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PREFACE

The scientific Xl International Conference “Knowledge-Dialogue-Solution” took place in June, 18-24, 2007
in Varna, Bulgaria. This two volumes include the papers presented at the conference. Reports contained in the
Proceedings correspond to the scientific trends, which are reflected in the Conference name.

The Conference continues the series of international scientific meetings, which were initiated more than fifteen
years ago. It is organized owing to initiative of ADUIS - Association of Developers and Users of Intelligent
Systems (Ukraine), Institute of Information Theories and Applications FOI ITHEA, (Bulgaria), and
[J ITA - International Journal on Information Theories and Applications, which have long-term experience
of collaboration.

Now we can affirm that the international conferences “Knowledge-Dialogue-Solution” in a great degree
contributed to preservation and development of the scientific potential in the East Europe.

KDS-2007 is dedicated to:
« 60% Anniversary of the Institute of Mathematics and Informatics of Bulgarian Academy of Sciences;
- 15" Anniversary of the Association of Developers and Users of Intelligent Systems (Ukraine);

« 10™ Anniversary of the Association for Development of the Information Society (Bulgaria).

The conference is traditionally devoted to discussion of current research and applications regarding three basic
directions of intelligent systems development: knowledge processing, natural language interface, and
decision making.

The basic approach, which characterizes presented investigations, consists in the preferential use of logical and
linguistic models. This is one of the main approaches uniting investigations in Artificial Intelligence.
The organization of the papers in KDS-2007 is based on specialized sessions. They are:

Neural Nets

Mathematics of Computing

Decision Tools and Techniques

Decision Support

Formal Models

Expert Systems

Ontologies

Knowledge Acquisition

Natural Language Processing

Pattern Recognition

Distributed Information Processing

Philosophy and Methodology of Informatics

The official languages of the Conference are Russian and English.
The Conference is sponsored by FOI Bulgaria (www.foibg.com).
We appreciate the contribution of the members of the KDS 2007 Program Committee.

On behalf of all the conference participants we would like to express our sincere thanks to everybody who helped
to make conference success and especially to Kr.lvanova, |.Mitov, V.Velichko and L. Svyatogor.

Chairmen of the Program Committee: Victor Gladun, Alexey Voloshin, Krassimir Markov
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F.1.1. Neural Nets

SELFSTRUCTURIZED SYSTEMS

Victor Gladun, Vitaly Velichko, Yurii lvaskiv

Abstract: The problems of constructing the selfsrtucturized systems of memory of intelligence information
processing tools, allowing formation of associative links in the memory, hierarchical organization and
classification, generating concepts in the process of the information input, are discussed. The principles and
methods for realization of selfstructurized systems on basis of hierarchic network structures of some special class
— growing pyramidal network are studied. The algorithms for building, learning and recognition on basis of such
type network structures are proposed. The examples of practical application are demonstrated.

Keywords: knowledge discovery, classification, prediction, growing pyramidal networks, concept formation.

ACM Classification Keywords: |.2.4 Knowledge Representation Formalisms and Methods - Semantic networks,
F.1.1 Models of Computation - Self-modifying machines (e.g., neural networks)

Introduction

The task of constructing the selfstructurized systems is considered in context with intellectualization of the
information processing tools. Selfstructurization provides a possibility of changing the structure of data, stored in
memory, in the process of the tools functioning as a result of interaction between the received and already stored
information. Systems in which the perception of new information is accompanied by simultaneous structurization
of the information stored in memory, we call hereinafter selfstructurized.

Development of principles and methods of constructing the selfstructurized systems in many respects defines a
possibility of intellectualization of the information processing tools. Adaptability to the task, being solved, has to
do with changing the structure of data. As a result, the possibility of searching in the memory focused on storage
of complex data of the large volume occurs, which allows increasing productivity of the used tools, raise accuracy
and reliability of received results.

Main processes of structurization of the perceived information consist in formation of semantic and syntactic links
among objects by separation of crossings of their attributive representations, as well as the generalized logic
attributive models of classes of objects - concepts. As a result of these processes realization, the semantic and
syntactic similarity of the perceived information with the stored information is established. Detected associations
are fixed as structural changes in memory.

Following basic requirements to data structures in the intellectual systems are set for the decision of such tasks
as regularity discovery, classification, forecasting, diagnostics [1]:

The structure of the data should be the multipleparameter model, reflecting significant properties of researched
object. It should provide a possibility to account for the simultaneous influence on researched factor of various
combinations of known properties of the researched object.

The model of the researched object should minimize scanning of large-scale data: along with growth of data size,
the time of performing of the choice operations grows. It interferes with application of some analysis methods.
The model also should be applicable for verification and interpretation.
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It should be noted, that in solving tasks of diagnostics and forecasting the models characterized by higher level of
generalization of models of classes of objects have advantage. The logic expressions describing such models
turn out easier if the complexity is evaluated by number of variables. Simplification of logic expressions results in
simple structure of memory and, therefore, simplifies the process of structurization.

In knowledge representation in intelligent systems, those network structures have advantages, which have some
information units in vertices, and arches describing links among them. In similar systems, the elements of
knowledge representation are combined in the hierarchical structure, realizing such functions, as formation of
links among attributive presentations of researched object by allocation of their crossings, hierarchical ordering,
classification, concepts formation. In selfstructurized systems, such functions should be performed in the process
of the information perceiving.

Condition of an element formation of network structure, for example, unit or link between units, is some relation
between determined structural elements of a network. The relations determining formation of structure elements
of selfstrtucturized systems we call structurized.

There are two basic ways of objects representation in the information processing systems: by name (condensed)
or by sets of attribute values (expanded). The memory structures in selfstrtucturized systems and the appropriate
network structures should provide bidirectional conversion between such representations.

Building of selfstrtucturized systems is proposed to be realized on basis of network with hierarchical structures,
named as growing pyramidal networks (GPN) [5].

The theory as well as practical application of GPN is expounded in a number of publications [3-6]. GPN
realization has following stages:

— to construct the structure of a network for some initial set of objects, assigned by attributive descriptions,
— to train the structure, with a purpose to allocate its elements, allowing to classify all objects of the initial set,

— to recognize belonging to some class of objects of certain object, which is not belonging to initial set of
objects.

The mechanisms, providing conversion between converged representation of objects and representation as a set
of attributes values in human neurosystem, are discussed in the article [2]. The present work illustrates recent
versions of algorithms for building and training GPN, as well as examples of their application.

Building of GPN

A growing pyramidal network is an acyclic oriented graph having no vertexes with a single incoming arc.
Examples of the pyramidal networks are shown in Figs.1,2,3. Vertices having no incoming arcs are referred to as
receptors. Other vertices are called conceptors. The subgraph of the pyramidal network that contains vertex a
and all the vertices from which there are paths to vertex a is called the pyramid of vertex a. The set of vertices
contained in the pyramid of vertex a is referred to as the subset of vertex a. The set of vertices reachable by
paths from vertex a is called the superset of vertex a. The set of vertex, having paths from vertex a, is referred to
its superset.

In subset and superset of the vertex, 0-subset and 0-superset are allocated, consisting of those vertices, which
are connected to it directly. When the network is building, the input information is represented by sets of attributes
values describing some objects (materials, states of the equipment, a situation, illness etc.). Receptors
correspond to values of attributes. In various tasks, they can be represented by names of properties, relations,
states, actions, objects or classes of objects. Conceptors correspond to descriptions of objects in general and to
crossings of descriptions and represent GPN vertices.

Initially the network consists only of receptors. Conceptors are formed as a result of algorithm of construction of a
network. After input of object attribute description, corresponding receptors switch to a state of excitation. The
process of excitation propagates through the network. A conceptor switches into the state of excitation if all
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vertices of its 0-subset are excited. Receptors and conceptors retain their state of excitation during all operations
of network building.

Let F. be the subset of excited vertices of the 0-subset of vertex a; G be the set of excited vertices in the network
that do not have other excited vertices in their supersets. New vertices are added to the network by the following
two rules:

Rule A1. If vertex a, that is a conceptor, is not excited and the power of set F, exceeds 1, then the arcs joining
vertices of set F, with the vertex a are liquidated and a new conceptor is added to the network which is joined with
vertices of set F, by incoming arcs and with the vertex a by an outgoing arc.

The new vertex is in the state of excitation. Rule A1 is illustrated in Fig.1 (a,b). According to the Rule A1, the
condition for adding a new vertex to the network is a situation, when certain network vertex is not completely
excited (at least two vertices of 0-subset are excited). Fig 1.a shows a fragment of network in some initial state.
Receptors 4,5 switch to a state of excitation, the network switches to state 1.b, a new vertex appears — a new
conceptor. Receptors 2,3 switch to a state of excitation additionally. The network switches to state 1.c.

Fig. 1.

New vertices are inserted in 0-subset of vertices, which are not completely excited. New vertices correspond to
intersection of object descriptions, represented by incoming arches. Once new vertices have been introduced
into all network sections where the condition of rule A1 is satisfied, rule A2 is applied to the obtained network
fragment, concluding the object pyramid building.

Rule A2. If the power of set G exceeds 1 element, a new conceptor is added to the network, which is joined with
all vertices of set G by incoming arcs.

The new vertex is in the state of excitation. Rule A2 is illustrated in Fig.1c,d. Network Fig1.d was obtained after
the excitation of receptors 2-6.

In applying the Rule A1 the main cross-linking relation is a relation of intersection of receptor set, excited by input
of the object description and other sets of receptors included into pyramid, recently formed by conceptors. Rule
A2 concludes the building of pyramid, which represents complete description of the introduced object.

Pyramidal networks are convenient for execution of various operations of associative search.

For example, it is possible to select all the objects that contain a given combination of attribute values by tracing
the paths that outgo from the network vertex corresponding to this combination. To select all the objects whose
descriptions intersect with the description of a given object it is necessary to trace the paths that outgo from
vertices of its pyramid. Rules A1, A2 establishes associative proximity between objects having common
combinations of attribute values.

Hierarchical organization is an important property of pyramidal networks. This provides a natural way for
reflecting the structure of complex objects and generic-species interconnections.

Conceptors of the network correspond to combinations of attribute values that define separate objects and
conjunctive classes of objects. By introducing the excited vertices into the object pyramid, the object is referred to
classes, which descriptions are represented by these vertices. Thus, during the network building the conjunctive
classes of objects are formed, the classification of objects is performed without a teacher. Classifying properties
of pyramid network are vital for modeling environments and situations.
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Conversion from converged representation of objects (conceptors) to expanded (sets of receptors) is performed
by scanning pyramids in top-down and down-top directions.

Training GPN

Training GPN consists in formation of the structures representing concepts, on a basis of attributive descriptions
of the objects incorporated into classes with known properties.

Concept is an element of knowledge system, representing generalized logic attributive model of a class of
objects, by which processes of recognition of objects are realized. The set of objects generalized in concept
is its volume.

Consider a task of inductive formation of concepts for not intersected sets of objects V,,V,,...,V , each set

represents some class of objects with known properties. Let L - be a set of objects used as training set. All the
objects of set L are represented by sets of attribute values. Relations LNV =& and V, & L(i = 1,2,...,n) are

set. Each object from set L corresponds to one set V.. It is necessary to generate n concepts by analysis L. The

amount of these concepts must be sufficient for correct recognition of belongings of anyone /L to one of
sets V..

Each concept, generated on the basis of training set, is approximation to real concept, the proximity of concepts
depends on representativeness of training set, i.e. on the detalization of peculiarities of the concept volume.

In forming the concept corresponding to set V., the objects of training set included in V., are considered as
examples of set V., and the objects, not included in V,, - as counterexamples of set V.

The combinations of attributes allocated in building of a pyramidal network, representing descriptions of objects of
training set, are used as "a building material" , a basis of further logic structure of concept.

Let L be the pyramidal network representing all of training set objects. For formation of concepts A ,A,,...,A

EEAVERLL EAVE]

corresponding to sets V,,V,,...,V., pyramids of all objects of training set are scanned in order. The vertices of
scanned pyramid during its scanning are considered excited. Special vertices in network are identified in order to
recognize objects from the concept volume. They are referred to as check vertices of a certain concept. In
selecting the check vertexes, two characteristics of network vertexes are used: {mw,mz,...,mn}, where
m, (i = 1,2,...,n) is a number of objects of volume of concept A, which pyramids include the given vertex; and k,
which is the number of receptors in the pyramid of this vertex. For receptors k=1. While scanning, the pyramid is

transformed by the following rules

Rule B1. If in the pyramid of an object from concept volume A, the vertex, having the largest k among all the

vertices with the largest mj, is not a check vertex of concept A, then it is marked as a check vertex of the
concept A.

The rule allows existence several vertexes among the excited vertexes with identical m,, exceeding m, of other
excited vertexes. If in group of the vertexes having largest m,, values k of all vertexes are equal, any of vertexes
can be marked as check vertex of concept A .

The rule B1 is illustrated in Fig. 2. In a situation demonstrated by Fig. 2, in excitation in pyramid of vertex 2 vertex
6 is selected as check vertex as having the largest k among vertices with the largest m. (6, 13, 14). Values m,

are shown inside symbols of vertices.
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10 11 12 13 14 15 16 17 18 19
receptor with m=17 conceptor with m=20
Fig. 2.
Rule B2. If the pyramid of an object from concept volume A, contains check vertices of other concepts whose

supersets do not contain excited check vertices of concept A;, then in each of these supersets the vertex, having
the largest k among all excited vertices with the largest m;, is marked as a check vertex of concept A;.

According to this rule the excitation of the pyramid of vertex 2 (Fig.3.a) on the condition, that it represents an
objects from concept volume A; results in choosing vertex 5 as the check vertex of concept A; (Fig. 3.b).

By check vertexes we select the most typical (having the largest m,) combinations of attribute values, belonging

to objects from concept volume. For example, selecting the vertex 8 (Fig 3a.) as a check vertex means selection
of combination of value attributes, corresponding to receptors 17,18,19.

10 11 12 13 14 15 16 17 18 19 10 11 12 13 14 15 16 17 18 19

. Check vertices of concept A; % Check vertices of other concepts

@ Conceptor with m=4
a) b)

Fig. 3.
If at least one new check vertex appears while scanning objects of the training set, i.e. conditions of Rules B1 or
B2 have been performed once at least, the training set is rescanned. The algorithm stops if during the scanning of
the training set no new check vertex appears.

Recognition on basis of GPN

The task of recognition is based on the following rule.

Certain object belongs to the concept volume A, if its pyramid has check vertexes A, and does not contain check
vertices of any other concept not having excited check vertices of concept A, concept in their supersets. If this
condition does not hold for any of the concepts, the object is referred to as unrecognized.
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The execution time of the above algorithm is always finite. If the volumes of the formed concepts V,,V,...,V,,...V.

do not intersect, than after execution the algorithm the recognition rule completely divides the training set into
subsets L, =V nL(i=1..n)

The formed concepts are represented in the network as ensembles of check vertexes.

There is an algorithm[] of composing the logic descriptions of concepts, formed in the network as a result of the
training process, described above. The formed logical expression contains logical relations, represented by
allocation of check vertexes, describing the concepts in the network, defining different classes of objects.

The analytical tasks, such as diagnostics or prognosis, can be reduced to the task of classification, i.e. to
belongings the research object to a class of objects, with a property characteristic or a set of properties significant
for diagnostics of prognosis.

GPN Application

The following example illustrates the result of concepts formation on the basis of the analysis of a fragment of
training set shown in the table. The table has descriptions of ceramic materials of two classes with the following
attributes: M - material, T - fineness of powder, C - mix proportion, PP — powder manufacturing method, GP -
conditions of obtaining the sample at hot pressing, NoGP - conditions of obtaining the sample without hot
pressing, DU - special conditions of manufacturing of a sample, Por - porosity, Z - granularity.

Letters and figures in sections specify values of the appropriate attributes.

Table 1. Training set.

Object | Class| M T c PP GP NoGP DU Por z
97 1 Al 2 SYN 2 2GP
96 1 Al 2 SYN 2 1GP
92 1 Al 2 SYN 2 2GP 1
227 1 TiB " TiO-C | SYN 9 3 2
228 1 TiB 1 TiO-C | SYN 9 3 2
229 1 TiB " TiO-C | SYN 9 3 2
233 1 SiC 1 TiO-C | SYN 9 3 2
234 1 SiC 1" SiO-C | SYN 9 3 2
235 1 SiC " Si0-C | SYN 9 3 2
237 1 SiC 1" SiO-C | SYN 9 3 2
239 1 ZrB 1 Zr0-C | SYN 9 3 2
240 1 ZrB 1 ZrO-C| SYN 9 3 2
241 1 ZrB 1 Zr0-C | SYN 9 3 2
242 1 ZrB 1 Zr0-C| SYN 9 3 2
154 1 TiB 7 TiO-C | KRB 3 3 4
156 1 TiB 7 TiO-C | KRB 3 3 4
163 1 1AI0 1 AIO SYN 1 4
158 2 TiB 8 TiO-C | KRB 3 3 6
160 2 1AI0 1 AIO SYN 1 1
159 2 BC 1 SYN 1 1
308 2 ZrB 1" ZrO-C| SYN 9 2

Fig. 4 demonstrates the appropriate pyramidal network with the formed concepts. Check vertices PP_SYN,
Por_3, 239, 163 characterize class 1, check vertexes 158, 308 and $7 characterize class 2.
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The class 1 is described by the following logical expression, where v, A , — - logical operations of a disjunction,
conjunction and negation:

PP_SYN A —{T_1 AGP_1} A ={M_ZrB A C_ZrO-C A T_11 ANoGP_9 A Z_2}v

Por 3 A—{T_8AZ_6 AM_TiB A C_TiO-C A PP_KRB A GP_3} Y,

M_ZrB A C_ZrO-C AT_11 APP_SYN ANoGP_9 APor 3AZ 2 v

M_1AIO AT_1 A C_AIO A PP_SYN A GP_1 A Por_4.
The logic expressions, defining various classes of objects, are united in cluster databases (CDB). CDB contain
the information on groups of objects (clusters), specific to the area of study. On basis CDB problems of
classification, diagnostics and forecasting are solved. After the concept for some class of objects has been
formed, problems of forecasting and diagnostics are reduced to a problem of classification. Classification of new
objects is performed by comparing the attribute descriptions with the concept, defining a class of predictable or
diagnosing objects. Objects can be classified by evaluating the value of the logical expressions that represent
corresponding concepts. The variables, corresponding to the attribute values of the recognized object, set 1,
other variable set 0. If the entire expression takes the value 1, that means that the object is included into volume
of concept.
The next geometric interpretation of the concept formation algorithm can be proposed.
Every network vertex, having k receptors in its subset, corresponds to (s—k)-dimensional plane in s-
dimensional attribute space. The plane contains all the points corresponding to objects whose perceiving results
in exiting of this vertex. (s —k)-dimensional planes corresponding to check vertices of concept A, are referred to

as zones of concept A .

The following statements are true for growing pyramidal networks.

Statement 1. The zone of any network vertex is totally included in zones of its subset vertices and totally includes
all zones of its superset vertices.

Statement 2. The point corresponding to an object in the attribute space is located inside an intersection of zones
of those check vertices, which are exited when the object is perceived.

Point a corresponding to the object in the attribute space is directly included in the zone Z of concept A if there
is no other zones of this concept which include point a and totally are included in zone Z.
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The geometric interpretation of the above-described rules for concept formation algorithm is as follows.

Rule B1. For every object of concept volume A, (s —k)-dimensional plane of the exited vertex having the highest
k among all the vertices with the highest m; becomes the zone of concept A..

Rule B2. If the point, corresponding to an object of concept volume A, in the attribute space, is directly included
in zones of the other concepts, then a zone of concept A; is created inside each of those zones.

The algorithm of concept formation stops, when during regular examination of the training set, points
corresponding to objects from any class are not directly included in zones of the other concepts. When learning is
finished, an object corresponds to concept volume A, if the appropriate point in the attribute space is directly

included in at least one zone of concept A and is not included in any zone of the other concepts.

Zones of concept A, directly inclusive points of objects, corresponding to objects from its volume, as well as
points, corresponding to objects from different concepts, are referred to as boundary zones of concept A, .

Statement 3. According to Rule B2 new zones can be created only directly inside boundary zones.
Formation of new zones inside boundary zones results in division of boundary zones.

Construction of approximating region for concept A consists of two processes: rough covering with concept A, ;
zones the distribution domain of training set objects corresponding to concept A (Rule B1); and division of
arising boundary zones (Rule B2).

On the basis of geometrical interpretation, algorithm convergence can have the following explanation.

For each concept the total covering by zones of allocation area of the training set objects, which are included in
its volume, results in scanning of all objects, i.e. during single scanning of training set. The boundary zones
include points of objects of training set, for which conditions of Rule B2 work. Therefore in every scanning of
training set the division of all boundary zones, formed by previous scanning, occurs.

Process of division of boundary zones proceeds, as long as boundary zones exist, and can result in allocation of
separate points of attribute space as zones. As number of the points corresponding to objects of training set is
finite in each boundary zone, the process of division of boundary zones is finite too.

Absence of boundary zones after the termination of process of division means, that each of concepts in attribute
space has area containing all points, corresponding objects of training set which are included in concept volume,
and not including any point corresponding to other objects of training set. Thus, after the termination of division of
boundary zones total division of training set into subsets H, =V, mH(i = 1,2,...,n) occurs. As a result algorithm

operation for each of the formed concepts, the area is composed of zones of attribute space. This area contains
all points of objects of the appropriate class and does not contain any point corresponding to objects of other
classes. This area approximates allocation area of objects of the corresponding class. As the approximating area
consists of linear elementary areas (hyperplanes), its limiting surface is piecewise-linear. Therefore, the algorithm
performs the piecewise-linear division of objects, which correspond to different concepts.

The described method provides decisions of analytical problems of classification, diagnostics and forecasting on
the basis of logic models of objects classes. The model displays dependences of an investigated class on
combinations of values of attributes, i.e. allows taking account for combined influence of several attributes.

An important distinction of a method of concepts formation in growing pyramidal networks is the possibility to
introduce in concepts the so-called excluding attributes which do not correspond to objects of a researched class.
As a result, the formed concepts have more compact logic structure, which allows increasing the accuracy of
diagnosis or forecasting. In logic expression the excluding attributes are presented by variables with negation.

All search operations in growing pyramidal network are limited to rather small fragment of a network, which
includes an object pyramid and vertices directly linked to it. As a result, we have a possibility solve practical
analytical problems based on large-scale data.
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In a pyramidal network the information is stored by its representation in structure of network. Rules A1-A2, B1-B2
define the rules of memory organization while new information perception. The information of objects and classes
of objects is presented by ensembles of vertices (pyramids), allocated in all network. Incoming of the new
information causes redistribution of links among vertices of network, i.e. modifying of its structure.

The advantages of growing pyramidal networks become obvious in implementation, which allows parallel
distribution of signals in network. The important property of a network as means of information storage is that the
possibility of parallel distribution of signals is combined with parallel reception of signals to receptors.

Despite of the certain similarity of the processes proceeding in GPN and neural networks there some distinctions
in operating. Main distinction of GPN is that its structure is formed depending on the input data automatically. The
adaptation of network structure to the structure of data results in optimization of the information representation. In
addition, in contrast to neural networks, the adaptation does not require the introduction of aprioristic redundancy
of a network, and training process does not depend on the predetermined configuration of a network. The
weakness of neural networks comparing with GPN is that the allocated generalized knowledge cannot be
explicitly represented as rules or logic expression. It complicates their understanding by person.

Various set-theoretic descriptions of GPN are given in [4,5]. The [5] considers the so-called B—pyramidal
networks (B-PN) modification of GPN for the ranked data. B-PN are useful for data presentation in problems of
management, taking and planning decisions (for example, in planning the actions of robots), and also in semantic
analysis and synthesis of natural-language texts. In [3-5] the algorithm of formation of concepts in GPN for
nondetermined learning process, i.e. for a case when crossing volumes of different concepts occurs, is
considered.

The program complex used for experimentation and solving the applied tasks using GPN[8], includes systems
CONFOR, realizing processes of building and training GPN, and DISCRET by which the attributes given in
numerical scales, are transformed in nominal scales. Discretization of attributes is performed on numerical scales
by analysis of distributions of training set objects belonging to different classes.

Typical application fields for GPN are as follows: forecasting of new chemical compounds and materials with the
predefined properties[7-9], forecasting in genetics, geology, the solar activity forecasting, medical and technical
diagnostics, the robot planning, forecasting of failures of complex units etc. As an example we offer tasks of
inorganic compounds forecasting with predefined properties. The tables containing attribute descriptions of
binary, ternary and quaternary systems of chemical elements, forming or not forming the chemical compounds
were used as fraining set. Training sets for binary, ternary and quaternary systems included 1333, 4278 and 4963
descriptions, and test set - 692, 2156 and 2536 descriptions. Each chemical element was described by the set of
87 attribute values. Descriptions of binary, ternary and quaternary systems had 174, 261 and 348 attributes. The
recognition furnished the 99% accuracy result.

Conclusion

The growing pyramidal network is the network memory self-adapting to the structure of incoming information. In
selfstructurized systems the structure of data adapts to the task (classes of objects are allocated and defined)
which results in optimization of the solution. In contrast to neural networks, the adaptation does not require the
introduction of aprioristic redundancy of a network. In GPN various combinations of the assigned initial properties
are formed, which increase the accuracy of analytical tasks solving. Selfstructurized systems allow not only to
locate the dependences providing the diagnosis or the forecasting but also to create their logic descriptions.

The researches, operating on complex large-scale data, have shown high efficiency in applying the growing
pyramidal networks for solving the analytical tasks. Such properties as simplicity of modification, combining the
input of information with classification, generalization and allocation of essential attributes, high associativity, all
make the growing pyramidal networks an indispensable component of intellectual systems.
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WEPAPXWYECKOE NNOrMYECKOE OMUCAHUE U HEUPOCETEBOE
PACMNO3HABAHME CITOXHbIX OBPA30B

TatbsiHa KocoBckas, Agunb TumodreeB

AHHomauyusi: Asmopsi npednoxunu paHee uepapxudyeckull cnocob 3adaHusi onucaHull Kraccos npu peweHuu
3al0ay pacnosHagaHus o06pa3og. B OaHHolU pabome npednacaemcs pasgumue U UCNOMb308aHUE MaKux
uepapxuyeckux onucaHuli 0nsi napasnnenbHo20 npedcmagneHus CrIoXHbIX 06pa3oe Ha 6ase MHO20-S0ePHbIX
KOMNbIOMePO8 Unu HelpOoHHbIX cemed.

Kntoyeebie cnoea: crioxHble 06pasbl, 102U4ECKOE ONUCaHUE K1accos, HelipOHHas cemeb.

BBegeHue

B pabotax [1-4] aBTOpamm Obin MpPeanoXeH NOMMKO-aKCMOMAaTUYECKUA MOAXOA K PELIeHW0 psga 3agad
pacnosHaBaHusi 06pa3oB. B pabotax [1, 2] B pamkax 3Toro nogxoga Obin NpeanoXxeH nepapxmyeckuin cnocob
3aaHnsa OnMCaHUi KNaccoB, NpefHa3HaYeHHbI B MEpBYID OYepedb ANS YMEHbLUEHWS CROXHOCTU PeLleHns
paccMOTpeHHbIX 3afday. B HacToswen paboTe npeanaraeTcs MCMonb3oBaTb Takue Mepapxuyeckine onucaHus
ans knaccoB (OK) ans wx napannenbHoro npeacTaBneHus Ha 0ase HEMpPOHHbIX ceTel. Hemlpocetesoe
NpeACTaBNEHNE NOMMYECKUX OMUCAHWI KNAcCoB M peLLatoLwmx npasun 06ecneymBaeT MacCcoBbli Napannenmam 1
BbICOKO€ BbICTPOAENCTBIE NPU Pacno3HaBaHNUN CHOXHbIX 06Pa30B.

[ns noctpoeruns nornyeckux OK BbInio NpeanioxeHo UCnonb3oBaTh Criedytowye MeToabl U TEXHOMOrK:
—  CMOBECHOE (MMHTBUCTMYECKOE) OMMCAHWE KracCoB, B3ATOE U3 cneuuanbHOM Y4eBHOW, HayyHOW unu
CMpaBoYHON NuTepaTypbl [2—4];
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—  HenocpencTBeHHOe onucaHue obyyatoLelt BoIBOpKM B TEpMUHAX 3afaHHbIX NpeankaTos [4];
- JIOTMKO-4acTOTHbIN MeToA [3, 4];

-  TecTtoBble Tabnuupl [5];

- AnodhaHTOBblE HEMPOHHbIE CETH [6-8];

—  MYIbTW-areHTHble TEXHOMOMN MPUHATUS PELLEHNI KOMMEKTUBOM HENPOHHbIX ceTel [9].

1. NocTaHoBKa 3agay NOrMYecKoro pacno3HaBaHus CrOXHbLIX 06pa3oB

lMycTb Ha yacTsx (pparmeHTax) X, BXOASLUMX B OOBEKTbI MPOM3BONBHOM NpUpOdbl W U3 MHOXeCTBa Q, 3adaH
Habop nNpeaukaToB, XapaKTepu3ylLMX CBOWCTBA UM OTHOLIEHWS MeXZy ornemeHTamu, (parmeHTa X

obbekta® € Q2
[MycTb 3agaHo pasbueHne mHoxecTBa Q Ha M (HemepecekatoLmxes U, BOSMOXKHO, NMEPECEKAIOLLMXCS) KIacCoB
(obpasos) Buaa
a=U" Q.
Onuncanvem S(w) obbekTa W HasblBaeTCs Habop aToMapHbIX hopmyn Buaa pi(x) unu — pi(x), UCTUHHBIX 4N X,
BbINMCaHHbIX AN BCEX BO3MOXHbIX YacTen (pparmMeHToB) x 06bekTa w.
Onucanvem knacca (OK) Qx HasbiBaeTcs Takas nornyeckas opmyna Aqw), 4to
1. Alw) comepxuT B kKa4yeCTBe aToMapHbIX TOMbKO hopMyrbl BUAa pi(x), rae ¥ & ©;
2. Aw) He coLepXuMT KBAHTOPOB;
3. ecnu ncTuHHa opmyna Aw), 70 o e Q
OK Bcerga MoxeT 6bITb 3aN1caHoO B BUAE NOTMYECKON hopMyIbl
Jk o
V&. j &xg(oi  Pi (), (1)
j=1 lelk >J

roe Ji — HaTypanbHoe uucno, 1 ,{ c {l,-.-,n}, ®; ;j S O,0;;— NOTUYECKNE KOHCTaHTbI. BblpaxeHue p*
NCnonb3yeTes Kak COKPALLEHe Ans 3anucu p Unn ' p B 3aBMCMMOCTM OT TOro, siensietcs u & koHcTaHTon U
(1) urm J1(0) cOOTBETCTBEHHO.

C nomoLLbio nocTpoeHHbIx nornyeckux OK npeanaraetcs pelwats Cneayiowme 3afadum pacnosHaBaHus NpocTbiX
1 CMOXHbIX 0Bpa3oB.:

1. 3apaya naentTdmkaumu. Onpenenutb, NPUHAANEXUT NN OBBEKT W UM €ro YacTb X knaccy Q unn ero YacTtb
knaccy Qx.

Ota 3agava B pabotax [3, 4] cBefeHa K fOKa3aTeNbCTBY BLIBOAMMOCTM hOPMYTbI

Iy co& A (y) (2)
113 OMMCaHUs pacno3HaBaeMoro obbekta S(w).
2. 3apgava knaccudmkauyun. Hainty Bce Takme HoMepa Knaccos k, 4to ® € Q.

Ota 3afava B pabotax [3, 4] cBefeHa K fOKa3aTeNbCTBY BLIBOAMMOCTU hOPMYTbI
M
V 40 3)
] =

W3 OnucaHWs pacnosHaBaemoro obbekta S(w) C yKasaHMEM BCEX TakuX HOMEpPOB K, AN KOTOPbIX
COOTBETCTBYHLLMIA AU3BIOHKTUBHBIN USeH UCTUHEH Ha W.

3. 3apaya aHanu3a cnoxHOro o6bekTa. Haitn 1 knaccuuumpoBaTh BCE YacTu X 0BbekTa W, AN KOTOpbIX
xeQ.
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Ota 3afjava B pabotax [3, 4] cBefieHa K AoKas3aTenbCTBY BbIBOAMMOCTU HOPMYbI

M

V ax(x c 0 & 4,(»)) (4)

Jj=1
113 ONMCaHMs pacno3HaBaeMoro CloXHOro 06bekTa S(w) ¢ ykasaHueM (nokanuaauueir) n aeHTudUKaLmen Bcex
yacTell CNOXHOro 0bbekTa w, NoOLAAKWMXCS KnaccudukaLmm, T.e. ONPeLenuTb NPUHALNEXHOCTb K TOMY U
MHOMY KNaccy Kaxpaoro BblAeNneHHOro (parmeHTa.

Yucno waroB paboTbl anropUTMa, CTPOSILLETO BbIBOA ykasaHHbIX (iopMyri, 0COGEHHO B Cryyae peLleHus 3agaum
aHanu3a croxHoro obbekta, MoxeT ObiTb AOCTATOMHO BENUKO. [Nsi COKpaLLeHNst Yncna LWaros pelleHmns 3afay
pacnosHaBaHus B [2] 6bino npeanoxeHo Gonee SKOHOMHOE MEPAPXMYECKOE OMMCaHWE KIacCoB, JomycKatoLlee
pacnapannenueaHie npy peannu3aLnm Ha MHOrO-siiepHbIX KOMMbIOTEPAX W HEMPOHHBIX CETSIX.

2. Nepapxuyeckoe nornyeckoe onvmcaHue Knaccos

PaccmatpuatoTcs 06bekTbl, CTPYKTYpa KOTOPbIX NO3BOMSAET BblgenuTb Bonee npocTele UX COCTaBRSIOWME, T.€.
(hparmMeHTbl, U AaTb onucaHue 0ObekTa B TEPMUHAX CBOWCTB 3TUX COCTaBMAOWMX (PparMEHTOB) U OTHOLLEHMIA
MeXOy HUMKU. B 4vacTHOCTW, 3TO MOXHO CAenaTtb, Bblgenss "4acto" BcTpevarowmecs nogdopmynbl hopmyn

A (®) "HeGonbLuoi cnoxHocTh". Mpy 3ToM (hOpPMUPYETCS CUCTEMA SKBMBANEHTHOCTEN B1Aa

pi () P (x), )
re p! - npegukarsl o yposts, P - noachopmynsl dhopuyn Ag (@) .
Bornee TouHO, Bygem roBopuTb, YTO CUCTEMA WCXOAHbIX NpeaukatoB Pl Pp ONpeaenser CBOWCTBA W

OTHOLUEHMA NepPBOro ypoBHA 1 MHOrAa nucatb pl1 BMecTo P .

3adukcupyem Lenble nonoxutenbHole yncna ru N. Onu GyayT xapakTepu3oBaTh Takie HEYeTKME NOHATHSA, Kak
"Hebonblwas CnoxHOCTb" noadopmynbl  (KONMMYECTBO NEPEMEHHbIX B Mogdopmyne MeHblue r) U "4acto”
(KOnMYeCTBO BXOXAEHWN, C TOYHOCTbIO 4O MMEH NEPEMEHHbIX, AaHHON NOAGOPMYNbI B yxe UMetoLytocs 6onblue
N).

BblaenMM Bce YacTo BCTpevatowmecs noadopMymbl HeGonbLuoit crioxHocTn dopmyn Ak (®)  06osHaumm wx
Pl-2 (x) (r@e x — cNMCOK NepemeHHbIX, BXOAALLMX B nogdopmyny).
O603HauMm npegukaTtbl, 3afaBaemble 3TUMM MOAGOPMYNamu MOCPEACTBOM p,—2 (i=1,.,np) n 6ygem
Ha3blBaTb MX COCTaBHbIMM NPEAMKATaMI BTOPOrO YPOBHS. OTW NpeamkaThbl ONPeaessiioTCs COOTHOLIEHNSIMA

pi (x) & P (x) 6)
0603HaunM hopMymbl, NonyyeHHble 3 Ax (@) nyTem 3aMeHbl BCEX BXOXAEHWA popmyn Buaa Piz (x) Ha
atomapHbie hopmymbl p7 (x) (pu X S ©) uepes Ai (®) . Takve hopMynbl MOXHO paccMaTpuBaTh Kak

noruveckne OK B TEPMUHAX npednkaTos NepBoro 1 BTOPOro ypOBHeI7I.

MpoLenypy BbIGENEHUS 4aCTO BCTPEYAIOLWMXCS (TUMMYHBIX) NOADOPMYN HEGOMbLIOM CIIOKHOCTU MOXHO
2
nosTopuTs € chopmynamn A’ (0),

[ycTb UMetoTCA cocTaBHble npeaunkaTsl 1-ro, 2-ro, ... , I-1-ro ypoBHeM.
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. -1
Bbigenum Bce YacTo BCTpeyvaLmecs (TunnyHbie) Noadopmyrnbl HEGOMbLLIOK CRIOKHOCTM hopMyn A i (®)n

0003HauMM Kx Pl-2 (x) . 3mecb X — CNMCOK NepeMeHHbIX, BXOAALLMX B noadopmyny).

0O603HauMm npegukaTbl, 3ajaBaemble 3TUMM NOAGOPMYyNaMn MOCPEACTBOM pf (i=1L..,n;) n Gygem
Ha3blBaTb X COCTABHbIMY (CMIOXHbIMM) NPeauKaTamu /-ro YPOBHSI.

ot npeaunkatbl onpeaenAarTca COOTHOLLEHUAMU

/ /
pi (x) © B (x) (7)
®opMynbl, MOnyYeHHble W3 A]lc_l(m) C MOMOLLbIO 3aMeHbl BCeX BXOXAEHWA opmyn Buaa Pl-l (x) Ha

aToMapHble hopMynbl plg (x), obosHaumm yepes A,lC (). Takve chopmynbl MOXHO paccMaTpuBaTh Kak
NOrnYeckne onucaHus KnaccoB B TEpPMUHAX npeaukaTos 1-ro, 2-ro, ..., -ro ypoBHeN.

[MpekpaTTb CO3haHNe COCTaBHbIX (CNIOXHbIX) MPEeaNKaToB O4YEPEOHOMO YPOBHS MOXHO B NHOOOA MOMEHT, HO He
nosgHee TeKyLLen cuTyauuu, korga nubo AnuHbI BCex hopmyn AIZ{ (®) meHbLLe r, inbo cpeay aTnx hopmyn He

HangeTcs N noadopmyn 0aMHAKoBOro Bda. B 9TOM 3aknioyaeTcs NpaBuno OCTaHOBKM NpeanaraeMoro KOHeYHo-
cxofsulerocs anroputma nepapxudeckoro OK.

B pesynbTate nocTpoeHns COCTaBHbIX (CMIOXHBIX) NpearkaToB M MHOroyposHeBoro nordeckoro OK nexogHas
cuctema OK moxeT ObiTb 3anucaHa ¢ MOMOLLbIO PAaBHOCUITBHOM € MHOTOYPOBHEBOW formyeckon cuctembl OK
BMda

Al (),

i@ o P(o)
2 2

Py @ e P (o), (8)
/ /

rlw o P,

p,fL (® o PnLL (®).

MoxHO nokasaTb, YTO MpU [OCTATOYHO yhayHOM Bblbope nmapameTpoB r 1 N Bpemsi paboTbl anropUTMmos,
PEeLUAMLLMX PA3NMYHbIE 3a[ja4n pacrno3HaBaHns yMeHbLnTCs [1].

3. HelipoceTeBoe npeacTaBneHne Mepapxmyeckoro onucaHms Knaccos

[Mpy NOCTPOEHWM HEMPOHHBIX CETEN ANs pacrnapannenuBaHus npeacTasneHnin norndeckux OK 1 pacnosHaBaHus
CMOXHbIX 00pa3oB BbIMMCMIEHWE 3HAYEHWA NPEOMKATOB TOrO WAWM MHOTO YPOBHS MOXET MNpOM3BOAWTHCA
COOTBETCTBYIOLUMM HEWPOHHbIM CMOEM WM SOPOM  MHOTO-SAEPHOTO KOMMbtoTepa. Tak, Hanpumep, npw
MCNONb30BaHUM TOMbKO NPEAMKATOB MEPBOO (MCXOAHOr0) M BTOPOTrO (CMHTE3MPOBAHHOIO) YPOBHEN apXMTEKTYpa
MHOFOCIOMHOW HEMPOHHON ceTh ByaeT BbIrMSAETb Tak, Kak 370 NpeAcTaBneHo Ha puc.1.

Takum 06pa3om, B NEPBOM COE (CEHCOPHbIE HEMPOHbI) BbIYMCTISIOTCS BCE BO3MOXHbIE 3HAYEHUS| MCXOAHBIX
MpWU3HaKOB pacno3HaBaeMoro obbekta. Bo BTOPOM Croe BbIMMCASIOTCS BCE BO3MOXHbIE 3HAYEHWUS! MPU3HAKOB
BTOPOrO YPOBHS.. B TpeTbeM croe npoeepsioTes hopmyrbl, 3aaatolume norndeckue OK.

B npouecce pacrnosHaBaHusi 06pa3oB CHOXHbIA OGBEKT UK ero cparMeHT OyAyT OTHECeHbI K TOMY Knaccy ¢
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. 2
HOMEPOM K, ANst KOTOPOTO OKa3anack UCTUHHON dopmyna A \ (®).

CrepyeT OTMETUTb, YTO MPOLECC JIOTMYECKOr0 pacno3HaBaHUs CHIOXHbIX 06pPa3oB Ha HEMPOHHOM CEeTU MOXHO
OpraHM3oBaTb TakuMm 06pa3oM, 4ToObl 3anoMuHaTL Te (pparMeHTbl MCXOAHOTO OObeKTa W, AN KOTOPbIX
oKasanacb BepHa xoTsi Obl 0aHa 13 hopmyn, onpeaenstowmx NPUHaANEeXHOCTb K Knaccy. Tem cambiM MOXET
ObITb aBTOMATUYECKN PeLLeHa 3aAa4a NosHOro NMOrMYECKoro aHarnnsa CnoXHoro obbekTa.

Puc.1. ApxutekTypa MHOTOCMOMHOM HEMPOHHOM CETH

3akniouyeHue

Takum 06pasom, Ons CroxHbIX OOBLEKTOB (CNOXHbIE M300PaXKEHWSI W CLEHbI, CMELWAHHbIE CUrHamnbl U T.M.)
NpeanoXeHbl MeTOMbl MEPAPXUYECKOrO OMMUCAHWS KnaccoB (06pa3oB) M OUEHKM UX SEKTMBHOCTU B 3adavax
IOTMYeCcKoro aHanuaa v pacnosHaBaHus 06pa3os. OnucaHa MHOPMaLMOHHAs TEXHOMOTUS HeMPOCETEBOTO MK
MHOrO-4epHOr0 NPeaCTaBleHNs Nepapxnyeckux onucaHuin knaccos (obpasos), obecneunBarowlas MaccoBbIn
napannenuam npu 06paboTke JaHHbIX U 3HAYMTENBHOE YCKOPEHUE MPOLIECCOB MPUHATUS PELLEeHMIA B npoLecce
pacno3HaBaHus 06pasos.

PesynbTathl nonyyeHsl npu nogaepxke rpaHto POOU Ne 05-01-08044-odm-a 1 Ne 06-08-01612-a.
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DATA MINING WITH FUZZY ARTMAP NEURAL NETWORKS:
PREDICTION OF PROFILES OF POTENTIAL CUSTOMERS

Anatoly Nachev

Abstract: The task how to predict profiles of potential customers for a product is important for a direct mailing
company. A good prediction allows the company to detect potential customers and to avoid unnecessary and
unwanted mailing. This paper describes a non-linear methodology to predict profiles of potential customers using
Fuzzy ARTMAP neural networks. The paper discusses advantages of the proposed approach over similar
techniques.

Keywords: Fuzzy ARTMAP, neural networks, data mining

ACM Classification Keywords: F.1.1 Models of Computation - neural networks, H.2.8 Database Applications -
data mining

Introduction

The task how to predict the profiles of potential customers for a product, given information about the clients and a
test sample of customers possessing the particular product is a well-known data mining problem from the world of
direct marketing. Direct mailings to a company’s potential customers, or ‘junk mail' to many can be a very
effective way for to market a product or service. However, much of this junk mail is really of no interest to the
majority of people that receive it.

A lot of techniques, both linear and non-linear, have been used to predict those customers who are likely to
respond or purchase a product, for example statistical methods such as linear regression, decision trees, MPL
neural networks (NNs), etc.

The prediction task discussed in this paper, in other words the underlying problem, is to find a subset of
customers with a probability of having a caravan insurance policy above some boundary probability. Those
customers can be targeted by mailing promotional materials. The boundary depends on the cost and benefits
such as of the costs of mailing and benefits of selling insurance policies. The dataset used for experiments is
based on real world business data [Van Der Putten, 2000]]. It is a block of very detailed survey information on the
people, some of whom bought and plan to buy a caravan insurance policy. The people were asked to answer 85
questions, each of which can be regarded as one feature in the classification. The block of data consists of 3
parts. The first is training data, which contains a number of survey responses, some of which come from caravan
policy holders. The second part is testing data, and it contains answers from potential caravan insurance policy
buyers. The last part is the true data that shows who of those potential buyers actually bought the policy at last.
The maximum number of policy owners that could be found is 238. If a random selection is applied, average
results provide 42 policy owners, or a hit rate (percentage of real policy buyers out of all predictions made) of 6%.
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A wide variety of methodological approaches were used to solve this prediction task. Methods include: standard
statistics [Van Der Putten, 2000], backpropagation MLP neural networks [Brierly, 2000], [Crocoll, 2000], [Shtovba
et al., 2000], self-organizing maps (SOMs) [Vesanto et al., 2000], genetic programming, C4.5, CART, and other
decision tree induction algorithms, fuzzy clustering and rule discovery, support vector machines (SVMs), logistic
regression, boosting and bagging, all described in [Van Der Putten, 2000]. The best predictive technique reported
in [Elkan, 2001] and [Van Der Putten, 2000] is the Naive Bayesian learning. It has been tested on 800 predictions
and gives a hit rate about 15.2%. Predictors based on the backpropagation MLP networks show accuracy rate
about 71% and hit rate about 13% as reported in [Brierly, 2000], [Candocia, 2004], [Crocoll, 2000], and [Van Der
Putten, 2000].

This paper proposes a non-linear approach based on Fuzzy ARTMAP neural networks to solve the prediction
task outlined above.

Section 1 outlines the prediction task and variety of approaches to solve it.

Section 2 discusses the main characteristics of a predictor based on the Fuzzy ARTMAP model and outlines how
it functions.

Section 3 describes the preprocessing steps needed to prepare an input dataset for a Fuzzy ARTMAP network.

Section 4 describes experiments conducted to solve the prediction task by a Fuzzy ARTMAP simulator and
discusses experimental results.

Predictors Based on ART Neural Networks

Adaptive Resonance Theory (ART) began with an analysis of human cognitive information processing
[Grossberg, 1976]. Fundamental computational design goals have therefore always included memory stability
with fast or slow learning in an open and evolving input environment. As a real-time model of dynamic processes,
an ART network is characterized by a system of ordinary differential equations, which are approximated by an
algorithm for implementation purposes [Grossberg, 1980].

ART is a family of neural networks for fast learning, pattern recognition, and prediction, including both
unsupervised: ART1, ART2, ART2-A, ART3, Fuzzy ART, Distributed ART; and supervised: ARTMAP, Fuzzy
ARTMAP, ART-EMAP, ARTMAP-FTR, Distributed ARTMAP, and Default ARTMAP systems.

ARTMAP architectures are neural networks that develop stable recognition codes in real time in response to
arbitrary sequences of input patterns. They were designed to solve the stability-plasticity dilemma that every
intelligent machine learning system has to face: how to keep learning from new events without forgetting
previously learned information. ARTMAP networks were designed to accept binary input patterns [Carpenter et
al., 1991]. ARTMAP networks consist of two ART1 networks, ARTa and ARTDb, bridged via an inter-ART module,
as shown on Figure 1. An ART module has three layers: the input layer (F0), the comparison layer (F1), and the
recognition layer (F2) with m, m and n neurons, respectively. The neurons, or nodes, in the F2 layer
represent input categories. The F1 and F2 layers interact with each other through weighted bottom-up and top-
down connections, which are modified when the network learns. There are additional gain control signals in the
network that regulate its operation.

Fuzzy ARTMAP, introduced in [Carpenter et al., 1992], is a natural extension to ARTMAP. Fuzzy ARTMAP is
completely equivalent to ARTMAP, when the input domain is the Hamming cube {0,1}. It is capable of forming
associative maps between clusters of its input and output domains in a supervised manner.

Each module features its own set of parameters, whose values can be assigned independently. ARTa is
clustering the input feature space and ARTb the output feature space. The inter-ART’s role is to establish the
correct association between input and output categories (cluster associations)

The Fuzzy ARTMAP networks have been found useful in pattern recognition, because classification may be
viewed as a many-to-one mapping task that entails clustering of the input space and then association of the
produced clusters with a limited number of class labels (output clusters that encode a single class label).
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Figure 1. Components of an ARTMAP system.

Many applications of supervised learning systems such as Fuzzy ARTMAP are classification problems, where the
trained system tries to predict a correct category given a test set input vector.

From another hand, when multi-layer perceptron (MLP) NNs have been used for classification problems, they
employ slow off-line learning to avoid catastrophic forgetting in an open input environment, which limits
adaptation for each input and so requires multiple presentations (epochs) of the training set. With fast learning,
MLP memories suffer catastrophic forgetting.

Features of a fast-learn system, such as its ability to encode significant rare cases and to learn quickly in the field,
may be essential for the given application domain.

Data Pre-processing

The dataset used for simulations is owned and supplied by the data mining company Sentient Machine Research
[Van Der Putten, 2000]. It is subdivided into two parts: a train dataset of 5822 customer records and an
evaluation dataset of 4000 customer records

Each record consists of 86 attributes containing socio-demographic data represented by attributes (numbers 1-
43) and product ownership attributes (numbers 44-86). The socio-demographic data is derived from zip codes of
addresses. All customers living in areas with the same zip code have the same socio-demographic attributes.
Attribute 86, "CARAVAN: Number of mobile home policies", is the target variable that shows if a customer hold an
insurance policy or not.

The evaluation dataset is used for validation of the prediction model. It has the same format as the training data
set, but only the target attribute 85 is missing. Targets for the evaluation set have been provided by a separate
file.

The prediction task can be solved involving a subset of selected attributes, or features, and their selection is
critical for a successful prediction. [Van Der Putten, 2000] reports a variety of selection techniques that rank
similarly importance and sensitivity of the attributes in the light of the prediction task. For the purposes of the
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experiments reported here all important attributes have been taken on board. Many simulations were conducted
to explore how these attributes influence the predictiveness of the Fuzzy ARTMAP model both individually and in
groups. Results show that the highest predictive rate can be achieved by a set of the following features: (numbers
correspond to the original dataset notations):

S={1,5,12,16, 18, 25, 30, 32, 34, 37, 42, 43, 44, 47, 59, 61, 65, 68, 80, 82, 85}. See full feature description in
Table 1.

No | Feature Name and Description No | Feature Name and Description

1 | MOSTYPE Customer Subtype 43 | MKOOPKLA Purchasing power class

5 | MOSHOOFD Customer main type | 44 | PWAPART Contribution private third party insurance

12 | MRELQV Other relation 47 | PPERSAUT Contribution car policies

16 | MOPLHOOG High level education | 59 | PBRAND Contribution fire policies

18 | MOPLLAAG Lower level education | 65 | AWAPART Number of private third party insurance 1 - 12

25 | MSKA Social class A 68 | APERSAUT Number of car policies
30 | MHHUUR Rented house 80 | ABRAND Number of fire policies

34 | MAUTO No car 82 | APLEZIER Number of boat policies
37 | MINKM30 Income < 30.000 85 | ABYSTAND Number of social security

42 | MINKGEM Average income

Table 1. Selected features from train and evaluation datasets.

The feature set can be generally interpreted as identifying customers who are:

1. Car owners with high contribution to car policy purchases. Those who do not have a car are unlikely to own a
caravan, as they generally require to be towed. Car owners can be readily identified as those having existing car
insurance policies.

The amount spent on palicies is also important. People who spend more on car insurance are most likely to be
caravan policy buyers, and the more they spend, the more likely a buyer they are.

2. People having fire policy with high level of contribution. This may indicate that the fire insurance is for a
caravan. The level of the fire insurance cover that is most likely to be indicative of a caravan policy is level 4.

3. People having a high level of purchasing power. People with high purchasing power are not necessarily
enthusiastic about insuring their property, but they do have quite enough wealth to own a caravan, even if using it
were not their prime hobby. Typical customers have high, or at least medium, education, status, social class, and
income levels.

Experiments

A number of experiments were conducted using a simulator of the Fuzzy ARTMAP model. All experiments
explored how this model solves the prediction task paying attention to the following critical factors:

¢ Sensitiveness to the order in which features and input patters are submitted. This is due to the fact that
some ART models commit LTM nodes differently in different orders.

o Best tuning of the network and using optimal values of the network parameters.
¢ How network parameters affect the train time, test time, and memory consumption.

To maximize use of the datasets and to avoid bias in the selection of the training and test sets, a cross-validation
technique was applied. Cross-validation created N copies of the classifier and tested each on 1/N of the
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evaluation dataset, after training it on 1/N-th of the training set. In other words, each classifier makes predictions
for its 1/N-th of the data, yielding predictions for the whole set. Cross-validation was applied using N=5.

The first group of experiments showed that the Fuzzy ARTMAP is not sensitive to the order in which features are
ordered. The experiments also explored how order of input patterns influences the predictiveness by submitting
various randomly generated sequences of input patterns. Results reveal that variations in results are slightingly
small and can be ignored.

A series of simulations were conducted to explore how network parameters affect the predictiveness of the
model. Experiments show that best results can be achieved by the default values of most of the network

parameters, namely: p,., =0, a=0.01, £=-0.001, and p=1.0. Default value of the parameter
L =1.0 however does not ensure best performance. Results show that all values in the interval

0.95< £ <0.97 provide a better performance with a maximum of correct predictions at £ =0.968.
Confusion matrix is shown in Table 1.

Predlcted

No Yes

No | 3625 | 137 3762
Yes | 211 30 238

3852 167 4000

— D c -~ 0 >

Table 1. Confusion matrix of prediction made by Fuzzy ARTMAP with feature set S
and parameters 7 =0.968; p=0.94

The vigilance parameter p (Rhobar) affects the Fuzzy ATRMAP performance by tuning the details and

granularity of the clusters, thus changing accuracy of predictions and hit rate. The parameter was set to various
values between 0.915 < p <0.955 with step of increment 0.005. Figure 2 shows network performance and the

best accuracy rate 91.4% obtained at p =0.94 . Figures 3 and 4 reveal number of total positive predictions and

correct positive predictions respectively. Figure 5 shows how vigilance affects the hit rate. In most of the
parameter values the model provides a hit rate above 15% with best rate nearly 18% (17.96%) at p =0.94.

This result exceeds the best hit rate of 15% reported in [Elkan, 2001] and [Van Der Putten, 2000], but direct
comparison of results would not be accurate, as they are based on different boundaries of the prediction task. For
boundaries where the scale of a direct mailing is comparable with the scale adopted by the experiments reported
here, a Fuzzy ARTMAP predictor outperforms the other techniques in terms of hit rate.

Training time is another advantage of the Fuzzy ARTMAP model that should be pointed out. With this prediction
task the Fuzzy ARTMAP neural networks train for about 5 seconds in contrast to the MPL networks that require
about 35 minutes as reported in [Shtovba et al., 2000]. From another hand the MPL networks outperforms Fuzzy
ARTMAP in the test time, but both models respond for less that a second, which them makes equally effective
and working in a real time.

All simulations show that the LTM memory used by the Fuzzy ARTMAP model requires about 4.9 KB RAM, which
makes predictors based on this model efficient with large scale prediction tasks.
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Figure 2. Prediction accuracy (both positive and negative) of Fuzzy ARTMAP neural network.
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Figure 5. Prediction hit rate by Fuzzy ARTMAP neural network

Conclusion

This paper proposes a non-linear approach, based on Fuzzy ARTMAP neural networks, for solving a prediction
task to identify potential buyers of insurance policies. Solution requires an initial processing of the data set to
prepare input for a Fuzzy ARTMAP simulator. All conducted experiments lead to the following conclusions:

e Fuzzy ARTMAP model outperforms other predictive techniques, including similar non-linear approaches
based on MLP neural networks.

e The model provides stable predictive abilities regardless of order of features submitted and order of
input patterns.

e Predictors based on Fuzzy ARTMAP neural networks have a very short training period, in contrast to
the MPL neural networks, and small resource consumption, which makes them applicable for large scale
prediction tasks.

All conclusions above feature the Fuzzy ARTMAP model as an effective data mining tool for problem areas
similar to the prediction task discussed here.
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ALMOST SEPARABLE DATA AGGREGATION BY LAYERS OF FORMAL NEURONS!

Leon Bobrowski

Abstract: Information extraction or knowledge discovery from large data sets should be linked to data
aggregation process. Data aggregation process can result in a new data representation with decreased number
of objects of a given set. A deterministic approach to separable data aggregation means a lesser number of
objects without mixing of objects from different categories. A statistical approach is less restrictive and allows for
almost separable data aggregation with a low level of mixing of objects from different categories. Layers of formal
neurons can be designed for the purpose of data aggregation both in the case of deterministic and statistical
approach. The proposed designing method is based on minimization of the of the convex and piecewise linear
(CPL) criterion functions.

Key words: data aggregation, layers of formal neurons, separability principles

1. Introduction

Data exploration or data mining tools should allow for efficient discovering of regularities (patterns) in large data
sets. Data models can be designed on the basis of such patterns. Data exploration tools can be based on variety
of methods of multivariate data analysis or pattern recognition [1], [2], [3]. In these approaches, each object or
event is typically represented as a feature vector or as a point in a multidimensional feature space. Feature
vectors are often divided by experts into categories in such a way that each vector belongs to no more than one
category (class). In this way the reference (learning) set can be generated for each category. For example, teams
of medical experts want to obtain such representative learning set for each important disease. Such a set should
contain a large number of multidimensional vectors representing particular patients linked to this disease.

In the presented paper, data aggregation term means a reduction of numbers of different feature vectors in
learning sets resulting from nonlinear transformation of these vectors. Such transformations may cause merging
of a large number of different feature vectors into the same transformed vector. In the case of separable data

' This work was partially supported by the grants KBN 3T11F011 30, by the grant W/II/1/2007 from the Biatystok
University of Technology and by the grant 16/St/2007 from the Institute of Biocybernetics and Biomedical
Engineering PAS.
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aggregation, only some feature vectors belonging to the same category are merged. In the case of almost
separable data aggregation, a low fraction of feature vectors from different categories can be merged.

Data aggregation can be performed by a layer of formal neurons [4]. The feature vectors are transformed by a
layer of formal neurons into vectors with binary components. The dipolar and ~ the ranked strategies of
designing separable layers of formal neurons were proposed earlier [5]. The possibility of applying the dipolar and
ranked strategies to designing almost separable layers is analyzed in the presented paper.

2. Separable learning sets

Let us assume that m objects OJ. (j=1,....m) are represented as the so-called feature vectors X = [x“,......,xjn]T, or
as points in the n-dimensional feature space F[n] (xj € Fln]). Components (features) x. of the feature vector x
represent numerical results of different measurements on a given object O (x.€{0,1} or x. € R).

We assume that the feature vector xj(k) (j = 1,......, m) has been labelled in accordance with the object Oj(k)
category (class) o, (k = 1,....,K). The leamning set C, contains m, feature vectors xj(k) assigned to the k-th
category o,

Cv= {x(k} (k) (1)
where |, is the set of indices j of the feature vectors xj(k) assigned to the class w,.

Definition 1: The learning sets C, (1) are separable in the feature space F[n], if they are disjoined in this space (C,
N C, =, if k= k). It means that the feature vectors xj(k) and x;(k') belonging to different learning sets C, and
C,, cannot be equal:

(k#K)= (Vj e k)and (V] e I) xi(k) = xp(k') (2)

We are also considering the separation of the sets C, (1) by the hyperplanes H(wi,0y) in the feature space F[n]:
H(wi,8x) = {X: WX = 64). (3)

where wi= [w, ..,wkn]Te Rn is the weight vector, 0k € R is the threshold, and (wk)Tx is the inner product.

Ko

Definition 2: The feature vector x; is situated on the positive side of the hyperplane H(wi,6«) (3) if and only if
(wk)ij > O« Similarly, vector x; is situated on the negative side of H(wi,6x) if and only if (wk)Tx,- < Ok

Definition 3: The learning sets (1) are linearly separable in the n-dimensional feature space F[n] if each of the sets
Cx can be fully separated from the sum of the remaining sets Ci by some hyperplane H(wy,0x) (3):

(Fk €{1,....K}) (3 wi,6x) (VXj(k)E Cy) WkTXj(k) > O.

and (Vxj(i)e Ci, i =k) wx(i) < 0k @

In accordance with the relation (4), all the vectors x(k) from the set Ci are situated on the positive side of the
hyperplane H(wi,6x) (3) and all vectors x;(i) from the remaining sets C; are situated on the negative side of this
hyperplane.

Linear independence of the feature vectors xJ-(k) is a sufficient condition for linear separability of the learning sets
C« (1) [5]:

Remark 1: If the feature vectors xj(k) constituting the learning sets Cy (1) are linearly independent in given feature
space F[n], then the sets Cy (1) are linearly separable (4) in this space.
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3. Separable layers of formal neurons

The formal neuron NF(w,0) can be defined by the threshold activation function ri(w,0; x)

1 if wix > 6
r= r(wg,0Xx) = (5)
0 if wx <6

where w= [w1,....,wn]T € Rnis the weight vector, 6 € R'is the threshold, and r is the output.

binary components r. € {0,1}:
r=rW;x) = [r(w,,0,%),......., rt(wL,E)L;x)]T (6)
where W = [w1T, (- , wLT, eL]T is the vector of the layer parameters.
The relation (6) determines the transformed vectors rj(k) with binary components r,(w,,0,x).
(VK € {1,..K) (V(K)€ C) 1) = r(Wix (k) )
The transformed learning sets C', (1) constitute of the vectors rj(k):

C=1{r(k} (el (8)
We are examining the properties of the transformation (7) which assure the separability ((k = k) = x;(k) = xi(k"))

(2) of the transformed sets C', (8). Such a property can be based on the concept of the mixed dipoles
separation [5].

Definition 3: A pair of feature vectors (xj(k),xj-(k)) creates a mixed dipole if and only if these vectors belong to
different classes o, (k = k). Similarly, a pair of vectors from the same class w, create the clear dipole (xj(k),xj'(k)).

Definition 4: The formal neuron NF(w,,0,) (5) separates the dipole (xj(k),xj-(k')) if only one vector xj(k) or xj-(k’) is
situated on the positive side of the hyperplane H(wi,6x) (3).

Definition 5: The layer of formal neurons NF(w,,0,) (5) is separable in respect to the leaming sets C, (1) if and
only if the transformed sets C', (8) are separable (2) and each feature vector xj(k) (1) is situated on the positive
side of at least one of the hyperplane H(w,0x) (3).

Lemma 1: The necessary condition for separability (Def. 5) of the layer of formal neurons NF(w,,0,) (5) is the
separation (Def. 4) of each mixed dipole (xj(k),xj-(k')) by at least one neuron NF(w,,0,) (9) of this layer. [5].

The formal neuron NF(w,,6,) (5) is activated by the vector xj(k) (r(w,.,0,; xj(k)) = 1) if and only if this vector is

situated on the positive side of the hyperplane H(wi,6x) (3). In accordance with Definition 5, the separable layer
should assure that each feature vector xj(k) (1) activates at least one neuron NF(w,,0,) (5). The separable layer

can be designed in a multistage procedure, when at one stage a successive neuron NF(w,,6,) (5) is added to the

layer. In order to increase the generality of the designed neural layers, the following postulate has been
introduced [6]:
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Postulate of dipolar designing. The separating hyperplane H(wi,06«) (3) should divide the highest possible
number of mixed and undivided yet dipoles (xj(k),xj-(k')) and at the same time the lowest possible number of the

clear dipoles (xj(k),xj'(k)) should be divided.
The linear separability (4) of the sets C’, (11) could also be achieved in the layer of formal neurons NF(w,,0,) (5):

Definition 6: The layer of formal neurons NF(w,,0,) (5) is linearly separable in respect to the learning sets C, (1) if
and only if the transformed sets C', (8) are separated (4) by the hyperplanes H(wi,0x) (3) and each feature vector
xj(k) activates at least one of these neurons.

The linear separability (4) of the sets C’, (11) can be achieved by applying a multistage designing process
consistent with the following postulate []:

Postulate of ranked designing: The hyperplane H(w,6x) (3) designed during the th stage should separate
((wk)ij(k) > 0x) as many as possible feature vectors xj(k) from one set C,[/] under the condition that no vector
xj,(k') from the remaining sets C, [1] (k'=k) is separated.

The symbol C,[/] in the above postulate means that the learning set C, (1) has been reduced as a result of
neglecting feature vectors xj(k) which have been separated by the hyperplanes H(w,6x) (3) during previous /- 1
steps. In the deterministic approach, the designing procedure is stopped during the L-th step if all the sets C [L]
become empty.

Lemma 2: The layer of L formal neurons NF(w,,0,) (5) designed in accordance with the above ranked postulate
results in linearly separable (4) transformed sets C’, (8) [5].

4. Convex and piecewise linear criterion functions (CPL)

The procedure of designing a separable layer can be based on a sequence of minimisation of the convex and
piecewise linear (CPL) criterion functions ‘¥, (w,0) [3], [4]. The perceptron criterion function belongs to the CPL

family. Let us define the function W«(w,0) by using the positive G¢* and the negative Gy sets of the feature
vectors X; = [Xjt,.....,Xp]" (1):

G ={x} (e k") and Gc={x} (e k) 9)
Each element x; of the set G¢* defines the positive penalty function ;*(w,0)
(v € G w,0) 1-wixj+ 6 if  wix-6<1 (10)
X € k+ .+ w’ =
! i 0 if wix- 0> 1

Similarly, each element x; of the set G defines the negative penalty function ¢y (w,0)
(v € Gy) w,0) 1+w'x;-0 if  wix-6 >-1 (1)
X € G¢ i(w,0) =
P ® 0 if wix;- 6 < -1
The penalty function ¢;*(w,0) is aimed at positioning the vector x; from the set G¢* (xje Gx*) on the positive side of

the hyperplane H(w,6x) (3). Similarly, the function ¢;"(w,0) should set the vector x; from the set G (x; € Gx) on
the negative side of this hyperplane.

The criterion function W(w,0) is the positively weighted sum of the penalty functions  ¢;*(w,0) and ¢;*(w,0)
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P(w,0) = Z oy ¢ (W,0) + Z o ¢ W,0)
jedd jede
where o (o > 0) are the positive parameters (prices).

The criterion function Wi(w,0) belongs to the family of the convex and piecewise linear (CPL) criterion functions.
Minimization of the function W(w,0) allows to find optimal parameters (wy*,0):

W= lPk(Wk*,ek*) =min ‘Pk(W,e) >0 (13)

The basis exchange algorithms which are similar to the linear programming allow to find the minimum of the
criterion function Wx(w,0) efficiently, even in the case of large, multidimensional data sets Gi* and G (29) [5].

The parameters (w, ", , ") constituting the minimum of the function ‘¥, (w,8) (12) define the k-th neuron NF(w,,6,)
(5) of the layer and the separating hyperplane H(wi,0x) (3). The criterion functions ‘¥, (w,0) can be specified both
for the dipolar and for the ranked designing postulates. The specification of the criterion function ‘¥, (w,0) (12) is

performed through the choice of adequate sets G¢* and Gy (9) and the prices oy related to particular vectors x;
from these sets.

It has been proved that the minimal value Wx* (13) of the criterion function Wi(w,0) (12) is equal to zero (¥x" = 0)
if and only if the positive Gi* and the negative Gy sets (9) are linearly separable (4). In this case, all elements x; of
the set G* (9) are located on the positive side of the hyperplane H(wi*,0¢*) (3) and all elements x; of the set Gy
are located on the negative side:

(Vx; € G¢) (Wk*)TXj > 0

T (14
and (VXJ.. € Gx) (Wi X, <0

If the sets G+ and G (9) are not linearly separable (4), then W¥i* > 0 and the inequalities (14) are fulfilled only
partly, not by all, but by a majority of elements x;of the sets (9).

Minimization of the function Wi(w,0) (12) allows one to find the optimal parameters (wk*,ek*) defining such
hyperplane H(wk*,ek*) (3) which relatively well separates two sets G and Gr (9). The parameters (wi*,04*) can be
also used in the definition of the -th element NF(w, "6, ") (5) of a neural layer.

5. Almost separable layers

A layer of L formal neurons NF(w,,0,) (6) can transform a large number of feature vectors xj(k) (k = 1,.....,K) (1)
into the same output vector r, = [r/1,..... ,r/L]T (6) with L binary components r;€ {0,1}, where different indexes | and I
mean different vectors rl and rl":

(£l = (=) (15)

The set of such feature vectors xj(k) (1) which are transformed into the same output vector r; is called the I-th
activation field Sl of the layer of formal neurons:

St = {xj(k): [r(w,.0,:X(K)),......... , T (WL,O Lxj(k)IT = i} (16)

Definition 7: The set Sl (16) is the clear activation field if all feature vectors xj(k) (1) from this set (xj(k) € SI)
belong to the same learning set Ck (1). Similarly, the set Sl is the mixed activation field if it contains feature
vectors xj(k) from different sets Ck.
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Lemma 3: The layer of L formal neurons NF(w,,0,) (5) is separable in respect to the learning sets C, (Def. 5) if
and only if all the activation fields SI (16) of this layer are clear.

It results from the above Lemma that the layer with all the clear activation fields Sl (16) is separable and
preserves the learning sets Ck (1) separabilty during data aggregation. Even one mixed field Sl (16) results in a
nonseparbilty of the layer. The concept of mixed activation fields SI (16) is useful in the analysis of nearly
separable layers.

Definition 8: The class o, is dominant in the active the set SI (16) if and only if the most of the feature vectors
xj(k) (1) from this set are assigned to the class o,

The activation field Sl(k) (16) and the output vector ri(k) is assigned to the dominant class wk.

Definition 9: The set Sl (16) is the e-clear (almost clear) activation field if the fraction fi of the feature vectors
xj(k') (1) from nondominant classes wk’ in this set (xj(k') € SI(k)) is less than .

fitk) =ml" [ (ml(k) + mI') < € (17)
where ml(k) is the number of elements xj(k) of the set Sl(k) (16) belonging to the dominant class o, and ml’ is the
number of elements xj(k’) of the set Sl(k) belonging to non-dominant classes o,, (k' # k).

All feature vectors xj(k) from the /-th activation field Sl are aggregated by the layer of formal neurons into one
output vector rl. In other words, the vector rl. generalizes all feature vectors xj(k) from the field Sl (26). It can be
expected that the layer of formal neurons with a large and e-clear activation fields Sl (26) could have a great
generalization power. Such layer could be also used as a classifier with the following decision rule:

if (x0e SI(k)) then X0 € o, (18)

The quality of a layer of formal neurons NF(w,,0,) (5) can be evaluated by the error rate of the decision rule (18).
The error rate is often estimated through an apparent error er [1]:
er=me/m (19)

where me is the number of such feature vector xj(k) from the sets Ck (1) which are wrongly allocated by the
decision rule (18).

Lemma 4: The error rate er (19) of the decision rule (18) is equal to zero if and only if the layer of formal neurons
is separable (Def. 5).

The error rate evaluation (19) is positively biased (optimistic bias) [1]. The unbiased error rate er evaluations can
be based on the technique of cross-validation [3].

6. Designing almost separable layers of formal neurons

The separable layer of formal neurons with the decision rule (18) assures the correct classification of all the
feature vectors xj(k) from the learning sets Ck (1) and the apparent error rate er (19) is equal to zero (er = 0). As
it results from previous considerations, if the learning sets Ck (1) are separable (2), the separable layers (Def. 5)
can be designed in accordance with the dipolar strategy, and in accordance with the ranked strategy.
Unfortunately, a separable layer can cause the overfitting problem [3]. This problem is manifested in such a way
that despite the fact that the apparent error rate er (19) of the rule (18) evaluated on the vectors xj(k) from
learning sets Ck (1) is equal to zero, the error rate of this rule on new feature vectors x that does not belong to
the sets Ck (1) is too large.
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A layer of formal neurons with the apparent error rate er (19) greater than zero (er > 0) could have a larger
discriminative power than a separable layer (er = 0). We shall take into considerations almost separable (e-
separable) layers of formal neurons.

Definition 10: The layer of formal neurons is e-separable (almost separable) if and only if the apparent error rate
er(19)is less than € (er < ).

Lemma 5: If all the activation fields Sl(k) (16) of the layer of formal neurons are of the e-clear type (Def. 9), then
this layer is e-separable

Proof. The apparent error rate er (19) can be represented in the below manner:
er=mel/m=(ml"+.... +mM’) I m (20
where mi’ (17) is the number of elements xj(k') of the activation field Si(k) (16) belonging to non-dominant classes
o, (k" # k), and M is the number of activation fields. Thus
er=m1'I(ml(k(1)) + ml") (ml(k(1)) + mI") I m +... ...
....... m1'[(ml(k(M)) + mM’) (mM(k(M)) + mM') I m< ¢
and the thesis is proved. []

(21)

The Lemma 5 gives indications for designing almost separable layers of formal neurons NF(w,,0,) (6). Designing

process can be based on a generation of such activation fields SI(k) (16) which are of the -clear type (Def. 9). As
a consequence, the Ranked designing postulate can be modified in the below manner:

Postulate of almost ranked designing: The hyperplane H(wi,0x) (3) designed during the /th stage should
separate ((wk)ij(k) > 0y) as many as possible feature vectors xj(k) from one set C, [/] under the condition that the
fraction A1 (17) of the separated vectors xj(k’) (1) from other sets Ck'[]] (k' # k) is less than .

One can see that all the activation fields SI(k) (16) of the layer of formal neurons designed in accordance with the
above postulate are of the e-clear type (Def. 9).

The Postulate of dipolar designing can be also modified in a similar manner, for example by neglecting such
mixed dipoles (xj(k),xj-(k')) that the feature vectors xj(k) and xjv(k) belong to the activation field Sl(k) (16) of the ¢-

clear type (Def. 9).

The data aggregation process can be based on a layer of formal neurons NF(w,,0,) (6). Let us define the
aggregation coefficient na of such layer in the following manner

na =(m-m(r) / (m- K) (22)
where, m is the number of the feature vectors xj(k) in the sets Ck (1), m(rl) is he number of different output
vectors rl (15) from a separable layer, and K'is the number of the classes w, or the learning sets Ck(1).

The minimal number m(rl) of the output vectors rl (15) from a separable layer is equal to K (m(rl) = K). The
aggregation coefficient na (22) takes the maximal value equal to one (77a = 1) in this ideal situation. The
aggregation coefficient 77a (22) of a layer of formal neurons NF(wi,0i) (5) can take the maximal value 7a = 1 if
and only if the learning sets Ck (1) are linearly separable. The maximal value of the number m(rl) is equal to m.
There is no aggregation in this case and the aggregation coefficient 77a (29) takes the minimal value equal to 0
(na=0). As a result:

0< 7 <1 (23)
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It can be noted that a solution of the Optimization problem leads to the maximisation of the aggregation
coefficient 7a (22).

Optimization problem: To design such e-separable (Def. 10) layer of formal neurons NF(w,,0,) (6) which has a
minimal number M of activation fields Sl(k) (16) or different output vectors rl (15).

The minimal number M of the activation fields Sl (16) can not be less than the number K of the classes o,

(M >K).

7. Concluding remarks

Separable layer of formal neurons NF(w,,0,) (5) can be induced from the learing sets C, (1) only when these

sets are separable (2) in a given feature space. The dipolar strategy allows for preserving the separability of the
sets C, (1) during their transformation by the induced layer of formal neurons. The ranked strategy also allows to

achieve the linear separability (4) of the transformed sets C', (8).

Separable layers of formal neurons with the decision rule (18) secure correct classification of all the feature
vectors xj(k) from the learning sets Ck (1) and the apparent error rate er (19) is equal to zero (er = 0) in this case.
Unfortunately, such property of the designed layers is often linked with the occurrence of overfitting [3]. Despite
the fact that apparent error rate er (19) evaluated on the basis of elements xj(k) of the learning sets Ck (1) is

equal to zero, the decision rule (18) can be burdened with a too large error rate on new feature vectors x (x ¢
Ck). In this case, the generalization power of the designed network is too low.

Almost separable layer of formal neurons NF(w,,6,) (5) allow apparent error rate er (19) greater than zero.

Designing almost separable layers should allow for achieving a larger generalization power and level of data
aggregation in comparison to strictly separable layers. There are still many problems to resolve in the search for
efficient strategy for designing almost separable layer.
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COMPLEX NEURAL NETWORK MODEL OF USER
BEHAVIOR IN DISTRIBUTED SYSTEMS

Andrii Shelestov, Serhiy Skakun, Olga Kussul

Abstract: We present a complex neural network model of user behavior in distributed systems. The model
reflects both dynamical and statistical features of user behavior and consists of three components: on-line and
off-line models and change detection module. On-line model reflects dynamical features by predicting user
actions on the basis of previous ones. Off-line model is based on the analysis of statistical parameters of user
behavior. In both cases neural networks are used to reveal uncharacteristic activity of users. Change detection
module is intended for trends analysis in user behavior. The efficiency of complex model is verified on real data of
users of Space Research Institute of NASU-NSAU.

Keywords: distributed systems, user behavior model, neural networks.

Introduction

At present the solution of complex large-scale problems arising in the areas of Earth observations from space
[Shelestov, et al., 2006], [Fusco, 2006], [Fusco, et al., 2003], high-energy physics [Holtman, 2001], bioinformatics
[Peltier, et al., 2002], astronomy [Annis, et al., 2002] is impossible without use of distributed computer systems.
(e.g. Grid systems). Many tasks, such as computing and data resources sharing, distributed data processing,
data storage, archiving and transfer are relied on them. One of the important challenges in the development of
heterogeneous distributed infrastructure is the security provision. For this purpose many problems must be solved
such as user authentication, authorization, rights delegation, etc. This can be done by using, for example, Globus
Grid Security Infrastructure (GSI) [Foster, et al., 1998] which is an extension of the Public Key Infrastructure
[IETF], [Adams and Lloyd, 2002]. On the other hand, there are many monitoring tools intended for resources state
and jobs  monitoring (e.g. GridICE (http://gridice.forge.cnafinfn.it/),  MOGAS  (http://ntu-
cg.ntu.edu.sg/pragmalindex.jsp)), but the do not provide monitoring of users’ activities in order to detect
anomalies and potential intrusions. Though, many sources report that the majority (80%) of information security
incidents is perpetrated by insiders [Tulloch, 2003]. Hence, the problem of monitoring and detection of malicious
user activity in distributed computer system is an important issue.

Related Works

Nowadays different methods and approaches are applied for the analysis of user activity. They are mostly based
on the analysis and exposure of regularities and common actions in user behavior for automation, prediction,
anomaly detection, etc. Data that are used for model construction possess individual features that define user
behavior. For data processing different approaches can be applied such as history-matching methods and
machine-learning methods.

In general, creation of user behavior model involves the following steps: data collection and data pre-processing,
when useful information about user activity is collected from log-files; data processing, when feature extraction is
done to represent data, and dimension reduction methods are used to reduce the size of the data; application of
different techniques to obtain interesting characteristics of user behavior; interpretation of the results.

Among the existing approaches to user activity analysis we may consider so called Personal Security Programs
that are used by commercial companies to monitor the activity of their employees. The results of such monitoring
can be used to reveal malicious users in the case of information leakage, or to find out whether users use
computers  for their personal purposes. For example, such programs as PC Spy
(www.softdd.com/pcspy/index.htm), Inlook Express (www.jungle-monkey.com), Paparazzi (www.industar.net)
allow to capture and save screen images (screenshots) showing exactly what was being viewed by users. All
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screens can be captured, including Web pages, chat windows, email windows, and anything else shown on the
monitor. However, these programs have some disadvantages; among them are high volume of stored information
and manual configuration of snapshots frequency. That is, if the frequency is low it would be rather difficult to find
out something abnormal in user activity. Otherwise, a lot of the data should be stored.

Another example refers to Intrusion Detection Systems (IDS), particularly anomaly detection in computer
systems. Usually, a model of normal user behavior is firstly created, so during monitoring any abnormal activity
can be regarded as potential intrusion. Different approaches are applied to the development of anomaly detection
systems: statistical methods [Javitz and Valdes, 1991], expert systems [Dowell and Ramstedt, 1990], finite
automata [Kussul and Sokolov, 2003], neural networks [Cannady and Mahaffey, 1998], [Reznik, et al., 1999,
[Skakun, et al., 2005], agent-based systems [Skakun, et al., 2005], [Gorodetski, et al., 2001], rule-based
networks, genetic algorithms, etc.

It is worth mentioning that existing approaches do not provide adequate description of user behavior. There exist
methods that exhibit only dynamical features of user behavior, and do not consider statistical properties, and vice
versa. This paper describes a complex model of user behavior in distributed systems. The model consists of
three components: on-line model, off-line model and change detection module. The use of on-line and off-line
models allows the reflection of both dynamical and statistical features of user's activity. In order to provide
adaptive and robust approach for the analysis and generalization of data obtained from user activity neural
networks are applied. The proposed approach is verified on real data gathered during the work of users on the
resources of Space Research Institute of NASU-NSAU.

Complex Model of Users Behavior in Distributed Systems

For adequate description of user behavior in distributed systems we propose complex model that consists of the
following components:

- on-line model that describes user’s activity during its work by predicting his actions;

- off-line model that is based on the analysis of statistical data acquired during user’s work;
- change detection module intended for detection of trends in user’s activity.

The proposed structure of complex model is depicted in Fig. 1.

A= Off-line Model

Data »  On-line Model »—» Decision Making Module

> Change Detection
Module

Fig. 1. Structure of complex neural network model of user behavior

On-line model describes dynamical features of user behavior by predicting user actions based on previous ones.
For prediction of user actions neural network is used. The use of neural network is motivated by the fact that user
behavior represents a complex non-linear process and by the need to reveal regularities in it. As a neural network
paradigm, we use feed-forward neural network trained by means of back-propagation algorithm [Haykin, 1999].
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Therefore, for each user a neural network is built, and trained in such way to predict user actions. The result of
neural network work after completion of /-1 actions by user during session s; is given by the following equation:

C;r :F( Xi ), Xi — (C,St cS; cSr ) ,

=12 i=22"""i—m

—~

where F— non-linear transformation performed by neural network; x;, ¢’ — neural network input and output
respectively; ¢ — the number of i-th user action during session s, m — number of previous actions used to
predict the next one.

The decision about user behavior (normal/abnormal) is based on the number of correctly predicted user actions

by neural network (i.e. when ¢, is equal to ¢, ). Construction of on-line model must also take into account the

possibility that user behavior will be changing in the course of time. In order to provide adaptation of model to
these changes (i.e. retraining neural network) change detection module is used.

On contrast, off-line model is based on the use of statistical (integral) parameters obtained during user behavior.
The following set of characteristics about user behavior was taken:
{nst,osl,hs’,ds’,sst}, (1)

where n_ — number of actions performed by user; o, — results of on-line model use, i.e. the number of

correctly predicted user actions; /4, — user login host; d_ — user session duration time; s, — the time of user
“t Ot “t
session start.

This set is used as input feature to neural network for detection of normal/abnormal user activity. As in the case of
on-line model, for each user feed-forward neural network is trained with back-propagation algorithm in order to
distinguish normal and abnormal user behavior. The expected output of neural network during training is binary,
i.e. 1 corresponds to normal behavior and O corresponds to anomaly. The neural network output is defined as
follows:

A =F(x,), x, =(no h.d.s),

where F — non-linear transformation performed by neural network; x, , A = — neural network input and output
respectively; n, , o, , h , d_ s, are defined by (1).

If an input to neural network is an independent sample (that was not used during training process), the
corresponding output A~ will lie in the range [0; 1], and provide probability of user normal activity (higher values
correspond to normal user behavior).

The user behavior does not represent stationary process, and it will be changing in the course of time (as a rule
during 2-3 months). This can be caused by different reasons, e.g. due to software version changes, new tasks
accomplishment. That is why, complex model is required to include change detection module that will detect
trends in user behavior.

Let A be the alphabet of user actions, i.e. the set of all actions performed by user during set of sessions {st};.
We assume that user behavior has not been changed during this time of work. Let N be the number of actions in
alphabet A, and each action has a number from 1 to N. The number N+1 will be reserved to new actions that

were not performed during sessions {s,}il. Let st (t>7) be the current session of user work with the following
actions performed c¢* =(c1‘“, Cy s s cjv ) Then ¢ =N+1, if ¢ ¢{l,..,N}. In order to detect

changes in user behavior after session s; we construct vector g(s;) with the following components:
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1, ifexists such k=1, N_, that ¢ =/, je4d o _
g,(s,)= i . That is, if an action was performed

0, otherwise

during session s;, then corresponding component of vector g(s:) is equal to 1, otherwise is equal to 0. Then the
obtained vector g(s;) is compared in pairs with vectors obtained during previous sessions Sti, St2, ..., St. As a
measure of comparison Hamming distance is applied:

N(g(s,), g(S,u))=ZZ(g,(Sf), g, (s)),

1, if g,(s.)# g,(s.)

) . That is, ¥ corresponds to number of components
0, otherwise

Wwhere Z(gj (St')7 gj (St")) = {
of two vectors that are different. As a result of comparisons we will obtain / values, following which we average

1 (1

and normalize on N: H, :ﬁ(jz&(g(s’)’ g(st_k))j. If user behavior has not changed, then vector g(s:)
k=1

would not differ considerably from vectors for previous sessions. Hence, H; would be below some threshold H-:

H: < H-. And vice versa, if anomaly occurred, vector g(s;) would differ considerably from vectors for previous

sessions and H:; would be under some threshold H*: H;> H*. If H; € (H*; H*), then a natural changes in user

behavior took place.

Description of Experiments

Different experiments were run to demonstrate the efficiency of both on-line and off-line models and change
detection module. For this purpose data needed for neural network training were acquired during a real work of
users on the resources of Space Research Institute of NASU-NSAU.

Experiments for on-line model. For on-line model log files were transformed into format suitable for neural
network. That is, for each user an alphabet of user actions was created, and each action was assigned an
identifier (decimal number). For neural network input a binary coding was applied (7 bits per action). Feed-
forward neural network was used to predict user actions based on 5 previous ones (the value of 5 previous
actions was derived using autocorrelation function for sequence of user actions). Thus, the dimension of input
data space was 35. In turn, for output data decimal coding was applied, and the dimension of output data space
was 1. As to neural network architecture, we used neural network with 3 layers: input layer with 35 neurons,
hidden layer with 35 neurons, and output layer with 1 neuron.

100 Overall predictive accuracy (for legal user) Overall predictive accuracy (for illegal
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Fig. 2. Predictive accuracy for: (a) legal user; (b) illegal user
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Then all data were randomly mixed and divided into train and test sets (70% for training and 30% for testing).
Results of neural network work on test data showed that overall predictive accuracy (that is, the number of
correctly predicted actions divided by total number) for different users varied from 33% to 59% (an example of
overall predictive accuracy variations within number of actions is depicted in Fig. 2,a). To demonstrate that neural
network was able to distinguish one user from another we run so called cross experiments. It was done in two
ways. First one consisted in the following: data obtained during the work of one user (name him illegal user) were
put to neural network trained for another (legal user). In such a case, overall predictive accuracy of neural
network hardly exceeded 5% (it is shown on Fig. 2,b an example where overall predictive accuracy was 0,05%).
Such experiment modeled the situation when illegal user logged on and begun to work under account of another
user.

The second method of cross experiments was done by inserting data of illegal user into data of legal one. This
experiment modeled the situation when intruder begun to work under account of another user already logged on.
In such a case, we used short-time predictive accuracy to measure the number of correctly predicted actions (this
measure takes into account only last actions performed by user, for example, twenty last actions). Variations of
short-time predictive accuracy for both legal and illegal user are depicted in Fig. 3. It is evident that short-time
predictive accuracy for illegal user is considerably less then for legal one.

Short-time predictive accuracy for legal and illegal

100 - users

90 1 legal
user

\
S

0 50 100 . 150 200
Number of actions

lllegal
user

Short-time prediction accuracy,
%
o
S
L

Fig. 3. Short-time predictive accuracy

Experiments for off-line model. Considering off-line model, all needed statistical data were obtained from log files.
Then they were encoded, divided into training and test sets, and input to neural network. Results of neural
network work on test data gave 80% accuracy of correct user behavior identification. That is, experiments
showed that off-line model was able to distinguish normal and abnormal (anomalous) user behavior.

Experiments for change detection module. In order to verify change detection module first H; was estimated for
those user sessions when the use behavior was normal. Derived values of H; did not differ considerably and lied
in the range (0; H:). (For each user different values of threshold H- were obtained and varied from 0,1 to 0,17).
For anomaly behaviour modelling cross-experiments were run. That is, vector g(s;) was calculated for sessions of
another user and compared with vectors obtained for a given user. Obtained values of H; considerably increased
(average in 2,5 times).

In order to model natural changes in user behavior (that do not correspond to anomaly) for each user
components of vector g(s;) were randomly changed (with probability 0,25). In this case the value H; increased in 2
times, and then decreased to ordinary level.
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Variations of H
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Fig. 4. Variations of value H; depending on user behavior

The variations of value H; for typical user depending on user behaviour are depicted in Fig. 4. Sessions #1-24
correspond to normal behavior, and H; lie in the range (0; 0,15). When data of another user were inserted
(session #25) H;increased up to 0,32. When we modelled natural change of user behaviour (sessions #35-50) H;
increased up to 0,25, and then decreased to ordinary level.

Therefore, experimental results showed the possibility of proposed complex neural network model to distinguish
with confidence normal and abnormal (anomalous) user behavior.

Conclusions

In this paper we proposed a complex model of user behaviour in distributed system. In order to adequately
describe different features of user behaviour the model consists of three components: on-line model considers
dynamics of user behaviour by predicting user actions, off-line model is based on the analysis of statistical
parameters, and change detection module that is intended for detection of trends in user’s activity. In contrast to
existing methods the proposed model enables complex analysis of user behaviour both during its work (in real-
time) and after user’s work completion (in off-line mode). The use of neural network provides intelligent approach
to analysis and generalization of data acquired during user activity. In order to demonstrate efficiency of complex
model different experiments were run on real data obtained during user work on resources of Space Research
Institute of NASU-NSAU. The results of experiments showed applicability of the proposed approach.
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OLIEHKA BUOPA3HOOBPA3UA C UCNONb30BAHUEM HEUPOHHbIX CETEN

Angpen WenectoB, EkatepuHa Hacypo, Cepren CkakyH

Pe3rome: Paccmampusaemcs porb 06pabomku 0aHHbIX OUCMaHUUOHHO20 30HOUPOBaHus 3emnu e 3adaye
oueHKu 6uopasHoobpasus. [lpednazaemcs moducpukayus memoda oueHku buopasHoobpasus 3a cyem
npumeHeHus Helipocemesol knaccugbukayuu nodcmunaroueli NogepxHoCMuU.

Kntoueenle cnoesa: buopasHoobpasue, daHHbie [33, HelipoHHbIe cemu.

ACM Classification Keywords: F.1.1 Models of Computation (F.4.1) - Self-modifying machines (e.g., neural
networks)

BBegeHue

OCHOBHbIMM MpWU3HaKaMK 300POBbS, Onarononyumss U XusHecnocobHocT Buocdepbl 3emnu  sBRSeTCA
KONN4ecTBO M BropasHoobpasmne aKoCUCTEM, COCTaBNAKLLMX Brocdepy. SKocucTeMbl 06ecneynBatoT pecypehl,
HeobOxoouMble ONA NOAAEPXKaHUS XM3HM Ha 3emne W BIUSIOT HAa XM3HEOESTENbHOCTb U MPOLBETaHWe BCEX
Guonormyeckux BUAOB, BKIoYas 1 yenoseka [1].

YnpasneHue u3MeHeHusmMU B 6uopasHoobpasnm 1 MOHWMaHWe MNPOLEeccoB, MPOUCXOAALMX B 3KOCUCTEMAX
3emnu BO3MOXHO MpU HamM4MK ONEpaTUBHOM, JOCTOBEPHOM U CMCTEMATU3MPOBAHHON MHAopMaumn. HayyHoe
N3y4eHne 3KOCUCTEM, CBOEBPEMEHHOE UHCOPMUPOBAHME MUPOBON OBLLECTBEHHOCTH, KOHCONMAALMS YCUIUiA MO
3aLuTe OKpyXatoLlen cpebl NO3BOMNT NPABULHO MHTEPNPETUPOBATL 3HAHUS 00 U3MEHEHMSX, MPOUCXOAALLMX B
OKpyXatoLLei cpeae B Maclutabax BCEro 3eMHOro Lwapa, U3y4nTb porin 3KOCUCTEM U UX B3aMMOAEVICTBHE.

"Cucrtema cuctem” GEOSS

Pewennem npobnem rnobanuaaumm 1 06beaMHEHUs YCUIMIA MO COXPaHEHWK0 340poBbs Gruocdepbl 3emnm
MOXeT cTaTb "cuctema cuctem" rmobansHoro Habnwogenns 3emnm GEOSS. OHa opueHTMpoBaHa Ha
obbeanHeHne CyLLeCTBYOWMX M Byaywmx cuctem HabnogeHus 3emnu, pasBuBaOWMXCS BO MHOMX CTpaHax
Mupa. MnobanbHOCTb CUCTEMBI MO3BONSET NPKBMEYb HaMboNbLLEE KONMMYECTBO CTPaH M HabnoaaTtb NPoLeccsl,
npoucxoasiume B Maclwrtabax, 3HauuTenbHo Gonblumx, Yyem Maclitab OTAenbHO B3ATOM cTpaHbl. C apyron
CTOPOHbI Takasi CUCTeMa no3soNuUT 06bEANHUTL YCUNNS Ha Gonee HU3KOM YPOBHE, NPUBMEKas K PELLEHNIO 3aaay
(DYHKLMOHMPYIOLLME perroHanbHble cUCTeMbI [2].

Pa3paboTka BbICOKOKAQYECTBEHHOW, COBPEMEHHOW U BCECTOPOHHEN [MOOANbHOM CUCTEMBI  MOHWUTOPUHIA
OuopasHoobpasus, 0becneunt faHHbIMM BCE 3aMHTEPECOBAHHbIE CTOPOHbI. Cpean KOTOPbIX: YYaCTHUKM
MHOTOCTOPOHHWX COrMaLLEHNA N0 OKPYXaloLLen cpefe, NpaBUTENbCTBA PasHbIX CTPaH, OpraHbl Mo YNpaBlieHuo
NPUPOAHbIMKA  pecypcami,  HayyHble OESTEenW, CTPYKTYpbl MO 3KOMOTMM,  CEeNbCKOMY  XO3SINCTBY,
3[paBOOXPaHEHMI0, YPE3BbIYAHBIM CUTYaLMAM W TULPOMETEO CyXObl.

Cpeon b6rmkaiwmx npuoputeToB B cosgaHum GEOSS HasbiBaloT cO3aaHue YCroBMIA M KOOPAMHUPOBAHWE
HEMPEPbLIBHOTO HAbMIAEHNS HA BCEX YPOBHSAX, HAYMHAs OT rnobanbHOro MOHUTOPKHIA MOBEPXHOCTU 3EMIU, [0
noKanbHbIX M3MEPEHN 1 0becneyeHne K nonyyeHHsIM AaHHbIM cBOBOAHOMO JocTyna Ans noboro nonb3osatens
cuctembl. MpUMEHSTb AaHHble AUCTAHLMOHHOMO HabniogeHus 3emnn Ans OnWCaHus, KapTorpadupoBaHns
MOHMTOPMHra rnobarnbHbIX 3alMLIEHHBIX 30H, BKMKOYas 30HbI BcemupHoro Hacnegws, npupogHble obnacty,
obnact BOMbLIOTO KynbTypHOrO, rEONOMMYECKOr0 M apXeonor1yeckoro 3HayeHus. Kcnonb3oBaTb AaHHble
HabntogeHns 3emnu 1 apyrue NpoCcTPaHCTBEHHbIE AaHHbIE AN 06ecneyeHns OKOHTYPUBAHWS U KOPPEKTUPOBKY
rpaHuL, 3aLMLLEHHBIX 30H.
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Ponb cnymHukoe [J33 e npozpammax no coxpaHeHuro 6uopasHoobpasusi

HeobxoanMocTb COXpaHWUTb Xpynkue 3KOCUCTEMbI U X BruopasHoobpasne YCnoXHeHa UX pacrnpegeneHneM no
BCEMY 3eMHOMY LUApY, OTAANEHHOCTLIO U HALUMOHANbHbIMK rpaHuLamMu. B Takux Criyyasx BaxHylo pofib UrpatoT
CMYTHWKW OMCTAHUMOHHOMO 30HAMPOBaHMS 3emnu. Takue AaHHble NPeoCTaBnsalT pasnuyHyld MHGOpPMaLMIO,
HeOoOXOAUMYKD NS MPUHATUS MPUPOLOOXPaHHbIX PeLleHWi. MMpoekTbl N0 AUCTAHLUMOHHOMY 30HAWMPOBAHMIO
3emmu MCnonb3ayT BO3MOXHOCTM MYNbTUCMEKTPANbHBIX ONTUYECKUX U papapHbIX NpUBOpOB CryTHUKOB ANS
aHanu3a M3MEHEeHWM MOBEPXHOCTW 3eMNW, OrpedeNieHns MacChl PacTUTENbHOCTW, pacro3HaBaHWs TWUMOB
PacTUTENbHOCTN W OBHapyXeHus W KapTorpadmpoBaHUs OTAenbHbIX 6uonorMyeckux BMAOB. OTU OaHHbIE
nonesHbl 4ns COCTaBneHus rpadmkos, anarpamm, Tabnny, OCHOBHBLIX (PaKTOPOB OKpyXatoLlen cpedbl. AHanms
TaKoW MHopmaLn No3BONUT CHOPMUPOBATL AMEMEHTLI U NapameTpbl BropasHoobpasns: pa3suTUe pacTeHun,
WX cpegy obuTaHua u Knumar.

BuopasHoobpasue

BropasHoobpasune — 310 pasHoobpasne BWOOB xM3HM Ha 3emne. o MHeHuo aBTopoB [2] GuopasHoobpasue
NMEET CTPYKTYPY, COCTOSILLYHD M3 TPeXx OCHOBHbIX YPOBHEN OpraHv3auM W TPeX pasfuuHbIX acnekToB
pasHoobpasusi. YpoBHM B1opasHoobpasust AensTCs Ha reHeTUYeCKMin, BUAOBON YPOBEHb M YPOBEHb SKOCUCTEM.
Acnektamu pasHoobpa3ust Ha3bIBaKOTCA KOMMNO3MLMS, CTPYKTYpa U YHKUMM (CM. puc.1).

®VHKUMN Crpyxrypa

CrpykTypa
FKOCHCTEMEI

DyHEK LW
SKOCHCTEMBI

CTpykTypa
NoMmy NALA

PyHKLWOHAMEHE &

PasHoobpasue
BWO0E

Twn akocKCTemMbl

Komnoznuna

PucyHok 1. KoHuenTyanbHas guarpamma, otobpaxatoLlas CTpyKTypHble ypoBHK GruopasHoobpasus

buopasHoobpasne HeobX0oaMMO [N COXpaHEeHWst XW3HW Ha 3emne B uenoMm. O6beguHeHWe pasmnyHbIX
CEPBMCOB OXpaHbl OKPYXalowei cpedbl MO3BOMUT 0CO3HATb BaXHOCTb OMoOpasHoobpasusi, CcTeneHb U
MOCMELCTBUSI €ro MCTOLUEHMS, MOCTPOUTL rnobanbHyto, NMoKanbHble W HaLMOHamNbHbIE CUCTEMbI, MPUHAMATbL
NpaBUmbHbIE PELLEHNS MO COXPaHEHWKD BMopa3Hoobpasns 1 yCmewHo WCMonb3oBaTh Pe3ynbTaTbl OXPaHHbIX
Mep.

Memoduka ebiyucneHus 6uopasHoobpasus

YenewHoe cbepexerne 6uopasHoobpasnsi HEBO3MOXHO 6e3 pa3palboTky YETKOM HayyHOW KOHUENuuM ero
OLiEH1BAHNS 1 MOHUTOPWHTA. MepcnekTuBbI N3yyYeHns 1 kapTorpadnpoBaHus 61opasHoobpasus TECHO CBA3AHI
C ucnonb3oBaHneM MatepuanoB [133. BaxHbiM 3afaHWeM BO BpeMs peanusauum 3TOro noaxoga sBMseTcs
onpedeneHne nokasateneit OuopasHoobpasus, KOTopble MOryT ObiTb MOMyYeHbl C  WUCMONb30BAHUEM
AaHHbIx 33 [3].
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BuopasHoobpasiie 4acTo accouMmMpyeTcs ¢ KONMYECTBOM BMIOB, Kak B KOHKPETHOM Ipynne, Tak W no Bcemy
naHawadTy B Lenom. Buaosoe pasHooGpasue COCTONT 13 ABYX KOMMOHEHTOB. Bo-nepBbiX, BMOoOBOE GoraTcTeo,
T7.6. 00ljee YMCMO CyLLECTBYHOWMNX BUOOB. Bo-BTOpPbIX, paBHOMEPHOCTb pacnpefeneHus BUOOB, KoTopast
BasupyeTcsi Ha onpeAeneHn NoNoXeHs BUAA B CTPYKTYPE AOMUHUPOBAHMS Ha OCHOBE Mep 3Ha4umMocTy [4].

Mpu OLEHNBAHUN BUOOBOTO Pa3HOOOPa3Nst LUMPOKO MCMonb3yeTcst MHaeke LLeHHOHa, KOTOpbIi YYUTLIBAET He
TONbKO 6OraTCTBO BUAOB, HO 1 PABHOMEPHOCTbL PacnpeaenieHu s 3TUX BULOB Mo NBOMY M3 NpU3HaKoB [5]

N
B=Y Plog, P, (1)

i=1
roe N — konn4yecTBo BUAOB, P;— 3Ha4MMOCTb BMAA i.

Mcnonb3oBaHue [aHHbIX AWCTaHLUMOHHOTO 30HAMPOBAHWS 3eMAN M COBPEMEHHBIX LNPOBBIX TEXHOMOTUN
06paboTk1 a3pOKOCMUYECKNX N30DPaKEHMII NPeLOCTaBNAET PSR NPEMMYLLECTB B MpoLecce pacyeTa WHAekca
BMOOBOrO pasHoobpasus no LUeHHOHy. Hanpumep, nO3BONSIET 3HAYNTENBHO PACLUMPUTL  TEPPUTOPUIO
nccnenoBaHuia, otobpaxatb peanbHyl MHGOPMaLMIO O NPOCTPAHCTBEHHOM pacnpefeneHnn rpynn pacTeHuit 1
NpeaocTaBnTb BO3MOXHOCTb NOCTOSHHOTO OOHOBNEHUSt 3TUX AaHHbIX. Kpome 3Toro, npeacTaBneHne AaHHbIX B
UndpoBOM Brae NO3BONMKT 0becneunTs ux addekTnBHY 06paboTKy 1 BU3yanu3aLuo.

[ns nocTpoeHus MeToanku OLEeHKM Gruopa3Hoobpasns MCMoNb3yeTCs 9KOCUCTEMHBIN MOAXOA, NPEANOKEHHDIN
A.H.Kncenesbim [6]. Ero rnaBHbIn NpUHLMN COCTOMT B TOM, YTO OLeHKa B1opasHoobpasns MOXeT onupaTbes Ha
ntobble MHTErpankHbIE XapakTepuCTUKK, KOTopble 0BecneynBaroT "NpeacTaBMTENLCTBO" BCEX BMOKOMMOHEHTOB.
OCHOBHOW MOeeit 3KOCUCTEMHOTO MOAXOda SBNSIETCS CNEOyHLLEe: SMEMEHTbI XWBOW M HEXMBOW NpUpOLb
HaxoasTCa B TECHOW CBSA3W W B3aUMOZENCTBUM ApYr-C APYrOM, TO €CTb CO34AT 9KO- U re0CUCTEMbI Pa3NYHbIX
YPOBHEN M AUTENBHOCTU. B ynpoLleHHOM Buae NPUHLMN B3aUMOLENCTBUS SIEMEHTOB 3TUX CUCTEM BbIMAAUT
cnegylowum obpasom: ycrosus oOUTaHMS BAMSKOT Ha MPOLECCHl  3aceneHns TeppuTopun  Bugamu
paCcTUTENbHOCTH, YTO B CBOIO 04epeab 06ecneymBaeT yCnoBus Ans pa3snuTus onpeaeneHHbIX BUGOB KMBOTHBIX.

,U.J'IFI CBA3N 6|/|opa3Hoo6pa3Mﬂ U paga BNUAKOLWMX Ha Hero q.)aKTOpOB ncnonb3yetTcd Moaesb, OCHOBaHHaA Ha
HEYeTKON NOruke [7] OHa no3BonsieT onucaTth Knaccuyeckne AMHaMUYECKUe CBS3U C HeonpeaeneHHbIMn nnu
cna6oonpe,qeneHHb|MM napameTpamn 1 CTatuCTU4eCkme 3aBUCMMOCTW C HEM3BECTHbIMW  3aKOHaMW
pacnpeneneHnsa, a TaK Xe (*)OpMaJ'II/I3OBaTb OKCNepTHbIE TMNpeAcTaBNeHNA Mpo XapakKTep npoueccoB B
ncenegyemblix aKocucTemMax.

Ecrn  13BeCTHbl KONMM4YecTBeHHble 3HauyeHuss F,,i=1..n aKkTopoB, KOTOpble BAMSAKT HA OLIEHKY
GuopasHoobpasns B, rae n — oblee KOnNMYecTBO (PaKTOPOB, ANS KAXAOrO M3 m KNaccoB naHawadra
3EMHOr0 NOKPbITUS MOXHO ONPEeAenuTb NOTEHLMaNbHO BO3MOXHOE BropasHoobpasue Béj ), j=1..n, xoTopoe
npu 1cnonb3oBaHUM uHaekca LeHHoHa (1) onpepensieTcs KOnMMYeCTBOM XapaKTepHbIX GMONOrMveckux BUAOB
panHoro knacca N\ no dopmyne:

By =log, Ny’ (2)

Bason ans oueHku 6ropasHoobpasnst MOBEPXHOCTH CMYKUT Knaccudmkauus MoKpbITUiA NaHawadTa. Ee moxHo
nonyunTb Mo AaHHbiM 133 W Ha3eMHbIM M3MepeHWsaM. VIMEHHO no Knaccutvkaumu BbIMOMHAETCS OLeHKa
noTeHynansHoro BuopasHoobpasus Ans  Kakhoro Knacca 3eMHOM  MOBEPXHOCTM € UCMOSIb30BaHWEM
copmynbl (2). ECriv BO3MOXHOCTM KOCMMYECKOM CbEMKM MO3BONSHOT BbIMOMHUTL BUAOBYK KnaccudukaLmio
pacTUTENbHOCTA, TO €CTb BO3MOXHOCTb MOMYYUTb HEMOCPEACTBEHHYIO OLEHKY Buaumoro GuopasHoobpasns
TEPPUTOPUN UCCNEAOBaHMS, YCTAHOBUTb 3aBUCHMOCTb MEXAY BMAMMBIM U CKpbITbIM GuopasHoobpasvem u
BbIYMCNUTbL NONTHOE BropasHoobpasve Ans Kax[oro yyacTka naHawadra.

akTopbl, KOTOPblE BAMAKT Ha G1opasHoobpasre U MoryT ObiTb OnpeaeneHsl no Matepuanam [133, npueeaeHs
B Tabnmue 1. Ceitvac B MMpe CyLLECTBYET BOMbLUOE KONMMYECTBO LIEHTPOB, KOTOPbIE NPEAOCTABNISOT HE TOMNbKO
a3pPOKOCMMYECKME CHUMKW, HO M WHAOPMALMOHHbIE MPOAYKTbI Gornee BbICOKMX YpOBHEiA. [MpumepoM MOXeT
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CRYXUTb MexayHapoaHbin HayuyHblid npoaykt [A33 EOS, B pamkax KOTOporo npenoctaBnseTcs A0CTaToOMHO
LUMPOKMIA CMEKTP MHEDOPMALIMOHHBIX NPOLYKTOB, KOTOPbIE MOTYT MCNONL30BATLCA NPY OLeHKe BruopasHoobpasns.

Tabnuua 1. dakTopbl, KOTOpbIE BMSIOT Ha GropasHoobpasne

JnanasoH OnTumarnsHoe
dakTop lNokasatenb y
3HaYeHU 3HaueHue
CpeaHecyTouHoe 06ny4YeHre CONHEYHbIM
Penbed mecTHOCTH pearecy y 0 -300 B/m2 MaKCUMyM
WU3ny4eHnem
Boga BnaxHocTb noys 0-100 % MaKCUMyM
Tenrno [lHeBHas 1 HouHas Temneparypa 253 -323K 293K
Ocapku CpenHerogoBoe Konm4ecTBO 0CagKoB 0-200 mm MakcuMyMm
PacTtutensHocTb BereTaLMOHHbI! MHAEKC -1..+1 MaKkCUMyM
XKnaHeHHas OTHOCUTENBHOE KOMNYECTBO YCBOEHHOMO
-1..+1 MaKcuMyMm
aKTUBHOCTb PacTUTENBHOCTBIO U3MTyYeHNs
YKn3HeHHas 0 - 600 kr
UncTas NpogyKTMBHOCTb PacTUTENBHOCTY ) MakcmyMm
3hhEKTUBHOCTb kapboHa/M? B rog

B HacTosllee Bpems CyLECTBYET MHOXECTBO MpOrpaMM, HanpaBrieHHbIX Ha CO3A4aHWe MPOAYKTOB MO
Knaccucvkaumm 3eMHOM MOBEPXHOCTW, KOTOpble OTAMYAKTCA CUCTEMaMK  Knaccudvkaumu, NOKpbITUEM,
NCMONb3yeMbIMU AaHHBIMK, TEXHONOMMAIMM NOCTPOEeHUs U MeTogamn ob6paboTtku. Cpeaun HUX crneayeT BblaenuTb
esponeickuin npoekt Corine [8] n amepukaHckuit npoekt National Land Cover Data (NLCD) [9], koTopble B
KayecTBe OCHOBbI WCMOMb3YT AaHHble cnyTHWka Landsat, a Takke MODIS Land Cover and Land-Cover
Change [10], koTopblit 0CHOBaH Ha AaHHbIx npubopa MODIS cnytHuka Terra n ucnonb3yeT rnobanbHyto cuctemy
knaccudpukauum nporpammel International Geosphere-Biosphere Program (IGBP) [11]. Ctout oTMeTUTb, 4T0 ANg
TEppUTOPUM YKpanHbl LOCTYMHbI NULWb [aHHble N0 rnobanbHOM KnaccuuKkauun 3eMHOM MOBEPXHOCTU C
paspeLleHneM He meHee 1 kM. KpoMe Toro, camble CBeXue faHHble Knaccuhukaumm noBepxHoCTH Ans YkpanHb!
patmpytotest 2000 rogom. lMoaTomy akTyanbHOW sBNsieTCs 3agada co3gaHust 6onee 3GhdeKTUBHbIX METOLOB
Knaccuukawm nokpbITUi naHgwadra.

KnaCCI/I(bVIKaUMFI AaHHbIX AUCTAHLWOHHOIo 30HANPOBAHUA 3emnu

lpumeHeHue HelipoHHbIX cemell 0151 kKnaccughukayuu daHHbIX 33

B HacTosliee Bpemsi npu BbIOOpe noaxofda K KnaccuguKkaLumm 3eMHOr0 NMOKpOBa MO [AaHHBIM AWUCTaHLMOHHOIO
30HAMPOBAHWSA 3EMNM BCE Yalle OTAAEeTCs MNpEeanovTeHWe HEeApoceTeBbIM MeTogaMm. HelpoHHble CceTu
obecneynBaroT aganTuBHLIN 1 YCTOMYMBLIN NOAXOZ K aHann3y 1 0600LLeHMI0 MHopMaLmm, KOTOPLIN He TpebyeTt
anpuopHbIX 3HaHMIA O CTaTMCTMYECKOM pacnpegeneHnn AanHbiX. CyliecTByrowlee pasHoobpasne pasnnyHbiX
HEMPOCETEBbIX APXWUTEKTYP, a TaKkke METOLOB ODy4eHUs HEMPOHHbIX CeTel, No3BonsoT BbiOpaTb Haubonee
ONTUMArnbHY ANS  MOCTABMEHHOM 3adauu  KOH(Wrypauwio, HalTh KOMMPOMMCC MeXZy CKOPOCTbIO,
Pa3MEPHOCTbIO CETU 1 AP EKTUBHOCTBIO paboTbl. B T0 ke Bpems Takoe pasHoobpasvie BO3MOXHOCTEN NMPUBOAUT
K He06X0AMMOCTH NPOBOANTL GOMbLIOE KONMYECTBO SKCMEPUMEHTOB NS MONyYEHNst AOCTOBEPHbIX U Hambonee
NOAXOLALLMX K 3afaye BapyaHTOB PELLUEHMS.

Haww vccneposanus, npoBeaeHHble B pabotax [12, 13, 14] packpbiBatoT pe3ynbTaTbl MPUMEHEHUS PA3NINYHbIX
HEMPOCETEBbIX apXUTEKTYP, METOA0B 0ByYeHUs HEMPOHHBIX CETE NEPBOro M BTOPOrO NOpsiAKa, MCNoNb30BaHMS
CeTeN Ha OCHOBE paauanbHbiX 6asnCHbIX YHKUMA M CeTeil Ha OCHOBE TeOpUM adanTUBHOMO pe3oHaHca Anis
0b6paboTkn AaHHbIX cnyTHWKa Landsat. [MornyyeHHble pe3ynbTaTbl MOKa3blBAKOT, YTO AN PasHbIX KIaccoB
Hanbonbluee 3HaYeHMe BEpHO KnaccuuumMpoBaHHblX 00pasoB [OCTUranoCh A7 PasHbIX METOLOB, YTO
0OBACHAETCS CNOXHOCTHIO TOMOMOrMM UCXOAHbIX AAHHBIX.
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[ns HeMpoHHbIX ceTei ¢ 0ByyeHMeM C yuuTenem, Heobxoaumo onpenenuTb Habop 3TanoHHbIX OaHHbIX.
OTanoHamu MoryT ObITb pesynbTaThl 3aMEpOB Ha MECTHOCTU, NMPUBEAEHHbIE K HyxHOMY Bugy. Kpome aToro,
JaHHble O CMeKTparbHbIX CBOWCTBAX OOBLEKTOB, MOXHO MONy4uTb B nabopatopum wnm u3 GubnmoTek
cneKkTpanbHbIX KpUBLIX. B Takom cryyae aaHHble HeobXoanMo NpUBOANTL K BUAY, MHADOPMALMK, NONy4aemoit 13
KOCMOCa, B 3aBMCUMOCTM OT YnCra KaHamnoB npubopa W Quana3oHOB M3MEPEHMs, a TaK ke C y4eTOM (yHKLMI
oTKnuMka mpubopa [15]. Kpome nepeumcrneHHbiXx METOLOB [LOCTYMHbI AaHHble MEXOYHApOOHbIX Nporpamm,
Hanpumep, npoekt Corine no knaccuukawum HaseMHbIX 06bEKTOB [8].

CpasHeHue pe3ynbmamoe paboms| pasnuyHbIX Helipocemeebix napaduam

[Ana cpaBHWTENbHOrO aHanu3a paboTbl PasnMuYHbIX HEMPOHHBLIX ceTeln ¢ obyyeHnem c yuutenem 6bino
CNONb30BaHO M306paxeHne, MoMy4YeHHOe MynbTUCnEKTpankbHbIM npubopom ETM+ (Enhanced Thematic Mapper
Plus) cnyThuka Landsat-7 [16]. Mpubop npemocTaBnseT AaHHbIe C MPOCTPAHCTBEHHLIM pa3peLleHnem 30m. ns
aKcnepumeHTa Obinm B3STbI kaHanbl 1-5 n 7. PasmepHOCTb BXOAHbIX BEKTOPOB COCTaBMsna 6 anemeHTtos. Ha
Bbixoge Obin NpeacTaBneH BeKTOp M3 8 3MeMEHTOB — MO KOMMYECTBY ONpeaensieMblX Knaccos. [ns
onpegeneHns aTanoHHbIX AaHHbIX UCnonb3oBanack MHopmaumus npoekta Corine no knaccuukaumy 3eMHOM
NOBEPXHOCTW. Ha TecToBOM CHUMKE Oblnu onpegeneHbl crnegyowpe 8 knaccoB (B ckobkax ykasaH kog
knaccudukaum cornacHo npoekty Corine): nucTBeHHbIR nec (311), xBoiHbIn nec (312), cmewwanHbIn nec (313),
nawns (211), nactouwe (231), Boga (51), uckyccTBeHHble MaTepuansl (1), OTKpbITas MECTHOCTb C Pa3PEXEHHON
pacTuTensHocTbio (33) [12, 13].

B npouecce pabotbl Obinu paccMOTpeHbl M MPOTECTMPOBAHbI CrieAylLWMe HEMpoceTeBble NapagurMbl:
MHOrOCIOMHLIA  NEpcenTpoH, 0Oy4YeHHbIn MeTogoM obpaTHoro pacnpocTpaHeHus owubku, EDBD, kBasu-
HbIOTOHOBCKMM METOAOM M METOLOM COMPSKEHHBIX FPAAMEHTOB; HEMPOHHAs CETb HAa OCHOBE paauarnbHbIX
©a3mCHbIX (hYHKLMI; HEAPOHHAs CETb, OCHOBAHHAs Ha TEOPUM aAanTMBHOMO Pe30HaHca.

BbINonHeHHbIE 3KCrepUMEHTLI ObiNi HanpaBieHbl Ha ONpeaenieHne OnTUMarbHON apXMTEKTYPbl HEMPOHHOI
CETW, NpeAHa3HaYeHHON ANs Knaccuukaumn MynbTUCNEKTPambHbIX CrYTHUKOBBIX CHUMKOB; aHanu3 MeTofoB
00Yy4eHns HEMPOHHBIX CETEN M UX BrUsiHWE HA pesynbTaTbl paboTbl CETW; aHanM3 pafenuMocTv JaHHbIX U
MPUMEHUMOCTU HEMPOHHBIX CETel AMs pelueHust 3ajady Takoro knacca. CpaBHeHWe pesynbTatoB paboTb
Pa3NNYHbIX HEMPOCETEBbIX apPXUTEKTYP NPUBEAEHO B Tabnnue 2.

Tabnuua 2. CpaBHeHWe pesynbTaToB paboThl pasnnyHbIX HEMPOCETEBbIX apXUTEKTYP

ApxutekTypa cetun

Knaccbl MHOrOCNOMHbI NEPCENTPOH
ObpatHoro PagnanbHast | Hewpoh-
Keasu- ConpsiKeHHbIX
pacnpoctpa- | EDBD Hb0TOHOBCKM DAINEHTOB 6asucHas Hble ceTy
HEHWS! OLINBKN ban yHKUMS ARTMAP
NUCTBEHHBIN Nec | 1 99,6% 98,9% 100,0% 99,9% 99,9% 99,3%
XBOWMHbIA nec | 2 94.,6% 85,7% 98,3% 96,3% 88,8% 80,2%
CMeLLaHHbI nec | 3 53,4% 67,4% 0,5% 35,2% 57,7% 68,7%
naLuHs 4 91,2% 89,6% 87,2% 92,7% 97,1% 82,0%
nactéuye 5 90,5% 91.4% 0,0% 0,0% 77,8% 75,8%
BOAa 6 97,8% 97,7% 0,0% 0,0% 92,6% 96,2%
WCKYCCTBSHRBIE 1 7 1 149 | 836% 58,8% 67,2% 70,8% 77,8%
matepuarnbl
ORI gl s96% | 96,5% 0,0% 0,0% 79,4% 97,3%
MeCTHOCTb
Bcero 87,9% 88,9% 58,5% 64,35% 85,6% 83,7%
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AHanuanpys pesynbTaThl NPOBEAEHHbLIX AKCEPUMEHTOB BULHO, YTO ANS pasHbIX KNACCOB HaUMyyLLMiA pesynbTat
JocTurancs pasHbiMW MeTodamu. 3TO MOXHO OOBSCHWTH CMOXHOCTbIO BXOOHbIX AAHHLIX U CNOXHbIMU
CBOWCTBaMM pa3aenumocTu. B cpegHem no Bceit BbIGOPKe AaHHbIX HAUMyYLwne pesynbTaTbl AAET MHOTOCIOMHbIA
nepcenTpoH, oByyeHHbin meTogom EDBD. Kpome Toro, ofyyeHne 3TumM METOOOM 3aHUMAET 3HA4YUTENbHO
MEHbLLE BPEMEHM, MO CPABHEHMIO C APYrMU MeTodamm [14].

BbiBoAbl M HanpaBneHns fanbHenwWwen AeATeNbHOCTH

B cTaTbe npeanoxeH MeTon OLeHKM GuopasHooGpasnst Ha OCHOBE MCTONb30BaHMNS PE3yNbTaToB HENPOCETEBOM
KnaccuukaLumu 3eMHOrO MOKPOBA, KOTOpbI MO3BOMSET BbLIMONHUTL BUAOBYH KraccuduKkaLmio yyacTka
naHgwadgTa no AaHHLIM ANCTAHLIMOHHOTO 30HAMPOBAHMS.

CroxHoe pasbueHire NOBEPXHOCTYM 3eMINM Ha KIaCChl M NOAKMACCH! BNEYET 3a coB0ii 3HAUUTENBHOE YCTOXHEHNE
apXUTEKTYpPbl AaHHbIX. MPK YBENMYEHNN KONMMYECTBA KINACCOB YCIOXKHSIETCS apXUTEKTYpa HEMPOHHOM CETH, YTO
MPUBOAMT K 3aMeLIeHN0 NpoLiecca 0BYYEHNst N CHIKEHMIO TOYHOCTM Knaccudmkaumy. Hanbonee ontumanbHoil
C TOYKM 3pEHNsi pasbreHnst JaHHbIX Ha KNnacchl SIBNSIETCS HEMPOHHas CeTb, KOTopas pa3buBaeT NPeArnoxXeHHbIe
obpasubl Ha [ABa knacca. [ns ynyyweHws KnaccudukauuM CMyTHUKOBbIX CHUMKOB  LienecoobpasHo
NpoaHanuanpoBaTb NPUMEHEHUEe MOLYNbHbIX HEMPOHHbBIX CETEeN CO COXHON apXUTEKTYpoil. PasHble Moy
TaKOW CETW, UCNONb3YS Pa3NUYHbIE METOALI 1 apXUTEKTYPbI, MPOBOASAT BHavane rpyboe, a notom Gonee ToYHoOE
pa3bueHmne faHHbIX Ha KNacchbl.

B moknape Gyget paccMoTpeHa paspaboTka CTPYKTYpbl MOAYNBHOM HEMPOHHON CETU, Kaxabli MOAYNb KOTOPOM
NpoBOAMT pa3bueHne Ha ABa Knacca, a pesynbTaTbl TaKoW KnaccudukaLum SBRSITCS BXOAHBIMI AaHHbIMU NS
cregyloLeit HeMpoHHOM CeTw, koTopas npoeedeT Gonee TOYHyH Knaccudmkaumo. OTO JacT BO3MOXHOCTb
OLEHWTb MpEeMMyLLecTBa TaKOro nogxoda W MPUMEHUMOCTb €ro A7 PeleHns 3ajad  Knaccudmkaumm
CMYTHWKOBBIX AaHHbIX.
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FORMING OF LEARNING SET FOR NEURAL NETWORKS
IN PROBLEMS OF LOSLESS DATA COMPRESSION

Yuriy Ivaskiv, Victor Levchenko

Abstract: questions of forming of learning sets for artificial neural networks in problems of losless data
compression are considered. Methods of construction and use of learning sets are studied. The way of forming of
learning set during training an artificial neural network on the data stream is offered.

Keywords: neural network; modelling of data sources; learning set.
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Introduction

In problems of data compression wide application was found with artificial neural networks (ANN). The neural
methods of losless data compression have got wide spread occurrence [Jiang, 1999]. Applicability of lossy
compression methods is limited to a class of multimedia data, and neural realization of such methods is specific
to each concrete type of data that limits an opportunity of their use [Cottrell, 1987; Verma, 1999]. Methods of
losless data compression differ that at their use, as a rule, special restrictions on structure and type of data are
not imposed that expands opportunities of their practical application for the decision of various classes of
problems.

The most of modern methods of losless data compression are entropic, that is such in which the length of a code
necessary for representation of an element of data, contacts probability of occurrence of an element in a stream
of compressed data [BatonuH, 2002]. Division of a problem of compression into two problems is standard: coding
and statistical modelling of a data source [Rissanen, 1981]. Now various methods and algorithms of coding
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redundancy of which practically does not differ from theoretically minimal possible are developed and applied
[Kpuuesckuia, 1989]. However, a problem of increase of efficiency of statistical modelling is insufficiently studied
and an opportunity of increase of compression ratio in particular is connected with its decision.

The existing statistical models used for data compression, differ complexity and heterogeneity of structure, and
also that they are sensitive to type of modelled data that complicates their practical realization and application
[Bell, 1989; Witten, 1989; Ker-Chang Chang, 1993]. At the same time the models which are based on ANN, differ
simplicity and uniformity of structure, an opportunity of use of the same algorithms of adjustment and functioning
in various models, and also some other useful properties [XaikuH, 2006]. Therefore, prospects of development of
statistical models are connected with use as modelling system at losless compression of the artificial neural
networks.

Target of Settings

The problem of statistical modelling of data sources during realization of losless compression consists in
definition of probabilities of occurrence of elements of compressed data on an input of coding system. One of
methods of reception of estimations of these probabilities is forecasting occurrence of elements of data in an
input stream. At use ANN such forecasting is carried out similarly to forecasting of time series [Exos, 1998].
Distinction consists basically in principle of forming of learning set for ANN. At forecasting time series there are
accessible all values that enables training of ANN with the given level of an error. At statistical modelling data
come in an input of modelling system in the consecutive portions that demands permanent recustomizing of
model during its functioning with the purpose of adaptation to changes of data [Schmidhuber, 1996]. In this
connection there is a necessity of development and research of special methods and algorithms of formation of
learning set for neural models which would consider features of its functioning on the given data stream.

Main Results

Description of neural model.

For carrying out of researches the two-layer
back propagation neural network with
adjustable quantity of neurons in an input
layer (if the inputs of ANN are considered as
the first layer such ANN is considered to be
three-layer) was used. As one of possible Element2
variants of realization of transferring function

the hyperbolic tangent — thx — was used.

Other parameters ANN had following values: 8(N=-1)

Element1

- the maximal absolute error of training per
one example: 0,001;

Element N

- a steepness of transfer function: 1,0 — for an
input layer, 0,1 — for a target layer;

- factor of learning speed: 0,1 - for all layers.

Proceeding from convenience of realization neural models on the existing computer-based means dimension of 1
byte has been accepted for elements of the input data stream that is not basic restriction of parameters of
considered model. Accordingly, the quantity ANN inputs was defined as 8N, where N — quantity of data elements
on which forecasting (that is context length), and the quantity of outputs was fixed and was equal 8 (fig. 1).
Coding of inputs and target signals of a network has great value for process of ANN learning because finally it
defines finish of learning. Zero bits of inputs and target signals of a network were coded by value “0,5", and set
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bits — “+0,5” as use of such values allows to consider process of learning completed only at concurrence of signs
of the received and required values of a network without achievement of a concrete numerical result.

Influence of context length.

During ANN functioning it was
learned of forecasting of the values Window
appearing in an input data streamon ~ — ~

contexts with length from 1 up to 15 7 .
BHHGLY),

elements. Here start value answers
minimally possible length of a \m

context and the range of its change Context 5 Context2 Context1  Prediction values
is defined by known methods of for contexts 1 ... 5
contextual modelling  [BaTonu,
2002). It is established, that quality of

forecasting in a greater measure depends on length of a context for the data, described by strongly pronounced
internal structure (texts in natural languages and texts of programs) and in a smaller measure — for data of type
“an analog signal” (the digitized images and a sound). For text data dependence of optimum length of a context
on volume of data is revealed that is coordinated with experimental data. At use of contexts of optimum length the
quantity of correct forecasts has increased on the average on (25 - 45) %.

Fig. 2

Window learning mode. w0

As a possible way of increase of quantity of
correct forecasts window mode of ANN
learning is considered at which learning is
carried out not on one context, but on set of
the overlapped consecutive contexts that
are directly previous of prediction value (fig.
2). Researches were spent for windows
with a width from 2 up to 50 contexts. The
range of change width of a window is 0%

35% -

30% A

25% A

20% -

15% A

10% A

5%

Maximal increasement of correct predictions

1 2 3 4 5 6 7 8 9 10

chosen experimentally. The basic problem Context length
of formation of learning set for a window _
mode of learning was elimination of Fig. 3

inconsistent contexts [TapaceHko, 2001],

the presence of which cycles process of learning and decreases speed of functioning of model sharply.
Elimination of inconsistent contexts was carried out as follows: if there were two or more conterminous contexts
with various prediction values in a window the nearest to prediction value was left and all previous were removed.

As a result of test of neural model in a window mode of learning it has been established, that the increase in width
of a window allows raising quantity of correct forecasts (on 40 % for text data), however it reduces speed of ANN
learning, and speed of model as a whole. Besides the increase in length of a context leads to reduction of number
of the correct forecasts connected with increase of width of a window (fig. 3). Thus the window mode of learning
is favourable only at use of contexts of small length (1 ... 4 elements) under condition of elimination of
inconsistent contexts.



58 Neural Nets

Selective learning
20,00

The analysis of change of quality of 18,00 4

forecasting during model functioning has
shown, that neural model functioning on
all set of contexts with any width of a
window is characterized by initial splash
in quantity of correct forecasts and its
following decrease to some level. It is

s, %

y 16,00 1

14,00 -

12,00 A

oo I 2 -

10,00 1

8,00 4

L e S

4,00 1

Quantity of correct prediction

supposed, that such behaviour of quality 2,00

of forecasting shows that only some 0,00

subset from all contexts used for ANN Context

learning represents laws, characteristic " - - Standard mode —Selective mode
for all set of data, and the others contexts Fig. 4

have casual character and lead to
decrease in quality of training process.

For check of the given assumption learning of a network has been led in two modes: 1) standard (on all set of
contexts); 2) selective (on set of contexts after which forecasting was successful). As a result it was revealed, that
at selective learning change of quantity of correct forecasts was absolutely different unlike a standard mode (fig.
4); thus the stable increase in quality of forecasting during all process of ANN training and functioning is
observed.

Essential lack of a selective learning mode is dependence of quality of forecasting process on an initial condition
of model, which is on a choice of initial values of ANN weight factors. The reason of such dependence is that at a
selective mode training of a network begins with the first context for which the correct forecast has been
executed, thus the probability of such forecast depends on initial values of ANN weight factors. In connection with
that casual values are usually appropriated to ANN weight factors, there is a probability of their unsuccessful
choice, as entails sharp decrease in speed, and quality of ANN learning also.

The account of influence of an initial condition of model on forecasting process is offered to be carried out by one
of the next two ways. The first way assumes to carry out learning of a network on contexts for which the forecast
has been executed with the error that is not exceeding given. Thus, in view of that modelled data are represented
by binary codes, for an estimation of an error it is expedient to use Hemming distance. At a choice of Hemming
distance it is important to consider, that when admissible error of forecasting increases, the quantity of the casual
contexts increases also and it makes worse quality of forecasting, and when admissible error of forecasting
decreases, the probability of the duly beginning of ANN learning decreases also.

The second way assumes application of the mixed mode of learning at which in the beginning of ANN functioning
it is trained in a usual mode, which is on all meeting contexts (“start” of model), and after a time learning becomes
selective. The choice of length of data on which “start” of model is carried out depends on type of data, and also
their structure, defined by a solved problem and demands special studying.
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Conclusion

The choice of a context length for learning set should be carried out in view of type of modelled data.

The choice of a context length without taking into account type of modelled data does not allow getting optimum
quantity of correct forecasts that can be compensated by increase in width of a learning window.

Forming of training set from small contexts (1 ... 4 elements), and also with use of windows in width from 7 up to
10 contexts is preferable to increase in number of correct forecasts at the solving of problems of losless
compression for various types of data.

The greatest number of correct forecasts in the data stream can be achieved at the use of a selective mode of
learning with preliminary “start” of model or with use of forecasts within the limits of Hemming distance no more
than 2 bits.
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CUCTEMA ONTUMU3ALINK HA OCHOBE UMUTALIMOHHOIO MOAENNPOBAHUA,
FEHETUYECKOIO ANITOPUTMA U HEUPOCETEBbIX METAMOLENEN

MaBen AdoHuH

AHHomayus: B pabome paccmMampueaemcsi 3adaya ONMUMU3AUUU HA OCHOBE UMUMAUUOHHBIX Modenel
CroXHbIX cucmeM. OCHO8HOE BHUMaHUe ydefleHo ONMUMU3AUUU C  UCNOb308aHUEM 2EHEMUYECKUX
aneopummog. Ommeyaemcsi HeO6XoOUMOCMb NOCMPOEHUS U UCNO/b308aHUs Memamodesneli 8 npouecce
noucka pewerus. [lpedcmasneHa apxumekmypa CUCMEMbI ONMUMU3AUUU Ha OCHO8E UMUMAUUOHHO20
MOOeupoBaHUSsi, 2eHeMUYECKO20 anzopumma u Helpocemesbix Memamodened.

Knioyeebie cnosa: VimumayuoHHoe ModenupogaHue, onmumu3ayus, 2eHemudeckuli anzopumm, Memamoderis,
HelipoHHas cemb.

BBeaeHue

Ha cerogHswwHuit AeHb 60MbLUOe YACNO 3aAay ONTUMU3ALMM CRIOKHBIX CUCTEM U3 pasnnyHbIX 0bracTen Hayku 1
TEXHWUKM He MOryT ObiTb pPELUEHbl C MOMOLLbIO aHaNUTUYECKOro MOZenupoBaHus. Bo MHOrMX cnydasix
€OMHCTBEHHbIM METOAOM PELIEHWS SBNSETCS METOL MMUTALMOHHOTO mMogdenupoBaHus [Jloy u KenbToH, 2004].
3apava onTMMM3aUMM Ha OCHOBE WMMWTALMOHHOTO MOAENMPOBaHUS (HOpMyNMpYeTCs CneaytoLmm obpasom:
HeobXoOMMO HaWlTW 3HAYEHUS! BXOAHLIX MEPEMEHHbIX (CDAKTOPOB), OMTUMU3MPYIOWMX OCHOBHOW BbIXOAHOM
nokasatenb cucTeMbl (OTKNKK). Mpn 3TOM NpegnonaraeTcs, Y4To yHKUMS OTKNMKA HEe MOXET ObiTb BblYMCNEHA
aHanuTMYeckn, Ho MOXET ObiTb paccyMTaHa C MOMOLLbKD MMUTALMOHHOTO MOAENMPOBAHUS, T.e. C MOMOLLbH
NPOBeAEHNs UMUTALMOHHOIO JKCMEPUMEHTa C MOAENbHO CIOXHOM CUCTEMBI.

OnTumm3aums Ha OCHOBE WMWTALMOHHOrO MOZENMPOBAHUS 3aKMO4aeTcsl B COBMECTHOM MCMOMb30BaHWM
uMuTaumoHHon mogenm (M) cnoxHom cuctemel 1 anroputma ontumusauum. C nomolysto MM paccuuTbiBaeTcs
3HAYeHUs OTKMWKA AN PasNMYHblX KOMOWHAUWMA 3HAYeHU (haKTOpPOB, KOTOPblE MNpeanaraeT anroputMm
onTuMu3auum. MoUCKOBbLIN anropuTM ONTUMU3ALMK, B CBOK 0Yepeadb, NCTONb3yst 3HAYEHUS OTKMMKA, NblTaeTcs
ynyywutb peweHne. Cnegyet NOAYEPKHYTb, YTO OQHOM W3 OCHOBHbIX MPOOMEM ONTMMM3AUMM HA OCHOBE
MMUTALMOHHOIO MOAENMPOBaHNa sBnsieTca npobnema AnUTENLHOCTY NPOroHoB MM Ha si3bikax UMUTALMOHHOTO
MozenmpoBaHms. Kpome Toro, cywectayeT npobnema npeaapuTenbHON CXOAUMOCTY anropuTMa OnTUMU3aLmi.

B paHHoi paboTe onucaHbl METOAb! ¥ anropuTMbl OMTUMKU3ALMN HA OCHOBE MMMTALMOHHOTO MOZENMPOBAHMS.
[NpenctaeneHbl Hanbonee NonynspHble B HACTOSLLEe BPEMS MPOrpaMMHbIE NAKETbI ONTUMMU3aLMN. [ns pelueHns
npobnembl COKpaLleHWs] BPEMEHM Ha MOMCK peLeHWst OTMeYaeTcsl HeobxoguMOCTb MOCTPOEHMS U
ncnonb3oBaHus  metamogenei.  OCHOBHOE — BHMMaHWe  yAENeHO  MeTaMOgensM  Ha  OCHoBe
HenpoHHbIx ceTeit (HC). OnucaHbl MeTogbl MOCTPOEHMS W UCMOMNb30BaHMS HEMPOCETEBLIX MeTaMoaenen
COBMECTHO C anropuTMOM OnTUMM3auuu. MNpoeedeH aHanu3 akTopos, KOTOPbIE MOTYT OKa3blBaTb BIUSHWE Ha
KayecTBO MOMy4YaeMoro PeLLEHUs, UCXOas U3 Yero, NpeanoXkeHa apxuTekTypa CUCTEMbI ONTUMM3aLMN Ha OCHOBE
VMUTALMOHHOTO MOENNPOBAHMS.

MeToabi n cpeacTtsa onTuMmusauumn Ha oCHoBe UMUTALMOHHOro moaenupoBaHua

Hanbonee BaxHbIMA CBOWCTBaMM, KOTOPbIMM [OMKHbI 0OnagaTb CMCTEMbI ONTUMM3ALMM HA OCHOBE
UMUTALMOHHOTO MOLENMPOBAHHS, SBNAKTCA: KAYECTBO NMOMyYaeMblX PELUEHI (XOTS ero TpYAHO OnpeaeniTb Ha
MpaKTWKE, NOCKOMbKY MCTUHHBIA OMTUMYM HE M3BECTEH) M BpeMsi Moucka, HeobXoaumoe AMns UX MOmyyeHus.
Bpems noucka pelleHMs 3aBMCUT OT KONMYECTBA KOHGMrypaLuid CUCTEMbI, KOTOpble HeoGXoaumo
MOLeNMpPoBaTh, a Takke OT BPEMEHMW NPOroHa OAHOM KOH(UTypaLMN CUCTEMBI.
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HeobxoaMMo OTMETUTb, UYTO MPUMEHEHWE B KavyeCTBE anroputMa ONTUMW3ALMWM TOYHBIX MAaTEMAaTUYECKUX
METOAO0B ONTUMM3aLMK, obecrneynBatowyx HaXOXAEHNE ONTUMANbHOMO PELLeHNs, He Bcerga LenecoobpasHo,
MOCKOMbKY UMUTALMOHHAsA MOAENb SBNSETCS KOMMEN peanbHON CUCTEMbI C HEKOTOPOW CTENeHbI0 TOYHOCTU. Mpu
9TOM 1CNONb30BaHME TOYHbIX METOAOB, KaK NpaBuno, TPEBYET 3HAYNTENbHbIX BbIYMCIUTENBHBIX 3aTpaT, YTo BO
MHOTUX Cry4asx SBnSeTCs KPUTUYHBIM UK BOBCE HeaomnycTumMo. Moatomy B BOMbLUMHCTBE Cry4YaeB B kayecTBe
anroputMa MOMCKOBOW OMTUMU3ALMM Nydlle KCMOoNb30BaTb METOAbI, KOTOPble He 0043aTeNibHO rapaHTupytoT
JOCTWKEHWE TOYHOrO ONTUMYMa, a HaxoasdT 6iuskMe K OnTUManbHbIM peLleHus U npu 3ToM obecneunsaroT
ObICTPYO MOMCKOBYO CXOAMMOCTb anropuTMa.

Ha cerogHsAWHWA [eHb CYLECTBYET HECKONMbKO NPOrpamMMHbIX NaKETOB OMNTUMM3AUMM  MMWUTALMOHHOIO
MOZENMPOBaHMsl, KOTOPbIE MCMOMb3YHT CPEACTBA MMMTALMOHHOTO MOLENMPOBaHMS COBMECTHO C PasfuyHbIMM
MeToZamu noucka pewenuin. [lanee npefcrtasneHa Kpatkas MHGopmauus o6 aTUX nakeTax C ykasaHwem ux
MNOCTaBLYMKOB, NpOrpamMm MOLESNMPOBaHMUS, KOTOPbIE OHW MOAAEPKMBAOT, @ Takke MCMONb3yeMblX npoueayp
rnoucka peLLeHuii:

o AutoStat AutoSimulations (Inc AutoMod), nporpammbl MogenupoBaHnus: AutoSched, npoueaypbl noucka:
9BOMIOLMOHHbIE CTpaTeruu;

e  OptQuest Optimization (Technologies, Inc.), nporpammbl MogenupoBanus: Arena, Micro Saint, QUEST
npoLeaypbl noucka: NoUCK C paccenBaHneM, NOUCK C 3anpeLLEHNeM, HEMPOHHbIE CETH;

e OPTIMIZ (Visual Thinking International Ltd.), nporpammsl mogenuposaHus: SIMULS, npouenypsl
noucka: 3BOSOLIMOHHBIE CTPATEMN, HEMPOHHbIE CETH;

e SimRunner2 (PROMODEL Corp.), nporpammel MogenuposaHus: MedModel, ProModel, ServiceModel
npoLieaypbl MOMCKA: 3BOMIOLIMOHHbBIE CTPATENN, FEHETUYECKUE anrOpUTMbI;

e WITNESS Optimizer (Lanner Group, Inc.), nporpammbl mogenuposanus: WITNESS, npoueaypbl
rnoucka: UMUTaLMS OTXMra, MOUCK C 3anpeLLeHneM.

Kak MoXHO BuaeTb, B OONMbLIMHCTBE MaKETOB ONMTUMM3ALMM B Ka4yecTBe NPOLELyp MOMCKA pPeLLeHWl
MCNONb3yl0TCS SBOMKOLMOHHBLIE cTpaTerm u reHetuyeckne anroputmbl (FA) [Goldberg, 1989]. Ha cerogHsiluHuMi
A€Hb 3TU METOoAbl XOpoLo cebs 3apekoMeHOOoBanM Kak YHMBepCanbHble anroputMbl rnobanbHoro noucka,
KOTOPbIE MO3BOMSAT HAXOAUTb KBA3NONTUMANbHbIE PELLEHUS 3a NPUEMEMOE BPEMS.

MUcnonb3oBaHne meTamopenen

Kak 6bin0 cka3aHO Bble, OAHOW M3 OCHOBHbIX NpoOneM ONTUMW3aUMM Ha OCHOBE WMUTALMOHHOMO
MOZENMPOBaHus sBnsieTcs npobnema LnMTENbHOCTM MPOTOHOB MMMTAUMOHHOM Moaenu. [poroH UM ans
HEKOTOPbIX BONbLUMX CUCTEM Ha A3bIKaxX MMUTALMOHHOTO MOAENMPOBAHNS MOXET AOCTUraTb HECKOMbKMX YacoB
[Moy n KenbtoH, 2004]. Peanu3auus cepuu NPOroHOB TakMX CUCTEM, Heobxoaumoi Ans anroputMa
ONTUMW3aLWK, 3@ pa3yMHOE BPEMS He NPeACTaBNAeTCA BOSMOXHbIM.

Hanbonee npuMeHMMBbIM Ha MpakTMke CnocoboM peleHnss AaHHOW npobremMbl SBASETCH WCMONb30BaHME
Metamogernei. MeTamoernbto NPUHATO HasblBaTb MPUBIIMKEHHYID MaTeMaTU4Yeckyld MOAEMb, MOMYYEHHY0 B
pesynbTaTe 9KCMEPUMEHTOB C UMMTALMOHHON MOLENbIO C Lenblo 3aMeLLeHns NOoCreaHen npu onTumMmusaLmm.
OCHOBHbIMM MeTOZaMu NOCTPOEHUS METaMOAEnen SBMAITCA PErpecCuUoHHble MOAENM W UCKYCCTBEHHbIE
HempoHHble cetn (HC), k KOTopbIM B NOCneaHee Bpems NposenseTcs 60mbLwon nHTepec, bnarogaps X MOLLHOM
annpokcuMupytoLen cnocobHoctn. OaHoit U3 nepBbix PyHAAMEHTaNbHbIX PaboT N0 NOCTPOEHWIO HEMPOCETEBBIX
MeTamMoZeneil B UMMTaLMOHHOM MOAenvpoBaHuu siensietcs pabota [Pierreval, 1992].

CyLLeCTBYHOT pasnnyHble CXeMbl peanu3auum noucka pelieHns ¢ MOMOLLBbHO SBOSIOLMOHHBIX BbIYACIIEHWUA 1
HenpocTeTeBbIX MeTamoaenen. B yactHocTu, B pabote [Jin and other, 2002] onucaHbl 4Be CXeMbl OpraHn3aLmm
9BOJTIOLMOHHBIX BbIYUCIIEHNA C MOMOLLBK0 METAMOAENN: CXeMa HA OCHOBE KOHTPONS 0COOEN 1 Cxema Ha OCHOBE
KOHTPONS NoKoneHuit. B nepBom criyyae 3afaeTcs YnCNO KOHTPONMpYeMbIX 0COobelt, Ans KOTOPbIX Ha KaXaoM
MoKoneHun paboTbl anropuTMa OCYLLECTBASETCA pacyeT dyHKUMM npurogHocTyh (1) ¢ nomowbio nporoHa VM.
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[na octaneHbix ocobeit B nonynsaummn pacyet O peanusyeTcs ¢ ucnonb3oBaHMemM metamogenu. Bo stopom
cryyae 3afaeTcsl YMCIO KOHTPONMMPYEeMbIX MOKONEHWA, AN KOTOPbIX peanuayetcs pacdeT O Bcex ocobei
nonynsauum ¢ ucnonb3oBaHnem WM. [Ans HEKOHTPONMpyeMbiX nokoneHun pacdet Of1 ocyllecTBnsierca ¢
MOMOLLbK0 MeTamogenu. [Npu 3ToM HENOCPEACTBEHHO CTpaTEerus noucka peluenus n o0bydvenne HC peanuaytotes
C MOMOLLbH0 KOBAPHUALWMOHHON MaTpuLbl aganTauum.

B pabotax [Rasheed and Hirsh, 2000] u [Persson and other, 2007] npeactaeneHa cxema noucka peLueHns
OCHOBa@HHas Ha CTpaTerMm MHGOPMMPOBaHHOCTW onepaTtopoB A. [laHHas cTpaTterus 3akrnovaeTcs B reHepaumm
©0rnbLLIOro YMcna NOTOMKOB B OMepaTopax CKPELUMBaHNA U MyTaLuM rEHETUYECKOro anropuTMa 1 nocrneayoLero
pacyeta ux O ¢ nomowplo MeTamogenu. [NpuBogsaTcs pesynbTaTbl KCNEPUMEHTOB C MOZENSAMM CIOXHBIX
CUCTEM, KOTOPbIE MOKa3blBaT AP EKTUBHOCTL BLIGPAHHON CTpaTerum.

B paborte [Kern and other, 2006] onmcaHo 1CNoNb3oBaHUE Pa3fMYHbIX SBOSIOLUMOHHBIX CTPATErMIn COBMECTHO C
nokanbHeIMM MeTamogensamu. [poBedeHbl uccnegoBaHus Ans 6OMbLIOTO YMCMa KNACCUMYeCKUX TEeCTOBbIX
(YHKUMIA. MpeacTaBneHbl pesynbTaThl IKCNEPUMEHTATBHBIX JaHHbIX, KOTOPbIE FOBOPST 06 3(h(hEKTUBHOCTY TEX
WM MHBIX MeTaMoZenen.

ApwaeKTypa CucTtemMmbl oNnTMMM3aumMn Ha OCHOBE MMUTaUUOHHOIo MoaennpoBaHus,
reHeTu4ecKoro anroputmMa n HEﬁpOCGTEBbIX meTamogenen

B pesynbTate aHann3a ONMCaHHbIX BbIE CXEM MOWCKA PELIEHWA C MCMOMb30BaHMEM MeTamogenen 6bino
BbISIBMEHO, YTO Kaxgas M3 HUX obrnagaeT onpedeneHHbIMM OOCTOMHCTBAMM M HepocTaTkamu. C Uenbio
KOMOMHaLWM JOCTOMHCTB METOAOB, NMpeanaraeTcs 00beanHUTb TPU ONMCaHHbIE CXEMbI, @ UMEHHO, CXEMY Ha
OCHOBE KOHTpOMNs 0CObel, CxeMy Ha OCHOBE KOHTPOMS TMOKOMEHWA M CXeMy, OCHOBAHHY Ha CTpaTterum
MHC(OPMMPOBAHHOCTM ONEPATOPOB B OAHY CUCTEMY onTummu3aumn. Onpeaenum OCHOBHbIE MapaMeTpbl CUCTEMBI
ONTUMM3aLMN; 1. YACIIO KOHTPONMPYEMbIX 0COBEN; 2. YNCNO KOHTPONMPYEMbIX MOKOMEHWIA; 3. YUCNO NOTOMKOB B
onepaTtopax CKpeLiuBaHusa 1 MyTauuu; 4. cnocob reHepauuy NOTOMKOB B OnepaTopax CKpeLyuBaHus 1 MyTauum;
5. yucno nporoHos MM ans pacyeta @I ogHom ocobu; 6. Cnocob nogbopa obyyatowymx gaHHbIx gns HC.

Ha cerogHswHWi AeHb He cylwecTByeT obLueit cTpaterum no Bbl6OPY AaHHbIX NapameTpoB Mpu ONTUMM3ALIK
KOHKPETHbIX cucTeM. Takxe criegyeT nogyYepkHyTb, YTO ANs opraHu3auun 3HMEeKTUBHOTO MoMCKa peLIeHns 1
KOPPEKTHOW  CXOAMMOCTW  ONTUMM3ALMOHHOTO anropuTMa [[OIKHA MMEETCS  BO3MOXHOCTb  MOACTPOMKM
napamMeTpoB CUCTEMbI ONTUMU3ALMM B NpoLiecce noucka peleHns. C aToil Lenblo npeanaraeTcs Ucnonb30BaTh
akcnepTHyto cuctemy (3C). PaccMoTpuM cucTeMy ONTUMM3aUMKM HA OCHOBE MMMTALMOHHOTO MOAENMPOBaHUS,
koTopas paspaboTaHa onupasicb Ha NPEarNOXKEHHY0 paHee apxuTekTypy cuctembl [AdoHuH, 2006], nytem
BBEEHWSI SKCIEPTHON CUCTEMbI 11 HEOBXOaMMbIX CBSi3ew (puc.1).

Briok onTumnsauum 2 MeTamogesnb
A
(TA) (HC)
A 6
\ 4
JkenepTHas
cuctema
1 7'y 4
\ 4 A 4
7
basa
Brnok umutaumm | \ 4 q
B 3 'L JaHHbIX

Puc.1. Cuctema onTMMHU3aLMM Ha OCHOBE UMMTALMOHHOTO MOAENUPOBaHMS
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Onmwem cBs3n 6nokos cuctembl. CBA3b 1 peanuayeT NOUCK pPeLeHUs Ha OCHOBE FEHETUYECKOrO anroputMa u
M. CBssb 2 peanuayeT NOUCK peLleHus Ha ocHoBe MeTamogenu. CBAsb 3 OCYLLECTBNSAET (HOpMUPOBaHME
obyyatowwx npuMepoB Ans HempoHHoit cet. OHu npeacTaBnswT coboi npeobpas3oBanue Bxogos VM B
BbIXOZbl, KOTOPbIE ObINW NONYYEHb! C MOMOLLbK MPOrOHa NPEANOKEHHBIX PeLLeHnin Briokom onTummuaamm Ha M.
Cesi3b 4 peanuayeT nepegavy obyyaoLmx npuMepoB ans obyveHus HelpoHHoM ceTn. B obiem crnyyae He Bce
npumepbl 13 B[] moryT ncnone3osatbes ans 06yyeHns HC Ha onpeaeneHHom aTane noucka pelueHust. Cessb 5
onpegenset Heobxoaumoe uucno nporoHoB UM ans ogHom ocobu, koTopyto npeanaraet [A. CBssb 6 peanuayet
cTpaTervto noucka Ha OCHOBE METaMOAENM (KOHTponmpyemble 0cobu, KOHTponupyemble nokomnenns). Cesasb 7
onpepensieT, kakne npumepbl MOryT BxoauTb B B[]l — B 00wem cnyyae BXOAAT BCE NpUMeEpbl, T.e. KOTOpbIE
onvceiaroT Bce nporoHbl M. Cesisb 8 OnpeaensieT kakue npuMepbl 6yayT ncnons3oeatbest ans obyyeHust HC
Ha Tekyllem aTane noucka peleHns. Takke B 3agaun IC BXoguT onpedeneHne yucna notomkoB M crocoba
reHepaLuy NOTOMKOB B OnepaTopax CKPeLMBaHUS 1 MyTaLmMmu Ha KaXaoM aTane Noucka peLueHus.

3akniouyeHue

B paHHoii paboTe npedcTaBneHa apxWUTEKTypa CUCTEMbl ONTUMM3ALMM Ha OCHOBE MMUTALWOHHOTO
MOLENMPOBAHIS, TEHETUYECKOTO anropuTMa M HerMpoceTeBbIX MeTamMoenel. BbisiBneHbl akTopbl, KOTOpble
MOTYT OKasblBaTb BIMSIHWE HA Ka4yecTBO Mofyyaemoro pelueHus. OTmMeyeHa HeoBXoaMMOCTb WCMONb30BaHMS
9KCMEPTHOI CUCTEMbI NS OpraH13aLyv NPaBUIbHOMO B3AaMMOAEHCTBIS KOMMOHEHTOB CUCTEMbI 11 ONPEAEeNeHNst
rnapameTpoB ONTMMM3aLMM B MpoLecce pelleHus. [peAcTaBneHbl COBPEMEHHbIE MeTOAbl, anropuTMbl W
MporpaMMHble MakeTbl OMNTUMM3ALMA HA OCHOBE WMWTALMOHHOTO MOAENWPOBaHMS. B ganbHeilluem
npeanonaraeTcs AeTanbHas npopaboTka 1 UCCnenoBaHne OTAENbHbIX B3aMMOCBSI3€H 11 KOMMOHEHTOB CUCTEMDI.
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OWArHOCTUPOBAHUE HA HEMPOHHbIX CETAX B CUCTEME FOMEONAT

Napuca KatepuHuy, Anekcangp MposoTap

AnHomayus: [lpednacaemcs HelpoHHas cemb Onif peweHuss 3adayu OuagHOCMUpOBaHUs 8 cucmeme
OMEOIIAT, a makxe aneopummbi ee 06y4eHus.

Kntoyeenie cnosa: UCKYCCMBEHHhIU UHmerniiekm, HellpOHHbIe cemu, o6yquue HelpoHHbIX cemedl.

BBegeHue

Kak n3BecTHO, B pesyrbTate M3y4eHWsi CTPYKTYpbl FONIOBHOMO MO3ra 1 MexaHWu3MOB ero paboTbl Oblnn Co3aaHbl
HOBbIE BbIYMCIIUTENbHBIE MOAENM, @ UMEHHO, UCKYCCTBEHHbIE HeMpOoHHblE ceTn (HC). 3agaun aBToMaTM3aumm
npoLeccoB ynpasneHns Ha 6ase uccnegoeaHuii B obnactn HC aBnsitoTCS akTyanbHbIMM M No cen geHb. HC
NO3BONAIOT pelatb NpUKNagHble 3adadyn, Takue Kak, pacrosHaBaHwe obpa3oB, MoaenupoBaHue, BbicTpoe
npeobpasoBaHne MHOPMaLMK (napannenbHble BblMUCIMTENbHbIE NMPOLECCHI), WAEHTUDMKALMS, ynpaBrneHue,
co3aHue aKcnepTHbIX cuctem [Tepexos, 2002, bapckuin, 2004]

Teopetuyeckn HC moXeT pelsaTb LUMPOKMIA KPYr 3agad B KOHKPETHOW NpeaMeTHoM obnactu (Tak kak OHa
SBMSETCA MPOTOTUMOM MOAENW FOMOBHOrO MO3ra YenoBeka), HO CO3haTb eAuHylo yHusepcanbHylo HC ans
KOHKPETHOW NpeaMEeTHON 0bnacTu B HACTOSLLEE BPEMS MPAKTUYECKW HE BO3MOXKHO, TaK Kak He CyLlecTByeT
eUHOr0 anroputMa nocTpoeHus (yHkuuoHuposaHus) HC. B HacTosillee Bpems AN PeLLeHUs KOHKPETHOM
rpynnbl 3agay U3 3adaHHOM npedMeTHo obnactu mucnonbaytotcs HC onpegeneHHOM CTPYKTYpbl W C
onpeaeneHHbIMI anropuTMamm obyyeHns.

Kak 13BeCTHO, kaxablil HEMPOH UMEET PSA Ka4EeCTBEHHbIX XapaKTEPUCTHK, TakuxX Kak COCTOsSHNE (BO3BYxaeHHOe
WK 3aTOPMOXEHHOE), BXOAHbIE U BbIXOAHbIE CBA3W. OAHOHANpaBneHHble BXOAHbIE CBSA3W, COEAMHEHHbIE C
BbIXO4aMU JPYriX HEMPOHOB HA3bIBAKOT CMHANCaMK, @ BbIXOAHAsA CBA3b AAHHOTO HEMPOHA, C KOTOPOW CUrHan
(BO3BYXOEHNS UMK TOPMOXEHWS) MOCTYNAET HA CMHANCh CeAYLMX HENPOHOB, Ha3bIBAKOT akCOHOM [Tepexos,
2002]. OBwmi Bua HepoHa npueegdeH Ha puc. 1.

Mo cytn, paboTa KaxOoro HeMpoHa SBMSETCA OTHOCWUTENBHO NpOcTOM. Kak npaeumno, Ha BXog HeWpoHa
nocTynaeT Habop curHanoB X = [X1, X2, X3, ... , Xn]. KaXablit M3 CMrHanoB MOXeT ObiTb BEIXOLOM APYroro HepoHa
UM UCTOYHMKA. KaxkabI BXOQHOM CUrHan YMHOXAETCA Ha COTBETCTBYIOWMIA YrnoBoi koadpdmumeHt W = [wy,
Wa, W3, ..., Wn]. OH COOTBETCTBYET Cune cuHanca bronornieckoro HempoHa.

Bxopgsl
x CuHancel
wl
x2
.
KCOH Y=F(3)
x3 . w3 s
Beixop
/ Aueika
xn . HeipoHa
Puc. 1.

[MpousBeeHue wixX; CYMMUPYIOTCS U NOCTYNAIOT Ha CyMMUPYIOLLMIA SneMeHT. [ns nHuLmanusaLmm ceTi BXog Xo
(Xo = +1) 1 BecoBble KOIDPULMEHTbI CUHOMTUYECKUX CBS3EN Wy BBOAATCA cneuuansHo. CocTosHWe HepoHa B
TEKYLLWNA MOMEHT BpEMEHU ONpesenseTcs, kak B3BeLleHHas CyMMa ero BXOAO0B:

n
S = inwi + Xy W,

i=1
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BbixogoMm HelpoHa ecTb Bbixod ero coctosHus Y = F(S). OyHkuma F aBnsetca yHKuMen aktusauuu.
OHa sBNsieTc  MOHOTOHHOW, HenpepbiBHO AuddepeHumpyemoit Ha wuHTepsane nnbo (-1,1), nubo (0,+1)
[Tepexos, 2002).

B mHorocnoiiHbIx HelpoHHbIX ceTsx (MHC) Bbixogbl 6a30BbIX 3NEMEHTOB KaXOOrO COSt MOCTYNAOT Ha BXOAbl
Bcex 06a3oBbiX aneMeHTOB cregytowero cnos. OyHkums aktuBaumn F(S) BbIOMpaeTcs OaWHAKOBOW ANs BCEX

HeipoHoB ceTu. B [1] MHC onpepenexa B Takoi cMBonbHON opme NV, »fo,nl .y » TAE K — 4ucrio crioes B ceTh,
n, — u1cno exonos cet; n,(i =1,k —1)— uncno 6a3oBbIX 3NEMEHTOB B i-X MPOMEXYTOUHbIX CMOAX, 71, —
4ucrno 0asoBbiX SNIEMEHTOB B BbIXOAHOM k-OM CrOe M OAHOBPEMEHHO 4MCMO BbIXOAOB ¢, ..., ¢, MHC.

MpOMEXYTOUHbIA a- Crnoit uMeeT 7, HepoHoB. CBA3N Mexay 6a3oBbIMM 3nemMeHTamn B Croe OTCYTCTBYHOT.

Bbixoabl 6a30BbIX 3MEMEHTOB a-ro Crost NOCTYMakT Ha BXOAbl HEMPOHOB TOMbKO criegytowero (a+1)-ro cnos.
Bbixog ans moboro HelipoHa onpeaeneH B BULE:

Ngy
-1 -1
9" = fQwa " +wlha ) = f(5(7).
j=1

CneuuanusupoBaHHble HC B cucteme FTOMEOINAT

Pa3paboTkoii MaTeMaTYeCKMX METOLOB PELUEHUS MEAULIMHCKMX 3afay yYeHble 3aHUMAatoTCs YKE MHOrO NeT.
OpeKkTMBHOCTb  NMOAOOHbIX MaTeMaTMYeCKMX METOAOB MOXHO MpoCneantb N0 psgy  MEAULMHCKNX
ANarHoCTUYECKNX CUCTEM, KoTopble Bbinn paspaboTaHel B nocnieaHee Bpems. O6Lwen YepToit Nogo6HbIX CUCTEM
SBMAETCA 3aBUCUMOCTb OT KOHKPETHbIX MeTodoB 06paboTku rpynnoBbIX AaHHbIX, CNabo MPUMEHUMbIX K
e0MHUYHBIM 06 BEKTaM, a TaKkke 0COOEHHOCTAM MeaUUMHCKOM MHopmaumm [Fopbaxb, 1998, Ocosckuir, 2002].

HelporHble cetn (HC) sBnstoTea yaobHbIM MHCTPYMEHTOM NS NpeaCcTaBneHns MHPOPMaLMOHHLIX Mogenei. B
obuiem cnyyae, CeTb NPUHUMAET HEKOTOPbIN BXOAHOM CUrHan U3 BHELLHEro Mupa 1 NponyckaeT ero vepes cebs ¢
npeobpa3oBaHMsMK B KadoM HelpoHe. Takum 06pa3om, B MPOLIECCe NPOXOXAEHUS CUrHana no CBSA3SM CETU
npoucxoauT ero 0bpaboTka, pe3ynbTaToM KOTOPOW ABMSETCA ONpeaeNieHHbIN BbIXOAHON CUrHan.

[ns npoekTupoBaHus HenpoHHoi cetu B cucteme TOMEOIAT [Mposotap, 2000] Gbina BbibpaHa Hanbonee
pacnpocTpaHeHHas CTPYKTypa HEMPOHHbBIX CETE - MHOTOCMONHas. 3Ta CTPYKTypa NogpasyMeBaeT YTo Kaxabin
HENPOH MPOW3BOMBHOTO CMOS CBA3aH CO BCEMM BbIXOLaMU (aKCOHaMu) HEMPOHOB NPEAbIAYLIEro CROs Unu o
Bcemu Bxogamu HC B cnyvae nepsoro crnosi. [pyrumu crioBamu ceTb UMEET CreaytoLLylo CTPYKTYpY CHOEB:
BXOZHOW, NPOMEXYTOUHbBIA (CKPbITLIA) U BbIXOAHOW. TakMe HEMPOHHbIE CETU Takxe HasblBalOT MOMHOCBA3HBIMU
[Bapckuir, 2004].

[ns pewwenuns 3agaun guardoctmposanus B cucteme FOMEOIAT ucnonb3yetcs HC cregyrolein apxmTekTypbl
(pnc.2):

Puc. 2
3apava obyyenms MHC B knaccuyeckom Buae MoxeT ObiTb npefcTaBneHa Tak. [1ycTb 3agaHa HekoTopas

nocneanoBaTesibHOCTb x* BXOAHbIX [AaHHbIX. HeO6XOﬂVIMO HalTK Takoe peweHne Xx, npu KOTOpoM MOXHO
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KnaccuuumpoBaTb  BHOBb MPeACTaBMeHHbIe BXOAHbIE fdaHHble. Kputepui R(x,x*)onpe,qenﬂeT KayecTBO
peleHns. MHOXECTBO pelieHnn x onpegensercs BoIOOpoOM anroputMa HaCTPOWKM BECOBbIX KOI(ULMEHTOB
w}“). Mpu TakoW MOCTaHOBKE 3afauu Npouecc 0OYYeHUs CBOAMTCS K MOMYYEHMIO HaWUMYYLIEro pelleHns w3

MHOXECTBA BO3MOXHbIX. [pyrumu crioBamu, obydyeHne MHC — aTo mpouecc HakorneHue MHgopMaLmm x 1
napannensHo npoLecc Bbibopa peLleHns x .

Anroputm obyyeHus

HC cuctemel TOMEOTIIAT ucnonb3yeT anroputm obpaTHOrO pacnpoCTpaHeHmsl, CyTb KOTOPOrO 3akmoyaeTcs B
pacnpocTpaHeHnn curHanos owwubkn ot Bbixogos HC Kk ee Bxogam B HanpasneHuu, obpaTtHOM MpsmMomy
pacnpoCTpaHEHW0 CUrHanoB B OObIMHOM pexume paboTbl (pexum pacnosHasaHus). [pyrumu cnoeamu,
MCNONb3ys TEXHOMOMMK NOCNeLOBaTENbHON HACTPOMKM HEMPOHOB, HaUMHas C NocneaHero (BbIXOLHOMO Crosl) U
3aKaH4MBas HAaCTPOKOM anemeHToB nepBoro cnos. ObyyeHne HC moxeT GbiTb NpoBeaeHO HeOOX0AMMOE YKCIo
pa3. [ins oOyyeHnst MCMOnb3yeTcs Tak HasbiBaemMoe O -NPaBWUo, KOTOPOE 3aKMiovaeTcs B peanusauum

cTpatermn obyuenns «c yuutenem». Ecnu vepes '  0603HauNTL HEOBXOAMMBI BLIXO[ HeiipoHa, rae y —

peanbHblit BbIXOA, TO OWMBKa 0BY4eHMs BblYMCISETCA MO criepyloljeit dopmyned = y° — y B anroputMe
rPagMEHTHOrO Crycka ¢ BECOBbIM KO3 (ULIMEHTOM

wi(k+D)=w(k)-pyox,, y>0,
rae ¥ — KOSMULIMEHT «YCUIMEHNS anropuTMan, x,— -l BXOL CUHANTUYECKON CBA3N HEMpoHa.

Anroputm 0byyenns HC gnsa pewenust 3agav guardoctukm B cucteme TOMEOIAT coctout w3 criegyrowei
nocneaoBaTenbHOCTY LIAroB:

B KoHTekcTe npeaMETHOM 06rmacTu CTPOUTCS BEKTOP BXOAHbIX CUFHArOB: xz{xl,xz,...,xn>, roe

X, Xy, ... ,X, CAMNTOMbI NALYEHTA.

BekTOp COOTBETCTBYIOLMI MPaBUNbHBIM 3HAYEHMEM (HeoBXomMMbIM) 3" :<y1, Vyseees yn> opmmpyeTcs

3KCMepTOM NnpeaMeTHoN obnacTu.

BbinonHsieTcs anroput™M MpsIMOTO  pacrpoCTpaHEHWst cUrHana X 4epe3 ceTb. B pesynbTate BbINONHEHMS
arnropuTMa OnpefensiTCs BECOBbIE CyMMbI S, 1 aKTUBATOPbI ANAA KX[OM SUEMKY.

BoinonHsetcs anroputm O6paTHOFO pacnpocTpaHeHna curHana vepes S4eiiku BbIXOOHOrO K NPOMEXYTOYHOIO
crnos. npOMCXO,U,I/IT BblYMCEHWe OLLMBOK 50 AN BbIXOQHON SHENKN 1 51‘ ONA CKPbITbIX AYEeK.

BbinonHsaeTcs 0bHOBrEHME BECOB HEMPOHOB B ceTw, rae W, i BECOBOW KO3(DULMEHT CMHONTUYECKON CBA3M,
COEAVHSIOLLMA /-1 HEPOH CNOsi N-1 C j-HEMPOHOM Crnos ;S , — B3BELLEHHasH CyMMa BbIXOAHbIX CUTHAIOB Cros N

(apryMeHT akTUBaLMOHHOM (yHKLWK); X, — i-/l BXOR HEPOHA j CNIOSE N; 17, — YNCTIO HEVPOHOB B Crioe.

Obyuenne HC cocTouT B NpeacTaBneHun obyyatowmx npyuMepoB M3 HEBOMbLLON rpynnbl XenaeMblx AENCTBUIA.
OT0 [pocTUraeTcss NyTeM BbIMOMHEHWS anroputMa O0OpaTHOrO PacnpOCTPaHEHUS € Y4ETOM KENaemoro
pesynbTaTa 1 AeCTBUTENBHOIO pesynbTarta.

CeTb paboTaeT B ABYyX pexumax: B pexume oOy4eHMs W B pexume pacnosHaBaHus. B pexume obyyeHus
Npou3BOAMTCA (HOPMUPOBAHME TaK Ha3biBaEMbIX NOrMyeckux Lenodvek. B pexume pacnosHaeanms HC no
KOHKPETHbIM BXOAHbIM CUrHanaMm C BbICOKOM CTeneHbl [OCTOBEPHOCTW ONpedensieT, Kakue OencTBus
NPEeAnpUHATD.

Ob6y4yeHne HEeMpOHHOM CeTW MPOXOAAT Ha OrpaHUYEHHOM KOMMYEeCTBE NPUMEpOB, 3aTeM €l MO3BONSHOT
CaMOCTOSATENbHO TeHepupoBaTh NOBEdEHME B ApYrux cutyaumusix. CnocoBHOCTb reHepupoBaTh MpaBUIbHYH
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peakUMI0 Ha pasnnyHble CUMMTOMbI, He BXOAsLIME B HABop 0ByyatoLmx, SBMSETCA KMoYeBLIM (hakTopoM npu
co3naHum HC.

[aHHble ans TeCTMpPOBaHWS NPeaCcTaBnsioT coBON HECKOMbKO CLeHapueB ¢ Habopom aencTauin. B pesynbrate
CeTb AOMKHA paccuMTbiBaTb PeakUMto Ha BXOAbl W BbIMNOMHATL OEWCTBME, KOTOpPOe OydeT MOXOXMM Ha
obyvatowme cueHapum.

[ns 0ByyeHns ceTn NCmoNb3oBanMech NPUMEpbI, NpuBeaeHHsIe B Tabnuue 1.

Tabnuua 1. Mpumepbl 00y4eHUst HEMPOHHOM CETU

Cumntom 1 | Cumntom 2 | Cumntom 3 | Cumntom 4 | Mpenapat

2 1 0 1 P1
1 1 0 1 P2
0 0 1 0 P3
1 0 1 1 P4
0 0 1 1 P5

Yto6bl npoTecTuposatb HC, cet fomxkHbl 6biTb NPeACTaBNEHbI HOBbIE MPUMEPDLI. JTO NO3BONSET ONPeaenuThb,
kak ceTb OyaeT pearMpoBaTb Ha CLEHapu1, O KOTOPbIX €/ HUYero He M3BecTHO. MofobHble TeCTbl MO3BONSOT
y3HaTb HaCKOMbKO kavecTBeHHO HC MOxeT pearnpoBaTh Ha HEMpeaBWAEHHbIE CUTYaLMM W BbINOMHSATL HYXHbIE
pencteus. Ytobel npotectuposate HC, en 6binv npegcTaBneHsl HOBble NPUMEPBI 13 Tabnnubl 2.

Tabnuua 2. MNMpumepbl BBOAA AAHHbIX ANS TECTUPOBAHWUS HEMPOHHOMN CETH

Cumntom 1 | Cumntom 2 | Cumntom 3 | Cumntom 4 | Mpenapat

1 1 0 1 P1
1 2 0 1 P2
0 0 1 1 P3
1 1 0 1 P4
0 1 0 1 P5

3aknioyeHue

OtnununTtenbHbiM cBoicTBOM cuctembl TOMEOTTAT aBnsieTcst To, 4TO OHA CreayeT CTpaTernm KOHCTPYMPOBaHNA
(v 3aTem npoBepkn ancdepeHUManbHOro anarHosa), MPUMEHSIEMON YenoBEKOM-KIMHULMCTOM. Takas Mogenb
ONarHoCTVKM BKMKOYaeT ABYXCTYNEHYaTylo npoueaypy, Kotopasi CBOAWUTCA K TOMY, YTO CHavana BblABUraOTCS
rMnoTesbl 3aboneBaHNs Ha OCHOBaHWMM BBEAEHHBIX AaHHbIX O nauueHTe (mpouecc ,CHU3y-BBepx’), a 3aTem
NPOM3BOAUTCA WX OLEHKA C MOMOLLbIO AOMOMHUTENbHBLIX CUMMNTOMOB, KOTOPblE [OMKHbI ObiTb MpUCYLM
npeanonaraembiM 3abonesanuam (npouecc ,cBepxy-BHU3”). Mpu aTOM, nouck Heobxoammon nHeopMauun ans
thopmupoBaHusa obpasa 3aboneBaHus ocyliecTBnseTca B 6ase 3HaHWA CUCTEMbI C MOMOLLBIO MPUBEAEHHDBIX
Bbllle CheLnann3MpoBHHbIX HEMPOHHBIX CeTel. B nepcnektMBe Ans pelleHus 3ajay uaeHTUdukaumm u
pacno3HaBaHus npeanonaraeTcs UCNoNb30BAHNE HEYETKMX HEMPOHHBIX CETEN Pa3NUYHON apXUTEKTYPbI.
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NEURAL NETWORK APPROACH PREDICTION OF THE TYPE OF A COURSE
OF MULTIPLE SCLEROSIS BY THE CLINICAL CHARACTERISTICS OF ITS DEBUT
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Introduction

Methods of Intellectual Data Analysis are not obtained commonly in medicine because of small data warehouses
with different length cases, combination of various data types (integer attributes, qualitative ones, scales of
measurements, intervals, and binary parameters), the missed data abundant. A proportion of object quantity and
researched parameters does not conform to principles of statistics that interpreted of the received results from its
importance inconvenient.

The aim of our research is the Neural Network (NN) prognosis of the illness debut affiliation with the types of
Multiple Sclerosis (MS) development.

Analysis of Multiple Sclerosis

Expert has sorted sampling under consideration into three MS classes: Primary Progressive Type (PPT),
Relapsed-Remitted Type (RT) and Secondary Progressive Type (SPT). The last two ones intersect — some cases
of RT transform to SPT, which means for researcher their only probabilistic separability [Lang, 1997].

Data warehouse includes temporal and clinical parameters of MS debut of 52 PPT patients, 46 RT patients and
68 SPT cases.

Characteristics of the MS debut are:

1. Age of debut.

2.  Gender.

3. Risk factors before a debut: stress, infections, insolation, somatic diseases, operations, cranial traumas,
spinal traumas, labors, abortions, others.

4. Harbingers: before debut, long-term ones.

5. Temps of development of a debut; hours, within a week, weeks, and months.
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8.
9.
10.
1.

Character of a debut: monosyndromic, olygosyndromic, polysyndromic.

Syndromes of debut: retrobulbar [optic] neuritis, pyramidal, cerebellar, sensitive, brainstem, sphincters
disorders, others.

Onset of symptoms order: simultaneous, fractional.

Duration of a debut: under 1 month, under 3 months, above 3 months.

Debut way out: under 2 wks, 2 wks — 1 month, above 1 month.

Severity of debut: mild, average, serious.

Age of the beginning of disease was integer value (yrs), data in all sub-groups of parameters 3-11 represented as
binary.

According to the probabilistic separability of the MS development types the using of Probabilistic NN seems to be
native, but it showed higher baseline error then Multilayer Perceptron (the average value for verification group
was 0.3681), because of that the NN Multilayer Perceptron (MLP) was chosen [Grisby, 1994].

According to goal of our research, supervised learned two-layer architecture error back propagation algorithm
MLP selected. The number of nodes in its hidden layer was determined as the half-number of input (forty clinical
characteristics) and output (three types of MS) variables [Fayyad,1996].

Due to indexes of entropy ranging on the importance, only following sub-group parameters, which were influence
to belonging to the MS type, used by the MLP for training:

N WD =

9.
10.
1.

Acute (under week) rate of MS development.

A short (under 1-month) debut.

Prolonged (above 1 month) debut regression.
Sex of patients.

Slowed (months) rate of MS development.

Rapid (under 2 wks) debut regression.

Moderate (2 wks — 1 month) debut regression.
Debut of average (less than 3 months) duration.
Stroke-like rate of debut development.

Presence of infectious background as a risk factor.
Fractional onset of attributes of MS manifestation.

Researched sample results (table 1):

Table 1 - Results of training, testing and verification of MLP

Training sample Test sample Verifying sample

RT | PPT | SPT | RT | PPT | SPT | RT | PPT | SPT

Total of patients | 24 | 23 | 36 | 9 | 14 | 18 |13 | 14 | 14
Correctly 020 | 31 | 4| 11 |15 |6 | 13| 12
Incorrectly 14 | 3 5 5 3 3 7 1 2
Unknown 0 0 0 0 0 0 0 0 0
RT 0| 0 3 |40 1 6 | 0 2

PPT 2 120 2 | 1| N 2 |0 13 ] 0

SPT 12 3 |31 |43 |15 7|1 12

According to the table, difference of expert estimation and MLP training result was minimal at the analysis of
progressive MS types. Therefore, from 23 training sample PPT cases, 20 examples have recognized correctly,
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but three ones MLP has rated to SPT. From 14 cases of the test sample three ones also have classified as SPT
and the result of verifying sample were 13 PPT cases and one SPT case.

When classifying the examples, which the expert has considered as SPT type, from 36 cases of the training
sample two ones have defined as PPT, and three ones have to as RT. In the test sample of 14 cases, two ones
have recognized as PPT, and one as RT. In the verifying sample of 14 cases, two ones defined to RT.

At RT, MLP could not distinguish the most of examples correctly. At the MLP training 12 of 24 patients have been
referred to SPT, and two ones to PPT; in test sample 4 from 9 patients were classified as SPT, and one as PPT;
the verifying sample has been divided as 6 patients with RT and 7 with SPT [Han, 2000].

It is significant, that divergences MLP with the expert in classification PPT concerned only SPT, i.e. essentially
another progressive type of MS development whereas discrepancies between SPT and RT were opposite, and
that is indirect evidence of an ambiguous belonging to the class - type of development.

Perhaps, classification of RT as SPT testifies to probable future transformation of RT to SPT.

Conclusion

Thus, based on application of a NN MLP, classification attributes of the MS debut were established. These
attributes allow regarding progressive types of development, especially PPT, as stable clinical forms with good
chance for forecasting whereas Relapsed-Remitted Type characterize instability of class belonging which means
for the majority of patients ability of transformation to Secondary Progressive Type of disease.

Current problem seems to us to require further research.
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FINDING AN APPROPRIATE PARTITION ON THE SET OF ARGUMENTS
OF A PARTIAL BOOLEAN FUNCTION TO BE DECOMPOSED

Arkadij Zakrevskij

Abstract: A hard combinatorial problem is investigated — the two-block decomposition, generally non-disjunctive,
of partial Boolean functions. The key task is regarded: finding such a weak partition on the set of arguments, at
which the considered function can be decomposed. Solving that task is essentially speeded up by the way of
preliminary discovering traces of the sought-for partition. Boolean and ternary vectors and matrices are used, with
efficient parallel combinatorial operations over them.

Keywords: Partial Boolean function, non-disjunctive decomposition, appropriate partition, combinatorial search,
traces of the solution.

Introduction

A task is considered concerning the problem of functional decomposition of Boolean functions, which was set
originally in papers [Povarov, 1954], [Ashenhurst, 1959], [Curtis,1962]. Let's formulate it as follows.
Suppose a Boolean function f(x) = f(x1, X2, ..., X») is given. It is required to decompose it, having presented as
the following composition of two functions g and h of smaller number of variables:

f(x)=g(h(u, w),w,v).
The sets of arguments given in the vector form are connected by that with the relations x=uuwwuv,uu w=
=uuvv=wuv=J,and the couple of sets u and v determines a weak partition on set x, designated as ulv. It

is accepted to name such composition sequential two-block. It is illustrated by Figure 1 for the case, when
U= (x1, X2, X3), W= (Xs, Xs) and v = (s, X7).

X1 ——p
X2 —p
X3 ——Pp h

—> >

—>

X4 > —>
X5 > g f
X6 >
X7 P

Fig. 1. Example of composition

To solve the formulated task it is necessary, first of all, to find such a weak partition u/v, at which the variables of
set u enter in number of arguments of function h only, and variables of v — only in number of arguments of
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function g. The conditions |u| > 1 and |v| > 0 should be fulfilled also - otherwise the composition will appear trivial
(exists always). Let's name this partition appropriate, and the function f (x) — separable, or decomposable at the
given partition.

The finding of appropriate partition is a difficult task, for which solution an effective combinatorial algorithm was
offered [Zakrevskij, 2006], in application to completely specified Boolean functions. This task becomes even more
complicated, when the function f (x) appears to be partial, being defined not on all sets of values of variables from
set x. Just this case is considered below.

It] was shown [Zakrevskij, 2006], that the probability of decomposability of a random completely defined Boolean
function fast tends to zero with growth of number of variables n, so already at n > 9 such a function, most likely, is
not decomposable. In case of partial functions this probability arises with growth of uncertainty, however even in
this case it remains small enough.

Taking into account the given remark, let's assume, that it is known beforehand, that the considered function f (x)
is separable, being obtained as a result of composition g (h (u, w), w, v) of some two Boolean functions g and h
on a weak partition u/v on the set of arguments x. It is required to detect (to recognize) this partition, after which
the obtaining of functions g and h is not a difficult task.

A method of checking a partial Boolean function for decomposability at some given weak partition was offered in
[Zakrevskij, 2007]. In the case, when this appropriate partition is not known a priori, it is possible to organize its
search, sorting out different weak partitions and checking the function on decomposability at them. However,
such way is rather labor-consuming, as the number of different weak partitions on the set of variables is
approximated from above by value 37, fast growing with increase of number of variables n.

In the present paper the method of search for appropriate partition u/v by its traces is suggested, which
sufficiently cuts down the number of analyzed partitions. Originally it was designed for completely specified
Boolean functions [Zakrevskij, 2006], but here it is extended on the case of partial Boolean functions.

Basic operations in Boolean space

The parallelism of component-wise operations above long Boolean vectors is used in the offered method of
search for appropriate partitions, and that essentially accelerates the fulfilled calculations.

It is possible to consider Boolean functions f(x) = f(x1, X2, ..., Xs) and g(x) = g(x1, X2, ..., Xn) of n variables as
appropriate subsets of units of Boolean space {0, 1}". Let's represent them by Boolean 27-vectors f and g,
displaying such vectors below in the more convenient for visual perception matrix form. In such representation the
two-place Boolean operations fv g, fag, f®g, f— g are easily implemented as parallel component-wise
operations over appropriate Boolean vectors designated fv g, f A g (or, simpler, fg), f® g, f— g. Including
these operations in the formed basis, we shall supplement them by some operations of interaction between
different components within the framework of one Boolean vector.

Let's remind, that the function f(x) can be represented as Shannon disjunctive decomposition by an arbitrary
variable x;, which coefficients fio and fi1 are Boolean functions obtained as a result of substitution of variable x;
by values O or1:

fx)= XifovXifi,

Using vector representation of the function, we shall designate these operations accordingly through f-iand f + .
They are easily implemented in the Boolean space on couples of elements adjacent by the variable x. When
executing the operation f - i both elements of the couple gain the value of the element defined by the condition
x;= 0, at execution of the operation f + i — the value of the other element corresponding to value 1 of variable x;.

Let's show examples of such operations, and also of their compositions.
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£ £-2 £-2-5

0110110101011110 0101111101011111 0101111101011111
| 0010010000010110 0000010100000101 0101111101011111
| 1100101001110001 1111101001010000 1111101001010000
Il 0100010111010011 0101010111110000 1111101001010000
1101110111101110 1010101000010001 0000000000110011
| 0100010001100110 0101010100110011 0000000000110011
| 1010101000010001 1010101000010001 1100110011111111
|| 0101010100110011 0101010100110011 1100110011111111

65 £+3 £+3+6 £+1-3+5

By interaction of adjacent units there are implemented also operation Inv; f of inverting the function f at the
variable x; (adjacent elements interchange their values), and so-called operations of symmetrization Si*f, in
which both elements get value defined by the two-place operation * above their initial values [Zakrevskij, 1963].

As a result of these operations the function

fx) = Xifov xifi

is transformed correspondingly into functions

Examples of these operations are shown below.

}ifn v Xifo , }i(fio* fn)VXi(fio* fn).

£ Inv, £ S, £

0110110101011110 0101111001101101 0111111101111111

| 0010010000010110 0001011000100100 0011011000110110

| 1100101001110001  0111000111001010 1111101111111011

|| 0100010111010011  1101001101000101 1101011111010111

0000110000001100 0011001100110011 0111111101111111

| 0000000000000000 0011001000110010 0111111101111111

| 1100000000110000 1011101110111011  1111111111111111

|| 0000000011000011 1001011010010110 1111111111111111
6 5

ST 4 s, £ S, s £

Here S45'f means composition S4” (Ss” ).

Search by traces. Triads and fragments

The method of decomposition suggested below is based on the following reasons which key moments are given
in the form of assertions. They were formulated before for the case of completely specified Boolean functions
[Zakrevskij, 2006], but became valid when partial Boolean functions are considered.

Suppose two partitions u/v and u*/v* are given, such that u'c u and v cv. Let's speak, that partition u*/v*
submits to partition u/v, and call it a trace of ulv,
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Assertion 1. If a partial Boolean function f(x) is decomposable at partition ulv, it is decomposable as well at
partition u*/v*.
Corollary. If the function f(x) is not decomposable at partition u*/v*, it is not decomposable also at partition u/v.

Let's assume |u| = k and |v| = m. Partition with k = 2 and m = 1 we shall term as a friad. It is the simplest of
partitions, at which some nontrivial decomposition can take place.

Assertion 2. A partial Boolean function is decomposable, if and only if it is decomposable if only at one of triads.

Therefore in the offered method the search for partition u/v starts with the search of its traces on the set of triads,
i.e. with looking for an appropriate triad. The needed checking of triads can be fulfilled fast enough, as their
number is not large, being significantly less than the number of all weak partitions.

Assertion 3. The number of triads is equal to C,? (n—2) = <= 1)2(" -2

Suppose, that some appropriate triad (x,, X5)/x.. is detected. If it submits to the required partition ulv, the latter
can be found, having put for the beginning u = (x,, X¢) and v = (x,), and then sequentially expanding these two
sets, sorting out remaining variables and testing them on possibility of inclusion into set u or v.

By reviewing some concrete triad u/v the Boolean space M = {0, 1}, where the partial Boolean function f(x) is
presented, is divided into 2 intervals corresponding to different values of vector w. On each of them the
corresponding coefficient f; of disjunctive decomposition of the function on variables of set w is given. It
represents some partial Boolean function of variables x,, x5, X As a matter of convenience of subsequent
reasoning we shall present each of these coefficients by a ternary matrix size 4x2, which rows correspond to
values of the two-component vector u, and columns - to values of the one-component vector v. Let's designate
this matrix T; and name it a fragment. Thus, the 2"-element ternary matrix representing the function f(x), is
decomposed into 23 eight-element fragments specifying functions f;(xp, Xq, X:).

A concrete example of such splitting into eight fragments for a partial Boolean function f(a, b, ¢, d, e, f) and triad
(a, b)lc is shown below.

| -100 -11- 00 -1 1- -0
| 0- 1- -0 10 10 0- 11 -1
|l 1- 01 11 -1 00 10 -0 11
b a
Assertion 4. The function f(x) can be decomposed at triad (xp, X¢)/X. , if and only if each of the coefficients
fi(Xp, Xq, X;) also is decomposable at the same triad.

It follows from here, that the probability of decomposability of function f(x) at a concrete triad is equal to y ¥, where
k is the number of coefficients equal 23 and y — the probability of decomposability of one coefficient. In the case
of a completely specified Boolean function the last probability is approximated by the value 1/3, and with growth
of uncertainty decreases. Nevertheless, the probability of decomposability of the function f(x) quickly decreases
with growth of the number of variables in it.

Checking triads for fitness

So, a triad is appropriate, if each of fragments of the corresponding splitting of the ternary matrix is suitable. That
means, the partial function f(x) can be completely defined in such a way, that each fragment will contain no more
than two types of Boolean rows (each having equal rows). In other words, a fragment is suitable, if it contains no
more than two classes of compatible rows. Remind, that two ternary rows are compatible, i.e. they could become
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equal by changing “—*-values of some components for 1 or 0, if they are not orthogonal. It follows from here, that
the fragment is suitable, if the graph of orthogonality of its rows is bichromatic [Harary, 1969].

Let's offer the following way of checking fragments with the purpose of detection of suitable ones among them.
Any fragment contains four rows, therefore the graph of orthogonality has four vertices. It is bichromatic, if it has
no cycle of length three. Let's select arbitrary two different vertices. If such a cycle exists, then one of the selected
vertices will belong to it. Therefore, it is enough to test each of these two vertices on belonging to a cycle of
length three. If such belonging will not be revealed, graph is bichromatic, and the triad is suitable.

Necessary and sufficient condition of entering a vertex, i.e. corresponding row, in a cycle of length three could be
formulated as follows: among rows orthogonal to the given one, there exist mutually orthogonal rows.

For example, the first of the shown below fragments appears to be suitable, and the second — no, as there is a
cycle of length three, composed by three last rows: each of them is orthogonal to the other two.

10 -1 1
-1 00 2
0- 1- 3
01 01 4

The offered way is implemented by the following algorithm, which is remarkable by that it checks on fitness
simultaneously all 273 fragments generated by the given triad, and finds out by that if the triad is appropriate. The
partial function f(x) is represented by a couple of Boolean vectors f%and f', in first of which by 1s are marked the
values 0 of the function and in the second - values 1. The splitting of space into fragments is fulfilled by the triad
(Xo, Xq) | Xr.

To begin with, first rows of fragments are checked, which form the initial coefficient f ~ of decomposition of the
function f(x) on variables x, and x,. The rows orthogonal to the checked up row, are marked by value 1 in the
computed vector g, and their values are fixed by the couple of vectors h% and h', checked up further for
orthogonality. Alike the initial vectors fO u f*, they are Boolean vectors with 2" components.

ho:=(f'-—p)—q Getting the initial coefficient f~
h':=(f'-p)—q

g:=S"(h°f'v h'f9) Finding coefficients orthogonal to f~
h0:=S,”(f) Computing their intersection
h':=8,"(f'g)

If it turns out that hOh =0, the triad is accepted as not appropriate. In case if hOh'=0 the final rows of
fragments are checked, which constitute the final coefficient f+.

ho:=(f0+p)+q Getting the final coefficient f+
h':=(f+p)+q

g:=S/(h '\ h'f9) Finding coefficients orthogonal to f+
h0:=8,"(f°) Computing their intersection
h':=S,"(f'g)

If h®h' = 0, then the triad is not appropriate. On the other hand, if h® h' = 0, the triad is accepted as
appropriate.

Example. Let's return to regarding the partial Boolean function f(a, b, ¢, d, e, f), representing it by a couple of
Boolean vectors (rolled up into matrices) f%and f':
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| -1 10 -1 1- 00 -1 0- -0
| 0- -1 -0 00 10 0- 11 -1
Il 1- -0 11 -1 -0 10 -0 11

01 10 10 00 10 01 00 O1 £°
00 01 00 00 10 00 10 O1
10 00 01 11 00 10 00 OO
00 01 00 00 00 01 01 OO

10 00 00 11 00 10 01 OO £
01 10 01 10 00 01 00 OO
00 01 00 00 10 00 11 01
10 00 11 01 00 10 00 O1

The check of the function for decomposability at triad (a, b) / ¢ is reduced to testing in parallel all of fragments for
fitness. In the given example all of eight fragments are suitable, therefore the function can be decomposed at that
triad

We shall illustrate that operation by the case of testing one of the fragments, third at the left, demonstrating initial
values of appropriate components of the ternary vector fand of vectors obtained sequentially by the algorithm:

fo, f', ho, h', hof! h'f0 g, f0g, f'g, h0and h'.
The check is carried out both on initial coefficient f~, and on finite coefficient f*.

£ £ £ h° n' nf' W'’ g £f%g £f'g h° h!
0- 10 00 10 00 00 00 00 00 00 00 11 Initial
-1 00 01 10 00 00 00 00 00 00 00 11 coefficient
-0 01 00 10 00 00 00 00 00 O00 OO0 11 £
11 00 11 10 00 10 00 11 00 11 00 11
h’h' = 0
00 11 00 10 11 10 00 11 00 Final
00 11 00 00 00 00 00 11 00 coefficient
00 11 00 01 11 01 00 11 o0 f*
00 11 00 00 00 00 00 11 00
h°h' = 0

The triad is appropriate

Search for appropriate partition

If the considered triad (p, q/r had appeared suitable, it is possible to assume, that it is a trace of the sought-for
appropriate partition. In this case the latter can be found by moving along the track generating from the found
trace. By that the value of vector g obtained at the previous stage is used, and sets u and v are sequentially
expanding, beginning with initial values u = (p, q) and v = (r).

Expanding set v. Let's begin from set v. Sorting out sequentially all elements s from set x\ (v U v), we shall
discover among them such ones, at which inclusion in set v the partition u/v remains appropriate. With this
purpose three operations are fulfilled for each element s:
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e=S"¢g
h0:=S,"(f%)
h':=8,"(f'e)

andif hOh'=0,thens isincluded into v by implementing operations
v=vufs} g:=e

So the final value of set v is found.

Expanding set u. The maximum expansion of set u is found similarly. If it is known, that the required partition is
strict, it is possible to put u = x/ v and, probably, to test the function for decomposability, as the algorithm used is
heuristic. Let's remark, however, that the probability of obtaining by this algorithm erroneous solution fast tends to
zero with growth of the number of variables n.

If the required partition could be not strict, it is necessary to test all elements from initial value of set x\ (uu v)
for the possibility of including them into set u.

Check of the immediate element s can be fulfilled by the following heuristic algorithm, which partly implements the
procedure circumscribed in [Zakrevskij, 2007]. The algorithm considers the initial coefficient f ~ of the function f
decomposition by the current value of set u, finds orthogonal to it coefficients, checks them for compatibility and,
in case of compatibility, includes element s in set u without further check.

e=uu{s}
ho:=f0-¢e
ht:=f"-e

g:=S,"(h°f'v h'f9)
h©:=S,”(f°)
h':=8,7(f'g)
If hOh'=0,then s isincludedinto u by operation u:=e.
In such a way the set u is found and, therefore, the whole partition u/v .

Note, that the operation of looking for coefficient f~ is presented in this algorithm in abbreviated form, by
expressions h%:=f%-e and h':=f'- e, instead of more detailed

ho:=(..((F—e)—e)-..)—6r,
hi= (. ((fl—e)—e)-..)—6r,

where e =(ey, €y, ..., €).

Conclusion

In this paper, the heuristic algorithm is offered for finding such weak two-block partition on the set of variables of a
partial Boolean function, on which the function can be decomposed. The algorithm is effective, if there exists a
good solution "«hidden" in vector representation of the function of many variables. In this case the search of the
partition is reduced to recognition of the latter.
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BEPUOUKALINA NOrMYECKMUX OMUCAHUIA
C ®YHKUMOHATNBHON HEONPELENEHHOCThIO

Noamuna Yepemucunosa, Amutpuin Hosukos

Pe3tome. 3adaya sepucpukayuu, 3akmoyarouascs 8 0okasamerbcmee nosedeHYeCKOl 3Kk8uU8aneHMHoOCMU 08yx
onucaHuli 00H020 U Mo20 Xe ycmpolicmea, paccmampusaemcs 01 Cyyas, koada 00HO U3 HUX NOBEAEHYECKU
He nonHocmblo onpedeneHo. B makoli nocmaHoeke 3adaya eepugbukayuu cgoodumcsi K nposepke
9K8UBAIEHMHOCMU 102UYECKUX onucaHull Ha obnacmu 3adaHus Mo20 OnucaHusi, KOmopoe onpedeneHo He Ha
gceli obmacmu 803MOXHbIX 3Ha4YeHull apaymeHmos. Paccmampusatomesi nymu peweHus amol 3adayu s
pasHbix hopm 3adaHus onucaHull. lpednacaembie Memodb! 0CHO8aHb! Ha BbICMpbIX BynesbiX 8bINUCTEHUSX
Had bynesbiMu U MPOUYHBIMU 8eKmopamu 60sIbwol pasaMmepHoCmu.

Knioyesnbie crnosa: sepughukayus, 6y!766bl 8bI4UCIIEHUST, a8moMamu3ayusi NPoekmupogaHusi, ModesuposaHue.

BBepeHue

3apaya Bepudhmkaumm [1] 3akmoyaeTcs B JOKa3aTenbCTBE MOBEOEHYECKON SKBMBANEHTHOCTW OBYX OMUCAHWIA
OHOrO M TOTO Xe YCTPOWCTBA, NPEeACTaBNSAOWMX pasHble MPOEKTHble PELIeHWs, MOMyYeHHble B XOAe
IOTMYeCcKoro NPOEKTUPOBaHMS. 3Ta 3afada B nuTepaType TpaauLMOHHO paccMaTpuBaloTCa Ans cryyas, Koraa
oba onucaHus NOBEAEHYECKM NOMHOCTLIO ONPeAeneHbl U NPeACTaBNSOT CTPYKTYPHbIE peanusauun OGHOro W
TOro ke ycrporctBa. COOTBETCTBEHHO 3afaya Bepudmukauuu CBOAMUTCS K MPOBEPKE SKBMBANEHTHOCTU Napbl
KOMOMHALMOHHBIX CXeM. B HacTosiee Bpems yCUnMsMU BEAYLUMX HAYYHbIX FPYNM YHUBEPCUTETOB W KPYMHbIX
MpM, 3aHUMAILLMXCS NMPOEKTUPOBAHUEM AMCKPETHBLIX YCTPOWUCTB, paspaboTaHbl [1— 4] n paspabatbiBatoTcs
3(hpeKTUBHbIE METOAbI PELLEHNS 3a4aum BepUdMKaLMK B TaKOH NOCTAHOBKE.
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B Hactosiwen pabote 3agava BepudmMkauuMu paccMaTpuBaeTCs ANs Chydyas, Korga OAHO M3 OnuCaHui
NOBEJEHYECKN HE NOMHOCTBI0 ONpeaeneHo. JTOT Cryyait BO3HUKAET HA HayanbHbIX dTanax NPOeKTMPOBaHWS,
Koraa NPOEKTMPYeMOoe YCTPOWCTBO YaCTMYHO OMPEAEneHo, T.e. CYWecTBYT Habopbl 3HAYEHWA BXOAHbIX
NepeMeHHbIX, KOTOPbIe MPW LITAaTHOM (YHKUMOHMPOBAHUM YCTPOIACTBA HWKOTAA HE MOSIBMAKTCS Ha BXOoAax
ycTpoictea. COOTBETCTBEHHO NOBELEHME TaKOro YCTPOACTBA Ha aTX Habopax B MpoLecce NOrMveckoro CuHTesa
MoXeT OblTb [0ONPEeAeneHo npou3BonbHbIM 00pasoM. VcxogHoe nornveckoe onucaHue BepuduuMpyemoro
KOMOMHALMOHHOMO YCTPOMCTBA C (DYHKLMOHANBHON HEonpeaeneHHOCTbI0 MOXET OblTb NpeacTaBneHo B BuUae
CUCTEMbI YaCTUYHO ONpeAeneHHbIX BynesbIX GyHKLNA.

PaccmatpuBaetcs cryyan, Korga KOMOMHALMOHHAs CTPyKTypa, MOMyvyeHHas B Mpouecce OeKoMMosuuum,
MUHAMW3ALMN W/MAK  CUHTE3a, NpeacTaBnseT cobOoM MHOrobrnoYHy CTPYKTYpY, Kaxabli 6rok KoTopom
ONMWCLIBAETCA CUCTEMOI MOMHOCTLIO OnpedeneHHbIX Bynesbix QyHKUMA. 3agada NpoBepku (YHKLMOHAMBHON
9KBMBANEHTHOCTU [BYX [OTMYECKWX OMUCaHUM TpaHCcopMUpyeTCs B 3TOM Chyyae B 3ajadvy MpoBepKu
peannayemocT OJHOrO MOMMYeCcKoro OnuMcaHus ¢ (OYHKLMOHAMNbHOW HeonpeaeneHHOCTbO ApYruM OnMUcaHUEM,
NOMHOCTBH ONpesaeNeHHbIM.

3apava BepuukaLm CBOANTCS K NPOBEPKE SKBMBANEHTHOCTH NOrMYECKMX ONMCaHUA Ha obnacTu onpegeneHus
ONUCaHUS C HEeOMNpedeNeHHOCTbI0, 3aJaloWero CUCTEMY YacTUYHO OnpeaeneHHblX OyneBbiX  DYHKLUMIA.
PaccmaTtpuBatoTcs NyTu peLieHns 3TOM 3adadum Ans pasHbix (OpM 3a4aHnst CUCTEMbl YaCTUYHO ONpeseneHHbIX
OyneBbix yHKUMIA: HA Habopax M MHTEpBanax 3HaueHun apryMmeHToB. lNpegnaralTcs MeToabl Bepudukaumm, B
OCHOBE KOTOpbIX flexar ObicTpble 6yneBbl BblYUCTEHUAX Hafd GyneBbiMWA W TPOUMYHBIMA BeKTOpami BOSbLUO
PasMEpHOCTH.

OcHoBHble onpeaenexHuns

B HacTosiwen paboTe paccmaTtpuBaeTcs Cryyait, Koraa OgHO onucanue npegcrasnset cobon cuctemy F = {fi(X),
f(X), ..., (X)) (X= {X1, X2, ..., Xn}) YACTU4HO oOnpedeneHHbIX ByneBbiX (PYHKLMIA, BTOPOE — MHOrOYPOBHEBYH
MHOTOBbIXOZHYK KOMOWHALMOHHYl0 cxeMy S B 6asnce 3MEMEHTOB Tpex TWMOB: WHBEPTOPbI, MHOrOMECTHbIE
KOHBIOHKTOPbl M MHOTOMECTHble [OWU3bloHKTOPbl. K Takomy Tuny cxem MmoxeT O6biTb npeobpa3osaHa
MHOrOypOBHEBas cxema M3 nbor CNOXHOCTM 3NneMeHToB Unn 6nokoB. 3agaya pelaeTca Ans ABYX OCHOBHbIX
BMLOB 3alaHNs CUCTEMBI F YaCTU4HO onpeaeneHHbIX BynesbiX QYHKLMA:

1) Ha Habopax 3HaYeHWit BXOAHbIX NEPEMEHHBIX 13 X;
2) Ha MHTepBarnax B N-MepHoM OyneBOM NPOCTPaHCTBE NEPEMEHHBIX 13 X.

B nepBom cnyyae Kaxagyto 4acTUYHO onpeneneHHyto bynesy dyHKUMto fi(X) MOXHO 3aaaTb napon MHOXeCTB My'!
n M HabopoB 3HAYeHW NEPEMEHHbIX, HA KOTOPbIX OHA MPUHWMaeT 3HadeHus 1 u 0 COOTBETCTBEHHO,
npegnonaras, 4to Ha ocTanbHblx Habopax ee 3HaveHue He onpegeneHo. Cuctema F GyneBbix (YHKUMIA

m
NPeAcTaBnseTcs B 3TOM Cnyyae napoi matpuy; Gyneson B, 3agatowen Bce Habopbl n3 M = U (M li UM %),
i=1
W TpouyHoi T, 3agatoliei 3HadYeHus yHKUM Ha Hux — “17, “0”, ecnu OHM onpedeneHbl, U “~’, ecnu He
onpegeneHbl. Matpuusl B v T umetoT no / cTpok (rae / — umeno Habopoe B MHoxecTBe M) 1 no n u m cTonbuos
COOTBETCTBEHHO.

Bo BTOpOM cnyyae kaxpas yacTuiHO onpegeneHHas Gynesa yHkumus fi(X) npeactaBnseTcs Napon MHOXECTB
Us' n Ui, HO He HabopoB, a NHTepBarioB 3HAYEHUI MEPEMEHHDIX, Kaxabl U3 KOTOPbIX 3a4aeT B 0bLeM cryyae
Gonee yem oauH Habop. TouHee MHTEPBAN paHra k BKMoYaeT B cebs 27+ HabopPOB 3HAYEHWA N NEPEMEHHBIX,
NOHMMas MOL PaHroOM MHTEpBana YMCMO ero KOMMOHEHT, umelowmx 3Hayenme 0 wrm 1. Cuctema F

m
npeacTaBnseTcs B 3TOM Cny4vae napon TpoudHbIX MaTpul: U, sapatowlen uHtepeansl u3 U = U U ‘ﬁ U %) N
i=1

T, 3apatoLen 3HaqeHns PyHKUMI Ha Hux — “1”, “0”, ecnn oHM onpegeneHsbl, Unum ‘=", B NPOTUBHOM Cy4ae.
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3apaHue yHKUMM HA MHTEpBanax B OTMWYME OT 3afaHns Ha Habopax MMeeT cregytome 0coBEHHOCTU.
WHTepsanbl uj, U € U MoryT nepecekatbCs (Habopbl — HeT). 3HauyeHne “-" anemeHTa ti matpuupl T MOXeT
03HayaTb, 4TO 1) 3HaYeHne (pyHKUMKM f; He OMpeaeneHo Ha BCEM WHTepBane U; (Ha BCEX BXOASALUMX B HEro
Habopax); 2) GyHKUMa fi He MPUHUMAET OAHO U TO Xe 3HAYeHWe Ha BCEM WHTepBarne Ui B 9TOM MHTepBare
CYLLECTBYET, Kak MUHUMYM, ABa Habopa, Ha KOTOpbIX OHA WMeEET pasHble 3HaveHus u3 MHoxectea {1, 0, —}.
Takum 06pa3om, 3HayeHne “=" KOMMOHeHTbI t/ MaTpuupl T He Bcerga O03HayvaeT, YTo 3HaveHue (yHKUWW fi He
ONpeAeneHo (B TOM CMbICIE, 4TO OHO MOXET BbITb NPK peanuaaLyi 4OONPEAENeHo NPOM3BOSbHLIM 06pa3om) Ha
BCEM WHTepBare uj, kak npu nepeom Tune 3afaHus yHKUUA. 3HaueHue “—" roBOpUT NULLb O TOM, YTO (OyHKUMS f;
He NPUHUMAET OJHO U TO XKe 3HaYeHWe Ha BCEM UHTepBane U .

Mpeobpa3oBaHue npeacTaBneHNss MHOTOONOYHON CTPYKTYPbI

Kaxabiit 6110k MHOrOBnIoYHOM CTPYKTYpbI S SBMSIETCA MHOTOBBIXOAHBIM M 3a4AETCS CUCTEMOW AN3BIOHKTUBHBIX
HopMarnbHbIx dopm (JHP), npeactaBnsiemon napon MaTpuL: TPOMYHOM, CTPOKW KOTOPO 334aK0T SrIEMEHTapHbIe
KOHBIOHKLMM, 1 ByNeBOiA, B KOTOPOW €AMHUYHAS KOMMOHEHTA Ha NEPECEYEHMM J-it CTPOKM U j-ro cTonbua pasHa 1,
€CNN /-8 KOHBIOHKUMSA BXOAMT B J-10 [H®. MHOXeCTBO BXOAHbLIX NepeMeHHbIX CTPYKTYpbl B LLESIOM COBMajaeT ¢
MHOXECTBOM X, @ m peanu3yeMblX BbIXOAHbIX PYHKUMA yi(X), ABNAOTCA NOMHOCTLH onpeaeneHHbIMU. Ycnoaue
peannayemocTu CUCTeMbI F CTPYKTYpol S 3akntovaetcst B TOM, 4To ans Beex fi(X) € F 1 COOTBETCTBYHOLMX UM
yHKUMA y(X) DomkHO BbinonHaTbes: My' < M' u M < M0, T. e. Ha obrnacTu onpeaeneHns Kaxgon yHKLumu
f{X) 3HaYeHUs1 PyHKLWIA f; W y; DOIDKHBI COBNAAAT.

Kaxgbiit 60K CTPYKTYpbl S MOXHO paccmaTpuBaThb Kak TPEXYpPOBHEBYHD MHOTOBBIXOAHYK) MOTMYECKYI0 CXEMY,
nepBbl YPOBEHb KOTOPOW COCTaBASIOT MHBEPTOPLI, BTOPOI — MHOrOMECTHBIE KOHBIOHKTOPbI, @ TPETUI YPOBEHb —
MHOTOMECTHbIE AW3bIOHKTOPbI. [lepeHymepyem Montocbl MHOrOBMOYHON CTPYKTYPbI, HaYMHas C €€ BXOAHbIX
NOMCOB, 1 Janee BbIXOAHbIX NOMOCOB MHBEPTOPOB, KOHBIOHKTOPOB W AN3BIOHKTOPOB BCex Br1okoB. Mpunuwwem
WM NepeMeHHble Zzj, BblOENWB BXOAHbIE W BbIXOAHbIE MOMKOCHI MHOrOBMOYHONW CTPYKTYpbl. B pesynbrate
MHOroB1o4Hast CTpyKTypa MOXET paccMaTpuBaTbCs Kak MHOMOBbIXOAHas noriveckas cxema C M3 MHBEPTOPOB,
KOHBIOHKTOPOB M [OM3LIOHKTOPOB, Ha BbIXOAHbIX MOMOCAX KOTOPOA AOMKHbI OblTb peanu3oBaHbl (YHKLMM
NCXOQHOW CUCTEMbI YaCTMYHO onpefeneHHbx OyneBbix (YHKUMA M KOTOpas COCTOMT W3 WHBEPTOPOB,
AM3BIOHKTOPOB W KOHBIOHKTOPOB. [peanaraemblin HiKe METOZ roguTcs Takke U Ans ceten U3 mobbix 4pyrux
3M1EMEHTOB, Peanm3yoLLMx CUMMETPUYECKUE NOTUYECKE onepauun ¢ (z1, 22, ..., Z).

Parxupyem (npoHymepyem) anemeHTbl cxembl C Takum o6pasom, 4Tobbl nobas MexanemeHTHas CBS3b
COeAMHsNa BbIXOAHOW MOMKC 3MEeMeHTa ¢ MEHbLIMM HOMEPOM C BXOAHbLIM MOMOCOM drieMeHTa ¢ GomnblmM
HoMepoM. HeoBxogumbIM 1M [OCTAaTOYHBIM YCIIOBUEM PaHXMPYEMOCTU CXEMbl SIBIISIETCS OTCYTCTBUE B HeEil
KOHTYpOB. 3TO YCNOBWE 3aBEJOMO BbINOMHSIETCS NS CTPYKTYpbl Kaxgoro 6roka, nmpegnoraraetcsi, 4To
MHOroGrI04Has CTPYKTYpa, NpeAcTaBnsemas cxemoil C, B LLeNom 3TOMY YCMOBMIO Takke YA0BNETBOPSET.

3apaya BepudmKaumm ans cnyyas 3afaHusi CUCTeMbl Ha Habopax 3HaYeHWIi NepeMeHHbIX

Voes npegnaraemoro metoga NpoBepK peanu3yeMoCcTi CUCTEMbI YaCTUYHO onpefeneHHbIX Bynesbix (YyHKLmA
MHOrOB104HOM CTPYKTYPOM S COCTOWUT B MOAENUPOBaHUM MOBELEHWUS MHOTOBBLIXOAHOW JTOTMYECKOW CXeMbl Ha
obnactu 3agaHus cuctembl F. YcrioBue peanuayemocTi CBOAUTCS K NPOBEPKE ANns kaxaoro Habopa 3HaueHui
nepemMeHHbIX b € B ycroBust HeopToroHarnbHOCTW OyneBa BekTopa 3HaueHun yi(b) BbIXOAHbIX (YHKLMIA
CTPYKTYpbl S TpouyHOMY BekTopy ti € T.

byoem wucnonb3oBaTb WA OBOMYHOTO MapanfenbHoro MOAenuWpoBaHus [5], mpoBoAs MoOAEenMpoBaHue
MHOrOBbIXOAHOM nornyeckomn cxembl C cpasy Ha BCex BXOOHbIX Habopax M3 MHoxecTBa M. Mpu napannensHom
MOJENMpoBaHU/ cxeMbl Ha | Habopax COCTOSHME Kaxgoro momntca (BKMoYas BXOAHbIE W BbIXOLAHbIE) CXEMb
npeacrtasnseTcs OyneBbiM BEKTOPOM pa3MepHoCTW [. Takum 0Bpasom, Kaxabld, BEKTOp MpeacTaBnser
COCTOSIHMS OHOrO Morioca AN1s BCEX | BXOAHbLIX COCTOSHWUIA CXEMbI, @ COBOKYMHOCTb OBHOMMEHHBIX KOMMOHEHT
BCEX BEKTOPOB COOTBETCTBYET COCTOSIHUIO BCEX MOMKOCOB CXEMbl A4St OBHOTO M TOrO e BXOAHOro Habopa.
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B Havane mopenupoBaHus MMeEETCs YNopsgoOYEHHOE MHOXECTBO N ByneBblX BEKTOPOB pasMepHOCTU |,
NpeacTaBnSALMX COCTOSHUA N BXOAHbIX MOMOCOB BO BCex | Habopax W 3agaBaemblx ctonbuamu matpuubl B.
3aTem nocnefoBaTernbHO MPOCMATPUBAKOTCS ArIEMEHTBI (B NOPSLKE BO3paCcTaH!s MX HOMEPOB) NpesBapuTeNibHO
paHXupoBaHHOW cxembl C, peanuaylowme QYHKUMU @i (Z1i, Zoi, ..., Zk), W BbIMNOMHAETCS (PYHKUMS ¢ Hap ee
apryMeHTamu Zzij, Zj, ..., Zk. TaK Kak KaXnoMy U3 apryMeHTOB Zj (PYHKLMWN COOTBETCTBYET ByreB BEKTOp Zj, TO
onepauus CBOAMUTCS K BbIMONHEHWIO NOKOMMOHEHTHOM onepauun ¢ Hap GyneBsbIMi BEKTOPaMU Zij, Zyj, ..., Zk.
PesynbTaToM onepauuy SBNSETCH HOBbIN BEKTOP Zj, TaKXe pasMepHOCTH /.

lMocne npocMoTpa nocreaHero aneMeHTa cxembl OyayT HaWaeHbl peakuun CXembl Ha BCce Habopbl 3HAYeHui
BXOAHbIX MepeMeHHblX, Bxoaswme B obnactb M onpedeneHns cuctembl F. [pu 3TOM kaxpas BbIxogHas
(OYHKLMA y; CxeMbl UMeeT onpeaeneHHoe 3Hadvenue (0 unm 1) Ha Bcex Habopax 3HaYeHWin BXOAHBIX NEPEMEHHBIX,
B YaCTHOCTW U Ha TEX, Ha KOTOPbIX OMpedeneHHoe 3HayeHne MUMEET M COOTBETCTBYHWas QyHkums fie F.
OcTaeTcs TOMNbKO CPaBHUTL 3HAYEHWS (DYHKLMIA 3HAYeHus i 1 f; Ha obnacTn Ms' U Mi? Ha opTOroHanbHOCTb, 3TO
CBOOWTCS K MNpOBEpKe, He OpPTOrOHanbHbl M Credylowne napbl BEKTOPOB: TPOWYHbIA  BeKTOp
COOTBETCTBYHOLWMIA i-My cTONBLY mMaTpuubl T, 1 Bynes BEKTOp Zp, COOTBETCTBYIOLWMA i-My BbIXOAHOMY MNOSOCY
cxembl. PeanuayemocTb cuctembl F MHOrO6M04HOM CTPYKTYPON S UMEET MECTO, ECI BCE 3TU Napbl BEKTOPOB HE
OPTOrOHanbHbl. B criyyae OpTOrOHanbHOCTM HEKOTOPOM Mapbl MOXHO MyTeM OBpaTHOrO MNPOCMEXMBAHWA
NOTMYECKON CXeMbl C HaWTW MPUYMHY, OTBETCTBEHHYIO 3@ HapYLUEHME YCROBUS peanu3yemMocTy: onpeaenTb
Brnok cTpykTypbl S, ee Bbixog unn JH® cuctembl 3agatowlen, 3aparolien ero yHKUMOHaNbHoe onucaque, 1
HaKOHeLl, KOHbIOHKUMK 3Toi [H®.

Takum oOpa3om 3afgadva MPOBEPKM peann3yemocTU CUCTEMbl YaCTUYHO OnpefdeneHHblX ByneBbiX (yHKLMIA
MHOrOGMOYHOM  CTPYKTYpO  CBOAMTCA K  BbIMOMHEHWIO  OGyneBblX  BbIMUCNEHUMA  Had — BEKTOpamu
(nocnepoBaTenbHOCTAMM BUT) OAHOM W TON Xe (HO NPOM3BONBHON) Pa3MEPHOCTH.

3apava BepuduKkaumm ans cnyyas 3afaHusa CUCTEMbI Ha MHTepBanax 3Ha4yeHui nepeMeHHbIX

Bo3moxHbl ABa NyTW pelleHns 3apadn BepudmkaLmm CUCTEMbI YaCTUYHO onpegenieHHbIX ByneBbIX GyHKLWA,
3a0aHHbIX Ha WHTepBanax 3HayeHWi nepemeHHbIX: 1) CBEeAeHWe ee K PacCMOTPEHHOMY BbIE Cryyato
BepudmMKaLMM CUCTEMBI YaCTUYHO OnpedeneHHbIx DyneBbiX (PYHKUWA NyTeM nepexoda OT 3aaaHust YHKUMIA Ha
WHTepBanax K 3ajaHno Ha Habopax; 2) pelleHue 3ToW 3agaum Ha obracTi, 3agaHHOW MHOXECTBOM
WHTEPBArOB.

MMepBbi NyTb pellieHust LenecoobpasHo WCnonb3oBaTb B TOM Cryyae, KOrda Mano YMCNO WHTEPBanoB
MHOXECTBA M, UMEIOLMX paHT MEHBLUMIA, YeM N, 1 3T paHrn Bn3kM K n. B 9TOM criyyae MOXHO HagesTbes, YTo
obnacTb 3adaHnWs CUCTEMbl YaCTUYHO OnpedeneHHbIX GyneBbiX (yHKUMA He BO3pacTeT pes3ko Mo pasMepy.
BTopon nyTb pelleHus LenecoobpasHo WCMonb3oBaTb B TOM Chyvae, KOrga 4YWCMO WHTEPBAnoB paHra,
MEHBLLEro, YeM N, BESIMKO M 3TW MHTEepBarbl MMEIOT PaHr, 3HaYUTENBbHO MEHbLUMIA, YeM n. B atom criyyae npu
nepexoae K 3afaHuio (yHKUMIA Ha Habopax 3Ha4eHuit NepeMeHHbIX pasmep 0bnacTi 3afaHns CUCTEMbI MOXET
BO3paCTV HACTONbKO, 4YTO 3afdava BepudmKkauum MOXKET CTaTb NpPaKTWYeckM He peluaemon. B pabote
paccmMaTpuBaeTCs peLleHne 3afjayus BepudMKaLuuu CUCTEMbI YaCTWYHO onpedeneHHbiX ByneBbiX (yHKLWA,
3afaHHbIX Ha MHTEpBanax 3Ha4YeHU NepeMeHHbIX.

Kak u B cnyyae 3agaHusi cucTembl (DYHKUMA Ha Habopax 3HaYeHuin aprymeHToB OygeM npoBOAWTHL
napannensHoe MOLENMPOBaHNE MHOTOBBIXOQHOM NIOTUMECKO CXeMbl, HO He Habopax 3Ha4YeHW NEPEMEHHBIX, a
Ha uHTepBanmax M3 MHoxectBa U. [lpn TakoM MOAENMPOBAHWM COCTOSHWE KaOoro Morca CXeMbl
npeacrasnsetcs He OyneBbiM, a B 0bLWEM criyyae TPOWYHbIM BEKTOPOM. Takum 00pa3om, Kaxabli, BEKTOP
NPeAcTaBnsaeT COCTOSHWS OQHOTO MoMtoca AN BCeX | BXOAHbIX COCTOSHWA CXEMbl, @ COBOKYMHOCTb
OOHOMMEHHBIX KOMMOHEHT BCEX BEKTOPOB COOTBETCTBYET COCTOSHMIO BCEX MOMKOCOB CXEMbl ANS OLHOMO U TOro
e UHTEpBarna 3Ha4yeHW BXOAHbIX nepeMeHHbIX. [1py 3TOM 3HaveHne “~” j-1 KOMNOHEHTLI 3TOTO BEKTOPA rOBOPUT
B 0OLeM crnyyae Nub O TOM, YTO GOYHKUMS, peanu3yemasi MoslocoM, UMEET pasHble 3HAYEeHMs Ha pasHbiX
Habopax /-ro WHTepBana.
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B Havane MmOOenupoBaHWUS MMEETCS YMOpsiAOYEHHOE MHOXECTBO N MHTEpBanos [-mepHoro Oynesa
NpoCTpaHCTBa, 3adaBaemblx cTonbuamu matpuusl U. [MocneagoeaTenbHO NPOCMATPUBAKOTCA  3NEMEHTHI
npeaBapuTENbHO PaHXMpOBaHHOW cxembl C, peanuaytowme GYHKUMM ¢ (Z1i, Zoi, ..., Zk), W BbIMOMHSETCA
(YHKUMS ¢ Haf ee apryMeHTaMu Zi, Zoj, ..., Zx. 1aK KaK KaxOgoMy U3 apryMeHTOB Zj (PYHKLUMM COOTBETCTBYET
WHTepBan z;, TO onepauus CBOAMUTCS K BbINMOMHEHWKO MOKOMMOHEHTHON onepauun ¢ Haj TPOUYHLIMU BEKTOPaMM
Zi, 2, ..., Zi. PesynbTatomM onepauuu SBMSETCA HOBLIA TPOMYHLIN XE BEKTOp Z. Hwxe npuBognTCs
onpegeneHue OCHOBHbIX Onepaunid Hag TPOUYHBIMU NEPEMEHHBIMU 41 CNyYas NPUHATON BbiLe MHTEpRpeTaLum
HEeonpeaeneHHoro 3HaueHus “-:

a: 0 0 0 - - - 1 1 1
b: 0 - 1 0 - 1 0 - 1
a. 1 1 1 - - - 0 0 0
avb. 0 - 1 - - 1 1 1 1
anb. 0 0 0 0 - - 0 - 1

ocne OKOHYaHMs nMpouecca MOAENMPOBaHMA MPOBEPSETCH, peannsyeTcs nu  cuctema F o yHKUMK
MHOrob1ouHon CcTpykTypon S. Mpu mogenupoBaHuu cxembl C Ha MHTEpBanax 3HaYeHun NepeMeHHbIX, 3Ta
npoBepka MOXET noTpeboBaTh 3HAYMTENbHbIX 3aTpaT Mo BpemeHW. CHavana TPOWYHbIN BEKTOP i 3HAYeHui
Kaxdon yHKUMM f; € F Ha BCex WHTepBanax 3afaHus CUCTEMbl F CPaBHWBAETCS C TPOUYHBIM BEKTOPOM Zp,
COOTBETCTBYHOLLMM /-MY BbIXOAHOMY MOOCY CXEMbI. BO3MOXHBI TpK cnyyas.

1. BeKTopsl {; 1 Z, OPTOroHanbHbI Mo J-i KOMNOHeHTe. [lenaeTcs BbIBOA, 4TO cxeMa C He peanuayeT yHKUuo f.

“on

2. BekTop f; nornowjaeT BEKTOp Zp, T.. BCE KOMMOHEHTbl BeKTopa f, 3HAYeHUs KOTOPbIX OTMUYHbI OT “~’,
COBMaZatoT Mo 3HaYeHMI0 C COOTBETCTBYILMMM KOMMNOHEHTaMU BekTopa Z,. [lenaetcs BbiBOA, 4TO cxema C
peanuayeT yHKUMIO f;.

3. 3HaueHwe j-it KOMMOHEHTLI BEKTOPA Z, PaBHO “~”, TOrAa Kak 3HauYeHMe 3TO KOMMOHEHTbI B BEKTOPE f paBHO 1
nmm 0. HeBO3MOXHO AaTb OAHO3HAYHbIN OTBET HA BOMPOC peanuayeT im cxema C yHKumio fi.

B TpeTbem crnyyae HeobxoOum [OOMOMHWTENbHBIA aHanm3, NO3BONMSOWMA HAWTX MPUYKMHY HECOOTBETCTBUSA
OTKMWKOB BbIXOAA Yp CXEMbI ¥ 3HAUEHUSt (PYHKLMK f, Ha Habopax 3Ha4eHuI BXOAHbIX NEPEMEHHBIX U3 MHTEpBarna
t. Camblil NpOCTOM METOA 3aKMioyaeTcs B NOBTOPHOM MOAENMpoBaHun cxembl C, HO yxe Ha Habopax 3HaueHui
NepeMeHHbIX W3 3TOro MHTepeana. bonee W3OLWPEHHbIN METOL 3akmioyaeTcs B OnepaTWBHOM aHanuse
pe3ynbTaToB MOLENMPOBAHWS, NPOBOAMMOM B €ro npouecce. Ecnu B pesynbTate BbIYUCIEHWIA HA HEKOTOPOM
Liare nonyyaeTcs HeOnpeaeneHHoe 3HayeHMe Ha HEKOTOPOM mnomce Zg cxembl C, TO COOTBETCTBYHLLMIA
WHTEPBan 3HAYEHWA BXOAHbIX MEPEMeHHbIX ApoOWUTCS Ha NOAWHTEPBamnbl, Ha KOTOPbIX Z; MPUHUMAET
onpedeneHHble 3HaveHus. JTO Aenaetcs Ans Toro, YTobbl NpefoTBpaTUTL AarbHeNwee pacnpocTpaHeHue
HeonpeaeneHHoCTV NpK MOLENMPOBaHUU. HanpumMep, ecnm g = X1 X3 X4 Xs, @ BbIMUCIIEHNS BEAYTCS HA MHTEpBarne
ui=10-1-- 710 Z4()) = -, TO pacliennsem uHTepaan Ha Tpu cnegytowme: u'=1011-1,:u2=1001--,
u?=10-1-0, Ha anemeHTax KOTOPOTrO Zy MPUHUMAET OAHO U1 TO Xe 3HaueHue: Zq(ui") = 1, Zg(UP) = Z(uP) = 0.

[Ona Toro, 4ToObl M3bexaTb W3MUWHKMX PaCLLEnneHnA VHTEPBArNoB NP MOAENMPOBAHUN UCXOOHYK CUCTEMY
YaCTUYHO ONpedeneHHbIX OyneBbIX (YHKUMA MMEET CMbICI OPTOroHanu3oBatb. [locne opToroHanu3auum
Kaxabl M3 MHTEpBanoB 3adaHuns yHKUMI cuctembl Oyget obnagatb TEM CBOWCTBOM, YTO BCE (hyHKUMM OyayT
NPMHUMATL OAHO U TO e 3HadveHue (1, 0, —) Ha Bcex ero anemeHTax. [lpu 3TOM 3HayeHue “=" HEKOTOpOM
(YHKUMM ByaeT 03HayaTh, YTO 3HAYEHUE 3TOW PYHKLMW HE ONPeSENeHo Ha BCEM UHTEpBane.

OpToroHanusaumsa cucTeMbl YaCTUYHO ONpeAeneHHbIX 6yneBbIX (yHKLMIA

B pabotax [6, 7] 3agaya oOpTOroHanu3auMM CTaBMTCA ANS CUCTEMbI MOMHOCTbIO OnpefeneHHbIX GyneBbix
dyHkumn F = {fi(X), f(X), ..., fa(X)}, 3a0aHHbIX HA MHTEpBanNax 3Ha4YeHWd nepeMeHHbIX W3 X napoi maTpuL:
TPOWYHOW, NPeACTaBnSIOWEN WHTEPBanbl 3HAYEHUA NEpeMEHHbIX W ByneBOM, OTMeYaloLlen eanHuLamMm Te
WHTEPBArbl, HAa KOTOPbIX (PYHKLMM NPUHUMAIOT 3HaYeHne 1. 3apava 3akmnioyaeTcst B HAXOXAEHUN COBOKYMHOCTY
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B3aMMHO OPTOTOHAmNbHbIX MOMHOCTLIO onpedeneHHbix Bynesbix yHKUMn ¢1i(X), @a(X), ..., @{X) Takon, 4to
nobyto PyHKUMIO f; € F MOXHO BbIPa3uTb B BUAE AU3BIOHKLWM HEKOTOPbIX U3 OPTOroHarnbHbIX YHKUMA ¢ (j = 1,
2, ..., 1), npuyem obLyee YUCnO r STUX GYHKLMIA JOIDKHO ObITb MUHMMANbBHLIM. 104 OPTOroHaNbHOCTLIO PYHKLMIA
@V @ NOHNMAETCA BbINOMHEHNE YCNoBUS ¢ A ¢k = 0 Npu MtoBbIx 3HA4eHUsX aprymeHToB 13 X. [pn aToM, ecnm
(OYHKUMN ¢y B3aWMHO OpPTOTOHAmNbHbI, TO WHTEPBAmnbl, Ha KOTOPbIX ONpefeneHbl pasHble (YHKUWM He
nepecekatoTcs, HO MHTEPBarbl, Ha KOTOPbIX ONpeaeneHa OAHa U Ta xe GyHKLMS MOryT U nepecekaThes.

AHanorn4yHo cucTeMam NONHOCTBIO OnpeaeneHHbIX OyneBbiX (YHKUMIA 3agadva OpTOroHanmM3auum Moxet ObiTb
rnocTaBneHa M [N CUCTEMbl YaCTUYHO onpedeneHHbix Oynesbix dyHkumin F= {fi(X), f(X), ..., fu(X)}, ecnum
3apaBath Kaxayto yHkumio fi € F aByma dyHkumamn 1 u 0. B obnactb €AMHUYHBIX 3HAYEHWA GhyHKUMK f
BKIIOYAIOTCA T€ MHTEPBArbl, HA KOTOPbIX (PYHKUMS f; NPUHUMAET 3HadeHure 1, a B 0611acTb eAUHNYHBIX 3HAYEHWI
(OYHKLMK f BKIOYAKOTCA Te MHTEPBAnbI, HAa KOTOPbIX PYHKLMS f; npuHMMaeT 3HaveHue 0. Ha octanbHoi obnacty
OyneBa npoctpaHcTBa 06€ 3TV (byHKUWM NpuHMMaKOT 3HadeHus 0. Takum 06pas3om OT CUCTEMbI 4YaCTUYHO
onpeaeneHHbix BynesblX (YHKUMA F Mbl mepexogum K cucteme F’ MOMHOCTbIO OMpeaeneHHbIX (YHKLMIA,
cofepxallen yaBoeHHOe 4ucno yHKUMA. Peluaem 3afgadvy OpTOroHanwsaumu Ans cuctembl F’ ogHUM 13
M3BECTHbIX METOAOB [B, 7], a 3aTeM coBepLuaeM 0OpaTHbIN NEpPexos K cucTemMe F , HO y)Xe OPTOroHanM3oBaHHOM.

OTnMYNTENBHOM YepTOoi OPTOrOHANN30BAHHOM CUCTEMBI YaCTUYHO OMpeaeneHHbIX ByneBbix QyHKUMIA SBMSETCA
TO, YTO B Hell MHTEepBasbl, Ha KOTOPbIX XOTA Bbl OAHA M3 (DYHKLMA CUCTEMBI MPUHUMAET pasHble 3HAYeHMs, He
nepecekarTcs. JTO 03HAYAET, YTO 3HAYEHME “—" PYHKLMM HA HEKOTOPOM WHTEpBane roBOPUT O TOM, YTO 3Ta
(YHKUMSA He onpeperneHa Ha Bcex Habopax 3HauyeHUi apryMeHTOB, BXOLAWMX B MHTEPBAS, U ee 3HaYeHue Ha
3TOM WHTEpPBane MOXeT ObITb NpyU peanuaauny SoonpeaeneHo Npou3BobHbIM 06pa3oMm.

3aknioyeHue

MpeanoxeHHble METOAbI OPUEHTUPOBAHBI Ha BEpUMKALMIO cucTeM cnabo onpeaeneHHblx 6yneBbix yHKLUA —
CUCTEM, AN KOTOpbIX YMcno Habopos obnacTi ux onpegenenus M (Ha Habopax KOTOpOW 3Ha4YeHWe XOTs Obl
OZHOM (PYHKLMM CUCTEMBI ONPEAENEHO) CyLLECTBEHHO MEHbLLE YMcria HabopoB 061acT NX HEONPeaENeHHOCTH,
roe 3HaveHust Bcex (yHKUmMiA He onpegeneHbl. OnucaHHble MeTogbl roasTcs Ans BepuuKaLum NOrmyeckux
onvcaHuii 6onbLIOK pasMepHOCTM.

3agaya MpoBEPKM peanu3yemMocT CUCTEMbI YacTUYHO OMpefeneHHbIX ByneBbiX (YHKUMIA MHOrOGMOYHOM
CTPYKTYpOl cBefeHa K OyneBbiM BbIMUCTIEHUSM Hah TPOUYHbIMIA U GYneBbIMM BEKTOPaMU MPOU3BOSLHOM
pasvepHocT.  MeToabl — gonmyckatoT — apDEKTMBHYO — MporpaMMHyld  peanusauuto.  [ns  ypobersa
NporpamMmmMm1poBaHUs onepaumii Hag GyneBbiMW 1 TPOUMYHLIMU BEKTOPAMM NMPOWU3BONIbHON Pa3MEPHOCTU B S3blke
C++ paHee 6binn paspaboTtaHbl knaccsl CBV [8] u CTM [9].

CnoxHocTb C(M) nporpaMMHON peanu3aLumn onucaHHbIX METOLOB BepUdMKaLMM IMHEHO 3aBUCUT OT obLLero
yucna nomiocoB MOAENMPYEMON CXEMbI (CYMMAPHOTrO YMCna BXOAHbIX MOMKCOB BCEX 3NeMEHTOB cxeMbl C) n oT
yncna GanToB (Mnn 32-pa3psaHbIX CNOB), MCMONb3YEMbIX 4115 NPEeCTaBNeHNs -pa3psgHOro BekTopa (3aech | —
YUCNO MHTEPBANOB UMK HAabOPOB 3HAYEHW apryMeHToB 06nacTi 3adaHns CUCTEMbl YACTUYHO OnpedeneHHbIX
Oynesbix dhyHKLMiA) [10].
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Abstract: The problems within mathematical theory of the Hough Transform are represented in the report
including those to be the Clustering Problem in the Euclidean spaces along appropriate hyper planes and to be
the arguments in the support of the its using in the "multi parametric estimation” variant. As regarding clustering
problem explicit expressions for the grouping distances are represented. The Moore-Penrose Generalized
Inverse is the base of the corresponding considerations.
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Bctynnenue

Mpeobpasosanue Xoka (M (1) , [Hough,1962]), nosiBMBLUEECS 1 MHTEHCWBHO Pa3BMBAIOLLEECS KaK MHXEHEPHBIN
meTog obpaboTkn n3obpaxeHuin (cMm., Hanpumep, [Xu , Oja, 1992]), yteepxgaetca [Donchenko, 2003] kak
PaBHOMPABHbIA METOA OMUCaHWst HEOMPEAEneHHOCTH, Hapsgy C AETEPMUHWMPOBAHHBIM, CTATUCTUHECKWM,
MUHUMAKCHBIM (C rapaHTUPOBAHHON TOYHOCTBH)), HEYETKMM.

Uto kacaeTcs nocneaHero 13 ynoMaHyThIX METO0B: HEYETKOMO, — TO ero MeCTo U BO3MOXHOCTU ONpeaenstoTcs,
— W B 3HAUMTENbHOM Mepe paclUMpsoTCA — CTaTUCTUYeckon uHTepnpeTtauuen [Donchenko, 2006] u
mMoaudvKaLmMen Kmaccu4eckoro OnpedeneHns BBefdeHWeM oObekta HeueTkocT [Tam xe]. CobCTBEHHO
cTaTucTyeckas MHTepnpeTayns npeactaBnser cobon cTaTuCTMYECKyo Mogenb KnacChieckoi HeYETKOCTH.

B pabote [Duda R.O, Hart P.,1972] 3agaya Bbigenexus npsambix B pamkax [1X(1) 6bina cdopmynmpoBaHa kak
3agava knactepusauun. OHa bbina chopMynupoBaHa B BUAE 3adadn pacnpeneneHus aneMeHToB BbIOOpKM, No
MOOXOLALMM  TUMEPNOCKOCTAM  3afaHHoNW  pa3mepHocTu.  OnpegeneHne  HeobXOQMMOrO  KOMM4eCTBa
MMNEPNIOCKOCTEN U UX ONUCaHNe SBNSNOCH OAHUM U3 3NIEMEHTOB 3aauu.

3ameTtum, 4to, X0TA camo nosieneHne [1X (M) Bbino OTBETOM Ha MOTPEBHOCTM MPaKTUKM B BblOENEHUM
HECKOMbKWUX MPSMbIX Ha KOHTYPHOM M300paxeHuu, BOMpOC, Kacarwmiics 06OCHOBAHWS BO3MOXHOCTU €ro
NCMONb30BaHNS B «MyMbTUMNAPaMETPUYECKOM» BapuaHTe: ANA  «OLEHWBAHWS» HECKOMbKMX NapaMeTpos,
npeacTaBneHHbIX B BblOOpKe, ocTaBancs OTKpbITbIM. OTCYTCTBME KaTEropuyeckoro OTBETa Ha BOMPOC O
BO3MOXXHOCTW MCNonb3oBaHus X (1) Ans «MynbTUNapaMeTPUYECKOro OLEHNBAHUS» ONPEdEnuIo NpeaoXeHne
[Risse,1989] ucnonb3oBatb TexHMKy X (1) pekyppeHTHO. B cOOTBETCTBUM C €r0 MOAXOAOM Ha KaXhoM Lary
Takoro npumeHenus X (1) BbloenseTcs ogHa npsmas: Ta, kotopas «Hawbonee BblpaXeHHbIM 0Bpasom»
npeacTaBneHa Ha u3obpaxeHwun; W3 BblGOpKM yAanstoTCs BCE TOUKM, BblAENEHHOW MPsSIMOW, MOCne Yero
npoueaypa BblgeneHus «Hanbonee BbIPaXEHHOM MPSIMOI» NOBTOPSIETCS B MPUMEHEHWUM K peayLMpOBaHHOM
BbIOOpKE.

B npeagnaraemom [foknage npeactaBneHo 0OOCHOBaHWE BO3MOXHOCTM npumeHeHus [X (1) B ero
cTatuctnyeckon opmanusaumm B Buge I (c) (ctatmuctmyeckon Mmopenu npeobpasoBaHus Xoka) Ans
UCMONb30BaHUS B PEXUME «MyNbTUNAPAMETPUYECKOrO OLiEHMBaHUS", NO KpailHeid Mepe,— AN AOCTaTOYHO
€CTECTBEHHbIX pacnpeaeneHnin ownbok HabmoaeHuns, K KOTOPbIM OTHOCATCS CUMMETPUYHbIE, BbiMyKMble MO
AHpepcoHy [Anderson,1955] pacnpegenenus. K nocnegHMM  OTHOCATCS, B 4aCTHOCTW, rayCCOBCKME
pacnpefeneHns C HyrneBbIM MaT OXMAAHMEM W CUMMETPUYHbIE C TPEyrofbHOW MroTHOCTLI0. Kpome Toro,
NPeAsoXeH BapuaHT peLleHns 3a4aun Knactepusalumn no runepninockocTsM U3 yxe YNoMSAHYTON Bblwe paboTsl
[Duda R.O, Hart P.,1972] B ocnabneHHOM BapwaHTe: KOrda He 3aaaéTcs pasMepHOCTb rUMepniockocTei, no
KOTOPbIM HE06X0AMMO NPOBECTYH KnacTepuaaumto. MNonHbIN BapyaHT peLleHnst YNOMSHYTON 3a4auu MOXHO HalT
B pabote [KupnueHko, [onueHko., 2007], a Takke B COOTBETCTBYILIEM [OKNAZEe YMOMSHYThbIX aBTOPOB B
MaTepuanax Tekyllen cepum koHdepeHuwit B BapHe. lNpumeHeHne TexHuku ncesgoobpaiyenns no Mypy —
MeHpoy3y ([Moore,1920], [Penrose,1955]) (cm., Hanpumep [Anbept, 1977]) no3sonsieT siBHbIM 06pa3om
onuchiBaTb POPMUPYEMbIE TMNEPMIOCKOCTH, @ Takke — SBHbIM BWUL PAcCTOSHWS 4O HUX. 3aMeTUM, 4To B
aHanorMyHbIX 3afayax Knaccuukauuum Ang CTaTUCTUYECKUX COBOKYMHOCTEA Ha OCHOBE KOPPEMSLMOHHbIX
matpuy (cm., Hanpumep, [Vapnik,1998]) cooTBeTCTBYIOWE PACCTOSHUS BBLIYMCHAKTCA NPUOMMKEHHO B Xoade
BbINOMHEHMS NOAXOAALEN PEKYPPEHTHON BbIYUCTIUTENBHOM NpoLeaypbl.

B pabote npuBoanTcs onpedeneHune ncespoobpaleHns yvepes SVD-npencTtaBneHWe maTpuubl, a Takke
onpegeneHne 0CHOBHbIX OMepaTopoB, pPacCMaTPUBAEMbIX B CBA3M U OMPEAENsemMble Yepes NceBaoobpalleHme.

M (c) B BapnaHTe «<MynbTMNapameTpU4YeCKOro» oLleHNBaHUA

BoamoxHocTb ncnonb3osanus M (1) B «<MynbTUNapaMeTpu4eckoM» BapuaHTe OLEHUBaHUS criefyeT 13 6a3oBbIX
pesynbTatoB Matemartuyeckon Teopuu M () — w3 M (c) - Teopum (cMm., Hanpumep, [Donchenko, 2003]).
Hanomnum, yto B pamkax M (c), npeameTom aHanuaa siBnseTcs Bbibopka (nocnegoBaTenbHOCTb HabmogeHui)
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§; =8y, =(X;,Y; ),i=1,_N, B KOTOPOM  KOMMOHEHTbl  KaXgod M3 nap  CBA3aHbl  COOTHOLLEHWEM:
Yi=ge (Xi)* € =1,N, roe Jg,0€ O — napameTpuyeckoe CeMeicTBO OTOBpaxeHWn Mexay €BKIUA0BLIMM
npocTpaHcTBamMK,  &;,i =1,N- HesaBiCUMble OLWMOKM HabmoaeHWit. [peoBpasoBaHMeM Xoka BbIGOPKM
Ha3blBaeTCA  MocrefoBaTenbHoCTb L = L ={ 0 0O:y;=gq(x;)}i =1,N, KaXgblil 3MEMEHT KOTOpOii
Ha3sblBaeTcs npeobpasoBaHneM Xoka COOTBETCTBYLero HabntogeHus. OcHosol aHammsa M (c) sBnseTcs

(f)
N

akkymynsTopHasa dyHkumus (A®) Ay (1m)unn HopmupoBaHHas A® (HA®) Ay ’(m)kak yHKUMS MHOXECTBa,

3afjaHHasl Ha MOMAXOASALLEA COBOKYMHOCTW 1T €f1(COBOKYMHOCTI MHOXECTB-30HOOB) NMOAMHOXECTB MHOXECTBA
napameTpoB © COOTHOLIEHUAMM, COOTBETCTBEHHO

N N
Am)= 20(m0 L) Al (m) =2 2 5(mL,).
i=1 i=1

OcHoBo# BbIBOAA O KOPPEKTHOCTM Ucnonb3oBanusa NI (1) B «MynbTUNapaMeTpu4eckoMy BapuaHTe SBNSIOTCS
TEopeMbl O MpeferibHOM MOBEAEHMM HOPMUPOBAHHbLIX 3HauyeHun HAD npu HEOrpaHWMYEHHOM YBEMYEeHWUH
06bEéMa BbIGOPKM M HEOTPAHUYEHHOM YMEHBLUEHUN rEOMETPUYECKIX Pa3MEPOB MHOXECTB-30HAO0B. B kavectse
MHOXeCTB-30HA0B [1B paccMaTpyvBaeMoi CUTyauun paccmaTpuBaeTcsl NUbo COBOKYMHOCTb BCEX 3aMKHYTbIX
wapos S,(6)=6+ pS paguyca p>0 c ueHTpom BO €O, MBo MHOXecTBa 1 =V, (6) =6+ pV ¢ 3aMkHyTbIM

CYMMETPUYHBIM BbIMYKIbIM MHOXECTBOM V eAMHUYHOMO pajuyca, COAepXallyM Lap HeHyneBoro paguyca c
LlEHTpOM B Hyne. Takas HOpPMUPOBKA MOXET paccMaTpuBaTbCsl Kak NS oOLIEero BapuaHTa pa3MepHOCTY
eBKNMOOBLIX MPOCTPAHCTB, TaK W, B YaCTHOCTW, AN CKANSPHbIX 3HAYEHMIt (yHKUMA napameTpu4eckoro
cemeiicTea. Huxe npueeaeHbl ABe TEOPEMbI UMEHHO AMst 3TOMO Cryyasi.

Teopema 1. TycTb And kaxgoro x<€ X GyHKUMW NapaMeTpuyeckoro CEMeNCTBa CO CKanSPHbIMU 3HA4YEHUSIMU
ABNATCA HENpepbIBHO AN depeHUMpOBaHHbIMIA OTHOCUTENBHO © B 0BnacTu onpeaeneHns ©; nycTb Takxe

NIOTHOCTU pacnpeaenernin ownbok HabnaeHui hx 50) (z), xe X .6 ¢ © sensiotcs HenpepbIBHLIMK MO Z 1
ONpeaensitoTcsa TOMbKO KOMOMHAUWMen apryMeHT-napameTp, NpeacTaBneHHo B HabnoaeHun; nyctb B

0 0
HabMiogeHusX MPEACTABNEHo KoHeuHoe MHoxecTeo napametpos 0% =16 . 0% } 1a koneuroe mHoxecTso

3HaYEHUI aprymMeHToB x(0) = {xgo),..., x,(<0)} C NpeaenbHLIMU HEHYNEBLIMU YacToTaMu fk(yg) , k= 1,_K,q = 1,_Q,qn;|

COOTBETCTBYHOLLMX KOM6VIHaLI|Ml71 aprymeHT-napameTp B BbI60pKe. Torga

K Q

. 0

im0 A, (85(8)) =22 2 Mg 9o+ ) 9,0 (xi” )| gradgo(xi” ) 1. (1)
- k=1q=1

rluae hkq =hxgo),9{(0} !k=17_K7q=1!_Qa

a A - npegenbHoe 3HayeHne HA® npu HeorpaHUYeHHOM yBenuyeHn 06bEma BbIBOPK.

Ecnmn MHOXeCTBO S 3ameHWUTb Ha V', TO COOTBETCTBYOLWMIA pe3ynbTaT npuobpeTaeT BuA,

Teopema 2. B ycnosusix 1 0603Ha4YeHNAX TEOpEMbI 1

K Q
limp™'A(3,(0)) =22, 20,fig g (G6(x") - Gyo (")) | gradago(x{” )1l @)
k=1q=1

rnuae (Pq : (pq € (0;1):(7 = 1;Q .
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HecnoxHo ybeautbes, yto B (1), (2) MHOXUTENb - NNOTHOCTL pacnpegenequs ans 6 €O B M (c) oTBevaeT
npeobpa3oBaHnio Xoka UCTUHHOTO (6e3 OLWMOOoK) HabMoAEHMSs, «Pa3MbITOrO» NIIOTHOCTBIO OLUMOKM HAbMoAEHMS.
Ecnu nnoTHOCTb OLWMOKM HabMiopeHns UMeeT MakCUMyM B Hyne, Kak 3TO UMEEeT MECTO AN CUMMETPUYHBIX,
BbINyKMbIX N0 AHgepcoHy [Anderson,1955] pacnpeneneHnit, TO MakCUMyMbl NpeAenbHOl dyHKUMM OyayT
oTBeyaTb Makcumymam ans «besowmbouyHoiny HA®. W, Takum obpasom, X MOXHO ucnonb3oBath B
«MynbTUNapaMeTPUYECKOMY pexMUMe, NockonbKy B MMX oLeHWBaHWE napameTpoB, NPEACTaBNEHHbIX B BbIGOPKE
OCYLLECTBNSAETCA Ha 0cHoBE MakcumymoB A® unn HA®.

KHaCTepVI3aLWIFI no rmnepnyioCKOCTAM: NOCTAaHOBKA 3aAayu

B 3agaye 0 knactepusaLmmu no runepninockoCTSM Kaxzabli U3 BEKTOPOB NpusHakoB X(1),...,X(n) u3 npocTpaHcTBa

npusHakos R™ MOXET npuHaanexatb OfHOA W3 [BYyX — NS NPOCTOThI PACCMOTPEHUIA — rMNeprnocKoCTe
F(k)=x,+L, SR",k=12(x — cMelleHne (L nognpocTpaHcTBO runepnsockocti). TpeGyetcs BbioenuTh
yKa3aHHbIe MII0CKOCTM 1 OTHECTM KaX/bli M3 BEKTOPOB K TOW, K KOTOPON OH NPUHaANEXuUT. BapuaHToM ykasaHHON

3afayun SABNSETC Takoi, B KOTOPOM JOMOSHUTENBHO (PUKCUPYETCS PasMEpHOCTb S. S<M — AN KaXgon u3
runepnnococten (k) =x, + L, k=12.

QT TMNEpNNOCKOCTM MOANEXaT OnpedeneHno Ha OCHOBE BHYTPEHHE CTPYKTYpbl WMetowerocs Habopa
BEKTOPOB X(1),...,X(n) C COOTBETCTBYHOLIMM X Pa3bMEHNEM Ha [BE YacTu:

x(i,),...,x(x(im )e (1),
X(js ), X(x(jn, )€ T(2):
{i1,...,in1 }U 0'1,...,].”2}:{1,2,...,”} ny + n,=n.

BapuaHtom Takoit 3agaus aBngeTca U 3agava Duda&Harta 1972 ropa. 3agaya rpynnupoBku  no
TMNEPNIOCKOCTAM  SBMSETC OAHUM W3 BapWaHTOB OLIEHWBAHWS HECKONbKUX 3aBUCUMOCTEN 3afaHHOro
napamMeTpUYEeCKOro CEMENCTBA, MpeacTaBeHHbIX B Boibopke [Donchenko, 2003]. B Takon nocTaHoBKE peyb MAET
0 cemeictBe aduHHBIX  NPeobpa3oBaHWn  MEXAY EBKNMOOBLIMM - MPOCTPAHCTBAMM  MPOM3BOIIbHbIX
pasMepHOCTEN, Korha Onpeaensiowmnm SBASETCA CTPYKTYpa BO3MOXHOMO MPOCTPAHCTBA 3HAYEHWUH, a He
npeacTaBneHne onepatopa B TOM W i MHOM Gasuce. CTaHgapTHbIM 06pa3om, NpeanaraeMblii K pacCMOTPEHUIO
anropuTM KnactepusauuMm HOCWUT XapaKTep PeKyppeHTHOW npouedypbl B Xode, KOTOPOA nocre NepBUYHO
NPOU3BONLHOIO pa3bueHns Ha ABe YacT¥ NPOUCXOANT «pPacMHUPOBAHME» MCXOAHbIX YacTel, B XOA€ KOTOPOro
OCYLLECTBNSETCH OCBOBOXAEHNE OT «HE OTBEYAIOLLMX COBOKYMHOCTMY 3M1eMeHTOB. Annapat ncesnoobpalleHmns
no Mypy-TeHpoy3y no3BonsSeT NONy4nTb SBHbIE HOPMYSbl ANS PACCTOSHUIM OT MOAXOAALUMX rMNEepPnIoCKOCTeN,
KOTOpbIE OTBEYaOT TOMY MNM MHOMY pasbueHunio. OTMETUM, YTO YKa3aHHbIE PaCcCTOSHUS 3EEKTUBHO W ABHBIM
BMOOM OMNMCLIBAIOTCS Kak B BapuaHTe, Korga npoBEPSEMbIA ANIEMEHT HE MCKMKYaeTcs 13 COBOKYMHOCTM (CM.
HWXKe), Tak u npu ero ucknoveHun [KupudeHko, OoHueHko., 2007]. B nocnegHem BapuaHTe npouenypa
Knactepusauuu aHanoruyHa CTaTUCTUYecKoW npouedype, koTopas HasbiBaeTcs Jack Knife(cknagHoi HOX)
[OchpoH, 1988)]. MoBops 06 3dheKTUBHOCTV 1 afeKBATHOCTM MPUMEHEHWS annapaTa nceeaoobpalleHust ans
HacMaTpuBaeMon 3agadu, OTMETUM TaKKe, YTO (POPMYMbl BbIYUCIEHUS PACCTOSHWIA HOCAT PEKYPPEHTHbIN MO
UCKMOYaeMbiM  anieMeHTam  Bug. [lOCTWXEHWe yKkas3aHHOW peKyppeHTHOCcTM obecrneunBaeTcs Teopuei
BO3MYyLLEHUS NcegoobpatHbix MaTpuy, [Kupuyerko, Jlenexa, 1997].

KHaCTepVBaLWIﬂ no runepnyiIoCKOCTAM: BCroMoraTtesibHble onpeaeneHna n yTteepxaeHus

McenoobpatueHne A* no Mypy-TeHpoysy ans mxn maTpuubl A MOXET ONPefensTbcs OAHUM 13 HECKOMbKIX
9KBMBANEHTHBIX CNOCOBOB, Cpeay KOTOPbIX OTMETUM ONpeaeneHne Yepes CUHTYNSPHOe NpeacTaBneHne MaTpul
(SVD-pasnoxeHue), koraa ncesnoobpalleHne onpeaensieTcst COOTHOLLEHNEM
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A+=Zx,-y,-TAi7, KoTopoe onpefensetcss anemeHTamu  SVD-NpeacTaBneHWs  UCXOOHOA — MaTpuLibl:

r
- T .
A= 2 yixi Aj | B xotopom: £ =.£>0 - obumit Habop HeHyneBbIX COBCTBEHHBIX YMCE;

yi,i=1rn x,-,i=1,_r— OPTOHOPMUPOBaHHble Habopbl COBCTBEHHBLIX BEKTOPOB MaTpuL, P(A),P(AT), ATA:
COOTBETCTBEHHO, a r = rank A= rank AT,
lNcepoobpalleHne NO3BONSAET B SBHOM BWAE BbiNUCaTb ABE Mapbl OPTOroHanbHbIX npoektopos (Of)

P(A)P(AT):P(A)=A*AP(AT)=AT" AT =AA* v Z(A)=E,- P(A)Z(AT)=E, - P(AT)(P- u Z-

NpoeKTopbl  COOTBETCTBEHHO). [lepeas napa npefctaenser coboi Ol Ha noanpoctpaHcTal ,r, Ly,

AT!

ABNAKOLWINECA MHOXEeCTBaMu 3HaveHun AT,A COOTBETCTBEHHO, BTOpPad — Ha OPTOroHanbHble K HUM

MOANPOCTPAHCTBA COOTBETCTBEHHO L7 , Ly . O4eBMaHb! 06pasom, L, ; =

L, sBnsetca nuHeiHOM OBONOYKOM COOTBETCTBEHHO BEKTOPOB-CTONOLIOB ¥ BEKTOPOB-

KerA . 3ameTuM Takxke, YTo Kaxgoe n3

noanpocTpaHcTB L AT
CTPOK MaTpuupl A.
He orpaHnumBas ofuHoctn, Gyoem cuutatb. Y70 X(1),...,X(n)us npocTpaHcTBa npuaHakos R™ moryT
npuHagnexatb  OQHOW W3 OBYX — 4N NPOCTOTbl  PACCMOTPEHWA  —  TUNEPNSIOCKOCTEN
[(k)=x,+L, SR™ k=12 (x - cMeLeHne, L NOANPOCTPaHCTBO runepnniockocTy). MoanpocTpaHcTea MoryT
3afaBaThCsl, KaK MHOXECTBA 3HayeHui nogxogawmx matpuuA(k),k=12. B atom cnyyae 6yoyT
Mcnonb3oBaTbCs 0003HAYEHUS Kak Ly =Ly ),k =1,2.

Jlemma. TlycTb  noAnNpoCTpaHCTBa  MNEPOCKOCTEA  SBMAIOTCA  MHOXECTBAMM  3HAYeHWin  MaTpuy
A(k),k =12 cootBeTcTBEHHO. Torga paccrosHua cooteeTctBus  o(X,[ (k)),k 1,2 npon3BonbHOrO BekTopa

x €R™ no kaxmon 3 Byx runepnnockoctent I (k ),k = 1,2 onpenensioTcs COOTHOLLIEHUEM

p(x,T)=(x - x ) Z(AT(K))(x-x )k =12

Knactepu3auusa no runepniiocKoCTAM: OCHOBHOW anropuTMm

Cam anropuTm knactepusayun no runepniockoCTsM COCTOUT B BbIMOMHEHUM CEAYHOLLMX LIAroB.
1. TepBuyHOe pa3bueHne Ha LBe COBOKYNMHOCTY NPON3BOSbHBIM 06pasom.
2. [octpoeHune cmeleHnin x,,k =1,2. CooTBETCTBYIOLIME CMELLEHNA MOTYT BbiTb peanu3oBaHbl UK Kak

CpedHMe Mo BeKTopaM KaxaoW M3 OTOBpaHHbIX COBOKYMHOCTEM WNM B BUOE MPOU3BOIbHbIX
npeacTaBUTENei Kaxaon U3 HuX.

3. TlocTpoeHne maTpuy Kaxgon n3 coBokynHocten A(k ),k =1,2 n3 BekTopoB CTONOLIOB Kaaon w3 rpynn,
LieHTPUPOBAHHbIX COOTBETCTBYIOLMMI BEKTOPAMI CMELLIEHWIA, MOCTPOEHHbIX Ha Luare 2.

4. Onpe6genenve runepnnockocten [ (k),k =12 Kak Takux, KOTOpble 3afaloTCs CMELLEHWSMM,
BbIYMCNEHHbIMY Ha Luare 2, U noAnpocTpaHcTBamu Ly =Ly ),k =1,2

5. BblyucneHne paccTosiHU ANEMEHTOB KaxXJon U3 COBOKYMHOCTEN [0 KaAO0M U3 ABYX NOCTPOEHHbIX
6. rMnepnnockocTei ¢ MCNOb30BaHWEM Pe3ynbTaToB IEMMbI 2.
7. TlepepacnpegeneHne BEKTOPOB MEXLY COBOKYMHOCTSMU MU NOBTOPEHUEM PEKYPPEHTHBIX LLIAroB.

MepepacnpeseneHne 3MeMEHTOB MOXHO Peanu3oBbiBaTh PasHbiMM CNOCOOAMM C BBEAEHUEM MOLXOASLUMX
napameTpoB anroputMa
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Bctynnenue

Cratbsl nocesilieHa MPUMEHEHWO MeTOAOB nceBno obpalleHust (cMm. Hanpumep, [Anbept, 1977]) u, B
0COBEHHOCTM VX pa3BUTWS B BUAE TEOPMM BO3MYLLEHUS NceBao obpalyeHus [KupuyeHko, Nlenexa, 1997, 2002], B
pELLeHNN 3aday Knactepusauuu. 3agava knactepus3auun B Takod NOCTAHOBKE MOXET paccMaTpuBaTbCs Kak
BapuaHT npeobpasoBanus Xoka[Donchenko, 2003] [pu Takom MOAXOAe ONPEAEnsWUM  SBASETCS
PacCMOTPEHUE PACcCTOSHWA He OO0 OrpaHUYeHHbIX MHOXECTB, KOTOPble OTBEYAIOT 9feMEHTaM, OTHECEHHBbIM K
TOMY UK WHOMY Knaccy, a A0 NOAXOLALMX TMMNepnriockocTel, koTopble umu nopoxaaiotcs. OTMETUM, YTO B
CTaTUCTUYECKUX noaxogax (cM., Hanpumep [Vapnik,1998]) runepnnockocTi CBSA3LIBAKTCA C KOPPENALMOHHBIMM
MaTpuuaMin MOAXOASLUMX pacnpedeneHunii BeposiTHOCTEN B MPOCTPAHCTBE MPWU3HAKOB. BbluncniuTenbHble
anropuTMbl ANsi paccTOsSHUA OT TUNEepniockoCTe WCMOnNb3oBanucb, Hanpumep, B pabote [Haykin,1999]. B
npegnaraemMon paboTe npumeHeHue annapata nceBAo OOpaleHus Mo3BONSET BbiNMcaTb SBHblE (POPMYIb
«paccTosHUIA COOTBETCTBMSA» B TOM YKCHe 1 B BapuaHTe anrebpaunyeckoro Jack Knife’a[ddpon, 1988].

BaxHbIMM B MpMEHENM PeXHIKM NCeBA00OPALLEHNS SBNSIOTCS 3KBUBANEHTHbIE BapuaHTbl ONPeaeneHns Ncesao
obpawieHns, npsivele [Anbept, 1977] n obpatHbie [KupuueHko, Jlenexa, 1997, 2002], dopmynel Ipesuns,
copmynbl NceBaoobpalleHnst Ans 3amMeHbl CTPOKM Mnm cTonbua matpuubl [KupudeHko, Jlenexa, 1997, 2002],
[Kupuuenko, [loHueHko, 2005], a Takke opmynbl Bo3myLeHus ans Z - n R-onepatopos[KupuueHko, [JoH4eHKO.,
2007]. B nepBow YacTu npegnaraemon paboTbl NpMBOAMTCS NOA6OPKA HEKOTOPLIX TaKWUX PE3ybTaToB.

BTopas yacTb nocasilieHa NOCTaHOBKE W PeLLeHUIo 3aayn pasbueHnst HannyHoM COBOKYMHOCTYM BEKTOPOB Ha
ABa knactepa. MpeaioxkeHbl pasnuyHble BapuaHTbl ONpeeneHus U BbIYUCIIEHUs «PaCcCTOSIHUIA COOTBETCTBUSIY,
KOTOpbIE MMEKT ECTECTBEHHYI) rEOMETPUYECKYI0 MHTEpRpeTaunio 1 3hdeKTUBHO OMUCLIBAIOTCS B TEPMUHAX
ncesao obpalueHns. SBHbIA BuA DOPMYN, ONPeAensIoLLMX PacCTOsIHAS COOTBETCTBUS MO3BOMSET NOCTPOUTL
3thheKTMBHbIE aNropUTMbI KnacTepusaLuy.

MocTtaHoBKa 3agaum

B 3agaye 0 knactepusaumy no runeprnriockoCTAM Kaxabli U3 BEKTOPOB Npu3HakoB X(1),...,X(n)n3 npoctpaHcTBa

npusHakos R™ MOXET npuHaanexatb OOHOA W3 [BYyX — NS NPOCTOThI PACCMOTPEHUI — rMNEprnocKoCTel
F(k)=x,+L, SR™ k=12 (x - cveweHue, L MoANPOCTpaHCTBO runepnnockocTh). TpebyeTcs Bbigenuth
yKa3aHHbIe MII0CKOCTM 1 OTHECTM KaX[bli M3 BEKTOPOB K TOW, K KOTOPON OH NPUHaANEXUT. BapmaHTOM ykasaHHON
3afjayn SBMSETCH TaKoW, B KOTOPOWA AOMOSMHWTENbHO (PUKCMPYETCS Pa3MEepHOCTb S: S<M — ANS Kaxgon 13
runepnnockoctent (k)= x, + L, k=1.2.

QT TMNEpNNOCKOCTM MNOANEXaT OnpedeneHnto Ha OCHOBE BHYTPEHHE CTPYKTYpbl WMetowierocs Habopa
BEKTOPOB X(1),...,X(n) C COOTBETCTBYHOLIMM X pa3bMEHNEM Ha Be YacTu:

X(iy ). X(X(in, ))& T(1),
X(j1 ), X(X(, )€ T(2)
i, .oin ] Ay, dn, }= {12, on} ny+ny =n.

BapuaHtom Takoil 3apgaum sengeTca M 3agava Duda&Harta 1972 ropa. 3agaya rpynnupoBkM MO
TMNEPNIOCKOCTAM  SBMSETC OAHUM W3 BapWaHTOB OLEHWBAHWS HECKONbKMX 3aBUCUMOCTEN 3aAaHHOro
napamMeTpUYECKOro CEMENCTBa, MpeacTaBeHHbIX B Boibopke [Donchenko, 2003]. B Takon nocTaHoBKe peyb MAET
cemencTae ahPuHHbLIX NpeobpasoBaHnii Mexay eBKNMGOBLIMM NMPOCTPAHCTBAMM MPOU3BOSBHBLIX Pa3MEPHOCTEN,
Korga onpefensiowmMM SBASeTCA CTPYKTypa BO3MOXHOTO MPOCTPAHCTBA 3HAYEHUM, a He npeacTaBfieHue
onepatopa B TOM ¥ N uHoM 6asuce. CtaHaapTHbIM 06pa3om, npeafiaraeMblil K PaCCMOTPEHUIO anropuTm
Knactepusauuu HOCUT XapakTep PeKyppeHTHOWM mpouenypbl B X04e, KOTOPOW Mnocre NepBUYHO MPOU3BONBHOIO
pa3bueHns Ha [Be YacTy NPOUCXOAMUT «pacdMHMPOBaHME» UCXOMOHbIX YacTell, B X0 KOTOPOro OCYyLLECTBSETCS
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0CcBOOOXAEHNE OT «HE OTBEYAlOWMX COBOKYMHOCTM» 3nemMeHToB. Annapat ncesgoobpalleHuns no Mypy-
lMeHpoy3y no3sonseT nonyyunTb SBHbIE POPMYNbI ANS PACCTOSHWNA OT NOAXOASALLMX MNEPNIIOCKOCTEN, KOTOPbIE
OTBEYAKT TOMY WNM MHOMY pa3bueHnto. OTMETUM, YTO yKasaHHble PacCTOSHUS APPEKTUBHO U SBHBIM BUAOM
ONMCbIBAKOTCS Kak B BapWUaHTe, Korga NpoBEPSIEMbIN NEMEHT HE UCKIIOYAETCS U3 COBOKYMHOCTY, (hOPMUPYHOLLE
MMNepnIoCKOCTb, Tak M NpU ero UCKMoYeHun. B nocneaHem BapuaHTe npoueaypa Knactepusauun aHanorniHa
CTaTUCTUYECKON npoueaype, kotopas HasbiBaetcs Jack Knife(cknagHoi Hox) [OdpoH, 1988] . osops 06
3(hheKTMBHOCTM 1 afeKkBaTHOCTV MPUMEHEHWS annapaTa NceBhoobpalleHns 4N paccMaTpUBAaEMON 3adauu,
OTMETUM Takxe, YTO (hOPMYSibl BbIYUCIIEHNS PACCTOSHUN HOCAT PEKYPPEHTHBIN NO MCKMKYaeMbIM 3neMeHTam
BuA. [IoCTKEHME yKa3aHHOW pekyppeHTHOCTM 0becneynBaeTcs Teopren BO3MYyLLEHUs NceBLoobpaTHbIX MaTpuL,
[KnpwnyeHko, Ilenexa, 1997].

BcnomoratenbHble onpeaeneHns U yTBepXaeHUs

Meenoobpalerne A* no Mypy-MeHpoysy ans mxn maTpuusl A MOXET ONpenensThes OHAM M3 HECKONbKUX
eKBMBaNEHTbIX Cocob0oB, Cpeamn KOTOPbIX OTMETUM OMpedeNeHne Yepes CUHTYNSPHOe NPeACTaBeHne MaTpuy
(SVD-pasnoxeHue), koraa ncesgoobpalleHne onpeaensieTcst COOTHOLLEHNEM:

,
A+=Zx,-y,-TAi7, KoTopoe onpefensetcss anemeHTamu  SVD-NpeacTaBneHWs  UCXOOHOA — MaTpuLibl:
i=1

r
- T .
A = 2 yixiAj s KOTOpOM: )\f Z...Af>0 — o6wuin Habop HeHyneBblX COBCTBEHHbIX YMUCEN;
i=1

yi,i=1rn x,,i=1,_r— OPTOHOPMMPOBAHHbLIE HAbOPbI COBCTBEHHLIX BEKTOPOB MaTpuL, P(A),P(AT ), ATA:
COOTBETCTBEHHO, a r = rank A= rank AT,
MceBnoobpalleHne Mo3BONSET B SBHOM BMAE BbiMWCATb ABE Mapbl OPTOroHanbHblX mpoekTopos (OfT)

P(A)P(AT):P(A)=A*AP(AT)=AT" AT = AA* W Z(A)=E,- P(A)Z(AT)=E, - P(AT)(P- u Z-

MPOeKTOpbI COOTBeTCTBeHHO). Mepsas napa npedcTaensetr cobon Of Ha nopnpocTpaHcTBal ;L4

AT’
ApnAalowmeca  MHOXeCTBaMu 3HaYeHUN AT,A COOTBETCTBEHHO, BTOpad — Ha OPTOroHallbHble K HUM
MOAMPOCTPaHCTBa COOTBETCTBEHHO L ,

L, sBnseTca NuHeiHOM O0BONOYKOM COOTBETCTBEHHO BEKTOPOB-CTONOLIOB M BEKTOPOB-

L. OyeBuaHbI 06pa3om, LlAT = KerA . 3aMeTuM TaKkke, 4To Kaxaoe 13

noanpocTpaHcTB L e
CTPOK MaTpuLbl A.

BaxtHbIMM B CBA3K C pekyppeHTHbIMW (hopMyrami ncespoobpaLleHns: opMynamu No3BonsioLLMMM 3anuckiBaTb
COOTBETCTBYHLMA onepaTop npu Lob6aBNeHn U BbIYEPKMBAHUM CTPOKW U cTonbua MaTpuLbl, — SBRSKOTCS
TaKxe | - onepaTopbl, ONpeaenseMble CooTHoWeHnAMn: R(A) = A+AT+,R(AT) = A'TA" K Takum chopmynam

ncesgoobpallerns oTHocaTcs npsmble [Anbept, 1977] n obpatHble cdopmynbl [pesuns(Greville) [KupuyeHko,
Nenexa, 1997]. Takon xe xapaktep umetoT hOpMynbl BO3MYLUEHNS MceBgoobpaTtHbIX MaTpuy, [KupuueHko,

Nenexa, 1997], nawowme npeactasnexne A’ (a,b)=(A+ ab)T yepes A, A" a,b, [Tam xe], a Take [KupnueHko,

Honuerko, 2005]. B nocnegHei paboTe Takke NpuUBEAEHbl PEKYppeHTHble dopmynbl anst P-, Z - u R-
onepaTopoB, OMUCbIBaOWMe WX BUL NPW 3aMeHe CTPOKM wunu cTonbua Matpuubl, AnS KOTOPOW OHU
paccmatpusatotcs. opMynbl, ONMCHIBALLME BUA COOTBETCTBYIOLMX ONEPATOPOB MPW BO3MYLLEHUM MaTpULpl,
npeacTaBneHbl creaytowen nemmon[Knpuyerko, [oHueHko., 2007].

Jlemma 1.

1. [Insl BEKTOPOB a@ U b” NUHEIHO He 3aBUCUMBIX OT, COOTBETCTBEHHO, CTONGLOB M CTPOK MaTpuLbl A, T.6. mpu

BbINONHEHMM ycnosuit a' Z(AT Ja>0,b7 Z(A)b > 0, crpaBennvBbl CrieayHoLMe COOTHOLLEHNS:
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Z(A)bbTZ(A)

Ty=
Z(A+ab )=Z(A)+ b Z(Ab

Z(AT )aa’ Z(AT)

Th\Ty— T Ty—— T
Z(A+ab" )T )=Z(AT +ba" )==Z(AT )+ T2

bb"Z(A) Z(A)bbT
b"Z(A)b b Z(A)b

R(A+ab" )=R(A)-R(A) R(A) cA*ab’Z(A) cz(A)ba'A* +

Aaa A DTR(AAZ(AT Ja+ [1+b7 A*af

Z(A)bbTZ(A),
"aTZ(AT)a a (AT )alb”Z(A)bf (AJb2(4)

_ 1+b'Aa
a’Z(AT )ab"Z(A)b

roe ¢

2. [ins BekTOpa @ NUHEHO 3aBMCHUMOrO OT CTON6LOB MaTpuubl A, a BekTopa bT — NUHENHO He 3aBUCHMOrO OT

CTPOK MaTpuupbl Takum 06pa3om, 4To, — ANS YNpoweHus MpeacTaBneHns pesynbtara, — b L, T.e. npu

BbINONHEHMM yenosuit a' Z(AT Ja=0,b7 Z(A)b =|| b||?, cnpaBeanvBbI COOTHOLLEHMS:

T T
Knapkaap  bb

Z(A+ab" )=Z(A)+ :
lkgap II> NIBIP

roe.
b
1b]]%”

kA,a,b = A+a

Z(A+ab" )T )=7(AT +ba’ ),
T k T

kk
R(A+ab" )= |, ——R(A)| —— .
( )=k Il k17 (A Ik 11?

3. [Inst BEKTOPOB @ 1 b' 0[JHOBPEMEHHO NMHENHO 3aBUCUMbIX OT COOTBETCTBEHHO CTONBLIOB U CTPOK MaTpHLibl
A, npy ycrioBUW nageHWs paHra BO3MYLLEHHOM MaTpuubl: rank(A+ ab” )=rankA 1, T.e. Npy BbINOMHEHUM
yernouit: @' Z(AT Ja=0,b"Z(A)b=0,b" A*a= 1, cnpaBennmBbI CNieyHOLLME COOTHOLLEHNS:

A aa® (4 7)T

Z(A+Clb):Z(A)+ aTR(AT)a

A" )T bbT A

Z(A+ab" ) )=Z(AT +ba’ )= Z(A JA DA

( ) )=Z( )=Z(A) bTR(AJD

R(A+ab )= A* (a,b)A" (a,b),
A*aa"R(AT) R(A)bbTA* r *

rae: A (a,b)= A" fa g ) (T) +cA"ab’ AT, c=— b f(A)f —
a’R(AT)a  b'R(A)b a"R(A")a b"R(A)b

4. [1ns BEKTOpPOB a K b’ OHOBPEMEHHO IIMHENHO 3aBMCUMbIX OT, COOTBETCTBEHHO, CTONOLIOB M CTPOK MaTpuLbl
A, HO NpW YCNOBWW HEM3MEHHOCTU paHra BO3MYLIEHHOW MaTpuLbl MO CPaBHEHWK C paHroM A, T.e. npu
BbINOMHEHWUW YCOBUIA
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a’Z(AT)a=0b"Z(A)b=0,b"A'a% 1,
crnpaeeannebl cneaywme COOTHOLLEHNA:
Z(A+ab' )=Z(A), Z((A+ab" )T )=Z(AT +ba" )=Z(AT),

A*ab"R(A) R(A)baTA+T+bTR(A)b . 7

alAt’
1+b"A*a  1+b'A*a  1+b'A%a '

R(A+ab” )=R(A)

Jlemma 2.
MycTb  NOAMPOCTPAHCTBA  [MNEPNNOCKOCTEN  SIBMAKOTCS  MHOXECTBAMM  3HaYeHuit  maTpuy
A(k),k =12 cootBeTcTBeHHO. Torga pacctosHua cooteetcteus Po(X, [ (k)),k 1,2 npon3BonbHOro BekTOpa

x eR™ no kaxmoi 13 aByx runepnnockoctert I (k),k = 1,2 onpenensTca COOTHOLLIEHUEM:

(M) =0 x ) Z(US(k)(x x) k=12, (1)

r
A(k):Zy,-(k)x,T (k)A;(k) pasm.s He 3adaHa
o Uy(k)= re12.
Zyi(k)X,T(k)/\,' (k) pasm.s 3a0aHa
i=1

Knactepusauus no runepnnockocTam

Cam anropuTm Krnactepuaauum nNo runepni-0CkOCTAIM COCTOUT B BbINOSTHEHUW CIEAYHOLLMX LLaroB.
1. TlepBuyHOE pa3bueHne Ha fBe COBOKYNHOCTY NPON3BONbHBLIM 06pasom.
2. [octpoenune cmeleHnin x,,k =1,2. CooTBeTCTBYIOLIME CMELLEHNS MOTYT BbiTb peanu3oBaHbl UK Kak

CpedHMe Mo BeKTopaM Kaxaon M3 OTOBpaHHbIX COBOKYMHOCTEM WNM B BUOE MPOW3BOIbHbIX
npeacTaBUTenNeil Kaxaon U3 HuX.

3. TlocTpoeHne maTpuy, Kaxgon n3 cosokynHocten A(k )k =1,2 n3 BekTopoB CTONOLOB Kaxaom w3 rpynn,
LlEHTPMPOBAHHbIX COOTBETCTBYIOLLMMI BEKTOPAMM CMELLEHMI, NOCTPOEHHBIX Ha Lware 2.

4. Onpegenenve runepnnockocten [(k),k =12 Kak Takux, KOTOpble 3a4alOTCs CMELLEHNsIMM,
BbIYMCNEHHbIMM Ha Lware 2, 1 NoAnpocTpaHcTeamu L, = LA(k),k =12

5. BblunCneHWe paccTOSHMA 3NEMEHTOB KaXOoW M3 COBOKYMHOCTEM [0 KaxgoW M3 ABYX MOCTPOEHHbIX
TMNEpNIOCKOCTEN C UCMONb30BaHNEM PE3YNbTATOB NEMMbI 2.

6. [lNepepacnpeneneHne BEKTOPOB MEXIY COBOKYMHOCTSIMI M MOBTOPEHUEM PEKYPPEHTHBIX LLIAroB.

I'Iepepacnpe,qeneHme 3NIEMEHTOB MOXHO peanu3oBbiBaTb Pa3HbIMU crnocobamn ¢ BBEAEHMEM noaxoasaLmx
napameTpoB asroputMma

Knactepu3sauus no runepnnockoctsMm — MoguduKkaLusa paccTosHUM

MOXHO NoKa3aTb, YTO PaccTOSHUS 4O MMNEepnnoCcKoCTe NEMMbI 2, ABNSIOTCS BapuMaHTOM KBaJpaTU4HOM (hopMmbl
C BECOBbIMM KO3(puLMeHTaMM, /\,2,i =1,r Hwxe npuBOAMTCA BapuaHT PacCTOSHWA OO0 TUNEPnNOCKOCTEN,
peanuaytoLmin naeto B3BeLLIMBaHUS cneaytowmm obpasom. MoanduumpoBaHHble paccTosHUA Og B 3TOM Crlyyae
ONpesensKTCcs COOTHOLIEHNEM:

1

. :
AT g X ) RN 0 k=12. 2

Pr(X.I'(k))=
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Knactepu3sauusa no runepnnockoctam [ anredpanyeckuit Jack Knife

[Mpu NpoBepke 3MeMEHTOB COBOKYMHOCTEN HA COOTBETCTBUE BbIYMCAIEHMEM PACCTOSHUIA No copmynam (1) wnm
(2) TecTMpyemble 9neMeHTbl NPUHMMAIOT yyacTue B (POPMMPOBAHWM TMUMEPNNIOCKOCTEN, MPEACTaBMNSIHOLMX
knactepbl. [loatomy uenecoobpasHon SBRSETCA Takas npouedypa MpOBEpKM COOTBETCTBUS, MPU KOTOPOIA
TECTUPYEMbIN SMEMEHT KnacTepa, MCKMIYaeTcs M3 uucna ob6beKTOB, KOTOpblE OMpesenstT Mccnesyemblin
knactep. B cTatuctuke Takasi npoueaypa UCKMoYeHUs HocuT HaseaHue “Jack Knife”(cknagHon Hox) [QdpoH,
1988]. lMoatomy npouenypy TECTMPOBAHWS Ha MPUHALNEXHOCTb KMAcTepy C MCKIIOYEHWEM TeCTUpyeMblX
3MEeMEHTOB M3 OnncaHus knactepa byaem HasbiaTh anrebpandeckum Jack Knife'om.

3ameTnM, YTO eCTEeCTBEHHbIM SBMSIETCA BapUaHT KnacTepusauuu, Korga UCKIIYeHWe SnemeHTa npueoauT K
nageHuto paHra matpuubl A(k )k =1,2. MNcesgoobpalleHne AaéT KOHCTPYKTUBHYIO SIBHYHO (POpMYMY NMPOBEPKM
COOTBETCTBYHLLErO YCIIOBNS.

VckrioyeHne TeCTUpyeMbIX 3MEMEHTOB M3 Kractepa W3MeHsIeT Kak caBur (LEHTp Knactepa), Tak U NMHenHoe
noanpoCTPaHCTBO knactepa. dopmynbl (1),(2) Npu TakoM UCKNKOYEHNUM, 04eBUAHBIM 06pa30M, NEPEnnCLIBaOTCS
B BuOe, QAN W3MEHEHHbIX cMeleHuid (Oyoem cunTaTb UX  CPEAHUMW) W U3MEHEHHBIX  MaTpuL:

X;ﬁo),/\(o)(k),k =1,2 COOTBETCTBEHHO.

Teopus Bo3MyLeHNs nceBnoobpaTtHbix maTpuy [KupudeHko, Jenexa, 1997]. [aét Bo3MOXHOCTb 3pdheKTBHOM
OpraHusauuy npoLeaypbl «OTCEMBAHWSA», B KOTOPOW KPUTEPUIA 3aMeHbI CTPOUTCS Ha OCHOBE NeMMbI 1 1 uMeet
BMA, Onpeaensemblid cnegyoLlein TEOpeMON.
Teopema. B ycnosusix nageHus paHra

2

(k),r% k)= T J=tn k=12,
p(x;(k).I; (k) ” @004 () zq(k)”zj Ny
" g IE e

Mne X; (k), I'j(o)(k) J=1,n,k =1,2 - nckniovaemble SNEMEHTbI KaXAO0N 13 COBOKYMHOCTEN W rMNepniockoCTH,

OTBEYaloLLMe «yCEYEHHbIMY» COBOKYNHOCTeN, a q (k) , j=1,ny,k =1,2 cTonbupbl ¢ HOMEPOM j, j =1,n, B kaxaoi

n3matpuu A" (k),k=12.
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META3BPUCTUYECKNA METO[ AE®OPMALIMIA ANA PELUEHUA 3A0AY
KOMBUHATOPHOW ONTUMMU3ALIMU

Neonna MN'ynaHULKUIA

AHHOmauyus: Mccnedytomes  npobnembl  pas3pabomku  npubIUXEHHbIX — aneopummos  KoMBUHamopHOU
onmumu3ayuu. [Mpueodumces hopmanusayusi NOHAMUS KOMOUHamOpPHbIX 06bEKMO8, N038ONAKWas CMPo2o
¢opmanbHo  onpedenumb  noHAmue  3adayu  KombuHamopHol — onmumusauuu.  [lpednazaemcs
mMemaaspucmuyeckuli anzopumm KoMbUHamopHOU onmumu3ayuu, Ha3eaHHbIl H-memodom, memasgpucmuka
KOMOpPO20 UCNOMb3yem aHano2uu C U38eCMHbIM 8 HedugdepeHyupyemol HenpepbigHOU onmumu3ayuu
memodom Hendepa-Muda. B kauecmee ecmpoeHHolU npouedypb! ucnonb3osaH G-aneopumm — O0OUH U3
aneopummos Cmoxacmuyeckoeo J1okanbHo20 noucka. Ob6cyx0aomes 80npoCkl npakmuyeckol peanusayuu
aneopummos npednoxeHHo2o H-wemoda. [lpusodsamcs pe3ynbmambi 8bIMUCTUMENBHOZ0 3KChepuMeHma no
peweHuto keadpamuyHbIx 3aday 0 Ha3Ha4yeHUsIX U3 useecmHol bubnuomeku.

Knioueeble crnosa: kombGuHamopHas —OnNMUMU3AUUS,  MEma’sepUCMUKU, — NONYNSUUOHHbIe — Memodbl,
Cmoxacmuyeckuli oKasbHbIL NOUCK, ksadpamuyHas 3adaya 0 HasHayeHuU.

BBegeHue

Cpean npuknagHblx npobnem MOAEnMpOBaHUS BWAHOE MECTO 3aHMMaloT 3agauu Bbibopa OnTMMarbHbIX
PELeHNN B OUCKPETHbIX (B 4aCTHOCTW, KOHEYHbIX) MPOCTPAHCTBaX, YeM 0OYCMOBMMBAOTCS NOTPEOHOCTM B
“ccnegoBaHUMM M BHEOPEHWW Mofenei u meTogoB komBunaTopHom ontummsaumn (KO). [Ons pelenus
BO3HMKaIOWWMX CMOXHbIX 3agad KO, a Takke Ans pelleHns 3agad MOBLILLEHHOM pa3MepHOCTM Heobxoauma
pa3paboTka HOBbIX OOLMX BbIYMCIINTENbHLIX CXEM (B TOM YucCne C pacrnapannenvBaHueM BbIYUCTIEHUIA) 1
nccnenoBaHne ux dgekTBHOCTM. MockonbKy GOMbWIMHCTBO MpaKkTUYecku BaxHbix 3agad KO oTtHocutes K
uncny NP-TpyaHbIX, OCHOBHOE BHUMaHWe yaenseTcs pa3paboTtke 1 uccnegoBaHunio npubnmkeHHbIX anropuTMOB.
lMporpecc B MOBbILIEHAN MPOU3BOAUTENBHOCTU BbIYUCIUTENBHON TEXHWKW MPUBEN B NOCnedHWe rogbl K
NOSIBNEHMI0 TaK Ha3blBaeMblX META3BPUCTUYECKUX (TMOPUAHBIX) METOAOB ONTUMM3ALIMK, NPUMEHEHUE KOTOPbIX
HanpaBfeHO Ha MOBbILLEHME TOYHOCTU pelweHns 3agad KO [1,2].

MeTaaBpuCTUYECKME METOALI OCHOBAHbI HA UCMONb30BaHMM ABYX TEXHUK: 06Lias cxema CTPoUTCs Ha 6a30BoM
MeTode (MeTasBpUCTUKE), B KOTOPYK BKMIOYAETCA Ta UMW WHas BCTPOeHHas npoleaypa. BomnblmMHCTBO
pa3paboTaHHbIX METa3BPUCTUYECKNX METOAOB OTHOCATCA K KMaccy MOMyNsIUMOHHLIX anroputmos [2], T.e.
anropuTMoB, B KOTOPbIX, B OTIINYME OT TPAEKTOPHbIX, Ha kaxkaon UTepaumn obpabaTbiBaeTcs He OAWH, a cpasy
HECKONbKO BapUaHTOB PELLEHMS.

B pa6ote [3] npeanoxeH anroputm KOMOGMHATOPHOW ONTUMM3ALMN, NPeaHa3HAYEHHbIA ANs UCMONb30BaHWS Kak
Ha TpaguuUMOHHbIX OBM, Tak M MHOrOMPOLECCOPHbIX BbluMCIUTENbHLIX kKomnnekcax (MBK), koTopblid Ha3BaH
MeToAOM [OehOpPMUPOBaHHbLIX MHororpaHHukoB (MOM). B ero BblMMCIMTENBHON CXEME OCYLIECTBASETCA
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rnobansHoe CKaHMpoBaHME MpPOCTPaHCTBa peUJeHVIﬁ peLuaeMoﬁ 3afayn, 4Yem noBbllAETCA BEPOATHOCTb
HaxoXaeHna bonee TOYHbIX BapMaHTOB pELUEHNA.

Hwxe nanaraetca metasspuctuyeckuin metog KO, HasBaHHbIN H-MeTogoM, KOTOPLIA B KAYECTBE METAIBPUCTUKM
ucnonb3yetr cxemy MM, a BCTpoeHHas npoueaypa OCHOBaHa Ha OOHOM W3 MOAMCUKALMA anropuTMOB
CTOXaCTUYeCKOro MoKanbHoro noucka.

Oobuwan cxema H-meTopa

B HacTtosiee Bpems oblenpuHaTbiM sBnseTca onpegeneqve 3agaun KO, npeanoxenHoe Managumutpuy u
Cranrnuuem [1,2,4]: HeobxoaMmo HanTn X+ € X TaKoe, 4To

X.=arg min f(x) (1)

xeDc X
roe X — KOHeyHoe (MnM, BO3MOXHO, CYeTHOe OecKOHeYHOEe) MPOCTPaHCTBO pelleHun 3agauu, D — ero
noanNpOCTPaHCTBO, Onpeensemoe orpaHudeHuamm 3agaum, f: X—R! — 3apgaHHas uenesas (yHKLMS 3agauu.

Takoe onpefeneHne OOHO3HA4YHO OTHOCUT K 3agadyam KO Bce npobnembl ONTUMM3ALMM HA KOHEYHbIX
MHOXECTBaxX, OfHaKO B Cryyae OECKOHEYHbIX MPOCTPAHCTB HE MO3BOMSET YETKO KnaccuuumpoBaTh 3agayu
ONTUMM3ALMN MO CTPYKTYPE 3IEMEHTOB NPOCTPAHCTBA peLleHunii. bepx [5] npeanoxun popmann3oBaTb NOHATHE
KOMOGMHATOPHOW KOH(Mrypauun cneaytowmm obpa3om: nycTb UMEEM m, N — HaTypanbHble, a TaKkke ABa
MHoxecTtBa U={1, ..., m}, V={v4, ..., v }, npnyem Ha V 3aaaH Hekuin CTporuin NopsiaoK Vi <... < v, (T.e. V - Lens).
Onpepenenne 1. KombuHaTOpHOM KOHGurypaumen HasbiBaetcs otobpaxenme ¢ :U — V', kotopoe
YAOBNETBOPSIET HEKOTOPOMY KOMMIEKCY OrpaHuyeHmin A.

/3 onpenienenuns crieayeT, 4To Npu (OUKCUMPOBAHHBIX M U N YACTO KOMOUHATOPHBIX KOH(UIYpaLnin KOHEYHO.
Bbi6op orpaHMyeHnii B A NO3BONSIET ONUCbIBATL Pa3nnyHble KOMOUHATOPHbIE KOHUTypaLWK.

Mpeonaraetca cnepytowee obobuieHne cxembl bepxa. Myctb 3aganbl Y={1, ... , m}, Z — OMCKpeTHoe, B
YaCTHOCTW, KOHEYHOEe NPOCTPaHCTBO (Ha3oBem ero obpasywowmuM), ¢ — romomopdusm, @:Y — 7,
YOOBMETBOPSIOLLMA HEKOTOPON CUCTEME OrpaHudeHnic Q. HanomHuMm, 4TO nog AMCKPETHbIM MPOCTPAHCTBOM
NMOHMMAETCS MHOXECTBO, COCTOSILLEE 13 U30MIMPOBAHHDIX TOYEK.

Onpepnenenue 2. lNog koMBUHATOPHBIM O6BEKTOM x Oyaem MOHUMATh Tpuady K=(¢,X ,Q), e X -
©a3oB0oe NPOCTPaHCTBO.

Onpegenenne 3. Hasoesem koMBUHATOPHbIMM 0ObekTamu 1-ro nopsigka Takme KOMOMHATOPHbIE OBLEKTbI, Y
KoTOpbIX 6a30BOE NPOCTPAHCTBO COBNAZaeT ¢ 0bpasyroLwmm:

Kk=(p,X

<),

e X, =2.
HetpynHo ybeauTbea, 4TO ecnu Z — 370 KOHeYHas LeMb, TO Takue KOMOUHATOpHble 00beKTbl COBMagalkT ¢

KOMBUHATOPHbIMK KOHDUTypaLmsamu B cMbicnie bepxa [5].
Onpegenenue 4. KombuHaTopHbIMKM 06bEKTaMI K-ro nopsaka (k > 1) Ha3oBeM KOMOMHATOPHbIE OOBEKTHI

K:((DaX(k)aQ)’

k
e X, <X, ,vX".

BosBpaliasich k onTUMuU3alnoHHoN 3agade (1), 4agum cnegyroLlee

Onpegenenue 5. 3agava (1) HasbiBaeTcs 3agaden KO, ecnm npocTpaHCTBO e pelueHnin X — 3T0 NPOCTPaHCTEO,
3MeMeHTaM1 KOTOpOro SABNAKTCH KOMOMHATOPHbIE 0O BEKTI.

B psipe passutbix anroputmMoB KO ans u3bexaHWs KOHLEHTpauMM Noucka B OrpaHMuYeHHoW nopobnacty
MPOCTPAHCTBA PeLLeHUiA 3a4a4m X 1 NOBbILIEHWS TOYHOCTW MOMyYaeMblX PELIEHN NCMONb3YOTCS NpoLeaypbl
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BO3MYLLEHNS (KaK B MOBTOPSIOLLEMCS JIOKabHOM MOUCKe [6]) v CKPEeLLMBaHWS U MyTaLWi, Kak B FeHETUYECKIX
anroputmax (FA) unu memetuyeckux anroputmax (MA) [1]. 3ametum, Yto nogoGHble mpoLeaypbl NOpoXaatT
NOAMHOXeCTBa BAapUaHTOB PeLLEHIs], KOTOpble HE COrnacoBaHbl C Tononorven npoctpaHcTaa X. B 10 e Bpems,
npumepom noaobHoro cornacoBaHus sBnsietcst ynomsaHytoin MOM. OcyuiecTBnsieMoe B HEM MCMOMNb30BaHME
cneynanbHbIX OTPE3KOB JaeT BO3MOXHOCTb CHHTE3MPOBATb MOUCK B OKPECTHOCTAX M rnobarnbHoe CkaHUpoBaHue
NPOCTpaHCTBa peLleHuit X, npuyem npouegypa CkaHWpPOBaHMUs, B OTNMYME OT OBLMX ONepaTopoB BO3MYLLEHUS
unu pexombuHaumm B 60NbLUIMHCTBE APYTUX METAIBPUCTUYECKUX METOAOB, ONpeaenieHHast KOHKPETHO.

Ha ocHoBe cuHTesa mgen MOM u G-anropntMoB [7] (a Takke nogxoAa Ha OCHOBE MOMYMSILMIA, KOTOPbIA 6bin
“Ccnonb3oBaH, Hanpumep, npu paspabotke A ¥ dpoHTanbHbIX anroputMoB [8]), npednaraeTcs cxema
rmbpuaHoro anroputma, HassaHHoro H-metogom [9].

B anroputmax MM cyLLeCTBEHHYH pornb UrpaeT NoHsTUe d-ompeska /X, yl, COedMHAIOLLEro NpOU3BONLHbIE ABE
TOuKN X, ye X, X=(X,d) — MeTpuyeckoe NpocTpaHCTBO ¢ MeTpuKon d [8].

Onpegenenune 6. Haszosem d-ompeskom /X, y/ ynopsmoveHHY0 COBOKYMHOCTb TOYeEK X; € X, i=1,..., k, KOTOpble
ygoBneTteopstoT yenosuto: d (x, xi) +d (x;, y) = d (x, y) ans Beex i =1,..., k, npudem x1= X, X=y, a d(x, x) < d (x,
Xi+1) i=1,..., k=1, Npn 3TOM He CywWecTBYeT ToukM z € X TaKoi, uto d (X, Z) + d (Z, Xw1) = d(X, Xi+1), Z# X,
Z# X+, =1, k=-1.

Onpegenenue 7. d-uHmepsanom < X, y > Ha30BEM yNOPSAOYEHHYI0 COBOKYNMHOCTL /X, ¥/ \ {X, y}.

[anblie Oyaem paccmaTpuBaTb Takue MPOCTPAHCTBA BapuaHTOB peluenus X, ans kotopbix d (x, y)=b h (b -
HaTypanbHoe, h > 0), npuyem ecrm d (X, ¥) >h, TO MHTEpBan <x,y > # . be3s ywepba ans 0bLWHOCTI NONOXMM,
yto D = X, 1.e. X 6yget urpatb porb NPOCTPAHCTBA AOMYCTUMBIX PELLEHNA.

BblumcnutenbHas cxema H-metoga B TepMUHAX 9BOMIOLMOHHbLIX BbIYMCIIEHUI NpefcTaBneHa Ha puc., rae

G_Search — npoueaypa G-anroputma [7], OCyLLECTBMAKLEro NOUCK NIOKANbHOrO onTMMyMa (He WUCKMYaeTcs
BO3MOXHOCTb UCMOMb30BaHNSA 1 APYroro MeToAa Nnoucka fokanbHo ONTUManbHOMo TUNa).

procedure H (x);
begin
h :=0; P :=g9;
for i:=1 to m do
X := HEKOTOPEM HAYaJILHEM BapPMAHT PEUeHUs;
x := G_Search (x);
p’ := Plu X;
end for; {cboopmupoBaHa HauaylbHas NOIYJISLUI oy
repeat
P ::Ph;
for i:=1 to k do
OrboplnsaBapmuauunm (x,y€eP) ;
NocTpoeHuelloyMHTEepBaia <x,x/ : ye < x, x/ & f(x)>f(y);
z := arg min {f(u) : u € <x,x/ \ Ls (y ), ve <x,x/ };
z := G_Search (z);
P := PU z;
end for; {cboopmmpoBaHa BpeMeHHas MNONyJIAUMSI M3 m+Kk TOouek}
for i:=1 to 1 do
OrboplnaMyrauum (xXeP) ;
z:=Myrauma (x, NpPeneICcTopuHA) ;
z:=G_Search (z);
P:=PU z;
end for; {cbopMmpoBaHa BpeMeHHas NONyJaauus M3 m+k+l Touek}
Pl = Orbopllonynauum (P) ;
h :=h+1;
until He BrIONHSAETCsS yCJIOBME 3aBEPUIEHNS;
x := arg min {f(u): ueP};
return x;,
end

Puc. Cxema H-metoaa
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OcHoBHble napameTpebl H-meToaa:
m — 4ncno ocobeit B nONynsLmMm (B TEPMUHAX 3BOMIOLMOHHBIX BbIYMCIIEHNN);

k — konn4ecTBO nap ocobeil, BbIGUPaeMbIX ANs UCCeaoBaHus (MPOBELEHUS MONYMHTEPBAMOB OT TEKYLLEN TOUKM
[0 MaKCUManbHO YAaneHHO! 1 NoMcka MAHUMYMa Ha 3TUX NPSIMbIX);

| - konn4yecTBo ocobei, KOTopble NOANEXaT MyTaLuy;

S — pagnyc METPUYECKON OKPECTHOCTM L(y), TOUKM KOTOPOI, HaXOASALMECS HA MOCTPOEHHOM MONyWHTEPBANe,
WCKIHOYAKTCS U3 pacCMOTPeHMs (B BOMBLUMHCTBE CNy4YaeB S — HAaTypanbHoOE);

X® — TOYKa, MaKCUManbHO YAaneHHas B MPOCTPAHCTBE BapWaHTOB PELIEHUA OT WCXOAHOW TOYKM X
(onameTpanbHO NPOTMBOMONOXHAS B NPOCTPAHCTBE X TOUKa).

Kpome umcrneHHoOCTM nonynsiyum m, apyrue napameTpbl MOTYT U3MEHSITbCS OT UTEpaLMn K UTepaumuu, TO eCTb
OnpeaensThCs AMHAMUYECKM C Y4ETOM X0Aa NpoLiecca noucka SKCTPEMYMOB.

Kak n B anroputme MOBTOPSIOLLErOCS MOKanbHOrO noucka unu MA, npefnaraemblil MeTod onepupyeT ¢
NoKanbHbIMK 3KCTpeMyMamm. X MHOXeCTBO P urpaeT posib, aHanornyHyto nonynauuu 8 FA unn MA — noatomy
NCMONb30BaHHbIE B HEM TpW npouedypbl 0T6opa MOryT peann3oBblBaTLCA MO aHanorM C 3BOSOLIMOHHBIMM
anroputmMamu. [puHUMNManbHOE OTnMuYMe anroputMa H-metoja — rnobanbHbll  XapakTep nowucka B
NPOCTPaHCTBE peLLeHU X NyTeM HaxoXoeHWs CyOonTMMarbHOMO peLLeHMs UCXOOHOW 3afayM Ha OCHOBE
peLLeHns noasagayuu smaa:

z=arg min S, (2)
ue<x,x°°/\LS (»)

roe ye<x, x=/.

BOI'IpOCbI peanusauum KnwyeBbiX aCNeKToB BbIYUCNUTENBLHOW CXEMbI

[Mpy NpaKTM4eCKOM NPUMEHEHUM anropuTMOB H-meTofa Oblno OTMEYEHO, YTO MOCKOMbKY BbIBPaHHbIE TOYKM X U Y
SBNAOTCS NOKaNbHbIMM 9KCTPEMYMaMU, TO YaCTO MOXET BO3HUKATb CUTyaLus, Koraa z=y. Bo nsbexanwe atoro u
BBOAMTCA napameTp S > 0 — 3Ha4eHne paanyca METPUYECKON OKPECTHOCTM Lg(y), TOUKM KOTOPOI UCKITIOUAIOTCS M3
paccMoTpeHuss B noas3apavax (2). [loHaTHO, 4TO [Ang  OOMbLUMHCTBA KOMOMHATOPHBIX MPOCTPAHCTB
LenecoobpasHo BbIbupaTb S = 1, UCKMOYas TeM CaMbiM BO3MOXHOCTb OMpedeNneHus TOYKW y B KayecTse
cybonTMansHOro peLleHns B ykasaHHON noasagave.

Kak v B anroputmax nokansHoro nowcka, npu peLleHny noasagay (2) MoxHo n3bexartb NOBTOPHOTO BbIYNCTEHNS
3HAYEHWIN LieneBon (YHKLMK: CTOUT BbIYMCIIATL NULWb PasHOCTb A = f(x)—f(y), yunTbiBas TOT dakT, YTO OTPE3oK
COCTaBMAKT NNLWb COCEAHNE TOYKM — BO MHOTMX CIyyasiX BbIYUCIEHWUS Pa3HOCTK UMEET CyLeCTBEeHHO bonee
HU3KYIO TPYAOEMKOCTb.

B oTnnume OT onepaTopoB CKPELUMBAHUS WM OPYrUX HECTPYKTYPUPOBAHHBIX OMEepaTopoB pekoMBuHaLmu
npeanaraeMbln Noaxoq He nO3BOMNSET "CTArMBATLCA" TOYKaM TekylleW nonynsuuu P, noatomy oTnagaet
HeobX0AMMOCTb B AMBEPCUdMKaLIM pe3ynbTaToB, koTopas 0bblvHO npounasoauTes B FA unm MA.

lMocne aTtanoB Bapuauuu 1 MyTauum obpasyeTcs BPEMEHHOE MHOXECTBO P, KONMMYECTBO TOYEK B KOTOPOM
OrpaHuyeHo BenuunHon mk+l. 3agaven npouenypsl Omcesllonynayuu SBRSETCA YMEHbLUEHUE YnCra TOYEK B
P cHoBa Kk BenmuuHe m.

Mcnonb3oBaHWe NpeanoXeHHOW CXEMbl NO3BONSIET Nopoxaate cemeictso anroputmoB KO. 3ametum, 4To npu
m=1, k=0, | > 0 nony4yaem cxemy NOBTOPSIOLLErOCA NOKanbHOro moucka [6], a npu [ = 0 — anroputm 6e3
CNONb30BaHNsST BO3MYLLEHWI.

OTMeTMM Takxe, YTO MEXaHW3M MOPOXAEHUS CyOONTUMAnbHOMO PELUEHWS Ha MONyWHTepBane no3BonseT
MPOBECTU OTHANEHHY0 aHaroruo ¢ anroputMoM paccesiHHoro noucka [10]: ero MOXHO NpeacTaBnsATb Kak
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JencTane cneumndmyeckoro onepaTtopa pekombuHauum, KOTopblidi DOPMUPYET MOTOMKa OT Tpex poauTenei —
TOYEK X, , X eX.

[pyron nyTb NOPOXAEHUS anrOpUTMOB — 3a CHET arnbTepPHATUBHbIX CMOCOOOB KOHKPETU3aLmMM (C y4eToM onbiTa
MPUMEHEHNSI U CrieLndmKN peliaeMoil 3aa4n) CreayoLyX acnekToB obLLen cxeMbl MeToaa, NPUBEAEHHON Ha
puc.

1) Mpaeuno oTbopa oyepeHOMN Napbl TOYEK X,yeP ans Bapuauum:

- BbIBOp TaKMX TOYEK, KOTOPbIE OTBEYAKT HaWUyYLLIEMY U HAUXYALIEMY 3HAYEHMIO (DYHKLMM NPUrOAHOCTM
cpeau Touek P;

- CNy4anHblil BEIGOP TOYEK C BEPOSTHOCTLI, MPOMNOPLMOHANBHON MPUTOSHOCTM UK APYTUM NOKasaTensM;

- Bblbop "Hamxygwei TOYKM" X U CryyYaiHbIA BIGOP TOYKW Y, MPUYEM NpU 3TOM CriedyeT YuuTbiBaTb W
YOANEHHOCTb TOYEK X Wy — Kak B MPOCTPAHCTBE PELUEHWA 3adaun, Tak U Mo 3HAYeHUsM LieneBoi
PyHKUML.

Bo Bcex cnyyasx LenecoobpasHo, kak mokasan onbiT pewenus 3agad KO, B kayectBe HavanbHOW TOUKA X
BbIOMpaTh Ty TOYKY M3 OTOBPaHHOM Napbl, y KOTOPOK "Xydllee 3HaveHne" Leneson dyHKUMM. MHbIMK cnoeamu,
AN 3agady MuHUMM3auuu 6onee apgEKTUBHO NOWMCK OCYLLECTBRSETCS B Cryyae, Korga BbIMOMHAETCS
HepaBeHCTBoO f(x) > f(y).

2) Ombop 0na mymayuu: B CaMmOM PacnpoCTPaHEHHOM Clyyae 1Ccnonb3yeTcs cryvanHblil ot6op / Touek. Cama
MyTaunst OObIYHO 3aKMo4aeTCsl B BO3MYLLUEHUM HECKOMbKMX KOMMOHEHTOB 3a[aHHOr0 BapuaHTa peLueHus,
BbIOpaHHbIX CryYaiHbIM 06pasom.

3) Crparterus copmuposaHusi Hosom nonynauum (Ombopllonynauuu), koTopast AOMKHA B UTOre COCTOSATb U3 M
TOYeK, M3 00pa3oBaHHOI BpEMEHHON nonynsuum obbemMoMm m+k+ Todek:

- 0TOOp M CaMblIX NPUrOAHbIX TOYEK;

- BKIKYEHMe NOTOMKOB Ha OCHOBe kpuTepust MeTpononuca;

- 3aMeHa BCeX m PoAUTENen Nyywnmm u3 k+/ notomkoB, m < k+.

Mpu onpeaeneHnn yHKLUMM NPUTOSHOCTU NS KOHKPETHOW TOYKM M3 P KpOMe 3HaueHMsl LLeneBon (yHKLWK
YMECTHO AOMOMHUTENBHO YUUTBIBATL €LLe U Takue nokasaTenu:

- 4ucno npoueayp 0T60pa, B KOTOPbIX AaHHaA TOYKa Obina Bbl6paHa Ana Bapuauuu,
- YKUCINO NOTOMKOB, KOTOPbIE yXe OT6MpaJ'IMCb B OOHOBMNEHHbIE nonynauuu;

- "BpPEMS XW3HM", T.e. YACNO OCYLLUECTBMEHHbIX UTEpaLmii, B TEYEHNE KOTOPbIX TOYKA He BblbbiBana W3
MHOXecTBa P.

4) Kputepuem 3aBepLLEHNS BbIYMCIIUTENBHOMO NPOLIECCa MOXET ObITh:

- MpeBbILUEHNE 3aAaHHOTO Yncna Hmax 0OHOBNEHMI nonynsiuum P (anroputm 3aBepLuaeT paboty, ecnm h >

Humax);
- cTabunusauusi peKOpAHOrO UMK CPeAHEro 3Ha4eHus LIeNneBom hyHKLWM B TOYKaX MHOXecTBa P:
> f(x)
f_‘ _ xe P .
m

- CTpemneHMe K Hymwo pasbpoca 3HayeHWid  Lenesod  YHKUMM B TOYKaX  MHOXeCTBa
P: o=max{f(x): x eP} — min{f(x): x eP};
- [OCTWXEHWE CWUTyaLuu, Korda BCe mapbl TOYEK M3 OYEepedHON MOMynsauMM yKe MpUHUManu yvactue B

(*)OpMMpOBaHI/IVI NonynHTEPBAIoB — €CN NCNOoJb3yeTCA OAHO3HAYHbI cnocob NOCTPOEHUA METPUYECKMX
nonyunHTepBanos <X,X~/.

5) Cnocob nocmpoeHusi nonyuHmepsanog <x,x=/. PaccMaTpuBaeMble KOHEYHblE KOMOMHATOPHbIE METPUYECKME
NpoCTPaHCTBa X MMEIOT [BE TaKue XapaKTepHble 0CODEHHOCTY.
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Bo-nepBbIX, AN NPOM3BONMBHOTO Xe&P  "MaKkCcUMarbHO yaaneHHon" sBnseTcs Touka,  YOOBMETBOpSioLLast
ycnosuto:  x*=max {d(x, y): yeX}, rae d(x, y) — 3apaHHas Ha npoctpaHctee X meTpuka. OTMETUM, YTO YacTo
9TO 3HauYeHne paBHO AnameTpy npocTpaHcTea X.

Bo-BTOpbIX, BO MHOrMX KOMOMHATOPHbIX METPUYECKMX MPOCTPAHCTBAaX MEXAy ABYMS HECOCEAHWMM TOUKamu
X,yeP  OblBaeT BO3MOXHbIM MOCTPOEHME HE OOHOro, a Cpa3y Heckonbkux d-oTpeskoB. [loatomy npu
peanusauum H-anropuTMOB CrieqyeT pasnuyath Ciyyan, Korga u3 MHOXECTBa BO3MOXHbIX d-0TpeskoB /X,y/, d(X,
y)>h, Bcerga no KOHKPETHOMY MpaBWny MOCTPOEHUS BbIOMPAETCA TOMbKO OAWH OTPE3OK, Unu Korga MoryT
paccMaTpuBaTbLCS/CTPOUTLCS BCE BO3MOXHbLIE OTPE3KW. B 3aBUCUMOCTM OT 3TOr0 MOXET MOAUPULMPOBATLCS U
npasuno "Omcee[nsBapuayuu”: ecrnn paccMaTpUBaeTCs OAWH BO3MOXKHBIA MONYMHTEpPBAN <X, X*/, MPUYEM
ye<x, x*/, T0O BEPWWHbl X W y nocne ux Bbibopa cnegyeTr OTMETUTL Kak "0TpaboTaHHbIE", MOCKOMbKY WX
NOBTOPHbIA BbIGOP CTAHOBMTCA HelenecoobpasHbiM. Ecnu xe WMeeTcss BO3MOXHOCTb CTPOUTb BCE UMK
HECKOMbKO BO3MOXHbIX MONYMHTEPBANOB <X, X*/, TO MOBTOPHbIA OTOOP HEKOTOPOWA Mapbl X,y CTAHOBUTCS
BO3MOXHbIM, ecrv npn aTom byaeT obecneyeHHO NOCTPOEHIUE MMEHHO HOBOTO NOMyWHTEPBana.

OTtmeTum, YTO Npm pelueHnmn 3aaady KO 6onbLuoii paaMepHOCTM npoLieaypa onTMMU3aLMn BOOMb NONyWHTEPBANa
MOXET OKa3aTbCA AOCTATOYHO TPYAOEMKOW. B Takux cryyasx MOXHO BBECTW [OMOSHUTENbHbIA NapameTp
anropuTma, KoTopbli 6bl ONpeaensn Yactb NOMyMHTEPBana <x, X/, NoafexaLlyl NPocMOTpy B 3agayax (2) — 1o
ecTb onpegensn Obl MakCUManbHO AOMYCTUMYKO YAAneHHOCTb TOMEK X M X° B CMbICTie  METPUYECKOro
PaCcCTOSHUS.

CnepgyeT 0cob0 OTMETUTb, YTO aHaNOMMYHbIA NapameTp obsizaTenbHO CriedyeT BBOAMTL B TOM Crlyyae, Korga
npocTpaHcTBo X sBnsieTCs GECKOHEYHbIM, MOCKOMbKY TOr4a TOYka X°  OEWUCTBUTENbHO YCTPEMIISeTCs B
GecKOHEYHOCTb, @ MoMnywWHTepBan npespallaeTcs B Nyy, a 3agava (2) Oyaet umeTb 6GEeCKOHeYHoe 4MCno
BapWaHTOB PELLEHMS.

BbluncnutenbHbIN 3KCNEPUMEHT

lMockonbky TeopeTuyeckue uccnegosaHus anroputmoB KO kpailHe pefko MO3BONAKT nonyyaTtb pesynbTarthl,
NPUrogHble NPy PELIeHNN NPaAKTUYECKUX 3afad, MPUHATO aHanM3MpoBaThb MokasaTtenu 3hPEKTUBHOCTM NyTeM
NPOBEAEHNS BbIYMCIINTENBHBIX KCNepUMEHTOB. C 3TON Lienbio 4acTo ucnonbayT "knaccuyeckue” mogenmn KO —
npexge BCero, 3afjadvy KOMMMBOSKepa WM KBagpaTUyHyl 3agadvy O HasHadeHusx [1]. B [11] npuseneHbl
pe3ynbTaThl BbIYUCIIMTENBHOTO KCMEPUMEHTA N0 CPaBHEHWMIO MeTaaBpucTUieckoro metoga G-I'A, ocHOBaHHOMO
Ha cuHTe3e (rmbpuamsaumm) cxembl G-anroputmoB M A, ¢ pasHbiMu Mogndukaumsamm TA (B ToM uucne,
Ormskummn k MA [1,12]) npu pelieHM M3BECTHBbIX 3aday KOMMWBOSDKEpPA. Pe3ynbTaTbl 3TOro SKCnepuMeHTa
NPOAEMOHCTPUPOBANK NpenmMyLlecTBo Metoga G-FA, YTO NOCMYXWUNO OCHOBAHWEM ANS WCMONb30BaHUS €ro B
Hallem 9KCMepUMEHTe MO peleHuio cepun Oonmee TPyZOEMKMX KBaZpaTWMYHbIX 3adad O HasHaYeHMsX,
3aNMCTBOBaHHbIX U3 N3BECTHOW MHTEpHET-6MbnmnoTekm [13].

[Ona pelweHns Ha3BaHHbIX 3agay Obin  0TOBpaH CrneumanuavpoBaHHbI  KOMBWHMPOBAHHBIN  anropuTM,
pa3paboTaHHbIA CreunanbHO NSl PelleHus 3aadv Ha MepecTaHoBKax Ha OCHOBe Cxem [A M nokanbHoM
ontummaauum (o6o3sHaveHne KI'A), a Takxe nuaep ynomsHyToro akcnepumenta — anroputm G-T'A [11]. B Tabn.
npuBedeHbl pesynbTaThl peLleHus AecaTu KBaapaTUUHbIX 3ajay 0 HasHauveHusx u3 [13]. 3geck f+ — nsBecTHoe
3Ha4eHWe LieneBoit YHKUMM B TOYKe rnobanbHoro MUHUMYMa, f — HallieHHOE COOTBETCTBYIOLMM anropuTMOM
3HaYyeHWe LeneBon (oyHKUMKM, & — OTHOCUTENbHas norpewHocTs anroputMa (%), t — Bpems cyeta Ha MOBM
knacca Pentium-Il (c). B peamusoBaHHOM anroputme H-metoga Bbibupanoce m=10, a MyTaumm He
npoussogunuchk (I = 0). [Ins kBagpaTU4HbIX 3aday O HAa3HA4YEHWAX MeHbliei pasmepHocTn (19-20) nyudiwme
pesynbTathl npogemoHcTpuposanu A, HO yxe ana n > 20 nposiBUNOCL NPeUMyLLeCTBO H-MeToaa, KOTOpbIM
yallle Haxoamn ToYHoe pelueHust. /13 anroputMoB Ha 6a3e reHeTudeckux TouHee 6bin G-I'A, npuyem nonyyaemas
M TOYHOCTb Obina BbICLUE N0 OTHOLLEHWIO K pedynbTatam KI'A 6onee yem B ABa pasa.
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Vcnonb3oBaHue crneumanbHo  paspaboTaHHOM  Mpouedypbl  aBTOHACTPOAKM MmapaMeTpoB  MO3BOMMIO B
JanbHenwem H-MeTogy A0CTUYb OMTUManbHbBIX 3HAYEHUIA NPaKTUYEeCKu BO Beex 3ajavax (B 3apadve LIPA40A -
3a 150 ¢, B 3apgavax CHR20A n CHR20C — 3a 7 1 5 ¢ COOTBETCTBEHHO).

Tabnuua 1. PesynbTathl pewexns K3H

Hassanu | n f KrA G-TA H-meTog

€ 3afauu f S t f t f S t
ELS19 19 1721254 | 1721254 0 4 | 1721254 | 0 6 1721254 0 18
CHR20A | 20 2192 2192 0 2 2192 0 6 2396 9 5
CHR20B | 20 2298 2298 0 3 2298 0 5 2498 9 6
CHR20C | 20 14142 14142 0 5 14142 0 7 16872 19 17
NUG21 | 21 2438 2447 04 5 2438 0 8 2438 0 6
NUG22 | 22 3596 3614 0.5 8 3598 0.1 7 3596 0 6
LIPA40A | 40 31538 31779 0.8 | 80 31629 03 | 174 31649 04 | 103
LIPA40B | 40 476581 485132 1.8 | 152 | 480056 | 0.7 | 132 | 476581 0 28
LIPA5S0A | 50 62093 62891 13 | 612 | 62467 0.6 | 668 62589 0.8 | 325
LIPA50B | 50 1210244 | 1246510 | 3.0 | 694 | 1227348 | 14 | 649 | 1210244 0 185

3aknioyeHue

MpeanoxeHHbIn H-meTog MoxeT ObiTb WCMOMBb30BAH NS PELeHWs LUMPOKOTO Kpyra 3agay KoMOWHaATOpHOM
ONTUMM3ALMN, MOCKOMbKY OH W3MOXEH Npu BecbMa O6LMX NpeanonoxeHnsx o pelwaemoit 3apgade KO. Ero
BbluMCIIUTENbHAS cxemMa 3DPEKTUBHO pacnapannenveaeTcs, YTo MOATBEPKAEHO WUTOraMW BbIMMCTIUTENBHOMO
akcnepumMeHTa no pelwernto 3agad KO Ha knactepHom MBK CKUT, paspaboTtaHHoM B UHCTUTYTE KMOEPHETUKU
um. B.M. nywkosa HAH Ykpaub [14].

BaxHon Lienbto JanbHeAWwmx TEOPETUYECKUX 1CCNEOOBaHMN MOXET CTaTb nonyyeHune yCJ'IOBI/IVI CXoAumMoCTn u
TPyAOEMKOCTM anropuTMOB MeToa, NpeAHa3Ha4YeHHbIX And pelleHna KOHKPETHbIX KIaCcCoB 3adad KO.
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OAWH KNACC ANIFOPUTMOB CTOXACTUYECKOTI O JTIOKAITBHOIO NOUCKA

Neonup Mynanuukun, Anekcanap TypumH

AHHOMayus: Paccmampusatomes aneopummbl yYCKOPEHHO20 8ePOSMHOCMHO20 MOOenuposaHusi, Komopble
OMHOCAMCS K Knaccy Memodos cmoxacmu4yecko20 J10KanbHo20 noucka. [pusodumces obwasi 8blqucIuMenbHast
cXxema aneopummos, Ha 0CHO8e KOmopol C UCNOb308aHUEM NPUHYUNE «30/10MO020 CeveHusi» npednazaemcs
aneopumm  KomMbuHamopHoU — onmuMu3ayuu, HaseaHHbIl  GS-aneopummom.  Mccnedytomes  80npockl
cxodumocmu npednoXeHHO20 aneopumma Ha OcHoge aHanusa uenell Mapkoea. [lpusedeHa oueHka yvucna
onepayuti, Heobxo0umbix 01151 docmuxkeHus 2mobanbHo20 peweHus. [aH 0630p NPUMEHEHUST PaCCMOMPEHHbIX
anaopummos 0519 peweHus pasHbix munog 3aday KomMbUHamopHOU onmumu3ayuu.

Knroyeenie cnoea: combinatorial optimization, stochastic local search, simulated annealing, Markov chains.

BBepeHue

Ona pewenns 3apay komOuHaTopHom onTumusaumm (KO) WMpoOKOe NPUMEHEHUE HaLMW NPUBIKEHHBIE
anroputMbl. JT0 06BACHAETCS PsROM 0OCTOATENBCTB, CPEaN KOTOPbIX BbIAENUM CMEAyHLMe: BO-NEpBbIX, BCe
MpaKTMYeCKN BaxHble 3afaun OTHOCATCA K uuciy NP-TpygHbIX, Tak 4YTO TOYHOE WX pelleHWe BecbMa
npobnemMaTnyHoO Aaxe C UCNoNb30BaHMEM COBPEMEHHbIX M NEPCMEKTUBHBLIX KOMMbIOTEPOB; BO-BTOPbIX, LIENEBbIE
GYHKUMN UMEIOT, Kak npaBuno, GOMbLIOe KOMMYECTBO NOKanbHbIX 3KCTPEMYMOB; B-TPETbWX, BO MHOMX
npuknagHblx npobrnemMax [daHHble 3ajaloTcs € ONpedefieHHbIMW  MOTPEeLHOCTAMM,  4YTO  Aenaet
HeLenecoobpasHbIMK T CyLLECTBEHHbIE BbIYACIUTENbHbIE 3aTPaThl, KOTOPbIE HEODXOAUMBI ANt HAXOXKAEHMS UX
TOYHOMO PELUEHMSI; B-4ETBEPTLIX, NOSIOXEHHbIE B OCHOBY Pa3paboTku MpuONMKEHHbIX BbIYUCTIUTENBHBIX CXEM
naen (MeTasBpUCTMKM) MO3BOMNSIKOT CO3haBaTb anrOpUTMbI, KOTOPbIE MOTYT pellaTb HE OFHY, a Lenblil Knacc
B1m3ki1x No opMyNMPOBKE ONTUMM3ALMOHHBIX 3azay.

B panbHeiwem nog 3agadein KO Byaem noHumatb npobriemy noucka xots Gbl OQHOTO aprymeHTa akcTpemyma
3aaHHON LieneBoi yHKLuK:

N=arg min Sx) (1)

xeD,cX
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roe X — KOMOMHATOpHOE (KOHEeYHoe) MpOoCTPaHCcTBO, Dy — €ro NOAMHOXECTBO, NEMEHTbI KOTOPOro
YAOBNETBOPSIOT  OrpaHMuMBalOLM YeroBusM 3ajadwn,  f: X —R' — uenesas yHKuMs 3amaum
MUHAMU3ALIAN.

OTMeTUM, YTO GOMbLUMHCTBO MONYYEeHHbIX Pe3ynbTaToB Ge3 Tpyda NepeHocuTCa 1 Ha TOT cnyyait, korga X (unu
TOMbKO Dy ) — AMCKPETHOE CYETHOE NPOCTPAHCTBO.

OnHuUM M3 pacnpocTpaHeHHbIX 1 addekTnBHbIX anroputMoB KO sBnseTca Meton umuTtaumoHHoro omxura (MAO)
[1]. OnbiT  npumeHenmns anroputmMoB MO nokasan, 4To nonyyYaemble pe3ynbTaTbl MMEKT BbICOKYK) TOYHOCTD,
3hHEKTUBHO peanunaytoTcs Ha MHOTOMPOLECCOpHbIX IBM.

B MWO BeposTHOCTb MPUHATUSI OYEPEHOr0 peLLEeHUsl 3aBUCUT OT CTENeHU W3MEHEHWs LieneBoit dyHKLMK,
abconioTHas BenMuMHa KOTOpoM MacwTabupyetcs ¢ nomolwblo napametpa T (B MMO oH HasbiBaeTcs
Temnepatypoi). Ero uameHeHve (TemnepaTypHOe pacnucaHue) 3apatoT Tak, 4Tobbl Mo Xogy MpUMEHEHMs
anroputMa B MCCrefyemoi OKPeCTHOCTW BEPOSTHOCTM nepexoda K XyAWWM BapuaHTam pelleHns (T.e. K
BapuaHTam ¢ 60MbLUMM 3HaYEeHMEM LieneBom dyHKLmMK) yObiBanm Obl OT UTepaLmMmn K UTepauum, CTPEMSICh K HyNH.
Ycnosusi, KOTOpble OMpefenstoT HeobxoaumocTb nepexoda K HOBOMY 3HauveHuio napametpa T, B MUO
Ha3bIBaKOTCS YCMOBMSMU paBHOBECKUS. Hanmnume Takoro BEPOSTHOCTHOrO MexaHu3Ma Co3haeT npeanochinki Ans
BbIxofa B Havane novcka anroputmMoB MO 13 nokanbHbIX SKCTPEMYMOB, @ B KOHLE BbIYMCIEHMIA cnocobeTyeT
KOHLIEHTpaLIMK1 NOMCKa BOKPYT YNyYLLEHHbIX MOKaIbHbIX PELIEHN.

B TOT Xe Bpems, MPOBEAEHHble MHOTUMM WCCREAOBaTENSMU BbIMMCIUTENBHBIE 3KCMEPUMEHTbI BbISBUMN
CYLLECTBEHHbIE 3aTpaThl KOMMBIOTEPHOrO BPEMEHW HA MOMCK PELUEHWIA, @ TaKKE 3HAYUTENBHYIO M3MEHSEMOCTb
TOYHOCTM MOMYy4YaEMbIX BAPWUAHTOB PELUEHMIA 33ag4ayuu B 3aBWCMMOCTM OT 3adaHus 3HAYEHWUA BapbUPYEMbIX
napameTpoB. HeobxoanmocTb B 0000LLEHMN BEPOSITHOCTHBIX MEXaHW3MOB M B MOBbILIEHUM 3GPEKTUBHOCTM
anropuTMOB [MCKPETHOM ONTUMM3aLMW npuBena K paspaboTke anropuTMOB YCKOPEHHOTO BEPOSITHOCTHOTO
MOLENUPOBaHMs [2], B KOTOPbIX NPUMEHEHA MHAS BEPOSITHOCTHAS MOAENb.

G-anropuTmbl

B anroputmax yCKOpPEHHOrO BEPOSITHOCTHOTO MOLENMPOBAHMS, KOTOPLIE MOMyYuNnu elle Ha3BaHWe G-
anropuTMbl, Ha KaXOOW MTepauuM Takke OCYLLECTBNSETCS NOCTPOEHME TOYEK W3 OKPECTHOCTU TEKYLLEero
BapuaHTa ¥ ynyyllawme BapmaHTbl BCerga NpMHUMAKTCs B KaYECTBE 04EPEAHOT0 NPUBIKEHMS, a BapnaHTb,
COOTBETCTBYIOLLUME YXYALEHMIO (BO3PACTAHMIO — B Cly4ae MAHUMU3ALWK) LIeneBor (yHKLMK, Takke MoryT BbiTb
BblOpaHbl C HEKOTOpoW BeposiTHOCThID. OpHako, B otnmume oT MWO, 3HaueHus 3TUX BEpPOSTHOCTEM
PacCYMTLIBAKOTCA AHANOMMYHO Ha MPOTSXKEHWWM BCETO BbIYMUCIMTENBHOMO MPOLEecca, HO M3MEHSIeTCA BECOBOE
3HaYeHue, KOTOPOe ONpeaensieT YCoBIUS OTCEBA YXYALWALLMX BAPUAHTOB.

[ns  NOCTPOEHWS  BbIYUCTIUTENBHOTO  Mpouecca  (hopMMPYeTCs  CTPOr0  MOHOTOHHO — BO3pacTaroLyast
nocneAoBaTenbHOCTb AeicTBUTENbHbIX uncen {4 },0 < 1, < 44, <...<1, KOTOpbIE UrPaIOT POfb, B KAKOM-TO

CMbICTie COOTBETCTBYIOLLYL0 porvt napameTpa T B MUO. Ecnn x" — 3TO HaWAEHHbI TEKYLIMIA BapuaHT Ha wware
h,a L(x) - 3agaHHas (MeTpuyeckas) OKPeCTHOCTb NPOM3BOMBHOM TOUKM X € X , TO UCCeayeMblil BapuaHT

y e L(x"), ana kotoporo f(y) > f(x"), MOXeT BbITb NPUHAT B KauecTBe X*7 ¢ BEPOSTHOCTBLIO Nepexoaa p(x",y),

SEIBVICFILLI,GVI OT TEeKyLLMX 3HAYEHUI BENUYUHBI M,

Mycte ®(x,y), 0< D(x,y) <1, — HEKOTOPLIN (PYHKLMOHAN, 3aBUCALLMA OT 3HAYEHMI LENeBoN PYHKLMM 3agaun.
Toraa onpesenM BepoSTHOCTb Nepexofa OT TOYKM X K Touke ¥, X,y eX, Tak:

p=px,y)=~1-p) O(x,y)

Mpegnaraetca cnegytowas obobLeHHas cxema G-anropuTMOB ANs pelleHns 3agad Buga (1), npeacrasneHHas
Ha puc.1.
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procedure G_Search (x)

begin
0 o . .
X 1= HEKOTOPBIM HadaJIbHBIM IOONYCTMMBI BapMaHT peleHusa us X;
,UO: = 0; h := 0; t : = 0;
L O- e O 3
Xrecs= X/ frec L f( X )/

. h
while okpecTHOCTH TEKyHmeIr'o pemeHMsT L(x ) He NIPOCMOTpEeHa IOoJHOCThI do
begin
while He BrmmosHEeHO ycCJsoBme paBHOBecus do
begin

I/
y := TenHepupoBaHueCienywomeToukMOKpPeCTHOCTU l(x’);

BrlumciieHme (D(xh,y);

p = (1= g O, p);
¢ := random[0,1],
if p 2 ¢ then
h:=h+1; X" = v,
if f,.. > f(x") then
Xrec °= Xh; frec := f ( Xh )
end if
end if;
end;

dopmmpoBanneOuepenunoro3uauenns L, ;

t =t + 1;
end;
return x= X,..;

end

Puc. 1. AnropuT™ YCKOPEHHOrO BEPOSITHOCTHOMO MOAENMpoBaHus (G-anroputm)

3pecb random[0,1] — paTuuk cnyyvamHblx uucen u3 otpeska [0,1], npu NOMOWM KOTOPOro MOAENMpYtTCA
BEPOSATHOCTHbIE NEepexoabl.

lMocTpoeHMe KOHKPETHOrO anropuTMa OCyLLECTBASETCS NYTEM KOHKPETM3ALMM TaKNX OCHOBHbIX aCreKTOB:
3apaHue yHkumoHana d(x,y);

MeXaH13M MOCTPOEHMS NOCNe0BaATENbHOCTM {Ut;

YCMOBWSI PABHOBECUS NP AaHHOM 3HAYEHWUM BENNYNHBI Lt ;

NpaBuo OCTaHOBA.

Mpu 3agaHum yHKumMoHana d(x,y) MOXHO MCMONb30BaTb MOHOTOHHLIE MO 3HAYEHMAM LENEBON (YHKLWK
3aBMCUMOCTM, YAOBNETBOPSIOLLME ABYM YCMOBUAM:

a) O(x,y)—1, ecnm f(y)—f(x).
6) ) ®(x,y)—0, ecrm f(y)—eo.
Mpumepom yHKLMOHANa Takoro poaa MoxeT ObiTb yHKLMOHAN:
B
VACY)
——| secuu f(y)= f(x),
®(x,)=1| £(») T=7

1, 8 NPOMUBHOM CTIyYae.

rae napamMmeTp anroputma B > 0 — geicTBUTENLHOE, B YaCTHOCTH, HaTypanbHOe 4Y1Cno.

Bo mHorux npaktuyeckux 3agadax KO He coctaBnsieT ocobbix 3aTpyAHEHUI HAXOXOEHWE BEPXHE: rpaHuubl
LieneBon yHKUMM (y4uTbIBas!, YTO MPOCTPAHCTBO X BO MHOTUX CIy4asix KOHEYHO), T.e. TaKOM BENNYUHBI fray , UTO

J(x)< f . Vxe X.
B aTOM Cryyae MOXHO NOMOXMTb
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Y
£ - ()
O(x,y)=1-| L2
=

B 06bluHbIX G-anroputmax (CM. [6] ¥ LMTUPOBaHHyl0 TaM nuTepaTypy) B kadecTBe (yHKUMoHana d(x,y)
BbIBMPAETCS KYCOUHO-NMHENHBIN (DYHKLMOHAN

min{l,1— SO -f(x)
p(x,y)= 7f(x)
0, ecnu f(y)< f(x),

roe napametp ¥,y > 0, — [eicTBUTENLHOE YUCTIO.

}> ecnu f(y) 2 f(x),

B aTOM Cyyae npu Tekylem BapuaHTe X" BeposTHOCTL nepexoaa p(x",y) k Touke y € L(x") npencrasnsetcs

KyCOYHO-NTMHENHBIM (PYHKLMOHANOM, COCTOSILMM 13 Tpex dparmeHToB: npu f(y) < f(x") ero sHaueHwe paBHo 1,
npu f(x") < fly) <(1+ y ) f(x") on ybbiBaeT o1 1 8o 0, a npu f(y) > (1+ ) f(x") - NpuHUMaET HyneBoe 3HayeHne

(puc. 2).

[

\ 4

f(x") ~ ~——— (1+y) f(x) fly)
yf(x")

Puc. 2. BeposiTHOCTb Nepexoa B HOBYHO TOUKY OKPECTHOCTU

Takum 06pa3om, 3HaueHre napamMeTpa ¥ ONpeAensieT BeNNYMHy CpeaHero uHTepsana y - f(x"), npu nonagaxum

3HaueHui f(y) B KOTOPbIN TOYKa y ele mMoxeT ObiTb BbibpaHa B kavectBe X!, CooTBeTCTBEHHO, npn Bonee
3HAUMTENbHOM YXYALWEHWN (YBENMYEHUMM B Criyyae Mnoucka MWHUMyma) 3HadveHun f(y) ata Touka Bcerga
yaansetcs U3 pacCMOTPeHUs. BaxHO OTMETUTb, YTO BENMYMHA STOrO MHTEpBana aBTOMaTUYECKN YMEHbLLIAETC S
npu ymeHblueHun f(xh), 4To npomcxoaut npu NpubnimkeHun K Bonee TOYHbIM BapUaHTaMm peLleHust 3agadn, 1
YBENMYMBAETCS B NPOTUBHOM Cryyae.

Kpome 3TOro, 1cnomnb3oBaHWe OTHOCUTENbHbIX BEMMYMH MO3BONSET WM30EXaTb 3aBUCUMOCTM OT abCOMOTHbIX
3HaYeHuin uenesor yHKUMM. Tem cambIM, NPOUCXOANT afanTauus BbIMUCTIUTENBHOMO MpoLecca K AMHaMUKe
W3MEHEHMs 3HauYeHuit (naHaLwadTa) Luenesoi yHKLuK.

B Hactosiiee Bpems Haubonee 4acTto MpUMEHSITCA ABa cnocoba NopoXOEHWS NOCMefoBaTenbHOCTM Uy
yepes onpegenieHne 1 UCMONb30BaHNE HEKOTOPOK CTPOrO MOHOTOHHOW (PyHKLMK, 0Bo3HaYaemon G (oTcroga w
COKpaLLieHHOe Ha3BaHue — G-anropuTMbl [2]), M Ha OCHOBE MCMOMNb30BaHNS NPUHLMNA “30M0TOr0 ceyeruns” [3).

Myctb G: [0,1] — [0,1] — HekoTOpas 3agaHHas CTPOro MOHOTOHHAA AENCTBUTENBHO3HAYHAs yHKUMS, Torga B G-
anroputmax nonarawt U «1= G (U¢). B kauectse yHKUMM G Ha npakTuke 06bIYHO BbIGUPAIOT (hyHKLMW BUAA

G, (x) =min{l,(x"* + H)*}, x>0. 3)
roe k €{1, 2, 3}, a H, 0 < H < 1, — HekoTOpasi Manas BENMYMHA, BbIOOPOM 3HAYEHUs KOTOPOW JOCTUraeTes
ckopocTb criefoBanus Gk (x )—1 npn x—1.

AnbTepHaTUBHO, 3HAYEHUs U MOTYT (hOpPMUPOBATLCS NyTem feneHus otpeska [0,1] ¢ onpeneneHHbIM Larom 1
rnocriegoBaTenbHbIM BbIGOPOM NOCTPOEHHbIX ToYeK. CrieayeT 3aMeTUTb, YTO B Cry4Yae KOHEYHOCTU YNOMSIHYTOIA
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nocneaoBatesibHOCT  nocne  [JOCTUXEeHWA  MakKCUManbHOIMo  3Ha4YeHus (paBHOFO eﬂMHMLle) anropuTm
TpaHC(bOpMVIpyeTCFI B ,L'l,eTepMVIHVIDOBaHHbIVI NoKanbHbIA NOUCK.

O heKTVBHBLIM NOAXOOOM CTano UCMOMNb30BaHME MPaBuMia «30M10TOT0 CEYEHNS», KOTOPOE (XOTS 1 COBCEM UHBIM
cnocobom) UCnonb3yeTest 1 Npu NOCTPOEHUM anropUTMOB MOUCKA 3KCTPEMYMOB HEMPEPbIBHbIX (OYHKLMA OAHOTO
aprymeHTa. B Hawewm cnyyae onpegensietcs BenMuMHa Ur Kak MeHbluas (neBas) U3 OBYX TOYeK, KOTOpble
peann3oBbIBalOT «30M0TOE CeveHue» oTpeska [u: ,1] (npu ycnosuu, uto uo =0, a uw=G(U; ). Takum obpasom,
NpaBWno «30/10TOr0 CeYeHUsl» 3adaeT CKOPOCTb MPUONMKEHWS NEBOM rpaHWubl 3TOro otpeska Kk 1, a
COOTBETCTBYIOLIME BEMUYMHBI [y BBICTYNAIOT aprymeHTamn BblbpaHHOM yHKUuMM G(x), Hanpumep, u3 (3).
AnropuTtM, MCMOMb3YHOLLMIA NPABMUIO «30510TOMO CEYEHUSI», HAa30BeEM GS-anropuTMom.

lMpu pa3spaboTke YCNOBUI PABHOBECUS, YUMTLIBAS aHaNoruio Mexay napameTpom "temneparypa” B8 MAO u u,
LienecoobpasHo MCMonb30BaTh OMbIT, HAKOMMEHHBIN NpK co3gaHum anroputmoB MUO. B yacTHocTH, paBHoOBECHE
MOXEeT OnpefensaTbCs Tak: 3a4alTCsa HEKOTOPbINA (HaTypanbHbIA) NapaMmeTp v W AeCTBUTENBHOE Yucno € > 0, a
BbINONHEHWE V NEPEXO0B Ha3bIBaKOT NPOroHoM [4]. Ecrv npu faHHOM TemnepaTtype BbINOMHEHO K MPOrOHOB U
MonyyeHbl 3HA4YEHNS fr ,...,f, TO CUMTAIOT, YTO JOCTUTHYTO paBHOBecKe, ecnn B (k+1)-M NpOroHe BbIMOMHSAETCS
HepaBeHCTBO

|fk+1—f,'|S£,

Ans HekoToporo i € {1,..., k}. BenuuuHa f; ans nporoHa MoXeT BbITb, HANPUMEP, CPEOHUM 3HAYEHMEM LIENEBO
YHKUMM UM HAWUTYYLLIMM CPEeay TEX, KOTOPbIE COCTaBNSIOT NPOrOH.

lMpaBunom ocTaHOBa MOXET CRyXWTb: OKOHYaHWe nepebopa BCcex TOYEK B OKPecTHOCTU Be3 peanu3oBaHHOMO
nepexoda B HOBYIO TOYKY; OrpaHUYeHne no MpOAOIKMTENBHOCTU paboTbl anroputMa; LOCTxeHue Tpebyemon
TOYHOCTW — MPU U3BECTHON HWXHEN rpaHuLe LenesBon dyHKuuu. Elle ofHO M3 pacnpocTpaHeHHbIX npaBui —
CpaBHEHWE Pa3HOCTM MaKCUMAnbHOTO M MUHWMAMbHOTO 3HAYeHWA LeNeBo (hyHKLUMM C MaKCUManbHbIM
3HaYEHMEM M3MEHEHWS 3TOM (OYHKLMM NPK LaHHOM 3HAYEHWUW (U: €CAIN 3TO COOTHOLUEHME CTPEMMTCS K EAMHULE,
TO BbIYMCIIEHNS 3aBEPLLATCS.

CnenyeT OTMETUTb, YTO B BbIMUCIUTENbHOM cxeme G-anropuTMOB AOCTATOYHO MPOCTO Y4EeCTb MHOTME TWMb
OrPaHUYMTENbHBIX YCIOBUIA, KOTOPblE YacTO BCTPEYAOTCS Ha MPaKTUKe: COOTBETCTBYIOLLME YCMOBUS MPOBEPKM
Ha [OMYyCTUMOCTb MOrYT ObiTb y4TEHbl MpW MOPOXOEHWM TOYEK W3 OKPECTHOCTM TeKyLlero BapuaHTa. OTo
Mo3BONSIET pellaTb He OfHY, @ LENblit NOAKNAce 3aaad, NpUYeM OrpaHUYeHNst U HEKOTOpble [aHHble 3amauyn
MOTYT MEHSITLCS MO XOAY e€ PEeLLEHNs.

Mo aHanorM C anropuTMOM MOBTOPSIIOLLErOCs NOKarnbHOro moucka [1], mocne 3aeeplueHus paboTbl o6Lel
cxeMbl GS-anroputMa MOXHO MCNONb30BaThb MPOLEAYPY BO3MYLLEHWS| HAWGEHHOTO NOKamnbHOrO peLleHus, a
NOMyYeHHbIV B pe3ynbTaTe BO3MYLLEHWS BapuaHT CMONb30BaTh B KAYECTBE HOBOTO HavanbHOro NpubnmkeHus
ANs BCTPOeHHoro GS-anroputma, nopoxaas TeM CaMbiM METadBPUCTUYECKUIA METOL, KOTOPbI MOXHO Ha3BaTb
nosTopSOLLMMCH GS-anropuTMoMm.

WUccnepoBaHue ycnoBuin cXoaumMocTy

M3yuum Bonpockl cxogumocT GS-anroputmMa Ha nNpumepe BaxkHOro knacca 3agay KO - 3apgay Ha
nepecTaHoBKax C TPAHCMO3ULMOHHOW METPUKOW. [1ns nornyyYeHus OLEHOK CKOPOCTU CXOQMMOCTU TPaeKTopuio
rnovucka npeactaBuM B Buge rpadha. [ns 3TOr0 MOCTPOUM MOMHbIA B3BeleHHbli rpad Gr = (V,H), rge

V:{l,...,n} SBNAETCA MHOXECTBOM BeplmH, a H — mHoxecTBom pebep rpacda. lytn mexay AByms
TOYKaMW NPOCTPAHCTBA PeLLeHmMi X onTUMU3aLmMoHHOM 3agaum (1) bygeT cooTBETCTBOBATL NOCHEA0BATENBHOCTL
pebep aToro rpada: kaxaas 13 BepLumnH rpadha, cooTeeTcTByOWas x € X , 6yaeT MHUMAEHTHA TEM BepLUMHaM,
KOTOpble COOTBETCTBYKT TOYKAaM OKpecTHocTM L(x). He orpaHuumBas obwHoctn, Oymem paccmaTtpuBath
OKPECTHOCTU MWHUMAnbHOTO paguyca — B BOMbLIMHCTBE CryYaeB KOMOMHATOPHbIX MPOCTPAHCTB OH paBeH
eanHnue:  L(x)=L,(x). TloctaBum B COOTBETCTBME OKPeCTHOCTM L(x) MHOxectBo N(v),velV
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cneaylowmm obpasoM: ecnu Toyka X' Haxoaunmacb B OKPecTHocTM L(x) Toukn x € X, TO BeplunHa,

cooTBeTcTBYtoL[as x' B rpade Gr, byneT cBasaHa pebpoM ¢ BepLUNHOR-06pa3oM ToUKM X . MHbIMK crioBamu,
eCIi TOYKW B NpOCTpaHCcTBe X OTNINYanWCh OAHOM TpaHCnosuumen — 1o Ha rpade Gr nx BepLMHbI-06pasbl
OyayT coeamnHeHbl pebpom.

B aTOM cryyae cry4aitHoMy MpoLeccy NoMcKa PELeHUs 3a4adn COOTBETCTBYET NPOLECC NEpPexofoB OT OAHO
BEepLUMHbI rpada K APYroil ¢ MCMONb30BaHNEM ONpeeneHHbIX BEepPOSTHOCTHbIX MEXaHU3MOB. B Hallem cnyyae

-1
creneHb d rpacda Gr = (V,H) pasHa d = n(nT) ,agnametp D=n-1.

Torga npu BbinorHeHun GS-anropuTMa NpoLECC Moucka MOAENMpyeTcs Lenbld MapkoBa, NOCKOMbKY
ornpefeneHne COCTOSIHNS, B KOTOPOE COCTOMTCS NEPEeXof, 3aBUCUT TOMbKO OT TEKYLLEro COCTOSIHUSI CUCTEMI.
Bynem cuutath, 4to GS-anropuT™m CX0auTCs, €CN COOTBETCTBYHOWas Lenb MapkoBa kak MAHUMYM pa3 Gynet
cogepxartb COCTOsHME, COOTBETCTBYtoLLEe rnobanbHOMy ONTUMYMY.

BeposiTHOCTb nepexopa B credyloliee COCTOSIHME MpU YCMOBUWM HAaXOXAEHWUS MPUONMKEHNS PELIEHUA C He
MEHbLUAM  3HAYeHMeM  LeneBod  (byHKUMM  OrpaHMyeHa  CHU3y  BenmumHoin 4.  OBo3Hauum

~ (1Y? D
d=l=| a=TT«".
(dj a=]]u

Nemma. Myctb veV - BepwuHa, COOTBETCTBYIOLASA HEKOTOPOMY COCTOSIHUMKO X . Torda OxuaaeMoe
yucno LWwaros, 3a Kotopoe OydeTr AOCTUTHyTa BeplUMHA, COOTBETCTBYHOLWAs rnobanbHOMY ONTUMYMY,

d
He npeBbILLaeT — .
o

Hokaszamenscmego. Tyctb x — rmobanbHbid onTuMym 3agaum (1), u nyctb B rpade Gr = (V,H) atomy
ONTUMYMY COOTBETCTBYET BepluMHa v . CyLLeCTBYeT NyTb OT BEPLUMHbI V K BEPLUMHE v ANMHBI g < D . 3HauwT,
CYLLECTBYET NOCMEA0BATENBHOCTb BEPLUIMH V), V), ...V, , KOTOPbIE ONpeaensitoT MapLUpyT.

Ecnm gonycTutb, YT N06OIA 3NeMEHT OKPeCTHOCTM L(Xx) MOXeT ObiTb C OAMHAKOBON BEPOSITHOCTbIO BbIOpaH B
KauecTBe CreyHoLLEro NPUBNKEHUS PELLEHNS, TO MOXHO YTBEPXKAATb, YTO 3a ¢ LUAroB BEPOSITHOCTL Nepexoaa

(1Y
B COCTOsiHME v ByaeT, Kak MUHUMYM, PaBHO (2 X H A" 1 BYOET BbINONHATLCS HEPABEHCTBO
i=1

Y s H g A
() 11 =(3) T =5,

CnepoBatensHo, BEPOATHOCTb NnonagaHna B COCTOAHWE Vv, HA4YMHAA C OnpedeneHHOro CoCToaHna v, 6yueT HE

MeHblle, Yem . A 3HaumMT, MOXHO yTBEPXKAATb, YTO OXNaaemMoe YNCNOo LaroB anroputMa, Heobxogumoe ans

Q.)l‘&)

rnonagaHusi B rnodanbHbli ONTUMYM, HE 6yne npeBsbIWaTb

™|

Jlemma OokasaHa.

Teopema. GS-anroputm gocTuraeT rnobarnbHoro onTMMyMa LeNneBoi (hyHKLMN C BEPOSITHOCTbIO GOnbLuei, Yem

A

1 d
(1 ——k) , 3@ YACIO LLaroB, He npesbiwatowee Ck -—, M 3Ta OLEeHKa He 3aBUCUT OT HAa4anbHOro NPUONMKEHUs
C H

pewenus (C = const > 1).
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Lokasamenscmeo. [ns pokasatenscrsa ncnonb3yem Metoq MaTEMaTUYECKON MHOYKUMK No k . Tlonoxwum

ch[ﬁA . [lokaxeMm, 4YTO BEPOSTHOCTb HemonagaHus 3a kQ LWaroB B BEPLMHYy V, COOTBETCTBYHOLLYHO
d

rnobansHoMy onTUMymy, He npesbiwaeT 1/Ck.
BasoBbiit cnyyait cooTBeTcTBYeT k =1 1 onpeaeneHHoMy COCTOsHWO X . B cooTBeTCTBMM C neMMon,

A

y d
HeobXoAMMOoe YMCMO uTEpauuin ANs JOCTXKEHWs BepwMHbl v He OygeT npesblwate — . Mcnonbays

A

y7;
HEpPaBEeHCTBO MapKOBa, nony4aem:
d.d
i o MY a
p(=>0)= 0o~ ac
H c”
y7

[onyctum, 4to yTBEpXAEHWEe cnpaBeanvBo Ans Bcex k < K —1. [lokaxem, 4to yTBEpXaeHue Oyget
cnpaseanebiM v ans k = K . TyCTb x¢, x50 ,--X(k —1)0 — NMOCNEA0BATENBHOCTL ANEMEHTOB Lenu Mapkoga,

nocTpoeHHas 3a yncno waros Q,20.,...,(K —1)Q COOTBETCTBEHHO.
PaccmoTtpum fBa cobbITus:

CobbiTe H1:BeplmHa v He AOCTUTHYTa 3a nepeble O LIAroB;
CobbiTe H?2 : BeplumHa v He JOCTUMHyTa 3a cnegytowme (K —1)Q waros.

B COOTBETCTBIM C TaKiM OMpPeieneHnemM CoBbITiil BEPOSITHOCTb TOTO, UTO BEpLUIMHA v He Byae MoCTUrHyTa 3a
KM waros, pava p = p(H2| H1)x P(H1).
W13 Teopun Lieneit MapkoBa U3BECTHO, YTO BEPOSTHOCTb OCTUXEHMS FMOBanbHOrO ONTMMYMa 3a ONpefeneHHoe

4YUCNO LWaros, Ha4MHaA C HEKOTOPOro COCTOAHUA, 3aBUCUT TONbKO OT KONTMYECTBA LaroB U TEKyLEero COCToAHMA 1
He 3aBMCUT OT COCTOSIHUA, NOCELLEHHbIX paHbLLe.

Wcnonb3ys aTOT (hakT MOXHO yTBEpXKAATb, YTO BeposiTHocTs P(H 2 | H1) 3aBUCMT TOMbKO TOrO COCTOSIHUS, B
koTopom Byaet HaxoamuTbes Lenb Mapkosa Ha utepauun Q , v oT waros (K —1)Q . 3Haumr,

P=P(H1)) P(H2|xp =i)x P(xg =1).
ieV

1
BepositHocte  P(H1) He npeBblwaeT ral B COOTBETCTBMM C 6a30BbiM Cry4aem, a BEPOSTHOCTb

Ons Kaxgoro I €V, ucxogs M3 runotesbl MatemaTUyeckon

P(H2|xp =1i) He npeBblLaeT oK

WHOYKUMN. meem:

PSLX ! 1

C cK-1 kK’

BeposaTtHocTb nonagavus B rmobanbHblid  onTuMym  ByaeT oBpaTHOW K BEPOSTHOCTW  HEMonagaHus.

. 1
CnepoBaTenbHO, MOXHO yTBepXKaaTb, 4YTO0O C BEPOATHOCTbIO, Oonblueit yem (1——k), 6y,qu OOCTUTHYT
C

A

y y d
rnoGanbHbli ONTUMYM LIENEBOM (YHKLMM 33 YCHO LIAroB, He npesbilaiowlee Ck -—, U 3Ta OLEHKa He 3aBUCUT
y7;

OT Ha4anbHOro I'IpI/I6]'II/1)KeHVIFI peLueHud.
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Teopema dokazaHa.

CnepgctBue. [lpu &k — oo MOCNEAOBATENbHOCTb MOCTPOEHHBbIX MPUOMMKEHWA PELUEHWS CXOAUTCS K
rno6arnbHOro oNTUMYMY MO BEPOSTHOCTHU.

[lokasatenbCTBO 3TOr0 (hakta MOXHO NOMY4NTb, UCXOAS U3 ONpeaeNieHns CXOAUMOCTH MO BEPOSTHOCTM!.
OcobeHHOCTb MOMYYEHHbIX OLEHOK COCTOMT B TOM, YTO OHM 0006LIAlT M3BECTHbIE OLEHKM CXOAMMOCTY
anroputmoB MO (cm., Hanpumep, [5]).

MonyyeHHble pesynbTaTbl TEOPETUYECKOrO UCCIeA0BaHUs CX0AMMOCTM GS-anroputmMa MOryT UCNOMNb30BaThCs U
Mpy UCCNEeAOBaHM UHbIX anrOPUTMOB YCKOPEHHOrO BEPOSITHOCTHOMO MOAENMPOBAHMUS N BRM3KMX K HUM TEXHUK
nowncka.

MpakTuyeckue npumeHeHUN

PaspaboTaHHble anroputmbl KO MOryT MpUMEHSTLCS 47151 PELUEHUS 3aay U3 PasHbIX KNacCoB, NOCKOMbKY OHM
npeabsBnsT BecbMa obwime TpeboBaHMs Kk HOPMyNMpOBKaM 3TUX 3agady. bbinu nccnegoBaHbl anropuTMbl
peLLeHMs KaK M3BECTHbIX Npobnem (3agay KOMMUBOSIKEPA, KBAApaTUYHbIX 3a4ay O HasHauyeHusix), Tak u 6onee
cneynanbHbIX 3adad (3agay pasMmeLLeHns, CKnaampoBaHust NPOAYKLMN, NPOEKTUPOBAHUS TEXHUYECKNX CUCTEM,
HaCTPOWKN NapaMeTPOB MOAENM NPU MaKPOIKOHOMMYECKOM MPOrHO3MPOBAHNN U Ap.).

OnHUM 13 NepPBbIX MPUMEHEHMIA G-anropuTMOB ObINO peLleHne 3adayu KOMMUBOSKEPa — HaBepHOe, Hanbonee
n3BecTHoi 13 npobnem KO kak B nnaHe NpUnoXeHWn, Tak W kak NONMUroHa Ans UCCNEAOBaHWS npeafiaraembix
uccneposatensMi anroputMoB. B [6] npuBeaeHbl pelleHust psga M3BECTHbIX 3adad, MpuyeM pesynbTarthbl
OKa3anucb CPaBHUMbBIMU C PELLUEHUSIMI, MONYYEHHbIMU C UCNONb3oBaHMeM cynep-9BM. 3a nocnegHee Bpems
HaKOMMEH OMbIT PELUEHNs1 KOMOMHMPOBAHHLIMW anrOpUTMami, OCHOBAHHLIMW HA CUHTE3e TEeHETUYECKMX
anroputMoB 1 G-anropUTMoB.

LLinpokoe npumeHeHne B pasnuuHbIX Cdepax HaxoauT W keadpamuyHas 3adada O HasHayeHusix: paspaboTka
PagMO3MNEKTPOHHON W UMHPOBOA annapaTypbl, 3KOHOMMKA, NraHUPOBaHWE M pasMeLLeHue MpPOM3BOACTRA,
NPOEKTUPOBAHWE CMOXHBIX TEXHUYECKUX CUCTEM U [p. HecmMoTps Ha To, 4TO 3Ta 3afava uccregyercs 4aBHO,
TOYHOE PeLLEHNe Jaxe Npu UCnonb3oBaHum cynep-OBM Bbi3biBaeT 3aTpyaHeHue B 06LLEM cnyyae yxe 4ns n >
15-20, npuyem Mouck e-NpUONMKEHHOTO pelleHns senseTca Takke NP-nonHoi npobnemoint [1]. MonyyeHHble
pe3ynbTaTbl NO3BONMNM 0TOOpaTh Hanbonee APPEKTUBHbIE BapUaHTbl BbIYUCIUTENbHBIX CXeM, Ha 6ase
KOTOPbIX B AanbHelweM Obinn co3AaHbl anropuTMbl, UCNONb3YIOLLME NPABUIIO «30510TOM0 CeyeHusy [3], a Takke
METa3BPUCTUYECKME aNrOPUTMbI (OHW MPUMEHANUCh, B YaCTHOCTM, ANS PelleHus 3ajad KOMMUBOSKEPA W
KBagpaTUYHbIX 3a4a4 O HasHauveHusx [7,8]).

B pabote [9] paccmaTpuBancs OQMH M3 KNaccoB 3aday MMIbOTUHHOTO Packposi — MpobneMbl ONTUMAnbHOro
pasMeweHUsT NPAMOY20/IbHUKO8 (PUKCUPOBAHHOW BLICOTHI W Pa3HOW [LMMHblI Ha MOMyOECKOHEYHOW INEHTe,
COCTOSILLEN W3 3a[aHHOr0 Yucrna nonoc TOM Xe BbICOThbl MPWU HanmMuMW OrpaHudeHuin Ha pasmelleHue [10].
MpeanoxeH psa anroOpUTMOB pPa3MELLEHMsl, KOTOpble OCHOBaHbl Ha CXeMax foKanbHOM OnTUMM3aLmMK,
WMWUTaLMOHHOTO OTHuUra W G-anropuTmoB. PesynbTaTbl NPOBEAEHHBIX BbIYUCIUTENBHLIX 3KCMEPUMEHTOB
nokasanu, 4to 4ns pacCMOTPEHHOro TUNa 3afay G-anropuTMbl NO3BONSAKOT NONyYaTh Nyyline pe3ynbTathl Kak no
TOYHOCTM, TaK 1 N0 TPYAOEMKOCTU NO CPABHEHMIO C APYTMIU PACCMOTPEHHBIMI anropUTMamm.

Mpu BbIBOpE CTpaTErnyeckux acnekToB YNpaBeHWs 3anacamyu Ha NPEAnpUATUSX U B KOMMAHWSX BO3HWKaeT
npobrema onTUMansLHOro Pa3MeLeHUst HECKOMbKUX 8UA08 NPoOyKUUU Ha cknade 02paHUYeHHoU emMecmumMocmu
C Y4eTOM MHOpMaLMN 0 BEPOSTHBIX MOTPEBHOCTAX B KaXAOM BUAE W YObITKax OT HEYAOBMNETBOPEHHOIO CNpoca
[11]. PaspaboTaHHblii G-anropUTM CpaBHWBANCS C TPEMS MOAMMUKALMAM anroputMa foKanbHOro noucka u
WMUTALMOHHOTO ~ OTXura.  [lonyyeHHble  pesynbTaTbl  OOLUIMPHOMO  BbIYUCIUTENBHOTO  AKCMEPUMEHTA
NPOAEMOHCTPUPOBANK CTaburbHOCTb W BbICOKYID TOYHOCTb PELLEHWiA, NOMYyYeHHbIX G-anropuTMOM NPy MEHbLLMX
MO CPABHEHMIO C UMUTALMOHHBIM OTXUTOM 3aTpaTax BpeMeHU.

OpHoit 13 BaXHbIX 3aday NPOEKTUPOBaHUS U ONTUMU3ALMW TENEKOMMYHWKALMOHHBIX ceTel ¢ TexHonoruein ATM
SBMISIETCS 3afa4a ONTUMAaInbHOro BbiIbopa NpOMyCcKHbIX CNOCOOHOCTEN KaHanoB CBA3W. B Hell 3agaHa CTpyKTypa
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CETH, COCTOALLas 13 KOMMYTaTOPOB, COEAMHEHHBIX KaHanamu CBA3W ONpefeNeHHON AnWHbI. 3agaHbl Takke
TpeboBaHns B nepegade Tpadmka Ans Kaxaon ynopsiioYeHHOro napa KOMMYTATOpOB, a A1 Kaxaoro kaHana
CBSI3W U3BECTHbl BENMMYMHBI  0OWWMX NOTOKOB. [lpomyckHas  crnocobHocTb  Moboro  kaHanma  CBA3M
nponopuMoHanbHas NpoMyckHOM cnocobHocT 6a3oBoro KaHana. HeobxooMmo Anst BCEX KaHaNoB CBA3W
BbiOpaTb Takoe KonmM4ecTBO 6a30BbIX KaHANOB, MpU KOTOPOM CTOMMOCTb (HYHKUMOHMPOBaHUS ceTu Oyaet
MWHAMAnbHOM NPy BLINONHEHWWM OFPaHWYEHUt Ha MokasaTenu kadectBa OOCnyxuBaHus. [ns pelueHus
Ha3BaHHbIX 3adadv Obinu paspaboTaHbl M peann3oBaHbl anrOPUTMbI JIOKANBHOrO MOMcKa W NOBTOPSOLLErocs
nokaneHoro noucka, MWB, G-anroputM, a Takke reHETUYeCKWA anroputMm. AHanu3 pesynbTaToB
BbIYUCIITENBHBIX 3KCNEPUMEHTOB NOKa3sarn, YTo AN pasHbIX BULOB Tpaduka Haumyywue no TOYHOCTU peLleHus
B OONMbLUMHCTBE Crny4aeB Haxoaunuch G-anropuTMOM, CPaBHUMbIE C HWMW pesynbTaThl AN 3agavy ¢
OTAENbHbIMKM BUAamm Tpaduka nokasasn anroputM NOBTOPSIOLLErOCS fokKansHOro noucka [12].

3aknioyeHue

B pabote onucaHbl anropuTMbl, MpUHagnexalue K Kraccy MeTo4oB CTOXaCTUYECKOro MOKarbHOro nowucka.
MpegnoxeHa WX Moaudukaums, HaseaHHas GS-anropuTMOM, KOTOpas MCMOMb3yeT NpaBuio “30M0TOro
ceyeHns". MpuMeHeHe opuUrMHanbHbIX BEPOSTHOCTHBLIX MEXaHM3MOB OpraHM3aLumy BbIYUCIIEHWA B COEAUHEHUN C
npoLeaypoil NokarnbHOro nowucka nossonseT addekTueHo pelatb 3agaun KO u3 pasHbix knaccos. Ha ocHose
ncnonb3oBaHus Lene MapkoBa nonyvyeHa BepOSITHOCTHAs OLiEHKA BEpXHEW rpaHulbl Ans Yucna utepauui,
HeOoOXOAUMBIX ANs HaxoxaeHus rnobanbHOro MuHumyma. [puBegeHbl NpUMepbl NPUMEHEHWst anropuTMOB
PacCMOTPEHHOro TUMa Ans peleHus psaga 3agad KO. MonyyeHHble pe3ynbTaTbl NO3BOMAIOT PEKOMEHOOBATb
pa3paboTaHHble anropuTMbl kKak NS pelleHus npuknagHbix 3agady KO, Tak 4 B KayectBe BCTPOEHHOM
npoLeaypbl B META3BPUCTUYEKMX anropuTMax, Npexae BCero B anroputMax, 0CHOBaHHbIX Ha nonynsauusx [1].
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OB 3OPEKTUBHOCTU ®YHKLIMOHAINOB SMMUPUYECKOIO PUCKA
U CKONb3ALLEr0 3K3AMEHA KAK OLIEHOK BEPOATHOCTHU
OLUMBEOYHOU KITACCUDUKALIMA!

Bukrop Hepgenbko

Abstract: The goal of the paper is to estimate misclassification probability for decision function by training
sample. The simple estimation presented shows how far Vapnik-Chervonenkis risk estimations are off in some
special case. The existence of situations when an empirical risk appears to be better risk estimate in comparison
with cross validation is investigated.

Keywords: pattern recognition, classification, statistical robustness, deciding functions, complexity, capacity,
overtraining problem.

ACM Classification Keywords: G.3 Probability and statistics, G.1.6. Numerical analysis: Optimization; G.2.m.
Discrete mathematics: miscellaneous.

BBegeHue

OpHum 13 Haubonee 4acTo MCNONMb3yeMbIX METOAOB OLEHMBAHWS KAaYecTBa PeLlaollen yHKUMN SBnsieTcs
CKOMb3ALUMIA 3k3aMeH (cross-validation). OyHKUMOHAN CKOMb3ALLEro 9K3aMeHa, B OTINYME OT 3MMUPUYECKOro
pucka (Oons HenpaBUIbHO KraccuguuMpoBaHHbIX 0OBbEKTOB 0ByudatoLleil BbIOOPKK), SABNSIETCS], KaK M3BECTHO,
HECMELLIEHHO OLIEHKOI pucka (BEPOSTHOCTH OLUIMOOYHOM Kraccudmkaumm).

Bmecte C Tem, OUEHKa CKOMb3ALIErO 3K3aMeHa MMEET OTHOCUTENbHO OOonbluyl AMCNepcuo, Mpu 3TOM
[OCTaTOYHO TOYHbIX YHUBEPCANbHbBIX OLIEHOK 3TOM ANCMNEPCHM O HACTOSLLEr0 BPEeMeHU He HaaeHo. 3BecTHble
OL{EHKM MMEIOT Masyt TOYHOCTb, U MOCTPOEHHBIE HA MX OCHOBE MHTEPBAsbHbIE OLEHKM ANS pUCKa OKasblBaKOTCS,
BooOLLE roBOpS, He fydle, Yem M3BECTHble oueHkM BanHuka-YepBoHeHkuca (B-Y) [Bannuk, YepsoHeHkuc,
1974], 0CHOBaHHbIE Ha AMNUPUYECKOM PUCKE.

B Hacrosiwein pabote 6yaeT npueeaeHa NpocTas OLeHKa TOYHOCTM OLEHOK B-Y B HEKOTOPOM YacTHOM Chnyyae, a
Takke OygyT ucCrnegoBaHbl  CUTyauuu, KOTAa  SMMMPUYEcKUr puck  sensetcs bonee  addeKTUBHBIM
(DYHKUMOHAMOM, MO CPaBHEHMIO CO CKOMb3AWMM 9k3ameHoM. [log 3¢hPeKTUBHOCTBbIO 34eChb MOHUMAETCs
TOYHOCTb OLIEHMBAHMS pUCKa.

' PaGota BbinonHeHa npu nogaepxke POOU, a Takke JlaBpeHTbeBckoro rpaHta CO PAH.
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MocTtaHoBKa 3agaum

IycTb X — NpoCTpaHCTBO 3HAYEHUI NEPEMEHHBIX, UCNOMNb3YeMbIX ANs NPOrHo3a, a ¥ — NpocTpaHCTBO 3HAYEHMI
NPOrHO3MpyeMbIx nepeMeHHbIX, U nycTb C' — MHOXECTBO BCEX BEPOATHOCTHbIX Mep Ha D = X x Y . Torga
anemeHtom c e C 6Gyger P, [D] 3pecb M panee kBagpaTHble CKOOKM MCMOMb3ylOTCA AN ykasaHus

MHOXECTBA, Ha g-anrebpe NOAMHOXECTB KOTOPOro 3adaHa Mepa.
Pewatowweit yHkumet HasoBem cooteeTcTBME [ : X — Y W BBeAeM Ans Hee (OyHKUMKO NOTeps:
L:Y? 5[0,).
Mog puckom Gygem NoHMMATh CpeaHue NoTEpPH:
R(e, f)=[ Ly, f(x))aF.[D].
MMycTb v:{(xi, yi )ED‘ i:I,_N} — ChnyyalHas HesaBucuMasi BblbOpka M3 pacnpegeneHus PC[D].

OMNUPUYECKNN PUCK ONPEAENUM KaK CPEAHWE NOTEpU Ha Bblbopke:
~ N . .
R p) =L >l o)
i=1
Myctb Q: {v} — @ - anropuT™ NOCTPOEHMS PELLAKLLMX PYHKLWA, a fQ,v € @ — yHKUMS, MOCTPOEHHas Mo

Bblbopke v anroputmom Q.
OueHKo CKOMb3ALLEro 3k3aMeHa HasblBaeTCs BeNnymMHa

R(r.0)=+ %L(y " Sow, (xi))’

roe vi =v\ {(x’ ! )} — BbIBOPKA, MoNyyaemas 13 v yianeHnem i-ro HabnaeHus.

Y1oBbl MO NONYYEHHOMY 3HAYEHMIO SMMMPUYECKOTO pUCKa MOXHO BbINO OLEHMBATL pUCK, HEOBXOAMMO TaK UK
NHaye OLIEHNTb BEPOSITHOCTb YKIOHEHNS! AAHHbBIX BENYMH:

77(0,8) =P (‘ E(v, fov )— R(c,fQ’V )
MocKombKy PUCK B CPEAHEM 3HAYMTENBHO GONbLLE SMMUPUYECKOrO PUCKA, BOSMOXHO OLIEHMBATh BESTNUMHY:
17'(0,8) =P (R(c, o ) > E(v, fov )+ £ )
CyllecTBeHHas npobriema 3aknioyaeTcsl B TOM, YTO BbIPaXEHWUs 3aBUCAT OT ¢ — pacrpemdeneHns, KoTopoe
Hen3BeCTHO. PelleHnem MoxeT BbiTb B3ATME CynpeMyMa Mo BCEM pacripefeneHnsam 1 OpUeHTUPOBaHNE TakuM

06pa3om Ha «Hauxygluee» pacnpeseneHue.
Kpome camux Benm4mH puckoB Hac BymyT MHTEPeCoBaTh UX CPeaHNE.

>6‘).

ObosHaunm: F(c,Q) = ER(c, Jfov ) Fl(c,0)= Eﬁ(c, Jfov ) rae MaTemaTuyeckoe oxmaanme Bepetcs no

BCeM Bbibopkam obbema .

Bce npakTuyecks 1cnonb3yemble anroputMbl MOCTPOEHMS PeLLAoLLMX (yHKLMIA TaK UK UHaYe MUHUMW3MPYIOT
SMMUPUYECKMIA PUCK, NO3TOMY NMOCNEAHWI OKa3bIBAETCA CMELLEHHOM OLIEHKOM pucka.

Beenem yHKLMIO MaKCManbHOrO CMELLEHNS!:

SQ(ﬁo)=ﬁQ(ﬁo)—ﬁol

roe ﬁQ(ﬁO): _sup F(c,0).
c:F(c,Q):FO

Knaccuq)ukauvm B ANCKPETHOM NMPOCTpPaHCTBE

Bynem paccmatpusath 3agavy knaccudmkauum ayx obpasos.
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Mycte X auckpeTHo, To ectb X ={1,...,n}, 1 pewarwwas ¢GyHKUMS MUHUMUIMPYET SMMUPUYECKUIA PUCK
HE3aBICKMO B KaXXJON TOYKE X .

0, y=y'
Mpu atom Y ={0, 1}, cyHkumen notepb byaeT: L(y, y’) = { Y y, , @ PUCKOM — BEPOSITHOCTb OLUMBOYHOM
» YFY
Knaccucukamm.
Torpa BEPOATHOCTHAS Mepa ceC 3agaertcs Habopom BEPOSATHOCTEM

c={p¥ =P(c=jy=0) j=Tm 0=0i

Yt0Bbl NpOMAMIOCTPUPOBATL CTENEHb TOYHOCTH OLIEHOK BanHuka-YepBoHeHk1ca, paccMOTPUM Tak HasblBaeMblit
«AETEPMUHUCTCKMIA» CNyYaid, Koraa B Knacce peluaiolmx (YHKUMIA Bceraa HaxoauTcsl pelleHue, KoTopoe

~

knaccudmumpyet BbIOopKy TouHO, T.e. R =0.
Mpu atom Bynem paccmaTpuBaTb acUMMTOTUYECKMIA Cryya: %=M =const, N -0, n—> . Cnepyer
NOAYEPKHYTb, YTO Mbl pacCMaTpUBaEM «aCUMMTOTUKY MasblX BbIGOPOK», TO eCTb YCnoBus, 6rm3kue K yCroBusm

nogaensroLLero 60oMbIUMHCTBA peasnbHbIX 3agau.

[ns Hayana npuBedeM BbIBOS aCUMNTOTUYECKNX BbIPaXeHW ANs oLeHok B-Y, koraa aMnupuyecknii puck paBeH

HYITHO.

BeposATHOCTb YKITOHEHWS 411 pUCKa HAaXoamUTCs Kak:
P(R-R>¢)=P(R=0/R=¢)

[ins paBHOMEPHOTO YKNOHEHWS UMEEM OLIEHKY:

(l —g)N.

P| sup ‘R—E‘Ze <|CD|(1—5)N.
fed

MpupaBHsieM npaByto 4acTb BEMNYMHE BbIGPAHHOrO YPOBHS 3HAUMMOCTH 7 :
ln|d>| +NIn(l-¢)=In7p.
INerko 3ameTiTb, YTO B acuMNTOTMKe Bonblunx N cnaraembiM In 7 MOXHO npeHebpeub.

Teneps, yuuTbiBasi, 4to |d| = 2" (l_eiM) n In(l— &)~ —& nonyyaem:

! —M!
SI,/(O):(E‘: l1-e ln2

M

M €CTb BEPOATHOCTb HEHYNEeBOro 4Ymcna MCxonoB Mnpu pacnpeneneHuu nyaCCOHa, unn

MHuoxutenb 1—e™
CpeaHsis [ONs 3HaYeHUit nepemeHHoi X, C HEHyNeBbIM YMCNIOM BbIOOPOYHbIX Toyek. [laHHas nomnpaBka
OTpaxaeT TOT haKT, YTO YUCIO PeLaoLLMX (DYHKLWIA, pasnuuUMbIX Ha BbIGOPKe, ONPeaensieTcs UMEHHO YMCOM
«HEMyCTbIX» 3HAYEHMUIA.

TouHoe 3HaueHne cmeLLeHns pucka npu £y = 0 coctasnser:
B %e_M , M<I1

Sp(0)= .
0 1
2Me ’ M=1

[laHHbIit pe3ynbTaT MOXET ObiTb NONYYeH CreayoLLMM 06pasom.

Bo-nepBbiX, 3amMeTUM, YTO OXWUOaHWe SMMUPUYECKOTO pucka MOXET ObiTb PaABHO HyMO, TOMbKO €cru

pacnpefeneHns KnaccoB He nepecekatoTcs, T. e. p?- p} =0, j=1Ln.
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Bo-BTOpbIX, OWKBOYHOE pELUEHNE BO3MOXHO TONMBKO ANt TEX 3HAYeHW X, B KOTOpble He Monano HWU OfHOM
BbIDOPOYHOM TOYKW, MPUYEM BEPOSTHOCTb TaKoro COObITWS AN paccMaTpUBaemMoro acMMNTOTUYECKOrO
NPMBNMKeHNs HaxoauTcs M3 pacnpefeneHns lyaccoHa, a BEPOSTHOCTL OWWUOKM Npu YCroBuuM nonagaHus B
Takoe 3HauyeHue pasHa V2. Takum obpasom, BepoATHOCTb OWMOKM BCeueno (CYMTaem, YTO anpuopHble
BEPOSITHOCTM KNaccoB paBHbl) ONpeaenseTcs anpuopHbIM pacnpegeneHnem 8 X

[na HaxoxOeHus pacnpeaeneHusl, mpu KOTOPOM OXMaaemasi BepOSITHOCTb OLMOKM MakcumarbHa, Tenepb
BOCMONb3yeMcs (hakToM, fokasaHHbIM B [Hegenbko, 2003], @ UMEHHO, TeM, YTO MaKCUMyM CMELLEHUs pucka
JOCTUraeTCs Ha KyCOYHO-MOCTOSHHOM pacnpeaeneHuu, ¢ AByms (4N paccmaTtpuBaeMoro crnyyas) obnactamu
MoCcTOsIHCTBA. bonee Toro, uccneaoBaHMe NoKasbIBAET, YTO OfHA M3 obnacTeil UMEeeT MUHMMAnNbHO BO3MOXHbIN
pasmep.

Takum 06pasom, 1S UCKOMOTO pacrpeaeneHns B ofHoM 13 Touek X cocpefoToyeHa BeposiTHOCTb 1 -, a no
oCTarbHbIM PaBHOMEPHO pacnpeseneHa BeposiTHocTb 0 <a < 1.

Torga (nocne npegensHOro nepexoga) oXuaaemasi BeposiTHOCTb owmbkn Oyget %a e M

MaKCVIMyM [aHHOro BblpaXeHna OOoCTUraeTca npn o = min (ﬁ,l), OTKyAa W nony4yaem UCKOMOe CMeLleHune

pucka.

S (0) 2Me(1 —e ™ ) In2

So (0) M M-
MorpeLHoOCTH oueHoK B-Y, koTopasi, B OCHOBHOM, 0ByCroBneHa npubnimkeHneM BEPOSITHOCTA CyMMbl CYyMMON
BepOFITHOCTe|7I, a TaKkKe 3aMeHoN QHTPOMUN HA EMKOCTb.

OTHoLeHe > 2eln2 ~ 3,77 nokasbiBaeT  CTeneHb

Bknag nocnegHero aktopa MOXHO OUeHWTb. [lns 3TOro 3ameTuMm, YTO A8 HaWOEHHOro  «XyALero»

pacnpegeneHns Lons «HenmycTbiX» 3HayeHuin nepemeHHon X npu M > 1 Ha camom fene pasHa l—e_l,

0TKyAa nonyyaem: S (0) =2(e—1)In2 ~ 2,38.

So(0)

CpaBHeHue appekTBHOCTU (PYHKLMOHANOB

McuepnbiBatoLlee CpaBHeHWE 3PGEKTUBHOCTN (OYHKLUMOHANOB B HACTOsLEE BPpeEMS HE MpeacTaBnsieTcs
BO3MOXHbIM, MOCKOMBKY Ha UX OCHOBE MOKA He MOCTPOEHbI ONTUMAnbHble OLEHKW JOBEPUTENBHOrO MHTEpBana
ANs BEPOSATHOCTM OWMOKK. oaTomy Byaem npoBOAWTb CPABHEHWE HAa HEKOTOPbIX YaCTHbIX npumepax. Hawe
Lenblo OymeT nokasaTb, YTO CyLIECTBYIOT Takue CuTyauuu, Korga (PYHKLUMOHAN IMMMPUYECKOro pucka
okasblBaeTcs addhekTBHeE. [Ins 3TOr0 HaM JOCTATOMHO PacCcMOTPeTb Psf BECbMa YNPOLLEHHbIX MOAENbHbIX
3agau.

lMycTb B AMCKPETHOM 3adade Knaccudukaumm, copMynMpoBaHHON B NpedblayllemM pasgene, pacnpegeneHue B
npoctpaHcTBe D 3agaetcs ogHum napametpom 0 < & < 0,5, a UMEHHo:
. 3 . -& .
Plr=jy=0)=> Plx=jy=1)=—=,j=Ln.
Mapametp ¢ onpedensieT Tak HasbiBaeMbll GaNecoBCKUA YPOBEHb OLWMOKM, T. €. BEPOSITHOCTb OLUMOOYHOM
KnaccudukaLum npy onTUMansbHOM peLlaroLlen yHKLMK.

Pewwatowlast yyHKLMS MUHUMU3NPYET SMMUPUYECKUIA PUCK, T. €.
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{(xi,yi)e v‘ x=x :y}‘.

B cnyyae, ecnu npu 3agaHHOM X YMCIO BbIGOPOYHBIX TOYEK 0BOMX KNacCoB OAMHAKOBO, B KAYECTBE PeLLEHMS
MPVUHUMAIOTCS C PaBHON BEPOSITHOCTLIO O 1 1.

f(x)=arg max
yelo.)

R . a5 vt ‘:'_“x‘.;;;,#,!me_.g,éﬂ,_g‘",,.‘.l..,.,‘.t.........

0.4

0.3

0.2

i e (R B

[} 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 045 0.5 0 0.1 0.2 0.3 04 0.5 06 [ 08

Puc. 1. Toukm u300paxaloT noOMy4YeHHbIe MOAENMPOBAHMEM CRyyalHbIX BbIOOPOK Napbl 3HAYEHWUA pucka W
AMMUPUYECKOTO puUCKka (NeBblA rpadmk), a Takke pucka M (hyHKLMOHaNa CKOMb3sLEero ak3ameHa (npasblii

rpacouK). PasHble TWMbl MApKEPOB COOTBETCTBYIOT 3HadeHMsM napametpa &: 0,1, 0,2, 0,3, 0,4, 0,5. Ofbem
BbIGOpok NV = 50, MOLLHOCTL NpocTpaHcTBa 71 = 10.

Ha puc. 1 npuBeaeHbl pesynbTaTbl MOAENMPOBaHUS CryvaiHbIX BbIGOpPOK. BuaHo, 4to gucnepcus yHKUMoHana
CKONb3ALLEro ak3ameHa bonbLue Ancnepcuy SMNMPUYECKOTO PUCKa, OAHAKO BU3YamnbHO CIIOXHO OLEHWUTb, KaKoM
13 (hyHKLMOHAOB No3sonseT 6onee TOYHO NPOrHO3MPOBATbL PUCK.

Ha npakTuke pacnpeaeneHue ¢ HeM3BECTHO, NO3TOMY ANs cpaBHEHUs ADPEKTUBHOCTU (DYHKLIMOHANIOB HYXHO Ha
WX OCHOBE MOCTPOUTb HaWMyyllMe OLEeHKW AOBEpUTENbHbIX MHTEpBanoB. [ns pacCMOTPEHHON AWUCKPETHOM
MOCTAHOBKM 3Ta 3ajava, Mo-BWAMMOMY, pellaema, OfHaKo, JOCTATOYHO HEeTpuUBManbHa (CM. Aanee), u K
HaCTOSALLEMY BPEMEHW PeLLeHe NOMyYnTb He YAanoch.

OpHako, NoCTaBneHHas Hamu Lenb MO3BOMSET cAenatb YNpOLLEeHUe U NPeanonoXuTb, Y4TO ¢ OnpeaenseTcs
0gHUM napameTpom ¢ u, Gonee Toro, camo CnyyaiiHO, 3agaB Mpy 3TOM HEKOTOpOe pacnpefenieHne Ha
MHOXeCTBE 3Ha4eHuit napametpa .

Torpa onpefeneHo norHoe COBMECTHOE pacnpefernenne BenuunmH R, RuR.
Kputepuem kavecta (3¢hpeKTMBHOCTM) (yHKLMOHANA R npuvem
R=]| min [|R-R"|aP(R/R)| aP(R)
R €[0.1]
AHarnoruyHo

k=] mm ”R R‘dPR/R) dP(R).

ConepxaTenbHO [aHHble KPUTEPUM OTPaxaloT CPEAHiol0 TOYHOCTb (B CMbICNE MOLYNsi OTKNOHEHWs)
MPOrHO3MPOBAHMS PUCKa NMPU UCMONb30BaHUM COOTBETCTBYIOLLErO BbIGOPOUHOMO (hyHKLMOHANA.

MO3HO TaKkxke U3MepsiTb NOrPELUHOCTb YePe3 CPeaHEKBAAPATUYHOE YKIOHEHVE:
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D= w (j (R-ExR P dP(R/E)) apr(R),
rie EfR - YCroBHOE MaTeMaT/yeckoe OXVWfaHWe pucka Mpi 3a7iaHHOM BenMUMHe AMMMPUYECKOro pucka.

AHarnoruyHo BBOAMTCS D — CpeHeKBaapaTUYHBIA KPUTEPHIA KaYecTBa 151 CKONb3SILLEro 9k3aMeHa.

Ha puc. 2 n3obpaxeHbl 3aBUCMMOCTY KayecTBa (OyHKLMOHANIOB SMMMPUYECKOTO PUCKa W CKOMb3ALLEro ak3aMeHa
oT obbema Bbibopku npu 7 = 3. Mpn aTOM NapameTp ¢ paBHOBEPOSITHO NpuHMMaeT 3HayeHnst 0 m 0,5. BuaHo,
yTo pasnuuue 3HPEKTUBHOCTU (DYHKLMOHANOB B PacCMOTPEHHOM MpUMepe HEBENWKO, OJHAKO, CyLLeCTBYIOT
3HaYeHMs napameTpoB, MpPU KOTOPbIX (DYHKUMOHAM SMMMPUYECKOr0 pucka [OCTOBEPHO 3dhekTMBHEE
(OYHKLMOHANa CKOMb3ALLEro ak3aMmeHa.

CoBMecTHOe Ucnonb3oBaHue hyHKLIMOHANOB

OLteHVlBaTb PMUCK MOXHO 1 npn 0gHOBPEMEHHOM UCMONb30BaHNN oboux d)yHKLI,VIOHaJ'IOB.
K™ =] | min [|R-R"|aP(R/R.R)| aP(R.R).
R"€[0,1]

B atom cryyae aghhekTUBHOCTb OLIEHMBAHUS pUCKa MOXET ObiTb HECKOMbKO BbILE, YEM MpU UCMONb30BaHUN
noboro 13 yHKUMOHANOB B OTAENbHOCTU. JTO AEMOHCTPUpYETCsl TPeTbel (Hambornee CBETNOI) KpUBOW Ha
puc. 2.

Bornee obuwym criyyaeM MeToda CKONMb3SILLEro 3K3aMeHa SBNSeTCS OTAeneHue Ans KOHTPOns He Mo OgHOMY
06bekTy BbIGOpKY, a BbIOOP BCEX COYETaHMIA U3 k 0OHEKTOB.

EctecTBeHHO OXmMaaTh, YTO Goree TOYHAs OLEHKA pUCKa MOXET ObITb MONMy4YeHa MpW UCMONb30BaHUW MOSTHOTO
Habopa (hyHKLMOHANOB CKOMb3SLLEro 3k3amMeHa, Broyast Bce JOMyCTUMble 3HAYeHUs napameTpa k.

(AT} E,:k.,:K++: ; - ; : ; o.18 Ija .’D.++-

‘ H 016 doeees N H : H : H H —+—empirical
—+—empirical '\\ oo
~=—loo i (X7 H H ] H !

both

Puc. 2. CpaBHeHue 3(heKTUBHOCTU (PYHKLIMOHANOB 3MMUPUYECKOrO pUCKa W CKOMb3SLLEr0 3K3aMeHa npw
pasnuyHom 00beme BbIOOpKU, 71 = 3.

MocTpoeHne fOBEPUTENLHOTO MHTEpBana

Yro0bl NOCTPOUTb ,EI,OBepVITeJ'IbeIVI nHTEPBAN And pucka Ha OCHOBE HEKOTOPOro (*)yHKLWIOHaJ'Ia, HanpuMep,

3MMMPUYECKOTO PUCKA, HYXHO BbIOpaTb KPUTUYECKOE MHOXECTBO M3 MHOXECTBA Map (R, R).

3apaaum KpnUTMn4eckoe MHOXXeCTBO B BUae
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{(E,R)‘ R>R,(R)},
TorAa AOBEpATENLHbIM UHTEpBanow Gyt witepean [ 0, R, (R )]
dyann R,y (R ) onpegenserca va ycrosui
Rinax

ve, P(R>R,(R))<n, | R,(R)dR — min.
0
ﬂepBoe 13 yCJ'IOBMI7I oTpaxaet TpeGOBaHVIe, 4YTO BEPOATHOCTb NonafaHus B KPUTUHECKYHO obnacTb He [OJTKHa
npesblWaTb 3aAaHHOr0 YpOBHA 3HAYNMOCTU. BTOpoe ycrnosue oTpaxaeT npeanodTUTenbHOCTb N0 BO3MOXHOCTHU

MEHbLNX BEMNYMH NPOrHO3UPYEMOro pucka. TouHoe BbIpaXXeHne OaHHOro yCrnoBuA MOXET KOPPEKTUPOBATLCA B
3aBMCUMOCTHK OT NPAKTUYECKMUX Tpe6OBaHI/IVI K MPOrHoay.

ToyHOe pelueHMe BO3HMKAKOWEN OMTUMMU3ALMOHHOM 3afjayM [0 CWUX NOP He HailgeHo, HO UM3BECTHO
NpubNIKEHHOE peLleHne, NpeanoxeHHoe BanHukom n YepBOHEHKMCOM, KOTOPLIE, OOHAaKO, He (hopMynMpoBanu

onTMMM3aUMOHHYI0 3adavy B NnpeacTaBneHHOM Buae, a no,u,6|/1pan|/1 R77 (R) AMMNNPUYECKN.

3akniouyeHue

B pabote paccmoTpeH psg cryyaes, Korga (PYHKUMOHAN SMMMPUYECKOTO pucka 3h(EKTUBHEE CKOMb3SILLErO
ak3ameHa. Camo no cebe CyLLecTBOBaHWE Takux ClyvyaeB NPefcTaBnseTcs UHTEPECHbIM U FOBOPUT O TOM, YTO
MpW YCMOBUW TOYHON OLIEHKM CMELLEHUST SMMUPUYECKUA PUCK MOXKET KOHKYPUPOBATb C HECMELLEHHOM OLIEHKOM
CKONMb3ALLETrO 3K3aMeHa.

06HapY)KeHHOG npenmMyLiecTso SMNUPUYECKOro pUCKa Habnoganoch Nuib B HEKOTOPbIX Clny4aax WU Bbino
HECYLLECTBEHHbIM, NO3TOMY Ha NPAKTUKE BCE Xe Bonee npeanoYTuTenbHbIM OCTaeTCa UCnonb3oBaHne (an
HanU4uK Takom BO3M0)KHOCTI/1) d.)yHKLlMOHaJ'Ia CKONb3ALLEero ak3ameHa.

3agaya NocTpoeHust ONTUMANbHOTO hYHKLIMOHANA OLIEHKM Ka4ecTBa B HACTOsILLEe BPEMS OCTAETCs OTKPLITO.
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NMPOrHO3UPOBAHUE PA3HOTUMNHOIO BPEMEHHOIO PAOA METOAOM
ALOANTUBHOIO ®OPMUPOBAHMWA NPOCTPAHCTBA COCTOAHWUM B KNACCE
NOrMYECKUX PELLAIOLLMUX OYHKLIMIA!

CseTtnaHa Hepgenbko

Abstract: The method of heterogeneous multidimensional time series probabilistic model reconstruction based
on adaptive forming a discrete state set is offered. To estimate a deciding function quality some kind of
informativity criterion for conditional distribution is used. The algorithm based on the proposed method was
implemented and tested on model and applied tasks.

Keywords: multidimensional heterogeneous time series, pattern recognition, classification, statistical robustness,
deciding functions, complexity.

ACM Classification Keywords: G.3 Probability and statistics: time series analysis, Markov processes,
multivariate statistics, nonparametric statistics; G.1.6. Numerical analysis: Optimization.

BBegeHue

[lna MHOTMX MEeTOZOB MPOTHO3MPOBAHWS MHOTOMEPHOTO Pa3HOTUMHOTO BPEMEHHOTO psija MMEEeT MeCTo
npobrema peskoro yBenMYeHUst pasMepHOCTM NPOCTPAHCTBA, B KOTOPOM BELETCS MOMCK peluaiollen thyHKLK,
npu yBENU4eHUn rnybuHbl NPeabICTOpUM, OT KOTOPOIA 3aBUCMT MPOrHO3. B aToit cutyauum npuxogutcs nubo
ynpoLLaTh KNacc pellatolnx yHKLMA N yMeHbliaTh rnyGuHy npeabicTopun, 6o UCnonb3oBaTh PasnuyHble
3BPUCTMKM 1 YCTIOKHSTb anropuTMbl NMOCTPOEHUS! PELLEHNS.

Kpome Toro, ogHa 13 0coGeHHOCTEN 3afjaun NpOrHo3MPOBaHUSt MHOTOMEPHOTO BPEMEHHOTO psiia COCTOUT B TOM,
YTO NPOTHO3UPYETCS OAHOBPEMEHHO HECKOMBKO NEPEMEHHbIX. B GOMbLUMHCTBE anropuTMOB 3Ta 0COBEHHOCTL HE
MPUHUMAETCS BO BHUMaHWe, 1 pellatolie (YHKUAM CTPOSITCS ANS Kaxaoi NepeMeHHoil oTaenbHo, 6es yyeTa
3aBUCUMOCTY LiENEBbIX NEPEMEHHbIX.

B HacTosLeit paGoTe paccMaTpuBaeTCs anropuTM NporHo3MpoBaHNs MHOTOMEPHOTO PasHOTUMHOTO BPEMEHHOTO
psaa, OCHOBaHHbII Ha aaanTMBHOM (OPMUPOBAHMN MPOCTPAHCTBA COCTOSHUI B KNacce NOrMYEcKUX peLLatoLLmx
(yHKUMA.  TloMCK  ONTMManbHOTO C TOYKM 3PEHUSt KPUTEPUSt WMH(OPMATUBHOCTM Pa3bUeHNs WMCXOAHOro
NPOCTPaHCTBA MEPEMEHHBIX YYMTHIBAET 3aBUCUMOCTb LIENeBbIX NEpeMEeHHbIX M CHUMaeT npobnemy pocTta
Pa3MepHOCTM NPOCTPaHCTBa, XOTS U OrpyBnseT nporHoa.

MocTtaHoBKa 3agaum

[ycTb faH n-MepHbI PasHOTUMHLIA BPEMEHHOW pag v = {z" t=1,N } Zl = (zf,...,z,i), zj- € Zj. 3pech

Zj — MHOXeCTBO A0MnyCTUMbIX 3Ha4eHui ]-l7l nepeMeHHoM pana. B Ha60pe nepemMeHHbIX MOryT NPUCYTCTBOBATb
OAHOBPEMEHHO HenpepbiBHbIE U AUCKPETHbLIE, @ TakKke NepemMeHHble C ynopAanaovYeHHbIM U HEYNopsAAOYE€HHbIM

n
MHOXECTBOM 3HaueHuiA. MpOoCTPaHCTBO 3HaueHwil psiga oboshaumm Z = ' Z i

J=1
3apgava cocTouT B TOM, 4TOOblI HAa OCHOBE aHanu3a MMeLMXCa IMNNPUYECKUX OaHHbIX v NPOrHO3MpoBaTb
3HaYeHNss BPEMEHHOro pada B MOMEHTbI BpEMEHN f > N.

' PaGota BbinonHeHa npv nogaepxke POOU, rpaHt 04-01-00858-a.
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Bynem paccmatpusaTh CTATUCTMYECKYl0 MOCTAHOBKY 3afayu, Koraa v SBMSETCH peannsaLueit HeKoToporo
Cry4alHoro npouecca z(f) ¢ AMCKPETHbIM BpemeHeM. [1pu 3ToM NpeanonoXuM, YTo npouecc 3afaetcs
MepexoaHon  (YCrioBHOI) ~ BEPOATHOCTHON  Mepoil P[Z/z(t—1),z(t—2),...,z(t—d)], onpenensemoin
npeabIcTopuen AnuHbl  d. KeappaTHble CKOBKM 3[eCh W Janee B aHamnoruyHbIX CUTyaLMsX O3HAYaloT, uTo
UMeeTCA B BIlY HEe Mepa MHOXeCTBa Z, a Mepa, 3a/1aHHas Ha HeKoTopoi g-anrebpe ero NoJIMHOKECTB.

OBbIuHO NPOrHo3npoBaHMe BPEMEHHOro pAda noAapa3ymMeBaeT  MOCTPOEHUE peLuarom,elh beHKLlMM

f:Zd — Z , KoTOpasi Mo 3adaHHOM NpeabICTopuK psga ans MOMeHToB ¢—1, t—2,..., t—d paeT
NPOrHo3upyeMblii Habop 3HaYeHuin NepeMeHHbIX psaa Ans MomeHTa ¢ Mol Gyaem CTpouTb annpokcuMaumio
camoil NePexofHON BEPOSITHOCTW. JTOT NOAXOA MMEeT MOTeHUManbHO Bonbluylo MBKOCTb NpU OLEeHUBaHMM
MOOENKW, onpeaensiolle BpeMeHHOW psid. 3HaHWe NEepexogHO BEpOSTHOCTM MO3BOMSIET, B TOM 4MCre, U
CTPOUTL ONTUMAnbHBIA NPOrHO3 3HAYEHMI.

an 9TOM, KnacCu4yeckue HenapameTpuyeckue MeToabl OueHMBaHWA YCNOBHOIO pacnpeaeneHuna Tpe6y+0T
OTHOCUTENbLHO 6onbLuoro obbema SMMNNPUYECKUX OaHHbIX U npeanonaratT 7€ NN NHblE METPUYECKNE CBOMCTBA
MPOCTPaHCTBa Z, YTO B Pa3HOTUMHOM CIly4ae He BMOmnHe onpaBaaHo.

B Hactosiweit paboTe WCMONMb3yeTcss OCHOBAHHLIA Ha KPUTEPUM WHGOPMATUBHOCTM METOA OLEHMBAHWSA
YCINOBHOTO pacnpefeneHuns B 3afaHHOM Knacce KyCOYHO-MOCTOSHHBIX pacnpesenieHui.

,U,aHHbIﬁ METoA He TpeGyeT Kakux-nunbo METPUYECKMX CBOMCTB npocTpaHcTBa Z W NO3BONSAET mbko
NOACTPanBaTh CMOXHOCTb MOAENN NoA o0bem BbI60pKVI.

Kputepum kauectBa BepOATHOCTHON MoAenu

OnucbIBaeMbIil KPUTEPUI OCHOBAH Ha MOHATUAKM MHAOPMATUBHOCTM pacnpeneneHuin. loa MHHOPMaTUBHOCTLIO
30eCb MOHWMAEeTCA CTeneHb OTNWMYMA  OT  anpuopHoro  pacnpedeneHus. CTeneHb OTAMYMS  MOXKET
XapaKTepu3oBaTbCA PacCTOSHWEM B HEKOTOPOW BbiOpaHHO! MeTpuke (0gHaKo TpeboBaHWe BbIMOMHEHWS BCEX
CBOJCTB METpUKM, BOODLLE roBOpSI, HE0OA3ATENBHO).

) kK
3achmkempyem HekoTopoe pasdueHne A = {E‘” cZ ‘ o= l,k}, UE‘" =7, oo =>EYNE? =0,
=1
npocTpaHcTBa Z.
Tenepb  MCXOOHOMY  MHOTOMEPHOMY psigy v MOXHO — COMOCTaBMTb — OAHOMEPHYK  CUMBOIIbHYHO

nocneanoBatesibHOCTb W = { a)t

¢ _
' eE? ,I:I,N}.

CnyvainHomy npoueccy z(f) OygeT coOTBETCTBOBATb NPOLLECC a)(t) nepexoaHble BEPOATHOCTH NS KOTOPOro
0603HauMMm

P oy|o1,03 .04 = P(ot)= oy /ot —1)= ay,...,0(t—d)=wy).

Taroke Bynem ncnonb3osatb COBMECTHYIO BEPOATHOCTb
d d
Powy..o; =P A (a)(t—z'): a)T) =P| A (Z(t—z')e Ea’f) — BEPOATHOCTb 3aaaHHoN
=0 =0

npeabICTOpuM AnuHbI d .

Kputepuin nHopMaTUBHOCTY ONpeaesnum Kak

’ pa)la)z...a)d :

k k
K(ﬂ’): Z z ‘ pa)o - pa)o‘a)l,a)z,...,a)d
600:1 [OF] =1
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,U.aHHbIIZ KpI/ITepI/IVI €CTb cpe,qu/u7| MOAynb pPa3HOCTU MeXOdy BEpOATHOCTAMU nepexoda U 6€3yCJ'IOBHbIMVI
BEPOATHOCTAMU HaxOXOEHNA B COCTOAHNAX.

lNocne TOXOECTBEHHIX NPE0bpa3oBaHuin UMeem:

k k k k k
K(}”): 2o 2 Pawy..woy ~ )y Poyw, ..o, IS Poyw, ..o,
[N =1 [OF] =1 [N =1 [} =1 [OF] =1

[insi OLieHKn JaHHOTO KpUTEpUS NO BLIOOPKE AOCTATONHO 3aMeHUTb Py 4, HA Ny o, /N - yacroty

peanuaauuy npeabicTopun Ha obyJatoLeit nocreaoBaTenbHOCTA w.

Onucanuve anroputma

Bo MHorux pacnpocTpaHeHHbIX anroputMax MpOrHO3WPOBaHWS BPEMEHHOTO psiaa MPOM3BOAMTCA CBeAeHue
peanu3aunv BpeMeHHOro psaa K Bblbopke B Buae Tabnuupl AaHHbIX Tak Ha3biBaeMbIM METOLOM «TYCEHWLbI»
unm  «3meiikny  [danunos, Kurnseckun, 1997]. [ns atoro BBOAWTCA nepeobosHadeHWe MNEepPeMEHHbIX:

NporHosupyemble nepemeHHble 0GosHavaioTest y ; )=z j (t), j=1,...,n, a3Ha4yeHvs psga Ha NpeabICTOpUM
obosHavaiotest x ; (1) =z ;(t—1), x;,, () =2;(t=2) ,..., X j 4 pg—1)() = z, (t—d), j=1,n. MNocne

3TOr0 MOTYT WUCMOSb30BATLCSA anrOpuUTMbl NOCTPOEHUS peLLatoLmX YHKLUMA Ha OCHOBE Tabnuy AaHHbIX. [ns
Cnyyas pPas3HOTUMHOrO MPOCTPAHCTBA HE3aBUCUMbIX MEPEMEHHbIX U3BECTHbI COOTBETCTBYIOWME METOIbI
pacnosHaBaHns 00pa3oB W PErpecCUOHHOT0 aHanu3a B Kracce NOrMYeckux peluarowmx yHkumin [N16os,
CrapueBa, 1999].

OpHako nogobHoe cBepeHue CyLecTBeHHO (B d pas) yBenuuMBaeT pasMepHOCTb MPOCTPAHCTBA, B KOTOPOM
CTPOMTCS peLuaroLast yHKLMS.

B npeanaraemom anroputMe pasbueHue CTPOUTCS HEMOCPEACTBEHHO B MPOCTPAHCTBE Z, YTO MO3BOMSET
n3bexaTb YBENMYEHUS PA3MEPHOCTY 1 CTPOUTL PELLEHUS MPK OTHOCUTENBHO KOPOTKMX peanuaaLmsx

[ns HaxoxaeHWs NpuBAMKEHHOro K ONTUMarnbHOMY B COOTBETCTBUM C KpuTepUeM K pasbueHns A npumMeHnm
anroputm HanpaenenHoro noucka (LRP), cTposiwmin pelwenne B Buae aepesa [/16os, Ctapuesa, 1999] unm B
BMAE HenepecekarLmxcs MHOrOMEPHbIX MHTepBanoB. o4 MHTepBaIoM NOHUMAETCS NPOU3BOINLHOE MHOXECTBO
COCEAHUX 3HAYeHUn Ans MEepeMEHHOM C YNOPSAOYEHHbIMM 3HAYEHUSMWA W MPOU3BONBbHOE MOAMHOXECTBO
3HAYEHWN, €CNM NEepemMeHHas C HeynopsiOYEeHHbIMM 3HaYeHWsMU. MHOrOMepHbIN MHTepBan npeacTaBnseT
coboi fekapToOBO NPON3BEAEHNE MHTEPBAIOB MO NEPEMEHHBIM.

TecToBbIN NpUMep

[ins unnioctpaummn paboTocnocobHOCTM M3NOXKEHHOMO anropuTMa, PeLLMM MOAENbHYHO 3aaaqy.

lycTb ABYMEpHbIA BPEMEHHOW PS4 3agaetcs CryyaiHbiM NPOLECCOM € Tpems cocTosiHuamu. Obnactu
NPOCTPaHCTBA, COOTBETCTBYIOLLME COCTOSIHUSM, U BEPOSTHOCTU NEPEX00B NpuBeaeHbI Ha puc. 1. B kaxaon us
obnactei npum ycnoBux nonagaHns B Hee pacnpesenieHne paBHOMEPHO.

Peann3oBaHHbIi  anroputM  NOCTPOEHMS  pa3bMeHWs Ha  OCHOBE  KpUTEpUS  MHKDOPMATUBHOCTY
NPOAEMOHCTPUPOBAN MPaBWUfIbHOE HAXOXAEHWE 3aKOHOMEPHOCTEW, 3aNOXeHHbIX BO BPEMEHHOW psA.
[MoCTPOEHHOE MM LEPEBO PeLLeHMIn N306paxeHO B NPaBOiA YacTM PUCYHKA.
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Puc. 1. [ina TecToBOro npumepa M306pakeHbl COOTBETCTBYOLMNE COCTOSHUSM 0BMacTi B MPOCTPaHCTBE
3HaYeHMIl MEpeMeHHbIX, MepexofHble BEeposTHOCTM W [EPEBO  PELUeHUid, MOCTPOEHHOE

npeanoXeHHbIM anropuTMom.

PeweHune npuknagHon 3agaumn

[MpeanoxeHHbIN anropuTm Obin
WCMbITAH ~ Ha  3ajaye  aHanusa
BPEMEHHOTO psAa, NpeACcTaBneHHOro
MeTeopOIOrNYECKUMI AaHHBIMM.

Psag skmiovan 3a nepuog ¢ 1915 no
2000 rr.  cpegHerodoBble  3HAYEHWS
Ccneayowyx BeNnMYmH;

Z, — TemMnepartypa Bo3ayxa;
Z, — 06beM 0cajKoB;
Z; — 00beM BOJOCTOKA.

TpaekTopust 4aHHOTO psiAa B NPOeKLum
Ha nnockocTb Z,, Z; NpuBefeHa Ha
puc. 2.

[na  BbiSBNEHMS  3aKOHOMEPHOCTEIA
[AHHOTO PSAA C MOMOLLbBIO OMMCAHHOTO
anroputMa ObINo MOCTPOEHO [epeBo
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Pwc. 2. TpaekTopusi BpEMEHHOTO psifa B NPOCTPaHCTBE NEPEMEHHbIX
Zz n Z3 .

peU.IeHVIVI C 6-10 KOHEYHbIMK BEpPLUINHaAMK, KOTOpblE ONpeaenarT COCTOAHUA cnyqa|7||-|oro rpotecca. Fny6|/|Ha

npegeicTopun d=1.

Hwxe nonyyeHHoe peLLeHre NpeaCcTaBneHo B BUAE cnvcka obnacTeil.
1: Z; < 3960 & Z, < 37.8 & Z; < 3163

2: 73 < 3960 & 7, < 37.8 & Z; 2 3163 & Z, < -0.46
3: Z; < 3960 & 7, < 37.8 & Z; 2 3163 & Z, 2 -0.46
4: 73 < 3960 & Z, =2 37.8
5: Z; 2 3960 & Z, < 37.8
6: Z; 2 3960 & Z, =2 37.8
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‘ 6e3yCrioBH.. 1 2 3 4 5 6 ‘
| 0.08 1 0.29 0 0 0.71 0 0 |
| 0.12 2 0.1 04 0 0 04 0.1 |
| 0.06 3 0.2 0.2 0 06 0 0 |
03 4 0.12 0 0.08 0.54 0.04 019 |
| 0.15 5 0 023 0.08 008 038 023 |
| 0.29 6 0 008 0.08 0.12 0.08 064 |

B Tabnuue npuBeneHbl OLEHKN OE3YCrOBHbLIX BEPOSITHOCTEN HAXOXAEHWUS B COOTBETCTBYIOLIMX COCTOSHUSX
(nepBblit cTONGEL), a Takke NEpPexofHbIX BepOSITHOCTEN. 3HaueHWe KpUTEpUs Ans MOMyYEeHHOTO PeLleHus
K=08.

Kak MOXHO 3aMeTuTb, NepexofHble BEPOSITHOCTM CYLLECTBEHHO OTNIMYAKTCS APYr OT Apyra U OT Ge3yCcrnoBHbIX
BEPOSITHOCTEN. JTO CBUAETENBCTBYET O TOM, YTO MPEAMOXEHHBIA anropUTM MOXET HAaX0aUTb 3aKOHOMEPHOCTY B
MHOFOMEPHbIX BPEMEHHbIX psifaX.

3aknioyeHue

MeTodbl OAHOBPEMEHHOTO MPOrHO3UPOBAHUS HECKOMbKMX LeNeBbIX MEepeMEHHbIX Mpu  pelleHnn  3ajauu
NPOrHO3MPOBaHWS MHOrOMEPHOrO Pa3HOTUMHONO BPEMEHHOrO psfa, MO CPABHEHWIO C METOAAMK NOCTPOEHMS
pelialowen YHKUMM MO KaKOOW LeneBOW NEPEMEHHOW B OTAESbHOCTW, MO3BOMAIT TOYHEE YYMTbIBATH
B3a/MO3aBMCUMOCTU NepeMeHHbIX. B u3noxeHHom B paboTe MeTode B KayecTBe peluarolien yHKLUK
BbICTYNaeT MaTtpuua NepexofoB AN COCTOSHWMA CryYalHOro npouecca, COOTBETCTBYIOWMX afanTUBHO
nogobpaHHoMy pasbueHuo NpocTpaHCTBa nepeMeHHbIX. [pu aTom pa3bueHne CTPOMTCS HEMoCPEACTBEHHO B
NPOCTPAHCTBE MEPEMEHHBIX, OMUCHIBAKOLLNX BPEMEHHOW pSf, YTO CYLIECTBEHHO CHWKAET TPYAOEMKOCTb
anroputma. KputepueM kayecTsa peLleHus B TakoM MeToge SBnaeTcs MHOPMaTUBHOCTL MaTpULLbl NEPEXOAOB.

lMpuMeHeHNe NPEeaSIoKEHHOr0 METOAA K aHanu3y MEeTeoponorMyeckix AaHHbIX  NMPOLEMOHCTPUPOBAro
9(hHEeKTUBHOCTb METOAA M BO3MOXHOCTb MOMYyYeHUs! 3aKOHOMEPHOCTEW, NPEACTABMNANWMX WHTEPEC Ans
AanbHemLwero CoAepXaTernbHOro aHanmaa.
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DETECTION OF LOGICAL-AND-PROBABILISTIC CORRELATION IN TIME SERIES!

Tatyana Stupina

Abstract. An application of the heterogeneous variables system prediction method to solving the time series
analysis problem with respect to the sample size is considered in this work. It is created a logical-and-probabilistic
correlation from the logical decision function class. Two ways is considered. When the information about event is
kept safe in the process, and when it is kept safe in depending process.

Keywords: the prediction of heterogeneous variables system, the adaptive method, multidimensional time series,
logical decision function.

ACM Classification Keywords: G.3.

Introduction

The problem of detection correlations by data, which is presented by time series, is used in different intellectual
analysis domains. We have the most difficult problem, when any prior information about process or object is
absent. In addition to that several attendant problems are appeared. Firstly, it is necessary to define a class of
decision functions (models). Secondary, we must work up a method of plotting optimal decision function, in other
words to define optimality criterion by sample. In the third place, we must test our model on adequacy and
effectiveness (capacity for general conclusion or statistical stability).

At present time there are many well-known scientific schools, what make researches to that line of investigation
[Lukashin Y.P., 2003, Bezruchko B.P., Smirnov D.A., 2003, Lbov G.S., Starceva N.G, 1999]. However universal
method is not exists. Several suppositions and priory information are used by every method. It says that problem
is actual problem. The method is preferred if it uses lame suppositions to respect with decision function class and
if it has capability to retarget model during learning on sample data. At present time so methods use the neural-
network technological, the pyramidal-network, the wavelet analysis, the logical structures and others approaches.
Such methods we can name as adaptive methods. The conception of adaptive has more comprehensive sense
[Lukashin Y.P., 2003, Lbov G.S., Starceva N.G, 1999].

We will interpret concept of adaptive as consecutive selection of model’s structure during process of learning on
sample data in order to take effective prediction by time series. At the same time it is appeared additional problem
— detection a time moment of changing model’s structure (criterion of adaptive).

In this paper one is suggested two ways to joint analysis of several unvariate time series by using MLRP-method.
When the information about event is kept safe in the process, and when it is kept safe in depending process. That
method was applied to prediction of multivariable heterogeneous time series [Stupina T.A., Lbov G.S., 2006]. The
solving of practice problem from hydrological domain is presented here by MLRP-method. Model from the logical
decision function class we will name as a logical-and-probabilistic correlation [Lbov G.S., Starceva N.G., 1999].

Problem Statement

Let us consider terminal time series {x(t),t € T}, it is realization of some time-dependent random process n(t).

One is supposed that simultaneous distribution p(n1), p(n, N2), (N1, N2, N3),..., P(N1,..., Nr) is exist. The value set
Dy of variables may be quantitative, nominal and ordinal type in a more case. Let the values of random process
n(t) are measured at consequent moments of the time with the gap At =t, —t,_;. Denote this set of moments

as T: {t1""’tk""’tN} y N << 0,

' This work was financially supported by Lavrentiev's Grant Ne 7 of Youth Science Concurs and RFBR 07-01-
00331-a
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Classical problem of prediction time series is consist in that we must take prediction at time moment t =t on
time period tg,, by analyzing prehistory {x(t;)} ,k =1,...,d , with length d. As a rule the value z is named as
forestalling. Let us denote the set of every possible prehistory, that have length d, as aDy, and the set of every
possible all forestalling sets as a Dy . Let us understand a prediction decision function as a f mapping of the Dy
setonthe D, set i.e. f:Dy — Dy, dmDy =d, dmDy =z . Model's construction f of prediction is defined
by decision function class @ .

If the simultaneous distribution is known than optimal decision function, constructing predicts to timet+ 7, is
conditional average of distribution E(7;.., | 77t_g,--,77¢) . In order to solve this problem it is necessary to restore
conditional distribution. But that way is not practical because we have not enough size of sample in applied tasks.
Therefore it is possible to offer a different depending on specified suggestions targets setting (concerning
properties of random process) and the different methods (concerning decision function class) of their decision
accordingly.

At present time it was developed many method for prediction depended on time random process (probabilistic
characteristics of process are not changed on time). Its methods are based on constructing several models,
which usually use some suggestion. For example, if we want to do long-time prediction than the best offer
(concerning error variance value) is global model, if we want to do short-term prediction, than the best choice is a
local model [Bezruchko B.P., Smirnov D.A., 2003]. Note that most models accomplish solitary prediction and as a
rule itis at next time t + At or attime moment t+7 At, r=2,.,.N—-d.

We propose model, that accomplishes prediction on all forestalling term 7, in other words, to time moments
t+k At, k=1..7. That prediction allows to take one decision function (structure of model) and to do
simultaneously several predictions on future by one prehistory.
For that problem statement it is important to analyze several steps:

e The detection time moment of changing model’s structure (criterion of adaptive);

o The optimization of prehistory length d;

e  The optimization of forestalling term 7.

In order to solve these items we will use class of logical decision function. We will consider two ways: a) when the
information about event is kept safe in the process, and b) when it is kept safe in depending process. We will
perform the primary ideas of these ways in following paragraphs.

Analysis unvariate time series problem

Let we have unvariate time series {x(t)} of any random process 7(t). It is necessary to solve a problem of

constructing function f by empirical data, that is presented as terminal points N for given prehistory length d and
forestalling term z . We will construct decision function from the logical decision function ®,, by sample data,

which is made from points of discrete time series. The procedure of building data table v ={v,,v,} depends on
problem statement and on data generally.

For example, it may be

a) Shift of prehistory window step-by-step on time series,

b) Shift of prehistory window to some position on time series,

¢) Building prehistory window from the series points, that is positioned on some distance.

Also we can consider some combination of items indicated above. The visual illustration of the unvariate time
series and principle of building sample table are presented on figure.1

Not lose commonality let us consider, that At =1, then prehistory table is built as v, = {x,;} = {x(j + k -1)},
where j=R—-d+1..,R, d<R<N-7, k=1..,N-R—7, and forestalling term table (future predictions) is
builtas a v, = {x,;} = {x(j +k)}, where j=R+1,...R+7, k=1..,N-R -z, for case (a) as above. With the
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help of data table v ={v,,v,} of the size N—R -z we will construct sample decision function f from the class

®,, by the MLRP-method. So we have that choice of optimal length d” of prehistory corresponds to the choice

of informative characteristic subset. A choice of optimal forestalling term length z* will be correspond to definition
of likely problem size (complexity) for a given sample size.

x(?)

t-d t o t+r
fig.1. Analysis unvariate time series.

We define a time moment of changing model’s structure (adaptive) as a time moment t* =t5_, for which the
condition | F(f)—F" [> h is carried out, where the value F* is threshold value of model quality, h is admissible
value of deviation for established quality.

Below we will consider logical decision function class ®,, and its properties. We will define criterion of quality
F(f) for decision function .

The prediction with respect to other time series

This paragraph is devoted to detection of correlation between two unvariate time series. That problem statement
is well known and is commonly applied for solving practice problem [Bezruchko B.P., Smirnov D.A., 2003].
However the most methods indicate some power of correlation for the given time point.

The suggested method is founded on constructing function for that a definitional domain is assigned in domain of
realizations of one time series {x(t)}, and a value domain (domain of prediction point t +7z At, z =1,..,.N—d)
is assigned in domain of realizations of other time series {y(t)}. It is supposed that one time series with respect

to other process. The visual illustration of two dependent time series and the principle of building sample table are
presented on figure.2.

The data table is constructed by principle like above. The power of correlation fis defined by quality value F(f) a)

on the learning sample and b) on the control sample. We will construct sample decision function f (logical-and-
probabilistic correlation) from the logical decision function class @, by the MLRP-method like above.

x( 1)

fig.2. Two dependent time series.
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MLRP-method of creating logical-and-probabilistic model

From the beginning we consider a commonly probabilistic statement problem. Let the value (x,y) is a realization
of a multidimensional random variable (X,Y) on a probability space <Q,B,P >, where =Dy xDy is u-

measurable set (by Lebeg), B is the borel o -algebra of subsets of Q, P is the probability measure (we will
define such as c, the strategy of nature) on B, Dy is heterogeneous domain of under review variable,

dmD, =n, D, is heterogeneous domain of objective variable, dimD, =m. The given variables can be

arbitrary types (quantitative, ordinal, and nominal). For the pattern recognition problem, for example, the variable
Y is nominal. Let us put @, is a given class of decision functions. Class @, is u-measurable functions that

puts some subset of the objective variable E, < Dy to each value of the under review variable x € Dy, i.e.

o, ={f:D, > 20 } . For example the domain E, can contains the several pattemns {@,...,w} for pattern

recognition problem.

The quality F(c f) of a decision function fe®_ under a fixed strategy of nature c¢ is determined as
F(c,f) _j x)Ix) = u(Ey (x))dP(x), where E, (x)=f(x) is a value of decision functions in x,

X

P(y € E,(x)/x) is a conditional probability of event {y € E,} under a fixed x, u(E,(x)) is measurable of
subset E, . Note that if x(E, (x)) is probability measure, than criterion F(c,f) is distance between distributions.

If the specified probability coincides with equal distribution than such prediction does not give information on
predicted variable (entropy is maximum). On the nominal-real space Q =D, xD, a measure x is defined so as

any EeB, E=USElx{z/}, u(E)=x IDﬂl 57 Were E,, is projection of set E on nominal space D, ,

z/-item of E,, El-setin D, corresponding to z/, u(El) - lebeg measure of set E.. For any subset of
domains Dy or Dy the measure . is assigned similarly. Clearly, the prediction quality is higher for those E|,
whose measure is smaller (accuracy is higher) and the conditional probability P(y € E, (x)/x) (certainty) is

larger. For a fixed strategy of nature ¢, we define an optimal decision function f (x) such as
F(c.f,) = supseq_F(c,f), where @, is represented above class of decision functions.

In commonly when we solve this problem in practice the size of sample is small and type of variables may be
different. In this case class of logical decision function ®,, complexity M [Lbov G.S., Starceva N.G, 1999] is

used. For the prediction problem of the heterogeneous system variables class @), is defined as
Dy ={fed, |f~<a,r(a)>ac¥y, rl@)eRy} (the mark '~ denotes the correspondence of pair
<a,r(a)> to symbol ), were W) is set of all possible partitioning

a={Ey,..EM|E, =H9?:1E§(j, Eﬁ(_ gDX_,tszJEﬁ( =Dy} of domain Dy on M noncrossing subsets,

Ry, is set all possible decisions r(a) = {E!

yonE |E; eSDy,tzl,_M}, 3p, - setof all possible m-measuring

m
intervals. For that class the measure u(E, (x)) = By = 1‘[% is the normalized measure of subset E, and it
=

is introduced with taking into account the type of the variable. The measure x(E, (x)) is measure of interval, if

we have a variable with ordered set of values and it is quantum of set, if we have a nominal variable (it is variable
with finite non-ordering set of values and we have the pattern recognition problem). A complexity of ®,, class is

assigned as M if we have invariant prediction (decision is presented by form: if x  EY , than y €E}), Mg, =M,

and it is assembly (ki ,....ky) if we have multivariate, ie. Ej =Uk E,, t=1.,M and E, NE} =& for
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i # j (decision is presented by form: if x Eﬁ( , than y eE}l, v Ef ViV E)’,‘f ). The class of logical decision
function has universal property.

Statement. For any function f € ®° and & >0 there are M and several logical decision function f, € @, so
that | F(c,f)—F(c,fy) IS €.

Others good properties of the logical decision function class are presented in work [Stupina T.A. 2006] for
prediction system heterogeneous variables problem.

If the strategy of nature is unknown the sampling criterion F(f) is used by method Q(v,) of constructing

NE) _ N = _NE) gt

] » ) M
SN N Py TRE) T

sample decision function f, F(f)=3%M, by (B, — A,

), where p!

ﬁyz,u(éy), N(+#) is number of sample points, generating the set “’, f~<a,r(a)>,

a={Ex..EX ¥y, rl@)={E..,

f* =arg max (m)aé F(f) . In order to solver this extreme problem we apply the algorithm MLRP of step-by-step
O{E‘“PMI ra)eRry

E/}eRy. The optimal sample decision function is

increase attachments of decision trees. It do the branching of top point on that value criterion F () is maximum
and the top point is divisible or F(f) > F*. The top point is indivisible if 1) number of final top pointis M"=M"

or 2) N' <N*. That criterion and parameters F*,M* N* assign method of constructing sample decision
function.

In order to estimate the MLRP - method quality we did statistical modeling. The average of the criterion of sample
decision function on samples of fixed size mg(c) = Ey, F(c,f) is estimated for fixed nature strategy. Moreover

we researched the averaging-out empirical functional quality &y (c) = EVNF(c,f )—EVNIE (f) for given strategy of
nature with the purpose of estimating decision quality, and maximal removal of empirical functional quality

average of distribution ey(c)= sup &y(c) for a given empirical quality value F,. It was taken for some
c:F(f)=F,

parametric nature strategy class, for given nature strategy complexity M, decision function complexity M’ . The

decision function is built by MLRP-method on sample of size N. Parameters n, m (dimensions of domains Dy

and Dy ) and number of fixed type variables were considered in problem statement on the whole. It's defined the

complexity of nature strategy and complexity of decision function. The GenMLRP-algorithm was developed for
modeling nature strategy parameters. Generation nature strategies were realized in accordance with definition,
where parameters are established by random in the given interval. The properties of functional quality are
presented in work [Stupina T.A., 2006] for uniform distribution on set Dy .

The MLRP-method was applied for prediction multivariate time series. Three random processes were
simultaneously considered instead of one. Feature’s systems (under review and predicted) were established.
Procedure of building data table is offered in work [Stupina T.A., G. S. Lbov, 2006]. The example of solving
practical problem is presented in next paragraph.

Application MLRP-method to prediction multivariate time series task

This paragraph is devoted to some of practical problem from hydrological area. It consists in the prediction of the
columbine (k =1), transmitting across Oby riverbed, the average monthly temperature (k=2) and the

atmospheric precipitates (k = 3) by like hydrometeor data (in the course of the 86 years) in control post of the city
Kolpashevo. In order to construct decision function of prediction variable system (y4,y,,y3) in April by variable

system in the course November, December and January the average monthly data was worked up in the course
of November (i =1), December (i =2), January (i =3) and April (j =1) in control post. The sample decision

function was constructed by learning data {xi(t, .15), ¥ tkj )} of the size 76.
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(45.0; 182.7]
b)) — X,
[2.0;31.2] 31.2;45.0]
X3 X,
<-21.6 >-21.6 >2140.0
(553.0; 2140.0]
X, X, X, X4
31 >1320 553.0; 1320.0] (36.0; 45?/ (31.2;36.0]
>-13.
<-13.1 >-8.8
1(b4)
<8.8
1(b3)
1(b10) 1(b9) X, 1(b2) 1(b8) 1(b7)
>-11.6 <11.6
1(b6) (b5)

r(b6) ="Y, € [-6.3;1.8]" A "Y, €[13.0; 34.0]" A "Y; €[1120.0; 4850.0]"

fig. 3. The decision tree of hydrological situations is presented.

Estimation of quality criterion (probability estimation of veritable decision by rule f ) was taken by control sample
of the size 10 (it is last years of time series) and it was equal 0.8 that is satisfactory result.

Four important features were chosen from initial nine features for consecutive constructing decision tree (the
decision function from logical decision function may be presented by dichotomous count). In compliance with
construction decision function the average monthly temperature in November (x;) and in January (xo), the
atmospheric precipitates in November (x4), the columbine in November had the most influence on prediction
quality. Visual illustration of some decision tree of hydrological situations and decision example on top r(b 6)is

presented on figure.3 with complexity M =10, N* =3.

Conclusion

In that paper two ways to solving analysis unvariate time series problem was considered. It was founded on the
MLRP-method constructing logical-and-probabilistic model for prediction heterogeneous variables system. The
idea’s approach and ways of realizations was formulated here.

The decision was constructed by MLRP-method from the logical decision function class. It allows taking optimal
parameters as such prehistory length and forestalling term for unvariate time series. Practical problem from
hydrological area was decided by MLRP-method for prediction variable system. Simulation of the different type
time series is matter of future researches.

We want to note that proposed approach to joint analyses of some time series can have more than enough
applications. For example, we can solve problem of statistically important correlation detection between seismic
processes arising on the most distant region. It allows us to understand and even perhaps to detect earthquake
precursors.
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OAWH nNoaxoa K PABHOBECUAM B UIPAX
B YCNOBUAX HEOMNMPEAENEHHOCTH

Ceprein MaweHko

Abstract: There are proposed the necessary and sufficiency conditions of the virtual equilibria of games in the
conditions of of uncertainties as in clean so in the mixed strategies.

Keywords: Nash’s equilibria, a virtual equilibria, an uncertainty.

BBegeHue

Wrpa B yCroBusiXx HeompeneneHHOCTH, HECOMHEHHO, SBMAKTCA OfHOM W3 MHTEPECHbIX MOCTAHOBOK 3aauw
MPUHATAS pelueHnA B ycnosusix koHdnukta. Paccmotpum urpy UG =(Y;X,,u;;i e N) B ycnosusx
HeonpeaeneHHoCTH, rae Y={y1,y2,..., ym} - [NS1 NPOCTOTbI KOHEYHOE MHOXECTBO M3 M  COCTOSHMIA
npupoasl; N = {1,2,...,n} - MHOXECTBO W3 N UTPOKOB; X, - MHOXECTBO cTpateruit X; urpoka i € N; u,(x,y)
(yHKUMA BbIMrpbIlwa urpoka | € N, koTopas onpefeneHa Ha NPAMOM NPOM3BELEHUN MHOXECTBA COCTOSHMIA

npupodbl Y W MHOXECTBa CUTyaLMid Wrpbl X:HX,., Te. U .Y xX —R'". Kaxabiit urpok ctpemutcs
ieN
MoNy4nTh N0 BO3MOXHOCTM BOnbluee 3Ha4eHNst CBOe (DYHKLMM BbIMIpbILLA.

B atoi pabote passuBaeTcs oauH U3 Hanbonee NpuBREKaTENbHbIX MPUHLUMMNOB ONTUMANBHOCTU TEOPUM WP -
paBHoBece Hewa [1] Ans wrpel B YCroBusX HeonpegeneHHocTu. CneayeT HaMOMHUTb, 4TO ANS

[lETEPMUHUPOBaHHOM Urpbl B HopManbHoi copme (X;,U.;ieN) cutyaums  x* =(x;),,, HasbiBaeTcs
paBHoBecueM Helwa, ecniu kaxablit UrpoK, B OTAENbHOCTY, Mpy BbIGOpe CTpaTervu, OTANYHON OT X, , NOMy4nT
BbIMIPbILL HE NyYLLe YeM B CUTYaLM PaBHOBECHS.

BupTyanbHbie paBHOBeCUA

Mockonbky Anst Urpbl B YCIOBUSIX HEOMPEAENEHHOCTU BLIUIPLILUM UIPOKOB 3ABUCAT OT COCTOSIHWSI MPUPOLb! U
onpefensTCs HeofHO3HayHo, Oyaem [ans kaxgporo urpoka €N paccMaTpuBaTb BEKTOP BbIMTPbILLEN



130 Mathematics of Computing

U(x)=(u;(x,y)),oy MO MHOXecTBY cocTOsHM npupoibl Y. Takas He coscem o6bluHas opma

NPeLCTaBNeHns BekTopa CBA3aHa C TeM, YTO pesynbTaTbl 3ToM paGoTbl nerko 0Go6WMTL Ha Cchyyail
BeCKOHEUHbIX MHOXECTB COCTOsHMIA npupopbl. B aTom cnyyae sektop-coyHkuma U, (x) = (u;(X,y)),., Oyner

ckansipHon chyHkumeit U, (X, ) ByX apryMeHToB.

OnpegennM noHsTWe npegnouTeHust. B aToi pabote Oygem npuoepkuBaTtbCs CTPOrom u cnaboit akcuom
MapeTo.

MHTepnpeTaums aTux akcuoM [2] B YCNOBMSX HEONPEAeNeHHOCTM 3aKrioyaeTcs B creaytoLlem. B cooTBeTCTBAM C
CUNbHOI aKkcomoi [1apeTo roBopsT, YTO BbIMMPbIL Urpoka i € N B cuTyauum 1 X' JOMUHMPYET ero BbIMIpbILL B

cHTyaumm  X''Mo  MHOXecTBy cocTosHui mpupombl Y ={y,,Vp,.Y, | ¥ 0BO3HaualT 3TO yepes
U.(x")>=U.(x"), ecnm u,(x',y)=u,(x",y) ans Yy eYu xoTb OfHO HepaBEHCTBO CTPOroe, T.e.
Ay eY :u(x',y)>u.(x",y). B cootBeTcTBAM CO Cnaboil akcomoil MapeTo roBOpST, YTO BbIMIPLILL Urpoka

ieN BcuTyaUMM M X' CUNbHO IOMUHUDYET Er0 BLIMIPbILL B CUTYaLWK X'' MO MHOXECTBY COCTOSHUI MPUPOabI
Y ={y,.Vpr ¥, } v0BO3HaYaIOT 370 Yepes U, (x') == U, (x""), ecim u,(x',y) > u,(x"",y) ana Vy eY .

[ins dopmanm3aLm NOHSTUS PaBHOBECUS MIPbl B YCIIOBUSIX HEONPeAEeNeHHOCTM Ham OymyT Heobxoaumbl
cneuparnbHble OTHOLLEHWS! JOMUHMPOBAHWS HA MHOXECTBE CUTYaLMiA Urpbl, KOTOPbIE Mbl HA30BEM OTHOLLEHWEM

[OMUHMPOBaHMS N0 Helwy 1 cnabbiM OTHOLIEHNEM JOMUHUPOBaHHMs no Helwy. Bynem roBopuThb, 4TO CUTYaLMs X
NE
urpbl UG pomuHupyeT mo Hewy cutyaumio x * (X > X' ), koTopasi nonyvaeTcs U3 CUTyauun X U3MEHEHUeM,

KakuM-TO, HO MWLb OAHUM urpokom, coeit ctpatern, ecnu: 3ie N U (X;,Xy,) = U, (X', Xy, ). B cnyyae

NE
cnaboro fomuHmpoBahus: X >=>x' <> 3ie N: U, (x;, Xy ) == U, (X", Xy,) -

NE
B COOTBETCTBUM C OTHOLIEHUEM OOMWHMPOBaHNA (> ) Ha MHOXeCTBE CVITyaLl'VIVI X onpenennMm MHOXECTBO

CUNbHBIX BUPTYyarbHbIX paBHoBecki (0603Hauum ero yepes SVE(UG)). OHo GymeT cocTosTb U3 cuTyauuit x*,

NE
KOTOpble He JOMUHUMPYHOTCS Mo Helwy HW ofHoit apyroi cutyaumen, T. e. SVE(UG) = {x ledx e Xix=x *}.

AHanoruyHo onpenendaeTcd MHOXECTBO cnabbix BUPTYyalbHbIX paBHOBeCI/II7I

WVE(UG) = {x *

NE
—AxeX i x==x*,.

Paccmotpum nogpobHee BMpTYanbHble paBHOBECHSI. 0O60o3HauYnm yepes
SBR; = {(x,,xN\, )|ﬁ3)_<, e X, U (X, Xy ) = U (X X ) X € XN\,} MHOXeCTBO cutyaumin  urpbl UG,
cocTosiLLee M3 “He[OMUHMPYEMbIX MO MHOXECTBY COCTOSIHMIA mpupofsl “ otBetoB X; € X; urpoka i €N Ha

(hvkcupoBaHHble HaBopbl Xy, = (X;) ;cngy € Xy = HXJ cTpaTeruit ocTanbHbIX WUrpokoB. AHanNOrM4yHo
jeN\{i}

WBR, = {(x,,xN\,. )|—.EI)_(, e X, U, (X, X)) == U (X, X0 ) X € XN\,} - MHOXECTBO CUTyaLuit, cocTosiLee
13 “CUIbHO HEIOMUHUPYEMBIX MO MHOXECTBY COCTOSIHWN Npupodbl “ 0TBeTOB urpoka | € N Ha GrKeMpoBaHHble
Habopb! cTpaTerui octanbHbIx urpokos. Torga SVE(UG) = ﬂSBR,. n WVE(UG) = ﬂWBR, :

ieN ieN
PaCCMOTpVIM npumep BUPTyanbHOro paBHOBeCUA ANA Cne,qy+OLLteVI urpbl AByX nuy € ABYMA COCTOAHUAMMU
npupoabl y1 s y2 .
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A21 A22 A23
ar |63 (4.1) (1,1)
(1.1) (2,2) (3.3)
Ay | 22 (1,3) (2,2)
(1.3) (2,2) (3.1)
az | W) (2,2) (3,3)
(33) (2,2) (1.1)

B atom npumepe: {A11, A12, A13} — MHOXeCTBO cTpaTeruin nepeoro urpoka, {A21, A22, A23} - MHOXECTBO
cTpaTeruii BTOPOro Urpoka; BbIMrPbILLIM UrPOKOB NPeACTaBNEHb! B BUAE BEKTOPOB, NEpBasi KOMMOHEHTA BEKTOpa —

BbIMMPbILL MPY COCTOSHM NPUPOLbI Y, BTOPasi KOMMOHEHTA - BbIUPbILL NPW COCTOSHUN NPUPOAbI Y, ; BEKTOPbI

BbIMTPbILLIEA NEPBOrO Urpoka NPeACTaBneHHbIe B BEPXHWUX NEBbLIX yrriax s4yeek Tabnuubl, @ BTOPOrO — B HUKHUX
npaebix yrnax. WHTepecHas 0CcobeHHOCTb npumepa - OTCYTCTBME paBHOBECW Helwa B 3TOW urpe npu obom
(OMKCUPOBAHHOM COCTOSIHUM NpUPOAb!. 10 onpeaeneHmno BUPTYanbHOro paBHOBECUS NOMYYUM:

SVE=SBR, NSBR, = {(A11,A21), (A11,A22), (A12,A22), (A13,A22), (A13,A23)) N {(A11,A23), (A12,A21),
(A12,A22), (A12,A23), (A13,A21)} = {(A12,A22)}.

YcnoBus BUPTYyalibHOro paBHoBecus

PaCCMOTpVIM yCcnoBua BUPTYyanbHOro paBHOBECUA, YTO HE OCHOBbBIBAKOTCA Ha CnelnanbHbIX CBOMCTBAX MHOXECTB
CTpaTeFMVI n beHKLlMIZ BbIMIPbILL@ UTPOKOB. CHavana paccmMoTpum ycrnosne cnaboro BNPTYanbHOro paBHOBECUS.

ObosHaumm yepes S:z Sup Ui(X,y) BEPXHIOK TpaHuLy CyMMbl q)yHKLlMIZ BbIUIPbIlLia BCEX WUIPOKOB W
ieN xeX,yeY

Byaem He orpaHnumBas OBLIHOCTU cumTaTh (DYHKLMM BbIMTPbILLA UrpokoB U (X,Y) >0,Vx e X,Vy eY,ieN.

Teopema 1. CVITyaUMFI X* 6y,qu cnabbim BUPTYyallbHbIM paBHOBECUEM TOr4a M TONbKO TOrAa, Koraa CyLLeCTBYHT

DY)

yeY

er

BEKTOpbl napameTpoB 4, € M, = { =S, (y)=0,y eY},ieN Takue, 4TO

cuTyaums x* 6yaet paBHoBecueM Helwa B napametpudeckort urpe G( )

#; ()i eN).

[okaszamenbcmeo. [lokaxem AocTaToyHoCTb. MMycTb X* - paBHOBecue Helwa B napameTpuyeckoit urpe G(zz)

= (Ximinu; (x.y) -

MPU HEKOTOPbIX 3Ha4eHusix BekTopoB napameTpoB i, € M., i e N. Otciopa cnepyer, yto gns VieN:

min(u, (X, X, ¥) = 2 (V) <min(u, (y) = 7 () S U (xy) =B, (y), ¥y €Y ,¥x, X, nosromy
VieN,Vx; € X, cyluecTyeT yeY, umo u(x;, Xy Y) <u;(x*y).  CnepoatensHo

NE
—3x =(X;,Xy,) € X : x>>x*.0tciopa x* € WVE(UG).

[oxaxem Heobxogumocts. [na atoro BosbMeM BekTOpbl i, = (4 (¥)),oy, €N C  KoMnoHeHTamu

2 (¥) =uj(x*,y)*8/2u, *,¥), i € N . HecnoxHo y6eantses, uto 2. e M, i e N. U3 Toro, uto x* -
yeY
NE
cnaboe BUPTYyanbHOE paBHoBECHE cneayer, 41O —Ixe X x==x*, Te.
VieN, Vx, e X;, 3y €Y u,(X; Xy,.¥) <U,(x*,¥), a 3HauuT
U (XX * i V) — 12, (V) S U 7) = 12, (V) - Mockombky ans Vie N 3HaueHmne
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u(xy) - (y)=1- S/Zu, (x*,y),vyeY, T0 ans VX e X, CripaBe/nBo

yeY
minu; (x;. X ¥) = 44 (y))S1—S/ZU,-(X*,y) =min(u;(x",y) = u;(y)).  Mostomy  x* < NE(G(z2).
yeN
Teopema fokasaHa.
PaccMOTpUM YCIIOBUSi CUNbHOTO BEKTOPHOTO PaBHOBECHS.
Teopema 2. Cutyauns x* € X OymeT cunbHbIM BUPTYanbHbIM paBHOBECHEM TOTAa W TOMbKO Torga, Korga
Zuj(X*’Y) :max{zui(Xi’x;l\i’y)|ui(xi'X:I\ily) 2u;(x*y)yeY; x; e X;}’ VieN.
yeY yeY
NE
[Hokaszamenscmego. Mycte x* € SVE(UG). Torga —dx e X:x>Xx*. TlocTpoUM YCeyeHus MHOXECTB
ctpaterit  urpokos: X = {X, eX,‘ U (X, X Y) 2 U (x%y), ¥ eY}, ieN. 3ametum, uT0
X'+, VieN. TNpennonoxum npoTMBHOE, 4TO X* He YAOBNETBOPSET YCOBMSAM Teopembl. Torda

JieN, 3x, € X; ) U (X, Xy.y) > D u(x*y). Otcona cneayet U;(X; Xy, ¥) = U, (x*,y), Yy eY u
yeY yeY
_ _ . _ NE
Ay eY:u.(X;, Xy, Y)>u,(x*y), cnepoatenbHo X >x*. Toatomy x* ¢ SVE(UG). MMonyunnm
MpoTUBOpEYHE.

MycTb cuTyauus x* yAOBNETBOPSIET yCroBUsM TeopeMbl. Mpeanonoxum npotueHoe, yto x* ¢ SVE(UG) . Torga
JieN, pna xotoporo 3X =(X,,X,,) € X, ut0 )_(,fx*, Te. U (X, Xy, Y) U, (x%y), Yy eY u
Iy eY: u (X, Xy, y)>U,(x*y¥). Cymmmpys amm  HepasewctBa no  yeY,  nomyuum:
Zuj()_(,,x;‘,\,,y)>2uj(x*,y). A nockonbky X; € X/, i €N, To npuxogum Kk npoTueopeumto. Teopema
ey ey

J;0Ka3a|-|a. y

BupTyanbHbie paBHOBECHSA B CMeLIAHHbIX CTpaTerusax

Kak paBHoBecus Helwa B Kknaccuyeckux wrpax, Tak W BUPTyanbHble PaBHOBECUS B Urpax B YCMOBUSX
HeonpeaeneHHoCTH, K COXaneHWo, He BCErda CyLECTBYKT [Jaxe B CNyvyae KOHEYHbIX MHOXECTB CTpaTeruii
urpokos. OgHUM 13 M3BECTHBIX [1] pagnkanbHbIX NPUEMOB HANTM UM “3aMeHY” B KNACCUYECKMX Mrpax sBMsieTcs
W3MEeHeHWe YCroBWiA urpbl. Wrpokam npegnaraeTcs MNpUHMMaTh pPeLIeHne  OnocpesoBaHo,  MCMonb3ys
cneumarnbHo NOCTPOEHHBIA TOTanM3aTop, KOTOPbIA peanusyeT CryyaiHbli Bbibop cTpaTerin no onpeaeneHHbIM
pacnpefeneHnsaM BEepoSTHOCTEN Ha MHOXECTBE CTpaTernit. T pacnpefeneHus BEepOSTHOCTEN HasblBatoT
CMELLaHHbIMU CTpaTernsmu.

PaccMOTpUM  CMeLLaHHOE pacClUMpeHWe Wrpbl B YCNOBUSX HEOMPELENEHHOCTM C  Lenbl  MOCTPOeHUs
BMPTyarbHbIX paBHOBECUIA. [Ins npocTOThbl ByaeM cumTaTh MHOXECTBA CTPATEriA UrPOKOB KOHEYHBIMM.

Bynem rosoputb, uto urpa MUG = <Y;M,,L7,;i € N> SBNAETCA CMeLaHHbIM paclumpennem urpbl UG, ecnu:

MHOXeCTBO CMeLlaHHbIX CTpaTerMIZ i-ro Urpoka
M, ={u = ﬂi(xi)x,-eX,-‘:uf(Xi) >0, x;, € X;; z wi(x;) =1},

x;eX;
- CMELlaHHble CTpaTerun: u; = lui(xi)x,-eX,- (,U,VICerTHbIe pacnpenenenunsa BepOHTHOCTelh Ha MHOXeCTBe

cTpaTerin i-ro Urpoka, KoTopble Mbl 6yaem NpecTaBNsTL BEKTOPaMK, COCTOSILLMMI U3 |X ,.| KOMMOHEHT);
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- CMellaHHble CUTyauun wurpbl: g2 = (f4;),.y - 9NEMEHTbl MHOXECTBA CMELUAHHbIX CUTyaLui urpbl

M=HM,;

ieN

- BeKTOP-DYHKUMA MaTEMATUYECKoro OXuaHus Bburpbiua /—ro urpoka - U () = (U (14,¥)),ey » THE

y)= D ul(x.y)[ ] #(x,) - marematuieckoe oxugaHMe BbIMIPbILA i~TO WrpOKA MU
xeX keN

cocTosHUM npupofbl y € Y .

[ns ynpoLeHnst nanoxexust MHoraa Gynem BblAensTb B Ui (44, ) CMELaHHY CTpaTervlo i—ro urpoka. [ns
3TOr0 CAeNaem cnepgytowme 0603HaYeHUs:

Y):Zui (X’y)H/uk(Xk): zluf(xf)( Zui (XI’XN\i’y)H:uk(Xk)):

xeX keN x;eX; X €X i keN\i (1)

= DV, Ot V)i ) = by (g Y)pi )y €Y, i €N,

x;eX;

OTmeTIM, 4To MHOXeCTBO cTpaternit M, urpoka i € N Bbinykro 1 KOMNAKTHO (N0 ONpeaEeneHHuto - 310 QX ,|—1)
- MEpHbIi ©AMHUYHBIA CUMMMEKC), a8 (YHKUMKA BbIMIPbILE - NIMHEMHbI MO KaXaoh NEepeMeHHonl L, B
OTAENbHOCTU.

HaltTin BUpTYyanbHble paBHOBECHS! B CMELLAHHbIX CTPATEMsiX Mo ONPEeeneHnio AOCTATOMHO CIOXHO. BosHukaeT
BOMPOC, @ MOXHO N CBECTW 3Ty 3aaayy K U3BECTHON? JTOT BOMPOC NONOXKUTENBHO PELLAETCS ANst HAXOXAEHMS
kak criabbix, Tak 1 CUNbHbIX BUPTYasbHbIX PaBHOBECHI.

[ycTb <0{,,U,-( ,u)> - IMHEeNHas cBepTKa BEKTOP-(DYHKLMM MaTEMaTUYECKOTO OXWUAAHWS BbIMIPbILLA [ — FO Urpoka
C BEKTOPOM KOI(PMULIMEHTOB ¢ =(a, (y)>yey, KoTopble Mbl BydeM cuuTaTb HEM3BECTHbIMU NapameTpamu.

PaccMoTpUM  OfIHOKpUTepHanbHylo  napametpudeckylo  urpy  MUG (@) = (Y;M ,. ,<a WU (u )> e N).

O003HaYMM MHOXECTBO 3HAYEHMIn NapaMeTpPoB & Yepe3

A, ={a :(a/)ieN =(a; (y))ieN,er ‘a; (y)20,y € Y;Zai (y)=1ieN}.

yeY

Teopema 3. MHOXecTBO cnabblx BMPTYyasnbHbIX PAaBHOBECWI CMELLAHHOTO pacluupeHus urpbl G coBnagaeT ¢
CemelcTBoM No napameTpy a€A,, paBHoBecM Hela CMeLIaHHOrO paclUMpeHis NapamMeTpuyeckoil Urpbl

MUG(a), 0 ects WVE (MUG )= | JNE (MUG (a)).

aehy

[Hoxasamenscmeo. TMokaxem cHavana smioverue | JNE(MUG(a)) = WVE(MUG).  3admkcupyem

achyy
HekoTopoe aHaueHue areA.y. Mycts 1 € NE(MUG (e )). Mo onpenenemio pasHosecns Helua, ¢ yyeTom
obosHayeHui (1), umeem:

Ve €M i eN: Yy (Y)b, (i)t )2 et (y)by (e ¥)ott) @

yeY yeY

R NE . .
Mpeanonoxum  npoTuBHoe. [lycTb, 4 ¢ WVE(MUG) torna dueM:ip>=-pu, t1e. JieN:
<b, (L4 ,y),,u,.> > <b, (Lt ,y),,u,.*>,Vy €Y. nMpocymmmpyeM 3TM HepaBeHCTBA C  KO3(hULMEHTaMU
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a, (¥)20: X e, (y)=1, nonywnw: FieN: > ()b, (e y).at;) > Dty (Y)(b; ()t ), w10

yeY yeY yeY
MPOTVIBOPEYMT YCTIoBMIO (2). CrieioBaTensHo 4 € WVE(MUG).

[lokaxem Bkriodenne WVE(MUG)c UNE (MUG(«)). Nyetb 4" (x) e WVE(MUG), cneposatenkHo, Mo

aeh,
NE
onpegenexHunto cnaboro BUPTYyalibHOro paBHOBECKA —El,u eM: ,u>>,u , T.e.

_ CNNE

VieN, -3y eM, :U,(,u,,,uN\, )>>U,(,u ) fpyrumu  cnosamu, C¢ ydyetom o6o3HaveHuin (1), cuctema
HepaBeHCTB: <b, (y;‘,\,,y),yi> ><b, (y,’\*,\,,y),yi">,y €Y, He bynet umeTb pelueHuit npu ycnosun 1, € M, .
MoCKOMbKY NeBble 4YacTi HEPABEHCTB NMHENHbI MO 44, @ MOITOMY SBASIETCS BOTHYTbIMM (DYHKUMSIMK, TO MO

Teopeme ®aHa-TnukcBepra-ToddMara [4] cyluecTayeT Takoit BeKTOp o, = (a*( y))yey >0, yto;

> (s (tsay)tt) < 3 )by ()t )28

yeY yeY

A 370 B CBOK O4epedb, C y4eTom 0bo3HaueHuit (1) M No onpefeneHnio paBHOBeCWUS Hewa O3HavaeT, 4yTo
1 eNEMUG(a' ))<= | JNE(MUG(a)). Teopema pokasana.

aehA™

ObosHaunm vepes Ay ={a =(;)iy = (@ (¥))inyey, @i () >0,y € Y;Zai (y)=1ieN}.

yeY

Teopema 4. MHOXeCTBO CUIbHbIX BUPTyabHbIX PABHOBECUIA CMELLAHHOro pactumpenus urpbl UG coBnapaeT ¢
CemMeiiCTBOM No napameTpy €A , paBHoBecuil Helwa CMELIAHHOTO pacLUMPEeHWst napamMeTpuyeckol urpbl

MUG(c),te. SVE (MUG )= | JNE (MUG («)).

ach g

[Hokasamenscmeo.  TMokakem  cHavana  skmovewne | JNE(MUG(a))< SVE(MUG).  Mycrs

ach
1 € NE(MUG (), npn Hexotopom axeA.,. Mo onpenenemio pasHosecks Helua, ¢ y4eTom 0603HaueHMii
(1), umeem:

Vi €M, VieN, 3 a; (V)b (o y)o ) 2 D et (V)b (ttg ).t - 3)

yeY yeY

* NE *
Mpeanonoxum npotueHoe. Myctb 1 ¢ SVE(MUG), TorpadueM:u>-u e

ooy Lo ) a) = (b (g Yot )Y €,
ieN:{' _ _
37 €Y < (b, (st )ott) > (b, (et Tt ).

Mpocymmupyem aTU HepaBeHCcTBa c KoathhmLmMeHTaMm a; (y)>0, NONyYuMm:

Za < (LtwirY) ,u,>>2a < J7N N > yTO MpOoTMBOpPeuMT Yycrosuio (3). CrnepoBaTenbHO

yeY yeY

u € SVE(MUG).
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[lokaxem skniouerme SVE(MUG) < UNE (MUG(«)). Nycts 1" € SVE(MUG), noaTomy o onpenieneHmio

aeh

NE

CUNLHOTO BUPTYanbHoro pasHosecss —3ueM: - , 1e. VieN,—3u eM, :U,(y,,,u,f,\,)> U,(,u)

Hpyrumn crosamu, ¢ yyetom 06o3HaueHnit (1), ans Vi e N, cuctema nuHenHbIX HepaBEHCTB:

ZV l’:uN\/’y /u: / ZV /’/uN\l’y :u/( ,-),Ver,
X;eX; x;eX;
Hyey: ZV l’luN\l’y lul I ZV l’/uN\l’y lul( I)’

X;eX; x;eX;

Mpu yCroBum z,u,(x,) =1 1(x;,) >0, x, € X;, 6ynet HeCOBMECTHOI.

x;eX;
Mycte X ,* = {x, .*(x,) = O} - MHOXXECTBO YUCTbIX CTPATErUA | — 0 Urpoka, BEPOSTHOCTb BbIOOpA KOTOPbLIX MO
CMeLLaHHON cTpateru /,l *i paBHAETCA HYNIO. Torp,a npu ycnosuu
D (%) =0; 44;(x,) 20, x, € X} (4)
X;eX;

OyeT HECOBMECTHON CUCTEMA JINHENHbIX HEPABEHCTB:

Zvi (X;s ki Y )14 (x;) 2 0,Vy €,

X;eX; (5)
Ely ZV /’:uN\/’y /J,( ) O

X;€X;

,D,el7ICTBVITeJ'IbHO, ecnu aonycTuTb NPOTUBHOE, YTO CMELLaHHaA CTpaTerna L, ABMAETCA €€ pelleHnem, 10 Nnerko

YOOCTOBEPUTLCA NOACTAHOBKOW, YTO CMeELLaHHas cTpaterud /,7,- :Il,l;|F +eu;, &€ >0, 6y,qu 06pa3OBbIBaTb

NE .
cutyaunio (£Z;, £y, ) > (™ , YTO NPOTUBOPEYNT YCNIOBUID 41 € SVE(MUG).

13 HECOBMECTHOCTU CUCTEM NMHENHBIX HEPaBEHCTB (4),(5) no Teopeme Takkepa 06 anbTepHaTUBE ANSt CUCTEM
NMHEiHbIX HepaseHcTs [5] crieayeT cywecTsosaHne BexTopos «; =(a;(¥)),oy >0; 4, =4,(X), o 20 u

NPOM3BOIbHOIO Yncna ﬂ? TaKuX, YTO BbINOMHAOTCA PABEHCTBA:

Za F (Xt Y) = A7 = 2,(%,), X, € X] (6)

yeY

Za (X ) /1?’ X, e X\ X] (7)

yeY

}L?(‘I_ Z,ur*(xi))‘*‘ Z}“i(xf)lui*(xi) =0. (8)
X;eX; X;eX;

MycTb 4 - MPOM3BOMbHARA CMelLaHHas CTpaTerus i — o Urpoka. 3anuwem NpoM3BeAeHNe KaXEOro PABEHCTBA
6).(7) ¢ a;(x;)— 2 (x,), BO3bMEM WX Cymmy Mo X, € X, M C MOMOWbIO (8) OLEHMM MpaByk 4acTb
NONyYeHHOrO PaBEHCTBA:

D (i (x) -1 (x,.»[Za,- (W, (x,-,u;\,-,y)J = D ()= 1 AL = A, (x) +

x;eX; yeY X; eX;

Do) = DA = D ()= DAL = D (aa(6) = a5 (DA (x) =

xl.eXl.\X,-* x;eX; x,eX,*
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= DA+ Y i CDAG) = A+ Y ()AL = D (A (x) =

X eX; X[EX: xeX; x[eX[*
= > A= DA+ D 1 GDAE) = Y A=A = D (A (x,) =
x;eX; x,eX; X eX; xeX;
== > (A=, DA = D (DA () == D 4,(x)A (%) <0.
x;€X; xeX! xeX!

MocneaHue COOTHOLLEHWSI CrefylT M3 YCTOBUS: z w:(x)="1 1(x,)=0, x, € X;. Moatomy ¢ y4eTom

x;eX;
o6osnasennit (1), meem: i N, 3"z, (y){by (v) ety )45 ) = D et ()b, (¥) (s ).t ), 1ty €M,
yeY yeY
Otciona no onpeneneHmio pasHosecus Hewa [1], umeem: 1* € NE(MUG(«) UNE (MUG(«)).

aeh

[lokasaHHble Bbile TeOpeMbl, Aat0T BOIMOXHOCTbL CHOpMyNMpPOBaTh CreAyIoLLEee BaXHOe criecTeye.

CnepctBue (0 CyliectBoBaHUM BUPTYalbHbIX paBHOBeCVIVI B CMeLlaHHbIX CTpaTeFMFIX). Ecnn mHoxecTBa

X.,i €N “ancTbix cTpaTeruit” KoHeuHbl, TO B CMELIAHHOM PacluMpeHHbIE Urpbl B YCIIOBUSX HEONPEAENEHHOCTH

MHOXeCTBO crabbix BNPTYanbHbIX paBHOBECVIVI BKMtouyaeT B Cebs MHOXECTBO CWITbHBIX BMPTYyanbHbIX
paBHOBeCMIh 1 OHU ABNAKOTCA HENYCTbIMX NOAMHOXECTBAMN MHOXECTBa CMELUaHHbIX CI/ITyaLI'I/IVI nrpbl MUG , T.6.

WVE(MUG) o SVE(MUG) = & .

[okazamenscmego.  BkniodeHue WVE(MUG)QSVE(MUG) aneMeHTapHO creayeT W3 OnpeaeneHuil
MHOXECTB Crnabblx 1 CUNbHbIX BUPTYanbHbIX PaABHOBECWMA. M3 3TOro BKMIOYEHWs cnegyeT, 4To [Ans
[0Ka3aTeNnbCTBa TEOPEMbl AOCTATOYHO PaCCMOTPETb MHOXECTBO SVE(MUG). Mockonbky no Teopeme 4,

SVE (MUG )= | JNE (MUG (e)), To paccmotpum urpy GM (@)= (M., a; (y)ui(u,y);ie N

aeh ., yey

npu niobeix: «; (y) >0,y € Y,i e N . Mockonbky MHOXeCTBa cTpaTernii UrpokoB M. BbINyKNbl N KOMNAKTHBI
(No onpenenexunio, OHM SABNSIETCS QX ,.| —1) - MEPHbIE €ANHUYHbBIE CUMMMEKCHI), @ (YHKLMM BbIUIPLILLA UTPOKOB
NUHEHbI N0 KaXdol OTAENbHOM BEPOSTHOCTU £4(X;), X; € X;, N HENPepbIBHbI HA MHOXECTBE CMeLLaHHbIX

cutyauuin urpsl M = H M, (NMMHeHas ceepTka NUHENHbIX MO KXol OTAENbHON BEPOSITHOCTU (YHKLMI), TO
ieN

urpa MUG (a) yOOBMETBOPSIET yCnoBuam Teopembl Hewa [1], a, cnegoBatensHo, Ans Hee CYLEeCTBYeT He

nycToe KOMNaKTHoe MHOXeCTBO paBHoBecui Hewwa. Otcioga creayeT, 4to MHoxectso SVE (MUG) .

3aknioyeHue

B 3aknioyeHne crieayeT OTMETUTb, YTO MpUBEAEHHble Bbile YCMOBUS CUNBHOMO BUPTYarlbHOMO PaBHOBECHS
CYLLECTBEHHO NPOUTPLIBAOT B NiaHe KOHCTPYKTUBHOCTM YCIIOBUSIM Claboro BEKTOPHOTO PaBHOBECHS!, MOCKOSbKY
Mpy NOCTPOEHUM MHOXECTBA CUNbHBIX BUPTYanbHbIX PaBHOBECUI HAAO 3apaHee 3HaTb 3HAYEHMS! BbIUMPbILLE
WrpokoB. B cryyae xe cnaboro BEKTOPHOrO paBHOBECHS, MPOBEPKA YCMOBMIA CBOAUTCS K UrPOBOIA 3ajave, YTo
nossonsietT Gonee rMbko MCNONb3oBaTh TEOpPEMY 2 [NS PelleHUs NpuknagHbix 3agady. C apyroit CTOPOHbI,
cunbHasi akcoma MapeTo, Ha KoTopoil 6asupyeTcst NOHSTUE CUMBHOMO BUPTYarbHOMO PAaBHOBECUS, UMEET Gonee
LUIMPOKUA CMEKTP NPUMEHEHUs Ha NpakTuke, Yem cnabasi akcuoma [MapeTo, YTo CyxaeT Kpyr 3agad, B KOTOPbIX,
MOXeT ObITb 1CMONb30BaHa KOHLeNLyst cnaboro BUPTYanbHOro paBHOBECHS.
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[MpoBegeHHOE MCCredoBaHWe CMELWaHHOro paclMpeHns Urpbl B YCIOBUSIX  HEOMPEAEneHHOCTW aaeT
KOHCTPYKTMBHbI NOAX0A, KaK ANs HaXOXAeHWs, Tak u ans Gonee rnyboKoro M3y4YeHwst CBOACTB BUPTYasbHbIX
paBHOBECHIA.
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FMNEPCNYYANHBIE ABNEHWA: ONPERENEHWA U ONMUCAHUE

Uropb MNopbaHb

AxnHomayus: [JaH 0630p HO80U 8emeu meopuu 8epossimHocmell U MameMamuyeckol cmamucmuku — meopuu
aunepcnyqaliHbiX A8neHull. M3mnoxeHbl MameMamuyeckue OCHO8bI meopuu U MemolObl MOOEeUpPO8aHUst
usuyeckux 06beKmo8 ¢ NOMOWbI0 2unepcyyatiHbix Modenel, yyumbigatoujux Henpedckasyembili Xxapakmep
u3MeHeHus cgolicme 06bekmo8 U cmamucmuyeckux ycnosuti ux HabmodeHus.

Knioyeenle croga: HeonpedeneHHOCMb, cr1yyaliHoe fierieHue, aunepcnyyatiHoe fisfieHue, CoCmosimeibHOCb,
MOYHOCMb.

BBepeHue

OpHoit M3 OCHOBHbIX I'lp06ﬂ6M NO3HaHNA ABNAETCA afeKBaTHOe OnncaHue peanbHOro Mupa. dusnyeckue u
Matematuyeckne moaenn, ncnonb3yemble ansa onucaHua pasnnyHbIX SIBIEHUI, NOCTOSHHO COBEpPLUEHCTBYIOTCA.
C nonyyYyeHnem HoOBbIX AaHHbIX U Pa3BUTUEM I'Ipe,lJ,CTaBJ'IeHMﬁ 0 MUpe CTapble MoAdenn OTXoAAT Ha BTOpOI?I nnaH,
3aMEHSIOTCA HOBbIMU, Bonee COBEPLUEHHbIMN.

Ecnm  go KOHUa CpeaHeBeKkoBbA MUP BUOENnCcA HEW3MEeHHbIM U OnucbiBancd nNpeumyLecTBeHHO
AeTepMUHMPOBAHHbIMKA MOAENAMU, TO B HACTOsALLEE BpeMA OH pacCMaTpMBaeTCA Kak AMHAaMUYHO MEeHAKLLaAca
CTPYKTYypa. [maBHbIM CpeacTesoOM MatemaTu4eckoro onncaHua mupa ctanu mogenu, ucnonb3yrwmne B Ka4ectese
a6CTpaKTHbIX MaTeMaTN4YeCcKnx 0ObEKTOBR cnyanlele ABNEHUA — cnyanlele COObITUSI, BEMUYUHBI, fpouecchl u
nons.

VcuepnbiBatolleil XapakTEpUCTUKOM MtobOro CryyvamHoro SBneHust sBnsieTcs (PYHKUMS  pacnpegenexus
BEPOSITHOCTH, Onpeaensemas 4ns CTporo NOCTOSHHbLIX YCrnoBui HabntogeHus. ObecneunTb Ha NPaKTUKE NOMHYHO
cTabunbHOCTL YCMOBUN HENMb3s, @, CNeA0BaTENbHO, HEMb3s 3adaTb UK OLEHUTb abCOMITHO TOYHO (DYHKLMIO
pacnpefeneHns. 3TO HaknafblBaeT OrpaHUYEHWs Ha MPUMEHEHUE KNacCUYecKUX ChyvyalHbIX Mogenei ¢
(hMKCMPOBAHHBIM 3aKOHOM pacnpeaeneHns.. KoppekTHoe MX UCMONb30BaHUE OKa3blBAETCS BO3MOXHBIM WLLb
Npu NpeHebpeXNMO MasbIX U3MEHEHNAX YCNOBUIA HAbMoAEHNS.

Ecnn ycnoBus MEHSIOTCA CYLIECTBEHHO M Henpefckadyemo, B mMogenb 06bl4HO BBOAST AOMOMHMTENbHbIE
3NeMeHTbl HeonpegdeneHHocTn (cM., Hanpumep, [1 — 8]). Takon nannuatue, He CMOTPS Ha HEKOTOPYIO
NCKYCCTBEHHOCTb, AAET HENMOXWE pe3ynbTaTbl, B 0COOEHHOCTV NPY PELLEHUN HE O4eHb CMOXHbIX 3adau.
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CTtpemneHne HaiTh NpoCTble CPefcTBa y4yeTa HeonpedeneHHOCTU YCnoBuii HabriogeHns wrpana, no Beew
BMAWUMOCTU, HE MOCNESHION POMb NpY (POPMUPOBAHUM PSa OTHOCUTENBHO HOBBIX HayYHbIX HAaNpPaBREHUI, TakuX
KaK Teopusi HeYETKUX MHOXECTB [9], Teopust HEMPOHHBIX ceTeit [10], Teopus XaoTUYEeCKUX AMHAMUYECKUX CUCTEM
[11, 12], Teopust MHTepBanbHbIX AaHHbIX [13, 14] u ap.

lMocTosiHHO I'IpO,lJ,OJ'I)KaFOLLI,I/IVICﬂ NOUCK YHMUBEPCAlbHbIX U Sde)eKTVIBHbIX nyTe|7| aeKBaTHOro MatemaTh4yeckoro
ONMUCaHNA SIBNEHWUI HeAaBHO npueen K HOBOMY Knaccy mogenen, B KOTOPbIX B Ka4decTBe aGCTpaKTHbIX
MaTeMaTU4eCKNX 0OBEKTOB BbICTYNAKT, TaK Ha3blBaeMble, rmnepcnyqathble ABNEHUA [1 5]

lNog runepcnyyanHeIMm SBNEHUSIMU NOAPA3YMEBAIOTCS CEMENCTBO CIyYaiiHbIX COBbITUI, BENUYMH, (OYHKUMIA M

nonew, 3aBucalwme OT napameTpa g € G, KOTOpbIA paccMaTpuBaeTCs Kak He3aBucUMasi nepeMeHHast W
accouumpyeTcs ¢ yCrnoBusMu HabnogeHnst (Mnu ycnoesmsmmu hopMUpoBaHNS) paccMaTpUBaEMbIX 0OBEKTOB.

MaTemaTidyecku crydaifHble COObITUSI OMUCHIBAKTCS C MOMOLUBID BEpOSTHOCTHOrO npocTpaHcTea [16],

~ ~

3agaBaemoro Tpuapon (€2, 3, P), rae €2 — NpOCTPaHCTBO 3neMeHTapHbiX cobbitui weQ, I -
Bopenesckoe none (G — anrebpa NOAMHOXECTB COObITUIA) U P — BEPOATHOCTHas Mepa NOAMHOXECTB COObITHIA.
Mpu MeHee cTporom, HO 6oniee HarmsgHOM CTaTUCTMYeCKoM onpepeneHun (no P. doH Musecy [17]),
BeposTHoCTb P(A) cnyvaitHoro cobbitst A npefcTaBnseTcs kak npeaen vactotbl p, (A) ero noseneHns

npy NpOBELEHUN OMbITOB B OAWNHAKOBBIX YCMOBUSX U YCTPEMMEHUM KONMYECTBa OnbiToB N K BECKOHEYHOCTM:
P(A)=1im p, (A). Npn HeBomblunx 3HayeHnsx N yactota p, (A) MoxeT konebaTbcs, OAHAKO MO Mepe
N-ow

yBennyeHnss N mocTeneHHo ctabunuaupyetcs n npu N — oo CTpemuTcst K onpegenexHomy npegeny P(A).

lvnepcnyyaitble ABNEHUs MOXHO omucaTb ¢ nomolbio TeTpadsl (€2, 3, G, P, ) [15], rae €2 - npocTpaHcTso

~

anemeHTapHbix cobbiTnit w € €2, I - Oopenesckoe mone, G — MHoxecteo ycnosuit ge€G, P, -
BEPOSATHOCTHAst Mepa NOAMHOXECTB COBbITUA, 3aBuUCALLAs OT ycrosus g . Takum ob6pa3om, BEpPOSTHOCTHaS
Mepa 3a4aeTcs NS BCeX NOAMHOXeECTB COObITUIA U BCeX BO3MOXHbIX ycrnosuin g € G . Mepa xe 4ns ycnosui
g € G ocTaeTcs He onpeseneHHoN.

Mcnonb3yss mMeHee CTPOMWiA CTATUCTUMYECKUIA MOXOZ, runepcrnyyanHoe cobbitne A MOXHO TpaKTOBaTb Kak
cobblIThe, YacToTa nosiBNeHNs kotoporo p, (A) npu yBenuyeHnn unucna onbiToB N He ctabunuampyetcs u

npn N — oo He UMeeT npegena.

Llenbto cratbu siBnseTcs 0630p KOHLENTyanbHbIX NOAXOAO0B, METOAOB M PE3yNbTaToB TEOPUN MMNEPCNyYalHbIX
SBNEHUA, NonyyeHHbIX B pabotax [15, 18 — 23] n 0606LLeHHbIX B MOHOrpadum [24].

nepcny4aiHble COGUTUA U BENUYUHBI

~

lmnepcnyyanHoe cobbitne A 6Gopenesckoro nonsg I HEMb3s OnNMCaTb KaKOW-TO BEPOSTHOCTbIO, OAHAKO
cobbitve A/ g B ycrosusix g € G Moxet GbiTb npeacTasneHo sepositocTeto P, (A) = P(A4/g). Sra

BEPOSITHOCTb MEHSIETCS NPU U3MEHEHUN YCTOBUIA. [lnanasoH 3Ha4eHWi BEPOSTHOCTA ONMUCHIBAETCS C MOMOLLbIO
BepxHeit Pg(A) v uuxHen P,(A4) rpaHuu;

Py(A)=sup P(4/g), P,(4)=inf P(4/g).
ge

geCG

B dukcupoBaHHbIX ycroBusix (g =const) 3TW [paHWUbl COBMAZAlOT W runepcnyyaiHas BENUUYMHA

BbIPOXAETCS B CIyyalHyto, Xxapaktepuayemyto BepostHocTbio P (A) = P(A) = P,(A4).



Xlli-th International Conference "Knowledge - Dialogue - Solution" 139

Mpannupl Pg(A), P,(A) sensotcs nonymepamn. [ins HUX NomyyeHbl BblpaxeHnsi, NOA0BHbIE TeM, KOTOpble

ONMNCbIBAIOT MNpaBuna CrOXEHUs, YMHOXEHUS, a Takke TeopeMmy baieca u pgpyrve Teopembl Teopuu
BEPOSITHOCTEN.

[ns onucaHus CKansapHOW runepcriyvyanHon BenuuMHbl X NpeanoXeH psid XapakTepuCTMK, aHanorMYHbIX
BEPOSTHOCTHbIM XapakTepuCTMKaM Cry4aitHon BennunHbl. OCHOBHblE U3 HUX — BEPXHAS Fo(X) U HUXHAS

F,(x) rpaHuubl (yHKUMKN pacripefeneHnsl, a Takke MNOTHOCTU BEPOSTHOCTU BepxHeit f¢(x) W HWKHed

f;(x) rpanuy, onpegensemsle creaytoLmm obpasom:

FS(x):supP{XSx/g}, F,(x):in(t;P{XSx/g},
geCG g€

dF (x)

dx b

dF, (x)
dx b

roe P{X < x/g} - BEPOATHOCTb BLINOMHEHNA HepaBeHCTBa X < x B YCNOBUSX g .

Js() = fi(x)=

BbINo YCTaHOBNEHO, YTO rpaHuLbl (OyHKLMK pacnpeaeneHnst 1 NoTHOCTM BEPOSITHOCTY rpaHiL, runepcnyyanHon
BENWYMHbI 06M1aJaT TEMM Xe CBOWCTBAMM, YTO W COOTBETCTBYHLIME XaPAKTEPUCTUKIA CRyYanHON BENNYNHDI.

Kpome Toro, Bcerna Fg(x) = F,(x).
Cpean  rpaHuy  (byHKUMM  pacripedeneHnst  pacnonoXeHa  30Ha  HeonpefeneHHOCTU  LUMPWHOW
AF(x)=F¢(x)—F,(x) (puc. 1). ina cnyyaiHoit BennunHbl X BenuumHa AF'(x) paBHa Hymo Ans Bcex

x . Korga ans Bcex x BepxHss rpaHuua Fg(x) CTPeMUTCA K eAuHULE, @ HIKHAS rpaHnua £, (x) — K Hymio,

30Ha HeOonpedeneHHocTM CcTpemMutcs K OeckoHeyHocTW. B aTom cnyyae runepcryvaiiHas BenuyuHa
BbIPOXAAETCS B Xa0TUYECKYHO.

v

PucyHok 1. — 'paHuLbl (yHKLMW pacnpedeneHnss U 30Ha HeonpeaeneHHoCT (3aTeMHeHHas 06nacTb).

,D,J'IFI onncaHusa FMHepCﬂyanIHbIX BEJIMYMH MOXHO MCMOJIb30BaTb XapPaKTEPUCTUKK, aHaNOrM4Hble TEM, KOTOpPbIE
NCnonb3yrTCA NpK onucaHnn CﬂyanIHbIX BennumH. K HUM oTHocATCA LleHTpanbHble U HeLleHTpallbHble MOMEHTbI
rpaHul, onpegensemble AOnsa rmnepcnyqaﬁHoPl BenMMuMHbl X Ha OCHOBE MaTEMATWYECKOro OXuoaHus

M [9(X)], M, [@(X)] cootsercTaytowux rpaniLy dyHkUmM G(X) :
M[o(0)]= [o@)fs(dx, M, [p(X)]= [ o(x)f, (x)dx.

X

D¢ =M [(X - mSX)z}, D, =M, [(X —m,x)2] : HeLieHTparbHble  MOMEHTHI rpaHuLy

MaTemaTnyeckue  OXuaaHus  rpaHuy me:MS[X], m, :M,[X], Jucnepcun  rpaHuL
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mg =M [XV], m, =M, [XV], LEHTpanbHble MOMEHTbl rpaHny o =M [(X—me)V],
u,.=M, [(X—m[x)v] ,TAe Ae vV — CTerneHb MOMeHTa.

[ns onucanus runepcryyaitHbIX BEMNYMH MOXHO WUCMONb30BaTh XapaKTepUCTMKM W [pYroro Tuma: rpaHuLbl
LEHTpanbHbIX W HeLeHTpanbHblXx MOMeHTOB. OHM OMpefensioTci Ha OCHOBE [PaHUL, MaTeMaTU4eckoro
oxuaaHnsa yHkummn o(X):

M [o(X /@)l =sup [ o(x/ @) f (x/g)dx, M, [p(X/g)]=inf [ o(x/2)f(x/g)d

roe f(x/g) — nnoTHOCTb BEPOSITHOCTM B YCMOBUSIX g .

[ns rvnepcnyyaiHod BenMuMHbl X rpaHMLaMM MaTeMaTU4eckoro OXMAAHUS SIBAKTCS  BENNYUHbI
— — _ 2

m =M [X], m, =M, [X], rpaHMLamu avcnepcum - D, =M [(X -m,)"],

D,.XZM,.[(X—mX/g)Z], roe m,,, — MaTeMaTM4ecKkoe OXMaaHWe CryqaiHon BennumHbl X / g . TpaHuupl

g

HELIEHTPasbHbIX MOMEHTOB OMUCHIBAKTCS BbIPAKEHNSMU mm=MS[XV] mm=Mi[XV] a rpaHuLbl
LieHTPasbHbIX MOMEHTOB — BblpaxeHuamn w . =M [(X —m)"], p, =M [(X —m)"].

B obuiem cnydae, onepatopel M[-], M,[-] otnuyatotes ot onepatopos M [-], M ,[-]. Otnuyatotcs un

MOMEHTbI FPaHuL, OT rpaHUL, MOMEHTOB, XOTSi B HEKOTOPbIX OTAEMbHbIX CryYasX OHW BbipaXaloTcs Apyr Yepes
Apyra, Hanpumep, koraa GyHKUMM pacnpegenenus F(x/g) ans pasHbiX g HE MMEIOT TOYeK NepeceyeHus

[19]. Ecnv npu oTcyTCTBUM Takoro nepeceveHms ycnosHas aucnepeust D, BO3pacTaeT ¢ POCTOM YCTIOBHOrO
MaTemaTuieckoro OxuaaHus m ., (TN pacnpedeneHns «ax), TO UMENT MeCTo Criefyloline paBeHcTsa:
l)k ::l)
POCTOM YCIIOBHOrO MatemaTu4eckoro oxuaaHus m ., (Tun pacnpegeneus «6»), 1o — paseHcTsa mg, =m,

Z)Sx ::l) l)h ::l)u'

mg =m,, m,=m_, Do =D, , « €CTM Xe ycrnosHas aucnepcus D, ymeHbluaeTcs ¢

nqh ::’nsx’ sx

PesynbTathl 0600LeHbl Ha KOMMMEKCHBIE X v BEKTOPHbIE X runepcnyyaiHele BennumnHel [15, 18], a Takke Ha
BeLecTBeHHble X (), KOMNMeKCHbIE X (¢) v BeKTOpHbIE X (#) mnepcnyyaiHble dyHkuum [18, 19].

MnepcnyyanHble PyHKUUM

CkansipHblit runepcnyyaitHbiin npouecc X (¢) MoxeT BbiTb NpeaCTaBneH kak MHOXECTBO CIyyailHbIX MPOLECCOoB
X (t)/ g, xoTopble onpeaeneHs! Ans MHOXecTBa yeroBui g € G . Mpouecc onuckiBaeTcs BepxHel Fg (X r)
U HUXHEN F,(Sc';?) rpaHMLaMn MHOrOMEPHbIX (OYHKUMIA pacnpedeneHns, MHOrOMEPHBIMIU NMOTHOCTAMM
BeposTHoCTei rpamny £ (¥;7) u f,(¥;7), momertamn rpanny m (1), m, (1), wow (@), p (@) U
rpaHvuamn Momentos m_ (1), m,(f), n (), n,.(), rae v=(v,,...,v,) — cTeneHb BekTopa

MOMEHTOB, L — MepHOCTb pacnpeaenenus. BoipaxeHusi, KOTOpbIE OMUCLIBAKOT Takue XapaKkTepUCTUKNA, NOAOBHbI
BbIPAXXEHUSM ,0MUCHIBAMOLLMM TUNEPCITyYaiiHble BEMUYMHbI:

Fo(%;0)=sup P{X(t,)<x,,...X(t,)<x, /g, F,(¥f)= inf PLX (1) <x,,.., X (1) <x, / g},
geG ge
O F (%:7)

O'F,(X;7)
0x,...0x, ’

: X;1) =
Ji&0) 0x,...0x,

fs()_é;?) =
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0 0

me () =My [X(O]= [ f(s0dx,  m,(6)=M,[X(O)]= [ xf,(x;)dx,

—»o —0

o0

Mgy, o (et ) = ML (1) X401 = | .

—0

X e 2 S (Xt ),

0

My o (oot ) =M (X (2).. X ()] = j

—0

N, v, (11500 t)) =M[(X () —mg (8)) " (X () —mg (2,))" ],
Wy, (t1seent ) =M [(X(8) —m, (8) " (X (2) —m,, (2,)) ]

my () =M [X(©®)], m,()=M,[X(®)],

X5 (X5t ot )dy . Ldx

é'—;8 s e—y8

et ) =M [X (). X (2)))], m

SXVy... vL( 1

et ) =M [X (). X7 (2))],

xvy... vL( 1

m

Haow,v, Gioeens ) = MU[(X (1) = 0) (X (1) = m ) (€))7 ],
i, v, (Tt ) = MUIX (0)) = ()™ (X () = (£,))™ ]
KoppensuvoHHas 1 KoBapuaLMoHHas (yHKLMM rpaHuL, MIMEIOT CreayroLLmin Bua;:
Ko (t,1) =M [X ()X ()], K, (,8) =M, [X({#)X(@,)],
R (t),1,) = M[(X (7)) —m, (¢ X (2,) = m, (2,))],
R, (1,,) = M [(X (8) = m, (¢ ))(X (2,) = m . (2,))],
a rpaHu1Lbl KOPPENALMOHHON U KOBaPUALMOHHOM (OYHKLMIA — BUA;
K () =M [X(#) X)),  K.(4,0)=M[X(#)X(1,)],
R, (1,,1) =M [(X () —m,, (¢ )X (t,) = m,, (1,))],
R, (#:1,) =M [(X(#)) —m, (¢ )X (t,) —m,, (£,))].

CTaumMoHepHbIe 1 3proguyeckue runepcnyyaiHbie yHKLUM

HekoTopble runepcnyyanHble yHKLMM 061agaloT CBONCTBaMU CTALMOHAPHOCTM W aprognyHocTu [20]. PyHKums
X (t) HasBaHa CTaLMOHAPHOW rMnepcryYanHoi (yHKUMEN, Y KOTOPOI MaTeMaTUYECKOE OXULAHWE rpaHuL He

3aBUCUT OT BPEMEHW, a KOoppenAUNOHHbIE (*)yHKLWIVI rpaHny, 3aBUCAT NULIb OT BPEMEHHOro WHTEpPBana
T=1,—1 K (,,t,) =K (1), K, (¢,,1,) =K (7).

CTaumoHapHON runepcnyyaitHoi dyHKUMen 4ns BCEX YCMOBWA HasBaHa (yHkums X (¢), maTemartudeckoe

oXuaaHve mx/g(t):J-xf(x;t/g)dx KOTOPOW He 3aBucuT OT Bpemewn ¢ (m, (H)=m,, ), a

—00

KOpPENsLMOHHas thyHKLMS

Kx/g(tl’tZ): _[ jxlxzf(xlaxz;tlat2/g)dxldx2

—00 —00

3aBUCUT NWLLb OT HTEpBana t uycnosui g: K, (¢,,1,) =K (7).
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KoppensuvoHrHble dyHkumm rpanny, K (t), K, (T) onpenenstotcs crnekTpanbHbIMY NNOTHOCTAMM MOLLHOCTY

rpanny S (f), S,.(f), cBAsaHHble Mexay cobol CreayoLmMi BbIpaXeHNSMM:

Seu()= | Ke(@exp(=2nf)dr,  S,.(f)= [ K,(9)exp(-j2nfi)ds,

Ko (=[S (Hexp(@nf)df, K, (1)=[ S, (f)exp(2nfi)df,

roe f —vactota.

I'paHuLbl CNIEKTParbHOM NNIOTHOCTU MOLHOCTY ONpeaensTCs CreayLLmm 06pasom:
Sul/)=50S, (), Su(N)=infS, (1),
ge

rae S, (f) — cnekrpanbHas nnoTHOCTb MOLUHOCTY B YCTOBMSIX g :

Swe(N)= [ K @exp-i2nfr)dr, K, (0)=[5,,(f)exp(i2nf)df .

[ns AByX CTaUMOHapHO CBA3aHHbIX Mexay coboit dyHkumin X (¢), Y (¢) koppensunoHHble (yHKLMN rpaHuL
onpegensTcs TakuM obpasom:

K (=[S, (Nexp(2n)df, K, (0= [ S,,(f)exp(i2nfi)df,

me S 5o (), S 1y () — CNEKTparnbHble MOLYHOCTY rpaHuLy:

Ssu(N)= [ Ksy(mexp(=2nf)dr,  S,,(f)= [ K, ()exp(-j2nfi)dr.

rpaHl/IleI cneKTpaanoﬁ MAOTHOCTU MOLLHOCTU onpeaenAatnTCa BbIpaXKEeHUAMMN:

Sw(N=supS,, (), S, ()=infS,,. (1),

e S, (f) — cnekTpanbHbie MOWHOCTI ANt yCroBUA g

Sui(N)= [ Kyy(expi2nfiydr, K, (0)=[S$,,,(f)exp(i2nfi)df .

Bbifv YCTaHOBNEHbI CBOMCTBA 3TUX XapaKTEPUCTUK W BBEJEH PS HOBbIX MOHATUA, B YaCTHOCTM MMNepCryYaiHbIn
Benbii wym [20].

lMnepcnyyanHas yHKUMS MOXET OblTb NpeAcTaBfieHa Kak MHOXECTBO HemepecekartoLmxcs CryvanHbix
yHKUMA AnuTenbHOCTb0 T, onpefeneHHbix Ha uHTepeanax T, =[Tg,T(g+1)), B npegenax KOTOpbIX

ycnosus He MeHsiotes (g =0,+1,+2,...).

Myctb X, (¢) - vactb dyHkumm X (¢), cootsetctsylowast uHTepsany 7, v MpuBEEHHAA K WMHTepBasy
[-T/2,T/2):

X(t), ecm teT,,

X t-T(g+0,5)=
(- Tle 2 {0, ectn tgT,.
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OyHkumst X (¢) B dukenpoBaHHbix ycnosusix g =0,£1,£2,... saBnfetca cnydaitHoin dyHkumen,
onpegeneHHas Ha wHtepsane ¢ €[—7/2,T/2). MHOXeCTBO Takux (hyHKUMIA B HEOMPEAENEHHbIX YCNOBUSX
sBnsieTCA runepcryyanHon  dynkumen  Y(¢) ={X (), g=0,%L...}. TunepcnyyaitHon dyHkumern
ssnsetcs Tawke yHkumna (Y (¢)),....Y(¢t,)), rae ¢,,....t, €[-T/2,T/2).

MvnepcnyyaitHas yHkums X (¢), cTauvoHapHas Ans BCEX YCMOBMIA, ANsi KOTOPOM ;i_r)130171¢(T )=m,,
Ha3BaHa aproavueckoin. B atom Boipaxerun m ,(T') - cpesHee no 7:

T/2

1, (1) [0 1) VU = [ Q0+ Y, + 0,

-T/2

am, =M[o(Y(¢),...,Y(¢,))] - maTemaT4eckoe oxuaaHme.

Mnepcnyyaittas aprognyeckas dyHkUMs X (¢) MoxeT BbiTb NPeACTaBNEHa CreayoLyUM psLoM:

X(@t)= ;iE}OZXg(t—T(g—FO,S)).

Kormpa T — oo, rpaHuubl MaTeMaTMYECKOrO OXMAAHUS W TPaHuLbl KOPPENSALUMOHHOM W KOBapuaLMOHHOM
(hYHKUMA ONKCbIBAKOTCA CreayioLym obpasom:

1
jxg (nde, i, =inf_ Tj x, () dt,

T,

_ 1
m, =sup—
o geG T

K. (0= sup% [x @+ x,(0d, K, ()= g% Tj x,(t+7) x,(dt

G
4 T,

R, (1= sup% j [x,(t+1) =, [x, (6)-m, ,,]dz,

4
g

= o] _ _
R, (@=inf [l (4 ) =, )lx, (0=, 141

e i, =% [x, @) de.

Ty

MMnepcnyyaiHble Mogenu

Pa3spaboTaHHbI MaTeMaTUYeCKUin annapat no3eonsieT 3 deKTUBHO MOAENMPOBaTL pasHoobpasHble peanbHble
huanyeckne 06bEKTbI 1 OLIEHKW B YCMOBUSX HENPEACKa3yeMoro M3MEHEHUSt CBOMCTB W CTAaTUCTUYECKMX YCIOBUIA
HabnoaeHus.

MpeanoxeHbl [22 — 24] pasnuyHble MOZENM W3MEpeHus: AeTEPMUHUPOBAHO-rUNEepCnyYaiHble, CryyYanHo-
runepcryYaitble 1 runepenyvanHo-runepenyyantble, B KOTOPLIX 00BEKTHI U3MEPEHMS ((hnnyeckne BENUMHBI 1
npouecchbl) NPeacTaBASAKTCS COOTBETCTBEHHO AETEPMUHUPOBAHHLIMK, CRYYaMHBIMA W TUNEpCryYaiHbIMU
MOZENAMMU, @ UX OLEHKW — rMnepcnyvainHbIM1U MOLENSMA.

—

B pamkax [eTepMUHMPOBAHO-TUMepCryyaiiHoi MoAenu M3MepeHUst BEKTOPHOro napameTpa O TOYHOCTb

TOYEYHOM OLEHKN ®* B (*)MKCI/IpOBaHHbIX yCrnoBuax g MOXeT ObITb ONMMUCaHa BEMNUYMHON cpeaHero Keaaparta

— o512 o
abConioTHOM NOrpeLLHOCTM A§=M[‘®*—9‘ /0,g], raRe M - onepatop MmaTemaTuyeckoro oxupaHus. Ons
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XapaKTepUCTUKA TOYHOCTM OLIEHKN Be3 MPUBA3KM K KOHKPETHbIM YCIIOBUAM MOXHO roBOpUTh 06 MHTEpBane, B
KOTOPOM HaxofuTCs BennuMHa Az. MpaHuuamyu sToro uHtepsana MoryT 6bits A2, =min[A},A%] u

— 4 512 S = . -2 S
A% =max[AL,A7], tAe A;=M[|® —O‘ 0], A;=M,[|® —6‘ /0] - cpeaHue OTHOCUTENbHO

rpaHuL kBaapaTbl abCOMTHOM norpeluHocT A5, A2,

TOYHOCTb TOYEYHOM OLIEHKN MOXXHO XapaKTepmu3oBaTb TakXe rpaHuuamMmu CpedHero KkBagpara norpeLHocTu:

A? =supM[J6* —6‘2/§,g], A? :igggM[‘@)* —6‘2 /6. 2],

geG

B ckanspHOM Crlyyae rpaHuubl cpeaHero keagpara ownbkn A, A u A, A’ MOXHO NpeacTasuTh

2 2 2 2 2 2 2 2 2 2 - 2 2
COOTBETCTBEHHO Kak Ay =G5 +€,, A; =07+¢€7, N A —sug[Gngso/g], A; —{grelg[cngso/g],me
g€

) N 2 ) N 2
GS:M{(G) —ms) /GJ,G,:M,[((B —m,) /GJ - ;vcnepcuu rpaHAL  OLIeHKM,

2

2
o, :MUG)* —me*/g) /6,gJ — YCroBHas Aucrepeust oueHkn, €, =(m;—0), €,,=(m, —0)

CMELLEH!st (cucTemaTuyeckine MOTPELLHOCTM) OTHOCUTENbHO COOTBETCTBEHHO BEPXHEH W HWKHEA rpaHuy
pyHKUMM PACTIPELENIEHNA OLEHKU U €, =(me‘/g—6) — CMelleHue (cucTemMaTnyeckas MorpeluHocTb) B

ycnosusix g (puc. 2).

F(07/0.¢)

F, Ee*/e) //
V

14 €o/g

AT

>
<

v

PucyHok 2 — Beep yCroBHbIX (yHKLit pacnpeaenetns F (0°/0,g) (TOHKMe KpuBbIE) NS pas3nnyHbIX yCroBHiA

g, BepxHaa F(07/0) (vpHas HenpepbiBHas kpusas) v HmkHAA £, (07/0) (KiupHas nyHKTVpHas kpvBsas)
rpaHnLbl (YHKLMM pacnpeaenerus.

[insi xapakTepucTukn aBCOMIOTHON MOTPELIHOCTM OLeHKkM A=®  —0 ckanapHoro napametpa 0 MOXHO
ncnonb3oBaTtk UHTepBan [€g, —ko, €,,+Ako,], onpeaensemblit CUCTEMATUHYECKIMIA MOTPELLHOCTAMU € g, €,
CpeaHeKBapaTNiHbIMU OTKIOHEHNAMMN rPaHNL, G, G, W HEKOTOPOI KOHCTaHTOM K, a ANst XapaKTepucTMKM
oueHkt O — uHTepean [mg—kog, m, +ko,] (cm. puc. 2). Ecrn ycnoHble (yHKUMM pacnpeaeneHus

CryyalHblx BenumH © /0, g He NepecekarTcs M C POCTOM YCMOBHbIX MaTeMaTUYeCKUX OXMAAHWIA OLIEHKM
YCMOBHbIE AMCMEPCIM OLIEHKN BO3PACTAKT (TN pacrpedenieHns «a») Ui yMeHbLUAKTCS (TN pacnpeneneHus
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«O»), nmocnepsHWA MHTEpBan OMpefenseTcs rpaHULaMi MaTeMaTM4yeckoro OXUAAHUS OUEHKM m ., m, W

1

rpaHMLaMn cpeaHeKBafpaTiHOrO OTKIOHEHWS OLeHKN G, G, . [INs pacnpeenenns Tuna «a» OH paBHAETCS

[m,—ko,, m_+ko ],ap;napacnpegenenus tuna «b» — [m, —ko , m +kc,].

—

TMnepcnyyaitHas oueHka @  dUKCMpOBaHHOrO napameTpa © HasBaHa COCTOSTENbHON, €CrM MpU BCEX
yCroBUax geCG OHa cxoauTest no BEPOSITHOCTH K aToMyY napameTpy:

lim P{‘(:)'* —6‘ > s/é,g} =0 VgeG,rme N - obbem Bbibopku ans kaxgoro ycrnosust g, € > 0 -

N>

KaK yrogHo manoe 4uncno. CocrosTenbHocTb OLIEeHKX O3Ha4aeT, YTO OHa yO0BIIETBOPAET 3aKOHY fonbLumx umcen.

Heobxoanmoe ycrnoBne COCTOSTENBHOCTW TMNEPCIYYalHON OLEHKN — BLIPOXAEHNE €€ B CMyYalHyl0 BENNYMHY
npu N — oo, OTCloga crnegyeT, YTO OLEHKM, COXpaHsitoLMe rnepcnyYaiHbin xapaktep npu N — oo,
SBMAOTCA HECOCTOATENBHBIMM.

B pabote [22] Obina BbiABMHYTa rMnoTe3a O TOM, YTO BCE pearbHble (PU3MYECKME MACCOBbIE SIBMEHMS
MPOMCXOASAT B MOCTOSIHHO MEHSIOLLMXCA CTAaTUCTUYECKNX YCIOBUSIX, @ NOTOMY BCE (hu3nYeckne SBneHns, 00bI4HO
paccMaTpuBaeMble Kak CriyyaiiHble, B AEMCTBUTENBHOCTM HOCAT HE CRyYaiHbli, a runepcryyaiHbli xapakTep.
OTa 0CODEHHOCTb MMEET MeCTO He TOMbKO MpU KOHEYHOM, a U npu 6ecKoHeYHO OGOnbLUOM MHTEpBane
HabntogeHus. A3 aToro cnepyet, YTO OLEHKM pearbHbIX BENMYMH 1 (DYHKLMIA SBMSIOTC HECOCTOATENbHBIMM.
MpuHMMas rnoTesy rMnepcnyvyamHocT, cnegyeT Npu3HaTb, YTO, AOCTUYL BECKOHEYHO 6O0MbLION TOYHOCTY
N3MEPEHNI NPUHLMNMATBHO HEBO3MOXHO HU MPU KakWX YCIIOBUSIX.

MpaHMubl cpeaHero ksagpata abcomioTHoit norpewHocth A2, AT ouewkn ©  napametpa 0,
cchopmMmMpOBaHHOM MO BbIGOPKE X pasmepoMm N, v rpamupl D LG)*/GJ, D{@”/GJ YCINOBHOM Ancnepcum

D LG)*/G,gJ 9TO OLIEHKM ONUCbIBAKOTCS HEPABEHCTBAMM [22]

2 2
oe oe
2 * 0/ -1 2 * : 0/ -1
A?>D,|® /GJZZ‘QE I+ | i | A}>D,|© /GJZIgIElg 55 | T |

rae Jy,, — HdopmaLus no duiiepy Ansi cry4anHoit BEMNYMHbI @)*/O,g :

- 2 2 -
7 M Oln /(X /0,g) _ | @ In Sy (X /0, 8)
Nie 00 002

rae f,(X/6,g) —nnoTHOCTb BEPOSITHOCTY BbIGOPKY X /6, g.

CpenHue xe KkBampaTbl aBCOMIOTHON norpewHocT A2, A? OTHOCUTENbHO TPaHUL W OMCMEPCMM rpaHny

D, L@’“/OJ, D, L@"/GJ ONPeAensioTCA HepaBeHCTBaMMN

9 9

2
)
A}>D,|©76]> —
Oln £y (X76)

00

2

)

A}>Dg|@©76]> —
dln £, (X/0)

Ms 00

M,

rae fo (X/6), f,y(X/6) —nnoTHOCT BEPOSTHOCTEN BEPXHEN W HIXKHEN TPaHiL X/9.
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BbiBOAbI

1. TunepcrnyyanHoe sBMEHMe — 3TO MaTeMaTWyeckas CTPYKTypa, OMMUCbIBaloLAs COBOKYMHOCTb CRydvaiHbIX
COObITUIA, BENMYMH WM DYHKUMA. Kaxkablil SNEeMEHT CTPYKTYpbl accoUMMPYeTcs ¢ (PUKCUPOBAHHBIMM
CTaTUCTUYECKUMM YCIIOBUAMM ero HabriogeHus unu (opmMmnpoBaHns. BeposTHOCTHas Mepa onpeaensercs Ans
Kagoro arnemeHTa CTPYKTypbl (PUKCUPOBAHHBIX YCNOBWW), OOHAKO ANS BCEW CTPYKTYpbl, Mepa OcTaeTcs
HeonpeaeneHHoM!.

2. TvnepcnyyanHas BenuuMHa wKM YHKUMS MOxXeT ObiTb OnMCaHa BEPXHEN W HKHEN rpaHuuaMi yHKLmKW
pacnpegeneHns. Mexgy aTuMmM rpaHuLamMy pacrnonioXeHa 30Ha HeonpegeneHHocT. CryyaiHoe sBreHve —
BbIPOXAEHHOE rUnepcryYaniHoe sBneHne. [ns cnyvyanHom BENUYMHBI MAM  (OYHKUMKM TpaHuLbl  COYHKLMK
pacnpefeneHns CoBnagaloT, a 30Ha HeornpedeneHHoCTU OTCYTCTBYET. MOMHbIA XaoC — TOXe BbIPOXAEHHOE
runepcryyaiHoe sBnexue. B aToM criyyae 30Ha HeonpeLeneHHOCTU MakcUMarnbHa.

3. OCHOBHbIMW XapaKTEPUCTUKAMM TUMNEPCIyYaiHbIX BEMYMH U (PYHKUWMA, Hapsgy C rpaHuuamu QyHKLmMW
pacnpefeneHns, ABNSITCA pasfnyHble XapakTepUCTUKWM STWUX rpaHWL, B YaCTHOCTW MMOTHOCTb BEPOSITHOCTM
rpaHnL, MaTeMaTWyeckue OXWOAHWS rpaHuL, AMCMEpCUW TpaHuL W Ap., a Takke rpaHuLbl XapakTepucTuk, B
YaCTHOCTM rpaHMLbl MIOTHOCTW BEPOSITHOCTM, FPaHNLbl MaTEMATUYECKOTO OXMUAAHUS, rPaHULbl Aucnepcui 1 ap.

4. MpuBeaeHbl pe3ynbTaTthl UCCNEA0BAHMIA OLEHOK MMNepCyYaitbiX BENMYMH U dhyHKUMIA. OTMEYEHo, YTo BCe
pearbHble CTaTUCTMYECKME YCNOBUS HAbNIOAEHNS MOCTOSHHO MeHsioTCs. [103aToMy Bce pearnbHble husnyeckme
MacCoBble SIBMeHMs, 0BLIMHO paccMaTpuBaeMble Kak CryyaiHble, B AENCTBUTENBHOCTM HOCAT He CNyyaiHblid, a
runepcrnyYaiHein xapaktep. 3ta 0COOEHHOCTb UMEET MECTO He TOMbKO MPU KOHEYHOM, @ U Mpu BECKOHEYHO
Gonblwom wHTepeane Habriogenws. M3 3Toro criedyert, YTO BCE OLEHKM peanbHbIX BENMYMH W PYHKLWNA
SIBMAOTCS HECOCTOSATENbHbIMM, @ 3TO 03HAYaeT, YTO AOCTMYb DECKOHEYHO GOMbLUON TOYHOCTW M3MEPEHWI
MPUHLMNKANBHO HEBO3MOXHO HUM MPU KakuX YCROBUSIX.
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AHANU3 MOOENWN NEOHTLEBA NPU HEYETKO 3AOAHHbIX MAPAMETPAX
METOAOM BA3UCHbIX MATPUL

Anekcen BonowwuH, Bnagumup KyauH, Ipuropuin Kyanx

AHHOmauyus. Paccmampusaemcs modenb fleoHmbesa (M/1) ¢ Heyemko 3adaHHbiMU napamempamu. MI1
UHMepnpemupyemcs kak 3adayy npoeHo3a «3ampambl-8bINYCK» Ha OCHOBE U3BECMHOU Cmamucmu4eckol
UHGOpMaUUU npu  HEYEMKO 3adaHHbIX 3HAYEHUSX 37IEMEHMO8 MEXHOM02UYECKOU Mampuybl, 8ekmopa
02paHU4YeHUl U 2paHul, NEPEMEHHBIX.

Knroyeebie crnosa: mModens JleoHmbesa, KonuyecmeeHHbIl U KayecmeeHHbIl aHanu3, He4émkoe MHOXecmso,
basucHas Mmampuua, yHKUUS npuHadnexHocmu.

BBepeHue

MaTemaTiyeckuii annapaT HEYETKMX MHOXECTB siBsieTcs (DOpPMOM 3adaHusi HeomnpedeneHHbIX napameTpos,
3HAYEHUs KOTOPbIX HEM3BECTHbI A0 MOMEHTA MNPUHATUS pelleHns. OOHUM U3 MEeXaHU3MOB YCTpaHeHWs
HeomnpeaeneHHoCTM B 3afaHn NapameTpoB NPy NOCTPOEHUM MOZENN SBNSETCA HanMYMe B KOHTYpE MpUHATMS
peLLeHns aKCnepToB — nuu, npuHUMatoLwux petlerne(JMNP). JIMP kayeCTBEHHO ONpefenstoT CTPYKTYPY MoLenu,
yKasblBAOT MEXaHM3M YCTPaHeHUs HeonpeaenéHHoctem npu ee chopmupoBanum  [Opnosckui, 1981].
CyuwecteeHHbIM ycnoxHeHnem MIT [lleoHTtbe, 1972 ], [Facc., 1961] ABnsieTcs BKIOYEHWE OrpaHUYEHM Ha
3HaveHne nepemeHHbIx [Opnosckuin, 1981]. OgHoi 13 ocobeHHocTen MIT sBRsEeTCS TO, YTO OHA COOEPXUT B
cebe MaTemaTuyeckue npobriemMbl aHanuaa NIMHENHbIX CUCTEM TaKUX, Kak CUCTEMbI IMHEMHbIX anrebpanyeckux
YPaBHEHWA C KBaLpaTHOW HEBLIPOMKEHHOW MaTpuuen orpaHuyeHnic (CIIAP), nuHelHbIX anrebpanyeckux
HEpaBEHCTB C COOTBETCTBYlOWen MaTpuuen orpaHuyeHnin (CJIAH), a Takke UM 3agay  NUHENHHOro
nporpammupoBanus (3J1M) [BonowwuH, 1993], [BonHanosuy, 1987, 1988], [KyawH, 2002]. OcyiecTBneHue
KaueCTBEHHOro aHanmsa moaenu [Opnoeckui, 1981] nogpa3yMeBaeT BKKOYEHWE U KOMMYECTBEHHOMO aHanmsa
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HEeNpPOTMBOPEUMBOCTU €€ CTPYKTYPHbIX anemeHToB [BonowwH,1993, 2004], [BorHanosuy, 1987, 1988], [KyauH,

2002]. MoxXHO BblAennTb TakMe OCHOBHbIE CTaaun aHanuaa:

e [poBepka MaTeMaTU4ecKon U «MaLUMHHOMY» HEBbIPOXAEHHOCTU MaTpulibl OrpaHUYeHui, OnpeaeneHne ee
paHra;

e HanpaBfeHHas «KOPPEKLMs» paHra mMaTpuLipl OrpaHUYEHUIA NyTEM W3MEHEHUS OTAENbHbIX €€ 3MeMEeHTOB
(Mpu HeobxoaMMoCTK);

e BbISIBMIEHME COBMECTHbIX CBOACTB MJT 1 DOMOMHUTENBHBLIX OrPaHMYEHW Ha NEPEMEHHbIE — (OmpedesnieHne
paspeLLmMmMocTy);

e onpegeneHne cBoincte MJT 4ns MHOrorpaHHOrO MHOXECTBA OrpaHUYeHNd Ha NepeMeHHbIe, NpoBeaeHNE, NpK
HeobX0AMMOCTH, HanpaBnEHHbIX N3MEHEHWUIA;

® HaxOX[EeHWe peLueHnn (B cnyvae paspelnmocTm);
® aHanW3 CBOWCTB NONYYEHHbIX PELLEHM.

MocTaHoBKa 3apaum

Beegem B paccmoTpeHue BapuaHtbl MJ1, K KOTOpbIM MOXHO NpWIATW B pe3ynbTaTe 3KBMBANEHTHbIX
npeobpa3oBaHii KAHOHMYECKON MOAENN:

1. CNAP Bupa

Au=C, (1)
2. CI1AH Buga

Au<C, (2)
3. Mogenu CJITAH (2) moryT uccnenoBathCs Npy Hanuumm LUeneson yHKLMIA BUaa

max Bu, (3)

ueR”

i=l,m

KaK 3afava aHanusa MOENM NMHEWHOro nmporpamMmmupoBanus (2)-(3), B koTopon Az{ai/.} - HeBbIPOXJEeHHast

Jj=lm

KBapaTHas MaTpuua pasMepHoCTU (mxm), a; =(a,,a,,,....a,,), j€J =1={1,2,.,m}~ CTPOKA MaTPuLbI
A, u=(u ,uy,..,u,) - BEKTOp NEpPeMeHHblX, B=(b,,b,,....b,), C =(c,,c,,..,c,)’ = BeKTopa rpagueHTa

Lenesoit (DyHKUMM ¥ OrpaHMdYeHmid MOAenu, au<c,, j€J NONYNPOCTPAHCTBO, KOTOPOE OMpeaeneHo
rMNepRnocKoThI0 au=c;, j€J.

Cumtaem, 4T BNeMeHTbI OrpaHNieHns au < ¢, [ € J , HOpMarb KOTOPOTO 3aHNMaeT, k -f0 MOryT NpeTepnesar
M3MEHEHWNA COrNMacHO COOTHOWEHUA a,(Hu<c, (1), l€J, TAE a,(1)=(a, (1), a, (1), ... ,a,, (1), [ € J ( anemeHT
MOJenu a, CTAHOBMTCA paBHbIM a, (1), rel,a ¢, ByneT ¢,(¢)). Bece onpeneneHHble (hyHKLMN 3aBUCUMbIE OT
apryMeHTa ¢ € (—oo,+c0) M3 Knacca C’. Takne M3MEHEHUs B arieMeHTax Mofemnin MOXHO MHTEPNpeTMPOBaTh, Kak
BNASHNE U3MEHEHWI LIEH B UHTepBane ¢ e (f,,,7,) Ha 3Ha4eHne TeXHONOrMYecKIX aNemMeHToB Moaent (2) no & -
y pecypcy.

Mpeanonaraetcs, YT0 B cuCTeMe MMeeTca P ={1,2,..,p} 3KCnepToB. Kaxablit akcnepT (opmMupyeT CBOK
(PYHKLMIO NPUHAANEXHOCTU 2, (1), p € P . OTA (DYHKLNM ABMNSIOTCH KYCOUYHO-TIMHEAHBIMM, NS KOTOPLIX 3KCMepT
yCTaHaBNMBaeT YPOBHW 3HauyeHuit A7, pe P. 3T0 O3Ha4aeT, 4Tto npu 1> (t)= A"  onpepensetcs
UHTEpBAN W3MEHEHUs 3HaueHuh T, peP, tae T, =[}, .1\, 1< (—o0,+), p e P [Opnosckui, 1981].

Pe3ynbTupylownin nHTepBan W3MeHeHWst nepemMeHHon 7 = (z,, f,) COrNacoBaHHbIN MO P 3KCrnepTam MOXeET

P P
OnpeaensaTbes, Hanpumep, kak 7 = ﬂTp (vm T = UTp ). Mogenb (1) nccneayetcs B npoctpaHcTae E™ . Mpu

p=1 p=1

HanMMuMM B KOHType NpuHsTUS peluenus akcneptoB (JINP) dasa kavecTBeHHoro aHanmsa mogenen (1),(2)-(3)
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onpefendaeT nocnenyowyo 3agady, Kak 3agadvy KOnn4eCtBeHHOro aHanmsa - UccnenoBaHna npu YKa3aHHbIX
YPOBHAX /1(”), p= {1,2,....p} YKa3aHHbIX 3KCnepTtaMmu BinAHUE N3MEHEHNA SNEMEHTOB OrpaHuU4eHnda cornacHo

COOTHOLUEHMIO a,(t)u < c,(t), 1€ JNpU t € T Ha paHee BbIGPaHHOE ONTUMabHOE PELLEHNE.

B pabote npeanoxeHo pa3suTHe METOAOMOrMM MOCnenoBaTeNnbHOro aHanwsa [BonowwH, 1987] u meToda
6asucHbix matpuy, (MBM) [KyaumH, 2002] ons npoBeaeHNs KONMMYECTBEHHOTO aHann3a BIUSHWS YHKLMOHAMbHbIX
nameHeHnn B M1 Ha ee CBOICTBA Takue, Kak HEBbIPOXAEHHOCTb MATPULLbl OrPaHUYEHUIA, ONTUMATbHBIE PELLEHMS
UCXOJHOW 3aaaum (2)-(3) Npu M3MEHEHUN 3NIEMEHTOB MOAenu (& -ro orpaHnyeHns) B Buae a,(Hu <c,(t),leJ ,

teT.

OcHoBHbIe nonoxeHusi Metoaa 6asncHbIx Matpuy (MBM)

B npegnaraemom MBM BBefeHbl B pacCMOTPEHWE CTpOYHble 6asncHble MaTpuubl [BoitHanosuy, 1987, 1988],
[KyauH, 2002]. basncHble MaTpuLbl B X04€ UTEPALMIA PELLEHNS 3a4a4um NOCNeaoBaTENbLHO UMEHSIIOTCS BBOAOM-
BbIBOJOM W3 HEe CTPOK-HOpManei orpaHuyeHuit. B oblem cnyvae B wccregyemoit MOAENM KONUYECTBO
OrpaHKUYEHUA NPEBLILLAET KOMMYECTBO NEpeMeHHbIX Buaa (2), a B gaHHom cnyyae BMIT m=n :

Onpepnenenue 1. Matpuuy 4., COCTaBMNEHHYO U3 M NIMHENHO HE3aBUCUMbIX HOpMarei orpaHu4eHni (2), byaem

T _ 0

0 OaancHbIM. [IBe

HasbiBaTb 0asnCHON, a peLleHMe COOTBETCTBYIOLEN €/i CUCTEMbI YPaBHEHMI Asu

GasncHble MaTPULbI OTNINYAOLMECS OHOM CTPOKOM OyAeM HasblBaTb CMEXHBIMM.
Mycts: B,, i,jel={2,..,m} - aneMeHTbl 6a3MCHON NOAMATPULLI A, e, — AMEMEHTbI MaTpuLbl 4,

obpaTHON K A4.; e, =(4;'), .~ cronbel obpaTHOA MaTpuubl. PelleHue  wu, = (uy,,Uy .. U,,) CHUCTEMBI
YpaBHeHMi A6uT =<0, e, B obiem cnyyae, ¢’ - noasektop C, KOMNOHEHTbI KOTOPOTO COCTOST M3 MpaBbIX
YacTeil orpaHnyeHuit (2), Hopmanu Kotopbix 0BpasyloT 6asuchyto  MaTpuly 4,; a, =(a,,,Q,,,....a,, ) - BEKTOP

Pa3NOXEHNs1 HOPManu OTPaHNYEHUst au, <c, 3a CTpOKamMn Da3nNCHON MaTpuUbl A, a, = (y %y ss @) -
BEKTOP PasnoXeHus rpapuHTa LeneBoit dyHkumm (3) no ctpokam 6asucHoit matpuupl 4., .A, =au, —c, -

0

HeBsi3ka r-f0 orpaHnyeHus (2) B BepLUMHE u,; ‘]6’ JH’ J=J,UJ, - MHOXeCTBa WHAEKCOB BasnCHbIX M

Heba3ncHbIx orpaHnyeHnit (2). B pabote [BonHanosuy, 1987] npueaeHbl hopMyrbl CBA3M 6a3MCHOTO peLleHus,
KO3(DPULMEHTOB PA3NOXEHUS HOpManei OrpaHuyeHnn u Leneson GyHkuum (3), koadhduumeHToB 0bpaTHOM

MaTpuLbl, HEBA3OK OrPaHMYEHMA W 3HAYEHWIA LENeBON (yHKUMM npu mepexofde kK OasucHom matpuue A,
koTopasi 06pasyeTcs U3 MaTpuLbl A; 3aMEHON ee CTPOKM a, Ha a,, KOTOpas He BXOANT B 6asnCHyK0 MaTpuLly

A_ . B HOBOV 6a3nCHOIN MaTpuLle As; BBEAEHHbIE BENMUMHBI ByneM HasbiBaTb aNeMeHTaMin MeToda 6asucHbix

maTpuy 1 Byaem oBosHauaTh YepTOukoil CBEpXY, T.e. B., ar, Av, es, ao. NYCTb a,,a,,...a

ij° 12725 % im

4 T . .. . v
HOpMann OrpaHieHuit, au’ <c,,  jeJ,, TAe J, = {i,,i,....i,} - NHAEKCbI OTPAHUYEHNIA, HOPMANM KOTOPbIX
00pa3oBbIBAKT CTPOKM 6A3NCHOM MaTPULbl A, a, - HOPManb OTPAHUYEHNS au <c, @, = (0. dy,.nn)y,) -
K03(MLIMEHTbI Pa3noXeHns BEKTOpa a, N0 CTPOKaM 6a3nCHOM MaTpuLibl A, .

Nemma 1. (Kputepuin NMHEHON HE3ABUCMMOCTMW CUCTEMbI BEKTOPOB). HEOOX0AMMBIM 1 JOCTATO4HEIM YCIOBUEM
NUHEVHOW HE3aBUCUMOCTU CTPOK MATPULLbl MOLEIM @, ,d, ,...,d, d;,d; ... d 00pa3oBaHHbIX 3aMEHOW CTPOKM

ik Tt 2777 Ty

a, , KOTOpast 3aHUMaeT k -0 CTPOKY B 6aA3NCHOM MaTpuLe A,, CTPOKOW a,, ABNAETCA BbIMONHEH!e YCroBMs

a, #0.

Teopema 1. (O cBA3n mMexay cMexHbIMKW 6asucHbiMWA MaTpuuamm). Mexay KoachduuMeHTamMu pasnoxeHns
HOpMarnen orpaHuyeHuii (2) n ueneson dyHKUMKM (3) 3a CTPOKamMu Ba3nCHO MaTpuLbl, SNeMEHTaMM 0bpaTHbIX
MaTtpuL, GasuCHBIMU peLLEeHUsIMK, HEBA3KAMU OrpaHUYeHU (2) U 3HaYeHWSMU LeneBoit (yHKUMM AN ABYX
CMEXHbIX Ba3nCHbIX MaTPUL, UMEIOT MECTO COOTHOLLIEHMS
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an=—"%, an=a,-—"a, r=0n i=lm i*k (4)
ay ay

_ e - e _ _

'k L .

en =, ei=e,——a, r=Lm i=lm; i#k; (5)
oy oy

u, =uy —2 A, j=1

u, _qu o J=Lm, (6)

Ay

_ A — a _

Av=——"L, Av=A ——2A,, r=Ln;, r#k; (7)
ay ay

— (04

Buo = Bu, ——-A,, (8)

ay
npu4Yem ycrioBMeM TOro, YTo MaTpuua ocTaétcs 6asncHOM Npu 3aMeLLeHU BEKTOPOM a, k - CTPOKM BasncHOM
MaTpuLbl A, , €CTb BbINOMHEHME YCNOBUA ¢, = 0, YCOBUEM AOMYCTUMOCTW OMOPHOTO 6a3NCHOrO peLeHUs eCTb
a, <0, pocTa 3Ha4eHuit LieneBor PyHKUMM «,, <0 .
[okasatensctBo nemMmbl 1 1 TeopeMbl 1 OCHOBBLIBAETCH Ha TEOPETUYECKUX MOMOXEHMSX, WU3NOXKEHHbIX B
[Bonnanosuy, 1987, 1988], [Kyaux, 2002].

CootHoLeHus (4)-(8) ByayT ocHoBononararoLLMmm Npy NOCTPOEHUM anropuTMa Noucka He TOMbKO ONTUMArbHOMO
peLLeHus, HO NpoBeaeHNs aHann3a ceoicTB MIT MeTogom BasncHbIX MaTpuL,

Onpepenexue 2. [lonyctumoe 6a3ncHoe pelueHne u, ONTUMarnbHoe, ecnv Bu, > Bu [NS BCEX U, KOTOPbIE
YZAOBNETBOPSIOT (2).

Teopema 2. [Ing onTMManbHOCTM 6a3nCHOMO pelueHnst u, HeobXoauMo U JOCTaTOMHO HEOTpULATENbHOCTU
KO3(hPULIMEHTOB Pa3NOXEHUs BEKTOpA HOpManu Lienesoi (yHkumMn (3) no  cTpokam BasucHoin matpuubl A _,

Te. a, >0 Ana Bcex k=1,m , npuyem 3anava (2),(3) ¢ kBaapaTHOM HEBLIPOXAEHHON MaTPULIEN OrpPaHnyeHMi

UMeeT eNHCTBEHHOE pelLLeHIe TOrAa 1 TONbKO Toraa, Korda «,, >0, i =1,m, a HeobX0AMMbIM W AOCTATOYHbBIM
YCrOBMEM He €MHCTBEHHOCTW PeLLeHWst 3aadm ecTb 3i e/ Takux, YTo «,, =0, IPUYEM MHOXECTBO PeLLEHIN
nmeeT pebpa HeorpaHNYeHHOCTH.

CnpaBeanMBOCTb KpUTEPUSt ONTUMANBHOCTY BbiTekaeT u3 hopmyrbl (8) TeopeMbi 1.

CnegncTame 1.Mpyn Tex 3HAYEHMAX NEPEMEHHON (DYHKLMK, YTO ax (£) = a,(1)(4;,"), #0, te [4,.t,] coxpaHsieTcs
HEM3MEHHON BENMMUYMHA paHra Npu W3MEHeHUM orpaHudeHns k& MI1 Ha orpaHuyeHve a,(t)u <c,(t), 1< J npu

teT. 3HavyeHns ¢ Mpu KOTOPLIX au(f)=a,(f)(4;'), =0, te [t.t,], [€J, YMEHbILAIT paHr CUCTEMb
(MaTpuLa orpaHN4eHNin MoAenM (2) CTaHOBUTCS BbIPOXAEHHOM).
CnpaBeanuBOCTb CNEACTBUS BbITEKAeT U3 Nembl 1.

CnepctBue 2. [JOCTATOYHbIM YCMOBMEM COXPAHEHWS OMTUMAmbHOCTM PELIEHMEM NMPU W3MEHEHUM k -TO
OrpaH14eHns Mofenu B Buae a, (¢t)u <c, (¢),leJ, HopMarb KOTOPOrO 3aHUMaeT k — K0 CTPOKY B 6a3nUCHON

aOk > 0 aOi > ali (t)

o, (1) Qy ay (1)

MaTpuLie SBNISIETCS BbINOMHEHUE COOTHOLLEHMIA: a, ()41, >0,

a,

teT,i#k, iel. YCNOBAEM €OMHCTBEHHOCTM pewenus (2), (3) saBnswTCA 0(") >0,teT,
a, (t

Gy %@

,teT,i#k, iel.
aOk alk(t)
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[oka3atenbcTBo. CornacHo nemMmbl 1 1 cneacTBus 1 yCnoBMEM HEBLIPOXOEHHOCTU MaTpuubl Moaenu (2)
SIBNSAETCS BbINONHEHNE NPW BCEX ¢ e T COOTHOWEHNSA a, (t) = a, (1)(4.'), # 0. U3 dopmynbl (4) u Teopembl 2

cnenyet, 4to npu onepauun 3amelleHus k-1 CTPOKU asucHoil MaTpuubl Ana BbINOJIHEHUA yCJ'IOBVII7I

— (04 — (94
ONTUMANbHOCTU HEOBXOAMMO BbLINOMHEHNE o =—%—>0, au =0, ——2—a,(t)20,i#k,iel, teT,
a, (1) o, (1)

NOCKONIbKY  yCnosue  ONTUMallbHOCTU a,20,iel. Otctopa  BbITEKAET  BbIMOSHEHME ycnosusa

a,. o, (t
a, () =a, ()(4)), 20 —02% teT [NA COXpaHeHMs ONTUManbHOCTW pelenns. OTciofa
oyt

HenocpesCcTBEHHO, C Y4eTOM Teopembl 2, CregyeT CnpaBedfiMBOCTb YCMOBUA  €AMHCTBEHHOCTM  (He
e[MHCTBEHHOCTH) peLuerui (2)-(3).

BbiBoabl

anMeHeHVIe CUMMNEKCHON WOEONOrMM Ha OCHOBE MeToda 0asnCHbIX Matpuy ana KayYeCTBEHHOro W
KONIM4ECTBEHHOTO aHanm3a moaenu JleoHTbeBa 4aéT BO3MOXHOCTH:

e lccnenoBaTh CBOMCTBA PELLUEHWN CUCTEM NUHENHBIX YPaBHEHUI W HEPABEHCTB NPW USMEHEHWAX B BEKTOPaX
OrpaHNYEHNIA;

e  MPOBOANUTL aHanU3 CBOWCTB Mofenu JleoHTbeBa NpU U3MEHEHNM 3HAYEHUI OTAENbHBIX €8 ANEMEHTOB;
e UCMOMb30BaTh PELLEHe UCXOAHOM Moaenu JleoHTLeBa NpK aHanM3e BO3MYLLEHHOM MOAENy;

e KOHTPONMPOBATH UMM HANPABNIEHO U3MEHSTb PaHra CUCTEMbI;

e HaxoauTb peLUeHWe KBaapaTHOM CUCTEMbI YpaBHEHNI 3a (DUKCUPOBAHHOE KONIMYECTBO LUAroB;

° CTPOUTb HavallbHbl€ PELUEHNA Ha OCHOBE TpUBUAIbHbIX 0a3nCHbIX MaTpui, 4TO UCKIOYaeT pr,D,OéMKl/Ie
HavallbHbl€ BbIYUCITEHNA;

° NPUMEHATL CXEMY aHann3a And 3afad, KoTopble npeaycMaTpmuBaroT MHOrOLAaroBoCTb UM MHOTOKPaTHOCTb
pac4eToB Npn N3MEHEHNAX B KOMNOHEHTaX Moaenu.
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BEKTOPHbIE KOMBMHATOPHBIE 3A0AYM B MPOCTPAHCTBE COYETAHUN
C APOBHO-NUHENHBLIMUA GYHKLMAMU KPUTEPUEB

Haranusa CemeHoBa, Jliogmuna KoneukuHa, Anna HaropHas

AHHOmauyus: Paccmampusaemcs eekmopHasi 3adada OuckpemHol onmumusayuu ¢ OpobHO — NUHEUHbIMU
yHKYUAMU  Kpumepueg Ha AonycCmuUMOM MHOXEecmee, Komopoe umeem KOMOUHamopHble ceolicmea
codemanull. Mccnedyromes cmpykmypHbie cgolicmea obnacmu donycmumbix peweHul u MHoxecme Tapemo —
onmumarnbHbIX (3¢hhekmugHbIX), cmpoeo ahghekmusHbIX, €rabo 3hekmueHbIX peweHul. YcmaHosneHa
83aumMocesisb Mexdy 3a0ayamu 8eKmMOpPHOU onmumu3ayuu Ha KOMBUHamopHOM MHOXecmee coyemaHull U Ha
HenpepbigHOM Qonycmumom MHoxecmee. [lpednacaemess 0OUH U3 B03MOXHbIX N00X0008 Onsi peuweHus
MHO20KpUmepuanbHol KomMbuHamopHol 3adaqu ¢ 0pOobHO-NUHEUHbIMU UenesbiMU (DYHKUUSIMU Ha MHOXEcmee
coyemanudl.

Knioyesbie cnoea: sekmopHass onmumusauusi, OuckpemHas onmumusayusi, OpobHO-NUHEelHbIe yHKUUU,
MHOXEeCcmeo coyemarutl.

BBepgeHue

Bonbluee Yncno 3agady ynpaeneHus, MNaHWPOBaHUS, MPOEKTUPOBAHWS U JpYrve PeLLakTcsl C NPUMEHEHWEM
KOMOMHATOPHbBIX ONTUMU3ALMOHHLIX Mogenen. 1o 06CTOATENbCTBO NPUBENO K NOSBREHMO paboT, KOTopble
NOCBALLEHbI MCCNEefoBaHN0 KOMOMHATOPHbIX 3aday onTumusaumm [1,2,4]. Hapsgy ¢ atum Gonbluoi uHTEpec
npeacTaBnsT paboTbl, KOTOPbIE MOCBSALLEHbI U3YYEHNO Pa3NMYHbIX aCMEKTOB PELUEHUS MHOTOKpUTEPHUAnbHbIX
3ad4ay ONTUMW3AUMM, B YaCTHOCTM [OMCKpeTHbix [1-6]. WHTepec Kk wnccnegoBaHnio npobnem  pellenust
MHOTOKpUTEpUarnbHbIX MoZenen AUCKPETHOW OnTummu3auum oByCroBreH WX LUMPOKAM NPUMEHEHWeM Ans
PeLleHNs BaxHbIX 3aday SKOHOMMKM, NPOEKTUPOBAHUS COXHLIX CACTEM, MPUHATWS PELUEHWA B YCMOBMSIX
HEeONpeaeneHHoCTM 1 Opyrux. 3afays BEKTOPHOM OMTUMM3aLMM BO3HWKAKOT B CUTyaUMUsX, KOr4a HYXHO
onTMMM3MpoBaTL Gomnee Yem opHy LeneByt yHKUMO. [pobHO — NuHEHble YHKUMM Lenu, SBnstoLmecs
OTHOLLEHMEM [ABYX NMHEMHbIX (POPM, MMEKT LWWPOKWA AManasoH NpUMeHeHWid B 3ajavax, roe Tpebyetcs
ONTUMM3NPOBATL  HEKOTOpble  OTHOCUTENbHbIE — MOKasaTenu  kayectBa, TakMe Kak  ceb6ecToumocTb,
peHTabenbHOCTb, MPOU3BOAMTENBHOCTb, TPYAOEMKOCTb U Apyre. Mogenu, ucnonb3ylwmne Takue Kputepuu,
OTPaXatoT TEHAEHLMN NOCTOSHHOTO CHWXEHWS! YPOBHS CeBEeCTOMMOCTU B pacyeTe Ha eAuHWLY NpomyKuun 1
MOBbILEHNS KA4YeCTBEHHbIX MOKa3aTenen npousBOACTBA MpW  YBENWYEHMM MacwTaboB NpOM3BOACTBA.
MpefcTaBnseT MHTEPEC PaCCMOTPEHWE TakuX 3adad Kak 3agay KOMOWHATOPHOM ONTUMM3ALMK Ha AOMYCTUMOM
MHOXeCTBe COYETaHUN.
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Kak M3BecTHO, GOMbLUMHCTBO KOMBWHATOPHBLIX ONMTUMW3ALUMOHHBLIX 3aday MOryT ObiTb CBEdEHbl K 3afjadvam
LLeNOYMCIEHHOMO  NMPOrpamMMUpOBaHKsa, HO 9TO He BCerda OonpaBdaHo, MOCKOMbKY Mpu 3TOM TepsieTcs
BO3MOXHOCTb yyeTa KOMOWHATOPHbLIX CBOWCTB 3agaqu [1]. B moHorpadmsx [2,4] nokasaHo, YTO BbIMYKMOM
060M04KON MHOXECTBA COMETAHWUN SBMSIETCA MHOrOrpaHHIK coueTaHuin 1, MHOXeCTBO BEPLUMH KOTOPOro vertIl
PaBHO MHOXECTBY Sp coueTaHuit, To ecTb vertIl =vert(convS,). [JaHHOe CBOWCTBO MHOrorpaHHuka

COYETaHW NO3BONSET CBECTM PELUEHME 3adauu MCXOAHOM 3aayn K PEeLeHNo 3aJayn Ha HenpepbiBHOM
[ONYCTUMOM MHOXeCTBe. M03TOMy JOCTaTOYHO BaXHbIM W aKTyarbHbIM SIBMSIETCS UCCneaoBaHie 1 NOCTPOeHe
METOO0B PELUEHINS! MHOrOKPUTEPUANbHBIX 3a[a4 Ha OCHOBE UCCIEA0BaHS BbiMyKIbIX 060MOYEK TaKiX MHOXECTB
C y4eTOM KOMBMHATOPHbIX CBOMCTB 06MACcTH JOMYCTUMbIX PELLEHMIA, B YaCTHOCTM COMETaHMUIA.

B HacTosLlee BpeMs CyLleCcTByeT OonbLUoe KONMYeCTBO METOAOB peleHnsa MHOroKpuTepuanbHbIX 3adad, HO HK
OAVMH N3 HKX B CyLlecTByrOLWEeM BUAE HE NPUMEHUM K KOM6VIH8TOprIM 3afla4aM Ha CoYeTaHudX, NO3TOMY HaM
npeacraBnaeTca AOCTAaTOMHO BaXHbIM PACCMOTPETb BO3MOXHbIE NOAXOAbl K PeLleHN0 MHOToKpUTepuanbHbIX
3afad Ha KOM6VIHaTOprIX MHOXECTBaX COYEeTaHuM.

B maHHo# paboTe mccrnemyloTcs CTPYKTYPHbIE CBOMCTBA 06M1acT AONYCTUMBIX PELUEHUI U MHOXECTB [apeTo —
ONTUManbHbIX  (3)PEKTUBHBIX), CTPOro 3PdEKTMBHLIX, C€nabo adEKTUBHLIX pELIEHNA. YCTaHOBNEHA
B3aMMOCBS3b MexXZy 3afayaMu BEKTOPHOM ONMTUMM3aLMM Ha KOMOWHATOPHOM MHOXECTBE COYeTaHui U Ha
HenpepbIBHOM JOMYCTUMOM MHOXECTBE. [1ns 3agay KOMBUHATOPHOrO TUNa Ha COYeTaHUsX NPEANOXKEH OAMH U3
BO3MOXHbIX NOAXOMAOB K UX PELLEHUIO.

MocTaHoBka 3agaun. OCHOBHbIe onpegeneHus

[na nocraHoBKKM 3aJayM MCMONb3yeM MOHATME MYNbTUMHOXKECTBA A, KOTOPOE OnpefensieTcs OCHOBaHWEM
S(A) W KpaTHOCTbIO 3NEMEHTOB k(a).

lMycTb 3a4aHO MyMbTUMHOXECTBO Az{al,az,...,ag}, a S(A)={e1,e2,...,en} ero OCHoBaHve, rae e, € R,
Vje N, ={1,2,...,n} , N KpATHOCTb AMEMEHTOB k(a;)=7},j € Jy, N +72 +.ct 1y = g.

BosbMem npounsBonbHoe k € N g Ynopsigo4yeHHon k - 8bI60pKOL 13 MyNbTUMHOXECTBA A Ha3bIBAaeTCs Habop

a:(ail,aiz,...,aik), (1)
Ae a;, €4 Vi; €Ny, Vje Ny, ig#iy, €M s #t Vse€ N, Vie Ny.

Onpegenenue. [2] MHoxecTBO P(A), 3neMeHTaMu KOTOporo ecTb k — b16opku BuAa (1) U3 MynbTUMHOXeCTBA
A, Ha3blBaETCA €BKIMOOBbIM KOMOMHATOPHBIM MHOXECTBOM, €CNMU [Nsl MPOM3BOIbHBIX €ro 3NeMEHTOB
a'=(ay,a5,....a;), a" =(af,as,...,aj) BbINOAHAWTCA ycnosus: (a' #a") < (3 jeJ; :a} # a}), TO eCTb
MHOXeCTBO P(A) WMeeT Takoe CBOMCTBO: [Ba 3neMeHTa MHOXeCTBa P(A) OTAUYHbI Apyr OT Apyra, eCrii OHK
HE3aBWCKUMO OT APYruX OTANYMIA Pa3NYaloTCs NOPSAKOM Pa3MeLLeHMs CMBOIOB, KOTOPbIE UX 06Pa30BbIBALOT.
[MyCTb MyNbTUMHOXECTBO A SBNSETCS MHOXECTBOM.

MHoxecTBO BCex k - BblIOOpOK M3 MHOXectBa S(A4) Buaa (ai1’ai2"“’aik) Ha3bIBalOT EBKNWA0BLIM

MHOXECTBOM k - coueTaHWi 6es3 NOBTOPEHUA U3 n Pa3NNYHbIX [EeACTBUTENbHBIX YMCEN, eCrn BbINOMHAETCS

ycroue ¢; <e;, <...<e;, . OBG03HaUMM 3TO MHOKECTBO COHETaHMIM ska).

CoBokynHoCTb BCeX k - BblBopok Bua (1) M3 MynbTUMHOXKECTBA A HasbiBaeTcad OBLMM MHOXECTBOM

coyeTaHuit Siﬁn (A4) , ecnu BbINONHAETCA YCNoBUe a;| < ajp <...< ay, .

VHTepec K eBKNNAOBbIM KOMBUMHATOPHBIM MHOXECTBaM CBSi3aH C BO3MOXHOCTbIO paccMaTpuBaTh UX Kak TOYKM
MPOCTPaHCTBa R* , TO €CTh C BO3MOKHOCTBIO MOrPYXEHNS X B apUiMETIYECKOe eBKMMI0BOE NPOCTpaHCTBO R .
Myctb P(A) — KOMOMHATOPHOE MHOXECTBO, a anemeHT P(A) onucbiBaetcs copmynoir (1). OtobpaxeHune
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f :P(A)—)Pf(A)ch HasblBaeTCs MorpyxeHnem MHoxectBa P(A4) B apudMeTnyeckoe eBKNMAOBO
NPOCTPaHCTBO, €cru f  CTaBUT MHOXeCTBO P(A) BO B3aWMHO OAHO3HA4YHOE COOTBETCTBME MHOXECTBY
Pf(A)ch no npasuny: Ang az(ail, . a,-k) e P(4), x=f(a), x=(x1...,x¢) € Pr(A4), umeem
Xj=aj; VieN,.

PaccmoTpM MHOroKpuTepUanbHble OMTUMW3ALMOHHbIE 3aAa4M Ha KOMOWMHATOPHBLIX MHOXECTBaX COYeTaHMil
creaytoero Buaa:

Z;(F,X): max{F(x)|xeX},
rae F(x) — BeKTOpHbIN kputepui, F(x) = (f1(x), f2(X),..., f1(x)),

<ci,x>+c6
fix)=7—T——,i€eN,

<d" ,x> v di @

X=InND,rpell =conv Séfn (4), D={xe Rk‘Ax <b}, D - BbINyKMbIA MHOTOTPaHHUK B R¥,

AeRka, beR™.
Mop peleHnem 3apaun Z;(F,X) Gynem MoHMMaTh 3afady foucka JNEMeEHTOB OJHOTO M3 CReAyiolvX
MHOXECTB: P(F,X ) - MHOXecTBa [lapeTo-onTumanbHiX (3G EKTUBHBIX peLueHuit), SI (F,X ) ONTUManbHbIX

no Cneitrepy (cna6o apekTMBHbIX) pelernit, Sm(F,X ) - onTumansHbix no CMeliny (CTporo addeKTMBHbIX)
peLeHuin. CornacHo [3, 6] 4ns nboro x € X UCTUHHbI YTBEPXAEHUS:

xeSl(F,X)@{yeX|F(y)>F(x)}=@, (3)
xeP(F,.X)o{yeX|F(y)2F(x),F(y)=F(x)}=2, (4)
xeSm(F,X)@{yeX|y¢x,F(y)2F(x)}=®. (9)

OyeBuaHo, 4TO
Sm(F,X)c P(F,X)cSI(F,X). (6)

M3 koHeyHocTM pomycTMon obnact X cnepyeT He MycToTa MHOXECTBa P(F,X ) N €ero BHeLIHAS
YCTONYMBOCTb, KOTOPas 03Ha4aeT, Y10 Vy e X Ixe P(F,X): F(x)> F(y).
M3BecTHO [2], 4TO BbIMYKMON OBOMOYKOM TOYEK EBKIMAOBOTO KOMOMHATOPHOTO MHOXECTBA COYETaHWA C

NOBTOPEHUSIMWA €CTb MHOTOTPaHHUK /7 COYETaHWA C MOBTOPEHUSIMW, KOTOPbIA OMUCHIBAETCH ChEAyHLLen
CUCTEMOWN HEPABEHCTB:

e<x,

X< xi+1, VieJi_q, (7)
xk <e,,

rAe e; —3NeMeHTbl 0OCHOBaHUA S (A) MyNbTUMHOXeCTBa A .

YuutbiBasi KOMOMHATOPHbIE CBOWCTBA MHOTOTPaHHWKA COYETaHMM, MOXHO C(OOPMYNMPOBATb KPUTEPWUA €ro

BEPLUMHBI, KOTOPbIN LienecoobpasHo 1CNoNb30BaTh NPV NOCTPOEHUM METOLA PELLEHMUS 3aaaqm.

Kpumepuii  eepwunbl.  [2]  Toukn X' =(xf,x12,...,x;€)eRk, e xj=e Ve,
i . . y

X kit =n VjedJi_1, Vi€ g TONbKO OHM MOTYT 6bITb BEPLIMHAMU MHOTOrPaHHUKA COYETaHWI C

NOBTOPEHUAMMU.
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CeouncTBa MHOXeCTB MapeTo onTUManbHbIX (3¢pheKTUBHLIX), CTPOro 3chheKTUBHBIX, Cnado
3(pheKTUBHbIX peLIeHnn

Teopema 1. AnemeHTbl MHOXECTB Sm(F,X )— CTPOro athpeKTUBHbIX, P(F,X )— [MapeTo onTUmanbHbIX,

SI(F,X)—cnabo addeKTMBHbIX PELUEHNI A MHOTOKPUTEPUAmbHbIX 3a7a4 Ha KOMBGUMHATOPHbIX MHOXECTBaX
COYETaHNI HAaXOAATCS B BEPLUMHAX MHOTOrpaHHUKa coueTaHni 17 .

[lokazaTenbCTBO. YunThiBask COOTHOLEHUS (6) MEXOY BBEAEHHBIMA MHOXECTBAMM APEKTUBHBIX PELEHUA 1
TOT (haKT, YTO MHOXECTBO AOMYCTUMbIX PELIeHNA X SABMSETCS MOAMHOXECTBOM MHOXECTBa ngfn(A)

COMETaHWI, CMpaBeANMBS! CrIeAyloLLye BKTiodenns: Sm(F, X ) P(F,X)c SI(F,X)c Sk, (4).

B cooTBETCTBUM C TEOPEMOIt 2.4, [2] MHOXECTBO COYETAHMM Sé.‘n(A) COBMafaeT C MHOXECTBOM BEPLUKH 06LLero
MHOrOrpaHHuKa coveTaHwin vertll fg‘n (A), 10 ecTb ng‘n (A)=vertll é‘n (A). Takum obpasom, crpaBenuBbI

BKItYeHNs Sm(F, X )<= P(F,X)c SI(F,X)c vertﬂgn (A) . Teopema fjoka3aHa.

[laHHOe CBOWCTBO MHOrOrpaHHMKa COYETAHWl MO3BOMSET CBECTU PELUEHWe 3agauu Z,(F,X ) K peLueHuio
3apaun Z,(£,G) Ha HenpepbIBHOM AonycTUMOM MHOXecTBe G =IIND .

Onsa noboi Toukm y € vertI1 [aHHOW 3apayn CrpaBeAnuMBble LOCTATOMHbIE YCMOBUS ONTUMANbHOCTU BCEX
ykasaHHbIX BUAOB 3DPEKTUBHBIX PELLEHUIA, NOMyYeHHbIe B paboTe [3].

CnpaBeanuBas cneaytoLast Teopema.

Teopema 2. SI(F,X)=SI(F,G)vertIl.

[ins cTporo kBasuBLINYKMbIX PYHKUWA KpKUTepneB B paboTe [5] AokasaHa cregytollas Teopema.

Teopema 3. Ecnu dyHKUuMM f;(x), i € N;, BEKTOPHOTO KpUTEPUS SBMAKOTCA CTPOrO KBA3MBBIMYKMbIMA 1
MOMYHENPEepbIBHBIMA CHU3Y Ha MWHEiHbIX OTpeskax X, Toraa MHokectBo SI(F,.X )cnabo addekTMBHbIX
pelleHnii  3ajaum  sBnsetcs  obbeduHeHneM  odeKTMBHbIX  MHOXecTB  P(F,.X )nopsapad
Zy(F,X),IcNy,I#2,1e SI(F,X)=U{P(F,X):IcN,|II<k+1}.

Kak 13BecTHO, APOGHO — NHENHbIE (DYHKLMW SBASIKOTCS CTPOrO KBA3WBLIMYKNbIMU Ha BbIMyKOM MHOXECTBE,
noaTtomy Ans MHoxectBa S/(F,X) - cnabo adekTMBHbIX pelleHnit 3afaum Z; (F,.X ) cipaBeanvsa ata

Teopema.

Myctb  xp € X —HekoTopoe adekTuBHOe  (MapeTo-onTumarnbHoe) —pelueHve. Bsegem  cnepyiowme
obo3HayeHus:

kext kxl 0 0 k.
P=(p1,p2ss ) €RVS, 0=(q1,92,.q1) €R™, pz-=(<di,x >Ci—<cl~,x >di)ER i€l
ql-=(dl-ocl-—clodl-)eRk,ieL,yeRl,a>O,aeRl—HeKOTOprI7I MOCTOSHHBIN  BEKTOP, M PACcCMOTPUM

3aavy NMHENHOrO NPOrpaMMUPOBAaHNS CreayioLLero Buaa:

(3Nn): max{(a,y>|QTxO —(P+Q)Tx+y:0,erﬂD}.

[ns 3apaun Z,(F,X )cnpaBeunMBa cregylollas Teopema, yCTaHaBMMBalOLAsA B3aUMOCBS3b €€ PeLLeHun ¢
pelueHunsamm 3agauu (3111).

Teopema 4. Touka xp € X — aBnAeTcA IPPEKTUBHLIM pELLEeHNeM 3agjaun Z; (F,X )Toma 1 TONbKO TOrAa,

* * *
korga (3J1M) umeeT onTumanbHoe peleHne (x ,y ) npuy =0.
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,U.J'IFI peleHnsa MHOroKputTepuarnbHbIX 3afad CylecByeT psaa METOAOB, KOTOPbIE NMO3BONAKT HaX0OUTb 3NEMEHTHI
YyKa3aHHbIX MHOXECTB pemeHMﬁ. Ho 3agava Zl (F,X) YCNOXHAETCA Hanu4mem KpuTepues, KOTOPbIE

npeacTaBnaT coboit ApobHO-NMHENHbIE (yHKUMM Buaa (2), 4TO COCTABNSIET MEpBYH OCODEHHOCTb BbILLE
cchopmMynupoBaHHor 3agayn. Bropas ocobeHHoCTb 3agaun Z; (F,X ) - 3T0 HanMyme KOMBWHATOPHBIX CBOACTB

obnactu AonyCTUMbIX pemeHM|7|. |_|03TOMy Npu peLlueHnn [aHHO 3aaa4m cnepnyet y4ecTb BCe ee 0CcoBeHHOCTM.

Ha ocHoBaHMM [OKa3aHHbIX TeopeM npofdonixaa u pa3smBas paGOTbI [2-5] npegnaraeTca oguMH U3 BO3MOXHbIX
NOAXOA0B K pELLUEHNo paCCMOTpeHHOVI 3aauu, KOTOprl71 3aKI4aeTCA B BbINOJTHEHUN CNeayLWMX 3TanoB:

1. Ha HavyanbHOM 3Tane paccMaTpuUBAETCs HEKOTOpas 3afada ¢ APOOHO-NMHENHON LeneBoi yHKUMeN Ha
MHOXECTBE COMETaHN;

2. [Ons oTAeNbHO B3SATOM 3a4a4u NOOYEPEOHO AeNaeTcs nepexod oT APOOHO-NMHEHON LieneBoi dyHKLMM K
NIMHENHOW PYHKLMN Lienw;

3. paccMaTpmMBaeTCA MHOrokputepuanbHaa 3agava C NHEeRHbIMK LienesbiMn beHKLMﬂMM, HO Ha
M3MEHEHHOM MHOXECTBE [0NYCTUMbIX peLueHVIVI;

4. ocywlecTBnAeTCa nepexoq OT MHOrOKpUTEPUAnbHOM 3afaun C AMHENHBbIMWA LEeNeBbiIMU (DYHKUMAMU K
OHOKpUTEPUANbHOMN C NIMHENHOM LieNeBon GhyHKLMEN.

Paccmotpum Bonee getanbHO BTOPOW Liar npeanaraemoro nogxoda. Kak M3BeCTHO, Ans pelleHns 3agay
APOBHO-NMHENHOI (DYHKLMEN Lenn cyulecTyeT Gonbluoe KONMYeCcTBO METOLOB, KOTOPLIE YCOBHO AENATCS Ha
MeToZbl NMHeapusauuu, napameTpuyeckne MeTogbl, MOAUMMKALMM CUMMIEKC-METOAOB, CPEAU KOTOPbIX
n3BecHbIMM eCTb MeTog YapHca u Kynepa, anroputm unmopu u Fomopu 1 apyrve. HO HWU OOWH U3 HUX He
Y4MUTbIBAET KOMOMHATOPHbIE YCNOBMUS 06M1acTh AONYCTUMMUX PELLEHUIA.

[ins peluenns 3agaun Z (F, X ) 0CyLLECTBUM NEPEXof K 3afa4aM ¢ NMHeVHbIMI (hyHKLAMI Lienn. OBoaHaunm:

1 .
y0=< Zi =Xyo, VieJg. (8)

d'.x)+d,’
CooTHoLLEHMe (8) 3anaeT oToBpaxeHue ANS MHOXeCTBa 06nacTyt AOMYCTUMbIX pellernit w(X)= X' < R
Ecnu <di,x>+ d,>0,70 y,>0, x; 20,VieJ;,a y(x)=z=(,2],-2k) -

Mpyn Takux ycnoBusx 3apava ¢ ApOBHO-NMHENHON LieneBoit PyHKLMEN CBOAUTLCS K 3a4aye C NMUHEHON LieneBoi
(byHKUMEN

’ * * ;
re=raH=(c ), ©)
Mpu ycroBum
X'=II'nD'. (10)
CrepnyeT OTMETUTb, YTO, €CIU z = (¥, 21 .-, 2 ) — PeLeHre 3agaum (9), (10) ¢ NHenHOM yHKLUMEN Lenn, To
OHa yOoBneTBOpsieT ycrosuto (8), a x = (xf ,...,x;;) , YAOBNETBOPSAET OrpaHN4eHUaM 3ajaun Z; (F,X ) .

Takum o6pa3om, kombuHaTopHas 3agaya ¢ APOBHO-NMHENHON (DYHKLMEN Lienm Ha 0bLLeM MHOXECTBE COYETaHWN
MOXeT OblTb CBedeHa K 3ajavye C JIMHEMHOW (DYHKUMENA Uenmu, mpu 3TOM  KONMWYECTBO MEPEMEHHBIX

o ; *
YBEMNMYMBAETCS Ha OJHY, a K CUCTEME OrpaHUyeHni NprnbaenseTcs ele OAHO PaBEHCTBO <d’ ,z> +doyo =1.

BbiBoabl

PaccMoTpeHa nocTaHOBKA MHOTOKpUTEpPUAnbHOM 3adauM € y4eToM KOMBMHATOPHbIX CBOWCTB obnactu
JONYCTUMbIX PELIEHUA M APOBHO-NMHENHBIMU (DYHKLUMAMW KpUTEPWEB. YCTaHOBNEHA B3aMMOCBS3b MEXIY
3afayeit C NMHEHON LeneBoi yHKUMEN N BEKTOPHO 3adaden ¢ APOBHO-NMHENHBIMI (OYHKUMSAMU KDUTEPUEB,
OnpeaeneHHon Ha KOMBWHATOPHOM LOMYCTMMOM MHOXECTBE COYETAHMA. JTO AAET BO3MOXHOCTb MPUMEHATb
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Knaccu4yeckne MeToabl onTUMN3aLmn K peLleHn0 BEKTOPHbIX KOM6I/IHaT0prIX 3a7a4 Ha MHOXeCTBE COYETaHMM U
Ha 3TOM OCHOBE pa3BnBaTb HOBbIE OPUrMHAlbHbIE METOAbl PelleHUs, UCNOoNb3yA CBOMCTBA KOM6VIHaTOprIX
MHOXECTB U UX BbINYKIbIX obornouek.

Ha ocHoBaHWM [oKa3aHHbIX Teopem, MpOooikas WCCMeNoBaHUS M pas3BuBasi pesynbTathl paboT [2 - 5],
NPeAnokeH NOAXOA, K peleHmio 3afaun Z, (F,X ), 0CHOBaHHbII CBE/IEHUM MONCKA PELLIEHIS NCXOAHOI 337134

K PeLleHnto cepuin CKanAapHbIX (O,ElHOKpMTeplﬂaJ'IbeIX) 3afad, npoBepke onTUManbHOCTU NOMYyYEHHbIX peLueHvuZ.
MeToap! pelieHna ogHoKpUTepuanbHbIX 3ada4 OCHOBaHbl Ha Maeax OeKOMMOo3nLuK, OTCEeKatoLLInX MNOCKOCTEN
Kennu, penakcaunu.
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ANMPOKCUMALINA SKCNEPUMEHTANBHBLIX AAHHbBIX KPUBbIMU BE3bE

Butanun BuwHeBckuin, Bnagummup KanmbikoB, TatbAHa POMaHeHKo

Abstract: Very often the experimental data are the realization of the process, fully determined by some unknown
function, being distorted by hindrances. Treatment and experimental data analysis are substantially facilitated, if
these data to represent as analytical expression. The experimental data processing algorithm and the example of
using this algorithm for spectrographic analysis of oncologic preparations of blood is represented in this article.
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BBegeHue

OuyeHb 4aCTO 3KCMEPUMEHTANbHbIE AAHHbIE SBMSTCA WCKaXEHHOA MOMEXaMu peanu3auuen onpeaeneHHoro
npovecca, BNoHeE ONpeaensieMoro HEKOTOPOi HEM3BECTHOM yHKUMen Buaa y = f(x). B GonblumHCTBE Cryyaes
9KCMepUMeHTanbHble [JaHHble Takoro poga NPeACTaBnslT B Buae rpacvkoB. padvku SBNSAKOTCS, BUAMMO,
cambIM MPOCTbIM ¥ [3BHO MCMOMb3yeMbIM B CaMblX Pa3fiiyHbIX 0BMacTsx 4enoBeYecKon AesTenbHOCTY
CPEeLCTBOM KOTHWTMBHOMO MPEACTABNEHWS 3KCMEPUMEHTANbHbIX AaHHbIX, KOTOPbIE NO3BONSOT HArMsAHO
OLEHUTb KayeCTBEHHbIe OCOBEHHOCTW MPOLEcca, HECMOTPS Ha NOMEXW, MOTPELUHOCTU uamepeHuit. Ipadmku,
oTobpaxaloLLme OaMH U TOT Ke MPOLECC, XapaKTEPUCTUKY HEKoero o6bekTa MOryT CYLIECTBEHHO OTNMYaThCS
ApYyr OT Apyra maclutabamu, KONM4YeCTBOM MUCMONb30BaHHbIX M3MEPEHWIA, YPOBHEM MOMEX, 1 np. B T0 xe Bpems
0COBEHHOCTM (hOpMbI KPUBOW rpadhivka xapakTepuaytoT napameTpbl 0Tobpaxaemoro obbekTa unu npolecca.

ABTOMaTN4eCKas (aBTOMaTU3MpOBaHHas) 0bpaboTka Takux rpacukoB npeanonaraeT cConocTaBneHne ux opm ¢
Lenbio uoeHTudmMKaumm, YTobbl YCTAHOBWTb, XapakTepU3ylT NU pasnuuHble rpacuku OOHU U Te Xe unu
pasnuyHble NpoLeccsl U 0bbekTbl. PelleHre aToi 3agaduvm CpeacTBamMu HEMPOCETEBOrO MM CTAaTUCTUYECKOTO
pacno3HaBaH1s 3puTenbHbIX 06pPa3oB OCMOXHAETCH TEM, YTO Kaxablil rpaduk MOXET OTnMYaTbCs OT APYrux
maclutabamu, YpoBHEM MOMEX, KONMYECTBOM M3MepeHuii. B To xe Bpems usBecTeH Metog [1] HenpoceTeBoro
pacno3HaBaHWs KOHTYPOB WM300paeHui, NpeacTaBneHHbIX KpuBbiMA Besbe. MIMEHHO MCMONb30BaHWe KPUMBbIX
Besbe no3sonuno obecneynTb MHBAPUAHTHOCTb OMUCAHUIA KOHTYPOB M300paXeHuit OTHOCUTENBHO NOSOXEHNS
n3obpaxeHuin B none 3peHus, Macwrtaba, noBopoTa. B Takom cryyae camu MCXOOHbIE SKCMEPUMEHTarbHbIE
AaHHble — rpadukm MOryT ObiTb 3aMeHeHbl  APYrUMK, aHanUTUYECKUMW KPUBBIMK, XOPOLIO COBMAZatoLLMmMmn C
hOPMOIi KPUBOI UCXORHOTO rpaduka, U, B TO e BPEMS], MHBAPUAHTHBIMW OTHOCUTENBHO M3MEHeHMs MacluTaba,
KONMN4YECTBa U3MEPEHWN, YPOBHS MOMeX. Takue KpuBble MOryT ObiTb 3agaHbl yHkumamu x(f), y(f), koTopble
NpeacTaBnaT coboi NONMHOMBI N-HOW CTeneHn OT napameTpa f :

X(f) = aotr+ ast™ +...+ apqt + ay,
Y(t) = bot™+ bat™! +...+ byt + by
BbiBop n — cTeneHn NoNMHOMOB 3aBUCUT OT CRIOKHOCTI annpOKCUMUPYEMbIX KPUBbIX.

(1)

Peanusauns takoro nogxoga nossonuna 6bl 0T06pasuTb BCe CyLUeCTBEHHbIE 0COBEHHOCTU (hOpMbI rpadvka,
UCKMoUMB BNMSIHWE nomex. Kpome TOro, BMECTO OMMCaHUi rpacukoB B MPOCTPAHCTBE CUTHArNoB MOXHO
paccMaTpuBaTb annpOKCUMUPYIOLLME UX MOMMHOMbI B MPOCTPaHCTBE WX KO3((uUMeHTOB. CyLieCTBEHHbLIM
NPEMMYLLECTBOM TaKOro OMWUCaHWS SBMSIETCS €r0 MHBAPWAHTHOCTb OTHOCUTENBHO KONMMYECTBA WM3MEPEHHBIX
CUrHamnoB B KaxaoM rpacuke.

OpHako, ecnu npsmas 3agadya nonyyeHus rpacuka no 3afgaHHbIM Ko3(hULMEHTaM MONMHOMOB SBRSIETCS
TpBManeHoW, TO0 obpaTHas 3agaya — onpegeneHne KOIMPEULMEHTOB annPOKCUMMPYIOLLMX MOMAMHOMOB MO
TOYKaM rpadmka — He UMEET NPOCTOro pellenuns [2]. OQHO W3 peLleHuit JaHHOM 3adayn paccmMaTpuBaeTCs B
HacTosiLel paboTe.

dJopmaanaﬂ NOoCTaHOBKa 3agayun

Yo [pacpuk MOXeT (?blTb npeacTaBfieH IOMaHOW JIMHWEN, TOuKM
X1y ”" menoma Kotopoit  obpasoBaHbl - nocneaosatenbHOCTbi0 N
MOMYYEHHbIX 3KCMEPUMEHTANIBHO 3HAYEHWUA HEKOTOPOM (PYHKLMM
Y(X): ya(X)={y(X0).y(X1),y(X2),..., Y(Xn)}, NpN 3a4aHHbIX 3HAYEHMSIX
X0,X1,X2,..., Xy . PaccmoTpum Kpueyto bBe3be B kayecTBe
annpOKCUMUPYIOLLEH KPUBOI Kak Hambonee 4acTo MUCMomnb3yembii
B MPaKTUYECKUX NPUNOXEHUSX, MaAPAMETPUYECKM  3afaHHbIA
NOJIMHOM TPETLEN CTEMEHN.
Moo KpuBoi Besbe MoHWMaeM Ayry MOCKOW KPUBOW TpeTbero
nopsiika, 3afaHHyto B NapameTpu4ECKOM Buae Takum obpasom [3]:

X
Xo,)0 2y2

Puc. 1. KpuBas Besbe
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Bz (t) = Z Br ()0, (2)

roe Bri(f) - 6a3oBble NONMHOMBI BepHLuTeiHa TpeTbei CTenexu

Q;— K03hDULIMEHTBI KPUBOK

f — pencTBUTENbHbIA NapaMeTp, KOTOPLINA U3MeHsieTcs B uHTepaane [0,1].
lMonuHombl BepHLLTeHa onpeaenstTesa crneayoLwuMi hopMmynami:

Br(t)=C{-(1-0)"71/, 0<j<3 (3)

roe Cﬁ, 0 < j <3 — buHomMManbHble kK03 ULMEHTHI
; 3!
C{=—p—1 4)
JHG=))!
Takum obpasom, kpueas Besbe (puc. 1) MoxeT ObiTb 3ajaHa ABYMS MONMHOMaMM TPETbe: CTemneHw,
3aBUCALLMMM OT napamertpa t:

X)) =x,-(1=t) +x,-(1—-t) -t +x,-(1=1) -t +x,-1°

Y()= yo-(1=1) +y,-(1=1)" -t 4y, - (1=0) £ + y, -1
MpencTaBneHne aKkCnepuMEHTanbHbIX LaHHbIX B Buae KpuBon Besbe umeet psag npeumylects. Onucbias
[OCTaTOYHO LUMPOKWA KracC KpuBbIX, kpuBble Besbe MCMoMb3yloT OTHOCUTENBHO HEBOMbLIOE KOMMYECTBO
koamumeHToB — 8. BakHbIM NPEMMyLLECTBOM C TOYKM 3PEHUS MONb3oBaTens SABASETCA HarnsgHOCTb.
KoathcpuumeHTbl (Xo,Yo), (X3,y3) SBASIOTCS KOOPAUHATAMI UCXOLHOM W KOHEYHON TOYEK YTy annpoKCUMMpYHOLLEN
KPWUBOW, COOTBETCTBEHHO, @ KOIDULMEHTBI (X1,y1), (X2,)2) - KOOpAMHATaMM TOYEK, KOTOPbIE YNPaBnsioT ee
opmoit (Tak HasblBaeMblx "ycoB"). VaMeHss koapduumMeHTbl Mnu nepemellas COOTBETCTBYIOLME UM TOYKW Ha
9KpaHe MOHMTOPA (KaK HayamnbHYl0 W KOHEYHYH, TaK W ynpaBnsioLme), NoNb30BaTeNb MOXET B UHTEPAKTUBHOM
pexumMe peaakTMpoBatb (OpMY  annpOKCUMMPYIOLLEN KPMBOW, ynydlwas pesynbTaThl aBTOMAaTUYECKOM
annpokcuMaLmm.
Takum o6pasom, Kaxablid rpacuk MOXET ObiTb NpeacTaBneH BEKTOPOM V = { Xoyo, X1,Y1, Xo,Y2, X3y},
KOMMOHEHTaMU KOTOPOro ABASIOTCA KO3PULMEHTbI ypaBHEHWA Kpueoil Besbe. OnucaHue rpadmka B Buae
BeKTOpa Vv, Bcergja WUMeeT OOHO W TO Xe KONMYEeCTBO KOMMOHEHT HEe3aBWUCUMO OT 4ucna W3MEePeHHbIX
9KCMEPUMEHTanbHO TOYEK, YTO YMPOLLAET PeLleHne pasnuyHbIX 3aAad, B YaCTHOCTW,  3adady pacnosHaBaHus
rpacuKoB.
Kak paHee ObIno 0TMeYeHo, onpeaeneHne koadhpuuUMeHToB kpuBoi beabe, Hanbonee TOUHO BOCPON3BOASLLEN
TOT WNW MHOW rpadovK, He SBNSETCS TPUBMANbHON 3ajaven. B pabote [2] ons onpeaeneHns KOdPEULMEHTOB
kpueoi Besbe, annpoKCUMMPYIOLLEN NOCNefoBaTeNbHOCTh — 3KCMEPUMEHTANbHLIX  TOYEK, MCMOMb30BaH
UTEPaLMOHHBIA  CMOcOD MUHMMM3AUMM CYMMbl KBaApaTOB PAaCCTOSIHUA OT KaxaoW TOYKM rpaduka Ao
annpoKCUMUpPYIOLLEN KpuBOW. Takasi nocTaHoBka OOYCriOBMeHa TeMm, YTO  pacCcMaTpuBalTCs MPOU3BOMbHbIE
rpaduku, a He TOMbKO TE, KOTOpble 0TOBpaXakT HEKOTOPYH HEW3BECTHYI YHKUMIO. [lonyckaeTcs, YTo rpadmk
npeacTasnseT coboit COBOKYMHOCTb HECBSA3AHHbIX, B3aUMHO HE3ABUCUMbIX TOYEK. [/ BbIYMCIEHNS PacCTOSHMS
OT Kaxgoi TOYKM rpadpuka [0 annpoKCUMUPYIOWEN KPMBOW [OMkHa ObiTb HaWgeHa COOTBETCTBYHOLLAA
Orvxaniuas Touka Ha annpoKCUMUPYHOLLE KPKUBOIA, YTO camo no cebe npu napameTpuyeckoM 3agaHun KpUBoi
SBNSETCA WUTepaunoHHON 3adadeid. [pu 3HAUMTENBHOM KOMMYECTBE TOYEK Ha rpadmke M 3apaHee He
ONpedeneHHOM KOMuYecTBe WTepauuii Takoil Cnoco® pelleHus 3agaym npuBeNl K - CyLeCTBEHHbIM
BbIYMCAIUTENBHBIM TPYAHOCTAM.
B paHHoM paboTte npeanaraeTcs NpuHsTbL B KA4eCTBE Mepbl CXOACTBA JaHHOIO 3KCNepUMEHTanbLHOro rpaduka ¢
HEKOTOPOW annpoKCUMUPYHOLLEN KpuBOW nrnowaab S(v,y(X)) durypbl, OrpaH4eHHO! KOHTYPOM, 06pa3oBaHHbIM
YNOMSIHYTBIMA KPWUBOW, Onpegensiemoit koadhuumeHTamm v, 1 dKCNepuMEHTanbHOWM KpuBoil, 06Gpa3oBaHHOM
TOYKamMu rpacmka, 0ToOpaxatoLero HEKOTOPYKD HEM3BECTHYK (yHKUMIO y(X). Toraa nmouck kpuson besbe ¢
KO3(h(ULMEHTAMU  Vopr, KOTOpAs Hawnyywmm 06pa3oM annpoKCUMUPYET 3afaHHbl  dKCMEepUMeEHTarbHbI

(%)
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rpadmk, MOXHO paccmaTpuBaTb Kak onpedeneHue KoamUUMEeHTOB Kpueoi Besbe, KOTopble MUHUMU3MPYIOT
3Hayenmne S(v,ys(x)):

Vopr = argmin (v, y 5 (x)) )

Anroputm

Kak B1gHO 13 dopmyrbl 6, OCHOBOM anropuTMma rnovcka onTUManbHOro 3HaYeHUst KO3MULIMEHTOB Vopt ABMNSETCA
BblYMCIIEHNE NIIOLLaAM, OrpaHMYeHHON KOHTYpoM S(v,ys(X)). HenocpeactBeHHoe BblumcreHue S(v,ys(x)) He
NPEeACTaBNSAETCSA BO3MOXHbIM M3-3a TOTO, YTO aHHbINA KOHTYP He SBNSETCS OAHOCBAHbIM.

Ipaduk ya(x) M kpuBas besbe ¢ KOIDULMEHTAMU V HEOLHOKPATHO NepecekanTcs. BbluncrneHne koopauHar
TOYEK NepeceyveHns 3aTpyaHEHO napameTpuyeckuM 3agaHueMm kpueon besbe. Hanbonee npocTbiM pelleHvem
NpeAcTaBnsfeTcs 3amMmeHa Kpueoi beabe oMaHow NHKER Vi, TOUKM M3NOMa KOTOPOW (X,y:) NPUHaANEeXaT KpUsow
Besbe 1 BbluMCNEHbI AnNa 3HaveHun t = 0, 8, 28, 39,...,1. 3HaveHne & BbIGPAHO AOCTATOMHO MarnbIM, YTOOLI
obecneynTb 4OCTAaTOMHO TOYHOE AN MPaKTUYECKMX BBIYUCIIEHUI OTOBPaXeHNe NOMaHOM NNHMEN Vi MCXOOHON
kpuBoi besbe. Pe3ynbTaTtoM NPUHATOMO YNPOLLEHNS ABASETCS BO3MOXHOCTb BbIYUCAMTD NS KaX40r0 3HaYEHNS
¥(x) cooTBeTCTBYtOLEE 3HAYeHne Vi(n). Toraa nnowadb S(v, ya(X)) MOXeT BbITb BblyMCIIEHA KaK

N
S,y5(0)) = D W(x,) = r5(x,)

n=0

(7)

3HayeHne Vopr, COOTBETCTBYIOLIEE MWUHUMAnNbHOMY 3HadyeHwto  S(v,D(n)), MoxeT ObiTb MONy4yeHo nyTem
NCnonNb30BaHNs MeTOLA rPaaMEHTHOTO crycka.

AkcnepuMeHTanbHas NpoBepka anropuTma

MpeanokeHHbIN anroputM Bbin aKcnepumeHTanbHO nposepeH 6onee yem Ha 1100 peanbHbIX rpadmkax
crexkTporpamMm  MefuUMHCKUX npenapaToB KpoBW, MomnydyeHHblx no metogy OwxkotecT [4]. MeTton paHHeit
AMarHoCTUKN OHKONOMMYeckux 3aboneBaHuii NO3BONSET ONPEAENUTL HanMune unu OTCYTCTBUE OHKOMOTMYECKOro
3abonesaHns y nauueHTa no Buay CNeKTPOrpamMm MeaULMHCKIX NpenapaToB KPoBH (puc.2).

B HacTosiLee Bpemsi NPOBOASTCA WUCCNeaoBaHWs AN1s ONpeaeneHnsl, Npu YCNoBUM HAMNYNs OHKOMOMMYECKOro
3aboneBaHus, nokanusaumu 3abonesanus. Ha puc.3 nokasaHbl cCrekTporpamMmbl npenapata KpoBi GOmMbHbIX
OHKOMOTUYECKUM 3a60NEeBaHEM OAMHAKOBON NIOKAnM3aLmm (Kemnyaok).

HeCMOTpFI Ha O4YeBUAHbIE Pa3NUyMa CNEKTporpaMm no YPOBHAM CWUrHanoB, MOMEX, d)OprI KPUBbIX UMEKT
HECOMHEHHOE  CXOACTBO. CI'IeLlI/IqJI/I‘-IHbIM CBOMCTBOM NPUBEAEHHbIX FpanVIKOB ABNAETCA (bopma
COOTBETCTBYHOLLMX UM KPUBbIX, KOTOPasa MOXET COOTBETCTBOBATb ANArHo3y.

PelueHne 3TOi 3apaum npegnonaraeT [OMOMHUTENbHbIE MCCEA0BaHNS, KOTOPbIE LOMKHbI OCHOBBLIBATHCSA Ha
obpabotke GOMbLWIOMO KONMYECTBa 3KCMEPUMEHTamNbHbIX AaHHbIX. B cBOW oyepedb, obpaboTka 6onbLumx
MacCMBOB [JaHHbIX HEBO3MOXHA 0€3 pelleHnst 3afjay WX KOMMbHTEepHo 06paboTku, B uMCne KOTOPbIX
06s3aTenbHO JOMKHLI ObiTh pelueHbl 3adayn aBTOMATUYECKOM WNWM aBTOMATU3MPOBAHHOM Knaccudmkalmm
CnekTporpamMm no ux opme C UCMoMb30BaHNEM METOA0B pacno3HaBaHNs 06pa3os.

HenocpeacTBeHHOE MCMONb30BaHWe CTATUCTUYECKUX METOLOB pacno3HaBaHWs Ans aBTOMATU3MPOBAHHOM
NOCTAHOBKM [dMarHo3a B AaHHOM Cryyae He NpefcTaBnseTcs BO3MOXHbIM W3-3a GOMbLIOA W3MEHYMBOCTU
3HaueHuin macwTtaba (gecsTkn pas), W, Takke, KOHGUrypauum QyHKLMN peanmnsylolein ognH n ToT xe obpas.
Moatomy npeacTaBuroch LenecoobpasHbiM Ans Kaxaoro rpaduka HalT HEKOTOPYHO NOLXOASLLYI) KPUBYHO
Besbe, nonMHoMManbHble KO3hUUMEHTLI KOTOPOW, MOCMe MpuBedeHUs K oaHOMy Maclutaby, MoryT ObiTb
NCMONb30BaHbl Kak napameTtpbl 0b6pasa, MHBapUaHTHble K M3MEHeHWsM Maclutaba, KonM4ecTBa WU3MepeHnn,
ypoBHA nomex. [pumepsb! CnekTporpamMm W annpoKCUMUpYLOLLME  UX KpuBble besbe npusedeHbl Ha puc. 5,6.
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PesynbTat gocTturancs B 60onblUMHCTBE cnyyaes 3a 15 - 40 utepauuin (B8 0CobeHHO cnoxHbIx cryyasx - 4o 300).
Kak BuaHO 13 puCyHKOB, annpokcUMUpyLoLme KpuBble besbe AaloT yaoBNEeTBOPUTENBHOE NPUOKEHME.
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Puc.2. Mpumepbl cnexkTporpaMm npenapara CbIBOPOTKM KPOBM:
cnesa — CnekTporpamma 340opoBoro, crpasa — 60MbHOTO YenoBeka.

- - P R e ~—
= N\ .....
=
B L e N Sy S S A ~
E s ~
= / //'
= s S D D mt S B B
- / l
=3 [ /
o = o —
= f“"“/
[— i A R i s R S o
Jlia BoHb, it

Puc.3 Mpumepkl cnekTporpamMm npenapata KpoBu B0oNbHbIX OHKOMOMMYeCKMM 3ab0NeBaHNEM OMHAKOBO
nokanusaumuu (xenymaok).
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Puc.4 CI'IeKTpOFpaMMbI npenapaToB KPOBU N UX annpokCMMaL s KpUBbIMUA besbe; JloKanu3aumsa — neveHb
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Puc.5 CI'IeKTpOFpaMMbI npenapaToB KPOBU N UX annpokCMMaL s KpUBbIMU Besbe; JNiokanusaumsa — MonovHada xenesa

3akniouyeHue

npe,EU'IO)KeHHbIPI anroputTM  nNo3BondaeT HanTH napameTpbl KpI/IBOI;1 Besbe, KOTOpasa annpoKCUMUpyeT
3KCI'IepMMeHTaJ'IbeIIZ FpaCbMK, C Lenblo aBTOMaTUYECKON KﬂaCCM¢)MKauMM. anBe,U,eHbI npuMepsbl
annpokcumMauumn crnekTporpamm C Lenbto BbIMONMHEHUA aBTOMaTVI3MpOBaHHOl7I ANarHocTukW. 370 AacT B 6y,quJ,eM
BO3MOXHOCTb aBTOMaTM3MpoOBaTb Mpouecc O6CJ'Ie,D,OBaHMFI HaceneHna C LUenbio pPaHHEro BbIABNEHUA
3N0Ka4eCTBEHHbIX onyxone|7|.
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APPICATION OF CASE-BASED REASONING
FOR INTELLIGENT DECISION SUPPORT SYSTEMS

Alexandr Eremeev, Pavel Varshavsky

Abstract: The method of case-based reasoning for a solution of problems of real-time diagnostics and
forecasting in intelligent decision support systems (IDSS) is considered. Special attention is drawn to case library
structure for real-time IDSS (RT IDSS). This work was supported by RFBR.

Keywords: Intelligent decision support systems, analogous reasoning, case-based reasoning.

ACM Classification Keywords: H.4.2 [Information systems applications]: Types of systems — Decision support;
1.2.6 [Artificial intelligence]: Learning — analogies.

Introduction

The problem of human reasoning simulating (so called “‘common sense” reasoning) in artificial intelligence (Al)
systems and especially in IDSS is very actual nowadays [1]. That is why special attention is turned to case-based
and analogous reasoning methods and models. The analogy and precedents (cases) can be used in various
applications of Al and for solving various problems [2-6], e.g., for diagnostics and forecasting or for machine
learning. Al experts model case-based reasoning by computers in order to develop more flexible models of
search for solutions and learning.

In this paper, we consider method of case-based reasoning for a solution of problems of real-time diagnostics and
forecasting in RT IDSS [4]. These systems are usually characterized by strict constraints on the duration of the
search for the solution. One should note that, when involving models of case-based and analogous reasoning in
RT IDSS, it is necessary to take into account a number of the following requirements to systems of this kind [1]:

— The necessity of obtaining a solution under time constraints defined by real controlled process;

— The necessity of taking into account time in describing the problem situation and in the course of the search
for a solution;

— The impossibility of obtaining all objective information related to a decision and, in accordance with this, the
use of subjective expert information;

— Multiple variants of a search, the necessity to apply methods of plausible (fuzzy) search for solutions with
active participation of a decision making person (DMP);

— Nondeterminism, the possibility of correction and introduction of additional information in the knowledge base
of the system.

The methods of case-based reasoning may be applied in units of analysis of the problem situation, search for
solutions, learning, adaptation and modification, modeling and forecasting. The use of the respective methods in
IDSS broadens the possibilities of IDSS and increases the efficiency of making decisions in various problem
(abnormal) situations.
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Case-based reasoning

Case-based reasoning, like analogous reasoning, is based on analogy; however, there are certain differences in
their implementation [4, 7]. In the most encyclopedias, a precedent (from Latin, precedentis) is defined as a case
that took place earlier and is an example or justification for subsequent events of this kind. To create a precedent
means to give grounds for similar cases in the future, and to establish a precedent is to find a similar case in
the past.

As the practice shows, when a new problem situation arises, it is reasonable to use this method of case-based
reasoning without drawing an analogy. This is caused by the fact that humans operate with these reasoning
schemes at the first stages, when they encounter a new unknown problem.

Case-based reasoning is an approach that allows one to solve a new problem using or adapting a solution of a
similar well-known problem. As a rule, case-based reasoning methods include four main stages that form a CBR-
cycle, the structure of which is represented in Fig. 1[8].

Problem .- @
Learned
case

Tested
solution
Solution /

The main stages are as follows:

Refrieved .
' case ’

Reuse

Case
library

Knowledge
hase

Derived
. solution
Revision and
adaptation
Fig. 1 The structure of CBR-cycle

— Retrieving the closest (most similar) case (or cases) for the situation from the case library;

— Using the retrieved case (precedent) for solving the current problem:;

— If necessary, reconsidering and adaptation of the obtained result in accordance with the current problem;
— Saving the newly made solution as part of a new case.

It is necessary to take into account that a solution on the basis of cases may not attain the goal for the current
situation, e.g., in the absence of a similar (analogous) case in the case library. This problem can be solved if one
presupposes in the CBR-cycle the possibility to update the case library in the reasoning process (inference) [4, 7].
A more powerful (in detecting new facts or new information) method of reasoning by analogy is a means of
updating case libraries. We also note that the elements of case-based reasoning may be used successfully in
analogy-based reasoning methods; i.e., these methods successfully complement each other and their integration
in IDSS is very promising.
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Use of the mechanism of cases for RT IDSS consists in output of the decision to the operator (DMP) for the
current situation on the basis of cases which is contained in system. As a rule, the last stage in a CBR-cycle is
excluded and performed by the expert (DMP) because the case library should contain only reliable information
confirmed by the expert. Reconsidering and adaptation of the taken decision is required seldom because the
same object (subsystem) is considered.

The modified CBR-cycle for RT IDSS includes following stages:
— Retrieving the closest (most similar) case (or cases) for the situation from the case library;
— Using the retrieved case (precedent) for solving the current problem.

Case-based reasoning for IDSS consists in definition of similarity degree of the current situation with cases from
case library. For definition of similarity degree, the nearest neighbor algorithm is used [4].

The nearest neighbor algorithm

The class of selection algorithms used by the most CBR products is called nearest neighbor. Let's explain the
work of algorithm on a simple example. Consider an item that has two attributes: a temperature and a liquid
level. Let us draw all the items at diagram. On the one (x-axis) there is the temperature, say, from 10 - 50°C,
while other (y-axis) contain a value of liquid level (for simplicity, let's make the range 1000 — 5000 mm).

In the library, there are two cases:

— Cq:t=30°C, h=23500 mm;

— C2t=40°C, h=1500 mm.

For the current situation (Target): t = 20°C, h = 3000 mm.
If we plotted them on the chart, it might look like fig. 2.

5000
4500 -
4000 -
3500 - * Cy
3000 - A Target
2500 -
2000 -
1500 - *C;
1000 . . .

10 20 30 40 50

h, mm

t°C
Fig. 2 Coordinate plane

Now we shall calculate the distance from the Target up to Cs and C:

D= J(20-30)2 +(3000 - 3500)* =500,10;

D, = \/(20 - 40)? +(3000-1500) = 1500,13.

The maximal distance Duax between points with coordinates (10,1000) and (50,5000) is similarly calculated (Dwax
=4000,20).

Then values of similarity degree (SIM) of the current situation with two cases from case library are calculated:

—  for Cq: SIMy=(1 - D1/Duax)=(1 - 500,10/4000,20)=0,8750 (87,50%);

—  for Ca: SIM2=(1 — D2/Duax)=(1 - 1500,13/4000,20)=0,6250 (62,50%).
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In case there are n (n>2) parameters for the description of a situation and cases, a
more complex variant is considered, and it is differed from the presented one only that n coordinates are used.

Further, we shall view the structure of case library for RT IDSS on the basis of nonclassical logics for monitoring
and control of complex objects like power units.

The structure of case library for RT IDSS

The case library for RT IDSS should join in itself the cases concerning a particular subsystem of complex object,
and also contain the information on each parameter which is used for the description of cases (parameter type
and range).

Case Library

Name or Number of subsystem
Case Author

Date
Author

Time
Date Comment
Time —@ Structure
Comment _@ Parameter

L Type
Number of case applications
Bottom border of a range

Flag for check

Top border of a range

_@ Parameter
@ Parameter 4 J> Adjustments
1

@ Parameter «

Diagnoses

Threshold value of similarity

Limiting value for search

<> Importance of parameter 4

Case 1 >
Importance of parameter

_Ej
@ Casen

Fig. 3 Case structure Fig. 4 The structure of case library for RT IDSS

Recommendation
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Besides, the case library should include such adjustments, as:
— the significance of parameter;

— athreshold value of similarity;

— avalue which limits quantity of considered cases.

It is necessary to emphasize, that the case library can be formed on the basis of:

— the experience, accumulated by the expert;

analysis of the system archive;

the analysis of emergencies;

— operative instructions;

technological requirements.

The case library can be included in the structure of the knowledge base of RT IDSS or act as a separate
component of the system.

Case structure is presented in figure 3, and the structure of case library for RT IDSS in figure 4.

Application of case-based reasoning for diagnostics of complex object states

As a complex object, we shall understand an object which has a complex architecture with various interrelations,
with a lot of controllable and operated parameters and small time for acceptance of operating influences. As a
rule, such complex objects as the power unit are subdivided into technological subsystems and can function in
various modes (in regular, emergency, efc.).

Complex Object

y

\ 4

System of controllers

A 4

Situation
Data B
aa 5ase Case Library

The analysis of situations
v

Solver
v
Display of results

v
DMP

Knowledge
Base

Fig. 5 The scheme of functioning for RT IDSS with use of CLC

For the description of such complex object and its subsystems, the set of parameters is used. The state of object
is characterized by a set of concrete values of parameters.

In the operative mode reading of parameters values from sensors for all object is made by the system of
controllers with an interval in 4 seconds. For this time interval, it is necessary to give out to the DMP (operator)
the diagnosis and the recommendation on the developed situation.
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Diagnosing and detection of operating influences is carried out on the basis of expert knowledge, technological
requirements and operative instructions. The developed software (Case Libraries Constructor — CLC) can be
applied to the decision of the specified problems.
Basic components of CLC are:
— module for storage and loadings case libraries and for data import;
— asubsystem of visualization for browsing the structure of case libraries;
— asubsystem of editing and adjustment of case libraries;
— amodule of new cases check;
a subsystem of case library testing and case-based reasoning.
CLC was implemented in Borland C++ Builder 6.0 for Windows NT/2000/XP and was registered in Russian
Federal Service for intellectual property, patents and trademarks.
The implemented tool was applied in the prototype of a RT IDSS for monitoring and control of complex objects
like power units on an example of a pressurizer in water-moderated reactor contour of the atomic power station
(fig. 5).
Implementation of case libraries with use of CLC for systems of expert diagnosing is subdivided into the following
main stages:
—  Creation of case libraries for subsystems of complex object;
— Adjustment of the created case libraries;
— Addition of cases in case libraries;
—  Check of the added cases;
— Testing of the filled case libraries with using case-based reasoning;
— Reservation of the created case libraries for their subsequent transfer to operative maintenance.

Conclusion

The method of case-based reasoning was considered from the aspect of its application in modern IDSS and RT
IDSS, in particular, for a solution of problems of real-time diagnostics and forecasting.

The CBR-cycle is considered and its modification for application in RT IDSS is offered.

The nearest neighbor algorithm for definition of similarity degree of the current situation with cases from case
library is described.

The structure of case library for RT IDSS is proposed.

The proposed method of case-based reasoning was implemented in Borland C++ Builder 6.0 for Windows

NT/2000/XP. The implemented tool was registered in Russian Federal Service for intellectual property, patents
and trademarks.

The main functional components of the implemented tool (Case Libraries Constructor — CLC) are specified.

The presented tool was applied in the prototype of a RT IDSS on the basis of nonclassical logics for monitoring
and control of complex objects like power units.

The possibility of application of analogous reasoning in case-based reasoning is underlined. We also note that
the elements of case-based reasoning may be used successfully in analogy-based reasoning methods; i.e., these
methods successfully complement each other and their integration in IDSS is very promising [7].
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LIMIT BEHAVIOUR OF DYNAMIC RULE-BASED SYSTEMS

Gennady Osipov

Abstract: The paper suggests a classification of dynamic rule-based systems. For each class of systems, limit
behaviour is studied. Systems with stabilizing limit states or stabilizing limit trajectories are identified, and such
States and trajectories are found. The structure of the set of limit states and trajectories is investigated.
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Introduction

Dynamic intelligent systems and dynamic knowledge bases are typically understood as a result of integrating
expert systems with simulation systems and automatically updated knowledge bases [1].

Although research in this area has a rather long history, there are some issues that still remain unaddressed —
those of global behaviour of dynamic intelligent systems, their attainable sets, stability, and other issues that
usually come up when studying dynamic systems [2].

In this paper, we focus on the kind of systems that are dynamic systems whose states, behavioural laws and
other dynamic system “attributes” are described in a special way.

This special way consists in using intelligent system techniques for describing both states and behavioural laws
for such systems (by intelligent system techniques we mean methods for knowledge representation, modelling of
reasoning and behaviour modelling that are common in artificial intelligence). The said does not mean that
functions and variables defined in any other way cannot be used as components of such systems; what is more
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even, it is supposed that the systems in question allow for integration with various models, such as differential
equation systems, finite automata, and others.

In a general case, attainability of knowledge-based systems is determined by their knowledge bases and control
strategies [3, 4]. In the case when a set of rules is used as knowledge representation in a system [5], attainability
is entirely determined by the structure of the set of rules, by the general principles of rule organization, and the
control strategy being used [6].

If by a rule base architecture we mean ‘structure of the rule set + rule structure + rule application logic’ then,
consequently, attainability of rule-based systems is entirely determined by the rule base architecture.

Let us remind the basic definitions following [4].

1 Rule-Based Systems

Arule [6] is said to be a triple of sets:

=<C, A, D>, where:

C is the applicability condition for the rule;

Ais the set of facts to be added by the rule I1;

D is the set of facts to be removed by the rule .

C, A and D are sets of formulas of a language L, e.g. a multi-sorted first-order predicate calculus language,
whose alphabet contains variables of sort t that take values from a linearly-ordered discrete set T. A~ D = & for
every rule.

The word “fact” is used here as a synonym for the expression “closed atomic formula of a first-order predicate
calculus language”.

Formulas from C, A and D are turned into facts by some substitutions that will be described below.
Every rule will be assigned to one of two classes t or 0 and denoted as a t-rule or 0-rule, respectively.

With each t-rule, we associate either an action which is performed by an actuator in the environment or a
procedure that computes and assigns to a variable the values of certain database attributes based on values
taken by other attributes in the current state.

No actions are associated with 6-rules, as the latter do not affect the real world and merely update our knowledge
of it.

It should be stressed that in conditions C of ©-rules first-order language formulas are such that the value of t
(teT) in the formulas from the condition is the same as the value of t in the formulas from the sets A and D. This
means that the result of a 6-rule execution changes the state in which its condition is satisfied.

As far as t-rules are concerned, if (V') (n<t<m) (3x) Fe(t,x) is a formula from condition C and (V1) (p<t<q) (3
y) Pa(t,y) is a formula from the list A of formulas to be added (where n, p and m, q are the discrete start and end
time points, respectively, for the “validity” term of facts Fc(t,x) and Pa(t,y)), then the integer v = p—n, which is the
time lag between the start point of the fact Pa(t,y) being added and the start point of the period when the condition
Fe(t,x) is true, is a characteristic of each rule and is associated with it.

Things are the same with the sets of formulas to be removed.
Let us now look at the basic computational process in rule-based systems.

For this purpose, we need the following concepts to be introduced [3]: database and strategy of control over the
system’s rules.
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1.1 Database

Database is a collection of finite relations, or tables (e.g. like those in relational databases), the number of which
equals the number of different predicate symbols in the rules. Table columns correspond to the sorts of individual
variables in atomic formulas. Interpretation of language L in the database is taken to be defined in a standard
way.

One can therefore talk of satisfiability or non-satisfiability of rules’ conditions.

1.2 Control Strategy

Control strategy picks up a rule from the set of rules, checks if its condition is satisfied in the current state of the
working memory and, if so, applies the rule, i.e. performs the actions as prescribed by the rule; otherwise, it picks
up the next rule and carries out the same manipulations on it.

For the sake of definiteness, we assume that the set of rules is ordered, e.g. in a lexicographic way.
Then the control strategy looks as follows:

1. Pick up the next rule I1; from the set of rules.

2. Check whether condition Ci; is true in the current state of the working memory.

3. If Gi is true, then substitute all free variables in formulas from C;, Ai and D; by the corresponding values from the
database. Otherwise go to 1.

4. Apply the rule, i.e. write down to the working memory the values that make true the formulas from A; and
remove from the working memory the values that make true the formulas from D;.

5.Goto 1.

The condition for the completion of the process is either stabilization of the working memory or exhaustion of the
set of applicable rules.

Typically, the choice of rule depends on the task or domain specifics; the general principle consists in that the
rule’s condition should hold. If there is more than one such rule in a current state then the so-called conflict set
resolution strategies are applied. With the latter not being the subject of this paper, we take the control strategy to
be such that the choice of rule will only affect the computational complexity and not the result of the process. To
put it differently, in what follows we are not going to be concerned with rule applicability, and we will get back to
this later.

2 Dynamic Rule-Based Systems

Let X be a set of facts, x € 2%, 1 e (1L0). Let K(y,M) denote the control strategy we described above, and we
assume

K(y,M°%) = d(x), where N°<0,

K(x,M) = W(x), where N* et.
d(y) will be referred to as a closure function, ¥(y) as a transition function.
Then

H=<XT, ®, ¥> (1)
will be referred to as a dynamic rule-based system.
The fixed point of equation
O(x) =%
will be referred to as a state of the system (1), and the fixed point of equation
Y(D(y)) = ¥ (if such exists) with t—o0,

will be referred to as the limit state of the system (1).
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3 Classification of Rule-Based Dynamic Systems

As the basis for classification we will take the form of system’s rules and certain correlations on the sets of rule
components.

First, we identify classes of systems which differ in the form of rules.
In system H1 the rules are of the form:

M=<C, {P(t,y)}, D>
(here P(t, y) is a fact to be added).
In system H2 the rules are of the form:
I-|1=<C1 {P(t:Y)}, {¢(tiz)}>
(here P(t, y) is a fact to be added, ®(t, z) is a fact to be removed).

In system H3 the rules are of the form:

M=<C, P(t,y), F(t,z)>

(here P(t, y) is a set of facts to be added, F(t,z) is a set of facts to be removed).

Let us now identify classes of systems, based on some correlations on the sets of rule components. Let S be the
initial state.

Then system H21 is a system H2, such that:

(U{P}) N (UfD}) = & (where (U{P}) and (\L{®}) is the union of facts being added and removed, respectively,
over all of the rules of system H2);

system H22 is a system H2, such that SO N (U{®}) = T ;

system H23 is a system H2, such that (_{P}) n (L{®}) # & and SO N (U{D}) # &;
system H31 is a system H3, such that (UP) N (UF) = &;

system H32 is a system H3, such that SO n (UF) = &;

system H33 is a system H3, such that (UP) " (UF) # & and SO n (UF) # I (here (UP) and (UF) stand for the
union of the sets of facts being added and removed, respectively, over the entire set of the rules of system H3).

4 Limit States of Dynamic Rule-Based Systems

Let us give a few rather simple statements without proof: 8

8

Statement 1. The limit state of system H1 equals SO U
(UAPY).

Statement 2. The limit state of system H21 equals (SO /
(o)) © (UAPY).

Statement 3. The limit state of system H31 equals (SO /
(UF) u (U P).

Statement 4. In systems H22, H23, H32, H33 stabilization
of states never occurs, as a matter of fact, but every state
of every one of these systems lies in the set
S0 U (U{P}) — for systems H22 and H23 or the set
S0 U (w P) — for systems H32 and H33.

Statement 5. The trajectories of systems H22, H23, H32 or Diagram 1
H33, with t large enough, look as shown by diagram 1, where for H22 and H32 for all i: Si0 < Si1.

S ni

2

831 —

—>

It is appropriate to call such trajectories limit trajectories.
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5. Structure of the Set of Limit States

Let us represent the structure of the set of limit states as set inclusion diagrams. The arrow pointing from a
smaller set to a larger one plays the role of the inclusion relation. We also assume that all facts to be added and
removed of all the systems under consideration belong to set X. Then it is evident enough that the following
diagram 2 holds for systems H1, H21 and H22.

Let now systems H31, H32 and H33 be such that to each rule of system H31 a rule of system H32 is related in
such a way that for each rule M(H31) of system H31 there is such a rule M(H32) in system H32 that
C(H31) = C(H32), P(H31) = P(H32), and the inverse holds true (where C and P are the applicability conditions
and the sets of facts to be added of systems H31 and H32, respectively). Then, if system H33 is such that for
each rule M(H33) of system H33 there is a rule M(H31) in system H31 and there is a rule M(H32) in system H32
such that C(H31) = C(H32) = C(H33), P(H31) = P(H32) = P(H33) and F(H31) < F(H33) and F(H32) < F(H33),
then the following diagram 3 holds.

In the last two diagrams, the inclusions of H22, H23, H32 and H33 in H1 have a slightly different meaning from
others: they mean inclusion in H1 of every state of the limit trajectory.

Now let us come back to the postponed question of rule applicability. The situation is as follows: taking rule
applicability into account may lead to some rules proving inapplicable on a certain step. It can be shown that if
one sticks to the control strategy described in Section 1.2 then diagram 2 will remain the same. Diagram 3 will
change its appearance to that of diagram 4.

A A

Diagram 2 Diagram 3 Diagram 4

Conclusion

In the paper, classes of dynamic systems have been identified from the point of view of their architecture. It has
been shown that it is precisely the architectural specifics of such systems that determine their behaviour. The
classes of systems with stabilizing limit states have been specified, and these states have been found. For
systems with no stable limit states, the limit trajectories have been found (in case of a finite rule set).

The structures of limit states and trajectories have been established based on the criterion of attainable set
inclusion.
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MHOIOKPUTEPUAIIbHAA OLIEHKA
N ONTUMU3ALNA NEPAPXUHECKUX CUCTEM

Anbb6epT BopoHuH

AHHOmauyus. [lokazaHo, 4Ymo mobas MHO20KpumepuanbHass 3adaya Moxem Obimb npedcmasrneHa
uepapxuyeckol cucmemol, Ha HUXHEM yposHe Komopol ocywecmensemcs oyeHka obbekma no omoesibHbIM
cgolicmeam npu NOMOWU 8EKMOpa Kpumepues, a Ha 8epXHEM ypOBHE NOCPedCMBOM MexaHu3Ma KoMno3uyuu
nonyJaemcs oueHka obbekma 8 yenom. [pednoxeH Memod PeweHuUs CIOKHbIX MHO20KpUMepUasbHbIX 3aday
OUEHKU U onmuMu3ayuu, 0CHOBaHHbIU Ha N00X00e BMOXEHHbIX CKalsipHbIX C8EPMOK BEKMOPHbIX KpUmepues.
Memod nosgonsiem docmamoyHo npocmo pewamb 3adayu CmMpyKmypHO20 U napamempuyecko2o cuHme3a
MHO20KpUMEPUAsTbHbIX UEPaPXUYECKUX CUCMEM.

Knioyesbie crnosa: 8bl60p anbmepHamus, MHO20KpUMeEPUATbHOCMb, Uepapxudeckue cucmemsl, KOMNO3uyus
Kpumepues, 6/10XeHHbIE CKallAPHbIE C8EPMKU.

BBepeHue

B Teopun npuHaTWS peleHnn [1,2] pasnnuaioT ABa NOAXo4a K OLeHKe OOBLEKTOB (anbTepHaTMB), nognexaimx
BbIOOpy. OanH 13 HMX — OLEHKa 0OBEKTA 8 LesToM W BbIBOp anbTepHaTUBbI NO HEMOCPEACTBEHHOMY CPABHEHMUIO
OObEKTOB KaK rewTanbToB (rewuTanbT: LEMnocTHbI obpa3 obbekta Oe3 getanusauumn CBOWMCTB). BTtopoi —
AeTanu3auns n oLeHKka TEX WM WHbIX 8EKMOPO8 XapaKTEPUCTUK (CBOMCTB) OOBEKTOB W MPUHATIE PELLEHUIA MO
pesynbTaTaM CpaBHEHWS 3TUX CBOWCTB. Cxema 3afjaus NMPUHATUS pelleHnini MoxeT ObiTb npeacTaBneHa
copmynon [3]

roe {y} - MHOXeCTBO anbTepHaTWB (0ObekTOB); @ - dyHKuMs BbibOpa, NpaBWMO, MO KOTOPOMY

yCTaHaBNMBaETCS NPeAnoYTUTENBHOCTL B MHOXECTBE anbTepHaTB; y* — BblOpaHHble anbTepHaTiBbl (0AHa Mnm
Bonee).

LlenocTHbin nogxoa npegycmatpuBaeT BbIOOp * HENnocpeacTBEHHO MO (yHKuwM Bbibopa @. MexaHuam
BEKTOPHOrO nogxopja TpebyeT OCyLecTBUTb AEKOMMNO3nLMIo (pasnoxeHue) yHKUM @ Ha COBOKYMHOCTb
(BekTOp) (pyHKUMA BbIGOpa ¢@. Mog Oekomno3uyuel yHkuMn Bbibopa ® noHumaeTcs [1] ee SKBMBANEHTHOE
npeacTaBnexue (B CMbicrie pesynbTaToB BbiOOpa Ha BCEX anbTepHATWBAX {y}) C MOMOLbI ONPeAeneHHo

COBOKYMHOCTM Apyrx (pyHKLMiA BbiBOpa ¢, KoMno3uyueli KOTOpbIX SBNSIETCS UCXOAHAs (PyHKUMS Bbibopa .

Ob6a noaxopa MMEOT CBOM NPeuMYLLECTBa U HedoCTaTku. BbiOop No HENOCPEACTBEHHOMY CPABHEHMIO 0OBEKTOB
MOXXET CYLYECTBEHHO OTNMYaTbCA OT BbIOOpPa, OCHOBAHHOTO HA CPABHEHWUW BEKTOPOB-XApPaKTEPUCTUK OBBLEKTOB
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[2]. 310 0bBSICHSETCA TEM, UTO, KaK Obl TILATENBHO HU BbIOMPANUCh XapakTEPUCTMKM 0OBEKTOB, HGOPMALWS O
BEKTOpax WHOrga AaeT HeJoCTaToOuHO afekBaTHOE onncaHue 0ObeKToB Bhibopa. HekoTopas YacTb MHopmaLmm
06 obbekTax TepseTcs npu onucaHuM ux HabopoMm xapakTepucTuk. [pyras yacTb WHOpMaLMK, He UMetLLas
HEMOCPEACTBEHHOMO OTHOLLEHMS K CPaBHWBAaEMbIM 0ObEKTaM, MPUBHOCUTCA NMpU 3TOM B Mogenb. Kpome Toro,
cam no cebe BbIGOP NOAXOAALLENA CUCTEMbI CBOWCTB (XapaKTEPUCTUK) 0ObeKTa B 3BECTHON Mepe CyObeKTUBEH.
K Tomy xe cywecTByeT npeanonoxeHue [2], 4To YenoBeYECKOE MbILUNIEHNE HE MPUCMOCOBNEHO 3BOMOLMEN K
€CTECTBEHHOMY C (DOPMamnbHONW TOYKM 3pEHUst Mepexopy OT MPEeanoyYTEHWA Ha MHOXeCTBE OOBLEKTOB K
NPEANOYTEHNAM Ha MHOXECTBE HaBOPOB X XapaKTEPUCTHK.

Tem He MeHee, COBpEMEHHasi TEHAEHUMS B TEOPWUM MPUHATUS PELLEHWUA COCTOMT B WUCMONb30BaHUM UMEHHO
BEKTOPHOrO noaxoga. ATo 06BACHAETCH ero 0ObEKTUBHOCTbLIO 1 BCECTOPOHHOCTBIO, @ TaKKE MPUHLMNMANBHOM
BO3MOXHOCTbIO MPUMEHeHUs (HOopMarn30BaHHbIX METOAOB. YUWUTHIBAETCA Takke KOHKPETHOCTb U YeTKOCTb
noaxoda, Tak Kak MO Y3KOMy BOMPOCY MEHbLUE PaCcXOXAEHWA BO MHeHusix, nerye cobpatb OGeccrnopHble
takTbl [4].

lMpegnonaraetcs, Y4TO B OTHOLLEHUM OTAEMNBHOIO CBOCTBA CYLLECTBEHHO NPOLLE CKa3aTb, Kakas U3 anbTepHaTUB
npeanoyTUTENBHER AN nuua, npuHumatowero pewenune (JINP). Tak, B 3agade Bbibopa Haumy4Lwero npoekTa
camoneTa ropasfo YBepeHHei MOXHO roBOpUTb O TOM, 4TO NpOekT A nyywe npoekta B no ceolicmey
KOMCHOPTHOCTU, MAM HAZEXKHOCTM, UK TPY30MOSBLEMHOCTU, HEXENU O TOM, YTO MPOEKT A nydywe npoekta B 6
yenom [3]. BblgeneHne CBOWCTB anbTepHATMB SBMAETCS LEKOMMO3WLMEN, MPUBOLSLLEN K UepapXM4ecKoi
CTpykType cBomcTB. CBOWCTBA MEPBOr0 WMEpapXM4eckoro YpOBHA MOrYT AenuTbCs Ha cnepytolme Habopbl
CBOWCTB W T.4. MNybuHa AeneHus onpeaensieTcs CTPEMIEHMEM OOWTW [0 TeX CBOWCTB, KOTOpble YA0BHO
CpaBHUBATb Apyr C ApyroM. [lencTBuTensHO, B NpUMepe ¢ CaMoneToM CyanTb O KOMGOPTHOCTU, KOHEYHO, Nerye,
YyeM O CaMmorieTe B LienoM, HO Takoe KayeCTBEHHOE CBOWCTBO AN CPaBHEHUS Takke He COBCEM yAOOHO K
TpebyeT AanbHeliwei aekomnoavumn ans yoobcrtBa U OOBEKTMBHOCTM COMOCTABNEHWSt CBOWMCTB. [loaTomy
CBOWCTBO KOM(POPTHOCTH, B CBOK OYepesb, NoABepraeTcs AeKOMMNO3MLMM Ha: a) YPOBEHb LLYMHOCTW B CamnoHe,
0) ypoBeHb BUOpaLuu nona, B) paccTosiH1e Mexay Kpecnamu u ap. T XapakTEPUCTUKN BbIpaXatoTcs B Yncnax
1 OOBEKTUBHBI.

CBoiicTBa, [N KOTOPbIX CyLIECTBYIOT OOBLEKTUBHbIE YWUCTEHHblE XapaKTepUCTUKM, MPUHSTO HasblBaTb
KpuTepusiMu. Boree CTPOro: KpUTEPUAMM Ha3blBAlOTCS KONMMYECTBEHHblE MOKas3aTeNi CBOWCTB 0ObekTa,
YMCIIOBbIE 3HAYEHUS KOTOPbIX SBNSIOTCS MEPOIA Ka4ecTBa 0GbEKTa OLIEHKM N0 OTHOLLEHWHO K JaHHOMY CBOICTBY.
MonyyeHue Habopa KpUTEPUEB — KOHEYHBINA UTOT MEPaPXNYECKO AeKOMMO3NLMK. KOnMYeCTBO YPOBHEI 3aBUCHT
oT Tpebyemoii rmy6uHbl JekoMnosuLuk. CROXHOCTb 3aKMoYaeTcss B TOM, YTO [ANS KAXOOro M3 HavamnbHbIX
CBOICTB rNyOWHA AEKOMMO3NLMM MOXET ObiTb Pa3nMYHOM, @ Ha KaXOOM YPOBHE Wepapxuu HeobXoaumo
HOPMMPOBATL Pa3HOPOAHbLIE MHOXECTBA KPUTEPUEB.

lMooxon cpaBHeHUs MO OTAENbHbIM CBOMCTBAM, NMpWU BCE CBOEN MPUBMEKATENbHOCTH, NOPOXAAET CEepbesHyHo
npobnemy obpaTtHoro nepexoga Kk TpebyemMoMy CpaBHEHWKO anbTepHaTyB B LUenom. 3T1a npobnema
npegnonaraeT pelleHne 3afadn KoMNo3uUUU KPUTEPUEB MO YPOBHAM WMEPapXuu, YTO [OCTATOMHO HEMPOCTO,
0COOEHHO MpM 3HAUNUTENBHONM rMyOUHE AekoMno3nLmmn CBOICTB. B npocTeniuem u Hanbonee pacnpocTpaHeHHOM
cnyyae (OBYXYpOBHeBas Wepapxiusi) 3afadya KoMnosuLUu peluaeTcs TpaguLUMOHHBIM NOMyYeHNeM OJHOKPaTHOM
CKansipHo CBEPTKW KpuTepues. Ho yxe npu Hanuunm TpexypoBHEBOM nepapxiv TpebyloTcs Apyrue noaxoabl.

M3noxeHHoe [aeT OCHOBaHWe YTBEpXdaTb, YTO /K0bas MHO20KpUumepuanbHas 3adaya Moxem ObiMb
npedcmagneHa uepapxudeckoll cucmemol, Ha HXKHEM YPOBHE KOTOPOM OCYLLECTBMSIETCS OLieHka obbekTa no
OTAEMNbHbIM CBOMCTBAM MpW MOMOLLYM BEKTOPa KPUTEPUEB, a HA BEPXHEM YPOBHE MOCPEACTBOM MexaHu3Ma
KOMNO3MLMK ToryyaeTcsi OLeHka obbekTa B LenoM. LleHTpanbHoit 3gech sSBnsieTcs npobnema KoMnosvumm
KPUTEPUEB MO YPOBHSIM NEPAPXHU.
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AHanu3 cocTosiHusa npobnembl

B Teopun npuHATMS pelueHuii B Hambonblueit Mepe paspaboTaH crydyai, Korga MHOrOKpUTepuanbHas 3agava
npeacTaBnseTcs 08yxyposHEsol WepapxmMyeckon cucTemon. 3Aech 3ajadva KoMnosvuuv OBbIYHO peLlaeTcs
nMb0 METOAOM MABHOTO KpUTEPUST (KpUTEPUANbHBIX OrpaHUYEHM), GO ¢ NOMOLLbIO MEXaHW3Ma OOHOKPATHOM
CKansipHOW CBEpTKM BEKTOPHOrO Kputepus [3]. Yale mcnonb3yetcs pacyeT CKanspHOM CBEPTKM, YKUCIEHHas
BEMMYMHA KOTOPOM ABNSETCS OLEHKOI Ka4eCTBa AaHHOM0 0ObekTa (anbTepHaTHBbI) B LIESOM.

CkansipHylo CBepTKy B TpagWLWMOHHOM Buae yAoOHO MCMOMb3oBaTh B CRyyasX, KOrAa KOMMYECTBO YaCTHbIX
(napumanbHbIX) KpUTEPUEB S HE CMMLLKOM Benuko (B 06bluHOM npakTuke s<10). Toraa Kaxablii U3 KpUTepueB
UrpaeT CamoCTOATENbHYIO POfib, W BCE OHM COMOCTaBMMbI MO CTEMNEHU BaXHOCTU. OAHAKO MMEKTCS CrOXHbIE
MHOrOKpUTEpUarnbHble 3a4ayuu, KOTOpbIe XapakTepuaytoTcs GoMbLMM YUCAOM (HanpuMep, HECKONBbKO AECATKOB)
YaCTHbIX KpUTEpUEB. B aTnx cnyyasx 3Ha4eHUs OTAENbHbIX KPUTEPUEB HUBENMPYIOTCS U Kaxablii U3 HUX cnabo
BMMSET Ha KOHEYHbI pesynbTaT peLleHns MHOroKputepuanbHon 3agauu. LlenecoobpasHo o6beauHsTb ux B
rpynnbl (knactepbl, pyopuku), B KOTOPBIX CKansipHbIE CBEPTKM pPaccMaTpUBaKOTCA Kak HOBble, 6onee BecoMble
YaCTHble KpuTepun. OTW HOBble arpervpoBaHHble KpUTEPUM B CBOK O4Yepedb NOABEprawnTCs onepauuu
CKansipHo CBepTkM W yxe 0Oonee BECOMO COMOCTABNANTCS Mexgy coboii B npouecce peLleHus
MHOTOKpUTEpUanbHOM 3apadn. Takum 06pa3om, Npu yBENMYEHUM Pa3MepPHOCTU KpUTEPUANBHOMO NPOCTPAHCTBA
W3HaYarnbHO [BYXYPOBHEBASA Wepapxuyeckas CUCTEMA KPUTEpPUEB TPaHCHOPMUPYETCS B MHOMOYPOBHEBYH U
TpebyeT pa3paboTkn MexaHM3Ma KOMMO3NLMK KPUTEPUER MO YPOBHSIM MEPapXMK.

B kavyectBe npumepa npueeneM 3agadvy anbTEPHATUBHOM OLEHKM HAyUHbIX KOCMMYECKWX MPOEKTOB B obnactu
Buonormyeckux nccnefoBaHuin B kocmoce [5]. [ns oueHkn 3¢hheKTUBHOCTM TakuX MPOEKTOB UCnonb3aytoTes 28
YaCTHbIX KpuTepueB. B npouecce KOHCymnbTauuii C aKkcnepTamu onpegeneHbl YeTblpe rpynnbl (pybpuku), B
KOTOPbIX 3TN KpuTepun 06beamnHstoTes: 1) 0bLLMe KpUTepUM, 2) KPUTEPUM HAYYHOTO Pa3BUTMS, 3) SKOHOMUYECKIE
kputepuu, 4) coumancHble kputepun (Tabnuual).

Tabn.1. OueHka kayecTBa Hay4HOTO KOCMUYECKOro npoekTa «bruocopbeHT»

No Yucno
nin Kputepun oLeHKku kayecTBa npoekTa Gannos no
10-6annbHo
LKane
I. O6wme kpuTepumn
1 CooTBeTcTBME NpoekTa 3adaHnsaM Kocmmudeckon nporpamMmel YkpauHbl 10,00
2 CreneHb VIHTFI'p&LI,VIVI NpoekTa B MeXayHapoaHble NporpamMbl BUONOrMYecKmx 9.00
uccnefoBaHuii B KOCMOCe ’
3 BeposTHOCTb TOro, YTO NPEANOXKEHHbBIN NOAXOA NPUBEAET K KeNaeMbIM pesynbTatam 7,50
4 MMornHoTa hu3n4eckon peanu3yeMocTi NpoeKTa B 3afaHHbIX YCNOBUSX KOCMUYECKOTO 830
aKcnepuMeHTa
II. Kputepuu HayuyHoro passutus
5 Mepa cooTBETCTBUS CTPYKTYPbl paboTbl U METOAOB UCCIESOBAHNS LIENSIM NPOEKTa 9,75
6 Mepa cnoco6CTBOBaHMSI MpOEKTa Pa3BUTMIO 3HaHWA O BIMSHUM  (DAKTOPOB 895
KOCMWU4ECKOro noseTa Ha (hyHAamMeHTanbHbIe PU3NONoryeckme npoLecch ’
7 Mepa cnocobCTBOBaHMS MPOEKTA Pa3BUTWIO 3HAHMA O MeXaHu3mMax agantauuu 895
Bronornyeckinx 06HEKTOB K YCNIOBUSM KOCMUYECKOrO noneTa ’
8 CTeneHb HOBW3HbI BbINOMHAEMbIX MCCMEeA0BaHMIA 8,00
9 Mepa opurMHanbLHOCTK M CTeNeHb HOBATOPCTBA NOCTABIIEHHBIX LEnen 8,75
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10 BnvsiHue peaynbTaToB MCCNEA0BaHWUI Ha HAy4HbIe KOHLEMLMN U METOAbI B 0Brnactu 975
KoCMUYECKon B1oNorn N MeauLUMHbI '
1 BeposaTHOCTb TOro, YTO pesynbTaThl UCCNEA0BaHNA NO3BOSAT OCYLLECTBAAT HOBbIE 8,50
MPOPbIBHbIE MPOEKTHI
| 12 | Mepa onposepxeHus cylecTsylowux napagurm | 530 |
| 13 | Hona Tex uccrenosarmit B NpoekTe, KOTOPbIE BLINONHSIOTCS HA MMpoBOM ypoe | 8,00 |
| 14 | Mepa cnocobcTBOBaHWS MOBbILLEHNIO MEXAYHAPOLHOMO NPecTuxa YKpauHbl | 8,50 |
| 15 | CreneHb noaepxu npoexta obLLeCTBEHHbIMI OpraHM3aLusIMm | 970 |
| 16 | Mepa ocBeLueHws uccrienoBaHmit B HayuHoM nuTepaType | 970 |
| 17 | Vcnonb3osarue pesynbTatos paboTbl B yuebHoM npouecce | 770 |
| 18 | Mepa nonynsipusaLm 1 pacnpocTpaHeHs 3HaHuit | 775 |
| lll. 3koHOMUYECKUE KpUTEPUM |
19 | BO3MOXHOCTb nepefaynt paspaboTaHHbIX TEXHONMOTUI ANs BHEAPEHUS B SKOHOMUKY 9.33
YKpauHbl ’
20 | Mepa oBecneyeHHOCTI KONMeKTMBa J0CTAaTOYHbIM KOMMYECTBOM CMeLaniicToB Ans 10,00
[0BeaeHMs paboT [0 NPaKTMYECKOrO BHEAPEHNS ’
| 21 | Cnoco6cTeoBaHme NPUBNEYEHNI0 MHBECTUL | 933 |
| 22 | YMeHblueHue NPOUIBOACTBEHHbIX 3aTpaT | 933 |
| 23 | YBenuyenue obbema npogay npoaykuuy | 867 |
‘ oy | CTemeHb  focTaTouHocTA  ofbeMa  MHAHCUPOBAHMR  ANA  BbINOMHEHMS 9.33 ‘
3annaHnpoBaHHbIX pabot ’
| IV. CoumanbHble KpuTepum |
| 25 | Yenuuenve konnyectsa pabounx mect | 1000 |
| 26 | lMoBbILLEHME YPOBHS KBANMUKaLmMmu nepcoHana | 8,00 |
| 27 | CnocobcreoBarme passuTiio Marnoro v cpeaHero buaxeca | 767 |
g8 | BIWSHE Ha MEATENbHOCTS OBLIECTBEHHIX M MOTIOAEXHIX 1000
OpraHu3aLuit

B npaBoit koroHke Tabnuubl NpuBeAeHbl pesynbTaTbl 06paboTKM JaHHbIX SKCMEPTU3bl OAHOTO M3 MPOEKTOB
[@HHOTO HarnpaBneHUs!, @ UMEHHO Hay4HOrO KOCMMYECKOTO MpoekTa «BuocopbeHT», KOTOPbIN Bbin BKIOYEH B
nporpaMMmy 3KCNepUMEHTOB Ha 6opTy MexayHapoaHO! KOCMUYECKOH CTaHUuMu. JTW [aHHble NPeAcTaBnstoT
cob0i1 HIKHMIA YPOBEHb TPEXYPOBHEBOWN MEPAPXINYECKOI CUCTEMBI KPUTEPUEB 151 OLEHKW NMPOEKTa B LIENIOM.

B moHorpadum [6] paccmoTpeH obLmin cnyyain paspaboTku TEXHONOTMM NOAAEPXKKM NPUHATUS PELLEHNI, Koraa
TpebyeTcs BbIOpaTb anbTEPHATUBY U3 MHOXECTBA HEOAHOPOAHLIX anbTEPHATWB, ANS KOTOPbIX HEMb3s
chopMynMpoBaTh eMHOE MHOXECTBO KONMNYECTBEHHBIX KPUTEPUEB OLIEHKW. B 3TOM Cryyae 3agaya peluaetcs
MeToAamu, OCHOBAHHbIMWA Ha MEpapXM4YeCcKOM LieNeBOM OLEeHMBAHMM anbTepHaTe, 6e3 npuBneveHus
KpuTepuUanbHoro aHanusa. Mpobnema KoMNo3vLMM NPy Han4mMM Ka4ecTBEHHbIX CBOMCTB MOXET ObiTb pelueHa
MeToZami BWHapHbIX OTHOLIEHWW, Hanpumep, METOAOM aHarmsa wepapxui [7]. Ho 3agaya CyliecTBEHHO
obreryaetcs, korga And OLEHKM anbTepHaTWB MOXHO MPUBIEYb KOMMYECTBEHHbIE (MMM CBOAMMBIE K HWM)
KpUTEpUM, OOMyCKAOWMe Onepauun B HOPMarv30BaHHOM KpuTepuarnbHOM MpoCTpaHcTBe. [ns Takux 3agad
NPMMEHMMA TEOPUS MHOMOKPUTEPMAnbHOM OLEHKM M onTumm3aumm. B HacToswwen ctatbe paccmaTpuBaeTcs
MMEHHO TaKoW KNace 3afay UCCIeN0BaHNS UeEPapPXMYECKNX CTPYKTYP.
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MocTaHoBKa 3apaun

CocTosiHME MepapXMYEcKon CUCTEMbI ANS JaHHOM anbTepHaTUBbI ONpeaenseTcs napameTpamm:
I ={1,2,....,n} — MHOXeCTBO 3NeMEHTapHbIX MOACUCTEM, OLEHMBAEMbIX MO KPUTEPUSIM HUKHETO YPOBHS
nepapxuu;

{Vitier,y ={V15->Yn} — OLUEHKN MO CKanspHbIM KPUTEPUAM 3MEMEHTapHbIX MOACUCTEM W BEKTOPHbIN

KPUTEPUI HKHErO YPOBHS nepapxun. SDPEKTUBHOCTb KaX4Oro BbICLLEro YPOBHS 3aBUCUT OT 3HAYEHMIA OLEHOK
MO KPUTEPWAM HU3LLETO YPOBHS 1epapxuu.

LlononHuTenbHble YCroBus, onpeaensiolie cobCTBEHHO NePaPXUYECKYI0 CTPYKTYPY:
J ={1,2,...,m} — MHOXECTBO MEPAPXMN4YECKIX YPOBHEN;

{Ij}jeJ — pacrnpezienenite NOACACTEM N0 YPoBHAM, [ ; = {1,2,..., nj};
{1 j} jeJ — BEKTOpbI npuopuTeTa.

TpebyeTcs HalTM aHaNMMUTUYECKYID OLEHKY @ * W KaYeCTBEHHYI OLEHKYy 3((EKTUBHOCTU WEPapXMYECKON
CTPYKTYpbl, @ 13 UMEIOLLMXCS anbTepHATUB BblBpaTh NyyLLyH0.

MeTop pelweHus

MpegnaraeTca Ans aHanuTUYECKOn OLEHKM 3DMEKTUBHOCTM MEPapXMYECKUX CTPYKTYP MNPUMEHUTb METOA
BMOXEHHBIX CKamnspHbIX CBEpTOK [8]. KOoMNosuumus ocywecTBASETCH MO «MPUHLMMY MaTpeLLKu»: CKanspHble
C8EPMKU  838EWEHHbIX KOMNOHEHM BEKMOPHbIX KPUMepUes HU3We20 ypOosHs Criy)am KOMNOHeHmamu
8EKMOPHbIX Kpumepues 8bicwie20 yposHs. CkansapHas CBepTka KPUTEpUEB, NOMyYeHHas Ha CamMOM BEepXHEM
YPOBHE, aBTOMATNYECKI CTAHOBUTCS BbIPaXEHUEM AN OLEHKN 3 GEKTUBHOCTI BCEN MEPapXMUYECKON CUCTEMDI
B L|enom.

CDopmaan peLleHna 3afayun MeToaoM BITOXEHHbIX CKanapHbIX CBEpPTOK npeacraBnaeTca
nocneanoBaTesibHOCTbIO onepaLum?l B3BELLEHHOIA CKaJ'IﬂpHOVI CBEPTKM BEKTOPHbIX KPUTEPUEB KaXdoro YpOBHA
nepapxum ¢ y4eToM BEKTOPOB NMPUOPUTETA HA OCHOBE Bbl6paHHOl7I CXEMbl KOMMNPOMMCCOB

{(w(f_l)’l(]_l)) _)¢(J)}]€J’ (P(l) =y,

a NONCK OLEeHKHK 3d)(*)eKTI/IBHOCTI/1 BCEM MepapxmquKoﬁ CUCTEMbI B LIENOM BblpaXaeTcs 3aaayent onpeneneHna
CKaJ'IﬂpHOIZ CBEPTKU BEPXHEIO YPOBHA NEPAPXUN:

B 3apaye BbibOpa pelleHnit KONMYEeCTBO BapUaHTOB (anbTepHaTuB) cocTaBnsaeT n, =1. Kaxabii BapuaHt
XapaKTepuayeTcs CBOEN nepapxuyeckon CTpyktyport. Mpu n, =1 nocrasnexHas 3agadya TpaHchopMUpYeTCs B

3apjady OLEHKM [aHHOW Mepapxideckoil CTpykTypbl. Ecnu n, >1, To kaxaas CTpyKTypa OLEHMBaeTcs Kak

[aHHas 1 BblbMpaeTCs TOT BapuaHT, Mepapxuyeckasi CTPYKTypa KOTOPOrO MOMyuMra Haumyuyllylo OLEHKY.
[o3TOMy Npu AMCKPETHON MHOMOKPUTEPMAnbHOW ONTUMM3aLMK B KavecTBe 0a3oBOM 3h4ecb paccMaTpuBaeTcs
3ajaya OuUeHkM OaHHOU WepapXu4eckor CTPyKTypbl. KOHeYHo, Tak mnocTynaTb MOXHO TOMbKO B Chyyae

OTHOCMTENbHO HeBOoMbLLOro umMcna anbTepHaTMB n,, KOoraa METOA MPOCTOro nepe6opa He Bbl3blBAET

3HAYUTENbHbBIX BbIMUCAUTENBHBIX TpyaHocTen. [pu Gorblumx obbemax MHOXECTB anbTepHaTMB cregyeT
NPUMEHNATL APYrMe METOAbI ONTUMM3ALWK, HanpuMep, U3NoxeHHbIe B [9].
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Cxema KOMNpoMuMccoB

B kavectBe 0a3oBoit CXeMbl KOMMPOMMCCOB ANS METOA4A BIIOXEHHbIX CKansipHbIX CBEPTOK npeanaraeTcs
CNONb30BaTb HENMMHENHY0 cxemy, onuncaHHyo B [10]. YcTaHoBneHo, Yto 6e3 notepn 0bLHOCTY NPeanoChkInKom
ONs ee MPUMEHEHWS SBMSETCH TO, YTO BCE YaCTHble KPUTEPUM NOANEXaT MUHAMM3ALMW U SBRSKOTCA
OrpaHUYEHHbIMY:

yi < A, A= {4} ie[l,n],
roe A — BeKTOp OrpaHnNYeHui.

lMpocToit cogepxaTenbHOn Mogenbto GyHKuMM nonesHocT JIMP Ha HWXHEM YpOBHE uWepapxun npu
MWHUMU3UPYEMbIX KPUTEPUSX B COOTBETCTBUM C KOHLEMUMEN HENUHENHON CXeMbl KOMMPOMWUCCOB SBASETCS
ckansipHas ceepTka

oA y) =Y Xl 4 -yl
i=1
nnn

n
-1
i=1
€CIin KoNnn4yecTBeHHbIE KpUTEpMM HOPMUPOBAHbI NO (bopmyne yo=y/A

KauyecTtBeHHble (HO CBOANMMBIE K KOMMYECTBEHHbBIM) KPUTEPUM OBBIYHO ONpeaensoTcs aKenepTamm OLEeHKaMmmu no
kane 6annoB. JkcnepTam NpeabsBISETC aHKeTa, B KOTOPOW MPUBOLSATCS YaCTHble KpuTepuun. Kputepusam
COMOCTaBNSETCS HenpepbiBHAsA LUkana, pasgeneHHas, Hanpumep, Ha AecsTb uHTepaarnos. Lindpa 0 Ha wkane
COOTBETCTBYET MOHATWIO "HUKAKOA LeHHocTH", undpa 10 — "MakcumanbHas LEeHHOCTL". JkcnepTa npocat
OLEHWUTb OTHOCUTENBHOE BIIUSHWE KaX4Or0 U3 YaCTHbIX KpUTEPUEB HA OOLLYI0 OLIEHKY B 3aAaHHbIX YCROBUSX U
npunucatb My COOTBETCTBYIOLLYIO TOUKY Ha LiKane, xapaktepusyemyro yucrnom f. Paspeluaetcs Bbibupath
TOYKM MeXay uucramu Umv NpUnMUChbIBaTb HECKONBKO KPUTEPUEB OQHOM TOUKE Ha LUKane.

AHanua npoLeccoB NMPUHATMSA PELLEHMIA Nokasar, vTo npu oueHke obbekToB no 10-6annbHO Lkane aKcnepTbl
PYKOBOACTBYIOTCA TpajaumsMy Tak Has3blBaeMoW (hyHOaMeHTamnbHoW wWkanbl. [MoHATME (hyHOaMeHTanbHOM
LUKasbl ONKCaHo B [7] M npeacTaBneHo Tabnuuen 2.

Tabn.2. dyHpameHTanbHas Wkana

ObpaleHHas HopMUpOBaHHas

Kateropus kayectBa | ®yHaameHTanbHas wkana f
(byHOaMeHTanbHas LWkana yo, ¢o

‘ Henpuemnemoe ‘ 0-3 ‘ 1,0-0,7 |
| Huskoe | 3-5 | 07-05 |
‘ Y[0BNETBOPUTENBHOE ’ o-6 ’ 05-04 ‘
| Xopowee | 6-8 | 04-02 |
| Bocoe | 8-10 | 02-00 |

3pecb nokasaHa CBS3b MEXOY Ka4yeCTBEHHbIMM TpajauusmMu kavectBa OOBEKTOB M COOTBETCTBYHOLLMMM
KONMYEeCTBEHHbIMU OLeHKkamn f. MOXHO ckasaTb, 4YTO B TEpMUHAX TeOpWUM HeYeTKMX MHoxecTB [11]
(byHOaMeHTanbHas LiKana BbICTYNaeT Kak YHUBepcanbHas yHKUMA NPUHALNEXHOCTY AN nepexoda OT Yucna K
COOTBETCTBYIOLIEN KayeCTBEHHOW rpagauun u obpatHo. OcylecTBNSETCA NEpexoq OT JIMHIBUCTUYECKOM
NepeMEHHO (YAOBNETBOPUTENBHOE KAYECTBO, BbICOKOE KAY4eCTBO W Mp.) K COOTBETCTBYHLMM KOMMYECTBEHHBIM
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oueHkam f no wkane 6annos - (5,5, 7,0), T.e. Nepexop OT HEYETKUX KAaueCTBEHHbIX rpagjauui K yucnam w
obpaTHo.

Ouenkw f nonyyatotcs no npsimoit 10-6annbHoON PyHOAMEHTaNBHON LUKane Ans MakCuMU3UPYeMbIX KpUTEPUEB.
MpumeHsiemMas xe B CTaTbe METOAMKA MHOMOKPUTEPUANbHOM OLEHKM MO HEMWUHEMHOM CXeMe KOMMPOMUCCOB
paspaboTtaHa AN HOPMUPOBAHHBIX MUHUMUSUPYEMbIX KPUTEPUEB Yo, OLEHKW KOTOPbIX nomyvatoTcs u3 f no

copmyne [12]:

¥o=1-0,11, yoe[0;1],
4TO OTpaxaeTcs 0OpalLeHHO HOPMMUPOBAHHOW (yHAAMEHTanbHOW Wkanon B Tabn. 2. o 3Toh e wWkane
U3MEPAOTCS Y HOPMUPOBAHHbIE CKanspHble CBEPTKU KPUTEPUEB ¢.

YyeT npuoputeToB

O6racTblo onpefeneHnst ko3hduLMEHTOB npuoputeTta A €I, ABNSETCS CUMNEKC

n
Ty ={A4 20> 4 =1} (1)
i=1
3pecb A; =const — hopmanbHble napameTpbl, UMEtoLMe ABOSKUIA duandecknit cMbicn. C OHOM CTOPOHbI —

3T0 KO3 ULMEHTBI NPUOPUTETA, Bblpaxatowyme npeanodteHns JMP no otaensHbIM kputepuam. C apyron — ato
KOAPULIMEHTbI  CcoaepXKaTENbHOM PErPECCMOHHON MOAENN, NMOCTPOEHHOM Ha OCHOBE KOHLLEMLUMN HESIMHENHOM
cxeMbl komnpomuccoB. OnpefeneHune KoIMULMEHTOB A Ha KaXOOM YPOBHE MepapxXum MOXeT ObiTb
BbINOSHEHO MyTEM ONTUMU3ALMN HA CUMMNIEKCE C UCMONb30BaHWEM AyanbHOro NoAxoaa, onucaHHoro B [10] unu
no chopmyne

i1 Sik
7\4(;( ) =](€J+,k€]j;
2 fik
i=1

roe 7‘(1'{;1) — [-5 KOMMOHEHTa BEKTOpa MpuopuTeTa Ha ( j—l)-M YPOBHE WEepapXin Npy pacyeTe OLEHKM

3(heKTUBHOCTU k -i NOACUCTEMBI j -TO YPOBHS; f;; — NapaMeTp 3HaYUMOCTK i -1 NOACMCTEMbI ( j—l)-ro

YpoBHS Ans k -i nogcucTeMbl j -ro ypoBHs (onpepensietcs akcneptamu no 10-6annbHon wkarne); ”l(cj ) _
KONWYECTBO NOACUCTEM ( j —1)-ro YPOBHSI, MOLAEPXKMBAIOLLMX K -t0 MOACUCTEMY j -TO YPOBHSI.

B Haubonee npoctoM W [OOCTATOMHO —pPacnpOCTPaHEHHOM  Ccryvyae  hOpMyNMpyeTcs U pellaeTcs
MHOroKpuUTepuancHas 3agada 6e3 npuoputetos, koraa JIMP nonaraeT, YTo BCE MapameTpbl 3HAYMMOCTU ANS
BCEX noacucteM oduHakoebl. B aTOM cryyae MCMOnb3yeTcs NpocTemllas CckansapHas CBepTka no HemMHEenHoM
CXeme KOMMPOMUCCOB B YHU(MLmpoBaHHon dopme [10].

Mo KOMMO3MLMK KPUTEPUEB MO YPOBHSM Wepapxui BCe CKansipHble CBEPTKM CHU3Y JOBEpXy LenecoobpasHo
BbIYMCNATb HA OCHOBE KOHLIEMLMN HEMMHENHOM CXeMbl KOMNPOMMUCCOB. [Mpn 3TOM OLieHKa 3 deKTUBHOCTU K -ii
MOACUCTEMbI HA j -M YPOBHE WMepapxuv B BWAE HOPMUPOBAHHOW BIIOXEHHOM CKansipHOW CBEPTKM C y4ETOM

KO3 hMLIMEHTOB NpUopUTETA BbIYUCNAETCS NO POpMyne
W)

() = v LD oDyt (1)

oor = Ni 2 AL =gl 1T kel ep) = v, @)

i=1
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roe (pgfl.;l) — OLIEHKA 7 -1 KOMMOHEHTbI HOPMUPOBAHHOMO BEKTOPHOTO KpUTEPUS Ha ( j- 1)-M YPOBHE Mepapxuu

MpyW pacyeTe OLEHKM k -i NOACUCTEMBI j -ro ypoBHS, N /(CJ )_ HOPMMPYHOLLMA MHOXUTENb.

YcnoBus HOpMUPOBKK

[ns n3naraemon Teopun BaxkHOe 3HaYEHWE UMEET HOPMUPOBAHME BIIOXEHHbIX CKANMSPHBIX CBEPTOK HA KaXOOM
ypoBHE uepapxun. B pabotax [5,8] paccmoTpeHa BO3MOXHOCTb pacuyeTa YCMOBMA HOPMMPOBKM MCX0Os W3
NPUHLMNA «CONUAAPHON OTBETCTBEHHOCTUY KpUTEPUEB. B MHOXECTBE HOPMUPOBAHHLIX KPUTEPUEB BbIAENSETCA
3Ha4yeHWe Hambornbluiero (Hamxyawero) u3 Hux. CuuTaeTcs, YTO ecnu 3TOT KPUTEpUIA BOCTUr HaWXyALlero
3HaueHusl, TO U OCTamnbHbIM HOPMUPOBAHHLIM KPUTEPUAM MPUMMCHIBAETCH BO3MOXHOCTb JOCTUXEHUS TaKUX Xe
3HaYeHMIn, KOTOPble U COCTaBMSIOT KOMMOHEHTbI HOPMWPYIOLLErO BekTopa. Takoh nogxon obnagaet
JOCTOMHCTBOM MPOCTOTbI, HO OH PaboTaEeT TOMBKO NPM YCIOBUM LENCTBUTENBHO «PaBHONPABHbIX» KPUTEPUEB.

NornyHo yTBEpXOaTb, YTO €Cnn  OUEeHKM nNo BCEM nNapuuanbHbIM  OTHOCUTEIbHbIM  KPUTEPUAM

(p((){;l),ie[l,nl(cj)] OyayT OAMHAKOBbIMM W PaBHLIMY (p(()fl:_l) = ;> TO WX HOPMMPOBaHHas CkanspHas

cBepTka B hopmyre (2) JOMKHA BbIpaxaTb mMakyto Xe aHanUTUYECKYH0 U Ka4eCTBEHHYIO OLeHKY No obpaLLeHHO
HOPMUPOBaHHOW PyHAAMEHTASIbHOM LUKane:;

Y
0k = Nl(cj) > ’1('/{_1)
(1-9y) idl

(/)
n
K i
Y4uTbIBaS, YTO MO YCMIOBUAIM HOPMUPOBKU (1) D X(I{C ) =1, BblpaxeHne 4N HOPMUPYHOLLErO MHOXMUTENS
i=1
npuobpeTaeT Bua

N = 001 (1001 ) ®
Mposegem no copmyne (3) KanubBPOBOYHbIE BBLIYMCMIEHUS  3HAYEHWA  HOPMUPYIOLLErO  MHOXMTENS
Nl(c] )(go((){k_ 1)) [NSi OLEHOK (ngl;l)’ ie [l,nl(cj )]. CocTaBiM Mepy CyMMapHOit KBapaTU4HON MOTpeLLHOCTH,

BO3HMKAIOLLEH M3-3a TOMO, YTO BMECTO TOYHbIX 3HAYEHWI HOPMUPYIOLLETO MHOXUTENS B KANMBPOBOYHbBIX TOUKAX

N](Cj )(go((){k_l)) MCMONb3YEeTCs UCKOMbIV MHOXUTEND N ;Ej ):

";(cj)
N )
u= Y Y-l
i=1
Vcnonb3ys Heobxoaumoe ycroBue akeTpemyma dyHKLMM
oM
PR D
oN
I'IOJ'Iy‘-WIM 3Ha4YyeHune HOpMMpy}OLLleFO MHOXUTEnd
@))

n
o1 & v (il
M= S Nl
ngoi=1

1 ¢ yyeTom (3)
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";(cj)
N/(cj)=_(j) > ol A=l ).
np” =1

3aknouyeHue

PeKyppeHTHaﬂ (bopMyna (2) No3BONAET pacCyMTaTb KONMUYECTBEHHbIE WU MONYYNUTb Ka4eCTBEHHbIE OLEHKN
HOPMWPOBAHHbIX MO O6paLLI|eHHOl7I d)quameHTaanon LKane CKandpHbIX CBEPTOK KPUTEPUEB MO BCEM YPOBHAM

Nepapxim BnNoTb 10 BEPXHEro: ¢ '=¢x(m),

PelLeHne OLEHOYHON MHOTOKpPUTEPUANbHON 3adayu Ans npuMepa, NpeacTaBneHHoro Tabnuuei 1, npuseno k
cnegylowmum pesynbtatam. CkansipHas CBEpTKa YaCTHbIX KPUTEPUEB HIKHETO YPOBHS MEPapXuK, OTHOCALLMXCS K

pybpuke «O6wme KpuTepum», [ana arperMpoBaHHbIA KPUTEPUIA BTOPOrO YPOBHS WMepapxuu (p(()%) =0,121.
AHanornyHbiM 0bpasom, ans rpynnbl «Kputepues Hay4yHOro pasBuTUS» MOMYYEHO 3HAYEHWe arperMpoBaHHOro

Kputepus (p(()%) =0,143, ana «3KOHOMUYECKMX KPUTEPUEBY go(%) = 0,022 v gns «CoumnanbHbIx KpUTEPUEBY
@53 = 0,100.

CkansipHasi CBEpTKa yka3aHHbIX arperMpoBaHHbIX KPUTEPUEB BTOPOrO YPOBHSI WepapXuu Mo3Bonmunia nonyyntb
HOPMMPOBAHHYK) OLIEHKY 8 UESTOM Hay4HOro KOCMUYECKoro nmpoekta «BuocopbeHT» B Bufe arperMpoBaHHOro

KpUTEpUs TPETEro YPOBHSA Mepapxun o™ = go(()3) =0,094. ConocraBneHne ¢ 06palLeHHOn HOPMMPOBAHHOM

yHOaMeHTanbHO Wwkanon (Tabn.2) no3BonsieT caenath BbIBOA, YTO BCE arpervpoBaHHbIe KpUTEPUN HAXOasTCs
B npejenax rpagauun «Bbicokoe kayectso». OTMETMM, YTO B pacyeTax AaHHOrO npumepa npeanonaranach
0[MHaKoBas 3HAYMMOCTb BCEX KPUTEPUEB, T.€. pellanacb MHOrOKpUTEpUansHas 3agada 6e3 npropuTeTos.

OueHka OaHHOM M BbIOOp Nyylleid M3 UMEOLLMXC anbTepHATMB OTHOCATCA K Knaccy 3agad CTPYKTYPHOro
CUHTe3a. 3aaaun napamMeTPUYECcKoro CUHTE3a, pellaemble METOAOM BIOXEHHbIX CKansipHbIX CBEPTOK, ONMMUCaHbI B
pabote [12].
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CeepneHusa 06 aBTope

BopoHun Anbbepm Hukonaesuy - npogheccop, OOKMOP MEXHUYECKUX Hayk, npogheccop Kaghedpsl
KOMNBIOMEPHBIX UHGhOPMAUUOHHBIX mexHomo2ull HayuoHanbH020 aguayloHHO20 yHUgepcumema, npocnekm
Komaposa, 1, Kues-58, 03058 YkpauHa.

CTATUCTUYECKUA AHANU3 PACNPEOENEHWUX NONE3HOCTEN

Buktop CemeHoB

Pe3stome: Paccmampusaemces pacnpedeneHue nonesHocmeli 00xo008. [Tepexod om aHanusa pacnpedeneHus
doxodog Kk uccrnedosaHuto pacnpedeneHus uHAusudyasbHbIX nomesHocmel daem 603MOXHOCMb AOCMUYbL
3HaYUMENbHO20 YPOBHS 06WHOCMU NPpU aHanu3e pacnpedenumensbHoU NOAUMUKU U chopmupogams nodxod K
aHanusy UHCMUMyYUOHasbHbIX U 0B6WEeCMBEHHO-NONUMUYECKUX c08U08 U UX UMNIuKayul Ha Xapakmep
pacnpedeneHus obwecmeeHHbIX briaz 8 pamkax meopuu coyuasnbHo2o 8bIbopa.

Knioyeebie cnosa: bokc—Kokc npeobpa3zogaHue, (hbyHKUUS nomesHocmu, UHOEKC HepageHcmea, UHOeKC
6edHocmu.

BBegeHue

CoumanbHo-3KoHOMIYEeCKMe pedhopMbl B YKpauHe HacuuTbiBalT 6onee 15 neT. 3a 310 BpEMSI OCYLLECTBMEHDI
CyLiecTBeHHble Npeobpa3oBaHNsl B MOMMTUYECKOM, WHCTUTYLMOHANBHOM W counanbHon cdepax. llossunmuch
pasHble couuanbHble [pynnbl HAceneHus, KOTOpPbIM MPUCYLLWM pasHble afanTalUMOHHbIE BO3MOXHOCTM
COBPEMEHHbIX CTPATErUii BbDKMBAHWS U KOTOPbIE OTAINYAKOTCA MeXay coboi nokasaTensiMm XM3HEHHOTO YPOBHS
W MOTMBALMOHHBIMM  XapaKTEpUCTUKaMM coumanbHoro nosedeHusi. CoumarnbHble U 3KOHOMUYECKWe
TpaHcopMaLmn Ha MOCTCOBETCKOM MPOCTPAHCTBE BOCCTAHOBWMM MHTEPEC Hay4yHOW OBLLECTBEHHOCTU K
UCCENOBaHNI0 HepaBeHCTBA [OXO4OB. TeM He MeHee, 3a He3HauuTeNbHbIM - UCKNYeHrem [1], 3Tu
nccrenoBaHus 6binM B OCHOBHOM  MOCBSILLEHb  (PEHOMEHOMOTMYECKOMY aHanudy 3Toro sBneHus. B
npeanoxeHHon pabote paccmatpuBaloTcs 0000LWEHHbIE Mogenu pacnpeaenenus goxopoB. O606LweHne
[OCTUraeTca nyTem nepexoja OT aHanu3a pacnpedeneHns AOXOAO0B K MCCNefoBaHWK pacrnpepeneHuns
WHOMBMAYanbHbIX MONE3HOCTen LoxodoB. [epexod OT aHanus3a pacnpefeneHus O0XO0O40B K MCCReAoBaHWio
pacnpefeneHns MHAMBMAyanbHbIX NONE3HOCTEN JaeT BO3MOXHOCTb JOCTUYb 3HAYUTENBHOTO YPOBHS OBLHOCTY
Npu aHamuse pacnpemennuTensHOn NOMUTUKM U ChOPMMPOBaThL MOAXOA K aHanu3y WHCTUTYLMOHAMbHBIX M
0BLLECTBEHHO - MOMMTUYECKMX COBMIOB M WX UMMAMKALMIA Ha XapakTep pacnpeeneHus obllectseHHblx 6nar B
pamkax Teopuw counanbHoro Bbibopa. B aaHHoN paboTe aBTOp BbIXOAUT U3 MAEW, COrMacHO KOTOPOM B pamKax
TeopuM coumanbHoro Bblbopa Ang  obecneyeHnss  OBLLECTBEHHO-NOMUTUYECKOTO PABHOBECUS  MO3WLMM
MeauaHHoro u3buparens v u3buparens co CpegHUM JOXO4OM B pacnpefeneHunsx nonesHocTei, nonyyYeHHbIX T
peanu3aunv VHAMBMAOYamnbHbIX BO3MOXHOCTEN (B TOM YuCne AOXOAOB), AOMKHbI COBMadaThb. Takum CBOMCTBAM
YAOBNETBOPSIET HOPMaribHash (yHKLMS.
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MocTtaHoBKa 3agayu. HeKOTopre counanbHo-NONUTU4YeCKMe nMmninmnKauum

lMpegnonoxum, YTo NONE3HOCTb AOXOA0B pacnpedeneHa HopManbHO. MpaBOMEPHOCTb Takoro NPeamnornoXeHUs
BbITEKAET M3 Teopuu coumansHoro Beibopa [1]. Takum obpasom, Ans npeobpasoBaHWst SMMMPUYECKOTO
pacnpefeneHns 4OX040B UCMOMb3yeM (PYHKLMIO MAOTHOCTW HOPMAIbHOrO pacnpeaeneHus:

1 1 2
f(x)—mexp{—F(X—ﬂ) } (1)

[le [ - CPefHee 3HaueHne, o~ - aucnepcus. MpeoBbpasoBaHie, KOTOPOE LIMPOKO UCMOMb3YETCA B PasHbIX

0bnacTax, XOTs U HECKOIbKO B APYrOM KOHTEKCTe, - 310 Bokc-Kokc-HopmarbHoe npeobpa3oBaHne ¢ NOCTOSHHOM
MapruHanbHOM aNacTUYHOCTBIO [2,3], KOTOPOMY OTBEYAET (PYHKLMS NONE3HOCTM

u=""" a<la=0. @)
(04

B npegenbHoOM  Cryvyae (CZ:O) nony4yaemMm nordopmanbHOe pacnpeaeneHune. |-|le a <1l umeem:

u' >0,u"<0,dlnu/dnx = ax” /(x" —c"). T.e., 370 BOTHyTas (yHKUMS C MaprHanbHOM NONe3HOCTbI

a. q)yHKLWIﬂ NNIOTHOCTU UMEET BUA:

a-l 1 (x*-¢

X
p=——expl-—| ————u| |, 3
fiz odor p 25 o H )

roe u un 0'2 - CpeaHee 3HayYeHue U gucnepcusa nonesHocteit, ¢ - Npou3BONbHAA KOHCTaHTa B €auHULax

N3MEPEHNA X . B Takom Chyyae ¢ MOXeT ObITb, HanpuMenp, MUHUMATbHOM 3ap860THOI7I nnaToi, He obnaraembiM
Hanoramm MWHWUManbHbIM [00XOA0M, MOAanbHbIM WK MeAWaHHbIM OO0XO0O0M, KOHerTHOVI Jonei MeauaHHoro
nnn cpegHero goxona (HOpMaTVIBHO onpeueneHHon qepToﬁ 6eﬂHOCTVI). Ecnu ans 3agaHHoro aMnnpuyeckoro

pacnpefieneHns [0X040OB Mbl  BblGMpaeM  (OyHKUMIO  MONE3HOCTM uz(x”‘—m"‘)/a, 70, nocne

COOTBETCTBYHLLErO HOPMUPOBAHUS, MONy4YaeM WHOEKCHI HEPaBEHCTBA M3 Knacca (yHKUMA 0606LLEHHON
sHTponum (OJ) [4]:

I = ;T (ﬁj —1|f(x)dx, # 0,1 @)

ala-1)3\\m

C COOTBETCTBYIOLLMMI NpeaenbHbiMu crydasmn npn o = 0,1. Tpu 7i = z, rae z - YepTa GeOHOCTY, Ha OTpeske

[0,z ]nonyyaem gns 0 < a <1 wnHpeke BegHoctn, npu @ = 0 umeem nHaekc 6epHocTu Batca. MHaekebl O3
[O0MNYCKAKT afanTUBHYK0 AEKOMMNO3MLMIO HEepaBEHCTBa MO AeMorpacuyeckum noarpynnam:

k a
Ia =zpl(ﬂj [ai+IaB’ (5)
i=1 m

roe [, - BHYTPUrpyNnoBOe HEPaBEHCTBO IPYNMbl 7; k - KOMWUYECTBO rpynn, p, = (”i /n) - [ons Tpynnbl 7,

7, - KONUYECTBO MWL, B rpynne i, n - obllee KONM4ecTBO nomnyyareneit [oxonos, /,,- HEPaBEHCTBO MeXay
rpynnaMu, npu BbIYUCIIEHUM KOTOPOTO MpEeAnornaraeTcs, YTo Kaxablid YmeH rpynmbl nornyyaeT OAWHaKOBbIN
rpynnoson goxod. Moy ¢ =0 n a =1—¢ nonyyaem GyHKUMO nonesHocT ATKWHCOHa [1] C NOCTOSHHOM
9NaCTUYHOCTbIO N0 A0XOAAM:
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u(x)=2—, e>0,6#Lu'>0u"<0. (6)

Ans & = 0 nonyyaem norapudmmyeckyto nonesHocts: u = Inx. Wcxogs us dyHkumm nonesHoctn uga (6),
ATKMHCOH NONy4un CBOIA 3HAMEHWTBLIA HOPMATUBHbIN MHAEKC HEpaBEHCTBA.

PaccmoTpuM HekoTopble MMMAMKALMM NpeafioxeHHbIX 0B06LieHHbIX Modenei pacnpegeneHns Loxodos. B
NOMUTONOMN YPE3BbIYANHO BaXHYK pPOfb WUrpaeT nosvuus MegwaHHoro usbupatens. B GonblumHcTBE
(hopManbHbIX MOZenen NOMNTUYECKOro MpoLecca cucTema NpPeuMyLLecTB MeanaHHoro usbupartens sBnsetcs
JAOMWHMPYIOLLEN NPU NPUHATAW PELLEHMIA OOLLECTBEHHOM 3HAUYMMOCTU. TeM He MeHee, MpW YCMOBUM CUITbHOM
NPaBOCTOPOHHEN CKOLIEHHOCTU pacnpeeneHns Aoxoaos (B obuiem cnyyae bnar, B TOM ynucne 0OLIECTBEHHbIX),
NMEIT MECTO 3HAYNTENbHbIE PACCTOSIHUS MEXZYy MeauaHHbIM u3bupatenem 1 usbupatenem co CpeaHuM
YPOBHEM A0XOAO0B. 3HAYMTEMbHbIA paspbiB Mexay MeauaHHbIM nu3bupatenem w usbupatenem €O CPeaHUM
YPOBHEM [IOXO[OB MOXeT NPWBOAUTb K NONUTUYECKOM HectabunbHocTW. COMMKeHne MX NO3nLMA no

nonesHOCTSM AaeT BO3MOXHOCTb M3beratb Takux cutyaumin. Mpn a =1 (& =0) nmeeT mecto 0bLECTBO, B

KOTOPOM YYMTbIBAETCS TONMbKO arperaTHbll  POCT  OnarocoCTOsHWS, OTCYTCTBYHT fobble  MeXaHW3Mbl
pPeryn1poBaHns pacnpeaenexus 6nar, a obLiecTBeHHast MbiCnb abcomnoTHO GespasnnyHa k HepaseHcTy. [Mpu
YBENMYEHUM & BO3pacTaeT aHTMmaTus obliecTBa k HepaBeHcTBY. Korga & —> oo , OOLECTBO CKMOHHO
npeaocTaBnaTb TpaHchepbl GeaHeLLeR YacTh, UTHOPUPYS MPK 3TOM UX UCTOUHMKM, @ pacnpeaerneHue A0X0a0B
cpeay HebeaHbIX He MMEET HUKAKoro OOLUECTBEHHO-NOMUTUYECKOTO 3HaYeHWs. BospacTaHue o6LLECTBEHHO-
MONMUTUYECKOTO Beca GeHENLLMX rpyNn HAceNeHNst 03Ha4aeT MEHbLLUYI0 MHCTUTYLIMOHANBHYIO TONEPAHTHOCTb K
HepaBeHCTBY W yBenuueHue & . Mpu OTCYTCTBUM SHOOrEHHbIX BIWSHMIA Monsipusauus obliecTBa BedeT K
YMEHbLUIEHNIO &£, a YBENM4YeHUe 3TOro napameTpa OOYCMOBMEHO BO3PacTaHUEM MOMUTUYECKOTO U
9KOHOMWYECKOTO BMMSHUSI CPEAHEro Knacca Ha ColuarnbHble MPOLECCh: MOLLHbIA CpeaHuil knacc Bcerpa
MOAAEPXMT NPOrPECCUBHOE NepepacnpeneneHne bnar ot 6oratbix k GegHbIM. Takum 06pa3om, MOXHO caenaTb

BbIBOA, YTO M3MeHeHMe B 3HaueHusix & () MoxeT ObiTb OOBSICHEHO NaTEHTHbIMKM (hakTOpami, KOTOpble

0TOOpaXalT COBUMM B WHCTUTYLMOHANbHOM Pa3BUTWM, COLMANbHO-MOMUTUYECKOM CO3HAHUM, MNOMMUTUKO-
9KOHOMMYECKON ONpPeaEeneHHOCTU 1 YPOBHE SKOHOMUYECKON 1 MOMUTUYECKON KyMbTypbl NONyNsiuuu (MeanaHHbIi
n3bmpatenb WU €ro OKPECTHOCTb [OMKHbI CO3HABATb CBOKW AOMMHAHTHYK POfb B MPUHSTUM OBLLECTBEHHO-

3HaYMMbIX  pelleHnnt). B ucTopuueckolm  peTpocnekTMBe pasHble 3HaveHns & () MoryT  ObiTb

WAEHTM(NLMPOBaHbI C MPOLECCOM WMHCTUTYLMOHAMbHBIX CABWMOB, OOLLECTBEHHO-3HAYMMBIMU COBBLITUSIMM,
PacnpoCTPaHeHEM MOMUTUKO-3KOHOMUYECKUX 3HAHUIA W YPOBHS 0OPa30BaHMS, YPOBHEM YENOBEYECKOTO
Pa3BUTUS U MHBECTULMAMI B YETIOBEYECKMIA KanuTar.

BbiBoabl

O6LLUECTBEHHbIE CTPEMITEHWUS Peanu3yloTCs B MHCTUTYLMOHANbHBIX peLleHnsx. Mlocne JOCTUXEHUs cuTyaLuu,
Korfa Co3faHbl YCMOBUS U AOCTUTHYTO COCTOSIHUE, MpY KOTOPOM MOMOABIE MOKOMEHMS!, KOTOPbIE BbIXOAST Ha
PbIHOK Tpy[a MMEKT paBHble HadanbHble YCroBusi, OOLIECTBEHHbI MHTepec K npobrnemam CcouuanbHOI
CNpaBefMBOCTM MafaeT M OOLECTBO MEPexoauT OT YTUIKUTApHOrO K nubepanbHOMY nyTW pasBUTMS.
COOTBETCTBEHHO, OCHOBHOE BHWUMAHWE OTBOAWTCS 3KOHOMUYECKOM 3((EKTUBHOCTW, Takue KaTeropuu, Kak
coumanbHas CnpaBean1BOCTb U PABEHCTBO OTXOAST HA BTOPOW nnaH. Habniogaetcs nubepanuaaums Hanorosoi
MONMTMKM, CMSIMYAOTCA (MNM UCYe3atoT BOBCE) NepepacnpenenuTenbHble KOMNOHEHTbI B Npeaeriax NokoeHui v
MeXay MoKoneHusiMM. OTO MPUBOAMT K MOCTENMEHHOMY POCTY HepaBeHCTBA M OBLLECTBEHHON aHTUMaTUM K
HEpaBeHCTBY, 4TO, B CBOKW O4vepedb, MPUBOAMT K  BKIIOYEHWIO MHCTUTYLMOHANbHBLIX  MEXaHW3MOB
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NPOTMBOAENCTBIUS TakuM caBuram. Takum obpasom, MOXHO caenatb NPeanofioXeHNe, YTO USMEHEHWE 3HAYEHMI
& WMeeT, aHanornyHo U- runotese KysHela OTHOCUTENbHO HEPaBEHCTBA, LMKIMYECKU XapakTep. 3HauyeHns
napameTpa & (aHTMNaTMM K HepaBeHCTBY) MOrYT ObiTb MCMOMb30BaHHbIE ANS CMELIEHWS MOLANbHOM M
MEeOMaHHOW TOYeK C Lenblo MOBLILEHMS pPaBHOBECUS B MOZENSAX COLManbHOrO B3aumogencteus. B
NCTOPUYECKON PETPOCMEKTVMBE WAEHTU(MKALUMS (DaKTUYECKMX 3HaYeHMd o UM & C  0bLlecTBEHHO-
NOMMUTUYECKUMU W UHCTUTYLIMOHANBHBIMA CABUraMM [aeT BO3MOXHOCTb OTOXAECTBUTb NAaTeHTHble (haKTopsbl,
KOTOpble CBA3bIBAKOT 9TU CABUMM C W3MEHEHWSAMU 3HaYeHWd o« W &. Takum 06pasoM, LMKIUYHOCTb
9KOHOMMYECKOTO Pa3BUTUS OTOBPaXaEeTCH Ha LIMKIUYHOCTU U3MEHEHWU B OTHOLLEHUM 0BLLEeCTBa K HEPaBEHCTBY.
3HaHWe xapakTepa M3MEHEHWA « W & W WX B3aUMOCBA3EN C WHCTUTYLMOHANbHBIMIA W3MEHEHUSMU AaeT
BO3MOXHOCTb ~ u30eratb TOYEK HecTabunbHOCTM UM NOALEpXMBATb  PaBHOBECWE B MEXTPYNnoBbIX
B3aumogencTausax (npumepom sensietca U-runotesa KysHeua, koTopasi pesko MpOSBASETCA B 9KOHOMMKAX,
KOTOpbIE Pa3BMBAOTCH, M 3HAYNTENBHO Criabee B SKOHOMUKAX C BbICOKUM YPOBHEM WHCTUTYLMOHAMBHOTO 1
0OLLECTBEHHO-MONMMUTIYECKOrO Pa3BUTHS).
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VARIANTS OF ENCODING FOR SELECTION OF OPTIMAL SUBSET
OF DIAGNOSTIC TESTS

Anna Yankovskaya, Yury Tsoy

Abstract: The paper concerns problem of selection of optimal subset of irredundant unconditional diagnostic
tests by means of evolutionary approach. Three different variants of genetic encoding to solve this problem are
described. Also new view on the optimal tests subset selection problem considering multi-objective variant of the
well-known traveling salesman problem is introduced. The suggestion is made that evolutionary programming
approach would be more appropriate then genetic algorithm because of disadvantage of crossover use for multi-
objective problems solution.
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Introduction

Selection of “good” irredundant unconditional diagnostic tests (IUDT) is of great importance for decision making in

intelligent systems, since quality of obtained solutions depends significantly on properties of the used tests.
However such a selection doesn’t necessarily lead to an optimal solution because total number of features in
selected tests set can be too large as well as time consumption and cost. Also one should take into consideration
damage (risk), caused in result of features measuring for the object under investigation, for example, in
geoecological or biomedicine problems.

This research continues our previous work on optimal subset of IUDTs selection [Yankovskaya, 2002,
Yankovskaya, Mozheiko, 2004, Kolesnikova et al., 2005, Yankovskaya, Tsoy, 2005]. For the first time the
optimization criteria and the problem of optimal tests subset selection has been formulated in the paper
[Yankovskaya, 2002]. In the paper [Yankovskaya, Mozheiko, 2004] logical-combinatorial algorithm for optimal
IUDTs subset selection was presented. In the paper [Kolesnikova et al., 2005] optimization criteria were further
elaborated and three algorithms providing satisfaction of those criteria were proposed: logical-combinatorial with
sequent satisfaction of the prescribed criteria, algorithm of optimal tests set selection on the base of hierarchies
analysis method, and genetic algorithm (GA).

For solution of the optimal IUDT subset selection problem we will use evolutionary algorithm (EA) which presents
heuristic search concept similar to “trials-and-errors” method. In this paper we propose two new variants of
genetic encodings for candidate-solutions and also present another view on the formulated problem introducing
multi-objective free traveling salesman problem — MOFTSP.

During last decade a number of models of GAs were developed, such as NSGA-Il [Deb et al., 2002], PAES
[Knowles, Corne, 2000], SPEA2 [Zitzler, Laumanns, Thiele, 2001], PPREA [Hallam, Graham, Blanchfield, 2006]
to solve multi-objective optimization (MOO) problems. Also alternative approaches on a basis of particles swarm
optimization [Alvarez-Benitez, Everson, Fieldsen, 2005] and differential evolution [Becerra, Coello Coello, 2006]
were proposed. Some researches are aimed at reduction of the optimization criteria number (see for example
[Brockhoff, Zitzler, 2006]) and this certainly appears to be promising for the optimization results, though search of
competent universal method of reduction of criteria number is rather challenging (if ever possible) due to great
variety of existing MOO problems.

One of the critical conditions for the success of EA in MOO problem is preserving as many undominated
(incomparable) solutions within one population as possible. Such solutions correspond to different points on the
Pareto front. To preserve population of undominated solutions an idea of grouping of individuals according to
some similarity/difference measure emerges in various forms, for example, as niching, or as specific non-
dominated selection [Deb et al., 2002]. Considering this condition the idea of GAs use to solve MOO problems
looks rather contradictory, from the authors point of view, since the main searching operator in GA is crossover
and use of this operator traditionally involves risk of recombination of incompliant values of the optimization
parameters due to crossing of different parent individuals, though the last can be situated rather close to each
other in parameters space.

We are planning to examine this by investigation of MOO problem solution using evolutionary programming (EP)
algorithm, which doesn'’t adopt crossing of individuals. The results of EP optimization will be compared with those
of GA.

Basic Notions and Definitions

Let's introduce a number of definitions [Yankovskaya, 2002, Yankovskaya, Mozheiko, 2004, Yankovskaya, 1996]
and notations used in this paper.
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Test s a set of features distinguishing any pair of objects belonging to different patterns.
The test is called irredundant if after the removal of any feature the test is not a test.
The feature is called obligatory if it is contained in all irredundant tests [Yankovskaya, 2000].

The feature is called pseudoobligatory if it is not obligatory and enters the set of irredundant tests used in
decision making.

Let T=1{¢,|i=1,..,n,j=1..,m} be the matrix of IUDTs and T, corresponds to the M IUDT (the ™ row of
matrix T ). We denote set of characteristic features as z = {z; | j =1,...,m} and for each feature z, we define
its weight w. [Yankovskaya, 1996], cost w’ [Yankovskaya, Mozheiko, 2004] and damage w” [Yankovskaya,
Tsoy, 2005].

The case of binary matrix T is considered therefore the weight /¥, of the i [UDT is
W = ijtij .
J

Then average test weight along all tests inside the IUDT matrix equals to:

2
W=-———:.
n

Number 7, of features in each test is given by 7, = Zt,.j and average number of features along all tests in T
J
is

2,

i

n=
n

Setting of a Problem

For the given tests matrix T with defined values of features weight, cost and damage it is necessary to find such
submatrix T, with », rows, which corresponds to the set N° of tests that would provide satisfaction of the
following criteria (in order of significance descend):

1. N’ should contain as many pseudo-obligatory features as possible.

2. N° should contain in total as small number features as possible.

3. N’ should have maximum possible total weight.

4. N° should have minimum possible total cost.

5. N’ should have minimum possible total damage.

Statement of this problem accounting 5 optimization criteria was firstly introduced in the paper [Kolesnikova et al.,

2005]. Since solving of the problem at hand is considered with use of evolutionary algorithm, which is known to
be a heuristic search method, then as a consequence there is no guarantee that the optimal submatrix T,

(subset of IUDTSs) will be found. In other words obtained solution is most likely to be suboptimal.
The problem formulated in this Section can also be considered as a modification of the well-known traveling
salesman problem but here salesman is traveling for free and can visit only », cities (not all the » ones) and in

each city he has definite income (from sales) and expenses (cost of staying in the city). The task is to find such a
path which provides the largest total income and the least total expenses. We will refer to this problem
formulation as a multi-objective free traveling salesman problem — MOFTSP.
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Genetic Encodings

We are going to use for comparison the following encoding schemes (for example shown on fig. 1a):

1. Candidate-solutions are encoded in binary chromosomes (strings) of length n, where each i symbol denotes
inclusion (“1”) (exclusion (“0”)) of the " IUDT in (from) the resulting set of tests (fig. 1b). Note that number of units
in the chromosome (number of IUDTs included in the resulting subset) can be unequal to n, therefore an

additional constraint should be added for control of the number of units in chromosomes.

1 2 32 4 5 6 7 8 9 10 11 12
1 1 o 0O 0 1 1 1 1 0O 0 0 1
2 1] 1 o 1 1 o o u) o 1 1] o
3 1 0 o 0 1 1 1 0 1 0 0 1
T=4 ] 1 o 1 1 o ] 1 1 1 1] i}
5 1 0 1 0 1 1 0 0 ] ] 1 1
6 i1 1 0 1 1 1 0 1 1 1 0 0
7 1] 1 1]} 1] 1 1 1 0 o 1] 1] 1
1 2 3 g 3 6 7T 8 9 10 11 12
2,0 1 0 1 1 0 0 0 0 1 0 0
T=4 0 1 0 1 1 0 0 1 1 1 0 0
6L-1 1 0 1 1 1 0 1 1 1 0 -
a) Imitial mamix T and solution submatnx T,

b) Solution representation for the

1" encoding scheme: 051506 1,.001. 00

¢) Solution representation for the

i . 2,4,6
2* encoding scheme: {2, }

d) Solution representation for the

: 0,1,0,1}u{0,1,0
3" encoding scheme: 10101101, 0

Fig 1. Example of solution representation for different encoding schemes.

2. In case of the 2" encoding scheme each chromosome includes n, integer-coded parameters where each

parameter corresponds to the ordinal number of the IUDT in the initial matrix T (fig. 1c). In the case of this
encoding scheme each chromosome should contain only distinct (mutually unequal) values of parameters. From
the MOFTSP viewpoint the salesman should not come twice (or more) to the one and the same city.

3. The 31 encoding scheme uses cooperative coevolution idea [Potter, De Jong, 2000]. There are several
subpopulations. Each one deals with its range of rows (submatrix of T) such that submatrices for different
subpopulations do not overlap. Chromosomes for each subpopulation are considered as binary strings analogous
to the 1%t encoding scheme. The candidate-solution is constructed by concatenation of the representative
chromosomes from different subpopulations resulting in the binary chromosome similar to the chromosome for
the 1st encoding scheme (example for the case of 2 subpopulations where the 15t one deals with rows 1-4 and
the 2nd — with rows 5-7, is shown in fig 1d).

Let's make some comments on encodings under use.

First of all note that in case of use of the 1st and the 3 encoding schemes there is additional optimization
constraint with the greatest weight. Therefore we can expect that certain number of generations in the beginning
of the evolutionary search will be spend to find the candidate-solutions that correspond to the IUDTs subset of
power n,. The search of the solution satisfying to the prescribed optimization criteria can be performed only

when this stage is over. In this connection search time for the case of the 15t and the 3 encoding schemes is
expected to be larger than that of for the 2 encoding case. To overcome this deficiency of the 1t and the 3
encodings an initialization of the binary chromosomes including exactly 7, units can be proposed.

Use of the 2" encoding scheme is connected with the problem mentioned above in this section. Since no IUDT
can be included twice or more in the resulting subset, there should be a mechanism that eliminates incorrect
candidate-solutions. Next, note that enumeration order of the numbers of tests included at the resulting subset
doesn’t matter. In other words, permutations of parameters inside the chromosome doesn’t change the result
(since the salesman is traveling for free). For example, solution shown in fig. 1c can also be presented as {2,6,4}
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or {6,2,4} etc. Such an uncertainity involves the probability of presenting inside the population different
permutations of the one and the same candidate-solution and thus slows the evolutionary search. To avoid this
we will sort parameters inside the chromosome in the increasing order.

Objective Function

We will calculate fitness of the individual with chromosome / by evaluation of quality of corresponding submatrix
T(h) as follows [Yankovskaya, Tsoy, 2005]:

f, = ivke}f) +100U(h) —n, )’
k=1

where v, is a weight coefficient for the k™ optimization criterion corresponding to its significance; U(y) gives
number of units in binary string v ; e\’ is a penalty function for violation of the k" criterion:

e — m=U,(T,(h)) U, (T,(h)

2) _
s eh -
m m

0 =Sy M-S, (MR oy _ Sy (Ty(B)
h Sy(M S

S,

where S, (¥),S,.(¥) and S,,.(¥) - total weight, cost and damage correspondingly along all tests of the set
of IUDTs corresponding to matrix ¥ ; U, (¥) =U(/_\\|1[j and U, (P) =U(\_/ w,j — correspondingly number
of units in conjunction and disjunction along all rows of binary matrix W . Evolutionary search is aimed at
minimization of 1.

In order to respect priorities of criteria mentioned above we will reduce weights of penalties with growth of penalty
number k. Then the following penalties weights will be used: v, =40, v, =30, v, =15, v, =10, v, =5. Note

that penalties weights depend on the specific application.

Conclusion

Three variants of genetic encoding schemes to solve problem of optimal tests subset selection had been
introduced in this paper. Also a new variant of the problem under consideration: the multi-objective free traveling
salesman problem — MOFTSP had been introduced. It's worth noting that the optimal tests subset selection
problem can also be reduced to a problem of search of optimal row coverings for Boolean matrix [Yankovskaya,
Gedike, 1999].

In result of critical analysis of application of GA for solution of MOO problems and suggested deficiencies
involved by crossover operator, use of EP algorithm instead of GA is proposed.

Future work is connected with experimental comparison of use of GA and EP with different encodings for the
solution of the formulated problem of optimal IUDTs subset selection.

Implemented algorithms will be used in instrumental intelligent tool IMSLOG [Yankovskaya et al., 2003] for
regularities revealing and decision making on the basis of test pattern recognition.
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ACMNEKTbl HECTABUINIbHOCTU TEPMOMETPUYECKUX XAPAKTEPUCTUK
MPEOBPA30BATENIEA TEMMNEPATYPbI

Ceatocnas AuuwuH, boraan CtagHuk, KOpun llera,
fipocnas Jlyuuk, BeHnamun MenbHuK

Abstract: The investigations of different kinds of thermometric materials have shown the possibilities of
developing of high quality temperature transducers by means of thermodynamics of irreversible processes.

BBepgeHue

Ha cerogHs, B apceHarne TepMOMETPUYECKIX MaTepuraroB (aanee no Tekcty - TM), Kpome TpagnuMOHHbIX Nonu-
1 MOHOKpUCTannuyeckux TM, ¢ yCnexoM MCMonb3yTCa HoBble Knacckl TM — cneuuarbHble MUKPOMOPUCTLIE U1
amopdHble TM [1]. Ha oyepean npoeKTMpOBaHWE, M3rOTOBSIEHME W WCMOMb30BaHWE HaHoMaTepuanos [2].
OpHako WX NpUMEHEHWe TOPMO3UTCS HEJOCTATOUHOM M3YYEHHOCTbLIO NOCNEOHNX, OTCYTCTBUEM MAAGHOMEPHOIO W
AnddhepeHLUMPOBAHHOTO MOAX0AA K UX U3YYEHWIO NPU HANYWUW LUMPOKOO CMEKTpa (hakTopoB BO3MYLLEHNS.

[oCTKEHNS METPONOMW B HanpaBNEHUM CO3AaHUS WHTENMEKTyanbHbIX TepMonpeobpasosatenen (ganee no
TekcTy - TI) no3BOMAKOT COCPEAOTOMMTLCS  WCKMIOYMTENBHO HA  TaKMX  XapakTepucTukax TM, kak
BOCMPOM3BOAMMOCTb W CTabWUNBHOCTL BO BPEMEHW MOA AEUCTBMEM MHOXECTBA peanbHbiX (DaKTOpoB
BO3MYLLEHUS, HE MPUHUMAs BO BHWUMaHWE BENMYWHBI ¥ 3HAKM NapameTpoB, obecrneuvBaroWmX YHKLMIO
npeobpasoBanus.  JlorM4HbIM  NpefcTaBnseTcs  MPUMEHEHWe  CTaTUCTUYECKM-TEPMOAWHAMUYECKMX
NPEACTaBMEHNA  OTHOCUTENBHO  YMOMSIHYTHIX XapPaKTEPUCTUK, YuMTbiBas SQGEKTUBHOCTL MPUBREYEHNS
TEPMOANHAMUKN HEPaBHOBECHbIX NpoLeccoB [3] k NogobHbIM 0ObekTam.

Mpu paspaboTke M ucnorb3oBaHUM npeobpasoBaTeneil TemnepaTypbl MOBLILLEHHON TOYHOCTM HeoGXOAUMO
Y4uTbIBaTb  OCOBEHHOCTM TEPMOAMHAMUYECKOTO COCTOSIHUSI TEPMOMETPUYECKUX MaTepuanos. [oatomy
npoBeaeHbl MCCNeLoBaHNs aMOPHbIX, MOHO- U NonmMKpucTanimyecknx TM 1 paspaboTaHbl anroputMudeckue
OCHOBbl  KOPPEKTUpPOBaHUs  (PyHKUMIA  Npeobpa3oBaHWsi  COOTBETCTBEHHO  BIMSHWIO  KOHKPETHBIX
TEPMOANHAMUYECKUX CUT, TIOTOKOB 1 X KOMBUHALIWIA.

Llenb pabotbl

Paspabotka  CTaTUCTUYECKU-TEPMOAMHAMMYECKOrO  anroputMa  npoektuposaHus T cpeacts
3NeKTpoTEPMOMETPUN, 6A3MPYSCh HA COBOKYMHOCTU 3KCMEPUMEHTANBHO-TEOPETUYECKMX UCCNEA0BaHUI PasHbIX
knaccoB TM ans WKWpoKOro AuManasoHa Temnepartyp.

OcHoBHbIe MaTtepuanbl uccnepoBaHuUm

[lerpagaumoHHble npoLecchl, NPOTEKAIOWMUE B YAaCTUYHO OTKPbITLIX TEPMOAMHAMUYECKUX CUCTEMAX, CMIOCOOHBIX
0OMEHMNBATLCA 3HEPTUEN MnM/M MOTOKAMW SHTPOMWUKM C BHELLUHEN CPedoi, 3aknafblBaloT TePMOAMHaMUYeckue
OCHOBaHWSi ONd BblBOgA CO CTPOSt PaA3NMYHbIX KOHCTPYKUMOHHbIX anemeHToB TI1. OTkas npoucxogut B
ocnabrneHHoN, 3HePreTMYECKN HaNPSHKEHHOI 30He, KaKON cYMTaeTCs 30Ha ropsdero cnas Tr1.

CHWKeHMe YpOoBHS 3NeKTPOMexaHOXMMMYeCkux wymoB TM cnoco6CTBOBaNO MOBbILEHUIO METPONOTUYECKOR 1
MexaHuJeckon HagexHoctu TN, Tak kak OTkasbl 06yCroBneHbl gerpapauneil OCHOBHbIX Xapaktepuctuk TT1.
HepaspbIBHOCTb  KOHCTPYKTUBHO-TEXHONOMYHO-3KCTyaTaLUMOHHOr0  MOAX0Aa  OTHOCUTENbHO — pa3paboTku,
W3rOTOBMEHNS 1 3KCTNyaTauMW BbICOKOHaAEXHbIX Tl Mo3BonMna NpeanoXuTb TUMOBYK  KOHCTPYKLMIO
kabenbHoro TI (tun TXA-1388) ¢ noBbileHHbIMM NapameTpamu HagexHoctn o A= 0,98 3a 25000 vacos
akcnnyatauuM.  MakcumanbHoW  CTabumbHOCTbIO  (PYHKUMM  npeobpasoBaHus  XapakTepu3oBanmchb
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TEPMO3MEKTPUYECKME 1 TepMoLwymMoBele TI1 ¢ amopdHbiMM TM, y KOTOPbIX OTKIOHEHNWIA HE BbISIBMEHO (B TEX Xe
YCIOBUAX OTKNOHEHUS ANS nonukpuctaniuyeckux TM gocturanu 10%).

B pesynbrate npoBegeHHbIX paboT paspaboTaHO MPUMHUMMLI UM peann3oBaHO Ccnocobbl MOCTPOEHUS
BbICOKOTOYHbIX TI1 cpefctB anekTpoTepMoMeTpun. Ha WX OCHOBE CO3AaH anropuTM OLEHKU BO3LENCTBUMS
YHKUMA BAMSHWUS Ha yHKUMM npeobpasoBanns TIT ¢ MCMOMb3oBaHWEM NpeaBapUTENbHO YCTAHOBMEHHBIX
(hakTopoB 1 METOLOMOMMM CTATUCTUYECKOM TEepMOAMHaMMKW. [ns 3Toro onpepeneHbl Npolecchl nepeHoca
TEPMOAMHAMUYECKNX napameTpoB (cun U noTokos), npucywme TM T cpedcTB anekTpoTepMOMETpUM, B
KOHKPETHBIX YCIOBMSIX aKcnmyaTaumn. CooTBETCTBEHHO Brarogaps aTomy (puc.1) npoucxoanno nepemelleHe B

none Anroputma, npudem nyTb NepemMeLLeHs onpenensncsa nocpeacTsom koadmuumertos K ; K,; K, .

YkasaHHbIM anropuTMOM PacCMOTPEHO 6 cTeneHel cBo6oabl OCHOBHOMO YPaBHEHUS TEPMOAMHAMUKA. [NaBHbIMK
ans TM TT1 cpefcTB anekTPOTEPMOMETPUM CHMTAKOTCS SNEKTPUYECKAs U TENNOBAs CTENEHM CBOBOAbI, KOTOpbIE
hOpMMPOBANK 3NEKTPUYECKME LYMbI. IMEHHO OHM onpegensani yHKLMWM npeobpasoBaHns TEPMOPE3NCTUBHBIX,

TEPMOSMEKTPUYECKMX U TEPMOLLYMOBLIX TI1 - COOTBETCTBEHHO o-(T );U (T );P(T ) Bce Apyrve crenenu

ceobogbl hopmupoBanu (PYHKUMKM BIUSIHWS, AEMCTBME KOTOPbIX OLEHEHO MOCNedoBaTeNlbHO, HAuMHaK C
HaWMeHee CYLLECTBEHHbIX ANS TWUMOBbIX YCMOBMA WCMONb30BaHUS Tl (TaKMMM CUMATAKOTCA MarHuTHas M
NOBEPXHOCTHas cTeneHn cBobogbl). WX MmexaHusm [elcTBus peann3oBaH Yepes npoLlecchl nepeHoca
onpegeneHHbIX TEPMOAMHAMUYECKMX CUM U MOTOKOB, OTIMHAIOLLMXCA ANS KaK4oW M3 CReaytoLwmx cTeneHei
cB00OMbI: XMMUYECKOH, MEXAHUYECKOI, NOBEPXHOCTHOM 1 MarHUTHO.

K, K <1
—»| MarnutHas creneHb »| loBepxHOCTHAA CTENEHD |g— —
K, <<1%
l K, <<1 K, >>1 l K,
XumMnyeckas cteneHb 4——@—> MexaHuyeckas cteneHb
K, =1%
K, >>1
— Ao, (T) Ao, (T) —

OYHKUMS BIUSHUS Ao, (T) AUL(T) AU, (T) Ac,,(T)

AU, (T) AP;: (T) AP;(T) AUM(T)

AP, (T) AR,(T)

\ »/ ¢
OneKTpryeckas cTeneHb TennoBsas cTeneHb

OneKTpUYECKME TENMoBbIE LWyMbl

OyHKLMS NpeobpasoBaHus

Puc.1. ®opmupoBanue yHKUMA npeobpasoBaHnst M BnusHUS Tl CPeacTB 3neKkTpOTEepMOMETpUM 3aBMCMMO OT Beca
onpeneneHHbIX cTeneHen cBoboabl OCHOBHOTO YpaBHEHNS TepmMoguHaMuk ans TM:

[NOCTOSAHHbIE ONpeaAeneHbl U3 ypaBHEHNN K = A]é;[ K, = P~ P 100%; K, = f{m
P Tr




194 Decision Tools and Techniques

. . H
[Ins OLeHKW BNUSHUSA MarHUTHOW CTENEeHU 1 BO3MOXHOCTU npeHebpexeHns eto BBeeHO Kputepuin K, =;—T.
Mpn K, >>1 (6onblume MarHuTHble NONs U «renueBbie» TeMNepaTypbl) BIMSHIE MArHUTHON CTeneHn cBobopb!
cuntaetcs onpeaensiowmm. Koraa K, <1, nepexofar K OLEHKe BNUAHIA NOBEPXHOCTHOM CTENEHN Ha (DYHKLNIO

npeobpasosaHus. B ycrosusx cyljectsenHon (K, >1%) nopuctoct TM MeTannokepamuyeckorn TeXHomNormm

NPOM3BOACTBA AaHHasi CTEMEHb OKa3sblBana HeMmocpeaCTBEHHOE BNUsSHUE Ha (PyHKUMIO npeobpa3oBaHus yepes
COOTBETCTBYIOLYI0 (DYHKUMIO BNnsHUS. Cnemys AaHHOMY ANroputMy, (DYHKUMSI BRMSIHWS MOBEPXHOCTHOM

CTeNeHu onpedensnacb MoCPEACTBOM LUYMOB, CBsi3aHHbIX C u3MeHeHuem nnotHoctn. Mpu K, <1%

(MOHOMMTHBIN TM) dOYHKLMIO BAIMSHUS: MOXHO CUMTATb HECYLLECTBEHHOM. [103TOMY MOXHO OCYLIECTBUTL NEPEXOA
K OLiEHKE BIMSIHUS XMMUYECKOM N MEeXaHU4eckon cTeneHei ceobodpl. 3aech npeaBapuTenbHbIMU YCTaHOBKaMM
3ajaHbl  TemMnepaTypHO-MEXaHWYECKU-BPEMEHHbIE  PEeXUMbI,  KOTOpble — ONMPEAensnu  npeBanupoBaHue
XUMWUYECKOM CTeneHm (npoLeccsl TepMoanddysii) Unmu MexaHu4eckon cteneHn (npoLecchbl AeopMaLMoHHOMo

yNnoTHeHust). NS 3TOro paccumTbIBan KO3PMUUMEHT K COrnacHo AN Y3NOHHbIX X .. 1 «MEXaHUYECKUX»

X,.. cMmeLjeHnit atomoB Matpuupl TM. 3HaveHus K, <<1 cooTBeTCTBOBaNM npeBan1poBaHMi0 XMMUYECKON

[oat]
crenedn, a K, >>1 - MexaH14eckoil cTenexun. BennunHbl PyHKLMA BNUAHWS, 0BYCOBNEHHbIE BO3AENCTBUEM

KOHKPETHbIX MPOLIECCOB NEPeHOCa, PACCUMTLIBANM COTNAcHO NPEACTaBMNEHHbIX BbIPAXEHWUA UMK NPOM3BOAUIN UX
OLIEHKY COrMacHO pesynbTaTaM AOMONHUTENbHBIX WCCMENOoBaHUA, ANs Yero npeaycMOTPEHO BO3MOXHOCTb
pacluMpeHust Anroputma.

OcHoBHasi norpelwHocTs Tl CPeACTB  SMEKTPOTEPMOMETPUM, OBYCNOBNEHHas M3MEHEHUsIMU  PYHKLMK
npeobpa3oBaHus Nog AeNCTBUEM (DYHKLMI BNUSHUSA, CBEAEHA K CyMMapHOMY KO3(hMULMEHTY HECTaBUIBHOCTH
Ks. 310 - rpaHM4HOE 3HAYeHMEe OTHOCUTENBbHOM MOrpPEeLIHOCTM KOHKPETHOro Tuma TepMonpeobpasosatens,
BbIpaXX€HHOE B BiAE KOMOUHALMM Tpex Ge3pasMepHbIX KoaPMULMEHTOB HECTABUNBHOCTY:

KZ =(Kx+KM)KT,

roe Kx; Ku; Kr - COOTBETCTBEHHO XMMUYECKUIA, MEXaHWUKO-MOBEPXHOCTHBIA 1 TeMnepaTypHbIn KO3I(MULMEHTDI
HeCTabunbHOCTN hyHKUMK NpeobpasoBaHus.

Kaxgomy 13 npuBedeHHbIX KO3((MULMEHTOB, 3aBUCMMO OT OCOGEHHOCTEN M3rOTOBMIEHUSI W SKCMyaTauuu,
npucywy cobCTBEHHbIE NMPOUCXOXKAEHNE N MEXaHWU3M AENCTBUS, a Takke pesymnbTupytollee 3HaveHune. [laHHoe
BbIpa)XEHWe NONMy4yeHO B pe3ynbTaTe MPUMEHEHUS CTAaTUCTUYECKOW TEPMOAMHAMWKU K W3y4eHnto npobnemb
CTabUNbHOCTM TEPMOMETPUYECKIX XapaKTEPUCTIK npeobpasoBaTenen TemnepaTtypsl.

BbiBoabl

B pesynbTaTe MpoBeAEHHOTO  aHanM3a  MPeAnoXeHo NyTM  coBeplueHcTBoBaHus Tl cpeacTs
AMEKTPOTEPMOMETPUM, KOTOpbIE 3aKMOYAIOTCS B YYeTe TepMOAMHAMUYECKOTO cocTosiHUS TM. OnTUMU3NpoBaHO
MEeTOAMKY U pa3paboTaHbl anropUTMIUYECKME OCHOBaHMS KOPPEKTUPOBKM (DYHKLMIA Npeobpa3oBaaHUs CornacHo
BIUSIHWIO KOHKPETHBIX TEPMOAMHAMUYECKIX CUIT 1 MOTOKOB Ha amMopdHble, MOHO- M MonmMkpucTanimuyeckue TM,
4YTO NO3BONIAET PELLMTb NPOBIeMy HaCKBO3HOTO NPOEKTUPOBAHMS, M3TOTOBMEHMS 1 NpUMeHeHus T,
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MUHbopmaums 06 aBTopax

Ayuwun Cesmocnae [lMempoeuy, k.m.H., OoueHm; Jlyyuk Spocnae Teodopoeuy, 0.m.H., npo. -
HavuoranbHbil yHusepcumem “flbsigcbka noniimexHika®, Jlbeos, YkpauHa; yaroslav.lutsyk@gmail.com

CmadHuk boz0aH UeaHosu4, 0.m.H., npogh. — Kewosckas nonumexHuka, Xewys, Monbwa;

Jleza KOputi Npueopsesuy, 8.m.H., npogh.; MenbHuUK BeHuamuH Bacunbesuv, k.m.H., 0oueHm — Yepkacckuli
20cy0apcmeeHHb Il mexHomoauyeckull yHusepcumem, Yepkaccel, YkpauHa

KOMBUHUPOBAHHbIA METO[ PELLEHWA 3A0AYU O PIOK3AKE

TaTtbaHa NepmsakoBa, Bnagumup Mopo3eHko

AHHomayus: Cmambs nocesiyeHa peweHuro npobreM NPUMEHUMOCMU 2eHemu4Yeckoeo aneopumma ors
peweHus 3adayu O plK3ake U ONUCAHUK KOMOUHUPOBaHHO20 Memoda O peweHus 3moli 3adayu,
gKIoYaowel 8 cebs ynyyleHUe PeLIeHUS, NOMYyYeHHO20 8 pesynbmame pabome| 2eHeMUYECKO20 anzopumma,
npu ucnonb308aHuU Udel, cocmasnsuux ocHogy Memoda eemeell U 2paHuy. Pe3ynbmambi npogedeHH020
mecmupogaHuUsi NnoKasbiealm, Ymo paspabomanHbili Memod Xxapakmepusyemcs O0CMamoyHO 8bICOKOL
CMeneHb MOYHOCMU.

Keywords: 3adaua o piok3ake, 2eHemuyeckuli anaopumm, Memod eemeel U 2paHuL,.

ACM Classification Keywords: F.2 Analysis of Algorithms and Problem Complexity: F.2.1 Numerical Algorithms
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BBegeHue

3afaya 0 ptok3ake — 3TO OfHA U3 KNACCMYECKUX 3adad AMCKPETHOW onTummu3aumun. NycTb MMEETC MHOXECTBO
NPEeAMETOB, KaXabli M3 KOTOPbIX UMEET ONpeaeneHHyl0 CTOMMOCTb W Bec. TpebyeTcs cocTaBuTb Takom Habop
9TUX NPeaMETOB, KOTOPbLIN UMen Bbl CyMMapHyK CTOMMOCTb, MakCMMasnbHO BO3MOXHYK cpean Bcex Habopos,
Yeil CyMMapHbI BEC He MPEBOCXOAMT 3aaHHON BEMNMYMHBI — BMECTUMOCTM ptok3aka. bonee To4Ho, nycTts ¢;> 0
n a>0 — COOTBETCTBEHHO CTOMMOCTb M BeC i-ro npegmerta, rge i=1,2,3,...,n, @ N — YUCNO NPEAMETOB.
TpebyeTcs HalTh Takon ByneB BEKTOP (X1,X2,...,Xn), YTOObI BblNa MakCMMarnbHOR cymma
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1 BbINOMNHANOCH HEPABEHCTBO

roe P> 0 — BMECTUMOCTb pioK3aka.

K aTon 3agave 4acto CBOAATCS NpakTUyeckue Npobnembl, kacatoLmecs noucka onTUMarnbHOro pacnpeseneHns
HEKOTOPOro pecypca Mpu HanuuuMu psga orpaHuuMBaloMx paktopoB. 3afaya O plok3ake, Kak W MHoOrue
ONTUMU3ALMOHHbIE KOMOMHATOPHbIE 3adaun, NpuHapnexut K knaccy NP-nonHbix 3apady [Curan, 2003]. Eé
MOXHO pelmTb NONMHbIM nepebopoM Bcex AOMYCTUMbBIX BapWaHTOB 3anOfiHEHUS pPHOK3aka WMMELMMUCS
npeameTamn, OAHaKo npu BONbLUMX MaccMBax BXOAHbIX AAHHbIX TaKOW nepebopHbIN anropuTM MpaKTUYecku
HenpuemneM, MOCKONbKY MMEET 3KCMOHEHUManbHYK CrOXHOCTb OTHOCWTENbHO AnWHbl BXoda. Ecnm ke
NPUMEHNTb WAEN «MeToAa BETBEW U rpaHuLy, To B BonbLUMHCTBE cryyaeB 06beM nepebupaembix BapuaHToB
MOXHO COKpaTuTb. [ogobHbIe anropuTMbl ¢ OrpaHUYEHHbIM NepebopoM MOryT UMETb HEMMOXYH CIIOXHOCTb B
CpedHeM, HO B Xy[LleM cryyae BCe PaBHO OCTAlOTCA IKCMOHeHUManbHbIMW. [103TOMY Ha MpakTWke 4acTo
NCMOMNb3YIT PasnuyHble MOANU(MKALMM «©KaQHOrO» anropuTMa, KOTOPbIA MMEET MONMHOMMArbHYIO CROXHOCT,
YTO 1 ABNSETCS €r0 OCHOBHBLIM JOCTOMHCTBOM. [NaBHbIN Xe HeOCTAaTOK «XaJHOro» anroputMa B TOM, YTO OH He
BCerga HaxoguT npaBurbHOE pelueHue. B 3TOM CMbiCne ero MOXHO OTHECTW K Knaccy NpuBMmKeHHbIX
anropuTMOB.

B 3apave o0 ptok3ake Tpebyetcs HanTM MakcumMyM (PyHKLMOHaNa — CyMMapHOM CTOMMOCTM MOSTIOXKEHHBIX B PHOK3aK
npeamMeToB. pOCTPaHCTBO MOWCKA MPU 3TOM OrpaHU4MBAETCH AMCKPETHBIM MHOXECTBOM BCEX AOMYCTUMbIX
BapuaHTOB 3anofHEHUsl ploK3aKa, YMCIO KOTOPbIX MOXeT [OCTUraTb BeNUuMHbl 27, rOe n — KONUYeCTBO
npeametoB. Bce 3T 0cOGEHHOCTM paccmMaTpUBaeMOM 3adaun NO3BONSIOT BOCMONb30BATHCA ANS €6 peLleHns
reHeTNYECKUM anropuTMOM. Takon anropuTm npu pasyMHOM KOQMPOBaHUM JOMYCTUMbIX PELLEHWI, Kak M3BECTHO,
MOXeT OKa3aTbCs BronHe achekTmBHbIM [BopoHosckuin, 1992]. OpHako ero Toxe cregyer OTHECTW K Knaccy
NPUBIIKEHHbBIX anropuTMOB, NOCKONbKY OH He BCerga AaeT OnTUMarbHbI BapuaHT 3anofHEHUs prok3aka.

OpHa 13 OCHOBHbIX NPUYMH NONYYEHUS HENPaBUIbHOTO OTBETA B pedynbTaTe paboTbl FeHETUYECKOTO anropuTMa
3aKTI0YaETCS B BO3MOXHOM MPEXOEBPEMEHHON CXOOMMOCTM anroputMa. OTO Cryyaetcs, Korga Bce ocobu,
obpasylolime o4vepeaHytd NoMmynsLMIo, OKa3blBAKTCA CrpynnMPOBaHHBIMWA B «OKPECTHOCTUY»  NOKArbHOMO
9KCTPEMyMa LieneBom (PYHKLMM, U NPU 3TOM HUKaKUE YCUNUS OnepaTopoB CKpeLuMBaHus, MyTauumn 1 otbopa He
NPUBOAAT K «CMeLLeHno» Hanbornee npucnocobneHHbIX 0cobern B «HanpaBneHun» UCKOMOro ONTUMAnbHOMo
peLLeHuns, AOCTaBNAKLEro rnobanbHblil 3KCTPEMYM LieNeBON (DYHKLMK. YBENUYEHWe Yncna nonynsauuin Takke
He JaeT oxupaemoro apdekTa, a CyLeCTBEHHOe YBENWUYEHWE WX YUCTIEHHOCTU Mano bygeT OTnnyaTbCs OT
MeToaa nonHoro nepebopa BapuaHToB. B faHHoI paboTte npegnpuHsTa nonbiTka n3bexaTb NpexaeBpeMEHHONM
CXOAMMOCTM rEHETUYECKOro anropuTma 3a CYeT UCMoNL30BaHUs Uaei METoAa «BETBEN W rpaHnLy.

leHeTUYECKUN anropuUT™m

Mpn pa3paboTke reHETUYECKOrO anropuTMa ANs PelleHns 3apadnm O piok3ake HeoOXOAMMO OTBETUTHL Ha
cnegpytoLue Bonpockl [PyTkosckas, 2004]:

1. Kakum 0bpasom B xpomocome OyaeT 3akoanpOBaHO AOMYCTUMOE peLLeHne?
2. Kak BbluucnaTb yHKLMIO NpUcnocobneHHocTn ocobun?

3. Kak peann3oBbiBaTb reHETUY4ECKME ONEepaTopbl CKPELnBaHUa 1 MyTaLun, 4TO6bI Nnony4eHHbIE B
pesynbtate ux npuMeHeHus 0cobu sBnAnNMCh AonycTtuMbIMuU peUJeHVIFIMVI?

4. Ha kakom ocHOBaHWM ByaeT NponucxoanTb (hOpMUPOBaHUE HOBO NOMYNALMU?

KakoBo ycrioBie 3aBepLueHist paboTbl anroputma?
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[MpUMEHUM  CRERyoLWNA  eCTECTBEHHbIN CNOCOO KOAMPOBaHWS pelleHns. M3HavanmbHO Bce npegmeThl
NPOHYMepoBaHbl HekoTopbiM oBpasom. Kaxpgas xpomocoma Oyaet npeactaBnsatb cobon 6ynes BekTop
(X1,X2,...,Xn), B KOTOPOM -/ FeH (T.€. SNEMEHT X;) paBeH eanHULE, ECIM i-1 MPeaMeT MOMOXMUIM B PHOK3aK, W paBeH
HYNW B NPOTMBHOM cnyyae. O4yeBMOHO, YTO He Mobon GyneB BEKTOP (X1,X2,...,Xn) YKasaHHOro Buga Oypet
KOAMPOBATbL JONYCTUMOE PELLEHWe, NOCKOSbKY CyLLECTBYET OrpaHNyeHne Ha Habop NpeameToB, NOMOXKEHHBIX B
prok3ak, 06yCrnoBNeHHOe ero BMECTUMOCTIO.

OYHKUMS NpUCNOCcOBNEHHOCTU ((hUHTECC-(hYHKLMS) 0COBM XapakTepusyeT cTeneHb «b6nnu3ocTu» 3Toil ocobm k
TOYHOMY pelleHnto 3agadn. Yem 6onblue 3HaveHue QyHKUMM NpUCnocoBbrieHHocT ocobu, Tem Brnmke
COOTBETCTBYIOLLEE €M1 peLleHne 3adaqn K MCKOMOMY Makcumymy. MprucnocobneHHoCTe 000w (X1,Xz,...,Xn) Oyaem
BbIYMCNATL MO hopMyre

n
S (X155, X,) = Zcz’xi ,
i=1

T.€. NPUCNOCOBIEHHOCTb 0COBM — 3TO CyMMapHasi CTOMMOCTb NPELMETOB, MONOXEHHbIX B PIOK3aK.

Mpu OnMcaHHOM Bbille Crocobe KOAMPOBaHWS AOMYCTUMbIX PELIEHUA BO3HMKaeT npobnema, cCBsi3aHHasi C
UCMONb30BaHMEM CTaHOAPTHLIX TEHETUYECKUX ONepaTOpoB CKPEeLIMBAHMS (KpoccoBepa) M MyTauuu. [Mpu
MPUMEHEHNM OOHOTOYEYHOrO OnepaTopa CKPEWMBAHUS M3  [OMYCTUMbIX XPOMOCOM POAMUTENEN MOXET
MONy4nTbCS MOTOMOK, KOAMPYIOLMA HEAOMYCTUMOE pelleHue, T.e. Takoir Oynes BeKkTOp, AN KOTOPOro
CYMMapHbIii BEC BblGpaHHbIX NpeaMEeTOoB MPEBLILLAET 3afaHHYK BMECTUMOCTb ptok3aka. Mpu 1Cronb3oBaHMK
06bI4YHOTO OnepaTopa MyTaLuv 13 LOMyCTMMO XPOMOCOMbI TakKe MOXET NONY4YUTLCS XPOMOCOMa, KOAMPYHoLLast
HeLoMyCTMMOE PeLLEeHMe.

Ytobbl M3bexaTh aTVX TPyOHOCTEN NpeanaraeTcs UCnomnb3oBaTh CTaHAapPTHbIE ONepaTopbl OAHOTOYEYHOTO UM
PaBHOMEPHOTO KpOCCOBEpa C NOCMedytoliel KOppeKUueld nomydaemblX XPOMOCOM, €Cni 3To moTpebyeTtcs.
Koppekuusi COCTOUT B TOM, YTO B NOMy4eHHON HEmoMyCTUMON XPOMOCOME CrydailHbiM 06pa3oM BbiGUparoTCs
eAVHUYHbIE TeHbl 1 3aMEHSIOTCA HyMeBbIMM reHamn 10 Tex Nop, noka He MomyyYum [OMyCTUMYIO XPOMOCOMY.
AHanorMyHo nocTynaem 1 Ans HeAONYCTUMbIX XPOMOCOM, NONY4YaeMblx B pe3ynbTaTe MyTaLuu.

PaboTy reHeTU4YecKoro anropuTMa MOXHO 3aBEpLUMTb B ABYX Cryvasx. Bo-nepsbix, korga 3HauyeHust uTHec-
(hyHKLMK, COOTBETCTBYIOLIME HanbBonee npucnocobreHHon ocoby B HECKONbKIX NOAPSA UAYLMX MOMynsaumsX,
OKasanucb [0CTaToyHO Orm3kM. Hanmpumep, MOXHO MCMOMb30BaThb CNEAYIOLLEE 3BPUCTUYECKOE MPaBMIIO:
3aBeplaTtb paboTy anropuTMma, Korha Ha MpOTSHKEHWM nocneaHnx 50 MoKoneHuit uTepauuii He M3MeHUnach
MaKcuMarnbHasi NpucnocoBneHHOCTb 0cobn nonynsaumn. Bo-BTopbIX, paboTy anropUTma MOXHO OCTaHOBUTL Mpy
AOCTVXEHUW 3apaHee BbIGPAHHOrO KOMMYECTBA NOKOMEHMIA.

KoMOMHUPOBaHHbLIW METO peLieHns 3agaym

OCHOBHbIM HEOCTATKOM OMWUCAHHOTO BbILIE FEHETUYECKOr0 anroputMa SBRSETCS HenpusTHas BO3MOXHOCTb
NPEeXOeBPEMEHHOTO 3aBepLleHns ero paboTbl, Korga HaMAeHHOEe WM pelleHne [OCTaBnseT JNoKambHbINA
MaKkcUMyM UTHECC-PYHKLMM, HO He SIBNSIETCS TOUKOW €€ rnobanbHoro Makcumyma. B To xe Bpemst anroputMbl,
OCHOBaHHble Ha MeTofde BeTBeil U rpaHWL, MNULLEHbl 3TOTO HeJocTaTka, NOCKOMbKY SBMSKOTCS TOYHbIMM
anroputmamu. OfHako OHM 06MaaaloT SKCMOHEHLMANBbHOM CRIOXHOCTbIO, M 3TO OrpaHNYMBAET UX BO3MOXHOCTM
npu pelleHnn 3apady OonbLUOM pasMepHOCTW. UTO KacaeTcsi reHeTUYECKOro anroputMa, TO 3HauYMTENbHOE
YBENUYEHWE Pa3MEPHOCTM 3a4a4M HE Tak CUMBbHO OTPAXAETCS HA €r0 BbIYMCIUTENBbHBIX BO3MOXHOCTAX.

C y4yeTOM yKasaHHbIX [OCTOMHCTB M HeJoCTaTkOB 3TUX [ABYX TMMOB anropuTMOB  Mpednaraercs
KOMOWHMPOBAHHbIN MOAXOM, COoYeTalLMn B cebe reHeTUYECKMI anropuTM ¢ NaesMn METoLa BETBEN U rpaHuL.
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[laHHbIit NOAX0A COCTOMT B TOM, YTO CHayana NpUMEHSIETCS TeHETUYECKUIA anropuTM, a 3aTeM HalWAeHHOe UM
peLUeHe yNyyLIaeTcs 3a CYET UCMONb30BaHUs METOLA BETBEN W rpaHuL.

MycTb C NOMOLLbIO TEHETUYECKOTO anropuTMa Obln HageH HEKOTOPbLIN BapuaHT 3arnonHeHus ptokdaka. OH He
obs3atencHO ABNSeTCa Hauny4wnm. OgHako, kak 1 nioboe pelieHne, nonydyaemMoe reHeTUYEeCKUM anropuTMoM,
OHO KOOMPYETCH B XPOMOCOME CTPOKOW (y1,)2,....Yn) W3 HyNeh W €OuHUL ANUHBl N, TAe N — KONM4ecTBO
npeametos. o3vumM eguHnL B 3TOM CTPOKE ONpesenstT HoOMepa NpeaMeToB, NONOXEHHbIX B prok3ak. [anee
Byaem cuuTath, YTO NpeameTbl MPOHYMepOBaHbl B Nopsake yobiBaHUS WX YAENbHON LEHHOCTH (T.e. CTOMMOCTU
eanHuubl Beca). M3BeCTHO, YTO Ha npakTuke Hennoxo paboTaeT «kafHbl» anroput™M NOMMHOMUANBHOM
CMOXHOCTW, TAe B PIOK3aK B MEpBY) Ovepedb YKNadblBaloT Hambonee uUeHHble npeameTbl [Mapu, 1982].
OtBpocum nocneaHue h aNeMeHTOB CTPOKM (Y1,Y2,...,Yn). TTonyydmm CTPoKy (y1,2,...,Yn-n), KOTOPAsi COOTBETCTBYET
TakoOMy BapuaHTy 3arofiHEHUs piok3aka, Korga BCe MPeAMETbl, MOMOXEHHbIE B PIOK3aK COTNACHO PELLEHWHo
reHEeTMYeCKOro anropuTMa, u UMetLLme Homepa, bonblumne, Yem n-h, yaansoTcs 13 prok3aka. BnonHe BeposiTHO,
YTO MOMYYEHHYI YKOPOUEHHYKD CTPOKY (V1,Y2,...,Yn-n) MOXHO Tenepb NPOANNTb CTPOKOW AMUHbI h W3 Hynemn u
eauHUY TaK, 4TOObI MOMYYMNCS HOBbIA BapuaHT 3anofHEHWS prok3aka, WMEKLMA BOMbLUyio CyMMapHYio
CTOMMOCTb MO CPABHEHUIO C PELUEHMEM FEHETUYECKOTO anroputMa (y1,)a,...,yn). bonee Toro, ucnonb3sys mMetog
BETBEM 1 rPaHML, MOXHO HANTW Hauny4liee NPOAOIKEHNE CTPOKM (V1,2,...,Yn-n). [LENCTBUTENBHO, YKOPOUEHHAS
cTpoka (V1,Y2,...,Yn-n) YKa3blBaeT Ha npeaMeTbl, KOTOPbIE YXEe MOMOXEHbl B PlOK3aK. IJTO O3HAYaeT, 4To
BMECTUMOCTb TOW YacTW ptok3aka, koTopas Moka ewé octaetcsl CBOOOAHOM, YMEHbLIMACh POBHO Ha CyMMy
BECOB MPEAMETOB, Y)XE NOMOXEHHbIX B PIOK3aK. TakuM 06pa3oM MOXHO CuMTaTh, YTO Y HAC MMEETCS HOBbIN
prok3ak BMectumoctn P’ v ctoumoctn C' | roe
n—h n—h
P =P- Zal-yl-, C'= Zciyl- .
i=1 i=1

Hawa uenb — ynoxuTb B HEro 4acTb OCTaBLUMXCS MPEAMETOB TaK, 4YToBbl MOMyYUNCcs BapuaHT 3anonHeHus
plOK3aKa MaKCMManbHO BO3MOXHON CTOMMOCTW. MHbIMK cnoBamu, nocne paboTbl reHETUYECKOTO anropuTMa Mol
CBENN WCXOAHYI0 3adady O PloK3ake K TakoW Xe 3ajaye, HO C MEHbLUMM YWACIIOM MPEAMETOB U C PHOK3AKOM
MeHbLLEeN BMECTUMOCTM.

MpuMeHMM K HOBOW 3afadve MeTon BeTBen W rpaHuy. byoem ctpoutb BuHApHOE 4epeBO BbICOTbl h, Kaxaom
BEPLLMHE KOTOPOro COOTBETCTBYET CTPOKA AMNMHbI N U3 HYMen 1 eanHuy,. EgnHMLbI B TakoW CTPOKE YKa3blBAKOT Ha
HOMepa NpeaMETOB, MOMOXEHHBIX B PHOK3aK. KopeHb aepeBa MUMEET BLICOTY h, U eMy COOTBETCTBYET CTpOKa
(V1,Y2,...Yn-n,0,...,0). BepwmHe BbICOTbI k COOTBETCTBYET CTPOKA (Y1,Y2,....Yn-mZ1,22,...,Z04k0,...,0), @ ABYM eé
NPSAMbIM  NOTOMKaM —  CTPOKW  (V1,Y2,-.,Yn-1 21,22, . Zh,1,0,...,0) - 1 (Y1,Y2- . Yn-h, 21,22, ..,204,0,0,...,0), roe
k=1,23,....h—1. OHn kogupytoT aBa «bnM3KkMX» BapuaHTa 3anOfIHEHUS PIOK3aKa, KOTOPbIE OTNMYAOTCA NNLLb
TEM, YTO B NMEPBOM Cny4vae ptok3ak COAEPXMT NPEAMET C HOMEPOM N — K, @ BO BTOPOM — HeT. 3aMeTUM, 4TO He
BCsikasi CTpOKa SIBNSIETCA JOMYCTUMON, T.€. ONUCHIBAET AOMYCTUMBIN BapUaHT 3anofiHEHWS Plok3aka C y4eToM ero
BMeCTUMOCTK. [103TOMY BEpLUMHA, KOTOPOI COOTBETCTBYET HEAOMYCTUMAs CTPOKA, HE MMEET MOTOMKOB.

[MpeanonoXuM, 4To BEPLUMHE BbICOTbI K COOTBETCTBYET JONYCTUMAS CTPOKA (V1,Y2,. -, Yn-h 21,22, ., Zh-k,0,...,0), rae
k=2,3,...,h. Belumcnum ans 9Ton BepLUMHbI BENIMYMHY NEPCNEKTUBHOCTY persp no (hopmyne

n—h h—k n—h h—k
persp = zci Vi +ch—h+j zj+| P— Zai Vi _zan—h+j Zi | Cporr ) Appesr -
i=1 j=1 i=1 j=1

MepcnekTUBHOCTL BEpLUMHbI SBNISIETC OFPaHUYEHNEM CBEPXY Ha CYMMapHYK CTOMMOCTb YKMa[Ku prok3aka,
KoTopasi MOXET ObiTb HaiijeHa B pesynbTaTe JOCTpaMBaHWs [epeBa BHU3 OT 3TOW BeplMHbl. Bonee TouHO,



Xlli-th International Conference "Knowledge - Dialogue - Solution" 199

NePCreKTUBHOCTb BEPLUMHBI BbICOTbI K paBHa MakCUManbHOM CTOMMOCTMW YKMaAKM PHOK3aka, Ha KOTOPY MOXHO
paccyMTbIBaTh, €CIN W3BECTHO, KakMe U3 npegmeToB ¢ Homepamn 1,2,3,..., n—Kk yxe NONOXeHbl B PHOK3aK.
[epcnekTMBHOCTL BEPLUMHBLI NEPBOrO YPOBHS, €CNU € COOTBETCTBYET AOMYCTUMAsi CTPOKA, BbIYUCIAETCS MO
topmyne

n—h h-1

Persp = Zci Vi +20n_h+]~ ZjHC,.
i=1 j=1

CornacHo ugee MeToaa BETBeM W rpaHiL, on1caHHoe GUHapHOE AEPEBO CTPOUTCS MOCTEMNEHHO CBEPXY BHU3, T.e.
OT KOPHSl K NUCTbsIM. Ha kagom Lare nocTpoeHe fepeBa NMPOLOMKAETCs M3 BepLMHbl C MaKcUMasbHOM
BENTMYNHON NEPCNEKTUBHOCTU.

Tabnuya 1. MicxoOHble 0aHHbIe

Homep npeameTta 1 2 3 4 5 6
CronmocTb 5 7 8 6 4 1

Bec 2 3 4 3 2 1
YaenbHas LeHHOCTb 52 | 113 2 2 2 1

MpvBenem npuMep, B KOTOPOM TakuMm 06pasoM yaanoch ynyuyllUTb PeLleHWe, Hal[eHHOe reHeTUYeCcKM
anroputmom. MNycTb UMeeTcs 6 NpeaMeToB, BECa M CTOMMOCTU KOTOPbIX ykasaHbl B Tabnuue 1. Byaem cuutars,
YTO BMECTUMOCTb prok3aka P = 7.

Mpeanonoxum, YTo pe3ynbTaTtoM paboTbl rEHETUYECKOro anroputma crana xpomocoma (101001). Ons Takon
YKNagKku pok3aka CyMMapHbI BEC YIOXEHHbIX MPeaMETOB paBeH 7, a UX CyMMapHasi CTOMMOCTb paBHa 14.
Monoxum napametp h paBHbIM 4. Toraa, WCMONb3ys OMMUCAHHBIA BbIE KOMOWMHUPOBAHHbIA METOZ, MOMy4uM
AepeBo, n30bpaxeHHoe Ha puc. 1.

100000
Persp =15
101000 100000
Persp =15 Persp = 15
101100 101000 100100 100000
Hedonycmumo Persp =15 Persp =15 Persp =15
101010 101000 100110 100100 100010 100000
Hedonycmumo Persp = 14 Persp =15 Persp =13 Persp =12 Persp =10
100111 100110
Hedonycmumo cmoumocms = 15

Puc. 1. []lepego, nocmpoeHHoe KOMOUHUPO8aHHbIM MeMOOOM
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lMocTpoeHne aepeBa HauMHAETCs C BEpLUMHbI, KOTOpon cooTBeTcTBYeT cTpoka (100000). OHa HaxoguTcs Ha
BbICOTE 4, a €€ NepCrnekTMBHOCTL paBHa 15. 3aTem CTPOMM €€ NOTOMKOB Ha BbICOTE 3, KOTOPLIM COOTBETCTBYIOT
ctpoku (101000) 1 (100000). BenmumHbl 1x NepcrnekTMBHOCTM Takke paBHbl 15. [pogomkaem CTpoOUTb 4epeBo 13
BepLumHbl (101000). Obpasyem aea eé€ notomka (101100) n (101000) Ha BbicoTe 2. lNepBbIi NOTOMOK SBMSETCA
HEAOMyCTUMbIM BAapUaHTOM 3arnofHEHUs pilok3aka, a BTOPOM — AOMYCTUMbIM C NEPCMEKTUBHOCTbIO 15.
Paccmatpueasi ero notomkoB (101100) u (101000), nonyyaem, 4TO OOMH M3 HWUX KOAMPYET HEOOMYCTUMbIN
BapWaHT 3anonHEHNs prok3aka, a Apyron — AONyCTUMbI C NePCnekTUBHOCTLIO 14. MoaToMy Janee nepexoaum K
paccMoTpeHuio noTomkos BepLwuHbl (100000), pacnonoxeHHo Ha BeicoTe 3 1 T.4. B utore nonyyaem KoHueBble
BepwwuHbl Aepesa (101100), (101010), (100111), kogupyroLyMe HedoNyCTUMbIE BapuUaHTbl 3anoNHEHUs prok3aka,
koHLesyto BepLunHy (100110), kogupytoLyto BapuaHT ctoumocTu 15, u BepimHbl (101000), (100100), (100010) 1
(100000), 4ybs nepcnekTUBHOCTL HUXE, YeM 15. CrniegosatensHo, ctpoka (100110) ABnseTcs «yCnoBHO NyYLLMM»
BapyaHTOM 3anofHEHUs prok3aka (MpW YCrioBuM, YTO MpeaMeT ¢ HomepoM 1 GygeTr noroxeH B PloK3ak, a
npeameT ¢ HOMEPOM 2 — HeT). Ha camom fene «abCoMOTHO NMydllnin» BapuaHT 3anofHEHWS prok3aka Ans
[aHHOI 3aaa4m UMeeT cToumocTb 16 1 kogupyetcst ctpokon (110010).

Takum 06pa3oM, WCMONMb3ys METOL BETBEM W rpaHuL, B KOHKPETHOM PaCCMOTPEHHOM NpUMEpEe Yaanochb
YNYYLLKMTb PeLLeHue, NoNyYeHHoe reHeTudeckum anroputMom. OgHako HeobxoauMo 3aMeTUTb, YTO, BO-MEPBbIX,
B obllem cnyyae Takoe ynyylleHWe BO3MOXHO MULb MpU JOCTAaTOMHO BOnblUMX 3HAYeHusx napameTpa h.
Hanpumep, HeTpyaHO y6eauTbCS, YTO B paCCMOTPEHHOW 3afaye pelueHne reHeTndeckoro anroputMa 6bino bl
HEBO3MOXHO YNYULLMTb, ecrn Obl Mbl BeiOpanu h < 4. Bo-BTOPbIX, HallAEHHOE YNyYLIEHHOE peLLeHne BCE paBHO
MOXET OKa3aTbCA He abCOMOTHO NyYLMM, Kak 3TO M OKa3anocb B PAacCMOTPEHHOM npumepe. MOXHO nuwb
yTBEpKAAaTb, YTO «Ka4YeCTBO» MOMY4aeMOoro peLleHUsl NoBbILAETCH OAHOBPEMEHHO C POCTOM napameTpa h. B
KpalHeM cryyae, korga napameTp h NpUHUMaET MakCUMarnbHO BO3MOXHOE 3HaYeHWe, PaBHOE N — YUCHy
NPEeAMETOB, NMPeaSIOKEHHbI KOMOMHUPOBAHHBIA METOL BOOBLUE HE MCMONb3yeT reHeTUYECKUiA anropuTM, a ¢
CaMoro Hayana pabotaeT kak MeTOf BETBEW 1 rpaHuL,

B M3noxeHHOM KOMOMHWMPOBAHHOM MeToAe BpeMmsi paboTbl TEHETUYECKOro anropuTMa MpOMopLMOHarbHO
pa3Mepy NOMynsLMM W YACITy MOKONEHMIA, U MONMHOMMANBHO 3aBUCUT OT NapameTpa N, a Bpems paboTbl MeToaa
BETBEW W rpaHiL, 3KCMIOHEHLMAaNbHO OTHOCUTENBHO NapameTpa h. Bbibupas pasHble 3Ha4eH!st STUX NapameTpoB,
MOXHO perynupoBaTb Bpemsi paboTbl anroputMa.

[ins oUeHKM KayecTBa NOMYYEHHOT0 KOMOMHUPOBAHHOTO anropuTMa CryYaiHbiM 06pasom Obino chopMmUpoBaHo
okono 100 TecToBbIX NpumepoB ¢ konnvecTBom npeametoB oT 100 go 500. B aTux TecToBbIX NpuMepax Ans
noucka peLleHns UCnomnb30Banuch crneayloLe anropuTMbl:

1) «kapHbIn» anroputm (KA);
2) reHeTuyeckuin anroputm (MA);

3) reHeTuyeckuit anroputM ¢ AoGaBrneHMeM B HayanbHylo NOMynsuMo XPOMOCOMbI, COOTBETCTBYIOLLEN
peLLeHuno «xaaHoro» anroputma (KA+TA);

4) KOMOMHMPOBAHHbLIA METOR ANS YNYYLIEHNS PeLeHNs reHeTndeckoro anroputma (KM).

PelweHus, NONy4YeHHble YKa3aHHbIMW BblIlLIE I'IpI/I6ﬂM)KeHHbIMI/1 MeToaaMn, CpaBHNBAIIUCb C TOYHLIMU PELLEHUAMMU,
NONy4eHHbIMU B pe3yrnbTaTe pa6OTbI MeToda BeTBen U rpaHny,.

CpefHve OTKNOHEHUS! PELLEHNI, MOMYYEHHBIX STUMM anropuTMamm, OT TOYHOTO PELLEHNS NPUBEAEHBI Ha puC. 2.
OTKNoHeHWe onpeaenanock no crnegyoLlei gpopmyre:

E:ﬂ.log%,
A
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roe A — CTOMMOCTb TOYHOTO PELUEHWs, MOMy4EeHHOrO METOAOM BETBEN M rpaHuy, A — NpnbnmkeHHoe peLueHue,
SBNSIOLLEECS Pe3yNnbTaToM paboThbl OLHOTO 13 NEPEYNUCTIEHHBIX anropUTMOB.

Puc. 2. OmknoHeHue om moYHO20 peleHuUs (8 npoueHmax).
1-XKA, 2-TA, 3-XKA+TA, 4 - KM

lMepBbin cTONOEL, MOKa3bIBAET, HACKONMBKO AeKTMBEH «xadHblA» anroputM. BTopol HeceT B cebe
WHpopmauno 0 paboTe TreHeTUYecKoro anropuTMa, HavanbHas nonynauMs KOTOporo ChopMMpoBaHa
cnyyaiiHbim 0bpa3oM. TpeTunt — pesynbTaT paboTbl rEHETUYECKOro anropuTMa, B HauvanbHyl NOnynsauuio
KOTOPOro BKMIOYEHA XPOMOCOMA, COOTBETCTBYIOLLAS PELIEHMIO, MOMYYEHHOMY «XaHbIM»  anropUTMOM.
UeTBepTblil NOKa3bIBAaeT HACKOMBbKO PEe3ynbTaTMBHO MPUMEHEHMe KOMOMHMPOBAHHOTO METOAA AN YyyleHus
peLLeHNs FeHETUYECKOro anroputMa. [ns TeCTUPOBAHNS FEHETUHECKOTO anropuTMa MCMnonb30Banack nonynauums
OOMbLLIOA YMCNEHHOCTW, @ YCMOBMEM OCTAHOBKM anroputMa sBnsfnacb CTabunusauus peleHus, T.e.
HEW3MEHHOCTb NyyLLeit 0cobn Ha NPoTsKeHun 50 utepauui.

3aknioyeHue

PaHee 6bin yka3aH OfWH U3 CyLLECTBEHHbIX HEAOCTATKOB B paboTe reHeTMYeckoro anroputMa — BO3MOXHAS
CXOLMMOCTb NOMYNSLMK K TOYKE JIOKANbHOTO SKCTPEMyMa LieneBoi (PYHKLMM, B pesynbTaTe Yero reHeT4eckuii
anropuT™M BblAaeT HemnpaBumbHbIA OTBET. CHM3WUTb BEPOSITHOCTb TakoW MPeXaeBpeMEHHON CTabunuaaumm
MonynsLyMM MOXHO Gb1no Gbl NyTeM pacLUMpeHus 1ccriesyemMon OKPECTHOCTY 3a CYET YBENMYEHNs ymncra ocobeil
B nonynsuun. OpHako B AaHHOW paboTe NPEAnoOXeH APYroil BapUaHT pacluMpeHns obnacTi noucka —
MpUMEHeHNe MeTofda BETBE W IpaHUL K BCMOMOraTerlbHOW 3afjaye O PHOK3ake MeHbLUEN Pa3MEepHOCTH,
BO3HUKAIOLLE NOCne 3aBepLUEHs PaBoTbl FEHETUYECKOTO anropuTMa 1 yUUTHIBaIOLLEH pesynbTaThl ero paboThi.

MpoBEefeHHbIE BbIYMCAUTENbHBIE SKCIEPUMEHTLI NOKa3anu, YTo KOMOMHMPOBAHHbIA METOZ Mo3BONSIET GbICTPO
HailTn 6nn3koe K TOYHOMY pelLeHre 3aaun O prok3ake. Kak u 0XMAanoch, yryulleHne peLleHus), nory4eHHoro
FEeHETMYECKUM anropuTMOM, MPOUCXOAUNO NPW [OCTATOYHO GOMbLUMX 3HAYEHWsX MapameTpa h, npuyem He
BCErfa HaWfeHHOe YMyulleHHOe pelleHWe OKasblBanocb npaBumbHbIM. OfHAKO KAa4YeCTBO OKOHYaTemNbHbIX
PELLEHNI MOXHO PerynupoBaTh 3a c4YeT Bbibopa napameTpa h.
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CeepneHus 06 aBTOpax

TambsiHa lMepmsikoea — [epMckull 20cy0apcmeeHHbIll yHugepcumem, cmydeHmka Mazucmpamypb! kagheops!
Mamemamuyecko20 obecneyeHus ebiquciiumensHbix cucmem; Poccus, . [epmb, 614990, yn. bykupesa, 0. 15;
e-mail: tpermjakova@mail.ru

Bnadumup Mopo3seHko — [Tepmckull 2ocydapcmeeHHb Il yHusepcumem, doueHm Kaghedpb! MameMamuyeckozo
obecneveHus  ebmMucnumeneHbix  cucmem;  Poccus, 2. llepmb, 614990,  yn. bykupesa, 0. 15;
e-mail: v.morozenko@mail.ru

WHOOPMALIUA, 3KOHOMUKA, IKONOInA - KOMNMOHEHTDI
COUWAIIbHO-3KOHOMWYECKOIO MNOTEHLUWANA TEPPUTOPUN
(WHHOBALIMOHHBIE XAPAKTEPUCTUKU PETMOHA
W TPEXMEPHOE NPEACTABNEHWE KPUBOW C. KY3HELA)

Anatonui Kpucunos, Buktop Kpucunos

AHHOmayus: PaccmMompeHbl  0COBEHHOCMU  «3HaHUegol», UHHOBAUUOHHOU 3KOHOMUKU, €e pofb 8
opmuposaHuU CoyUaTbHO-9KOHOMUYECK020 nomeHyuana. OnucaHbl 803MOXHOCMU KOTUYECMBEHHOU OUEHKU
UHHosaUUoHHOU desimenbHocmu; cderaHO mpexmepHoe obobujeHue kpusol C. KysHeua (knowledge based
impact).

Knioyesbie cnosa: UHHOBaUUOHHas 0essmenbHOCMb, KOUYECMBEHHOe onucaHue U OUeHKa, UHGhopMayUOHHas
U coyualibHO-3KOHOMUYecKas nupa/vluda.

BBoaHble 3ameyaHus

lpencTaBnseTcs, YTO OCHOBHOW TEMOW, MeTa3ajayeln 6onblMHCTBA paboT, BOT yxe psa NeT 3GhekTUBHO
npeacTaBnsieMblx Ha koHdepeHumsx KDS, sBnseTca pacCMOTPeHWe BOMPOCOB WMHQOPMATUKM B LIMPOKOM
cMmbicrie. Cpean aTuX BOMPOCOB He MOCMeAHee MeCTO 3aHumaeT npobriema CBA3W M B3aWMHOTO BIUSHUS
XapakTePUCTUK  XO3SNCTBEHHO-9KOHOMUYECKOTO  KOMMMEKCa, C OJHOM  CTOPOHbI, W MHDOPMALMOHHON
[ESTEeNbHOCTH, — C ApYroi.

B 4eM KOHKPETHO MpOSIBNISIETCS HACbILEHNE SKOHOMMKW 3HAHWSIMMW, B YeM MHAOPMALMOH-Has/MHHOBALMOHHAS
KOMNOHeHTa OyaeT ckasblBaTbCs Ha YPOBHE W KauyecTBe M3HM, KakoBbl OCOBEHHOCTW WHHOBALMOHHOM
COCTaBNAOLLEN COLMANBHO-9KOHOMYECKOTO NMOTEHLMana TeppuTOpIm 1 Kak Ty COCTaBMSIHOLLYI0 MOXHO OLIEHUTD
KONMYECTBEHHO — BOT HEKOTOPbIE BOMPOCHI, PACCMOTPEHHbIE B HACTOSILLE paboTe.

1. AKTyanbHble XapaKTepUCTUKU UHHOBALMOHHOM AeATeNbHOCTM

B nocnepHme roabl BCe HacToNuMBEE MPOBOANTCS PasHbIMK aBTOpamMit Maest HeoBXoaMMOCTU (OPMUPOBAHNS U
peanusauuu Ha YkpauHe CTpaTernm WHHOBALMOHHOrO pasBuTUS. VMEIOT MeCTO: 3HauMTEeNbHOE KONM4ecTBO
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ny6rvkaLuin B Hay4HOM 1 0BLLECTBEHHON neyvaT, Co3AaHMe 1 ynpasaHeHe MHHOBALMOHHbIX (POHAO0B, NPUHATMUE
Pa3NNYHBIX [JOKYMEHTOB Ha Pa3HbIX YPOBHSIX.

Ecnu oTBneubcs OT ¢hakTopa MOAbl, OT AEKNapaTUBHbIX M HepeanbHbiX 3asBMEHWA, TO OCTaeTcst 6OMbLLON
KOMMNEKC Cepbe3HblX npeacTaBneHMn 06 obbemMe U 3HAYMMOCTUM  MHHOBALMOHHOW AEATEeNbHOCTU U
MHHOBALMOHHBIX NPOLIECCOB B 3KOHOMMKe BOODLLE, B COLMANbHO-3KOHOMUYECKON AECTBUTENBHOCTM, TEMMAX M
NyTAX Pas3BUTUS CTPaHbI, — B 0COOEHHOCTH. BKpaTLe 9TM NpeacTaBfeHns CBOAATCS K CreayioLemy.

1. MpoucxoanT 3HauYMTENbHbIA POCT BKaLa WHHOBATUBHBIX NPOLECCOB B MUPOBOI Banosoi npoaykT. OcobeHHo
370 XapakTepHo Ans passuThix cTpaH. Ewe M. LlymneTep cBA3LIBAN MHTEHCUBHOE Pa3BUTUE C UHHOBALMAMM:
«MpUYMHA Pa3BUTUSI SKOHOMUKM — CTPEMIIEHME K CBEPXNPUObLINM 3@ BPEMEHHYKD MOHOMOMWI, NOMyYaemyto ot
BHeapeHust nHHoeauumy [1]. P. Conoy ctan HobeneBckuM naypeatom B 0651acTi SKOHOMMKA UMEHHO 3a aHanm3

W AEMOHCTPALMIO PONN 3TOTO (hakTopa.

2. OwyTumoe passutie Gynet obecneyeHo, ecnm WHHOBALMOHHAS AEATENBHOCTb HE OrPaHNYMBAETCS OfHUM-
ABYMS U3OENUSIMA, OAHUM-OBYMSI HanpaBneHusmu. OdhdekT, 0coBEHHO — TeppuTopuarbHbIil, Oynet MMeTb
MECTO MpW YCROBUW BCTPaMBaHWS MHHOBALMIA, GOMbLUMX W ManeHbKMX, B pasHble BuAbl MPOM3BOACTBA, B
cepBrCHOe 06CnYX1BaHME, B MHPACTPYKTYPbI, B AENOBbIE 1 aMUHUCTPATUBHbIE MPAKTUKN.

3. OCHOBHbIM HOCWTENEM U BbIPAXEHMEM WHHOBALWA, OCHOBHOM CPedoi U MEXaHW3MOM MpOoayLMPOBaHMS W
NCMNONb30BaHNS WHHOBALWW, SBMSETCA HOBAs SKOHOMMWKA, 3KOHOMMUKA 3HAHWM, SKOHOMMWKA, OCHOBAHHAs Ha
3HaHusax, knowledge-based economy. PesynbTatom AeSTENbHOCTM TAKOW 3KOHOMWKW (M OOQHOBPEMEHHO — ee
TOBapOM) SIBNSOTCS 3HaHMS, 0COBEHHO — HOBblE 3HaHUS. Takum 0Bpa3oM, OCHOBHbIE YCUIUS 3aTpaumnBaoTCa Ha
NPOM3BOACTBO, pacnpefenieHne W UCMOMb30BaHWE 3HAHWW, B OTMMYME OT TOro, YTO ANS NPEALLEeCTBYOLMX
CTaauit 3KOHOMUYECKOrO PasBUTUS B LIEHTPE 3TWUX YCUIMI Obin BELLEeCTBEHHbIN NpoaykT. CoaepkaHmem 3aToro
HOBOTO «3HaHWEBOrO» NPOLYKTa ABNSETCS MHOPMALWS, BO BCEX BO3MOXHbIX BUAAX U hopMmax; B CBA3N C 3TUM
3aKpennseTcs 1 HOBOE Ha3BaHWe — MHPOPMALMOHHAs 3KOHOMMKA.

4. [Ina YKpauHbl KpalHe akTyanbHbIM SBNSIETCA MEepexoq Ha CTpaTerMm WHHOBALWMOHHOTO pasBWTUS, Ha
CTPOUTENbCTBO CBOEN SKOHOMWKM 3HAHWA. HECMOTPS Ha TPYAHOCTM 3aTSHYBLUErOCs KpU3uca, Ha counanbHble 1
9KOHOMMWYECKWe NoTepK nepuoda «pedopm», — CoLMarnbHO-9KOHOMUYECKII NOTEHLMAN CTPaHbl 1, B YaCTHOCTH,
psAa ee PerMoHoB JOCTATOYEH ANS OpraHn3aLumn Takoro pasBuTus.

lMpuBeaeHHble coobpaxerus, Oyayun pasBepHyTbl U AeTanu3npoBaHbl, MOTYT NPeACTaBnATb cOBOM MCXOaHbIE
MNOCBINKK 419 POPMUPOBAHNS COOTBETCTBYIOLLEA MHHOBALMOHHOM KOHLENLWW, B TOM YMCIE — PErMOHaNbHON, —
A0S CO30aHMs B PErvioHe CTPYKTYPHBIX U «CPEOOBbLIX» KOMMOHEHT 9KOHOMUKM 3HAHWIA.

[Onsg pa3BuTUS 3KOHOMUKW, N1 pasBUTUS COLMyMa HeoBXOAMMO CO3AaHue AOMOSHUTENbHOM CTOMMOCTW. Ha
NPOTSKEHUN MPEXHUX CTagWA PasBUTUSI SKOHOMUKM (3aMeTUM — Npu pasHbix opmaumsx!) AononHUTEnbHas
CTOMMOCTb CO3AaBanach B MacCOBOM BUAE 3a CYET ToBapa, 3aTeMm, Ans psaa CTpaH — 3a CYET KayecTsa ToBapa.
B nocnefHve gecatuneTus B NepefoBbIX KanuTarMCTUYECKUX CTpaHax Brepeq BblABUraloTcs Takue akTopbl
(HOPMUPOBAHMSA [OMOMHUTENLHOM CTOMMOCTM, Kak Ka4yecTBO YCMYr W KavyeCcTBO MeHemKMeHTa. HakoHel, B
MH(OPMALMOHHON SKOHOMMKE BeayLUMM PakTopoM Co3haHUst AOMOMHUTENBHON CTOMMOCTM CTaHOBSATCA 3HAHUS,
WHGopmaums. Ha Hawux rmasax npoucxoguT  (OPMMPOBaHME TakOM  CTOMMOCTM, KOTOpas — Kak
NOMUTIKOHOMUYECKAs kaTeropus Aenaetcs Bce 6onee HemaTepuarnbHON.

£ABneHune 310 NMeeT rnyboKne KOPHM, OHO CBSI3aHO HE C TOM WITK MHOM 0BLLECTBEHHO-NONMTUYECKO (hopmaLmen,
a c obwym couuanbHbIM M Hay4HO-TEXHUYECKUM MpOrpeccoM. [la, CTaHOBMEHME IKOHOMMKM 3HAHUIA Mbl
HabnogaeM B pasBUTbIX KANWUTaNMCTUYECKIX CTPaHaX, OAHAKO PbIHOYHAA cUCTeMa SBNSieTCs (hOPMON, XOpOLUEi
hopMoit peanuaaLmm, — COAepKaHMEM ABNAKTCA KOPEHHbIE U3MEHeHUs1 8 obujecmee, 8 npousgodcmee, 8
pacnpedeneHuu u nompebneHuu, e codepxaHuu pabombi kak maxkoeoll, 8 modensix eedeHuss busHeca.
O6LLecTBO HayuMnocb MCMonb3oBaTb TO CaMOE KayeCTBO YEroBeka, KOTOPbIM OH OTNMYaEeTCs OT BCEX
OCTamnbHbIX CyLIECTB Ha 3emne, — MOHMMaHWe U YMeHWe onepupoBaTb CUMBONaMM [2]. ATa MoLHas
KOMMOHEHTA  COLManbHO-3KOHOMWYECKOTO  MoTeHuMana obliectBa CcTtana B MacCcoBOM  NOpsiake
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aKTyanumsmpoBaTbCA. Pe3yJ'IbTaTOM N ABUNOCb TO, YTO [OOnNOnHUTENbHass CTOMMOCTb Hadana BO3HWKATb B
npotecce reHepmpoBaHna U «MpOMbILLITIEHHOrO» UCMNOoJ1Ib30BaHUA 3HaHUM.

VIHHOBaLMOHHAs AEATENbHOCTb MMEna MEeCTO BO BCE BpeMeHa, Oonblie Wnn MeHblue, — 1 Npu roCnoacTee
CENbCKOXO3ANCTBEHHOTO CEKTOPa, W B MHAYCTpUanbHOM akoHomuke. OfgHaKo B HacTosLee Bpems, B nepuog
TPETbEN M YETBEPTON «TOGNEPOBCKOI BOMHBI» WHHOBALMOHHAN AEATENbHOCTL Nprobpena HoBble YepThl. K
HUM OTHOCATCS:

- MaccoBblil XapaKTep WHHOBALWIA;
- SIBHas MH(OPMALMOHHAS BbIPAXEHHOCTb AEATENBHOCTY;

- He obs3aTenbHoe Hanuune COBCTBEHHOMO BbICOKOTO TEXHOMOMMYECKOrO YPOBHS (Mpumepbl — Mpnanaws,
Manaiaus, ®uHnsHANS n gp.);

- BO3HWKHOBEHWE rNYBOKNX MOMOXMTENbHBLIX OOPaTHbIX CBSA3EH B OTpacneBblX W TeppuUTOpUanbHbIX
WHHOBALMOHHbLIX Mpoleccax (pas3BUTWE WMHHOBALWMOHHON [eSTEenbHOCTM B OfHMX  HampaBreHUsiX
CTUMYTNUPYET TaKoBYIO B APYTUX);

- ornopa Ha cpeAoBYH CUTYaLo, 3aAaloLLy0 BOCNIPUUMYMBOCTb VHHOBALWA.
YueT aTux pakTopoB Ans YKpanHbl NpeacTaBnsaeTcs 04eHb BaKHbIM.

Heckonbko net Hasag Opranusauns SkoHomudeckoro CotpygHudecta u Passutus (O3CP) onybnukosana
otyet «Map 2001 — Towards a Knowledgebased Economy», B KOTOPOM NEPEYMCrEHbI OCHOBHbIE YepTbl
9KOHOMUKM CTPaH U3 NepBOiA OeCATKM N0 CYMMapHOW BeNnWYMHE KanWTanoBMOXEHWA B WHAYCTPUKO 3HAHWA W
(hOpMWUPOBaAHME WHTENNEKTYanbHOro Kanutana AaHHoW Tepputopun. Okasanocb, 4YTO  OTAMYUTENbHLIMU
XapaKTepucTUKaMu 3TUX CTPaH SBNAITCS:

- B CTPYKTYpe aKTMBOB B OKOHOMWKE [AHHOW CTpaHbl YBENUYMBAETCS [ONS HemaTepuanbHbIX
COCTaBIISIOLLMX — NATEHTOB, HOY-Xay, MH(OPMALMOHHBIX/TENEKOMMYHUKALIMOHHbIX CUCTEM U CETEN;

- NpOMCXOAMT yBENUYEHWE LONN BbICOKOTEXHOMOMYHOM NPOAYKLMN B 00beMe MeXayHapOLHON TOProBMM B
pacyeTe Ha 1 yenoBeka (41 CTpaH C HU3KUM CpeaHemylleBbIM LOX0A0M — 5%, ¢ BbicokuM — 20% w
BbILLE);

- UMEeT MEeCTO POCT «3HaHue-eMKocTu» BBIT (yBennyeHne B HeM «MSITKOro» NpoaykTa);
- pocrt pacxoaos Ha HNOKP;

- POCT WHBECTUUMIA, B MepByl0 ouyepedb, OIOMKETHbIX, — Ha HayKy, 0Opa3oBaHue, 3[paBOOXPaHEHMe,
OKPYXatoLLYH Cpeqy.
Mo cyTv fena, 370 — OPUEHTUPbI At NPaBUTENBCTB, KOTOPbIE BLIGUPAIOT MyTb CTPOUTENBCTBA Y Ce0St SKOHOMMKN
3HaHWI. MpaKTU4ecky BCe 3TV KpUTEPUM MOTYT ObITb NCMONb30BaHbI PEMYOHANbHBIMU BNACTSIMM.

Ewe aBa 3ameuvaHus 06 onucaHWn M OLEHKE MHHOBALWMOHHOMO (MHTENMEKTYanbHOTO) MOTEHUMana peruoHa.
lMepBoe OTHOCUTCA K HEOBXOAMMOCTW y4yeTa ero rnyboKoW, reHeTUYEeCKol CBA3N C TPYAOBbIM NOTEHLMANOM
PETNOHa, MOCKOMbKY B XXMBOW JENCTBUTENBHOCTY, B XU3HEAEATENBHOCTY 0OLLECTBA MHHOBALWMOHHBI NOTEHLMan
BblpaXaeTcsl Yepe3 ODLIECTBEHHBIN TPy, Yepes NpuobpeTeHne 3HaHUiA, Yepes HayyHyt paboTty. ITO 3HaYWT,
YTO YeM BblLe TPYAOBON MOTEHUMan (BbICOKMA 0Opa3oBaTenbHbIA YPOBEHb HACEMEHWs, 3HAUMTENbHAs AoNs
pabOTHMKOB  MPOMBILLNEHHOCTM, ~ CTPOWTENbCTBA,  TPAHCMOPTa C  BbICOKMMM  paspsgamu, — Hamuuue
KBanNMULUMPOBAHHOTO MEHEMKMEHTa M Np.), — TEM BbIE BO3MOXHOCTM WHHOBALMOHHOTO passutus. W
HaobopoT, — ecnu TPyAOBOM MOTEHUMAN HU3KWW, — MPU OpraHM3aLMM MHHOBALMOHHOW AesTenbHoCT ByayT
BO3HWKaTb NOMEXW 1 3aTPyAHEHNS.

BTtopoe 3ameuaHue OTHOCKTCS K HEOBXOOMMOCTW MCMONb30BaHWUS KAYECTBEHHbIX XapaKTEPUCTUK Hapsay C
KONMYECTBEHHBIMW M, KPOME TOTO, K Y4YeTy COOTBETCTBUS TEX WIM WHbIX MPOEKTOB Creuuduke peruoHa
MepeyHio COOCTBEHHO pPErvoHamnbHbIX MPUOpUTETOB. JWwb 06beauHeHMe JTUX MOAXOLOB MOXET [aTb
06bEKTUBHOE NpefcTaBneHne 06 MHHOBALMOHHOM NoTeHUuane noboro pernoHa. OB6CUYMTLIBATD, KONMYECTBEHHO
N3MepsITb MOXHO NULLb Ty €ro YacTb, KOTOpasi, BO-NepBbiX, BOOBLLE MOANAETCS Takoi OLEHKE, a BO-BTOPbIX,
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oToBpaxaeTcs B pervoHanbHOM CTaTUCTUKE W BKIoYaeT B cebs ypoBeHb 0bLiein 06pa3oBaHHOCTM, BhbICLIEE
0bpas3oBaHMe (He 4YNCNO WHCTUTYTOB, a YUCMO XUTENei C BbicKMM 0Opa3oBaHueM), kBanuduKaLuMOHHbIE
XapaKTepPUCTUKM Hay4HbIX PabOTHMKOB, PaBOTHMKOB NPOCBELLEHMS, KyNbTYpbl, TBOPHECKON UHTENUIEHLMN.

2. \HHOBaLUMOHHaA AeATEeNbLHOCTb U TeppuTopuanbHoe pasButue

lMog WHHOBALMOHHON AEATENbHOCTLI, KaK 3TO MPUHATO, MOHMMAETCS COBOKYMHOCTb MPOLECCOB 3apOXOEHNs
HOBOM WOEMW, TEHEPUPOBaHMS M peanu3auuu HOBLUECTB W WX BCTPaMBaHWS B peasnbHyl) XW3Hb, B
JencTBUTENbHOCTb. Takum 0bpa3oM, 3aTa AedTenbHoCcTb TpebyeT cneyupuyeckux 3HaHul o mol cpede, 8
Kkomopot daHHOe Ho8LWecm80 AOMKHO Bbimb pPeanu308aHo.

OTO0 03HAYaET, YTO B AAHHOM pernoHe:

a) [OMKEH PEerynsipHo MPOBOAUTLCS BCECMOPOHHUL MapKemuHe, BHYTPEHHUIA W BHELUHWA, C MOLLHbIM
NH(HOPMALIMOHHbBIM OCHALLEHWEM 1 ONOBELLIEHNEM:;

6) AO0InXHa CyLleCTBOBaTb, ObITh I'IpVI3HaHHOVI n CO6J'IPOJJ,aTbCFI CnucTteMa nNPOMbILWIIEHHBIX, 3KONOMMYECKUX W
counanbHbIX CTaHAaPTOB,

B) [OMMKEH MMETb MECTO PasBUTbLI KOMNIEKC 2yMaHUMapHbIX mexHonoaull (0byyeHue, KOHCANTUHT, ayauT,
nHdopm-cbepa, peknama, public relations u T.4.).

Torpa 6ymyT obecneyeHbl KOMKOPTHblE, ecmecmeeHHble ycrnosus Ond peanusayuu UHHOBauul, a He
«8HedpeHue». VIHbIMM CroBamu, peyb MOET O CO3AaHWM CUCTEMbI, koTopas obecneunBaeT He MNpOCTO
reHepupoBaHNe MHHOBALMI, a cpedy Or1s UX 80CNPUSMUS, Masio MO20, — HyX0arWyocs 8 HUX.

[ns MpuyepHOMOPCKOro pervoHa YkpauHbl, Hanpumep, 3TO CrOXHasl, HO MOCUrbHas 3apada. Huxe oyeHb
KpaTKO MepeyncneHbl MOMOXMTENbHbIE W OTPULATENbHbIE PErvoHanbHble (hakTopbl, B OONbLOK Mepe
onpeAensioLLme BOIMOXHOCTb (hOPMUPOBAHMS MHKOPMALIMOHHON 3KOHOMUKM B YKa3aHHOM PErmoHe.

Tabn. 1
‘ PEMMOHAIIBHBIE ®AKTOPbLI BO3[IENCTBIA HA ®OPMUPOBAHMEIKOHOMUKM 3HAHWIA ‘
‘ HezamusHble u mopmosswue ghakmopsb! ‘ lNosumusHble, cmumynupyrowue ghakmopsb| ‘
Pa3po3HEHHOCTb — HET pearnbHbIX BO3MOXHOCTb (POPMMPOBAHUSA CTPATErMYECKMX Lienei
KPUCTaNM3YLLUX MHCTUTYLMA pasBUTWS pervoHa, NOAAEPKKa pernoHanbHbIX BRacTen
OtcyTcTBMe paboTaroLLei MHPPaCTPYKTYpbI, Hanunune He 00 KOHLA YyTEPSHHOMO HaY4YHO-TEXHUYECKOrO
CPEROBO KOMMOHEHTBI noTeHLMana 1 Npou3BOACTBEHHbIX TpagULMA
OTcyTCTBME HAYanbHOrO MHHOBALMOHHOIO kanuTana | OnpeaeneHHas 3akoHoaaTenbHas 0CHOBA
OTcyTCTBYET MacLUTabHbI MHHOBALMOHHBIN Hanuyue B permoHe HMOOPMaLMOHHO-
MapKeTUHr (B MHTEpecax Permota), u, KOMMYHUKaLMOHHON OCHOBbI M COBCTBEHHBIX TEXHOMOTUI
COOTBETCTBEHHO, — MH(hOpMALIUS
Cnabas BOCPUMMYMBOCTb XO3SINCTBEHHOTO OBLWKit AOCTATOYHO BLICOKMIA YPOBEHL 0OPa30BaHMS U
Komnnekca KynbTypbl

[ns pasBuTMS 1 NOOLIPEHNUS PETMOHANBHON aKTUBHOCTW B (DOPMMUPOBAHMI SKOHOMMKM 3HAHWN LienecoobpasHo
BbIJENUTb onpefeneHHble WHAMKATOPbI, KpUTEPUWM U nokasaTtenu. EBponerckuin onbiT noAckasbiBaeT B 3TOM
OTHOLLEHWM Lenyl ramMmy cpefcts. LUBefckoe opraHu3aUMOHHO-WHGOpMaLMoHHOe areHTcTBO ISA (“Invest in
Sweden” Agency — ArentctBo «MHBecTupyinte B LBeumio») onybnukoBano CBOW nepeyeHb KpUTEPUEB, B
YaCTHOCTW, N1 [EMOHCTPaLUN NPENMYLLIECTB CBOEH CTPaHbl. Huxe C HEKOTOpLIMI MOAUdUKALMAMU NPUBEAEH
9TOT NepeyeHb.
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Tabn. 2

O6nacTy 1 HanpaBneHus
AeATeNbLHOCTH

PeKOMeHAYEMbIe MHAWKATOPbI

1. FeHepupoBaHue u
KOMMepLManm3aLmus HHOBaLWi
(«MHHOBALWOHHOCTbY PErMOHaNBHOM
LEeNCTBUTENBHOCTH)

- 06bem HAOKP, ux nons B BanoBOM pervoHanbHOM NpoAyKTe;

— pacxofbl Ha Hayky, ux gons 8 BPIT;

—YKUCIO W CTPYKTYPA HAYUHbIX 1 HAY4YHO-TEXHUYECKNX NYOIMKaLni;
— BHYTPEHHWI PbIHOK 0OMEHa MHHOBaLMAMY

2. Co3aaHue 3HaHUi ¢ KOMMEPYECKIM
noTEHLManom

— pacxofpl Ha npuknaaHsie HAOKP;
—ux gons B BPIT;

— YUCNO NaTEeHTOB, 3apPErMCTpUpoBaHHbIX B «Tpoike» (EBpona, CLUA,
£AnoHMs), Ha 1 MIH. XUTENEN pernoHa;

3. VHHoBaLMK (30BpeTeHus, naTeHThI,
paunpeanoxeHuns) B MPOMbILLIIEHHOCTY
W B XO39UCTBEHHOM KOMMMeKce

— pons (1 cTpykTypa!) NPOMbILUNEHHBIX NPEANPUATUN,
a)reHepupyoLLMX U
B)MCNoNb3yOLWMX MHHOBALMN:

no oTpacnam, obbemam, Tvnam

4. KayecTBO MHTENMNEKTYaNbHOrO
noTeHLKarna v YeroBe4eckoro KanuTana

— CTPYKTYpHble ¥ BHELWHMEe (BbIXOAHblE) MOKasaTenn CUCTEMbI
0bpasoBaHus;

—BCA Hayka (Oons Hay4HblX pabOTHMKOB B OOLUEA YMCIEHHOCTY
3aHATBIX, KONMYECTBO U KAYECTBO PaboT, CTPYKTypa PaboTHUKOB...);

— murpaumst (+, —) BbICOKOKBAMGUUMPOBAHHBIX PabOTHUKOB;

5. MHdbopmaLMoHHo-
KOMMYHUKALMOHHbIE N KOMMbIOTEPHbIE
TEeXHonoruu

— MoKa3aTeni CeTu, NoKanbHbIX CETEN, NHPOPMALMOHHBIX CUCTEM;
— OH-NalHOBbIe roCyAapCTBEHHbIE BED-Y3nbl;
— CTOMMOCTb COOBLLEHMI 1 06 EM 0OMEHS;

6. MpeanpuHumaTensckas
JEeATENbHOCTb

— KONWNYECTBO CO3AaBAEMbIX YACTHBIX KOMNAHUIA,

— YA€enbHbI BEC Manoro n cpeaHero brusHeca B CTPYKTYpE XO3SIACTB.
komnnekca (B aeTansx);

—YMCNIO NPeanpPUSTUI-NPOMOTOPOB;
— YICIIO BEHYYPHBIX OMPM;

7. MNopaepxka MHHOBALMI 1
1306peTeHMIn Co CTOPOHbI BRacTeil

— [10Ns rocyAapcTBeHHbIX pacxopos Ha HUOKP B o6beme BPI;
— [0S NPEAOCTABIIEHHOrO BEHYYPHOTO (hHaHcupoBaHus 8 BPIT;

8. EMKOCTb pblHKa 3HaHWI 1 AUHAMKKa
MeXayHapoaHoro obMeHa 3HaHWSMM

— KONM4ecTBO 1 06beM NpodaHHbIX 3a pybex nateHTos u HAOKP;
— KONN4ecTBO 1 06BEM 3aKynneHHbIX 3a Py6EXOM NaTeHTOB;

— XapaKTepUCTUKM MEXOYyHAapOAHOro «6e3BantoTHOro» 0bmeHa;

— 0BMeH CTyaeHTamu, acnupaHTamm, AOKTOpaHTamu;

[laHHast Tabrnuua (B NpuUBEAEHHOM UMK MOAMKMLMPOBAHHOM BMAE) MOXET CryXWTb MaTepuanom ans
(hOpMUPOBAHMS, B TOM YICIIe — HA PEMNOHANBHOM YPOBHE, peay/IsimopHbIX MEP NO Pa38UMUI0 UHHOBAUUOHHO20
nomeHyuana meppumopuu W, kak BUAUM, — Anst YKPENneHUs KOHKYpeHTOCnocobHOCTH pervoHa. PaspabatbiBas
3TO HanpaBIieHue, Mbl B COCTOSIHUM MOMY4MTb, MO KpanHel Mepe, 1BE BaXHbIX XapakTEPUCTIKN HHOBALWMOHHOTO
rnoTeHUnana: CTPYKTYpHyl (Mo npeameTHbiM cdepam) U aTpubyTUBHYH, KauyeCTBEeHHyl. OTO U O3HavaeT
KOHKPETHOE MPOABWKEHWE K OTBETAM Ha BOMPOC: Kak WAENW U 3HAHUS (M KakMe WMEHHO) MpeBpaTUTb B
obLLecTBeHHOe BnarococTosiHue 1 AeHbM? MpYMEHNTENBHO K CoLManbHO-3KOHOMUYECKOMY MOTEHLMary 1 Takom
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ero KOMMOHEHTe, KaKk WHHOBAUMOHHbIA NOTEHUMar, — BO3HUKAKOT 3adaun W3MepeHus (CM., Hanpumep,
BbILUENPUBEAEHHYID Tabnnuy) WM OUEHKW, T. €. MOHWTOpuHra. [ng 3tux paboT C ycrnexoMm MOXeT ObiTb
“cnonb3oBaHa Moaenb, onucaqHas B [3].

B ka4yecTBe KOHKPETHOrO HanpaBneHus, akTyarnbHoro Anst MpMY4epHOMOPCKOro pervoHa 1 anst CTpaHbl B LIENOM,
PacCMOTPUM BKpaTLie BOMPOCHI Pa3BUTUS W BHEAPEHUS SKOMOTMYECKM YUCTbIX TeXHomorni. OTa obnactb
YpesBblYailHO MHTEPECHAa M B METOZONIONMYECKOM OTHOLIEHUW, TaK kak Ha ee npuMepe MOXHO MokasaTb
B3aMMOCBS3aHHOCTb Pa3nUYHbIX COCTABMIAOLLMX COLMArbHO-3KOHOMUYECKOTO NOTEHLMana 1, COOTBETCTBEHHO,
3HAYMMOCTb CUCTEMHbIX, KOMMMEKCHBIX PELLEHMIA.

3. O B3aMMOCBA3M YMCTbIX TEXHONOIMN, 06LWMX 06LEMOB BLIOPOCOB U MaTepuanbHoO-
(hMHAHCOBLIX XapaKTePMCTUK HaceneHus

He BaaBasch B TEXHUYECKIE, SKOHOMUKO-3KONIOrM4eckie, OpraHn3aLMOHHO-NpaBOBbIE BOMPOCH! 3TOI Npobnems|,
OTMETUM MNLLb HEKOTOPbIE BaXHbIE AMNst HAC aCnekTbl.

K MOLHbIM COLManbHO-3KOHOMUYECKUM pesynbTaTaM NPUMEHEHUA YUCTbIX TEXHONOTMI cnenyet OTHECTU TOT
(baKT, YTO OHM ABNAKTCA HE TONbKO MyrbmunjiukamopoM B CUCTEME PEernoHanbHOro W HauMOHabHOro
coLlmManbHO-3KOHOMUYECKOrO Pa3BUTUA, HO U akcesiepamopom B LiENom pane 0Tpacne|7| n ccbep KU3HW.

CMnbHbIA MyNbTUNIUKATUBHBIA 3QGEKT BbICOKOW TEXHUYECKOW W TEXHOMOrMYECKOM KYnbTypbl NPOSBNSETCS B
OZHOBPEMEHHOM YMeHbLUeHUn noTpebneHns HeBO306HOBNSEMbIX PECYPCOB W Harpy3ku Ha cpeay. Juwb ogHa 13
CTOPOH MPUMEHEHNS YNCTbIX TEXHOMOTMIA COCTOWUT B TOM, YTO YXOAUT MEHbLUe TONNWBA, MEHbLUE MaTepuaros,
Jonblue W HajexHee akcnayaTauus npousBedeHHOM npogykumn. [leictByeT Tak HasbiBaembln Factor 4
(YMHOXeHWe Ha 4): “3aTpaT — NonoBuMHa, Bbiroda — ABOMHAS", — OOUH U3 NOCNeaHNX A0KNagoB Pumckomy kny6y.
(Mpu aTOM CregyeT NOMHUTL, YTO MPOCTO «MPUMEHEHWE B MPOW3BOACTBE YMCTBLIX TEXHOMOMMN» €lle camo no
cebe He ABNAETCS rapaHTUEN YMEHbLUEHNS Harpy3oK Ha OKPYXKatoLLyto Cpedly, Ha XO3SIMCTBEHHbI KOMMEKC B
Lenom). M3BecTeH npuMep ¢ NepcoHarnbHbIMU KOMMbOTEPAMU: MUKPOMUHUATIOpPU3ALMS CXeM U aBTOMaTU3aLums
N3roToBNEHMs U cOopku cnocobeTBoBanM yaenbHOMY YMEHbLIEHWIO NOTPebnsemoi SHepr U CTOMMOCTH; B
uTore BbIPOCMK CMPOC M 06bEM Npofax; CyMMapHble 06beMbl NOTPEBNEHNS 3Heprun yBenuunnnucs. Mimeem
[eno C XxapakTepHbIM MPUMEPOM CIIOXHOCTW COLMANbHO-9KOHOMUYECKMX MPOLECCOB M HEOAHO3HAYHOCTH
MPUHUMAEMbIX PELLEHUI 1 AENCTBUA.

Kpome COBGCTBEHHO MaTepuanbHO-NPOU3BOACTBEHHON Chepbl, YUCTble TEXHOMOTMW HaxodsT Bce Gonbluee
npuUMeHeHne B cepe YCnyr, B 3ApaBOOXpaHEHUM, B 0Opa3oBaHii, B MEHEKMEHTE, B NPeANPUHAMATENbCKOI
[EATENbHOCTM, B COUMAnbHbIX MpakTukax. Kaxgoe W3 9TUX HanpaBneHWd — O4veHb NepcrekTBHas W
pesynbTaTMBHAs cdepa MPUMEHEHWS YWUCTbIX TEXHOMOTWA, Kaxaoe HanpaBneHue 6asupyeTcs Ha BaXHbIX
KOMMOHEHTaX COLManbHO-3KOHOMUYECKOTO NOTEHLMANa 1 OLLyTYMO COBEPLLEHCTBYET €ro, Kaxaoe 3acyXuBaeT
cneuuansHoi paspaboTku. OTMETUM, YTO MEXaHU3M BHEPEHWSt YUCTbIX TEXHOMOIMIA, Kak W Apyrie CROXHbIE
MexaHu3Mbl, paboTaeT OJHOBPEMEHHO U Ha (hOPMUPOBaHUE COLMANbHO-3KOHOMUYECKOrO MOTeHuMana
TEPPUTOPUM, W Ha ro peanu3ayuro.

Oco6oe MeCTo B 3TOM 3aHUMaET BbIpOCLUast U3 FOMUCTUKN KyNbTypa AEroBbIX W, LUMPE, rPaaaHCKUX OTHOLLEHMIA
(aHrnuiickoe BblpaxeHue culture to deliver Ha pycckoM si3blke 0603HA4YaeT MO CMbICNY B3aUMHYH BbICOKYH
OTBETCTBEHHOCTb UM 00s13aTenbHOCTh). ECnM roBopUTb He TONMbKO O [EnoBOiA, HO M O CcoLuManbHoM
OTBETCTBEHHOCTM W 0053aTENbHOCTA, MpU 3TOM — peanuayeMoil BCeMM (hUrypaHTamMu peruoHasnbHoM
KN3HEAEATENBHOCTM, MECTHBIM M HaLMOHAmbHBIM YNpaBneHneM, HaceneHueM W npegnpuHuMaTensMu, — 1o
NEepeOLiEHNTb 3T HOBbIE COLMAsbHbIE TEXHOMOTUM — HEBO3MOXHO.

AkcenepaTopoM YKUCTble TEXHOMOTMW SIBNSKOTCS MO OTHOLUEHWIO K psiay HanpaeneHuit. [JoCTaToYHO MpUBECTM
MpUMep C  COUMANbHO-TPYAOBbIMM  OTHOLIEHMSIMM, —  YKUCTble  TexHomoruu  TpebyloT — Cco3aaHus
BbICOKOKBaNMULMPOBaHHbIX paboumx MecT, C COOTBETCTBYHLWMMM OMMaToi Tpyda WM YPOBHEM 3HaHWIA Y
PabOTHNKOB (BCE 3TO — OCHOBHbIE KOMMOHEHTbI W XapaKTepPUCTUKA MPOAYKTUBHOM 3aHATOCTH). A 3TO, B CBOH
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oyepedb, npeabAaBnAeT BbICOKME Tpe6OBaHMﬂ K o6pasoBano, CbOpMMpyeT BbICOKME 3apnnatbl, NMOBbILLEHWE
nnaTexecrnocobHoro crnpoca, noBbIEHNe YpOBHA U Ka4eCTBa XKU3HN.

OTenbHOro paccMOTPEHMS 3aciyXMBaeT MOCTOSAHHAsA M MHOTOYHKUMOHANbHAs NONoXuTenbHas obpaTHas
CBS3b Mexay pa3paboTKOM M BHEAPEHMEM YWUCTbIX TEXHOMOTMA, C OOHOA CTOPOHbI, W HAYKOW, pasHbIMU ee
HanpaBneHusiMK, — C [PYroil; 0COBEHHO — B KOHTEKCTE HaLLero paccMOTpeHus npobrembl 3deKTUBHOMo
(hOpPMUPOBAHUS MHHOBALMOHHOTO NOTEHLMana permoxa.

4. TpexmepHoe npeacTaBneHne akonornyeckon kpueon Kysneua (JKK).

HauGonee WHTEPECHbIM AN HAC acnekTOM SIBMSIETCS BbISIBIIEHWE CBA3M Mexay obbemami BbiGpOCcoB,
MaTepuanbHo  (OMHAHCOBLIMW  XapaKTEPUCTUKAMW  HACeNeHWsl U PaCLUMPEHUEM  3KOMOTUYECKM  YUCTbIX
MPOM3BOACTB, fanee — Kak 3TV CBSI3W U B3aUMOBMMSHIUS BbIMMSAST B AMHAMUKE, @ Takke — Kak aTa AMHaMuKa
CBsi3aHa (3aBUCUT, B3aUMOZENCTBYET) C COLMANbHO-3KOHOMMYECKIM MOTEHLMANIOM TEPPUTOPUN.

JocTaToyHo [aBHO M3BECTHA Tak HasbiBaemas Jkonorunyeckas Kpueas C. KysHeua (OKK). MoctpoeHHas,
BOOOLUE roBOpS, AN ApYrUX Lienei, OHa NokasblBaeT, Kak 3aBUCUT B CTpaHe WNW pervoHe obwmin obbem
3arpsi3HeHni (BbIGPOCOB, OTXOAO0B U T. A.) 0T cpedHedyweso2o doxoda epaxdaH unv BPIT (kpusasi A Ha puc. 18
nnockoctn P — M). Cnepsa C yBenuyeHuem 3TOro [foxoda OObeM 3arpsisHeHuin pacteT U LocTuraet
onpeAeneHHoro Makcumyma (Touka P+). 3atem geHer B obuiectse (bonblue my) OKa3blBaeTCs AOCTATOMHO ANS
Bonee Ka4eCTBEHHOM OYUCTKM, PACLUMPEHNS NMPUPOLOOXPAHHOM AEATENbHOCTYW, HOBbIX CPEACTB KOHTPONS U T. .
EctecTBeHHO, 0ObeM 3arpsisHEHUr Mpu 3TOM HauMHAEeT yMeHbluaTbCsi. BbiCkasaHHble paHee B KayecTBe
rUnoTesbl, 3TN CO0OPaKEHNUS NO3AHEE NOMYUMIM AMIUPKUYECKOe NoaTBEpXAeHMeE [4].

YnomsiHyTas mogenb, Oyayus npencTaBneHHOM Ha MIOCKOCTU «AeHbrW — BbIOPOCHI», WMena [BYMEPHOE
n3obpaxeHue.

Beenem B paccmoTpeHne ewle ogHy koopauHaty (cm. puc. 1). Mo aton Tpetbeit ocn K (knowledge) bynem
OTknagbiBaTb 0OO0OLUEHHYI0 arpervpoBaHHYK BENUYMHY, XapaKTepusytllytld o6bem 3HaHui B obLiecTBe:
pasBUTWE YMCTbIX TEXHONOMA, POCT WHHOBALMOHHOM AEATENbHOCTU, HOBblE 3HaHWS nMpowsBoauTenei, Gonee
BbICOKYI0 rPaMOTHOCTb NOTPeOMTENen M ynpaBneHUEeB, — LaHHble, NpuBeaeHHble B Tabn. 2. Takum obpasom
NPOM3BOAMUTCA YBEINMYEHWe Pa3MEpHOCTM MOLENu 3a CYeT BBEAEHUS W3MEPEHMUs, OMUChbIBALLEro YpPOBEHb
MH(OPMALMOHHON, «3HaHWEBON» HACHILLEHHOCTM
[aHHOW CoLMaribHO-3KOHOMUYECKON CUCTEMbI.

Ha puc. 1 wn3obpaxeHbl Tpu MOAENbHbIX
BapuaHTa KpuBbIX Aj, MOCTPOEHHbIE AN pasHbIX
k.

M3 pucyHKa BUAHO, YTO NPK YCroBUK K3 > ko > ki,
MbI MOTYYUM:

Ps < p2 < p1.
OTO  03HayaeT, 4T0  MOXHO  OXMAaTb
nocnefoBaTenbHOr0 NafeHus opauHaT pi, TO
€CTb YMEHbLUEHUS CYMMApPHOTO MaKCUMasbHOrO
obbema BbIGPOCOB.

MocTpoeHHoe Ha puc. 1 YCMOBHOE M306paxeHne CBSA3M Tpex napameTpoB (MHKOPMALMOHHBIX, COLMAMNbHbIX,
aKonornyeckux) Hasosem NCI-nnpammgon.

MpuBeneHHOE 30€Ch PasBMTUE MPEeACTaBMEeHuA, nonydyaembix 43 aHanmsa OKK, n3obpaxeHue KapTuHbl B
obbeme, Y4YMTHIBAIOWEM POCT IKOHOMMKW 3HaHWIA, SIBMSIETCS elle OAHOWM CUCTEMHON AeMOHCTpaLyet
3HAYMMOCTM UCMOMNb30BaHUS YMCTbIX TEXHOMOTUA, — MPWU PacCLUMPEHUM WX BHeApeHUs ByaeT yMeHbLUaThes
[aBMEHME Ha BHELLHIOW cpefy.
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Ho atoro marno; u3 rpaduka BugHo, 4YTo BydeT MMeTb MeCTO elje OaHa AMHaMWKa: NpWU pocTe 3HaHui
YMEHbLUAETCH He TOMbKO OPAMHATA Pimax. MakcUMarnbHble KpUTUYECKME 3HaYeHUs 0BBLEMOB 3arpsisHEHWN, Kak
MOXHO OXugaTb, OyayT BO3HMKaTb NPW BCE MEHbLUMX 3HAYEHMsSX OyWeBOro Aoxoda (mocneaoBaTenbHO
YMEHbLUAETCA BEMNYMHA abcumcehbl Myp), YTO SIBNSETCS KpaliHe aKTyanbHbIM ANS CErogHsWHen CUTyaunn Ha
YkpauHe.

MpoBefeHHbIE PaCCYXOEHWUS MOXHO MOABITOXMTb criedytownm obpasoM. Ha 6ase monyyeHHo TpexMepHoil
MOLenM CBA3M Mexay obwum 06beMoM 3arpsisHeHUit B pervoHe, BENWYMHONA CPeAHeAyLLeBOro [oXofa
HaCeNeHNst U HaCbILLEHHOCTbI0 SKOHOMUKM 3HaHUSIMKM CHOPMyNMpOBaHa rMnoTesa:

a) 00 ymeHbleHn oOwWwero obbema aHTPOMOreHHbIX 3arpsiBHEHWA C  POCTOM  3HAHWE-EMKOCTY
XO3SIICTBEHHOIO KOMMIEKCa;

0) 00 yMeHbLUEHWM 3HAYEHNN CpeaHEdYLIEBOTO AOXOAA HACENEHWs!, MPW KOTOPbIX HACTYMAeT KpUTMYeCKas
(MakcumarnbHas) BenuyuHa 3arpsisHEHNIA.

MosHo aymaTb, 4To 00a 3TH BbIBOAA MMEKT 0YeHb BaXXHOE 3HAYEHWe MU aHanmae coLnanbHO-3KOHOMUYECKOTO
noTeHLnana per1oHa B CrIOXMBLUMXCS YCIIOBUSIX W MpK BbIGOPE YNpaBNsOLMX BO3AENCTBUIA.

Elle ognH ecTecTBeHHbIN BbIBOA — O PE3yrbTaTMBHOCTW OBbEMHOMO MPeACTaBneHus: Befb Ha TpeTben ocu
MOXHO OTKNaAblBaTb PasfnyHble BaXHble XapakTepPUCTUKW, — NPOAYKTUBHYIO 3aHATOCTb, KyNbTYpy ynpaBrneHus,
CTeneHb KOPPYMNMpOBaHHOCTM oOLWecTBa (B 3TOM Cnyyae, MO-BUAMMOMY, MOMYYMM He nupamugy, a
PaCLUMPSIOLLYIOCS  BOPOHKY, — nNpu 6ofblied KOPPYMMMPOBAHHOCTW CUCTEMbI HYXHO 60nblue [eHer,
YBENNYMBAETCA Harpyska Ha NpupoaHyto cpeay), u T. 4. MNogobHas MHOromepHas Mofenb MOXeT CTaTb BECbMa
9(PEKTMBHBIM MHCTPYMEHTOM aHanu3a u ynpaeneHns. [lobasum, 4o Takas MOLeNb UIMOCTPUPYET Takke ponb
1 3HAYMMOCTb pasniyHbIX paboT, npeactaensemblx Ha KDS, a Takke ponb M 3HaummMocTb apuxeHust KDS B
Lenom.
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OCHOBHBbIE ACMNEKTbl MATEMATUYECKOIO MOAENUPOBAHUA
YNPABNAEMOro AUArHOCTUYECKOIO NPOLIECCA B PAMKAX EANHOIO
WHO®OPMALIMOHHOIO NPOCTPAHCTBA CUCTEMbI 3APABOOXPAHEHUA

WUropb flonrononos, Hatanua CemeHoBa

Pestome: Paccmampueaemcs 3adaya Mamemamuyeckoeo MOOENUPOBaHUsl  ynpaeneHus  npouyeccamu
KruHUYeckoll OGuasHOCMUKU, Komopasi onucbieaemcsi 8ekmopHoll 3adayeli AuckpemHol onmumusayuu 8
ycrnogusix HeonpedeneHHocmu AaHHbIX. Miccrnedyromes 803MOXHOCMU 06bedUHEHUsT UHOYKMUBHO20 0600WeHUS
u 0edyKkmueH020 8bi80da 8 paMKax UHMesnekmyanbHol CucCmeMbl YynpageneHusi npoyeccamu KuHU4ecKol
OuagHoCmuKku 8 0bbeme UeneHanpagneHHbIX OUAgHOCMUYECKUX CUCMEM C UChofb308aHUeM Memodos
pacno3HasaHus 06pa308 U MHO20KpUMepUanbHoU OUCKPeMHOU onmumMu3ayuu.

Knioyeenie cnoea: pacnosHasaHue 06pa3os, Kmaccughukayusi, KnuHudeckas OuasHocmuka, cpedcmea
AuagHOCMUYeCKUX MexHoMoaull, aHanumuyeckue mexHomo2uu, MHO20KpUmepuarsHbie 3adayu, AUcKpemHas
oNMUMU3ayUs .

BBegeHue

TpagMUMOHHO B TEXHUYECKMX CUCTEMAX pacrio3HaBaHWs CYMTaNOCb, YTO AMArHo3, Kak pelueHne o
MPUHAANEXHOCTN pacno3HaBaeMoro 0bbekTa o COOTBETCTBYtLEMY knaccy ;, i=1,..., m, NpUHUMaETCS

TOMbKO Mocrie OMpefieneHns BCE COBOKYMHOCTU MPU3HAKOB 3TOr0 o6bekTa xi,..., x,. OfHaKo B MpakTuke

KMMHUYECKON MeLMLMHBI BO3MOXEH ApYroi nogxod. 3ajaya pacrnosHaBaHWs AOMKHA PeLlaThCst Ha OCHOBaHUM
WHhopMaLmMn 06 M3MEPEHHBIX K TEKyLieMy MOMEHTY KhuHuyeckon auarHocTuki (KI) kaxporo ouepenHoro
Mpu3Haka KOHTPOMbHOrO obbekTa: x;,x, W T. 4. Mpu 3TOM npouecc Habopa AONOMHUTENBHON MHGOPMALK

nyTeM W3MEpEeHWs Nocreaylowero npusHaka obbekta Mnu npekpalleHne 3Toro npouecca NpoUCXOAUT B
3aBMWCUMOCTM OT pesynbTaToB MOMYYEHHOrO pELUEeHUs Ha  KaxgoMm 3Tane  uMccriefoBaHuid.  Takas
nocrefoBaTtensHas npoueaypa pelleHns 3agadum pacnosHaBaHus 0bs3aHa CBOMM BO3HUKHOBEHMEM OZHOMY W3
pasgenioB CTaTUCTUKN — NOCneoBaTenbHOMY aHanuay [2]. TexHonorus nocnesoBaTenbHOMO M MHOMOKPaTHOro
PEeLLeHNs 3a4ayn pacno3HaBaHWs C UCMOMNb30BaHWEM Ha KadOM 3Tane WUCcrefoBaHui BO3pacTaloLero yucna
N3MepEeHHbIX NPU3HAKOB aKTyanbHa Ans KNMHUYECKON MeaMLMHbI, 0COBEHHO Koraa Ans onpeaeneHns npu3HakoB
“Ccnonb3yloTes CpeacTea anarHocTudyeckux TexHonormn (COT), a cam npouecc K cBa3aH ¢ onpegeneHHbIM
PUCKOM, 1, YTO MPUHLMNNANBHO BaXHO — 3TO KOraa pspa 3aboneBaHuin HafexHO Pacno3HaeTcs No HENOTHOMY
WUNW orpaH4eHHOMy Habopy NpU3HaKOB.

0603HauMM MHOXECTBO MCCMeAOBaHWA, MPOBOAMMbIX B paMKax AMArHOCTUYECKUX MeponpusTuid, A = {a}.
HasHaunTb MccrnegoBaHMe a - STO 3HAYMT yKasaTh, KaKOM MPU3HaK M C MOMOLLb kakoro metopga CAT ero
Heobxogumo onpepenuTb. Kaxgoe wccnenoBaHve MMeeT OnpedeneHHbli WCXOA: Hanuyue Wnn OTCyTCTBUME
npu3Haka, OnpedeneHMe €ero 4YWCNOBOrO 3HauveHus, WHTepeana W T. A. B npouecce K[ Heobxogumo
AnddeperLmMpoBaTb MHOXECTBO MPOMEXYTOYHBbIX x = {x,} (34ecb x, — obliee obBo3HayeHne ucxoaa
uccrenoBaHns) U (OUHULLHBIX UCXOJ0B Fye =X; + Xy +...+ X,,.

Ha npoBeaeHue npouecca KMWHWUYECKUX WCCMEeoBaHU HaKnagblBalTCs OnpedenieHHble  OrpaHuyeHus,
obycrnoBreHHble paaoM 0bCToATenbCTB. 370, MPeXae BCero, MUX CTOMMOCTb, BKMIYAKLLEA BPEMEHHbIE W
TPyAOBblE 3aTpaThbl, aMOPTU3aUMA CPEACTB AMArHOCTUYECKUX W TEneKOMMYHWUKALMOHHBLIX TEXHOMOorui u ap.
Cymma 3atpaT onpegensercs o6beMOM pasfeneHHblX BO BPEMEHW W MPOCTPAHCTBE [AMArHOCTUYECKMX
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MEPONPUSITUIA, HEOAHOPOAHOCTBIO MX MHCTPYMEHTanbHOM 6asbl, YTO YacTo BeaeT K AyOrmMpoBaHWIO LaHHbIX,
noTepe Ban1aHOCTY 1 B CBS3W C 9TUM — HEOBXOAMMOCTI Noucka HAOpMaLmMK B pacnpeaeneHHol 6ase AaHHbIX
WM XpaHWINLLE [aHHbIX, B 3aBMCMMOCTM OT TUMa apXUTEKTypbl MEAMLMHCKOA CeTh pervoHa 1 ap. IMpn aTom
CTOMMOCTb OMpefieneHnst BbISBNIIEMOrO Knacca COCTOSHUS, B 0ObeMe AOCTOBEPHOro [narHosa, He AorkHa

NpeBbIWaTh YCTAHOBNEHHOW BENMYMHbI. Taknm 00pa3om, Ha MHOXECTBO A4 = {a} HaknagblBaeTCcs cuCTEMA
nocrnefoBaTenbHbIX OrpaHuyeHuin H, 3agaHHas cnegyowmum obpasoMm. Ecnn gnsa kaxgon cuctemsl H —
fonycTuMa MocneaoBaTenbHOCTb UCXOA0B X, , X , B KoTOpO# aleAlG, azeAf (xa1 ) IO

, X

a st a;

a; eA,f’ (;cal,...,xalH ), TO 3TO O3HA4YaeT, YTO OMpPedeNneHo MHOXeCTBO uccnegoBaHwi (k+1)- cTagum

Ak+1(xa1,..., Xq, ), C NONy4YeHWeM LIenoYkn UCXOA0B Xg oener X B pesynbTaTe ucecneLoBaHuii ap,...,ay.

ai
CoBOKyNHOCTb AMArHOCTUYECKNX UCCRER0BAHNIA A C 3a4aHHON CUCTEMON orpaHuyeHnid H 0603Haunm A7,

B pesynbTate HECKOMbKUX MTEPALWN  MHCTPYMEHTANbHbIX WCCMEAOBaHUA  MOMyYeHHas  MH(opMaLms
NCNonb3yeTcs Ans NPUHATUS PELLEHNS O NPUHAANEXHOCTM AMArHOCTUPYEMOro 06bekTa OAHOMY M3 BO3MOXHbIX
knaccoB cocTosiHUit. OBo3HauMM z = {z;} Kak MHOXECTBO MPOMEXYTOYHbIX pelueHnd. OHo pacnagaeTcs Ha

NOAMHOXeCTBa z = {zlk}, 3NeMeHTbI KOTOPOro zlk 03HaYaloT, YTO Nocne NpoBeAeHUs Kk CTaauin 1ccnenoBaHuit

MPUHATO MPOMEXYTOYHOE PElleHne O MPUHaANeXHOCTM obbekta o K QF -My Kknaccy, T.e. yCTaHOBMEH
npeaBapuTENbHBIA AMArHO3, C HEKOTOPbIM YNIOPSAOYEHHBIM MHOXECTBOM M1MOTE3 NPaBAONOA0GHbIX AMArHO308B
G, € G. Kaxpas runoTesa U3 MHOXecTBa G OTNMYAETCS OT KOHEYHOTO PELLEHNS — KIMHUYECKOro AnarHosa DS

— ofbemMoM HegocTakLeit uHdopmaumn Al. Mopspok hopM1poBaHMs rnoTes G o auarHose DS;(Iy),

i=1,p, W NpefenbHas CTeneHb WX KOHKPETM3aLMM 3aBUCAT OT anoCTEpUOPHONM, T.e MOMyYeHHOW nocne
UCCrefoBaHWiA  WHdopmauum 1. B [maHHOM  npouecce  BbIMOMHSIETCS  COOTHOLUEHME

DS \(Iy)c DS, (Iy_y)c...c DS ,(Iy,), Te. Kaxaoe NOAMHOKECTBO NPaBAOMOAOBHOTO —AMarHosa

DS,(Iy,) copepxutca BO MHOXecTBe DS;(Iy), i=1 p—1, 1 cnegyer u3 Hero. OanbHedwwyio
KoHKpeTu3aumo DS 3a cueT cyxeHus DSp(IVp) MOXHO OCYLLECTBUTb C MOMOLLLIO  [OMOMHUTENBHOM

WH(OpMaLWK B MPOLLECCe AMarHoCTUYECKMX UceneaoBaHuin. [ing aToro HeobxoaMMo onpeaenuTb Takon NprU3Hak
Xz, k=1,...,N, U3MEpeHue KOTOpOro BHECET B CUCTeMy pacno3HaBaHus DS Hamborbluee KONMMYeCTBO

VIH(*)OpMaLl'VIVI, C Yy4yeToM TOro, 41O Ha npedpigywemMm 3Ttane Obin onpegeneH npu3Hak x;, T.e

I(xy / x; =max Ix; / x;).
j

MpuHsTME OKOHYaTENbHbIX pelleHuii B K[ Bcerga compsikeHO C  OMPELeneHHOW UX  CTOMMOCTBIO.
MocnepnoBaTtenbHOe NpoOBEAEHNe AarbHEeMWMX UCCNEefoBaHUA, KaK W MPUHSTUE OKOHYATENbHOTO PeLleHUst O
npuHagnexHocT obbekta « OnpefeneHHOMy Knaccy A, Ha OCHOBaHUM MHGOpMaLMW, MONMyYeHHOW B
pesynbTaTe 3TUX WCCNesOBaHWI, COMPSHKEHO C Haubonee YyBCTBUTEMbHBIMK MoTepsmu Ans KO — BpemeHm,
pacxogamu TPYAOBOTO M pecypcHoro obecneyeHust u ap. Ecnu npoBedeHHble uccnenoBaHust aj,..., ay,

k

3aBepLmnnucb nucxoaamu Xg oeees X MU NPUHATO OKOHYATENbHOE pelleHne z;, TO 6y,qu nonaratb, 4TO

ay

3Hau4eHve CTOMMOCTU ANarHOCTUYECKOW TPAeKTOPUM TaKoro PELLEHNS PaBHO Cm[zlk (xm yeens X )]

X
3HaueHne pacxopoB U, Q[anbHEWWed AMarHoCTUYECKOM TPaekTopuu (hOPMUPOBaHUS MPU3HAKOBOIO

MPOCTPAHCTBa MPUOPUTETHON rUnoTesbl (Al), yCpeaHEHHOe Mo BO3MOXHbLIM €e BapWaHTaMm Onpeaensietcs
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npaBunoM R, B COOTBETCTBUM C KOTOPbIM MNaHWpyeTcs MOCneaoBaTeNbHOCTL U 0ObEM [AWNarHOCTUYECKNX
mMeponpusaTuit, T.e. U, = U, (R). OaHaKo Kaxgoe npasuio R MOXET CTPOUTBCS SLLb C Y4ETOM OrpaHiyeHiiA

H, HaknagblBaeMbIX Ha MEPONPUSATIS NPOBOANMMBIX UCCNEA0BaHMA. MOCKONBKY 3apaHee He M3BECTHO, KakoW B
WHCHOPMaLMOHHOM Mone o6BbEKT NofBepraeTcs pacnosHaBaHWio, BennumHa U, OOMmkHa ObiTb ycpedHeHa C

MOMOLL|bIO anpryopHOM BEPOSTHOCTM NosBreHus obbekta P(Q;) [3].

KauecTBO Kamoro anroputma, onpegensitolero nocnefoBaTeNnibHoe Npauno R, B COOTBETCTBUM C KOTOPbIM
peanuayeTcs MpoLEecc YNpaBreHUs, MOXHO OxapakTepu3oBaTb (yHKUMOHANOM, NpeacTaBnsitowmm coboil
MaTemMaTU4eckoe OXiaaHne OT 3HAaYEHWUs CPELHUX PacXOLOB:

U,(R)=M[U,(R)]=Y U, (R)P(Qg).

t=1

Tpebyetcst onpegenuts onTManbHoe npaeuno R e R, ofecneuvBailiee MUHUMYM hyHKUMOHana, T.e.
MWHUMU3ALMI0 MaTeMaTUYeCKoro OXWAaHUsS PacxofoB, CBA3aHHbIX C peanu3auuen npouecca ynpasfieHus
npoueccamu KI. [aHHyto 3agadvy MOXHO paccMaTpuBaTh B BUAE ABYXKpUTEPUArbHOM 3adaqu. B cooTBeTCTBUM C
NOAXOAOM, UCnonb3yeMbiM B (OMHAHCOBOM aHann3e, bygem uckatb pelueHus MapeTo- onTuManbHble no AByM
KPUTEPUAM: MUHUMYMY CPEAHEro 3HauyeHusl LieneBoi MYHKUMM U MUHUMYMY ee amcniepcun. B paborax [5-7]
“ccnenoBaHbl HEKOTOPble CBOMCTBA Pa3nuyHbIX BUAOB 3GhEKTUBHBIX PELLEHUI U NPEeANoXeHbl METOAb! Noucka
peLLeHUI yKa3aHHbIX 3adau.

PaccmoTpeHHble MOHATMSI MO3BONAKOT MOCTPOUTL MeToh ynpasneHus npoueccamn K[ B Buge npasuna
nocrneaoBaTenbHOro Moucka pelleHni, obecneunBarowlero paspaboTky ONTUMANbHOTO NraHa NpOBefeHUs
AnarHocTuyeckux meponpustuin. CyTb ONTUMANbLHOCTW Takoro MeTOAa  3aKrioYaeTesl B TOM, YTO Kaxabli war
[MarHoCTMYECKNX MEpPONpUATAN BKMKOYaET B cebs cneaytowmin o6bem npoueayp: YCTaHOBIEHWE MPU3HAKOB;
BbIOOp MeToga M CPeACTBa ero perncTpaLmm; NnaHMpoBaHue UCCnefoBaHUs COCTOSHUS BOMNBHOTO; KOHTPOSb €ro
3(hEKTMBHOCTI, KOTOpblE  ONMPedenstoTcs  WHGopMauuWen, NOMyYyeHHoW B pesynbTaTe  NpenblayLmx
“ccnegoBaHUi, Kak B pamkax TEKYLLEero AMarHOCTMYECKOro MpoLecca, Tak U BCell NpeabICTOPUEN HACTOSILLEro
coCTOsHNA obcregyemoro. 10 No3BONSET ONpeaennTb, kakue NpuaHakm HeobXoauMO akTyanusnpoBaTh U Kakue
cpeAcTBa anarHoctuyeckux TexHonorun (CAT) ucnonb3oBath Ha kaxaom ware meponpustiin K [4].

BbiBOAbI

PaccmatpuBaeTcsi 3afjaya MaTeMaTMYeckoro MOLENMPOBaHWsS  YNpaBNeHWst MpoLeccami  KNMHUYECKO
AVarHoCTWKM, KOTOpasl OMUCHIBAETCS  BEKTOPHOI 3afayeil AMCKPETHOM OMTMMM3aLUMM B YCIIOBUSIX
HeomnpeaeneHHoCT AaHHbIX. MccnedyloTess BO3MOXHOCTM  OObeaMHeHWst WHOYKTMBHOTO  0606LieHns W
[ELyKTMBHOTO BbIBOJA B pamkax WHTENNEKTyanbHOA CUCTEMbl YNpaBneHWs NpoLeccamu  KiMHUYECKOM
AMarHocTUKM B 0ObeMe LieneHanpaBneHHbIX AMArHOCTUYECKMX CUCTEM C  MCMOMb30OBaHWEM METOAOB
pacrnosHaBaH1si 06pa3oB M MHOTOKPUTEPUANbHOM AMCKPETHOW ONTUMM3aLMM. Ha oCHOBE NpeanoXeHHOro
MaTeMaTU4eckoro  anmapaTa  MokasaHa  MpUHUMNMAnNbHas — BO3MOXHOCTb — CO3AAHUS  MEAMLIMHCKNX
AUArHOCTUYECKMX MH(OPMALMOHHBIX CUCTEM HOBOTO Krlacca LieneHanpaBeHHoro AeicTams
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METOAbI MOOUOUKALIMM ONTUMU3ALIMOHHBIX MOLENEN
C LENbIO YBEJIMYEHUA OANANA3OHA BbIBOPA BAPUAHTOB
MPUHATUA YNPABNEHYECKMX PELUEHUN

Hukonan Kysy6os

AHHOmauus: B doknade 0151 OUEHKU SKOHOMUKO-MameMamuyeckux modenell 8 npoyecce 8b160pa 803MOXHbIX
8apuaHmos  (hyHKUUOHUPOBAHUSI  9KOHOMUYECKOU cucmembl NpednoXeHO UCnonb3osamb  nokasamerb
gapuaHmHocmu modesnell U Ha e20 0CHO8e B8bIpabomKu Haubonee payuoHanbHO20 HanpaeeHus pa3gumus
cucmembl. Mlcnonb3osaHue 3mo20 nokazamesnis npu  cosepwieHcmgosaHuu modenell no3sonsem gecmu
ueneHanpasneHHbili nouck mMemodos ux Mmodugbukayuu. [lonoxumensHbil agpghekm OGaem nuwb makas
moduchukayus, Komopasi Cconposoxdaemcs nosbieHUeM KodghguyueHma eapuaHmHocmu  modened.
Paccmompetbi Memodsl moducpukayuu modesniel, Komopble OCHOBaHbI Ha NpuHyune 6eedeHusi 8 MOOEsb
NPUPOCMHBIX (MapauHarbHbIX) NePEMEHHBIX, OMPaXatoujux 803MOXHOCMb yeenu4yeHue obbema npouzgodcmea
npodyKuuu KaxObiM 0mOenbHO 835iMbIM 8UOOM 3KOHOMUYECKOU O0essmenbHOCMU Ha MaKpoyposHe Uumu
om0enbHol ompacu hpousgodcmea — Ha npednpusimuu.

Knroyeenie cnoea: [lokasamenb 8apuaHmHocmu, Ouana3oH pa3sumusi, SKOHOMUYecKas cucmema, Memod
moducgpbukayuu.

BBegeHue

Ha coBpeMeHHOM 3Tane pa3BuTHsi BbIYUCTIMTENbHBIX CPEACTB W HayYHbIX NPUKNAAHbIX Pa3paboToK BPSA MK KTO-
TO CMOXeT OTpuuaTb, YTO Hauboree HAAEXHbIM MHCTPYMEHTOM BbIpabOTKM Hay4yHO OBOCHOBAHHOIO
YNPaBMNEHYECKOro peLleHnst B cdepe SKOHOMMKN SIBSITCS MeTOAbl MaTeMaTMYeckoro MoaenvposaHus. Ha
MaKpOypOBHE YCMELUHO WCMONb3yeTcsl MOAENb MeXoTpacneBoro GanaHca SKOHOMUKM CTpaHbl UNM KpYNHOTO
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PEr1oHa, Ha MUKPO YpOBHE — Haubonee 3GhheKTUBHbI, B YACTHOCTW B arpapHOM CEKTOPE 3KOHOMUKM, MOAENN
ONTUMU3aLMN OTPACTIEBOM CTPYKTYPbI NPON3BOACTBA NPEANPUSTHIA.

Mouck Hanbonee ahHeKTUBHbIX BapUaHTOB Pa3BUTUS SKOHOMUYECKOM CUCTEMbI MO MOAENM MEXOTPacHeBoro
GanaHca OCyLIECTBNSIETCS, Kak M3BECTHO, B AMANOroBOM pexume. [Mpu 3TOM Henb3s rapaHTMpoBaTb, YTO
BblOpaHHbIA BapuWaHT pPa3BUTUS [aHHOM 3KOHOMUYECKOM CUCTEMbI OKaxXeTcs Haubonee pauyoHambHbIM,
MOCKOMbKY B MOZENM OTCYTCTBYET KpUTEPUIA ONTUMU3aLMN BbIGOpa.

WccnepoBaHust  aBTOPOM  WM3BECTHbIX  MOZEned ONTUMM3aUMKM  OTPacheBOi  CTPYKTYpbl MPOM3BOACTBA
CENbCKOXO3ANCTBEHHBIX NPEeanpUSTUN NOKa3ani, YTO B HA3BaHHbLIX MOAENSX YACTO TEXHONOrMYeckX cnocoboB
(NepeMeHHbIX Mofenu), pasnuyalLLMxcs Mexay coboi YpoBHEM 3aTpaT PecypcoB M BbiXoga MpoayKLuu
KOHKPETHOM OTpacni OrpaHWYMBanoch B fyuylleM cnyyae AByMsi nepemeHHbiMu. OpHa M3 HUX 0603Havarna
KynbTypY, NPOLYKLMSI KOTOPOIA MCMONb3YETCS Ha TOBAPHbIE LIENK, Apyrasi — Ha KopMma.

Takum 06pa3om, MOXHO KOHCTATUPOBATb, YTO 3T MOAENM He OTBEYalT OAHOMY W3 OCHOBHbIX TpeBOBaHWA K
Takum mogenam. 3J10 TpeboBaHMe CHOPMyNMPOBAHO OCHOBOMOMOXHUKOM MPUKNAAHOTO MCMOMb30BaHWS
MaTeMaTUYeCcknx MeTogoB B 3KOHOMMYeckux uccneposaHusix J1.B.KaHtoposuuem [J1.B.KaHtoposy, 1960]. OH
OTMEYAET, YTO B «MOAENMN YKUCIO TEXHOMOrNYECKMX CNIOCOBOB (M.€. NeEpEeMEHHbIX pasnuyaouuxcs mexdy cobol
YPO8HeM npou3so0CmeeHHbIX 3ampam U 8bixoda npodyKyuu (KypcwB aBT.)) UMK BaPUAHTOB TEXHOMOTMI, AOIKHO
ObITb BECbMa BENUKOY.

OpHako, BO-NEPBbIX, ECNN 3TO YCIOBUE BbINOMHUMO AN MOLeneil NPOU3BOACTBEHHOIO TUMa, TO MPaKTUYECKU
HEBO3MOXHO B MOMENM MexOoTpacneBoro 6anaHca, NOCKOrbKy He CylecTByeT WHcopMaLun, KoTopas
XapaKTepuayeT pasnuyHble YPOBHW Pa3BUTUsi OLHOI ONpeaeneHHol oTpacu.

C [Apyroii CTOPOHbI, HeMb3si anpuUOPHO ONPEEnUTb KOMMYECTBO TEXHOMOMMYECKNX CNOCOBOB [OCTATOYHOE ANS
oGecrneyeHmns BapuaHTHOCTM MOAEM.

n HakKoHeL, cneayeT NoA4YepPKHYTh, YTO B NOHATNE BAPMAHTHOCTM YaCTO BKNadbIBaeTCA pasnnyHoe ToNKkoBaHueE.

VIMEHHO 3TuM BOMnpocam aBTop yaenun 0coboe BHMMaHWe B AaHHOM ny6n|/1|<au,v|v|.

[nana3oH u BapUaHTHOCTb Pa3BUTHUA 3KOHOMMYECKON CUCTEMbI UNK npouecca

Yawwe Bcero «korga pedb MAET O BapUaHTHOCTM 3KOHOMUKO-MaTeMaTW4eckoil MOogenu, To UMeeTcs B BUay
HanWure B MOZENW nepeMeHHbIX, 0603HaYaloLWmMX BapuaHTbl Pa3BUTAS SKOHOMUYECKWIA NPOLLECCOB, N3MEHEHME
KOTOPbIX HOCWUT AMCKpeTHbl xapaktep» [A.B.Kpywesckuin, 1982]. Hanpumep, BapuaHTbl NpoU3BOACTBEHHOM
MOLLHOCTM TOTO MAM MHOMO NPEeanpuUaTUS UKW HamnuumMe HECKOMbKUX NOCTAaBLUMKOB TOBApOB ANS OnpefeneHHoM
rpynnbl noTpebuteneir. Takoe cOAepXaHUe MOHATUS BapUaHTHOCTU MOZENEN, BMOMHE O4YEBMAHO, MOXET BbiTb
0BHapyXeHO MyTem NPOCTOro MOrMYECKOro aHanuaa u He TpebyeT kakix 6o LONOMHUTENbHbBIX UCCTIeS0BaHNA.

C nosvumm MaTemaTukM BapWaHTHOCTb 3KOHOMMWKO-MaTematuyeckon mogenu (OMM) BblumcnsieTcs no
KOIMYECTBY B HEN OrpaHnyeHuin u nepeMeHrHbIx [[.Bartep, 1972]. U coBeplueHHO 04EBMAHO, YTO B 3TOM Cryyae
peyb MaeT NNLb O BO3MOXHOM KONMMYECTBE BAPUAHTOB PELLEHNS JAaHHOW MOAENM.

B peanbHoi npaktuke Gonbluasi YacTb MPOLIECCOB, BKIKOYAs SKOHOMUYECKME, UMEET HenpepbIBHbIN XapakTep
pa3suTus. Hanpumep, Ha NpeanpusiTii MoXeT ObiTb NPOM3BELEHO ONpeaeneHHOe KONMYECTBO Y3rOB, arperaToB
WU €4NHNL, TEXHUKM, Ha CENbCKOXO3ANCTBEHHOM NPEANPUSTN — Kakoe-nbo KONMYeCcTBO ONpeneneHHoro Buaa
npoaykuun. Mpyu 3TOM npeaerbHbli YpoBEHb BbiMyCka MPOAYKUMM OrpaHUYMBAETCS Ha MPEAnpUATUM €ero
MOLLHOCTbI0 U HanuumMeM MpOW3BOACTBEHHBLIX PECYPCOB, BKMtoYas pabouyyio cuny. B cenbckoxo3siicTBEHHOM
NpeanpusTUM, KPOME TOTO, HaNMMYMEM U KAaYeCTBOM 3eMeNbHbIX PecypcoB. MUHUManbHbIA YpOBEHb BbiMycKa B
9KOHOMMKO-MATEMATUYECKIX MOAENAX 06ECNIEUNBAETCS OrPaHNYEHNSIMU, NPeayCMaTPUBAIOLAMU TOT YPOBEHD.

Takum 06p830M, NOrMYHO  BbITEKAET BbIBOA, 4TO IMM, OoTpaxawuwaa Yycnosus d)yHKLlI/IOHI/IpOBaHVIFI
3KOHOMUYECKOM CUCTEMbI, UMeEET onpeneneHHble npenenbl N gnana3oH pa3BUTUA, OrpaHUYEHHbIE €€
MUHUMaAnbHbIM W MakCUMalnbHbIM YPOBHEM Pa3BUTUA. B 3TOM AnanasoHe HaxoguTbCs BCE BO3MOXHbIE
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BapuaHTbl pPa3BUTWUS [AHHOW SKOHOMMYECKOM cucTeMbl. COBEPLIEHHO OYEBMOHO TaKKe, 4TO 3TO €CTb
XapakTepucTuka 061acti 4onycTuMbIX peleHnin SMM.

[nanasoH passuTis no6OI IKOHOMUYECKON CUCTEMBI (MPOLECca) MMEET YMCMOBYK XapakTEPUCTUKY, Kak B
abCoNITHbIX eaMHULAX WM3MEpEHUs (PasHOCTb MEXZy MakCUMambHbIM W MUHAMAIbHBIM - 3HAYEHWSMM
nokasaTenen YpoBHS PasBUTUS [LAHHOM CUCTEMbl), Tak W B OTHOCWTENbHbLIX (OTHOLIEHWE 3TOW pasHMLbl K
MaKCUMarbHON BenuyuHe AaHHOro nokasatensi). OTHOCMTENbHbIE MOKa3aTenu, XxapakTepusylolme auana3oH
BblbOpa BapuaHTOB Pa3BUTUS IKOHOMUYECKOM CUCTEMbI MAW NPOLECCa, MPUHATLI HAMW B KaYeCTBE NokasaTenei
ux BapuaHTHocTu [H.Kysybos, 1986].

B OMM nokasatenb BapuaHTHOCTU Moaenu (K) MOXHO MOMyuYMTb MpU €€ PeLleHnn Ha MakcuMym (F—max) u
MuHUMYM (F—>min) BeibpaHHO LeneBon tyHKUMM. Gopmyna ero BbIMUCIEHNS UMEET BUA;

F max— F min

K fry
F max

Mo Hawemy MHEHW0, €CTb HeoBXOAMMOCTb BbLIMOMHMTL JIOTUYECKWA aHanu3 napameTpoB MokasaTens
BapuaHTHocTM MM 1 onpenenuTb Hambonee LienecoobpasHoe ero 3HayeHne. B coOTBETCTBUM B NpUBEAEHHOM
Bbilwe DOpMynoN, mokasatenb BapuaHTHOCTM OMM MOXeT npuobpecTn 3HauyeHne 6nu3koe WK paBHOE
eouHuue. T.e. momenb Oymer obnagaTb MaKCMManbHOW BapMAHTHOCTBKO, €CMIM MpU PELieHMM MOOEenM Ha
MUHAMYM LieneBoi (hyHKUMM ee 3HaueHne OyaeT npubnmkatbes K Hyn. B mMoaensx nponsBoACTBEHHOrO Tvna
TaKkasi CUTyaLmus MOXET BO3HWKHYTb, KOTAa 3adaHusi MO rapaHTMpPOBaHHOMY 06beMY NPOM3BOLCTBA HEKOTOPOI
COBOKYMHOCTM NPOAYyKUMM OyayT MOMHOCTBK OTCYTCTBOBATL, MOCKOMBbKY MMEHHO 3T 3afaHus onpedensiot
HWKHUIA (MWHAMAanbHbINA) Npeaen pasBUTUS AaHHON SKOHOMUYECKON CUCTEMBI.

B pearnbHoil AECTBUTENBHOCTY Takasi CUTYaLMs He MOXeT MMeTb MecTa M valle BbiBaeT Hao6opoT — 3aAaHMs
Mo rapaHTUpPOBaHHOMY 06bEMY NPOU3BOACTBA NPOAYKLMN B SKOHOMUYECKON CUCTEME MPEBLILLIAET €€ PECYPCHbIE
BO3MOXHOCTW, T.€. YCMOBWS MOAEN! SIBMSTCA HECOBMECTUMbIMW, TMOMHOCTbIO OTCYTCTBYeT 06nacTb
AONYCTUMbIX PELLEHNN.

Mpu yCRoBMW, YTO PECYPCOB [OCTATOMHO [J1Sl BbIMONHEHUS TapaHTUPOBaHHbIX OGLEMOB MPOM3BOACTBA
NPOAYKLMYK, NOKa3aTeNb BAPUaHTHOCTM MOAENM BYAET MUHUMAMbHLIM, €CIIN MPU €€ PeLLeHN Ha MaKCUMyM U
MUHUMYM 3HaYeHUs Lienesoil (yHKLmMM GyayT BNu3ku Ui coBnagaroT, T.e. Moaenb 06nafaeT He3HauMTenbHOM
n BoOOLLE HYNeBoi BapuaHTHOCTb. o Moaenu, He obnagatolieit BapuaHTHOCTBIO MOXHO MOMYyYNTb
3aBEIOMO M3BECTHOE peLLeHie, 1 Takum 06pa3om, 060CHOBaTb MoGoe YNpaBrneHYECcKoe peLLeHe.

M3 aTOro BbiTEKAeT BbIBOA, YTO MpexJe 4Yem BbINOMHUTL MOMCK ONTUMArbHOTO BapuaHTa PasBUTUSA
9KOHOMWYECKO CUCTEMbI (Mpoluiecca) W 0BOCHOBATb, B pesyribTaTe pelleHUs MOAENN HanpaBneHus ee
MEepCneKTMBHOMO pasBuUTUsI, HEOBXOAMMO OLEHUTb BapuaHTHOCTb OMM. Mpu yCroBuK, YTO OHA OKAKETCS O4YEHb
Marioi, BO3HUKaeT He0bX0AMMOCTb Moucka METOZOB ee MoaudMKaLK.

Moaudmkauma MM MakpoypoBHS

Haunbonblwmii MHTEPEC, HECOMHEHHO, NpeacTaBnseT coboi meTodbl MoguduKauMM MOAenen MakpOYPOBHS.
VicxogHo MOZenbio 3KOHOMUKM Ha MakpOypoOBHE MOXET CIyXUTb MOAenb MexoTpacrnesoro GanaHca. B
kayecTBe OObEKTA WCCreaoBaHUs BblbpaHa Moaenb MexoTpacneBoro GanaHca Ykpautbl®. Metomom ee
moaudmkaLmm nsbpaH npegnoxerHblin H.M. Ty6uHeiM u ap. [H.I'yéux u ap., 1993] cnocob BkntoueHns B Mogenb
«NPUPOCTHBLIX BEMWUMH, XapaKTepU3yLWMUX MPUPOCT (YHKLUWW, NPUXOASALLMACS HA OOHY OOMOMHWUTENbHYHO
«EQUHMLY» TOTO WNK MHOTO (pakTopa». B Hawem cryyae B Moaenb MexoTpacneBoro 6anaHca Ans Kaxmoro
OTAENbHO B3ATOTO BUAA 3KOHOMUYECKOM AEATENbHOCTM BMECTE C OCHOBHbIMU NepeMeHHbIMU, 0603HaYaLLMMm
9TW BUAbI AEATENbHOCTY, BBEAEHbI MPUPOCTHbIE (MapruHasbHble) NepeMeHHble. T NepeMeHHbIe MOgenupyT

* [laHHas YacTb uccrieqoBaHUs NpoBedeHa COBMECTHO C acnupaHTKoi KueBckoro HauMoHanbHoro yHuBepcuTteTa
umeHn Tapaca LeyeHko EgnHak E.H.
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BO3MOXHOCTb yBENNYEHUA obbemoB BbiNyCka NPOAYKUNN KaXAbIM OTAENbHO B3ATbIM BWOOM 3KOHOMUYECKOM
[EeATENbHOCTN.

B kauecTBe MUHMMANBHOIO YPOBHSI Pa3BUTUSI SKOHOMUYECKOI CUCTEMbI (B AaHHOM Cry4ae 3KOHOMMKN YKpauHbi)
B MOJENu NPUHST YPOBEHb Pa3BUTHS, JOCTUTHYTHIA oTpacneil. MapameTpbl BO3MOXHOMO yBeNnyeHnst 06beMoB
BbiMycka NMPOAYKUMM OMPedensnMch npu 3TOM C YY4eTOM CHOXMBLUMXCS TEMMOB POCTa MPOW3BOACTBA 3a
nocneaHue roasbl.

OgHum u3 OrpaHUYNTENDBHbIX yCJ'IOBVII7I pa3BnUTUA 3KOHOMUKMK YKpaVIHbI B MOJENU ABNAETCA BEKTOP-CTPOKa Mo
CyMMapHOMY YPOBHKO BbIGDOCOB BpeaHbIX BELLECTB B aTMOCCbepy.

MpvBedeM nokasaTenu BapWaHTHOCTW 3TOM Mogenu. [pu ycnosuu, YTO TeMMbl YBEMWYEHUS KOMWYeCTBa
BpeaHbIX BbIOPOCOB ByayT COOTBETCTBOBATb WX (PAKTUYECKM CMOXMBLUMMCS TeMnaMm MpUpoOCTa, 3HaYeHus
(OYHKUMKM, MOMyYeHHbIE NPU PELIEHNN Ha Makcumym u MuHumym BBIT (B ueHax 2004 ropa) 6ymyT paBHbl
COOTBETCTBEHHO — 965,8 1 345,1 Mnpa. rpH. lNokasatens BapuMaHTHOCTK 3TOi Mogdenu npu atom paseH 0,39. Mo
HaLleMy MHEHUIo, 3TO JOCTAaTOYHO BbICOKMIA NOKa3aTerb BAPUaHTHOCTV MOZENM.

Kpome TOro, mpocuuTaH BapuaHT, Y4YUTbIBAKOLLMIA BO3MOXHOCTb HEKOTOPOrO YBENWYEHWS TEMMOB MpupocTa
BPeAHbIX BbIOpOCoB. Mpu 3TOM yaanock Nuwb He3HaunTenbHo Ao 0,396 yBenuunTb NokasaTesb BapUaHTHOCTM
mogZerm. B atom cnyvae Obin JOCTUHYT MNpeAenbHbld YPOBEHb Pa3BWTWSI BCEX BUAOB 3KOHOMWUYECKOM
DEATENbHOCTU, NPEAYCMOTPEHHBIN OrPaHNYEHUSIMU HA BO3MOXHBIA NPUPOCT 0BBLEMOB BbIMyCka KaXaoro Buaa

NpOAYKLMK.

Moaudmkayma MM MUKpOYpOBHSA

LLnpokne BO3MOXHOCTM Mogudmkauun OMM MMelTCs Npu MOAENMPOBAHWM SKOHOMMKM  MPeanpusTui,
0COBEHHO CenbCKOXO3ANCTBEHHbIX. B aTUX Mogensx BMECTO nepeMeHHbIx 0603HaqatLLmMx 0Tpacnu, NpoayKumMs
KOTOPbIX UCNONb3YeTCS Ha TOBApHbIE U KOPMOBLIE LiENMW, BBOAUTCS PS4 nepeMeHHbiX. [pu aToM 0aHa W3 Hux
SBMISIETCA OCHOBHOW, TEXHUKO-KOHOMUYECKME KOIPMUUMEHTLI KOTOPOM (HUKCUPYIOT COXMBLUWACA YPOBEHb
3aTpaT pecypcoB 1 BbIxoda NPOAYKLMM B pacyeTe Ha NPUHSATYI0 eAWHULY U3MEepeHns nepemeHHon. Jpyrue (ux
MOXET BbITb HECKOSIbKO) PMKCUPYIOT MPUPOCT NPOLYKTUBHOCTM PaCTEHMEBOAYECKMX OTPACTeN B 3aBUCUMOCTH OT
KOnMYecTBa BHOCUMbIX yAOBpeHuit, pacxofa NonMBHOM BOAbI W T.M. B OTPACHSAX pacTeHMeBoacTBa. B oTpacnsx
KMBOTHOBOACTBA MPUPOCT NPOAYKTUBHOCTW XMBOTHBIX BO3pACTaeT B 3aBUCKMOCTW OT noTpebnsemoro kopma B
pacyeTe Ha roroBy XMBOTHbIX.

OTaenbHbIMM NepeMeHHbIMU MOTyT ObiTb BBEZEHbl HanpaBNieHWsi LieNeBOro MCromnb3oBaHus mpogykumu. B
kayecTBEe TakuMX MEPeMeHHbIX MOryT OblTb MPUHSTHI  PA3NMuHble  KaHanmbl peanu3auun  npoayKLun
(3aroToBUTENbHBIM W NepepabaTbiBalOWMM NPEANPUATUAMU, HA PbiHKe W T.n.). Takas Moaudukauus aaet
BO3MOXHOCTb Haubonee anekBaTHO OTpaxaTb B MOAENW YCMOBUS (DYHKUMOHMPOBAHUS NpeanpusiTus B
PbIHOYHOM SKOHOMMKE.

Hawwu unccneposaHus aHanornyHbix mogenen [H.Kysybos, 1986] nokasanu, 4to 3T MeTogbl MOAMMKaLmm
MNO3BOMNMAM NOBBLICUTbL NOKa3aTeNb BAPUAHTHOCTU MOZENK onTuMmu3aLmu otpacnesomn cTpyktypel ¢ 0,17 go 0,248.
Ocobo cnegyer OTMETUTb, YTO MO CPaBHEHMIO C TPAAULMOHHOM MOLENbI ONTUMMU3ALMM  CTPYKTYPbI
MPOM3BOACTBA MPEAnpUsATUAS, MOSIBNSETCA BO3MOXHOCTb, KPOME TOro, BbibpaTh Haubonee 3GeKTUBHLIN
BapuaHT TEXHOMOrMM MPOM3BOLACTBA M CYLUECTBEHHO PaCLUMpUTL OMana3oH BbiOOpa BO3MOXHbLIX BapUaHTOB
(OYHKLMOHMPOBAHMS NPEANpUSATLS.

BbiBoabl

WccnenoBaHns U3BECTHBIX B NUTEpaType ONTUMU3ALMOHHBIX Moaenei (yHKUMOHUPOBAHUS 3KOHOMMYECKNX
CUCTEM Ha MaKpO- U MUKPOYPOBHE MOKA3ano UX HECOBEPLUEHCTBO. [1N1s UX OLEHKM NPeanoXeHo UCMoNb3oBaTh
rokasaTenb BapWaHTHOCTV MOgeneil, KOTOpbIA MO3BONSET OLEHUTL BENMUYMHY AMana3oHa Bbibopa BapuaHToB
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(OYHKLUMOHMPOBAHMS JAHHON 3KOHOMWYECKOW CMCTEMbl B MCXOAHOM MOAENW U ero (guanasoHa) M3MEHEHUs B
cnyyae mogudukaLmm Mogenu.

B kauecTBe 04HOM0 13 BO3MOXKHbIX BapuaHTOB MogncukaLum ontummsamoHHsix AMM cnieayet paccmatpusath
MeTOA UX MoAM(MKaLMM NyTeM BKIKOYEHUS B MOZENb NPUPOCTHbIX (MapruHanbHbIX) NEPEMEHHbIX, OTPaXaoLLMX
BO3MOXHOCTb  YBENWYeHNs OOBLEMOB NPOM3BOACTBA NMPOAYKUMM  KaXObIM  OTAENbHO  B3ATbIM - BMAOM
3KOHOMMYECKOW JEeATENBHOCTM Ha MAKPOYPOBHE UM OTPACTIBbI0 NPEANPUATIAS — HA MUKPOYPOBHE.

Nutepatypa
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NPOBNEMbI ®OPMUPOBAHUA BHYTPUITUMHHOCTHOIO KOH®ITUKTA
KAK ®AKTOPA, BNUAIOLLErO HA NMPUHATUE PELUEHUN

Enena LnHkapeHko

AHHomauyus. Paccmampugaiomcsi npobrieMbl, C8si3aHHbIe ¢ UCMOYHUKaMU 803HUKHOBEHUSI 6eCCO3HamelbHbIX
8HYMPUUYHOCMHBIX KOHGIIUKMO8 U MO, KakuM 06pa3oM Hanuyue O0aHHO20 (hakmopa ompaxaemcs Ha
NpoUecce NPUHAMUS! PeWeHuUl TUYHOCMBIO.

Knioyeenbie crosa: cosHamesnsHoe, beccoO3HamesnbHoe, ceepxco3HameribHoe, eHympunuqucme/U KOHd)J'IUKm,
KOMNJT1eKCbI, KOMNIIEKC CaMOYyHUYUXEHUA, NPUHAMUEe PeWeHUs.

BBepeHue

B cOBpeMEHHOM MWpe NOCTOSHHO MPOMCXOAMT (POPMUPOBAHME HOBbLIX HaMPaBREHMA, 0ObEAUHSIOLLMX
pasnnyHble 06nacT Hay4yHOro 3HaHMS. MIMEHHO K TakuM HanpaBneHusM NpUHaAnexaT WUccrefoBaHus,
OTHOCALLMECS K NpobreMe NPUHATUS peLleHui. MpUHATUE peLleHns SBNSeTCS LIEHTPambHbIM MOMEHTOM Ha BCeX
YPOBHSIX NepepaboTku MHA(OPMALMM YeroBeKoM, rpynnamn niogei, CUCTEMaMM “4enoBek — MaluuHa'.
EcTecTBEeHHO, YTO 3Ta CrOXHAs KOMMMeKcHast npoGriema BKMHOYAeT pasfMyHble acneKTbl: COMATUYECKWN,
MCUXONOrMYeckuit, kubepHeTudeckuin u apyrve. Mcuxonornyeckue acnekTbl Npobnembl CBS3aHbl HE TOMbKO C
aHanM3oM ponM M MecTa MpoLeccoB MPUHSITUS PELUeHUs B CUCTEME LiereHanpaBneHHON CO3HaTeNbHOM
AEATENBHOCTY YeroBeka, HO M kacarTcs ero 6eccosHaTenbHoN cdepbl.
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B naHHoi pa60Te Mbl PacCMOTPUM HEKOTOpble I'Ip06J'IeMbI, CBA3aHHble C WUCTOYHUKaMW BO3HWKHOBEHMUA
Becco3HaTenbHbIX BHYTPUITMYHOCTHbIX KOHqDJ'II/IKTOB N Kaknum o6pa30M Hannyne OaHHoro d)aKTopa OoTpaxaetca
Ha npouecce NpUHATUA peUJeHI/Iﬁ JINMHOCTbHO.

MpuHsATME pelleHnsn Kak NpoLecc NepecTpoikK CTEPEOTUNOB JIMYHOCTM

Camble TpyOHble Kak OCO3HaHHble, Tak W Gecco3HaTenbHble BHYTPUNNYHOCTHBIE PELUEHUSt — Te, KOTOpble
MPUHUMAIOTCS!, C OFHOI CTOPOHbI, B YCIOBUSIX AeMLMTa BPEMEHH, a C APYron — B YCNOBUSIX MHAOPMALMOHHOI
HEONpeaeneHHOCTM U NPOTUBOPEUMBOCTH, CBSA3AHHON Kak C BHELUHMMMW (COUMAmnbHbIMM), Tak U BHYTPEHHUMM
(MMYHOCTHBIMM) chakTopamu. OTU PELIeHUs CRyXaT MMaBHbIM KPUTEPUEM 3PENOCTU NIMYHOCTH, e€ TOTOBHOCTM
HECTW OTBETCTBEHHOCTb 3@ MPUHSATIE peLieHni. CMArYUTL TPYAHOCTb UX MPUHSITUSE MOXHO TOMbKO B TOM Cyyae,
eCnn OHW ByayT roTOBUTLCS 3apaHee, YTO B MPOLECCe XU3HELesTeNbHOCT He Bceraa BO3MOXHO. [puHATL
PELUEHNEe — O03HAYaeT «CHsITb» MPOTMBOPEYME Ha3peBLUEH NPobriembl, ¢ KOTOPOW MMYHOCTb OTKa3blBaeTCs B
panbHeiwem npuMUpsATbCs. HeobXoaMmocTb B €ro MPUHATUM  BO3HWKAET Torga, KOrda HEBO3MOXHa
CTEPEOTUNHAS, NPUBbIYHAS PeakLMs Ha NONYYEeHHY MHCOPMALMIO U HyXHO AEACTBOBATbL NO-HOBOMY.

Ho Takoro poga nepecTpoika — Henerkasi HepeHasi paboTa, a MHOr4a U Cepbe3HOE UCTbITAaHUE A1 YenoBeka.
[MOHATH MPUYMHY 3TUX TPYOHOCTEM NOMOraoT 3HaHMs packpbiTbix W.MN. 1aBnoBbIM 3aKOHOMEPHOCTEN BbICLLEN
HepBHOW fesiTenbHocTW. Kak  M3BECTHO, B  KOpPE T[OMOBHOTO  MO3ra  MPOMCXOAMT  HEMpepbIBHOE
CUCTEMATU3NPOBAHHOE [eneHne pasgpaXuTenbHbIX W TOPMO3HbIX COCTOSIHUIA, KOTOpblE B YCMOBUSIX
NOBTOPSIOLMXCA  OOCTOATENBCTB  (DUKCUPYIOTCS BCE ferde M aBTOMATW3WpOBaHHEE. Tak BO3HMKAET
OMHAMUYECKUIA CTEPEOTUN, Peanusauusi KOTOPOTO HYXKOAeTCs BO BCE MEHblUeil 3aTpaTe HEpPBHOro Tpyda.
YCTaHOBNEHHbIA  CTepeoTun OblBaeT THKENO W3MEHUTb W MPUBECTM B COOTBETCTBME C  HOBbIMM
obcToATensCTBaMM, HOBbIMKU TPEOOBAHMAMM XM3HU. DUKCUPYS OMpedeneHHbI OMbIT M COXPaHSIACh AOMroe
BpeMsl, OMHaMU4Yeckne CTepeoTunbl OBHAPYXMBAIOT CKMOHHOCTb K KPemkomy yaepxusaHuio. Popmupysch B
npouecce MOBCEAHEBHOMO YPaBHOBELUMBAHUS OpraHu3mMa CO CPEAOW, KU3HEHHbIE CTEPeOTMMbl COCTaBMAKT B
W3BECTHOM Mepe OCHOBY YENIOBEYECKOM JIMYHOCTM, OObIMHO [OCTATOMHO CTaburbHyld no dopme U
AVMHAMUYECKYHO MO COAEPKAHMIO.

Ecnu gMHammnyeckunii CTepeoTin XopoLLo 3adMKCUpoBaH, OH NpeacTaBnseT cobon OCTaTOMHO KOHCEPBATUBHYHO
CUCTEMY U €ro OTMEHa W BbipaboTka HOBOW — Tshkenas Ans HEPBHOM CUCTEMbI 3afava, KOTopast MOXET NpUBECTY
K BPEMEHHOMY HapyLUEHUIO BbICILEN HEPBHOM AeATernbHOCTU. BbigepxaTb Takoe WCMbITaHWE MOXKET TOIMbKO
CUMbHBIA HEpBHbIA TUM. TOMbKO TaKOW MMYHOCTM NOL CWUMY B KAKOW-TO CTENEHU NpeofoneTb MOLLHOCTb
COOCTBEHHbIX KOMMIEKCOB, T.e. TPYNMy B3aMMOCBS3AHHLIX CO3HATEMbHbIX 1 HEOCO3HABAEMbIX MOeh W
OLLYLLEHWI, KOTOPbIE OKa3bIBAKOT AMHAMUYECKOE BIUSHWE Ha NOBEAEHWE IMYHOCTH.

Komnnekcbl Kak coctaBnsiowee 6eccosHaTenbHON cdepbl NCUXUKK

Urobbl 6onee 4eTko NOHSTH CYLIHOCTb KOMMJEKCOB, MX BNUAHWE Ha OeATeNIbHOCTb YenoBeKa, Heobxoaumo
KOPOTKO OCTaHOBWUTbCA Ha NOHWMaHUU 0ecco3HaTenbHOro, CO3HATENBHOTO U CBEpPXCO3HATENbHOrO, a TaKkke WX
posin B NCUXMKE NTUHHOCTH.

lMpegnaraemas Moaenb NMNYHOCTU, MPUHATAs B MCUXOaHanuae, NpeacTaBnseT cobon B3aMMOLENCTBUA Tpex
YPOBHEMN, Haxogswmxcss mexay cobon B onpeneneHHbIX COOTHOWEHNAX. 310 — «OHoy» (Id), T.e., rnyOuHHBbIA
ypoBeHb BeccosHaTenbHbIX BREYeHU, CBOeobpasHbii pe3epByap 6eCCO3HATENbHBIX  MppaLMOHambHBIX
MCUXMYECKUX PEaKUMIA 1 UMMYNbCOB, BUONOTMYECKMX NO CBOEI Npupoge. OTO OCHOBA AEATENBHOCTU NIMYHOCTH,
Ta NCUXMYECKAs MHCTaHLMS, KOTOpask PyKOBOACTBYETCA CBOMMW COOCTBEHHbIMM 3akoHamu. «OHO» sBNsieTCS
€AMHCTBEHHbIM WCTOYHMKOM NCUXMYECKON SHEPrM M PYKOBOACTBYETCS TOMbKO MPUHLMNOM YAoBOnbCTBuMs. K
cthepe 6eccosHaTENbHOrO MpUHAAMEXaT WHCTUHKTBI (MMLLEBOW, NOMOBOWA, CaMO3aluTbl M Ap.), KOTOpble
NOPOXJAKT Y YenoBeka HEOCO3HAHHbIE KenaHusi, 3MOLMKM, BNeYeHbs W Mo3ke MOryT nomagatb B obnactb
CO3HaHWS.
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CosHaHue xe (cosHaTenbHoe — «Ego») B 0TnMYMe OT 6EeCCO3HATENBHOMO MO3BONSET YENOBEKY OCYLECTBNATL
BbICLUMIA KOHTPOSb HaZ CBOMMM NCUXNYECKMMI NPOLIECCaMI U MOBEAEHUEM, HANPaBNATL X0 CBOEMN NCUXUYECKOI
W HarnsgHoW AesTeNbHOCTU B HYXHOE pycno, a Takke aHanuaupoBaTb CBOE COOCTBEHHOe co3HaHue. OHo
BKIIOYAET OTHOLLEHME YenoBeka 1 kK camomy cebe, v K ApyriM Niogsm, TO €CTb BbICTYNaeT kak CaMOCO3HaHMe.

HakoHeu, «Cepx-A (Super-Eqo)» — 3T0 BHYTPUIMYHOCTHAS COBECTb, T.€., MHCTaHLMS, OnuLEeTBOpAtoLLas cobomn
LYeHHOCTM M yCTaHOBKM 06LLEeCTBa.

Niwb cpaBHUTENbHO HeBomMblUas 4YacTb MCUXMYECKOW AEATENbHOCTU OCO3HAETCH YEeNOBEKOM, OCTanbHOe
OCTaeTCs HEOCO3HaHHbIM. HO rpaHb MeXdy OCO3HaHHbIM M HEOCO3HaHHbLIM MoABWXHas. [a n cBou amouuu,
WHTYUTMBHbIE NPEAMNOMNOKEHUS YENOBEK CO BPEMEHEM MOXET MOMMYHO OCMbICIUTL, pa3obpatbcsl B MOTMBAX
CBOWX MHOrAa HeobaymMaHHbIX MOCTynkoB. HanpoTu, ¢ hopMUPOBaHMEM aBTOMATU3MOB MPOUCXOANT NEPEXOA NX
B chepy BeccosHaTenbHoro. Mpuyem, B crnyyae HEOCO3HaHHbIX akTOB MOBELEHWS YENOBEK XOTb W MOMyYaeT u3
BHELUHEro Mupa Heobxoanmyto MHGOpPMaLMio, HO OHa He 0Co3HaeTcs, 0bpabaTbiBasiCh W UCNOMb3YSCh HA CaMblX
PasHbIX YPOBHSX LEEHTPaNbHON HEPBHON CUCTEMBI.

Braropaps BKMIOYEHMIO GECCO3HATENBHOrO YMEHbLUAETCS Harpy3ka Ha CO3HaHWe U yBENU4MBaOTCS
BO3MOXHOCTW YenoBeka B Hay4HOM UMK Xy[OXECTBEHHOM TBopuyecTBe. OHO MpOSIBNSETCS Yepes pednekcsl,
WHCTUHKTbI, NPUBbIYHbIE ABTOMATU3MPOBAHHbIE AEACTBMS U HOPMbI (MO Mepe OBMafeHWst UMM OCO3HAHME WX
CHWXAETCs!); CTPEMIIEHNsl, YyBCTBA W MOCTYMKM, MPUYMHBLI KOTOPbIX HE OCO3HAKTCS; OWMOGOYHbIE AeicTBUS,
BblpasuTenbHble [BIKEHUs, CBODOAHbIE accoupalui, CHOBUAEHWS, HEBPOTWUYHblE peakuuu U addekTHble
KOMMMEKChI.

3T NposiBNEHUS CNOCOBHDI BbI3bIBATb B NCUXMKE YENOBEKa, COOTBETCTBEHHO 3.®peiay, NOCTOAHHbIN KOHPAUKT
MexXgy YPOBHAMM NnyHOCTM («Super-Ego», «Ego», «Id»). TMoaToMy ANs CMSAMYEHUs CUTyaLuu HanpsiKeHus W
BMHbI, BbI3BAHHbIX TakUM KOHMWKTOM, NCUXMKa co3fana psf 3aliUTHbIX MEXaHW3MOB, NPU3BaHHbIX «NO4AaBNATb,
BbITECHSITbY HEMPUSATHBIE MW 3aMPELLEHHbIE MbICTIW, XenaHus, OLLYLLEHUs, NOCTYMNKKM, YCTPaHATbL UX M3 obnactu
CO3HaHMA B 0bnacTb 6ecco3HaTenbHOM Cepbl MCUXMKM, HEOCO3HAHHO CTaBWTb NPEnsTCTBMSI HA NyTU TOW
WHEOpMaLWK, KOTOpas SBNSETCH NPOTUBOPEYMEM OTHOCUTENBHO TPe6GOBaHMIN COBECTH, KaKVUX-TO ONpeaeneHHbIX
MoparbHbIX Ka4ecTB NIMYHOCTM N MOXET ee TPaBMUPOBATb.

3awWwuTHbIe NCUXONOrMYeckme MexaHu3Mbl MO TeOPUM NCUXOaHaNM3a

Paunonanusaums nceBaopasymMHoe  OOBSACHEHWE 4YEeNOBEKOM CBOWX XenaHwuil, MOCTYMKOB, B
AENCTBUTENBHOCTM  BbI3BAHHBIX MPUYMHAMM, NPU3HAHWE KOTOPLIX rpo3uno  Obl
noTepen camoyBaxeHus

BbiTecHeHue n3beraHne  BHYTPEHHEro  KOH(MMKTA MyTeM  BbIKMOYEHWS M3 CO3HAHMS
HEeNpMEMNEMOro MOTUBa UN MHGOPMaLMK

3abbiBaHue YacTHbIA Criyyall BbITECHEHMS, KOTOpbI CBA3aH C 3abblBaHMEM HENPUSATHOM
MHhOpMaLMK U HaMePEHUiA

MepeHoc 3ameLLeHre AEeNCTBIS C HEAOCTYNMHLIM 0OBEKTOM Ha AENCTBUS C AOCTYMHbIM

Mpoekums beccosHaTenbHoe NpUNUChbIBaHKEe ApYroMy Ny COBCTBEHHBIX YYBCTB, XeNaHui,
BNEYEHMI, B KOTOPbIX YENOBEK He X04eT cebe CO3HaTbCs, NOHUMAs UX CouuanbHy
HenpuemneMocTb

Perpeccus BO3BpaT Ha Bonee paHHIOW CTAaMIo Pa3BUTUS WK K 6onee NPUMMTUBHEIM opMam
MOBEEHNS U MblLLNEHUS

3ameLueHue 3aLLMTHBIA MEXaHM3M, CBS3aHHbLIN C MEPEHOCOM OECTBUSI C HEAOCTYMHOro 00bekTa
Ha JOCTYMHbIN

Otpuuanue MpOLEeCC YCTPaHEHWs, WrHOPUPOBAHUS TPaBMUPYIOWMX BOCMPUSTUIA  BHELLHEN
pearnbHOCTH

UsonaumsalotuyxpeHne | obocobneHre 1 nokanuaumns BHyTPU CO3HaHNS TPaBMUPYIOLLMX YeroBeka hakTopos
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MHCbOpMaLI'VIFI O NMNAOXMX MNKU NO30PHbIX NOCTYNKax 4enoBeka, «3anpeLlleHHbIX» XenaHnax, ero TpaBMmaTn4eckue
AYyLlWeBHbIE NepexuBaHNA MOryT CMellaTbCA B 6ecc03HaTeanyro 0bnactb ncuxuk1, B pesynbTate 4ero tam
o6pa3yroTc;| HEOCO3HaHHbIE KOMMMEKChI, CMOCODOHbIE BNMKUATH HA CO3HAHWE YenoBeka, €ero 3MOLMOHanbHoe
COCTOAHME N noBeaeHne, Bbi3blBaTb HEraTBHbIE USMEHEHUA B (*)VI3VI‘-IBCKOM M NCUXN4eCKOM 30pOBbE YENOBEKA.

|_|03TOMy JINMHOCTK, Ha  KOTOPbIX COBCTBEHHbIE  KOMMNEKCbl  MUMEKT  3HAYUTENbHOE  BIMSIHUE
(((3aKOMI'IJ'IeKCOBaHHbIe» J'IPOJJ,VI), CTPOro Jiorn4Ho obocHoBaTb CBOE noseAeHne He MOryT. I'IpM Takux ycnosusax
HENb34 roBOPUTb O NPUHATUM NUYHOCTLIO aJE€KBATHbIX peLI.IeHI/IVI.

MosBMBLLIMCL B Becco3HaTenbHOM 4YenoBeka CHavana B 3apOAbILeBOM BUAE M BblpaXasiCh BHELIHE B BUAE
Kanpu3oB, MOBLILLEHHON pa3apaXuTenbHOCT, 6e3pacCydovHOCTM MOBeAeHUs M T.M., KOMMNeKChl, B
[anbHenwweM, pasBuBasiCh W BKOYas BCe BOMbLUYID YacTb NCUXMKK, OKa3blBAIOTCS YXe B 3HaunUTenbHO Gonee
CEepbesHbIX COCTOSHUSX, TaKMX KaK MaTonorMst NMYHOCTM, HEBPO3bl, MCUXOCOMATUMYECKME U MCUXMYECKUE
tonesHw.

Camu no cebe [aHHble NCuxM4Yeckue oOpPaA30BaHUS HEBUAMMBI W MEPEXMBAKTCA B COMPOBOXOALMX WX
amoumsix. HarnsgHoO KOMMMeKChl OKas3blBAKTCS B CTEPEOTUMHBIX MaTTepHaX NoBedeHWs U hopMUPYIOTCS He
TONMbKO CUIbHBIMI TPABMUPYIOLMMI MEPEXNBAHUAMU, HO W HE3HAYMUTENBHBIMI MOCTOSIHHO MOBTOPSIOLLMMUCS
neuxuyeckumm TpaBmamu. Ecnu matepuan 6eccosHaTenbHOro Komnnekca 3aTparMBaeTcsi Ha YPOBHE IMOLIMIA
WM 3HAYEHWA, TOrAA aKTUBMPYKTCS BCe OeccosHaTenbHble B3aMMOCBS3M W MPOBOLMPYEMbIE UMM
HECOOTBETCTBEHHO CTEPEOTUMHbIE MaTTEPHbI NOBEAEHWS. TaKoi MpOLEcC MPOXOAUT aBTOHOMHO, MOCKOMbKY
Komnnekc GeccosHateneH. [Mpu ero akTMeauuu YeroBeK pearvpyeT M3MULLHE 3MOLMOHANBHO, PeLleHMs
MPUHUMAIOTCS NOA BNMSHUEM GECCO3HaTENbHOrO YenoBeka, MOTOMY YTO Mbl pearupyem He Ha akTyamnbHyl
CUTYaLMto, a Ha Bce NogoGHbIE CUTYaLMM, Kakie NepexmBannch Ha NPOTSHKEHUM HaLLEN XM3HK, Koraa KOMMeke
ocTaBarcst 6eccosHatenbHbIM. OBbIYHO Takoe ero NposiBNEHNe 3akaH4MBAETCS CTbIAOM W3-3a TOTO, YTO Mbl HE
CMOITIM KOHTPONMpOBaTh cUTyauuto. Yem Gonbluee BO3GYxaeHME, KOTOPOe NMPOBOLMPYETCS KOMMIEKCOM, Yem
Bonbluas 3MOLMOHaNbHas MHTEHCUBHOCTb KOMMNEKCA, TEM MeHbLLE cBOOOAO0M HaaeneHa Halla Bors.

Komnnekc CaMOYHUUYMXKEeHUA KaK UCTOYHUK BHYTPUITUHHOCTHOIO KOH(*)HVIKTa

OueHb 4YacTo BCNEACTBUE TaKOW MCUXMYECKON AEeSTeNbHOCTYM BO3HWKAIOT BHYTPUIMYHOCTHbIE KOHCIMKTLI, B
CBOI0 04epesb TOXE UMEIOLLME CUNbHENLIEeE BIUSHUE Ha NPUHSTUE PELUEHUIA YETIOBEKOM.

Moa  BHYTPUNKMYHOCTHBIM  KOHGIIMKTOM ~ Mbl  MOHMMaEM  BHYTPUIMYHOCTHOE MPOTMBOpPEYME, KOTOPOE
BOCTIPUHUMAETCS W 3MOLMOHANBHO MEepEeXMBAETCS NMYHOCTBIO Kak 3HauMMas Ans Hee Mcuxomornyeckas
npobriema, Tpebylolas peLieHns W Bbi3blBalOLAsi BHYTPEHHIOK PaboTy CO3HaHWs, Mpu 3TOM He BCeraa
Hanpaenss ee Ha NPeofoNeHne AaHHOMO NPOTUBOPEYMS.

Tak, ecnM Mbl BO3bMEM TUYHOCTb, MOABEPKEHHYK), Hanpumep, KOMMMEKCY CaMOYHUUMKEHMUS, TO BrOSHE
BO3MOXHO, YTO NP BO3HMKHOBEHMM BHYTPEHHWX NPOTUBOPEYMIA, BHYTPEHHETO KOHKNMKTA YernoBek npedbiBaeT B
cocTosiHMM cTpecca. [Mpn 3ToM NoCTynaroLLmii B KPOBb apeHarniiH MOXET BbI3blBaTb NPUSITHbIE (KK 0CO3HaHHbIe,
TaK 1 GeccosHaTenbHbIE) OLLYLLEHNs, KOTOpble YENOBEK HEOCO3HAHHO 3aX04eT BOCMPOM3BeCTU. YTobbl nydlue
MOHSITb, KaK MPOMCXOAMUT TaKoi Mpovuecc, npeanaraem nogpobHee paccMOTPeTb 3TO HA MPUMEPE MUYHOCTH, Y
KOTOPOW UMEETCS KOMMNEKC CaMOYHUUMKEHNS!.

Y TaKoro 4ernoBeka BHELUHEE MPOSBNIEHME CAaMOOLIEHKM — 3aHukeHHoe. [loaTomy, oueHnBas cebsi, OHu
HaBeLuMBatoT camu cebe Hanbonee YHUUMKMTENbHbIE APMbIkK. [pu 3TOM ero cobCTBEHHbIE MOTPEBHOCTM He
NepecTalT CyLLeCTBOBATb, OHM TONMbKO MOAABASOTCA U TMy6OKO CKPbIBAIOTCA OT COOGCTBEHHOrO CO3HAHWS,
co3aBast HEOCO3HaHHbIA BHYTPUMMYHOCTHBIA KOHPNMKT. OTCloAa XpOHUYECKast HeYA0BNETBOPEHHOCTb XU3HbIO,
YTO €CTb eCTECTBEHHbIM CreacTBAEM NOAOBHOrO BbITECHEHNS. HO, HE CMOTPS Ha BbILIEN3NOXKEHHOE, YENOBEK C
KOMMIIEKCOM CaMOYHUUMKeHUst rnyboko nepexuBaeT nobon coOOCTBEHHbIN, AaXe HE3aMETHbIA NOCTOPOHHEMY,
N3bSH.
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OTO €CTb OHWUM U3 NMPOSIBNIEHNA BHYTPEHHETO KOHIMKTA, NOCKOMIBKY HA CamMOM [ene, MpK BCEN CBOEI BHELLUHEN
CKPOMHOCTU M [EMOHCTPUPYEMON HENPUTA3ATENbHOCTU Takue NI0AM WMEKOT BbICOKWA YPOBEHb MPETEH3NNA K
TOMY, KakuM JOmKeH ObiTb «JOCTOWHbINY 4enoBek. VMeHHO pasHuua mexay obpasom MpoeanbHoro A u
BOCNpUATMEM CeBS peanbHOro SBNSETCS NPUYMHON JAHHOTO KOMMIIEKCa.

Mpn BCEM TOM, YTO YENOBEK C KOMMIIEKCOM CaMOYHWUYKEHMUS BbIFMSANT CKPOMHBIM 1 FOTOBbIM YroXaaTb BCEM,
KTO ero OKpyxaeT, B AEACTBUTENbHOCTM OH MONMHOCTbK) CKOHLEHTPUPOBaH Ha camoM cebe, MOCTOSIHHO
nepexwBas, kak OH BbIMSAMT B rnas3ax APyrux Mnofgen, YTO OH CAenan HenpasurbHO, B YéM BuHOBaT. OH
3abotutcs npexge Bcero o cebe, Korga CTPEMMUTCS YCMYXMTb: HYXHO BbIMMSAETb «XOPOLUMMY, «MUTbIMY,
CKPOMHbIM, Hemnb3s pasgpaxatb ApYruX, BbIAENATLCS Ha (POHe OKpYXatoLmX, Hago ObiTb yAOOHbIM Ans BCEX.
MockombKy MOCTOSHHO MPOUCXOASLME CPaBHEHUSt ceBs C OKpYXaloLMmK BCerga He B €ro Mmonb3y, TO, B
COOTBETCTBUM C MAeanbHbIM 06pa3oM B CBOMX BHYTPUMMYHOCTHBIX OXMLAHUSX, OH LOMKEH ObiTb Nyylle 3Tux
niogen. Takoe CpaBHEHWE 3aCTaBMSET ero NOCTOSHHO W3BMHATLCS, MOTOMY YTO MPOLLE NpeaynpeauTb niogen o
COOCTBEHHOM HECOCTOATENBHOCTM, YeM NepexuBaTb BMOCNEACTBAW WX pasovapoBaHue. Kpome Toro,
npeaynpeans, OH MokasblBaeT cebsi YenOBEKOM CaMOKPUTUYHBLIM, COBECTIIMBBIM W CKPOMHbBIM, YTO, C APYro
CTOPOHbI, HE TOMbKO NOATBEPXKAAET EMY €r0 3HAYMMOCTb, HO W B KaKOM-TO CTENEHM BCE e BO3BbILIAET €ro Hajg
OCTarbHbIMK (T.€. cpabaTbiBaeT KOMMNEHCATOPHbIN 3ALMTHBIA MEXaHWU3M).

CaMOyHNUMKAIOLLMIACA YErOoBeK YPEe3BblYalHO 3aBUCUM OT MHEHWS OKpYXalowux Noaen, noatomy nobas
KDUTUKA C WMX CTOPOHbI [N HEro HesblHOCMMA. /I B 3TOM BblpaXaeTcs €lé OfHO NPOTMBOPEYME,
NOATBEPXAAIOLLEe HanMume BHYTPUINYHOCTHOMO KOHANMKTA. KpuTIKyst OTKpbITO caMoro cebsi, OH YyBCTBYET He
TONbKO BOMb 1 THEB, €CMN C €70 CNIOBaMK COrNaLLAkTCs, HO M 3aTauBaeT BpaxaeOHbIE YyBCTBA NO OTHOLIEHMIO K
Takum ntogam. OH pyraeT cebs He gns Toro, YTobbl C HUM COrnallanuehb, a Ans Toro, YTobbl Bo3paxanu emy,
4YTO, B KOHEYHOM CYETE, CHOBA-TakM AAET BO3MOXHOCTb NOMy4NTb NOATBEPKAEHNE CODCTBEHHO 3HAUMMOCTM.

YacTo nopobHbIi TR MYHOCTM TEPNKT OrpaH1YeHms, Habmnioaas, kak Apyrie cMeno uayT Bneped. [lokasbisas
CBOIO HUYTOXHOCTb, OH MHOTAA AAXEe OCO3HAHHO CTPEMUTCS, YTODbI eMy [0Ka3biBamu ero 3HauMMoCTb (T.e.
ybeanTbes 0T 06paTHOrO), HO BbIBAET HACTONLKO YOEAUTENbHBIM B J0KA3aTENbCTBAX HECOCTOSTENBHOCTH, YTO B
pesynbTaTe MHOMME HaYMHAT OTHOCUTBCS K HEMY B COOTBETCTBMM C €r0 noBeaeHueM. BcnepcTeue atoro
BO3HMKAIOT TailHble YyBCTBA MCTUTENBHOCTY U BpaxaebHOCTK. Ho aTh YyBCTBA TYT Xe CNMBAIOTCS C YyBCTBOM
CTblfa ¥ BUHbI.

BHYTPEHHWA KOH(MWKT TaKoro Tuna fIMYHOCTM COCTOWT B TOM, YTO B MyOMHE OyLIM CaMOYHUYMKAIOLLMIACA
YernoBeK NOYTU YBEPEH, YTO 3aCNyXMBaAET NPE3peHIst, 1 OBHOBPEMEHHO OH X0Ten Obl BbIrMSAETb Nyylle ApyruXx.
Byayun He B COCTOSIHUM NMpUHWMATL CaMoro cebsi TakMM, KakOB €CTb, OH HE CMocoBeH NoBepUTb, YTO Apyrue,
3Has BCE ero HegocTaTKW, MOTYT OTHECTUCb K HEMY C APyxOoi M npuHATUEM. Takas NNYHOCTb NepecTaer
BOCMpUHUMATL Mi0Bble MONMOXMTENbHbIE YYBCTBA OKPyXalowwmx. [lpn 3TOM CaM YernoBeK He OCO3HAET
NPOUCXOASALLME B HEM WCKaXEHWS: OH YBEPEH, YTO MOSHOCTBbIO MpaB, MOCKOMbKYy cpabaTbiBalOT MEeXaHW3Mbl
MCUXONOrMYECKON 3aLUUTbI, ABMSIOWMECH CMNELManbHON PErynsaTMBHOA CUCTEMON CTabunmu3auun FfMYHOCTY,
HanpaBEHHOW Ha YCTpPaHEHWe WM CBEAEHWE K MUHUMYMY OLLYLLEHMS TPEBOMM, CBSI3aHHOW C OCO3HAHMEM
HeraTWBHOW MHOpMaLK.

WHorza Takve ntogy MOryT norpsisaTh B HULWETE W paspyluaTh cebs ankoronem, HapkoTukamu. B psige cnyyaes
OHM MOrYT BECTW BMOMHE [OCTOMHbIA 00pa3 W3HW, MHOTO TPYAMTLCA M Aaxe AOCTUraTb OMnpefeneHHbIX
YCNEX0B, U Npn 3TOM 60STCS BOMbLUMX JOCTUXKEHWUA, NOTOMY YTO OfiHaXabl AOCTUTHYTbIE pe3ynbTaTbl BMEKYT 3a
coboii COOTBETCTBYIOLME OXWAAHUS OKpYxXatowmx. Ho MMEHHO 3TO O4YeHb MyraeT 4eroBeka C KOMMIEKCOM
CaMOYHNYMKEHMS!, MOCKONbKY OH Ha camMoM Aerne GouTcst NpoBara, a 3HauuT 1 pa3oyapoBaHus Apyrux Nitogen no
MoBO/Y €ro NMYHOCTW. B fanbHeiiluem oH eweé boree TiLaTenbHO cneaut, YTobbl He Gbno ycnexa, NOCKOmNbKY
eMy TSHKENO NepexuBaTb MMEHHO CaMu CTpaxu yaay v Heyaau. [oaTomy 1 nepefaeT OTBETCTBEHHOCTb 3@ CBOK
XW3Hb 3HauMMoMy [pyromy. CurbHbIiA, aKTUBHbINA, BMACTHBIA MapTHEP, KOTOPbIA FOTOB PacnopsiaTbCs ero
KW3HbBIO M IMKTOBATb CBOM YCMOBUSI, MaKCUMaribHO COOTBETCTBYET CaMOYHUYMKAIOLLEMYCS YENOBEKY, rOTOBOMY
PaCTBOPSATLCS W YroXaaTh, NOCKONbKY MPUBLIK CIyLIATLCS U ObITb He3aMeTHbIM. Takasi IMYHOCTb YyBCTBYET Cebs
abCcorioTHO 3aBUCMMOMN, HO 3Ta 3aBUCMMOCTb — eAMHCTBEHHO BO3MOXHbIN AMst Hee cnocob CyLecTBOBaHMS.
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COOTBETCTBEHHO, MNapTHep [JOmkeH 00nafgaTb BCEMM KadyecTBamW, MO3BONSKOWWMU €My  3aHUMATb
[OMUHMPYIOLLYK0 Mo3uumio. MoXHO NPeAnonoXuTb, YTO MpW ANMTENbHOM W Gnmakom OBGLLEHMM CO 3penoit
NMYHOCTbIO, J0OpOXenaTenbHOM OTHOLIEHMM YenoBeka, 3abOTALEerocs O pPasBUTUM CBOETO M3BpaHHMKa,
CaMOYHUYMKEHME NOCTENEHHO MO Bbl YCTYNUTL MECTO Bepe B COGCTBEHHbIE CUNbI M camoyBaxeHuto. Ho, kak
MpaBuno, CaMOYHUUIKAIOLLMIACS YENOBEK YYBCTBYET BIEYEHUE UMEHHO K JOMUHUPYIOLWM TIIOASM, a Te BUAST B
HeM BrarofaTHyto NoYBY ANs yLOBETBOPEHUS CBOWX NOTPEGHOCTEN BO BIACTU U KOHTPOSE.

MprUunHON AN pa3BMTUS TAKOrO KOMMMEKCa CRyXaT, C OAHOA CTOPOHbI, 3aBblleHHble TPeOOBaHUs CO CTOPOHI
poauTeneil, onpasaatb KOTopble pebeHOK SIBHO HE CMOCODeH, M MOCTOSIHHbIE CPABHEHWUS C APYrMW AETbMM,
KOTOPbIE OH CMbILKT OT POAMTENEN 1 MPaKTUYECKW BCEraa He B ero nonb3y. Pogutenu, xenas Takum obpasom
CTUMYNMPOBaTL y Manblla CTPEMIIEHME COBEPLUEHCTBOBATLCS WM JOCTUraTh YCMEXOB, MOMyyaloT obpaTHoe:
pebEeHOK MOHSAN, YTO OH MPOCTO He MOXET COOTBETCTBOBATb CTOMb BbICOKMM TpeboBaHMsM. B ganbHenwem oH
cam k cebe HauMHaeT npeabsaBnaTb NojobHble TpeboBaHmMs: cpaBHMBas cebs ¢ ApYrMMM, MOCTOSHHO cam cebs
KPUTWKYET, YCBAMBAET, YTO €CMIN OH HUYETO He AeNaeT, TO NoMyYaeT ropasfo MEHbLUE KPUTUYECKNX 3aMEYaHuIA,
4eM Koraa HaumMHaeT YTo-TO AenaTth W npu 3TOM oLumbaetcs.

C Apyroi CTOpOHbI, crMwKom TpeboBaTenbHble POAUTENM HUKOTAA He OblBatOT MOMHOCTLIO YAOBMNETBOPEHDI
peiicTBuaMN pebeHka. MocTeneHHO y Hero passuBaeTcs CTpax nposana. JTo ele Gonblue CKOBbIBAET €ro M
NPUBOANT K HOBbIM HeyAayam. Ho, nockonbKy emy KU3HEHHO BaXHO MonyuuTb NtoboBb, CBOK HEMOBKOCTb W
HEeYMernocTb Marbill CTapaeTcs KOMMEHCUPOBAaTb NackoBOCTbIO, MOCHYLLAHWEM W/WNK He3aMeTHOCTLIO. A ecri
eMy BCe-TakuM MpUXOAWTCA 4TO-TO Aenatb, OH 3apaHee M3BUHSETCS 3a CBOK HEroNHOLEHHOCTb, Kak Obl
npegynpexnas pas3ovapoBaHue (HO B NOOOM Cryyae OH BbIUMPLIBAET: €CAM He MONyYMNiocb — OH ke
npegynpexaan M 3TUM CBOMM NPeaynpexneHMeM CTaHOBUTCA kak Obl Hap Temu, KTO XOgeT OT Hero
MONOXMTENbHbIX PE3YNbTATOB; NOMYYUIOCh — OH 3HAYMMBbIN, YTO MOATBEPXAAIOT Te, KTO noabaapuean ero, XoTs
B 6eCCO3HaTENbHOM OH U CaM 3HAET, YTO OH O4EeHb XOPOLLINA).

OpHako Hu3koe caMOMHeHWe pebeHka BOBCE He 03Ha4aeT, YTO OH [eMCTBUTENbHO HUKyaa He rogutes. YacTo
CaMOYHWYMKEHNE pasbefaeT Aylly BecbMa TanaHTNIMBbIX Nogeit. MoaTomy ycnexu Bce-Taku nepuoguyiecku
[OCTUraloTCsl, HECMOTPS Ha Bce Grokupytowme obetosTensctBa. Ho nioboe AOCTUXEHWE Manbilia Bbi3biBaeT
TONMbKO OAHY PEeaKUW ero POAUTENEN: «Hy BOT, MOXellb, KOraa Xouellb». Tenepb OT HEro OXuaaT elle
Bonbluero. Mo cylwecTsy, OT Hero XoTaT 6e3ynpeyHocTn u coBepLueHcTBa. MnaHka TpeboBaHNi NogHUMAaETCS.
Yrpo3a nposana yBenu4uuBaeTcs. Tak y Manbilla passuBaeTcs cTpax ycnexa. OH npeanoynTaeT noaaBuTb CBOM
CNocoBHOCTH, YTOBbI AaXe HEYAsHHO He BbI3BATb MyratoLne ero OXMLaHus.

Wnm xe KT0-TO M3 poauTeneit nepeaaeT pebeHKy COBCTBEHHbI KOMMNEKC CAMOYHUUMXKEHIS!, TOMOrasi Co3aBaThb
YCTaHOBKY He BbICOBbIBATLCS, MOCKOMbKY €CTb MHOMO NIOAEN, KOTOPble YMHEE M Nyylle BO BCEX OTHOLUEHMSIX.
Takue nioau He NBAT HeyaauHIKOB, NO3TOMY Ge3onacHee HaxoaNTLCS HE3aMEUEHHbIM CPeam OCTasbHbIX.

Wtak, hopmMMpOBaHWE NWUYHOCTU C KOMMNEKCOM CaMOYHUUMKEHWS MPOUCXOAMT NOL BO3L4EMCTBMEM TaKWX
(haKTopOB:

Pogutenbckue BbiBoabI pebeHka dopmupyrowmecs YepThbl XapakTepa

nocbinbl: NUYHOCTH
PebeHok QormkeH: Ecnu pebeHok He Moxem 1) 3roLeHTPU3M («3aLMKIEHHOCTbY Ha
1) COOTBETCTBOBATH 8bINOJTHAMb MO, 4Mo OM He2o cebe);
POAMTENBCKAM mpebyiom podumenu: 2) HeyBepeHHOCTb B cebe;
OXUOaHNAM; 1) 3HA4MT, OH HEMOMHOLIEHHIN; 3) 3aCTEHUMBOCTb;
2) BbITb NyuLLe Apyrux; 2) NoBAT TONBKO YMHbIX, YMENbIX, 4) BbICOKWI YPOBEHb TPEBOBAHMIA K Cebe;
3) BEITMAAET Nyulle YCnetHelx nionew, 5) cTpemnexre NpueneYb cUMNaTuio
Apyrux; 3) OH HEJIOCTONH TaKOW HYXHOM €MY | okpyiatoLLX MOCPEACTBOM XanocTH K
4) paHblue [pyrux poAMTENbCKON N06BK. cebe:
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Hay4nTbCA MHOTOMY 6) NOCTOSIHHOE YYBCTBO BMHBI U CThIAa;
;ZK)(/)I\“/IA(ZI;OLTITO OCTANEINIE | YmoGis 3acnyxums poOumesnsckyro | 7) cTpax Heyaauu;

’ 1110608b, HY)HO: 8) cTpax ycnexa;
5) penartb 370 B 1) nocTapaTbCA, 10 KpaitHel Mepe, | 9) ouaumBoCTS;

COBEPLLIEHCTBE, MoMeHbLLIE pasapaxaTb poauTenei;

6) He BbICOBbIBATLCH, B 10) TaHas MCTUTENBHOCTD;
4ToBb! HAd HUM He 11) GonesHeHHOE BOCNPUSTUE KPUTUKY;
A npeaynpeanTensHbIM;
cMeanuchb 12) nsberaHne KOHOMMUKTHBIX CUTyaLWI,
3) nocrapaTbcs npeaynpexaatb ux

Aaxe B ywwepb cebe;
3apaHee 0 BO3MOXHOCTM ero Heygau, .
Ecnu y peberka He UTOBbI OHY MEHbLLE CEPANIMCH; 13) HEBO3MOXHOCTb BbIPa3nTb CBOE
nonyyaemcs: MHEHWe, NoCToNATh 3a cebs;
4) yem pexe OH YTo-NMbO fenaer,
1) OH HUYTOXECTBO; TEM MEHbLLE Ha Hero CepasiTes: 14) XpOHWNYecKas HeydOBNETBOPEHHOCTb
KU3HBIO.
2) OH paccTpauBaeT 5) HYXHO MOMEHbLLE NPOSBNATH
poauTenew; MHULMATMBY 1 CBECTY BCE ena K 15) cTpemnenve nepenats

OTBETCTBEHHOCTb 3a BaXHbl€ PELUEHNA U

3) OH HEQOCTOWH NOBBK | MUHUMYMY;
CBO CyAbOy ApyrM noaaMm;

pogwTenei; 6) cneauTb, YTOOLI €10 yCnexu He
4) OH He [1OCTOMH BbIni CINLLIKOM 3aMETHbIMMU, 16) cknoHHoCTb BbiGVpaTS
YBaXUTENBHOTO MOCKOMbKY BC& paBHO, 3T0 — €0 AOMUHUDYIOLIX NapTHEPOB,
OTHOLLIEHMS. Cryyasi, a MoToM OH 06si3aTenbHO PYKOBOAALLMX €10 KUHDIO,
elwé Gonblue pasoyapyeT poguteneit | 17) CKMOHHOCTb BbIGUPATH KPUTHKYIOLIMX
W ero eLé meHbLue byayT MobuThb. ¥ YHWKaLOLMX €ro NapTHEPOB
(BbINOMHSAETCSH MOLENb POANTENLCKOM
CeMbM);

18) CKNOHHOCTL K Aenpeccuiu.

lMocTosiHHOE NoAaBneHne CODCTBEHHON SHEPriM U CTPEMIEHME ObITb HE3aMETHBLIM MOCTENEHHO CKa3biBAETCS Ha
BCEM 00MNMKe YernoBeka, a 3aTeM U Ha Bcel ero cyasbe.

OnpepenerHbIX TECTOB Ha BbISBIIEHUE NOAEN C KOMMIEKCOM CaMOYHUYMKeHUst HeT. Ho ecnu y yenoBeka aaxe
Oe3 cneuuanbHOro TECTUPOBaHUS HabMoaaeTCs 3HAUYNTENbHO 3aHWKEHHAS CaMOOLIEHKa, CIV Y HEro NOCTOSIHHO
nposBrsieTcs Habop TakWX YepT XapakTepa, Kak 3aCTEHUYMBOCTb, BbICOKMIA ypoBeHb TpeboBaHWi k cebe,
MOCTOSIHHOE YYBCTBO BWHBI U CTbiAa, CKMOHHOCTb K 3beraHunto pucka, 0brnaumneocTb, GonesHeHHoe BocnpusTve
KPUTUKKM, n3beraHne KOHGIMKTHBIX CUTyaumin aaxe B ywlepd cebe, HEBOSMOXHOCTbL BbIpasnTb CBOE MHEHWE U
nocTosTb 3a cebsi, CTpeMneHne nepepatb OTBETCTBEHHOCTb 3@ BaXHble PELIEHUS M CBOK Cyabby Apyrum
N0AAM, HeYBEPEHHOCTb B cebe, BbIGOp AOMUHMPYIOLLMX UMK XE KPUTUKYIOLMX N YHKAOLLMX €r0 NapTHEepoB,
CTPEMIIEHME NPUBIEYb BHUMAHWE OKPYXKAOLLMX MOCPEACTBOM XanocTn k cebe, CKNOHHOCTb K Aenpeccuu u T.4.,
c Gonbluoi Jonen BepoOSTHOCTK Aaxe Ha ObITOBOM YPOBHE Mbl MOXEM FOBOPWUTb O TOM, YTO nepes Hamu
NINYHOCTb C YepTaMn KOMMIIEKCa CaMOYHUUIKEHNS.

Mpo6GnemMbl NPUHATUA peLueHns

PaccmMoTpeHHbI TUN NWYHOCTM B GONblUMHCTBE CcnydvaeB OyAaeT NpUHAMATL peWeHUs Nog BIUSHUEM
BeccosHaTenbHbIX  3MOLMA, NPEnsTCTBYIOWNX  KOHCTPYKTUBHOM  [OEATeNbHOCTM B [aHHOW  CUTyauuw.
BosHuKaroWwmii BCrieACTBUE 3TOMO BHYTPUIMYHOCTHBIA KOHCGIUKT BTAMMBAET YesioBeKa Kak Obl B 3aMKHYTbINA KpyT:
HeapgekBaTHOCTb NPUHATOrO PELLEHUS YacTO BbI3bIBaET (Kak 0CO3HaHHO, Tak 1 BeccosHaTenbHO) YyBCTBO CThbiAa,
a 370, B CBOK O4Yepedb, CHOBA MELUAET MPUHATUI0 agekBaTHOTO pelueHns. MMo3ToMy, CyLIeCTBYeT BblCOKas
BEPOSATHOCTb TOTO, YTO MPU NPUHATUM PELUEHWI TaKOW TUM NIMYHOCTM ByAEeT PYKOBOACTBOBATLCA CrIELYHOLMM:

— CTapaTbCs AepXaTbCs B TEHW, n3berasi UMeTb COBCTBEHHOE MHEHME;
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—  YKINOHSITBCS OT CAMOCTOSATENBHOTO NPUHSITUS PeLLEHNS BOOOLLE;
—  MpeanpuHUMaTh YTO-NMGO BaxHoe 6e3 NoACKasku CO CTOPOHbI KaKOro-nMbo aBTOPUTETHOTO NULa;

— cTapaTbCs nepeaaBaTb OTBETCTBEHHOCTb NPY PELLEHNN NoBbIX BONPOCOB KOMY-HIUBYAb, MO €ro MHEHWIO,
Gornee KOMNETEHTHOMY;

- B Crfyyae e Heu3BEeXHOCTM TNPUHSTUS pelleHnin OH OymeT 3apaHee W3BMHATLCS 33  CBOH
HEKOMNETEHTHOCTb, HEMOHUMAaHe NPOUCXOASILLETO, HEYMENOoCTb W T.4.

Takum 06pa3om, AaHHbIA TUN MUYHOCTM, COrMacHO ceTke Tomaca-KunmaHa, npyu BO3HUKHOBEHUM KOHCMUKTHON
cuTyauuu npuemnembiMi cnocobamn Bbixoja M3 Hee Aans cebs OyaeT cuuTatb  YKNOHEHWe  u/mnu
npucnocobnexue. Kpome Toro, Takue nioam 3apaHee yBepeHbl He TONMBKO B MpoBarax CobCTBEHHBIX MTaHOB, HO 1
4acTo OCTeperawTcs AaBaTb OMTUMUCTUYECKUE MPOTHO3bl OTHOCUTENBHO TEX UMM UHBIX MPOEKTOB, ECINM CaMii B
HWX BKITHOYEHbI.

3aknioyeHue

HecomHeHHo, nto6ast Tunomnorus npubnmanTenbHa 1 yenosHa. [JoBOMbHO peako MOXHO BCTPETUTL NOAEH, TOUHO
oTpaxatoLyx noboit onucaHHbIA TN, Ho ncuxonorieckue NopTpeThl NO3BOMSOT fyyLle COPUEHTUPOBATLCS BO
BHYTPEHHEM MUpe YernoBeka, ObICTpee YBUAETb CKPbITbe «3BEHbs», NOCTPOUTL MPEMANONOXEHUS U MPOBEPUTDL
ux. CTankueasicb B NMOBCEAHEBHOM XWU3HU, HANPUMEP, C [aHHbIM TUMOM NtOLEeN Mbl MOXEM HE TONbKO MOHSITH,
YTO B NCUXMKE BO3OENCTBYET HA MPUHATME PELLEHUS TakuM YENOBEKOM, HO M 3apaHee CrpOrHo3MpoBaTh €ro.
Mo3ToMy, Ha3Hayas IKCMEPTOB, BaXHO YYNUTbIBATL NMCUXONOrMYECcKMe (haKTopbl, BIUSIOLME Ha CyOBEKTUBHOCTb
OLIEHMBAHWS! IMYHOCTbIO TOTO UIW UHOTO SIBNEHMS.

Ho ecnn yenoBek 3axo4eT U3MeHUTb CeBs, CBOM TWM INYHOCTM, TO B Pe3yrbTaTe PELIEHNs! BHYTPUIMYHOCTHbIX
NPOTUBOPEYNI, BO3HUKAIOLLMX NOA BO3AENCTBMEM Pa3HOOOPAa3HbIX KOMMNIEKCOB, OH MOXET MepeiTy (B nepayio
oyepeab -— 4epe3 (HOPMUPOBAHME AAEKBATHOA CAMOOLEHKM) HA  KayeCTBEHHO HOBbIA  CMocob
KN3HEAEATENBHOCTM: MPU YCIIOBUW NPEOAONEHUs NpeablayLnX NPensTCTBUIA BHYTPUNUYHOCTHOTO PasBUTHS, Y
YerioBeKa ecTb BO3MOXHOCTb MEPEBECTU WX BO BHYTPEHHWA OMbIT, KOTOPbIA MOMOXET eMy B NOCNEAyHLLEM
NOCTPOEHNM KOHCTPYKTUBHOTO CLIEHAPUS CBOE KN3HM.
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KYNbTYPHAA WOEHTUOUKALIUA KAK ®AKTOP CTABUIIBHOCTU
B ABYA3bIYHOM OBLLECTBE

WpuHa MNopuubina, Anekcanap MnyueHko

AHHomayus: Paccmampusaemcs npobrnema, komopasi 803Hukaem 6 0gyssbluHOM obliecmee. KynbmypHas
UOEHMUYHOCMb HACENeHUs! MOXem NOMOYb COXPAHEHUIO S3bIKO8 MEHbLIUHCME 8 palioHax UX KOMNakmHo20
npoxueaHusi. Ama npobnema Gopmyupyemcss 8 mepMuHax MeopuU NPUHSMUS KOJITEKMUBHBIX PeLeHul.
[Mpusodsimcs ycrosusi «ycmoliyueocmu» S3bIKO8bIX 2pynn uep.

Knroueenle cnoea: kynbmypHasi UdeHMUYHOCMb, NPUHSIMUE KOMEKMUBHBIX peleHul, pasHosecue Hawa.

BBeaeHue

C aHBaps 2005 roga YkpauHa SBNSIETCA Y4aCTHUKOM BaXHOro AokymeHta CoseTa EBpOrbI, M3BECTHOrO nog
HasBaHWeMm EBponeickas xapTusi pervMoHanbHbIX S3bIKOB MW A3bIKOB MeHbLUMHCTB. [loanucaHue Xaptum OT
MMeHN YkpauHbl cocTosanoch yxe 2 Mas 1996 roga. Ho npouecc ee patudukaLmm npogomkancs HeCKOMbKO NeT,
COMPOBOXAASACH XECTKAM NONUTUYECKUM NPOTUBOCTOSHUEM W PYObIMU HApyLLEeHUAMU KOHCTUTYLMKM YKpauHb! 1
YKPaMHCKOro 3akoHogatenbcTBa. BepxosHas Paga Ykpaussl 15 mas 2003 roga ogobpuna 3akoH YkpauHbl Ne
804-1V «O patudpmkavmm EBponenckomn xapTum permoHasnbHbIX S3bIKOB UK S3bIKOB MEHBLUMHCTBY.

Bonpeku gyxy u cogepxaHuio Xaptuv [Xaptua, 1992], aTOT 3aKkOH BO3faraeT Ha rocydapcTBO Ype3MepHble
obsi3aTenbCTBA OTHOCUTENBHO 0COOO0M 3aLMThl TEX A3bIKOB, KOTOPbIE B 3TOM HE HYXOAOTCSH, U OCTaBNSET BHE
chepbl CBOEro AENCTBUSA PsAf S3bIKOB, KOTOPbIM AENCTBUTENBHO HYXHbI 0C0Bas 3aliuTa 1 nogaepxka

3aKoH npegycmMaTpUBaeT OAVHAKOBbIE MEPLI 0CODOM 3alLMThI K TaKMM S3bIkaM MEHBLUMHCTB, Kak 6enopycckui,
Oonrapckuin, BEHrepCKWi, rarayackuii, rpeyeckuin, eBpPENCKUIM, KPbIMCKOTATapCKWA, MONAABCKUIA, HEMELKMH,
MOMbCKWIA, PYCCKUIA, PYMbIHCKUI 1 CIIOBALIKWNA.

YacTb aTix Si3bIkOB HE HyxpatoTcst B ocobont 3awmte. OHW SBNSIOTCA OhULMANbHBIMU B COOTBETCTBYHOLMX
rocygapcTeax M UMEKT HeobXoauMylo rocyJapCTBEHHYH 3aluuTy. B rpaHuuax YkpauHbl Takke OTCYTCTBYHOT
NpensTCTBUS 4N1S NPUMEHEHUS STUX S3bIKOB NPEACTAaBUTENSIMA COOTBETCTBYIOLLMX HALMOHANBHBIX MEHBLUNHCTB
B MeCTax WX KOMMaKTHOTO MNpoxuBaHus. COCTOSIHME SI3bIKOB 3TUX MEHbLMHCTE B YKpauHe BrOMHE
YAOBNETBOPUTENbHOE, MOCKOSbKY YKPaMHCKOE 3aKOHOAATENbCTBO M NPaKTUKA TPAANULMOHHO yaenstoT Gonbluoe
BHUMaHME 3alLuTe NpaB HaLMOHAbHbIX MEHBLUMHCTB, B TOM YUCHE U S3bIKOBBIX.

Cpeay nepeyncneHHbIX S3bIKoB CaMyto CUIbHYO MO3MLMIO 3aHUMAET PYCCKUI, KOTOPbIN ANUTENbHOE Bpemst Obin
«S13bIKOM MEXHaLMOHanbHOro obueHns» B ObiBwem CCCP 1 npogomkaeT WHPOKO MCMOMb30BaTLCS B rpaHuLiax
BCeil YKpauHbl, 0COBEHHO B ee BOCTOYHOM YacTu. B YkpauHe pycckuid si3bik He SBNSIETCS PErMoHarnbHbIM Min
MWHOPUTAPHBIM, MOCKOMbKY, B COOTBETCTBUM C XapTWen, NoanagaeT nog onpeaenerme f3bika, He CBA3aHHOro ¢
OnpeaeneHHon Tepputopuei. ATO ABMSETCA AONOMHUTENBHBIM OCHOBAHWEM NMPUMEHSATL MO OTHOLIEHWHO K HEMY
He 0Cobblii, @ 6a30BbIN PEXUM 3aLLMUTBI.

B 10 e Bpems 0COOblA pexuM 3aluTbl JOMKEH Obl PAcMpPOCTPaHATLCA Ha TakMe SI3blKW, Kak raray3ckiui,
KapauMCKUiA, KpbIMCKOTaTapCKMiA, KpbIMYALIKWA, POMCKUIA. DTN A3blKW HE SBMAKOTCS LIMPOKO YNoTPebnsemMbiMn HI1
B YKpauHe, Hi 3a ee npegenamu. OHW He 3alLuLLeHbl 0uLManbHBIM CTaTyCcoM, MOCKOMbKY Hapobl, KOTOPbIE Ha
HWX FOBOPST, HEMHOTOYMCIIEHHbI 1 HE UMEIOT COBCTBEHHbIX FOCYAAPCTBEHHbIX 0OpasoBaHni [Bacunexko, 2006].

HakoHeL, B COOTBETCTBUW CO CTaTbelt 3 XapTuu, Mepbl 0CO00M 3auThl QOMKHBI MPUMEHSTLCS K YKPAUHCKOMY
A3bIKy, KOTOPbIA (HECMOTPS Ha €ro CTaTyC rocyAapCTBEHHOTO A3blka) OCTAETCs B COCTOSIHUM, YTPOXaIOLEM ero
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CyLlecTBOBaHW. B rogbl HesaBuCMMOCTW Habnwoganoch faxe yXyaweHue aKTU4eckoro COCTOSHUS
YKPaUHCKOro A3blka 1 CY)XXEHWS er0 NPUMEHEHUs B OnpefeneHHbX cdepax obLLeCTBEHHON Xu3HW. V1 aTo npu
TOM, 77,8% HaceneHus naeHTUULMPYIOT cebs C ITHUYECKUMM YKpauHLIaMK COTMacHO AaHHbIM BeeykpanHekom
nepenucu Hacenenust 2001 r. B obwem, pacnpedeneHne HaceneHwst no KynmbTypHOW upeHTudmKkaumm u
poagHOMY s3biKy MO AaHHbIM nepenucy 2001 roga BuIrNSAMT chneaytoLwmM obpaom:

‘ CuuTator POAHbIM A3bIKOM ‘

KynbTypHas
WReHTMCKaLVA A3bIK CBOH YKPAUHCKWI SI3bIK | PYCCKUiA S3blK
HaLVOHamNbHOCTH
| Vpawwue (77.8%) | 852% X 148% |
Pycckue (17.3%) 95,9% 3,9% X

Takum 06pa3om, B YkpauHe CyllecTByeT Tpu MerasabikoBble rpynnbl: YKPaUHOS3bIYHbIE —YKpaWHLbI,
PYCCKOSI3bIYHbIE YKPaUHLIbI U PYCCKOS3bIYHbIE PYCCKUE.

Takum 06pasom, BOMPOC O TOM, KakuM 06pa3soM yKpauHCKOe rocyaapcto OyaeT CTPOUTh LEMOCTHYHO
MONMTUYECKYI0 Hauuo, Ha 16-OM rogy He3aBMCMMOCTM OCTAeTCs Ype3BblYaiHO aKTyarlbHbIM B KOHTEKCTE
Pa3BUTUS 3blka, KOTOPbLIN B 3TOW CTPaHe SIBNSIETCS roCyAapCTBEHHbIM N0 3aKOHY, HO He Aene.

Bonpoc si3blka, a ckopee Crekynsiuui Ha 3TOM BOMPOCE, UCMONb30BaHWE SA3bIKOBLIX peanuii B MOMMUTUYECKNX
Lensx sBnseTcs (hakTOpOM, KOTOPbIA CMOCOGEH OKOHYaTEeNbHO MONspK30BaTh OOLIECTBO, CMNOCOBCTBOBATL
OKOHYaTEeNbHOMY pasgeny Mexay obnacTamu YkpauHbl.

B KOHTEKCTE MpOLECCOB, KOTOpble MPOWUCXOAAT ceivac B YkpawHe, npobrnema KynbTypHON WOEHTWYHOCTM
npuobpetaeT  0cobEHHO  aKkTyanbHOe  3HaveHwe. CTaHOBNEHME  YKPaWHCKOW  roCyAapCTBEHHOCTM
npeaycMaTpuBaeT akUEHT BHUMaHWS Ha JaHHOM peHoMeHe. Peub MAET He TOMbKO O UAEHTUYHOCTH FIMYHOCTMY,
HO W O MAEHTUYHOCTM 3THOCA B LIENIOM, €ro MaTepuanbHOM U JyXOBHOWM KynbTypbl. KTo mMbl? ge HawW KOpHU?
KakoBbl MCTOYHWMKM Hawero ObITS? 3T W [pyre BOMPOCHI BO3HMKAKT B Mpouecce (opMUpOBaHUS
rOCYAapCTBEHHBIX MHCTUTYTOB HE3aBUCMOMN YKPaWHbI.

NMiogn B OCHOBHOM COO6LLAIOT O CBOEN COLMANbHON MAEHTUYHOCTM MOCPEACTBOM MCMONb30BAHNS HEKOTOPbIX
obwmx gns rpynnbl CUMBOMOB MM MapkepoB. OTO MOXET ObITb ONMpeaeneHHbI 0COBEHHbIN CTUMb OAEXabl,
npuyecka, ONpeaeneHHble ykpalleHus, cnoco® nuTaHus U T.4. Ons MHOMMX 3THUYECKMX pynn B KavecTBe
Hanbonee 3HaYMMOro CMBOINA KOMMEKTUBHOMO YNEHCTBA BbICTYNAET A3blK. [103TOMY He Cry4ailHO 3THUYECKMe
coobluecTBa Bcerga B nepeyto ovepedb 03ab04eHbl COXpaHEHMEM POLHOrO A3blka, MOMHOLEHHbIM 06y4YeHreM
A3blKy MOAPACTAlOEro MOKOMEHWs, ero AanbHeiwuMm passuTeM. B TO ke BpemMss He MpUHATO
abCconTNaMpoBaTh A3bIK Kak €OMHCTBEHHBIA CMOCOD COXPaHEHUS! STHUYECKOW WAEHTUYHOCTM. CyliecTByeT
Hemaso Np1MepoB, KOraa rnaBHbIM MAEHTUUKALMOHHBIM KpUTEPUEM BbICTYNAET He A3bIK, @ PENNIUS, UCTOPUS U
.0

Ecnu BepHyTbCs K BOMpOCYy si3blka, TO HEOGXOAMMO OTMETUTb [BYXCTOPOHHIO CBSI3b MEXOY S3bIKOM W
WAEHTUMKALMEN — C OIHOM CTOPOHbI, UCMONb30BaHWe SA3bIka kaK KyrbTYpHOrO CUMBONA U Mapkepa sSIBNsieTcs
CreacTBUeM WAEHTMAMKALMM, C APYrOA CTOPOHbI, CYLLECTBOBaHWE A3blka SIBNSIETCS HEOOXOAMMbIM YCrIOBMEM
camouaeHTUMKaLMM 1 camokaTeropusaLm.

Mpeanocbinku ans NOoCTPOeHNs Modenu

[aHHas cTaTbst ABNAETCSH CTECTBEHHbIM NpoAokeHnem pabotsl [FopuusiHa, 2006], kotopas obcyxaanack Ha
KDS-2006. KopoTko HanoMHUM ee OCHOBHbIE MONOXeHWs. PaccmoTpum 0bLecTBo, pasroBaprBaioLLee Ha ABYX
A3blkax {a, b}. Ans NpocTOTbI NPEANONOXM, YTO CEMbI COCTOSIT 13 OLHOIO POAUTENS M OHOr0 pebeHka.
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OYHKUMS MONE3HOCTU POAMTENs COCTOMT W3 ABYX KOMMOHEHT. Bo-nepBbix, BnageHne N3bIKOM MpUHOCUT
onpefeneHHylo Momb3y, BO-BTOPbIX, HEManNoBaxHyl0 ponb MMeeT W noboBb (3aboTa) popuTens k cBOEMY
pebeHky.

lMonb3a (MonesHocTb) OT BradeHusi A3blkoM BblbpaHa Tak, YToObl y4ecTb MpeuMylLecTBa, nonyvyaemblie npu
BO3MOXHOCTW Ha ObITOBOM YpoBHe 00neryntb 0OLiEeHMe C MNIOLbMM, TOBOPSLUMX HA ABYX £3blkaX, 4TO
HemasnoBaxHo, 0co3HaBasi cebs 4YacTblo ApYroi KynbTypbl UM XOTS Obl MOHMMAs ee. OTO yYTEHO B MOAENM
OTAENbHO OT MaTepuanbHoro noTpebneHns, NOCKONMbKY HET AOCTATOMHbIX [OKa3aTeNnbCTB TOr0, YTO 3HaHME
ONpefeneHHoro siblka CyLIECTBEHHO BNWSET Ha MOTpebneHne ToBapoB. Pasnuumsi, KOTOpble Mbl BUAUM B
Moaensx noTpebneHnsi, rmasHbIM 00pa3oM OnpedenseTcs  KynbTypHbIMK (hbakTopamu (pemurvsi, paca,
9THNYECKas NPUHALNEXHOCTb, 1 T.4.).

PoauTenbckasi (hyHKUWS NONE3HOCTU BKIOYaeT 3aTpaThl Ha 06pa3oBaHue pebeHka. Poautenb cuntaet cBOUM
[onroM nepefatb pebeHKy CBOK STHUYECKYH (UMW KyNMbTYPHYK) MOEHTUYHOCTb. KynbTypHask MOEHTUYHOCTb
0OHO3HAYHO CBSi3aHa CO 3HAHWEM OJHOTO U3 [BYX 3bIKOB.

FA3bikoBas hyHKUMS nonesHocTn (v) - oguHakoBa Ans poautens n ans pebeHka. OgHako, Ans Toro, YTobbl
NPOMOLENNPOBaTh KeNnaHue nepeaatb KyNbTYPHY MAEHTWYHOCTb, MPEANONOXMM, YTO PoauTeNb U pebeHoK
nomnyyaeT OAVMHAKOBYIO MOMb3y OT BfAAEHUS OOHAM W TEM e S3bIKOM MpW YCMOBWW, YTO U BCe 0OLIECTBO
pasroBapuBaeT Ha 3TOM Xe A3blke. [lpyrmu crioBamu, OH MoryyaeT Takyto e Mnonb3y, kak byaro pebeHok
XMBET B OJHOS3bIKOBOW, MOHOKYIbTYPHON CTpaHe. B MPOTMBHOM Cnyyae, OH He MOnyvyaeT HWKaKoW Nomb3bl OT
nepeaayu KynbTypHOU WOEHTUYHOCTU. DYHKLMA MaKCUMM3ALMK Takke BKIHOYAET OTpULATENbHYIO KOMMOHEHTY,
COOTBETCTBYHOLLYIO 3aTpaTam Ha 0byyeHune pebeHka OfHOMY U ABYM Si3blKaM.

Hanuuue s13bIkOBbIX HABLIKOB NMpeACTaBNeHo GyneBoii nepeMeHHON S, KOTOpas Noka3biBaeT YPOBEHb BnafeHue
A3bIKOM.

OyHKUMSA counanu3aums v PyHKUMS M3y4YeHns fblka S 3aBUCUT OT 3HaHUS poauTeneM  A3blka, BEKTOpa
JEeHeXHbIX "A0X040B" M YAENbHOTO BECa HaCeneHus, KOTOpoe pasroBapuBaeT Ha aTOM sA3blke. OyHKUMSA 3aBUCUT
oT OyneBblX (OBOMYHbIX) MEPEMEHHbIX K WMEET OrpaHUYeHHble 3HAYeHUs N0  KaxgoMmy — akTopy.
Mpeanonaraercs, 4To obyyeHue A3blKy MEHbLIMHCTBA 0OX0AMTCA JOPOXE B 00LLECTBE, KOTOPOE UMEET ApYyromn
A3blk GonbluMHCTBA. B TO Bpems, kak oauHakoBble NOTPeBHOCTM TpebylT OANMHAKOBbLIX 3aTpaT, TO YEM HUKe
yAEnNbHbIA BEC HACENEeHWs, PasroBapUBAlOLLETO Ha $3blke MEHbLUMHCTBA, TEM 6OMblue 3HAYEeHUE (yHKLWM
N3y4eHus a3bika S.

B poxomHoit 4acTi GHOMKETHOTO ypaBHEHWs 3apaboTHas nnaTta POAUTENs 3aBUCUT OT  €r0 SI3bIKOBbIX
cnocoBHocTei. MpeanonaraeTcs, YTO A3bIKOBbIE CMOCOBHOCTY POANUTENS U3BECTHBI U BCE NIOMN BHAYANE UMET
HEKOTOpble 3HaHWsi ApYroro sidbika. 3apaboTHas nnaTa MMEET NOCTOSIHHYKO KOMMOHEHTY W, He CBsidaHHYt0 CO
3HaHNEM $3bIKOB, 11 KOMMOHEHTY, 0BYCIOBNIEHHY0 3HAHWEM Si3blka W 3aBUCALLYIO OT A0NN HACENeHUs, ¢ KOTOPOK
YenioBeK MOXET 06LLaTbCs, 0CHOBLIBASCH Ha CBOWX 3HAHMSIX S3bIKOB.

MocTaHoBKa 3aaaun u peLieHune

3apava Poautens coctout B MakcummaaLmi yHKLMM MONE3HOCTM OT NOTpebneHns HEKOTOPbIX MaTepuanbHbIX
Bnar B COBOKYMHOCTW C HEKOTOPbIMM Bnaramu 1 npeumyLLecTBaMm1, KOTOpble AAOT KyNbTypHAs UOEHTUYHOCTb U
3HaHMe A3bIKOB, Ha KOTOPbIX Pa3roBapUBaloT YneHbl 00LLEeCTBa:

U=u(x) + spov(qy + q) + S'pov(1 - §') + u(x(s', §')) +s' sv(1) - C(11 + 1) -> max,
Heobxoaumo onpenenntb X, X, T/, T/ B 06nacT1 4ONYCTUMbIX peLueHuit (BHomKeTHbIX OrpaHnieHnin ans cebs u
cBoero pebeHka):

px =W+ w(s',eq), + q’p + s'50q')

px. =W+ w(s'sq' + ¢’ + s'q),
rme  s'= S(s, T, qip + qi), s'e {0,1}, she{0,1} q+qg+q'=1,
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u(x) MOHOMOHHO 803pacmarowasi, Cmpo2o 802Hymasi (hyHKUUS NOIE3HOCMU,
X MHOXecmeo 8b160poe podumerns (Habops! 6@z, Ha Komopbie Mo2ym bbimb nompayeHs! 0eHbau);
X MHOXecmeo 8bl6opos pebeHka (Habopb! b1ae, Ha KOmopkle Mo2ym bbimb NompayeHs! 0eHbau);

ie{a,b}  A3bIKuU, Ha KOMOPbIX paszogapusarom, a - A3bIK GOMbWUHCMEa, b - S3bIK MEHbWUHCMBa;

s A3bIK0Bas nepeMeHHas pebeHka, s' =1, eciu pebeHok umeem cnocobHocmu K A3biKy i, s' =0 8
NPOMUBHOM Cily4ae;

st A3blkosasi nepemeHHasi podumens, s, =1, ecnu podumenb enadeem s3bikoM i, s, =0, 8
NPOMUBHOM Crly4ae;

a'c [0;1]  yOenbHblii 8ec demel, 2060psL4UX monbko Ha Aabike i; 4' = N(s'=1 & s'=0)/N, ¢! = N(s'=0
& sI=1)IN;

q'e [0;1] ydenbHbili eec demell, 2060pauux Ha deyx ssbikax; q° = N(s'=1 & s'=1)IN, q' + ¢ + g
=1 ;

qipe [0,1] ydenbHbil 6ec podumertel, 2080PAUYUX MOMbKO Ha A3bIKE i;

qi,e[0,1]  yOenbHblil sec podumenel, 2080pSUIUX Ha OBYX 3bIKaX;

v(q)) dononHumensHasi nomb3a Om enadeHus S3bIKOM i (MOHOMOHHO 603pacmatouwjasi, Cmpo20o
802Hymasi (hyHKUUSI);

v(1) (hYHKUUST NOIE3HOCMU | —A3bI4HO20 POOUMENS NPU Hanu4uu y pebeHka cnocobHocmell K poOHOMY
A3bIKY;

w(q) MOHOMOHHO 803pacmarouiasi, cmpo2o 80cHymasi ¢hyHKuus 3apabomHol nnambl, ces3aHHas co
3HaHuUeM i-20 A3bIKa;

C(i) cmpoz2o so3pacmatowast yHkuus cmoumocmu, C(0)=0, dC(0)/dr'=0;

T N-mepHb I gekmop 3ampam;

S MeXaHu3M coyuanusayuu, nodzomosku Kk xusHu 8 obwecmge $(0,0,0)=0, dS/dsip>=0,
dS/dr'>=0, dS/dq'>=0;

N YUCNIEHHOCMb HaceNeHUs!.

(DyHKLI'VIFI counanumsaumm yctaHaenmeaeT OOHO3HA4YHOE COOTBETCTBUE MEXOY sunt npun ycrnosuu, 4To 3HaHUA
A3bIKOB pO/J,VITeJ'IeVI 1 pacnpegeneHna HaceneHna OTHOCUTENbHO 3HaHWN S3bIKOB W3BECTHbI 3apaHee. HOSTOMy,
BBEAEM HOBYIO MEPEMEHHYI0 AnA 0603HaueHms 3artpar, HeobXxoauMbIX Ans M3Y4eHUA A3blKa. O6o3Hauum
MWHUManbHbIE 3aTpaThl, H806XO£I,I/IMbIe ana o6yquV|;| pe6eHKa A3bIKY NPKW YCIOBUK, YTO 1 POOUTESb TOBOPUT Ha
9TOM Xe A3blKe:

7' >min
npu ycrosn S(1. 7, ¢’ + q,)=1.
MycTb Tlyy — 3HayeHWe LeneBOM (YHKUMW 3TOM 3adaun. ECTeCTBEHHO, YTO POAMTENb 3aMHTEPECOBaH B
MUHMMM3ALMK 3aTpaT Ha oByuyeHWe 3blky. AHamorMyHo 0603HAUMM Yepe3 Tlo; MUHMMAnbHble 3aTpaThl

(3HaueHue LeneBon QyHKuMM), Heobxoaumble Ana obydyeHus pebeHka £3blky, Ha KOTOPOM POAUTENb He
pasroBapuBaeT:

7 —>min
npu ycrosin S(0. ', q'p + qp)=1.
Tak Kak 3aTpaTbl OnpefeneHbl B 3afade MakcUMU3aLMN (yHKUMM MONE3HOCTH, TO CyLLECTBYeT TOMbKO fiBE

anbTepHaTuBbl: 06yyaTb pebeHka A3biky, i HeT. CnegoBaTenbHo, MakcuManbHoe 3HadeHue T e {0, Ty}, ecrin
poamTenb roBopuT Ha si3bike i Unn T {0, Tlo1}, €CNM OH HE rOBOPUT Ha 3TOM SA3bIKE.
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CtabunbHOCTb pacnpeaeneHns A3bIKOBbIX rpynn

B panbHenwem Mbl abcTparvpyemcs OT hakta, YTO MUHUManbHble 3aTpatbl, Heobxoaumble Ans obyyeHus
onpeaeneHHoMy 3blKy T4, Too1 M T.O. 3aBUCAT OT BPEMEHW, TaK Kak W3MEHSeTCs BO BPemMeHu U [0ns
HaceneHus, KoTopoe roBOPUT Ha A3bike @ — (9% + qab,,). T.e., COOTBETCTBYIOLLEE 3HAYEHWE AOMKHO ObiTh
paBHbIM Ti11(q'pt q”p). OOHAKO ANs 3a4a4M ONTUMM3ALMM B paMKax OAHOTO BPEMEHHOTO Nepuosa npumem aTu
BEMUYMHbBI 3aaHHbIMM.

[inst HAXOXOEHNs! PELLEHNUS C YYETOM BO3MOXHOMO pacnpefeneHnsi HaceneHus B 3aBUCMMOCTY OT 3HaHUS! fi3blka
(A3bIKOB), ByaiEM CUMTaTb BeMMUMHLI G°, G° M3BECTHBIMU.

OnpepeneHne pacxofoB Ha 06pa3oBaHMe pebeHKka MOXHO paccMaTpuBaTh kak urpy. Mrpokamu siBnsieTcst Bce
HaceneHue cTpaHbl (pernoHa). B 3aBMCMMOCTM OT 3HAHMS S3bIKOB M OT CBOEM KYNbTYPHOA MOEHTUYHOCTU BCe
WUrpoku 0bpasytoT YeTbIpe koanuumm, BHYTPK KOTOPON BCe MUIpoki cobroaaloT OgHy CTpaTerio, T.e. JeNCTBYHOT
kak oguH urpok. CTpaTerusii UrpokoB SBNSETCS XenaHue 0by4nTb cBoero pebeHka 0aHOMY UM ABYM S3blKaM.

[ns nccnegoBanms aTux urp Byaem ncnonb3oBaTh paBHOBeCKe Halwa B uncTbIx cTpaterusx [BonowuH, 2006).
CnepoeartenbHo, Urpa MoxeT BbITb MPeaCTaBEHa Kak Urpa YeTbIpeX UIPOKOB C TPEMS CTpATErMAMU Y Kaxaoro
urpoka. Mrpokamm sIBNStTCS:

N4 WUrpoK, BNaAetoLLMiA TONbKO A3bIkoM a (A),
Y UrpoK, BNaaeroLwmin ByMS A3blkaMu, OTOXAECTBNSAOWMA cebsi ¢ KynbTypon a (2A),
Y UIpOK, BNagetoLmin AByMs A3blkaMi, OTOXAECTBNALMIA cebs ¢ KynbTypon b (2B),
Y UrpoK, BNajetoLLmin Tonbko f3bikom b (B).
B kauecTBe Tpex cTpaTternil BoIopaHbl:
- 0byyeHune cBoero pebeHka A3biky a,
- 0byyeHune pebeHka ABYM A3blkaM,
- 0bydyeHune pebeHka s3biky b.

MpencTaBMM CXxemaTuyecky CTpaTerin i BLIMIPLILLKM, MPUHIAMAR BO BHUMaHMe, yTo 3asucaT §°, q°, g°=q ot
BbIGOPOB Apyrux urpokos (tabn. 1).

Tabnuya 1. Tabnuua BbITPbILLER UTPOKOB

Crpateruu
ObyueHve s3bIKy a OByyeHwe AByM si3bIkam oByyeHwe a3bIky b
Mrpoku
u{W + w(1)} + v(1) -
Wrpok 2A | u{W + w(g? + g3} + v(1) - C(z211) u{W + w(1 - g?)} - C(t011)
- C(t?11 * 1)
w{W +w(1)} +v(1) -
Wrpok 2B | u{W + w(q? + g?)} - C(t241) uf{W + w(1 - g?)} + v(1) - C(tb11)
—C(t?11 + 1)
w{W +w(1)} +v(1) -
Vrpok A | uf{W + w(q? + q2)} + v(1) - C(r1) W{W + w(1 - g2)} - C(tbo1)
- C(t?11 * °n1)
u{W +w(1)} +v(1) -
Wrpok B | u{W + w(q2 + g2)} - C(t?n) u{W + w(1 - g3)} + v(1) - C(z211)
—C(t201 + t°11)

Onpegenm ycnoBus YCTORYMBOCTM N1 BCEX UrPOKOB.

[ns rpynnel urpokos 2A
ufW+ w(1)} + v(1) - C(z11 + 1) = u{W + w(q® + g9} + v(1) - C(719), (1)
u{W + w(1)} + v(1) - C(1%11 + T19) 2 u{W + w(1 - @)} - C(7°19). (2)
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[ns rpynnel urpokos 2B

ufW+ w(1)} + v(1) - C(7°11 + 2°11) 2 u{W + w(qa + q2)} - C(7°11) (3)

ufW+ w(1)} + v(1) - C(711 + 7°11) 2 ufW + w(1 - q2)} + v(1) - C(7°ns). (4)
[ns rpynnel urpokos A(s@ =1, sP =0)

ufW+ w(q® + g?)} + v(1) - C(7%11) 2 ufW + w(1 - ¢°)} - C(7°1) (9)

ufW+ w(q?+ q?)} + v(1) - C(7211) 2 u{W + w(1)} + v(1) - C(7%41 + 7°09) (6)
[ns rpynnel urpokos B(s2 =0, s =1)

ufW+ w(1-g?)} + v(1) - C(z°11) 2 ufW + w(q® + q?)} - C(701) (7)

ufW + w(1-q?)} + v(1) - C(z°11) 2 u{W+ w(1)} + v(1) - C(z%1 + 7°11) (8)

Mogenb ¢ cUnbHbIM (HaKTOPOM OCO3HAHUA KyNbTYPHON MAEHTUHHOCTH

Yto0bl MOHSATb, KaK CUNbHbIA haKTOp OCO3HAHUS KyNbTYPHON MOEHTUYHOCTW MEHSIET 3aadvy, NOCMOTPUM Ha
paBHoBecue Halwa B 3TON Xe urpe. ITO 03HAYaeT, YTO B OOLIECTBE HUKTO HE TEPSIET CBOW KyNbTYPHYH
WAEHTUYHOCTb.

Ecnu chaktop nepeaayn KynbTypHOR MOEHTUYHOCTY
v() > u{W +w(g® +¢* ) —u{W + w1 —q¢“N}+ C(t" 1 +t°11) - C(z"n),
TO NPeACTaBUTENM Pa3MNNYHbIX A3bIKOBbIX FPYNM OTAAIOT NPEANOYTEHNE CBOEMY A3bIKY.

MpnaaHne 6onblioro Beca (hakTopy KyNbTYPHOM nepefayun O3HAYaeT, YTO HUKTO TEpsieT CBOEW KyNMbTYpHOM
uoeHTUMKaLmm.

Beenem 0603HaveHust
Au® = u{W +wQ)} — u{W + w(q” +q*)};
Au® = u{W + wQ)} — u{W + w1 - q“)};
Au® = u{W + w(q” +q*)} —u{W + w1 —q)} = Au*® — Au*".
Torga ycnosus (1°)-(8’) moxHO nepenucarts:
Au* —C(t" 1 + 1) + C(1°11) = 0;
Au?® —C(t"n + ') +v() + C(t°11) = 05
Au* —C(t" 1+t ) +v(1) + C(t°11) 2 0;
Au?® —C(t"n + 1)+ C(x* 1) 2 0;
Au?® — Au* +v(1) = C(t“1) + C(t01) > 0;
—Au* —C(t* 1)+ C(t“1 +t°01) > 0;
Au* — Au*® +v(1) - C(x’ 1)+ C(t°n) = 0;
—Au*® —C(t’ 1)+ C(t%n +1°1) = 0;
,U,J'IFI ABYA3bIYHOIO HaceneHusa, OTOXAECTBIIAKLLEro ceba ¢ Kyanypon a, CTpaterusa npespalleHna B a-
OAHOA3bIYHBIX JOMUHUPYET Haf CTpaTeFI/IeI7I npespaLleHna B b-O,D,HOFI3bI‘-IHbIX. 310 BWAHO 13 NpeanonoXxeHna
" +q* 2q"+q* =1-¢",
a TaKxe U3 nNpeanonoxeHusa, KoTopoe Mbl caenanin OTHOCUTENBHO (byHKLI'VIVI coumanusauni. To ecTb Tp86yeTCFI

tonbLue yCI/IJ'II/II7I ana n3ydeHus Asblka MeHbLUWMHCTBA B Cpefe (Opr>K6HVIVI) C MeHblWWM yaenbHbIM BECOM
HacerneHus, roBop4LLero Ha 3ToM A3blKe.

CDopmaano 9TO MOXHO BbIpa3nTb TaK

N

oD O
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Pu2tnuC(t’n) = C(t*n);
mint’ < mint®
B 0011acTh orpaHnyeHuil
SA,t°,q +4%) =1;
S,7",¢" +4%) =1.

CnpaBegmBocTb (4) u (1) Bnevet 3a coboit cnpaBeanmBocTb (2) M (3), MOCKONMBKY OHM copepxart
BOMOMHUTENBHOE MOMNOXMTENBHOE Criaraemoe v (1) B NeBOW YacTu HepaBeHCTBa. [lanee, yunTbiBas, uto a —
rpynna BonblKHCTBA, a b - rpynna MEHBLUMHCTBA. 310 03Havaer, 4yTOo

w(q“ +q*)2w(q" +¢4°)=w(l-q").

Ecnn B oblecTBe yaenbHbIi BEC MEHbLUMHCTBA AOCTAaTOMHO Man, Torga BCe [BYA3blYHble poauTent,
OTOXAECTBNSAOLME Cebs C KynbTypHOI 60NbLIMHCTBA, He ByayT 06yyaTh CBOMX AETE S3bIKY MEHbLIMHCTBA.

310 cneayeT HenocpeACTBEHHO U3 ypaBHeHus (1). Mockonbky
-C(t"u+1"1)+C(t"n) <0,
T0
Au > 0= u((W +w))—u(W +w(q” +¢°))>>0.

Lpyrmu cnoBamu, Ansi BbIMONHEHNS! 3TOTO HEpPaBEHCTBA Heobxoanmo, YTobbl BENMMYMHA ¢ Obina AOCTATOYHO
Bnu3Koi K euHuLE.

Takum obpasom, ycnosue (5) Bceraa BEpHO, ecrv rpynna a sensetcs rpynnoi 6onblumHeTea. CnegoBaTensHo,
Mbl MOXeM COKpPaTUTb CUCTEMY HEPaBEHCTB CTabUNBHOCTM, UCKMIOYMB AOMUHUPYIOLLME CTpaTerun, BblYepkiuBas
ypaBHeHus (2) u (5).

YCTpaHss OOMUHMpYIOLWME cTpaTeruy, T.e. ycrosus (2) 1 (5) Mbl OrpaHu4MBaeM rpynny, OTOXOECTBISHOLLYIO
cebs ¢ KynbTypoit a, TOMbKO BYMS CTpaTersimu Bolbopamu: ABys3blume WM a-0aHoa3bluMe. Yenosus (2) u (5)
NOKa3bIBaKT Nepexoa K b-0AHOA3bINMIO ANS ABYA3bIYHBIX U @-OAHOSA3bIYHLIX COOTBETCTBEHHO, YTO MPOTUBOPEYNT
npeanockinkam Haluern Mogen.

Ecnn 3HaveHne ¢ CTaQHOBMTCA CRMIWKOM ManbiM (OnmM3kMM K HyMK0), TOrAa [BYA3blYHble POAWUTENM,
oToxaecTenswme cebs ¢ KynbTypol BonbLUMHCTBA, NpekpalyalT obyyaTtb CBOMX AETEN A3bIKY MEHbLUMHCTB.
OTO He 03HayaeT, YTO ABysA3blyHAs rpynna npekpawaeT CBOE CyLEecTBOBaHWe. Te ABYA3blYHbIE, KTO
oTOXAECTBNSAET Cebs C KynbTypoil MEHBLUMHCTBA, AOMKHbI ByayT NPUHATL Apyroe pewenue. Pasnuuve mexay
ycnosuem (3) u (1) - HanuuMe [OMOMHUTENBHOW MEPEMEHHONM KyMbTypHOW MOME3HOCTM (MM nepepaun
KynbTYpHOW naeHTUdMKaumm) v(1), koTopas B OCHOBHOM MOAPa3yMeBaeT, YTO AN1s Nepedaun KynbTypHOM
NaeHTUMKALMM POAUTENN, NPUHAANEXALUME K MEHBLUMHCTBY, BWUAAT NOMb3y ANS CBOMX [AeTen Tak, kak byaro
Obl OHM XUNM B CTpaHe, rae roBOpsT TOMbKO Ha OAHOM A3blke MEHbLUMHCTBA. YUWTbIBas CUNbHOE KenaHue
nepefatb CBOK KyNMbTYPHYK MPUHAANEXHOCTb, BennymHa v(1) fomkHa ObiTb [OCTATOMHO 6OMbLION, YTOOb
HEMTPann3oBaTh OTpULATENbHbIE KOMMNOHEHTbI C TEM, YTOBbI PAaBEHCTBO OCTABANIOCh UCTUHHBIM.

[pyroe ycnosue ans ABysi3bIMHOr0 MEHbLUMHCTBA - 3TO BbiMOMHEHWe ycrnosusi(4). Bee xe, ecnv ¢ - AOCTATOMHO
Benuko, Au? Bynet foCTaTo4HO GoNbLUMM, YTOBbI BOSMECTUTL AOMOMHUTENBHBIE 3aTpaThl -C(1241 + 1041) + C(1041)
Ha M3yyeHne a3blka 6onbluMHCTBa. Kpome TOro, nayyeHne s3bika GOMbLUIMHCTBA YNpoLaeTcs, Koraa yaemnbHbIi
BEC HACENEHMs!, FOBOPSILLEM Ha 3TOM S13bIKE, JOCTATOYHO BbICOK.

YpaBHeHus (5) v (7) nokasblBalo yCrosue, NPy KOTOPOM OAHOSA3bIYHbIE POAUTENM HE 0By4atoT CBOWX AeTel
BTOPOMY $3blKy Mpu AocTaToyHO Gonbliom v(1). Opyrumu crnoBamu, ecriv xenaHuwe nepefatb KynbTypHYHO
NPUHAANEXHOCTb CUMbHO, TO (5) 1 (7) cnpaseanuebl. C apyroi cTOpoHbl, (5) 1 (7) noyTu BCeraa crnepytot u3 (6)
1 (8), ecnm ycunve, HeobxoaMMoe Ans N3y4eHns Ybero-nnbo PoaHOro A3bika 1%b1, HE BLICOKO.
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Ecnu Mbl Hanaraem JONONHUTENBHOE NPEANONOXEHUE HA (hyHKLMM couuanusaumm, To (8) nogpasymesaer (6).

MocKomnbKy Au® 2 Au™ n C(1'n) 2 C(Ta“), MOCMOTPUM Ha BenmuMHbl T°11 + T 01 1 T211 +1%1.
JlormuHo cpenath criedylollee NpeanonoXeHUe: YCUnns, noTpadeHHble Ha obyyeHne ofoum si3bikaM, Koraa
POAVTENb 3HAET TOMbKO OAWH f13blK GOMbLUMHCTBA, MPEBBILLAIOT YCUNMS, MOTPaYeHHble Ha OByyeHue ABYM
S3blkaM  MpY  poauTene, 3HalolleM TOMbkO OAMH  Si3blK  MeHbLUMHCTBA. Torda  criemyeT,  uTo

C(t"1 +1°01) 2 C(t"11 +1°01) 1 no3TOMY BbINONHEHME (8) BNieyeT 3a coboil cnpaBeannBocTs (6).

Bbigod. OO0HOsA3bI4HbIE podumenu, npuHadnexawue MeHbWuHcmsy, He obydaom ceoux Oemel A3bIKY
bonbwuHcmea, ecnu yeunusi, mpebyemble Ans 3moeo, S8/1smes 00CMamoYHO 8bICOKUMU.

[MaBHbIMK YCIOBMAMM, ONPEAENSIOWMMU CTaBUIBHOCTL Pa3HOS3bIYHBIX rPYNN HaceneHus, sensawTea (1) u (8).
OHu ynpaBnsioT CTabunbHOCTLIO pacnpefenerus 3HaHusaMmM s3bika B obLectse. Ecnm HavanbHas gons nogen,
rOBOPALYMX Ha A3blke MEHbLUMHCTBA, CIMLIKOM HU3Ka, TOTAa BCE ABYS3blYHble, OTOXAECTBAsowume cebs ¢
KynbTypor BonbLUMHCTBA, nepecTani Gbl rOBOPUTL Ha A3blke MEHbLIWHCTBA. Ecnu 310 NponsonaeT, To 310 He
obs3aTencHO Aectabunuanpyet apyre A3blkoBble rpynnbl. Bonpoc 3akmnioyaeTcs B TOM, HAcKoNbko BOMbLUO
nepBoHaYanbHO Oblna [AByA3bl4HAs rpynna HaceneHus B rpynne, OTOXZecTBnswwen cebs C KynbTypon
BonbLUMHCTBA.

Ecrm ycnosusa (1) 1 (8) BepHbl M T°11 + T01 = T%1 + t°11 , TO CylLeCTBYeT paBHOBeCHe Hala B 0HOLIAroBOM
urpe 1 B 0BLLECTBE COXPaHAETCS HayanbHas ABYsA3blYHas cpeaa.

Bubnuorpadusa

[BonowwH, 2006] BonowwuH A.®., Mauwerko C.O., Teopus npuHsTus pelueHuit. YuebHoe nocobue.—Kues: UL, “Knesckuin
yHueepcutet”, 2006.-304 c. (Ha ykp.s3).

[XapTus, 1992] EBponerickas xapTusi pEMMOHanbHbIX S3bIKOB MMM A3bIKOB MeHbLUMHCTB.— CTpacbypr, 5 Hosbps 1992 .

[BacuneHko, 2006] BacuneHko B. Kakue s3biku B YkpauHe HyxpatoTcs B ocoboit 3awmte. Konnmaus mexay HauuoHansHbIM
3aKoHOM 1 0Bsi3aTenbCTBamm rocyaapcTea // «3epkano Hegenny, Ne 10 (589), Cybbora, 18 - 24 mapta 2006 roga.

[FopuupiHa, 2006] MopuysiHa W.A., TnyweHrko A.A. Ponb haktopa KynbTypHON MOEHTUYHOCTH B [BYS3bIMHOM 0bLecTse.— B
kH.: Proceeding of the XII International Conference “Knowledge-Dialog-Solution” — Varna, 2006.-Sofia: FOI Commerce,
2006.— P/158-164.

Mudopmaums 06 aBTopax

UpuHa MNopuybiHa — cmapuiull Hay4YHbIG compyOHUK, e-mail: goritsyna@unicyb.kiev.ua

AnexcaHdp InyweHko — 3agedyrouuti nabopamopuetl, e-mail: mmeed@unicyb.kiev.ua

Kuesckull HayuoHarnbHbIl yHusepcumem um. T. Lllegqerko, hakynbmem kubepHemuku; np. Akad. [nywkosa ,2,
Kkopn. 6, Kues, YkpauHa.



H.4.2. Decision Support

CUCTEMbI IMATHOCTUPOBAHUA B MEAULMHE, KAK MEPCOHANBHbIN
WHTENNEKTYANbHbIA UHCTPYMEHTAPUN BPAYA

Anekcen BonowuH, Makcum 3anopoxed, lMasen Myneca

AHHomauus: lNpednazaomcsi NPUHYUNBI NOCMPOEHUST QUagHOCMUYECKUX cucmeM 8 MeOUUUHE, OCHOBaHHbIX Ha
modenuposaHuu «cnocoba Oelicmeusi» akcnepma 8 gude Heyemkux 0epesbes NPUHSIMUS PeweHul ¢ yyemom
Kpumepues npasdonodobusi u nonesHocmu. Paccmampusatomes ghpaeMeHmbl «npuknadHbix» 0epesbes npu
OuagHOCMUPOBaHUU  UHGDEKUUOHHbIX U yponoauyeckux —3abornesaHull.  Obcyxdaromesi  803MOXHOCMU
NPUMEHEHUS  COBPEMEHHO20 UHCMPYMEHMapusi meopuu NpuHAmus peweHull npu co30aHuu cucmem
LICKYCCMBEHHO20 UHMernekma.

Knioueenie cnoea: Teopus npuHsmusi peweHul; depesbss peuweHull; npasdonodobHOCMb, NONE3HOCMb;
duazHoCcmu4eckue cucmembl 8 MEOULUHE.

Mpeaucnosue

OpHon w3 nepBblX MpWKNagHbIX 06nacTel NPUMEHEHWUS METOAOB WCKYCCTBEHHOrO MHTENneKTa sBunachb
MeauumHekas guarHoctuka [Jliorep, 2003], [Paccen, 2006]. PaspaboTka akCnepTHbIX CUCTEM AMArHOCTUPOBAHNSA
3aboneBaHun HacunTbiBaeT 6Gonee 50 net. XOTA TEOpUS MPUHATAS PELUEHWA SABMSIETCA CTaHAAPTHbIM
WHCTPYMEHTarbHbIM CPeACTBOM BO MHOTMX NpobnemHbix obnactax Takux, kak Ou3Hec, rocymapcTBeHHoe
yrpaBneHue, IOPUCTIPYAEHLMS, BOEHHaAs CTpaTerusi, TEXHUYECKOe MPOEKTUPOBAHWE U YNpaBneHne pecypcamu,
NMLLb HEMHOTME WccneaoBaTenu B 0bnacTu nckyccTBeHHoro uHTennekta [Paccen, 2006, ¢.810] npuHsnu Ha
BOOPYXXEHWE UHCTPYMEHTAamNbHbIE CPELACTBA TEOPUN NPUHATUS PELLEHWUA B MEAULIMHCKON anarHocTuke. OgHOM 13
OCHOBHbIX MPWYMH  OTPAHWYEHHOTO MPUMEHEHUS [EPEBbEB peLleHUs B  MeauuuHe SBMNSKOTCA WX
«3KCMOHEeHUmaneHbI pasmepy» [Paccen, 2006]. [pyrum kputepuem, Ha Haw B3rnsag (cm. [BonowwuH, 2006]),
ABNSETCA HEKOPPEKTHOCTb MCMONb30BaHMS  «YCPEAHEHHbIX» 3KCMEPTHbIX 3HaHMIA. Bo MHOMMX  cnyvasx
AMarHocTMpoBaHns 3aboneBaHWn  OTCYTCTBYKT —«OOBEKTUBHbIE»  («OOLLENPUHATLIED) KPUTEPUM  OLIEHKN
WHTEHCMBHOCTW B3aWMOBIUSHUA (DAKTOPOB, OMpeaensowmx 3abonesaHue. [poLECC NPUHATUS peLleHus
BPa4oM-AMarHoCTOM [0 CUX NOp B OnpesenstoLei cTeneHu Sensetcs CyObekTUBHbIM, B 3HAUUTENBHOW CTENeH
3@BUCALLEM OT «UHTYULMW», «OMbITa» 1 TOMy NofobHbIX cnabo gopManu3oBaHHbIX hakTopos. W xoTs Teneps,
Korja KaHOHMYECKOW MpOrpaMMON  MUCKYCCTBEHHOrO WHTENNeKTa CTan  «MHTENneKTyarbHbIA — areHT,
npeaHasHaveHHbIn ansg nomowwm Yenoseky [Paccen, 2006, ¢.1267], u 0 3ameHe YernoBeka, MPUHUMAIOLLETO
PELLEHNS, PEYN He WOeT, ponb IKCMEepTHOA CMCTeMbl CBenacb K MOAoOMI0 MeaWMUMHCKMX Y4EDBHWKOB 1
cnpaBoyHukoB [Paccen, 2006, ¢.1269]. Bpau 06s3aH NOHATH X0 PaCCYyXOEHUN, Nexalux B OCHOBe Noboro
PELLEHNs cCTeMbl. ViHaye NCnonb3oBaHWe CUCTEM MCKYCCTBEHHOTO WHTENMEKTa MOXET NPUBECTU K TOMY, 4TO
nogn ctaHyT 6onee 6e30TBETCTBEHHbIMM (KTO OyAeT HECTW HOPUOMYECKYHD OTBETCTBEHHOCTb, €CMM AMarHo3
OKaxeTcst HenpaBunbHbIM?). Moatomy B [BonowwuH, 2006] npegnaranoc NEPenTH OT KOHUENUMN «pa3paboTku
9KCMEPTHON CUCTEMbI KaK «MOMOLLHUKAY («MHTENNEKTYanbHOro YCUnUTens») nuua npMHUMAtLLEro peLleHus K
KOHLENLMM «NEPCOHANBHOMO WHCTPYMEHTapus». A Ans 3Toro He0bXo4MMO NOMOXKUT B OCHOBY CUCTEMBI CMOCOD
NMPUHATUSA PELUEHWNST WMEHHO MONb30BaTeNs CcuUCTeMbl. Pa3paboTuMk ke CucTeMbl JOMKEH NpefocTaBUTb
cpeactea dopManusauuu 3Toro cnocoba, npu 3TOM AN «0OBLEKTUBM3ALMUY CYOBEKTUBHBIX OLEHOK NuLa,
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MPMHUMAIOLLETO  peLleHne, 3aknagblBaeMblx B CUCTEMY, HEOBXOQMMO YuuTbIBaTb MCUXOCOMATUYECKME
0COBEHHOCTM NnLa, NMPUHUMALOLLETO PELLEHNS (B CUCTEMAX SKOHOMUYECKOTO NpOrHo3upoBaHmus [BonowwmH, 2005]
«0bbekTMBM3MpOBanach CyObeKTUBHOCTbY 3KCMepTOoB-paspaboTunkoB cucTembl). bonee Toro, Heobxoammo
nNpeaocTaBnTb CPEeACTBa yyeTa CyObeKkTUBHbIX 0COOEHHOCTEN AMarHoCTUpyemoro cybbekta. Kak oTmevanoch
HEOAHOKPATHO B MUCTOPUM WUCKYCCTBEHHOTO MHTENNEKTa, OAHOM U3 OCHOBHbIX CNOXHOCTEN pa3paboTki cucTeM
WCKYCCTBEHHOrO MHTEMNMNEKTa SBMSIETCH  «M3BIEYEHME» 3HAHWA Yy creunanncta. 3agaya  MHOMOKpaTHO
YCNOXHSIETCS, €CNi HE0BX0ANMbI HE «CTaLMOHAPHbIE» 3HaHUS, @ «ANHaMMYeckney («Cnocod MbILNEHNSY).

B paHHon pabote OTpaxeH OnbIT aBTOPOB NO O6LEHMIO CO CheuuanucTamu-guarHoctamu npu paspabotke
AMarHoCTUYECKMX CUCTEM KaK MEepCOHAaNbHOrO0 WHTENNEKTYarbHOr0 MHCTPYMEHTapus, peannayiowmx «cnocob
BHeapeHHoro gencteus» [Jliorep, 2003] B Buae HeveTkux gepesbeB pelleHnin [BonowwH, 2003]. Mpu atom B
OTNMYMe OT GONMBLUMHCTBA AWArHOCTUYECKMX CUCTEM, B KOTOPbIX Pe3ynbTaT AMArHOCTMKM OCHOBBLIBAETCS Ha
kputepun «npasgonogobus» [Paccen, 2006], 0gHOBPEMEHHO C OLEHKOW Ayr AepeBbeB (B3aMMOBIMSHWA
(hakTopoB), 3aAaKnTCs Beca (MoNesHoCTb) caMmblx (hakTopoB. MocregHee B ONpeAeneHHon CTeneHn no3sonseT
n3bexatb 0fHON 13 Hanbonee pacnpOCTPaHEHHbIX «MTOBYLLEKY B AUArHOCTWKE — CMeLUMBaHME npaBgonoaotvs u
BaxHocTm [Paccen, 2006, ¢.804].

MocTpoeHne AepeBLEB PeLIeHNs

MeTon nOepeBa peLlleHWss OCHOBAH Ha MOCTPOEHWUW MEPapXMYECKON CTPYKTYpbl (DaKTOPOB, KOTOPbIE WUMEKT
NPSIMOE U HEeNpsSIMOE BRUSIHME Ha AnarHo3. B BepxHen yacTu gepesa peLueHnin CobpaHbl OCHOBHbIE, BaXHeNLLME
takTopel. [Janee ans aTux hakTopoB ONpPeaenstoTces nognpobnembl, KOTOPLIE Ha HUX BIMSIOT. TakuMm cambiM
obpasom obpabaTbiBaloTCst BblAeneHHble noanpobnemsl u T.4. B nuctax atoro aepesa cobpaHbl hakTophbl, 415
KOTOPbIX Noanpobnembl yxe He onpegensatoTcs. [ns HarnsgHON UNNCTpauun Ha puc.1 nsobpaxeH parmeHT
[EepeBa peLLeHnil Ans NPOrHO3MPOBaHUs MHGEKLMOHHbIX BONE3HEN KULLEYHOI rpymnnbl.

YKano6bl ObbekTMBHLIE NabopaTtopHble
AaHHble obcnenoBaHus
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1 — canbMoHennes, 2 — 6oTynnam, 3 — renatut A, 4 — nentocnmpos, 5 — GptowHon Tnd), 6 — ou3eHTepus.
Puc. 1.
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[MocTpoeHne AepeBa peLLeHnin CBOANTCS K BbIAENEHMIO aKcnepTamm npobnem u nognpobnem (BeplnH gepesa)
W CBA3EN MexXay HUMK (Oyr gepesa). [lanee aKkcnepTbl ONpesenstoT BaxXHOCTb (BEPOSTHOCTY) NEPEXOA0B MEXIY
BepluMHamu. [onyckaeTcs HeuveTkas OLEHKa 3KCMEPTOB C MOMOLLBKD MOMMYECKUX MEPEMEHHbIX, OMMCaHHbIX
3HauyeHreM (hyHKLMM NPUHAANEXHOCTU (BeKTOpamu JeicTuTeNbHbIX Yncen ot 0 k 1). Kaxablid skcnepT AaeT Tpu
OLEHK/ — ONTUMWUCTUYHYIO, PEANUCTUYHYI0 W NECCUMUCTUYHYIO, CKansapu3auns KOTOpbIX MPOMCXOAUT C Y4eTOM
NCUXONOMMYECKOro TMNa aKcnepTa.

[lepeBo cTpouUTCH Ha OCHOBE KOMMEKTUBHbBIX OLEHOK 3KCMEPTOB C UCMONb30BaHMEM METOAA NapHbIX CPaBHEHUI.
[ns nocTpoeHus «pesynbTUpYyIOLEroy» Aepesa ucnonbayetcs anrebpanyeckne Metoabl 06paboTki aKkCnepTHON
WHopMaLK.

[Ona onpegeneHns onTUManbHbIX MyTEW B AepeBe pPeLUeHuid MCMOnb3yeTcs anropuTM MOCnefoBaTenbHOro
aHanu3a BapuaHToB, 4TO No3BoNstoT 0bpabaTbiBaTh AepeBbs C COTHAMM BepLumnH [Voloshin, Pancheko, 2001].

[epeBo pelweHnin 3agaetcst Tabnuuamun. Kaxpas Tabnuua — OTAenbHbIi YypOBEHb AepeBa, Kaxdasi CTpoka
Tabnuupl — OTAENbHas BeplUMHA Ha 3TOM YpOBHE. Kaxabl SNEeMEHT CTPOYKM — BEpOSTHOCTb Nepexodbl C
3a[jaHHOW BEPLUMHbI B BEPLUMHY BEPXHErO YPOBHS. OTU BEPOSTHOCTU 33Aa0TCH (PYHKLUMAMW NPUHAANEKHOCTH.
TabnuLpbl 3anOMHSAOTCA NyTEM ONpoca 3KCNEePTOB.

3KCI'IepTHbIM nyTeMm 3afarTca MaTpuubl — pe3ynbTat CpaBHEHWA BapWaHTOB BEPLUMH, KOTOPbIE MOTYT ObITb
BKJTHOMEHbI B 1EPEBO. Ha ocHoBe aHanu3a MaTpuL, onpedensTca BEPLUNHLI, KOTOPbIE BKMOYAOTCA B AEPEBO U
BEPOATHOCTHU, C KOTOPbIX BO3MOXEH Nepexo B HNX C BEPLUNH BEPXHETO YPOBHA.

[lepeBo peLLeHuin paccMaTprBaEeTCs Kak rpad) (puc. 2), CTPOUTCA MaTpuLa WHUMAEHTHOCTM BEpLIMH rpada, B
KOTOPbIX HAXOAMTCS MHGOPMALMA O BECAX KaxX/0M BEPLUMHbI AEPEBA PELLEHNN.

Ha puc. 3 n3obpaxeHo oepeBo AMarHOCTUKM MOYEKaMEHHON GonesHu.
1

2 3
4 5
6A 7

Puc. 2.

OnucaHue cuctembl

Bo Bpems MpuHSTHS peLLeHms (YCTaHOBNEHUS AMarHo3a) nNepes BpavoM CTaBuUTCs 3agava 06paboTku GombLuoro
MaccuBa 3a Manblil Nepuoa BPEMEHM, YTO SIBNSIETCS OOHUM U3 COCTABHBIX YCMELIHOIO AMArHOCTUPOBaHMS U Kak
CeACTBUe, YCNELLHOTO JIEYEHMS.

B oTnnuvMe OT paccMmaTpuBaemblX paHee cryyaeB [BonowwH, onosHs, 2005] gepeBo pelleHud Aans
AMarHoCTMPOBaHNS MH(EKLMOHHBIX 3a60MeBaHM UMEET MHOTOYPOBHEBYIO CTPYKTYPY. OTO CBA3AHO C TEM, YTO
WHEKUMOHHbIE 3ab0neBaHNs OenaTcs Ha rpynnbl, B rpynnax cobpaHbl 601e3HM, HO HekoTopble 6onesHu
cobpaHbl B 6roku.
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Hanober Movenpie AHamHe3 OGnexrHs- Y3H, ObmekmH.
BoabHoro CHMITTOMBI HO DEHTTEH aHAM3LI
Bores | Il Moycue- Chazano ¢ - Temncparypa | | ¥3H nogex || Anamz
VCKAHHE nepeoxnak/Le HOPMATbHAR 1 MOUETOY, Kposu
npuctyno| ||| Gonesnen Hue cyGebpuie- qic [emoro-
obpasuee] ||| noe ocrpasena was sevepoM | || || pacumpen. Gun
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Xlli-th International Conference "Knowledge - Dialogue - Solution" 237

VHdekumoHHble 60nesHn JenaTca Ha natb rpynn: KUWeEYHble WH(EKUMOHHble 60nesHn, WHE. 60nesHu
AblXaTeNbHbIX NyTeN, KPOBSIHbIE (TPAHCMUCCHBHbIE) MHAM. BONe3Hn, NHE. BONe3HN HapyXHbIX MOKPOBOB U UHX.
fonesHn C napeHTamnbHbIM MEXaHW3MOM nepedayn (MHBbEKUMOHHBIM). B rpynnax cobpaHbl AuarHosbl, HO
HeKoTopble AnarHo3bl cobpaHbl B 6510kM 3a nogobuem cMMNTOMOB, METOAOB PacnpOCTPaHEHUst U NOLOBHOCTLIO
KIMHWYECKOM KapTuHbl. Briok, Hanpumep, OPBU (ocTpble pecnnpaTopHble BUPYCHble GonesHu) cogepxuT B cebe
Takne 6ONe3HM, Kak: rpunn, naparpunn, ageHoBMpycHast GonesHb, puUHOBMpYCHasi 60nesHb, pecnmMpaTopHo-
CeHunTWanbHas 6onesHb, peoBupycHas GonesHb (puc.4). ns kaxgon rpynnbl NOCTPOEHO COOTBETCTBYHLLEE
[EPEBO PELLEHNI, OCHOBHOE JEPEBO PeLLEHUI COCTOMT 13 HECKOMbKIX NOAAEPEBLEB.

Takoe pacnpeaenenue, B kakon To Mepe - bopbba ¢ «MPOKNATUEM pasMepHOCTU». JTa Npobnema BOSHUKAET B
npouecce nocrneaoBaTenbHOro nepebopa BapuaHTOB, KOTOPblE MakcumanbHO OyayT COOTBETCTBOBATb
3a[1aHHbIM, TaK KaK Kaxaon GonesHu COOTBETCTBYET OrnpefeneHHbIn Habop CUMMTOMOB. OTU CUMMTOMbI MOTYT
YaCTU4YHO, HO He MOMHOCTbI, noBTOPSTCS. Kaxpo GonesHn COOTBETCTBYET XxapakTepHas udepTa, koTopast
OTHOCWT ee K COOTBETCTBEHHON rpynne WHAEKLUMOHHbIX 3a60neBaHuiA, TeM cambiM yMeHbLUas 06beM noucka.

I'pynna: MHGEKLUMOHHbIE
3aboneBaHns gblIxaTenbHbIX

nyTen

brok = e :
= © 3 = 3

OPBU ) < 2 & c
= [ S [ 3

'8' x o o O

= © = T S

= o =

)1 - rpunn, 2 - naparpunn, 3 - ageHoBupycHas GonesHb, 4 - puHoBKpYyCHas 6onesHb,
5 - pecnupaTopHo-CeHLMTManbHas 6onesHb, 6 - peoBupycHas 6onesHb

Puc. 4.

Kak n3BecTHO, B npouecce CTaHOBMeHWs AuarHosa Bpay Ha 90%, a wHorma w Ha 100%, nonaraeTcsi Ha
pe3ynbTaTbl NabopaTopHbIX NCCHEa0BaHUIA.

TexHMYecknin NPorpecc W HayyHble JOCTKEHWUS HA CErOAHSLUHWIA eHb NO3BONSOT C NOMOLLbIO NabopaTopHbIX
nccnegoBaHuii onpefennte Bo3byauTtens 6onesHn m camy 6GonesHb Ha 100%. Ho nepen Bpayom cTouT
npobnema HasHauMTb COOTBETCTBEHHOE nabopaTtopHoe obcnegoBaHue. [ng 31oro emy Heobxoaumo
npoaHanuavupoBaTb CUMMTOMbI, HaldeHHble MM BO BpEMS OCMOTPa, M Xanobbl Ha COCTOSHWE 30OPOBbS
nauneHTa. oaToMy B AepeBe peLleHuir ecTb NOAAEPEBO, rae OnpedensioTcsl Ha3HayeHus HeobXoanMbIX
nabopaTopHbIx 06cnenoBaHuiA.

[ns nonyyeHnst Gonee TOYHOM MHAOPMALMM, KOTOPasi NOCTYNaeT OT NaLMeHTa B Bufe Xanob, Bpay [OMmKeH
ObITb ele 1 ncuxonoroM. OH [IOMKEH ONpeaenuTb NCUXONOrMYeckUi TUN NaLuUeHTa, HanpuMep, NPaBAMBOCTb U
06bem NpefocTaBnsieMoil MHopMaLmK 0 xanobax Ha 340POBbS.
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Anroputm paboTbl cMCTEMbI

B nepeyio ouepenb Bpady HyxHO onpefenuTb MeTog nabopatopHoro o6cnefoBaHuUs, pesynbTaTbl KOTOPbIX
BBOASTCA B CUCTEMY, YCTaHABMMBAETCS BAXHOCTb AMNS KaXAoro cumntoma. MporpamMma aHanuaupyeT [epeBo
PELLEHNs, KOTOpOe CO3AaHO Ans onpeaeneHus MeToaoB labopaTopHOro o6ereaoBaHNs U BbIBOAWUT Pe3ynbTaThl.

lMocne aHanm13a NoflyYeHHbIX Pe3ynbTaToB B CUCTEMY BBOASATCS AaHHbIE C HOBbIMU BXHOCTAMM W KpUTEPUEM
otbopa. Kputepuem otbopa B JaHHOM Cryyae BbICTynaeT cam Bo3byauTenb GonesHu, KoTopblit onpegenser
rpynny UHEKLMOHHbIX 3a60NEBaHUIA, KOTOPbIN CBOCTBEHHBIN ECNW HE OHOW, TO HECKOMbKMM BONE3HsSM OHOM
rpynnbl unn 6noka. [aHHbl KpuTepuin obecneynBaeT YMEHbLUEHWE BPEMEHHBIX PACXOAOB YMEHbLUEHUEM
MacwTaboB noucka. Cuctema aHanuavpyeT OEepeBO PELUEHW JaHHOW rpynnbl, KOTOpas ykasaHa B KpuUTepuw
oTOopa W BbIBOAMT pe3ynbTat. Ecnu pe3ynbTaTtom ecTb 6ok (CMOTpM puc.4), TO cucTeMa NpPOAOIKaET CBOK
paboTy, aHanunanpys TonbKo 3TOT BII0K € camoro Havana. Ho BO3MOXHbI M BapuaHTbl, KOraa faHHble OTHOCATCS K
pasHbIM rpynnam, B TakoM Cllyyae CUCTEMA aHanu3npyeT COOTBETCTBEHHOE 4epeBo 3a JaHHbIMW OAHOW rpynnbl,
nocre 3Toro - 3a AaHHLIMU, KOTOPbIE OTHOCATCA K Apyroln. OCHOBHOWM anroputm poboTbl cUCTEMbI M306paxeH Ha
puc. 5.

Beoa AaHHkIX 4Ns onpedeneHns
MeTofa nabopaTopHoro
obcneposanua (J10)

.

AHarma nony4YeHHbIX
pesynsTaTos

!

Mo AaHHEIM NaBopaTopHbIX
obcneaoBaHWii ycTaHaBNVBaETCS
rpynna 3abonesaHuii

:

BBoaATcA gaHHbIe.
YcTaHaBnUBaeTCa KpuTepuil
oTbopa

.

Mowck no
38@HHON rpynne

F Y

.

HET

PesyneTathl
OTHOCATCA K

1L LaHHol rovane L
BeiBog, BuiBog
PesynsTaToR peaynLTaToB

y

AHannz gaHHeIX W
AaHHbIX
pononHuTenbHsIx 10

Puc. 5.
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MeToq oTcenmBaHusl BapUaHToOB

Ecnm npn 3TOM MHOXECTBO BO3MOXHbIX BapWUaHTOB CPaBHUTENIbHO HEBENMKO, TO MCKOMbIN pesynbtaTt cuctema
MOXET nonyynTtb nytem npsamoro nepe6opa. OpHako ¢ yBEeNnn4yeHneM 4nucna BapUaHTOB 3Ta BO3MOXHOCTb
NPaKTU4ECKM NCHE3AET Aaxe Npn NCnonb3oBaHNn OBM.

Takum 0bpa3om, BO3HWKAET HeoOXOAMMOCTb B MPUMEHEHUM OOLLMX METOOOB LieNeHanpaBneHHoro nepebopa,
NO3BONAOLMX FEeHEPUPOBaTbL UCKOMbIE AaHHbIE 3a Npuemnemoe Bpems. OgHUM 13 NOAXOLOB SABNSETCS METOR
nocrneaoBaTenbHOro aHanuaa BapuaHToB. B ocHOBY 3TOro MeToda nonoXeHa uaes npefcraBneHns npoecca
PELLEHNS B BUAE MHOMOCTYNEHYaTon CTPYKTYpbl. Kaxaas CTyneHb CBS3aHa C NPOBEPKON HaMMumns TeX UK UHbIX
CBOWCTB Yy MOAMHOXECTBa BapWaHTOB (MnM OTAENbHbIX BapuaHTOB) W BeaeT NMBO K HEnocpeacTBEHHOMY
COKPALLEHMI0 MCXOQHOTO MHOXECTBA BapuaHToB, NMOO MOArOTaBNMBAET BO3MOXHOCTb TAKOro COKpaLLeHUs B
Oypywem. Ha ocHOBe TEOPETUYECKOTO M MPaKTUYECKOro aHanu3a MOCTaBNEHHOW 3ajaym HeobXxoaumo
(hopMann3oBaTh Te OTNINYUTESNbHBIE CBOWCTBA, KOTOPbIMW JOMKEeH 06naaaTh UCKOMbIN BapuaHT. 3aTem HyxHO
BbISIBUTb MO BO3MOXHOCTU 60MblUe NPU3HAKOB, NO3BOMSIOLMX YCTAHOBUTb, YTO AaHHbIA BapUaHT He SBRSETCS
nckombiM. Cpegmn 9TMX NpU3HAKoB BbiGMpatoTcs Hanbonee nerko nNpoBepsiemMble W MpUcyLye Hambonbemy
YMCNy BapMAHTOB OAHOBPEMEHHO. [locne 3Toro BbIOOP YMCMEHHOW CXEMbl PELUeHUs COCTOWUT B 3afaHuu
paLMOHaNbHOMO MopsiAka NPOBEPKW MPU3HAKOB, MO3BONSOLLMX NPOBECTM OTCEB HEKOHKYPEHTOCMOCOOHbIX
BapuaHTOB U HAUTW ONTUMAnbHbINA.

C TOYKM 3peHNs (hopManbHOM MOMKKM CxeMa NMOCNe0BaTeNbHOTO aHanmsa BapuaHToB CBOANTCS K MOBTOPEHUIO
creaytoLLeit nocneaoBaTenbHOCT AeACTBUIA:

> pasbueHne MHOXECTBa BApUAHTOB PELLEHUIA 3a[a4M Ha CEMENCTBO NOAMHOXECTB, KaXa0e M3 KOTOPbIX
obnanaeT [0NONHUTENbHBIMM CMELMDUYECKAMI CBOACTBAMY;

> MCNOMnb30BaHWe 3TUX CI'IGLI,M(*)W-IGCKVIX CBOMCTB [N NOMCKa NOrM4ECKMX I'IpOTI/IBOpe‘-IVIIZ B OMuUcaHuu
OTAENbHbIX NOAMHOXECTB,

> UCKMIOYeHWe 13 JarnbHenwero paccMOTpeHna Tex NoAMHOXECTB BapuaHTOB, B OMUCAHUWN KOTOPbIX
UMEKTCA Nnorn4yeckmne npoTnBoOpeUUna.

Mpn 3TOM METOAMKA MOCNEeA0BATENbHOMO aHanM3a KOHCTPYMPOBAHNS U OTCEMBAHWS BapUaHTOB 3aKMiOYaeTcs B
TakoM MOCTPOEHUN BapUaHTOB W BbIDOpPE OnepaTopoB MX aHanmu3a, KOTOpble NO3BONSAIOT oTcenBatb Gecnep-
CMEKTUBHbIE YacT BapuaHTOB ©e3 X MONMHOrO0 MOCTPOEHUs — MO Mepe TOro Kak 3Ty GecnepcnekTMBHOCTb
ypaetcs 0bHapyxuTb. MoCKonbKy MpW OTCenBaHUM OGECNEepCnEKTMBHBIX YacTeil BapWaHTOB OTCEMBAETCS TEM
CaMbIM BCE MHOXECTBO €ro MPOZOSDKEHMIA, TO MPOUCXOAUT 3HAUMTENbHAS 3KOHOMUS B BbIYUCIUTENBHON
npoueaype, kotopas sBnsetcs Tem 6ornee CylecTBEHHOW, Yyem Oormblue cneynduyeckux CBOWCTB 3agaun
1CNONb30BaHO A/15 MOCTPOEHNS ONepaTopoB aHanuaa v otcesa [Nocnenos, 1980], [Mowncees, 1971].

B Hayane OCHOBHbIM npaBUIOM OTCeBa OecnepcneKkTMBHbIX BapuaHToB Obln  MPUHLMM  MOHOTOHHOM
PEKYPCUBHOCTM, POACTBEHHbIA KPUTEPUIO ONTUMANBHOCTY AMHAMMYECKOrO NporpamMmupoBaHus [bennmaH, 1960].
Ha ocHoBe 3TOro npuHuuMna OblnM MOCTPOEHbI anrOpUTMbl MOLIATOBOTO KOHCTPYWMPOBAHUS BapWaHTOB ANs
peLLeHMs pasniyHbIX 3a4ay AUCKPETHOM onTumuaauum [Muxanesuy, LLkyp6a, 1966].

Hapsigy € M3BECTHbIMM [OCTOMHCTBAMM anrOpUTMbl MOLLArOBOrO KOHCTPYMPOBAHWS peLleHuii obrnagaT u
onpeaeneHHbIMIU HegocTaTkamu. Tak, OHW, Kak NpaBuUno, NpPeabsBAAT YpeamepHble TpeboBaHMs K onepaTue-
HoM namsth OBM n 06ycnoBnuBaioT C POCTOM YMCMa OrpaHUYeHUin 3adadum peskoe yBenmyeHne obbema
BbIYMCNMTENBHON paboTbl  ANs MOMCKAa ONTUMArbHOrO  peweHus. OTW  (akTbl MOATBEPKAAOTCS  Kak
BbIYMCIIMTENBHBIMI SKCNEPUMEHTAMM, TaK 1 TEOPETUYECKMMI OLEHKAMM.

BmecTe ¢ Tem cama METOA0NOrMs NocneaoBaTenbHOTO aHanu3a BapuaHTOB NO3BOMSIET CTPOUTL 06LLME CXEMbI
PELLEHNS! ANCKPETHbIX ONTUMM3ALMOHHBIX 3aa4, OTNIMYHBIE OT AUHAMUYECKNX (T. €. OCHOBAHHbIX Ha MOLLIAroBOM
KOHCTPYMPOBaHUN pelueHnit). OTkas OT WAEey MOLIAroBOr0 KOHCTPYWMPOBAHMSI PELUEHMIA MPK PELUeHUn 3amauu
MEeTOAOM MOCrefoBaTeNbHOTO aHanM3a W OTCeUBaHWUS BapWaHTOB MPUBOAMT K HEOGXOAMMOCTU OpraHM3oBaTb
npouenypbl aHanu3a nogeapuaHToB. TeM cambiM ucye3aeT HeobXoaumMocTb B BbIGOpe «Hayana» passuUTUS
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YaCTUYHBIX PELUEHWNA U YCTPAHSIETCH KHECUMMETPUYHOCTbY B aHanM3e KOMNOHEHT peLleHus. YCTPaHSEeTCa Takke
HeoOXOAMMOCTb  3aMOMUHAHUS Ha KaXOOM Liare MHOXECTBA «HELOMWHMPYEMbIX» YaCTUYHbIX PELLEHNN,
noanexaLyux passuTuio Ha cregytowem ware [Bonkosuy, BonowwuH, 1984].

B ocHoBY MeTOO0B aHanu3a MOAAEPEBLEB B CUCTEME 3aNOXKEH OMUCAHHDBIN BbIlE LEKOMMO3NLMOHHLIN METOA
noucka anbTepHaTUBHbLIX BapuaHToB [BonowwmH, 1987].

3aknouyeHue

ABTOpaM HeM3BECTHbI (haKTbl NPUMEHEHUSI COBPEMEHHDBIX JOCTXKEHUIA TEOPUM NPUHATUS PELLEHNA B MEAULIMHE,
XOTS 32 NpUMeEHeHe 1x B Apyrx obnacTsx, B NepByl0 ovepedb, B 3KOHOMWKE, 3@ NOCneaHne rofsl nomnyyeHbl
nBe HobGenesckue npemun.

Peanuays koHuenuuo B3auMogencTsust «obbekt - cnocob paencteus - cybbekt» [BonowwH, 2006]
LenecoobpasHo paccmaTpuBaTh 3a4avy YCTaHOBNEHWS AnNarHo3a Kak 3afady KONneKkTUBHOMO NPUHATUAS pPeLLeHuit
[BornowwuH, MaueHko, 2006], B KOTOPON «paLMOHanbHbIMUY areHTamu SBRSITCA — «MaLMEHT — JKCnepTHas
AmarHocTnyeckas cuctema — Bpau». B HekoTopbIx Crnyyasx LenecoobpasHo, No-BMAMMOMY, PacLUMPUTb YMCNO
areHToB, JobaBuB, Hanpumep, «apmaueBTa (Npecrnedyiolero CBOM Lenu, 3a4acTyl aHTarOHUCTUYeckue
nauueHTy). A TyT BO3MOXHbI yXe COBCEM ApYrie «MPUHLMMbI ONTUMANbHOCTUY, OTAINYHbIE OT «MaKCUMM3aLMu
NONesHOCTH C y4eToM BeposTHocTUy [Paccen, 2006].

He MCKNIOYEHO, YTO KOMMPOMMCC B «XKM3HU» JOCTUrAeTCs Kak peanuaaums «npuHLMMNOB onTUMansHocTh Hawa un
Mapeto» [BonowwH, MaueHko, 2006] — BbiOupaeTcs pelueHne (CO3HATENbHO MMM HEOCO3HAHHO), OT KOTOPOro
HEBbLIFOAHO OTKIOHATCA Kak BCEM areHTam BMECTE, TaK W KaxaoMy B OTAENbHOCTY.

BnaropgapHocTb

ABTOpbl BrarogapHbl KOHCyrbTaHTaM-aKcnepTam: Bpayy-uHdekumoHucty M. b. 3anopoxel n Bpady-yponory
M. M. Mynece.
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DECISION SUPPORT SYSTEM IN ULTRASOUND INVESTIGATIONS

Svetlana Cojocaru, Constantin Gaindric

Abstract. A decision support system SonaRes intended to guide and help the ultrasound operators is proposed.
The system is based on rules and images and can be used as a second opinion in the process of ultrasound
examination.

Keywords: decision support systems, knowledge acquisition, image processing, ultrasound examination.

Introduction

We will describe a decision support system SonaRes, intended to support ultrasound diagnostics. The system
plays a consultative role and offer to users its variants of diagnosis. System’s solutions are motivated by
presenting method(s) of its obtaining and the corresponding images that help to understand its reasons.

The problem of assuring an adequate medical assistance to the population depends both on training and
qualification levels of medical personnel and on performance of the used diagnostic equipment. Nowadays it is
impossible to offer medical services, even at the most modest level, without using of medical equipment,
apparatuses, devices and technical complexes. Applications of medical equipment are very diverse and include
diagnostics, treatment, supervision, compensation of a lesion or a handicap, efc.

There is no doubt that technical assistance in medicine is as important as in pharmaceutical assistance. The
technical assistance in medical examinations is impossible without a strong qualification of a staff that exploits
this equipment and interprets the obtained information. The quality of medical services also directly depends on
how correctly and efficiently the medical diagnostic and treatment/recuperation equipment is used.

Ultrasound equipment is much cheaper than the MRI - Magnetic Resonance Imaging, CT - Computer
Tomography, digital radiography etc, and its rational and efficient use could fill in many gaps in medical diagnosis.
Technical progress of the last years in the field of ultrasound diagnostics allowed these methods to come to a
leading position among imagistic procedures.

Echography has proved to be one of the most usable and beneficial paraclinic investigations as it is non-invasive
and extremely efficient, has a great accuracy in its area of application, and is executed easily by a well-trained
specialist. Despite the enthusiasm it meets, the echography has its real limitations like any other procedure. They
are expressed sometimes through false-negative or false-positive images; sometimes these limitations are
imposed by an examining physician’s ability to obtain qualitative images or to interpret them.

In order to obtain quickly correct information on the specific case based just on images and their descriptions, it is
important to create a unified system that will allow storing of the images and their annotations. Special techniques
should be developed to annotate images. This collection of images and annotations will help ultrasound
technicians to justify their final conclusions.
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The primary use of the system might be as a ‘second opinion’ in difficult cases and in emergency; it does not
replace physician who interprets echograms. Thus, SonaRes is destined to improve health care by providing a
highly efficient diagnostics tool. The tool is well-suited to needs and current state of the medical equipment in
hospitals and clinics.

A comparison with existing systems

Presently, there are only a few decision support systems for ultrasound diagnostic in the world, even though the
attempts to elaborate systems of the kind have been started since 1970’s. We can refer to publications in the
mentioned field [Diez, 1997-Cabinet].

Some of the most known systems created for ultrasound investigation we can mention are DIAVAL [Diez, 1997]
designated for echocardiography, ProtolSIS [Anderson, 1994, Kahn] (ultrasound and computerized tomography),
SonoConsult [Huettig, 2004] et al.

Till now two basic approaches were applied to development of computer assisted ultrasound diagnostic systems:
a) Systems based on image analysis and classification.

Such systems pursue the purpose to make the decision on the basis of comparison of the initial images with
those from a database (DB). The comparison helps to classify the available image according to classification
existing in a database and/or give the user an opportunity to define a degree of its similarity with images available
in a database. In the case of detection of similarity to any image (precedent) the decision based on already
known decision for the existing precedent is given out.

b) Systems based on rules.

Such systems pursue the purpose to make the decision on the basis of the description obtained from the user
and the data available in system and rules. More often such systems serve for information or training purpose
with or without an additional diagnostic component.

In ProtolSIS the classification of images is made on the basis of 4 sets consisting from 25 precedents each. The
probability of correct classification makes 72-84%.

Better results have been received in the system described in [Huo, 2001 - Drukker, 2004] concerning the domain
of computerized detection and classification of cancer on breast ultrasound. A two-stage computerized method
has been developed: the detection stage and classification stage. At the first (detection) stage the suspicious
regions on ultrasound images are detected and subsequently distinguished among different lesion types. After
the detection stage all candidate lesions are classified by a Bayesian neural net, based on computer-extracted
lesion features. Two separate tasks are performed and evaluated at the classification stage. The first
classification task is the distinction between all actual lesions and false-positive detection; the second
classification task is the distinction between actual cancer and all other detected lesion candidates (including
false-positive detection’s).

First stage, gives the performance values of 94% and 91% for training and testing data sets respectively. Second
stage, based on candidates' lesion classification, gives the performance values of 87% and 81% for training and
testing data sets.

SonoConsult is a knowledge-based system which uses simple and complex rules to make a required decision,
promotes completeness and carefulness of input of patient’s state, and thus helps to minimize an opportunity of
reaching the erroneous judgment.

The following table contains the main features to be incorporated in the developing system and points those
features which reside in the existing systems.
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SonoConsult | Bayesian Network | ProtolSIS | Looklnside | tCaUD | SonaRes

Use of both the images
and their descriptions - X - X - X
The interactive interface

- - - - - - X
for knowledge acquisition
The intelligent interface - - - - - X
Expertise reporting X - - - X X
Explanation of the decision - - - - - X
Possibility of adding to
knowledge base on the X X X X - X
basis of precedents
Examination of the organs _ _ _ _ _ X
interaction
Image processing - - X - - X
The s.tarl1dard|zed . X _ X X X X
descriptions and decisions
Possibility to use the
system in automated X X X - - X
learning
Treating of patient’s state _ _ _ _ X ~
in dynamics

One can compare five best and well-known existing systems using the data from the table:

SonoConsult [Huettig, 2004], which is an expert system for structured and case-adequate
documentation of sonographic findings with an additional diagnostic component;

Bayesian Network [Haddawy, 1994] is a technique for reasoning under uncertainty, currently is being
developed for application to medical decision making;

ProtolSIS [Anderson, 1994, Kahn] is a decision support system, based on comparison of initial
researched image with the images from the images’ database for the purpose of similarity determination;

"LookInside” [capabilities] is designed to operate with database of patients amenable to ultrasound
examination;

“The Cabinet of Ultrasound Diagnosis” (tCaUD) [cabinet] is also designed to operate with database of
patients amenable to ultrasound examination.

From the table one can determine good characteristics and weak points of analyzed systems. We can see that no
one system is taking into account interaction between organs. The system SonoConsult, which shows some
performance results during its utilization, and is very appreciated by the specialists-physicians, has the most
similar aim.

Main goal and system structure

Our goal is to develop an approach which includes interaction between organs and uses current and precedent
similar images in decision making process. Special attention is paid to ergonomic user interface, which is
generated dynamically by system according to the DB content and is adaptable to preferences and objectives (of
investigation type) of the physician-echographist.
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We will offer to specialist, even without wide experience, an access to a resource where the process of
ultrasound examination is detailed and formalized and includes an enormous amount of useful information on
anatomy, ultrasonic semeiology, differential diagnostic as well as condensed presentation of the main nosologic
entities that should appear in the physician’s mind at the moment of examination of each organ.

This system SonaRes help the specialist in ultrasonic analysis to draw the conclusion more correctly, especially,
in emergency cases or in unspecific clinic/paraclinic cases, which do not seem to be included in any classical
presentation; in cases where the obtained ultrasonic semeiology can provide a correct diagnosis without
complicated and, often difficult of access, medical investigations.

SonaRes offer to a user a second opinion with necessary explanations and images that are similar to the
examined case. Images can be processed and problem zone, if it is necessary for the user-physicist, can be
marked out.
The main components of the system are the following:
o Knowledge acquisition
Examination support
Unified database (knowledge, images, annotations etc.)
Image processing algorithms
Reports generator

In order to develop these components we are elaborating and adapting:

o formalized descriptions of the abdominal organs, pathologies, anomalies;

o formalized descriptions of the ultrasound investigations methodology;

o unified, standardized disease descriptions;

e knowledge acquisitions methods based on ultrasound investigations characteristics;

e adiagnostics validation tool;

o adatabase model for the medical images, their annotations and fuzzy information storage;

e images clusterization and quick database searching algorithms;

e an ergonomic, dynamically generated and user friendly interface;

o reports’ prototypes and their generator.
At the first stage we deal with abdominal zone investigation. The investigation process of this zone is especially
difficult (more organs with additional interactions, higher level of confusion, etc.). We have approved our
technique on gall bladder and extend it on other organs.

Knowledge structure modeling

As models of knowledge representation in the medicine domain a model based on rules or a semantic network
usually are chosen. In both cases the problem is reduced to [Secrieru, 2007, Popcova, 2006] :

o determination of objects, concepts and their attributes which are used in the given problem area;
o definition of links between concepts;
o determination of metaconcepts and detailed elaboration of concepts;

e construction of the knowledge pyramid, being scale of metaconcepts ranks, rising on which means the
deepening in understanding and increasing the level of metaconcepts generalization.

o validation of rules representing knowledge.

Knowledge validation

A set of trees representing decisions rules are constructed based on data tree structure and using knowledge
about organ’s pathologies and anomalies. These trees contain all the necessary factors which can help to
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produce a conclusion. The validation goal is to evaluate the knowledge base correctness and completeness.
One can obtain this information by testing the existing rules. The testing is performed by physicians, in order to
do this work in more efficient way a validation tool was elaborated, which permits to simulate the examination
process and evaluate the obtained conclusions.

The tool offers the possibility to obtain various conclusions modifying the attributes values. During the validation
process the current session containing all the selected attributes values is saved. Thus to simulate a new
examination which differ from the previous one just by one attribute it is sufficient to modify only one value. Also it
is easy to establish the list of rules containing a specific combination of attribute-value [Jantuan, 2007].

Image processing

Non-using of images during decision-making process can lead to the loss of the valuable information and does
not correspond to daily practice of the doctor. Therefore we use a collection of annotated images stored in Image
DB, which can be used as illustrations in similar disease cases. Ultrasound images from DB will be preprocessed
in interesting zones to facilitate their clusterization (this is necessary for quick and relevant search).

Image preprocessing will be performed using existing algorithms (image processing algorithms, adapted to
ultrasound diagnostic methodology), as well as by using the new ones (based on heuristics, fuzzy, pattern-
oriented filters etc.). The following image processing methods [Dzung, 1998 - Popcova, 2004] were applied:
statistical treatment, noise reduction, contrast adjustment, borders and organ contours determination etc. and
their combination to obtain more efficient result.

Examination support

The proposed method of acquisition (by means of expert shell) and storage of expert knowledge in Unified DB
permits to effectuate a quick search of necessary information in two directions or modes. The first direction is
from the concrete case description to determination of pathology and/or an anomaly; and the second one — from
formulation of a hypothesis to its confirming or denying.

Following the first direction the user gives the necessary information describing a concrete case, and the system
tries to determine if it is a pathology and/or an anomaly. To exclude at the early stage the input of inconsistent,
erroneous or excessive information, this direction is followed step-by-step. If at any step the system can
determine, on the basis of the entered information, a pathology and/or an anomaly, it informs the user.

Following the second direction, the user forms a hypothesis about presence in the concrete case of pathology
and/or an anomaly. Then the system by means of additional questions tries to confirm or to deny this hypothesis.

Realization of both modes within the framework of unified support system of ultrasonic investigation process
corresponds to the daily work of physicians. The first operating direction satisfies the requirements of the detailed
patient examination; and the second direction corresponds to a simplified one, when it is necessary to confirm or
to deny any diagnosis

A convenient dialog with user-physician (due to dynamic intelligent interface which includes a standardized
explanation of the decision proposed by system) involving images in decision making process (based on
visualization and comparison of ultrasound examined image with similar images from Image DB) permits to
create a comfortable environment for physicians and helps him to prepare a standardized report, containing the
examination results and, if necessary, the recommendations for additional investigation.

Conclusion

The proposed system does not intend to replace completely the physician; it just offers him a second opinion. In
all cases user can receive all rules and judgments on the basis of which the decision was made. If the user
doesn’t agree with the decision, proposed by the system, his opinion will be sent to expert group for examination.



246 Decision Support

Acknowledgments

This work is supported by the STCU, project ref. 4035.

Bibliography

[Diez, 1997] F.J.Diez, J.Mira, E.lturraalde, S.Zubilaga. DIAVAL, A bayesian expert system for echocardiography. — Artif.
Intell. Med. n.10, 1997, pp.59-73.

[Anderson, 1994] Kahn C.E. Jr., Anderson G..M.Case-based reasoning and imaging procedure selection. Investigative
Radiology 1994; 29:643-647., http://www.mcw.edu/midas/old-papers.html)

[Kahn] Charles E.Kahn, Jr. Clinical Trial and Evaluation of a Prototype Case-Based System for Planning Medical Imaging
Work-up Strategies. www.mcw.edu/midas/papers/ISIS.CBR94.ps

[Huettig, 2004] M.Huettig, G.Buscher, T.Menzel, W.Scheppach, F.Puppe, H.P.Buscher. A Diagnostic Expert System for
Structured Reports, Quality Assessment, and Training of Residents in Sonography. Medizinische Klinik, 2004, 99, nr.3,
p117-122.

[Huo, 2001] Huo Z, Giger M.L., Vyborny C.J.: Computerized analysis of multiple-mammographic views: Potential usefulness
of special view mammograms in computer-aided diagnosis. IEEE Transactions on Medical Imaging 20: 1285-1292, 2001.

[Horsch, 2004] Horsch K, Giger ML, Vyborny CJ, Luz V: Performance of CAD in the interpretation of lesions on breast
sonography. Academic Radiology 11: 272-280, 2004.

[Drukker, 2004 ] Drukker K, Giger M.L., Vyborny CJ, Mendelson EB: Computerized detection and classification on cancer on
breast ultrasound. Academic Radiology 11: 526-535, 2004.

[Haddawy, 1994] Haddawy P, Kahn CE Jr, Butarbutar M. Bayesian network model for radiological diagnosis. Medical
Physics 1994; 21:1185-1192.

[capabilities] http://www.lins.ru/capabilities.shtml
[cabinet] http://cabinet.fromru.com/
[Secrieru, 2007] lu.Secrieru, O.Popcova, S.Puiu, D.Sologub. Knowledge Structure Modeling in Ultrasound Investigation

Domain. Bit+. The 7t International Conference “Information Technologies 2007”, 24 -28 April, 2007, Chisinau, Republic
of Moldova (to appear).

[Popcova, 2006] O.Popcova, I. Secrieru, D.Sologub, E.Jantuan, V.Papanaga. Decision Support System for Ultrasound
Diagnostics // Proc. of the First International Conference of Yong Scientists Computer Science&Engeenering (CSE 2006)
- Lviv, 2006 - p.30-31.

[Jantuan, 2007] E.Jantuan. Knowledge validation tools. Bit+. The 7t International Conference “Information Technologies
20077, 24 -28 April, 2007, Chisinau, Republic of Moldova (to appear).

[Dzung, 1998] Palm Dzung L., Xu Chenyang, Prince Jerry L. A survey of current methods in medical image segmentation /
Technical report. — Johns Hopkins University, Baltimore, 1998.
http://www.csem.duke.edu/seminars/segmenation.pdf

[Jardim, 2002] Jardim Sandra Vilas Boas, Figueiredo Mario A. T. Automatic analysis of fetal echographic images // Proc.
Portuguese Conf. on Pattern Recognition. — Aveiro: RecPad, 2002.

[Dinggang, 2003] Dinggang Shen, Yigiang Zhan, Davatzikos C. Segmentation of prostate boundaries from ultrasound
images using statistical shape model // IEEE Transactions on Image Processing. — 2003. - vol. 22, Ne 4. — P. 539-551.

[Popcova, 2004] O.Popcova, S.Cojocaru, C.Gaindric. Image Processing in Ultrasound Diagnostic System. 8th International
Symposium on Automatic Control and Computer Science, lasi, Romania, October 22-23, 2004.

Authors' Information

Svetlana Cojocaru - Dr.hab., Institute of Mathematics and Computer Science, Academy of Sciences of
Moldova, Academiei str., 5, Chisinau, Republic of Moldova, e-mail: sveta@math.md

Constantin Gaindric - Dr.hab., Prof., Institute of Mathematics and Computer Science, Academy of Sciences of
Moldova, Academiei str., 5, Chisinau, Republic of Moldova, e-mail: gaindric@math.md




Xlli-th International Conference "Knowledge - Dialogue - Solution" 247

9BONMIOLUMOHHOE MOJENUPOBAHUE
NMPOLIECCA PACIMPOCTPAHEHHUA MOXAPA

Butanuit CHuTiOK, ApTem BblyeHko

AHHOMayus: B cmambe npednoxeHa 360/0UUOHHAS MeXHONMozusi Onsi onpedeneHusi 8PeMeHU U nymu
pacnpocmpaHeHus noxapa om moYKU €20 803HUKHOBEHUS A0 0c0b0 onacHo20 0bbekma. OHa 6asupyemcs Ha
NPOOYKYUOHHbIX npasusiax, onpedeniseMbIX 3KCnepmHbIM nymem. $I0poM makol mexHomoeuu siensemcs
ucnonbsosaHue memodos Soft Computing dns udeHmupukayuu 8peMeHu pacnpoCmpaHeHus U nymu 02Hf, a
makxe onmumu3ayuu napamempos coomeememeyruux 3agucumocmeli. PaccMompeHbl acnekmbl PeLeHust
yKasaHHOU 3ada4u ¢ NOMOWbH HEUPOHEeYemKol cemu U 380/1H0LLUOHHbIX MeMOA08.

Knioyesnie crnosa: 380Mm0ULUOHHOE MOOenupogaHue, noxapbl, 0060 onacHble 06beKMbI.

BBepeHue

CoBpeMeHHblE WCCrIeA0BaHUs MPOLECCOB MOXapPOTYLLEHUS METoAaMi MaTeMaTU4eckoro MOLENMpoBaHUS B
OCHOBHOM MNOCBSILLEHbI UCCNENOBAHMI0 TUMOBBIX CUTYaLMiA. B 4aCTHOCTM - MOXAPOTYLLEHWIO B XITIOM CEKTOpe,
PacnpoCTPaHeHMO MOXapoB B MNECHbIX MaccuBax, paspaboTke 3(EKTUBHBIX TEXHUYECKUX CPEACTB
noXapoTylleHus. B TO e Bpems MCCMenoBaHMIO [OMHAMUKA MOXapoB Ha 0COBO OnacHbiX OBGbekTax He
YAENSieTcA [OMKHOTO BHUMAHWS, HECMOTPS Ha TO, 4YTO B NOCNEAHEe BPeMs MPOMbILMEHHbIA POCT
COMPOBOXAAETCS YBENMYEHNEM KONMMYECTBA IKOMOMMYECKMX W MPOMbILLMEHHBIX katacTpod M aBapuil. Takoe
COCTOSIHUE MOXHO OOBSICHUTL WCKIKOUMTENbHBIM XapakTePOM Ype3BblYaiiHbIX MPOUCLIECTBUN, CTOMMOCTbH
MOLENMPOBAHUS  YHUKAmbHBIX  CUTYaUMid, HEeOnmpaBAaHHOW YBEPEHHOCTbID PYKOBOACTBA UM MepcoHarna
npeanpusThiA B ux Ge3onacHocTU. BaxHO 3aMeTUTb, YTO BO3MOXHbIE MOTEPU OT BO3HUKHOBEHUS KPUTMYECKNX
aBapUifHbIX CUTYyaLl MHOTOKPATHO MPEBLILLAOT CTOMMOCTb WMHAOPMALMOHHO-aHANUTUYECKUX CUCTEM, C
MOMOLIbI0  KOTOPbIX ~ MOXHO — OCYLIECTBNSITb ~ MPOTHO3MPOBAHWE  OWHAMMKA  Pa3BUTUS  MOXApOB M
06bEKTUBN3MPOBATL MPOLIECChl MPUHATUS  pelleHuid, 6asupysicb Ha aHanuse CyGbLEKTUBHBIX CyXAEHWI
9KCMEPTOB.

OnpegeneHHble pesynbTaThl B YKa3aHHOM HanpaBneHun 6binm nonyyeHsl B pabotax [bbiueHko, 2006], [CHuTHOK,
2006]. Tak, B cTaTbe [bblyeHko, 2006] npeanoxeH NepsbIi LWar peanu3aumnm MHHOPMaLMOHHO-aHaNMTUYECKON
TEXHONOMK, 3aknyarwuincs B paspaboTke npouesypsl (POPMUPOBAHUS MOLENN BPEMEHU PacrpoCTpaHeHNs
noxapa, C MOMOLLbO KOTOPO MOXHO MakcuMarbHO Oru3ko MOAenupoBaTb NPOLECC MPUHATUS PeLLeHuit
4enoBekoM. BbinonHeHa CTPYKTYpHast MAEHTU(MKALMS N MHALMaNU3aLumMs MOLENM BPEMEHU pacnpoCTpaHeHus
noxapa. B pa6ote [ChuTiok, 2006] npeanoxeH noaxod K PopMMpOBaHNIO ykasaHHOW Modeny, 6asmpytowmincs Ha
NCMONb30BaHUN HeyeTKMx 6a3 3HaHWA WM COOTBETCTBYKOLUMX METOAOB W HanpaBMeHHbIi Ha peanu3auuio
MH(OPMALMOHHO-KOHCYNbTAaTUBHOA  FEOMH(POPMALMOHHOM  CUCTEMbI,  KOTOpasi  MO3BOMMT  OCYLLECTBNATH
NPOrHO3MpOBaHWe NpoLiecca passuUTUS Noxapa B NPOCTPAHCTBEHHO-BPEMEHHOMN CUCTEME KOOPAMHAT.

OuyeBMgHO, 4TO MOLHOCTb GaHka Mogeneit npouecca pacnpoCTPaHEHWs MoXapa MPeBblllaeT eauHuLY.
dopMupoBaHMe, WccrefoBaHWe M UCMONMb30BaHWE MOAENN ornpedenseTcs ABYMS [MaBHbIMU hakTopamu:
COOTBETCTBYIOLMM KPUTEPUEM €€ ONTUMANBHOCTU U OCOBEHHOCTAMU BHELLHEeW cpedbl. 3aMeTUM, YTO TaKoW
KpUTEpUit HOCUT CyObEKTMBHBIA XapaKkTep W ONpefenseTcs JKCnepTHbIM nyTem nubo NNLOM, NPUHUMAKOLLMM
pewwenve (MP).

MocTtaHoBKa 3agaum

XuMunyeckue NPOMbILWIEHHBIE NPEANPUATUA U NPEONPUATUA SHEPreTUKM UMEKT Ha CBOEN Teppurtopun 0c060
onacHble 00bEKTHI, BO3HUKHOBEHME noxxapa Ha KOTOpbIX UK OOCTUXEHNE UX OrHEM npuBeaeT K TeXHOreHHbIM U
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9KOMOTMYECKUM  kaTacTpocham. [lockonbky NPOLECC pasBUTWS MoXapa [OCTAaTOYHO CTPEMMUTENEH, TO
MPOrHO3MpOBaHME €ro MyT W BPEMEHU SBMSIETCS aKTyanbHOWM HayyHOM 3ajavyelt, MOCKOMbKY ee pelleHue
MO3BONSIET BLINOMHUTL ONTUMarbHOEe pasMeLeHue CUNM W CPEeACTB MOXapOoTyLEeHWs M MpefoTBpaTUTb
kaTacTpocy. TpaguUMOHHO Takasi 3afjaya peliaeTcsl HayanbHUKOM MOXapHOTO pacyeta, UCXOAs U3 JINYHOro
onbiTa W MHTYWUMM, BO3MOXHO C MCMOMb30BaHNEM KOHCYNbTATUBHOM MOMOLUM MOAYMHEHHBIX. Takoi
CyObEKTMBM3M 3a4acTyl0 MPUBOAMT K HEMpaBuMIbHbIM, HE MOAKPENMEHHbIM pacyeTamMn M MH(OPMALMOHHO-
aHaNUTUYECKUM COMPOBOXAEHMEM PELUEHUSM U, CMefoBaTeNbHO, K YEroBEYECKUM XepTBam M [pyrum
HEraTMBHbIM NOCNEACTBUSM.

dopmanbHO NOCTaHOBKa 3afjayn OnpefeneHns Haubornee BO3MOXHOrO MyTW W BPEMEHU PasBUTUS Moxapa
ABNSAETCS Takol. MpeanonoXum, Y4To NpeanpusTUe, MMEIOLLIEE OMacHOe NPOU3BOACTBO, HAXOANTCS B HEKOTOPOM
cucteme koopamHat  XY. Tlyctb (X,,Y,) — TOMKa BO3HWKHOBEHWS noxapa, (X,y)-— koopauHaTbl 0c060
onacHoro obbekTa. Torna BO3HUKAET HECKONBKO 3a/1ay, B YaCTHOCTU HEOBX0AMMO OMpeaenuTh:

~ MMHUMarbHO BO3MOXHOE BPEMS U COOTBETCTBYHOLLMIA NYTb JOCTWXKEHMUS NOXAPOM TOUKN (X, ¥);
- Hanbonee BO3MOXHbII MyTb U COOTBETCTBYIOLLEE BPEMSI AOCTUKEHNS NOXAPOM TOYKU (X, Y );
- cpefiHee BO3MOXHOE BPEMS 1 COOTBETCTBYHLLME NYTU JOCTUXEHUS MOXAPOM TOUKU (X, ).

McxoaHbIMM  JaHHBIMKU  SIBNSKOTCA 3aKMOYeHUs m OKCNEepPTOB, B COOTBETCTBMM C MOXENaHNAMU KOTOPbIX
BbINOMHEHA ANCKPETMU3aLNA KOOp,D,MHaTHOVI CETKMN. npe,D,I'IOJ'IO)KI/IM, YTO NYTb OTHA MOXET I'IpOVITVI no ogHoMy u3 p

MapLipyTos: {S,,S,,...,S,}. Kaxablit U3 MapLIpyTOB MOXET COCTOATb W3 PA3HOrO KONMYECTBA y4acTkos. Tak,
1 a2 K 1 a2 k 1 &2 k
S =480,8-08 1, S, =1485,87,-08 5 0 S, = 48,585,508, 1 (1)

rae s/ - j-i yyactok i-ro maplpyta, k- KONMYeCTBO Y4acTKoB i -0 MaplupyTa, i = I,p. O4eBMAHO, YTO
BPEMs pacnpoCTpaHeHWs noxapa OT TOYKW (X,,Y,) K TOuke (X,y) ABMAETCA CYMMOW BPEMeH MpOXOXAEeHMs

OrHEM YKa3aHHbIX Y4acTkoB. 3aMeTUM, YTO y4acTku B BOMbLUMHCTBE Cly4aeB SBMSOTCS OTPe3kamu NPSIMOM, HO
MOHSITUE y4acTKa MaplupyTa BKMOYaeT B Ce0S Takke TEXHOMOTMYECKME MPOEMbl, ABEPU, OKHA W MopobHble
KOHCTPYKLK.

YuuTbiBasi HOPMaTUBHYIO MHOPMALIMIO, CIPABOYHbIE MaTEpUarbl, ONbIT U MHTYWULMIO, SKCNEPT YKa3blBAeT BPeEMS
pacnpoCTpaHEHNs1 OTHS MO ONpedeneHHoMy y4acTky B BuAe (yHKUMM NpuHagnexHoctn. B 6onblumHCTBE
CnyyaeB, €CnM 3KCnepT MMeeT HanbonbLUyl0 YBEPEHHOCTb B HEKOTOPOM OAHOM 3HAYEHWW aprymMeHTa, TO OH
onpedenseT Bpems 4Yepe3 TPeyronbHyl YHKUMO npuHagnexHoctn (®r1), uvetowyiw asa napameTpa
[BrypoBckuit, 1990]; ecnu WHGOPMALMOHHAS SHTPONMS SBMSIETCA  MUHUManbHOW, O MOXeT uMeTb
konokonoo6pasHyto copmy [Kpyrnos, 2001]. Ecnn y 3KCnepTOB HET YBEPEHHOCTM B TOYEYHOM 3HAYEHWM
BPEMEHM PacrnpoCTPaHEHWUN OTHS 1 OTCYTCTBYIOT AaHHbIE O NOJOOHBIX NOXapax, TO ANs PeLLeHns Hallen 3agau
paunoHanbHO Wcmonb3oBaTh TpaneumenofobHble Of1, nockonbky Takue @I MO3BONSAOT MCMNONL30BATH
WHTEpBanbHOe npeactasneHue. TpaneyvenopobHas O [Owobya, 1990] onpeaensieTca nNATb0 NapameTpamu
(m,m,a, B,h),roe M- HWKHEe MOAANbHOe 3HayeHWe, M — BEPXHEE MOAAnbHOE 3HAYEHWE, o = NEBbIN

KOA(DPULMEHT  CKOLUEHHOCTW, S — npaBbll  KOIPUUMEHT CKOWEHHOCTH, h- BbicoTa. [lockonbky B

9BOJTIOLMOHHOM MOZENMPOBAHMM MCMOMNb3YITCA HENPOHHbIE CEeTW, TO ANS MCMOMb3oBaHWA AN ux 0byyeHns
rpagveHTHbIX MeTogoB  Heobxogumo ucnonb3oBaTh rmagkve @M. Takumu  YHKUMAMU  SBNSIOTCA
konokonoobpasHbie (rayccosckue) Ol ¢ AByMs napameTpamu.

npOHyKLIMOHHbIe npeacrtaBfieHUA BpeMeHU Pa3BUTUA NOXapa

Ona npeacTaBneHus SKCMEPTHbIX CYXOEHWA UCMONb3yeM npomykUuMoHHble npasuna [Paccen, 2005],
[DxappataHo, 2007]. PaccmoTpum aBa cnocoba wx 3anucu. B nepsom crnyyae akcnepT AenaeTt 3akiioyeHne o
Hanbonee BO3MOXHOM C €r0 TOYKM 3PEHMSI MYTU PacnpoCcTpaHeHust orHs. [pyron crnocob Gonee emkuin
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BasmpyeTCs Ha Cy)KOEHWUSIX KCIEPTOB O BOMOXHbIX MyTSX Pa3BUTUS Noxapa. 3amMeTuM, YTo B EPBOM BapuaHTe
MyTU PacnpOCTPAHEHUS OTHS, YKasaHHbIE BCEMW SKCNepTaMu [OMKHbI COBNaaaTh, B MPOTUBHOM Cyyae 3aaya
CBOAMTCA K APYroMy BapuaHTy M 3KCMepTy NpeanaraeTcsl OLEeHMBATb BapWaHTbl, MPEANOXEeHHbIE APYriMU
akcnepTamu. Takum o6pasom, Ans Haubornee BO3MOXHOMO NyTH pa3BUTUS NoXapa VMEEM JTOTUYECKYI0 CXEMY:

IfteA &t cA &..&t Al then T B, with weigth w, V
IfteA &t,eA &...&t A then T e B, with weigth w, V

IfteA" &t, e Al &...&t, €A then T € B, with weigth w,,,

rae t - BXOAHbIE BENMWNYMHBI, YKa3blBAKOLLME HA BPEMS MPOXOXOAEHWUS OrHeM i -ro yyactka nytw, i=1,n; n-
KOMMYECTBO Y4acTkoB MyTi; A/ = (yHKLMA NPUHAANEXHOCTH, ONpeaeneHHas j -M KCrepToM ANs BpeMeHw t,
j=1,m; m- KONMYeCTBO 3KCMepToB; T — BPEMs MPOXOXAEHUS OrHEM OT TOYKW BO3HWUKHOBEHWS noxapa

(X,5Y,) PO TOMKM (X,y); B~ dyHKUMA NpUHaAneXHOCTU, OnpedenieHHass j-M 3KCMepToM Ans BPemeHM
T; w, - BeCoBble KO3(h(ULMEHTbI, OnpeaenstoLLe KOMNETEHTHOCTb 3KCIEPTOB.

MHy}O qJOpMy npeacTaBneHna nMeeT cucTtema I'IpOJJ,yKLl'VIﬁ OnA BapuaHTa OLEHKNM BCEMU 3SKCNEPTaMn BCEX
NpeanoXeHHbIX BapnaHTOB:

IfteA &t A &...&1‘,11 eA,ll1 thenT,eB V

iftieA' &t eA &...&l‘,f2 eAkzzl thenT,eB} V

if tP e AP &t? eAfl&...&tkp e A then T, e BY with weigth w,
or

IfteA® &t eAéz&...&l‘,i1 eAk'I2 then T, eB) V

ifteA? &t e A &.. &t A then T, eB] V

it eA” &t e A & .. &ty € A then T, € B with weigth w,

or

or
Iftie A" &ty e A" &...&t, e A" then T B, V
iftleA” &t e A" &...&t; e A" thenT, B, V

m

iftfeA” &ty e A" & ... &ty € AT then T, € B;, with weigth w,,.

B BbipaxeHun (3) t/ - Bpemst NPOXOXEHIS OTHEM | -0 yuacTka B | -BapuaHTe passuTusi noxapa, | = Lk,; k, =
KONMWYECTBO Y4aCTKOB PacnpoCTpaHeHWe OrHA B ¢ -BapuaHTe pasBuTMS Moxapa, q:ﬁ; AX = thyHKumst
MPUHAANEXHOCTY OnpefeneHHas k -M 3KCepToM Anst BpemeHu t/, k=1,m; T, — Bpems NpOXOXAEHNS OrHeM
OT TOYKM (X,,Y,) BO TOMKM (X,y) MpU §-M BapuaHTe pasBUTWS Noxapa; B/ — dyHKUMS MpUHaLNeXHOCTH
onpefeneHHas K -M SKCnepToM Ans q -ro BapuaHTa passuTis noxapa.
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OnpeneneHMe KOMMETEeHTHOCTN 3KCNEepTOB Ha 0a3e aKCMOMbI HECMELLEHHOCTH

KOMNETEHTHOCTb 3KCMEPTOB, BbIpaXEHHas B BECOBLIX KOA(huUmeHTax ux cyxgeHuin, ans JIMP Ha MOMEHT
NpOBEeAEHNs 9KCMEepTWU3bl M MOLENMPOBaHWS MOXeT ObiTb HeusBecTHa. BO3MOXHO, YTO BO3HUKHET
HeoOX0AMMOCTbL NPOBEPKM KOMMNETEHTHOCTH M NOATBEPXAEHUS Unu onpoBepxeHns oueHku JMNP. Mpeanonoxum,
YTO anpuopHas MHopMaunss 06 YpOBHE KOMMETEHTHOCTM 9KCMEPTOB OTCYTCTBYET. Toraa pauuoHanbHO
BOCMONb30BaThCA MPOLIEAYPOI ee onpeaenexus, paspabotaHHon B cratbe [CHuTiok, 2000]. Takas npoueaypa
0asupyeTcs Ha akcome HecmelleHHocTu [Mateeesckuid, 1987], CyLHOCTb KOTOPOW 3aKMio4YaeTcs B TOM, YTO
cyxaeHne 6GonblwnHCTBA KOMneTeHTHO. CrieAcTBMeM M3 Hee eCTb YTBEpPXAEHWe O TOM, 4To Hanbonee
KOMNETEHTHBIM SBMSETCSH TOT JKCMEPT, CYXAEHWS KOTOPOro MakCUManbHO COBMaAaloT C CYXOEHUSAMU APYrux
9KCMEpTOB, T.€.

n m

Z W, (€2;,€2)

_ _ i=l j=1
ymax_ml‘?xyk_ml?x ’ (4)

n m

D wu(©;,9,)

i=1 j=1 p>j

rae y, — KOMNETEeHTHOCTU 3KCNepToB, k=1,m, W, = BECOBblE KOS(*)(*)I/IU'I/IGHTbI, yKa3blBalOlne Ha BaXHOCTb

Bonpoca, i =1,n; u(Q,;,Q, ) - Mepa 6inM30CcTV OTBETOB j -TO W K -0 KCNEPTOB Ha | -i BOMPOC.

ij>

[ns onpeneneHns mepbl 6M30CTM CyXOEHNA 3kenepToB npeanoxeH anroputM [Chutiok, 2000], 6asnpyrowuiics
Ha UX aHKEeTMPOBaHWK, KNaccuuKaLmMM BONPOCOB aHKETLI B 3aBUCMMOCTW OT TUNA OTBETOB, COOTBETCTBYHOLLMX
MOZENsaX U UX Komnosuuun. MonyyeHHble 3HAYEHUS KOMMETEHTHOCTM 3KCMEPTOB MCMOMb3YKTCA B KavecTse
UCXOOHbIX JaHHbIX MOAENMPOBaHUS.

BonNOLUMOHHAA MAEHTUGMKALMUA BpeMeHN pacnpoCcTpaHeHUs noxapa

3aknioveHus  akcnepToB B popme  (2)-(3) MMEIOT HETOYHbIA  XapakTep, BbIPaXeHHbI  3HAYEHUAMM
COOTBETCTBYILUMX MapaMeTpoB (PYHKUMA MPUHAANexHOCTU. WX HacTporka M OnNTUMM3aLMs  SBMSKOTCA
HeoOXOAMMbBIM  YCMIOBMEM  MONYYEHWS MaTEMATUMYECKUX Mofened W AanbHEeWLero UCnonb3oBaHWs B
npaKkTU4Yeck1x 3agadax. PaccmMoTpum MeToabl NonyyeHns napameTpos (2).

Helipocemesoe ModenuposaHue. be3 opraHuyeHust 06LIHOCTU B kKauecTBe Moaenu BbibepeM HerpoceTb TSK
(Takagi, Sugeno, Kang'a) [Takagi, 1985]. Peanu3oBaHHas B Heil cucTemMa NpaBwiT aHanormyHa (2) u nMeet Bug:

I, : ecnu (x, €Al & X, €Ay & ...& X, €A)), T0 y=p,+D.p.X;, tae V (5)
j=1
HelipoHHas ceTb, peanusyioLiasl COOTBETCTBYHOLLMIA BbIBO, U30BpaxeHa Ha puc. 1.

B nepsoMm Liape HEMPOHOB BLINOMHAETCA (Pa3ancmkaLms BXOAHbLIX 3HAYEHWW, T. €. ANA KaXOoro 3HayeHus
KaXOonm  MEepeMeHHOW M Kaxgoro  3HaYeHMs  TEePM-MHOXeCTBa  HaxogsdT — 3HadveHus O]

7 A]k(x,.), k=1,m, j=1,n. Konnyecteo HE/POHOB BTOPOrO Lapa COOTBETCTBYET KONIMYECTBY BXOLOB ceTU. B

HUX BbINOJTHAETCA arperaund Ol oTaenbHbIX NepeMeHHbIX U AnA KaXKAoro npasina paccynTbiBaeTca

koo —
w —I,_I:lll’%l{/lA’k(X,-)}, k=1,m.

B HelipoHax TpeTbero Wwapa paccuuTbIBaKOTCS, COBCTBEHHO, 3HAYEHUS (DyHKLMN TSK, KOTOpPbIE YMHOXaOTCA Ha
BbIXOAbl HEMPOHOB NpeabIayLLEro Wwapa, T.e.

9= W “(Po +Zpijxj)'
j=1
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OueBMaHO, YTO KONMMYECTBO HEMPOHOB COBMaAAET C KOMMYECTBOM HEMPOHOB MpeAblayLiero wapa. YetsepThbii

n
Wwap 06pasyloT /1Ba HeVipoHa. B MepBOM M3 HUX PacCUWTLIBAETCS CyMMa cyma f = g, BO BTOPOM -
i=1

~

n
f, = Zw’. PesynbTupytoLmii €AMHCTBEHHBIN HEMPOH MATOrO LWapa BhINOMHSET genexne Y = f—l
i=1 2

X1

u A" (x1)

M (x2)

2

“A::: (X”)

Puc. 1. CTpykTypa HeyeTKoi HernpoHHoM ceTn TSK

Obuiee BbipaxeHue yHKUMOHMPOBaHUS ceTi TSK ecTb Takum:

yxX)=—0——"—" Z(pko+zpquj) HﬂAk(X) 6
ZH/uAk(X)kl j=1 ()

k=1 j=1
[Mpeanonoxum, Y4To HeYETKOW HEMPOCETLIO peania3yeTcs Hen3BeCTHoe OTobpaxeHne
T=F(X). @)

CywecrtByet ydyebHas BbiboOpka {(xl,t‘),...,(x",t”)}. 3ameTiM, 4TO BeKTOpbl X', i=1,n  ABRAKOTCH

JeNCTBUTENbHO3HAYHbIMK. Lienesast pyHkuma ons k -ro obpasa Oyget Takoii:

1 -2
EkZE(Zk(y)_Zk)zakzlvna (8)
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fe Z*(y)- paccuntaHHble 3HaYeHMs BbIXOaa HempoceTy, Z - sHaueHus, 3apanHHble TabnuuHo. OByyeHre cetn
OCYLLECTBIISIETCA MO rpaaueHTHOMy MeToady. PasaudmkaLms BXoLoB HermpoceTu ocylectensieTcs Orl

1 . ,
ﬂA/(Xi):Wa i=Ln, j=1m,

roe m — KOnM4YecTBO npaBun. Togi BEKTOp NMapaMeTpoB HEMpOCETH, KOTOpble MoAnexaT onTumuaauuy, 6yaet
TaKUM:

1 1 2 2 1 1
7/ = (alablaal ,b] :'“aalnablnaazabza"'aagabga'":agab;aploapllaplza'"ap]na"'apmoapmlapmza'"apmn)'
lMprBeaem OCHOBHbIE BbipaxeHus ans 06yyeHns mogenm TSK:

a(t+1) a(t) 77 o,

k=1,p, p— KomM4ecTBO 0By4atoLLyx 06pasos;

’(t)
OE, OE, 0Z(y) OHy(X) 1
ERETEK ((Z))' A Al
o) cnyla) e > T Ta,00)

=N

H/’IA’J (Xi)

X(p,o+Z/0,,X,)l_[ﬂ,y(x) - Z(P,o+z } :)HﬂA/( D oo
o 53 § V70 S (+e"7)

j=1 i=1

by - g

OE,
bl (t)’

B atom chnyyae BblpaxeHne Ana Bbl4UCIEHUA I'IpOVI3BO,D,HOVI oTnn4yaeTca OT npeablaywero TonbkKo nocnegHnm
MHOXUTENEM:

bi(t+1)=b/(t)-n

k=1,p.

Oy () _ (8] —x)-" "
abl/ (1 + eb/(xf—af))z

[ins coBOKYNHOCTV NapameTpoB p;,j =1,m, i=0,n KOppeKUus OCyLIeCTBNAETCA Tak:

OE,
p;(t+1)=p;(t) - 778—
Py
6_Ek: ?Ek azk(7) ( () ZK)M
op;  0Z"(y)  opy ZH,UA,(X)
E HuA/(X)

—E= (-2 5

%P ST, 00

j=1 i=1

OueBMaHO, YTO KOMMYECTBO MapaMeTpoB B 3aBUCMMOCTW (B) SBNSIETCS 04YeHb BOMbLUMM NS afeKBaTHOrO W
ObicTporo 06yyeHuss HenpoceTn. CyllecTBYIOT METOAbl YCKOpeHus npouecca obyyeHus, 6asupytowmecs Ha
pasaeneHnn COBOKYMHOCTW MapaMeTpoB Ha ABe rpynnbl. [lapameTpbl nepBoW Tpynnbl BbIYUCNSIOTCS B
pe3ynbTaTe PELIEHNs CUCTEMbl YPABHEHWA WNK CYUTAKOTCS MOCTOSIHHBIMM BENMYMHAMM, NapamMeTpbl BTOPOI
rpynMbl NONMy4YakT B NpoLecce 00y4eHNs HEYETKO CeTu.
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JeonoyuoHHoe ModenuposaHue. VI3BECTHO, 4TO  3BOMIOLMOHHOE  MOAENMPOBaHWE  MCMOSb3YeTCs
NPenMyLLECTBEHHO AN ONTUMMU3ALNN AUCKPETHO3HAYHBIX (PYHKLMIA. OBOMIOLMOHHBIE METOAbLI UMEKT pasnuuns,
HO 0OLWWMM SIBNSETCA HamMumMe LeneBoi diyHKUMM n yHKUMM nMpucnocobneHHocTH. B Halen 3agade Takom
dyHKUMeN aBnsgeTca cymma dyHKUmMi (8). MNoTeHumMarnbHble pelleHus NpeacTaBnsalT coboi aneMeHTb BEKTOpa
y. CyLLeCTBYIOT ABa Noaxoda K NpeacTaBfeHno NoTeHUManbHbIX pelleHuin. B nepeom cnyvae Takue pelueHus

NPEACTaBNAT Kak reHOTUMbI, T.e. COOTBETCTBYIOLME BUHAPHBIE XPOMOCOMbI, NMOCKOMbKY M3BECTHO, YTO TakKoe
npeacTasnexne obnagaet MakcMmarbHOW HGOPMALMOHHONM HaCbILEHHOCTLI0. BTopoi noaxos 6asupyeTcs Ha
(HEHOTUMNYECKOM NPEACTABMEHWW, MPKN KOTOPOM PELLEHMS UMEKT OECATUYHbIN BUA. [N HEro XxapakTepHo
MOMy4YeHne HOBbIX PELLEHMI C UCTIONb30BAHUEM HOPMAIbHO pacnpeaeneHHbIXx CMeLLeHnid 1 6e3 pekomBuHaLmi.

Y HeipoceTeBbIX MOZENEN M 3BOMIOLMOHHLIX METOAOB ECThb KaK NPeuMYyLLEecTBa, Tak 4 HegocTaTku. B nonbay
9BOSMIOLIMOHHOTO  MOAENMPOBaHNS  CBMAETENbCTBYET OTCYTCTBME TpebOoBaHMIA K LeneBbiM  (yHKUMAM 1
NpeaycMOTPEHHast BHYTPWU anropUTMOB Onepauus MyTauuu, nossonsiowas MUHAMU3MPOBATL PUCK MOMyYeHUs
noKarbHbIX ONTUMYMOB. [TpenMyLLECTBOM HEMPOCETEBBLIX TEXHOMOMMIA ABASETCA OnpedenseMoe anroputMamu
MOHOTOHHOE CTpeMneHWe LeneBol (OYHKUMM K YOOBMETBOPUTENBHOMY  3HA4YeHWM. OdGeKTUBHOCTL
MCNONb30BaHUA TOW WNW JPYroi TEXHOMOTMM 3aBWCUT OT KOMMYECTBA Y4acTKOB NPOXOXAEHUS noxapa,
KONMNYeCTBa AKCMEPTOB M NPOLIEAYPbI UCNONb30BaHNsA 06YYaloLLEei U KOHTPOMBHOM NOCNef0BaTENbHOCTEN.

OcoGeHHOCTH KpUTEPUANbHOW OLIEHKM NOJTYYEHHbIX Pe3ynbTaToB

Ha npepblayliem Liare nonyyeHbl OLEHKM MapaMeTpoB, WCMONb30BAHME W YYET KOTOPbIX HanpaBnieHbl Ha
06bEKTUBN3ALMI0 CYOBEKTUBHBIX CyXaeHWin. Bmecte c Tem, npobnema NpUHSTAS ONTUMANBHOTO WM
LONYCTUMOrO pelleHnst ocTaeTcs. PelueHve 3ajaun MOeHTU(MKALMM BpEMEHM Moxapa B Cryyae yyeta
MPOAYKLMOHHBIX MPaBUN (2) U AaNbHEMLEro NPUHSTUS PELLEHUA He NPEACTABNAET TPYAHOCTH, MOCKONbKY NyTb
pacnpocTpaHeHUst MOEeHTUUUMPOBAH, a BPEMS SIBNSIETCS HEKOTOPbIM CPEeAHEB3BELUEHHBIM SKCMEepTHBIM
rokasaternem.

WHas Cutyauua nmeet MeCTo, eCriu 3KCNepTbl YKa3blBatOT MHOXECTBO nyTe|7| pacnpocTpaHeHnsa noxapa oOT
MCXOOHOM A0 KOHEYHOW TOYKM. HGOI'IpeJJ,GJ'IGHHOCTb, Bbl3BaHHaA HEEOWHCTBEHHOCTbIO 0c000 onacHbIX 06LEKTOB
Ha BO3MOXHOM NyTW PacnpoCcTpaHeHUA OrHA, U pasninyHble MacLiTabbl BO3MOXHbIX KaTaCTp0d3 onpenenakT
KpUTEPUN NPUHATUA peLLIeHMI;L OueBmaHo, 4TO B ponu Takux Kputepmnes MoryT ObITb:

- Haubonee BO3MOXHbIA MyTb PacMpOCTPaHeHWst OTHS U pa3paboTka COOTBETCTBYIOLLEHA MpoLemypbl
onpeaeneHus BpeMeH pacrpoCTPaHEHMs OTHs Mo 3TOMY NyTH;

- MyTb, BpeMsi pacnpoCTPaHEHNsi OTHS MO KOTOPOMY SIBMSIETCS MUHUMAMbHBIM, U paspaboTka npouesypbl
ornpeaeneHus Takoro NyTi 13 MHOXECTBA BO3MOXHbIX;

- MyTb, BPEMsI PACMPOCTPaHEHUst MO KOTOPOMY SIBISIETCS CPEeAHWUM, U pa3paboTka COOTBETCTBYIOLLE
npoLeypbl €70 onpeaeneHus.

Takue KpuTepun SBNAKOTCA aHanoramm U3BecTHbIX kputepues Casumka u MN'ypsuua [Taxa, 2005]. Mpeaycnosuem
BbIBOpa peLLeHus, UCX0As U3 NEPEYMCIIEHHbIX KPUTEPUEB, SBSIETCA NOCTPOEHUE U UCMONL30BaHUE 3KCMEPTHOM
cucteMbl, HasupyioLencs Ha HedveTkoin 6ase 3HaHui ¢ npasunamn Tuna (2) unm (3) U ONTUMU3MPOBAHHLIMU
napameTpamu.

HepelueHHble 3aaayn U NepcnekTMBbI CCreaoBaHUN

OcyLiecTBNss MOLENMpoBaHNe 1 Onpedensst MyTb W BPeMSt PACMpOCTPaHEHUs noxapa OT TOYKM €ro
BO3HUKHOBEHMSI 40 0c060 onacHoro obbekta HeoOXOAMMO 3HaTb O MOCNEeACTBUSX, aBapusiX, katacTpodax, K
KOTOpbIM MOXeT MPUBECTW LOCTUXEHWe ero OrHeM. TakuMm 06pa3oM, BO3HWKAET 3ajaua MaeHTUMKaLmuu
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(hyHKLMM YOBITKOB OT NOCNEACTBUIA NOXapa. 3HaHWe ee 3HaYeHMIt ABNSETCS HEOOXOAUMBIM YCIOBUEM MPUHSITUS
PELUEHN B KDUTUYECKUX YCIIOBUSX.

MpUMeHeHne 3BOMIOLMOHHOTO MOLENMPOBaHNS 0OOCHOBLIBAETCS 3HAYUTENBHON CYGBEKTMBHOCTBIO MCXOAHOM
WHChopMaLMK, OTCYTCTBMEM EAWMHCTBEHHOW MaTeMaTU4eckod MOZEnM W COOTBETCTBYHLUMX MaTeMaTUYECKUX
MeToaoB. B To e Bpemsi pazpaboTka SKCnepTHbIX CUCTEM ANs peLueHnst nofobHbIX 3ahay Ha base peanuaaLum
reoMH(OPMALMOHHBIX TEXHOMOTMA CTankvMBaeTcsi C Maccoil npobrem, paspelleHue KOTOpbIX B YCHOBUSX
PEcypcHoro aedmuuta HeBO3MOXHO. OpHaKo BO3pacTalolMe PUCKM, CBSI3aHHble C Pa3BUTMEM OMACHBIX
MPOM3BOLCTB, PaHbLUE UMK NO3XKE NPUBELYT K CO3AAHNI0 1 UCTONb30BaHMIO NOLOGHbIX TEXHOMOTUA.
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MULTIDECISION-2: A MULTICRITERIA DECISION SUPPORT SYSTEM

Vassil Vassilev, Mariana Vassileva, Boris Staykov, Krassimira Genova,
Filip Andonov, Plamena Chongova

Abstract: The paper presents a multicriteria decision support system, called MultiDecision-2, which consists of
two independent parts - MKA-2 subsystem and MKO-2 subsystem. MultiDecision-2 software system supports the
decision makers (DMs) in the solving process of different problems of multicriteria analysis and linear (continues
and integer) problems of multicriteria optimization. The two subsystems MKA-2 and MKO-2 of of MultiDecision-2
are briefly described in the paper in the terms of the class of the problems being solved, the system structure, the
operation with the interface modules for input data entry and the information about DM’s local preferences, as
well as the operation with the interface modules for visualization of the current and final solutions.

Keywords: multicriteria decision support systems, multicriteria analysis, multicriteria optimization.

ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Introduction

The Multicriteria Decision Support System MultiDecision-2 system is a successor of system MultiDecision-1
(Vassilev et al. (2005a)) and the system MultiDecision-2.1 (Vassilev et al. (2005b)) and it is designed to support
DMs in solving different multicriteria analysis and multicriteria optimization problems. The multicriteria analysis
problems can be divided into three types: problems of multicriteria choice, problems of multicriteria ranking and
problems of multicriteria sorting Many real life problems in management practice may be formulated as problems
of choice, ranking and sorting of resources, strategies, projects, offers, policies, credits, products, innovations,
designs, costs, profits, portfolios, etc. The multicriteria optimization problems are only problems of multicriteria
choice. Many real life problems in planning, control and industrial production may be formulated as problems of
multicriteria choice or linear (continues or integer problems) of multicriteria optimization.

In multicriteria analysis and multicriteria optimization problems several criteria are simultaneously optimized in the
feasible set of alternatives. In the general case there does not exist one alternative, which optimizes all the
criteria. There is a set of alternatives however, characterized by the following: each improvement in the value of
one criterion leads to deterioration in the value of at least one other criterion. This set of alternatives is called a
set of the non-dominating or Pareto optimal alternatives (solutions). Each alternative in this set could be a
solution of the multicriteria problem. In order to select one alternative, it is necessary to have additional
information set by the so-called decision maker (DM). The information that the DM provides reflects his/her global
preferences with respect to the quality of the alternative sought.

The systems developed to support the solution of multicriteria analysis or multicriteria optimization problems can
be classified in three groups: commercial, research or teaching and experimental (for testing of new methods).
The software systems supporting the solution of multicriteria analysis or multicriteria optimization problems can
be divided also in two classes — software systems with general purpose and problem-oriented software systems.
The general-purpose software systems aid the solution of different multicriteria analysis or multicriteria
optimization problems by different decision makers. One method or several methods from one and the same
group are usually realized in this kind of systems for solving multicriteria analysis or multicriteria optimization
problems. The problem-oriented software systems, which support the solving of multicriteria analysis or
multicriteria optimization problems, are included in other information-control systems and serve to aid the solution
of one or several types of specific multicriteria analysis or multicriteria optimization problems. In this connection
problem-oriented user’s interface is usually realized in this kind of systems and methods from different groups of
multicriteria analysis or multicriteria optimization methods are included in some of these systems.
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The following general-purpose software systems are developed to aid the solution of different multicriteria
problems: VIMDA, Expert Choice, PROMCALC and GAIA, ELECTRE IlI-IV, MACBETH, VIP, Decision Lab, Web-
HIPRE, MultiChoice and KnowCube (Weistroffer et al. (2005)). Four interesting problem-oriented software
systems for supporting the solving of particular multicriteria analysis problems are the following systems:
FINCLAS System - for financial classification problems, Agland Decision System — for agricultural property
problems, the DESYRE System — for rehabilitation of contaminated sites, the MultCSync System - for
incorporating multiple criteria in conservation planning.

Some well-known general-purpose software systems, which support the solving of multicriteria optimization
problems, are the following systems: VIG, DIDAS, DINAS, MOLP-16, LBS, SOMMIX, MOIP, WWW-NIMBUS,
MOLIP, NLPJOB and MOMILP (Weistroffer et al. (2005)). The Multicriteria Decision Support System for river
water-quality planning and the ADELAIS System for portfolio selection are two attractive problem-oriented
multicriteria optimization systems. In the class of multicriteria optimization software systems must also be
included software systems, which implement different multicriteria evolutionary methods (algorithms). Four of
them are the following ones: NSGM System (Srinivas and Deb (1994)), MOSES System (Coello and Christiansen
(1999)), M-PAES System (Knowles and Corne (2000)) and the MOEA toolbox for MATLAB.

The paper presents some basic elements of the software system, called MultiDecision-2, which consist of two
separate parts - the general-purpose software subsystem MKA-2, which is designed to support DMs in solving
different multicriteria analysis problems and the general-purpose software subsystem MKO-2, which is designed
to aid the solving of different multicriteria optimization problems. The subsystems MKA-2 and MKO-2 are
described in the next two sections. Conclusions are given in the last section.

MKA-2 Subsystem

The MKA-2 subsystem, which is the first part of the MultiDecision-2 system, is a successor of the software
system MKA-1 (Genova et al. (2004)), developed in the Institute of Information Technologies — Bulgarian
Academy of Sciences. The MKA-2 system operates under MS Windows operating system and it is designed to
support DMs in solving different multicriteria analysis problems.

The multicriteria analysis problem may be described by a decision matrix A (n x k), which can be defined as
follows:
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Table 1. Decision Matrix
where a; denotes an alternative with an index i, i=1,...,n; and k; (.) denotes a criterion with an index j, j=1,....k.

The evaluation of the i-th alternative with respect to all the criteria is given by the row vector (a,,,a,,,...,a, ). The

evaluation of all the alternatives with respect to j-th criterion is given by the column vector (a, ;,a, ,...,anj)r.

Different methods have been developed to solve multicriteria analysis problems. A great number of the methods
proposed up to now, can be grouped in three separate classes (Vincke (1992)). The first class of methods (Dyer
(2004)) includes the multiattribute utility (value) theory methods (such as Value Tradeoff Method, UTA Method,
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MACBETH Method, Direct Weighting Method, AHP Weighting Methods). There are differences in the way in
which the DM's global preferences are aggregated in the two subclasses of these methods. In the first one a
generalized functional criterion is directly synthesized, whereas in the second subclass (weighting methods) it
could be said that such a criterion (additive form) is indirectly synthesized. The two subclasses of methods are
based on the assumption that there does not exist limited comparability among the alternatives. The second class
of methods is called outranking methods (such as ELECTRE methods (Figueira et al. 2005)), PROMETHEE
methods (Brans and Mareschal (2005)), etc.). They are based on the assumption that there exists limited
comparability among the alternatives. In these methods one (or several outranking relation(s)) are first built to
aggregate DM's global preferences, after which this outranking relation is used to assist the DM in solving the
multiple criteria decision analysis problem. In most of the outranking methods it is assumed that the DM selects to
specify some preference information about inter- and intra-criteria. While the inter-criteria information is
expressed in the form of weights and veto thresholds, the intra-criteria information is usually expressed in the
form of indifference and preference thresholds. The interactive algorithms (such as RNIM method (Narula et al.
(2003), etc.) belong to the methods of the third group. They are “optimizationally motivated” and are oriented to
solve multicriteria analysis problems with a large number of alternatives and a small number of criteria.

The MKA-2 system consists of internal-system modules, four solving modules and interface modules. It is
realized in MS Windows environment, including the standard for this operating system user interface elements.
The internal-system modules contain all global definitions of variables, functions and procedures of general
purpose. The object possibilities of Visual Basic are utilized in MKA-2 system, creating several classes with
respect to internal-system structures. They are the following: a class for messages, which encapsulates the
output of error messages, dynamic context help information and logging events in the debug window, localization
and identification of errors occurring during the system operation; a class matrix with some specific procedures,
necessary for AHP method; a class for storing the information specific for the criteria in ELECTRE Il and
PROMETHEE Il methods and a class for storing elements of the CBIM interactive method history. MKA-2
handles files with ““.mka” extension. Standard operations for creating, editing, loading and saving of files are
implemented. The MKA-2 files contain input data and data related to the process and the results from solving
multicriteria analysis problems.

The solving modules realize four methods - AHP Method, ELECTRE Il Method, PROMETHEE Il Method and
CBIM Method and procedures for transformation of qualitative, ranking and weighting criteria into quantitative
criteria. AHP Method is one of the most widely spread weighting methods. Pair-wise criteria comparison is used
in this method to set DM'’s preferences. On this basis a pair-wise comparison matrix is constructed. The estimates
of the weights can be found by normalizing the eigenvector corresponding to the largest eigenvalue of this matrix.
ELECTE Ill Method is one of the most often used outranking methods. It is based on an outranking relation,
characterized by the definition of an outranking degree S (a, b) associated with each ordered pair (a, b) of
alternatives, representing the more or less great outranking credibility of a over b. There are two matrix needed to
be evaluated: the concordance and the discordance matrix. The concordance matrix gives an assessment of
agreement that one alternative is better than other one. It requires two type thresholds - indifference and
preference thresholds. The discordance matrix gives an assessment of disagreement that one alternative is
better than other one. That matrix requires additional threshold, called veto threshold, which allows the outranking
relation to be rejected. In order to be obtained the degree of credibility of outranking, there follows the combining
the two measures from concordance and discordance matrix. This degree is thus equal to the concordance index
where no criterion is discordant or where no veto threshold is used, in the opposite case. The concordance index
is lowered in function of the importance of the discordance. The obtained credibility matrix is essential for
generating two distillation orders that show whether one alternative outranks the other or such an alternative is
incomparable to the other. In order to be obtained final ranking the two orders are combined. PROMETHEE |
Method is the second of the most often used outranking methods. In this method the intensity of the preference of
one alternative over another alternative regarding each criterion is measured in terms of the so-called preference
function. On the basis of two type thresholds - indifference and preference thresholds - six types of preference
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functions are used in the method. The method provides a complete ranking of the alternatives through a pair-wise
dominance comparison of net positive and net negative outranking flows. RNIM method (Narula et al. (2003)) is a
representative of the interactive methods and is appropriate for solving multicriteria analysis problems with a large
number of alternatives and a small number of criteria. The DM can provide desired or acceptable levels,
directions and intervals of changes in the values of the criteria at any iteration. On the basis of this information,
the method proposed enables the use of discrete optimization scalarizing problems, with the help of which the
DM has the possibility for a more systematic and successful screening of the alternatives set.

The interface modules ensure the interaction between MKA-2 system, the DM and the operating system. This
interaction includes the entry of the data for the multicriteria analysis problems; the entry of specific information
for every method; the entry of information about DM’s preferences; the visualization of the current results and the
final result; the graphical presentation of the solutions; the printing out, reading and storing of files; the multi-
language support, etc. The editing module enables entering, alteration and storing of quantitative, qualitative,
ranking and weighting criteria. The interface preference modules aid the DM in the entry of criteria pair-wise
comparison information, inter- and intra-criteria information and information about the desired or acceptable
levels, directions and intervals of change in the values of the criteria. The current and final results and the
parameters for the separate methods selected by the DM are presented digitally and graphically with the help of
visual interface modules. The input/output interface modules enable the reading and storing in files, the printing of
the current and final results obtained, as well as the printing of the information, given by the DM. The solution
process of a multicriteria problem can be interrupted at any stage and activated from the place of its interruption
at any time. MKA-2 system has comparatively rich printing functions — every piece of the data (entered or
computed) may be printed. In this way, the entire process of decision making is documented - you can review the
input data of the multicriteria problem, the DM’s preferences entered, the current values obtained, and the final
result also, which on its turn can be printed out in the form of values or graphics. The rest of the interface
modules realize a dynamic help, multi-language maintenance, etc.

Fig. 1 shows a window with information about the pair-wise comparison of the criteria for one real multicriteria
analysis problem, concerning the selection of an appropriate marketing action for advertising of bicycle
manufacturing company products (Brans and Mareschal (2000)). This is information about DM’s preferences in
operation with AHP method. Fig. 2 presents a window with information about DM’s preferences in operation with
PROMETHEE Il method.
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Fig. 1. Fig. 2.

MKO-2 subsystem

The MKO-2 subsystem, the second part of the system MultiDecision-2, is a successor of the research software
system MKO-1 (Vassilev et al. (2004)), developed in the Institute of Information Technologies — Bulgarian
Academy of Sciences. The first version of the system MKO-2 software system is designed to aid the solution of
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linear and linear integer problems for multicriteria optimization only and it is oriented towards operation under the
control of MS Windows operating system.

The linear and linear integer multicriteria optimization problem may be described as follows:
To optimize simultaneously the criteria:

{fk(x), kek)

subject to:
Zaijxj <b;,ieM,
jeN
Oij de, jEN,
x ; - integers, jeN: N cN,
where:

£ (x). ke K are linear criteria of the type: £, (x) = Zcfx .
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X = (xl sees X s Xpg )T is the variables vector;

flx)= ( A £ (e £ ()" is the vector of the criteria:

K={12..p}, M={.2,..m}, N={1.2,..n} and N = {l,Z,...,n'/n' < n} are sets of the indices
of the linear criteria, the linear constraints, the variables and the integer variables, respectively.

There are two main approaches in solving multicriteria optimization problems: a scalarizing approach(Miettinen
(2003), Korhonen (2005)) and an approximation approach (Ehrgott and Wiecek.(2005)). The major
representatives of the scalarizing approach are the interactive algorithms. Multicriteria optimization problems is
treated in these algorithms as a decision making problem and the emphasis is put on the real participation of the
DM in the process of its solution. The interactive methods are the most developed and widespread due to their
basic advantages — a small part of the Pareto optimal solutions must be generated and evaluated by the DM; in
the process of solving the multicriteria problem, the DM is able to learn with respect to the problem; the DM can
change his/her preferences in the process of problem solution; the DM feels more confident in his/her
preferences concerning the final solution.

The interactive methods of the reference point (direction) and the classification-oriented interactive methods
(Miettinen (1999)) are the most widely spread interactive methods solving multicriteria optimization problems.
Though the interactive methods of the reference point are still dominating, the classification-oriented interactive
methods enable the better solution of some chief problems in the dialogue with the DM, relating to his/her
preferences defining, and also concerning the time of waiting for new non-dominated solutions that are evaluated
and selected.The generalized interactive algorithm GENWS-IM is an interactive algorithm (Vassileva (2006)) with
variable scalarization and parametrization. It is a generalization of a large part of the multicriteria optimization
interactive algorithms developed up to the present moment. This generalization is with respect to the classes of
the problems solved, the type of the defined preferences, the number and type of the applied scalarizing
problems, the strategies used in the search for new Pareto optimal solutions. Starting from the current (weak)
Pareto optimal solution, the generalized scalarizing (Vassileva (2006)) problem GENWS may be used. Altering
some parameters of the generalized scalarizing problem GENWS the following known scalarizing problems can
be obtained: the scalarizing problem of the weighted sum WS; the scalarizing problem of e-constraints EO; the
scalarizing problem STEM; the scalarizing problem STOM; the scalarizing problem of the reference point RP; the
scalarizing problem GUESS; the scalarizing problem MRP; the external reference direction scalarizing problem
RD3; the classification-oriented scalarizing problem NIMBUS; the classification-oriented scalarizing problem
DALDI. On the basis of the generalized scalarizing problem GENWS, a generalized interactive (Vassileva (2006))
method GENWS-IM with variable scalarizations and parameterization could be designed, having the following
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characteristics: the DM may set his/her preferences with the help of the criteria weights, ¢-constraints, desired
and acceptable levels of change of the criteria values, desired and acceptable levels, directions and intervals of
alteration in the criteria values, etc.; during the process of the multicriteria problems solving, the DM may change
the way of presenting his/her preferences. Starting from one and the same current Pareto optimal solution and
applying different scalarizing problems (with respective alteration of GENWS), the DM may obtain different new
Pareto optimal solutions at a given iteration, and this opportunity is especially useful in education and in
comparison of different scalarizing problems.

A variety of methods to approximate the set of Pareto optimal solutions of different types have been proposed
(Ehrgott and Wiecek (2005)). A big majority of methods are iterative and produce points or objects approximating
this set. Some methods are exact equipped with theoretical proofs for correctness and optimality while some
other methods are heuristic and often theoretically unsupported.The main representatives of the heuristic
methods are the multicriteria genetic (evolutionary) methods (Deb (2001)), The multicriteria optimization problem
is treated in these methods rather as a vector optimization problem, than as a decision making problem and the
stress is placed on the determination of a subset of potential Pareto optimal solutions, which approximates well
enough the whole Pareto optimal set. The solutions obtained with the help of the genetic methods, are near
Pareto optimal solutions. Besides this, during the process of defining the approximating set, the DM is isolated
and he/she is provided with a large set of solutions for evaluation and choice towards the end (this is a
comparatively hard problem of multicriteria analysis
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The interface modules provide the dialogue between the DM and the system during the entry and correction of
the input data of the multicriteria problems solved, during the interactive process of these problems solution and
for dynamic numerical and graphical visualization of the main parameters of this process. With the help of an
ending module the descriptions of the criteria and constraints are input, altered and stored, and also the type and
limits of the variables alteration. Another interface module serves to supply two types of graphic presentation of
the information about the values of the criteria at the different steps, as well as the possibilities for their
comparison.

One of the main functions of MKO-2 system is to enable the extension of DM's possibilities to set his’her
preferences with the help of criteria weights, ¢-constraints, desired and acceptable directions of change of the
criteria values, desired and acceptable levels, directions and intervals alteration of the criteria values. Twelve
scalarizing problems are generated in MKO-2 system in order to realize these possibilities. Depending on DM'’s
preferences, these scalarizing problems are automatically generated by the generalized scalarizing problem
GENWS with the help of a change in their structure and their parameters.

MKO-2 system presents the DM different windows intended for entry and correction of the problem criteria and
constraints, for setting his/her preferences.  Fig.3, Fig.4, Fig.5 and Fig.6 show four of these windows. The
window presented in Fig.3 is the basic window of the editor for input data entry — “MKO-2 Editor”. The window
presented in Fig.4, is designed to identify the type of DM’s preferences. The DM may select among five types of
preferences and let assume that he/she has selected to set the preferences by aspiration levels, directions and
intervals. The window shown in Fig.5 is intended for selection of the scalarizing problem from the set of already
known classification-oriented scalarizing problems. In order to enter the different types of DM’s preferences,
different windows are used. The window presented in Fig.6, is designed to enter DM’s preferences with the help
of desired or acceptable levels, directions and intervals of alteration in the criteria values, (operating with the
classification-oriented scalarizing problem DALDI). and for solving of linear and linear integer multicriteria
problems. The screen shows the setting of a new aspiration level for the value of the third criterion.

The solving of linear and linear integer multicriteria problems is realized with the help of 12 “MKO-2 Solving”
windows, intended to work with the 12 interactive methods. Every windows “MKO-2 Solving” is divided into
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several zones. Its upper part contains a band with buttons that realize the main functions of the process for
interactive solution of multicriteria linear and linear integer problems. These are the following buttons: Solve - for
starting the optimization module in order to find a new current solution of MKO-2, solving the scalarizing problem
generated at this iteration; Info - for visualization of the variables values at the current solution in a separate
window; Back and Forward - for navigation which allow the DM to go back to preceding steps and reconsider the
solutions found. The next field of “MKO-2 Solving” window contains radio buttons for setup of the type of solution
looked for: continuous, integer, approximate integer, the closest integer, as well as weak Pareto optimal or Pareto
optimal. Below them information is found about the time of the system operation for the current problem in
seconds, the number of the step being currently considered and the total number of the executed steps.

When solving multicriteria optimization problems, it is important to provide information not only about the last
solution found, but also about the solutions found at previous iterations. It is important that the DM could “testify”
how he/she has reached the last solution. Hence, the information about the interactive process of the multicriteria
optimization problem solving, comprising not only the problem input data, the solutions obtained at each iteration,
the preferences set by the DM for a new search and the scalarizing problems constructed, stored in “*.mlp” files
associated with MKO-2 system serve not only to restart an interrupted solution process, but also for
documentation.

Conclusion

MultiDecision-2 system is designed to support DMs in solving different multicriteria analysis and multicriteria
optimization problems. MKA-2 system is designed to support the DMs in modeling and solving problems of
multicriteria ranking and multicriteria choice. MKO-2 system is designed to model and solve linear and linear
integer problems of MO. The user-friendly interface of MKA-2 and MKO-2 systems facilitates the operation of
DMs with different qualification level relating to the multicriteria analysis and optimization methods and software
tools. MKA-2 and MKO-2 systems can be used for education and for experimental and research problems solving
as well. MultiDecision-2 system is a local multicriteria decision support system and operates in two languages —
Bulgarian and English. A number of Bulgarian universities use the system for the purposes of education and for
experimental and research problems solving as well. A number of official organizations and companies use the
system for solving real multicriteria decision making problems. The future development of the MultiDecision-2
system will be realized in two directions. The first direction is connected with the addition of new methods. The
second direction refers to web-based versions of the system, enabling distant decision making.
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NPOBINEMbI MPOrHO3MPOBAHUA SKOHOMWUYECKUX MAKPOMAPAMETPOB

Anekcen BonowwH, Buktopusa Catbip

AnHomayusi: Obcyxdaromesi npobrieMbl NPO2HO3UPOBAHUS IKOHOMUYECKUX Makponapamempos Ha OCHOge
NpuHYyUNa «cybbEeKMUBHO20 MynbmuOemepMUHU3May - 3KCNEPMHO20 ydema MaKcuManbHo20 Konuyecmea
83aUMOCBS3aHHbIX «0OBLEKMUBHBIX» U «CyObEKMUBHbIX» NPUYuH. [Jaemcs onucaHue cucmembl nOAOepPXKU
NPUHSIMUS peweHul Ans NPoeHO3UPOBaHUS YPOBHS UHGIALUUU U 885108020 8HYMPEHHe20 Npodykma Ha 0CHO8e
memoda depesa peweHud.

Knroyesnie cnosa: Memod depesa peweHul; UHOEKC UHISUUU; 8a108bIl 8HYMPeHHUL npodykm.

BBeaeHue

B pabote [BonowwuH, 2006] npeanoxeHa TEXHOMOrMS MPOTHO3MPOBaHMS (MyTEM WCMOMb30BaHUEM CUCTEMBI
KaYeCTBEHHOTO MPOTHO3MPOBAHMS Ha OCHOBE MHOTOMApaMeTPUYECKUX 3aBUCUMOCTEW, MPEACTaBNSEMbIX
AepeBoM pelueHnin [BonowwH, 2005]), peanuaytowas KOHUENUWS «CyObeKTUBHOTO MyNbTMAETEPMUHM3MAY (B
[BonowmH, 2006] — «MHOXECTBEHHbI CYOBEKTUBHBIN AETEPMUHU3MY). B OCHOBE 3TOW KOHLenuuu cneacteme
OnpedensieTcs MHOXECTBOM B3aMMO3aBUCUMbIX MPUYMH  (OOBEKTMBHBIX U CyOBEKTUBHBIX, B 4aCTHOCTH,
AesATeNnbHOCTbI0 CyObekTa, KoTopasi, B CBOK 04epeb, ONpeaenseTcs ero BO3MOXHOCTAMM, BOMEN, XenaHuamu,
npeanoyTeHnamMU 1 T.n.). Takoi nogxoa, 6e3ycnoBHO, He opurMHaneH — NogobHbIe B3rMSAbl BbICKa3blBaNUCh, B
yacTHocTn, Hobenesckum naypeatom B.B. JleoHTbeBbIM («K BOMpOCY O MAopanucTUyeckon MHTepnpeTaluu
ncTopun M npobneme MEXAUCLMNINHAPHOTO COTPyAHUYecTBa», Mapeapd, 1948), npegnpuHSABLUMM MOMbITKY
paspabotatb  COBCTBEHHYIO ~ METOZOMOMMKD  «MOCTMKEHWUS  UCTOPUM» -  «HW  OKOHOMMYECKWW,  HU
AHTPOMOSOMNYECKIA, HU, CKaXKEM, reorpatuyeckuii aHanms He MOryT Mpu COBPEMEHHOM COCTOSHWW Pa3BUTUS
COOTBETCTBYIOLMX HAyK MPUBECTW K €OMHCTBEHHO MPaBWUMBbHOMY YTBEPXKOEHWIO». KOHEYHO, Kak C MPOHMEN
oTmevaeT B.B. JleoHTbeB, npoLue Bcero byaeT, kKoraa BCe Hayku COMbIOTCS B HEKYHO €AMHYI0 OTpachb 3HaHWA. Ho
MOCKOMbKY «30M0TON BEK» HAyK elle He HacTynun, cnegyeTt otpabaTbiBaTb METOAbl «MEXAUCLUNIUHAPHOM
koonepauuu». B.B. leoHTbeB npegnaraeT UCnonb3oBaTh ANs 06bSCHEHUS (MPOTHO3MPOBAHMS) TOrO UMK MHOTO
SBMEHNA Cpa3y HECKOMbKWX CreuuanucToB, KOTopble paboTaloT HesaBWCWMO [pyr OT Apyra, nocne Yero
«BEAyLMA NpoekTa» OOMKEH COMOCTaBWUTbL MPEACTABMEHHbIE MMM aHanWsbl W COCTaBUTb W3 HUX HeKoe
MaKkciMarnbHO MOMHOEe M 00bEKTVBHOE uccnenoBanue. B [BonowmH, 2006] nogobHbIN Noxoa HTepnpeTupyeTcs
KaK «CyObekTUBM3aLumMs OBBLEKTUBHOCTUY W MpeanaraeTcs caenatb elle OAuH war — «0BbekTUBM3MpOoBaTh
CyObEKTMBHOCTbY (YUMTbIBAsi NCMXOCOMATUYECKME OCODEHHOCTM CneuuanucToB-3KCNepToB). M OCHOBHOe —
ecnu B 1948 1. MOXHO 6bINo NWLWb AeknapupoBaTh NOAOBHbIA «MMOPANUCTUYECKUIA METOL MPOrHO3MPOBAHMS,
TO 4epe3 60 neT pa3BUTUS BbIMMCAINTENBHOM TEXHUKM, MaTEMATUYECKUX METoh (B 4aCTHOCTM, MOAXOLOB,
00beAMHEHHbIX Ha3BaHMEM «MCKYCCTBEHHBIA MHTENNEKT»), COUMOMNOrM, ncuxonorui M T.4. MO3BONSET
noaobHbI Nogxod B 3HAYMTENbHONM Mepe peanu3osaTth ([BomowwH, 1999, 2001, 2003, 2005]). B [BonolwumH,
2002, 2003] paetcsa onucaHWe UHCTPYMEHTapUS CO3AaHMS NPUKMAAHbIX CUCTEM NOAAEPKKM NPUHATUS PELLEHNI
B pasnnyHbix 06nacTax Takux, Hanpumep, kak NPOrHo3VMpOBaHNe 3KOHOMUYECKVX napameTpoB [BonowwH, 1999,
2003], megnumHckon guarHoctuke [BomowwH, 2005). B poknage [BonowwH, 2006] B kavectBe npumepa
NpuBOAMNMCL  NpeaBapuTenbHble  pesynbTaThl  UCMOMb30BAHWS  CO3MAHHOTO  MHCTPYMEHTapus  Ans
NPOrHO3MPOBaHWA WHAeKca WHGNAuMM B YkpawHe. B panHom pabote paccmatpuBaeTcs npobnema
NPOrHO3MPOBAHNS MaKPO3KOHOMMYECKUX MapaMeTpoB, B YaCTHOCTW, WMHAEKCA WHPNALMM W BHYTPEHHEro
BanoBOro NPOAYKTa Ha OCHOBE WHCTPYMEHTApUsI, OnucaHHoro B paboTax [BonowwumH, 2005, 2006].
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WUHcTpymeHTapuii co3faHusl NPUKNaaHbIX CUCTEM NPOrHO3MPOBaHMUSA

B pabotax [BonowwH, Muxothuk, 1999], [Voloshin, Panchenko, 2001], [BonowwH, Manyexko, 2002], [Voloshin,
Panchenko, 2003], [BonowwH, 2005], [BonowwH, FonosHsi, 2005], 60nbWKMHCTBO KOTOPbIX MPeacTaBNsoCh Ha
koHdepeHumsx KDS, pa3BuBaeTCs KOHLEMUUS «KA4YeCTBEHHOrO NPOTHO3MPOBaHMS Ha OCHOBE MHOrO-
napamMeTpu4eckux 3aBMCUMOCTEN, MPeAcTaBnseMblX AepeBoM peleHuit» [BonowwH, [ManyeHko, 2002].
CuuTaetcsl, YTO CreLCTBUE ONPeSensaeTcs MHOXECTBOM B3aMMO3aBUCUMbIX MPUYKH, CTENEHb BRUSIHUS KOTOPbIX
Ha CneacTBue onpenenseTcs «CyObeKTMBHO» (SKCMEPTHbIM M3MepeHuem). Yem Gornblue napameTpos, KOTOPbIE
«hOpMUPYIOT» MPUYKMHY, TeM nyyle (on9 ageksaTtHoCcTM mogenu). OfHaKo 9TO NPUBOAMT K CMOXHOCTAM B
aHanuse Mmopgenu (BO3HMKAeT «MpOKNMATME Pa3MEPHOCTW», C KOTOPbIM Heobxoammo Gopotbes [BomowwH,
lNaHueHko, 2002], B 4YaCTHOCTH, U METOAMU UCKYCCTBEHHOTO UHTENNEKTA).

lMocTpoeHue NpuknagHoi cucTeMbl NOAAEPKKA NpuHATUS pewwennid (CMNIMP) cBognTCs K BblAENeHWo SKkCnepTamu
npobrnem v nognpobnem (BepwWH AepeBa) U CBA3EH Mexay HUMM (4yr AepeBa). JKcnepTamu onpesensitoTcs
Beca (BEPOSITHOCTM) NEPEXodoB Mexay BepluMHamu. [JonycKatoTCs HEeYeTKMe OLEHKW 9KCMEPTOB C MOMOLLbIO
IOTMYECKMX NEPEMEHHBIX, OMUCHIBAEMbIX 3HAYEHUAMW PYHKLMM NPUHAANEXHOCTN (BEKTOPaMU LeACTBUTENbHBIX
uncen ot 0 po 1). Kaxgbll akcmepT 3agaeT TpU OUEHKM — OMTUMMCTUYECKYI0, PeaniucTUYecKyld W
NEeCCUMMCTUYECKYIO, CKanAapu3aLmus KOTOPbIX OCYLLECTBASETCS C Y4ETOM MCUXONOTMYECKOro Tuna akcnepta. Tun
OnpegenseTcs Ha OCHOBaHMM NCUXOMOTMYECKMX TECTOB, 3arOXEHHbIX B CUCTEMY. Ha OCHOBE MCUXOMOrNYECKMX
TECTOB ONPEAEnsITCs TakKe KOAPPULNEHTbI «NPaBaUBOCTUY, «KHE3ABUCUMOCTU», OCTOPOXHOCTUY U T.A.

[lepeBo CTPOMTCA Ha OCHOBE KOMMEKTMBHbLIX OLEHOK 3KCMEPTOB C MPUMEHEHWEM MeToga MapHbIX CPaBHEHMUA.
[ns nocTpoeHns pes3ynbTupyloLero Aepesa npumeHsioTcs anrebpanyeckne metogdbl 06paboTk KCnepTHOM
WH(OpMaLMK, B KayecTBe PaCcCTOSHWA Mexny paHXUpoBKaMU NPUMEHAETCH MeTpuka XeMMuHra U Mepa
HecoBMnageHui paHroB 06bekToB. PesynbTupytoiee aepeBo onpeaenseTcs kak meanaHa Kemenu-CHenna unu
kak komnpomucc [BonowwuH, 2005]. B cnyyae 3agaHus NpUOpUTETOB B HEYETKOM POpME SNEMEHTbI MATPULbI
3agatoTcs Yepes yHKLUN NPUHALNEXHOCTM.

[na onpegeneHns onNTUManbHbIX NyTEl B AepeBe NMpefnaralTcs anroputMbl NOCNESOBATENbLHOTO aHanuaa
BapuaHToB [BonowwmH, ManyeHko, 2002], nossonsiowme obpabaTbiBaTb 4EPEBLS C COTHSIMI BEPLUKH.

[epeBo pelueHnin 3agaetca Tabnuuamu. Kaxgas tabnuua — 3T0 OTAENbHbIN YPOBEHb AEpeBa, Kaxaas CTpoka
Tabnuupl — OTAEMNbHAs BEpLUMHA Ha 9TOM YpoBHE. Kakabl aneMeHT CTPOKM — 3TO BEpPOSTHOCTb, C KOTOPOM
BO3MOXEH Nepexos U3 AaHHON BEPLUMHBI B BEPLLUMHY HIDKHETO YPOBHS. OT BEPOSITHOCTM 3a4al0TCS (PYHKLMAMM
NPUHAANEXHOCTY, NpeacTaBnstoLme cobon BekTopa AenCTBUTENbHBIX Yncen ot 0 go 1 ntobon gnuHel. Tabnuua
3anonHAeTCs nyteM onpoca akcnepToB. CyliectBytolwme YHKUMM No3BONAT 4o6aBnaTh cTonbubl, CTPOKM,
3ajaBaTb CNoBapb (KOTOpbIN No3BonseT BepbanbHbIM OLEHKaM 3KCnepTa CTaBuTb B COOTBETCTBUE BEPOSTHOCTH,
nyTeMm 3agaHus onpeaeneHHbIX YPoBHEN), COXpaHaTb Tabnuupl B haine, cunTbiBaTh Tabnuubl 13 danna.

OKCnepTHbIM MyTeM 3afalTcsl MaTpuLbl — Pe3ynbTaT CPaBHEHUS BapuaHTOB BEPLUMH, KOTOpble MOryT ObiTb
BKIOYEHbI B [1epeBo. Ha ocHOBe aHanmaa MaTpuL, onpefensioTcst BEPLUMHBI, KOTOPbIE BKIOYAIOTCS B AEPEBO U
BEPOSITHOCTW, C KOTOPbIMW BO3MOXEH MEPEXOf B HUX M3 BEPLUMH BEPXHEro ypoBHs. Ecnu [epeBo pelueHus
[EKOMMO3MPYETCS Ha HECKONbKO MOAAEPEBLEB, KOTOPblE MMEIOT OAMHAKOBLIE NUCTbS, BHAYane BbIYMCIIAKTCS
BEPOSITHOCTY 3TUX NINCTLEB B KaXKOOM M3 HIX, @ 3aTEM HAXOAATCS BEPOSITHOCTY ANs BCEro AepeBa B LIENIOM.

np0FH03MPOBaH ne nHaekca MHd’)ﬂﬂ 11717]

WHaeKe MHDNALMM SBISIETCS OBHUM U3 OCHOBHbIX MAKpO3KOHOMUYECKUX MapaMeTpoB, B KOTOPOM OTpaxatoTcs
OCHOBHbIE TEHAEHLMM Pa3BUTUS SKOHOMIKM. YHUBEPCANbHbIX 11 COBEPLLEHHBIX NMOAXOMA0B K PELUEHMO Npobremb
€ro NPOrHo3upOBaHIS CErofiHs He CYLLECTBYET.
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MeTogdbl KONMYECTBEHHOTO MPOrHO3MPOBAHWS (BPEMEHHbIE PAdbl, PErPECCUOHHBIA aHanmu3, UMUTALMOHHOE
MOZENMpoBaHue 1 T.M.), B OCHOBE KOTOPbIX NEXUT “NPOAOMKeHWe NPOLoro”, AalT Nnoxue pesynbTaThbl Npu
MPOrHO3MPOBaHNK “HeCcTaburbHbIX” NPOLIECCOB, XapaKTEPU3YIOLLMXCA “HapyLUEHMEM MOHOTOHHOCTM®, B OCHOBE
KOTOPOro nexar ckaykoobpasHble UMEHEHMS, HexapaKTepHble 41 pa3BuTUs npouecca B npolunom. MNpobnema
COCTOWT B penpeseHTauun Byayuiero, KOTOPOE HEe MOXET WHTEPNpeTMpOBaThCs Kak OObIYHOE MPOLOIKEHWE
NpoLUroro, MockorbKy Oyayliee MoXeT npuobpeTtaTb MPUHLMNWANBHO HOBble (hOpMbl. B ocHOBE Takoro
MPOrHO3MPOBaHNA (“KaYEeCTBEHHOTO MPOrHO3MPOBAHWA") NEXUT WAEs HEenoCPeACTBEHHOMO MCMOMb30BaHWS
3HaHWit yenoseka (akcnepta). pu aTOM, B NepByl ovepedb, CremyeT Y4ecTb “HEYETKOCTb”  AKCMEPTHOM
WHEOpMaLMK, KOTOpas B CBOKO 04epedb 3aBUCUT OT ero NPOdECCHOHaNbHbIX U MCUXONOMNYECKX XapaKTePUCTUK
(KOMNETEHTHOCTU, HEe3aBUCMMOCTU, OOBLEKTUBHOCTW, peanuama, CKOHHOCTM K pucky M T.4.). oatomy ans
MNPOrHO3MPOBaHNA  MHAEKCA WHAMALMWA NPUMEHSNCA UHCTPYMEHTapUI, ONWUCaHHLIN B NpedblaylieM pasgene.
®parmMeHT AepeBa peLleHnit Ans NPOrHO3MPOBaHNS UHAEKCA MHANALUM NPeaCTaBIEH HUKE.

[lns NporHo3upoBaHUs MHAEKCa MHNSLMM BbIAENSIOTCS CreaytoLMe 0CHOBHbIE NMOANPOBNemb!:

o OKOHOMUYECKME — COCTOSIHUE NPOMbILLINEHHOCTU, COCTOSIHUE arpapHO-NPOMBILLNIEHHOrO KOMMIeKea,
COCTOSIHUE (OMHAHCOBOTO PbIHKA, TOPrOBIS U T. [;

o [lonutnyeckue — TEHU3aLMa 3KOHOMWUKWN, MHBECTULMOHHAA, BarntoTHad, aHTUMOHONOIbHAaA NONUTUKA U T.4,

« CoumarnsHo-gemorpadmyeckoe cocTosHIe - 6e3paboTia, coumanbHo-gemMorpadmieckas Harpy3ka, Temn
Mp1POCTa HACENEHs U T.4;

« OuHaHcOoBble — (hMHAHCOBO-OIOMKETHAS, BaMOTHAs MONMUTUKA, rOCYNAPCTBEHHOE PErynnupoBaHie pbiHKa
LieHHbIX Bymar, rocyjapCTBEHHOE perynmpoBaHue LieH 1 T.4.

MporHO3HOE 3HaveHWe wHOekca MHPnAaumMm B YkpauHe Ha 2005 rog, nonyyeHHoe Hamu B uioHe 2005 .,
pasHsnocb 12,8%. B Biogxete YkpauHbl Gbino 3anoxeHo 9,8%, oduunanbHas ctatucTika no pesynbratam
2005 roga pgana 10,5%, mexagyHapogHble akcneptbl — 12,5-13,0%. Bbicokas TO4HOCTb NPOrHO3a, Ha Hall B3rnsg,
obycnaBnuneaeTcs «OOBEKTUBHOMY MPUYMHON — Y4eTOM BOMbLIOrO YMcna Pa3HOPOAHbLIX B3aMMOCBS3AHHbIX
MPUYMH, BAMSIOWMX Ha pe3ynbTaT. BTopas npuuMHa, NO MHEHWO aBTOPOB, «CyObeKkTWBHas» - 3TO
«y3kocneLmanbHasy 9KCrepTHas OLeHKa, SKCMepT 3a4acTylo M He AoradblBaeTcsi, YTO OH MPOrHO3MpyeT B
KOHeYHOM cyeTe T. [porHo3 3HayeHus nHaekca uHanaumm Ha 01.01.2008 r., nonyyeHHoe Hamu B anpene 2007
r., pasHsnocb 17,3%. VHTepecHO oTMeTUTb, 4TO HaumoHanbHbI 6aHK YKpauHbl NpOrHO3MpYeT MHGNALUMIO B
YkpauHe B TekyLleM rogy Ha ypoBHe 7%, npaBuTenscTeo — 8%, MpesnaeHT YkpauHbl 03Byunn B Mapte 2007 T.
ypoBeHb HNAUmn B 11-12%. Octaetca nogoxaats KDS-2008 1 cpaBHUTL NpOrHo3b!!

0npeneneHMe noKasaresia BanoBOro BHyTpeHHero npoaykra

Kak u3sectHo, nokasatens BBl MOXHO onpefensaTs TPEMS OCHOBHbIMM METOZaMu: Mo CO3JaHHOW NPOAYKLMM
(NpOM3BOACTBEHHBIN ~ MeTOA); no  3aTpataM  (METOA  KOHEYHOro  WCMOMb30BaHWS); MO JoXodam
(pacnpegenuTenbHbli METOR).

B 6onblwnHCTBE CTpaH OCHOBHbIMM SBASIOTCS nepBble ABa MeToga. Bbibop Toro unm wHoro metoga
ONpeaensieTcs HanuuMem HaaekHoON MHGOPMaLMOHHON 6a3bl. B cOBpeMeHHbIX YCroBKAX B YKpanHe «HaaexHast
WHopmaunoHHas Gasa» OTCYTCTBYET, MOXHO FOBOPWUTb HE CTONMBKO O TOYHOCTW CTATUCTUYECKUX AaHHbIX,
CKONMbKO 06 MX «MOMHOM HETOYHOCTU» (a, 3a4acTylo, U UX OTCYTCTBUM). OJHUM U3 OCHOBHbIX, UCKAKAOLLMX»
CTaTUCTUKY (DAKTOPOB SABMSETCA TEHEBOW CEKTOP AKOHOMMKW. Ero «uHTErpanbHasy» akcneptHas oueHka (o1 40%
Jo 60%) cruvwKkoM HEeTOYHa ANs UCMonb3oBaHWS B pacyetax BBIM. Bbixog — B MCMONb30BaHWW MpuHLMNA
«KOCBEHHOrO pacyeTay, ucnonbays (no B. B. JleoHTbeBY) MeTOA «MEXANCLMNANHAPHON KoonepaLumy - AfUHHbIE
Lenu cobbITUin eCTeCTBEHHO Pa3buBalOTCS Ha rpynnbl HENOCPEACTBEHHO CBA3aHHbIX COOBLITWUA; Kaxdas U3 HUX
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n3yyaetcs n 06bACHAETCA OTAENBHO, TUM 0OBACHEHWS ByAeT MEHATLCA NpU Nepexome 0T OAHOM rpynMbl CBA3EN
K APYrOM; YACTO «3KOHOMMYECKas» WHTEpNpeTaLmus MOXeT okasaTbcst Hanbonee NOAXoAsLLEen Ans OGHOM rpynmbl
COOBITUIA, YNCTO «MONUTUYECKAS» UK «COLMAnbHas» — APYron.

[Ona pacyeta (nporHosupoBaHus) BBIT 6bino onpegeneHo no BO3MOXHOCTM MaKCUManbHOE YMCAO rpynn-
(hakTopoB («noanpobnem», «noaaepeBbEBY B AePEBE PELLEHMIA), NPSMO UMW KOCBEHHO BRMSIOLLMX HA 3HAYeHue
BBIM. B ceoo ovepedb, B NOAOEPEBbSX ONPEAENSNOCh MakCUMarbHO BO3MOXHOE KOMWYECTBO BEPLUMH,
NOTEHLManbHO ONpeaensoLMX aHHY0 rpynny hakTopos. Mpy NPUHATUM 3KCMEPTHOTO PELLEHMS O BKMOYEHWN
KOHKPETHOM BepLUMHbl B MOAAEPEBO, YYUTbIBANOCb, B YaCTHOCTW, Hanuune (TOYHOCTb, [LOCTOBEPHOCT,
BO3MOXHOCTb MOMYyYEHNS) OLIEHKW JAHHOrO dhakTopa.

YunTblBanuch crieaytoLme rpynmbl hakTopos M hakTopbl B rpynne:

1. PeanbHblit cexTop (pacxofbl 3a KaTeropusiMm pacxodoB, Pacxodsl Ha KOHeYHoe NoTpebreHne JOMOX03SNCTB,
KOHeYHoe noTpebneHne cektopa OOLIEro roCydapCTBEHHOTO YNpaBMeHus, WHAWBUOyarbHOE KOHEYHOe
notpebnexne, KONNEKTUBHOE KOHEYHOe noTpebrieHne, BanoBoe HaKOMMEHMe OCHOBHOMO KanuTana, U3MEeHeHue
3anacoB MaTepuanbHO-TEXHUYECKUX CPeAcTB, SKCMOPT TOBAPOB M YCMyr, WMMOPT TOBApOB U YCMYr, WHAEKC
NPOMBILLMEHHOTO  MPOW3BOACTBA, 3aHATOCTb, Oespabotuua, cpepHss 3apaboTHas nnata, MHAEKC
NOTPEBUTENLCKMX LieH, MHAEKC LIeH NPOM3BOANUTENEN);

2. BromKeTHO-HANOroBbIN CEKTOP (OMepauun cekTopa o6LLEro rocyaapCTBEHHOrO yripaBneHns — oblyee canbpo,
onepawum LeHTpanbHbIX OpraHOB roCyAapCTBEHHOMO ynpaBreHus — oblyee canbaio, HaHCUpOBaHUe, 3a cYeT
BHELLHUX WCTOYHWKOB, 3a CYET BHYTPEHHUX WMCTOYHWKOB, OAHKOBCKMMM YYpeXaeHUsiMM, HebaHKOBCKMMM
YYPEXOEHNSMU, NOCTYNAEHMe OT MNpUBATW3ALMM FOCYLAPCTBEHHOTO WMYLLECTBA, TOCYNAPCTBEHHBbIA U
rapaHTMPOBAaHHbIN TOCY[APCTBOM BHYTPEHHMIA JOMT, TOCYAAPCTBEHHbIE BHYTPEHHWE AONroBble 06s13aTenbCTBa
Mo HayanbHbIM CpOKaM MOralleHus], KpaTKOCPOUHbIE FOCYAapCTBEHHbIE BHYTPEHHME AONTOBble 06s13aTenbCTBa
(cpokom [0 1 roda), CPeaHecpPouYHble U [ONrOCPOYHble  FOCYAapCTBEHHbIE BHYTPEHHWE AONTOBble
06s3aTeNbCTBa, rOCYAAPCTBEHHbIE LiEHHbIE Gymaru, KpeauTbl, 4OnroBble 06s3aTeNnbCcTBa, rapaHTUPOBaHHbIE
NpaBNUTENBCTBOM YKpauHbl, CCyAbl MEXAYHaPOAHbIX (PUHAHCOBLIX OpraHM3aLuil, otuLmManbHble ceyapl);

3. OuHaHCOBbI CEKTOp (aHanuTMyeckme cyeta OaHKOBCKOTO CEKTOpa MO COCTOSIHUIO Ha KOHEL nepuoga,
[EHEeXHas Macca, BHyTPEHHUIA kpeauT, TpeboBaHus k MpaButenscTsy, TpeOOBaHNS K APYrMM CEKTOpaM, YUCTble
BHELUHME aKTWBbI, aHaNUTUYECKME CYeTa LieHTpanbHOro GaHka, N0 COCTOSHUI0 Ha KOHeL nepuoga, AeHexHas
6a3sa, unctble TpebosaHns Kk NpaBuTenbCTBy, 0653aTenbCTBA Nepes NpaBuUTeNnsCTBOM, TpeboBaHus k GaHkam,
TpeboBaHWa K ApYrUM CEKTOpaMm, BHELUHME aKTWBbI, BHELUHWE NAcCWBbl, MPOLEHTHbIE CTaBKM, HaLMoHambHbIA
OaHK YkpauHbl, YCTAHOBNEHA Y4YeTHas CTaBKa, haKTMYeckas CTaBka 3a WHCTPyMeHTamu, GaHku YkpauHbl, 3a
NPeAoCTaBNeHHbIMM  KpeanTamn  Ha  MexDaHKOBCKOM pblHKE B HAUMOHAnbHOM BamnioTe, CTaBka 3a
MPUBIMEYEHHbIMM [ENO3TaMW B  HaLMOHANbHOW BanioTe, CTaBka MO NPEOOCTaBIEHHBIM KpeauTam B
HaLMOHamNbHOI BanioTe).

4. BHelHWiA cekTop (MnaTexHbl 6anaHc No COCTOSHMIO Ha KOHeL, nepuofa, CYeT TeKywux onepauui, 6anaHc
TOBAPOB W YCAYr, AOX04bl, TEKYLME TpaHCGePThI, CYET OnepaLmuin ¢ KanuTanoM, (UHAHCOBLINA CHET, UHBECTULN
13 YkpauHbl (NpsiMble + nopTdenbHble + Apyrue), MHBECTULMK B YKpauHy (Npsmble + nopTdenbsHble + apyrue),
OWMBKM W yNyLieHUs, MexayHapoaHble pe3epBbl, N0 COCTOSIHMIO Ha KOHeL, Nepuoaa, Pe3epBbl B MHOCTPAHHOM
BarnoTe, pesepaHas nosuuus B MBO, cneuumarnbHble npaBa 3aMMCTBOBaHUS , 30710TO, APYrve pe3epBHble akTuBbl,
BHELUHSAA TOProBNs TOBapamu, BanoBOW BHELUHWUIA AOMT, MO COCTOSHUIO Ha KOHEL, Neprnoaa, BamtoTHbIN Kypc, Kype
ponnapa CLUA oTHocuTenbHO eBpo, CpeHNiA 3a rof).

5. CounanbHoe COCTOSIHME HAceneHust (CpepHuii pasmep MECSYHOM MEHCUM, CPegHWA pasmep MECSYHOW
3apaboTHON onnaThl, rOCyAapPCTBEHHAs NOMOLLb CEMbSM C AETbMM, PbIHOK TPyAa, 3KOHOMUYECKas aKTUBHOCTb
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HaceneHusi, 3aperncTpupoBaH pbIHOK Tpyaa, OespaboTuua, [nemorpadmyeckasi CUTyaLus, YMCIIEHHOCTb
HaceneHnsi, ecTeCTBEHHOE [BWXEHWE HACeNeHWsl, MUIPaLMOHHOE [ABWXEHWEe Hacenenus, obpasoBaHwe,
[OLLKONbHble 3aBeAeHMs!, IPOECCHOHANBHO-TEXHUYECKUE Y4ebHble, BbiCLUNE Y4ebHbIe 3aBeaeHNs).

Haw pacuet BBI 3a 1-bii kBaptan 2007 r. gan ouexky B 150 mnpg. rpH., ouunanbHas ctatuctuka (C y4etom
9KCMEPTHOM OLIEHKN MO TeHeBOMY cekTopy) — Ha 10% Huxe. JTOT hakT MOXHO MHTEPNPETUPOBATL KaK OLUMOKY
«UMHTErpanbHON ouLManbHON» 3KCNEPTHON OLEHKN. IHTEPECHO OTMETUTb, YTO M MPOrHO3HbIE 3HaYeHus BBl 3a
2006 rog, BbINOMHEHHbIN B Mae-utoHe 2006 roga, fan Te xe 10% pacxoxzeHus ¢ ouLmMarnbHON OLEHKON
[oCynapCTBEHHOTO KOMUTETA MO CTAaTUCTUKe. BesycrnoBHO, O TOYHOCTM HALUEro MNPOrHo3a «UCTUHHOMY»
3HAYEHMI0 TYyT peun He uaet (xoTa Obl M3-3a OTCYTCTBMA NOCNEAHero). bbino 6bl MHTEPECHO MPOBECTY
NCCNEfoBaHUst Ha «MCTWHHBIX» AaHHbIX (XOTS Obl ANS OAHOTO CcekTopa) Ans «0DyyeHus» CcucTembl —
onpegeneHns JOCTOBEPHbIX 3HAYEHMI B3aMMOBUSIHUS (haKTOPOB.

3akniouyeHue

HasBaHne 1 cogepxaHne KoHgepeHumn KDS nonHOCTbO COOTBETCTBYET MPUHLMMY  «CYOBEKTUBHOMO
MynbTUAETEPMUHM3MAY, UCMOMb3YEMOro B paboTe Ans NMPOrHO3MPOBaHUS AKOHOMMYECKWX MakponapameTpoB:
3HAHUA (cneumanucToB pasnuuHbiX oTpacrnei Hayku u npaktuku) — OWAJION (mexgy HUMM, C MOMOLLbIO
CMeLMan1cToB No NPUHATUIO PELLEHNIA 1 CKyccTBEHHOMY uHTennekTy) — PELUEHWE (npobnem yenosevecTsa).
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WHTENNEKTYANBbHBIE TEXHONOI M B MAPKETUHTOBOM AHAJIU3E

FanuHa CeTnak

AHHOmauusi: Lenbio daHHol pabombi sensemcss paspabomka npouedyp U ameopummos UCNnob308aHust
Memodos LCKycCmeeHH020 UHmesnekma 015 06pabomku u aHanu3sa pa3nuyHbix 8udos 3HaHull. MMpednazaemcs
UHMe2pupogamb makue MexHUKU MOOEeIUPOB8aHUs 3HaHUU U NPoOUEeccos NPUHAMUST peweHul Kak HelpOHHbIe
cemu u cucmembl HeYEMKo20 8biIgo0a. HellpoHHas HeYémkas cucmema ucnonb3yemcs 0ns peweHus 3adaqu
udeHmugbukayuu crnoxHbix npoueccos. [lpedcmasneH npumep npUMeHeHus K 3adaye Knaccugukayuu e
aHarnuse pbIHka.

Keywords: Data mining, knaccugukauus, HeUpoHHbIe cemu, HeYémkas fioauka, MapKemuHe, aHanu3 pbIHKa.

ACM Classification Keywords: |. Computing Methodologies, 1.2 Artificial Intelligence

BBepgeHue

B nocnegHem gecatuneTum B passuTuM CPEACTB U MeTog0B 06paboTkm MHGhopMaLK NosBUNacL HOBas HayYHas
pucumnnuHa, HassaHHas Data Mining, 4to nepeBoguTcs Kak ,A00bMa” WNM M3BREYEHME AaHHbIX", KOTOpas
HanpaBneHa npexae Bcero Ha aBTomatn3aumio 06pabotku Bonblmnx 06bEMoB HGopmaumu. Data Mining uHave
elé Ha3blBAETCA B NUTepaType WHTENNeKTyarnbHbIM aHanM3oM AaHHbIX. VIHTENNeKTyanbHblii aHanmn3 OaHHbIX
O3HayaeT npouecc obHapyxeHust B ,CbipbIX AaHHbIX" (raw data) paHee HEW3BECTHbIX, NPAKTUYECKN NOME3HbIX Y
JOCTYMHbIX MHTEPMPETALMN 3HaHWA, 3aKOHOMEPHOCTEN, HEODXOAUMBIX AN MPUHSATUAS PELUEHU B PasnnyHbIX
cthepax yenoseyveckonm AedTenbHocTU. [pu 3TOM BbIAENSIOTCA NATb CTAHOAAPTHLIX TUMOB 3aKOHOMEPHOCTEN,
KOTOpble NO3BONSOT BbISBNATL MeTogsl Data Mining: accounauums, nocnegosaTenbHOCTb, Knaccudukaums,
Knactepusaumus W nporHosuposaHue. OCHOBOM Ons HOBOW Napagurmbl COBPEMEHHOW TEXHOMOrMM aHanuaa
MH(OpMaLK SIBMAKOTCS NOCNEAHNE AOCTWKEHNS B 00NacTy pa3BuUTUS METOLOB UCKYCCTBEHHOTO MHTEMNMEKTA.

B HacToswumx uccneaoanusx Ans o6paboTku 1 aHann3a MHGOpMaLMKM NpeanaraeTcs UHTErpupoBaTb METOAbI
WNCKYCCTBEHHOTO WHTEMNMEKTa, UCMOoNb3yeMble B TakiX Hay4HbIX HanpaBreHWsiX, kak HEMPOHHbIE CEeTU (1CKyCCT-
BEHHbIE aHanory YenoBeYeCckoro Mo3ra, MogenmpytoLne crnocobHOCTL 06yyaThesl), TEOPUSt HEYETKMX MHOXECTB
W NOTUKN — CpeacTBa (hopmManmaaLmy eCTeCTBEHHO-A3bIKOBbIX BbICKa3blBaHUIA 1 HEYETKOTO NIOrMYECKOro BbIBOAA,
a TaKke reHeTUdYeckMe anroputMbl. [JOCTOMHCTBOM Takux TMOPUAHBIX HEMPOHHO-HEUETKUX CUCTEM SBMSETCS
MMBKOCTb, CNOCOBHOCTb K afianTaLmuy 3a CYeT pasnuyHbIX MeTo0B 0BYy4eHMs, NpoCToTa peanuaaumu, yaooeTeo
NPy HaCcTPOIKe, a TaKke BbICOKME KAYECTBEHHbIE NOKA3aTeNM.

Tak kak HeyeTkve cucTembl paboTaloT co cnabo CTPYKTYPUPOBAHHON KauyeCTBEHHON MHOPMaLMEN, a HEMPOH-
Hble CEeTW WUCMOMb3YIT TOMbKO KOMWMYECTBEHHYID MHAOPMaLMIO, 06beanHeHNe 3TUX ABYX METOLOB MO3BONMUT
ncnonb3oBaTh BCHO AOCTYMHYK MHGopmauuio 06 obbekte. TexHonmorus, paspabotaHHas Ha 3TOW OCHOBE,
00beanHseT COOTBETCTBYIOWMM 00pa3oM CrocOOHOCTb HEMPOHHBLIX CETEM K camoobyyeHuto U CnocoBHOCTb
HeyeTkux cucteM obpabatbiBaTb KaYeCTBEHHYK WHGopMauuo. HecoMHeHHoe [OCTOMHCTBO MBPUAHON
HEMPOHHO-HEYETKON TEXHOMOMW MOLENMPoBaHUs W 0BpaboTkM WMHOPMALMK 3aKMKYaEeTCs B BO3MOXKHOCTY
npocMoTpa CPOPMMPOBAHHBLIX NPaBUN U NPUOAHUS UM COAEPKATENbHON, (FIMHTBUCTUYECKON) WHTepnpeTaLmum,
4TO NO3BONSET paccMaTpuBaTh annapar HEMPOHHO-HEYETKMX CUCTEM Kak CPEACTBO M3BMEYEHUS 3HAHWA W3
aKCnepuMeHTanbHbIX 6a3 AaHHbIX.

Llenbto paHHOW paboTbl SBRSETCSH OLEHKA BO3MOXHOCTEM MCMOMNb30BAHWS HEYETKMX HEMPOHHBLIX CUCTEM ANS
npeaBapuTencbHon 06paboTkm W aHanu3a MHOPMauMM pasHOrO BWAa U PELeHus 3adad Knaccudukaumm.
PeluaeTca npakTuyeckas 3agaqya MapKkeTUHIOBOrO aHanuaa pblHKa npy NOMOLLY HEMPOHHON HEYETKOMA CUCTEMBI.
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HenpoceTeBble CUCTEMbI HEYETKOM Knaccudukaumm

Mpobrnembl Knaccudmkauumu SBNSIOTCS OQHUMM W3 Hanbonee 4acTo peluaeMblX 3ajad, kak B MOBCEQHEBHOM
XO3SMCTBEHHON AEATENbHOCTU, Tak M B 3KOHOMUYECKOM aHanu3e 3TOM AeSTENbHOCTM Kaxaoih opraHusauuu.
Pelwenune 3agay knaccudukaumm 3aknodaetcst B pa3paboTke, KOHCTPYKLMM TakUX NpaBUI U 3aKOHOMEPHOCTEN,
KOTOpblE MO3BONMMM Obl pacno3HaTh ONpeaenéHHbIe ABNEHNUS UMK OOBEKTHI M ONPEAENUTL UX MPUHAANEXHOCTb
K KakuM-TO Knaccam (rpynnam, kateropusm). 3ajaya 3HAUMTENbHO YCMOXKHSAETCH, ecnu npu onpegeneHuu
knaccoB Heobxoaumo 6paTb BO BHUMaHME O4YeHb GOMbLLIOE KOIMYECTBO XapaKTEPUCTUK UCCneayemblx 06bEeKTOB
W sBneHuin, Tem Oonee, €CniM 3TW XapakTepucTuku crnabo onpegeneHbl unu TPYAHO hopmanuayembl.
B nocnegHue rogbl 4Ns pelleHns CrokKHbIX 3adad Knaccudmkaumum BCE yalle MCMOmnb3YTCs UCKYCCTBEHHbIE
HEPOHHbIE CeTw.

B pabotax aBTopa faHHOW CTaTbi paHee MCCnefoBanucb BO3MOXHOCTU WUCMONb30BaHUS HECKOMbKUX BWUAOB
MCKYCCTBEHHbIX HEMPOHHbLIX CEeTel AN pelleHnss npakTUYeckux 3ajad knaccudmkaumun. lNpoaHanusnpoBaHb!
1 OLEHEHbI TaKWe HEMPOHHbIE CETU KaK: pekyppeHTHast cetb Hamminga [CeTnak I.,2000], MHOrocnomHein
NepcenTpoH, CeTb paamanbHoi 0a3ncHOM QyHKLMK, BEPOSITHOCTHLIE 1 ceTu KoxoHeHa B pabote [Cetnak T,
2004]. PesynbTaTbl aHanu3a nokasanu, YTO Ansi KOPPEKTHOM paboTbl W peanbHOro MPUMEHEHWS HEMPOHHBIX
ceTeit Heobxoanmo mnx obyyaTb Ha JOCTATOYHO OOLWIMPHBIX BbIGOPKAX BXOAHBIX AaHHbIX, MPUYEM, Yem Bonblue
BXOZHbIX aHanM3npyeMblX MPWU3HAKOB, YEM BbIE CMOXHOCTb CETU W MOAEenMpyeMon (yHKUmM, Tem 6onbLue
JomkHa ObiTb BblbopKa. [pu pelleHun 3apay Knaccudmkauuu B MEHEDKMEHTE, rOe paccmaTpuBaeMble
3KOHOMMYECKME NOKa3aTenu Xapaktepuayotcs 6onblUMM pasHoobpasneM u CyBbeKTUBHON NpUpPoaoin, HeobXo-
OMMO TaKke WCNoNMb30BaTh KayeCTBEHHbIE NapaMeTpbl, OCHOBAHHble Ha MCUXONOMMYECKUX OCOBEHHOCTSX
BOCMPUATMS, @ HE TOMbKO YMCTIeHHble UK norndeckme. Hanbonee obelyatolum HanpasneHneM B UCCreoBa-
HMSAX W pa3paboTke TakuX MHTENNeKTyanbHbIX MHCTPYMEHTOB NpeacTaBnseT cobon obbeanHeHne aByx HesaBu-
CUMbIX MHTENNEKTYanbHbIX TEXHOMOTMI: UCKYCCTBEHHBIX HEMPOHHBLIX CeTei U HevyéTkom normku [Jang J. S.R.,
Sun C.T., Mizutani E.,1997], [Grabmeier J., A. Rudolph, 2002], [Rutkowska D., 1997].

Teopusi HEHETKMX MHOXKECTB U HEUYETKOM NMOTMKM COrMacHO C OCHOBHOW uaeen J1.3ade B TeYeHWe NouTH Copoka
NeT WKPOKO UCMONb3YETCS Kak MHCTPYMEHT AN MOAEeNMpoBaHus 1 06paboTkm HEYETKOM, NIMHIBUCTUYECKON MK
HaJYe TaK Ha3blBaeMOW, Ka4eCTBEHHOM MHGOPMaLMK, ANS MOOENMPOBaHNS HEYET