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MODEL OF THE LEVEL ESTIMATION OF DANGER
SITUATIONS IN THE PROBLEMS OF COMPLEX OBJECTS
OPERATION

N.D. PANKRATOVA, M.R. SLOTA

Abstract. The model of information support estimation of the decision maker (DM)
based on a study of qualitative indicators of informedness, which characterizes the
completeness, accuracy and timeliness of DM informedness , is presented. On the
basis of these characteristics the level of danger situations in the operation of com-
plex objects is formed. In implementing the model are used the methods of one-
parameter classification with operations of fuzzy sets and strong intersections, as
well as methods of interval classification with the operations of union and intersec-
tion of fuzzy sets, and also with operations of strong union and intersection of fuzzy
sets. The proposed methods allow classifying the situation to inform DM about the
validity and security of the decision with the available information support. The
proposed model is based on a study of qualitative characteristics of informedness of
DM and can be used to estimate the level of danger situations in the problems of the
complex objects operation.

Keywords information analysis, qualitative characteristics of informedness, classifi-
cation, recognition, danger level, integrated indicator of informedness.

INTRODUCTION

Reality constantly requires of reasonable administrative decisions, such as im-
plementation of innovative technologies, companies moving to the new markets,
complex technical systems management, and the solution of complex social is-
sues. Decision making — generally speaking, is the result of the intellectual
activity based on the specific information, their experience, knowledge and intui-
tion that allows decision-makers move to a certain conclusion on the way to the
necessary actions. Well-grounded decision should be aimed at achieving the de-
sired results in a certain field.

Modern technologies has greatly facilitated and improved the process of
forming solutions. Nowadays, there are numerous tools and software products
that are based on mathematical modeling, forecasting, prediction, which allow to
form effective management decisions. However, analysis of the global crashes
and disasters that have taken place over the past decades shows that the scale of
the losses can be substantially reduced due to the timely formation and realization

© N.D. Pankratova, M.R. Slota, 2017
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of the rational solutions in the emergency and critical situations. The key problem
is the timely and reliable information support of decision-makers.

Information analysis is a vital tool for formalization and solving of system
problems. Its objectives are to ensure of the necessary and technologically possi-
ble level of information support reliability and validity of the decision on applied
systems tasks, and this is an important tool for decision-makers support and the
process of decision. The issue of data analysis is quite relevant in our time and
therefore many scientists around the world bring variations of their problem vi-
sion and mathematical formulations for effective solutions that have long been
set, but still haven’t completely solved tasks.

The main feature of the existing approaches and methods is that they are fo-
cused primarily on evaluation the amount of data only. But practically data of
quality indicators, such as completeness, reliability, timeliness, and several others
are not estimated. At the same time validity and the effectiveness of the applica-
tion system tasks solutions directly depend not only on the quantity of informa-
tion, but also on its qualitative characteristics [1].

Several authors have focused their attention on the analysis of the qualitative
characteristics of a specific information type, in particular the financial [2—4].
Some researchers have suggested methods for converting qualitative characteris-
tics into quantitative. And, as a consequence, processing of these characteristics is
made via usual for mathematicians methods [5, 6].

Development of American scientists in this direction aimed at the financial
sector and focused on the development of useful and interesting for large financial
corporations methods. For instance, the paper [4] contains some interesting ideas
about the formalization process of the selections phase of useful information for
the formation of an investment portfolio. The paper presents not only theoretical
knowledge, but also the general mathematical formulation and results of re-
searches. The authors also provided the main advantages and disadvantages of
proposed methodologies and how business can be developed using the efficiency
of their activities.

In the papers the questions of informational analysis from the perspective of
decision-maker’s study of the quantitative and qualitative characteristics of in-
formation, evaluation of their impact on the accuracy, completeness and timeli-
ness of systemic task solution were considered [8§—10].

In this article, we consider the model of information support evaluation of
decision-makers that is based on qualitative indicators of their informedness, on
the basis of which the level of situation danger is formed and the decision-making
procedure is provided.

PECULIARITIES OF THE TASKS CLASSIFICATION AND CRITICAL
SITUATION RECOGNITION IN THE INFORMATION ANALYSIS

Taking into account the construction of a general theory of the mathematical
model and analysis of information, we define key features in the formulation the
problem of the situations recognitions and its classification.

In general, tasks that are under consideration in model assessment of deci-
sion-maker’s information support are also similar to a conventional pattern of

8 ISSN 1681-6048 System Research & Information Technologies, 2017, Ne 1



Model of assessment the level of danger situations in the tasks of functioning of complex objects

tasks recognition, including many mathematical classification methods. Each sit-
uation from the variety of object recognition, as well as image, may be classified
according to certain set of attributes for a specific class. The main goal is to build
such a rule (functional), which allows to classify objects of observation with the
lowest possible error.

However, within the framework of the system approach there are additional
conditions which are not considered in the conventional pattern recognition tasks.
There are some of the most essential.

1. Analysis of qualitative characteristics of information substantially de-
pends on the subject area and so each application is unique in its own way and
will require an individual approach to its formalization.

2. In the process of analysis and classification there is no guarantee of the
input data completeness.

3. Formation of the qualitative characteristics of information often has a
fuzzy character.

4. Unlimited space recognition features significantly complicates the process
of situations classification.

5. Because of the lack of criteria for assessing the critical situation there are
some difficulties with error estimation of constructed models.

Therefore, to solve such tasks it’s advisable to use a set of new models,
methods, techniques to determine the level of result consistency. Also, it is worth
considering the fact that the analysis of the qualitative characteristics of informa-
tion involves the development of methods for the transformation of these charac-
teristics in the numerical equivalents. These methods should be integrated into the
general mathematical model of system tasks, as shown in [8].

Based on the characteristics of the above we formulate the most important
requirements for the models and methods that can be applied to tasks of classifi-
cation and recognition level of danger situations.

1. Consideration of the fuzziness and incompleteness of the initial information.

2. Focusing on the processing of large quantities of data in real time.

3. Performance of methods to ensure the timely formation of the results.

4. The lack of standard training sample in the form of a finite set of data
about the characteristics of each class of the accepted classification is determined
by the principal unbounded feature space.

The concept of informedness is important for the analysis of information
support of decision-makers [8]. Under the informedness of decision-makers will
understand the change in the level of uncertainty of knowledge about a situation
or object of analysis as a result of receiving information. The level of informed-
ness of decision-makers is an indicator of the knowledge level about the subject
of analysis or research. Quantitatively, awareness of decision-makers will be
characterized by the magnitude of the level of uncertainty resulting from the
changes of knowledge information. Pay attention to the fundamentally important
factor: with receiving information knowledge level of uncertainty can be reduced,
if the information is accurate, but it may also increase if the information is inten-
tionally distorted (i.e. received misinformation) or invalid (i.e. not confirmed by
experience calculations, documents or otherwise), or contrary to the available in-
formation.

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2017, Ne 1 9
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The level of uncertainty of knowledge may be evaluated on the basis of dif-
ferent approaches. In particular, it can be estimated on the basis of the adaptation
of quantitative methods described in [1, 5] or using the methods [10].

Let us note only the most essential qualitative properties of information,
which are fundamentally important in solving problems of systems analysis, in
particular, problems of estimation of the degree and level of risk in normal,
abnormal, and critical situations. Among these properties are uncertainty,
inaccuracy, incompleteness, fuzziness, untimeliness, noncredibility, and
contradictoriness. It is evident that the formed decision should have the required
level of quality and efficiency. For this, during its formation, it is necessary both
to provide appropriate levels of completeness, reliability and timeliness of
informedness of the situation in order to minimize the extent and level of risk.
Determining the most important features from the perspective of decision-makers,
in systems analysis are completeness, reliability and timeliness. Therefore, the
qualitative characteristics of decision-makers awareness will determine the
following properties [8]:

Completeness of informedness is a property that characterizes the conformity
of the quantity of information received by a decision maker to the quantity of
information required for decision making.

Timeliness of informedness is a property that determines the conformity of a
decision maker’s time resource for forming and making decisions to the time
resource from the moment of receiving information to the moment of solution
realization.

Credibility of informedness is a property that characterizes the conformity of
the information received by a decision maker to the actual state of the situation.

It should be noted that the results of the solution of system tasks are directly
dependent on the level of decision makers informedness (DMI).

In this case, proceed as follows [9].

1. Form indicators of completeness /), timeliness /7, and credibility /- of

decision makers informedness, that will take into account the degree and the level
of influence of each of the input parameters on the degree of the decision-maker’s
objectives achievement.

2. Offer the classification of a given set of situations S, according to a sin-

gle system of interrelated indicators 7y, /7, I~ or according to a single integrated
indicator of DMI.

3. To develop techniques and procedures of the specific situation recogni-
tion supplies S from a given set of situations S, to a certain class of objects to
the introduced classification.

When forming the general level of DMI the specific properties and intro-
duced indicator’s features I, Iy, I~ should be taken into account. Here are the
most important properties of these indicators:

o the level of DMI is growing continuously from the increasing of all of the
indicators [y, I, I~ or from one of it;

o if the level of general DMI increases in its completeness, credibility and
timeliness it changes according to non-linear law, in particular: the growth of
DMI level gradually slows down as it approaches completeness of performance
and credibility to their limits (Figure);

10 ISSN 1681-6048 System Research & Information Technologies, 2017, Ne 1
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o the level of DMI of the integral index in case of reducing the value of a
private performance below a certain threshold value cannot be compensated by
increasing the values of other indicators;

e with zero meaning of any of the indicators I,,/;,/- general level of
DMI of the integral index is also zero.
During the solution formation, which starts at the moment ¢=¢; =0 and

ends at the moment ¢t =¢

cro

the j.

additional information 1is re- ]q Iy Iy

ceived, and this leads to an
increase in the completeness,
credibility and the amount of
information. It follows that the
completeness and credibility
indicators I,/ in general are
the increasing functions of time. Ic
However, for the indicator of
timeliness /; the dependence is
qualitatively different, due to the
tight interrelation since the end
of the formation of decision and
the moment of its implementa- 7 »*

; : . o t
thl’l: Gl.Ven t.he fact that the 'tlm.e Distribution of qualitative characteristics of
realization is fixed and it is

. > awareness
determined by external factors, it
is possible to state that the index of timeliness is a decreasing function of time [8].

From the above it follows that there is a contradiction between the level of
completeness and credibility of DMI on the one hand, and the level of timeliness
on the other. Therefore practically important task is to find a rational compromise
between the levels I,/7,1- in the process of decision formation taking into ac-
count the requirements of the reduction of time during its formation. To solve this
task it is needed to take into account the dependence Iy,I;,/- from time that is
toput Iy =1Iy@), I7 =17(t), o =1-(2).

The functional dependence of the parameters is determined for variety of sit-
uations S . It is more convenient to represent this relationship in the form of pol-
ynomials. Firstly, it makes it possible to determine the polynomial coefficients by
usage of known techniques of interpolation, and secondly, according to the theo-

rem of Weierstrass any continuous function polynomial can be approximated by
polynomial with any desired accuracy. Therefore, hereinafter:

N¢

Ie() =Y ac, (1)
k=0
Ny

In(0)= 2 ayt . ()
k=0
Nt

Ip(t) = arty . (3)
k=0
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THE CONSTRUCTION OF THE MODEL FOR DETERMINING
THE RISK SITUATION

Construction of the task solution model for the classification and determination of
the danger level of the situation involves the following steps.

Step 1. Classification of hazard classes of possible situations and the defini-
tion of a set of risk factors. Depending on the subject area and the specific appli-
cation task the first stage it is necessary to carry out procedures that will imple-
ment the peculiarities of the classification. First of all, we need to create classes
on the level of danger of the critical situations that denote the variety

Q={o,k=1.K}. “4)

Each class of danger should be characterized by a certain criterion in the
form of membership function. Universal set is determined. Most often, the uni-
versal set X is defined by time interval [0,7,,.], where T, is the time of decision
making. After this point of time even the most reliable information is of no value.

During the system operation there is an influence of its sets of uncontrollable
risk factors

O={D;|j=1..m}. (5)

The final step for the first stage is to define a set of situations
S={S;|i=1..n}. (6)

Each situation §; from the variety (6) under the influence of risk factors (5)
may move to a different danger class ®; (4). Such change may occur over a pe-
riod of time, and its duration is unknown a priori, and that depends on the amount
and duration of exposure properties ® ; € ®.

It is necessary to define a valid period of time 7}, for the formation and im-
plementation of solutions for which the probability of a transition situation S; in
one of the danger classes (4) will not exceed the predetermined value n=mn,,.

Step 2. The construction of a situational factor grid of connections and
influences. By situational factor grid will mean:

A:DxS—>[0;1]. (7)

Where @ is a multiple risk factors @ ; e ® (5), S is a set of situations of
DMI s; € S (6).

Since the sets (5) and (6) are finite, mapping (7) can be set in the form of a
matrix | A4| which elements are Boolean variables that are showing the effect

mxn >

of risk factors @ ; on situation S;.

Step 3. Definition of private indicators for situational informedness-factorial
components. The definition and formation of private indicators informedness fun-
damentally are not formalized for arbitrary domains. Each task requires an indi-
vidual approach, as input data, which is owned by the decision-maker may
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have a different specificity and semantic foundation that significantly affect the
determination of the level of awareness of DMI. In addition, specific tasks may
include an analysis of additional indicators of private DMI except imposed (1)—
(3). This step is a separate task of information analysis and requires the usage of
additional mechanisms.

Later on we shall assume that for each situational factor component of the
vector of private DMI indicators in the form of (1)—(3).

Step 4. Determining the danger level of current situation. The danger level
of the current situation s; € S is characterized by the vector of private DMI indi-

cators and risk factors. Denote / g (¢)1s the indicator of the completeness of DMI
of the i-th situation under the influence of the risk factor j. Similarly / ;{, (¢) is the

reliability indicator of DMI and ]¥ (z) is the timeliness indicator of DMI. The

transition probability of the situation S; under the influence of factor @ ; € ® in
danger class o, € Q depends from the change in time completeness / g (), credi-

bility / ;{, (¢) and timeliness I}j (1) of DML The probability n; of such event de-

termines the following ratio
Ii(O)=Ic (DI (DI (1) .

To make a decision, it is needed to find a rational compromise between the
levels 1-(¢),Iy(t),I7(¢) to reduce the time for its formulation and implementa-
tion. Indicators of completeness [}{, (¢) and credibility [g(t) of DMI grow with

time. Along with the increased time of risk exposure level @ ; e ® the level of

timeliness DMI reduces / IT/ (¢) according to its properties. And, as a consequence,

the length of formation time, acceptance and implementation of solutions is re-
ducing, to prevent transition of the researched situation in one of the danger clas-
ses o, €Q (4).

As a result, to determine the danger level of the situation, it is necessary to
define the acceptable time resource in a period 7y, =[7;;7,], T, € X , where X is
the universal set. For this the following inequality is solved

0<1—lg(l+;(1) SNy - (8)

Step 5. Classification of the situations in accordance with the imposed dan-
ger classes. At this stage it is necessary to formalize a fuzzy classification of the
situation, considering the previous step of acceptable time resource or the imple-
mentation of solutions.

At the universal set X for each danger class Q, the fuzzy characteristics are
introduced pj(x), x € X in the form of membership functions for w; € Q2.

The general approach to the classification of situations can be described by
an algorithm that consists of three basic steps:
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Step 1. The fuzzification of the input parameters.

Step 2. Fuzzy composition of situational factor components.

Step 3. Defuzzification of internal parameters and outputs activation.

The first step involves the classification of fuzzification, what is the reduc-
tion to fuzziness of input parameters, namely resource of the acceptable time 7j,.

After fuzzification the vector of affiliation degrees:
He = (To), k=1.K,

to danger classes (4) are be obtained.
The second step is to assess the impact of each risk factor @ ; € @ on situa-

tion s; €S and the formation of average or maximum rate, which is transmitted

to the next stage (the input of the activation function) to activate the exit. In the
offered model this process is called a process of internal factor of the composition
(or convolution).

For composition, is possible to use the operations defined on fuzzy sets.
Given peculiarity of the process, the most consistent operation will be at the in-
tersection of attitude fuzzy sets [11]. In this case analysis of the results will
also include the ratio of the strong intersection. As a result we get a set of convo-
lution pj; .

This stage has a great deal of flexibility, as there are many options for setting
fuzzy relation on the set of parameters for the composition.

There is the union of fuzzy sets of A and B with the following membership
function

He () = max {4 (x), kg (x),x € X} ©)

The strong union of fuzzy sets of A and B with membership function is used
) +pp(x), I py(x)+ppx)<l,

ne(x) = , (10)
1, if py(x)+pg(x)=1.

The intersection of fuzzy sets of 4 and B with membership function is used
He(x) =min{p,(x),pg(x),x € X}. (11)

Strong intersection of fuzzy sets of A and B with membership function in the
following form is applied

He(X) =p (x)-pp(x), xeX. (12)
For activation of the output it is necessary to set parameters [, Via activa-
tion function for each w, .

As the function of activation will take the Heaviside function
0, x<Mpa,>
P {1, X2 Moy, where Mgy, = {max; p - (13)

Danger class (4), to which corresponds the value of the function (13) p=1 is

model’s output parameter.
As a part of the proposed classification methodology we can identify two
classification algorithms.
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Simpler algorithm is a one—parameter classification of situations. For the en-
trance to the classification one parameter is supplied. According to the general
model of tasks solving, in the early stages for each danger class (4) a personal
membership function is formed. The set of functions is received

I=1{u, : X—>[0;1]|k=1.K}, where K =|Q]. (14)

Often for this type of classification as the only parameter is taken the length
of time interval, that is the time which the decision-maker has for solution forma-
tion and implementation.

Another algorithm is the interval classification of situations. This algorithm
takes into account the situation that can be characterized by a vector of intervals
that are obtained by solving the inequality (8). Interval classification of situations,
according to the general model, is includes three steps. If the interval is described
with beginning and the end, that is two-dimensional case for (14). We describe
the input parameter by ratio

T: {]—;jl |i=1..n,j=1..m,l=1..L}, ]—;Jl :[]—;j_l; U_;] .

After fuzzification step and finding the 7;;; =, (7;;) the following parame-
ters are determined

Tij = rnlm Tz'jkl 5

+ +
Tij = maxTyy .

Further, in accordance with the general model for solving problems, the
fuzzy relations (9)—(12) are used. In result we get a vector of intervals [T}, Ty ] .
These values are passed to input of the activation function (13).

The method of classifying interval takes into account subjective assessment
of the membership function which is not only a resource of time, but also other
factors such as the desired time of the beginning of formation of a decision or
a planned time of solutions realization. This method, as well as the previous one,
include several variations and allow adjusting the classification logic of the spe-
cifics of the task.

EVALUATION OF DANGER LEVEL OF SITUATIONS DURING POWER
TURBOGENETATOR OPERATIONS

The use of the proposed model is considered on the example of the classification
system task, recognition and prevention of critical and catastrophic situation func-
tioning turbine generator power. There were determined the set of risk factors and
situations.

Risk factors are @ ={® ;| j=1...6} :

decrease of the frequency to 49,7 Hz;
increase of the frequency to 50,1 Hz;
erroneous actions of the operating personnel;
the failure of emergency control;

natural phenomena;

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2017, Ne 1 15



N.D. Pankratova, M.R. Slota

e emergency shutdown of high power.
Situations are S ={S; |i=1..4}:
changing Power Electric;
transfer Power Electric units on its sources;
asynchronous Power Electric mode;
e separation of the power systems into parts.
For this task, a lot of danger classes has been formed as follows:
Q={w,..,04}:
®; —secure situation;

®, — critical situation;
3 — emergency;
o4 — catastrophic situation.

For the problem of recognition and prevention of critical and catastrophic
situations on the example of the functioning of turbine generator power is
impossible to form the training set as a finite set of data, so analysis methods will
use the methods of matching results. Other words, we will classify the critical
situation.

For the study (8) the parameter m,; has changed in range of [0,5; 0,95].

Also, there were observed fluctuations in the result of the classification after
changing the type of membership function and its settings.

It should be noted that the four classification algorithms were implemented
in the study. The first two are variations of the one-parameter classification
method, while the other two are the methods of interval classification. Next, the
following definitions are accepted:

M1 is a one-parameter classification methods with the operation of the
intersection of fuzzy sets;

M2 is a one-parameter classification method with the operation of a strong
crossing;

M3 is a method of interval classification with the operations of union and
intersection of fuzzy sets;

M4 is a method of interval classification with the operations of a strong
union and intersection of fuzzy sets.

The first stage of the analysis was to study the results with fixed parameters
and types of phase transitions and changes. This step allowed to determine
whether results are consistent with the classification of the real situation. With
increase of m,; the time on the formation and implementation of solutions

reduces, therefore, must increase the danger of the situation. Aggregated results
for all methods in the fixed parameters of membership function are given in Table 1.

Table 1 Classification results of the change 1,

Nad
M 0,5 0,6 0,7 0,8 0,9 0,95
M1 ; W g W, w, o,
M2 W, W ) ™, W, ;3
M3 ) ) W, W, W3 W3
M4 W, M ®, ;3 ;3 ;3
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All the methods are responding on increasing of the value access n,;. How-

ever, as follows from the results above, methods of interval classifications are
more sensitive.

The second stage of the study was application of a sensitivity analysis meth-
ods to the membership function type. Worth noting that the various membership
functions have a number of excellent options, and therefore a change of the mem-
bership function requires a small adjustment of the dispersion parameter. At this
stage, there was a slight change in the classification of the results, especially for
large values m,,;. Summary results in Table 2 reflect these changes.

Table 2. The study of the classification sensitivity according to the type of
membership function

M
Ml | M2 | M3 | M4
Nad
0,5]081]095/ 05080950508 095|055/ 08 |095
Triangular MF| @; | @y | @) | ®) | ©) | @3 | ®] | O3 | ©3 | © | ®3 | O3

MF

Gaussian MF | @) | @y | @y | O | 0y | @y | @ | @y | @3 | ® | Oy | O3

Bell-MF (1)1 (,02 (D3 (,01 (1)2 (1)3 ('01 (1)2 (D3 (,01 (,02 0)3

Also, an analysis of classification sensitivity to a change of membership
function parameters of the fixed type took place. It has been studied how changes
the result of classification of the situation at a constant level of information sup-
port of decision-makers, if the informedness requirements changes. Of course, the
change of the criteria of danger class should significantly affect the classification.
Results of the study are shown in Table 3 for cases of selecting a permanent form

of membership function — Gaussian MF. At the same time the variance o and
mathematical expectation of a for danger classes ®,, ®; and its ®;, ®,. Four
sets of parameter were used for each danger class.

Table 3. Parameters of Gaussian membership function

;
N o, ®, N o
a o2 a o2 a o2 a o’
1 0 10 20 20 60 20 100 10
2 0 20 40 20 70 15 100 20
3 0 20 50 10 50 30 100 15
4 0 50 50 10 75 10 100 25

The results of the application of these four methods for fixing n,;, =0,7 and

different set of Gaussian parameters of membership function (from table 3, sets
1-4) are shown in Table 4. The right selection of parameters is one of the most
important steps for effective and correct classification. It is important to create the
requirements for danger classes as fuzzy marks from which, actually, the relevant
membership functions are formed.
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Table 4. The effect of the membership functions of the classification results

N M1 M2 M3 M4
1 W, W, W, W,
2 W, W, W, W,
3 , (O} (O} W5
4 O ) ) ™,

From the results shown in Table 2 and Table 4 we can summarize that the
selection of the membership function parameters significantly affects the
classification results. Note, that this process is fundamentally non-formalized, and
therefore the task of correct choice of membership function depends on the
intuition and experience of the investigator.

Also it has been proposed to determine the overall risk assessment for all
situations s; (6). In the proposed task were allocated 4 independent situations.
Therefore, an overall assessment can be formed by an absolute majority. It was
found that in most cases the algorithm gave consistent results. Table 5 shows the
results in the form m/n, where m is the number of consistent results, » =16 the
total number of situations. For this experiment were selected from membership
function with the first set of parameters from Table 3.

Table 5. Consistency of assessment classification

MF/(m/n) 0,5 0,8 0,95
Triangular MF 14 B 1
16 16 16
Gaussian MF 14 12 12
16 16 16
Bell-MF B L 12
16 16 16

Thus, the proposed model has been applied to solve the systemic problems
of classification and identification of critical and catastrophic situations, operation
of turbo generator plant. The research was conducted on the basis of DMI figures
about the functioning of the turbine generator. Classification results showed the
effectiveness of the quality DMI of analysis methods for complex danger
detection task situations. It can be concluded that the classification of the result
depends essentially on the correct choice of the type of membership function and
internal parameters. This process is essentially non-formalized and or this reason
the problem of correct choice of membership function depends on the intuition
and experience of the decision-maker.

CONCLUSIONS

The problem of classification and recognition of the danger level of critical situa-
tions, which is important for the formation of the necessary and technologically
possible level of information to ensure the reliability and validity of the decision
of applied system tasks, was under the consideration. The paper presents model of
classification and the danger level of the situation recognition, as a part of a sys-
tem methodology.
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Considering the features of the tasks of qualitative information analysis,
traditional methods of classification and pattern recognition cannot be applied in
this field. So, a classification model and recognition of critical situations, which is
fully compatible with the general theory of information analysis, were proposed.
The model is based on an analysis of private decision-maker’s indicators of in-
formedness, defined as a function of time. On the basis of these qualitative
characteristics the danger level of the situation is formed, that is, how balanced,
rational and appropriate the solutions will be based on available information. In
case of poor informedness indicators, decision-maker will be notified that a
decision is taken at the existing information support is undesirable or even
dangerous. The proposed methods allow classifying the situation for reporting it
to decision-maker about validity and safety of a decision with the available
information support.

Analysis of the results of classification on the example of the real task
revealed the strengths and weaknesses of the proposed model and algorithms of
its realization. It was revealed that the classification algorithms are sensitive to
fluctuations in the parameters of membership function and essentially depend on
the particular application.

The proposed model of classification and recognition of dangerous situations
in tasks of informational analysis may be applied in conditions of incompleteness
and fuzziness of the initial information, when taken into account expert
assessment, as well as the presence of a certain amount of data in the domain
that is being investigated.
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OILIIHIOBAHHSI PIBHSA COILIAJIBHOI TMUHAMIKH
TA IEPCIIEKTHUB PO3BUTKY CYCIIIJIbCTBA,
3ACHOBAHOI'O HA 3HAHHAX

I.C. IA3BAPEHKO, I.0. INIIIHOI'PA€EB

AnoTamisi. JociiDKeHHS Ta MOJICIIIOBaHHS CyCIIUIBCTBA, 3aCHOBAHOT'O Ha 3HAHHSX,
€ BOKJIMBUMH HaIpsIMaMH HOJIITUKH IepeXoy KpaiH Ha HOBHIA, IIOJIMIICHHH piBEHb
iCHyBaHHS Ta TICHOI €KOHOMIYHOI, COLIiabHOI i TeXHONoriuHoi chiBmpari. Po3ris-
HYTO OCHOBHI HpHHIUNH 1moOynoBu Moneni K-cycminecTBa, mpoGneMy HENOBHOTH
CTATUCTHYHMX JaHMX T4 METOAM IX BiJJHOBJICHHS, 30KpeMa JIeTaJbHO IPOaHali30Ba-
HO Ta M00YI0BaHO KOMITIOHEHTY MOJEINI — IHAEKC COLiAIbHOT TMHAMIKU Ta Hepcre-
KTHB PO3BHUTKY 11 126 KpaiH CBiTy. AHami3 pe3y/ibTaTiB MOAAHO SIK y MOTOYHIN
peliTuHroBiil cuctemi s 10 kpain-nigepis, 10 kpain-ayTcaiiaepiB ta YKpaiHu, Tak
i B muHaMmini 3a octanHi 10 pokis. lleit iHIeKC HOCTaTHRO A0OPE KOPEIIOE 3 1HIEK-
COM EKOHOMIYHOTO BUMIpY, 10 Ja€ 3MOTY CTBEpPKYBATH PO NOLIIBHICTh Ta Bax-
JIMBICTb JAOCII/PKEHB Y IIbOMY HAIPsMi, SIKi J03BOJIATH OyAyBaTH CTpATeril pO3BUTKY
KpaiH, BAKOPUCTOBYIOYH MoJenb K-cycninscTBa.

Ki1ro4oBi ciioBa: 3HaHHSI, CyCIIBCTBO, 3aCHOBAHE Ha 3HAHHIX, MATEMAaTHYHE MO-
JIeTIIOBaHHs1, HETMIOBHOTA AaHUX, i€papXidHi MOJEIII.

BCTYII

B yMoBax ckiiagHOi €KOHOMIYHOI, MMOTITHYHOI Ta COMIaIbHOI KPHU3H, KON KpaiHa
Ta CYCHUILCTBO MOTPEOYIOTh KapAWHAIBHHUX 3MiH, HEOOXiHO BHKOPHCTOBYBATU
HOBI MIJXOAW O PO3BHUTKY PI3HHX HampsMiB, sKi 3a0e3mevyars HalKpalli Ta KOM-
dhoptHi yMoBH XHTTA. Cepell HOBUX iNei CIOCTEePITAEThCI TEHACHIIS MEePEXOy
JI0 YIAOCKOHAJICHOT (popMH PO3BUTKY Ta ICHYBaHHS CYCHUJILCTBA — CYCIIIBCTBA,
3aCHOBAHOTO Ha 3HAHHAX (k-cycminbeTBa) [1].

Taka ¢dopma Tpanchopmarlii moTpedye HITKOTO PO3YMIHHS HEOOXiITHUX
YMOB, CTPYKTYpPH, INIaHy TIEPEXOIy Ta KOPHCHOCTI MaWOyTHIX 3MiH, IIIO MOXKE
3a0e3MeunTy ESKUi poliec MOJISIIOBaHHsI. Bubuparoun miaxoau MOIeTIOBaHHS
i Oe3mocepeIHbO MOJENi, TOTPIOHO KepyBaTHCSA MEepenyciM THM, IO CYCHUIbHI
SBHIN]A Ta IMPOIECH JIOCHTH CKIAJHO (opMalli3yBaTH, TOMY 3alpOIIOHOBAaHUH Y
poOOTI KOMITICKCHUH ITiIX11 10 BUKOPUCTAHHS 1€papXiTHIX MOCIICH IS OIiHIO-
BaHHA PiBHA PO3BUTKY K-CyCHIBCTBA € ONpaBAaHUM 1 aKTyaJIbHUM.

lepapxidni MoAeIi JOCHUTH PiAKO 3aCTOCOBYIOThH BITUM3HSHI JOCITITHUKA He-
pe3 iX CKIaaHICTh, OCKUIBKM BOHM HOTPEOYIOTh I'PYHTOBHOTO JOCHIIKEHHS Ta
MTUPOKOTO CIIeKTpa MaHuX. OCOONMHMBICTIO TOCHTIHKEHHS COIIaTbHO-EKOHOMITHOTO
CTaHy € MoTpeda B MOBHOTI Ta JJOCUTh BEIHKIiH KUTLKOCTI 00’ €KTHBHOI 1 OJTHOPI/-
HOI cTaTUCTUYHOT iH(popMallii, 30UpaTH Ky IOCUTH MPOOIEMaTHYHO.

Bukopucranus iepapxiqHoi Mozelni B I[bOMY KOHTEKCTI € OOTPYHTOBAaHHUM 3
OTJISIy Ha ICHYBaHHS Di3HUX MiANOPSIIKOBAHUX PIBHIB PO3BUTKY Ta CKIQJIHUX
3B’SI3KIB MK HUMH. Y CBITOBIif MpakTHIli i€papxidHi MOAEJI 3aCTOCOBYIOTh, Ha-
MPHUKJIAT, JUIS BU3HAYCHHS 1HACKCIB KOHKYPEHTOCTIPOMOKHOCTI.
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IEPAPXTYHI MOJIEJII

CkmanmHi iHIUKATOPHI CTPYKTYPH HAOYIJIM HOIYJISPHOCTI Y JOCTITHUKIB 0aratbox
KpaiH 3aBJSKH KOMIUIEKCHOCTI, MOXJIMBOCTI y3araJlbHEHHS Ta KiJIbKICHOTO OIli-
HIOBaHHS JIFOJICEKOTO PO3BUTKY, CYCIUTLHUX, COLlIaThHUX SBUII Ta IHIIUX, JOCUTH
CKIIQIHUX I aHami3y 00 €KTIB IOCHTiKeHHSA. MiKHApOIHI opraHizalii, aHami-
TUYHI IIeHTpH, Hanpukian, Opranizamis O6’eqnanux Hariii ta CeiToBUl OaHK,
PO3pOOHIIH Taki arperoBaHi MOKa3HUKH PO3BUTKY, SIK iHAEKC JIOACHKOTO PO3BUT-
Ky, IHAWKATOp peajizamii TeHISpHUX IpaB, IMOKA3HUKH CBITOBOTO YIIPABIIHHS
Tomro [2].

Bin6ip migxomy B aHaIi3i IPYHTYETHCS HA MOYJIMBOCTI CTPYKTYpyBaTH Oara-
TOBUMIpHI 3a/1a4i 1 3BOJUTH X JIO CIIPOIICHOT aHAITUYHOT Ta MOPIBHSIBHOI (hop-
MU, 3pO3YMIJIOT JJIs1 0COOM, IO TIpuitMae pimeHHs. Taka CTPYKTypa Ja€ 3MOTY
OIIHIOBATH JMHAMIYHI 3MiHH, BUSBJIATH CIa0Ki MicCIlg 1 B pa3i MOTPeOH OHOBIIIO-
BaTH OKPEMHUH PiBeHb AOCIiIKEHHS, MiABULIYBAaTH PiBEHb YIPABIiHHS Ta AEMOH-
CTpYBaTH Pe3yJbTaTH KiJIbKICHUM OI[iIHHUM IMOKa3HUKOM, SKHHA JOCTYITHHUH pO3y-
MIHHIO ITIEPECITHOTO TPOMAITHIHA.

Opranizalisi eKOHOMIYHOTO CHiBpoOITHHIITBA Ta po3BUTKY (Organisation for
Economic Co-operation and Development — OECP) po3pobuia metomosnorito
o0y IOBH i€papXivHOi iHAUKATOPHOI Mozei [3], 3a KO BHOKPEMITIOIOTHCS €Ta-
M, KOXKEH 3 AKMX Ma€ y3roKyBaTHCh 3 1HIITIMH:

1. ®opmyBaHHs KoHIeNTyajabHoi Momeni. llefi eranm mepenbauae yiTke
YSIBJIIEHHS Ta TIOBHOTY JOCHIPKEHHS. TeopeTHYHHH MiAXiJ 3yMOBIIOETHCS BHOO-
POM KpHTEpiiB, MHOKUHH MOKA3HUKIB Ta 3B’S3KiB Mi’)K HUMH, SKi YTBOPIOIOTH IIi-
JICHICTH JOCHIJPKYBaHOTO 00’ €KTa.

2. Bu6ip gannx. I{e nocuth ckiajHUM 1 BIANOBIAJILHUN €Tall, OCKIILKH pe-
3yJBTATH JOCIIKEHHS OYyTh 3aJIeXKaTH B SIKOCTI, KUIBKOCTI, TOBHOTH, aKTya-
npHOCTI 3i0panoi iHdopmartii. [lani moTpiOHO OpaTH JiHIIe 3 TOCTOBIPHHUX JDKE-
pen, sSKi peTenbHO MEPeBIPAIOTHCSA, TOMY JOIIBHO OOWMpaTH oOpradizarfii 3i
30upaHHs Ta 00OpoOJCHHS JaHUX, SIKI MAlOTh 3aralbHOJAEepKaBHUI ab0 CBiTOBHI
piBEHB.

3. BinnoByeHHs BigcyTHiX gaHux. /[ocuTh akTyanpHHH Ta MpoOIeMaTHU-
HUH eTarl, OCKIJIbKH Ba)KKO 3HAWUTH JpKepelna iHdopMallii, ki HaJaalTh JaHi B MO-
BHOMY 00cs3i. YacTo BUHHMKAIOTH JESKi MPOTAIMHHA B CEpENUHI OCITIIKYBaHOTO
nepiogy, 0coONMBO, SKIIO 1€ y3arajlbHEHI arperoBaHi iHJEKCOBaHI MMOKa3HUKH,
BH3HAYCHHS SKHUX MOTpeOye MOAATKOBUX IOCHTIKEHB, iH(pOpMaIli Ta po3paxyH-
kiB. ToMy mocrtae roctpa nmorpeda y IIBHIKOMY Ta SIKICHOMY MeXaHi3Mi iX BiJTHO-
BIeHHSA. BuOip Takoro MexaHi3My HEOJHO3HAYHUH, OCKUTEKH MOTPEOy€e KOMILIEK-
CHOTO ITIXO0JTy, BUSIBJICHHS 3B’ SI3KiB Ta (hYHKIIOHATHHUX 3aJIKHOCTEH, a OTXKe, 1
(hyHIaMEHTaIbHUX MAaTEeMaTHYHHUX JTOCIIJKEHb.

4. Hopmaunizauiss ganux. Yacro 3i0pana indopmariist Mae pi3Hy mpupoAy,
TOMY IUIS 3aCTOCOBYBaHHS JaHUX Yy MPOIECi MOJIEITFOBaHHs HEOOXiTHO 3BECTH iX JI0
OJTHOPITHOTO BHUTJIIMY, IKHHA Ma€ CIUTBHY PO3MIPHICTH a00 MIKATy OIliHFOBAHHS.

5. Arperamisi Ta BU3HA4YeHHsI BaroBux koedimientiB. [lim wac mocimi-
JDKEHHsI 1€papXidyHOi CTPYKTYpH 4acTO BUHHMKA€ moTrpeda y BH3HAUYEHHI CTyHEHs
BIUIMBY OKPEMOTO PiBHS iepapXii a0 HaBiTh NMOKa3HWKA PiBHS Ha 3arajbHy MO-
Jleb, TOOTO HOro 3HAYYIIICTh Y IITICHOMY 00’€KTi, a TaKOXK y3araJdbHCHHS Ta
3HAXO/DKCHHS KOMIUICKCHUX KUIbKICHHUX MOKA3HUKIB 32 KOXKHHUM 3 PiBHIB. MeTo-
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1M, sIKi BUKOPHCTOBYIOTBCS Ha LIbOMY €Talli MaroTh pi3Hy NPUPOLY, 30KpeMa CTa-
THCTUYIHHUH Ta eKcrepTHUH aHami3. KoxkeH 3 METOIB Mae SK MepeBaru, Tak i He-
JOJIKH, TOMY BUOIp MigXo1y MoTpedye YiTKOro po3yMiHHS BIUIMBY Ha pe3yJIbTaT.

6. IoBTOpHUIi aHai3 nanux. Lleit eran 000B’I3KOBHIA, OCKIJIBKH i€papXid-
Ha Mozenb norpedye iHopmMarii 3 pi3HUX Tany3ei 3HaHB i yacTo ii peamizaris
MOAUIAETHCA MK KBaTi(iKOBaHUMH IOCHTITHUKAMH BiamoBigHOiI cdepu. VY3ro-
JDKEHICTh TIPOLIECIB OCHTIPKEHHsI, BUSBICHHS HECTUKYBaHb, TOTpeda B JOJATKO-
Bill iH(popMarii, 3MiHa YACTUHM MOJIETIi Ta iHIE € CKJIAJ0BUMU IIbOTO €TaIy.

7. OuiHBaHHA 3B’513Ky 3 30BHimIHIMH (pakTopamu. OCKUTBKH IIijJ] Yac
moOy10BY MOJIeTIi BiIOyBaeThCs (popMaitizariis, sika moTpeOy€e CIpOIICHHS 3aIeK-
HOCTEH, BIIKUIAHHS JISSKUX BIUTMBOBHX (DaKTOpIB, MepeopieHTanii B cepeanHi
JOCIHIPKEHHSI, TO OCTaTOYHHUI BapiaHT MOZEJI HepiAKO 3a3Ha€ 3MiH TOPIBHAHO 3
noyaTKkoBuM. ToMy HeoOXiHa Jeska ampoOallisi MoJesi B peaJbHIX YMOBaX JJs
BU3HAYCHHS 11 CTIHKOCTI 10 HABKOJIMIIIHIX BIUIMBIB Ta PE3yJIbTATIB, OTPUMAHUX 3a
peaTbHUMHU KOHTPOJIBHUMU AaHUMH.

8. Bisyamizauisi pesyasTaTiB. [IJi1 OCTaTOYHOTO MOJAHHS PE3yNbTaTiB MO-
JIEIIOBaHHA HEOOXiAHO 00paTH TakWii BapiaHT, SKAH € HAOYHUM, 3PO3YMIiIHM,
JISTKMM JIJIsl aHaJIi3y Ta BUCHOBKIB. Bi3yaiizailis pe3ysbTaTiB Moxe OyTH mojaHa
B TaOJMMYHOMY Ta TpaiyHOMY BapiaHTax, NEPIINN 3 SKUX € OLIBLI MPOCTUM, alie
MOXe€E JAEMOHCTPYBATH Pe3yjbTaT HEUJIICHO, HANIPHUKJIAJA, PEHTHHIOBE PaH)KyBaH-
HS, € 3pYYHUM JJIs AEMOHCTpAIlil pe3yJbTaTiB MIEBHOTO PIBHA, a HE MOJCII B IIi-
nomy. dpyruii miaxin Bizyanizamii — rpadiuHuii, BiH OUTbII CKIaIHUN Yepe3 Oa-
raTOBUMIPHICTh MOJIENI, YTIM OiJIbIII HAOYHO i KOMIUIEKCHO MOXKeE JEeMOHCTPYBATH
pe3ynbTat mocmimkeHHs. [Ipukian peanizalii Takoro miaXoay I JOCTiKEHHS
OLIIHIOBAaHHS PiBHA k-CyCITIBCTBA MMOJAHO Yy Tipari [4].

K-CYCIIIUIbCTBO

SIKIO AOCHITUTH iCTOPiI0 BUHUKHEHHS Pi3HHUX THITB CyCITUTLCTBA, MOXKHA Bif-
3HAYUTH OJIHY CHINIbHY O3HAKy, MPUTaMaHHY OYyIb-sIKOMY PO3BHUTKY — II€ HOBI
3HaHHA. [losiBa BHPOOIB, TEXHOJOTIH, METOMIB MOBUHHA Oyja MOJIMIIUTH CTaH
CYCIIIIbCTBA, HAIATH HOBUX MOXKJIMBOCTEH, MiJBUIUTH €()EKTUBHICTh, MOJITIIIIH-
TH 3arajgbHUN T00pOOYT.

THCAYOMITTAMEI JIOAN TPArHyTh PO3BUTKY y BCIX JKUTTEBHX ACIEKTaxX, aje
BIZIKPUTTS TOTPEOYIOTh BiAIOBIAHUX PECypCiB: MaTepialbHHX, (iHAHCOBHX Ta
IHTEJIEKTyaJIbHUX, TOMY HE JUBHO, IO 3HAHHS MEPEHIITH B KaTEropil0 OJHOTO 3
HaHIIIHHIOTAX TOBAapiB, KWK Ma€ BEIWUYC3HUN IMOMHUT HA CYYaCHOMY CBITOBOMY
PUHKY.

VY nepion, xonu iH(pOpMALiiHI TEXHOJOTI] 3alHSIM CTIMKE MOJOKEHHS B
KHUTTI KOXKHOT JIIOAWHH, (OPMYETHCS CYCHIJIBCTBO, SIKE OTPUMAJIO Ha3BY «iHQOP-
MallifHe CyCHiIBCTBO». JKUTTS Mepelnuio Ha HOBUH pPiBEHb, SKUH BXKE BaXKKO
ySIBUTH 0€3 BUKOPUCTAHHS IHTEPHET-MEPEXkKi Ta MIBHIKOTO JOCTYIy A0 iH(opMa-
1ii, 010 3yMOBITIOE BUHUKHEHHSI TEXHOJIOTIH 11 30upaHHst, 00poOneHHs, 30epiranHs
Ta BUKOPUCTAHHA, TOOTO iH(OpMaIlisi caMa cTae TOBAPOM 1 pecypcoM Ijisl CTBO-
peHHs ToBapiB I i1 oOciyroByBaHHs. lle cTano BakeneMm Uil mepexomy Kpaid,
SIKi BYACHO 3yMUIH BiFICHIKYBaTH I[f0 TCHCHIIIIO, HA HOBUI BUCOKUI €KOHOMIY-
HUH piBeHb, 1 K HACIIIOK, BiOYBCS MOALT KpaiH Ha PO3BUHEHI Ta HEPO3BHHEHI.
Take po3MexyBaHHS TIPHU3BEJIO A0 CBITOBUX HETapasliB, KpU3, MOJITHIHUX BOEH,
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BOEHHHMX KOH(JIIKTIB 3a TepuTopianpHy Ta (hiHaHCcOBY Biaxy. HoBiTHi TexHoMOTIT
BHKOPHUCTOBYIOTECS HE TUTHKH IS TIEPEBEICHHS KUTTS Ha OUTHIN SKiICHHHA PiBEHb,
a ¥ A7l BATOTOBJICHHSI 30pOi, sIKa € TapaHTOM IMaHyBaHHS Ta BIUIMBOBOCTI KpaiH.

Bunukae roctpa notpeda y GopMyBaHHI CycHiibCTBa, A€ O 3HAHHS CTAJIO
rapaHTOM PO3BUTKY, Oe3neku, 1o0poOyTy JIOAWHY, a HE NPOXYKYyBalo MOALT Ha
pi3HI TIporrapku HaceleHHs. HeoOXiqHO CTBOPIOBATH TaKi YMOBH JKHTTS Ta PO3-
BUTKY, 32 SKHX JIFOJMHA MOTJIa O OyTH B TapMOHIi 3 HABKOJHIIHIM CBITOM; came
TaKi 3acagy i 3yMOBWJI MOSIBY CYCHIJILCTBA, 32aCHOBAHOTO HA 3HAHHSX.

K-cycminbcTBoO € iHCTUTYTOM, KWW TepEeXOANTh Ha HOBI BUMIPH: COIiajhb-
HUHW, CTHIYHUNA 1 TIOTITUYHAN, CTIPUS€ BUHUKHCHHIO MDKIVCIUIUTIHAPHUX 3HAHB;
HaJae IMepeBary OCBITi, sIKa IOTYE€ BUCOKOSKICHUH JIIOACHKUE Kamitan. [limBu-
HICHHS SIKOCTI Ta O€3MEeKH KUTTA KOXKHOTO WieHa CYCHIILCTBA 3a TOTIOMOTO010 Oa-
3 3HaHb, SKa CTUMYJIO€ PO3BUTOK E€KOHOMIYHOTO Ta COLIaTbHOIO XapakTepy,
CTa€ MEpIIOYEProBUM 3aBIAHHSAM K-CyCIIbCTBA. [HTENEKTYaNIbHUH pPO3BHUTOK,
HAYKOBi NOCATHEHHsI, TEXHOJOTIYHUH NPOrpec € BaKIMBUMH MPOAYKTUBHUMH
(hakTopamu Ha piBHI 3 MaTepialbHUMU OJaramu, JpKepellaMu eHepTii Ta pecypcis.

K-cycninbcTBo MOBUHHO (OPMYBATH Yy CBIZIOMOCTI 11 WIEHIB Taki MOMITHYHI
HOTJISAN, K1 CHPSIMOBaHI Ha JOCSTHEHHS BHCOKOTO PIiBHS SIKOCTI Ta Oe3neKu
KHUTTS JIIOJIEH SIK y HalioOHaJbHOMY, Tak i B riobanbHOMYy Macmtadi, mol IiH-
HICTh Ta MOOPOOYT IOACHKOTO YKHUTTS CTAIH MEPIIONPHYUHOI0 OYIb-IKHX 3MiH
[5, 6].

THIEKC COIIAJIBHOI ITUHAMIKH TA IIEPCIIEKTUB PO3BUTKY SIK
CKJIIAJOBA THAEKCY K-CYCIIIJIBCTBA

Jlst oiHIOBaHHSA CTaHY K-cycmiiabcBa Ta GyHIAMEHTATEHUX YMOB HOTO PO3BUTKY
KOPUCTYIOThCs iHAeKkcoM k-cycminbeTBa (Iks), sikuii OyB po3pobneHnit Ta 3acTo-
coBHuii 70 cBoix wieniB OOH [5]. Lle#i ingekc Mae TpU CKIIAA0BI:

® iHJICKC 3HaHb, 32 SIKUM OLIIHIOETHCS JIBl BAXKIIUBI KaTEropii: SAKiCTh 3HAHb i
JOCTYII 10 3HAHb;

® iHJEKC COLiaNbHOI AMHAMIKH Ta MEPCIEKTHB PO3BUTKY;

e iHAekc iH(OpMaLUiiHOTO CYCHIILCTBA, SIKUI BpaxoBYe€ IIBUIKICTh MOILIH-
pennst iHQopMartii Ta iHppacTpyKTypH ii 3a0e3MmeueHHsI.

CknanoBy, sika MiCTUTh HEPCIIEKTUBY PO3BHUTKY, B3ATO VIS MOJAJIBIIOTO J0-
CIIIJDKEHHS, TOMY PO3TIISIHEMO i1 OUbII JieTanbHO. J{Jsi IbOTO BHIIIEHO TPH TPY-
M TIOKa3HUKIB, sIKi, HA HAI TOTJIS, OMUCYIOTH el 1HAEKC JOCUTh KOMILIEKCHO 1
IPYHTOBHO.

Iepma rpyna — crocyeTbesl iHHOBaLIHHOTO OJIOKA 1 MICTUTBH TaKi KOMITO-
HEHTH:

1. Ipsmi inosemni insecmuyii (Foreign Direct Investment, net (BoP, current
US$)) — wne uucTuii NOTIK iHBECTHUIIH, SIKMH Ja€ MpaBO ydyacTi B yIpaBIiHHI
00’extoM iHBecTyBaHHs (10 abo OinbITe BiJCOTKIB BiJl CTATyTHOTO KamiTaTy) i i€
3a MeXaMy eKOHOMIKH iHBecTopa. Lle cyma BIlacHOTO KarliTally, peiHBecTyBaHHS
npuOyTKY, JOBFOCTPOKOBOI'O KaIliTally 1 KOPOTKOCTPOKOBOTO KamiTaiy, sIK 1e Ho-
Ka3aHo B IUIaTiKHOMY OarnaHci [7].

2. Ilamenmu (Patent Applications, residents), BunaHi mporemyporo [loroso-
Py Mpo MaTeHTHY Koolepaio abo HAIllOHATbHUM MAaTEeHTHHM BiJJOMCTBOM, — II€
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BUHATKOBI MpaBa Ha BUHAXIJ — MPOIYKT UM MPOIIEC, SKUH BKIIFOUAE HOBUH CIIO-
¢i0, a TaKOX TIPOITOHY€E HOBE TEXHIUHE BUPIIeHHS npodiiemu. [laTeHT 3a0e3meuye
3aXHCT BUHAXOMy JIsl BIACHUKA MATEHTY Ha OOMEXEHHI TepPMiH, SIK MPaBUIIO Ha
20 pokis [8].

3. Bumpamu wna oocnidxcenns i pospodoxku (Research and Development
Expenditure (% of GDP) — moTou4Hi Ta KamiTaibHi BKJIAJCHHS (K Jep>KaBHI, TaK
1 IpUBATHI) y HOBaTOPCHKY poOOTY, IO MPOBOJAUTHCS CUCTEMATHYHO LIS Ti/IBU-
IIEHHS PiBHSA 3HaHb, BKIIFOYAIOYM 3HAHHS JIFOJICTBA, KYJIBTYpPH 1 CYCIIIbCTBA, a
TaK0X BUKOPUCTAHHS 3HAaHb JUI HOBUX PO3pO0OK Ta iX 3acTocyBanb. R&D oxor-
moe GyHIaMeHTallbHI TOCIIPKSHHS, IPUKITaIHI TOCITIPKEHHS Ta CKCIICpUMEHTA-
JIBHI po3po0KH [9].

4. Inoexc neekocmi eéedenns Oisnecy (Ease of Doing Business Index) — in-
JEeKC JUISl TIOPiBHSHHS MPOCTOTH MiANPUEMHHUIIBKOT AISUITBHOCTI MiXK KpaiHaMH CBi-
Ty, 110 yKiagaeTbess CBITOBMM OaHKOM Ha OCHOBI piuyHMX JaHuX Big 1 mo 189.
PospaxoByethest sk cepenne apudmernyHe Bim 9-10 BHYTpIIIHIX 1HIUKATOPIB.
Bumi omniHk# B iHAEKCI CBiIYaTh MPO MOKPAIICHHS Ta 3a3BUYail MPOCTIIIe pery-
JroBaHHs Oi3HECY, a TAaKOX HAAIMHIIINK 3aXUCT NpaB BiacHocTi [10].

5. Inoexc enobanvroi xouxypenmocnpomoscnocmi (The Global Competi-
tiveness Index) — 11e pedTHHT KpaiH 3a TOKa3HUKOM €KOHOMIYHOI KOHKYpPEHTO-
CIIPOMOYKHOCTI. [HIEKC pO3paxoBYEThCA 32 METOJMKOK BCecBITHROTO eKOHOMIY-
HOTO (hopyMy, KOMOIHY€E B COO1 KOMIUIEKC CTATHCTUYHHX IMOKA3HUKIB KOHKYPEH-
TOCIIPOMOXKHOCTI 13 113 3MIHHHUX, JBI TPETIX SKUX — 1€ ONHUTYBAaHHS KEPiBHUKIB
KOMITaHii, a ofHa TPeTsS — II¢ CTATHCTHYHI JaHi i pe3yiabTaTH JOCITiIKEHb, IO
MIPOBOJATHCS Ha PETYIAPHil OCHOBI MiXXKHApOIHUMU opraHizaismu [11].

6. Jlepocasni eumpamu na oceimy (Government Expenditure on Education
as % of GDP (%)). Iloka3HuK BKIFOYa€ 3arajibHy CyMy BUTpaT (MiCIIEBHX, perio-
HAJIBHUX Ta [EHTPAJIbHUX ), BUALICHY YPAIOM JUTsl OCBITH; BUPAXKAETHCS Y BiICOT-
kax Big BBII; mictuTth BuTpaTH , 0 (PiHAHCYIOTbCA 32 PaxyHOK TpaHCQEpTiB
3 MDKHApOJHUX JIKepen B ypsii. Po3paxoByroTh SIK BiIHOIIEHHS 3aTalbHAX BHTPAT
ypsiay Ha TOTOYHOMY piBHI ocBiTH 10 BBII, momHOXeHe Ha 100. Skmio Oinbimmmii
BimmcoTok BBII BUTpadaeThCst Ha OCBITY, 1€ BKa3y€e Ha OiIbIT BUCOKUN TIPIOPHUTET
ypsIy MIOJ0 Tally3i OCBITH 1 BUINWH MOTEHINAN YPsAy AJS IiIBUIICHHS JOXOIB
Jep>KaBHUX BUTPAT BiIHOCHO pO3Mipy €KOHOMIYHOTO CTaHy Kpainu. [HTepmpery-
I0YM 1Iel iHJMKaTopa, BapTO 3BaKAaTH HA Te, MO B JCIKHX KpaiHaX NpUBAaTHUN
cekTop 1 (ab60) moMorocmomapcTBa MOXYTh (hiHAHCYBAaTH 3HAYHY YacCTKy BII
3arallbHOr0 00cATYy (DiHAHCYBAaHHS OCBITH, Y Pe3yJbTaTi YOTO Jep>KaBHI BUTPATH
OyZyTb HIKYMMHU, HiX B iHIIMX KpaiHax [12].

Jpyra rpyna — cTOCY€TbCS OCBITH i OXOILTIOE TaKi CKJIaIOBI:

1. Cniggionowenns euumenie i yunie y cucmemi novamxosoi oceimu (Pupil-
teacher Ratio in Primary Education (headcount basis)) — cepemHs KiIbKICTh Y-
HiB Ha OJHOTO BUHUTENS y MOYATKOBiH mmKoji. [loka3HUK CKIlagaeThcs Ha OCHOBI
mopiyanX JaHux iHCTUTYyTy cratuctuku UNESCO. VYci gani BimoOpaxaroTbes B
MixHaponHiil cTaHAapTHINH Kinacu(ikalii OCBITH 3 METOI TOPIBHSHHS OCBITHIX
MporpaM Ha MiKHapogHOMY piBHI. CITiIBBITHOIICHHS BUMTENIB i YUHIB 4aCTO BH-
KOPHUCTOBYIOTh JUIsl TIOPIBHSHHS SKOCTI IIKIIEHOTO HaBYaHHS B PI3HHX KpaiHax.
[Ipore 3B’sA30K HaBYAaHHS 1 SKOCTI OCBITH Jye CIaOKWM, OCKUTBKU CIIBBITHO-
HICHHS BUUTENIB i YYHIB B PI3HUX KpaiHax 3aJIe)KUTh BiJl KBami(ikallii BUATENIB,
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BIIMIHHOCTEH B HAIOBHEHOCTI KJaciB, Pi3HOI KUIBKOCTI TOAHMH BUKJIAJAHHS,
NPaKTUKH HEMOBHOTO POOOYOTo AHS, IIKUIBHUX 3MiH Ta iHIIMX ¢akTopis [13].

2. Jimu, sxi ne giosioytome wkony (Children out of School (% of primary
school age)) — 1e wacTka miTelt MOIOAIIOTO MIKITFHOTO BiKY, SIKI HE BiBiIyIOThH
no4yaTtkoBy abo cepenHio mkomy. JliTei, siki mepeOyBaloTh y MOYAaTKOBIHM BiKOBii
IpyMi i OTPUMAOTh JOUIKIJIbHY OCBITY, CIiJl pO3TJISIATH SK TaKHX, IO HE BiJBi-
OyOTh IIKOy. Llei mokasHUK BUPaxOBY€ThCS LIOPIYHO IHCTUTYTOM CTATUCTUKU
IOHECKO. Ilpu upoMy MOXIIMBI TOXHOKH, OCKITBKH JaHi 30MPAIOTHCS CTAaHOM
Ha MEBHY 3BITHIO JaTy 1 HE BPaXxOBYIOTHCS JAiTH, AKi OyIyTh 3apeecTpOBaHi B IIKi-
TbHINA 0a31 a00 MOKMHYTH MIKONY Imicis miel patv. MixkHapogHa cucTeMa IopiB-
HSHHS ITHOTO TIOKa3HWKA MOXKE 3aJIe)KaTH BiJ BHKOPHUCTAHHS Pi3HUX KOHIICTIIIIH
3apaxyBaHHS Ta BipaxyBaHHS AiTed B pi3HUX KpaiHax [14].

3. Inoexc pisns ocsimu y ceimosux kpainax (Education Index) — 1ie xom0i-
HOBaHMII moka3HUK [Iporpamu possutky Opranizamii O0'ennannx Harmiii, mo
PO3PaxOBYETHCS K 1HAEKC TPAMOTHOCTI JOPOCTIOTO HACEIEHHS Ta IHIEKC CyKyII-
HOI YacTKM Y4YHIB, AKi 3400yBalOTh OCBITY; BUKOPHCTOBYETHCS Ul PO3PaxyHKY
ingexcy moacekoro po3sutky (Human Development Index). Imgexc Bumiproe
JIOCSATHEHHSI KpaiHU BIJHOCHO JOCATHYTOTO PiBHS OCBITH ii HACEJIEHHS 3a JBOMa
OCHOBHUMM ITOKa3HUKAMHU:

® iHIEKCOM rpaMOTHOCTI IOPOCIIOro HacelneHHs (2/3 Baru);

® iHJEKCOM CYKYITHOI YaCTKH Y4HIB, SIKi OTPHMYIOTH [TI0YaTKOBY, CEPEIHIO i
BuIy ocity (1/3 Barnm).

Li nBi CKIIamOBi 3BOAATHCS B IMiICYMKOBHU 1HACKC, IKUHA CTaHIAPTU3YETHCS
Big O (MiHiManmsHUIT) no 1 (MakcuManpHH). BBakaeThcs, MO PO3BUHEHI KpaiHU
NOBHHHI MaTH MiHIManbHUH iHAeKC — 0,8. Bu3Hayarouu micue y cBiTOBOMY peli-
TUHTY, BCl KpaiHH PaHXYIOThCSI Ha TIJICTaBi 1HAEKCY PiBHS OCBITH: MEpIIe Miclie B
PEUTHHTY BiIIOBia€e HAHBHIIOMY 3HAYEHHIO LbOTO IIOKa3HHMKA, & OCTAHHE —
HaliHmk4oMy. [Toka3HHK Mae HU3KY 0OMeXeHb, 30KpeMa BiH He BizoOpaskae siKo-
CTi camol OCBITH, HE MOKa3y€e MOBHOIO MipOI0 AOCTYIHICTh OCBITH uYepe3 BiAMiH-
HOCTI Y BIKOBHX BHMOTaX i TPHBaJicTh HaBuaHHA. KpiM TOro, miacyMKOBHH iH-
JEKC HE BpAaxOBY€ CTYJEHTIB, SIKI HABYAIOThCS 3a KOPIOHOM, IO MOXE
CIIOTBOPIOBATH JaHi JESKUX Majux Kpaid [15].

Tpers rpyna — CTOCYETBCS TOJNITUYHOT cTabIIBHOCTI 1 MICTUTH Taki (ak-
TOPH BILIUBY:

1. Ceimosuii nokasnux cnoxoio (Global Peace Index (GPI)) — me ingexkc,
SKUH IEMOHCTPYE CTaH CITOKOIO B KpaiHax i perioHax. JloCTiKeHHS MPOBOIUTCS
3a TIPOEKTOM [HCTUTYTYy €KOHOMIKM 1 MHPY pa3oM 3 MDKHApOIHOIO TPYIIOI0 eKC-
MepTiB 3 TMUTaHb MHUPY Ha TiJACTaBi JaHWX, 310paHUX BIIIIIIOM TOCTiIKEHBb
Economist Intelligence Unit. IlogaTtox mocmimkenHs mpunagae Ha 2007 p. i
Bkirouae Bif 121 mo 149 xpain city. [HiniaTopoM IOCHTIKEHHS € aBCcTpaiich-
kuit mignpuemens CtiB Kinenea, sikuii oTpuMaB CXBaJIGHHsI 0araTboX BIUIMBOBHX
Jrozel CBiTy, BKIIOYAIOUM BiIOMHX OOpLiB 3a MHp Ta mpasa JMoIuHH. DakTopa-
MU, SIKI BIUTUBAIOTh HA MOKA3HUK, € PIBCHh HACUILCTBA 1 3TIOYMHHOCTI B KpaiHi Ta
BiliICLKOBI BUTpATH 1 BiiiHH [16].

2. Ceobooa npecu y ceimi (Freedom of the Press) — ue mopiune gocmi-
JOKEHHS 1 pEUTHHT Tpo cTaH cBoOoIM 3aco0iB MacoBoi iHpopmarii (3MI) y kpai-
HaX CBITYy, SKHH BUITYCKA€ThCS MDKHAPOJHOI HEYPSIOBOK OpraHi3alli€ro
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Freedom House, sixa oniHroe cTymiHb cBOOOIM APYKOBaHUX, PAJiOMOBHHUX 1 OH-
naitnoBux 3MI, moumnaaroum 3 1980 p.

Jl1st BU3HAYCHHSI IOTO TTOKa3HWKA BU3HAIOTHCS ICHYIOUI KYJIBTYPHI BiIMiH-
HOCTI, HaIllOHaJIbHI IHTEpECH Ta PiBHI €KOHOMIYHOTO PO3BUTKY JAEpKaB 1 JOTpU-
MYIOTBhCSI YHIBEpPCaIbHUX KPUTEpiiB cBoOOAM iH(OpMAIii, BiIpaBHOI TOYKOIO
UL IKUX € ctarTa 19 3aramsHoi Jekmnaparii mpas JTIoAuHH. 1 0JIOBHOIO TIEpEITKO-
JIOI0 Ha IUIAXY CBOOOIM TMpecH OpraHi3allisi Ha3WBa€ YpsIOBUH KOHTPOJIb Hal
3MI.

JlocnimKeHHs. IPYHTY€EThCSI Ha METOMOJIOTI] eKCIIePTHUX OLIHOK. BHCHOBKH
mpo ctad cBobomu 3MI pobisaTe Ha ocHOBI 109 OKa3HUKIB, BKIIOYAIOYH OIIHKY
TaKUX KPUTEPIiB, sIK CBOOOAA CJIOBa, CTYIiHb YPSAOBOTO KOHTpoi Han 3MI,
YMOBH POOOTH JKypHAJICTIB Y KpaiHi, BUNIAJKH 3aCTOCYBaHHS HACHJIBCTBA CTOCO-
BHO JKYPHAJICTiB, €EKOHOMIYHA 1 TMOJITUYHA CUTYyallil y KpaiH Tomo. Y JOCIHi-
JUKEHHI BUKOPHCTOBYETHCSI CUCTEMA OIIIHIOBaHHS JEPiKaB Y TPhOX KATEropisx —
NpaBOBii, MONITHYHIN Ta ekoHOMiuHii. CyMapHO BOHHM MOKa3yIOTh MOJOXKEHHS
KpaiHU B 3araJlbHOMY peHTHHTY, e moka3Huk cBoboau 3MI ominroerses 3a 100-
OaJIbHOIO TKAI00. UMM BUIMUI 3aranbHUN 0aj, TUM TipIlie CTaHOBHINE KpaiHH
[17]. Yci nepskaBu mo3aiJicHI Ha TPU YMOBHI TPYIIH:

1) xpainu 3 BimbanMEu 3MI (Big 0 mo 30 OauniB);

2) xpainu 3 yactkoBo BitbHUME 3MI (Big 31 no 60 6axniB);

3) xpainu 3 HeBinbHIUMH 3MI (Bix 61 mo 100 Gamis);

3. Petimune xpuxkux 0epxcas (Fragile States Index) no 2014 poky Ta Peti-
mune nediezoamuux oeposcas (Failed States Index) — 1ie pelTHHT, po3poOIISETHCS
®onpom mupy, nounHarouu 3 2005 p. 1 BCix KpaiH cBiTy. PedTHHT po3po0iis-
€THCS 3 METOIO aHaJIi3y 3/IaTHOCTI JIepyKaB KOHTPOIIOBATH ILTICHICTh CBOET TEPH-
TOPii, MOJITHYHY, AeMorpadiuHy, EKOHOMIYHY Ta COMaJbHY CUTYAIlI0 y KpaiHi.
UuM BUIIUI PEUTHHT KpaiHU, THM Tipiuuii ii ctan 18].

CknazioBi, 3a SIKUMH HPOBOAUTHCS OLIIHIOBAHHSL:

e jemMorpadiuHuii TUCK (BU3HAYAETHCS T'YCTOTOK HACEJCHHS Ta HASBHICTIO MPOTH-
00pYMX ETHIYHUX TPYI);

® piBeHb eMirpairii;

® piBeHb EKOHOMIYHOI HEPiBHOCTI,

® cKOHOMIYHHH CTaH;

® KpHMiHANI3alis AepPKaBu;

® pO3IPIOHEHICTh Y CUIIOBHX CTPYKTYpax Ta eJiTi;

® TepeMileHHs ODKEHINB Y cepenHi KpaiHu;

® 3pOCTaHHA PEBAHIINCTCHKUX HaCTpOIB;

® KUIBKICTb HOCIYT JIep)KaBH;

® JOTpUMAaHHSI 3aKOHIB 1 MpaB JIFOAWHU;

® 30BHIIIHE BTPpyYaHHS (PU3WKH iHO3EMHOTO BTPYYaHHS B MOJITHYHI Ta BiHCHKOBI
CIIOPH, a TAKOXK 3aJIEKHICTh BiJ 30BHIIIHBOTO (DiHAHCYBaHHSA).

4. Yacmrka micyvb, AKI 3aUMaroms JHCIHKU 6 HAYIOHANbHUX NAPIAMEHMAX
(Proportion of Seats Held by Women in National Parliaments (%)) — 1ie mokas-
HUK, SIKUA JEMOHCTPYE YacTKy MapjaMEeHTCHKHX Miclb, SIKi 3aiMaroTh KiHKH.
Cxutagaetsest mopivHo MikImapiiaMeHTChKIM COF030M Ha OCHOBI iH(opMariii, mo-
JaHO1 HAIIOHATFHUMHU TapJIaMEeHTaMU IS IEMOHCTpaIlii TeHAepHOI HEpiBHOCTI
B YpsIi Ta BIUIMBY JKiHOK Ha MOJITUKY B AepxaBi. Llel MOka3HUK CBiZ4YHTH HE
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TIMBKH TIPO MPABO JKiHOK Ha PiBHICTD 1 IX BHECOK Y BEACHHS JIepKaBHUX CIPaB, a i
PO BUKOPHUCTAHHS JKIHOYMX PECYpCiB Ta MOTEHITIATY JJIs BH3HAYCHHS TOJITHY-
HHUX MPIOPUTETIB 1 PO3BUTKY JACPKaBH, IO Ja€ KOPUCTh CYCIJILCTBY 1 CBITOBiH
ciiapHOTI [19].

5. [Inoekc enobanvroeo eendeprozco pospusy (GlobalGenderGaplndex) — e
IHIEKC, SKUH pamkye KpaiHW Ha MiACTaBi po3paxyHKIB IJIs BUMIPIOBAHHS T'eHJC-
PHOI piBHOCTI 3 METOIO BUSIBJICHHS Ta HACIHiAyBaHHA KpaiH 3 PiBHONPABHOIO T'EH-
JEpHOIO IUTITUKOK0. YTeple JoCHiKeHHa onmyoikoBani B 2006 p. i mpeacrasie-
Hi Ha BcecBiTHROMY exoHOMiuHOMY (opymi (3 2014 p. — 144 kpainm) [20].
IToka3HUK MiCTHTh YOTHPH CKJIAJIOBI:

1) ygacTb B €eKOHOMIYHIH JisUTBHOCTI Ta MOXKJIMBOCTI — K Pe3yJIbTaT OIlia-
TH TIpalli, piBHS y4acTi Ta TOCTYITy O BUCOKOKBaJTi(hikoBaHOI 3aHATOCTI;

2) piBeHb OCBITH — SIK pe3yJbTaT AOCTYITy 1O 0a30BOTO i BUIIOTO PiBHIB
OCBITH;

3) moiTHYHI MpaBa Ta MOKIIMBOCTEH — SK pe3yiabTaT y4acTi B CTPYKTypax
NPUAHSTTS pillicHb;

4) 300pOB'S 1 BIDKMBAHHS — Pe3yJIbTaT TPUBAJIOCTI KHUTTS 1 CIiBBIJHOIICHHS
MiX YOJIOBIKAMH Ta )KiHKaMH.

METOJHM BIJHOBJIEHHS BIACYTHIX JAHUX

Jns MozmentoBaHHS k-CyCHIICTBa OCHOBHUM JDKepesioM iHdopmarii € cratucTu-
YHi JaHi, y SKUX 9acTo Opakye iHdopmarii 3a meski mepionn. Hepigko B Takmx
BUNaIKaX MPOMYCKH JaHUX MPOCTO iTHOPYIOTHCS, a00 3allOBHIOIOTHCS CEpelHIM
3HAYEHHSIM 3a BUOipKot0. J[Jst OUTBII TOYHOTO MOJICNIOBaHHS MOTPIOHO SKUMOCH
YUHOM BiJTHOBHUTH JIaHI Tak, M00 oTpuMaHa iH(QOpMaIlis SKOMOTa TOYHIIlIe OITH-
CyBaJIa IOCIIIKyBaHHUH IPOIIEC.

IcHy€e HU3Ka METOJIIB Ta alNTOPUTMIB 3 BITHOBJICHHS JaHUX, IO IPYHTYIOTBCS
Ha Teopil HMOBiIpHOCTEH, CTaTUCTUYHOMY aHami3i, Mmerogax Data Mining, mpote
CKJIJHICTh X peaiizaiii TPU3BOIUTH JO TOTO, IO TAKUMH JOCTIKCHHAMH HEeX-
TYIOTh, OOHMpaloun ORI TPOCTINTYy aje rpyoinry orinky. CKIamaHICTh BHOOPY
MiXOMy JJIs BiTHOBJICHHS JaHUX TOJSTae B TOMY, IO iH(OpMALlis pi3HOT TPUpO-
I moTpeOye BUKOPUCTAaHHS Pi3HUX METOIB, TOMY AJIsI SIKICHOTO aHami3y AOBO-
UTHCSI BUKOPUCTOBYBATH JIEKIIbKA T AXOMIB.

['pymyBaHHS METOIB Ta MiIXOMIB 3aJIE)KHUTh BiJ THITY MPOITYCKY 1 MOMiNs-
I0ThbCSI Ha MOBHIiCTIO BumaakoBi (Missing Completely at Random — MCAR), Bu-
nankoBi (Missing at Random — MAR) ta neBunaakosi (Not Missing at Random
— NMAR)

Jani, oOpaHi 11 JOCTiKEHHS, MAaIOTh EKOHOMIYHY Ta COLIalIbHY MPUPO.Y,
TOMY, MPOAHATI3yBAaBIIM Pi3HI METOAU Ta BUKOHABIIU PSIJl PO3PAXYHKIB 3 HAsB-
HAMHU JaHWMH, OyJI0 BHSBICHO IEKiJIbKA aJTOPHUTMIB, SKi MOKA3ajld HaHMEHITY
NOXHOKY 00YHCIIEHb Y Pi3HUX THIIAX NPOIycKiB [21].

SIKmo nmaHi OTPUMAHO IUITXOM aHKETHOTO OIMTYBaHHS, PaH)XKyBaHHS abo
3 0aJbHOIO0 CHCTEMOIO i MPOTHO3YBaHHS BifOyBa€ThCs AJISl BEJIMKOI KITBKOCTI OA-
HOTHITHUX ITOKA3HUKIB 3 BEJIHKOIO KIBKICTIO MPOITYCKiB, TO ONTUMAIBHUM OyIie
BUKOpHUCTaHHA anroputMy ZET 3 moOyIoBOIO «KOMIIETCHTHOI» MATPHII, SKHMA
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HAJIS)KUTH JI0 JOKanbHOro THiy. Lleif MeTos Moke TpalfoBaTi SIK 3 OJHOBUMIp-
HUM PAIOM, TaK 1 3 TAOIUIIMU TaHUX.

Meron MuOHHHOI iMITyTartii (MI — Multiple Imputation) mo3BoJsie oxHO-
YacHO I'eHepyBaTH JeKiJibKka 3HAUeHb IIyKaHO! BEJIMUMHH, IO YCKIAAHIOE TPOLEC
HOIIYKY AaHHX, IPOTE 3HAYHO MOKPAIIy€e HOro. Y pe3ynbTaTi yTBOPIOETHCS JEKi-
nbpKka 0a3 JaHuX 3 Pi3HUMH BapiaHTaMH MiJICTaHOBOK, 10 aHai3y OTPUMaHHX pe-
3yJIBTATIB JIOJIy4alOThCs CKCIEPTH. B OCHOBY METOAy IMOKIaAeHO OaleCiBChKUMH
miaxin ta anroput™M Morte-Kapio [22].

Jlist 3acTocyBaHHS BCi€l TeHepallbHOI CYKYITHOCTI IUIS BiTHOBJICHHS JTaHHUX
0o0paHO JBOKPOKOBWI METOJ TJIOOANBHOTO THITY MaKCHMi3alii OYiKyBaHb
(Expectation Maximization — EM), skuii 103BOJsl€ HE TUTBKH BiJHOBIIOBATH
MPOMYCKH, aJjie i OI[iHIOBATH MaTeMaTW4YHe CIOJiBaHHS, KOBapialiiiHi Ta KOpeIs-
IAHI MaTPHII IS KUTbKICHUX 3MIHHHX.

KommuiekcHU migxin [Uis BiAHOBJICHHS NaHUX JIA€ 3MOTY OUIBII iCTOTHO
BIUIMHYTH Ha SKICTh TIOOYZOBH MOJENi K-CyCHIIbCTBA, OCKIIBKH BUKOPHUCTOBY-
€ThCs iH(OpMaITis 3 pi3HUX cdep, 30KpeMa COIIOIOTIYHNX Ta €KOHOMIYHHX, IO
MAaroTh Pi3HY NPUPOLY BHYTPILIHIX 3B’SI3KiB.

MNOBYJAOBA IHAEKCY IKS

Hunst mobOynoBu innekcy Iks yci maHi MaroTh OyTH OIHI€ET pO3MIPHOCTI, ATl IBOTO
ix HOpMYIOTh. ICHY€E neKinbka METOAIB HOPMYBAaHHS JaHUX 3aJI€KHO BiA TOTO, Y
SIKMX MEXax HEOOXiJHO OTpUMAaTH pe3yJbTaTH Ta SK Hagami oOpoOIsITHMEThCS
iH(opMaris.

VY Mexax ZOoCHiIKeHHs 3py4YHO, 00 yci AaHi Manu aianasoH Big 0 go 1, To-
My HOpMaJi3alliro mpoBeaeHo 3a MeToroM MiniMax:

Y= x —min (X)
- max (X)—min (X)

Je X — IOTOYHE 3HAUEHHS eJeMeHTa BUOIpKH; X — yCsI CYKYIHICTh €JIEMEHTIB.

BukopuctoByroun 1eii METO, MOKHA BUSIBUTH MPOBAU a00 TIKH PiBHS J0-
CIII/PKyBaHUX 00’ €KTiB, TOMY 3py4HO B MeXax MOZeJIoBaHHs k-cycmiibcTBa Bill-
CTEXYBaTH Ti1 KpaiHH, 5IKi € B3IpLEBUMH, 1 Ti, Y SIKMX HEOOXiAHO MOJIMIIYBaTH Ty
YH {HITY CKIIAI0BY LIS MTOJATBIIOTO YCIIIIHOTO PO3BUTKY.

[Ticnst HOpMyBaHHS NaHUX OOYMCIIEHO IHAEKC OKPEeMOl CKIIaJ0BOI MOJENi
JUTSL KOKHOT KpaiHu, TOOTO 1HACKC COIiabHOI THHAMIKU a00 TIEPCIICKTHB PO3BUT-
Ky. dnst mocnimxkenHs oOpaHo 126 kpaiH cBiTy Ta miana3zon auHamiku 2005-2014
pp., 3 saxux TOII-10 kpain 3 HaBUIIMM Ta HAWHWKYMM MOKA3HUKAMH IHIEKCY
COIIaNbHOI AMHAMIKH Ta MIEPCIEKTHB PO3BUTKY HaBEJeHO B TaOI. 1.

VYkpaina Mae cepeiHi TOKa3HUKY BiJTHOCHO PO3BMHEHHX KpaiH CBITY 1 3aliMae
76-y pedTHHTOBY TO3HUIlit0 cepen 126 KpaiH 3 iHAEKCOM COIMiaTbHOI JUHAMIKH
0,51867 (rpyma 1= 0,308173, rpymna 2= 0,892764, rpyna 3= 0,355074); Bumnepe-
mxae i (74-e micne) byran 3 ingexcom 0,524733; 75-e micrie 3aiiMmae ExBamop 3
iHmexcom 0,521781. Ykpaina, y cBoro uepry, Bunepemxae B’eraam (77-e Micrie) 3
ingexcoM 0,518597 ta Enb CanbBagop (78-¢ micuie) 3 ingexkcom 0,516137.
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Taoauus 1. Kpainu-nizepu ta ayrcaiifiepn 3a MOKa3HMKOM iHIEKCY COLIANLHOI IH-
HaMiKH 1 IEPCIEKTUB PO3BUTKY Ta HOro CKJIaJ0BUX, cTaHoM Ha 2014 p.

PeiiTuHroBa Inpexc
NMO3U LA I'pyna 1 I'pyna 2 I'pyna 3 NMepcneKTUB Kpaina
3a 2014 p. PO3BUTKY
1 0,572202 0,951792 0,874445 0,79948 Sweden
2 0,560797 0,932141 0,885821 0,79292 Finland
3 0,509311 0,987611 0,864638 0,787187 Norway
4 0,558406 0,95432 0,838945 0,78389 Denmark
5 0,595227 0,940319 0,811551 0,782366 Switzerland
6 0,574156 0,969478 0,790017 0,777884 Germany
7 0,502623 0,937636 0,89125 0,77717 Iceland
8 0,526903 0,963526 0,796535 0,762321 | New Zealand
9 0,478427 0,97072 0,812407 0,753851 Netherlands
10 0,680167 0,920529 0,648447 0,749714 | United States
117 0,210518 0,398381 0,461163 0,356687 Malawi
118 0,305499 0,64434 0,119983 0,356607 Syria
119 0,241944 0,470315 0,341911 0,35139 Gambia
120 0,230277 0,461842 0,34792 0,34668 Guinea
121 0,193434 0,395364 0,443487 0,344095 Burkina faso
122 0,24955 0,401206 0,373088 0,341281 Mali
123 0,288619 0,369277 0,3522 0,336699 Niger
124 0,288863 0,38119 0,299215 0,323089 Nigeria
125 0,199879 0,468923 0,248718 0,30584 Pakistan
126 0,263714 0,496266 0,097072 0,285684 Yemen

Y nuHaMini 3a BeCh MepioJl AOCHIIKEHb MOKHA TPOCIIiIKYBaTH, K 3MiHFO-
BaBCs 1HIEKC COITiaTbHOI JMHAMIKK Ta IMEPCHEKTHB PO3BUTKY Yy NECATH KpaiH-
nigepis (puc. 1) Ta kpain-aytcaiiaepis (puc. 2). Ha rpadikax moka3aHo mocTymo-
BUil pict HiMeu4nHH MPOTATOM JOCHTIPKYBAHUX POKIB, a TAKOXK 3HAYHE 3MCH-
IMeHHs 3HaYeHHs iHgexcy B Cupii 3a paXyHOK TTOKa3HHUKIB TPETHOI TPYIIH.
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Puc. 1. 3mina iHgEeKCy coliasbHOT IMHAMIKM Ta MEPCHEKTUB po3BUTKY 10 kpaiH-migepiB
3a 2005-2014 pp.
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Puc. 2. 3miHa iHIEKCY cOLIaNbHOI JUHAMIKK Ta MEPCIEKTHB PO3BUTKY y 10 kpain-
ayrcaiinepis 3a 2005-2014 pp.

MoskHa pO3TisiIaTH KOXHY CKJIaIOBY 1HIEKCY SK OKpeMuid (axTop, moja-
JIBUIVI BIIMB HA SIKMHA 3yMOBJIIOE IIOKPAILCHHS CTaHy KpaiHW Ta ii 3arajibHy pei-
TUHTOBY MMO3uIito. Toxi JOUiapHO 300pa3uTH B OJHIN TUIOIMIKHI BCi KpaiHH Ta X
pO3TaNIyBaHHS BiITHOCHO KOXKHOI TpyTH iHACKCIB (puc.3).
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Puc. 3. Tpu critazioBi TPynu iHAEKCY COIIaTbHOI AWHAMIKH Ta TEPCHEKTHB PO3BUTKY
cranom Ha 2014 p.

Bichk abciuc 300paxye arperoBaHuii iHIEKC TEPIIOi IPYIH, BiCh OpJIUHAT —
arperoBaHuil iHJEKC IPYroi IPyIH, a JiaMeTp KoJia — arperoBaHuil iHIEKC Tpe-
ThOI Tpynu. Ha puc. 3 BHOKpeMJIEHO pO3TallyBaHHS IT STH KpaiH-JiIepiB, KpaiH-
ayTcaiiepiB Ta YKpaiHu.

Innekc Iks Ta #oro ckiamoBi — Ii€ MOKAa3HUKH, K1 BiIOOpaXarOTh CTaH Kpa-
{HM 3 pI3HHX acIeKTiB i pO3BUTKY, a OTXKE, IX MOXKHA MOPIBHIOBATH 3 1HIEKCOM
€KOHOMIYHOTO BHMipy ctajoro po3BuTky (Index of Economic Dimension, lec),
SKHH, Y CBOIO 4epry, MICTHTh y3arajbHeHy iH(OpMailo Mpo CTaH CUTBCHKOTO
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rocnoaapcTa, mpomuciosocti, BBII Ha nymry HaceneHHs, mpsiMi iHO3eMHi iHBec-
THIIii, EKCIIOPT-IMITOPT TOBApPiB Ta MOCIYT, IPAIIOI0Ye HACEICHHS, 30BHIIIHIO 3a-
0OproBaHICTh, TPAHTH Ta MATEHTH, HAYKOBO-TEXHIYHI JOCSATHEHHS Ta iX BIpOBa-
JOKCHHSI, CKOHOMIUHY cBOOOy Tomo [23]. 3B'SI30K 1HAEKCY COMLiadbHOI TUHAMIKA
Ta TMEPCHEKTUB PO3BUTKY 31 CTAHOM PO3BHUTKY €KOHOMIKH PI3HHX KpaiH 300pae-
HO Ha puc. 4. MokHa IOMITHTH, 110 YKpaiHa Xo4a i Ma€ HU3bKUH PIBEHHh €KOHO-
MIYHOTO PO3BHUTKY HaBiTh MOPIBHSIHO 3 I’ ATIPKOIO ayTcaiaepis, ane ii iHgeKc co-
IiaJIbHOT IMHAMIKY Ta MEPCIIEKTHB PO3BUTKY 3HAYHO 1X BUIIEPEKAE.
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Puc. 4. 3anexHicTh iHAEKCY €KOHOMIYHOTO BHMIpPY CTajoOro PO3BUTKY BiJ IHIEKCY
couiaJbHOI TMHAMIKH Ta NEPCHEKTUB PO3BUTKY cTaHOM Ha 2014 p.

BUCHOBKH

[ToOynoBa iHAEKCY MEPCHEKTHB Ja€ 3MOTY OI[IHWTH, SKi KpaiHu 3a octaHHi 10
POKIB iCTOTHO 3MIiHIOIOTH TMOJITHKY CTOCOBHO OCBIiTH, COIIaIbHOTO PO3BUTKY, JIe-
Morpadii Ta BU3HAYUTH, y SIKi POKM MPOBOAMIKMCS peOpPMHU IHOTO HATPSAMY Ta
30inpLIyBanocs Horo GpiHaHCYBaHHS.

Y mojanpmmx MOCIiHKEHHIX CTaHe 3pO3yMUINM, SIKHH BarOMHUN BHECOK IIeH
IHIEKC CTAaHOBHUTH IS TIOBHOI MOJIETi k-CYCITiICTBA Ta KM YHHOM 4Yepe3 Horo
TOJIMIICHHS. MOXKHA MiJIBUIIUTH 3arallbHUi piBEHb PO3BHUTKY KpaiHH. 3MiHa TO-
Ty Ha MOJEIh OOy IOBH A-CyCHIIECTBA Yepe3 MPU3MY HOBHUX CKIIAJIOBHX IPH-
BHOCHUTEL HOBI 00’ €KTH JIJIS TUTAHYBAHHS Ta PO3BUTKY, IO B IIJIOMY AAaCTh MO3HUTH-
BHUH e(]eKT.
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OIIHIOBAHHSA KPEAUTHUX PU3UKIB METOJAMMU
IHTEJEKTYAJIBHOI'O AHAJII3Y JAHUX

B.A1. JAHWIOB, O.J1. ’JKUPOB, I1.1. BITIOK

Amnoramnisi. [IpoanaizoBaHo KpeIUTHI pH3UKU (iHAHCOBUX OpraHi3aliil 3a JOMOMO-
FOI0 METOJIB IHTENCKTYAIbHOTO aHamidy naHuxX. MaKkTUYHI CTATHCTHYHI JaHi, SKi
XapaKTePHU3YIOTh MO3UYAIBHHUKIB KPEUTIB, BUKOPUCTAHO I NOOYIOBH MaTeMaTH4-
HHUX Mojesiel y GopMi piBHSHb THITY JIOTIT, AepeB pillleHb i OalECIBCHKUX MEpEx.
SIxicTp moOyIOBaHMX MOJENEH MPOaHaTi30BaHO 3a MHOKHHOIO HaJeKHHUX CTaTHC-
TUYHUX KPUTEPIiiB, sKi 3a0€3MeUyI0Th OCHOBY AJIS BUOOPY Kpamoi anbTepHATUBHOI
Mozeni. I3 BUKopucTaHHSIM ABOX BUOIpOK 0aHKIBCHKHMX JAHHX BUKOHAHO Ps 004mC-
JIIOBAIEHUX €KCIIEPUMEHTIB 1 BUSIBIICHO Kpallli Mozieli y GpopMi piBHSIHB THITY JIOTIT i
GaiieciBcbki Mepexi. [lepenbadaeTbes PO3MIMPUTH MHOKHHY METOAIB OOYJOBH Ma-
TEMAaTUYHUX MOJENeH 1 peani3yBaTH iIcl0 KOMOIHYBaHHS OI[IHOK, 3TeHEPOBAHUX 32
anpTepHAaTUBHUMU MeTogaMu. OOTpyHTOBAHO JOLINBHICTH PO3POOJICHHS Ta peajli-
3allif0 cHeuiaai30BaHoi CUCTEMHU MiATPUMAHHS MPUIHATTS PillleHb ISl BUKOHAHHS
TIOCIIDKEHb Y Tally3i OLiHIOBAaHHS Ta IPOTHO3yBaHHs (DiHAHCOBHX PH3HKIB.

KunrouoBi ciioBa: kpenuTHHI PU3MK, CTATUCTHYHI JIaHi, JOTiT-MOJEINb, OaleciBChbKi
Mepexi, TapaMeTpH SIKOCTi MOAeIei.

BCTYII

st Toro, o0 ePEeKTUBHO YIIPABIATH KPSTUTHUMHU PHU3HKAMHU, HEOOXITHO BMITH
TOYHO BUMIpIOBAaTH iX. ICHy€ JHOCHTH BEeJIMKa MHOXKMHA METOJIB 1 MOJEJCH OIli-
HIOBaHHS KPEIUTHOTO PHU3UKY. JIJIi CTBOPEHHS CUCTEMH YIPaBIiHHSA KPEAUTHUM
PU3NKOM OaHKHM CIIHPAIOTHCS Ha BIACHUW JOCBIJ Ta HAIIpPaIFOBaHHS.

Harermep icHye Gararo mMojeneli OIiHFOBaHHS KPEIUTOCIIPOMOXHOCTI Ha M-
CTaBl PUHKOBUX TIOKa3HHKIB, a came: mozeni bneka—Illoym3a—Meptona [1, 2].
[TepeBaramu Takux MoJIeNel € BUCOKA MPOTHO3HA CIIPOMOXKHICTh, a0cOpOyBabHA
iH(opMarris Ipo Mo3uYaIbHUKA, JOCTYITHA BCIM iHBECTOpaM, MPUCYTHIM Ha PHUH-
ky. Henmonikamu € Te, mo iHGopMaIis mpo mo3uyaibHUKA € BiINOBITHOIO JTUIIE
3a yMOBH e()eKTUBHOCTI PUHKY, IMOTPIOHWI BeNWKH MacuB naHux. Lli meromu
peartizoBaHi Ha MPaKTHUI y BHMIISAAL TporpaMHoro npoaykry CreditMonitor.

[Minxonu mo po3poOiaeHHS MOJeNel sl OIIHFOBaHHS KPEAUTOCTIPOMOYKHOC-
Ti Ha MiACTaBi QPyHIAMEHTATPHUX MMOKA3HUKIB IPYHTYIOTHCS Ha MaKpOECKOHOMIY-
HUX TOKa3HHKaX, (iIHAHCOBUX IMOKAa3HMKAX Ta HA JaHUX PCUTUHTOBUX ar¢HTCTB.
OcCoO0NMHUBOCTSMY TaKUX MiJTXOIB € T€, 0 BOHH BPaXOBYIOTh IUKIIYHICTh €KOHO-
MiKH, JalOTh 3MOTY OTPHUMYBAaTH JTOBTOCTPOKOBY OIliIHKY, BHKOHYBaTH KpOC-
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aHanis. Ix mepesaru: JoCTymHiCTb iH(pOpPMALLii, IPOCTOTA PO3PAXYHKIB i MPUIHAT-
Ha TOYHICTH MPOTHO3Y. Hemomiku: BaXKKO BH3HAYUTH MEPIOTAIHICTh MUKITIB €KO-
HOMIKHM Ta OLIHUTH WMOBIPHICTh Ae(ONTYy KOHKPETHOTO MO3WYaIbHUKA; HE 3aB-
KW HaJaHl JaHi € JOCTOBIPHUMH; OyXrajnTepchbKa 3BITHICTh MOKa3ye pe3ynbTaTu
noctdakTyM, TOOTO HENOCTaTHIA MPOTHO3 MaHOYTHIX TMEPCIEKTHB; TMEPeoIliHKa
pedTHHTY Mae yacoBuii jar [1, 3].

Miniwmizalliss KpeIuTHOTO PU3HKY TOTPeOy€e HAJEeKHOTO YIPABIIHHA HUMH,
1o siBJIsie cOOO0 TPOIIeC BUSBIICHHS i OLIHIOBAHHS PHU3HKIB, a TAKOXX BUOIp Me-
TOJIIB Ta IHCTPYMEHTIB Ul UbOro. TpaguuifHO KpeAUTHUN PU3HK PO3IIISAAETHCS
B PO3pi3i KOXKHOTO KOHKPETHOTO IMO3WYajbHHKa. UHMCICHHI MOJAETl BUKOPUCTO-
BYIOTH CKJIQJIHUIl MaTeMaTHYHUH amapaT IJisl OLIHIOBAHHS KPEIUTHOTO PHU3HKY.
KitouoBrM 3aBIaHHSM MOOYIOBH MAaTeMaTHYHOI MOJIENI KPEJUTHOTO PU3HKY €
OIIIHIOBaHHS PO3MOJLTY 30MTKIB yChOTO arperoBaHOrO KpeAuTHOTO opTdens. Lle
TaK 3BaHi CUCTEMHU CKOPUHTY [4, 5].

Poboty npucBsiueHo aHalizy MOMIJIMBOCTI 3aCTOCYBaHH JiHIHHOT 1 HETiHIN-
HOI perpeciif, a Takok 0al€CiBCBKOTO METOMy aHali3y MaHWX; BUKOHAHHIO Ta
aHaji3y pe3yJNbTaTiB OOYUCIIOBAILHUX EKCIIEPUMEHTIB 3 OLIHIOBAHHS KpPEIUTO-
CIPOMOJKHOCTI KJII€HTIB 3a HasBHUMH CTaTUCTHYHMMH [AHUMH; IIOPIBHSHHIO
PEe3yJbTaTiB 3aCTOCOBAHMUX METO/IB OLIHIOBAaHHSA KPEIUTHOTO PU3HKY.

OI'JIAJ MOJIEJIEX JIJISI OIHIOBAHHS KPEJJMTHOI'O PU3UKY

JliniiiHa Ta jorictuuHa perpecis. TpaauiiitHUIMU 1 HAHOITBII MTOMTUPEHUMHU
€ perpeciiHi MeToaW, HacaMmIepen JiHiiWHA OaratodakTopHa perpecis:
p= Wot w x;+ wy x,+...+w, x,,, 1e p — iIMOBIipHicTs AedONTY; W — Barosi
KoeilieHTH; X — XapaKTepUCTUKU KiieHTa. Hemonmik Moneni mojsrae y Tomy,
IO JIiBa YaCTHHA PiBHSHHS MiCTUTh IMOBIPHICTH, sika HaOyBa€ 3HAYEHHS B IHTEP-
Baii [0, 1], a 3MiHHI B TIpaBiii YaCTHHI MOXKYTh HaOyBaTH OyIIb-IKUX 3HAYCHB BiJ
—o 10 +0o0. Llell Hemomik MOXKe TOAONATH HETiHiHA MoJeb Y (OopMi JIOTiCTHY-
HOI perpecii:

In =Wy + WX+ WyXy +...+W,X

n’n-*

JociimuMo iMOBIpHICTh TOSBU MOIT (31 3HAYEHHSIM IMOBIPHOCTI, OIM3bKHM
70 HyJs1 200 10 OIMHMIN) 3aJIeKHO BiJl 3HAYCHB PErPECOPIiB X = {X|,X,,..., X, }.

VY pe3ynbTarti OTpUMy€EMO 3HAYEeHHs JIOTIiT-(OyHKIiT B iHTepBaui [0,1], To6To

1
g(z)=——7.
l+e

Topni mozens matume BUTISI: Pr = g(pg + pix; + paxy +...4 puX,) -
[Ipunycrimo, mo icHye BuOipKa (xj,X3,...,%,,»') (i=L...,n), ne ' —
3HAYEHHsI 3aJIe)KHOI 3MIHHOI; # — KUIBKICTh criocTepexeHb. [10TpiOHO OIiHUTH
KoedimieHTH Mojenm. Jlns [mbOro CKOPUCTAEMOCS MPHHIUIIOM MaKCHMAallb-

HO{ ITPaBIOMOIOHOCTI, BIAMIOBIAHO A0 SKOTO 32 OI[iHKK KOoedillieHTiB OepyThes Ti
3HAYCHHS, K Taf0Th MAaKCUMyM (YHKITIT TpaBAOIIOAiOHOCTI:

sp)-TTe(m ) [i-e(o)]
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. L 1 _ i i iy
Jnst  3pydHOCTI 1'[03Ha‘{I/IMO.p=(p0,p1,p2,...,pm), X =(X1,%5,..0,X,);

_1 . . . .
DX =P+ PiX| + DaXsy + ...+ DXy, - 3a3BUUAIl BUKOPHCTOBYETHCS Jorapudm ¢y-
HKIIIi MpaBAoOMoaiOHOCTI, 0 HE 3MIHIOE CYTi 3ajadyi, aje J03BOJIAE MO30YTUCH

no6yTiy: [(p) =3 ' ln( g(ED +(1-y)In (1 - g( pxljj .

i=l

ChOroJTHI JIOTICTHYHA perpecis € JTaepoM CKOpHUHTOBUX cucteM. IlepeBara
JIOTICTHYHOI perpecii noJjsrae e i y ToMmy, 1o BOHa MOXE HOJUIATH KIIIEHTIB SK
Ha aBi rpymu (0 — moranwmid, 1 — Xopomwii), Tak i Ha KijbKa rpym (1, 2, 3, 4 rpynu
PHUBHKY).

JepeBa pimens. Jlepesa pimeHs — I11e MOZCIb, IO OyIyETHCS Ha JIOTIYHO-
My JIAHI[IOXKKY TIPaBUJ, SIKI HaMaralroThCs OIUCATH OKPEMi B3a€EMO3B'S3KU MIXkK
JMAHUMHM II00 OYiKyBaHOTO pe3ynbraty. CTpyKTypa JiepeB pillieHb BiIKPUTO IO-
Kazye apryMeHTalil0 MpaBHJ 1 TOMY Ja€ 3MOTY JIETKO 3pO3yMiTH MpoO-
1ec NpUAHSTTS pileHHs [6].

Kpurepii sikocti Moaei Ta oniHOK NPoOruHo3iB. IcHye MHOXXMHA KpUTEPiiB,
SIKi BU3HAYAOTh SKICTh MOOY0BaHOT MOJIENI 1 sKicTh mporHo3y. [logamo nesiki 3
HUX, SKi BUKOPHUCTAHO y Wil poOOTi.

Ingopmayiunui kpumepii Axaiike (AIC). Kputepiii BAKOPUCTOBY€ETBCS IS
TIOPIBHSHHS MOJIENEN 3 Pi3HOI0 KIJIBKICTIO MMapameTpiB, KOJIX MOTPIOHO BUOpaTH
Halikpamuii HaOip MOSCHIOBaNbHUX 3MIHHUX. JlJs JiHINHOT MOJeni MHOXHHHOT
perpecii 3HaUEHHS KPUTEPIFO PO3PAXOBYETHCS 33 TAKOIO (POPMYJIOH0:

k2
Zizlgi 2k
AIC =In| ==— |+ —,
n n
JIe M — KUIBKICTh CIIOCTEpPEXKEHb, k — KUIBKICTh MapaMeTpPiB MOJCI;

k . . . . .
Zi:lgiz — CyMa KBaJIpaTiB 3aJIUIIKIB MOACI1, OTPUMAHUX I 4YaC OL1HIOBAHHA

Koe(iIieHTIB MOJIENi 3a METOIOM HaMEHIHMX KBaapaTiB. 31 30UTBIICHHSM KiJTb-
KOCTI MOSICHIOBAJIbHUX 3MIHHHX TMEPUIMNA TOJJAaHOK Y MpaBiii 4acTHHI 3MEHIIYETh-
csl, a ApYruid 301bIIyeThes. TakuM YMHOM, KPUTEPil HE TUIBKM BUHATOPOIKYE 32
SIKICTh HaOMIMKEHHS, alie 1 mTpadye 3a BUKOPUCTAHHS 3aiBOi KIJTLKOCTI ITapaMeT-
piB Mogemni. Cepell KiJIbKOX aJIbTEpHATUBHUX MOJIENICH NepeBara HalaeThes Til,
3HadeHHA AIC sKoi MeHIIe.

Inghopmayivinuii kpumepiii llsapya (SC). Lleit kpuTepiii, aHATOTIIHO KPUTE-
pito Akaiike, 103BOJIsIE TIOPIBHATH MOJIENIi 3 Pi3HOIO KUIBKICTIO TTapaMeTpiB, KOJIH
MoTPiOHO BUOpATH Kpallly MHOXKHHY TIOSCHIOBaJIbHUX 3MIiHHUX. J{J1s1 JTiHIHHOT MO-
JIeJTi MHOYKHHHOT perpecii 3Ha4eHHsI KPUTEPIit0 BU3HAYAETHCS 3a (OPMYIIOI0

k2
. &

2% |, kinen
n n

SC =1n

. . . . . . k
A€ 711 — KUIBKICTb CIIOCTEPEIKCHbD, k — KIJIBKICTB napamMeTpiB MOJCIIL; Zi:l 81~2 —

CyMa KBaJIpaTiB 3JIMIIKIB MOJAETI, OTPUMAaHUX ITiJ] 9ac OIHIOBaHHS Koe(DiIlie€HTiB
MOJIENI 32 METOJIOM HAaWMEHIIUX KBaapaTiB. 31 301bIICHHSIM KiJIBKOCTI MOSCHIO-
BaIBHUX 3MIHHUX TEPINUil JOAaHOK y TpaBiii 4acTUHI (HOPMYIIH 3MEHIIYETHCH,
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a Ipyruii — 30inbmyeThes. Cepen KibKOX ajJbTepPHATHBHUX MOJENEH nepeBara
BiggaeThes TiM, 3HaueHHa SC SKOI MEHIIIE.

Koedoimient aerepminamii po3risaloTh, K MPAaBHIIO, K OCHOBHHUU MOKa3-
HUK, IO BioOpakac Mipy SIKOCTI PerpeciiiHOl MOJIElNi, SKa OMUCYE 3B 30K MiX
3JIC)KHOIO 1 HE3AIC)KHUMH 3MIHHUMHA Mojienmi. KoedilieHT aqeTepMinarii moxkasye,
sKa 9acTKa Bapiallii MOsSCHIOBAaJIHHOI 3MiHHOI ) BpaxOoBaHa B MOJIENI 1 3yMOBJICHA

BIUIMBOM Ha Hel (JaKTopiB, BKIIOUYCHHUX Y MOJEJIb!

n A
22— 2ia0i= )
==
2=y
Jie y; — 3HA4eHHs CIOCTEPEeXyBaHOI 3MIHHOI; ) — CepeiHE 3HAUeHHS CIIOCTe-

PSKYBaHUX JIaHMX; j — MOJIC/IbHI 3HAYCHHS, MO0y I0BaHI 32 OI[IHEHUMH ITapaMeT-

pamu. YuMm Onmmkye 3HaYCHHS R? 10 OJUHHILI, TUM BHUIIA aJeKBATHICTH MOJIEIII.
CrannmaptHa nmoxubka perpecii (cTangapTHa MOXHUOKa OLIHKK) PO3IIIIAETHCS SIK
Mipa po3CifOBaHHSl JAaHUX CIIOCTEPEKEHb BiJ 3MOJEIbOBAaHMX 3Ha4yeHb. UuMm
MEHIIIE 3HaUeHHsI CTaHAaPTHOI MOXUOKH perpecii, TUM sIKicTh Mozeni Bumma. Cyma
KBaJpaTiB BEIWYMH PO301KHOCTI MK 3MOAEIHOBAaHMMH 1 (PaKTHYHUMHU 3HAYCH-
HSMU, SIKi TIOSICHIOIOThCS 3MIHHMMHM Ha TIEPioil 11eHTH(IKaIll, pO3paxoBYy€EThCS 3a
hopmyoro

: 2

Z (yl - y) s

i=l
Je y; — 3HAYEHHs CIOCTEPEKYBAHOI 3MIHHOI; ) — MOJIEJbHI 3HAYEHHS, 00YKC-
JIeHI 32 OL[IHEHUMH MapaMeTPaMHu.

Kpumepiii [lapbina—Yomcona (DW-kpumepiti). lle cTaTucTHIHUN KpUTEPiH,

IO BUKOPUCTOBYETHCS ISl 3HAXOPKEHHS aBTOKOPEISII] 3aTUILIKIB TIEPIIOTo MO-
PAAKY perpeciitHoi Mozeni; o0uucoeTbes 3a popmynoro DW =2—-2p, ne p —
Koe(IIiEHT aBTOKOPEIIAIIi MEPIIOTO MOPSAKY i

ﬁ ZkN=2 [e(k)—e]le(k—1)-e] |

p= ;
oe

N
21 —12 -
O, = D le(k)—el”, e(k) = y (k) - y(k).
N-1,5
Kpumepini Xanana—Kyina (HQ). Kputepili BUKOPUCTOBYETHCS IS TIOPIiB-
HSIHHS MOJIEJICH 3a CITiBBiJTHOIICHHSIM MiX SIKICTEO BHOOpPY 1 KiJIbKICTIO OIliHIOBa-
HUX mapaMeTpiB. OOUHCITIOETHCS TUTHKY 71 MOJieliel OiHApHOTO Ta MHOKHHHOTO
BHOOPY 32 BUPa30M

HO=-2 InL +2kln(lnn) ’

n n
ne L — ¢yHKIsS npaBaonoaiOHOCT; 77 — KiIBbKICTh CIIOCTEPEKECHb, Kk — KiJlb-
KiCTh 3MiHHUX MojeTi. Bubupaerbcs Mo/iens 3 HAHMEHIIIMM 3HAYE€HHSIM KPHUTEPIIO.

Kpumepini Maxgaoena (McFadden Rsquared). 1le ananor koedimienra me-
TEepMIHALIT 1)1 3BUYaitHOI perpecii:
InL

McFaddenRsquared =1 ————,
Restrin L
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ne InL — morapudm dyHkIii npaBaomnoaioHocTi; Restrinl — 3amurnok jora-
pudma dyHKIIT npaBmonoAiOHOCTI. 3HaueHHS MicTuThes B mianaszodi (0, 1). O6-
YHUCIIOETHCS TIJIbKK SKIO MOJENh MICTUTh KOHCTaHTy. HalikparmmMm BBakaeThes
3HAYEHHS, 1[0 HAMOIMKYe 10 ONMHUIII.

CepenupokBazaparinana moxuoka (CKII) BUKOPHUCTOBYETBCS IS OI[IHIOBAHHS
aJICKBATHOCTI MOJIEJI 1 OOUHCITIOETHCS 32 (HOPMYJIOH0

CKII = \/%ZZI[y(k) QN

ne y(k) — 3HadeHHs crmocrepexyBaHoi 3MiHHOI; P(k) — MojesbHI 3HAYEHHS,
o0uKcieHi 3a oniHeHUMH napaMmetpamu. CepeHs aOCOJIIOTHA MOXUOKA Y BiICOT-
kax (CAIIB) — me cepenHe aOCOMIOTHMX 3HAYeHb MOXHOOK OIIHOK MPOTHO3Y
BIZTHOCHO (DaKTUYHOTO 3HAUCHHS MMOKA3HUKA!
CAIIB =isz:l—|y(k) _y(k)|1oo,
N (k)|
ne y(k) — 3HadeHHs crmocTepexyBaHoi 3MiHHOI; V(k) — MojenbHi 3HaYEHHS,

oOumcIeHi 3a ouiHeHUMHU mapamerpamu. OCKIIBKH ISl Mipa XapakTepusye Bif-
HOCHY SIKICTh MPOTHO3Y, TO i BHKOPHUCTOBYIOTH 3J€OIBIIOTO AJISi TOPiBHSHHS
TOYHOCTI MPOTHO3IB Pi3HOPIAHMX 00’€KTiB (MpoleciB) mporuo3yBaHHs. OmHak
BOHA 3aBXKJM KOPUCHA JUIS BUKOHAHHS TOPIBHSUIBHOTO aHAIII3Y SIKOCTI MPOTHO3Y-
BaHHS OJHOTO ¥ TOTO K CaMOT0 MPOIECY Pi3HUMH METOJaMH, OCKIJIbKH BiJIHOCHA
Mipa € 9ITKOIO 1 3p03yMIIO0 ISl AOCIiAHMKA 1 MPaKTUYHOTO KopucTyBaya [7, 8].
Jns  aHamizy sKOCTI MOJENeH 1 BCTAHOBICHHS Kpamoi MOJeNmi Jyis
PO3B’s3aHHS MEBHOI 33a7a4i BUKOPHCTOBYIOTh KiJIbKa KPHUTEPIIB Ul OI[IHIOBAHHS
aJIcKBaTHOCTI Mojeyei [9]: 3arajbHa TOYHICTH MOJENi; MOMHUJIKH IEPIIOTO
i apyroro poay; ROC-xpuBa ta ingekc GINI. 3aranbHa Toynicts mozenm (CA —

Correct Forecast

Common CA= , ne
N

Accuracy)  BU3HA4Ya€ThCA  TaK:

Correct Forecast — KiNbKiCTh NPaBUIBHO CHPOTHO30BaHMX BUMAnKiB; N — 3a-

rajibHa KiJIbKICTh BUMAJKIB. 3arajibHa TOYHICTH MOJENI € JIeN0 CyO’€KTHBHOIO
OITIHKOIO, OCKUTEKM BOHA 3aJICKUTH BiJl YaCTKH Me(OITIB Yy MOJEII Ta B opora
Bifcikanus [9]. [l pi3HUX 3HAYCHb MOpPOTa TOYHICTh MOJEII TakoX Oy/e Ha0y-
BaTH pi3HUX 3HaueHb. ROC-kpusa (Receiver Operation Characteristic — po0oda
XapaKTEPHUCTHKA MpUiMada) MOKa3ye 3aJeKHICTh KITBKOCTI MPaBUILHO Kiacudi-
KOBaHUX MMO3WTHBHUX MPHUKJIAAIB Bil KiIBKOCTI HEMPaBHJIBHO KiacH(iKOBaHHX
HEraTMBHUX MpukianiB. [lepini Ha3MBalOTh ICTHHHO MO3UTUBHUMH, & JOPyri —
HEraTHBHUMH MHOKHHaMU. [IpuiyckaeThbest, mo y kinacudikatopi € meBHUH ma-
pameTp, BapilOOuH SIKUM MOXKHA OTPUMAaTH [eBHe po30uTTA Ha kiacu. Llel nmapa-
METp YacTO HA3WBAIOTh MOPOTOM a00 TOYKOIO BifcikaHHS (cut-off), 3aeXHO Bix

SKOro OyayTh OTPUMaHI Pi3HI BEJIMYUHHU HOMUIOK NEPuLozo i Opy2020 pooy
(Tabm. 1).

Taémuus 1. [ToMUIKY MEPIIOTO 1 IPYroro poay

[ToBepHenHs/ [Iporuao3 mozemni: [Iporuro3 mozemni:
HenosepHeHHs noBepHeHHs Kkpeauty (0) nedour (1)
DakTU4HO: IIpaBunbHO ITomuiiku
noBepHeHHs kpeauty (0) kiacudikosasi (7P) Jpyroro poay (FN)
DaKTUYHO: [ToMunku [IpaBuiibHO
nedoar (1) nepmoro poxay (FP) kiacudikosani (TN)
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Jns aHami3y SKOCTI MOAeNl HaivacTille BUKOPHCTOBYIOTh TaKi BiTHOCHI HO-
Ka3HUKH (y BiACOTKAX):
— yacTka IcTMHHO mno3uTWBHUX mnpuknaniB (True Positives Rate):

R = TP :
TP+ FN
— yacTka XWOHO TO3WTUBHUX TmpuKianiB (False Positives Rate):
FPR = L .
TN + FP

3a3Buuail s aHATI3Yy SKOCTI MOJENIel BUKOPUCTOBYIOTH IIE JBI XapaKTepH-
CTHKH: YyTIHUBICTh Ta crienudivnicTs. YyTIMBICTE MOJENI — 1€ YacTKa iCTHHHO

) TP
MO3UTUBHUX BUIIAJKIB, TOOTO Se =TPR=——.
TP+ FN
CrierudivynicTh MOJETI — 1€ YacTKa iCTUHHO HEraTWBHUX BUIMAIKIB, SKi
) . TN
Oyau mNpaBWIIbHO KIAcU(IKOBaHI MOJCILIO: Sp =m. OueBuaHO, IO
J’_

_TN+FP—FP_1 FP
TN + FP TN + FP
Mopens 3 BHCOKOIO UyTJIMBICTIO HaJa€ ICTUHHUN pe3yJIbTaT 3a HasBHOCTI
MO3UTHBHHUX BUMNAJKIB (BHUSBIISIE TIO3UTHBHI NpuKiany). HaBnaku, Moaens i3 BH-
COKOIO crielu(iuHicTIO HalvacTille Jae iICTUHHUN pe3yNibTaT 3a HasBHOCTI Hera-
TUBHUX BHWIIAJKIB (BUSBIsIE HeraTuBHI npukiaam). s moOynoBu rpadika
ROC-kpuBoi 10 OCi Y BifKITagaroThCS 3HAYSHHS YyTIMBOCTI Se, a o oci X —

=1-FPR.

4acTKy XMOHO TIO3UTHUBHUX BHMAJKIB FPR abo 1-Sp. I'padik imeanpHOTO KITa-
cudikatopa ROC—xkpuBoi (puc. 1) MpoXoaAUTh Yepe3 BEPXHIN JIIBHH KyT, ¢ 4acT-
Ka ICTUHHO MO3UTUBHUX BUMAJKIB CTAHOBUTH | (iJicalibHA YyTIUBICTH), a YACTKa
XUOHO TO3WTHUBHHUX NPHUKIAIB TOPiBHIOE Hy0. ToMy umM Onrbkdue KpuBa Ha-
OIMMKAETHCS JI0 BEPXHBOTO JIIBOTO KyTa, THM KPAIOI0 € 3[aTHICTh MOIETI Tepe-
OauyBaru. JliaroHanbHa JIiHIS BiIIOBIIa€ KIACU(DIKATOPY, SKUN HE 3MaTHUH PO3-
IM3HATH 111 ABa KJIACH.

1.00
0.757

0.501

Sensitivity

i

0.001
L L] L L
0.00 0.25 0.50 0.75 1.00
1 — Specificity

Puc. 1. I'padix ROC-xpuBoi

Ockinbky BizyanbHe nopiBHSHHS ROC-KpUBUX HE 3aBXK[H A€ 3MOT'Y BU3HA-
YUTH e(DEeKTHBHILTY MOZEJb, 3aCTOCOBYIOTh OLIHKY TUIOLII miJ KpuBUMH. Hucio-
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Buil noka3Huk 1o mig kpuBoto AUC (Area Under Curve) oGUUCITIOETHCS, Ha-
MIPHUKJIA, 332 METOJOM TPATICIIii:

AUC = [ f(x)dx = Z{M

; 2
Binb1r 3po3yMisinM 1 9acTilie 3rayBaHUM y JIITepaTypi napameTpoM OLiHIO-
BaHHA SIKOCT1 Mozedi € ingekc GINI, 3anporoHOBaHUH 1TaiiiCBKUM CTaTUCTHKOM
K. JIxiHi, SIKHi TICHO ITOB’SI3aHHMHM 3 YHCIIOBHM ITOKa3HHKOM ILIomii miyg ROC-
kpuBoto. [agexc GINI — 11e TTonIa MisTHKA MK JiaroHauTo i kpuBoro JlopeHra,
MOJTIJICHA HA TUIOILY BCI€l MUISIHKY Mif giaroHaumo. [aaexe GINI MMpPOKO BUKO-
PUCTOBYETBCS JIJIS aHAII3Y PO3AUILHOI 3JJaTHOCTI CUCTEMH OI[IHIOBAHHS IIiJ| 4ac
VIIPaBIiHAS KPEIUTHUMH PU3UKAMH, TOOTO OIIHIOBAHHS 3aTHOCTI MOJIENI ITOJIi-
JSITH KITIEHTIB HAa CXIJIBHHUX Ta HECXWJIBHHUX 10 Aedointy. SKmo Mojmens 3qaTtHa
OLIIHUTH KIIIEHTIB 32 HMOBIpHICTIO Ae(ONTY, TO OLIBLIICTH KIIEHTIB, CXMIBHHUX JI0
nedonTy, MarTh OTpUMATH OiNMbIly HWMOBIpHICTH Aedonty. BimnoBimHo Haii-
MeEHITIa UMOBIpHICTE JAeonTy Mae OyTH IS KIIEHTIB, HE CXHIBHUX J0 ACQONTY.
Innexc GINI mpoimocTpoBaHo rpadikoM, A€ CYKyNHHUH BiICOTOK AedonTy amns
KIIIEHTIB ITOKA3aHO TMOPSA[ i3 CYKYITHUM BiJICOTKOM KJIEHTIB, KOJA BOHH YHOPS/I-
KOBaHi 3a HMOBIpHICTIO e onTy (MeHIIa WMOBiIpHICTh nedonaTy — 31iBa, Oibina
— cmpasa). lle¥ rpadik Bimomuii sik kpusa Jlopenna (puc. 2) [9].

:|(Yi+l_Yi)'

y 1
0.9 1 Vi
0.8 -
0.7 1 /
0.6 - /
0.5 A
0.4 - ’
0.3 1 7’

0.2 - P

CyKymHUi BiICOTOK 1e(ONTiB

0.1 4 -

0 02 0.4 06 08 1x
CyKynHHUH BiICOTOK KJIIEHTIB

Puc. 2. Kpusa Jlopenna ans xpequTyBaHHS

JiaronanpHa JiHIS — II¢ JIiHIS «BUIMaIKoBOI Mozaemi». Ha oci X kiieHTH
BITOPSIIKOBAHI 3a 3a/1aHOK HMOBIpHICTIO nedonty. OdyeBunHo, mo 80% nedonTin
npunanae came Ha pemty 20% kiieHTiB (20% K1i€HTIB 3 HaOUBIIO HMOBIpHI-
ctio nedonry). Lle o3Havae, mo Moaens BUKOHY€E MPUAHATHUN Toin. OTxe, 94uM
OlnbpIa MijsSTHKA MK TIarOHAJUTIO Ta KPUBOIO, THM BHINA SIKICTh Mojemi. [Jdedontn
cepell KJII€HTIB 3 OHAKOBOKO MMOBIPHICTIO 1E€(ONTY BBaXKAIOTHCS MOJIICHUMH BH-
MasIkoBO cepel nux KiieHTiB. [Hnekc GINI MoXHA BU3HAYHTH depes Moty (iry-
py, 1o po3mimena mig ROC-kpuBoto, TakuMm unHoM: GINI =2- AUC —1. Jliana-
30H 3HadeHb iHAekcy GINI cranoputh 0<G <1, a Moxmenl 3 HaMBHIIOO
PO3AUTEHOO 3IaTHICTIO, TOOTO MOJIEII, SIKi BUKOHYIOTh BUCOKOSIKICHE COPTYBaHHS
CXUJIBHUX 10 Ae(ONTY KII€HTIB 1 KIEHTIB, HE CXWIBHHX JI0 1e(ONTYy, OTPUMAIOTh
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HaliBuIi KoedimienTu. OLiHKa SKOCTI MOJIENI ICTOTHO 3aJIeKUTh BiJl JaHUX, 3a
SKUMH BOHa OymyeTbes. [l 3acTOCYBaHHS Ha TPAKTUIN CKOPHHTY (OMiHKA (i-
HAHCOBOT'O CTaHy HOBHX KIi€HTIB) iHaekc GINI Ha piBHI 55% € Bke IyKe BUCO-
KM, Y TOW 4ac, sIK JUIl CKOPUHTY TOBeAiHKU (OLiHIOBaHHS (DiHAHCOBOT'O CTaHy
icHyrounx KiieHTiB) iHnexc GINI 3a3Buuaii HaOyBae 3Ha4eHb, BUIIKX 32 70%. Y
JiTEepaTypi HaBeACHO KAy 3HaueHb iHaekcy GINI (tadm. 2) [9].

Taoauua 2. Ouinka skocti mozxedi 3a wiouero 4 UC ta innexkcom GINI

InTepBan AUC Inpexce GINI AxicTe Moaei
09-1,0 0,8—1,0 BinMinna
0,8-0,9 0,6 -0,8 JHyxe Brucoka
0,7-0,8 0,4-0,6 [TpuitnsaTHa
0,6 -0,7 0,2-0,4 Cepenus
0,5-0,6 0-0,2 He3zanoBinsHa

3nadeHHs To40K ROC-KpUBOi MOKYTh OyTH BUKOPUCTAHI TS 3HAXOKESHHS
ONITHMAIILHOTO TIOpOTa BiICIKAHHS — KOMIPOMICY MiXK YyTJIMBICTIO Ta crienugid-
HicTio Mogeni. Kpurepisimu BuOopy nopora BicikaHHs MOKYTh OyTH BUMOTH:

— MiHIMQJIBHOI BEIMYMHYU Yy TIUBOCTI (crienudiyHOCTi) Moaei;
— MaKCHMaJIbHOI CyMapHOi 4y TIUBOCTI Ta crienuiYHOCTI MOJeNi, TOOTO
cut —off = max(Se, +Sp;);
k

— OajaHcy MDK YyTIWBICTIO 1 crenudigHicTio, TOOTO Koimu Sp = Se:

cut—oﬁ”zn}cin|Sek —Spi |-

HPUKJIA/L 3ACTOCYBAHHA METOJUKH MOJAEJIIOBAHHSA

Jinst noOyaoBu Mozeni JIiHiIHHOT perpecii, JoricTHYHOI perpecii Ta Jiepea pilleHb
BUKOPHUCTAHO CTaTUCTH4HI AaHi mepmoi BuOipkn — All 1 (goBxuna BuOipKH
nmaaux — 15000 3HaYeHb).

— X; — 3MiHHa, 5IKa XapaKTepHu3ye CTaTh IO3UYANbHUKA (gender);

— X, — 3MiHHa, fKa XapaKTepu3ye BiK MO3NYAIbHUKA (4ge);

— X3 — 3MIHHa, fKa XapakTepusye cyMmy kpenury (Credit_sum);

— x4, —3MiHHa, $5Ka XapakTepu3ye TEpMiH KpeAWTYBaHHSI Yy JAHAX
(Term_of crediting in day);,

— X5 —3MIHHa, SKa XapakTepusye CIMEHHHMH CTaH IO3MYaJIbHUKA
(Maritial_status);

— Xg — 3MiHHa, fKa XapaKTepu3ye KUIbKiCTb AiTelt no3ndansuuka (Children),

— X; —3MiHHa, fKa XapaKTepu3ye KiIbKICTh HalMaHMX IIpaIiBHUKIB
B KOMMaHii no3u4ansuuka (Number of employees in_company);

— X3 — 3MIHHa, AKa XapaKkTepu3ye J0XiJ no3udanbHuka (Income_customer);

— X9 — 3MiHHa, SKa XapakTepu3ye BUTpaTu no3ndanbauka (Costs_customer);

— ¥ — 3MIHHA, KA XapaKTepHU3y€ Pe3yIbTaT MOBEPHEHHS KpenuTy (Result).

OcobunuBicTio 1i€l BUOIpKHU € 1 BHCOKa aCHMETpisl CTOCOBHO THIIIB ITO3UYa-
JTHHUKIB, TOOTO BOHA MICTUThH XapaKTePUCTHKN 750 KITI€HTIB, SIKi HE TIOBEPTAIOThH
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kpenutd, i 14250 kii€eHTIB, SIKi MOBEPTAalOTh KpeauTH. PesynbraT moOynoBu
JHIAHOT perpecii moka3aHo Ha puc. 3.

[ Equation: UNTITLED Workdile: ALL_1 [ro = ]
‘u'iewl Proclebjedsl Prirt | Name| Freezel Estirnate' ForecastlStatsl Hesidsl
Dependent Variable: Y
Method: Least Squares
Date: 04/30M14  Time: 22:45
Sample: 115000
Included observations: 15000
Variable Coefficient  Std. Error  t-Statistic Prob.
c 0.965872  0.008212  104.8455  0.0000
X1 0.016636  0.003582 4644323  0.0000
X2 -0.000533  0.000188 -2.864474  0.0042
X3 T.A7E-08 3ATE-08  2.352971 0.0186
x4 -2.23E-09 1.54E09 1442450 0.1492
X5 0.002748  0.001968  1.396726  0.1625
X6 0.003767  0.002584 1452080  0.1465
X7 -0.005106  0.001223 4176210  0.0000
X8 -6.93E-08 9.26E-08 -0.748356  0.4543
X9 3.50E07 7.02E-07 0.497868 06186
R-squared 0.004825 Mean dependent var 0.950000
Adjusted R-squared 0.004227 S.D. dependent var 0.217352
S.E. of regression 0.217491  Akaike info criterion -0.212651
Sum squared resid 709.0625 Schwarz criterion -0.207574
Log likelihood 1604.885 F-statistic 8.074477
Durbin-Watson stat 1.854974  ProbiF-statistic) 0.000000

Puc. 3. Pe3ynpTaTy OLIHIOBAaHHS JiHIHHOI perpecii Ta ii XapaKTepucTHKN

s Bubopy Kpamioi MoJieni i3 MHOKMHH pi3HUX crienudikaiii HazaHo 3Ha-
yeHHs iHpopMariitaux kputepiiB Akaiike (4/C) ta IlIBapua (SC), norapudpmiuny
¢dyHKito npasronoaioHocTi. [y BU3HaYeHHS MipH SIKOCTI JIIHIHHOT perpeciitHol
Moelli BHOpaHO TaKi CTATHCTHYHI TapameTpu: R 2 Koe(imieHT merepMiHariii;
CTaHJIapTHY NOXUOKY perpecii; cratuctuky JlapOiHa—YOTCOHA; CTATUCTHKY
®imepa (F-cTaTUCTHKY) Ta BiAMOBIAHY WMOBIpHICTb. 3HAUEHHS CTaHAAPTHOI MO-
xuOKM perpecii mokasye, [0 JiHIHA MOJIENb A€ Tipmi pe3yJbTaTu
(SE =0,212), nix HeniHiitHa Mogens Jorit (SE =0,173).

[IpoanamizoBaHo Takox iHmy BuOGipky (BASE ALL) mis mopiBHsSHHS 3i
CTaTUCTUYHUMH JaHUMH, AKi OMUCYIOTh TaKi 3MiHHI (TMOTY>XKHICTh BHOIPKH JaHUX
CTAaHOBHUTH 7568 3HAUYCHB):

— 3MiHHa, sIKa XapaKTepU3ye BiK MO3NYabHIKA (Ageyears);

3MiHHa, 5IKa XapaKTepU3y€e CTaTh MO3NYAIbHUKA (Sex);

3MiHHa, 5IKa XapaKkTepu3ye ocBiTy nosudanbauka (Education);

— 3MiHHa, sIKa XapaKTepu3ye ciMeiiHni cTaH nmo3uuanbHuka (Maritalstatus);
— 3MiHHa, sKa Xapaktepusye cymy kpeauty (Credit);

— 3MiHHA, sIKa XapaKTepU3ye PETioH MpoKUBaHHS o3udanbHuKa (Region);

— 3MiHHA, sKa Xxapaktepusye cdepy, ge mnpamroe mno3uyanbHUK (Prev
Employer Sector);

— 3MiHHA, fKa XapaKTepHU3y€ CTaTyC B CYCHUIBCTBI ITO3WYATHHUKA
(Occupation Status);
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— 3MiHHA, fKa XapakTepusye JHOcBiA poboTm mnosnvanbHuka (Work
Experience Month);

— 3MiHHa, sIKa XapaKTepu3ye pe3yabTaT moBepHeHHs Kpeauty (Good/Bad).

Jlst o0y moBH MOJIENTi TIEPETBOPEHO JIaHiI TAKUM YHHOM: CTaTh MO3WYATbHH-
Ka (Sex): yonoBiua (Male) — 1; xinoua (Female) — 0; ocBita (Education): novar-
koBa (Elementary) — 0, cepenns (Meaddle) — 1, Bumia (High) — 2; nBi BUIII 9H
cryninb (Twohighand/ordegree ) — 3; cimelinmii cran (Maritalstatus): Heoapy-
xxeuuit (Notmarried) — 0, onpyxenuit (Registeringmarriage ) — 1, BmoBa(eIp)
(Widow(er)) 2, posBenenwmii (Divorced) 3, 1MBUILHUE 1UTIOO
(Civilmarriage) — 4; chepa npami (PrevEmployerSector): HeBU3HadYeHa (none)
— 0, iami (other) — 1, menunuHa (Medicine) — 2, ClIbChKE TOCIIOAAPCTBO
(Agriculture) — 3, mociyru (Services) — 4, 6ynisauirso (Building) — 5, ocBita
(Education) — 6, toprins (Trade) — 7, Bupoonuurso (Manufacturing) — 8,

tdinancu (Finance) — 9, BumoOytok (Mining) — 10; craTyc y CyCIUJIBCTBI
(OccupationStatus): navimanuii poOiTHUK (Employee) — 0, ypsaosuii odimep
(Governmentofficer) — 1, nencionep (Pensioner) — 2, BIACHUK/CHIBBIACHUK

(Owner/coowner) — 3, BilicekoBuit (Military) — 4; pesynerat (Good/Bad): no-
BepHeHo kpeaut (Good) — 1, He moBepHeHo kpeaut (Bad) — 0.

VY3aranbHeHy MOPIBHJIBHY XapaKTEPHUCTHKY JHIAHOT Mozeni Ta Mojeni
JIOTIT IOJAaHo B Tabm. 3:

Taoaumusa 3. Pesynprartn 3acTocyBaHHs JiHIHHOT 1 HENiHIHHOT perpecii

SkicTs Mopeni SIkicTh Mporuo3y
Bapiant C C C C
. . yma tatuctuka| CepenHs epeHs .
PO3paxyHKIB Iigzq);ﬁll{zmﬁ kBazapariB | JlapbiHa— |kBajparuvHa|abconOTHA KO%(Z:;IL;IEHT
/letep M sammkis | Vorcona moxubka | moxmOka
Jliniiina perpecis
All 1 0,0048 709,062 1,855 0,212 9,463 0,113
BASE 743 0,3840 114,416 0,272 0,309 34,056 0,302
Heuniniiina perpecis

All 1 - 638,054 - 0,173 7,446 0,101
BASE 743 - 96,127 - 0,157 22,441 0,189

OTtxe, HemiHiliHA perpecis 3a BciMa TMOKa3HUKAMH SKOCTiI IMPOTHO3Y MAa€
Kpallli pe3yJIbTaTH HiX JIiHIiHA perpecis. [loOyaoBana Momens HemiHIHOT perpe-
Cil € Kpamioro 3a MOKa3HUKAMH SIKOCTI.

INOBYAOBA JEPEB PIIIEHB 3A CTATUCTUYHUMU JTAHUMU

VY pesynbraTi 3acTocyBaHHs cucteMu SPSS moOyaoBaHO JepeBo pillieHb 3 BiAmo-
BiTHUMH XapaKTepucTUKaMu aiist BUGipku A/l 1 (puc. 4).

3a gomomoroto wmeroxy CHAID (CHi-squared Automatic Interaction
Detection) OoTpUMaHO pe3yJbTaT, SKUH CBIIYMUTH, WO PiBEHb AOXOAY (xg) €
KpalyM MPEAUKTOPOM KPEIUTHOTo peUTHHTY. [ kaTeropii 3 HU3bKHM piBHEM
JI0XOJIiB KpaIIUil IPeANKTOp — piBeHb BUTPAT ( xg ), JJIS1 MAJIMX BUTPAT Kpaliui
IPETUKTOP — CyMa KpeauTy (x5 ). OCKUIBKM HEMae HISKMX PO3Tally’KeHb, TO LE
TepMiHATBHUN By30J1. KIIi€HTH LMX BY3/iB MarmOTh JOCUTHh NPUHHSITHUA KpPEIUT-
Huii peituHr (0,69 a6o 0,78), He3BakarouW Ha CyMy KpeauTy. Jias Bemukux
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3HAYCHb BUTPAT HEMA€ PO3rajyXeHb; Ie TepMiHaIbHUN By30i. Jlns kareropii
CEPEIHHOTO Ta BUCOKOTO JJOXOJ(IB KPAIIUM MPETUKTOPOM € TEPMiH KPEAUTYBAHHS
(x4). s cepenHboro TepMiHy Kpamuii mpequkTop — cymMa Kpeaury (x; ), a Juis
O1IBIIOrO TEPMIHY — CTaTh IO3WYAIBHUKA (X;) .

Model Summary

Specifications

Growing Method
Dependent Wariable
Independent Yariables
Walidation

CHAID

Xg, Xgy Xgy X75 X55 X1, Xg5 Xp5 X3

M aximum Tree Cepth

Minimum Casesin
Parent Mode

Minimum Cases in Child
Made

Independent Yariables
Included

Results

HMurmher of Modes

Humber of Terminal
Modes

Depth

Xg, Xg, X3, X4 X[, X7

100

a0

N
21

Gain Summery for Nodes

Node N Percent,%| Mean
30 1091 7,30 1
27 1001 6,70 0,99
13 233 1,60 0,99
11 947 6,30 0,98

7 2042 13,60 0,98
21 1912 12,70 0,97
29 68 0,50 0,97
15 2737 18,20 0,97
23 507 3,40 0,97
28 176 1,20 0,97
25 417 2,80 0,96

6 108 0,70 0,94
20 318 2,10 0,94
24 689 4,60 0,94
22 298 2,00 0,94
9 678 4,50 0,93
26 171 1,10 0,91
12 106 0,70 0,9

5 366 2,40 0,86
19 612 4,10 0,79
18 523 3,50 0,69

Growing Melhod CHAID
Department Variable: y
Risk
Estimate Std Error
0,073 0,006
Growing Melhod CHAID

Puc. 5. Y3aranbHeHi pe3y/bTaTu OL[iHIOBaHHS

Puc. 4. 3Benena tabnuut 3arajapHUX crierudikaliii epesa pilieHb

JL1sl KITIEHTIB 3 BUCOKUM PiB-
HEM JIOXOJiB KpalluM MpPEIUKTO-
pOM € TepMiH KpeAUuTyBaHHS (x4 ).
3aJIeKHO B TEPMIHY KpariuMH
MPEUKTOPAMH € JIOXiJ[ MO3UYailb-
HHMKa (Xxg ), KUIBKICTb HaliMaHMX
poOiTHHKIB B KoMmaHii (x;) abo
cymMa  Kpemuty( x; ).Y3araiabHeHi
pe3yibTaTH 3a JCPEBOM pIllICHb
(owiHKY pU3HKY, HOTO CTaHIApTHY
MOXHOKY, TOOTO Mipy TOYHOCTI
MPOTHO3Y) MOKa3aHO Ha pucC. 5.

OTxe, 3a JOMOMOTOIO JIEpPEB
pillieHb OTPUMAaHO OLIHKY PU3UKY
HENPaBUIBHOTO OI[IHIOBAHHS KITi€-
Hta 4,3% Ta cTaHmapTHe BiAXH-
nennst 0,001. Y3aranbHeHi pe3yiib-
TaTH 3a JAEPeBOM sl Jpyroi
BuOipku (BASE 743) mogaHo HUX-
ge. Jliarpama mepeBa (puc. 6), mo
sBJIsiE CO00I0 Tpadiune 300parkeH-
HS MOJICNI JiepeBa, MoKa3ye, 1o 3
BUKOpUCTaHHSIM Metony CHAID
PETiOH TPOKUBAHHS MO3UYATEHUKA
(xg) € KpalyM IpPeIUKTOPOM Kpe-
MATHOTO perTHHTY. OCKUIBKH TIIH-
OuHa JepeBa OJUHUYHA, TO HE Bij-
OyBa€eThCsl HISIKOTO  JIOJIATKOBOTO
pO3ray>KeHH.

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2017, Ne 1 43



B.A. Janunos, O.JI. JKupos, I1.1. Fiowx

Y
Hode 0
hean 0,501
Std. Dev. 0,500
n T43
% 100,0
Predicted 0,501

X6
Adj. P-value1=0,000. F=297, 238
d11:6, d12:736
| | | | | | |
=20 (20,40 0,50 @010, (10,0, 12,0] (12,0,180] =100

| | | | | | |
Hode 1 Hode 2 HNode 3 Hode 4 Hode & Hode Hode 7
Mean 0,944 Mean 0333 Mean 0,000 Mean 0,000 Mean 0678 Mean 0,000 Mean 0,000
S, Dev. 0.2H Std. Dew. 0474 Std. Dev. 0,000 Std, Dew. 0,000 Std. Dew. 047 Std. Dev. 0,000 Std, Dew. 0,000
n 03 n an n ] n it n 23 n 64 n 76
% 403 % 121 % 74 % 92 % 12 % 24 % 102
Predicted 0,844 Predicted 0,233 Predicted 0,000 Predicted 0,000 Predicted 0675 Predicted 0,000 Predicted 0,000

Puc. 6. liarpama niepeBa pinieHb

O1iHKy pH3HMKY Ta HOTO CTaHAApPTHY MOXHOKY, TOOTO Mipy TOYHOCTI Mpo-
THO3Y JiepeBa, IOJaHo Ha puc. 7.

Gain Summary for Nodes

Node N Percent, % Mean
1 303 40,80 0,94
5 83 11,20 0,87
3 90 12,10 0,33
7 76 10,20 0
4 68 9,20 0
6 64 8,6 0
3 59 7,90 0

Growing Method: CHAID Dependent Variable: y
Risk
Estimate Std Error
0,073 0,006
Growing Melhod CHAID

Puc. 7. Y3aranbHeHi pe3ynbpTaTi Ta pH3HUKH

OTxe, 32 JOMTOMOTOIO JIEPEB pIMIeHh OTPUMAHO PHU3UK HEMPaBHUIHHOTO OITi-
HIOBaHHs KiieHTa 7,3%, a cTaHgapTHe BiaxuieHHs ctaHoBUTh 0,06. PesynbraTu
PU3UKY HEMPaBWILHOTO OI[IHIOBAHHS Ta CTAHJAPTHE BIIXWICHHS JJIS IBOX BUOI-
POK HaBeJIeHO B Ta0I. 4.

Taoauusa 4. OmiHka pU3WKy Ta CTaHIApPTHA MOXHUOKA JepeBa pillleHb I
JIBOX MHOXWH CTATUCTUYHUX JaHUX

. Pusux CrannaptHe
Bubipkn . .
HENPaBUIBHOI OIIHKH BiJIXMJICHHS
ALL 1 0,043 0,001
BASE 743 0,073 0,006
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IMo6ynoBa mepexi baiieca. {ns noOyzosu nepiioi moaeni (Bubipka ALL
— 15000 3HaYeHb) BHKOPUCTAHO CTaTHUCTHUHI maHi must 15000 BUmaHUX Kpemu-
TiB, TEPMiH SKUX 3aKiHYMBCA. Bubipky moaineHo Ha HaB4yanbHy (13000 Bunamkis)
Ta nepesipHy (2000 Bunaakis). HaBuanbHa BUOipka 3aBaHTaXXy€eThCS B IMiACHUCTE-
My moOyzoBu Monenm. [ mobyaoBu Mojen HeoOXimHO dopMmaltizyBaTu AaHi y
3pYIHOMY IJIs1 OOpOOJICHHS BUTIIA, TOOTO TIEPEBECTH iX y 3amaHui ¢opMmart, a y
BUNIAJKy HEMEPEepPBHUX 3MiHHUX — JAUCKpeTH3yBaTH iX. /s muckperusauii Bu-
KOPHCTaHO i€papxiyHy TUCKpeTu3alito. Ha HacTymHOMY Kpolli MOPiBHIOIOTHCS
XapaKTEPUCTUKN B3a€EMOBHKITIOUHUX 3MIHHUX 1 BHOMPAIOTHCS 3MiHHI, SKi OYIyTh
BUKOPHUCTOBYBAaTHCh Ha eTari mo0ynoBu mepexi. Jlam BUOMpaeThCs BiIOBITHUHT
ITOPUTM HABYaHHS MEpeXi; y pasi MoTpedu BHKOPHUCTOBYIOTHCS EKCIIEPTHI
3HaHHS 1 BUKOHYETHCSI HABYAHHS MEPExKi.

Bynyroun ctpyktypy Mmepexi baiieca B mporpami GeNle, ciin mam’sTatw,
o oOpaHWi aNrOpUTM BIUIMBAE HA IIBUIKICTH 1 SKICTh MOOYIOBH CTPYKTYPH.
®akTryHO HaWWBHAILUM € anroput™m Greedy Thick Thinning, iioro 1 Oynemo Bu-
KOPUCTOBYBATH JUTSI aHAI3Y JaHWX. Y Pe3yJIbTaTi pOOOTH aITOpPUTMY OTPHUMYE-
MO TiJIbKH OJHY CTPYKTYPY, SIKa € IIIKOM JIOTIYHOIO 1 ONTUMAIILHOIO 32 KPHTEPi-
€M MaKCHMaJIbHOI IpaBronoAioHocti (puc. 8).

[ Credit sum © e
s1_below_... _J__________——r state0 22% |l
s2 26500_... 9%|| statet 78% |l |
53 41250 .. 6%
54 130900 P\o Mumber of employees
state0 19% [l
) Costs_customer State1 12% [
s1_pelow_... 92% [lE] State2 16% [l
52_2310_2... 4% state327% [l
53_20052_.. 2% & Income_customer states 26% [l =
seam210_. 2% [ 1_belows_...55% [
s2_ 27945 2%
PleStil s erd | (] Maritial_status
=} Age 4136221 2%| Stated 15% [l
=1_below_...95% [[E] State2 74% (|
=2 60_61 2% State3 12%|; >l
53 6163 2%
s4 63 up 2% &
(3 Termof crediting = Children
s _below_... 5% I State0 55% [IIE]
= ey ko 12673 sewll] ————  ™lstatet 3% [l]
Stated 50% IR T s 0w state2 12%l] &
state1 50% [l | @ 54 7200 up 2% A

Puc. 8. Crpykrypa mepexi baiieca y Burmszi ricrorpam Bubipku ALL

Ha ocHoBI nepeBipHOT BUOIpKHU TIEpEBIPSAETHCS SAKICTh MOJETI 3 BUKOPUCTAH-
HSIM BIJJOMHUX OL[IHOK: 3arajJlbHOi TOYHOCTi, MOMMWJIOK TNEPLIOTO i APYrOro pomy.
Jia pi3HHX TIOpOTiB BiICIKAHHA OOYMCIIEHO MOMMJIKH IIEPIIOTO 1 JPYTOTo POy
(Tabm. 5).

HaiibGinbira TouHIiCTh MOJIENI TOCSraeTbes Ha piBHI 0,75 31 BCTAHOBJICHHIM
nopora 0,3 — Oyne nponymieno 10 nedonris. OueBuaHo, mo Mepexa baiieca mae
CXWJIBHICTB JIO «IIepeCcTpaxyBaHHsD», TOOTO BOHA YacCTillle MOMUIISETHCS, YCyBato-
YW THUX KITI€HTIB, fKi O MOBEPHYIM KpPEIUT. 3pO3yMLNO0, IO TOYHICTH MOJEINI Ta
KIJIBKICTh MOMMJIOK MEPLIOTO i Apyroro poAy OyAyTh 3aliekaTH Bij mopora Biaci-
KaHHs, ycTaHOBJIEeHOTro OankoM. Cumij mam’siTaTH, 110, BCTAHOBIIIOIOYM MOPIT Bif-
CiKaHHS, BApTO BU3HAYATH HE JIUIIIE BiICOTOK BIICITHUX KIIIE€HTIB, a 1 HUXKHIO Me-
Ky WMOBIPHOCTI MOBEpPHEHHS KpPEAWTY, TOOTO MOpIr, HWKYE 3a SIKHH KIEHT
BBQKAETHCS TAKWM, II0 HE MOBEPHE KPEeIUTy, ab0 K HIDKHIO MEXY HMOBIPHOCTI
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JeOoNTy, HUXKYE BiJl IKOi BBAXKAETHCS, 1110 KIIIEHTY CIIiJl BUJIATH KPEAUT. 3HAYCH-
Hs ‘MoBipHOCTI medonty 0,1 abo 0,2 s KiIieHTa € HE3HAYHUMH 1 CTATHCTUIHO
MaJIMMH, a TOMY MOpIT BiJICIKaHHS JOIIJIBHO BCTaHOBUTH Ha piBHI 0,25 — 0,3.
3p03yMiJio, 10 BCTAHOBJICHUN TOPIT BiJICIKAHHS BIUIMBAE HAa KUIBKICTH IMOMUJIOK
niepiioro i gpyroro poxy. Jns mepexi baiteca mobynosano ROC-kpusy (puc. 9).

Tadauusa 5. 3aranpHa TOYHICTH MOJETI Ta TOMIUIKH TIEPIIOTO 1 APYTOTO POy
JUIsl pi3HUX PiBHIB IOpOTa BiICIKaHHs, OTpUMaHi Juist Mepex baiteca (ALL)

XapakTepucTHKa: IIporno3: noBepHeHHs IIpornos: TouHnicTs,
MMOBEPHCHHS/KPEIUTY kpeauty (0) nedoar (1) %
Cut-off=0,5
daxkrt: moBepHeHHs Kpeauty (0) 82 50 0,620
daxkr: nedour (1) 12 56 0,82
3arajgpHa TOYHICTH MOJEI 0,69
Cut-off=0,4
®axr: noBepHeHHs kpeauty (0) 92 49 0,65
daxkr: nedour (1) 3 56 0,94
3arajgbpHa TOYHICTH MO 0,74
Cut-off=0,3
®akt: mosepHeHH: Kpeauty (0) 101 49 0,67
®akr: gedour (1) 4 46 0,92
3arajgbHa TOYHICTH MO — — 0,735
0y e
084 I
072 .
0 1
= :
E 04 '
> 1
S5
0.24 '
012
-0.12 012 0.24 0.3 0.48 06 072 0.84 0.36 I
CrieruigHicTh

Puc. 9. ROC-xpuBa juist mepexi baiieca

J1nist mopiBHSIHHSL MoJielielt BUKopucTaeMo inaeke GINI. Jlns uporo cnovaTtky
00uKrcIuMO 3HaYeHHs ol mijx kpusow: AUC = 0,86 . Bignosigno ingeke GINI
cranoBuTh: GINI =2AUC -1=0,72.

AHAJII3 OTPUMAHUX PE3YJIBTATIB

TaxuM 9UHOM, Y TIpaIli BHKOPUCTAHO TPH METOAM IHTEICKTYyaJIbHOTO aHaITi3y Ja-
HUX JUISl TPOTHO3YBaHHS KPEAUTOCIPOMOKHOCTI (Pi3MYHHX 0Ci0 32 CTaTUCTUYHH-
MU JaHUMU: JiHIHHY perpeciro, IOTICTUYHY Perpecito Ta nepea pimieHb. s Bu-
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KOHAHHS OOYMCITIOBAILHUX €KCIIEPUMEHTIB BUKOPUCTAHO JIBi BUOIPKU AaHUX: JIJIS
15000 ta s 7568 ximieHTIiB 0aHKY. BUOpaHO MHOXWHY CTAaTUCTHYHUX KPUTEPiiB
JUISL aHANI3Y AKOCTi Kinacudikamii kiaieHTiB. Kpamii pesynbratu kinacudikamii K-
€HTIB Ha JIBi TPYIH OTPHUMAHO 3a JOIIOMOTOIO IepeB pilieHb (Tabm. 6), mo MoXKHA
MOSICHATH MOJKJIMBICTIO JIOCSATHEHHSI BUCOKOI SIKOCTI Kiacuikarii Ha IBi rpymu
3a JOMOMOTI0I0 [OTO METOIY Ha KOHKPETHUX JaHMX.

Ta6auua 6. CranmapTHe BIIXUJICHHS I TPHOX MOJEICH

Buoipkn Jliniiina perpecis Jlorictuuna perpecisa| /lepeBa pimenn
ALL 1 0,217 0,176 0,001
BASE 743 0,392 0,278 0,006

PesynbraTu mopiBHSIHHS SKOCTEH MOJIENel Ha OCHOBI OIHAPHOI JIOTiICTUYHOT
perpecii Ta Mmepex batieca HaBemeHo B Tabm. 7. Tak, Ha OCHOBI Mofenelt y dhopmi
Mmepesx batieca i GiHapHOT JIOTICTHYHOT perpecii OTpUMaHo JTy’Ke BUCOKI 3HAUCHHS
inpexcy GINI.

Tadoaumusa 7. IlopiBHsanpHAa TaOmWIs XapaKTepUCTUK sl Mepex baifeca
Ta OiHAPHOI 102icmuuHoi peepecii

All
Ha3zBa meTony Ingexc | Inadenns TOquCT.b SIkicTh Moaesi
GINI AUC Moae i
BinapHa norictTu4Ha perpecis 0,74 0,87 0,77 Jyxe BHCOKa
Mepexa baiieca 0,72 0,86 0,74 JHyxe Brucoka
BASE
Hazpa metony Tnzexc 3Haterns TOquCT.L SIkicTe Mozen
GINI AUC Mozei
binapHa norictu4Ha perpecist 0,74 0,87 0,79 Hyxe BucOKa
Mepexa baiieca 0,76 0,88 0,74 Hyxe Bucoka

HaBezeni pesynbraTu cBiq4ath, 10 Hajali OaHKaM JOLITHLHO BHKOPUCTOBY-
BaTH BiJIOMi CKOPHHTOBI MOJIEITi i Mepexi balieca, OCKUTBKH OTpUMaHi Pe3yIbTaTH
Ta MPOTHO3HI SKOCTI Mepex balieca 1ar0Th MOXKIUBICTh YCYHYTH HEJ00POCOBIiC-
HUX TIO3WYAIFHUKIB 1 TAKUM YHHOM 3MEHIIUTH BTPaTH OaHKIB BiJl HEITOBEPHEHHS
KpenuTiB. BHCOKi 3HaueHHS MapaMeTpiB TOYHOCTI MOJENI TaKOX A€ JIOTiCTHYHA
perpecisi. Lli pe3ynbrary me pa3 miATBEpIKYIOTh AOIUIBHICTE BUKOPUCTAHHS JIO-
TICTHYHOI perpecii /Ui OliHIOBaHHS KPEAUTOCIIPOMOKHOCTI MO3UYAIbHUKA.

OueBusiHO, 1O Mepexa baiieca mMae CXUIBHICTB 0 «IEPECTpaxyBaHHD»,
TOOTO BOHA YACTIIIe TOMWJISETHCS, YCYBAIOYM THUX KJIIEHTIB, SKi O MOBEpHYIH
KpeIuT. 3p03yMLiJIO, IO TOYHICTh MOJIEINI Ta KUIBKICTh MOMIJIOK MEPIIOTO i ApY-
TOro POJy 3aJeKaTHUME BiJl IOPOra BiJICIKaHHS, SIKUH BCTAHOBIIOETHCS OAHKOM.

BUCHOBKHU

BukoHaHO KOPOTKHIl OTJISA MOJIETICH OIIHIOBAaHHS KPEIUTOCITPOMOXKHOCTI 1 TIpO-
aHaJi30BaHO iX IMepeBard Ta HEeJOMIKH. 3 HABEICHOTO OISy BUILIMBAE, IO iICHYE
notpeda y CTBOPEHHI HOBHUX CYYaCHHMX KOMII'FOTEPHHX CHCTEM ISl OLIIHIOBaHHS
PU3UKIB 3 METOIO 1X MiHIMI3aIlil Ta pH3UK-MEeHEDKMEHTY. OMUCaHO TPU METOJH,
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SIKI MOYKHa BUKOPHUCTOBYBATH JIsl IPOTHO3YBAaHHA KPEAUTOCIPOMOXKHOCTI (izmy-
HUX OCi0: JIOTICTHYHY perpecito, JiHiHHYy perpecito Ta aepeBa pimenb. He3Baxa-
I0YM Ha Te, IO JIiHii{Ha perpecis BUKOPHCTOBYETHCS HEYACTO, ii TAKOXK MOXKHA
BUKOPHUCTATH ISl TOTNEPEIHHOr0 HAOIMKEHOTO OLIHIOBaHHS Ta MOPIBHAJILHOTO
aHali3y pe3yibTarTiB.

BukoHaHo 3aranbHHUI OTIIAN CTAaTHCTHYHUX KPHUTEPIiB aHANI3y SIKOCTI Kia-
cudikamii KITieHTiB. 3a3Ha4EHO, 110 PO3PaXyHOK KPHUTEPIiB SIKOCTI JEIO Biqpi3Hs-
€TbCS AT MHIMHUX 1 HeNMiHIMHUX Mogeneil. IcHye MOXIIMBICTh BUOpaTu came Ti
KpUTepii, sAKi HEOOXimHI AN aHawmi3y sKocTi Kiacudikamii kiieHTtiB. OmiHEHO
SIKICTB TIPOTHO3Y Ta SKICTh MOJETI 32 TAKUMU KPHUTEPISIMH, K KoeiIlieHT aerep-
MiHawii, cymMa KBagpaTiB 3aJMLIKiB, cTaTucTUKa [lapbina—YoTcoHa, cepeqHs KBa-
IpaTU4YHa TOXNOKa Ta cepeqHs abCONMI0OTHA MOXMOKa y BimcoTkax. HeminiitHa pe-
Tpecis 1ae€ MOXKIJIMBICTh OTPUMATH 3HAYHO Kpallli SKiCHI MOKa3HWUKH, HIX JIiHIiHHA
3a psIOM KpUTepiiB. YCTaHOBJICHO, IO Kpallli pe3yJbTaTH Kiacudikalii KIi€HTiB
OTPHMAaHO 3a JJOTIOMOTOI0 JiepeB pilieHb (cTtangapTHe Biaxunenns —0,1-0,6 %).
ITokazaHo, 1m0 AepeBa pilieHb i Oal€CiBChKI Mepexki MalTh 3MOTY OTPHMATH
NPUIHITHUH 32 SKICTIO pe3yJIbTaT KJIacH(iKarlii.

VY nofanbmx JAOCHIHKEHHAX IS OI[IHFOBAHHS KPEIUTOCIPOMOXKHOCTI KiTi-
€HTIB (PIHAHCOBOI YCTaHOBH AOLIIBHO MOOYIyBaTH CHELiaNi30BaHy CUCTEMY IiJl-
TPUMKH TIPUWHATTS PillleHh HAa OCHOBI KOMOIHOBAHOTO BHKOPHICTAHHS METOIIIB
perpeciiiHOro Ta IHTEJIEKTYyalIbHOTO aHai3y AaHuX. [y miIBUIICHHS TOCTOBIp-
HOCTI pPe3yJIbTaTiB JOIILHO TaKOX BUKOPUCTATH CTATUCTUYHI JIaHi, OTPUMaHi 3
IBTEPHATUBHUX JKEpell.
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3ACTOCYBAHHA METO/IB IHTEJIEKTYAJIBHOI'O
AHAJII3Y JAHHUX 1O PO3B’A3AHHS 3ATAY AKTYAPHOI'O
MOJAEJIOBAHHSA TA OINIHIOBAHHSA ®THAHCOBUX PU3UKIB

C.B. IYBIHIHA, ILI. BIJIOK

Amnoramnisi. [TonaHo pe3ynbTaTH 3aCTOCYBaHHSI METOMIB IHTEIEKTYaJbHOIO aHAII3y
JIAHUX JI0 aKTyapHOTO MOZCIIOBAHHS Ta OL[IHIOBAHHS PH3HKIB CTPAXOBHX KOMIIAHiH.
SIk MaTeMaTHYHUI anapaT BUKOPHCTAHO y3araibHeHi JIiHiIHHI MOJei, METOA Ipymo-
BOTO BPaxyBaHHs apryMEHTIB Ta HEYITKHH METOJ] TPYNOBOTrO BpaXyBaHHS apryMeH-
TiB, a TaKOK OAaHE€CIBCHKUIA MiAXiA 10 OLIHIOBAHHS HEBIJOMUX HapaMeTpiB MOJIETCH.
Ha mincraBi ¢akTHYHMX CTAaTHCTHYHUX JAHUX 3 Tally3i CTpaxyBaHHS IOOYJOBaHO
HOBI y3arajbHEHi JIHIHHI MozelNi IS MOJaIbIIOro 3acTOCYBAaHHS IIijJ Yac OLIHIO-
BaHHS PU3HMKY BTPaT CTPAaXOBHX KOMIIaHid, po3po0ieHO i ampoOOBaHO MEpEeKy
Baifeca juist OL[iHIOBaHHS PU3HKY GaHKPYTCTBa CTPAXOBHX KOMIIaHIW y pa3i HacTaH-
Hsl CTPaxoOBOr0 BUIMAAKy. [IpUHHATHOIO 11 MOAANIBIIOT0 BUKOPUCTAHHS BUABHIIACH
MOZENb 3 TaMMa-po3MOALIOM Ta jorapudMiuHo (yHKIi€I0 3B’S3Ky, mapaMerpu
SIKOT OTPUMAHO 32 YOTHPH iTepalii alrOpUTMy OLIHIOBaHHA. Benukuii pusuk OaHK-
PYTCTBa CTPAaXOBHX KOMIIAHIH CBITYUTH MPO BiACYTHICTh €(PEKTUBHOTO MEXaHI3My
YIpPaBIiHHS KOLITAMHU SK BJIACHOTO KaIliTaly, TaK i HaJXOJKEHb, OTPUMAaHHX BiJ
CTPaXOBHX JIOTOBOPIB. 3aCTOCYBaHHS METOAIB IHTEJCKTYalbHOIO aHAJi3y JaHUX €
e(eKTHBHUM IiJXOJOM IO PO3B’sI3aHHS 3a/1ay MPOTHO3YBAHHS Ta OLIHIOBAHHS PH-
3HKIB aKTyapHHX MPOLECIB.

KunrodoBi ciioBa: aktyapHi mpomec, CTpaxoBi pH3NKH, y3aralbHeHi JTiHiiHI Moedi,
0aiieciBCHKMIT MiXiZ, METOIM IHTENEKTYaJbHOTO aHATi3y JaHHX, METOJ TPyIOBOrO
BpaxyBaHHS apTyMEHTIB, HEUITKMI METOJ[ TPYIIOBOIO BpaxyBaHHS apTyMEHTIB.

BCTYII

VY 3B'3Ky 3 YIOCKOHAJIECHHSIM TEXHOJIOTIH MOIIyKYy Ta OOpOOJCHHS JaHUX Y CyC-
MIBCTBI HATPOMAKYIOTHCS BENHMKI MAaCUBH JaHUX PI3HOTO cpsiMyBaHHA. DyHK-
IIOHYBaHHS OyIb-SIKHX ITiAPHUEMCTB CYIIPOBODKYETHCS PEECTPAIIEIO 1 3aIHCOM
JeTanbHOl iH(popMaIii Mmoo X AiSUTHOCTI Ta CIIOXKUBAYiB. Y Pe3yJIbTaTi BeJInde-
3HI CKyMYEHHs JaHUX YTBOPIOIOTh XaOTHYHI HarpoMaiKeHHs, sIKi 06e3 cremiaib-
HOTO 00pOOJICHHS HENMOTPiOHI; OlIbIIE TOTO, BOHH CYTTEBO YCKIIQJHIOKOTH MPOIIEC
MoNIyKy MmoTpioHoi iHdopmMarttii. Kpurepismu edekTHBHOTO OOpOOICHHS JaHUX
€ BpaxyBaHHS TaKuX OCOOJHMBOCTEH: JTaHI MalOTh HEOOMEXEHHUH 00csT 1 € Pi3HO-
PiLIHUMU; pe3ynbTaTH MalOTh OYTH KOHKPETHHMH 1 3pO3YMUIMMH, a IHCTPYMEHTH
JUTS IX 0OpOOIIEHHS — MPOCTUMH Ta 3pYYHUMHU Y BUKOPHUCTAHHI.

OnHuM 3 MeTOiB e(heKTHBHOTO 00pOOIIeHHS iHPOPMAILIii € IHTETIEKTYTbHIH
anami3z panux (IAJl), skuii monsirae y BHABICHHI y NEPBUHHUX IaHUX, paHile
HEBIZJIOMUX, TOCTYITHHUX, NMPAKTUYHO KOPUCHUX 1 HETPUBIAIbHHUX iHTEpIpeTariit
3HAHb, HEOOXITHHUX JJISI IPUHHATTS PIlIeHb y PI3HUX Tally3sx HisuibHOCTI. JJo Me-
ToxiB i anroputmiB [A/] HanexxaTh: HEMPOHHI MepexKi, fepeBa pilieHb, CAMBOJIbHI
MpaBwiia, METOIU HaHOIMKIOTO Cycifa i k~-HalOIMKIOro Cycifa, METOJl OTIOPHHUX
BEKTODiB, OaifeciBchki Mepexi (BM), miHiHA perpecis, KOpesImiifHO-perpeciiHmii
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aHaji3, iEpapXidHi METOIM KJIACTEPHOTO aHai3y, HeiepapXiuyHi METOAM KiacTep-
HOTO aHaji3y, 30KpeMa aJTOPUTMH A-CepeIHiX i k-MeIiaHW; METOIU IIOIIYKY
acoIlaTUBHUX MPaBWJI, 30KpeMa aliroput™M Apriori; MeToJ]] 0OMeXeHOoro nepedu-
paHHS; €BONIOLIHE MpOrpaMyBaHHs i TeHETHYHI alrOPUTMH; PI3SHOMAaHITHI Me-
TONW Bidyamizamii gaHux i T. iH. [1-4]. [HTeNneKkTyanpHUi aHai3 JaHUX BUHUK 1
HaOYB MOMAJIBINIONO PO3BUTKY Ha 0a3i JOCATHEHB MPUKIATHOI CTATHCTUKH, PO3ITi-
3HaBaHHs 00pa3iB, METOMIB IITYYHOTO IHTENEKTY, Teopii 6a3 ganux Touo. OgHUM
3 aKTyaJIbHUX 3acTocyBaHb [AJ] € aHami3 aHUX y CTPaxOBii MisSUTBHOCTI.

CrpaxoBa (akTyapHa) MisUTBHICTH CIIPSMOBaHA Ha MEPEPO3IOJIiT TPOIIOBUX
KOIITIB Ta aKyMYJIIOBaHHS iX 06€3M0CepEaHbO IS CTPaxoBOI TisSIILHOCTI; iIHBECTY-
BaHHSA LUX KOWITIB y Pi3Hi Tamy3i AiSIIBHOCTI CHPHSE iX MOJANBIIOMY PO3BHUTKY.
TakuMm YMHOM, BUHHKAIOTh 33Jadi aHaji3y (iHaHCOBUX MPOIIECIB Ta MEHEKMEH-
Ty (GiHAHCOBWX PH3HWKIB 3 BHUKOPHUCTAHHSAM CYYaCHHUX METOJIB MaTeMaTHIHOTO
MOJIEITIOBAHHS, TIPOTHO3YBAaHHS Ta €(PEKTHBHOI MiATPUMKH MPUHHSTTS pillieHb 13
3actocyBaHHsAM MetomiB [A ],

AKTyaNnpHICTh JOCHIKSHHS TOJIATae y 3acTocyBaHHi MetoxiB [AJ] no mone-
JIOBAHHS aKTyapHUX IPOIIECIB Ta OIIHIOBAaHHS (hiHAHCOBHUX PHU3HKIB CTPaXOBHUX
kommnanii (CK). Lle mosicHIO€ThCS THM, 1110 ChOTO/IHI cy4yacHui cTaH (inancis CK
noTpedye MOUIYKYy HOBUX (DOPM Ta METOZiB MiABUIICHHS iX KOHKYPEHTOCHPO-
MOJKHOCTI, YIOCKOH&JIEHHS Ta BIPOBA/KCHHSI Yy TPAKTUKy E€KOHOMIKO-
MaTeMaTHYHHUX MOJEJNICH ISl OIIHIOBaHHS 1 TIPOTHO3YBaHHS X MOJANBIIOTO PO3-
BUTKY B YMOBaxX HEBH3HAYCHOCTI, PU3HKY peaiizauii 0araTbox mpouecis, Mo Bil-
OyBarOThCA y MISITBHOCTI (Di3MYHUX OCi0 Ta MANPHUEMCTB Pi3HUX POPM BIIACHOCTI.
Po3maitTs hopM IposBY pHU3HKY, 4ACTOTA Ta CKJIAMHICTh HACIHIIKIB HOTO peaisa-
il 3yMOBIIOIOTH HEOOXIAHICTh MOTAMONEHOTO aHali3y PU3UKIB Ta €KOHOMIKO-
MaTeMaTUYHOTO OOrpyHTyBaHHs (iHaHcoBoi momituku CK[5]. Bukopucranus
€KOHOMIKO-MaTEeMaTHYHUX METOJMIB IS aHaJi3y Ta YNpaBiaiHHA (DiHAHCOBUMH
PU3UKaMH 3yMOBJICHO IX MOIIMBICTIO OTPUMaHHS OOTPYHTOBAHOI Ta JOCTOBIPHOT
OLIIHKA OCHOBOIIOJIOKHHUX XapaKTepHCTUK (iHaHCOBOi cTabinmbHOCTi. /1o OCHOB-
HUX XapakTepucTuk (inancoBoi ctabimpHOCTi CK HamexaTh Taki MOKa3HHKH:
IMOBIpHICTh PO30OPEHHS, MapKa MIATOCIIPOMOXKHOCTI, BIACHUH KaIliTal, CTPaxoBi
tapudu. OTxe, 3aJa4a CTBOPEHHS CHCTEM JAJIsl €PEKTUBHOTO OL[IHIOBaHHS (iHaH-
COBOr'0 CTaHy 3 METOI0 YHMKHEHHs 1 HefomyuieHHs1 6ankporctBa CK Ta minBu-
IIeHHS piBHA 11 hiHAHCOBOT CTA0IIFHOCTI € HAA3BUUAHHO aKTyaJIbHAM 3aBIaHHSIM.

IHOCTAHOBKA 3AJAYI

Mera po6oTtu — 3actocyBaHHS MeroniB IAJ[ mis MonmenroBaHHS aKTyapHHUX
MIPOIIeCiB 1 OIiHIOBaHHS (DIHAHCOBHX PH3HMKIB CTPAaXOBHX KOMMaHii. Jlys mocsr-
HEHHSI IOCTABJICHOT METH HEOOXIHO: JOCIIIIUTH 33/1a4y OLIHIOBaHHS (DIHAHCOBUX
PHU3HKIB y CTpaxyBaHHI 3 BUKOpUCTAaHHSIM MeToAiB [AJl; Ha OCHOBI 3alpONOHOBA-
HOI METOJIWKH MOZENIOBAHHS 3 BUKOPHUCTAHHSM CTPYKTYp y3araJbHEHUX JiHiH-
HUX mozened (YJIM) moOyayBaTH MPOTHO3HI MOJETI JUIS OLIHIOBAHHS PHU3HKY
BTpaT CK y pa3i HacTaHHS CTpaXxOBOTO BHUMAJKY; MOPIBHATH SAKICTh OTPUMaHHX
pe3yIbTaTiB 32 METOAOM TPYIOBOro BpaxyBaHHs aprymeHTiB (MI'BA) ta Hewit-
kM MI'BA; po3pobutn BM st omiaroBaHHs pu3uKy 0ankpyrcta CK; chopmy-
BaTH aHaJi3 OTPUMAHUX PE3YJIbTATIB Ta 3pPOOUTH BHUCHOBKH IIOJO JOLIIBHOCTI
3actocyBanHs [A/l B akTyapHOMY MOJISTFOBaHHI Ta IPOTHO3YBaHHI.
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MOXKJIUBOCTI 3ACTOCYBAHHA 1Al Y MOJAEJIOBAHHI CTPAXOBUX
PU3UKIB

upoxoro 3actocyBanHs A/l HaOyB y akTyapHHX 3ajadax, OCKiIBKH Bi3yaslbHi
IHCTPYMEHTHU Jar0Th 3MOT'Y BUKOHYBAaTH aHaJIi3 JaHUX MpeaMEeTHUMHU (axiBusamuy,
SIKi HE MAIOTh BiJIITOBITHUX MaTeMAaTHIHUX 3HaHb. [HTEICKTyaTbHUH aHaTi3 JaHUX
Ma€e BeJIMKY 3HAUYIIiCTh I KePIBHUKIB 1 akTyapiiB y cdepi crpaxyBaHHs. 3a 1n0-
noMorow MeroniB IA/l MoxHa TOMOTTHCS BiJUyTHUX I€peBar y KOHKYPEHTHiH
00opoTHOI 3a TOTOMOTOIO MPOTHO3YBAHHSA CTPaXOBHUX BHUIUIAT y pa3i HACTaHHSA
CTPaxOBOT'0 BHUIAJKY; OLiHIOBaHHs (iHaHCOBUX pu3ukiB CK s HemomymeHHs
NOJaNbIIOoro OAHKPYTCTBA; BUSBJICHHs HIaxpaiicTBa Ta iH. [locBix Oaratbox min-
NPUEMCTB CBIIYUTH PO AOLIIBHICTE 3acTocyBaHHs [A L.

Pusuku — MoxnuBa Hebe3leKka BTpaT, 3yMOBJIEHA IEBHUMH HPUPOAHUMHU
SIBUIIAMU (3eMJICTPYCH, TOBEHI, 3acyXa TOMIO), BUIIaJKOBHMHU TOIISIMA TEXHIKO-
TEXHOJIOTIYHOTO XapakTepy (moXeXa, aBapii, BUOYXH TOLIO), KPUMiHAJILHHUMU
sBHUIAMH (KpadiKku, po30iliHI HamaaW, MIaxpalCTBO TOIMIO) Ta SBUIIAMU CYTO
EKOHOMIYHOTO XapaKTepy, PO3MAITICTh SIKHX CTPIMKO 3pOCTaE y 3B'I3Ky 3 IOTINO-
JICHHSIM CYCIHIJIBHOTO MOJITy Tpalli, pO3BUTKOM KPEIUTHOI CUCTEMH (TIOpPYILEHHS
PUTMIYHOCTI TIOCTABOK, KPH3a HEIUIATEeXiB, IH(IAIIS TOMIO).

CtpaxoBa IisUIBHICTH CYNPOBOIKYETHCS CTPAXOBUM PU3HKOM. Alle To-
JOBHUM (YHIAaMEHTOM CTpPaxoBOi CHpaBU € pO3MOMAiN pPHU3UKY. PHU3HK €
00’ €KTUBHOIO TIEPEIyMOBOIO BUHUKHEHHS CTPaXOBUX BiJTHOCHH: HEMAE PU3UKY —
HeMae nmoTpedu B cTpaxyBaHHI. OfHAaK HE KOXEH PU3UK MOXKE JIATTH B OCHOBY
CTPaxOBUX BITHOCHWH. 3aCTpaxOBaHWUM OyJe JUIIE TOW PHU3HK, CTOCOBHO SKOTO
MOYKHA OI[IHUTH MMOBIPHICTh HACTAHHS CTPAXOBOTO BHUITAJKY, BU3HAYHTH PO3MIp
MOXIIUBOTO 30MTKY Ta HapaxyBaTH €KBiBaJICHTHY cTpaxoBy mpemiro. [lix crpaxo-
BHM PU3WKOM PO3YMIIOTh IPOTHO3HUI 30MTOK 00’ €KTa CTpaXyBaHHS B PEe3yJIbTATI
HacTaHHA cTpaxoBoi moxii [6]. Po3B’s3aHHs 3amayvi OUiHIOBAaHHS ()iHAHCOBUX PHU-
3WKIB Yy cdepi cTpaXyBaHHS € OJHUM 3 HaHBaKJIMBILIMX €TarliB (JiHAaHCOBOTO aHa-
T3y, OCKUIBKH JUIS YTPaBIiHHSA PU3UKOM HOrO MOTPIOHO CIOYaTKy BMITH IIpO-
aHaji3yBaTH, a TOTIM OIHUTH. Ilig OIIHIOBAaHHSIM pPH3UKIB pPO3yMIIOThH
CHCTEMaTH4HUI Mpolec BUABICHHS (HaKTOPIB 1 BUIIB PU3HKIB, iX KiIBKICHY OLiH-
Ky, TOOTO METOJIOJIOTisI aHAITI3Y PHU3UKIB MOEIHYE B3AEMOIOMTOBHIIBHI KiTbKiCHUHN
Ta AKICHAN IMIXOIH.

TeopernuHi qOCTIKEHHS TPOOJIEMH HEBU3HAYCHOCTI 3/ICOUIBIIIOTO MPUCBSI-
YeHi aHami3y NPUYMH BUHUKHEHHS, Kiacudikawii Ta MeToaM KiJIbKiCHOI OLiHKH
PHU3HKIB, IPOTE MEHIIE yBard NPUIUIETHCS SKICHUM METOJAM 3 ypaxyBaHHAM
BINTUBY HEEKOHOMIYHUX (DaKTOpiB Ha (DiHAHCOBO-TOCIIONAPCHKY MisUTBHICTH Mif-
NPUEMCTB, SIKi JIUIsI PAKTUYHOTO 3aCTOCYBaHHS Oynu O aJeKBaTHIIIUMH JI0 pea-
JBHAX MOXIUBOCTEH BITUM3HSIHMX MiANPHEMIIIB, a OTPUMaHI pe3yibTaTu Maiu O
MIIIPYHTS Ul 3aCTOCYBAaHHSI Y MTOAAJBIIOMY aHaji3i. ¥ Mexax Ifiel poOoTH BH-
KOHYETBhCS JOCIIPKCHHSI KUIbKICHUX Ta SKICHUX METOJIB aHaji3y (hiHAaHCOBUX
PH3UKIB 3 METOIO BIPOBAKEHHS IX MPH OLIHIOBAHHI 1 PO3PaxyHKy MipH BIUIUBY
IHAMKATOPIB EKOHOMIYHOTO T4 HEEKOHOMIYHOTO XapaKTepy.

Ockinbku momryk iMoBipHOCTI po3operHs CK € omHiero i3 HalBaXJIMBIIIHX
3a7]a4y CTPaxoBOl MaTeMaTHKH, HA OCHOBI IKOT OyAyIOThCSI OCHOBHI aKTyapHi KOH-
nenuii moao ¢piHaHCOBOT OLIHKM CTa0IBHOCTI, — BpaxyBaHHS HE TiJIbKH BiICYT-
HOCTI OaHKPYTCTBA, a i HOTO HEJOIYIIEHHS, TO 3pOCTaE MOTpeda y 3acToCyBaHHI
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€KOHOMIKO-MaTeMaTHYHUX METOJIB JI0 MOJICIIOBAHHS Ta aHalidy (hiHAHCOBHUX
PU3HKIB 1 TOOYAOBH aKTyapHHUX MOJEIEH IS MOIIyKY ONTHMAIBHOI (CTIpaBeIiIu-
BO1, palliOHANBHOT) BEIMYMHH CTPAaXoOBOi MpeMii Ha OCHOBI 3Hal1eHOT IMOBIPHOCTI
po3opeHHs. MOXIHBICTh TOOYAOBH 1 3aCTOCYBaHHS aKTyapHHUX MOAEJeH Mosic-
HIOETHCSI MOYKJIMBICTIO pOOWTH TPHITYIIEHHS IMIOAO0 PO3MOILTY PO3MIipiB CTpaxo-
BHX BHILIAT Ta IHTEPBAJIIB Yacy MiX BHIIaTaMH, TOKIAICHUMA B OCHOBY MOJIEITI.
Bumnmnaté MOXyTh MaTH OJHAKOBHH PO3MOALT 3 BiJOMOIO (DYHKII€I PO3MOALTY
a00 3 MOBUTEHOIO (DYHKIIIE€I0 PO3MOLTY; iIHTEPBAIHA MiXK BUTUIATAMHU MOXYTh MaTH
HEOJIHAKOBI IMapaMeTpy PO3MOAUTY, a TIOCIITOBHICTh BUILIAT OMKCYBATHCS 3a JI0-
MIOMOTOI0 ITyacCOHIBCBKOTO IMPOIIECy 3 ypaxyBaHHSIM JIOJATKOBUX MOXKJIMBOCTEH
BUIUTATHU JUBIICHIIB YYaCHUKAM.

METO/M OIIITHIOBAHHS ®IHAHCOBUX PU3UKIB Y CTPAXYBAHHI

Cmynins (Mipa) pusuxy — lie¢ IMOBIPHICTh HAaCTaHHS BUIMAJIKy BTpAT, a TAKOXK
PO3Mip MOXIMBUX 30MTKIB Bifi HOTO. IMOBIpHICTH HACTaHHSA TaKOi MOJIl MOXe
Oyt BU3HAUEHA K OO0 EKTUBHUMH, TaK 1 CyO’€KTHBHHUMH METOJIaMH.
OO0’eKTHBHUI MeTOJ BU3HAYCHHsI WMOBIPHOCTI HAacTaHHSA MOZIl I'PYHTYEThCS Ha
00YHCIICHHI YaCTOTH, 3 SKOK BiJI0OYBa€ThCs LS MOJisA, a Cy0 €KTUBHUI METOI —
Ha BUKOPHCTaHHI Cy0’€KTHBHHX KpPHUTEpIiB, IO IPYHTYIOTHCS HAa PI3HUX MPHUITY-
menHsax. OTxke, 3aa4a OIiHIOBaHHS (DIHAHCOBUX PU3UKIB MOJIATAE Y 3HAXOKCH-
Hi 3aJIeKHOCT1 MK BU3HAYEHUMH PO3MipaMH BTpaT 1 HMOBIPHICTIO X BUHHKHEH-
Hi. CporogHi iCHYIOTh e(eKTHBHI MaTeMaTW4dHI MOJAENi JUIsl OIiHIOBAaHHS
(hiHaHCOBHUX PH3WKIB y cTpaxyBaHHi. Hampwkman, Bimomi crammaptu Basel II i
Solvency I cTUMyITIOIOTE PO3BUTOK MOJEJCH MJIs OLIHIOBAHHS Ta MEHEIKMEHTY
PU3UKIB y (iHAHCOBIH cdepi.

J1nist OLiHIOBaHHS PU3UKY B CTPAXOBiil MPaKTHII BUKOPUCTOBYIOTH CIICIliallb-
Hi METOJIH, SIKi MOCTIHHO PO3BUBAIOTHCS 1 YAOCKOHAIIOIOTECA. Tak, Ha MPaKTHUIl €
JIBA TIAXOIU IO aHai3y PU3UKIB — 3 BiacHe (aKTOPIB PU3UKY 1 3 MO3UIIT HAc-
JAKIB Ail pU3UKOBHX MOiN. Buxoasuu 3 bOT0o MOIENi I OI[iHFOBAHHS PU3HKIB
MOJIJISIFOTh Ha JBa KJacH: MOJIENi, 3aCHOBaHI Ha aHaJli3i HaciAKIB (a00 «BUCOKO-
piBHEBI MozeNi»), Ta MOJIelli, 3aCHOBaHI Ha aHaJi3i (akTOpiB pU3UKY (200 «HU3b-
KOpiBHEBI Mozenmi»). Sk o3Haky Ui Kimacudikamii Mojeneil BUKOPUCTOBYIOTh
MHOXUHY 3aBIaHb, JUUIsl PO3B’A3aHHS SKUX 1[I0 MOJIETh MOKHA BUKOPHCTOBYBATH.
Hanpukman, Mozaeni, siki 1al0Th MOXIIUBICTh OTPUMATH Y SIBHOMY BHTIISII (QYHK-
I[il0 pO3MOJTY BTpaT, BUKOPUCTOBYIOThH Ui OLiHIOBaHHS cepenHix Brpar CK i
MaKCHMaJbHUX BTPAT Ha 33JaHOMY PiBHI 3HauymocTi (Tadm. 1).

Taoauusa 1. Knacudikamis Momeneit ;i aHamizy i MEHEIDKMEHTY (iHaHCO-
BUX PH3HKIB

3acTrocyBanHs | 3acTocyBaHHsI | 3acTOCYyBaHHsl | 3acTOCyBaHHS
JJIS po3moainy hi§) 0 VISl BU3HAYEHHSI | JJIA BUSIBJICHHS
Kaac mopenei pu3ukiB BU3HAYEHHS | MAKCUMAJIBLHO |MOJiii, 110 BeAyTh
3a rpynamu cepeaHix MOKJIMBHX 10 HACTAHHS
KPUTHYHOCTI BTpaT BTpaT PUM3UKY

Mopaei, 3acHOBaHi Ha aHAJI3i HacaiaKiB

(abo BucokopiBHeBi MoeTi)

BIA - - + —
LDA + + + -
IMA - — + —
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Ipooosoicenns mabn. 1

MopeJi, 3acHoBaHi Ha (pakTOpax pu3uKy (200 HU3bKOPiBHEBI MoeJTi)
Sb-AMA + + + -
Meron
(byHKLIIOHAJIBHUX| + + + -
KOpEJISIin
Perpecnfumn n n n n
aHaii3
Eanecmqﬂq " " n "
Mepexi
Merom + - - +
HEYiTKOT JIOTiKH

MoneJi, 3acHoBaHi Ha aHaJi3i HacaigkiB. Lleit KiTac METOMIB IPYHTYETHCS
Ha amapaTi MaTeMaTW4HOi CTaTUCTHKH. BiJbIIiCTh TakMX METONIB MPHUIYCKAaE
30WpaHHs 1 JOCIHIPKeHHS JaHWUX PO BTPATH, 3yMOBIICHI (hiHAHCOBUM PHU3HKOM
YIPOJOBXK IMOTIEPEIHIX TIEPIOJIB 3 MOAATBIIIOI EKCTPAITOJIAIIIEID BTPAT HA HACTYITHI
nepioau. HaitOunpIn nommpeHnMu € Taki Mogeni [5—8]:

BIA (Basic Indicator Approach — meton 0a30BHX NOKa3HHUKiB). Monenb
BIA ommcye BuMoru 1o 3a0e3medueHHsT TOCTATHOCTI KamiTary IS TIOKPUTTS pPH-
3ukiB. Ll Mozmens 3amporoHOBaHa JUIS OIIIHIOBAaHHS MaKCHMalbHO MOXKIHMBUX
BTpaT BiJ OMNEpaliifHOr0 pU3MKy Ha 3aJaHOMY piBHI 3HAYymIOCTI (HampuKiam,
99,0 %). BoHa rpyHTy€eThCSl Ha IPUITYIIEHH] TIPO Te, IO ONepalliiiHi BTpaTH € 3a-
JIMIIKOBHMH BiJ] 3arajbHUX BTpAT, CIIPUYMHEHUX pU3HKaMu. KBaHTHIIB po3moziny
BUTIAJIKOBOI BEJIMYMHU X , 1[0 XapaKTEpU3y€e BEIMUMHY BTPAT, 32J1a€ThCsl HopMy-
JI010

Qogy, =G ot
ne Qggo, — OLIHKA 99%-ro KBaHTHIIA BUINIAIKOBOI BEIMYMHH, 1[0 XapaKTEPU3ye

BTpaTH; G, — CepeHili BATOBHIl OXiJ 3 TPH MOTEPEHi POKH, TIPOTATOM SKHX
BaJIOBUH piuHUil noxin OyB nomatHuM; o=15% — koedilieHT, BU3HAYCHUN Ha
OCHOBI JIOCTIIXKECHHS Tally3eBoi NpakTHKH (111 piHaHCOBUX opraHizaiiii, OaHKiB)
bazenbchkuM kKoMiTeToM. 3HaueHHS IILOTO Koe(imieHTa 3a3BHYall yTOYHIOKOTH 3
BUKOPUCTAHHSAM PE3yJIbTATIB OIiIHIOBAaHHS BTPAT, CIPHYUHECHUX (hiHAHCOBUM PH-
3ukoM B ykpaincbkux CK. Hemomikom moneni BIA € Te, mo orpumana oriHka
00cATY MOXIIMBHX (piHAHCOBUX BTPAT 3aJieKaTUMe TiJIbKHU Bifl 00cAry Oi3Hecy i He
3aJIeKaTUME BiJl 0OCOOJIMBOCTEH CTPaxOBOTO MOPTQEIS.

LDA (Loss Distribution Approach — memoo po3nodiny 30umkie). B 0CHOBI
Mojeneit kiacy LDA JeXuTh NPUITYyIIEHHS PO Te, 0 BUMAAKOBY BEIUYHHY X ,
sIKa XapaKTepU3ye pO3Mip BTpAT, IO CTAIUCS MPOTATOM Yacy [ , MOKHA BU3HAYM-
TH TaK:

ne n(t) — BUNAAKOBa BEJIMYHMHA, KA XapaKTePHU3Y€ KiIBbKICTh BHIIAAKIB yTpaT

KOHKPCTHOTO THUITY 3a IICBHUI r[epioz[ qacy ¢, L. — mHOXHMHA BUITAAKOBHX BC-

i

JIMYUH, M0 XapaKTCPpU3YIOTh BCIIMYMHU MOXIUBHUX OKPEMUX BTpaAT. HpI/IHyCKa-
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€THCS, 110 BEIMYMHU 3 MHOXXHMHU L, — He3aJexHi i1 0HAKOBO PO3MOIIICHI AJIs

KOHKPETHOTO THUILy 30WTKiB. J[s moOyI0BM TakuxX MoJesieii BUKOHYEThCS aHami3
BTpaT 3a BUOpaHWA MMEepioa I KOKHOI TapH «JIiHisA Oi3HeCy»/«Tut BTpat». s
KOJKHOI Takoi mapy Ha MiICTaBl JaHMX MPO YacTOTYy BTPAT 1 BEJMYMHY 30UTKIB,
IO CIIOCTEPITaINCh Y MUHYJIOMY, PO3PaXOBY€EThCS BUOIPKOBE CepelHE 3HAYCHHS
YacTOTH BUHUKHEHHS PH3MKOBUX Nofiil E(n(¢)) i BUOipKoBe cepeiHEe 3HAYCHHS
BEJIMYMHM BTPAT Yy pa3i BUHUKHEHHS pu3ukoBoi moxmii £ (L) . Ilicna Bu3HaueHHS
GyHKIIN po3Mmoainy BUMAIKOBUX BedwunH #(f) i L Oynyerbes QYyHKIiS po3mo-
Iy BUIIAIKOBOI BEMMUMHH X (3a3BUuail 3a merogoM Monre-Kapino) [8]. Dynk-
i PO3MOMLIY BHUIAJAKOBOI BEJIMYMHHM X, IO XapaKTEepPH3Yy€e 3arajibHUM 00csr
BTpaT 32 BUOPaHWUM BUJIOM PH3HKIB, Ja€ 3MOTY 3HAWTH TOYKOBY OIIIHKY MaTeMa-
THUYHOTO CIIOJIBAaHHS BTPAT 1 po3paxyBaTH KBaHTHIIb 3aJaHOTO PiBHA, TOOTO 3Ha-
genHs OpVaR (Operational Value-at-Risk).

Bapiaatn metony LDA mopinsrots Ha nBi rpymu. [lepma rpyma moxmenei
IPYHTYETHCS Ha Oe3MmocepeJHbOMY aHalli3i pU3UKOBUX MOAIN 1 3yMOBICHHX HUMHU
BTpar 0e3 ypaxyBaHHs (aKTOPiB PHU3HKY Ta MPHUUYUHHO-HACITIAKOBHX 3B’S3KIiB Y
MeXax CKIaaHimoi Momeni. Jlo Takux Mojenei MoJKHA BiTHECTH sIK Oe3mocepe-
HIO OIIHKY XapaKTePUCTUK PO3MOJiy YaCTOTH 1 Aii PU3MKOBUX MOMIN, TaK 1 Me-
TOJUKH, L0 CIIUPAIOTHCS HA TEOPil0 eKCTpeMalbHUX 3Ha4yeHsb [5, 7]. pyra rpyma
MoJIeNiel IPYHTY€ETHCS Ha PO3IIUPEHiil MHOXKIHI 3MiHHUX, A0 SKOi BXOIATH 1 (hak-
TOPH PU3HKY.

IMA (Internal Measurements Approach — memoO 6HympiwHIX GUMIDIG).
Meton IMA nae 3Mory OOYMCIHMTH OLIHKY MakCHMAaJIbHO MOKJIMBUX BTpatT IS
KOHKPETHOTO BHIY PH3HKIB 0e3 MoOyJOBU PO3MOJIiNy BHINAAKOBOI BETMYUHU X,
IO XapaKTepu3ye po3Mip yTpaT. B oCHOBI LbOT0 MiAXOMy JIEKUTHh TaKe MPUITY-
IIEHHS: SIKIO TTOIJTUTH BCi 30MTKH Ha O4iKyBaHi (TOOTO ONM3BKI 0 MaTeMaTH-
HOTO CIOJIBaHHS CyMH 30WTKIB 3a mepiof) i HemepeabadeHi (Taki, MO MepeBuU-
MIYIOTh CEPEIHE 3HAUEHHS 1 HAJNEXaTh A0 «XBOCTa» CTATHCTHYHOTO PO3MOALTY),
TO icHye (DyHKI[iOHATbHA 3aJIEKHICTh MK BEIMYMHAMHU OYiKYBaHUX 1 Hemepeaoa-
yeHuX 30uTKiB. [IpocTHM BHITaIKOM € JTiHIMHA 3aJIeKHICTh, TOOTO

Oogy, = ErPplgp =VELO,
ne Qgg% — ouiHka 99%-ro KBaHTWIA PO3MOALTY MOXKIHUBUX BTpaT (BEIUYHHH
KamiTaiay, HeoOXiJHOTO ISl IOKPUTTS PU3MKY) 3a UM TUIOM mofii; P, — iMo-
BIPHICTh HACTaHHS HECHPHUATIMBOI MOl HBOr0 THIy B JaHMU nepion; Lgp —
cepenHs BEJIMYMHA 30MTKY KOHKPETHOTO THITYy 33 YMOBH HACTAHHS HECIIPUSTIH-
Boi mofil; £; — xoediuieHT Macmrady; Y — Koe]ili€HT AJs OLiHIOBaHHS BU-
MOT JI0 KalliTany 4epe3 OLiHKY OdiKyBaHuX 30uTKiB £; . CyKylHa OLiHKa Mak-

CHMaJIbHO MOJKJIMBHX BTpAaT BU3HAYAETHCS CYMOKO YCiX OIIIHOK, PO3PaXxOBaHHX
JUISL pI3HUX THITIB PU3UKOBUX MO 1 JTiHiH Oi3HEcy.

Cmamucmuunuii memoo oyinioganna puszuxy. lleii meTox momnsrae y BH-
BUYCHHI CTaTUCTUKHU BTpaT (HETaTHBHUX HACIHIJKIB peaii3amii pillieHb) B aHAJIOT14-
HUX BHIAX MiANPHEMHHULBKOI AisbHOCTI. [Ipu mbOMYy MOXYTh BHKOPHCTOBYBa-
TUCHh Pi3HI crmocoOW OLIHIOBAaHHA, y TOMY 4YHCHI 1 JIUCTIepCidHMI aHami3.
OCHOBHHM ITOKa3HUKOM, SIKHH PO3PAaXOBYETHCS HA MiACTaBi CTAaTUCTUYHOTO Me-
TOJIy, € YaCTOTA BTPAT, [TOB’I3aHUX 13 TIEBHUM BHJOM JisUIBHOCTI:
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nV
f=—

n3ar

ae n' — KUIBKICTh BUNAJKIB HACTAHHS BTPAT y CTATUCTUYHIN BHOIpLI; 7., —

3arajqbHa KiJIbKiCTh BUMAIKiB, IO PO3IJLAANNCH Y cTaTHCTHUHIM BuOipui. [lpn
MPUAHATTI PIllIEHHS] Ha OCHOBI IIbOTO METOAY MOKa3HUK YacTOTH BTpAT MEpPEHO-
CUTBLCS Ha MPOTHO3HI JaHi 1 pO3TIATAETHC BXKE SK IMOBIPHICTH HACTAHHS BTpAT
neBHOro piBHA. Harenep crarMcTUYHMI METOJ| 3aCTOCOBYIOThH y Pi3HUX MOAu(i-
Kallisgx 1 HAaHOUTBII MOMIMPEHUM CTAa€ METOJ[ CTATHCTUYHOTO MOJETIOBAaHHS (Me-
toa Monte-Kap:o). [lepeBaroro 1-0ro MeTomy € MOKINBICTh aHATI3yBaTH i OITi-
HIOBAaTH Pi3HI CIIEHApil PO3BUTKY JOCIIDKYBAHOIO MPOEKTY 3 ypaxyBaHHSIM
pi3HUX (aKTOpPIB BILIMBY B MEXaxX OAHOTrO miaxony. Hemomik Metony — Benukuid
piBeHb BHKOPHCTAHHS IMOBIPHICHHX XapaKTEPHUCTHK, IO iHOZAI HE 3aI0BOJIBHSE
MEHEJIXKEPIB MPOCKTY.

CepenHi BEIWYMHU JAIOTh MOKIIHMBICTH BHPA3UTH THIOBI PO3MIPU O3HAK
SIKICHO OJHOPIJHMX SIBHII[ Ta BUMIPATH iX KOJUBAHHS B OKOJII CEPEIHLOr0 PIBHS
PO3BUTKY. MeTOJ CepelHiX BEIMYUH € OJHUM 31 CTATUCTUYHHUX METOIIB HOCi-
JUKEHHS. Y TIpoLEec] OLHIOBAHHS PU3HKY IEpen0adacThbCsl PO3MEKYBAHHS OKpe-
MHX PHU3HKOBMX TPyl Ha APIOHIII MATPYIH 3 METOK CTBOPEHHS aHATITUYHOI
0asu I BU3HAYCHHS PHM3UKY 3a MEBHHMH PH3MKOBHMH O3HAKaMH. MeTom mpo-
LIEHTIB HAJIEKUTH 10 T'PYIH METOAIB CTATUCTUYHOTO aHAMI3y 1 y TEpMIHAX OIIHIO-
BaHHS PU3MKIB 03HAYAE AEAKY CYKYIHICTH JOAATHHUX 1 Bil’€MHHMX BiIXHIIECHb BiJ
CEepPEIHBOI0 PU3NKOBOIO THITY HASBHOI aHAMITHYHOI 0a3u. Taki BIZXUIEHHS BU-
PaXarTh y MPOIeHTaX ab0 B MPOMIJIE Bijl CEPEIHBOTO PU3UKOBOTO THUILY.

BUKOPHCTOBYIOTHCS TaKOK EKOHOMETPHUYHI, CTATHCTHYHI METOMM OIlIHIO-
BaHHS ¥ aHaJi3y PU3HKIB, METOAU BEPOAIBLHOrO aHAIi3y TOIIO0. Y CYYaCHHUX YMO-
Bax BITYM3HSHI Ta 3apyOiKHI BUEHI BOJOIIIOTH MMOTYKHUM aHATITHYHUM 1HCTPY-
MEHTAapi€eM MJI1 OLIHIOBAHHS Ta BiACTEKYBAaHHS PHU3UKY; 3aCTOCOBYIOTH aKTyapHIi
pO3paxyHKH, MOHITOPHUHT, KOMIIJICKCHE MOJCIIIOBAHHS CTPAXOBHX IIPOIECIB, M-
MiPUYHUH TOCBiMI, METOAM €KCIIEPTHHUX OLIHOK, acOIlialliif Ta aHAJIOTi|, eKCTIIepTH3
TOIIIO.

Mogesi Ha ocHOBi aHaJi3y ¢akTOpiB pU3MKY TependadaroTh MOTIHOIC-
HUI aHaJli3 IpoLECiB y opraHizamii i Jal0Th 3MOT'Y BUKOPUCTOBYBATH iH(OpMAIIiio
PO BHYTPIIIHI MPUYMHHO-HACTIIKOBI 3B’SI3KH. Y MeXaX MOeINell Iboro Kiacy
BHKOPHUCTOBYIOTh Pi3HI MaTeMaTHYHI METOIH, 30kpema Sb-AMA (Scenario-based
AdvancedMeasurement Approach — cuenapHuii aHami3); MeTox (yHKIIOHATb-
HUX KOpeIsLii; perpeciiini Moeni; 6aieciBCbKi Mepexi; METOH HEUiTKOI JIOTiKU
Ta JIeAK1 1HII.

Meton Sb-AMA IpyHTY€EThCS Ha BH3HA4YeHHI (pakTOpiB pU3UKY (TOOTO MO-
JKIIMBUX JIKEPEN PU3UKIB), HA OCHOBI SKHX T'€HEPYIOThCS ClieHapii 3a MpaBUIOM
«o oyzae, Akmo». TakuM YMHOM, Ha BIAMIHY BiJ ONMCAHUX BMIIE METOMIB, SIKI
MPUITYCKAIOTh aHalli3 30MTKIB, IO CTAJMCS, L1 MOJAENIb I'PYHTYETHCS Ha OLIHIO-
BaHHI BTpaT, fAKI MOXJIMBI B MalOyTHROMY MNpH peamisamii aeskol Mmomil.
JIi1g KOKHOIO CLIEHApilo Ha IMiACTaBl ICTOPUYHMX JAaHUX a00 €KCIIEPTHUX OLIHOK
BH3HAYAIOTh YaCTOTY 1 po3mip 30uTKiB. [licia mepeBipKd HaHUX 1 BUIIPABICHHS
HEKOPEKTHUX OI[IHOK CIleHapii IpynyrTh 3a (GakTopaMu PH3UKY 1 UIS KOXKHOI
IPYIH CIEHApiiB OLIHIOIOTEH [MapaMETPH CTATUCTUYHUX PO3IOALIIB YaCTOTH 1 Be-
JUYUHA 30UTKIB. 3aBepIIalbHUM €TAloOM € IMiTaliiiHe MOIEIIOBAHHS 32 METOIOM
MoHnre-Kapiio, mo x03BOJg€ OLIHUTH 3arajlbHuil posmonin 30utkis [9, 10].
OuiHOBaHHA BUKOHYEThCS 32 MPUIMYLICHHS, IO BioMma ciM’s, 0 SKOi Haie-
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JKATH PO3MO/II BHIAAKOBHX BEIMYMH KITLKOCTI 30MTKIB (HAIPHKIAL, PO3MIOMLI
[lyaccona) i BenmuumHHu 30MTKIB (PO3MOAUIN 3 «Ba’KKUMH XBOCTaMW», HAIIPUKIIA
nor-HopMaibHUR abo posmonin [apero). OTxe, mocTiiHUI KOHTPONb 3a (iHaH-
COBHM CTaHOM Y TaKHi CIOCIO JTa€ 3MOTY 3a37aJieri/lb IPOCIiAKyBaTh HEraTHUBHI
TEHJEHIil i THM caMHM 3MEHINUTH HMOBIPHICTh PU3UKY OaHKpyTCTBa Mij-
OPUEMCTBA.

MeTtoa GyHKIIOHATBLHUX KOPeJs Uil TPYHTYETHCS HAa CTBOPCHHI CTPYK-
TypHOI MozeNi opraHizamii. ¥ mpoMy BUIIAJIKy Hepexi 10 MaTeMaTHYHOT MOJIEIi
3MIACHIOETHCS Uepe3 Mo0ymIoBy OpiEHTOBaHOTO rpadyy, BEPIIMHH SKOTO BiIIOBi-
JTAIOTH CHIBPOOITHUKAM 1 Miapo3ainaM, a pedpa — moTokam iHdopmMartii. KoxHii
BEPIINHI CTAaBUTHCS y BIAMOBIIHICTH BHUIAJKOBUH MpOIEC, 110 BigoOpaxkae il
¢yHkuionanpHicTh. OCOOIMBICTIO METOAY € BCTAaHOBJICHHS CTOXaCTHYHHX
3aJeKHOCTeH MK (YyHKI[IOHANBHICTIO 3B’s3aHUX BepiiuH. [Ipu mpomy anami3
PU3HKIB BUKOHYETHCS HE CTOCOBHO HACTIIKIB a00 OKpeMHx (DakTopiB pH3HKY,
a CTOCOBHO CIiBPOOITHHKIB, CHCTEM, Oi13HEC-TIPOIIECIB, SKHM IOCTaBJICHO
y BIAMOBIAHICTE BEPIINHU Tpady.

Amnanoriuno mo metrony LDA BBOIUTHCS PO3MOIiNI BETHYUH BTpAT (IJIs Be-
PILIMHY i 1Ief PO3MOJLI pealli3y€eThCsl BUMAAKOBOI BEIMUUHOI L, ), OB S3aHUX 3

OKpEeMHMH BHNAJKaMH peanizalii pu3uKiB. Bumagku peamizamii pu3HKiB OMUCY-
IOTBCS JUIS BEPUIMHH | BUIIAJKOBHM IpomecoM 7;(¢), SKHl Mae JBa CTaHU:
n;(t) =0, 1m0 BiANOBiAa€ HOPMaNbHOMY (YHKIIOHYBaHHIO, 1 7;(f) =1, 1m0 O3Ha-
yae 301i1. CykynHi BTpatu X;(f + Af) Ha MOMeHT (¢ + At), cnpuuuHeHi 3005iMH Ha
i-#1 BepmmHi rpady, MOKHA 33/1aTH TaK:

Xt +A) =X, () =n,(t + ADL; 1 py»

ae L;,,n, — pealisallis BUINAAKOBOI BenM4uMHHM L;. Jnd 3a1aHHA 3B’S3Ky MiX

pizHUMH (DYHKIIOHAJHHUMH €JIEMEHTaMU BBOJIUTHCS MOHATTS «IIITPUMKAY, SIKY
OTPUMY€ KOXXHUH (DYHKLIOHAJIHHUH €IEMEHT BiJl MOB’S3aHUX 3 HUM €JIEMEHTIB.
V BUMAIKY, SKIIO OOCAT MIATPUMKH CTa€ MEHIIUM BiJ] 3a/1aHO1 BEJIMYWHH, BiJITO-
BilHUH ()YHKIIOHAJIBHUHN €JIEMEHT MEePEeXOAUTh Y CTaH BiAMOBH (TOOTO AJIsl TO-
CTaBJICHOI WOMY Y BiANOBIIHICTH i-i BepimHM rpady nokiamaerscs 7;(¢)=0).

JU1s BinoOpaxkeHHsI 11i€i CTPYKTYpHU B MOZIEIb YBOASTHCS BUNAIKOBI IIpouiecH A; (1) :

hi(6)=9; = X wyn () + (),
J

e 3; — cepenHiit 00cAT MIATPUMKH, SKY i-i MPOLEC OTPUMYE y TIOBHICTIO (yH-
KLIOHAJIBHIN cucteMi (To6T0, KOIM BCI 1,(F) =1); w;; — 0BCAr MATPUMKH, SIKy

i-i Tporiec oTpUMy€ Bif j-TO Tiporiecy (i BIAIIOBIAHO BTpadae, KOIM j-H IMpolec
nepeOyBae y cTaHi BIIMOBH); €;(f) — raycis Oimuii urym. Lleit meton opieHTOBa-
HO Ha aHaJli3 QyHKIiOHATBFHOCTI MPOLECIB 1 BUSABICHHS 300iB. DiHAHCOBI PU3UKHU
MaloTh 1HIIY TPUPOAY, TOB’sA3aHY 3 BIJCYTHICTIO KOIITIB Ha BiANIKOMYyBaHHSI
CTPAaxOBOTO BUNAJKY, IKMI HACTaB 32 BiANOBIIHUM CTPaXOBUM JOTOBOPOM.
Perpeciiini momesi TIpyHTYIOTbCS Ha BHUSBIICHHI MPUYHHHO-HACIIIKOBHX
3B’S3KIB MK CIIOCTEPEKYBaHHUMHU 1HAMKATOpPaMHy i piBHEM pU3HKY. Po3pi3HAIOTH
JIBI OCHOBHI TPYIIH MTOKa3HUKIB, SKi MOXXHA BUKOPUCTOBYBATH K CIIOCTEPEXKYBaH1
iHTUKaTOpH (TIOSICHIOBAIBHI 3MiHHI): 1) 3MIHHI OTOYEHHS — II€ KiJIbKiCHI TTOKa3-
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HHUKH, [0 XapaKTepU3ylTh Oi3Hec-pouecH MiAnpueMcTBa; 2) GakTopu pHU3UKY
— KUIBKICHI TIOKa3HUKH, IO XapaKTEPHU3YIOTh CIIOCTEPEKYBaHI BUIIAIKU peajli-
3anii pu3ukiB. Taka MaTeMaTHYHA MOJICIb MA€ BUTJIS

x=Af +b+e,
Je X — BeIUYMHa BTPAT, 3yMOBJICHUX (PIHAHCOBUM PH3HKOM; f — BEKTOp 3Ha-

9YeHb CIOCTEPEe)XKYBAHUX 3MIHHHMX; € — BHIIQJIKOBA BEJIMYHMHA, 10 BU3HAYAE I10-
xuOKy mogneni; 4 i b — OILiHIOBaHI MapaMeTpH, L0 XapaKTepU3YIOTh 3aJIekK-
HICTh MK 3MiHHOIO X Ta (pakTopHHMH 3MIHHMMHU [ . JIjIst 3aCTOCYBaHHS IIOTO

METOJIy HEOOXiJHO MaTh JOCTaTHIM 00CAT JaHuX, 1100 3a0€3MEUYUTH BUCOKY TOU-
HICTb OLIIHOK.

MeToau He4YiTKOI JOriKHM [ar0Th MOKJIUBICTh HAMOUIBII [IOBHO BUKOPHCTO-
BYBaTH €KCIIEPTHE OIL[IHIOBAHHS JJIs aHAII3y PU3UKIB y THX BUIIaJKaX, KOJIU TOY-
HHUX JaHUX HeMmac abo BoHM HemoBHI. HewiTka jrorika HaOIMKy€ MOJIENb A0 MIp-
KyBaHb JIONMHM B IIPOILECI NPUAHATTS 1 OOIPYHTYBaHHsA piliedb. Meroau
HEYITKOI JIOTIKM MO’KHa 3aCTOCOBYBATH JJI OLIIHIOBaHHSA OOCIIYy BTpaT 1 BUSAB-
snenHs pusuky OankpyrcrBa CK. Ha 3apyOikHMX pHHKAxX 49acTO 3aCTOCOBYIOTH
ABTOMAaTU30BaHI CHCTEMU JIJIsl OLIHIOBaHHs (DiHAHCOBHMX DPH3HKIB, 3aCHOBaHI Ha
METOJIax HEUiTKO1 JIoTikH, Hampukian RiskShield.

BaijicciBcbKi Mepeski garoTe 3Mory BimoOpa)kaTH ITPUYHUHHO-HACIIIKOBI
3B’SI3KM MIXK PI3HUMM BIUTMBOBHUMHK (DaKTOPAMH PU3HKY 1 3MIHAMM CEPEIOBUIIA.
Ha BinMiHy Bijg perpeciiinnx mojeieii bBM 103BOJISIOTE BpaxOBYBaTH HE JIHIIIE
OesnocepenHl 3aleKHOCTI PIBHS PU3UKY Bif (PaKTOPIB PU3UKY, a W 3aJIEKHOCTI
MK (hakTopamu puszuky. Kpim Toro, 1iei kiaac Moaenei Hafae Olabline MOKIUBO-
crel g (hopMyBaHHS BHCHOBKY Ha IIiFCTaBi HEIIOBHUX AaHUX. I3 MaTeMaTH4HO-
ro norasy BM — opienToBanmii rpad, e BEpIIMHAM BiAIOBIZAIOTH (haKTOPU
PHU3UKY 1 3MIHU CepeloBHIIa, a peOpaM — BHUABJIEHI a00 mepeadadyBaHi B3a€MoO-
3B’ s3ku [9—-13]. Mepexa TakoX OIMCYETHCS MHOKHHOK YMOBHHX PO3IIOILUTIB
BHITAJKOBHX BEJIMYMH, [0 XapaKTEPHU3YIOTh PAKTOPH PHU3UKY 1 3MIHHI cepeoBH-
ma. Hexail icHye 71 BunagkoBux 3MiHHUX X|,..., X, .CHiIbHy HMOBIpHICTH PO3-
MOJTTY 3HAYEHB IMX 3MIHHMX MOXXHA BUPAa3UTH Yepe3 JOOYTOK 7 YMOBHHX iMO-
BIpHOCTEH:

P(x,.x,) = P(xl)ﬁ(xj | (X505 X 1)) -
j=2

[epeBaroro BM € MOXIHBICTH OJHOYACHOTO BHKOPHUCTAHHS E€KCIEPTHOTO
OIIiHIOBaHHS (HANPUKJIAA, JUTS OI[iHIOBAaHHS CTPYKTYpPH MEpeki NMIITXOM BH3HA-
YEHHS 3QJIEKHOCTEH MiXK 3MIHHMMHU, BUOIp THUIIB ampiopHUX PO3MOILTIB IS
3MiHHHUX) 1 MaTeMaTHYHUX METOZIB IJIsi OTPUMAaHHS BUCHOBKY 3a MEpexero. 3a
PaxyHOK HBOTO MOJENb JIa€ 3MOTY 3B’SI3yBaTH BHOIPKM CTATHCTUYHUX JaHUX
3 eKCIEPTHUMU 3HAHHSAMH.

BucHoBok Ha ocHOBi BM MokHa copmyBaTh depe3 moummpeHHs iHpopma-
1ii y Oyap-sIKOMy HampsiMKy. baifeciBChbKi Mepeski BUKOPHCTOBYIOTE ISl hopMy-
BaHHS MMOBIPHICHOTO BUCHOBKY — PO3paxyHKY YMOBHOI HMOBIpHOCTI OTpUMaH-
HS 3HAueHb JUIA YacTUHHM BWIIQJAKOBUX BEJIMYMH 32 YMOBM BiJOMHX 3HAu€Hb
IHIINX BETMYMH. MaTeMaTuvHo 110 3a/1a4y MOXHa c(hOpMYIIIOBATH SIK 00UHCIICH-
H1 P(y,x), ne X — MHOXHMHA CIIOCTEpE)KyBaHHUX 3HAaYeHb; Y — MHOXHHA

3MIHHHX, SIKi MOTPIOHO OLIHUTH. TakuM YWUHOM, 3aja4a 3BOJUTHCS JIO TOIIYKY
YMOBHHX WMOBipHOCTe# 3a hopmyoro [10, 11]
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> P(y,x,s)
P10 =55,

> P(y,x.s)

V.S

ne S — MHOKHMHA BCiX 3MiHHHX, KpiM X 1 Y . Taki oOuHCIeHHS € TPYIOMICTKH-
MU, a 3a7a4a (HopMyBaHHS BUCHOBKY NP -noBHOW. J[ns 3a0e3neueHHs BHUCOKOT
TOYHOCTI Ta CIIPOIIEHHS OOYHCIIEHL PO3POOJICHO 1 anpoOOBAHO P AITOPUTMIB
moOyI0BH BUCHOBKY 3a BM.

3anekHO Bij MOBHOTH iHQOpMAIii, HasSBHOI y Cy0’€KTa MiANPUEMHUIBKOT
JiSUIBHOCTI, METOJM OLIHIOBAHHS PU3HMKIB YMOBHO MOXXHA HOAUTUTH Ha TPYIH 3
ypaxyBaHHSIM TaKHX YMOB:

— BU3HaAyYeHocmi, KoM 1H(opMallist Mpo CUTYaIlilo PU3UKY JOCTaTHBO MOBHA,
HaNpHUKIAA, y BUMIISAAL OyXranTepchKoro OanaHcy, 3BiTy IO MpUOYTKH, 30MTKIB
Ta iH.;

— yacmKoe60i HesusHaveHocmi, KoMK iH(GOpMAaLlis PO CUTYAIlil0 PU3UKY ic-
HYy€ y BUIJISA1 9aCTOT NOSBH PU3UKOBUX TOJIH;

— N0BHOI HeduzHayeHocmi, KOMW 1H(GOPMAITlii PO CUTYAIliI0 PU3UKY HEMae,
aJie € MOXKIJIMBICTh 3aTydeHHs ()axXiBI[B Ta EKCIEPTIB JJIs YACTKOBOTO IOJIOJIAHHS
HEBHU3HAYCHOCTI.

TakuMm YuHOM, 3MEHILIEHHS 00CATY BUXIIHOI iH(GOpPMAIITl PO CepeOBUIIEC
JISUTBHOCT] YCKJIAZHIOE OL[IHIOBAHHS CTYNEHS PU3UKY 4Yepe3 3MEHIICHHS MOXKJIH-
BOCTEH Ta 3HWKEHHSI TOCTOBIPHOCTI OTPUMAaHUX PE3yiIbTATIB.

PE3YJBTATH OBYUC/IIOBAJIBHUX EKCIIEPUMEHTIB

ExcnieprMeHTansHe NOCTiKeHHsT e()eKTUBHOCTI 3alPOIIOHOBAHOT METOAMKU BH-
KOHAHO 3a JOIOMOIo0 (hakTHMYHHUX CTAaTUCTHYHMX JaHHX. OOCAr CTaTUCTHYHOL
BUOIPKU CTaHOBUTH 247 BUMIpIB, AKi MICTATh Taki 3MiHHi: Ha3By CK; rpomosuit
€KBIBAJICHT CTPaXOBHX BUIUIAT; CTATUCTUYHHUI PiK; KITBKICTh JOTOBOPIB, yKIIaje-
Hux CK; cTpaxoBi miuarexi; KiUTbKICTh CTPAXOBUX BHNAAKiB 32 pik. OCHOBHa
3aJie’)XHa 3MiHHAa — CTPaxoBi BUILIATH — sKa BiloOpaxae 3A1HICHEHHS TPOIIOBHX
nepeKa3iB 3 HACTaHHSAM CTPaxOBOrO BUIAIKy. Pemra 3MiHHUX, BKIIOUEHHX
y BUOIpKY, € He3aJIe)KHUMU 1 OepyThes 10 yBard sik pakropu. CTpyKTypy CTaTHC-
THYHUX JAaHUX IIOJaHO B Ta0II. 2.

Tadoaumua 2.CrpykTypa CTATUCTHYHUX JaHUX

Ne 3/m HasBa 3miHHO1 XapaKkTepucTUKU
1 3aranbHuil po3mip BUOIpKH 247
2 CTaTUCTHYHUH piK Iepion 2003-2016 pp.
3 Haspa cTpaxoBoi kommaHii TekcToBa 3MiHHa
4 CtpaxoBi BUILIATH ITorovyna cyma cTpaxoBUX BUILIAT, TPH
5 KispKicTh cTPaxoBUX JOTOBOPIB Iiste umciio, mounHarouu 3 1
6 CrpaxoBi mrarexi [ToTrouna cyma CTpaxoBHUX IUIATEXKIB, TPH
7 KinmpkicTh cTpaxOBHX BHIAJKIB 32 Pik Line uncio, mounHaroum 3 1
8 YacToTa CTpaxoBHX BHIIA/IKIB 3ajnaHa BenuuunHa, %
9 Temnu 3pocTaHHs Kamitary 3anaHa BenuumHa, %

Sk momaTKOBI He3aleXHi 3MiHHI BUKOPUCTAHO YacTOTY CTPaxOBUX BHIIA/IKIB
1 Temmu 3poctanHs kanitamy CK. OOuaBi 3MiHHI BUMIPIOIOTECS ¥ BIICOTKAxX 1 He
KOPEIIOIOTH 13 3aJIeXKHOI0 3MIHHOIO «CTPaxoBi BUILTATHY. J{Js1 BUKOHAHHS aHANTI3y
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CTATUCTUYHHX JTaHUX Ta peajizaiii anropuTMy oOpoOIeHHS eKCTpeMaabHUX 3Ha-
YeHb BHKOPHCTAHO TaKi MPOTpaMHI MPOAYKTH: IHCTPYMEHTAIbHE CEPEIOBHIIE
nporpamyBanHs R2.9.2 ans ctatucTuaHOro oOpoOIeHHs JaHuX Ta poOOTH 3 rpa-
(hixoro; ekoHoMeTpuuHu nakeT Eviews 8.0 mis moOynoBu Mojened Ta more-
PEeAHBOrO OLHIOBAaHHSA HEBIJOMHUX mapamMeTpiB. Y makeri Eviews 8.0 Bukopucra-
HO TaKi MOIYJIi: PO3PaxyHOK OIMCOBHX CTAaTHCTHK, MOOymoBy YJIM, meron
MaKCHMAaJIbHOT MPaBONOAiOHOCTI JJIs OLIHIOBAHHS MapaMeTpiB Mozei. Y cepe-
IoBHIi mporpamyBaHHS R2.9.2 BukoHaHO iHTerpamiro MoaymiB Rcmdr,
extRemes, evdbayes Ta mcmcPack.

VY pe3ysbTaTi MPaKTHYHOTO 3aCTOCYBAHHS 3allPOIIOHOBAHOI BHUINE METOIUKH
aHaji3y Ta MPOTHO3YBaHHS aKTyapHUX MPOIECiB MOOYMAOBAHO 6 y3arajibHEHHX
JTIHIHHAX MOZEIEeH, IKi BIAPISHAIOTHCS PO3MOAiIaMH 3aI€)KHOI 3MIHHOI (CTpaxoBi
BHILIATH) Ta BUAOM GYHKINI 3B’a3Ky. JJIg MOJaibIIoOro aHaiidy aJgeKBaTHOCTI
moOyJ0BaHMX MOJENeH y Taba. 3 HaBEAECHO XapaKTEPUCTHUKN KOKHOIO 3 JOCIIIIB

3 BUKOPHUCTAHHSAM CEPEIHBHOT0 3HAYECHHS, CTaHJIAPTHOTO BiIXWIIEHHS, iH(poOpMa-
HiifHOTO KpUTEpito AKalike, BiTHOCHOT TOXHOKH Ta iH.
Tadoaumua 3. XapakrepucTuku o0y I0BaHUX MOJEIIEH
I'amma- Famma- | Iyaccona- ITyaccona- OoepHeno-| Tayca-
Poxu| sorapug- ToToxkma | KBAAPaA- Jgorapud- [rayciBcbko| sorapudg-
MiYHa THYHA MiYHA | -TOTO)KHA | Mi4Ha
2003 | 5956,567 | 1596,049 | 1903,869 | 14916,1 | 1587,371 | 24009,31
2004 | 11861,295 | 3904,354 | 6281,569 | 16694,01 | 4425,157 | 26919,5
2005 | 16877,358 |22079,792 | 15667,493 | 21740,06 | 17926,272 | 34320,73
- 2006 | 20923,09 [29895,616 | 21654,081 | 25026,9 |24726,812 | 37800,2
§[ 2007 | 22771,274 |22403,975| 18771,973 | 24340,78 | 21963,72 | 33729,53
g 2008 | 54390,238 |74479,367 | 68189,807 | 52402,72 | 61641,887 | 64950,78
= 2009 | 35443,742 |76409,957 | 60514,376 | 48730,2 | 60285,107 | 65039,51
= 2010 | 38672,291 |78164,192 | 63422,485 | 51836,74 | 63034,589 | 65412,27
E 2011 | 64922,577 |93430,554 | 88418,321 | 73063,17 | 79040,921 | 76376,65
= 2012 | 97963,514 |86874,603 | 90318,79 | 82214,12 | 81797,671 | 66440,83
2013 | 118690,588 |101936,093] 108544,80 | 114782,69 | 98590,685 | 72200,03
2014 | 540956,727 [200852,822| 325641,11 |346712,41 |158528,148|324616,07
2015 | 468048,315 |196525,368| 311938,27 |308718,25 |153129,636| 315676,9
2016 | 23943,557 |40046,852 | 28821,33 | 28910,16 | 32357,339 | 42790,09
2017 | 287910,00 |163050,00 | 193736,00 | 199781,00| 51820,00 |266978,00
2018 | 249921,00 |309798,00 | 173053,00 | 176268,00 | 354236,00 | 137645,00
Cepeye 108672,94 | 73471,40 | 86434,88 | 86434,88 | 61359,67 | 89305,89
3HA4YCHHA
CTanaapTie | 17141180 | 62670,63 | 10406574 | 106348,93 | 49938,30 | 99396,10
BIIXUIICHHSI
Indopmariiitnnit
KpuTepiit 23,84 325,00 Inf Inf 324,58 25,30
Akaiike
BIC- BICq
N . BIC- . f
baiieciBcbkuii cquivalentfor gequivalent equivalent
iHpopManiiHuit q (iln (0,0028 for q in CBD CBD CBD for q in
KpuTepii q ’ > | (0,0293, (0,4989,
0,6772)
’ 0,7131) 0,7687)
Bimiocua 3,14 2,67 2,42 2,65 2,82 3,14
noxuodka, %
Benuuuna pusn-
«y srpar CK, % 11,27 6,09 8,60 8,79 5,81 7,95
CxopuHroBa
(dyHKUig 4 10 5 5 6 13
dimepa
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s Toro mo6 BU3HAYMTH, SIKa 3 OOYAOBAaHUX MOJENEH € HalKpalluM Ha-
OMMKEHHSIM €KCHEPHMEHTAIPHUX JaHUX JI0 PEealbHHUX, IPOAHATI30BaHO /IBA Kila-
cu iHQopMaIiifHUX KpUTEpiiB: Ti, MO TPYHTYIOTbCA Ha MiHiMi3alii BijcTa-
Hi Kynp0aka—Jlefibnepa (cTymiHp BiIXWIIEHHS MOJENI BiJl pealbHOro 00’€KTa), i
Ti, IO TPYHTYIOThCS Ha OaifeciBcbkoMy miaxoni. Pe3ynpraTy i mopiBHAHHS 100Y-
noBauux YJIM 3 MI'BA nokazano Ha puc. 1, 2.

CrpaxoBi BUILIATH, TUC. TPH

. 2015
i 2016
CratuctuuHuil pik 017 4508

Puc. 1. TlopiBusuus YJIM 3 MI'YA: I — Gamma-log; 2 — Gamma-identity;
3 — Poisson-sqrt; 4 — Poisson-log; 5 — Inverse-gaussian-identity; 6 — Normal-log;
7 — Damages

D 2003 2004 20052006 2007 2008 2009 2010 2011 2012 2013 2014 015 016 [+1 +2

Actual 1586.3 4587.8 8778 12059.5 17210.4 40299 51446.8 66679 72612.8 91535.9 126257 193406 448302 73328
Predictions 9577 14071 32481 57425 28838 48947 89068 187712 280134 281340 1559821|0 1127446
Residuals -2482.5 -3139.4 -7818 5978.2 -37791 -23665.8 -2967.9 61454.6 86773.1 -166962 34493

Puc. 2. PezynbraTu nporuo3yBaHHs 3a gjonomororo MI'BA

VY pe3ynbTaTi MOPIBHAHHS PE3yJbTaTiB MPOTHO3YBAHHS, OTPUMAaHUX 3a J0-
nomororo YJIM i MI'BA BcranosneHo, mo MI'BA nae aemnio Huk4i pe3ynbTraTi
NPOTHO3YBaHHS y BUMAJKY, KOJW PO3MOALT JaHUX HE BiAMOBiJa€ HOPMAJIHHOMY.
Ane BiH Jae Kpamli pe3yjibTaTH TNPOTHO3YBAaHHS 3a KPHUTEPiEM CepenHbol
abcomoTHOI MOXMOKM (y BiJCOTKax) y BHUIAAKY, KOJM JaHi BiAMOBiNaIOTH
HOpPMaJIbHOMY po3mofiny (tadin. 4). Bukopucrano HMI'Y A 1t mporao3yBaHHS
1 32 Oro OMOMOTOI0 OTPUMAaHO HAWKpAIWid pe3yJbTaT, OCKIIbKH BiH He 3aie-
JKUTB BiJl pO3IIOILTY.

[Ticnst omiHIOBaHHS BTPAT, 3yMOBIIEHUX CTPaXxOBUMH BUIUIATAMH 3a TOJIica-
MU CTpaxyBaHHsS HACTYITHUM BayKIIMBUM 3aBIAaHHSIM aHali3y aKTyapHHX IPOLECIB
€ OIIHIOBAHHS OIEpariiHOro pr3uKy. Jls po3B’s3aHHSA i€l 3amadi moOyI0BaHO
Mozenb y popmi Mepexi baiieca, CTpyKTypy AKOi MoKa3zaHo Ha puc. 3.

OYHKITIOHYBaHHS TaKOi Mepexi arpoOoBaHO Ha MPHUKIAAaX 3 BUKOPHUCTAH-
HSM (DaKTUYHUX CTaTUCTUYHUX AaHUX, a came: pedtunriB CK Ykpainu 3a goro-
BOpaMH cTpaxyBaHHA XUTTA y mepiog 2003-2016 pp. Pe3ynbrati omiHIOBaHHS
napamMetpiB bBM monano Ha puc. 4.
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Tadauusna 4. IlopiBHsuIbHA TaOMUIL pe3yJIbTATIB NPOTHO3YBaHHS HOPMOBAHO-
'O TIpOLeCY HaIXOKEHHS MpeMii

Cyma . . Cratucruka | Cepennbo- | CepeaHbo-
xpanparip | Koegiuienr JNap6ina— KBa)fpaanHa aﬁcl()mmTHa
Mogaeanb NMoxXuOoOK  |aeTepMiHamii
IPOrHO3yBAHHSI R? Yorcona nmoxuoKa, noxuoKa,
SSE DW % %

AP(2) 4,78099 0,798 2,087 1,445 1,889
AP(6) 4,3953 0,814 1,971 0,928 1,321
APKC(2;6) 4,39428 0,814 1,999 0,973 1,459
APKC(6;1) 4,38665 0,815 1,991 0,821 1,235
E3(0.1) 6,06242 0,745 0,858 2,154 2,789
Tpenn(1) 9,019479 0,037 0,487 1,523 1,976
AP(2)+Tp(1)| _ 3,370058 0,640 2,122 1239 1,627
MI'VA 2,731 0,873 2,057 0,147 0,893
HMI'YA 2,119 0,884 1,986 0,138 0,699

Ins_cases

Ins_Arran gements

Ins_ch arges

Puc. 3. I'pacdiune 300pakenHss BM noBipu [uisi IMOBIPHICHOTO OLIIHIOBaHHS aKTyapHHX

MIPOIIECiB

Ranked Targets

Loss:Present Risk
Ins_charges:FPaidCharge
Ins_cases:AbsertCase
Damages y2005
Ins_cases:PresentCase
Ins_charges:MotPaidCharge

Loss:Abzent Risk
Damages y2006
Damages yZ20{4
Damages y 2009
Damages y2003
Damages y2011
Damages y2010
Damages y2007
Damages y2008
Damages y2014
Damages y2012
Damagesy2013

Probability

Puc. 4. Pezynpratyn ouintoBanas bM
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VY pesynbrarti no0ynoBu BM oTpumaHo Taki pe3yibTaTH: PU3UK OaHKPYT-
ctBa CK y Bumaaky 25%-1 iMOBipHOCTI HacTaHHS cTpaxoBoro Bumaaky ta 100%-i
BUILIATH CTPaxoBOi mpemii ctaHoBUTH 87% 3a ymoBH, 1m0 78,2% crpaxyBajbHU-
KiB BYaCHO 3/IHCHIOIOTH ILIATEXIi 32 JOTOBOpaMHM IPO CTpaxyBaHHs. 3HaYHA Be-
mmanHa pusnky 6aHkpytcrBa CK cBiqunTh Tpo BiICYTHICTH €(eKTUBHOTO MeXa-
HI3MY YTpaBIiHHSA KOINTaMH SK BJIACHOTO KaIliTady, TaK 1 OTPUMAaHUX BiJ
CTPaxoBHX JOToBOPiB. J{MHAMIKy CTpaXxOBHX BHUIUIAT y BHUIAAKY HACTAaHHS CTpa-
xoBoro Bunazky 3a 100%-i cruaTi cTpaxoBUX IUIATEXiB 300pakeHo Ha puc. 5.

= X 70

55 60

= QE) 50 m Forecast values
‘= g- ® Realvalues

2 x

g =

=

]

c g

2§

Puc. 5. Jlunamika OL[IHIOBaHHS CTPaXxOBUX BHUILIAT

I3 rpadiurOTO 300paskeHHS AMHAMIKY CTPaXOBUX BHUILIAT (PHC. 5) BUAHO, IO
NPOTHO3HI 3HAYEHHS Ta alpiopHi HMOBIPHOCTI PO3PI3HAIOTHCS HECYTTEBO 3aBISKU
JIOTIYHIH CTPYKTypi Mepexi bailieca Ta BHCOKIH TOYHOCTI OOYHCICHb y MEpEKi.
Jis HaB4aHHS CTPpyKTYypu BM 3reHepoBaHO 248 eKCIEpUMEHTIB 3 BUIIAJIKOBUMU
JOMYCTUMHMMH 3HAYEHHSMH IIOJO0 KOXKHOI 3 BeplMH 1 BHKopuctaHo EM-
NTOPUTM (MaKCHUMIi3aIii MaTEMaTHIHOTO CIIOAIBAHHSA) ISl 3HAXOIDKEHHS (JI0Ka-
JFHO) ONTUMAIBHOT MAaKCUMAIBHOT iIMOBIPHOCTI OIiHOK TlapameTpiB. CTPyKTypy
BM ckopoueHo 3a J0MOMOTIoI0 MOC/i0BHOTO BHIIYYEHHS BY3JiB Ta 1HBEPCIl pe-
O0ep mouatkoBoro rpady. s OIiHIOBaHHS TapaMeTpiB OTPUMAHOI CTPYKTYPH
BM ob6uncntoersest BennunHa onepauiinoro pusuky CK 3a 33,9%-1 abo 44,2%-1
BUILIAT CTPaXoBoi MpeMii y pasi HacTaHHs (200 BiJICYTHOCTi) CTPaXOBHUX BHIIA/IKIB
3a JOTOBOpPaMH, 33 SKUMH HAIXOMMIN/HE HAAXOAWIN peryiisapHi miatexi. [Topis-
HSUIbHI pe3yJIbTaTH HAaBEICHO B TaOII. 5.

Tadoaumusa 5. Pesynpraru oniHoBanHs crpoiieHoi bBM

CASES Present insurance case Absent insurance case
and Paid Charges and NotPaid Charges
Pr(Loss) 0,881 0,5
1-Pr(Loss) 0,119 0,5
Pr(Damages) 0,339 0,442

I3 Tabn. 5 BuIHO, IO PU3UK € BUCOKUM HAaBiTh Ul BUNAIKY 3 34%-10 BH-
rratoro ctpaxoBux npeMiit CK y pasi HactanHs cTpaxoBux BumnaakiB Ta 100%-to
BYACHOIO CILIATOIO IUIATEKIB. PIBHO3HAYHI 3HAYCHHS PU3UKY OTPUMAHO IS MPO-
THJIEKHOTO BHUITAJKy — HE OyJIO CTPaxOBOTO BUIAJIKY 1 BYACHO HE CIIaYeHi Iuia-
TeXi, TOOTO JOTOBip po3ipBaHO. Y TakoMmy BHmanky bM BimoOpakae «BimCyT-
HICTh PU3MKY» Ha 3aJlaHiii MHOKHHI CTaHIB, OCKIJIbKH BEJIMYMHA BUILIATH MIPEeMiil
JIOCUTH HU3bKA.
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VY pesyibTaTi BUKOPUCTAaHHS 3allPONIOHOBAHOI METOJUKH MOJEIIOBAHHS Ta
CTBOPEHHSI HOBMX MAaTeMAaTHYHUX Mojeseil modyaoBano HOBI YJIM Ta ycminmHo
po3B’s13aHO 3amavy orliHoBaHHA (inaHcoBux pm3ukiB CK. Jlns Bubopy i oO0rpyH-
TyBaHHS Kpamoi MoOJeIi BUKOHAHO IMOPIBHSHHS pe3ysbTariB modymoB YJIM i3
MI'BA Ta HMI'BA.

Jns ouinroBanHs pusuky OaHkpyrcrtBa CK moOyzoBano BM, ¢yHkmiony-
BaHHS SKOi anmpoOOBaHO i3 3ay4eHHsIM (PaKTHYHOI CTATUCTUYHOI BUOIpKH. 3aiy-
YeHHS HOBITHIX MeTomiB IAJ] 10 po3B’sA3aHHA 3a7adi aKTyapHOTO MOJICTIOBAHHS
Ta OLiHIOBaHHS ()IHAHCOBMX PH3HKIB BiJKPUBAa€E HOBI MOMXIHUBOCTI ISt NOCIIi-
JDKEHHST OCOOJIMBOCTEH METO/IiB MAaTEMAaTHYHOTO MOJICIIOBaHHS (piHAHCOBUX IPO-
IIECiB Y CTpaxyBaHHI.

BUCHOBKHU

BukonaHO TOCIiKEHHS MOXITHBOCTI 3acTOCyBaHHS MeTofiB IAJl mo po3B’si3aHHS
3aJa4i MOJICJIFOBAHHS aKTyapHUX MpolieciB Ta orinoBaHHs pu3ukis CK. YcraHo-
BJICHO, 10 ICHYIOTh METOAMKH MOOYZOBM MOJENEH I OMHCY Ta OI[iHFOBAHHS
aKTyapHUX IPOIECIB, alleé HE JOCTATHHLO BHUCBITIEHO NMUTAHHS MOJCIIOBAHHS aK-
TyapHHX TPOLIECIB 3 BUKOpHCTaHHAM cydacHuX meroniB [AJl. Came Tomy 3ampo-
MMOHOBAHO BUKOPUCTAHHS METOJMKH MOJICIIIOBAaHHS Ta CTBOPCHHS HOBUX MaTeMa-
TUYHUX MOJEJNel Ha OCHOBI BHKOPHCTAaHHS CTPYKTYp y3arajJbHEHHX IiHIHHHX
Mojeliel Ta omiHioBaHHS ¢inancoBux pm3ukie CK 3a momomoroto BM. [lis 3a-
CTOCYBaHHSI 3alpOIIOHOBAHOT METOAMKH 310paHO HEOOXiqHI CTATUCTHYHI JaHi.
[lig yac momepeAHBOro aHai3y CTATUCTHYHOI BUOIPKM BHSBJICHO IMiJMHOXUHY
BHUPOJDKEHUX MaHWX. [ momaisIroro ompaifoBaHHS X AaHWX PO3B’SI3aHO 3a-
Jladqy 1HTEJICKTYaabHOro 0OpPOOJICHHS eKCTpeMalbHUX 3HaueHb. OIIHIOBAaHHS HE-
BiJIOMHX TTapaMETPiB MOJIe BUKOHAHO i3 3aCTOCYBaHHSM METOJ[iB MaKCUMaJIbHOT
MpaBIONOAiOHOCTI Ta OalECIBCHKOTO MiXOMY, 10 HanexaTh 10 [A/].

Y pe3ynbTaTi BUKOHAHHS OOYHCITIOBAIBHUX EKCIIEPUMEHTIB IMOOYI0BaHO
HOBI YJIM uist oOpaHMX aKTyapHHX IpPOIECIB, SKi 3a0€3MEeUyI0Th OI[IHIOBAaHHS
BHUCOKOSIKICHUX KOPOTKOCTPOKOBUX IPOTHO3IB IIOJ0 CTPaXOBHUX BHUILIAT. YCTa-
HOBJICHO, IO KPAalIOl y JAaHOMY BHIAAKY € MOJETh 3 TaMMa-pO3IOALIOM Ta JIO-
rapuMidHOI0 (QYHKITIEIO 3B’ 3Ky, Pe3yJIbTaT SIKOi OTpUMAaHO 3a 4 ireparlii anro-
pUTMy OLiHIOBaHHS mapamMeTpiB Mmozeni. [IpoananizoBaHO sKicTh MOOYIOBaHUX
Monenerr y ¢opmi YJIM 3 BUKOPUCTaHHSM MHOXXHHH CTaTUCTHYHUX KPHUTEPIIB.
YCTaHOBICHO, IO TAKWH MIIXidA IO MOICTIOBAHHS € IMEPCIEKTHBHUM, OCKITBKH
MO/ICJTb JICMOHCTPY€E BUCOKI IIOKa3HUKHU SKOCTI. BiHOCHI OXUOKH OI[IHOK HPOTHO-
31B € He3HAYHUMH 1 KOJUBAIOTHCS B Mexkax 5 — 12% niis Bcix Mojenei, a 3a mo-
noMoroto iHpopmauiiHoro Kpurtepito Akaiike ta baiieca o0rpyHToBano i oo6pano
kpamy wMogmenb. Otmxe, 3actocyBaHHA YJIM € eQexkTHBHHUM MiAXOIOM IO
PO3B’s3aHHS 3a7a4 MPOTHO3YBAHHS Ta OIIHIOBAHHS aKTyapHHUX IIPOIIECIB.

Po3pobiieno mepexy batieca a1 IMOBIpHICHOTO OIIIHIOBAHHS OIEPaIliiHUX
pusukiB CK. OyHKIIIOHYBaHHS Takoi Mepexi arpo0OBaHO Ha MPHUKIAJAX 3 BUKO-
pUCTaHHSM (PAaKTUYHHAX CTATUCTHYHUX JaHHX, 30Kkpema pedtunrie CK Ykpainu 3a
JIOTOBOPAMHM CTpaxyBaHHs XUATTA y Tiepion 20032016 pp. O1xke, pu3uk OaHKPYT-
crBa CK y Bumagky 25%-i WMOBIPHOCTI HacTaHHs CTPaxOBOTO BHIIQJIKy Ta
100%-1 BumiaT ctpaxoBoi npemii craHoBUTh 87% 3a ymoBH, 1m0 78,2% cTpaxy-
BaJIbHUKIB BYACHO 3IIHCHIOIOTH IUIATEXi 3a JTOTOBOpaMH CTpaxyBaHHS. 3HAYHA
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Benn4MHa pu3uKy OankpyrctBa CK cBimUuTH Ipo BiACYTHICTH €EKTUBHOTO Me-
XaHI3My YIPAaBIiHHS KOIITaMHU K BJIACHOTO KaIliTaly, TaK i HaIXOIKEHb, OTPH-
MaHHX BiJ] cTpaxoBUX a0roBopiB.OTke, BM — 11e moTyxHu# 1 eeKTUBHUI Ma-
TeMaTuuHuil iHcTpyMeHT [AJl s HOCHIIKEHHS Ta BIATBOPEHHS pealbHOI
kaptuHu npoueciB y CK, sikuif JoIiIbHO 3aCTOCOBYBATH [UIS PO3B’SI3aHHA 3a7ad
IMOBIpHICHOTO IIPOTHO3YBAaHHS Ta OIIHIOBAHHA PH3WKIB. Y MalOyTHIX HOCIHi-
JUKEHHSIX BapTO BIOCKOHAIUTH CTPYKTYpy BM Ta po3poOutu meroauky ¢Gopmy-
BaHHA BUCHOBKY B BM 3 ypaxyBaHHsIM 0cOOIMBOCTEH mpoOLEeciB aHalizy Ta
VIIPABITIHHS OTIePAIlifHUMHU PHU3UKAMH.
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THO®OPMAIIMHO-METOJJAYHA OCHOBA BU3HAUEHHSI
OIIHKH EKOJIOI'TYHOCTI CKJIAJJHUX ITPUPO/JHO-
TEXHOI'EHHUX OB’€EKTIB

T.B. KO3YJIsA, M.O. BIVIOBA

AHoTauisi. BusHaueHO OCHOBHI IIISIXH YIOCKOHAJICHHS KOMIUIEKCHO! CHCTEMH OLli-
HIOBaHHSI O€3IMEYHOCTI CTaHy CKIAJHHAX MPUPOTHO-TEXHOTCHHHUX OO0’ €KTIB 3 BHSB-
JeHHAM (akTopiB iX mecTabimizamii 3 METOI0 pEryJIOBaHHS CTaJlOTO PO3BHUTKY i
HNPUHHATTS KepyBIBHMX 3axomiB. [IpoaHami3oBaHO INEPCIIEKTHBU BIIPOBAKEHHS
KOTHITHBHOTO MOJICTIFOBAHHS B CHCTEMY iH(OPMAIiITHO-METOANIHOTO 3a0e3IeYCHHS
OIIIHKK EKOJIOTIYHOCTI CKJIaJAHUX 00’ekTiB. HamaHo mpakTuuHy peanizailito 3ampo-
MOHOBAHOI METOIMKH Ha IPHKJIaJl IPOrHO3YBaHHS CTaHy XapKiBCHKOT'O PETiOHY.

Kawuosi cioBa: ckianHi 00’ €KTH, KOMIUICKCHA OIliHKA, O€3MEeYHICTh cTaHy, iHPO-
pManiiiHO-MeToIMYHEe 3a0e3MeueHHsI, rpadoaHaTiTHYHE MOJCITIOBAHHS, KOTHITHBHA
KapTa, KOMIapaTopHa ieHTH(ikamis, IPOrHO3HI PO3pPaxyHKH.

BCTYII

AKTyaJbHICTh pOOOTH BU3HAYAETHCS PO3B’SI3aHHSM 3aBJaHb CTAIOTO COLIANBHO-
€KOJIOT0-€KOHOMIYHOTO PO3BUTKY B MEXax MPUHHSITTS PIlICHHS 00 YIpaBIiH-
HS SKICTIO CHCTEMHHUX 00’ €KTiB BUCOKOTO PiBHS CKJIQJTHOCTI.

KommiekcHui xapakTep TaKuX 3aBJaHb BH3HAYAETHCS BHBUCHHSIM YHCIICH-
HUX B3a€MOJINHUX (PAKTOPIB Mif 4ac MOCTIIKEHHS CTaHy 1 (YyHKIIIOHAIBHUX MO-
KIIMBOCTEH AMHAMIYHOTO  cIa0OCTPYKTYPOBaHOTO yTBOPEHHS IPUPOIHO-
TeXHOTeHHOI pupoau. [IpuiHATTS pilieHs 3a WX YMOB HEMOJXKIIMBE JIMIIE 3 BH-
KOPHUCTaHHIM IIJIXOJIB, OPIEHTOBAHMX Ha aHAI3 KUIbKICHUX JaHUX, I METOMIIB
Teopii MPUUHATTS PillIeHb OO0 BUOOPY HAHKPALIOro BapiaHTa i3 MHOKWHH YiTKO
c(hOpMOBaHHUX aNbTEPHATHB. 32 YMOBH CTOXAaCTUYHOI MOBEIIHKU «00’€KT — Ha-
BKOJIHIITHE CEPEIOBUIIEY, HEBU3HAUYCHOCTI MaHWX IS TIEBHOI cUTyarlii Ta iHdop-
MOBaTHBHOCTI IOJO CTaHy CHCTEM MIOCHIIPKEHHS AOLUIBHHM € 3BEPHEHHS IO
00’€KTUBHUX 3aCO0IB OTPUMaHHS iH(OpMAIliil 3 ypaxyBaHHIM CaMOOpTaHi3aliii-
HAX MOXJIMBOCTEH 3a0e3leueHHs] PiBHOBAXKHOTO CTaHy BIiIIMOBITHO IO 3MiH B
00’€KTi Ha PiBHI «CTaH CUCTEMH — IIPOIIEC — 3MIHU B CUCTEMI».

BupimenHio nmpobiaemM, MoB’13aHUX 13 JOCHIKEHHIM CIa00CTPYKTYPOBaHUX
npoOieManx obnacrteii npucsaeno npani [.B. [panrimsumi [1], O.I1. Ky3nenosa
[2, 3], B.I. Makcumona [2], €.K. Koproymenka [4], I'.B. 'openosoi [5] Ta iH.
[IpoGiieMHI MUTaHHS OILIHIOBAHHS EKOJOTIYHOCTI 3 TO3MINH CTpaTerii CTanoro
PO3BHTKY NpOaHAI30BaHO y HAyKOBO-METOAMYHHX mpausx M.3. 3rypoBCBKOTo
[6, 7], A.b. Kauuncekoro [8], b.M. laamnimunaa [9], A.I'. Hlanmapa [10] Ta in.
[MuTaHHS COMIABHO-EKOJIOTIYHOTO 3MICTY BIJMOBITHO J0 KOHIEMII CTajioro
PO3BHTKY PO3IJISIHYTO B METOIUYHOMY CEHCl Y MpalsiX 3aKOpAOHHHX HayKOBILIIB
B. Ness [11], A. Gasparatos [12], L. Xu [13], A.M. Omer [14], D. Dzemydiene
[15] Ta im.
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Meta po6oTu — GopmyBaHHS iHPOpPMALiITHO-METOAUMYHOTO 3a0e3MeueHHS
KOMITJICKCHOI OIIIHKH BiIMIOBIIHOCTI CTaHy HMPUPOTHO-TEXHOTEHHHUX 00 €KTIB BU-
MOTaM €KOJIOTIYHOI SKOCTI 3 YCTAaHOBIICHHSM JecTa0imi3yBaabHUX (DaKTOPIB 1 BU-
3HAYCHHSIM MEXaHI3MIB peryJIlOBaHHS HANPSAMY 3MiH 3 OTPUMaHHIM O€3MeYHOCTI
CTaHy CUCTEM 1 iX yTBOpeHb. Y 1iil poOOTi PO3TISHYTO 1 BUPIILICHO TaKi MUTAHHS:

1) cucremHoNOTiYHNH aHaMi3 3a0e3MeueHHs! JOCTIDKeHHS CTaHy 1 (yHKITiOo-
HAJIBHOCTI CKJIQJIHUX CIa00CTPYKTYPOBAHUX CUCTEM Y MeKaX BUMOT €KOJIOT1YHO-
CTi Ta 0€3MeYHOCTi, BU3HAYCHH HEOOXiMHOI 1HMOPMAIIHHO-METOINIHOL i ATPH-
MKH [IOJ0 BCTAHOBIIEHHS JecTalili3yBalbHHX (DAKTOPIB TOMEOCTATHYHOTO
PO3BUTKY CHUCTEM 1 iX OI[IHIOBAaHHS;

2) ynmpoBa/UKEHHS KOTHITHBHOTO MOJEIIOBAHHS B KOMILIEKC METOAWYHOTO
3a0e3MeUYeHHs OLIIHIOBAHHS CTaHy CHUCTEMHHUX 00’ €KTiB Pi3HOTO PiBHSI CKJIQJAHOCTI
3 METOI0 OTPUMaHHs ILUIicHOI iH(opMmalii Ha piBHI «CTaH CHCTEMH — MPOLIECH
3MiH — PIBHOB&)XHHWM CTaH CUCTEMH (ITOYATKOBHI a00 HOBWIA)» IJIS MPUAHATTS
pileHHs;

3) mpakTU9Ha peajizallis 3anporoHOBaHol iHGOpMaIliHO-METOAMYHOI 0a3u
KOMITJICKCHOT'O aHaJli3y Ta OLIHIOBAHHA SKOCTi CKJIaIHUX MPUPOTHO-TEXHOTCHHHX
YTBOPEHb Ha MPHUKJIAAl MPOTHO3YBAaHHSA PO3BUTKY XapKiBCHKOT'O PETiOHY.

OCHOBHI HAYKOBI PE3YJIbTATH TA IX IPAKTAYHE OI[IHIOBAHHS

ba3oBUM MOHATTAM KOMILJIEKCHOTO IOCTIIKECHHS € TOHSATTS CUCTEMH, MiJl SKUM
PO3YMIETBCS CyKYTIHICTh B3a€MOIIOB’ I3aHUX €JIEMEHTIB, 00’ €IHAHUX BUKOHAHHAM
3arajbHOI METH 1 HAasgBHICTIO (DYHKITIOHAIBHOI IUTICHOCTI, 3TiTHO 3 SKOIO BIIACTH-
BOCTI CUCTEMH HE 3BOSTHCS IO CyMH BJIACTHBOCTEH ii €JIEMEHTIB, a 3MiHa OJHOTO
3 TaKHX €JIEMEHTIB MPHU3BOJUTH 0 3MIiHM cUCTeMH B 1iomy [2]. CkiagHa iepap-
XigHa CHCTeMa BH3HAYAETHCA K IUTICHHHA 00’ €KT, yTBOpEHUH 13 (PyHKITIOHATHHO
PI3HOTUIIHUX CHUCTEM, CTPYKTYPHO B3a€MOIIOB’SI3aHUX 1€EpApXivHOIO MiINOPSIIKO-
BaHICTIO, 1 (PYHKIIIOHAIBHO 00’ €JHAHUX JIJIsl JOCSATHEHHS 3aJaHuX IJIeH 3a IMeB-
HuUX yMOB [16]. [IpupomHO-TeXHOTEHHI 00’€KTH IJIOKAIBHOTO, PETiOHAIBHOTO 1
TI00aBHOTO PIBHIB JOCTIIKEHHS BH3HAYAIOTHCS SIK «CHCTEMHI 00’ €KTH», IO
XapaKTepU3YIOThCsl 0araToacekTHICTIO 3MICTY, a 3BiICK i BUCOKUM piBHEM CKIIaJ-
HOCTI BiJIIOBITHO JI0 i€PapXidyHOCTI iX CTPYKTYpH, SIKa MICTHTH €KOJIOTiuHi, KO-
HOMIYHI Ta COITiaJIbHI CHCTEMH 3 PI3HOPIIHUMH 3B’ I3KaMU MiXK HUMH.

YrpaBiniHHS CHCTEMHUM 00’ €KTOM BH3HAYAETHCS MPOOJICMHUMHM 3aBIaHHS-
MU pETyJIIOBaHHs CTaHy i ()yHKUIOHAIBHOCTI CIa0OCTPYKTYpOBAaHUX 1 CKIIaTHUX
OpraHi3aliifHuX i€papXidHUX CUCTEeM. 3aBIaHHS MoJisirac y (opMyBaHHI IITICHOT
CHUCTEMH Y3TODKEHUX METOIUYHHX OCHOB POOOTH OJHOYACHO 3 KUTBKICHUMU i
SKICHUMH JTaHUMH, SIKi BUKOPUCTOBYIOTBHCS JJISI BCTAHOBIICHHS 3aJIC)KHOCTEH Y
MeXKax JIOCIiPKyBaHOI mpoOseMHoi obnacti. Cnabka CTPYyKTYpPOBaHICTh 3yMOB-
JIFOETHCS] TAKUMH ACIIEKTaMU:

— cucTteMa MOHATH ((hakTopiB) 1 3B’SA3KIB MiXK HIMH HE BU3HAa4YCHA 3 TOCTAT-
HBOIO [TOBHOTOIO, BEJTUKA KIIBKICTh (haKTOPIB, 3B’SI3KiB 1 MapaMeTpiB BU3HAYAETh-
sl y poleci MOCTAaHOBKH 3aBJIaHHS;

— OCHOBHI TIapaMeTpH CUTYyallii (3Ha4eHHS (aKTOPiB, CTYIiHb BIUIMBY OJHUX
(hakTOpiB HA 1HII) MAIOTh SKICHUH XapakTep, TOOTO 3a/aHi He YnucIaMH, a Bepoa-
JTHHAMH, HEUITKUMH 200 IHTEPBATEHUMH OIIIHKAMH;
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— 3HAYCHHS MMapaMeTpiB B OCHOBHOMY OTpMMaHi HEe Ha OCHOBi 00’ €KTUBHHX
BHMIpIOBaHb, a NIIIXOM €KCIIEPTHHUX OIIIHOK, IO 301IbIIy€E BMICT Cy0’ €KTHBHHUX
BU3HAUYCHb Y KIHIIEBOMY pe3yibTaTi;

— HEeMae TonepenHbo CHOPMOBAHHX albTEPHATHB, 1X HAJAOTh y TpoLeci
aHaIli3y BIJMOBITHO IO OTPUMAHUX MPOMDKHUX OIIHOK [3].

Buxopucranus GopMaibHIX METOIB i BIAMIOBIAHUX iHGOPMAIIITHIX TEXHO-
JIOTIH IS PO3B’s3aHHS HANAHWX BUIIE 3aBAaHb Y MeEXaX CHCTEMH YTPaBIiHHS
noTpedye MiArOTOBKH, a caMe:

— (opMyBaHHS CUCTEMH (aKTOPIB 1 3B’SI3KiB MiXK HUMH — METOIH CTPYKTY-
pu3alii B CHCTEMHOMY aHali3i;

— MapamMeTpu3allii OTPUMaHOI CHCTeMH (aKTOPIB 1 TOCIIKEHHS WMOBIpHOC-
Tel peaizallii 3B’ S3KiB y MEKax JIOMYyCTUMHX 00jacTeld — METOJ JIaHIforiB Ma-
PKOBa;

— ¢opmarizanii mpeaMeTHOT 00JIacTi 32 paXyHOK BHAY (DYHKIIiH, 110 BU3HA-
YalOTh BIUIMB 3B’s3KIB Ha ()AaKTOPH 1 METOIM X OOUHMCIIEHHS — KOTHITUBHE MOJIe-
moBaHs [17].

PimeHns mo/o ynpasiiHHS SKICTIO 00’ €KTa MAIOTh MPUHMATHCS BiJIIOBITHO
IO OTO CTPYKTYPH, XapaKTePUCTUK B3AEMOJII1 OT0 CKIIQJIOBUX YACTHH Ta iX B3a-
eMomii i3 30BHIMHIM cepenopuieM [3, 18]. SkicTh € KOMIUIEKCHUM TOKa3HUKOM
CTaHy €KOJIOTO-COIIabHO-CKOHOMIYHHUX CHCTEM, BIIACTHBICTIO, sKa BimoOpakae
BIZITBOPEHHS KUTTS 1 CTAIMI PO3BUTOK CyCHiibcTBa. [I0Ka3HHUK SKOCTI BKIIOYAE B
ceOe 1Ba OCHOBHI €IIEMEHTH: €KOJIOTIYHICTh — BiAMIOBITHICTh CTaHY Ta (ByHKIIiO-
HAJIBHOCTI 00’ €KTa MPUPOTHIM BHMOTaM Oe3IeKH, 1 Oe3MeYHICTh — XapaKTepHuc-
THUKa TEXHOT€HHOTO BIUIMBY (Zii HeraTMBHUX (akTOpPiB) Ta BiAMOBIAHUX YMOB
HABKOJIUITHROTO CEPEOBUINA 3 IATPUMAaHHS PiBHSA O€3MEeKH Ui €KOCHUCTEM 1
JIOMHH.

VY cnaboCTpyKTYypOBaHHUX 00’€KTaX BEIHMKa KUIBKICTh CJIIEMEHTIB 1 3B’SI3KIB
(hopMyIOTh CKJIQJHI MPUYMHHO-HACIIIKOBI TOCITIIOBHOCTI CTaHIB, SKIi MOXYTh
3MIHIOBATHCS Y Yaci 3aJIe)KHO BiJl CTPYKTYPH CUCTEMHU 1 Jii (aKTOpiB 30BHIITHBO-
ro cepemosumma [19]. IloOyaoBa meTepMiHOBAaHUX MOJENEH IS TaKMX CHCTEM
HEMOJKJIMBA Yepe3 CTOXaCTUYHUHN XapakTep mpolieciB. /s mpoBeaeHHs HiIbOBO-
ro 00’€KTHO-OPiEHTOBAHOTO aHANI3y CIA0OCTPYKTYPOBAHUX CHUCTEM BUKOPHCTO-
BYIOTBCSI OCHOBHI TIOJIOKCHHSI T€OPil CUCTEM 1 CHCTEMHOTO aHaJi3y, CHCTEMHOTO
TEXHOJIOTIYHOTO TIiIXOAy, MpaBWiia CTPYKTypHU3allii pi3HOTO piBHS CKJIAAHOCTI
[20, 21]. dnst mepexony Bif SIKICHUX A0 KiIbKICHUX OL[HOK y TPaKTHLI HAYKOBUX
JOCTI/DKEHb 3aCTOCOBYIOTH JIAHIIOTH MapkoBa 3 BH3HAYCHHSIM IMOBipHOCTEH
CTaHIB CHCTEM Ha OCHOBI CTPYKTYPHOI 1 MapaMeTPHUIHOI MOAIOHOCTI IX OpPHUTiHATIB
3 BIMIOBIAHUM BiOOpaXCHHSM Y MapKiBCHbKUX MOAETSIX [22].

VY poboti mi1st aHaNizy c1abOCTPyKTYPOBaHUX MPOOJIIEMHHUX 00JacTel Biamo-
BiJTHO JI0 3aBJaHb yNPAaBIIHHA €KOJOTIYHOIO OE3MEeKOI0 CUCTEMHHX 00’ €KTIiB MPO-
MIOHYEThCA B HaJaHy CHUCTEMY METOAMYHOTO 3a0e3MECUCHHS KOMIUIEKCHOTO OLli-
HIOBaHHS €KOJOTTYHOCTI MPUPOAHO-TEXHOTEHHUX YTBOPEHb [23-25] ynmpoBaautu
JOJaTKOBO MeTo KorHiTuBHOTO aHaiizy (KA). Lle mo3Bosie oTpumyBaTi 00IpyH-
TOBaHy iH(pOPMAIIiI0 PO MOBEAIHKY 1 HACTIAKU mii HAa cUCTeMHI 00’ ekTH. Kormi-
TUBHA OLIIHKAa 0a3yeThcs Ha pe3ysbTarax po3B’s3aHHSA YMCICHHHUX 3aBJaHb y Me-
xax KA: BignoBimHO 10 Bu3Ha4YeHO! KorHiTHBHOI KapTu (KK) — opienToBanoro
3HaKOBOTO Tpady, 10 JTO3BOJSE BiMOOpA3UTH CUTYallilHI (GaKTOpH i TPHINHHO-
HACJIIKOBI 3B’SI3KM MK HMMHU; JOCHIKEHHS JUHAMIKKA 3MIH Ha OCHOBI JOCII-
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JOKCHHsI peakilii 00’€KTa Ha IMIYJbCHI 30BHIIIHI i, M0 TO3BOJISE BU3HAYUTU
TaKTHKY 1 CTPATETII0 MOJANBIIOTO YIIPABIIiHHS.

KorniTuBHEe MOJENIOBaHHS BH3HAYAEThCS ETAMHICTIO AocihimkeHHs. Ha
MIEPIIOMY KPOIli pO3pO0JIS€ThCS KOTHITUBHA MoJienb y Burisiai KK purmismy

G=(U,E),

ne G — 3uakoswuii oprpad (KK); U ={u;}, i=1,2..k — MHOXHHA KOHILCTITIiB
KK; E={e; ;} — MHOXHIHA Jlyr IPHYMHHO-HACIIAKOBOIO 3MICTY JUIsl U; 1 U .
Eranmu KA y nocnimkeHHi 00’ €kTa BijoOpakarOTh:

MPUYMHHO-HACIIKOBI 3B’SI3KH (KPOKH 1 IMKJIM KOTHITHBHOT MOJIENi);

— CTPYKTYypW MoJesiell 3 BU3HAUEHHSIM MEXaHi3MiB (yHKLIOHYBaHHS CHC-
TEM;

CTIHKICTh CUCTEMH 110 30y/KEHbB 1 CTPYKTYPHHUX 3MiH;

— MOXJIMBUHM PO3BUTOK IPOLECIB y CHUCTEMI LUIAXOM IMIyJIbCHOI'O MOJE-
JIIOBaHHS, TOOTO BCTAHOBJICHHS TMHAMIKHU 3MIiH y CUCTeMax [5].

3a IMIyJIbCHOTO PEXUMY CTaH CUCTEMH B MOMEHT 4acy f+1 BH3Ha4daeThCs
K

v+ D) = vy () + 3w ) p (1), (1)
=

ne v;(¢+1) — 3Hauenns ¢akropa u; B MOMEHT ¢ +1; v;(f) — 3Ha4CHHS KOHLIEII-
Ty u; B MOMEHT ¢; p;(f) — IMIIyJIbCHUH CHTHAJl Y MOMEHT 4acy 7; w(e;) —

BaroBuil Koe(ilieHT OyTu 3 u; B U j » 1110 BCTAHOBJTFOETHCS TAKUM YHHOM [26]:

w(e;) =1, SIKILO 30UTBIICHHS V; 3YMOBIIFOE 30UIBLICHHS V)

w(e;)=—1,  sKIIO 30UIBLICHHS V; 3YMOBIIOE 3MCHILCHHS V;

0, HEMae e;;.

MertonuuHe 3a0e3MeYeHHs 3 PO3B’sI3aHHA 3aB/IaHb CTAJIOT0 PO3BHUTKY COIlia-
JILHO-EKOJIOT0-€KOMIYHHUX 00’ €KTIB OY/b-SIKOTO PIBHS CKJIAJHOCTI Ma€ He3aBep-
IICHICTh 3 MO3UIIT HeJ0iH(HOPMOBAHOCTI CTOCOBHO TMOBEIIHKU (hakTOpiB necTadi-
Ji3auii, 10 BIUTMBAE HA OOTPYHTOBAHICTh NPUHHATTS pimeHHs [23-25].

B indopmaniiiHo-MeToANYHOMY 3a0€3ME€UYEeHH] OLIIHKH PiBHS SKOCTI CUCTEM-
HUX 00’€KTIB Pi3HOTO PiBHS CKJIaTHOCTI y MOIMEPEAHIX MpalsiX 3alpOIOHOBAHO
MPOBOJUTH TIOCIIIOBHO KiIacu(iKalliiHUI aHai3, METOJl TOJIOBHIX KOMITOHEHT i
METOJ] KOMITapaTOpHOi iAeHThdikamii [23—25], 1m0 J03BOIUTE 3arajloM BH3HAYaTH
(haxkTopu mecrtabimizarii crany 00’ €KTa TOCHTIHKEHHA. AHATITHYHI il Y METO/IHII
CIIPSIMOBAHO Ha BU3HAYCHHS YIIPaBIIHCHKOI CTpaTerii Ha MaKpOPIBHI 3 IO3HUIIIN
PO3BHUTKY CHUCTEMH 1 IPUHHATTS PillIeHHs MIOAO MiJABUIIEHHS il AKOCTi. Y Wil po-
00T TpomoHy€eThest BripoBaxKyBaTi KA 1uist omoBHEHHS iHpOpMAIil 3 METOIO
OOIpyHTOBAHOCT] PETyIIOBAIBHUX il 3 YCYHEHHS MEPEUIKO]] Ul PiBHOBAXKHOTO
PO3BUTKY 00’€KTa 3 ypaXyBaHHIM CaMOpPETYJIALi, caMoopraHizaiii i ctabimizartii
3a Ji€ro BHYTPIMIHIX MeXaHi3MiB i mporuecis (puc. 1).
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Indopmaniiinuii notik
Bxiona ingpopmayisn npo 06’ ’exkm docniodcenns

L

KOMHOHel:ITHl/ll/l aHa:].I.B BXIJIHOI THopMaLis, PHAATHA /10 AHATIZY
iHpopmanii
Knacugirayis ingpopmayii 3a pospizamu |:> [apopmatisi, wo 36inbLye
00CniddHcen s (eKon02iuHUlL, eKOHOMIYHUIL, HEBU3HAYCHICTh
coyianvbHull acnekmu,) @

HasBHuii crad 00’ exra MeTo/ roJioBHUX KOMIIOHEHT

BianosimHicTh 06’ €KTa BAMOraM SKOCTi Buoinenns naibinbw azomux napamempis —

00CniONCeH s

<

Komnapartopna
inenTudikamin

[MokpamienHs crany 00’ €xTa

Buninenns ¢akropis gecradimizariii
CTaHy 00’€KTa

L

q)OpMyBaHH}I MHOX>XHWHHA |:>

YIPaBIIHCHKUX PillleHb

KorniTneHe Mozie1I0BaHHs 3MiHH
cTaHy 00’€KTa AJIsl peanizawii pisHUX
BapiaHTIB YIIPaBIiHHS

L

Bubip npuiHIATHOTO YIpaBiIiHCEKOTO <::| CamormiaTBepIKeHHS Pe3yIbTaTIB
pitmeHHs €TaITHOTO aHali3y <

Puc. 1. InpopmaniiiHo-MeTOANYHE MIATPUMAHHS 3 OLIHIOBAHHS CTaHY CUCTEMHHX 00 €KTIB

Pospobnena KK BpaxoBye ekosoTidHUH, €KOHOMIYHUH 1 COIlIaTbHIM acIek-
TH (PYHKIIOHYBaHHS 00’ €KTa, BiTOOpaXkae MOBEMIHKY CHCTEMHOTO 00’€KTa y pe-
JKUMI JIOCITIJDKCHHST «CTaH CUCTEMH — IPOIIEC 3MiH — CTaH JOCSATHEHHS LLJILOBOI
CHCTEMM»; BUKOPUCTOBYETHCS JJISl aHAi3y KpaiHH B LIJIOMY, BU3HAUCHHS Iepc-
NEKTHB PO3BUTKY PETiOHY UM OKPEMOTO IMiANPHEMCTBA (pUC. 2).

VY mi#t poboTi SK YNMpaBIiHCHKI PINMICHHS TPOMOHYIOTHCS 1B albTepHATHBU
YperyJIIoBaHHS CHUTYyallii Ha (OHI MPOIECiB JOBUIBHOTO TOIOJIAHHS HETaTHBHUX
I 1 HACHIJKIB MPOSBY AeCTabUII3yBaIbHUX (DAaKTOPIB 30BHINTHLOTO 1 BHYTPIIII-
HBOT'0 MOXOKeHHs [27]:

1) 301bIIEHHS YaCTKH €KOJIOTIYHO YHCTUX MiIMPUEMCTB;

2) 301IbIIEHHS YACTKU €KOJIOTIYHO YUCTOTO TPAHCIIOPTY;

JocmimkeHas e(eKTUBHOCTI 3alpONIOHOBAHNX YIIPABIIHCHKUX PIIICHb 3ii-
CHEHO Ha OCHOBI IMIYJIbCHUX TPOIECIB: 32 TEPIIUM PIICHHSIM YCTaHOBIIIOIOTHCS
Hacimigku 3poctanHs Ha 10% QakTopa «4yacTka €KOJIOTIYHO YWCTHX ITiIPH-
€MCTB»; BIATIOBIAHO 10 APYTOro pillleHHS BU3HAYAOTHCS HACHIAKU 30UIBLICHHS
(akTOpa «JacTKa €KOJOri4HO YUCTOIO TPAHCIOPTY». 3HAYEHHs BCIX BEPIIUH V,

Ha [OYaTKy JOCIIIKEHHS TPUIMaIOThCsI piBHUMH 0:
v;(0) = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0) ;
MIEPIIAN IMITYJIbC Ha0yBa€E BUTIISTY
p,(0)=(0,0,0,0,0,0,0,0,0.1,0,0,0,0,0,0,0,0,0,0,0) ;
JIPYTHIA IMITYJIbC:
,(0)=1(0,0,0,0,0,0,0,0,0,0,0.1,0,0,0,0,0,0,0,0,0) .
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Hocmimkenns npoBeneno y cepenoumli MsathCad 14 3a BignoBimHuMH
bopmynamu (puc. 3 14).

Ha nepmomy kpouti gocimkenns ¢ =1

Puc. 3. Pe3ynpraTté IMIYJIBCHOTO aHANI3y Ul MEPLIOT albTepHATHUBH YIPABIIHHS IS
YOTHUPHOX YACOBUX BIJIPI3KiB

Ha nepiuomy kpoui gocnimkenns ¢ =1

Puc. 4. Pesynbratu IMITyJIbCHOTO aHaNi3y Ui JPYroi aJbTePHATHBU YHPABIIHHS IS
YOTHUPHOX YACOBHX BIJIPI3KiB

3a OTpUMaHUMH pe3yJbTaTaMU BCTAHOBJICHO, 110 301JIbLICHHS €KOJIOriu-
HO YHUCTHUX MiANPHUEMCTB JI03BOJISIE MIIBUIIUTH SAKICTH aTMOC(EepHOTo cepe-
JIoBHINA 1 BogHUX pecypciB Ha 50% 31 3MeHIIeHHSM BUKUAIB y HUX Ha 20%
(puc. 5).

TakuM YUHOM, BKJIIOYEHHS MEXaHi3MiB PEryJIOBaHHS 3 YypaxyBaHHSIM
MexaHi3MiB cTalinizanii B OAHIN 13 CUCTEM IJIAXOM MPAaBHIBHOI'O yIPaBIIiH-
CHKOTO PIIIEHHSI JI03BOJISIE cTa01Ii3yBaTH PO3BUTOK CUCTEMHOTO 00’ €KTa 3a-
TaJoM.
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Puc. 5. 3anexHIiCTh CTaHy HaBKOJIHMIIHLOTO CEPENOBHUILA BiJ yIPOBAKEHHS €KOJIOTIYHO
YUCTUX HIANPUEMCTB: pan | — «npuiHATHHN cTtaH aTMocdepn»; pan 2 — «IpUIHAT-
HUH CTaH BOJHHUX PECYPCIB»; psi 3 — «IIPUHHATHHUNA CTaH I'PYHTIBY
BUCHOBKHU

VYrepmie chopMOBaHO METOAMYHE 3a0€3MEUEHHS KOMIUIEKCHOTO JOCIIHKCHHS B
CHCTEMI eKOJIOT1YHOT Oe3MeKN y KOHTEKCTi KOHIIETIIiT CTaJoro po3BUTKY 3 ypaxy-
BaHHAM CKJIAIHOI i€papXiuHoi CTPYKTypH 00’€KTa JOCHIJ)KEHHsSI Ta BUSBJICHHS
(hakTopiB mecrabimizallii Ha OCHOBI y3rOPKEHOTO 3aCTOCYBaHHS MOJIOXKEHb TEOPil
iHpOpMaIlii, CHHEPTeTHKH, KOMIIAPaTOPHOi iJeHTU(IKaIli{, KOTHITABHOTO aHAII3Y.
VYnepiue 3anpornoHOBaHO CUCTEMHICTh MiAXOAY A0 aHaji3y CKIaJHuX 00’€KTiB Ha
PiBHI JOCITIKEHb «CTaH CUCTEMH — MPOIIEC — CTaH 3MiH y CHCTeMi» 1 IX HeBiJlo-
BIIHOCTEH BUMOTaM O€3IEKH 3 METOI0 HaJlaHHS KOMIUIEKCHOI y3arajJbHEeHOI OIiH-
KU TIOpYyILEHb PIBHOBAard «CHCTEMa — HABKOJIMIIHE IPUPOIHE CEPEIOBHUILIEY.

3aBnsku chopMoBaHOMY iH(POPMALIIHHO-METOAUYHOMY 3a0€3MEYEHHIO KOM-
TJICKCHOT OITIHKH SKOCTI Ta 0€3MEeYHOCTi MPUPOTHO-TEXHOTEHHUX 00’ €KTIB Ha OC-
HOBI 3alPOBA/KECHHSI CUCTEMH ITOCJIIJJOBHUX METOJIIB aHaNi3y CKJIAJHUX CHUCTEM:
kiacugikamii, GakTopHOro aHajli3y — METOAY T'OJIOBHMX KOMIIOHEHT, KOMIapa-
TOpHOI imeHTH(ikaIlii, KOTHITHBHOTO aHaJ3y OTPUMaHO OOTPYHTOBaHI
00’€KTHUBHI yNpaBIiHCHKI PILICHHS 3 PETYJIIOBaHHS CTAJIOr0 PO3BUTKY CHCTEMHO-
ro o0’ekTa.

OcHOBHI pe3yJbTaT POOOTH:

1) BU3HAYEHO MOKIIUBOCTI CYy9acHHUX PO3POOOK 3 METOIUYHOTO 3a0e3rmeueH-
HSl KOMIUIEKCHOTO aHalli3y CKJIQJAHUX 00’ €KTIB 1 AOIUIBHOCTI CUCTEMHOTO (hopMy-
BaHHS METOAWYHUX MiAXOIB OO BUPILICHHS 3aBIaHb NPUHHSITTS pillleHb 3 Pery-
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JIFOBaHHS CTaHy 1 PO3BUTKY COLIaIbHO-EKOJIOTO-€KOHOMIYHUX YTBOPEHb HA OCHO-
Bl BUBYCHHS BHYTPIITHIX MOXJIMBOCTEH CHCTEM IO CAMOPETYJIFOBAHHS 1 CTa01Ti-
3arii, TOCUIEHHS INX MEXaHI3MiB;

2) ympoBaJXKCHO KOTHITHBHHU aHali3 y KOMIUIEKC METOIUYHOTrO 3abesre-
YEHHSI OI[IHKU CTaHy CUCTEMHHUX 00’ €KTIB Pi3HOTO PiBHA CKJIAIHOCTI, TOCHICHHS
OOTPYHTOBAHOCTI OTPUMAHUX PE3yJIBTATIB 32 PaXyHOK MOKIMBOCTEH CaMOMIIT-
BEp/DKEHHSI JAHWX Ha PI3HUX eTanax aHamzy (puc. 1);

3) po3po0JieHO KOTHITHBHY MOJICNIb COLIAIbHO-EKOJIOr0-EKOHOMIYHOTO
00’€eKTa TOCHipPKeHHs (AUB. pUC. 2) 1 BUKOHAHO ii MPaKTHYHY arpoOarlliro Ha Ipu-
KJIaJ[i KOMITIEKCHOTO OIIHIOBAHHS CTaHY €KOJIOTIYHOCTI Ta OE3IIeYHOTO PO3BUTKY
XapKiBChKOT'O periony (auB. puc. 3-5).
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GENOTYPE DYNAMIC FOR AGENT NEUROEVOLUTION
IN ARTIFICIAL LIFE MODEL
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Abstract. Cooperation behavior is one of the most used and spread Multi-agent
system feature. In some cases emergence of this behaviour can be characterized by
division of population on co-evolving subpopulations [1], [2]. Group interaction can
take not only antagonistic conflict form but also genetic drift that results with
strategies competition and assimilation [3]. In this work we demonstrate different
relation between agent grouping and they behavior strategies. We use approach
proposed in work [2] methodology of agent genotype dynamic tracking, due to this
approach the evolving population can be presented in genotype space as a cloud of
points where each point corresponds to one individual. In current work consider the
movement of population centroid — the center of the genotype cloud. Analysis of
such trajectories can shad the light on the regimes of population existence and
genesis.

Key words: artificial life, multiagent systems, neuroevolution

INTRODUCTION

Artificial Life (Alife) is an interdisciplinary research field, which try to investi-
gate and use the properties of living systems or systems which include a large
number of living components (for example, individuals). Alife usually brings to-
gether biologists, philosophers, physicists, computer scientists, chemists, mathe-
maticians, artists, engineers, and more. The examples of Alife fields are numerous
and includes artificial (digital) ecosystems, artificial society, evolutionary robot-
ics, biology, origin of life — see for examples in [4, 11], and many others. Alife
systems are implemented as software and as hardware (see for recent review [10],
[12]). Remark that one of the important examples of the software Alife studies
build and explore digital ecosystems that provide novel methods to study evolu-
tion. These studies can be useful in answering questions about laws how evolution
works and how to operate it. Traditional evolution in real biological systems is
extremely slow to study. The computation Alife aims to put the evolution process
into action on a computer so time for evolution to go on is only limited by proces-
sor performance. Embracing evolution instruments opens opportunities for re-
searching a great variety of problems that are linked with it. Artificial evolving
systems are used to build complex systems that expose intellectual behavior and
study the link between intellectuality and complexity [13]. Alife systems are plau-
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sible playground to explore the mechanisms of adaptation: general evolving sys-
tem features such as speciation ([2], [13]), aging ([14]), cooperation ([15]), devel-
opmental processes in artificial systems [16], and learning.

Many models are developed in purpose to study social, ecological, swarm-
ing, artificial life and other topics. Despite the progress of other models, the inter-
connection between genotype and phenotype dynamic is still quite an unexplored
issue; in current study we reveal an example of such unclearness that lurks in dy-
namic of the system. By one of the goals of the study, we want to concentrate on
the more detailed research of agent phenotype sustainability and what it depends
of. Further in this work, we discuss the dependency of combat interaction from
input resource value and examine the sustainability of phenotypic assembly for-
mation in homogeneous and heterogeneous spaces. These questions fit into the
research field of Artificial Life determined by Bedau [11], and belong to a group
of research areas that claim to:

e determine predictability of evolutionary consequences of manipulating
organisms and ecosystems;

e determine minimal conditions for evolutionary transitions from specific to
generic response systems;

e determine what is inevitable in the open-ended evolution of life.

Alife consolidate different research fields, such as, for example, hardware
and software Alife. It could be used to study the evolution of complexity, robot-
ics, and digital organisms. One of the main approach of constructing simulation
models in Alife is multi-agent methodology that is broadly used in the study of
complex adaptive systems. Individual-based approach surmounts difficulties of
equation-based models by granting additional flexibility for both development
and analysis of the model [12]. The popularity of multi-agent approach springs
from early researches such as Sugarspace [2], Bugs [18], Echo [19] and Poly-
world [17] models. One of pioneer models of Artificial Life is the model of bugs
on spatial lattice that was proposed by Norman H. Packard [18] denotes the im-
portance of shift from extrinsic to intrinsic adaptation approaches in the modeling
of evolutionary processes. Packard proposed to change the point of view on fit-
ness in models of biological systems. He claimed that extrinsic approach of adap-
tation such that is defined by an a priori fitness function that assumes averaging of
the environment and individual interactions could inflict limitations on the bio-
sphere. Such limitation takes place, for the organism affects its environment and
other organisms, altering the whole biosphere and eventually its own possibility
to exist, 1. e. its own fitness [18]. The author defines the intrinsic adaptation of
a system as a process of changes in interactions of all parts of the system aiming
to fit it and permanently changing the environment. As a result of first simulations
of his model, H. Packard introduced the notion of an a posteriori fitness function
for the intrinsic adaptation evolutionary process and demonstrated with its help
the emergence of specific behavior that is inherent for some individuals. This
change in the concept of adaptation shifts the focus to the emerging characteris-
tics of the system that can be treated as an a posteriori fitness function. The ex-
amples of such values could be population size over time, sustainability of emerg-
ing phenotypic assemblies under different factors such as environmental changes
or arm races and other system features. In particular work the size of agents’
group with common phenotype (behavior strategy) is treated as the a posteriori
fitness function.

Echo model is a Complex Adaptive System that was built with a purpose of
extending genetic algorithms approach to ecological setting by adding geography
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(location), competition for resources and interaction among individuals (coevolu-
tion). The model itself is intended to study patterns of behavior that are how re-
sources flow through different kinds of ecologies, how cooperation among agents
can arise through evolution and arms races. Echo corresponds to a set of Echo
models, in the system agents evolve empowered with combat, trade, move and
mate abilities that are conditioned by their genotype and phenotype traits. Echo
model consists of agents that are located in two-dimensional grid of sites, and
each agent is located at a site, migration is supported. Many agents can occupy
one site and there is a notion of neighborhood. The different kinds of resource
randomly distributed between all cells. Agents use resource to pay metabolic tax
and to perform trace, combat and mating actions. Reproduction can be sexual
(crossover) and asexual (replication with mutation). The system study allows
identifying parameters or collections of parameters that are critical for emergence
of specific behavior, i.e., to perform sensitivity analysis [19]. Simulation results
and their analysis allow scientists to build deep intuitions about how different as-
pects of the digital ecosystem interact one another, reveal important dependen-
cies, and provide understanding of how evolution interacts with ongoing dynam-
ics of the ecosystem [19].

In continuation to work with Echo model family Hraber and Milne discov-
ered the notion of the emergence of community assemblies, they showed the exis-
tence of agent groups that share common behaviour that springs in order to re-
sponse on interaction rules in model architecture [20]. Certain genotype
assemblies (complementary genotypes) were born and formed quasi-stable domi-
nation that was based on pairwise interaction between agents. In particular work
we consider digital ecosystem with such emergent feature and show that changing
of system property such as space heterogeneity contributes to sustainability of
complementary phenotypic assemblies over time. By saying phenotypic assembly
we consider group of agents that share similar behaviour. It should be noted that
such assemblies are less complex than community assemblies presented in Hraber
and Milne study because agents action portfolio in that model is wider: its agents
can trade and mate in addition. While in particular model phenotypic assembly by
definition not necessarily support internal group interactions.

The further continuation of digital ecosystem models is the models where
complex agent’s behaviour arises from the first principles: where it never was
predefined by fitness function and emerges through adaptation process. Remark-
able examples of such models are Michael Burtsev’s [2], [21] model and Robert
Grass’ [13] model. One of the main achievements of their research is that agent
speciation i. e. phenotypic grouping and distinction emerges without predefined
fitness function. Agents occupy niches that expose predator, prey or even more
sophisticated behaviour without extrinsic predisposition but as the result of the
evolutional adaptation process.

Michael Burtsev proposed a model that resembles pioneer Artificial Life’s
Echo [19] and Bugs [18] models: the agents with simple behaviour are acting in a
simple space. In the study [2] author develops latter models introducing kinship
(by introducing culture affinity) and using the artificial neural network as a basis
for agent’s actions. In this model no agent was given a predefined strategy, in-
stead it emerge as phenotype feature from agent’s actions, defined by the neural
network. By doing this, the author achieved a great variety of strategies that can
take into account kinship of the object they interact with and are constructed from
elementary actions as a result of evolution processes. Some of the strategies
expose cooperative behaviour, where agents adjusted their behaviour due to

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2017, Ne 1 77



V. Zavertanyy, A. Makarenko

genotypic distance between each other. It was shown that in such model emerge
strategies that correspond to those in well-known game theory - dove-hawk-
bourgeois, where dove acts like peaceful harvester, hawk demonstrates aggressive
behaviour attacking agents in neighborhood, and bourgeois that plays as dove
when low on resource and displays hawk strategy in possession of it. Also, two
new strategies of cooperative attack (when agent attack only non-relative ones)
and defense (when agents gather in one location to defense themselves from
aggression) were emerged [20]. The similar results with different model achieves
research with novel artificial life model with predator-prey behavior in study [13],
where agents are driven by fuzzy cognitive map. Considering results of artificial
life modeling it can be concluded that such approach is not being controversial to
game theory but on the contrary is an extension that provides new research hori-
zons, such as finding evolutionary stable strategy, designing an open-ended
evolution, exploring new sophisticated agent behavior, and analyzing system
regularities, e. g. persistent emergence of group behavior and arm races. By
studying the model, Burtsev proposed a novel methodology to categorize agents’
behaviour into strategies and to trace population genotype dynamic [2]. Author
proposes alternative view on evolving systems that is inspired by dynamical
systems theory. He points that the main notion in this theory is the trajectory and
provides mechanisms of tracing the Artificial Life model development as if it
moves along its own trajectory. An evolving population can be presented in
genotype space as a cloud of points where each point corresponds to one
individual. It is proposed to consider the movement of population centroid — the
center of the cloud. Analysis of such trajectories shad the light on the regimes of
population existence and genesis.

Analysis of mentioned above researches of Alife models show that they open
novel regularities and emergent behavior. Proceedings study of the similar models
discovers new aspects of agents’ behavior dynamic can be studied. Evolution
processes in the models of digital ecosystems are far from being clear and
traceable, the interconnection between emergent features and system parameters
are not yet properly established. In this work we study the dynamic of agent’s
population genotype and phenotype using the novel methodologies from
Burtsev’s work [2]. The aim of the work is to illustrate phenotype and genotype
dynamic in continuous space artificial ecosystem model. We open the questions
of genotype and phenotype transition and the importance of understanding and
tracking the nature of such transitions.

MODEL DESCRIPTION

Agent. Common predator-prey model with continuous space was developed in
the work. Agent percepts certain environmental variables such as:

e resource allocated nearbys;

e current energy value that belongs to agent itself (r);

e difference between maximum reachable (rMax = 500) and current energy
values (r);

o the most weaker and the most stronger nearby agent (affected by affinity
mark: if agent is relative than input is multiplied with (-1));

¢ In reply to the input signals agent performs the following actions;

e ‘rest’: stay on the current position paying the smallest energy price;

e ‘eat’: start consumption of vegetation. Agent can consume defined
vegetation value by one time;
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e ‘move’: move towards current heading, if agent sees the vegetation he can
change heading in order to reach it. Agent pays specified energy cost for
movement;

e ‘attack’: jump to victim agent nearby (hunter pays additional penalty for
jump action) and attack him. Attacker pays fee to initiate aggression, if he is suc-
cessful he gains all victim’s energy (energy consumption is limited by maximum
reachable energy threshold) and victim dies;

e ‘divide’: agent creates sibling nearby and gives to him a half of own en-
ergy. Sibling receives parent’s genotype with mutations;

e ‘escape’: if one agent wants to escape from another agent, he starts
movement in opposite way from target agent with two times higher speed.
Actions and theirs fee are listed in Table L.

Table 1. Agent’s fee for actions

Action Payment type Value
Rest Once per action 15
Move By overcame path (velocity*step) 25
Move forward
Divide Once per action 20+ r/2
Attack Twice by overcame path 50
Escape (2+velocity*step)

Agent’s behavior is determined by artificial neuronal network with one
layer. Each agent’s sibling inherits neuronal matrix perturbed with some muta-
tions after birth (action ‘divide’). Each agent is characterized by affinity marker:
3-dimentional vector which coordinates can take possible integer values in [-2, 2]
interval. Agents are considered as relatives if Euclidean distance between theirs
markers are less than 0.2 threshold.

Probability to be succeed in attack is equals to ratio of victim’s and at-
tacker’s accumulated energy.

Agent’s actions are categorized and vector of agent strategies is generated
using the methodology firstly presented in [2]: to show agent phenotype behavior,
each agent was placed in hypothetical situation as if he interacts with other agent
under various conditions i. e. agent’s internal energy indicator, agent’s relative
affinity. Thus, agent is being stressed with six input test vectors and then strategy
vector was generated according to his reaction (Table 2). For example, strategy
‘020202’ is typical hawk strategy: regardless of internal agent energy level, he
will attack any stranger in his area and make no harm to relatives. See agent’s
population dynamic in Fig. 1. Population downfall is caused by conflicts between
different culture groups.

Table 2. Vector of agent’s strategies. Where a « {0: “rest”, “eat vegetation”; 1:
“escape”; 2: “attack”; 3: “divide”}, i =1,2,3,4

Low resource, Half of resource, Many resources,
r=0,02rmax r =0,5rmax 7 =0,98rmax
Relative Non-relative Relative Non-relative Relative Non-relative
behind behind behind behind behind behind
A

1
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Space. Space is continuous and 2-dimentional. Agent’s position is defined

Cell with real coordinates (x,y).

Lensth, Action Space is logically divided on

A AR AL A S Al A Radius cells (Fig. 2), agent can

» ; .Q J ’ » “~ overcome one cell by two

N S \ time series with average

5 M . W speed. Agent can perform

MRS i , actions with object on

poee e e PRy =yt \ 7 distance closer than Action

‘2 *’) {") . . Radius. Agent is aware of

J RSN I v all objects that are located in

W Y PO cells that bear to his cell.

' . L; . New vegetation is randomly

S e appears in space with each
A . - W time series.

> - - e For heterogeneous spa-

Fig. 2. Agent’s space. Agent are presented with ar-  ce vegetation checks appears

rows, vegetation as checks in some areas more fre-

quently that in others (see Fig. 3).

L Ot
=

Fig. 3. Example of the map of heterogeneous space

ANALYSIS

Population Genotype Centroid. In addition to presenting phenotype as behavior
strategies in current work method of tracking Population Genotype Centroid was
used [2]. Consider genotype space G, its dimension equals to number of genes
for each agent from population P (quantity of elements in agent’s matrix of neu-
ral network — W, .. ). Let genotype of agent A be g e G, each element of g:

gr, k=1,...,nm corresponds to element of the matrix W: w;, i=1,...,n,

j=1,...,m. Thus, g defines the point in space G that corresponds to agent 4.

We should track its centroid C” to analyse the movement of the whole agent’s
population cloud:

1 N
G = le:g i
Centroid trajectory can be maintained for a long time in some compact area
(gravity field) of the space G, form closed curves corresponding to a specific period

cycles, accidentally wander around space or jump from one area of attraction to
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another. To identify patterns in these behaviors the following characteristic is
used [2]:

d(1.7)= | XN (€, +T) - (1)) (1)

Expression (1) gives the distance between the centroid locations at time ¢
and t+7 [2]. Visualizing of dynamics of values d(¢,T) for different values of

period T can get an idea of the character of centroid movement in space. For ex-
ample, in case of random walk of centroid in space d(¢,7) will increase with in-
creasing T (Fig. 4,a) If for some period of time centroid moves along a closed
trajectory of period 7, then during this period of time the value of d(¢,7,) will
be close to zero. Other examples of such visualization shown in Fig. 4.

' A
Ci T
&
G t
F Y & F Y
C; T G
/ n 1<h r> E‘1
& o
C ! t i ! C, ] t t !
J c 1 il d 1

Fig. 4. Example of the different centroid behavior dynamics and visualization of d(z,T)
characteristic. Figures are taken from [2]

In the context of the model considered in this paper genotype is a low-level
rule for behavior — he abstract specification for agent — that then participates in
local interaction of a large set of other types of behavior. Phenotype is the behav-
ior patterns in time and space that develop from these non-linear, local interac-
tions [2] (Fig. 5).

Global behaviour
and patterns

emerges
on this level
Evolution
@—»@ Local rules
define simple
GTYPE nonlinear
interaction
on this level

Fig. 5. Interaction of genotype (GTYPE) and (PTYPE) [8]
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MAS BEHAVIOUR

Mutli-agent system display variety of different scenarios of agent interactions:
predator-prey cycles [2], [13], [5], competition between different behaviour
strategies [1], [5], quasi-stable domination of certain strategy for a long period of
time or intense variability of strategies.

Let us show competitive interaction between behaviour strategies with simi-
lar behavior. Refer to Fig 1 we can see that in some time series population dra-
matically decreases (for 410, 700, and 900 thousands time series). Considering
successful attack actions time series (Fig. 6) we can infer that aggressive competi-
tion was taking place for this cases.

14

i i i i i
I i et B e
' I ' ' 1

W R s b

i M

+ 0 -HEH--- [ T T T T —— L s O |11 |
i
~a _  mnann 400,000 &00,000 500,000 1,000,000

— Successful_Attack
Fig. 6. Successful attack actions count for experiment from Fig. 1
Consider fist crisis episode: population decrease near 400 thousands time
series (Fig. 7) — we can see coexistence of the almost similar strategies:
“333020” and “333030”, the main and crucial difference between them is that
first strategy provides aggressive actions to relative agents. Time passed leads to
extinction of aggressive non-cooperative strategy.

On the visualization of centroid dynamic (Fig. 8), we can see that all popula-

el ]
¥
l A I'J|'l,|'llli|II ll

..I! 1“ ||," [

400.000

Fig. 7. Detailed fragment from Fig. 1 Fig. 8. Visualization of d(t,T) cha-
view. Competitive interaction between

strategies with similar behaviour. “333020” ractgristic for c.entroid behayior dy-
— triangles, “333030” — circles namics for experiment from Fig. 1
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tion crisis periods are accompanied with centroid transition from one area of at-
traction to another (similar to Fig. 4,d dynamic).

However, it is not clear enough whether centroid relocates from one state to
another under aggression actions or under peaceful assimilation of agents, such
cases were described other models [2].

Culture marker and genotype vector. Let us emphasize on interconnection
between genotype vector and vector of relative affinity. Consider two experiments
with various behaviour strategies dominate in different periods of time (Fig. 9 and
Fig. 10).

l Al LAl ”“

[ 200,000 400,000 600,000 800,000 1,000,000 1,200,000 1,400,

,400,000 2,600,000 2,800,000 3,000,000 3,200,000

— Population_Count  — 313131 — 212133 — 101010 — 120203 — 101313 — 313133 — 000033 — 020203
— 232323 — 313130 — 303131 — 120233 — ananan — 212133 — 100202 — 303033 — 020232

a

am

b c

Fig. 9. Experiment with correlated transition of genotype and culture marker centroids:
a — strategy series; b — genotype centroid transition dynamic visualization; ¢ — marker
of culture features dynamic visualization

As we can see for the first experiment culture marker centroid dynamic is
closely connected (Fig. 9,6 and Fig. 9,c). Culture centroid even has additional
transitions from one area of attraction to another. But, for the second experiment
no significant culture marker centroid transitions were tracked unlike to genotype
centroid dynamics (Fig. 10,6 and Fig. 10,c¢). Such behaviour causes new questions
like dependency of centroids transitions from culture transition between agents
and culture marker dimension (as dimension was stated important parameter in
[8]), formation of agent groups settlement in different areas and possible swarm-
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like behaviour, indicate and observe the crucial for transition components of
agent’s genotype vector, provide clearness in stating of aggressive or peaceful
(assimilative) centroid transition.

4504 ulation_cout

Wl

It b 1 AL g
Vol p bl 1 AL b AL
Al I“" ','H" LY

T
A TR
i

o 2,000,000 4,000,000 6,000,000 £000,000 10,000,000 12,000,000 14,000,000 16,000,000 18,000,000 20,000,000 22,000,000 24,000,000  28,000,0

— Population_Count  — 000000 — oz0232 — 023233 — 023232 — 20202 — 0z0233 — 010131 — 212133
— nooos0 — oooozo — oz1z32 — 10101 — 020708 — o020z — ooooz2 — 013133 — nooooz
— 020230 — 000033 — o023z — 020200 — 010232 — 020000 — 010000 — 010132 — 020030

a

b c

Fig. 10. Experiment where transition of genotype and culture marker centroids are not
corresponded: a — strategy series; b — genotype centroid transition dynamic visualiza-
tion; ¢ — marker of culture features dynamic visualization

DISCUSSION

In the work we presented own variation of common model of digital ecology and
demonstrated dynamics both of phenotype and genotype agent groups. The
formation and further extinction of culture groups caused ether by aggressive
predator-prey interaction or by competition of strategies with antagonistic or
similar behavior. The following issues are important for further development of
the model:

e building new tools for analysis of agents population to enlighten how
different interactions affect on group formation and its persistence;

e determine influence of aggressive behavior and genetic transition to the
change in the dominance of one strategy over the other;

e analysis of agent group formation and its coevolution;
¢ introduction of new types of interaction between agents.
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FUZZY-PETPECCHOHHBIE MOJEJIM B YCJIOBUAX
HAJIMYUS B CTATUCTUUYECKOM BHIBOPKE
HEYNCJIOBON NH®OPMAIIUN

10.A. 3AK

AHHoOTanms. PaccMOTpeHb! aropuTMbl peIieHus 33124 HEYETKOT0 PErpecCHOHHOTO
aHanM3a B YCJIOBUSX, KOTAA BXOAHBIE U BBIXOAHAs MEPEMEHHBIE MPEICTABIICHBI
Fuzzy-MHOXeCcTBaMH, ONpPeeIeHHBIMHI C TOYHOCTBIO JI0 HEM3BECTHBIX MAPAMETPOB,
a K03(GUIMEHTHl perpeccul — JAeHCTBUTENbHBIE Yncia. [IpeanoskeHsl HeKOTOpbIe
HOBBIE KPUTEPUH ANMPOKCUMALUH, OCHOBAHHbBIE HA CPABHEHUH CBEPTKH JUIUH Ceue-
HHUI ¥ KOOPJAMHAT LEHTPOB THKECTU (PyHKIHN NMpUHAIIKHOCTH Fuzzy-MHOXeECTB,
KOTOpPbIE MOTYT OBITh UCIIOB30BAHBI /I HEYETKIX MHOXKECTB NMEPEMEHHBIX 3a1a4n
obmero Buna. ONKMCaHbl aNrOPUTMBI IPEOOpPa30BaHMS IEPEMEHHBIX, IPEICTaB-
JICHHBIX TEpMaMU JIMHIBUCTHYECKOM NEPEeMEHHONW WM HapaMeTpaMu YUCIIOBBIX
LIKaJl, B HEUETKUE MHOXKECTBA M HUCIIOJIb30BAHUS 3THX JaHHBIX B 3ajgauax Fuzzy-
perpeccuoHHOro aHaiusa. llosyueHHBle pe3yJbTaThl MO3BOJAT pEIIaTh MHOIME
NPUKJIATHBIE TIPOOIEMBI B DKOHOMHUKE, JIOTHCTHKE, COLIMOJIOTUH ¥ MapPKETHHTE.

KuoueBrble ciioBa: FuZZy-pereCCI/IOHHOFO aHaJIn3, HCYHUCJI0BasA CTaTUCTHUKA, JIMH-
TBUCTUYCCKUE NEPEMCHHBIC, MapaMETPhl YMCIIOBBIX IIKaJI, FuZZy-MHO)KECTBa, Kpu-
TEPUU AIIIIPOKCUMAIINN, METO] HANMCHBIIINX KBAJAPAaTOB.

BBEJIEHUE

B sxoHOMETpHKE, MAPKETUHTOBBIX M COLIMATIOTUYECKUX UCCIEIOBAHUSIX MPU IO-
CTPOCHHH MAaT€MaTHYeCKHX MOJEeNeld IMUPOKO HCIOJB3yeTCs ammapar mare-
MaTHUYECKOM CTaTUCTUKM U MOCTPOEHUs perpeccroHHbIX mozeneit [1]. upokoe
pacmpocTpaHeHHe 3[eCh MONYYHIIH METOAbl HEYHCIOBOW CTAaTUCTHKH. B 3Ko-
HOMMKE JIOJISI HEYUCIIOBBIX JaHHBIX CYIIECTBEHHO OOJIbIIE, 4eM B TEXHHUKE U TEX-
HOJIOTHH, U HEONPEIEICHHOCTh IPUXOAUTCA OMUCHIBATh B TEPMUHAX TCOPUHU HE-
YETKOCTH WITH MaTeMaTHKHU U CTATHCTUKHA WHTEPBaJIbHBIX JAHHBIX.

B curyammsax, korma MHOTHE BXOJHBIE (PAKTOPHI MOAEIH MOTYT OBITh MPE-
CTaBJICHBI JIUIIb OYJIEBBIMH, JIMHTBUCTUYCCKIUMH WM HEYCTKUMHU JTAHHBIMU, JIH-
00 HEKOPBIMHU TPafalUsIMH YHCIOBBIX IMKAJN, B KaYECTBE AIbTEPHATHBHBIX ITOJ-
XOJOB MOTYT HCIOJB30BaThCAd MeETOAbl Fuzzy-perpeccuoHHOro aHaiauza. Pe-
3yJIbTaTOM pacueTa Ha OCHOBE MaTeMaTH4YecKuX Mojeneit Fuzzy-perpeccnon-
HOTO aHaliM3a SBIAETCS HEKOTOpOE HEYeTKOe MHOXKECTBO C (YHKIWEH mpH-
HAJUICKHOCTH HEMPEPHIBHOTO BUA, KOTOPOE OMPEICNIeT IHAara30H BO3MOXKHBIX
3HAYEHWI BBIXOJIHOW MEPEMEHHON W OIEHKY (HEKOTOPHIH aHAJOT BEPOSITHOCTH)
MOJTyYEHHsI 3TOTO 3HAYSHMS B MIpeJieNiax JaHHOTrO JHana3oHa.

COCTOSHHE PA3PABOTOK B OBJIACTHU FUZZY-PET'PECCHUOHHOTI'O
AHAJIM3A

MareMaTuyeckuM MOZECNSAM U alropuTMamMm peuieHus 3anad Fuzzy-perpeccuon-
HOTO aHaJn3a TOCBSIIEHO OOJIBIIOE KOJIMYeCTBO myOukanuid. OyHKIUHU perpec-

© I0.A. 3ax, 2017
88 ISSN 1681-6048 System Research & Information Technologies, 2017, Ne 1



Fuzzy-peepeccuonnvle mooenu 6 yciogusax Hanuyus 6 Cmamucmuieckoli blbopke ...

CUM B 00IIIeM CiTydae, KOTJ]a BXOHbIE, BBIXOIHAS MIEPEMEHHbIC U KOA((DUITUCHTHI
MOJIETTH — HEYETKHEe MHOXKECTBa, paccMOTpeHsl B pabortax FO.I1. 3aituenko [2, 3,
5, 20], rae mpemIoKeHbI METOIBI PEIICHUS TAKUX 3a7ad allTOPUTMAMHU HEYETKOTO
MI'VA. B pa6orax C.JI. llltoow [8] , X. Tanaka (1982 r.) [10, 11], kak u
B CTaThax [13—15] u MHOTHX IpYyruX MyOIMKaIUsAX, TAK)KEe PacCMOTpeHa MOJEIh
JTUHEHHOW perpeccuu ¢ HedeTKuM kodddunmentamu. B padorax [10, 11] mms on-
peAencHusl 3HAYCHHH AITHX KOI(D(DUIMEHTOB, MHHUMHU3HPYIOIIUX CYyMMAapHYIO
CPEIHEB3BEUICHHYIO PA3MBITOCTh TapaMeTPOB (DYHKITUH MPHUHAIIIEKHOCTH U pac-
CMaTPUBAEMYI0 B Pa3JIMYHBIX METPHKaX, MPEIIOKEHBI METOABI JTMHEHHOTO TPO-
rpammupoBanusa. B 1987 r. A. Cenmunc u I1. Jaiimonn [14], a taxoke SAur u Jlny
B 2003 r. [19] npeanoxuiu METOIUKY MOCTPOSHHUSI MOJENEeH HEYETKOM perpec-
CHHW, OCHOBAaHHOW Ha METOJlc HaMMEHBINX KBampatoB [13—15, 18, 19]. [xs mo-
CTPOCHHS KPUTEPUEB aIIPOKCUMAIUH (1IeJIeBOM (QYHKIUM HEUSTKOW MIaeHTH(H-
Kalliu) KCIOJIb30BAJIUCh PAa3lIUYHBIC METPUKHU, CPEIAM KOTOPHIX HauOOJbIIee
pacmpocTpaHeHHE TONYYMIM I[OKa3aTeNd O -CeYeHWH HEYETKUX MHOXKECTB.
B psne ciydaeB copMmynupoBaHHas ONTHUMH3AIMOHHAS 33a]aua CTAHOBHTCS HE-
JTUHEWHOW W MHOTOXKCTpEeMaNbHOH. [[s pemieHns ee MpUMEHSUIHCH TPagueHT-
HBIC, TIONCKOBBIE METOBI U TEHETHICCKUE aJTOPUTMBI (CM., Hampumep, [15]). Po-
OacTple perpeCCHOHHBIE MOJIETHU TpEeCTaBIeHBI B padortax [9, 17, 18]. Pemenus
U YaCTHBIX CITydaeB (YHKIMH MPUHAICKHOCTH TPEYTOJIHHOTO THIIA PACCMOT-
peHsl B padorax [4, 10-15, 17-19]. dopMmynupoBaHue U pelICHUE 3a1a4d HEUCT-
KOI'0 PErPECCUOHHOIO aHAJIN3a B BHUJIE MHOTOKPUTEPHAIBHON 3aAa4d JIMHEHHOIO
MPOrpaMMHUPOBAHMS OMKCAHKI B cTaThe [4]. PelieHue 3a1aun HEYETKOTO perpec-
CHOHHOTO aHaJiu3a IPEJICTABICHO B YCIIOBHUSIX, KOT/Ia BXOJHBIC W BBIXOJHAS IIe-
pemenHble — Fuzzy-MHOXeCTBa, a KOA(GGUIIUSHTHI PErPEeCcCUr — JICHCTBUTEb-
Hble unciaa. CBOOOIHBIN YICH ypaBHEHHUS PErPECCHU — HEUETKOE MHOMKECTBO.
PaccmoTpeHpl HEKOTOpHIE HOBBIE KPHTEPHH AaIPOKCHMAIINH, OCHOBAaHHBIC Ha
CPaBHEHWHW CBEPTKH IJIMH CEYCHWH W KOOPAHWHAT IEHTPOB TSKECTH (DyHKITHI
MPUHAIICKHOCTH Fuzzy-mHoXecTB. Pa3paboTaHbl AeTepMHUHUPOBAHHBIC YKBHUBA-
JIEHTHI C(OPMYITUPOBAHHBIX 33134 U aTOPUTMBI pacueTa mapaMeTpoB KPUTEPUEB
aNMpOKCUMAIINH, T.€. NETEPMUHUPOBAHHBIX 3HAYEHUH KOX(P(HUIIMEHTOB ypaBHE-
HUS perpeccuy u cBOOOJHOTO wWiIeHa, MpeJicTaBlIeHHoro Fuzzy-MHOXecTBOM, OII-
PEACTICHHBIM ¢ TOYHOCTBIO JIO HEU3BECTHBIX mapameTpoB. [IpemiokeHbl Kpute-
pum anekBaTHOCTH Fuzzy-perpeccHoHHBIX Mopeneil. XOTsS paccMaTpuBaeMas
MMOCTAaHOBKA SIBJIICTCS YACTHBIM ciydaeM Mmogeneit [2, 3, 5, 20], momydeHHBIC
B paboTe U MEPEUUCIICHHBIC PE3yJIbTaThl UMEIOT OOJIBINIOE MPHUKIIATHOS 3HAUCHUS
Y TI03BOJIAT PEIINTh MHOTHE MPUKJIAIHBIE TMPOOJIEeMbl B IKOHOMHKE, JOTHCTHKE,
COIIMOJIOTUY ¥ MapKETHHTE.

INOCTAHOBKA I MATEMATHYECKAS ®OPMYJIMPOBKA 3AJTAUYN

PaccmatpuBaercs ciemyromasi moctaHoBKa 3amaun Fuzzy-perpeccMoHHOro aHa-
mu3a. [lycte marpuna HaOmoneHuid (XY), KaKaas CTPOKa KOTOPOH — KOMIUIEKT
BXOJHOW W BBIXOAHOH HMH(pOpMaLWH, MpeAcTaBieHa HEYETKHUMH MHOXKECTBAMHU.
Tabnuua MCXOIHBIX MAaHHBIX COJACPKUT [N KOMIUIGKTOB 3KCIHEPHMEHTabHBIX
naHHBIX (cTpok). HeoOxomammo HaWTH HEYETKYIO JHHEHHYIO PErpecCHHOHHYIO
MOJIeTIb BUJA

Y=0,®X,+a, ®Xy +..+a;®X; +..+a,® X, +a, ()
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rae X, X5,..,X j,...,X » 3 @y — HEKOTOpBIE HEYETKHE MHOXKECTBA C 3aJaHHBIMU

(byHKIUSAMY PUHAIUICKHOCTH (B YACTHOM CITydae HEKOTOPhIC U3 HUX — JIEHCT-
BUTEJIBHBIC YHCIA), a KO3()UIUEHTB MOJETH a;,ds,...,d jswesdy — HEKOTOPBIC

JEeUCTBUTEBbHBIE YHCIIA.

OtpunarenpHoe BIMAHHE HEKOTOPBIX BXOJHBIX ()AKTOPOB HA BBIXOAHYIO IE-
PEMEHHYIO MOXHO TPEICTaBUTH TakKe B BUAE cooTHomieHus (1), 3amMeHUB ux
conpsbkeHHbIMU Fuzzy-uncnamu. IIpudyem B Fuzzy-perpeccHOHHBIX MOJEISIX
3HAKH 3TUX KOYPPULIUEHTOB B PE3yJIbTaTe PACUETOB HE IOMEHSIOTCA.

OrpaHu4uMcsl pacCMOTPEHUEM TPEYTOJIbHBIX M TPAaNeLEeBHIHBIX (YHKLMI
npuHaUIeXHOCTH LR -nipeacrasnenus, rae (A;, m;,1;) H (k,-,m,-l,m,-2 ,W;) — co-
OTBETCTBEHHO MapaMeTphbl 5TOH (yHKLIMH MPHUHAUIEKHOCTH. PaccMoTpum marte-

MaTUYECKUE MOJICIH TOU 3aJa4u B cllydae, Korja Fuzzy-MHoecTBa BXOJHBIX U
BBIXOJIHBIX TEPEMEHHBIX MPEACTaBIEHBl TPEYTOIbHBIMUA (DYHKIUSMH TMIPHHAM-

nexxHoctu. LlenTpanbHble Toukn (yHKUMI npuHaiexHocTd W(X;)u u(Y;) coor-

BE€TCTBCHHO BXOJHBIX XU " BBIXOJHBIX IIEPEMEHHBIX Yl OTUX FUZZy-MHO)KeCTB

0003HAYNM COOTBETCTBEHHO m;; U mM;, JICBbIC KpAHUE TOUKH — A, A;, a Ipa-
BbI€ KpallHUE TOUYKH — Yij MY ,TAC j=L.,n,i=1.,N.
Kpurepuil kadecTBa ammpoKCUMalUd — MUHUMYM CpPEIHEB3BEIICHHOMN

CYMMBI KBaJ[paTOB OTKJIOHEHWH pacueTHBIX NMapaMeTPOB BBHIXOAHOHN NepeMEHHOMN
no Fuzzy-perpeccuoHHoit Mozeny OT UX (aKTUYECKUX 3HAYCHUH:

2
N

2

n N|_ n

O =n D | m; - Za_jmy‘Jrao M0 A= Za_ixieraO +
i=1 =1 i1 =1

2

N n
i=1 j=1

B ciydae TpaneneBUIHBIX (QYHKINUN TPUHAAICKHOCTA BXOIHBIX X j 1 BBI-

XOJHBIX TIEpEMEHHBIX Y; 0003HAaYMM COOTBETCTBEHHO m) 2um, mt

f j» my Wom;, m;, ne-
BbIC KpaiiHMC TOUKM — A;, A;, a IpaBble KpaiiHue TOUKH — Y, U Y; , TAe
j=L..,n,i=1,...,N . Kpurepuii annpokCUMAaIFH B 3TOM CJIy4ac UMEET BH]l

2 2
N 1 n 1 N ’ n 5
Dy =m, ) | m; — Zajm;‘j+ao | M - za.fmii+a0 +
i=1 =1 i=1 =
2 2

N | _ n N n
i=1 j=1 i=1 Jj=1

B ypasrenmax (2), (3) my,Mp, M3 MM My,Mp, N3Ny, TAe 0<n,. <1,
r=1,2,3,4 — BecoBble KOA(DPUIMECHTHI, ONPEACIAIONNE BaXHOCTh 3HAYCHUS
KaXJIOT0 U3 IapaMeTpoB, IPUUYEM B BbIpakeHUM (2) M, +mM, + 13 =1, a B BbIpa-

KeHuu (3) — M+, +M3+My =1.
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Koopaunara a0cipice 1ieHTpa TSKECTH HEUETKOTO MHOYKECTBA BBIYHCIISCTCS
mo popMmyie

[y, [Ty,
G(Xy) == s G ==,
[ (X;)dX; [w(ay,

j=L.,n; i=L..,N,

KOTOpas st GYHKIMI IPHHAIIEKHOCTH TPEYTOIBHOTO THIIA HMEET BHL
-1 sy b= _ . .
G(X;) =§(kij +my +v;); G(y) =§(li +m;+7;), j=l..,n; i=1..,N;

2
N
=> G(Y;) - Za G(X )+ay| =
i=1 Jj=1
N n 2
=D +m+7)=D a;(h+m, +v,)+a, | =—>min. (4
i=1 j=1

2
N

n
Beipaxenne (4) npencrasum B Bune 4= |Y, = a;z; +a, | — min,
i=1 j=1
TAe Ul TPEYTOJMbHBIX M TPaNeNeBUIHBIX (YHKITUN MPUHAUICKHOCTH 3HAUYCHUS
Z; j=L..,n; i=1,.,N , BEIUUCIAIOTCS COOTBETCTBEHHO IT0 ()OpMYIIaM:

~

z; =D 0,50, {[m; = (my; =7, )1 =B )] +[m, +(v; —m)1~B )]},

p=1

z; =050, {[m) — (m) =1, )1=B)]+[m] + (v, —m)1-B,)1},

p=1

v

rre 0<w, <1, p=1,..,P — BecoBble KOXPPULUMEHTBI, yAOBICTBOPSIOLINE CO-
P
OTHOILIEHHUIO Zcop =1; 0<B, <10, p=1,...,P — 3HaueHns QyHKUMM NPUHAL-
p=l1
JIS)KHOCTH B PA3IUYHBIX CEUEHUSAX.
Kputepuit anmpokcumaruu (4) sBIsieTCs YaCcTHBIM CITydaeM KpUTEpus af-
npokcuManui (2).

AJITOPUTMBI HIOCTPOEHUSI FUZZY-PET'PECCUHOHHBIX MOJIEJIENA

Heo6xonumpIMu ¥ TOCTAaTOUHBIMHU YCJIOBUSIMHM JOCTHXKEHUS JIOKAJIbHOTO MUHH-
MyMa 3HaueHus kpurepueB @, u @, sBiseTca cucremMa JUHEHHBIX ypaBHEHUI
BUJA

do do

L -0, —2=0, p=1,2,3,4; j=1,...,n. (5)

da da;
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BbIuuciiuB 4acTHbIE IPOU3BOJIHBIEC TI0 KAXKIOMY U3 ONTHMHU3UPYEMBIX Iapa-
METPOB, MOCIIE HEKOTOPHIX alreOpanyecKux MpeoOpa3oBaHMid MOTydaeM, HaIPH-
Mep, s Kputepus (3) CIeIyIONIy0 CUCTEMY JTHHEHHBIX anreOpandecKux ypaB-
HCHUH Ul ONpEJCICHUs 3HAYCHUH KOIPOUUUCHTOB a),d5,...,d ,...,d

D Bya, +a, =B, k=1..n

J=1

n

Kak m B kiaccmueckux METOJaX PErpe€CCUMOHHOIO aHaJIn3a, r[epel‘/meM K
HOPMHUPOBAHHBIM IMOKA3aTCIISAM. Beraucianm
2

M(z;)=— ZZU, G(Z)— Zzlj M(z;)| , j=L.,n; (6)

N - 11 1Li=1
N[N 2
M(Y)—NgY G (Y)‘WE Z,Yi—M( D @)
1 N
NZ[Z M (z)]lz; -M(z;)]
Pri = = N j,kzl,...,l’l, k?f],
! o(zx)o(z;)
1 N
7Z[Zki_M(Zk)][Yi_M(Y)]
pu =15 p(y,z;)=—2 , k=1..,n,

o(z;)-o(Y)
U TIepeiiieM K peIIeHHIO CIAeAYIOmEed CHCTEMBl 7 JUHEHHBIX anreOpamdecKux
YPaBHEHHH OTHOCHTEIIBHO NEPEMCHHBIX &, j=L...,n

n
Zpkjsj :p(yazk)’ k:L"',n
j=1
Beruncnns sHaueHust KOOQGUUUEHTOB &, j =1,...,n, ONpeAennM 3HAYCHHUS]
K03 ULIHEHTOB a;, j=l,.,n, B HOpMAIBHOM MacmTabe M3MepeHus 1o pop-
oY
My1aM d; =98 ; )
J
o(z e

3HaueHne CBO6OILHOFO YJICHAa YpaBHCHUS HEYCTKOM perpeccun a, B BUIC

j=L..,n

HEYETKOTO MHOYKECTBA A, ONPENEIEHHOTO C TOYHOCTBIO 10 HEM3BECTHBIX Mapa-
METpPOB, KOTOpBI 11t KputepueB @, —®d; He 00s13aTeNbHO JOMKEH COBHAAATh C

BHJIOM HEYETKHX MHOKECTB BBIXOJHOH TIEpEMEHHOM, BEIYUCIIACTCS 10 TIPUBEICH-
HBIM HUKE (hopMyJiam.

PaccmoTpumM B kaduecTBE MPUMEPOB CIEAYIOUIUN CITydaid.

HapaMeprI HEYETKOTI'O MHOKECTBa TPCYroJIbHOI'O BUla

Mo =MAg) s Yo =v(Ag) 1 m=m(Ay) (wmn my =my(Ay) u mg =mg(4y))
OHpeILeH}IIOTCS{ B pe3yanaTe MHHUMMU3AIIUN OAHOI'O U3 CHG,I[YIOH_II/IX KpI/ITepI/IeB:

2
N

n
F = min nlz m; — Zajmij+m0 +
(ho>mp,v0) i1 j=1
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2 2
n N n
+‘122 Za A+ Ao N30 Vi - zaﬂij Yo ;
j=1 i=1 j=1
F2 =

= min
1 2
(Xo.mg,mgy,v0)

n
Fy= min 33\ Y, = > a,z; +25(Mgsmo>Y0) | |5
(Mo.mosv0) | =1 =

1€ 3HAYCHUA Zij n Yl BBIYUCJIAOTCA COOTBETCTBCHHO IIO (I)OpMyJ'IaM COOTBECTCT-

BeHHO (5) mnu (6) u (7), a zy(hg,myg,Y() WiIn zo(ko,m(l),mg,yo) onpeensIeTCs
B BHJIE

zo(ho>mg,Yo) =

P
= 20,5®p{[m0 +(my —7”0)(1—[31;)]4‘["10 +(vo —mp)(1 _Bp)]} (3
p=1
WU

)
zo(ho>mg,my,Yo) =

=050, {[my + (my — 1)1 =B )] +[mg + (v, —m)A-BI}. ()

KpOMe TOT'0, MOTYT UCIIOJIB30BATHCA KPUTCPUU AlIIIPOKCUMAIIUN

N

_ n
Fy= min 3|\ +m;+7)— 2a;(hy +my +7;) + (Mg +mg +70) (10)
(*0.mo,v0) | i=1 j=1

VIIH
F,= min X

(Xo,m(l),mgﬂo)

N

<A+ 70 +7,) = 2@ (Mg + g +7;) + (hg +mf +mg +70) | . (11)
i=1 Jj=1

N

Pemenne xaxxaoi n3 onTUMU3aHMOHHBIX 3a1a4 (8)—(11) MoxeTr ObITH TOMY-
YEHO PELICHHEM CHUCTEMBI JIMHEHHBIX aareOpandeckux ypaBHEHHH, MMOIyYEHHOH
aHajoruaHo (5).
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OIIEHKA AJIEKBATHOCTH FUZZY-PET'PECCUOHOM MOJIEJIN

PesynbTaT pacuera BBIXOJHBIX TTOKa3aTeIel Ha OCHOBE HEUETKOM PerpecCuOHHON
Mojenu — Fuzzy-MHOKeCTBO TPEYTOJIbHOTO WK TpaneleBuaHOro Tuna. B kaue-
CTBE NETEPMUHUPOBAHHOTO SKBHBAJICHTa MPOTHO3UPYEMOW BEITMYHWHBI MOXKET
OBITh MPUHATA KOOPAMHATA a0CIIICC IIEHTPa TSHKECTH HEYETKOTO MHOKECTBA, I0-
JY4EHHOTO B pe3ysbTaTe pacuera no Fuzzy-perpeccuoHoi MoJIeny.

Kax omenku xauecTBa MPOrHO3UPOBAHUS HA OCHOBE HEUETKOW PErpecCUOH-
HOW MOJIETH MOTYT PacCMaTPHUBATHCS CIEAYIONIUE 1Ba TIOKa3aTels:

® CpEJHCKBAIPATHUYCCKOE 3HAUCHHE CyMMBI OTKJIOHCHUH (PaKTHUECKOH KO-
OpAMHATHI a0CIMCC IIEHTPA TSHKECTH HEYETKOTO MHOXKECTBA BBIXOIHOHN IEepeMeH-

HOI G(Yi‘b) OT COOTBETCTBYIONIETO 3HAYCHHs, pacduTaHHoro 1o Fuzzy-

PErpecCHOHHOM MaTeMaTHYECKOH Moiesn HedeTkoro MuokectBa G(Y;7) :

1 N
_ p D72 .,
o= |——2 G -G¥")]*;
N-15
® CpEJHCKBAIPATHUYSCKOE 3HAYCHUE CYMMBI OTKIOHCHUH pPacueTHOTO U
(hakTHyeckoro 3HaYeHUH (YHKIMIA MTPUHAUICKHOCTH OJHHUX M TEX K& 3HAUYCHUH
BBIXO/IHOM MEPEMEHHOM:

N T v
> T (%) =By~ [ () =3P +

i=lt=1

N T —
D W () =B - (5 () =BT

i=1t=1

A= |—
N -1

3mecn
D, t,— t t Dt t t
0 (%) =P} (P |pl(Y) =B’} — coorserepenno ! -¢ daxTh-
YeCKO€ MUHUMAJIILHOE U MAaKCUMAaJIbHOE 3HAYEHHWE BBIXOJHOW BEIWYMHELI B [ -M
KOMITJICKTE KOHTPOJIbHOW BBIOOPKH CTATUCTUYECKUX JAHHBIX, COOTBETCTBYIOIINE

snauenmio Wi (Y;)=p';
P70 =B u Y75 | ui(Y;) =B’} — cooTBeTcTBEHHO f-€ MHH-

MaJIbHOC W MaKCHUMaJIbHOC 3HAYCHHUC BLIXOIIHOI71 BEJIMYMHBI B [ -M KOMIUICKTE
KOHTpOHBHOﬁ BI)I60pKI/I CTaTUCTUYCCKUX HOaHHBIX, COOTBETCTBYIOIIUC 3HAYCHUIO

ui(Y;) =P’ u paccuuTaHHble 10 ypaBHEHUIO Fuzzy-perpecCHOHHOTO aHaIN3a;

0<w"” <1,u 0<w"" <1, t=1,...,T — 3HaueHHs BECOBHIX KO(PPUIHEH-
TOB, OIPEIENSIOIINX CTEIIeHb BAKHOCTH ydeTa KaXJI0ro W3 3HAUYCHUI OTKIIOHE-
T
uuif, npuaem Y (w" +w"h)=1.
=1
t— ..t _nt tA ot _nt
Swasenms (Y |ul(¥)=p'} u (¥ |ui(¥)=p'} onperensiores o dop-
MyJIaMm:
® IS TPEYTONBHBIX (QYHKIMH TPUHAUICKHOCTH

T m@ ) =p=
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0, ecmn ¥ <my (Y1) = MY, wm YT 2 my (V) + 4%y,
=3 A )+ B Im (Y 7) = (Y], ecmm my (Y7) = A, (Y T) > YT,
5 Yl-t’_ < ml-(Yl-t’_),

® IS TpaneneBUIHBIX PYHKINUN MPUHAIIE)KHOCTH
L+ | — t,—\ _ niy _
T m(y)=p}=

t+ t,+ t,— t,— t,+ 1+
0, ccmn ¥/ < my (Y1) = AQE), wm T 2 my(5) + ().,
‘- t t— t,— t+ t+ ‘-
=y, )+ By () —m (Y], ecma my (Y ) =y, () > Y,
u Y <m(Y"7).
C 10CTAaTOYHOM IS MPAKTHYECKUX TPHUIIOKEHUH TOYHOCTHIO B GOJIBIIHH-
CTBE CIIy4aeB MOTYT HCIIOJIB30BaThCsl MMOCTPOEHHBbIE Fuzzy-perpeccHoHHbIE MO-

JIeNTA ISl TPOTHO3WPOBAHMUS 3HAUYEHUS IEPEMEHHOM COCTaBIISIOIIEH 3aTpaT, eciin
CIPaBEeUIMBHI CIEAYIONINE MTOKa3aTeNu UX aJIeKBaTHOCTH:

<9 ﬁi[G(Yf)) -M{G") T,
—lia

N
rne M{G(Yiq’)}:%ZG(YfD),a 9<0,1, 60 O <A, re
i=1

N T
Y= LZZ{WI,—[M(Y;D,—)_Yi(D,t,—]Z+Wt,+[M(Yi(D,+)_Yi(D,t,+]2}’
N_1i=1 t=1
wiy 1D o orin 1 ot
M) ==, MEP) ==
NS Ni5
3AKJTIOYEHUE

B ycnoBusix, korma B CTaTUCTUYECKON BBIOOPKE HEKOTOPHIC MM BCE BXOJHBIC U
BBIXO/IHAsl TIEPEMEHHBIC TIPEACTABICHBl HEYHCIOBOM WHGopMarmeld (OyeBsl,
JUHTBUCTHUYECKHE TIEpEMEHHbBIE, JaHHbIE YMCIOBBIX IIKaJl, HEYETKHE MHO)KECTBA
U T.I.), HCIIOJIb30BaHue Fuzzy-perpeccnoHHBIX Mojenel sBuseTcs 3QPeKTHB-
HOUM anbTePHATHBOM TMONYUYEHUS KOJMYECTBEHHBIX 3aBHCHMOCTEH, YCTaHOBJICH-
HBIX OKCIIEPTaMH Ka4eCTBEHHBIX 3aKOHOMEPHOCTEH N3y9YaeMbIX SBJICHHM.

B oTnMuue OT TpaguIMOHHBIX PETPECCHOHHBIX 3aBUcUMOCTed B Fuzzy-
PETPECCHOHHBIX MOETSAX PaCCUNTAaHHOE 3HAYEHHE BHIXOJHON MEePEeMEHHON Mpe-
CTaBJIEHO B BHJIE HEKOTOPOTO JMana3oHa BO3MOXKHBIX 3HAYEHHH C OLIEHKOW Beca
KaXXI0TO M3 dTUX 3HAYEHHWU B Mpejesiax 3TOTO Juana3oHa. DTO TO3BOJIHT B PAIE
cirydaeB 0Oosiee OOBEKTHBHO OLIGHUTHh PUCK NMPUHUMAEMBIX PEIICHUH Ha OCHOBE
MOJTyYEHHBIX PE3yJIbTAaTOB pacyeTa.

[Ipemnoxennsie B paboTe paHee He ONMMCAHHBIE B IUTEPATypPe KPUTEPUH all-
MIPOKCUMAIINH, AJITOPUTMBI TOCTPOCHHUS HEUETKHUX PErpecCHOHHBIX MOJENed U
METOJIOB MPeo0pa30BaHUsl MHOTUX BHJIOB HEUMCIIOBOW MH(OpPMAIUU B JNEHCTBH-
TENBHOE YHCIIO MM HEYETKOE MHOXKECTBO, a TAK)XKE MCIIOJIb30BaHUE dTOW HHPOP-
MAaIi¥ B BBIYHCIUTEIBHBIX CXEMaxX pacdera JeTePMHHHPOBAHHBIX KO3 HUIHEH-
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TOB ypaBHEHUsI PErPECCUH PACHIMPAT 00IaCTh MPUMEHEHUS MOMYyUYEHHBIX PE3yJib-
TaTOB B 9KOHOMHKE, COITMOJIOTHUH, MAPKETHHTE U APYTUX MPHIOKEHUIX.
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AJITOPUTM MNOCTPOEHMS BU®YPKALIMOHHOM KAPTUHBI
HEJUHEMHOMN KPAEBOM 3AJTAUU
JIJIS1 YPABHEHUIA KAPMAHA

B.A.TPOMOB

AnHoTanus. B pamkax HenmHeitHOro 0600mEnHOoro Merona Kantoposuya mpea-
JI0>K€H HOBBIN MOJXO K JOKAIM3aIMU U aHAIN3y 0COOBIX TOUEK pElIeHHs HeNnHEeH-
HOU KpaeBo# 3amauu i ypaBHeHui KapmaHna: pelenue HelMMHEHHOH KpaeBoil 3a-
JIa4¥ CBOJHUTCS K PELICHHIO MOCIIEA0BATEIbHOCTY HEIMHEHHBIX KPAeBBIX 3a4ad A
OOBIKHOBEHHBIX AH((epeHINANbHBIX ypaBHEHUH. OXHOMEpHBIC KpacBBIe 3adadd
pemraoTcsl ¢ IMOMOIIBI0 METO/Ia CBEACHMS HEeIMHEHHOH KpaeBoil 3aJadM K HKBHBA-
neHTHOH 3amave Komm, B mpomecce peanmusanuy KOTOpPOro cTpoutcst MaTpuia dpe-
1Ie, BEIPOXKACHHOCTh KOTOPOH SIBIISIETCS HEOOXOAUMBIM M JIOCTaTOYHBIM YCIIOBUEM
CYIIECTBOBAHHUS BeTBJICHHUS. UNCIEHHOE NOCTPOCHHUE YPAaBHEHMI Pa3BETBICHUS I10-
3BOJIICT NOCTPOUTH BETBM, UCXOMALIME M3 TOYKH Oudypkaunu. BbruuciurenbHbIi
9KCIIEPUMEHT MO3BOJIMII YCTAaHOBUTH OM(YPKALMOHHYIO KApTHHY Ui Cily4as ypas-
Herus KapmaHa ¢ 06001IeHHOM paBoOil 4acThiO: PEIICHUE XapaKTEPU3YIOTCS CyIIe-
CTBOBAHHEM BETBEH MEPBUIHOTO ¥ BTOPHIHOTO BETBICHHUH.

KiroueBble cioBa: ypaBHeHns KapmaHa, BEeTBICHHE peIeHUN HETMHEHHBIX Kpae-
BBIX 3aJay JUI1 YpaBHEHHH B YaCTHBIX MPOU3BOIHBIX, HEIMHEHHBIH 0000IIEHHBIN
MeToxa KantopoBrya, mepBHYHOE BETBICHHE, BTOPHYHOE BETBICHHE.

BBEJEHUE

CymiecTBeHHAsT HENMHEWHOCTh ypaBHeHHWM Kapmana BMmecTe ¢ HaOmromacMoi
B OOJIBIIOM KOJMYECTBE MPUIIOKEHHI MHOKECTBEHHOCTBIO BO3MOYKHBIX PELICHUH
o0yciIaBIMBaeT HHTEPEC K CO3AaHUIO AITOPUTMA, TIO3BOJISIONIETO MMOCTPOUTH Ou-
(hypkanMoHHYI0 KapTHHY I HETMHEWHON KpaeBOH 3amayu Uis yKa3aHHBIX
YpaBHEHUH.

OTMeTnM, TpexIe BCero, psiy paboT, YCTaHaBIMBAIOUIMX BO3MOXKHOCTB
BeTBJICHHA B ypaBHeHHAx Kapmana. B paborte Pao [1] paccmarpuBarotcst ypaBHe-
Hust Mapreppa—Kapmana u maioTcst yCloBHSI CYIIECTBOBAaHHMS HETPHBHAIBHBIX
pelreHuit >Tux ypaBHeHuid. PaboTa [2] mocssiena uccnenoBanuio oudyprammii,
COXPAHSIOIUX W HAapYyMAKIINX CHUMMETpHUIo, Uid ypaBHeHuid Kapmana. 3mech
TIOJIABJISFOIIEE KOJIMYECTBO MCCIIEIOBAHMA CBSI3aHO C HAXOXKACHUEM OMdypKarumit
perreHus, OIM3KOT0 K TPHBHAIEHOMY .

B paGorax M. I'younemmu [3] B paMkax anreOpandeckoro ¢opmain3ma ¢
HCITIOJIb30BaHMEM Bocxoasmiero eme kK T. JInorcy moHsaTHio rpyOsIx myTei (rough
paths) [4, 5] BBOAMTCS TOHSATHE pa3BETBISIOMIMXCA TpyObIXx myrteil (ramifying
rough paths), K0oTOpoe MO3BONSIET MOCTPOUTH OOIIYIO CXEMY YCTAHOBJICHHS CYIIIE-
CTBOBaHHA BeTBJICHUS. OTMETHM, TaKkxke, paboTy [6], B KOTOPOH ycTaHAaBIMBAIOT-
Cs1 HEOOXOIMMBIE U IOCTATOYHBIE YCIOBHS HECTUHCTBEHHOCTH PEIICHHs AJIS He-
JMUHEWHBIX KPaeBbIX 3a/1a4 I OOBIKHOBEHHBIX AH(QepeHInaTbHBIX YPaBHEHUH.

© B.A. I'pomos, 2017
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[lepexonas K paccMOTPEHHMIO YMCIEHHBIX METOAOB MOCTPOEHUS BETBEU pe-
HICHUSI, UCXOSIINX U3 TOUYKU OU(ypKaIMK, OTMETUM, YTO 3[IeCh MaruCTpalbHbIM
HaIpaBJICHUEM SBIAETCS NMPUMEHEHHWE TOW WM WHOHM almpOKCHUMAIUU C TIOCIIe-
OYIOUIMM pelleHHeM KOHEYHOMEPHOW HeMHEHHOH 3aJauu Ha cOOCTBEHHBIC 3Ha-
YeHUs] B TOYKAaX HEEAMHCTBEHHOCTH PEIICHHS: TMOJY4YEHHBIE B XOJ€ peIIeHHUs
9TOH 3amaun COOCTBEHHBIE (YHKIWHM HCTOJB3YIOTCA IS TOJYyYEeHHsS] BETBEH
pelLIeHHs], CBSI3aHHBIX C pPaccMaTpUBAaEeMOW TOUYKOH HEeAWHCTBEHHOCTH. Tak,
B pabote [7] maHHBIA MMOAXOMA peaIn30BaH C IMOMOIIBI0 KOHCUHODIEMEHTHOU ar-
MPOKCUMAITHH, B pabote [§] — ¢ BCmoap30BaHNEeM KOHEIHOPA3HOCTHOM aIpoK-
cuManuu; B pabotax [9—12] ucnonb3yercs pasnokeHHe HEU3BECTHBIX (YHKUUH
3aauu B pax Pypee.

CyIiecTBEeHHBIM HEJOCTATKOM ATOTO IOAXO0JIA SBIISETCS 3aBHUCHMOCTH pe-
3yJbTAaTOB OT MOPAIKA AMMPOKCUMAIIN BMECTE CO CJIIOKHOCTBIO PELIeHHs BO3HH-
KaloIUX B paMKax 3TOT0 MOAXOAa CHCTEM HEIMHEHWHBIX ajlreOpanvyeckux ypas-
HEHUM BBICOKOI pa3MepHOCTH.

B nacrosmeli pabore mpemiaraercst IOAX0 K MOJIYYEeHUIO OMQypKalnuoH-
HOM KapTHHBI, OCHOBaHHbII Ha YKCICHHOM IMOCTPOEHUM YpPAaBHEHUW pa3BETBIIE-
Hus [13], mpudeM pa3sMepHOCTh YPaBHEHHUM Pa3BETBICHUS OMPEICIISCTCS HCKITIO-
YUTENHHO TOPSIKOM BEIPOKIECHHOCTH MaTpuilsl dpeimie B COOTBETCTBYIOIICH
TOYKE OM(ypKAIUH.

HEJIMHENHASI KPAEBAS 3AJTAYA IS YPABHEHUI KAPMAHA

3amaua hopMyIHpyeTCcs Ha MPSAMOYTOIbHOM obmactn Q = {x;"" <x; < x{™%; x3™" <

< x, <xP™V < R? | orpaHHUEHHOM KyCOYHO-IIOCTOSHHBIM KOHTYpoM I'=0Q =
_ _ _min _min max _ .min _max max .
= U o =2 x0T <x SXFT O =T X < <x™, j=(+1)mod 2.
i=1,2
CucremMa ypaBHEHHU B YACTHBIX IIPOM3BOJHBIX 3AIIUCHIBAETCS B BUJIE:

a1V4u1 + L(ul,uz) — V%llz = 7L )

1
a2V4u2—EL(u1,u1)—V,%u1 =0, (1)
rie
2 2
viazkza—§‘+kla—“;
X1 a.X2

0o 0B 5 oo 0% . 0% 0%
axlz 8x§ axlaxz axlaxz 8x§ axlz ‘

L(o.B) =

3necs u panee X =(x;,x;); U=U(X) = (u;(x),xy), uy(X;,X,)) — BEKTOP HEH3-
BECTHBIX (PYHKIMH 3ajaun; A — mapaMmerp 3agauu; ky, k,, a;, @, — HEKOTO-

pBle KOHCTaHTHI. J[1s mocTpoeHus KpaeBoii 3aaaun ypaBHeHHs (1) TOMKHBL OBITH
JIOIIOJIHEHB! YCIOBUSIMU Ha rpaHune [ :

SU.M)|r=0. )
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Cpenu 0coObIX TOYEK pelieHMs JaHHON HEJTMHEWHOW KpacBOW 3aaudl MOXK-
HO BBIACTUTH TOYKK Onypkanuy (BETBJICHHS), B KOTOPHIX MCXOAHAS BETBh pe-
IICHUS TIEPeceKaeTCsl ¢ IPYroil BETBBIO, W MPEACIbHBIE TOYKH, IS KOTOPBIX
B OKPECTHOCTH COOTBETCTBYIOIIETO B 0OCOOOM TOYKE 3HAUCHUS MapaMeTpa Harpy3Ku

sk
A=A nmubO HE CyIEeCTBYeT HH OJHOTO peIIeHus, THOO CYIIeCTBYIOT J[Ba pellie-

HUSI, KOTOPBIE UMEIOT OOIIYIO KacaTeIbHYIO P A = A" TakKe BBIAEISIETCSH KOM-

OMHMPOBAHHBIN ClTydyali — CHUMMETpUYHAsl TOYKa OU(ypKaluu — JUIsi KOTOPOH

OJlHA U3 OTBETBIISIOIINXCS BETBEN UMEET TOPU30HTAIBHYIO KacaTeIbHYIO.
O0001meHHOe pellleHrne paccMaTpUBaeMO HENMHEWHON KpaeBOoW 3amadn

naercs napor ¢ynkuuit U =(uy,u,), 1y € sz (Q),u, € Hy(€2), ynoBneTBopsio-
[IUX UHTETPATBHBIM TOX/ECTBAM:

a _”K(ul )dxydx, = ﬂ[Viuzvl = Oy (uy,uy,vy) — A Jdxydx; 5
Q 0

ay [[ K (uy,vy)dxydx, = [[[Vivau, — 0y (g, vy)dxdxs
O 0

IS TIapbl TIPOU3BOJIBHBIX QYHKIMH V| € W22 Q),v, e Hy(Q), e

0’ad’p | %0 d’B  0’a O°P

K(a,p)=
axf axf 6x12 6x§ 6x22 6x12
2. A2 2 2
+_8 (;%-f-z(l-f-u) 0o OB ;
axZ axZ 5)615)62 axlaxz

2 2 2 2
O(apy=| 2000 0P oo\ OB 0P doloy

axlz aX'2 axlaX'2 axl axZ ax% axl axla.X2 axZ a_xl,

10%(oa) 10(oa) % oa do
O:(o.p)=2 00| 00| TOBoa ) OB foda

2 a_xlz 8)(:2 2 asz 8)61 8x18x2 a.xl 8)(:2 ’
H,(Q) — 3aMbIkaHue NpocTpaHCTBa (PyHKIMHA {oc € sz (Q),0|r= O,Z—a|F = O}
n
0-
B HOpME ”K (a, o )dx;dxy ; 2 IPOU3BOJHAS 10 HAIPABICHUIO, HOPMAIbHOMY
n

Q
K KOHTYpY |'; p — mapametp 3amaym.

HEJIMHEVHBIN OBOBIEHHBIA METOJI KAHTOPOBUYA (HOMK)

st oTBICKaHUS pENIeHHs HEeIMHEHHON KpaeBoit 3anaqu (1), (2) crpoutcs mocme-
JIOBAaTEIbHOCTh MPUOIMKEHUH K €€ 000O0IIEHHOMY PELICHUIO ¢ MOMOIIBIO MPe/-
CTaBJICHUSI BEKTOpPAa HEU3BECTHHIX (YHKIMH 3ajaud Ha WMTEPALUAX aJroOpuUTMa
B BHJE [14]:

U(x1,%2) = {0, %)} = th 0 (r)g ()} i
j=1
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WV 0g” (1) e W (Q), by TV ()gy () € Hy (), 3)

s HedeTHBIX uTepanuil pyHKIUU h_gi_l)(xl) BBIYMCIICHBI Ha TPeAbIAyIIeH

i —1-# wTepanuu, ¥ ypaBHEHHS Pa3pelIaroTcs OTHOCHTEIHHO (YHKITHIA gj(i) (xy);
IPOU3BOJIbHBIC QYHKUHMH V; NPEICTABISIOTCA B BUAC V; = h;i_l)(xl)(p ;(x2), Te
¢ ;(x,) — mpou3BosIbHbIE GYHKUMH NEPEMEHHOH X,. AHAIOTHYHO JUIS YETHBIX
UTEpanyii U3BECTHHI (DYHKITIH g}iil)(xz) ¥ YpaBHEHUS pa3periaroTcsi OTHOCH-

TEJIBHO h}i) (x;) c mpeacrasieHueM QyHKuMi v, B BULE V; =\ j(xl)gy*l)(xQ) ,

rae V ;(x;) — NpOU3BOJIBHBIC PYHKIMU IEPEMCHHOM X .
[pencrasienue (3) MO3BOJSET 3aMEHUTH Pa3peIIAIOIINe COOTHOIICHHS He-

nuHeHHOW KpaeBoi 3amaum (1), (2) mociemoBaTEIbHOCTEIO CHCTEM OOBIKHOBEH-
HBIX MU depeHInaIbHbIX YpaBHEHUH BUIA!

dh; o

d—J=f;“1 (h(x,),a™ (x;),1), j= 18 ; (4)
X1

do . o

%#ﬁz (g(x).a" (12)0), j= 18 . 5)
2%)

3neck U anee Ui KpaTKOCTH OITyIIeH BEPXHHUH MHIEKC, COOTBETCTBYFOIIHIA
HOMepy urepauuu. Bexropst A(x;) u g(x,) ompenenstoTcs Kak

hae) = Uy (e, ()5 ey ), (e ), I (), (), i (), g () 5

",

g(x)(x) =1{g1(x2), &1(x2), g1(x2), 81(x2), 82 (x2), €5 (%7), 85 (%), 85 (x2)} -

Kommonentsl BektopoB a’'(x,), a*?(x) mnpeacraBisior coGoit ompese-
JICHHBIE MHTErpajibl OT KOMIIOHEHT BeKTOp-QyHKuuit /(x;) u g(x,) cooTBercT-
BeHHo. Kaxmas w3 3amad (4), (5) momwkHa OBITH JOTOJHEHA TPAaHUIHBIMU
YCIOBUSMHU Ha KOHLAX MPOMEXKYTKOB HHTETPUPOBAHMS, KOTOPBIE CIEAYIOT U3
TpaHUYHBIX YCIOBUi (2), chopMyHpOBaHHBIX HAa KOHTYpe T .

PaccmaTpuBaembIii anroOpuTM MpeAroNaraeT OpraHu3aluio UTEPAlHOHHOTO
mporiecca, B paMKax KOTOPOTo MOACUCTEMSBI (4), (5) BRIUYUCISAIOTCS OTAEIHHO, Ha
MOCTIEIOBATEILHBIX UTEPAIUAX, IIPH 3TOM B KA4€CTBE IMOJBIHTCIPATbHBIX (PYHK-
Uil BEIOMPArOTCS MPUOIIKEHUs, TIOTYyYeHHbIE Ha TpeAblaynie urepamun. Tem
CaMbIM pEIlICeHHE JBYMEPHON HEJIMHEWMHOW KpaeBOM 3ajilaud CBOAMTCS K OTBHICKa-
HUIO pEelICHUH IMOCIeI0BaTeIbHOCTH HEJTMHEHHBIX KpaeBBIX 3ajad Uil CHCTEM
OOBIKHOBEHHBIX TH(pepeHnaTbHBIX YpaBHEHHUA: TaKUM 00pa3oM, OIpeAeIEHHBIN
UTEPAMOHHEIN TpoIlecc aHamorndeH 0000meEnnoMy Meroay Kanroposuda [15].

METO/I CBEJIEHUSI OJJHOMEPHOM HEJIMHEMHOMN KPAEBOM 3AJTAYH
K SKBUBAJIEHTHOM 3ATAYE KOIIH

Jnst oThICKaHUs pelieHrs YKa3aHHbIX HEJIMHEHHBIX OJJHOMEPHBIX KpaeBbIX 3aja4
KCIIOJIBb30BAJICSl METOJ, CBEJEHUSA HEJIMHEMHON KpaeBOW 3a/laud K 3KBUBAJIEHTHOM
3amage Kommwm (Merox HeroToHa).
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st onucanus yKa3aHHOTO MeToa mpencrtaBum 3agaun (6),(7) B BEKTOpHOU
hopwme:

D pa), xelab). ©)
dx
P=0, (7
rae Y(x)={y;(x),...,yy(x)} — HeusBecTHas BEeKTOpP-(QyHKLUHUSI KpacBOil 3agauu;

FY, ) ={fi(Y,L),..., fy(¥,A)} — BexTop-QyHKUUS IPaBbIX HYaCTEH CHUCTEMBI
HEJMHEHHBIX OOBIKHOBEHHBIX Iu(depeHnnansubix ypaBHenuit; P={F,P} —
BEKTOP TI'PaHUYHBIX YCJIOBHH, TAe F COOTBETCTBYET TPAaHUYHBIM YCIIOBHSIM,
yIIOBJIETBOPSEMBIM B Hadaie IPOMEXYyTKa HMHTETPUPOBAaHUS, P, — B KOHIIE;
A — mapamerp.

Jns uaTerpupoBaHus 3agaun Ko, coOTBETCTBYIOLIEH cucTeMe OOBIKHO-

BEeHHBIX audepeHManbHBIX ypaBHeHHU (6), HCHONb30BaiCcsad MeToH PyHre—
Kyrra 4-ro mopsaxa, KOTOpBIH TpeAdrojaraeT 3afaHhe HadaJbHOTO BEKTOpa

Y=y (xg) ={»1(x¢)s--, yn (Xp)} B HEKOTOpOI TOUKE IIPOMEXKYTKA HHTETPUPOBA-
HUA X, €[a;b].

Bynem nonarats, uto 3amada Komrm sxBHUBasieHTHA KpaeBoil 3amaue (6), (7),
ecnu pemenue Y(x) 3amaun Komrm, modydeHHOe MHTETPUPOBAHMEM, HauWHAs C

HAYyaJIbHOTO BekTOpa Y 0, YIOBIETBOPSIET TPAaHUYHBIM ycioBusiM (7) paccMmarpu-
BaeMOM KpaeBoH 3aJauH.
[Tockonbky pemieHue Y(x) MOMHOCTBIO OMpPENENseTCs 3aJaHHBIM Hayallb-

0 .
HBIM BEKTOpPOM Y, HEBS3KM TPAHMYHBIX YCIOBUH P MOTYT paccMaTpUBaThCS
KaK (pyHKINU yKa3aHHOTO Ha4aJIbHOTO BEKTOpa:

P=PY¥"),»)=Px° 1) =0. (8)
BcenencrBue HenmuueiHocTu omepatopa Y (Y 0) pemenue Y(x) u BeKTOp

. . 0
IrpaHUYHBIX YCIOBUH P SBIAIOTCS HeMMHEHHBIMH GyHKUusMH Y . Bua omepa-

0 o
Topa P=P(Y",\) HEeu3BeCTEH, HO CYILECTBYET AITOPUTM BBIYMCICHUS 3HAUCHUN

BekTOopa P mo Bektopy YV O u napamerpy A . [laHHBIN anropuTM IpeAcTaBiseT
co0oii YnCIeHHOe UHTErpupoBaHue 3a1aul Komm U3 TOuku X, B TOUKH X =a U
Xx=b, B KOTOpPBIX YIOBJIETBOPSIOTCSA KpaeBble yCioBHA. OTMETHUM, YTO HOCTPO-
€HHOE TakuM 00pa3oM HEeSBHO 3aJaHHOE OTOOpaxkeHue P sBIseTCS KOHEYHO-

MCpPHBIM, NIpUYEM €TI0 PasMEPHOCTL HE 3aBUCUT OT criocoba arfmnpoKCuMalum nu
OIpEACIACTCA JIUIIb IMOPAAKOM ypaBHCHI/Iﬁ KapMaHa.

3amavya OTHICKaHMs HA4aJIbHOTO BeKTOpa Y O U151 SKBMBAJGHTHOH 3ajaun
Kot cocTouT B pa3perieHnn BEKTOPHOTO ypaBHeHUs (8), T. €. cuctemMbl N He-
SIBHO 3aJIaHHBIX HETMHEHHBIX alreOpandeckux ypaBHeHH. J{iist pemenns qanHon
3a/1a4M UCIoJb30Basicad MeTo HeroToHa:

yOU+) —y0i) _ y=1py 0D 3.

y o0

3mech obo3HauaeT /-e mpuOMMKeHNe K pemenuto; J — Marpuma dperie

cucTeMbl ypasHennii (8), Boranciensas g Y0 =Y o0
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J= P
o’
Y yO_y0)
[TockonbKy aHATUTHYCCKUE BBIpaXXeHUS s GyHKund P(Y O) — HEBS30K

TPaHUYHBIX YCIIOBHI — HE CYIIECTBYIOT, TO UCIOIB3yeTCS MPUOIIKEHHOE TIPe/-
cTaBieHUE MaTpuIlbl Dperiie, MOIyICHHOE IMyTEM 3aMEHBI YaCTHBIX MTPOU3BOIHBIX
UX KOHEUHOPA3HOCTHBIMU aHAJIOTaMHU:

0 0 0 0 0 0 0
P PEO1 eV F A jos YN ) = P (V1502 Vs V)

0 0
ayj ij

[Nony4yenne HaYambHOTO NPUOIMIKEHNS, OJM3KOTO K PEIICHHI0, 00ecTIeurnBa-
eTcsd NPUMEHEHHEM METOoJa NPOIODKEHHMs IO MapaMeTpy. BrruncnuTenbHbIN
npolecc Mo 3TOMY METOJY HAauMHAETCsl CO 3HaYCHWH mapamerpa A, OMU3KUX K
HYJIO, JUIsl KOTOPBIX pemieHue Y (X) mouTu JMHENHHOe U, ClIeqoBaTeIbHO, pellle-

HHUE COOTBETCTBYIOLIEH JTMHEWHON KpaeBOM 3aJlauyi MOXKET paccMaTpUBATHCS KaK
XOpolllee HayajdbHOE MPUOIKEHHE.

VBenuuuBas 3HaueHUE mapamerpa Ay + AL, Ay +2AN,... n IpUMEHSS pac-

CMOTPEHHBIH BBIIIE UTEPAIIMOHHBIN MPOLecC MPH KaXI0M (PUKCUPOBAHHOM 3Ha-
YEeHUH [TapaMeTpa, MOXKHO IIar 3a IIaroM IOCTPOUTH BETBb PEIICHUS, IIPU 3TOM B
Ka4yeCcTBe HaYaJbHOrO NPUOJIKEHHST BBHIOMpAeTcs pe3yJbTaT AKCTPANOIISLHIH 110
pEeLICHHsM, TOJNyYSHHBIM TPH TNPEIbIAYIIMX 3HaYeHUsX mnapamerpa. Eciam s
HOJIyYeHHOTO TaKUM OOpa3oM Ha4albHOTO NPHOIIDKEHUS CXOAMMOCTH HE J0C-
TUTHYTa, TO IIar MO MapaMeTpy YMEHBIIAaeTcsi B ABa pasa («ApoOHUTCs»), Tocie
Yero UTePalMOHHBIA NPOLECC MOBTOPSETCS Uil HOBOTO HAYalIbHOTO MPHUOIIMKE-
HHS, TaKKe IMOJTY4aeMOro C MCIOJIb30BaHUEM (GopMydbl dKcTpanomsinun. Ecim,
HAMpPOTHUB, CXOAUMOCTh METOJIa JOCTUTHYTa 32 Majloe¢ KOJMUYECTBO MTEPAIHid, TO
HIar JBIKEHHS M0 apaMeTpy MOKET OBITh YABOCH.

Cremyer OTMETHTB, YTO HE TOJIBKO ITapaMeTp HarpyXeHHs, HO ¥ BCAKUI MO-
HOTOHHO MEHSIOIINICS KOMIIOHEHT PELICHUS] MOXET HCIOJIb30BaThCA B KaUECTBE
napaMeTpa npojoinkeHus. Kpurepuem cMeHsI mapamerpa SBISIeTCS JOCTIDKCHNE
B pe3yJbTaTe «ApOOJICHHs» BEIMYMHBI LIara, MEHbIIEH HEKOTOPOro mpen3aiaH-
HOTO 3Ha4YeHUs. B 9acTHOCTH, B OKPECTHOCTH MpEAEIBHOI TOUKU MapaMeTp Mpo-
JOJDKCHUSI OOBIYHO MEHSIETCSl HA CaMblii OBICTPOMEHSIOLIMIACS KOMIIOHEHT MTOKOM-

IIOHCHTHOTO TPOM3BEICHHS IBYX HAUAIBHBIX BEKTOPOB Y I ABYX OJHOMEpHbIX
HEJTMHEHHBIX KpaeBbIX 3amad — (4) u (5). [Ipu 3TOoM OBIBIIHI TTapaMeTp MPOI0II-
JKEHUsI BKIIOYACTCS B MEPEMEHHBIC 3a/1a4M U IMOJJICIKUT ONPEACICHUIO C TOMO-
HIBI0 UTEPALIMOHHOTO TIpoLecca.

JJOKAJIM3ALUA U KIIACCUDPUKALIUA OCOBBIX TOYEK

[Ipu peanuzanuu metoga HproTOHA, UCIOIB3YEMOTO I PEIICHUS OJHOMEPHBIX
HETMHEHHBIX 3amad (4) u (5), BRIUUCIAIOTCS MaTpuIlel dperre Jy u J,, coor-

BETCTBEHHO, BBIPOXJICHHOCTh KOTOPHIX SKBHBAJICHTHA HECJIMHCTBEHHOCTH pellie-
HUS COOTBETCTBYIOIINX KPAeBBIX 3a1ad [6]:

detJ, =0, i=12. 9)
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XapakTepHBII BUJI 3aBUCHMOCTH TapaMeTp A — ONPEIeTUTeNb MaTPHII
Opele BIOJb BETBU pellieHUs Moka3aH Ha puc. 1. Touku O u A4 xapaxrepusy-
IOTCSI IBYKPATHBIM BBIPOXKIICHUEM, TOUKA B — OZHOKPATHBIM.

1,5-10°

1,0-108

5,0-107

|)\‘|

S0 b

0,3 0,4 0,5 0,6

Puc. 1. XapakTepHslil BUJ 3aBUCHUMOCTH: HapaMeTp A — ONpeJeNuTeNs MaTpuIsl Dpe-

IIe BAOJbL BeTBH pemrens; Toukn O u A — IByKpaTHOE BRIPOKIEHHE; Touka B — on-
HOKpaTHOE

st onpenenenus TUia 0CO00H TOYKH, JTOKATM3UPOBAHHON C TTIOMOIIBIO yC-

noBus (9), paccmarpuBaercs paciiupeHHas Marpuna Dperre, JOTOIHEHHAS

CTOJIOIIOM TIPOM3BOMHBIX «TOYCUHBIX» TPAHUYHBIX YCIOBHUH IO MMapaMeTpy Mpo-

IOJDKEHHs, J; M MHOXECTBO KBAaAPATHBIX MaTpul J; , MOIYyYEHHBIX U3 J,

myTéM ynaneHus k -ro cronodra. Torma B Touke Oudypkanuu (B TOUKE OTBETBIIC-

HUsI HOBOTO pelleHus) BblnonHsercs ycnosue rankJ =rankJ, <N, Vk=1N,

B NpeJienbHoM Touke — rankJ < N, rankJ, = N, Vk = LN.

Yka3aHHbIC YCIOBHS MOTYT OBbITh 3alTUCAHbI B BUJE, YIOOHOM JUJIsl alrOpUT-
MHUYECKOHN peaIn3aLun:

— cuMMeTpu4Hasa Touka oudypkanun — detJ =detJ, =0, VA =1, N;
— npenenpHast Touka — detJ =0, detJ;, #0.

[IpoBepka 3TUX YCIOBUH HE MPEANOiaraeT CyUIECTBEHHBIX TOMOJHUTENb-
HBIX BBIYUCIHTENBHBIX 3aTpar (MO0 CPaBHEHUIO C YK€ BBIIOJTHEHHBIM
2(N +1) -xpatHBIM pemieHreM 3agadn Komrm, HEOOXOAMMBIM [UIS TOCTPOSHUS
Matpun Operre).

[Topsinok BBIPOKIACHHOCTH MATpHIlBl J B OCO0OOM TOYKE SIBJSICTCS BasKHOM
XapaKTePUCTUKON MPHU MOCTPOSHUM ypaBHEHUI Pa3BETBIICHUS U aHau3e oudyp-
KallMOHHOM KapTUHBI B 1IEJIOM: YKa3aHHasl BEJIMYMHA OINpeesieTca KaK pa3HOCTh
MEXIY pa3MepaMu MaTpuLbl U ee panrom corankJ = N —rankJ . [{nsa onpenesne-

HUA TOpAAKa BBIPOXIACHHOCTU MATPUIBI BBIYUCIAIOTCA CHUHTYJSAPHBIC 3HAYCHUA
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paCCManHBaCMOfI MaTpulsbl, T.C. COOCTBEHHBIE 3HAUCHUS MMPOU3BCACHUSA MaTpU-

bl J Ha TPaHCHOHUPOBaHHYIO J B paccMaTpuBaeMoi 3agade (PUKCUPOBATTUCH
TOJILKO 0COOBIC TOYKHU C MOPSIKOM BbIpOxkIeHHOCTH [ =1 nnmm [ =2 . Xapakrep-
HOE IIOBEICHUE [IBYX HAWUMEHBIIUX CHHTYJSIPHBIX 3HA4YeHUH (ciaydail oj-
HOKpaTHOU BEIPOXKIACHHOCTH ) TIOKa3aHO Ha PHC. 2.

S1 81
0,014 |
0,0012 |
0,013}
0,0008 |
0,0004 | 0,012}
0 0,011
0,92 0,96 1,00 1.04 A 0,92 0,96 1,00 1,04 A

Puc. 2. XapakrepHoe TOBeJIeHHE IBYX HaMMEHBIINX CHHTYJISIPHBIX 3HaueHHMH (Cirydai
OJHOKPAaTHOH BBIPOKIEHHOCTH)

®opmbl GYHKIMNA pelIeHHs, COOTBETCTBYIOIINE BETBSIM PELICHHS, OTBETB-
JSFoIIUecs B TOUKax OMdypKamuu, MOTYT MepecTpanBaThCs, JIMOO BIOJIb OJHOTO
W3 KOOPAWHATHBIX HANPaBIEHHA, INOO BAOIh 00OMX HAIIPABICHUN OJHOBPEMEH-
HO. DTO OTpakaeTcs B BBIPOXKIEHHU 100 ofHOM 13 Marpun Dpere, 1100 B BbI-
POXAEHNN 00X MaTpPHI] OJHOBPEMEHHO:

1) detJ, =0, detJ,, #0;
2) detJ, #0, detJ, =0;
3) detJ, =0, detJ, =0.

YUCJEHHOE NOCTPOEHUE YPABHEHU PA3BETBJIEHUS

Hcrnons3yeMblit alrOpuUTM TO3BOJIIET TIOCTPOUTH Majlble PEIIeHHs] CHCTEMBI (pe-
IICHUs, IPUHAJICKAIIUE MAJIOW OKPECTHOCTH TOUKH OU(YpPKAIUHU), OTBETBIISIO-
IIMECs B pacCMaTPUBAeMOlN 0CO00H TOUKE, M TEM CaMbIM 3aJaTh JUUIS KAXKJIOW BET-
BU pEIICHUs, UCXOMSIIEH M3 COOTBETCTBYIOIICH TOYKH OM(YpKAIMU pelIeHUs
HEJMHEHHON KpaeBoi 3amaun (6), (7), Iexaryro Ha HeW TOUKy, KOTOpas MOXKET
OBITh HCHOJIL30BaHA Kak CTapToBad MO3WIUA JIA JABUKCHUA (B paMKax METOJa
MPOAOJDKEHUS TI0 TTapaMeTpy) BAOJb AHHOW BETBU. 371€Ch OCYIIECTBIIACTCS II0-
CTpOCHHE ypaBHEHHI Pa3BETBICHUS IJISI OMHOMEPHBIX HETMHEHHBIX KPAeBBIX 3a-
nad, GopMupyemMbix Ha nocienned urepaiud HOMK; mpu 3TOM COMHOXHUTEIb,
OTIPEACTSIONINIA BUI PEIICHUS B OJIHOM HANpPAaBICHUU, OCTACTCS HEU3MEHHBIM —
TaKUM, KaKUM OH OBLI MOITyYeH Ha MPeIIociIeTHEeH UTepalliy alropruTMa.

JI1s1 OTBICKaHUSI MaJIbIX PELICHUM OCYIIECTBIISAETCS YHUCIEHHOE IOCTPOEHUE
ypaBHEHUI pa3BeTBIeHUS [13], HEBA3KN ypaBHEHUI pa3BETBIICHUS MIPEACTABIISIO-
TCSl KaK HESBHO 3a/laHHbIe (P)YHKIIMHA X apTYMEHTOB; COOTBETCTBYIOIINE YpaBHE-
HUS SBIISIOTCS KOHEYHOMEPHBIMHU, U UX Pa3MEPHOCTh pPaBHA MOPSIKY BBIPOKICH-
HOCTH B COOTBETCTBYIOIIEH TOUKe OnypKaluy — OJIMH WM JBA.
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JIJiss 4MCIIEHHOTO MOCTPOCHUSI YPAaBHEHHI Pa3BETBICHUS MPEICTABUM HEH3-

0, 50 * 0 %
BECTHBIC BEJIMYWHBI 3aa4u B Buae Y=Y +Y , A=A +A,1tme (Y ,A) — co-
OTBETCTBEHHO 3HAUCHHE BEKTOPA HEM3BECTHBIX BEJIMYKMH U 3HAYCHUE TapaMeTpa B

Touke Oudypkanuy, a ¥ O A — Mallbl, ¥ 3aNKLIeM HEBS3KH ypaBHEHUI B BapHa-
USIX B BUJIC:

PYCY A =PX +Y" h+ 1) - PYO, ).

Paur marpuisr @peme r» cuctemsl (6), (7) B Touke Oudypkanuu (Y O,K*)
CTpOrO MeHbIe ee mopsiaka » < N ; OyneM mpennosiarath, 4To Touka Oudypka-
LUK U30JIMPOBaHa, T.C. CYIIECTBYET TaKas €€ OKPECTHOCTh, B KOTOPOH OTCYTCT-
BYIOT IpyrHe 0CcoOble TOYKH CHCTEMBL. TOraa /Ui MaJlbIX PEIICHUH CUCTEMBI HC-
MIOJIb3yEeM Pa3JIOKCHHUE BUA:

Jll J12
J21 J22

n
r

G
G

~ |N
+ )\.‘f‘N; =0,det.]11¢0,

V=0 j=Lr, Lh={}Lj=r+LN;C =g} k=1r,

C2={Ck}, k= I"+1,N;

In=ligh ki =Ty =|ig k=Tr,i=r+LN,
I =|ighk =T+ LN, j =Ty =iyl =T+ LN ;
| Yo,
Mmarpuna J = It N;, N, — BbICIIHE WIEHBl DPAa3JIOXKCHUS, MOPAAKA
21 22
o~
o([ Y™ [[+IA 1))

Bynem npeanosaratb, 4To HEHYJIEBOW MUHOp Mopsiaka » Marpunsl J 3a-
HUMAET €€ BEPXHUH JIEBBIN yTOJI.

[MpousBens HeoOxoanMmele anredpandeckue npeodpasosanus [13], mpencra-
BUM YpaBHEHHMsI Pa3BETBIICHUS B BUIC

R(Y2) = (J I C = Cy)h+ Jy 1 J1'Ny = N, =0. (10)

Cootromenus (10) mpemcTaBisaOT coOOi CHCTEMy HESBHO 3aJlaHHBIX all-
rebpal4ecKuX YpaBHEHUH OTHOCHTENIBHO Y,, B KOTOPOM OTCYTCTBYIOT WJICHBI,
nuHelHbie 10 Y . B MoHOTpadmm M.M. BaitnOepra u B.A. Tperoruna mokazana
TeopeMa, YTBEPKAAKIIAs, YTO KOJMYECTBO MAJIBIX PEIICHUM JaHHOW CHUCTEMBI

PaBHO KOJHMYECTBY MaNbIX pelieHui 3anauu (6), (7), OTBETBIAIOIIUXCS B UCCIE-
JTyeMOH Touke OnypKaImm.
B kadecTBe WLIIOCTpAalldd Ha pUC. 3 B KOOPJAHMHATAX —
||”1(x1,xz)||L2
Jeey ey x)

OKPECTHOCTH TOUKH Oudypkaunu. BeiOop cucTeMbl KOOpAUHAT 00YCIOBINBACTCS

MIPENCTABIICH XapaKTEPHBINA BUJ MaJIbIX PEIICHUI B
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TEM, 4TO, C OJJHOW CTOPOHEI, BBIOpaHHAsI CUCTEMa KOOPJUHAT HE 3aBUCHUT OT (hak-
TUYECKON aMIUTUTY/Ibl, @ ¢ IPYroil — B JaHHBIX KOOPAWHATAX Pa3iIU4HbIC MaJIble
peteHus Hanbosee YeTKO OTIUINMBI APYT OT ApyTa.

1,2
I wllz,
Iwlle | —]
11} ]
F_____________(‘}_»-———"‘
1,0 |
0,9 | ]
0.8 /_/
0,7 + ]
/ Y
0.6

0,04 0,02 0,00 0,02 0.04

Puc. 3. XapakrepHoe oBe/ieHHE BETBEH PEIlIeHHs] B OKPECTHOCTH TOUKH OudypKanuu

PETYJISAPU3ALIAA 1 OTBICKAHUE PEIIEHUI YPABHEHUI
PA3BETBJIEHUS

Jlns obecrieueHHs YCTOMYMBOCTH BBIUMCIUTEIBHOTO MpoIlecca mpeiaraeTes He-
MHOTO OTCTYNIHTH OT TOYKH OndypKanuu M UCKaTh PEIIeHMs Ha Thmepcdepe mMa-
JIOTO paanyca ¢ IEHTPOM B 3TOH TOUKe (CBOCOOpPA3HBINA CIIOCOO peryisapu3aiuu
BBIUMCIIUTENBHOTO Tporecca). [Ipu 3ToM mapamerp, CIyKUBIIHMIA HapaMeTpoOM
MPOJIOJDKEHUSI TIPH JIBHXKCHUU BJIOJIb BETBH, HA KOTOPOW ObLIa 3aUKCHpOBaHA
TOUKa OU(YpPKAIIUH, BBOIUTCS B IEPEMEHHBIC U ONPEACIISCTCS C UCTIOIb30BAHUEM
BBIYHCIIMTEIBHOTO mpoiliecca [16].

B mpenrnonokeHnn W30JIMPOBAaHHOCTH paccMaTpUBaeMOi TOYkM Oudypka-

IIUU OTBETBJISIOIINECS B HEll pelleHns ypaBHEHUH pa3BETBICHUS MPEACTABISIOT

RN-V+1

co00l HenpephIBHBIE KPHUBBIE B NIPOCTPAHCTBE . Anst hopManuzanuu moHs-

%
THSI MAJIOCTH PEIICHUS BBEAEM B paccMoTpeHue runepcdepy Gy, (Y o ),M)
0 4% .
¢ IIeHTpoM B Touke (Y ,A ) W paguycoMm M, ¥ B JAJIbHEHIIEM OTPaHHYMMCS pac-
CMOTpEHHEM ypaBHEHUI pa3BETBICHHs BHYTpU AaHHOH ctepsl. [IpencraBienne

N IEE2Y

BETBE peHiCHuA B KOOpANHATAX A MMO3BOJIACT OII-

oy (1. x)

peAenuTh paguyc 1 : IenecooOpa3Ho BEIOMPATH 1| TOPSIKA 107" or Benmunusl

ey Ger )]
||u1(x1,x2)||c

BaHa HccieayeMas Touka Ondypkamnum.

OTHOLICHUS Ha BETBHU, HAa KOTOpOW ObuIa 3a(UKCHPO-
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Bribupas paguyc ykazaHHOW cdepbl TOCTATOYHO MabIM, MOXHO JOOUTHCS
TOTO, YTO MAJble PEIICHUS ypPaBHEHHUS Pa3BETBICHHUS IMEPECEKAIOT €€ TOJIbKO
OJIH pa3, a TpaduKu penieHuil, OTBETRISIONIMXCS B IPYTUX TOUYKAX OUbypKaIuy,
BOOOIIIe HE MEPEeCeKaroT. ITO MPUBOIUT K HEOOXOAMMOCTH PEIICHUS CHUCTEMBI
ypasHeHuii (10) va runepchepe Gy, (Y O,X*),n) , OTIPEIIEISIEMOM COOTHOIIIC-
HHEM

R (Y)= H(S?OA?O) + (X,x)“2 -n?=0.

Takum o0Opa3om, 3ajaya OTHICKAHHS PEIICHUN YPaBHEHUS Pa3BETBICHHUS
CBOIUTCS K OTHICKAHUIO PEIICHUS HESIBHO 3aJaHHON CHCTEMBI HEJTMHEHHBIX ypaB-
HEHUN

Y2 E(Yz,}»)—)R E(R’Radd)’ (11)
pPasMEpPHOCTH KOTOpOﬁ MaJia U ONpEACIIACTCA MMOPAAKOM BBIPOXKICHHOCTU B COOT-

BeTCTBYIOIEl Touke Oupypkarmu dim R = corankJ 1={2,3}. bnok-

+
a5
CXEMa ajiropuTMa OTBICKAHHA PCHICHUA ypaBHeHI/Iﬁ Pa3BCTBJICHUSA IIOKAa3aHa Ha
puc. 4.

k
0 > > M > R
26) %10, N
~ 1
k) (k)
» —=> Radd

Puc. 4. bnok-cxema aaropuTMa OThICKAHUS PEIICHUN ypaBHEHUI pa3BEeTBICHUS

Jlns JioKanu3alyMy MallblX pEIleHWH, OTBETBILAIOINMECS B TOuke Oudypka-
UM, MHOrooOpa3ue BO3MOXKHBIX 3HaueHUN BeKTOpoB Y, =(Y,,A) MOKpbIBaeTCs

CETKOW JOCTATOYHO MAJIOro IIara, U B KKIOM y3JI€ CEeTKH BBIYUCIIAETCS 3HAYe-
Hue HeBs30K (11). Jlns yTouyHEHMs JOKATM30BaHHBIX TaKUM 00pa3oM peleHUi
UCIOJIb30BAJICS TOT )K€ HEJIMHEHHBIN 00001eHHbIN MeTo ] KanTopoBuya.

OKOHYATEeNbHO aNTOPUTM aHajdn3a CTPYKTYphl BETBIICHUS HEIMHEHHON
KpaeBo# 3a71aqul MOXET OBITh ONKCAaH CIEAYIONUM 00pa3oM:

1. HUcxonHas nByMepHas HelMMHEHHas KpaeBas 3a/laya CBOJUTCS K ITOCIEN0-
BaTEIbHOCTH OJHOMEPHBIX.

2. Kaxknas u3 0AHOMEPHBIX KPaeBbIX 33Jlay pa3peliaeTcs MyTeM CBEICHUS K

9KBUBaJIEHTHOH 3ajaue Komm myTeM HaxoXXIeHHUS BEKTOpa YO, obecrieunBaro-
IeTo YIOBIeTBOpeHUE yeiaoBust S(V 0) =0.

3. Jlns mocTpoeHust BETBH pelieHus (M o0eclieueH s XOpOLIeT0 HaualbHOTO
npubmmkenus 1t HOMK) ucnionb3yercs mpooikeHne o napaMmeTpy.

4. B cnyuae ¢ukcanum mnpeaenbHod Toukm (Y 0,k*) (detJ,, =0,
detJ ik 0 Vk=1,N,i= 1,2 ) IpouCXOAUT CMEHA BEAYIIETO MapamMeTpa.
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5. B cinydae ¢ukcamuun Ttouku Oudypkanuu (Y O,Xk) (ompenenurenn

detJ % = detJ ok = 0,Vk=1,N,i= 1,2) ocymiecTBuseTcs okanu3anus obmacren

TIEpPeCceveHNs 3aKPUTHIECKIX BETBEH, MCXOIAIINX U3 TAHHOW TOYKH OM(ypKaruu
C OKpy’Katoliell ee cepoll Majoro paguyca ¢ IOMOLIBIO MOKPBITHSI MHOT000pa-
3Wsi BOBMOXKHBIX 3HAYEHUH BEKTOPOB PEUICHHS CETKOW JOCTATOYHO MaJioro pa-
muyca. [lomyueHnpie TakuM 00pa3oM TOYKH JIeXKAT HA 3aKPUTUYECKUX BETBIX U
OBUIM MCIIONb30BaHBl KaK HadaJlbHBIE TOYKU U MOCTPOEHUS 3THUX BETBEH C IO-
MOIIBIO0 METOIa MPOJODKEHNUS 10 TapaMeTpy.

CTPYKTYPA BETBJIEHUS HEJIMHEMHOM KPAEBOM 3AJIAUYM JIJISI
YPABHEHUI KAPMAHA

Meton mocTpoerus OuQypKaIMOHHONW KapTHHBI IS aHAIIM3a HEIMHEHHON Kpae-
BOI1 3amaun ypaBHeHui Kapmana (1), omuceiBaromeii moBeicHUE 3aMKHYTOH IIH-
JTUHAPAYIECKONH OOO0JIOUKH, TIOIBEPTHYTOH IEHCTBHIO PaBHOMEPHOTO BHEIITHETO
nasneHus (A =const). CooTBETCTBEHHO 00yacTb ) TpeAcTaBisieT cOOOM 3aMK-
HYTbIl Kpyropodl mmnuuap Q={0<x<4,0<x,<2n}, a=0,1; a,=-1;
k; =150; k, =0; n=0,3. B paccMaTpuBaeMoM ciiyyae CTpyKTypa peLIeHHUs Mpsi-
Mol 3a1auu (puc. 5) BKIIOYaeT B cebs clenyroue JeMeHTH! (34eCh BETBU OIU-
CBIBAIOTCA B TEPMUHAX «HOPMa PEIICHHS — 3HaueHHe mapameTpa A »: UCXOHd-
IIME U3 HYJIS 3HAYCHHI MTapaMeTpa BETBb PEIICHUs C OJU3KUMU K HYJIF0O HOpMaMu
pellieHnl, BETBU NEPBUYHOTO BETBIICHHSI, KOTOPHIM COOTBETCTBYIOT PETYIISPHBIC
B HANPaBJICHUM X, PELICHHS, U BETBU BTOPUYHOTO BETBIICHUS, KOTOPHIM COOT-
BETCTBYIOT PELICHUS, JIOKAJIU3UPOBAHHbBIC B HAIIPABICHUH X, . BeTBu BTOpHYHOTO
BETBJICHHUS COCOUHAIOT MEXIY COOOH BETBH IMEPBUYHOTO BETBJICHHUS, KOTOPBHIM
COOTBETCTBYIOT PEUICHHUS! C Pa3IMYHBIMA HOMEPAaMH TJIAaBHBIX TapMOHHK DPa3iio-
xeHust QyHKuuu B psig DPypbe (B HANPABICHUU X,; B HANPAaBICHHH X; HOMEp
TJTaBHOM TapMOHUKY paBeH 1 711 BCeX BETBEH MEPBUYHOTO BETBIICHU).

3mech KaXIObId TOCHEAYIOIWNA THUI BETBH XapaKTePU3YEeTCs PEIIeHHUSIMH
C MEHBIIUM KOJMYECTBOM CHMMETpPHUIl (B HampaBiICHUU X,) B CPAaBHEHUH C Ipe-
neirymuM. Tak, perieHns, COOTBETCTBYIOIINE UCXOIAIICH 13 HYJIS BETBU, Xapak-

TEepU3YIOTCS OECKOHEYHBIM KOJMYECTBOM CHMMETPHH, Tpylna CUMMETPHI s
peleHuii BeTBeil MepBUYHOTO BETBICHUS KOHEYHA M COCTOWT U3 IOBOPOTOB Ha

yToi 2% (3mecb n — HOMEp TJIABHOM TapMOHHKH pEIIeHUs B HalpaBiICHUU

Xy ), JIOKAJIbHBIC q)OpMBI XapaKTECpU3YyIOTCA 100 IOJHBIM OTCYTCTBUEM CUMMET-
puii, mubo (peaxKue MCKIIOYEHHsI) OJHOM CHMMeTprel; B TOCIeIHEM Cllydae Ha-
OMIOal0TCsl BETBU TPETHUYHOTO BETBICHHMS, AJIsl KOTOPBIX YKa3aHHAs CUMMETPHS
yTpauuBaeTcs.

Bce 3adukcupoBaHHBIE HA BETBSIX OCOOBIE TOUKHM MMEIOT OJHOKPATHOE BBI-
POXIICHUE U CBA3aHBI C BRIPOXKIACHUEM MaTpHullbl Dpele 1Isi CUCTEMBI, OIpeze-
JSIFOILEH BUJ PELIeHUs B HAIIPABICHUH X, .

3HaueHus rapamMerpa A, MPU KOTOPHIX HA UCXOMASIICH U3 HYJIS BETBH (DUK-
CHPYIOTCSl TOUKH Ondypkanuu, o0pa3yroT CIEKTp NEPBUYHOIO BETBJICHHS HEJU-
HEWHOW KpaeBo# 3a/1auu.
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Puc. 5. XapakTepHblil BUJl BETBEH MEPBUYHOIO U BTOPUUHOI'O BETBJIEHUI B KOOpAMHATaX

HulHLz : — A BETBb 5
.
(A-K-L-M)

BeTBb mepBUYHOTO BETBICHUS XapaKTEPU3yeTCs HAIHMYUEM CUMMETPUUHOM
TOYKH OM(ypKaluu, B KOTOPOU OHA OTBETBIISIOTCS OT UCXOJISIICH U3 HYJISl BETBU
U TIPEJICIIEHOM 0c000# TOUKM (MHOTA 3TO TAK)KE CUMMETPUYHAS TOUKa Oudypka-
run). Ha HUCXomsAmeM ydacTke BeTBH (PUKCHPYETCS IO JBe TOYKH Oudyprarmm,
Ha BOCXOJISIIEM — B 3aBUCUMOCTH OT BETBH — JIHOO (PUKCUPYETCS OJHA TOYKa OH-
(dhypxkaruu, 100 He PUKCUPYETCS HU OTHOM.

CtpyKTypa BeTBei BTOPHYHOTO BETBJICHHS, OTBETBIISIONIMXCS OT Pa3TUIHBIX
BETBEH MEPBUYHOTO BETBJICHHUS, OJIMHAKOBA, YTO MO3BOJISET B JIATBHEUIIIEM Orpa-
HUYNATHCS FCCIIeIOBAaHUEM JIMIIb HECKOJIBKUX BETBEH IMEPBUYHOTO W BTOPUIHOTO
BETBIICHUN.

—4

max min A-D—-E-F—-G-H) un BetBb 5, —> 4. .

CTpyKTypa BETBH BTOPHYHOTO BETBJIECHUS XapaKTEPHU3yeTCs] HEKOTOPBIM KO-
JMYECTBOM YYacTKOB POCTa M MaJeHUs 3HAYEHUH MapaMeTpa, COOTBETCTBYIOIIUX
JTanam MepecTPOUKU OT PEIleHUs] OAHOW BETBH MIEPBUYHOIO BETBJIICHHUS K pelle-
HHIO IPYTOi BETBH NMEPBHYHOTO BETBJIIECHUS; YKa3aHHBIM Y4aCTKaM COOTBETCTBY-
IOT JIOKQJIM30BaHHBIE PELICHUS! C Pa3IMYHBIM KOJMYECTBOM M PACIOJIOKEHHEM
MUHHMYMOB H MaKCHMyMOB (QYHKIMH perieHus (puc. 6, 7).

O MY A

Puc. 6. [TocienoBaTeTbHOCTH MOMEPEYHBIX CEYCHUH (PYHKIUHA pEIICHUS, COOTBET-
CTBYIOIIMX JABIKEHHMIO BIONb BETBM BTOPUYHOIO BETBIEHUA 5 _. —>4 (BeTBb

A-D-E-F-G-H Hapuc.5)

max min
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VoV

Puc. 7. TlocnenoBaTenbHOCTh IONEPEYHBIX CEUCHWH (YHKIMH pEIIeHusi, COOTBETCT-
BYIOIIUX JBW)KEHHIO BJOJb BETBU BTOPUYHOIO BETBIEHHA 5 . —>4 (BeTBB

A—K —-L—-M Hapuc.5)
OOBIYHO BETBb MEPBUYHOTO BETBJICHHUS C PEHICHUSMH, XapaKTEPU3yEeMBbIMU
HOMEpOM T'JIABHOM FapMOHMKH PEIICHUS B HANpPAaBICHUU X,, PaBHBIM 1, COEIH-

max max

HAETCS Yepe3 BETBH BTOPUYHOI'O BETBJCHHS C BETBSIMH IEPBUYHOIO BETBJICHUS,
KOTOPBIM COOTBETCTBYIOT PEIICHHS, HOMEP TTABHOW TAPMOHHMKH KOTOPBIX MCHb-
1Ie 7 ¥ cocraBisier n=n—-1, n=n—-2.

AHFOpI/ITM ITO3BOJINJI HOCTpOI/ITI) BCTBHU BTOpI/I‘IHOFO BCTBJICHUA, O6J'IaCTI)
CYIIECTBOBAaHUSA KOTOPBIX IO IMapaMeTpy A PacIojIOKeHa JieBee, YeM 3HauCHHUE
rapameTpa B IIEpPBOM TOUYKE CIEKTpa MEPBHYHOrO BeTBieHMs. Hampumep, s

I’lpz =5 (HOMCp rJ1aBHOM TapMOHUKHA U1 BETBU NIEPBUIHOTO BGTBJ’ICHI/ISI) TaKHUMHU

X
SIBIIAIOTCS BETBU O 6 6
5 = 3min > Imax — Hmax > dmax > 4min > 4max —> Smax (3AECH UHCIIA O3HAYAIOT

HOMEp TJIABHOW T'apMOHUWKH, a MHJIEKCHl YKAa3bIBAIOT HAa TO, YTO MAKCUMYM HIIU
MUHUMYM HAOJIONAeTCs B HyJie KOOPJHMHAT JJIsl PEIICHHS, COOTBETCTBYIOIIETO
BETBU IICPBUYHOI'O BeTBJIeHI/IH).

Takum 0o0pa3om, omucaHHAas BBIINIE CTPYKTypa PEHICHHS TPSIMOW 3aaadu
Teopun OUypKaIuii IpOUJLTIOCTPUPOBaHa Ha puc. 5—11.

-5 -5 —>4 -3

max min > min min > min min > 5 max max >

max

1,05
lwllg,

wlle

0,95
By

0,85

By Bs

B¢ By B,
By

B}ég&

0,65 | A

0,5 0,6 0,7 0,8

0,75

Puc. 8. BeTBb BTOpUYHOTO BETBIECHUS 5 —»3

max max
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Wradia s AR

Puc. 9. TlocnenoBaTenbHOCTD TTOTIEPEYHBIX CEUeHUH (YHKIMIA pEIIeHuns, COOTBETCTBYIO-
IMX JBMKEHUIO BJIONb BETBH 5 —3 (B —..— 0, puc. 8)

max

BeTBp mepBUYHOTO BETBICHMSI, CBA3aHHAS C MEPBOM TOUKA CIEKTpa, U OT-
BETBJIAIOIIAECS OT Hee B MepBO TOUKe OM(ypKanuy BETBH BTOPUYHOTO BETBIIE-

o]
HAA (S0x = 4max ¥ Smax = 4min ) B KOOpAWHATAX A — L , n300pa-
o
xkenbl Ha puc. 5. [locnenoBarenbHOCTH ceueHMH (YHKIMIT pemieHHs BUia
max mi

n
— (xl + X ) — t
X1 o) const , PUKCUPYEMBIX Ha BCTBAX BTOPUYHOI'O BCTBJICHUS,

nokaszaHa Ha puc. 6 u 7. BeieacTBue cummerpun QyHKIUNA pemeHus Ha puc. 5—11
MIPUBECHBI JINIIb 3HAYCHUS CeUSHUS Ha poMexyTke [0;7].

1,1

I W||L2 1
I W&\
R B
1.0 1
By
0,9
Bis ]
0,8 \ /
/ Bis :
0.7 A9
\ B B,
By 1
0,6 Lo Bis A
0,5 0,6 0,7 0,8 0.9

Puc. 10. BeTBb BTOPHYHOTO BETBICHUS 5 —> 3

max max

31ech  BETBH  BTOpUYHOTO BeTBIeHWI A-D—-E-G-F-H wu
A—-K—-L—-M coequHsIOT MEXIy CO0O0H BETBH MEPBUYHOTO BETBIEHHS, KOTO-
POIi COOTBETCTBYET PELICHUE C HOMEPOM TapMOHHUKH # =5, C BETBSIMU IIE€PBUY-
HOT'O BETBJICHUSI, KOTOPBIM COOTBETCTBYIOT (OopMBI Aedopmannu 000JI0UYKH C HO-
MEpOM TapMOHUKHU 7 =4 .

Ha nepBoii u3 stux Berseit (A—D—E—-G—F —H ) QukcupyroTcsl Touka
oudypkamuu A, cuMMeTpuuHas Touka Oudypkauun H u deTelpe NpenesibHbIe
touku (D, E, G, F).

VYuactky A—D cooTBercTByeT (hopmMa pemeHHs C OAHUM MHUHHUMYMOM,
yuactkaM D—E u E—G — mepexoJl K pelIeHnIo ¢ TpeMsi MUHUMyMaMH, yd4a-
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ctrkam G—F u F— H — mepecTpoiika K pelieHHI0 APyTroil BETBU MEPBUIHOTO
BETBJICHHUSL.

Ha Bropoii BetBu (A— K — L —M ) dukcupytorcsa Touka oudypkauun A4,
CUMMETpHUYHAs Touka Oudypkanuu M U aBe npeneibHble TOYKU (Touku K , L).
Ha BetBu mepectpoiika K pelnieHuto ApYroil BETBU MEPBUYHOTO BETBIEHUS OCY-
HIECTBIISICTCA B JiBa 3Tamna: Ha yyactkax 4— K u K — L mpoucxomut ¢popMupo-
BaHUE W pa3BuTHe (OPMBI C IBYMsS MHHAMyMaMH, a Ha y4actke L — M — mepe-
CcTpoiika K ¢opMe JpyToi BETBH MEPBUIHOTO BETBICHIS.

Cepus puc. 8, 9 u 10, 11 onuceiBaeT XapakTEpHYIO CTPYKTYPY BETBEH BTO-
PUYHOT'O BETBJICHHMS, CBI3aHHOI'O CO BTOPOM TOYKOW Oudypkaiuu, GUKCUpyeMoit
HAa TePBOI BETBU NIEPBUYHOTO BETBICHUSI.

NN

Puc. 11. TlocnenoBaTeabHOCTh MONMEPEYHBIX CEUCHHH (QYHKIMI pelieHus, COOTBET-
CTBYIONIMX JBIKEHHIO BIONb BETBU 5 . — 3 .. (B—..— R, puc. 10)

BBIBO/IbI

1. IIpumenenune HenmuHEeHOTO 0000MEeHHOTO MeToa KaHTopoBHUa B code-
TaHUM C METOJIOM IPOAOJIKEHHS [0 apaMeTpy MO3BOJIET CTPOUTH BETBU pellie-
HUS HENMHEWHOW KpaeBol 3amaun Juisl ypaBHeHui Kapmana; meron cBeneHHs
HEJINHENHBIX OJHOMEPHBIX HEJIMHEHHBIX KPAcBBIX 33/1a4 K DKBUBAJICHTHBIM 3a/1a-
yam Komm, cocrapistomuit HeorbeMieMmyto yactb HOMK, no3BomnsieT nokanuso-
BaTh U MPOBECTH aHAIN3 OCOOBIX TOYEK PEIICHNUSI.

2. YncneHHOE IOCTPOEHUE YPAaBHEHHUM PAa3BETBIICHUS MO3BOJISIET MOCTPOUTH
BETBH, HCXOAAIINE U3 TOYKH OM(ypKaliu; IpUeM CMEHBI IapaMeTpa MpoIoJiKe-
HUSI — [IPEONI0JIETh IIPEAEIIbHbBIE 0COOBIE TOUKH.

3. Ilpu mocrostHHOM MpaBoit yacTu A = const ypaBHeHusi KapmaHa xapakre-
PHU3YIOTCS CYIIECTBOBAHMEM BETBEH MEPBUYHOIO U BTOPHUYHOTO BETBJIEHMM; OCO-
Oble TOYKU UMEIOT MOPSAIOK BHIPOXKIEHHOCTH, paBHBIN 1.
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INPOEKIIMOHHO-UTEPAIIMOHHAS PEAJIM3AIIUA ABHBIX
METOA0OB BAPUAIIMOHHOI'O TUIIA JJIs1 PEHIEHUSA
HEKOPPEKTHBIX OIIEPATOPHBIX YPABHEHUM

JLJI. TAPT

AnHoTauus. VcciienoBaHo NPOEKIMOHHO-UTEPALMOHHBIE METO/IbI PEryIIpU3aLtH,
OCHOBaHHbIC Ha SBHBIX METOJaX BapHaLMOHHOIO THMa (CKOpEHIero crycka v MH-
HUMAaJIBHBIX HEBSI30K), [UISI pEIICHHsT HeKOPPEKTHBIX JIMHEHHBIX ONCPaTOPHBIX ypaB-
HEHUH B IMJIBOEPTOBOM HPOCTPAHCTBE, U1l KOTOPBIX HE BBINOJHSACTCS TPETHE YCIIO-
BUE KOPPEKTHOCTH 3a1auu 1o Anamapy (yctoitumBocts). IIpeanmoxenHsIil moaxon
COCTOHMT B 3aMEHE HCXOJHOTO HEKOPPEKTHOTO ypaBHEHMS HEKOTOPOH MOcCieioBa-
TEJIHOCTBIO 00JIee IIPOCTHIX ANNPOKCUMUPYIONIUX €0 yPaBHEHUH, 3a1aHHBIX B KO-
HEYHOMEPHBIX IIOANPOCTPAHCTBAX HMCXOJHOrO NpocTpaHcTBa. s Kaxkzoro us
«IPHOIMKECHHBIX» YPaBHEHHUH CTPOUTCS C MOMOIIBIO IBHOTO BAPHALIUOHHOTO METO-
J1a JIULIb HECKOJIbKO IPUOIMKEHHH, OCIIEHee U3 KOTOPhIX IPMHUMACTCS B Ka4ecT-
BE€ HAYaJIBHOIO MPHOIKCHUS B UTEPALIMOHHOM HPOLIECCe I CICAYIOIETO IIPH-
OMmDKEHHOT0» ypaBHEHUs. JlOKa3aHBI TEOPEMBI O CXOJUMOCTH IIPOCKIHOHHO-
UTEPAIIMOHHBIX METOJIOB, IOJIyYEeHb! OLIEHKU MOIPENIHOCTH. [[aHbl peKOMEeHIAuN
0 BBIOOPY PEryJIsipU3YIOLIEro KOJIMYECTBa HTEPALIUiL.

KiioueBble ci10Ba: HEKOPPEKTHOE YpaBHEHUE, ONEPaTOp, MPOCTPAHCTBO, MOCIEI0-
BaTEIBHOCTh, MPUOIIDKECHUE, UTCPALIMOHHBI METOJ, HEBA3KA, MOIPEIIHOCTD, MPO-
EKIHOHHO-UTEPALIMOHHBIN METOJ], CXOIUMOCTb, OLICHKA.

BBEAEHUE

Teopusi HEKOPPEKTHBIX 3a/lad M METOJOB WX MPHUOIMIKEHHOIO PEIICHUs] — aK-
TUBHO pa3BHBAIOIICECs HAMpaBICHHEC MAaTEMaTHUKH, MMEIoIIee pa3sHOOOpa3HbIe
IMPUIJIOKEHUA BO MHOTUX obacTax €CTCCTBO3HAHUA, TEXHUKH U YIIPABJICHHA. He-
KOPPEKTHO TOCTAaBJICHHBIC 3a7]aul BO3HUKAIOT B MPOLIECCE MATEMATUYECKOIO MO-
JETMPOBaHUS B TeO(U3HKE, aCTPOPHU3NKE, KOMITBIOTEPHOH ToMoTpaduu, mpu 00-
paboTKe W WHTEpPIPETAIlMN MaHHBIX (HU3WYEeCKHX OJKcIepuMmeHToB [1-3].
WHTeHCHMBHOE pa3BHTHE TEOPUH HEKOPPEKTHBIX 337]ad BO MHOTOM OOYCIIOBIICHO
MOSIBJICHUEM B MOCJCTHUE JCCATHICTHS BBICOKOMPOW3BOIUTEIBHBIX BBHIYMCIIHU-
TENBHBIX cucTeM. Takue 3amauu GOpPMYIHUPYIOTCS, KaK MPaBHUJIO, B BUJAC Omepa-
TOPHBIX YPaBHEHUH, 3a/1a4 MUHUMHU3AIUKN (YHKIHOHAJIOB, & TAKKEe 33]]a4 BbIYHC-
JICHUS 3HAYCHUI HEOTPaHUYCHHBIX ornepaTopoB. OnepaTopsl 3a7at0TCsi 00BIYHO €
TOW WJIM WHOW MOTPEIIHOCTBIO, MOCKOIBKY HCTOYHMKOM HCXOJHBIX JaHHBIX Ha
NPAKTUKE YaCTO SBISFOTCS SKCIICPUMEHTHI U U3MEPCHUSI.

3HauynuTenbHAA YacTh HCKOPPEKTHLIX 3a1a4 MOXKET OLITH npeacraBjicHa B BU-
JIc OTIePaTOPHOTO YPaBHEHHS MIEPBOTO PO

Au=f (1
¢ 3a/1laHHBIM omepatopoM A, neiictByromuM 3 X B Y (X, Y — Merpuueckue

IPOCTPAHCTBA, B OTAEIBHBIX CIydasx OaHAXOBBI WM THIBOEPTOBHI), U JIEMEH-
oM feY.
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OcHOBHBIE pe3yNbTaThl MO0 HEKOPPEKTHBIM 33/ladaM OTpaKeHBI B paboTax
M.M. JlaBpentbeBa [4], A.H. TuxonoBa u B.SI. Apcennna [5], B.A. Mopo3o-
Ba [6], B.K. UBanoBa, B.B. Bacuna u B.Il. Tanauwer [7], M. Baiinukko u
A.IO. Beperennukosa [8]. Hambonee oOmuM M3 M3BECTHBIX MOAXOJOB K pelie-
HUIO HEKOPPCKTHBIX 3aJay SBISETCS IOAXOJ, OCHOBAaHHBIH Ha BBEICHHOM
A.H. TuXoHOBBIM MOHATUM peryisipusatopa. Mcnonb3oBaHUE perysspuzaropa
3aJla4yM J]aeT BO3MOXKHOCTH CKOJIb YTOJIHO TOYHOTO €€ PEIICHUS MPH JOCTATOYHO
TOYHBIX UICXOJIHBIX TaHHBIX.

Ocoboe MecTo cpeny METOJIOB PEIICHHS HEKOPPEKTHBIX 3ajad 3aHUMAIOT
UTEepaloOHHbIe MeTOoAbl. llepBrie MeTonpl MPUOMMKEHWH, MArolHue B TIpeiesie
TOYHBIE peleHus ypasHeHus (1), eciu nanHbie (orepatop A u mpasas 4acth f )

3a/IaHBl TOYHO, OBLIM TIpemokeHbl B 30-e rompl Mmpomuioro Beka B paboTax
T. Kapnemana, I''M. T'ony3una u B.WM. Kpemosa, U.I'. Mankuna. B paGote [4]
M.M. JlaBpeHThEB 00OCHOBAII CXOIUMOCTh METO/a TTOCIICIOBATEHHBIX TPHOIIH-
JKEHUH MpH NPUOIMKEHHONW MpaBOW YacTh JTUHEHHBIX YpaBHEHUH U pacrpocTpa-
HUJI TOJyYEeHHbIE pe3ysibTaThl Ha Clydail HETWHEWHBIX ypaBHEHHU. M3yudeHuro
UTEPAMOHHBIX METOAOB IMocBsAmeHs padotel B.H. Ctpaxosa [9], M.A. KpacHo-
cenbekoro, .M. Baiinukko, I1.I1. 3a0peiiko [10]. Pa3iauunbie cXeMbl UTEPAIlUOH-
HBIX MeTOJ0B, pemioxenusie A.C. AmapruaeiM, B.K. UBarnoseiM, M. M. JlaBpe-
HTheBbIM, B. Jlundeprom, A.b. bakymmuckum u A.B. ['ongapckum, B.A. Mopo-
30BbIM, B.B. BacuHbIM, NpHMEHSIINCH I pPENIeHHS MHOTHX HEKOPPEKTHBIX
3a1a4 B 0AHAXOBBIX U TMJIBOEPTOBBIX MPOCTPAHCTBAX. METOM MPOCTOI UTEpalluu
Y WTEPAlMOHHBIE METOJNHI BAapHAIIMOHHOTO THIIA IS PEIIeHUS HEKOPPEKTHBIX
ypaBHEHUH ¢ IPUOIMKEHHABIMI JaHHBIMU M3yJaliuch B padorax A.A. Camapcko-
ro u [1.H. Babumesuua [1], O.A. JIuckopia u f1.B. KoncranruroBoii [11].

[TomMrMO UTEpAITIOHHBIX METOAOB LIS IPHOIMKEHHOTO PEIIeHUs] HEKOPPEK-
THBIX 33J]a4 [UPOKO MPUMEHSIOTCS MPOCSKIIMOHHBIC METOJIbI, MO3BOJISIOIIUE (TI0
JI.B. KantopoBuuy) ypaBHenue (1), paccmMaTpmBaeMoe B KaKOM-TO CJIOKHOM
MPOCTPAHCTBE, 3aMCHUTH MTPHOIMIKEHHBIM ypaBHEHUEM, 3aJJaHHBIM B 0OJIee Mpoc-
TOM TPOCTPAHCTBE, U MPHUHITH TOYHOE PEUIeHHE MPUOIIKEHHOTO YPaBHEHHS KaK
NpUOIMKEHUE K PEIICHUI0 UCXOJHOTO ypaBHEHUs. TeopeTnueckoMy 0OOCHOBa-
HUIO ¥ Pa3IMIHBIM TPUJIOKEHHUSIM MTPOEKIIMOHHBIX METOJOB MOCBSIIEHBI Pa0OTHI
C.I'. Muxnuna, JI.B. Kaartoposnua, H.H. ITonsckoro, M.A. KpacHocensckoro,
I'.M. Baiinukko, ILI1. 3a6peiiko, B.B. lBanosa, B.B. Ilerpummna, a takxe FO.1.
I'pubanora, b.I'. T'abnynxaesa, A.1O. Jlyuku, C.J1. BanamioBoii u apyrux aBTo-
poB. Ilpu 3ToM mpuBieueHune wieil (YyHKIMOHAILHOTO aHajH3a Jaj0 BO3MOX-
HOCTb BBIPa0OTaTh €AMHBIN MOAXO0M K PEUICHUIO Pa3HOOOPA3HBIX 33134, TTOCKOJIb-
Ky pa3n4yHble KOHKPETHBIC BHIbI YPaBHEHUH NPEICTABISAIOT COOOW YacTHBIE
CIIy4ad HEKOTOpPOTO ONEpPaTOPHOTO YpaBHEHHS, a TAKKE TEOPETHYECKH 0OOCHO-
BaTh MCCIIETyEMbIE METOIBI.

Hecmotpst Ha mmpokyro 007acTe TpHUMEHEHHs, MPOEKINOHHBIE METOIBI
UMEIOT HEJOCTAaTKU. XOTS MPUOIMKEHHBIC YPABHEHUS U TPOIIE UCXOIHOTO, TEM
HEe MeHee MOJIy4YeHHe UX TOYHBIX PelIeHHH Ha MPAaKTHKE 3aTPYIHUTEIHHO, a HHO-
raa u HerenecooOpa3Ho (WM3-3a MOTPENIHOCTEH 3aJaHusl UCXOJHBIX JIaHHBIX).
CnoXHBIM SIBIISIETCSI TaK)Ke BBIOOP IMOPAIKA MPUOIMKEHHOTO ypaBHEHUS, KOTO-
phliii o0ecriedrs1 OBl MOJTyYCeHUE PEIICHHMsI C 33aHHOM TOYHOCThI0. Eciu pemeHue
MPUOIIKEHHOTO YpaBHEHHsI HEKOTOPOTO TOPSIKa # HE YAOBIETBOPSIET MOCTaB-
JICHHBIM TPeOOBaHUAM, TO MPUXOAMUTCS PellaTh YpaBHEHHE 00Jee BBHICOKOTO II0-
pAKa, HUKAK HE UCIOJB3Ys IIPHU dTOM PE3yJbTaT, TOMYyUYCHHBIN Ha TPEIbIIyIIeM
mrare.
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CurHTE3 NMPOEKUMOHHBIX M UTEPAllMOHHBIX METOAOB, OCHOBAaHHBI Ha BO3-
MOYXHOCTH MPUMEHEHHS UTEPALIMOHHBIX METOOB JUIs TPUOIMIKEHHOTO PELIeHUs
NpUOIIDKEHHBIX yPAaBHEHUH, NPHUBENI K BO3HUKHOBEHHUIO I'PYIIIBI METOAOB IOJ
Ha3BaHUEM MPOEKIMOHHO-UTepalMoHHbIX. Tak, cornmacuo uaee C./I. banamosoit
[12], peann3oBaHHOM IIsI KOPPEKTHO MOCTABICHHBIX 3a7a4, Ui KaKIO0Tr0 U3 MpH-
ONMDKEHHBIX YpaBHEHUH (7-TrO ypaBHEHHS) CIENyeT HaXOAUTb HTEPALUOHHBIM
METOJIOM JIMIIb HECKOIBKO ( &, ) MPUOIMKEHUH, OCIe Hee U3 KOTOPBIX M10J1araTh

pPaBHBIM HayaJIbHOMY NPUOMIDKEHHI0 K pemeHuto creayromero ((#+1)-ro)
ypaBHeHUs. Takol MOAXOJl €CTECTBEHHO YCTpaHSET TPYIHOCTH, BO3HHKAIOIINE
MIPH PEIICHUHM MCXOJHOTO YPaBHEHUS OOBIYHBIM MPOCKIIMOHHBIM MeTojoM. Kpo-
Me TOT0, MPUMEHEHNE NTEPAMOHHBIX METO/IOB HE K MCXOJHOMY YPaBHEHHIO, a K
0ojee TPOCTHIM TNPHUOIIKEHHBIM YpaBHEHHSM TO3BOJISIET Hauboiee MPOCTO
CTPOUTH TOCJIEIOBATEIBLHOCTh MPHUOIMKEHUN K PEIICHUI0, a TaKkKe o0Jerdaet
3a/1a9y O BEIOOpE HAYAIHHOTO MPUOIKEHUS.

B nmanHo# pabote cornacHo oOmieii meromonoruu [12, 13] BnepBeie ucche-
JIYIOTCS POSKIIMOHHO-UTEPAIIMOHHBIE METO/bI PEIICHUS HEKOPPEKTHOI'O JTHUHEH-
HOTO OmepaTopHOro ypaBHeHHs (1) ¢ mpHOMMKEHHON NPaBOil YacThiO, OCHOBAH-
HbIC HA SIBHBIX WTEPAIMOHHBIX METOJaX BapHAllMOHHOTO THWIIA, B YaCTHOCTH
METOJ[aX MUHUMAJIbHBIX HEBS30K U CKOPEHIIIEro CIycKa.

INOCTAHOBKA 3AJIAYHN

ITycts 3amano ypaBHenue Buaa (1), B koropoM 4 — TWHEHHBIN OrpaHUYCHHBIN
CaMOCOTIPSKCHHBIN M TOJIOKUTENBHBIN OTepaTop, NCHCTBYIONINA B T'HIILOSPTO-
BoM mpoctpancTtBe H co ckamsipHBIM mpom3BefaeHUuEM (u,V) TPOU3BOIBHBIX

3JIeMEHTOB U,V € H W mopoxkaaemMoil UM HOPMOM ||u|| =./(u,u), uecH. Ipeamo-

JIOKHM, YTO OGPATHBIN omepatop A~ CyLIECTBYET, HO He SBISETCS OrpaHHYCH-
HeIM B H , T.e. He BBINIOJHSACTCS TPEThE YCIOBUE KOPPEKTHOCTH 3aJauu Mo Aja-
Mapy (ycroitumBocth) [5]. HekoppektHocTh ypaBHenus (1) oOycrmaBimuBaercs

TEM, YTO COOCTBEHHBIE 3HAYeHUs A, , m=1,2,... onepatopa A, ynopsIo4eHHbIE

1o yosBaHHIO (A} A, 2..2 A, 2...>0), cTpeMATCsS K HYJIO IIPA 7 —> 0, 9TO
BJICYET IUIOXYIO €ro 00yciIoBIeHHOCTh. bynem o003Hauate yepe3 u* € H TouHoe
pemenue ypaBaenus (1).

OtmMeTyM, 4TO eciii B ypaBHeHuu (1) omepatop A He SBISETCS CaMOCOMPSi-
JKECHHBIM U TIOJIOXKHUTEILHBIM, TO MOXHO MPOBECTH TPEIBAPUTEIILHYIO CUMMETPH-
3anuio 1o ["ayccy u paccmaTpuBath BMECTO ypaBHEHUs (1) SKBUBAJICHTHOE eMy

*
CUMMeTpH30BaHHOe ypaBHeHne A Au= A" f ¢ NONOKUTENLHBIM (2 3HAYMT, Ca-

MoconpsikeHHBIM) B H nuHeiHbIM onepatopoM A* A, Tine A* — conpshkeHHBIH
OTIEPaTOp MO OTHOIICHHIO K A .

Heab padoThl — TEOPETUUECKOE 0OOCHOBAHKE MPOCKIIMOHHO-UTEPAIIIOHHOTO
MOJIXOJ[a JJIsl PEIIeHNsI HEKOPPEKTHBIX JIMHEWHBIX OMEepPaTOPHBIX YPaBHEHWH BH-
na (1) B rusib0epTOBOM MPOCTPAHCTBE, & UMEHHO TOYYeHHE JIOCTATOYHBIX yCIIO-
BUI CXOJUMOCTH, OLICHOK MOTPEIIHOCTU U CKOPOCTU CXOAUMOCTU MPOEKIIMOHHO-
WUTEPAIMOHHON peaTu3aliiil IBHBIX METOJIOB BApUAIIIOHHOTO THIIA.
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METO/| PEIIEHUA

Hapsiny ¢ ypaHenuwem (1) paccMaTpuM TOCIEAOBATEIHLHOCTh MPUOIMKEHHBIX
ypaBHEHUI

A u, =1, n=12,.., 2)

rne A, — muHeinbll onepatop B H, ; {H, } — Bo3pacTaromas nocnenosa-
TENBHOCTh KOHEYHOMEPHBIX IIOANPOCTPAHCTB MCXOAHOro mnpocrpancrea H
(HcH,c.. cH,c..cH, H,#9); f,=P,f, P, — onepatop opToro-
P[=1.

BBeneHHbIe IPOCTPAHCTBA M OINEPATOPBI MPU KAXKIOM HATypabHOM 71 € N
CBSDKEM YCJIOBHUSIMU OJIM30CTH:

HaspHOro npoexktuposanns H na H | (P,,2 =P, P, =P,

|4u—-P,Au|<€,|u|, VueH; 3)
|4y, = P, Au,| <o, |||, Yu, eH,; 4)
|8, f —u|<m,|f]. VieH, (5)

roe &,,d,,n, — HOJOXUTEJIbHbIE YHCiIa, HE 3aBUcsAIue oOT ueH nuu, € H,,
npuueMm &, >0, o, >0, n, >0 npu n > .

IMycte Ker A={ueH: A u=0} — moampocTpaHCTBO HyJei oneparopa A
(Ker 4={0}), H=H\Ker 4 — ®axrop-nmpocTpanctBo mpoctpancrea H 1o
nojmnpocTpaHcTBy Ker 4, a A:H — H — nuueitHsiit onepaTop, UHAYLUPOBaH-
HbIit onepatopoM A B axtop-mpoctpancte H [14]. Cxommmocts B H mpoek-

[IHOHHOT'O METOJa PelicHus ypaBHeHUs (1) yCTaHOBIEHA C MCIOJIb30BAHUEM pe-
3yJIbTaTOB paboTHI [15].

Teopema 1. Ilycts ypaBHeHme (1) paspemmmMo mpu aH000W MpaBoil YacTh
f € H u BeimoniHeHs! ycnosust 0musoct (4), (5), a Takke yclnoBue

Vu,eH, 3z, H,: ||Aun—zn||SBn ||un

,B,>0,n—>0. (6)
Torna npu Bcex n = Ny 21, yI0BIETBOPAIOLIUX HEPABEHCTBY
P, =HZ_1H(an + 2Bn)<1,

MPUOTMKEHHBIC YpaBHEHUS (2) Takke pa3peiIdMbl MPH JTIO00W MpaBOd YacTH

f, € H, ¥ mocneioBaTeNbHOCTh {u,} MX TOYHBIX peruenuil cxomutcs B H K

pemenuio u” ypasHeHns (1) ¢ OLEHKOI IOTPEITHOCTH

<v,, n= Ny, @)

*
gy K
|y —u

rue vy, =2HZ_lHHf—AuZ =0, +a, +2B,).

OTMeTHM, 4TO W3 MOJOKUTENBHOCTH UcxogHoro onepatopa 4 B H u BbI-
MOTHUMOCTH ycioBwid Omm3octu (3), (4) BEITEKaeT CBOWCTBO MOJOXHTEIHLHOCTH
Kaxjoro u3 oneparopos A4, B H,, HauuHas c HekoToporo Homepa n = N; =1
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[12]. Kpome TOrO, U3 BHIMOIHUMOCTH yCiIoBHii (3), (4) clieayeT, 4To JUIs KaKI0ro
COOCTBEHHOTO 3HaueHust A, omeparopa A CyIIECTBYET IOCIEAOBATEILHOCTh

{Ap.n} COOCTBEHHBIX 3HAYECHWH omepaTopoB A, Takas, 4ro A, , —> A, TpH
n—>00, U HA00OPOT, BCAKas MNpejielbHasg TOYKa JIOOOM MNOCIEN0BAaTENbHOCTH
COOCTBEHHBIX 3HAUCHUN OIepaTopoB A, SBISIETCS COOCTBEHHBIM 3HAUCHUEM

onmeparopa A. Ilpu stom, ecmu 4, =P, 4, 10 A, <A, , u Ay, <A, , W

m,n
BCEX HATypalbHBIX HOMEPOB m € N u n = N; [10]. B gactHOCTH, ecnu onepaTop
A mnepesomutr H, B H,, To c yuerom (3), (4) MOXHO HOIY4HUTh Ui JIOOOTO

u, € H, ouenky

(Anun 9“/1) = (Aun 9”11) + ((An - A)Ll” sUp )S 7“1 "un "2 + ”(An - A)un” "un” <
< 7»1”14,,”2 + (”Anun - PnAun" + ||P”Aun - Aun”)”un” <

< ()\’1 +a, + &n)"un”2 = 7\‘l,n ”un”2 °

nus3 KOTOpOﬁ CJICAYCT BCJICACTBUC DKCTPEMAJIBHOTO CBOMCTBA COOCTBEHHBIX 3HAYE-
HUH CaMOCOMNPSAKCHHBIX OTPAaHUYCHHBIX OII€PATOPOB, YTO BEPXHUEC I'PAHUILIBI 7\.1 u

Ay, cHekTpoB A U A, COOTBETCTBEHHO CBS3aHbI COOTHOIICHUEM

X1n=7\,1+(xn+?;n, nZNl

Taxum 00pa3zoM, IpU ClETaHHBIX HPENONOKEHUIX 00 omepatope A4 Hc-
XOIHOM 3ajjauu OYCBUIHO, 4YTO coOCTBeHHble 3HaveHus A, (j=1,2,..0,,
¢, =dim H, ) oneparopos 4, , ynopsao4eHubie no yoeisanuio (A, 24, , ...
co2hy ,>0), cIpemsTCs K HyIIO NPH 7 —> o0, YTO BICYCT MAIyK yCTOWYH-
BOCTh KaXJOTO U3 NPHOMMKCHHBIX YypaBHEHWH (2), HaymHAas ¢ HoOMepa
n=N =max{Ny, N;}.

Bo MHOruX NpUKIaJHBIX MCCIEJOBAHUAX TUIMYHOHN SABIISETCA CUTYyalHs C
3aJIJaHMEM MCXOJIHBIX JJAHHBIX C IOIPEITHOCTHI0. DTy OOILYI0 CHTYalHIO IIPOMO-
JeUPYeM MPE/NoNoKeHUEM, 4To 1IpaBas 4yacTh ypaBHeHus (1) 3agaHa ¢ morpeni-
HocThio 0> 0, 1.. BMecTo f € H n3BectHo fy5 € H Takoe, uto

(PSS ESE (8)

Tpebyercs no f5 € H moctpouts npubnuxennoe pemenne u (8) e H

ypasnenus (1), ynosierpopsiiomee yciopuio u (8) —u” mpu 8 —0.

Jlst mpubnkeHHoTO pentenns 3anadu (1) npu ycnosuu (8) anmmpoKCHMHUPY-
€M ypaBHCHHE

Au= f; ©)
TI0 TOH e CXeMe, UTO H BBIIIE, [TOCIIeI0BATENILHOCTHIO TPUOIMKEHHBIX YPaBHEHHUI
Ayu, = f,08), n2N, (10)
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rne f,(0)=P,fs. Tak xak P, — oproronansusiii npoektop H nHa H,, TO OT-

KJIOHEHHE TPaBhIX YacTel COOTBETCTBYIOIINX MPHONMKCHHBIX ypaBHEHHH (2) H
(10) mo Hopme H He mpeBBIIIaeT MOTPEITHOCTA O 3aJ[aHUs MIPaBOW YacTH ypaB-
uenus (1):

| £ = £ @\ =] Bof =B S5 <RIl £ - S5 <3 (11)

Ha ocHoBanuu Teopemsl 1 u3 paspemmmoctu ypaBHenus (1) mpu mro6oit
MIPaBO¥ YaCcTH W BBHITOJIHUMOCTH YCIOBUH (4)—(6) clemyeT pa3pemnMOCcThb KakI0-
ro U3 npuOIMKEeHHBIX ypaBHeHHH (10), mpuyeM MOCIEIOBATENBHOCTh TOYHBIX

pemwenuii  u,(8) e H, ypasuennii (10) cXOmuTCS K TOYHOMY pEIIECHHIO
u*(0) € H ypaBuenus (9) ¢ OLIEHKOH MOTPEITHOCTH

' (8)—u *(6)” <y, (8) = 2HZ—1H “f8 —Au,’;(S)H, n>N.

Jlist pemmeHusT KaXI0T0 M3 MPUOIIKEHHBIX ypaBHeHU# (10) Oymem mprmMe-
HATbH SIBHBIN JBYXCJIOWHBIA UTEpAalMOHHBIA MeTOJl PUuuapacoHa Bua

ul™ (@) =ul® 3) -1V (4, uP (B) - £,3)), k=0,1,.., n>N, (12)

rae uf,k) (0)eH, — k -e urepanuonHoe NpUONMKEHHE K TOYHOMY PELICHHIO

u,(8) e H, ypasuenus (10); r;"“) >(0 — urepaunoHHbIN nmapamerp. M3BecTHO
[16], uto mnsa merona (12) ¢ MOMOKHUTENBHBIM ONIEPATOPOM A, CYIIECTBYET CIIO-
co0 BBIOOpa ONTHMAIBHBIX (YEOBIIIIEBCKIX) HTEPAIIMOHHBIX TAPaMETPOB, OJHAKO
u3-3a OJIM30CTH K HyJIIO HUXKHEH IpaHHILBI CIIEKTpa onepaTtopa A, CIOXKHO KOH-
KPETH3HPOBAaTh CKOPOCTh CXOAUMOCTH Takoro meroza B H, u ykasars anpuop-
HOE 4MCII0 uTepauuit k,(d), corimacoBaHHOE € 3aJaHHBIM YPOBHEM IIOTPEIIHOCTH

npaBoit yactu (orenka (11)).

Bynem BBIOMpAThH mapaMeTphl rﬁ,k“) B dopmyie (12) u3 yCcioBUsS MHHIMYMa

MOTPENTHOCTH u,(lk”)(é‘))—u:(é‘)) UTEPAIMOHHOTO METO/a TpH 3aJlaHHOW II0-

Dy,

u (8) - u, (3)

IPEUIHOCTH , Tae D, — monoxurenbHell oneparop B H, ,

D?‘l
||un|| D, = (D,u,,u,). B 3aBucumoctu ot BbIOOpa D, MNOJIY4alOT Pa3IMYHBIC

UTEPAIMOHHBIC METO/IbI, TPEUMYINECTBO KOTOPBIX COCTOUT B TOM, YTO OHU HE
TpeOYIOT 3HaHUS TPAHUI] CIIEKTpa oneparopa A, B OTIMYHE OT METOAA C 4eObl-

MIIEBCKUM HaOOpOM TTapaMeTPOB.

HNPOEKHNOHHO-UTEPAIIMOHHBIE METO/IbI

0O06o3HaunM yepes r,fk) )= Anu,gk) (8) — 1,(8) meBsasky merona (12) Ha k -ii ure-
panuy, TOJYYEeHHYIO TIPU IOJICTAHOBKE K -T0 UTEPAIMOHHOTO TPUOIHIKEHUS
uﬁ,k) (8) B ypaBHenue (10), a gepe3 z,(,k)(é‘)):uf,k) (8)—u, (8) — MOrpemHoOCTH
metona (12) Ha k -it utepanuu. 3aMeTHM, YTO TIOTPEITHOCTh U HEBSA3KA CBSI3AHBI
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PaBEHCTBOM Anzf,k )(8) = r,,(k)(S), ¢ yueroM Kotoporo u3 (12) nerko moay4uTh,
4TO HEBSI3KA rn(k) (0) yIoOBIETBOPSIET TOMY K€ YPAaBHEHHUIO, YTO M MOTPEIIHOCTh:

@) =nP®) -1 4, V@), nz N (13)

MeToa MUHHMAIIBHBIX HEBSI30K COCTOUT, KaK M3BECTHO, B BRIOOpE UTEpAIlH-

OHHOTO TTapameTpa rff“) B ¢opmyite (12) u3 ycroBuss MUHUMYyMa r,fk”)(S)H pu

, UTO TIPUBOJUT C ydeToM ypaBHeHHs (13) k sBHOMY

3aJIaHHON HOpME “rn(k)(?S)
BBIPXXCHUIO JUIS TTapaMeTpa

A &) (k)
r<"+l)=(\nrn ) = 4u ©)- 1,6). (14)

O‘IGBI/I,[[HO, POJib Ooreparopa Dn Opu KaXXJaoM n > N BBIIOJHSET TOXICCT-

n

4,

BEHHBII OIeparop.

PaccMOTpUM IPOEKIIMOHHO-MTEPAIIMOHHBI MPUHIUI perneHus 3axadn (1)
mpu yciaouu (8), OCHOBaHHBIA Ha MPUMEHEHHH K PEMICHUIO KaKIOTO U3 IPH-
OommkeHHbIX ypaBHeHui (10), HaunHas ¢ HoMepa n = N , UTEPAMOHHOTO METOa
(12), (14). [ocTpouB ¢ MOMOIIBIO 3TOTO METOAA IJISl 71 -0 MPUOIIKEHHOTO YpaB-
HEHMsl HECKOJIbKO NPUOIMKEHUH uf,k)(S) eH,, k=12,.,k, (k,<k(d)) n no-
JIOKMB MOCJIEHEE U3 HUX PaBHBIM HAYaIbHOMY NPUOIMKESHUIO AT CISAYIOLIETO,

k
(n+1)-ro ypaBHEHHS, MOJyYUM MOCIENOBATEILHOCTD {u,(1 ”)(8)}20: N DpubmmKe-
HUi K pemenuto u* € H ypaBnenus (1):

uf @) =u®P (@) -V (4, uP @) - £,8)), k=01, k, ~1;  (15)

u®,@) =u @), n>N; uQ @) eH,y. (16)

n+l

JlocTaTo4HbIe YCIOBUS CXOAUMOCTH MPOCKIIMOHHO-UTEPAIIMOHHOTO BapHaH-
Ta METO/Ia MUHUMAJIbHBIX HEBSI30K YCTaHABIMBAET TeopeMa 2.

Teopema 2. IlycTh BBINOJHEHBI YCIOBUS TEOpEMbl 1 M B MPOCKIIMOHHO-
urepanrionHoM Metone (14)—(16) mpu kaxaoM 7> N KOJIHYECTBO HTEPAITHA
k. <k(d), npuuem k(8)d—>0 mpu 6—0. Torma mociernoBaTeIbHOCTH

{u,(lk")(fi)}f: ~ » onpezensemas no gopmynam (14)—(16), cxoaurcs B H x pemre-

uuto u” ypasaenust (1) npu ycnosuu (8), ecnmu 8 — 0, U crpaBeUIMBa OIEHKA
HOTPEIIHOCTH

kn
Z](\(]))”+MZ +621(k) +Yas ZE\(I)) :ug\(]))(a)_ujv, y, mHaeTes
k=1

u,ﬁ"n)(a)—u*usxn(a), n>N, (17)

e x,(8)=u,

n

n—1

& ’ Tk " & k L
(1)0pMy.IIOI/I (7)> Wy, = qu‘] > Wy = Z 82‘[5”) TYm TV ma HCI]'] ’
j=N m=N k=1 Jj=m+1

0<g;<l.
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JokazareancTBo. Paccmorpum nipy n > N HEpaBEHCTBO

e u, € H, — To4uHOE pelieHre NPUOIIKEHHOro ypaBHerus (2). [l BToporo

u,ﬂk”)(?S)—u *

s” u,g"n)(é)—u,’;u+“ uy -’ (18)

cimaraemoro HepaBeHcTBa (18) nmeeM oneHky (7). OnieHHM TIEpBOE CllaraeMoe.
W3 ypaBHeHus (15) HEMOCPEACTBEHHO MOTyYaeM

ky—1 _
uy™ ®) =| [T - 4,) |uy” 3) +
Jj=0

k, ) k-1 o
+ S OTTE =% D g )| .8, n=N, (19)
n n n n
i=1 J=i

rre u,(,O) (0) € H,, — HauanbHOe npubmmkeHue, onpeaensemoe 1o popmynam (16).

%
I[JI;I TOYHOI'O pPEeHICHUs U, EHn MOXXHO BOCIIOJIB30BaThCA aHaJIOTMYHBIM

MIpEe/ICTaBIICHUEM
k=1 . ky k-l o
uy=| [TE-"Da) fuy +] DO TTE -4 | £, n=N,
j=0 i=1 Jj=i

KOTOPOE COOTBETCTBYET HMTEPALHOHHOMY pEIlEHHIO ypaBHEHHs (2), Koraa Ha-
YyajabHOE NPUOIMKEHUE COBIANAET C €r0 TOUHBIM PEILICHUEM.

() — k)
n

*
p (8) —u,, MoIy4NM BBIpaKEHHE

C yueroM (19) 115t HOTPEMIHOCTH Z
20—y oy s, (20)

rae

k-1
k, k,—J 0
i) = [TE =74, |2,

=0
k,, X ky—1 .

W) = | S OTTE =D 4,) [(f,8) = 1) 1)
i= J=i

[lepBoe cnaraemoe B BhipakeHUU (20) SBISICTCS CTaHAAPTHBIM JUIS MPOCK-
[IUOHHO-UTEPAMOHHBIX METOJIOB, BO BTOPOM XK€ CJIAra€MOM YYUTHIBAETCS IIO-
TPEIIHOCTh B 3aJJaHUH MPAaBOX YacTH ypaBHEHUS (2).

O603naunm uepes TN = E—1M 4, camoconpsuxenneii 8 H,, omeparop

nepexoja oT urepanuu k ureparuu B merone (12), (14) u ¢ yuetom ypaBHEHUs
(13) Oynem uMeTh:

Hrn(km (8)H < “Tn(k+1)

H‘r,fk)(f))u k=01, k, ~1. (22)

k+1
B 10 ke Bpems I yKa3aHHBIX HOMEPOB k TIpH BBIOOpE rfq ) cornacHo

BeIpakeHHI0 (14) HOpMa HEBSI3KU

rn(kﬂ) (8)” JIOCTUTaeT MUHHUMYMa; MO3TOMY,
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MOJIOKUB B ypaBHeHUH (13) BMecTO r(k D mr06oe JIpyroe, NOCTOSIHHOE IIPU J1aH-

HOM 1> N, 3nauenue 1, €(0,2/A;,), NONYYUM HEPABEHCTBO

k k
=B -, n0 9)] <

SHU?—rnAn)deSNS”E—rnAH
omeparopa A, IpHU YCIOBUH

W E) <4, [ @) arm

n

A Tak kxak g nonoxurensHoro B H,

T, €(0,2/),) umeem [1] ||E—rnAn|| =q,<l, 10

Bcex k=0,1,...,k, —1. Torga c yuerom (22) nonaydaem CleQyIOLIYIO OLIEHKY AJIS

HOPMBI OIlepaTopa Mnepexoa:
-

sy

<1, k=12,..k,, n>N. (23)

st BeIpaxeHus w,gk”) , >N B (21) Ha ocHOBaHMM cooTHoweHui (11) n

(23) 6ynem umeth
|1 @ - AU Tl -4
ORI

i=1

Jlaee, TTOCKOJIBEKY HayalbHAsl MOTPEITHOCTH MCTO,Z[a TUTS ypaBHeHI/IH ) c
(kn 1)(8) u

24

yueroMm (16) mpencraBuma B BUJIE z(o) = u(O) () - u

tYu vV, 0 N,

k *
SHZH_I) +Hun_1—u*H+Hu —u

U s v,gk”) Ha ocHOBaHWU cooTHomeHn# (20), (21), (23), (24) BemonHsIETCS pe-

KypCHUBHOE HEPAaBEHCTBO

k,—1 )
S (N E R I
j=0
(k1)
]+

(b
e

n-— 1)H+6 Zt(’)l Y Y, an" n>N;
ky— .
e <0 TTle - ] <ot
i—0

1) k
Wn—nl H—'—Yn—l +Yn)qnn S’

HOHLSyHCB 3THUMHU COOTHOLICHUAMU, IMOJTYYUM OLICHKY

<110 ) [azf(’)wmwmﬂJHq, n2N. (29

Jj=m+l
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BosBpamiasce k HepaBeHCTBY (18) 1 oueHHUBasi mepBoOe cCllaraéMoe B HEM C
yaetoM dopmyi (20), (24), (25), nmpuxoauM K oreHke morpemntHocty (17), u3 xo-
TOpPOW BHIHO, YTO TNPOEKIHMOHHO-UTEPAIIMOHHAS IOCIIECIOBATEILHOCTh TPUOIIH-
JKEHUN {u,gk”)(8)};f=N cxomutrcst B H k pemenno u” ypasHenus (1) mpu ycio-
BuH (8), korma n—>0 1 d —>0.

Teopema nokazaHa.

Paccmotpum Temepp NMpOeKIMOHHO-UTEPAIIMOHHBIA METO]] PEIIeHHS 3a1a4n
(1), (8), ocHOBaHHBI Ha MPUMEHEHUH K PEIIEHHIO KaXXI0TO U3 MPHOIMKEHHBIX

ypaBHeHwuit (10), HaunHas ¢ HOMepa n = N , UTepalliOHHOTO METOIa CKOPEHIIIero

(k+1)

coycka. ITapamerp T, B ¢opmynax (15), (16) BeiOMpaeM U3 yCIOBUS MHUHH-

MyMa 3HEPreTUYeCKOH HOPMBI MOTPEIIHOCTH ||z, MIpH 33/IaHHOW HOpMeE

, KOTOpOe ¢ y4eToM ypaBHEHHS AJs norpeimHoctH (Buga (13)) mpuso-

JUT K BBIPA)XCHUIO

e o G w0 g s, (26)
Tn (A0 0’ !

Kak u B Teopeme 2 nerko nokasarb, 4YT0

k+l1
y :H(E_Ti +)An)zn

<|E-v, a2 0), <lE-v,4

npu Jo0bIx 3Hauenusx 1, €(0,2/A,,), k=0,1,...k, -1, n> N . Ilootomy nss

orepaTopa mepexojia B MeTojie ckopemiero cirycka (12), (26) cnpaBeanuBa Ta ke
OLIEHKA, YTO U B METOJie MUHUMAJBHBIX HEBA30K (12), (14):

“Tn(k) “ =HE —®B g H <|E-t,4,]|= g, <1, k=12,.k,, n> N,

OTKy/ia CIIENyeT, YTO YTBEPIKICHUS TEOPEMBI 2 COXPAHSACT CHITy W JUIS MPOCKIIU-
OHHO-UTEpaMOHHOM peanm3aruu (15), (16), (26) MeToma cKopeHIIero cirycka.
U3 nokazatenscTBa TEOpeMbl 2 O CXOJIUMOCTH SIBHBIX TPOEKIMOHHO-
UTEPAIMOHHBIX METOIOB BaPHAI[HOHHOTO TUIMA st perenus 3aaayuu (1), (8) BbI-
TEKAET, YTO IIOCIEI0BATEILHOCTD {u,gk")(é)}ff:N cxomuTest K u-, ecit 0 —0,
IpHY POU3BOJIBLHOM BBIOOpE YMCeN k, , B 4aCTHOCTH, BCE 4ucia k, MOTYT OBITh
PaBHBIMU 1 CnenyeT, OJHAaKO, UMETH B BUAY, YTO C BO3paCTaHUEM 71 yBCJIMYMUBaA-
eTCsl 00bEM BBIYMCIUTEILHOU paObOThI, HEOOXOAMMEI JIJIsl HAX0XKIICHUS 0YEPETHO-
ro npubmmwkenus. [103ToOMy HY)XHO CTPEMUTBCSA K TOMY, YTOOBI 32 CYET MOJXO-
JS11ero BeIOOpa k, 1O BO3MOKHOCTU MaKCHMAaJIbHO MPUOIM3UTBHCSA K UCKOMOMY
PEIICHHIO TIPH JAHHOM 71 M TOJIBKO TOT[Ia TIepeXOoauTh K ypaBHeHuto (10) 60ib-
mweil pazmepHoctu. He cienyer taxxke BbIOMpaTh uucio k, IpU JaHHOM 7 CIIH-
IIKOM OOJIBIIIAM, IIOCKOJIbKY, HAYMHASI C HEKOTOPOTO MOMEHTA, YBEIIMYCHUE ITOTO
Yucia He IPUBOJUT K CYIIECTBEHHOMY YIYYIICHHUIO (TI0 OTHOIICHHUIO K PEHICHUIO
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u* MCXOTHOTO YpaBHEHHS) OUePEIHBIX MpuOMmKeHuit. Takum oOpa3oM, BO3HU-
KaeT BOIPOC O 1iesiecoo0pa3HoM BeIOOpe uucen k, (7> N ), OTBET Ha KOTOPBIH B
o0IeM ciydae 3aTpyJHHUTENICH, OTHAKO MOTYT OBITh JIJaHBI HEKOTOPbIC PEKOMEH-
pit:1107078

[ToacranoBka dopmyn (20), (24) u (7) B HepaBeHcTBO (18) mpUBOIUT
K OLIEHKE

rae T, = max rﬁj‘) . OTa olleHKa MOKa3bIBAET, YTO B CIIydae MPUMEHEHHUS MPOEK-
1<k<k,

u,(,k”)(S)—u*

s” v,g"n)u+6k,ﬁn +y,, n=N, 27)

[IUOHHO-UTEPAMOHHBIX MeTo0B (15), (16) ¢ BBIOOPOM HTEPALMOHHBIX ITApaMeT-
poB cornacHo BeIpakeHuto (14) (wmum (26)) mist pemenns 3axaquu (1), (8) mapa-
METPOM PETYJISIPU3ALUU SIBISIETCS KOIMYECTBO UTEpaUuil k,, KOTOpoOe CleayeT
COTJIaCOBBIBATh KaK C MOTPENIHOCTHI0 O B 3aJIaHUM MPAaBOI YacTH, TaK U C IO-
IPELIHOCTBIO Y, NMPOEKLUMOHHOro Merona. IlepBoe crnaraemoe B mpaBoil wacTu
(27) cTpemuTcs K HyJIO 1IpU k,, — o0, BTOPOE — pacTeT C KOJIMYECTBOM HTepa-
UM, TpeThe Ke He 3aBUCUT OT k, . [loHsATHO, uTO uncno k, JOCTAaTOUHO BHIOPATh

k)

TaKMM, 4TOOBI BEITHYHHBI , k,T,0 ¥ y, UMeIM OXMH M TOT e MOPSIIOK

MaJIOCTH; B YaCTHOCTH, POJb k, MOXET WMIrpaThb HAaMMEHbIIEEe M3 4Huced Kk
(k=0,1,...), yIOBJIETBOPSIOUINX HEPABEHCTBY

“v,(,k)“sM(k?n8+yn), n>N, (28)

rae M >0 — HeKoTopasi KOHCTaHTA.
Cnemyer oTMeTuTbh, 4To crnocoboMm (28) ompeneneHus uucen k, ymaoOHO

MOJIb30BAThCS JIMIB B TEX CIIydasX, KOTJa MCIOIb3yeMble 3/1eCh BEIUYHHBI, BXO-
JSIINME B OLEHKY HOTPEIIHOCTH (27), JIETKO BBIYUCISAIOTCS, YTO HE BCETJa BBINOJI-
HSIETCS IIPU PEIICHUH NIPAKTUYECKuX 3a1ad. HexoTopele npyrue cnocoOsl BeIOopa
qucen k, (n= N ) MoxHO HaliTu B pabore [13].

OTmeTnM, YTO METOJBl MHUHHUMANBHBIX HEB30K (12), (14) m ckopeiimero
crmycka (12), (26) mpu pemieHnn ycToMumBBRIX ypaBHeHHH Buma (10) cxomsarcs
C TOM K€ CKOPOCTBIO, YTO U METOJ IIPOCTOI UTEPAUK C ONTUMAIILHBIM MTapaMeT-
pom 1, =2/(hy, +X, ,) [16]. lpu pemeHnn >xe HEKOPPEKTHBIX ypaBHCHWH

(10), xorza oTHOmEHNE Ay, /A, , HAMOOJNBUICIO M HANMEHBIIETO COOCTBEHHBIX

3HAYCHUHN oreparopa An BCJIIMKO, 9T MECTOJAbI CXOIAATCA OOBOJBHO MCIJICHHO.

[IpoekrOHHO-UTEPAIIMOHHBIN TIOJXO0/ IMO3BOJIICT YCKOPHUTH CXOAMMOCTH IIPO-
1[ecca UTEPAMOHHBIX MPHOIMKEHUH K pelleHnto ncxoqHou 3anaan (1), (8) u tem
CaMbIM YMEHBIIUTh KOJMYECTBO BBIYHUCIUTENBHBIX 3aTPaT, MOCKOJBbKY 3HAYH-
TEeJIbHAsI YacTh ITUX TPHOIMIKEHUN CTPOMTCS Il MPUOIMKEHHBIX YpaBHEHHN
(10) meHbIIEH pa3sMEpHOCTH MPU HEM3MEHHOW IMOTPENTHOCTA O WX IPaBBIX Yac-
Teil. YCKOPUTHh CXOJUMOCTh MTEPAIIHOHHBIX METOJIOB MPH PEIICHUH TPUOIHIKEH-
HBIX ypaBHeHUH (10) MOKHO MpUMEHEHWEM HESBHBIX UTEPAIIMOHHBIX METOJOB, B
TOM YHCIIE C IEPEMEHHBIMH UTEPAIMOHHBIMH MTAPAMETPAMHU.
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BBIBO/IbI

B paboTe BrepBbIe pacCMOTPEH BOMPOC TEOPETHUECKOTO 0OOCHOBAHUS MPOESKIH-
OHHO-UTEPALIMOHHBIX METO/I0B, OCHOBAHHBIX Ha SIBHBIX METOAAX BapHUAIL[MOHHOTO
TUMNa (CKOPEHIIero CIycka U MUHUMAJIbHBIX HEBS30K), JAJIS peIIeHUs] HEKOPPEKT-
HBIX JIMHEHHBIX ONEPaTOPHBIX ypaBHEHWI B TMJILOEPTOBOM MNPOCTPAHCTBE, AJIS
KOTOPBIX HE BBIIOJHACTCS TPEThE YCIOBHUE KOPPEKTHOCTH 3aladu Mo Axamapy
(ycroituuBocTh). JlokazaHbl TEOPEMBI O CXOIUMOCTH METOOB, IOIYy4€Hbl OLIEHKU
norpemHocTy. Jlansl peKOMEHIAIMY 10 BEIOOPY PEryISpU3UPYIOIIET0 KOJIHYECT-
Ba UTEpaLUi NpU PELICHUH KKIOr0 U3 MpUOIMKEHHBIX YPaBHEHHUH, paccMaTpu-
BaeMbIX B KOHEYHOMEPHBIX ITOAIIPOCTPAHCTBAX UCXOAHOTO IIPOCTPAHCTBA.
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MULTIVARIATE CONVERGENCE-TARGETED OPERATOR
FOR THE GENETIC ALGORITHM

O. SHADURA, A. PETRENKO, S. SVISTUNOV

Abstract. Optimization of complex particle transport simulation packages could be
managed using genetic algorithms as a tuning instrument for learning statistics and
behavior of multi-objective optimisation functions. Combination of genetic
algorithm and unsupervised machine learning could significantly increase
convergence of algorithm to true Pareto Front (PF). We tried to apply specific
multivariate analysis operator that can be used in case of expensive fitness function
evaluations, in order to speed-up the convergence of the "black-box" optimization
problem. The results delivered in the article shows that current approach could be
used for any type of genetic algorithm and deployed as a separate genetic operator.

Keywords: machine learning, genetic algorithm, Pareto Front, principle component
analysis, transport particle simulations.

INTRODUCTION

A set of scientific researches that required data verification or generating big set
of datasets like the studies in cosmology, high energy physics (HEP), biology and
genetics, require the development of new approaches and methods for their
efficient analysis on modern computer platforms.

In the point of the work on analyzing and optimizing the performance of the
GeantV code [1], which is the prototype of the next-generation particle transport
simulation software intended to succeed to Geant4 [2], which is the current
golden standard in high energy physics (HEP) and beyond. Geant4 is a toolkit for
simulation of the passage of particles through different kinds of matter, with
application including high energy and nuclear physics, accelerator physics,
medicine and space science and it is widely used in HEP experiments at the Large
Hadron Collider (LHC) located at CERN (Geneva, Switzerland).

As a history, GeantV project had been started in 2013 with an R&D phase
focused on optimal exploitation of instruction level parallelism for particle
transport simulation both on CPU and on accelerators such as GPUs and Intel
Xeon Phi [3].

GeantV is based on a specially developed vectorized computational solid
geometry (CSG) modeler, which provides a set of optimized shape primitives and
highly parallel geometry navigator and necessary ray-tracing functionality for the
efficient propagation of particles through the target geometry [4].
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The goal of GeantV project is to optimize the simulation algorithms to get
maximum benefit from highly massive parallel SIMD/MIMD architectures [5]
while finding the optimal point for factors focused on computational performance
(floating-point performance, off-chip memory bandwidth, usage of cache and
memory hierarchy and etc.). As a consequence, a large number of parameters
have to be optimized and GeantV optimization task can be treated as a black-box
problem.

DTLZ [6] set of benchmarks is covering cases in convex and non-convex,
separable and non separable and multimodal functions with degenerate Pareto
optimal fronts or disconnected Pareto optimal fronts, and disconnected Pareto
optimal sets. These helps us to prototype of behavior of our algorithm in case of
different set of realistic functions. The objective of this work is to observe
whether, by using unsupervised machine learning, we can accelerate the process
of finding a Pareto front.

Also using genetic algorithm together with machine learning approach we
will try to analyze convergence and fixed points of evolutionary systems, trying to
accelerate convergence rate of algorithm for “black-box” optimization. Before
going to optimize Geant-V simulations, we will try to prototype algorithm’s
performance on a set of numerical DTLZ benchmarks [6] in order to accelerate
their convergence to the true Pareto front via the integration of multi-objective
search/optimisation (MOQ) algorithms and unsupervised machine learning
Principal Component Analisis (PCA) and kernel PCA.

GENETIC ALGORITHMS AS ADYNAMIC SYSTEM

Genetic algorithm is one of the widely used evolutionary algorithms for studies of
various optimization problems, in the same time the theory of genetic algorithms
(GA) was a subject of research for the last decades. The easiest model for
studying GA is a simple model of genetic algorithm (SGA)[7], that could be used
as a prototype of evolutionary system. This model is describing genetic algorithm
(GA) as a dynamical system with accurate mathematical definitions and well
studied in a literature.

In the model for description of GA as a Markov chain is used next
definitions where states are populations and transition are operated by sets of
genetic operators: selection, crossover and mutation [8]. Mutation ensures that the
Markov chain is connected, therefore there is an unique equilibrium distribution
over populations, the probability to produce a particular population in one
generation depends only on the previous generation external influencing factors.
This randomized process is described by a Markov chain, characterized by a
transition matrix ©; ; from the population p to the population g .

Dynamical systems describe the evolution of individuals in the finite space
of possible populations of fixed size m, where m is number of measurements
during the experiment. While rethinking the genetic algorithms as a discrete
dynamical system, many interesting mathematical objects like fixed points could
be found. These objects are apparently not only generic for simple genetic
algorithms, but also general for optimization problems. Let’s briefly recall the
results presented in [7] and establish the possible links with the task of optimizing
our parameters.
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We have a population of N different types of individuals in search sample
space (2. Each element of Q can be thought of as a “unique individual” with
a given fitness value defined by the cost function.

A population consists of m -subsets (m = N ) each of which contains Ve, of

the a; -type individual where i =1,...,m and defined by vector
b =(by;bgy b, ) s

where a; € Q. The size of the population is m = Ziwilboc,- .

We can redefine the population vector in the following form

p=(p1sP2sesPy)
where p ( Po; = boc1 /m) is the probability of occurrence o -th individual in the

population vector b.
In the mentioned before representation the repeated application of the
genetic algorithm gives a sequence of vectors p € A where

N
A={(p1, Py py) €RY 0 p, <1, py =1}

a=1

A is a set of admissible states for the populations. We can consider A as a
(N —1) -dimensional simplex (a hyper-tetrahedron).

G,(p) 1is a certain probability of producing individual o in the next
generation if the previous population was p and define map G:A — A, where
G(p) :HaeQGa (p), and G(p)e A could be considered as heuristic function.
G(p) is GA procedure on pe A and the map G is actually the composition of
three different maps: selection, mutation and crossover.

Let define genetic selection operator F : A —> A, where F(p)= qugFa (p)
and the o -th component, F, (p), represents the probability of the appearance of
an individual of type o if the selection is applied to p € A. A selection operator
chooses individuals from the current population using the cost function vector,

f ={f.}€ RY , where fo = f(a), ae Q. This generic type of selection collects

elements with probability proportional to their fitness. This corresponds to a
heuristic function

-, dia D
F(p=22eU) P
P
where pe A is the population vector, and diag (]7) is the matrix with entries

from f along the diagonal and zeros elsewhere.

The mutation operator U:A —> A is an NxN real valued matrix with
(a,B) -th entry u,g>0 for all a.B, and u, g represents the probability that

individual feQ mutates into a€Q. Then (U-p), is the appearance of an
individual of type a after applying a mutation to the population p .
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Crossover operator is defined C: A — A as
C(p)=(p"-Cy- Py ' -Cy - D),
for pe A, where él,...,é' v 1s a sequence of symmetric non-negative N x N real-

valued matrices. Here éa (p) represents the probability that an individual o is
generated by applying the crossover to population p .

Combining the selection, mutation and crossover maps we obtain the
complete operator G for the genetic algorithm (GA map)

G:A—> A, G(p)=CoUoF(p).

If we know the heuristic function G, we can write the transition matrix
which is stochastic and based on the probability of transforming the population p

into the population ¢ :

_ 1 (G (p))" e
ou IR

where G, (p) is probability of producing individual o in the next generation and

; )

Mqa is the number of copies of individuals a in the population g, m is the size
of the population.

As a brief review, the convergence properties of the simple genetic
algorithm evolution schema was properly explored in the work [9]. While [10]
showed that the convergence rate of the genetic algorithm is determined by the
second largest eigenvalue of the transition matrix (1). The details of the proof was
performed for diagonalizable transition matrices and transferred to matrices in
Jordan normal form.

Another remarkable feature of the SGA is the presence of a rich structure of
fixed and metastable points (for a detailed discussion see [8]).

Describing GA model through Markov chain representation we try to
discover "hotspots" and find algorithmic or data patterns that could be used for
improvement of the GA.

For the optimization of the GeantV simulation, we identify a set of
optimization parameters important for the performance of particle transport
simulations (e.g. the size of vector of particles to be transported or other
significant design features) and build the data matrix X, ; = {(X,);} = {X, } which

contains the values of these parameters. In this matrix index i enumerates the
tuning parameters (i=1,..,n) and index o enumerates the number of
measurements of the parameters (a=1,....,M for M measurements), while in
terms of GA index o enumerates M individuals and the population vector is
constituted by (X;,X,,...,Xy,)

Recall the data and probabilistic sample representation. In the first case we
can associate the vector based on the measurements of the i-th parameter

% ={(F)y} ={(E)12(E)gsn(Z; )3y}, where the component (%), corresponds
to the value of the i-th parameter in the o -th measurement with the population

’

vector (il',ié,...,xn).
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In the second case P (x) be the probability distribution function of the
measurements of the i -th parameter, with normalization

0
[ dxP(x)=1.
Using the previous strategy we associate the population vector

(D1 Paowes By) With (3330000 %)
where
Di =P (P) 2o (P
and the component (p;), is the probability to measure of the i-th parameter

value ()?i')a in the o -th measurement.

One of the challenges of a Markov chains is to determine the evolution of
the components along an appropriate direction for faster convergence to
equilibrium. Using Principal Component Analysis (PCA) allows to check the
genetic algorithm parameter sensitivity and the possible correlation between
parameters. For this we introduce a operator that will be based on PCA and
inverse PCA noise reduction operation for a genetic algorithm’s optimisation of
set of parameters.

We considered a possibility to improve the convergence rate by adding to a

A

standard set of GA operator’s (selection, mutation, crossing), a new operator P
performing uncentered PCA on the GA populations. We will analyze the result of
the implementation of the operator on the uncentered data matrix on standard GA
performance benchmarks. From the experimental output we see that as in the
SGA case [10], the convergence rate of genetic algorithm depends on the
eigenvalues following the highest one, and for this reason the proposed operator

P was applied on them.

UNCENTERED PCA AS A SVD APPROXIMATION
FOR POPULATION DATA MATRIX

In PCA, we usually manipulate with centered data matrix in order to reduce a
complex data set (in our case performance measurements data) to a lower
dimensional set through analyzing the covariance matrix. Here is presented a way
that a “sort of PCA” could be implemented on an uncentered data matrix. This is
particularly convenient in the case of transformations of constrained data
measurements using genetic algorithms, which are in our case highly constrained
and multi-scaled performance parameters. As a basis of ideas about the
connection between the centered and uncentered data matrix was used ideas from
[11,12].

PCA for centered data matrix and SVD

Let briefly recall PCA for the centered data matrix. The elements of the data

matrix X of size mxn are described through m -samples of data from an 7-
dimensional space. In our case m is the number of individuals in the generation
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and n is the size of the individual (7 is the dimension of vector of genes
Xx={x;}(1<i<n).
Let X, = {(¥,);}(1<a<m,1<i<n) is o -th individual of the population and

X = {X(x,i} = {(‘i:(x)i}z
be a uncentered data matrix, size mx n . Let us define the centered data matrix Y:
= oit = Xoi =1 ={0e)i>

where |; is mean over M -individuals of i -th component of the gene:

m
D Xoi 1<i<n, f={u;}.

a=1

M =

The centered data matrix defines the covariance matrix 3 :
1

m

with the matrix multiplication repeated 1nduces imply summation. Similarly for
the uncentered data matrix we obtain the matrix of non-central second moments,

T—iX X =11, p=— Lyt x

Lota,j "

T=—7Y". A—{zl]}— 'Y

za o,

In standard PCA terms the first principal component (PC)
V1 = {vg 1} (@ =1,...,m) is the linear combination

Z i1 ﬁ up =1,

where the orthonormal n-dimensional vector i, = (ul’l,...,un,l)t is defined from
condition that the first principal component has the largest variance
1 2
= Z |:Z o,illi 1:| .
mg=1li=1
The second principal component is the linear combination with the second
largest variance and orthogonal to the first principal component, and so on.

To calculate PC, it is more comfortable to review the variational problem.
For v ={v,}=1{Y, u;} wehave

Var(v):iﬁ’-?f-? STEETEES T ()
m

and the Lagrangian for the variational problem
L=a" -3 +Mu'd-1).

The stationary condition is
O 2% i-2i-0, 5
ou

N
I
>
<y
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This matrix equation has n solutions
S i, =2\ i
Zou; 7»] u;, 1<j<n,
where #; are eigenvectors of 3 with the eigenvalue A, and u; satisty the

J j
orthonormality condition

il i, =8, ., 1<i,j<n, 3)

and
i
u;-Xou;=Mh;. @)
Then the direction with maximum variance is the eigenvector with the
largest eigenvalue. This procedure can be iterated to get the second largest
variance projection (orthogonal to the first one), and so on.
From (2) it follows that the variance of the i-th centered principal

component
Var(v,) =i -E-ii, =\,

and the covariance of the i -th and j -th centered principal components

- = N_ =t ™ = _ . .
Cov(v;,v;)=u; -X-u; =0, i#].

Defining the matrix as U, ;=u; =(u;);, which consists from the

eigenvectors of the covariance matrix . From (3) this matrix satisfies the
orthogonality condition

t —
Ui,i'Ui’,j N 81',./" (5)
Then from (4) we have
Ut‘i'l}:/,\\ Py Al’j:klal’], (6)
Let define the matrix V, ; ={v;} ={(v,);}, where v, — j-th centered
principal compoent. Then
Vo, =Ya,iUi s 1Sa<m, @)

and the first principal component v,

_ _ _ =t =
Va,1 = Voc,l - Y(x,iUi,l = Vo U

if A, is the largest eigenvalue. From (5), (6) we have
t _ —
ViaVoj =mA; j =mA;3,; ;.
It is convenient to define the new matrix I7a’ ;

_ -~ 1/2 12 _ A12
Vo j =NmVe NG N5 =28,

which satify the condition

o
ViaVa,j =8
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The matrix 17%]4 ={(v,)o} consists from eigenvectors (Vj)OL of the matrix

K =Y -Y! ofthe size mxm

Kop(p = Yauip (7)) =25 (7))o
with the same eigenvalues as in (4). From (7) we have

_ t
Yoi=Vo;Ujis

and obtain the Singular Value Decomposition (SVD) [13] for the centered data
matrix
5ooaln
Y= \/;Va,iAi,jU/t',i' 3

We suppose that the covariance matrix 3 has (n— p) smallest eigenvalues
A;=lLp+1<j<n. Then we can apply the dimension reduction and after the

reverse PCA, we obtain the output data matrix Zx,i :
v oo [ K2prt 1277 7t 1277 prt
Yo =NmV ;AY3U L = Nm WPV, U+ 4000, UL D (9)
The approximation of matrix Y, ; is the matrix 170[,[. of reduced rank m <n .

This transformation is also known as the discrete Karhunen-Loéve or the
Hotelling transformation [16].

Using the SVD representation (8) and (9) for the centered data matrix we can
calculate the mean square error (the standard error)

1 &n —
nm:_ZZ(Ya,i_Yoc,i) =

nm g —1i=1

1 1 &
S =3
nm g =1i=1 k=p+1 1 g=p+1

£51vn £

Thus the minimum error is obtained if the covariance matrix > has (n—p)

smallest eigenvalues A ,,p+1<j<n and the Hotelling transformation can be

considered as the “eigenvalue control parameter” approximation.

PCA for uncentered data matrix and SVD

Next step is to apply the PCA method for the uncentered data matrix X.
Vectors w; (1< j<n) are eigenvectors of the matrix of non-central second

moments
r=Llir %
m
with the corresponding eigenvalues ¢,
T-w;=t;w;, 1<j<n, (10)

and satisfy the orthonormality condition
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V_t}lt "7{}] :81’1, lSl,_]Sn.
Then
[ -
wiT-w; =t;. (11)
We define matrix W, ; ={w;}=(w;); that satisfies the orthogonality
condition
From (11) we have
WHT-W=A, A ;=18 (13)

N _ (=t - _ . . . .
Let 0, ={(0,)q}=1{xy w;Ha=1,..,m) is j-th uncentered principal
component. By analogy with (7) we define the matrix ©,, ; = {0 =100;)q}

O, ;=X W, 1<a<m, (14)

i,j°
which from (12) and (13) satisfy the condition

For the variance of j -th uncentered principal component we obtain

2

. 5 1 2|2 s o

Var(9,) =05, = 2 |:Z(Xa,i _Mi)VVi,j:| =t; — " cos (Il #)),
o=1[i=1

For case of uncentered matrix we do not have a simple relationship between

the eigenvalues 7; and the variance j-th uncentered principal component

(o, j)2 as for the centered data matrix. However, this property is not essential for

the usage of the PCA method for the GA and in this case it is convenient to apply
the “eigenvalue control parameter” approximation. The idea is to use the PCA
method for the SVD representation of the uncentered data matrix.

We define the matrix ® o)

@, ; =Jm®, A%, A% =175, .. (16)
From (15) and (16) we obtain:
®lt,(l®(x,j = 61',]-

Using (16), (15) and (11) it is not hard to show that C:)a,j ={éj} is the

matrix of eigenvectors (6 )a of the matrix K =X - X' ofsize mxm

From (14) we obtain the representation for the uncentered data matrix
Xoi= ®(x,jot,i’

134 ISSN 1681-6048 System Research & Information Technologies, 2017, Ne 1



Multivariate convergence-targeted operator for the genetic algorithm ...

from which we get the SVD representation for the uncentered data matrix
_ 12 gt
X, =Am®, NP,

If the matrix of non-central second moments 7 has (n—gq) smallest
eigenvalues 7; =1,g+1<j<n we can use the “eigenvalue control parameter”

approximation and get the output data matrix X a,; ofrang g

=m®,  A2W), = Im (1?0, W' + ..+ 120, WD, (A7)

where the eigenvalue matrix Ak’j hasrang g (1,4 =1, =...=1, =0).

We approximate X, with rank n by the matrix X, which has rank q.

a,l a,i
This is the analog of the Hotelling transformation.

Using the SVD representation we can estimate the mean square error n, for
this approximation:

1 m n

nq :_ZZ(X(I,i _)?a,i)z =

mn g —1i=1

2
1 m n 1 n
__ZZ(\' Z tk®akalJ I
a=1i=1 k=q+ M =g+

The minimum error is obtained in the case if the matrix of non-central
second moments 7 has (n—q) smallest eigenvalues 7,,g+1< j<n.

The second case we can get this approximation using a projector P, which
projects the data matrix X onto the subspace spanned by the principal axes with
largest eigenvalues ¢;, 1<,;<g. Let define matrix VIN/Zk ={wp}=wy);
(1<k'"<q) of the size nxgq. This matrix consists from the first ¢ largest
eigenvectors wy: (20).

The projector PU9 s defined the following way
5(La) _ 1 5(La) . p(lg) _ A,
Pifj q9) — VVi,k'Wkt’,j’ p( q) ,P( q) _P( (I)'
Then it is not hard to show that the approximation X, «; 0 (17) can be

written using the projector pia)

~ L
Xoj =X B0 =160, W', +.4 1,0, W, .
Analysis of eigenvalues in SVD representation of the uncentered input data

matrix X, ; used as population in GA can significantly accelerate the processes

of finding the Pareto front for the MOP. We verified this hypothesis for the
standard GA test problems [6].

Eigenvectors with the largest eigenvalues likely determine the subspace of
solutions of the MOP in which lies the Pareto front. Using an iterative procedure
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for uncentered data matrix from MOP we can faster converge to the optimal
solution subspace.

PCA-based genetic operator Gp(p)=PoCoUo F(p) allows to check the
genetic algorithms parameter sensitivity and the possible correlation between
parameters. We introduced a new algorithmic step applied to generation
modification step that performs data transformation based on PCA and inverse
PCA noise reduction operation the set of parameters used for GA.

EVOLUTIONARY SCHEMA PERFORMANCE IMPROVEMENT FOR NSGA-II

In the article we propose to modify NSGA-II [14] as one of the most common
GAs with specific operator shown on figure 1 that can be regarded as a denoising
factor for faster approximation and convergence to the true Pareto front consisting
of ideal individuals, we can apply orthogonal transformation to be able to
discover strong patterns in data set. NSGA-II features fast non-dominance sorting
procedure of population and preservation of a good convergence rate to the
optimal Pareto set and it preserves a spread of best individuals is using a diversity
preservation operation called crowding distance and non-dominated ranking
procedure. In case of NSGA-III [15] as a evolution of NSGA-II has more specific
algorithm schema based on reference point’s selection procedure.

On a Fig. 1 is shown how was integrated operator performing UPCA in the
algorithm. It is particularly important to notice that authors tested more
combinations, and case of schema described on Fig. 1, we got maximum of
benefits in speedup and algorithm convergence caused by increased size of
population matrix used for tournament selection pool.

Rank - 12 Rank - 3

UPCA

S R

R .
Transition matrix

Transition matrix

Fig. 1. New schema of algorithm

RESULTS OF RUNNING DTLZ BENCHMARKS

The DTLZ problems [6] are a set of numerical MOP benchmarks that are used for
comparing and validating results from different GA algorithms. We present
results of the DTLZ benchmarks [6] for NSGA-II and NSGA-II with PCA noise
cleanup operator. We recognized that currently NSGA-III is outperforming
NSGA-II but here results are provided as a proof of concept. On Figure 2, 5 are
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presented the parameter distribution (mean and standard deviation values) and
cost function values behavior depending on used algorithms.

Population distribution

z
a5
30
PopDist10
25 -
Entries 2400

20 Mean 0,4911

Std deviation | 0,2422
15
100
i
5“

I

%01 02 03 04 05 06 07 08 098 1

TGenes/Bins
Fig. 2. Population distribution on 10th generation - NSGA-II - DTLZ2

DTLZ2
NSGA-2
Entries 200
Mean Y, 0,7881
Mean Y, 0,824
Mean Y, 0,754
Std deviation Y, 0,563
Std deviation Y, 0,5814
Std deviation Y, 0,4796

DTLZ4
NSGA-2
Entries 200

" MeanY; 0,6303
Mean Y, 0,4336
Mean Y3 0,6171
Std deviation Y, 0,5334
Std deviation Y, 0,5928
Std deviation Y3 0,7106

Fig. 4. Pareto Front on 40th generation of NSGA-II - DTLZ4

Comparing Fig. 5, 6 and Fig. 7 where was applied noise-removing procedure
and Figure 2, 3 and Figure 4 where was not, we can observe faster convergence to
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the ideal values of the parameters in the first case. Fig. 7 and Fig. 6 show the first
approach to Pareto front in combination with correct set of parameters.

DTLZ2
NSGA2UPSA
Entries 200
Mean Y, 0,615
Mean Y, 0,6235
Mean Y; 0,5528
Std deviation Y| 0,384
Std deviation Y, 0,4275
Std deviation Y; 0,4366

is Y,

22
Fig. 5. Population distribution on 10th generation — NSGA-II with preprocessing of
data -DTLZ2
7 Population distribution
120

PopDist10
Entries 2400
Mean 0,487
Std deviation| 0,4

|III|III|III'|II'I|I1II

00 01 02 03 04 05 06 07 08 09 1
TGenes/Bins

Fig. 6. Pareto Front on 10th generation of NSGA-II with preprocessing of data - DTLZ2

DTLZ4
NSCA2UPCA

Entries 200
Mean Y, 0,6407
Mean Y, 0,5633
Mean Y3 0,6273
Std deviation Y, 0,3989
Std deviation Y, 0,4217
Std deviation Y3 0,4117

Y, 15

22
Fig.7. Pareto Front on 40th generation of NSGA-II with preprocessing of data - DTLZ4
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The next steps of our work will be to agree our concept with the existence of
fixed points in dynamical systems, to re-evaluate a possible speedup comparing to
other algorithms together with the “black-box” benchmarks [17] and port a new
algorithm as a part of the optimization framework for GeantV particle transport
simulations code.

CONCLUSIONS

In this work we tried to explore the possibility to combine genetic algorithms and
unsupervised machine learning (PCA/UPCA/SVD/KPCA) to obtain a powerful
combination that speedup existing GA algorithms. Usage of this algorithm for
performance optimization of simulation of particle physics with clearly give
benefit in finding optimal value with smaller number evolutions with costly
fitness function. Next step of work is to implement this algorithm as a part of
optimization routine in Geant-V project and test a benefits in full scale mode
system.
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PEDEPATHN ABSTRACTS

TEOPETHYHI TA NPUKJIAJTHI TIPOBJIEMH I THEORETICAL AND APPLIED PROBLEMS
METOJU CUCTEMHOI'O AHAJII3Y AND METHODS OF SYSTEM ANALYSIS

YK 517.9, 519.816
Mogaens ouniHOBaHHsI piBHA He0e3mekH cUTyauliid B 3a7a4yax (PyHKUiOHYBAHHS CKJIAJ-
Hux 00'extiB / lankparosa H./I, Cibora M.P. // CucteMui mocimimkeHHs Ta iHpopmMa-
miitai Texaosorii. — 2017. — Ne 1. — C. 7-19.

3anpornoHOBaHO MOJENb OIIHIOBAHHS IH(POPMAIIIHHOTO 3a0e3MedeHHsT 0co0H, IO
npuiimae pitnenns (OITP), sika rpyHTyeTbhCs Ha TOCHIPKEHH] SKICHMX MTOKAa3HUKIB iH(pOP-
MOBAHOCTI: MTOBHOTH, JIOCTOBIPHOCTI Ta cBoe4acHOCTi iHpopmosanocti OIIP. Ha ocHoBi
UX TOKa3HUKIB c()OPMOBAHO piBeHb HeOe3nmeKu curyalii mija 4ac (yHKIIOHYyBaHHS
ckiaaHux o0’extiB. s peanizauii Mozesli BUKOPHUCTOBYBAJIHMCS METOAM OJHOIIApaMeT-
puuHOi Kinacudikamii 3 oneparisiMi NepeTUHY HEYITKUX MHOXHH 1 CHIBHOTO INEpETHHY,
METOIM IHTepBAIBLHOI KiIacudikamii 3 onepanisiMu 00'eTHaHHS 1 IEpETHHY HEYITKUX MHO-
JKHMH, a TAKOX 3 OIepalisMi CHIIBHOTO 00'€IHAHHS 1 NepeTHHY HEYITKUX MHOXHH. 3arpo-
MTOHOBaHI METOIU JO3BOJLIIOTH Kiacu(ikyBaTu cutyamii 1t indopmysanHs OITP mpo
OOTpYHTOBAHICTH 1 O€3MEeKy MPUIHATTS PIillICHHS 3a HAIBHOTO iH(opMaIliifHoro 3abe3re-
yeHHs1. Po3pobiieHa Moaenb 0a3yeThest Ha JOCHIDKEHHI SIKICHUX TTOKa3HUKIB iH(opMoBa-
HocTi OITP i Moxe OyTH 3acTocOoBaHa JUIsi OLIIHIOBAHHS PiBHsI HeOE3MeKH CHUTYyAIlil B 3a-
Jnadax QyHKIiOHyBaHHs cKiaaHuX 00'ektiB. Puc.: 1. Tabux.: 5. bi6umiorp.: 11 Ha3s.

YAK 517.9, 519.816

Mopeib OleHUBAHUSI YPOBHSl ONACHOCTH CHTyauMili B 3ajayax (pyHKUUOHHPOBAHUS
cJ10:kHBbIX 00beKkTOB / IlankpaToBa H.JI, Cabora M.P. // CuctemMHi JOCTIHKEHHS Ta iH-
dhopmartiitai Texuomorii. — 2017. — Ne 1. — C. 7-19.

ITpeanoxeHa Monens OlEHWBaHUSA MH()OPMALMOHHOTO OOecTIeueH s JHIA, TPUHH-
matomero pemenus (JITIP), ocHoBaHHast Ha HMCCIIEZOBaHMM KAa4eCTBEHHBIX ITOKa3aTeNer
MH()OPMHUPOBAHHOCTH: TOJIHOTHI, JIOCTOBEPHOCTH U CBOEBPEMEHHOCTH MH(OPMHUPOBAHHO-
ctu JITTP. Ha ocHOBe 3THX mOKa3arenell COpMHUPOBaH YPOBEHb OIIACHOCTH CHUTYAIUH MpH
(YHKIIMOHMPOBAHUH CIIOKHBIX 00BEKTOB. [|Isl peanu3aiiii MOJIeJI UCTIONIb30BAINCH Me-
TOJBl OJJHONAPAMETPHYECKON KIIACCU(PHKALMKU C ONEpalMsIMHU IIePECeUeHUs] HEYETKUX
MHOXXECTB M CHJIBHOT'O IIE€pecedeHNsi, METOAbl HHTEPBAJIbHON KiIacCHQUKALUK C OIle-
panusMu 00beIUHEHHS U NIEpEeceYeHHs] HEUETKUX MHOXKECTB, a TaK)Ke C OlepalsIMu
CHJIBHOT'O 061)eIlI/IHeHI/ISI U NepeCcCUCHUA HCYCTKUX MHOKECTB. Hpell.HO)KeHHble METOAbI
MO3BOJISIIOT Kilaccu(UIMpoBarh cutyauuu s napopmuposanus JIITP 06 obocHoBaHHO-
CTH ¥ 0€30IIaCHOCTH IPUHATHS PEIICHUs MPHU UMEIoIieMcss HHQOpMAIIHOHHOM obecrede-
Huu. Pa3paboranHas mMonenb 06a3upyercsl Ha MCCIIE0BaHUM KayeCTBEHHBIX MOKa3zaTesen
nHpopmupoBanHocTy JIIIP i MoxxeT ObITH MpUMEHEHA [JIs OIICHUBAHUS YPOBHS OIac-
HOCTH CHUTyanui B 3agadaxX (yHKIHOHHPOBAaHUS CIOXHBIX o0bekToB. Fig.: 1. Tabl.: 5.
Refs.: 11 titles.

YIAK 51-77

OueHka YpoOBHSI COUMATBbHOI TUHAMMKH M NEPCHEKTUB Pa3BUTHS 001IECTBA, OCHO-
BaHHOro Ha 3HaHusXx / Jlazapenko U.C., IIbimuorpaes U.A. // CucteMHi nocTimKeHHS
Ta iHpopmariiHi Texnoxorii. — 2017. — Ne 1. — C. 20-32.

HccrienoBanre u MOAEIMPOBAHUE OOIIECTBA, OCHOBAHHOTO HA 3HAHWSIX, SBISIOTCS
BaXHBIMH HATIPABJICHUSAMH TIOJUTHKH TIEPEX0a CTPaH Ha HOBBIH YIYYIICHHBIH YPOBEHb
CYIIECTBOBAHMS M TECHOT'O YKOHOMHYECKOTO, COIIMATBHOTO M TEXHOJIOTHYECKOTO COTPY-
HUYeCTBa. PacCMOTpEeHBI OCHOBHBIE NPUHIMIEI ITOCTPOSHHUS MOJCTH k-OOIIECTBa, IMpO-
OyleMa HEeTONHOTHI CTATUCTHYECKUX TAHHBIX W METOJBI HX BOCCTAHOBJICHHS, B YACTHOCTH
JETaJbHO MPOAHAIN3UPOBAHA U ITOCTPOECHA KOMIIOHEHTA MOJETH — MHIIEKC COIHAIbHOM
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JTUHAMUKHA U TIEPCIIEKTUB PAa3BUTUA U1 126 cTpaH Mupa. AHAIN3 pe3ylbTaToOB MPEICTaB-
JIeH KaK B TeKyIIel peUTHHroBoi cucreme s 10 ctpan-munepos, 10 crpaH-ayTcaiinepos
1 YKpauHBI, TaK U B JUHAMUKE 3a mocienaue 10 met. JJaHHBIA HHICKC TOCTATOYHO XOPO-
10 KOPPETHPYET C HHACKCOM IKOHOMHYECKOTO U3MEPEHHs, YTO MO3BOJIIET YTBEPKAATH O
[eJIeCO00Pa3HOCTH U BaYKHOCTH MCCIICAOBAHUII B 3TOM HAIlPaBICHUH, KOTOPbIE MTO3BOJISIT
CTPOUTH CTPATErWu Pa3BUTHs CTPaH, UCIONb3Ysl MOJeb k-obmiectBa. Puc.: 4. Tabm.: 1.
bubauorp.: 25 Ha3B.

UDC 51-77

Estimation of social dynamics and development prospects of knowledge society / Laza-
renko LS., Pyshnograiev 1.0. / System Research and Informational Technologies. —
2017.— Ne 1. — P. 20-32.

Research and modeling of the knowledge society is very important from the point of
view of the country's transition to a new improved standard of living and economic, social
and technological cooperation. In this article, the basic principles of the k-society
modeling, problem of missing statistical data and methods to recover these data were
considered. In addition, the model's component, the index of social dynamics and
prospects of development, was analyzed in detail and constructed for 126 countries.
Analysis of the results was presented for the current rating system and the dynamics for
the past 10 years for 10 leading countries, 10 outsider countries, and Ukraine. This index
correlates reasonably well with the index of economic measurement of sustainable
development that demonstrates the feasibility and importance of research in this area
which helps to create the development strategy by using k-society models. Fig.: 4. Tabl.:
1. Refs.: 25 titles.

MPOBJIEMUY NPUAHATTS PIIUEHD I DECISION MAKING AND CONTROL IN
YHPABJITHHA B EKOHOMIYHUX, TEXHIYHHUX, ECONOMIC, TECHNICAL, ECOLOGICAL
EKOJIOTTYHHUX I COLIAJIBHUX CUCTEMAX AND SOCIAL SYSTEMS

YK 519.226, 330.322

OueHnBaHne KPeIWTHBIX PHCKOB MeTOJaMH MHTEJIEKTYAJbHOI0 AHAJIN3A AAHHBIX /
Hanuaos B.S1., Kupos A.Jl., Bumiok II.H. // Cucremni nocimipkenHs Ta indopmariiiiui
texHomorii. — 2017. — Ne 1. — C. 33-48.

[Tpoananu3npoBaHbl KPEAUTHBIE PUCKH (DUHAHCOBBIX OPTaHU3alMi C IIOMOIIBIO Me-
TOJIOB HMHTEIEKTYAIIbHOTO aHajau3a JaHHbIX. (DaKkTUYECKUE CTATUCTHYECKHE JaHHBIE,
KOTOPBIE XAapPaKTEPU3YIOT 3a€EMILUKOB KPEIHUTOB, MCIIOJIB30BaHbI U1 IIOCTPOCHUS Mare-
MaTH4eCKHX Mojieniei B popMe ypaBHEHHUH THIIA JIOTHUT, AEPEBbEB PELICHUI 1 OaliecoBc-
KHX ceTeil. KagecTBO MOCTpOEHHBIX MOJIesIel MPOAaHAIN3UPOBAHO € TIOMOIIHI0 MHOXKECTBA
COOTBETCTBYIOIINX CTATUCTHYECKUX KPHUTEPUEB, KOTOpPHIE Nal0OT OCHOBAaHME JUISi BHIOOpa
JTydmield anbTepHaTHBHOW Mozenu. C MCHONb30BaHUEM JBYX BBHIOODOK OaHKOBCKMX JaH-
HBIX BBIIIOJHEH PsJ BBIYMCIMTENBHBIX SKCIEPUMEHTOB M YCTAHOBJIEHO, YTO TyYIIUMH
OKa3aJMCh MOJIEJIM THIA JOTUT M OaiiecoBckue cetd. IIpemycMaTpuBaroTCs pacmmpeHue
MHO>KECTBa METO/I0B IIOCTPOCHNUSI MAaTEMATHUECKUX MOZEJIEH U peann3alus Uiaen KoMOou-
HUPOBAHMS OLICHOK, CTEHEPUPOBAHHBIX allbTEPHATUBHIUMHU MeTogaMu. OOOCHOBAHBI IieTie-
COO0pa3HOCTh pa3pabOTKU U pealu3alys CIELHUATU3UPOBAHHOW CHUCTEMbI HOANEPKKH
NPUHSTHUS PELLCHUI [UIsl BHIIIOJIHEHUSI CCIEN0BaHUil B cepe OLEHUBAHUSI U TIPOTHO3M-
poBaHus pHHAHCOBBIX pUCKOB. Puc.: 9. Tabun.: 7. bubmuorp.: 9 Ha3B.

UDC 519.226, 330.322

Estimation of credit risks using the data mining methods / Danylov V.Ya., Jirov O.L.,
Bidyuk P.I. // System Research and Informational Technologies. — 2017. — Ne 1. —
P. 33-48.

In this research, credit risks are analyzed for financial organizations using data
mining techniques applied to actual data. The two sets of actual statistical data
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characterizing the borrowers are employed for constructing mathematical models in the
form of the nonlinear logit regression, decision trees, and Bayesian networks. The
constructed models are analyzed with a set of appropriate statistical criteria, providing a
basis for selecting the best alternative model. A series of computational experiments have
been carried out using the two sets of actual statistical data from a Ukrainian bank. As a
result of the performed computations, it was established that the best models in this
application turned out to be nonlinear logit equations and Bayesian networks. In the future
studies, we suppose to expand the number of model constructing techniques and to apply
the idea of combining the estimates generated by the alternative models. Also, a
specialized decision support system is to be constructed for the purpose of carrying
research in the area of financial risks estimation and prediction. Fig.: 9. Tabl.: 7. Refs.:
9 titles.

YK 004.852

IIpumeHeHne MeTOA0B MHTE/JIEKTYAJbHOTO aHAJIN3A JAHHBIX K PElIeHHI0 33/1a4 aK-
TyapHOT0 MOJEJHPOBAHUA M oueHuBaHusA puHancoBbix puckos/ y6inina C.B., Bi-
ok ILU. // Cucremni nocnijpkensst Ta indopmariiini texuomorii. — 2017. — Ne 1. —
C. 49-64.

IIpencraBneHsl pesynabTaThl NPUMEHEHHS METOJOB HMHTEILIEKTYAIbHOTO aHaln3a
JAHHBIX K aKTyapHOMY MOJEJIMPOBAHHUIO U OLEHHMBAHUS PUCKOB CTPAaXOBBIX KOMIIAHUI.
B kauecTBe MaTeMaTHUECKOT0 armnapara HCHoIb30BaHbl 0000ICHHbIE IMHEHHBIE MOJIEIH,
METOJ, IPYNIIOBOrO y4eTa apryMEHTOB U HEUETKUM METOJ TPYIIIOBOr0 y4eTa apryMEHTOB,
a Takxke OalecCOBCKUI TOJXOA K OIEHHUBAHWIO HEM3BECTHBIX MapaMeTpoB Moneieit. Ha
OCHOBE (DaKTHUECKHUX CTAaTHCTHYECKNX AAHHBIX M3 00JaCTH CTPaXxOBaHMS IMOCTPOEHBI HO-
BbIe 000OIICHHBIC JIMHEHHBIC MOJECIH JIs MX JaJIbHEHIIEro MCIOJIb30BAHMS TP OIICHU-
BaHUH PUCKOB MOTEPh CTPAXOBHIX KOMIIAHWH, pa3paboTaHa u anpoOupoBaHa ceTh batieca
JUIsl OLIGHMBAHMsI pUCKa OaHKPOTCTBA CTPAaXOBOM KOMITAaHWHU MPU HACTYIUIEHHH CTPaXOBO-
ro cirydasi. [IpuemneMoil 1 JanbHEHIIEro UCIOIb30BAHUS OKa3aJIach MOJENb C FraMMa-
pacnpezielieHHeM JaHHBIX M JiorapupMu4Yeckor (yHKIHMEH CBS3H, MapaMeTpbl KOTOPOi
MOJTyYEeHbI 3a YETBIPE WTEPAIlMM AJITOpPUTMa OlLEHMBaHUA. Bospimoi prck OaHKpOTCTBa
CTPaxoBOH KOMIIAaHWM CBHAETEILCTBYET 00 OTCYTCTBUH S(P(HEKTHBHOIO MeXaHH3Ma
yTpaBIeHUs] AEHEKHBIMUA CPEICTBAMH KaK COOCTBEHHOTO KamHTasla, TaK W MPHOBUIN OT
CTpaxoBbIX OJOTOBOPOB. le/IMeHeHI/le METOAOB MHTCIIJICKTYAaJIbHOT'O aHa/In3a JaHHbIX AB-
asiercst 3((GEKTUBHBIM TIOAXOA0M K PEIICHUIO 3a/1a4 MPOTHO3UPOBAHUS M OLCHHBAHUS
PHCKOB aKkTyapHbIX npouieccoB. Puc.: 5. Taou.: 5. bubnuorp.: 13 Hass.

UDC 004.852

Application of data mining methods to solving the problems of actuarial modeling and
estimation of financial risks / Dubinina S.V., Bidyuk P.I. // System Research and
Informational Technologies. — 2017. — Ne 1. — P. 49-64.

Results of application of the data mining to solving the problem of actuarial
processes modeling and risk estimation for insurance companies are presented. As a
mathematical modeling tool the following approaches were used: generalized linear
models, Bayesian networks, the group method for data handling, fuzzy GMDH, and
Bayesian parameter estimation techniques. Using actual statistical data from the insurance
industry, new generalized linear models were constructed that were used for estimation of
a possible loss by an insurance company. Also, a model in the form of a Bayesian network
was constructed that was applied to estimate the bankruptcy risk in a case of insurance
losses. The best model constructed in this case turned out to be the gamma distribution
based model and logarithmic link function whose parameters were estimated within four
iterations of the estimation algorithm. A substantial computed value of the insurance
company bankruptcy risk reflects the fact that the company under consideration does not
possess an effective mechanism for managing its own capital and the payments from
clients. Thus, an application of data mining is an effective approach to solving the
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problems of short-term forecasting financial processes and estimation of actuarial risks.
Fig.: 5. Tabl.: 5. Refs.: 13 titles.

YK 519.713: 504.064
HNudopMannoHHO-MeTOANYECKAS OCHOBA ONpeAeJeHHs] OHeHKH KOJOTHYHOCTH CJI0-
JKHBIX MIPHPOTHO-TEXHOTeHHBIX 00heKTOB / Kosyus T.B., BesoBa MLA. // CuctemHi 110-
ciripkeHHs Ta inopmaniiai Texnomnorii. — 2017. — Ne 1. — C. 65-74.

OnpeesieHbl OCHOBHBIC TIYTH YCOBEPUICHCTBOBAHUS KOMILICKCHOW CHCTEMbI OLICH-
KU 0€30MaCHOCTH COCTOSIHUSI CJIOXKHBIX IPUPOJIHO-TEXHOTCHHBIX 00BEKTOB C BbISIBJICHHEM
(haxTOpOB HX JECTAOWIN3AIMU B LIENSX PEryJIMPOBAHUS yCTOWYUBOIO PA3BUTHS U MIPUHSI-
THSI YIPABISIIOUIMX MeporpusiTiid. [IpoaHan3upoBaHbl MEPCHEKTUBbI BHEAPEHUST KOTHHU-
TUBHOTO MOJICJIMPOBaHUSI B CUCTEMY WH(OPMALMOHHO-METOANYECKOr0 oOecreyeH s
OLIEHKH DKOJIOTUYHOCTH CIIOXHBIX 00BEKTOB. JlaHa mpakTuueckasl peanu3alus Mpeyio-
JKEHHOH METOAMKH Ha MpPUMEpE NMPOTHO3UPOBAHMS COCTOSHHS XapbKOBCKOI'O PErHOHA.
Puc.: 5. bubnwmorp.: 27 Ha3s.

UDC 519.713: 504.064

Information and methodological basis for the definition of complex ecological
assessment of natural and man-made objects / Kozulia T.V., Bilova M.O. // System
Research and Informational Technologies. — 2017. — Ne 1. — P. 65-74.

The basic ways are identified to improve the integrated system of safety evaluation
of the state of the complex natural and man-made objects according to the identification of
destabilizing factors for the purpose of controlling the sustainable development and
employing the control measures. The prospects of introducing the cognitive modeling into
the information and methodological support of the environmental assessment of complex
objects are analyzed. The practical implementation of the proposed method is given using
the forecasting of the state of Kharkov region as an example. Fig.: 5. Refs.: 27 titles.

MATEMATHYHI METOJH, MOJEJII, ITIPOBJEMMU I MATHEMATICAL METHODS, MODELS,
TEXHOJIOT'Ti JOCJIIKEHHS CKJIATHUX PROBLEMS AND TECHNOLOGIES FOR
CUCTEM COMPLEX SYSTEMS RESEARCH

YK 518.58:519.2:504

Junamika reHOTHIy B HelipOeBOJIIONII areHTIiB y MOJeIAX IITY4YHOro KUTTH / 3aBep-
Tanuii B.B., Makapenko O.C. // CucteMHi HOCTIKEHHS Ta iHPOpMAIiiHI TEXHOJOTIT. —
2017. — Ne 1. — C. 75-87.

KoomepaTtnBHa noBeiHKa € OIHIE€I0 3 HAMOLTBII YacTO BHKOPHCTOBYBAaHUX Ta IO-
IIMPEHUX PHC IS 0araTOareHTHUX CHCTEM. Y NEeSKUX BHIAJKaX I0sBa TAaKOl MOBEIIHKH
NIOB’sI3aHa 13 TIOAIJIOM HaceleHHs Ha cIiBicHyroui cyomnomyismii [1, 2]. I'pynoBa B3aemo-
Jist MOXke HaOyBaTH He Jinile (JOPMHU aHTArOHICTUYHOTO KOH(IIIKTY, ane i 3yMOBIIOBATH-
Csl TCHETHYHHUM Apei(oM, KU MPUBOANTH A0 KOHKYPEHII] MTOBEAIHKOBUX CTpaTeTii Ta
MoxJuiBoi acumisinii [3]. IIponeMoHCTpOBaHO pi3HI BHIM 3aJ€KHOCTEH MK Ipynamu
areHTiB Ta iX MOBEIIHKOBUMH CTpaTerisiMi. BUKOPHCTaHO METOJOJIOTIIO CIIOCTEPEKEHHS
3a IWHAMIKOIO ar€HTHOTO T€HOTHITY [2], BIAIOBIAHO IO SKOI MOMYJIAIISl Y IPOCTOPi T€HO-
TUIIB MOKE MaTH BUTJISA XMapy TOYOK, KOKHA TOYKa SIKOi BINIMOBiNAE OMHIN 0coOWHI.
Po3risiHyTo AMHaMiKy LEHTpOina HaceleHHs — LIEHTPAa XMapu FeHOTUITy. AHaji3 TaKux
TPAEKTOPill MOXKE CHPUATH TOCIHKEHHIO PI3HUX PEXHUMIB iICHyBaHHS MOITYJAIIl Ta iX
3apomkeHHs. Puc.: 10. Tabmn.: 2. Bibmiorp.: 22 Ha3s.

YK 518.58:519.2:504

JlnHAMHKa reHOTHNA B HeHPO3BOJIIOIMH AT€HTOB B MOJAEJIAX MCKYCCTBEHHOH KU3HM /
3aBepranblii B.B., Makapenko A.C. // CucremHi JocCiipKeHHs Ta iH(pOpMaLiiiHi TeXHO-
aorii. —2017. — Ne 1. — C. 75-87.
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KoormepatuBHOe MoOBENICHHUE SBISETCS OJHOW M3 HanOOJIEe 4acTO HMCIONb3YEMBIX U
pacrpoCTpaHEHHBIX YePT TSI MHOTOATCHTHBIX CHCTEM. B HEKOTOPHIX CITydasx IOSBICHUE
TaKOTO TIOBEICHUS CBA3AHO C Pa3lieIecHHeM HACEIEeHHUS Ha COCYIIECTBYIOMINE CyOIOImys-
ud [1, 2]. I'pynmoBoe B3anMOJEHCTBHE MOXKET IPUHUMATH HE TOIBKO (OpMy aHTaroHH-
CTHYECKOTO KOH(IINKTA, HO M O0YCIOBINBATHCS T€HETUIECKUM Jpei(oM, IPHUBOIAIINM K
KOHKYPEHIINHU MTOBEIEHIYECKUX CTpaTerHil U Bo3MokHOU accummsiim [3]. [IpoxemoncT-
PUPOBaHbI PA3JIMUHBIE BUABI 3aBUCUMOCTEN MEXAY IPYIIIaMU areHTOB U UX IIOBEICHYEC-
KUMU CTpATCTHUAMMU. Hcnoap3oBana METOO0JIOIUsL HaGﬂlOHeHl/lﬂ 3a HMHaMHKOﬂ Ar€HTHOI'O
reHoTuna [2], corjlacHoO KOTOPO# MOIYJISIKS MOXKET OBITh IPEJCTaBIECHa B IIPOCTPAHCTBE
TEHOTHUIIOB B BUJE 00JaKa TOYEK, I'/Ie KaXJas TOYKa COOTBETCTBYET OJHOM ocobu. Pac-
CMOTpCHA JWHAMUKA [IEHTPOH/A IMOMYJISIIUA — [EHTP o0JIaka TEeHOTHIA. AHAIN3 TaKUX
TPAaeKTOPUI MOXKET IMOMOYb MCCIICIOBAHUIO Pa3IMYHBIX PEKUMOB CYIIIECTBOBAHUS ITOIY-
TSAIAA U uX 3apoxkaeHus. Puc.: 10. Ta6um.: 2. bubmmorp.: 22 Ha3B.

YK 519.24
Fuzzy-perpeciiini Mmogeni B yMoBax HasiBHOCTI B CTATUCTHYHii BUOIpUI HeYHCJIOBOL
indopmauii / 3ak F0.0. // CucremHi nocmipkeHHs Ta iHpopMaiiHi TexHomorii. — 2017.
—Ne 1. —C. 88-96.

Po3riisiHyTO anropuTMu po3B’s3aHHS 337a4 HEUYITKOTO PErpeciiftHOro aHajily B yMO-
Bax, KOJH BXiJHI 1 BUXiJHA 3MiHHI BeMYWHHU NOJaHi Fuzzy-MHOXHHAME, BU3HAYCHUMH 3
TOYHICTIO JI0 HEBIJOMHX NapaMeTpiB, a koedilieHT perpecii — AilcHi yucna. 3amnpono-
HOBAHO JIesIKi HOBI KpUTEpii anmpoKcHMAIlil, 3aCHOBaHI Ha MOPIBHSAHHI 3TOPTKH JOBXKHH
MEepPETUHIB 1 KOOPIUHAT LIEHTPIB THKIHHA (QYHKUIH HajexHOCTi Fuzzy-mMHOXHH, SIKI MO-
KyTh OyTH BHKOPHCTaHI IS HEWITKHX MHOXHH 3MIHHHX 3a1ad 3arajJbHOTO BHUTJISAY.
OnucaHo aJropuTMH MEPETBOPEHHSI 3MIHHUX, MOJA@HUX TEPMaMHM JIIHIBICTHYHOI 3MIHHOI
abo mapaMeTpaMy YHMCIOBHX IIKaJl, y HEYITKI MHOKMHH 1 BUKOPHCTAaHHS IHMX JaHUX
B 3amadax Fuzzy-perpeciiinoro anamizy. OTpuMaHi pe3yibTaTH JO3BOJSATH BUPIIIYBaTH
OaraTo mpUKIaJHUX NPoOJIEeM B EKOHOMILI, JIOTICTHI, COLIONOTil Ta MapKETHHTY.
bibmiorp.: 20 Ha3s.

UDC 519.24

Fuzzy-regression models under conditions of the presence of non-numeric data in the
statistical sample / Zack Y.A. // System Research and Informational Technologies. —
2017. — Ne 1. — P. 88-96.

Algorithms are presented for solving the problems of the fuzzy regression analysis
under the conditions when the input and output variables are represented by Fuzzy-sets
defined up to unknown parameters and the regression coefficients are real numbers. We
proposed several new approximations of criteria based on the comparison of the
convolution of the cross sections lengths and the center of gravity coordinates of
membership functions of the Fuzzy-sets, which can be used for the fuzzy set variables of
the problem of a general form. The algorithms convert a variable represented by linguistic
terms of variable parameters or numerical scales into fuzzy sets and use these data in the
problems of the Fuzzy-regression analysis. The results will allow to solve many practical
problems in economics, logistics, sociology, and marketing. Refs.: 20 titles.

YK 519.6, 539.3

Auaroput™ no0ynosu OidpypkaniiiHoi KapTUHM HeJIiHIITHOT KpailoBol 3agaun N1s piB-
Hsaub Kapmana / I'pomos B.O. // CucteMHi mocmipkeHHS Ta iHPOpMAIIiiHI TEXHOIOTi. —
2017.— Ne 1. — C. 97-113.

VY Mexax HeTiHIHHOTO y3arajapbHeHoro Metoqy KaHTopoBHYa 3anmporoHOBaHO HOBHH
MAX1 10 JIoKasTi3allii Ta aHaai3y 0COOJIMBUX TOUOK PO3B’sI3Ky HEJIHINHOT KpaioBoi 3a1a-
i Juis piBHsAHP KapmaHa: po3B’si3aHHSI HENiHIHHOT KpailoBoi 3ajayi 3BOAMTBHCS 1O
PO3B’sI3aHHS TIOCTITOBHOCTI HENIHIMHUX KpaloBUX 3ajad JUIsl 3BHYAHUX JHQepeHIianb-
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HUX piBHSHb. OJHOBUMIpHI KpaiioBi 3a7adi po3B’s3yIOTHCS 3a JIOINOMOTOI0 METONY 3Be-
JICHHS HENiHIIHOI KpaiioBOi 3a7a4i 1o ekBiBaleHTHOI 3amadi Komri, y mporeci peamizarii
aKoro Oynyerbes matpuilsl @perre; i BUPOKEHICTh € HEOOXiTHOIO 1 TOCTaTHHOIO YMO-
BOIO iCHYBaHHA po3ramykeHHA. UuciioBa moOynoBa PiBHSHb PO3TANTY)KEHHS I03BOJISIE
Oy/ayBaTH T'UIKH, 10 BUXOIATH 3 ToukH Oidypkarii. OGUMCIIOBAIBHAN €KCIIEPUMEHT J10-
3BOJIUB yCTAaHOBHUTH OiypKaliiiHy KapTHHY JJIsl BUIIAJIKy piBHSAHb KapmaHa 3 y3arasibHe-
HOIO IIPaBOIO0 YaCTHHOIO: PO3B’SI30K XapaKTEPU3Y€EThCs HASBHICTIO TLIOK MEPBHHHOTO Ta
BTOPUHHOTO po3raiyxenb. Puc.: 11. Bibumiorp.: 16 Ha3zB.

UDC 519.6, 539.3

Algorithm to construct bifurcation structure of non-linear boundary problem for von
Karman equations / Gromov V.A. // System Research and Informational Technologies. —
2017.— Ne 1. —P. 97-113.

In the frameworks of the generalized Kantorovich method, a novel approach to
detect and analyze singular points of a non-linear boundary problem for von Karman
equations is proposed: an algorithm suggests that a sequence of single-dimensional
boundary problems is constructed in order to solve the two-dimensional boundary
problem in question. The aforesaid single-dimensional boundary problems are reduced to
the equivalent Cauchy problems. In doing so, one calculates the Frechet matrix, whose
degeneracy is necessary and sufficient conditions of branching. The simulation reveals the
bifurcation structure for von Karman equations with the constant right term. In that case,
the structure includes primary and secondary bifurcation paths. Fig.: 11. Refs.: 16 titles.

YK 519.6

IIpoexuiiiHo-iTepanilina peamizanis sABHMX MeTOAiB BapiamiiiHoro THmy AIA
PO3B’SI3aHHSI HEKOPeKTHUX onepaTtopHux piBHsAHb / ['apt JLJI. // CucremHi pocmimkeH-
Hs1 Ta iH(popManiiini TexHosorii. — 2017. — Ne I. — C. 114-125.

JocnimKkeHo MpoeKuiiHo-iTepaliiiHi MeTOM peryisipusanii, 1o IPYHTYIOThCS Ha
SBHUX METOJaX BapialiifHOro Tumy (HaWIIBUAIIOTO CIyCKy Ta MiHIMaJbHUX HEB’S30K),
JUIsl PO3B’sI3aHHSI HEKOPEKTHUX JIHIHHUX ONEpPaTOPHUX PIBHSHB y TIbOEPTOBOMY HpOC-
TOpi, IS SIKNX HE BUKOHYETHCS TPETs yMOBa KOPEKTHOCTI 3aj1aui 3a Azjamapom (CTiii-
KICTh). 3anpONOHOBAaHMK MiJXiJ MOJISTa€e y 3aMiHI BHUXIJJHOTO HEKOPEKTHOTO DIBHSHHS
JIESIKOIO TIOCITIIOBHICTIO OUTBII MMPOCTUX ANpPOKCHMOBAHUX PIBHSHB, 3aJJaHUX y CKIHYEH-
HOBHMIPHHX I IPOCTOPaX BUXiTHOTO MPOCcTOpy. I KOKHOTO 3 «HAOIIDKEHIX» PIBHIHD
OyIyeThcs 3a DONOMOTOI0 SIBHOTO BapiaifHOTO METOMy JIMIIE AEKilbKa HaOIMmKCeHb,
OCTaHHE 3 SKHX OepeThcs 3a TOYAaTKOBE HAONMKEHHS B iTepamifHOMY Iporeci
JUIsl HACTYITHOTO «HaOIMKeHOro» piBHsHHA. J[oBeneHO TeopemH Hpo 301KHICTH MpOEK-
LIHO-ITepamiiHuX METOIB, OTPMMAHO OIIHKKA NOXMOKK. HamaHo pekoMeHmallil oo
BUOOpY peryJisipu3yBabHOI KUIbKOCTI iTepanii. bidmiorp.: 16 Ha3B.

UDC 519.6

Projection-iteration implementation of explicit variation type methods of solving ill-
posed operator equations / Hart L.L. // System Research and Informational Technologies.
—2017.— Ne 1. —P. 114-125.

Projection-iteration regularizing methods based on explicit variation type methods
(steepest descent and minimal residual methods) are investigated for solving ill-posed
linear operator equations in a Hilbert space which do not satisfy the third condition of the
correctness of the problem by Hadamard (stability). The proposed approach is to replace
the original ill-posed equation by a sequence of simpler equations that approximate it
defined in finite-dimensional subspaces of the original space. Then, only few
approximations for each of the "approximate" equations are constructed using an explicit
variation method, and the last of them is used as the initial approximation in the iterative
process for the next "approximate" equation. The theorems on the convergence of the
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projection-iteration methods are proved, error estimates are obtained. The
recommendations on the choice of the regularizing number of iterations are given. Refs.:
16 titles.

METO/U AHAJII3Y TA YIIPABJIIHHS METHODS OF SYSTEM ANALYSIS AND
CUCTEMAMMHM B YMOBAX PU3UKY CONTROL IN CONDITONS OF RISK
I HEBU3HAYEHOCTI AND UNCERTAINTY CONDITIONS

YK 519.85, 539.3

BaraTtodgakTopHuii KOHBepreHUiiHO-HAIIITIEHHI OIepaTop VISl TEHeTHYHOI0 AJITOPU-
™y / WMlagypa O.B., Ilerpenxo A.l, CgictynoB C.5. // Cuctemni IOCIiIKSHHSI
Ta iHpopmariiHi TexHomorii. — 2017. — Ne 1. — C. 126-140.

CkJiaiHi TakeTH MOZETIOBAHHS TPAHCHOPTY YaCTUHOK MOYKHA ONTHUMI3YyBaTH 3a J10-
IIOMOI'OK0 T€CHETUYHUX aJ'IFOpl/ITMiB, 10 Ja€ 3MOr'y 3aCTOCOBYBATH I TaKUX 3adaq Hi[lXO-
M CTATECTUYHOTO HABYAHHS Ta METOAM ONTHUMI3allii MeKiTbKOX HiahoBUX (yHKiH. T1o-
€THaHHS TEHETHYHOTO AJITOPUTMY Ta HEKOHTPOJILOBAHOI'O MAIIMHHOTO HAaBYAHHS 3HAYHO
MiJBUIIY€E 301KHICTh aJITOPUTMY JI0 ICTUHHOTO mapeTo-GpoHTy. Y Mexax OGaratodaktop-
HOTO aHaJIi3y 3aIpOIIOHOBAHO JOAATKOBUH omepaTop, SKUi Moxe OyTH 3aCTOCOBAaHUI IS
3aJa4y oNTHMIi3alii araToninboBUX (YHKIIIH, 110 MOTPEOYIOTh BEIUKOT0 00CITYy pecypciB
Ta 4acy, 30KpeMa Jijisl MPUIIBUIIICHHS 301KHOCTI 3a/a4i ONTHMi3allii «I0PHOTO SIIHKAY.
OTtpumaHi pe3yabTaTH MOKa3yIOTh, IO 3alIPONOHOBAHMH TiIX11 MOYKHA BUKOPHCTOBYBATH
JUI TEHETUYHOTO alTOPUTMY OYAb-SKOTO THITY, a JOAATKOBUH OMEpaTOp PO3TILINATH SIK
OKpeMui reHeTHYHUI onepatop. Puc.: 7. bibmiorp.: 17 Hass.

YAK 519.85, 539.3

MHoropakTopHblii KOHBEPreHUHOHO-HALCJCHHbIH ONepaTop AJsl FeHeTH4eCKOro aj-
roputma / Hlagypa O.B., Ilerpenko A.U., CBuctynoB C.51. // CuctemHi JOCTIKEHHS Ta
iHpopMariiHi TexHomorii. — 2017. — Ne 1. — C. 126-140.

CroXHBIE TTaKeTHl MOJACIMPOBAHMS TPAHCIIOPTA YACTHI] MOKHO ONTHMH3HPOBATH C
TIOMOILBIO TeHETHYECKNX AJITOPUTMOB, YTO MTO3BOJISIET IPUMEHSTh JJIs TAKHUX 3a]a4 I10J1X0-
JAbI CTATUCTHYCCKOI'O o6yquM;1 U METOABI OIITUMU3AIINN HECKOJIBKHUX ICJIICBBIX (byHKLlI/ll‘/‘I.
CoueTaHne TEHETHYECKOTO AJITOPUTMA M HEKOHTPOIUPYEMOTO MAIIMHHOTO OO0ydYeHHMs
MOXET 3HAUUTENIHHO MOBHIIIAET CXOJUMOCTh ajlrOPUTMa K HICTUHHOMY TapeTo-(ppoHTa. B
paMKax MHOTO(aKTOPHOI'O aHaJIM3a TPEIUIOKEH JONOJIHUTEIBHBIH ONepaTop, KOTOPBIH
MO>XKET OBITh NPUMEHEH IS 3a1a4 ONTHMM3AIMN MHOTOLETIEBBIX (QYHKIUH, TpeOyromux
GoupIIoro 0OBeMa pecypcoB M BPEMEHH, B YACTHOCTH JUISl YCKOPEHHSI CXOAUMOCTH 3aa-
YM ONTUMM3ALNH «UEPHOTO suka». [lodydyeHHble pe3ysbTaThl MOKa3bIBAIOT, YTO Ipe.-
JI0KEHHBIH MOJX0] MO>KHO HCIIONIBb30BaTh Ul T€HETHUECKOT0 aJroOpuTMa JIF000ro THma, a
JIOTIOJTHUTEIBHBIA ONEpaTop pacCcMaTpUBaTh KaK OTIEIbHBIH T€HETHYECKHH OIeparop.
Fig.: 7. Refs.: 17 titles.
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MPABUJIA O®OPMJIEHHSI CTATEM
JJIS1 JKypPHAJTY

«CHUCTEMHI JOCJILIYKEHHSI TA IHOOPMALIMHI
TEXHOJIOTI Ti»

1. CrarTs 3 aHOTaUisSIMU Ta 1HIIOIO 1HQOPMAII€I0 MTOAAETHCS 3 BUKOPHCTAH-
HsIM BeO-caiity xypHany (http://journal.iasa.kpi.ua).

HasBa crarri, mpizBumie Ta iHinianu aBTopa (aBTOpIB), a TaKOX aHOTAIis
(8ig 700 no 1000 cuMBOITIB) MOAAIOTHCS YKPAiHCHKOIO, POCICHKOIO Ta aHTIIHCHKOIO
MOBaMH.

2. Tekcr crarti HabupaeTbcss B penakropi Microsoft Word 2003 mpudrom
Times New Roman i3 BUpiBHIOBaHHSIM I10 LIMPHHI.

3. Ha mouatky craTTi BKazyeTbca iHmekc YK, HazBa cTaTTi, iHimiamum Ta
Mpi3BUINE aBTOpa (aBTOPIB).

4. Cnucok JiTepaTypu MOAAETHCS B IOPSAKY ITOCHIAHHS MICJsI TEKCTY CTaTTi.
SIKII0 € MOXIIMBICTB, y CIIMCKY BKazyeThess DOI Ko)KHOTO MocunaHHs.

5. Habip ¢opmyn 3niiicHioeTsest B pexaktopi hopmyn «Equations». st 3mis-
HUX 3 iHIeKcaMu Ta 0e3 iHIEKCiB 3aCTOCOBYIOTHCS AY)KKH KJIaBiaTypHOTO Habopy, Ha-

mpucnaz (%7, Yo, [%7 Y-

6. CumBoiu y hopmynax (KpiM 0COOIMBHX BUIAIKIB) HAOUPAIOTHCS KyPCHBOM.
JlonyckaroTbesi IpsiMi CUMBOJIH, ajie iX Tpeba po3MiTHTH abo BKIIOYUTH IO CIIUCKY
creliaJbHIX CHMBOJIIB.

7. HymepyBatu HE0OXiZHO TiNBKH Ti GOPMYJIH (BUHECEHI Ha CEpeIuHy psa-
KiB), Ha 5IKi € TIOCUJIAHHSI B TEKCTI.

8. Tabmuui Ta pUCYHKH BUKOHYIOTBCS B OTHOMY CTHJII, IM HaJIa€ThCsl HOMED, HA3Ba
1 PO3TAILIOBYIOTHCS TICIIS TIOCHIIaHb Y TeKCTi. He ciin moBToproBaru B cTarTi miAmucu
IO PUCYHKIB Ta TaOIHIIb.

9. CrarTs pa3oM i3 TaOIUIAMH, PUCYHKaMH 1 CIIICKOM JIiTepaTypu Mae OyTH He
oiunbie 15 cropiHok. OrsmaoBi crarti 00CSIroM a0 25 CTOPIHOK MPUAMAIOTHCS 3a JI0-
MOBIICHICTIO 13 PEIKOJIETIENO.

10. o pykommcy OOIArOThCA BiJOMOCTI MPO KOXKHOTO aBTOpa: KpaiHa, MICTO,
Micie poboTH, ciayx00Ba mocajga, BYCHHH CTyHiHb Ta 3BaHHs, cdepa HayKOBUX
JIOCITI/PKeHb, KOHTAKTHI TenedoHH, ajipeca Ta e-mail.
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