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PREFACE

The scope of the International Book Series “Information Science and Computing” (IBS ISC) covers the area of
Informatics and Computer Science. It is aimed to support growing collaboration between scientists from all over
the world. IBS ISC is official publisher of the works of the members of the ITHEA International Scientific Society.

The official languages of the IBS ISC are English and Russian.
IBS ISC welcomes scientific papers and books connected with any information theory or its application.

IBS ISC rules for preparing the manuscripts are compulsory. The rules for the papers and books for IBS ISC are
given on www.foibg.com/ibsisc. The camera-ready copy of the papers and books should be received by e-mail:
info@foibg.com. Responsibility for papers and books published in IBS ISC belongs to authors.

The Number 7 of the IBS ISC contains collection of papers in the field of Artificial Intelligence and Decision
Making. Papers are peer reviewed and are selected from the XIVth International Conference “Knowledge-Dialog-
Solution”, which was a part of the Joint International Events of Informatics “ITA 2008”, Varna, Bulgaria and
Uzhgorod, Ukraine.

ITA 2008 has been organized by

Institute of Information Theories and Applications FOI ITHEA

in collaboration with:
« ITHEA International Scientific Society

International Journal “Information Theories and Applications”
International Journal "Information Technologies and Knowledge"
Association of Developers and Users of Intelligent Systems (Ukraine)
Association for Development of the Information Society (Bulgaria)
V.M.Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine
Institute of Mathematics and Informatics, BAS (Bulgaria)
Institute of Information Technologies, BAS (Bulgaria)
Institute of Mathematics of SD RAN (Russia)
Taras Shevchenko National University of Kiev (Ukraine)
Universidad Politecnica de Madrid (Spain)
BenGurion University (Israel)
Rzeszow University of Technology (Poland)
University of Calgary (Canada)
University of Hasselt (Belgium)
Kharkiv National University of Radio Electronics (Ukraine)
Astrakhan State Technical University (Russia)
Varna Free University “Chernorizets Hrabar” (Bulgaria)
National Laboratory of Computer Virology, BAS (Bulgaria)
Uzhgorod National University (Ukraine)
Sofia University “Saint Kliment Ohridski” (Bulgaria)
Technical University — Sofia (Bulgaria)
New Bulgarian University (Bulgaria)

More information about ITA 2008 is given at the www.foibg.com.

The XIVt" International Conference “Knowledge-Dialogue-Solution” (KDS-2008) took place in June, 21-26, 2008
in Varna, Bulgaria (First part) and in September 28 - October 04, 2008 in Uzhgorod, Ukraine (Second part).
This volume includes the papers presented at the second part of the KDS-2008.
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KDS-2008 continues the series of international scientific meetings, which were initiated more than sixteen 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-2008 is dedicated to 15! Anniversary of the International Journal on Information Theories and Applications.

The KDS conferences are 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 main topics of KDS conferences include but are not limited to: 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.

KDS 2008 Program Committee

Victor Gladun (Ukraine) ~ Krassimir Markov (Bulgaria)
Alexey Voloshin (Ukraine)  Mikola Malyar (Ukraine)

Adil  Timofeev (Russia) Jury  Zaichenko (Ukraine) Vasil  Sgurev (Bulgaria)
Alexander Eremeev (Russia) Krassimira  Ivanova (Bulgaria) Vitaliy  Lozovskiy (Ukraine)
Alexander  Kleshchev (Russia) Nadezhda Kiselyova (Russia) Vitaliy  Velichko (Ukraine)
Alexander  Palagin (Ukraine) Natalia  Filatova (Russia) Viadimir  Donskoy (Ukraine)
Alexander  Reznik (Ukraine) Natalia  Kussul Vladimir  Jotsov (Bulgaria)

Anatoly  Shevchenko (Ukraine) Nikolay ~ Zagoruiko (Russia) Vladimir  Khoroshevsky (Russia)
Arkady  Zakrevskij (Belarus) Oleg Kuznetsov (Russia) Viadimir  Lovitskii (GB)
Boris  Fedunov (Russia) Olga Nevzorova (Russia) Viadimir  Pasechnik (Ukraine)
Constantine  Gaindric (Moldova) Rumyana Kirkova (Bulgaria) Vladimir  Ryazanov (Russia)
Ekaterina  Solovyova (Ukraine) Stanislav  Wrycza (Poland) Vladislav ~ Shelepov (Ukraine)
Galina  Rybina (Russia) Tatyana  Gavrilova (Russia) Volodimir  Donchenko (Ukraine)
Genady Osipov (Russia) Vadim  Stefanuk (Russia) Xenia  Naidenova (Russia)
llia  Mitov (Bulgaria) Vadim  Vagin (Russia) Zinoviy  Rabinovich (Ukraine)

Valery Tarasov (Russia)

The papers in this volume are organized in four sections: Intelligent Technologies; Decision Making; Algorithmic
and Mathematical Foundations of the Artificial Intelligence; Philosophy and Methodology of Informatics.

The great success of ITHEA International Journals, International Book Series and International Conferences
belongs to the whole of the ITHEA International Scientific Society. We appreciate the contribution of the members
of the KDS-2008 Program Committee. We express our thanks to all authors, editors, collaborators and sponsors.

Sofia-Uzhgorod, September 2008 A.Voloshin, Kr. Markov, Kr. Ivanova, M.Malyar, I. Mitov
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HIERARCHICAL THREE-LEVEL ONTOLOGY FOR TEXT PROCESSING

Victor Gladun, Vitalii Velychko, Leonid Svyatogor

Abstract: The principal feature of ontology, which is developed for a text processing, is wider knowledge
representation of an external world due to introduction of three-level hierarchy. It allows to improve semantic
interpretation of natural language texts.

Keywords: ontology, text processing, thematic text analysis.

ACM Classification Keywords: I.2.7 Natural Language Processing - Text analysis

Introduction

One of the practical purposes of an artificial intelligence methods use is Text Processing - the semantic analysis
of naturally-language texts both general thematic orientations and concerning to various domains [1, 2, 3, 4].
Language thesauruses and linguistic ontologies are developed for this purpose and set the certain conceptually-
expressed system of knowledge. Distinction between thesauruses and linguistic ontologies consists in volume
knowledge representation and methods of classification (structurization) the conceptual environment. Among
significant achievements in the field of lexicographical representation of natural languages it is possible to specify:
Roget P.M. and Dornzaif F. thesaurus [5], the Ideographic dictionary of the Russian language [6], the Thesaurus
of the Russian language RuThes [1], resource WordNet [7]. However, ontology is more adequate to the
conceptual texts analysis, because by means of ontology connections between objects, concepts and its
properties can be most full presented by all of them a variety.

As is known, ontology in a general view represents the sets of the domain terms, relations between terms and the
domain interpretation functions on the terms and the relations. It is possible to point out the next advantages of
ontologies: a) deep interaction between both described objects and phenomena and the contextual environment;
b) the economical storage of the information demanding storing domain terms and relations, instead of stages
memorizing; c) universal character of ontology, which allows within its structure to solve both problem —
knowledge synthesis and analysis; d) "flexibility" of the knowledge structure which is adjusted on diverse
domains.

Ontologies are developing, more often, for concrete domains ("narrow ontologies"), at that process begins with
the analysis of a text collection [1, 2]. However, in a context of the given work the principal interest have linguistic
ontologies ("wide ontologies"), which cover the knowledge continuum in different spheres of human activity, so as
Mikrokosmos [8], SUMO [9] and Knowledge Representation by J. Sowa [10].

Two approaches to creation of ontologies. Topicality of an compromise

Now two opposite approaches to construction of the linguistic ontologies were formed. First of them — "search
ontologies" — is purposeful on problems of automatic text processing in various domains. For example,
Sociopolitical thesaurus is focused on the social and political life and used in such applications of automatic text
processing as conceptual indexing, automatic text categorization [1]. The ontology synthesis technology is based
on the analysis of the representative text collection (sometimes - tens thousands sources). Sizeable difficulties
are in the fact that is impossible "to fish out" the context knowledge out of professional text collections, what is
quite necessary to texts understanding. Therefore, it requires substantial experts' efforts for completion of the
ontology by complementary concepts and to organisation semantic relationships between domain and external
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world. Moreover, in many cases the semantic communications do not lend its to formalization. As a result, it is
impossible to avoid of essential intervention of expert. The final structure becomes too bulky in use and difficult
for tuning.

On the other hand, there is an opposite approach. As a starting point of construction "abstract ontologies"
consider Universe [10], Essence [9], All [8]. The knowledge representation is set by the branched out hierarchical
structure. Concepts ontology reaches the maximal generalization and abstraction, and on this height, more often
is remaining. By virtue of it, application of universal ontology to concrete texts analysis seems to be very
problematic. Besides that, the formal relations used in abstract ontologies far not always describe the properties
of real world in its reflection by man. Therefore, some authors introduce into consideration "flexible" relations:
"conceptual dependence relations" [11], "role relations" [1], "symmetric and asymmetrical associations" [2] or
"associative relations" [12]. Using of similar relations to thematic analysis NL text seems very constructive.

Thus, in a context of the lead analysis, the problem consists in separation between professional-focused and
abstract ontologies, i.e. — between a particular description and abstract presentation of knowledge. Resources,
which are available in a free access, do not allow to realize thematic text analysis in Russian. The way out from
this opposition consist, as it seems, in synthesis "wide" and "narrow" ontologies. It is necessary to create an
integrated structure, where it can be distributed and balanced described both the general, meaningful knowledge
about nature and society, and concrete domain resources. Such structure can reflect a hierarchical picture of the
whole world.

The purpose of the given work consists in offering the concept of integrated hierarchical (three-level)
representation model of environment, which: a) in the compressed kind and with a different degree of
generalization (or detailed elaboration) reflects actual knowledge about structure of an external world; b) is
focused on text processing both the general subjects and separate areas of knowledge and c) allows to integrate
a professional knowledge into a conceptual network without reorganization of the upper and middle ontology
levels.

This conception develops the semantic (thematic) analysis method of NL text processing by creation of the
document synopsis. Procedure of making a synopsis is based on disclosing of the given theme by means of
sequence of keys words, which are automatically generated with the program "KONSPEKT" [13]. However,
defect of this method was in strongly simplified one-level model of the real world representation, which was not
taken into account hierarchy and depth of external world.

Substantiation of the approach to construction of hierarchical ontology

For construction of multilevel ontology, the methods and mathematical models that contain models of ontology,
knowledge and domain are used [4]. Offered here three-level associations ontology is intended for the decision of
more specific problem - the thematic texts analysis. It defines a number of preconditions and features.

1. Gnosiological conceptions in ontologies. Paradigm acceptance

There are many approaching methods to problem of universe representation in philosophy, natural sciences and
linguistics. The authors of different universal ontologies describe a world with such general categories as:
Essence = Material, Abstract [3, 9]; All = Object, Event, Property [3, 8]; Universum (is divided on seven
components) [3, 10]. That is not exclude and others, exotic variants: for example, classification of Al into
Goodness and Evilness may be successful... The question of substantiation usually is not considered.

However, more practical and pragmatic methods recommend the scientific methodology of the system analysis. It
operates the following types of resources: Substance; Energy; Information; Man; Organisation; Space; Time [14].
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These categories, in our opinion, possess a necessary diversity and they are objects of researches in physical
and social sciences. This world outlook may be taken as a base of description of the external world.

However, the most modern is the materialistic idea proposed by academician V.I. Vernadsky. In accordance with
it, all, what is just known, may be divided on two fundamental categories: Inert substance and Alive substance.
The Alive substance is realized in Biosphere and Noosphere - sphere of Human activity. Both categories
characterize the Matter fundamentally. This materialistic paradigm is put in a basis of offered ontology. It works
out in detail in partition "Choice of categories for upper level of ontology".

2. A choice of the general structure

In correspondence with hierarchical picture of the knowledge about the world, we are distinguishing three levels
in ontology construction. On the upper level are the general categories of universe; here the strict taxonomy is
possible. Upper level summarizes the concepts of general knowledge and reflects the ontological basis.

The middle level is disclosing the base terms in more detail - by concepts having lesser level of commonality.
Concepts, used on middle level, reflect the universal, popular and well-known terms existing in nature, society
and environment; there are presented relations between them also.

At last, on the lower level is concentrated knowledge, which characterizes concrete situations and describe some
environment. At this level is presented knowledge of the problem-focused area. Therefore, on this level two
intersected blocks exist: one of them contains the concepts and words of common usage, which exist in general,
and interdisciplinary texts; other block serves the domains. Due to this two-blocks structure the ontology may
grow at the expense of new domains. In principle, the domain block may be empty - the working capacity of
ontology is remained fully.

Corresponding to hierarchical structure of ontology we will use the term HiO.
3. A choice of connections

At upper level HiO the formal connection of type «the whole - a part» is applied. At middle and upper levels,
except the formal connections, following specific types of connections are entered into consideration:

a) A reveals through B; B explains A,

b) A is characterized by property E;

c) A is associatively connected with C .
Widely used in HiO the term "associative connection" is not formal. It is necessary to reflect individual semantic
correlation of two (any) concepts if it takes place. Associations have a situational and dynamical character. At an
information level they can be able to open unexpected properties (or laws) of some object (or phenomena). At a
functional level, they fix some dependence. At a cognitive level associative connection of two concepts means

that one image has excited another. At a logic level association are predicative and implicative, but in most cases
- not transitive.

Constructive properties of associations ontology

Based on a practical orientation of the text processing, we shall specify some functional HiO features.

1. Completeness and taxonomy on upper level of the ontology signify that the chosen categories in
aggregate are representing the Matter in the exhaustive way. Outside these categories, there should be no
manifestation of the reality. Categories are subordinated to strict hierarchy and classification that excludes logic
ambiguity of concepts.

2. Natural-scientific lexicon. The ontology categories and concepts should be common, simple and clear.
They lexically expressed by those concepts and terms which were established in sphere of the general
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knowledge, in natural and social sciences, in the socio-cultural environment. The upper level HiO can be
supplemented with a special terms.

3. Connectivity on association. Connections between concepts inside of levels and between ones include
both formal and informal (associative) connections. Associative connections are actively used at middle and
upper levels of HiO to fuller description of theme.

4. Antagonism reflection. Concepts, reflecting properties, which have (inside of the given measure) its
contrast, can be designated by pair's words (antonyms).

Synthesis of hierarchical associations ontology

On the base of the formulated preconditions there is clear the following prospect of actions. It is necessary to
choose categories, concepts and connections between them and distribute on the upper, middle and lower levels
of hierarchical associations ontology. Thus on upper level the simplified strict model of the world is presented. On
the middle level, it is necessary to disclose the categories of upper level, using wide concepts of interdisciplinary
dialogue. On the lower level, the conceptual basis of middle level is to be described in detail. In addition, here
professional domains knowledge is localized. Received three-levels network ontology should be later connected
to linguistic database and integrated in the working system of NL texts analysis. On the Fig. 1 general block
diagram of three-level hierarchical associations ontology is presented.

Upper Level:
-categories UL;
-taxonomic and formal connections;
-hierarchy of categories.

[ a ] [ b | oo z Middle Level:
-concepts ML;

-properties ML;
-associative connections.

;A 37 & Lower Level:

-concepts LL;

-formal and associative
connections;

-domain terms.

The structure of generally valid vocabulary Domain structure

Fig1. The block diagram of three-level associations ontology.

Choice of categories for upper level of ontology

As it was specified above, within the limits of offered ontology the general picture of a Universe is subordinated to
materialistic idea by V.. Vernadsky. Apex of hierarchy is the philosophical category the Matter. It shows itself in
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exhaustive manner as Inert and Alive substance. On the other hand, the Inert substance may become the forms
either Substance or Energy (which are passing each another under the Preservation Law). Therefore, we realize
trichoyomy of the Matter on: Substance (inert), Energy and Life (the substance of Alive). In this case dividing is
made on base "The Form existence of Matter". Each of three categories is presented by a number of
subcategories, as is shown on Fig.2. It is necessary to add some explanations to the resulted ontological
structure of upper level.

The first. At a pyramid of upper level, there are no such general categories of knowledge, as, for example: the
Being, the Consciousness, the Measure, the State, the Property, the Quantity, the Quality and others. In HiO
some of them are transferred on the middle level, owing to what they are released from philosophical sense and
"work" as a terms of natural sciences.

The second. It is possible to show, that HiO upper level possesses property of completeness of conceptual
volume. Really: a) Substance, Energy and Life are the forms of the Matter realization; b) the Space and Time
serve as the forms of the Matter distribution and c) the Reason is the way of the Matter reflection. Summary these
three metacategories are exhausting a metacategory "Being of the Matter". If to accept the given statement for an
axiom, HiO covers all known (or real) properties of the Matter. As a result, the given categorical system on upper
level is complete and closed.

Inert State |
Matter Substance
Structure |
Space |
Localization -
Time |
Energy Property |
K | Organism |
Environment |
Biosphere
Life 0P —— |
Reason
Organization |
Activity |

Fig. 2. Structure of top level ontology

In view of proposed above universal categories, concepts and comments the continuation of the ontological
scheme may be formed.

The principles building the middle level of ontology

Purpose of the middle level of ontology (MLO) is, on the one hand, to disclose all categories of upper level - to
give them semantic filling, and with another — to form a semantic environment for the concordance with the lower
level's concepts.

MLO represents such level of knowledge, which is common to a various areas; that is interdisciplinary knowledge.
Per se, the middle level of hierarchy fixes itself a layer of valid human knowledge, which is generalized by
collective experience in science, culture, practice — out of professional sphere. It operates by generally accepted
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words. A material to this level is formed by the knowledge engineer. The middle level is "conservative": it is a
"constant" HiOs component. At the given level informal (associative) connections of type "object — property",
which (in opinion of the expert) bear the helpful information for disclosing internal structure of ontology, are
actively used. It is necessary to emphasize, that occurrence doubtful connections is not lack of associations
ontology, quite the contrary — they open an opportunity to additional adjustment.

Brief description MLO. Middle level of ontology represents set of network structures: as a name (and initial node)
of each structure serves a category of upper level; internal nodes are the concepts of the middle level; internal
connections between concepts disclose the important characteristical properties of category to be done.

Here, with a view of place economy, concepts and the full structures making middle level of HiO are not
presented. However, as an example, the structure of the Organization category from the Reason cluster (see
Fig. 3) is shown.

Crime Punishment
\/
Democracy Government Laweoumt ORGANIZATION
authority :
Dictatorship Right
Authority Law
Responsibility

Means

Management Policy
Administration e Strategy

Tactics

Consolidation-
. — Whole-Part
State -Division Economy Production
Class /

Structure Society

Productive
Group Hierarchy forces
Productive relations
Family Individual
Beginnings Ideal
i
4 Superstructure
M I Religion
Development ora
Degradation Destruction ea
Education Area of Culture Evil Good
— knowledge
Nature | Literature A"t
Society Intercourse

Fig. 3. A fragment of associations ontology structure of a middle level for a category "Organization".

The note. The interpretating opportunities of semantic analysis system, as a whole, essentially depend on
successful construction of a middle part of the ontological structure. On the other hand, due to interaction of the
middle level with upper one, text interpretation becomes more deeply and full: the explanatory resource HiO is
used. If a new domain will be added, the middle level can be corrected.
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The lower level of ontology

The HiO lower level is produced to bind together text keywords to concepts of the middle level of ontology: here
the concepts of the middle level can be determined by means of text words. On this level, two blocks of the
interconnected concepts are stipulated.

One of them — the interdisciplinary block — is intended for text processing of the general-thematic discourses.
Other — the domain block — is synthesized under concrete domain. These two blocks are connected mutually and
correlate to concepts of middle level too. When on an input of ontology appears some text interdisciplinary block
always works; the domain block becomes more active on the professional text.

The choice of concepts field and connections between them for the lower level makes by engineer on knowledge
and domain expert together. There are technologies to process linguistic resources, for example, the software
complex "RuThes" and other [1, 2, 4] which allow to synthesize domain ontology. However, if to be oriented on
more simple problem — the localization of the document theme — much more simple procedures can be offered.

One of them consists in indexing: the words and terms of common and professional glossaries (which are
represented in database) can be connected with concepts of lower level of ontology. The other way is proposed
by T.Taran: some situation or scene is determined by concept lattices [15].

After construction the lower level of ontology, HiO synthesis comes to an end. However, received ontology
represents only the theoretic-descriptive scheme, instead of the analysis system. For a text processing, it is
necessary to connect ontology with a special dictionary of natural language, which is contained in ones memory —
database.

Text-processing procedure

The binding together of the text and the ontology is made through the dictionary of Russian. The dictionary
reflects lexicon of a natural language. When the real NL text is analysed, first of all the set of keywords is
discover. These keywords should make active some elements of the lower level of ontology. Which elements will
be made active, will specify the list of the indexes, appropriated to dictionary elements. This list in an obvious kind
sets associative connections between the given elements and concepts of the lower level. Hence, the concrete
text word through the dictionary stimulates a subset of concepts and connections of the lower level, and through
these concepts the signal transfers to middle and upper levels of HiO. As a result, in all ontological network
automatically some semantic trajectory of an entrance word is localised.

This trajectory is possible to use in the text-processing system, namely: a) for deeper interpretation of the text, or
b) — as an initial material for repeated, purposeful disclosing a theme in enriched context.

Conclusion

As a result of researches is developed hierarchical structure of three-level associations ontology, which differs by
the following:

— unites in uniform structure the general categories of the description of the world (on upper level) with the
conceptual environment of interdisciplinary knowledge (on a middle level) and with the topical concepts at the
lower level. Ontology supposes inclusion of the new blocks — models of domains — without alteration of upper
level and with expansion of a middle level of a network;

— the network model of associations ontology is the simple and constructive scheme, which allows to trace in the
text the theme that was given. Synthesis HiO practically excludes greater expenditures of labour on viewing of
the texts collection, because a priori is based on known natural-scientific knowledge;
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—the HiO serves as a construct with well-founded basis of scientific general categories. At a level metaontology
the bases of categories dichotomy are precisely well founded and their conceptual completeness is proved. For
a semantic description of environment, informal (associative) connections are widely used. The semantic
trajectories of the conceptual analysis, received as a result the text-processing, help to interpret any theme in a
context of universal human knowledge.

Based on hierarchical three-level associations ontology the new version of "Konspekt" system is developing.
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TRAINED NEURAL NETWORK CHARACTERIZING VARIABLES
FOR PREDICTING ORGANIC RETENTION BY NANOFILTRATION MEMBRANES

Arcadio Sotto, Ana Martinez, Angel Castellanos

Abstract: Many organic compounds cause an irreversible damage to human health and the ecosystem and are
present in water resources. Among these hazard substances, phenolic compounds play an important role on the
actual contamination. Utilization of membrane technology is increasing exponentially in drinking water production
and waste water treatment. The removal of organic compounds by nanofiltration membranes is characterized not
only by molecular sieving effects but also by membrane-solute interactions. Influence of the sieving parameters
(molecular weight and molecular diameter) and the physicochemical interactions (dissociation constant and
molecular hydrophobicity) on the membrane rejection of the organic solutes were studied. The molecular
hydrophobicity is expressed as logarithm of octanol-water partition coefficient. This paper proposes a method
used that can be used for symbolic knowledge extraction from a trained neural network, once they have been
trained with the desired performance and is based on detect the more important variables in problems where
exist multicolineality among the input variables.

Keywords: Neural Networks, Radial Basis Functions, Nanofiltration; Membranes; Retention.

ACM Classification Keywords: K.3.2 Learning (Knowledge acquisition)

Introduction

Phenolic compounds are commonly used as raw materials in the manufacture of polymers, plasticizers, hydraulic
fluids and various industrial chemicals. Therefore, there are many wastewater effluents contain discharges
amounts of these recalcitrant organic compounds.

Nanofiltration (NF) is a viable treatment for the removal of dissolved organic pollutants for production of drinking
water and as combined method with advanced and traditional water treatment process [Van der Bruggen et al
2003] [Hellebrand et al 1997]. Many reported studies indicate that several physical phenomena can play a role in
the solute transport through nanofiltration membranes: solution-diffusion, convection (sieving), electrostatic
(charge) repulsion and dielectric exclusion. In addition, NF strongly depends on the feed water composition,
membrane and solute properties, and operational conditions [ Bellona et al 2004]. Therefore retention of organic
compounds is influenced either by pore size and charge of membrane, or by the molecular size, hydrophobicity
and ionization constant of solutes [ Boussu K. et al 2008] [Arsuaga et al 2008].

Neural network is proposed as suitable tool to prediction the membrane performance on solute retention and
detect the more important variables when the input variables exist high correlation. Artificial Neural networks
perform adaptative learning. This advantage can be used to improve the knowledge acquisition in knowledge
engineering .This paper proposes extracting knowledge from a neural network that has learned using sensitivity
analysis used to determinate which are the most important variables for the prediction. These will guide the
process of create one model for prediction with a few variables, at least the most important variables.

Characteristics about the Forecast Method

Neural networks [Anderson, James A. and Edward Rosenfield., 1988] are non-linear systems whose structure is
based on principles observed in biological neuronal systems [Hanson, Stephen J. and David J. Burr. 1990]. A
neural network could be seen as a system that can be able to answer a query or give an output as answer to a
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specific input. The infout combination, i.e. the transfer function of the network is not programmed, but obtained
through a training process on empiric datasets. In practice the network learns the function that links input together
with output by processing correct input/output couples. Actually, for each given input, within the learning process,
the network gives a certain output that is not exactly the desired output, so the training algorithm modifies some
parameters of the network in the desired direction. Hence, every time an example is input, the algorithm adjusts
its network parameters to the optimal values for the given solution: in this way the algorithm tries to reach the best
solution for all the examples. These parameters we are speaking about are essentially the weights or linking
factors between each neuron that forms our network.

There is a great number of Neural Networks [Anderson, James A. 1995] which are substantially distinguished by:
type of use, learning model (supervised/non-supervised), learning algorithm, architecture, etc. Multilayer
perceptrons (MLPs) are layered feed forward networks typically trained with static backpropagation. These
networks have found their way into countless applications requiring static pattern classification. Their main
advantage is that they are easy to use, and that they can approximate any input-output map. In principle,
backpropagation provides a way to train networks with any number of hidden units arranged in any number of
layers.

The research community has developed several different neural network models, such as, radial basis function,
growing cell structures and self-organizing feature maps. A common characteristic of the mentioned models is
that they distinguish between learning and a performance phase. Neural networks with radial basis functions
have proven to be an excellent tool in approximation with few patterns. Most relevant research in theory, design
and applications of radial basis function neural networks is due to Moody and Darken [Moody and Darken, 1989].
Radial basis function (RBF) neural networks provide a powerful alternative to multilayer perceptron (MLP) neural
networks to approximate or to classify a pattern set. RBFs differ from MLPs in that the overall input-output map is
constructed from local contributions of Gaussian axons, require fewer training samples and train faster than MLP.
The most widely used method to estimate centers and widths consist on using an unsupervised technique called
the k-nearest neighbour rule. The centers of the clusters give the centers of the RBFs and the distance between
the clusters provides the width of the Gaussians.

The object of the present study is to ascertain whether the membrane type NF90 has a quantitative effect on the
values of the retention for different components analyzed, and affects the relationships between the different
variables considered as input in the model propose for prediction retention. Retention behavior of the phenolic
compounds by NF90 membrane was investigated in order to clarify the influence of the molecular weight (MW),
size (diameter), acid dissociation constant (pks) and molecular hydrophobicity (logP) of selected compounds on
membrane performance. This paper proposes a method in order to detect the importance of the input variables.
In multivariate analysis problems, when there exists correlation among different variables of forecasting, the
importance and the sequence when adding variables in the model, can be detected from the knowledge stored in
NN, and must be taken into account when the study of the correlations detect relationships among a set of
variables

Neural networks can predict any continuous relationship between inputs and the target; artificial neural networks
develop a gain term that allows prediction of target variables for a given set of input variables., we use neural
networks models with analysis of sensibility, this model predict more accurately the relationship existing between
variables, and is a suitable way to find the individual effects of forecasting variables over the variable to forecast ,
and the way to find a set of forecasting variables to include in the new model.

The addition of a given variable into a forecasting model does not implies that this variable will have an important
effect over the response of the model, that is, if a researcher identifies a set of forecasting variables, he must
check if they really affect the response. A frequent problem is that some of the forecasting variables are



International Book Series "Information Science and Computing" 21

correlated. If the correlation is small, then consequences will be less important. However, if there is a high
correlation between two or more forecasting variables, then the model results will be ambiguous but not for obtain
a bad prediction, the problem is the high correlation between variables (high lineal association) decrease in a
drastic way the individual effect over the response for each correlation variable and sometimes is difficult to
detect and is not possible measure the real effect for each variable over the output.

The process of finding relevant data components is based on the concept of sensitivity analysis applied to trained
neural networks. Two ANN models predict changes for certain combinations of input variables, detecting the most
important influence in the output variable. We have studied different analysis for detecting relationships between
molecular diameter, molecular weight, logP and pk, in the two membranes during the process of nandfiltration.
Retention organics compounds by correlated with characteristics of membrane and also with phisico-chemical
properties of organic solutes. In order to study the relationships between different variables it has been used
neural networks models with a single hidden layer and Tanh as transfer function in both cases. One ANN model
uses MLP (multilayer perceptron) and the other ANN model uses a normal radial basis function (RBF) for model
development.

Two ANNs models have been implemented with four input neurons: molecular weight, molecular diameter, pka
and logP to estimate the membrane solute retention. The MLP network uses a sigmoid activation function with a
single hidden layer with four neurons. The general form of a feed- forward neural network expresses a
transformation of the expected target as a linear combination of no-linear functions of linear combinations of the
inputs. A normalized radial basis function (RBF) network is a feed-forward network with a single hidden layer
using in this case, the same function sigmoid (Tanh), in the hidden layer with 15 clusters and one output layer. In
contrast to MLP, each basis function is the ratio of a bell-shaped Gaussian surface. For all the learning process
has been performed with the momentum algorithm. Unsupervised learning stage is based on 100 epochs and the
supervised learning control uses as maximum epoch 10000, and threshold 0.001. We have performed an initial
study using 17 patterns in training set.

Materials and methods

Seventeen phenolic compounds were selected to carry out membrane retention experiments. Table 1
summarizes the most important properties of selected compounds.

Thin-film composite polyamide membrane, NF90 supplied by Dow/Fiimtec was evaluated in this study. It's
classified as nanofiltration membrane. According to the manufacturers, NF90 membrane is polyamide thin-film
composite with a microporous polysulfone supporting layer. A cross flow system (SEPA CF I, Osmonics) was
used for membrane retention measurements. Organic solution concentrations were fixed at 100 mg L' and
system temperature was maintained constant in all experiments at 25°C. It was controlled by circulating feed
water through a stainless-still coil immersed in the thermostatic bath. Quantitative analysis of the organic
compounds was carried out by means of their respective absorptions in the ultraviolet region, using a Varian Cary
500 Scan UV-VIS-NIR spectrophotometer. Concentration of PEGs and saccarides were measured with a Total
Organic Carbon (TOC) analyzer (model TOC-V CSN Shimadzu). Regression factor (R2) obtained for calibrations
within the range of experimental concentration used was greater than 0.99.

Retention R (%) of a solute was calculated using the expression:

C
R=1-—"x100% (1)

r

where Cp and Cr are the concentrations for the permeate and retentate, respectively.
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Compound Formula  Molecular diameter (nm) Molecular Weight (gmol')  pKa  logP
Phenol CsHsO 0.1945 94.11 986 148
Resorcinol CsHsO2 0.1948 110.11 945 (.76
Hydroquinone CsHsO2 0.1908 110.11 10.33  0.66
Cathecol CeHsO2 0.2160 110.11 95 0.88
3-Nitrophenol ~ CgHsNOs 0.2142 139.11 833 193
3-Chlorophenol  C¢HsCIO 0.2134 128.56 9.00 240
2-Chlorophenol  CgHsCIO 0.2157 128.56 85 204
2-Nitrophenol ~ CgHsNO; 0.2112 139.11 714 1.1
4-Chlorophenol  CgHsCIO 0.1915 128.56 947 243
4-Nitrophenol ~ CgHsNO;3 0.1849 139.11 723 157
Pirogallol CeHsO3 0.2154 126.11 912 0.29
Phloroglucinol CeHsO3 0.2331 126.11 797  0.06
Oxalic acid C2H204 0.1148 90.04 1.38  -0.24
Maleic acid C4Hs04 0.1291 116.07 315 0.04
Malonic acid C3H404 0.1378 104.06 292  -0.31
Acetic acid C2H40: 0.1218 60.05 479 -017
Formic acid CH02 0.1335 46.03 374 -0.37
Ribose CsH100s 0.20856 150.13 1246 -2.39
Glucose CeH120s 0.28356 180.16 1245 -3.169
Sucrose C12H22014 0.38956 342.3 12.81 -3.484
Raffinose C1gH32016 0.50256 504.42 12.81 -6.76

The solute permeation (B) was calculated from retention values and defined as follows:

le_iR
R

Results and Conclusions: determining the important inputs for the model

This example is based on detect the more important variables when exist multicolineality.

Multilayer feedforward networks are often used for modeling complex relationships between the data sets.
Deleting unimportant data components in the training sets could lead to smaller networks and reduced-size data
vectors. The process of finding relevant data components is based on the concept of sensitivity analysis applied
to a trained neural network. ANN models predict changes for certain combinations of input variables, detecting
the most important influence in the output variables.

After work with both neural network MLP and RBNF, in both case the variable Mw is the less signification above
the model which propose for prediction of the retention B, and is consequence of high correlation between
Diameter and MW .If we are looking for a model for prediction the retention of the membrane, the most important
is the variable diameter as the first to include in the model forward the variable logP .
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Analysis of the results obtained about the weight importance in percent is listed in the tables. . MLP results are in
Table 2, and in table 3 have been shown the RBF results.

Table 2 Multilayer Perceptron results (MLP)
Sensitivity of criterion %

Variables
MW Diameter pKa logP
10.182 42.634 18.170 29.014
16.357 42.664 - 38.979
- 50.497 17.565 31.938
Diameter logP
51.689 48.311
Table 3 Radial Basis Function results (RBF)
Sensitivity of criterion %
Variables
MW Diameter pKa logP
11.709 34.042 13.720 40.529
18.939 56.182 - 24.879
- 36.545 18.174 45.281
Diameter logP
65.599 34.401

Tables 2 and 3 show how there is correspondence between the importance of the variables in percentage and
the membrane retention for both variable and trained neural network.

It can be seen that, from tables 2 and 3, how the most important variable in percent % is the diameter followed by
the logP. The pKj is not very important and finally the MW has no influence, but this last variable is correlated
with the diameter and in some type of membrane it is possible obtain confuse measure about the importance over

the output. It can be also seeing how the diameter is the most important variable through the different possible
combinations of models, and error is softly decreasing.

The General performance probe displays the Mean Squared Error (MSE), the Normalized Mean Squared Error
(NMSE), the Correlation Coefficient (r), and the Percent Error.

Table 3 General performance probe
MLP
All variables without MW without pk, without MW and pk,

Active Performance [= Active Performance =] Active Performance =] Active Performance =]

MSE 0.001989154156 MSE 0.002737718553 MSE 0.001838634538
NMSE 0.005930583475 NMSE 0.008121568984 NMSE
r 0.997030854625 = 0.995933106324
% Error 19.890180033978 % Error 19.296495772173
AIC -55.655528865992 ATC I-58.310715956590
MDL -70.240362065290 MDL I-70.561975844000

MSE 0.002875232110
0.005929042005 NMSE 0.008529509336
r 0.997037338529 = 0.995727887962
% Error 21.054691900583 % Error 19.109421056453
AIC I-63.659948060254 ATC -65.477571859592
MDL -75.911207947664 MDL -75.395258435114
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RBF
All variables without MW without pka without MW and pk,

Active Performance =] Active Performance =] Active Performance =] Active Performance =]

MSE 0.001998103640 MSE 0.005727543189 MSE 0.002886384182 MSE 0.0027720655%0
NMSE 0.005927467069 NMSE 0.016981022371 NMSE 0.008562592473 NMSE 0.008223461071
r 0.997037970864 r 0.991468822555 r 0.995717740601 r 0.995879904046
% Error 15.808930683850 % Error 23.571145989472 % Error 23.450232183464 % Error 23.263600644600
AIC [136.335535616454 AIC 64.238033748885 AIC -17.411762043373 AIC I-18.098763118933
MDL 65.744942931855 MDL 19.900140823021 MDL -41.330888490221 MDL I-42.017889565780

Once the most important variables for the model have been determined, we can train again the neural network
with three or two variables, in this case with diameter and logP we obtained a very good results Squared Error
SME less 0.001 for prediction solute retention.

This paper presents a method for prediction. In this method, firstly the global problem is obtain the most important
variables, extracted and finally the solution is globalize with a model or prediction. Two stages have been
judiciously combined, which allow selected to be a more efficient, effective and easy to control process. The
obtained results show that this mixed system could be applied to different situations other than the one
considered in this paper, due to the general nature of the proposed solution.

Bibliography

[Anderson 1995] Anderson, James A, 1995. An Introduction to Neural Networks Cambridge, MA: MIT Press.

[Arsuaga et al 2008] Arsuaga J.M., Lopez-Mufioz M. J., Aguado J., Sotto A., 2008. Temperature pH and concentration
effects on retention and transport of organic pollutants across thin-film composite nanofiltration membranes, Desalination
221. 253-258.

[Bellona C. et al 2004] Bellona, Drewes J., P. Xu and G. Amy, 2004. Factors affecting the rejection of organic solutes during
NF/RO treatment. Water Res. 38. 2795-2809.

[Boussu K. et al 2008] K. Boussu C. Vandecasteele and B. Van der Bruggen, 2008. Relation between membrane
characteristics and performance in nanofiltration, J. Membr. Sci. 310. 51-65.

[Hellebrand R. et al 1997] Hellebrand R., D. Mantzavinos, |. S. Metcalfe y A.G. Livingston, 1997. Integration of Wet Oxidation
and Nandfiltration for Treatment of Recalcitrant Organics in wastewater, Ind. Eng. Chem. Res. 36. 5054-5062.

[Moody, J. and Darken C. (1989)]. Moody, J. and Darken C., 1989. Fast learning in networks of locally-tuned processing
units. Neural Computation, 1:281-294 .

[Van der Bruggen et al 2003] Van der Bruggen B., Vandescasteele C. 2003. Removal of pollutants from surface water and
groundwater by nanofiltration: overview of possible applications in the drinking water industry, Environ. Pollut. 122. 435.

Authors' Information

Sotto A. - Department of Chemical and Environmental Technology, University Rey Juan Carlos. C/ Tulipan s/n,
28933-Méstoles, Madrid, Spain. arcadio.sotto@urjc.es

Martinez A. - Natural computing group. Universidad Politécnica de Madrid, Spain. ana.martinez@upm.es

Castellanos A. - Departamento de Ciencias Basicas aplicadas a la Ingenieria Forestal. Escuela de Ingenieria
Técnica Forestal. Universidad Politécnica de Madrid, Avda. de Ramiro de Maeztu s/n 28040 Madrid, Spain.
angel.castellanos@upm.es




International Book Series "Information Science and Computing" 25

F’MNEPNNOCKOCTU B «MHOXECTBAX U PACCTOAHMUAX COOTBETCTBUSA»:
KNACTEPU3ALIUA

Hukonan Kupuyenko, Bnagumup [loH4eHko

AHHOMauyus: Paccmampugaromes obujue npobnemsi knacmepusayuu. [pednoxeHa KOHUenyusl «MHOXecme» U
«paccmosiHUli coomeemcmeus» 8 NhOCMPOEHUU Kracmepos, paccMompeHbl MoOenu Kraacmepusayuu, 8
KOMOPbIX «MHOXEecmeaMu coomeemcmeusi» I8/ISOMCS 2UNepnNIOCKOCMU, a «PaccmOsIHUSIMU COOMBEemCcmeusi»
— pasnu4Hble 8apuaHmbl paccmosHUll 8 C8a3U C COOMBEMCMSYWUMU 2unepniockocmamu. Pazgum annapam
ncesdoobpauwjeHus no Mypy — [leHpoy3y: npueedeHbl peKyppeHmHble opMynbl 803MyueHUs Ons
0PMO20HasbHbIX NPOEKMOPOs U R-onepamopos, ces3aHHbIX ¢ nceedoobpauieHuem. PeKyppeHmHbie hopmysbl
803MYLEHUS LCNonb308aHb! A1 nocmpoeHus anzebpauyeckozo eapuaHma Jack Knife'a. MpusedeHa cbopka
8aXHbIX 0N NPUNOXEHUU pe3yrbmamos, Kacaouwuxcs ncesdoobpalieHus.

Knrouesbie cnoea: knacmepusayusi, knacmepusayusi no aunepniockocmsm, ncesdoobpaweHue no Mypy -
MeHpoysy, cuHeynspHoe npedcmaeneHue (SVD), opmozoHarbHble npoekmopsl, ncesdoobpaujeHue Ons
803MYyWEHHBIX Mampuu, npeobpa3sosaHue Xoka.

ACM Classification Keywords: G.3 Probability and statistics, G.1.6. Numerical analysis: Optimization; G.2.m.
Discrete mathematics: miscellaneous.

Bctynnenue

Cratbsi noceslleHa anrebpanyeckum acnekTam 3afgauum knactepusauum (cm., Hanpumep, [Kohonen, 2001]) kak
3afayn rpynnupoBaHus MHgopmaumn. B panbHeiiwem bynet obcyxaatbes BONPOC O pa3dueHnn UMerLwmxes
9MEMEHTOB Ha AiBa Kriacca C TeM, YTO NPOLEAYPY Takoro pasbueHnst MOXHO 3anyckaTb PEKYPEHTHO.

BaxHbIM, kak npecTaBnsieTcs aBTOpaMm, BO BCEX MeTodax KnacTtepusauuv SBRSETCS NpefcTaBneHne o
«MHOXECTBaX COOTBETCTBUSA» U «PACCTOSHWUAX COOTBETCTBUSA». TWUMUYHBIM NPEeACTaBUTENEM NEPBLIX ABNSIOTCS
nNpoTOTUMbI-NpeacTaBnTenn  (prototypes) knaccoB B MeToge K-CpedgHux. YTo kacaetcs  «pacCTOsHUiA
COOTBETCTBUSI», TO, 3TO MEPbl COOTBETCTBMSI «MHOXECTBAM COOTBETCTBUSI», B COOTBETCTBUM C KOTOPbIMMU
9NEMEHT OTHOCAT K TOMY WM MHOMY Knaccy: Kak npaBuio, — N0 MAHMMArbHOMY 3HAYEeHMIO «paccTosHMAY. Kak
NpaBWno, TakMMKU PacCTOSHUSIMW COOTBETCTBUS SIBNSOTCS, €BKMWAOBbI PACCTOSHWSI B COOTBETCTBYHOLLNX
NPOCTPaHCTBaxX NPWU3HAKOB.

3ameTm Takxke, YTO Npouedypbl Knactepusauun MOCTPOEHbl HAa MPUMEHEHUM CTaHOAAPTHOM PEKYPPEHTHOM
npoueaypbl: nocnenoBatensHoro obbeanHerus (merging), pasduenns (splitting) unm yTouHsiowwmx opyr gpyra
pa3bueHuin.

PasgenstoT Takke npoueaypbl knactepusaumv ¢ yuutenem (obydvenne ¢ yuutenem — supervised learning) u —
6e3 yuutens (unsupervised learning). B nepBom cryyae UMeLLMECS SNEMEHTbI Y)Ke pasaeneHbl Ha Knacchl, BO
BTOPOM — CrieayeT BbIAENUTb KNAcChl Ha OCHOBE aHanM3a BHYTPEHHE! CTPYKTYpbl COBOKYNHoCTM X(1),...,x(n)

BEKTOPOB M3 NpoCTpaHcTBa npusHakos R

B 3agayax Knactepusaumm cnenyet Takxe BblAenAaTb 31an 06y‘-IeHVIF|Z NOCTPOEHNA COOTBETCTBYHOLLNX KIlaCcCoB-
KacTtepoB (STaI'I OGy‘-IGHI/IFI), MU 31an Ucnonb3oBaHWA MNOCTPOEHHOro p336|/|eHV|9|: OTHECEHNA Kaxaoro HoBOro
BEKTOpa NpuU3HaKoB K O4HOMY 13 NOCTPOEHHbIX KNacCoB.
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B npepnaraemoit BHUMaHW0 ynTaTento pabote peyb MOET 00 MCMONb30BaHWM MMNEPMIOCKOCTENA B KayecTBe
«MHOXECTB COOTBETCTBUSI», O «PACCTOSHWUAX COOTBETCTBMS», MOCTPOEHHLIM B CBSA3N C MMMNEPNIOCKOCTAMM, a
Takke 06 obecneyeHMn pekyppeHTHOCTM NpUMEHeHUs npoLeaypbl 00yyeHns 6e3 yuutens; o cornacoBaHHOCTM
obyyeHns ¢ yuutenem n 6e3 Hero; 06 annapate ncesgoobpalienns no Mypy — [eHpoysy ([Moore,1920],
[Penrose,1955]); 0 BaxHOM MPOLBMXEHWW U PaCLIMPEHUN BO3MOXHOCTEN annapaTta nceBaoobpalleHuns: o
TEOopUM BO3MYLLEHMS nceBaoobpatHbix Matpuy ([KupudyeHko, 1997]), a Takke — 0 €€ COBEpPLUEHCTBOBAHUN U
NPUMEHEHUN B 3afavax krnactepusaumu (cm. Takke [Kupuuenko, JorueHko, 2007 a),b)]). 3ameTum, 4to BaXHbIe
NpUMEPbl NPUMEHEHNs Teopuy nceBaoobpalleHns K MCCNefoBaHWMK0 KNAcCUYECKUX NpUKNagHbIX 3adad,
OT/INYHBIX OT 3adady Kractepusauuu, MOXHO HainTu B pabotax [KupuueHko, flenexa, 2002], [KupuueHko,
[oHyeHko, 2005] .

3ameTnm TaKke, Y4TO BaXHbIMI BEXaMu B pa3BUTMM annapata nceBgoobpalleHnsi, B YacTHOCTH, B 0becneyeHnm
9(PPEKTUBHOCTN MOCTPOEHNSI COOTBETCTBYIOLUMX PEKYPPEHTHbIX MPOLEAYP W BbIYACIEHWUS PaCCTOSHUIA
COOTBETCTBUS B HUX, — SBASIOTCA: npsmble [Anbept, 1977] n obpatHble [Kupuyerko, 1997] dopmynbl pesuns;
chopmynbl ncespoobpalyeHns Ang 3ameHbl CTpoku unm ctonbua matpuupl [Kupuyenko, Jlenexa, 2002,],
[KupuueHko, [JonueHko, 2005]; Takke opmynbl BoamyLleHus ana Z - n R-onepatopos [KupnyeHko, [JoH4eHKO.,
2007 b)]. OTmeTeM Takxke, 4TO 3afaya Knactepusauuy no runepnriockoCTAM, NOPOXAEHHBIM NPOCTPaHCTBAMM
3HAYEHWN NOAXOAALMX aWMHHHBIX OMepaTopoB, Kak BapuaHT NpUMeHeHWs npeobpasoBaHus  Xoka,
paccmatpueanack B pabote [Donchenko, 2003].

B nepBoit YacTv npeanaraemoi paboTbl NPUBOAUTCA NOAGOPKa PE3YnbTaToB, BaXHbIX B TEXHUKE NPUMEHEH!S!
annapata ncesfoobpaLleHus.

Bo BTOpOI 4YacT paccmaTtpusaeTcsi COGCTBEHHO 3ajada KracTepusaLui: paccMaTpyBalTCs MOAXOAALNE
rMNEPMNOCKOCTN B KAYECTBE «MHOXECTB COOTBETCTBUS, CTPOATCA MNOAXOAALIME «PACCTOSIHUA COOTBETCTBUS» B
CBA3M C BBEOEHHbIMM B PacCMOTPEHME TUMEprNoCKOCTAMM, paccMaTpuBaloTCs npobnema obecnedeHus
PEKYPPEHTHOCTM B BbIYMCTIEHUI «PACCTOSHUII COOTBETCTBMS» Kak BHYTPW PEKYPPEHTHOTO Lara, Tak U Mexay
Pa3HbIMY Laramu.

OtmeTum, 4YTO annapat ncesgoobpalleHns NO3BONSET BbINMUCHIBATL SBHbIE (DOPMYIb, KaK ANs «pacCTOSHUIA
COOTBETCTBUSA®, Tak U ABHO OMWCLIBATb «MHOXECTBA COOTBETCTBUS» B TEPMUHAX CMELLEHUS 1 SBHOTO OMUCaHKS
OPTOrOHaNbHbIX MPOEKTOPOB  COOTBETCTBYIOWMX JIMHEAHLIX NOANPOCTPAHCTB (CP. € BbIMUCAMTENbHBIMU
npoueaypamu [Vapnik,1998] ona crtatucTMYecKUx BapuaHTOB KnacTepusauuu Ha OCHOBE KOBapWaLMOHHbLIX).
BbluncnuTenbHble anroputMbl NS PacCTOSHWA OT TUNEPNIOCKOCTEN UCMOMb30BanMChb, K NpUMepy, Takke B
pabote [Haykin,1999].

MocTaHoBKa 3apaun

CobcTBEHHO, 1CNOMb30BAHME MMMNEPNIOCKOCTEN KaK annapaTta peLleHns 3agay rpynnumpoBaHust MHGopMaummn B
CTaTUCTUYECKOW NOCTaHOBKE, BOCXOAMT K METOfdy rMaBHbIX KOMMOHeHT: [Pearson , 1901] (opyrve Ha3saHus
metog Xértennudra (Hotelling), meton KapyHeHa-flosBa (Karhunen-Loeve)) u WMeeT B OCHOBE MAEHD TaKOro
OpTOroHanbHOro npeobpasoBaHus UmetoLlerocs Habopa cryyanHbIX BEUYMH, KOTOPOE Obl NPUBOAMNO MaTpuULy
koBapuauuii K rmaeHbeiM ocam. Ewé pa3 obpatum BHUMaHWe uMTaTens Ha Creunutuyeckn CTaTUCTUYECKUI
BapyaHT NOCTaHOBKM W NPUMEHEHUS METOAA KracTepusaummn B BUOE METOAA rMaBHbIX KOMMOHEHT, CBA3aHHbIN C
aHanu3oM eCTECTBEHHOr0 MaTpuyHOro OObekTa, KakoBbiM SBMSETCS MaTpuua KoBapuauwui, 1 MPUMEHEHWIO
knaccuueckoro pesynbtata Cunbsectpa [Sylvester, 1889]. lNceBmoobpalueHie MO3BOMSET aHanM3MpoBaTh
MaTpuLbl MPOM3BONBHOA Pa3MepHOCTH, a He 06s3aTenbHO KBagpaTHble; No3BonseT 3MEKTUBHO CTPOUTb
OPTOrOHanbHbIE MPOEKTOPbI, OTBEYalLMe «EeCTECTBEHHbIM MOANPOCTPAHCTBAM» JMHEMHOro oneparopa:
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NOANPOCTPAHCTBY 3HAYEHWA U AApY OnepaTopa; OnWCbIBaTb MMMNEPNIOCKOCTH, OTBEYAKOWME BCEM pPELIEHUSM
cucTeMbl NuHenHbIX anrebpanyeckux ypasHenun (CIAY), a Takke onucbiBaTb HEOOXOAUMbIE W [OCTATOYHbIE
YCMOBMS  CyLIECTBOBAHWS!  TakWX  PELUEHWA:  OMUCbIBaTb  «Haumyywme»  NpubIMKEHHble  peLLeHns
(ncegopetuenus) CITAY; sSBHO onucbiBaTh HEBA3KY COOTBETCTBYIOLLETO NPUOMKEHUS.

B nocnepnytowem bygem paccmatpusaTth 3agady knactepusauuu B 06yveHnn 6es yuutens 4ns AUXoTOMUYECKOro
BapuaHTa MOCTAHOBKM 3ajauu: [Ans pasdbueHus umetolencs CcoBoKynHocTn  X(1),...,x(n) BeKTOpOB:K3
npocTpaHcTBa npuaHakos R™ Ha fiBe YacTu. B KayecTBe MHOXECTB COOTBETCTBUS ANS KAXMIOTO W3 KNaccos-
KnactepoB Oyayt paccmaTtpuBaTbcs ase rMNeprnockocTu T'(k)SR" k=12
I'(k)=x; +L; SR"™ k=12, x - 6yaeM Ha3biBaTb CMeLLEHNe r1nepnnockocTy, . L —NoanpocTpaHCTBOM
runepnmnockocTy. Takum 0bpa3oM, peLleHne 3aaadum KnactepusaLmy B Takoil NOCTaHOBKe BKIOYaeT B cebs

e MOCTPOEHMEe «MHOXECTB COOTBETCTBMSI» B BWAE TWNEPMNIOCKOCTEN: OMUCAHWE WX CMELLEHUA U
COOTBETCTBYHOLLMX MOANPOCTPAHCTB;

e OMnMCaHWe «PaCcCTOSHUI COOTBETCTBMSY;
e pasbueHune BekTopoB X(1),...,x(n) obyvatowlen BbIBOPKN Ha ABE 4YacTW B COOTBETCTBUM C MUHUMYMOM

«pPacCTOosHNS COOTBETCTBUA» Ha [iBE YaCTw:
X(iy ). X(X(0, D ET (1), X(1 ), X(X(n, ) ET(2):
fiy,iin } g, fn, 1= {12,.,n}, nptny =n;
e OCTPOEHME peLaLlero npasuna, B COOTBETCTBUM C KOTOPbIM CriefdyeT OTHOCUTb OBbeKT, He

npeacTaBneHHbIN B BbIGOPKE, K OOHOMY M3 BYX KNaCCOB.
EcTecTBeHHbIM ANS peEKyppeHTHOW npouedypbl NOCTPOEHMS KNACCOB-KNAaCTEpPOB SBNSETCA MOMyYeHue U
CMONb30BaHNe pe3synbTaTos, 06eCneYnNBaIOLLNX PEKYPPEHTHOCTD.
3ameTuM, 4TO BapMAHTOM YKa3aHHOM 3afayy Knactepusauun SIBMSIETCS TakoW, B KOTOPOM LOMONHWTENBHO
(ukenpyeTes obLyas paamepHoCTb S: s<m runepnnockoctent (k)= x, + L, ,k=12.

HanomHMM, YTO «TMNEepnIoCcKOCTM COOTBETCTBUS» MOANEXAT ONPEAENEHNI0 Ha OCHOBE BHYTPEHHEN CTPYKTYpbI
nmetoLerocst Habopa BekTopoB X(1),...,x(n).

BcnomoratenbHble onpeaeneHnAa u yreepxaeHus

McespooGpauenne n cunrynsaptoe (SVD -) npeactaBnenue. MNcesnoobpallerne — o6osHavaetcs A — no
Mypy - Menpoyay ([[Moore,1920], Penrose,1955], cm. Takke [Anbept, 1977]) onad m xn maTtpuusl A Moxet
ONpeaensTbCa OAHUM U3 HECKOMbKIX SKBMBANEHTHbIX CMOCOBOB, Cpean KOTOPbIX OTMETUM OnpedeneHne Yyepes
CUHTYNsipHOe  npegcTaBneHne Matpuy (SVD-pasnoxenue), korga ncesgoobpalleHne  onpegensiercs
COOTHOLLEHUEM:

,

AY = Zxyl (1)
i=1

KOTOpOE onpeaensieTcs anemeHtamm SVD-npeacTaBneHns UCXOGHON MaTPULLbI:

A= ZyixiT/li ) (2)
i=1
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B KOTOPOM: A7 =>..47 > 0 — 0BLuit HaBop HeHyneBbIx COBCTBEHHbIX uncen matpuy A4 AT A, y;,i=1rn

X;,i= ﬂ COOTBETCTBEHHO, — OPTOHOPMUPOBAHHbIE Habopbl COBCTBEHHbLIX BEKTOPOB 3TUX MaTpWL, a r = rank A=
rank AT.

Yale BCEro CUHIyNsipHOE pasnoXeHue Matpuubl A NpeacTaBnsieTcsl B BUOE, ONpedensieMoM CheaytoLed
neMMOn.

Nlemma 1. [Ons nwboit mxn wmatpuupl A paHra rcywecmByT Y —-mxr U X -—-rxn C
OPTOHOPMMPOBAHHBIMK  cTONBLUAMM U CTPOKaMM COOTBETCTBEHHO, a Takke [AuaroHarnbHas maTtpuua
A=diag(;,...A,.),A; 2...2 A, >0 TaKue, 410

A=YAX . (3)

MpenctaeneHne (2) sBNSETCS SKBMBANEHTHbIM BapuaHTOM npeactaeneHus (3), ecnm uyepes x,,i=1,_r

0603HaunTb  CTONBLLI  (OPTOHOPMMPOBaHHble) ~MaTpuusl X, a uepes y! ,i=1Ir— CTPOKM
(opTOHOPMMPOBAHHbIE) MATPULb! Y . B Takux 0603Ha4eHNsX cnpaBean1ea creaytolas neMma.

Nemma 2.MNMpoussepeHne YAX matpuy B (3) MoxeT ObiTb NpeacTaBneHo yepes «crtonbuosoe» ana Y u
«CTPOYHOE» AN X npeacTaBnieHne MOXET OblTb NPEACTABEHO € B BUAE

-
XAY = Xyl ;.

i=1
COoBCTBEHHO, yKa3aHHOE HECTIOXKHOE YTBEPXKIEHUE BbITEKAET 13 TOro, YTO npousseaeHne BC aABYX MaTpuL, CO
«CTOJ'|6L||OBb|M» npenoctaeneHnemM and nepBOI7| N «CTPOYHbIMY» NpeacTaBneHnem ans BTOpOIZ:

B=(b(1), b(2), .... b(p)), C=(e(1), e(2), ... e(p)f (4)

JonyckaeT npefcTaBneHue B B1ae
T L T
BC=(b(1), b(2), ... b(p)Ne(1), ¢(2), ..., e(p)) =D b(i)e; (5)
i=1

B panbHeiwem npeactaeneHue (4) Gyget mcnonb3oBatbCs M Ansg gpyrux matpud. Mpu atom 0603HaveHue

obo3HaueHuss b(i), c(TI- ), i=1,p, Bynyr ucnonb3oBaTbCs Ans 0003HAYEHUS COOTBETCTBEHHO CTPOK M

CTONGLI0B HEOOXOANMBIX MaTPWL,

OcHOBHble OpTOroHanbHble MpPoeKTopbl: P-npoekTopbl, Z-npoekTopbl. [lceBgoobpalleHne nossonseT B
SBHOM BME BbIMUCATb Napy OPTOrOHaMbHbIX Mpoektopos (Of), — o6osHauM ux P(A),P(A” ), v Gynem
Ha3biBaTb  P-  npoektopamu, — Ha  nognpoctpaHctea  L( AT ),L( A)3HayeHMn  onepaTopoB
AT, A cootsetcraerHo: P(A)= A" A, P( AT )= AT 4T = AA4*. OpToroHanbHble MpOEKTOPbI, KOTOpbIE
Gynem obosHavatb Z(A),Z( A’ ) v HasbiBaTh Z- MPOEKTOpaMA - OMPEAenAM  COOTHOLLEHUAMM:
Z(A)=E,—P(A),Z(A" )=E,, - P(A" )cootBetctBerHo. OueBMmHbiM  06pasoM, Z-  MpOeKTOpbI
SBNAIOTCA  OPTOTOHANbHBIMA  MPOEKTOpaMi  Ha  MOANPOCTPaHCTBa LJ;!T ,Lj, OpTOrOHambHble K

nognpoctpaHcTBam  L( AT ), L(A) COOTBETCTBEHHO. 3aMeTuMm, 4To Ljr = KerA, Lj:KerAT.
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COOTBETCTBEHHO, Z(A),Z(AT )SBNAOTCA ~ OPTOrOHamnbHbIMKM  NPOEKTOpaMM  Ha  MOAMNPOCTPaHCTBA

Hynewn KerA,KerAT onepaTopoB A,AT COOTBETCTBEHHO.

3ameuanne 1. O6paTUM BHUMaHWE Takke HA TO, YTO Kaxaoe M3 MOANPOCTPaHCTB L( A),L( AT ) sBnsetcs
NIMHENHO 060M0YKON COOTBETCTBEHHO BEKTOPOB-CTONBLIOB 1 BEKTOPOB-CTPOK MaTpuLbl A .

R-onepatopbl. BaxHbIMU B CBA3W C ONpeeneHneM pacCTOSHUI COOTBETCTBUS U PEKYPPEHTHLIMM hopMynamm
nceeaoobpalleHns: opmynamm No3BONAIOWMMIA 3anMCbiBaTb COOTBETCTBYIOLMA onepaTop npu AobaBneHun
WNW BbIYEPKMBAHWUW CTPOKK UK CTONBLa MaTpuLbl, — SBNSIKOTCA Takke OonepaTtopsl, koTopble Oyaem HasbiBaTb
R - onepatopbl. x Bygem onpeensits COOTHOLIEHAMM:

R(A)=A*AT" R(AT)= A*TA*

BaxHylo ponb B peanu3auuu annapata nceBaoobpalleHns B NPUKNapHbIX 3ajadvax WrpalT npsimble (Cw.,
Hanpumep, [Anbept, 1977]) n obpatHbie [Kupnuenko 1997] dopmynbl pesuns(Greville), a Takke opmynbl
BO3MyLLEHMs nceBpoobpalenmns [Kupuuenko, 1997]. I B Tom n B gpyrom cnyvae peub WAt o dhopmynax,
CBA3bIBAKOWMX nceBnoobpalleHne npeobpa3oBaHHOM MaTpuubl ¢ NceBaoobpalleHnemM UCXO4HOW. B nepeom

cnyyae (Npambix uiu obpaTHbIX opmynax [peBuns) peyb MAET O nMpeobpasoBaHUi MaTPULbl BBEAEHUEM WIK
BbIYEPKMBAHWNEM AOMOMHUTENBHOTO CTPOKW Ui ctonbua. Bo BTopom — 0 npeobpasoBaHuy UCXOLHOM MaTpuLb

anAnTMBHOI fo6aBkoit ab’ . Takum 06pasom, B hopmynax ncesaoobpaLLeHs Anst BOMYLLEHHBIX MaTpUL| pedb
MAET 0 BbIpaXeHUM NceBao0BpaLLEHNS BOIMYLLEHHON MaTpuubl (A +ab’ )™ uyepes A A*,a,b.

Mpsimble n obpaTHble hopMynbl MpeBnns npueeaeHsl Huke. GopMyrbl BO3MYLLEHUS NCEBLOOBPALLEHNS MOXHO
HaNTW B yxe uuTupoBaHHon pabote [KupnueHko 1997]. Huxe npuBeeHbl NOMyYeHHbIE HA UX OCHOBE POpPMYIbl
BO3MYyLLeHUs Ansa Z- u R-onepaTopos.

3ameTum, 4TO KOMOMHALMS npsAMbIX W 0BpaTtHbIX opmyn [peBuns no3BonsSeT MONYYUTb  POPMYIbI
ncesgoobpalleHns npu 3ameHe CTPOKM UK ctonbua nexogHom matpuubl. COOTBETCTBYIOWME NPEACTaBeHUs
MOXHO HanWTn B pabotax [KupuueHko, flenexa, 2002], [KupuueHko, [oHuyeHko, 2005]. Tam xe npuBedeHsl
thopmyrbl, onpegensiowme sug, Z - U R - onepatopoB npu 3ameHe CTPOKW Wnu ctonbua matpuupl, Ans
KOTOPO OHW paccMaTpUBaIOTCA.

Mpameie chopmynei Mpeuns (Greville).

HanomHum, 4to npsiMbie chopmynbl [peBuns — 310 hopMyIbl, ONpeaenstoLme Bug NceBaoobpaLleHun MaTpuLbl
Npu €€ JOMOMHEeHUU CTPOKoM Ui cTonbuyom. OHM ONpeaenstoTcs COOTHOLIEHUSMI, B KOTOPbIX MCMOMb3yeTCs
BnoyHoe npeacTaBneHne NceBLoobpaLleHns pacluMpeHHON MaTpuLbl: Yepe3 P —m xn - MaTpuUy U, g -nx 1 -

BEKTOP [N151 pacLUMPEHUS MaTPLbl CTPOKOI

5] - ©

nyuepes Q —nxm-MaTpuly W, g -mx I - BEKTOp

(4ia)” {QTJ (7)

q
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npu AonosIHEHNN MaTpuLbl CTOJ'I6U|0M.

3ameyaHue 2. O6paTuM BHWMaHWE uuTaTens, YTO BEKTOP a B (6) M (7) MMeET pasHble Pa3MEepHOCTU:
Pa3MepHOCTb 72 x / B NEPBOM U — m x I BO BTOPOM.

Teopema 1. (npsamble dopmynbl Greville— gononHeHue cTpokoi). B npeacTasnexnm (6)
P=(E-qga")A"
Z(A)a 1
—————.a Z(A)a > 0(ues.
a'Z(A)a @ Z(A)a>Oues) : (8)
R(A)a

m,aTZ(A)a = 0(33.B.)

Teopema 2. (npsamble opmynbl Greville— gononHenne ctonbuom) B npegcrasnequm (7)

O=4"(E-aq")
Z(AT)a T T

—aTZ(AT)a ,a' Z(A )a > 0(ue3.) | @)

R(A")a

m, aTZ(AT )a = O(BaB.)

3amevaHue 3. Bug Bektopa ¢ B npsamblx opmynax peBuns onpefensietcs NMHENHON 3aBUCUMMOCTbIO

BBOAVMOTO BEKTOPa «a’ WM @ OT, COOTBETCTBEHHO, CTPOK MMM CTONBLOB MaTpuusl A. JnHeitHas
HEe3aBMCUMOCTbL 006€CneYnBaeTCs HyNEeBbIM 3HA4YEHWEM KBagpaTNUYHOM hopMbl (C COOTBETCTBYHOLLEN MATPULEN -
Z-0rnepaTopoM) Ha BEKTOPE « .

O6patHble copmynbl peBunA. Kak n B npsiMbix opmynax [peBunsi, BUL BbIPaXeHWI, CBA3bIBAOLLMX
ncesgoobpallieHnst MCXOQHOW UM Npeobpa3oBaHHOM  MaTpulbl, BbIMUCHIBAETCA B pamkax 6BroyHoro
npeacrasnendnem (6) v (7), U Tak Xe — OnpeaenseTcs NUHEMHON 3aBUCUMOCTLIO MMM HE3aBUCUMOCTbIO
BbIYEPKMBAEMON CTPOKW MnM cTonbua: COXpaHeHWeMm WnKU najeHueM paHra npeobpa3oBaHHON MaTpuLibl.
/i3ameHsieTcst TONbKO BWL COOTBETCTBYHOLLErO YCroBus. Tenepb YCMOBMEM HE3aBUCUMOCTU SBMSETCS YCNOBUE

aqul.

Teopema 3. (oOpatHble dopmynbl [peBuns — BblMEPKMBaHWE CTpokM) B obosHaueHusix (6) umeeT Mecto
COOTHOLLEHME

T
[ln ) ||qq|2 jP’aTCI =1,(ue3.), paHr nagaer
q

AF = (10)

T
qa T
[ln - —TQJ P,a" g <1(3aB.), paHr coxpaHseTcs
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Teopema 4. (oBpatHble opmynbl [peBunsa — BbluépkuBaHue ctonbua) B 0603HaueHnsx (7) umeeT MecTo
COOTHOLLIEHNE

T
Q[lm ) ||qqq 12 J’aTq =1,(ue3.), paHr nagaer
A=
aqT T
0|1, 4 ,a q<1(3aB.), paHr coxpaHseTcs
—a'q

Teopema 5 (hopMyribl Bo3MyLLeHust Anst Z- 1 R- onepatopos). Mpu BO3MYLLEHNN MaTpuLbl A MaTpuuei a x b’
Z-  R- onepatopbl Ans BO3MYLLEHHON MATpULbl ONpeaenseTca crneaylowmmn COOTHOWEHNAMI, BUA KOTOPbIX
ONpeaensieTcs NUHENHON 3aBUCUMOCTBIO MMM HE3ABMCUMOCTbLIO BEKTOPOB - COCTaBMSIHOLMX BO3MYLLEHUS OT
COOTBETCTBYHLUMX COCTABNSIOLLMX MATPULbl A, @ TaKKe OT TOro, COXPaHAETCs UK NafaeT paHr BO3MYLLEHHOM
MaTpuLbl:

1) [Ins BEKTOPOB a W b” NUHEIHO He 3aBUCHMBIX OT, COOTBETCTBEHHO, CTON6LOB 1 CTPOK MaTpuLbl A, T.€. mpy
BbINONHEHMM yenosuit a' Z(AT Ja>0,b7 Z(A)b > 0, cripaBennvBbI CrieayHoLMe COOTHOLLEHNS

Z(A)bb" Z( 4
Z(A+abT)=Z(A)+w;
b"Z(A)b

Z(A" JaaTz( AT )
alZ(A" )a

Z(A+ab" )T )=z( A" +ba” )=z( AT )+

bb"Z(A)  Z(A)bbT

+ o7
bTZ(A)b bTZ(A)bR(A) cA*ab’Z(A) cZ(A)pa A" +

R(A+ab’ )=R(A)-R(A)

+ o Tl o7 T T T 2
ATaa/T\ LB R(A)ba" Z( 4 )a+(1+b2A+a) Z0ABTZ(4),
a’Z(AT )a aTZ( AT JalbT Z( 4)b)
. 1+b'A'a
a’Z(AT )ab"Z(A)b "

roe

2) [lns BekTopa a NMMUHENHO 3aBMUCUMOrO OT CTONBLIOB MaTpuLbl A, a BekTopa bT - nUHEIHO He 3aBICUMOTO OT

CTPOK MaTpuubl TakuM oGpasoM, YTo, — Ans YNpOWeHUs NpeacTaBneHus pesynbtata, — b LL ., T.e. npu

AT!

BbINONHeHMN yeriosuit a” Z( AT Ja = 0,bT Z( A)b =|| b||?, cnpaBeanvBbI COOTHOLLEHNS:

k, kT T
Z(A+abT)=Z(A)+ Aab A’aéb bb .
Wkqanll” 11B]|
b
roe: kA,a,b :A+a ’
s

Z((A+ab" )T )=7(A" +ba” ),

kikT kk”
R(A+ab" )= {In - }R(A)(In - J .
3% k|
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3) [lns BekTopoB a u b’ OHOBPEMEHHO JIMHEWHO 3aBMUCUMbIX OT COOTBETCTBEHHO CTONOLIOB 1 CTPOK MaTPULLbI

, NP1 ycnosuu nageHna paHra Bo3m éHHOl7I MaTtpuubl: ran +a =ran — 1, T.e. NPU BbINOJTHEHNN
A k(A+ab” kA—1

yenosuit: a’ Z( AT Ja =0, Z( A)b=0,b" 4*a = - I, cnpaBeAnBbI CIEAYIOLME COOTHOLLEHNS:

+ T +,3,7
Z(A+abl )=27(4 M,
(Axab™) (A a’R(A" )a
Z((A+abT)T)—Z(AT+baT)—Z(A)+M
b'R(AD

R(A+ab )= A* (a,b)A* (a,b),

A*aa’R(AT) R(A)bbT A*
a’R(AT)a  b'R(A)b

FeAabTA o= DI R(4)Aa

rme: A'(a,b)=A" = .
alR(AT JabTR(A)b

4) [Ins BEKTOpOB a W b’ O[HOBPEMEHHO IMHEWHO 3aBUCMMbIX OT, COOTBETCTBEHHO, CTOMOLOB 1M CTPOK
MaTpuLbl A, HO NpK YCNOBUM HEU3MEHHOCTW paHra BO3MYLLEHHON MaTpULbl MO CPABHEHMIO C PaHroM A, T.e. npu
BbIMNOSHEHNW YCIOBMUIA

a’Z(A" )a=0b"Z(4)b=0,b" ATa #1,
crpaBegMBbI CrieaytoLLe COOTHOLLEHUS:

Z(A+ab” )=Z(4), Z((A+ab” )T )=z(A" +ba” )=2z(4"),

A*abTR(A)  R(Appa” A4+ L bTR(AJD

T
Ataat A .
1+bT A%a 1+bT4%a  1+b74%a

R(A+ab” )=R(A4)

OCHOBHbI€ 3N1eMEeHTbI KnacTtepusauuu no runepnyiocKoCTAM — MHOXeCTBa COOTBETCTBUA

Kak yxe ynomuHanocb, NOCTpOeHMe «MHOXECTB COOTBETCTBMSI» B BWAE MMNEPNNockocTel npegrnonaraet
KOHCTPYKTVUBHOE OMMCAHME UX CMELLEHWUA N COOTBETCTBYHOLLMX JINHENHbIX NOANPOCTPAHCTB.

CmeLueHWe runepnnocKocTei.

CmelleHns npegnaraeTcs OMPeAensTb Kak CpedHUe BEKTOPOB, MPWHAANEXallyxX K Kakhon M3 vacTeil
pa3breruns. MoxHo Takke BbiOpaTh B KA4eCTBE CMELLEHMS OMH U3 3NIEMEHTOB pasbueHus.

MoanpocTtpaHcTBa runepnnockocted. [Ipu HanWuMM CMeLLeHWidr NOANPOCTPAHCTBA  TMNEPNIOCKOCTEN
ONpeaensitoTCa Kak MoAnpOCTPaHCTBa, HATAHyTble Ha LEHTPUPOBaHHble CMelleHnem (npeobpasoBaHHble
BblYWTAHMEM ONPeLeNnéHHOrO BEKTOpa) BEKTOPbl Kaxaoh W3 vactenm pasbuenns. B panbHeinwem Oypet
npegnonarartbCs, YTO LIEHTPUPOBAHME Kaaon YacTu pasbueHunst Npon3BoaMTCS COOTBETCTBYOLMMI CPESHUMM

xik=12.
KOHCprKTVlBHoe onucaHue noanpoCcTpaHCTB, HaTAHYTbIX Ha KaXAayl W3 LEHTPUPOBAHHbIX COBOKyﬂHOCTeﬁ

BEKTOpPOB, 00ECneuyMBaeTCs MOCTPOEHMEM [And KaXAoW W3  TMNEpniockoCTM  NOAXOAsLled  maTpuubl
Ay k= 1,2 1aK, 4tobbl NOANPOCTPAHCTBO - MHOXECTBO 3HAYEHWA L, .k = 1,2 Kaxpou U3 HWUX cOBnagano

NOANPOCTPAHCTBOM  COOTBETCTBYIOLIEN TUMEPNNOCKOCTM, T.e. C  JIMHENHOW 00OMOYKOM  Kaxgon  u3
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LeHTPUPOBaHHbIX rpynn BEKTOPOB. B cootBeTCTBUM C 3amMevaHneM 1 B kKauecTBe Takux MaTpuL, MOXXHO BbI6paTb
MaTpuLbl, CTOJ'I6LI|aMM KOTOPbIX ABNATCA LIEHTPUPOBAHHbIE BEKTOPbI KaXgom wu3 yvacreit p336M6HVI$I
COOTBETCTBEHHO. B 3TOM cny4yae OpTOroHalbHbIMU NPOEKTOPaMKU PLk k= 1,2 pN4 Kaxgoro 13 noanpocTpaHCTs

runepniockocTe byayt P - NPOEKTOPbI ANs TPaHCMOHMPOBAHHBIX K COOTBETCTBYHOLLMM MaTpuLam:
P, =P(A] ) k=12,
Takum 0bpasom, runepnnockocT 7,k = 1,2 onpeaensotes napamn ( }k,Ak )k=12:

OCHOBHbI€ 3NeMEeHTbI KnacTtepusauuu no runepnyioCKoCTsAM — pacCToAHUA COOTBETCTBUA

B kayectBe  «paccTOSHWA  COOTBETCTBUS»  BEKTOPOB [0  KaXOOr0O  «MHOXECTB  COOTBETCTBUS»
I, =I(xk, A, )k=12 npeanaraetcs paccMaTpuBaTb  €BKMMOOBO  paccTOsHUE — BEKTOPOB [0
runepnnockocTein 7, = I°(xk, Ay ),k = 1,2, KakoBbIM/ 3TV «MHOXECTBA COOTBETCTBUS» sBNsOTCS. CpescTaa

ncesgoobpaLleHns No3BONSAOT KOHCTPYKTMBHO ONMWUCaTb COOTBETCTBYIOLLME PACCTOSHWSA. Takoe KOHCTPYKTUBHOE
OnucaHWe BO3MOXHO W B TOM Cnyyae, korfa 3apaércs pasmepHocTb s: s < min(rankA, k=12) -

MOAMPOCTPAHCTB  runepnmockocTeil. GopMynbl, ONpefensiolle COOTBETCTBYIOLMNE PACCTOSHUS, SBRSOTCS
NpeamMeToM cregytoLlen Nemmbl.

Nlemma 1 . Ons I} = I"(xk, A, )k =12 paccTosHus cootBeTcTBus  p(x, 1} ),k = 1,2 NPOU3BONLHOIO

BeKTopa x € R™ [0 Kaxaoi u3 Byx runepnnockoctent 7,k = 1,2 onpesensioTcs COOTHOLLIEHNEM:
p(x. Ty )=(x= xx))" Z(UJ (k))(x— xx)k=12, (12)
A, =Y y.(k)x] (k)A,(k) pasm.s He 3amana

Mpe U, (k)= . =12,
> vi(k)x] (k)A,(k) pasm.s 3amana
=1

Knac7epw3auwm Mo rmnepnyioCKOCTAM — OCHOBHbI€E LWarn anroputMa

AJ'IFOpVITM KnactepusaumMm no runepnyiockocTaMm COCTOMT B nocCrnenoBatesibHOM, PEKYPPEHTHOM YTOYHEHUU
«MHOXECTB COOTBETCTBUAY», KAKOBbIMU ABNAKOTCA rTMNEPNIOCKOCTH. Ha kaxagom PEKYPPEHTHOM LLAre Nponcxoaut
YyTO4YHEHWE Ha6opa 9NIEMEHTOB, nopoxaawwmnx  «MHOXEeCTBa  COOTBETCTBUA», MNOCTPOEHWE  nap

(xk, A, ),k =120TBEYaOLNX YTOYHEHHOMY pa3bMeHWto, MOCMe Yero MPOUCXOAUT HOBOE «yTOYHEHHe

pa3breHns» 0TOOPOM B KaXKOyt0 YacTb pa3bueHns BEKTOPOB MCXOQHOTO Habopa no MUHUMYMY PaccTOSHWUIA Ao
BHOBb MOCTPOEHHbIX r1NepniockocTei. B obLiem, anroputm COCTOUT B BbINOMHEHUM CTIEAYHOLMX LIATOB.

1. Ha NepBOM Llare npomM3BoAnTCA pasGmeHMe Ha Be COBOKYMHOCTW NPOU3BOSTbHbIM o6pa30M.

2. Ha BTOpOM Luare Ansi KO0 13 yacTeil pasbueHns BbIMUCISKOTCS:

e CMelieHus xx,k = 1,2, KaK CpeaHue no BEeKTopam Kaxzoin U3 Yacteil pasbneHus:;
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e Matpuupl 4,k = 1,2, Kak MaTpuLibl, NOCTPOEHHbIE 13 LIEHTPMPOBAHHbIX COOTBETCTBYHOLLMMI CPEAHNMM
BEKTOPOB KaX4om W3 rpynn Kak 13 cTonbuos.
3. Ha TpeTbem Liare npoMCXOAWT «YTOYHEHME» pa3bMeHUs: BbIYUCNSIOTCS «PaCcCTOSHUS COOTBETCTBUSY
Ka)xaoro n3 BektopoB X(7),...,X(n) 0O KaXOoro M3 ABYX MOCTPOEHHbIX «MHOXECTB COOTBETCTBUSI»: [0 KaXJ0M
U3 OBYX TMNEpMioCKOCTEN, — W MPOMCXOOUT OTHECEHWE Kaxgoro u3 BekTopoB X(1),...,x(n) K Toi vactw
pa3bueHus, K KOTOPOI OH OKasarcs 6nvxe No «paccTosiHMIO COOTBETCTBUA» (12). B pesynbTaTe nponcxoauT
(hOpMMPOBaHME HOBOTO, «YTOYHEHHOTO» pa3bueHns BekTopoB X(1),...,x(n) Ha ABe YacTu.

4. Ha 4yeTBEPTOM LUary NPOMCXOANT BO3BPALLEHWE KO BTOPOMY LUAry anroputma.

KﬂaCTepM3aL|V|ﬂ no runepniocKoCTAM — MOAMd)MKauMFI paCCTOHHMﬁ

PaccrosiHus go FVII'IepI'IJ'IOCKOCTeI7I B nemme 1 onpenendarTca 3Ha4eHUAMN KBaapaTUYHbIX (*)OpM C MaTtpulamMmmn

S

2yi(k)xi (k)k=12

i=1

VX MOXHO paccmaTpuBaTb Kak B3BELLEHHOe cpefHee maTpuy yi(k)x,-T (k)i=1rk=12 c Becamu
1/s,i<s

0i=s+1r

1i<s
w; = . , COOTBETCTBEHHO, B HOPMUPOBAHHOM BapunaHTe w; =
0,i=s+1r

T .7
PaccmoTpeHue B3BeLLEHHbIX BapuaHta cymMm U3 y;(k )x; (k),i=1r,k =12 C HOPMUPOBAHHbIMA BeCamu

/1,-2 (k),i=1r, k=12 paér crefylowmin BapuaHT paccTosHNA o, A0 KMHOXECTB cOOTBETCTBUS». OHU ANs
3TOr0 CyYas ONpeaensitoTCs COOTHOLLEHMEM:
1

—(x— xxi)"R(A] )(x-xx ) k=12. 13
trR(AkT(k)Ak)(x Xk )" R(Ap )(x-xk) (13)

Pr(x, 1} )=
Mcnonb3oBaHue B KavecTBe «pacCTOSHWA COOTBETCTBUS» PACCTOSHWA, OnpefensieMbiX COOTHoweHuem (13)
MPMBOAMT K O4EBMOHOMY M3MEHEHWIO anrOPUTMa KnacTepuaaLmn; B HEM «YTOYHEHWE» pa3bueHns TpeTbero Wwara
MPOMCXOAMT HA OCHOBE «PACCTOSHUI COOTBETCTBUS», ONpeaensembix COOTHoweHuamm (13) BmecTo — (12).

PekyppeHTHble chopmynbl ana anrebpaunyeckoro Jack Knife’a

[Mpu NpoBepKe 3MEMEHTOB COBOKYMHOCTEN Ha COOTBETCTBUE BbIYMCIIEHNEM PACCTOSHMIA No chopmynam (12) unm
(13) TecTpyemble 3neMeHTbl MPUHUMAIOT y4acTie B (hOPMMPOBAHWUM TMNEPNNOCKOCTEN, MPEACTaBNSIOLMX
knacTepbl. Pe30HHON SIBMSETCA Takke MOCTPOEHWE TakoW MpoLeaypa NpOBEpPKM COOTBETCTBUS, MPU KOTOPOM
TECTUPYEMbIN SNEMEHT KracTepa, UCKMoYaeTcs 13 yncrna obbekToB, KOTOpbIe ero onpedenstoT. B cratuctuke
Takas npouegypa WCKMYeHus HocuT HassaHwe “Jack Knife'(cknagHon Hox) [OdopoH, 1988]. Moatomy
npoueaypy TECTUPOBaHUS Ha MPUHALNEXHOCTb KIacTepy C WCKIIOYEHWEM TECTUPYEMbIX JfIEMEHTOB W3
onvcaHus knactepa byaem HasbiaTh anrebpaunydeckum Jack Knife'om.

3ameTuM, YTO ECTECTBEHHbIM SBMSETCA BapWaHT KnacTepuaauuu, KOraa MCKMIYEHUE 3MeMeHTa NpuBOauT K
nagenuto padra matpuubl A(k ),k =1,2((n.3 Teopembl 5)). MceBnoobpalueHne AAET KOHCTPYKTUBHYKO SIBHYHO

(hopMmyIy NPOBEpPKW COOTBETCTBYIOLLETO YCMOBMSI.
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VckrioyeHne TeCTUpyeMbIX 3MEMEHTOB M3 Kriactepa W3MeHsIeT Kak caBur (LEHTp Knactepa), Tak U NMHenHoe
noanpocTpaHcTBO  knactepa.  ®opmynbl  (12),(13) npu  TakoM  UCKIMIOYEHUW, OYEBMOHBIM  0Bpasom,
NepenuecLIBAtOTCA B BUAE, ANA UBMEHEHHBIX CMELLeHNA (Byaem cunTaTb UX CPeSHUMU) U USMEHEHHBIX MaTpuL;:

X;io),A(o)(k),k =1,2 COOTBETCTBEHHO.

Nemma 1 [aét BO3MOXHOCTb 3(P(IEKTUBHOM OpraHu3aLuu npouedypbl «OTCEMBAHWA», B KOTOPOW KpUTEpUit
3aMeHbl CTPOMTCS Ha OCHOBE NEMMbI 1 1 UMEET BUA, onpeenseMbli CneayioLLei TEOpeMON.

Teopema 6. B ycrnosusx nageHus paHra (n.3 Teopembl 5) paccTosHWS 4O TMNEPNIOCKOCTEN, NOCNE UCKIHOYEHMS
3MEMEHTa M3 4YuCrna NOpOXAAlOWMX SEMEHTOB, ONpeAenseTca ChneaylowmuM COOTHOWEHWEM ANSt OQHOTO W3
3HaveHun k=1 unm k=2

ny

q;(k)q} (k) 5 5
LA 2 S k)|
g, (IE o

0 T . .
e x;(k), I'j( J (k) j=1,n,,k =12 — cknoyaemble 3NeMEHTbI KaXgon 13 COBOKYMHOCTEN M rUMepniockoCTy,

p(x;(k), I (k))= =T k=12,
(=

OTBEYaloLMe «YCEYEHHBIMY COBOKYMHOCTSM, @ q;(k), j=1,n,k =1,2cTonbLpl C HOMEPOM j, j = 1,1 B kaxaoi

3 matpuy 4, k= 1,2.

3aknoueHue

B pabote paccmoTpeHbl 3ajauu KknactepusauM Ha OCHOBE KOHLENUMW «MHOXECTB» M  «pPaCcCTOSHUIA
COOTBETCTBUSA», MPEANOXeHbl BapuaHTbl anrOpUTMOB KracTepusauuu, Korga «MHOXeCTBaMW COOTBETCTBUA»
ABMAIOTCA MMNEPIIOCKOCTH, @ «PacCTOSHUA COOTBETCTBUSA» NOCTPOEHbI HA OCHOBE BApWaHTOB PacCcTOSHUIA [0
HuX. [pumeHeHne annapaTta nceBLoOOpalLeHNst MO3BONSET ONWUCaTb BCE JMEMEHTbI  COOTBETCTBYHOLLMX
NOCTPOEHWN SBHBIMK POPMYNamK, BKMtouas BapuaHTbl anrebpanyeckoro Jack Knife'a
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NPEOBAPUTENBHASA OEPABOTKA KUPNIMAH U30EPAXEHWUN B
OWArHOCTUYECKOW CUCTEME

Bnagumup KanmbikoB, Buranui BuwHeBckui, TatbsiHa PomaHeHKo

AHHOmauyus: [na noddepxku npuHamus pewenull 8 AuasHocmuyeckol cucmeme pa3pabomaHa
UH(bOpMaUUOHHas mexHonoausi npedsapumensHol  obpabomku KupnuaH usobpaxeHul, codepxaujux
usobpaxeHus cgeyeHuss 0ecamu nasnbuyee pyk, NOmy4eHHbIX 0OHoOMOMeHmHO. [pedsapumenbHas 0bpabomka
gKnryaem ebideneHue obbekmos — ceeyeHull kaxdo20 nanbua Ha obwel ghomozpahuu u hopmuposaHue
atinos usobpaxeHull dns kaxdo2o us 06bekmos. [pugedeHs! onucaHus an2opummos U npumeps o6pabomku

¢ghomozpacpudl.

Kntoyesnie crnosa: duazHocmuyeckasi cucmema, usobpaxeHus KupnuaH, ceameHmauyus
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Puc. 1. Mpumepbl n3obpaxeHnit Kupnnak:
a— nanbLbl NeBbIX pyK, b — Nanblibl NpaBbIX pyK

e

o

BBepeHune

B paHHoW paboTte npeacTaBneHbl
npeaBapuTenbHbIE pesynbTarhl
pa3paboTku MH(OPMAaLMOHHON
TEXHOMoruu no obpaboTke
n3obpaxeHun Kvpruan  gns
WCMONb30BaHMsS B npoLecce
NPUHATHS peLLEHNi B
[VArHOCTUYECKON CHCTEME.

Mog  wm3o6paxeHnem  Kupnuan
MOHUMAIOT 3apPerucTpUpoBaHHOE Ha
doTomatepuane WM MHbIM
crnocoboMm  CBeYeHWe  rasoBoro
paspsga, BO3HMKaKOWero BOnM3m
MOBEPXHOCTY obbekTa npu
MOMELLIEHNN €ero B 3NEKTPUYECcKoe
none BbICOKOW  HaNPSKEHHOCTY.
KupnmaHorpadgums nonyyumna
fonbLUoe pacnpocTpaHeHne B Mype
Kak MeToh  9KCrepUMeHTarbHbIX
MCCNENOBaHU. HanbonbLuuit
WHTEPEC BbI3BANM UCCMEeJ0oBaHNS
KMpnmaHorpamm  G1ONOMMYECKMX
00bEeKTOB, B OCHOBHOM OpraHu3ma
yenoseka.

MepBble xe 1CccneaoBaHus
n3obpaxeHun KupnuaH nokasanw,
4TO BUA KMPMMAHOrPaMM MEHSIETCA
npu M3MEHEHMM COCTOSIHUS!
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yenoseka. Hanpumep, no Buay KMpAMaHoOrpamm nanbLeB pyk U HOT
OKasarnocb BO3MOXHbIM CyauTb 06 o6LieM ypoBHE W Xapaktepe
(OM3MONOrMYECKON aKTUBHOCTW OpraHu3mMa, OLEHWBaTb COCTOSIHUE
OTHENbHbIX ero CUCTeM W CReauTb 3@ BIUSHUEM  PasfNyHbIX
BO3gencTBuN: npenapatos, Tepanum K T.n.[[ecoukas,1]. 310
No3BOMNNO  Pa3BUTb  3(GEKTUBHbIE ~ CUCTEMbI  OUArHOCTHUKM,
OCHOBaHHbIE Ha 1CNOMb30BaHWK adpekTa KupnnaH.

Oekt KupnmaH sBnsetcd B [aHHbIA MOMEHT ef4MHCTBEHHbIM
WHCTPYMEHTamNbHbIM METOAOM, MO3BONSIOLMM Ha (DU3NYECKOM W
9HEPro-MHMOPMALMOHHOM ~ YPOBHSX ~ OLEHUTb  COCTOSHUE  He
OTZENbHOr0 OpraHa UM CUCTEMbI, @ BCErO OpraHu3ma B LienoM BO
B3aMMOOTHOLIEHNW  OTAEMbHbIX YacTe papyr ¢ gpyrom. B
nepcrnekTMee 9TOT METO4 BWAMUTCA  BOMMOLWEHHbIM B BUfe
NpaKTU4eCKOro MHCTPyMeHTa Ha ctone nwboro Bpada. CosgaHue
WH(OPMALMOHHON  TEXHOMOrMM ANS  aBTOMaTWU3WPOBaHHOW 00paboTku u3obpaxeHun Kupnvan sensetcs
OYepeaHbIM LLaroM Ha MyTu K MCMONb30BaHWI0 METOLA B MOBCEAHEBHON BpayebHOM NpakTuke.

Puc.2. N3obpaxenne Knpnuan
CBEYEHUS OZHOro narnbLa.

3apgauu npeaBapuTenbHoO 00paboTkn Kupnuad nsodpaxeHnn B AUarHoCTUHECKON cucTemMe

M3obpaxenns KupnuaH npeactaBnsioT coboi CHUMKM, MOMyYeHHble Ha CrieuuanbHoi (oTonmneHke, pasmepom
A5, Ha KOTOpbIX 3ahKCUPOBaHbI CBEYEHMS OT Kaxaoro 13 naTu nanbueB 0beunx pyk (puc.1). CnegyeT oTMETUTD,
YyTO C NO3UUMIA ABTOMATWYECKOA WNWM aBTOMATWU3MPOBaHHOW 06paboTkn Ans u300paxeHuit XapakTepHbl
HeCTaburbHOCTb W HEPABHOMEPHOCTb (hOHA, 3HAYUTENBHOE KONMYECTBO MOMEX, KOTOPbIE MO YPOBHIO SPKOCTU U
BENUYMHE CpaBHUMbI C OOBEKTAMMW, HEYCTOMYMBOCTL (POPMbI M YPOBHS SPKOCTM CaMWX OBBLEKTOB. XOTS NO
[MarHoCTMYEeCKOMY COAEPXaHUI0 Ha HacTosllee BpeMs 3T 130bpaxeHns Mornu Bbl cuuTaTbest BUHapHbIMK,
OfHaKo, Aaxe 3ajava OuHapu3aLumn Takux U30BpaKEeHUN He MOXET CYMTaTbCs TPUBMANBHOW, HE TOBOPS YXe O
3ajavax ganbHenwwen obpaboTky, B YaCTHOCTH, 3adadvax pacno3HaBaHWs C Lienbio AnarHocTuku. A3obpaxerue
CBEYEHWS KaXOoro nanbla MMEEeT BUL TEMHOTO opeora, obpamnsiowero ceTnoe NATHO, Mo popme 4acTo
Brmskoe k annuncy. LWnpnHa opeona MoxeT BbiTb pasHoOM, Aaxe Ans 04HOro 13obpaxeHns. Yacto opeon umeet
He CMMOLLHY0, a NPEpPLIBUCTYI0 POPMY, a Takke MOXKET COCTOSATb U3 OTAENbHbIX dparmeHToB. CBeTnoe NATHO
BHYTPW Opeona COOTBETCTBYET MECTY KOHTaKTa nanblia ¢ NMNEeHKOM U ero SpKoCTb COOTBETCTBYET SAPKOCTW (hoHa
1300paxKeHus.

B HacTosllee Bpems AN OMArHOCTUYECKMX LENEeR MCMonb3yeTcs CTaHOapTHOE MPUKMNagHOe MpOorpamMHoOe
obecneyeHune, noctaBnsiemoe Bmecte ¢ npubopom, pabotatrowmm no metogy Kopotkosa [KopoTkoB,2] 3TOT
npubop npegycMaTpuBaeT nocnesoBaTeNibHoe NonyyeHne 3obpaxeHnin OTAENbHO MO KaxaoMy nanbLy (puc.2).
lMporpammHoe obecneyeHne no3sonsieT nocTpoutb No KupnumaH u3obpaxeHusMm [ecat nanbueB obLyyo
KMpnnaHorpammy opraHusma nauueHTa u nocTaBWUTb AMarHo3, TO ecTb NpUHATL peweHue. Cneayet OTMETUTD,
4yTO B Mpouecce NOCNEAOBATENbHOMO NOMyyYeHUs M300PaKEHWA CBEYEHWS MO KaXOOMy nanbly COCTOSHWE
“cenegyemoro naumeHTa MOXET CYLECTBEHHO M3MEHUTLCS, OTYEr0 OKOHYATENbHbIN AMarHo3 MOXeT OKa3aThbCs
WCKaXeEHHbIM. Tak 4TO OQHOMOMEHTHOE TNONyYEHWEe KMpIMAHOrpaMM BCEX ManbleB sBnsetca 6onee
npeanoyTUTENbHLIM. MOSBNSETCS BOSMOXHOCTb NOMYYEHMs NOCINIEA0BATENBHOCTEN KMPIIMAHOTPaMM U U3y4eHNs
WX  OMarHOCTWYECKMX BO3MOMHOCTEN B Cnydvae ObICTPOrO M3MEHEHUs COCTOSHWS MauueHta.  YToObl
NCnonb3oBaTb  CTaHZAPTHOE nporpamMmHoe  obecneveHne Ans  w3obpaxeHuin  (puc.1), Heobxogmmo
npeaBapuTENbHO CErMEHTUPOBATL TakMe W300paeHusl, TO €ecTb U3 0OLlero u3o0paxeHWst BblAENUTb
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N306paxeHne Kaxmoro nanbLa 1 NOBEPHYTb €ro, YTOBbI OHO COOTBETCTBOBANO BepTUKANbHOMY HanpaBneHnto
nanbua.

OcHOBHbIe (hyHKUMM 1 anropuTMbI NpeaBapuTenbHon 06paboTku Kupnman nzobpaxeHuii

B npouecce npeasaputentHom  0bpabotkn KuprnmaH u3obpaxeHuint  BbINMONHSETCS MONyaBTOMAaTUYeckas
cermeHTaums n3obpaxeHnin Kupnnax natv nanbuyeB Ha n3obpaxeHus CBEYEHNS OT KaAoro nanbLla OTAENbHO,
aBTOMATUYECKON KOPPEKTUPOBKM OpWUEHTaLMW Kaxaoro nanbua. [ng BbINOMHEHUs onepauuu OpueHTauuu
npeaycMoTpeHa (hyHKLMS NOBOPOTA U30BpaxeHUs CBEYEHUS ANS KaXA0ro nanbLa BOKPYr YCNOBHOTO LEHTpa.

MporpammHoe obecrneyeHre BLINOMHAET creaytoLme hyHKLM:

— OTKpbITME (paina nonyTOHOBOrO n3obpaxeHusi, oToOpakeHMe ero Ha 9KpaHe MOHMTOpa [Aans
NpeaBapuTENbHON OLEHKM 3KCMEPTOM U BO3MOXHOW KOPPEKTMPOBKM B MHTEPAKTMBHOM PEXMME C LEIbio
yganeHusi nomex;

— WHTEPaKTUBHOE onpeneneHne pacnonoxeHna cBevyeHnd nanbleB Ha I/1306pa)KeHI/1I/1 nyTeMm ykasaHus
onepaTopom LIEHTPOB YCNOBHbIX LLIEHTPOB CBEYEHNA;

— NPUCBOEHNE HOMEPA KAaXAO0MY CBEYEHIHO NanbLEB Mo UX B3aUMHOMY PacrorioXeHMI0;
— onpefenexme LieHTpa NafioH 1 YCMOBHbIX YTIIOB NOBOPOTA NasbLeB;

— onpegenenne napameTpoB NpsAMOYrofibHUKOB, BKMIOYAKLWMX CBEYEHUA OTAENbHbIX NanbLUeB C y4e€TOM Yyrna
NOBOPOTa KaXAoro npAMOYronbHUKa,

— MOBOPOT M306paxeHuin OTAENbHbIX NanbLEB;
— (hopMupoBaHMe (PansioB CBEYEHWS KXKAO0ro narnbLa; PopMUpOBaHIE ONMCaHUS Kaxaoro nanbua.
— WHTEPaKTMBHbI PEXUM KOPPEKTUPOBKN Pe3ynbTaToB paboThbl yHKLMA.

HauGonee cnoxHoit sBnsieTcsi (yHKUMS YTOYHEHHOTO OMpefeneHusi pacronioXeHUst CBeYeHUs nanbla Ha
N306paXeHN, oNpeaeneHnst rpaHuL, 1 YCIOBHOTO LIEHTpa NsTHA.

Wexoos u3 obwwmx npeactaeneHmin 06 nsobpaxeHnsax KupnuaH, npeactaBunoch LienecoobpasHbiM, € LEMbio
BblJEeNeHNs CBEYEeHUs Kaxaoro nanbua kak obbekta Ha 130bpaxeHnn 1 onpedeneHus ero napameTpos,
annpoKCUMMUPOBATb BHYTPEHHUI KOHTYP CBEYEHMS Kaxaoro nanbla annmncami, a BHELLHWE rpaHuLbl CBEYEHMS
KaOOoro nanbla — OKPYXHOCTAMM. [lapameTpamu annunca SBNSKOTCA KOOPAMHATbI €ro LEeHTpa, pas3Mepbl
Monyocen M yron HaknoHa 6onblioi ocu. apameTpamm OKPYXHOCTW, OMUCAHHOM BOKPYr TEMHOrO Opeona
KaKOOro nanbua, SBASIOTCS LEHTP W auameTp. LIeHTpbl annmunca u OKpyxHOCTM coBnagatoT. OKpYXHOCTb
[OMKHa OXBATUTb BCE CBEYEHNWE (TEMHBI OPeon), N0 BO3MOXHOCTM UCKMOYas TOHKME Nepudepuyeckme MHumM —
«peHaputbly. MpegnonaraeTcs, YTo LEHTP NafoHM HaXOAUTCS Ha CepeanHe OTpesKka, COEAMHSIOLLErO LIEHTPbI
nepBoro u nmaToro nanbues. LIEHTp nagoHW coeanHsIOT C LeHTpamu BCeX Nanbles, 4N OnpedeneHus yrna
NoBOPOTa KaXdoro narbla OTHOCWUTENbHO BepTukann. bygem cuntatb, 4to M3obpaxeHue Kupnuad Kaxmoro
nanbLya OrpaHNYeHo KBagpaToOM, OMUCAHHBbIM BOKPYT OKPYXHOCTW, OXBATbiBAlOWEA TEMHbIA Opeos, U
MOBEPHYTLIM Ha YroN HaKMOHa NUHUKA, COEANHSIOLLEN LEHTP NafoHN C LIEHTPOM CBEYEHNS.

McxogHas MHGopmauus — NpeaBapuTenbHbIA CMIUCOK KOOPAMHAT LEHTPOB CBEYeHUs Xy, yu, | =1,5 — nsmm
narnbLes.

BbixogHasi MHGopMauMsi — CMUCOK NapamMeTpoB NSITM  OKPYXHOCTEN, OrpaHMYMBAIOLLMX MNSTHA, CTIMCOK
rnapameTpoB NATU SNMUNCOB, OrPaHUYMBAIOLLMX BHYTPEHHOCTb NSTHA.

[lns noucka napameTpoB OKPY)XHOCTEN M SMMMMCOB UCMOMNb3YIOT ONTUMM3ALMOHHbIE anrOPUTMbI, peanuaytoLme
METOZ rpafMeHTHOro cnycka.
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[ns OKpyXHOCTEN napameTpami ONTUMU3ALMM SBMAKOTCS KOOPAMHATBLI LIEHTPa Xy, W BENUYMHA paguyca r.
LleneBas yHKLns

¢ = max S(mp , pu ZV(x,y) >0-Y (1)
xt;’yw’r (X_XM)2+(y7yu)2<r2
roe 6~ 0.9 — HeKOTOpbIN NOPOr, ONPEAENAEMbII SKCNEPUMEHTAMBHO,

V(X,y) — 3HaYeHue ONTUYECKON NNOTHOCTM NUKCENa ¢ Lieno4YMCneHHbIMK KoopAnHaTamu X, y;

Y= >v(i, j) — CyMMapHasi onTuyeckas NroTHOCTb B Mpeaenax Kpyra MakcuMarbHOro paguyca
(=) H(=,) “Fimax

CBEYEHNS fmax C KOOPAMHATAMM LEHTPA Xy, Yy

I,j — LenovncneHHbIe KoopanHaThl NuKcena.

[ns annuncoB napameTpamm ONTUMU3aLN SBNSIOTCA KOOPAMHATbI LLEHTPA Xy,Yy, BENUYMHBI BOMBLLON @ 1 Manow
b nonyoceit u yron noeopoTa o.. Lienesas yHKums

c= max S, ., "pu Zv(x,y) <(1-6)-¥ (2)
x;,’ayuaaabaa (X_Xu)z (y_yu)z
az + b2 <1

AnroputM  (PYHKUMOHWUPOBAHUS  CUCTEMbI
3aKnoyaeTcs B criegytoem (puc.3).

1. OnepaTtop ykasbiBaeT KypcopoM Ha 3KpaHe
MOHWUTOpa MPUMEPHOE MECTO PacrnonoXeHus
UeHTpa um300paxeHus Kaxgoro — nanbua.
MectononoxeHne LeHTpa MoxeT  ObiTb
ykasaHo npubnuanuTensHo, HO 0bs3aTenbHO
BOMKHO HaxoauTbCs B Mpefenax CBETIOMO
natHa. Cuctema onpegensetT KoopauHaTbl
YKa3aHHbIX LEHTPOB.

2. Mo yKa3aHHbIM KoopanHaTam
aBTOMATWUYECKM ONPEAENsTCA napameTpbl
SNMMNCa UM OKPYXHOCTM ANs M300paxeHns
kaxgoro nanbua. [pu  HeobxogMmoCTM
onepaTop MOXET CKOPPEKTUPOBAaTb  LIEHTP
n3obpaxeHnss nanbla, Npu 3TOM MepecyeT
napameTpoB  SNAMNCA U OKPYXHOCTM
OCYLLECTBUTCH aBTOMaTUYECKU.

3. ABTOMaTNYECKN onpeaenstTes
o KOOpAMHATbI LIEHTPa NafoHK, 3HAYEHUS YrioB
noBopota  M300paxeHWA  nanbueB U
napameTpbl OMUCaHHbIX KBagparos,
OrpaHMYMBaIOLLMX M300paXeHns OTAENbHbIX
nanbLes.

Puc.3 U3obpaxenne KupnuaH 1 BblaeneHHble Ha Hem
n306paxeHns CBEYEHW OTAENbHbIX NarbLes.

4. N306paxeHnst nanbLeB 3an1ceIBaloTCs B OTAENbHbIE pacTpoBble dainbl (puc.4.).



International Book Series "Information Science and Computing" 41

Puc. 4. 306paxeHns oTgentHbIX nanbLes, BoipesaHHble 13 obLero n3obpaxerns KupnvaH
1 3anucaHHble B OTAeSbHbIe hannbl.

AnropuTm aBTOMAaTU4ECKOrO ONpeaeneHns napamMeTpoB 3MNMNCa U OKPYXHOCTW ANs KaAOro Nanbla CoCTOUT B
creaytowem:

1. OnpenenstoT SpKOCTb (hOHa B MECTe pacrnonOKEHNS CBEYEHUS KaXaoro nanbula. B kayecTBe spkocTu poHa
NPVHAMAIOT CPEaHIo APKOCTb B KBagpate, pasmepom 10x10 nukcenos, UEHTP KOTOPOro COBMaAaeT C LIEHTPOM
n3obpaxeHus nanbLa.

2. OnpegenstoT napameTpbl 3MNMNca MakCUMarbHON MIOWAAM Npu BbINONHEHWN OrpaHUYeHuUi (2), NCnonb3ys
METOA rPagneHTHOro crycka.

2.1. B HyneBom npubnumxeHus Mcnonb3yeM KOOpAMHATbI LieHTpa annunca, MomnyyYeHHble B WHTEPaKTUBHOM
pexume, pasmep nonyoced paseH 10 nukcenam, yron MOBOPOTAa paBeH HYMK pagycoB OTHOCUTENLHO
BEpTUKan.

2.2. \3MeHsas 3HaYeHus napameTpoB Xy, Vi, @, b, o, ONPeAenstoT UX 3HaYeHUs, MakCUMU3UpYLoLLmMe niowanb
3MNIMNCa NpU BbINOTHEHWW OTPaHNYEHIUIA MO APKOCTY (2).

3. OI'IpG,U,GJ'IﬂIOT ONaMeTp OKPYXHOCTU, OXBaTbIBaPOLLI,eIZ TEMHbIN opeorn. KOOp,EI,MHaTbI LeHTpa OKPYXHOCTU
coBnagatoT C KoopAnHaTaMK LieHTpa annunca.

3.1. B kauecTBe HyneBoro NpubnvmkeHus BbIGUPAIOT paanyc OKpYKHOCTW, paBHbIil BombLUEi nonyock annunca.

3.2. N3meHsis 3HaueHus paguyca r, ONpeaensoT ero 3HaueHue, MakCUMU3MpYHoLLee MoLLaab OKPYXHOCTY Npu
BbINOTHEHWW OrPaHNYeHUiA No apkocTy (1).

3aknioyeHune

1. MpoBeaeHHble nabopaTopHble MCMbITaHUS nokasanu PaboToCnoCOBHOCTL M BO3MOXHOCTL MCMONb30BaHUS
CO30aHHOM TexHomoruu obpaboTku u3obpaxeHnid KupnvaH AN NOAGEPKKM NPUHATUS  peLleHuii B
AMarHoCTUYECKMX CUCTEMAX.

2. OOHOMOMEHTHOE nonyyexune KmpnmaH M306pa)K€HVIl7I NO3BONAET MPUHUMATLb PELIEeHNA B AMarHOCTUYECKUX
cucremax npu 6bICprIX M3MEHEHUAX COCTOAHUA OpraHM3Ma nauueHTa, a TakkKe WUCCrnegoBaTb BO3MOXHOCTb
CNoNb30BaHNs NOCNEA0BaTENbHOCTEN KuprnnaHorpamm B ANAarHOCTUYECKUX Lenax.
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METHOD OF FINDING HAMILTON ROUTES IN TRANSPORT NETWORK

Irina Garashchenko, Anatoliy Panishev

Abstract: This article discusses a solution method for Hamilton Problem, which either finds the task's solution, or
indicates that the task is unsolvable. Offered method has significantly smaller requirements for computing
resources than known algorithms.

Keywords: Hamilton traveling-salesman problem, minimal cost route, assignment problem, cyclic expansion.

ACM Classification Keywords: Algorithms

Introduction

The paper presents the method of Hamilton’s Problem (HP) solution with significantly lesser requirements for
computing resources, than for known methods.

Let's formulate the HP.

Let H=(V, U) is a connected graph without closed loops and multiple edges, V - set of vertexes, |V| =n, U-set
of edges. An edge {i,j} €U has the weight (cost) dj € Zy,i,j =1 n, Z; is set of non-negative numbers. The
symmetric matrix of weights [d,j]n completely defines weighed graph H = (V, U), and at this matrix d; e Zy if
{i,jleV else dj=c0, i=], dy=00,i=1n.

Graph H = (V, U) is Hamiltonian if it contains a Hamilton cycle, i.e. the simple cycle which is passing through all
vertices of V exactly once. The cost D(z) of the Hamilton cycle is equal to the sum of weights z edges — it is put
in correspondence to this cycle.

The essence of HP is in finding a Hamilton cycle z* of the minimum cost D(z*).

The task is NP - difficult [1]. Known methods of its solution are presented by schemes of the organization of
exhaustive search of all cycles in graph H [2-5]. Practical implementation of these methods is problematic even
with application of the most powerful computing systems.

The HP is also not always solvable. Therefore a unique method of finding a minimum cost Hamilton cycle z* is
the method which builds z* if a HP it is solvable, or correctly indicates that graph H = (V, U) is not Hamiltonian.

Let’s setup the solution search in two stages. At the first stage sufficient conditions of non-Hamiltonian graph H =
= (V, U) are checked. Complexity of checking each of them is estimated by a polynomial of a degree not above 3
from a size of task input data. A HP it is not solvable, if at least one of sufficient conditions of the non-Hamiltonian
graph is fulfilled.

It is obvious, that if graph N contains final vertices the HP has no solutions. The condition of graph containing
concatenation points being non-Hamiltonian is less obvious. Concatenation point is a vertex deleting which
together with incidental edges, results in a disconnect graph [6]. Recognition of concatenation points in connected

graph H = (V, U) is fulfiled with complexity O(|V|+|U|) [6]. It is not complicated to show, that graph is not
Hamiltonian if it contains the bridge defined as such edge deleting which increases the number of connectivity
components [6]. It s possible to fulfll recognition of bridges in time O(|U|+|V|) in graph H = (V, U).

At the second stage let's search the solution a HP z* for the graph which is not containing final vertexes, points
of a concatenation and bridges.
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The search scheme of the minimum cost Hamilton path on a transport network.

The z* searching algorithm is constructed according to the main scheme of the branch and bound algorithm. It
calls procedure of solving an assignment problem (AP) for an evaluation of lower bounds of magnitude D(z*)

[4]. At the same time, it has features inherent only in it which in the course of branching allow to define, what HP
subtasks have no solution.

Let's consider a matrix of weights of HP [d,j]n . To calculate a lower bound of required magnitude D(z*) ,itis

required to solve AP for this matrix. But AP with a matrix of weights [dij:|n contains a part of elements d; = oo

and may not have a solution. Therefore, for an evaluation of the lower bounds in the course of finding z* the
algorithm is required , which correctly discovers AP solution or strictly indicates, that AP has no solutions.
Modification of Caen-Munkres algorithm works exactly in such way [4].

The algorithm of Caen-Munkres solves AP on a maximum with the assumption that all units d;; =, i= j. The

input of the updated algorithm is the matrix [d,’j]n where d; =d —dj if dj # and d,-’j =—o0 else, d 2w isa

maximum element of matrix [d,} ]n . Then, if there is solution of AP on a maximum for a matrix [d,’j}n , itis the
solution AP on a minimum for a matrix [d,-j ]n . Weights of solutions C(7) and C'(7z) accordingly for matrixes
[d,-j ]n and [d,}]n are linked by equality

C(r)=nd-C'(7).

The updated algorithm of Caen-Munkres searches for an AP solution in a bipartite graph K (X, Y, E),
|X|=1|Y|=n, |E|=2|U| corresponding to a matrix [d,-;-]n where the vertex x; € X is connected to vertex
y; €Y byanedge (x,,yj) with weight d(x,-,yj ) =d; # 0. The AP is solvable if the perfect matching 7 with
the maximum sum of weights of edges is constructed in the graph K(X, Y, E). The AP is unsolvable, if the
graph K (X ,Y, E) does not contain perfect matchings.

The detailed description of Caen-Munkres algorithm modification is presented in [4]. Its main part is a known
procedure of searching of a perfect matching in the bipartite non-weighed graph H(X, Y, E), |X|=]Y|,

|[E|=2|U| with additional means of determining amount of units d; =—co and their disposition in the matrix

[d,-'j]n when AP is insoluble [4, 7]. Algorithm of Caen-Munkres and its modification both are characterized by the
labor expenditures estimated by magnitude O(n“) [7].

The algorithm of finding z* is fulfilled under the scheme of a branch and bound algorithm offered in [2] for
symmetric TSP solution. A combination of this scheme with modification of algorithm of Caen-Munkres is
applicable for a solution a HP as well.

Let's assume the perfect matching 7 is constructed. It supplies the target AP functional with a minimum C(;z)

which is accepted as the lower estimate of weights of a required cycle z*. Considering the matching 7 as
permutation of columns of the weight matrix, we will present its cyclic expansion, i.e. as a set of non-intersecting
cycles. Cyclic expansion of permutation 7z and the estimate C(;r) form the rout of a tree of branching. The

permutation 7 presented by a unique cycle, isa z* — HP solution. It's weight is C(;r) .
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Generally the AP solution contains some non-intersecting cycles. Let's select from them a cycle o-=(v1 Vy,

e Vi, v1) with the minimum number of edges. Let’s delete all solutions of AP, which contain a cycle o, without

losing any admissible solution z in an initial matrix. It is possible to present set of all solutions of an AP as a
partition on k subsets because at least one of k edges (v,v,), (V2,V3) ..., (v,.v4) should not be included in

z. Let's designate AP with an initial matrix [d,j]n as Fy. Then Fy is divided on k subtasks P, P, ..., B,. Each
of those subtasks correspond in a one-to-one relationship to edges of cycle o . Weights of edges of o are set to
o in [d,j ]n matrix , all of the remaining weights are not modified. In the matrix [d,; ]n of AP on maximum this

edge’s weight is assigned —oo. Then if there exists a HP solution it belongs to a set of solutions of any of the
subtasks P, P, ..., P, , which are presented by vertices of a branching tree, emerging from vertex £, .

In each subtask P, i =1, k, itis possible to eliminate not only those solutions which containing the cycle o, but
also the solutions including cycles with vertices from set S ={v;,v,,...,v, } . To achieve that, let’s take the weight

matrix of subtask P received from F; by assigning the element d i=1k, v, =V, of weight equal to

Vivis1?

oo . In this matrix let's set dv,'Vj =oo forall v; e S\{v;} . In the corresponding weight matrix of AP subtask on

maximum each unit dv,-v,- gets weight —oo .

For AP on maximum corresponding to subtask P., i = ﬁ let's apply modification of algorithm of Caen-Munkres
to build a permutation 7; if P. is solvable or find out that it has no solutions. If the subtask P, is unsolvable the
vertex corresponding to it in a tree of branching has no admissible prolongation. Let's suppose that from k
subtasks P, there are k; solvable subtasks P,-s, ie{1, 2, ..., Kk}, s=‘|,_k, i.e. there were built optimal

permutations 7 and values supplied by them were calculated C(yr,-s ) Obviously, it is possible to limit the cost
of the required Hamilton cycle z* from below to magnitude

C=min{C(, )li et 2. K}, s=T k).

Let's consider a subtask F, for which C(ﬂq)Z C . If the solution 7, is a Hamilton cycle it will be a solution of
HP also. Otherwise permutation 7z, produces several non-intersecting cycles. Then the node F, of the solution
tree is declared as top of branching [2]. The task F, is divided into the subtasks which solutions do not contain a
minimum length cycle o from permutation 7z, expansion. In solutions of subtasks all cycles generated on set of
vertexes of o are eliminated also. Having fulfilled modification of algorithm of Caen-Munkres for each received

subtask qu , we will define k, solvable subtasks, g €{1, 2, ...,k;}, s= m . Now a current lower bound of cost

of an optimal Hamilton cycle z* is magnitude

C=min{min{C(ﬂqs)|qe{1, 2. kb s =Tk} min{C(m )i {t, 20 K}y sl 20 i} iy 20},
corresponding to the task P,. If all subtasks received from the task F, are unsolvable the vertex of branching of
a solution tree corresponds to the task P, with a current estimation C=min{C(7r,-s)|ie{1, 2,..., k},
se{l 2.k}, ig#q}.

Further branching for vertex P, is carried out in the same way as for vertex F,. Finding the HP solution is

completed in one of two cases. In the first case the algorithm finds a Hamilton cycle z* for HP, which is a solution
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of a AP with current value of C. In the second case algorithm determines that all finite vertexes of the solution tree
are not subjects to further branching, and therefore the HP is unsolvable.

Graph H has no trailing vertexes and concatenation points. As a result of vertex-edges reorganization (VER) its
only chain (1, 8, 2) is replaced by an edge connecting vertexes 1 and 2. Therefore it is impossible to assert that
graph H not Hamiltonian.

1 2 3 4 5 6 7 8
1w o 9 5 10 6 11 4 |
2 ©w o o o 1 4 9 4
d7 = 319 w o 4 o o 2 00
[ ’1']8_
4 |5 o 4 0 o M 9 0
5110 11 ©o o o 12 0 ®
6 |6 4 o 1 12 IS T 'S
7111 9 2 9 © o o W
8 |4 4 o0 0 0 0 w0

Fig. 1. Graph H = (V, U) and a matrix of weights of its edges.

Let's apply modified algorithm of Caen-Munkres [4] to solve AP £, with an input weight matrix [d’/}s'

The algorithm searches for the AP solution on maximum for a matrix

1 2 3 4 5 6 7 8
1 [ -0 - 3 7 2 6 1 8
2 —© —0 —0 —o0 1 8 3 8
3 3 —0 —00 8 —0 —00 10 —00
[dﬂ8= 4 7 —0 8 —0 —o0 1 3 —00
5 2 1 —o0 —00 —0 0 —00 —o0
6 6 8 —o0 1 0 —o0 —00 —o0
7 1 3 10 3 —00 —0 —o0 —0
8 L 8 8 —0 —0 —o0 —0 —© —ooJ

Optimal solution of the AP A, both on maximum and minimum is permutation z = (4,8,7,1,6, 5, 3, 2), C'(;z)=
= 50. The minimum of a target functional of AP P, is C(;z) = 46. It limits from below weight of the required HP
solution z*. Cyclic expansion of permutation 7z looks like the following: o= (1,4, 1), 0,=(2,8,2), 03=(3,7,
3), a4=(5, 6, 5). Each cycle of expansion contains two edges. Thus for branching we will select any of four, for
example o3= (3, 7, 3). On fig. 2 the branching tree of finding the Hamilton cycle z* C(;r) is presented. All
calculation results, which form the branching tree, are given in table 1.

The AP F, as a result of branching generates two tasks P and P, on maximum with weight matrixes received
from [d,; ]s' In matrix [d,} ]8 for task P, —oo is assigned to element dj; =10, and for task P, - to element
d73=10. The modified algorithm of Caen-Munkres finds solutions 7z; and 7, for these tasks and defines weights
of received solutions C(7;)=C(7,)= 49. For branching it is possible to select any of subtasks with identical
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estimates. Let's select task P,. Permutation 7, is exhausted with two cycles, from which the cycle (3, 4, 7, 3)

has the minimum length. Elimination of AP solutions containing this cycle and all cycles with vertices from set {3,
4, 7} produces three tasks P, , F,, P, on maximum with corresponding weight matrices. In the first matrix

dy; = dyy =—o0, in the second d3; = dj3 = dj; = —o0, in the third dy; = d73 = d7, =—oo. All three tasks are
solvable. Weights of their solutions are C(;z11 ) =57, C(;r12 ) =52, C(;z13 ) = 58. By the current moment all final
vertices of branching tree P;, P, , P, are active P, . As, C=min {C(7;) C(;r11) C(%) C(;r13)}= min {49,
57, 52, 58} = 49, the vertex P, appears as branching vertex.

Fig. 2. The branching tree for HP with numerical data of an example 1.

Task P, is divided into three subtasks P, , P,,, P, with weights of solutions C(7r21)=63, C(7Z’22)=52,

C(7z23 ) =57 . From current set of active vertexes {F’11 Py Py Py Py P23} of the branching tree we will
select vertex with the minimum estimate C =min{57, 52, 58, 63, 52, 57} = 52. Vertices R, , P, have equal
rights to become the branching vertex. For further branching we will select subtask P12 . In cyclical expansion of
permutation 71, the cycle (5, 6, 5) has the minimum length. Therefore the task F’12 generates two subtasks P,y
and P,,. The modified algorithm of Caen-Munkres builds AP solution of P, in the form of a Hamilton cycle
(1,8,2,7,3,4,6,5,1) with weight C(7,,) =56 and determines that task Py, has no solutions.

Having built Hamilton cycle with weight 56 we no longer need to branch all active vertices with equal or greater
estimates. There remains a single AP P,, whose weight of solution is equal to 52. Cyclical expansion of
permutation 7, includes a cycle (5, 6, 5), calling two new subtasks Ry and Py, . AP Py, has no solution,
and a solution of AP Py, is a Hamilton cycle (1, 5, 6, 4, 3,7, 2, 8, 1) for which the total weight of edges C ()
is equal to 56.

The cost of the constructed Hamilton cycles is less, than a lower bound in any final vertex of the branching tree.
Thus, the optimal solution of the HP are cycles z; =mn=01,8,2,7,3,4,6,51), z; =7y=(1,5,6,4,3,7,2,

8,1). I
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Table 1.
AP AP solution Cycle expansion of AP solution
P, 7=(4,87,1,6,5372), C(x ):46 (1,4,1)(2,8,2) (3,7,3) (5,6, 5)
P =(58,4,7,6,2,3,1), C(7)=4 (1,5,6,2,8,1)(3,4,7,3)
P, =(5,8,7,3,6,2,4,1), C(n,)=4 (1,5,6,2,8,1) (3,7, 4,3)
P, =(4,8,1,7,6,5,3,2), (7[11) (1,4,7,3,1)(2,8,2) (5,6, 5)
P, 72'12=(8, 7,4,1,6,5,3,2), C(, ) =52 (1,8,2,7,3,4,1) (5, 6, 5)
Py | 7,=(37,4,3,6,521),C(r,)=58 (1,8,1)(2,7,2) (3,4,3) (5,6, 5)
Po | m,=(8,7.1,3,6,5,4,2), C(m, ) =63 (1,8,2,7,4,3,1) (5,6, 5)
Py | m,=(4.8,7,3,6,5,2,1), C(my, ) =52 (1,4,3,7,2,8,1)(5,6,5)
Py, =(3,8,7,1,6,5,4,2), C(my, ) =57 (1,3,7,4,1)(2,8,2) (5,6, 5)
Pios 1= (8,7,4,6,1,5,3,2), C(7yy)=56 (1,8,2,7,3,4,6,51)
Py AP is unsolvable -
Por | 722=(5,8,7,3,6,4,2,1), C(rs, ) =56 (1,5,6,4,3,7,2,8,1)
Py AP is unsolvable -
Conclusion

The method has been implemented in C# programming language. For perfomance tests we have used Celeron
1.8GHz PC. Solution time for HP with cost matrix size around 60 in the worst case does not exceed 3 minutes.
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Abstract: Relation between dermatoglyphic signs and temperaments types is considered. An algorithm for
papillary patterns classification and Izenk’s two factors model are used for establishment relationship asymmetry
signs with psychic functional state of human’s organism.
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Introduction

Studies of papillary patterns have two goals. First goal is to discover distinction concrete human patterns from
patterns all other people. To find common group’s sings is the second goal.

Finger-print's patterns have several common features. They contain papillary lines which have the same
anatomic nature, properties, like outward sings and details of structure.

It is known that skin integuments are descended from the same embryo sources that central nervous system’s.
Therefore dermatoglyphic signs may be considered as original markers of central nervous system’s
morphological organization.

In papillary patterns of hand’s finger-print are distinguished five zones: distal (1), left lateral (2), central (3), right
lateral (4) and basic (5).

Across basic zone gone one stream of papillary lines, which
usually cross nail phalange in horizontal direction. Left and right
lateral zones are formed by streams arc like papillary lines.
Distal zone is place above central zone, it separate from lateral
streams by conditional line which touch extreme upper line of
central drawing and is parallel to basic lines stream.

Maximum interest have present central zone. Its patterns
contain one or two line’s stream. In depend on stream’s
quantity patterns is divided for simple and double. By direct and
Fig 1 - Hand finger-print structure’s zones  stream line forms there are three global groups: arc-like, loop-
like, and tangle wind-like.

,~/

—b—=<

Every group has several subgroups. Arc-like patterns may be
simple, marquee, pyramidal or fir-treelike. Loop-like patterns contain ulnae, radial, half loops, closed loops and
racket-like loops.

Circles, oval (ellipse-like), spirals, loop-spirals, tuber-like, snail loops and other come in wind-like (curl) patterns
group. Sometimes papillary pattern’s name is not corresponding to geometric figure one.
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Usually in known algorithms for papillary pattern central zone analysis [1] have taken into account directs and
density like («parallel») lines. In this way different version of pattern line's space frequency filtering are used.
Discovered (filtered) distinctions are the basis for making decision in benefit one from standard papillary patterns.

It's known, that across profile uniform papillary lines (summit and hollow altitude) well describes by next periodic
function.

[
Z(y,l,L) = COS(ﬂm+ @),

In this formula expression /is distinct from start point around line which across papillary lines with angle vy, L(y) is
summit repetition period. Choice start point on line summit (9o=0) shorten parameter number in pattern analysis.

Summit repetition period L essentially depends from angle y and in diapasons 0<y<t has been singular minimum
which is reached in y=11/2, that is with perpendicular across if papillary pattern lines. Patten's lines in central zone
may have any direct. Therefore practice use will be enough to select only four most typical angle values y from
set {0, /4, /2, 31/4}. On this statutes are based the next algorithm for central zone papillary pattern analysis.

1. Choice pattern's start point and division finger-point on 48 segments (6 circle stripes with equal width in 8 equal
sectors).

2. Choice mean values M; of grey color level I(x, y) in the limit of segment number /.
3. Definition of differences K=I(x, y)-M; and standard deviations V;in the limit of segment number /.
4. Definition of normalized finger image N{x,y) in each segment number point.

Mo \/(vo)x(l(x,y)—M,Y

V.

I I p)> M,

1

N,(x,y) = 5
M, - \/ (o) xU(x0)=M,) , otherwise.

V.

1

In this expression My and V) are required mean and deviation values.

5. Division formalized finger image to four components by Gabor’s space-frequency filtering [ 2 ] accordance to
four directs which are defined by values (0, /4, 1/2, 31/4).

2 02

-1| x
Gx.y7./)=expi— 2+y 5 |preos(2a),
5y 55

X'=x-sin y+y-cosy,

y'=x-cosy—y-siny.
In last expression f is sin-like wave frequency in direct y, x  and y are new coordinates for point (x,y) after
turning coordinate system on angel y, dx and &, describe Gauss rounding around axes X and Y.

6. Definition pattern’s codes F;

;, as standard deviation for four variants in 48 segments (in all 192 values)

F;-y :\/Z(Gi(xayaj/)_Miy)z'
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In this expression Gix,y,7) is component image which correspondent to angle y for segment number i, Ki -
quantity of points in segment number i, M;, — means of grey level in segment number i for concrete value of
angle y.

7. Analyzed pattern relate to one from five most typical kind (curl, left or right loop, arc, half sphere) accordance to
maximum coincidence pattern’s codes (192 measured signs vectors) with codes previously received etalons.

Next moments are used for most precision account disposition of the points which forms papillary pattern’s lines.
If for reserved number of points are correct next expression

(r—%)z <(x=x0)* +(y =)’ sm%ﬂ

then this number of points forms circle with central coordinates x,, and y,, radius r and circle line width A.

If for reserved number of points are correct two next expressions

(x_xo)2 n (y_y0)2

Es

then this number of points forms ellipse with central coordinates x, and y,, half axes a and b, half focus

=1 and b*=a*>-c’,

distance c, ellipse line width A.
Increase distance from each new neighbour point of figure to some central point (x,,»,) Wwhich are

accompanied simultaneous continuous increasing or decreasing of the turn angle straight line which going over
new and central points testify to presence of spiral in papillary pattern.

This moments and classification papillary patterns results by described algorithm are the basis for research
relationship hand finger nail phalange papillary pattern’s type with psychic functional state of human’s organism.
Dermatoglyphic phenotypes of 78 persons with different temperaments were examined. Temperament type
(choleric, sanguine, phlegmatic or melancholic) previously are defined by Izenk’s two factors model. This model
by means of basic index extraversion-introversion and neurotismus allows to estimate personality direction for
internal or external world and to expose his emotional uneasiness level.

Papillary patterns were classified to five types: 1 — arcs (marquee arcs, fir-treelike), 2 — ulnae loops, 3 — another
loops (radial, half loops, closed loops), 4 —curls (circle, ovals, spirals), 5 - another curls (tuber-like, snail loops).
Described algorithm, partial analyses conditions and visual classification are used for this aims.

Results of these studies are presents into next table.

Presence dermatoglyphic signs of persons with different temperament type

Sign . Extravert ‘ ‘ Introvert '
Choleric Sanguine Melancholic Phlegmatic
Asymmetry + + B B
Ar>Al - 1 finger
Asymmetry + + B B
Ar<Al 2 finger
Asymmetry B _ + +

Ar>Al 2 finger

“+” means presence of sign, =" means absence of sign
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Accordantly to these results extraverts have next dermatoglyphic signs: asymmetry of threeradiuses on thumb
Ar>Al and asymmetry Ar<Al on forefinger.

Introvert’s finger pattern allows to mark out dermatoglyphic type which is characterized by symmetric patterns on
thumb and asymmetry Ar<Al on forefinger.

Next results are obtained in the sense relationship temperament’s type with papillary patterns. The first, choleric
have high probability of presence arcs patterns on the one from fingers. Second, melancholic have small
probability of presence curl patterns, in particular circle.

Conclusion

Dermatoglyphic signs are marks central nervous system’s types which are sensitive to external influence and this
way they are connected with emotional uneasiness level.

As results studies of papillary patterns persons with various temperaments are ascertained that there are reasons
to say about characteristic of them certain dermatoglyphic types.

Bibliography

1. Xpynés A.A., AnmonnoHoBa W.A., CnupugoHoB W.H.  AsTomatuaupoBaHHas o6paboTka AepmMaTornmduyeckmx
n30bpaxeHniA Ha annapaTHO-NpOrpaMMHOM komnnekce «Manaxut» /[ BuomeguuwHckMe — TeXHomoru  u
papnoanekTpoHuka, 2004, Ne10. - ¢.50-54.

2. D. Gabor. Theory of communication. Journal of EEE, 93: 429-457, 1946.

Authors' Information

Anatoly Bykh - Doctor of Physics and Mathematics, professor, Head of Biomedical Electronic Devices and
Systems Department of Kharkov National University of Radio Electronics, Lenina Av., 14, Kharkov, Ukraine,
61166.

Elena Visotska — PhD, lecturer of Biomedical Electronic Devices and Systems Department of Kharkov National
University of Radio Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166.

Vladimir Kobzev - PhD, lecturer of Information Control Systems Department of Kharkov National University of
Radio Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166; e-mail: vgkobzev@rambler.ru

Yuri Mischeryakov — PhD, lecturer of Systemotekhnics Department of Kharkov National University of Radio
Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166; e-mail: eng.syst@gmail.com

Nataly Bilous — PhD, professor, lecturer of Automated Systems Software Department of Kharkov National
University of Radio Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166.

Irena Kulya — student of Electronic Devices Faculty of Kharkov National University of Radio Electronics, Lenina
Av., 14, Kharkov, Ukraine, 61166.

Alexander Kobzev - student of Electronic Engineering Faculty of Kharkov National University of Radio
Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166.

Nataly Makhaikina — student of Computer Science Department of Kharkov National University of Radio
Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166.

Irena Makartseva — student of Computer Science Department of Kharkov National University of Radio
Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166.

Katarine Dyakonenko - student of Computer Science Department of Kharkov National University of Radio
Electronics, Lenina Av., 14, Kharkov, Ukraine, 61166.



International Book Series "Information Science and Computing" 53
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BASED ON SCALE-SPACE REPRESENTATION
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Abstract: A novel approach of automatic ECG analysis based on scale-scale signal representation is proposed.
The approach uses curvature scale-space representation to locate main ECG waveform limits and peaks and
may be used to correct results of other ECG analysis techniques or independently. Moreover dynamic matching
of ECG CSS representations provides robust preliminary recognition of ECG abnormalities which has been
proven by experimental results.
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programming, dynamic time wrapping.
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Introduction

Automatic diagnostics of cardiac diseases is the traditional task of medical cybernetics. At current large
experience is accumulated in this area. In particular attempts of complete automation of heart activity diagnostics
have failed to be enough robust comparatively to traditional human diagnostics. The most essential stage of
traditional ECG analysis is recognition of its major elements, which consist of finding out the QRS-complex,
selection of it's characteristic points (tops of Q, R, S indents, scopes of indents and their borders).

The results of element analysis (annotation) and measuring of their parameters are used for ECG interpretation
with purpose of correct diagnosis. Two basic categories of algorithms, applied in different systems of automatic
diagnostics currently exist. Algorithms that design logic of doctor-diagnostician fall into the first category. The
algorithms of the second category as a rule are based on the methods of multidimensional statistical analysis and
theory of possibility.

Indisputable advantage of medical algorithms - in possibility rapid decision realization. It is conditioned by the fact
that they concentrate experience of diagnostics accumulated in medicine and do not require preliminary teaching.
Diagnostic possibilities of such algorithms are limited to the modern level of medicine development and quality of
concrete algorithms — to the competence of persons assembling them as technicians and medics. Nevertheless
location of necessary for traditional diagnostics points on ECG is not a trivial task.

Advantage of nonmedical diagnostic algorithms is that they can utilize any parameters of electrocardiogram
representation. Due to it backlogs of information which in clinical practice remain unutilized appear accessible for
such algorithms. The lack of these algorithms is complication of teaching and readiness. In case substantial
difficulties are related to the selection of the well probed patients with diseases which an automat must learn to
distinguish. Nevertheless, the algorithms of the second category are considered more perspective, because
access to the new information should make diagnostics more effective.

Various automatic algorithms of the second group have been proposed, such as the threshold-crossing intervals
X and the auto-correlation function [1] and algorithms based on neural-networks [2]. Time—frequency (t — f)
analysis [3] and wavelet analysis [4] have also been used. All these algorithms suppose finding one special
disease or detecting that ECG signal could be classified as normal.
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This article focuses on building technique of ECG analysis that is able to support traditional diagnostics providing
waveform limits and peaks and preliminary diagnostics to be performed at home or in non-medical environments
by professional doctors or even users having no medical knowledge. The preliminary diagnostic results
correspond to three possible binary decisions: normal ECG, disease, not known.

We propose a novel approach of normal ECG recognition which is based on scale-scale signal representation
used for geometric object shape recognition previously - curvature scale-space (CSS) and our dynamic
programming algorithm for matching ECG signal represented as CSS descriptors. Though the idea of scale-scale
signal representation for ECG analysis is far not new [5] including the fact that wavelets are multi-scale by nature
the approach proposed may have some valuable advantages over existing scale-scale approaches.

The article is organized in 4 main sections. The first section describes CSS briefly as it's not a well-known
technology in medical signal processing. The second section introduces how to apply CSS to ECG signals. The
third section describe waveform limits and peaks location technique. The forth section focuses on dynamic
programming matching algorithm proposed. And the last chapter describes some tests performed.

Curvature Scale Space representation of shapes

The Theory of Scale-Space Signal Representation was introduced by Vitkin and Coendric in 1983. The
methodology consist in embedding a measured signal into a one-parametric family of derived signals, the scale-

space, where the parameter, denotes scale parameter o € R, , is intended to the current level of scale. For a

signal f : R — R, the scale-space representation L : R xR, — R is defined as [6]:

L(x;0) = f(x). (1)

And representation at coarser scales are given by convolution of the given signal with Gaussian kernels of
successively increasing width:

L(x;0) = g(x,0)* f(x). 2)
Curvature Scale-Space was introduced later by Mokharitan for geometric object shape representation as follows
[7]. Having curvature of each closed contour L(x;o) points calculated, curvature zero-crossing points can be
found easily. Then Curvature Scale-Space is built by locating zero-crossings in (x; o) space (u - normalized

arc length, o - Gaussian filter kernel size [7]. The resulting CSS can be represented as a binary image of CSS.
Cross-sections of CSS by horizontal lines define position of zero-crossing points on the corresponding L(x; o).

It is obvious that CSS images of normalized curves are invariant to affine transformations and noise. Rotation of
an object causes circular shift of it's CSS representation (fig.1a,b). The same effect is caused by the change of
contour starting point. Because of normalization scaling also don't affect the view of CSS. In addition noise do not
effects high scales of CSS (the threshold may be determined easily).

These properties of CSS image are used for effective representation and recognition of object shapes. It should
be also noted that successful identification of shapes based on CSS representation don't require CSS Images
themselves but arc maximums only []. The set of CSS maximas consists of pairs and form well-known CSS
description which was selected as one of the main shape descriptors for MPEG-7 standard.
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Application of CSS to ECG Representation

Curvature Scale-Space representation and matching process was introduced for closed curve contours only and
are not suitable for signal analysis. We will show that it is possible to adapt CSS for ECG representation in this
section and ECG matching based on such representation in the next section.

As curvature scale-space methodology has it's root's in multi-scale signal representation area switching back
from closed contours to signal segments representation is very easy. Signal curvature zero-crossing points may
be acquired in the same way calculating the first and the second discrete differences (fig. 1a).

Fig. 1. Evolution of the signal and appropriate curvature zero-crossing points:
a - zero-crossings at different scales, b — CSS image and valuable arcs.

CSS images of such zero-crossings found on each scale of ECG signal evolving will look the same as for
geometric object shape contour (fig.1b). The only difference here is in representation of CSS image maxima
which affects matching process also. As closed contour may be started to detect from different points CSS image
is also circular. In a difference an ECG signal starts and finishes at certain points. So CSS image for ECG and the
set of maxima as well is not be shifted during acquisition and matching process.

ECG Waveform limits and peaks location

The most valuable result achieved using CSS for ECG representation is ability of physiologically correct and
stable location of main waveform limits and peaks. The algorithm of waveform location based on wavelet QRS
detection is described below.

Wavelet QRS detection algorithm is used first to locate largest peaks of ECG QRS complexes as it has been
proven to provide the most precise and stable to noise QRS detection [9]. Unfortunately this algorithm is not able
to provide correct waveform limit points automatically and require frequency parameter setup depending on the
shape of waveforms (Fig.2).

Physiologically correct position of waveform limits are at points of maximum slope of the first order ECG
derivative [10].
The CSS representation of ECG signal is built as described previously. First order ECG derivative is used instead

of actual ECG signal to provide physiologically correct location of waveform limits at points of maximum slope
which in the case of CSS are zero-crossings of the first order ECG derivative.

Having the largest QRS peak located using wavelet detector the cross-section scale level is then determided to
locate the rest of waveform limits and peaks by the highest scale intersection point of QRS largest peak position
and CSS arcs (green line at Fig.2).
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The rest of points are located as follows. Correct QRS left and right limits lie at the previous and the next crossing
points of the cross-section line accordingly.

Correct P wave maxima (positive or negative or maxima of bi-phases P-wave) and the left limit is located as two
crossing points before the QRS left limit. Correct T wave maxima and two limits are located as three crossing
after the point next to the QRS right limit.
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Fig. 2. ECG waveform limits and peaks location:
a - ECG annotated using wavelet approach,
b — ECG derivative,
¢ — CSS of ECG derivative with a cross-section applied
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Figure 2 shows that QRS limits located by the proposed algorithm are physiologically more correct than ones
given by wavelet algorithm and allow correct and easy S and Q wave location. T and P wave limits are also
shown to be more precisely located.

It is also seen that noise does not effect much correct waveform location by the algorithm which is caused by the
nature of CSS representation. All noise affected CSS arcs are laying on the lowest scales of CSS (Fig.2c).
Nevertheless large high-frequency noise may affect the results and addition high-pass filtration would be required
then.

Matching CSS Representations of ECG for preliminary diagnostics

Matching algorithm for preliminary diagnostics is also proposed based on CSS representation of ECG. Every
signal in the database is represented by the locations of the maxima of it's CSS images. Matching algorithm
compares two sets of maxima and assigns a matching value to them which represent the similarity between the
actual boundaries of objects (Fig.3a). Obviously as the nature of curves differs for contours and signals matching
algorithm of CSS representations introduced by Mokhtarian with its main principle to shift maximums is not
suitable for CSS representations of ECG signals [7]. Moreover the algorithm will fail to match curves with large
dissimilarities of structure distances (heart rhythm change).

A different algorithm of matching CSS representations of ECG based on dynamic programming is proposed. It is
organized in the same way as Dynamic Time Warping (DTW).
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Having two sets of maxima O= ¢,,92,....9: ... (g = (S , x;), where s is a scale parameter and x is position
of the maxima) and C=c,,c5, ...,c;, ....cw (c: = (S » x;)) of length n and m respectively matching of these sets
using proposed DP matching algorithm requires to construct an n-by-m matrix (DP matrix) where the (i ;")
element of the matrix contains the distance d(q;,c;) between the two points ¢; and ¢; (in a metric defined below).
Each matrix element (7,j) corresponds to the alignment between the points ¢; and ¢;. This is illustrated in Figure
3b. A warping path 77, is a continuous (in the sense stated below) set of matrix elements that defines a mapping
between O and C. The k™ element of ¥ is defined as wy. = (i,j) S0 we have:

W =wy, Wy, ..., Wg,...,Wwx  max(m,n), K <m+n-1

::DU\ ﬂ/nﬂ\ﬂﬂ A

Fig. 3. Dynamic matching of two ECG signals: a — CSS maximas, b — dynamic matching

The warping path is typically subject to several constraints:

- Boundary conditions: w; = (1,1) and wx = (m,n), simply stated, this requires the warping path to start and
finish in diagonally opposite corner cells of the matrix.

- Continuity: Given wy = (a,b) then wy.; = (a’,b’) where a—a'<=1 and b-b'<=1. This restricts the allowable
steps in the warping path to adjacent cells (including diagonally adjacent cells).
- Monotonicity: Given wy = (a,b) then w_; = (a',b’) where a—a'>= 0 and b-b">= 0. This forces the points in W
to be monotonically spaced in time.
There are exponentially many warping paths that satisfy the above conditions, however we are interested only in
the path which minimizes the warping cost:

9

S V@) - X (f(g))? +(o(g,) - o(f(g,)
Q(0,C) = min { il ©)

A Za(q) + ZO‘(C)

qeQ/ Q' qeC/C'

where O',C",| Q'|=| C'| - are subsets of O, C accordingly,
(x'(g,) = x(gq,)—x(q,,),x(g,) = 0- is a distance to previous CSS maxima (time interval).

The path can be found very efficiently using dynamic programming to evaluate the following recurrence which
defines the cumulative distance y(i,j) as the distance d(i,j) found in the current cell and the minimum of the
cumulative distances of the adjacent elements:
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7/(19]) = d(qzcj) +mln{7(l _17] _1)97/(1_1:])97/(191 _1)} (4)
where (i, j) - accumulated cost of wiDP table cell,

d(g;c,) - wrapping cost in w,which is calculated as follows:

e (0,6,) =X (q) = x " (f(g,) +(0(g,) — ([ (g,))’
dskipi (qicj) = O-(qz')adskipf (qicj) = G(qi)

where d . (q,,c,) -distance for matching two points or a diagonal movement,
d,.(q,c,) - distance for skipping the point g, or a horizontal movement,

d,. (q,,c,) -distance for skipping the point g, or a vertical movement.
Such formulation of d(g;c;) has already been proven in practical application of geometric shape matching as a
part of Mokhtarian’s algorithm.

Finally the cost of matching could be found in yn,m) using backtracking algorithm while building the optimal
path W.

Experimental Results

We have also evaluated our algorithm in terms of important interval values P duration QRS duration and QT
interval. The evaluation has been done in terms of the standard deviation of the differences between intervals
estimated by our algorithm (10.2ms), intervals measured by wavelet technique (12.3ms) and intervals measured
from the mean referee estimates of CSE database (9.6ms) which proves better performance of proposed
algorithm. 120 beats was used provided for program testing and 30 expert annotated beats contained in CSE.

Also 51 ECG signals was selected for preliminary diagnostics testing from the international ECG database
PhysyoNet (Physikalisch-Technische Bundesanstalt — PTB, the National Metrology Institute of Germany).

Table 1. Distribution of classes

Diagnostic class Number of ECG signals

Myocardial infarction 5

Cardiomyopathy/Heart failure
Bundle branch block

Dysrhythmia

Valvular heart disease

Myocarditis

8
5
4
Myocardial hypertrophy 5
5
5
4

Miscellaneous

Healthy controls 10
Total 51
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Techniques of CSS representation and dynamic matching were realized as a computer program which was
tested on the assembled database of ECG signals.

Following the well known technique of automatic ECG interpretation quality estimation [9] we assume that all
database signals are verified (normal forms and pathological forms). Then counting up the general number of the
followings events: correct classification of normal ECG (TN), improper classification of normal ECG as
pathological (FP), improper classification of pathological ECG as normal (FN), correct classification of
pathological ECG (TP).

In total, quality of ECG interpretation is calculated as "probability that classification is correct” according to the
following formula:

~ TP+ TN
TP+ FP+TN + FN

Thus according to experiment results TP=41, TN=9, FP=1, FN=0 and resulting TA=98%. After introduction of the
third diagnostic result — “not known” FN=0 may be achieved. In the case if a user received “not known” result he
can repeat the measurements. And if the same result achieved again it would be recommended to consult with
professional doctor-cardiologist.

100% (6)

Conclusion

A novel approach of automatic ECG analysis based on scale-scale signal representation is proposed. The
approach uses curvature scale-space representation to locate main ECG waveform limits and peaks and may be
used to correct results of other ECG analysis techniques or independently. Moreover dynamic matching of ECG
CSS representations provides robust preliminary recognition of ECG abnormalities.

The main advantage over existing waveform location techniques is physiologically correct and noise stable
detection of waveform limits.

The main advantage of the approach over the existing preliminary diagnostic techniques is faster extraction
process and matching process as it is done in CSS space. Experimental results show that the approach is quite
robust for preliminary normal ECG recognition. It is planned to conduct larger tests on different ECG databases
and comparative tests to compare the quality of diagnostics and the rapidness with other interpretation
techniques.
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OTHOLLIEHWUA ACCOLMALIM NS AHANU3A NPEOMETHbIX OBJTACTEN
YYEBHbIX KYPCOB

Bepa Jlto64eHko, Anekcen Apmyna

Abstract: Different kinds of associative relations are described. There are defined measures for power of these
associative relations.

Keywords: associative relation, associative map, measure
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BBeaeHue

CyliecTByeT [O0BOMbHO OOWMPHBLIA  MepeyeHb BOMPOCOB, MPW  PELUEHUM  KOTOpbIX MPeAcTaBMeHue,
Basupytolieecs Ha hopmanuame accoLMaTUBHbIX CETell, OKa3blBaeTCs BecbMa NonesHbiM. OfHUM M3 HWUX
SIBNSIETCS BONPOC aHan13a npeaMeTHbIX 06nacTel y4ebHbIX KypcoB onpeaeneHHoit y4eGHoM nporpammbl.

MpeomeTHast obnactb Nnoboro y4ebHOro Kypca vMeeT cBoM 6a3oBble MOHATUS — KOHUENMbI — KOHCTPYKLMY,
onucblBarowme Bce 0OBLEKTHI B JAHHOW KaTEropum WM Knacce CyLYHOCTEN, WX B3auMOLENCTBUS, CBOMCTBA W
CBS3W Mexay HUMW. Kaxkabli KOHLENT XapakTepuayeTcsl CBOUM KOHTEKCTOM, 3aaBaeMblM TPEMS KOMMOHEHTaMU:

. MHOXECTBOM Yy4eGHbIX Lienel, Ans AOCTUXEHUS KOTOPbIX HEOBXOAMMO M3yyeHe KOHLEeNTa,

° npenycnosnem — MHOXECTBOM KaTeropM|7| CyLIJ|HOCTel7I, 3HaHWe KOTOpbIX Heobxoaumo Ans N3y4eHuna
[aHHOro KoHuenTa,

. MOCTYCIOBMEM — KAaTeropueil CyLLHOCTENA, KoTopasi U3y4aeTcsi B AaHHOM KOHLENTE.

AHanu3 npegMeTHoit 06nacTi y4ebHOro Kypca LOMKEeH ONpeaenuTb CUY CMbICTIOBOM CBSI3W MeXaY KOHLEeNnTamm
W MO3BONUTL BbINONHUTL €70 0BOCHOBAHHYIO MPAHYNSLMI0 HA TEMATUYECKME KOMMOHEHTbI. DaKTU4ecku, B Xoae
aHanu3a npoBEPATCS  CTPYKTYPUPOBAHHOCTb M FOTMYEcKasi CBSIBHOCTb y4eGHOro Matepuana kypca,
SBNAIOLLMECS MMaBHbIMY (DaKTOPamMu Npu OnpeaeneHun ero kayecTsa.

B naHHoM paboTe paccMaTpuBaeTCsl MHOXECTBO OTHOLUEHWI accoumaLm, KOTopble MOryT ObiTb MPUMEHEHDB! ANs
aHanu3a npeamMeTHbIX obnacteit y4ebHbIX KypcoB.

ba3oBble OTHOLWEHUA accoumaLmm

B [JTobueHko, 2007a] npeanoxeHo paccMaTtpuBaTth ABa TUNAa acCoLMATUBHBIX CBS3EN:

. accouuaumst no Lenu — OTHOLIEeHMe, KOTOPOE MOKa3blBaeT, YTO KOHTEKCTbI KOHLEMTOB MMeEKT oblyme
3reMEHTbI BO MHOXECTBaX y4ebHbIX Lienei;

° accouumauma no noruke — OTHOLWEeHME, KOTOpPOEe MOoKa3blBaeT, YTO MOCTYCNoOBME OOQHOIMO M3 HUX BXOAUT B
npegycrnosune BTOPOro.

[ns kaxgoro Tvna aCCOLLMaTMBHOVI CBSA3M MOXHO BBECTU KOSIMYECTBEHHbIN n3MepuTenb CUnbl CBA3N. Cuna
MONHOM aCCOLLI/IaTI/IBHOIZ CBA3M MexXAy ABYMA KOHUEeNnTamn MOXeT ObiTb BbIMMCNEHA KaK CymMma Mep Cuibl
accounaumn no uenn asSg 1 accoumanm no noruke asse:

ass(c;,c; )=asss(c;,c; )+ ass, (ci.c;),

raoe Ci U G — KOHUEeNTbl, ANA KOTOPbIX pacCYnTbIBAETCA CUna MONHOM aCCOLlI/IaTI/IBHOIZ CcBA3N.
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Bo3MOXHOCTb  MOEHTUMLMPOBATL MapHble accouuauum Mexamy [OBYMS KOHLENTamMu No3BofsieT BBECTU B
PaccMOTpeHne 6onee CrOXHbIE KOHCTPYKLUMM, KOTOpble MOTYT ObiTb MOMEsHbl NSl aHann3a COAepKaHus
y4eGHoro matepuana. [lagum onpegeneHue.

AccouyuamusHasi Kapma — Ha6op KOHL|enToB yqe6Horo mMatepuana ¢ onpeaeneHHbiMM Ha HUX accolmaTnBHbIMU
CBA3AMM, MaTEMATUYECKON MOAENbH KOTOpOI7I ABNAETCA HeOpVIeHTVIDOBaHHbIVI rpada.

Mcnonb3ys accoLmaTuBHYHO KapTy, MOXHO paccuuTaTh 3HAYeHUs BYX nokasaTeneil:

. C8A3HOCMb MeMamu4eckoll KOMNOHEHMb! — CUNA acCOLMATUBHbIX CBS3EN MeXy KOHLenTamu AaHHOM
KOMMOHEHTbI, KOTOPYK0 MOXHO paccunTaTh kak CymMMy BECOBbIX KO3(MULIMEHTOB Ayr MeXaY BepLUMHAMM,
COOTBETCTBYHOLMMM STUM KOHLIeNTam;

o cuyenneHue memamudeckoli KOMNOHEHMb! — CuNa acCoOLMATUBHbIX CBA3EA [aHHOM KOMMOHEHTbl C
OCTamnbHbIMA TEMAaTUYECKUMU KOMMOHEHTaMK, KOTOPY) MOXHO paccyuTaTb Kak CyMMy BECOBbIX
KO3(P(OMLMEHTOB Oyr, COeaMHSOWMX noarpady LaHHOW TemaTU4ecKOW KOMMOHEHTbl C OCTarlbHbIMK
BEPLUMHAMM accoLMaTUBHON KapTbl.

[lononHUTENbHO ANS TEMATUYECKOW KOMMOHEHTbI MOXHO BBECTU B paccMoTpeHne KOS(*)dJVIU'MeHT pa36MeHVIFI -
OTHOLUEHME 3Ha4YeHna cuenneHna K 3Ha4eHno CBA3HOCTH.

OTHocuTenbHO MaTepuana y4ebHOro Kypca CBA3HOCTb MEXAY KOHUenTamu [aeT BO3MOXHOCTb ONpeaenutsb,
ABNSETCA Kypc 0B30pHBIM MAM cneuuaniavMpoBaHHbiM. MOXHO MPeanonoXuTb, YTO Yy CheLmanuanpoBaHHbIX
KypCOB 3Ha4eHue nokasarens CBA3HOCTW Bbille, YeM Yy 0630pHbIX. CuenneHne nokasbiBaeT, HaCkobKO CUbHO
y4ebHbIA KypC B3aMMOZENCTBYET C APYrMMM Kypcamu y4eOHoi nporpammbl. MOXHO npeanonoxuTb, 4To Y
0630pHbIX KYpCOB 3HAYEHWE NokasaTens CLUeneHns Boille, YeM y CreLnanu3npoBaHHbIX.

WUccnepoBaHua noBeaeHNUsA 6a3oBbIX OTHOLEHWI accoLmauum

WccnenoBaHus noBegeHns 6a30BbIX OTHOLLEHWIA accoumaLum NPOBOAUIMCL Ans y4ebHbIX KypcoB, MHGOpMaLms
0 KoTopbIX npueegeHa B [Pekomengaumm, 2007]. OTOT COOPHUK COAEPXKUT PYKOBOASLLME MPUHLMMBI CO3LaHMS
y4ebHbIX NNaHOB MO NPOrPaMMHON WHXEHepun. PekoMeHpaumy OTpaxatoT OOWMWPHBIA peanbHbld  OnbIT
aBTOPCKOTO KOMNeKTMBa W pesynbTaThbl 0bCyxaeHns B pabounx rpynnax. Takum obpa3om, MOXHO cuuTaTb
3(heKTUBHOCTL pa3breHns B JaHHOM CIyyae SMMMPUYECKU NOATBEPKIEHHON.

VHdhopmaums 0 pekoMeHayeMbix Kypcax, ux y4ebHbIX Liensx 1 nayvaemblx KoHuentax bbina cobpaHa B Gase
tpenmos [JTobuerko, 20076], Ha OCHOBE KOTOPOW CTPOMUNACh accoLMaTMBHAsS kapTa NpeaMeTHO obnacTtu.

Mpy NOCTPOEHNUM aCCOLMATUBHOI KapTbl OCHOBHYK CIIOXHOCTb MPEeACTaBNsANo NOCTPOEHUE CTIMCKOB CBSA3AHHbIX
KOHLIENTOB, HA OCHOBAHMM KOTOPbIX PACCYMTLIBANNCL CUMbl acCoLMaTUBHbIX CBS3EN Mexay KoHuentamu. [ns
3TOr0 UCMOMb30BaNCs PEKYPCUBHBIA anroput™, Mcnonbaylownin B KaYecTBe MCXOAHbIX [aHHbIX CrMCOK
KOHLIenTOB NpeaMeTHON obnacTy. [ns Kaxaoro KOHLENTa BbINONHANACh Takas NoCneAoBaTeNbHOCTb AeNCTBHN:

1. Co3paeTtcs CNUCOK NpedycnoBuiA TEKYLLEro KOHLenTa, KOTopblii 06pa3yeT Cn1COK HalAeHHbIX KOHLenToB
(CHK). 3anomuHaeTtcs obLuyee Yncno HaiaeHHbIX KOHLENTOB

2. OnpepensieTca MHOXECTBO LIENeN, C KOTOPbIMU CBA3aH KOHLLENT. [ins kaxaon uenu:

2.1. Haxopstca BCce CBsi3aHHble C Hel KoHUenThl M gobaenstorca B CHK. Obwee uncno HaigeHHbIX
KOHLIENTOB YBENMYNBAETCS Ha KOMMYECTBO KOHLeNTOB, Ao6aBneHHbIx B CHK.

2.2. Haxopstcs Kypcbl, KOTOPbIM OHA MPUHALNEXWT, U CBA3AHHbIE C HEW B 3TUX Kypcax KoHLenTbl. Cnncok
aTnx koHuentoB pobaensercd B CHK. Obliee 4ncno HampeHHbIX KOHLEMTOB YBENWMYMBAETCS Ha
KONMNYECTBO KOHLenTOoB, fobaBneHHbIX B CHK.

B pesynbrate BbINOSHEHWS anropuTMa MOMyvaeTCs CMUCOK BCEX KOHLIEMTOB, CBA3AHHbIX C TEKYLIMM. 3TOT
CMMCOK WCMOMb30Barca Ans pacyera MaTpulbl acCOLMATMBHbIX CBA3EN MEXy KOHLEnTamu, Ha OCHOBaHUM
KOTOPOM C WCMOMb30BaHWeM WHGopMauum n3 6asbl HPEiMOB PacCUMTHIBANMCh 3HAYEHMs MokasaTenen
CBSI3HOCTM W CLIENNEHMS.
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PGSyJ'IbTaTbI pac4eToB nokasanu, 4YTo AnAd 0630prIX KypCOB 3Ha4eHue rnokasatena cuenneHnd B 1,5-2 pasa
NpeBbIWaeT 3HAYEHNE NokKadaTensd CBA3HOCTU. Ons cneunanu3npoBaHHblX KypCcoB CUTYaunA NPOTUBOMNONOXHA:
3Ha4yeHne nokasatens CBA3HOCTH B 2-4 pa3a npeBbillaeT 3Ha4eHne nokasatena cuenneHna.

JNononHsLwwMe OTHOLEHMS accoLmaLmm

OTmeTUM TOT (hakT, YTO Ga3oBble OTHOLIEHWS accouuaLv NO3BONSIKOT Y4eCTb HE BCe CBS3W, BO3HMKAKOLLME
Mexay KoHuenTamu y4eGHoro kypca.

YacTo noctpoeHne y4ebHbIX KypcoB OCHOBAHO Ha PEKOMEHAYEMOM MOPSAKE W3MOXEHWS MaTepuana, OgHaKo,
3TOT NOpPsAOK He OOYCrnOBNEH NOMMKON (COOTHOLUEHMEM MHOXECTB MPeA- M mocTycrnoswi). [ns yveta atoi
WHopMaLuK criedyeT BBECTU B PACCMOTPEHWE acCoLMaLMIo MO BPEMEHW, NMO3BONSHOLLYI0 Y4eCTb AN KaXOoro
KOHLernTa Hanuume 3aBMCUMOCTU OT paHee 13ydeHHbIX. [lagum onpeaeneHue.

Bynem roBopuTb, 4TO Mexay ABYMS KOHLENTaMu CyLLECTBYET OTHOLUEHWE BPEMEHHOro Mopsaka, ecrin ux
PEKOMEHAYETCS U3y4aTb B ONPEAENIEHHO BPEMEHHOI NOCHeL0BATENBHOCTM:

R:(c;.c; ) ecmc, <, c;,

roe ¢, ¢ € C— KoHuenTbl. JTO OTHOLLEHWe aHTMPEeNEKCMBHO, aHTUCUMMETPUYHO W TPAH3UTUBHO.
Ecnun BBOAMTCSA OTHOLLEHWE BPEMEHHOTO NOPSAKA, TO HY)XHO BBECTW Mepy acCOLWaTMBHOW CBSA3M NO BPEMEHM.
OTy Mepy npeanaraeTcs onpeaensTb cneayoLwmm obpasom:

_ ‘O”ti “’”f‘”
aSST(Cr’Cf)_W’

roe Inj— MHOXXECTBO npeuycnosvlﬁ KoHLUenTa ¢, Out; — MHOXeCTBO I'IOCTyCJ'IOBMI;1 KoHuenTa C;, Tprej — MHOXeCTBO
KOHLeNTOB, PEKOMEHOO0BAHHbIX K M3Yy4YEHUIO N0 BPEMEHUW PaHbLLE KOHLEeNnTa C;.

Ba3oBble OTHOLLEHMS acCOLMaLMM HESIBHO MPeAmonaraioT, YTO KOHLENTbl BbINOMHSAIOT OAMHAKOBbIE (DYHKLMK B
Kypce. OfHaKo, B 3aBMCMMOCTM OT KAYECTBEHHbIX XapaKTEPUCTUK B3aMMOCBS3M MeXay Y4eOHbIMK Lensmu u
KOHLIENTamu, MOXHO BbIAENUTbL TPU TUNa KOHLIENTOB:

- OCHOBHbIE KOHLIEMNTbI, N3y4eHIe KOTOpbIX HEOBXOAMMO Anst AOCTUKEHUS Y4eBHOI Lenu Kypca;

- NMOAroToBUTENbHbIE KOHLUENTHI, KOTOPbIE H806XO,D,VIMI:I ana  NOHUMaHuUA | pa6OTbI C y‘-le6HbIMl4
MatepuanamMmm OCHOBHbIX KOHLIENTOB onpe,qeneHHoﬁ yqe6H0|7| Lenwu;

- POACTBEHHbIE KOHLEMTbI, KOTOPble CBS3aHbI C OCHOBHBIMW KOHLENTamu crneuuduyHbiM - 06pasom,
LOMNOMNHAS (pacLumpsisi) ux.

MycTb Gri — MHOXECTBO MOArOTOBUTEMbHbIX KOHLENTOB, Reli — MHOXECTBO POACTBEHHbIX KOHLENTOB Afs
KoHuenTa ¢ [lagum onpeaenexus.

By,u,eM roOBOPUTb, YTO MeEXAY ABYMA KOHUenTamu CylleCTBYeT accounauna no noarotoBke, €Criv KOHUENT G
ABNAETCA NOAroTOBUTENbHBLIM AN14 KOHUENTa Cj.

Re(ci,c)), ecrm ¢; € Gri.

Byzmem roBopuTh, YTO MeXay ABYMS KOHLEnTaMmu CyLlecTBYeT accouualsi Mo pacluMpeHmnio, ecrivi KOHLENT G
SIBNAETCS POACTBEHHBIM NS KOHLEeNTa Ci:

Rr(c;,c)), ecnu ¢; € Rel;.
O6a OTHOLLEHNS aHTUPEDNEKCHBHBI, RHTUCUMMETPUYHBI W, B OBLLEM CIyyae, HETPAH3UTUBHBI.
CoOTBETCTBEHHO, BBEAEM ABE MEPbI 1151 9TUX TUMOB aCCOLMATMBHOM CBA3M:

- ass, :F? —[0,1] - BbluncneHMe MepbI accoumaTMBHOIN CBA3W NO NOATOTOBKE, KOTOPYK NpenaraeTcs
onpenensTb Kak 3HaYeHNe OTHOLLEHNS!
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max(1,|In, A Gr|)

assp(c,.,c,-)z n oG
I I

- assp : F? —[0,1] - Bbluncnenme Mepbl accoumMaTiBHON CBS3W MO PACLUMPEHMIO, KOTOPYK NpefaraeTcs
onpeaensTb Kak 3Ha4eHNe OTHOLLEHNS!

) \ij\

assR(c- c. )= |Rel,-|’

177

roe Cb = {ck c; € Re Ik,Vk} — MHOXeCTBO KOHLIeNToB, Ans KOTOPbIX Cj ABMNAETCA POLCTBEHHBIM.
Mocne BBeAEHWS! AOMONHSIOLWMX OTHOLIEHWUIA accouMaLmm ciuna MOSHOM acCOLMATMBHOM CBS3W MOXeET ObITb
BblYMCIIEHA KaK CyMMa Mep CWIlbl BCEX TUMOB accoLmaLmii:

ass(c;,c;)=ass; (c;,c; )+ ass, ci,¢; )+ ass; (c;,¢; )+ assp (c;, ¢, )+ assq e, c; )

3akniouyeHue

B paboTe paccMOTPEHO MHOXECTBO OTHOLLIEHWIA accoLpaLn 1 X Mep, KOTOpble MOryT BbITb MCMONb30BaHbLI ANS
aHanusa npegmeTHbIX obnacteit yuebHbix Kypco. CoBCTBEHHO MeToAMKa aHanmaa y4ebHOro kypca Ha OCHOBe
accouMaTVBHbIX KapT, MOZENMPYIOLMX NpeaMETHYI 06nacTb KypcoB, B paboTte He paccmatpuBaetcs. Ho MOXHO
YTBEPXAATb, YTO aHanM3 CTPYKTYpbl LienecoobpasHo BbIMOMHATL HA OCHOBE rMNOTE3bl KOMNAKTHOCTM [3aropyiko,
1999]. CoOTBETCTBEHHO, pe3ynbTaTbl BbIYACMEHUA CWMbl  acCOUMATUBHOM CBA3M MOXHO WCMOMb30BaTh
cneayowum obpasom:

- MpN M3MEHEHNM CTPYKTYPbI Y4eBHbIX KYPCOB HA OCHOBE aHann3a W3MeHeHWi nokasaTeneit CLenneHns n
CBA3HOCTU MOXHO OLEHUTb BENMYMHY 3eKTa AAHHOTO W3MEHEHWS W MPUHATL peLleHne O
LienecoobpasHOCTI 3TOr0 U3MEHEHMS;

- npu aHannse y4ebHbIX KypcoB onpegenieHHon y4ebHoN nporpaMmbl (Hanpumep, y4eBHbIX KypCcoB O4HON
CreumansHoCTh) 3HAYMTENbHBIA  Pasbpoc 3HAYEHWA KOIPMUUMEHTOB pasbUEHNST MOXET CYXUTb
WHAMKATOPOM HEe3hhEKTUBHOMO pasgeneHunst y4ebHOro Matepuana no Kypcam.
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METOAbI UHTEMPALIUK YHEBHbBIX MATEPUANIOB
ana QUCTAHLUMOHHOIO OBYHEHUA

Uropsb LLIy6uH, AApocnas CeaTku, UpuHa Benoyc

Abstract: The process of training is the most difficult for effective realization through information technologies. Is
suggested the methods for the most complete implementation of original techniques of material description,
ensuring versatility of development environment and functioning of interactive systems of training process. The
given technology requires as the exact description of teaching model, as application of modern methods of
development intelligent skills.

Keywords: Distance Learning, Computer Based Learning System, Fuzzy Logics, Fuzzy Nondetermined Automat.

ACM Classification Keywords: K.3.1 Computer Uses in Education

BBeaeHue

HanGonee uacto BCTpevarolleiics npobGremoi, koTopasi CTOMT neper aBTopamu Y4YebHbIX KypcoB mMpw
KOMMbIOTEPHOM  (AMUCTAHLMOHHOM) OOYYeHMM, SIBNSETCS WHTErpauns PasHOPOAHbIX Y4EBHO-METOAMYECKNX
MaTepuanoB B eAuHbIA Kypc 0byyeHusi. AKTyarnbHOW SIBNSIETCS 3ahadya CO3AaHUs MHCTPYMEHTarbHbIX CUCTEM
MOAAEPXKMA UHTErpaLmmu y4eGHO-METOAMYECKMX MaTEPUAnoB, K KOTOPbIM NPeabsBNSOTCS XECTKMe TpeboBaHus,
TaK Kak 9EKTUBHOCTb OOYYEHUS CYLLECTBEHHO 3aBUCUT OT (hOPMbl U KayecTBa MPefoCTaBneHns y4ebHbIX
MaTepuanoB. B ocHoBY nofioBHbIX cUCTEM 3aKnafbiBaeTCs pacnpeneneHHas Mofenb XpaHeH!st MHOopMaLmK.

OcHoBy coaepkaHus COBPEMEHHbIX Yy4ebHbIX KypCOB AOMKHbI COCTABMATb OCBauMBaeMble  CMocobbl
JEATEeNbHOCTM, a He KOHKPEeTHOe npeaMeTHoe cofepxaHue. C TOYKM 3peHMs CeTeBbIX TEXHOMOTU,
WHCTPYMEHTanbHas cUcTeMa NOALEPXKKN MHTErpaLmun y4ebHO-MEeTOaNYECKUX MaTEPUanoB JOMKHA BbINOMHATLCS
Ha creuuanbHo BblgeneHHOM cepBepe 0bydyeHus. Takke HeobXxogumMo OTMETUTb, YTO BCH MHCTPYMeHTarbHas
cucteMa B LEMNOM U CepBepHas 4acTb B YaCTHOCTW, OOMKHbI OTBEYaTb MWHMMArbHbIM TpeboBaHMAM
BesonacHocTH, He Oonyckas BMelLaTenbCTBa 0byvaemblx B MPOLECC KBA3WCMyYalHOW BbiAaun KOHTPOIbHbIX
3a0aHMA M OLEHWBaHWS pe3ynbTaToB €ro  BbiNONMHeHus. [laHHoe o6cToATeNnsCTBO  0BycnaBnmBaeT
HeobXx0aMMOCTb MHOTOMOTOYHOM CEPBEPHON peanu3aumm Tex (YHKUMIA CUCTEMbI, KOTOPbIE CBSI3aHHbI C
NpOoBepKoii 0TBETOB 0By4aeMbIX 1 NPEAOCTaBNEHNEM JOCTYNa K cucTeMe W K 6azam AaHHbIX y4ebHbIX KypCoB.

dopmanu3aums CTpyKTypbl y4eGHbIX KypcoB

YyebHbIl KypC NpescTaBfsieTCs B BWAE HanpaBneHHOro rpada, B KOTOPOM y3namu CryxaT AOKYMEHTbI
cneynanbHoro Buaa — cnamgbl, a pebpamn — nepexogbl Mexay Humu. /3 kaxgoro yana obyvaemblil MOXET
nonactb B OAWH U3 HECKOMbKUX APYrX Y3MoB, HEMOCPEACTBEHHO CBSA3aHHbIX C HUM pebpamu. Kakoi nepexoa
ByneT BbIbpaH, pelaeT cucTeMa Ha OCHOBE AaHHbIX 06 0By4aeMoM 1 TekyLLero cocTosHUs y4ebHoro npouecca.
B nepBylo ouvepedb Mpu peLeHMM MCMOnb3yTCa NnpoTokon paboTbl M mogenb obyyaemoro. [lpotokon
npeacTasnser cobon hann, B KOTOPbIA aBTOMATUYECKM 3aHOCUTCS MHGOPMALMs O BCEX OEWCTBUSX, KOTOpbIe
0byyaeMbli BbINOMHAN 3@ TEPMUHAIIOM KOMMblOTepa. Ha OCHOBE aHanusa npoTokona, npu HeobxogumocTy,
MOXHO CKOppeKTUpOoBaTh Moaenb obyyaemoro. Mogenb 06y4aemoro AomkHa COAepXaTh OTBETHI HA BOMPOCH! HE
TONbKO O TOM, YTO 3HAET U ymMeeT Aenatb KOHKPETHbI 06y4aeMbli, HO M O TOM, K KakOMy MCHUXONOr1Yeckomy
TUMY OH OTHOCUTCS M YEro AOCTUr 3a BpeMst 06y4eHus.
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HekoTopble yanbl kypca MoryT ObiTb MoMeuyeHbl Kak obsizaTenbHble Ansg nocelieHus. CTapToBbli y3en
BbIOMPAETCS Ha OCHOBE YPOBHS MOArOTOBKM 0OY4aeMOro, BbISIBMEHHOTO C MOMOLLbK Orioka BCTYMMTENBHOTO
TECTUpOBaHMS. BbIGOP KOHKPETHOrO nepexoga (HanpaBneHWs OanbHeillero passuTus yyeGHOro npouecca)
OCYLLEeCTBIISIETCS Ha OCHOBE NpaBMS, CBA3AHHbIX C KaxabIM U3 pebep nepexopa.

rlpVI‘-IeM WHCTPYMEHTaNbHasA CUCTEMa NO3BONAET pa3pa6OT‘-IVIKaM BHOCUTb KOPPEKTMBbLI B 3TWU MNpasiiia C
NOMOLLbI CPEACTB BU3YalibHOIO peaakTupoBaHUA 6e3 HeobxoaMmocTy BBOA TeKCTa npasun BPy4HYyHo.

Takum o6pasom, yHuBepcanbHas KITYH, BxogAwas B COCTaB WMHCTPYMEHTANbHOW CUCTEMbI MOAAEPXKKM
nHTErpauun y4ebHO-METOANYECKMX MaTepuanoB SIBNSETCA WHTENNEKTyarbHOM KOMMbIOTEPHON obyvatowlei
cucremoit (MKOC) ¢ HakonneHuem nHdopmaumm, ynpaensemon npasunamu. OBHosneHne 6asbl 3HaHuin KIMyH
NPOU3BOAMTCA C MOMOLLbK MHCTPYMEHTANBHON CUCTEMBI N0 MEpPe HagoBHOCTK, B TOM YUCAE U NO pe3ynbTaTam
anocTEPUOPHON CTaTUCTUYECKoN 06paboTK MaTpULbl pesyrbTaToB UMEPEHWUS 3HAHWUI JOCTATOMHO BObLIOMO
konmyecTBa oOyvaembix. Mcnonb3oBaHWe Takoro Noaxoda K NPOEKTUPOBAHMIO MHCTPYMEHTAMbHbIX CUCTEM
WHTErpaLun pasnnyHbIx MaTepuraros B y4ebHbI Kypc NO3BONSET 4OCTUYL CreAYHLLMX Lienen:

- peanu3oBaTb MHAVMBMAYanbHbIN nogxon K o6bekty obyveHus. MKOC sBnsioTcs 0cobbiM Knaccom
obyvarowmx cuctem, B CTPYKTYPY KOTOPbIX 3aKNadblBalOTC MEXaHW3Mbl afantauuu K KOHKPETHOMY
obbekTy 0byueHusi. B coctae MKOC BKo4akoTCs BbIMUCIIUTENBHBIE, KNACCUDULMPYIOLNE, KOHTPOMBHO-
QVarHocTUpylolMe  CpeacTBa, MO3BONAIOWME  OLEHMBATb  napameTpbl  o6bekta  0OyyeHus 1
BblpabaTbiBaTh ONTUMArbHYIO CTPATErvio U TaKTUKY 0By4eHUs Ha Kaxaom aTane.

- npoBoanTb 00y4eHne B pexumMe peanbHOro Bpemeu. MNpoueaypbl agantauun JOMKHbI BbIMOMHATLCS C
BbICOKOW CKOPOCTbIO, MOCKOMbKY obble TEXHOMOrnyeckne 3agepkku B paboTe CUCTEMbI MOXHO
paccmaTpuBaTh Kak BO3MYLLKOLWMe BO3AENCTBIS, BNeKyLne 3a coboi OTKMOHEHNS npoLecca 0byyveHus
OT ONTUMANbLHOTO.

WHhopmaums B yanax kypca obydeHust JormkHa ObiTb pasbuta Ha HebomnblUMe CMBLICIOBbLIE YacTh — criangpl.

Cnaigbl MoryT ObiTb ABYX TWMOB: MHTEPAKTUBHLIE M MHPOPMALMOHHbIE. MH(OPMALMOHHbIE chanabl COCTOST

TONbKO M3 OOBEKTOB OTODpaXEHWst TEKCTOBOM W rpachuyeckon WHGOpMauuM, BOCMPOU3BEAEHNS ayamo- M

BMAEO(parMeHTOB W KHOMOK ynpaBneHus xogoM yvebHoro npouecca. MHTepakTuBHblE crnaigpl, Kpome

nepeuncneHHblX 0BbEKTOB, MOMYT Takke cofdepxaTb OObEKTbl, peanusylolme pasfnyHble Buabl TECTOBbIX

3afaHuit ans opraHusaumn obpartHom cBsA3N ¢ 06y4aeMbIM 1 ONEPATUBHOTO KOHTPOMS YCBOEHMS 3HAHWN, a Takke
ans npuobpeTeHnss obyyaembiM HeoOXOOMMbIX HaBbIKOB. B Tekyllen BEpcMM AaHHOM WHCTPYMEHTasbHOM

CUCTEMbI MPUMEHUTENBHO K MHTEPAKTUBHBIM Criaitgam ucnonb3yetcs GuHoMMarnbHas Moaenb negaroryeckoro

Tecta. B pamkax aToi Mogenu pesynbTaT BbIMOMHEHNS KaXO0ro 3afaHuns oLeHuBaeTcs no buHapHom Lwkane: 1,

€CI UCMbITYeMblii YCMELLHO BbINOMHMA 3aAaHne, COAepXalynecs B AaHHOM WHTepakTuBHOM cnaige; 0 - B

NPOTMBHOM cryyae. Takum obpa3om, B y4ebHOM Kypce Kaablii MHTEPAKTUBHBIA Criaiig UMeeT Kak MUHUMYM [Ba

nexopawwmx pebpa: OAHO COOTBETCTBYET YCMELUHOMY BbIMOMHEHWKO TECTOBOrO 3afaHus, BTOpoe —

HenpaBUIbHOMY peLleHno 3apaHus. pn TakoM Noaxode, KONMWMYECTBO MHTEPaKTUBHBLIX CraingoB B Groke

WHTEPaKTMBHOTO O0OyYeHMs, a TakKe KOMWYecTBO BOMPOCOB B 6fOKe 3aKMHOUMTENBHOTO TECTMPOBAHUS

onpegensetcs cregytowmmn  napametpamu: N — UCKOMOE KONMYECTBO WHTEPAKTUBHbIX Craigos; p —

BEPOSATHOCTb YCMELHOr0 BbINOMIHEHUS TECTOBOMO 3adaHns (UCTUHHbIM 6ann oByyaemoro, XxapakTepusyrLuii

UCTUHHBIN YpOBEHb 06Y4eHHOCTH); d — HaOEXHOCTb onpegdeneHuns napametpa p; Oy — MHTErpan BepoSTHOCTEN

(cbyHKUMs Jlannaca); € — TOUHOCTb onpeaeneHns UCTUHHOMO 6anna oby4yaemoro p.

3apfaBas 3Ha4eHUs BENUYUH TOYHOCTU (€), HagexHocTH (d) 1, yunTbIBas TEKyLWA ypoBeHb 0ByyeHHoCTH (p), C
MOMOLLbI0 (POPMYN MOXHO OnpeaenuTb Tpebyemoe KONMYECTBO MHTEPAKTUBHBIX CNainaoB B NOArOTaBNMBAEMOM
Kypce o0OyyeHus. B cryyae BO3HMKHOBEHMS HEOBXOOMMOCTM MPOBELEHUS KOMMIEKCHOW OBbEKTUBHOM
aTTecTaumm ¢ BbICOKOW CTeneHblo TouHocTu (€ = 0,05) n HagexHocTn (d = 0,9), Ans MCMbITYeMbIX C UCTUHHBIM
ypoBHeM 06y4eHHocTn p = 0,7 notpebyetca nogrotoButb N = 228 WHTEpPaKTMBHBLIX CMangoB. 3aMeTuM, YTo
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00beKkTMBHbIE 3apyDekHble TECTbI AN MPOCECCHOHANBHOM aTTeCTaLuu (Ans agBokaToB, Bpavei, byxrantepos u
Ap.) cogepxar, kak npasuno, ot 220 fo 250 TecToBbIX 3agaHui, Npu p B AuanasoHe ot 0,7 go 0,75. OgHako ans
onpegeneHns KayecTsa yCBOEHUS MaTepuanos y4ebHOro kypca He TpebyeTcs UpesBblYaliHO BbICOKas TOYHOCTb
neJaror1yeckoro M3mepeHns. [ns aToi Lenn BhnofHe NOAOWAET CPedHss TOYHOCTb M HAOEXHOCTb, MO3TOMY
BENMYMHBI € 1 d MOXHO nonoxutb pasHbiMu 0,1 u 0,8 cooTBeTCTBEHHO. B atOoM cnyyae, 4ns onpegenexus
ncTuHHoro 6anna p = 0,6 goctaTouHo NoaroToBUTh 40 MHTEPAKTVBHBIX CARAoB.

HeyeTkaa mogenb oby4aemoro

[Mpy NMYHBIX KOHTaKTax CoO CTYAEHTOM NnpernofaBaTerb MMeeT BOMbLLYK0 BO3MOXHOCTb ONPEAENUTb IMYHOCTHBIE
KayecTBa W MHOMBMAYanbHble 0COBEHHOCTU oByyaemoro. OTO MO3BOMSET eMy afeKkBaTHO KOPPeKTMpOBaTb
npouecc obyyeHns, n3mMeHss opMmy W codepxaHue maTtepuana, TakTUKy U cTpaTternio obyyeHns, a uHorga u
METOLONOMNI0 MpenofasaHus. [ns aToro npenogaBateNib WCMONMb3yeT CyObeKTUBHO OCO3HAHHY MOZeSNb
obyyaemoro. B cnyyae KOMMbOTEPHOrO (AMCTAHUMOHHOTO) 0OYYEHNS TakoM BO3MOXHOCTW Yy npernopaBaTens
NPaKTUYECKU HET.
MopobHyo dopmy obyyeHus BMOMHE NOMMYHO paccMaTpuBaTh Kak YEeNOBEKO-MALUMHHYID CUCTEMY, B KOTOPOM
oby4aeMbIn 1 NpenoaaBaTenb BbICTYNAOT B PONK YenoBeka-onepatopa. Ecnv obyyaembii ynpaBnsieT cuctemoi
npuobpeTeHnss 3HaHWW, TO NpenodaBaTenb OMOCPEdOBaHHO ynpaBnseT npoueccom obyyenns. Kak v npu
MPOEKTMPOBAHWN YENOBEKO-MaLUMHHOW cucTembl npu  cosganum WCPKOC cnegyeT pewatb BOMpOCH
nepepacnpeaeneHns yHKLUN Mexay YenoBEKOM W BbIYUCIUTENbHBIMU CPEACTBaMM.
C aTOM Uenblo npegnaraeTcs MCnonb3oBaTh B npouecce obyveHus MHAMBMAYanbHYl Mogenb obyvaemoro,
KoTopasl CTPOMTCS Ha OCHOBE 3KCMepTHbIX oueHok [1]. Tpu 3TOoM npepnonaraeTcs, 4To npouecc obyyeHus
npeacTasnseT cobor nocnefoBaTenbHy COBOKYMHOCTb OCBOEHUS OTAEMbHbIX pasaenoB yuebHoro matepuana.
Kaxgbiin aTan obydyeHuns 3akaHunBaetcs TectupoBaHueM. Obyvaemblil MOXET ynpaBnsTb MPOLECCOM CBOEro
0By4eHns nocpeacTsom Bbibopa cnocoboB 0cBOEHNS y4ebHOro matepuana.
Moz mogenbto obyyaemoro Byaem NOHUMATL HEYETKUI HedeTePMUHNPOBaHHbIA aBTOMAT BUAa:

A=<U XY, s00, 6>, (1)
roe U = {Uy, Us,..., Un } — KOHEYHOE MHOXECTBO BXOZOB;
X={X1,X5,...,Xn} — KOHEYHOE MHOXECTBO COCTOSIHMUIA;
Y ={Y1,Y,,...,Yp} — KOHEYHOE MHOXECTBO BbIXOLOB;
&: XxUxX —> [0, 1] — dhyHKLMS Nepexoaos;
o: XxY —>L — hyHKLMS BbIXOAOB;
So — HavarnbHOE COCTOSIHUE.
OyHKUMSA & NOpPOKAAET MHOXECTBO HEYETKMX MaTpUL, nepexoda:

T ={6xix (U)}, 1<i<j<n; (2)
(DYHKUMS NOPOXAAET HeYeTKyt maTpuuy Bbixoga. Cpeay MHOXKECTBA COCTOSIHUI aBTOMaTta BbIAENSETCH MHO-
XECTBO (OMHAIbHbIX (3aKMHOUMTENbHBIX) cocTosHUA X, Hac OygeT mHTepecoBaTb Takoi TWM aBToMaTta, Ans
KoTOporo Kaxgoe coctosHue Xi, i € | = {1,..., n} 3aBucuT OT npeablaywero coctosHua Xiq. lMogobHas
3aBWCUMOCTb MOXET ONpeaensaTbCs NOCneaoBaTeNbHOCTHI0 peanu3aumny noguenei, NpUopuTETOM BbIMOMHEHUS
nT.n.
B aTtom cnyyae aBToMaT MOXHO 3aaThb Kak HEYETKUM rpady:

G= {po(Xi1,Xi) e M}, (3)
roe M — MHOXeCTBO nmpuHagnexHoctein anemeHToB X.ixX. IMpu nogobHOM paccMOTpeHWM Lenb obyveHns
[EKOMMNO3NpYeTCa Ha | nocnedoBaTenbHbiX (MO BPEMEHM OCBOeHMs MaTepuana) noasagad. bygem
WHTEpNpeTMpoBaTh Xi. Kak MHOXeCTBO pe3ynbTaTos i-ro Tecta, Y, jeJ={1, ..., p}— KaKk MHOXEeCTBO WHTEPBanoB
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BpeMeHM Ha obydyeHne, L — kaK MHOXECTBO [OXOAOB, CBS3aHHbIX C peanu3aumen BblbpaHHOro cnocoba
0byyeHus (ocBoeHus Matepuana) ueU Ha uHTepsane Bpemenu Yj. O4eBWaHO, 4TO B paccMaTpuBaeMoMm Tune
aBTOMaTa M=n N MOXET TPAKTOBATLCA KAk YMCMO NOCNEA0BATENbHBIX 3TaN0B (LLAroB) AOCTXKEHUS Lenu.

Ynpasnstowme pelweHns 1 CoCTosHUS nog3aaad, npoTekatowye Bo BpemeHu, byaem TpakToBaTb Kak HeyeTkue
cobbITust Ha uHTepeane Yy, 1 <k <p. Mpu Takom nogxoge yHKLMS NEPEXOS0B MOXET 3a4aBaThCs IKCMNEPTHLIM
nyTeM U1 OTpaxarb YXKe UMELMIACS OnbIT 06y4EHNS, MCXOAS N3 MPAKTUYECKOro OMbiTa NpenoaHeceHns y4ebHoro
Matepuana. lpu 9TOM, eCTeCTBEHHO, HE YYWUTbIBAETCA pesyrnbTaT 06y4eHns B 3aBUCUMOCTM OT BPEMEHU ero
peanu3aunm, a TaKkke NMYHOCTHble 0COBEHHOCTW NPUOBPETEHNS 3HAHWUI KOHKPETHbIM WHAMBMAOM. [ns yyeTa
JaHHOro obcTosTensCTBa HEOBXOAMMO MOCTPOWUTL WHAMBMAYANM3MPOBaHHY (yHKUMIO nepexopoB. C aToi
Lenblo UCMOMnb3yeTcs UCXoAHas MHGopMaumus oT 0by4aemoro, KoTopast BKMOYaeT MPOrHO3 MPUMEHEHUSt TOro
UK Horo cnocoba OCBOEHUSt MaTepuana B 3aBUCMMOCTY OT BO3MOXHbIX PE3ynbTaToB TECTUPOBAHWSA B BUAE
dyHkumm w: Xi, x Uy —> [0,1], a Takke NporHo3 nepexoda ynpasasieMoro npouecca obyyeHns U3 UCXOZHOMo
COCTOSIHWSA So Ha NEPBOM LLare peLeHnst B 3aBICMMOCTI OT OrpaHUYeHuin Ha uMeloLLecs pecypeel. Ha ocHose
9TOM MH(OPMaLMK NporpaMMUpyeTCcs aBTOMaTHas Mogenb. [1ns 3Toro Ha Kaxaom Luare pellaeTcs cuctema
KOMMO3MLMOHHbIX ypaBHeHu Buaa [3]:

(G Uy = w(Xi)Uir, 0 8(Xea, X/ Uy, }
r(U)=p(Xi1) 0 p(Xia, Xi)/ Uy :
roe "o"- 3HaK onepauuy «KOMNoULUs»;

(4)

u(Xi) U ,,i(Xit)/Urs - HEYETKME OLEHKWN BO3MOXHOCTM YNPaBISeMOro NpoLecca HaxoauTes B COCTOSHUAX Xi, X1,
npu NpuMeHeHun cnocoboB ocBoeHust y4ebHoro matepuana Ui u U1, COOTBETCTBEHHO;

p(Uy)- HeyeTkas oueHka Bbibopa 06yyaeMbim cnocoba ocBoeHns matepuana Ui.

[MonyyeHHble OLEHKV rpynnmMpyoTCS NONapHoO, MCXOAS W3 CReayHLLEro YCroBus:
u(U) < u(Xi)/Uy (5)

dopmupoBaHe nap Mo TakoMy MPUHLMMY COrnacyeTcs C peanbHbIM BbIGOPOM peLleHns: pesynbTaTy TecTa C
MaKCUMarnbHON OLEHKO BO3MOXHOCTW AOMKEH COOTBETCTBOBATL CMOCOO OCBOEHMS y4ebHOro MaTepuana Takke
C MaKCUMarbHOM OLEHKOA MpuUMeHeHust ero obyvaembiM. BblgeneHne nap nos3sonsieT BbisBUTL Hanbomnee
BO3MOXHblE CBS3¥ NO Crnocobam OCBOEHWS mMaTepuana Mexay pesynbTaTamyt TECTUPOBAHUS KAX4Oro atana
00yueHus. Mpy 3TOM Kaxablil CNOCOD OCBOEHWS, MAPKUPYIOLLMA CBSA3b, XapaKTepU3yeTcs HEYETKON OLEHKOM
CNONb30BaHUS €ro 0By4YaeMbIM U HEYETKOW OLEHKOW LieHbl 00y4YeHUst (HOPMUPOBAHHbIA 40X04), CYyOBEKTUBHO
0CO3HaBaeMon obyyaembIM, B 3aBUCMMOCTW, HanpuMep, OT BPEMEHW WM CIIOXHOCTM OCBOEHWS y4ebHOro
maTtepuana.

[MocTpoeHne aBTOMaTa OCYLIECTBMSETCA crnegytomm obpasom [3]. M3 MCXOOHOro COCTOSIHMS B COCTOSIHUS
NepBOro Lara NPUHATUAS PELLEHNA NPOBOZATCS [yrM, MapKMpOBaHHble TeMM crnocobamm OCBOEHMS y4ebHOro
MaTtepuana, 1cnonb3oBaHWe KOTOPbIX, B COOTBETCTBUM C MPOTHO30M, MO3BONSET J0OUTLCS pesynbTaToB npo-
MEXYTOYHOr0 TECTMPOBaHMS Ha NEPBOM 3Tane oByyeHWs, XapaKkTepusyrwmxcs Hawbonbluen oueHkon. B
3aBMCUMOCTM OT 03HAYMBaHWUS 3TUX Oyr U Ha OCHOBE CCPOPMUPOBAHHBIX Map «Crocod OCBOEHUs MaTepuanay —
«pe3ynbTaThl TECTUPOBAHMS» NPOBOAATCS O3HAYEHHbIE AYri OT NEPBOrO A0 N-ro dTana obyyeHus.

B pesynbTarte nOCTPOEHWI Nomnyvyaem HeYeTKUM HedeTEPMUHUPOBAHHBIN aBTOMAT, MOAEMPYIOLLNA NOBEAEHME
0by4aemoro Npu pasnuyHbIX pesynbTatax NPOMEXYTOYHOrO TECTUPOBaHMS. [NpUMEHss NOAX0A, UCMOoNb3yeMblii B
AVHAMWUYECKOM NPOrpamMMMPOBaHNK, MOXHO BbIAENUTL Kracchl cTpaternii obydaemoro. B nepByto ovepesb Hac
OyneT nHTepecoBaTb TOT Knacc, CTpaTerii KOTOporo NO3BOSIAKOT AOCTUYL Lienn 0By4eHNs N XapakTepuaylTcs
MaKCUMarbHbIMA OLEHKaMi CBS3en Mexay pesynbTatamu TecToB. [ns BblaeneHus Takux CTpaTeryin Ha
MHOXECTBE (pWHarbHbIX PE3yrnbTaToOB TECTUPOBAHWA OMPEAENsOTC pesynbTaTbl, COOTBETCTBYIOLME LEnu
obyyeHns. [lanee BblgenstoTcs pes3ynbTaThl TECTMPOBaHMA Ha (n-1)-M ware, Nepexoq U3 KOTOpbIX B LieneBble
COCTOSIHWSA N -TO Lara xapakrepusyetcs cnocobamn 0cBoeHust y4ebHOro matepuana ¢ OLEeHKOW, paBHOM

o(Un-1)=max (min(Un.1),0xn-1,un1)) Yod (6)
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lMopo6bHas npoueaypa OCYLLECTBASETCA ANS KaX4Oro LWara peLueHus, BiioTb 40 COCTOsHMS Sy. cnonb3oBaHue
npoLeaypbl NO3BONSET BblAENUTL BOSMOXHbIE CTpaTErMn 06yYeHus, npeacTaBnsoLme cobon B3BELLEHHbIE MyTK
Ha rpade OT BepLUMHbI Sy 40 BEPLIMH M3 MHOXECTBA X,. Kaxabln g-i nyTb NpeacTaBnseT coboi B3BELIEHHYIO
OTHOCUTENBHO CNOCOBOB 0CBOEHNS y4ebHOro MaTepuana nocnesoBaTeNibHOCTb.

OneMeHTbI (pe3yanaTb| MTOroBoro TeCTVIpOBaHVIFI) MHOXecTBa X MOryT npeacraendatb AnNd o6yqaeM0ro
Pa3fiMyHy0 LEHHOCTb, YTO OTPaXaeTcq 3aAaHUeM Ha XN HEYETKOI uenuc (*)yHKLlI/IeIZ NPUHAONEXHOCTH:

OueBnaHO, YTO CTpaTerusi, UMetolasi MakcuMarnbHyl OLEHKY Hanbormee COOTBETCTBYET WHAMBUAYaNbHOMY
CTUNIO NPUOBPETEHNs! 3HaHMI 0Oy4aeMbiM, HO He BCErfa MOXET COOTBETCTBOBATb MaKCKUManbHOM (PYHKLMM
MPUHANEXHOCTU pe3yrnibTata TeCTUPOBAHUSI OTHOCMTENbHO Lenn ¢. [lonyyeHHOro npoTuBOpeuMs mpu no-
CTPOEHMM MOAENHN 0BYYEHIst MOXHO 136exaTh, UCTonb3yst creaytoLLme crnocobbl:

- N3MeHeHe NpegnoyTeHuit 0by4aemoro;

- N3MEHEHME UCXOAHBIX MaTPHL, NEPEXOLOB U BbIXOAOB;

- UCMONb30BaHWe TaKO OpraHM3auuu COMPOBOXAEHUSI 0Oy4yeHus, koTopasi Obl yuuTbiBana TONbKO
KOHEYHYIO LieMb, T.€. COCTOSIHUE HEYETKOM LIENM C MaKCUMarbHO! (hyHKLME NPUHAANEXHOCTH.

B nocnegHem cryyae criefyeT MCnonb3oBaTb CMeLaHHble CTpaTeru, 0bpa3oBaHHble YacTsMW CTpaTernin U3

knaccoe wt. HeoGxoanmocTb B hOPMMPOBaHIN CMELLIaHHOI CTpaTeruy onpeaensieT TpaHcopMaLmio CTpaTerim

W3 HEKOTOPOTO Knacca, BblopaHHYt0, UCXOAs U3 KpUTEpPHS MakCUMAnbHOCTY B CTPATEMIO U3 pYroro Krnacca.

OyeBnaHoO, 4TO HEOBXOAMMOCTb B TpaHCOPMaLMM BO3HMKAET B TeX Crydyasx, Korda BbibpaHHas ucxogHas
cTpaterns nepecTtaeT ObiTb 3(hEKTMBHON NO OTHOLUEHWK K HEYEeTKO 3aJaHHoW uenu. [Npu 3TOM BaXHO
OnpefenuTb Te MNPOCTPAHCTBEHHO-BPEMEHHbIE TOUKM rpada (BepluHbl), rae nopgobHas TpaHcdopmaums
BO3MOXHa. C 3TON Lienblo BBeAEM MoHsATUE KodadduumeHTa cBoboabl Bbibopa oby4yaemoro, nog KoTopbiM Byaem
NOHMMAaTb OTHOLLEHWE Yucna JONYCTUMbIX CTpaTeru K obLiemy Yucry cTpaTerin U3 aToro xe krnacca. 34echb €
03Ha4aeT Mopor BO3MOXHOCTEN 0By4aeMoro B [LOCTWXKEHUM MOCTABMIEHHOW UM Lenu, Npu MCnonb30BaHWM
WHAMBWOYANbHOTO CTUNS OCBOEHWS y4ebHOro Matepuana. Yem MeHblue 3Ha4eHne Takoro koadduumneHTa, Tem
MeHblie y 0byyaemMoro BapuaHTOB B AOCTWKEHWW NOCTaBMEHHOW Lenu 6e3 M3MEHEeHWs WHAMBUZYanbHOM
ctpateruu. Moatomy obyyatoLlas cuctema, NOCTPOEHHAs Ha OCHOBE MOAENM noBeaeHns 0by4aeMoro, JOMmKHa:

- PEKOMEHA0BATb MOCMe MONYYEHUs Kaxgoro pesynbTata TeCcTUpOBaHWSt Te Cnocobbl OCBOEHUS

maTtepuana, Kotopble SBNSIOTCA COCTABHLIMI YacTAMW JOMYCTUMBIX CTPaTernii U He [AenaiT 3HaveHne
KCB paBHbIM v 6rinskum Hyrio;

- B Cry4ae HEBO3MOXHOCTM BbIMONHEHWS Mpeablaylero nyHKTa TpaHC(OPMUPOBaTL MHAMBUAYarbHYIO
cTpaTervio obyyaemoro, nepexoast Ha CMelaHHylo ctpatervio obyyeHus. Takas cTpaTervs 0by4eHus
OyzeT UMETb MeHbLLME BO3MOXHOCTU B peanuaaum UHAMBMIYANbHOTO CTUNS, HO OCTAHETCS JOMYCTUMOI
MO OTHOLLEHIO K AOCTUKEHWIO NOCTABNEHHOI Lienu;

- nepenporpaMmm1poBaTh Mofenb 0by4eHUs B CUTyaLMsIX NEpexofa OT O4HOTO pesynbTaTa TeCTUPOBaHUS K
ApYroMy B NpeAesniax 0aHOro 1 TOro e 3Tana obyyeHus.

B nocregHem cnyyae HeobBXoaMMOCTb B MepenporpaMMUpoBaHWM Mogenu 0by4yeHus onpeaensieTcs

n3mMeHeHeM (yHKUMM [0xodoB. Mcnonb3oBaHMe pacCMOTPEHHOM MOLEenu Mo3BONSIeT HaMeTWUTb  MyTw

aBTOMATUYECKON KOPPEKLMM MHAMBMAYaNbHbIX cTpaTeruit obyyaemoro. OcobeHHOCTb NpeArnaraemMoro Noaxoaa

COCTOMT B BO3MOXHOCTM NEpeHeceHnst mogenu o6y4aemoro, cchopMUpOBaHHON npenogasaTeniemM npu NNYHbIX

KOHTaKTax, B 06pa3oBaTenbHyI0 cpeay KOMMbOTEPHOTO (AUCTAHLMOHHOTO) 0BYYeHus.
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BbiBOAbI

Ha pgaHHOM aTane BCTaeT BOMPOC O COOTHOLIEHWM B Kypce OByYeHUs MHOPMALMOHHBIX M UHTEPaKTUBHbBIX
cnangoB. Mcxogs W3 COBpPEMEHHBIX MOMOXEHUA O CTPYKType Y4ebHOro Kypca, PekoMeHayeTcs KOnmyecTso
WHTEPaKTMBHBIX CrangoB BbibupaTth B ananasore 0,3 ... 0,5 OT konuyecTBa MHGOPMALMOHHBIX CNanaoB. Yanbl,
kak u pebpa, MOryT co3gaBaTbCsi, MOAN(ULMPOBATLCA W YHUYTOXATbCS. [pu co3gaHum y3na aeTop yvebHoro
Kypca MMeeT BO3MOXHOCTb HEMOCPECTBEHHO YKasblBaTh (halirbl, HAXOALMECS Ha NIOKanbHOM aucke. IMEHHO
ansa obecneyeHus 3TOW  BO3MOXHOCTM — MHCTPYMEHTanbHas CcUCTeMa  [OMKHA  (PyHKLUMOHMPOBATbH
HEenoCpeaCTBEHHO Ha cepBepe, MOCKOMbKY BCE OCTanbHble (OYHKUMM NporpamMmmbl MOTYT BbIMOMHSATLCA W
yganeHHo, yepe3 VHTepHeT unn nokanbHyl cetb. bonee TOro, AaHHbIM NOAXOL MO3BONSET OLHOBPEMEHHO
MCNONb30BaTh WHCTPYMEHTAMNbHYID CUCTEMY B MPOLECCe COBMECTHOM paboTbl Hap OAHUM Y4ebHbIM Kypcom
KONNEKTUBY TakuX CreuuanucToB, kak npenogasaTenb, BEAYLWWA aHarorvyHbIA Kypc, MCUXOSOr, Au3aiHep,
peaaxkTop U T.4.

/cnonb3oBaHWe WHCTPYMEHTamNbHOM CUCTEMbI MOLAEPKKN MHTErpaumu y4ebGHO-METOAMYECKUX MaTepuanos
MO3BOMUT He TOMbKO CYLLECTBEHHO COKpaTWTL BPEMS CO34aHUS KYPCOB KOMMBIOTEPHOMO (AMCTaHLMOHHOIO)
0by4yeHus:, HO 1 B AaribHerLeM NO3BOMUT onepaTMBHO 0BHOBNATL MaTepuarbl KypcoB. BHeapeHue Takux cuctem
nossonut obecneuntb 6onee ObiCTPbIA NEpexoq Ha eayHble dopmaTel nepegaymn nHgopmamm cetn INTERNET,
4yTO, B CBOIO OYepedb, byger cnocobCTBOBaTb pacLUMPEHMI0 chepbl NPUMEHEHNS! AaHHON MHCTPYMEHTaNbHOM
CUCTEMbI.

B nocnegHem cnyyae HeobXxoguMMOCTb B MepenporpaMmmupoBaHMM  Moaenu obyyeHus onpepensietcs
N3MeHeHneM (YHKUMM [0X0foB. Mcnonb3oBaHWe pacCMOTPEHHOM MOAEnM MO3BOMSET HaMeTUTb MyTw
aBTOMATUYECKOW KOPPEKLMM MHAMBMAYaNbHbIX cTpaTernit 0byyaemoro. OcobeHHOCTb NpeafiaraemMoro noaxoaa
COCTOWT B BO3MOXHOCTY NEPEHeceHnst Mogenu obyyaemoro, chopMMpOBaHHOI NpenogaBaTenem npy fMYHbIX
KOHTaKTax, B 06pa3oBaTENbHYO Cpeay KOMMbIOTEPHOTO (AUCTAHLMOHHOM) 0BYy4eHUs.
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EXPERIENCE OF DEVELOPMENT AND APPLICATION OF EXPERT SYSTEMS
FOR ECONOMIC MACROPARAMETERS FORECASTING AND OPERATION

Alexey Voloshyn, Victoria Satyr

Annotation: In this article there are considered problems of forecasting economical macroparameters, and in the
first place, index of inflation. Concept of development of synthetical forecasting methods which use directly
specified expert information as well as calculation result on the basis of objective economical and mathematical
models for forecasting separate “slowly changeable parameters” are offered. This article discusses problems of
macroparameters operation on the basis of analysis of received prognostic magnitude.

Key words: decision tree method, index of inflation, expert information, operation.

ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Introduction

In articles [Voloshyn, 2003, 2005, 2006, 2007, 2008] presented on “Knowledge-Dialog-Solution” (KDS)
conferences there is developed concept of “subjective multideterminism” [Voloshyn 2006, 2007] for qualitative
forecasting of economic macroparameters and in the first place of inflation index. This concept is based on the
fact that effect is determined by the variety of interdependent reasons (objective and subjective). Reasons
themselves (factors, parameters) and intensity of their interaction are determined subjectively (by expert
judgment) and are presented by “illegible” decision tree (by its tops and arcs appropriately), “effect” (result of
forecasting) is resented by leaves of the tree. There are developed instruments that allow to execute tree
derivation (to insert and to eliminate tops, specify rating of arcs), to find more probable development of scenario
of predictable process, to define magnitude of predicting parameter “illegibly”. The construction of an applied
system of support of decision-making is reduced to highlighting by experts of problems and sub problems (tops of
the tree) and links between them (arcs of the tree). Experts determine the weights (probabilities) of transitions
between tops. It is acceptable to get unclear expert estimations achieved by the Boolean variables described by
the values of function of belonging (by vectors of the real numbers from 0 to 1). Every expert sets three
estimations — optimistic, realistic and pessimistic, the scaling of which is effected taking into account the
psychological type of the expert. The type is determined on the basis of psychological tests built into the system.
Such psychological tests help to determine the coefficients of «veracity», «independence», «caution, etc.

The tree is built on the basis of collective estimations of experts using the method of pair comparisons. The
construction of a resulting tree requires the use of the algebraic methods of treatment of expert information, and
the Hemming metrics and measure of lacks of coincidence of grades of objects is used as distance between
ranges. A resulting tree is determined as the Kemeny-Snella median or as a compromise [Voloshyn, 2005]. In the
case of setting priorities in an unclear form the elements of matrix are set through the functions of belonging.

The algorithms of successive analysis of variants [Voloshyn, Panchenko, 2002] allowing to process trees with
hundred tops are offered for determining optimum ways within the tree.

At KDS conferences there were voiced and published in [Voloshyn, 2007] predictable magnitude of inflation index
| Ukraine diverging from actual for 3-5%.

Particularly in June of 2007 at KDS-07 inflation index on 01.01.2008 was set calculated in the first quarter of
2007: “National Bank of Ukraine predicts inflation in Ukraine in 2007 at the rate of 7%, government — 8%. Our
prediction is 17.3%. We just need to wait for the beginning of KDS-08 conference and to compare our
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predictions”. As it's known actual rate Of inflation was 16.6%. If to take into account that inflation index was
considered by us as “unclear” parameter and magnitude 17.3% - “the most probable” (maximizing membership
function) received result is worth attention. And with previous “coincidences” mentioned above to the authors’
opinion it is worth scrupulous attention.

At present (April, 2008) inflation in Ukraine is topic number one. For the first quarter of 2008 inflation in Ukraine
has become the highest amongst all Former Soviet Union countries (CIS), specified in budget magnitude of 9.6%
are already exceeded (9,7%). Cabinet of Ministers of Ukraine has worsened forecast of inflation growth according
to the results of 2008 from 9, 6% to 15,3% which is mentioned in the Cabinet of Ministers of Ukraine Resolution
No. 581 dated June 27, 2008 “Adoption of Amendment to the Cabinet of Ministers of Ukraine Resolution No. 976
dated July 27, 2007”, posted on the site of the government as UNIAN broadcasts. The government also changed
forecast of price index for industrial production manufacturers according t the result of that year from 19, 2% to
24, 6%. As it was notified in accordance with data of State Statistics Committee inflation in Ukraine from May to
April was 1, 3% by May, 2007 — 31, 1%. In April, 2008 by April of the previous year it was 30, 2%, in January-April
till analogous period of 2007- 24, 4%. From the beginning of current year till April growth of consumer prices was
13, 1%.Inflation in April contrary to that in March, 2008 was 3,1%. Growth of price index for manufacturers in
Ukraine in January-May, 2008 contrary to January-May, 2007 was 31, 7%. According to data of State Statistics
Committee growth of manufacturers’ prices in May contrary to April, 2008 was 3, 7% and to December, 2007 -
24,2%. Cabinet of Ministers of Ukraine improved forecast of nominal GDP according to the results of 2008 from
921,2 to 956,8 billion hryvnas without change of its growth at the rate of 6,8%.

Operation of predictable parameters

While controlling socio-economic processes especially in the period of transition it is necessary to foresee
inflation rate alongside with other factors. Inflation substantially and sometimes vitally influences on flow of real
income of population, formation of investment climate, pace of industry and agriculture development, execution of
budget’s income, exchange rates and so on.

Forecasting models we have review earlier [Voloshyn, 2003, 2005, 2006, 2007] can be referred to the class of
“Positive” that answer the question “What will be?”. Though experts evaluating degree of parameters’ interaction
to some extent take into consideration its change at forecasting interval, these models can be considered "time-
independent” (or stationary). “Normative” models answer the question “How shall it be?” and must recommend
amending “stationary” scenario. In our models it is realized by the following reformations in “decision-making tree”
- by determination of “narrow places” (arcs and tops that down to the limit influence on the result) with the
purpose of recommendation of “correction” of causes degree interaction (in particular inserting and eliminating
tops) for receiving desirable magnitudes of forecasting parameter (for example, value pf inflation index mustn’t
exceed 10%”). In addition, suggested models and program instruments of their realization accordingly differ from
suggested in the previous realizations at the following point. For “objectification” [Voloshyn, 2006, 2007] of
decision-making process in predictable model some ratings of arcs are determined on the basis of relative
economical and mathematical models (see further). From formally mathematical point of view “correction” of
decision-making tree is analysis of its sensitivity [Voloshyn, 2006] but if correction of arcs’ rating can be called
traditional analysis insertion-elimination of tops needs development of ad hoc algorithms.

Forecasting and operation of inflation in “bottlenecks”

Hundreds of monographs and thousands of articles are devoted to the research of inflation. We will shortly
describe main factors effecting inflation that were used by us in a varying degree for forecasting of inflation rate
[Barro, 1998], [Greene, 2000], [Baumol, 2001], [Poroshenko, 2008].
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First, worldwide tendency of the last years is impetuous increase in price for supplies and energy resources.
Index of world prices for supplies that is calculated by investment bank Goldman Sachs in 2006 grew for 26%,
and in 2007 for 41% in the connection with what bank’s experts introduced the term of “agflation” (sudden
increase in price for agricultural production).

Second. Increase in price for fuel is also long-term tendency. On 16th of April, 2008 oil price broke another record
achieve USD 115 for barrel.

Third. Also more serious problem in Ukraine is impetuous expansion of foreign liabilities of bank. Only for 2007
amount of drawn by banks foreign credits grew almost twice — from USD 14 to USD 31 billions. As these means
are used for consumer lending such debt is becoming powerful factor of inflation.

Forth. Inflation wouldn’'t be so noticeably sped-up if economy of Ukraine responded key criteria of market
economy. In particular there are not used possibilities for progressive expansion of labour productivity.

In the purpose of “objectiveness” in modified variant of expert system for forecasting parameters a priori change
of which isn't spasmodic (for example, in demography, see figure 1) there are used regression models.
Preliminary tests of models demonstrated that forecasting for trend equations doesn’t present any correct
predictions because dynamics of inflation rate changes is difficult. That is why single-factor regression models
were chosen. Multiple factors should be taken into consideration during forecasting including government, bank
and financial structures policy, real changes in economy, world markets situation, position of developed countries
governments concerning Ukraine sand many other factors. Regression equation looks like Y=a+bx, where Y is
composite Consumer Price Index in percentage by previous December (predictable rate); a- fragmenton equal to
initial value of dependent variable; b — inclination that shows how much inflation rate is changing with the change
of factor x per unit.

Population policy Support for unemployed

} !

Population’s level and quality of life

Social climate

Y(t+1)= % (YO +Y(E-1)+..Y(1)

Figure 1.

The following regression models are used. The simplest model based on plain averaging is
Y(t+1)=(1/®))* [Y(R)+Y(t-1)+...+Y(1)], and unlike the simplest “naive” model which is conformed with “tomorrow it
will be as it's today” principle this model is based on “tomorrow it will be as it is today for the latest time”. Such
model is for sure more resistant to fluctuations because mavericks about the mean are smoothed. However, this
method is as simple ideologically as “naive” models and it has almost the same defects. In the above presented
formula it is supposed that row is averaged during quite long period of time. However, as a rule values of time
series from the recent times characterize forecast than “older” values of this row. Then moving average
Y(t+1)=(1/(T+1))*[Y(1)+Y(t-1)+...+Y(t-T)] can be used for forecasting. lts meaning is that model sees only recent
past (per T time counts deep) and being based only on these data it makes prediction. For forecasting
exponential mean-value method was also used. Formula describing this model looks like Y(t+1)=a*Y(t)+(1-
a)*MY(t), where Y(t+1) is a forecast for the following period of time; Y(t) — operational significance at the period of
time; AY(t) — previous forecast at the moment t; a — consonant of evening-out (0<=a<=1).

Inflation influences not only on debt relationship of such subjects like households, bank, entrepreneurial and
financial sectors but also on debt relationship between state and households and entrepreneurial sector (national
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domestic debt) and intergovernmental debt relationship. Consequently, the next connection we are going to
consider will be inflation and national debt. Reasons of limited capacities of national debt loss of value in the
modern conditions are:

« Increase of state short term debts portion;
« Increase of sensitivity rate (elasticity coefficient) of reaction of interest rate value on inflation rate;

« Provision with long-term and intermediate credits not in corpore at once but by tranches that allows
considering inflation processes influence on loan amount.

There were considered influence of inflation on long-term loans. Let’s discuss influence of inflation on contracts
that determine salary level. Labour market supply and demand have common determinant (according to the
neoclassical theory) which is actual salary level. Agreeing on its amount, employers and employees react in a
definite way on conditions that have been formed at the labour market. If, for example, gross domestic product
rate (GDP) and employment are high salary tends to increase. And vice versa — if GDP and employment
decreases salary is increasing slowly. Phillips’ wage curve represents connection between salary inflation (loss of
value) and GDP decelerating and can be expressed by formula : g=A(Y-Y*), where A is sensivity coefficient
(elasticity) of salary response on changes of GDP amount, Y — GDP real volume, Y* - potential.

Taking into account inflationary expectations equation of Phillips’ curve changes into q = Pe + A(Y-Y*), where Pe -
expected inflation rate. There is presented fragment of mathematical model built in decision tree on the figure 2.

Level of interest rates

Exchange rate policy

gy =P+ UY -¥")

A4
Monetary accommodation Fiscal policy

Systems of fixed limit prices, pricing condition,
consumer price index, indexation of wages

Figure 2

The last equation means that at any prescribed GDP level salary increases faster than anticipated inflation rate. It
is supposed that nominal wage increases at 1% faster for every additional percent of anticipated inflation.

Said about demands answer to the question “Why do enterprises agree for such salary acceleration?” Such
behavior of entrepreneurs is explained by the fact that increase of nominal wage will not be vulnerable for them if
prices for their production are growing at the same rate. In such case both entrepreneurs and employees are in
such conditions in which they would be if there is no inflation.

Consequently, wage-push expects anticipated inflation. But as we already know inflation can be unexpected. In
such case employees realize wage-push and inflation of their salaries only after some time and will demand
relevant compensation. In such situation compensation becomes recovery of losses only in case of unexpected
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inflation that wasn't taken into consideration in previous labour contract. collective arrangements entered by trade
unions that have requirement of wage indexing with adjustment for inflation also bring particular confusion on the
matter if this compensation is for previous inflation or the expected one.

This condition is very important for the further forecasting of inflation rates. If labor rates for the next year
expresses inflation rate of the previous year and prices are based on the actual salary so today inflation will
express yesterday’s one and inflation rates will change slowly.

« [ for determining labor rates only anticipated inflation is taken into consideration the policy radical change
is possible that changes expectation concerning fast change of inflation rate. Besides mentioned aspect it
is important to remember another aspect of this problem. Salary can be indexed for 100% or only partially
for example for 50-60%.

» There are two ways of salary partial indexation:

« Upper bound delimiting of prices increase exceeding of which provides compensation. For example, if
inflation rate exceeds 5% so from 5,1% income begins to be indexed;

« Upper bound delimiting of compensation. This way limits values that are used for compensation of prices
increase by beforehand fixed percentage. Making labour contracts for 2-5 years can’t provide with
complete certainty change of inflation rate especially in shaky economy. That is why for adjustment for
inflation there are used two the most widespread ways:

« indexation of wages in accordance with Consumer Price Index and periodic (quarterly or once a half of
year) salary revision regarding its increase according to the prices increase for this period;

« prediction of periodic salary increase announced beforehand considering increase of expected prices
rates.

If inflation could be predicted with complete certainty both methods would have similar consequences. But as
expectations are often mistaken it is considered that indexation based on actual rates of inflation guarantees
stability of actual salary more reliably then when pay-outs are decided beforehand.

Inflation influences not only on share of debtors and creditors, employees and entrepreneurs but also it effects
state interests. Yes, in conditions of inflation there occurs voluntary prolongation of payments for state budget by
taxpayers that allows taxpayer to settle accounts with state by undervalued money. This phenomenon of
inflationary taxing in scientific literature was called “Oliver-Tanzy effect”.

This effect shortly can be explained as following: any inflation decreases tax weight. It develops with more
strength with growth of inflation rate and prolongation of tax payment time.

At the same time it must be noticed that inflation weakening tax weight predetermined by explained above
reasons creates another, opposite tendency.

Forecasting of inflation can be done on the basis of index of consumer price change with consideration of pent-up
demand. pent-up demand is equal to population compulsory savings. They are calculated by progressive total for
range of years taking into consideration of their year-on-year increase. At the same time index of required savings
is equal to good circulation and services index. year-on-year increase and good circulation and services value
ratio present hidden inflation or population cash income index and good circulation and services index ratio.

On the macrolevel inflation rate can be determined on the basis of Fisher's equation.
MV = PQ,
where M is amount of currency in circulation; V - velocity of money; P - price; Q - good sales and services value.

As inflation is caused by many factors its level can be forecasted by development of multifactor models. As
factors there may be: change in the exchange rate, growth of money supply, change of refinancing rate and so
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on. Popular way of forecasting inflation is also calculation of its level on the basis of GDP deflator. Thus inflation
shall be explained as money’s loss of value. One of the most obvious factors of inflation presence or absence, its
depth is price index. As indirect indicator of inflation level are used statistic data of trade stock and amount of
population money on deposit ratio (reduction of stock and increase of deposits give evidence about increase of
inflationary tension rate). Forecasting of inflation is made on the basis of index of consumer prices change with
taking into consideration of pent-up demand. On the macrolevel inflation rate can be determined on the basis of
Fisher’s equation.

Conclusions

In the development of qualitative forecasting concept on the basis of unclear decision tree it is offered to use
“built-up” economical and mathematical models of forecasting separate parameters in the first place determining
tree’s “bottlenecks”. On the basis of the previous analysis of received prognostic values of inflation index in
Ukraine for 2008 there are suggested the following (in first priority decrease order) controlling influences with the
purpose of correction of adverse forecast of inflation index values (our previous forecast is rated at 30%): salary
indexation of budget, graduated income tax levy, backing of agricultural sector, state control of monopolies
(“natural” and “artificial”), introduction of minimum hourly pay, reduction of interest for bank loans, refusal from
pegging of national currency to USD.
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HENWHENHAS CXEMA KOMNPOMMUCCOB B MHOTOKPUTEPUATIbHbIX 3AIAYAX

Anb6ept BopoHuH, KOpuit 3natauHoB

AnHomayusi. OnpedenieHue MHO20KpUMEPUAnbHO20 peweHusi no cgoell npupode KOMNPOMUCCHO U
NPUHYUNUANBHO OCHOBAHO Ha UCNOMb308aHUU CyObekmueHOU UHhopMayuu. BoamMoxHocmb  peweHus
npobnemMbl 0CHOBaHa Ha 2unomese CyLecmao8aHUsl HeKomopol (hyHKUUU nosieaHocmu. TpaduyuoHHbIL nodxod
NuHeapusayuu ¢hyHKUUU nonesHocmu obnadaem mHozumu Hedocmamkamu. [lpednacaemcs KoHuenuust
HenuHelHOU cXeMbl KOMNPOMUCCO8.

Knioyeenie cnoea: MHo2oKkpumepuarbHbie 3adayu, cumyayusi npuHsmusi peweHus, adanmauyusi, modesnb
QyHKUUU NONE3HOCMU, HenuHeliHasi cxeMa KOMNPOMUCCO8.

ACM Classification Keywords: H.1 Models and Principles — H.1.1 — Systems and Information Theory; H.4.2 -
Types of Systemes.

CopepxaHue npodnembl

Bcsikoe cyxeHne obnactu apgeKTUBHbIX peLLeHunin, a Tem bonee BbIOOp eANHCTBEHHOTO U3 HAX MPUHLMNUATBHO
TpebyeT NpuBneYeHNst 4ONONHUTENBHON CyObEKTUBHOM MHCOPMALMKM OT nuua, NpuHUMatoLero peluenue (MP),
WK rpyNnbl J0gei (3KCNepToB), KOTOPbIE YYaCTBYIOT B PELLEHUM MHOTOKpUTEpUanbHOW 3agauu. MpuynHa B TOM,
4TO 3hHEKTUBHBIE TOUKM HECPABHUMBI MeXZy co60m hopmarnbHO. BO3MOXHOCTL peLueHns npobremsl OCHOBaHa
Ha runoTese CyLIeCTBOBAHWSI HEKOTOPOW (byHKUUU NOme3HOCMU, BO3HUKatoLWen B co3HaHuu JTTMP npu peLueHum
KOHKPETHOW MHOrOKpUTEepUanbHOi 3agadn. JononHutenbHas MHAOpMaLMs 3aknioyaeTcs B OTBETE Ha BOMPOC:
CKOMbKUMU  eQUHUUaMU 8blugpbitua no OOHOMY KPUMEPUIO MOXHO, no MHeHuto JIMIP, komneHcuposamb
Heu3bexHbIli npouepbiw eduHuybl no Apyaomy (Opyeum) e 3adaHHoU cumyayuu? Ha OCHOBaHUM 3TOM
JOMOMHUTENBHOM  MHApOpMaUMM  POPMYNUPYETCA  KOHKPETHAs CXeMa  KOMMPOMWUCCOB  ANst  [JaHHOM
MHOTOKpUTEpUanbHOW 3aAaun 1 B UTOTE HAXOAUTCS UCKOMOE PeLLEHME.

Takum obpasom, onpegdeneHne MHOTOKPUTEPUANbHOTO PeLLeHUs MO CBOE NpUpPOAe KOMMPOMUCCHO U
MPMHUMNMANBHO OCHOBAHO HA WCMOMb30BaHUM CYOBLEKTMBHOM WHGopMauun. onyunB 3Ty MHAOPMALMIO K
BblbpaB CxeMy KOMMPOMWUCCOB, MOXHO MEeperTy OT OBLLEro BEKTOPHOTO BbIPAXEHWS K CKaNspHOW CBEpTKe
YaCTHbIX KPUTEPUEB, YTO SBMSIETCA OCHOBOW [ANS NOCTPOEHUS KOHCTPYKTWBHOTO annapata peLleHus
MHOTOKpUTEepUanbHbiX 3agad. Ecnu ucnonb3yetcs cnocob ckansipHoW CBEPTKM, TO MaTeMaThyeckm MOAENb
peLLeHns 3a4aun BEKTOPHOM ONTUMU3ALMK AN MUHUMU3UPYEMBIX KPUTEPUEB NPELCTABNAETCS B BUAE

x*= argI)l;i)I{lYl:y(x)},
nnm
x*= arggli)t(lY[yO (x)},
€CIN1 BEKTOP KpUTEPUEB y/(X) MPOHOPMUPOBAH BEKTOPOM OrpaHnieHni A:
Yo () ={r () A ={vo (O] - 0

3aecb x — BEKTOp apryMeHToB onTummuaaumu; X — gonyctumas obrnactb peleHni; Y(y) — ckansipHas ceepTka
BEKTOpa YaCTHbIX KPUTEPUEB, MMEIOLAs CMbICT LieneBor yHKUMW. Ee Bua SBnseTcs oTpaxeHUem (yHKLMM
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nonesHoctu JIMP u 3aBucuT OT BbIBPaHHON CXeMbl KOMMPOMMCCOB. [0 CyTW, MpaKkTMYecku BCe nNoaxodbl K
OnpegeneHuno CkansipHON CBEPTKW CBOASATCS K NOCTPOEHMIO TOW MW MHOW Modesiu yHKLmM nonesHocTy JMNP.

B 6onblwMHCTBE CryyaeB NpU PELEHUM MHOTOKpUTEPUAnbHbIX 3aday OrpaHUYMBAOTCS NMHEApPWU30BaHHOM
Mogenbto. Takom nogxod, obnagas HECOMHEHHbIM MPEUMYLLECTBOM MPOCTOThI, XapaKTepuU3yeTcs psaom
HEAOCTaTKOB, MPUCYLMX METOAy NuHeapusauun Boobule. Tak, NMHeMHas MOAEMNb NPUBOAMUT K NpPaBMIbHbIM
pesynbTaTtam fnLLb B MasblX OKPECTHOCTSAX paboyelt TOUKM, MOSTOXEHNE KOTOPOM 3aBUCUT OT CUTYaLMK NPUHATUS
MHOMOKpUTEPUanbHOrO peleHns. flioboe M3MeHeHne cuTyauun npuBOAMT K HeobXoaMMocTu nepepacyeTa
BECOBbIX KOI(PPULMEHTOB MOZenn. B cepbesHblX MHOrOKpUTEPUanbHbIX 3adadvax LenecoobpasHo CTpouTb
HeruHelHyto Moaenb pyHKumumn nonesHocty JIMP.

CopepxaTtenbHbin aHanu3 yHkumm nonesnocty JIMP

BBenem noHsTNe HaNPSXKEHHOCMU cumyayuu Kak Mepbl B1IM30CTY OTHOCUTENBHbIX YaCTHBIX KPUTEPUEB K CBOEMY
NpeaensHOMY 3HaYeHMIO (€AnHULE):

Pi =1=Yoe> Ps e[O;l], ke[l,s].

Ecnu MHorokputepmanbHoe peLieHne NPUHUMAETCS B HANPSHXKEHHON CUTYaLMW, TO 3TO 3HAYMT, YTO B 3afaHHbIX
YCNOBMSIX OAMH WM HECKOMbKO YaCTHbIX KPUTEPUEB B pesdynbTaTe PELIeHWst MOryT OkasaTbCs B OMacHOM
BnM30CTH K CBOMM NpeenbHbIM 3HaueHnsM (o, =0 ). W ecnn oauH U3 HUX JOCTUTHET npesena (Mnu BblnaeT 3a

Hero), T0 3T0 CODbITME HE KOMMEHCUPYETCS BO3MOXHBIM MasibiM YPOBHEM OCTamlbHbIX KpUTEPUEB (0BLIYHO He
[JOMNYyCKaeTCs HapyLeHne Noboro u3 orpaHnyeHnit).

B aTtoh cutyaumm HeobXxogMmMO  BCEMEPHO MPENsSTCTBOBATb  OMAcHOMY BO3pacTaHMi  Haubonee
HebnarononyyHoro (T.e. Hanbonee GnM3KOro K CBOEMY Mpedeny) YacTHOro KPUTEPWS, HE OYEeHb CUWTasICh C
noBefeHNEM B 3TO BpeMsi OCTarbHbIX. [103TOMy B JOCTATOYHO HANPSHKEHHbIX CUTYaLMsX (MPU ManblX 3HAYEHNSX
o) JINP, ecnu n gonyckaeT yxyaweHWe MakcumanbHoro (Hanbonee BaxHOTO B [aHHbIX YCMOBMUSX) YaCTHOrO
KPUTEPWS HA €AMHWLY, TO TONMbKO KOMMEHCUpYS 3TO GOMbLUMM KOMMYECTBOM EAMHWL, YNYYLLEHUS| OCTasbHbIX
KpuTepneB. A B OYEHb HaMPSHKEHHOW cuTyaumm (nepBbiit nonsipHein cnyyait: o=0) JINP BoobLie octaenser B
nore 3peHust TOMbKO 3TOT OAWH, Hanbonee HebnarononyyHbIN YacTHbIN KpUTepuin, He obpallas BHUMaHUs Ha
ocTanbHble. CregoBaTenbHO, adekBaTHbIM BbIPAXEHUEM CXEMbl KOMMPOMWUCCOB B Cry4ae HampsiKeHHOM
CUTyaLuv SBMSIETCA MUHUMaKCHas MOAENb (SranuTapHbIi NpUHLMN)

k= argr)gi)t(llzrel[fﬁg]yo,( (x), me. Y[y,(x)]= {rel[fﬁg]yo,c (x).
B MeHee HanpspkeHHbIX cUTyaLmsx Heo6xoauMo BO3BpaLLaTbCs K OAHOBPEMEHHOMY YAOBMNETBOPEHUIO M APYTUX
KpUTEPUEB, Y4YUTbIBAS NPOTUBOPEUMBOE EANHCTBO BCEX MHTEPECOB U Lienen cuctemsl. [pu atom JIMNP BapeupyeT
CBOK OLIEHKY BbIUMPbIIA MO OAHUM KPUTEPUSM W MPOWrpbILIA MO APYrM B 3aBUCMMOCTU OT cuTyauun. B
NPOMEXYTOUHBIX CRy4Yasx BblOMPAKOTCS CXeMbl KOMMPOMMCCOB, dalOLMe pasnuyHble CTeneHu YacTU4HOro
BbIPaBHWMBAHNS YaCTHbIX KpuTepneB. C yMEHbLUEHNEM HANPSKEHHOCTW CUTYaLWW NPeanoYTEHUS MO OTAEMNbHbIM
KPUTEPUSIM BbIPABHUBAKOTCS.

W, HakoHeLl, BO BTOPOM MONSIPHOM Cryyae (px=1) CUTyaLmsi HaCTOMNbKO CMOKOMHAS, YTO YaCTHbIE KpUTEPUM Marbl
N He BO3HMKAET HWUKAKOM Yrpo3bl HapylueHusi orpaHudenmin. JIMP 3aech cyuTaeT, YTo eAMHMLA YXYALEHMS
noGoro M3 YacTHbIX KPUTEPUEB BMOSIHE KOMMEHCUPYETCS PaBHO3HAYHOM eauHWLEN ynydiweHus noboro u3
oCTarbHbIX. JTOMy CRyyald COOTBETCTBYET OKOHOMMYHAs CXxema KOMMpomuccoB, obecneunBatoast
MUHWUMAnbHble ANS 3af4aHHbIX YCNIOBUNA CyMMapHbe NOTEPU MO YacTHbIM HOPMUPOBAHHBIM KpuTepusm. Takas
CXeMa BbIpaXaeTcst MOAENbI0 MHTErParbHON ONTUMANLHOCTY (YTUNUTAPHbIA MPUHLMN)
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x*= argmi)?ZyOk (x), me. YLy ()= X yor (x)-
xeX 1 k=1

HenuHenHaa cxema KOMNpoM1ccoB

C TOuYKM 3peHust chopmammsauumM LenecoobpasHo 3agady Bblbopa CXeMbl KOMMPOMWCCOB  3aMEHUTb
9KBMBANEHTHON 3afayeil CMHTE3a HEKOTOPO eAUHOU CKanspHOW CBEPTKM YaCTHbIX KPUTEpUEB, KOTopas B
PasNMYHbIX CUTyauusiX Bblpaxana Obl pasHble MpUHUMMbI ONTUManbHOCTU. TpeboBaHWs K CUHTE3Mpyemoi
cpyHKLIm Y(yo):

—  OHa JomxHa ObITb rMafKon 1 MOHOTOHHO;

— B HanpsKeHHbIX CUTYaLMsIX OHA AOMKHA BbipaXaTb NPUHLMN MAHUMAKCA;

— B CMOKOWHbIX YCMOBUSIX — MPUHLMN MHTErPanbHOM ONTUManbHOCTH;

— B MPOMEXYTOYHbIX Cryyasx AOMKHA MPUBOAWTb K MapeTo-OnTUManbHbIM PeLUeHUsIM, LatoLm
Pa3NNyHble Mepbl YaCTUYHOTO YAOBNETBOPEHUS KDUTEPHEB.

MHblMM  cnoBamu, Takas YHMBepcanbHas CBepTka [OMKHa ObiTb BbIpaXEHUMEM CXeMbl KOMIPOMWCCOB,
adanmupyrowelics kK cutyaumun. [1ns atoro HeobxoanMmo, 4Tobbl B BbIpaKEHWUE AN CKAmNsSPHON CBEPTKW B SBHOM
BMAE BXOAUIN XapaKTEPUCTUKN HANPSHKEHHOCTM CUTyaLun p.

113 BO3MOXHbIX (hyHKLIMIA, OTBEYAIOLLMX NepedncneHHbIM TpeboBaHusM, BbibepeM NpoCcTenLLy:
K 1 s
Y(a.yy)=Y e [ 1=y ()] 1, 20, e, =1, 2
k=1 =1

roe ax=const — hopmasnbHble NapameTpbl, ONpefeNieHHble Ha CUMMMEKCe U UMEeILLMEe ABOSIKUA (hu3ndeckui
cMmbicrn. C 0fHOM CTOPOHbI — 3TO BECOBLIE KOAMULMEHTBI, Bbipaxatowme npednoymerus JIMP no oTAeNbHbIM
kputepuam. C apyroit — 3T0 Ko3hULMEHTBI perpeccun codepxamenbHOU peepecCuoHHOU Modenu yHKUUU
nonesHocmu J1MP, NOCTPOEHHOM Ha OCHOBE KOHLEMNLMM HESIMHENHON CXEMbI KOMMPOMMCCOB.

BecoBble K03(h(MLMEHTBI PACCUMTBLIBAKOTCA MO Popmyne

a, = Ji ,k e[L,s],

N

) (3)

J=1

roe f, — OLeHKa BaXXHOCTM (MPUOPUTETHOCTH) K-TO KpUTEPHS, JaHHasH SKCMIEPTOM Mo WwiKare 6ansos.

Takum 06p830M, HENWHEHON cxeme KOMNPOMMUCCOB COOTBETCTBYET MOAENb BeKTOpHOﬁ onTnMmmsadnun, B ABHOM
BUOE 3aBUCALLAS OT XapaKTEPUCTUK HAMPSHKEHHOCTM CUTYaLWK O

R -1

x* = argl)gl}l{lgak [1 — Vo (x)]

B otnnuve ot nNnuHeNHOW Mogenu, onpeaeneHHo B Manon OKPECTHOCTU paboyen TOUKM, HENUHENHas MOAenb
yHKumm nonesHocty JIMP onpegeneHa Ha Bcelt JoNyCcTUMOoit obrniactu pelleHuin X n He TpebyeT nepepacyera
Ko3(hPULNEHTOB alk NPU M3MEHEHUSAX CUTYaLUM.

Hopmanu3sauusa ckansipHon cBepTKU

I'IpM MHOrokpuTepmanbHOM OLEeHMBaHN anbTepHATUB YaCcTO BO3HUKAET HeobxoaMmMocTb Nnosnly4eHnsa He TONbKO
aHarnuTUYeCcKon, HO U KayecmeeHHoU OLIEHKMN. [nsa atoro CnefyeTt BblpaxeHue CKaJ'IFIpHOI7I CBEPTKH Y(Ol,yo)
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HOpMMpOBaTb W MNONYYEHHOE 3HaveHue Y;) COOTHECTW C rpagaunamm O6paLLleHHOI7I HOpMMpOBaHHOI;i

(byHOaMeHTanbHON LKanb!:

WHTepBanbl 06palleHHON HOPMUPOBAHHOM
KaTeropus kayecTBa y
(byHOAMEHTaNbHOM LLUKanbl OLEHOK Yo, Yo
Henpuemnemoe 1,0-0,7
Huskoe 0,7-05
YOoBneTBOpUTENBLHOE 05-04
Xopoluee 04-0,2
Bbicokoe 0,2-0,0

KOHCprKLLI/IFI HENMHENHON  CXEMbI KOMNPOMMUCCOB MO3BONAET HOPMUPOBATL CKaNAPHYKD CBEPTKY HE K
MakcumarnbHOMYy (OGbI‘-IHO He|/13BeCTHOMy), a K MUHUMaJlbHOMY 3HaYeHWo. Monoxue B BbIpaXeHun ansa

HENMHENHON CKaNsAPHON CBEPTKY (2) aearnbHble (HyNeBble) 3HaYeHNst MUHUMU3UPYEMbIX KPUTEPUEB v, (x) =0
W yuuTbiBas HOPMMPOBKY BECOBbIX KOIMMUUMEHTOB @, nomyuum Y, . =1 1 opmyna HOPMMPOBAHHON
MUHUMU3MPYEMON CKaNAPHOI CBEPTKM UMEET BUA

1
h=1- “

MogenbHbIN npumep

[NokaxeM 34ecb BO3MOXHOCTW HEMMHENHON CXEMbI KOMNPOMMCCOB B 3afavye MHO2OKpumepuarbHO20 aHarnusa, a
WMEHHO, OLeHKN Ka4yeCTBa N0 HECKOJIbKUM KpUTEPUAM rMNCCaAHOro cnycka npu nocagke camoneta.

v

Puc.1

Ha puc.1 B koopauHaTtax (h-f) cxemaTWyecku NpeCTaBNEHO W3MEHEHWE BLICOTHI CamMoneTa B Mpouecce
rnuccagHoro cnycka. lNpegnonaraeTcs, YTo B MOMEHT BpeMeHu (=T BbicoTa h=0.

AHanormyHbiM 0Bpasom MOXET ObiTb NPEACTaBMNEHO W3MEHEHWE MOMOXeHWe camoneTa b OTHOCMTENbHO
LLeHTPpanbHOM NWHMKM B3neTHo-NnocagoyHoi nonockl (BIM) B 60OKOBOW NMOCKOCTM B NPOLUECCE TMWUCCaaHOro
crnycka.
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Puc.2

B npouecce rnuccagHoro cnycka NeTYMK ynpaensieT CcamoneToM C MOMOLbK AMPEKTOpHOro npubopa,
cxematnyeckm u3obpaxeHHoro Ha puc.2. MonoxkeHne NnaHok, NokasaHHOE Ha PUCYHKe, 03Ha4aeT, YTo caMoneT
HaxoamTCA BbllWe rnuccagbl W npaeee oceBol NuHuM BIM. YnpaBneHue 3akmioyaeTcs B COBMELLEHMM
NepeKpecTMs NMaHOK C LeHTPanbHO TouKon npubopa.

i B Abr
:4— Al —'O_'_'T BN
Puc.3

Ha puc.3 nokasaHo, 4T0 B MOMeHT BpemeHu t=T camoneT kocHynca B B Touke B, Haxogswencs Ha
paccTosHum Al OT pacyeTHON TOUKM A 1 Ha paccTostHuM Abr 0T oceBoit nuHum BT,

,U.J'IFI OLIEHKM Ka4yeCTBa Nocafdku camoneTa UCnonb3yrTCA TPU MEPMUHallbHbIX (t=T) Kputepua Kka4yecTsa.

n= |AIT| <A1 — MO[IyNb OTKNOHEHWS OT PACHETHON TOYKM KacaHWs B MPOLONLHOM NOCKOCTH;
Y, = |AbT| <Az — MO[lyfb OTKNOHEHWS TOUKM KacaHus OT npofonbHoit ocv BII B GokoBoit nnockocTy;

y, = V") <As - BepTUKarnbHas CKOPOCTb B TEPMUHATBHOM TOUKE, @ TAKKE ABA UHMe2PasbHbIX KDUTEPHS:

1z .
y, = ?”Ah|dt < A, —CpeHee OTKIIOHEHMe OT IMnccazbl B BEPTUKAMNBHOI NAOCKOCTY;
0

175 .
ys =— [|Ab|dt < A; - cpennee OTKMOHeHVe OT IMNCCabl B TOPU3OHTamLHOI NNOCKOCTA.
T 0

Kpome aTux KpUTEpMEB KayecTBO MpoLiecca MocafKi XapakTepusylT elle ys — OTKMOHEHUe OT MocagoyHoM
CKOPOCTU B TEPMUHAMNBHON TOUKE; 7 — KYPCOBOM Yron B TEPMUHAIBHOI TOUKE; Ys — YTOMN KPEHa B TePMUHANBHON
TOUKE; o — YTON TaHraxa B TEPMUHANbLHON TOYKE; Y10 — CPEAHWIA Pacxod pyneil Ha rmuccage (MHTerparnbHbIi
KpuTepuit) 1 T.4. Byiem cunTaTh, YTO NOCNeaHNe KPUTEPIUU NPU BCex Nocaakax yaoBNeTBOPATCS.

,D,J'IFI pacyeTa NHTerpanbHbIX KOUTEPUEB BOCMNONb3yeMCA NPUEMOM I'IpVI6]'II/I)KeHHOF0 MHTETPNPOBaHnA.
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A |Ah|

v —

Puc.4

Mpuem nnntoctpupyetcs rpacmkom puc.4. VHTepsan Bpemenn cnycka no rmuccage [0,T] pasbusaetcs Ha N
noavMHTEPBarnoB At, B TeYeHWe KaXOoro U3 KOTOPbIX BennyMHa |Ah|l_,ie[1,N] U3MepseTcs M nonaraetcst

nocTosHHOW. Torda B (bopMyne [Ans WHTErpanbHOro KpUTEPUS Mbl MOXEM MepeiTh OT UHTerpana K
CYMMUPOBAHMIO:

Lt h|d Ls Ah
y4—?.([|A| t~?§| 1|Atz

Ecnu Bce noanHTepBsanb! oanHakoBbl, T.e. Vi At, =At, 70 T = NAt «
At X 1Y
r——) |Ah|=—) |Ah, 5
Yo ® g 2l = 2|k (5)
AHanornyHbIM 06pa3oM paccuMTLIBAETCS U KPUTEPUIA s .

Tenepb METOAOM HENMHENHOM CXeMbl KOMMPOMMCCOB OLIEHWM KayecTBO [BYX NOCafOK camoreta npu
Pa3NNYHBIX YUCIIOBBIX 3HAYEHMSIX YaCTHbIX KDUTEPHEB.

Mocaaka 1

CHayana paccu1Taem 3HauyeHWst MHTerpanbHbix kputepneB npu N=4 n 4ncnoBbIX AaHHbIX, NPELCTABMEHHbIX
Tabnuuen

i 1]2|3]4
|AR[,m 10 |12 [15 |5

|AB[,m | 5 |10 | 8 |6

Mo dopmyne (5) nonyunm: y2=10,5 M n y5=7,25 m.
3apagvm ans nocagku 1 cnegyioLme YMCNOoBbIE AaHHbIE:

IMo chopmynam (1) u (3) paccdumaem

yi=6 m; A=15 m; f=8. Yor=0,4; a=0,25;
y=3m; A=10 m; f=7. v02=0,3; a=0,22;
y5=0,2 m/cex; A=1 m/cek; f=9.  yu5=0,2; a3=0,28;
¥4=10,5 m; A=30 m; f4=5. ¥04=0,35; a4=0,16;

ys5= 7,25 M; A5=20 M; f5=3. y05=0,36; a5=0,09.
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Paccuntaem ckansipHyto CBEPTKY KPUTEPUEB NO HEMMHEMHOW CXeME KOMNPOMUCCOB (chopmyna (2):

Y=0,25 ! +0,22 ! +0,28 ! +0.16 ! +0,09;:1,47
1-0,4 1-0,3 1-0,2 1-0,35 1-0,36

Hopmuposka no copmyne (4) paet Y, =1 —i =0,32.

CornocTaBnieHne  9TOTO  3HAYEHWS] C  KA4eCTBEHHbIMW  rpajaunsMum  0BpaLeHHO  HOPMMPOBAHHOM
(hyHAaMeHTanbHO Lkanbl NO3BOMNSET cAenaTh BbIBO, YTO JaHHY0 NOCaZKY MOXHO OLIEHUTL Kak XOpowy.

MNocaaka 2

Paccu1taem uHTerparnbHble KpUTepUn Mo YMCIOBLIM AaHHbIM TabnnLb
i 112134

|AR| | 12|15 | 16 | 10

AD| | 7 |12] 14| 9

Mo dopmyne (5): y4=13,25 M 1 y5=10,5 m.

3agagum ans nocaaku 1 cneaytoLye YMCOoBbIe [aHHbIE:

Mo cpopmynam (1) u (5)
yi=3m; A=15m; f=8. Y01=0,2; as=0,25;
y=4 m; A=10 m; f=7. Y02=0,4; 0,=0,22;
y3=0,6 m/cek; As=1 m/cek; f=9.  y05=0,6; 05=0,28;
v4=13,25 m; Ai=30 m; f4=5. V04=0,44; 0,=0,16;
y5=10,5 m; As=20 m; f5=3. Y¥05=0,52; a5=0,09.
Mo cpopmyne (2):
Y =0,25 ! +0,22 ! +0,28 ! +0.16 ! +0,09 ! =1,85
1-0,2 1-0,4 1-0,6 1-0,44 1-0,52

1
Hopmuposka no opmyne (4): ¥, =1 15 =0,46.
Mo oOpaweHHOA  HOPMMPOBAHHOW  (byHOAMEHTanbHOW  LKane nocagka 2  OUEHMBaeTcsl  Kak
ydosnemeopumesbHas. K TakoMy BbIBOAY Halla npoLeaypa npusesnia He B MOCMEAHI00 o4Yepesb 13-3a Kputepus
y3=0,6 m/cek (nocagka xecTkas).
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AHANU3 CBOUCTB MOOENU NEOHTLEBA
MPU HEYETKO 3ALAHHbIX MAPAMETPAX KPUTEPUANBHOWU OYHKLIUK
METOAOM BA3UCHbIX MATPUL

Bnagumup Kyaus, Mpuropuit Kyaun, Anekcen BonowuH

AHHomauus: [pednoxeHo npumeHeHue memoda ba3ucHsIx Mampuy, 0ns aHanusa modenu JleoHmeesa (MJ1) ¢
HeYemKo 3adaHHbIMU HEKOMOoPbIMU ee KomnoHeHmamu. MIT MoxHO uHmepnpemuposame, Kak 3adayy npoaHo3a
3ampam-ebinycka npodyKYUU Ha OCHO8E U38ECMHOU cmamucmu4eckol UHopMayuu npu HeYEMKO 3adaHHbIX
3HaYEHUSX Yacmu d71eMEHMO8 MEXHOM0_UYECKOU Mampuybl, 6eKMOpa 02paHUYeHUl U epaHuyax NePEMEHHBIX.
Takumu anemeHmamu moz2ym Obimb U UeHbl Ha 8binyckaemylo npodykuuto (eekmop epadueHma uenesol
yHKUUU). IMO cyuiecmeeHHo ycnoxHsem aHanu3 M1,

Knroyeeble cnosa: modens JleoHmbesa, KonuyecmeeHHbIl U KayecmeeHHbIl aHanu3, He4émkoe MHOXecmso,
basucHas Mmampuua, pyHKUUS npuHadnexHocmu.

ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

BBepeHue

MaTemaTnyeckuit annapaT HEYETKMX MHOXECTB sBNsieTcs (DOPMONM 3adaHusi HeomnpederneHHbIX napameTpos,
3HAYEHWS KOTOPbIX HEU3BECTHbl OO0 MOMEHTa NpUHATUA pelleHns. OHUM W3 MEeXaHW3MOB YCTpaHeHUs
HeonpeaeneHHoCTV B 3aaHni napamMmeTpoB NMpu NOCTPOEHUM MOLENN SBNSETCS BKIIOYEHNE B KOHTYP MPUHATUSA
pewwenus akcnepto (JMP). JINP npu3BaHbl KA4eCTBEHHO OMPedeNnuTb CTPYKTYPY MOZENH, ykasaTb MEXaHU3M
ycTpaHeHus HeonpeaenéxHocten npu ee dopmuposaHun [Opnosckuia, 1981]. CyLlecTBEHHbIM OCMNOXHEHUEM
mozerm JleoHnteeBa (MI) [MleontbeB, 1972 ], [Facc., 1961] ecTb BKMKYEHWE OrpaHUYEHWA Ha 3HAYeHue
nepemeHHbix [Opnosckuit, 1981]. OpgHon u3 ocobeHHocTen MIT sBnsieTcs TO, YTO OHa BkMtovaeT B cebe
mateMaTnyeckue npobnembl aHanuaa psga NIMHENHBIX CUCTEM TaKMX Kak CUCTEM MMHEMHBIX anrebpanyeckux
ypaBHEHW C KBagpaTHOW maTpuueir orpaHudeHuin (CITAP), nuHenHbix anrebpamyecknx HepaBeHCTB ¢
COOTBETCTBYIOLEN MaTpuuen orpaHnyeHnin (CIIAH), a Takke u 3agady nuHenHoro mporpammuposanus (3J1M)
[BorowwuH, 1993], [BonHanosuy, 1987], [Bonnanoswy, 1988], [KyamH, 2002]. MpoBeaeHMs KavyeCTBEHHOrO
aHammsa mogemu [Opnosckuin, 1981] npemonpenenseT BKTIOYEHUE U KOMWMYECTBEHHOTO  aHanu3a
HENPOTUBOPEUMBOCTI €€ CTPYKTYPHbIX aneMeHToB [BonowwumH,1993], [BoHanosuy, 1987], [BoiHanosuy, 1988],
[Kyaux, 2002], a Takke BNUSHUE U3MEHEHWUS €€ KOMMOHEHT Ha CBOWCTBA MoAenu B LenoM. MoXHO BblgenuTb
Take OCHOBHblE CTaJuW aHanuaa:

o NPOBEPKN adEeKBaTHOCTM MaTeMaTtuyeckoro M MalNHHOrO npeactaBlieHna  MaTpulbl OrpaHVNeHVIVI,
HaxoXxAeHne BenM4nHbl ee paHra;

e  HanpaBMEHHOW KOPPEKUMM BENWYMHbI paHra MaTpuubl OrPaHWYEHUn W3MEHEHWEM OTAEMNbHbIX eé
3MeMeHTOB (Mpu HeobXoaUMOCTH);

e  BbIFIBNIEHNE COBMECTHbIX CBOMCTB COOGCTBEHHO MIT M OrpaHMYeHuit Ha nepemeHHble — pPaspeLuumMocTy
(HepaspeLummocTy);

e  OnpeaeneHne CBOWCTB orpaHuyeHuin MJT (MHOrorpaHHOr0 MHOXECTBA) M OrpaHUMYEHWA Ha NEPEMEHHbIE,
NpOBEAEHNS, MPN HEOOXOAMMOCTM, HAMPABNEHHBIX N3MEHEHWI;

° HaxoxaeHne peLLIeHMﬁ Nnpwv paspeLlnmMocTy,
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e  YCTaHOBIIEHWE CBOMCTB PeLLEHNN,

e  aHanM3 U3MEHEHWI B MOLENMN HA CTPYKTYPHbIE CBOWCTBA 06nacTei (QOMyCTUMOCTM W PELLEHNA).

MocTtaHoBKa 3agaum

Beegem B paccmoTpeHue BapuaHTbl MJT, K KOTOPbIM MOXHO NPUIATM B pe3ynbTaTe SKBUBANEHTHbIX
Npeobpa3oBaHmii KAHOHNYECKON MOLENN:

1. CIAP Buaa

Au=C, (1)
2.. CI1AH Bupa

Au < C, (2)
3. MM (Mogenb NIMHENHOrO NPOrpaMMUPOBaHMS ) MPK HaNUYKUK Leneson yHKLMIA Buaa

maXR mBu , (3)

HEBBIPOXOEHHAs KBaApaTHas MaTpuua pasmepHocTn (mx m),

i=l,m

Buga (2)-(3), B kotopom A={aij}

j=lm

a; :(ajl,ajz,...,ajm), jeJ=1={,2,.,m}- CcTpoku MmaTpuupl A, u =(u, ,uz,...,um)r— BEKTOP
nepementblx, B =(b,,b,,...,b,), C=(c,,C,, ..,c,)" = Bektopa T[pafMeHTa LENesol QyHKUMM K
orpaHuyeHnit mogemn, au<c;, j€.J TMONyNpoCTPaHCTBO, KOTOPOE OMPEAENEHO  TUMEPMIOCKOCTbH0
au=c;, jeJ.

Cumtaem, 4TO KOMMOHEHTbI BEKTOpa rpagueHTa (3) MoryT 3agaBaThCsl, Kak (pyHkuun B Buge B(z), roe
B(t) = (b,(1), by(¢), ... ,b,(¢)), koTOpblE 3aBUCAT OT aprymeHta ¢. Kaxgas KoMnoHeHTa Bektopa b,
cTaHoBuTCA pasHoW b (t) npu kaxgom teT :[tH,tB]. (Bce onpemeneHHble yHKUMWM  SBNSKOTCS
3aBMCUMbIMM OT aprymeHTa, B oblem cnyyae, fe€(—oo,+0), u3 knacca C?). HeueTkuit uHTepsan
Tz[tH,tB] ONpefensieTcss kak MHOXECTBO apryMEeHTOB, Ha KOTOPbIX (PYHKUMS MPUHAANIEXHOCTU WUMeeT
YPOBEHb He HuKe A . Takue M3MEHEHNs B aNeMeHTax MOAENM MOXHO MHTEPNPEeTMPOBaTh, Kak 3aBMCUMOCTb LieH
Ha NPOAYKUMIO 7 Ha WHTepBane ¢ € [tH,tB] . MexaHuam chopmmpoBaHms ypoBHs A (YCTpaHEHME HEYETKOCTM B
cucTeme, T. e. Bolbopa uHTepBana 1" = [tH,tB]) MOXeT BbITb pasHoobpasHbIM. B 4acTHOCTW, MyCTb B CUCTEME
umeetcs P={1,2, ..., p} akcnepToB. Kaxablii 3kcnepT hopMUpYET CBOK (PYHKLMIO NMPUHALNEXHOCTU AL ) (®),
p € P 3aBucumoit o1 napametpa £. OTU PYHKUMN SBASKOTCH KYCOYHO-NIMHEMHBIMU, AN KOTOPbIX KCnepT
yCTaHaBNMBAET YPOBHM 3HaueHnit A7), p € P. 370 o3HavaeT, 4to npu ykasanum yposHs A", p e P

(12 p,(1)22"") xaxgeiM aKcnepToM OnpefensieTcsi MHTepBan uameHeHus 3waueHnin T, p € P, e

T, =[t5 -t ], p € P [Opnogckwit, 1981]. PeaynbTupylousii  MHTEPBAN UIMEHEHNA  MepeMeHHOI

P
T :[tH,tB] COrMacoBaHHbIM Mo P 3KkcnepTaM MOXET OnpefenaTbes, Hanpumep, Kak T=ﬂTp, 4TO
p=1

COOTBETCTBYET HEKOTOPOM (OyHKUMM npuHagnexHoctn 1> u(t)>A . Mpu kaxgom teT :[tH,tB]
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dopmupyetca cson BapuaHt  B(t) = (b,(¢), b,(¢), ... ,b,(¢¥)) Aana (2),(3). Mopenb wuccrenyetca B
npocTpaHcTBe £™ . Hanuume B KOHTYpe NPUHATIS peLLeHst 3KCNepToB (cha3a Ka4eCTBEHHOrO aHann3a Mogenei
(1),(2)-(3)) npeponpeenseT nocneayioLLyto a3y (KONMYECTBEHHOTO aHanu3a) - UCCNeaoBaHNS NPy YKasaHHbIX
yposhsix A7 p= {1, 2,....p} YKa3aHHbIX JKCnepTamn BNUSHUE U3MEHeHWs anemeHToB B(f)u npn teT

Ha paHee BblGpaHHOE ONTUMAsNbHOE PeLLEHME.

B paboTe npegnoxeHo pa3suTHe METOAOMOrMM MOCnenoBaTensbHOro aHanwsa [BonowwH, 1987] u meTopa
6asucHbix matpuy (MBM) [KyamH, 2002] onst npoBeAeHNs KONMMYECTBEHHOTO aHaNM3a BIUAHWS (YHKLMOHAMBHBIX
n3meHeHuin B MJ1 Ha CBOICTBA ONMTUMAIbHbIX PELUEHUS UCXOAHOW 3agaum (2)-(3) npu M3MEHEHMM 3IEMEHTOB
mopenu (3))Beuge B(t)u, teT .

OcHoBHbIe nonoxeHusi Metoaa 6asncHbIx Matpuy (MBM)

B npegnaraemom MEM BBeaeHbl B paccMOTpeHue CTpoudHble GasucHble Matpuubl [BoiHanosudy, 1987],
[Bonnanosuy, 1988], [KyaiH, 2002]. basucHble MaTpuubl B Xofe UTepauui pelleHus 3afaqn nocnesoBaTesibHo
M3MEHAKTCS BBOAOM-BLIBOAOM W3 HEE CTPOK-HOPManem orpaHnyeHuin. B obluem cnyvae B uccreayemon Mogenm
KONMWYECTBO OrpaHUYEHNit NPEBbILIAET KONMYECTBO NepeMEeHHbIX B1Aa (2), a B 4aHHOM cnyvyae B M m =n

Onpepenexve 1. Matpuuy A,, COCTaBNEHHYI0 U3 M JIMHEAHO HE3ABUCUMbIX HOpPMArnei orpaHuyYeHnn (2),

T _ 0

0asncHbIM.
0

Oyaoem HasblBaTb 6a3MCHOW, @ peLleHne COOTBETCTBYIOLLEN el CUCTEMbI YPaBHEHUI Adu
[1Be 6asuncHble MaTpuLbl OTNIMYALOLMECS OAHON CTPOKOH ByaeM HasblBaTb CMEXHBIMM.

MycTb: ﬂjj, i,jel={1,2,..,m} - anemeHTbl 6a3ncHoin noamMaTpuLbl A,, e, - 3NEeMeHTbl MaTpuLbl
A;', obpatroit k A ; e, =(A;"), .- ctonbey obpaTHoi MaTpuupl. PeweHne  u, = (i, Upys. s Uy, )

CUCTEMbI YPaBHEHMIA AduT = cO, rae, B oblyem cnyyae, ¢’ - noasektop C, KOMMNOHEHTbI KOTOPOrO COCTOST U3

N

MpaBblX YacTeW OrpaHuyeHuin (2), Hopmamu  KoTopblx  oBpasylT  6asucHyo matpugy A ;

a

a =(a,,a,,..,0,, )- BEKTOp Pa3NOKEHNs HOPManM OrpaHMyeHns a.u, <c, 3a CTpokamu 6a3ncHoi
matpuupl A, , o, = (¢, 0y »---» A, ) - BEKTOP Pa3NOXEHUS rpaauHTa Lieneso dyHKUMM (3) no cTpokam

o T .
GasucHon matpuubl A, A =au, —c, - HeBa3Ka I-f0 OrpaHUueHns (2) B BepluMHE U,

Jd’ J Ix J=J,0UJ; - MHOoXecTBa MHAEKCOB 0GasnCHbIX M Heba3nCHbIX orpaHudeHuit (2). B pabote

[BoiHanosuy, 1987] npueeaeHs! hopmynbl B3 6a3NCHOMO peLLeHUst, koadULMEHTOB pasNoXeHUs HopManen
OrpaHuUyeHunin 1 Lenesoi dyHKUMK (3), K03hMLMEHTOB 0OPATHON MaTpULbl, HEBSI30K OrPAHUYEHNA N 3HAYEHNIA
LieneBoi dyHKLMK npn nepexoge k 6asucHoin Matpuue Aq , koTopas obpasyetcs U3 mMaTpuLpl As 3ameHoit ee
CTPOKM a, Ha a,, koTopas He BxoauT B 6asncHyto matpuly A, . B HoBoit GasncHoit matpuLe A BBEIEHHbIE

BENMN4YMHBI GWJGM Ha3blBaTb dNeMeHTaMn MeToda 6asmncHbIX matpuy n 6y,qu obo3Havatb l-I(%[Z)TO‘-IKOI7I CBEpPXY,

T.e. ﬂjj, ar, Av, ei, «Qo. Myctb Ay Uiy, - HopMmasu OrpaHNYeHNN,

m

T . .. . o
au <c,, jedJ,, rae J, ={i,l,...,0,} - MHAEKCbI OrPaHU4EHUH, HOpManK KOTopbIX 0GPa3oBbIBAIOT
CTpoku GasucHon matpuupl A, @, - Hopmanb orpaHudenns au<c,, o, =(a,,0%,,....q, )-

KO3(hMLIMEHTLI Pa3NOXEHNs BEKTOpa a, Mo CTpokam BasncHoit MatpuLibl A, .
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Nemma 1. (Kputepuin NIMHEHON HE3ABUCMMOCTW CUCTEMBI BEKTOPOB). HE0BX0aMMbIM 1 JOCTATO4HBIM YCIOBUEM
NNHENHOWN HE3aBUCUMOCTM CTPOK MaTpuLibl MOAENH Al ses @y 50, .0, 00pa30BaHHbIX 3aMeHOM

iy [/

CTPOKM @, , koTopasi 3aHUMaeT k -lo CTpoky B GasucHoit MaTpuLe A, CTPOKOW @, SBNSETCS BbiNONHeH!e
yerosua o, #0.

Teopema 1. (O cBssM mMexgy CMexHbIMM GasncHbiMM maTpuuamu). Mexay koadpduumeHTamm pasnoxeHus
HOpMarnen orpaHuyeHuii (2) n ueneson yHKUMKM (3) 3a CTpokaMmn Ba3nCHOM MaTpuubl, SNeMeHTamMn 0BpaTHbIX
MaTpuu, 6a3UCHBIMK PELLEHNSIMM, HEBS3KAMW OrPaHUYEHWI (2) W 3HAYEHUsIMM LieneBol (byHKUMM ANs ABYX
CMEXHbIX Ba3nUCHbIX MaTPUL, UMEIOT MECTO COOTHOLLEHMS

— . J— o —_— JR—
an=—"%, an=a, - L a, r=0,ni=1,m; *#k; (4)
Ay ay
ex=—%, ei=e,——a, r=Lm i=lm *#k (5)
Qe Ay
_ e. -
Jk _
qu u()j - A]a J _17 9 (6)
1
N A] N rk 1.,
Ar=—", Ar=A — A, r=Ln;, r#k; (7)
ay ay
— (04
Buo = Bu, ——%*A,, (8)
ay

MPUYEM YCIOBMEM TOrO, YTO MaTpuLa OCTaéTcs 6a3nCHOM NpK 3aMeLLieHNN BEKTOPOM @, K -1 CTPOKN BasncHoil
Matpulbl A, , ecTb BbiNonHeHne ycnosus ¢, # 0, ycriosuem [0MyCTUMOCTU OMOPHOTO GA3NCHOTO peLleHnst
ectb «;, <0, pocta 3HauYeHui Lenesoit yHkumn a,, < 0.

[okasatenscTBo nemMmbl 1 W Teopembl 1 OCHOBLIBAETCA HA TEOPETUYECKMX MONOXEHUSX, M3MOXEHHbIX B
[BonHanosuy, 1987], [BonHanosuy, 1988], [KyauH, 2002).

CooTHoLueHus (4)-(8) byayT ocHoBononaratoWwUMm NPy NOCTPOEHUM anropuTMa Noucka He TONbKO OMTUMAIbHOrO
peLLeHus, HO NpoBeaeHns aHannsa ceoinct MIT MeTogoM BasucHbIX MaTpuL,

Onpeaenenue 2. [lonyctumoe 6a3ncHoe peLuenne u, ontumanbHoe, ecnim Bu, > Bu  [ns Bcex u, KOTopble
YZAOBNETBOPSIOT (2).
Teopema 2. [Ins ONTUManLHOCT Ga3nCHOTO PeLLeHns 1, HeOoBXOAUMO W [OCTAaTOMHO HEOTPULITENIbHOCTM

K03(DPULMEHTOB Pa3NOXKEHNS BEKTOPA HOPMAni LeneBon QyHkumMm (3) no  cTpokam 6asncHon MaTpuupbl Ad ,

1e. a, =0 anascex k=1,m, npuiem 3anaya (2),(3) ¢ kBaapaTHON HEBLIPOKAEHHON MATPULIEN OTPaHNYEHI

NMeeT e[MHCTBEHHOE pelleHre Torda M TOMbKO Torpa, Korja o, >0, i=1,m, a HeobxomumbiM K

[OCTaTO4HbIM YCMOBMEM HE ©AMHCTBEHHOCTW pelleHus 3afaun ectb Jie/ Takux, uto o, =0, npuyém
MHOXECTBO PeLLeHMi UMEeET pebpa HeorpaHU4EHHOCTH.

CnpaBefMBOCTb KpUTEPUS ONTUMANBHOCTY BbITEKAET M3 hopmynbl (8) Teopembl 1.
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BbiBOAbI

[MpumeHeHe cumnnekcHom naeonorm Ha ocHose MBM npw aHanuae MJ1 0aét BOSMOXHOCTD:

e vccnenosath ceoncTea peweHnii MM (2), (3) npu nameHeHnsx B (3);

e  MPOBOAUTbL aHann3 cBOACTB MJT Npu M3MEHEHWN 3HAYEHWA OTAENbHbIX ANIEMEHTOB U €€ KOMMOHEHT;
e  /CNONb30BaTh peLleHne nexogHon MIT npu aHanuse BO3MYLLEHHOR MOZENN;

®  KOHTPONMPOBAaTb UMK HANPaBMEHO U3MEHATL BEMWYMHY paHra CUCTEMBI;

®  HaxoauTb pelUeHWe KBagpaTHON CUCTEMbI YpaBHEHMI 3a (DUKCUPOBAHHOE KONMYECTBO LLIAroB;

° CTpOUTb HayanbHble pelleHus 3adavy Ha OCHOBE TpUBMANbHbIX 6a3uCHbIX MaTpul, KOTopble WUCKNo4aeT
pr,El,OéMKMe Ha4allbHbl€ BbIMUCIIEHNA,

° NPMMeHATb CXeMy aHann3a And 3agad, Kotopble npeaycMaTpmuBatoT MHOMOLLIAroBoCTb MM MHOTOKPaTHOCTb
pac4eToB Ha Modenax npu USMEHEHNAX B KOMMNOHEHTaX MOAESIN.
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0 3AJAYE HAXOXIOEHWUA CTPOrOWN PE3YNbTUPYIOLLEN PAHXWUPOBKM
B BUOE MEAWAHBI KEMEHU-CHENNA

MaBen AHTOCSIK, Anekcen BonowwuH

AHHOmayus: Paccmampugaemcs 3adaya, 803HUKaKOWas 80 MHO2UX NPUIMOXEHUSIX, NOCMPOEHUSI Ha OCHOBe
uHOusUdyanbHbIX npednodmeHul akchepmoe pesynbmupyrowel (KonnekmusHoUl) paHXupoeku 8 sude mMeduaHb!
Kemeru-CHenna. [lpueodsmes meopemuyeckue pesynbmambl, NOMyYeHHble asmopamu, Ha OCHO8aHUU
KomopabIx npednazatomes anzopummal, N03gonsWUe pewams 3adayu 60bwol pasmepHOCMU.

Knouesbie cnoea: paHxuposaHue, meduaHa KemeHu-CHenna;, npuHuunei KonOopce, bopda, [Tapemo;
nocnedogamersbHbIli aHanu3 eapuaHmos, 0eKoMNO3ULYUS.

ACM Classification Keywords: H4.2 Decision support

BBeaeHue

3apaya MOCTPOEHWS HA OCHOBE  WHAMBMAYaAnbHbLIX — 3KCMEPTHbIX  MPEAnouTEeHU  pesynbTUPYHOLLEro
(KONMEKTUBHOTO) MopsiAka BO3HMKAET BO MHOTUX MPWUNOXEHUSX, B MEPBY O4epedb, B COLMOMOTMM U
nonutonorun. PerynsipHo nyOnukyloTC PelTUHIA BbICLIMX Y4eOHbIX 3aBEAEHUA (HacUMTbIBAKOLME ThICAYM
eauHNL), cTpaH (kak npasuno, ot 150 go 200) no aecatkam kputepnes. OaWH U3 OCHOBHbIX PENUTUHIOB — MHAEKC
pasBUTWS YENOBEYECKOrO NOTEHLMANa, y4nTbIBaOWMA AeMOrpadnyeckyto CUTyaUmio B CTpaHe, passuTie pbiHKa
TpyAa, MaTepuanbHoe 6narococTosHWe, YPOBEHb OXpaHbl 340POBbS, JOCTYNHOCTb U KavyecTBO 06pa3oBaHus M
T.0. AKTyanbHOW 3agadeil 4ns YkpauHbl, NepexvBaloLLell nepMaHeHTHoe COCTOsIHNE BbIOOPOB, SBNAETCS 3adaya
MOCTPOEHNS CNUCKa KaHaWaaToB B Aenytatel BepxosHoro CoseTa 13 450 vHAMBMAYYMOB OT napTuii (6rokos).
Kak noHumaloT aBTOpbl, 3Ta 3ajaya peLiaeTcs 9BPUCTUYECKM HA OCHOBE HEU3BECTHbIX U HEMOHSATHbIX
MPUHUMMOB, XOTA B Waeane pesynbTUPYIOLMIA CMIUCOK AOMKEH OTpaxaTb NPEeAnoYTEHWE Kaxzoro aenerarta
Cbesfa, HaCUNTbIBALOLLETO COTHM M ThICAYN Y4aCTHUKOB.

B noknage npueogsTcs B 0630pHON (hOpME OCHOBHbIE TEOPETUYECKME Pe3ynbTaTbl, NOMyYeHHbIE aBTOpaMu B
nocrnegHue rofdbl, Ha OCHOBaHUM KOTOPbIX MpeafiaratoTcs anropuTMUyeckne npoLeaypbl PeLieHust yKkasaHHOM
3agaun. B OCHOBE 4MCrEHHbIX anrOpuUTMOB MEXWUT METOLONOMMS MOCNefoBaTENbHOTO aHanusa BapuaHToB
[Muxanesuy, 1965] [Bonkoud, BonowwuH, 1978] B koHkpeTu3aLummn [BonowwmH, 1987]. ABTOpbI NpuaepxuBaroTcs
MOHATUI U onpefeneHuin, NnpusedeHHbIX B [BonowwmH, 2006].

1. MocTaHoBKa 3agaun

MycTb Ha dukcupoBaHHOM MHOXecTBe 06bekToB O ={0;,...,0,} 3KCnepTamu, HOPMUPOBAHHbIE KOIPPULIMEHTDI
KomneTeHTHocTn o, leL={1,..,m} , KOTOpbIX U3BECTHbI, 38aHbI MATPULIbl CTPOTUX NAPHBIX CPABHEHMI P
leL. Anementbl pf’ {11} matpuy P siBnsior coBoit pesysibTar cpaBHeHNs |-bIM KCnepTOM 0GBEKTOB O,

o, bjel={1..,n}, i#]j:

1,ecim OOBEKT 0; JTyHIIE 0; IO MHEHHUIO [ — IO dKCTIEPTa,

o —
p.. =
! — 1,ecnn o MHEeHHIO | — T0 dKCTIEPTA 0; XYKE O;.
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OfHMM 13 METOZOB HaXOXAEHUs Pe3ynbTUPYIOLEeNn PaHXWUPOBKW SBNSIETCA BbluMCNEHWe meaunaHbl KemeHu-
CHenna:

R" e Argmin{d(R) = > o, d(R,P")}, (1.1)
ReR leL
rge R — MHOXeCTBO BCEX mMatpul, KOTOpble OTBEYaloT CTpOFOIZ paHXupoBke n O6'beKTOB,

1 n
_Ez

i=1

fj ~

pi(j')‘ — paccTosHue Xemmutra mexay R u P

T M:

B pab6ore [AHToCsK, 2007] 3agaya (1.1) cBOANTCS K SKBUBANEHTHOMN 3adadye Buaa:

>

>ay), (12)

j=k+1

(iy-.nri ) €KS = Argmax{F(iy,...

(11,---in)eQ2

=
T

roe a, . ZZOL pl iy () — MHOXeCTBO BCEX BO3MOXHbIX nepecTtaHOBOK MHOXeCTBa WHOEKCOB |; (i yernyd ) -
ikij IMikij 1 n
leL

aneMeHT MHoXecTBa Q (BapuaHT 3agauu (1.2)).

2. I'Ipoue,qypbl JloKanusauum nHtepsanoB U3MeHHeHUA oNTUMalibHbIX PaHroB 00bEeKTOB

OnpedeneHue 2.1. Ona V R<r, Ryrel, mHoxectBo {R,R+1,..,r—1r} Hasoeem uHTepBanom [R,r]
W3MEHEHMS PaHroB.
Bbibepem npounaBonbHbIi 06BEKT C MHOEKCOM iel.

OnpedeneHue 2.2. PaHr r, el Ha30BeM ONTUMarbHbIM PaHIOM i-ro 0BbekTa, ecrnu CyLecTByeT ONTUMarbHbIN

i) eKS.

*

BapuaHT (i1,i2,...,ir|_1,irl =i,

f+100ee In—
MHOXeCTBO BCEX ONTUMAsbHbIX paHros i-ro obbekTa 0603HaUNM yepes ‘.Ri .
IycTb

r —argmaXJ, R —argman,

COOTBETBEHHO, MUHUMASTbHBIA U MaKCUMasbHbIN ONTUMarbHbIE paHru i-0 obbekTa.

OnpedeneHue 2.3./HTepBan u3MeHeHMst paHroB [R..r'] HA30BEM WMHTEPBANOM WM3MEHEHUS ONMTUMAmbHbIX

paHroB i-ro obbekTa.

MMoa noxanmsau,meﬂ MHTEPBANa M3MEHEHNA ONTUMallbHbIX PaHroB i-ro obbekTa 6y,u,eM NOHUMATL npouenypy

(Ioc) (k!oc)
MoCTPOEHNs Takoro uHTepsana [R;' ', " '], uto

kIoc ) (k!oc ) kloc)

= D[R' o ]—[R', ]:[R.,.]

i
Ha kaxgom k;-om (k; >1) ware npoueaypbl nokanusauum uHTepeana W3MeHeHWs: ONTUMarbHbIX PaHroB i-ro
obbekta Gyaem paccmatpuearth Bonpoc o BoamokHocT R6™ e R n i) e i .

Myctb Vi gy (1<9<n—1) - MHOXECTBO BCEX BO3MOXHbIX Pa3MeLLeHuii 6e3 NOBTOPEHII MHOKECTBA MHIEKCOB
[\ {i} u3 (n—1)-ro anemeHTa no q . AremMeHT MHOXeCTBa Vi?n_1) bynem sanucbiBatb KaK (i,...,i;) -

MMycTb extr—ato max unm min. OBosHaumm



International Book Series "Information Science and Computing" 93

s?k”: extr Za”, 2.1)

rae DAY ={(i,. )‘(Rk'1 +]) eDLq ,J—1q DIk = [RYV (VMR + 4R 1q], ana ¥ jel\{i}, ecm

(2.1) - 3afaya Ha MaKCUMyM. WHave, D\/‘k ={(iy,.. q)‘(r EDL ,J_1q

DI =[RY A — g0 1), g v e\ (i
Teopema 2.1 (Heobxoammbie ycrnoBua onTMManbHOCTH 3agaum (1.2)). [Ins Kaxaoro onTMMansHOro BapuaHTa
(iy,...r1y) 3amawm (1.2) ana V thel, t <h, ucnonbayioTcs criepytoLme HepaBeHCTBa:

h

a.. >0,

a1 1

Za“ <0.

s inij

Kak cneacTeue nmeem

YTBepxaeHue 2.1 ([loctaTouHble YCNOBUA NOKanu3auum).

| [nsi sagaun (2.1) Ha Makcumym. Ecrin S < 0 xorst 6b1 ans ogHoro q e {1,5%7" —Ri“‘i‘”} 7o RN ¢ g,

Il finst sapaw (2.1) Ha muarumym. Ecrn S > 0 xotsi Gt ans ogHoro g e {1,i7) =R} 10 1) g R,

3. Mpoueaypbi hmkcauum pesynbTUPYIOLLEro OTHOLLEHUA MeXAY ABYMS 00beKTaMu

KS
Bbibepem npou3BonbHble MHAEKCH! i,jel, i j. O6o3Ha4MM 0, -0;, €Crivt B KONNEKTUBHOM NOPSAKE, KOTOPbIN

oTBevaeT meanaHe KemeHu-CHenna, 00bekT 0; nyyule, 4em 0ObekT Oj .

3ameuanue 3.1. CrielyeT OTMETUTB, YTO BBEAEHHOE 0B03HAYEHIE MCMONb3YETCA HaMK TOrAa Y TOMbKO TOMA,
KOT[@ He CYLUECTBYET HU OfIHOTO OMTMMAMbHOTO BapuaHTa 3aaadun (1.2) TaKkoro, YT (iy,...,i; = jyewniy =ieenir ),
1<t<h<n.

W3secTHo [JlutBak, 1982], yto meaunaHa Kemenu-CHenna ynoenetBopsieT ycrnosuto Mapeto. To ecTb, ecnn B

KS
NHOMBUAOYaNbHbIX ﬂpeJJ.HO‘JTeHVIVI 9KCnepToB Oi>-0j, T0 0;>0;. CnepoBatenkHo, NPUHAB BO BHWMaHKWE

npaBuno NOCTPOEHNA ANIEMEHTOB a” , meem

KS
YTBepknenue 3.1.Ecnu a; =1, 70 0, -0;.

N3 onpeaeneHna uHtepsana U3MeHeHUA onTMalbHbIX PAHIOB Crieayet

kIoc) KS
YtBepxaeHue 3.2. Ecriv ri ' <R 17,10 0,>0;.

[ins noboro i | BBeaem 0603Ha4eHme:

Ki ={kella, <0k=i}, K ={kel|a, >0,j=i},
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S =2ay, S =D 4.

keKi™ jeki*

KS
Nemma 3.1. Ecrm a; > -S;, 70 0, > 0;.

Ecnm nonoxuTenbHyIo BeNMYMHy a; paccMaTpuBaTh Kak «BbIMTPbILLY i-ro 06beKTa B NapHbIX «NOeauHKax» C |-

M 06BEKTOM, TO pe3ynbTaT nemmbl 3.1 cneaytoLLMin: €Cnn «BLIUMPbILLY i-ro 0BbeKTa B NapHbIX «MOeAuHKax» ¢

KS
j-M 06bexTom 6onbLue, YeM €ro CyMMapHbIA «MPOUMPBILLY, TO 0; =0 .

KS
Nemma 3.2. Ecrin a; < -S/, 10 0, <0;. To ecTb, €cr «MPOMrpbILL» i-ro 06beTa B MapHbIX «NOEANHKAX» C j-M

KS
00BEKTOM MEHLLE, YEM ero cymmaprM «BbIAMPbILWY», TO O, '<0j .

Ecnu xe 0603HaunTb

loc

- . . (k!
K; ={kella; <0,k#i,k+j,R;

loc
kj

loc loc loc loc
"< R < ) ag0 RYT < pHO < 0y

loc )

. . loc loc Jloe loc loc I
K;=tkella, >0k #ik#j,R* <RM) <r) ao RY™ <) <157y,

- +
Si = Zaik ;S = Zaik ,
keKij keKﬁr

TO U3 pokasatensctea nemm 3.1, 3.2 n yTBepxgeHus 3.2  MosiydyaeM ChpaBeAnMBOCTb  CrIEAYHOLMX
YTBEPXOEHUN.

KS
T0 0;>0;.

YrBepxaenue 3.3. Ecnu a; > —SE ,
KS

i 70 0,<0;.

YTBepknenue 3.4. Ecnm a; <-Sj,
Torpa, NpUHSAB BO BHUMaHWe 3ameyaHue 1, umeem

KS KS KS
YTBepxaeHue 3.5. Ecniv B pesynbTarte yTeepxaeHnit 3.1-3.4 Gbino yCTaHOBNEHO 0; =0y U 0, >0, T0 0;>0;.

4. Mpoueaypbl AEKOMNO3NLUK

Nyctb {l;,...1,}, 2<q<n, HekoTopoe pa3bueHne MHoxecTBa MHAekcoB | Takoe, yto I, NI, =< npu t=h u

q
UIk =1. MNoHsaTMe fekomno3nummn 3agadn (1.2) UMeeT creaytoLlee CoaepKaHue.
k=

B cnyuae, Koraa Ans Kaxaoro ONTUMAnsHOro BapuaHTa (i, ,...,i) 3anaum (1.2) BbINORHAETCS:
. h—1 h
ecnm jel, ni;, =j, 10 Zdim(lk)<ts2dim(lk) (I, =9), 4.1
k=0

k=0

Gynem rosoputb, uto Aekomnosuums {l;,...l,} ABnsetca Heobxoaumoit. Ecnn xe CyliecTByeT onTUManbHbIil

BapuaHT (iy,...i.) 3anaun (1.2), Ans koToporo BbinonHseTca (4.1), To Gyaem roBOpPUTb, YTO AEKOMMO3NLMS

{l,,...1,} monyctuma.

[ekomnoanums 3agaum (1.2) oCyLLEeCTBNSETCH HA OCHOBAHWM CREAYIOLMX YTBEPKOEHUN.
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Nemma 4.1. Mycts cywectayer HaGop uHaekcos I < I Takoit, uto a; >0 ana Viel”, je\I”. Torpa
nexomnoanums {1 1\1"} aensetcs gonyctmoit.
Nemma 4.2. Mycb cywjecTyet HaBop urpexcos ¥ 1 Takoit, uto a, >0 ana Viel®, je\I?. Torpa

nekomnoanuuns {I¥ 1\1P} asnsetca HeoBxoaMMOoii.

B TEepPMUHaxX NHTepBanoB M3MEHEHMI ONTUMATTbHbBIX paHros cnpaseannBbIMKU ABNAOTCA:

( !oc ) kIoc

. oc) .
YTBepxaeHne 4.1. Mycts cywectayer Habop uxpexcos I I Takoi, wro 1" ' <R/} ' ana Viel®,

je\1®  Torpa pekomnoanuns {1 1\1®¥)} sensetcs Heo6xoaMMOoit.

( :oc ) k|.OC

N ) .
YTeepxaeHne 4.2. Mycte cywectsyer HaGop uwpekco 1) <l Takoid, uro ' "<R;! ‘gna Viel®,

je\I¥ w0 a; <0. Torga mexomnoauyms {“ 1N/} BosmoxHa (To ecTb, oHa nuGo AonycTuma, nuGo
Heobxoauma).

O603HaunM Yepes | | HaMMeHbLuee Takoe MHOXECTBO, AN KOTOPOrO BLINMOMHSIOTCS YCIOBMS NeMMbI 1 unu
neMmbl 2.

Knactepusaumsa (unm knaccudmkaums) HedopmanbHO onpegensiercs kak npouecc obbeanHeHus 0ObeKTOB B

IPYNMbI ¢ "MIOXOXMMU" Npu3Hakami. B aTom cryyae | - 310 knacc «akTu4eckix MaepoB» (OHM BLIMTPLIBAIOT B
NapHbIX CPaBHEHUSX Y MPOWU3BOMBHOTO KaHaMAAaTa, KOTOPbI He BXOAMT B 3TOT Kracc) Ans 3afaHHoro npoduns
NPeanoYTEeHNN.

YrepxpaeHue 4.3 (cnepcteue U3 nemmbl 4.2). B ycnosusx nemmbl 4.2 ¥ COAEPXMT Bcex nobeautenei
KonneHga Ans cOOTBETCTBYIOLLMX NpeanoyTeHuit 3agaum (1.2).

5. NlokanbHbIW nouck

[na HaxoxneHWs NoKamnbHO-ONTUManbHbIX pelleHnid 3agaum (1.3) Ha COKpalleHHOM MHOXECTBE BapUaHTOB B
pabote [AHTOCsK, 2006] npegnaraeTcs anropuTM HaxXOXOEHUs CTPOroro Pe3ynbTUPYIOWEr0 paHXWpoBaHUs Ha
OCHOBE METOAA BeKTopa cnaja.

B kavyectBe OKPECTHOCTH d)MKCleOBaHHOVl TOYKM X paccMaTpuBaeTCsa MHOXECTBO ClieAyHLnX VIHBepTVIpOBaHVIﬁ:
X(J1 lj2 !"'ljs) = (X1 ,"'!_Xh !"'l_sz !"'l_xjs yrery XN) ) (51)
1<j<..<jg<N, 1<s<N.

Mockonbky He BCskoe MHBEPTMpOBaHWe Buaa (5.1) A@eT AOMYCTUMBIA BapuaHT, TO BBOAWTCS MHOXECTBO
AONYCTUMIX MHBEPTUPOBAHMIA:

DI={(jq,eJs) | X(jgeesjs) €D, 1<y < < g SNJISSSNG
B kauecTBe BekTOpa cnaga 3agaqu (1), B HEKOTOPOW OKPECTHOCTM TOUKM X € D Byaem paccmaTtpuBaTh BEKTOP:
R(X) = [ACCX(j,---1Js )],
AX Xy Js ) = F(X(gyeeerJs ) = F(X) s (jgyeerrJs) €DI

OcHoBHow npobnemoi peanu3aLu METOAA SBASETCS NOCTPOEHWe Ha kaxaom k- m ware i (k=12,...) Touek
OKPECTHOCTEN. YuUMTbIBas MpakTUYECKUii acmekT, BO-NEpPBbIX, MpeafiaraeTcsl orpaHNuMBaTbCs PacCMOTPEHMEM
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cryyas s=2; BO-BTOPbIX, AN HAaXOMKEHWs TOYEK OKPECTHOCTM MpeanaraeTcs npoueaypa OnpeneneHus
LONYCTUMbIX UHBEPTUPOBAHUIA, B-TPETbMX, NMOUCK B OKDECTHOCTW MPOUCXOANT O MEPBOTO «YHyuLLEHNS.

«[1BOMCTBEHHBIM» K PAaCCMOTPEHHOMY MOAXOMY SBMSETCA MOXOM, peann3oBaHHblil B paboTe [AHTocsk, 2005], B
KOTOPOW paccMaTpuBaeTCs NMOCTPOEHME ALMKNMYECKOrO OTHOLIEHMS, KOTOPOE B HEKOTOPOM CMbICIE SBASETCS
cambIM BNIN3KNMM K «MAeanbHOM TOUKe.

lMycTb R - BuHapHoe OTHOLEHUE, HA KOTOPOM Lienesas (yHKums 3aaaum (1.1) 4ocTUraeT cBOEro MUHUMAbHOrO
3HaYeHus), HO KOTOPOe He ABNAETCH aumknyHbIM. R=(r;), i,j€l, — matTpuya faHHOro GUHAPHOTO OTHOLLIEHUS.

Mockonbky R ¢ R, T0 R He MOXeT BbiCTynaTb B Ka4yecTBe pelleHns. Takoe BuHapHOe OTHOLIEHWE Ha3oBeEM
«naeanbHon Toukon» 3apaunm (1.1).

M3sectHo [Makapos, 1982], uto ansd crniyyasi, KOTOpbIA pacCMaTpPUBAETCA Hamu (B CWMy CBOWCTB MaTpuy
WHOMBMAYaNbHbIX MapHbIX CPaBHEHWI), OTCYTCTBME (HamMuMe) UMKIIOB SKBMBANEHTHA OTCYTCTBMIO (Hammuuto)
LMKIIOB ANUHbI 3.

Onpedenerue 5.1. LIMKNNYHOCTLIO dnemeHTa I, i,jl, MaTpuubl, KoTopas oTBe4aeT BUHApHOMY OTHOLLIEHWIO
R, Ha30BeM KOMMYECTBO LMKIOB ANHbI 3, B KOTOPbIX OGBEKTLI 0; U O; HAXOAATCS B OTHOLUEHUM ORO; .
OnpedeneHue  5.2. DNEMEHT C HEHYNeBOM LMKIMYHOCTbIO HA30BEM LMKIMYHBIM 3NEMEHTOM OWUHApHOTO
OTHOWEHMSA R .

[ins chukenposaHHoro, Ho noboro, obbekta o, € O, k el, onpefenum MHOXeCTBO Nap MHOEKCOB:
Ne= {6 =tiel,jek'},
roe
L ={ing =—1ie K}, I ={iln, =1ieN{K}.
CnpaBeanvBbI crieaytoLLme YTBepKAEHNS.

YrBepxaenne 5.1. MHOXeECTBO C=UCi OMUCLIBAET MHOXECTBO BCEX LIMKMMYECKMX 3NIEMEHTOB BUHApHOro
iel

oTHoweHus R.

YrBepxaenue 5.2. OTHoweHne R auuknmyHoe Toraa v Tonbko Toraa, kormpa C=O .

ALI,VIKJ'IVI‘-IHOCTb 6VIHapHOI'O NTHoweHust R npennaraetca AocTuratb NyTeM nocnenoBaTesibHOro UCKNo4eHusa ero
LMKITMYECKNX SNIEMEHTOB.

6. Megnana Kemenn-CHenna u npuHumnsl Kongopce n bopaa

B panHon pabote B nmpuHumn Kongopce BknmagbiBaeTcs crnegytoweee. MonoxutencHas (oTpuuaTensHas)
BENMUMHA @; (pasHULA MeX[y «CyMMapHOW KOMMETEHTHOCTbIO» TPYMMbl IKCMEPTOB, KOTOPbie OTAAMM

NpeAnoyTeHne obbeKTy O; Haj OOBEKTOM O; U «CYMMapHOW KOMMETEHTHOCTbIO» rPynMbl 3KCNEPTOB, KOTOPbIE
oTAanu npeanouteHme obbekTy 0; Had OOBLEKTOM 0;) paccMaTpuBAETCs Kak «BbIMMPbILLY («MPOUTPbILLY) —
pesynbTar «nobedbl» («nopaxeHus») obbekta o; Haj OObLEKTOM 0. CunbHbiM nobeautenem KoHpopce

00bsBMM TOT OBBEKT, KOOTPbIN UMEET «BbIMIPLILLY Y Kaaoro apyroro obbekTta. Ecnm ke HekoTopbIii 06bEKT He
UMEET «MPOUTPbILLEN» HW OT OFHOTO W3 ApYrMX OBBLEKTOB, TO NO OMpeAeneHuio OH obbsBnseTcs cnabbiM
nobeautenem Kongopce. B npuHumn bopaa BknaabiBaeTcs cnegytolyee. 3a npasuno nogcyeta 6annos 6epetcs
BENMYMHa
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lNof KONMEKTUBHLIM NOPAAKOM (CuMbHbIM) KOoHOOpPCE MOHUMAIOT KOMMEKTUBHOE NPEANoYTEHNe, NOCTPOEHHOE MO
cnepytowemy npuHyuny [MyneH, 1991]: cunbHbin nobeautens KoHpopce MCKMoYaeTcs 13 paccMOTpeHUs, Ans
kaHaMaaToB (0OBEKTOB), KOTOPbLIE OCTaNMCh, CHOBA MLLETCS nobeauTernb, KOTOPLIN 3aHUMaeT BTOPOE MECTO B
KOMMEKTUBHOM NPEANOYTEHMN U Tak Aanee AHamOrM4YHbIM CMocobOM MOXHO OMPEAenUTb KOMMEKTUBHbIN
nopsgok ans cnabbix nobeautenen KoHgopce (B criydae OTCYTCTBUSI CUIbHBIX) U KOMMEKTMBHbIA NOPSAOK
bopaa. ObosHauum uepes K u B - COOTBETCTBEHHO BCE CTPOrME KOMMekTMBHble nopsgku Konpopce
(EAMHCTBEHHBIN CUMbHBIA UK ke Bce cnabble) W BCe KOMNEKTUBHbIE nopsaku bopaa Ans MHAMBMAYanbHbIX
npeanoyTeHni 3agaym (1.1)

Yreepxpaenue 6.1 (O megmane KemeHn-CHenna n konnektuBHbIX nopagkax KoHpgopce). Ecnm K =, 10
K=KS.

Kak unssectHo [Mynen, 1991], npasuna KoHgopce v obobuieHHoe npasuno bopga B onpegeneHHOM CMbicne
SBMSAIOTCA «KHECOBMECTUMbBIMMY — CYLLECTBYIOT Npodunn, npu kotopbix nobeautens KoHgopce He MOXET ObiTb
nobeantenem bopaa Hu npu kakom cucteme Gannos.

Yreepxpaenue 6.2 ([ocraTtoyHoe ycnoBue coBnageHus MeavaHnbl KemeHnu-CHenna ¢ KONNEKTUBHbIM

nopsigkom boppaa). MNycTb AN HEKOTOPOro ONTUMANBLHOro BapuaHTa (i; |2|n) € KS BbINoMHseTCA ycnosue:

i € Argmax{S(o,)= Y a;}, k=1n-1.
il --Jn) jefik in)
Toraa (iy,iy,....I,) €B.

YreepxpaeHue 6.3 (O konektuBHom nopsake Kongopce, bopaa n meanane Kemenn-Chenna). Ecnm K = &
1 BbINONHAKTCSA ycrosus yTBepxaeHus 6.2, 7o (K=KS)NB = .

7. Megnana KemeHu 1 ko3achhmumMeHT cornacoBaHHOCTH

MMycTb m 3KCMepToB (M >2) 3ajanu PaHXMPOBKM anbTepHaTUB MO MHAMBMAYanbHbIM NpeanouTeHnaM. [ns
XapaKTEPUCTUKA CTEMEHN COrMACOBAHHOCTM 3KCMEPTOB MPW NApHOM CPABHEHUWM amnbTepHATUB BBOAMTCS
koathpuLmeHT cornacoBaHHoCTU  [JlutBak, 1982]:

V =— i _1 )
m(m—"1n(n—1)

rAe b; = 4MCro 3KCMEpTOB, OTAABLUMX NPEANOYTEHME 0BBEKTY O; N0 CPABHEHMIO C OGBLEKTOM O; .

3HayeHust V u3MeHsitoTcs OT 1, MpW NOMHOM COBMAZEHUM PaHXMPOBOK AKCnepToB, Ao 0, korga cornacoBaHHOCTb
OLIEHOK 9KCTEpTOB OTCYTCTBYET.

B po6otax[KyabmuH 1974], [TiopuH, 1978] ykasblBeTCS Ha CBA3b, KOTOpas CyLECTBYET Mexay Mepamu 6rmu3ocTu
n KoahpuumeHTamn paHroson koppensauun no  Kewgenny [KysemuH, 1974]. KoadhpuuneHT paHroBom

koppensumn no Kewpenny ans pawxuposok PP n PP ¢(P" P@) a tawke mepa 6mnusoctn Kemenu

d(P" P'?)) | ynoBNETBOPSIOT NPU OTCYTCTBUN CBA3AHHBIX PAHTOB CreayHoLLEMY COOTHOLLEHMIO:
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(P Py - 2APTPT).
| n(n—1)

PaccMoTpum 3a1avy HaxoxaeHUs CTPOroi pe3ynbTUPYIOLLEN PaHXPOBKA B BUAE MeauaHbl KemMeHn (3To YacTHbIN
cnyyan meauansl Kemenn-CHenna, korga He yuMTbiBaeTCst KOMMETEHTHOCTL akcnepToB [ToueHko,2002]). Toraa
cnpaseanuBbIM ByaeT cneaytoLmin peynbTar.

Teopema 7.1. [1ns meguaHbl KeMeHn 1 koaddonmeHTa cornacoBaHHoOCTM V' cnpaBea/iBa OueHKa:

_“(”2‘ D o~ Jm Vim0 |<dR") < @(m—W—V) -

3aknioyeHue

Ha ocHoBe npeanoxeHHbIX npouedyp NOCTPOEH OEKOMMO3WLMOHHBIA anroputM pelueHus 3agauu (1.1).
OcyLecTBrneHa ero nporpaMMHas peanu3aups ¢ UCNonb30BaHNeM Pecypca BbICOKOIMMEKTUBHBIX KIaCTEPHbIX
cuctem CKUT-1 n CKUT-2 WHcTutyTa knbepHeTukn um. B.M. Mnywwkosa HAHY. MonyyeHbl nepeble pe3ynbTarthl,
No3BONAIOLLME CAENaTb BbIBOA O €ro nepcnekTuBHOCTU. OKoHYaTeNbHble pesynbTaThl OyayT onybnmnkoBaHsb!.
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MPUMEHEHWE HEYETKOM NIOrMKW ONA 3A0AY KONNEKTUBHOIO BbIEOPA

Hukonan Mansp

Abstract: Paccmampusatomca npobrembl  KonnekmugHo20 ebibopa. Obeyxdalomes npeumyuiecmea U
HedocmamKu KOMNEKMUBHO20 6bibopa, pasnudHble no0xolbl Ons peweHus amux 3aday. [lpednazaemcs
nodxo0, no3gosIsiroLUe LCNoNb308amb annapam Heyemkol o2uku Ans ModenuposaHus 3a0ay KosekmugHo20
gblbopa.

Keywords: konnexmugHbIi 86160p, Hedemkasi f1o2uka, NPUHIMUE peleHud.

ACM Classification Keywords: H.1.1.Systems and Information Theory.

BBeaeHue

OyeHb YaCTO NpU peLLeHNN MPaKTUYECKUX 3afday BO3HWKAET CUTyauws, Korda OAHO NMUO, MpUHMMatoLlee
pewenune (JINP), He B cunax NpuUHATbL BEPHOE pelueHne n 06s3aH obpaTtuTbea 3a nomolublo Kk apyrum JMP,
MMEIOLLMX OMHAKOBbIE HAMEPEHMS U MONHOMOYMS. Takoi NpoLecc HOCUT HasBaHWe KOMMEKTUBHbIA, rpynnoBom
UNW KonnervarnbHbIii BbIGOP.

Ccbopmynupyem 3apadvy KOnnekTuBHoro Bbibopa crnegylowmm obpasom. [lycTb 1MMeEeTcs MHOXeCTBO
anbTepHaTHB, KOTOPOE MOXKET ObITb 3a4aHO AMCKPETHBIM UM KOHTWUHYamNbHLIM 06pa3om. Mpeanonoxum, 4to aTo
MHOXECTBO COCTOMT M3 m OOBEKTOB (MPOEKTOB, MMaHOB, KaHOMOATOB M T.4.), 0003HauuM ero uepes

A={ay,a,,...,a,,} n B nanbHeiilem Gyaem HasbiBaTb MHOXECTBOM anbTepHaTHB.

MycTb Takke umeetcs rpynna u3 » JINP [ = {il,iz,...,in}, KOTOPbIMW Ha [JAHHOM MHOXeCTBE anbTepHaTUB

3afjaHo 7 PasnUyHbIX MHAMBUAYaNbHbIX Npeanoytedun B, P,. .., P,.

CraButca 3agava 0 BbIpaboTke HEKOTOPOr0 HOBOMO OTHOWEHUS P, koTopoe OyaeT BbipaxaTb B HEKOTOPOM
CMbicne ,00Liee MHeHWE” 1 NO3BONMUT BblBpaTh (BbIAENNTL) M3 MHOXKECTBA anbTepHaTMB A OZHY UMM HECKOMbKO
PaBHO3HAYHbIX abTEPHATMB.

I'Iepe,u, TEM, KaK BpraGOTaTb KONNEKTUBHOE peELLEHNnE, Kaxabli YYaCTHUK U3 Tpynnbl JINP ponxeH 03HaKOMUTCS
CO CBOWCTBaMU anbTepHaTMB W Oatb WM COOTBETCTBYHOLLYH OUEHKY, MNpuM 3TOM HECYLECTBEHHO,
pykoBOACTBYETCA IU OH Cy6'beKTI/IBHbIMI/1 COO6pa)KeHMﬂMI/1 Unn yyntbiBaet 00BbEKTUBHbIE XapaKTepucTmukm
anbTepHaTuB, BeOeT cebs KaK aroucT unm kak anbTPyuCT.

Ha ocHOBaHMM 3TUX OLEHOK CTPOATCS NPEAnovTEHMS WM C MOMOLLLIO ONPedeneHHoro npasuna, KoTopoe
Ha3blBaeTCA (PYHKUME KONMMEKTMBHOrO BbibOpa, NpOLEAypol ronocoBaHus, MeTOaoM  00beanHeHus,
apbuTpaxHON CxeMoi NMPON3BOAMTCS BbIOOP eANHCTBEHHOMN (M HECKONBKUX PAaBHO3HAYHBIX) anbTepPHATHBSI.

ﬂpaBMna KONNeKTuBHOro Bb|60pa

PaccmoTpum YacTo ncnonb3yemble npasuna KoNnekTBHOro Bbibopa [BepxOuukui, 1987; Mynen, 1991 ].

LLnpoko pacnpocTpaHeHHbIM CnocoboM MoMyYeHust OTHOLIEHUS P SBNSIIOTCS MpoLeaypbl ronocoBaHus. B atux
npoLesypax rpynnoBoe npeanoyTeHre COBNaaaeT ¢ NpaBuioM 6onbLUMHCTBA. PasnuyatoTcs: npaBuno npocToro
BOMbLUMHCTBA, KOrga NMPUHSITON CYMTAETCS anbTepHaTVBa, NONyYMBLUAS MPEANOYTEHNE HE MeHee, YeM [n/2]+1
rOfoCOB YIEHOB Tpynmbl. Yem B Gonbluen CTeneHu KONMekTUBHOE pelueHne BnusieT Ha kaxgoro JIMNP, Tem B
Donblueit CTeneHM OH 3aMHTEPecoBaH B COXPaHEHWM CBOero npaea BeTo. [103TOMY npaBUMO NPOCTOrO
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QornblWKMHCTBA HE MPUEMAIEMO BO  MHOMMX CUTyauusx W BMECTO HEro WCmonmb3yetcs  NpaBuiio
KBanMQULUMPOBaHHOMO BONbLUMHCTBA (HanpuMep, ABE TPETW WMW TPU YETBEPTM TONOCOB) MM abCOMOTHOrO
GonbLumHeTBa. MNpaBuno abcomoTHOro 60MbLIMHCTBA — 3TO NpoLeaypa, B KOTOPOW C BbiBpaHHOM anbTepHaTUBOM
COrMacHbl BCE YNeHbl rpynnbl. ITO NPaBMIO HAa3bIBAETCS KOHCEHCYCOM UMW MPaBUIOM eAMHOTNacus U OYeHb
LUMPOKO UCNOSMb3YeTCs B COBPEMEHHOM MexAyHapogHOM npase. K 3Toit rpynne npasuii OTHOCUTCS MpaBuiio
B3BELUEHHOTO 6OMbWWHCTBA, KOTOPOE UCMONMb3yeTCcs B MEXOyHapOAHbIX OpraHW3auusx W pasfinyHbIX
aKumoHepHbix obuiectBax. CyTb €ro 3akniyaeTcs B TOM, YTO CTpaHa-yyacTHuLA WnW akuuoHep obnagatoT
YMCIOM rONOCOB, 3aBUCALLMX OT pa3Mepa ero B3HOCA MMM Yncna akumi, KoTopbiMu OH 0bnaaaeT. Hegoctatkom
npaBuna bonbLUMHCTBA ABNSETCSH UTHOPUPOBAHME MHEHWSI MEHBLUMHCTBA.

MpUHLMN AUKTATOPCTBA — 3TO NpOLEeaypa, COrNacHo KOTOPON NPUHUMAETCS PELLEHWE OAHWM W3 YIEHOB TPynbl.
OHa valLe BCEro NPUMeHSETCs B BOBHHbIX AEACTBUSIX W Ype3BblYaiiHbIX 06CTOSATENLCTBAX.

I'Ipanmo CYMMUPOBaHUA PaHroB YYUTbIBAET MHEHWA BCEX YNEHOB KONMEKTUBa. [laHHbIN NPUHLAN  LLXPOKO
ncnonb3yeTca Ha npakTuke, Hanpumep, And BbiCTaBleHUA OLEHOK B CNOPTUBHbLIX COCTA3AHUAX.

anIHLWII'I MUHUMAMbHBIX OTKMOHEHWN, COrNacHo KOTOPOMY KOJNEKTUBHBIM pELUEHNEM [OMKHO ObITh pelleHne,
MUHUMKU3NPYeLLlee pacxoxaeHne Mexay uHauBuayanbHbIMW NPEAnOYTEHNAMU OTAENbHbIX €€ YNEHOB U
npeanovyTeHnAMU rpynnbl B LENOM.

Kak Buaum n3 NPUBEAEHHOIO BbilLE, NPUHATUE KOJTNEKTUBHOIO pPELLEHNA ABIAETCA CMOXHOW npou,e,qypoﬂ N HE
CyLlecCTByeT yHMBEpPCallbHOro npasuna, KOTOpoe MOXeET ObITb MCMONB30BAHO Nnpwn peLeHnm KOHerTHOﬁ 3afavn.
Takum 06p830M, BO3HUKaeT H806XO,EI,I/IMOCTb B pa3pa60TKe HOBbIX NOAXO0A0B AJ1A peLlleHNa AaHHbIX np06neM.

HOCTpoeHMe He4YeTKUX MHOXeCTB

PaccmoTpum knacc 3afay KonnekTMBHOMO BbiBopa, 415 KOTOPbIX CBOWCTBA arnbTepHATUB MOMYT OLEHMBATLCS
HECKONMbKUMM  KpuTepuamn — addhekTBHOCTW.  TTyCTb  3adaHO  YHUBEPCANbHOE  MHOXECTBO  KpUTEpUEB
3hHEKTMBHOCTH, MO KOTOPbIM MOXET BbITb OLEHEHO MHOXECTBO anbTepHaTtue. Kaxgoe JIMP 13 rpynnbl MOXeT
(hopMMpoBaTb CBOE MOAMHOXECTBO KPUTEPWEB, MO KOTOPbIM OHO MOXET OLEHUTb MHOXECTBO anbTepHaTuB,
Hanepeq He 13BECTHOE BCEM OCTamNbHbIM YrieHaM rpynnbl.

Onunwem 3agady Boibopa ans ogHoro JINP. 3agaHo MHOXECTBO anbTepHaTUB A 1 MHOXECTBO Kputepues U )
KOTOPbIM OLIEHMBAIOTCS anbTepHaTVBbl. HeobXxoaMMo pelwnTh 3agavy paHKMPOBaHMS 3TUX anbTepHaTMB.

MatemaTiyeckasi Mogesb AaHHON 3a4ayu 3anuLweTcs B cnegywouiem suae:

AnbT.
al az e am
Kpur.
u O | %12 |« | Om
uf 031 | 022 | v | O2p
i
up, Op1 | %2 | ... | Oim

roe 0y - 4yucnosas oLieHka j - o anbTepHaTUBbI NO 1-My KpUTEpPUIO. Yucno anbTepHaTUB paBHO m ANA BCEX

YIIEHOB rpynnbl, a KONMNYECTBO KPUTEPUEB lk - B€NIM4MHa NepemMeHHasd, T0 eCTb ANA KaKaoro y4acTHUKa - CBOS.
Mogenb Takoro Buga - 3TO MOAEnNb 3adauu Bbl60pa Ha A3bIKE MaTpuLbl peLIJeHVII7I, TO €CTb 3afjaHa mMaTpuua

OLieHOK anbTepHate O = (01].), l=1,l,i , j:l,_m.
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He orpaHnumBas 06LHOCTW, MPeanonoXuM, YTO BCe anbTepHaTWBbI MpWHaanexaT MHoxecTsy [lapeTo, a
Haunyylwein CcunTaeTcs anbTepHaTWBa, AN KOTOPOA OLEHKM [OCTUraloT CBOEr0 MaKCUManbHOTO  Unu
MWHUMAnNbHOTO 3HayeHust. [lyCTb BCE OLEHKM — NONOXMTENbHbIE 4WCNa, WHA4ye MOXHO NPUMEHUTb
npeobpasoBaxue

O,j = mjainj —m/m Ol.j —O,j.
Takum 06pa3om, MHOXeCTBO anbTepHaTMB A npeacTaBnseT CobOM HEKOTOPOE NOLMHOXECTBO TOYEK W3
eBKNMA0BOro npocTpaHcTBa £, . lMockonbky neped kaxabim JMNP cTouT 3agava paHxvpoBaHus anbTepHaTms,

TO NS PELUeHMs 3TON 3a4ayum UCNoNb3yeTcs METOod, OnMcaHHbIn B paboTax [BonowuH, Mansp, 2005; Mansp,
2005, Mansp, 2006 ]. Onuwem cxemy AaHHOTO MeToga.

Kaxgpbll y4aCTHUK KOMMEKTUBHOTO BbliBopa BbIOMpAeT U3 YHWUBEPCANbHOTO MHOXECTBA KPUTEPUEB CBOE
NOAMHOXECTBO M JenaeT no 3TOMy NOAMHOXECTBY OLEHKY MHOXeCTBa anbTepHatus. [ns 3TOM npoueaypsl
MOryT ObITb NpuBNeYeHbl akcnepTsl. [lanee, kaxabii JIMNP 06s3aH 3agaTh CBOKW «TOYKY YAOBNETBOPEHMS» U
onucaTb HEYeTKOE MHOXECTBO OTHOCUTEMNbHO 3TOW TOYKW. «TOYKOW YOOBNETBOPEHUS»  Ha3blBaeTCs
«abCcTpaKTHas» anbTepHaTVBa, OLEHKM KOTOpoil MoryT yaoBneteopuTb JIMP. HeueTkoe MHOXECTBO MOXET ObiTh
OMMCaHO, HANPUMEP, Kak MHOXECTBO anbTEPHATUB «BIU3KUXY, «ITYULLMX» U T.0O. K «TOUKE YAOBMNETBOPEHNSAY.

Pesynbtatom pabotbl 3TOr0 Metoga OydeT mpodunb, 3adaHHbIN (PYHKUMER NPUHALNEXHOCTM AaHHOMY
HEYeTKOMY MHOXeCTBY. Takum 06pa3oM, Kaxablii MHAMBUOYYM 3a4aeT CBOW Npoduib PaHXMPOBaHMS.

Ha ocHoBaHMM MHAMBMYaNbHbIX NPOUNE COCTABUM PENALIMOHHOE OTHOWEHWe [ x X B BUe MaTpuLb:

X X, KXo
I Hi1 Hiz Him
I, Ho Hao Hom

rae ;- (OYHKUMSA NPUHAANEXHOCTU MHOXECTBA, onpeaeneHHomy i -biM JINP gnsa j-oi anbTepHaTuBbl. JTOT

I'IpOd)MJ'Ib MOXHO pacCMaTpuBaTbh Kak He4eTKOe OTHOLLEHNE R mexay NP u anbTepHaTuBamMu.

Kaxgpinn JIMP 13 rpynnbl MOXET MO pasHOMY BIUSITb HA MPUHSTE KONMNEKTUBHOIO pELUEHUs. ATO MOXeT ObiTb
CBA3AHO C €ro KOMMETEHTHOCTbIO, aBTOPUTETOM, KOMWYECTBOM akuuin u T.4. Onuilem, Hanpumep, LUKany
«cTeneHen» BnageHns NpogeccMoHarnbHbIMW HaBblkaMy ANS HEYETKOTO OTHOLUEHUS «KOMMETEHTHOCTbY

CmeneHb 3HaHUS Yucnosoli skgusaneHm
OyeHb 8bicoKas 1
Bbicokas 0,8
[locmamouras 0,6
CpelHsis 05
Y0oenemeopumersibHasi 04
HedocmamoyHasi 0,2
HeydosnemsopumenbHas 0

~

Mo 3TOM LUKAnoW, MOXeM mocTpouTb Ha MHoxecTBe JIMP [ HeyeTkoe MHOXKECTBO B "KOMNETEHTHOCTb'. B
JanbHeiwem BOCMNONb3yeMCs HeYeTKUM NorndeckuM BeliBogoM [ Kodma, 1982).
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Onpepenenune. Heyemkum 1102uqeckuM 8b18000M HA3bIBAETCA MONYYeHUEe 3aKriOYeHWs B BUOE HEYETKOro
MHOXECTBA, COOTBETCTBYIOLIETO TEKYLUMM 3HAYEHWSIX BXOAOB, C WCMONb30BaHWEM HeyeTko 6asbl 3HaHWA 1
HeYeTKMX onepavuit.

OCHOBOW HEYETKOro NOrMYeckoro BblBoAA SBNAETCH KOMMO3ULMOHHOE NpaBusio 3age, KoTopoe opMynmnpyeTcs
cnegylowmum 06pa3oM: ecnm M3BECTHO HEYETKOe OTHOLLEHWE ﬁmemy BXOOHOW (X) W BbIXOAHOW (Y)
nepemMeHHbIMW, TO NMPU HEYETKOM 3HAYEHWN BXOAHOWM NepemeHHOM x=A, HeYeTKoE 3HAYeHUs BbIXOQHOM

~ o~

nepemMeHHol onpegenseTcs Tak: y = Ao R, raec - MakCMUHas komnosuuus. Takum obpasom, ecnv 3a 6asy

~

3Ha4YeHUn R B3ATb PensUMOHHOE OTHOWeEHMe [ x X, a 3a HeyeTKoe 3HaYeHWe BXOAHOW WHdopMaLnK

OTHOWEHME B , TO HEYETKOE 3HAYEHNE BbIXOSHON NepeMEHHO onpeaenmnTCs kak HeYETKOE MHOXECTBO
C=BoR,

roe o - KOMNo3uLms, Hanpumep, MakCMUHHOE, MUHMAKCHOE UM MaKCMYNbTUNNUKATUBHOE NPOU3BESEHMS.

~

Bocnonb3oBaBLWKCL 3TUM npasunom, Mbl NONy4Mnn HeEYeTKoe OTHOLUEHKE C MHOYyUNpoBaHHOE HEKOTOPbIM

0T06pa>KeH|/|eM 3 HEYETKOrO OTHOLLEHNs B .

BbiBoAbI

~

Takum o0bpas3om, HeueTkoe MHOxecTBO ('  Oydem cunMTaTb KOMMEKTMBHbIM BbIGOPOM, €ro  (yHKLMIO
NPUHAANIEXHOCTU UCMOMb3yeM Kak (OYHKLMIO KOmnmnekTuHoro Bblbopa. Mo atoi yHKUmM ByaeT npoBOAMTLCS
paHXupoBaHWe anbTepHaTuB. CyTb 3TOr0 Mogxoda COCTOMT B TOM, YTO Kaxabld JIMP MMeeT BO3MOXHOCTb
BblbpaTh CBOE MOAMHOXECTBO KPUTEPUEB M CpPaBHMBATb anbTepHATMBLI HE Mexay COOOM, a TONbKO CO CBOEM

«TOYKOW yOOBNETBOPEHUS». KONNYeCTBO CpaBHEHW YMEHbLUIAETCs B (m - 1) I pa3 gns kaxgoro JIMP.
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CPABHUTENbHbIA AHANWU3 METOL0B OLEHKN PUCKA BAHKPOTCTBA
MPEONPUATUNA YKPAUHDI

Opun 3anyerko, CeetnaHa Porosa, Bnagumup CtonbyHoB

AHHomauyus: PaccmompeHa npobnema aHanuaa pucka 6aHkpomemea npednpusimudl. M3noxeH knaccuyeckuli
Memod AUCKPUMUHaHMHO_20 aHanu3a pucka baHkpomems, npednoxeHHbll E. AnbmmaHoM, npoaHanu3uposaHs|
e20 0ocmouHcmea u Hedocmamku. [aemcsi OueHKka 803MOXHOCMU €20 npuMeHeHus e YkpauHe. [anee
usnazaemcsi HeYyemko- MHOXeCmeeHHbIl nodxod K oueHke pucka baHkpomcmea. HakoHey, onucaH
npednoXeHHbIl Memod oueHKu pucka baHkpomcmea npednpusimull Ha OCHOBE UCNOb308aHUSI HEYEMKUX
Helipocemeli ¢ pasnuYHbIMU aneopummamu Heyemkoao ebigoda. Mpusodsmces pe3ynbmambl CPagHUMENbHO20
aHanusa pasfuyHbix Memodog 8 3adaye OUEHKU pucka baHKkpomemea.

Knwoveebie cnoea: puck b6aHkpomcmea, Memod AnbmMmaHa, HEeYEMKO-MHOXECMBEHHbLIU Memol, HeYemkue
HellpoHHble cemu, MamodaHu, Liykamomo, ANFIS

ACM Classification Keywords: H.4.2. Information system Applications: Types of Systems: Decision Support

Conference topic: Knowledge- Dialogue-Solution”’KDS-2008, Uzhgorod, Ukraine, 2008

BBeaeHue

OpHoit 13 akTyanbHbIX NPo6nem, CBA3AHHBIX CO CTPATEMNYECKAM MEHEIKMEHTOM U NIAHUPOBAHNEM SBNSIETCS
aHanu3 PMHaHCOBOr0 COCTOSIHUS M OLiEHKa prcka 6aHKPOTCTBA NpeanpusTvS (koprnopauum).

CBOEBPEMEHHOE BbLISBMIEHME MPU3HAKOB BO3MOXHOrO OAHKPOTCTBA MO3BOMSIET PYKOBOACTBY MPUHUMATb
CPOYHbIE MepbI MO UCMPaBNEHNI0 (HMHAHCOBOTO COCTOSIHUS M CHUXKEHNIO prcka GaHKpOTCTBa.

B HacTosLee BpeMs CyLLECTBYET HECKOMbKO OBLLENPU3HAHHBIX METOLOB M METOAMK OLIEHKM pucka 6aHKpoTCTBA.
Hanbornee M3BeCTHOM 1 LUMPOKO NPUMEHSEMON SBNSETCS MeToamnka npocheccopa Anbtmara [Altman, 1968].

Z- mopenb AnbTMaHa npeacTaBnsieT coboit CTaTUCTUYECKYI0 MOAENb, KOTOpasi Ha OCHOBE OL|eHKW NokasaTenei
(hMHAHCOBOTO COCTOSIHUSI M MNATEXecnocoOHOCTM KOMMaHWM MO3BONSIET OLEHWUTb pucka GaHKpoTcTBa U
pa3genuTb XO3SNCTBEHHbIE CyObEKTbI Ha MOTEHUMANbHbIX GaHKPOTOB M HeGaHKPOTOB. BMecTe ¢ Tem Mogenb
AnbTMaHa UMeET psif HeloCTaTKOB, W €6 NMPUMEHEHNE NS SKOHOMMKN YKpauHbl COMPSKEHO C OnpeaeneHHbIMMI
TpyoHocTamu. [loaToMy B nocrnedHue rofbl paspabaTbiBalOTCs anbTepHaTMBHbIE MOAXOAbl M MeToAbl,
YUMTbIBaKOWME CMEUNdUKy aHanu3a M MpUHSTUS pelleHuid B YCMOBUsIX HeonpegeneHHocTw. K ux uucny
OTHOCATCS annapaT HeYeTKNX MHOXECTB W HEYETKNE HEMPOHHbIE CETU.

LleJ'IbPO HaCTOFlLLleIZ paGOTbI ABNAETCA aHann3 Sd)(*)eKTI/IBHOCTM NPUMEHEeHNA pas3nnyHbIX METOAOB M NOAXOAOB K
OLIEHKe pUcKa 6aHKpOTCTBa npeu,npvlﬂmﬁ NPUMEHUTENBHO K SKOHOMUKE praMHbI.

Moaenb AnbTMaHa

Mogenb AnbTMaHa NOCTPOEHa C UCMOMb30BaHWEM annapaTa MynbTUNIMKATUBHOMO ANCKPUMUHAHTHOIO aHanmsa
(MOA), koTopbiin no3sonseT nogobpartb Takue nokasaTenu, Aucnepcus KOTOpbIX Mexzy rpynnamu 6bina ool
MaKCUMarnbHOW, a BHYTPW rpynnbl MUHUManbHOW. B AaHHOM cnyyae knaccudpukaums npoeoaunach no ABym
rpynnam KOMMaHWA OOHW U3 KOTOpbIX no3gHee 06aHKpOTMAMCh, @ Apyrue, HaobopoT, CMOMMU BLICTOATb U
yNpoumMTb CBOE (PUHAHCOBOE NONOXEHME.
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B pesynbrate MOA noctpoeHa mogenb AnbTMaHa (Z-cyeT), umetolas cnegytowmin Bug [Altman, 1968:
Z=1.2 K1 +1.4 K3 +3.3 K3+0.6 K4+2.0 K5
roe Ky = cobeTBEHHbI 0B0POTHBIN KanuTan/ cyMma akT1BOB;
Ko= nepepacnpegeneHHas npubbinb/ CyMMa akTUBOB;
Ks= npubbinib 40 ynnaTbl NPOLEHTOB/ CyMMa aKTUBOB;
K4= pbIHOYHAs CTOMMOCTL COBCTBEHHOIO KanuTana/ CTOMMOCTb 3aEMHOr0 KanuTana;
Ks= 06bem npogax/ cymma aKTUBOB;
B pesynbrate noacyeta Z — nokazatens Ans KOHKPETHOrO NPeAnpUATUS AenaeTcs 3akIio4YeHue :
ecnm Z < 1,81 — o4eHb BbICOKAst BEPOSITHOCTb BAHKPOTCTBA;
ecnm 1,81 < Z < 2,7 — Bbicokas BEPOSTHOCTb GaHKPOTCTBA;
ecnn 2,7 < Z < 2,99 —B03MOXHO 6aHKPOTCTBO;
ecnm Z = 30 - BeposTHOCTb HaHKpOTCTBA KpaiHe Mana.

Mogenb AnbTMaHa gaeT 4OCTAaTOMHO TOYHBIA MPOTHO3 BEPOATHOCTK BaHKPOTCTBA C BPEMEHHLIM MHTEPBANOM
1-2 ropga.

MprMepom NpuMeHeHnst Moaenu AnbTMaHa SBRSKTCS pesynbTaTbl UCCNEA0BAHMIA CaMUM aBTOPOM Moaenu 86
komnaHuit- 6aHkpoToB B nepuog 1969 — 1975 p.p., 110 komnanuit 6aHkpoToB B nepuog 1976 — 1995 p.p. n 120
obaHkpotunnce B nepuog 1997 — 1999 rogebl. Mcnonb3ys noporoBoe 3HayeHue 2,675, TOYHOCTb MPUMEHEHUS
meToga Obina B ananasoHe ot 82% 4o 96%. Mpy NoBTOPHOM TeCTe MOLENM, KOTOpbI 6a3npoBancs Ha OJHOM
(hMHaHCOBOM Nepuoae Y, ToYHocTb Bbina B npedenax 80-90%. [ Altman, 1983].

Cnabas cTtopoHa Mogenn AnbTMaHa COCTOUT B TOM, YTO MOAENb SBASETCH YUCTO AMMMPUYECKONA, NOAOTrHAHHON
no Bbibopke, M He MMeeT nog coboil caMoCcToATENbHOM TeopeTuyeckon 6asbl. Kpome TOro, npueedeHHble
K03(h(ULMEHTbI JOMKHbI ONPeaensaTbCs AN pasnuyHbIX OTpacnen NpOMbILLNEHHOCTU U ByayT eCTeCTBEHHO,
pasnuyaThCs.

B akoHOMMKe YKpauHbl Mogenb AnbTMaHa noka He Nosyyuna LWMPOKOro NPUMEHEHUS NO CreaytoLLMM NpuinHam:
1) TpebyeTcs BbluMCIEHME COOTBETCTBYHOWMX KO3thduumeHToB npu nokasatensax K i, i=1,5, koTopeble,
€CTECTBEHHO, OT/INYAIOTCA OT UX 3HAYEeHUI ANs 3apybexXHbIX CTpaH;
2) vHdopmauus 0 (PUHAHCOBOM COCTOSIHUM aHanM3Mpyemblx MPeanpusTuiA, kak NpaBuro, HegOCTOBEPHa,
PYKOBOACTBO psda NPEAnpUSTUA «CO3HATEMbHO» MOANPaBMsieT CBOWM MoKasaTenu B (PUHAHCOBbIX
OTYeTax, YTo AenaeT HEBO3MOXHbIM HaNTK JOCTOBEPHBIE OLEHKN KO3dhULMEHTOB B Z- MOLENMN.

MoaTomy 3agaya OLEHKM BEPOSTHOCTM pucka DaHKpPOTCTBA AOMMKHA pellaTbCst B YCMOBUSIX HEONPEAENEHHOCTH,
HEMOMHOTbI MCXOAHON WHEPOPMALWMK, U ANs ee PeLleHns NpeanaraeTcs UCnonb3oBaTh afekBaTHbIA annapar
MPUHATUS PELLEHUI — HEYETKME MHOXECTBA W HEYeTKME HelmpoHHble cetn (HHC).

HeueTko-MHOXeCTBEHHbI MeTOA OLIEHKU pUcka baHKpoTCcTBa

PaccMOTpUM MaTpuyHbId MeTOog MPOrHo3vMpoBaHWS BaHKPOTCTBA Kopnopauwid, NPeanoXeHHbIN LOKTOPOM
akoHoM. Hayk O.A. HegocekuHbiM [HegocekuH].

1. OKCNepT CTPOUT NWHIBUCTUYECKYIO NEPEMEHHYID CO CBOMM TEPM-MHOXECTBOM 3HaYeHWW. Hanpumep,
«YpOBEHb MEHeMXMEHTa» MOXeT UMETb CreJylollee TEPM-MHOXKECTBO 3HaYeHWA «OueHb HU3KUIA,
Huskuir, CpegHwiit, Boicokuin, OueHb BbICOKMIAY.
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2. ,D.J'IFI TOro, YTOObI KOHCTPYKTUBHO ONncaTb JMHIBUCTUYECKYIO NEPEMEHHYI0, 3KCNepT BbI6MpaeT
COOTBeTCTByFOLLI'Mﬁ KONMYECTBEHHbI NMPpU3HaK - Hanpumep, CKOHCprVIpOBaHHbIVI cneymanbHbIM
o6pasoM nokasaTtesnb YPOBHA MEHEAXMEHTA, KOTOprIﬁ NPUHUMAET 3HA4YE€HUA OT Hyna A0 eANHNLIbI.

3. [anee akcnepT KaxaoMy 3HAYEHUIO JIMHTBUCTUYECKOA NEpeMeHHON KOoTopasi No NOCTPOEHUID ABNSETCS
HEYeTKUM MOOMHOXECTBOM 3HauyeHuin uHTepsana [0,1], cTaBMT B COOTBETCTBME  (DYHKLMIO
MPUHAANEXHOCTW TOMO WM MHOMO HEYTKOrO MHOXECTBA. Kak npaBwuiio, 3To TpaneuenaanbHas yHKLmMs
NPUHaANexHoCTU. BepxHee OCHOBaHWE Tpaneuuu COOTBETCTBYET MOSHOM YBEPEHHOCTU 3KCMepTa B
NPaBUNBHOCTU KnaccuduKaLmu, a HWKHEE —YBEPEHHOCTU B TOM, YTO HUKaKMe WHble 3HaYeHus
nutepeana [0,1] He nonagatoT B BbIOpaHHOE HEYETKOE MHOXKECTBO. (CM. puc.1.)

12
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Puc.1. TpaneuenaansHas yHKLNS NPUHAANEXHOCTH
Ha 3TOM onucaHne NMHIBUCTNYECKX NEPEMEHHBIX 3aKaHUMBAETCS.

HeyeTKo-MHOXECTBEHHbIN METOA, N3BECTHbIN TakxKe, Kak MaTPUYHbIA MeTOd, COCTOUT U3 CReayHOLLMX 3Tanos:

9tan 1 (JlMHrBUCTUYECKME NEPEMEHHbIE U HEYETKME MHOXECTBA)
a. JInHreucTuyeckas nepemenHasi E «CoctosiHue npeanpuAaTMA» UMEET NATb 3HAYEHMUI
E1 — HeyeTKoe NOAMHOXECTBO COCTOSHUIA «MpefenbHOro Hebnarononyuus'”;

E2 — HeveTkoe NOAMHOXECTBO COCTOSIHWI He6narononyqvm“;

E3 — He4eTkoe NOAMHOXECTBO COCTOSIHUIA "CpeaHero ypoBHs “;
E4 — HeyeTKoe NogMHOXKECTBO COCTOSHWN "OTHOCUTENBHOIO Barononyyns”;
Es — HeueTkoe NOAMHOXECTBO COCTOSIHWIA "npeaenbHoe Bnarononyyne”.

6. CootBeTcTBYIOWAsA nepemeHHoit E nuHreuctuyeckas nepemeqHas G «Puck 6aHKpoTcTBa» Takke MMeeT 5
3HayeHui:

G1 — HeYeTKOE NOAMHOXECTBO COCTOSIHWA "npeaernbHbIi puck 6aHKpoTCTBa",

G2 — HeYeTKoe NOAMHOXECTBO COCTOSIHWA "CTeneHb pucka BaHKPOTCTBA BbICOKas",
G; — HEeYeTKoe NOAMHOXECTBO COCTOSIHUIA " CTeneHb pucka BaHKPOTCTBA CpeaHss’”,
G4 — HeYeTKOE NOAMHOXECTBO COCTOSIHWM « HU3Kasi CTeNeHb pucka DaHKPOTCTBAY,
Gs — HeyeTkoe NOAMHOXECTBO COCTOSIHWN "pUCK BaHKPOTCTBA HE3HAUMTENBHBIN'.

Hocutenb mMHOXecTBa G — nokasaTenlb CTENEHU pucka 6aHKpOTCTBa g — NPMHUMaET 3Ha4YeHUA OT HynA
00 enHULbI NO onpeaeneHunto.
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B. [Ina oTAenbHOro (PMHAHCOBOTO MoKasaTens wnu nokasatens ynpaeneHus Xi 3agaeM NMHIBUCTUYECKYHO
nepemeHHyto B; «ypoBeHb nokasarens Xi» Ha CregyoLem TepM-MHOXECTBE 3HAYEHMUIA:

Bi1 - NOAMHOXeCTBO "0YeHb HWU3KWiA YpOBEHb nokasatens X",
Biz- NOAMHOXECTBO "HM3KMIA YPOBEHb NoKasaTens X",

Bis - nooMHOXeCTBO "CpeaHui ypoBeHb nokasaTens X,

Bis - NOAMHOXeECTBO "BbICOKWIA YpOBEHb NokasaTens X",

Bis- NOAMHOXeECTBO "04eHb BbICOKWI ypOBEHb nokasatens X",

Otan 2 (Mokasatenw). Moctpoem Habop oTaenbHbix nokasatenen X={X} obwwum umucriom N, koTopble MO
MHEHWI0 JKCMepTa, C OAHOM CTOPOHbI BAMSIOT Ha OLIEHKY pucka BaHKpOTCTBA NPeanpUaTUs, a C ApYroit CTOPOHI,
OLEHMBAKT pasHble MO MNpUPOAE CTOPOHbI AENOBOW M (OMHAHCOBOW KM3HM npeanpusTus. Hanpumep, B
MaTPU4YHOM METOAE UCMOoNb3YITCA Takue nokasartenu [HepoceknH, Makcumos]

o X1 —K03h(PMLMEHT aBTOHOMMM (OTHOLLEHME COBCTBEHHOIO KanuTana Kk Bantote 6anaHca);

o X — koapuumeHT obecneyveHnss 0BOPOTHBIX akTUBOB COBCTBEHHLIMM CPEACTBAMMU (OTHOLLEHME YUCTOrO
000pOTHOrO KanuTana k 060pOTHLIM aKTMBaM);

o X3 — KO3(DPUUMEHT NPOMEKYTOYHON NMKBUMAHOCTUT (OTHOLIEHME CYMMbl [JEHEXHbIX CPeacTs W
AebUTOPCKON 3a0MKEHHOCTH K KPATKOCPOYHBIM Naccusam);

o X4 — KOIPPULMEHT aBCONKOTHON NIMKBUAHOCTM (OTHOLUEHWNE CYMMbI JEHEXHbIX CPEACTB K KPAaTKOCPOYHbIM
naccueam);

e X5 — 000POTHOCTL BCEX AKTMBOIB 3a FOf(OTHOLLEHWE BbIPYYKM OT peanuaauuu K CpefHeil Bbipydke 3a
nepuog CTOUMOCTY aKTUBOB);

e Xs — peHTabenbHOCTb BCEro kanutana (OTHOLLEHWE YMCTON NpubLINKM K CpeaHelt 3a Nepuog CTOMMOCTH
aKTVBOB).

Jdtan 3 (3HauumocTb nokasatenew). [locTaBumM B COOTBETCTBME KaXJoOMy mnokasatenio Xi ypoBeHb ero
3HaYMmMocTH ri. [ing Toro, YTobbl OLEHUTb 3TOT YPOBEHb, HEOOXOAMMO NOCTaBUTL BCE MOKA3aTeN no Nopsiaky
YMEHbLUEHMUS UX 3HAYMMOCTY TaK, 4TOObI BbINOMHANOCH COOTHOLLEHME:

21, 2.1y

Ecnm cuctema nokasateneil NpopaHXMpooBaHa B NOPSAKE YMEHbLLEHUS UX 3HAYMMOCTH, TO BEC i-ro nokasaTtens
r HeoBX0AMMO onpeaensTb no npasuny duwbepHa:

o 2N-i+D) (1)
" (N+DN

Ecnu Bce nokasaTenu umetoT ogmHakoBbIn Bec, To I = 1/N.

Otan 4 (Knaccudmkaums cteneHs pucka). Ioctpoum Knaccudmkaumio TEKYLIEro 3HauYeHust g nokasatens
CTEMEHN pUCKa Kak KpUTEPUIA pa3beHns 3TOro MHOXECTBA Ha HEYeTKIe NMoAMHOXeCTBa (Tabnmua 1):
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Tabnuua 1. Knaccudukauma crenenu pucka

WHTepBan 3HavyeHUn g Knaccudumkauus CteneHb OLEHOYHOW YBEPEHHOCTU
YPOBHS napameTpa | (hyHKUMA NpUHABNEKHOCTHI)
0<g<0.15 Gs 1
0.15<g<0.25 Gs us =10 x (0.25- g)
G4 1- ps = g
0.25<9g<0.35 G4 1
0.35<g<045 G4 ps =10 x (0.45- g)
G; 1- 4 = p3
045<9g<0.55 Gs 1
0.55<g<0.65 Gs uz =10 x (0.65 - g)
G 1- w3 =
0.65<9g<0.75 G2 1
0.75<g<0.85 G2 pz =10 x (0.85-q)
Gy 1- M2 = 1
085<g9g<10 Gy 1

dran 5 (Knaccudhmkaums 3HaveHun nokasatenel. [locTpoMM  KrmacCUMKaLMIO TeKyLIMX 3HAYEHWN
nokasatenen X kak Kputepuii pasbrueHmns NOMHOro MHOXECTBA MX 3HAYEHWN Ha HEYeTKe NogMHOXecTBa Buaa B.
OavH M3 nNpumepoB Takoi krmaccuduauun npusedeH Hwke. B kneTkax Tabnuupl CTOST TpaneuenaanbHble
HeYeTKMe Yncna, KoTopble XapakTepuayT COOTBETCTBYIOLLME (YHKLMM NPUHALTIEXHOCTH

Otan 6 (OueHka ypoBHA mnokasatenei). [poBegeM OLEHKY TEKYLIEro YPOBHS MokasaTeneil M cBegem
nonyYeHHble pesynbTaTthl B Tabnnuy 2.

Tabnuua 2. Tekywuin ypoBeHb NoKasateneun

MNokasaTenb Tekywwee 3Ha4YeHune
Xi X1
X
XN XN

Odrtan 7 (Knaccudmkauma ypoBHA nokasatenew). [poBeaem KnaccuUKaLMIO TEKYLUMX 3HAYEHUA X Mo
KpUTEpUIO Tabnuubl, MOCTPOEHHOM Ha 3Tane 5. PesynbTaToM NpOBeAEHHOM Knaccudukauuy ectb Tabnuua
3HAYEHWN Ajj — YPOBHEN MPUHAANEXHOCTUN HOCUTENS X; HEYETKUM NoAMHOXecTBaMm B;.

Otan 8 (OueHka cTemeHW pucka). BbiMOMHUM BLIMMCTIUTENbHbIE OMEpauMu Ons OUEHKM CTEMEHW pucka
BaHkpoTCTBa g:

gzzgjiri)“ij’ (2)

5
j=1 i=1

roe
gj:O.9—O.2*(j—1), (3)
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Cmbicn npumerenus dopmyn (2) u (3) coctout B cnepytowem. CHayana Mbl OLEHWBAEM BEC TOr0 UI MHOTO
noamMHoxectsa u3 B B oueHke cocTosHus kopropauuv E u B oueHke ctenenn pucka G. OTu Beca parnee
NPUHAMAIOT Y4acTue BO BHELLHEN CyMMe Ans OnpefeneHns CpeaHero 3HayeHus nokasatens g, rae g ectb He
YTO MHOE KaK CpeaHss OLeHKa g 13 COOTBECTBYIOLLEro AnanasoHa Tabnuubl 1 atana 4.

3tan 9 (NMuHreucTMyeckoe pacno3HaBaHue). Knaccuduumpyem nonyyeHHoe 3HaueHme CTeneHn pucka Ha 6ase
JaHHbIX Tabnmubl 1. Pe3ynbtatoMm Knaccudmkaumm sBNSOTCS NWMHIBUCTUYECKOE OMWUCaHWE CTEMeHU pucka
GaHKpPOTCTBA M CTEMEHW YBEPEHHOCTU 3KCNEPTa B NPaBUIbHOCTY €50 KnaccudukaLmm.

OCHOBHbIE JOCTOMHCTBA HEYETKO-MHOXECTBEHHOTO MaTPUYHOTO METoAa COCTOAT B CeayHoLLeM:
1) BO3MOXHOCTb MCMOMb30BAHMUS, KDOME KONUYECTBEHHBIX, U KAYECTBEHHBIX (haKTOPOB;
2)  y4eT HETOYHOM, NPUBNU3NTENBHON MH(OPMALIM O 3HAYEHUSIX PaKTOPOB.

HeyeTkue HeMpPOHHbIE CETU ANA OLEHKU pUcKa BaHKpOTCTBA

MpeumyLecTBa cucTem ¢ HeveTkom norukoi u HHC coctosT B cnegytowem [HenocekuH], [3aitveHko, 2004]:

1) onucaHwe yCnoBuiA 1 METOAbI PELLEHNS 3afay B TEPMUHAX NPUBNMKEHHBIX K ECTECTBEHHOMY SI3bIKY;

2) BO3MOXHOCTb OMEPUPOBAHUS C HEYETKON MHCDOPMALIMEN, B YACTHOCTH, C MH(hOpMaLen 3aaaHHo B BULE
WHTepBarbHbIX OLIEHOK, MCMOMNb30BaHWE 3HAHWI CMELMANUCTOB — 3KCNEPTOB, KOTOPbIE NPEACTaBNATCA B
BMAE HEYeTKMX NPaBUn BbIBOAA «ECMH...TOY.
[ns aHanusa pucka 6aHKpOTCTBA ObINM NPUMEHEHBI HEYETKME HEeMpOoHHble ceTn Llykamoto, Mamaann u
ANFIS [3aitueHko, 2004]. OHu Mcnonb3oBanuCb B KavecTBe KnaccudmkatopoB. B kayecTBe BXOAHbLIX
AaHHbIX BbICTYNanM pasHble Habopbl DMHAHCOBLIX MOKa3aTenen NPeANPUSTUNA, ONUCaHHbIe HUXKE. Takum
06pa3oM, 4NCo BXOAHbIX HENPOHOB PABHSETCS KONMMYECTBY MOKa3aTenel B COOTBETCTBYHOLLEM Habope, a
4NCIO BbIXOAHBIX HEMPOHOB PABHAETCA KOMUYECTBY KNACCOB, T.€. UMEEM 2 UCXOAHbIX HEMPOHA.

Basa npaBun cocTosna M3 HEYETKUX MPaBuUn BUAA ECAU-TO» C rayCCOBCKAMM (DYHKLMSMW MPUHAANEXHOCTU.
BbI60p rayccoBCkux (PYHKLMIA NPUHAANEXHOCTM Bbin 06ycnoBneH ux AndhdepeHUMpyeMOCTLIO B Kaxgon TOUKe,
KOTOpas NO3BOMSET rapaHTMpoBaTb CXOAMMOCTb npouecca 0byveHust (rpapgueHTHoro amnroputMa). Bbinu
NpOoBEAEHbI 3KCTIEPUMEHTBI C pasHbIM konuyecTsomM npasun (20, 30, 40), napameTpbl KOTOPbIX HACTPaMBaIuCh B
npouecce obydyeHus. MepsuyHasa Bbibopka pasbuBanach Ha obyvarowlylo U NpoBepouHyt. Kpome Toro, ans
BonbLueit HageXHOCTW NPOLECC 0ByYeHUs OCYLLECTBANCS HA HECKOMbBKIMX OKHAX AaHHbIX.

3Kcnepu MeHTallbHble UccneaoBaHUA

B panHom pabote gns aHann3a 3QgeKTMBHOCTW NPOrHO3MPOBaHUS METOAaMW AUCKPUMWHAHTHOMO aHanusa,
aHanu3a Ha OCHOBE HEYETKUX MHOXKECTB, MPEeaSIOXEHHOro HeJoCEeKMHbIM, @ TakKe HEYETKMX HEMPOHHBIX CeTeN
ObIn B3ATbI PUHAHCOBbIE MOKA3aTeNW NATUAECATW LWECTU NpeanpusTuin YkpauHel, 13 kotopeix 13 B 2006 rogy
Oblnn  Npu3HaHHble apbuTpaxHeiM cygom  6aHkpoTamu. [lpyrue npeanpusTus  BbIGMPanMCh  CRyYamHo.
®uHaHCOoBbIE MOKa3aTenu B3ATbl U3 FOAOBbLIX BanaHCOB M rofgoBbIX OTYETOB O (PUHAHCOBBIX pe3ynbTaTax 3a
2003, 2004 n 2005 roga. bbinn npoBeeHbl AKCNEPUMEHTBI MO KNaccuukaumm NpeanpusTMi OTHOCUTENBHO
pucka 6aHKpPOTCTBA C UCMOMNb30BAHMEM HEYETKUX HEMPOCETEN C NOrMYeckumm BoiBogamu Mamaoanu, LiykamoTo u
CyreHo.

CHavana 6bin npoBegeH aHanua pucka 6aHkpoTcTBa Ha 6ase cneaytowmx nokasartenen (Habop 1):
1. OTHoweHwue paboyero kanutana K 06Lein CTOMMOCTH aKTUBOB;

OTHoLLEeHMe YncToN NpKbbLINK K 06LLEN CTOMMOCTN aKTUBOB;

OTHOLLEHWE YMCTON BbIPYYKM OT peanu3aumuu A0 00Lien CTOUMOCTI aKTUBOB;

OTHOLLEHVe YCTABHOTO KanuTana k CyMMe 3aA0IKEHHOCTY;

OTHoLeHWe foxofa OT peann3aumm K obLyen CTOMMOCTY aKTUBOB.

ok N



International Book Series "Information Science and Computing" 109

OByyeHwe ocyLLecTBAANOCH B HECKOBbKO 3Tanos AruHoit B 100 anox.
MToroBble pesynbTaTthl NPeacTaBneHbl Ha puc.2.

[anee Habop nokasatenen bbin n3MeHeH cneaytoLmm obpasom (Habop 2):
1. OTHOWeEHWMe YncToro 06opoTHOro KanuTana k obLLen CTOMMOCTM akTUBOB;
2. OTHoweHuWe npnbbinu k coOCTBEHHOMY KanuTany;
3. KoahdmumeHT 060pOTHBIX aKTUBOB;
4. Hopma npubbinu.

CooTBETCTBYHOLLME pesynbTaThl NpUBEAEHDI Ha puc. 3.

Bbinu npoBeAeHbl CPABHUTENbHLIE SKCMIEPUMEHTbI MO OLIEHKM pucka OaHKPOTCTBA C  MCMOMb3OBAHWEM
CTaTUCTUYECKMX METOAOB- MeToAa AnbTMaHa, Metoga CnpuHreiTa u Metoaa [JasbiaoBon-bennkosa [[aBblgosa,
benunkos,1999], He4YeTKO-MHOXECTBEHHOTO MeToda HepocekuHa, a Takke HEYEeTKMX HEeMpoceTeit ¢ BbIBOAOM
Mamganu, Liykamoto n CyreHo ( HHC ANFIS), pesynbTtatbl KOTOPbIX NpUBEAEHDb! Ha pUC. 4.

O HasuansHa BuGipka O HasuansHa BuGipka
B Nepesipoia ubipka B NMepesipoua anipka

Habop 1 Habop 2
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AHanus atux pe3ynbTaToB NO3BONIAET CAenaTb cneaylie BbiBOAbI:

Haunyywux pesynbTaTtoB yaanocb AOCTUYb C MOMOLLBK HEYETKOM HEWpPOHHOW ceTv MampaaHu, TOYHOCTb
knaccudmkaumm Ha kotopoit npu 40 HeyeTkux npasunax coctasuna 97% Ha obyyatowen n 95% Ha TecToBoM
BblbOpKax. Ha BTOPOM MecTe HaxoasaTcst pesynbTaThl NporHo3a GaHKpOTCTBA, MOMYyYEHHbIE C UCMONb30BAHNEM
HHC LlykamoTo, 1 HakoHeL, Ha TPeTbeM MecTe pesynbTaTbl, NONy4YeHHbIE MATPUYHBIM METOAOM HegocekuHa.

Yto Xe kacaeTcs, CTaTUCTUYECKNX METOZOB ANCKPUMWUHAHTHOTO aHann3a, TO OHW OKAa3biBalOTCS CYLLECTBEHHO
XYX€ B CPaBHEHWN C HEYETKUMU METOAAMM, CPEAM HIX HAUNYYLIMM OKasancs MeToA [aBblnoBoil-benvkoea.

BbiBoabl

1. PaccMOTpeHbl pasnnyHble MeTodbl OUEHKM pucka OaHKPOTCTBA MPEAnpUSTUIA: KNacCUYecKkuini MeToa
BUCKPUMMHAHTHOTO aHanmu3a AnbTMaHa, HEeYeTKO- MHOXECTBEHHbI MeTod HepocekuHa, HeuveTkue
HENPOHHbIE CETU C pasnuUyHbIMK anropuTMamm BbIBOAA.

2. TpoBefeHbl  CpaBHUTENbHbIE — 3KCTIEPUMEHTANbHbIE WUCCNeAOBaHWsS  BbllUeykasaHHbIX  METOAOB
MPUMEHMTENbBHO K aHanu3y pucka 6aHKPOTCTBA NPEANPUATUIA YKpaUHI.

3. [lpoBeaeHHble 3KCMEPUMEHTLI MoKasanu, 4To Haubonee npeanouTUTENbHBIMKA ONS OLEHKM pucka
GaHKpoTCTBa AN YKpaUHCKUX npegnpusTtuin okasanues HHC ¢ BbiBogoMm MampgaHm, 3a Humu cnegyert
MaTpuyHbIA MeTog Npod. HegocekuHa, W, HaKOHEL, Ha NOCREAHEM MECTE OKas3anuCh CTaTUCTUYECKMe
MeToZbl AUCKPUMUHAHTHOO aHanmaa.
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OMEPATOP MYTALUW B EBOJNFOLIMOHHOW TEXHONOI UM PELLIEHUA 3AIAYM
COCTABJEHWA PACMUCAHUNA

Enena Cunko

AHHomayusi: Cmambs nocesiujeHa uccnedosaHuro UCNOMb3yemo20 8 2eHeMUYECcKUX anzopummax u 3adadax
onmumMu3ayuu onepamopa Mymauuu. Paccmompetbl npobieMbl, 803HUKaKOWUE NpU COCMaeeHuu pacnucarull
yuebHbIX 3aHgmull. B kadecmee npumepa ucnosb3oeaHus criyyaliHol mymayuu npugedeH ko0 bpaeMeHma
npozpamMbl, NPUMEHSIEMbIL NPU COCMasNeHUU pacnucaHus y4ebHbIx 3aHsmull cmydeHmos Yepkaccko2o
20cy0apcmeeHHO20 MEXHOM02UYECK020 yHUBEpcUMema.

Knroueenle cnoea: pacnucaHue, onepamop Mymauyuu, nonynsiyusi, KpOCCogep, UHBePCUsl.

ACM Classification Keywords |.2 Artificial Intelligence, H.4.1 Office Automation

Bcrynnenue

leHeTuyeckue anroputMbl (TA) OpUEHTUPOBaHbI Ha NPUMEHEHWE ONepaTopOB, KOTOPbIE U3MEHSIIOT FEeHOTMN, UMK
[BOWYHOE NMpeAcTaBneHne WHameuaa. B 3aBucumocTy OT pesynbTaToB paboTbl OnepaTtopoB COOTBETCTBEHHO
nameHsieTcs U peHoTun. OgHMM U3 TakMX OnepaTopoB sBnsietca mytauus. Mytaums B TA nMeeT nOMHyto
aHanorvio B npupoge, Korga npoucxoauT 3ameHa opHoro reHa apyrum B [IHK nog BosgeicTsueM, Hanpumep,
pagnoakTMBHoCcTM [BopoHuH, 2004]. Cuntaetcs, YTOo MyTaums — 3TO MpuuYMHa 3Bomoumu, U bnarogaps en
nosiBNsAOTCA HoBble Buabl. B A myTaums cnocobCTByeT 3awuTe OT MNPEXAEBPEMEHHON CXOANMOCTMU.
Peanusyetca oHa nyTtem Bbl6opa Cry4yalHOro reHa WnW rpynnbl FEHOB M UX W3MEHEHWS MO OnpeaereHHbIM
npasunam.

Onepatop MyTauuu MoZenvpyeT ecTeCTBeHHbI npouecc MyTauun. Ero npumeHeHue B A obycnosneHo
cnegylwmuM  paccyxgeHuami. HayanbHas nonynsuus, kakoi Obl Gonblioit oHa He Obina, oxsaTbiBaeT
OrpaHuUyeHHyo 0bnactb npocTpaHcTBa novcka. OnepaTtop CkpeLBaHms, 6e3yCnoBHO, pacmMpsieT 3Ty obnactb,
HO BCE Xe A0 ONpedeneHHON CTeneHu, MOCKOMbKY MCMOMb3yeT OrpaHnYeHHbI Habop 3HaYeHWN, 3afaHHbIX
HavansHon nonynsauuen [KopHees, 2003]. BHeceHue cryyaiHbiX M3MEHEHWIA B FeHOTUN U oeHOTUN MHaMBKUAA
AaeT BO3MOXHOCTb OTMEHUTb 3TO OFPaHUYEHWE W MHOTAA 3HAYUTENBHO COKPaTUTb BPEMS MOWCKA U YMyYLINTb
KayecTBO pesynbTarta.

B 6uHapHOM criyyae onepatop MyTauuu 3akio4aeTcs B MHBEPTUPOBAHWUM CUMBOMOB B Cy4alHO BblBPaHHbIX
nosuumsx. B cnyyae paboTbl C KOHEYHbIM ancaBuUTOM CIy4aiHO BbIOPaHHbLIA CUMBON 3aMEHSIETCA Ha Mtobon,
OT/INYHBIA OT Hero. AT0 MOXET ObiTb NepecTaHOBKA ABYX 3MEMEHTOB B CTPOKE, 3aMeHa dneMeHTa CTPOKM
3HAYEHWEM BMEMEHTA U3 APYron CTPOKW, B Cryyae OUTOBOI CTPOKM MOXET NPUMEHSTHCS UHBEPCUS OAHOMO U3
outoB n gp. Onepatop MyTauuu NMPUMEHSIETCA HE K KaXaomy reHy npeactasutenei B nonynsuun. O6blYHO
CHayana 3afaetcs BEPOATHOCTb MyTauuu P, 1 HEKOTOpbIi anropuTM OCYLECTBIIEHWS MyTaLyuu, Hanpumep,
Tako [Kucnskos, 2001]. CHayana HymepyloTca ChyyvanHbiM 00pa3om Bce MPEACTaBUTENW HavanbHOM
nonynauun. [lanee, HauMHas C NepBOro reHa nepBOM XPOMOCOMbI, MEPECMaTpuUBalOTCS JNEMEHTbI BCEW
nonynsuum, npyu 3TOM BbIOMpalOTCA ChyvaiHble uyncna u3 uHTepsana [0, 1). Ecrm Ha HekoTopom Lware
BblGpaHHOE YMCIO OKa3bIBAETCS MEHbLUE BEPOSTHOCTU P, , TO TEKYLLMA reH NoABepraeTcs MyTaLum.
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KoHkpeTHoe 3HaueHne P, 3aBMCMT OT pelLaeMoil 3afjauu, HO Yalle BCEro BEepoOSTHOCTb MyTauuu UmeeT
AO0CTATOMHO Maroe 3HadeHue. Tak, B nuteparype BcTpevatotcs oueHkn P, =0,001 B pabote [De Jong, 1975],
P €10,005, 0,01] 8 pabote [Schaffler, 1989], P,,=0,01 B pabote [Grefenstette, 1986].

Bbi6op MeTofa ocylecTBeHUA MyTaLmuu

O6bi4HO Npu peanusauum TA K CKpelLMBaeMbIM VHAMBMAAM CHa4ana NpUMEHSIIOT OMepaTop CKPeLuMBaHus, a
MOTOM OnepaTop MyTaLuu, XOTS BO3MOXHbI 1 Apyrie BapuaHTbl. CyLLecTByeT MHEHWEe, YTO OnepaTop MyTauum
SIBNSETCA OCHOBHBLIM MOWCKOBLIM ONEPATOPOM M M3BECTHbI aNrOpPUTMbI, HE UCMONb3YIOLLME APYIMX ONEPaTopoB
(KPOCCMHrOBEp, MHBEPCHS W T.4.), KOOME MYTaLWN.

iccnenoBaHus nokasanu, 4To B MPOCTbIX 3adavax, ucnonb3ys FA ¢ myTaumeit (n 6e3 kpoccoBepa), Haxo4sT
pelleHne bbicTpee. Takke Ana Takoro Metoda TpebyeTcs MeHbWA pa3mep nonynsauun. Ecriv umeloT mecto
CMOXHbIE MHOTO3KCTPEManbHble (yHKLMW, TO nyyle 1ucnonb3oBatb MA ¢ KpOCCOBEPOM, MOCKOMbKY 3TOT METOA
Oonee HapexeH, XoTsd 1 TpebyeT BonbLuero pasamepa nonynauum.

Wcnonb3ys Teopemy wWwabnoHoB, MOXHO yTBepxaatb [Mcaes, 2003], 4To myTauus TOMbKO BPEAMT POCTY
KonuyecTBa npeacTaBuTenen NpuemMnemblx WabnoHoB, NOCKOMbKY MULLHKA pa3 ux paspywaet. OgHako MyTauus
npocto Heobxoauma anst A ¢ ManbiM pasmepoM nonynsayuv. CyLHOCTb 3TOr0 YTBEPXKAEHUS B TOM, YTO ANS
ManoyucrieHHbIX NOMynsumMii CBOMCTBEHHA NpexaeBpeMeHHas cxoaumocTb (premature convergence). 370 Ta
CUTYyaLusi, KOrAa B HEKOTOPbIX MO3ULMAX BCE MHOMBMALI UMEKOT OAMH W TOT e OuT, HO Takoi Habop BKUToB He
COOTBETCTBYET rnobanbHOMy akcTpemymy. [1pn 3TOM KpOCCOBEP NPAKTUYECKM HE U3MEHSIET NONyNsALWM, T.K. BCE
WHAMBMABI MOYTU OfMHAKOBbLI. B aTOM cnyyae myTauus cnocobHa MHBEPTUPOBATL «3acTPSBLUMAY GUT Y OAHOIO
W3 MHAMBWOB U BHOBb PacLUMpUTL NPOCTPAHCTBO NoMckKa.

B kayectBe onepatopa MyTauuu Hauborbliee pacnpoCTpaHeHWe MOMyYnnu CryyaiiHas U HepaBHOMEPHas
myTaumus Muxanesuya [Michalewicz, 1995].

[Mpu cryqanHom MyTaLmm reH, nognexaiiuin USMEHEHMI0, MPUHUMAET CRyvanHoe 3HaYeHWe U3 NHTepBasna CBOEN
obnactu onpeaeneHns. B HepaBHOMEPHOW MyTaLMK 3Ha4eHMe reHa nocne onepaTopa MyTaLum paccynTbIBaeTCs
no chopmyne:
. {c, +8(tb,—c,) npu =0,
=
c,—o(tec,—a) npu y=1

st 147 |

roe y — Lenoe crnyyainHoe uucno, npuHuMatowee sHavenne 0 unm 1; re[0,1] — cnyyaitHoe BeLlecTBEHHOE
YNCNO; Emax — MAKCMMANbHOE KONMYECTBO 3M0X anropuTMa; b — napameTp, 3aJaBaeMblil UCCreaoBaTENEM.

Kpome TOro, ecnm Ha NpOTSXKEHUM AOCTATOMHO OOMbLIOTO YMCna MOKOMEHU He MPOWUCXOAUT YBENUYEeHUs
npucnocobneHHOCTU, TO NPUMEHSITCA «Manasy» 1 «bonbluasy MyTauuu nokoneHus. pu «mamnoit» MyTauum
noKoneHmst ko BceM ocobsm, kpome 10% nydwnx, npumeHsieTcs onepatop MyTauui. Mpu «GonbLuony myTtaumum
kapkaas 0cobb nbo MyTUpyeT, MO0 3aMeHSIETCA Ha Cly4anHO CreHEPUPOBAHHYIO.

Uncno nokoneHWn 4O peanusauun «Manon» 1 «BonbLIo» MyTauuu BO Bpems paboTbl anroputMa SBRSeTcs

MOCTOSIHHBIM. Takke onepaTop MyTauuu MOXHO MPUMEHSITb TOMbKO B TOM Cyyae, €Cri K JaHHOWM nape poau-
TeNbCKUX 0cobeil He Bbin NPUMEHEH onepaTop ckpeLuyrBaHms. MoXHO BbIGUPaTb HEKOTOPOE KOMMYECTBO TOYEK B
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XPOMOCOME /1Sl MHBEPCUM, MPUYEM UX YMCTIO TaKkKe MOXET ObiTb CryyaiiHbIM. [lonyckaeTcs MHBEpTUPOBaHWE
cpasy HEKOTOPOIA rpynMbl NOAPSA NAYLLMX TOYEK.

Mpy yBENUYEeHU! BEPOSTHOCTM MyTaLuM 1 NPU YMEHbLUEHUN BNIUSIHUS pe3ynbTaToB oTbopa (HanpuMep, 3a cyet
NCMONb30BaHUS ApYyruxX CTpaTteruin oTbopa) pa3MHOXEHWe npeacTaBuTeNen npucnocobnerHbIx ocobei
3aMefnseTcs, HO 3aTO NPOUCXOANT WHTEHCUBHBIN Nouck apyrux ocobeir. O6paTHO, yMeHbLUEHe BEPOSTHOCTH
MyTaLuu 1 yBENuYeHne BNUSHUS 0T6opa BeeT K MHTEHCUBHOMY MCMONb30BAHMIO HAMAEHHbIX XOPOLUMX 0Ccoben,
HO TOrga MeHbLUe BHUMaHUS yaenseTcs noucky HosbIx [Holland, 1994].

CnyyanHasa myTauums B 3afaye COCTaBNEHWUA pacnucaHus y4eOHbIX 3aHATUN

B 3apadye COCTaBNEHWs pacniuCaHWin peLleHUeM SIBMISIETC ONTUMarbHbli B HEKOTOPOM CMbiCrie BapuaHT
pacnucaHus. OnepaTop MyTaLuu npeaHasHadveH Ans MoaudukaLuu OAHOTO U3 Takux BapuaHTOB. [OCKONbKY
HayanbHble PacnMCaHUsi reHepupytoTcs CryyaiHbiM 06pa3oM, TO Takas reHepauusi He obsizatenbHo Oypet
obecneynBaTh MOMUCK MO BCEMY MPOCTPAHCTBY pelueHunit. Onepatop MyTauun npeaHasHayeH UMEHHO ANs TOro,
yTOGbI BHECTM B MOMYNALMIO CrlyyaiiHble PeLleHMs, K KOTOPbIM TPYAHO MNMK BooOLie HEBO3MOXHO MPWIATH,
MPUMEHSIS TOMbKO OMepaTop CKpeLMBaHKS.

lMockonbky B pesynbTaTe MyTauWW TEHEPUPYIOTCS HOBbIE PELUEHWS M OTCYTCTBYeT BHECEHWe Xaoca B
nonynsumio, B UCCNea0BaHUM MUCMOSb3YeTCH BEPOSTHOCTb BO3HUKHOBEHUS MyTauuu meHee 0,01. Peanusaums
MyTaLuW OCYLLECTBNSAETCH C WCMOMb30BaHWEM HOPMaribHOrO pacnpefenieHns: Koraa BEepOsiTHOCTb MyTauuu
okasbiBaeTcs MeHee 0,01 — B 130paHHOW NO3MLMKM YKUCO M3MEHSIETCA Ha Noboe Apyroe, HO U3 OMpeeNeHHOro
uHTepaana [boiiko, 2006).

Peanuaauus onepatopa MyTaLui OCyLLeCTBISIETCS NOCPEACTBOM CreyHoLLei NpoLesypbl:

procedure mutation;
begin
for n:=0 to a-1 do begin
for j:=0 to (5*5*t_g-1) do begin
for i:=0 to 1 do begin
if Random<0,01 then rez1[i,j,n]:=IntToStr(random(5)+1);
end;
if Random<0,01 then begin
temp1[2]:=IntToStr(random(t_g)+1);
if StrTolnt(temp1[2])<10 then temp1[2]:='0"+temp1[2];
temp1[3]:=IntToStr(random(t_v)+1);
if StrTolnt(temp1[3])<10 then temp1[3]:='0"+temp1[3];
temp1[4]:=IntToStr(random(t_d)+1);
if StrTolnt(temp1[4])<10 then temp1[4]:='0"+temp1[4];
rez1[2,j,n]:=temp1[2];
rez1[3,j,n]:=temp1[3];
rez1[4,j,n]:=temp1[4];
end;



114 Artificial Intelligence and Decision Making

if Random<0,01 then begin Il
rez1[5,j,n]:=IntToStr(random(t_a)+1);
if StrTolnt(rez1[5,j,n])<10 then rez1[5,j,n]:='0"+rez1(5,j,n];
if (t_a>=100) then
if StrTolnt(rez1[5,j,n])<100 then rez1[5,j,n]:='0"+rez1[5,j,n];
end; end;
for j:=0 to (5*5*_g-1) do begin
for i:=0 to 1 do begin
if Random<0,01 then rez2[i,j,n]:=IntToStr(random(5)+1); end;
if Random<0,01 then begin
temp2[2]:=IntToStr(random(t_g)+1);
if StrTolnt(temp2[2])<10 then temp2[2]:='0"+temp2[2];
temp2[3]:=IntToStr(random(t_v)+1);
if StrTolnt(temp2[3])<10 then temp2[3]:='0"+temp2[3];
temp2[4]:=IntToStr(random(t_d)+1);
if StrTolnt(temp2[4])<10 then temp2[4]:='0"+temp2[4];
rez2[2,j,n]:=temp2[2];
rez2[3,j,n]:=temp2[3];
rez2[4,j,n]:=temp2[4];
end;
if Random<0.01 then begin
rez2[5,j,n]:=IntToStr(random(t_a)+1);
if StrTolnt(rez2[5,j,n])<10 then rez2[5,j,n]:='0"+rez2[5,j,n];
if ({_a>=100) then
if StrTolnt(rez2[5,j,n])<100 then rez2[5,j,n]:='0"+rez2[5,j,n];
end; end;
fori:=0to (5*5*t_g-1) do
for j:=0 to 5 do begin
new_hrom1:=new_hrom1+rez1{j,i,n];
new_hrom2:=new_hrom2+rez2[j,i,n];
y[j,i,2*n]:=rez1[j,i,n];
yli.i,2"n+1]:=rez2[j,i,n];
end;
new_pop:=new_pop+new_hrom1+new_hromz2;
end; end;
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[MpeanoKeHHbIN anropuTM UINIOCTPUPYET CAYYalHY MyTauuio C BEPOSTHOCTLIO nosBneHuns mexsbiue 0,01 ans
CO3[aHMs PaCcnMCaHWs 3aHATUA B rpynne, NpuYeM NpeanonaraeTcs, YTo OHO COCTAaBMSETCA Ha MATb OHEW W
Kaxabl AeHb rpynna UMeeT NsTb y4ebHbIX 3aHATUI.

[MpuMeHeHe 3BOMIOLIMOHHBLIX anrOpMTMOB MPWU PELLeHUM 3ad4ayun COCTaBMEHWS PACMMCaHWA COMPSHKEHO C
HeoOXOAMMOCTbIO yyeTa «MPOKNATUS Pa3MEPHOCTU», MOCKOMbKY CPEAHECTaTUCTMYECKOe KOMMYECTBO rpynn B
CpeAHeCcTaTUCTMYECKOM BbiclueM yyebHoM 3aBefeHun coctasnset oT 50 go 200. 3ameTum, 4TO B TaKux
anropuTMax BbINOMHSAETCS 3HAYNTENBHOE KOMWMYECTBO OMepauuii, He BEAyLUMX K HAXOXOEHMI0 ONTMMarbHOMo
pelleHuns, U UX NPaKTMYeckoe TECTUpOBaHWe W peanusauusl HaTankvuBaeTCs Ha NpOONeMbl, CBS3aHHbIE CO
BPEMEHEM BbIMOMHEHMS.

CoKkpaTUTb ~ KONMYECTBO  OMepauuii  MOXHO,  MCMOMb3ysl  HEKOTOpble  AOMONMHUTENbHbE  MpOoLeaypbl,
ONTUMU3NpYIOLLME MpoLecC noucka pelleHns. OnpeaeneHHbiM 006pa3oM OHM CBs3aHbl C  peanu3auuent
onepaTopa MyTauuu. TpaguUMOHHO Mcronb3oBanack MyTauusi, 6a3vpyloLLascs Ha pasbirpbiBaHUW CryYalnHoM
BENMYMHBI, UMEtOLLEN paBHOMEPHOE pacnpeaenenue. PesynbTaThl NpoBeaeHHbIX SKCNepUMEHTOB YKa3blBatoT Ha
TO, YTO «PaBHOMEPHbLIN» BbIOOP (hparMeHTa XPOMOCOMbI 1 «pPaBHOMEpPHas» ero MyTauus He HanpaBneHbl Ha
COKpaLlleHNe BPEMEHM MoMcka ONTUMANbHOTO PELUEHWsl, MOCKOMbKY OAMHAKOBble LIAHCHI AN MOAMdMKALMM
NMEIOT KaK «MEepCneKTUBHbIE», TaK W «HEMEpPCMeKTUBHble» pelleHus. Mpuyem MyTauus B MepBbIX MOXET
NPUBOAUTL K MOSIBMEHWIO «HEMEPCMEKTUBHBIX» PELUEHMA, a BTOPbIX — K MOSIBMEHMIO «NEPCNEKTUBHBIX», YTO
yKa3blBaeT Ha CryyalHblil HeHanpaBnEeHHbIN XapakTep NOMUCKa ONTUMANbHOMO PELLEHNS.

YMEHbLUMM KONMYECTBO «MOXHBIX» LUAroB anroputMa, WCMoNb3ys MECTO PaBHOMEPHOrO pacnpeaeneHus
HOpPManbHOro, YTO W NpeanaraeTcs B HacToswen craTtbe. Peannsauns Takoro nogxoga WMeeT criegytowme
aTanbl. BHavane onpegenstoTes y4acTok NOTEHUMAmbHbIX PELLEHUI, KOTOPbIA SBMSIETCS OAMHAKOBLIM B KaXOOM
N3 HUX W KOTOPOMY COOTBETCTBYET MakCUManbHoe uin 6rm3koe K Hemy 3HayeHue (yHKLUUW NPUHALNEXHOCTY.
HanomHumM, 4TO (beHOTMN 3TOro yyacTka npencTaBnseT cobon OEeNCTBUTENBbHOE YWUCHO, MpUHaAnexallee
WHTEpPBany, KOTOPbIA YKa3biBAae€TCA B Hayane npouecca KOAWPOBAHUS SNEMEHTOB HayanbHOW BbIBOPKM 1
HavansHoOW nonynsaumn pelennin [borko, 2006]). Ha cnepytowleM atane pasbirpblBaeTCs CryvaHoe 4uUcho,
UMetllee HOpManbHOE —pacnpedeneHe CO  CPedHUM, COOTBETCTBYHLLEM (DEHOTUNY y4yacTka, U
CpeaHeKBagpaTUYECKUM OTKIIOHEHWEM, Takum, 4ToObl uHTEpBan (mM—3oc,m+36), rae m- eHoTun

COOTBETCTBYIOLIErO Y4acTka, o - CPEAHEKBaApaTUYECKOE OTKIMOHEHME, COBMaAan C anpuopHbIM MHTEPBANOM
n3MeHeHus heHoTUNa. JTOT MHTepBAN UrpaeT OnpeaeneHHyIo PoMb NPU pacyeTe BenuuuHbl MyTaumu. OTMeTUM
TaKkKe, YTO CPeOHEKBAapaTUYecKoe OTKIOHEHME B MPOLIECCE MOUCKA PELUEHUS W3MEHSIETCS, @ WMEHHO,
YMEHbLIAETCS, YTO YKasblBaeT Ha TO, YTO MO Mepe NPUOMMKEHUS K ONTUMArbHOMY UMK KBa3MONTAMANbHOMY
PELUEHNI0 BEPOSITHOCTb 3HAUUTEMbHBIX MyTaLMA YyMEHbLIAETCS.

PesynbTaThl aKCnepuMeHTOB ykasbiBaoT Ha 30-50% cokpalleHue BpeMeHW Moucka peLleHnst N0 CPaBHEHMIO C
MCNOMNb30BaHNEM PaBHOMEPHOTO pacnpefeneHus.

3aknioyeHue

MpennoxeHHas TEXHONOrMMS peann3auuu onepaTtopa MyTaLuu Npy PeLUeHnn 3afayn COCTaBNEHNS! pacnMcaHuil
HanpaBrneHa Ha COKpaLLEHMEe BPEMeHI Noucka ee pelueHnsi. OTMEeTUM, YTO BbIGOp NapameTpoB peanusaLmm kak
anropuTma, Tak 1 onepauun MyTauun UMEeeT 3HauuTenbHOe BRMSHME Ha CXOAMMOCTb M CKOPOCTb CXOAMMOCTU
anroputma, noatomy TpebyeT NpoBeAEHUS JanbHENLLMX UCCRE[0BaHUA U NPOBEAEHMS SKCTIEPYMEHTOB.
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TEXHONOIMMA HEYETKOr o NPOrHO3MPOBAHUA XAPAKTEPUCTUK
CNOXHbIX OB BEKTOB U CUCTEM

Butanui Chutiok, Cepreit FoBOpyXuH

AHHOmayusi: B cmambe ebinonHeHa 06was nocmaHoska 3adayu  NPO2HO3UPOBAHUS  8bIXOOHOL
XapakmepuCMUKU COXHbIX 0OLEKMO8 N0 U3MEPEHHbIM 3Ha4YeHUsM B8X00HbIX thakmopos. OcywecmeneH
aHanu3 MexHOMo2UU PeweHUss NnocmagneHHol 3adayu C UCNOMb308aHUEM MHOXECMEEHHOU NuHelHOl
pezspeccuu u Memodos Krnacmepusauyuu. [IpednoxeHa anbmepHamugHas MEeXHOM02Us, UCNOMb3yHousas
annapam He4Yemkoll T02UKU, U 8bINOTHEH CDABHUMESTbHBIU aHau3 pesybmamos.

Kntoyeenle crosa: npocHo3upoeaHue, peespeccus, Kinacmepusayus, Hedemkas /ioeuka.

ACM Classification Keywords |.2 Artificial Intelligence

BBeaeHue

B COBPEMEHHOM MaLUMHOCTPOEHUU BaXHYK0 PONib UrPaloT 3afadn U3MEPEHUA PasfnYHbIX XapakKTePUCTUK,
urparoLLne BaxKHy ponb Npn AMarHoCTUKE COCTOAHNA KONECHbIX Nap, KOHTPONEe M3HOCa CTEHOK TPY6OI'IpOBOJZlOB,
NPOrHo3MpPoBaHUKN XECTKOCTN METaNNM4eCcknx nnactmH N T. A.

PaspaboTka TexHomornn noBbIeHNs 3hEKTUBHOCTY 1 KAaYECTBA M3MEPEHWIA OCTAETCA aKTyamnbHOWM Hay4HOM
npobnemoi. Ha npakTMke MOBbIWEHWE KavyecTBa W3MEPEHMA [OOCTUraeTcsl MCMonb3oBaHWeM 60MbLIoro
KonmyecTBa M3mMepeHuit. CROXHOCTb 3adauM TOYHOTO W3MEPEHWst XapaKTepucTuk nnacTuH obycrnosneHa
cnegylwymMy npuumHamu: Gonbluas nnowagb M3MEPEHUI, CPaBHUTENbHO Hebonblias nnowagb KOHTaKTa
ceHcopa M obbekTa Ha WM3MEPSEMOM YyacTke, OWMOKM W3MEpeHM, BHOCUMbIE CyObekTamu, KOTOpble WX
BbINOSHAT, OLUMOKM, 0BYCNOBNEHHbIE CyYaiHbIMM (haKTopaMi.

AHanus peneBaHTHbIX NCTOYHUKOB

[na peleHns 3agady Takoro TMna TPaaMLMOHHO MCMONb3YIOTCA METOAbI KnacTepusauni u perpeccuu. Mockonbky
JaHHble O CMOXHbIX O6bEKTax W npoueccax WMEKT MHOrOMMaHOBLIA W PA3HOTUMHLIA XapakTep, TO 3TO
3HAYUTENbHO YCIOXHSET, @ YacTo AenaeT HEBO3MOXHbIM BbISIBIIEHWE 1 MOCTPOEHUE UX afekBaTHbIX Moaenen. C
Lenblo NPeodoneHns Takux TPYAHOCTEN Ha NepBOM 3aTane HeobxoguMo BbIMOMHUTL  MAEHTU(MKALMIO
TOMONOrMYECKON CTPYKTYpbl Takux O6BLEKTOB. [ 9TOro MpUMEHAKT MEeTodbl KnacTepusauu, OCHOBHbIMM
HegocTaTkamu kotopbix siBnstoTes [Gordon, 1999]: AMpeKTMBHOE anpuOpPHOE NPEednoNOXeHWe O KONMYecTBe
KnacTepoB, CMOXHOCTb BblGOpa ONTUMarbHOM METPUKW ANns onpeaeneHns 6nm3octn o6bEKTOB M KNacTepos,
HeobXoaMMOCTb  BOMbLIOTO  KOMMYECTBa MapHbIX CPABHEHWA OObLEKTOB, HEAOCTAaTOMHOE CTATUCTUYECKOE
obocHOBaHWe pe3ynbTaToB KMacTepusauMum U COOTBETCTBEHHO 3HAUMTENBHOE KOMNMYECTBO BO3MOMXHbIX
BapWaHTOB pa3bueHWin Ha KnacTepbl.

Ha BTOpom aTane [Ans pelieHns 3agad MOEHTUMKAUMM 3aBUCUMOCTEN TPaAMLMOHHO WCMOMb3Y0T METOdb
nuHenHon MHoxecTBeHHoi perpeccun  (JIMP). Wcnonb3oBanne [faHHOro Metoga 6asvpyetcs Ha psge
JOMYLWEHNA W OrPaHUYEHW, TNaBHBIM M3 KOTOPbIX SBASETCS NPEANONOXEeHWe O Hanuuuu NUHENHOM
3aBWCUMOCTM B MHOTOMEPHOI CTPYKTYpE AaHHbIX MEXAY BbIXOAHOM XapaKTEPUCTUKOM U BXOAHLIMU (hakTopamu.
OpHako Takoe NpeanonoXeHue He BCeraa SBNSETCS NPaBOMEPHbIM.
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YMEHbLWUTL  BNUSIHWE YyKa3aHHbIX HeOoCTaTkoB TPaaUUMOHHbIX METOAOB Npu pa3pa60TKe TEXHOMNOMNN
NPOrHO3MpPoOBaHUA XapakTePUCTUK CNOXHbIX 06beKkTOB npeanaraeTca ncnosib3oBatb METObI HEYeTKON NOruKu.

MocTaHoBKa 3apaun

PaccMoTpum nocTaHoBKY 3agaun B 06LLemM Buae.
Myctb Y — pesynbTupytollas xapakrepuctika, X ,..., X, — BXxoaHble daktopbl. C NOMOLLbIO OpUrMHANBHOTO

CeHcopa NpOBeAeHbl U3MEpEeHUs 7 MapameTpoB m 0O6bekToB. [nsi kaxporo oObekTa OCyLeCTBNEHO k&
namepeHuin. Takum o6pasom, nonyuum obydarowlyto BbIOOPKY AaHHbIX, NPeACTaBNEHHYK MaTpuuen M,
koTopas umeeT n + 1 ctonbuoB U m - k cTpok (Tabn. 1).

Tabnuua 1
BbixogHas
No No 3HaveHuMs BXoaHbIX (hakTOpOB
0 0 XapaKTepUCTHKa
o0bekTa | M3MepeHus
P X, X, Y
1 1 1
1 Xy Xin Vi
1
k 1 1
X Xin Vi
m m m
1 xll xln yl
m
m m m
k X Xin Vi

[Mpeanonoxum, 4to MHopMaLms, NpeacTaBneHHas B Tabn. 1, yrepaHa. MpuunHoi aToro Morna 6bl cTaTb Takke
noromka unu yteps ceHcopa. Toraa BO3HWKaeT He0BX0AMMOCTb UCMONb30BaHUS APYroro CEHCopa, YTo NPUBOANUT
K  OCYLLECTBMEHWKD  3HAUMTENBHOTO  KONMUYECTBA  M3MEPEHWI, NpUYEM  3HAYeHWs  pesynbTupyloLlen
XapaKTEPUCTUKM OKa3bIBAKOTCH CMELLEHHBLIMU.

Coenaem ynpowawwpe npegnonoxexus. MNycTb nNpyu MCMONb30BaHUM APYrMX CEHCOPOB MOMyYeHbl Manble
BbIOOPKM AaHHBIX MPY HEDOMBLLIOM KONMYECTBE M3MEPEHUIt A1t 0OBEKTOB. AMPUOPHO CYMTAEM, YTO 3HaYeHus ¥
YTpayeHbl, 38 UCKMIOYEHNEM:

1. [ 06bekToB, [ << m , Npu4eM Ans Kaxgoro 06bekTa BbINOMHEHO NO OAHOMY U3MEPEHMIO.
2. 7 0BBLEKTOB, 7 <<< m , AN1S KOTOPbIX BbINOMHEHO MO HECKOMBKO M3MEPEHUI p ..
Torga [ = p, - r.Tlpnyem 1 B NEPBOM, 1 BO BTOPOM CNy4ae 3Ha4eHns ¥ U3BECTHbI.

Heobxoanmo no pesynbtatam VI3MepeHVIl7I BOCCTAHOBWTb 3Ha4YeHUst Y Ans Bcex HOBbIX 0ObEKTOB.

TexHonorus pelweHus 3agayum ¢ ucnonb3osaHuem MJ1P

PaccmoTpum crieaytoLLmin anropuTM NoCTPOEHMS NporHoaupytoLein Moaenit MITP npu M3BECTHBIX AOMYLLEHMSIX.

lWar 1.  PaccuutaTb MatpuLy napHbix Koppenawui BxogHbix daktopos: M = cor(X,, X j).

War 2. BbINOMHNTL npouenypy yaaneHna 3aBUuCUMbIX (baKTOpOB no ogHOMY 13 anropuTMoB:



LWar 3.

[War 4.

LWar 5.
LWar 6.

War 7.
LWar 8.
[War 9.

War 10.

War 11.
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1. UckniownTs Te chaktopel, Anst koTopeix |cor (X )| > K > 0, e K- noporosoe

3Ha4veHne.

2. Wckmountb Te hakTopbl, ANA KOTOPbIX Z‘cor(Xi,Xj )‘ = m?x Z‘cor(Xi,Xj )‘,
i ‘ i
i # j,aTaKKe Te, ANs KOTOPbIX Z‘cor(X WX )‘ > L,rae L - HeKoTopasi KOHCTaHTa.
i

BblunCnMTb BEKTOP KOPPENSLMIA BbIXOAHONW XapaKTEPUCTUKM C KXKObIM M3 OCTaBLUMXCS BXOOHbIX
aktopos: cor(Y, X,).

Bbibpatb p hakTopoB, ANS KOTOPbIX |cor(Y , X ,.)| > ly, roe ly— MNOSIOXKMTENbHAA KOHCTaHTa,
npuiem p =712,

BbINOMHUTL NPOBEPKY OCTABLUMXCS (DAKTOPOB Ha MyNbTUKONNMHEAPHOCTb.

Mo paHHbIM obyyatolen BbIOOPKM ANs BblOpaHHbIX p  (HAKTOPOB MOCTPOUTL YpaBHEHME
MHOXECTBEHHOW NIHEeNHOM perpeccuut: ¥, = F(XI,XZ,...,XP) .

[anee ncnonb3yem AaHHble, NONYYeHHbIe MPY MCMOMb30BAHWM LPYroro CeHcopa.

Pasbirpatb / paBHOMEPHO pacnpeaeneHHbIX CryyaiiHblX Yncen.

BbI6paTh COOTBETCTBYIOLLME CTPOKM U3 TabnMLbI.

Mo MHK noctpoute BTOpOE ypastewue: ¥, = F, (X, X,,.. X ).

MocTponTb rpadmkn yHkumn ¥, u Y, , npoxopsiume yepes [ BblGpaHHbIX TOueK (npumep
npueeaeH Ha puc. 1).

,D,anee onpenennTb 3Ha4YeHnA OLIMBOoK perpeccun Y2 OAHNM U3 ABYX cnocobos:

1 /
1. PaccuntaTbh 3HauyeHWe OLIMOKK Kak cpeaHee OLMOOK BO BCeX Toukax: d = —Zd,. , B 9TOM

i=1

cryyae 3HaueHwe owmnbKn ByLeT OOHUM U TEM ke BO BCEX TOUKaX.
2. 3anomHWUTbL BEKTOp 3HaueHui owwmnbok Bo Bcex Toukax: D = (d|,d,,...,d,), B 3ToM cny4ae

KaXdoW ToUKe COOTBETCTBYET €ANHCTBEHHOE 3HAa4YEHNE oLIMOKM.

B oboux cnyvasx d; = |Y1 (0,)-Y, (0, )| i=11.

War 12.

[ins HOBOrO 0BbEKTa BbIMOMHUTL M3MEPEHMS BXOAHbLIX (PaKTOPOB (MOMy4yaem HOBOE M3MepEeHue
O') v nopcTaBuTh UX 3HaueHus B Y, . Toraa B 3aBUCMMOCTY OT BbIGpaHHOro cnocoba Ha Lare 11

COOTBETCTBEHHO PaCCUMTbIBAEM 3HAUeHNs Y :
1. Y, =Y, +d;

2. Bo BTOpoit BbIGOpPKE HaWTM TO M3MEpeHWe, KOTopoe Hambonee «Brm3ko» K LaHHOMY B
NpOCTpaHCTBe BbIOpPaHHbIX MPWU3HAKOB. [nNg 9TOr0 WCMONb30BaTb OAWMH U3 W3BECTHbIX
METOA0B KfacTepHoro aHanwsa [Mangens, 1988], [AsassH, 1989, [Jain, 1988]:

a) Bbl6paTb METOA pacyeTa pacCToAHNA MeXay N3MEePEeHNnAMN — Mepy OnM30CTM OOBEKTOB:
9(0,,0,);
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b) B manoi obyyatoieit BbIGopke onpeaenuTb namepenne O,, pacctosH1e [0 KOTOpOro

oT AaHHoro uameperua O' muHuMansHo: ¢(O',0;) =ming(0",0,), i=1,1,
J

j=11.

¢ TormaY, =Y, +d,.

@----g----<------
@ ---------
[ R el e

v

IS
AS
IS

Q

Puc.1. Mpadpukm JIMP, noctpoeHHble no AaHHbIM nepsoit Bbibopku (Y, )  no cparmeHTy Apyroi BbiGopku (Y, )

HeuveTkas ngeHtudpukauus

MCI'IOJ'Ib3yeM Ona peleHna NOCTaBMEHHON 3aday4u MeTofbl TEOPUN HEYETKMX MHOXKECTB.

Mycte A, i=1,m, j=1,n, - HeveTkue TepMbI (NMMHrBUCTMYECKME NEepemeHHble (J1T)), koTopbie CTposTCs Ha
MHOXecTBe 3HaueHuit daktopa X, obbekta i, TO €CTb HA MHOXECTBE 3HaYEHWil x| /,...,x,i]., =1k,

KOTOPOE SIBMSIETCS YHUBEPCANbHbIM MHOXeCTBOM AaHHon JIM1. Tyctb 7, = (Tl ,Tz,...,Ts) - TEPM-MHOXECTBO

TN A;; , kaxaoMmy 3nemeHTy koToporo cooTeeTcTayeT Of1 My (X ;). i=1Ls (puc. 2).

B KaHeCTBe(byHKHMM NpUHaaNexHocTn ana anemMeHToB TEPM-MHOXECTBA NpeanaraeTca NUCnonb3oBatTb TakWe:

tr (X)) w0 gty (X) - nureitrble, w1 (X), i = 2,5 —1 - TpeyronsHoro Buaa ¢ napametpamu (a,c).

M (X)) (X) My, (X))

Jdo -

[ s i
e L

@----mmmm- N

Puc. 2. ®I1 tepm MHoxecTBa JIM

dopmupyem HeyeTkylo 6a3y 3Hanuin (HB3). lMycTb Mogenb NPOrHO3MPOBaHWS BbIXOLHOW XapaKTepUCTUKM

3apaetcs Habopom npaun R, , i =1,m:
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Ecnu X, € A,, X,€A,, X, €4, mY =C,,
roe Al.j, izl,_m, j=1,_n -1n, C, = const.

Tak kak B aaHHon HB3 aHTeleneHTbl 3agaHbl HEYETKUMIN MHOXECTBAMM, @ KOHCEKBEHTbI 3afaHbl KOHCTaHTaMu,
TO HeYEeTKMIA nornyeckuin Buieog (HJ1B) npon3BoauTCs MO CUHIMTOHHOM 6a3e 3HaHWI, KOTOpas ABNSIETCS YaCTHLIM
cnyyaem HJ1B CyreHo [LWToBba, 2007].

B cootetctBun ¢ npasunamu HJIB CyreHo nomyyaem cregylowuii anroputmM MPOrHO3MPOBaHUS BbIXOAHOM

XapakTepucTuki Y npu 3afaHHom BxogHom obbekte X' = (X[, X5,..., X))

War 1.  PaccuutaTh CTeneH BbINOMHEHUS MOCLINKM 7 -fo npasiuna Ans BXOAHOro Bektopa X ' :

(X ") = min{z (X)), g1y (X)), t, (X))}, i = Lo
B AaHHOM Cny4ae ncnonb3oBaHa onepayua MMHUMyMa (l‘-HOpMa).

lar2. B pesynbTaTe BbINONHEHWS npeablayLlero wara ans sceit HB3 nonyyaem HeveTkoe MHOXECTBO,
KOTOPOE COOTBETCTBYET BXOAHOMY BekTopy X '

5= mX) X)X
¢ e e

m

War 3.  BbinonHuTb Aeassncpukaumio y —> ¥ OOHUM U3 CriocoBoB:

> (X,

i=1 .

> 4, (X)

1. HaiTv B3BeLLEHHOE CpefHee: y =

2. HailTv B3BeLEHHYO CymMMy: y = Zﬂi (XH-C,.

i=1
[anee HeobxoaumMo pelunTb 3adaqvy NOCTPOEHMS MOZEnu Ans NPOrHO3MPOBAHMS XapakTepucTik 0BbEKTOB npu
Manon obyyatollen BblGOpKe, NOMy4YeHHON C NOMOLLbI0 HOBOTO ceHcopa. OAMH 13 NOAXOLOB 3aKMiyaeTcs B
ncnonb3osaHu HB3, B KOTOPOM 3akniOYeHUs 3adaHbl B BMAE NMHEMHbIX LenesbiX (yHKUMA. OCHOBHOM
HEeAO0CTaTOK AaHHOO NoAXo4a 3aKnoyaeTcs B JONYLLEHUM O IMHENHON 3aBUCUMOCTM BbIXOAHbIX XapaKTepUCTHK.

[pyron noaxon 6asvpyeTca Ha uaee MCMomnb30BaHWS METOZONOMMM KNnacTepHOro aHanusa. B [ABepkuH, 1986]
npeanaraeTcs MeToq BapbMpOBaHUsl NPOTOTUMNOB, KOTOPbIA OTHOCUTCS K KOCBEHHbIM MeTodam nocTpoeHust Ofl

Ans ofHoro akenepra. Myctb P - NpoToTUN, KOTOPbIA XapakTepuayeTcs napameTpamm X, ,...,x, . Beegem mepy
paccTosHus Mexgy obbektom u npototunom: Q(P, X) :||P—X || [ns onTuMMU3aumu  BbIYUCTIEHUS
paccTosHNA OT obbekTa [0 pasHbIX MPOTOTUMOB BBOAMTCS LWTpadHas dyHkums d(P). Tyctb uveem m

NpPOTOTMNOB Plpm Torga ans Kaxgoro oObekTa BblYMCNSETCS (*)yHKU'I/IFI pacctosaHna ao onkaiwero

npototuna: sim(O,) = min(Q(0,, P)) +d(P))), j=1,m.
! . .

3HaueHus Ol obvekta O npototuny P BbluncnsoTcs No opmyne:

ﬂP(Oi):]‘_L(Oi) ]:la_m

max sim(0,) ’
¢ :
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Takum 0bpas3om, Ansa kaxgoro npototuna nonydum O obbekToB npotoTuny. [ns BbIMMCIEHWS BbIXOAHOM
XapaKTepucTuKi Ans kaxgoro Hoeoro obbekta O = (X,, X, ,..., X, ) HaXouUM B3BELUEHHOE CpeaHee:

ZIUE. (0,) ’ Yz
Y! — i=1

2 15, (0
i=1

3akniouyeHue

MpeonoxeHHas TEXHOMOMMSl peLeHWst MOCTABNEHHOW 3adaun, kotopas 6asupyeTcs Ha MCMoMnb30BaHWM
CTaTUCTUYECKNX METOOOB, MHOXECTBEHHOM JIMHEMHOM PErpeccun W KNacTepHOrOo aHanu3a, SIBMsieTcs
KIacCU4eCKon ONa peleHns 3agad Takoro Tuna. Maoes Mcnonb3oBaHWS annapata HeYeTKOW NOMMKW SBRsSeTcs
nepcnekTeHoi [Acan, 1993] M NO3BONMUT NOBLICUTL TOYHOCTb MAEHTUCMKALMW M NPOTHO3MPOBAHMS XKECTKOCTH
nnacTuH. B 3TOM HanpaBneHWW nNnaHupyeTcs NpOBOAUTL [JanbHElllMe TeopeTWYeckue UM npakTUyeckue
“ccneaoBaHus.

OaWH 13 OCHOBHbIX HEAOCTATKOB MPAKTUYECKOTO MPUMEHEHMUSI MOMYYEHHON HEYETKO MOAENM 3aKmioyaeTcs B
HeobxoaumocTn nocTpoerns Gonbluon HB3. Hanpumep, B 3aaade NPOrHO3MPOBaHNUS KECTKOCTM METamnMYeCKnX
nnacTuiH » = 73, TO eCTb OAHO MPaBMIO COCTOUT M3 73 mpeadycnosui, a Bcero obyvarowast HB3 umeet 98
npasun. PelleHne 3apaum npu Takux ycnoBusix TpebyeT OOnbMX BblMUCIUTEMBHBIX 3aTpat. [lostomy
aKTyarnbHOM CTAHOBWTCA 3afaya CHWKEHWS Pa3MEPHOCTU BXOAHbIX (HAKTOPOB MPU MOCTPOEHUM HEYETKON
MOAENN, OLHUM 13 BO3MOXHbBIX PELUEHMIA KOTOPON SBMSIETCS WUCMONb30BaHWE METOLOB HAXOXAEHWS TNABHbIX
KOMMOHEHT.

nepCI'IEKTVIBHbIMVI ana  pelueHnsa NOCTaBMNEHHOW 33faun SBNATCA TakKe WCMONb30BaHWE METOL0B
WNCKYCCTBEHHOIo MHTENNEeKTa, Takx Kak HeI7IpOHHbIe CETN N TeHeTn4eckne anropuTmbl.
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WHTErPUPOBAHHbBIW MOLENUPYIOLUA KOMMNEKC NOOMAEPXKN NPUHATUSA
PELLUEHWUA B KOMMNIEKCHOW KOPMOPATUBHOW CUCTEME YNPABINEHUSA
MATMCTPAIIbHOW FA30TPAHCIMOPTHOWU CETbIO

Bukrop Bopucerko, KOpui NMoHomapes, TatbsAHa BopuceHko

Abstract: The approach to construction, structuring class of tasks, technology of the use and stages of
modernization systems support of decision-making in composition the operative-dispatch control computer-based
system by the gas-transport system of Ukraine is considered.

Keywords: KopnopamueHas asmomamu3suposaHHas cucmema ynpasJieHus, MacgucmparibHas
2asompaHcnopmHasi  cemb, pacnpedesieHHas MHO20ypoBHEBas cucmema onepamugHo-0ucnem4yepckoeo
ynpasleHusd, cucmema noddepxKu NPpUHIMUS peweHul, UHMe2pUPO8aHHbI KoMniekc ModenuposaHus U
onmumu3ayuu cemell MazucmparbHbIX 2a30nPosodos.

ACM Classification Keywords: H.4.2 Types of Systems

BBepeHue

B Hacrosilee Bpemsi paspabotaHa u opobpeHa [lpaBuTenbCTBOM YKpauHbl "OHepreTudeckas crpaTerus
YkpavHel o 2030 roga", KkoTopas onpedenseT LUenM W OCHOBHble HarnpaBneHus pasBUTUS Ta30BOW
MPOMbILUEHHOCTM B CPEAHECPOYHON 1 JOMTOCPOYHON NEPCMEKTUBE.

OCHOBHbIMK Lenamu SHGDFGTMLIGCKOIZ cTpatermn praVIHbI B ra3oBoM oTpacnn ABnAKTCA:

e (ObecneyeHne HagexHOro, 3KOHOMUYECKM SPEEKTUBHOrO M 3KONMorMyeckn GesonacHoro TpaHcnopTta rasa
notpebutensam ctpaH LieHTpanbHon 1 3anagHon EBponbi.

o (ObecneyeHne ctabunbHoro, 6ecnepebonHOro 1 SKOHOMMYECKM 3PEKTUBHOTO YAOBNETBOPEHMS Cpoca Ha
NPUPOZHbI ra3 Ha BHYTPEHHEM PbiHKe YKpauHbl.

e YBenuyeHne 06bEMOB COOGCTBEHHOM [OOLIMM MPUPOAHOTO ra3a M YMeHbLUEHME 3aBUCUMOCTM BHYTPEHHETO
pbiHKa YKpauHbl OT BHELLHWX MOCTABOK 3TOr0 3Hepropecypca.

o HTerpauus rasotpaHcnopTHoi cuctemsl (MTC) YkpanHbl B EBponenckyo rasoTpaHcnopTHY CUCTEMY.

FaaoTpchnopTHaﬂ oTpacnb ABNAETCA OOHOWN W3 BaXHENLWMX COCTaBnAKLWMX TOMNJIMBHO-3HEPIETUYECKOTO
KoMnnekca YKpaVIHbI. Ee BnusiHWe Ha apyrue oTpacnu 3KOHOMUKN U Ha SHepPreTn4ecKyto Be3onacHocTb YKpaMHbI
ABnAeTca LLllApOKOMaCLLITa6HbIM, rnobanbHbIM U BO  MHOIOM onpenenaroLmm (*)aKTODOM S(bd)eKTVIBHOCTM
9KOHOMWKM CTPaHbl B LIENIOM.

MarvcTpanbHas ra3oTpaHcnopTHas CeTb YKpauHbl NpeacTaBnsieT cobon eanHbIN TEXHOMOTMYECKUN KOMMNEKC 1
BbINOSIHAET ABE OCHOBHbIE (DYHKLWM:

e TpaHCrnopT, XpaHeHue 1 pacnpegeneHne NPUPOAHOro rasa noTpebutensm YkpauHbl.

o TpaH3uUT NPUPOLHOTO rasa no TeppuTopun YkpamHbl B CTpaHbl LieHTpansHom v 3anagHoi EBponb!.

maBHbIMK TexHonornyeckummn anemeHtTamu I'TC YkpauHbl SBASIOTCS LWECTb MHOTOHUTOYHBIX MarucTpanbHbIX
rasonposogoB (Ml), cymmapHas AnnHa KOTOpbIX cocTaBnsieT 37,2 ThiC. KM, 72 KomnpeccopHble ctaHumumn (KC),

112 komnpeccopHblx uexa (KL), 786 rasonepekauuBatowmx arperata (ITIA), 6Gonee 1420
rasopacnpegenutentHblx ctaHumi (FPC) u 225 razoBblx MECTOPOXAEHWIA.
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3HauMTeNbHas MPOCTPAHCTBEHHAs PacnpefeneHHoCTb, BbICOKAs PasMEPHOCTb M TEXHMYecKas CROXHOCTb,
CYLLEeCTBEHHas 9Komormyeckass OMacHOCTb, Npucylas O0BbekTaM MarucTparnbHOM ra3oTPaHCMOPTHON CETH
NPUBOAAT K TOMY, YTO TMaBHbIM CTpaTErMyeckuM HanpaBfieHMEM MOBbILIEHNS KayecTBa, HaAEXHOCTU U
9(PPEKTUBHOCTM yNpaBMneHMe npoLeccamMn TPaHCMOPTA, XPaHEHWs W pacnpedeneHus MpUpoaHOro rasa B
HacTosiLlee BpeMmsl SBMSETCH CO34AHME KOMMMEKCHOM KOPMOPaTWUBHOM aBTOMATWU3VUPOBAHHOM CUCTEMbI
ynpasnexus I'TC.

B kauectBe €AMHONM KOHLENTyasnbHOW WU OpraHW3aLMOHHO-METOLONOTMYECKkoi Basbl NO3TANHOrO MOCTPOEHMS U
BHeapeHuss KACY I'TC cneymanuctamm 0TpacneBoro HayuyHo-uccrieqoBaTenbCkoro W MPOEKTHOMO WHCTUTYTA
TpaHcnopTa rasa (MTI) 6einn paspaboTaHel 1 yteepxaeHsl B 2006-2007 rogax Ha Hay4HO-TEXHWUYECKMX COBETAX
W MpaBneHMM HaumoHamnbHOW akumoHepHon komnavum (HAK) "Hedpteras YkpaumHbl" komnnexkc 6a3oBbix
HOPMAaTUBHO-METOANYECKIX AokymeHToB (HML) [1-5].

KomnnekcHoe pelueHne npobnemel cozganuns KACY npuBoguT k HEOO6X0AMMOCTM CYLLECTBEHHON MO4EPHM3aLMM
I'TC YkpauHbl B TPEX OCHOBHbIX HanpaBEHUsIX.

1) LeneHanpasneHHas u nocnefoBatensHas pekoHCTpykUmus ['TC ¢ 3aMeHol ycTapeBLLero TeXHOMOrM4eckoro
obopypoBaHus 1 BHEOPEHMEM COBPEMEHHBIX MHOPMALMOHHBIX TEXHOMOMMA, CUCTEM aBTOMATUYECKOTO
ynpasnenus (CAY) n ACY TexHonornyeckumu npoueccamu (ACY TIM).

2) BHegpeHue KOMNMEKCHOW aBTOMATM3MPOBAHHOW CUCTEMbl ynpaBneHus BusHec npoueccamu knacca ERP
(Enterprise Resource Planning).

3) MopgepHu3aums aBTOMaTU3NPOBAHHON cUCTEMBI gucneTyepckoro ynpaenenus (ACLY) I'TC YkpanHsbi .

OpHo M3 ueHTpanbHblx Mect B KACY [TC 3aHMMaeT aBTOMATM3MPOBaHHAs CUCTEMa OnepaTuBHO-
pucnetyepckoro ynpaenenus (ACOLY), umetowas pa3seTBneHHy0 3-X YPOBHEBYIO apxuTekTypy. OHa AormkHa
nonyyatb faHHble peanbHoro BpemeHn u3 ACY TI TexHonormyeckummn obbektamu [TC u nepepasath
WH(opMaLWo cuctemy ynpaeneHus busHec-npoueccamu knacca ERP.

Takum 06pasoM. B HacToslliee BpeMs BECbMa BaXHOW M akTyanbHOM Npobriemon sBnseTcs noatanHas
MOOEepHM3auma paspaboTaHHoi 1 BHeapeHHo B 80- 90-x rogax aBTOMAaTWU3WPOBAHHOW CUCTEMbI ONepaTUBHO-
ancnetyepckoro ynpasnexns (ACOLY) I'TC YkpauHsl.

B naHHoit paboTe npeacTaBneH Noaxoa K peLleHnto oHoi 13 6a3oBbix 3agay mopepHusaum ACOLY Ha ocHose
pa3paboTku 1 BHeAPEHUS KOMMMEKCHON CUCTEMbI MOAAEPKKM MPUHSTUS PELUEHWA, OPUEHTMPOBAHHOM Ha Knacc
3ajay onepaTMBHO-AMCMETYEPCKOrO YnpaBreHus pexumamu pabotsl [TC M Gasupylowencs Ha eguHoMm
WHTErPUPOBAHHOM KOMMnekce MoaenupoBaHus W ontummsaumn (MKMO) maructpanbHbiX ra3oTpaHCnopTHbIX
ceTeil.

MogepHuzauun ACL1Y Ha 0OCHOBe CO3aHUA CUCTEMbI NOAAEPKKN NPUHATUSA PELLEHUN

OcHoBHbIMM 0cobeHHOCTSMU TTC YKkpauHbl C TOYKM 3PEHWSI MOCTPOEHMSI aBTOMATU3MPOBAHHOM CUCTEMBI
onepaTUBHO-AUCNETYEPCKOrO YNpaBneHus SBNSI0TCS :

o bonblIOe KONMYECTBO MEKCUCTEMHBIX NMEPETOKOB rasa, Koraa ra3 nepetekaer M3 OAQHOMO MarucTpanbHoro
ra3onpoBoja B Apyro.

e Hanuume marucTpanbHbIX ra3onpoBOLOB C PEBEPCHLIMM Fa30BbIMU NOTOKAMM.
o  LIMKMMYHOCTb M3MEHEHMS PEXMMOB TPAHCIOPTUPOBKY ra3a, Bbl3blBAEMbIX:

- LMKNMYECKMM XapaKTepoM M3MEHEeHUs TemnepaTypbl OKPyXatolwen cpedbl, T.K. WU3MEHeHue
TEMNepaTypbl OKPY)XaloLLero Bo3ayxa Ha OAMH rpafyc Bbi3biBaeT ckayek B noTpebneHumn rasa Ha 30
MIH. M3);
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- UMKIMYHOCTHIO M3MEHEHMIA NNaHOB NOCTaBKM rasa notpebutensam (ce3oHHble konebanns go 30 %)
¢ HenpepbIBHOCTbL NpoLECCOB dhyHKLMOHUPOBaHMs [TC.
e /HepTHOCTb NPOLIECCOB TPAHCMOPTUPOBKM rasa.

e CWNbHO CBSI3aHHOE TEXHOMOTMYECKOE B3aUMOLENCTBUE BCEX OCHOBHbIX 3MEMEHTOB CMCTEMbI (TPaHCMOPT,
XpaHeHue, pacnpegerneHue. SKkCnopT U UMMOPT) Ha BceM NpoTsikeHun [TC , KOTopble NPaKTUYECKN HEemb3s
pa3gensiTb U paccMaTpuBaTh JIOKANbHO.

e Fbonblume Tekywme 3anacbl rasa B MarucTpanbHbIX ra3onpoBOAaXx ONpEe;enstoT — akKyMymnupyHLLy
CMocobHOCTL ra3onpoBOAOB, YTO HEODXOAMMO Y4NTLIBATE MPY MPOTHO3MPOBaHM pexumoB paboTbl 'TC.

OpHUM 13 NepcnekTUBHbIX NyTel NOBLILLEHUS KayecTBa U 3PdeKTUBHOCTM (PyHKLMOHMpoBaHna ACLY senseTca
CO3aH1e CUCTEMbI NOAAEPXKKM NpuHATUS peLueHuit (CTITP).

B pamkax 3agaya CIP oCcHOBHbIMM (hyHKLMOHANBHLIMKM KOMMNIEKCAMM 3aaay onepaTuBHOro ynpasnexns I'MC
ABNAOTCS:

o [logoepkka NPUHATUSA peLUEHN B aBapUAHBIX W HELUTATHBIX CUTYaLMsIX.

o [logaepka NPUHATUS PELLEHNIA NP 0O0CHOBAHMM pacyeTa PeXVUMOB TPAHCTIOPTUPOBKMA ra3a Ans PasnuyHbIX
TexHonornyeckux oobekto I'TC..

HeobxoaumocTb cosnanust u BHeapeHus CIMP onpenensieTcsl BbICOKOA OpraHu3aLiOHHO-TEXHOMNOMYECKON
CMOXHOCTBI0 OOBEKTOB YMpaBfeHWs, a Takke MpakTM4eckon noTpebHOCTbI0 B 0GECneveHnn NOCTOSHHOM
WH(OPMALMOHHON NOAOEPXKN U 0BYYeHUs HEeJOCTAaTOMHO OMbITHOrO AMCneTyepckoro nepcoHana. Cosgaxue
CIIMP opueHTHPOBaHO B NEPBYIO OYEPEdb HA CHKEHWE 3aTpaT BPEMEHW Ha MOArOTOBKY MPUHSATUS PELUEHWA Y
CYLLECTBEHHOE CHWXEHME PUCKOB MPUHATMS OLUMOOYHBIX PELUEHMIA ONepaTMBHO - OMCMETYEPCKUM NEPCOHANOM
ITC.

MMpakTuyeckoe mcnons3osanue CIIMP B ynpaeneHun [MC HanpaBneHo Ha OkasaHWe KOMMbTEPU3MPOBAHHOM
noagepxku paboTbl CneuuanucToB AUCIETYEPCKUX CIYXD:

° |-|le MHOFO(*)aKTOpHOM aHanmae TeKyLmnX pexnmoB TpaHCNOPTUPOBKK rasa.

o [Ing naeHTMdMKaLMM paspbiBOB MarucTparbHbix TpyGONpoOBOAOB M Bblgaye pekoMeHaLuid No NpoBeaeHnto
MEepONPUSTUIA N0 NTOKANU3aLmm 3TUX paspbiBOB.

e [InA Bblgauu pexkomMeHAauuin Mo MOLAEPKKE KUBYYECTM, T.e. MaKCMManbHO BO3MOXHOMY COXPaHEHWH
paboToCnocoGHOCTM Kak OTAEMbHbIX Y4acTKOB MarucTpanbHbIX ra3onpoBofoB, Tak 1 ['TC B yenom.

MpuHumMnuansHeiM otnnamem CITMP B cocTaBe MogepHuanpoBaHHon ACLY SBnseTCs akTUBHOE MCMONb30BaHMe
KOMMIIEKCOB MOLENMUPOBaHUS 1 ONTUMM3aLMKM pexumMoB paboTel ['TC, cosaaHne MHTENNeKTyanbHbIX npoueayp
NOAAEPKKN MPUHATUA PELUEHWA MO  OnepaTUBHO-AMCTIETYEPCKOMY YNpaBneHnto, a Takke paspaboTka,
peanu3auns ¥ BHeapeHue (YHKUMIA COBPEMEHHBIX CUCTEM MCMOMHUTENBHOTO YNpaBfieHUs NpOU3BOACTBOM
knacca MES (Manufacturing Execution System).

WHhopmaumoHHoe obecnevenne CIMP coctouT ns;
o basbl hakTorpadmyecknx gaHHbIX.
o basbl 3HaHMI.

basa daktorpadmyeckmx OaHHbIX COCTOMT W3 WMHTErpUpoBaHHOW pacnpegeneHHon 6asbl gaHHbix (MPBM)
KOMMMEKCHON CMCTEMbI YnpaBneHus GusHec-npoueccamu knacca ERP w pensunoHHon 6a3sbl onepaTuBHbIX
JaHHbIX cucTembl knacca MES, koTopble obmeHuBatoTcs Mexay coboid uHdopmauwii npu  NOMOLLM
WHCTPYMEHTaMbHbIX CPefCTB NPOMbILLIEHHON UHTErPaLMOHHOM NNaTgopMbI.
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Ba3a 3HaHMin 0 TexHonoruyeckux cutyaumax [MC npefctaBnser coboi reTeporeHHyld CeMaHTUYECKY0 CEeTb,
00beaNHAIOLYI0 OCHOBHbIE MH(OPMALMOHHBIE CYLWHOCTU (KNacChl M COOTBETCTBYHOLME WM OBOBEKTbI), UX
CBOWCTBA W TUMOBbIE OTHOLUEHUS MEXAY HUMMU, @ TaKKE CETb NPOAYKLMOHHBIX MpaBui.

C dopmarnbHon ToukM 3peHus, [TC OTHOCMTCS K Knaccy LeneHanpaBneHHbIX, MHOTOMEPHbIX, MHOTOCBSA3HbIX
HEeNWHENHbIX CTOXacTUYECKUX CUCTEM C pacnpefeneHHbIMU napameTpamu, Ans KOTOPbIX XapakTepHbl ceTeBas
MHOMOYpOBHEBAas CTPYKTYpa, 3HauMTeNbHas NPOCTPAHCTBEHHAs pacnpefeneHHOCTb, Hanuuue JINP B KOHType
YNpaBreHns, Hamuume HenmpepbIBHbIX W OUCKPETHbIX YNpaBnsiowux BO3LENCTBUNA, BLICOKMA YPOBEHb
HEeonpeaeneHHoCT! Lenen, CTPYKTYpbl, MapameTpoB W COCTOSHWWA, a Takke BO3LEWCTBUMA CO CTOPOHbI
OKpyXatoLLen cpedpl.

[lo HacToSLLEro BpEMEHW He HalW AOCTaTOMHO MOMHOTO, KOMMMEKCHOTO, CUCTEMHOTO PeLleHnst npobnembl
€OMHOTO  POPMann30BaHHOTO OMUCaHUS, MOALEPXKKM OMHAMWYECKOro KOMMBIOTEPHOrO MOAENMPOBaHWS W
onTUMK3aunMn pexumoB paboTbl I'TC. M3-3a CMOXHOCTA a[eKBATHOMO OMUCAHWS Peakuun CROXHOW CUCTEMbI
(Mmogenu 'TC) Ha MHOXECTBO AETEPMUHIPOBAHHbIX N CTOXACTUYECKMX BHYTPEHHUX W BHELLHWUX BO3MYLLEHWNA, a
TakxKe 13-3a CIIOXHOCTW ONUCAHUS CaMUX TUX BO3MYLLAOLLIMX BO3AENCTBUN.

CTpyKTypu3auus Knacca 3agaay onepaTMBHO-AUCNETYEPCKOrO yNpaBneHus

3apaya onepaTUBHOrO NIaHWPOBaHWUS PELLAETCS B YCIIOBHO peanbHOM Maclutabe Bpemenu cpeacteamm ACOLLY
Ha 6ase unuana "OnepabTrBHO-AMcneTYepckoe ynpaenenne" (OY) komnaHum "YkpTpaHcras” ¢ aetanusaumen
MO BCEM HVKECTOALLMM NOAYMHEHHbBIM ra30TPAHCTIOPTHLIM MPEANPUATUSM.

PelueHve 3agaun cTabunusaumv pexuma OCYLLECTBNSETCS B peanbHOM BPEMEHU CPeacTBamu NOKanbHOM
asTomatuku (CAY n ACY TI1 TexHonornyeckmx 06bekToB 1 ycTaHoBok 'TC).

I'Ipou,ecc onepaTtuBHOro ynpaeneHus I'TC sBnsieTca LIMKNMNYECKUM N BKIKOYAET psAd OCHOBHbIX 3TaMos.

1. 9Tan onepaTtuBHOTO KOHTpONs pexuma paboTbl ['TC u cocTosHMs 060pyaoBaHMS:

cbop nHdopmaLmn o TekyLiem pexume pabotsl ['TC;

e Be[eHME apXmBa PEXVUMHbBIX AaHHbIX 1 apxuBa cOObITUI;

e -aBTOMATM3MPOBAHHOE (HOPMUPOBAHNE OTYETHON JOKYMEHTaLMM

e BM3yanu3aLMs pexmuMa Ha TexHomornveckon cxeme 'TC ¢ yueTom ee nepapxmieckon CTpyKTypbI;
e BOCCTaHOBNEHWE notokopacnpeaenexus B [TC;

® pacyeT TEXHWKO-3KOHOMMYECKUX nokasaTenen xoda Tl (3anac rasa, BbINOMHEHWe NMOCTABOK rasa, 3aTpaThl
3Hepropecypcos, TTP);

e [MarHocTuka TexHnyeckoro coctosiHug TO KC n TpyGonposoaos.

N

. OnepaTtuBHbI aHanmu3 gaktinyeckoro pexvma I'C:

aHanu3 apXmBHbIX JaHHbIX O PeXUMax 1 CoBbITUSX;

e pacyeT (HaKTU4eCKOro 3MEHeHUs 3anaca raaa;

e CBefeHue thakTuyeckoro banaHca TpaHcnopTa U pacnpeaeneHns rasa;

e pacuver 3anaca pecypcos ynpasnenus [TC;

e BbIbOp cUCTEMBI KpUTEPUEB IPEEKTUBHOCTU U HAAEXHOCTU pexumMa paboTel ['TC;
e MHOTOKpUTEPUAsbHbBIN aHanu3 gakTudeckoro pexuma pabotsl ITC.

3. OnepaTuBHOEe NnaHupoBaHue pexuma pabotsl [TC:
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e MPOrHO3VPOBAHWE BHELLHWX BO3MYLLEHMIA (M3MEHEeHUs 0ObEMOB Modaduu 1 NoTpebneHns NpUpoaHoro rasa
BCEMW KaTeropusiMi BHELLHWUX W BHYTPEHHUX NOTPeOUTENel B 3aBUCUMOCTU OT BIMSIHUS TPEX OCHOBHbIX
rpynn ¢yakToOpOB: XPOHONOTMYECKNX, METEOPONOMMYECKIX U OPraHN3aLMOHHBIX);

e POrHO3MPOBaHWe BHYTPEHHWX BO3MYLLEHWA (PEMOHTbI, UBMEHEHIE TEXHUYECKOTO COCTOSHUS);

e MPOrHO3MPOBAHNE BO3HUKHOBEHWS W1 PA3BUTUS aBApPUIHBIX CUTYaLNiA;

e (popMMPOBaHIE COTNACcOBaHHbBIX MO BCEM YPOBHAM Liefien yNpaBeHns 1 OrpaHUYeHUI Ha PEeXUMbI;
e MHOrokputepuarbHas onTuMmusaums pexvma I'TC;

4. OnepaTvBHOe ynpaBneHue pexumom pabotol I'TC:

e OLEHMBaHWE BO3MOXHOCTM, pucka U LenecoobpasHocTu nepesoga [TC ¢ akTMyeckoro pexuma Ha
ONTUMAsbHbIN;

e MOJen1poBaHue npoLecca cMeHbl pexuma paboTsl ['TC no 3agaHHOMY NepeyHI0 KOMaHz, ynpaBneHus;

e MHOrOKpUTEPMarbHbINA NOUCK ONTUMAsBHOIO NEPEeYHs KOMaHA ynpaBneHus 45 cMeHbl pexuma pabotol [TC;
e fepefaya ynpaensioLmMx KOMaH NOLCUCTEMAM HKHErO YPOBHS ypaBneHus;

®  KOHTPOJIb BbIMOMHEHMS Nepexoaa Ha NnaHoBbIn pexum pabotsl ['TC;

e OnepaTtuBHas KOPPeKLMs NNaHoBOro pexumMa npu U3MEHEHUN TEXHONOTMYECKIX YCIOBUN.

PesynbTathl aHanu3a Tekywero coctosiHus ['TC, exeaHeBHbIX 3asBOK CTpPaH-UMMOPTEPOB MPUPOLHOrO rasa U
BHYTPEHHWX noTpebuTenen, a Takke 3aBMCUMOCTM 0ObEMOB NOTPEBNEeHUs NPUPOAHOro ra3a oOT TemnepaTypbl
OKpY)XatoLei cpedbl MO KaaoMy W3 PErMOHOB YKpauHbl 1 CTPaH-MMMOPTEPOB, MO3BONSHOT CHOPMYNMpOBaTh
Lenesyto (yHKLUMIO M rPaHUYHble YCMOBWS [N MOCTAHOBKA W PELLEHWs 3afayn OnepaTUBHOTO MiaHMpOBaHMS
pexuma pabotel ['TC YkpauHbl Ha crieytowme CyTKu.

[Mocne HaxoXaeHWs ONTUMANLHOMO NIIAHOBOIO PeXxMMa HEOOXOAMMO NPUHATL PeLleHe O LenecoobpasHocT 1
BO3MOXHOCTWU nepesoga I'TC Ha 3TOT pexuM, a Takke CHopMUPOBaTb COOTBETCTBYHOLWMIA ANCTETYEPCKUI
rpadouk 1 nepeyeHb KOMaHA ynpaBrneHns no nepexoay Ha HOBbIN PEXIM.

B HacTtosiwee Bpemsi B pamkax ACLY ITC YkpauHbl MCMOMb3yeTC MHOXECTBO MPOrpaMMHbIX KOMMIIEKCOB,
KoTOpble B BOSbLUIEN UMM MEHBLUEN CTENEHW PELIAlOT OCHOBHbIE 3adaun, cbopa, aHanuaa, JOKYMEHTMPOBaHMS
WH(OpMaLmK, a Takke MOAENMpoBaHUs pexumoB paboTsl [TC.

OpHako HesaBucuMas paspaboTka M aKcnyaTauus MHOXECTBA PasfnyHbIX NPOrpaMMHO-TEXHUYECKUX CPELCTB
NPWBENM K HeoNpaBaaHHOMY YCMOXHEHUIO BHYTPeHHeN apxutekTypbl ACOY.

HepauuoHansHoe aybnupoBaHue (yHKUMOHANBHBIX BO3MOXHOCTEA W OTCYTCTBME NPSIMbIX CBSA3EH Mexay
KOMMSIEKCaMi NPUBENO K CHUKEHWO 3DEKTUBHOCTM M HAOEXHOCTU KOMMSIEKCHOW KOPMOPaTUBHOM CUCTEMbI
ynpasnenus [ TC.

PelweHnune aToi npobrnembl cOCTOSNO B pa3paboTke eaMHbIX TEXHUYECKUX TPeBOBaHMIA K KaXKOOM KOMMOHEHTe
cosgasaemoit CIIP v cTaHgapTM30BaHHbIX CNOCOBOB MX MHEOPMALMOHHOTO 1 TEXHUYECKOTO B3aMMOAENCTBMS.

CosgaHne eguHoro uHgopmaumuoHHoro npoctpaHctea CIMP TC YkpauHbl NpUBENO K MCMONb30BaHMIO
WHTErpupoBaHHOW CUCTEMbI pacnpefenieHHblx 0a3 AaHHbix M 6a3 3HaHui, Gasupylowlasca Ha eauHom
MPOMbILUIEHHON WHTErpauMoHHol nnatdopme. B HacToswee Bpemsi paspaboTaHa v BHEOpEHa B KOMMaHWM
"YkpTpaHcras" nogcuctema cbopa, XpaHeHMs M nepegayn  OnepaTMBHOA W HOPMATMBHO-CMPABOYHON
WHEOpMAaLWMK, KOTOpas OXBaTbIBAET BCE YPOBHM YNpaBneHUs U HaCTPanMBaETCS Ha CYLLECTBYIOLLME TEXHUYECKME
kaHanbl CBA3M.
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lMogcucTema BeeHUs apXMBOB ONepaTUBHbIX AaHHbIX U (HOPMUPOBaHMS OTHETHOM AOKYMEHTALMM peanu3oBaHa
B BMAe NPOrpaMmMHOr0 kommnnekca «XKypHan gucnetyepar, KOTOpbIi UMEET eauHbIn MHTepdeinc ans Bcex
ypoBHei ynpaeneHus ['TC 1 no3sonseT NpeacTaBnaTb AaHHblE B TaONMYHOM M rpachmyeckom BUAE.

lMonHOMYHKLMOHaMNbHBIN rpacuyecknii pefakTop TexHonornyeckux cxem MMC no3BoNseT He TOMbKO BBOAUTL U
oTobpaxaTb HOPMAaTMBHO-CMPABOYHYIO MH(popMaumio 0 cTpyktype FTC n napameTpax e€ TEXHONOrM4Yeckoro
obopyaoBaHKs, HO M B HarnsgHOM BMAE NPEACTaBMsATb ONepaTUBHbIE M pacyeTHbIE 3HAYEHUs NapameTpoB
ra3oBbIX MOTOKOB W pexuUMoB paboTsl 0bbekToB [TC.

MHTerpupoBaHHbLIN KOMNIEKC MOAENUPOBaHUA M ONTUMM3ALUK pexumoB paboTtel IMC

MpuHUMNManbHBIM - HEZOCTAaTKOM  BCEX WCMOMb3yemblx Ha YkpauHe u B cTpaHax CHIT  komnnekcos
mozenmpoBaHms 1 ontummsauum (KMO) I'TC asnsetcs npuMeHeHne SeTePMUHUPOBAHHLIX MOLENEN N METOAOB,
KOTOPbIE He YYUTbIBAKOT HEMOSHOTY W HELOCTOBEPHOCTb anpuOPHON UHGOPMALMK O CTPYKTYpe U napameTpax
I'TC, a TakKke HeONpPeAEneHHOCTb peanbHbIX YCNOBUIA PYHKLMOHNPOBAHUS CUCTEMBI. IMEHHO 3TO onpegensert
HEAOMYCTUMO HU3KYIO CTEMEHb TEXHOMOMNYECKON YCTOMYMBOCTM NOMyYaEMbIX PELIEHUI, T.e. NoOble BHELWHME 1
BHYTPEHHWE, JaXe He OYEHb 3HAYMTENbHble, BO3MYLLUEHMS MPUBOZAT K TOMY, YTO ONTMUMArbHbIE PELIEHNS,
NONyYeHHbIE C UCMOMb30BAHMEM 3TUX KOMMIIEKCOB, CTAHOBUTCSA HEAOMYCTUMBIMMU.

LleHtpaneHbim sigpom CIMP TTC  YkpauHbl SBASIETCA WHTErpUPOBAHHBIA  KOMMAEKC MOLENMPOBAHMS U
ontummnsauyum (MKMO) kBasuCTaLMOHApHBIX W CYLLECTBEHHO HECTALMOHAPHBLIX HEM30TEPMUYECKNX PEXVUMOB
TpaHcnopTa v pacnpeaenenus npupogHoro rasa B I'TC []. MogenuposaHue 1 onTUMU3aUust peXMMoB paboTbl
['TC Bo3MOXHbI kak ans Bcen [TC, oTaenbHbIX NpeanpusiTui (YNpaBNeHWA MarucTpanbHbIX ra3onpoBOAoB —
YMT, NUHENHbIX NPOM3BOACTBEHHbIX YNPaBMEHMI MarucTpanbHbix razonposogos — JIMY Mr), Tak n ans nio6oro
BblENEHHOr0 hparmeHTa cuctTembl. Pacyet ocyliectBnseTca ans noboro Habopa rpaHnyHbIX YCNOBUA 1 Npu
pasHblX cnocobax 3afaHWst KOMMOHEHTHOMO COCTaBa MPMPOAHOrO rasa (12 KOMMOHEHT, 3 KOMMOHEHTbI MMM
TOMbKO MIIOTHOCTB rasa).

OcobenHocTbio CIMP Ha 6ase MKMO sBnsietcs 10, YTO pe3ynbTaThl peLueHns BceX (yHKLUMOHANbHbIX 3aaad,
OCHOBaHHbIX Ha MCMOMb30BaHWM MaTeMaTuyeckux Mopaeneir O0ObEeKTOB M MpOLECCOB, COMPOBOXAAKTCS
pacyeTamn UX CTaTUCTUYECKWUX CBOWCTB B 3aBUCUMOCTM OT CTATUCTMYECKMX CBOWCTB XapaKTEPUCTUK UCXOAHbIX
JaHHbIX [6-9].

AHanua daktuyeckux pexmmoB paboTbl ['TC 1 oNTUMM3ALUMS NMAHOBBLIX PEXMMOB OCYLLECTBASETCA MO ABYM
rpynnam Kputepues.

1. Kputepun kayectsa dyHkLmuoHnposaHus ['TC:

- CTeneHb BbINOJIHEHUA KOHTPAKTHbIX yCJ'IOBMI;1 no obbemam u CbVI3MKO-XVIMI/I‘-IeCKI/1M napameTpam
nocTtaBnAemMoro rasa,

- CpedHui M cyMMapHbIn feduunT rasa B cucTeme.
2. Kputepumn achdhekTuBHOCTH pyHKLMOHMpoBaHua 'TC:

- CyMMapHbI€ 3aTpaTbl Ha TPAHCMNOPT U pacnpeaeneHne npupoaHoro rasa B MCs QHEpPreTn4eckom mnu
CTOMMOCTHOM BbIPpaXeHUH,

- 9KBMBaAneHTHas unn 0bobLLEeHHas ToBapHO-TpaHcnopTHas pabota [MC;

- HEenpomyKTUBHbIA W3HOC ~0OOpYAOBaHWs, OBYCNOBMEHHbIA  «IMLHUMUY  NEPEKNIOYEHUSMU U
N30bITOYHBIMM HArpy3Kamm;

- BeJiM4MHa pa36ancha rasa,
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- CTeneHb TEXHOMOTMYECKOW ycToMuMBOCTM pexuma pabotel [TC npu  3agaHHOM  YpOBHE
HeonpeaeneHHOCTM NPOLLECCOB Nofaymn 1 noTpebneHus rasa;

- obbem 3anaca rasa B Tpy6onposogax 'TC.
[Mpn cTOXacTU4YECKOM MOAXoLe B KaYeCTBE OLEHOK 3TWUX KPUTEPUEB UCMOMb3YHOTCA MaTemaThieckne OXugaHus
UNW BEPOSITHOCTW COOTBETCTBYHIOLLMX BESNYMH.
[Ona nosblweHns 3hEKTUBHOCTM MeToda AuHamuyeckoro GanaHca M OLEHMBAHWS HEMPOWU3BOAMTENbHbIX
noTepb NPMPOAHOTO rasa 1Cnonb3ylTCa TP METOAMKM onpeaeneHus daktuyeckoro 3anaca rasa s ['TC:
e CcTaHpapTusupoBaHHas metoguka OfY OK «YkpTpaHcrasy;

e MeToaMKa C Y4eTOM (hakTUYECKOro COCTOSIHWSA 3amnopHOW apMaTypbl, HO 6€3 BOCCTaHOBNEHUS (hakTU4ECKOro
notokopacnpegenexus B ['1C;

e MeToaMka C yyeToM (haKTMYECKOrO COCTOSIHMSI 3amOpHOM apMaTypbl W BOCCTAHOBMIEHMEM (DaKTUYECKOrO
notokopacnpenenenus B ['TC.

MpuHUMNManbHON OCOBEHHOCTBIO MOCTAHOBKM M PELLEHUSt 3a4avn OnepaTMBHOMO NIaHMPOBAHUS PEXMMOB
paboTbl ['TC SBNAETCA TO, YTO rPaHMYHbIE YCMOBMS O (IU3NYECKMX MapameTpaXx ra3oBblX MOTOKAaX Ha BXOAAX M
Bbixogax [TC 3agatoTcs B BMAE MaTEMATUYECKMX OXWOAHWUA U OWUCTEPCUIA COOTBETCTBYHOLWMX CRyYanHbIX
npoueccoB. Pe3ynbTaToM pelueHus 3aaun SBSeTCs AMCrneTyepckuin rpadmk B Biuae yctaBok ans ACY TI u
CUCTEM aBTOMATU3ALIMI HKHETO YPOBHSI.

OnbiT ucnonb3oBanusa CINMNP s ACAY I'MTC

WcnonbaoBanme ACOLY B npakTuke AMCMETYEPCKUX CMyObl CBOAMTCS K MOCNELOBAaTENbHOMY BbINOMHEHUIO
psiia 3Tanos, YTO CyLLECTBEHHO COKpaLLAEeT BpeMs BbIpabOoTKM 1 NPUHATUS YIPaBNEHYECKUX PELLEHMI.

1. dopmMupoBaHmMe knaccudmkaTopa TUNOBbLIX 3a4a4 onepaTBHO-gMCNeTYepckoro ynpasnexns I'TC.
2. dopMupoBaHWe cLeHapues pelleHns 3agad ynpasneHus I'TC.

3. OuenvnBanue Tekywlero coctosiHna I'TC 1 BbIGop cueHapus pelueHns 3agad ynpasnenus ['TC.

4. OtpaboTka cLieHapusi peLLeHns KOHKPETHOM 3agaym B pexume off-line.

5. AHann3 1 TeCTUpOBaHME NOMNYYEHHOTO PeLLEHMs.

6. Peanusauys nonyy4yeHHoro peLleHns 3agayu.

7. KOHTpOMb peann3aLum 1 oLeHka 3theKTUBHOCTY MPUHSITOrO PELLEHNS.

3aknioyeHue

Co3paHne v BHeApeHWe paccMaTpuBaeMON CUCTEMbI NMOAAEPXKKN NPUHATUS PELUEHUI KaK LIeHTPanbHOro 3BeHa
aBTOMATU3NPOBAHHOM CHUCTEMbI OMEPaTUBHO-AMUCNETYEPCKOrO YynpaBneHus 6asupyeTcs Ha WCnonb30BaHUM
WHTErPUPOBAHHOrO KOMMIEKCa MOAENMPOBAHMS W ONTUMM3ALMN PEXMMOB TPaHCMOpTa M pacnpeseneHus
npupoaHoro raza B 'TC YkpauHsl.

MpWHUMNNanbHON OCOOGEHHOCTBID MOCTAHOBKM M PELUEHUs 3afayn ONepaTMBHOIO MIaHWPOBAHMS PEXMMOB
paboTbl [TC ¢ ucnonb3osaHuem CIMP Ha 6a3e MKMO sBnseTcs To, 4TO rpaHnyHble YCrnoBus Ans pusmyeckux
napaMeTpoB rasoBblX MOTOKAaX Ha Bxogax W Bbixogax [TC 3agaloTca B BUAE MaTeMaTUMYECKUX OXUOAHWA W
JVCrepcuit  crnyyvamHblX  NpoueccoB. PesynbTaToM pelleHus 3ajaun sBNSeTcs AMcneTyepckuit rpadovik,
060CHOBaHHO CPOPMUPOBAHHBIN HA OCHOBE PE3ynbTaToB MOAENMPOBaHUS, 1 peann3yemMblii B BUAE YCTaBOK Ans
ACY T u CAY HWXHEro ypoBHS.
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MPUMEHEHWE METOOA NAPAMETPUYECKOM ONTUMU3ALIUKN ANA 3A0AY
®OKYCUPOBKM NMYYKOB MOHOB B NIMHEMHBIX YCKOPUTENAX

®epop MNapaweHko, Uropb XapyeHko

AHHOomauus: [pednoxeH KOHCMPYKMUeHbIL Memod napamempu4eckoli onmumu3ayuu Onsi NPOEKMUPOBaHUs
cucmem  YCKOPEHUs U GDOKYCUPOBKU UOHO8 8 JIUHEUHbIX Pe30HaHCHbIX yckopumensx. Ha npumepe
Mamemamu4eckol MoOenu npouyecca yCKOPeHUs U (hOKYCUPOBKU Nydka UOHO8 peweHa akmyasnbHasi 3adaya
YBENUYEHUS] UHMEHCUBHOCMU NyyKa 3apskeHHbIX vacmuy 018 MEeOUUUHCKO20 YCKOPUMENS 3apsiKeHHbIX
yacmuy Ha 3 Mas.

Knioueenle cnoea: cucmembi yCKOPeHUS U (hOKYCUPOBKL, CMPYKMYPHO napaMempuyeckas onmumu3auyus,
AuHaMuYecKue cucmeMl, TUHeUHbIU PE30HaHCHBIL yYCKOPUMESb.

ACM Classification Keywords: G.1.6 — Optimization — Nonlinear programming

BBeaeHue

CucTeMbl YCKOPeHUS 1 (hOKYCUPOBKU LLIMPOKO UCMOMNb3YIOTCA B HAYYHbIX UCCNELOBaHUSX U pasnnyHbIX OTPacnsxX
HapO4HOro X03s1cTBa. B nocrneaHee BpeMs akTyanbHbIM SBSETCS MPOEKTUPOBAHWE TIMHEMHBIX YCKOpUTENEN
ANS MeauUMHCKUX Lenen. Takue YCKOPUTENM WMEKT PS4 CYLEeCTBEHHbIX MPEeUMyLLecTB OCODEHHO [Ans
NoKarnbHOro 06nyYeHns nopaxeHHbIX y4acTkoB. MeToabl NPOEKTMPOBaHMS Takux cucteM 6asmpytoTCs Ha OCHOBE
(bM3nNYecKnx NPUHUMNOB YyckopeHus W okycuposkn [BawwHsakoB, 2000]. Ha gaHHbIA MOMEHT aKTyasnbHbIMM
SBNATCS 3a4a4u NPOEKTUPOBAHMS YCKOPSIHOLLE-CDOKYCUPYIOLLMX CUCTEM C OMTUMAIbHBIMI XapakTepuUCTUKkamm
ny4yKa MOHOB Ha BbIXOLE YCKOPUTENS, KOTOpble N03BONANM Bbl NPy OLHOM W TOM XX YPOBHE PacXOAoB MOMyYnTh
nyykm ¢ Oonblien 3Heprveidr W ¢ Gonblueit NNOTHOCTHH 3apsga  [Bybnuk, 1985]. [MapameTpuyeckoe
npeacTaBneHne Nonemn B Takux 3afadvax JaeT BO3MOXHOCTb ONPeaenuTb ONTUMAasbHbIE PEXUMBI AN CTPYKTYP,
KOTOpble Noanexat npakTuieckon peanusauum [llagukos-Poes, 1996] .

MocTtaHoBKa 3apay

AHanW3 pasnnyHbIX XapaKkTepucTuK YCKOpSoLLe-OKYCUPYIOLLMX CUCTEM MOKa3blBAET, YTO WX MOTEHLManbHble
BO3MOXHOCTW AN MOMYyYeHUS ONTUMAnbHbIX BbIXOAHBIX XapakTepUCTUK Myyka MOHOB WCMOMb3YHTCH He
MNOMHOCTLH. 115 NONYYeHMs Taknx XapakTepucTuK, HanpuMep, B YCKOPUTENSX ¢ APEndOBLIMI TpyOKamMu BaxHO
onpeaenuTb NOMoXeHWe TPYBOK (MX ANUHY, KOHUIypaumio, HanpshxeHne nons B YCKOPSIOLWMX 3a3opax U T.n.),
MpU KOTOPbIX AOCTUraeTCcs MakcMManbHas MHTEHCMBHOCTb Myyka C 3afaHHbIMM pa3bpocami napameTpoB €ro
koHe4Horo cocTosiHus [Garashchenko, 2008].

3agaya onTUMM3ALMKM Myyka WOHOB B TIMHEMHOM PE3OHAHCHOM YCKOPUTENe SBMSETCS O4YeHb CIIOXHOM
MaTemaTuyeckoil npobnemont. MoaToMy faHHylo 3afady npy ee UccresoBaHUM MOXHO pa3buTb Ha HECKOMbKO
nogsagau:

— pa3paboTka METOAOB pacyeTa ONTUMarbHbIX YCKOPSOLLMX CTPYKTYP ANS NPOAOIBHOMO ABKEHMS;

— pacyeT ANHaMMKN nyyKa Npy paananbHomn hoKyCUPOBKE VOHOB;

— nccnegoBaHne OonyCckoB Ha NapameTpbl CUCTEMbI YCKOPEHUA K (*)OKyCVIDOBKVI;
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— y4eT CoBCTBEHHOTO AMEKTPOCTATYECKOTO NOMS MyYKa;
— pa3paboTka 6bICTPOAENCTBYHOLNX YNCTIEHHbIX ANrOPUTMOB pacyeTa BHELUHUX 3MIEKTPOMArHUTHBIX NOMen U 1.4,

[ins pacyeTa 1 NPOEKTMPOBAHUS NIUHEIHOTO YCKOPUTENS MpW y4eTe NapaMeTpoB MPOLOMLHOIO ABUXEHMUS, Npu
3a1aHHOM HayarnbHOM pa3bpoce Mo Hepruu 1 dhase, OHa 13 OCHOBHBIX 3a[ay 3aKMOYaeTcs B OnpeaeneHui

CTPYKTYPbI YCKOpPUTENS Takum 0Bpa3om, YToObl Ha BbIXO4E SHEPTETUYECKMI 1 (ha3oBbIit pa3bpockl Myyka Obinn
MWHUMaTbHBI.

YpaBHeHue ABkeHus vyacTuubl Byaem paccmaTtpusath 6€3 yyeTta Cin KynoHOBCKOTO B3aumogencTeus [bybnuk,
1985] :

dr _

dg—a(é)COS(p,

dp _ 2ny

dé 72_1’

&x__y [(_1da e |
42 }/2—1_( 2d§+g(§)}c a(f)dg_cosgo,
dy __y [(_lda_ ]
dggz_}/z_l_( 2 dé g(f)Jy a(f)dg_cosgo.

MeTtoauka peLieHns 3agaum

Bynem cunTath, YTO M3BECTHbI TOUKM MEPEKMIOYEHNs &; M aMMNNTYAa HanNpsXeHHOCTYW Mo, KoTopas 3aaaetcs
KYCOYHO-NOCTOSHHOM hyHKUMER (&) .

Paccvotpum  3apavy Bbibopa Takoro  (pokycupytowlero nons, 4tobbl  ANS  HayanmbHbIX - YCIOBUIA
Vo>®P>X0>Vo»Xg» Y, BbIMONHAMNCA CIeAYOLIMA KPUTEPUI Ka4eCTBa :

rgr}gl(xz (1) + (1))

Tarke Oyaem nonaratb, 4T0 PyHKUMS g(&) MPUHAGNIEXWT KNaccy KyCOYHO-MOCTOSHHbIX (DYHKUMA. Torga

HOpMann3oBaHHble YpaBHEHWSI [BWXEHWS 4acTULbl B YCKOPSIHOLIEM 3330pe JMHEMHOrO Pe30HaHCHOro
yCKOPUTENS UMEIOT BIL,

dy

d—§=a(§)cos¢,

de _ 27y

g «/72—1’

LI

dé %

dx, __ 7 N

dé —yz_l{g(@xl a(i)dg}cow,
an

g Y2
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dy, v | _ an
dé: 7/2_1|: g(f)yl a(f) §:|COS¢I

a ypaBHEHWE ABWKEHIUS YacTuLbl B ApercoBoi TpyOke NpeacTaBneHbl CreaytoLyMm COOTHOLIEHUSIMM

dy
d—g—a(é)cow,

do __2my
¢ f,21
dx,

_—xz’

dé

o}
dé
d
i:hl
dé

:0,
s _
dé

Mpu 3TOM CKauki COOTBETCTBYHOLMX (Pa30BbIX KOOPANHAT B TOUKAX NEPEKIIOYEHIUS CUCTEMbI YCKOPEHUS UMET
BUA

(& +0)=x0,(E) —~ ﬁf)) cosp(&n(E)[a(g +0-a(@).
1 7(&)
7 40 =3(8) L eosplEn(E)]té +0) (6]

C Uenbio onTUMKU3aLMK KpUTEPUS Ka4ecTBa NOCTaBMIEHHON 3adayn 3anuwem dyHKumMo MamunbToHa [[ToHTpSrnH,
1976]

2my
H(y,x,y,0,8,7,0,8) =y, (§)a($) cos(@) + w, (&) ——=—=+y;(5)x, +
Jri-1

([ 1d
+w4<§)ﬁ%_[—5d—§+g<é>jxl a(ﬁ)xz}owws(@)yﬁ

—_—

Vs 2 ds

— (_ld_a_ g(g)Jyl a(g)yz}cosgo .

Torga cooTBeTCTByWOWAs CACTEMA ANA  pacyeTa  COMPSXKEHHbIX — nepemeHHbix  [Bybmuk,  1975]
T

w (&)= (v, (E) w5 (E), w5 (E) w4 (E).w5(E), W (£)) , KoTopble ByayT fanee MCMoNb3oBaHb! MPU PelleHn

ONTUMW3ALMOHHON 3aZaum B YCKOPSIOLLEM 3a30pe, UMEET CreaytoLLni Buz, :

dy

T
dg :_gmdzH(l//,xayaa,ga%(”,f): Z=(}/,¢,x1,x2,yl,y2) ’
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d 2 41 *+1
Y (O 1, (O8O, — a(E)x, |cos 0+ vy () [~g(&)y, —a(&)y, ]cos o,

“ (7 (v —1) (72 -1)

dy,
dg

—a(&)x, |sing + wﬁ(ﬁ) [ gy —a(é)y,]sing,

=y (§a(f)singp+y, (é

dW3 _
I 1/14(6) g(g’)cow

d
d";‘ RAGAZG

dys
' —%(5) g(é)cow

‘;‘2 = Oy alEreose

C Ha4anbHbIMK YCNOBUAMU

T
w(T)=-(0,0,2x,(T),0,2y,(T),0) .
Cuctema ans pacyeta conpspkeHHbIX NepeMeHHbIX B Tpybke apenda umeeT Bug :

dy, 2r

d§ 2(7/2_1)3/2 l//2(§)!
ay, _,

dé '
s _,

dé '
dy, _

I =y;5($),
ws

dé

dys _

I =y;5($)

C Ha4anbHbIMK YCNOBUAMU
T
w(T)=-(0,0,2x,(T),0,2y,(T),0) .
Ckayku B ToYKax nepekniovyeHns and COI'Ipﬂ)KEHHOVI CUCTEMbI NEepeMeHHbIX UMET BUL :

2
V(& +0) = wl(é,»)—%m(;-)L)”zcosco(é)xl(é)[a(; +0)-a(&)]-

(7 &)-1)

- 6(5)%cos¢(é)yl(§)[a(§+m ()],
(7&)-1)
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Va(E+0) =y (E) - %(5) 7(;‘5)) sinp(é)x (6)[a(é +0)-a@)]-
v &) G (& (&)a& +0) - &),
P (E)-1
) I §(E) .
V(&40 =uy (&) + 1wy ()L cosp()[ae +0) - a(&)],
2V 2
(&) )
V&0 =y Tre(6)— o eosp(@)[até +0)-al6)]

paoueHT OT KpuTepws KkadyecTBa MO napameTpam g, QAN NOCTABNEHHOW ONTMMM3ALMOHHON 3adauu
3anuCbIBAETCA B CREyHOLLEM BUIE :

§i+l
gradg[1=—.[ gl’adg,_H(l//,xa%aaga%(ﬂaf)dé:7
&

roe

grad H(Y.3.7.0:8.7.9.) =Va(§) 13,0059 ~po()—F— 3y cos.

BbiBOAbI

AnropuTMbl yNpaBfieHns C UCNONb30BaHWEM TPaAUEHTHBIX METOAOB B KIAcCe KYCOYHO-HENpepbIBHbIX (yHKLWMA
AN MHOTUX NpUKNagHbIX 3adady MCMonb30BaTh TPYAHO B CUMY NAOXOA CXOQMMOCTW UTEPALMOHHBIX NPOLEAyp.
[03TOMY NPUMEHSIIOT METOAMKY NapameTpuU3aLn ynpaeneHus 1, Takum 0bpasom, NepexoasT K KOHEYHOMEPHbLIM
ONTUMM3aLMOHHbIM 3aaadam [FopbyHoe, 1979). PelueHne Takux 3agay B CUYy HESIBHOM 3aBUCMMOCTY PELIEHN
OT NnapameTpoB TaKke MpeLCTaBMnseT LOCTAaTOMHO CMOXHYI ONTUMM3ALMOHHYI0 3apady, 0COOGEHHO B Cryyae
BOMbLLIOro KONMYecTBa ONTUMU3ALMOHHBIX NapameTpoB. [103TOMy ANs KOHKPETHbIX 3adad, u3ydas ux npupoay,
Ha NepeOM 3Tane MbITalTCH BBECTY MUHUMANbHOE KOMMYECTBO ONTUMMW3ALMOHHBIX NMapamMeTpoB, BOSMOXHO 1
hopmarbHbIX, KOTOpble Obl NPUOMMKEHHO onpedensnu 6onbliee KOMMYECTBO peanbHbIX napameTpoB W C
[OCTaTOYHOM afieKBaTHOCTbIO OMMCHIBANK (PYHKLMOHMPOBaHWE obbekTa. [lanee HaxoaaT ONTUManbHbIN PEXUM B
NPOCTPaHCTBE MEHBLLETO KONMYEeCTBa NapamMeTpoB, KOTOPbI AaeT BO3MOXHOCTb ONPeAenuTb npubnmkeHne ans
GorbLUero KOMMYeCTBa ONTUMArbHLIX XapakTepUCTUK Ny4yka B JIMHEMHOM Pe30HaHCHOM yckopuTerne. bonblioe
KOMMYeCTBO ONTUMAanbHbIX NapaMeTpoB MOXET CTaTb OCHOBOW AN OnpefeneHust HadvarbHOro npubrnmkeHus
(OYHKUMM ynpaBneHus, Hanpumep, B Knacce KYCOMHO-HENPEPbIBHbIX (PYHKUWA W T.40. Takon noaxon sBnsetcs
KOHCTPYKTMBHBIM 1 CBS3aHHBIM C YCTOXHEHWEM MaTeMaTW4eckoi MOZEnu, Kak No ynpaBneHuto, Tak U no ee
cTpyktype. C Opyroit CTOpOHbI, UCNONMb30BaHME METOAA NapaMeTpUYecKon ONTUMWU3aLMM AAaeT BO3MOXHOCTb
OnpesenuTb PeXUMbI C ONTUManbHOI ranyeckorn peanusaumen [fkosnes, 1996].

Ha ocHOBe yka3aHHOM MeTOAMKM B AaHHOi paboTte paspaboTaH M MpOTECTMPOBAH anroputM ONTUMAnbHOMO
BblOOpa (hokycupytoLero nons Ansg NPOEKTUPOBAHWS JIMHENMHBIX PE30HAHCHBLIX YCKOPUTENEeN MOHOB AnS
MeOMUMHCKMX Lienen Ha 3 MaB.
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UCNONb3OBAHUE ANITOPUTMA
YCKOPEHHOIO BEPOATHOCTHOIO MOAENNPOBAHUA
B CXEME TABY-ITOUCKA

Neonnp M'ynaHuukuin, Anekcanap TypuuH

AHHOMayus: Paccmampusaemces Memasspucmu4eckuti Memod KoMbUHamopHOL onmumu3ayul, 0CHO8aHHbIL
Ha ucnonb308aHUU aneopummos maby-noucka u yCKOPeHH020 8epOSIMHOCMH020 ModenuposaHus. Manazaemces
obwas ebMucnUMenbHas cxema npednoxeHHo20 memoda, Ha3eaHHO20 aneopummom GS-tabu. lNpusedetbi
pe3ynbmamb! Cepuu 8bI4UCTUMENbHbLIX 3KCNEPUMEHMO8 N0 PEWEeHU0 U3BECMHbIX 3adady KOMMUBOsKepa U
keadpamuyHbix 3aday 0 HazHayeHuU.

Keywords: combinatorial optimization, stochastic local search, tabu search.

ACM Classification Keywords: G.1.6 Nunerical Analysis; G.2.1Discrete Mathematics; 1.2.8 Artificial
Intellicence.

Conference: Decision Making

CDopmaanaﬂ nocTaHOBKa 3agay KOM6MH3TOpHOI7I OnNTUMKU3aLnn

3apaun kombuHaTopHoit onTummuaauuu (3KO) BO3HMKAKOT MpW MCCNEOOBAHWM MHOTUX CMOXHBIX MPOLECCOB —
HanpuMep TakumX, KaK WCCNEAOBaHUE OpraH13auumn CrIOKHbIX CUCTEM. Takue 3apaqn — Hapsgy ¢ MeTopamu ux
PELLEHNS — UMEKT KIIOYEBOE 3HAYEHME MW pelleHu npobnem NpoeKTMpOBaHUS U pas3MeLleHus 0ObekTos,
NNaHMPOBAHNS KCMEPUMEHTOB, YNpaBneHuns npoleccami 06paboTkm AaHHbIX, MPUHATUS PELLEHNIA B 3KOHOMMKE
u 6usHece v ap. [1-2].
B Hactosiwee Bpems obwenpuHatbiM sBnsetca onpegeneHne 3KO, npepnoxenHoe [lanagumutpuy 1
Cranrnuuem [2]: Heobxogumo HalTn X+ € X TaKoe, 4To

xX.=arg min f(x), (1)

xeDc X

rae X — KOHe4Hoe (Mnn, BO3MOXHO, CUeTHOe OeCKOHEeYHOE) MPOCTPAHCTBO pelleHun 3adaun, D — ero
NoanNpOCTPaHCTBO, OnpedensemMoe orpaHudeHuamm 3agaum, f: X—R! — 3apgaHHas Lenesas (yHKLMS 3agauu.
Takoe onpefeneHne ogHo3HayHo oTHocuT k 3KO Bce mpobnembl OMTUMMU3ALMM HA KOHEYHbIX MHOXECTBaX,
0fHaKo B criyyae 6eCKOHEYHbIX MPOCTPAHCTB HE MO3BOSIIET YETKO KNaccuuUmMpoBaTh 3agaqu ontummuaanim no
CTPYKTYpe 3NEMEHTOB npocTpaHcTBa peweHud. K.bepx [3] npegnoxun dopmanu3oBatb MNOHATUE
KOMOMHATOPHOW KOHGMrypauun cnegytom obpa3om: nycTb UMEEM m, N — HaTypasnbHble, a TaKkke ABa
MHOxXecTBa U={1, ..., m}, V={v1, ..., Vo }, NpuyeM Ha V 3afiaH HEKUid CTPOrUiA NOPSAAOK Vi <... < V, (T.e. V — Lenb).
Onpepenenne 1 [3]. KombuHaTopHOW KOHUrypaumei HasbiBaetcs otobpaxenne ¢ :U — V', kotopoe
YAOBNETBOPSIET HEKOTOPOMY KOMMIEKCY OrpaHnyeHnn A.

/3 onpepeneHust cneayet, YTo Npu (PUKCUPOBAHHBIX M U N 4YMCIO KOMOMHATOPHBIX KOHMrypaumii KOHEYHO.
Bbibop orpaHuyeHnin B A n03BONSIET ONUCbIBATL Pa3nnyHble KOMOMHATOPHbIE KOHMIypaLmm.

B pabote [4] npeanaraeTca cnepytoulee o6o6ueHne cxembl bepxa. Myctb 3aganbl Y={1, ... , m}, Z -
BUCKPETHOe, B YaCTHOCTM, KOHEYHOE MPOCTPAHCTBO (Ha3oBeM ero 0bpasylowwm), ¢ — roMoMopduaMm,
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@:Y — Z, yooBneTBOPSIOWMA HEKOTOPO CUCTEME OrpaHnyeHnii Q. HanomHuM, 4TO Mog AWCKPETHbIM

NPOCTPAHCTBOM NOHMMAETCA MHOXECTBO, COCTOALLEE U3 N30JTMPOBAHHBIX TOYEK.

Onpepnenenue 2. Mog komBuHaTOPHBIM 06bEKTOM & Oyaem noHumaTth Tpuagy x = (¢, X,0),me X -
©a3oB0oe NPOCTPaHCTBO.

Onpegenenune 3. HaszoBeM koMGUHATOpHbIMKM OObekTamu 1-r0 nopsiaka Takue KOMOMHATOPHbIE OOBLEKTHI, Y
KOTOpbIX 6a30BOE MPOCTPAHCTBO COBMAAAET C 06pasyoLLMM:

K=(0,X,,Q), X;,=Z.

HetpyoHo ybeautbesi, YTo ecnm Z — 370 KOHeYHas Lerb, TO Takue KOMOMHATOpHble 06bekTbl coBnagatT ¢
KOMOWHaTOPHbIMK KOHAUrypaLwmsmm B cMbicrie Bepxa [5].

Onpepenenne 4. KombuHaTopHbiMU obbektamn  k-ro nopsigka (kK > 1) Ha3oBeM KOMOMHATOPHble OBBLEKTHI

K=(¢’X(k)ag—2) ’ F,Ele X(k) QX(,FI) UXk

BosBpalyasch k onTuMmn3aunoHHon 3agade (1), Aagum cnegyoulee

Onpegenenue 5. 3agava (1) HasbiBaeTcs 3agaden KO, ecnm npocTpaHCTBO e pelueHnin X — 3T0 NPOCTPaHCTRO,
3MeMeHTaMn KOTOPOro SBNSTCS KOMOWHATOPHbIE 0OBEKTHI.

Cneundmka 6onbwmHcTBa 3KO Tuna (1) cocTOMT B Hanmumm BOMbLIOTO KONMYECTBA 3KCTPEMYMOB LIENEBOM
yHKUMK. Kpome TOro, kak npaBurio 3T 3agauu OTHOCATCA K yncny NP-TpyaHbIX, Tak UTO TOYHOE MX peLleHune
BeCbMa npobnemMaTnyHO Jaxe C UCNONb30BaHNEM COBPEMEHHbIX U MEPCNEKTUBHBIX KOMMBIOTEPOB.

Cpean Haubonee adekTmBHbIX noaxopoB K pewennto 3KO  cnegyeT BblAenUTb  UCNONb30BaHME
Memasspucmuyeckux aneopummos, unu memasspucmuk. CyLLecTBYeT HECKOMNbKO NOAXOAO0B K KnaccuiukaLmm
METadBPUCTUYECKMX amnrOpMTMOB, CPEAM KOTOpbIX Haubonee yaayHbIM NpPeScTaBnseTcs [feneHne Ha
mMemasspucmuku 1-20 poda W mMemasspucmuku 2-20 poda; B CBOK O4vepedb, MeTasBpucTuku 1-ro popa
npeacTaBneHbl Knaccamn mpaekmopHbIX U NONYASYUOHHbIX METadBPUCTUK. TPaeKTOPHbIMU METa3BPUCTUKAMM
SBNAOTCA MEeTO4bl MMUTALMOHHOTO OTxura, Taby-nouck [5], anropuTMbl YCKOPEHHOTO BEPOSTHOCTHOTO
mModenupoBaHua [6]. Knacc nonynsuMOHHbIX METadBPUCTWMK NPEACTaBMAT reHeTUYeckue anropuTMbl,
anropuTMbl ONTUMM3aLMKU MyPaBEUHBIMI KONTOHUAMM, UMMYHHbIE anroputMsl [7,8].

MeTaaBpuctuyeckun anroputm (GS-tabu)

B pabote [9] npeanoxeH noaxod K MOCTPOEHMIO METa3BPUCTUYECKOrO MeTofda Ha OCHOBE anroputmoB Taby-
noucka n yCKOPEHHOTO BEPOSTHOCTHOMO MofennpoBaHms. B kayecte 6a30B0ro 6bin BbIGpaH METOL YCKOPEHHOMO
BEpOSTHOCTHOTO MogenuposaHus (GS-method [10]), KOTOPbLIA peanusyeT CTpaTermio «30M10Toro ceyeHus». Ans
MOCTPOEHHOr0 anropuTMa npeanoxeHo HaseaHne GS-tabu.

AnropuTMbl  YCKOPEHHOTO BEPOSITHOCTHOTO MOAENMPOBAHMS Obinu paspaboTaHbl Ans NPEOAONeHNUs Takux
HeOCTaTKOB METOLOB FlOKarbHOro Mowucka, Kak MpexaeBpeMeHHas CXOAMMOCTb anroputmva W Gonbluas
3aBUCHMMOCTb KOHEYHOrO pesdynbTaTta OT BblGOpa HayanbHOro MpUOMKEHUs pelleHus. A cpeay anropuTMOoB,
KOTOpble MPUHAANEXaT K KnacCy YCKOPEHHOro BEepOSITHOCTHOrO MOMENMPOBaHWUS, crieayeT Bbloenutb G-
anropuTMbl, KOTOPbIE YCMELWHO NMPUMEHSNUCH 1S PELLEHNS MHOTUX CTIOXHBIX MPaKTUYeckux 3aaad [6].

[maBHast naes anroputMa Taby-noucka COCTOMUT B MOCTOSIHHOM NOKANbHOM MOAMMMKALMM TEKYLLErO peLleHuns
3adayn Npy 3anOMUHAHWW MPOW3BEAEHHBIX M3MEHEHUA — 4TOObl NMPEemoTBPATUTL ANrOpUTM OT MOBTOPHOMO
NOCTPOEHNS HEAPEKTUBHBIX PELUEHWA U 3aLMKNMBaHWSA MpoLeaypbl noucka pewenus [5]. OcylecTBneHHble
MoaMmMKaLMN 3aNOMUHAKOTCS B cneynanbHbix 6aHkax namsTi, KOTopble HasblBatoTCA «Taby-crnickamuy (tabu
list). ObLyas cxema npegnaraeMoro MeTasBpucTuyeckoro metoga GS-tabu npuseaeHa Ha puc.1.
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MMpu npakTyeckon anpobaumn GS-tabu 6bino YCTAaHOBNEHOD, YTO HaumMyywmne pesynbTaTbl Oblan NoMyYeHsbl Npu
pasmepe BaHka namsaTn OKono n/3, roe n-pasmMepHocTb 3agauvn. Kpome TOro, B HaleM CryyYae BemMuMHa Ui
onpegenseTcs kak MeHbluas (neBas) U3 ABYX TOYEK, KOTOpble Peanu30BbIBAOT «30M10TOE CeYeHne» oTpeska
[U:,1]. Takum 06pa3om, NPaBKUIO «30710TOMO CEYEHMS» 3a4aeT AMHAMUKY NPUONKEHUsS NEBON rpaHuLbl 3TOro
oTpeska k 1 [9].

procedure GS-tabu(x)

begin
x’ := HEKOTOPHI! HaYaNbHEN! HONYCTUMEI! BAPMAHT DemeHus u3 X;

My = 0; h = 0; t :=0; Xrect= %°; free 1= f( %0 ); TabyCmucoxk=J;

while oxpecrHocTs Tekymero pememms L(x") He mpocmorpena momHocTsi do begin
while He BHIONHEHO ycjoBue paBHOBecus do begin
v := TenepuposanueCrenyomeiiTouxnOkpectioctn L(x") ;
[lpoxoxnenyellposepxuTabyCnucka (y) ;

BLiuMCIIeHMe (D(xh,y);

p = (1- ) O(K",y);
¢ = random[0,1];
if p 2 ¢ then
h:=h+l; x" :=y;
if free > £(x") then Xpe := %7 free := £( 5% ) end if

end if;
ObHoBaeHMeTabyCnmcka ,;
end;

dopmmpoBaumeQuepenHOTO3HAUCHNS L, ; t:=t+1;

end;
return X= Xrect
end

Puc. 1. BbluncnutensHas cxema anroputma GS-tabu.

MpaBuroM OCTAHOBA MOXET CIyXWTb: OKOHYaHWe nepebopa Bcex TOYeK B OKPECTHOCTW Ge3 peann3oBaHHOrO
rnepexofa B HOBYKO TOYKY; OrpaHuUyeHie Nno NPOAOIKUTENbHOCTI paboTbl anropuTMa; [OCTUXeHUe TPeByeMoil
TOYHOCTU — MPU WU3BECTHON HUXHEN TpaHuLie Lenesoit (yHKUMK. Elle ogHO M3 pacnpoCcTpaHeHHbIX MpaBun —
CPaBHEHWE Pa3HOCTV MaKCUMambHOTO 1 MUHMMANbHOMO 3HAYEHMIl LEneBol (DYHKLUMM C MaKCUMarbHbIM
3HaYeHNEM M3MEHEHUS 3TON (OYHKLMWN NPW JAHHOM 3HAYEHUM L: €CTI 3TO COOTHOLLEHWE CTPEMUTCS K eauHULE,
TO BbIYMCIIEHVS 3aBEPLLAIOTCS.

WUccnepoBanue npaktuyeckon acpektusHoct GS-tabu

[ns nccnegosanus npaktuyeckon addektueHocT GS-tabu no cpasHeHuo ¢ anroputMom GS-method 6binu
BblOpaHbl ABa Hambonee m3BecCTHbIX knacca 3KO: 3agaun kommuBosikepa U3 6ubnuotekm TSPLIB9S [11] u
KBagpaTW4Hble 3adaun O HasHaveHusx u3 Gubnuotekn QAPLIB [12]. PesynbTaTbl pelieHus cepuii peanbHbIX 1
TECTOBbIX 3aaay anroputMamu GS-method n GS-tabu npuseaeHsl B Tabn.1 (3agava kommuBoskepa) u Tabn. 2
(kBagpaTMyHas 3afada O HasHauyeHwsix). [ns kaxgon 3apaun npueeseHo ee OubnuoteyHoe ums [11,12],
pa3MepHOCTb (1) U HannyuLlee 13 M3BECTHBIX PELLEHMIA.
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Hauny4iwee wagectHoe Metoge!
Janada n
pelieHue GS-method { Bpemac | Gstabu Bpema,c
burmal4 14 3323 3340 1.2 3323 1.2
ulysseslt 16 6 850 6876 2.1 6 891 2.1
grlv 17 2085 2114 19 2092 19
ulysses 22 22 7013 7116 14,0 7054 14,0
gr24 24 1272 1282 145 1286 145
fri26 26 937 959 195 943 205
bays29 29 2020 2052 28,8 2020 248
sui 5542 42 1273 1278 423 1286 423
dantzig42 42 699 710 50,0 699 50,0
att48 48 10628 10930 726 10670 76,6
hk48 48 11 461 11464 784 11603 784
eils1 5 426 431 106,0 430 106,0
brazil58 58 25395 25927 1231 254860 11,0
st70 70 675 688 1123 676 1143
pri6 76 108 150 110571 1441 109 940 1471
rat 99 99 1211 1244 173,0 1251 1533
kroAlIO0 100 21282 22243 1521 21826 1601
kroBIOO 100 22141 22609 1540 22540 159.0
kraCIOO 100 20749 22095 183,0 211438 1755
pri24 124 50030 52 067 2413 52124 2523
prl52 152 73682 76533 2888 76107 2938
rati9s 195 2323 2412 3208 2380 3238
Tabnuua 1. PesynbTathl pelieHns 3agaum KOMMUBOSKEPa
8,00%
7,00%
6,00%
5,00%
4,00%
3,00%
2,00% - .
100% 2 e
0,00% th—— Yt T
1,00% 113 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39
= === GS5-method GS-tabu

Puc. 2. OTHoCUTENbHAs TOYHOCTb PELLEHUI
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Hauny4iwee wagectHoe Metoael
Janada n
pelieHue GS-method { Bpemac | Gstabu Bpema,c

chriba 15 9896 10112 1.8 9 956 1.8
chrish 15 7980 8 064 32 8011 29
chribc 15 9504 9611 25 9 504 2.8
bur26d 26 3821225 3929672 21.2] 3911457 236
burZte 26 53B6BTY| 5473936 228| 5502452 259
burZaf 26 3782044| 3802312 28,3 3788565 342
eschda G4 116 121 89,1 118 92,0
lipa70a 70 169 755 175 341 107 4 170753 1125
lipa70b 70 46032000 4781819 1113 4711844 1328
lipaBla a0 253195 255 221 1295 2b4 198 144 4
lipaB0b a0 TT763962| 7945390 1418 7873543 150,1
lipa0a 80 360 630 361717 1665 363 991 1821
lipa%0b 80 12490 441 12832091 1704 12774910 1881
sko100a 100 152 002 156 744 1799 154 340 2022
sko100b 100 153 890 154 120 2120 157 463 1955
sko100c 100 147 B62 1565 b43 2004 149 341 2257
sko100d 100 149 576 153 288 1921 151 922 2001
sko100e 100 149150 154 012 188 4 149781 2114

Tabnuua 1. PesynbTaThl peLIeHNs KBaapaTUYHON 3a4aul O HasHAYEHNAX

141

Ha puc. 2 npuBedeH rpaduk OTKMOHEHWA NO TOYHOCTM HaWOEHHbIX METasBpUCTMYECKMM MeTodom u GS-
anropuTMOM BapUaHTOB PELUEHWS OT HaWMyylwuX W3 U3BECTHbIX PELUEHUI, YNOpSLOYEHHbIX MO BO3pacTaHuio
pa3MepHOCTel 3aaau.

BbluncnutenbHbin  akcnepumeHT npoBoauncst Ha 1K Athlon 64 X2 4Ghz, 2 Gb onepaTuBHOl namsTy.
[MporpamMMHbIA KOMMIIEKC, peanuayrowwmuin 06a MeToaa, HanucaH ¢ NOMOLLbH cpefbl paspabotku Delphi.

3aknoueHue

Pe3yanaTb| BbIMUCNIUTENBHOrO 3KCNepumeHTa CBUOETENbCTBYIOT O TOM, YTO MNPUMEHEHWE npeanoXXeHHOro
METadBPUCTMYECKOrO MeToAa, MOCTPOEHHOro Ha base anropuTMoB GS-method u Ta6y-n0|/|0|<a, Nno3BONnI10
ynyywinTb TOYHOCTb nNony4aemblX pemeHw?l Mo CPaBHEHUKD C WUCNOMb30BaHNEM OTAENbHbIX anropuTMoB,
BXOAALLKUX B €ro CXemy.

Hanpaenenue panbHedWnX nccnegoBaHuin OyaeT cocpefoTOYEHO Ha WCCMedoBaHUM Kak NMPaKTUYECKOM, TaK M
TeopeTudeckon apdekTMBHOCTM HOBOro Metoda. Ocoboe BHMMaHWe npeanonaraeTcs yoenuTb BO3MOXHOCTM
nocTpoeHns ¢ nomowblo GS-tabu HOBbIX 3Gh(PEKTUBHBLIX META3BPUCTUK 2-r0 pofda, NpeaHasHayYeHHbIX Ans
peLLeHmns WPoKoro kpyra npuknagHeix 3KO.
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ALGORITHM OF DECISION SUPPORT IN EMERGENCY

Oleksandr Kuzomin, Valentina Davidenko, lllya Klymov

Abstract: Constant increase of human population result in more and more people living in emergency dangerous
regions. In order to protect them from possible emergencies we need effective solution for decision taking in case
of emergencies, because lack of time for taking decision and possible lack of data. One among possible methods
of taking such decisions is shown in this article.

Keywords: emergency ,decision taking, time management

ACM Classification Keywords: H.3.4 Systems and Software

Introduction

Rapid growth of population on our planet inevitably leads to more and more people located on the territories
which are affected by that or another dangers. According to United Nations statistics, more than 6% of world
population is living on territories, annually suffering from emergency situations. Taking that into account, effective
prediction, control and prevention measures for emergencies become extremely actual.

The task of complex development for preventing emergency situations is quite complex task of multi criteria
optimization. For person, taking decisions, a problems of human risks and material losses minimization and also
money losses are very actual. Taking decision in case of very limited time also leads to risk of errors and human
factor impact.

Attemps to apply these or another automated complexes of providing solutions in emergency situations often lead
to a problem of internal system complex representation (complex of links “operator-available resources-current
situation-complex of measures to prevent emergency”), where change of one parameter can greatly affect
selection of technical and human means.

So, the task of context-dependent measures complex development in emergency situations becomes
important. In fact, the primary aim of this article is research of possible appliances of context-depended solutions
in such cases.

Problem statement

As a parameter for our system there is a current situation Sit, which could be represented as set of substances’
features and interconnections between them.

Sit = cont = {A, L},
where A = {a, .., am} - set of environment substances and, m - their amount
L ={ly..l}= {{a,2,c)}- is a set of connections between pairs of environment
substances. t = 1,m; } = 1, mz ¢ €{0,1}.
In role of substances in current context depending on system task may appear different nature objects (wood

array, sea, mountain hill), natural phenomenons (air stream, underwater streams), subjects (rescue rangers,
scientific workers, researchers), material wealth (buildings, strategical military objects).

Each substance of context have a set of properties:

WayFy, = {pﬁ.‘;, vy pﬁ.‘ﬁ_‘},
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where E,. - is a subset of properties for substance a;. k; - is a count of properties of substance @ ;. Examples of

substance “air flow” properties can be “velocity”, “direction” and so on.

As another substance of the system we will present a set of solutions D = {d4, ..., dn}, which describes all
available means for preventing and protecting from emergency.

As a data storage for taken earlier decisions in that or another context we will use a knowledge base (KB).
Format of data storage will be triple system “context-solution-effectiveness”. Coefficient of effectiveness q is
calculated depending on material and non-material losses in emergency context based on taken decision. In fact
minimization of that parameter is the main criteria of system effectiveness.

Algorithm of optimum decision finding

For finding optimal decision in unknown context (we specify context as unknown if it isn’'t found in our KB) let’s
create a conversion function: ::?;{ = F{cont,), where pi;{ €D -setof new obtained from KB solutions; ¢z} —
function of solution taking for context x. Principal scheme of that method implementation is presented on figure 1.

r_
. Mogcuctema NPUHATUA peLleHnin |
Cumyayus | |
| . |
I ( (pcont,,delta;) O |
| KoHreker |
| conty, g |
| Moawokrerc 1 (pcont;.delta;) ?833 3HaHUK Pconi |
pcont,, ..., pcont
| [0 =] - iy
| Obwee pelweHue |
RSy ( (peont,deltay) O dy=d U..udj ||
|| R _ |
| “Hopuanusauua delta; = |dist; — dist :
(D = l in (deitay |
| I'It:p,m:Tancc:n T |
dist,
I\ ) a
I ——— _ _____
Fig. 1. Principal scheme of algorithm.
F{x) execution algorithm:

1. Separate the environment context to sub-contexts. Separation will be performed according to common
meaning of that situation. Sub-contexts are obtained both in current contexts and contexts, extracted
from KB.

2. Create a set of sub-contexts Peont = {Reanty, w BEOTER ], where
weont; = {@1 e Guyrbime ko ), Where Wi, kxpeont; M peont, = @, r — amount of sub-

contexts;
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General solution for all context is composed from solutions for separate sub-contexts ey, = :i,'{,_'r.l - U :i,'{r,

where :i;q - solution for sub-context m&ani;.

&

3. For each sub-context perform a properties normalization using formula: x,, = , Where x — current

max

value; x . — maximal possible value of that property; x,, — normalized value. A parameter q in KB is
also normalized.

4. Introduce a virtual situation, where in presented sub-context losses will be minimal (g=0). For each sub-
context of new description we find in KB nearest contexts, which are close to ideal situations.

Let's introduce to our system parameter [A] — vector of coefficients attached to independent variables, which
define logical distance from ideal situation to nearest context in KB with optimal solution. Independent variables
are the values of substance properties for current sub-context and parameter “q” for current solution (taken from
KB).

Define [P9] — as a vector of properties for sub-context substance, where last element is parameter g, which

describes losses of current sub-context in KB; we receive it using conversion of properties set and adding
element g to them.

Include set Dist = {disty, ..., disty], where dist; = [4] « [R], N - total amount of records in KB.

Criteria of how current sub-context is close to current (k) sub-context is deifa;,:

delta, = |dist, — dist,z], where disg — is characteristics of ideal state. We add a set Delta = { deltay, ...,
delia.), where z — amount of parameters deéfa for current sub-context.

After creating such sets we normalize their values.
After finding deita for all sub-context we find minimal parameter ¢@if@,:» and add it to the set
Deltapmy, = {deltapm,, w @860y, ), Where r — amount of sub-contexts. In that case we store solution,

where we reach @etitg: , and add it to general solution.

5. We assume that there is a predefined information about structure information about solution
interactions: & = {{@;.g@s )}, where g, g; — different solutions, ¢ €{-1,0,1,2}, where

ifc=-1-events g; and g; are not compatible;
ifc=0-events 3; and g; can be performed parallel;
ifc=1-event g; must follow before event g,
if c =2 —event g, must follow before event g:.

According to this rules we perform a pair check of all proposed events (in term “event” we describe a possible
mean to prevent emergency) and according to results of such comparison we perform a topological sort in order
to receive a schedule of performing actions.
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Conflicts resolution and system learning

Provided by F(x) solution may content conflicting data. For example system may recommend to perform a forced
avalanche launch, and do not allow it in another sub-solution. We will use a set Dl t0 eliminate such
conflicts.

Selecting from composed set 4,, for context art;, we choose positive oriented solutions of same type and sum
parameters of same type delfa,... (let call it k7), so we perform the same for negative oriented
recommendations (receive k7). So, if 2>k, we save a positive solution, if kE<k7 , we save only negative
oriented solution. If & =k Z we need an expert opinion.

System learning is performed by finding optimal system parameters in matrix [A]. This process performs by
using classical scheme by learning with teacher, where we use a teacher to correct provided data.

So we learn system as follows:
1. We provide a context to system input.
2. System provides a current estimation.

3. Expert analyzes provided solution and performs corrections. If there are corrections we perform
correction of matrix [A] elements, in such way that [4] = [Pﬁi ] was “arranged left” to

ezl
) R TR |
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MODELING OF EFFECTIVE PROCESS OF NETWORK MAINTAINING
BASED ON STATISTICAL DATA

Oleksandr Kuzomin, Nataliya Goloviy, Yaser Dayoub

Abstract: This paper is dedicated to modelling of network maintaining based on live example — maintaining ATM
banking network, where any problems are mean money loss. A full analysis is made in order to estimate valuable
and not-valuable parameters based on complex analysis of available data. Correlation analysis helps to estimate
provided data and to produce a complex solution of increasing network maintaining effectiveness.

Keywords: effectiveness estimation, statistical processes, correlation analysis

ACM Classification Keywords: H.3.4 Systems and Software

Introduction

Choosing equipment of this or that supplier, as a rule, pay attention to following parameters: the price,
productivity, reliability and convenience. For a network of ATM where breakage or device stop means the lost
money, service is the extremely important.

Equipment downtimes because of malfunction and repair, breaking business process, are capable to worsen
economic indicators of banks sharply. Therefore, corresponding requirements also are shown to service services
- to provide competitive advantage at modern level it is necessary to contain in an appropriate technical condition
the equipment at the minimum losses of manufacture.

For the organization service and warranty service the system representing a complex of organizational-technical
actions which realization would allow to make the basic part of works in advance known terms providing the
prevention of progressing wear process of details technicians in operation and reduction of losses because of its
malfunction and repair should be created.

At the heart of such system creation attempt of process modelling which usually not to do without application
empiric and statistical the data about refusals and changes of parameters of a condition of elements and
specifications of time for performance of preventive operations taking into account specificity of manufacture and
increasing complexity of the applied equipment lies.

Problem Statement

It is necessary to generate general idea about the complex character of the studied phenomenon expressed, in
particular, in interrelations and interconditionality of separate features. To conduct research of the internal
reasons forming specificity of the studied phenomenon, and to reveal the generalised factors which stand up for
corresponding concrete indicators. Proceeding from the formulated problem definition, for an investigated subject
domain it is necessary to study dependence between the features describing a condition of an ATM network.

An objective of this research is modelling of service process of an ATM network on the basis of statistical data
for maintenance of its reliability and stability.

Data matrix forming

During conducted research as set of investigated objects the ATM network, being on service of the company
which have some feature set (indicators, characteristics) is considered. The features characterising investigated
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objects, carry both quantitative, and qualitative character. On the basis of the researches conducted and also
expert appraisal, the features characterising each unit of a banking network were conducted.

Para- - Para- -

meter Definition Type meter Definition Type

m1  Service Life quantitative m73  Load quantitative

m2 Operating time quantitative m74  Quantity of ATM’s in region  quantitative

tity of engi i

m3  Service refusals quantitative m15 ngn 1y orengineers in quantitative
region

m4  Overdue failures quantitative m76 Quantities OT temperature quantitative
parameters infringement

md  Time in service quantitative mM77  Quantities of power losses  quantitative

tities of di

m6  Average time of malfunctioning quantitative m78 Quantities of grounding quantitative

parameters losses
antities of installation

m7 Quantity of spare parts replacements  quantitative m79 Quanti ! ! quantitative

problems
e . o Quantities of usage L

m8 Qualifications of the engineer quantitative  m20 quantitative
ploblems

m9  Quantity of installations quantitative m27  Client qualitative

m10  Novelty quantitative  mM22  Type (Rent/Owned) qualitative

m11  Reaction Time quantitative mM23  Warranty qualitative

m12  Repair time quantitative m24  Region qualitative

Table 1. Characteristics of ATM

Here we have n objects (ATM), each of them is characterized by set of m features. Let's define as x;; value of j-

th feature for i-th object. In that case data could be represented as a table called as “data matrix”.

Data matix
Feature number
Object number 1 2 3 v | e M
1 X o X | X ||| %im
2 Xop | Xoo | X23 | oo | | Xom
3 Xy | Xz | Xz ||| Kem
n xnl xnz xn3 xnm

Table 2. Data matrix sample
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It consist of n lines (according to number of objects) and m columns (according to number of features), analysed
sets of data consists of 908 objects.

Correlation analysis

Studying of dependences between the features describing the difficult phenomenon or process, invariably brings
an attention to the question: what reasons which have caused given structure of communications? Difficult
dependences of such system of features are rather difficult for "untangling", as interrelations of features
(correlations measured, for example, in the factors) can be interpreted not only as dependences of one features
on others, but also as dependences on the certain latent parameters defining change of the whole groups of
correlated features.

We will generate some statistical hypotheses about dependence of the chosen features. We believe that
maintenance of reliability of a network of cash dispenses from outside the service organization consists in time
reduction of ATM malfunction and reduction of average time of malfunction. We receive that reliability of a
network is defined by indicators m5-mé. In turn these parameters depend on quantity of demands, delay of works
and replaced spare parts (see Table 1). We investigate their dependence on other indicators for what we will
carry out the correlation analysis.

We will calculate for existing quantitative features factors of correlation and we will construct a correlation matrix.

The structure of the experimental data which features in a context of a solved problem are described by
mathematical model, is reflected by means of two basic categories of mutual relations between elements of a
matrix of the data — similarity and distinction categories.

The matrix sets the relation "feature-featyre” and represents a two-dimensional symmetric square matrix of the
size mxm

r

ml12°**> " mm

where R, — measure of connection between features m, u m .

The considerable quantity of measures of communication between features is known. They differ both volume of
calculations, and those aspects of communication which they reflect. Considering specificity of an investigated
problem, we will consider two representation liaison groups between features. In the first group the covariation
principle , and in the second — a principle of an associativity of features [2] is used.

Proceeding from the first principle, the conclusion about communication presence between variables becomes in
that case when the increase in value of one variable is accompanied by steady increase or reduction of values
another. In mathematical expression the problem is reduced to covariation calculation, that is accompanying
change of numerical values of signs. Here to concern factor of correlation of Pirson (r) which represents product
of the moments and is a measure of linear communication of two variables. It is calculated under the formula

i(xi —D, - )
(n —l)SxSy
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where x;, y, - values of two variables, X, } - their average values, S, Sy - their average square deviation,
n - amount of pairs of values.

Many measures of communication differ from the resulted factor of correlation of Pirsona the external form, but
are, as a matter of fact, the algebraic transformation of this factor considering specificity (type) of compared signs.
For example, the factor of rank correlations of Spirmena (rs), often applied to the analysis of numeric variables,
represents algebraic simplification of factor of Pirsona r.

The same it is possible to tell about dotbiserial correlation factor (rpb) which serves as a communication measure
between dichotomizing and quantitative variables. Some other factors, in particular tetrachoric (rtet) and biserial
correlation factor (rbis), it is possible to interpret correlation factor as approximation for certain types of signs [5].
The more correlation factor on the module, the more strongly linear dependence. Value of factor of correlation lies
between-1 and +1. If the tendency of increase of one size is observed at growth another speak about positive
correlated sizes if the tendency of increase in one size is observed at reduction another speak about negative
correlated sizes.

We will exclude from consideration parameters which unequivocally do not depend from each other. The greatest
interest represents calculation and the correlation analysis between dependent (m3-m7) and independent (m1 -
m2, m8-m20) parameters. It is possible to consider insignificant factors as zero and to take into consideration
only the significant. We will reject insignificant parameters :quantity of installations and infringement of
parameters of operation. If the correlation factor is calculated on the basis of the selective data it is not excluded
that its nonzero value is not reflexion of the valid communication between signs, and is simply received as a
result of specificity of the given sample (whereas the correlation factor is equal in a general totality to zero, i.e.
linear communication between signs is not present).

Thus, it is necessary to understand, how r value is far from zero. If value of factor of correlation is calculated
under the selective data, for an estimation of its value in a general totality as usually, the confidential interval is
under construction.

For construction of a confidential interval the error of factor of correlation r under the formula is calculated:
NI
n-—2

Then correlation coefficient error is multiplied by parameter ¢, which depends on probability P ( for probability 95%
t=2), in order to found maximal error.

O =

r

At last, the confidential interval r - or is under construction and check is spent, whether zero value will get to this
interval. If the zero does not get to a confidential interval, means, with high probability in a general totality there
can not be a zero value of factor of correlation, i.e. communication between signs exists and in a general totality.
In that case the correlation factor is statistically significant.

Figure 2. Confidential interval excluding zero
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If the zero gets to a confidential interval, means, with high probability in a general totality there can be a zero
correlation, i.e. absence of communication. In that case the correlation factor is statistically insignificant.

| I i |
Y

-1 1] r 1

Figure 3. Confidential interval including zero

Conclusions

On the basis of the received results it is possible to draw following conclusions:
o The quantity of refusals depends on parameters:
o Service life (-)
Operating time (+)
Qualifications of the engineer (-)
Novelty (-)
Reaction Time (+)
Performance Time (+)
Quantities of temperature parameters infringement (+)
Quantities of pressure parameters infringement (+)
o Quantities of the unit parameters infringement (+)
e Quantity of the delayed demands depends on :
o Service life (-)
Operating time (+)
Novelty (-)
Load (-)
Quantities of engineers in region (+)
Quantities of cash dispenses in region (+)
Quantities temperature parameters infringement (+)
Quantities of pressure parameters infringement (+)
o Time of ATM repair most depends on following parameters:
o Quantities of cash dispenses in region, where ATM is located (+)
o Quantities of engineers in region (+)
o Load(-)
o Average time of malfunction depends on:
o Service life (+)
Operating time (-)
Qualifications of the engineer (-)
Novelty (+)
Loading (-)
Quantities of engineers in region (+)

O O O O O O

O O O O O O

O O O O
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o Quantities of cash dispenses in region (+)
¢  Quantity of spare parts replacements depends on:
Service life (-)
Operating time (+)
Qualifications of the engineer (-)
Novelty (-)
Loading (-)
Quantities of engineers in region (-)
Quantities of cash dispenses in region (-)
Quantities temperature parameters infringement (+)
Quantities of pressure parameters infringement (+)
Quantities of grounding parameters infringement(+)

O O 0O 0O 0O 0O O 0 O

The feature near to each parameter testifies about sizes correlation — positive and negative.

Provided information allows greatly reducing losses due to network processing and estimating the common plan
of ATM service works
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EMERGENCY PREVENTION AND SITUATION MONITORING
IN CARPATHIAN REGION

Oleksandr Kuzomin, Dmytro Malytskyy, Asanbek Toroev

Abstract: Carpathian region is well known as tectonically active zone. So, in addition to common problems of
such region, as common water floods, possible mudflows and landslides a local seismic activity must be taken in
account. In this paper a main points of situation monitoring in Carpathian region and ways how they help in
emergency prevention are described. A short overview of existing solutions and future approach is being made.

Keywords: emergency prevention, situation monitoring, early warning systems

ACM Classification Keywords: H.3.4 Systems and Software

Introduction and current situation overview

Carpathian region extending over the Folded Carpathians, foremountain and intermountain troughs and the
adjacent parts of the platform, i.e. the parts of Transcarpathian, Chernivtsi, lvano-Frankivsk and Lviv regions of
Ukraine, is known as tectonically active zone. Its modern activity is attributed to processes forming the
Carpathians, Transcarpathian and Forecarpathian Troughs and manifests itself through local seismicity.

Maximum intensity of earthquakes in the Carpathian region reaches 7°-8° in the MSK scale (Tyachiv, 1781, 1870,
MSK lo = 69-79; Rokoshyno, 1797, MSK |y = 6°-79, Dovhe, 1872, MSK I = 79 Svalyava, 1908, MSK 1p=7¢;
Teresva, 1926, MSK |y = 6°-79; Drahovo, 1937, MSK Iy = 79 Berehove, 1965, MSK |, = 79; Zalishchyky, 1832,
MSK o = 79; 1835, MSK |y = 70-80; Velyki Mosty, 1875, MSK |y = 6%-79). That constitutes a serious danger to
population, civil and industrial installations located here.

According to the present map of seismic hazard there are two zones in the Transcarpathian region — Mukachiv
and Tyachiv — where the risk is considerably high.

Earthquakes with intensity of up to 8° in the MSK scale and energy class K=14 (K=IgE) recur almost every 160
years in the Mukachiv zone. The most recent MSK intensity 7° earthquake occurred to the South of Svalyava on
January the 5th, 1908, and intensity 6° earthquake — on October 24th, 1965 (near Berehove). There have been
no significant tremors in the Mukachiv zone since a few decades what may indicate the increasing probability of
strong earthquake in the zone in the nearest future.

The Tyachiv zone is remarkable for more frequent but of considerably lower intensity earthquakes.

In 1965 Lviv geophysicists organized the Carpathian Integrated Geodynamic Test Site in the Transcarpathian
region to study connections between geophysical fields, structure and dynamics of lithosphere and local
seismicity. In the site the network of 6 permanent geophysical stations (PGS) (“Mukachiv”, “Berehove”, “Trosnyk”,
‘Nyzhnye Selyshche”, “Bushtyno”, and “Brid”) was set up. Geophysical station “lvano-Frankove” was located in
the Lviv region. Continuous registration of the local earthquakes, microseisms, crustal deformations, borehole
temperature and temporal changes of a broad set of geophysical fields is held at PGS. Integrated analysis of data
series observed within the period of 1991-1995 shows a possibility of predicting the total seismic energy release

in the region within the nearest 2-3 months.

There are a number of existing stations, specified on map as 1 including:
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MUK — Mukachiv. Observations: seismological, meteorological, electromagnetic emission (em pulses from
rock massifs);

BRD - Brid. Observations: seismological, geomagnetic (geomagnetic field modulus);

NSL — Nyzhnye Selyshche. Observations: seismological, geomagnetic, multicomponent magnetovariational,
meteorological;

BST - Bushtyno. Observations: seismological;

TRS — Trosnyk. Observations: seismological, geomagnetic, meteorological, borehole acoustoemissive and
geotemperature;

KOR - Koroleve, TRS division. Observations: seismological, extensometric, meteorological;

BRG - Berehove. Observations: seismological, geomagnetic, extensometric, tiltmetric, meteorological.
Seismic Stations:

UZH - Uzhgorod;

MEZ —-Mizhgirya.
Also three new stations, mostly in mountains are planned:

DOB - Dobron;

UKL - Uklin;

VBR - Velykyi Bereznyi.
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Fig. 1. Carpathian Integrated Geodynamic Test Site
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Main task of the system

Gas blowing, coal mining, mudflows and landslides, tectonic activity and other emergencies greatly influence on
rock arrays and result in rearranging tensions and deformations in them. Depending on scale of this process it
can result in physical characteristics change of rock arrays and in generation of acoustic and seismic impulses.

Having a possibility to control such changes in time and space (especially parameters of seismic waves and
acoustic emission) allows implementing a totally new ability of emergency prognosis and prevention (so called
“early warning system”). By monitoring parameters of such waves we can precisely estimate physical parameters
of rock arrays and their current state using non-intrusive, and so, way more cheap, methods

The primary task of the project — is development of theoretical and practical approaches for seismic and
geophysical monitoring of earth’s crust high layers, which are heavily affected by technogenic factors and
estimation of possible emergency on that base.

The primary steps for this task are:

1. Analyze and develop mathematical model of seismic waves sources, which are created in zones with high
tension concentrations (including earthquakes and acoustic emission);

2. Perform a model selection for such source, which maximally close describes the process of seismic waves
creation (an analysis of other geophysical and geological fields may be required;

3. Develop the algorithm of seismic signals calculation based on selected model;
4. Estimate the influence of tension change in rock arrays on seismic signals from that array;

5. Analyze possible wave effects which may appear during seismic wave passing rock arrays with micro
fissures.

6. Develop a set of recommendations for seismic and geophysical emergency monitoring development
7. Implement the following recommendation on practice
8. Estimate effectiveness of developed system and implement learning processes in it.

Proposed method

The main idea of proposed method is to establish a constant network of monitoring devices, based on existing
and newly created stations, which will provide a current state of environment to knowledge base, which will
contain previous estimations, the emergencies happened and what actions were taken order to prevent or
overcome them. In other words each time a sensor request is being made our situation can be described as the
following set:

SZSIUSZU...US’I

s, =<(x,»,2),P >, k=1.n

where S is a general situation composed from situations s1...s, measured on stations. Each that “small” situation
can be described as a subset of coordinates where measurement was made, and current parameters P of
sensors on that station. Proposed technology of the prognostication of emergency danger is the information
complex, which consists of three basic blocks:
1. knowledge base- is intended for collection, storage and initial processing of the data of seismic and
weather services, provided sensors information from stations, which contain information about tensions
modifying in surface and rock arrays;

2. Mathematical and algorithmic guarantee - is the collection of mathematical methods and approaches, on
base of which is produced the simulation and the prognostication of emergencies danger. The
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prognostication of emergency situation is characterized by four basic parameters: by place, by type, by
time and with its degree of power. Each of the characteristics has available their mathematical, algorithmic
and program apparatuses.

3. block of results assignment for different levels of users - the obtained forecasts are analyzed by experts,
after which they are transferred for modification to the system of decision making support for the purpose
of use with the correction of anti-emergency measures and to the elimination of the consequences of
gathering emergency.

The structure of proposed solution is showed on figure 2.

analytical subsystem
, , A system of decision
integration . -

> making support > subsystem of results
subsystem of the \ fati
different data sources|— representation
prognostication
subsystem
monitoring subsystem <

Fig. 2. Proposed system structure.

The system is easily extensible and allows a quickly reaction on all kinds of emergencies including technogenical
situations. The main point of making system working is implementation of knowledge base, which will store all
sets of different situations, occurred during last 10 years. This task is required to be solved on government level
in order to create integral structure for easy storage, access, and managing such data.

Conclusions

Proposed system demonstrates a possibility of effective emergency situation management in Carpathian region.
This involves all steps of early warning system development including technical means (set of monitoring
stations), program solutions (knowledge base implementation) and mathematical and algorithmic approaches for
such system modeling.
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WHAUBUOYAIIbHO-ONTUMAIBbHBIE PABHOBECKUA B UTPAX ABYX UL

Cepreu MaweHko

AHHOmayus: Paccmampugaemcsi npuHyun uHAusudyanbHOU onmumanbHOCmU, Komopbil npedcmaensem
coboll 060buweHue npuHyunog onmumansHocmu no Hewy, bepxe u lapemo. Ha e2o ocHoge nposodumcs
uccredosaHue cmaburbHOCMU Pa3UYHbIX MUNo8 pagHoseculi 8 uzpax dsyx fu.

Keywords: pasHosecue no Heuly, pasHosecue no bepxe, cmabunbHocmb pasHogecul, UHOUBUAyarbHO-
onmuMaribHble PagHo8EeCUs.

ACM Classification Keywords: H4.2 Decision support

BBeaeHue

ViHOvBMAayanbHO-ONTUManbHble PABHOBECUS MPEACTaBMAKT ONpedeNieHHbId UHTepPeC Kak HOBbIA MPUHLMN
ONTUMArbHOCTW B HEKOONEPATUBHBIX Urpax, NO3BOMAKLLMIA NOCTPOUTL OBLLYK0 MOAESb, B KOTOPOWU KaXabli TUN
PABHOBECUS] XapaKTepu3yeTcs YPOBHEM ero crabunbHocTu [MauweHko,2007,1]. B cratbax [MalweHko,
2006,2007,1] paccmaTtpuBaeTCs KOHLENUMS WHAMBMAYANbHON ONTUMAnNbHOCTY AN NPOU3BOSIBHBIX UMP N ML, B
cratbsx [MauyeHko,2007,1;2008] oHa KOHKpeTU3MpyeTCs ONS Urp C BOMHYTbIMA U auddepeHumpyembiMi
(OYHKUMAMM  BbIMrpbiia  MrpokoB. B gaHHoM pabote paccMaTtpuBaloTCs  YCMOBUS  WHAMBWAYANbHOM
ONTUMaNbHOCTY U OLLEHKM CTabUIbHOCTI PaBHOBECHIA B Urpax ABYX nuL,

Uupu BuayanbHO-ONTUMallbHble paBHOBECUA

Paccmotpum wurpy fsyx nuy DG B HopmarnbHon dopme DG=<X1,X2,u1,u2>, rae X;, X, - MHOXecTBa
cTpaternit urpokos; u,(x), u,(Xx) - MYHKUMS WX BbINTPbILLA, KOTOPbIE OMpeAeneHbl Ha MHOXECTBE CUTyaLui
urpbl X = X, x X, W NPUHUMAOT JEeNCTBUTENbHbIE 3HAYeHWs. Kaxabii U3 UrpokoB CTPEMUTCS MOMYYUTb MO
BO3MOXHOCTW Gorbluee 3Ha4eHMs CBOen OYHKLMM BbIMTPbILLA.

[nsa onpegeneHns paBHOBECHBIX CUTyaLWiA U UCCTIeAoBaHNSA UX cTabunbHOCTM Byaem MCnonb3oBaThb MPUHLMN
WHAMBMAYanbHoO onTumanbHocTh [Mawerko, 2007,1], B COOTBETCTBMM C KOTOPbIM KaXzbli UrpoK Bblbupaet
CBOW CTpaTer WHAMBMAYANbHO, HO YUMTbIBAET (OYHKUMM BbIMIPbILLA OCTaNbHbIX WrPOKOB. [MpuHLMA
WHAMBWAYaNbHOM ONTUManbHOCTK GasunpyeTcs Ha cneuyranbHOM OTHOLEHUM AOMUHUPOBaHMS No Helwy.

Bygem rosoputb, 4to cutyaums y € X urpel DG ¢ Bektopom Beirpeiwa U(y) = (u,(y),u,(y)) cunbHo

pomuHupyet no Hewy [MaweHko, 2007,1] cutyaumio x ¢ BekTopom Bbiurpbiwa U(x), n 0603Haumm aTo yepes

NE
y>=>X, ecnu cutyauua y nonyy4yeHa u3 cutyaunmn X U3MEHEHUEM KaKMM-TO OOHUM WUIPOKOM i=12 cBoel

ctpaterm, T.e. y =(y;,X;),j =12;j =i, U(y) == U(x) (U(y) == U(x) < u;(y) > u;(x),i =12).

CuTyaums x*HasblBaeTcs cnabbiM MHANBUAYANBHO-ONTUMANBbHBIM PAaBHOBECMEM (MHOXECTBO 3TWX PABHOBECUA
obosHaumm yepe3 WIOE(DG) ), ecnu He CyLecTBYET ApYroM cutyauum, KoTopasi CUilbHO JOMUHKMPoBana 6bl no

NE
Hewy x* 1.e. x* e WIOE(DG) < —3x € X :x>=>x*. Takum 06pa3om, MOXHO Cka3aTb, YTO B MHANBUAYANbHO-

onTumanbHOM paBHOBECUU KaXablii UrpoK Haxoaut TaKom KOMMNPOMMUCC C OCTanbHbIMWU UTPOKaMU, KOTOprl71 HE
BbIrOAHO HUKOMY HapyLlaTb.
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Cpe,qm OCHOBHbIX CBOMCTB nHaMBUAYyanbHO ONTUManbHbIX paBHOBeCMIZ cnenyet OTMETUTb cneayowme:

- €CNM MHOXECTBO X CUTyaLui Urpbl SBASETCS HEMyCTbIM KOMNAKTOM, a (PYHKLMM BbIMIpPbILLa UFPOKOB -
HenpepbIBHbI (MNK - B Crly4ae KOHEYHOW Wrpbl), BCErAa CYLEeCTBYIOT MHAMBMAYaNbHO-PaLMOHANbHbIE
(3HaYeHUs BLIMIPLILEA WIPOKOB HE MEHEe rapaHTUPOBaHHbIX) W KOMMEKTUBHO-PaLMOHarbHbIE
(onTumanbHble no MapeTo) MHAMBMAYanbLHO-ONTUMAasbHbIE paBHoBecKs [MatweHko,2007,2);

- MHOXeCTBO MHAMBMAYAIbHO-ONTUMATbHBIX PaBHOBECHI BKtouaeT B cebst [MaweHko,2007,1;2007,2]:

NE(DG) = {x eX‘u ui(x;,x;),Vx; € X0, j =12, j;tl} - MHOXeCTBO paBHoBecuii Helwa;
BE(DG) = {x eX‘u u;(x7, X;),Vx; € X0, j =12, j;tl} MHOXeCTBO paBHOBECUI bepixe;
SO(DG):{X* eX|ﬁ3U(x) > U(X*),VXEX} - MHoXecTBO cnabo onTuManbHblx 1o [apeto

(onTumanbHbIx no Criertepy) cutyauui urpel DG.
HeobxoanMble 1 4OCTATOYHbIE YCIIOBUS MHAMBUAYANBHOM ONTUMAMNbHOCTY ANS Urp n ny, B 0biem cnyyae 6binu
paccMoTpeHb! B [MaleHko,2006;2007,1], 4ns urp ¢ BOTHyTbIMU W AnddepeHLpyeMbIMU yHKLMSMU BbIrpbILLA
- B [MawweHko,2007,2;2008].

Ycnosusi uHAMBMAYanL-HON ONTUMANLHOCTH

ObBosHaumm yepes S(x*) = m132x sup(u1(x,,xj)+u2(x,,xj )) BEPXHIOKO rpaHuLy CyMMbl BbIUMPHILLEN UTPOKOB B
i,j=1,2;j#i xjeX;

CUTYyaULsIX, KOTOPbIE MOMYYaTCA U3 X* UBMEHEHMEM MrpoKamK | = 1,2, B OTAENBHOCTM, CBOMX CTPaTEri.
Teopema 1. Ecrin cutyaums x* e WIOE(DG) u, 6e3 orpaHnyerus obwHoctn, u;(x*)>0,i=12, 1o Bceraa
cywectsytot Takne 1 €[0,S(x*)],i =12, B 4acTHOCTK:

A = uy(x) + (S() —uy () —uy (x)/2, i = (1)
ytoana Vi, j=12;j#i,npna Yy, € X; cnpaBefnebl HepaBeHcTea:

min(u; (X) — 24 ,u;(X) = S(X*) + g ) Z min(u; (y;, X; ) — 24 U (Y, %) = S(X) + 4 ) - (2)
Mioboe pelwenne x* cuctembl HepaBeHCTB (2) npu 3apaHHbix 4, €[0,S(x*)],i =12, saBnsetca cnabbim

MHOMBUAOYaNbHO-ONTUMabHbIM PaBHOBECUEM.

Llokazamenbcmeo. [lokaxem JocTaTouHoCTb. [ycTb x* yaoBneTBopsieT HepaBeHcTBaMm (2). OTCtoaa cneayer, Yto
pna Vi, j=12;j#i,npna Yy; € X; BbINONHAOTCH HEPaBEHCTBaA:

U(x*) =g > min(“/(yf':xj)_ﬂi ’uj(Yi’X;)_S(X*)JF/Ui ),
uj(X*)_S(X*)+/'li Zmin(ui(}’i,x}ﬂ)_ﬂ/ ’uj(yi7X7)_S(X*)+ﬂi )-
Torga, ecnm u;(y;,X;) — 4 <u;(y;,X;)=S(x")+ ; , T0 nonywnm u;(y;,x;) <u;(x™). B npotueHom cnyuae,

NE
BbINONHUTCS U, (Y;,X;) <u,;(x) . Takum obpasom, —3x € X :x>~x*, oTkyna cneayet x* € WIOE(G).

NE
Hokaxem HeobxogumocTb. Myctb x* € WIOE(G), Torga —3x € X :x>>x*, noatomy ana Vi, j=12;j#1i, n
Ans Yy, e X, BbIMONHSIETCH MO kpailHeii Mepe OOHO W3  HepaBeHcTB: U, (x") ZU,(y,,x;f) unm

u;(x ) > u(yi, j) Onpegenum g4, 1, no opmynam (1). HecnoxHo ybeautbes, uto g, €[0,S(x™)],i=12.
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W3 nepsoro HepaseHcTBa creayet u;(y;,X;) — 4 <u;(X7)— 4 = —(S(x*) —uy(x") —uz(x*))/z . A 13 BTOpOrO

1

X;

HEPABEHCTBA OYEBWAHO CRIEAYET, YTO U, (y;,X})—S(X )+ a4 <u;(X")=S(X )+ g =u;(x") = S(x") +u;(x") +
+ (S(x*) —u1(x*)—u2(x*))/2 = —(S(x*) —u,(x") —uz(x*))/Z. MockonbKy npaBble 4acTX 3TUX HEPaBEHCTB
BCerga paBHbI Mexay cobon, TO min(u; (y;,X;) = g4 ,U;(¥;,X;) = S(XT) + 447 ) <
< —(S(x*) —u,(x7) —uz(x*))/Z =min(u; (x) = g ,u;(X) =S(X*) + 44; ), j=12;j#i.  Otclona  cregyet, 41O
cUTyaumus X * yaoBNETBOPSET HepaBeHCTBaM (2). ¢

Takum o6pasom, Teopema 1 AaeT BO3MOXKHOCTb KOHCTPYKTUBHO OMUCATb MHOXECTBO criabblX WHAMBMAYaNbHO-
onTuManeHbix pasHoBecuii WIOE(DG) .

CnepyeT OTMETUTb, Y4TO NAPaMETPbl L4, i, , KOTOPbIE (PUTYPUPYIOT B HEPABEHCTBAX (2), UMEIOT OnpeseneHHbIN

nrpoBoi cMbIch. TycTb x* aBnsAeTcs cnabbiM MHAMBMAYaNbHO-ONTUMAanbHLIM paBHoBeceM urpel DG. Toraa, no
onpedenexno, cuTyauns x* mpegcTtaBnsieT cobon Ans Kakmoro urpoka =12 Tako KOMNPOMUCC MeXay

KenaHMeM MakcUMU3NpOBaTb CBOKO COBCTBEHHYHO (DYHKLMIO BbIMTPbILIA U (hYHKLMIO BbIMIPbILLIA APYTOrO UIpoka,
OT KOTOPOro €My He BbIFOAHO OTKMOHSITbCS. MOCKONbKY, HAa OCHOBaHWM TeopeMbl 1, cuTyauus x* sBnsieTcs

PELLEHNEM CUCTEMbI HEPABEHCTB (2), N0 KpaitHen Mepe npu i =u,(x*)+(S(x*)—u1(x*)—u2(x*))/2, i=12,
TO NErko 3aMeTUTb, YTO 6OMblUeMy BbIUMPbILLY MrPoka i B KOMNPOMMUCCE COOTBETCTBYET Bonbluee 3HayeHue
napametpa g; . C [pyroil CTOPOHbI, U3 CUCTEMbI HEPaBEHCTB (2) BUAHO: yeM Bonblue g €[0,S(x*)], Tem

Gorbluee NpeanoyTeHNe i - UrPoK oTAaeT COOCTBEHHOM (PYHKLMN BbIMTPbILA B 4OCTUIHYTOM KOMIpOMMCCE X7,
11, COOTBETCTBEHHO, HA BOMbLLNIA BLIUTPLILL OH MOXET PacCHUTLIBATb.

[ns wHOMBMAOYyanbHO-ONTUMAnNbHOTO paBHOBeCUS X* 0603HauMm 4epe3d M, (X*)- MHOXECTBO 3HauYeHWM
napametpa g; €[0,S(x*)], npu KoTopom X* yAOBNETBOPSET CUCTEME HepaBeHCTB (2). OTMeTuM, 41O M3
Teopembl 1 cniegyet M, (x*) = &,i=12.
Nemma. Cuctema HepaBeHCTB (2) aKBUBANEHTHA:
{mm(u,-(y,-,x;)—ul—(x*), (37, ) =1,(X) = S() +24) <0, 3)
min(u, (;,X;) =1, (X", w,(y;,X;) —u,(xX")+S(x") ~24) <0. 4)
Llokazamenbcmeo. HecnoxHo ybeautses, YTo HepaBeHCTBa (2) byayT MMETb MECTO TOrAa W TOMNbKO TOrAa, Koraa
{u;(x*) = a2 min(u ;07 = 400X = S(K) + 41]),
up(x7) =S+ g Zmin(u;(y;,x7) = g, u(y;, X7) = S(X7) + ),
4TO SKBMBANEHTHO (3), (4). ¢
lpnBeaeHHbIe Bbille pacCyXaeHns 0 CMbICNe NapaMeTpoB L, i, PA3BMBAET [asnee crneaytoLas Teopema.
Teopema 2. CripaBeanusbI CregyoLye yTBEpKAeHNS:
x* e NE(DG) < Fp; e M, (x*): g =S(x*),i =12, (5)
x* € SODG) = Fp’ e M, (x*): g + 115 =S(x*), (6)

x* € BE(DG) < 31’ e M (x*): " =0,i=12. !
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Llokazamenscmeo. CHavama  pgokaxem  OTHoweHwe (). Myctb x*eNE(DG).  Torpa
u,(x")Zu,(y,,x;f),Vy, eX;;i,j=12;j#1i. MNpn Takux ycnosusx HepaseHCTBa (3) byadyT cnpaeeanuebl Npu
Vu; €[0,S(x*)],i =12, B TOM yucne, u npu ;= S(x*),i =12. HepaBeHcTBa (4) BbINOMHSATCS NpU 3HAYEHMSIX
i =S0C) =12, Tk Uy X)) —u () +SXT) =24 = Uy X)) —u(x) =S(xT) <0 pna Yy, e X
i,j=12;j#i.0T1ci0fa, Ha OCHOBaHUM NeMMbl, nonyuum S(x*) € M;(x*),i=12.

Nyctb  S(x*)= g eM,(x*),i=12. Torga, cornacHo nemme, npu 3HauyeHusx s =S(x*),i =12 [OMKHbI
BbINOJHATLCA HepaBeHCTBa (3), (4). lMockonbky B 3) BbIpaXeHue
Uiy X)) =u(X7) =S(X") + 244 = u;(y;, X;) —u; (X)) +S(x*) >0 pna Yy, € X;;i,j=12,j#i, To HepaBeHcTBa
(3) GyoyT SKBMBANEHTHbI U, (X") > ui(y,,xj.‘),Vy,. e X;;i,j=12;j#1i.CneposatensHo x* € NE(DG).

[okaxem  oTHoweHue  (6).  Tlyctb x*eSO(DG).  Torga —Ixe X:U(x)=-U(x*), Te.
—3x € X :u;(x) > u;(x*),i =12 . B 4aCTHOCTU, He CyLLECTBYeT OTKMOHEeHUs MobOoro, HO TOMbKO OAHOrO, Mrpoka
i=12 oT cuTyaumm x*, Npu KOTOPOM B MOMNYYEHHOW CUTYaLMM (y,,x}‘), j=12;j# i, BbINOMHAOTCA HEpaBEeHCTBA

Us(y;,X7) > Uy(X*) 1 Uy(y;,X7) > Uy(x*) . Takum obpasom, x* € WIOE(DG). Orcroaa, cornacko Teopeme 1, npu

*

7 =u,.(x*)+(S(x*)—u1(x*)—u2(x*))/2, i=12, cutyauus x* ypoBrneTBopsieT HepaseHcTBam (2). Torda
OYEBUAHO 44 + 1, = S(X¥).

oxaxem otHowenue (7). Mycts x* e BE(DG). Torga u;(x")>u;(x;,y;),Vy; € X;;i,j=12;j#i. Mpn Taknx
ycroBusix HepaBeHcTBa (4) GyayT cnpaBeanuebl npu Yy, €[0,S(x*)],i =12, B Tom uucne, u npu z; =0,i =12.
HepaBeHcTBa (3) BbINOMHATCS npu 3HaYEHUAX w=0,i=12, MOCKOMNbLKY
Uiy X)) =u(x7) =S(X7) + 24 = u(y;, x;) —u;(x)=S(x") <0 ana Vy;eX;; i,j=12;j=i. Otciopa, Ha
OCHOBaHUM neMmbl, nonyuum 0 e M, (x*),i =12.

Myctb 0= eM;(x*),i=12. Torga, Ha OCHOBaHWM nemMMbl, Mpu 3HauyeHusix g =0,i=12, [OMKHBI

BbINOTHATLCA HepaBeHCTBa (3), (4). Mockonbky B 4) BbIpaXeHue

£

Uiy, X7) =, () +S(X7) =24 = u(y;, X)) —u; (X)) +S(x*) >0 pna Yy, € X;;i,j=12,j#i, To HepaBeHcTBa

(4) GypyT akBuMBaneHTHbI U;(X") > u,(x;,y,),Vy; € X;;i,j =12, j #i . CnenosatenbHo x* € BE(DG) .+
Ha ocHoBaHuM Teopembl 2 MOXHO chenaTh criepyowe BbiBogbl. Ecnm cutyaums x* - paBHosecwe Hewwa,

KOTOpOe He BbIFOAHO HapyLuaTb KaXAOMY 13 UrPOKOB B OTAEMbHOCTW, TO OHA CTabunbHa Ans 060MX UrPOKOB
SBNAETCS WHAMBMAYarNbHO-ONTUMANbHBIM PABHOBECMEM C OLIEHKOW (4 + 14,)/ S(X*)=2. OnTumanbHas no

MapeTo cutyauus, koTopas ctabunbHa nuULb 415 Napbl UTPOKOB, KOTOPble AENCTBYIOT coobLa, MOXeT BbiTb
nonyyeHa Kak MHOWBMOYanbHO-ONTUManbHOe paBHOBecue npu (i + 14,)/ S(x*) =1, a paBHoBecue bepxe,
KOTOpOE HecTaburbHO [N Kaxaoro urpoka, Oyaer WMETb HauMeHbluylo oueHky (g4 + i)/ S(x*)=0.
OcTanbHble  WHAMBWOYaANbHO-ONTUMArbHBIE PABHOBECWS MMEIOT MPOMEXYTOYHblE 3HAYEHUS  BENUYMHbI
(24 + 1,)1 S(x*) Ha nHTepBane [0, 2] B 3aBMCMMOCTM OT YPOBHS TONEPAHTHOCTM UrPOKOB.

Ha ocHoBaHuu npuBedeHHbIX Bbllle BbIBOAOB MOXHO BbIABMHYTb TUMNOTE3Y, YTO XKEnaHWe KaXAoro WUrpoka
YBENUYUTb CcBOM MH,IJ,VIBVI,U,yaJ'IbeIVI BbINrPbIW B AOCTUTHYTOM KOMMNPOMWUCCE, MOXET ObITb OLEeHEeHO BESUYUHOM



International Book Series "Information Science and Computing" 161

(44 + 14,)1 S(x™), KoTOpas xapakTepusyeT CTabunbHOCTb  MHAMBWAYaNbHO-ONTUMAMNLHOTO — PaBHOBECHS.

lMocKonbKy MHAMBUOYaNbHO-ONTUMANEHOE pPaBHOBECUE MOXET BbiTb OOHOBPEMEHHO M paBHOBecueM Hela, u
Bepxe, u [lapeto-onTumanbHOW CuTyaumel, TO LEenecoobpasHO OUEHWTb Kak MaKCUMarbHbIA, Tak W
MWHUMaIbHBIA YPOBHU €ro CTabunbHOCTY.

MakcmanbHbIi  ypoBEHb CTAbWUMBbHOCTM MHAMBWAYANbHO-OMTUMANLHOTO PaBHOBECUSI MPeAcTaBnseT coboi
arpervpoBaHHyK XapaKTepUCTUKY TOro, HACKOMbko 6EeCKOMMNPOMUCCHBIMM MOTYT BbiTb UFPOKM ANS YAEPXaHMS
paBHoBecust. C apyroi CTOPOHbI, MUHUMAIbHBIA YPOBEHb CTAOMIMBHOCTY - 3TO arperMpoBaHHas XapakTepucTuka
TOTO, HACKOMbKO TOMEPaHTHbIM [OMKHbI OblTb WrpoOKM NS yOepXaHus paBHOBECUS. ITW MnpedesbHble
XapaKTepuCTUKN MOryT 4aTb LieHHY0 MHopmauuto ans 6onee rnybokoro uccnefoBaHns cutyaluy paBHOBECUS.
Tak, Hanpumep, eCnn  HEKOTOPOe WHAMBULYarbHO-ONTUMAanbHOE paBHOBECUE SBNSIETCA paBHOBecMeM Helwa u
paBHoBecueM bepxe (0anH M3 OYEeHb MHTEPECHBLIX U OCODEHHO CTABUMBHLIX TUMOB PABHOBECKSI), TO COFMAcHO
TEeopeMe 2, BenninHa max(iy + i)/ S(x*) =2, a min(z, + 1,) 1 S(x*) =0.

OueHka cTabunbHOCTH paBHOBECUIA

,D,J'IFI HaxoXaeHna MakCUManbHOro (MVIHI/IMaJ'IbHOFO) YPOBHA cTabunbHoCTM MHOMBUAYaNbHO-ONTUMANbHOIO

~ max ~ min

paBHOBECUS X, KOTOPbIM Mbl 0003HauMMm uepe3 4" (x) (oBosHaumm yepe3 4" (X)), ccopmynupyem

ONTUMMU3ALMOHHYIO 3aa4y OTHOCUTENbHO £, i =12 , B KOTOPOM CUTYaLMs X UTypUpyeT Kak napameTp:

~ max

A7 (x) =max( + 1) () (A™() = min(e + 1) S(8)), ®)
min(u; (X) — g ,u;(X) = S(X) + 4 ) Zmin(u; (y;,x; ) = 4, U; (Y3, %) = S(X) + 44 ), j =125 #1 (9)
1 €[0,S(x*)],i=12. (10)

Oyukumo 4™ WIOE(G) —»[0,n] (4™ :WIOE(G) —[0,n]) HasoBeM KpuTepueM  MaKCUManbHON

(MMHMMAnbHOM) CTaBUNBHOCTY MHAMBUAYaNbHO-ONTUMANbHOTO paBHoBecust X urpbl DG. Orpanuuenue (9), (10)
OMWCLIBAKT, COrnacHo Teopeme 1, ycnoeusi crnabod WHAMBMAYANbHOW OMNTUMANBHOCTM cuTyauum X € X.
lMockonbKy 3apaHee, kak npaBuno, He U3BECTHO, Kakasi CUTyaLMs Urpbl SBNSETCS WHAMBKAYANbHO-ONTUMArbHBIM
paBHoBeceM Wrpbl DG, TO cuTyauuu, KOTOpble He WHAMBMAYanbHO-ONTUManbHbl, OyayT npuBOauTb K
HEecoBMeCTHOCTM orpaHuyenuit (9), (10). Ecnu cuutaTb, YTO NPU HECOBMECTHOWM CUCTEME OrpaHWyeHuin Ans

k=12 wrpokoB B cutyaumn x € X, yrkumn 1™ (x)=—k u u™(x)=—k, a npu COBMECTHO! cucTeme

_ ~max

orpanuyeHnit (9), (10) ™ (x) = 4™ (x) u u

_~min

"N(x) = 4™ (x), To 0BnacTb onpeaeneHns yHKLUMn 2™

X) u

1™ (x) 6yoeT pacluMpeHa [0 BCEro MHOXECTBA CUTyaLyit Urpbl. CneoyeT OTMETUTb, YTO KOHCTPYKTUBHO

peanu3oBaTb Takoe paclumpeHue obnacti onpefeneHns YHKLUMIA MOXHO NOCPeACcTBOM annaparta LUTpadHbIX
dyHKUMit. Takum obpasom, 4™ :X —[-2,2] u u™:X —[-2,2] 6yayT COOTBETCTBEHHO KpUTEPUSMM
MaKC1MarbHON 1 MUHUMATbHOW CTAaBUIBHOCTY cuTyauuin X € X .

BBeaeHHble HaMW KpUTEPUM MaKCUManbHOM M MWHWUMAMNbHOW CTabWUNbHOCTW cuTyauuin urpbl DG siBnsioTes
arpervpoBaHHbIMI XapaKTepUCTUKaMK UX CTabUNbHOCTK 4N 060MX MrPOKOB B LIENIOM, YTO NpedycmaTpusaeT
KOMMEKTUBHYO NPOLieaypY WX NpUMeHeHus:. MoCKOMbKy Npu HEKOONepaTUBHOM NOBEAEHUM UFPOKOB BOMOXKHOCTM

ntoBbIX KOMMEKTUBHbIX NPOLEAYP MOTYT BbiTb O4eHb OrpaHUYEHHbIMM, TO CTOWUT UCMONb30BATh MHAMBUAYAMbHbIE
OLIEHKM CTaBUMbHOCTY CUTYaLMA Urpbl.
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O6o3Haunm yepes D;(x), i € N, MHOXeCTBa AONyCTUMBIX peLuenni 3agad (8) (10). ObpaTum BHUMaHWE Ha To,
yto npn  ukcmposaHHoM x € WIOE(G) 3agaun (8) - (10) eCTeCTBEHHO [EKOMMO3MPYKOTCS Ha napsbl
He3aBMCUMbIX 3a[a4 MaTeMaTUYECKOro NporpamMMm1poBaHus:

A7 (x) = max{u /S;(0) [ € D)} =12, 4™ (x) =min{es; /S, (x)|; €D (x)}i =12.

Pacwumpsisi 06nacTs onpeaenexmns yHkumin 2™ (x), 4™ (x) nonyuam ana i =12:

o) — {if{“a*(X), D,(x) # @, )= {g{“‘“(x), D,(x) # @,

H 1, D=0, ! 1, Dx)=2. an

Ecnn dyHkumn 1™ (x) u ™ (X) npeacTansioT coboil CyMMapHble OLEHKM CTaBMMbHOCTM CUTyaLui, TO

dyHkum 2™ (x): X = [-11] n 4™ (x): X >[-11] MOryT WHTEpNpPeTMpOBaTbCA KaK COOTBETCTBEHHO
MakcumarbHast U MAHUManNbHas MHOMBUAYambHbIE OLEHKN CTabUMbHOCTM OTAENBHO ANs urpoka | =12 .

[ns obLen urpsl n nuy 3agayv noucka MHAMBUAYanbHbIX OLEHOK cTabunbHocTH TUna (11) AOCTATOYHO CROXHbI
[MatweHko, 2007,1]. B urpe AByX N, NosSIBASETCSA BOMOXHOCTb UX PELLEHWS B aHANUTUYECKOM BUAE.

Teopema 3. [lyctb, 6e3 orpaHuyenus obwHocTw, u;(x)>0,i=12;Vx e X . Toraa MmakcumanbHas u

MUHUManbHAs OLEHKN CTABUMbHOCTY cuTyaumn X € X urpbl DG onpeaensioTcst COOTBETCTBEHHO:
Tou(x)zulyx;). vy € X;,
max 1 .
)= 31 min 0,0, 00 <u xS0 fu 0 20,0 (12
=1, 3y, e X; i (x) <uily; x; ). up(x) <up(y,x;),

0, u;(x)zuy,x;). vy, € X,
1™ (x) = %(1— min {u,-(X)—Uf(y,':Xj )‘“j(x) < uj(yi,xj)}/S(X)),U,(X) LAV (13)

yieXi
-1, 3y, e X, u(x) <ui(yi’xj)’uj(x) <uj(yivxj)’
roe i,j=12;j #i.
Lokazamenscmeo. Paccmotpum cutyaumio x € X . CornacHo Teopeme 1 x e WIOE(DG) Torga u Tonbko Toraa,
KOrAa CyLLeCTBYIOT Takie 3HaveHuns napametpos u; €[0,S(x)],i=12, 4o ana Vi=12 n gna vy, € X,
MMetoT MecTo HepaseHcTBa (9). OHu, B CBOIO 04epesb, COrnacHoO eMMe SKBMBANEHTHbI HepaBeHcTBaMm (3), (4).

Paccmotpum ans Vi =12 cnepytoLime BO3MOXHbIE Cryyau.

NE
Mycts 3y; € X; 1u;(x) <u(y;, x;),u;(x) <u;(y;,X;), roe j=12;j#1,T0r8a (y;,x;)>>x , N0ATOMy CUTyaLusi

~ min

x ¢ WIOE(DG) n MHOXeCTBO JOMyCTUMbIX peLleHni oueHouHbIX 3agay (11) D, (x) =< . Pacwupsas obnactb
onpeneneHns yHKUMA 2" (x), 2™ (x) nonyunm ™ (x) = —1, 1™ (x) = 1.

MycTb [ns HEKOTOporo (pUKCMpOBaHHOTO y; € X; WMEeT MecTo HepaBeHcTBO  u;(X) >u,(y;,x;), TAe

j=12;j=i. Toraa HepaBeHcTBO (4) OyneT cnpasegnmebiM Ansg nobbix s €[0,S(x)]. Moatomy cuctema
HepaBeHCTB (3), (4) OyneT akBuBaneHTHa (3). B cBo oyepenp, HepaBeHCTBO (3) BymeT cnpaBeanuBbiM ANs

nobbix 44 €[0,S(x)]  npu ycnomm  u(x)>u;(y;,X;) v OydeT  9KBUBANEHTHbIM  HEPaBEHCTBY

Hi 2 (S(X)+u;(x)=u(y;,x;))/2. Takum obpasom, ecnu u;(x) 2 u;(y;,x;) Ana Vy,eX;, 10 cucrema

=UilYi 4
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HepaBeHcTB (3), (4), npw ycnosuu ; €[0,S(x)], byneT aoksuBaneHTHa HepaseHcTBY 4 <S(X). Ecrm

u(x)<u(y;,x;) Ana Hekotopblx y; € X;, To cuctema HepaseHCTB (3), (4) Oynet akBuMBaneHTHa
,u,-S%(S(x)+yr,y1ei)r(1i{(u,(x)—uj(y,,xj))‘u,(x)<u,-(y,-,xj)}j. Otciopa  cregyeT, 4TO  MakcumarbHas

WHaOvBMAYyanbHas oueHka (11) ctabunbHocTM OTAENbHO Ans urpoka i =12 Oyaet umets Bug (12).

Ecnu Ans HexoToporo (hMKCPOBaHHOTO y; € X; UMEET MeCTo HepaBeHCTBO U, (X) > u,(y;,X;), rae j=12;j =1,
Torga HepaseHCTBO (3) Byaet cnpaseanuebiM Ans nobbix ; €[0,S(x)]. Moatomy cuctema HepaBeHCTB (3), (4)

Oynet aksuBaneHTHa (4). B coto ovepenb, HepaBeHCTBO (4) ByaeT cnpaseanso Ans nmobbix 1 €[0,S(x)] npu
ycnosuu  u;(X) > u;(y;,x;) W OYAET SKBUBANEHTHO HEpABEHCTBY i > (S(X)—u;(X)+u;(y;,x;))/2. Takum
obpasom, ecim u;(x) > u;(y;,x;) Ans Vy; € X;, To cuctema HepaseHcTs (3), (4), npu ycnosum x; €[0,S(x)],

Oynet akBuBaneHTHa HepaseHctBy s >0. Ecm uj(x) <u;(y;,x;) AN HekoTopbix y; € X;, TO cuctema
HepaseHCTB (3), (4) Bynert akBuBaneHTHa zg(S(x)—yrlyliQi {(uj(x)—u,(y,,xj ))‘uj(x)<uj(y,,xj)}j. Otciopa
crnegyeT, YTo MWHUManbHas WHOMBMAYyanbHas oueHka (11) crabunmbHoCTW cutyaumn x € X OTAENbHO Afis
urpoka i e N 6ymet umetb Bug (13). Teopema gokasaHa. ¢

3aknoueHue

MPUHLUMN  MHOMBMAYaNbHOM  OMTUManbHOCTM  0600WAeT  Knaccuyeckue MpUHUMMBLI - OMTMMAanbHOCTU B
HEKOONepaTMBHbIX WUrpax M pacluMpsieT Knacc KOHIMKTHO paspelmmbix urp. MpuMeHeHWe 3Toro mpuHuMna
060CHOBaHO, €CIi KOHAMKT MEXAY UrpoKkaMn He MOXeT ObiTb paspeLleH COrMacHO KMNaccuYeckum npuHLmMnam
ONTUMANbHOCTM W UIPOKI COTMALLIAIOTCS MATM HA KOMMPOMMUCC Paayt Ero PeLLEeHs.
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O KNACCUOUKALIMK NPUBNTWKEHHBIX METOAOB
KOMBUHATOPHOW ONTUMU3ALIMU

Cepreut CupeHko

AHHOmauyusi: B pabome npeOnazaemcs Knaccubukayusi npubiuxeHHbIX memodo8 KoMOUHamopHoU
onmumu3auuu, komopasi 0606waem u dononHsem cyuiecmeyroujue nodxodbI.

Knroueebie cnosa: komMbuHamopHas onmumu3auusi, Knaccugbukayusi, npubnuxeHHbie Memoob!.
ACM Classification Keywords: G.1.6 [Numerical Analysis] Optimization — Stochastic programming,

G.2.1 [Discrete Mathematics] Combinatorics — Combinatorial algorithms, 1.2.8 [Artificial Intelligence]: Problem
Solving, Control Methods, and Search — Heuristic methods.

BBeaeHue

PasBuTe MeTogoB KombuHaTopHOW onTumusauum (KO) yxe NpeBbICUNO YPOBEHb MEPBUYHOrO HAKOMMEHMS
3HaHWI 1 uaeT nyTem 0BOGLIEHUS NOMYyYEHHbIX Pe3yNnbTaToB. ATO MPOSIBNSETCS, B YaCTHOCTU, B YBENUYEHUM
BHUMaHMS! K MCCMEOBAHMI0 CyLLECTBYIOLLMX MOAXOAO0B, aHanmae Ux OBLMX U OTIINYHBIX XapaKTEPUCTHUK, a TaKKe
KOHLIENTYarbHbIX OCHOBaHW NO3BONSIOLMX AOCTUYL MOBbILIEHNS 3dEKTUBHOCT anropuTmoB. OnucaHue
06LLMX XapaKTepUCTMK MPOMCXOAMT NyTeM HOPMyNMPOBaHUsS ONpeAeneHHbIX 0OO0BLLEHHBIX MOUCKOBBIX
npoLeayp, KOHKpeTu3aLmen OTAeNbHbIX BOKOB KOTOpbIX 0603HAYATCS Knacchl NPUONMKEHHbIX anropUTMOB.
Bblaenexne npUHUMAMANbHBIX  OTNIMYMIA  MOXET MPOMCXOAMTb, Hanpumep, NyTem  KnaccuuumMpoBaHms
anropuTMoB.

B psime pabot paccmaTpuBaloTCA BOMPOCHI Knaccudmkaumm npubnimkeHHsix anroputmo KO B uenom u
OTHENbHbIX UX Krmaccos, B YacTHocTk [Birattari et al., 2001; Blum and Roli, 2003; Laguna, 2002]. B paHHoi
pabote npegnaraeTcs 06oOwWeHne W OOMONHEHWE  BbILEYMOMSHYTHIX MOAXOZOB K - Knaccudukaumu.
Mpennaraemas knaccudukaums 6yneT nsnoxeHa, Nocne KOPOTKOro onucaHns noHsTus 3agadn KO.

OnpepeneHue 3aga4n KOMOMHATOPHON ONTUMU3ALUM

Mpuseaem copmansHoe onpepenenne 3apgaum KO [TynsaHuukmia, 2008]. Mycts 3apaubl Y ={l,....m}, Z -
JUCKPETHOEe MNPOCTPaHCTBO, ¢ — roMOMOpMaM, @:Y — Z, yOoBNETBOPSIOWMA HEKOTOPON CUCTEME
orpaHuyenunin Q.

Onpegenenue 1. Mog koM6MHaTOPHLIM 06BEKTOM A Oyaem noHumarts Tpuagy x = (@, Z,<Q2).

Onpegenenue 2. 3agaven KO, HasbiBaeTCs 3a4a4a HaXOXaEHMS TaKoro x, € X , UTO
X.=arg min f(x)
xeDc X
roe X — MpOCTPaHCTBO peLUeHUi 3agayn, dfieMEHTaMi KOTOPOro SBMSIOTCSA KOMOMHATOpHble OObEKTbI,
Dc X - nognpocTpaHCTBO AONYCTUMBIX PeLUeHWid, onpedensieMoe HekoTopbiM npeaukatom 1T,
f X —[] —3agaHHas uenesas yHKLWSA 3a0a4u.
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Knaccudmkaumsa npubnmxeHHbIX METOA0B KOMOMHATOPHOM ONTUMU3ALMK

Mpu knaccucmumposanun anroputmoB KO npexae Bcero crnegyeT pasgensTb TOUHblE W NpUORMKEHHbIE
meTogbl. MepBble BNagetT CBOWCTBOM rapaHTUPOBAHO HAaXoaWTb ONMTUMarnbHoe pelueHne. OgHako, nouTy Bee
npakTuyeckn BaxHble 3agaun KO aensiotcs NP-nonmHbimu [Managumutpuy u Cranrnud, 1985]: ans Hux He
M3BECTHO HI OAHOTO TOYHOrO anropuTMa C NOSIMHOMMAIbHON CMOXHOCTLI. Kpome Toro, NOCTaHOBKM 3aaady 4acTo
OblBAKOT C AaHHBIMMW, KOTOPLIE UMEKOT ONpeAeneHHble MOrPeLIHOCTM, YTO OKOHYATENbHO [ENaeT 3Ha4NTeNbHble
BbIYMCTIUTESbHbIE 3aTpaThl AN HAXOXOEHWS TOYHOrO pelleHust HeonpaBAaHHbIMW. B NpoTMBOMONOXHOCTb
TOYHBIM METOZaM, COBpeMeHHble npubmmkeHHble anroputMbl KO paspeluatoT nonyyaTtb pelleHust "BbICOKOro
kayecTBa" 3a npuemneMoe (C NPaKTUYECKO TOUKK 3peHns) Bpems. 1o aTum, a Takke no ApyruMm npuymHam, Bce
fornblue BHMMAHWS B HayyHOM nuTepatype yaensetcsa npubmmkeHHbim metogam KO. 3a nocnegHue
JECATUNETVNS MPEasIOXeHbl AECATKM pasniyHbIX MOAX0Z4oB, obnajarowme TEMM WAKW WHBIMW CBOWCTBaMU U
XapakTepucTukamu. [ns BolgeneHns XapakTepHbIX OTAMYHBIX YEPT CYLLECTBYHOLLMX NpubnmkeHHbIX MeTogos KO
W npeanoxeHa gaHHas knaccudmkaumst (cm. Tabnwuy 1). B npumepax, npuBedeHHbIx B Tabnuue 1, cCbinku
yKasaHbl Ans TeX METOZOB KOTOPbIE Janee B TEKCTE HE YNOMUHAKTCS.

Tabnuua 1. Knaccudmkaums npubnmkeHHbIX METOA0B KOMBUHATOPHOM ONTUMU3ALMM

Knaccbl / XapakTepucTuku Mpumepbl
Mo npuHLMNY NPUHATMA peLLeHni
leTepMUHUPOBaHHbIE JlokanbHb Il nouck
HenetepMuHMpoBaHHbIe (CTOXacTu4eckue) MmMumayuoHHb It omxue
Mo cTpykType
MpocTon anroputm JlokanbHb Il nouck
MMbpunaHbIV anropuT™ -
MeTaaBpucTtuka Memod mypasbUuHbIX KOMOHUL, MeMemudeckuli
aneopumm

MMbpuaHas MeTaaBpUCTUKA -
Mo Tny ucnonb3yemMbIX NPOCTPAHCTB
MocnepoBaTenkbHble (KOHCTPYKTUBHbIE) SOspucmuka "udu k bnuxadwemy”
JlokanbHbIl NOUCK,

G-aneopumm [F'ynsnuukumin, 2006]

Memod mypasbuHbIx KooHud,

H-memod ['ynaHuukui, 2008]

Mo konu4ecTBY UCNONbL3YEMbIX CUCTEM OKPECTHOCTEW
OaHa VIMumayuoHHb It omxue
MHoro [Nouck 8 nepeMeHHbIX OKPECMHOCMSX
Mo Tuny ueneBon GyHKLMM
Memod mypagbuHbIX KOIOHUL, 2eHemu4ecKul

TpaekTopHble
WUTtepauuoHHble
MonynAunoHHbIe

Cratuyeckas
anaopumm
OuHamnyeckas Ynpasnsiembili nokanbHbIl NOUCK
Mo TMny TpaekTopuu (ANA UTEPALUOHHLIX METOAOB)
TpaeKkTopHO-HenpepbIBHbIE G-aneopumm, maby-nouck

TpaeKTopHO-pa3pbIBHbIE GRASP
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Mo ncnonb3oBaHuUO NamATH

JlokanbHb Il nouck, G-anzopumm,
cmaHO0apmHb Il eeHemu4yecKul an2opumm

C KpaTKOBpPeMEeHHON NaMATbH Mpocmoli maby-nouck
[luHamuyeckul fokanbHbIG NOUCK
[Hoos and Stiitzle, 2005]
Taby-nouck ¢ ucnornb308aHueM Kpumepues

Be3 ncnonb3oBaHMa namaTy

C ponroBpeMeHHOI NamMATbI

C o6onmu Buaamu namaTu

cmpemneHus
Mo oueHKe TOYHOCTH

C anocTepMopHOI OLIEHKOW TOYHOCTH JlokarnbHb Il NOUCK ¢ U38eCMHOU HUXHEN 2paHuuel

C anpuopHOI OLIEHKON TOYHOCTH &-NPUBTILXKEHHbIE anaopumme|

Be3 oLeHKM TOYHOCTH -
CxoaMMOoCTb MO pelleHuto

MypasbuHbie aneopummsi knacca ACO.
[Dorigo and Blum, 2005]
He cxopswumecs CmaHOapmHb Il 2eHemu4eckuli anaopumm

Be3 oueHku cxoaumocTu H-memod
CxoamMMocThb Mo 3Ha4YeHUIo

o bs, min
Cxoaswmecs ¢ onpeaeneHHoN BepOATHOCTBIO s Fon (1)

Mypasbutbie anzopummsi knacca ACO,

Cxopsiwmecs ¢ onpeaeneHHon BePOATHOCTLIO [Dorigo and Blum, 2005],
G-aneopumm

He cxopswmecs CmaHdapmHb Il eeHemu4ecKull aneopumm

Be3 oueHKM cxoauMocTH H-memod

Mo npuHyuny npuHsmus peweHul. B npubnuxeHHbIX MeTodax, npexae Bcero, Oygem pasnuyatb OBa
NPUHLMNA NPUHATUS PeLIEHN — AeTEPMUHUPOBAHHDIA Y HEAeTEPMUHUPOBAHHBIN, T.€. OTCYTCTBUE UMK Hanuume
nceBoOCMYYalHbIX apryMEHTOB B (DYHKUMM MPUHATUS pELUeHUs COOTBETCTBEHHO. Ha JaHHbI MOMEHT,
nogasnsiollee OOMbLUIMHCTBO paspaboTaHHbIX M MPUMEHSIEMbIX Ha MpakTuke npubnmkeHHbIx metogos KO
NPMHagnexaT WMEHHO K HeLeTepMWHWMPOBAHHLIM, 4TO 0OycrioBneHo Goree BbICOKMMM MOKasaTensamMu
3heKTUBHOCTM TaKMX METOAOB.

Mo cmpykmype. KnaccuuumpoBaHue no CTPYKTYpe, XOTA W SBMSETCA BaXHbIM, HO, Y4MTbIBas OTCYTCTBUE
(hopMarnbHOrO  OnpedeneHns MeTasBpuUCTUKKM, HE [AaeT BO3MOXHOCTM YETKO pasnuuuTb anropuTMbl Mo
MPUHAANEXHOCTW K MPOCTbIM UMW METa3BPUCTUYECKUM. Hanpumep, anroputm umutaumoHHoro omkura [Kirkpatrik
et al., 1983] pasHble aBTOPblI OTHOCAT KaK K META3BPUCTUKAM, TaK W CUMTAIOT MPOCTBIM YUMTbIBas TO, YTO €ro
OTNMYME OT JIOKaNbHOTO MOUCKa SBMSETCS HE3HAYWUTESNbHbIM, Jaxe N0 CPaBHEHWW C Takoih "nNpUMMTUBHOMN"
METa3BPUCTUYECKOW  KOHLEMNUMEW, Kak nOBTOPSeMbI  fiokanbHbld - nouck [Lourengo et al, 2002)].
MeTaaBpucTuyeckne MeToAbl MOXHO MOHMMATb Kak KOMOMHAUMIO OBYX TEXHWK: oblas cxema CTPOMTCS Ha
6a30BOM MeTOAE, B KOTOPYIO BKMOYAETCA Ta UMM MHAs BCTPOEHHas npoueaypa. BaxHbiM acnekTom ecTb To, YTO
BCTPOEHHas npoueaypa — 310 B 6ONbLUMHCTBE Cly4aeB CaMOCTOATENbHbIN anropuTM peLLeHnst TON Xe 3adaym,
YTO W METAdBPUCTUYECKM MeTOoL B Lenom. Moa rmbpuaHbiMiu anroputMamm NoHMMaeTcst Takoe obbeanHeHne
NPOCTLIX anropuTMOB, KOTOPOE €LLe He NOPOXAAET METAIBPUCTUYHWIA anropuTMm. Hanpumep, 3To MOXeT ObiTh



International Book Series "Information Science and Computing" 167

NPOCTOe NocneaoBaTenbHOe U NapannensHoe BbiNOMHEHWe. Ha npakTuke NpoCTbie anropUTMbl MCMOMb3YHTCA
BCE pexe, MOCKOMbKY pa3BuTUE METadBPUCTUYECKUX MOAXOA0B MO3BOMSET MoMnyyaTtb nyylwe pesynbraTthbl, a
TEMIMbl PA3BUTUS BbIYUCIIMTENBHOM TEXHUKM NO3BONSIOT NPUMEHSTL BCe Bonee CnoxHble anropuTMbl K 3agadam
BCe Gonblien pasmepHocTW. Knaccudukaumo rubpuoHbIX MeTasBpUCTUK LeTanbHO paccMOTpeHo B paboTe
[Raidl, 2006]. Mo aHamoru ¢ NOCREAHEN, MOXHO MPEeANOXUTL KnaccuduumpoBaTe MOpuaHbIE anroputMbl No
cTeneHun rnbpmansaunn, NopsAAKY BbINOHEHUS U CTPATErMM YNpaBleHus.

Mo muny ucnonb3yembix npocmpaHcme. [lanblue BbiAENUM MO TUMY UCMOMb3YeMbIX MPOCTPAHCTB Krnacc
rnocresoBaTenbHbIX, WM e KOHCTPYKTMBHBIX, anrOpuTMOB KOTOPble COCTOSIT B MOCTPOEHUM PeLUeHust 13
OTAENbHbIX YacTeil Mo onpeaeneHHbIM npasunam. Takue anroputMbl paboTaioT B HEKOTOPOM PaCLUMPeHHOM
npocTpaHcTBe S D X . Bo MHOMX cryyasix 3T0 pacLuMpeHHoe MPOCTPAHCTBO MOXHO NpeaCcTaBUTL B TEPMUHAX

Onpepnenexuns 1 B Takom BUIE:

S=XulJX.X, =tx'=(¢,Z,Q9): 0"  {ysyi} > Z}si = 1,om;

i=l,m

Qo0 i=2,.,m{y,..y, =Y.

lMpocTenumMm NpUMEpoM SBMAETCS 3BPUCTUKA ANS 3ada4v KOMMUBOSKEPA, KOTOPYIO YacTo HasbiBakoT “KagHoMU"
unn "nan k Grmkanwemy" [Hoos and Stiitzle, 2005]. Ha npakTuke KOHCTPYKTUBHbIE anrOpUTMbl Yalle BCero
nenonbayloTes Mo Ans 3agav ypessblvanHO GOMbLIOK pa3MepHOCTM WK 3agay € 3aTpaTHbIX BbIYUCIIEHUEM
LieneBon yHKLMM, MO0 ANs reHepupPOBaHNS HavanbHbIX PELLEeHU 4N ApYruX MEeTOAO0B. IHOrAa OHW BCTPOEHDI
B cocTaB MeTofoB Boree croxHbIM 06pa3oMm, kak, Hanpumep, B ONTUMU3ALMN MypaBbiHBIMK KOroHWUsIMM [Dorigo
and Stiitzle, 2004], KOHCTPYKTWBHbINA BIIOK — AESTENBHOCTb NCKYCCTBEHHBIX MYPaBLEB UMPaET KIHOUEBYH POrb.

[pyroit knacc anropuTMoB — UTepaLMoHHble. Takie anropuTMbl paboTatoT B NPOCTPAHCTBE MOMHbIX PELLEHNN
X . WtepaumoHHble MeToabl eCTECTBEHHO Pa3AensioT Ha [Ba Knacca Mo pa3Mepy MHOXECTBA PeLLEHMi,
KOTOPbIMI anropuTM OHOBPEMEHHO OMEpPUPYET: B Crly4ae OHOINEMEHTHOTO MHOXECTBA aNnropUTMbl Ha3blBaKT
TPaEKTOPHbIMU (peXxe, OLHOTOYEYHbIMM), @ B Clyyae, KOraa MHOXECTBO TEKYLLMX PELUEHWA COAePXUT Bomblue
0ZHOTO 3MeMeHTa — NOMyNSLMOHHBIMA.

B pabote [Birattari et al., 2001] npeanaraeTcs Takke pasnuyatb MeTOAbl KOMOMHATOPHOM ONTMMM3ALMM MO
KONMWYECTBY PasNYHbIX CUCTEM OKPECTHOCTEN KOTOPbIE OHU MCMOMb3YIOT, TUNY LeneBoit yHKLUMM WU NO Tuny
TpaekTopun. PaccMOTpUM 3TW XapakTepucTuki Gonee aeTansHo.

Mo konuyecmey ucnonb3yembIx cucmem okpecmHocmeu. 10 KONUYECTBY WUCMONb3YEMbIX OKPECTHOCTEN
MOXHO Pa3nuuuTb anropuTMbl, KOTOpbIE MCMOMbL3YKT B MpoLecce noucka OfHy WMNW HECKOMbKO PasfnyYHbIX
CUCTEM OKpecTHOCTeN. dopmarbHO CUCTEMBI OKPECTHOCTEN 00bI4HO onpeaenatoT Tak [Blum and Roli, 2003].

Onpepenenne 3. CucTeMa OKpeCTHOCTe#t — 3T0 Takoe oTobpaxerne N :. X — 2% kotopoe kaxgomy
pelleHnto x € X CTaBuT B COOTBETCTBME HEKOTOPOE MHOXECTBO COCEEeN, KOTOPOE Ha3blBAETCS OKPECTHOCTHIO
peLleHmns x .

BorbWwrHCTBO NpubnmkeHHbIX anroputMoB KO MCNOMb3YIT OAMH TUM OKPECTHOCTEN. OTO Takue anropuTMbl kak
UMUTaLMOHHBIA oTxur, Taby nomck [Blum and Roli, 2003]. B nosTOpsiemMOM NIOKanbHOM MOUCKE MCMOMb3yeTcs Nno
KpailHeil Mepe [OBEe CUCTEMbl OKPECTHOCTEW. B nepBon OCYLLECTBRAETCS NOKanbHbIA MOWCK OO AOCTUXKEHMS
MOKanbHOr0 MUHWMYMa W MOCRie 3TOT0 OCYLLEeCTBRSETCA BO3MYLUEHWE HaMOEHHOrO NOKANbHOr0 MUHUMYyMa.
daKkT4eckn, BO3MYLLEHME MOXET paccMaTpuBaTbCA Kak Lar B [pYrol CUCTEME OKPECTHOCTEN. JTu
coobpaxeHus, B 4aCTHOCTH, OblnKn pa3BuTbl B anropuTMe noucka B M3MeHsieMblX okpecTHocTax [Mladenovic and
Hansen, 1997] — B 3TOM Nogxo4e OKPeCTHOCTU CUCTEMATUYECKM U3MEHSIIOTCA B NpeAenax 3aBe4oMo 3a4aHHOro

nepeuHss {N,,...,N,}. [llpouecc KOHCTPyWpOBaHWA pelleHniA B Takux NOAXOAAaX kak OnTUMU3aLys



168 Artificial Intelligence and Decision Making

MypaBbMHbIMKU KoMoHuaMM unu GRASP [Hoos and Stiitzle, 2005] takke MOXHO NPOMHTEPNPETUPOBATL Kak
Pa3HOBMOHOCTb MOMCKA B OKPECTHOCTSX, HO Takas uWHTepnpetauus He Oyget otobpaxatb 6a30Bble
anropuTMuYeckue uaem atux metogos [Birattari et al., 2001].

Mo muny yenesoll hyHKyuu. HekoTopble anropuTMbl MOAUMULMPYIOT OLEHMBAHWE OTAENbHBIX COCTOSHMIA
npoLecca noucka BO BpeMS BbINONHeHus anroputma. OfHUM W3 NPpUMEpOB SIBNSIETCS METOL “BbllaMblBaHUS”
(breakout) [Morris, 1993]. Ba3oBoil ngeei aBnseTCS BBEAEHWE WTPAtoB HA BKIIOYEHWE OTAEMbHBIX KOMMOHEHT
B peLUeHne, KOTOpble M3MEHAKOT 3HaYeHue LieneBoit (yHKuuW. Kak passuTie 3Toro nopxopa Obin npeanoxeH
ynpasnsemblin nokaneHbi nouck [Voudouris and Tsang, 1995]. Taby nouck Takke MOXHO NPOMHTEPNPETNPOBATL
KaK TakoW, KOTOPbIA MCMONb3YET ANHAMUYECKYIO LEeNeByo (PYHKLUMIO, TaK Kak HEKOTOPbIE TOYKM MPOCTPAHCTBA
novcka SBNSIOTCS 3anpeLLeHHbIMM, Y4TO 0TBEYaeT BeCKOHEUYHO DONbLUMM 3Ha4eHUsIM LeneBomn dyHkummn. OpHako,
OCTanbHble CPean N3BECTHbIX HA AaHHBIA MOMEHT METOAOB UCMOMb3YHOT CTATUYECKYHO LENEBYI0 (hyHKLMIO.

Mo muny mpaekmopuu. BaxHbIM OTIMYMEM MeXZy PasHbIMK UTEpPaLMOHHbIMK MOAXo4aMu noaxoAamu
SBNSIETCA TO, CNEAYIOT M OHU OFHOW TPAeKTOpUM NOUCKa, YTO OTBEYaeT "HenpepbiBHLIM" Nepexodam Ha rpade
COCeACTBa, UMK OCYLLECTBAAKT Gonblune "npbikkn" Ha rpade coceactea [Birattari et al., 2001]. MNpegnaraetcs
Takoe hopManbHoe onpeaeneHne TpPaekTOpHO-HEeNpPEPbLIBHOMO MeToaa.

Onpepenenve 4. Metoq HasbiBaeTCA TPAEKTOPHO-HEMPEPbIBHLIM, ECMM MOCMNENOBATENbHOCTb  TEKYLLMX
PEeLUeHN Ha UTepaLmax X, x,,..., X, BNafieeT Takum CBONCTBOM

Vi=2,.,kdN'e{N,,...,N,;}:x, e N'(x_,), (1)

rae {N,,...,N,}— nepeyeHb CUCTEM OKPECTHOCTEl KOTOpble MCMONb3yeT MeTof. [ns nomynAuMOHHbIX

TPaeKTOPHO-HENPEPbIBHbIX METOA0B LOMKEH CYLIECTBOBATb TakoW CNocob ynopsaoUunTb PeLLEHNs U3 MHOXECTB
TEKYLLMX PELLEHU Ha UTepaumusax B NOCNEA0BATENBHOCTH, YTO Kaxagas 13 nocnegosatensHocTen Oyaet BrageTb
CBOWCTBOM (1). 3TO CBOWCTBO AOSKHO BbINOMHATCA ANS KaXOOW MOCNEA0BATENbHOCTM TEKYLUMX PELLEHUH,
OTBEYAKOWMX OTAENbHBIM peLleHnsm 1u3 nonynsuun. MeTtogbl He Bragetole 3TUM CBOMCTBOM Ha3blBalOTCS
TPaEKTOPHO-Pa3PbIBHLIMMU.

VIMUTALMOHHBIN OTXUI UK Taby NOUCK SABASKOTCS TUMUYHBIMW NPUMEPaMM TPAEKTOPHO-HENPEPbLIBHbIX METOAOB.
AnropuTMbl, KOTOPbIE OCYLLECTBNSAOT 60nee CRoXHble Nepexodbl, HO KOTOpble MOXHO NPEACTaBWTb B BUAE
foree nNpoCTbIX LUArOB, TaKkKe MOXHO MPOMHTEPNPETUPOBATL KaK TPAEKTOPHO-HenpepbiBHbIX. K Takum
anropuTMam npuHagnexart, Hanpumep, anropuTMbl METOAA noucka nepemeHHon rmybuHbl [Hoos and Stiitzle,
2005], B yactHoCTK, anroputM JlnHa-KepHuraHa npegnoxeHHbIin Ana 3agadm kommusospkepa [Lin and Kernigan,
1973], unn anroputMmbl, KoTopble 6asupytoTcs Ha "BbiOpacbiBaHumM Lenei" (ejection chains) [Glover, 1996]. B
noeTopsieMoM nokanbHom noucke, GRASP, wmemeTudyeckux anroputMax [Moscato, 1999] reHepupytoTes
HavarbHbIe TOYKW ANS NOAYUHEHHOrO NOKAmNbHOMO NoucKa. 'eHepaLmus HavanbHbIX TOYEK 0TBeYaeT “Npbikkam” B
npoLecce noucka, U Takue anropuTMbl, B 06LLEM, BbINONHAKT TPAEKTOPHO-Pa3pbIBHLIMIA MOVUCK MO OTHOLLEHWHO K
rpady COCeACTBa, KOTOPbIA WCMOMb3yeTcs B fokanbHOM noucke. OTMETUM, UTO MpakTUYeckn BCe
nonynsALUMOHHbIE NOAX0Ab! ABMNSIOTCA TPAEKTOPHO-PA3PbIBHBIMMU.

Mo ucnonb3oeaHuro namsimu. Elie 0QHON XapaKTEPUCTUKOM, NO KOTOpon Oydem pasnuyatb NpubnvmkeHHble
anroputmbl KO sBnsieTcs 1CNonb3oBaHMe NamsTh. AnroputMamn C KpaTKOCPOYHOW NaMsiTbio Ha3bliBaKTCS
anropuTMbl,  KOTOpble  3anOMWHAKT  ONPedeneHHOe  KONMWYECTBO  MOCMEAHUX  MPUHSATBIX  PELUEHW,
CreHEpUPOBaHHbBIX PELUEHMI, YacTel peleHnin u T. 4. AnroputMamy ¢ AONrOCPOYHON MaMsATbI0 Ha3sblBaKTCS
anropuTMbl, KOTOpbIE 3aNOMUHAKT UHGOpPMaLMo 060 BCEM OCYLLECTBIIEHHOM NMpoLiecce noucka B Buae Habopa
cneynanbHbIX NepeMeHHbIX. HekoTopble anroputMbl MOryT COBMeLLaTb UCMONb3oBaH1e 060MX BUAOB NaMsATH,
Hanpumep, Taby-Nouck ¢ NCnonb3oBaHUeM Kputepues cTpemneHns [Glover and Laguna, 1997].
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Mo oueHke moyHocmu. Mo OLEHKE TOYHOCTW BbIJENMM anropUTMbl C ANOCTEPUOPHON OLEHKOW TOYHOCTH,
anpUOPHOIA OLIEHKOI 1 BG83 COOTBETCTBYHOLMX OLIEHOK. ANOCTEPUOPHbIE OLIEHKM BbIYMCISKT HENOCPELCTBEHHO
BO BpeMs MpOoLecca peLleHus, y4uTbiBas MpU 3TOM M CaMo MONYy4YeHHOe pelueHre. AnpuopHasi OLEeHKa
TOYHOCTM — 3TO rapaHTUpOBaHHas OLieHKa, KOTOpas criedyeT U3 CamMoro anropuTMa pPeLLeHns 3agaum.

Mo cxodumocmu. [ns nocnegHero nokasatens, Mo KOTOPOMY npegnaraeTcs — KnaccuuumupoBaTb
NPUBNMKEHHbIe MeTOAbI KOMOMHATOPHON ONTUMMU3ALMU, — CXOBUMOCTU, B OTIIMYME OT BbILLEPACCMOTPEHHBIX
XapaKTepuCTUK, NPUHAANEXHOCTb TOMO UM MHOTO MEeToAa/anropuTMa K Kraccam NoCTPOEHHbIM Ha OCHOBE 3TOM
XapaKTepuUCTUKN MOXET M3MEHUTCS B 3aBUCMMOCTM OT MOMYYEHWS HOBbIX pe3ynbTatoB. CXogMMocTb
npegycMaTpuBaeT [Ba YaCTHbIX Chyyas: CXOAMMOCTb MO PELUEHMO W CXOAMMOCTb MO 3HAYEeHMI0. Tumbl
CXOZMMOCTM onpeaenstoTcs Takum obpasom [Dorigo and Blum, 2005].

Onpep.eneHMe 5. CxomumocTbto no peleHno Ha3biBaeTCAa [OOCTUXEHUE C onpe,qeneHHoM BEPOATHOCTbIO
anropuTMom COCTOAHUA, Koraa OAHO M TO e OnThUMaribHOe peLleHne 6yJJ,GT reHepunpoBaTbCA NOCTOAHHO.

Onpegenenne 6. CXOQMMOCTBIO MO 3HAYEHWHO HA3bIBAETCA AOCTWXKEHWE C ONPEAEneHHON BepOSTHOCTbIO
anropuTMOM COCTOSIHMS, KOTAa anropuTM CreHepupyeT Npou3BOSbHOE ONTUMAbHOE PeLLEHWE MO KpalnHen Mepe
OOWH pas.

HekoTtopble aBTopbl [Birattari et al., 2001; Blum and Roli, 2003] npegnaratoT pasgenstb npubnnKeHHbIe
anropuTMbl Takke NO TOMY, ObIM N OHWM CO3AaHbI MO KakoMy-HUOYAb NPUPOAHOMY aHanory, Kak, Hanpumep,
WMWUTaLMOHHBIA OTXMI MNW reHeTudeckne anroputMbl [Hoos and Stitzle, 2005]. Ho atoT nokasaTenb He
OTpaxaeT CYLLECTBEHHbIE XapaKTEPUCTUKIA anropuTMa, NOITOMY B JaHHYH0 Knaccudmkaumio OH BKITIOYEH He Bbin.

3aknioyeHue

I'Ipenno»(eHa KJ'IaCCVId)I/IKaLLI/IFI I'Ipl/16J'IVI)KeHHbIX anropuTmos KOM6I/IHaTOpHOI7I onTuMM3aLni. [ns otaenbHbIX
KI1lacCoB TakXe npeanoxexHa CbOpMaJ'IM3aLLMFI nxonpeneneHus.

ConocraBneHue pa3spaboTaHHONM Knaccugukaumy ¢ NPUMEHSIEMbIMU Ha NpakTUKe NOLXO4aMu Mokasarno, yTo,
BBUZY TOrO, YTO BCE BOMbLUE NPUMEHSEMbIX Ha NMPAKTUKE anropuTMOB SABNSIOTCA rMOpUAHbIMKM, COBMELLas Te
WM MHbIE KOMMOHEHTbI Pa3HbIX METOAOB, HepeaKko ObiBaeT HEBO3MOXHO YETKO KnaccuuumpoBaTb anroput™ B
Lenom. Yetkas knaccuchmkaums BO3MOXKHA TOMbKO MpU pasbueHun anroputM Ha OTAenbHble npouedypsbl,
peanuaylowue Te WK WHble "TUNKUYHbIE LeACTBMUS" (HanpUMEP, KOHCTPYMPOBAHME PELUEHWA AW BO3MYLLEHWE
peLleHnit). ITo B CBOK O4Yepedb CTaBUT BOMPOC OMPEAENeHNs MepeyHs pasnuyuHbiX Mo (PYHKLUMOHANBHOCTY
9NeMeHTapHbIX MpoLeayp anroputMoB, KOTOPbIA HaNpsiMylo CBA3aH C MOCTPOeHneM obLen (1 B Toxe Bpems
[OCTaTOYHO AETarnbHOM) CXeMbl NMPUONMKEHHBIX METOLOB KOMOMHATOPHOW ONTUMM3ALMM UNK, NIO KPaHEN Mepe,
[OCTATOYHO LUMPOKOTO UX Kracca. OT0 MOXeT OblTb OAHUM 13 HanpaBneHnn ByayLumx nccresoBaHnn.
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ANrOPUTMbI PELLEHWUA CUCTEM IMHENHbIX AUOGAHTOBbIX YPABHEHUNA
B AUCKPETHbLIX OBNACTAX

Cepren KpbiBbIn

AnHOmayus. MpednoxeHb! anzopummbl NOCMPOEHUSI MUHUMAITbHO20 NOPOXAarlea0 MHOXecmea peweHul
cucmeM fuHelHbIX 0OHOPOOHBIX ypaeHeHUl 8 MHoXecmee HamyparbHbIX yucen u ba3uca MHoxecmea
peweHul cucmemsbl UHEUHbIX 00HOPOAHBIX U HEOOHOPOOHbIX OUOhaHMOBbIX ypasHeHUl 6 Konbyax U nonsix
8b14emoe No MOOYITH HEKOMOPO20 Yucna.

Abstract.The algorithms for computation of minimal supported set of solutions for systems of linear Diophantine
homogeneous equations over set of natural numbers and basis of systems of linear Diophantine homogeneous
and inhomogeneous equations in ring and field of remainders on modulo of a number.

Keywords: Systems of linear Diophantine constraints, minimal supported set of solutions, basis of solutions,
satisfaction problem of constraints

ACM Classification Keywords: G 2.1 Discrete mathematics: Combinatorics

Conference topics: Algorithmic and Mathematical Foundations of the Artificial Intelligence

BBeaeHue

B HacTosiwen pabGote paccmaTtpuBaeTcs  KpaTkud  0030p  anroputMOB  MOCTPOEHUS  MUHKUMArbHOTO
MOPOX/JAOLLEro MHOXECTBA pelleHun 1 Basnca MHOXECTBA PeLIEHUMA CUCTEM MNUHENHbIX ANOAHTOBLIX

YPaBHEHWA B MHOXECTBE HaTypambHbIX 4ucen, B none M Komble Z, BbIMETOB MO MOAYMO MPOCTOro U

cocTtaBHoro yncna m. [laHHas pabota ssnsetca npogomkeHnem pabot [Kpoiebi, 1999] - [Kpbisbiit, 2007]. B
OCHOBE NpeanaraeMblX anropuTMOB NEXUT TSS-MeTod NOCTPOEHUS MUHUMAIBHOTO NOPOXOAIOLLErO MHOXECTBA
PELleHUA CUCTEM JIMHENHbIX OOHOPOAHbLIX AMOMAHTOBLIX YPaBHEHWA B MHOXECTBE HaTypanbHbix yucen N
[KpbiBbiii, 1999]. K Takoro poga cuctemam U METOAAM MX PeLleHWA CBOAATCS 3afaduu MaTeMaTWyeckux urp
[HoHey, 2002], pacnosHaBaHus wu3obpaxenuin [[oHeu,2005], kpuntorpadum [Yepemywwkud, 2002],
pacnapannenueanus Uuknos [Allen,1987], nocTpoeHune nuHenHbIx Mo3sauk [doHeu, 2005], yHucmkauum B
Teopusix nepsoro nopsiaka [Baader,1994], apudmetukn MpecOyprepa [Comon, 1999], aHann3 CTPYKTYPHbIX
ceoiictB ceten MeTtpu [Murata,1990] u mHorve apyrve 3agaun. OnucbiBaeMble anropuUTMbl XapakTepU3yloTcs
OL|eHKaMu BPEMEHHON CRIOKHOCTH.

NpenBapuTenbHbIe cBeAeHUS

Cuctemon nuHelHbIX AnothaHToBbIX koHcTpenHToB (CNAK) Oyaem HasbiBath cuctemy Buga Ax R b, A =

|al.j|, al.j,beZ (MHOxecTBO Uenbix uncen), xeN, a R € Q = {= <,<,#>,2},i=12..p, j~12,..9.
Pewenvem CJIIK Ha3biBaeTca Takoi BEKTOp ¢ = (C,, C,, .., C . ), KOTOpbIA MpW MOACTAHOBKE BMECTO
X ;3HadeHuit ¢, B L, (x) obpawaer L, (x)Rb, B uCTMHHOe BbickasbiBaHMe anst Beex i = 1,2,..p. CNOK

Ha3biBaeTcs oagHopoaHoin (CITOAK)}, ecrm Bce b, pasHbl Hymio, B npotueHom crysae CIIIK Ha3bisaetcs

HeogHopoaHon (CIHAK). Ecnn CINOIK cocTouT TONbKO M3 YpaBHEHWI, TO OHA HA3bIBAETCS CUCTEMON NIMHENHBIX
oOHopoaHbIX auodaHToBblX ypasHenuin (CJIOAY). Ecnn CITHOK coctouT TOMbKO M3 ypaBHEHWA, TO OHa
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Ha3bIBAETCS CUCTEMON NIMHEWHbIX HEOAHOPOAHbIX AnodaHToBbIX ypasHeHun (CITHOY). Metogbl pelueHus
CINHAY cBogsTcs, kak U3BECTHO, K pelleHnio cooteeTcTaytowen CIMIOAY u noatomy B AarnbHenweM OCHOBHOE
BHUMaHue bygeT yaenaTtecs MeToAam v anroputmam pelerns CIogy.

Mycte S - CNOAY n e, = (1,0,..,0,0), e, = (0,1,..,00),..., e, = (0,0,...,0,7) - eAnHN4Hble BEKTOPbI 3

MHOXEeCTBa Nq, KOTOpbl€ Ha3blBalOTCA BEKTOPaAMW KaHOHWUYECKOro 6asnca mHoxectea N7 . Beegem Ha

MHOxXecTBe N OTHOWeHMe nopsaka <, KOTOpoe OMpeaensetca TakuM obpasom: ecim x =(x,...,X,) ,

y=y-y,) € N" x=(x,...,x,) , T0 X < y T0rja 1 ToNbKO TOTAa, korAa AnA BCex i=1,...q, x; < y,.
£ICHO, YTO 3TO OTHOLLEHME SIBMISIETCS YACTUYHBIM MOPSAKOM M OTHOCUTENBHO 3TOrO MOpsiAKa MOXHO FOBOPUTL O

MUHUMarbHBIX 3rieMeHTax B MHoxectBe N7 . OueBMOHO, YTO HAUMEHbLUMM SNEMEHTOM B MHOXecTBe V7
€CTb HYNEeBOW BEKTOP.

Mycte M - mHOxecTBO pewwenuin CIIOAY S. Mockonbky cuctema S oaHOPOOHAs, TO HyNEBOM BEKTOP BCEraa
SBNSAETCA ee pelleHnem. ITo peleHne Oyaem HasblBaTb TPUBMANbHbIM, @ BCSKOE peLUeHWe CUCTEeMb S,
OTNIMYHOE OT TpMBManbHOrO, Oyaem HasbiBaTb HeTpuBManbHbiM pelennem. CIIOLY S 6Gymem HasbiBaTb
HECOBMECTHOM, €CTIM MHOXECTBO M COCTOUT TOMBKO NMULLb U3 TPUBMANBHOMO PELLEHNS, B MPOTMBHOM CIyyae OHa
OyneT Ha3blBaTbC COBMECTHOM.

13BECTHO, YTO MHOXECTBO B MUHUMAnbHbIX 3NEMEHTOB MHOXECTBA pelueHun M cuctemsl S coctaBnseT 6asuc
mMHoxecTBa M n ecnm |[M| > 1, To 6a3uc B Bcerga CyLECTBYET, KOHEUYEH U BCAKWA 3nemMeHT u3 M npeactasum B
BMAE HEOTPULATENBHON NMHENHON KOMBKHAaLMK BEKTOPOB 13 B. M3BeCTHO Takke, 4To npouece pewenust CITHOY
UK CUCTEMbI NIMHENHBIX AnodaHToBbIX HepaBeHCTB (CIIAH) moxeT 6biTb cBefeH k pewenunto CIOLY, noatomy
OCHOBHOE MecTo B uccnegoBaHusx yaensetca CIIOLY. Cneayet 3ametutb, Yto B 06LleM Cnyyae Takoe
CcBefeHue yBennyMBaeT pa3MepHOCTb NPOCTPaHCTBa, Haf KOTOpbIM paccMaTtpuBaeTcs nonydeHHas CIIOAY, uto
CcKasblBaeTCs Ha 3GhheKTUBHOCTU BblumncneHnin. OaHaKo, MMEKTCS METOAbI CBEAEHMS, KOTOpble He YBENNYMBAOT
pas3MepHOCTH npocTpaHcTea [Contejan, 1997).

Kputepuin coBmectHocTu CIIOAY

Kputepuin coBmectHoctu CITOLY, ucnonbayemblil 30ecb, W anropuTt™ ero peanus3auun nogpobHo onucaHbl B
pabotax [Kpbisbi, 1999] u [Kpbiebid, 1999,1], noatomy npuBedeM Nuwb HeobXoaWMble akTbl, HyXHble B
JanbHenwem, cnegys atum pabotam.

Myctb pada CNOAY 8 =L, (x)=0AL,(x)=0A..AL,(x)=0. PaccMoTpum MHOXECTBO BEKTOPOB
kaHoHuyeckoro 6asuca M, '={e,,...,e,} v nepsoe ypasHewne L, =a, X, +a,,x, +...+a,,x, = 0 cuctemb
S. C nomowpto dyHkumm L, (x) pasobbem anemeHTl MHOXecTBaM ' Ha Takue Tpu rpynnbl
M =1{e’|L(")=0}, M ={e"|L(e)>0}, M ={e |L (e )<O0}fcHo, yT0 ecnm oaHo W3
mHoxects M| U M," wim M U M, nycTo, T0 ypasHeHue L, (x) = 0 He MMEET HETPUBMAbHBIX PELIEHM B

MHOXeCTBe HaTypanbHbiX yucen. [onyctum, 4to xoTs Obl 4Ba M3 MHOXECTB MIO,MI*,M( HenycTbl, Torga

PacCMOTPUM MHOXECTBO

M, =M Uie; | —Li(e)e; +L(e)e}, e e M| e, e M.

J
Vicnonbayst dyHkumio L, (x) , pa3obbem aneMeHTbl MHOXecTBa M, aHanorvuHo npedbiayLiemy Takke Ha Tpu

rpynnbl My ={e’ | L,(e’) =0}, M ={e"|L,(e)>0}, M, ={e |L,(e")<0}.
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JonycTtm, 4to XoTa Bbl 4Ba U3 3TUX MHOXECTB HEMYCTbI, TOFAA NOCTPOUM MHOXECTBO

M, =M) Uie; | =L, (e)e;, + L,(e,)e}, e e M, e, eM,.
MpegnonoxuM, 410  TakMuM  CNOCOGOM  MOCTPOEHO  MHOXECTBO M ] U3  MHOXecTB
M?={e!|L(e)=0}, M;={e |L(e)>0}, M;={e|L(e)<0} c nomoupio yHkium
Lj(x) M 3TO MHOXECTBO HEMycTo. HemocpeaCTBEHHO M3 3TWX MOCTPOEHWA BbITEKAET TaKOe YTBEpXAEHME
[KpbiBblia, 1999].
Teopema 1. OnemeHmbl  mHOXecmea M ] ecmb  PeWeHUsMU  cucmeMbl  ypasHeHul

L(x)=0AL,(x)=0A..AL,(x)=0.

Onpepenenne 1. Muoxecmeo M ] , NOCMPOeHHoe ebiwe, by0eM Hasbigamb YCEYEHHbIM MHOXECMEOM
peweHuli cucmembl §'= L (x) =0A L,(x) =0A...AL;(x)=0.

Mycte M, '={e,’,...,e, "} - YCEUEHHOE MHOXECTBO pelleHuit cuctembl S, a M, -- MHOXECTBO BCeX ee
peLueHnit. Torga uMeeT MecTo Takoe yTBepXAEHMe.

Teopema 2. [ins ecskozo eekmopa x € M, — M j cywecmsyem npedcmagrneHue 8 sude HeompuyamesbHol
nuHediHoll KombuHayuu euda tx = be, '+ bye,'+...+bee ', 20e ,hbe N, t #0,e,e M, i=12,....k.

13 3O TEOpEMbI CreayeT Takon kputepuin comectHocTy CIIDOAY B MHOXECTBE HATyparnbHbIX YACEN .
Teopema 3. C/10A4Y S =L (x)=0AL,(x)=0A...AL,(x)=0 cosmecmHa mozda u monbko mozda,

Kko2da eé yceyeHHoe MHoxecmgo M p .

Ronyctum, yto CNOAY S cosmectHan M, '={e,",...,e, '} ee yceueHHOe MHOXECTBO peLleHuid. Toraa umetot

MECTO Takue YTBepPXAEHUS.

Teopema 4. Bekmopeb! U3 yceyeHHO20 MHOXecmea pelieHuUl Aensomes MuHuManbHbiMu pewerusmu CIT100Y
S, m.e. agnawomcs ee 6a3ucHemu peweHusmu [Kpbiebid, 1999,1].

Teopema 5. Mycmeb X = (X500 X,) MUHUMaIbHOe peweHue crogy S u
M'={e'=(a,,,a,-» )€, " = (), A5,y )} €8 yOBUEHHOE MHOXECTBO peweHul. Toeda
8EPXHSASA 2paHuUla X' 8eNIUYUHbI KOOPOUHam npou3ssonbHo20 peweHus C/TOLY ydosnemeopsem HepaseHcmey X'

=max x; <k max a,.

Teopema 6. CrioxHocmb aneopumma onpedeneHus cosmecmHocmu CJIOOY e obwem cnydae umeem
9KCNOHEHYUasbHY0 CII0KHOCMb NO YUCIY ypasHeHuUl 6 cucmeme.

Pewenue CI1Y B konbuax u nonsx BbIYeTOB

KonbLiom BblueTOB Z, MO MOAYMO uucna m onpeaensetcs obbluHbIM 06pasoM: T. €. 310 anrebpa ¢ ABymst

HynbapHbiMK onepaumsmMm 0 1 1, OBYMS GMHAPHBIMKM COLMATUBHO-KOMMYTATUBHBIMA U AUCTPUOYTUBHBIMM
onepaunsiMi + 1 —. 3aMeTUM, YTO 3TO KOMbLO UMEeT AeNUTEN Hyns. Ha 0CHOBaHUM 3aKOHOB 1S onepauuil B

KonbLe Zm BbITEKaET CNPaBeaIMBOCTb TAKOro TOXAECTBA: ANnd BCEX X, Y € Zm X+y= 0 cnegyer x =—y.
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N3 ToxpecTs cnedyeT, YTo B Konble Z, X = m -y, @ -y = X - M, 4YTO AaeT BO3MOXHOCTb 3aMEHSTb
MONOXUTENBHOE YMCIIO X Ha OTPULATENbHOE YMCHO -y = X - M U HaobopoT. Takue anemMeHTbl X U -y Gyaem
Ha3blBaTb AOMOMHEHNAMI (X AOMOMHSET -y M HaoBopoT). KombLio BbIMETOB Z, Ha3blBAETCS MPUMApHBIM, €Crn
MOfLyIb M SIBNISIETCS CTENEHbI NPOCTOro YKcna p.

Cnyuyain ogHoro nuHeHoro ogHopoAHoro AuodanTosoro ypasHewus (JIOAY). Mycts gaHo 104Y

Lx)=ax +..+ax =0,r0e a,x, €Z ,i=12,..,n.
(Yenosue 1): lonyctum, uto a, # 0 1 3TOT KO3(PULMEHT B3aUMHO NPOCT C MOZyNeM m.

Teopema 7. Muoxecmeo B pewerul JIOLY L(x)=0, nocmpoerHoe KomMbUHUpo8aHUeM OONOIHEHUS NEP8o2o
HEeHyneeoeo KoaghuyueHma, ydosnemeopsoweeo ycrnoguo 1, 839mo20 ¢ ompuyamesbHbIM 3HaKoM, C
ocmarbHbIMU HEHYyesbIMU KO3ghhuyueHmamu U NONOSTHEHHOe 8EKMOopaMu KaHOHUYecKo20 ba3uca, Komopbie
coomeememeyrom Hynesbim koaghgpuyueHmam JS104Y, sensemcsa 6a3ucoM MHOXecmea 8Cex peweHull 3moao

J10]yY. CnoxHocmb aneopumma nponopyuoHanbHa eenudyuHe [ 3 20e 1= max(s,n), s =logm - yucno
0gouyHbIX pa3psdoe yucia m, a n - 4ucso HeussecmHbix 8 JI04Y.

CnepnctBue 1. Ecnu Modynb m sienigemess npocmbiM YuciioM, mo mMHoxecmeo B peweruti J1I04Y L(x) = 0
Aensemcsi 6asucom MHoXecmesa ecex peweHuti amoeo f104Y.

Cnyyan  nuHedHOro  HeogHopogHoro  auodhaHtoBoro  ypaBHeHus  (JTHAY). TMyctb  pgaHo
NHAY L(x) = a,x, +...+a,x, =D, y kOTOPOro ko3apuUnNeHT a, B3aUMHO NPOCT C Moaynem m. Hainem
pelleHne cpaBHeHns a, y = b(modm), kOTOpoe Npu AaHHbIX YCroBusX BYAET eAnHCTBEHHBIM. MyCTb 3TUM

yucnom byaet ¢, T. €. Bektop x = (0,...,0,¢,0,..., 0) Gynet pewwenuem L(x) = b. MNMpumensa TSS-meTog K aTomy
nofjy, kotopoe cooTBeTcTBYET L(X) = b, Haxoaum 6asuc B MHOXeCTBa ero peLueHuit.

Teopema 8. MHoxecmeo B ¢ dobasneHHbim sekmopom x = (0,...,0,¢,0,..., 0), HalldeHHbIe OnuUCaHHbIM 8bILIE
cnocobom, sgrisiemcesi 6asucom MHoxecmea peweHull JIHAY.

Cnepyet 3ameTnTb, 4To Takoro Tuna CIIO[Y MoxXHO pelaThb ¢ MCMONb30BaHWEM anropuTMa NocTpoeHus 6asuca
MHOXECTBA peLleHUi B MHOXECTBE HaTypanbHbiX uucen (Hanpumep, anroputma KoHTexaH-[esu
[Contejan,1997] ). Ecnu npumeHsTb Takoro Twuma anropuTMbl, TO Ans npuBedeHHon Bbiwe CJIOOY oH
creHepupyeT 60nbLLOE KONMYECTBO PELLEHNI, B TO BPEMS Kak TOSIbKO HECKOMBKO W3 HIX ByayT cocTaBnsTh 6asnc
MHOXeCTBa Bcex peluenuin ganHon CIIOAY. U3 atoro cneayet, uto TSS-anroputm Bonee npeanoyTUTeneH, Yem
TPaAMULMNOHHbIE anropuTMbl MOCTPoeHNs Basnca MHoxecTBa Bcex peleHuin CITOMY, yaoBNeTBOPAHOLLMX
ycrnosuto 1.

nogy wap npumapHbimu - konbuamu.  Paccmotpum  JIOOY  Hapg  npuMapHbIM - KombuoM  Z

L(x)=ax, +...+a,x, =0, re a,x.€Z, ,i=1,2,.,n,m=p* t>1teN. Mycts
HO/(a,,a,,...,a,,m)= p"“,T0raa cokpaLas koadpduumeHTsl Ha p*, nonyyaem NIOJY yaosnetsopsioLLee
ycnosuio 1. imeeT MecTo creayioLas Teopema.

Teopema 9. MHoxecmgo TSS ypaeHeHus L(x) = 0, dononHeHHoe sekmopom s = (p",0,0,...,0), sensemcs
6asucom mHoxecmea pewenuti J104Y L(x) =0.

Oowwun cnyyan JIOAY. Paccmotpum JIOAY, ans koTopbix He BbINoNHseTcs ycnosue 1. MNpegnonoxum, 4to
MOZYIb M UMEET pasroXeHue Ha NpocTble MHOXUTENW BUda m = p“qd (Hanpumep, m = 12 = 3*4 = 3*2%) u

paHo NofyY L(x)=ax,+..+a,x, =0, roe a,,x,€Z ,i=12,..,n.. MNocrpoum no atomy JIOY nga



International Book Series "Information Science and Computing" 177

nogyL(x)=a,'x,+..4+a,'x, =0, n L(x)=b'x +...+4b,'x, =0, B KOTOPbIX KOIPDULMEHTI
npuBeaeHbl N0 MOAynsM p i qd. MocTpoum Gasucbl MHOXeCTB pelwenuin B, B, ana atux NIOQY. Vmeer
MecTo cneaytoLas Teopema.

Teopema 10. Muoxecmeo B =B, UB, ssnaemca 6a3ucom MHoxecmea ecex peweHut JIOY
L(x)=ax+..+ax, =0.

TSS-metog pewenns CIIAY B konbLax BbIYETOB M NONAX BbIYETOB. /13 BbiLLENPUBEAEHHLIX TEOPEM CReayeT

Takasi npoueaypa noctpoeHus 6asnca mMHoxecTa pelwenuin CITOOY. Ona coctout B pasbuenun CIOQY S Ha

ABe nogcuctembl S’ 1 S” no mogynsm p© u qd COOTBETCTBEHHO. Kakaas M3 3TWUX MOACWUCTEM peLlaeTcst
OTAernbHO, HaxoasTcs BHavane 6asucel B’ 1 B” cootBeTcTBEHHO ANst S’ 1 S”, a 3aTem Oasuc B = qu 'Up‘B",
roe qd B’'w p°B”03HauaeT yMHOXEHWE Kaxaoro BekTopa u3 B’ Ha q" ,aun3B’-Ha p°.

B obwem cnyyae, ecrm Mogynb m UMeeT pasfioxeHue, cogepxallee Gonblie ABYX COMHOXMUTENeEW, T.e.
m=p" py>...p,* , T0 nony4aem k nopcuctem. MpuHMMas BO BHUMaHWE, YTO apucMeTyeckas CrIoXHOCTb
BbINOMHEHUS OMepaLuin CIOKEHNA W BblYMTaHWA B KONblie Z  MPOMOpPLMOHanbHa S, rae S - MakcumarbHast
paspsaHOCTL paccMaTpuUBaEMbIX YMCEN; BbINONHEHWUS Onepauuii YMHOXEHUS W [EeNeHUs, Kak U BblYMCTEHUS
HOQ AByX uMCen, MeHbLUMX M, - s~ , TO apudIMeTUYecKast CIOKHOCTb NOCTPOEHMS 6a3nca MHOXECTBa PeLLeHMt

cnopy wmeer sug O(I°). Takum 06pasom, apuchMeTMyeckast CrIOKHOCTb Mepexoda OT Mpedblayllero K
nocnenytowemy NOMY B 0AHoI noacucTeMe nponopuvmoHankHa sennunde O(I°), rae | = max (n,s,r), s = log m.

Takas npoueaypa NOBTOPSETCS 1 pa3 U B pe3ynbTate UMeeMm 0(16) , roe | = max (n,s,k,r). HbiMu cnosamm
“MeeT MeCTo

Teopema 11. MHoxecmeo B, nocmpoeHHoe TSS-memodom, sensiemcs baszucom MHoxecmea pewenuli C/10Y
L(x)=ax, +...+a,x, =0. Apupmemudeckas CroXHOCMb NOCMPOeHUS B nponopyuoHarnbHa eenuyuHe

0(1?), 2de | = max (n,s,kr).

TSS-metop pewenusa CIMHAY. Moctpoenne 6asnca mHoxecTBa pewennit CITHOY coguTes k NoUcKy YacTHOMO

pewenus JIHOY n 6asuca MHOXeCTBa pelleHuii cooTeeTcTBYtowWero emy JIOQY. XapakTepucTiky BpeMeHHOM
CNOXHOCTW A@eT creaytoLlas Teopema.

Teopema 12. BpemeHHas croxHocmb npusedeHHol 8biue npouedypbi nocmpoeHus obwezo peweHus CITHAY
sbipaxaemcs eenuduroti O(1"), 20e | = max (n,s,k,r).

3ameTnm, YTO NpuBeSEHHbIE anropUTMbl UIMELT MONIMHOMUATbHbIE OLEHK BPEMEHHO CIIOXHOCTM MNP YCNOBUM
W3BECTHOTO Pa3noXeHUs MOAYNS Ha NpocTble MHOXMTENW. [pobrema pasnoxeHns HaTypanbHOro uyucna Ha
NPOCTLIE MHOXMTENM (KOTOPas HasbiBaeTCs MPobrnemMoil dhakTopusaLm) SBnseTcs 0QHOM 13 Haubonee BaxHbIX
npobrnem Teopun uncen. ViMeetcs HECKONMbKO anropuTMoB ee pelueHus: anroputmbl Monnapaa, Monnapaa-
LtpacceHa, peweta uucnosoro nonst [YepemywkuH, 2002]. Haubonee 3ddekTMBHBIM anroputMoM B
HaCTOsILLEE BPEMS SBMSIETCA MOCNEAHWA U3 NEPEUMCNEHHbIX anroOpuTMOB NMOTOMY, YTO, B OTNNYME OT MEpBbIX
OBYX anropuTMoB, OH uweT OonbluMe [enuTenn 3apaHHoro uucna. Bce 3T anroputMbl  MMEHOT
9KCMOHEHLMarbHbIE OLEHKWN BPEMEHHON CROXHOCTH, HaMyyLas U3 KOTOPbIX ANS 3a4aHHOro Y1cna n UMeeT Bua

O™ 'thie ¢ — KOHCTAHTa, @ N — YACTIO HeN3BeCTHbIX B CTIY.
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OueBMAHO, YTO OMUCaHHbIE anroputMbl npuMeHumbl K CIIY B nonsx BbIMETOB, MOCKOMbKY B TakMX MOMSIX
YCroBuK 1 aBTOMATUYECKN BbINONHAETCS. A 3TO 3HAUMT, YTO BCE NPUBEAEHHbIE Bhille haKTbl BEPHbI AN 3TUX
nonen u B cryyae npocToro MOAyNs HeT HeobxoaumocTy B ero dhaktopusauun. CrienosatesibHO, anropuTMbl
pewenus CJIY B nonsix BblYETOB MO MOAYMH MPOCTOrO YMCHa UMEKT MOSIMHOMUANBHYK OLEHKY BPEMEHHOM

CMIOXHOCT 1 3Ta oLeHka umeeT Bua O(q n’) [Kpbisblit, 2007].

3aknoueHue

B 3akntoyeHne 3ameTuM, 4TO npuBeaeHHbIE OLEHKN BPEMEHHbIX CNOXHOCTEN anroputMoB MOXHO YTOYHATD,
€CIn npocnexusaTb BCE AeTanu npoiecca BbIYMCTIEHNI, npoucxogailero B TSS-aJ’IFOpMTMe. B naHHom pa60Te
Mbl OrpaHu4nBaemcs yCTaHOBNEHWEM TONbKO BEPXHUX OLIEHOK (T. €. CNOXHOCTb B Hauxyallem cnyqae) 9TUX
anropmMTMos. OTMeTUM TaKkke, 4To npn MarnblX 3HA4YE€HUAX MOOyna P CNOXHOCTbIO BblYNCNEHUA HO,D, B nonax u
KonbLax Bbl4ETOB MOXHO npeHe6peqb U TOrga oueHka anroputMoB peLleHnsa CUCTEM B TakKMX MONAX

ynpowyaetcs. Tak, Hanpumep, B none F,, KOTOPOe 4acTO BCTPEYaeTcs B MPUIMOXEHUAX, HEoOX0aMMOCTb
Bblumcnennss HOL BoobLie oTnagaer, moatomy cnoxHocTb pewwenus CIOAY w CIHOY B Takom none
CTaHOBUTCS NPONOPLMOHANbHA BENMYMHE qn2 , [ § - YNACIIO YPaBHEHMIA, @ N - YNACIIO HEM3BECTHBIX B CUCTEME.
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MHOIOKPUTEPUATbHbIE 3A0AYU HA KOMBUHATOPHOM MHOXECTBE
MONMPA3MELLEHWA: CTPYKTYPHbIE CBOUCTBA PELUEHUNA

Moamuna KoneyknHa

Pestome: Paccmampueaemcs MHO20KpumepuasnbHasi 3adada OUCKPemHoU onmumusauyuu Ha 00nycmumMom
KOMOUHamMOpPHOM MHOXecmee nonupasmeweHull. Mccnedyromes cmpykmypHble ceolicmea 0onycmumol
obnacmu U pa3nuyHbix 8udos ahekmusHbIX peweHull. Ha ocHoge passumus udeli eeknudosoll
KomMbuHamopHoU onmumu3sayuu u memoda 2/1aéHo20 Kpumepusi npednoxeHbl U 060CHO8aHbI 803MOXHbIe
nodxo0k! 01151 peweHuss MHO20KpUmepuanbHol KoMbUuHamopHoU 3ada4yu Ha MHOXEeCmee NOUPa3MeLeHuL..

Knioueenle cnoea: MHo20KkpumepuanbHas —onmumusauusi,  OuckpemHas — onmumusauyus, [lapemo-
onmumarbHble, ¢nabo, cmpo2o AghgheKmueHbIe PEWEHUS, KOMBUHaMOPHOE MHOXECMBO0 NoMUpa3MeweHuUU.

ACM Classification Keywords: G2.1 Combinatorics (F2.2), G1.6 Optimization

BBeaeHue

MHorokpuTepuansHble 3agaun ONTUMMU3ALMM Ha Pa3NMYHBIX MHOXECTBAX MPOLOMKAOT NpuBnekaTb BHUMaHWe
MHorux uccnegosatenen [1 — 10 ]. Mogenu guckpeTHoON KOMBUHATOPHON ONTUMM3ALMN LUMPOKO MPUMEHSIKOTCS
MPU pPeLLEeHNN BaXHbIX 3aday reoMeTPUYEcKOro MPOEKTUPOBAHWS, 3KOHOMUKW, pa3sMelleHne OObeKToB,
ynpaBneHus npoueccom 0bpaboTkn AaHHbIX, NPUHATUS pelleHnin u gpyrux. B nocnegHee Bpemsi B obnactu
nccnenoBaHus PasnuuHbIX KNaccoB KOMOMHATOPHbIX Mogenen, pa3paboTkM HOBbIX METOZOB WX peLeHUs
fonbluoe BHUMaHWe yaensetcs MeTodam, KOTOpble OCHOBAHbl Ha MCMOMb30BAHWM CTPYKTYPHbLIX CBOWMCTB
KOMBUHATOPHbIX MHOXECTB [2, 8 — 15].

B naHHoi paGote chopmynMpyeTcs M UccriedyeTcs kayeCTBEHHO HOBasi M akTyanbHasi 3ajava, koTtopas
00beANHSeT MHOTOKPUTEPUANBHOCTb — anbTepHaTMB W [OMYCTUMble MHOXECTBA PELUeHUA, UMeroLLme
onpefeneHHble KOMOUHATOPHblE CBOWCTBA. Kak M3BECTHO, GONMbLIMHCTBO KOMOMHATOPHBIX OMTUMM3ALMOHHBIX
3a4a4 MoryT ObiTb CBEAEHbI K 3aJayaM LienoYnCIeHHOro NporpaMMMpOBaHIs, HO 3TO He BCeraa onpaBaaHo,
MOCKObKY MK 3TOM TEPSIETCS BO3MOXHOCTb y4eTa KOMOUHATOPHbIX CBOWCTB 3adau [2].

CuctemaTiyeckoe 13y4yeHne CBONCTB €BKNAOBBIX KOMOMHATOPHBLIX MHOXECTB M UX UCCNELOBaHWE OnucaHbl BO
MHOrMX paboTax. PSaoM ¢ XOpOLIO U3BECTHBIMM EBKMMAOBLIMU KOMOMHATOPHBLIMI MHOXECTBAMM NEPECTAHOBOK,
pasMeLLEeHN, coveTaHuit, pasbueHuin BbloenstoTca Gonee CroXHblE CTPYKTYpbl — MOMMKOMOGUHATOPHbIE
MHOXeCTBa. VIHTEpec K Takum MHOXecTBam OOYCMOBMEH pasHbIMM MPUKNaAHbIMK 3agavamu, MOCKOMbKY
3HAUMTENBHOE MX KONMYECTBO XOPOLLO OMMCHIBAETCS C MOMOLLbIO NONMKOMBUHATOPHBIX KOHCTPYKLMIA [12, 14].

CrnepyeT OTMETWTb, YTO 3afauM EBKNMOOBOA KOMOMHATOPHOM OMTUMM3ALMM Ha MOMMKOMOWUHATOPHbIX
MHOXECTBaX HEOTbEMNEMO CBS3aHbl C KOMOMHATOPHBIMI MHOrOrpaHHUKaMM, KOTOPbIE SBMISIOTCS BbIMYKIbIMM
obonoykami TakMx MHOXECTB, W WX CBOWCTBaMU. [lOBbIEHHbIA WHTEPEC K KOMOMHATOpHBIM U
MONMKOMOUHATOPHBIM KOHAMIypaLMAM 0BYCIIOBNEH MCCNEN0BAHUAMM NOCNEAHNX NIET B 06/1aCTM KOMIMbHOTEPHBIX
TEXHOMOrWIA MU CO3[aHUN COBPEMEHHbBIX anropuTMOB W MPOrpamMM Ansl PelleHUs ONTUMM3ALMOHHbIX 3afay.
CnepoBaTenbHO, pacCMOTPEHNE HOBbIX 3aJay Ha MONMKOMOMHATOPHBIX MHOXECTBAX CO MHOMMMI KpUTEPUSAMU
npeaonpeseneHo NoTpebHOCTAMM NpaKTUKM.

[laHHas pabGoTa npoJomkaeT MCCreaoBaHWSt MHOTOKPUTEpUanbHbIX 3adavy Ha KOMOMHATOPHbLIX MHOXECTBaX
nepecTaHOBOK, COYETaHWN, NpeacTaBneHHbIe B paboTax [8, 9].
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MNocTaHoBKa 3apgaum.

PaccmaTpuBsaloTCsl MHOroKpUTEpUanbHbIE 3a4a4n Buaa:
Z(®, P (4, H)): max{cp(a)|ae q”;f(A,H)},
COCTOALME B MaKCUMM3ALWMM BEKTOPHOTO kputepusi @(a) Ha EBKIWAOBOM KOMBMHATOPHOM MHOXECTBE
nonupasmeLLeHuii, rae @; : R" —>R1,ieNl ={1,....0}.
NS V3NOXeHMs MaTepuana WCMoNb3yeM MOHATUE  MyMbTUMHOXECTBA A:{al,az,...,aq}, KOTOpOE

onpefenseTcs OCHOBaHWEM S(A)z{el,ez,...,ek} T.. MHOXECTBOM BCEX €0 pasnuyHblX 3MEMEHTOB W

KPaTHOCTbIO €r0 3NeMEeHTOB k(e;)=r; — HUCIOM MOBTOPEHWUIA KAXKAOMO j- 0 3NMeMeHTa OCHOBaHWS,
JjeN; :{1,2,...,k} , H+n+..+1=4.

Bbibepem npousBonbHoe 7 € N, . YNOpsiioueHHoit 1 - BbIGOPKOV 13 MynbTUMHOXeCTBa A HadbBaeTcs Habop
a=(ay,aiy0;, ) T8E @ € A Vij €Ny, Vj €Ny, is #iy, e s %1 Vse Ny, VieN;.
Onpepenenne 1. MHOXeCTBO ynoOpsAOYeHHbIX 72- BbIBOPOK U3 MYNbTUMHOXECTBA A NpW YCroBUM n < g

Ha3bIBA€TCA MHOXECTBOM pasmemeHMﬁ C MOBTOPEHUAMU U3 n [eACTBUTENbHbIX Yucen, cpean KOTopbIX k

Pa3NUYHbIX, MMBO OBLLMM MHOXECTBOM pasMeLLieHUiA 1 0603HaYaeTCs P;k (4).

MpeacTaBum MHOXeECTBO Nq B BUOE YNOPSAOYEHHOrO pasbueHus Ha s, roe s < g, HemycTbiX NonapHo
HenepeceKaroLMXca NOAMHOXeCTB  Ji,...,J, TO €CTb AN HUX BbINOMHAKTCA YCMNOBUA: Jl-msz@,
J; 0, Jj =, Vi, je Ny, a Takke ynopsaoyeHHoe pasbueHne yacna »n Ha s craraemblX ny,ny,...,Hg,

KoTopoe ypdoBrneTBopseT ycnoeue 1<n; <¢q;, Vie N,

Ji|=g;. OdeBumHo, 4t0 gy +qp+...+q5=q,
no+n,+..+n =n.
0O603HauMM H - MHOXECTBO 3/IEMEHTOB BUAaA: h=(h(l),...,h(n))=(h1,...,hs), rae h(j)eN,, jeN,, a
h' - NPON3BONbHAS NEPECTaHoBKa 3MIEMEHTOB MHOXeCTBa J; Vi € N .
MyCTb NOAMYMbTUMHOKECTBO A’ MyMbTUMHOKECTBA A, COCTOMT M3 TEX GNIEMEHTOB A, HOMepa KOTOpbIX
npuHannexar mHowectsy J; © A' ={ai,...a’ },|J,|=n,.

1
Onpepnenenue 3. MHOXeCTBO P;kS(A,H) = {(ah(l),...,ah(n))‘ah(i) €AVieN,,Vhe H} cR"

Ha3bIBaKT 06LLU/1M MHO>XeCTBOM I'IOJ'IIApa3MeLLI|eHVIl7I.

He Tepsst 06LHOCTW, ynopsAouMM SneMeHTbl MynbTUMHOXecTBa A no HeybbiBaumio: a, <a, <...<a,.

i .
OueBMAHO, YTO 3TO YMOPSAOUYEHNE COXPAHAETCS 1 NS KaXAOro nopMynbTUMHOXeCTBa A', ie Ny, u3 A.
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CBoMCTBa €BKNUAO0BA MHOXECTBA NONMPa3MeLLeHUN

N3BecTHO, 4TO KOMOMHATOpHble MHOXeCTBa MpUOBPETAlT WHTEPECHble CBOMCTBA MpW MOrPYXEHUN B
apuMeTUYECKOE EBKNMAOBO NMPOCTPAHCTBO. byaem paccmatpuBaTh 3NeMEeHTbl MHOXECTBA NONMpPasMeLLeHuit

KaK TOYKK apm@meTquCKoro E€BKINnaoBa npocTpaHCcTBa R".

MycTb BEKTOP a — O3NeMEeHT eBknMaoBa kombuHaTopHOro MHoxectea E(A). OtobpaxeHve
(/):E(A)—)E(/,(A)CR” Ha3bIBAETCS MOrpyKEHMEM MHOXecTBa FE(A) B apudmeTMyeckoe €eBKNMOOBO
MPOCTPaHCTBO, €Cu ¢ 3aJaeT B3aUMHO 0AHO3HauHoe cooTeTcTane £ (A) R" no npasuny: ans x j =i
VieN,.

MasectHo [12, 14], 4TO BbINYKOA 06OMOYKOM MHOXECTBA MOMMpa3MeLLeHuit P;’Z(A,H) ABNSAETCH
MHOrOrpaHHuK nonupasmelleHun 77 q”,f(A,H):conVqu(A,H), MHOXECTBOM BEpLUMH KOTOPOro €ecCTb

v ns _ ns
arnemeHTbl MHoxecTBa nonvpaamvewenni: vert 77, (A, H) =P (A, H) .

Teopema 1. MHoxecTBO /7 [’;]i (A, H) onpenensietcs COBOKYMHOCTbIO BCEX PELLEHNI CUCTEMBI

7 /A

ijSZalj,ieNs, )
j=1 j=1

m; m.

Zxasza’j, m; €Ny _j,a;eJ;,Vie N )
Jj=l j=l

a, za,Vj#t,Vjted,.

MHororpaHHUK H(’;,i(A,H) Oyoem HasbiBaTb  OBLMM  MHOrOrpaHHWMKOM  E€BKNWAOBOTO  MHOXECTBa

nonvpasmMeLLeHnin. PaccmoTpum HEKOTOPLIE ero CBOMCTBA U CBSA3b C OOLLMM MHOXECTBOM MONMPa3MELLEHUIA.

OyeBWAHO, YTO U3 CUCTEMbI NIMHENHbIX HepaBeHCTB (1) — (2) MOXHO BbIDENWUTb s MOACUCTEM JMHENHBIX

HEPaBEHCTB, OMUCLIBAOLLNX MHOTOTPAHHUKM pasMeLLeHni H;fk_ (A’), SBNAOLMECS BbINYKNOA KOMOUHALME
1At

MHOXeCTBa pasMelLeHunit a ;i € N . CnepoBaTensHo,

hi’
. 7 ni m; m; .
n; 1 — n; < 1 > 3
HC]iki(A) xXeR" ZxJ_Zaqi_j,Zxaj_Zaj ,
J=1 J=1 J=1 J=1

my Equ,_l,(Zj EJZ',(Z]' iO!t,Vjil, Vj,ZEJi,ViENS.

Onpepenexwve 4. Tlog  npou3BefeHMEM  MHOTOTPaHHUKOB — My,..., M  MOHAMAKT  MHOXECTBO

N
OM, = {x e R/ | x=(x,..x,), X, €M, Vie NS}, rae M; - d; — MepHbI MHOTOrpaHHMK.
i=1 ’

Bocnonb3ayemca cnegytowein nemmon [15].

Nemma. 1) ﬂpomBep,eHme MHOrorpaHHMKOB ABJIAETCA MHOIOrpaHHUKOM;
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S S
2)dim(® M;)= > dimM; , rae dimM — pa3mepHOCTb MHOXecTBa M ;
i=1 “
i=1

S

S
3) k -MepHble rpaHn MHororpaHHuka ® A; obpasytoT MHOXECTBO C afleMeHTamu Buga ® F;, rae F ;- k; -
i= i=

MepHas rpaHb MHororpaHHuka M; v ky +...+ kg =k .

Kaxzplin 13 MHOrOrpaHHWUKOB 1‘[(’;{1{' (A’) npeactasnsieT coboit MHOrorpaHHUK pasmeLleHni. Mo onpeaeneqnto 4
[kt

n COrnacHo NeMmme cnpaseanneo paBEHCTBO

N . .
® H;{k, (A’):{xeRd1+"'+dS | X = (X s X)), X eH;fk_ (4") VieNs} , T0 ecTb TOuKa
l':l 1Ak} 1Ak}
S s .
xXe ®quk_ (A") ynosneTeopsieT kaxmoi w3 s moacuctem cuctemsl (1), (2). CnemosaTenbHO, MOXHO
i=1 4%

. S
yTBEpX[aTb, YTO €CTM @ ; — BEpUMHA MHOrorpaHHuka H;ik (A’), 0 ah)=®a,;. CoOTBETCTBEHHO
i i=1

a(h)=(a,,..a,y), e a(h)e P (4,H).

CnpasegnvBbl criegytolme Teopemsl [12].

Teopema 2. OOWWA MHOrOrPaHHWK EBKNMAOBA MHOXECTBA MOMMPasMELLEHNA MOXHO NPEACTaBUTb Kak

. N .
NPOV3BEAEHIE MHOTOTPAHHIKOB H;'fk' (A’) pasmeweHwii, .. 11y} (A,H)= ® H;’fk (4").
i i=1 i

Teopema 3. MHoxecTBO |'|0]'||/1p83MeLLI|eHV|l71 P(’;i(A,H) coBnagaetr ¢ MHOXECTBO BepLlMH MHOrorpaHHuKa
ns
qk(AaH)'

Teopema 4. BepwwuHa a(h) e vert C’;,ﬁ(A,H) ABNSAETC CMEXHOW C BEPLUMHOM a(z)evertH;;;(A,H)
TOrAa M TOMbKO TOraa, korga a(z) obpasyetcs M3 a(h) NepecTaHOBKOW ABYX HEPABHLIX APYr APYry KOMMOHEHT
iyo0 ,
a Waj, jeJg g, i€Ng.
CnegyeT OTMETUTb, YTO OBLUEE YACNIO p NMHENHBIX HEPABEHCTB, BXOAAWMX B cuctemy (1), (2), onmucbiBaroLLmx
MHOrOrpaHHUK  NonMpasMeLLeHuit H;’,i(A,H) oveHb Benuko. CornacHo [11] COBOKYMHOCTb HEpaBEHCTB
nofcuUCTeMbl AN HEKOTOpOro noamHoxectsa J,,i € N, cuctembl (1), (2), MMeIOLLMX OANHAKOBOE 3HAYeHMe
11; BEpXHEero npefena cymMmupoBaHusl, Oyaem HasbiBaTb 771; -OM rPyNMoi HEpPaBEHCTB 3TOM MOACUCTEMbI, Tae
i€ Ng. B vacTHoCTW, B Kaxaylo mi; -0 rpynmy BXOAUT CZI' HepaseHcTB. OTctofja umeem obliee yncrno
4

n; i & m;
HEePaBEHCTB, OMUCLIBAKOLLMX MHOTOTPaHHWK quk (A ) paBHbIM p; = ZCq‘l =29 jeNj.

"™

i=0

CnpaBeanMBo CriefiytoLLee yTBEPXaEHME.
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YTBepxaeHue. [lockonbky n3 g; koopauHar a_j., jeJ,, Toumn x € (’]’;(A,H) TONbKO k; PasnunyHbIX, TO U3

cucteMbl HepaBeHCTB (1), (2), onuckialoen 0BLMA MHOTOrpaHHUK NONMNEPECTaHOBOK 77 ;’E(A,H ), MOXHO

s . . qi .
MCKTTIOUMTb HEKOTOPbIE HepaBeHCTBa. Vix obiiee uucro cocTaenseT N =Y N, e N' =l+q;+ Y Cé .
1
i=1 Jj=i+l

DokasatenbctBo. C Yy4eTOM BbIMOMHEHMA YCNOBUSA a; <ay <...<a ans noboro je le,_l,

q

m; <q;, i< N, UIMEET MECTO PaBeHCTBO @ = d|,,. B 3TOM Cryyae Npy BLINOMHEHUMN HEPABEHCTB NEPBOVA

rpynnbl B nogcucteme (1), (2) ByayT Takxe crnpaBefnBbl HEPABEHCTBA BTOPOW, TPeTben, ..., m;-0i, i€ N,

rpynn. [eiAcTBuTensHO, NOCKOMbKY X b >af, jeJ;, ie Ny, 10 ans noboro m; € N,, BbINONHSAETCS YCrOBUE

m; .
Zxaj > m;ai . CnepoBaTenbHo, M3 Kaxaoi MofcucTeMbl cuctembl (1), (2), OMMCbIBaIOLEN MHOrOrpaHHuK
J=1

nonnpasmeLLeHuit H(’;,i(A,H ), MOXHO WCKITOYNTb HEPABEHCTBA BTOPOW, TPETbEW, ..., m;-0W, i € N, rpynn un

. gi .
oflLLee YMCro HepaBeHCTB B 7-Oit mogcucTeme Bynet coctasnste N =l+gq; + Z Cé',a cnenoBaTesibHO
1
J=i+l

S .
YNCINIO HEPaBEHCTB, KOTOPOE MOXHO MCKMOUMTb M3 cuctembl (1), (2) byaeT pasHo N =ZN’.Ech Habop
i=1
i i . i_ 0 ; j
ymcen (al,az,...,an) obnapnaer csoicTBOM @ = a1 Vj €Ny | \Nni_ml, , I € Ng, T0 B noacucreme

cucrembl (1), (2) [OCTATOMHO OCTaBUTb TONMbKO HEpPaBEHCTBA MEPBOW, BTOPOW, ...,(m, — j)-Oi rpynn.

[loka3aTenbCcTBO 3aBEPLUEHO.

Mpu oToBpaxeHn\ MHoXeCTBa nonupasmelLeHunit P (A4, H) B eBKIMEOBO NPOCTPAHCTBO R” chopmynvpyem

3afavy Z(F,X) MaKCUMMU3aLMN HEKOTOPOTO BEKTOPHOTO kputepust F'(x) Ha MHOXECTBE X , NPUYEM Kaxaom
Touke a € Py (A, H) bypeT cooTBeTCTBOBaTh Touka x € X, Takas, 4o F(x) = @(a).
Z(F,X):max{F(x)|xe X} ,
e F(x)=(f(x), [2(x),.... f;(x)) cootBeTcTByeT hyHKUMOHany @;(a), f;:R" —>R1,ieN1, X -
HenmycToe MHOXeCTBO, KOTOpoe onpedensietcs cnegywowmm obpasom: X = vert C’I’;E(A,H ), rge
gk (A, H) = conv Py (A,H)=IT . Top COOTBETCTBUEM BEKTOPHON (yHKUMN F BEKTOPY (PyHKLMOHAnNOoB
@ Bynem NOHNMATh cooTHoweHve: @(a) = F(p(a))Va € Py (4,H).
3apavya Z(F,X) MOXeT coflepkaTb Takke [ONOMHUTENbHbIE NHEHbIe OrpaHYeHIs, 0BpasyHoLLe BbinyKnoe
MHOTOrpaHHoe MHOXectTB0 D — R" Bupa: D={xeR"|Bx<d}, rae Be R™" d e R". CnegosatenbHo

FONYCTUMOE MHOXECTBO umeeT Bua: X = vert I1g; (A, H)( D .
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Pa3pa60TaHo MHOXECTBO Pa3finyHbIX NPUHLUUNOB NPUHATUA peLI.IeHI/Il7I B TakMx 3agadax. HaubGonee

TPaZMLUMOHHbIE M3 HUX CBAA3aHbl C BbIOENEHWEM W3 BCEro MHOXecTea Y ={ y=F(x)|xe ;,;f (A,H)DD}

MHOXeCTBA HeynyylwaeMblX WKW ONTUManbHbIX no [lapeTto, onTumanbHbix no CneiTepy, onTUManbHbIX MO
Cmeiiny BEKTOPOB.

Takum obpasom, nog peleHnem 3agaun Z(F,X) 6ygem noHMMaTb HaxoXgeHue HEKOTOpPOro NOAMHOXeCTBa
OLHOrO W3 CnefyLnX MHOXECTB: P(F,X ) - MHOXecTBa NapeTo-onTUManbHbIX (3GhEKTUBHBLIX PELLEHMH),
Si (F,X ) - onTuManbHbix no CreiTepy (cnabo adeKTUBHBIX) peLleHuit, Sm(F,X ) — ONTUManbHbIX MO
Cwmeitny (cTporo addhekTrBHbIX) pelieHnit. Hanomuum [4, 10], uto Touka x* X HasbiBaeTcst aPQEKTUBHON (M

MapeTo-oNTManbHoIA), ecnu §xeX:F(x)2F(x*),F(x) # F(x*); cnabo adhheKTMBHOM (ONTUMAmNbLHOM
no Cneitepy), ecrm 3Jxe X :F(x)>F(x*)VI CcTporo apchekTMBHON (onTUManbHoit no Cwmeiiny), ecnu
— % %

IxeX:x#x ,F(x)ZF(x )

N3 npuBedeHHbIX OMpedeneHnii 3TUX MHOXECTB CriedyeT CrpaBednMBOCTb COOTHOLIEHMIA MEXOy HUAMM:
Sm(F,X)c P(F,X)cSI(F,X).

Kak 13BecTHO, MHOXecTBO P(F,X) [Mapeto-onTuManbHbIX PELeHUit He MycTo, MOCKOMbKy AOMycTAMas
obnacTb X orpaHyyera, u Brelure ycToimso [10]: Vy e [7g5 (4, H) 3xe P(F,X): F(x)> F(y).

Mpy NOCTPOEHUN MeToaa PELLEHNs MHOTOKpUTEpUanbHO 3apaun Z(F,X) CneayeT y4nuTbiBaTb CTPYKTYpHbIE

ocobeHHOCTM ee fJonycTumon obnacTu, T.e. CBOWCTBA OOLLEro MHOrorpaHHUKa nonmpasMeLLeHnii 1 4OBOMbHO
BonbLIOE YMCNO OMUCHIBAKOLLMX €ro OrpaHNYeHW. YCMNOBUS Pa3fuyHbIX BWAOB OMTUMANbHOCTU PELIEHUA U
obwuin nogxog K HaxoxaeHwo cnabo addekTuBHbIX M [lapeTo-onTUMarbHBIX PELWEHWA Ha OCHOBE
NCMONb30BaHNS MPEACTABIEHHbIX CTPYKTYPHbIX CBOWCTB MHOXECTB 3(h(DEKTUBHBIX peLLeHuid, pa3paboTaHbl B
pabote H.B. CemeHOBOI B 3TOM HOMEpe AaHHOrO XypHana.

BbiBoabl

B cratbe uccnemoBaHbl CrOXHblE KOMOWHATOPHbIE MHOTOKpUTEPMAnbHble 3afayM  Ha  MHOXECTBE
nonupasmeLleHnin.  PacCMOTpeHbl  HEKOTOpble  CBOWCTBA  JONYCTUMOM  obrnactm  KOMOUHATOPHOM
MHOTOKpUTEPUAnbLHON  3afaduu, MOrpy)XeHHOW B apudhMeTWYecKoe eBKNMULOBO MPOCTPAHCTBO, SABASHLLENCS
06LMM MHOrOrpaHHUKOM nonupasmeLLeHuin. MonyyeHHble pesynbTaThl B ONpegeneHHoM cMbicie 0606LwarT 1
pa3sBMBaOT CBOWCTBA M3YYEHHOTO paHee 0OLLEero MHOrorpaHHUKa pasMeLLeHuinl n ABNATCS HeoOXoaUMbIMU 1
BXHbIMU A1 NOCTPOEHUS Pa3NYHbIX METOAOB PELUEHWS yKasaHHbIX KNaccoB 3afay. [lanbHeliwee passuTie
AaHHoON paboTbl OyAeT HanpaBneHO Ha UCCnefoBaHNe CTPYKTYPHbIX CBOWCTB APYriX CIOXHBIX KOMOUHATOPHbIX
MHOXECTB U Ha WX OCHOBE pa3paboTKy HOBbIX METOAOB PeLLEHUs MHOrOKpUTEpUarnbHbIX 3a4a4 KOMOMHATOPHOM
ONTUMU3ALNN.
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BEKTOPHbIE 3A0AYXA HA KOMBUHATOPHOM MHOXECTBE
MONMPA3MELLEHWA: YCNIOBUA ONTUMANBHOCTU U NOAXOA K PELLEHUIO

Haranua CemeHoBa

Pe3stome: Paccmampusaemcsi MHO20KpumepuanbHas 3adaya AucKpemHol onmumMu3auuu Ha KoMOUHamopHoOM
MHOXecmee nosupasmeweHud. Mccnedyromesi cmpykmypHbie ceolicmea MHOXecms 3(hehekmugHbIX peweHud.
Mony4eHb! Heobxodumble U docmamoyHble yCrnosusi pasfnuyHbIX eudoe onmumMansbHocmu peweHud. Ha ocHose
passumusi udeli esknudosoli kombuHamopHoU onmumu3ayuu, Memodos 21asHo20 Kpumepusi, deKomMno3uyuu,
omcekarowux nnockocmell Kennu, penakcayuu paspabomaHbl U 000CHO8aHbl 803MOXHbIE N0OX00bI Ons
PpelweHuss MHO20KpUMepUasnbHol KoMbuHamopHoU 3adaqu Ha MHOXecmse noupasmeweHud..

Knioyesble cnoea: MHO20KpumepuarnbHas —onmumusayusi,  OuckpemHas — onmumusayusi,  [lapemo-
onmumarbHble, ¢r1abo, cmpozo aghhekmugHbIe peleHuUs, KOMbUHamOopPHOE MHOXECMEO0 nosupasmeweHuL.

ACM Classification Keywords: G2.1 Combinatorics (F2.2), G1.6 Optimization

BBeaeHue

LLiupokoe pacnpocTpaHeHne MHOTOKpUTEPUANbHBIX ONTUMM3ALMOHHBIX MOLENEN NPW PELLEeHUM BaxHbIX 3agau
9KOHOMMKM, NMPOEKTUPOBAHMS CIOXHbLIX CUCTEM, MPUHSATUS PELUEHWIA B YCNOBMSX HEONPELENEHHOCTU U ApYriX B
nocregHue AeCcsTUNeTUs CTUMYNMPOBANO BHWMaHWE MHOTMX CMeuMarnucToB K M3y4eHuo pasHoobpasHbIx
acrnekToB TEOPUM BEKTOPHOW, B TOM uucne AMCKpeTHoW, onTtumusauuu [1-10]. MaTemaTuueckue mopenw
AUCKPETHON ONTUMM3ALMN OXBATbIBAKT LUMPOKWA KPYr MpuUKNagHbix 3agay. Kpome Toro, psia TeOpeTUYecKuX
npobrnem camoi mateMaTuk MOXeT BbiTb CCHOPMYNMPOBaH B BUAE AUCKPETHbIX 3adady, No3TOMy BCe Bonbluee
BO3pacTaeT HeoOXOAMMOCTb MHTEHCUBHOTO Pa3BUTUSI TEOPUWM U METOLOB MOMCKA PELUeHUI 3a4ay AUCKPETHOM
ONTUMM3aLUMW  KaKk HEOTbEMNEMOW 4YacTM HayyHoro byHOAMeHTa AN MOCTPOEHUS  COBPEMEHHbIX
WH(OPMALMOHHBIX TEXHOMOIMA U CUCTEM. B CBA3W € 9TUM M3yUYeHUe HEKOTOPbIX CBOWCTB PELUEHU A BEKTOPHBIX
OMCKPETHbIX 3afay, noryyeHne HeobXOAMMbIX W [OCTaTOYHbIX YCIOBWIA PasiMyHbIX BWAOB OMTUMAMNbHOCTM
PeLleHNn ABNSAETCS aKTyanbHOM NpobrneMon, Tak kak 3HaHWe TakuX CBOWCTB M YCNOBWA JaeT OCHOBY ANS
pa3paboTkm cnocobOB MPOBEPKM ONTUMANbLHOCTU BbIBPAHHOIO peLleHrs U NOCTPOEHNS BbICOKOI(EKTUBHBIX
METOA0B OTbICKAHUS Pa3fIUYHbIX MHOXECTB 3PEKTUBHBIX PELUEHUI.

B nocnegHee Bpems B 06nacti uccnenoBaHns MHOMMX KNaccoB KOMBUHATOPHbIX Moaenen, paspaboTkn HOBbIX
METOLOB WX pelleHuns Bornbluoe BHUMaHWE yaenseTcs MeToAam, OCHOBaHHbLIM Ha MCMOMb30BAHWUM CTPYKTYPHbIX
CBOWCTB KOMBUHATOPHbIX MHOXeECTB [2, 8-14]. cnonb3oBaHue MHGOPMaLMK O CTPYKTYpe BbIMyKIon 060M0uKu
[OMYCTUMBIX PELUEHUI, KOTOpas SABSIETCS OCHOBAHWEM AN MHOMUX MHOTOrpaHHbIX METOAO0B, — OAWH W3 CaMblX
YCMELLUHbIX HA JaHHbIA MOMEHT MOAXOLOB K PELIeHMI0 3afay KOMBUHATOPHON onTumu3auun. Ho npu pelueHum
TaKuX 3a4ay BO3HUKAOT NPo6neMbl, CBA3aHHbIE CO CIOXHOCTbIO MaTeMaTyeckux mogernei, 6onbwm o6bemom
WHopmauum u ap. Ha ceropgHsaWwHWA LeHb B 06acT MCCnegoBaHNst pasnnyHbX KNaccoB KOMOMHATOPHbIX
Mozaenen u paspaboTkn HOBbIX METOLOB WX PELUEHMUS MONYYeHbI CyLLECTBEHHbIE Pe3yNbTaThbl.

B naHHoit paboTe dopmynupyeTcs U UCcreayeTcs akTyanbHasi W KauyeCTBEHHO HOBas 3adaya, covetarolyas
MHOMOKPUTEPMANbHOCTL anbTePHATUB U KOMOMHATOPHbIE CBOACTBA NONMPA3MELLEHUI BOMYCTUMOTO MHOXECTBA.
OHa npoaomkaeT M pasBuBaeT MCCNeAoBaHWS MHOTOKPUTEPUanbHbIX 3a4a4 Ha KOMOWHATOPHBLIX MHOXeCTBaXx
nepecTaHOBOK, COYEeTaHWit, NpeacTaBneHHble B pabotax [8, 9] u pabote J1.H. KoneukuHon B 3TOM HOMeEpe
XypHana. Ha OCHOBaHWW YCTAQHOBMEHHOM B3aMMOCBS3M MeXZy MHOMOKpUTEpPUanbHbEIMK 3ajavamn  Ha
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KOMBUHATOPHBIX MHOXECTBaX M OMTMMM3ALMOHHBIMKA 3a[a4aMW Ha HEMPEepbIBHOM AOMYCTUMOM MHOXECTBE B
[AHHON CTaTbe M3y4eHbl HEKOTOPble CTPYKTYPHbIE CBOMCTBA MHOXECTB pasnuuHbiX BUAOB 3(HEKTUBHbIX
pelleHn, a Takke CHOPMYNMPOBaHO M [A0Ka3aHO psif TeopeM 06 YCNOBUSAX OMNTUMANBHOCTM PeLLEHMId
PacCMOTPEHHbIX 3aday. [ins BEKTOPHbIX 3afay Ha KOMOGMHATOPHOM MHOXECTBE MOnMpa3MeLLEeHmii NPeAnoxXeH
OOMH 13 BO3MOXHbIX MOAXOMOB K MX PELIEHM0, OCHOBAHHLIA Ha PasBUTAN MeTOAa MaBHOTO KpUTepus ans
paccmMaTpvBaeMoro Kkracca 3ajay, WAesX OEeKOMMo3uumuM, OTcekatowmx nnockocteit Kennu, penakcauum, w
YYUTBIBALOLLMIA OBOSTBHO BOBLLIOE YMCTIO OrpaHUYEHMIA.

MocTtaHoBKa 3agaum

Mpu OTOBPAXKEHUN MHOXECTBA NONMPasMeLLEHMIA P;’,ﬁ(A,H ) B €BKNWIOBO MPOCTPAHCTBO R” chopmynmpyem

3agady Z(F,X) MaKCMMW3aLmMM HEKOTOPOTO BEKTOPHOTO kpuTepust F'(x) Ha MHOXeCTBe X , MpuyeM Kaxaooi

Touke a € Py (A, H) bypeT cooTBeTcTBOBaTh Touka x € X, Takas, 4o F(x) = @(a).
Z(F,X):max {F(x)|xe X},1ae  F(x)=(fi(x), fi(x), f;:R" >R, ie N}, X = vert (A H),

X %, H;’; (4,H)= convP;,f(A,H) : HC’]’; (A, H) — 061t MHOrorpaHHIUK nonupasMeLLeHIi, NOCTPOeHe
11 CBOWCTBA KOTOPOTrO onucaHbl B pabote J1.H. KoneukuHoi B 3TOM KHure.

3agava Z(F,X) MOXeT cofepkaTb Takke [JOMONHUTENbHble TWHENHbIE OrpaHnyeHns, obpasyloLyne
BbINYKNOE MHOTOrpaHHoe MHOXectB0o D c R" Buga: D={xeR"|Bx<d}, rae BeR™", deR".
CnepoBaTenbHO ee 0NyCTMMOE MHOXECTBO UMeeT Buf: X = vert (’]’;\i (4, H)ND.

Mon pelwenuem 3apaun Z(F,X), kaKk 0bblyHO, Oyaem MOHUMATb HaxOXAeHWe 3SMEMEHTOB OfHOro W3
CreayoLLmMx MHOXECTB: P(F,X ) - MHOXecTBa [lapeTo-onTumanbHbIX (3P GeEKTUBHBIX peLueHuir), Si (F,X ) -

ontumaneHbix no Cnentepy (cnabo adhdeKTUBHBIX) peLLEHN, Sm(F,X ) - onTUMarneHbIX no Cmenny (cTporo

3thhekTUBHbIX) pewweHnit. CornacHo [4, 6, 7] Ans Kaxaoro x € X CnpaBeAnuBbl YTBEPKAEHUS:

xeSI(F.X)={yeX|F(y)>F(x)}=2, (1)
xeP(F.X)o{yeX|F(y)2F(x),F(y)=F(x)}=2, (2)
xeSm(F.X)e{yeX|y#x,F(y)2F(x)|= 2, (3)
Sm(F,X)c P(F,X)cSI(F,X). (4)

lMockonbky gonyctumas obnactb X orpaHuyeHa, To MHOXECTBO P(F,X ) He MycTo U BHeLwHe ycTonuneo [10].
B cnyyae GeCKOHEYHOro MynbTUMHOXECTBA A4 BOMPOC O CYLIECTBOBAHMM SMIEMEHTOB MHOXECTBO P(F,X)
TpebyeT OTAENbHOMO UCCrnefoBaHMS.

CTpyKTYypHbIe CBOWCTBA M YCIIOBUSA ONTUMANIbHOCTU PasfUyHbIX MHOXECTB 3¢h(heKTUBHbIX
peleHni

Mcnonb3oBaHue CTPYKTYPHbIX CBOMCTB KOMOMHATOPHbIX MHOXECTB MpU MOTPYXEHUM B apudMeTnyeckoe
eBKNMIOBO MPOCTPAHCTBO MO3BONSIET MPEASIOKNUTb OpUTMHANbHbIE MOAXOAbl K PELIEHNI0 COOTBETCTBYHOLMX
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ONTUMU3ALNOHHBLIX 3adad, a TakKke MNOBbICUTb Squ.)eKTVIBHOCTb TPaguUNOHHBIX METOAO0B KOM6VIHaT0pHOI;1
onTuMu3aunin.

Teopema 1. OnemenTsl MHOXecTB Sm(F,X), P(F,X), SI(F,X) MHOrokputepuanbHoi KoMGUHaTOpHOI
3ajaun Z(F,X) Haxogatcs B BEPLUMHAX MHOMOrpaHHuka H(’;,i(A,H) nonupasmeLLeHnit.

[oka3aTenbCTBO. YuUnTbIBAs COOTHOLIEHME (4) MexXay BBEAEHHbIMU MHOXECTBAMU IPEEKTUBHBIX PELIEHUA 1
TOT (DaKT, YTO MHOXECTBO AOMYCTUMbIX PelleHnn X ABRSeTCS NOLMHOXECTBOM MHOXECTBa BepLunH obLuero

MHOrorpanHyka I1g; (A, H) NMonvpasMelenui, T. e. x e vertH;’;: (4,H), a Iy (4,H) = convPy (A,H)
MPUXOMM K CPaBEANMBOCTY BKIOYeHMit: Sm(F,X )< P(F,X)c SI(F,X)c vert 17;’;@ (4,H) .

Myctb dyHKUMM f;(x),i € N;, BEKTOpPHOro Kputepus F(x) — MNUHENMHbl, TO €CTb fi(x)=<c,~,x>,ieNl.

CTpyKTypHble CBOMCTBA AOMYCTUMON 0Bnactm X U MHOXECTB pa3HblX BWAOB 3(GEKTUBHBIX PELLEHUN,
OTMeYeHHble B TeopeMe 1, a Takke NUHENHOCTb (DYHKLMIA BEKTOPHOTO KPUTEPWS MO3BONAKT CBECTU PeLIeHue
3agaw Z(F,X) k peweHno 3agave Z(F,G) onpeneneHHon Ha HenpepbiBHOM OMYyCTUMOM MHOXECTBE

G:H(’]’,“E(A,H)ﬂD. MycTb CeR™ - maTpuua, rae c;- ee BeKTOp — CTPOKa, i € N; . MHororpaHHuK
i (A,H) npenctasum B Buge [y (A, H)={xeR" |<7rl-,x>S)/l~,ieNq}, CBeds BCE HepaBeHcTBa K
ooHoMy 3Haky (<). BBegeM K pacCMOTPeHU0 KoHyC K :{xeRn|Cx2 0} NepCnekTUBHLIX HanpaBneHui [3]
3agauw  Z(F,X) W BbiNyKnble 3aMKHYTble  KOHYCh O+H(y)={xeR”|7rl-x£0,ieN(y)}, rae
N(y):{ieNq|7zl~y=7i}, koTOpble MOryT 6biTo NOCTPOEHbl AN BCex Touek v e vert gy (A, H).
OuesuaHo, Yt0 N(»)#0, X < y+0" I7(y). ObosHaum K, ={xeR"|Cx=O} — AAp0 oTO6paXeHs
C:R”—)Rl, intK:{xeRn|Cx>O} — BHYTPEHHOCTb KoHyca K . W3 dopmyn (1) - (3) cnemyer

CNpaBeLIMBOCTb YTBEPXKAEHNI

xeSl(C,X)@(x+intK)mX=@, (5)
xeP(C.X)ex+(K\Kg)nX =0 (6)
xeSm(C,X)@(x+K)mX\{x}=@. (7)

Teopema 2. P(F,G)Nvert ITyp (4, H) c P(F,X), SI(F,G)Nvert Il (4,H)c SI(F, X),

Sm(F,G) N vert Hg,i (4,H)c Sm(F,X).

HokasatenbcTBO. Mockonbky vert 17, C’},ﬁ (4, HYNDcG, 10

P(F,G)N vert H(’]’,i (4,HYN D c P(F,G( vert HZI’;@ (4,H)N D)= P(F,X). AHanornyHo MOXHO A0Ka3aTb
cooTHoweHus Sm(F, X) = Sm(F,D N vert Il (A, H)) > Sm(F,G) N vert Iy (A, H) w

SI(F,X)=SI(F,vert I3 (A, H)( | D) = SI(F,G) N vert I (4, H) .
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Teopema 3. Ecnivt gonyctMoe MHOXeCTBO X 3agaun Z (F,X ) He COEePKUT OrpaHNYEHU, ONUCHIBAKOLLMX
BbIMyKN0e MHOrorpaHHoe MHOXeCTBo D, Unu IY(’;;:(A,H) c D,T0€ecTb X = vert H(;’,i(A,H) ,70 VxeR"
cnpaBeanMBbl yTBepkaeHns: x € SI(F, X) < x € SI(F, Il (4, H)) N vert 1 i (4, H),
xe P(F,X) < xeP(F, Iy (4,H) N vert [ (4, H),
xeSm(F,X)& xe Sm(F,Hgli (4,H))N Vertﬂgg (4, H).
[oka3aTenbCTBO. YunTbIBas YCrOBUS [JaHHO TEOPEMbI U TeopeMbl 2, crieayeT, yto V x € R” cnpasennusbi
yrBepxaenns: x € SI(F, Iyp (A, H)) N vert [1y; (A, H) = x € SI(F, X),
x e P(F,Igi (A, H)) N vert Iy (4,H) = x € P(F, X),

xeSm(F, (';}g(A,H)) (1 vert g}g(A,H) = xeSm(F,X).

[okaxem obpatHble umnnukauun. Myctb x e SI(F,X), OTKkyga cormacHo Teopeme 1 cregyeT, 4To

x € vert ,’;;E(A,H). MpeanonoxuM, OT NPOTUBHOrO, 4TOX¢SI(F,H;1]§(A,H)). YuntblBas FIMHENHOCTb

(yHKUMIA  f;(x),i € N;, BEKTOpHOro kputepus ['(x) cornacHo Teopeme 5 [6] BbiMOMHAETCA YCroBue

intK (N (/7(x)—x)#, T0 eCTb B KOHyce (x+intK) nexaT HEKOTOpble TOYKM rpaHWLbl MHOrOrpaHHMKa

6’1’2 (A4,H), cnepoBaTenbHO CyLleCTBYET Touka, KOTOpas MpUHAZNEXWUT 3ToMy KoHycy. lMocnenHee B cuny

chopmynbl (5) o3HavaeT, yto x ¢ SI(F,X) W NPUBOAUT K MPOTUBOPEYNIO C ycrioBuem TeopeMbl. OcTanbHble

YTBEPXAEHUS JaHHON TEOPEMbI [JOKa3bIBaOTCS aHaNorM4Ho aToMy. [lokasaTenbCTBO 3aBEpLUEHO.

CnepctBue. [py ycrioBusix Teopembl 3 cnpaBeanuBebl paBeHcTea P(F, Hc’l’i (4, H))Nvert Hc’l’i (A,H) =
= P(F,X), SI(F, g (A, H)) N vert I3 (4, H) = SI(F, X),
Sm(F, g (4, H)) N vert T3 (4, H) = Sm(F, X).

Ecnv B 3apave ponyctumas obnactb X :vert]]g;z(A,H), TO ANg noboi Tol-IKI/IxevertIYg]“:(A,H)

CnpaBeanuBbl HeobXoAWMble 1 [OCTATOYHble YCMOBMSI ONMTMMAaNbHOCTM BCEX YKasaHHbIX Bbllle BWAOB
adhekTnBHbIX pelerni sagaun Z(F, X)) , nonyyenHbie B paborte [6].

Ecrm  ponyctumas  obnmacte X 3agaw  Z(F,X)umeer Bug X =vert [1y; (4, H)ND ¢

i (A,H)N D # 11 (A, H) , TO CNPaBeAnMBbIe NMLb AOCTATOHbIE YCNOBUS ONTUMANSHOCTY PELIEHIT.

Teopema 4. Vx e Vertﬂgli(A,H):xe P(F,ngi(A,H))ﬂD: xe P(F,X),

xeSI(F, g (A,H)N D= xeSI(F,X), xeSm(F, g (4,H) D= xeSm(F,X).
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HokaszatenbctBo. [ockonbky G =/77(1D, T0 VxevertH;’z(A,H) crnpasefnuebl - UMNIMKaLUK

xeP(F,H:;/‘z(A,H))ﬂD:xeP(F,H(’;}z(A,H)ﬂD)=P(F,G):xeP(F,X),

xeSI(F, g (A,H)ND = xeSI(F,X), xeSm(F, g (4,H) D= xeSm(F,X).
Ecrn sapaya Z(F,X) He COOEPXUT NUHERHbIX OrpaHudYeHuit, 0BpasylolnxX BbiMyKroe MHOrOrpaHHoe

MHOXecTBO D — R", nubo /7 < D, T.e. X =vert/], T0 C y4eTOM HEOBXOAMMBIX W JOCTATOUHbIX YCOBMIA
ONTUManbHOCTK (Teopema 3) MPOLEeCC ee peLleHus CBOAMTCS K MOMCKY 3(h(EKTUBHBIX PELLEHMI 3adauu

Z(F,G) Ha HenpepbiBHOM [0MYyCTUMOM MHOXECTBe G =y (4,H) ¢ nocnepymowmum BbIG0POM 13 HIX
VWb Tex, KOTOpbIE ABNSIOTCA BEPLUMHAMI MHOTOTpaHHIKa 7,3 (A, H) nonMpasmeLueHmil.

AHanuanpys Teopembl 2 1 4, NPUXOAUM K COOTHOLWEHMaM mexay 3agavamn Z(F,X) n Z(F,G): ecnun
xeR(F,G)N vertH:;/i (4,H),T0 xeR(F,X), ecnm x¢ R(F,G) vertHZ;}i (4,H), TO ¥3 3T0r0 He
cnegyet,uto x ¢ R(F,X),rae R(F,X) obosHavaeT MHOXecTBO P(F,X), Sm(F,X) win SI(F,X).

Takum 06pasom, Teopembl 1 — 4 ycTaHaBnMBalT B3auMocBssb Mexay sapaden Z(F,X) n sapaveit

Z(F,G), onpeneneHHolt Ha HenpepbiBHOM AOMYCTUMOM MHOXeCTBe. 37O [aeT BO3MOXHOCTb MPUMEHSITH

Knaccu4yeckne Metonbl Hel'lpeprBHOIZ onTMMM3alnn K peLleHntdo  BEKTOPHbIX KOM6MHaT0prIX 3afady Ha
nonvpasMeLLeHnax n Ha 3TOi OCHOBE pa3BnBaTb HOBblE OPUTMHAIIbHbIE METOAbI PELIEeHUsA, UCNOoNb3yA CBOMCTBA
KOM6VIHaT0prIX MHOX€ECTB U UX BbINYKIbIX obornouek.

O6wuMn noaxoa K peLeHn0 BEKTOPHbIX 3a4a4 Ha KOMOMHATOPHOM MHOXeCTBe
nonupasmeLLeHun

1. Haxopum achpeKTHBHbIE peLleHns 3atadm Z(F,Hgli(A,H)).

2. Tposepsiem Ux Ha NPUHAANEXHOCTb MHoxecTBy D . Ecnn x € P(F, Il (4,H)) D, 10 x € P(F, X).

3. PaccmoTpum monyctumble pelenns x € X sapaum Z(F, X)), kotopble SBNSIOTCS HE3(MMEKTMBHLIMA B
3afiaue Z(F,H(’;;(A,H)), T0 eCcTb x€ X \(P(F,HC’;;(A,H))HD) W NpoBepsieM UX Ha 3P(EKTUBHOCTb.
[ins aTOro BOCMonb3yemcs He0OX0AMMBIMU 1 AOCTATOUHLIMU YCIOBUSIMIA, CchopMynMpoBaHHbIMu B [10].

YrBepxpaenne 1. [lonyctumoe pelueHue x° 3(hpekTMBHO TOrAa M TOMbKO TOrda, KOr4a OHO SBMSETCS
m

ONTUMANbLHBIM PELLEHUEM 3aaun Zl(F,X):max{Zfl-(x)|xeX,fl-(x)2f,-(x0),ieNm}.
i=1

0

Ecnu pelweHne x~ He 3hHEKTUBHO, TO B pesyrbTaTe peLleHns 3ToW 3a4ayun HaxoauM aheKTUBHOE peLLeHure

% k
x , koTopoe 6onee npeanoyTUTensHo, Yem x°, T.e. F(x )ZF(xO).
lMpopomkas uccnegoBaHus U passueast pesynbratel pabot [1, 5, 6, 8 — 13], B AaHHON CTaTbe NPEAIOKEH M

060CcHOBaH Noaxof K pelwennio 3apau Z(F, X)), 0cHOBaHHbIN Ha Pa3BUTUM METOAA MMaBHOTO KPUTEPUA NS

paccMaTp1BaeMOoro Knacca BEKTOPHbIX 3aaay. MeToq pelleHus OAHOKpUTEPUANbHbIX 3a4a4 OCHOBAH Ha WAEsX
[EKOMMO3MLMM, OTCEKAIOLLMX NAOCKOCTe Kennu, penakcauuw, Npu peann3auum KOTOPOro Y4YuTbiBAETCS TOT
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(haKT, YTO YMCNO OrpaHN4eHuit JoBONbHO GonbLuoe. LienecoobpasHbiM B 3TOM Cryyae SBNSETCS UCMOMNb30BaHNE
npoLeaypbl penakcauuu, T. €. BPEMEHHOr0 OTOPAchbIBAHUSI HEKOTOPbIX OTPaHUYEHUA U PELLeHUs 3adaduu Ha
Oonee WMpokoi 06nacTM Npu  OCTaBLUMXCS OrpaHuyeHusix. [pu  NOCTPOEHUM MeToda  peLueHus
MHOTOKpUTEPUAnbHOM 3agaun Z(F,X) y4uTbIBaIOTCS CTPYKTYPHbIE OCOBEHHOCTI ee AoMyCTUMOIA obnacTy.

Mpn pa3paboTke MeToAa Ha HadyanbHOM 3Tane HeobXoaMMO OnpeaenUTb UCXOAHOE PELLEHUE, YTO MO3BONUT
NpaBuUIbHO BbIGPATL aKTUBHbIE OrPaHNYEHNS - HEPABEHCTBA.

YTBepxaeHne 2. Ecnn [ns aneMeHToB MynbTUMHOXeCTBA A U KO3MMULUNEHTOB c¢;, j € N,,, Lienesoi

n

(QYHKUMM  3apaun  extry f(x) = Zc X | x evert ;’;(A,H) BbIMOMHAIOTCA COOTBETCTBEHHO YCMOBMA
J=1

@ Sa,<...<a, W ¢ ¢, .56, iy €Ny, TO MakcuMym (QyHKUMN £ (x) Ha JONYCTUMOM MHOXeCTBe

i <SG
AOCTUTAETCA B TOUKE 2 = (Zj ..., Z; ) € Vert (’;/i(A,H ) , KoTOpas OnpeaenseTcs kak zi,=a; VjeN,,

a MUHUMYM — COOTBETCTBEHHO B TOUKE ) = (y,‘1 s Vi ), Toe Vi =n-j VjeN,,U {0} .
CnpaBeAnMBOCTb JaHHOTO YTBEPKAEHWA OYeBMAHA, Tak Kak Haubombluee 3HayeHMe CyMMbl MOMapHbiX
NPOU3BEIEHN JOCTUraeTCs NpW COMOCTABNEHUM BO3pacTaloLLeil MoCresoBaTeNbHOCT ¢; U BO3pacTatoLedt
MocnefoBaTeNbHOCTU Z;, @ HaUMEHBLIEE 3HAYEHNE CYMMbI, COOTBETCTBEHHO [OCTUrAETCS MU COMOCTABMEHUM
BO3pacTaloLLei NOCrefoBaTeNbHOCTU ¢; W YBbIBalOLLEN NoCnesoBaTensHOCTH y;,i € N, .

[ng pelexns 3agaum Z(F, X) HeoBX0AMMOo Y4ecTb Ha HavanbHOM 3Tane fiulib YacTb OrpaHUYeHuiA, KoTopble

onpegensitot obnacte X . Mockonbky onpepeneHne 3chdekTUBHbIX pellenunii 3agaum Z(F, X) sBnsetcs

Oornee BaXHbIM, YeM MOCTPOEHWE BCEr0 MHOXECTBA OrPaHWYEHWi, OMMCLIBAIOWWMX JOnycTuMyto obnacte G,
MoO3TOMY LOCTAaTOMHO MOCTPOUTL TOMBKO T OrpaHNyEHUst MHOXecTBa G , KOTOpble onpeaenstoT 3pdeKTMBHbIe
peLleHns faHHoW 3agaun. PaccMaTpuBaeMblid 34eCk MeToZ NpeaHasHayeH Ans noyyYeHUs Takux orpaHudeHuit.

ﬂ,J'IFI onucaHus 1 0BOCHOBaHS METOda pelleHua 3adayvu BBedeM cnefywolune 0603HayeHus. ,El,onycmmyro

obnactb 3agauw Z(F,G) 3anuwem B Buge G={xeR" |Hx<g}, g=(g1,22,-»g,), HeR"" K H -

Matpuua, Kotopasi UCMOMb3yeTcs NS MaTpPUYHO-BEKTOPHOM (POPMbI 3anucu orpaHudeHuid suga (1), (2) u
NMHEHBIX HEPABEHCTB, OMUCHIBAMOLLMX MHOrOrpaHHUK D, rie BCe OrpaHNyeHus cBeaeHbl k ogHomy (<) Buay
HepaseHCTB. O603HaYMM NN, MHOXeECTBO, 3IEMEHTbI KOTOPOro ONpeaenstoT HoMepa orpaHuyeHuin cuctemsl (1),

(2) N OONONHUTENbHbIX orpaqueHMﬂ, OMNUCbIBAOLLMX  BbINYKNOE MHOrorpaHHoe MHOXeCTBo D'

N,={1,2,..,2" +m} . Onpepenum mHoxecTBa G; = {x e R" |<h,-,x> <g}.ieN,; ¥V x*eR" onpesenum
mHoxectea NY(x")={ie Nq‘<hl-,xv>=gi} m N'(x")={jeN, ‘<hj,xv> <g;} — COOTBETCTBEHHO

aKTMBHbIX 11 HEAKTUBHbIX OrpaHudennit B Touke x"; i € R",g; € R, i€ N, - COOTBETCTBEHHO /- BEKTOp-

cTpoka MaTpuusl H M i—a KOMNOHEHTa BekTopa g. BsememM B  paccMmoTpeHue — 3ajady
Z(F,GV):maX{F(x)|xeGV}, roe G"={xeR”‘(h,~,x>£g,~,ierch},QV - MHOXeCTBO

MH[EKCOB OrpaHv4eHwit, OnChIBaloWWX ee AoMycTuMyto obnacTs Ha v — M ware anroputma, O, = N, \ R, ,

RV- MHOXeCTBO HOMEPOB orpaHquHMM, KOTOpbIE HE BKNIOYEHbI B 3Ty 3afady Ha v — M Liare.
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Onpepenexue. BennunHa 7;(x) =<h,~,x)— gj» 1 € Ny, Ha3biBAeTCA OTKIOHEHNEM TOUKM x € R" 0T rpaHuupl

MHoXecTBa G;, a BenuunHa r(x) = max{rl-(x)‘ ie Nq} Ha3bIBAETCA OTKMOHEHMEM TOUKM x € R” OT rpaHmLp

i.

s a anq

i i
MHOkecTBa G .  OuesugHo, uyT0  Ans  ieN, rx)=Y Yo, = Da
j=1 j=1

i€ Ny \ N, 1r;(x)=(b;,x)—d;, TBe b;- i - BEKTOP-CTPOKa MaTpuupl B, d; € R.

Teopema 5. OchcpextneHoe (MapeTo-onTiMansHoe, cnabo, CTPoro addeKTMBHOE) pelueHne x° 3amaun
Z(F,G") sBnsetcs a(heKTUBHLIM B TOM Xe CMbICIe pelleHneM 3afaun Z(F,G) Toraa v TOnbko Toraa,

KOrAja BbINOMHAETCA YCnoBue r(xo) <0.

[okazatenbcTBO. HeobxoaumocTb YTBEPXKAEHUS OYEBMAHA, MOCKOMbKY AOMYCTUMOE peLleHue x" 3apaum
Z(f ,G") fBngeTcA JOMYyCTUMbIM pelleHueM 3adawv Z(F,G) Torga v TOMbKO TOrga, Koraa BbIMOMHAETCS
ycrosve r(xo) < 0. [locTaToMHOCTb YTBEPKAEHMS CredyeT U3 onpegeneHus 3agau Z(F,G) v r(x).

[nsa paccmatpuBaeMoro Kracca BEKTOPHbIX 3ajay Ha KOMOWMHATOPHOM MHOXECTBE NONMpasMeLLeHui
npeanaraeTcs MeToA rmaBHoOro kputepus. OH COCTOMT B TOM, YTO WCXOAHas MHOTOKpUTepuanbHas 3agaya
Z(F,X)csogutcs K 3afadye ONTMMW3ALMM MO OOHOMY KpuTepuio f,.(x),r € N;, KOTOpblii 0bbABNseTcs

rMaBHbIM WM OCHOBHbIM, MPW YCIIOBUW, YTO 3HAYEHUS| BCEX OCTarlbHbIX KPUTEPUEB AOSMKHbI ObiTb HE MeHbLUEe
HEKOTOPbIX YCTAHOBNEHHbIX BENWYMH (NOPOrOBbIX 3HAYeHWI) 7;,i € N; \ {r} . Takum 0Bpa3om, nmeem 3agady
Z(f X (1)) :max{ £, ()| £ () 2 15,1 € Np\ {1}, x e X}

OnTumanbHoe pellerne x° 3Toit 3afauv Beerfa sBnsieTcst cnabo adeKTUBHBIM, @ ECTIN OHO EAMHCTBEHHO (C

TOYHOCTbIO /10 3KBMBANEHTHOCTU L £ ), T0 1 achcpexTuBHLIM. Ecnn petwermne x° adheKTMBHO, TO OHO SBRSETCA

EAVHCTBEHHBIM (C TOYHOCTBIO [0 SKBUMBANEHTHOCTM [l ») pelleHnem 3apawm Z(f,.,X (1)) npu modom

(OUKCMpOBaHHOM 7 € Nj U t; = ﬁ(xo),i € N, \{r}. Bbibop 0gHOro 13 KpUTepUEB B Ka4ECTBE rMABHOMO HUKAK HE
yMeHbLuaeT cBo6o/bl BbIGOpa ONTMMansHOro peLlerus. [ins onpeaeneHns noporoBbix 3HaYeHun ¢, i € Ny \ {r}

BOCMONb3yeMCs YTBEPXKOEHUEM 2, KOTOPOe [LaeT BO3MOXHOCTb YCTAHOBMEHWS BEPXHUX W HIDKHUX TpaHuL
3HaveHni kputepunes f;(x), i € N;, Ha MHOXeCTBe nonupasmeLeHuin. [Npeanaraetcs ABa NOAXO0AA K PELLEHUIO

ucxopHolt 3apgaum  Z(F,X). [epBblil COCTOMT B Ha3HayeHuu noporam f;,ie N;\{r} MakcumanbHo
BO3MOXHbIX 3HAYeHUil KputepueB f;(x), i€ N;, Ha MHOKECTBE NOMMpasMELLEHWi i C MOCTeayoLWmuM
pacLuMpeHneM [OMyCTUMOrO MHOXecTBa 3afan Z(f,., X)), ecriv UCXofHast 3aja4a OKaxXeTCs HELoMyCTUMON, a

B Cryyae ee LONnyCTUMOCTU HaxoxaeHue addhekTneHoro nnubo cnabo addekTnBHOrO pelueHmns. Bropoi nogxoa
npeanonaraeT noucK onTUMarnbHOro pelueHns 3agaun Z(f,., X (¢;)) npu Ha3Ha4YeHU MUHUMAnbHbIX 3HA4EeHUI

KputepueB f;(x), i € N; C NOCneayloLmuM CyXeHeM SOMycTUMON obnacti nocpescTBoM BblGopa 3HaueHui
noporoB #;,ie N;\{r} cnepylowmx, ynopsAoYeHHbIX MO BO3PACTaHW0, 3@ MUHUMANbHBIMU 3HAYEHUAMMU
kpuTepues. lMpoleaypa HasHaYeHWs Cepin MOPOrOBbIX BEMUYMH ¢, OTPaHUYEHWI U B MEPBOM W BO BTOPOM

rnogxode OYeHb MpocTa, Tak Kak MCMoMb3ysi YTBEPXAEHUME 2, OHA CBOAMTCS Mocre  YnopsifoyeHus
k09(h(HULIMEHTOB KPUTEPUEB K BbIYMCIIEHMIO CKaNsipHOrO MPOM3BEAEHNs! [ABYX BEKTOPOB, T.e. K ONpefeneHnto
3HAYEHWA NUHENHbIX  KpuTepueB. [lpu  3TOM, yuuTbiBas CTPYKTYpHble OCOBEHHOCTM  MHOXECTBa
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nonmpasmemeHMﬁ, BEJIMYMHbI £; MOXHO BbIMUCNATD Gonee Squ.)eKTMBHO, ncnonb3ysa nepectaHoBKN 3N1EMEHTOB

Kaxgoro i —ro, i € N, NMOAMHOXECTBA MyNbTUMHOXECTBA A .

Obuwlas nges npefnoXeHHOro MeTofa peleHns 3agaun Z(F, X)) COCTOMT B NOCNeA0BaTeNbHOM BKIOYEHWN
OrpaHuUyeHuii 3a4a4u, onucbiBatoLmMx 0bnactb 4ONYCTUMBIX PeLLEHUA.

Anroputm

1. CBoauM MHOrokpuTepuaneHyto 3agady Z(F,G) K ogHokputepuansHon 3agade Z(f,G) METOAOM [MaBHOrO

kputepusi. lMonaraem v = 0.Bblbupaem rnasHbIR Kputepuit  f,.(x),» € N;. Ha ocHoBaHWM yTBEpXAEHUS 2

Ha3Ha4YaeM BEeNUYMHbI ¢;, i € (NI \{r}), ANS OrpaHNYEHMI Ha ocTanbHble KpuTepuu. Boibpaem orpaHuyeHns,
onpeaensiolme obnact G¥ < G, HayanbHoi UCTeMBI.
2. Haxogum ontumarbHoe pelenre x” 3agaun Z ( f,,,GV(tl-)) C NMOMOLLbIO CUMNNEKC-MeToaa.

3. Ecnm NoJNy4eHHOE ONTUMarbHOE PELUEeHNEe — TOYKa MHOXECTBa I'IOJ'IVIpa3MeUJ|eHVIl7I, TO B HaliAEHHON TOUKE xV
NnpoBepsaemM BbIMONIHEHNE OrpaHVI‘-IeHVIVI, KOTOpbIE HE Obinu YYTEHbI. QOueBunaHo, UMu MoryT ObITb NUWb Te

OrpaH14eHms, ONUCHIBAIOLLME BbINYKIOE MHOTOrpaHHoe MHoxecTso D. Ecrin pewenne x” He ynoBnetsopsieT

3TUM OrpaHudeHnam, To aobasnsieM K orpaHuyeHusM 3agauun Z(f,.,G" (t;)) HauGonee HapylueHHoe, 13

onucbiBalLWMX MHororpaHHuK D. Ecnin pelwenne xV  yOOBMETBOPSIET YKA3AHHBIM OTPaHMYEHMSM, TO OHO
ABNseTcs 3((EKTUBHLIM pelleHneM 3agaun Z(F,G) u, cnefoBaTtenbHo, 3agaum Z(F, X) .

4. Ecnu nony4yeHHoe peLueHune xV He ABMAETCA TOYKOM MHOXECTBA I'IOJ'II/Ipa3MeLLI|eHVIl7I, TO CTpOUM OTCeYeHne,
npoxoadlee 4epe3 CMexHble BepLUMHbl U OTCEKAKLLYH €ro. |-|pVI6aBJ'IF|eM 9TO OTCEYEHUE K OrpaHn4eHuUsaM

3agauv Z(fr,GV(ti)) :

5. CpaBHuBaeM 3HaueHne f(x") co 3HaueHrem Lienesol yHKLMK, HainaeHHbIM Ha npeablayLlem ware. Ecnm
OHO yMEHbLLAETCs, T0 0TOpPacLIBaeM HEaKTUBHbIE (HECYLECTBEHHbIE) OrpaHMYeHNs B Touke x”, MHadye 3w
orpaHuyeHus octasnsieM. C U3MeHeHHON LonycTMon 0bnacTblo 3agaun Z ( £ G” (tl-)) nepexoanMm K NyHKTy 2.
To 06CTOATENLCTBO, YTO B NPOLIECCE PeLLEHMs 3a4aum OrpaHnieHns nocneaoBaTensHo 40BaBNSTCA U HU OLHO
M3 orpaHnyeHuit He oTBpackiBaeTcs, ecin f(x”) ocTaeTcs paBHbIM MpedblayLieMy 3HAYEHUI0, rapaHTUpyeT,

YTO peLlaeTcs TONbLKO KOHeYHoe Y1CKo 3apad Buga Z ( £ G” (t,-)) .

BbiBOAbI

B cratbe uccrenoBaHbl CrOXHblE  KOMOWHATOPHbIE  MHOTOKpUTEPUAnbHble 3afauM  Ha  MHOXECTBe
nonupasmeLyeHuin. MonyyeHbl HeobXoauMble ¥ LOCTATOMHblE YCNOBMS OMTUMArbHOCTW Pa3fnYHbIX BWAOB
3(DEKTUBHbIX pelleHnn. Ha OCHOBe CTPYKTYpPHbIX CBOWCTB OOMYCTMMOM 00nactu, NOrpyXeHHOW B
apumeTuyeckoe eBKNMLOBO NPOCTPAHCTBO, MOCTPOEH M 060CHOBaH METOA PeLLEeHUs PACCMOTPEHHOTO knacca
3agay. Pa3paboTaHHbIl NOAXOL MOXET YCMEWHO MPUMEHATHCA ANS  PelieHus BEKTOPHbIX 3adady  Ha
KOMOMHATOPHOM MHOXECTBE MONMpasMeLLeHuii 1 NpeaocTaBnsieT BO3MOXHOCTb MCCNefoBaTb W HaxOauTb
3NeMeHTbl MHOXecTBa MapeTo-onTuMarbHbIX PELIEHNIA MHOTOKPUTEPUATbHBIX KOMOMHATOPHBIX 3afay C y4eToM
APYrx KOMOMHATOPHbIX CBOCTB 06/1aCTM AONYCTUMBIX peLeHnid. [lanbHeiwee passuTie gaHHOM paboTel byaeT
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HanpasneHo Ha peanusauunto 1 agantaluo NpeanoXxXeHHoro anropnutMa, a Takxe Ha pa3pa60T|<y HOBbIX METOA0B
pelleHnsa BEKTOPHbIX 3aaad KOM6I/IHaTOpHOI;1 onTuMu3auni.

Bubnuorpadusa

[1] Cepruenko W.B. MatemaTnyeckme Moaenu 1 MeTodbl pPeLeHns 3aday AWCKpeTHoW ontummuaauumn. — K. Hayk. gymka,
1988.-472c.

[2] Cepruerko W.B., Kacnwmukas M.®. Mogenn n meTogbl pelleHnst Ha OBM KoMBWHATOPHBIX 3a4ay onTummsaumnu. — Kues
— Hayk. oymka, 1981. — 287 c.

[3] Cepruenko W.B., Wuno B.M. 3apaum auckpeTHo! onTummsaumn: Npobnembl, MeToabl pelleHus, uccnenosanus. — K.
Hayk. oymka, 2003. —264 c.

[4] Ceprnenko W.B., Kosepaukas J1.H., Jlebepesa T.T. MccnegoBaHue YCTOMYMBOCTM 1 MapameTPUYECKUil aHanms
AMCKPETHBIX ONTUMM3ALMOHHBIX 3adav. — Knes: Hayk. oymka, 1995. — 170 c.

[5] Cepruenko W.B., Nlebepesa T.T., CemeHoBa H.B. O cywecTBoBaHMM peLeHnin B 3agadax BEKTOPHOW onTumuaaumm //
KunbepHeTuka 1 cuctemHbliin aHanua. — 2000. - Ne6 — C. 39 - 46.

[6] NeGepneBa T.T., CemenoBa H.B., CeprieHko T.I., YMOBM onNTMManbHOCTI Ta po3B’s3yBaHOCTi B 3aAadax MiHifHOT BEKTOPHOI
onTuMisaLii 3 onyknow AonycTumoro MHoxuHoto // Jonosigi HAHY. — 2003. — Ne10 — C. 80-85.

[7] Nebepesa T.T., CemeHoBa H.B Cepruenko T.A. YCTOMYMBOCTb BEKTOPHBIX 3aday LENMOYUCTIEHHOA ONMTUMMU3ALMM:

B3a/MOCBS3b C YCTONYMBOCTBIO MHOXECTB OMTUMAnbHbLIX U HEONTUMANbHbIX peleHuin // KnbepHeTinka 1 CUCTEMHBIN
aHanma. — 2005. — Ne4 — C. 90-100.

[8] CemeHoBa H.B., KoneukuHa J1.H., HaropHasa A.H. Togxod k pelueHnto BEKTOPHBIX 3a4ay AWUCKPETHOM ONTUMM3aLmMM Ha
KOMBUHATOPHOM MHOXECTBE nepecTaHoBoK // KnbepHeTuka 1 cucteMHblin aHanna — 2008. — Ne3 - C. 158-172.

[91N.V. Semenova, L.M. Kolechkina, A.M. Nagirna. Vector combinatorial problems in a space of combinations with linear
fractional functions of criteria // Intern. Journal “Information Theories and Applications”, 15. — 2008. — P. 240 — 245.

[10] MoguHosckuin B.B., HorvH B.[. Mapeto-onTManbHble peLleHus MHOrokpuTepuanbHbiX 3agad. — M.: Hayka, 1982. -
256 c.

[11] CrosH 10.I"., Akosnes C.B. MatemaTuyeckme Mogenu 1 ONTUMU3ALMOHHbIE METOAbI FEOMETPUYECKOrO MPOEKTUPOBAHMS.
— Kves: Hayk. aymka, 1986. — 265 c.

[12] CTosH HO.I'., Emeup O.0. Teopist i MeToam eBKknigoBOI kKOMGIHATOPHOI onTuMisaLii. — K.: [H-T cucTem. gocnimkeHb OCBITH,
1993.-188 c.

[13] Emeup O. O., KoneuykiHa J1. M. 3agaui kombiHaTopHOi onTumisayii 3 ApoBoBO-MiHIMHUMM LinboBUMM dyHKLisMK.— K.:
Haykosa gymka. — 2005.— 118 c.

[14] €meup O.0., Pocknagka O.B. 3agauyi onTumisauii Ha NonikoMOIHATOPHUX MHOXMHAX: BACTMUBOCTI Ta PO3B'A3aHHS. —
MonTasa: PBL MYCKY, 2006. - 130c.

WUHbopmaums o6 aBTope

Hamanusa BnadumuposHa CemeHoea — MHecmumym kubepHemuku um. B.M.[nywkosa HAH YkpauHbl, kaHo.
¢us.-mam. Hayk, cmapwiuli HayyHbIl compyOHuk, 03680 MCIT Kuee 187, npocnekm akademuka [1ywkosa, 40,
Ykpaura; e-mail: nvsemenova@meta.ua




196 Artificial Intelligence and Decision Making

NOUCK OBLLUKUX NPUHLIUMOB ®OPMANN3ALIMA
B TEOPETUHECKUX U NPUKNAAHBLIX UCCNEAOBAHUAX

Metp Bacunuk, Anekcangp MpoBoTap

AHHOmauyusi: Obcyxdaemcs nodxo0 K ¢hopManusauuu 8 pasfiuyHbIX npeOMemHbix — obracmsx,
conpogoXaAarwulics UCnob308aHUEM KayecmeeHHO OMIUYHbIX /T02UK Ha pasHbIX YPOBHsX Ouckpemusayuu
npoyeccos .

Knroyesble cnosa: MHOXecmga, npomusopeyusi, HeUpOHHble cemu, 0byyeHue HeUpPOHHbIX cemel,
¢hopmanu3zayus.

ACM Classification Keywords: F.1.1 Models of Computation — neural networks, C.1.3 Other Architecture Styles
— Neural Nets.

BBeaeHue

B cratbe 3aTparuBaetcsi BOMpPOC O TOM, MOYEMy (hopMarbHblE MOAENM, WCMONb3yeMble MPU PeLeHun
pasnuuYHbIX 3adad, B O4HWX cnyyasx paboTatoT 6e3ynpeyHo (monyyaem OXugaemblit pesynbTar), B Apyrux —
NPUBOAAT K CMOXHBIM, MHOTAA faxe NpOTUBOPEUMBLIM BbiBogaM. OTBET Ha 3TOT BOMPOC (MO MHEHWUIO aBTOPOB)
HYXHO 1CKaTb HE B TOYHOCTW (aA€KBATHOCTM) MOLENEN, a B OrpaHUYEHMsIX, KOTOpPbIEe HaKnaabiBaeT AUCKPETHbIA
XapakTep NPOUCXOAALMX B NPOCTPAHCTBE U BPEMEHM NPOLLeccoB (CoObITUN). Peyb MaeT o ToM, YTO nepexog ot
0JHOrO [IUCKPETHOrO COCTOsIHUA obbekTa (mpolecca) K APYroMy 3a4acTyto MpUBOAWT K KONMUYECTBEHHLIM U
KaueCTBEHHbIM M3MEHEHWSIM camoro o6bekTa (mpouecca). OTO 03HAYAET, YTO METOoAbl W3yYeHUs TaKoro
npoLecca Ha pasHbIX YPOBHAX ANCKPETU3aLMN JOMKHbI ObITb pa3nuyHbiMK. Tak kak B OCHOBE pa3HbiX METOAOB
N3YYEHUS NEXNT NIOMNYECKUIA NOLXOL, TO MOHATHO, YTO KAYECTBEHHO PA3MNMYHbIE AWCKPETHBIE YPOBHW AOMKHbI
obcnyxuBaTh Tak HasblBaeMble Ka4yeCTBEHHbIE MOTMKM UMK NOTVKW PasHbIX YPOBHEN AMCKPETHOCTW. [o cyTw,
Takue NOruKM AOIKHbI OTNMYATLCA OfHA OT APYroi XoTs Obl TeM, YTO AOIMKHbI CYLLECTBOBATb YTBEPKAEHNS
UCTWHHbIE B OHOM FOTUKE W NOXHbIE B Apyroi. MccnenoBaHne 06bEKTOB Npyu TakoM NOAXOAE OCYLLECTBASETCS
C MOMOLLbIO FOTMKM COOTBETCTBYIOLLErO YPOBHS AMCKPETHOCTW, KOTOpast AOMKHA ObiTb NOCTpOeHa U
BepumLmpoBaHa. MpuMeHeHNe Xxe ApYrux Noruk B 3ToM Cnyyae MOXeT ObITb NPUYMHON NOSBMEHNS PA3NNYHbIX
NMPOTUBOPEYMBbLIX YTBEPXKAEHWA (MapafgoKCoB), KOTOpble OKa3sblBAlOT HEraTMBHOE BMMSHME Ha MPOLECCh
no3HaHWs 06bEKTOB.

[anbHenwee M3NOXeHWe MOCBSALLEHO apryMeHTauuu NpeanoXeHHoro Tesuca. MMpu 3TOM MCMOMb3yTCs Ha
NepBblii B3rNsL COBEPLUEHHO pa3niyHble NpeaMeTHble 0bnacTu, kotopble npu 6onee rnybokomM paccMOTpeHUH
NMEIOT [OCTaTOMHO OOWEro € TOYKM 3PEHWUSI W3MOXKEHHOro Bbile. [pyrMM CnoBamW, BO3HUKHOBEHWE
napagoKcoB 1 NpobnemM HEMOHOTHLI B paccMaTpuBaeMblx 06racTsx (COOTBETCTBEHHO HEaAEKBATHOCTM) CBSI3aHO
WMEHHO C MOMbITKAMM WUCMOMb30BaHMS NOMUK O[HOTO KAYeCTBEHHOrO YPOBHS ANS WUCCnefoBaHMs OOBLEKTOB
APYroro Ka4eCTBEHHOTO YPOBHSI.

MHoXecTBa 1 NpUCyLUe UM NPOTUBOPEYUS

WccnenoBaHuio napafoKCcOB TEOPUM MHOXECTB MOCBSALLEHO OrPOMHOE KONM4ecTso pabot. Bmecte ¢ Tem 0
MPUYMHAX X BOSHUKHOBEHIS ECTIM 1 TOBOPUTCSA, TO O4EHb TyMaHHO. HanGoree U3BeCTHbIE 13 HX — 0GBSACHEHNS
Ha OCHOBE MOHSATWIA aKTyanbHO M MOTeHUManbHON GeckoHeyHocTW. [locrneaHue NoHATUS camu TpeGyioT
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aKKypaTHbIX W TOYHbIX OMpeLeneHuit, KOTopble BPSL MM MOXHO COPMynMpOBaTb OAHO3HAYHO (MMu
(hopMarnbHo).
lMoyemy xe OHM (MPOTUBOPEUMs) BO3HMKAIOT? PaccMoTpum npocToit npumep. OrpaHUuMMCSs TONbKO KOHEYHBIMM
MHOXeCTBaMW. MOLLHOCTb TaKOro MHOXECTBA, Kak M3BECTHO, 3TO KOMMYECTBO 3NEMEHTOB B HeM. Ecnu
MHOXecTBa A 1 B He nepecekaroTcsl, TO CrpaBeAnvBo CleaytoLLee COOTHOLEHME:

|AUB|=|AlU|BI.
Ecnu ogHO 13 3TUX MHOXECTB (HanpumMep A) CHETHOE, TO COOTHOLLEHME ByaeT UMeTb BuA;

|AuB|=]Al.

CnepoBaTtenbHo, YTBEPXAEHWE “MOLIHOCTb CyMbl MHOXECTB paBHA CyMe MOLLHOCTEN 3TUX MHOXeCTB”
CNpaBeanuBO TOMbKO B CMy4ae KOHEYHWX MHOXECTB. 3[ecb MMeeT MecTo ChOpMYnMpOBaHHbIA Bbille TE3uc,
npegnonarawwuii NOCTPOEHWe HOBOW NMOrWKA (B AAHOM CRyyae MOTMKM Onepauuii Hag MHOXecTBamu) npu
nepexoge k 6eCKOHEYHbIM MHOXECTBAM, KOTOpble SBNAOTLCS 06BEKTaMM HOBOTO KavecTBa.
B cooteetctBuM ¢ [Bacunuk, 2008] paccmoTpumM auaroHanbHyto npouedypy KaHtopa [KaHTop, 1985], koTopas
ncnonb3yeTcs Npu [0Ka3aTenbCTBE HEKOTOPbIX TEOpPeM MaTeMaTUyecKod NMOTMKM W TEeOpUM BbIMMCIIEHWN.
Hanpumep, ans ookasaTenbCTBa HECYETHOCTI MHOXECTBA BCEX MOAMHOXECTB MHOXECTBA HaTypasnbHbIX Yucen
(Teopema KaHTopa) genaetcsl NpeanonoxeHue o cywlectsoBaHun Ouekummn fN—2N. Tlocne atoro ctpoutcs
MHOXeCTBO A, KOTOpPOE onpeaensieTcs COoTHoweHeM XxeA < x¢f(x). Tak kak f(x) — Buekuns, To fim)=A ans
HekoToporo m. Ho B Takom criyyae npuxogum K npotusopeunio mefim) < mef(m), koTopoe (N0 MHEeHIo
KaHTOpa) BbI3BaHO NpesnonoxeHneM o CyLiecTBOBaHWUM BrekLmun, a, CnefoBaTenbHO, 40Ka3blBaeT TEOPEMY.
Ha camom gene Bce nmpoucxogut uHave. [loctpoeHne mHoxectBa A OydeT KOPPEeKTHbIM TONMbKO B Cryyae
onpegeneHHocT MHoxecTBa f(x). Ho npu x=m MHoxecTBO fim)=A GyaeT HeonpeaeneHHbIM. 3TO 03HaYaeT, 4To
OTHOCWTENBHO 3rieMEHTa M He MOXHO AaTb OTBET Ha Bonpoc meA unu mgA. Tak Kak crnpaBeanuebiMu 6yayT
cnegyowme umnnukaum meA = megfim)= A, mgA = megA.
Boree rnybokuii aHanu3 npuBEOEHHOTO Bbllle AOKa3aTenbCTBa MO3BONSET CAenaTtb BbIBOA O TOM, YTO
COOTHOLLIEHWE, OnpefensioLiee MHOXECTBO A MPOTUBOPEYNT MPEAMNONIOXEHNI0 0 BUEKTUBHOCTI 0TOBpaxeHus f.
B camom pene, ecnu A=f(m), To npu ycnoeun me¢A cooTHoweHue GyaeT OnpedensiTb Takke U MHOXECTBO
Au{m}, a npu ycnosun meA — Takke n MHoxectBo A{m}. Moatomy oTobpaxeHue f He TOMbKO He ABMseTCs
OVMEKTUBHBIM, HO aXe He SBNSETCA YHKLMEN.
HanpaBLunBaeTcs cnegytolmii BoiBoA. B crnyyae KOHeuHbIX MHOXeCTB Teopema KaHtopa cnpasepnusa. lMpu
nepexope K 6eCKOHEeYHbIM MHOXECTBaM NPeANoXEHHOe A0Ka3aTenbCTBO He NpecTaBnSeTcs KOPPEKTHbIM. JTO
3HaUUT, YTO B 3TOM Cryyae (Oaxe eCnn yTBEpXAEHWe ChpaBedn1Bo) ANs ero [okasaTenbCTBa HYXHO
MCNonb30BaTh MOTUKY APYroro kayecTsa, KoTopas onepupyeT, COOTBETCTBEHHO, 0BbEKTaMM 4pyroro kavecTsa.
ElLe oauH npumep 1cnonb3oBaHWs auaroHanbHoi npouesypbl KaHTopa fokasatenbCTea CyLiecTBOBaHUS BCOAY
OnpedeneHHon OAHOMECTHON (YHKUMM, KOTOpas He MPUHALNEeXMT MHOXECTBY J BClofy OnpeenieHHbIX
OOHOMECTHBIX OYHKLMI (MK YCIOBUK CYLLECTBOBaHMS YHUBEpCanbHOM yHKumn ans J) [Manbues, 1965], Toxe
NPUBOAMT K MPOTMBOPEYMo. A UMEHHO, BBeAieHNe HOBOW (yHKUMKM g(x)=F(x,x)+1, roe F — yHuBepcanbHas ans
Knacca <3, 03HayaeT, 4To 3HayeHue (yHKUMM g B MPOW3BOMBHOM TOYKE X MOXHO BbIYMCMMTL KaK 3HauYeHue
BblpaxeHns F(x,x)+1. MpeanonoxeHne 0 TOM, YTO g NpUHAANEXMT Knaccy < o3Hauaet, yto g(X)=F(i,x) ans
HekoToporo /. B aTom cnyyae nonyyaem npotueopeumne F(ii)=F(ii)+1, koTopoe (kaKk yTBEPXOAETCS) NOKA3LIBAET,
4TO (DYHKLMS g HE NPUHALANEXUT Knaccy J.

Ha camom fene npoTueopeymne BO3HUKAET W3-3a HEKOPPEKTHOTO (MPOTMBOPEYMBOrO) Onpeaenerust thyHKLMN g.
Kpome TOro, BO3HWKLIEE MPOTUBOPEUME BOBCE HE [OKA3blBAeT, YTO (hYHKUMS g He MPUHAZNEXUT knaccy 3.
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[encTBUTenbHO, Mbl UMeeM ABa onpefeneHus yHKuum g. B cooteeTcTBIM ¢ nepsbIM g(/)=F(i,i), B COOTBETCTBUN
c apyrum — g(i)=F(i,)+1. Takum obpa3om, (yHKUMS g B TOUKE | UMEET ABa 3HaYeHusi, CriefoBaTenbHo, He
aBngeTcs (yHkuMen. bornee TOro, BO3HWKLIEE MPOTMBOPEYME O3HAYAET, YTO Mbl HE MOXEM OnpeaensTb
(yHKUMIO g cooTHOWEHMEM g(x)=F(x,x)+1 npu ycnosuw, YTo F — yHMBepcanbHas ans knacca J gyHkums. Ho
TONbKO He TO, YTO (PYHKUMS g He NpuHagnexut knaccy J. B aTom crnyyae npuynHa HEKOPPEKHOCTU
[0Ka3aTenbCTBa NEXNUT CHOBA B NNOCKOCTU NPOU3BONBHOMO CMOMb30BAHUS KAYECTBEHHO Pa3HbIX MOTUK.

AHanornyHble CUTyaLun BO3HWKAKOT U Cryyae PacCMOTPEHWUSI anrOpUTMUYECKUX CUCTEM W [axe 3HaMEHWUTOM
Teopembl ['efiens o HenonHoTe [AHTUNEHKO, 1986].

Obwwnin BbIBOA TaKOB: PacCMOTPEHHble Bbille MPUMepbl MOKa3biBAKT, YTO YpOBEHb hopManu3auuu noruk
BeckoHeuHbIX 0BBEKTOB He JOCTUT YPOBHS popManu3aumm Norvk KOHeYHbIX 0BbekToB. McnonbaosaHue xe He
[OCTaTO4HO 060CHOBAHHBIX (hOpManu3aumuii NPUBOAWT, Kak Mbl BMAENM, K MPOTUBOPEUMBLIM MOCTPOEHMSM.
Moatomy npobnema B 3TOM Cry4ae COCTOMUT B MOCTPOEHNE NOruKku 6eCKOHEeUHbIX 0BBEKTOB, @, CeA0BaTENBLHO,
CBOANTCSA K Npobneme HeNOMHOTbLI TEOPETUYECKNX NOCTPOeHuiA [Bacunuk, 2006].

Cuctembl MCKYCCTBEHHOro MHTenJeKTa u npucyliasa UM HenonHoTa

3pecb OypyT paccmatpuBaTthCs 3KCnepTHble AnarHoctudeckue cuctembl TOMEOIAT pasHbix Bepcuid, B
CO3aHNN KOTOPbIX aBTOPbI MPUHUMANK HenocpeacTBeHHoe yyacTue [[posotap, 2000]. OaHa 13 ocobeHHocTEl
TaKWX CUCTEM COCTOWT B TOM, YTO OHM MPW MOCTAHOBKE AMArHo3a SIBHO NPMOMMKAOTCA K NPOLEeCCy NOCTaHOBKM
AMarHo3a 4enoBeKoMm.

lMpouecc umeeT aBe cTaguu:

1) orpaHuyeHne NpoCTpaHCTBa AMArHOCTUPOBaHUS MyTem Bblbopa npaBLonogobHbIX rMnoTes 3abonesaHus (B
MeaULMHCKOW NUTepaType 3TO U3BECTHO Kak "anddepeHumnantHas Mogenb AnarHoCTukA");

2) NpUMEHeHWe cTpaTerMm AMarHOCTUKM ANS uaeHTUdmkaumy 3abonesaHui, KOTOpble Hambonee MOSHO
COOTBETCTBYKT CUMMTOMAM.

OpHa u3 Bepcm7| Taknx CUCTEM CHadana I/IﬂeHTVId)VIU'I/IpyeT Ha6op 3aboneBaHni, KOTOPbIE XapaKTepU3yrTCA
HEKOTOpPbIMK UNK BCEMU CUMNTOMaMK, KOTOPbIE €CTb Y NauUeHTa. Mocne aToro onpenendeTr B 3TomM Ha60pe
3abonesaHus, KOTOpblE  Hauny4wum 06pasoM COOTBETCTBYIOT 06Hapy)KeHHbIM cumMnTomam. ,U,a]'lbLLIe
ocyulecTBnaeTCcA NOUCK 3abonesaHni, KOTOpPbIM OTBEYalT HEepacCMOTpeHHble CUMNTOMbI W npouecc
NOBTOPAETCA 40 TEX NOP, NOKa HE OCTAHETCA HX O4HOro HEPACCMOTPEHHOIO CUMNTOMA.

Ha nepBoil hase KOHCyrbTauWW B CUCTEMY BBOASATCA Kak MO3WUTUBHbIE, Tak M BO3MOXHbIE HEraTUBHblE
nokasaHms. Kaxabli NO3WUTUBHbIA CUMMNTOM BbI3bIBAET Te y3nbl AepeBa 3aboneBaHni, KOTOPbIE UMEKT C HUM
CBSA3U, BKIMOYas HE TOMbKO TEPMUHaNbHbIE CYLIHOCTM 3aboneBaHui, a v y3nbl 6omnee BbICOKOTO YPOBHS, KOTOpbIE
3apatoT kateropun BonesHen.

B pesynbTate BBEAEHWS HAYaANbHbIX CUMMTOMOB U [JaHHbIX OTHOCUTENbHO
a) CMNTOMOB, KOTOpbIE HEe MMEOT OTHOLLEHWS! K AaHHOMY 3aboneBaHmio
6) CMMNTOMOB, CBSI3aHHbIX C JaHHbIM 3a605eBaH1EM

B) CUMNTOMOB, KOTOpble JOMKHbI ObiTb OBHAPYXEHHBIMM, MPY YCNOBUM NPaBWUMLHOCTY AMArHo3a, Ho He Gbinu
3aperucTpupoBaHHbIMM

r) CUMNTOMOB, HE OOHapYXeEHHbIX Y NauMeHTa nopoxgaerca "Mogent 3abonesaHus” gns Kax[oro Bbl3BaHHOIO
y3na.



International Book Series "Information Science and Computing" 199

B cooTBETCTBMM C OCOOEHHOCTAMM 3TUX MOLENEN CUCTEMA HaYWHAET C TOro, YTO hOpMUPYET CBOWM NEpBbIN
anddepeHymancHbii anarHos. Habop anbTepHaTUBHBLIX MOLENEN UcCneasyeTcs Ha Apyroi cTaguu - NPUHATMS
3aKMKYUTENBHOTO PELLEHMS.

lMpouecc NPUHATUSA peLLeHns 3aBUCUT OT YMCna anbTepHaTUBHbIX 3aboneBaHuit. Ecnv konuyectBo BonesHei-
KaHAWOATOB MPEBbILAET HEKOTOPYID (DUKCUPOBAHHYO rpaHuLly, To npuMeHsetcs ctpaterna UCKNIOYEHWA, B
COOTBETCTBUM C KOTOPOIA 3aatoTCs BOMPOCHI C YETKO OMpeaeneHHbIM 3abonesaHneM. Ecnm HyxHbIn cUMNTOM
OTCYTCTBYET, TO Takoe 3aboneBaHue uUCkNovaetcs U3 cnmucka. [na Boibopa ogHoit GonesHu u3 GonesHei-
kaHanaaToB npumenseTcs ctpaterns QJUCKPUMUHALIMIA.

Kak Tonbko nosiBNsieTcs HoBas I/IH(*)OpMaLI'I/IFI, BCE Mopenn 3aboneBaHuit nepeoleHnBatoTCA U KOHCTPYNPYeTCA
HOBaA ,qmd)d)epeHumaanaﬂ MOOENb AMarHocTuk1. Takow npouecc npoxoant pag VITepaLI'VIVI [0 TexX nop, noka
OOHO WNM HECKONMbKO 3aboneBaHwii He noaTeepauTcA. B atom cnyyae BCe CUMNTOMblI NOMEYalTCA KaK
"06bsICHEHHbIE", a BCe 3aboneBaHus, KOTOpblE UMEKT Kay3anbHble OTHOLWEHUA C AAaHHbIMU 3aboneBaHuaMy,
Ha4YMHaKT aHanM3MpoBaTbCA.

B pesynbTate aToit mpoueadypbl CUCTEMA MOXET Y OAHOTO MauWeHTa HalTU HEeCKONbko 3aboneBaHwn. T
CYLLECTBEHHbIN Lar Breped, NOCKOMbKY TPaaNULMOHHbIE ANArHOCTUYECKNE CUCTEMBI BBIXOAAT U3 NPEANONOKEHUS
0 Hanuyum ogHow 6onesHu.

Takum obpa3om, cuctema LEerCcTByeT B COOTBETCTBUAM CO CTpaTerveit KOHCTPyMpOBaHUS, KOTOPYIO NPUMEHSET
BpaY-KMMHALMCT M nocnedylolleit npoBepkoit AuddepeHLmansHoro auarHosa. Takas MoAenb AuarHosa
BKIIOYAET ABYXCTyMeHYaTylo npoueaypy, KoTopas CBOAUTCA K TOMY, YTO CHayana BblgBUralTCs runotesb
3aboneBaHnsa Ha OCHOBE BBELEHMSA JaHHbIX O nauueHTe (npouecc "CHM3y BBepX"), @ NOTOM OCYLLECTBNSETCS UX
OL{eHKa C MOMOLLbI0 JOMOMHUTESNBHBIX CUMMTOMOB 0BHapyXeHHbIX 3abonesanui (npouecc "ceepxy BHU3").

B Apyroit Bepcun cuCTeMbI AMArHOCTUPOBAHME CBOAMTCS K 3afaye Bbibopa "Hambonee nogxoasimx" o6bekTos
13 HEKOTOPOrO MHOXECTBA N0 3afaHHbLIM XapaKTepucTUKaM 3TUX 0GBEKTOB C NMPUMEHEHUEM 3NIEMEHTOB TEopUM
HEYETKUX MHOXECTB.

Kak 13BECTHO, MOHATME HEYeTKoro MHOXecTBa Obino BBegeHo Jl. 3ame B pabote [Zadeh, 1965].
[MpUHaANEXHOCTb HEKOTOPOro 9nemMeHTa TakoMy MHOXECTBY Onpedensietcs nobbiM YACNOM €AUHNYHOMO
nHtepsana [0;1], B oTnmume oT 0ObIYHBIX MHOXECTB, rA€ AneMeHT b0 NpUHALNIEXMT MHOXECTBY, NGO HerT.
Teopust HEYETKMX MHOXECTB Haluna NPUMEHEHWE B Pa3ninyHbiX 06nacTax KOMNbIOTEPHBIX HAYK, B YaCTHOCTH, B
TEOPUM NMPEACTaBMEHNS 3HAHWW, METOAaX MAEHTU(MKaLUMM W pacno3HaBaHWs 06pas3oB, TEOPUM MPUHSATUS
PELLEHN (B CBA3M C TEM, YTO He BCerfa MOXHO TOYHO OMpe;enuTb MPUHAANEXHOCTb 0BbEeKTa HEeKOTOPOMY
Knaccy Wnm TOYHO CHOpMynMpOBaTb €ro CBOMCTBO), TEOPUM ONTUMU3ALMN U p. Teopusi HEYETKUX MHOXECTB
pana BO3MOXHOCTb (DOPMann3oBaTh HETOYHbIE U UHTYWUTUBHBIE YTBEPXKAEHMS, YTO 0KA3anoch O4eHb NOME3HbIM
npu pa3paboTke PyHAAMEHTANBHbIX MPUHLMNOB UCKYCCTBEHHOTO MHTENNEKTA.

3apaya Bbibopa "Hanbonee nogxopslero” obbekTa (MM 0BHEKTOB) U3 HEKOTOPOTO MHOXECTBA OOLEKTOB MO
3afaHHbIM  XapaKkTepucTMkam 3TWX OOBLEKTOB MyTeM MOCTPOEHWS YPOBHEBLIX MHOXECTB W CTEneHei
NPUHAANEXHOCTM ANS  UCMOMb3YEeMblX NEPBUYHBLIX HEYETKMX MOAMHOXKECTB (hOPManbHO OMKUCHIBAETCS
cnegyowmm obpasom.

[ycTb MMEETCS HEKOTOPOE MHOXKECTBO 00bEKTOB X = {X1, X2, ..., Xi} U HEKOTOPOE MHOXECTBO UX XapaKTEPUCTUK
C ={Cy, Cy,..., Cy}, npryem Mexmgy STUMN MHOKECTBAMM CYLLLECTBYET OTHOLIEHNE (00 : o), T.€. KaXAblil ANEMEHT
MHOXEeCTBa X MOXET UMETb HECKOIbKO XapaKTEPUCTUK, a Tak Xe OAUH 1 TOT XKe dNemMeHT MHoxecTBa C MOXeT
SBNAETCS XapaKTepUCTUKOI cpasy HECKONbKMX 06BEKTOB. pu 9TOM ecnin anemeHTy X; COOTBETCTBYET aNeMeHT
C; 0 roBopuM, 4TO 0OBEKT X; UMeeT xapaktepucTuky Ci.
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3apgava 3akmovaetcss B TOM, 4TOObI MO Haneped 3afaHHLIM XapaKTepUCTUKam OonpeaenuTb Haubonee
noaxoasLmnin obbekT (MM HECKONbKO 0BBHEKTOB) C MaKCUMAmbHOW CTENEHBID MPUHALEXHOCTU MHOXeCTBY X.
[ns onpegenexus "onTuManbHOro" MHOXecTBa 0GBbEKTOB UCMONL3YITCSA HeveTkne MHoxecTsa [[yaka, 2001].

Y006HbIM MHCTPYMEHTOM ANs NPeACTaBNeHNs MHEOPMALMOHHBIX Mofenen ABnatTcs HenpoHHble cet (HC). B
obuiem cnyyae, ceTb NPUHUMAET HEKOTOPbIN BXOAHOM CUTHAM U3 BHELLHEro MUpa, U NponyckaeT ero yepes cebs
¢ Npeobpa3oBaHMsMM B KaxgoM HerlpoHe. Takum obpasom, B npoLecce NPOXOXAEHMs CUrHana no CBA3sM CeTi
npoucxoauT ero 06paboTka, pesynbTaToM KOTOPO SABNSETCS ONpeaeneHHbIN BoIXOAHON CurHan.

[ns nNpoekTMpoBaHNs HEMPOHHOW ceTu B oaHoi u3 Bepcuin cuctembl TOMEOTAT 6bina BbiOpaHa Hanbonee
pacnpocTpaHeHHas CTPYKTypa HEMPOHHbIX CETE - MHOrOCMONHas. 3Ta CTPYKTypa NofApasyMeBaeT uTo Kaxzabln
HEWPOH MPOW3BOMBHOTO CMOS CBSA3aH CO BCEMM BbIXOLaMU (aKCOHaMu) HEMPOHOB MPEeAbIAYLLEro CRos Unu co
Bcemu Bxogamu HC B cnyvae nepsoro crnosi. [pyrumu crioBamn CeTb UMEET CrieaytoLLyio CTPYKTYPY CROEB:
BXOZHOW, NPOMEXYTOUHbIA (CKPbITLIN) U BbIXOQHON. Takne HEMPOHHbLIE CETU TakKe Ha3blBalOT NOMHOCBSA3HLIMM
[KaTepuHuy, 2007].

,D,J'IFI peleHns 3agadn anarHoCcTnpoBaHnAa Ucnosib3oBanacb HC CJ'Ie,D,y}OU.LeVI apPXUTEKTYpbI.

3apaya obyyenms MHC B knaccuyeckom Buae npeactaensnace Tak. [lycTb 3agaHa HekoTopas
nocneaoBaTenbHOCTb X* BXOAHbIX AaHHbIX. Heobxogumo HaiTi Takoe pelleHue X, Npu KOTOPOM MOXHO
knaccuduumMpoBaTb BHOBb MpeACTaBIEHHbIE BXOAHble AaHHble. Kputepuit R(x,x*) onpeaensieT KavecTso
peleHns. MHOXECTBO PELIEHU X OnpedenseTcs BbIOOPOM anroputmMa HacTPOMKA BECOBLIX KOI(ULMEHTOB

W,{a). Mpu Takoi MOCTAHOBKW 3afauu, MPOLECC 0BY4YEeHUs CBOAMTCS K MONYYEHWID HaWUNyYLero pelueHust w3

MHOXECTBa BO3MOXHbIX. [pyrumu crioBamm, obyveHne MHC — aTo npouecc HakonneHue uHgopmauum x* u
napannensHo NpoLecc Bbibopa peLleHns X.

HC cuctembl wucnonb3yeT anroputM 06paTHOrO pPacnpoCTpaHEHWs CyTb KOTOPOro  3aknyaetcs B
pacnpocTpaHeHun curHanos owwubku ot BbixogoB HC k ee Bxogam, B HanmpaBreHuW, obpaTHOM npsiMoMy
pacnpoCTPaHEHWN0 CUrHanoB B OObIMHOM pexume paboTbl (pexuM pacnosHaBanus).  [pyrumu croBamm
NCMONb3ys TEXHOMOTMM NOCNEeA0BaTENbHON HACTPONKM HEMPOHOB, HAYMHAs C MOCNELHEro, BbIXOAHOIO Cosl, 1
3aKaH4MBas HAaCTPOWKOM anemeHToB nepBoro cnos. Obyyenne HC moxeT GbiTb NpoBeaeHO HeOOX0AMMOE YKCo
pas. [ins obyyeHuns ucnonbayeTcs Tak HasbiBaeMOe S-MpaBuio, KOTOPOe 3akMo4aeTcs B peanuaauun ctpaTerim
obyyeHns «c yuutenem». Owmbka 0BydeHWs BbluMCTIsieTCs Mo cnepytowen dopmyne 0 =y *—y B

anroputMe rpaMeHTHoro crycka (BecoBoil koadpuument) wi(k+1)=w;(k)—ydx;,y >0, rtoe y-

KO3(hULMEHT «YCUNEHMS anropuTMay, X; - i~ BXOS CMHANTUYEeCKOM CBA3M HEMpOHa, y* - He0DXOAMMBIN BbIXO4
HEeWpOHa, ¥ — pearbHbIN BbIXOA.

PaccMoTpeHHble Bbile npumepbl pasHblix Bepcuin cuctembl FOMEOIMAT, ucnonbaytolme pasnuyHbie MOAenm
AMarHocTMpoBaHus, B GOMbLUMHCTBE Cry4yaeB OalOT AOCTAaTOMHO MPUOMMKEHHYIO KapTUHY AuarHo3a nauueHTa.
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[No-Buanmomy, npobnema COCTOUT B TOM, YTO UCNONb3yeMble MHKDOPMALMOHHBIE MOZENN HE YUYUTBIBAIOT KaKMX
TO BaXHbIX nokasaTenei (chakTopoB), KOTOpble BAMAKT HA  LEMOCTHY  KAapTMHY  MOCTaHOBKM
anddepeHUmMansbHOro anarHosa W, crnegoBaTenbHO, Mcnonb3yemas dopmanbHas (MHGopMaLmMoHHas) MOaenb
He nonHas. Ckopee BCero, W 3TO MOATBEPKOAETCS MHOMOYUCAEHHBIMU WCCREAOBaHUAMW MOCNESHNUX TeT,
HeobX0aMMO YUMTbIBATH TaK Ha3blBaEMble “BHELLHME (DAKTOPbI” MMM BHELUHME BO3AEMCTBUS HA BUONOrMYecKui
0BOBbEKT NOMEBbIX CTPYKTYP Pa3HOM Npupogpb!.

®opmanusyemoe 1 He (hopmanmayemoe B BbIMUCIIMTENLHbIX 3a4a4ax

O6LLen3BeCTHO, YTO NpU peLLeHMn 3a4ay U3 pa3nnyHbix obnacTeil YenoBeYEeCKo LesaTenbHOCTU UCMOMb3yeTCs
(KaK NpaBWIIO) HEKOTOPLIN S3bIK, MO3BONSAIOWNA (POPMANU30BaTb MCXOLHYI NOCTAHOBKY 3adaduu (MOCTPOUTb
hopmarbHyK MOLESb) C LieNbio BO3MOXHOTO NPUMEHEHWS opManbHbIX METOAOB (ECAM TaKOBbIE CYLLECTBYIOT)
CaMOro si3blka 4151 peLleHns NOCTaBneHHoN 3agaun. Takum obpa3om, npouecce popmanmsalmm B JaHHOM Cryyae
CBOAMTCS K OMMCaHMI0 npobnembl (3agaun) Ha HEKOTOpoM (PopManbHOM  A3blke. XOpOLWO €ecnn 3ToT
(hopManbHbI A3blK — A3bIK MaTeMaTukW, a, CnefoBaTenbHo, obnagatowwmuii pa3BuUTbIMU METOLAMI PeLLEeHMs
hopmanu3oBaHHbIX 3afgady. B aTtom cnyvae, 00blMHO, rOBOPAT O MOMHOW chopmanuaauuu npobnemsl. Ecnn
bopManbHbIN A3bIK He ABMAECS A3bIKOM MaTEMAaTUKW — FOBOPSAT O HEMOMHOW WM YacTUYHOW dhopmanmsamm
npobrembl. Mpy 3TOM He UCKIIYAETCS CyL|eCTBOBaHWE APYroro )OpManbHOro S3uka, C MOMOLLbIO KOTOPOro
JOCTUraeTCa NorHas WaKM YactuuHas chopmanusaums npobnemu. Bnpoyem, BO3MOXHbI CUTyauuW, Koraa He
ygaetcs nonyunts opmanbHylo Modenb npobnembl. Ecnv Takue mogenu B MpUHLMNE CYLWECTBYHOT, TO
npobnema SBNSIETCA NOMHOCTBIO WAWM YacTUYHO (HOPManM30BaHHOW. B NpOTWBHOM cryyae roBOpsAT O He
(hopMann3oBaHHbIX MPeAMETHbIX 06nacTsx, T. €. 0 Takux obrnacTsix, rge CyLecTByIOT He (opMann3oBaHHbIe
npobnembl.

B [MposoTap, 2008] npeanaraeTcs Tak HasblBaeMbl anropUTMUYECKUA NOAXOL, MO3BONSIOLLMIA B HEKOTOPOM
CMbICMe YMOPSAOYMTL Halle npefdcTaBneHve o opmanusaumu. CredctBuem 9TOro noaxoda SBnseTcs
BO3MOXHOCTb KnaccuduumpoBatb npobnembl Ha gonyckarowye gopmanusaunto, cnabo gopmanusyemble 1
HedhopMmanuayemble.

AKTyanbHOCTb 3aTparMBaeMblX BOMPOCOB COCTOMT B TOM, YTO MCMOMb3ys Mpeanaraemblil NOAXOL B KaxaoM
KOHPETHOM Cy4ae, MOXHO AaTb OTBETbI HA BOMPOCHI O BO3MOXHOCTI TOYHOIO PELLEHNS 3aauu HA KOMMbHOTEPE,
NPUBNMKEHHOTO PELUEHs 3a4a4u C UCNONb30BAHNEM KOMMBIOTEPA UMK HEBO3MOXHOCTH MONYYEHNST HU TOYHOTO,
HW npubnuxeHHoro pelweHns. OHM TecHbIM 00pa3oM CBsi3aHbl C npobremamu ¢hopmarnbHON MPOBEPKM
NPaBUNbHOCTY [0KA3aTeNbCTB B MaTeMaTuke W KOPPEKTHOCTW (crefoBaTenbHO, HafeXHOCTM) MporpamHoro
obecneyeHmnsi, OCHOBaHHbIX Ha (popMarnbHbIX METOAax MPOBEPKM HENpOTUBOPEUMBOCTM MaTeMaTUYeCcKuX e
anropuTMOB, NeXallux B OCHOBE (PYHKLMOHMPOBAHWS NPOrpaMM.

OcobeHHocTn hopmanuayembix Mogenein cornacHo [MMposotap, 2008] coctosaT B cnegytowem. Bo-nepsbix, B
KaZon M3 HUX MOXHO peluTb npobriemy paspelummocti. Bo-BTOpbIX, pelleHne 3Toi npobnembl dhakTuyecku
OCYLLECTBASIETCA NOCTPOEHUEM anrOpUTMOB. B-TpeTbuX, Kaxablii U3 3TWUX anroputMoB obecneynBaeT TOYHOE
peLLeHre Npobnembl paspeLLMmMoCTy C UCNONb30BaHWEM KOMMbIOTEPA.

[ns cnabo chopmanu3oBaHHbIX 3aay XapakTepHO creayollee. Bo-nepsbiX, UX peLleHNe Ha COOTBETCTBYHOLLMX
(hopmarnbHbIX MOAENAX [ocTMraeTcs. Bo-BTopbiX, pelleHMe  npobnem hakTUYeCKU OCYLLECTBRSETCS
MOCTPOEHMEM anropuTMOB. B-TpeTbuX, Kaxabli U3 anropuTMOB 0OecneynBaeT NpubmkeHHoe, HO NpuemMneMoe
peLLeHe COOTBETCTBYHOLLEN NPOBNEMbI C UCMONb3OBAHMEM KOMMbOTEpa.

HaKOHeLl', OTMETUM 0CODEHHOCTU He CbOpMaJ'IVI3yeMbIX npo6neM. BO-I'IepBbIX, pelueHne nocTaBlieHHbIX 3a4ay Ha
MMeLmxca d)OpMaJ'IbeIX MoAdenax nony4ymtb He yoaeTcs. BO-BTOprX, NonbITKa peLleHne np06neM cBoauTcA
dJaKTVILIeCKVI K NOCTPOEHUIO aliTOPUTMOB U dJOpMaJ'IbeIX MOAENen BXOAHbIX W BbIXOAHbIX AAHHbIX.

M3 BbILLIEN3NOKEHHOTO cnenyet, 4Yto B KayeCTBe A3blka (bopmanmsaumm npo6neM MOXHO WCMNOoNb30BaTb
I'IpOI/I3BOJ'IbeIVI A3bIK (Hanpvlmep, A3bIK MaTeMaTI/IKM). Takon S3blK [OMKEH UMETb pasBuTble cpeactea And
onncaHna OeCKpUNTUBHBIX (BXO,D,HbIe U BbIXOAHbIE ,D,aHHbIe) N nMnepaTnBHbIX AaHHbIX (aJ'IFOpMTM peleHnd
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npobnembl). Takas xapakTepucTika si3blka O4YeHb HaNOMMHAET ONUCaHWe A3blka NPOrpaMMUPOBaHuUs (pasHuua
TONbKO B TOM, Y4TO COBPEMEHHbIE S13blKM NMPOrPaMMUPOBaHUS He cogepxaT HeobxoanMblX CPEACTB OMMCaHWs
[ECKPUNTUBHBIX AaHHbIX). MoaTomy, hopmann3aums npobneMbl 03Ha4aeT UCNONb30BaHNE TOYHBIX (hOpManbHbIX
Mozenei ans OECKpUNTUBHOM M MMNEPaTMBHOM YacTel npobnembl. OpyrMy crioBamu, 3TO Mporpamma Ha
HEKOTOPOM fi3blke C (DOPMArM30BaHHLIM CUHTAKCUCOM W, XenaTenbHO, CeMaHTUKOW. B 3ToM CBA3KM HaMoMHUM,
4TO NOruKa BbICKa3blBaHWUA SBMAETCS MOMHOCTBLIO (hopManu3oBaHHO. [ns norukn npeaukaTtoB [MeHAensCoH,
1976] ¢ NOMOLUb COBPEMEHHBLIX NOAXOA0B (HOPManM3yeTcsl TOMbKO MHOXECTBO TOXOECTBEHHO WCTMHHbBIX
npeanoxeHuin. [ing apuMeETUKM MHOKECTBO WUCTUHHBLIX NPEANOXKEHWA, TaK Ke Kak U ero JOMONHEHWe — He
hopmanuayoTcs.

3akniouyeHue

PaccmMoTpeHHbIe Bbille MpUMepbl NO3BONSIOT CAeNaTb MpearnofiokeHe O TOM, YTO BCAKME KONNYECTBEHHbIE
YCMOXHEHMS B MOCTAHOBKaX NpobrieM MOoryT MPMBECTM K HOBLIM 3afja4aM, HO METOAb! (Noruka) peLueHnst aTux
3agay  OymyT octaBaTtbCs npexHumu. [oaTomy pelueHve 3agay Takoro poga  MO3BOMSIET  NULWb
YCOBEPLUEHCTBOBATL CYLLECTBYIOLLME MOXOAbl U MeTogbl. Mepexon k kayecTBEHHO HOBbIM 3agavam TpebyeT B
nepByto o4epe/b pa3paboTki COBEPLUEHHO HOBbIX NOAXOAO0B U METOLOB. /cnornb3oBaHue Xe CYLECTBYOLMX HE
MOXeT ObITb NpUEMNEMbIM MO MPUYMHAM, KOTOPbIE 0BCYXaanuch BbILLe.
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USING SAT FOR COMBINATIONAL IMPLEMENTATION CHECKING

Liudmila Cheremisinova, Dmitry Novikov

Abstract. The problem of checking whether a system of incompletely specified Boolean functions is implemented
by the given combinational circuit is considered. The task is reduced to testing out if two given logical descriptions
are equivalent on the domain of one of them having functional indeterminacy. We present a novel SAT-based
verification method that is used for testing whether the given circuit satisfies all the conditions represented by the
system of incompletely specified Boolean functions.

Keywords: design automation, verification, simulation, SAT.

ACM Classification Keywords: B.6.2 [Logic Design]: Reliability and Testing;, G.4 [Mathematical Software]:
Verification; B.6.2 [Reliability and Testing]: Error-checking.

Introduction

Verification takes place at all design levels: from the conceptual design down to the design of combinational
circuits. In this process, the objective of verification is to ensure that implemented and specified behaviors are the
same; at this point, the design is error-free. Validating the functionality of digital circuits and systems is an
increasingly difficult task. Multiple chip design projects are reporting that approximately 70% of their design time
is spent in verification. This is due to the growing complexity of the designs that has not been accompanied by
improvements in functional verification techniques.

While design tools have been made, and they, at least partially, support the complexity of highly integrated
designs, there is a lack of verification support. Widely used tools for verification are logic simulators. At present,
logic simulation is the most widely used technique for ensuring the correctness of digital integrated circuits in
industry because of its scalability and predictable run-time behavior. This technique is based on verifying a digital
system by stimulating inputs of the circuit with binary signals values that propagate in the circuit leading to a
corresponding activation of the outputs, whose values must be consistent with the expected ones.

The past ten years have seen efforts in developing commercial formal verification tools. Instead of testing all input
combinations explicitly (as simulators do), they formally prove a circuit's functionality to be consistent with its
specification. Formal verification techniques have the potential of providing more general results than traditional
simulation methods: it is possible to guarantee that a specific property holds for a design under all possible input
stimuli. Now combinational equivalence checking (CEC) plays an important role in VLSI design; its usual
application is verifying functional equivalence of combinational circuits after multi-level logic synthesis. In a typical
scenario, there are two structurally similar implementations of the same design, and the problem is to prove their
functional equivalence. This problem was addressed in numerous research publications, some of them are
referenced in [Drechsler, 2000; Kropf, 1999; Mishchenko, 2006; Ganai, 2002; Kuehimann, 2002; Kunz, 2002]. In
a modern CEC flow based on formal verification approach, both circuits to be verified are transformed into a
single circuit called a miter. It is derived by combining the pairs of inputs with the same names and feeding the
pairs of outputs with the same names into EXOR gates, which are ORed to produce the single output of the miter.
The miter is a combinational circuit with the same inputs as the original circuit and there is constant 0 on its
output if and only if the two original circuits produce identical output values under all possible input assignments.

In the paper, the verification task is examined for a case, when desired functionality of the system under design is
incompletely specified, i.e. intended behavior of implemented design allows functional indeterminacy. Such a
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case usually occurs on early stages of designing when assignments to primary inputs of designed device exist
which will never arise during normal mode of the device usage. Thus when hardware implementing this device, its
outputs in response of these inputs may be arbitrary defined. In this case verification methodologies must
consider only possible input scenarios to the design under verification and verify that every possible output signal
of implemented behavior has its intended (described in initial specification) value.

The considered case could be thought as solvable by means of simulation-based tools of verification. But we
propose a Boolean satisfiability-approach (SAT-approach) of checking whether a given combinational circuit
implements a particular design specification. In this paper, we propose the following contributions to the problem
of combinational verification: 1) the behaviour of the combinational circuit to be designed is specified with
functional indeterminacy; 2) we show how it is possible to use SAT tools [Goldberg, 2002] for the considered
case.

So in this paper we consider the verification problem for the case, when: 1) desired incompletely specified
functionality is given in the form of a system of incompletely specified Boolean functions; 2) functions of the
system are specified on intervals (cubes) of values of Boolean input variables and these intervals are large
enough; 3) the system is implemented in the form of a combinational circuit in the basis of the elementary gates
AND, OR and NOT.

We will discuss a novel SAT based method for testing whether the given circuit implements all multiple-output
cubes representing the system of incompletely specified Boolean functions.

Background

Vectors and assignments. Let us consider a Boolean vector x = (x4, Xz, ..., X) of input variables. Let us call a set
of equalities of type xi = o; (where o; € {0, 1}, i={1,2,...,n}) as a variable value assignment a for the vector x of
input variables. A variable value assignment a for the vector x can be a complete if all x; are assigned or a partial
otherwise. In the last case some of variables may be don’t-care, meaning that any assignment to these variables
is permissible. A complete variable value assignment represents a minterm and partial assignment represents a
cube in n-dimensional Boolean space E" = {0,1}". A cube represents a product of literals (from now on, literal is a
Boolean variable or its negation). A cube of the size k fixes values of exactly k variables and covers 2%k
minterms. In general case a cube ¢k (and the appropriate product) covers another cube ¢ (and the appropriate
product) if the literals of cx are a subset of the literals in ¢

Boolean functions. A completely specified Boolean function (CSF) fix) = f(x1, X2, ...,Xs) iS @ many-to-one
mapping from n-dimensional (n = 0) Boolean space into a single-dimensional one: E" — E. A don’t-care for a
logic function allows it to have either 0 or 1 as a possible value. If, for some input combinations (minterm), the
output of the function is a don’t-care, this Boolean function is called as incompletely specified one (ISF). ISF is a
mapping E" — {0,1,-}", where the symbol “-" denotes don’t-care condition. A CSF has only care minterms,
which correspond to the assignments, for which it takes values 0 or 1. An ISF additionally has don't-care
minterms, which correspond to the assignments, for which the function is flexible and can be either 0 or 1.

CSF f(x) is specified by a pair of sets Us' and UP of cubes (or minterms) that represent its on-set and off-set that
divide Boolean space E" into two parts. In the case of ISF there exists a don't-care set E"\ (Uf'w UP) of cubes
(that is not empty). A CSF g (x) implements an ISF f(x), if the CSF can be derived from the ISF by assigning
either 0 or 1 to each don't-care minterm or, that is the same, if

Uf < Ug1 , UPc Ug0 (1)
A system of Boolean functions F = {fi(X), f(X), ..., fa(X)} (or f(x) in the vector notation, where x and f are
vectors of input and output variables) of completely specified Boolean functions (CSF) is a mapping between
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n-dimensional and m-dimensional Boolean spaces. In the case of ISF don't-care minterms may differ for different
functions.

Let us specify a system f(x) of ISFs as a set of multiple-output cubes. A multiple-output cube (u, t) is a pair of
ternary vectors (products) of dimensions n and m that are called as its input and output parts correspondingly.
The input part u represents a cube in £ or a product of some literals x; € X. The output part tis a ternary vector
of values of functions for the cube u or a product of some literals f; € F. For each f; € F the j~th entry t/ of tis 1 or
0 (t/= 0) if all the minterms covered by the cube u are in the on-set Us! or in the off-set Uj® correspondingly;
otherwise t/ is don't-care. For example, for the case (u,t)= (-010—; —0) (or (u,t)=( x2X3 X5, f,)) we may
state that all four minterms (belonging to the interval -010-)00100,00101,10100,10101 € Ux®and
f2(x1,0,1,0,x5) = 0 but we can say nothing about the value of the function f; on these minterms: some of them can
be care some don’t-care ones.

A Conjunctive normal form (CNF) represents a Boolean function as conjunction of one or more clauses, each
being in its turn a disjunction of literals. From now on, we consider only clauses that do not simultaneously
contain a literal and its negation.

A CNF denotes a unique completely specified Boolean function f(x) and each of its clauses corresponds to an
implicate of the function. A Boolean variable can be assigned a truth value (0 or 1). Also, clauses and CNF may
assume values depending respectively on the values of the corresponding literals and clauses. CNF
representation is popular among SAT algorithms because each clause must be satisfied (evaluate to 1) for the
overall CNF to be satisfied. The SAT problem is concerned with finding an assignment X’ — {0,1} to the variables
of some subset X’ = X that makes CNF equal to 1 or proving that it is equal to the constant 0. If the first outcome
takes place they say that the CNF is satisfied and refer to X’ — {0,1} as a satisfying assignment.

Matrix Models of Boolean functions and CNF. Matrix representation of CNF formula C containing k clauses
and n distinct variables is a ternary matrix C having a row for each clause and a column for each variable. The
entry ¢/ of the matrix in the i-th row and the jth column is 1, 0 or “-” depending on in what a form (x; or x) the
variable x; appears or does not appear in i-th clause of C. The same manner, matrix representation of ISF f(x) is
a pair of ternary matrixes Uy' and U0 having rows for all cubes from U7 and U:?, correspondingly.

The system f(x) of ISFs given by the set S of multiple-output cubes (u;, t;) can be represented by a pair of ternary
matrices U and T of the same cardinality (Fig. 1). The matrix U contains as its rows all input parts of
multiple-output cubes from S; similarly matrix T specifies as its rows all output parts.

X1 X2 X3 X4 Xs f1 fz
- =111 1 - 1
11 - - - 10 2
u=-000 - T =201 3
01 -10 00 4
- 010 - -0 5
-1 -11 -1 6
Figure 1: An example of ISF system

Representation of a function in multiple-output cubes form has the following distinctive features. Cubes u;, u; € U
can intersect each other (in contrast to a representation in the minterm form). Don't-care value of an element {/ of
the matrix T means that either the function f; is don’t-care on the whole cube u; or f; does not take the same value
(1, 0 or “=*) on the whole interval u;, i.e. there exist at least two minterms covered by the cube u; on which f; has
different values. For example, the cubes u1=--111and u=11--- intersect on the minterm 11111 so
we may say that £(1,1,1,1,1) = 0 and £, do not take the same value on the whole interval u.
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Figure 2: An example of a combinational circuit: a) the circuit; b) the corresponding conventional CNF

Combinational circuit. A combinational circuit under consideration refers to a gate-level network where primary
inputs are connected to primary outputs through an interconnection of basic gates that implement elementary
Boolean functions such as AND, OR, NOT, NAND etc. As usual we consider further only acyclic circuits.

The topological description of an acyclic combinational circuit can be represented using a directed acyclic graph,
where nodes correspond to the gates, primary inputs and outputs of the circuit; edges correspond to circuit wires
connecting the nodes. Incoming edges of a node are called its fanins and outgoing edges are called fanouts. A
node in the circuit is multiple fanout if its output is a fanin to different gates. The node and its output signal are
named the same. Nodes without fanins are the sources of the graph, called as primary inputs of the circuit; nodes
without fanouts are the sinks, called as the primary outputs. Internal nodes of the graph correspond to logical
gates implementing elementary Boolean functions. An example of a circuit (that will be tested later whether it
implements the system of two ISFs depicted in Fig. 1) with five inputs, two outputs and seven gates is shown in
Fig. 2,a. Here AND, OR, NOT gates are used as the basic ones.

Let us call the functionality of a circuit node in terms of its immediate fanins as the local function of the node, and
the functionality of a circuit node in terms of the circuit primary inputs as the global function of the node. Thus the
functionality of the circuit in terms of its primary inputs is the system of global functions implemented on the circuit
primary outputs. For example, the local function of the node connected with primary output y is y1 = z1 v z2 and
the corresponding global function is y1 = X1 X2 v X4 Xs.

Simulation-based verification

At present, logic simulation is the most widely used technique for ensuring the correctness of digital integrated
circuits in industry. This technique computes the values of the internal signals and primary outputs of a circuit,
given the values of its primary inputs. One round of simulation begins with stimulating primary inputs of the
simulated circuit with binary signals values simulation and then this one is propagated through the circuit leading
to a corresponding activation of the circuit primary outputs, whose values must be consistent with the expected
ones. The complexity of simulating a particular set of input values is linear in the simulated circuit size (let us
remember we consider only combinational circuit, so there are no internal state variables). But the overall
Boolean space of values of n primary input variables contains up to 2" combinations. Due to the complexity of



International Book Series "Information Science and Computing" 207

constructing all these combinations and verifying the compatibility between implementation and specification,
simulation is infeasible for state-of-the-art designs.

A special type of simulation is of the most interest: guided simulation, when inputs are assigned based on certain
information, provided by the design specification. In our case inputs could be assigned minterms covered by input
parts u; of multiple-output cubes of ISF-system. So the first step on the way of ISF-system verification consists in
representing all the multiple-output cubes as multiple-output minterms. Then parallel binary simulation
[Cheremisinova, 2008] of the combinational circuit can be performed under all input assignments corresponding
to the minterms simultaneously.

Such a method could reduce in some cases the search space of simulators but only in the case when the input
parts u; of multiple-output cubes are “small enough” covering a small number of minterms. However though the
specification of the designed circuit with n inputs would be specified with a small number of multi-output
implicants, the overall size of Boolean space covered by them could be near to 27. So for the case when ISF
system contains “big” multiple-output cubes covering a great number of minterms we propose a novel SAT-based
method of testing whether the circuit implements such a multiple-output cubes.

SAT-based verification

SAT-solvers can be circuit-based or CNF-based. The former represent the SAT problem as a circuit composed of
simple gates, while the latter use conjunctive-normal-form. To tackle the problems of circuit verification using the
second type of SAT-solvers, they usually require their input to be in CNF because instances of SAT are usually
represented as CNF formulas. This type of solvers is more general and can also be applied to circuits, by
converting them into CNF form.

CNF encoding of combinational circuit. Majority of SAT applications derived from circuit representation rely on
some a version of the Tseitin transformation for producing conventional CNF of the circuit. A circuit-to-CNF
conversion uses as many variables as there are primary inputs and gates in the circuit.

When the conventional transformation is applied to a combinational circuit, for output of each gate (except output
ones) its own internal Boolean variable is introduced and only local functions of the gates are considered. Then
CNF formula is associated with each gate, and captures the consistent assignments between gate inputs and
output. These all the gate local CNFs are joined then in the overall circuit CNF by using the conjunction operation.
Both the size of the resulting CNF and the complexity of the conventional translation procedure are linear in the
gate number of the original combinational circuit.

The derivation of CNF for a gate representing a local function y = f(z1, 2y, ..., z) is based on defining a new
Boolean function @(y,f) = y ~ f(z1, 22, ..., z) (as in [Kunz, 2002]), that is true in the only case when both functions
yand f(z1, 2o, ..., z) assume the same value. Next, the function ¢ should be represented as a CNF form. As an
example consider 2-input AND and OR gates, the formulas ¢ for them can be transformed the following way:

W)= nn) =y~f@zn)=y~nzn=(yvun) yv ov n)=(yvz) yva)lyv zv )

P N= oz =y~f@z) =y~anva=(yvava)yv zt z)=( yvavz)yv z)yv z).

The above CNF formulas of 2-input AND and OR gates r could be obtained reasoning from the truth table for the
relational representations of AND and OR gates, identifying what combinations of the inputs and the gate output
are admissible or possible (Fig. 3). In other words, the rightmost column of the truth tables is true iff the
characteristic function of f(z,2,) is equal to y [Kropf, 1999.]. Than we construct a clause for each row of the truth
table where the final column has 0 by formulating a disjunction of literals z1, z,, y in the negated form relative to
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the values of the considered truth table. The disjunction of all these clauses results in the CNF formula. So for
2-input AND and OR gates we will obtain the following representations (the same as ones shown above):

) =(yvavan) yvayv ) (yv vz yv zv )=(yva) yva)yv v z);

Pz =(yvavayvay n)(yv zv)yv ziv ) =(yvava)yv z)yv z).

nzny ¢ znzny ¢
000 1 000 1
010 1 01 1 1
100 1 10 1 1
111 1 111 1
001 0 00 1 0
011 0 010 0
101 0 100 0
110 0 110 0
Figure 3: Truth tables of the 2-input AND and OR functions

For the general case here are the conventional CNF representations of NOT, k-input AND and OR gates
comprising the example circuit in Fig. 2, a:

o (y,2) = vy ( zv y);
OV, 21,22, 20) = 21V V)22V Y) o (zev Y ( 71V v ..V ZevY);
OV, 21,2200, 2) = ( v W) ( 22V Y) . ( ZEVY) DV 22V v Zev ).
It is possible to eliminate the output variable y of NOT y= z gate and two appropriate clauses of circuit

conventional CNF if to subsume y in fanout gates of the NOT gate replacing all instances of y with the negated
input variable z of this gate. Fig. 2, b shows a circuit and its conventional CNF.

Conventional CNF analysis. SAT problem for a CNF formula is formulated as follows [Kunz, 2002]: given a CNF
formula representing a Boolean function y= f(x1,Xo,...,Xs), the problem consists of identifying a set of
assignments to the formula variables, {x: = a1, X2 = @, ..., X» = @}, such that all CNF clauses are satisfied (taking
into account that a clause is satisfied if at least one its literal is equal to 1, i.e., f(a1, a2, ..., an) =1, or proving that
no such assignment exists. Recall that a CNF formula is satisfiable if there exists an assignment {x; = a1, xo =
a, ..., Xn = any providing f(a1, ay, ..., a,) =1. This assignment is known as a satisfying assignment.

When we have a multiple-output circuit we can state a problem of finding out primary input assignments making
some primary output to be one. To test whether the output be 1 the unit clause (a clause consisting of the only
literal) corresponding to the tested output y; is added to the circuit CNF. Once the overall problem is formulated in
CNF, a SAT solver can be used to solve it. The resulting satisfying assignments of the circuit CNF and only they
form the on-set of the global function y; and furthermore only on-set minterms satisfy the CNF. For example, after
adding to the CNF of the circuit (Fig. 2) the unit clause ys and testing CNF for existence partial assignments
satisfying every clause one could find CNF partial assignments (for the subspace restricted by the function y1)
given in Fig. 5.

In general case let y° (where o < {0, 1)) be a literal of the variable y, precisely, y' = y and y® = y. Then the unit
clause y° represents the assignment y = . Let we have to check whether an output y; of a circuit to be constantly
o. We cannot directly use SAT solver to show that this statement is true but we could without problems to prove
using SAT solver that y; equals (in the case when y; is not the constant o) or does not equal to o for some
argument assignments. If we cannot prove y; equals o for some arguments assignments thereby we prove that y;
is the constant c.
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Xt X2 X3 X4 X5 Z1 Z2 Y1
11 -11111
-0 -11011
0O --11011
11-0-101
11 --0101
Figure 4: CNF partial assignments of the circuit CNF (Fig. 2,b) appended by the unit clause 1

Such proving is known as proving by contradiction, often it is very convenient when using SAT solver. Thus to
show that circuit primary output y; is the constant o using prove by contradiction we suppose it is not. At the first
step we add to the circuit CNF the unit clause y; ° and search using SAT solver for a satisfying assignment a to
CNF formula for which y(a) = o is true. Such an assignment a U{y; = o} is called as a counter-example. If there
exists no counter-example then the circuit implements the constant o on the output yi.

SAT-Based Model of Testing of Multiple-Output Cubes of ISF System

Assume we have some CNF formula C describing a circuit and a system f(x) of ISFs the arguments and the
functions of which correspond to primary inputs and outputs of the circuit. Hereinafter let us consider as an
example the system f (x) and the circuit (and CNF specifying it) shown in Figures 1, 2.

A problem under discussion is verifying if the given circuit implements the ISF system f(x). It is right if it takes
place for each pair of ISF f(x) e f(x) and the appropriate circuit output yi(x). The global CSF yj(x), realized by the
Ith circuit output, implements a function f(x) e f(x) iff (1) takes place.

A multiple-output cube (u;, t) of ISF system imposes conditions on values of some functions f; f{u;) = t/ for all j for
which ti € {1, 0}. Further, we are interested in only those components of t; which are not don't-care. The truth of
the conditions (1) guarantees the circuit has the same functionality as the ISFs system: for every input stimulus
implied by input part of any multiple-output cube (u; t) the Boolean vector of values of the circuit outputs is
covered by the output part t. In terms of circuit CNF the conditions (1) could be reformulated as follows. For every
multiple-output cube (u;, t) € f(x) a partial value assignment u; Ut of input and output variables should be
satisfying assignment for circuit CNF. Below, cubes (u;, t) will be checked if they are implemented by CNF one by
one, with no particular order.

Let us consider in more details the procedure of SAT-solving for an elementary cube (u;, t)) € (u;, t), where t/ =
f(u) = o and o  {1,0}. At the first step, keeping in mind the prove by contradiction, we assign f(u) to be o
(where o = tj) i.e. we suppose (uj, 3) takes place and reduce the circuit CNF C making a set of assignments
setting all literals of u; L y; o1 obtaining C(uiw y; 8).

For instance, the set of initial assignments for (us, fs2) (Fig. 1) will be x2 = x4 = x5 = 1, y2 = 0. This means that all
clauses of C having at least one of the literals x, Xs, Xs, y2 are discarded and literals x;, Xs, Xs and y, are
removed from all clauses having them. After making these assignments we search for a satisfying assignment a
to the obtained CNF C(uiv y; Z‘). In our case for CNF C(x2= 1, xa= 1, xs= 1, y» = 0) there exists such an
assignment, for instance, x1=z1= z2=z3= y1= 1 (1----1111-). That proves that there exists a counter-
example for (us, t2), proving that the global function y»(x) of the circuit does not implement f(x) for some input
pattern from ug: f>(us) # y2(us). This conflicting input pattern in our caseis 11-11.

The above procedure is applicable for the case when the output part ¢ of a multiple-output cube (u;, t) consists of
the only component having definite value (0 or 1). But in general case the output part &= y1°"y"2... yi° of a
multiple-output cube (u;, t) consists of more than one component, for instance k, having definite values. Proof by
contradiction which tries to find a counter-example forces to test the following assignment:
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u v ?,'= u v —|(y/101 y/z(T2 ...y,-k“k) =u v (y,-1 o1 V Vi 82\/ -V Yik 8k). (2)
So in this case we make initial assignments setting only literals of u; to 1, then add to CNF C(u;) the clause
Vit oty Vi 2y . vV Vi % (vi %= 0, 1). Or, it is the same, only add to CNF /+1 clauses (where [ is the number of
literals in wj):  unit clauses of the type x; (X; € uj) and a clause i oty Vi 2y vV Vi % of size k.
For example the cube (us, t;) implies three clauses: X1, X, 1V ¥z to be added to CNF. For the extended CNF

there exists no satisfying assignment, that fact proves the values of the global functions y1(x) and y(x) are equal
correspondingly to fi(u2) and fy(uy) for all input patterns from ua: fi(u2) = y1(u2), fo(u2) = y2(uo).

Conclusion

In this paper, we propose the following contributions to the problem of combinational verification.
1. We consider a case when one of the compared descriptions is incompletely specified.
2. We show how it is possible to use SAT tools for the considered case.

3. We suppose the method of checking whether multiple-output cubes of ISF are implemented by circuit
conventional CNF.
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1. Introduction

The concept "Business informatics" became popular about fifteen years ago when the usual concepts had lost
theirs generality, abstractness and actuality. Concepts such as "automation of the company’s management",

“information service of the decision making", "information modeling of the micro-economical processes", and so
on, had caused theoretical rationalizing of the whole information basics and searching of a new unified concept.

Till now there is no common definition of the concept "Business informatics”. In the paper we propose our
understanding of it based on the General Information Theory [Markov et al, 2006].

1.1. Business

We use the law oriented understanding of the concept "business". We assume only formally registered
companies as main business structures — it is correctly to hold on law-determined meaning and to connect the
concept "business" with more concrete definition as doing some activities as juridical-registered organization and
the name (firm) with defined in advance purposes, with adhering to some rules, norms and laws, received by the
community as a regulator of these activities.

Let's remember that like every social formation the company is a social organism, which, like other organisms,
generates, develops and dies. The life cycle of the company strongly depends on harmonic development of each
their elements, which is subordinated of the main goal of existing of every organism — to develop itself,
searching its place in the environment. From here follows that not "making money" but "development and
entering in the environment" are main goals of each company. Every deviation of this goal leads to isolating of the
company and step-by-step disappearing.

There exist different ways to represent the structure of the company. Here we will represent two main approaches
from the point of view of:

- the elements, which construct the company — so cold "horizontal" view;
- the management structure and levels of decision making — so cold "vertical" view.

The main elements of every company (horizontal view) are:

- Human resources (H) - this concept usually is connected with the firm staff. Here we expand the
examining and we will mention that each company is connected with sizeable number of "non-staff"
physical or juridical persons, which in one or a different way contribute to its development. No one
company can develop without a contingent of "partners". The market presence of the company is
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unthinkable without "clients". The activity of "competitors" is one of the main stimuli for the development
of the company. So, the external relationships determine the place of the company in the business
environment.

- Material resources (M) include all objects which are processed by the "human resources". Material
resources include the means of production and needed prime and raw materials as well as the output
production which is still under the control of the company.

- Financial resources (F) are indication of the company capabilities.

Some resources may belong to the company (i.e. its own) as well as some may belong to the other companies or
individuals but for the given period are on disposition of the company (black and gray circles around the letters)

(Fig. 1).

®—0
NS
6

Fig.1. The main elements of a company

In general, the company’s development is quantity and quality changing of its main resources to achieve the
basic goal — adaptation to the neighboring environment and consolidation the relationships with the business

partners.

The companies are functioning as cybernetic systems. So this is another (vertical) view to the company (Fig. 2).

Leaders Level 1. "Strategy

|t

Business ,
Relatlons Level 2. "Analysis"

Level 3. "Service"

Fig. 2. The cybernetic structure of a company
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We may separate at least three levels depending of types of management — strategic, tactical and operative
management:

- Level 1. "Strategy" — The Leaders make long-term strategic decisions;

- Level 2. "Analysis" — The internal business relations are concentrated at this level. As a rule, the
accountancy department serves as mediator between leaders and the staff of the company and provides
the tactical management and the short-term decision making;

- Level 3. "Service" — The realization of the leaders’ strategy is provided at this level by the company’s
staff. Staff members provide operative management and decision making.

When the company is a small one, the contacts between the leaders and the staff are direct and may be provided
by the leaders. It is clear, the great companies and corporations need a middle level for support the
communication between high and low management levels. The good practice advices to have direct contacts,
too. But they are episodic and have more informative character.

1.2. Informatics

Our understanding of the "informatics" follows the General Information Theory (GIT) [Markov et al, 2006].
The concept information is defined as special kind of reflection of one entity in another for which there exists
reflection evidence.

The real world contains unlimited number of entities. When an entity contacts another, there exists a great
possibility to join third entity in this process. It is clear; the third entity may contact and reflect each of others as
well as the process of realization of the interaction between them — the process of realization of the contact is a
specific (temporal) forming relationship between entities and during the process of establishing the contact the
entities form new (temporal) entity which in the same moment may be reflected by the third entity. So, the third
entity may reflect any traces of this interaction from both first and second entities.

In the special case when the third entity contains reflections of the first entity received by both two different ways:
1. by transitive impact of the first entity on the third one through the second entity,

2. by impact of the first entity on the third one which is different from the transitive one, i.e. it can be direct
impact or transitive impact through another entity (-ies)

then the third entity became as an external relationship between first entity and its reflection in the second entity —
it became as "reflection evidence" of this relationship.

The first entity is called reflection source; the second entity is called reflection recipient; and the third entity is
called reflection evidence.

In this special case, when there exist the triple

"(source, recipient: evidence)",
the reflection of the first entity in the second is called information in the second for the first entity.
In the nature there exist countless entities, interactions and reflections. The "Theory of reverberation" is a good
step to understanding the reflection phenomena [Masnos, 1987]. From point of view of the General information
theory it is important that only the subject may use reflections and reflection evidences in accordance with any
goals. For instance, in the story "Cinderella" the crystal shoe is only a beautiful entity till the moment of proving

that this is the shoe which reflects exactly the foot of Cinderella and it became an element of information triad
presenting in a given way the Cinderella, i.e. any information about her.
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For the Subject:
a reflection
of an entity (source)
in another entity (recipient)
is information about the first entity,
iff there exists corresponded
evidence (reflection evidence).

In other words, every reflection may be assumed by the Subject as information provided that there exists
evidence what really it reflects. l.e. the information is a kind of reflection, but not every reflection is information.
Information is only these reflections for which the subject has evidences what they reflect.

This understanding is in the foundation of the General Information Theory (GIT). The basic structure of the GIT
presented in [Markov et al, 2006] is reproduced in the Table 1.

GIT is completed by three theories: "Theory of the information", "Theory of the information subject (INFOS)" and
"Theory of the information interaction (inforaction)". We have no place to present GIT in details.

Table 1. Basic Structure of the General Information Theory

Occurrence | Specificity Subject Theory
Reflection Information Relationship | Evidence Theory of the Information
Activity Information Expectation | Witness

: : : : : Theory of the Infos
Modeling Information Modeling Information Subject (Infos)
Interaction | Information Interaction | Society Theory of the Inforaction

The main result that follows from the Table 1 is the definition of the informatics in more general view as science
about the types and properties of:

- information and the information structures;
- information subjects;

- information interaction.

2. Business Informatics

The traditional understanding of the concept "Business Informatics" is as an interdisciplinary discipline, which is
aimed to study information structures, operations and processes that are inherent to the business and support
theirs automation.

Now we can try to extend this definition taking into account the concepts presented in GIT as well as the views of
the company structure presented above.

At the first place, the concept of "Business Informatics" we may define as a science about the unity of;
- Business Information,
- Business Information Subjects,
- Business Information Interaction.

Integrating the horizontal and vertical views of the company we may build a specific "pyramidal' model
[MapkoB u gp., 1994] separated on three levels (Fig. 3):
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"Strategy" (the highest level of the model);
"Analysis";
"Service" (the lowest level).

Fig.3. The "pyramidal" model of a company

This way we have possibility to make more detailed description of the main scientific areas of the Business
Informatics.

Business Information: The variety of reflections in the business does not allow us to present and discuss
all of them in the frame of this paper. Important task of the Business Informatics is to propose relatively
complete investigation and classification of the business-reflections. In the same time we need to remark
that the dynamics of the development of the different companies as well as of the changing of the business
environment, on principle does not allow complete description. As a rule the scientists are contented by the
systematizing of the formally defined reflections which are used by the community structures - taxation
authorities, statistics, etc. Usually out of consideration are types of reflections created by the company in the
environment and vice versa — by the environment in the company;

Business Information Subjects: One business reflection can be perceived in a different manner from
different business subjects. The classification of the business subjects has a crucial role because of the
subjective character of perception of business reflections. Often even formally defined types of reflection
have perceived differently and this leads to serious practical problems. As we mentioned above, in general
the business information subjects may be divided in two main groups — which belong to the company and
the rest, which belong to the environment: partners, clients, rivals and neutrals, which in given moment may
change their type;

Business Information Interaction: The investigation of the business information subjects is determined by
the necessity of provide qualitative automated service of theirs interaction. The important information need
to be collected, stored, processed and distributed to corresponded decision makers in appropriate mode
suitable for quick and non-vague perceiving, in one hand, and ensuring correct information interaction in the
frame of the company as well as in the environment, from other hand. That is the main goal of the
information service.
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3. Conclusion

Building of adequate information models of business activities, based on common theoretical foundation, leads to
more clear and deep understanding of these activities and thence to theirs optimizing and automating.

Let's underline that main subject of the Business Informatics is to examine as a whole both forming elements of
the business — "organization" and "information" [Mapkos u ap., 1994].

In conclusion we need to point that main goal of the Business Informatics is to ensure the automation of business
activities in accordance with the pyramidal information model [Mapkos u ap., 1994]. For instance there exists
variety of software systems for information service, which may be classified to separate levels of the pyramid:

- the lowest level "Service" is formed by components for the operative information service of activities of and
with the main company resources — human, material and financial. In concrete implementations here we
may see program systems for information service of processing the personal information, the salaries and
other working contracts, the logistic activity in one or more storehouses, the fixed assets amortization, etc.;

- the level "Analysis" contains the systems for information service of accounting activities. These are the
systems from new quality where the accent is made on the serious analysis and preparation of prognoses;

- the highest level "Strategy" includes systems for information service of the decision making in the
conditions of collective information interaction and multi-variant decisions. Usually, the OLAP and Data
Warehouses are classified at this level.

The leading information service systems render an account to main areas of the Business Informatics — Business
Information, Business Information Subjects and Business Information Interaction in accordance with different
levels of management.

The approach, presented in this paper, had been implemented in the Complex FOI — a Bulgarian program
product for information service of company management and accounting.
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Introduction

Main author's activity anticipating this paper (and being served the bases of it) may be found in [5-13] in historical
order. One of active co-authors of these papers was the neurophysiologist Voronkov G.S. (Moscow Lomonosov
State University). The listed papers and this report as well have on their base a concept considering the mind as
the psychological process being in the memory of the brain, particularly on its deliberate and intuitive
(underdeliberate and overdeliberate) levels.

With respect to the whole neuro network the memory is only a single part as it operates the data (signals) coming
into it from sensory organs as well as from other outside components of the organism. The data comes into the
memory in he appropriate form being constitute from the outside influence signals.

We find it is reasonable for the sake of comprehension to construct the following association with the control and
complex computation system. Let the central computer of the system be the memory and the special sensors
delivering to it input information be the sensory organs. In contrast to a computer data processing in the memory
takes place immediately inside instead of being realized by a special processor interacting with the memory
(present day high-performance computer development is attracted by distributed data processing, that is
mentioned at the end of the report).

All the process of semantic processing in the memory is characterized by its realization in the different aspects:
— Inductive data generation (as the transition form the particular to the general, i.e. from "micro" to
"macro” [4]).
— Deductive specialization of the generalized information (as the transition from the general to the particular,
i.e. from "macro" to "micro" [4]).
— Abductive transformation (as the transition from the particular to the particular, over the same significance
information units).

— First two types of operations we will call vertical - ascending and descending, respectively. So, the vertical
operations perform fractal-complexity and complexity-fractal transitions correspondingly whereas the
horizontal ones save belonging of the rank to input or output information. Uncovering the mechanizes of
the operations, their combination and sequence is the sense of determining principles of structural
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memory and the processes taking place in it that are caused by the interaction with the environment and
providing the mental thinking operation.

Particularly important aspect of the human vital functions being of dominant interest of artificial intelligence in
cense of modeling is the function of deliberating decision formation as the goal reaching. That is why we are
going to consider conceptual memory model and the model of processes in the memory orienting right on that
functions [5-13]. Conceptual model here is an implementation of fundamental functional properties common for
different forms and signal nature. However first of all is necessary to imagine the physical substance of "memory"
and how the limits of it are defined in the neuro network.

Memory Concept and its Global Organization

The memory functions include such concepts as "recognizing", "remembering", "imagining" etc. Unlike perceiving
the information from environment, it is suitable to represent all these actions as demonstrating the so-called
"mental sight", i.e. a look which is initialized within the memory and acted as exciting the certain sensory
memorized structures in the memory network, their combination etc.

So, what is this structure?

To answer this question and understand the global defining principle of the memory organization (that is required
of the conceptual model) it is necessary to start with the basic hypothetical prerequisite that ensues, as it were,
from "common sense" (but coordinate with experimental data).

In addition, such prerequisite as the main basic hypothesis is the following one:

"The pattern reconstruction in the memory (imagination, mental sight) is determined by exciting all its elementary
components which took part in the pattern perception" [11].

It would be considered as a law of nature, as an immutable but inexplicable fact. Really, how does it happen that
fluctuations of potential of the neural net components are transformed to visible inside (also audible, tangible,
palpable) patterns? However, it happens, isn'tit? So, this fact should be the basis for the further constructions.

These constructions should already result in capability to form the signals inside the memory. These signals are
able to excite the components of the pattern perceived and fixed in the memory when is already no information
about this pattern at the memory input. Concerning this external information, the internal exciting signals are the
information flow, which to this it reverses.

So, we conclude the aforementioned fact that the "memory" begins where the reverse bunds finish. They finish
just at the level of "cc" conceptors, which repeat "r" receptors. Reverse bonds shouldn't extend over "r" receptors
since the illusions occurs during mental sight, i.e. one sees, hears and touches that it isn't sensed at present time.
So, the memory limit is just positioned between "r" receptors and "c" conceptors: therefore, duplicating the first
ones by the last ones is necessary for it [6].

The last ones ("c" conceptors) are actually the smallest sensor, components of the perceived patterns and the
most elementary sub-patterns regarding to the Pattern. These sub-patterns hierarchically and naturally group
together into larger sub-patterns, then the last ones group in even larger sub-patterns etc. up to the sensor
concentration of the whole Pattern in the single structure unit which denotes only its symbol.

Thus, when constructed information signals enter the memory from outside, the nonlinear pyramidal model of the
pattern expressed by this information will be constructed in the memory. The down-going reverse bonds from the
top of the pattern pyramid up to its base (consisting of conceptors which repeat input receptors) are necessary for
memorizing the pattern, i.e. for making possible the pattern reconstruction by "mental sight" according to the
above-mentioned main hypothesis. So, the model of the concrete pattern, both as an object and as a structure in
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the memory, is the pyramid hierarchical construction with up-going convergent inductive (from partial to general)
bonds and down-going divergent deductive (from general to partial) bonds.

The memory as a whole consists of the set of such models as the memory loops associatively bound by the
general components. The memory is a structural realization of the semantic network as a system with knowledge
fixed in it.

The above-mentioned fact can be illustrated by the network which is enough simple for visualization (Fig.1).
The network consists of fully constructed (i.e. fixed in the memory) ABCD pattern and CDEF pattern entered into
the memory but not fixed in it.

It is caused by that the pyramid (i.e. the model) of the ABCD pattern already has reverse bonds and pyramid of
the CDEF pattern isn't still constructed in full.

abed cdef
7S w !
! > LY -
\2 b ¢ d ? fL

= £ CDEF
LﬁL 8] {c] [p] [E] [F
ABCD =
Re ¢e¢cpto 1 s
SENSORY ORGAN

TTLTITITrTrrTnd

External environment signals

Fig.1. Elementary structures of pattern perception, memorizing and recognition

These patterns have one general CD sub-pattern, which is the associative element of both pyramids. Such using
of the general parts of the pattern provides: first, economy of constructing the semantic structures in the memory;
second, spontaneous (i.e. self-originated) parallelism during processing the pattern information in it that is
essentially favorable to effectiveness of this processing (see below).

To finish the construction of the CDEF pattern means creating the reverse bonds in it (shown via dotted line).
Finishing the construction, i.e. changing the model of demonstrated pattern into the memorized one can be
performed by several successive demonstrations of the same pattern that results in beating the genetically innate
reverse bonds or even in their appearance.

The creation of the pattern structures in the memory (models) is scientifically valid. The mentioned above
conception on constructing these structures nevertheless requires the following plausible hypothesis:

constructing the direct up-going bonds for perceiving the concrete patterns by the memory precedes an
appearance of the reverse down-going bonds, which ensure their memorization (see the main hypothesis) by
learning.

Thus, a brain memory medium of a new-born child (or other individuals with enough developed nervous system)
is already saturated by bonds needed to obtain the information from sensors organs. The memory itself is
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originated in full by constructing the already reverse bonds in metabolic process begun from the birthday (and
while preparing the relevant capabilities even before it). Therefore, the brain as the thinking mechanism creates
itself but under the environment impact. Let rather look aside and notice that the so-called innate abilities are
apparently caused by peculiarities of the genetically innate direct bonds. The demonstration of these abilities (as
the construction of the relevant full pattern structures in the memory) already occurs as a result of learning; i.e.
phenomenal talents appear as a result of coincidence of two factors; the genetically constructed relevant
structures in the memory Medium and its subsequent learning as an impact of external factors.

As a consequence, the brain's memory in its conceptual representation is the hierarchical semantic structure
restricted from above with ending of - connections (straight lines coming from sensory organs) and from bottom -
with ending of backward connections to structure units, which directly perceive information entering the memory
(formed by specific organs of sense from specific signals). And whole thinking from simple recognition of the
pattern information to its analysis, synthesis and the subsequent actions on sets of patterns, connected with
creation and transformation of different situations, are occurs in the closed restricted space, connected with dual-
side informational links with the external (toward it) environment. The first link is intended for information
perceiving from the environment, the second - for information (directing, informative and other, created directly in
memory) production into the environment.

Pattern Recognition

Now we consider recognition as the simplest psychical function, which determines the presence of the model of
the recognized pattern in the memory as its definite structure.

If such structure exists (e.g. abed model in the described above Fig. 1) then the secondary spike of exciting this
structure already passed by the reverse bonds will take place after presenting the prototype of the structure and
its switching-off. It just means implementing the "mental sight", i.e. recognizing the presented pattern in
accordance with the main hypothesis. If there aren't the fully reverse bonds are absent, i.e. the pattern isn't filled
in (such as cdef in Fig. 1) the secondary spike will not take place.

Process modeling already at this stage has needed the special tools taking into account temporary dependences
of spreading epyexcitements in neuron networks, and the computer model is constructed using this tools.

Thus, it is hypothetically claimed that recognition of the demonstrated pattern is determined by the
secondary spike of exciting the relevant structure as its remembrance [13].

This hypothesis is supported by modeling the components of the olfactory sensory system [12] (performed by
neurophysiologist G.S. Voronkov). The results are showed in Fig.2 (the secondary spike doesn't occur if the
existing reverse bonds in the olfactory sensory system are interrupted and it obviously occurs if the reverse bonds
exist, i.e. there is the full model of the demonstrated pattern in the memory).

Since exciting processes can be both as probabilistic and as possibilistic. The results not defined in full and
misoperations (e.g. due to associative bonds (cdef) between the models of two patterns) are certainly possible in
a recognizing process. However, it is that it takes place in fact.

"Recognizing" in the presented interpretation is the function implemented quite automatically in any living
organism, which has the relevant nervous system.

The implementation of this function in the broad sense of this term already including "comprehension" should
relate to the thinking process in which described actions are implemented only as its first stage. During the
construction of mathematical models of memory patterns, the apparatus of growing pyramidal networks [14] can
be effectively used, as a type of semantic networks.
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Pattern Perception and Problem Solving

The introduced conception of pattern structures in the memory as their models is general for all thinking functions
since it is a basis for organizing all the memory.

It is very important for modeling just the human thinking processes to consider the memory as a whole system
consisting of two subsystems: sensory one, lingual one [6] and higher associative subsystem, which store the
patterns and their lingual notations and notions. The structures of these subsystems are interrelated by direct and
reverse bonds, which define a correspondence between them and their mutual effect by transferring the
excitation. Note that language variety is realized by the additional lingual subsystems whose structures wouldn't
bind with the sensor system structures [7] but interact with it only by the structure of subsystem of single
language. The type of bonds between sensor and one or other lingual subsystems just defines capability and the
level of recognized thinking in one or another language.

The process of human thinking, as specified above is determined by interaction between the sensory and lingual
subsystems of the Medium at the cognitive and intuitive (as uncognitive) levels.

The cognitive thinking is organically bound with the lingual expression of thoughts, i.e. individual talks, as it were,
with himself or herself. Thus, the cognitive thinking is called verbal although the language wouldn't be a speech.
For example, the relevant signals even enter the organs of speech in the first dominating case.

The principally sequential character of cognitive thinking results from it, because it is impossible to pronounce
more than one thought at the same time.

In general, the cognitive thoughts are represented by the so-called "complete" dynamic structures, which
integrate the relevant excited structures of the sensor and lingual subsystems at the different levels of their
hierarchy.

Excitement the incomplete structures is related to uncognitive thinking which isn't restricted by strong interaction
of structures of the sensor and lingual subsystems.

Therefore, such dynamic structures can arise at once at the different levels of these subsystems not resulted in
"pronouncing” the excited "sense".

So, the amount of information processed (even spontaneously) can be much greater here than during cognitive
thinking.

Furthermore, such combinations can arise at the intuitive thinking level, which hasn’t lingual equivalents, and so
they don't rise to the consciousness level (e.g. savage thinking).

Therefore, the component of an uncognitive intuitive thinking is of quite great importance besides the cognitive
component of the purposeful process of solving the problems (man does think!).

The following hypothesis will be quite natural in accordance with above-mentioned facts [5]:

The Problem to be solved is specified in the memory by the models of original and goal situations, and its solution
is an activated chain of cause-effect bonds that results in transforming the first one to the second one. The
process of constructing the chain consists of two interrelated processes operating at the same time: sequential
cognitive process (as reasoning) and spontaneous activating the structures in the memory by their associative
bonds with the models of the original and goal situations (we shall ignore below the "model" term and technology
that equate the structure in the memory to the situation itself).

Realizing the problem to be solved (the Problem situation) creates some "tension" in the memory, and so the
special "problem generator" (PG) [5] term is very useful for obvious illustrating and considering the process
specified in the hypothesis, which poles are the original and goal situations and its "tension" maintains the
existence of the problem situation.
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Creating the activated chain, which locks these poles and means solving the Problem liquidates this "tension", i.e.
terminates the PG existence. The links of the specified chain are intermediate situations between the original and
goal situations (Fig.2) and they can be defined not only by single-sided transformation but also by cross
transformation of these situations.

Problem situation
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Intermediate situations

Fig. 2. Chain of the problem solving as a pattern situations transmission

However, the locking chain wouldn't be created in the continuous process (e.g. if there isn't enough knowledge in
the memory) that promotes creating the new intermediate PG which defines the break in the constructed chain of
its polesjocking, i.e. a new pair of original and goal situations.

The Problem solution can result in creating the new structure (i.e. the new knowledge) in the memory due to
beating the new bonds between its components. If there are enough intension and lifetime of the dynamic
structure, this process is similar to conversion of the information dynamically stored (i.e. as a short-term
memorizing in the statistically fixed memory).

As the "distance™ between the original and goal situations decreases due to creating the links of the required
chain, which locks them, increase of the activity of the second process and the process as a whole can result in
avalanche sudden locking of the PG poles, i.e. solving the Problem as a result of enlightenment. Furthermore, it
can occur quite unexpectedly and accidentally just as a result of the second process, only if the first process
which is the cognitive reasoning doesn't exist. The second process occurs nevertheless because PG is already
excited.

In general, enlightenment is a property of creative processes, which can be schematically considered as a
sequence with step-by-step domination of cognitive and intuitive thinking [15].

In the first case, the obtained result is comprehended and the new intermediate chain (sub-chain) is proposed. In
the second case (i.e. at the next stage), this sub-chain is already reached and changed, if possible, up to
obtaining the final result. Thus, the total process of solving the problem is probabilistic (or possibilistic) with a wide
range of its quantitative characteristics. As such its speed and the time depends on the complexity of the problem
being solved and the level of excitement of PG. The first factor is stipulated with length of the chain of
interconnected structures, which communicate the initial and target situations (i.e. "the distance" between them).
The second factor is stipulated mainly with how strongly a human is dedicated to the problem in concern, i.e. how
the emotion of interest is involved into its solution.
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Emotional Factor in Thinking

As long as the procedure of information processing in memory (in general in neural system) is characterized not
only with sense but also with emotional part, let us according to the subject of the report define the major features
of interaction between these contributors.

Division of a whole neuron network into separate fields and preparation of informational signal-receptors and
memory environment, which accepts these signals, hold also in case, when emotional components are
presented. Such components perform emotional influence by creation and transmission of specialized mediators.

These influences, which are established and transmitted in the whole hierarchy of memory, define its particular
emotional state (e.g. depression or alternatively inspiration). In turn this state represents a background for mental
processes taking place inside the memory. In other words, it guides the activation and interaction of memory
structures.

Consequently, the emotional part actively participates in mental process and influences its functional
performance. Nevertheless such performance, embodied with corresponding neuro-physiological indicators,
naturally effects the emotional condition. For instance, when mental function is involved for solution of a complex
problem, as it has been already stated, the emotion of interest (or even inspiration) plays the major role.
Moreover, when theoretical problem is solved (the poles of PG are connected) with sudden conjecture, the
emotion of extreme joy can appear.

As such, information processing inside the memory can be defined as emotional and sense simultaneously. In
addition, this processing in its conceptual representation can be easily represented in terms of described
principles of memory organization.

Naturally, major emotional organs are located on the memory level, which accepts 1:1 receptor signals. It means,
that during perceiving a pattern by memory from outside they will be organically included into its formed structure.

During the pattern recognition according to the main hypothesis all components of memory will be excited, i.e. the
mental pattern obtains the "emotional coloring".

Consequently, memory as a system with structured organization during the information processing creates two
independent results in thinking - sense and emotional (correspondingly - idea and humor, which stipulates the
state of memory).

Emotional organs are located in neural system and outside memory. They participate in interaction with memory
similarly to guided fulfilling mechanisms (like, moving apparatus).

l.e. emotional mediators are presented not only in internal loops of memory structures, but also in reflective loops
of its connections with outside (in respect to memory) environment (see above).

In addition, mutual emotional influence appears between them in such interaction. In other words, memory does
not only manage, but also is managed by external environment in respect of its adjustment to a particular
condition.

Concerning the emotional part of information processing it is necessary to stress, that it especially reflects in
subconscious intuitive human thinking and at the same time has a significant value in his/her conscious thinking
(for example, in speed-up of searching for particular information in his/her internal database).

As a whole, the introduced conceptual model explains a lot of psychological phenomena, which arc related to
processes of thinking, as well as clarifies the material substance of its mechanisms (including human's capability
erudition, smartness, inspiration etc). It supports our sureness in its plausibility.

It is worth to pay special attention to the fact, that though perceptive meaning is introduced in the model, the
model itself can serve as a sufficient basis for its further advanced concretizations.
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Possibilities of Bionic Use of Conceptual Model

Conceptual model (CM) has already essential bionic value [5]. But it makes no sense to apply nature as a whole
to machines (e.g. legs and wheels). For example, when implementing the analogues of CM characteristics in
computer architecture, it is necessary to remember its destination first of all.

For developing the universal high-performance and high-intellectual computers (i.e. computers that have enough
advanced internal intelligence), it is quite reasonable to reflect the following characteristics in their architectures
(as some analogues of the main CM principles) [16]:

- Distributed processing the information and its operational storage (i.e. processing part of the machine is
to be some mcmory-processorjriedium).

- The two-component machine computational process: first, the successive one which perceives the
user's tasks, initiates, organizes and controls the process of their performing; and second, parallel one
which is the component of the total computational process and is responsible for performing the tasks in
each own branch.

- Machine tasks and knowledge representation as semantic and associative networks realized by graphs
and their hierarchical processing; knowledge is represented by complex date strictures at its upper level
and in details at the lower level.

- Possibility to adapt to tasks and to organize the total computational process step-by-step with its
dynamic scheduling and controlling the results obtained at each step.

The universal computer with the architecture built based on specified principles must promote the effective
realizing of different information technologies of alternative classes: a symbolism and connectualism including
neural-computer ones. However, in the second case, the technologies are realized at the program models, which
can also have sufficiently high characteristics (e.g. a great number of neuron-like elements) and can be
structurally realized in part by paralleling processing in memory-processor medium. Furthermore, such computer
must promote the effective technology realizing and integrating different technology processes.

A new class of multimicroprocessor cluster computers with specified properties (the so-called intellectual solving
machines (ISM)) and, in particular, it models for broad using was developed in the Institute of Cybernetics of NAS
of Ukraine) (this project was supported by the grant from the USA chief of the project - Prof. Koval V. beside him
the main authors Prof. Bulavenko 0. and Prof. Rabinovich Z.) [17, 18].

ISMs in accordance with above-mentioned fact combine the distributed information processing with the internal
higher-level language (which has the developed means of knowledge presenting and processing) and dynamic
centralized-decentralized (successive and parallel respectively) control. Exactly this set of characteristics
stipulates the belonging of ISM to the new class

The high level of machine intellect structurally realized in their cluster architectures contribute the essential
increasing the efficiency of user-machine interaction and possibility to perform, at that, complex computations
which need the deep fractalbihty of processing data. It provided by using in programming the high and very high
level languages and automatic hierarchical organization of program transformation and performance. Such
organization, as a fact, provide for the consequence of information processing based on fractal-complexity and
complexity transfers.
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OBA3ATEJNIbHO J1X OLLYLLEHUA ABNAOTCA U3OMOP®HBLIMUA «OBPA3AMU»
MUPA: AHANN3 C HEUPO®U3NONOrMYECKUX NO3ULUNA HEKOTOPbIX
ACMNEKTOB TEOPUM OTPAXEHUA 1

eHHapgun BopoHkoB

AHHOmayus. Paboma HanpaeneHa Ha 6bICHEHUE NPUYUH 3acmos 8 passumuu Mmeopuu OMPaXeHus,
sgnaowetics 0o cux nop 0CHOBHOU ¢hunocoghckoli KoHuenyuel 8 npobreme CO3HaHUSA U MbIIEHUs], npobeme,
MeCHO Cesi3aHHOU 8 Hacmoswiee epems ¢ npobnemoli «CO3HaHusi» 8 UCKYCCMEEHHOM uHmennekme. B
KpUMUYECKOM NilaHe paccMampusaomes NOHAMUE «0bpa3y, Ucnob3yeMoe 8 meopuu OMPaXeHUs, U Kpumuka
meopuu cumgosios, codepxauwiascs 8 meopuu ompaxeHus. Kpamko obcyxdaemcs 603MOXHbIU Nymb pa3gumusi
MeopuU OMPaXEHUsI.

Knioueebie crnoea: meopusi ompaxeHus, meopusi CUMBOIO8, OWYUeHUe, «0Bpasy, U3OMOPGU3M, Moderb,
coomeemcmeue.

BBeaeHue

KoHKpeTHble HayuHble NMPeACTaBMeHUs M HayyHasl KapTWHa Mupa, KOTOpYyl faeT (unocodus, Haxogatcs B
OTHOLLEHMSIX B3aUMHoro obycrnosnueaHus. OCHOBHOM (hUnocoCkoi KoHUenuuen B npobreme CO3HaHWS W
MblILUeHNs, npobneme, TECHO CBS3aHHOW Tenepb C NPOBNEMON «CO3HaHWS» B WCKYCCTBEHHOM MHTENNEKTE,
ocTaeTcs A0 CuX mop Teopust oTpaxeHus. OOHako Ha COBPEMEHHOM 3Tane pas3BWUTUS HayK O MO3re W Hayk,
LieHTpanbHbIM NOHATMEM B KOTOPbIX SIBNSIETCS MOHATME «MHGOPMaLMs», SBHO OLLYLAETCs HeLOCTaToK B
00606LeHnsx drnocodckoro Xapaktepa, a TEOPUKD OTPaXeHWs, HUKaK HEemb3s, MO KpaWHeid Mepe, Ha3BaTb
«NOKOMOTUBOMY A71S 9TUX HayK. CTpeMNEHNE BbISICHATb NPUYMHY Takoro «COCTOSIHUA AEN» B TEOPUM OTPAKEHMS
NOCNYXWUNO WHULMUPYIOLWMM HayanoMm Ans AaHHon pabotbl. Pabota nocesileHa aHanuay HEKOTOPbIX acnekToB
TEOPUM OTPAKEHWNSI C TOYKM 3PEHUS| HEAPOGU3NONMOrMYECKOA KOHLENUMM, pPa3BMBAEMO aBTOPOM (U B
COaBTOPCTBE), — B3rNsAa Ha MO3r Kak HEMPOHHYKO MOAENb.

Teopust OTpaKeHWS He ABNSETCS 3aBEPLUEHHOW, HEKOTOpble €€ MOMOXEHUs, B 4acTHOCTU B OTHOLLEHUM
OoLLyLLeHuit, TpebyoT pa3BUTUS 1 SKCNEPUMEHTanbHbIX 1ccnegoaHnin. O6 aTOM nucanu u camu OCHOBaTenu
TEOPUM OTPAXEHWS: « ... HA [ene OCTaéTcs ewe uccnegoBatb U UCCNeaoBaThb, kakum 0Bpa3om CBS3bIBAETCA
maTepusi, sikobbl He oOLlyljalollas BOBCE, C MaTepuen ..., obrnagatlien SICHO BbIPAXEHHON CMOCOBHOCTLIO
owlywieHns. Matepuannsm SCHO CTaBUT HEPELLEHHbIN eLlé BOMPOC W TEM CaMblM TOMKAET €ro K paspeLLeHuto,
TOMKAET K AarnbHEeALWNM SKCnepuMeHTanbHbIM uccneaoBaHnam.»[1]. NMoHuMaHne He3aBepLIEHHOCTY 3TON TeopUn
0bycnoBuno, BUANMO, 0COBYH0 OCTOPOXHOCTb W TLLATENbHOCTL Y aBTOPOB B (HOPMYNMPOBAHMM €€ OCHOBHbIX
NonoXeHUA. TeM He MeHee, B TeKCTaX, M3NaratolnMx W MHTEpnpeTupytowmx eé (Hanpumep, B [1]) umetoTes
BbICKa3blBaHUs, Tpebylolne, Kak HaM NPeaCTaBnseTCs, KPUTUYECKOrO PacCMOTPEHWS, MOCKOMbKY, NMbo OHM
[OMyCKaKT HEOAHO3HAYHOE TOMKOBaHWE KIHYEBOro B 3TON TEOPUM TepMUHa «obpasy, MMbo packpbiBatoLLMincs B
HUX B SIBHOM BMAE CMbICN 3TOTO TEPMWHA HE COrMacyeTcsi, Ha Hall B3rnsg, C PSAOM M3BECTHbIX (hakToB? B
OTHOWEHWN paboTbl CEHCOPHbIX CUCTEM, a TaKkKe C pesynbTaTamy aHanu3a MNOHATUA «MOZeNb» W

'B OCHOBY CTaTbW MOMIOXEH BHENPOrpaMMHbIA AOKNad, MPOYUTaHHbIA Ha 2-1 KOH(EepeHUMM «DPunocoms CO3HaHWUS: UCTOpUS W
COBPEMEHHOCTbY (cekums 4 «MexaucumunnmnHapHble npobnemsl dunocodum cosHanusy). dunocodekuit pakynstet, MIY. 17-18 Hos6ps
2006.

2 HekoTopble 13 HUX NpUBELEHbI B TPyAax (B YacTHOCTH, B [2]) MenbmronbLia, 04HOMO 13 aBTOPOB TEOPUM CUMBOSIOB.
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«cooTBeTcTBME» [4, 5]', MPOBOAMMOrO aBTOPOM Kak HeobXoaumoe YCrioBME pPa3BUTUS YMOMSHYTOMO BbliLle
npeacTasnexus [3], Kpatko opMynMpyeMoro Kak «MO3r eCTb HEMPOHHAs Mogenby. ECTECTBEHHO, KPUTUYECKOTO
PACcCMOTPEHMS], MO 3TOW NpKUUMHE, TPEOYIOT 1 CNECTBUS], BbITEKAIOWME M3 TEOPUN OTPAXEHNS B €€ NCXOQHOM
BapuaHTe, B YAaCTHOCTM, NIEHMHCKAS KPUTUKA TEOPUM CUMBOJIOB.

KoHKpeTHo, B HacTosiLen paboTe paccMaTpUBalOTCS B KPUTMYECKOM nnaHe (1) noHsTue «obpasy, UCnonb3yemoe
B TEOPUM OTPAXEHMS, W (2) KPUTUKA TEOPUM CUMBOSIOB, COAEPXKALLASCS B TEOPUM OTPaXKeHUs, a Takke (3) kpaTko
06CyxaaeTCst BOIMOXHbII NYTb PA3BUTIS TEOPUM OTPAXKEHNS.

OcHOBHOW TeKCT

1. MonsTe «obpasy. Mpreeaem Heckonbko uutat u3 paboTsl [1] B OTHOLLEHUN NOHATUS «0Bpasy» (OLLyLLEeHKe):
«... BHEe HaC CyLLeCTBYKT Beln. Hawm BocnpusTvs n npefcTaBneHus — obpasbl nxy; «OLlylleHus, To ecTb
0bpasbl BHELHEro Mupa, CyLeCTBYIOT B Hac, NOpOXAaeMble AEMCTBMEM BELUEi Ha HallM OpraHbl YyBCTBY. B
9TUX BbICKa3bIBAHWAX CMOBO, MOHATME «0bpa3» (owyweHne) paetcs 6e3 kommeHTapueB, 6e3 onpegeneHus.
[MosTomy uuTaTenb BripaBe NOHUMATL €ro Haubonee npuBbIYHBIM 06pPa3OM — KaKk CxogHoe (MOXOXee), BepHoe
oTobpaxeHne AenCTBUTENbHOCTU. [pyrumi croBamu, nog «obpasom» (OLlyLeHMEM) MOHUMAETCS HeuTo,
KOTOpOe B KakOM-TO acnekTe CBOWCTB M3OMOP(HO OB6BLEKTY, ero Bbi3blBaloLEMy. JTO NOHUMaHWEe MOXeT BbITb
MPOYUTAHO W B «OCTOPOXHBIX» CMOBAX OHrenbca, LUTUpyeMbIX B 31O xe pabote [1]: «HeT HW eauHoro crnyyas,
HaCKOMbKO HaM M3BECTHO A0 CUX nop, Korda Obl Mbl BbIHYXOEHbI ObinM 3aKMOUMTb, YTO HaLUM Hay4HO-
NMPOBEPEHHbIE YyBCTBEHHbIE BOCMPUATUS NMPOM3BOAAT B HAaleM MO3ry Takue NpefcTaBfieHUs O BHELUHEM MUpE,
KOTOpbIE MO CBOEW NPUPOAE OTKMOHAKOTCA OT AENCTBUTENbHOCTWZ UMK YTO MEXAY BHELUHUM MMPOM U HaLUMMM
YYBCTBEHHbIMI BOCMIPUATUAMM €0 CYLLECTBYET NPUPOXAEHHAsS HECOrNacoBaHHOCTbY. B gBHOM Buae NOHMMaHue
«obpasa» Kak 00si3aTenbHO M3OMOPHOrO, CXOAHOro (MoXoxero), XoTs Obl B KakOM-TO acrnekTe CBOWCTB, C
0OBEKTOM, €ro BbI3bIBALOLLMM, COOQEPXUTCS B CreayoLmx AByx untatax u3 [1]: 1) Ha cTp. 218, rae KpuTukyeTes
TEOpWs CUMBONOB, u3naraemas enbmronbuem: «Ecnu owwyLieHns He cyTb 06pasbl BeLen, a TOMbKO 3HakW unu
CUMBOMbI, HE MMEKLUNE «HUKAKOrO CXOACTBA» C HWAMM, TO WCXOAHAs MaTepuanuctuyeckas nocbiika
enbMronbLa NoapbIBaeTCS, NOABEPraeTCsk HEKOTOPOMY COMHEHMIO CyLLECTBOBAHUE BHELHUX NPEaMETOB, ...» 1
2) Ha CTp. 26, rae HanOMUHAETCH KPUTUKA OHrenbcoM [puHra: «... MaTepuanuam nocnefoBaTenbHblil JOMKeH
CTaBWTb 3A€eCb «06pasbly, KAPTUHbI UK 0TOOPAKEHNS HA MECTO «CUMBOMAN ».

Takoe noHWmaHue «obpasa» - kak 0bs3aTenbHO M3OMOPKHOrO (MOXOXero) XoTs 6bl B KakOM-TO acnekTte
(h13N4ecKMX CBONCTB, OOBEKTY, €r0 Bbi3bIBAOLLEMY, - MEPEHOCUTCS B SBHOM WM B HESIBHOM BMAE W B Apyrue
BapWaHTbl TEOPWUM OTPAXEHWs, Hampumep, B COBPEMEHHblE WH(OPMALMOHHBIE TEOPWM, ONEPUpYHOLLMe
NpeacTaBneHMeEM O MOAENVMPOBAHUM B MO3re pearbHO AEMCTBUTENBHOCTU. B aTux Teopusx obsiaatenbHas
N30MOPEHOCTb MOZENEN B OTHOLIEHUW UX OPUTMHANOB NPUHUMAETCS, Kak NPaBUIO, «MO YMOMNYaHUKO», Kak camo
cobon pasymetoLieecs.

OpnHako, npeacraeneHne 06 obs3aTensHoN 13oMopdHOCTM «06pa3oB» (OLLyLLEHMI), TO ecTb 06 0653aTeNbHOM
CXOOHOCTM, MOXOXECTU UX «MO CBOEW Mpupode» ¢ 0BbekTaMu MX Bbi3blBAKOLMMK, BXOAUT B NPOTUBOPEYME C
W3BECTHbIMM (DaKTaMW B OTHOLUEHWW paboTbl M OpraHM3auuMi CEHCOPHbIX (aHanM3aTopHbIX) CUCTEM. Tak,
0bOHSATENbHOE OLLyLLEHe (3anaxa posbl, K NpUMepy) camo no cebe HK B KOelt Mepe HUYEro He roBOpUT Ham O
npupoge, O (DU3NYECKMX CBOMCTBAX BO3AEWCTBYIOWIErO 3anaxoBoro O0ObeKTa: Ha OCHOBAHWM TOMbKO
UCMbITHIBAEMOrO OBOHATENBHOTO  OLLYLIEHUS Mbl HUYEr0 HE MOXEM Y3HaTb O (PM3MYECKUX CBOWCTBAX
BO3AENCTBYIOLEro Havana, koTopbiM BbI3bIBAETCS 3TO OLUYLLEHUE, - HU O CTPYKTYpe 3anaxoBblX MOMEKYM, H O
(hU3NYECKUX XapaKTEPUCTMKaX NpeaMeToB, WCTOYAloWMX 3amax. To Xe, B MPUHUMNE, MOXHO CKasaTb B
OTHOLLIEHWN BKYCOBbIX «00pa3oB» (OLyLleHuit). Huuero Takke He roBOpUT Ham O (hK3NYECKMX CBOICTBAX CBETA
(0 ero CrnoxHOM CnekTpanbHOM COocTaBe) BOCTpUsTUe (oLylleHue) Genoro cseTa; Gonee TOro, CMecb ABYX

! B HacTosLeit paboTe NpefnpuHATa NMomnbITka UCMONb30BaTL ONPEAEnEeHNs NOHATUI «MOAEMNbY U «COOTBETCTBUEY, AaHHbIe B [4, 5], Kak
TEOPETUYECKIE UHCTPYMEHTbI [i15 aHanM3a hunocodCkoit KOHLIENLMM - «TEOPUM OTPEXKEHNSY.

2 BblneneHust nogyepknsaHMem 3ecb 1 aanee caenaHbl aBTOpoM HaCTOﬂLLleIh pa60TbI.
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PasHbIX NIMHWIA BUAMMOTO CMEKTPA, MOXKET BbI3blBaTb TAKOE XE OLLYLLEeHME LiBETa, KOTOPOE Bbl3bIBAETCS OAHOM
Apyron (TpeTben) NuHWeR cnektpa. OTU NpUMepbl CBUAETENbCTBYIT O HamWuMM LENoro psiga CEHCOPHbIX
«BOCMPUATUIAY, B KOTOPbIX OTCYTCTBYeT kakas Obl TO HM ObINO M3OMOP(HOCTL OLlylieHus («obpasay) no
OTHOLIEHMIO K KAYeCTBEHHbIM CBOWCTBAM OOBbEKTa (OpWUriHana), BbI3bIBAKLWErO AaHHOE OLlylieHne. B 1o xe
BpeEMsl, B 9TUX MpUMepax, Mexay BO3AENCTBYIOLLMM OOBEKTOM W OLLyLLEHNEM, KOTOPOE WM BbI3bIBAETCS, Kak
npaBuno, WMEEeT MECTO COOTBETCTBME: OMPELEeNieHHOMY BO3AEACTBMIO COOTBETCTBYET ONpeLeneHHoe,
cneumndmryeckoe (Ho, He 0653aTenbHO M3OMOpPGHOE) oLyLeHKe ' («obpasy).

Takoe «COCTOSIHWE 4eN» B CEHCOPHbIX «BOCMPUSATUSX» BMOMHE 0OBSCHUMO C HEMPOMU3NONOrNUYECKMX MOSNLWA.
Hanpumep, B KOHLENUMM «MO3r €CTb HEMpPOHHAs MOZENb» Takon (HEM30MOPCHLIN) XapakTep «BOCMPUSTUSY
HaxoguT 0OBSACHEHWE B U3BECTHOM HEMPOU3NONOTMYECKOM NPUHLMNE «BCE UMM HUYEro», NexalleM B OCHOBe
HENPOHHbBIX MEXaHU3MOB, Peanu3yoLmMX COOTBETCTBME: C TOUKM 3PEHUS 3TON KOHLENLWW, HENPOH CEHCOPHOrO
NyTW, NPUHUMAIOLLMIA BO3OENCTBUS HA Pa3BETBIIEHNS anvKanbHOMO AeHApUTa, NofobeH BOPOHKE; pacluMpeHHas
YaCTb €€ BbINOMHAET POSb 3aMKa, OTKPbIBAEMOrO TOMbKO OnpeaeneHHbIM BO34eNCTBUEM (CBOErO poga Kioyom)
W 3anycKaloLero no TWMy_CycKOBOTO Kypka aKTWBHOCTb B Y3KOW 4acT «BOPOHKMY; y3kas yacTb paboTaer no
TUMY «BCE MW HNYETOY» U NOSTOMY €€ aKTUBHOCTb HE HECET HMKAKOW CreLmdukn BXOAHOTO BO3aencTeust. Kpome
TOr0, Npegnornaraemble B psAe TEOPUA MPOCTPAHCTBEHHbIE WNW MPOCTPAHCTBEHHO-BPEMEHHbIE «Y30pbl-
naTTepHbl» (B KayecTBe KOAOB), a Takke creuuduka, 3akmoyalowascs B COYETaHMAX (Mnu KOMOMHALMSIX)
CTUMYMOB, YTPAUMBAIOTCS B Pe3ynbTaTe «CXOKAEHNS» B KBOPOHKE» HENPOHA. 2

[MokasaHHas Bbilwe ANS Lenoro psga CEHCOPHbIX «00pasoB» (OLLYLIEHWA) HEM3OMOPGHOCTL B OTHOLLEHMM
00BLEKTOB, WX BbI3bIBAOWMX, HE O3Ha4aeT OTCYTCTBME W3OMOPPHOCTM Yy BCEX CEHCOPHbIX «0bpasoB»
(owywweHumin). Tak, M30MOPHO nNpeAcTaBneHbl NPOCTPAHCTBEHHbIE OTHOWEHWS MeXay 3neMeHTaMu
(«TOYKaMU»), NPeACTaBNAMMU 3pUTENBHOE MOMEe B MO3TY - 3TU OTHOLIEHUS SBMSKOTCA TaKUMKU Ke, Kak
OTHOLLEHWNS MeXZy TOYKaMmu B pearibHOM none 3peHusi. Takum obpa3om, OLyLleHWe NPeaMETHOr0 BUAEHMS
N30MOPCHO pearbHbIM 0BbeKTaM B acnekTe NPOCTPAHCTBEHHbBIX OTHOLIEHWIA COCTABMSIOLLMX UX SNEMEHTOB. To
Xe, B MPUHLMNe, NO-BUAMMOMY, MOXHO CKa3aTb B OTHOLLUEHMM 3BYKOBbIX NOCHEA0BATENbHOCTEN U UX «0BPa30By,
NPEeACTaBNEHHbIX HA CaMbIX HU3KMX MO3roBbIX YpoBHsIX. CXOAHO (M30MOPCHO) NpeacTaBfieHbl B MO3Ty Takke
Apyrve (He TOMbKO MPOCTPAHCTBEHHbIE M BPEMEHHbBIE) OTHOLEHWS Mexay obbektamu. Hanpumep, n3oMopgHo
MO OTHOLIEHMIO K BHELIHEMY MUPY NPeACTaBfieH TakoW ero acnekT Kak «u3bupaTenbHble» CBSA3M-OTHOLLIEHUS
Mexay obbekTamu. OTU CBA3W-OTHOLIEHWS PeanuayioTcsl cneynanbHbIMU  HEAPOHHBIMU  MeXaHu3Mamn -
n3bmpaTenbHbIMA - @KCOHHBIMI - CBSA3SIMM  MeXay HeilpoHamu, npeactaBnswowmmy obbektel B Mosre.d B
HacTosLLEee BPeMs 3TOT acneKkT MO3rOBOM OpraHW3auuy MHTEHCWBHO WM3yvaeTcs. 34ecb Xe HaMm BaxHO Obino
0bpaTuTb BHMMaHME Ha CyllecTBOBaHMEe «00pa3oBy», He W3OMOPMHbIX OOBLEKTaM, WX Bbi3blBAKOWMM, U
0OBACHAMOCTL  3TOTO0  OBCTOSATENLCTBA € HEMPOU3NONMOTMYECKMX MO3WLUMA, a TaKkke Ha TO, 4YTO 3TO
06CTOATENLCTBO HE BbIN0 OTMEYEHO W YUTEHO B TEOPUM OTPAXKEHMS.

2. Teopua cumBonoB. OTMEYEHHOE BbIWE OTCYTCTBME M3OMOP(MHOCT «0bpa3oB» (MO OTHOLIEHWMIO K
BbI3bIBAOLLMM MX OpUriHanam) B LIENOM psify CEHCOPHbIX «BOCMPUSTUAY SABMSETCS MPUHUMMWANBHO BaXHbIM
MOMEHTOM, Hanpumep, Ans BbIpabOTKM OTHOLUEHUS K «KPWUTWKE TEOpuM CUMBOMOBY», LaHHoOW B pabote [1].
«Teopusi CMBOIIOBY» ECTb «TEOPHS, MO KOTOPOW OLLYLLEHMS U NPpeaCTaBNeHns YenoBeka NpeacTaBnatoT u3 cebs
He KonuW AeNCTBUTENbHbIX BELLEN W NPOLECCOB NpUpOabl, He U300pakeHus MX, a YCOBHbIE 3HAKW, CUMBOSbI,
nepornndobl ...» ([1],cTp. 216). Hwke JleHMH npuBoaMT CroBa «KpyMHEWLero NpeacTaBuTenNs» 3TOA TEOpUM -
lenbmronbua: «Mges n o6bekT, NpeacTaBneHHbI e, CyTb ABE BELW, NpUHaAnexalyne, O4eBUAHO, K ABYM

1 OHO MOXET COOTBETCTBOBATb W HECKONBKMM Pa3HbIM, B MPUHLMME, OBBEKTaM.

2 910 obuwenpusHaBaemoe B HeMpogmanomnorm 06CTOSTENLCTBO HE CRYXUT NPensiTCTBUEM ANs CO3AAHMS HEApOM3MONOrMYECKUX
NpeacTaBneHunit, OOBACHSKWMX CMOXHYI paboTy Mosra. Tak, B YaCTHOCTW, B KOHLEMUMM «MO3r €CTb HEMpPOHHas MOAENb»
paccMaTpuBaloTCs, K NPUMEpY, MepapX1Yeckast OpraH13aLmust CEHCOPHOTO MyTU UMEHHO W3 TaKMX HEMPOHOB, a Takke peanu3aunst UMu
(DYHKLMIA KOHBIOHKLMW U OWUSBIOHKLMAW, OpraHu3aLys NamsTi U HEKOTOpble BO3MOXHbIE HEMPOGM3MNONOTMYECKME MEXAHW3MbI PELLEHUS
3apay [3,4,6,7].

3B KoHUenunn «Mo3r ecTb HeﬂpOHHaﬂ MoAenb» 3TM CBA3N-OTHOLLEHNA UMEHYIOTCA «CMFHM(bVIKaTMBHbIMI/I CBA3AMU»
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COBEPLUEHHO PA3NMYHBIM MUPaMy - U KDUTUKYET WX, Ha3biBasi UX «BOMUIOLLEN HENPaBOOW», U KOMMEHTUPYS: ...
TaK paspblBaloT MO W AENCTBUTENbHOCTb, CO3HAHWE W MpUPOdY TOMbKO KaHTWUaHUbI». B 3TUX NMEHWMHCKMX
BbICKa3bIBAHMSX He Y4YUTbIBAETCS (haKT CyLeCTBOBaHUS «00pa3oBy, He M3OMOPMHLIX opuriHanam. Mbo, Takue
«obpasbl» SABNAOTCA (MO ONPeAeneHnto)! HUYEM WHbIM Kak 3Hakamu, CUMBOMaMu 3TWX OpurMHanos. B
HacTosLLee BpeMs B (O13NONOrMYECKOM JKCMEPUMEHTE PErUCTPUPYIOT HEMPOHDI, MOCTaBMEHHbIE? B COOTBETCTBUE
pasHbIM, MPOCTbIM U CIOXHBIM CTUMyNaMm - NMHWAM OMpeLeneHHOr0 HaKIoHa, HanpaBfeHnsaM [OBUKEHWS,
CKOPOCTSAIM ABWKEHWS, pyKam, nuam v Apyrum obbekTaMm 1 CBONCTBAM. Takue HEMPOHbI SBASKOTCA TOXE HUYEM
WHbIM Kak cuMBOMamu — W60, OHW TOXe He W3OMOPHbI OpurMHanam. B KOHLENUWMM «MO3r eCcTb HEeMpOHHas
mMoZenb» (B YaCTHOCTU) CEHCOPHbIA MUP MpPeLCTaBeH B MO3ry CHOXHOW WepapXuyecku OpraHuM30BaHHOM
MOZENbio 13 NOJOGHBIX, BbILE OMUCAHHBIX HEMPOHOB. JTO He MPUBOAWUT K «HECOrNAaCOBAHHOCTU BOCMPUATUI C
MUPOMY, K «pa3pblBy MAEU W OENCTBUTENbHOCTU» HWU B TEOPETUYECKOM, HU B 3KCMEPUMEHTANbHOM acnekTax:
COrnacoBaHHOCTb 06ECNeYnBaAETCS HanMuMeM COOTBETCTBUS MEXAY MUPOM OBBLEKTOB U NPeacTaBnSOWMUMA NX
HeMpoHamu. JTO COOTBETCTBME OCYLLECTBASKOT (DU3MONOTUYECKME MEXaHW3MbI, YXe B AOCTATOMHOM CTEMeHM
W3yYeHHbIE JKCMEPUMEHTAmNbHO W TEOPEeTUYECKW. ITU MEXaHU3Mbl COOepXaT, Kak OTMeyanocb Bblle,
«3neMeHT», paboTalolmin No TNy «BCE UMM HUYEro». AKTMBHOCTBIO TaKOr0 MexaHuaMa He nepefaércs
kayecTBeHHas cneuudmka® (CBOACTBA) BXOAHOTO BO3AECTBMA (MBO COOTBETCTBYHOLWIASA CreLmduka OLLyLeHUs
anpuopHa, - OHa, KaK 1 MexaHu3m COOTBETCTBUS, (DOPMUPYeTCS B onno- 1 OHTOreHese 1 npu 0byyeHnm). Ponb
9TOr0 MexaHu3ma COCTOMT TOMbKO B peanq3auuy UMEILLErocs COOTBETCTBUS - «Korga ofHa onpedeneHHas
CYLLHOCTb aKTyanuaupyeT onpefeneHHyto Apyryto, NOCTaBMEHHYK0 et B COOTBETCTBMEY (qQUi pro quo). MoaTtomy
TaKoW MexaHu3m OOHOBPEMEHHO BbICTYNAET U KaK CBA3YIOLIMIA, U KaK pasrpaHUuMBaIOLLMiA MeXaHW3M (Kak CBOEro
poja rpaHuya) Mexgy BHELHUM MMpPOM W €ro HEeWpoHHOM MOAenblo. B TakoM npeacTaBneHun o
B3aMMOJENCTBUM cpefbl U MO3ra UWUTUPOBaHHbIe Bbille CrioBa lenbMronbLa NpodnTLIBAIOTCSA Kak afeKBaTHO
ONUCbIBAIOLLME 1 TPAKTYIOLLME peanbHoe «COCTOsHME Aen» B (U3NONOrum OpraHoB YyBCTB, @ KPUTUKA «TEOPUM
cumBonoB»* [enbMronbLa, AaHHas B [1], NpeacTaBnsaeTcs HeJOCTaTOMHO KOPPEKTHOM.

3. BOo3MOXHbIA NyTb pa3BUTMA TEOPUK OTPaeHUs. Teopusi oTpaxeHns GasupyeTcs Ha NOHATUSX «obpas» u
«oTpaxeHuey. Mog OTpaxeHMeM NOHUMAETCS OAWH U3 TUMOB B3aUMOZENCTBUS MaTepuanbHbIX TeN (CywHocTen),
nog «obpasom» MOHMMAETCs Pe3ynbTaT 3TOr0 B3aMMOAENCTBUS — M30OMOPGHOE OTOOpaxeHue (OLLyLLEHME).
OpHako aTa Teopus B CBOEM UCXOAHOM BapuaHTe CTafkuBaeTcs, Kak crielyeT 13 NPOBEAEHHOrO BbILEe aHanuaa,
C TPYAHOCTLH 00BSACHUTL (DAKT CYLLECTBOBAHMS HEM3OMOPMHBIX 06PA30B-OLLYLIEHNIA.

OTa TpyOHOCTb B TEOPWUM OTPaXeHWsi MPeodoreBaeTcsl, C Halleil TOYKM 3PEHWsl, €criM B Hel MOHsTME
«OTPaXeHNe» 3aMeHUTb Ha NOHATUE «COOTBETCTBUEY, a NOHATUE «0Bpa3» Ha noHATUe «Mofaenb»S. C Haubonee
o6LMX NO3vLMA, CyTb 3TO 3aMeHbl 3aKMio4aeTcsl B PacCLUMPEHWM NpeameTa MCCMenoBaHUS B Teopuu
OTpaXeHusi, a, CrefoBaTeNbHO, M B pacluMpeHun camon Teopun. MGo, no cyTu, mpeanaraeTcs 3aMeHWTb
npeameT eé MccnenoBaHusl, MMEHHO, B3aMMOAEACTBIE MaTepuanbHbIX TeMn Mo TUMY OTPaXEHUS 3aMEHUTb Ha
Bonee LMPOKMIA - B3aUMOLENCTBME NO TUMY COOTBETCTBMSI, KOTOPOE OXBAThbIBAET W B3aUMOLENCTBUE MO TUNY
OTpaXEHMs.

1 HeunzomophHbIM opurnHany Moxet ObITb TONLKO NOCTABMEHHbII €My B COOTBETCTBMNE 3HaK Ui CUMBOI.

2 [MocTaHoBKa B COOTBETCTBME W (POPMUPOBAHWE MEXaHW3Ma, peanuaytllero COOTBETCTBUE, — MPOLECCHI, MpoMCXoasLme B uno- u
OHTOreHese 1 npu 06yquMI/I.

3 Kak 6bino OTMEYEHO BblLLe, cneumnduka BXOAHOTO BO3LENCTBUS UrPAET NULLb Porb ((KOHd)VIpraLMI/I KrnoYa K 3aMKy» B MexaHu3me
COOTBETCTBUA.

4 B HacTosiwen cTaTbe He 0OCYXOaeTcs «IMNUPUCTUYECKast TEOPUS OLLYLLEHMA» (MPOTUBOCTOSLAS «HATMBUCTUYECKO»), KOTOPYIO
3awywan Menbmronsy [2].

5B cmbicre onpeaenexuit 3Tx NOHATUIA 3aech 1 B [4] u [5].
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BmecTo 3aknioueHus

Boree yem 3a cTOneTHee CyLieCTBOBaHWE TEOPUS OTPaXeHUs B €€ MCXOQHOM BapuaHTe He npuBena K
CYLLECTBEHHOMY NPOrpeccy B pelleHun npobrnembl OLlwylleHns (M CcosHaHus). Kpatko, 06 3TomM MoxeTt
CBMOETENbCTBOBATL CrieAytollee, B 3HAUNTENbHOM CTenmeHu obuienpuHMMaeMoe B HacTosiLlee BpeMms
npeacTasnexue. NMpUHATO cumnTaTh Ha OCHOBE HEMPOU3NONOTUYECKNX AaHHbIX, YTO OLLYLLEHWS KOPPENUPYIOT C
aKTUBHOCTbLIO OMpefeneHHbIX HEMPOHOB. Hanpumep, eCcTb OCHOBaHUS Monarath, YTO OLLYLLEHWE NPeaMETHOrO
BMAEHWS CBA3AHO C aKTUBHOCTBID HEMPOHOB CTPUAPHOW 3PUTENBHOM KOPbI, HO HE C aKTMBHOCTbIO, K MPUMEpY,
HenocpesCTBEHHO 3pUTENbHbIX HEMPOHOB - PELLENTOPOB CETYaTKW, YTO MOTUBALMOHHbIE OLLYLLEHUs (K MpUMepy,
OLLyLLIEHVe Xaxabl) CONPOBOXAAIOT aKTUBHOCTb HEMPOHOB B rnoTanamyce, 1 Y4To He CONPOBOXAAETCS KakuMu-
n1Bo OLLYLEHNAMI aKTUBHOCTb MOTOPHBIX HEMPOHOB. C ApYroi CTOPOHbI, U3 HEMPOPU3NONOTNYECKUX OaHHBIX
He cnegyeT (noka, No KpanHen Mepe) obpaTHOE, UMEHHO, YTO AKTUBHOCTb HEMPOHOB SBMSIETCA KOPPENSATOM
OLUYLLEHNA, TO €CTb, YTO aKTUBHOCTb HEMPOHOB SBMSETCH CMELACTBMEM OLLyLleHUA. Ho, B TakoMm cryvae,
OCTAeTCs HEroHATHOW PONb OLLYLIEHWA B MPUHUMME, W BO3HWKAKOT BOMPOCHI, MOYEMY, 3a4eM CyLLECTBYHOT
OLLYLLEHNs, COMPOBOXOALLME aKTUBHOCTb OMpeAEeneHHblX adepeHTHbIX HEMpOHOB, W Henb3s 1
CKOHCTPYWMpOBaTb (B MpuHUMNE) aBToMaT («30MOM»), He obnagatolmin OLyLeHNsMU, HO obnagatoLymii
nosegeHneM (B CaMOM LUMPOKOM CMbICIIE 3TOrO C0Ba), HUYEM He OTNIMYaloWMMCS OT NOBELEHUS YenoBeka. T
BOMPOCbI pearnbHO NOCTaBMIEHbl COOTBETCTBEHHO B HEMPOU3MONOTMYECKON U PUIOCODCKON COBPEMEHHOM
nutepatype. MoxHo BuaeTb, 4To obLiee npeacTaBneHne 06 OTHOLIEHMM MO3I/OLLYLLEHWe, Nexallee B OCHOBE
3TWUX BOMPOCOB, OTIMYAETCS OT AeKapTOBCKOro Ayanuama Tornbko no oopmMe, HO He No CyTu. Jpyrumu crosamu,
NPOrpecc COBPEMEHHOM Hayku Mo NpobrieMe OLLYLIEHMI NMOYTU He 3aMETEH C OYeHb JaBHEro BpemeHu. [laHHas
cTaTbsl He JaeT BUAWMMOTO peLleHnst 3TOM npobrnembl, OHa — NULLb KOHKPETHAs MOMbiTKa OBWXEHWNS B 3TOM
HanpaBneHuu.
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FMNEPCNYYANHBIE MAPKOBCKWUE MOLENU

WUropb MNopbaHb

AHHOmayus: [Ina onucaHusi hu3UYeCKUX NPoOUEcco8 8 Henpedcka3yemo MEHSIIOUWUXCS CmMamucmuyeckux
ycnogusix npednoxeHbl aunepciyqaliHbie Mmapkogckue modenu. BgedeHbl Hosbie onpedeneHus noHSmul
cxodumocmu 8  cpeOHeksadpamu4yeckoM  nocnedogamenibHOCMU — 2unepcyyaliHbiX — 8enUYuH U
nocredosamesibHOCMU — 2unepcryyaliHbix  (DyHKYUL, NO36OMUBWILE 88ECMU  NOHSMUS  HENPEPbIBHOCMU,
OuchchepeHyupyemocmu U UHmeepupyemocmu aunepcryyalubix GyHkyul. O60bWEeHO noHAMUE MapKo8CKo20
npouyecca Ha cny4all aunepciyydaliHbix npouyeccos. [lonyyeHbl npsimoe u obpamHoe ypasHeHusi Konmozoposa,
onucbigaroujue Ougpy3UoHHble 2unepcryyaliHble npouecchl. MccrnedosaHbl 8UHEPOBCKUL U 2ayccoscKull
MapKoscKuli aunepcryyaliHbie npoyecehb!.

Keywords: meopusi 2unepcnyydaliHbix siefieHull, MapkoscKuli npouecc, cxoduMocmsb 6 CpedHeKgadpamuyecKom.

ACM Classification Keywords: G.3 Probability and Statistics

BBeaeHue

[na onucaHus pasnuuHbIX undeckmx 3eKToB WMPOKO MCMONL3YITCA BEPOSTHOCTHbIE NOAXodbl. Teopust
BEpOSITHOCTM cO34aBanacb, a 3aTeM pasBuBanacb B MEPBYO ovepedb ANs OnuUcaHust Puanyeckux cobbITuiA,
BENWYMH, NPOLECCOB M Moneit, obnagarowmx CBONCTBOM CTaTUCTUYECKON YCTONYMBOCTM. log CTaTUCTNYECKOM
YCTOMYMBOCTBIO WM CTAOMMBHOCTbIO MOHMMAETCs  CYWECTBOBAHWE OMPEedEeNeHHOr0 npedena 4acToThbl
COOTBETCTBYIOLLEr0 Matematnyeckoro obbekta (CobbiTis, BENWUMHBI, MPOLecca UK NOAs) Npu YCTPEMIIEHNN
obbema BbIBOpKM K BECKOHEYHOCTH. CTaTUCTUYECKN HEHEYCTONUMBLIE IU3NYECKME SBIIEHWS (@ OHW COCTaBNSIOT
nopasnawowee OOMbWWHCTBO  peanbHblX  SBMEHWA) C  TPYAOM MOAAATCS  OMUCAHMI0  M3BECTHbIMU
BEPOATHOCTHLIMM METOAAMM.

[ns onucaHWsa U N3yveHus CTaTUCTUYECKU HeCTabunbHbIX SABNEHN HegasHo [1] Ha 6ase Knaccuyeckom Teopum
BEPOSATHOCTEN W MaTeMaTU4eCKoW CTaTUCTMKM Obina npefnoxeHa HoBas (hU3MKO-MaTeMaTuyeckas Teopus
rvnepcnyyaiHbIX SBNEHWN, paccMaTpyBaroLLas Kak MaTemMaTuyeckue, Tak 1 usnyeckmue acnektbl Npobnembl
yyeTa CTaTUCTUYECKOI HEYCTONYMBOCTI (PU3UYECKUX SBIIEHUI.

MaTemaTnyeckuMm MOAENSAMM TUNepCryYaiHbIX PU3NYECKUX SBIEHWUA (COOBITUIA, BENMYMH, NPOLIECCOB, NONeEN)
SBNATCH COOTBETCTBYIOLIME MaTeMaTuyeckne 06BEKTbl, NOf KOTOPbIMW MOHMMAETCS MHOXECTBO Cry4aiHbIX
COObITUIA, BENMWMUMH WNKM  (PYHKUWA, KaKObIA  3MEMEHT KOTOPOrO  acCoUMMpYeTcs C  ONpeaeneHHbIMM
cTatucTuyeckumu yenosuamn g € G

B Hactosiee Bpemsi chopMUPOBaHbI MaTeMaTU4eCKMe OCHOBbI HOBOW TEOPUW, OAHAKO, OCTAlOTCS elle He
W3y4eHHbIMU MHOTe BOMPOCHI, NPeaCTaBnsioLLMe NPUKIaaHON MHTEPEC, B YaCTHOCTM BOMPOCHI €€ MPUMEHEHMS
ANS PELUeHs CTaTUCTUYECKUX 3azay (DU3NKN.

LleJ'IbPO HaCTOFILLl,eIZ CTaTbl ABNAETCA pa3pa60TKa OCHOB MOCTPOEHUA rmnepcnyqathblx MapKOBCKNX mogenen
ONA pelleHna Takux 3aaad.

CxoaumocTb B CpeAHEKBaApaTUYECKOM, HeNpepbIBHOCTb, At depeHLMpyeMoCTb U
MHTErpmpyeMocTb runepcnyvyanHbIx OyHKLUN

B pabotax [1, 2] 6binn BBeAEHbI MOHATUS YETHIPEX TUMOB CXOAMMOCTM NOCNeL0BaTENbHOCTEN TMNEPCnyYanHbix
BEMUYMH W runepcryyaiHblX (yHKUWA B NPEanonoXeHUW, 4To NS BCeX 3MEeMEHTOB NOCMefoBaTeNbHOCTY
CTaTUCTUYECKNE YCMOBUM OAMHAKOBLI. ITO NPEANOSIOKEHWE CYLECTBEHHO OrpPaHWYMBAET KNacc peLlaeMbix
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3apady. B artoit cBsisu npeacraBnaeTca uenecooGpa3Hb|M nepeonpenennTtb NOHATUA CXOAMMOCTW, B YAaCTHOCTU
NOHATME CXOOUMOCTU B CpEeAHEKBaAPATUHECKOM.

MycTb WMmeeTcs nocrnefoBaTeNnbHOCTL runepcnyyvaiHblx Benmind X = {X,..., X ,} W rmnepcnyyanHas

BenvunHa X . [na Bcex X,,..,X, u X onpegenexbl ycnosus g€ G 1 YCrOBHblE (YHKLUK

pacnpegeneHns Fy(x,/g),...F(xy/g)n F(x/g).

Torpa nocrieaoBatenbHOCTL X CXOAMUTCA B CpeaHekBafpaTtuieckoMk X ,ecrmnpu N —>o0 n g, — g
M[|X,/gy-X/g|*1—>0,

T.e. CryyaiiHas nocreosatensHocts X/ g,,..., X y / g, CXOAUTCH B CPEHEKBaApaTMYeckoM K CryyvaitHon

BenuunHe X / g . Mpu atom Bygem nucatb

lz.vi.m.XN/gN =X/g
En—78

wm lim. X, =X.

N0
AHanornyHo, MycTb MMeeTCs NOCnefoBaTenbHOCTb runepcryydanbix yHkumn X ()= {X ,(?),.... X y (1)}
(tOT) v rvnepcnyvaitias dyHkuma X (1), Ana KOTOPOW OMpefeneHbl YCIOBHbIE (YHKLMN pacnpeaeneHns
Fi(x;t/g),..Fi(xyt/g)w F(x;t/g).

Torpa nocnepoatensHocTs X(#) cxomutest kK X (¢) B cpenHekBagpatuyeckoM, ecnm ans Beex ¢ OT npu
N—o>w© ng,—>g

MI|X , (6)/ gy~ X()/g] 10,

re. Lim X, (1)/gy = X()/g.
8n—8

3ameTuM, YTO B NpUBEAEHHbIX OnpefeneHnsX CXOAMMOCTI NOCNefoBaTeNbHOCTU TUNePCyYanHbiX BENUUYUH Y
nocneaoBaTeNbHOCTU MMNepeyYaiHbIX GYHKUMIA B OTNIMYME OT NPEANoXeHHbIX B pabotax [1, 2] onpeaeneHusix
9TUX Xe NOHATUIA He 0653aTenbHO COBMaAeHWe CTaTUCTUYECKMX YCIIOBMI NOCNenoBaTeNbHOCTM M 06bekTa, K

KOTOPOMY 3Ta NMoCref0BaTeNlbHOCTb CTPEMUTLCA ( g, ..., & > & MOTYT ObiTh B 06LLEM Cryyae pasHbiMK).
MvnepcnyyaitHyto dyHkumo X (¢) (¢ OT ) Bynem HasbiBaTb rvnepcnyyanHon chyHKLMel BTOpOro nopsizika,
eCnM MaTemMaTUYecKoe OXMOAHWE HWXKHEN rpaHuLbl KBagpata 3TOM (hyHKUWM orpaHudeHo ans Bcex tO7 :
M, [X°(8)] <oo.
HoBoe MoHsATME CXOAMMOCTM MOCNefOBaTENbHOCTEN TUNEepCyYanHbiX (YHKUMA MO3BONSIET BBECTM NOHATUS
HenpepbIBHOCTM, AMDEPEHLMPYEMOCTM N UHTErPUPYEMOCTMU.
TMnepcnyyaitHylo tyHkumio BToporo nopsigka X (¢) ={X(¢t)/ g, € G} 6ynem HasbiBaTb HenpepbiBHON B
CpesHeKBagpaTU4ECKOM B TOUKE ¢ , €CIN

I'Ait'gol‘X(t +At)=X(1),

T. €. AN BCEX YCroBuM g,, g,.,, €G

Ahgn M[|X(t+At)/gt+At _X(t)/gt| 2]20-
>
a8



International Book Series "Information Science and Computing" 235

FnepcnyyaiHyto dyHkumMo X (¢) BTOPOro nopsiaka Hasosem AuddepPeHLMPYEMOit B CPeAHEKBAAPATUYECKOM B
TOUKE ¢ , €Cn CylecTByeT dyHkuma X '(¢) (nponssogHas), onuckiBaeMas CriedyoLLMM BbipaXkeHNeM:

X'(6) = Lim, AU AD = X0
At—0 At

T. €. AN BCEX YCNoBuh g,, g,.,, €G

X(t+AD)/ g . —X(t)/ :

lim M| (HAD/gy = X(0) g’—X’(t)/gt =0.
At—0 | At
&rrar 81

MvnepcnyyaiHyto dyHkumio X (¢) BTOporo nopsigka 6ygem HasbiBaTb WHTErpupyemon Ha wHtepsane 7(t),

ecnu npu npon3sonbHOM pasbueHnn uHtepeana 7'(t) Ha N wHTepeanoB Af, =¢, —f, , HE3aBUCMMO OT

n-1

BbIGOpa TOYeK £, CyLIECTBYeT yHKuMs Y(T) (MHTerpan rumepcnyvaiiHoit dyHkumn X (¢)), onpedensemast
BbIpaXeHnem

Y(m= lim > X(,)AtL, = j X(¢)dt,
gz,,:;:nrﬁ n T(7)

T.e.pnABcex g, , 8, €G(n= LN)
2
maPAI;?AOM ;X(tn)/gt,,Atn_Ti[)X(t)/gtdt =0.
WHaue, runepcnyyanHas dyHkums  X(¢) BTOpOro nopsigka HenpepbiBHa, AuddepeHumpyema  unm
WHTErpupyema, ecrnu HemnpepbiBHbI YCMOBUS U COOTBETCTBEHHO HenpepbiBHbI, AuddepeHUMpyeMbl Wnn
VNHTErpUpyeMbl COCTaBRAIOLLME CryyaitHble yHkummn X (1)/ g, anaecex g, € G .

3aMeTiM, 4YTO Ha OCHOBaHWM M3BECTHbIX TEOPEM ANS CrydyaiHbiX (YHKUMIA CNpaBednuBbl CreayLme
YTBEPXOEHMS.
1) TunepcnyyaitHas dyHkums X (¢) BTOpPOro nopsiaka HenpepbiBHA B CPEAHEKBALPATUYECKOM B TOUKe ¢ Toraa u

TONbKO TOrAa, Korfa Ans Becex g, € G Matematudeckve oxupaHus m_,, (¢) cnyyaitHbix dyHkumit X (¢)/ g,

x/g

HenpepbIBHbI B TOYKE 7, @ KOBApUALMOHHbIE (hyHKUMN R

801 (t,,t,) 3TuX cryyaitHbIX YHKLWIA HEMpepbIBHbI

BTOYKE =1, =1,.

2) MvnepcnyyaiHas dyHkums X (¢) BTOpOro nopsigka auddepeHumMpyema B ToUke B ¢ Torga W TOMbKO Toraa,

korja Ana Bcex g €(G  MaTematuueckve oxudaHus  m, (¢) cnydaiHeix  yHkun - X(7)/ g,

AnddepeHLpyeMbl B TOYKE ¢ 1 B TOUKE ¢, =¢, CyL|ECTBYIOT CMeLlaHHble NPOu3BOAHbIE BTOPOro Nopsiaka
ﬁZ

WR”&[&Z (t,,2,) OT kOBapUaLVOHHLIX oyHKkUMIA R, . (t),1,).

3) TunepcnyvaitHas yHkums X (f) BTOPOro nopsgka C MaTemaTUyeckuMn OXMOaHuaMU m o () m

KoBapWaunOHHbIMU HKUMAMU R t,t MHTErpupyemMa, ecnun CyLLleCTBYOT MHTEerpanbl
x/gu 8, N 1272

[ mo@de, [ [ R, (t,t,)dtdt,. Mo srom

T(1) T(v)T(v)
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M J‘X(t)/g[dt = [ m,, (0d,

T (1) T'(v)

M| [ [ (@) g (X, g,)dedr,

T (1) T(7)

= [ [ Ry, (ut)dtdt, + [ m, (0d [ m,, (6)de.

T(t)T(7) T(7) (1)

HenpepbIBHbIA MapKOBCKUIA runepcnyyaHbIn npoLecc

Mycte X, =X(t,),....X y = X(t,) — 3Ha4eHus HenpepbIBHOrO runepcryyanHoro npouecca X () B
MPOU3BOMbHbIE MOMEHTbI BPEMEHN ¢, <?, <...<t, . unepcny4anHbii npoyecc X (¢) HasoBeM MapKOBCKIM,
ecnu Ans nioGoro MoMeHTa BpemeHu £, u moGoro ycnosust g, € G OAHOMEpHas YCMOBHAs MMOTHOCTb
BEPOSTHOCTM

J1Qeysty3 8, I Xgsees Xy 15 gsensby 158150981y ) =

= fl(xN;tN;gtN /fol;thﬁgszl )-

Otctona cnenyet, YTo MHOromepHasa nioTHOCTb BEPOATHOCTU MapKOBCKOro rwnepcnyqathoro npotecca X(t)

(1)

MOXET ObITb NpeaCcTaBreHa crieayoLLM o6pasom:
I (Xgsees X3t gses b3 81 5een &) ) =

N
:fl(XO;tO;gtO)HH(‘xn;tn;gt” /xn—l;tn—l;gtml)’

n=1

rne I(x,;¢,58, /x,5t,58, )=fi(x,t,:8, /X, 3t, 58, ) — NNOTHOCTb BEPOSTHOCTU Nepexosa

(2)

cnyyaiHoil BenuunHbl X (¢)/ g, HaxopALeNcsl B COCTOSHUM X, | B MOMEHT BPEMEHU £, | B YCTIOBUAX g, B

n—1
COCTOSHME X, B MOMEHT BPEMEHM £, B yCOBUAX g, .

/3 BblpaxeHus (1) criegyeT, 4To €CnM 3HAYeHUs runepcriydanHoro npouecca B ntobble HecoBnagarowie
MOMEHTbI BpEMEHI He3aBIUCUMbI MU BCex ycrnosusax g, [1], To npouecc — mapkosckuit. ObpaTtHoe yTBepxaeHne
HEBEPHO.

MnotHocTe  BeposTHocTU  nepexopa Il(x;t; g,/ x';t';g,) ABNAETCA  HEOTPULATENbHOM  BENUYMHON,
HOPMUPOBAHHOM K eanHULIE:

I (x;t;g, /x5t g, )dx=1.
Kpome Toro, aTa NNoTHOCTb BEPOSTHOCTM 0GNafaeT CBOWCTBOM CUHTYNSIPHOCTY:
lim [(x;t;g, /x5t g,) = 6(x—x")
t—t'

8—8&r

1 ygosneTteopsieT 0606LeHHOMY ypaBHeHWo MapkoBa (ypaBHeHMI0 CMOTyX0BCKOro)

H(x;t58,/xy3t058,,) = I H(x;t,g, /x5t g JINX5 8 g0/ x0385 2, )dx'
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[na  mapkoBckOro  runepcnyyanHoro  nmpouecca X (f)  NNOTHOCTb  BEPOSITHOCTM  Nepexoda

H(x;2,8,/x510;8,,) W3 COCTOSHUSA X, B MOMEHT BDEMEHU 1 B YCIOBUSIX g, B COCTORHUE X B MOMEHT

BPEMEHN ¢ B YCMOBUSX g, OMPeaenseTcs ypaBHeHnem

0 = A (x458058,) O T(x;8,8,/ x0384058,)
——1I(x;t58, /x5t 5 = - : 0
6t0 ( gt 0°%0 gto) ; V! ax(\),

)

roe

A, (x45t038,)=

.1 y
= lim EM[(XU" FALE, o X03038,) = X038, [ X03t038,)" |-
&ip+ar 81

370 BbIpaXeHue NpsMO CreayeT 13 3BECTHON TEOPEMbI AMns Cy4aitHoro MapkoBCKOro npotiecca [3, 4].

CnyvaitHan BemuunHa X (1, + At g, .\ /X05t038, )~ X(1;8,, /Xo5t03&, ) nNpeActasnset  coboi
npupaLLeHme COCTORHMS, MpoucxoAsiyee 3a Bpems Af. fMoatomy koddbduumenTsl A, (xy3Z,;g, ) MOXHO
TPaKTOBaTb KaK JToKanbHble CKOPOCTU M3MEHEHMS HaYambHbIX MOMEHTOB V -r0 NOpsiAka NPUPALLEHNs COCTOSHIS.

Mo aHanmorMm ¢ ypaBHEHWSIMK, OMUCHLIBAKOWMMM AUDEY3UOHHBIE CryYalHble NPOLECChl, rMnepcryyvanHble
npoLecchl, onucbiBaemble ypaBHeHUeM (3) ¢ KoadduumeHTamu, paBHbIMKM HyMo Ans Bcex v >3, bynem
Ha3blBaTb AnDY3NOHHBIM UnK NepBbIM (06paTHbIM) ypaBHeHeM Konmoroposa:

0
—a—tOH(x;t;g, [X05t038,,) =

0 1 0’ K
=a(xy;t0;8, )= (x858,/x058058, )+ =b(xg3t038, ) =5 1(x5 8,8,/ X058058,.)s
ox, 2 ox,

a ypaBHeHue

5 5
S Testg, /xitig, ) = —a[a(x;t;gt)ﬂ(m;g, /%yit:g,,) |+
2 (5)
16
oo bssg s, xitig,,) ]

— ypaBHeHnem ®okkepa - [lnaHka — KonmoropoBa unu npsmMbiM - ypaBHeHMeM Konmoropoea, rae
a(xgsty; &, )= A (x510;8, ) — KodhduumeHT cHoca, a  b(xyity;g, )= A,(x3t038,) -
koachuLmeHT auddysuu.

[MnepcnyyaiHble MapkOBCKME MpOLecchl, OnucbiBaeMble ypaBHeHuamu (4), (5), 6ygem HasbiBaTb
AN dy3MOHHBIMU.

YpaBHeHust (4) u (5) — 3aBuCUMbIE.

/3 ypaBHeHus (5) cneayeT ypaBHEHWE ANs OAHOMEPHOM NIOTHOCTY BEPOSATHOCTH
2

2 f )——i[ (g ) /i (st )]+la—[b( g )it g,)] 6
al‘ 1WX058,)= ax a\x,t,8, )\ X%t g, 28)62 X080\ %18,)]- ( )

MMnepcnyyanHblil AN dy3nOHHBIA MapKoBCKWA npouecc OyaeM HasbiBaTb OAHOPOAHBIM BO BPEMEHM, ecru
nnoTHocTb  BeposTHocTM nepexopa II(x;t; g,/ x,;t,; g, ) He 3aBMCAT NpsMO OT BpemeHu [, £,

uycnoswi g,, g, , @ OnpefenseTcs NMWb WX  PaHOCTAMM  T=[(—f,, g =g, —g, "
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H(x;5,8,/xy5t038,) =I1(x/x,;7;€,) . OBHOMEpHasH NAOTHOCTL BEPOSITHOCTH Takoro npouecca f,(x),
a Tawke koadhuumeHTl cHoca a(x) v auddysum b(x) He 3aBUCAT OT BPEMEHU 1 YCIOBUIA.

Ecnu HenpepbIBHbIN MnepcnyYaitHbiii MapkoOBCKUI MPOLLECC CTaLMOHAPEH B Y3KOM CMbICIE MPK BCEX YCMOBUSIX
[2], TO OH ogHOpoaeH. OTO CneayeT M3 W3BECTHOM TEOPEMbl ANt CRyyalHbIX MapKOBCKMX Mpoueccos [4].
ObpaTHoe yTBEPXOEHIE HEBEPHO.

N3 cooTHowweHus (B6) crieayeT, YTO NS CTALMOHAPHOMO B Y3KOM CMbICHE NPU BCEX YCNOBUSIX Anddy3NOHHOTO
OAHOPOLHOTO r1MepCyYaitHoro MapkoBCKOro npoLiecca

d
a[b(x)f (0] =2a(x) f,(x)+C,

roe C — KOHCTaHTa, onpeaendaemas n3 ycrnosua HOPMUPOBKN.

CroxacTuyeckum audcepeHumanbHbiM - YpaBHEHWEM, OMUCHIBAKOLLMM  rUnepcryyaiiHelin  npouecc, Oyaem
Ha3bIBaTb YpaBHEHWE BUaA

dx
E:h(x,t,gt)+g(xatagt)n(t;gt)’

roe h(x,t,g,) v g(x,t,g,) — AeTepPMUHMPOBAHHbIE (DYHKLMK, YAOBNETBOPSIOLLME YCroBuaM Jluniumia

|h(x,t,g,)—h(y,t,gt)|+|g(x,t,gt)—g(y,t,g,)| < L|)C—y| (L = const > O) |
n(t)= {n(t; g,).8, € G} — TWnepcnyyvanHblii raycCoBCKMiA Genbli WymM C HYNeBbIM MaTeMaTU4ecKuM

OXWAAHWEM W CMeKTparbHOM MNOTHOCTbIO MolHocTM N (g,)/2, 3aBuCALLEil OT yCnoBuid g, B MOMEHT
BPEMEHM .

3ametm, 4TO B JaHHOM Chyyae rvnepcnyyaiiHblii Genbin Wwym OTnMYaeTcs OT onucaHHoro B pabote [1]
rvnepcnyyainHoro 6enoro Wwyma npu BCEeX YCMOBWSX TEM, YTO CTATUCTUYECKME YCFIOBWS U CreKTpanbHas
NMNOTHOCTb MOLHOCTY MOTYT BbITb Pa3HbIMU ANS PasHbIX MOMEHTOB BPEMEHU £ .

PaccmoTpum  gBa npumepa  OMPY3NOHHBIX TUNEPCYYalHbIX MapKOBCKMX MPOLECCOB: BUHEPOBCKUA U
rayCCOBCKMI MapKOBCKUIA.

BuHepoBckuid runepcny4anHbin npouecc

Pasbepem crefyloLyo 3agady CTaTUCTUYECKOW MexaHuku. [lyCcTb B rase WnM XWOKOCTM HaxoauTes
MUKpOYacTULa eAMHMYHON Macchl. Temnepatypa cpedbl 7 Henpefckasyemo mensetcs B npegenax [7;,7,].
Mpn ukcupoBaHHO Temnepatype 1 CKOpPOCTb TEMNOBOTO [BWXKEHWS MONeKynbl B (DUKCUPOBAHHOM
HanpaBneHnn npeacTaBnseT CcobOM CryyailHyld BEnM4YMHY, OMMUCbiBaemyl B npubnumxeHu Makceenna
rayCCOBCKMM 3aKOHOM pacrnpefeneHusi ¢ HyneBsbIM MaTeMaTU4eckum oxuaaHuem u aucnepevein kT /m [5], roe
k - noctosHHas bonbumaHa, m — macca MOnekynbl.

M3-3a HenpeackasyeMoro W3MeHeHus TemnepaTypbl Cpedbl CKOPOCTb TEnfoBOr0 ABWKEHUS MOMEKybl
CTaTUCTMYECKN HeCcTabunbHa 1 MOXET ObITb OnMcaHa runepcry4anHon BENUYMHON, rpaHuLbl AUCnepcuin KOTopoi

paBHbl k7, /m, kT,/m . Monekynbl, CTankieascb C YacTuLel, Bbi3biBAlOT €€ nepemelyenne. B kaxabii
(PMKCMPOBAHHbIA MOMEHT BPEMEHI MPOUCXOAUT BOMbLLOe YNCHO Takix cTonkHoBeHuit. Cuny yaapa N(t;g,),

Bbi3blBalOLWlero ABWXeHWe YacTuubl BAONb 3adaHHOro0 HanpaBfieHus, MOXHO paccMaTpuBatb Kak
rmnepcnyqaﬁHyro dJYHKLI,VIFO rayCCOBCKOro Ttuna (I'Ipl/l (bVIKCVIpOBaHHbIX CTaTUCTUHECKUX  yCnoBuax g,

(TemnepaType cpefbl) cuna yaapa OMUCLIBAETCS rayCCOBCKOW CRyvanHOW (PyHKUMed B BUAE rayCCOBCKOro
6enoro Lyma ¢ HyneBbIM MaTeMaTU4eCckUM OXMOAHWEM W CEKTParbHOM MNOTHOCTLIO MoluHocT N (g,)/2).

Mpu 3TOM CKOPOCTb ABWKEHMS YacTuLbl V' (¢; g,) Takke oKasblBaeTcs runepcnyyanHon yHKLneN.
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Ha ocHoBaHMM BTOpOro 3akoHa HbIOTOHa 3Ta CKOpOCTb OMUCHIBAETCS CNEAYILWMM  CTOXaCTUYECKUM
AnddepeHLManbHbIM YpaBHEHUEM:

dv(t;g,)
dt

PelueHnem ypaBHeHns npu Hynesom HadvanbHom ycnosun (v(0;g,)=0) sBnsetca 4ncto Anddy3noHHBINR

=n(t;g,). (7)

(BMHEPOBCKWIA) rMnepcnyyvanHbli npouecc
t
vt g,)= fn(tl;g,l)dtl- ()
0

N3 BblpaxeHusa (8) BMOHO, 4YTO 3HaYeHWe npoLecca B TEKYLIMA MOMEHT BpeMeHW { B yCroBusx g,
onpegenseTcs MHOXXECTBOM CTaTUCTUYECKUX YCIIOBUIA B MOMEHT BPEMEHU ¢ U NPeALLEeCTBYIOLME eMy MOMEHTLI
BPEMeHM £, < ¢ . 3TO 3Ha4eHWe 3aBMCUT OT YaCTOTbl BCTPEUAEMOCTH B peanin3aLiin Tex UM UHbIX YCrOBUIA.
'MnepcnyyanHblii BUHEPOBCKWIA NpoLiecc 0bragaeT CBOMCTBAMM, MOXOXMMM (HO HE MAEHTUYHBIMM) CBONCTBAM
CNy4anHoro BUHEPOBCKOrO NpoLiecca:

®  rMnepcyyaiiHbIi BUHEPOBCKWI MPOLIECC SIBNSETCA LIEHTPUPOBaHHBIM (m (1) = M [V (1;g,)]=0),

e [/Cnepcusi 3TOrO NpoLiecca ONMCLIBAETCS UHTErParoM:

63(1‘) = jj‘M[n(tl;g,‘ )n(tz;g[2 )] dr,dt, = j%ﬁ
00 0

e (B YacTHOM cfyyae, KOrda ycroBWSi g He 3aBUCAT OT BPEMEHW ¢ AWUCNEPCUs COLEPXMUT NUHENHbIN
N
MHOXWUTENb: gf(t):Lg)t),
2
e MpOLECC — rayCCOBCKMIA. Ero NNOTHOCTL BEPOSTHOCTU OMUCHIBAETCS BbIPAXKEHNEM

2
v

1
fivitg,) :\/2_Tv(t)exp —m :

13
e [IpouecC — MapKoBCKUK (T.K. ONNCbIBAETCA BblpaXeHNEM v(tS) = V(tz;gt2 ) + J. n(t,gt)d[ ),

5
e MpOLECC MMEeeT Hynesoil KoadduumeHT cHoca (a(viz;g,)=0) ¥ KOIPDULUMEHT anddysum

b(v;t;g,) = Nogg,) B 06LLiEM Cryyae 3aBUCSLLMIA OT BPEMEHN.

MpaHuMubl ancnepenn 6. (1), G-, (t) BUHEPOBCKOTO TMNEpCyYaiHOro MPOLECCa OMMChIBAKTCS BbIpaKEHUAMM

s0

N.
ci,(t):T’ot, ol (t)= t,

rae N, 1 N, — COOTBETCTBEHHO HUXHSAS W BEPXHSS rPaHMLIbl CNEKTPANbHOI NNOTHOCTH MoLyHocT N (g,)
runepcnysyaitHoro 6emnoro Lyma.
Otcrofa crieayer, 4To AnanasoH U3MEHeHUst AMCNepCun PaciupseTcs NPOMOPLMOHAMBHO .

[ns runepcnyyanHOro BMHEPOBCKOrO MpoLEcca C Y4eTOM MPMBEAEHHBbIX CBOWCTB NPSIMOE  ypaBHEHME
Konmoroposa umeeT Buj
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of(vit;g,) 1 o fi(vit;g,)
dvitg) 1y O LWEg)
ot 4 o(81) ov?

a ero peLUeHne OnnCLIBAETCS BbipaxeHuem (9).

"ayccoBCKMit MapKOBCKUI rMnepcnyYaiHblii npolecc

0606LLEHNeM PaCcCMOTPEHHOrO  BMHEPOBCKOrO  MANEPCNy4YalnHoro npoLecca SBMSIETC  TUMNEPCyYaiiHblit
rayCCOBCKAM MapkoBCKWMA npouecc X (f), YAOBNETBOPSIOWMIA CTOXACTMYECKOMY AuddepeHLmansHOMY

YpaBHEHUIO
dx(1;8,)
Tt+ax(t;gt)=vn(t;gt), (10)

roe o,y — NoCTOSHHbIE KOIPMULMEHTBI.

K Takomy ypaBHEHWIO MOXHO MPUIATM, B YACTHOCTW, paccMaTpuBasi Npeablayllylo 3afady C y4eToM BSI3KOCTH
cpeqbl.

ToT chakT, YTO paccmaTpuBaeMmbli rUNepcnyvanHbin npouecc X (¢) SBNSETCA rayCCOBCKAM CneayeT U3 Toro,
yto N(t;g,) — rayccosckuit 6enblit Wym, a ypasHerue (10) — nuHeitHoe. To, 4TO runepcnyyanHbiin NpoLece

X (¢) sBnsieTcs MapKkoBCKUM, CrieayeT 13 TOro, YTO CryyaiHblil npouecc X (£;g,) — MapKoBckuii [4].

Obwum  pelieHMEM  OOHOPOAHOTO  YpaBHEHMs,  COOTBETCTBYHOWEro  ypaBHeHuio (10),  saBnseTcs
x(t;g,)=Ce™, e C - KOHCTaHTa. YaCTHbIM pelleHMeM 3TOTO  YpaBHEHUS  SBMSETCH

t
x(t;g,)=ve “”je‘”ln(tl »&,,)dt, , aero obym pelueHrem -
0

t

x(t;2,)=x(0,g,)e™™ +ye‘"’je""‘n(tl,g,l )de, (11)

0

rae x(0,g,) — HayanbHble YCrIOBUS B HYNEBON MOMEHT BPEMEHM B YCIIOBUSX g, .

N3 BbIpaXeHnA (1 1) BWIHO, YTO 3Ha4YeHMne npoLecca B TEKYLLN MOMEHT BPEMEHU f B YCMOBUAX &g, TakKe KaKk 1
ana BUHEPOBCKOIo rmnepcnyqaﬁHoro npouecca onpenendeTcad MHOXECTBOM CTaTUCTUYECKUX yCJ'IOBI/II7I gtl B

NPeALLECTBYIOLLME MOMEHTbI BPEMEHN 7, < ¢ 1 B MOMEHT BpemMeHH ¢ . Ho B OTNMYME OT BMHEPOBCKOTO NpoLiecca
9TO 3HaueHWe 3aBUCUT HE OT YacTOTbl BCTPEYAEMOCTV B PEanU3auuv TeX WM WHbIX YCHIOBMM g, , @ OT

nocneaoBatesibHOCT CnefoBaHnA 3Tux yCJ'IOBVII7I.

'MnepcnyyanHbIii rayCCOBCKUI MAPKOBCKMIA NpoLiecc 0bragaeT CBOACTBAMM, MOXOXUMU (HO HE MAEHTUYHBIMM)
CBOWCTBAM CIy4aiHOro rayccoBCKOr0 MapkoBCKOrO npoLecca:

e MaTemaTW4eckoe OXWAaHMe rMNepcrlyYaiHoro rayCCOBCKOrO MAapKOBCKOTO MpoLecca He 3aBuCHT OT
U3MEHEHIst BO BPEMEHM YCTIOBWIA ¥ ONpeAensieTcs YCnoBusMIN g, B MepBoHaYarnbHbIil MOMEHT BPEMEHM:

m, (1) =x(0;g,)e ™™,

2 ¢
e [CnIepcHa 3TOT0 Mpouecca (1) = % J‘ No(g, e dr,.
0

o KOBApUALWOHHas (yHKLMs npouecca R (1,,4,) = (f)e ", roe t=1, —¢,; t =min(t,,¢,) >0,

No(gr) .

*  KO3(pUMLMEHT cHOCA a(x;t; g,) = —ox(t; g,) , @ KOIPDOULMEHT A3 b(x;t;g,) =7y’ >
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HetpyaHo y6eawnTbcsi, uto npu o.>0 rpaHnupl avcnepcnn, (1), ©..(f) W rpaHiLbl KOBAPUALMOHHON

dyHkum R, (¢,,t,), R (t,,t,) rayccoBCKOro MapKOBCKOrO rMnepcryyaitHoro npoLecca OnuChIBaKOTCA

BbIPaXEHNAMM
N. ’Y2 N ,YZ
2 i0 “2at 2 <0 o
o (t)=————(1-¢ : ol (H=—22(1-¢ ,
== (1=e) L0 ==2 (1)
fo(tl’tZ):Gi(t)eiaM’ Rsx(tlatz)chx(t)eiah‘.

Orctoa cneayert, YTo ¢ pocTOM f [Mana3oH W3MEHEHUs AMCTIePCUN TMNEPCHy4ailHoro npoLecca NocTeneHHo
2 2
Niv™ Ny
40, ° 4o
(puc. 1,a). Oucnepcust npouecca B MOMEHT BPEMEHU ¢ ONMPeAensieTcs B NepByl ovepefb CTaTUCTUYECKUMU
YCNOBUSIMI B 3TOT MOMEHT BPEMEHM W HENOCPELCTBEHHO NPEALIECTBYIOLNE EMY MOMEHTbI BDEMEHMU.

BO3pacTaeT, HO MpU ¢ —> o0 CTPEMUTCS K HE3aBUCALLEMY OT BPEMEHU MHTEpBany

[Mpu yBENNYEHUM BENMUMHBI T (MHTEPBana Mexay 0TCYeTamMu) AnanasoH N3MEHEHUs KOBapUaLMOHHON dOYHKLMM
YMEHbLUAETCA M NpU T —> 00 CTPeMUTCS K Hynto (puc. 1,6). Mpu aTOM KOIDULMEHT Koppenauuu npolecca

R (¢t .
r(t,t,) = M — ¢~ He 3aBMCUT OT N3MEHEHMS CTATUCTUYECKMX YCIIOBMIA BO BPEMEHMU.
o, (?)

2
NSOY
4o,

2
Ny
4o

v

Puc. 1.

MpsiMoe ypaBHeHWe KonmoropoBa Ans MNMOTHOCTM BEPOSITHOCTM rayCCOBCKOTO runepcryyaitHoro npolecca
nmeeT BUa

of (x:t;g,)
ot

V’No(g,) 0°fi(x:t;g,)
2 ox? '

0
:aa [xfl(x;t;gt)]+
X

PeLueHune 3Toro ypaBHEHWS ONUCHIBAETCA rayCCOBCKOM (OYHKLMEN

g expf GO
1058, _\/%Gx(t) p 2Gi(1)
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BbiBOAbI

1. [Ons onucaHus (pu3N4eckux MpOLEecCOB B HEMPEACKA3YEMO MEHSIOWMXCSH CTaTUCTUYECKUX YCIIOBUSIX
NpeanoXeHbl rMnepcnyyaitHble MapkoBCkie MOLENM.

2. lNpeanoxeHbl HOBblE ONpedeneHns NOHATUS CXOAMMOCTM B CpeAHEKBaapaTMYECKOM MOCNefoBaTeNbHOCTH
rUnepcryYaiHbIX BENUYMH U NOCNeA0BaTeNbHOCTY MMNepCnyYaitbiX (yHKLMIA, NO3BOMMBLLME BBECTU NOHATUS
HenpepbLIBHOCTH, AP hEPEHLMPYEMOCTI N UHTETPUPYEMOCTY TMNEPCIyYanHbIX YHKLMA.

3. OGo6LLEHO MOHSITUE MapPKOBCKOTO MpoLecca Ha Cryyai runepcnyyanHbix npoLeccos. MomnyyeHbl npsmoe 1
obpaTHoe ypaBHeHMst Konmoroposa, onuckiBatoLuye auddy3noHHble runepcnyyaiiHble NpoLeccsi.

4. WccnegoBaHbl BUHEPOBCKUM W rayCCOBCKMM MapKOBCKMIA MMMepcnyvaiHble MpoLecchl. YCTaHOBMEHO, YTO
3HaYeHNs1 3TUX MPOLECCOB ONPedenslTCcs CTaTUCTUYECKUMM YCNOBUSMM B TEKYLLUWA MOMEHT BPEMEHW M
MOMEHTbI  BpEMEHW, MpeflecTByole emy. [ucnepcus BUHEPOBCKOrO — rUnepcryvaitHoro  npouecca
onpegenseTcs YactoTon MOBTOPSIEMOCTU CTATUCTUYECKMX YCMOBWUA B MOMEHTbI BpEMEHM, MpeaLlecTByioLme
paccmatpuaeMoMy. [lucnepcusi raycCOBCKOrO MapKOBCKOrO rUnepcnyvyaniHoro npouecca onpeaensetcs B
OCHOBHOM CTaTUCTUYECKUMM YCIIOBUAMM B TEKYLLWMIA N HENOCPEACTBEHHO NPEALIECTBYHOLLME MOMEHTbI BPEMEHMU.
MartemaTyeckoe OXugaHue U KOIMPMULMEHT KOPPENAUMM TMNepcriyqyanHoro raycCoBCKOrO MapKOBCKOrO
npoLiecca He 3aBUCST OT U3MEHEHWS YCMOBUIA BO BPEMEHM.
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CTPYKTYPbI, HEONPEAENEHHOCTb: MATEMATUYECKOE MOLENUPOBAHUE

Bnagumup [loHyeHko

AHHOmauyus: PaccmompeHbl obuwjue npobrembl, C8Si3aHHbIe C  Mamemamuyeckum MoOenuposaHuem
cmpykmypbl 0bbekma u HeonpedenéHHocmu 8 UHbopMayuu 0 HEM., ekrryas npupody, UCMOYHUKU U
Mamemamu4eckue MemoObl Ux onucaHusi - ModenuposaHus. [fposedeHa cucmemamu3ayusi Memodos onucaHus
HeonpedenéHHocmU.

Knrouesbie cnosa: CmpykmypHocmb, HeonpedenéHHocmb, obpamHble 3adayu, Heyémkue MHOXecmea,
npeobpasosarue Xoka, ncesdoobpauyeHue no Mypy — leHpoyasy.

ACM Classification Keywords: G.3 Probability and statistics, G.1.6. Numerical analysis: Optimization; G.2.m.
Discrete mathematics: miscellaneous.

Bctynnenue

lMpuknagHas MaTtemaTika SBRSIETCA OCHOBOM YHMBEPCANbHOrO MeToda BepU(MLMPOBAHHOTO OMUCAHUS
0OBEKTOB BHELIHETO MUpa C Lienblo 1X aheKTUBHOTO MCnomnb3oBaHns. Co6CTBEHHO, BCE (hr3nYecKie Teopum
npeacTaBnsaT cobol MaTemaTuyeckue MOAENU AN cneuynanbHblX NpeaMeTHbIX obracteit (pusnyeckux
SBNEHWUI), peanuayloline Ty N MHyK cTeneHb abeTpakuyuv B onucaHun uccnegyemon obnactu. B cBsisn ¢
3ajaven MoAenupoBaHWs BoOOLLE M MaTEMATUYECKOrO B YaCTHOCTWU MPUHUMNWANbHbIMK SBASIOTCS [ABa
MOMEHTa, KOTOpble XOoTenocb bl OTMeTUTb. [pexae BCero — 370 NpeACTaBreHWe O CTPYKType obbekTa:
00bI4HbIM SIBNISIETCS MCNOMb30BaHME 060POTOB «CTPYKTYpa 06bekTay, «onucaHue CTPYKTypbl 0ObekTay, u T.4.
OBbekT BbICTYNAET ANs UccnefoBaTens B BUAE TOrMO, YTO MHTYMTUBHO MOHWMAETCs Kak «CTpykTypa». Takum
obpa3om, MeTodbl Nepeaayn CTPYKTypbl B MaTeMaTUYECKOM MOLENMPOBAHUM SBASIOTCS NPUHLMNUANBHBIMU B
MaTeMaTU4eckoM OnucaHuM (MpeacTaBneHEM B BMAE MaTeMaTUYecKO MOAENnM) Wccneayemoro obbekTa.
Opyrm  NpuHUMNMAnbHBIM - MOMEHTOM,  XapakTepusylowmuM  WUcCneayeMbli € Lenbld  MaTeMaTuyeckoro
MOAenMpoBaHus 0ObEKT, ABNSETCS TO, YTO YaCTO NepeaasTCcs KNacCMYeCKUM BbIpaXEHNEM «HeonpeaenéHHOCTb
B noBedeHuM»  uccrnegyemoro  obbekta.  Knaccuueckum  maTemaTuyeckuMm - CPeACTBOM  OnMCaHWs
HeonpenenéHHOCT B e€ CTaTUCTMYECKOM, «Cry4alHOM», MPOSIBMIEHUM SBMSETCH TEOpWUst BEPOSTHOCTEN U
mMaTemaTnyeckas ctatuctuka (TBUMC). Brtopas nmonoBuHa XX cTOneTMS B MaTemaTuke XapakTepusyetcs
WHTEHCUBHBIMM  YCUIMAMW MO CO30AHMI0  MaTeMaTWYeCKWX CpeacTB OMMCaHus U ONepupoBaHMs  C
HeonpeaenéHHOCTbIO, anbTepHaTUBHbIX TBUMC, K KOTOPbIM MOXHO OTHECTU TEOpWt0 MOCTPOEHUS OLIEHOK C
rapaHTUPOBaHHON TOYHOCTLIO (TEOPUI0 MUHWMAKCHOMO OLEHWMBAHUS), TEOPUI0 HEYETKUX MHOXKECTB, @ Takxe
npeobpasoBaHne Xoka (I1X). B T0 xe Bpems, MHOMMe Hagexabl, CBA3bIBABLUMECS C MOSBUBLUMMUCS TEOPUSMMU,
He onpaBaanucb. B 3HauMTENbHON Mepe 3TO OTHOCMTCS K TEOpWUM HEYETKMX MHOXEeCTB. Kak npeacraensetcs,
MHoroobpasne MEeTOLOB MaTeEMaTU4ECKOrO OMMCaHUsi HEOMPEAEnéHHOCTH, K KOTOPbIM MOXHO OTHecTu: 1)
JETEPMUHMPOBAHHBIA, B TOM uucrne obpaTHble 3agauu; 2) CTaTUCTUYECKMiA; 3) METOA MOSyYEHWst OLIEHOK C
rapaHTMPOBaHHOW TOYHOCTbIO; 4) MeTog HEUYETKUX MHOXKECTB; 5) X, — nopoxaaeT He0BX0AMMOCTL NpUBEAEHUS
WX Kk obwen ocHoBe. OTO O3HAYaeT OCMbICNIEHUE NPUPOLbl HEONMPedenéHHOCTH, cosdaHune obuero
MeTOAOMOrMYECKoro Noaxoada, KOTopblie MO3BONMM C €AMHON TOYKW 3peHUst paccMaTpuBaTb pasHOoOOpasHble
MaTeMaThyeckue MeTobl €€ ONUcaHus.
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Mpegnaraemas paboTa nocesleHa 00CyOAeHUO ABYX, KaK NPeacTaBnstoTC aBTopy NPUHLMNMANbLHLIX, aBTOpY
KOHLIENUMIA «CTPYKTYPbI» U «HeonpegenéHHocTuy. B Hel knaccudmumpoBaHbl OCHOBHbIE MaTeMaTWyeckue
MeToAbl «CTPYKTYPUPOBAHWS» WCCreayemMoro OObeKTa, M M3NOXEHA KOHLUEMUWMS «MHOXECTBEHHbIX MoAenen
HeonpeaenéHHOCTMY, CBA3bIBAKOWAs MPeSCTaBeHNe O HEeONpeAenéHHOCTU B MOBELEHWWM WCCReLyeMoro
obbekta ¢ akcrepumeHToM. [natdopma «MHOXECTBEHHbIX MOLENEeN «HeonpedeneHHOCTUY MO3BONSET C
eOUHbIX MO3ULMIA paccMaTpuBaTb MaTeMaTUYeCKUe MeTOAbl ONUCaHWS HEeonpefeneHHOCTH, K KOTOPbIM
OTHECEHbI: JETEPMUHMPOBAHHBIN C NPOBremMoit CKpbITbIX MapameTpoB; obpaTHble 3adaun: CTaTUCTUYECKMIA;
METOZ OLEHKM MapaMeTpoB C rapaHTUPOBaHHOW TOMHOCTbIO (MUHMMAKCHbIN); npeobpa3oBaHue Xoka (Hough
Transform); Hewé€Tkmin. [ns nocrnegHero Buaa ONUCAHUA HEONPeaenEHHOCTU OOCYKOAtTCA BHYTPEHHUE W
BHELLHME NpobnemMbl pasBUTLS, B LUMPOKWX NPEANONOXKEHNAX AOKA3aHO YTBEPKAEHME, NO3BOMALLEE FOBOPUTL O
HEYETKOCTM KaK O CTaTUCTUYECKOM (PEHOMEHE.

«CprKTypa 00LeKTay: «CBA3bY U «B3aUMHas 3aBUCUMOCTb» OCHOBHbIX YacTel 00beKTa

B npenacTaBneHuM o CTpykType oObekTa peanusyeTcs NMpefcTaBneHne O TOM, YTO OBGBLEKT COCTOMT U3
B3aUMOCBSA3aHHbIX YacTel. TakuMm 00pasoM TEPMUH «CTPYKTypa» SIBMSETCA SKBUBANEHTOM TEpPMUHA «CBA3M»
Mexay YacTamu obbekTa, paccMaTpuBaeMoro kak eanHoe Lenoe. Mpuyem oba 3T TepMUHa UCMONb3yeTes Ha
WHTYUTUBHOM, HE OrNpeaensieMoM CTpPOro YpoBHe BaXHO TONMbKO OTMETUTb, YTO B TAKOM KOHTEKCTe
MaTemaTuyeckue CpeacTBa ONMCaHUs TOrO, YTO Ha3blBAIOT «CTPYKTYPO» 0OBbEKTA, OKasbiBaKTCA CPeAcTBaMM
ONMCaHUS  «CBSI3eM», B3AUMHOM 3aBUCUMOCTW, KOTOPble CYLIECTBYIOT MeXMy BblAENeHHbIMU YacTamu
nuccneayemoro oobekTa.

«CTpykTypa 06bekTa» — MaTeMaTMyeckue CpeacTea nepeaaym

Ecnu nocMoTpeTb Ha MaTemaTWKy B YacTi €€ MpWKNagHbIX BO3MOXHOCTEN: Mpexae BCEro C TOYKW 3PEHMS
BO3MOXHOCTEN ONMCaHUs CTPYKTYpbl UCCnedyeMoro obbekTa, TO crieayeT OTMETUTb, YTO, AMs MepeyuncreHms
OCHOBHbIX CPeaCTB OMMUCaHUS CTPYKTYPbl XBATUT NanblLEB OAHOW PYKM: 3TO OTHOLLEHMS, onepauum, dyHKLmM,
Habopbl NMOAMHOXeCTB. Bce OCHOBHble CTPYKTypbl OGBEKTOB B TEX MMM MHbIX 06RacTsx, BKMOYas M camy
MaTemaTuky, SBNAKTCS KOMOUHALMEN YETLIPEX OCHOBHbIX, YNIOMSIHYTBIX Bbile. YETKoe BblAENeHne OCHOBHbIX
CnocoBoB OnucaHus CTPYKTYp - CBSA3ei B MaTemaTuke [JeNaeT, C OfHOW CTOPOHbI, abCONITHO
NPO3paYHbIMK BbIPAXKEHWS BIAAA: «CTPYKTYpa rpynnbi», KOTOPON CHaBXEHO TO UIN MHOE MHOXECTBO; «CTPYKTYpa
NMHEHOrO  MPOCTPAHCTBAY, XapakTepHas Ans uccregyemoro obbekTa; «CTpyKTypa  TOMONMOrMYeckoro
MPOCTPaHCTBay, «CTPYKTypa nonsi» 1 T.4. C Apyroi — NULUHWIA pa3 4eMOHCTPUPYET NOAOTBOPHOCTL peanuaaLim
nporpammbl ['eopra KaHTopa: Bce MaTemaTuyeckine oObekTbl — 3TO MHOXECTBA, CTPYKTYpPUPOBaHHbIE TEM MIu
WUHBIM CNOCOBOM: C TEM MW UHBIM BapUaHTOM CBS3ei MEX[y SneMeHTaMm1 UCCeayeMoro MHOXeCTBa.

3ameTuM, YTo, YTO XOTS (DYHKLMK, KaK W onepauun, MOXHO paccMaTpuBaTh Kak YacTHbIA Cryyait OTHOLLEHUH,
NCTOPUYECKN OHW WCMOMb3YITCH CreuuanbHbiM, a He 4acTHbiM obpasom. He obpawasce k cTporum
OnpeaeneHnsm, OTMETUM CReaytoLme MNPUHLMNWANbHbIE MPUMEPLI NEPEYNCIEHHbIX Bbille OCHOBHbIX MMM
0a30BbIX MaTEMATUYECKUX «CTPYKTYP». BaxHbIM NpUMEPOM OTHOLUEHUI SBNSIOTCS OTHOLIEHWE 4YacTUYHOMO
nopsigka Ha MHOXeCTBE AeNCTBUTENbHbIX YMCEN; MPUMEPOM OnepaLuii — onepaLymn ClIOXEHUS U YMHOXEHNS Ha
MHOXeCTBe LeNCTBUTENbHBIX YUCEN, a TakkKe — NOKOOPAMHATHOTO YMHOXEHUS UM MOKOOPAWUHATHOTO CNOXEHUS
AN KOHEeYHbIX HabopoB umcen (YMCNOBbIX BEKTOPOB). BaxHbIM NpUMEpOM (hYHKLMIA SIBASIOTCS: HOpMa,
ckansipHoe nponssefeHne, pacctosHne(MeTpuka). Tononorus, B TOM YUCNE U Ha MHOXECTBE 4EeNCTBUTENbHbIX
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yncern, 3adaéTtcs noaxoaslwumu Habopamu MHOXECTB: TeX, KOTOpble WHTEPMPETUPYHTCA Kak OTKpbIThble C
COOTBETCTBYHIOLUMMI OrpaHnyeHusMu-TpebosaHuamu. MoryT 3aaaBatbcs Habopbl 3aMKHYTbIX MHOXECTB, UK —
Habopbl okpecTHOCTEN. Kak n Tononorus, n3Mepumoe NpOCTPaHCTBO 3aAaETcs Napoii: MHOXECTBO M anrebpa
W o - anrebpa ero NOAMHOXECTB. HanoMHUM, YTO MO CBOEMY NpeaHa3HaYeHUo M3MEPUMOE MPOCTPAHCTBO
ncnonb3yeTcs kak obrnactb OnpefeneHns Mepbl UM Kak HOCUTeNb WHQopmauun o cobblTUsX B Teopuw
CnyyYaiHbIX NPOLEeCCoB.

BbipaxeHne «MHOXECTBO C 3afaHHOM Ha HEM CTPyKTypoil abeneBoi rpynmbl» O3HA4YaeT YTO Ha MHOXECTBE
3afjaHa kommyTaTuBHas BuHapHas(o6o3Hauaemas 0BbIHO «+») 1 HyNbapHapHas onepaumm (BblAeNeH SNEMEHT,
obosHavaemblit Yepe3 0 ) ¢ onpeaenéHHbIMU CBOACTBaMU(HANPUMED, acCOUMATUBHOCTL) M CBS3aHHbIE MEXOY
cobon onpenenéHHbiM obpasom(Hanpumep, a+0=a). TOYHO Takum ke 0OpasoMm, «CTPYKTypa IMHENHOro
NPOCTpaHCTBa»(«BEKTOPHOrO») ANS MHOXECTBA O3HaYaeT 3afaHune Ha HEM CTPYKTYpbl abenesom rpynmbli(«+») 1
KOHTUHyanbHOro Habopa onepauui YMHOXEHWSt Ha Ckansp, CBsi3aHHbIX Mexay coboit  (Hanpumep,
A(a+b)= Aa+ Ab ). COBCTBEHHO, «BEKTOPAMMY HA3bIBAIOT 3IEMEHTbI MHOXECTBA, SABMAKLLETOCS IMHENHbIM

(BEKTOPHbIM ) MPOCTPAHCTBOM. BblpaxeHue «3afaHa CTpyKTypa TOMOMOor4eckoro NPOCTPaHCTBay 03HaYaeT, YTo
ANs MOCMeoBaTENbHOCTEN 3MEMEHTOB MHOXECTBA MMEET CMbICT MpeaenbHblii Nepexod, TOYHee — 3afaHbl
Habopbl MHOXECTB, KOTOPbIE MHTEPNPETUPYETCS KaK OTKPbITbIE, @ OTCHofA NOSIBNSAKTCA 3aMKHYTbIE, OKPECTHOCTY
nT.a.

CTaHOBUTCSA MOHSTHBIM BbIPAXEHWUS1 «TOMONOMNYECKOE BEKTOPHOE MPOCTPAHCTBO» UMK «3aLaHue CTPYKTYpb
TOMONOTMYECKOTO BEKTOPHOMO NPOCTPaHCTBay (ANl abCTPaKTHOTO MHOXECTBA). OTO 03HAYAET, YTO B JIMHEHOM
(BEKTOPHOM) MPOCTPaHCTBE 3aaloTCs OTKPbIThble (3aMKHYTLIE) MHOXECTBA : ONpeAenéH NpeaenbHbl Nepexoq
ANs  NOCNeAOoBaTENbHOCTEN 3MEMEHTOB(BEKTOPOB), MPWUYEM, TaKoW mNpedenbHbIi Nepexos COrnacoBaH C
OCHOBHbIMM JIMHENHBIMM ONEPALMAMU(CIIOKEHNE, YMHOXEHME Ha CKansp).

BBoas Takue knaccudeckve anrebpanveckne obbekThl, kKak «anrebpa» u «mopenby, akapemuk A .Manbues
[Manbues,1970] onpegensan «anrebpy» kak MHOXECTBO C TEM UMK WHbIM HaBopoM onepauuii, a «MOZeNb» — Kak
MHOXECTBO C OMKCMPOBaHHLIM HAbOPOM OnepaLyii U OTHOLLIEHWIA.

Yto noHMmaloT nog HabnogeHUeM (IKCNEPUMEHTOM, ONbITOM, UCAbITaHNEM)?

lMoHsiTME HeonpeeneHHOCTU B MOBELEHWUM UCCELyeMOro SBMEHUS UM CUCTEMbl TECHO BSI3aHO C MOHATUEM
«OMblTay, «3KCNepUMEHTa», «HabMOAEHUS», «UCMbITaHUS», KOTOPble PaccMaTpUBAKOTCS B paMKax KaTeropum
«onbita». [lepeyncrneHHble MNOHATUS WMelT o6LeHayyHoe COAepXaHuMe W Yacto ynoTpebnsioTcs Kak
9KBMBANEHTHbIE. KpoMe TOro, OHM ynoTpebnsoTcs Kak aKBMBaNeHTHble Mexay coboil U B TeOpun BEPOSITHOCTEN
W MaTeMaTU4eckoin cTaTuctuke. B ceoem obLueHay4YHOM CMbICIE 3TW MOHATUS NpedHasHayeHbl Ans onucaHus
[esaTeNbHOCTM, CBA3aHHOM C HEMOCPEACTBEHHOW MKCauMen (akToB Ha YpOBHE SBREHWS: B npouecce
HenocpeaCTBEHHOrO B3aUMOLENCTBUSA NIOAEN C BHELHAM MUPOM

[ns BbISCHEHUS KOHKPETUKN OBLLEHaY4YHOrO KOHTEHTa OMpEAEeNeHUs «3KCMEPUMEHTY, «OMbIT», «HabrniogeHne»
obpatumcs K HeilTpanbHoMy, 06e3nMYeHHOMY WMCTOYHMKY, KakoBbiM siBnsietcs, k npumepy, BCO (Bonbluas
COBETCKas 3HUMKIONeauns).

B 1. 18 BC3 Ha c1p.463-464 0TMeuaeTcsl, YTO KaTeropusi «ombiTa» COBMaZaeT Mo CBOEW CYTW C KaTeropuen
«3KCepuUMEHTa» M «HabnoaeHnsy. UTo KacaeTcst «aKCnepuMeHTa» W «HabnioaeHus», TO B TOM e WU3aaHuu
BC3, Ho B Tome 30 Ha cTp.6 B cTaThe, MOCBALIEHHON MOHATUIO «3KCMEPUMEHT» OTMEYaeTcs, YTO TepMUH
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NPOUCXOAMT OT NATUHCKOro experimentum: npoba, OnbIT, — 1 03HAYaEeT «METOA MO3HAHMS, MPX NOMOLLM KOTOPOro
B KOHTPOINMPYEMbIX W YMPaBMSIEMbIX YCIOBUSX UCCIEAYIOTCS SABMEHUS OEACTBUTENBHOCTUY. B TOM xe cTaThbe
OTMEYAETCS, YTO «3KCMEPUMEHT» OTNMYAETCS OT «HABMOAEHUSA» TEM, YTO B NEPBOM OCYLLECTBIIAETCS aKTUBHOE
onepupoBaHne C OBbEeKTOM wuccnegoBaHus. Takum  006pa3oM, B LMTMPYEMbIX WCTOYHMKAX MOHSATUS
«IKCMEPUMEHT» W «HAbMIOAeHNe» pPasnMyaloTCs akTWBHOCTBIO WIW MACCMBHOCTH) B OMNEPUPOBaHMM C
nccnegyembiM 06bEKTOM. B TO ke Bpems B cTaTbe, MOCBSALLEHHON «HabniogeHnio» B TOM xe udaaHum bC3 Ha
ctp. 186 B 1. 17 oTMevaeTcsl, YTo HabnoaeHue, 0BbIYHO, ABNAETCS YaCTbio «3KCNepUMeEHTay». B To xe cTaTbe B
CBSA3N C «HabMtogeHMeM» NOSIBNSAETCS COYeTaHWe «perucrpauust HabmogeHuin». Takum 00pasoMm, MOXHO
chenatb BbIBOA O TOM, YTO OMbIT UMW SKCMEPUMEHT SBNAETCS METOAOM MO3HAHMUS, KOTOPbIA 3aKiovaeTcs B
BOCCO3AaHM/ CTAHOAPTHbIX YCMOBWUI HAbMIOAEHUs MCCNEAYeMoro SIBNEHWS M (OMKCALMM COOTBETCTBYHOLLMX
pesynbTaToB: TOr0 YTO MPU CO3AAHHBIX YCNOBUSIX NosiBNsieTcsl. KOHEYHO e, BHE MOMSt 3PEHWSt CO3HATEINbHO
ocTaBnseTcs 06CyxaeHne BONPOCOB O TOM, KaK 1 Kakum MMeHHO 0bpa3om obecneunBaeTcs cosgaHue Tex unu
WHbIX YCINOBWA, @ TaKke BOMPOC O TOM, Kak popmupyeTcsl NpeacTaBneHne O TOM, YTO e WMEHHO cuuTaTh
pesynbTaToM JKCnepuMeHTa.

AMNMpPUYECKUI acnekT: HabnoaeHue (IKCNEPUMEHT, ONbIT, UCMIbITaHWUE)

Takum o6pa30M, 13 I'IpMBe,EléHHbIX BblLle LlIATI/IpOBaHVIﬁ MOXHO caenatb BbIBOA, Y4TO NPUHUUNUaNbHbIMU
COCTaBNAKLWMMN «3KCNEpUMEHTa» ABNAKOTCA:

- BOCCO3/aHwe yCroBuit HabmoaeHns Ans SBNeHus, KOTopoe UCcCneayeTcs;
- (pukcaumus pe3ynbTaToB IKCMEPUMEHTA: TOTO, YTO MOSBASETCH B pe3synbTaTe BOCMPOU3BEAEHUS
YCNOBMIM SKCNEPUMEHTA..

BocnpousBeaeHve ycrnoBuit MOXeT HOCUTb aKTWUBHBLIA UMW NacCKBHLIN XapakTep. B nepBom crnyyae roBopsiT 06
«3KCMepUMEHTEY, NS XapakTepuaauun BTOpOro — ynoTpebnaiT TepMuH «HabntoaeHnn». XoTs — Noa4YepkHEM
eLwé pas — oba TepMuHa MOTyT ynoTpebnsaTbCs Kak SKBUBANEHTHLIE.
OTMeTUM TaKxe, 4TO TEPMUH «HaBMoAEHNE» MOXET ynoTpebnaTea AN 0603HAYEHNS YaCTU «3KCNepUMeHTay,
KoTOpas 3aKnyaeTcs B (hmkcaumm (peructpaumm) pesynbTaToB «dKCNePUMEHTay.

AHanu3 CcTaTUCTUYECKUX MOAXOQOB K onpefeneHuo aKkcnepumMeHTa c HebonbLLMMK Bapuaunamn nostopseT
BblaeneHne npuBedeHHbIX Bbllle OCHOBHbIX COCTaBAKOLWINX SKCNEPUMEHTY, BblaBUras CI']GLWI(*)VI‘-IGCKVIB
AO0NOJTHUTENbHbIE YCINOBUA B TOM, YTO KaCaeTCA «CTOXaCTU4ECKOro SKCNnepuMeHTa»

«OnbIT», «3KCNEPUMEHT», «KHAOMIOAEHMEY, KUCMLITAHUE»: TEOPETUKO-BEPOATHOCTHLIN KOHTEHT

oHaTus  «onbiTay, «3KCNEpUMEHTa», ((HaGJ'IPO,L'J,eHVIFI », «UCMbITaHNA» ABNAIOTCA TakKe CcneunarbHbIMA
NOHATUAMWU TEOPUUN BepOFITHOCTeI7I. OHU NMEIOT, B OCHOBHOM, 06LI.I|VII7I 3MI'IVIpVI‘-I€CKVII7I KOHTEHT. W 3TO siBNsieTcs
€CTECTBEHHbIM, MOCKONbKY CTaTUCTU4ECKME (TeOpeTMKO-BepOﬂTHOCTHble) MeToAbl ABNAKTCA MNPU3HAHHLIM
MaTteMaTu4eCkumMm cpencTesamMm MoaenmpoBaHua HeonpeaeneHHoCT! B U3ydYeHnn SIBMEHMI, e OHa NposABNAETCA B
Buae cnyqa|7||-|ocm. JJ,eTaanee 0 cnyqathocwl, KaK Buae Heonpe,qenéHHocm, HUXe.

B TeopeTMKO-BEPOSITHOCTHBIX UCTOYHUKAX B OMPELENEHUsX NOHSTUM «OMbIT», «3KCMEPUMEHT», «HabM0aEHNEN
OTCYTCTBYET €OWHCTBO W €AMHCTBEHHOCTb B OMpefeneHuM NOHsTMIA. B pasHbix MCTOYHMKAX YnoTpebnsioTcs
pasHble BapuaHTbl B NPUMEHEHWUM K OJHUM TEX XE, KaK MOXHO MOHSTb U3 MOAENbHbIX MPUMepoB, OGbLEKTaM.
Kpome Toro, B HEKOTOPbIX MCTOYHMKAX OBCYXaaeMble TEPMUHbI YNOTPEBNSIOTCS C ANUTETaMN «CTOXACTUYECKMIAY,
«BEPOSITHOCTHbIY, «CNyYailHbIy. Elle pa3 3ameTum, 4To BCE OHUM YNoTpebnsTes Kak akBuBaneHTHble. Hike
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NPUBOAMTCS aHanM3 ynoTpebneHns COOTBETCTBYIOLNX MOHSITUN B TEX UMK UHBIX UCTOUYHWKAX U Y TEX WU UHBIX
aBTOpOB.

B ocHoBononaratowen kHure A.H. KonmoropoBa «OCHOBHbIE MOHATMS TEOPWUW BEPOSITHOCTEN» Ha CTp.12
0TMEYaeTCs, UTO «NPUMEHEHUE TEOPUM BEPOSTHOCTEN K peanbHOMY MUPY OnbITa MPOMCXOAMUT B COOTBETCTBUM CO
cneayloLLeit CXemo.

1. Cuutaercs, 4To MMeeTcs onpeueneHHbuh KoMnnekc yCJ'IOBMIZ €, KOTOprl7I MOXeT BOCNPOM3BOANTLCA
HeorpaHn4yeHHoe Konn4ecTBo pas.

2. WayvaeTcs onpemeneHHblil Kpyr COBbITHIA, KOTOPbIE MOTYT NPOUCXOAUTL NpK BOcCo3AaHKe ycnosuii €.
B TakoM mMOYTEHHOM WCTOuHMKE, Kak Yy4yebHuk B.B. THepeHko «Kypc Teopun BepPOATHOCTEN», MOHATME

HabmMoAEHUS B BUAE «MCTIbITAHUS» Takke CBA3bIBAETCS ¢ komnmekcoM yenosuit €. Ho — 4ONONHUTENBHO — 1 CO
CBSI3@HHBIM C 3TUM KOMMIEKCOM YCMOBMI Habopom cobbiTuid (Tam xe, cTp.21). WcnbiTaHue NOHMMAETCS Kak
BOCCO3/1aHWE YMOMSHYTOrO KOMMMEKCa YCNOBUA 1 NMPOBEPKE TOTO, BBIMOMHAETCS N NPWU 3TOM BOCCO3LaHUM
YCroBUiA TO MNM WHOe cobbiTve, BbibpaHHOE M3 Habopa cobbiTwiA (Tam ke, cTp. 26). Takum obpasom
«UCMbITaHNs» — 3T0 ,HabMOAEHNE”, pe3ynbTaTbl KOTOPOrO UCMONb3YKTCS A1 NPOBEPKM TOrO, BbIMONHAETCS NN
uccnegyemoe cobbiTue.

Y T. Kpamepa B KknaccuyeckoMm usgaHum «MaTtemartuyeckne Metofbl CTaTUCTUKKM» Ha cTp. 157-158 noHatue
,KCNEPUMEHTA" HE OMpeaenseTcs SBHO, HO BbLIAENSETCH Takue, KOTOpble MOryT ObiTb MOBTOPEHHbLIMU
MHOTOKpaTHO MpU OAHUX W TeX xe ycnosusx. Cpeaun aToro Tuna SKCNepUMEHTOB AOMOMHUTENBHO BblAENATCS
T€, ANS KOTOPbIX B CEPUN IKCMIEPUMEHTOB «Pe3yNbTaT ... MOXKET U3MEHATLCA OT OAHOr0 HabnaeHNs K Apyromy
cambIM HenpaBusbHbIM 00pa3omy. ABTOP Takke 3aMeyaeT, YTo «...B 3TUX cnyyasx Mbl Oyaem roBoputb, YTO
“MeeM Aeno ¢ NoCnefoBaTeNnsbHOCTbIO CyYailHbIX SKCNEPUMEHTOBY (TaM xe, CTp.158).

B yuebHuke A.B. Ckopoxoaa «3neMeHTbl TEOpUM BEPOSITHOCTEN U CIyYailHbIX NPOLECCOBY YXKe B Ha4asne KHUrm
Ha CTP.5 OTMevYaeTcs, 4YTO «OOHWM W3 OCHOBHbIX MOHSTUIA TEOPUM BEPOATHOCTEN SBNSAETCS NOHATHE
CTOXaCTMYeCKoro akcnepuMeHTay. W ganblue ykasblBAaeTCs, UTO «Tak Ha3blBAKOTCS SKCMEPUMEHTbI, pesynbTaThl
KOTOpPbIX Henb3s npeaycmoTpeTby. OnsaTb Ke MOHATME CTOXAaCTUYECKOrO 9KCMepuMeHTa 0ObACHAETCS
npumepamm (Tam xe, cTp.5). A Ha ¢Tp.9 (Tam xe) nogyYepKUBaeTCs Takas YepTa CTOXaCTUYECKMX SKCMEPUMEHTOB,
Kak «BO3MOXHOCTb MOBTOPSATb WX Oonblioe uucno pas». Kpome TOro, B KayecTBe BaXHOM YepTbl
CTOXaCTUYECKOr0 3KCMepPUMEHTA, OTMEYAETCA HannuMe OnpenerieHHOro, He COCTOAILLEr0 M3 OHOTO 3rIeMEHTa
«4mcna cobbITUMY C HAM CBS3AHHBIX, CPEAM KOTOPbIX BbIAENAITCS 3NeMeHTapHble cobbIThs. OTMETUM, YTO XOTS
MoHATME COObITUS HE ONpeaensieTcs, NOHATWE 3rIEMEHTAPHOrO COObITUS ONpeaensieTcs CTporo (Tam xe,
cT0p.6,7).

B dhyHaameHTanbHOM u3gaHum, KOTopbiM SBNSeTcs «CnpaBOYHUK MO TEOPUM BEPOSITHOCTEN N MaTeMaTN4YeCKom
CTaTUCTUKeY», M3AAHHOTO aBTOpCkUM KornekTueom B coctase B.C. Kopontoka, M.W. MopteHko, A.B. Ckopoxoaa,
A.®. TypbuHa, aBTOpbl Ha CTP.5 OTMEYAKT, YTO «3KCMEPUMEHT OMpEAenseTcs OnpegeNieHHbIM KOMMIEKCOM
YCIOBWIA, KOTOpblE WM BOCTPOW3BOASATCS WMCKYCCTBEHHO, WM  OCYLIECTBAAKTCA HE3aBUCUMO OT BOMU
aKcrepumeHTaTopa. Kpome TOro, OHM OTMEYAlT, YTO SKCTMEPUMEHT OMpedenseTcss TaKkke pesynbTaTamu
3KCMEPUMEHTa, TO €CTb OnpedeNeHHbIMU COObITUSIMI, KOTOpbIe HABMo4atoTCs KaK pe3ynbTaT OCYLLECTBIIEHNS
3TOr0 KOMMMeKca YCRoBUi». ABTOpbI Takke pasnuMyaloT «JeTEePMUHUMPOBAHHBIE» W «CIyYaiHble» WUnu
«BEPOSATHOCTHbIE» 3KCMepUMeHTbI. K nepBbIM OTHOCAT Te, «B KOTOPbIX YCIOBWS 3KCMEPUMEHTa OAHO3HAYHO
ONpedensT HacTynneHue (UM He HacTynneHue) cobbiTwid, KOTOpble OxuaatoTca». YTo ke Kacaetcs
«CINYyYalHbIX» UK «BEPOSITHOCTHBIX SKCMIEPUMEHTOBY, TO OHU ONMPEENSIOTCS KaK Takue, B KOTOPbIX «MpU OQHUX



248 Artificial Intelligence and Decision Making

N TEX Xe YyCnoBUAX BO3MOXHO nosiBleHne cobbITuiA, KOTOpbIE UCKIKOYaT APYr apyray. OTMETUM, — 0 YEM HUXe,
— YTO OTMEYEHHbIX CBOMCTB JKCnepnmeHTa HeJoCTaToOYHO, 4TOObI €ro0 MOXHO ObINO HA3BaThb CTOXaCTUYECKMM.

B knaccuyeckom usgaHum «Teopusi BeposiTHocTel» M. JloeBa Ha cTp. 13 oTMeYaeTcs, YTo «...Hayka UMeeT Aeno
C 3aKOHOMEPHOCTAMM B UCMbITAHUSX, KOTOPbIE MOBTOPSIOTCA», @ Takke 4To «... Aonroe Bpems Homo sapiens
n3yyan TOMbKO [ETEPMUHUPOBAHHBLIE WCMbITAHWUS, B KOTOPbIX YCOBWSA (MPUYMHBI) MOMHOCTBIO OMpefensioT
pesynbTathl (nocneacTans)». OnpedensioTcs Takke «ChnyvyanHble UCTbITaHusA» (Tam xe, CTp. 13) Kak Takve, B
KOTOPbIX MPWU BOCCO3LAHWM WX MHOrOKpaTHO, Habniogaemas yactota noboro 13 BO3MOXHBIX PE3yrnbTaToB
rpynnupyeTcs BOKPYr OMpedeneHHbIX 4ucen. Takum obpasom, W B 3TOM M3LaHUM WUCMOMb3YIOTCH MOHSATUS,
KOTOpblE CBA3aHbI C OMPeAEeneHHbIM KOMMMEKCOM YCMOBUIA: «UCTbITAHUE» W «CryYailHbIE UCTbITaHUS», MPUYEM
rnocrnefHne CBA3bIBAKOTCSA C TEMU, B KOTOPbIX YacTOTbI MOSBMEHNS Pa3HbiX Pe3yrnbTaToB U3 YMCNa BO3MOXHbIX
rpyNNUpYIOTCS BOKPYr onpefeneHHbix Yucern. KoHeuHo, 0653aTenbHoN ABNSETCS MHOrOpas3oBOCTb «MCMbITAHNA U
Hanu4ue pasHbix, BOOGLLE FOBOPS, Pe3yrnbTaToB B Pa3HbIX UCTbITAHNSX.

B sHUMKMONeanYecKoM Mo LUMPOTe OXBaTa M3[aHuM, KakoBbIM SBNISIETCS ABYXTOMHUK B.®ennepa «BeeaeHne B
TEOPUI0 BEPOSITHOCTEN W €€ MPUNOXEHUS», B NEPBOM TOME, MOHSITUE 3KCMEPUMEHTA CUUTAETCS WHTYUTUBHO
SICHbIM W 00bsiCHSIETC GOMbLUMM KONMYECTBOM MPUMEPOB, KOTOPbIM MOCBSILLEHHbIA §2 nepsoro pasgena.
CobCTBEHHO, peyb MAET O (hopManM3oBaHHOM BapWaHTe BUMPTYanbHOrO OnbiTa B OGLUEHAY4YHOM MOHUMaHWM,
KOTOpbIV XapakTepuayeTcst (PUKCUPOBaHHBIM HABOPOM BO3MOXHbIX PE3ynbTaToB.

lMprBeaéHHbIE BbilLe BapyaHTbl ONpeaeneHns «aKCnepuMeHTay B TEOpUM BEPOSTHOCTEN SBNAIOTCS TUMUMYHBIMMU
W ANA OpYrUX M3OaHuil, cpeau KoTopblx oTMeTuM yuebHuk WM. Tmxmana, A.B.Ckopoxopa, M.A fapenko
«Teopnst BEPOSITHOCTEN U MaTemaTuyeckas CTaTucTukay», MoHorpaduio «Teopust BeposiTHOCTed. OCHOBHbIE
MOHATUSI, NpeaenbHble TeopeMb, cryyaiiHele npouecchl» K0.B. Mpoxoposa u F0.A. Po3aHoBa, 06CTOATENBHLIN
yuebHuk A.H. WnpsieBa «BeposTHoCTby, yuebHuk /.H. KosaneHko n A.A. dununnooi «Teopust BEPOSTHOCTEN M
MaTemaTuyeckas CTaTUCTMKa», HapexHbli yyebHuk A.A. BoposkoBa «Kypc Teopun BeposTHOCTen». B
nocregHeM aBTOp OTOXOECTBASET CryYalHOCTb C HEOMpederneHHOCTbIo, CBA3blBas 3Ty CAYYalHOCTb —
HeomnpeaeneHHoCTb, C He3HaHueM (Tam e, cTp.9), XOTA Ha CheaytLleid CTpaHWue, CChbiNasch Ha MpUHLMN
HeonpeaeneHHoCT B (PM3nke, 0TMEYaEeT, YTO HeonpeaeneHHOCTb MOXeT OblTb NPUHLMNNANBHO CBOMCTBEHHOM
nccnegyemomy ssnexmto. Kpome Toro, onpegensis 06bekTbl N3y4eHns B TEOpuM BEpOSTHOCTEN (TaM xe, cTp.1),
aBTOpP OTMEYaeT, YTO MMM SBNSAIOTCA SABMEHUS, NS KOTOPbIX, C OAHOM CTOPOHbl «... Te WnM Opyrue
9KCMEPUMEHTbI UNK HabnogeHus MoryT BbITb BOCMPOM3BEAEHbI MHOTOKPATHO MPU OAMHAKOBbIX ycrioBusx». C
JPYroi CTOPOHbI, Ha TOM e CTPaHULLE OTMEYAETCS, YTO «TEOPUI0 BEPOATHOCTEN MHTEPECYIOT T€ SKCMIEPUMEHTDI,
pe3ynbTaT KOTOPbIX, BbIPAXEHHbI KakuM-TO 06pa3oM, MOXKET M3MEHATLCS OT OMbiTa K OMbITy». ABTOP TaKke
CBA3bIBAET C pe3ynbTaTaMu oOnpefenéHHble CoObITUS, KOTOpble MOryT B CBA3W C 3TUMU pesyrnbTaTamu
paccMaTpuBaTbCs, W OTMEYAET, YTO B 3TOM Cryyae CoBbITUS Ha3biBalT «CryyaiHbIMM». Takum obpasom, B
onpegeneHun ,akcnepuMenta’ no bopoekoBy oBLiEHAYYHBIA KOHTEHT 3TOTO MOHATMSA (KOMMMEKC YCMOBUIA U,
BO3MOXHOCTb MHOFOKPaTHOrO €ro BOCCO34aHusl) CBA3bIBAETCS C U3MEHYMBOCTBIO pesyNnbTaToB OT HabnoaeHNs K
HabntogeHmto. b.A.CeBacTbsiHOB B «Kypce Teopuyu BEPOSITHOCTEN M MAaTeMaTU4ECKOM CTAaTUCTMKMY HasblBaeT
BO3MOXHOCTb MHOrOpa3oBOro BOCCO34aHu1s YCHOBUN B YNCTE KMIOYEBbIX MOMEHTOB «3KCIEPUMEHTAY, MOCKOMbKY
WMEHHO BO3MOXHOCTb MHOTOKPATHOrO BOCCO3[aHWS MO3BONSIET AenaTtb BbIBOL O HACTYMAEHUA WM He
HaCTYNMEHUN TeX UK MHbIX COBbITUIA (MOHATME, KOTOPOE aBTOPOM He onpeaensieTcs). ABTOp Ha3biBaeT Takne
coObITUS MacCcOBbIMM, XOTS €CTECTBEHHeE Obifio Obl OTHECTW 3TO Ha3BaHWE K SIBMEHWIO, NO HabniogeHuem
KOTOPOr0 MOXHO CAenaTb BbIBOA O HACTYMAEHUM WiW HeT uccnegyembix cobbituin. Y Y. peHapepa n B.
Opaibeprepa B «KpaTKOM Kypce BbIMMUCIUTENBHON BEPOATHOCTM W CTaTUCTMKU» Ha cTp. 10, oTmevaetcs
BO3MOXHOCTb MOBTOPEHUS SKCTEPUMEHTa Npu ofauHakoBbix ycrnoBusix, a M. [e [pooT B MoHorpacum
«OnTUManbHble CTaTUCTUYECKME pEeLIeHMs» 3asBSET, YTO «CTATUCTUKA Kak Hayka 3aHUMAaeTCs TEopUsMU M
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METOZaMu, KOTOpblE WCMOMb3YTCH ANS MPUHATUS PELLEHUA B YCNOBUSX HEOMPEeLeNeHHOCTU M HEMoMHOM
WHGopmamny» (Tam xe, ¢Tp.11). A Ha cTp. 14 (TaM e) 0TMeYaeTes, YTo «3KCnepUMeHT ynotpebnseTcs 3aech (B
paboTe - npumeyaHue aemopa) B CaMOM LUMPOKOM MOHMUMaHWW Ans 0BO3HAYeHWs, B CYLHOCTW, N0boro
npoLiecca, Bce BO3MOXHbIE pesynbTaTbl KOTOPOro MOTyT ObiTb yka3aHbl 3apaHee U AeNCTBUTENbHbIN pe3ynbTaT
KOTOPOro SBNSETCA OOHUM M3 yKasaHHbiX». ABTOp BBOAWUT creuuanbHoe 0B03HayeHue S [ns MHOXeCTBa
pe3ynbTaToB W Ha3blBAET ero BbIGOPOYHbLIM MPOCTPAHCTBOM AKCNEPUMEHTA.

MoaBoAs MTOMM B OMPEAENeHWM U WCMONb30BaHUW MOHATMIA «IKCMEPUMEHT», «OMbIT», «HabmofeHue,
«UCTIbITAHMEY — MHOTAA C SMUTETaMU «CyYalHbIA» UMK «CTOXACTUYECKMIA» — B TEOPUN BEPOSITHOCTEN OTMETUM,
YTO OHM YNOTPeOnsKTCA, Kak SKBMBAnNeHTHble B 06LWeM pycrie obLieHayyHOro MOHMMAHUS SKCMEpPUMEHTA.
CnewuparnbHO MOAYEPKMBAIOTCS W BbILENSIOTCS CieaytoLme BaXHble OTNMYMTENbHbIE YepTbl TOrO, YTO B TEOPUM
BEPOSITHOCTEN U MaTEMATUYECKON CTaTUCTUKE MOHUMAIOT NMOZ SKCNEPUMEHTOM.

1. Hanuune (uKCUPOBaHHOMO KOMMIeEKca YCIoBWA, NPKU KOTOPOM HabnoaaeTcs Uccneayemoe SBReHue.
YKa3aHHbI KOMANEKC YCOBMI MOXET BOCMIPON3BOAMTLCS aKTUBHO MW MACCUBHO.

2. Bo3MmoxHOCTb MHOrOKpaTHOro BOCNpou3BeAeHNA KOMNnekca yCJ'IOBVIﬁ (MaCCOBOCTb).

3. BO3MOXHOCTb OMMCaHWSi BCEX BO3MOXHbIX PE3yrbTaToB. JTO MHOXECTBO pPe3ynbTaToB HasblBatoT
MPOCTPAHCTBOM 3neMeHTapHbIX COBbLITUI, BbIGOPOYHLIM NPOCTPAHCTBOM SKCNepUMeHTa 1 T. n. Bmecto
MHOXECTBA BO3MOXHbIX Pe3ynbTaToB MOXET PacCMaTpUBaThCs MHOXECTBO BO3MOXHbIX COBbITHIA,
KOTOpbIE MOTYT UMETb WM He UMETb MECTO B CBA3M C HABMIOZAOLMMUCS pesynbTaTamul.

4. Cny4aifHoCTb, KOTOPas CBSI3bIBAETCS C MUBMEHUMBOCTbIO PE3YNbTATOB OT SKCNEPUMEHTA K KCIEPUMEHTY
WM C HacTynreHMeM B pasHbiX SKCMepUMeHTax coObITMiA, KOTOpble WMCKMoYaloT Apyr Apyra: C
Henpencka3yeMOoCTbl Pe3ynbTaToB i, COObITUA NN OT SKCMePUMEHTA K 3KCTIEPUMEHTY.

OcHoOBHble 3neMeHTbI hopManu3aLm HabnaeHNUs: YCNOBUSA, pe3ynbTaT 1 ero perucTpaums

Kak cnegyeT 13 BblenpuBEAEHHOMO aHanmaa, [ABYMS OCHOBHbIMM COCTABNAOLMMI SKCNEPUMEHTA U B 0bLLEM
AMMUPKUYECKOM KOHTEKCTE U B CTATUCTUYECKOM NOHMMaHWM SBNSOTCS YCIIOBUS dKCnepuMeHTa (byaem HasbiBaTb
WX TaKKe KOMMIEKCOM YCMOBMIA) 1 ero peaynbTaThbl: TOro, YTO Npu 3TUX YCIOBUSIX NOSIBNSIETCS.

1. YTo KacaeTcs YCMOBWA 3KCMEPUMEHTA, TO OHW JOMKHbI AOMYCKaTb BO3MOXHOCTb WX MHOrOpasoBoro
BOCCO3/aHMs1 (MaccoBOCTb). Kaxablit M3 BO3MOXHBIX KOMMMEKCOB YCIOBUIA, MPU KOTOPOM MOXHO
NpoBOAUTbL 3KCTepuMeHT Oyaem o0003HayaTb k', COOTBETCTBEHHO — 4vepes K Oygem o6o3Havath
COBOKYMHOCTb Pa3HbX BapuaHTOB BO3MOXHbIX KOMMIEKCOB YCMOBWIA, MPU KOTOPbIX MOXHO NMPOBOANUTH
9KCMEPUMEHT.

2. Pesynbtat akcnepumeHTta, Oyaem o6o3HayaTb €ro y, — 9T0 TO, YTO MOXET MOSBUTHCA MpU
BOCMPOM3BEAEHUM KoMMrekca ycrouit x € K . Yepes Y, byoem o6osHayatb, BoobLie rosops, —
MHOXeCTBO BCEX BO3MOXHbIX Pe3ynbTaToB, KOTOPbIE MOrYT MOSIBUTLCS MPU BOCMPOU3BEAEHNN YCIIOBUIA
K, TOCKOMbKY (hMKCaLMsi KOMMNeKca YCroBuiA, BooOLle TOBOPS, He rapaHTUpyeT OfHO3HAYHOro
pesynbTaTta aKCrepuMeHTa.

BaXHO OTMETUTb, YTO TEPMUH «Pe3ynbTaT SKCepUMeHTa» Ans 0603HAYEHNs TOTO, YTO MOXET NOSBUTLCS MK
BOCMPOM3BEAEHNM KOMMMEKCa YCoBUiA (TO, YTO Bbile 0603HaYaeTcs Yepes y ), YacTo ynoTpebnaT ¢ ApyruMm

KOHTEHTOM: B CMbICIE C*)VIKCHLI,VIVI pe3ynbTaToB 3KCNEPUMEHTOB, YTO, KaK OTMe4anocCh Bbllle, NHOrAa NOHMMaKOT
KaK 4acCTb 9KCnepumMeHTa 1 0603HavaloT TaKke TEPMUHOM «HabniogeHmey, NOHMMaeMoM B Y3KOM CMbICIe.

B panbHeiwwem «peructpauus peynbTaTtoB» 6yaeT paccMaTpuBaThCsl Kak COCTaBIISIOLLAs IKCIEPUMEHTA.
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OnpedeneHue 1. Peructpaumeir pesynbrata akcnepumeHTa byaem Ha3BaTb (hUKCALMIO TOTO, YTO Onpeaensert
[BE COCTaBMAKLME IKCNEPUMEHTA: YCIIOBUS A W pe3ynbTaT y— T.e. Napy s =(k,y) «YyCnoBue-pesynbTary.

CoOTBETCTBEHHO, MOL perucTpaunein cepum wu3 N 3KkcnepuMeHToB  (BblOOpKoW) OyaeT  NOHMMAaThCs
nocnefoBaTensHOCTb Nap

SpreSN KLY ) (KN YN ) (1)
3amevaHue 1. Kak nokasbiBaeT aHanms, pes3ynbTaT 9KCMEPUMEHTA, KaK 3HA4YeHUe ), 4acTo HE OTNNYaT OT

«pernctpaumm pesynbtata 3KCnepuMeHTa» Kak Toro, 4to CbI/IKCVIpyeTCﬂ B CBA3N C I'IpOBe,EléHHbIM JKCnepnmMeHTom
11 0603HAYAIOT OIHUM U TEM XKe TEPMUHOM «Pe3ynbTaT SKCNEPUMEHTAN.

OcHOBHble cocTaBnAWME HabNOAEHNUA: AeTanu3auma yCnoBumn

HeobxoanMocTb y4éta B OJHOM CEpUM IKCMEPUMEHTOB C PasHbIMKM YCMOBUSIMW NMpuBENA K HEOBXomMmMocTy
CTPYKTYpu3auum ycnosuit Habnogerus. Takas CTpyKTypusaums ob6ecneqmBaeT KOHTPONMPYeMoe M3MEHeHue
YCNOBWA HABMIOAEHNS OT OJHOTO JKCMEpUMEHTa cepun K apyromy. lpy TakoM W3MEHEHUW YacTb KOMMMeKca
YCMOBWA OCTaeTCsl, BOOOLLE rOBOPS, HEM3MEHHOW MO YMOMYaHMIO, @ 4acTb M3MEHSIETCS KOHTPONMPYEMbIM
obpasom. CobCTBEHHO: 3TO 03Ha4YaeT, YTO N0OOA M3 BO3MOXHBLIX KOMMIEKCOB & € K YCMOBMA MPOBEOEHUS
JKCMepUMeHTa NpeacTaBnseTcs napon & =(x, /), B KOTOpoir x € X 0603Ha4YaeT BapuaTMBHYIO, N3MEHSEMYIO

OT 9KCMEPUMEHTA K SKCTIEPUMEHTY YaCTb, @ f — HEU3MEHHYIO MO YMONMYaHMIO NS CEPUM SKCIEPUMEHTOB YacTb
KOMMMEKCOB YCMOBUI HAaBMoAeHMS.

OnpedeneHue 2. SKCNepuMEHTOM C ynpaBnseMbIMi ycnosusamm (YnpYOkce) bynem HasbiBaTb Takom, B KOTOPOM
YCNOBUS NpeacTaBnsaoTcs B BUAe x=(x, ), xe X,/ €T, K=Xx3T, x bygem HasbiBaTb BapnaTMBHOMN

YacTbI0 YCIIOBUA, f - YaCTb YCMOBMIA MO YMOMYaHMIO, & - MOMHBIMM YCIOBUSIMM SKCMEPUMEHTA.

3ameyaHue 2. OTMETUM, 4TO NPU AETEPMUHUPOBAHHOM MOLAXOAE HEM3MEHHAs YacTb YCMOBMI accoLmMmpyeTes ¢
OOHO3HAYHOCTLIO CBA3M pesynbTaTa HabriogeHWs C BapMaTMBHOW YacTbl YCMOBUIA, T.e. — C (PyHKUMeN
(ChyHKLMEN OTKMMKA) OT BapMaTMBHOMW, N3MEHSIEMON YacTi ycnoBuii. Camo e nccnegoBaqne B pamkax YnpY ke
9KCMEPUMEHTOB B NUTEpaType Ha3blBaloT MOLENbI0 «BXOA-BbIXOA» CUCTEMbI C O4EBUAHLIM JEefleHNEM Ha TO, YTO
Ha3bIBalOT BXOLOM, BbIXOAOM U (PYHKLMEN OTKNMKA CUCTEMBI.

Perucrpaums HabnogeHnn: npakTuka

CrenyeT OTMETUTb, B SKCMEPUMEHTAMNbHOW MpaKTUKe PerucTpauys skcrnepuMeHTa B CMbICre onpeaeneHinst 1
NOAMEHSIETCS APYTMI BapUaHTaMi TOTO, YTO Ha3blBalOT (UKCALMEN s ,...s, . TaKUMU BapUaHTaMu B pamKkax

BblEJTEHHbIX BbILUE COCTABMAKLLNX 3KCNEPUMEHTA MOTYT ObITb cnenywouine:
Vi VN

SprenSN =X Y1) (XN, VN ) (2)
(K191 (KN YN)

MHoxecTBeHHbIe Moaenu HeonpeaenéHHocTn (MHMoH)

OnpedeneHue 3. B pamkax BBeEHHbIX BbILLE NOHATUIA MHOXECTBEHHbIMW MOAENSIMA HEONPEAENEHHOCTN ANs
nccnepyemoro siBneHus OGygem HasbiBaTb Takoe ONMCaHWE HeonpedenéHHocTH, kotopoe 6Gasupyetcs Ha
MHOXECTBEHHOCTW 3HayeHuit Y,Y.,Y,.: TOro, YTo NOSIBNAETCH WKW MOXeT MOSIBUTLCA B pesynbTaTe cepuu

PTXPTK

OKCNEePUMEHTOB B (2) B 3aBMCUMOCTH OT TOrO, KaK NOHUMAETCs perncTpauna SkCnepumeHTa, 310 MOXeT ObITb:
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N
Y= U{)’i ),
i=1
N
Y, = U {yi)JXEU{xi)’ (3)
ix;=x i=1
N
Yo= U {vi)xelUlx)
iK;=x i=1

Co6CTBEHHO, (3) PMKCHMPYET MHOXECTBEHHOCTb 3HAYEHWUI TOTO, YTO MOXET MOSIBUTLCS MPW (HUKCMPOBAHHOM
Komnrekce ycroBuid. B nepsom criyyae u3 (3) KOMNNEKC yCrioBUid Mo yMOMYaHUIO SBNSIETCS OAMHAKOBbIM Ans
BCEX OKCTIEPUMEHTOB CEPWM, BO BTOPOM — B CEpWUM OKCMEPUMEHTOB YCMOBUS BapbupylTCcs. MHOXECTBO

N
BO3MOXHbIX BapuaHTOB YCTIOBUA B CEpUM IKCEPUMEHTOB orpenensieTcs Meoxectsom | J{x; ) ,a
i=1

Y, onpefensieT MHOXECTBO 3HaYeHWIt y B TeX SKCMEPUMEHTAX CEPUM, B KOTOPOI BapuaTMBHasi YacTb OfHa W Ta

N N

e 1 onpeaensieTcs BapuaTBHOM YacTblo x € U{ x; ) . B TpeTbem BapuaHTe T0 xe kacaeTcs U{ K; ), KoTopoe
i=1 i=1

ONMKCbIBAET MHOXECTBA BCEX BO3MOXHbIX BAPUAHTOB YCMOBUIA CEPUN.

MHMoH: HeonpeaenéHHOCTL B AETEPMUHMPOBAHHbIX HAONKOAEHUAX

,U,J'IFI ﬂeTepMVIHVIpOBaHHOCTVI xapaKTepHa 0AHO3Ha4YHada CBA3b «MOJHbIe yCJ'IOBVIFI - pe3yanaT»:
K>V, Ye={y. ) xekK. (4)

OpHako, ecnn B Cepuu 3KCMEPUMEHTOB YCIOBUS M3MEHYMBBI, @ PETUCTpaLMs NPOBOAUTCA B BULE V..., Vy
BMECTO (X7, V) ), ( XN, YNIWWM (K7, ¥;),..(Ky,Vn), TO  BO3HUKAET  MHOXECTBEHHOCTb  (He

OOHO3MEMEHTHOCTL) Y, KoTopas, COOCTBEHHO, M ABMSETCS HEONPEAENEHHOCTLI0. Takas HeonpeaeNneHHOCTL B
[ETEPMUHMPOBAHHOM 3KCMEpUMEHTE CBsidaHa C MPOONEMONt CKpbITbIX NapamMeTpoB: LOMOMHUTENbHbIX YCIIOBMHA,
KOTOPbIE HY)XHO YUYMTbIBATb NPK PETUCTPALIMM SKCTIEPUMEHTA, YTOOLI SBNEHME CTano AeTepMUHUPOBAHHbBIM, T.€.,
4T06bI HAbMOAEHMS MoK ObITb OXapaKTEPU30BaAHHBIMI B COOTBETCTBMM C (4).

MHMoH: cny4anHocTb

CnyvaifHoCTb B WCCNEAYEMOM SIBMEHWUM C OfHOW CTOPOHbI XapaKTepusyeTcsi TeM, YTO CBSi3b BO3MOMXHbIX
Pe3ynbTaToB C MOMHbIMM YCTOBUSIMU 3KCTIEPUMEHTA B (3) HEOAHO3HAYHA: ANS KaXmoro M3 (PUKCUPOBAHHBIX
YCMOBMIA B pa3HbIX SKCNepUMeHTax MOryT NOSIBNSITbCS pasHble pesynbTarhl:

x — Y_#"oqHo3neMeHTHOe MHOXecTBO", Kk € K .

C Opyroit CTOPOHBI, ANS ABMNEHMS, KOTOPOE Ha3blBalOT CMyYalHbIM (A Cam 3KCMEPUMEHT — CTOXacTUYECKUM),
[OMKEH BbIMNOMHATLCSA 3aKOH YCTOMYMBOCTI YacToT. ITUM TEPMUHOM 0603Ha4aeTCs NPeAnoNoKeHNe O TOM, YTO
4aCTOTbl TEX UM UHBIX MPYNN BO3MOXHbIX PE3yNnbTaToB AOMKHBI CXOANUTHCS K MPeaenibHOMY 3HAYEHHI0, KOTOpoe
Ha [OMMKHO 3aBMCETb OT CepuM IKCMEPUMEHTOB, MO KOTOPOMY OHO MOMYYeHO, HO XapakTepu3oBaTb Camo
nccreayemoe sfieHmne: BbiTb OANHAKOBBLIM ANS PA3HbIX CEPHil 3KCIEPUMEHTOB.
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MHMoH: rapaHTUpOBaHHbIE OLEHKMU (MUHMMAKC)

OTOT NOAX0g CBSA3aH C AanbHEelLwen anpuopHoO CTPYKTypu3aLmMeid BapuaTuBHON Mnn (PYHKLMOHANBHOWM YacTy

YCTIOBMiA B paMKax AeTepMUHUpoBaHHoro onvcanus senens: x=(x'"/ x(?) ) wm f=( 7 (%) u

MPEANoONOXeHNEM O TOM, YTO B 3KCTIEPUMEHTE (DUKCUPYETCS TOMbKO OfHa M3 yacteit, Hanpumep x(7/ unm

1 (Habriopaemasi KOMMOHEHTa), @ MPO BTOPYK — M3BECTHO, YTO OHA MPUHAATIEXUT MHOXECTBY E (1) nm

E (1 COOTBETCTBEHHO, KOTOPOE OMperenseTcs HabrtoaeMol KOMMOHEHTONA.

MHMoH: uHTepBanbHbIN noaxoa

B mopenb HabmiofeHMit CO CTPYKTYpPUPOBAHHOM BapUATUBHOM YacTblo 0YEBMAHBIM 0Opa3oM BKMaAblBaeTCs
WHTepBarbHasi Mofenb HeONpeaenéHHoCTU. [1eiCTBUTENBHO, 0CTAaTOYHO NPEANONOXMUTb, YTO B 0003HAYEHMAX
npeablayLLero nyHkTa

y=1o")+x? x? e (=4, A0)=E ().

MHMoH: HeuéTKMe MHOXeCTBa

MecTo HeuéTkocTu [Zadeh, 1962] BO MHOXECTBEHHBIX MOAENSX HEONPEOENEHHOCTU MOXKET OblTb ONPeENeHo B
paMKax CTaTUCTMYECKOA MHTepnpeTauun HeyeTkux MHOxecTB [Donchenko, 1998, a) b)]. 3Ta mHTEpnpeTaums
onpepenseTcs cneaytLei TeopeMon.

Teopema [Donchenko, 1998 a),b)]. [inst HEYETKOrO MHOXECTBA, 3a4aBaeMoro Napon (E, x2) HOCUTEMNb-(yHKLNS
NPUHAANIeXHOCTH, B Cryyae, korja E - NPOCTPAHCTBO C MEPOW, a - W3MEpUMa, MOXHO MOCTPOUTb
BEPOATHOCTHOE  MpOCTpaHCcTBO  (€2,B,,P), cobbive A€ B, MNOMHyl  rpynny  coBbITUi

H,={n=e}ecE,n— E - 3HauHas cryJailHas BENM4MHA, TaK, YTO

u(e)=P(A|H,)eckE.

MHMoH: obpaTHble 3apaum

BaxHbIM Knaccom HeonpeaenéHHoCTe B AETEPMUHMPOBAHHLIX 3afayax ABMATCA obpaTHble 3agau, T.e.
3ajayn B KOTOPbIX HEOOX0ANMO ONpesenuTb MHOXKECTBO BOMOXHbBIX BapuaTUBHbIX YacTei ycrosuii (BXOA0B),
koTopble 0becneyumBaloT 3agaHHoe 3HaveHue pesynbTaTa (Boixoga). OTMETUM BaxHYK porb nceshoobpalleHns
no Mypy - MeHpoyay [Anbept, 1977] v ero pa3sutio B pabote [Kupudenko, 1997] ansg NuMHEMHbIX 3ag4ay 1 Ans
NPUMEHEHNS B 3a4a4ax KnacTepusaumn u pacnosHasaHus 06pasos [Kupnyenko, [loHueHko., 2007].

MHMoH: npeobpa3oBaHue Xoka

CneumanbHbiM criydaem HeonpegenéuHoctn sensetca X [Hough, 1962]. 3toT Bug HeonpeneneHHOCTY
MOPOXOEH  MHOXECTBEHHOCTbIO ~ BO3MOXHBIX  BAapuaHTOB  (DYHKUMA  OTKIMKa B HabniogeHusx:
K; =(x;,f;),i=1,N. lpocTeillweit Mofenbio HAGMIOLEHUA TaKoro POAa MOXET CIyXUTb 6GUHAPM30BaHHOE
n3obpaxeHne, Ha KOTOPOM MpEeACTaBNEHO HECKONbKO MpsMblX. Bbibopka npefcTtasnser coboit koopauHarthl

TOYEK M300paXeHss C €eOMHUYHbIM 3HaueHWeM sipkocTh. [etanbHee ¢ [1X © ero martemaTtuyeckoi
chopmanuaaLmen MoxHo nosHakoMmuTbes B [Donchenko, 2003].
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3akniouyeHue

B paboTte paccmoTpeHbl npobrnembl MaTEMaTMYeckoro OMMCaHWS  CTPYKTYPbI(CBSI3EM  COCTaBMSOWMX)
nccneayemoro 06bekTa, paccMOTPEHbI UCTOKM HEONPEeAEeNEHHOCTM B MOBEAEHNM Takx 06BEKTOB. [NepeyncneHsl
OCHOBHblEe MaTeMaTWU4eCKMe CPEACTBa OMUCAHWs CTPYKTYP - CBSA3EH Mexay COCTABRSOLMMK SNEMEeHTamu
onucbiBaeMoro obbekTa. MpuBeaeHbl NpUMepbl OCHOBHBIX CTPYKTYP U BaKHbIX UX KOMOMHaumiA. MpeanoxeHHas
B paboTe KOHLENUWS «MHOXECTBEHHbIX MOAEMNEe HeOonpeaenéHHOCTU» CBSA3bIBAET HEONpeLeNéHHOCTb C
9KCMEPUMEHTOM 1 MO3BOSISIET HA €AMHOM OCHOBE paccMaTpuBaTb MHOroobpasne MatemaThyeckux MeTOfoB
OnucaHusi HeonpegenéHHocTu. B paboTe Takke onpefeneHo MecTo KaXgoro M3 MaTemaTU4eckux MeTOdOoB B
pamKax npeanoXeHHO! KOHLenLuu.
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KanutoHoBa KOnusa BnagnmupoBHa

WHctutyT kmnbepHetmkn mm. B.M. nywkoBa HauuoHanbHOM akagemum Hayk YKpawHbl,
accoumaumsi  MCKYCCTBEHHOro  WMHTennekta ¢ rnybokum  npuckopbuem  coobuiaroT
0 npeaBpeMeHHOM koH4nHe KanutoHosown HOnumn BnagnmmpoBHbi.

KanutoHoBa KO.B. pa6oTtana B MHcTUTYTE kKnbepHeTnkn nm. IMmywkoea HAH YkpaunHel ¢ 1963
roga u o nocrnefHux OHe CBOEW XXU3HU nocre OKoHYaHust KueBcKoro rocyaapCTBEHHOro
yHuBepcuteTa. CBOWO TPYAOBYO M HaydHyto AeaTenbHocTb KanutoHosa HO.B. Havana nopg
PYyKOBOACTBOM akagemuka B.M. NywkoBa, BbINOMHMB psif HayYHbIX paboT TeopeTnyeckoro
W npakTuyeckoro xapakrtepa. B UHcTuTyTe KnbepHeTukM OHa npoluna nyTb OT Miajuwlero
Hay4YHOro COTpygHuKa A0 3aBefylolero otaesnioMm, okTopa uanko-maTeMaTUyYecknx Hayk,
npodeccopa, 3acnyXeHHOro gesatend Haykum U TexXHukU. Ha npoTsokeHun Bcen TpyaoBou
peatenbHoctTn KanutoHoBa HO.B. 3aHMmanacbk paspaboTkon Teopun MNPOEKTUPOBAHWUA W
BHeOpPEHNEM NpakTUYECKMX CPenCTB aBToMaTtu3aumu npoektnpoBaHust (cuctemm "MpoekT”,
MakpokoHBenep, CAL, AMC un ap.). MNog eé pykoBoACTBOM ObIfI0 BOCNUTAHO MHOXECTBO
KaHOMAATOB W [AOKTOPOB HayK, rAe MposiBUNCHA He3aypsiHbI TanaHT TpeboBaTenbHOro u
BHMMAaTENbHOIrO HaCTaBHUKA Hay4YHOW MOSOAEXM.

CeeTtnas namatb o KanutoHoBon KOnum BnagumMmpoBHE OCTaHETCs B HaluMX cepauax,
B MaMATN €€ YYEHUKOB M KOJfer.



