPH KOTOPHIX OXKHAaeMasi OInOKa
peacKa3aHnsi MUHUMAaJIbHA.

3. Ocy1ecTBisieTcs: IPOrHO3UPOBAHUE 3JIEMEHTA 10 IOJTy4eHHOH (GopMmyIe.

[Mon «KOMITETEHTHOCTBIO» CTPOKH 1 1O OTHOIICHHIO K CTPOKE | MOHUMaeTcs
BennunHa Lil, xoTopass o0paTHO MPOMOPLMOHAIBHA PACCTOSHHUIO MEXAY JaHHBIMH
cTpokamu. Ilog «KOMIETEHTHOCTBIO» j-TO CTOJOIMA IO OTHOIICHHWIO K K-My cTonOIy
Ljk mnoHuMaeTcs BenWYHMHA, NPOMOPLUUOHAIBHAS PACCTOSHUIO MEXIY JTHMH
cronbuamMu. Ha OCHOBE «KOMIIETEHTHBIX» CTPOK M CTOJIOLIOB CTPOHUTCS MOAMATPUIIA,
KOTOpasi [JOJDKHA COAeplkaTb OT 3-X A0 7-MH CTpOoK H cronOuoB. llpum 3Tom
KOMITETCHTHAsI CTpOKa (CToI0eI) He JOHKHBI HMETh MPOITYIIICHHOTO 3HaYeHUS B j-M (i-
oif) cTonoIe (CTpoke).

Hus  obGecrieuennss 3¢h@deKTUBHON pabOTHI  anropuTMa NPEIBAPUTEIHHO
HE0O0XOIUMO BBHIIIOJHUTH HOPMHUPOBKY Bcex Iokasaresieil. Hopmuposka mpencrasisier
co00¥ mepexoj] K HEKOTOPOMY €AMHOMY (CTaHAapTU30BAaHHOMY ) MPEACTABICHHUIO BCEX
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MIPU3HAKOB, BBEJCHUE HOBOW CIUHHIILI W3MEPEHHs, KOTOpas IOMycKaeT (popMaibHOE
comocraBieHne 00bekToB. Kak Hambomee ynoOHas, peKOMEHAyeTcS HOPMHPOBKA
mokasareneil OTHOCUTENBHO JOMYCTHMOTO UANa30Ha U3MCHEHHS X 3HAYCHHU.

C WHCIoNnb30BaHUEM 3aBUCHMOCTEH, CYHICCTBYIONIMX MEXIY j-bIM U BCEMH
octanbHbIME  (K-BIMH) CTONOIIAMH, HAa OCHOBE YpPaBHEHHMH pErpeccHH, B Ipolecce
MpecKa3aHus 3HAUCHHS MPOMYIIIEHHOTO 3HAUCHHS BhIpadaThIBArOTCS «moackazkm» b(k)
= = F(X(k)). IIpu Hammuem moamatpuiie g+1 cronbria, q MOACKa30K YCPETHSIIOTCS C
YY4eTOM Beca, KOTOPBIH MPOMOPIUOHAIEH KOMIIETCHTHOCTH COOTBETCTBYIOIIETO
cToNOMA.

B pesynmbrare moirydaercsl «mMoAcKaskay (MPOTHO3HAs BenMWdrHA) b(j), KoTopas
MOPOKAEHA U30BITOYHOCTHIO, COJEpKAIEICs B CTONOIAXx:

b(j) =3[ bky- LK) |/ L) (10)

KoadduiueHt o mo3BomsieT peryTupoBaTh BIUSHUAE HA PE3YNbTAT MpeICcKa3aHusI
komreTeHTHOCTH. Korga 3HadeHust o HeOospIve, pa3HULA B KOMIIETEHTHOCTH MAJIo
CKa3bIBaeTCsl Ha pe3yjbTare, Koraa Kod(h(UIMEeHT o MPUHUMAeT OOJbllve 3HAYCHUS,
0oJiee KOMIIETEHTHBIC CTOJIOITBI TOPa3no OOIbIINE BIUAIOT Ha PE3YIBTAT IT0 CPABHEHHIO C
npyrumu. B BeiOope mapaMeTpa o 3aKiI04aeTcs CyTh BTOPOro 3tama (1ogoop GopMyisl
JUIS  TIPOTHO3UPOBAHWS): JJIsI BCEX M3BECTHBIX DJIEMEHTOB j-0r0  CTOJiOIa
OCYIIECTBIISIETCS TIPeJCKa3aHue MPHU pPa3HbIX 3HaueHHsAX o. llocie sToro BeIOMpaercs
3HA4YEeHUE 0, MPH KOTOPOM YAAJOCh NOCTUTHYTh MHHHMAIBHOW ONIMOKH IPOTHO3A.
3arem c ucnonb3oBanreM Gopmydsl (10) ¢ BEIOpaHHBIM 3HAUECHHEM O OCYIIECTBIISETCS
poTHO3 b(j) A/ 3HAYCHUS MIPOITYIIIEHHOTO YJIEMEHTA.

ANTOpPUTM  3amoNHEHWs MPOMYLICHHOI'O 3HAYeHHUs C  HCIOJIb30BaHUEM
3aBUCHUMOCTH MEXIY CTPOKOH 1 m Bcemu s npyrumu (l-emMu) crpokamu (1=1,2,...,s)
AHAIIOTUYEH BhIIIeonucanHoMy. [IporHo3upoBanne ocymecTBiseTcs o hopmyiie

b(i)=Y [ b)- LG 1Y L) (1)

31eck BBIOOp TapamMeTpa 0 OCYIISCTBISCTCS Ha OCHOBE BCEX H3BECTHBIX
JJIEMEHTOB 1-OM CTPOKM TPH IOCTHKEHHM MHHUMAJIBHOTO 3HAYCHUS OIIMOKH WX
npenackazanus. J[ius monydeHus oOIIEro MporHo3a y'ij 3HA4YEeHUs NPOMYIICHHOTO
3JIEMEHTA Yij BBIIOJIHACTCS yCpeIHeHne MPOrHo30B b(i) u b(j).

h IIpouenypa UCK/IIOUYEeHHUsI HEOCTOBEPHBIX TaAHHBIX

Kpome «mpoGenoB» cepbe3HBIM (aKTOpPOM, OKAa3bIBAIOLIMM BIUSHHE Ha
pe3ynbTaThl MOJIENIMPOBAHUSA, SBISETCd MPHUCYTCTBHE HEIOCTOBEPHBIX JIAHHBIX,
KOTOpPbIE MOTYT HOSIBUTHCS U3-3a PA3INYHBIX CYOBEKTHBHBIX 1 OOBEKTHBHBIX IPHYUH, K
KOTOPBIM MOJXHO OTHECTH HETOYHOCTh H3MEpPEHMs, OIIMOKH B  HMCXOTHOU
JOKYMEHTAIlUH, MOTPEIIHOCTD pe3yibTaTe cOosl anmaparypsl, OIIMOKH IpU BHECEHUH
JaHHBIX W 7Ap.). s HMCKIIOYEHWs HEAOCTOBEPHBIX MAAaHHBIX MpPEAHA3HAUEH JTall
¢bmipTpanuy MHGOPMAIMK, IPH peaTu3aldud KOTOPOrO0 KOHTPOJIUPYETCS HE TOJIBKO
BBIXOJ TIOKa3aTeNieil 3a JOMyCTHMBIE TPAaHUIBI, HO W HEIOIMYCTHUMBIE COYETaHUSI
HECKOJIBKHX MPH3HAKOB.
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[maBHBIM 3BPHCTHYECKHM TPABHUJIOM, HCIOJB3YEMbIM TIpH pEIICHHH 3a7adyu
WHPOPMAMOHHON ~(QUIbTpanuy, SBIAETCS BHIOOP OOBEKTOB (MHGOPMALUOHHBIX
coo0mIeHNiT), ¢ HanOoIee THIMYHBIM HAaOOpPOM XapaKTEPUCTUK ISl TAaHHOW CHTYaIMu
[10].

Best ucxonnas undopManus npeacTaBiseTcs B BUAC MHOXKECTBA 00BHEKTOB!

P.={p} hT N (12)

Jlnist Ka0r0 00BEKTa HMeeTCsl Habop MoKa3aTeliel, XapakTepu3yIoIIuX ero:

P FE A o f o [, (13)

rae | =1,/ — unpexc noxazarens, n =1, N vee — HOMED 00BeKTA.

Pemennem 3a1a4u (1)I/IJIBTpa]_[I/II/I ABJIACTCA 0T60p N3 HUCXOAHOI'0 MHOXKECTBaA

00BEKTOB C OIEHKOH JOCTOBEPHOCTH HX XapakTepucTuk w, (7 =1,N ) ppmme

HEKOTOpOM 3aJJaHHOM BeIMYMHBI w,. [lokaszaTtenu, cojaepiKalillie CMBICIOBBIE
(IMHTBUCTUYECKKME) 3HAYCHUS Ha OCHOBE OKCIEPTHBIX OICHOK IPeoOpa3yroTcs B
YHCJIEHHBIE OLIEHKH.

i1 0OBEKTOB, XapaKTEPHCTHKH KOTOPHIX TIPEACTaBICHBI B BHIE YHCIICHHBIX
3HAYCHMH, peIlICHUE 3a1aui MHOOPMAIMOHHOM (PUITBTpAIMK 3aKITI0YaeTCs B OTOOPaKESHUH
MHOeCTBa O0BEKTOB (12) BO MHOXKECTBO OIICHOK JIOCTOBEPHOCTH XapaKTEPUCTHK
HCXOIHBIX 00BEKTOB

W={w,} n=LN.. (14)

u  dopMupoBaHHE  MHOXXECTBa Pc P, . BKIOYAIOIEr0  OTOOpaHHBIC

(oThUNBTPOBaHHBIE) OOBEKTHI, JTOCTOBEPHOCTh XAapPAKTCPUCTHK KOTOPBIX OOJIbIIE
BEITMYUHBI W).

B OonbIIMHCTBE Ccly4yaeB pa3jiMyHbIC II0KA3aTeId H3MEPSIOTCS B Pa3HBIX
enuaunax. Jns mnoBwimieHus S((EKTUBHOCTH pabOThl  aNropuTMa  (QUILTpaluu
TpeOyeTcs BHIIOTHUTH HOPMHUPOBKY BCEX HMCCIEIyeMBIX MoKasareneid. Pekomenmyercs
WCTIONB30BaTh HOPMHPOBKY OTHOCHTENFHO IIOMYCTHMOTO JHama3oHa 3HAa4eHHH
MoKa3aTeseu.

OreHka CTENeH! TOCTOBEPHOCTH XapaKTEPUCTUK OOBEKTA MPH PEIICHUH 3a1a4u
(12)-(14) ocHOBBIBaeTCs Ha KOHICNIMM THIWYHOCTH, T.€. CUHMTAETCA, YTO
JIOCTOBEPHOCTh W, XapaKTePUCTHK OOBEKTa TEM BBIIIC, YEM €ro XapaKTePUCTHUKU
TUOIMYHEE s JaHHOW Tpynmnsl OoOBeKTOB. Tak Kak CBENEHHS O MaIMeHTaX { p”}

MPEICTABICHBl B BHJIE YWCICHHBIX 3HAYCHUH, MOXET OBITh HCIIOJB30BaH
FEOMETPUYECKUI TOIXOA, TpPHU KOTOPOM OOBEKTHI C WX XapaKTepPHCTUKaMU
paccMaTpUBAIOTCA KaK «CO3BE3IUs» B I-MEPHOM IpocTpaHcTBe mpu3HakoB [10]. Ilpu
3TOM CMOCOO peIIeHUS BHIOMPAETCS B 3aBHCUMOCTH OT allPHOPHBIX CBEICHHH O Mepe
«3aCOPEHHOCTH» UCXOTHOW BEIOOPKH OOBEKTOB P,

B cmydae, xorma ampropHO M3BECTHO O MaJOd «3aCOPEHHOCTH» BBIOOPKU P,
MPaBOMEPHO MPEIONIOKEHHE O TOM, YTO OOBEKTHI p, CTPYNIUPOBAHBI CUMMETPUYHO
OTHOCHUTEIBHO  HEKOTOpOTrO  IIeHTpa  Tskectd  (0O0OBEKTa  CO  CPEIHUMU
XapaKTEepUCTUKaMH), U HanboJlee TOCTOBEPHBIE COOOIEHUS C OOJBIIEeH BEPOSATHOCTHIO
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pacrojiararoTCsa Ha HaMMEHBIIEM PACCTOAHHUU OT 3TOTO T'HIIOTETUYECKOTO 0000IIIEHHOTO

1 2 i 1
00BeKTa Py ¢ HAOOPOM XaPAKTEPUCTHK P, > F 0={ fof St 0}.
PemeHne nosy4aroT IIyTeM BBIYMCIIEHHsS 3HAUYEHMM BEKTOpa PAacCTOSHHUU

S:{S19S29"'9S;17"'7SN"CX} oT oObekTa p, H0 00O0OIEHHOrO O00BEeKTa po ¢

HCIIOJIb30BAaHUEM aICKBATHOM MO OTHOILICHUIO K MPEICTaBICHHBIM CBEICHUSIM METPHUKU,
HampuMep, ¢ TOMOIIBI0 EBKITUI0BOM.

Jns  ompeneneHuss CTENeHW JOCTOBEPHOCTH XapaKTEPUCTHK OO0BEKTa p,
HCIIONB3YETCsl CIEAYIONIee BRIPaKCHUE:

Wy = Smin / Sna (15)

rae Smin = n@}lnSn .

B cmyuae, xorma BeIOOpKa P, 3HAYHMTENBHO «3aCOpPEHa», Oojee MpPaBOMEPHO
NPENNoNOKEHHEe 00 aCHMMETPHYHOM  paclpeieNieHMd OOBEKTOB U IOHATHE
0000I1IEHHOT0 00BEKTA Py HE MOKET aJeKBATHO IPEJCTABUTH BBIOOPKY P,c.. IIpH 3TOM
npeznaraeTcs Jpyras npolefypa BEIYUCIEHUs CTENEHH JOCTOBEPHOCTH XapaKTEPUCTHK
00BEKTOB: C MCIOJIB30BAHHEM a/IeKBaTHOH METpHKH, BBIOPaHHOH HccleToBaTeneM,
pacCYUTHIBAIOTCS 3HAYECHUSA BEKTOpa CYMMapHBIX paccTosiHui
S = {SI’SZ""’Sn"“’SNW} OT KaXJOro OOBEKTa 0 BCEX OCTAIbHBIX, M TaK XKe, 110

¢dopmye (15), BEIUUCHSETCS CTENEHb JOCTOBEPHOCTH XapaKTEPUCTUK OOBEKTa.
Crnenyer y4uects, 4T0 00beM MHOXKECTBA P — P OTQUIBTPOBAHHEIX OOBEKTOB
- ucx

CYHICCTBECHHO 3aBUCUT OT BLI6paHHOFO 3HAUYCHUA Wy.
A ®opMupoBaHNe HHTErPAILHOIO MOKA3ATEIS

Crnemyrommuit 3Tan hopMUPOBaHUST HHPOPMAITHOHHONH KOMITHIOTEPHOM 0a3bl TaHHBIX
COCTOMT B BBIOOpE OJHOTO WM Habopa HamOosiee MH(POPMATHUBHBIX KOHTPOIHPYEMBIX
ToKazaTesield, KOTOPhIE XapaKTEePU3YIOT COCTOSHUE MOJICTIMPYEMOM CHCTEMBI.

WNudopmaTuBHOCT, OTOHMpaeMbIX TOKa3aTeNel IpenaraeTcsi H3MEpSTh Kak
CyMMY KO3(pQHUIMEHTOB NapHOH KOppelsuuud Mo wmoxaymo [3, 7], wnm Ipyrux
mokasateyied  cBs3u  (KOO(UIMEHTOB B3auMHOW uH(pOpManuu, ko3 UIUESHTOB
B3aWIMHON CONPSDKEHHOCTH H T. I.). Clemyer OTMETHUTh, YTO y IaHHOTO IOAXO0Ja
HUMeeTCsl HeJIOCTAaTOK: 3HaueHHs KOA((UIMEHTOB IMPEICTABISIOT COOOH KOHKPETHBIE
peanu3anry BEpOSTHOCTHOTO Mpoliecca, W, COOTBETCTBEHHO, HEOONbIIAs pa3HULA HX
3HAUYCHUN MOXKET UMETh CIy4YalHBIM XapakTep.

C y4eToM 3TOro 0OCTOSITEILCTBA, ONPEACIICHUI0 HHPOPMATHBHOTO MMPHU3HAKA KaK
Hanbojee «BIMATEIHLHOTO» TMPU3HAKA, B HAWOOJBIIEH CTENEHH COOTBETCTBYET
MUCKPETHBI TOKa3aTenb. [IpennokeHo aBa TOMOOHBIX TIOKa3aTeNs: KOJIHYECTBO
3HAYMMBIX CBS3€ JAHHOTO MpPH3HAKa C IPYTHMH U YHCIIO CBS3€H B JEHIPHUTE, KOTOPHIH
CTPOUTCS Ul PaccMaTpUBaeMOW CHCTEMBI NPHU3HAKOB. JlaHHBIC IMOKa3aTenu JydIle
OyZayT XapaKTepH30BaTh YPOBEHb CBSI3aHHOCTH MPHU3HAKA M €ro HHOOPMATUBHOCTS [7].

B cirydae, xorga oTCyTCTBYET OTACNBHBINA IMOKA3aTENb, IO3BOJISIONINN aJeKBAaTHO
OIMCATh COCTOSIHUE CUTYallMM Ha WHIWBUAYAIHLHOM WU PErHOHAJIBHOM YPOBHE, a MO
Habopy TmOKa3zaTeNneil OLeHKa 3aTpyAHEHa, CTPOUTCS MHTETPalbHBI IOKa3aTelb,
MIPEICTABIISIOIINN COO0M CBEPTKY HECKOJIBKHUX HE CBS3aHHBIX MEXKIY COOO0 JTIOKAIBHBIX
COCTaBJISIFOIINX C yYETOM CTETIeHN UX 3HAYMMOCTH.
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[Ipu mocTpoeHMHM WHTErpaILHOTO IOKa3areNs cHadana (QOpMUpPYETCs CIHCOK
XapakTepUCcTUK 00beKTa nccienoBanus. Jlanee ¢ UCIONB30BaHUEM METOIa AalIPHOPHOTO
pamxupoBanus [4, 12] u MeToda <«AHUCKPETHBIX KOPPEISIUUOHHBIX Iwiesay [10]
OCYyIIECTBJIsIeTCd OTOOp MHMHHMAIBHOTO KOJMYECTBAa HanOojee 3HAYUMBIX, HO He
CBSI3aHHBIX APYT C APYrOM MOKa3aTesael, OTpakatoluX CUTYaIHIO.

st Kakgoro mokasatens OCYLISCTBIISIETCSI HOPMHPOBKA WIINM pa3padaThiBaeTcst
cucTemMa O0aJThHBIX OICHOK [1].

Jlis pacueTa UHTErpallbHOIO IIOKa3aTells Ipeylaraercs cieayomas hopmya:

N
H
U= wX] (16)
i=1
rae N — KOJTUYECTBO MOKa3aTesyel, BKIFOUEHHbBIX B HHTETPaJIbHBIMH;
W; — 3HAYUMOCTH (BEC) i-TO TTOKa3aTeds,
X" — HopMupOBaHHOE 3HaueHKe (OaIbHAs OLEHKA) i-T'0 MOKa3aTeJIsl.

Jns  ompeneneHus 3HAYUMOCTH K@XKIOIO IIOKa3aTens, BKJIIOYEHHOIO B
HHTETpaJIbHBIN, UCIIONB3YETCSI METO/ AlPUOPHOTO paHkupoBaHus [4, 12].
3HavYeHUs BECOB W; ONPENEIIIOTCS 110 hopMmyIie
m
m-(n+1)—Zri. . T
y e
= ,i=1n. (17)

w. =

1

n

Z m-(n+1)—irij
i=1 j=l

rae r; (J =1,Mm ) — panr, BEICTaBIEHHBIH j-M SKCIIEPTOM.

n
C yd4eroMm TOro, 9TO ZWI. =1 , a ToKa3arenu, BkitoueHHble B U1, npuBeneHsl
i=1
K HOPMHpPOBaHHOMY BHUIY WM OIIEHEHBI C HCIOJb30BaHHEM Kk-OaJIbHOM MIKana,
MaKCHUMaJIbHOE 3Hau€HHE MHTETPaJIbHOTO MOKa3aTeNsi COOTBETCTBYET BEpXHEH TpaHuUIle
HOPMHUPOBKH (0OBIYHO paBHOU +1) miam MakcuMmanbHOMY Oamny (k), a MUHHUMAalbHOE
3HA4YEHUE PAaBHO HIDKHEH IpaHuile HOPMUPOBKHU (00b19HO 3T0 0) MIM MHUHUMAJIBHOMY
6amny (00br4HO +1).
[IpencraBneHHBII MHTErpadbHBI IOKa3aTeNb AAaeT BO3MOXKHOCTH IPOBECTH
KOMIIJIEKCHYO OLICHKY COCTOSIHMS MOZETIMPYEMON CHCTEMBI JII000TO YPOBHS.

A MdopmupoBanue MHTErPATHLHOIO MOKA3ATEIS

Takum o00pa3zom, Ui TIOBBIINICHUS KadecTBa HH@)opMaHHOHHoﬁ Oasel A
MHOTOYPOBHEBOTO MOHMTOPHMHIA M KIACCU(PUKALMOHHOIO MOEITUPOBAHUS, IMPOLECC ee
(dbopMupoBaHM JOJDKEH BKIIOYAaTh CIEAYIOIIME STanbl:  (OPMHPOBAHHE CIIMCKA
HCCTeyeMbIX MoKa3zaTesel, pa3paboTka CTPYKTypbl 0a3pl JAHHBIX U1 MOHHUTOPHUHTA;
mpoBefeHne cOopa  (aKTUUECKOro Marephana U 3arlojHeHWe 0a3bl  JTaHHBIX;
npeoOpa3oBaHue 3HAYCHHH KAYECTBEHHBIX XApaKTEPUCTHK B YHCICHHBIC OLICHKU;
WCKITFOUYCHUE HEAOCTOBEPHBIX JaHHBIX (puibTpamms wHpOpMAINK); 3arOJHEHUE
po0eJIoB; OLEHKa HHPOPMAaTHBHOCTH U BEIOOP OCHOBHBIX KOHTPOJIMPYEMBIX MOKa3aTelel,
OTPaXKaIOIIUX HCCIIEAYyEMYIO CUCTEMY; pa3padoTKa HHTErPaIbHBIX OKa3aTeNneil.
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[pennoxxennass MeToarKa OblIa anpoOUpoBaHa MpH GOPMHUPOBAHKH 0a3 JAHHBIX

IJId TPOBEACHUSA MCAUKO-COLIMAJIBHOTO MOHHMTOPHMHIA W MHTCIIJICKTYaJIbHOI'O aHalin3a

JaHHBIX.
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The possibilities of improvement wireless
coverage inside buildings

Bosmoosrcnocmu yayuwenun nokpoimus
OecnpoeoOHbIX cemell GHYmMpU 30aHUT

L. Y. Lvovich, A. P. Preobrazhensky
U. A. JIveoeuu, A. I1. Ilpeoopasricenckuil

Abstract:

The analysis approaches that can be used for analysis of electromagnetic
environment in the premises on the basis of computer modeling is given. The
advantages of simulation modeling are indicated. The algorithm of operation of the
system improving the coverage of wireless networks is given. The basic steps of the
optimization algorithm are shown. The composition of a software product using the
developed algorithm is described. The program is designed on the basis of a
modular and hierarchical structure, the characteristics of the modules are
described.

AHHOmMayusn:

Ilposeden ananuz nooxo0o8, Komopwvle mMo2ym Oblmb UCHOIL30BAHLL OISl AHAIU3A
INEKMPOMASHUMHOL  OOCMAHOBKU 6 HOMEWEeHUU HA OCHO8E KOMNBbIOMEPHO20
Mooenuposanus. Ommeyenvl  OOCMOUHCMEA  UMUMAYUOHHOZO MOOEIUPOBAHUSL.
Ilpuseden anzopumm pabomsl cucmemvl YayuuieHUs HOKPbIMUL OECHPOBOOHbIX
cemelti. Ykasawvl OCHOBHble wiazu aneopumma onmumuszayuu. Onucan cocmag
npoepammuozo npooykma. Illpoepamma cghopmuposana Ha OCHOBE MOOYIbLHO-
uepapxuyecKou CmpyKmypbi.

Key words:

Wireless network optimization, information transfer, model, coverage.

Knwueswie cnosa:

becnposoonas cemv, onmumusayus, nepedaya ungopmayuu, Mooerb, NOKpblmue.
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A Baenenne

3agaua, cBs3aHHas ¢ mepenadedl MHPopManuu MO OecpoBOIHOMY KaHaly BO
MHOTHX CIIy4asx pellaeTcsi HA OCHOBE YHCIEHHBIX METOAOB. DTO OMpeaesseT TPy IHOCTH
(opmMupoBaHUs TpeOyeMOro HMOKPBITHS OecrpOBOTHON CBsI3M B momeuieHud. B pabore
paccMaTpHBaeTCsl OJMH U3 BO3MOYKHBIX MOIXOA0B K YIYUIICHHIO OECIIPOBOTHOM CBSI3U Ha
OCHOBE COOTBETCTBYIOIIUX AJITOPUTMOB.

B cBsi3u ¢ TeM, uTo Bce OoJiee B MOMELICHHUAX HCIIONB3YIOT OECIpPOBOAHBIE CETH, K
HACTOSIILIEMY BPEMEHH OBUIO CO34aHO OOJBIIOE YHCIIO MPOTPAMMHBIX CPEACTB AJSl TOTO,
YTOOBl  OCYIIECTBIATH  IPOTHO3UPOBAHME  KadecTBa  MNPHUHATHIX  CUTHAJIOB U
MIPOM3BOIUTENBHOCTH ceTH [1, 2]. B kauecTBe OCHOBBI UCTIONB3YIOT WM JIyY€BbIE MOAEIH,
YHCJIEHHBIE MOJIENN, SBPUCTUYECKUE MPOTHO3BI M CTATUCTUYECKUE MOJAEIH.

A 1. Ucniosib3yemMble MOIXOIbI

PaccmoTpuM HEKOTOpBIE U3 MPUMEHSIEMBIX TOAX0A0B. B paboTte [3], aBTopamu ObLI
pazpaboTaH  3BpPHUCTHYECKHM  crmoco0  Uii  MPOBEIACHHWS  MPOTHO3HPOBAHHUS
pacmpocTpaHeHUsl SJEKTPOMArHUTHBIX BOJH, B paMKaxX KOTOPOrO MOXXHO IPOBOIUTH
pa3paboTky u ontuMuzaiuio cetd Wi-Fi mpu onpeneneHHbIX TpeOOBaHUSAX K TTOKPHITHIO
C MMHHMAJbHBIM YHCJIOM TOYEK JIOCTYyIIA.

IIpp  sToM  cymecTByeT  HEOOXOJMMOCTH K  CHIDKEHHIO  H3ITy4YeHHs
AJIEKTPOMArHUTHEIX BOJH B OeCIPOBOIHBIX cUcCTeMax cBs3u [4]. Pa3paboranbl 6a3oBbIe
MPUHIMITE MEeXIyHapoaAHOH Ge3omacHoctu, Hampumep [5] u ICNIRP (MexayHapoaHoit
KOMHUCCHEH TO 3aluTe OT HEHOHH3UPYIOUIMX W3IydeHuil) [6] ObUTM co3gaHbl H
pacnpocTpaHeHbl HOPMBI 110 OTPAHUYEHUIO BO3ICUCTBUA TAKUX U3ITYYEHUN Ha JIOJICH.

BcenenctBue »TOro BakKHO MHPOBOAMTH OLEHKY XapaKTEPUCTHK PACIPOCTPAHEHUS
3IIEKTPOMArHUTHBIX BOJH B OSCIIPOBOIHBIX CHCTEMaX CBS3HM C BBHICOKOW TOYHOCTBIO NPH
3apaHee N3BECTHBIX MEPCHEKTHUBAX Pa3BUTHS KOMITBIOTEPHBIX CETEH.

Kpome Toro, pa®oTbl, MpOBOASIINECS IO OTPAHUYCHUIO MOTPEOICHUST SHEPTHH B
OECIIpPOBOHBIX CHUCTEMax CBS3W [7], OMaceHHus MO IIOBOAY BO3MOXKHOTO BpPETHOTO
BO3/JEMCTBUA BO3JEMCTBHE Ha 4YEJIOBEKAa HCTOYHUKOB 3JIEKTPOMArHUTHOTO H3IYUYEHUS
MpUBETH K CUTyallld, KOTJa IUIAaHUPOBIIMKH CETH JOJDKHBI OpaTb Ha celd
OTBETCTBEHHOCTH 32 YPOBEHB DJIEKTPOMArHUTHOW OOCTAHOBKH B MTOMETICHHH.

Tem He MeHee, MHOTHME HCCIENOBAaHUS MO-NIPEKHEMY MOCBSIIEHBl H3YYECHHIO
MIPOCTBIX XapaKTepUCTHK Mpu BozaeiicTBua CBY-u3nydeHMs B pa3IWyuHBIX Cpegax WM
Ut pa3HBIX TexHonoruit (8], wm mist MIMO [9] cereit u TepMuHaioB, 6e3 TOro 4TOObI
OCYIIECTBUTH MOTBITKH MO (PaKTHIECKOMY COKPAIICHUIO FIT MUHUMH3AINH BO3ACHCTBUS
TaKuX BUJIOB u3nyueHuit [10, 11]

Ectp moaxonsl, B KOTOPBIX HCCIENOBATENIM TWBITAIOTCS TMpeAcKa3aTh WIH
CMOJCIIMPOBaTh BIUSHUE IO pa3BepThiBaHWSA ceTd. Hampumep, B [12], mpemmararot
METPHUKY OLEHUBAThH MO BO3ACHCTBUIO HA OKPY’KAIOLLYIO CPEAy IPU Pa3BEPTHIBAHUE CETH.
[Tpu 3TOM MOXHO MPOBOJUTH ONTHMHU3AIMIO 0a30BOH CTaHIIMM Ha OCHOBE MeTpuKH [13],
KOTOpasi YYUTHIBAET HE TOJILKO XapaKTEPUCTUKU OCBEICHHUS, TpapHuKa U SKOHOMHUUECKON

125



B [nformation Technology Application

3(peKTHUBHOCTH, HO M TOro, KakuM 00pa3oM BO3IEHUCTBYET Ha OKPYKAIOIIYIO CpPEIy
AJIEKTPOMAarHUTHOE TIONE, €CThb pa0OThl, CBSI3aHHBIE C MPUMEHEHHWEM METOJIOB
HCKYCCTBEHHOTO MHTEIIEKTa [14].

Ha ocHOBe KOMIBIOTEPHOTO MOICIUPOBAHUSI MOXKHO HE TOJBKO IPOBOIUTH
pa3paboTKy HOBOTO OOOpYIOBAaHMS IJII BBIYUCIWTENBHBIX CEeTeH, HO M OCYIIECTBISTH
MPOEKTUPOBAHUE STUX CETEH.

IIpu paspaboTke Mojenu, KOTOopas almmpoOKCUMHUPYET CBOMCTBA M XapaKTEPUCTUKU
paccMaTpuBaeMoOl CETH, CTPEeMSATCS K TOMY, YTOOBI OHa MO3BOJSUIA pemaTh 3ajadd,
CBSI3aHHBIC ONITUMU3AIIMEN U yIIPaBICHUEM 3TOH CETHIO.

Cpenu pa3u4HBIX TOJXOJOB, CBS3aHHBIX C MOJICIIMPOBAHUEM KOMITBIOTEPHBIX
CeTell MOXKHO BBIJCIIUTh HMHTALMOHHOE MOJCIUPOBaHue. VIMHUTAI[MOHHAS MOJEIb
TpeICTaBIsgeT co00il JTOTHKO-MaTeMaTH4IecKoe OMHCaHue O0BEeKTa, B paMKax KOTOPOTO
MOXKHO TIPOBOJIUTH IKCHEPUMEHTHPOBAHHE Ha KOMITBIOTEPE C IETbI0 OCYIIECTBICHHS
MPOIECCOB TPOCKTHUPOBAHMS, aHallu3a, a TaKXKe IPOBEACHUS OIECHOK TOro, Kak
(YHKITHOHUPYET OOBEKT.

B pamkax WMHUTaIMOHHOTO MOJEIHPOBAHUS PAacCMATPUBAIOTCS MOJENH, KOTOpbIE
OIKCHIBAIOT TIPOIECCHI TaKUM 00pa3oM, KakuM OHHU OBl TPOWCXOJMIA Ha TPaKTHKE.
[MocTpoeHHYO MOJENIb MOKHO paccMaTpUBaTh BO BPEMEHHU KakK MPHU OJJHOM HCIBITAaHUH,
TaKk W JUIS ONPEACIICHHOTO WX MHOXKecTBa. [IOHSATHO, YTO Pe3yibTaThl OMPEACIISTIOTCS
WUCXOAs W3 CcIydaifHOro xapaktepa mporieccoB. Mcxonss W3 O3THUX MJaHHBIX, €CTh
BO3MOXKHOCTP TTOITyYEHUS] YCTOWYMBON CTATUCTHKH.

A 2.0co0eHHOCTH MMUTALMOHHOI0 MOACJIUPOBAHUS

NMuTanmonHOe MOIETUPOBAHUIO IPUMEHSIOT IS CITy4JaeB, KOT/Aa:

- OKCIICpUMCHTBHI Ha pPC€aJIbHOM 00BEKTE SIBISIOTCS JOPOroCTOAIMMU WM UX
TPYAHO POBECTH;

- TPYIHO cPOPMHPOBATH AHATUTHUYECKYIO MOJIETh B CBS3H C TE€M, YTO HEOOXOIUMO
YYHATHIBATH MHOXECTBO (DaKTOPOB: 3aBUCUMOCTh OT BPEMEHH, HEJTMHEHHOCTh MPOIIECCOB,
BJIMSIHUE CITy4alHBIX ()aKTOPOB.

Cpenu BUIOB MIMUTAIIMIOHHOTO MOJICIIMPOBAaHUS MOXKHO BBIICIUTH TaKUE: areHTHOE
MOJIETTMPOBAaHHE, TUCKPETHO-COOBITHITHOE MOZETMPOBaHUE, CUCTEMHAs JHHAMUKA.

Cpem/I MPEUMYUICCTB UMUTAIMUOHHOI'O MOACIIMPOBAHUA MOKHO OTMCTUTh!:

1. Beurpeim mo croumoctu. [IpoBeasi MalIMHHBIA SKCIIEPUMEHT MOKHO OLICHUTH
TE 3aTpaThl, KOTOPHIE MMOIYIUT KOMIAHU, TPOBEAS KaKUe-IN0O0 MIard 0 peopraHnu3aluu
KOMITBIOTEPHOM CETH.

2. Bemrpsi mo Bpemenu. MiMutaronHast MOJIEIb TAeT BO3MOYKHOCTH OLICHKU CTCTICHU
OINTUMAJIFHOCTHU KaKHX-TNOO0 M3MEHEHNH B KOMITHIOTEPHOM ceTH, OYKBAITLHO 32 MAHYTHIL.

3. TloBTopsieMocTh TiporieccoB. Ha OCHOBE HMHUTAIlMOHHONW MOJEIH €CTh
BO3MOXXHOCTH TIIPOBCACHUA TOBOJILHO OOJIBIIOTO KOJHYECTBA SKCIICPUMEHTOB IIpHU
Pa3IMYHBIX TApaMEeTPaMH, JUI TOTO YTOOBI HAWTH HAMITYYIINY BAPUAHT.

4. Bricokas TO4HOCTb. [IpH HCITONTb30BaHUM OOBIYHBIX PACUETHBIX MaTEMaTHIECKUX
MCETOAOB HC BCETAa MOXHO YYC€CTH Ba)XHBIC XAPaKTCPHUCTHKU B CHCTEME, a Ha OCHOBC
MMUTAIIMOHHOTO MOJISIIMPOBAHUS TIPOIICCCHI OITUCHIBAIOTCS B €CTECTBEHHOM BUJIC.

5. Xopormast HarIAgHOCTh. B pamMkax MMHUTAllMOHHON MOJENTN MO>KHO BH3YyalbHO
HaOMIOAaTh MPOIeCC padOTH CUCTEMBI BO BPEMEHHOM 00JIACTH, pe3yIbTaThl BEIAAIOTCS B
rpaduyeckoM BUJE.
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6. YHuBepcasbHOCTh. Ha OCHOBE MMHTAIIMOHHOTO MOJEIHMPOBAHUS MOTYT OBITH
PELICHBI 3a/1a41 U3 CaMbIX Pa3HbIX 00JIacTel.

OpHoli 13 BaXXHBIX 3a7ay NpU 0OeclieueHNH MPaBUIBHOM paboThl OecpoBOAHON
CeTH SBJSETCS CO3JAaHHE MHHHMMAJIbHO HEOOXOAWMOTO YpPOBHS TOJNS B PasiIUYHBIX
noMemieHusix. Ha pucyHke 1 mpuBegeH mOpeanaraeMplii anroputM pabOThl CHUCTEMBI
yIIy4IIEHUs] TOKPBITHA OECIpOBOAHBIX CETEH, CO3JaHHBIA B PaMKaX HMHUTALMOHHOTO
MOJICJIUPOBAHUS.

BXOJHEIC TaHHEIE

MHHHMATEHOE PACCTOAHHE MaKCHMAaTEHO BO3MOXKHOE
OT TEpeaTIHKA 10 PACCTOAHHE OT MePeIaTUHKA 0
HHTEpecyIomIeli TOUKH HHTEpeCyIOmeH TOUKH

MO,?_IyJ'[I: ONTHMH3AIHH

Pacuer 3aTyxaHus 3MeHeHHE ATTOpHTM
JMeKTPOMATHHTHEIX | paccTOAHHA 0 M| onTivERamEn
BOJIH TIpHEMHHKA

BEIXOIHEIE JaHHEIE

Baza maHHBIX BrixomHoii
HHTEepdeiic

Puc. 1. AnropuT™ paboTHl CUCTEMBI YITyUIISHUS TTOKPBITHS OSCIIPOBOIHBIX CETEH

Ha pucynke 2 mnpuBeleH aJIropuT™M ONTHUMH3AIMKA. MeTpuka MOXKET OBITh
paccumTaHa pasIUYHBIMH  criocobamu. Hamu mpemaracTcs  MeTpHKa, KOTOpas
OCHOBBIBAETCA Ha OTHOLIECHUU CYMMBI B3BELICHHBIX YPOBHEH 3JIEKTPOMArHUTHOIO TOJIS K
pPacCTOSTHUSM J0 TOUEK HAOTIOICHUS.

Pacuet METPHKH

}

Pacuer 3HaucHHI
3MEKTPOMArHHTHOTO 10T
Ha OCHOBE Ty4eBOTO METOA

'

YMeHEINeHHE YHCTa
TpeSyeMEIX TOUEK JTOCTYIA

Puc. 2. OcHOBHBIE 1Iaru alropuTMa ONTUMU3ALUU

B pabotax [15-32] mpuBeneHsl alrOpUTMBI, KOTOPbIE MOTYT OBITh HCIIOJNb30BaHBI
IIpH OIIEHKE XapaKTEPUCTHUK PaclpOCTPaHEHNUs 3JIEKTPOMArHUTHBIX BOJH B TOMELIEHUIX.
127



B [nformation Technology Application

A 3. OcobeHHOCTH NPOrPAMMHOIO MPOAYKTA

OnuieM cocTaB NPOTrPaMMHOTO MpoxaykTa. McmonHsembld ¢ain mporpammsl
MOJKET OBITh PACIOJIOXKEH Ha JTI000M paserne KECTKOTO JUCKa WIN ChbeMHOTO HOCUTEIIS.

B cocraB npoekTa BXOAAT Takue (Gaibl:

1.®aiin nporpaMMHOT0 MOIYJIs ITaBHOW (POPMBI — onpeesnsieT (pyHKIHOHAIbHOCTD
IJIaBHOM (DOPMBI U COAEPKUT BBIYMCIUTENbHBIE TIPOLIEAYPHI;

2. ®@aiin mporpaMMHOTO MOAYJIsE (OPMbI BBIBOJA WH(POPMALUK O TPOrpamme —
ompenenseT GyHKIMOHATBHOCTE POPMBI BEIBOAA HHPOPMAIMH O IPOTPaMME;

3. ®aiin mpoekTa — OCYLIECTBISIET CBA3b BceX (ailjioB, M3 KOTOPBIX COCTOMT
MIPUIIOKEHHE;

4. @aiin BBHYUCIUTEIBHOIO MOAYJS - BKIIOYAeT MOANPOTpaMMBbl ONpeieIeHUs
MaKCHMAaJIbHOTO TIOTOKA B CETH U MUHUMAIIBHOTO Pa3pe3a;

5. @aitn mporpaMMHOTO MOAYJS (GOPMBI BBIBOJA TPadUIECKOTO H300paKCHUS
MIOTOKAa WJIM pa3pesa - onpezenseT GopMy BbIBOJA MMOTOKA WM pa3pesa;

6. ®@aiin mporpaMMHOro MoOxyns (OpMBI BBIBOJA OINMCAHUS IPOrPaMMbl —
ompenesieT GopMy IS BEIBOJIA OIMMCAHUS POTPAMMBI (TTOMOIITH ).

Kpatko omumiem cTpykTypy mporpammsel. B mporpamme 3amaercss MakcHMalbHOE
YHCI0 BepIIMH ceTu. OnpenesnstoTcss OAHOMEPHBIE U JIBYMEPHBIE MAacCHBBI, B KOTOPBIX
XpaHuTCsl UHGOPMALIUS O COCTABIISIFOLINX CETH.

[IporpamMa cdopMupoBaHa Ha OCHOBE MOAYJIbHO—HEPApXUUYECKOH CTPYKTYpBHI.
CBs13p MOJIyJICH IPOMCXOAMT C MCIOIB30BaHHEM IPOCTOro napamerpa. Bee HeoOxoanmble
JaHHBIC MOAYJb NPUHUMACT U BO3BpallaeT B (opMe HapaMeTpoB BBI30BA, a 3TH JaHHBIC
SBJISIFOTCS. IPOCTBIMU (HECTPYKTYPHBIMU) IIEPEMEHHBIMU.

IIporpaMMHBIE MOAYJIM pacHOJAaralOTCs Ha pPAa3IUYHBIX YPOBHAX HEPAPXUU.
Monynu BepXHHX YPOBHEH MPOBOIAT yIpaBieHHE paOboTON MOAyled HHKHHX YPOBHEH.
Beimecrosimuii MoAynb NPOU3BOAWT Iepenady yIpaBlIeHHS MOAYIIO 0Oojiee HHU3KOTO
YPOBHS, a KOT/Ia TOT 3aKaHUYMBaeT paboTy, OH BO3BpAILlAET YIPABICHUE BHI3BABIIEMY €TI0
MOJYJIIO.

A 3Zakimouenue

B pabore paccMOTpeH anropuT™, IO3BOJIIOIIMN IPOBOAUTH ONTUMH3ALHUIO
MOKPBITUSL OECIPOBOJHBIX CHUCTEM CBS3M B NOMEIIEHHAX. JlaHBl OCHOBHBIE IIaru
anroput™Ma ontumuzanuu. ONUCaH NPOrpaMMHBIA NPOAYKT, HMCHOJB3YIOLIMHA Takon
ITOPUTM.
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Cybernetic approach to the analysis
of contemporary economic systems

Kubepnemuueckuii no0xoo K ananusy
COBPEMEHH O IKOHOMUUECKOU CUCHEMDbL

A. A. Voronov
A. A. Boponos

Abstract:

The possibility of application of cybernetic approach related to the analysis of
modern economic system is analyzed in the article. It is concluded that in the
context of serious external influences on the economic system (political, economic
impacts, and sanctions) when searching for the necessary managerial decisions it’s
convenient and effective to apply the black box method which allows to find the way
out without studying the internal structure of the system, and analyzing only the
input data and the resulting response.

AHHOmayusn:

B cmamve ananuzsupyemcsi 603MOCHOCMb  NPUMEHEHUS.  KUOEPHEMUYECKo20
nooxX00a  NPUMEHUMENbHO K AHAAU3Y COBPEMEHHOU IKOHOMUYECKOU CUCTMeMbl.
lenaemcs 61600, umMo 6 YCI0GUAX CEPbE3HbIX GHEUIHUX B030€UCmEUll Ha
9KOHOMUHECKYIO CUCeMY (ROAUmuYecKue, IKOHOMU4eCKue 6030eiUcmeus, CaHKyu)
npu noucke HeobX00UMbBIX YNPABLeHUeCKUX peueHull YOOOHbIM U 3P peKmusHbim
0ydem npumeHenue Memooa «HepHO20 AWUKAY, NO3BONAIOUWE20 HAXOOUMb BbIX00
He U3yuas 6HYMpeHHee YCMPOUCME0 CUCMEMbL, d AHATUZUPYS MOJbKO 6XOOHbLE
OaHHble U 803HUKAIOWULL OMKIUK.

Key words:

Cybernetic approach, economic system, management, black box, safety.

Knrueenie cnosa:

Kubepnemuueckuii nooxoo, 3KOHOMUYECKAs. CUCMEMA, YAPAGIeHUE, «4ePHbLil
AUUKY, 6E30NACHOCTD.
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Statistical timing analysis, Probability and statistics, Probabilistic reasoning

algorithms, Information theory.
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h BBeaenue

B nocnennee Bpems BHUMaHHE NMPAKTUKOB U YYCHBIX-DKOHOMHCTOB BCETO0 MHpa
MPUTATHUBAET TpoOieMa pa3BUTHS COBPEMEHHOW OSKOHOMHKH. MBI BHIUM, Kak
MIEPUOAMYECKU TTPOXOIAT pa3IUIHbIe (OPYMBI, CEMUHAPHI, KOH(PEPEHINH, UHbIE QOPMBI
0OMEHa OIBITOM M IOTIBITKH HAWTH BBIXOJU U3 CIIOKUBIIUXCS TIPOOIeM.

XOoTHM MBI 3TOTO WIM HE XOTHM, HO CIeAyeT NpHU3HATh, YTO MHPOBAs
SKOHOMHUYECKasi CUCTeMa HaXOJUTCS CETOMHS B HEYCTOMYNBOM COCTOSIHUM M HEM3BECTHO,
4To ee OKuaaeT 3aBTpa. MokeT ObITh, BHepBble 3a mnocieanue 10 neT rpaxknaHe
POCCHICKOTO M BEIYIIMX EBPOIEHCKUX TOCYAapCTB CTAlM OIIyIIaTh Ha ceOe BIIMSHHE
HECTaOMIBPHOCTH: CHHU3MJIOCH KaYeCTBO KH3HH, YHAIW JOXOAbl HACETEHHUS, CYyIIECTBEHHO
MTOBBICHJIACH CTOMMOCTD MPAKTHIECKU JFOOBIX TOBapoB. OOIIECTBO, CETOIHs, KaK HUKOTIa
CTaJl0 3aBUCHUMBIM OT IIEH Ha 3HEPropecypchl, Ha BBICOKOTEXHOJOTHYHBIE TOBApHI,
TEXHOJIOTHUH, NMPOAYKTHl MuTaHus. C IeNbl0 Kak-TO OTBJI€Yb HACENEHHS OT BHYTPEHHHX
po0JieM, agMUHHUCTPAHKA OONBITHHCTBA TOCYAPCTB MPOBOIAT HESICHYIO IOJHUTHKY II0
MOWCKY KaKOTrO-TO BHEIIHErO arpeccopa, BUHOBHOTO BO BceX Oemax, MpuyYeM JaHHas
MOJIUTUKA UCXOAUT HE CAMOCTOATENIFHO, a OT «OONBIIOTO OpaTa», HaXOISIIErocs JajeKo
OT Hac M KOTOPOMY UyXIbI JIIOObIE yCIIeXH MapTHEpOB-KOHKYpeHTOB. K demy Moxer
MIPUBECTH MOI00HAS MUPOBas MPAKTHKA A0 KOHIA HESICHO, SICHO OJTHO, YTO HE K JIydIIeMy
U TIOKa 3TOT0 XYAIIer0 HE IPOU30ILI0 HEOOXOJUMO BBICTPOUTH YETKHHA alTrOpUTM
HaXOKACHUS HEOOXOIUMBIX PEeLICHHUH.

CoBpeMeHHOE COCTOSIHHE 3KOHOMHYECKOM CHCTEMBI MOKHO OXapaKTepPH30BaTh Kak
CcBOEOOpa3HOe BO3JEHCTBHE Ha €€ Oe30MaCHOCTH, BHI3BIBAIONIECE KPU3WCHBIE SBICHHS U
HEYCTOWYMBOCTh €€ (YHKUMOHUPOBaHMSA. B OSTOH CBA3M HaNIMIO aKTyaJbHOCTb H
BaXXHOCTh M3YYEHHUS NPOLIECCOB YIPABJIECHUS B SKOHOMHUYECKHUX CHCTEMax, TIOMCK TOYEK
MUHUMH3AIIH COCTOSHUN HEYCTOWIMBOCTH ¥ 3()(DEKTUBHBIX PEIIeHHH, HalPaBJIeHHBIX Ha
MTOBBIIIICHUE YCTOMYMBOCTH aHAITM3UPYEMOH CHCTEMBI U €€ CTa0MIFHOCTH.

A 1. Teopernueckuii moOAX0X K HCCJAEIOBAHHIO IKOHOMUYECKOI
CUCTEMbI

XapakTepUCTHKA COBPEMEHHOI'O COCTOSHUS 3KOHOMUKH 3aKJII0UaeTCs B IPU3HAHUU
caboil mpeAcKa3yeMoCTH NMPOU3BOJICTBEHHO-3KOHOMHUYECKUX KPU3HCOB. DTO CBOHCTBO
O0HapyXHBaeTCsl B HEBO3MOXXHOCTH TOYHO CIIPOTHO3UPOBATH TPACKTOPHIO Pa3BUTHUS
KPHU3HUCHOTO SIBJICHUSI, HU MPHU KAKOM CKOJIb YTOJHO TITyOOKOM 3HaHHH €r0 MOP(OJIOTHH,
HU IPU KaKOM CKOJIb YTOJHO JUIMTEJIBHOM HAOJIOAECHUM 3a €ro pasBurueM. TpyaHoctu
HAy4YHOTO NPOTHO3MPOBAHMSA BO3HUKAIOT HE IOTOMY, YTO HE XBaTaeT JIOTUYECKHUX,
MaTeMaTHYECKHX WM KaKUX-THOO JpPYyrMX METOJOB, a U3-3a HEONpeleleHHOCTH
OTHOCHUTEJIBHO TOTO, YTO CJIEAYeT MPOTHO3UPOBATh, U CAMOPETYJIHUPOBAHUS KPHU3HCHOTO
mnponecca [1]. B cBoro odepenp, mocTpoeHHE anropurMa 3alliUThl CUCTEMBI BICYET 3a
co00il HEOOXOIUMOCTh MPaBMIBHOTO U 3()(eKTUBHOTO ympasieHHs €10. Kak oTMeuaror
HccleqoBaTeN, OCHOBHBIE (YHKIHMHM CHCTEMBI YIIpaBieHHS Oe30macHOCThIO (W,
COOTBETCTBEHHO, YCTONYMBOCTHIO ()yHKIMOHUPOBAHHUA) IOJDKHBI COCTOSITh B OLIEHKE
CTENICHH KPUTUYHOCTH CHUTYallUM, CBSI3aHHOM C TE€M MM HMHBIM BHIOM HapylIeHUN
0e30IacHOCTH, OLIEHKE YPOBHS PHUCKA M MOAJCPIKKE MPHHATHS PEIICHUH B 3aBUCHMOCTH
OT CIIO)KHOCTH CHUTyallMd. B mporeaype NpUHATHS pElIeHHH MOXKeT BO3HUKATH P
TPYAHOCTEH, IOTOMY YTO 3a4aCTYy0 HEBO3MOXHO (pOpPMHUpPOBaHKE MOJHOIO CIIUCKA YTPO3
0€301acHOCTH, OLIEHKA KPUTHYHOCTH BO3HMKILIEH CUTyallH, IPOTHO3UPOBAHUE PA3BUTHS,
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B ciydyae HETaTHBHOTO BoszfeiicTBus. CriefoBaTeNbHO, OJHOW W3 OCHOBHBIX IPOOIIEM
SIBIIIETCS] HEMOJTHOTA UCXOHBIX JAHHBIX O COCTOSHUH CHCTEMBI 3aIIUTH B COBOKYITHOCTH
C MHOKECTBOM BO3MOXHBIX YIPO3 U ACCTAOMIU3UPYIOMUX (akTopoB [2].

CrabmwisHOCTh B JIIOOOM CHUCTEME YTPaBJICHUS, KaK TMPaBHIIO, CBS3aHA HE C CaMUM
00BEKTOM YIIPABJICHUSA, @ C €r0 MOJENbI0, CPOPMHUPOBAHHON ¢ yIeTOM HH(POPMAITHOHHBIX
MOTOKOB, XapaKTEPUCTHKU YIPABIEHYECKOIO MEPCOHaNa U OKpPY’KalolMX Bo3AeHcTBHA. B
3TOM CMBICIIe TIOHMMaHHE XO3SHUCTBYIOIIEro CyObekTa (MIpenpHsTHs, OpraHu3alvy) Kak
CHCTEMBI yIOOHO XapaKTepH30BaTh C TO3WIMK €IIMHCTBA, IIEIOCTHOCTH €T0 DJIEMEHTOB H,
OTHOBPEMEHHO, MX OTHOCHTEIIFHOH  CaMOCTOSITEIBHOCTBIO M CIIOCOOHOCTBIO K
caMopa3BuThiO. CHCTEMHBIH TOAXOJ JAaeT BO3MOXKHOCTH BBISIBUTH BCE B3aUMOCBS3U
3JIEMEHTOB C LIEJIbIM, a IIEJIOr0 — € ero AeMeHTaMu. Kpome Toro, CHCTEMHBIH MOX0 JeaeT
aKIeHT Ha HECBOAMMOCTh XapaKTEPHUCTHK CHCTEMBI K CyMMe KadecTB ee JJIeMeHTOB [3].

OueBuIHBIM sIBIsIeTCS (DAaKT, YTO HEYCTOHYMBOCTh 3KOHOMHYECKOW CHCTEMBI
TpeOyeT HEMEIJICHHOTO BMEIIATeJIbCTBA B CHCTEMY KOHTPOJS W yHpaBieHHs. MOKHO
MPEIOIIOKUTh, YTO JOCTaTOYHO O(PGEKTHBHBIM B JaHHOM Ciy4ae MOXET CTaTb
KHOEpPHETUIECKHUIA METO/I, CMBICT KOTOPOH MOKHO CBECTH K MCCIIEIOBAHUIO TOTO OOIIEro,
YTO €CTh B 3aKOHOMEPHOCTSX, JISKAIINX B OCHOBE MPOIECCOB YIPABICHUS B PA3IHYHBIX
cpemax, ycioBHsX, oOnactsix. [Ipomecchl ympaBiieHHs, H3y4aeMble B KHOEpHETHUKE,
MIPOTEKAIOT B 00BEKTaX, KOTOPhIE HA3BIBAIOTCS CIOKHBIMH JTUHAMHUYECKUMHU CHCTEMaMHU.
VYmupasneHne Bceraa mpeamnoaaraetT nHhopMauoHHble porecchl. [loaToMy kubGepHeTHKa
€CTh BMeCTe C TeM Hayka 00 mHpopmMainu, 00 HHPOPMAIIMOHHBIX CHCTEMaX U MPOIECcCax.
3nmecy crneayer oOpaTWTh BHUMaHHE Ha TO OOCTOSTENBCTBO, YTO HMEHHO TpOIEecCe
MONYYCHUS, BIAJACHUS M OOpabOTKH JOCTOBEPHOW HH(GOpPMALUU XO3SHCTBYIOIIUMH H
WHBIMH CyOBEKTaMH SIBIISIETCS ONPEIEIISIONIAM B 00€CIIEYeHUN UX YCTONYHNBOCTH.

[TonpoOyem NmOpa3MBILUIATE O TEOPETUIECKOW MPUMEHUMOCTH KHOEPHETUIECKOTO
METOa MPHUMEHHUTENFHO K DKOHOMUYECKOH CcHCTeMe B oOlIeM M Jaliee TepesiOkKHUTh
MOJTy9eHHOEe Ha COBPEMEHHYIO peanbHOCTh. EciM paccMaTpuBaTh SKOHOMHYECKYIO
CUCTEMY B IIE€JIOM, TO CIEIYET OTMETHTD, YTO JaHHAS CHCTEMa He OTIMYAeTCs POCTOTOH,
MOCKOJIBKY (PYHKIIMOHMPOBAaHHE KaK €IUHHYHBIX O3JIEMEHTOB CHCTEMbI (Hampumep,
XO3SIMCTBYIONINX CYOBEKTORB), TaK M CAMOW 3KOHOMHMYECKOW CHCTEMBI B LI€JIOM BO3MOYKHO
HE TOJIBKO TIO JIMHEHHOMY CLIeHapuio (pa3BUTHE CHCTEMBI JIMHEHHO 3aBHCHUT OT Pa3BHUTHS
€€ DIIEMEHTOB), HO M XapaKTepU3yeTcs B3aUMHON OOpaTHOH CBS3BIO (KoneOaHus 0oOmIei
CUCTEMBI BBI3BIBACT OTKJIMK y €€ DJIEMEHTOB), YTO HEeM30exkHO TpedyeT 3¢ (eKTUBHOTO
peryIupoBaHUs U YIIpaBIECHUS.

Kubeprnernyeckuii MOIX0J BHOCHT B MPOLECC YIMPaBIEHUS SKOHOMHYECKUMH
CUCTEeMaMH  DPa3IMYHbIE  TOHSATH:  PEryJMpOBaHWE, CaMOOPTraHW3alHUs,  IIelb,
perynupoBanue, 3QPeKTUBHOCTh, yCTOMYUBOCTD U T. II.

Ecnu Ha mpumepe MamMHHOTO MPOM3BOACTBA paccMaTpHUBATh MPOIECC CO3TaHUA
KakoW JuOO0 MAaIlMHBI, TO CIeAyeT OTMETHTh, YTO OH XapakTepusyercs (HopMHpOBaHWE
0oJiee CIOKHBIX DIIEMEHTOB M3 0OJIee MPOCTHIX, IOCTENEHHO, 10 TeX MOp, Kora He OyeT
JOCTUTHYT KOHEYHBIH pe3ynbTaTr. B KuOEpHETHUECKOM Ipollecce caM TPOIECC HICT B
oOpaTHOM HampaBJIEHUHU: OT KOMIUIEKCHBIX [EOCTHOCTEH W WX (YHKIIMOHUPOBAHUS K
MTOCTEMIEHHOMY H3YYEHHUIO COCTABISIONIMX AJIEMEHTOB M MX COCJIMHEHUIO, HA KOTOPBIX
OCHOBBIBalOTCA HMX (QyHKIMU. W TOMBKO TOCTENEHHO, KHOEPHETUYECKUI aHalu3
MO3BOJISIET MIPUUTH OT LIEJIOTO K YacTH, OT CUCTEMBI K AJEeMeHTy. [ Takux ¥ moJo0HbBIX
CIIy4aeB Tak HA3bIBAEMBIN METOJ YEPHOTO SIIHKA SBISETCS KaK pa3 aJeKBaTHBIM METOIOM
HCCIIEI0OBAHMS, aHaIN3a, CHHTE3a U HayyHOoro npeackaszanus [4, C. 36].
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h 2. MeToa «4epHOro MK

Lenp 11000r0 TEOPETHMYECKOTO aHAINW3a IKOHOMHUYECKON CHCTEMbI — TMOIBITAThCS
HaWTH TPUYUHBI CBA3CH MEXTy 3JIEMEHTaMH U OT aHAJTM3UPYEMBIX SBJICHUN M OCOOCHHOCTEH
X (YHKIUOHUPOBAHHS WATH K CYIIHOCTH. B STOM IIaHe MBI JOIDKHBI OTMETUTH, YTO
YaCTUYHBIE PEe3yIbTATHI (IIyCTh Ja’K€ OHU MOTYT HE MMETh OOJBIIIOTO BHEITHETO 3HAUCHUS)
MOTYT OKa3aThCs TIOJIE3HBIMU B OyAyIEM M TpeXe BCETO TOT/IA, KOT/Ia 3aada COCTONT B
TOM, YTOOBI HCCIIEIOBATh ONPE/IEIICHHBIE TOJBKO B TOW Mepe, B KAKOW 3TO HEOOXOIMMO IS
MIPAKTUYECKOTO UCTIOIB30BAHMUS KAKHUX JTHO0 3KOHOMHUYECKHX CyOBEKTOB.

MeTon «4YepHOTO SIUKa» SBISETCS OJHHUM U3 HauboJiee paclpoCTpPaHEHHBIX
METOJIOB KMOEpPHETHYEeCKOro aHanmm3a. Eciom paccMaTtpuBaTh SKOHOMHUYECKYIO CHCTEMY
KaK KUOEPHETHYECKYIO (2 3TO TaK M €CTh), TO 3[I€Ch BHITOJHO HCIIONB30BAaTh OTHOIIECHUS
«OPUTHHAN-MOJIEIbY», COOTBETCTBEHHO MOXO0XKECTh MOBEACHUE MO3BOJSIET MOACIUPOBATH
pa3BUTHE CUCTEMBI. [lo7 MOHATHEM «UEpPHOTO SMIMKa» YMECTHO MpPHU3HABATH CHCTEMY, B
KOTOpO BHEUTHEMY HaOIIOJCHHUIO TOCTYIHBI JIUIIb BXOJHBIE U BBIXOJHBIC BEITUYHHBL, a
caM METOJ| 3aKJII0YaeTcss B HM3YYCHHH CBOWCTB CHUCTEMBl Ha OCHOBAaHWW 3HAHUA W
COTIOCTABJICHUS €€ BXOJOB U BBIXOJOB IPHU MPOBEACHUM HKCIICPUMEHTAIBHOIO U3YUYCHUS,
MTO3BOJIAIONIETO B AaJIbHEHIIIEM OCTPOUTH MOJIENIb CUCTEMBI U MpEACKa3aTh €€ MOBEACHNE
TIpH JIFOOBIX 3aTaHHBIX BXoAax [5, C. 344].

C nmpyroii CTOpOHBI, MOJI «YEPHBIM SIIIUKOM» IMOHUMAETCs OOBEKT HCCIIeTOBaHUS,
BHYTpPEHHEE yCTPOICTBO KOTOPOTO HEW3BECTHO. [IOHATHE «YEPHBIN SLIUK» MPEATIOXKEHO
VY.P. Dmibu. B xubepHEeTHKE OHO TO3BOJISET HM3y4aTh MOBEJCHUE CUCTEM, TO €CTh HX
peaxiuii Ha pa3HOOOpa3HEIE BHEITHUE BO3JICHCTBHS U B TOKE BPeMs aOCTparupoBaThCs OT
HX BHYTPEHHETO yCTpoiicTa [6].

ITo cymiecTBy, «4epHBIM SIIUKOMY SBISETCS JII000H OOBEKT, 0 KOTOPOM MOXKHO
CYIIUTH JINIIb HA OCHOBAaHUH M3yYEHHUS €T0 BHEIIHWX CBOMCTB. MeTox «UepHOTO SIITUKa»
0COOCHHO BaKEH ISl U3yUEHUS MTOBEICHUS CIIOKHBIX CHCTEM, TaK KaK 3a4acTyIO JUI HUX
OTBETUTH Ha BOIIPOC, KaK OyJIET BECTH ce0S CUCTEMBI B T€X WJIA MHBIX YCIOBHUSIX, MOKHO
OyleT NUIlh HA OCHOBAaHUM H3YUYEHUS €€ TOBEICHHUS B KAKUX-TO JAPYTUX YCIOBUSAX,
CO3/1aHMe KOTOPBIX AOCTYITHO TPH OSKCIIEPHUMEHTHUPOBAHWW, WU HW3YYCHHS XapaKTepa
moBeneHUsT B TponuioM. [IpuopureTHOe BHUMaHWE, TPH STOM, YIENSIETCS TOUCKY
ONTUMANIBHBIX yclioBHiA. Takasi 1enb SBISCTCS OJHON M3 HauOOJee PacIpOCTPaHECHHBIX
HAyYHO-TEXHUYECKUX 3aaad. [logoOHble 3ajadd BO3HHKAIOT B TOT MOMEHT, KOTJa
YCTaHOBJIEHa BO3MOXKHOCTH IIPOBEIEHHS Iporecca M HEOOXOIWMO HaWTH HawTydIlIne
(omTUManbHBIE) YCIIOBHS €ro pealu3alui. B IIUPOKOM CMBICIE TOIOOHBIE 3anadyu
SIBJISIFOTCS. ONTUMU3AIMOHHBIMU [7].

«UepHbI AMMK»  TPEACTABIAET COOOH  CIOXKHYHO TOMOMOP(HYI  MOJEINb
KHOEpHETHICCKON CHCTEMBI, B KOTOPOU coOomaeTcss pasHooOpazue. OH TOJBKO TOTIA
SIBIIIETCS] yIOBJIETBOPUTENBHON MOJIENBI0 CHCTEMBI, KOT/Ia COAEPKHUT TaKOe KOIHMYECTBO
nH(pOpMAIUH, KOTOPOS OTpaKaeT pasHooOpa3ue CUCTeMbl. MOXHO MPEINOIOKUTh, UTO
4yeM OoJIbIlIee YHCI0 BO3MYIIEHHUHA AEHCTBYET Ha BXOABI MOAEIH CHCTEMBI, TEM OOJbIIee
pa3zHo00pasue AODKEH UMETh PEryIIsaTop.

Bcesikass peanpHas cucreMa OeckOHEYHO ciokHa. [losTomy moboe ee ommcaHue
HOCHUT NPUOIIKEHHBIN, a cTaso OBITh, MOJCIBHBIA XapakTep. Bua monenu 3aBUCUT OT
Lenel, JUId KOTOphIX oHa cosnmaercs. CyIecTBYIOT pa3jindHbIe BapHUAHTHI MOJEITHHOTO
OIHCAHUS CHCTEM.

CoBpeMeHHas! 5KOHOMHYECKasi CUCTeMa MPEACTABISIET COO0H HEUTO KOMILIEKCHOE H
IIEJIbHOE U BBIJICJIEHHOE U3 OKpYXKaroliel cpefpl. JKOHOMUYEcKas CUCTeMa U BHEITHSAS
134



Cybernetic approach to the analysis of contemporary economic systems [T

cpena B3auMOICHCTBYIOT MKy CO00M. B cucTeMOIOTHH HUCITONIB3yETCsI IPEACTABICHHIE O
BXOJlaX M BBIXOJAax CHCTEMBL. B paccmMaTpuBaeMoOM cCiIy4dae BXOJ CHCTEMBI — 3TO
BO3/IEIICTBHE HAa HIKOHOMHYECKYIO CUCTEMY CO CTOPOHBI BHELIHEH Cpeabl, a BBIXOA — 3TO
BO3JICHCTBHE, OKA3bIBAEMOE CUCTEMON Ha OKPYIKAIOILYIO cpeny. B aTOH CBsI3M AOCTaTOYHO
Ha IpuUMepe MOJENH «UIEpHOro SIIMKa», HE W3ydas ee BHyTpeHHee (pyHKIMOHMPOBaHHE
OIHCHIBATh €€ BHEIIHUE B3aUMOJICHCTBHUSL.

W3MeHeHne BHYTPEHHHUX CBOMCTB KHOCPHETUUECKOW CHCTEMBI MOKET IPOUCXOMIUTH 32
CYeT M3MEHEHHH JIN0O B 0OBEKTE YIIPABIICHHS, JINOO B KAKOM—HUOYIb M3 3JICMEHTOB CHCTEMBI
ynpasieHus. OgHaKo JaHHas CHCTEMA €CTh HEUTO LENOe, IEHCTBYIOIIEE BO BHEIIHENH cperie
u obnajaromiee onpeeseHHBIMUA CBOMCTBAMU, M TIO3TOMY BCSIKOE M3MECHEHHE BO BHEIIHEH
cpene WiM M3MEHEHHE BHYTPEHHMX CBOMCTB BIHMSET B TOM WM MHOW CTENEHH Ha padoTy
cuctemMbl. OueBUIHO, 9TO 0€3 cpezbl HET CUCTEMbI U OLICHUTh BO3JEHCTBHE 3TOH Cpenbl Ha
CHCTEMY, BBIABUTH HCTOYHHMK HETaTUBHOTO BO3ACHCTBUS W HAWTH IyTH MHHMMHU3ALHAU
yKa3aHHOTO BO3JICHCTBHS M €CTb 3a]a4a MPUKIATHON KHOCPHETHKH.

h 3. [IpuMeHeHHE METOA «YEPHOI0 AIMKA» JIsl peaibHOM’
IKOHOMHUYECKOH CHCTEMBI

PaccMOTpuM KOpPOTKO YIPOIIEHHOE COCTOSHHE COBPEMEHHON 3KOHOMHYECKOI
cuctembl. Kakme OCHOBHBIE €€ OCOOCHHOCTH (Ha BBIXOJE «UEPHOTO SIIUKa») MOXKHO
otMmeTHTh? [Ipexe Bcero, 3T0 OTHOCUTENbHAS HECTAOUIBLHOCTH, 3aBUCUMOCTH OT psiaa
BHEHIHUX (DAaKTOPOB: TIOJMTHYECKass OOCTaHOBKA, LEHbl Ha OHEPrOHOCHUTEINH,
BHYTPEHH:IS MTOJINTHKA B TOCYAapcTBE, HOPMATHBHO-TIpaBoBas 0asza u T. 1. Bo3Hmkaer
BOIIPOC, a KaK OTKJIMKAeTCs SKOHOMHYECKas CUCTeMa Ha dTH BHeImHHE (akTopbl. Ham
clenyeT cAenaTh UCCIeAOBATENbCKUN MIar, AOMOJHUTEIBHO ONpPEAEIUTh OPTaHU3aLNIO
CHUCTEMBI U BBIABUTH €€ ONPENeISIomuil peryiasaTop. O4eBUIHO, YTO B HAIIEM Ciydae
TaKuM OINPEACISIIOIUM PEryJATOPOM SBISETCS CaMoO TOCYAapCcTBO M Ta IOJIUTHKA,
KOTOpPYI0 OHO MNpoBOAUT. OUYEBUAHBIM SIBISETCS TO, YTO TOCYJApCTBO CTPEMUTCS
COXPaHUTh CYIISCTBYIOUIME JKOHOMHYECKHE OTHOIICHUS ©  O0ECIeYUTh HX
YCTOWUMBOCTb, & BMECTE C 3TUM U COXPaHEHHE YCIOBUI MX cyllecTBOBaHUsA. Eciu xe B
x0/1¢ 000CTPEHUS TMPOTHBOPECUUH MEXKIY CTPYKTYpOH SKOHOMHUYECKON CHCTEMBI M €¢
(¢yHkuuelr (MIPOW3BOACTBEHHBIE OTHOIIEHHUS) OTO €AMHCTBO OyAeT HapylleHo,
HacTyIHUTh BPEMEHHOE COCTOSHUE HEYCTOMYHMBOCTH, B TEUEHHUE KOTOPOTO CHCTEMBI
CTPEMHTCSI K HOBOMY COCTOSTHUIO OTHOCUTEIHHONW yCTOWYHUBOCTH.

B pesynapTare mNpUHUMAEMBIX JEUCTBHM (€CIM OHH JOCTaTOYHO BEpHBIC)
MIPOUCXOAUT PEOPTaHU3aLUsl CUCTEMBL, KOTOpas BIUSAET U Ha camo rocyaapctso [4, C. 67].

Henb3s B paHHOM ciy4ae ocCTaBUTh Oe3 BHHMaHHMA M OOpaTHyIO CBSI3b B
KHOEpPHETUKE, W3Y4YCHHBIH u3BecTHBIM yueHbIM C. bBupoM, KOTOpeIi MOMXKHO
0XapaKTEepU30BaTh KAK MEXAaHW3M, IO3BOJSIIOIIMI BBIXOJAHBIM IOKA3aTENsIM CHUCTEMBI
KOPpPEKTUPOBAaTh €€ BXOAHBIE MapameTpbl. OTHOW M3 BaXKHBIX OCOOCHHOCTEH YIIpaBIICHUS
c obOparHoii cBsa3pt0 C. bup Ha3piBaeT HEBO3MOXKHOCTH BBIXOJA ITapaMETpPOB 3a
YCTAQHOBJICHHBIE TPAHUIbl, TaK KaK IpPU OTKIOHEHUU OT PABHOBECHOIO COCTOSIHUSA
(>xenaeMbIX TOKa3aTeNlel CHCTEMBl) HAUMHAIOT JIEWCTBOBATH PETYIIATOPHI, BO3BPAILAIOIIIE
nokasarenu K HopMme. Takum o0pa3om, oOpaTHast CBA3b SBISETCS MPEKPACHBIM allapaToM
KOHTPOJIA U BO3ICHCTBUS HAa CUCTEMY.

OOpatHass CBSI3p IIOCTOSTHHO BO3JECHCTBYeT Ha CHCTeMy. Bo3aeicTBue ecTh
CPEICTBO M3MEHEHHSI CYIIECTBYIOIIETO COCTOSIHAS CUCTEMBI ITyTeM BO30YKICHHS CHIIHI,
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MO3BOJISTIONEH  3TO  chenmarh. JlefictBue oOpaTHOW CBSI3W  MOXET  IPEB3OUTH
CYIIECTBYIONIUI BXOJ B 3aBUCHMOCTH OT MeCTa, BpeMeHH, (HhOpMbI, MHTEHCHUBHOCTH,
COJiepKaHUsl M JUIMTSIILHOCTH BO3ACUCTBUSA. TOT CyOBEKT, KTO pEIIacT BO3HUKIIYIO
npobeMy, JOHKEH BMEIIUBATHCS B CYIIECTBYIONIEE COCTOSIHUE, YTOOB! BBHITIOJHUTH CBOIO
3a7avy. BozneiicTBHEe MOXET 3acCTaBUTh CUCTEMY NPOWTH €€ KPUTHUECKYI0 TOUKY H
MPEKPaTUTh paboTy WM paboTaTh ObicTpee. i CreNUaTUCTOB, pemaroIux Ipodiemy,
10 OIpPEACNCHNUI0, HET TAaKUX 4YaCTeH CHCTEMBI, KOTOPBIC OBLIN Obl CBOOOIHBI OT
nedexroB. [lpumumHa HempaBHIFHOTO (PYHKIMOHHPOBAHUS CHCTEMBI MOXET OBITh
3aKIII0UYeHa B 000 MoACHCTEME, TTIO3TOMY MTPoOIIeMa He MOXKET OBITh pellieHa O TeX Iop,
[OKa HE YCTAHOBJICHO MECTOHAXOXJICHUE MPUYHMHBI HEMPABUIHLHOTO (DYHKIIMOHUPOBAHUS
[8, C. 108].

Hpyroifi BaxkHOH OCOOCHHOCTBHIO MOXKHO CUHTaTh TOT (PAKT, YTO PETYJATOp C
00paTHOM CBSA3BI0 MOKET KOMIIEHCHPOBATH BIMSHUAE HAa CHCTEMY BO3MYIIEHUH, IIPUIHHEI
BO3HUKHOBEHHS KOTOPBIX MOTYT OBITh HEHM3BECTHBI. B 3TOM ciyuae OH Bce pPaBHO
BBINOTHAET (QYHKIHIO KOPPEKTUPOBKH, 3aJI0’)KEHHYIO B HETo [9].

A 3Zakimouenue

ITonbITaeMcs MOIBITOKUTE HEMHOTO M3 CKAa3aHHOTO Ha NMPAaKTHYECKOM Ipumepe. B
Hacrosimee BpeMs Mbl MMeeM B Poccum 1ocTaToduHO HECTaOMIIBHYIO 3KOHOMHYECKYIO
CHCTEMY — 5TO BBIXOJ «YEpHOTO SIIUKa», CBOCOOPa3HBIM OTKIMK SKOHOMHYECKON
CHCTEMBI Ha BO3JCHCTBHE — HECTAOMILHOCTh, 03a004YEHHOCTh OOILECTBA, CHM)KCHHE €r0
XHU3HEHHOT'O YPOBHSI, COLMAIEHO-3KOHOMHUYECKHE TPOOIEMBI B CTpaHe  T. II.

B kauecTBe BXOJa B «UEpHBIH SIIUK» MOKHO yKa3aTb MPUOIU3UTEIbHBIC WIIH
HEKOTOpbIE MPHYMHBI 3TOM HETaTUBHOCTH — HHU3KHE IIEHBl Ha JHEPTOHOCUTENH,
IpUPOAHbIE He(Te M Ta30pecypchbl, CIOXKHAs IOIUTHYECKass OOCTAHOBKA, BHEIIHHE
CaHKIUM U T. A. — 3TO BXOJ «4epHOro smuka». Hama 3agada B LIEJIOM - HE BBIABISTH
NPUYMHHO-CIICACTBCHHYIO ~ CBSI3b  MEXKIy BXOJOM M BBIXOAOM (OHa  37ech
[0/Ipa3yMeBaeTCAd UHTYUTHUBHO), @ aHAJTU3UPYS BHEIIHNE U BHYTPEHHUE XapaKTePUCTHKU
(BXOI M BBIXO[) IOIBITATHCSL HAUTH yNPABICHUSCKUM BBIXOJ] U3 CIIOKUBILIEHCS CUTYaLHH.

Yro ke Jemaercs CErofgHs JUIA  HUCIPABICHHUA  KPU3MCHOW  CUTyaunuu?
IIepBoHavabHOM MEPOH B YKa3aHHOM HAIIpaBJICHUU cTanl NpuHATeIA [IpaBurenscreom PO
TaK Ha3bIBAEMbIM TUIAH NEPBOOYEPENHBIX MEPONPHUSATHH 1O OOECHEUeHHI0 YCTOMYMBOIO
pPa3BHUTHSA SKOHOMHKH M COMMAIbHOMN cTadmibHOoCTH B 2015 Tony (yTB. Pacmopspkenuem ot
27.01.2015 r. Ne 98-p), corntacHO KOTOPOMY B Ka4eCTBE CTAOMIN3AIMOHHBIX MEp BBICTYIIAET
JNOCTH)KEHHE COaTaHCHPOBAHHOCTU PHIHKA TPYHa, IOCTHKCHHE IOJIOKHUTEIBHBIX TEMIIOB
pPOCTa ¥ MaKpOIKOHOMHYECKOH CTaOMIILHOCTH B CPEAHECPOUHON MEPCIIEKTHBE, COACHCTBUE
Pa3BUTHIO MaJOTO M CPEJHEr0 IPEeNNPUHUMATENIBLCTBA 33 CUET CHIDKEHHSA (DUHAHCOBBIX U
aJIMUHHCTPATUBHBIX M3IEP)KEK, MOAJEpkKKa UMIIOPTO3aMELICHHUS U 3KCIIOpTa MO IMHMPOKOH
HOMEHKJIaType HECBIPHEBBIX, B TOM YHCJE BBICOKOTEXHOJIOTHUHBIX, TOBApPOB, CO3JaHHE
BO3MOJKHOCTEH [UIsl IPUBJICYEHUsI OOOPOTHBIX U MHBECTUIIMOHHBIX PECYPCOB C IIPUEMIIEMON
CTOMMOCTBIO B Hamboiee 3HAYMMBIX CEKTOpaX OJKOHOMHKH, a TaKkKe CHIKCHHE
HaNpsDKeHHOCTH Ha PBIHKE TpyJa M MOANCPKKYy dddextuBHON 3anHsTocTH. Kazanock Obl,
9TH JefcTBUS (IU1aH) U eCTh (POpPMaNbHBIA pe3ynbTaT Kak Obl KMOEpPHETHYECKOTO aHaM3a
CHCTEMBI Ha IPUMEPE «UEPHOTO AMMKa». Torga NaHHBIN IUIaH JOJDKEH SBIATHCS HCKOMBIM
peleHueM npooeMbl, OJJHAKO, MOKHO MPEATIOI0XKHUTD, YTO M3-32 HEJOCTATOYHOTO aHAIN3a
BCEX BO3MYILAMOIIMX BO3JCHCTBUH M OTKIMKOB, a TaKke HH()OPMALMOHHBIX MOTOKOM
JAHHOE peIIeHHEe MOXKeT OBbITh HE BIIOJHE KOMITJIEKCHBIM, TIOCKOJIBKY HE JI0 KOHIIA SICHO, a
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3a cYeT 4Yero OyAeT MOCTHraThCs IaHHBIA pe3ylbTaT 10 MHUHUMH3AIINH KPU3UCHBIX
sieeHnid? Haire MHEHHE CBOUTCSA K TOMY, YTO COCTABIISIOIINE IIEMEHTHI 3KOHOMUYECKOH
CHCTeMbI (XO3SMCTBYIOIIUE CYOBEKTHI) OyIyT BHIHYXKICHBI (KaK 3TO OBbIBaJO W PAaHBIIC)
BapbUPOBATh CBOMM YIPABJICHUSCKUM aIlliapaToM M BBIPAOOTKON ONTHUMAJIbHBIX PEIICHUI B
TIPOITIECCE CBOETO BEDKUBAHUS, a 00IIas CHCTEMa MOYKET MM TOJILKO OOSCIICUUTH MOIICPIKKY
(Hy Wi XOTst ObI HE MeIlaTh).

CrnenyeT OTMETUTh HAJIMYKME PA3HMIIBI MEKAY TCOPETUUCCKUMH PACCyKICHUSIMH U
peaTbHOM NEeHCTBUTEIHLHOCTHIO, ITIOCKOJIBKY TIPH pa3pad0TKe KOHKPETHOW MOJIEIH CII0KHO
3aJI0’)KUTh BCE KPUTEPUU M KOMITOHEHTHI CIOXHUBINEHCS cuTyarmu. [losToMy, B Jr000M
ciydae, npejyiaraeéMble, Ha OCHOBE TIPUMEHEHUsI KHOCPHETHUYECKOTO METO/Ia PEIICHHS, B
nenoM OyayT TpHONM3UTEIBHBIMH. B 3TOH CBsI3M 1ienecoo0pa3HbIM OyJeT SBIATHCS
KOMITIEKCHOE TPUMCHCHHE TEOPETHUECKOTO aHaIn3a W MPAaKTHICCKUX, AYMITHUPHICCKHX
na"HHbIX. M O4YeBHIHBIM SABJISETCS TO, YTO CErOAHA, JUII TOr0, YTOOBI 00€CHEYUTH
3(¢(HEeKTUBHOCTP M CTAOMIBLHOCTh SKOHOMHUYECKOW cdepbl HEOOXOAUMO HE TOJBKO
MPOBOANUTh TJYyOOKUI TEOPETHUYECKUN aHalu3, HO W BBIUCKHBATH A(PHEKTUBHBIX
MIPOW3BOACTBEHHUKOB, MCHEKEPOB, WHBIX CICIHAINCTOB, CO37aBaTh HEOOXOAMMBIC
YCIIOBUSL JJII TPOW3BOJCTBEHHON aKTHUBHOCTH. ToOnbpko Torga OyJeT IOCTHTHYT
HEOOXOMMBII pe3yJIbTaT.
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INFoRMATICS AND COMPUTING ENGINEERING v Computer Network and Telecommmunications learning and work experience in an international envi-

ronment which is highly essential for successful people.
INFORMATION SYSTEMS AND TECHNOLOGIES

@ VOCATIONAL TRAINING 3 CHILDREN’S COMPUTER SCHOOL
Programming in Computing Systems v Computer Literate
Economics and Accounting (branch-wise) v Computer Graphics, Design, Animation
v Social-and-Cultural Training v Hardware and Computer Software (cisco IT Essentials)
v Bank Training Computer Hardware and Software (cisco I Essentials)
v Manufacturing v Programming
sz SUPPLEMENTARY EDUCATION "~ VOCATIONAL RETRAINING AND REFRESHER COURSES

vManagement Business School

vSpecialists Training in the field of Telecommunications
vCISCO Networking Academy

VTraining and Certification on the leading international v Traffic Security

educational programs of IT-education v Corporate training programs, seminars, trainings
vSchool of Computer Design v e-commerce

V Training programs for educators, included in the regional bank
of training programs
V Fire-Technical Basics

394043, Russia, Voronezh, Lenina Street, 73a
Tel: +7-800-55-56-054

ihfo@vivt.ru

Www.vivt.ru

Available on the a )
D App Store P Googlep

License 90JI01 0001022 ot 05.03.2014 (Ne 0954),
Gosudarsvennoy accreditation certificate Ne 90A01 ot 09.08.2012 (Ne 0179)
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