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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 3 of the IBS ISC contains collection of papers in the field of Decision Making and Business
Intelligence. Papers are peer reviewed and are selected from the several International Conferences,
which were part of the Joint International Events of Informatics “ITA 2008”, Varna, Bulgaria.
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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)
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The main ITA 2008 events were:

KDS XIVth International Conference "Knowledge - Dialogue — Solution"

i.Tech Sixth International Conference "Information Research and Applications"

MeL Third International Conference "Modern (e-) Learning"

ISK Second International Scientific Conference "Informatics in the Scientific Knowledge"
INFOS International Conference "Intelligent Information and Engineering Systems"

GIT Sixth International Workshop on General Information Theory

CS Third International Workshop "Cyber Security"

eM&BI  Second International Workshop "e-Management & Business Intelligence"
IMU ICT International Seminar "Information Models’ Utility in Information and Communication Technologies"
ISSI Second International Summer School on Informatics

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

The great success of ITHEA International Journals, International Book Series and International
Conferences belongs to the whole of the ITHEA International Scientific Society.

We express our thanks to all authors, editors and collaborators who had developed and supported the
International Book Series "Information Science and Computing".

General Sponsor of IBS ISC is the Consortium FOI Bulgaria (www.foibg.com).

Sofia, June 2008 Kr. Markov, Kr. Ivanova, I. Mitov
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REASONING BY STRUCTURAL ANALOGY TAKING INTO ACCOUNT
THE CONTEXT FOR INTELLIGENT DECISION SUPPORT SYSTEMS

Alexander Eremeev, Pavel Varshavskiy

Abstract: Development of methods and tools for modeling human reasoning (common sense reasoning) by
analogy in intelligent decision support systems is considered. Special attention is drawn to modeling reasoning by
structural analogy taking the context into account. The possibility of estimating the obtained analogies taking into
account the context is studied. This work was supported by RFBR.

Keywords: Intelligent decision support systems, expert diagnostics systems, analogous reasoning, case-based
reasoning.

ACM Classification Keywords: H.4.2 [Information systems applications]: Types of systems — Decision support;
1.2.5 [Artificial intelligence]: Programming Languages and Software — Expert system tools and techniques; 1.2.6
[Artificial intelligence]: Learning — Analogies.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

Introduction

Reasoning by analogy plays a central role in many cognitive processes affecting: problem solving, creativity,
basic cognitive perceptions and especially learning. However, analogy is primarily of interest as a workaday
process, supporting inference in novel situations by comparison with past experience. Rather than reasoning from
“first principles”, analogical reasoning uses a noted similarity between some problem domain and a well-known
one to infer useful facts about that problem domain. The analogy can be used in various applications of artificial
intelligence (Al) [1]. The great interest in this problem is caused by the necessity of modeling human reasoning
(common sense reasoning) in Al systems and, in particular, in intelligent decision support systems (IDSS) [2].

At the present time, there are a great number of various models, schemes, and methods that describe
mechanisms of reasoning by analogy [3-10]. The best known models of reasoning by analogy from the 1960's
were ARGUS and ANALOGY [3]. The analogy used for solving various problems, e.g., for solving problems of
automated theorem proving [4], for generation of hypotheses about an unknown subject domain, for generalizing
the experience in the form of an abstract scheme, etc. [5-10]. Starting from Winston’s work there is widely used
the notion of structural analogy [7].

Unfortunately, there are not such modern systems and tools of reasoning by analogy, which are oriented to use in
IDSS and, in particular, in real-time IDSS (RT IDSS).

In this paper, we consider approaches and methods of reasoning by structural analogy, which are oriented
towards use in RT IDSS. These systems are usually characterized by strict constraints on the duration of the
solution search [1, 2].

The use of the respective methods in IDSS broadens the possibilities of IDSS and increases the efficiency of
making decisions in various problem (abnormal) situations.

Special attention in this paper will be paid to the most efficient inference method on the basis of structural analogy
that takes into account the context.

Reasoning by analogy

The English word analogy is derived from the Greek word analogia meaning equality of ratios or proportion. In
everyday usage, analogy means similarity or resemblance or an argument or reasoning based on them. Analogy
treats cases as ‘like” if they possess quantitative or qualitative attributes or relations in common which are
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regarded as relevant or material or important for the purpose in question and these outweigh the differences
between them. Such attributes or relations in common will be referred to as “material resemblances”.

Reasoning by analogy is the transfer of knowledge obtained from an object to a less studied one, which is similar
to the latter with respect to some essential properties or attributes. Thus, reasoning by analogy can be defined as
a method that allows to understand a situation when compared with another one.

Analysis of the literature has shown that one can distinguish various types of analogies [1, 13, 14]. Depending on
the nature of information transferred from an object of an analogy to the other one, the analogy of properties and
that of relations can be distinguished.

The analogy of properties considers two single objects or a pair of sets (classes) of homogeneous objects, and
the transferred attributes are properties of these objects.

The analogy of relations considers pairs of objects, where the objects can be absolutely different and the
transferred attributes are properties of these relations.

According to plausibility degrees one can distinguish three types of analogies: strict scientific analogies, nonstrict
scientific analogies, and nonscientific analogies.

A strict scientific analogy is applied to scientific studies and mathematical proofs.

Unlike the strict analogy, a nonstrict scientific analogy results only in plausible (probable) reasoning. If the
probability of a false statement is taken equal to 0 and that of the true statement is taken equal to 1, then the
probability of inference by a nonstrict analogy lies in the interval from 0 to 1.

The probability of conclusions by a nonscientific analogy is not high and often is close to 0. A nonscientific
analogy is often used deliberately to perplex the opponent. Sometimes, a nonscientific analogy is used
unintentionally, by someone not knowing the rules of analogies or having no factual knowledge concerning the
objects and their properties that underlie the inference. For example, nonscientific analogies underlie
superstitions.

In what follows, we consider in detail the method of reasoning by structural analogy, which allows one to take into
account the context. We use semantic networks (SNs) as a model of knowledge representation [1, 11].

Knowledge representation in the form of a semantic network

The choice of an SN for knowledge representation possesses an important advantage, which distinguishes it from
other models, such as natural representation of structural information and fairly simple updating in a relatively
homogenous environment. The latter property is very important for RT IDSSs oriented towards open and
dynamical problem domains.

A semantic network is a graph <V, E> with labeled vertices and arcs, where V and E are sets of vertices and
arcs, respectively. The vertices can represent objects (concepts, events, actions, etc.) of the problem domain,
and the arcs represent the relation between them.

We consider the structure of the SN in more detail using an example from power engineering - operation control
of the nuclear power unit (see fig. 1-3) [1, 11, 12].

<——Membership relation.
. < Indicates the objects, which initiate an action.
Logical < - - - -Indicates the object being exposed to an action.
operations

Situation ACS ‘ Network classes.

O Network objects.

Situation 1 Situation 2 Situation 3 Situation 4

Fig. 1 Meta-level of semantic network
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TH11T500 — temperature in the frame of ACS 1.

Fig. 3 Part of network, which illustrates Situation 3 and 4
formed in the process of reactor zone automatic cooling system (ACS) operating

Reasoning by structural analogy taking into account the context

In [8] it was proposed to consider an analogy as a quadruple A = <O, C, R, P>, where O and R are the source
object and the receiver object and C is the intersection object, i.e., the object that structurally is intersected with
the object source and object receiver, and has a larger cardinality of the set of properties in the comparison with
these objects. In other words, the analogy between the source object and receiver object is considered in the
context of the intersection C, and P is the property for definition of the original context. The structure of this
analogy is represented in fig. 4.

Using the described structure of the analogy, the authors of [8] propose the algorithm for the problem solution that
is based on an analogy of the properties. An SN with information about the problem domain, a receiver R, and the
property for defining the original context P provide input data for this algorithm.
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Fig. 4 Structure of analogy using the context

The algorithm for the problem solution on the basis of an analogy taking into account the context consists of the
following stages:

Stage 1. Determine all objects of the SN, except for receiver R, that have property P. If there are no objects of
this kind, then the search for a solution fails (without finding an analogy), otherwise, go to stage 2.

Stage 2. For the objects found in stage 1, determine all possible intersections of C with R taking into account P. If
there are no intersections of C with R, the first search for a solution fails, otherwise, go to stage 3.

Stage 3. From the objects extracted in stage 1, determine all possible sources O for analogies with the receiver
and the intersection taking into account P. In the case of success (possible analogies for R are defined), go to
stage 4, otherwise, the search for a solution fails.

Stage 4. From the analogies extracted in stage 3, choose the most appropriate ones (taking into account the
requirements of the decision making person (DMP)). In the case of success, go to stage 5; otherwise, the search
for a solution fails.

Stage 5. The analogies obtained in stage 4 (which could be previously compared with each other taking into
account the context) are given to the DMP, which means successful termination of the algorithm.

Having obtained analogies, the DMP may then make the final choice of the best ones. On the basis of these
facts, the facts (properties) that hold for the source O are transferred to the receiver R.

Consider a modified algorithm for a problem solution that uses the structural analogy based on the modified
structure of an analogy and the algorithm for the search of minimal intersections [1, 11, 14]. The modification
consists in the fact that P is considered not as a unique property, but as a set of properties that determine the
original context of the analogy.

As compared with the base variant, one of the main advantages of this modified algorithm is the possibility of
implementing the search for a solution on the basis of an analogy without refining the original context, since in the
result of the search for the minimal intersection, one can easily distinguish all possible contexts for the analogy.
Another important advantage of the modified algorithm is the possibility of a more detailed refinement of the
original context for the determination of analogies. This is especially important in the work with a complex object,
when one should operate with large amount of information, since the more detailed the original context, the faster
the search for a solution on the basis of analogies will be implemented and the more qualitative the solution will
be obtained. Moreover, in the modified algorithm there is a possibility to construct an analogy taking into account
the context between well-known objects, the source and the receiver.

Thus, in the execution of the modified algorithm the procedure of searching for minimal intersections is used. In
turn, the minimal intersections determine the context for the analogy. At the second stage, depending on the fact
whether an object source and a property or a set of properties are given, or there is no properties for definition of
the original context from objects that are contained in the set of generators of minimal intersections, analogies are
formed. In the case of successful termination of the search for a solution on the basis of analogies, new facts for
the receiver object will be obtained.
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Estimation of analogies taking into account the context

Upon finding the set of possible analogies V., for receiver R the problem of choosing the most preferable (best)
variants arises. We introduce the preference relation on the set of analogies taking into account the context.

An analogy A = <O, C, R, P> is preferable to the analogy A' = <O', C', R, P> (A > A") if and only if nock> noc,
where nocr and nocr are the number of properties in the sets Pocr = Po ™ Pc ™ Pr and Pocr= Po ™ Po M P,
where Py is the properties of O, Pg is the properties of C, Pris the properties of R, Py is the properties of O', Pr
is the properties of R'.

An analogy A = <0, C, R, P> is incomparable with an analogy A' = <0', C', R, P> if and only if nocr = nocr.

The set of incomparable analogies for the receiver object R in the context of properties P is denoted by Vy'.

Consider the estimation of analogies by the following example. Let the application of the algorithm of the search
for a solution on the basis of analogies result in five analogies:

A1=<04, Cy, R, P>, Poicir={p", ..., p'm}, 1=3;
Ar=<0y, C1, R, P>, Pogc1r= {04, ..., P2n2}, no=4;
A3=<0s, C, R, P>, Poscir= {0, ..., p*na}, na=T;
A4=<0s, G, R, P>, Pocor = {p*4, ..., p*na}, ns=6;
As=<04, Cy, R, P>, Poscor = {p51, ey p5n5}, ns=7.

Then, we denote the following preferences:

Ax>-As;
As>Aq, As> Ay, As>As;
As>-Ar, Ay Ag;
As>Aq, As> Az, As>As.

As a result, we have two incomparable analogies As and As, which are more preferable than As, A2, and As and
form the Pareto set V"= {As, As}.

By means of the described procedure one can reduce the general number of analogies given by DMP (expert) for
the analysis and the final choice. It is possible to compare the analogies obtained for different objects R and R' in
the context of different properties P and P'. In this case, the relation of the preference is defined in the following
way.

An analogy A = <0, C, R, P> is preferable to the analogy A' = <O', C', R, P> (A > A') if and only if kocr > kocr,
where Kocr = nocr! (Nrc + Noc — Nocr), kocr = Nocr'! (Nre' + Noc — Nocr). The value kocr reflects the likeness
(similarity) of receiver R and source O in the given context C and can be expressed in percent, and nocr and
nocr are the numbers of properties in the sets Pocr and Pocr, while nre, Nre, Noc, Noc is the number of
properties in sets Pre, Pre, Poc, Poc:

An analogy A = <0, C, R, P> is incomparable with analogy A' = <0', C', R, P> if and only if kocr = kocr.

Consider the estimation of two analogies taking into account the context by the above-described example from
power engineering (see fig. 1-3):
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A¢= <Situation 3, Situation 1, Situation 4, P>, P = {Close TH 11524},

Psituation 3, Situation 1, Situation 4 = {Off ACS 1, Supply TH11D01 Boric concentrate 40 g/kg, AND Close TH11S24 Close
TH11S25, Close TH 11524, Close THS11S25},

Psitation 3, situation 1 = {Off ACS 1, Supply TH11D01 Boric concentrate 40 g/kg, AND Close TH11S24 Close
TH11S25, Close TH 11524, Close THS11S25, Suggestion Supply TH11D01 Boric concentrate 40 g/kg},

Psituation 4, situation 1 ={Off ACS 1, Supply TH11D01 Boric concentrate 40 g/kg, AND Close TH11S24 Close TH11S25,
Close TH 11524, Close THS11525},

Nsituation 3, Situation 1, Situation 4 = 9, Nsituation 3, Situation 1= 6, Nsituation 4, Situation 1 = 9,

kSituation 3, Situation 1, Situation 4 = Nsituation 3, Situation 1, Situation 4 / (nSituation 4, Situation 1 * Nsityation 3, Situation 1 — Nsituation 3, Situation 1, Situation 4) =

5/(5+6-5) = 0,8333 (83,33%);
Az= <Situation 3, Situation 2, Situation 4, P>, P = {Close TH 11524},

Psituation 3, Situation 2, Situation 4 = {Off ACS 1, Supply TH11D01 Boric concentrate 40 g/kg, AND Close TH11S24 Close
TH11S25, Close TH 11524, Close THS11S25},

Psitation 3, situation 2 = {Off ACS 1, Supply TH11D01 Boric concentrate 40 g/kg, AND Close TH11S24 Close
TH11S25, Close TH 11524, Close THS11S25, Suggestion Supply TH11D01 Boric concentrate 40 g/kg},

Psituation 4, situation 2 ={Off ACS 1, Supply TH11D01 Boric concentrate 40 g/kg, AND Close TH11S24 Close TH11S25,
Close TH 11524, Close THS11525},

Nsituation 3, Situation 2, Situation 4 = 9, Nsituation 3, Situation 2 = 6, Nsituation 4, Situation 2 = O,

kSituation 3, Situation 2, Situation 4 = Nsituation 3, Situation 2, Situation 4 / (nSituation 4, Situation 2 * Nsityation 3, Situation 2 — Nsituation 3, Situation 2, Situation 4) =
5/(5+6-5) = 0,8333 (83,33%).

Thus, it is clear that the two obtained analogies are incomparable, since their values of likeness have the same
value 83,33%. They can be both represented by the DMP for the choice of the most preferable variant
(VA* = {A1, Az}).

Conclusion

In this paper, a solution of problem of real-time diagnostics and forecasting in modern IDSS on the basis of a
structural analogy was proposed.

Various types of analogies were analyzed. The method of reasoning by structural analogy was considered from
the aspect of its application in RT IDSS.

The example of an algorithm for the solution search on the basis of an analogy of properties that takes into
account the context was proposed. The more efficient algorithm, in the sense of the solution quality, is proposed
[11, 13]. It uses a modified structure of an analogy that is capable of taking into account not one property (as in
the base algorithm), but a set of properties. These properties determine the original context of the analogy and
transfer from the source to the receiver only those facts that are relevant in the context of the constructed
analogy. The possibility of estimating the obtained analogies taking into account the context is studied [1].

The proposed mechanism of reasoning by structural analogy was implemented in Borland C++ Builder for
Windows [14].

The presented methods and tools were applied in prototype of a RT IDSS on the basis of nonclassical logics for
monitoring and control of complex objects like power units.
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ABOUT THE MULTI CRITERIA RANGING PROBLEM IN THE FUZZY ENVIRONMENT

Tatiana Agrafonova, Nina Titova

Abstract: Decision making and technical decision analysis demand computer-aided techniques and therefore
more and more support by formal techniques. In recent years fuzzy decision analysis and related techniques
gained importance as an efficient method for planning and optimization applications in fields like production
planning, financial and economical modeling and forecasting or classification. It is also known, that the
hierarchical modeling of the situation is one of the most popular modeling method. It is shown, how to use the
fuzzy hierarchical model in complex with other methods of Multiple Criteria Decision Making. We propose a novel
approach to overcome the inherent limitations of Hierarchical Methods by exploiting multiple criteria decision
making.

Keywords: multiple criteria decision making, fuzzy hierarchical modeling, fuzzy system, alternative choice,
unified scale.

ACM Classification Keywords: [.2.1 Computing Methodologies - Artificial Intelligence - Applications and Expert
Systems

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

Introduction

Nowadays there are a lot of methods of obtaining and storing information such as OLAP, DBSM and a lot of
models of knowledge representation, but the main problem now is how to estimate and analyze obtained data.
That means it's necessary to define the set of criteria for estimation of big amount of dynamic changed data and
define their relative importance. It must be borne in mind that the storing information can be incomplete,
inconsistent and fuzzy. For solving the problem the fuzzy analysis is needed to use.

As the result of the development of Multiple Criteria Decision Making (MCDM) using fuzzy set theory a number of
innovations have been made possible. The new approach of MCDM using Fuzzy Hierarchical Modeling is
introduced in the paper. It is shown, how to use the fuzzy hierarchical model in complex with other methods of
MCDM. We propose a novel approach to overcome the inherent limitations of Hierarchical Methods by exploiting
multiple criteria decision making.

Distributed Fuzzy Hierarchical Model

The basis of the model is the hierarchical structure of the factors, which was received as a result of function-
structured decomposition of the data domain. The meta-levels of the structure are the following: first level is the
level of the global aims, the second level is the level of the rival's aims, and the third level is the level of the
measures for the achievement of the global aims and rivals aims removal. The last level is the level of the
concrete actions. The links in the hierarchy define the dependency of the upper level element realization from the
corresponding underlying level element. Thereby, the realization of possible measures for the achievement of the
aim depends on some concrete undertaken actions. This hierarchy allows evaluating the importance of all the
elements of the level taking into consideration their contribution in the top levels elements realization. The
hierarchical structure analysis model allows to process local factors estimations. These estimations have, as a
rule, fuzzy and inconsistent nature, got from sources of different reliability (from expert with different competence
level). This hierarchical model also allows to get total global consistent and reliable in the sense of theories of the
fuzzy sets estimations. Thereby, each decision will be characterized by its importance taking into consideration
its role in the factors structure. But, such a decision characteristic is insufficient for all-round estimation. The
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additional characteristics of the decision, such as its realization in economic, social, politic etc senses, must be
considered. But, the hierarchical model can find the most needed decision in the current situation.

We propose a novel approach to overcome the inherent limitations of Hierarchical Methods by exploiting multiple
distributed information repositories. The construction of fuzzy hierarchical model can be distributed between a
numbers of experts. They may work to a single domain or to different domains. Also the distributed computational
methods are used for making the expert estimation and for receiving the result.

Hierarchy analysis methods

The special role in the complex object analysis plays the analysis of the factors links graph’s structure (the graph
has the form of ordered hierarchical ranked structure). Directly influenced factors are situated on the graph’s last
level. The realization of these factors (as a rule they represent the concrete actions), spreading upwards on
consecutively located levels of the factors hierarchical structure, will bring into the realization of all above located
factors and, finally, - to the achievement of the global aims of the considered complex object development. At the
moment, the strict statement of the hierarchy multilevel factors structure building problem doesn’t exist. But, it is
possible to indicate the principles of its practice construction. These principles are formulated in the form of six
necessary conditions, which must satisfy considered hierarchical structures. It is naturally, that real hierarchical
structures will satisfy these conditions only in certain measure, which depends on the used methods and
algorithms of their formation.

Hierarchical factors structures are built on the base of the profound sense of used factors; the factors in the
underlying level reveal the sense of the upper level factors, or the underlying level factors represent the events,
which realization promotes the realization of upper level factors.

The realization of some of the factors, lying on the same level, must not influence the realization of the other
factors of this level. In other words, the factors of the same level must be independent from each other.

Factors on the considered level directly depends only on the factors of the nearest underlying level of the
hierarchy.

Fullness of the factors uncovering: factor on the considered hierarchy level is completely realized, if all the
influencing its realization factors of the next underlying level are also realized.

Positive relationship between the upper level factors and underlying level factors: the realization of the underlying
level factors must not provide the reduction of the realization possibility of the upper level factors.

Linearity of the functional links between the adjacent levels factors.

Analysis of a hierarchy with fuzzy estimations

First of all, we should build the hierarchy. On the objects set Z={1, 2, ..., N} is defined the oriented graph
G, =(Z, W) without cycles with the vertexes set coinciding with the objects set, and the arcs set W. The

presence of the arc (i, j) € W means that the weight z, of the object (vertex) i directly depends on the weight z

of the object j. The graph G, has the structure of the purposes and tasks graph of some complex system, if all
the vertexes of this graph can be located on non crossing levels V ,...,V,, in such a way, that the graph’s
arcs connect only the vertexes of the adjacent levels and these arcs lead from top to bottom, from the level V,

tothe level V,,,i=1, ..., M-1; the vertexes, from which arcs don't leave, are located on the level V ,, ; all the

vertexes, in which arcs do not enter, are located on the level V. The construction of the hierarchy is one of the

most difficult stages because of the difficult formalization of the used objects, such as aims, rivals aims etc. After
hierarchy construction, the elementary estimations should be made by experts. The elementary estimation

consists on the getting for certain vertex ieV, paired estimations (]’k) of the arcs weights (i,j)eW,
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jel =k | (i, k) € W}. Paired estimations show, in how many times the contribution of the object j is more than
the contribution of the object k in the achievement of the object i aim; j, ke[, . These estimations can be exact

(') €R, -nonnegative numbers), interval (r') =[a'),b’)]cR-intervals)  or fuzzy numbers

() ={t % ) |teR,}-closed convex fuzzy sets on R, ). The last case includes the linguistic estimates
and two previous cases. Thereby, we get as a result of an elementary estimation an weighted binary relation
RO ={((k), 5’,3 | j, kel ;} on the objects set I, , which gives the intensity of the objects superiority. After
getting the estimations, we must average them. In each of the elementary estimations can participate several
experts, so for some pairs (j, k) of the objects j, ke[, different experts s can assign different estimations r_(/.i,j“

(s — expert's number). The procedure of the expert estimation averaging consists in the determination of the
mean geometric estimation.

Hierarchic structure arcs weights determination

The result of the pairs estimations average in the i elementary estimation — exact, interval or fuzzy relation R ) -
is used in the determination of the weights y, ., of all the arcs (i, j) € W, coming out of the vertex i. The arcs
weights satisfy the following condition:
... =1 > i .
.Zyl] Ty, 20 Viel,.
JEFZ
If there are several objects on the first level y, , then the “zero” elementary estimation is made, it means, that the

pair comparison of the objects importance coefficients must be made. As a result of the “zero” estimation, the
importance coefficients of the first level objects are determined.

The importance coefficients determination

After the elementary estimations results processing, the importance coefficients z ; of the objects je V, of the
first level of the hierarchic structure are determined. And also the weights y ;, of all the arcs (i,j) €W are

determined (the coefficients of the relative importance of the vertex Y, for the vertex Y "™ of the nearest

upper level, where s - is a level number. The weights of the underlying level objects are determined by the
recurrence from top to bottom recalculation of the objects weights (objects importance coefficients):

Zi= Z yjl'Zj,ievz,
jeFl-_l

Log g new.

The Different Experts Estimations Consensus Analysis

The coefficients importance validity is determined by the elementary estimations results validity. In the case, then
the initial pairs estimations are fuzzy or mixed, the results validity is equal to the consensus degree of the initial
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fuzzy relation R’ and the resulting over transitive matrix, which is determined as a result of a special
estimations approximation problem solution. The solution of the estimation approximation problem is made, using
a modified method of Makeev and Shahnov. In the case, then the estimations are exact or interval, the results
validity is characterized by the degree of the intervals bounds changes, which are assigned by the experts.

Model of Fuzzy Multiple Criteria Decision Making

Various character of source data used in alternative ranking problem cause difference of the problem statement.
At the research the main source data are alternative estimations by each criterion (from some limited set of
criteria). Feature of the expert obtained information is expert's dispensing from giving accurate estimations. The
alternative estimations by each criterion can be fuzzy linguistic data defined by their distribution on criterion
scales. The experts can make estimations of alternative by different criteria.

There are two fundamental issues. First, it's choosing the way of handle with multiple criteria. At the paper the
conception of unified scale is introduced. The unified scale is made from criteria scales by merging. The use of
the unified scale is correct if the criteria used for alternative estimation don’t depend from each other by value. It
isn't necessary for making the unified scale to have concrete value of gradation importance.

Second, it's necessary to define the way of comparing alternatives by one criterion in case of fuzzy alternative
estimations. At the paper the combination of Jake-Lagrez method and fuzzy relation approximation by fuzzy
reversible quasi-series method is used.

Let the ranging alternatives form the set X = {1, 2, .. ,n}. Each alternative is estimated by criteria and
every criterion & is defined on the ordinal scale £ = {e,‘f | k= 1,7 } with discrete gradations 7, m* is
the number of scale’s E° gradations.

For each altemative i€ X on each scale E°experts make fuzzy estimations y‘f(i) as the
distribution 7 (i )= {P%, ... P&, ... P% .}

im®
The value P, is interpreted as assurance that the alternative’s i evaluation on the scale £° is e; .

One way of determination evaluation y° (z) with alternatives group valuation is to take value P3
proportionally to number of expert votes (or equal a fraction of number of expert votes), believing that alternative
estimation i on the scale £° is e; .

Besides, the values can be interpreted as value of fuzzy estimation y¢ (i) membership function defined over

the base set E£° .
mé

We shall assume that the estimations y* (i ) are distributed values, that means value ZPi doesn't depend
k=1

on i and &, without loss of generality we can consider that ZPfk: I,VieX, =1, a. (1.1)

k=1

Hence, each alternative i is characterized by ¢ distributed values {71 (i ), 72(1' ), s y/“(i )} :

It seems natural that relative importance of different scales and gradations play a part in the comparison of
alternatives i and j as well as the estimations y‘f(i ) and 7/5( J ) on all scales E° play a part in the

comparison too. We assume that the set {ei | k=1,m*, & :I,_a} of all scales gradations can be
ordered, that means the set can be decomposed into equal valued gradations classes C|, ..., C, and the

classes can be strict ordered C, > C, >...> C, . (1.2)
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Where “>” - strong preference relation.
Thus, if the gradations ef‘ and efz have the equal significance than they belong the same class C , . If the first

gradation is preferred than the second it means that ef‘ € Cq, efz eCandg<r.

The existence of the decomposition into classes can be guarantied by axiomatic approach developed in the utility
theory.

The following is correct for the defined classes.

(ef , ef € Cl.)<:> (Uéy(ef )= Ugn(ef ))

(ef €eC,,e € C,, i(j) = (Ué,(ef )) Uén(ef ))

Essential property is that for making relation of strict preference > under the preceding condition

el > ef & Us (ef’)> Us (ef")

It is required from the system analyst the information only about the decomposition of all gradations
{ef | k=1,m*, &= I,_a} into classes C,, ..., C, . Value of the utility function U doesn't needed. That

“simplified” information is supposed to obtain from system analyst.

So, initial information for alternatives ranging is:

X ={1,..., n} —the set of alternatives;
o (z) — every alternative i € X fuzzy estimations on each scale E*;

C,, ..., C, —ordered classes scale £ * gradations ¢ = I,_a which have the equal significance.

The goal of ranging is to make using mentioned initial information such decomposition of set X into equal valued
alternatives classes K, ,..,K,,...,K, where alternatives from class K, are strict preferred the alternatives

from classes K ., K, foreachi=1,2,...,1-1.

i+l o
Let’s discuss the method proposed for given ranging problem solution.

First, at any multi criteria making decision problem there is the problem of making generalized criteria. There are
many generalized criteria creation methods.

Notice that at many practical problems there isn't reason to suggest that one criterion is more important than
other. At the proposed method system analyst must make ranging by (1.2) gradation classes C,, ..., C, with
the equal significance. It turned out first goal of research: with the knowledge of classes C,, ..., C, and their
order we need to define concept of unified scale and create the method of evaluation of each alternative
estimation i € X on the scale (generalized estimations 7/(1’)) based on particular estimations 7/5 (z) E= I,_a

.Second, it’s necessary to propose a method of pair comparison for each two alternatives i and j from the set X
based on the knowledge of their generalized estimations ;/(i) and 7/( j) and determine as a result of the

comparison the value r, ; of alternative i preference on j.

Making the comparison for all alternatives pares i, j € X we construct nxn matrix R = (r,. j) determining

some binary fuzzy relation R over X. The Matrix consists of either the generalized preference of system analyst,
either the preference of experts group.

Third, It is necessary to range the objects using the fuzzy relation R. The problem reduces to the approximation of
R by fuzzy reversible quasi-series.
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Thus, the given method follows. Using information given above we make unified scale, calculate alternatives
generalized estimations, based on the estimations we build binary fuzzy preference relation R and than looking
for nearest to R reversible quasi-series.

Method'’s algorithm

Decomposition in Hierarchic Model is made until the level which contains factors with qualitative or quantitative
scale of values. To apply the MCDM the construction of every scale reflection to [0,1] is needed. It means that it
necessary to create membership function that will convert each value from the scale to the real number from
[0,1]. The number is interpreted as preference of selected factor value for the main hierarchical goal (factor of the
upper level) achievement. “Zero” is interpreted as index of minimum preference than “One” is interpreted as index
of maximum preference.

On the basis of relative importance weights it is possible to construct unified scale for the scale gradations of the

last level factors. We use the last level factors as the criteria for MCDM. Using MCDM we get the preference
coefficient of each alternative, it means the preference coefficients of last level factors value collection.

Conclusion

Fuzzy structured models require a reliable knowledge on the underlying rules of the systems and can not be
easily changed in a new situation. Decision making in the field often requires the analysis of large amount of data
and complex relations. Very often, it is difficult to the expert to give the exact estimation of some objects of the
field or some relations between the objects. In such cases, the analysis of a mathematical model can support
rational decision making. The hierarchic structure is one of the most demonstrative models and it can really help
the analyst to see all the aspects of the considered problem. The possibility to make the fuzzy elementary
estimations gives to the expert the possibility to operate with the natural language concepts.
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APPLIED ASPECTS OF MATHEMATICAL MODELING AND OPTIMIZATION
OF DYNAMICS OF CHARGED BEAMS

Fedir Garashchenko, Igor Kharchenko

Abstract: The complex of questions connected with the analysis, estimation and structural-parametrical
optimization of dynamic system is considered in this article. Connection of such problems with tasks of control by
beams of trajectories is emphasized. The special attention is concentrated on the review and analysis of spent
scientific researches, the attention is stressed to their constructability and applied directedness. Efficiency of the
developed algorithmic and software is demonstrated on the tasks of modeling and optimization of output beam
characteristics in linear resonance accelerators.

Keywords: structural-parametrical optimization, dynamic system, linear resonance accelerator.
ACM Classification Keywords: G.1.6 — Optimization — Nonlinear programming.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

Introduction

The article covers applied aspects of use undifferentiated optimization algorithms in the tasks of optimal
accelerating and focusing system’s projecting. The review of methods of analyzing and estimation of calculation
processes in dynamic systems as well as the estimates’ optimization developed at the complex systems
modelling department is in question. The special attention is paid to calculation experiments’ specifics in the
course of solving optimization problems of initial characteristics of charged particle beams for the waste range of
radio engineering devices, namely: high frequencies generators, linear resonance accelerators, tri-electrode lens,
electrostatic accelerators, etc. Authors observe unique algorithms and software corresponding to the modern
possibilities of computer engineering development.

The scheme of linear accelerator and the dynamic equations for particles

Let us look at Fig.1, for example, to the scheme of linear resonance accelerator (LRA).

Here H - is the injector, DT — drift tube, AG — accelerator gap. Our work is connected with fulfillment of such
methods of optimization, stability, sensitivity, which make it possible to define optimal parameters of LRA. And by
means of this we may essentially increase efficient coefficient of such device.

The dynamic equations for particles in electromagnet field are in the form:

d - S . _
E( V)=zelE + |V - B]j+ 5, (1)
where, the vectors of electric E and magnetic B induction satisfy to Maxwell equations
roth—d—B, diszﬁ, rotéz%d—E+yoj, divB=0. (2)
dt & c” dt

Here V' - vector of participle velocity, ¢ — velocity of light, &,, #, —some electric and magnetic constants,

_ m m
F,. - Coulomb forces, Z - charge number, m = L = 0
\/1 - ﬁ \/1 - /82

CQ

= y m,— dynamic mass, m, -

rest mass.
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+ +
H DT | AG DT | AG DT | AG DT
Fig.1.
In axial symmetric case from (1), (2) we may follow such equations:
dy
— = ¢(&)cos @,
dc (S)cos g
de __2my
dé y? -1 ’
2
d Z =— 27/ ld—ar+a£ cos @, fe[O,T],
dé y°—1\2dé dé

where & =§ ,a(é) = ze|l E, (§)|mocz, T - dimensionless length of LRA , A — wave length .

Statement of problem

In real cases it is necessary to solve the following tasks:

Problem A. The initial dispersion is prescribed ¥(0), ¢(0)e M, the constraint on the amplitude of

accelerated field is given (&) € G, = {a(f) :0 Sa(ﬁ)SC}.

It is necessary to solve the optimization problem for longitudinal motion (equations (1), (2) from system (3))

min max_{A,((T, 7(0), 9(0)) - 7, )* + A, (@(T, 7(0),9(0) ~ 0, ).

a(8)eG,  7(0),p(0)eMy
Problem B. The limitation is given in such form:

max |y(T) - yy| < &,

7(0),9(0)
maxp(T) - ¢;| < 2,
and
x*(§)+y* (&) < a’(g)
or
(&) < (&)

(7)

in symmetric case, but the set of capture is in process of acceleration for particles under restriction (5)-(7) . It is

necessary to choice the value of the field so that m(e(&)) - it measure will be:
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max m(a(¢)). (®)
The analysis of the problems connected with various accelerating and focusing system optimal designs leads to
new mathematical statement in the area of stability and optimization. For example, to compute the particles
capture area in accelerating process one needs a numeric algorithm for optimal practical stability area estimation.
We mean area optimum as optimum in given structures (sphere, ellipsoid, generalized ellipsoid) as well as
maximal on area volume. Thus, one of the important problems of area maximization of particle capture in
accelerating mode is just that very practical stability problem in optimizing statement.

On the basis of the stated and proved general theorem the optimal estimations for the analysis of various
dynamic systems practical stability are developed [Bublik, 1985], [Garashchenko, 2000]. The criterions have
practical directness. They are easy algorithmic and modeled on computer. To calculate the practical stability area
maximal on volume, the conception of stability in direction was introduced [Garashchenko, 1988].

The problems of some parametric system practical stability are also investigated. Latter helps us to develop new
approaches to the solving of sensitivity problems, guaranteed sensitivity problems and tolerance computation.

The practical stability area optimal estimation is expressed as the maximum a certain function on independent
variable, the number of constraints and partially defined initial conditions. That's why the estimate optimization is
a non-smooth trajectory optimization problem. The necessary conditions of optimality and contractible algorithms
for solving the minimization problem of maximum function on independent variable are adduced in paper.

The developed algorithms and programs were used when designing of heavy ions linear accelerators in Moscow
Radio Technical Institute [Garashchenko, 1982, 1985], Institute Theoretical and Experimental Physics (ITEF), in
the project of meson factory built in Troitsk city, when building the linear accelerators for medical goals on 3 MEV
and 12 MEV in ITEF. We are taking part in the tandem accelerator computing in Nuclear Research Institute of
National Academy of Science of Ukraine [Garashchenko, 1994]. The tandem will be supplement by a post-
accelerator, according to the project we started to work out.

Optimization problem

Many problems arise when such structures are designed. Let's mark the following:
1. The initial particle M, is set. One needs to select the parameter vector a according to the condition :

min  max @ (x (T, x,, a)). (9)
aeCG o €M,
2. Let G, -is a particle capture area, with the measure m(G,) = m(ex). It is necessary to maximize the
capture area :
max m(a) . (10)
aeG .~
The complexity of such problem solving consists in minimax statement and the function m(c) calculation as well
and in general case fields are defined from the corresponding equations in partial derivations.
Algorithmic and software are formed by the principle of mathematical model complication:
— the choice of initial control and optimization longitudinal motion;

— the solving problems of maximum capture or cooperate optimization with account longitudinal and radial
structures (homogeneous fields);

- the optimization with account non-homogeneous fields or experimental gates;
— the determination of boundary influence of coulomb forces on optimal regimes and the optimization;
— the determination of parameters tolerances.
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Determination 1. The system of 7 - dimension:
dx
— = f(x,t), telt,, T 1
=Tt tet,T) (1)
will be called  {G,, D, t,, T }- stabilty if x(t,x,) € O, e [t, T] Vx, € G, .

Letus G, = {x :Wi(x) < 1}, where W (x) - positive determinate function.
Theorem 1. For {GO,CDt,tOT}-stability necessary and sufficiently existence of positive determinate function
V'(x, t) which satisfies conditions:

V, = {x:V(x,t)<1}c ®,,t €[t,, T];

dV(x,t
avix,t) <0,xeV, ,telt,,T];
dt ay
G, cV,.
The criteria basing on these theorems permit to estimate as optimal in some structures.
Let us write some model as equation of particle's motion:

& fnta), e awtay. (1)
ylt)eTl, = {y : l;(t)y‘ <1, s= 1,2,...N}, (13)

where x,y - vectors of longitudinal and radial components x(¢t,) € D,

Theorem 2. For G, = {y :y By <c’ } would be the area of capture of particles in process of acceleration

by radial co-ordinates for some x(t, ) € D,,, necessary and sufficiently that

2 . . . t 1
¢’ <min torggof;]sglg}_{{lv[ls(t)o(t,a,x)ls(t)T : (14)
dQ _ . _
a—A(xt,a)Q+QA (x,t,a), Q(to,a,xo)—B . (15)

For this case problem 2 may be written in following manner:

. . . . t
minmin min min I (£)O(ta,x)L(¢) . (16)

For solving the trajectory parametric optimization task let us consider two types of problems:

minmilr)lcb(x(T,a,xO)), (17)
minmin®, (x(T, «)). (18)

a  xgeD,
The necessary optimal conditions which were written for tasks (17),(18): derivatives under some direction on

optimal &'® - are positive. On the basis of these conditions the necessary conditions are formulated for more
complex problem (16).

The iterative procedure on k - step is used:
o = P(a™ - p.G(a™)). (19)

Here G(a‘k’) — sub-gradient of functional by ¢ .
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Let us consider the parametric system for elaborated method for establish permits

dx

Ezf(x,t),te[to,T],x(to)eGO,aeGa. (20)
Determination 2. The non-disturbance motion is x(t,0)= O declared {G,,G,,®,,t,,T}- stabiliy if
x(t,x,a)e ®,, telt, T}, Vx,€G,, acG,.

For (20) the theorems of practical stability by determination 2 are proved and criteria are elaborated.

It makes possible solving problems of counting permits on parameters, projecting systems with restrict ant
guaranteed sensibility.

In conclusion let us describe numerical method of construction by volume estimates. The definition of stability by
single direction is introduced as classical problems or as for problems of practical stability.

Let us formulate some results for the problem (12),(13).
Determination 3. The set of particles with initial condition:
ylt,)=k!l, 0<k, <k
will be called the capture the particles in acceleration process in direction [ by radial co-ordinates if
y(t, x(t,) € ®,, telt,, T} Vyt,)=kl, 0<k <k, Vx(,)eD,.

Theorem 3. The necessary and sufficiently conditions are given by correlations:

Koy < Koy =min min min [IX(6)Y (¢t e, x(t)L(0)] 21)

xoeDy ty€elt,,T]s=1,2,...,
Then the maximum of volume set of capture may be written as:

Gr= ={y:y=kl 0<k <k, Vi, || =1}. (22)

Using such algorithm it is easy to calculate m(cx) for problem 2.

It is clear that such approaches may be carried and some tasks of sensitivity, calculation of maximum value set of
permits.
These researches are fulfilled in general forms and may be used for solving other applied tasks [Garashchenko,
1993, 1998], for example: the systems with variable structure and explosive co-ordinates, digital-continuous
systems and systems of equations in partial derivations.
The decision of concrete applied problems was based on the method of complication of mathematical model and
was realized by such scheme:

1. The optimization of longitudinal motion (the structure of accelerator is chosen);
The correction of the parameters with regard to radial deviation.
The use of practical stability and stability by direction methods for beam estimation.
The problems of maximum capture of particles in accelerating process.
Taking account of dissimilarity field and experimental data.
Taking account of coulomb forces interactions.
Determination of parameters admittance of the system (size of drift tubes, errors of potential values in the
tubes).

Nk

Notice, that we use parameters of previous stage on the next stage. They are the initial for next one on our
calculations.
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The applied task, which is solved on the basis of developed methodology.

1. The calculation of optimal parameters of the linear accelerators of heavy ions in different variants (for
example 7-charged ions of uranium and for protons).

2. The projection of different types of linear accelerators with asymmetric phase variable focusing.

3. The minimization of effective cross-section phase beam volume in the case of longitudinal oscillation of the
particles (for accelerator “MEGAN”).

4. The calculation of self-consistent distributions.

5. The determination of optimal parameters of electrons grouper.

Conclusion

Despite of certain difficulties connected with contact breach with leading Russian scientific centers, new results
permitting to continue developing methods of technical systems’ optimization in stated structures were obtained
by authors.

New studies in the domain of undifferentiated optimization and practical stability of trajectory beams were used to
raise efficiency output and to lower energy consumption at stated intensity of particle beams at linear resonance
and electrostatic accelerators. Modern algorithms and software created allows adapt it to the waste class of
technical systems. These studies may be applied in tomography, scientific research and production, physics,
science of materials, biology, medicine, etc.
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REDUCTION MEASUREMENTS FOR CALCULATION
IN FUZZY EXPERIMENT SCHEME

Andriy Zavorotnyy, Veda Kasyanyuk

Abstract: The papers is dedicated to the questions of modeling and basing super-resolution measuring-
calculating systems in the context of the conception “device + PC = new possibilities”. By the authors of the article
the new mathematical method of solution of the multi-criteria optimization problems was developed. The method
is based on physic-mathematical formalism of reduction of fuzzy disfigured measurements. It is shown, that
determinative part is played by mathematical properties of physical models of the object, which is measured,
surroundings, measuring components of measuring-calculating systems and theirs cooperation as well as the
developed mathematical method of processing and interpretation of measurements problem solution.
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Introduction

It is important to answer a question how much the result of design is exact when we deal with mathematical
modeling of complex systems. A stochastic approach is most widespread. It is necessary that the observed value
should be the result of meaning of independent test values for adequate application of stochastic principles to the
complex system design. However, such description in probability terms is unnatural for the unique phenomena.

Methods of possibility theory allow to estimate an event truth with respect to other events and to take into account
a subjective expert opinion. For example it is very important for prognostication of the social-economic
phenomena, for medical diagnostic tasks, for mathematical modeling of human thinking process and other
processes.

Measurement processing under fuzziness conditions based on multi-criteria optimization

The wide range of measuring processes would be modelled by the following equality

y=Gu+v, (1)
where wuis interpreted as a signal sent from the investigated object to an input of some device specified by
G operator, v characterizes environment impact on the device output and y is a measurements’ result to be
processed [2].
In wide enough mathematical terms it is possible to consider that G : H; — H, - an linear operator, /and
H - Hilbert space (H, - finite-dimensional), u e H;, ye H,. In regard to the characteristic of
environment impact 1/, till recently only such problem definitions have been considered where it was a random
element of H, space, and it was expected that some statistical information was known about it (for example the

first moment and covariance matrix). But in practice external impacts on measuring process not always would be
adequately described by random variables. The lack of statistical information often forces to apply for expert
estimations of environment impact which results in noise description by fuzzy values.

That very case will be examined in this paper, i.e. v —a fuzzy element of /1, space will be considered. Let we

know a possibility distribution of the given value specified by an expertgov(~)e L(Hz), i.e.
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® V() :Hy — L, where L - scale on [0;1] segment with natural order specified by inequality < and two

composition rules: addition in the sense of max and multiplication in the sense of min [1]. Let agree on ¢ V()
function which is monotone non-increasing relative to an argument norm. On this measurement model the
measurements’ result y itself becomes a fuzzy element of H, space and it's possible to express a joint

distribution ¢ ¥(z,u)= ¢ 7*(z,u)= min(qp M (zu),p ”(u)) by function ¢ V(). Since by the data u is
an unknown arbitrary element of H space, its distribution of possibilities will be ¢ ”(u): 1. Conditional
distribution of possibilities ¢ *#(z,u) = ¢ V(z — Gu), then @ *(z,u) = ¢ *(z — Gu).

Let consider the problem of interpreting the measurements’ results (1) for estimating the output of some given
measuring device at signal . We suppose that this device operation would be described by Hilbert-Shmidt
operator I1: Hy — H3, where H 5 - Hilbert space. One of known approaches to the problem of interpreting
the measurements’ results is to find such operator B : H, — H5 which would permit to interpret By as the
exactest version of ITu in a certain sense. Forcing from the right on the equation (1) by B operator and
subtracting ITTu from both sides we obtain the equation

By —Tlu =(BG ~T)u+ Bv

From this equation follows that By differs from ITu by two components: some artifact (BG—H)u and Bv -
noise, which is fuzzy value. Since there is no initial information about u signal, minimization condition on B norm

of Hilbert-Shmidt operator discrepancy, ie. ||[BG —TI|, — min would be one of criterions of TTu optimal
B

estimation as By . Introducing the definition of necessity of fuzzy value estimation by analogy with the definition

of estimation mistake necessity correctness [1] the last definition would be offered as another optimality criterion.
So the necessity of fuzzy value estimation correctness is

C,(d(z)) = Osupsup minlp ¥ (z,).0 1(Tu d(2)), 2
z u
where d(z) - estimation strategy; /(ITu, d(z)) - mistake absence possibility accompanying a choice of d(z)
as a value of TTu for each value u € Hy (fuzzy relation of correctness); & — involution determined in [1] - dual
isomorphism from L to Lsuch as €(0)=1, #(1)=0 and for any a,be [0;1] relations a <b,
0(a)> 60(b) and O(a)< O(b) are equivalent (here L - scale on [0;1] dual to L with operation of addition
in the sense of min, operation of multiplication in the sense of max, and order relationship < - opposite to
natural). Essentially an integral by necessity from Z(Hu,d(z)) is written in (2). Taking into consideration that
d(z) = Bz, let direct the integral (2) to maximum by estimation strategy. As a result we obtain the optimality
criterion C,, (d(z)) = @ sup sup min((p z,u),0 l(Hu,Bz))—) max . By analogy with [1] for possibility
z

and necessity of an estimation eror it is possible to prove that the task C,, (d(z)) — max should be reduced

to the tasks C,,(d(z),z)=Osup min(go M(z,u),0 l(Hu,Bz))—) max for every ze Hy. As a result,
B
u
using properties of involution @ it is possible to write down the task

|BG —T1| — min
B

sup min(qp "(z—Gu).0 l(Hu,Bz))—) min’
B
u

(3)
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A

Found from (3) the operator B gives the estimation Ilu = Bz which is optimum in terms of operator
discrepancy minimization and estimation correctness necessity maximization. Let's take the possibilities’

distribution ¢ B V(B(z - Gu)) of a fuzzy value Bv as fuzzy relation of correctness l(Hu,Bz). It's possible

to express it through "() as @ BY(B(z-Gu))= max{<p Y(w)Bw = B(z - Gu)} or
w

0 BV(B(z-Gu))=p V(B_B(z - Gu)) where B~ - pseudoinverse to B operator. Put the last
expression to (3) and get
|BG —T1I| — min
B Y
sup min((p "(z—Gu),0p V(B_B(z — Gu)))—) min- (
B
u

Let's consider separately the first criterion of the task (4). It is easy to show, that it reaches the global minimum on
value set

B=TIG~ +Y(1—GG‘). (%
Here Y :H, — H3 - any Hilbert-Shmidt operator. At the same time in the second criterion the value
® V(z—Gu) does not depend on B, so for any fixed u and z the value of the
min((p "(z - Gu),6p V(B_B(Z—Gu))) is as little, as litle the norm of argument of &¢" (-). Since the
argument is given by B"B(z —Gu) where B~ B - orthogonal projector, the value HB_B(Z — Gu)” is as
little, as wide the kernel of B. Choosing B in the form of (5) these requirements will be fulfilled if
Y (I - GG"): 0. It follows from the fact that B =T1G  turn into zero any element from orthogonal addition
to space of values of the operator G, and if the operator Y (I - GG_) is not zero at this element, kernel of

G + Y(I - GG_) includes into the kernel of TIG . So we conclude that B =T1G s pareto-optimum
decision of the task (4) because any changes of B leads to increasing either the first or the second criterion. If
(5) doesn't include B then the first criterion grows up, or if (5) includes B but B doesn't equal ITG , then the
second criterion grows up.

Lets consider the way how to pick the operator B to reduce the second criterion of (4) better than it was at
B =T1G . Asitwas above mentioned the wide the kernel of B is the little the value of the second criterion is.
It is obvious that under widening of kernel of the operator B, not Iz but only it's some projection PITu should
be restored completely, where P : H3 — H3 — some orthogonal projector. It corresponds to the problem of

measurement reduction to the device TT which satisfies equations (I —P)ﬁu =0 and PIlu = PITu for
any signal u . As the signal u is a priori unknown lets add another condition to the task (4) and set up task

HBG - ﬁ” — min
2 B
sup min(qp "(z - Gu),0p V(B_B(z -~ Gu)))—) min. (6)
B
u
(I-P)1i=0

Much as the above-mentioned method it is simply to solve (6) and show that B = PIIG™ = PIIG™ is pareto-

optimum decision. By the way, the above received decision B =11G  turns out from the last result by a choice
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P = 1. The other extreme case, at which the second criterion of a task (4) is minimized as much as possible,
turns out at P = 0. Obviously that at such choice of an orthogonal projector the operator B = 0, necessity of

an estimation’s correctness C,, =1 and the norm of operator discrepancy is equal to ||H||2 It is necessary to

notice that under B =0 we get R(G) cN (B) and as a result the signal passed through the device G turns
into zero. The result doesn’t contain any information about the signal ITu , so it’s singular. Similarly the choice of

an orthogonal projector P so that HHG‘H2 > HPHG"H2 results in reduction of restored value dimension of
ITu . So the choice of an orthogonal projector P is responsibility of HMD (human who makes decisions).

Thus, the decision of (4) is the set of operators B = PI1G . The norm of operator discrepancy is equal to
HPHG_G - HHZ and the estimation’s correctness necessity is equal to

C,(B)=6sup min((o "(z—Gu),0¢ V(B_BWG (u))) taking into account Bzg =0

u
(zg, = (1 - GG_)z). Here wg(u)= GG z-Gu.
After solving the task

min((/) "(z—=Gu).6¢ V(B_BWG (u)))—) sup (7)

u

and applying the involution & to its decision we'll receive the value of estimation correctness necessity. As
z—Gu can be decomposed in the sum of orthogonal components

z=Gu=w,,- (u)+(wGBI (u)+ 26 BT ) , where w . - ()= B~ Bwg(u),
Won: (u)= (I—B_B)WG(u), 26,8 = (I—B‘B)ZGl =zg,, (B”Bzg, =0 by the condition of
the operator B construction) then it's possible to choose such u in (7) that w GBY (u) =0 and w GB (u)

remains without changes. Taking into consideration that on arrangement ¢ V() does not monotonously increase

by the argument norm, such u should not reduce ¢ V(z - Gu) and should not affect on ¢ V(WGB_ (u)) in

any way. So, is possible to express the task (7) as

min((o V(WGB_ (u)+ ZGLBI j,é’(p V(WGB‘ (u))j —> sup, (8)

ueQ)
WGBI (u) = 0}.

Since the involution € is monotonously decreasing function on [0;1] by definition it becomes obvious from the

where Q = {u

type of the task (8) that its decision won’t exceed some number & = min (x, H(x)) which value depends on
x€|0;1

the involution definition. For example, if the involution is &(x)=1-x, x € [O;l] then o= 1/, or if the

2’
V31
2

involution is in the form of hyperbola &(x)= l;xl x €[0;1] then o = , efc. If we decide the task

2x +
min((p V(WGB_ (u))ﬁgo V(WGB_ (u)))—) sup

instead of the task (8) then its decision would be obviously described by the set of elements from H
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U:{ﬁ gpv(wGB_(u))—a‘}, (9)

since the minimum is got out between function " (-) and dual to her at the same argument value. Thus for a

min
ueQd

special case of task (4) if z = 0 we receive estimation correctness necessity’s value

GLBy

C, :Qmin((p V(WGB, (5)19(0 V(WGB, (ﬁ))) uel. (10)
Let's consider possibility of occurrence of such special case. It is guaranteed if Rl(G)m N(B)={0}. As
mentioned above under constructing B the condition RL(G) cN (B) was obtained it should be concluded
that the given special case should be inevitable only at R+ (G)=N ( _): {0}. The fact that the operator G

has an opposite one follows from the last conclusion by the Banach theorem [3]. So if in the equality (1) the

operator G is such as 3G then the operator B = PIIG ™! is the decision of the task (4) and the operator
discrepancy norm is ||BG - H||2 = ||(P -1 )H”2 , and the value of estimation’s correctness necessity can be

calculated by the formula (10).
Since we implicitly estimated u (let even using estimations’ set (9)) we can use a priori distribution ¢ V() to

estimate the experiment model consistency. If Ju e U : " (z - Gu) > 0 then it is possible to recognize the
experiment model as consistent, and every u € U as consistent estimation of the input signal u . Otherwise it is

necessary to recognize the experiment model as insolvent. Since under the arrangement (p"(-) is

monotonously non-increasing function by the argument norm then for definiteness lets choose estimation of input
signal as

u = arg minHw _(ﬁj‘ . 11

Tl GB 2 (11)

It is obvious that if (ov(z—Gu): 0 then it is necessary to recognize the experiment model as insolvent,
otherwise as solvent.

Lets get back to (8) and consider the case z , ,_ # 0. Its decision depends on a type of ¢ () in many

G B]
respects. But it is possible to outline some limitations for required value. First, since in (8) the norm of the first

argument of Min (function " (-)) is greater b _
g ( 0" () is greater by |z oo

, then Hw B (u)”2 it is obvious that the value of

estimation correctness’ necessity is greater then 9min((o V(w GB- (u)l@(o V(w GB- (u))) and less then

0 min(gp V(WGB (u)+ ZGJ_BI_ ), 0@ V(WGB* (u))j where u — estimation (11). Secondly, if there is a

u (HWGB_ (1,7)”2 < HWGB‘ (”)”2) & (Q(DV (WGB‘ (,,7))2 (pV(WGB_ (s “6181 j j}

then the optimum estimation of the input signal belongs to set U=U u{u} otherwise (11) is the optimum

estimation of the input signal and C,, = & min[(p V(WGB_ (@) + 26,8 ), 0 V(WGB_ (ﬁ))) . Thirdly, using

the above given definition of an experiment model’'s consistency it is possible to make its a prior estimation even

, el -

nonempty set U ={

before construction of the optimum operator B . Since

weg )+ 2 BT N

2
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and go"(-) is  monotonously non-increasing function by the argument norm then it follows from
1% _ v(, _ N % _ oo
@ (ZGLBIJ_O that Vue Hy 9" (z—Gu)=¢ (WGB_ (u)+ZGLBI)_O and it is necessary to

recognize the experiment model as inconsistent. At the same time it's easy to verify (o"( j =0 because

“GuB1
R1(G)< N(B) should be fulfilled under the construction of B and (o"(zG . ) = gp"((]—GG_)z)
121

follows from it. The further analysis of estimation correctness necessity value depends in many aspects on a type
of function ¢" () and we shall not consider it in this work.

Conclusion

Analyzing the received results it is possible to say that they correlate to results received for the probabilistic
experiment model [4], namely pareto-optimum estimations for the probabilistic experiment model [4] under
increase of ignoring degree of statistical information will tend by the norm to the result obtained in this work. But it
is necessary to note that the experiment models in probabilistic and possibility cases and the tasks of optimum
estimation varies ideologically in spite of formal similarity of the models and vicinity of the received results.
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Abstract: In a complicated business network finding a supplier can be a very time consuming task. The
technology of competence management is aimed to support such kind of tasks. The paper presents an approach
fo support interaction between business network members based on such technologies as competence
management and knowledge management. The conceptual models of the context-driven competence
management system and production network member competence profile are described. The usage of the
competence management system is illustrated via an example from automotive industry.
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Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
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Introduction: Horizontal (Cluster-Based) Approach to Innovation Development

There are a number of reasons leading to innovation development. First of all, the business environment has
changed and become network-centric. In the political environment the role of the structuring leader is moving
from independent states to network communities. In the economic environment it moves from industries to
network clusters based on distributed cooperation of representatives from different industries. Such clusters are
not headed by leading companies, but managed through virtual spaces where knowledge exchange and
innovation generation take place. The further uniting of the clusters in the network leads to development of global
networks crossing state borders. This is accompanied by the de-sovereignization of the world economy and at the
same time its regionalization based on new principles (the regions are not considered as administrative units, but
as networked trans-border institutes). In addition, due to the Internet the world economy becomes absolutely
transparent and as a result hypercompetitive.

The way production has also changed: the industrial development paradigm has yield to the postindustrial
paradigm that has different driving forces and “game rules”. Knowledge has become the major production factor;
continuous innovation (instead of scale economy) has become the major competitiveness factor; anticipatory
growth of investments into human capital (instead of investments into fixed capital) has become the basis of the
steady growth; and the innovation speed (i.e. ime management instead of territory management) has become a
priority in the area of safety.

Hypercompetitiveness has not left any chances to the pursuing industrial development. Three centers of the
economical power (USA, EU, Eastern Asia) are still preserving their influence, however the world is quickly
dividing into “developed” and “lost”: those who has managed to move to the innovation growth and, those who
has not.

Another reason is drastically changing growth landmarks. Technologies are changing so fast and the structure of
globalized markets is getting so complicated that the government cannot longer identify the optimal investment
projects for business (as it used to do during the industrial age in the pursuing countries of Asia and Latin
America). Contrary to the widespread idea, the direct encouragement of particular industries and “braking-
through” technologies by the government today becomes secondary. The job of the production structure
optimization is done by the market itself via competitive interactions and economy clustering. This means that the
institutional structure of the economy (and not the structural reforms, targeted production diversification or high-
tech volumes as it was considered) plays the major role in the growth of the competitive advantage.

As a result it can be concluded that classic (vertical) industrial policy with its bet on leading industries, production
scales and industrial base completion goes to the past. A new industrial policy is needed to shift to the innovation-
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based social and economic structure. This policy has to be horizontal, with the government having completely
different tasks — stimulation of cooperation and cluster initiatives, assistance in finding partners by companies
(especially SMEs), creation of competitive stimulus for network organization. The success of Scandinavian
countries shows that competition leadership is achieved by those who use the Triple Helix Model — partnership
between government (state), business and science (academia) [Etzkowitz and Leydesdorff, 2000].

Background

Business network is an aggregate of resources of independent companies united on the principle of cooperation
within the same information environment and capable to coordinate their activities for production of the final
product/service. However, to organize companies into a network the coordination of their activities and
“understanding” of one another are required. For this purpose it is necessary to use information technologies that
would allow to automate these processes. Knowledge management, context management and competence
management are proposed to be applied to solve this task.

Knowledge management is a discipline that provides for an integrated approach to creation, accumulation,
organization and usage of information sources and access to them. These resources include structured
databases, textual information (e.g., electronic documents) and the most important tacit knowledge and
employees’ expertise. Currently, ontological models are widely used for knowledge representation. The
ontological model is a formalized description of the problem domain.

For intelligent processes supported by information technologies, the context is defined as information that can be
used for description of the situation concerning a certain object at the given time. Application of the context
management technology to knowledge management systems is necessary since during the interaction between
network members the current situation can put some constraints at the interaction (e.g., unavailability of a
member, impossibility to perform a task by one of the members at the given time, etc.). In the presented approach
the context is described in the form of the ontological model.

Competence is a possibility to perform business processes that are supported by necessary resources, practice

and actions, the let the company to offer its products or services. Competence profile management lets the
knowledge management system to use the corresponding network members as knowledge sources.

Conceptual Model of the Competence Management System

Depending on the way of the competence management system usage two types of users can be identified:
network members and users, who are representatives of the network members (Fig. 1). Within the network the
company employees may have different roles. When the user (company representative) is registered in the
system he/she is assigned a use profile containing personal, registration, and system information about the user,
his/her preferences revealed by the system, feedback of other users, as well as history of the user actions in the
system. The user profiles make it possible to specify and complement user requests with necessary information
and personalize the knowledge and information flow from the system to the user.

When the network member is registered in the system its competence profile is created. It contains information
about the member, the history of its activities in the competence management system, production preferences,
feedback concerning the quality of order performance. The competence profile makes it possible to faster and
more precisely choose a network member to perform a required operation or to produce/supply required
components.

Fig. 1 represents interactions between users and supply chain members. The user representing network member
i can make a request to a particular user representing network member j or get information directly from the
competence profile of network member j. For example, the user representing member i can find capabilities of
member j, as well as feedback concerning meeting quality and time requirements by this member for other users.
After that he/she can directly discuss cooperation details with a representative of member j. The direct interaction
can be useful for security reasons: a network member may have some confidential information that should not be
stored in the shared competence management system, but it can be directly handled to another member.

It is also possible for network member i to send a direct request to network member j (without user intervention).
For example, an automated warehouse management system of network member i can request the appropriate
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network member (e.g., network member j) to supply required components if the stock at the warehouse is
insufficient.

A 4 y
Network member i Competence Competence Network member j
profile profile
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User User
User profile User profile
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Fig. 1 Interaction between users and network members

The conceptual model of the context-driven competence management system in flexible supply network (Fig. 2)
is based on the earlier developed idea of ontology-driven interoperability support [Smirnov et al., 2007]. In
accordance with the conceptual model the context-driven competence management system implements the
following scenario for coordination support between members of a flexible supply network.

A user (a representative of a supply network member) submits a request to the system (1). Based on this request,
available ontological model of the problem domain and the current situation the context is built (2), which is a
description of the user request and current situation in terms of the ontological model. The ontological model in
the competence management system describes the main terms used for supply network description and
relationships between them. Since the terminology used by users may differ from that used in the ontological
model it is necessary to map these terminologies to each other. Synonyms can be used for this purpose. The
request terms are searched for in the ontological model and found fragments are combined to form the context
[Chaudhri et al., 2000].

The knowledge map defines references between the ontological model (3) and knowledge sources (4). This
makes it possible to use uncoordinated sources as a single distributed knowledge base. Based on the knowledge
map and the formalized user request, the knowledge and information required for answering the user request are
acquired from appropriate sources (5). Databases, electronic documents, information systems as well as supply
network members can serve as knowledge sources.

If a supply network member serves as knowledge source it provides services for the system to access the owned
knowledge. Information about the member is obtained from its competence profile. Based on this information a
decision can be made whether this member is suitable for a particular supply network configuration.

The following information from the competence profile is taken into account during the supply network
configuration:

- capabilities describe products and services the supply network member can provide;

- capacity and lead time are used by the system to decide if the supply network member can supply required
products/services in the given time and quantity;

- price-list is used by the system to reduce costs of the entire supply network;

Besides, the preferences of supply network members are also taken into account. For example:

- order time (a supply network member might prefer long-term or short-term orders);

- order volume (a supply network member might prefer low volume or mass production);

- technology (if a supply network member produces good A it might prefer to produce good B at the same time).
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Location of a supply network member is used to define product delivery time, and depending on the current
situation (season, precipitations, snow, storms, local holidays, etc.) the supply network member can be

inaccessible.
The information from knowledge sources is transferred to the user, with the user profile being used for ranking of

the presented results based on their relevance to the user request and preferences.
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Fig. 2 Conceptual model of the context-driven competence management system in a supply network

Network Member Competence Profile

The competence profile of the network member is presented in Fig. 3. It contains the following categories::

- “Company information” contains general information about the company;
- “Branch information” contains information about a particular branch of the company;

- “Request history” contains the entire history of the branch in the system;

- “Preferences” contains preferences of the network member related to its products/services.
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The FP6 project "Intelligent Logistics for Innovative Product Technologies" (ILIPT) is aimed at developing new
methods and technologies to facilitate the implementation of a new manufacturing paradigm for the European
automotive industry [Stone et al., 2005]. This new paradigm, "the 5-day car" approaches the building of ‘cars to
order' in a reduced time scale. ILIPT project addresses the conceptual and practical aspects of delivering cars to
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customers just in a few days after placing the order, the automotive industry's exciting and radical new business
model [ILIPT].

One of the ILIPT project tasks is to develop a competence management system to support interoperability within
the "5-day car" production network. Fig. 4 demonstrates an example of the usage of the competence
management system for automotive production network developed at SPIIRAS. The user passes the
authentication procedure and formulates a request to the system (“800 air filters are required to be supplied
before March 1, 2007"). The system finds appropriate suppliers and suggests them to the user. The user can
review the competence profiles of the suppliers and initiate the negotiation process with their representatives.
After that the user can decide which supplier is the most appropriate.

Conclusion

The developed model of context-driven competence management system increases the level of coordination
between its members due to usage of the ontological model of the network and competence profiles of its
members. The competence profile of the network member includes information supplied by the member itself as
well as information, revealed by the competence management system based on the behavior of the member.
This information from the competence profile can be of high interest for other network members planning
cooperation with this member and allows automating some of the processes taking place in the business network.
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AN INFORMATION MODEL FOR PENSION FUND MANAGEMENT

Oleksandra Putyatina

Abstract: In this paper the issues of Ukrainian new three-level pension system are discussed. First, the paper
presents the mathematical model that allows calculating the optimal size of contributions to the non-state pension
fund. Next, the non-state pension fund chooses an Asset Management Company. To do so it is proposed to use
an approach based on Kohonen networks to classify asset management companies that work in Ukrainian
market. Further, when the asset management company is chosen, it receives the pension contributions of the
participants of the non-pension fund. Asset Management Company has to invest these contributions profitably.
This paper proposes an approach for choosing the most profitable investment project using decision trees. The
new pension system has been lawfully ratified only four years ago and is still developing, that is why this paper is
very important.
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Introduction

Four years ago Ukrainian former pension system was transferred into a new one. The new pension system is
three-level like in many countries of Western Europe. One of the most important and underdeveloped parts of the
new pension system is non-state pension funds. These pension funds are nowadays not very reliable for
employees to save up pensions. This paper has several aims.

The first aim is to develop a new mathematical model that can be applied as a base for an automatic information
system that would help the manager of a non-state pension fund make correct decisions, i.e. avoid default and
calculate the optimal value of pension contributions. Some work in this direction has already been done by such
famous researchers as Merton R. C [Merton R. C., 1974], Black, F., Scholes, M. [Black, F., and Scholes, M.,
1973]. But their framework can only be applied to managing state pension funds.

Problems of non-state pension funds and life companies are not fully covered by classical Merton’s framework.
These companies fund themselves by issuing highly structured form of debt: life insurance and pension policies.
The path-dependent [P. Jorgensen, 2005] nature of the policies requires to apply a more elaborate pricing
techniques to assess its value similar to a classical Merton’s framework.

The new model is based on the following ideas: the asset price of a non state pension fund is a random variable
and is most often modelled using Wiener process, because this stochastic process most precisely reflects the
random behaviour of financial markets (basic paper [Black, F., and Scholes, M., 1973]). The equation for
modelling the behaviour of liabilities of a pension fund is different from what was developed before, because it
reflects participation mechanism. In European countries nearly all non state pension funds nowadays apply
participation mechanism, and it is natural to assume that soon Ukrainian non-state pension funds will do the
same. The partial differential equation for determining the optimal value of pension contributions is derived basing
on above assumptions about assets and liabilities behaviour.

The second aim of the paper is to solve the problem of automatic choice of a proper and experienced asset
management company among the companies of Ukrainian market. This problem is nowadays crucial for many
firms and enterprises that want to take part in creation of the non-state pension funds. But there is very little
practical experience in this field because the new pension system is still under development. An asset
management company plays a very important role: it invests pension contributions into the industry projects.
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Many important financial results depend on the activity on the asset management company and first of all the
safety of the pension contributions and the amount of pensions paid. Nowadays in Ukraine there are around two
hundred asset management companies. Some of them came from European countries and brought wide
experience, the other ones were created in Ukraine. So, which one to choose? Usually the asset management
company is chosen empirically that is not very reliable. In this paper it is proposed to optimize and automate the
choice of an asset management company by using Kohonen self-organizing maps.

The third goal of the paper is to discuss an approach that would help asset management company invest pension
contributions most profitably. Having received pension contributions the non-state pension fund transfers the
money to the assets management company. The assets management company invests pension contributions
into the industry fields in order to make profit and pay pensions in the future. Decision Trees [4] and Bayesian
methods are applied in this paper to develop a strategy that would help the asset management company invest
pension contributions profitably, i.e. choose the optimal investment project.

Information System Creation

In order to create the information system for pension fund management it is necessary to solve the following
tasks:

- evaluate the amount of pension contributions rationally;
- hedge the pension fund against default;

- choose the asset management company optimally;
invest pension contributions profitably.

In order to solve the first two tasks it is necessary to find the optimal value of pension contributions and to
evaluate a put-to-default option (the instrument that allows to hedge pension fund against default). To derive a
pricing equation we assume that the assets W of a non-state pension fund follow geometric Brownian motion (like
in Black, Scholes, Merton’s framework [Black, F., and Scholes, M., 1973]). Geometric Brownian motion is the
most appropriate and widely used model that describes the behaviour of financial markets.

dW
= udt + odz , 1
it oz (1)

where u is the expected rate of return from the asset price, o is the volatility of the asset price, tis time, z is
Wiener process.

In order to better represent the path-dependent nature of policies issued by non-state pension funds, in this paper
we assume that the liabilities V increases at a non-guaranteed rate ,, - u(V% ) (unlike Merton’s framework), i.e.,

dVV = o/ dr. )

Most forms of liabilities (pension and insurance policies) that pension funds and insurance companies issue
include participation mechanism: when the free asset ratio of the fund (W/V) is healthy (110% and above), the
fund credits the liabilities with more generous reversionary bonus, than in case of free asset ratio just exceeding
100% mark. In the latter case policyholders are likely to get the contractually guaranteed rate only. When the
solvency of the pension fund is compromised significantly, i.e., the free asset ratio is significantly below one the
fund may either go into administration or undergo a restructuring plan, when some of its guarantees are taken
back. That is why to model the path-dependent liability mechanism it is assumed that the bonus mechanism
depends on the free asset ratio of the pension fund only and define the instantaneous bonus rate v in terms of
the function of the free asset ratio, i.e. v=uUW/T1).

Suppose that p is the fair value of pension (life) policy or put-to-default option. The variable p is function of W, V
and t. Using Ito’s lemma we obtain

ap 1 & 9
W P 22 O P /4
dp = (yW (%/) +oo WL jdtJraWO'Wdz

We use the approach as in Black-Scholes framework for setting up a replicating portfolio consisting of -1
derivative security and gp /ow units of the firm’s assets. By such choice we will eliminate the Winner process
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and make the portfolio hedged and its return predictable. Thus we can pose the pricing equation for determining p
(this corresponds to first two tasks stated above):

P (w op p 1 ,.,0p
=+ —+rW——+—c W -mp=0, 3
or A% o aw 27w T ©
where r is market rate of interest. This equation is derived basing on assumptions (1), (2). As in Black-Scholes
framework the resulting partial differential equation (3) contains no stochastic components and is deterministic.

In our case pension fund credits liabilities with a guaranteed rate of interestr, , if solvency w /v is below a
certain level 1+ g(g >0), where B is a parameter, and distributes all the gains to the policyholders when
solvency exceeds 1+ g. We obtain a reflecting boundary at point 1+ g characterized by

17)

§:0|W/V:1+ﬁ' (4)
Similarly, when solvency of the fund falls below a lower threshold 1—5 (7 > 0), where y is a parameter, the

pension fund (life company) may be forced to undergo a restructuring plan by reducing its obligations V. Hence,
the lower threshold becomes the reflecting boundary as well

27}; =0 |W/V:1—7. (5)
In case of put-to-default option the key boundary condition is

p =max(V —Ww,0) when t=T. (6)
In case of pension or insurance policy, it is

p=min(W,V) when t=T. (7)

This problem can be dealt with by means of similarity reduction.
The solution is as follows:

u(x,7) = e5° Iuo(z)eA(x_z)G(x —x",z—x"1)dz (8)
pW,V,t;T)=Vu(In(W/V)g*(T-1)/2), 9)

where A and B are parameters, u(x) = u(x,0 ) = max (1-e*,0 ) for put-option and u,(x)=u(x0)=1 for a policy,

x* =in(1+ p), Tisanew time parameter defined by (T_t)ﬁ — ¢, new variable x is defined by x = In(Ww/v).
2

The solution to this equation with the policy boundary condition allows the manager to calculate the optimal value
of pension contributions the employee has to pay under a certain pension scheme.

The solution the equation (3) was modeled under different conditions and analyzed.

Using the framework above it is possible to determine the optimal size of pension contributions. Next the pension
contributions are passed to an asset management company. The only problem that arises is to cluster the set of
all asset management companies into classes “reliable” and “unreliable” i.e. those ones that are able to invest
pension contributions profitably and those that are unable. At the same time the “reliable” companies can be also
classified using other additional features.

Any asset management company has following features or characteristics: the time of existence, the amount of
managed funds, the total value of assets of managed funds, work experience with European enterprises, the
average return of the managed funds during last month and so on. That is why very often it is very difficult to
choose an asset management company. In our country such decisions are made basing on intuition. In order to
make decisions using formal criterions it is necessary to construct an information model that allows to cluster
asset management companies basing on their features.

There exists a large amount of clustering methods. The systems of artificial intelligence are becoming more and
more popular. Very useful are also expert methods and models. Methods of fuzzy logics are widely used.
Regression methods, linear and logistic regression in particular, can also be applied for solving the clustering
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problems. And also decision trees are widely used for this kind of tasks. But all these methods have certain
disadvantages. For example, methods of expert estimations highly depend on the opinion of a certain expert; in
the above stated task intersecting clusters are not considered, that is why methods of fuzzy logics are not
applicable; regression methods require some knowledge about the character of mathematical model in advance,
but this is not possible in this case; methods of decision trees require lots of additional information, such as
probabilities of certain objects belonging to certain clusters.

That is why to solve the problem of clustering of asset management companies it is better to use neural networks.

Neural networks are widely used in those parts of financial and investment business where it is necessary to
process lots of information quickly in order to get estimates and forecasts. The advantages of neural nets are as
follows: the ability to model and forecast non-linear processes; ability to work with noisy data; quick learning and
adaptation ability.

In order to cluster asset management companies it is
proposed to use Kohonen nets. The most common
application of Kohonen nets is the solution of
clusterization problem i.e. unsupervised classification.

For the given problem a network with seven input units
and twelve output units was chosen. Figure 1 shows
the structure of the net.

The experiment published in paper [MytatuHa A.E.,
2007] showed that it is possible to separate Ukrainian
asset management companies into six clusters and
these clusters are robust.

When the asset management company is chosen and Figure 1. Kohonen network
the pension contributions are passed to it, it is
necessary to invest contributions profitably.

The assets management company invests pension contributions into the industry fields in order to make profit
and pay pensions in the future. Decision Trees [B.[. Pomanos, 2003] and Bayesian methods are applied in this
paper to develop a strategy that would help the asset management company invest pension contributions
profitably, i.e. choose the optimal investment project.

Let us assume that the manager of the asset management company has to make a decision concerning two
projects. But in order to make a final decision the manager needs to make an additional expert examination (or
several examinations).

Let t and £, be two types of expert examination which the manager needs to make for the final decision. The
case if manager decides not to make the examination let us define .

Input data
Reslting clustering

Define the investment projects A and P, . The project F, requires Xi to invest in, the expected return is Ry, as
the result the asset management company makes the profit of p1 = Ry — Xi.

The project P, requires X to invest in; the expected return equals R, and the expected profit is p2= Rz — Xa.

The condition of the investment project is not known for sure, i.e. due to some economic situations, political
factors and financial events the investment project may require some additional investments in the future. The
expert examination makes the prediction about the future state of the project and, of cause, this prediction may
be wrong or right with some probabilities. Let us define for simplicity the following: if the investment project
requires additional investments then it is in a bad condition (denote P;.2d); if it requires nothing then it is in a
good condition (denote P; 5909),

The expert examination t; checks the state of the first investment project, and the expert examination t, checks
the state of the second investment project. Define t19°0d the result of the first expert examination to consider the
first investment project to be good, and tib2d the result of the first expert examination to consider the project bad.
In the same way we can define £,9°°d and ,ad,

If the project A is in the bad condition, then the additional amount of money di may be required to invest in the
project. As the result the profit from B totals s1= Ry — X1 - d.
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If the object P, is in the bad condition, then additional investment equals dy. Thus the assets management
company makes the profit equal to s2= R, — X2 — da.

Let us assume that we also know the probabilities of both projects to be in good condition. For the first project this
probability equals g1, for the second project ..

Let us assume that we know the conditional probabilities for the expert examinations to detect the states of the
investment projects correctly. These conditional probabilities can be written in matrix forms. For the first
investment project the probability matrix takes the form

p(tlgood /ngd) p(tlbad /[)lbad)
p(tlbad /Plgood) p(tlgood /Plbad)
For the second investment project the probability matrix takes the form

p(té,'oad /PZgaod) p(tzbad /PZbad)
p([ émd / Pzgood) p([ igood / PZbad)

In order to find the optimal strategy (choose the best investment project) it is necessary to calculate the
probabilities of every tree branch. It is easy to calculate the probabilities of the t branches (without the expert

examination): they equal g1 and qo.

pt,/P)=

pt,/P,)=
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In order to calculate the probabilities of the random nodes along the branch ¢, we must find out the unconditional
probabilities p(f19°°d) and p(f9°°d), and also the posterior probabilities p(P1900d(bad)/t good(bad)) - n( P good(bad)]tgood(bad))
These probabilities are not given explicitly that is why we use the Bayesian rule [4].

While the expert examination t is applied only to the first investment project P;, we can
derive p( P!V /¢80Py = p( P! ™D n the same way we can calculate the probabilities of the
random nodes along the branch t,.
Next it is necessary to make the reverse analysis having chosen the maximal values:

- calculate the mean value for every random node and calculate the maximal profit of every decision node;

- track the branch with maximal profit down from the root in order to find the optimal strategy.
The structure of the decision tree for investment analysis is shown in the Figure 2.

The structure of this decision tree (the amount of branches) is the most widely used structure of decision trees
that are used to compare, analyse, and choose market projects or objects in western economy.

Conclusion

In this paper a mathematical model for estimating the far value of pension contributions was reviewed. Then the
pension contributions are passed to an asset management company which is chosen among the existing ones
using Kohonen networks. Decision trees can be used in order to choose the optimal investment project and to
invest pension contributions profitably. The pension contributions are then invested into the chosen project and
the return is redistributed to pay pensions.

This entire framework together makes a complete information system for pension fund management.
The future research will consist of applying other methods and techniques and comparing the results.
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SYSTEMOLOGICAL BASES OF BUSINESS INTELLIGENCE

Mikhail Bondarenko, Ekaterina Solovyova, Dmitriy Elchaninov

Abstract: Sustainable development support, balanced scorecard development and business process modeling
are viewed from the position of systemology. Extensional, intentional and potential properties of a system are
considered as necessary to satisfy functional requirements of a meta-system. The correspondence between
extensional, intentional and potential properties of a system and sustainable, unsustainable, crisis and
catastrophic states of a system is determined. The inaccessibility cause of the system mission is uncovered. The
correspondence between extensional, intentional and potential properties of a system and balanced scorecard
perspectives is showed. The IDEFQ function modeling method is checked against balanced scorecard
perspectives. The correspondence between balanced scorecard perspectives and IDEFO notations is considered.
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systemology.

ACM Classification Keywords: H. Information Systems - H.1 Models and Principles - H.1.1 Systems and
Information Theory - General systems theory.

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Business intelligence helps commercial enterprises to solve following important problems:
- sustainable development support;
- balanced scorecard development;
- business process modeling.

These problems are closely interrelated. Many academic researchers have advanced the ideas of the sustainable
balanced scorecard in publications [Figge et al, 2001]. There are ideas of sustainable business process modeling
[Pipero, 2007]. A great deal of theories and principles of sustainability are developed [Scottish Executive, 2006].
In [Bossel, 1999] systems theory is used to identify the vital aspects of sustainable development.

In this paper sustainable development support, balanced scorecard development and business process modeling
are viewed from the position of systemology [Melnikov, 1988]. From a point of systemological view a system must
satisfy functional requirements of a meta-system (see fig. 1). A system must have corresponding extensional
properties to satisfy functional requirements of a meta-system. Intentional properties of a system may be
transformed to extensional properties as well as potential properties towards intentional properties.

Meta-system

l Functional requirements

System

Figure 1: Functional requirements for a system
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Systemological Bases of Sustainable Development

A current state of a system is sustainable if extensional properties of the system satisfy functional requirements of
a meta-system.

Example 1. Consider a system S. Let:
- Ext={X4, Xz, X3} be a set of extensional properties of S;
- Int={X4, X5, Xs} be a set of intentional properties of S;
- Pot={X7, Xs, Xo} be a set of extensional properties of S;
- St=ExtulIntUPot be a current state of S.

By F denote a set of functional requirements of a meta-system. If F—Ext then St is sustainable (see fig. 2, where
F={X1, X, X3}).

Meta-system

i Functional requirements (X1, Xz, X3)

System
Ext. | Xy, X2, X3
Int. | X4, X5, Xo
Pot. | X7, Xs, Xo

Figure 2: The current sustainable state of the system

If F is transformed from {X1, X2, X3} to {X4, X5, Xs} then S may adapt to new F by transforming {Xs, Xs, X¢} from Int
to Ext in the following way (see fig. 3):

- Ext=(Ext{X ) UAXa}={Xa, X2, X3} and Int:=(Int\{Xa}){X1}={X1, X5, Xe};

- Exti=(Ext\{X2}) U{Xs}={Xs, Xs, X3} and Int:=(Int\{Xs}) A{X2}={X1, X2, Xs};

- Ext=(Ext\{Xs}){Xs}={Xs, X5, X6} and Int:=(Int\{Xs}) A X3}={X1, X2, X3}.
Now again FcExt and new St is sustainable.

Meta-system

Functional requirements (X4, Xs, Xe) l

System System System System
Ext. | Xi, X2, X3 Ext. | X4 Xz, X3 Ext. | X4 Xs, X3 Ext. | X4 X5, Xs
Int. | Xs, Xs, Xo j‘> Int. | X4, X5, Xe j‘> Int. | Xy, Xz, Xe j‘> Int. | X4, Xz, X3
Pot. | X7, Xs, Xo Pot. | X7, Xs, Xo Pot. | X7, Xs, Xo Pot. | X7, Xs, Xo

Figure 3: The adaptation of the system
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If F is transformed from {X1, X2, X3} to {X7, Xs, Xo} then S may evolve towards new F by transforming {X7, Xs, Xo}
from Pot to Ext in the following way (see fig. 4):

- Ext=(Ext\{Xs})U{Xs}={X1, X2, X6} and Int:=(Int\{Xs}) A X3}={Xs, Xs, X3};
- Int:=(Int\{X4, Xs}) AX7, Xe}={X7, Xs, X3} and Pot:=(Pot\{X7, Xe})\{Xs, Xs}={Xs, X5, Xo};
- Ext:=(Ex\{X1, Xa})U{X7, Xa}={X7, Xs, Xs} and Int:=(Int\{X7, Xa}) X1, X2}={X1, X2, Xs};
- Inti=(Int\{Xs}) U{Xa}={X1, X2, Xo} and Pot:=(Pot\{Xo}) {Xs}={Xs, Xs, Xs};
- Ext=(Ext\{Xe}) U{Xo}={X7, Xs, X} and Int:=(Int\{Xo}) {Xe}={X1, X2, Xs};
- Int:=(Int\{X1}){Xa}={Xs, X2, X6} and Pot:=(Pot{Xs}) {X1}={X1, X5, X3}.

Now again FcExt and new St is sustainable.

Meta-system

Functional requirements (X7, Xs, Xo) l

System System System System
Ext. | X, Xz, Xs Ext. | Xy, Xz, Xo Ext. | X, Xs, Xe Ext. | X, Xe, Xo
Int. | X4 X5, Xe j‘> Int. | X7, X, X3 j‘> Int. | Xi, Xz, Xo j‘> Int. | X4, Xz, Xe
Pot. | X, Xs, Xo Pot. | X4, Xs, Xe Pot. | X4 X5, X3 Pot. | Xi, Xs, X3

Figure 4: The evolution of the system

Let F be transformed in the following way F1 — F, — Fs. If FicExt and FoclInt and Fs=Pot then St is strong
sustainable. S may both adapt and evolve towards new F. If FicExt and Foclint and FszPot then St is weak
sustainable. S may adapt to F, only.

Let F be transformed in the following way F1 — F.. If FicExt and FozInt and FocPot then St is weak
unsustainable. S may evolve towards F». If FicExt and FozInt and FozPot then St is strong unsustainable. Any
adaptation or evolution is impossible.
If F=F1 and FizExt and FicInt then St is crisis. Let F be transformed in the following way F1 — Fo. If FocPot
then St is weak crisis. S may both adapt and evolve towards new F. If FozPot then St is strong crisis. S may
adapt to Fy only.
If F=F1 and FizExt and FizInt and FicPot then St is weak catastrophic. S may evolve towards F. If F=F; and
FizExt and FizInt and F1zPot then St is strong catastrophic. Any adaptation or evolution is impossible.
The results are showed in table 1, where symbol “1” denotes the presence of corresponding properties, “0” — the
absence.

Table 1: The correspondence between properties and states of a system

) States
Properties - : — -
sustainable unsustainable crisis catastrophic
extensional 1 1 1 1 0 0 0 0
intentional 1 1 0 0 1 1 0 0
potential 1 0 1 0 1 0 1 0
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Systemological Bases of Balanced Scorecard

“Mission” is a key concept of balanced scorecard (BSC) [Kaplan and Norton, 1999], [Kaplan and Norton, 2001].
The mission statement describes the organization’s statement of purpose; what it is doing and why. The mission
is never accomplished by any organization [Niven, 2002]. Let's uncover the inaccessibility cause of the system
mission.

From a point of systemological view, system mission is meta-system functional requirements.

Consider a system S, a meta-system MS and a meta-meta-system MMS. By X denote a set of functional
requirements of MS. By Y denote a set of functional requirements of MMS. X varies depending on Y. Let X=X4
corresponds to Y=Y4. Finally, let S adapts to X=X;.

If Y=Y transforms to Y=Y, then X=X, transforms to corresponding X=X,. Therefore, now S must adapt to new
X=Xz and so on (see fig. 5).

Meta- Meta-
. [> meta- :> ﬁ> [> [> meta- :>
system system
l Functional requirements Y, ... Functional requirements Y, l
Meta- Meta-

" system o system o
Functional requirements X, l l Functional requirements X,

e R N sl M I

Figure 5: Inaccessible mission of a system

BSC suggests a new performance measurement approach that focuses on corporate strategy in four
perspectives.

The financial perspective effects relationships referring to the other BSC perspectives.

The customer perspective represents the customer value proposition through which the business system wants
achieve a competitive advantage. Therefore, the customer perspective corresponds to extensional properties of
the business system.

The internal process perspective identifies those internal business processes, which enable the business system
to meet the expectations of customers. Hence, the internal process perspective corresponds to intentional
properties of the business system.

In the learning and growth perspective, the most important area is qualification of employees. And so, the
learning and growth perspective corresponds to potential properties of the business system.

Table 2: The correspondence between properties of a system and BSC perspectives

Properties Perspectives

extensional | customer

intentional internal process

potential learning and growth
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Balanced Scorecard Bases of Business Modeling

Business process modeling is a critical component of business intelligence because a business strategy is
implemented by business processes. IDEF0 activity modeling is a technique for analyzing whole systems as a set
of interrelated activities or functions [Methods Guide, 2002]. Let's check the IDEFQ function modeling method
against balanced scorecard perspectives.

Outputs are the material or information produced by the activity. Therefore, output arrows correspond to the
customer perspective (see fig. 6).

- Output
Activity >

Figure 6: Customer perspective modeling

An activity can be decomposed into its constituent activities. Inputs represent material or information that is
consumed or transformed by the activity in order to produce the outputs. Controls govern or regulate how, when,
and if an activity is performed and which outputs are produced. Hence, activities, input and control arrows
correspond to the internal process perspective (see fig. 7).

Control
A\ 4

v v

Input . . . Output
> > Activity 1 Y Activity 2 Y Activity 3 Y >

Activity

Figure 7: Internal process perspective modeling

Mechanisms are those resources that perform the activity. And so, mechanism arrows correspond to the learning
and growth perspective (see fig. 8).

Control

Activity

v v

Input - - - Output
pl p| Activityt | 5| Activity2 | 5t Activity3 | ) >

¥ t i

Mechanism

Figure 8: Learning and growth perspective modeling

The correspondence between BSC perspectives and IDEFO notations is presented in table 3. Using the
correspondence between properties of a system and BSC perspectives, one can make the correspondence
between properties of a system and IDEFO notations.
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Table 3: The correspondence between BSC perspectives and IDEF0 notations

Perspectives Notations
customer output arrow
internal process activity, input and control arrow
learning and growth | mechanism arrow

Conclusion

Systemology is unified theoretical basis for different aspects of business intelligence: sustainable development
support, balanced scorecard development and business process modeling (see resulting table 4).

Table 4: The correspondence between properties, states, perspectives and notations
States

Notations Perspectives Properties - : — -
sustainable | unsustainable crisis | catastrophic
output arrow customer extensional 1 1 1 1 00 0 0
activity, input and control arrow | internal process intentional 1 1 0 0 111 0 0
mechanism arrow learning and growth | potential 1 0 1 0 110 1 0
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INFORMATION TECHNOLOGIES FOR STRATEGIC MANAGEMENT

Todorka Kovacheva

Abstract: Strategic management is a special kind of managerial activity dealing with long-term development and
growth of the enterprise. Therefore it has specific information needs and uses various information technologies
different than used in the operational and middle-level management processes. In the current paper we present
an information technologies' classification according to the phases of strategic management process and extract
these information technologies which are of crucial importance for the successful strategic management.

Keywords: information technologies, strategic management, information technologies classification, strategic
management process, Strategy development.

ACM Classification Keywords: H. Information Systems - H.0 General, D. Software - D.0 General

Conference: The paper is selected from Sixth International Conference on Information Research and Applications —
i.Tech 2008, Varna, Bulgaria, June-July 2008

Introduction

Strategic management is an ongoing process that assesses the business and the industries in which the
company is involved; assesses its competitors and sets goals and strategies to meet all existing and potential
competitors; and then reassesses each strategy annually or quarterly [i.e. regularly] to determine how it has been
implemented and whether it has succeeded or needs replacement by a new strategy to meet changed
circumstances, new technology, new competitors, a new economic environment, or a new social, financial, or
political environment [1].

Because strategic management uses the information from all levels in the organization (in different levels of
aggregation and abstraction) and from its environment, we can say that every kind of information technology
which exists today could be used to support the strategic management activity. But according to its long-term
orientation (long-term strategy formulation, implementation and evaluation) strategic managers have different
information needs than operational and middle-level managers. To support these specific information needs we
can combine and extract various information technologies suitable especially for strategic management and
classify them according to the phases of strategic management process.

Classification of Information Technologies for Strategic Management

The information technologies for strategic management could be classified according to the phases of strategic
management process which comprises of five phases [2]: organizational objectives, environmental scanning,
strategy formulation, strategy implementation and strategic control.

Organizational objectives:

Organizational objectives are the concrete goals which the enterprises wish to realize. They should be
measurable so that the enterprise can monitor its progress and make corrections if needed. In this phase of
strategic management process the following information technologies could be used:

o Goal management information technologies
o Policy development systems

o Goals conflict detection and resolution systems [3]



54 Decision Making and Business Intelligence Strategies and Techniques

Environmental scanning:

Environmental scanning is very important phase of the strategic management process because its results are the
base for developing the enterprise strategy and strategy re-engineering. Once the enterprise has specified its
objectives, it begins with its current situation and develops a strategic plan to reach these objectives. An
environmental scan is performed to identify changes in the external and internal environments and the available
opportunities and problems. This process is also known as situation analysis which involves an analysis of both
the external and internal environment.

The external environment has two aspects: the macro-environment and micro-environment. Macro-environment
affects all enterprises and its analysis is known in scientific literature as PEST Analysis. Micro-environment
affects only enterprises from one industry. Its analysis includes problems such as competition in the industry, the
activity of competitors, customers, suppliers, products portfolio, innovations in the industry, and etc. The internal
environment analysis deals with all aspects inside the organization.

Therefore information technologies and software applications used in environmental scanning must support
gathering, processing and analyzing the information about the external and internal situation for the enterprise. In
this phase of strategic management process we can use any kind of information technology which can be applied
for reducing uncertainty:

e Geographic information systems — they are very suitable to geographic monitoring of customers,
suppliers and competitors and for market geo-positioning.

e Systems for detection of important environmental changes and opportunities as well as systems for
internal and external environmental analysis.

o Knowledge-based and knowledge management systems which combine the latest achievements in the
field of information technologies and have strategic impact over the business development and gaining
competitive advantage.

o Information systems for extraction and processing information from various external and internal
information sources.

o Patents and know-how discovering and monitoring tools.
¢ Data mining and other business intelligence technologies.
¢ Industry trends and innovation predictions technologies.

Strategy formulation:

The strategy is a long-term plan of action designed to achieve particular enterprise goals and is strongly related to
the environment changes. When the change in the environment appears the enterprise must respond with
adapting its strategy according to the environment changes. Therefore we need information technologies with
forecasting features as well as for reducing uncertainty:

¢ Information technologies which support the strategy generation process.
o Strategy modeling tools — current and ideal state modeling.

o State space analyzing systems.

o Scenario development and evaluation systems.

e Strategy mapping tools.

o Strategy visualization tools.

e Tools for strategic business modeling.

o Strategic forecasting technologies.
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Strategy implementation:

Developing the strategy is not enough to achieve results. We need to implement it by translating it into more
detailed policies that can be understood at the functional level of the enterprise. At this phase of the strategic
management process we can Use:

o Strategic plan formulation systems.
e Change management systems.
¢ Technologies for supporting organizational structure development and re-engineering.
e Team collaboration supporting systems.
o Resources allocation supporting technologies.
e Strategy implementation monitoring tool.
Strategy evaluation and control:

The strategic management is dynamic and continuous process. We constantly need to adapt the developed
strategy according to the environmental changes. Therefore we need to monitor the environment and register and
evaluate its changes. We also need to measure and evaluate the effectiveness of the developed strategy and
apply strategy re-engineering algorithms if needed.

To suit these needs the following systems could be used:
e Business performance measurement systems.
o Strategic control systems.
o Strategy evaluation and re-engineering systems.

Information Technologies of Crucial Importance for Strategic Management

From the information technologies described above we can extract these which are of crucial importance for the
strategic management of the enterprise. These technologies are strongly related to the long-term enterprise
growth and prosperity, competitive advantages and innovations development. They are based on knowledge and
help organizations overcome the competition in the knowledge markets. The theoretical foundation of these
markets are established in [4,5,6,7]. By its participation in these markets the enterprise can dramatically increase
its competitive power, their impact on global market and generate more incomes by developing innovations and
creating knowledge. In the new knowledge-based economy only knowledge-oriented enterprises can take leading
positions in the industry. The information technologies which can be used for knowledge management,
engineering and implementation are s follows:

¢ Knowledge management systems

¢ Ontology generation systems

o Expert systems for different knowledge domains
o Business intelligence systems

o Knowledge map systems

¢ Innovation support tools

o Competitive intelligence tools

o Knowledge portals and web services
o Knowledge collaboration systems

¢ Knowledge exchange systems

o Knowledge bases support systems

From all mentioned in the current paper information technologies only these systems can dramaticaly increase its
potential for adaptation to the environmental changes, growth, innovations and new industries development.
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Conclusion

The information available for processing and analyzing is constantly and rapidly growing. It is used in all levels in
the contemporary enterprises. For its processing different information technologies are developed. This paper
introduces the information technologies from strategic management point of view. The classification of information
technologies according to their implementation in the phases of the strategic management process is made. The
most important from them are strongly related to the enterprise growth and adaptation by supporting the process
of innovation and knowledge development and re-engineering.
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METHOD OF ELIMINATION DATA SOURCES CONFLICTS
IN INFORMATION SYSTEM

Viktor Levykin, Maksim Evlanov

Abstract: Use of modern object-oriented methods of designing of information systems (IS) both descriptions of
interrelations IS and automated with its help business-processes of the enterprises leads to necessity of
construction uniform complete IS on the basis of set of local models of such system. As a result of use of such
approach there are the contradictions caused by inconsistency of actions of separate developers IS with each
other and that is much more important, inconsistency of the points of view of separate users IS. Besides similar
contradictions arise while in service IS at the enterprise because of constant change separate business-
processes of the enterprise. It is necessary to note also, that now overwhelming majority IS is developed and
maintained as set of separate functional modules. Each of such modules can function as independent IS.
However the problem of integration of separate functional modules in uniform system can lead to a lot of
problems. Among these problems it is possible to specify, for example, presence in modules of functions which
are not used by the enterprise to destination, to complexity of information and program integration of modules of
various manufacturers, etc. In most cases these contradictions and the reasons, their caused, are consequence
of primary representation IS as equilibrium steady system. In work [1] representation IS as dynamic multistable
system which is capable to carry out following actions has been considered:
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Introduction

Use of modern object-oriented methods of designing of information systems (IS) both descriptions of
interrelations IS and automated with its help business-processes of the enterprises leads to necessity of
construction uniform complete IS on the basis of set of local models of such system. As a result of use of such
approach there are the contradictions caused by inconsistency of actions of separate developers IS with each
other and that is much more important, inconsistency of the points of view of separate users IS. Besides similar
contradictions arise while in service IS at the enterprise because of constant change separate business-
processes of the enterprise. It is necessary to note also, that now overwhelming majority IS is developed and
maintained as set of separate functional modules. Each of such modules can function as independent IS.
However the problem of integration of separate functional modules in uniform system can lead to a lot of
problems. Among these problems it is possible to specify, for example, presence in modules of functions which
are not used by the enterprise to destination, to complexity of information and program integration of modules of
various manufacturers, etc. In most cases these contradictions and the reasons, their caused, are consequence
of primary representation IS as equilibrium steady system. In work [1] representation IS as dynamic multistable
system which is capable to carry out following actions has been considered:

- 1o perceive the information;
- to remember the information;
- 1o generate the information.

In addition to the specified properties, IS according to similar representation should: to use the information for
achievement of the purpose; processing the information to take from it valuable. Thus it is necessary to note, that
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here and in the further it is necessary to understand the term "macroinformation” as the term "information" -
initially casual, and then the remembered choice of one or several carried out variants from all set possible and
equal in rights [2]. In this connection actual there are problems of development of methodology, methods and
models of designing and operation IS in which basis representation IS as dynamic multistable system lies.

Information gene concept

The decision specified above problems demands development of special models which allow to describe IS and
business-processes of the enterprises at the general level. As such description authors have offered the concept
of an information gene (IG). Under IG the compressed sequence of knowledge (rules) of construction IS as a
whole and its separate elements [3] is understood generally ordered and in a strong degree. Inherently 1G is
metamodel IS - the formalized representation which defines syntax and semantics of concrete realizations IS and
its components [4]. Though the term "metamodel" in this treatment has got narrower sense, its essence has
remained the same, as in the traditional theory of systems where existence of the metadescription and a
metamodel is both necessary and constructive [5]. In the most comprehensible way of the organization of a
metamodel realization of some mechanism providing the separate organization of work of the mechanism of a
logic conclusion and the mechanism of interpretation of results of a conclusion [6] is represented.

The analysis of the basic approaches to modeling IS has shown, that static models of information structures are
local, can display only separate fragments studied IS and change during generation of the new information. For
creation and modernization IS as basic it is necessary to consider models of operations which should carry out
IS. Such operations, as follows from representation IS in the form of dynamic multistable system, concern to three
basic types:

- asubset of new information generation attitudes;
- asubset of information perception attitudes;
- asubset of information storage attitudes.

It is necessary to note, that the operations realizing given subsets, are carried out only above separate elements
of models of information structures (attributes) or, accordingly, above separate information structures (clusters
information space IS). Therefore in the further such operations we shall name operations of a microlevel.

Defined allows to allocate the uniform alphabet of modeling of operations above the information, saving up all
variety of an embodiment of these operations in concrete models IS and its providing complexes.

Realization of laws of composition IS from separate functional modules which consist of clusters set information
space IS and the operations of a microlevel certain on these structures, demands allocation of a class of
operations which possess following features:

- the given operations are carried out above all or a part of attributes, clusters information space IS and
operations of a microlevel of all IS, or the concrete functional module;

the given operations do not depend on a concrete kind of descriptions of attributes, clusters information
space IS and operations of a microlevel of all IS, or the concrete functional module;

- the given operations are constant within the limits of all IS, or the concrete functional module.

Such operations in the further we shall name operations of a macrolevel [7]. Then formation of metamodel IS on
the basis of the concept of IG will be carried out on the basis of the following interconnected formalized
representations:

- the description of separate clusters information space IS;

- the description of operations of a microlevel which reflect interrelations between separate elements
clusters information space;

- the description of a subgroup of operations of the macrolevel providing integration separate of clusters
information space and microlevel operations, certain on these clusters, in the form of transformations of
metamodel IS during which its structure and the maintenance changes;
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- the description of a subgroup of operations of a macrolevel in the form of displays of metamodel IS in a
metamodel and model of providing complexes IS.

Revealing of conflicts as a result of the analysis of an information gene

Use of the concept of IG allows considering processes of designing IS as synergetic interaction of separate
elements of system. Such approach will allow solving a problem of revealing and elimination of the contradictions
arising because of ambiguous perception of a subject domain by participants of the project. For revealing these
conditions it is offered to present IG as oscillatory system. Thus fluctuations in the given system are generated by
performance of operations of generation of the new information and extend in IS as a result of performing
reception operations and storages of the information. In such systems without dependence from their nature
Fermi-Paste-Ulam (FPU) - the phenomenon of distribution of energy of initial indignation on the maximum
harmonics with the subsequent gathering in a spectrum of initial indignation is observed. Especially important
property of return FPU has appeared presence of "memory" in its spectrum in relation to entry conditions of its
active fashions [8]. With reference to IG supervision of return FPU means, that values of the separate attributes
forming clusters information spaces IS, after unitary generating many times are used separately or in the most
various combinations, and can be if necessary returned in a condition observed at performance of operation of
generation of the new information. Differently, if for studied IG return FPU is observed, it is meant, that with the
information, which is entered into corresponding system, can be divided into separate components and
subsequently is reproduced without mistakes. Thus process of functioning IS represents sequence of operations
on processing the information. In the event that for studied IG return FPU is not observed or observed with
distortions, it means, that the same information is duplicated in IS and during distribution is mutually absorbed or
deformed. Thus there is an opportunity in advance to reveal areas of information space IS in which conflicts
concerning data will be observed.

Model of the conflict of sources of data

Elimination of conflicts of sources of data in this case is reduced to the analysis of a phase portrait of system
which is described by expression [2]

dat (¢

dat (1) = iate —a,(at,)—b, at,at, —a,(at,)’
dt T,

dat.(t

dat, (1) = iat,- —a,(at,)—b,at,at, —a,(at,)’
dt T,

1

where atg and at; - attributes of data, causing conflict; tgand tj - typical time of value reproduction of
attributes atg and at; respectively; ag and a; - coefficient of process of attributes value generation deceleration
of atg and at; respectively; bgjand bje - coefficient of antagonistic influence of attribute values of atg and at;

respectively.
It should b marked that coefficients bg; and bje are, as shown in [1], coefficients of antagonistic interaction of

attributes atg and atj. Physical meaning of coefficient bg; in this case is an estimation of usage in the moment
of new information generated values, percepted from attribute at;, instead of values, percepted from attribute
atg .

So, physical meaning of coefficient bjg is an ability estimation of usage in moment of new information generation
values, percepted from attribute atg, instead of values, percepted from attribute atj. Physical meaning of
coefficient ag is estimation of possible reception of information, stored in attribute atg, instead of information,
received from attribute atg . Physical sense of coefficient a; is estimation of reception information ability, stored
in at;j instead of information, received from attribute at .
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The physical sense of factor T consists in an estimation of relative time of generation of new values of attribute
ate which analogues are not present in aggregate values of attribute atg . The physical sense of factor
consists in an estimation of relative time of generation of new values of attribute at; which analogues are not
present in aggregate values of attribute at;.

Proceeding from offered interpretation, it is possible to draw a conclusion, that factors bgj and bjg define a
degree of independence of a source of data at work with the macroinformation - the less value of factor bg; for
attribute atg , the it is less probability of that during generation of the new information a source of data will use
the another's information from other attribute at;j. The factor ag in this case defines a degree of novelty of the

information generated by a source of data, and, indirectly, a degree of stability IS on the given attribute - the it is
less value of the given factor, the above probability of that the generated information will not be percepted from
stored values of attribute and. Hence, that above the probability of that after generation of similar information IS
will leave an equilibrium condition. The factor t¢ in this case is an estimation of time of generation by a source of

data of new value of attribute atq - the less value of the given factor, the there will be less often new values and,

hence, the less probability of output IS from an equilibrium condition.
Results of such analysis allow making such conclusion:
a) If bg; is equal to bjg , and ag is equal to a;j, advantage receives attribute with lesser generation time

b) If 1o is equal to tj, and ag is equal to a;, advantage receives attribute, which has lesser value of coefficient
b in expression, describing process of value generation for this attribute

c) If bgj is equal to bjg , and T is equal to T;, advantage receives attribute with lesser value of coefficient a
in expression, which describes process of value generation for this attribute

Method of conflicts elimination

In such case it becomes possible use a specified below method of conflicts elimination for resolving conflicts
of data sources, which occurs when there are two or more sources of same data.

Step 1. If it is possible to determine values of all coefficients tg, i, ag, aj, bgj and bje , go to Step 9. Else go
to step 2.

Step 2. If it isn’t possible to determine values of all coefficients tg, T}, ag, aj, bgj and bje take a decision of
lack of data about informational system and propose Developer to gather additional information in process of
recurring solution task of selecting customer variant of IS configuration for attributes, involved in situation of plural
generation of same information. Else go to step 3.

Step 3. In case of impossibility of determination values of coefficients ¢, Tj, bgj and bjg go to step 11. Else go

to step 4.
Step 4. In case of impossibility of determination values of coefficients o, tj, ag and a; go to step 12. Else go
to step 5.
Step 5. In case of impossibility of determination values of coefficients bgj, bje , @g and a; go to step 13. Else go
to step 6.

Step 6. In case of impossibility of determination values of coefficients t¢ and t; take there values equal to 1/2

and go to step 9. Else go to step 7.
Step 7. In case of impossibility of determination values of coefficients bgj and bje take there values equal to 1

and go to step 9. Else go to step 8.
Step 8. In case of impossibility of determination values of coefficients ag and a; take there values equal to 1/2

and go to step 9.
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Step 9. Count regions of attributes stability using expressions atg =0, at; _ e _abe ~3edle
ei

(vertical

_ Vrj—aj —aat;

isoclines) n at; = 0, atg (horizontal isoclines).

ie
Step 10. Compare areas of calculated areas of stability and propose instead of operation of new information
generation for attribute, for which area of stability is lesser, perform operation of information reception, generated
by attribute, for which area of stability is bigger.
Step 11. Compare values of coefficients ag and a; and propose instead of operation of new information
generation for attribute, with higher coefficient value, perform operation of information reception, generated by
attribute, for which value of attribute is lesser.
Step 12. Compare values of coefficients bgj and bje and propose instead of operation of information generation
for attribute, which has higher value of this coefficient, perform reception of information, generated by attribute
with lesser coefficient value.
Step 13. Compare values of coefficients t¢ and t; and propose instead of generating new information for
attribute with higher coefficient value, perform reception of stored information generated by attribute with lesser
value of coefficient.

Conclusion

Developed method could be used on different stages of IS development, beginning from process of creating and
analytics requirements for IS, which is created, and its functional structure. Developed method allows to estimate
and solve the task of data sources conflicts elimination in process of consulting and business-process
reengineering.

Bibliography

1. YepHasckuin [1.C. CuHepreTuka 1 nHdopmaLms (auHamuyeckast Teopus uHcopmauun. M.: Egutopuan YPCC, 2004. 288c.
2. Information theory in biology. /Ed. by H. Quastler. Urbana: University of lllinois Press, 1953.

3. NlesbikvH B.M., EBnaHoB M.B. BisiBiieHMe HECOOTBETCTBMIN B MOAENM reHa MHdopMaLoHHoi cuctembl // Proceedings of
the International Conference “e-Management & Business Intelligence”, Varna. Sofia: Institute of Information Theories and
Applications FOI ITHEA. 2007. P.75-77.

4, ®aynep M., Ckott K. UML B KpaTkOM n3noxeHuu. [pumMeHeHne CTaHAApTHOTO A3blka OBBEKTHOTO MogenupoBaHns. M.:
Mwup, 1999. 191 c.

5. Mecaposuy M., Takaxapa A. O6Las Teopusi cucTeM: MaTemaTyeckme ocHoBbl. M.: Mup, 1978. 312 c.

6./launHos B.M., MMonskos A.O. WHdopmoanHamuka, wnan TyTe K Mupy oTkpbiThix cuctem. Cl16.: M3gatenbcTtso
CIMerTy, 1999.

7.EenaHoB M.B. Wcnonb3oBaHue nonoxeHuin obLien Teopuu CUCTEM ANS MOAENMPOBAHUS MPOLECCOB pa3paboTki
WH(OPMALIMOHHBIX CUCTEM OpraHU3aLMOHHOTO ynpaeneHns [/ 2-1 MexayHapoaHbId  pafnoanekTPOHHBIA  hopyMm
«MpuknagHas pagnoanekTporuka. CocTosiHue M nepcnekTusbl pa3sutusy MP®-2005. CoopHMK HayuHbIX Tpyaos. Tom Il
Mexg. koHdepeHLus «/HpOopMaLMoHHbIe cucTembl 1 TexHonorny. Xapbkos: AHMPO, XHYPJ, 2005. C.67-70.

8. Tapsies .. BonHosoit reHom. M.: OBujectBeHHas nonb3aa, 1994. 280 c.

Authors' Information

Viktor Levykin — Head of Information Control Systems (ICS) chair, Kharkiv National University of Radio
Electronics, Lenin av. 14, Kharkiv, 61166, Ukraine; e-mail: iyc@kture.kharkov.ua

Maksim Evlanov — Information Control Systems (ICS) chair, Lenin av. 14, Kharkiv, 61166, Ukraine,
e-mail: evlanov_max@mail.ru



mailto:iyc@kture.kharkov.uam�
mailto:evlanov_max@mail.ru�

62 Decision Making and Business Intelligence Strategies and Techniques

SITUATIONAL SCRIPT MANAGEMENT OF BUSINESS PROCESSES
WITH CHANGEABLE STRUCTURE
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Abstract: In the presented work the problem of management business-processes with changeable structure is
considered and situational based approach to its decision is offered. The approach is based on situational model
of management business-process according to which process is represented as a set of situations. The script
defining necessary actions is connected with each situation. Management of process is carried out by means of
the rules formalizing functional requirements to processes.
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Introduction

The present stage of business process operation is characterized by necessity of flexible business-processes
management, focused on the user and changing on the basis of awareness the functions of the enterprise. It
assumes carrying out of reorganization of such processes during their functioning. At the same time most often
used to methodology of structural and object-oriented designing are directed on construction of preliminary
specified models business-processes which updating during functioning processes is connected with a number of
difficulties. Thus, the problem of management flexible business-processes with changeable structure (BPCS) to
provide their reorganization according to external influences and evolution of the purposes of the enterprise is
actual. The decision of the specified problem demands construction of corresponding models and methods of
management business-processes with changeable structure. The given work is devoted to construction
situational script models of management such business-processes.

Features of business-processes with changeable structure

Business-processes with changeable structure are characterized by change of time parameters and sequences
of a part process of procedures during its functioning, distribution of processes between divisions of the
enterprise, a significant degree of parallelism, presence of time, financial, material restrictions. At functioning
BPCS under influence of uncontrollable external indignations the condition of data of process changes. Change a
condition of BPCS data leads to change of process structure as realization of the last is defined both on the basis
of the traditional process approach, and on the basis of current data [Chaliy, 2006].

Problem statement

Initial data for realization situational script management of BPCS are: the business-corrected, defining the order
and restrictions of functioning of processes at the enterprise; the multi-component representation business-
process including levels of rule [Gottesdiener, 2002], procedures, the objects given; logic representation of
sequence of realization of procedures business-process. According to the offered approach, at automated
management BPCS it is required to provide a finding of a rational route of realization business-process which at
occurrence of external indignations allows to reach the set parameters of productivity proceeding from a current
condition of process. Thus under productivity, according to ISO series 9000, we shall understand a degree of
achievement of the planned results.
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Productivity Rz(BP) of business-process BP, is defined on the basis of productivity criteria convolution:

M M
Rz(BR)=% A,Kr, D 4, =1,

m=1 m=1

where Kr, — m - productivity criteria BP., m=1,M .
The productivity criteria, according to requirements ISO of a series 9000 is defined as follows:

Jact
K}" pklm
im pk plan >

m

where pk/™, pk”“ — m - actual and scheduled parameters.

Let's note, that parameters business-process, according to features of the process approach to management, are
subdivided into three groups: parameters actually process, parameters of production, a degree satisfaction of the
consumer.

On the basis of considered above characteristics BPCS we shall formulate requirements to situational script
representation of business-processes:

o representation business-process in the form of a set of situations;

o use of the contextual information for operative decision-making;

e decision-making on the basis of the knowledge expressed in the form of rules;

o division of duties and powers of executors.
According to the given requirements a route of realization business-process consists of sequence of situations
St, , each of which is characterized by a subset of the data reflecting a current condition business-process, and

also the script of actions in the given condition. The script reflects sequence of performance business-procedures
Br . Reallization of procedures is carried out by executors on the basis of roles R/ . Thus for each process exists

initial and final situations S7,,,, , St,,, -

Formally general statement of a problem consists in a finding during each moment of time z display ¥,,
connecting current Sz, and final St

..« BPCS situations in conditions of unforeseen external influences ®, on
the basis of business-rules Bpr :

BPS
‘Ijt Stl — Stend
Bpr,®, t

with limits BPS,, Rz(BPS))—1<A,
K, > k" K, € KT,

where BPS, - description i - business-process, represented a set of admissible situation Sz, /=1,L,
St,....St,, € BPS; Rz(BPS) - BPCS productivity; A - maximum deviation of productivity from the scheduled

begin >

value equal 1; Kf - set of critical factors of the success defining areas of steady BPCS functioning.

Each of situations BPS, corresponds traditional business-process and is described on the basis of multi-

component model of process. Management of situations at a level of process as a whole is carried out by means
of rules. Operating influences within the limits of a situation are implemented by means of the business-corrected,
used for updating the script of performance of procedures. Thus, the offered approach provides management
business-process with changeable structure at two levels - a level of process as a whole and a level of a
situation. Management at level BPCS is directed on achievement of an end result and carried out by means of the
rules reflecting expert experience, and also functional requirements to processes. Management at a level of
situations is directed on minimization of expenses at achievement of the set parameter of productivity.
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Situational script model of management business-process

In conformity with the formulated requirements, combines advantages of the approaches which are based data
and approaches, based processes and it is focused on construction of models business-processes with
changeable structure on the basis of knowledge of a subject domain. According to the considered statement of a
problem of automated management business-processes and according to the approach offered situational script
problem of automated management BPCS in conditions of uncontrollable external indignations consists in a
finding of the rational route consisting of sequence of situations business-process which at occurrence of external
indignations allows to reach the set parameters of productivity proceeding from current condition BPCS. Thus the
choice of a route is carried out by means of corresponding business-rules on the basis of the data reflecting
influence of external uncontrollable influences [Levykin, Chaliy, 2004]. Unlike traditional approaches to
construction of models business-processes, situational script model operates not simply with sequence of
procedures of process, and the situations arising during its realization. Examples of such situations are: results of
acceptance of an experimental batch of the goods the customer, change of the constructive sizes of a product on
demand of the customer during manufacture, necessity of replacement of materials or accessories because of
absence of the necessary party at suppliers, etc. For processing a concrete situation should be executed

business-procedure Br, , which represent logic units of work which are distinguished by executors as a unit (for
example, filling of the electronic form).
Let's note, that Br, is considered as a uniform indivisible part of work which can be either executed completely,

or not executed. Business-procedure is implemented by one worker.

Management of a situation business-process at the considered approach consists in the following. External
influences during the moment of time ¢, and also realization of procedures Br; change a condition of data of a

situation. The changed condition of data leads to performance of business-rules Bpr; , according to a principle
of dynamic reengineering changing the script of performance of procedures Br; to receive preset values of

parameters business-process.

We shall more detailed consider offered situational script model. In a basis of the given model the concept of a
situation lays.

Definition 1. The situation St represents the object, described the data sets, describing condition BPCS,
conditions of occurrence of a situation, a set connected with a situation business-procedures, the script of
performance specified business-procedures, and also set of roles of executors business-procedures. Elements of
structure of data of a situation are the logic variables describing presence of those or other given results,
necessary for performance connected with this situation business-procedures in conformity with the script of a
situation. Formally the situation is characterized by a following cortege:

St=<C,Br,Bpr,R,Sc,D,E,Rl >,

where C = {c,} —set ofinitial conditions of occurrence of a situation; Br = {Br, }, i =1,1 —setofbusiness procedures;

Bpr - business rules set; R — set of communications between elements of a situation; Sc - situation script;
D - set of situation data; Bpr - business rules set; E - set of the interface elements reflecting a condition of
elements of data in model at BPCS realization; RI - set of executors roles.

Realization of all necessary actions business-process at occurrence of a situation is carried out by means of
business-procedures Br, . The script of performance Sc connected with a situation is based on set of the
attitudes R, reflecting connections between procedures R, , procedures and data R, R, procedures and
roles R,, , v executors and divisions of the enterprise R, R, :
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R= (RBr ’RIN’ROUT ’RADD’RRI’ROS ’RPD) .

Definition 2. The script of a situation represents a set of the ordered sequences of procedures, relationships of
cause and effect between which are set on the basis of patterns of interaction of elements business-process, and
also business - rules:
Sc = {(Br, beforeBr,)\ (Br, gegct Br,)},
t,Bpr

Pt,Bpr

Br, ={Br;}, Br,={Br;}, i,j=1N,

where Pt - typical patterns of BPCS fragments; Br, beforeBr,, Br, gegctBrJ— accordingly attitudes
Pt,Bpr t.Bpr

preceding and followings between procedures Br,, Br,.

Each situation generally can be simple or compound. The simple situation, as it has been shown above, is
characterized by the script which can be executed in the given situation, and a corresponding data set. The
compound situation St contains references to the description of other situations entering into it (both simple,
and compound) and, thus, characterizes hierarchy of situations and procedures.

The offered hierarchy of situations is able to solve a problem of discrepancy between vertically-focused functional
structure and the horizontal description of the enterprise in the form of set of cooperating processes. Really, the
hierarchy of situations allows displaying functional hierarchy at the enterprise. At the same time, each situation,
both simple, and compound, is BPCS element. The interrelation between BP situations and divisions of the
enterprise is implemented through the mechanism of roles. Realization of the script of a situation in the developed
model is carried out by means of the mechanism of plural roles. We shall note, that the mechanism of roles in the
given model allows considering occurrence of supernumerary conditions of process to similarly normal BPCS
functioning. Accordingly, the description and processing of supernumerary conditions is carried out by regular
means. Roles R/ in model are connected to procedures according to relaton R, and allows to group

executors, implementing Br;:

Ry C RIxBr, Ry ={R;, } = {(Rl;,Brj)},Brj eBr, j=1,J,
where le, - i -role for business procedure Br; .

Thus, the same i -role can mean various executors. For example, a role “the head of a department " can mean
various heads depending on process and business-procedure. It is obvious, that one executor can play various
roles and one role can be implemented by various executors. The offered concept of roles enables to implement
the communication presented to models between business-processes and organizational structure of the
enterprise on the basis of the attitude R, connecting business-procedure and executors:

R, < BrxRlxIsp, R, = {ROS/} = {(Br_l,,Rl_;,[sp,.)},

Br, e Br,Rl; e Rl Isp; e Isp, i=1,1, j=1,J.
where Isp - set of executors business-processes in the organization.

In turn, business-procedure can be a part of the situation, a situation a part of BPCS structure, and executors can
be grouped on divisions Pd, according with the list of staff.

Start of every business-procedure of the script B, n model is implemented on the basis of the typical rules
developed by the author Run(Br;) at performance of following conditions:
— all procedures Br;, connected with current attitude before(Br;) are completed;

— allinput data D,NJ , for procedure Br, launch are received:;
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According to the stated representation of a situation, situational script model BPS of management business-

processes with changeable structure is represented in the form of a set of the simple St and compound Sz
situations arising at its performance in this or that sequence, and also a rule of start of situations Run(St):

BPS = ({8t} {St}, Run(St))

BPCS implementation within the limits of the presented model corresponds to the considered statement of a
problem and it is represented in the form of sequence of the situations reflecting a rational route on the column
business-process:

compl compl compl
(SEE™ . L SE™ St St St

Thus, the situation at the offered approach to management business-process reflects a condition of process to
similarly traditional models. At the same time the description of a situation differs from existing BP models as the
condition of the structure describing a situation, does not depend from executed at realization of process of
sequence of actions, and is defined only by presence or absence of corresponding data. Differently, the
sequence of BPCS procedures is defined on the basis of the received data unlike existing models business-
processes in which the sequence of procedures is primary. In view of the considered features of the description
business-process we shall generalize definition of BPCS class.

Definition 3. BPCS represents expansion traditional the business-process, specified in the form of rigidly set
sequence of procedures and. It is characterized by purposeful management of structure of process during its
performance by means of the rules expressing functional requirements and on the basis of data, describing a
condition of process. These data change as a result of functioning process, and also external revolting influences.

Conclusion

The offered approach to management business-processes is based on situational script model in which BPCS it
is presented by set of situations. Each of situations characterizes a typical condition of process and contains the
script of carried out actions in the given condition, and also the list of corresponding executors. Management at
BPCS level is directed on achievement of the set purposes of process and carried out by means of the rules
reflecting corresponding functional requirements. The presented model provides an opportunity of dynamic
reorganization business-process by means of the mechanism of roles of executors according to situations which
arise at realization of process.
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WEPAPXWYECKWUE MOLENM NPUHATUSA PELLEHWIA
B MHOIOKPUTEPUAIBHbIX 3AAAYAX

Anb6epT BopoHUH

AHHOmauus. lNpu sekmopHom nodxode 3adadya npuHAMUS peweHuli nocpedcmeom OeKOMNO3uyuUU ceolicme
anbmepHamug npedcmasnsemcs uepapxuyeckol cucmemol kpumepues. BosHukaem npobnema obpamHoeo
nepexoda K OUEHKe U CPasHEHU0 anbmepHamug 6 uenoM. dma npobnema npednonazaem peuwieHue 3adayu
KOMNO3uyuu Kpumepues no yposHsM uepapxuu. 3adaya pewaemcsi mMemoOOM BMIOKEHHbIX CKanspHbIX
C8EPMOK.

Knroyesbie crnoea: MHO20KpUMepUanbHbIll 8b160p arbmepHamus, Uuepapxudeckue cucmembl, 0ekoMNo3uyus u
KOMNO3UUUS KpUMEpUEes, 8/T0KeHHbIE CKaslsipHbIe C8EPMKU, NPUHSMUE peweHud.

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

B poctatouHo obuiem Buae [1] 3agaya NpuHATUS peLueHnii MOXET BbITb NpeacTaBneHa cxemont {{x},Y} — x*,
roe {x} - MHOXecTBO 0ObekTOB (anmbTepHatuB); Y — (pyHKUMs Bbibopa (MpaBuno, ycTaHaBnMBaroLlee

NPeanoYTUTENBHOCTE HA MHOXKECTBE anbTepHaTMB); X* — BblbpaHHble anbTepHaTBbl (0gHa unu Gonee). Ecnn B
npouecce peLeHns NpeanpuHUMaeTcs  LEnoCTHbIA  Moaxod, TO  MexaHusMm Bblbopa OTpaxaeTcs
HenocpesCTBEHHbIM 1CNONMb30BaHMEM (yHKuuM Y. Mpu 3TOM OCyLlecTBNSeTCS oueHka o6bekta B Lenom, U
anbTepHaTMBa BblBUpaeTCs NO HENOCPEACTBEHHOMY CPABHEHWID OOBEKTOB Kak reluTanbToB (LenocTHbIX 0bpa3os
obbekToB 6€3 aetanu3ayun cBoWCTB). [ns nuuya, npuHumaiowero pewenue (JIMP) B aTom cnyvae yHKUms
Bbibopa Y npu CpaBHEHWM anbTepHATWB O3HAYAET «HPABWTCA» WUIK «HE HpasuTcs». CnoxHee obcTouT geno,
€CIn BO3HWUKAET BOMPOC, N0YeMy HPaBUTCS (U HE HPaBMTCS).

B Teopun npuHATMS pelueHuin bonee pacnpocTpaHeH Tak Ha3biBAeMbIi BEKTOPHBIA NOAXO0A, NPK KOTOPOM 0OBLEKT
OLEHVBAETCA HE B LIENIOM, a MO pe3ynbTaTam CpaBHEHWS OTAENbHbLIX €ro CBOWCTB. B OTnMuMe OT OTKPOBEHHO
CyObEKTMBHOMO LIENOCTHOTO NOAXoda, 34eCh HaMevaeTcsl BO3MOXHOCTL (hopManusauun npouecca MpuHATUS
PeLIEHNI.

MexaHn3m BEKTOPHOro nogxoga TpebyeT npu BblAeneHnn CBOMCTB anbTepHATUB OCYLLECTBUTb AEKOMMO3NLMIO
(pasnoxeHue) dyHKLUMM Y Ha COBOKYMHOCTb (BEKTOP) dhyHKLMiA Bbibopa y. Mog dexomnosuyuel yHKUmn Beibopa
Y noHumaeTcs [2] ee 3KBMBAmNEHTHOEe MNpeACTaBneHWe MOCPEACTBOM OMpenenieHHOM COBOKYMHOCTM Apyrux
YHKUMIA BbIOOPA, ¥, KOMNno3uyuel KOTOPLIX SIBNSETCA ucxoaHas dyHkums Bbibopa Y. BbioeneHue cBOWCTB
anbTepHaTMB SBMSETCS 4EKOMMO3NLMEN, NPUBOASLLEN K MEPAPXMYECKON CTPYKTYpe cBOWCTB. CBOMCTBA NEPBOrO
NepapXM4eckoro YpoBHS MOryT MOAPAasaenaTbCs Ha Habopbl CNeayLLMX KOHKPETHbIX CBOWCTB U T.4. [nybuHa
[eneHns onpegensieTcs CTpemMreHnemM JOUTU O TeX CBOWCTB, KOTOpble YAOOHO CpaBHMBATb OLHO C APYrUM.
YpnobHee BCero cpaBHWBATbL T€ CBOWCTBA, KOTOPbIE OLIEHMBAOTCS B YMCNaX.

CeoictBa, AN KOTOPbIX CYLLECTBYIOT OOBEKTMBHbIE UMCMEHHbIE XapaKTEPUCTWKW, MPUHSATO HasblBaTb
Kputepuamu. Bonee CTpOro: KpUTEPUSIMM Ha3blBAIOTCS KONMMYECTBEHHbIE NOKasaTeny CBOMCTB 0ObEKTa,
YMCIOBbIE 3HAYEHWS KOTOPbIX SBMAOTCS MePOil KayecTBa 0BbeKTa OLIEHKN MO OTHOLLEHWIO K AAHHOMY CBOWCTBY.
MonyyeHne Habopa KPUTEPUEB — KOHEYHBIA UTOT MEpapXNYECKO AeKkomMnoauummn. KonmyecTBo YpoBHEN 3aBUCHT
ot Tpebyemoit rnybuHbl aekomMnosvumu. [ns kaxgoro HavyanbHOrO CBOWCTBA rMybuMHa LEKOMMO3WLMM MOXET
ObITb pasUyHON.

Mocre BbINOMHEHNS 3Tana AeKOMMO3ULMK W OLIEHKM OTAEMbHbIX CBOWCTB [OMKHA ObiTb pelueHa npobrema
obpaTHoro nepexoga K TpebyemMoMy CpaBHEHUIO anbTepHATUB B LienoM. JTa npobrema npeanonaraet peLleHie
334341 KOMNO3ULUU KPUTEPUEB MO YPOBHSM MepapXun, YTO JOCTATOYHO HENPOCTO, 0COOEHHO MpU 3HAYNUTENBHOM
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rnybuHe AEKOMMO3WLMKM CBOWCTB. B mpocTeiillemM M Haubonee pacnpocTpaHeHHOM Crydae (OBYXypOBHeBas
nepapxusl) 3afaya KOMMO3MLMM peLiaeTcsl TPAAULUMOHHBIM MONyYeHWeM OfHOKPATHOM CKansipHOM CBEpTK
KpuTepues. Ho yxxe npu Hanu4umum TpexypoBHEBOM Mepapxum TpebyrTcs apyrie noaxodbl.

MoxHO yTBepxaaTb, YTO s1r0basi MHO20KpumepuasbHas 3adaya mMoxem bbimb npedcmaerneHa uepapxudeckol
cucmemoUl, Ha HWKHUX YPOBHSX KOTOPOW OCYLIECTBNSETCA oOueHka 06bekTa No OTAENbHbIM CBOMCTBAM C
MOMOLLbIO BEKTOPOB KPUTEPUEB, @ HA BEPXHEM YPOBHE MOCPELCTBOM MeXaHu3mMa KOMMO3WULWM MOnyyaeTcs
OLeHKa 0bbekTa B LIeNIoM.

MNocTaHoBKa 3apgaum

KayecTBo anbTepHaTMBbI onpeaendeTca MepapxmquKon cucTemMon BEKTOPOB

PN =y je2,ml,
rae vV — BekTop kpuTepres Ha (-1)-M yYpOBHE Mepapxim, N0 KOMMOHEHTaM KOTOPOrO OL|EHMBAETCS KaYecTBO
CBOVICTB anbTepHaTUBbLI Ha j-M YPOBHE; M — KOMNYECTBO YpoBHei nepapxun; n'/™" — KONM4ecTBo OLEHNBAEMbIX
CBOWCTB (j-1)-T0 YPOBHS Mepapxim. YncnenHble sHauenms n kputepnes v = y nepeoro ypoBHs Mepapxun ans

[JaHHOI anbTepHaTuBbl 3adaHbl. AcHo, 4to n' =n n '™ =1.

OawH 1 TOT e KpuTepui (j-1)-ro ypoBHA MOXET Y4acTBOBATb B OLIEHKE HECKOMbKMX CBOWMCTB j-TO YPOBHS, T.€. B
nepapxum BO3MOXHbI NepekpecTHble CBA3N. CTPYKTypHas Cxema CUCTEMbI KpUTEPUEB KayecTBa anbTepHaTUBbI
nokasaHa Ha Puc.1.

1 1 1
yl() yl(() Y,(,(?>

Puc.1

BaxHOCTb (3HA4MMOCTL) KaxgoN M3 KOMMOHEHT KpuTepus (j-1)-r0 YPOBHS NpM OLIEHKE K-ro CBOWCTBA j-r0 YPOBHS
XapakTepusyeTtcs ko3adhUUMEHTOM NpUOpUTETA, COBOKYMHOCTb KOTOPbIX COCTaBNSIET CUCTEMY BEKTOPOB
npuoputeTa

Jj-1

. ()
( _ "D :
Pik = {pikj Vit » J €[2,m].
TpebyeTcs HaNTV aHaNUTUYECKYIO OLEHKY 1 * W KAYECTBEHHYIO OLIEHKY 3(D(EKTUBHOCTM [AHHON anbTepHaTMBbI,
a 13 UMEILLMXCSA anbTepHaTUB BbIGPATh MyyLLYIO.
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MeTop pelweHus

[Ona aHanuTUYecKon OUEeHKN S((EKTUBHOCTM MEpapXMYECKUX CTPYKTYp NpeanaraeTcs NpUMEHWTb MeTod
BMOXEHHbIX CKansApHbIX CBEpTOK [3]. KOMnoanuus OCyLecTBASETCS MO «MPUHLMMY MAaTPELLKWy: CKasspHble
C8EPMKU  838EWEHHbIX KOMNOHEHM BEKMOPHbIX KpUmMepues HU3We20 yposHs Cryxam KOMNOHeHmamu
8EKMOPHbIX Kpumepues ebicie20 yposHsA. CkansipHas cBepTka KpUTepueB, MOMyYeHHas Ha camoM BEepXHEM
YPOBHE, aBTOMATUYECKM CTAHOBUTCS BbIPAXXEHUEM AN OLEHKM 3CDEKTUBHOCTM BCEN NEPapXNYECKON CUCTEMDI
B LIESIoMm.

AnropuT™ pelUeHust 3afaus MeTOAOM BOXEHHbIX CKamnsipHbIX CBEPTOK NPEACTABMSETCS  UTEPaLMOHHOM
nocreaoBaTenbHOCTLI0 OnepaLyii B3BELUEHHOM CKamsipHOW CBEPTKM BEKTOPHBIX KPUTEPWUEB KAXAOro YPOBHS
NepapXun CHU3Y JOBEPXY C y4ETOM BEKTOPOB NPUOPUTETA Ha OCHOBE BbIGPAHHON CXEMbI KOMMPOMMCCOB

{(y(ifl)’p(j*l)) N y(_m}je[z’m], (1)
a MoMCK OLEHKN 3hHEKTUBHOCTM BCEN MEPAPXMYECKOI CUCTEMBI (anbTepHaTVBLI) B LLESIOM BbipaxaeTcs 3afaqei
onpefeneHus ckanspHoON CBEPTKI KPUTEPUEB Ha BEPXHEM YPOBHE MepapXuu:

y* — y(m) .
Mpu MCNONb30BaHWM PeKYPPEeHTHON hopmMynbl (1) BaxHbIM NPEACTABNSETCS paunOHanbHbIA BbIGOP CXeMbI
KoMmnpomuccoB. [N MeTofa BMOXEHHbIX CKanspHbIX CBEPTOK afeKBaTHOM SABMNSETCA HesuHelHas cxema
KomMnpomuccos, onucaHHas B [4]. YcTaHoBnEeHOo, 4To 6e3 notepu 06LHOCTY NPEANOCHINKOA ANs ee NPUMEHEHMs

ABNAeTCA TO, YTO BCE YacCTHble KPUTEPUM HEOTpUUATENbHbI, NoAneXat MWHUMU3aLMM W ABNAKTCA
OrpaHMYeHHbIMK:

0<y <4,A={A4}",,
roe A — BeKTOp OrpaHNyeHui.

Bblpa)KeHVIe Ona OLEHKM k-ro cBoiicTea anbTepHaTUBbI Ha j—M YPOBHE Nepapxun ¢ NpUMeHeHnem HEeNUHEHO
CXeMbl KOMMPOMMUCCOB UMeEeT BUA

RoR))

A =8 T R el 2
i=1

roe kputepuun (-1)-r0 ypoBHS HOPMWPOBaHbI, Hanpumep, no dgopmyne yo=y/A. Takum o6pasom, yé{[l) -
KOMTMOHEHTbI HOPMMPOBAHHOTO BekTopa y$/™, y4acTBylolmMe B OLEHKe k-ro CBOICTBA anbTepHaTUBbI Ha j-M
ypoBHe Mepapxum; 1\’ — ux konndectso; 1)~ YnCno oLEHNBAEMbIX CBOIICTB Ha j-M YPOBHE.

KoappuumenTsl nproputeta p — 310 (hopmarbHble napameTpbl, UMetoLMe ABOsSKUA  dusnyeckuin cmbicn. C
OOHOM CTOPOHbI, 39TO KO3hUUMEHTBI NpUopUTETa, Bbipaxatowme npednouteHns JINMP no oTaenbHbIM
kputepusm. C Jpyro — 3To KoIPUUMEHTLI  COAepKaTeNbHON PErpeccMoHHON MOENM, MOCTPOEHHOW Ha
OCHOBE KOHLIEMLWW HENMHENHON cxeMbl kKoMnpomuccoB. Onpeaenerne Ko3hMULMEHTOB P Ha KaaOM YpPOBHE
nepapxm MoXeT BbITb BbIMOMHEHO MyTEM ONTUMU3ALMM Ha CUMMMEKCE C UCMONb30BAHNEM AyanbHOTO NOAXoAaa,
OMMCAHHOTO B [4], U METOAOM AKCNEPTHBIX OLIEHOK MO Lukane 6ansnos.

B nocnegHem cnyyae JIMP unu akcnepT [OMKEH OLEHUTb OTHOCUTENBHOE BIUSHIE KaXaoro YacTHOM KpuTepus
HU3LLETO YPOBHS MEpapxuu Ha OOLLYyl0 OLEHKy K-To CBOMCTBA arbTEpHATUBbI Ha Criedylolem ypoBHe B
3a[aHHbIX YCIOBUSIX W COOTHECTU CBOK OLIEHKY C COOTBETCTBYIOLLEA TOUYKOW Ha LLKame, XapakTepusyemoin
yucriom f. [lonyckaeTtcs BbIGUPaTh TOYKM MEXAY YMCHIaMu Ui NPUNNCLIBATb HECKOMBKO KPUTEPUER OAHOM TOUKE
Ha LuKarne.

O6nacTblo onpeaeneHns koadduLneHTos npuoputeTta p €'y ABNAETCSH CUMMNEKC
r,= {pp; 2 O,ZP,- =1} (3)
i=1

Takasi HOpMMPOBKA BbINOIHAETCS, €CAM KO3MULMEHTLI NPUOPUTETA ONPeaenuUTb No hopmyne
b1

UV = 1) S frokell,n], ) e[2,m],
i=1
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roe p(,{’l) — -7 KOMMOHEHTa BeKTopa npuopuTeTa kputepns Ha (j—1)-M ypoBHe uepapxuu npu pacdeTe

12

OLieHKN 3h(EeKTUBHOCTA & -r0 CBOWCTBA j-f0 YPOBHS; f; — OLIEHKA 3HAYMMOCTW i-TO CBOMCTBA ( j —1)-ro
YPOBHS ANs k -ro CBOWCTBA j -r0 YpOBHS (onpeaensetcs akcneptamu unm JIMP no wkane 6annos).

B Haubonee npocTOM M [OCTaTOMHO —PACrpOCTPaHEHHOM cryyae  (HOPMYNMPYeTCs U pellaeTcs
MHOroKpuUTepuaneHas 3agada 6e3 npuoputetos, koraa JIMP nonaraet, YTo BCE napameTpbl 3HAYMMOCTU ANs
BCEX CBOWCTB anbTepHaTuBbl 00UHaKkoebl. B aTOM criyyae MCnonb3yeTcs NpocTenilas ckanspHas csepTka no
HEMHEHOM CXeMe KOMMPOMUCCOB B YHU(MLMPOBaHHOM chopme [4].

[Ansa Toro, utobbl hopmyna (2) oTpaxana waew MeTofa BMOXEHHbIX CKANsPHbIX CBEPTOK B COOTBETCTBUW C
pekyppeHTHOM dhopmynon (1), Heobxoaumo MOMy4YeHHOE BbIPAXEHUE HOPMUPOBamb, T.6. MOMYYUTh

OTHOCUTENbHbINM KpUTepHit (1) € [0;1] Takow, YToBbl OH BblN MUHAMIMBUPYEMBIM, @ €10 NPEfieNbHas BennmnHa

Obina eguHnuen. OgHako YNOMSHYTBIM Bblle CMOCOO HOpManuU3auun KpUTEpUEB yo=)/A roguTcs TONbKO ANs
HWXHETO (MepBOro) YpoBHS MePapXuK, rAe npeaenbHble 3HaYEHNs KpUTEPUEB (OrpaHNYeHs) 0ObIMHO (hK3nYeckn
060CHOBaHbI 1 M3BECTHbI. [ns ApYruX YPOBHEN MPUXOANTCS UCKaTb Apyrie nogxodbl. Tak, B [3] paccmoTpeHa
BO3MOXHOCTb pacyeTa yCroBuin HOPMUPOBKM, MCXOASA U3 NPUHLMNG «CONMAAPHON OTBETCTBEHHOCTU» KPUTEPUEB.
B [5] u [6] npeanaraetcs Mcnonb3oBaTh MOAXOL KanMOPOBOYHBLIX BbIYMCIEHWUA HOPMMUPYIOLLErO MHOXMTENS.
PaccMoTpeHHble MeToab!l JOBOMbHO FPOMO3AKM W He BCeraa huanieckn npo3paytbl.

KOHCTPYKUMS HENWHENHOM CXeMbl KOMMPOMMCCOB [JaeT BO3MOXHOCTb HOPMMpOBaTb CBEPTKY (2) HE K
MakcUMarnbHOMY (Y4TO B A@HHOM Cyvae 3aTpyAHWUTENbHO), @ K MUHUMabHOMY 3HAYEHUIO CBEPTKM KPUTEPUEB.
[encTButensHo, naeanbHbIMU ANS MUHUMU3MPYEMBIX KDUTEPUEB ABNAIOTCS WX HYMEBbIe 3HAYeHus. [Tonoxue B
(hopmyre (2)

yii ) =0,Vie[l,ny™]
W y4UTbIBAS HOPMUPOBKY (3), monyunm y/). =1,

k min

HopmupoBka k MUHAMANbHOMY 3HaYEeHUO

)
~() _ ykjmm _ 1
0k — o) (/ 1)

v
¢ Z pY= T

[aeT OTHOCUTENbHbIA, HO MaKCUMU3UpyeMbIU KpVITepI/II/I aond j—FO YPOBHS. ﬂeMCTBMTeJ'IbHO npu yO{k D —1 arot

kpuTepuir obpallaeTca B HOMb, a Npu y0 /D) 50 oH cTpemuTcs K eauHuLe. YTobbl nonyuuTs Tpebyembiil
MUHUMU3UpyeMbIU OTHOCUTENBHBIN KpVITepVIVI Mbl OOIMKHbI MONOXUTb
(/) =1- (j)

W OKOHYaTemNbHOe BbIpaXeHUe AN PEKYPPEHTHOM OpMynbl pacdeTa aHaNUTUYECKUX OLEHOK CBOWCTB
anbTepHaTVB Ha BCEX YPOBHSIX Mepapxuu NpuobpeTaeT Bua
(/ )

v =1~ {zp“ D= yS ™k ell,n], j e[2,m] . (4)

KauyecTBeHHas (MMHMBUCTMYECKas) OLiEHKA anbTepHaTMBbLI MOMYYaeTCs CONOCTABMNEHUEM aHANUTUYECKON OLEHKM
¢ 00OpaLLeHHO HOPMUPOBAHHOM (hyHAAMEHTanbHOM Lukanoi. ObLlee NOHATME O NOPSAAKOBON (hyHAAMEHTANBHOM
Lukane onucaHo B [7]. MHTepeanbHas HOpMUpoBaHHas obpalleHHas Lwkana npeacTasneHa Tabnuuen.

Tabnuua
/HTepBanbl 06palLeHHON HOPMUPOBAHHON
(hyHOaMEHTaNbHOM LUKanbl OLEHOK Yo

KaTeroleﬂ KayecTBa

Henpuemnemoe 1,0-0,7
Hu3skoe 0,7-0,5
YO0BNeTBOpUTENBHOE 05-04
Xopoluee 04-0,2

Bbicokoe 0,2-0,0
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MogenbHbIi npumep

TpeByeTcs HalT KONMMYECTBEHHYI ; = ) 1 KaYEeCTBEHHYI0 OLIEHKW NPOEKTa camoreTa no ABYM OCHOBHbIM

CBOWCTBAM: KOMCOPTHOCTb, XapaKTepuayemasi HeM3BECTHON MoKa OLEHKOM Kputepus yS> M HagexHOCT,
KOTOPOI COMOCTABNSETCA HEM3BECTHasA Moka OLgHKka Kputepust yS3'. CBOWCTBO KOMG)OPTHOCTW, B CBOK
ovepesb, OLEHMBAETCA MO TPEM KPUTEpUsAM: PacCTOSHUE MeXAy Kpecnamu B MaccaxupckoM CanoHe
YpOBEHb LUyMa B CaroHe y,, W YpoBeHb BuWOpauuu nona B CanoHe y,,. HagexHocTb oueHuBaeTcs
BEPOSATHOCTLIO OTKa30B OBOPYAOBAHUS vy, W MPOYHOCTBIO KOHCTPYKUMM 5. Kpome aTux [ByX B OLieHke
Ha[leXHOCTU NMPUHUMAET yyacTue KpUTEpUI ypoBHS BUOpaLmn nona y,; , T.6. UMEeT MeCTo 0OAHa NepekpecTHas

cBs3b. Bce ykasaHHbIe KpuTepun HOPMUPOBaHbI W NPUBEAEHBI K OfHOMY CMOcobY SKCTPeMM3aLm, a UMEHHO, BCE
OHU MOANEeXaT MUHUMU3auuU. KpUTEpUM HU3LLErO YPOBHS MPUHAMAIOT Y4acTMe B OLIEHKE CBOWMCTB BbICLLETO

YPOBHS C KoathdmumeHTamn npuoputeta p</ ", j €[2,m]. CTPyKTypHas cxema TPexypOBHEBOWM WepapXuu
KpuUTEpKUeB Anst OLEHMBAEMOrO NPOeKTa npeacTaBneHa Ha Puc.2.

3afjaHbl CneayloLLe YNCNOBbIE 3Ha4eHUs BENUUMH. Kputepun HUXHEro (NepBoro) YpoBHS nepapxun: v, =0,3;
Y62 =0,5; ¥03=07; 14,=0,2; v,5=0,1. KoachcpmumenTsl npuoputeta: p'=0,7; piV'=0,2; piV'=01; pi=0,1;
P =045, ph=045; pl3'=05; pif' =05

Ha nepBom 3aTane KOMMO3uLuW KPUTEPUEB, UCXOAA U3 PEKYPPEHTHOW popMynbl (4), NONy4MMm BbipaxeHue Ans
aHaNUTUYECKON OLLEHKM CBOWCTBA KOMOPTHOCTY (BTOPOWN YPOBEHDL MepapXxun):

1

o =1-

M

Y-y

i=1

@ = @ _ L, R ()
rae ny =3M Yor1 = Yois Yoo = Yo2s Vo1 = Vo3 -
HOHCTaBﬂﬂﬂ YMCNEHHbIE 3Ha4YeHnd, nonyynm

v =1- : =0,42.

1) @

Pu Ps
Yot Yoz Yo3 Yoa Yos

Puc.2
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ConocTaenss 3Ty aHaNMTUYECKYI0 OUeHKY ¢ Tabnuuen, Hamaem, 4To CBOMCTBO KOMCPOPTHOCTU ANst JAHHOMO
NpoeKTa camoreTa Ka4eCTBEHHO OLIEHNBAETCS KaK y008/1emeopumesibHoe.

BblpameHme ANSi aHANWUTUYECKON OLIeHKKN CBOWCTBA HaJEXHOCTH (TO)Ke BTOpOI;1 YPOBEHb Mepapxmm) UMeeT B1a

1
(2) _
Yoz _l_nu)

Y-y
i=1

[A€ C Y4eTOM MEepekpecTHoM CBAM 75" =3 Uy = 1i3: Vi = Vous Viss = Vos - KoahcpuumeHTs! npuoputeTa

O _ . O _ M. 1) _ (1)
P2 =P3sPn = PasP3n =Psy -

MoacTaBuM YMCNEHHBIE 3HAYEHMS Y nony4um

y =1~ ! =0,16.

0,1 ! +0,45 ! +0,45 !

1-0,7 1-0,2 1-0,1
B cootBeTcTBUM € Tabnuuei, kKa4eCTBO CBOMCTBA HALEXHOCTM 15 JAHHOTO NPOEKTa OLEHMBAETCS Kak 8bICOKOE.
Ha 3aknounTensHOM (BTOPOM) aTane komnoauuum kputepues cdopmyna (4) npuobpertaet Bug

- 1
y0:y(()3)=1_n(2) )

Y pP -y
i=1

(2)

roe n (2) (2). ,,(2) (2)

=2 W Yoi3 = Vo1 s Yoos = Voo -
I'IOJJ.CTaBJ'IFIFI YMUCNEHHbIE 3Ha4YeHNd, nonyynm

yo=1- ! =0,32.

0.5 1 1

2

+
1-0,42 1-0,16
Mo aToi aHaNMTUYECKON OLIEHKE Ka4eCTBO JaHHOTO NPOEKTa camoreTa B LIeNIoM OLEHUBAETCS Kak Xopowee.
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MOAENbHOE ONMUCAHUE NPOLIECCOB PA3BUTUA:
MEXAHWU3MbI, CTPYKTYPA, CUCTEMA LIENEMN, UHONKATOPbI

Anatonuun Kpucunos

AHHOmMayusi: B nOCMaHOBOYHOM NfaHe PaccMOMPeHbl 80NPOChI 68806HUS NOHSIMUS «NPOCMPaHCMEo
pasgumusi», 8UGbI 803MOXHbIX USMEHEHUL CUCMmeMbl, CMpYKMypa U MexaHu3Mbl paseumus. PaccMompeHb!
munonoauu UHAUKAMopPO8 Paseumus, POl UHGHOPMAaLLUOHHOU KOMNOHEHMbI U NOHSMUS Kayecmea.

Kntoyeeble cnoea: npocmpaHcmeo pas3sumusi, OCHOBHbIE MEXaHU3MbI, Ueau meppumopuabHo20 passumus
(8epxHUl ypOBEHb), MunbI UHOUKAMOPO8 Pa3guMUSs, 3HaHUE8as KOMNOHeHMa, KO2HUMUBHbIe 3adayu.

ACM Classification Keywords: F.2 Analysis of Algorithms and Problem Complexity, 1.2 Artificial Intelligence:
1.2.4 Knowledge Representation Formalisms and Methods, 1.2.8 Problem Solving, 1.1.4 Development Simulation.

Conference: The paper is selected from XIVt International Conference "Knowledge-Dialogue-Solution" KDS 2008, Varna,
Bulgaria, June-July 2008

BBoaHble 3ameyaHus

MMpn ocMbicneHnn W peleHun npobnem nepexopHoro obLiecTsa, Npy aHanuae Lenen 1 3agay TPaH3UTUBHOM
9KOHOMWKKM, Tem Gornee — npu pa3paboTke CBA3AHHBLIX C 3TUM MHGOPMALIMOHHBIX MOZENen, — Ype3BblyanHo
aKTyanbHbIMM OKa3bIBaKTCA TEOpeTUYECcKUe W NpUKNagHbIe acnekTbl Pa3BUTUS Kak TakoBoro. [lecsTku U COTHU
nybrnukauuit BO BCEM MUPE Ha 3Ty TEMY SBNSIKOTCA AEMOHCTPaUMENn 1 UHOMKATOPOM TakoW akTyanbHOCTW. Ho,
HECOMHEHHO, CriefyeT AymaTb, YTO, HECMOTPS Ha BECbMa MOYTEHHYI WCTOPWIO WCCMegoBaHMin MpoLEeccoB
pasBUTWS, MHOTUE HanpaBneHus U npobnembl B €ro, pasBuTUS, W3y4eHUM OCTAKTCA HepackpbiTbiMu. [eno
OCMOXHAETCA €LLe 1 TeM, YTO MO CyT CBOEN MCCeLoBaHWe W onucaHne passuTus SBNSETCA 3apadven cyry6o
MEXOMCUMNIMHAPHOW, — U dunocodms, M MHAOPMATHKa, M METOZOoMors, W MatemaTuka, M counanbHble
AUCLMNINHBI, 1 €LLEe MHOTOE ApYroe, — AOMKHbI 30eChb Y4acTBOBAT.

YYacTHUKM MexayHapomHbIX KoHgepeHumid KDS nop pasHbIMM yrnamu 3peHusl, BaXHbIMWU [ns aBTOPOB,
3aHMManucb B CBOMX paboTax npobnemamu pasBuTUS W NOCTPOEHMEM COOTBETCTBYHOLMX Mogenei. Psap
WHTEPECHbIX MONOXEHNN B ONPeeNIEHHON MepPe OCBELLIEH B U3BECTHBIX Nybnnkaumsx (cMm., Hanp., [1 -6 n ap.])

B HacToswwen paboTe peyb ugeT noka 0 Noaxoaax K MOCTPOEHMIO NEPBOMO YPOBHS MHDOPMALMOHHOA MOZEnH,
06 onucaTenbHOM MOAENM HEKOTOPbIX OCHOBHBIX YEPT M KOMMOHEHTOB pa3BuTWS. KakoBbl MEXaHW3Mbl, €ro
onpedensoLme, kak MOXHO NPeacTaBuTb €ro CTPYKTYPY, Kakumu, COBCTBEHHO, MOryT ObiTb W3MEHEHWs B
NPUHUMNE, Kakne MOXHO Has3BaTb TWUMOMOTMM WHOMKATOPOB Pa3BUTMA W Tak Aanee, — BOT NpUMepHOe
CoAepXaHne HacTosiLel paboTbl, NTOHEBONE SABNSOLLENCS KOHCMEKTUBHOM.

1. HexoTopble coobpaxeHusi 0 CTPYKTYpe pa3BUTHSA Kak npouecca

Okono [Byx C MOMOBWHOM ThICAY NET Hasad, paccMaTpuBas Cmpykmypy npakTudeckn noboro npouecca
(3MeHeHus, npeobpasoBaHWs, pPa3BUTWS), MHOMACKME UNOCOMbI PaHHEN MaTepuanuCTUYECKON LUKONbI
CaHKXbsl BbIAENANW TPW OCHOBHLIX KOMMOHEHTbI mpouecca. Bo-nepsbix, [OmMKeH ObiTb HavanbHbIA GMOK,
HenocpeaCTBEHHO obecneynBaloWMiA Havyano npouecca; 3TOT Kay3arbHbli, MPUYUHHBIA BMOK  HanpsMyto
3anyckaeT paccmaTpuBaeMblii mpouecc. YTtobbl Nyns BbineTena W3 kaHana CTBOMA, HYXHO MOTSHYTb 3a
CrMYCKOBOW KPHOYOK.

Bo-BTOpbIX, AOMMKEH CYLLECTBOBATL ONPEAENeHHbIN MeXaH3M (UM HECKOMbKO), KOTOPbIN 0BecneynBaeT aaHHoe
KOHKPETHOE MpOTekaHWe paccmaTtpueaemoro npouecca. [ns Toro, YTobbl Nyns BbineTena U3 kaHana CTeona,
CMYCKOBOW KPHOYOK B CBOEM ABWKEHUN LOMHKEH YTONWTL LUEMTANo, Npu 3TOM BbICBOGOXAAETCS NpyxMHa 60eBoro
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B3BOA4a W TONKaeT Bnepen yaapHUK, ero Boek p836VIBaeT Kancknb naTtpoHa, npu 3TOM 3aropaetca Mnopox B
NaTpoHe, U radbl rOPEHUA, PE3KO PaCLLUMPAACH, BbITankMBaKT Ny U3 KaHana CTeona. MexaHuam cpa60Tar|.

HakoHeL|, B-TpeTbIX, NOCNeaoBaTeNu CaHKXbsi CYUTANN, YTO AOMKHA UMETb MECTO Hekasi LieMNb, BHELUHSS UM
BHYTPEHHSIS, ANs TOro, YTobbl 3TOT Mmpouecc BoobLle npoTekan. YToGbl Nyns BbineTena U3 kaHana CTBONa,
HY)XHO, MO KpalHel Mepe, YToObl OXOTHUK XOTeN BbICTPENUTH B 3ailLa.

PasymeeTcs, kaxast U3 nepeuncrieHHbIX KOMMOHEHT SIBNSIETCS BaXKHOM, UX U3yYeHIe W OnicaHne MOXeT/BOMKHO
3aTparvBaTth pasfu4Hble CYLIECTBEHHble acnekTbl. 34ecb B KAYecTBe NpUMEpa CIOXHOCTM MOLEnMpOoBaHus
TPeTbero Grioka paccMOTPUM NULLb «HEBGOMbLLYIO» 3afady hopMyNMPOBaHUS Lieneil Npu aHanuae 1 ynpasneHum
PErYOHamNbHLIM - pasBUTMEM (PeYb WAET O CrOXHOCTSX COLEePXKaTeNbHOrO Xapaktepa, — TPYAHOCTY
MOLENMPOBaHIS Liernen UMEKT, Hago AyMaTb, COBCEM WHYH NPUPOLY M AOMKHbI PACCMaTPUBATLCS OTAENBHO).

[ins cyGbeKTOB TEpPPUTOPUANbHOTO YMpaBMEHUS Ype3BblYaliHO BaXHO B3BELUEHHO W SICHO CChHOpMYNMpOBaTh
LieNny KOMMIIEKCHOTO Pa3BuTHsi TEPPUTOPUN. B kauecTBE OCHOBHbIX LieMneil CoLnanbHO-9KOHOMUYECKOTO PasBIUTUS
B PErVoHe, TO €CTb Tex Lieneil, KOTOpbIX JOMKHbI CTapaThCs AOCTUYb PErvoHanbHble, 0BNnacTHble, paoHHbIE,
ropoAckue opraHbl ynpaBneHus, NPeACTaBNSeTCs NPaBUIbHbIM BbIAENUTb CReayioLLme:

1. MoBblWeHNe GNarocoCTOAHUA HaceneHus, ynyuleHue KayecTBa XU3HW, BKMOYAA KayecTBO cpefbl
ooUTaHMA.

2. MNoBbiweHne 3¢hheKTUBHOCTM OOLECTBEHHOTO NPOM3BOACTBA M YPOBHSA peanu3auuu BHEWHUX
(byHKLMI — C BO3MOXHO Gonee NONMHbLIM y4eToM cneumdukn reorpaduyeckoro pacnonoxeHus (B Lenom,
no obnacrtam, panoHam, ropogam).

BTopas Lenb MOXET paccMaTpuBaThCs Kak NOAYMHEHHAs! NEPBOM, HO 3TO CMPaBELMBO ML AN 3aMKHYTO
COLManbHO-9KOHOMUYECKON CUCTEMBI. PerMoH npuHUMaeT yyactie B (hyHKLUMOHMPOBAHWM LUMPOKOM CUCTEMBI
pasgeneHus Tpyaa, BbINOMHSET BaxHble BHELWHME (DYHKLUMM (TPaHCMOPTHbIE, PeKpeaLoHHbIe, HayyHble U T. A.).
Moatomy BTOpast Liefb pacCMaTpUBAETCS Ha TOM Xe YPOBHE, T. €. C TEM e NPUOPUTETOM, YTO W NepBas.

OpHako anst TepputopuanbHbIX 06pasoBaHm7| 3TUM BerHMVI YpOBEHb u,ene17| KaTeropm4yeckn He orpaHM4MBaeTCA.

CTpaHa B LeSIOM 1 KOHKPETHBIN PErMoH B YaCTHOCTU (HanpuMep, NPUMOPCKIIA) UCMbITLIBAKOT B HACTOSLLEE BPEMS
XECTOKMI OedmuMT Mo BCEM pecypcam, HeobXoaWmbiM Ons OOCTMKEHUS OBYX YKasaHHbIX Lened. Takum
00pa3oMm, 3TU Lienu B 3HAYUTENBHON CTEMEHW OKa3bIBAOTCA KOHKYPEHMHbIMU, @ MOPON U KOHAUKMHbIMU. ITO
03Ha4aeT, 4TO Ha BEPXHEM YPOBHE CUCTEMbl Leneit obs3atenbHO NpuUCyTCTBYeT, M npaktudeckn Oypet
CyLlecTBOBaTb BCErAa, TPeTbs LeMb, MPUCYLLAs UMEHHO CUCTEME YMpaBneHUs COLMarbHO-3KOHOMUYECKUM
pasBUTWEM pernoHa, ropoaa, obnactu, paroHa.

3. CsaﬂaHCMPOBaHHOG, B3BeLleHHOe npoaBUXeHUe K ABYM Ha3BaHHbIM Bbille LensaMm.

OTMETUM, YTO HEOCTaTOYHOE MOHUMAHWE 3TOr0 hakTa NPUBOANUT KO MHOMM MSHKESbIM NOCIedcmeusiM, B TOM
yucre, K MeXypOoBHEBbIM KOHGNMKTAM, MPOTUBOCTOSHUIO LIEHTPa 1 nepudepun, BoiHe GIOIKETOB 1 T. A.

CrepnyeT nofyepkHyTb, YTO NEpBble ABE LieN BEPXHErO YPOBHS MOTYT MpUHAANexaTb He TONMbKO BNACTHbIM
CTPYKTYpaMm pervoHa, 0bnactu, ropoga — rocyaapCTBEHHbIM, KOMMEPYECKM, OTpacneBbiM UM OBLYECTBEHHBIM,
MPOM3BOLCTBEHHBIM UMK coLparnbHbIM. TpeTbsi e Lienb — A0CTUKEeHUe chanaHCMPOBAHHOCTY B MPOLBIKEHUM K
ABYM TMepBbiM, MX BblpaBHWBAHWE W TapMOHW3ALMS, — 3TO LENb UMEHHO CUCMEMbl MEeppUMOopUabHO20
ynpagneHusi coyuasnbHbIM passumueM, CUCTEMbI YNpaBneHnst NtoGoro YpoBHS, HaYMHasi C PaiioHHOTO B FOPOAE.
Mpu pa3spaboTke KOMMMEKCHBIX NPOrpaMM, Npy OpraHW3aLmu AesTENbHOCTM, OTOOPE NPOEKTOB, YCTaHOBIEHUN
nnaTexen u T. . — kpaliHe BaXHO B IBHOM BULE YYUTbIBATb 3Ty LieNb, €€ NPUOPUTET U T. .

CnepyeT OTMETUTb, YTO pernoH (06nacTb, panoH, ManbIi UN MUSTIMOHHBIN TOPOA) NPeaCcTaBnseT coboi eMKUR,
MHOTOMEPHbII, NPOCTO MPEBOCXOAHBIN NOMMUIOH AN UCCnefoBaHus W oTpaboTku Lienoro psiga BOMPOCOB MO
WHTepecylowein Hac npobnematuke. C perMoHOM Kak COLnanbHON OBLLYHOCTBIO CBSI3AHO MOHATUE JKM3HEHHOM
AVHAMUKW: MOXET UMeTb MeCTO pa3BuUTHe, CTarHauus, Aerpagaums.

oA coumanbHO-3KOHOMUYECKMM Pa3BUTUEM PETNOHA 00bIYHO NOHMMALOT TaKoM npouecc N3MEHEHUIA (BHOCMMbIX,
B 4aCTHOCTW, OpraHamn ynpaBlieHUA unu cammmu pernoHanbHbIMK CY6'beKTaMI/I), KOTOprI7I onunpaeTca Ha
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€CTECTBEHHbIE 3BONIOLUMOHHbLIE TEHAEHLUWKN, U, COOTBETCTBYA LENAM ynpaBneHusd, NPpUBOAUT K MNOBbILLEHWUIO
Ka4yeCTBa XMU3HU U yNny4dlleHno colnanbHO-3KOHOMUYECKOro noTeHunana [JaHHO COLI|MaJ'IbHOI7I O6LI.I|HOCTVI.

Pag rnyGokux coobpakeHnin 0 BHELLHEN LeTEPMUHAHTE CUCTEMbI (kak 00 onpeaensitoLlem camo CyLlecTBOBaHWe
CUCTEMbI TPETbEM OMOKe MAEONOMMM CaHKXbs) NPUMBOANTCS B [4].

2. Bugbl U3MeHeHU U OCHOBHbIE MeXaHU3Mbl Pa3BUTHSA

YTo CyWHOCTHOE MOXET ObiTb MEPEYNUCNIEHO B KayecTBE TakuX WM3MEHEHWH, ecrnin roBoputb o6 3TOM No
BOMbLLIOMY CYETY, HE TaKMMM CIOBaMM, KaK «M3MEHEHME SNEMEHTOBY, «POCT CBSA3ei» U [p., @ BO3MOXHO Gonee
06LLM 06pa3om, ykasbiBasi Npu 3TOM, Kakie, COBCTBEHHO, MPOUCXOAAT U3MEHEHNS?

B pabote [7] npuBegeHa Tabnuua, cogepxallas Takue OCHOBHble W3MeHeHus: 1. ToxaecTBeHHoe
npeobpasoBaHue (CoXpaHeHne, HuKakux npeobpasoBaHuit). [lanee cnegylT W3MEHEHWUS: 2. KONMYECTBEHHOE;
3. KaueCTBeHHOE; 4. U3MEHEHNE OTHOLLIEHMI (CBA3EN); 5. Ka4ECTBEHHO-KONNYECTBEHHOE; 6. M3MEHEHWE KavecTBa
W OTHOLLEHWI; 7. N3MEHEHME KONMYECTBA U OTHOLIEHUIA; 8. U3MEHEHNE (KOMMYECTBO + KAYecTBO + OTHOLLEHMS).
lMepBoe W3 NpuBEdEHHbIX W3MEHEHW (HyneBoe W3MEHEHWe) BBEAEHO LN MOMHOTbI OMKUCHIBAEMON CXEMbI.
YkasaHHble npeobpa3oBaHNst MOTYT UMETb 9BOSHOLIMOHHBIA UMW HEIBOIIOLMOHHBIN XapakTep, Mano Toro, B
no3nuusx 5 — 8 napHble 1 TPONCTBEHHOE U3MEHEHUS Takke MOryT 6biTb KOMOMHUPOBAHHBIMUA — OAUH KOMMOHEHT
MEHSIETCS SBOTIOLMOHHO, APYroM — CKaukoM 1 T. 4. Takum 06pa3om, nanuTpa U3MEHEHNA OKa3bIBAETCS LLIMPOKOM.

F0BOPS O MexaHW3Max PasBUTUs, MOHUMas MeTadopuyeckoe, B ONMPEedeneHHON CTENEHN, NPUMEHEHWe 3TOro
TEPMMHA, OObIYHO MCMOMb3YKT pasnuyHble Tunonmoruu. OpHa W3 HUX, LOCTAaTOYHO MOSHAsl, OnMChiBAeT
MEXaHW3Mbl C Y4eTOM XapakTepa NPUMEHSIEMbIX B HUX CPEACTB WM WX NPUPOLbI: MEXaHU3Mbl SKOHOMUYECKVE,
ynpaBneHyeckume, coupnanbHble,.. MHOTO MHTEPECHbIX Pe3yNbTaToB NOMyYEHO Ha 3TOM MyTU.

BeposiTHo, Gonee npogyKTMBHbIM [N1S Halwux Uenen OygeT onucaHWe MEXaHW3MOB C TOYKM 3pEHMst WX
COfepXaHusi, B3STOE M3 0bnacT 6ruonorum, To ecTb, He «KaKe OHUY, @ «4TO OHU AenatT». B aTom cnyyae mbl
nomnyyaem npekpacHyto rammy MexaHu3MoB npeobpa3oBaHNs: U3MEHYMBOCTb (MEXaHU3Mbl MyTaLum, noucka,..),
HaCcneACTBEHHOCTb (COXpaHeHWe, nepedaya, [OEnOHMpOBaHMWe,..), HakoHely — oOTOoOp (oueHka, Bblbop,
3akpennexnne u T. A.). B pabotax [13 n gp.] Takum ONMCaHMAM YOENSeTCs 3HAYMTENbHOE BHUMAHME, B
YaCTHOCTM, NPW aHaNM3e TEXHUYECKOro, COLMarbHOro, COLMarbHO-9KOHOMUYECKOTO Pa3BUTUS.

OTa nocneaHss TUNoOnorus NpPeAcTaBnseTcs UCKIHYUTENBHO WHTEPECHON C METOLOMOrNYECKON TOUKU 3PEHUS.
KakoBa Moponornsi 3TUX MEeXaHu3MOB, KakK BbIFMSAAT CBA3W MeXOy HWAMMW, WX B3aWMOBMUSHUE W/vnu
HE3aBNCUMOCTb, YEM ONpeaenseTcs MeTpuka NPOCTPaHCTBa ONUCaHUs — 3TU U MHOTE Apyrie BOnpockl, Byayyu
pa3paboTaHHbIMM B GUONOMN 1 HEKOTOPBIX COLMAnbHbIX Haykax, NPeAcTaBnsT cOBON NOYTH He NaxaHoe none
AN METOZOMOrNYECKOr0 aHanmsa, CUCTEMHOrO onucaHus W, Tem Bonee, Ans MogenupoBaHus. B yacTHoCTy,
upesBblYaHO MHTEPECHO MPOBECTU aHanW3 COCTaBHbIX, KOMMMEKCHbIX MEXaHU3MOB, TakuX, Hanpumep, Kak
couunanbHoe NapTHEPCTBO, NPOOYKTUBHAS 3aHATOCTb, PbIHOK Tpyaa (Kak MexaHusm), PbIHOK UH(OPMALMOHHBIX
ycnyr u ap., B KOTOPbIX OAHOBPEMEHHO LENCTBYIOT U HacneaoBaHue, U nouck, n otbop. Takue nccnegoBaHus
JOMXKHbI OKa3aTbCs BeCbMa BoratbiMW U AN NpegMeTHbIX obnacten, U Ansg camoit MeTogonorun. Hanpumep,
KaK [OIKHbI pacnpefensTbCs pecypchbl NpU OpraHn3aLun MHHOBATUBHbIX LEACTBUI, Kakas [ONS 3TUX PecypcoB
JOMKHA WMOTU Ha COXpaHeHue, Ha obecrneyeHne CTabunbHOCTW, — KakoW OTBET Ha 3TW BOMPOCHI AacT
metoponorus? Kak cnegyer obocHoBaTb BBEEHME TaKOro KpUTEPWUS Pa3BUTMSA: OCHOBHbIM MOKasaTenem
pasBUTUS SBNSIETCA HEe [AWHaMuKa BHYTPEHHEro BanoBOTO MPOAYKTa, He pocT noTpebneHns, Laxe He
NPOU3BOACTBO MPEAMETOB TPyAa, a CMoCobHOCTb OOLLECTBEHHOM CUCTEMbI (OMpeAeneHHoN OpraHU30BaHHON
couManbHON  CTPYKTYpbl) hopMuUpoBaTh U UCMOMb30BaTb TBOPYECKWA MOTeHUMan nwoaen. PacteT aTa
cnocobHocTb — BydeT WMeTb MeCTO Mmporpecc, He pacteT — OydeT yBenuunBaTbCs CepocTb, 00esnnuka,
«MaccoBast KynbTypay, couuansHas nonspusaumns. OfHako —Yem MepuTb 3Ty cnocobHocTb? U T. 4., U T. 4.
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3. O npocTpaHcTBe pa3BUTUSA

Kenas 6onee nonHo NoHsATb, 6onee eMKO NPeacTaBUTb KaTEropui0 passuTKS, LenecoobpasHo BbIpa3nTb 3TO
npeAcTaBneHne NPOCTPAHCTBEHHO, TO €CTb BBECTY NOHSTIE «NPOCTPAHCTBO pasBuTUsy. Torga okaxercs 6onee
€CTECTBEHHbIM MPUBIIEKAaTh 1 ONEpPUPOBATh C TAKUMU MOHATUAMM, KaK TPAEKTOPUS PasBUTUS, PacCTOSHIUE MeXay
BEpLWMHamMK rpadha, HakoHew, BekTop pa3suTus [12]. Buagumo, LenecoobpasHo BBECTU MOHATUE «CTPYKTYPHOE
PacCTOsHUEY, OLIEHUBAIOLLEE CMeNneHb Passumocmu CmMpyKmypbI, aHaNornyHo — Ansg PYHKLUMA U T. 4.

Takoe npefcTaenenne byget NPOAYKTUBHLIM, HAaNpUMep, NOTOMY, YTO B HEM OKaXeTCs BO3MOXHbIM ONpeaensTh
«TOYKYy COOPKM», BbISCHATL OTHOLIEHMS! CUCTEMbI CO CPedoil, TO €eCTb OTCAeXMBaTb AWUHAMUKY rpaHuL
Pa3BMBAIOLLENCS CUCTEMBI (MPY NPOBELEHUN NEPBUYHON CTPYKTypU3aLmm). [lanee, MOXHO roBOpUTL 0 Kadecmse
cesizen. B cBoe Bpems B. ®ynnep BBen AN creuuanbHbIX KOHCTPYKLWA HOBOE NoHATUE tensegrity, OT cnos
tense u integrity — «HanpsxeHHoe eAMHCTBO». AHaMOrMYHO, MOXHO FOBOPUTL O TEHCErPUTHBIX CBA3SAX, TaKMX,
KOTOpble B HaLleM NpoCTpaHCTBe 0BPasyIoT LeNoCTHbIE CTPYKTYPLI, NEPEBOAS «YNPYrOCTb) B «KECTKOCTbY.

3pecb pedb UOET O NPOCTPAHCTBE Pa3sBUTUS Kak 00 onpedeneHHON, AOCTATOYHO OOLLEeN CUCTEMHOMN KaTeropuum,
Kak B MaTeMaTuKe rOBOPAT O MPOCTPAHCTBE YMCEN, KaK B TEOPUM pacno3HaBaHus 0Bpa3oB — O MPOCTPaHCTBE
MPW3HAKOB, OMUCHLIBAIOLLMX KMacChl, Kak B YNpaBNeHUM — O MPOCTPAHCTBE BO3MOXHbLIX pelleHnin. B pabotax
3amevatenbHoro matematuka M. . KpelHa MOXHO Has3BaTb, MO KpanHel Mepe, ABa KOHCTPYKTUBHbIX
HanpaBreHNs, KOTOpble NPEeSCTaBSIOTC COAEPKATENBHO MOAXOASALMMM W MPOSYKTUBHBIMM B HALLMX 3adaqvax.
OTOT WHCTPYMEHTapWii — TEOPWst 3NacTUYHOCTM W TEOopusl OMepaTopoB AMst MPOCTPAHCTB C MHOEMHUTHON
meTpukon. CncoK 3TOT, pasyMeeTcs, MOXeT ObiTb MPOSOSMKEH: rpadibl C MPUIOKEHUSIMU, TEOPUS MaTPOMAOB,
MeToAbl hpaKTanbHOro aHanuaa, Teopus Pa3MbITbIX MHOXECTB, CrnaliHbl, anrebpa KOHIMKTOB U T. 4., U T. .

4. Tunbl UHAUKATOPOB PA3BUTUA

[ns pelueHnsi TEOPETMYECKMX W MpaKTUYECKUX 3afay BakHbIM BOMPOCOM SIBMSETCS onpeaeneHue (oTbop,
(hopMMUPOBaHME W T. [1.) MIHAMKATOPOB Pa3BUTLS, NAPAMETPOB, ONPEAENSIOLLMX HAaNPaBEHHOCTb, YCTOMYMBOCTD,
Ka4ecTBO aHanM3MpPyeMmoro Wnu ynpaBnsemoro passuTus. BeposTHo, HauGonee npocTbiM (XOTS 3A€Ch HET
MPOCTbIX aCNeKTOB) Ans Takoi NPeAMETHON 06nacTy, kak coLmanbHO-9KOHOMUYECKoe pasBuTie, OyAeT HavaTb ¢
PaCcCMOTPEHMSI XapPaKTEPUCTUK, OMUCHIBAIOLLMX, C OQHON CTOPOHbI — OTPACNEBOE, C APYroi — TeppuTOpUanbHoe
passuThe. Kputepusimn B Takom McCriefoBaHuUM, OLeHKo GanaHca U MEeTO[OM rapMOHW3aLuM OnpeneneHHo
MOTYT BbICTYNaTb MoKasaTenu YPOBHS U KAYecTBa XU3HW Ha [JaHHOM TEPpUTOpUN. T BOMPOCHI AOCTATOMHO
XOpOWO pa3paboTaHbl B COLMANbHOM CTATUCTWKE, OnpederieHbl rpaHuubl KMacCoB KayecTBa, MOXHO
paccMoTpeTb nupamuay Macnoy, WHAMBMAYanbHble W KONNEKTUBHbIE MOTPEGHOCTM, YPOBEHb M YCIIOBUS WX
YAOBNETBOPEHMs. MeTogomnoryeckuii acnekT Takix paboT 04YeHb HTEPECEH.

OTgenbHo MOXET ObiTb PAcCMOTPEH HabOp SKOMOMMYECKMX MMM COLManbHO-3KOMOrMYECKUX MHAMKATOPOB W
KoutepueB. [lapameTpbl Cpeabl OOWTaHWMS, «PacCLUMPEHHOE BOCMPOM3BOACTBO» 3TOM CPedbl, YCroBYS
NOAAEPKaHNS BbICOKOrO YPOBHS 30POBbsI, AEMOrpachyeckie XxapakTepucTUKA — BOT KPaTKN NepeyeHb TOro,
4YTO CnefoBano Obl aHanNM3MpoBaThb. KONMMYECTBO acnekToB 34eChb OYEHb BENMKO, a rpaHWLbl MOMs U3yYeHns
BECbMa pa3sMblITbl. Hanpumep, cneayeT i1 Npu aHanmae couuarnbHO-NCUXONOrMYECKOi YCTOMYMBOCTI HACeNeHMs
Y4UTbIBATbL YPOBEHDb 1 XapaKTep TPYAOBbIX OTHOLIEHUA?

CnegylowWwmum TMNONMOMMYECKM CPE30M WHAMKATOPOB Pa3BUTUS MOXET CTaTb OMMUCAHWE XapaKTEPUCTUK Takux
MEXaHU3MOB, KaK M3MEHYMBOCTb, HACMEACTBEHHOCTb, 0TOOp. 3gech Takke OOMbLIOE KONMMYECTBO Npobrem,
HanpaBneHNin aHanm3a u, kak CNeACTBIUE, OTKPbIBAIOLLMXCS KOHCTPYKTUBHBIX BO3MOXHOCTEN.

OueHb BaxxHOM 3afaveit sBnsieTcs pa3paboTka KpUTEPUEB W MHANKATOPOB, OMMCLIBAKOLNX Pa3BUTUE Pa3BUTUS:
Kakue TeMnbl, HanpaBneHHOCTb, rMyBuHa XapaKTepuayoT «BTOPYI NMPOKU3BOAHYIO»? Kak 3T0 MofienvpoBaTh?
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5. Bonpocbl

Bbiwe wwna peyb 0 (hopM1POBaHNM NPOCTPAHCTBA, B KOTOPOM OKaXETCS BO3MOXHbIM CTPOUTL MHADOPMALMOHHY0
Mogenb passuTis. 1o NoBoAy 3TOro NPOCTpaHCcTBa WM BOODLIE B KOHTEKCTE obCyxaaeMbix npobrem v 3agay
cnegyeT CopMynnpoBaTb psL BOMPOCOB, OTBET Ha KOTOpble (T. €. MOCTPOeHWe Modesnu), yrnyylwas Halle
NOHUMaHWe pasBuTUS, MOr Bbl BbITb YBUAEH (MM NOCMPOEH) B 3TOM npocTpaHcTee [12].

Hy, 3a Bonpocamu eno He cTaHeT. HekoTopble U3 HIX NpUBELeHbI BbiLLe. [epeuncnum eLe HeCKombKO.

a) Yem n KaK 3anyckalTCH Ha3BaHHble Bble (MU [pyrMe) MexaHusMbl pasBuTUA? Yem W Kak OHU
oCTaHaBnuBatoTcs, Topmosatca? [la, onpedeneHHble coobpaxeHuss MoryT ObiTb BbiCKa3aHbl — Hanpumep,
HaKannMBaloTCA KONMYECTBEHHbIE U3MEHEHUS!, U cpabaTbiBaeT nepsblii B0k CMCTEMBI CaHKXbsA. HO xopoLwo 6bi
MOHSATb, YeM B CUCTEME (T. €. Ha CUCTEMHOM SI3bIKE) 3a4aloTCs NOPOTU, KpUTEPUM?

6) Yto, cobCTBEHHO, Mbl (DUKCUPYEM B CUCTEME, KOTAa rOBOPUM, YTO OHA Pa3BMBAETCS, T. €. YTO OTKNaAblBaTb
Ha ocsiX, kakue (byHHaMeHTanbHble XapakTepucTuku? [OHSTHO, YTO MPU aHanM3e AMHAMMKM PasfNYHbIX
KOHKPETHbIX CUCTEM — (DU3NYECKIX, COLMAMBHBIX, BUONOrMYECKUX — YUUTLIBAIOTCS C8OU MOHSTUSI U NapameTpbl,
B3AATblE U3 CBOUX NpeaMETHbIX obracTeir. Ho HaM-To Hago onepupoBaTh 06WUMU Xapakmepucmukamu, o6uumu
mepmuHamu u npedcmagneHusMu. B HaleM cryyae A0MmKHbI PUrypupoBaTh Takie BbIpaXEHUs, Kak, Hanpumep,
«OCHOBHOE KauyecTBO», «CMCTEMa roToBa», «cnabasi 3aBMCMMOCTbY, KaK KNacCuyeckoe «MpOoLEecc MoLeny,
«MpoiigeH BTOpoil atan» W ap. Hapo aymaTth, 9T0 OAHa M3 CUCTEMONOrMYeckUX 3adayd. Mpuyem Takux obuimx
B3rNSA0B Ha pasBUTME (MOBTOPUMCS — AN er0 MHOrOMEPHOIO OMMUCAHMS) MOXET ObiTb, ECTECTBEHHO, HECKOSTBKO.
OAVH 13 HUX — paccMaTpyBaTh Pa3BUTUE CTPYKTYPbI U PYHKLMIA. MTocKombKy 3T napameTpbl 3aBUCUMbI, TO s
C037aBaeMOro NPOCTPAHCTBA Pa3BUTUS Mbl ONPEAESIEHHO NOMYYMM HEOPTOTOHANbHYI0 CUCTEMY KOOPAMHAT. OTO
NpeacTaBnseTcs €CTECTBEHHbIM U, O4YEBWUAHO, BrOSHE MPOAYKTUBHLIM (HanpUMep, Cpasy MOXHO YBUAETb, YTO,
CKaXKEM, YCTOXHEHME CTPYKTYpPbI BYAeT YBENMUMBATL YUCTO (OYHKLIAN UK YCTIOKHSATL UMEIOLLMES).

[pyroit o6Lwmin B3rNsA — OTKNaAgbIBaTh Ha OCAX pasBuTUE (M3MeHeHue) cybeTpaTa v aTpubyToB CUCTEMBI, MOXET
ObiTb — €€ KOHUenTa, LEeneBbIX XapakTepUCTUK. TPeTWn MOAXOA — MCMONb30BaThb NS 3TUX LENel CTaBLuyio
knaccuyeckoi Tpuagy A. U. Yemosa (BeLyn, CBOUCTBA W OTHOLIEHWS), @ TaKKe ONMpefeNieHHble NePEMEHHbIE U3
ATO - a3bIka TepHAPHOro onucaHust B pa3pabaTtbiBAEMOM UM 1 €r0 LLKOMOW NapaMeTpUYecKoM BapuaHTe obLuen
Teopun cucTem. A MOXKET, XOTb U C pa3bopom, MPUMEHUTb psif Takux NoaxoaoB? Kakux umeHHo? OpHako Mbl
yXKe Hayanm uckaTb OTBETbI, BEPHEMCS K HALLMM BOMPOCaM.

B) UTO SBNSIETCS B CUCTEMHOM CMbICTNE LIECTEPEHKaMU (TO ECTb UCTIONHUTENBHBIMU SMIEMEHTaMM1) MEXaHU3MOB
pasuTns? C yCrnoBUSMW Pa3BUTUS KOE-YTO MOHSITHO, OHW, pa3yMeeTcsl, B 3TOM MexaHW3Me y4acTBYHT, —
TEMnepaTypa Ans XMMUYECKUX W (DU3NYECKUX MPEBPALLEHUI B XWUBOM OpraHu3Me, [JaBleHWe, Hanuuue wunm
OTYTCTBYE KaTanu3aTopoB U T. . Ho 3T0 Bce MMEET CMbICH, ECIIN MOXHO TaK CKa3aTb, «BHELUHUX» (haKTOPOB, TO
ecTb, €CN crefoBaTth MPUMEHEHHONM MeTacdope, OHW WUrPaloT porb 4Yucna 3yObeB Ha LUECTepeHKax, WX
AVaMeTpa, KayecTBa WX MOALMMHAKOB. A KAKOBbl «LUECTEPEHKM» U «TPAHCMUCCUM» ITUX MeXaHW3MOB B
CYLLIHOCTHOM, WHXEHEPHOM CMbicrie, T. €. camu no ceGe? Hanpumep, Mcnonb3oBaTb Takie napameTpbl, Kak
nogoGue, pereHepaTMBHOCTb, KOHTPYEHTHOCTb, KOMMIEMEHTAPHOCTb, 6rIM30CTb Mo MymBonbATY. ..

Uro, cobcTBeHHO, 3anoxun eHepanbHbIn KOHCTPYKTOP B 3T MEXaHW3Mbl B CUCTEMHOM CMbICMie? — KpoMe
0BpaTHbIX CBA3EW, MOMOXUTENbHBIX U OTPULATESNbHBIX, U KPOME OLEHOYHO-KPUTEPMArbHBIX CBOWCTB (YMEHUIA,
4TO K, UK 3HaHUI)? Kak cuenneHbl 1 Yem yNpaBnsitoTCcs 3TU WeCTEPEHKN?

r) Kak poxgaetcs HoBoe? UTo CriyxuT Kputepmuem ero BOHMKHOBEHMSA? Kak cuctema 3ToT CurHan pacnosHaér?
0) KakoBa npupoga LymoB, NpUBOASLUMX K owwwmbkam B 3TUX npoueccax? Kak nokasartb UX B MPOCTPAHCTBE?
e) Ecnn wectepeHkamn SBNAIOTCS 3aKOHbl (HAcnefoBaHWs, COXpaHEeHUs, B3aWMOCBSA3W...) U MPUHLMMbI
(TonepaHTHOCTb, BanaHcUpoBaHWe, rapMOHM3aLMS, aaanTauus...), TO YTO Xe OTKNaablBaTb Ha 0csX? A MOXET
OblITb, 3aKOHbI — 3TO NULLb YCIOBWS NpOLecca, a NPUHLMMLI — er0 NapameTpbl?

(MO)KeT ObITh, NoHa4any Gonee ecTecTBEHHO FOBOPUTb HE O MNPOCTPaHCTBE Pa3BUTUA, a O MNPOCTPAHCTBE
U3MEHEHMI, KaK roOBOPUNOCb paHbme? W Toraa ogHm TPaeKkTopuu, onncbiBaoLLine nosBeeHne CUCTEMbl B 3TOM
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NPOCTPaHCTBE, 6yﬂyT CBA3aHbl C pa3BuTnEM, opyrme — C ,qerpauau,meﬂ CUCTEMBI, TPETBU — CO CTaFHaLl,VIeI7I, npo
YeTBEPTbIE, NATBIE U T. [. — BOO6UJ|6 HMYero (Ha Hallem FI3bIKe) HEeNb34 Nnoka CKa3aTb...).

X) Kak pasnnyaTtb camonofaepXuBatoLLMincs npoLece passuTis, T. €. 3anporpaMMUPOBaHHbIN 1 3aTeM TeKYLLMIA
CaMOCTOSATENLHO, U TaKOW, KOTOPbIN MOXET NPOTEKaTb TOMbKO NPU BHELLHEN NOAOEPKKE, TO €CThb, NS KPaTKOCTH
ckasaTb, — WxaMBEHYeckMin? Kak B 3TWX TepMmuHax, AN Hallero NpoCTpaHCTBA, OnMcaTb MPOCTOE W
paclumMpeHHoe Bocnpou3BoacTBo? Ha YkpauHe B 70-e rogbl B VHCTUTYTE KMOEpHETWMKM AN OnMUCaHMs
Pa3BMBAOLLMXCA CUCTEM (HampumMep, 3KOHOMUYECKUX CUCTEM C PaCLUMPEHHBIM BOCTPOW3BOACTBOM) YCMELLHO
Oblny NpUMEHEHbI MHTErpanbHble ypaBHEHMs ¢ sgpom ®pearonbma, B KOTOPbIX PasfiyHble COCTaBNSOLME
Gonee unm MeHee afeKBaTHO ONUCHIBANM pasniyHble 40NN BHYTPEHHETO NPOAYKTa CUCTEMbI.

3) MoxXeT N1 B Lienom npoLecc passuTis UMETb MeCTo 6e3 NoTpedneHns CUCTEMOI YETO-TO U3BHE, — SHEPTUN,
nHcbopmaLwm 1 T. 4.7 1o BONpoc 06 OTKPbITBLIX 1 3aKPLITbIX CUCTEMAX.

1) Ecnu BO3HWKaeT, pa3BWBasCb, CTPYKTypa, TO YTO €CTb «MpeaCTPYKTypa» U Kak ee YBUAETb B 9TOM
npoctpaHcTBe? TO ke OTHOCUTCS U K «npeadyHKLMNy, YHKLMK, TunepdyHKLMM, OUCHYHKLMM. ..
3aMeTuM, 4TO Ha HEKOTOpbIE 13 3TKUX BOMPOCOB ONpeAeneHHbIe 0TBETHI MOryT ObiTh MPEeaOXeHb! yxe cenvac,

X0Ts 6bl 4aCTUYHO, (hopMarbHO, HO 1 3TO Yxxe MOXeT ObiTb NpoaBukeHneM. Kak roBapusan Heitn ApMCTPOHT:
«JTOT HeOOMbLLON LLar...»

6.BmecTo 3aknioueHus

MpuBeneHHble B npeabloylwmx naparpad)ax BOMPOCHI MOTYT paccMaTpuBaTbCs Kak areMEHTbl HEKOTOpOl
WUCCNe0BaTENbCKOM NPOrpamMMbl MU U3yYeHUM MPOLLECCa Pas3BUTHSH Kak TakoBOro M €ro MOAENMPOBaHMM.

OueHb BaxHble, rnybokne ¥ NpUHUMNMAnbHble MaTepuansl cogepxatca B [7], rge € CMCTEMHbIX MO3WLMK
OnMcaHbl pasnuuHble Buabl Knaccudmkauuii (Hanp., Ha OCHOBE WM30MOPHO/MONMMMOPGHOTO NPEACTaBMNeHus,
CUMMETPUM-AUCUMMETPUN-aCUMMETPUN, BOITIOLMOHHOMO/HE3BOMIOLMOHHOIO NEPEXOA0B U APYIUX CYLHOCMHbIX
XapaKTepuCTUK CUCTEMbI), a TakKke BBELEHO CBOe OnpeaerneHne cuctembl. Ha atoit 6ase B kayecTse
onpefeneHHbIX 3NIEMEHTOB TEOPUN Pa3BUBAIOLLMXCH CUCTEM NEPEYUCTIEHbI CNOcobhI U (hopMbl NpeobpasogaHusi
00HUX cucmem 8 Opyaue. JTOT NYTb NPELCTABNAETCS OYEHb MEPCNEKTUBHBIM, CREAYET, OOHaKo, 3ab0TUTLCS O
MOMHOTE CUCTEMHbIX XapaKTEPUCTUK.

BbIckaXem HEeCKOMbKO HenpunyecaHHbIX 3aKM4YMUTENbHbIX coo6pa>|<eHvu7|.

K uncny ouveHb BaxHbIX KPUTEPUEB HYXHO OTHECTW TaKOe MOHATWE, Kak Mopor pasHoobpasus. 3TO CBA3AHO C
YPOBHEM CIIOXHOCTW, C OLIEHKOW CTEneHM W YPOBHS OTHOCWUTENTbHOM OPraHWM30BaHHOCTM paccMaTpuBaeMblX
cucteM. HyxHO cukcMpoBaTb MpU 3TOM CMOXHOCTb COCTaBa (MO CBOWCTBAM, KOMMOHEHTaM, OTHOLIEHWSIM, MO
CTaguam MOBEOEHNS,..), CNOXHOCTb OPraHWM30BAaHHOCTU CUCTEMbI (€€ YCTOWYMBOCTb, CTENEHb COOTBETCTBUS
LensM, Hanuuue/oTCyTCTBME YKa3aHHbIX Bbllle TEHCErpPUTHBIX CBS3EM) W WHTErparbHylo  CROXHOCTb,
YYMUTHIBAIOLLYO BCE BUAbI CNOXHOCTY U UX «BEC». OBPUCTMYECKAs (DYHKUMS CROXHOCTM, no B. TioxTuHy, Gyaet
NPOSIBNATLCS B MPUHLMNE COXPAHEHUS CIIOXHOCTM UM B 3aKOHe He0BX0AMMOro pasHoobpasus, Unn CRoKHOCTY
Y. Swéwn. N 3geck HyKHO OTMETUTB, YTO rae-To B koHUe 60-x B. MMyLukoBeIM Bbina chopMynmpoBaHa Teopema,
rmacuBLLasi, YTO €CNW B HEKOTOPOW CUCTEME JOCTUHYT OMpefeneHHbI Nopor pasHoobpasns (no cBs3aM, no
npupoae u macwrabam anemeHToB M T. 4.), TO 3Ta cuctema obpeyeHa Ha passutne. Ecnn 3ToT nopor He
DOCTUTHYT, — cucTeMa obpeyeHa Ha CTarHaumio U Ha Aerpagaumio.

Ha ouyeHb BaxHyI0 XapaKkTepucTuky obpaliatoT BHUMaHWE pasHble aBTOpbl, B YacTHocTu, B. B. Hanumos [8].
Peub nget o kayectse kak TakoBOM. Bhblille roBOpUnoCh O TaKOM COCTABHOM KPUTEPWM, Kak YPOBEHb 1 KaueCTBO
*un3Hu. B cBoe Bpems H. AMOCOB BBEN NpW MOAENMPOBaHWM COLMANbLHOMO paseuTUS Takoe noHaTue kak YOK —
YposeHb [ywwesHoro KomdopTa [9] 1 akTMBHO UCMonb30Basn ero. Bonpoc 0 kayecTse ABASETCH HENPOCTLIM U, B
KOHTEKCTE HaLLero paccMOTPEHMS, NOBUAMMOMY, BECbMa NPOAYKTUBHbIM. OTMETUM 34eChb NULLb Ba acnekTa.
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lMepBbIn U3 HUX YacTWyHO ocselyeH B [10]. [ns pa3BUTUS SKOHOMWKM, AN Pa3BUTUS couuyma Heobxoaumo
CO3AaH1e AONOMHUTENBHOM CTOMMOCTH. Ha NpOTSKEHWUM NPEXHWUX CTaaWA Pa3BUTAS SKOHOMMUKM (3aMeTUM — Mpu
pasHbIX opmauusx!) JononHUTENbHAs CTOMMOCTL CO3faBanack B MacCOBOM BMAE 3a CYET TOBapa, 3aTem, Ans
psda CTpaH, 3a cyeT ycnyr (BbICTynaBLUMX B POMM TOBapa), 3aTeM — 3a CYeT kayecTBa ToBapa W ycnyr. B
nocrnegHue LEecATUNeTUs B NepefoBblX KanUTanUCTUYECKUX CTpaHax Bheped BblABUralTCcA Takue aKTopbl
(hOpMUPOBAHUS JOMOMNHUTENBHON CTOUMOCTM (1, B YAaCTUMHOM COOTBETCTBUM — Pa3BUTUSA), Kak Ka4yeCTBO YCIyr 1
KayeCTBO MeHeKMEHTa. HakoHel, B WHCGOPMALMOHHOW SKOHOMWKE BedyWwMM (DaKTOpOM  CO3daHus
[OMOMHUTENBHON CTOMMOCTM CTAHOBSATCS 3HaHUS, MHOpMaums. Ha Halwmx rnasax npoucxoaut opMupoBaHne
TaKoN CTOMMOCTH, KOTOPas Kak MONMTIKOHOMUYECKAs KaTeropust Aenaetcs Bce 6onee HematepuansHom. M 3gech
OnATb-TakM cregyet 06paTUTb BHUMaHWE Ha Ka4eCTBO, B LIMPOKOM CMbICHE.

OyeBMAHO, YTO CO3AaHNE HOBOW COLMANBbHO-3KOHOMUYECKOM CUTYaLK, Pa3BUTIE HOBOW SKOHOMMKM, CBS3aHbI C
TEM, 4TO OOLLECTBO HAY4MOCh UCMOMb30BaTh TO CamMoe Ka4yeCTBO YENOBEKA, KOTOPLIM OH OT/INYAETCS OT BCEX
OCTanbHbIX CylecTB Ha 3emne, — NOHUMaHue U yMeHue onepupogamb cumeonamu [11]. 3Ta MolHas
KOMMOHEHTa COLManbHO-9KOHOMUYECKOrO noTeHUuana obLLecTsa ¢ HEKOTOPbIX NOp CTana B MacCOBOM NOPSAKE
aKTyanuampoBaTtbCs. Pe3ynbTaToM W SBWNOCb TO, YTO [OMOMHUTENbHAS CTOMMOCTb Havana BO3HMKATb B
NpOLECCe reHepupoBaHNs 1 «NPOMbILLNIEHHOTO» UCNOSb30BaHMS 3HaHUL.

CkasaHHOe, B 4aCTHOCTW, O3HA4aeT, YTO MpU NOCTPOEHWUW, HaNpUMep, MOAENE TEPPUTOPUANbHOMO PasBUTUS,
npoLeccoB (DOPMMPOBAHWS «3HAHWEBOM» SKOHOMMKW, — MOXHO OOCUMTBIBATH M M3MEPSTb NWWbL Ty 4acTb,
KoTOpasi, BO-NepBblX, BOOOLE MOANAETCA TakOW OUEHKe, a BO-BTOpPbIX, OTODpaxaeTcs B PErMoHarbHo
CTaTUCTUKE M BKITIOYAET B Cebs, ckaxeM, ypoBeHb obLien o6pa3oBaHHOCTH, Bbicliee 0Opa3oBaHue (He YMCro
BY30B, @ YNCIIO XKWUTENem C BbiCLIM 0Bpa3oBaHMEM), K8aUUKaYUOHHbIE XapakTEPUCTUKI PaBOTHUKOB HayKM,
NPOCBELLEHMS, KyNbTypbl, TBOPYECKON UHTENUIEHLMN, TO €CTb COBCTBEHHO UHMEHCUBHbIE NOKa3aTeNu.

BTopoin acnekT yyeTa kayecTBa MpW aHann3e U OLEHKE pasBMTUS TECHO CBSA3aH C COLMANbHOM MOpanbi U
couManbHeIM noBefeHWeM. He Baasasicb B [OMMMe pacCyxaeHus, npuBedeM CnoBa M3BECTHOTO Ha 3anage
Teonora [iutpuxa boHxéddepa, HanMCaHHbIE UM B HALMCTCKON TIOPbME He3agonro 4o kasHu 9 anpens (1) 1945r.
B KoHunarepe ®nocceHbtopr (uut. no [8]): «...Mbl nepexuBaem ceivac npouecc obuieit aerpapaumv Bcex
coumanbHbIX CNOeB W OAHOBPEMEHHO NMPUCYTCTBYEM MpU POXAEHWN HOBOW, BnaropoaHoN, apucTOKpaTUYECKO
nosvumn. OHa BO3HMKAET U CyLLECTBYeT Onarogapst XEPTBEHHOCTH, MYXECTBY M SICHOMY CO3HaHMIO TOrO, KTO
KoMy 1 Yyem 00s3aH... [naBHOe — 3TO pacuUMCTUTb U BbICBOBOANTL NOrpebeHHbIN B ryOMHE LyLumM ONbIT KAaYecTBa,
rMaBHOE — BOCCTAHOBUTL NOPSLOK HA OCHOBE kayecTBa. C NO3MLMI KynbTypbl OMbIT Ka4eCTBa O3HAYaeT BO3BpaT
OT ras3eT W Pagmo — K KHUre, OT CeLwKn — K JOCYTY U TULIMHE, OT pacCesiHus — K KOHLEHTpaLK, OT CeHcaLumn — K
pa3sMbILLMEHMIO, OT CHOBM3Ma — K CKPOMHOCTM, OT HEAOCTaTKa YyBCTBA MEpPbl — K YMEPEHHOCTU. .. ».

3pecb CHOBa BO3HWKAET NPeACTaBreHne 0 cucteme Lieneil u TpeboBaHmiA, 0 TpeTbeM OrioKe CUCTEMbI CaHKXbS:
pafy 4Yero pasBUBAETCS MPOLIECC, KaKue yesiesblie MO3WLMK BbICTABNEHbl 8 KOHUE (OYeBMOHA MW Mpu 3TOM
rMyGUHHas, He BHELUHSS LMKNMYHOCTb pasBuTus?). TouHee — 9TO NPeACTaBreHUe O CTEMEHW COOTBETCTBUS
3rIEMEHTOB, CBAA3EH, MX KAYECTB B CUCTEME — COBOKYMHOCTY Lienei 1 TpeboBaHNi Ui BHELLHEN AeTEPMUHaHTE.

W, HakoHel, nocnegHee. Cpedyn MHOMX OCTalOWMXCS BOMPOCOB OTMETUM criedytowuit. Beiwe roBopunock o
Ba)XHOCTW aHanu3a «BTOPOW MPOW3BOAHOMY Pa3BUTUs, O PACCMOTPEHWM, OLEHKE (MOXET BbITb — ynpaBneHuu,
BKMIOYEHWUM B MOLESb) TAaKOro acnekTa, Kak pasgumue pa3gumusi, — O ero TeMnax, HanpasneHHOCTH, Npupogae,
MOHOTOHHOCTW/HEMOHOTOHHOCTH U T. 1. HO TOrga MOXeT BO3HUKHYTb UCKYLLEHWE BBECTU U TPETbO MPOU3BOLAHYHO,
a 3aTeM W YeTBepTylo... [4e 1 yemM MoxeT ObiTb NMOMNOXKEH NPEAEn 3TON PeKyppeHTHol GeckoHeuHocT? [ae
NPOVUCXOAUT AMANEKTUYECKOE KCHATMEY 3TOW CROXHOCTU? Hago aymatb, YTO OTBEThI MOTYT ObITb HaMAEHb! NP
rPamMOTHOM, 3(PCEKTUBHOM COBMELLEHUMN METOAONOMMYECKON 1 OHTONOMYECKON KOMMNOHEHT UCCNeaoBaHuMs, Kak
pesynbTaT nocnefoBaTeNlbHON CoaepaTenbHOM NOCTaHOBKM LieNen, — B MOCTPOEHUM CMOXHBIX MOZENen 04YeHb
Ba)kHa nowuaroBasi paboTa, peBn3mns pesynbTaTos, MX OCMbICTIEHHOE COMOCTABMIEHWE C LENAMU U NPAKTUKOMN.
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BBeaeHue

OpHoit U3 OCHOBHbIX 3aay TEOPWUW MPUHATUS PeLLEHU SBRSETCA pasfeNieHne MHOXECTBAa anbTepHaTWB Ha
HECKOMbKO 3apaHee 3afaHHbIX YNOpsAOYEHHbIX rpynn (KNaccoB peleHnn). B peambHbiX  CUTyaumsix
anbTepHaTMBbI OMUCbHIBAKOTCA MHOTUMU Pa3HOOOpa3HbIMM MpU3HAKaMu, U YACIO TakuX MPU3HAKOB MOXeT ObiTb
[OCTaTOMHO BENWKO (4EecATKM 1 COTHW). HenocpedcTBeHHas Knaccudukauus anbTepHaTWB, OMKCHIBAEMbIX
[OCTaTOYHO OOMbLUMM YMCAIOM MPU3HAKOB, HA OCHOBE MPeanoyTeHNi mmua, npuHumatowero pewexve (J1MP),
SBMSIETCA AOCTATOYHO TPYOOEMKOM npoLenypon, Tpebytowen 3HauuTeNbHbIX BPEMEHHbIX 3aTpaT 1 pa3paboTku
cneynanbHbix Metogos onpoca JIMP. Mpu peweHun 3agaum knaccudpmkaumy Gonbluoi pasmepHoctn JIMP
3a4acTyl0 NPUMEHSIET pasfnyHble YNPOLLEHHbIE CTPaTernM C UCMONb30BaHWEM TOMbKO YacTu KpUTEPUEB, YTO
HeraTMBHO CKa3blBaeTCs Ha MOCTPOEHWW [paHWUL, KNacCoB peLUeHuit, BbipaboTKe pelatolmx npasun,
JanbHenwem aHanuae nonyYeHHbIx peaynbTatos [Jlapuyes, 2006].

[lononHuTeneHble TPYAHOCTW MOSBASIOTCS B chyyae cnabo CTPyKTypupyembix 3agad  knaccudvkaumm,
COYETaloWMX KONMMYECTBEHHbIE W KayeCTBEHHble 3aBUCUMOCTW, ANS KOTOPbIX NOCTPOEHWE OOBEKTUBHBIX
mogenen nnbo HEBO3MOXHO B MpuUHLMNE, NMBO CONMPSKEHO CO 3HAYUTENBHBIMW CROXHOCTAMMW. MMpuMepamu
TakuUX 3ada4 MOryT CIyXWUTb KOHKYPCHbIA OTOOP Hay4HbIX MPOEKTOB, OLEHEHHbIX HECKOMbKUMU 3KCTiepTammu no
MHOMM KayeCTBeHHbIM Kputepusam [[eTposckuin u ap., 1990], oueHka GaHKOBCKWUX KPEAMTOB MO CTENeHU pucka
[AcaHoB u fp., 2001a].

OpHMM M3 cnocoGoB NPEOSONEeHNst OMMCaHHbIX Bbile CMOXHOCTEN SIBASIETCS CHWKEHME PasMepHOCTU
MpWU3HaKOBOrO MpocTpaHcTBa. B paboTe npegnaraetcsi HOBbIX MOAXOL K CPABHEHMIO M Knaccudpmkaumy
MHOrONPU3HAKOBLIX OOBEKTOB MO MX CBOWCTBAM, B KOTOPOM GOMbLIOE YMCIO WCXOAHBIX XapaKTepUCTUK
anbTepHaTVB NOCNeAoBaTeNbHO arperupyeTcs B HeBOMbLLIOe YMCIO KPUTEPUEB, UMEIOLMX HeBOoNbLUMe LIKAMbI
OLieHOK, oTpaxatolmx npeanoyteHnst NINP. Mpoueaypa arpervpoBaHWsi MpU3HAKOB WCMONb3yeT pasnuyHble
MeToabl BepbanbHOro aHanu3a peLieHni 1 UMeeT GrIoYHbIA XapaKkTep, 3a CYET Yero CyLLECTBEHHO COKpaLLaeTes
TPYAOEMKOCTb MOCTPOEHUS! peLuaoLLuX MpaBun Knaccudukauum 1 MosiBRsieTcss BO3MOXHOCTb OGbSICHEHNS
MoNy4eHHOro pesynbTata.

MHorokpuTtepuanbHas nopsagkoBas Knaccudukaumsa anbTepHaTUB

3agaya MHOroKpUTEpUanbHO MOPSAKOBOW Knaccudmkaumn dopmynupyetcs cregyowmum obpasom. 3agaHo
MHOXeCTBO anbTepHaTuB A,...,Ap, OUEHEHHbIX MO MHOTUM Kputepuam Ki,...,Kn. Kaxgbi kputepuin umeert
YNOPSIAOYEHHYI0 AMCKpeTHYto Lkany X={x!,....x8}, i=1,...,m. 3agaHbl ynopszoYeHHble Knacchl (KkaTeropuu)
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Ci,...,Cq. TpebyeTcs pasbuTb UCXOAHYI0 COBOKYMHOCTb MHOTOMPK3HAKOBbIX 0GBEKTOB MO Knaccam. PaccmMoTpum
HEKOTOPbIE U3 METOAONOIMYECKIX NOAXOAO0B K PELLEHMIO 3TOM 3aauu.

B metoge ELECTRE TRI [Roy and Bouyssou, 1993] knaccudmumpyetcs MHOXKECTBO anbTEPHATHB, OLEHEHHBIX
N0 MHOMMM KpWUTEpUsM, WMelowmum OannbHble LWKanmbl W pasHble Beca. Knaccudmkaums ctpoutcs ¢
MCNONb30BaHUEM CreLuanbHbIX MHAEKCOB KOHKOpAAHEa (cornacus) u auckopaaHca (Hecornacus) npu nonapHoM
CpaBHEHWW anbTepHaTMB. 3Ha4eHNs aTuX uHaekcoB opmupytotcs JIMNP He B Kakon-TO (OUKCMPOBAHHbIA MOMEHT,
a B npouecce aHanusa npobnemel. Beca kputepues HasHavatotea JIMP, uto aBnseTcs CyObekTUBHOM M He
MMetoLLen CTpormx 060CHOBaHUI NpoLeaypon.

WHTepakT1BHas npoLeaypa knaccudukaLmu, B KoTopor npeanodteHns JNP onuckiBaloTes TMHENHON yHKLMeN
nonesHoctu, cogepxutca B [Koksalan et al., 2003]. MaTtemaTudyeckuid annapat, WCMONb3yeMbld B 3TOW
npoueaype, BasupyeTcs Ha CBEPTKE MHOMMX YMCMOBbIX KPUTEPUEB B BWOE «B3BELUEHHOM CyMMbI», r4e
onpegeneHnue BECOB MCXOQHbIX MokasaTenei SBRSETC JOCTATOMHO CepbesHoi npobremoit. Mpu BosnbLiom
yucrne KPUTEpPUEB MOCTPOEHME (DYHKLUMM NONE3HOCTM compspkeHo € Gonbmmu  Tpygosatpatamm JIMP.
lMpUMeHeHNe MeTOAOB, UCMONb3YHOLLMX B3BELUEHHYHO CBEPTKY KPUTEPUEB, ANS peLleHns 3agay KnaccudukaLmm
BonbLUOI pa3MepHOCTM He MO3BONSIET AaTb OOBACHEHUE NOMyYEeHHbIX PEe3ynbTaToB, MOCKOMbKY HEBO3MOXHO
BOCCTAHOBWTb NCXOAHbIE AaHHbIE MO arpermpoBaHHbIM NoKasaTensm.

Knaccucukauns MHorokputepuanbHas anbTepHaTB ¢ NPUMEHEHWEM OrpybneHHbIX MHOXECTB MpeArnoxeHa B
[Greco et al., 2002]. Mpeanoutenmns JMNP BoipaxarTcs ¢ NOMOLLbI0 HAOOPOB peLuakLLyX NpaBui, KOTOpbIE C
pasHOi CTerneHblo OnpedeneHHOCTU OTHOCAT anbTepHaTMBbl B 3adaHHble knaccol. MeTtod onepupyet ¢
[0CTaTOYHO BOMbLUMM YUCAIOM PeLLaKoLMX NPaBUA KnaccudukaLym, TpYAHbIM 41 HENOCPEACTBEHHOMO aHann3a
MNP, v TpebyeT ans cBoero nocTpoeHus 06y4YeHns Ha crieumarnbHO BblLeNeHHbIX MaccBax LaHHbIX.

[MpUHUMNMAaNEHO WMHOM NOAXOA K MHOTOKpUTEPUAnbHOW MOPSAKOBOW  Knaccudukaumu anbTepHaTuB daeT
meTogonorus BepbanbHOro aHanu3a peweHuin [Jlapuues, 2006], npegHasHaveHHas Aans  paboTbl ¢
anbTepHaTUBaMu, UMEOLLMMM NULLb BepbarbHbIe OLEHKM MO KPUTEPUSAM, K KOTOPbIM HE MPUMEHSIOTCS HUKaKue
KonuyecTBeHHble npeobpasoBanns. OueHKa ¥ CPaBHEHWE MOTyT MPOBOAWTLCA KaK AN BCEX MNOTETUYECKH
BO3MOXHbIX, TaK W ANs KOHKPETHbIX anbTepHaTuB. MNpegnoytenns NP npoBepstoTcs Ha HEMPOTUBOPEYNBOCTL, a
BbISIBNEHHbIE NPOTUBOPEUMS NPELbABNAOTCA NEPCOHE ANS aHanu3a U pasbscHeHUs. SDEKTUBHOCTL METO0B
knaccudpmkaumm OPKITACC un LK, paspaboTtaHHbix B pamkax BepbarnbHOro aHanuaa peLueHuit, OLeHNBaeTCS
yncrnom obpatyerui k JITP, HeobxoauMbIx Ans NOCTPOEHMS MOMHOM HENPOTUBOPEYMBON KacCuthmKaLmm.

Mpn nocTpoeHnn knaccudukaumy BOnbLIOA Pa3MEPHOCTM BaXHO Y4MTbIBATb BO3MOXHOCTM YenoBeka.
Pe3ynbTaThl NCUXONOMMYECKMX KCNEPUMEHTOB NMoKa3bialoT [Jlapnyes, 2006], 4To npu Yucne kputepnes 6onblue
5, uMcne OUEHOK Ha LWKanax kputepueB Gomblie 4 1 uyucne KNaccoB peleHun 6onee 5 nogym CKMOHHbI
MPUMEHSATL Pa3fnyYHbIE YNPOLLEHHbIE CTpATErMM KnaccuuKaLmm ¢ UCNONb30BaHWEM TOMBKO YacTW KPpUTEPUEB.
[Mogo6Hble CNOXHOCTY BO3HWKAIOT M NPW PELLEHWW NpakTUYeCcKuX 3apad [eTpoBckuii u gp., 1990].

MpeogoneTb YKasaHHble CMOXHOCTW, MOXHO, HanpuMep, 3a CYET CHWKEHWS pa3MEpPHOCTU MPU3HAKOBOro
npoctpaHcTBa. OaunH 13 cnocoboB COCTOMT B BrHapU3aLv OLEHOK Ha Lukanax kputepues [AcaHoB u ap., 20010].
OpHako TakoW NOAXOL CWMBHO YNPOLLAeT OfnucaHWe anbTepHaTMB W KNAcCoB  PELUEHUi, CHWkKaeT
BblpasuTeNbHbIE BO3MOXHOCTM fA3blka Ans npeactasnenus npegnodteHuit JINP 1 0BbsCHEHUS NONYYEHHOTO
pesynbTarta, YTO He BCerga CornacoBbIBAETCS CO CreLndUKon KOHKPETHON NpeamMeTHOM obnacTt. PaccMoTpum
OpYrod BO3MOXHbIA MOAXOL K CHUKEHWK Pa3MEPHOCTW MPU3HAKOBOTO MPOCTPAHCTBA, WCMOMb3YHOLMNA
nocnegoBaTenbHoe nepapxnieckoe arpernpoBaHue NprusHakos B HEGOMbLLOE YMCNO KpUTepUeB ¢ BepbanbHbIMU
NOPSLKOBBIMM LLKanamu.
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CHMXeHMe pa3MepHOCTH NPU3HAKOBOro NPOCTPaHCTBA

dopmarbHO 3aa4a CHKEHUS pa3MepHOCTM NPU3HAKOBOIO MPOCTPAHCTBA UMEET CREAYHOLLMI BAL;:

Xix..xXm = Yix...xYp, n<m,
roe Xi,...,Xm — UCXOAHbIN HAabop NpuaHakos, Yj,...,Y, — HOBbIN HAOOP NPU3HAKOB, M — Pa3MEPHOCTb MCXOAHOIO
NMPU3HAKOBOrO MPOCTPAHCTBA, N — Pa3MEPHOCTb HOBOTO MPWU3HAKOBOrO MPOCTPaHCTBa. Kaxabli M3 Npu3HaKoB
nMeeT cBot cobeTBeHHy wkany X={x',.... x4}, i=1,...m, Y={y,....y/, j=1,...,n C ynopsno4eHHon rpagaumen
OLIEHOK.
[Mpegnaraemblit NOAXOA K arpermpoBaHuio npusHakoB 6asupyertcs Ha npegnouteHusx JMP. MNepsoHavansHo npu
yyactum JIMP chopmmnpyeTcs UCXOaHbI Habop XapaKTepUCcTUK paccmaTpuBaeMblx 06bEKTOB. B 3aBucMMOCTH OT
cneyndukn 3apadm 3T xapakTeprucTykm MoryT BbiTb IGO0 3aaaHbl 3apaHee, NMbO ChopmMMpoBaHbl B NpoLiecce
aHanu3a npobrnembl. Hanpumep, npu Bbibope Tpacchl rasonpoBoga HeoOGXOAMMO Y4WTbIBaTb 3aTpaThbl Ha
CTPOWUTENbLCTBO, AKONMOrMYECKUiA yiepb, BEPOSTHOCTL aBapuii U OLEHKY WX MOCMEACTBUIA U Opyrue nokasartenu
[Mapuyes, 2006]. [lanee, 0CHOBLIBASACH Ha onbITe U UHTYMUMK JITP, nCXoaHble XapakTepucTuky 00beanHATCS B
rpynnbl KpuTepues, obnagatowmx BepbanbHbIMW NOPSAAKOBLIMU LKanaMy ¢ HE6OMbLIMM YMCIOM rpagauuii (3-5).
CMbICNOBOE COAEpXaHue KpuTepueB W Lkan oueHok onpepensietca JMP. Kputepum BOMKHBI MMETb Takue
LUKanbl OLEHOK, KOTOPbIE, C OAHON CTOPOHbI, ByAyT OTpaxaTb arperMpoBaHHbIE kayecTBa 0OBLEKTOB, a C Apyroi
CTOPOHbI, ByayT noHaTHbI JITP npu okoHYaTeNbHOM BbiGope 06bEKTa U ux Knaccudukaumm.
Metog WCKPA (Mepapxuyeckas Ctpyktypusaums Kputepues n ATpuOyTOB) BKMIOYAET CReaytoLme Larm
[PonsensoH, 2005a). CoctaBnsetcs nepeyeHb BCex 6a30BbIx MokasaTenen (Hanpumep, CMUCOK TEXHUYECKMX
XapaKTEPUCTUK OOBEKTOB), KOTOPLIE COCTABNSIOT HUMKHWIA YPOBEHb MEPAPXMYECKON CUCTEMBI NMOKasaTenen. [ns
kaxxgoro 6a30BOro nokasatens (OPMUPYETCA LUKana, KOTopas MOXET WMETb YUCMOoBble (TOYEYHbIE,
WHTepBarnbHbIe) U BepbanbHble oueHku. LLkanbl oueHok Ba3oBbix nokasaTenei MOryT coBrnagatb C 00bIYHO
NCNonb3yembIMU Ha NpaKTUKe, B0 KOHCTPYMPOBATLCS CreLnanbHo.

Hanee MNP, no cBoemy YCMOTPeHW0, ONpeaensieT YUCno, COCTaB M COAEpXaHWe KpuUTepueB Chemyloliero
YPOBHSA uvepapxun. B kayecTBe KpuTepus MOXHO BblbpaTb OauH 13 6a3oBblX NokasaTenei Win HeCKOMbKO
XapaKTepUCTUK, 06beANHEHHbIX B COCTaBHON KpuTepuid. JIMP ycTaHaBnuBaeT, kakue 6a3oBble nokazatenu byayt
CYUTaTLCSH CaMOCTOATENbHBIMU KPUTEPUSMMU, @ Kakie ByayT OTHECEHbI K TOMY UM UHOMY COCTaBHOMY KPUTEPUIO.
Ona dopMupoBaHUs LWKam OLEHOK MO COCTaBHbIM kKpuTepuam JIMP MOXEeT BOCMOMb30BaThCA HECKOMbKAMU
npoleaypamu.

Hanbonee npoctbiM W nerko BocnpuHumaembiM JIMP cnocobom KOHCTPyMpOBaHWS NOPSAKOBOM LUKanbl NS
COCTaBHOrO KpUTEpUs SBNSETCA 9BPUCTMYECKMA NOAXOA, B KOTOPOM MCMOMb3YTCA OAHOTUMHbIE Habopbl
nopsiaKoBbIX BepbanbHbIX Wwkan 0a3oBbix Mokasatenen. McxopHble oueHkn oObeamHsTCA B 00006LLEHHYI0
OLEHKY MO MpUHUMNY: BCE Nydylune OLeHKM no 6a30BbIM MokasaTensMm o6pasyloT OAHY NyYLyK OLEHKY no
COCTaBHOMY KpUTEPUIO, BCE CPEefHME OLIEHKN — CPEAHINE OLEHKM, BCE XYALINE OLEHKA — OHY XYALLYIO OLEHKY.
Boree cnoxHble NpoLeaypbl MOCTPOEHMUS LLUKAN KPUTEPUEB NpeanonaratoT NnpuMeHeHe MeTogos BepbanbHoOro
aHanusa pewenuin [Ilapuyes, 2006], B KOTOPbIX HEOOXOAMMO paccMaTpuBaTb MHOXECTBO BCEX BO3MOXHbIX
KOPTEXEN OLEHOK B MPU3HAKOBOM MNpOCTpaHCTBe, 0Opa3oBaHHOM [eKapTOBbIM MPOW3BEAEHUEM 3HAYEHMI
OLEHOK Ha wkanax kputepues. Metog 3AMNPOC no3BonsieT nocTpouTb eauHY0 NOPSAKOBYIO LKAy COCTaBHOMO
KpuTepus, opmMupyst ee 13 OLEHOK no oTAenbHbIM 6a3oBbiM nokasatensm. Metog OPKITACC npegHasHaueH
ANs NOCTPOEHWS MOSHOM HEMPOTUBOPEYMBON MOPSIAKOBON KnaccuduKaLumMm MHOrOMNpU3HAKOBbIX OOBLEKTOB, B
KayecTBe KOTOpbIX B HalleM Chyyae BbICTYnaloT Habopbl OueHOK no 6a30BbiM nokasaTensm, obpasylowmm
COCTaBHOW KpUTEPWiA.

Mpoueaypa arpernpoBaHns nokasaTenein MOXeT UMETb NOCNEA0BATENbHbIN XapakTep, T.e. NOMNYYEHHbIE rPYNMbl
KpuTEpWEB MOryT BbITb, B CBOKO 04epeab, 00beaAnHEHbI B HOBbIE rpynMbl (CeayoLui YpoBEeHb nepapxiv) u Tak
panee. [lpy KOHCTPYMpOBaHUM LUKAN COCTaBHbIX KPUTEPMEB Ha pasHblX dTanax npouedypbl MoryT
1CNONb30BaTLCS PasnnyHbIe NOAX0Abl. Hanpumep, 0avH M3 arpernpoBaHHbIX KpUTEPUEB MOXHO CHOPMMPOBATHL
npy NOMOLYW MPOCTOro 3BPUCTUYECKOrO MEeToAa, a ApYrol — npu NOMOLLYYM MHOTOKPUTEPUANbHON NOPSAKOBON
knaccudukaLuu.
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MocTpoeHue pewarowmx npaBun Knaccugukauum

B cnyyae nopsakoBOM KnaccuduKaLuMM  MHOTOKpUTEPWUAnbHbIX anbTepHaTVB NpoLeaypy arpervpoBaHus
nokasaTenen MOXHO MPeAcTaBuTb B BUAE WepapXMYeckom CTPYKTYpbl, COCTOSILEN M3 MOCneaoBaTenbHO
BbINOMHSEMbIX OAHOTUMHBIX 6MOKOB Knaccudmkaumn. briokn cogepxatensHo Bblgenstotes JINP B 3aBucumocTy
0T cneundukmn peluaemoin 3agadn. Kaxablii 6ok knaccudukawmm i-ro ypoBHs Mepapxun COCTOUT U3 HEKOTOPOro
Habopa NpWU3HAKOB WM OJHOMO COCTABHOMO Kputepus. B kayectBe OOLEKTOB Knaccugukauuu BbICTyNakoT BCe
rpafjauuv OLEHOK Ha LUKanax npu3HakoB. Knaccamu peLueHuit j-ro YpoBHS Criyxat rpagaluy OLEHOK Ha Lukane
COCTaBHOro kputepusi. B 6roke knaccudmkaumm (i+1)-ro ypoBHSI Mepapxui COCTABHBLIE KPUTEPWN -0 YPOBHS
CUNTAOTCA MpU3HAKaMK, MHOXECTBO rpajauuii OLEHOK KOTOpbIX MpeAcTaBnseT Cobon HOBble OOBLEKTbI
Knaccuukaumm B COKpalleHHOM NPU3HAKOBOM MPOCTPAHCTBE, a Kraccamu pelueHuin byoyT Tenepb rpagauuu
OLEHOK Ha Lkanme coctaBHoro kputepus (i+1)-ro yposHs. [poueaypa noBTOpsieTCs 40 TEX NOP MOKa He
OCTaHETCH eMHCTBEHHbIN COCTABHOW KPUTEPUIA BEPXHENO YPOBHS, LUKaNa OLEHOK KOTOPOro obpasyeT UCKOMbIE
ynopsigodeHHble  knaccel  peweHuir  Cy,...,Cq. TeM caMbIM  yCTaHaBNMBAeTCs  B3aUMMHO-OLHO3HAYHOE
COOTBETCTBME MeXdy knaccamu pelleHuin Ci,...,Cq M COBOKYMHOCTBIO UCXOOHBIX MOKasaTenel — MHOXECTBOM
Xix...xX;n BCEX BO3MOXHbIX KOMOMHAUMiA rpajauuin OLEHOK Ha kanax kputepueB X={x!,....xd}, i=1,....m
kputepnes Ki,...,Km 1 HAXOAATCS rpaHULbl KITaccoB YTO MO3BOMSET NErko NOCTPOUTb KracCcuduKaLmio peanbHbIX
anbTepHaTuB Ay,...,Ap, OLEHEHHBIX N0 MHOTUM KPUTEPUSM.

PaccmoTpum NocTpoeHne peLuatoLmx npaBun knaccudmkaumm Ha MogensHOM npumepe. MIcxoaHoe MHOXECTBO
anbTepHaTMB ONUCLIBAETCS BOCEMbIO KpuTepuamm (6a3oBbiMu npusHakamu) Ki,...,Ks, MelOWMMK Wwkanbl X; ¢
JBYMS umu Tpemsi BepbanbHbiMi nopsigkoBeiMi oueHkamu 0,1,2, roe 0 0603HavaeT nyywyt oueHky, 1 —
CPEHIo (U Xyawyio), 2 — xyawyio. TpebyeTtcs pasbuTb MHOXECTBO anbTepHATUB HA NATb YNOPSA0YEHHbIX
knaccos Cy,...,Cs (puc. 1).

AK
I — K

n
C
; — K,
-74_L AR, S
CS

e e

Puc. 1. Cxema nocTpoeHns Kputepres 1 hOPMMPOBAHMS LKas OLEHOK
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Hanpumep, kputepuin Ki xapaktepusyeT «CTeneHb BbIMOMHEHWS 3asiBNEHHbIX 3agay», KoTopas MOXET
oueHuBaTbea Kak 0 — 3adauu BbINMOMHEHbI MOMHOCTBbI, 1 — 334aun BbINOMHEHbI YaCTUYHO, 2 — 33fauM He
BbINOSHEHbI; KpUTEPU K3 OLeHMBaeT «[JOCTMXEHMe MOCTaBREHHOW LEnW B YCTaHOBMEHHbIE CPOKW» Kak 0 —
peanbHoe, 1 — HepeanbHoe. Kputepun Ki,...,Ks umetoT cneayrowme wkansl: X1={0,1,2}; X>={0,1,2}; X5={0,1};
Xe={0,1,2}; X5={0,1}; Xs={0,1}; X7={0,1}; Xs={0,1,2};. Takum 06pa3om, pasmepHOCTb WCXOZHOr0 MPWU3HAKOBOTO
npocTpaHcTBa paBHa 1296. COCTaBHbIM KpUTEPMEM BEPXHENO YPOBHSI SBNSETCS «Pe3ynbTaTUBHOCTLY, rpagaLmm
OLEHOK MO LUKane KOTOPOro (BbICOKasi, XOpowas, CpeaHsis, HW3kasi, HeyZoBNeTBOpUTENbHASA) onpesenaT 5
yNopsiA0YeHHbIX KNaccoB pelleHnid. HenocpeacTBeHHas KnaccuukaLms UCXOLHOMO MHOXECTBA anbTepHaTuB
TpebyeT CyLiecTBeHHbIX Tpygosatpart JIMP.

Beeaem Tpu coctaBHbix kputepus AKi, AK;, AKs, UMEOLMX NOPSAKOBbIE WKambl C TpeMms rpajauusmu:
Y:1={0,1,2}; Y>={0,1,2}; Y5={0,1,2}, roe 3HaueHus 0,1,2 spnawTca BepbanbHbIMKA OLEHKaMW, OnNpeaensemMbiMu
COAEpXXaHWEM COOTBETCTBYIOLIMX COCTaBHbIX KPUTEPUEB, M BbLICTYMAKOT Kak Knacchbl pelleHuin 1 ypoBHS ang
ncxoaHblx 6a3oBbix NpuaHakoB (kputepues). Jonyctum, yto JIMP pewnn arpernpoBaTtb MCXOAHbIE NPU3HAKK Ki,
K>, K3 B cocTaBHoM kputepuint AK1; npuaHaku Ks, Ks, K7 — COOTBETCTBEHHO B COCTABHOM Kputepnit AKz 1 NpuaHaku
Ks, Ks — B cocTaBHoM kpuTepuit AKs. Insa dhopmMmupoBaHus WKkan cocTaBHbIx kputepues JIMP Bocnonb3oBancs
OLHOM M3 yKasaHHbIX Bbllle npoLeayp. B pesynbTtate onpoca 4ns wkanbl Ys NonyyeHbl Criedyiolme rpagauun
OLEHOK (Knaccol pelleHuit ¢ rpanuuamm); y1'=0 — knacc 0 (BepxHss rpanuua:; 000; HwxHsa rpaHuua: 100,010,
001); y12=1 — knacc 1 (BepxHsa rpanumua: 200,110,020,101,011; HwkHas rpanmua: 210,120,201,111,021); y43=2 -
knacc 2 (BepxHss rpaHuua: 220,211,121; HwkHAs rpanuya: 221).

[ns wkan cocTasHbIx kputepnes AKz 1 AKs nonyveHbl Takue rpagauuy OLEHOK:

y2'=0 — knacc 0 (BepxHsia rpaHuua: 000; HukHaAs rpanuua; 001); y22=1 — knacc 1 (BepxHas rpanuua: 100,010;
HWxHAS rpaHuua: 101,011); y23=2 — knacc 2 (BepxHsist rpaHuua: 110; HUxHaAs rpaHuua: 111);

y3'=0 — knacc 0 (BepxHsa rpaHuua; 00; HmkHsg rpaHmua; 00); ys2=1 — knacc 1 (BepxHsist rpaHuua: 10,01; HKHAS
rpannua: 20,11,02); ys3=2 — knacc 2 (BepxHsis rpaHuua; 21,12; HukHSAS rpanuua; 22).

PaccmoTpum Tenepb Habopbl BCEX OLIEHOK MO COCTaBHbLIM KPUTEPUSM Kak 0BbeKTbI Knaccudmkaumm cneayoLiero
YPOBHS, rae knaccamu peweHnuin Cy,...,Cs SBNAIOTCA rpajaunn OUEHOK Lwkanbl Z={z',72,z3z4,z%} coctaBHOro
KpUTEpUSt BEPXHETO YPOBHS Mepapxuu. AHanoruHbIM 06pa3om arperupys nokasatenu AKi, AKy, AKs, umeem:

Z' — knacc C1 (BepxHsst rpaHuua: 000; HuxHss rpanmua: 000); z2 — knacc C, (BepxHsas rpaHuya: 100,010,001;
HWkHSs rpaHuya:  110,101); 28 - knacc Cs (BepxHas rpanuua: 200,020,011,002; HwkHAS rpaHuua:
211,121,202,112,022); z* - knacc C4 (BepxHsia rpaHuua; 220,212,122; HukHas rpanuua: 221,212,122); z5 - knacc
Cs (BepxHsIs rpaHnLa; 222; HUKHSIS rpaHuua; 222).

Takum 06pa3om, peanbHble anbTEPHATMBbI, UMEIOLLNE OLEHKM MO WCXOAHBIM KPUTEPUSIM, HEMOCPeACTBEHHO
OTHOCATCA NpW Knaccudmkaumm K COpMUPOBAHHBIM Kraccam pelueHnii. OTMETUM YTO AN MOCTPOEHMs
KOHEYHbIX KraccoB peleHni Cy,...,Cs motpeboBanock nonyyuuts ot JIMNP oTBeThl Ha 16, 6 1 7 BOMPOCOB Npu
copmupoBaHun Wkan Yi, Y 2, Y 3 coctaBHbix kputepueB AKi, AKz, AKs COOTBETCTBEHHO WM OTBETOB Ha 22
BOMpoca npu (hOPMMPOBAHUM LUKanbl Z arperMpoBaHHOrO KPUTEPUS, YTO CYLIECTBEHHO MeHbLUe, Yem npu
MCMONb30BaHUK APYrMX METOA0B MHOTOKPUTEPUANbHO NOPSAKOBOM KnaccugmkaLmm.

3aknoueHue

MpeanoxkeH HOBbIN MOAXOA K PELIEHWMIO 3adayu NOPSAKOBOWM Knaccudmkauun anbTepHaTiB, OLEHEHHbIX NOo
MHOTUM KpuTepusiMm C BepOanbHbiMW LiKkanamn. [MpyMeHeHre npoueaypbl MepapXM4EcKoro arpervpoBaHus
UCXOOHbIX MoKasaTenei Mos3BOMSET 3HAYUTENbHO CHU3UTL PA3MEPHOCTb MPU3HAKOBOrO MPOCTPaHCTBA, UTO
CYLIECTBEHHO COKpawaeT Bpems, 3atpaveHHoe JIMP Ha pelwenve 3agaun. BaxHom 0COGEHHOCTbIO
pa3paboTaHHoi npoLeaypbl SBNSETCS BO3MOXHOCTb CCHOPMMPOBATL pasHble Habopbl KPUTEPUEB, C TEM, YTOObI
CpaBHUTb MOMYyYeHHblE pesynbTaTbl 4N PasHblX BApUaHTOB Krnaccuukauun C LEenbl OLEHKU KavecTsa
caenaHHoro Bblbopa.
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Mpegnaraemblit nogxod obecnevnBaeT CUCTEMATM3ALMIO UMEIOLLECS MHGOPMALK, aHanu3 NpUYUH NPUHATUS
OKOHYaTENbHOrO peLleHus:, nonyyeHne ero 060cHoBaHWs. PasgeneHne Bcex KpUTEPUEB HA OTAENbHbIE rpynmbl
NO3BONSIET «pacnapannenuTby peLleHne 3adadu, YTo Takke AAeT OLyTUMYKD SKOHOMWIO BpemeHu. lNpoueaypa
CHIWKEHUS Pa3MEPHOCTW MPU3HAKOBOTO NMPOCTPaHCTBa Obina NCMonb30BaHa Npy pPeLIeHn NpPaKTUYeCcKUX 3agay
OLEHKN BaHKOBCKMX KPEAMTOB B 3aBMCMMOCTY OT CTeneHu pucka [AcaHos u ap., 2001a]  MHOrokpuTepuansHoro
BbIOOpa BbIMMCIINTENBHBIX KnacTepoB [Poi3eH3oH, 20056].
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OBOBLUEHHbIE MHTEPBAJIbHbIE OLIEHKWU B CLEHAPHOM AHAJU3E

Muxaun CtepHuH, NeHHagun LLienenés

AHHomauyus: [lokasaHo, 4mo Mmemod 0606WeHHbIX UHMepsanbHbiXx oueHok (OMO), nepeoHayanbHO
npedHasHavyaswulca Ona 6biAeNeHUs U (hopmanu3osaHHo20 npedcmassieHuss 3KCNepmHbIX 3HaHul 06
U38ECMHbIX C HEONPeOerIeHHOCMbIO KONMUYECMBEHHbIX UCXO0HbIX OaHHbIX Modenel UHMENNeKmyasnbHbIX
cucmem no00epxKu skcnepmHbix peweHull (CMOP), MOXHO paccmampueamb Kak pas3sumue CUeHapHO020
nodxoda 8 meopuu npuHamus pewerud. Mpednoxerbi npouedyps! uccredosaHus memodom OMO 3aday ¢
3a8UCUMbIMU NapaMempamu, makux Kak 3adaya npO2HO3uposaHus 00bEMO8 U3BIEeKaeMbiX 3anacoe
MecmopoxdeHull 8 3agucumocmu om yposHell UeHbl Ha yeneeodopoldbl.  YcmaHoBneHb! aHanumuyeckue
coomHoweHus 0nsi yHKyul pacnpedeneHusi eeposimHocmeli 0606WeHHbIX pasHOMEPHbIX pachpederneHud,
UCNO/b3yeMbIX 8 CUEHapHOM aHanu3e U aHasnu3e pesynbmupyruux nokazamenel modenell 8KMOYEHHbIX 8
6a3y modeneli CI3P.

Knwoveebie cnoea: 0600WeHHble UHMEPBalbHbIe OUEHKU, CUEHapHbIl aHanus, cucmembl nod0epxKu
3KcnepmHbIX peweHull, 0606weHHbIe pacnpedeneHus geposmHocmedl.

ACM Classification Keywords: H.4.2 Types of Systems — Decision support; G.3 Probability and Statistics —
Distribution functions.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBeaeHue

B pasnnuHbix 06nactax 9SKOHOMWYECKOW AesTEeNnbHOCTM  PacnpoCTpaHeHbl CUTyauuW, Korga pelueHus
NMPUHAMAKOTCA C YY4ETOM NPOrHO3HBIX 3HAYEHWUA KIIOYEBBIX MOKA3aTeNem, XapakTepuaylwmux aHanmanpyemyto
npobnemy. Bo MHOMMX cnyyasx Takue KrioueBble MOKa3aTenu NOMyvalTesl Kak PELIEHWs YKe CYLLeCTBYHOLLMX
(«0BBEKTUBHBIX») MOAENEN NPEAMETHBIX 00nacTen, K KOTOPLIM OTHOCUTCA U3y4aemasi npobnemHas cutyaumst. C
YCNOXHEHWEM ucCriegyeMblX Mpobnem, yBenMYeHWeM 4ucrna M 3HAYUMOCTU MEXOUCLMNANHAPHBIX 3adad
3HaYUTENbHO BO3POCHA POfib CrELUaniCTOB-IKCMNEPTOB B KAYECTBE UCTOYHMKA OLIEHOK UCXOAHBIX AAHHbIX TaKuX
mogenei. MotpebHocTb B 3GhdhEKTUBHOM PErynsipHOM UCNONb30BAHUM UHTENNEKTYanbHbIX PECYPCOB 3KCNEPTOB
MaTepuanuayeTcs B cucTeMax NoaaepKk1 akcnepTHbIx pelueHuin (CIOP).

B 6onblUMHCTBE MPaKTUYECKMX MPUKNMAAHbIX 3aday WCXOAHble AaHHble (MapameTpbl) MOAEenen SBMSKTCS
YMCMOBBLIMA BENUYMHAMM, U3MEPUMbIMWA B KONMWYECTBEHHBIX LUKanax. 3avacTylo, OAHaKko, M3-3a Hamnuums
HeonpeaeneHHoOCTH, OMUCaHWe TakUX CUTyauUuil «TOYEYHbIMW» BENMYMHAMK (OLEeHKamu, 3agaBaeMbiMy Ans
Kak4Oro napameTpa OOHUM YMCMOM) OKa3blBAeTCs HeafeKBaTHbIM AOCTUXKEHMIO XenaeMol Lenm — pacyety
3HaYEHU PEe3ynbTUPYIOLMX MOKasaTenen uccrnegyemMon 3ajaym B BuAe, CMOCOBCTBYIOLIEM MPUHSATLO
000CHOBaHHBIX PELLIEHNI.

WcxopHble paHHble V, Takum 0Bpasom, NpeacTaBnsalTCcs WHTEpBanamm («MHTepBanbHbIMM Yucnammy) [Vi, V),
3ajaBaeMbIMM UX neBbiMU Vi 1 npasbiMu V; rpaHuLamu. PesynbTupytoline nokasaTenu, paccyuTaHHble Ha
0OBEKTUBHBIX MOZENsX NpeaMETHON 06nacT, KOTOPbIE CBA3bIBAIOT UCXOAHBIE AaHHbIE C NoKa3aTensamm, Takke
OKa3blBalTCS Tenepb WHTEpBanbHbIMK Yucriamu. [ogobHOro popa cuTyauuun, KOraa MCXOAHbIE MapameTpbl
npeacTaBneHbl Kak MHTepBarbl, TUMUYHbI ANS €CTECTBEHHbIX, WHXKEHEPHO-TEXHWYECKUX HAYK U TEXHUKW, roe
M3MepEHMAM NPUHLMNMANBHO NPUCYLLA HEKOTOpas NOTPELUHOCTb, KOTOPYHO TpebyeTcs yunTbiBaTh B AanbHEMLLIMNX
pacyetax, B TOM 4MCMie B pacyeTax WCKOMbIX 3HAYEHU HEMnOCPEeACTBEHHO HEM3MEPUMbIX BenyMH. B
9KOHOMWUYECKMX MCCnefoBaHusX, Ou3Hece B BWAE WHTEPBambHbIX YMCEn MOryT ObiTb NPeACTaBMEHbI
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NPOrHo3npyemMble napameTpbl, Npy 3TOM NOrPeHOCTU 3Ha4YeHUA napamMeTpoB, OTBEYalLlmMe MNpoWnbiM U
TEKyLLEeMy MOMEHTaM BPEMEHN, MOTYT ObITb M3BECTHbI BNOMHE TOYHO.

AN 4nCnoBbIX WCXOAHBIX [daHHbIX WX WHTEPBaNbHOE 3afjaHWe OTBEYaeT cuTyauuu ¢ Hambonbluein
HeonpeaeneHHOCTbI0. [IManas3oHbl NOMYYeHHbIX B pe3ynbTaTe pacyeToB AOMYCTUMbIX WM3MEHEHUIA 3HAYeHMI
pesynbTUPYIOLLMX NoKasaTenei Modenel okasbiBatoTCA Npu 3TOM, Kak MpaBuno, YPe3BblYaHO WUPOKUMU. JTOT
HeJoCTaTOK YaCTUYHO YCTPaHSETCS, @ BO3MOXHOCTW KOMWYECTBEHHOTO, MaTEMaTUYECKOro aHanusa UCXOAHbIX
[aHHbIX CTAHOBATCS ropa3go boraye, ecnu 9KCMepT B AONONMHEHME K WHTEpPBarbHOM OLEHKe napameTpa
BbIABMHET rMNOTE3bI O LUAHCAX Ha peanu3aLmio TeX WM MHbIX 3Ha4YeHUI B 3a4aHHOM uHTepBane [V, Vi

B pamkax TeopeTuKo-BepOATHOCTHbIX METOAOB MapaMeTpbl 3afjauM paccMaTpuBalOTCA Kak  CriyyaiHble
BEMUYMHbI C pacrnpefenieHnsaMi BEepOSTHOCTEN, OTpaxaloWMW MpeacTaBNeHUs SKCMEepTOB O LWaHcax Ha
BO3HWKHOBEHME TEX WIW WHbIX AWana3oHOB 3HaYeHWn napameTpoB. PacueTbl pe3ynbTUPYIOLWMX NokasaTenei
OCYLLECTBNATCA METOOOM CTaTUCTUYECKMX WCMbITAHWA, a MNpu  MPUHATUM  PELUEHWA  UCNONb3yHTCs
ONXOTOMUYECKMNE OLLEHKM, Pa3aensitolme BeCb MHTEPBAN BOMOXHbBIX 3HAYEHWUA Pe3ynbTUPYIOLLEro nokasaTens
Ha [Be 4acTW, - OOHY, CoZepXallylo BCE MCXofbl, KnaccuduumpyeMble 3KCMEpTOM Kak BraronpusiTHble, W
ApYrylo, BKMOYatoLLyto Bce HebnaronpusiTHble criydan. Takoi OLEHKOM B TEOPETUKO-BEPOSTHOCTHON KapTuHe
asnsietcs napa (L, P(R > L)), rae L — HeKoTopoe rpaHuMYHOe 3HaYeHWe pesynbTupyoLero nokasatens R,
aHanuaupyemoe B JaHHbIi MOMEHT akcnepToM, a P(R > L) - BEpOSTHOCTb TOrO, YTO B «Urpe C MpUpOLon»
peanuayloTcs nNulb BraronpusTHbIE BO3MOXHOCTU, TO €CTb Takue, 3Ha4YeHWs pesynbTuUpyioLLero nokasatens R
NS kotopbix npesocxoasdT L. (3mech npegnonaraeTcs, YTO YBENMYEHWE 3HAYEHWN pesyrbTUPYOLLEro
nokasaTensl yBennuMBaioT NpuUBMeKaTenbHOCTb BOSMOXKHBIX UCXOAO0B AN aKcnepTa). Hanpumep, u3BnekaeMble
3anacbl yrneBogopOAOB, OKaxyTcs Gonblue, YeM 3a4aHHOe 3KCNEPTOM WX 3HAYEHUE, UNK Peanu3ytoTcs UCXOAb,
CTOMMOCTHbIE OLIEHKM KOTOPbIX MPEBOCXOASAT KENaemylo rpaHuuHyl0 BEnuumHy, 1 T.40. Pesynbratbl pacyeToB
npeacTasnsatoTcs 06blvHO rpadmkom (L, P(R > L)). 3apgaBasch OTBEYAKLLMM €ro NpeanoyuTeHUsM 3HauyeHUeM
BEPOSATHOCTU MOMYYEeHUs «rapaHTUPOBAHHOrO» pesynbTaTa, CreuuanucT-akernepT — MOXEeT Torga — HauTu
COOTBETCTBYIOLLYIO BEMNYMHY KITIOYEBOO Nokasatens (Mnn HaobopoT) U NPUHATL PaLMOHarNbHOE peLLeHue.

MeTtoa 0606LWeHHbIX UHTepBasibHbIX OLUEHOK

B pabortax [1 — 4] Hamu NpeanoxeH W pa3BuUT HOBLIN METOL BbISBNEHMS W 06paboTkK 3KCNEPTHBIX 3HAHWUIA 06
W3BECTHbIX C HEOMPEAENEeHHOCTbIO MCXOAHbIX AaHHbIX MOAENEN pasnuuHbiX NpeaMeTHbIX obrnacTeil, MeTog
0006LeHHbIX  MHTepBanbHbIX oueHok (OWO). Metog pacnpocTpaHsieT npeacTaBneHHbIn BO  BBEAEHUM
W3BECTHbIN MOAXOA4 K Y4eTy HeonpedeneHHOCTM KOMWYECTBEHHbIX MapameTpoB, COCTOAMA B (MOHO)
WHTEPBaNbHOM 3afaHWM 3KCMepToM 00MacT  BO3MOXHbIX 3HAYEHU UCXOOHbIX [aHHbIX BMecTe C
pacnpefeneHnemM BeposTHOCTEN UX peann3auuu, Ha cryyail COBOKYMHOCTU WHTEPBANOB, XapaKTepusytoLlen
HEmMOMHOTY SKCMEPTHbIX 3HAHWN O ANMHE U NONOXEHUN MHTEPBANA-OLEHKM.

Ha TpyaHoCTH, C KOTOPbIMK CTamnKMBAETCA 3KCMEePT Npu HeOBXOAMMOCTY 3adaHns MHTEpPBana-oLeHKM B pamkax
MOHOWHTEpPBAbHOrO NoAxoaa, ykasaHo B paboTte [5]: uHTepBan M3NMILHETO pa3mMaxa CHWXKAET LIEHHOCTb 3HaHMI
aKcnepTa, a CMWLLKOM CYXeHHbIA MHTepBan AOBOMbHO YacTo BefeT k owubkam npeackasaqus. Metog OMO,
NO3BONSIOLLMIA AKCMEPTY HE OrpaHWuMBaTBLCS MPU OLEHKE napameTpa e€AWHCTBEHHbIM WHTEpBasioMm, CHUMaeT
yKa3aHHOE NpPOTMBOpeYMe W [aeT 3KCMepTy BO3MOXHOCTb 6ornee rmMbko W MOMHO OTPasuTb ero 3HaHus.
MotpebHoCTb B NOgo6GHOM MeToae NposiBUfach ANs Hac NpU pelieHny NpUKNagHbiX 3adady NPOrHO3MPOBaHMS
nepcneKkTUBHOCTH cnabo pasBeaHHbIX MECTOPOXAEHUI YTNEBOAOPOLOB.

Mpoctenwmin npumep OMO pocTaBnsieT cutyauns, KOrga 9SKCMepT 3adaeT B Ka4yecTBe HavanbHOW OLEHKM
napameTpa Kakoi-nubo MHTEpBan, a 3aTeM «pa3MblBaeT» ero (He 0653aTeNbHO CUMMETPUYHO) B 06 CTOPOHI
OT rpaHuL, Bbipaxas Takum 06pa3oM HeonpegeneHHOCTb CBOMX 3HaHWN 06 WHTEpBanbHON OLEHKE NapameTpa.
Mpn TakoM nNOAXOAE €CTECTBEHHO CuMTaTb, YTO W WHTEpBasbl, NPOMEXYTOYHbIE MEXAY HayvanbHbIM W
NOMy4YMBLLUMMCS B pe3ynbTaTe pas3MblTis, Takke BXOAAT B COBOKYMHOCTb MHTEPBANIOB W XapaKTepusyT 3HaHUS
aKkcnepTta o napametpe. [ing 6onee TOYHOrO M HArNSAHOTO OTOBPAXeHUs Takoi COBOKYMHOM OLIEHKM BXOASLLME B
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Hee MHTepBanbl NPEACTABNAIT B BUAE KPUBOMMHENHOM Tpaneuun Ha nnockocTh (V, a). Ock opamHart a e [0, 1]
CMYXUT OCbl0 METOK YMOPSAOYEHHbIX NEBbIX rPaHWL, MHTEPBAarnoB COBOKYMHOCTW. Haubomnbluemy OCHOBaHMIO
(«6a30BbIi» MHTEpBan) Tpaneuun cooTeeTcTByeT a = 0, a HaUMEHbLUEMY («MUHUY UHTEpBan) oTBevaeT a = 1.
[MonyyeHHas KOHCTPYKLMS Ha3BaHa Hamu NonuMHTEpBanbHoi oueHkon (MNO) napameTpa, OHa onpeaenseTcs
NOMOXEHNEM U ANMHAMU MUHWMAMbHOrO W 6a30BOr0 WHTEPBANOB COBOKYMHOCTW WM (hOPMOM GOKOBBIX rpaHuL,
Tpaneumu. B npunoxeHnsx skcnepTbl BbIOMPAKT 3TWU rpaHWLbl, Kak Npasuio, NpsMOnuHenHbIMU. [Mpumep
npoctenwein MO Ans COBOKYNHOCTU BOXEHHbIX WHTepBanoB nokasaH Ha pucyHke 1, rae Vig (Vo) U Viw (V)
nesas (npasasi) rpaHuLia 6a30BOro 1 MUHM UHTEPBANOB COOTBETCTBEHHO.

\/

f1(a)

V|d V| ((]) Vr (G) Vru

Puc.1. OMO Ha BNOXeHHbIX MHTEpPBANaXx.

3apaHue 3KCrnepToM pacnpeaeneHui f;(a) Ha a («WaHCOB» peanu3auun MHTEPBanoB-cLeHapues) u fr(V/a) Ha V
npeepawaioT MO B 0606LIEHHYI0 MHTEPBANBHYIO OLEHKY. B oblem cryyae Ha pasHbix (no @) nonocax MAO
fy(V/a) moryT npuHagnexarth K pasHbiM CeMeicTBaM pacnpeaeneHui.

Metog OMO moxeT 6bITb UCNONB30BaH B ABYX HanpaBneHusx. Bo-nepsbix, 4515 KaX40ro MCXOLHOrO napameTpa
mogerm wmetogq OWMO nosBonsieT nomyyuTb, B COOTBETCTBUM C  COOTHOWEHMsMU (1), ycpeaHeHHoe
pacnpegenenvne BeposTHocTu f(V) Ha 6a3oBOM WHTEpBane W Tem CaMbiM CBECTM 3ajady pacyeta
pe3ynbTUPYIOLMX NOKa3aTeneit Mogeneit K U3BeCTHOMY MOHOMHTEPBAINbHOMY CITyyalo.

a;(V)
{fl(a)fz(Vla)da, VelV,sv,)
1
f)= {fl(a)fz(Vla)da, Velv, V) ()
E[rfl(a)fz(V|a)da, Velr, iV.,)

V- Vl d V q~ Vv
Ans npsiMonuHeiHbix 6okosbIx rpaHiy MO o, (V) = —4— | o, (V) =—L
v, — V.-V
lu "ld rd ru

Bo-BTOpbIX, 4715 UCXOAHbIX NapamMeTpoB W pesynbTUpyoWmMX nokasatenei mogenen metogom OMO moryT ObiTh
nomny4eHbl OLEHKN B BUAE «BEPOSITHOCTHBIX FPaHNL M «0B0BLLEHHbIX BEPOSTHOCTHBIX TPYOOK», UCNONb3yHoLLmMe
BCIO COBOKYMHOCTb MOJTYYEHHbIX OT 3KCMEpTa 3HaHWA, a He TOMbKO WX YCpedHEHHOe BbipaxeHne. B
BEPOSTHOCTHBIX TpyOKax oTpaxeHa WHdopMaums 0 BapuabenbHOCTH BEPOSTHOCTHBIX PacnpeaeneHuin Ha Beex
nHtepsanax ONO. O606LLeHHbIe TPYOKM MakCUManbHOrO pasmaxa C JOCTOBEPHOCTbIO copepxat B cebe Bce
BO3MOXHblE, C TOYHOCTbKO A0 3HAHWWA 3KCMepTa, 3HAYEHWS OLEHWBAEMbIX MokasaTenen Mogenein W
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COOTBETCTBYHLLMX BEPOSTHOCTEN. TPYOKM CYXXEHHOr0, N0 CPABHEHUMIO C MakCUMarbHbIM, pasMaxa cogepxar aTy
NHOPMALMIO C N3BECTHOW BbIYUCIIMMONA CTENEHBIO YBEPEHHOCTU. OTa BO3MOXHOCTb Oblna MCNonb3oBaHa npy
nporHosvpoBaHui metogom OO obbemoB 3anacoB yrneBoaopoaoB cnabo pasBefaHHbIX MECTOPOXAEHWI [8].
Tak ons pacyetoB, pesynbTaTbl KOTOPbIX NPUBEAEHbI HA PUC. 2., BEMMYMHA [OKa3aHHbIX 3anacos, TO eCTb
3anacos, onpegensemblx Ha ypoeHe P = 0,9, B 060bwieHHON Tpybke MakCUManbHOro pasmaxa HaxoauTcs B
AnanasoHe 24 - 32 MiH. T., a B CyXeHHOM TpybKe, NpeaCcTaBMNEHHOM Ha PUCYHKE, BENMYMHA AOKA3aHHbIX 3anacoB
¢ yBepeHHocTbio 80% HaxoauTcs B amanasoHe 26 - 30 mnH. T. Mpu HeobxogumocTu MeTogom OMO moryT bbiTh
paccuuTaHbl He TOMbKO OTAENbHble TpyOkW, OTBevalwme 3afdaHHbIM CTEMEHSM YBEPEHHOCTU, HO U
pacnpefeneHns BepOSTHOCTEN Ha COOTBETCTBYIOLLMX MHTEPBANax B rpaHuLax Tpybku MakcMMarnbHOrO pasmaxa
MpY UKCUPOBaHHbIX YPOBHSIX 3anacoB, C OAHOW CTOPOHbI, UMK (OMKCUPOBAHHOM YPOBHE BEPOSTHOCTH, C APYroM
CTOPOHbI.

—— P WCxOOHO

—— P moHo (OWMD)

—— BepoATHocTHaATpyOka
- P, B0%
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Puc. 2. PesynbTatbl pac4etoB 06beMOB 3anacos yrnesogopogos metogom OMO

0600wWweHHbIe MHTepBanbHble OLE€HKN B CLiIeHapHOM aHanuse

B Teopuu W npakTuke NMPUHSITWS PELUEHWA PaCMPOCTPAHEH CLEHAPHBIA MOAX0A K aHanmMay CROXHbIX crnabo
CTPYKTYpUPOBaHHbIX Npobnem. CLeHapHblii NOAX04 NPEeAnonaraeT, YTo pasBuTie CUTYaLMN MOXET NPOMCXOANTL
Pa3HbIMU MyTSAMM, NPU 3TOM HU OAMH W3 NyTeN He SBNSIETCA NpeAonpeaeneHHbIM. IMEHHO HeonpeaeneHHoCTb
Pa3BUTUS CUTyaLUW, 3aBUCUMOCTb peanu3auyv TOro MMM WHOMO CLEHapWsi He TONbKO OT BHYTPEHHeN NOorvku
uccneayemon npobnembl, HO M OT BHEWHMX (HaKTOPOB, HEOOXOAMMOCTb Y4eTa MHEHMSI 3JKCMEepTOB,
HEeOOXOAMMOCTb BECTW aKTMBHbIA AMANOr C 9KCMEPTOM Ha $i3blke, MaKCUMarbHO MpUOGNMKEHHOM K €ero
NPOdECCMOHaNbHOMY SI3bIKy MOPOAMIM CLEHapHbIA Noaxod. MeTodbl, NPUMEHsIEMble B HACTOsILLEE BpEMS B
CLIEHAPHOM aHaInN3e UCMoMb3YHT KOHEYHOE YNCTO CLiEHAPUEB, KaXabli 13 KOTOPLIX TPebyeTcs npeaBapuTenbHO
MOArOTOBUTb, YTO MpeACcTaBnsieT coboii CaMOCTOSITENbHYI, BPEMEHaMI CHIOXHY'0, 3agadvy. boree npocTbiM
NpeacTaBnsieTcs NOAXOL C HenpepbIBHLIM YNACTIOM WUCXOAHBIX anbTepHaTUB-CLiEHApUeB, Koraa X MHOXECTBO
3a0aeTca yKkasaHWeM ero rpaHuu. AHamorMyHa cuTyauust ¢ NMOAXOAOM [MCKPETHOW OMTUMM3auuW, B pamkax
KOTOpOA OCYLLECTBNSIETC BbIOOP Haunyuylwel anbTepHaTMBbl W3 4ucria 3apaHee CHOPMUPOBAHHBIX W
NpeabsBNEHHbIX NS aHanu3a anbTepHaTMB (NP 3TOM HET HUKaKoW YBEPEHHOCTW, YTO CPeau WCXOAHOro
MHOXECTBA aNnbTepPHATUB UMEIOTCS «XOPOLLME» BApUaHTbI), U NIMHEAHO-NPOrPaMMHbIM NOAXOLOM.

B metoge OO uHTepBans! ux coBokynHocTv B MO gonyckaoT nHTepnpeTaumio, mpy KOTOPOI OHW TPaKTYHOTCA
kak  BO3MOXHblE CLEHapuu peanu3auuM WCXOQHOTO napaMeTpa WNW Pe3ynbTUPYIOLLEero nokasatens, a
pacnpegenexve Ha ocu opauHart MO 3agaet «Beca» cueHapues. Takum obpasom, Hapsidy C BO3MOXHOCTSMM
paccMOTPeHHbIMK paHee, MeTo OO MOXET cnyxuTb M METOLOM CLEHapHOro aHanusa B TeOpUu NpUHATUS
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pewenun. WvenHo, OO npeactaenseT coboi BEPOSTHOCTHYH) CMeCb OECKOHEYHOr0 4ucrna CBS3aHHbIX
CNyYalHbIX BEMUYWH, KaXdas U3 KOTOPbIX COOTBETCTBYET BO3MOXHOMY CLEHapuio passBuTUsS CUTyauuu c
N3BECTHOW BEPOSTHOCTbIO €70 peanu3avmm.

B pycne pa3suTus meToda CLeHapueB TEOpUM NpuHATUS pelleHuin B nogxoge OMO cnepyet ykasatb, npexae
BCEro, BO3MOXHOCTM aHanu3a 3ajad, pesynbTUpYIoLLMe nokasaTenu KOTOPbIX 3aBUCAT OT 3HaYeHui (hakTopos
«OKpY)aloLLen cpefbl», 3a4a4y C 3aBUMCMMbIMK NepeMeHHbIMW. Hago npu 3TOM MMETb B BWAY, YTO €ChU B
nepBoHaYanbHoit cxeme ocb opauHat N0 cnyxuna ocbl «METOK» WHTEPBANOB-CLUEHAPWEB W HE MMena
CamMOCTOSATENBHOMO «PU3MYECKOro» CMbICNa, B CLieHapHOM noaxoae obe ocu MAO HecyT CMbICMOBYIO Harpysky.
OTO NO3BOMSIET aAHaNW3MPOBaTb B YCMOBUSX HEONpPedeNieHHOCTU 3ajayy Tuna «4To, €Cnu?», BbIABNAS
3aBWCMMOCTb 3HAYEHUA WHTEPECYIOLLMX 9KCMepTa nokasaTenel OT COCTOSHUS  «OKPYXaloWen cpeably,
HanpuMep, 3aBMCUMOCTb BESMYNHBI KOMMEPYECKUX U3BMEKAEMbIX 3anacoB HEQITW OT NPOTHO3HbLIX 3HAYEHUIA LieH
Ha Hee.

HanomHumM, 4TO peanbHbiM paboTam MO  OCBOEHMIO MECTOPOXOEHWA YIMEeBOAOPOAOB MpenLecTByeT
Pa3HOCTOPOHHSS oueHka Wx 3anacoB. OfHa 13 Takux OLEHOK CBSi3aHa C OLIEHKOM 06bEeMOB HepTH, (hakTU4eCKu
HaxoAsLLmMXcs B nfacTe, Unu reonornyeckux 3anacoB. OfHaKo, FOPHO-Te0rNorMYeckme YCnoBus MECTOPOXAEHNS,
a TaKke MCrornb3yeMble, B TOM YUCIIe, NEPCNEKTUBHbIE, TEXHONOMN HedhTeaobbIuN HE NO3BOMSIOT M3BNEYL BCHO
He(pTb, cogepxallytocs B nnacte. [1o3aToMy B COCTaBe reonorMyeckux 3anacoB BblAENAKT Tak HasblBaeMble
n3enekaemble 3anacbl. OGenM ynomMsHYTbIM OLEHKaM MpUCyLLa 3HaYUTeNbHasi HeonpedeneHHoCTb Ha BCex
aTanax OCBOEHUS MECTOPOXOEHWS. B CyLHOCTW, HUKOrOa Henb3s TOYHO Y3HATb pasMepbl reorormyeckux
3anacoB, a 0ObeMbl M3BNEKaeMblX 3anacoB peanbHO ONpedenstoTcs «no (akTy», - Nocne npekpaLleHus
[06blun. MoaToMy 06€ 3TW OLEHKWN UMEIOT rOpa3fo MeHbLUEE NMPaKTUYecKoe 3HaYeHWe, YeM OLiEHKa BEMUYUHBI
TOW YacTW 3anacoB, W3BMEYEHWe KOTOpOM OydeT 3KOHOMWYECKM onpaBAaHo. WX uHorga HasblaloT
KOMMEpYeCKUMM  U3BNeKkaembiMM  3anacamu. [lpu  OUeHke KOMMEpYeckux W3BnekaeMblX 3anacoB K
HEeONpedeneHHoOCTAM, MPUCYLLMM  OLieHKaM  reoriorMyeckux 1 M3BMeKaemblX  3anacoB, A06aBnaloTcs
HeonpeaeneHHoCT! OMHAHCOBO-3KOHOMMYECKON NPUPOAbI. B OTCYTCTBMM HaAeXHON MHGOPMALMK O MPOTHO3HOM
BEMNMYMHE CYLLECTBEHHbIX NApaMETPOB, BMMSIOLLNX HA pa3Mepbl KOMMEPYECKMX U3BMEKAEMbIX 3anacoB, BaKHYHO
ponb B MpoOLEecce NepBOHAYanbHOM OLEHKM UrpatoT CYXOEHUS 9KCMEPTOB M CLEHApHbI aHanu3. YOoOHbIM
WHCTPYMEHTOM MPOBELEHWS Takoro SKCMEPTHOro aHanusa MoXeT cnyxutb metog OUO. Mpu aTOM Kaxgom
TOYEYHOM OLEHKe LieHbl Ha ocu opaunHaT MO cooTBeTCTBYET MHTEPBAsbHAS OLEHKa 3anacoB Ha ocu abeuuce, u,
B COOTBETCTBMM C cofepxaHuem 3agauu, NO cTponTcs Ha CUCTEME HE BROXEHHBIX, @ CMELLEHHbIX
WHTepBanoB. PesynbTatom pelleHus OyaeT BepOSTHOCTHAs KpuBas, MOKasbiBalLWas LUAHChI Hanuuus B
MECTOPOXAEHNN OCPEefHEHHbIX MO MPOrHO3WPYeMOMy [uana3oHy LieH KOMMEpYeckux 3anacoB, B oBbemax,
WHTepecyloWwmMx 3kcnepta. AHanmorMyHbiM obpasom MoxeT ObiTb peleHa obpaTHas 3apaya, 3ajada 00
OnpedeneHnn pacnpefeneHns rapaHTUpOBaHHbIX Pe3ynbTaToB AN LieH, OCPEAHEHHOMO MO MPOrHO3UpyeMbIM
obbemam yrneBogopOAOB, BbICTABMEHHbIX HA Npogaxy. KOHEYHO, aTMK 3agadYami Laneko He ucyeprbiBaeTcs
nepeyeHb 3agay C 3aBUCUMbIMU MEPEMEHHbIMW, MOOENMPOBaHWE KOTOPbIX BO3MOXHO B nogxoge OMO. Ux
peleHne TpebyeT passutus Matematnyeckoro annapata OWO, B gononHeHue K NpeanoXeHHOMy paHee, U
BKITIOYEHNS HOBbIX pe3ynbTaToB B 6a3y mogenen CIOP.

Monu- n 0606wWeHHbIE UHTepBalsibHbie OUEeHKU B 3afa4ax C 3aBUCUMbIMU NepPeMEeHHbIMU

B 3agavax c 3aBUCMMbIMW nepemMeHHbIMK V, Kak u paHblUe, 3Ha4YeHUa aHanu3npyemoro napametpa wunu
nokasarend, a a — 3Ha4eHNa BHELUHEero (baKTopa, BVAOLLEero Ha V, ae [am,aM], roe dmmm) — MUHUManNbHoOE

(MakcumarnbHoe) 3HaveHue a cooTBeTCTBEHHO. MNO 3aaaeTca yetBepkort Vig (HUxHAs nesas rpaHuua MAUO0), Vg
(HmxHas npasas rpaHuua MAO), Viy (HwkHaa nesas rpanuda MAO), Vi (HwxHAS npasas rpanuua AO),
OTHOLEHNS Mexay Humu onpegensitoT cdopmy MO, D = Vg = Vig, U = Vi = Viu. Bee BoamoxHble hopmbl MTNO
ans cnyyas D # 0, U # 0 npeacTasneHbl B Tabnuue 1.
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Tabnuua 1. dopmbl MO gnsa D#0, U#0

®opmbl MO | OTHOWEHNS MeXay rpaHnyHbIMK Toukamu MO
1 Vie <Viy <V.y <V,
2 Vie <Viy <Vi <V,
S Vie <Viy <V <V,
4 Vie <Via <V.g <V,
5 I/lu < I/ld < Vm < Vrd
6 Vie <V <Vig <V,

[nsa kaxgoro wHtepeana-cueHapus MAO nnoTHOCTL CoBMECTHON (byHKUMK pacnpeaenenus f(a, V) nveet Bug
f(a, V)= fi(a) fz(V|a). Panee ansa MO npoctenwien opmbl HaMW NOMNyYeHbl aHaNMTUYECKME HOPMYTbI

ANS YCPEOHEHHbIX PesyrnbTUPYIOWMX (YHKUMA pacnpedeneHns, nonyyaemblX 13 COBMECTHbIX (DYHKLMNA
pacnpegenenns OUO, ana psga npakTUYECKU BaxHbIX KOMBWHALMIA UCXoaHbIX (yHKUMIA Ha ocax MO, Takux
kak «paBHOMEPHOE — paBHOMEpPHOE» [6], «paBHOMEPHOE — TPEYrorbHOe», «TPEYronbHOE — PaBHOMEPHOEY M
«TPEYronbHoe - TPeyronbHOe». OTU pacnpefeneHus NpeacTaBnsloT coboii MaTemaTuyeckue OObEKTbI,
obobLyaroLime TpaanLUMoHHbIe BEPOSTHOCTHbIE pacnpeaeneHuns. OHu MMEIOT Kak CaMOCTOSTENbHYH 3HAYUMMOCTb,
TaKk M HaxogsaT NpUMEHeHWe B MpuroxeHusx. B 3agayax C 3aBUCMMbIMM napameTpamu MHoroobpasue
BO3MOXHbIX ¢hopm [MNO  npuBOAMT K NOSIBNEHWIO LENOr0 cemeictea 0000LWEHHbIX  PaBHOMEPHbIX
pacnpegeneHni. MNpu HaxoxaeHnn ocpeaHEHHbIX pacnpedeneHnii BepositHocTen f(V) cnegyeT yyecTb, YTo npu
D #0, U # 0 obnactu uHTErpupoBaHm1si B COOTHOLLEHMSIX, aHanoryHbIX cooTHoweHnaM (1), pasbusatotcs ans
MNO Bcex dhopm Ha Tpu cBA3HBIX Nogobnacty, ceonx ans kaxgoi MO (Tabnuya 2).

Tabnuua 2. PyHKLMKM OCPEeaHEHHbIX pacnpeaeneHuin BepositHocten anss D # 0, U #0

Mogobnactn MAO | MnoTHocTb ansa D # U | MnotHoctb ansi D = U
11:V, <V <V, | PV <Vs)=F P(V <Vy)=G,
12:V,, <V <V, | PV <Vy)=F, P(V <V5)=G,
13: V., <V <V, | PV <V)=F, PV <Vy)=G,
21: V,, <V <V,, | P(V <Vg)=F, PV <Vy)=G,
22: V., SV <V, | P(V<V)=F, P(V <V5)=G,
23V, <V <V, | P(V<V,)=F, P(V <Vg) =G,
31V, V<V, | PV<Vy)=F PV <Vg)=0
32V, V<V, | P(V<V)=F, P(V <Vg) =G,
33V, <V<V, | PV<V)=F, P(V <V)=0
4.V, <V <V, | P(V<Vs)=F, P(V <Vs)=0
42:V,, <V <V, | P(V <Vy)=F, P(V <V)=G,
43:V,, <V <V, | PV <Vy)=F, P(V <Vg)=0
54:V, <V <V, | PV<Vs)=F, PV <Vy)=G,
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52.V, V<V, | PV<Vy)=F, PV <Vy)=aG,
53V, <V <V, | PV<Vy)=F; PV <Vy) =G,
6.1: V, V<V, | PV<Vy)=F PV <Vg)=G,
6.2V, V<V, | PW<Vy)=F, PV <Vg)=Gy
6.3V, <V<V, | PV<Vs)=F;s PV <Vy)=G,
3nech
F= 1 VS_Vld_’_D(Vlu_VS)+U(VS_Vld)LnD(Vlu_VS)+U(VS_Vld) ,
D-U D-U DV, =Vi)
_ D _ B
F'2 — 1 Vlu _Vld+ (Vlu VS)+U(VS Vld)Lng ’
D-U| D-U D
i D(V - - D(V, - -
F} — 1 D+I/]u _VS + (VS I/ru)—'—(](l/rd VS)Ln (VS Vm)+U(Vrd VS) ,
D_U_ D-U D(Vrd_Vru)
[ D, - - -
F4 — 1 D+ ( ru VS)+U(VS Vrd)Ln Vru Vrd ,
D—U_ D-U V=V
i DV, -V, - DV, - -V
F'S: 1 VS_I/[d_U+ (Vru S)+U(VS Vrd)Ln (Vru VS)+U(VS rd) ,
D—U_ D-U DV, -V.,)
pe L Ly y POV U0, V) | DUs V) + U0y V) |
D-U D-U UV =Vi)
- D _ _
F7 — 1 U+ (VS I/ru)_'-l](l/rd VS)Ln I/}’d I/ru ,
D—U_ D-U Vii =V

G, = (Vs =Vy)? 12DV, = V)],

G, =(2Vs -V, -V,)/(2D),

Gy, =1-(V,, =Vs)* 12DV, =V, )],
Gy =2V =V, =Vi) 120V, = Vi1
Gs :(VS _Vld)/D’

G6 = (Vs _Vlu)2 /[2D(Vld _Vzu)],

G, =1-Vs -V, ,)> 12D(V,, - V,.)],
Gy =2V =V, =V, )20V, = V)]

lMonyyeHbl TaKke COOTBETCTBYHLME aHANWUTWYECKME COOTHOLIEHWS [N NIOTHOCTEN  OCPEOHEHHbIX
pacnpeaeneHuit BepositHocted npu D # 0, U # 0 M COOTHOWIEHMS AN OCPEAHEHHbLIX MMOTHOCTEN M
pacnpegenennin BepositHocten npu D = 0 umm U = 0 (MO tpeyronsHoM ¢hopmel).

3aknoueHue

BosHukatollee B 3agayax C 3aBMCUMbIMM NepeMeHHbIMW «paBHonpasue» oceit MO nossonseT, kpome
ncxopHoin OMO, noctpouts gononHuTensHyto OMO Ha ocu opayHaTt, OcvM LieH B 3aaade 0 3anacax, bonee nomnHo
YUUTHIBAIOLLYIO BOMOXHYO HEONpPeAeNneHHOCTb OLEHKM «BHELIHWX (hakTopoBy (MporHosa LeH). Ans peanusauum
3TON BO3MOXHOCTW 1 UCMOMb30BaHUS B aHanM3e pacnpeneneHnin BEPOSTHOCTEN, OTMNYHBIX OT 0606LLEHHBIX
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PaBHOMEPHLIX pacnpeaenexuit, B pa3paboTaHHO Hamu akcnepumeHTanbHon Bepcun CIMOP umeetcs anroputM,
OCYLLECTBNSIOWMIA pacyeTbl pe3ynbTUPYIOLLMX pacnpedeneHuii no 3agaHHomn akeneptom MAO, dopma koTopoi
a[lekBaTHa ero Cy)XaeHUsIM.
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KOMBUHUPOBAHWE ANNTOPUTMOB ONTUMU3ALIUA
MYPABbWHBIMW KONOHUAMW U H-METOA"

Neouna M'ynaHuukun, Cepren CupeHko

AnHomauyusi: [lpednazaemcsi Memasspucmuyeckull mMemod KombuHamopHoU onmumMu3ayuu, Komopbil
basupyemcsi Ha 08yx NONYMSAUUOHHBIX anzopummax — OnNmMuUMU3ayuu MypagbUHbIMU KOMOHUSMU U H-memode.
Memod onmumusayuu MypagbUHbIMU KOMOHUSMU npedcmasrnsem Krnacc Memo0o8 poego2o UHMernnekma u
YCNeWwHo NPUMEHSIemcs K CroxHbIM 3adayam KombuHamopHoU onmumu3ayuu. OH A8rsemcs MHO20a2eHMHOU
onmuMu3ayuoHHoU cucmemol ¢ pacnpedeneHHol HenpsMol  ¢hopmol  0bWeHUs Mexdy a2eHmamu.
Memasspucmuka H-memoda ucnonb3yem onpedeneHHble aHanozuu ¢ U3secmHbiM 8 HedugghepeHuupyemol
HenpepbigHoU onmumu3ayuu memodom Hendepa-Muda, npumeHsis 8 npouecce noucka ONMuUManbHo20
peweHuss cneyuanbHeiM 0bpasom onpedenieHHbie ompesku. IghgekmusHocmb npednoxeHHo2o nodxoda
npounmlocmpuposaHa Ha 0CHoO8e Pe3yrbmamos 8bI4UCTUMENbHO20 IKChepumMeHma no peweHuro psda 3aday
KOMMUBOSIXXepa.

Knioyeebie cnoea: kombuHamopHas —onNMUMU3AUUS, MemassepUCMUKU, — NONYNsSUUOHHbIE  Memods,
onNMUMU3aUUS MypagbUHbIMU KOTOHUSIMU, H-memod, 3ad0aya KOMMUBOsIKepa.

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.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
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BBeaeHue

3apaun kombuHatopHoi ontummuaauun (KO) BO3HMKAKT BO MHOMIX 0BMacTsX MPUMEHEHMS BbIYUCIUTENbHBIX
METOZOB, B YAaCTHOCTM, TaKMX KaK MCKYCCTBEHHbI WHTENNEKT, MCCNedoBaHWe onepauuii, buomHpopmaruka,
NnaHMpoBaHWe, MapLIpyTWU3aUus, COCTaBNEHME pacnucaHui, pacnpegeneHun pecypcos M T. 4. OgHumu u3
Hanbonee u3BecTHbIX 3agad KO sBnAOTCS 3agava KOMMMBOSDKEPA, KBagpaTuUyHas 3adaqa O HasHaveHww,
3afava BbINOMHUMOCTH BbiCKa3biBaHui [1]. BOMbWMHCTBO NpakThYeckn BaxHbix 3agay KO oTHocuTes K uucny
NP-TpyaHbIX, 4YTO, HapsAZy C BO3MOXHBIMU MOrPELUHOCTAMW B 33[aHUM UCXOOHbLIX AaHHbIX W CYLLECTBEHHbIM
KOMMYECTBOM NTOKamnbHbIX MUHUMYMOB LIENEBOV (hyHKLWM, AeNaeT HeLenecoobpasHbiMi MCNONb30BaHNE TOYHbIX
anropuTMOB PELUEHUSI BBUAY 3HAYMTENbHbIX BbIMUCTIUTENbBHBIX 3aTpaT. ITH M Apyrue acnekThl, a Takke nporpecc
B paspaboTke BbICOKOMPOW3BOAMTENbHLIX CPEACTB BbIMMCIINTENBHOM TEXHWKA OBYCMOBWMW  WMHTEHCUBHOE
pasBMTME B MOCMedHWMe rogbl krmacca NpuOMMXKEHHbIX METOAOB, KOTOpble  MOMyYMnu  HasBaHue
MeTasaBpuUcTMIeCkuX [2]. MHorve M3 aTUX METOLOB CPABHUTENBHO MPOCTbI B ONMCAHUM U peanusauuu, Byayum
CMNOCoBHbIMM MpK 3TOM  3PEEKTMBHO peLlaTb pearibHble 3adayit C NOBbILWEHHON 3QMEKTMBHOCTLHD. XOTS
METadBPUCTUYECKNE METOAbl B psfe ChyvyaeB YCTYnawT MO TOYHOCTU CreumanbHbIM MeTodaM pelueHns
otgenbHbix 3agady KO, B cuny CBOel CTPYKTYpbl W TMOKOCTM OHW MO3BONSKOT CO3faBaTb Ha OCHOBE eAWHOM
BbIYMCIIMTENBHON CXEMbI anrOPUTMbI PELUEHUST JOBOMBHO LIMPOKOrO Knacca 3ajay C NpuemMneMon Ans NpakTuku
TPYOOEMKOCTbH. Ha co3gaHMe MHOMMX TakMX METOLOB WCCregoBaTenen HaTomMKHYNW  pasHoobpasHbie
NPUPOAHbIE MEXAHW3MbI (HAaNPUMEP, Takne Kak MEXaHW3M 3BOJTIOLN UM MOBELAEHNE COLMANbHbIX HACEKOMbIX).

HecmoTpsi Ha OTCyTCTBME Ha  [JaHHbIl  MOMEHT  OBLLEenpuHSTOro  (hopManbHOro  onpeaeneHus,
METa3BPUCTMYECKME METOMbl MOXHO MOHWMATb Kak KOMOGMHALMIO [BYX TEXHWK: obliasi cxema CTpoUTCS Ha

* MiccnepoeaHus npoBeaeHsl npy YyactuyHon nogaepxke INTAS (npoekt 06-1000017-8909)
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6a30BOM MeTOfIe, B KOTOPYHO BKIIOYAETCA Ta UMK UHAs BCTPOEHHas NpoLieaypa. BaxHbIM acnekTom ecTb To, YTO
BCTPOEHHas npoLieaypa — 3T0 B GOMbLUMHCTBE CNy4aeB CaMOCTOSITENbHbIA anropuTM peLLEHNst TOM Xe 3agauu,
YTO U META3BPUCTUYECKII METOZ B LierioM. MHorve 13 pa3paboTaHHbIXx METadBPUCTUYECKUX METOAOB OTHOCSTCS
K Knaccy nonynsiyyoHHbIX anropuTMoB [2], T.€. anropUTMOB, B KOTOpbIX, B OTAIMYME OT TPAEKTOPHbIX, HA KaXaoii
ntepauum 0bpabatbiBaeTcs He OAUH, @ Cpasy HECKONbKO BAPUAHTOB PELLEHMS.

Hwxe npeanaraeTcs M aHanmaupyeTcst MeTasBpuCTUYECKMi MeTo pellenns 3agay KO, koTopblil paspaboTaH Ha
OCHOBE KOMOMHaLMK ABYX NONYNALUMOHHbBIX MOAXOAOB: ONTUMU3ALMM MyPaBbUHBIMM KONIOHUSIMU 1 H-MeToaa.

OnpepeneHue 3agayuvm KOMOMHATOPHON ONTUMU3ALUM

MpuBegem copmanbHoe onpeaenenne 3agaun KO [3]. Myctb 3apanbl Y={1, ... , m}, Z — OMCKpeTHoe, B
YaCTHOCTW, KOHEYHOEe NPOCTPaHCTBO (Ha3oBeMm ero obpasywowum), ¢ — romomopdusm, @:Y — 7,
YOOBIETBOPSIOLLMA HEKOTOPON CUCTEME OrpaHudeHnit 2. HanoMHUM, 4TO Nog AMCKPETHbIM MPOCTPAHCTBOM
MOHMMAETCS MHOXECTBO, COCTOSLLIEE 113 M30IIMPOBAHHBIX TOYEK.

Onpepenenne 1. lMog kombuHaTOpHbIM 06BEKTOM & OyAeM MOHMMAaTL Tpuagy K:((p,f( ,Q), rpe

@:Y > X,a X -onpeaenenHoe 6a3oBoe NpOCTPaHCTBO.

Onpepenenue 2. 3apaven KO, HasbiBaeTCs 3afjaya HaXOXKOEHNS Takoro X, € X , 4To
x.=arg min f(x)
xeDc X
rae X — NpOCTPaHCTBO PeLLeHnil 3afa4u, areMeHTaMn KOTOpOoro SIBRSITCH KOMBMHATOPHbIe 06bekTbl, 1) —
€ro NoanpoCTPaHCTBO, ONpeAensemMoe orpaHuyeHusMn 3agaun 2, f: X—R' — 3apaHHas uenesasi yHKUMS
3agaun.

Oobuwan cxema H-meTopa

B pspe passutbix anroputmoB KO BO u3bexaHne KOHLEHTpauuu mnoucka B OrpaHWYeHHOM nopobnactu
MPOCTPaHCTBa peLleHnit 3aaa4n X 11 MOBbILIEHIS TOYHOCTY MOMy4aeMbIX PELLEHMIA UCONb3YIOTCA MPOLEaypPbI
BO3MYLLEHUS (KaK B MOBTOPSIOLLEMCS NOKANbHOM MOUCKe [4]) UNK CKpeLumMBaHUS M MyTauum, Kak, HanpuMep, B
reHeTnyeckux anroputmax (FA) unu memetudeckux anroputmax (MA) [1]. 3ameTum, 4to nogobHble npoueaypbl
NOpOXaatT NOAMHOXECTBA BapUaHTOB PELLEHMS, KOTOPbIe He COrnacoBaHbl C Tononoruen npoctpaHctea X . B
TO Xe BPEMsi, NPUMEPOM NofoBHOro CornacoBaHWs SBRSETCS METOA AeOPMMPOBAHHBIX MHOTOTPaHHMKOB [6],
pasBUTMEM KOTOPOro aBnseTcs H-metod. OcyLlecTBNSEMOE B HEM UCMONB30BaHWe CreLmanbHbIX OTPE3KOB AaeT
BO3MOXHOCTb CMHTE3UPOBAaTb MOUCK B OKPECTHOCTAX W rnobarnbHOe CKaHWpOBaHWE NPOCTPaHCTBA peleHnn X |
npuyem npouedypa CKaHWPOBaHMsA, B OTAMYMe OT O6LMX OnepaTopoB BO3MYLLEHWSI UMM pekoMBuHauuv B
BONbLUMHCTBE APYrMX META3BPUCTUYECKIMX METOAOB, ONpeaeneHa KOHKPETHO.

MpuBenem onpeaeneHne noHaTue d-ompe3ska [6], COEAUHAKLLErO ABE NPOU3BOMbHLIE TOYKN X,y € X , ecnun

X = (X,d )-MeTpuyeckoe npocTpaHCTBO C METPUKON d .

Onpegenenue 3. Hasosem d-ompeskom /X,y /,x,y € X, ynopsfoueHHYI0 COBOKYMHOCTb Touek X, € X,
i=1,..,k, kotopble ynoenetsopsiot ycnosuwo: d(x,x,)+d(x,,y)=d(x,y) pna Beex i=1,..k,
npuiem x, =x, x, =y, a d(x,x; )<d(x,x,,, ),i=1,...k —1; npn aTom He cyuiecTayeT ToukM Z € X
Takom, ut0 d(x,,z )+ d(z,x,,,)=d(x,x,, ).z # x;,z# x;,,i=1,... k-1

Onpepenenve 4. Hasosem d-uHmepsanom < x, y > YNOpSAOYEHHYl0 COBOKynHocTb /x, ¥ /\{x,y}, a
d-nonyuxmepsanom < x, y / — MHoxectso / x, y /\ {x}.
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Aanblie paccmaTpuBaloTCs Takue NPpoCTPaHCTBa BapuaHToB pelleHna X , ana kotopblX d(x,y )=bh (b -
HaTypanbHoe, /s > 0), npudem ecnm d(x,y)>h, T0 wHTepsan <xy > #J. CyTb noixofa M3NoXum B
NpeanonoxeHnn, 4to D= X, 1.e. X Oyget urpatb porb NPOCTPAHCTBA AOMYCTUMBIX PELLEHNN.

BobluncnutenbHas cxema H-meToda B TEPMUHAX 3BOMIOLIMOHHBIX BbIMUCTEHWA npeacTaBneHa Ha puc. 1 [6], roe
Local_Search — ¢hyHKLMS, OCYLLECTBNSAIOLLETO MOUCK IOKANBHOrO ONTUMYyMa.

procedure H (x);

begin
h:=0;,P":=@;
for =1 to mdo
X = HeKomophb Il HayarlbHbIU 8apuaHm peweHus;
P := PO Local_Search (x);
end for; {cchopmupoBaHa HavanbHas nonynsums PO}
repeat
P =P
fori=1to kdo
OtbopnsBapuauum (x,y P);
MocTpoenuellonyuHTepsana <x,x=/ : y e < x, x°/ & f(x)>f(y);
z=argmin{flu):u e <xx/\L(y), ye <xx*/};
P := PuLocal _Search (2);
end for; {cchopmupoBaHa BpemeHHas nonynauus U3 m+k Tovek}
fori=1to/do
OtbopAnsaMyTaumm (x eP);
Z:=MyTtauus (x, npeabicTopusi);
P := PuLocal _Search (2);
end for; {cchopmupoBaHa BpemeHHas nonynaumus u3 m+k+l Tovek}
Pt := Ot6oplonynsuum (P);
h :=h+1;
until He 8bInoHAEMCS ycrnosue 3agepUIeHUS,
x :=arg min {f(u): ueP};
return x;
end

PucyHok 1. Cxema H-meToga

OcHoBHble NapameTpbl H-MeToaa (B TEPMUHAX 3BOMIOLMOHHBIX BbIYNCTIEHMIA):
m — YCNO VHAMBWAOB B NOMyNsLyK;

k — konu4ecTBO nap WHAMBMOOB, BbI6MpaeMbIX ana uecnenosaHndA (I'IpOBe,EleHI/IFI nonymHTepsanos OT TeKyLU,eIZ
TOYKM OO0 MaKCUMarnbHO yp,aneHHO|7| 1 noncka MMHMMyMa Ha 3TUX I'IpFIMbIX);

| - KONNYECTBO MHAMBIUAOB, KOTOPbIE MOAMEXAT MyTaLMMK;

L(y) — OKPecTHOCTb, TOYKM KOTOPOI, HAXOASILUMECS HA MOCTPOEHHOM MONyWHTEpBare, MCKMoYaloTes 13
PacCMOTPEHUS;

X — TOYKa, MakcumManbHO ydaneHHas B NPOCTPAHCTBE BapwaHTOB peLlJeHVIVI OT TOYKM X (B chyyae tonbLoi
TPYAOEMKOCTU HaxoxaeHna MMHMMyMa BOONb NONyuHTEpBana < x,xOO / nm BeCKOHEYHOCTH NPOCTPaHCTBA X

cneayeT BBECTU JOMONHUTENbHbIN NapameTp, KOTOpbI OrpaHnymBan Obl YacTb MonymHTEpPBana, noanexallyto
PacCMOTPEHUIO).
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Kak 1 B anroputMe NOBTOPSIOLLErOCs nokanbHoro noucka unu MA [1], H-meTog onepupyeTt ¢ nokanbHbIMU
aKCTpeMymamu. WX MHOXeCTBO P urpaeT ponb, aHanoruyHyio nonynsauum B TA wnu MA — noatomy
CMONb30BaHHbIE B HEM TPU MpOLEAypbl 0TOOpa MOryT peani3oBbIBATLCS MO aHANOMM C 3BOMOLMOHHBIMM
anroputmamu. [puHUMNManbHoe OTnMuMe anroputMa H-metoga — rnobanbHbI Xapaktep noucka B
MpOCTpaHCTBE pelueHnit X MyTeM HaxoxoeHus CyBOMTUMAnbHOrO PeLeHns UCXOOHOW 3a4aduM Ha OCHOBE

eLleHnsa Ang noasafad Buaga: z=ar min u) .
p AnA noA3anay BuA g, 10 S ()

Ontumusaums MypaBbUHbIMW KONTOHUAMU

B nocnegHue rogbl B KO akTMBHO pa3BMBAlOTCS METOAbl Tak Ha3biBAEMOr0 POEBOrO MHTEMMEKTa, B KOTOPbIX
COBOKYMHOCTb CPaBHWUTENbHO MPOCTbIX areHTOB KOHCTPYMPYET CTpaTeruio CBOEro nosegeHne 6e3 Hanmums
rnobanbHoro ynpasnenus [7]. OOHAM 13 WMPOKO M3BECTHbIX POEBbIX METOAOB ABMSIETCS METOA ONTUMM3aLIMN
MypaBbuHbIMK KonoHuamu (OMK). To aHanorum ¢ 6uonorndeckon mogenbto, OMK Ba3supyetca Ha HenpsiMom
obmeHe WHopMaLMen KOMOHUM areHToB, Ha3blBAeMbIX WCKYCCTBEHHbIMA MypaBbsMU, WUCMOMb3YHOLMX
(DEPOMOHHbIE  Criedbl  Kak  KOMMYHWKaUMOHHOe cpeactBo [8]. ®PepomonHble crnegel B OMK cnyxat
pacnpefenieHHON YMCMEHHON MHpopMaLMeln, KoTopas Hapsgy C 3BPUCTMYECKON WHdopmauuein O 3afjave
MCNoNb3yeTcs MypaBbaMU 519 HEAETEPMUHUPOBAHHOTO KOHCTPYMPOBAHUS PELLEHWIA 3aa4um 1 KOTOPYIO MypaBbu
afanTMBHO U3MEHSIIOT Ans 0TOOpaXeHUs OnbiTa, HAKOMMEHHOro B Npovecce noucka pelweHns. OMK moxet 6biTb
NpMMeHeHa npakTudecky K nobon 3agade KO, kotopas gonyckaet cneaytowlee npeacraenenue [9,10]:

e [1aH KOHEYHblit Habop koMNOoHeHT peleHnit C = {cl,cz,...,cNC} :
e onpedeneHbl COCMOSHUS  Npobrnembl s, s = <c,.,c j,...,ck,...>, MHOXECTBO BCEeX BO3MOXHbIX

nocrnegoBatenbHocTe S M MHOXECTBO S Boex nocnefoBaTeNnbHOCTEN,  KOTOpblE  YOOBNETBOPSIOT
OrpaHnyeHneM 3agaqu £2, npu atom D C SuScs;

e C TEMU COCTOSHUSIMI S, KOTOPble HE SBMSKTCA PELIeHWsIMU, MOXHO accoLMMpoBaTb CTOMMOCTb WM ee
OUEHKY J(s) W Npu 9TOM, €CMN COCTOSIHME S1 MOXHO NOny4nTb A0OABMNEHME KOMMOHEHTbI PELUeHnst K
COCTOSIHWIO S2, TO J(s,) < J(s,) (OTMETUM, 4TO J(x) = f(X));

~

e OnpefieNieH KOHeYHbIN Habop L BO3MOXHbIX COEAMHEHMIr Mexay anemeHTamum C Ha nogmHoxectee C
nexaptosoro npousseaeHns: C < Cx C ;
* C KOMMOHeHTaMK ¢; € C' 1 COEAMHEHNAMM [, € L accoLMpyloTC (hepOMOHHbIE Criefbl, MpeacTaBnsioLLmMe

[ONTOBPEMEHHYI0 MaMsiTb O BCEM MPOLIECCE MOMCKA, KOTOpasi U3MEHSIETCs! HENOCPELCTBEHHO MypaBbsaMU, U
9BPUCTUYECKME 3HAYEHWUS — OHU SBMAKOTCA anpUOPHOA MHGOpPMaLMeNn O KOHKPETHOM 3adadye umu
NHGhopMaLMeN 0 BPEMEHM BbINOSHEHMS, KOTOpasi NPeA0CTaBNAETCS OTNMYHBIM OT MypPaBbEB MCTOUYHUKOM.

IMpu nogobHOM NPEACTaBNEHMM 3a4aum Kaxabli MypaBen K KONOHUW UMEET crneaytowme ceoicTaa [9]:
e OH ucnonbayeT rpad G = (C, L) ans noucka onTUMansHOrO peLleHus, nepeasurasich no COeAMHEHUAM u3 L;

e OH WUMeeT NamsiTb, KOTOPYIO UCMONb3YeT ANs XpaHEHUs MHOPMaLMK O NPOAEHHOM NyTW (NamMsTb MOXET
NCNONb30BATLCA AN HAXOXAEHWS [OOMYyCTUMbIX PELUEHUA, NS OLEHKW HAWAEHHOro pelleHus unu Ans
BO3BPALLEHNS Ha3az C LieMblo pa3MeLLeHmnst (hepoMoHa);

e eMy MOXeT ObITb MPUCBOEHO HaYalbHOE COCMOSIHUE U OFHO Wi BoMblUe 3aBepLIALLNX YCIOBMIA X;
* MypaBeil k B COCTOSHMN s, =(s, ,,i) MOXET NnepemMecTuTbesl B Moboit y3en n3 MHOXECTBA [OMYCTUMbIX
COCE[IHUX K HEMY Y3I0B;

e Mepexo OCYyLECTBMSETCA C MOMOLLbK BEPOSTHOCTHOTO NpaBifia PELLEHWs!, KOTOpPOe SBNSETCS (PYHKUMEN:
(1) 3Ha4eHMI, KOTOpPbIE XPAHATCA B NMOKANbHOA ANS BEPLUKMHbI CTPYKTYPE AaHHbIX (HasblBaeMoit mabnuuel
MypasbUHbIX Mapwpymos) 1 nonyyeHbl yHKLMOHANBHOM KOMMNO3ULMEN NOKANbHO AOCTYNHbIX 4151 BEPLUNHDI
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(DEPOMOHHUX CMEeJoB U IBPUCTMYECKMX 3HAYEHWW, (2) NMYHOW NamsaTU MypaBbsl, KOTOpas XpaHWUT ero
npeabICTopuIo, 1 (3) orpaHUyeHnin 3agaun;

e MOCTPOEHME PELLEHNS 3aBEPLLIAETCS, ECMM BbINOMHSETCS, NO KpailHen Mepe, 04HO W3 YCroBuiA eX;
e [06aBMB K TeKyLieMy COCTOSHUIO KOMMOHEHTY c; € C', MypaBen MoXeT 06HOBUTb (DEPOMOHHWI Cref Ha
KOMMOHEHTE WUNW COOTBETCTBYIOLLEM COEAMHEHUM (OHMaliHO80E nowazogoe 0BHO8MEHUE (hePOMOHa);

e HanMas pelleHue, MypaBeil MOXET MPOWTW 3TOT Xe NyTb Hasag W OBHOBMTb (DEPOMOHHBIN Cred Ha
NCNONb30BaHHbIX COEAMHEHUSX UMW KOMNOHEHTaX (OHMalHo80e OMCPOYEHHOEe 0BHOBIEHUE (hePOMOHA).

BaxHO OTMETUTb, YTO MypaBbi NEPEABUratOTCS OAHOBPEMEHHO U HE3ABUCUMO, 1 KaXabli MypaBen AOCTAaTO4HO
CMOXeH, 4YToObl ObiTb B COCTOSHUM HaNTK (BEPOSITHO, MIIOX0E B CMbICNE LieNeBon (yHKLMM) peLieHne QaHHOW
3agayn. Xopowwe peLleHus, 00bIYHO, MOSIBASIOTCA TONbKO B pe3ynbTaTe KOMMEKTMBHOTO B3aMMOAENCTBUS
MeXay MypaBbsiMW, KOTOPOe [OCTUraeTcsi MyTem HempsMoro o6LeHUs NMOCcpeacTBOM WHGOpMaLMK, KOTOPYH
MypaBbl 3aMn1CbIBAKT/CYNTLIBAIOT B NEPEMEHHbIE, COLEPXKALLME 3HAYEHNS (DEePOMOHHBIX CnefoB. B n3BectHoM
CMbICre, 3TO SIBNSETCS pacnpefenieHHbIM NpoLeccom oByyeHus, B KOTOPOM OTAENbHbIE areHTbl-MypaBby, He
afanTuUpyTCs, @ HA0BOPOT, aAANTUBHO M3MEHSIOT BIL U BOCTIPUSITUE 3afauu APYTUMI areHTamu.

Kpome gestensHocTn MypaBbeB, anroputm OMK BkntouaeT ele ase npoueayps! [9]: uchapeHue hepoMoHH020
crneda n Oelicmeuss OemoHa. VicnapeHune epoMoHa — 3TO NPOLECC, C MOMOLUbI KOTOPOTrO MHTEHCMBHOCTb
(hEPOMOHHOMO Crefa Ha COEOMHEHUSIX aBTOMATMYeCKW yMeHbluaeTcs cO BpemeHeMm. OHO ocyuiecTBnsieT
nonesHylo opmy «3abblBaHus», COAEMCTBYS WCCNEOOBaHMIO HOBbIX 0OMacTel B MPOCTpPaHCTBE Moucka W
n3bexaHnio 0veHb BbICTPOI CXOAMMOCTM anroputma K cybontumanbHoi obrnactu. [pyrumu croBamu, oHa He
onpeaensieT crnegyeT N UX BbIMOMHSATL MapanenbHO W He3aBMCUMO, N HeobXoauMa Kakas-To dopma KX
CUHXPOHW3aLMK — 3TV BOMPOCHI OCTaBMIAKTCA HA YCMOTPeHME pa3paboTumka KOHKPETHOrO anropuTma, Aonyckas

ceoboay B onpegeneHnn cnocoba B3aeMogencTBrS STUX NpoLeayp.

lmaBHas npouendypa MeTasspucTuku [9], npefcrtaBneHHon Ha puc. 2, — [lnaHuposaHuelelicmeul He
onpegenset, Kakum 06pa3oM  pacnnaHMpoBaHHbl M CUHXPOHW3WpOBaHHbl  [esmensHocmbMypasbes,
UcnapeHue®epomona u LelicmeusiemoHa.

[encTaus aeMoHa MOryT WUCMOMb30BaThbCA ANS OCYLLECTBMEHWS LIEHTPanu30BaHHbIX AEACTBUN, KOTOpble He
MOryT BbITb BbINONHEHbI OTAENbHBIMU MypaBbsiMi. Hanpumep, akTueauus npoleaypbl NOKanbHON ONTUMM3aLIMK
unn cbop rnobanbHoi MHGOPMaLMK, KOTOpas MOXET BbiTb MCMONb30BaHa ANS NPUHATUS pelleHus: byget unm
He OyaeT nonesHbiM OTKNafblBaHWe LOMOMHUTENBHOTO (DEepOMOHA ANt OTKMOHEHWs npouecca noucka oT
nokanbHon nepcnekTuebl. OGHOBNEHWSt (DEpOMOHA COBepLUaeMble [LEMOHOM Ha3blBaeTcs oghghraliHosbIM
06HOB/IEHUEM (hepOMOHa.

procedure OMK()

while (He_BMNONHEHO_yCnoBME_OCTaHOBA)
lnaHuposaHueeticmeut

LesmenbHocmeMypasbes();
UcnapeHue®epomona();
Leticmeusjemora(); {Heobs3aTenNbHbI}
end lnaHuposaHuelleticmsul
end while
end procedure

PucyHok 2. MeTaaBpuCTHKa anropTmMa onTiMM3aLm MypaBbUHBIMU KOMOHUSIMM
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MeTa3BpucTUYECKUIN METOA HA OCHOBE cuHTe3a anroputmoB OMK n H-metopa

MpennaraeTcs HoBbIn MeTasBpucTudeckuin metog KO OMK_H, koTopbiit 6asmpyeTcs Ha MCMONb30BaHUW MAEN
[BYX OMUCAHHbIX BbIlE NOMyNAUMOHHBIX MeTogoB — OMK u H-weToga. AnroputMbl 3TOTO METOAA COXPaHSAOT
NOMOXUTENbHbIE CTOPOHbI 0BOMX UCMOMb30BaHHbLIX MOAXOL0B W SBNSETCA METOAOM, KOTOPbIA KOHKpETU3aume
npobnemMHo-3aBNUCUMbIX YacTen NO3BONSET peLuaThb Kak HEKOTOpbIN Knacce 6rmakux no nocraHoske 3agady KO, Tak
1 3agaum KO 13 pasHbIX KNaccos.

Onuiuem noLaroByto cxemy NPeAnoXeHHOro anropuTMa, Kotopbii Hasosem OMK_H meTtogom.

Aneopumm OMK_H. Anroputm xapakTepuayeTcs TeM, YTO C TOUKM 3PEHNS BbIYMCIIUTENBHON CTPYKTYpbI, CXEMA
H-meToaa SBNSIeTCA B HEKOTOPOM CMbICTe BCTpoeHHOW B MeTog OMK.

LWar 1. Mpownssoautcs cTangapTHele ans OMK npoueaypbl MHMLManusawum.

LWar 2. MponcxoanT MOCTpPOEHWe MypaBbsMK pelieHnid. [pn 3TOM OHNalHoBOe OOHOBMEHME (hepoMOHa He
NpOM3BOAMTCA.

LWar 3. PewleHuns nepegawtca B H-meToA, rae opMUMpYIOT HayanbHy nonynsuuio. BbiNonHAETCs anroputm
H-meToaa v nonyyeHHble peluerns BosepaLlatotces B OMK.

LLlar 4. MpowussoauTcs oddnainHoBoe 06HOBNEHWE PepoMOoHa 1 JeNCTBNS AeMOHA. [py 3TOM NoKabHbIA MOMCK
B OMK He BkntoyaeTcs.

LWar 5. Mpowussoautcs nposepka ycnosuin octaHosa OMK. B cnyvae vx BbINONMHEHMs BO3BpaLLlaeTcs nyudilee
HaWJeHHOE peLLeHune, nHave COBEPLUAETCS Nepexos Ha Lwar 2.

C TOYKM 3peHmnst CTPYKTYpbl 4aHHOE KOMOMHMPOBAHWE arperupyeT Takue ABe anbTepHaTiebl. C OAHONM CTOPOHDI,
OMK BbICTyNaeT reHepaTtopoM HauanbHbIX NONYNAUMA Ans H-MeToda ¥ UHALManu3upyeT BbINOMHEHWE 3TOr0
MeToAa [0 BbINOMHEHUS YCOBUI OCTaHoBa nocrefHero. C Apyron CTOPOHbI, H-MEeTof BbICTYNaeT B KayecTse
YCNOXHEHHON npoLeaypbl AEMOHa (BMECTO OObIYHO MCMOMb3yeMblX anrOpuTMOB FOKANbHOTO MOWCKa) Ans
YNYYLEHNS pEeLLEeHU, NOCTPOEHHbIX OYepedHbIM MOKONEHWEM MypaBbeB. B 3aBMCMMOCTW OT COOTHOLUEHUS
ycnosuit octaHosa B OMK v H-wmetoge npu peanusaumn OMK_H, oH MoxeT GbiTb Gonee 6nm3ok K ToMy unm
JPYromy UCXOOHOMY MeTOZY.

LlenecoobpasHocTb NpeAnoXeHHOT0 KOMOMHMPOBaHMS MOXHO ODOCHOBaTb Takumu coobpaxeHusmu. Bo-
nepBbix, 06a 6a3oBbIX MeToda NPEACTaBNSOT [Ba MPUHUMMKMANBHO OTMMYHBIX MOAXOAA MCCNEOoBaHNS
NpOCTpaHCTBa peLleHus: knoveBon naeein OMK sBnseTcs MHOrOareHTHbIN NOUCK, @ B OCHOBE H-MeToaa NexuT
“cnonb3oBaHne rnobanbHOro CKaHMPOBAHKS MPOCTPAHCTBA PeLLeHUn. Bo-BTOpbIX, NpeanoxeHHoe 06 beanHeHue
COrnacoBaHo ¢ maeonornen 06oux mMetogos. Mo3TOMy KOMOMHMPOBAHWE 3TUX META3BPUCTUYECKMX KOHLEMLMIA
NOTEHLManNbHO NOBbILLAET BEPOSTHOCTb HAXOXAEHMs Bonee TOUHbIX PeLeHN.

BbluncnuTenbHbIN IKCNepUMEHT

MockonbKy TeopeTuyeckue uccnegoBaHns anroputmoB KO kpaiHe peoko mo3BOnstOT Nonyvatb NpakTUYECKH
NPUMEHUMbIE  Pe3ynbTaTbl, NPUHATO aHanM3WpoBaTb Moka3aTenn 3GGEKTUBHOCTM MNyTEM MPOBELEHMS
BbIYMCIITENBHBIX dKCnepumeHToB. C 3TOM Lienblo 0BbIMHO ucnonbayT "knaccuveckne" mogenu KO — Takue,
Hanpumep, kak 3agava kommusospkepa (3K) [1]. Ana uccnegoeaHust npegnoxeHHOro metoga Obin npoBegeH
BbIYMCIIMTENbHBIA 9KCMEPUMEHT NO PELUEHNO Cepun 3adady KOMMUBOSKEpA, B KOTOPOM OH CpaBHWBarcCs C
anroputMOM H-meToga ¥ OAHUM M3 Haubornee 3(EKTUBHBIX anropuTMOB OMTUMMU3ALMW  MypaBbUHBIMU
KOMOHMAMM peLUeHns 3agaum KoMMuBOskepa — anroputmom MIMAS [11], peannsaums KOTOPOro B3sTa M3
naketa ACOTSP [12]. Ha ocHoBe npenBapuTEnbHOTO aHanmaa Obini BblOpaHbl TakMe 3HAYeHUs NapamMeTpoB

H-metona: m = 50, k = 20, | = 0, TouKka X 1 MOMYMHTEPBAN < x,x/ CPeau BCEX BO3MOXHbIX ONPeAensnnch
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cnyyaiiHbiM 0bpa3oM, OKPECTHOCTb L(y) cocTosna ToNbko U3 Toukn V. B kayecTBe dyHkumm Local_Search B3sTa
peanusauns anroputma 3-opt [1] u3 naketa ACOTSP [12]. B anroputme MMAS KonM4ecTBO MypaBbeB
coctaenano 50, koadhuumeHT ucnapeHus gepomona [10,11] p = 0.5, B nceBLoCny4anHOM MPONOPLMOHATBHOM
npasune Bbibopa [10,11], KOTOpPOE MPUMEHANU MypaBbW NPU MOCTPOEHWW peLleHnit, Oblmu Takue 3HaveHus
napametpoB « =1, B = 2. B ka4yecTBe geAaTencHOCTM aeMoHa B anroputve MIMAS ko BCeM NOCTPOEHHbIM
MypaBbSMM PeLLEHNAM NPUMEHSITICS anropUTM NokanbHoro noucka 3-opt.

B 1abn. 1 npueeaeHsbl pe3ynbtathl 20 BapMaHTOB PELLEHUs 3a[ad, B3ATbIX M3 U3BECTHOW VIHTEpHET-61bnmnoTeku
TSPLIB [13]. 3gecb u1cno B Ha3BaHWM 3agayn 0003HAYaEeT ee Pa3MePHOCTb, f+ — N3BECTHOE 3HAYEHWe LieneBoi
(YHKUMM B TOYKe rnobanbHOro MUHUMYyMa, f — nydilee HaaeHHOe COOTBETCTBYHIOLMM anropuTMOM 3HaYeHue
LleneBon yHKUMK, & — CPeaHsis OTHOCUTENbHAs NorpeluHocTb anroputma (%), tim — OrpaHuYeHue Ha Bpems

paboTbl anroputma, t — cpegHee BpeMs, Ha MPOTSXKEHUW KOTOPOro anroputMOM ObiNO HalgeHO nyudlee
peleHmne Ha [TOBM knacca Pentium-IV 2,66 Ty (cek).

Tabnuua 1 PesynbTatsl pelueHus 3K

tiim, MMAS H OMK _H

oo f 8,% | t, cex f 8,% |t cek F 5,% |t cex
a280 2579 | 2 2579 0,00 | 045 | 2579 | 0,00 | 0,27 | 2579 0,00 | 0,35

pcb442 | 50778 | 20| 50778 | 0,24 | 12,33 | 50778 | 0,19 | 8,00 | 50778 | 0,18 | 9,19
rat783 8806 |40 8806 011 | 27,12 | 8806 | 0,25 | 31,65 | 8806 0,18 | 31,54
d1291 | 50801 | 60| 50828 | 0,19 | 37,09 | 50820 | 0,19 | 35,46 | 50801 0,15 | 33,80

pr2392 | 378032 | 80 | 380001 | 0,87 | 78,74 |380761| 0,93 | 78,98 | 379923 | 0,81 | 62,72

3agava f

Kak cB1oeTenbCTBYIOT pesynbTaTbl BbIYMCIEHWIA, BO BCEX 3adadax, KOTOpble UCMOMb30Ban1Ch B UCCES0BaHNM,
OMK_H nokasan ny4Lume no TOMHOCTW pe3ynbTaThl (MM60 OAMHAKOBbIE, B CIy4ae, Koraa BCE anropuTMbl HaLLmm
ONTUMArnbHOE peLUeHnE), Npu 3TOM BpeMsi paboTbl GbiNO CpaBHUMBbIM UK NyYwnUM. VIMEHHO LOCTWXeHue
noBbILEHNs 3DDEKTUBHOCTU NPEANOKEHHOTO MEeToAa MO CpaBHeHMO C 6a3oBbIMM METodamMu SBRsSeTCcs
BaXHbIM, MOCKOMbKY Lienb paboTbl 1 3akmoyanack B pa3paboTke W MCCNeaoBaHUN NOAXOAA, KOTOPbIA MOXeET
ObITb Mcnonb3oBaH K wwupokomy kpyry 3agad KO. Otmetum, yto paspaboTka adpheKTWBHBLIX anropuTMoB
pewwenuns 3K, BBMAY LUMPOKOTO Kpyra ee MpaKTUYECKNX MPUMEHEHWA U CMOXHOCTM, TaKke SBNSETCS BaXHbIM
HanpaBMneHneM 1CCNeaoBaHMIA.

3akniouyeHue

[MpeanoxeHHbI NOAXOA, KOTOPbI 6a3npyeTcs Ha ABYX NONYNALMOHHBIX METOAAX — ONTUMU3ALIN MypPaBbUHBIMU
KONOHMAMM U  H-mMeTode, Mokasan CBOK  3(PQEKTUBHOCTb MpW  SKCMEPUMEHTaNbHOM  UCCrefoBaHuu.
KombuHMpoBaHWe ctpaTernit noucka, COrfacoBaHHOE CO CTPYKTYpoir 6a30BbIX METOAOB, MO3BOMMMO AOCTUYb
NyYLWKX nokasateneit achheKTMBHOCTI NpW peLLeHnn psiaa u3BecTHbIX 3K.

BaxHoit Lenblo AanbHEerWnX MUCCrnefoBaHuii MOXET CTaTb 3KCMEepPUMEHTaNbHOE CpaBHEHME MPeaSIoKEHHOro
noaxoada ¢ apyrvmun npubnmxkeHHsiMin metogamu KO, a Takke nonyyeHue TeOpeTUYECKMX YCNOBUIA CXOAUMOCTM U
TPYOOEMKOCTU anropuTMOB MeTofda, MpefHasHaYeHHbIX AN pelleHns KOHKPETHbIX krnaccoB 3agay KO.
LlenecoobpasHo Takke uccnenoBaTb BOMPockl  apdekTmBHOM peanmsaumm  anroputmoB OMK_H  Ha
MHOMOMPOLLECCOPHBIX BbIYMCIIUTENBHBIX CUCTEMAX.
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OLEHKA COCTOAHUA PACTUTENBHOCTU N NPOrHO3WPOBAHUE
YPOXANHOCTU O3UMbIX KYNIbTYP YKPAWUHBI MO CNYTHUKOBbLIM JAHHbIM

Hatanbsa Kyccynb, Hukonan Unbuu, Cepren CkakyH, Anna JlaBpeHtok

AHHomauyus: OueHka cocmosHUS pacmumenbHocmu siensiemcs 00Hol u3 3aday, 051t Komopoli Ucnonb308aHuUe
OaHHbIX QUCMaHUUOHHO20 30HOUPOBaHUS 3eMiiu NO38OAEM CYWECMBEHHO CHU3UMb MPYAOeMKOCMb PELIEHUs
U Nony4umb Ka4yeCmeeHHO Hoeble pe3ynbmamsl. PeweHue 8 OanbHelwem Moxem Obimb UCNOb308aHO 0n1s
3aday nPo2HO3UPOBaHUS ypoxaliHOCMU, 803HUKAOWUX NPU SKOHOMUYECKOM niaHupogaHuu. B 0anHou pabome
npednazaromcs MemoObl OUEHKU naowadu O03UuMbIX Kylbmyp U NPO2HO3UPOBaHUS ypoxalHocmu 03umoll
NWEHUUbI C UCNOMb308aHUEM CNYMHUKO8bIX OaHHbIX.

Kntoyesbie cnosa: npoeHo3uposaHue ypoxatiHocmu.

ACM Classification Keywords: J.2 Physical sciences and engineering - Earth and atmospheric sciences, C.5.0
Computer system implementation — General.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBepeHue

3afaum OLEHKN COCTOSHUS PacTUTENBHOCTYM U MPOrHO3MPOBAHUS YPOXKANHOCTY CENMbCKOXO3ANCTBEHHBIX KYNbTYP
COCTaBMSIOT OCHOBY COBPEMEHHbIX MCCREAoBaHWiA B obnactm ToyHoro 3emnegenusi[1] v 3KOHOMUYECKOro
NNaHUPOBaHWS B arpapHOM NPOMbILLNEHHOCTU [2]. Haubonee nepcnekTWBHbIE HanpaBneHUs WCCNEA0BaHMM
CBSA3aHbI C aCCUMUNALMEN AaHHbIX OUCTAHLMOHHOMO 30HAMPOBaHUSA 3eMMnK B CYLLECTBYIOLLME MOAENM Pa3BUTUS
pacTeHW 1 CO3AaHMEM HOBbIX METOAOB Ha MX OCHOBe [3].

lMpuknagHoe 3HayYeHne OLEHKM COCTOSHWS U MPOTHO3WUPOBAHUS YPOXKANHOCTU CEMNbCKOXO3AMCTBEHHBIX KyMbTyp
BbIENEHO B psde MEeXAyHapOAHbIX W HaUMOHamnbHbIX NporpamMm. Tak, OLueHKa COCTOSHUS PacTUTENbHOCTU B
KOHTEKCTE CUCTEM MOAAEPXKKA MPUHATUAS PELIeHWn Ans npobnem yCTONYMBOrO PasBUTUSI U SKOHOMUYECKON
BesonacHocTM onpegdeneHa MpUOPUTETHbIM 3adaHueM MexayHapogHom «cuctembl cuctem» GEOSS [3]. B
pamkax peanusauun Common Agricultural Policy [4] EBponeiickum cotosom nogaepxusaetcs npoekt MARS
(Monitoring Agriculture through Remote Sensing techniques) [5], pe3ynbTaTom KOTOPOro SBNSIETCA NOMyYeHne
NPOrHo3a YPOXaHOCTW OCHOBHBIX CEMbCKOXO3ANCTBEHHBIX KyNbTYp (ANS 3NakoBbIX 3asiBrieHa TOMHOCTb 6onee
1 uyra [6]).

B VYkpauHe cucTemMa MOHUTOpPWHIrA COCTOSIHUSI  CENbCKOXO3SIMCTBEHHbIX KYNMbTYp W MPOrHO3WPOBaHMS
YPOXaHOCTW Ha OCHOBE CMYTHWKOBbIX AaHHbIX pa3pabaTbiBaeTcs B pamkax nporpamMbl «A3pOKOCMUYECKUE U
HaseMHble HabniogeHus B UHTEpecax yCTonumBoro passutus u BesonacHoctu» (GEOUA), cdhopmmupyemon no
PELLEHNO COBMECTHOTO 3acefaHns Mpesnanyma HaumoHanbHom akagemuy Hayk YkpauHol (HAHY) u Konnerum
HauwoHanbHoro kocMuyeckoro arentcTsa YkpanHsl (HKAY) ot 17.01.2007.

B paHHon paboTe npeacTaBneHbl nepeble pesynbTathl paboT No CO3AaHNI0 CUCTEMbI MOHUTOPUHIA COCTOSHNS 1
MPOrHO3MPOBAHNS YPOKAMHOCTM CEMNbCKOXO3AMCTBEHHBIX KyNbTyp nporpammbl GEOUA.

MeTopbl MPOrHo3npoBaHuA ypoxcaﬁuocm M OLIeHKN COCTOAHUA PaCTUTEJNIbHOCTHU

PacTeHus obnagatoT yHWKanbHbIM CMEKTPOM MOFMOLLEHMS, ONPeaensieMbiM HamMIMEM Pa3fMYHbIX MUIMEHTOB,
cofepxaHuem Bofbl U (PU3NYECKON CTPYKTYpON NUCTbEB [7]. CnekTp MeHSeTCs C TeYeHUEM BPEMEHW B
3aBMCMMOCTM OT (pa3bl pasBuTUS, BUOMOTMYECKOro BWAA, COCTOSHUS OKPYXatowei Cpeabl M COCTOSHMSA
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pacTeHus. |_|03TOMy CNEeKTP nornoweHna npuHUMnManbHO MOXET ObiTb MCMOMb30BaH And 3adad OLIEHKKN
COCTOAHNA PaCTUTENTbHOCTN.

Ha ypoBHe pacTuTenbHOro MokpoBa MAEHTU(MKALMS XMMUYECKMX COCTaBMSKOLLMX PaCTEHUIA NpeacTaBnseTcs
CMOXHOM 3ajaveil, Tak Kak OTPaKEHME CWNBHO 3aBWUCUT OT pPa3MepoB, OPWUEHTALMM NUCTbEB, MAOTHOCTY
PaCTUTENbHOCTU U XapaKTePUCTUK Cpedbl, TakuX Kak TN rpyHTa u yron nagens nyven ConHua [7]. Hecmotps
Ha 3TO, HEKOTOpble GMOXMMUYECKME CBOWCTBA PacTEHWt MOTYT ObiTb BOCCTAHOBMEHbI MO CMEKTPY OTPaXeHMs
PaCTUTENbHOrO MOKPOBA. M3BECTHbI YCMELUHblE NPUMEHEHUS CMEKTpa OTPaxeHus Ans MAeHTUdVKauuu Buaa
pacTeHui [8], MOHMTOPUHIA COAEPXaHWs BOObl M XapaKTepucTUK yaobpenuin B nouse [9], 3agay deHonorum
pacTeHuit [10], oueHkM niowaan nucTBeHHoro nokpbiTus (leaf area index, LAI) [11], oueHkun 6romaccni [12].

CyLyecTBytoLme MeTOAbI NPOrHO3MPOBAHUS YPOXKANHOCTU MOXHO PasAenuTb Ha MEeTofbl Ha OCHOBE OLEHKM
busnyecknx HakTopoB OKpYyXKatoLen cpedbl, METOAbI Ha OCHOBE MPSIMbIX OLIEHOK COAepXaHus xnopodunna
MeTOAbl Ha OCHOBE JaHHbIX AUCTAHLMOHHOIO 30HAMPOBaHUS 3eMnu.

Cpeav MeTO[OB Ha OCHOBE OLIGHOK (DM3MYECKMX MapaMeTpoB  OKpyxaiolei cpedbl HauGoree
PacnpOCTPaHEHHbIMI ABNAKTCSA CTATUCTUYECKUE METObI 1 MEXAHWUCTUYECKVE MOLENN POCTa PacTEHMIA.

CraTtuctyeckme MeTofdbl NPOrHO3MPOBAHUA YPOKAMHOCTU Ha OCHOBE OLIEHKW (PU3MYECKUX (PAKTOPOB Cpedbl
MCNONb3Y0T NPEAMNOMNOKEHUE O CYLLECTBOBAHUM MPOCTON 3aBUCUMOCTU MEXIY XapakTepuCTUKaMi OKpyxatoLLen
cpedbl U YpoXamHocTblo. [N BbISIBNIEHUSI TAKOW 3aBMCUMOCTU ObiM MPUMEHEHbI MEeTOdbl JIMHEAHOro W
HEIMHEMHOTO PErpecCUOHHOM0 aHanmaa, HeWpoHHble ceTu [13]; uccnenoBaHbl 3aBUCUMOCTU YPOXAWHOCTW OT
coctaBa nousbl (CEC, pH, cogepxaHue opraHuyeckux BewecTB, ocdopa, KanblUusi, MarHus, Kanus),
XapaKTEPUCTUK MOYBbI (TEKCTYpa, TUM, rMybuHa BEpXHEro cros), METEOPONOMMYECKUX NapaMeTpoB (OCaaKM,
Temnepatypa, ConHeuHas paguauus) [13]. Metogbl AaHHOTO Krnacca pegko MPUMEHUMbl Ha  MpaKTuke
BCneacTeue GOMbLION TPYAOEMKOCTM HEOOXOAMMBIX HA3EMHbIX W3MEPEHWUA W CMOXHOCTM UCCesyeMblX
3aBUCUMOCTEN.

MexaHuCTUYeCKe MOZENW pocTa MCNoNb3ytoTCs ANs UCCNeaoBaHMs npoLecca YCBOEHWE yrnepoaa 1 npupocTa
Buomaccel. Kak npaBuno, MOAENMPYeTcs poCT PacTeHWil Mog BAMSHWEM METEOPOSIOrNYECKMX NapameTpoB,
XapaKTepuCTUK TPyHTa M cOCTaBa BHOCUMbIX YAOOPEHWA; TUMWYHBIMM BXOAHBIMA AaHHBIMM SBMSIOTCA
TeMnepaTypa, KONWYeCTBO OCAfKOB, KOMWYECTBO CONHEYHON paguauuyW; KOMMYecTBO M Twn ygobpeHui,
NMNOTHOCTb HacaxneHui, napameTpbl uppuraumn u obpabotku, TUn, rmybuHa BepXHEro cnos, copepxaque
rymyca B nouse. bomblWWHCTBO MOAENEN NpUMEHUMbI TOMBKO K OQHOMY BuAy pacteHuin, Hanpumep, SOYGRO
ans 6060sbix [14], CERES-Maize [15] ans kykypysbl, CERES-Wheat [16] ansa nwenuysl, WARM ans puca [17].
M3BecTHb! Takke yHuBepcaneHble Mogenu SUCROS (Simple and Universal Crop growth Simulator [18]), STICS
(Simulateur mulTIdiciplinaire pour les Cultures Standard [19]), WOFOST [20]. MpeumyLLecTBa MEXaHUCTUYECKIX
Mogeneit — usnyeckas 060CHOBAHHOCTb U MeHbluMe TpeboBaHust Kk 06beMam KanmbpOBOYHBLIX OaHHBIX MO
CpaBHEHMO CO cTaTucTuyeckumm  mogensamu. Cpeav  HegoCTaTKOB — paccMaTpuBaeMblX  Mogenen —
BbIYMCNUTENbHAS CIIOXHOCTb.

MeTogdbl Ha OCHOBE MPSAMbIX OLEHOK COAepXaHUs XNopodunna OCHOBaHbl Ha HaseMHbIX uamepeHusax SPAD
patymkoB [21]. Bbima obHapyxeHa BbICOKAas CTeMeHb KOPpensauMnm Mexay KOnuyecTBOM Xnopodunna u
YPOXKANHOCTBIO ANS PasnnyHbIX CENbCKOXO3ANCTBEHHBIX KynbTyp. O6NnacTb NpUMEHEHNs METOA0B OrpaHuyeHa B
CBSI3W C He0BX0AMMOCTbH0 BOMBLIOTO KONMYECTBA HA3EMHBIX U3MEPEHNIA.

MeToObl Ha OCHOBE [aHHbIX [OMCTAHLMOHHOTO 30HOMPOBAHMA 3eMNM MOXHO pasfdeNuTb Ha [Ba knacca:
a) MeToAbI, CBSA3LIBAIOWME YPOXKANHOCTb W CNEKTPANLHBIE XapaKTEPUCTUKM C UCTIONb30BAHUEM PETPECCUOHHBIX
MoZenei N BereTauMoHHbIX MHAEKCOB; 6) METOAbI, UCMONb3YIOWME OLEHKN COCTOSIHUS PacTUTENbHOCTY (Takue
kak LAl n 6uomacca) no aaHHbiM [133 ans kanubpoBku MEXaHUCTUYECKUX MOLENEi pocTa.

OpgHuMM 13 NpOCTEMWMX METOAOB SBMSETCS MCMOMb30BaHWe fMHENHOM perpeccu Ans MOLEeNnMpoBaHMs
3aBMCUMOCTU  YPOXXAWHOCTM OT CMeKTpa MOrMOLWEHUS PacTUTENBHOTO MoKpoBsa [22]. TlMkM  nornoweHns
xnopodunna nexat B KpaCHOM M CUHen obnactsx CrnekTpa, MOBEpPXHOCTb NUCTbEB OTpaxaeT B OrmxHeM
WH(hpakpacHOM AuanasoHe; paccMmaTpuBaeMble AaHHble MOrYT ObiTb MCMOMb30BaHbl ANS OLEHKW aKTUBHOCTM
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(DOTOCWHTE3a pAaCTEeHU, W, CrefoBaTeNbHO, YPOXaWHOCTW. HepocTaTok MeToaa CBs3aH € CUMbHOA
3aBUCUMOCTBIO SIPKOCTU B UCCredyeMblX CheKkTparbHbIX Auana3oHax OT napameTpoB Cpedbl, B 4YacCTHOCTW
aTmocdhepbl, yrna nageHus ceeta, Tina noyssbl [7].

[ns npeogoneHns HeOOCTaTKOB MpedblayWero Metoda MpUMEHSTCA MHAeKChl (vegetation indices, VI) —
OTHOLLEHWEe WM PasHOCTb WHTEHCMBHOCTW B ABYX W Gomnee cnekTpanbHbiX Auana3oHax. OdeKTMBHOCTb
METOLOB Ha OCHOBE MHAEKCOB TakKe 3aBUCUT OT COCTOSHUS OKpyxawowen cpedpl. [ns noBbiLeHUs
9(EeKTMBHOCT OLIEHKM COCTOSIHUS  PaCTUTENbHOrO NOKPOBa pa3paboTaHbl MHAEKCHI, YCTOMYMBbIE K
onpegeneHHoOMYy Kraccy MCTOYHMKOB WyMa: perpendicular vegetation index (PVI), soil-adjusted vegetation index
(SAVI), transformed soil-adjusted vegetation index (TSAVI), atmospherically resistant vegetation index
(ARVI) [23]. W3BeCTHbI yeneLwHble NpuMepbl NpuMeHeHus uHaekcos green normalized vegetation index (GNDVI),
green/NIR ratio (SR), photochemical reflectance index (PRI) ans 3agay oueHKM COCTOSIHMS pacTUTENBHOCTY W
NPOTHO3MPOBaHWA  ypOXanHOCTU. [ns MOBbILEHNS TOYHOCTM nporHo3a B pabotax [24,25] npeanoxeHo
1cnonb3oBaTb CyMMapHOE 3HaveHne nHaekcos (paccmatpueanmes NDVI, SR) 3a cesoH.

Hanbornee nepcrnekTMBHBIMM C TOYKM 3pPEHUs afanTMpYeMoCTX SBMSOTCA METOAbl Ha OCHOBE KanmbpoBku
mozeneit pocta no AaHHeiM [A33. Mpouecc uHTerpaumm faHHbix 133 B MexaHUCTUYECKUe MOAENM pocTa COCTOMT
W3 [BYX 3TanoB — OLEHKM NapaMeTpoB pacTuTenbHocTU (kak npasuno, LAI) no gaHHeiM 33 u HacTpoiku
MOZENN Ha OCHOBE MOMyYeHHbIX napameTpoB. Tak, B pabote [26] uHoekc weighted difference vegetation index
(WDVI) npumeHeH ans oueHkn LAl Ha ocHose mogeneit SAIL 1 PROSPECT. MonyyerHbin LAl ucnonb3osaH ans
kannbposku mogenn SUCROS ans nccnegoBaHus YpoxanHOCTW caxapHom cBeknbl. B pabote [27] npuBegeHsbl
pesynbTathl kanubposkn mopgenu SUCROS no pgavHbiM ERS SAR gns nporHosupoBaHus ypoxamHOCTM
CaxapHoW cBeknbl, kaptodens u osumon nwenuusl. Mogens CROPGRO ans cou Gbina agantupoBaHa ¢
ncnonb3osaHnem nugekca NVI B pabote [28]. U3BecTHbl pesynbTtathbl HacTpoiku mogenm CERES-Wheat no
AaHHbIM LAl [29]. B pesynbTate HAacTpOWKKM ANst paCCMOTPEHHBbIX MOLENe owmnbka nporHosa cHuaunacs B 2-3
pasa.

OueHka nnowaan cenbCKoX03aMCTBEHHbIX KyNbTyp

OfHMM M3 OCHOBHbIX MapameTpoB B 3ajadvax SKOHOMWYECKOTO NMNaHWPOBAHUS SBMSIETCA MPOTHO3 Ypoxas,
ONPefensioWMACS  YPOXKANHOCTBIO M MNIOWAAbo MOMei  CenbCKOXO3ANCTBEHHbIX KynbTyp. Heobxoaumbie
CTaTUCTUYECKWE AaHHble O MOLAaamM nonen B page 3a4ay HeLOCTYMHbI — BCIEACTBUE TPYOAOEMKOCTM NOMyYEHNS
WKW HEAOCTaTOYHOM TOYHOCTW CTATUCTUYECKMX WCTOYHMKOB. MeToabl Ha ocHOBe AaHHbIX [33 no3sonstor
NpeoaoneTb HeAOCTaTKN Ha3eMHbIX METOAO0B OLIEHKM NAOLLAAN CeNbCKOXO3ANCTBEHHBIX KyMbTYp.

B maHHon paboTe npegnaraeTcs MeToh OLEHKW MAoLaan 03WUMbIX KymnbTyp Ha Tepputopun YkpauHel. Metog
OCHOBaH Ha aHanuae BpemeHHoro psda uHaekca EVI[30]. B ocHoBy nonoXeHo NpeanofioXeHW O Hamuuuu
[OCTaTOYHOrO KonuyecTBa xnopodunna B 03UMbIX KyrbTypax B Nepuog npekpalleHns pocta (BTopas nonoBuHa
HOS0PA) ANs MaeHTUGMKaLMKM Ha hOHe TpyHTa U Apyrx pacteHuii. Cxema anroputma NoCTPOEHNS KapTbl nonei
03WUMbIX KyNbTyp ANs TEPPUTOPUM YKpauHbl NpuBeaeHa Ha puc. 1.

BbigeneHne nonei nog O3UMOW KyrbTypoi MPOM3BOAMTCS HA OCHOBE MOPOTOBOW (PUALTPALMM MPUYEM
NoOpOroBble 3HaYeHUs MHAMBUOYaNbHbI ANS aAMUHUCTPATUBHBIX eauHUL, YKpauHbl. [JOCTynHble cTaTuCTUYeckue
AaHHble MuHMCTEPCTBA CTATUCTMKW O NIOLIAAAX NOCEBHBIX TEPPUTOPUIA 03uMbIX KynbTyp B 2005-2007 rr. 6binn
CMONb30BaHbI ANst HAXOXKAEHUS MOPOroBbIX 3Ha4YeHNit uHaekca EVI (naHHele Terra/MODIS, npogykt MOD13A2,
BTOpas nornosuHa Aekabps), Takux, YTO Miowagb NOCEBHbIX TeppuTopuit (aaHHble Terra/MODIS, npoaykT
MOD12Q1) co 3HayeHnem uHgekca EVI 6omblwnM noporoBoro 1Mena HauMeHbluee OTKIIOHeHWe OT nrowaau
nog 031MbIMK KynbTypami. B ganbHenLeM Mcnonb3oBaHO CpeaHee Mo rofgam NOporoBOro 3HAYEHNS ANs Kaaom
obnactu. Mpu Hactpomnke no 2005-2006 rr. n Bepudpmkaumm Ha gaHHbix 2007 r. OTKNOHEHWe OT CTaTUCTUYECKUX
AaHHbIX He npe.biwano 9.1 %.

MMonyyeHHas JaHHbIM METOAOM KapTa Monen nog O3vMbIMKU KynbTypamu B AanbHElWweM MCnonb3oBaHa Ans
NPOrHO3MPOBaHKS YpoKaHOCTU. PesynbTathl oueHku ans 2008 r. npuBeaeHbl Ha puc. 2.
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Cratuctnyeckme aaHHble:
WHpeke EVI: A

1 NMoLaamn 03UMbIX KynbTyp
Aekabpb 2005-2007 2005-2007

[ins BCex NeT: Ans Kaxaon
obnactu HaiiTu nopor_EVI,
Tako YTo nnowjaab
NOCEBHbIX TEPPUTOPUN C
EVI > nopor_EVI ==
NMoLaan 03UMbIX KynbTyp
(FockomcTaT)

[@HHbIE O BH! EHHUX
Knaccudukaums A TP
» 2AMUHUCTPATUBHBIX
noBEepXHOCTU
rpaHnuyax

[ns Bcex obnacrent:

cpefiHee 3HavyeHne
nopor_EVI no ronam OueHKa NnoLyaan 03nMbIX
KynbTyp: Ans oénactu
B Aekabpe

EVI > nopor_EVI == none
nop 03UMON KynbTypon

Puc. 1. OueHka nnowaan 03uMbIX KynbTyp

Puc. 2. OueHka TeppuTopuin Nog 03UMbIMK KynibTypamu (YkpauHa, 2008 r.)

MporHo3upoBaHKe ypoXakHOCTM 03MMOIA NILEHNLbI ANA TepPUTOPUM YKPauHbI

[ns NporHo3npoBaHMs ypoXanHOCTH Ha TeKyLieM dTane NpUMEHEH MeTOA Ha OCHOBE BereTauMOHHbIX MHAEKCOB.
lMpenmyLLecTBOM npeanaraemoro MeToga SBISETCS OTHOCUTENBHO HEBOMbLIOe KONMMYECTBO BXOAHbBIX AaHHbIX,
HeborbLUas BbIYMCIIUTENBHASA CRIOKHOCTb U OCTATOYHO BbICOKAst TOYHOCTb. CpeaHee 3HaveHne uHaekca EVI Ha
TEpPPUTOPUM NONen Noa 03uMbIMU KynbTypamu obnactu B 2005-2007 rr. ucnonb3oBaHbl Ans NIMHERHOMO
pEerpeccmMoHHoro aHanusa. Kaptbl nonei nonyyeHbl METOAOM, OMUCaHHbIM B npeablaywem pasgene. Cxema
anropuTMa nporHo3MpOBaHWS YPOXKaMHOCTY O3MMON MLLEHULbI HA TEPPUTOPUM YKpauHbl NpuBeaeHa Ha puc. 3.

WHoexkc EVI npogykta MOD13A2 gocTyneH ¢ 16 AHEBHbIM BPEMEHHbIM paspelleHuem. [ns kaxgoro 16

[HEBHOTO nepuoaa Obina nocTpoeHa 3aBMCUMOCTL YPOXaNHOCTK OT 3HaveHns EVI B 2005-2007 rr. MonyyeHHble
3aBMUCMMOCTY B AanbHeALEeM UCMONb30BaHb! A1 NPOrHO3MpoBaHus ypoxanHoctv B 2008 .
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KapTel nonei nog oaumeiMn

KynbTypamu:
2005-2007 rr.

Wnpeke EVI:

2005-2007 rr.

CraTucTyeckmne faHHble:
YPOXaNHOCTb 03UMON
nwenuysl 2005-2007

[ns Bcex uamepenuin EVI:
NWHeliHas perpeccust
cpepHero 3HaveHus EVI Ha
nonsix obnacty no ronam

CpegHee 3Havenve EVI Ha
NOnsiX MoA 03UMbIMU
KynbTypamu Ha TeppuTopumi
obnactn

MporHo3 ypoxanHocTu no

y

cpen| y 0 EVIn
[fiate namepenusi

Puc. 3. [porHo3upoBaHu1e ypoxxanHOCTM 03UMOM NLLIEHWLb! HA TEPPUTOPUM YKPaUuHbI

Mpu BepudmkaLumm MeToda Ha CTaTUCTUYECKUX AaHHbIX ypoxaiHocTu 2007 r. owmbka nporHo3a COCTaBnsieT
13.4-17.2 %.

[MpOrHO3MpyeMbIE 3HAYEHUS YPOXANHOCTY 03uMoN niueHuubl 2008 r. npueeaeHs! B Tabn. 1.

Tabn. 1. MporHo3 ypoxaiHoCTM 031MON MiweHnLbl B YkpauHe, 2008 .

06nactb YpoxaiHocTb, L/ra
AP Kpbim 221
BuHHMLKas 31.3
BonbiHckas 23.6
[HenponeTpoBckas 27.2
[oHeukas 255
YKutommpckas 24.2
3akapnatckas 29.3
3anopoxckas 275
VBaHo-®paHKkoBCKas 224
Kvesckas 29.7
Kuposorpagckas 32.1
Jlyranckas 19.5
JlbBOBCKas 27.2
Hwkonaesckas 29.1
Opecckas 249
[MonTaBckas 27.6
PoBeHckas 21.7
Cymckas 20.6
TepHononbckas 243
XapbkoBckas 23.5
XepcoHckas 27.2
XMenbHuuKas 18.9
Yepkacckas 324
YepHuBeLkas 27.2
YepHurosckast 231
CpegHsas ypoxanHOCTb 25.7
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PesynbTathbl nporHo3upoBaHus CGMS

Ona  TepputopuM YKpauHbl AOCTYNHbI pe3ynbTaTbl MPOTHO3MPOBaHMS  eBponelickoin cuctemsl CGMS,
nogaepxmeaemoit B pamkax npoekta MARS [5]. MporHo3MpoBaHHOE CpeaHee 3HaYeHNe YPOXKaMHOCTM NLUEHULbI
B 2008 r. ona YkpauHbl cocTaBnset 28 wu/ra. OTKNOHEHME NPEAnoXeHHOro metoga ot nporHosa CGMS
coctaenser 8.3 %.

BbiBoabl

B paboTte npeanoxeHsbl MeTOAbl OLEHKM MOLAAM NONei 03UMbIX KyfbTyp M MPOTHO3MPOBAHMS YPOXaMHOCTM
03MMOW MLLUEHMLbI HA OCHOBE AaHHbIX AUCTaHLMOHHOMO 30HAMpoBaHUs 3emnin. OLeHKa nnowaan nonen o3uMbIx
KynbTyp OCHOBaHa Ha aHanu3e BpeMEHHOro psaga uHgekca EVI B npeanonoxeHun O HanmMumMu JOCTAaTOMHOrO
KONMM4ecTBa Xnopodunna B 03UMbIX KyNbTypax B Nepuof NpekpaLleHns pocta (BTopas NonoBuHa Aekabps) ans
noeHTMduKaLmMm Ha hoHe rpyHTa M gpyrux pacteHwid. Mpu Hactponke no 2005-2006 rr. v Bepudmkaumm Ha
AaHHbIX 2007 1. OTKMOHEHWE OT CTAaTUCTUYECKMX daHHbIX He npesbiwano 9.1 %. [anbHenwee HanpaeneHue
“ccnegoBaHuii CBA3aHbI C aganTauueit MeToaa s BECEHHUX CENbCKOXO3SAMCTBEHHbBIX KyMbTyp.

[ns NporHo3npoBaHWA YpOXalHOCTU cpefHee 3HauyeHue uHaekca EVI Ha Tepputopum noneit nog 03vMbIMu
kynbTypamu obnactu B 2005-2007 rr. MCMonb30BaHbl [N JIMHEMHOTO PErpeccMoHHOr0 aHanmaa. [lpu
BepudMKaLMM MEeToda Ha CTaTUCTUMYECKMX AaHHbIX ypoxaiHocTu 2007 r. owwbka nNporHo3a He MpeBbilaeT
17.2 %. [N noBbIWEHMS TOYHOCTW MPOrHO3a B AanbHEieM NpeanonaraeTcs MCMonb30BaTh MOyYEHHbIE
pesynbTaThl Ans KannbpoBkn mexaHucTudieckon mogenv pocta WOFOST.
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BA30BbIE UHTENNEKTYJIbHbIE KOMMOHETbI
KOPMOPATUBHOW CUCTEMbI YNPABNEHUSI BUSHEC-NPOLIECCAMU

Opun NMoHomapes, TatbaHa bopuceHko, Jlleca MeaBeaesa, Bukrop bopuceHko

AHHOMauyus: e pabome onpedeneHbl NPUHUUNLI NOCMPOEHUS U Memodbl peanu3ayuu OCHOBHbIX
UHMesnekmyarsbHbIX KOMNOHEHM KOopnopamusHoU cucmembi ynpaeneHusi busHec-npouyeccamu (KCY bI). B
kayecmee 6a3080U UHMenIekmyanbHol uHgopmayuoHHoU komnoHeHmbs! KCY BI1 6biio paspabomaHo u
8HEOPEHO  UHMenneKkmyanbHoe  CMPYKMYPHO-UHBAPUAHMHOE  0BbLEKMHO-OPUEHMUpPOB8aHHOE  SI0PO
UHMe2pupogaHHo20 pacnpedeneHHo20 baHka daHHbIX, 00HOU U3 Haubomee 8axHbIX XapakmepucmuKk KOmopo2o
A8ngemcsi e20 yHUuyupogaHHas cmaHOapmu3osaHHas camopacliupseMas cmpykmypa, — no3gonsouias
8K/Mo4Yamb (U3MEHSIMb) MemauHgopMayur 0 HoebIX cywHocmsx (obbekmax npedmemHol obnacmu) u ux
ampubymax 6e3 dobasneHus Hosbix mabnuu, cmonbyos U omHoweHul Mexdy HuMu. Bmopas komnoHeHma
npedcmasnsem coboll UHMenneKkmyanbHylo azeHmHyr MeXHOI02UI0 CUHXPOHU3AUUU (pensukayuu) daHHbIX.

Knroueebie cnoea: uHmennekmyanbHasi KOMNOHeHMa, KopnopamueHasi cucmema ynpaeneHusi 6u3sHec-
npoueccamu,  CMPyKMypPHO-UHBAPUAHMHOE  0ObEKMHO-OPUEHMUPOBaHHOE  UHGhOPMALUOHHOE  SIOPO,
memadaHHble, pennukayus 0aHHbIX, adanmugHas mexHono2us

ACM Classification Keywords: J/1 Administrative data processing

Conference: The paper is selected from International Conference "Intelligent Information and Engineering Systems"
INFOS 2008, Varna, Bulgaria, June-July 2008

BBeaeHue

Paspabotka ¥ BHefpeHWe KOpMoOpaTMBHbIX CUCTEM YynpaBneHns Gu3Hec-npoLeccamm OpPWUEHTUPOBAHO Ha
BbICOKWA YPOBEHb WH(OPMALMOHHON MNOAAEPXKKA MPUHATUA  YNPaBREHYECKUX PELUEHUH, YTO NO3BONSET
obecneynTb BbICOKME YPOBHM YNPaBIsieMOCTH, NPUBLINBHOCTY W, B KOHEYHOM WTOre, KanuTann3aumm KOMnaHuu.
lMepcnekTMBHBIM HanpaBneHeM MOBbILEHUS KayecTBa M 3G(EKTUBHOCTU paboTbl TakMX CUCTEM SBMSETCSH
MCMONb30BAHWUE NPU UX NOCTPOEHUM COBPEMEHHBIX WHTENNEKTYArNbHLIX KOMMOHEHT U TEXHOMOTMIA.

B coctaBe COBpeMEHHbIX KOMMEPUECKUX (MOKYMHBIX) KOPMOPaTUBHBIX CUCTEM ynpaBmneHuns BusHec-npoueccamu
knacca Enterprise Resource Planning (ERP) ntennekTyanbHble TEXHONOMMM BCE eLle HaXOAAT CyLECTBEHHO
OrpaHU4eHHOE NPUMEHEHNE.

|-|03TOMy nceneagosaHna no npo6nemaTMKe co3daHna U BHeApPeHUA UHTENNeKTyanbHbIX KOMMNOHEHT B COCTaBe
prl'IHOMaCLLITa6HbIX Ou3HeC—CMCTEM SBNSIOTCS BECbMA BaXKHbIMM U aKTyanbHbIMU pa6OTaMVI.

1. WHTennekTyanbHoe CTPYKTYPHO-MHBAPUAHTHOE 0O LEKTHO-OPUEHTUPOBAHHOE AP0
MHTErpMPOBaHHOrO pacnpeaeneHHoro 6aHka JaHHbIX

B kauyecTBe 6a30BOI UHTENNEKTYANBHON MHGOPMALIMOHHON KOMNOHEHTLI KOPNOPATUBHOM CUCTEMbI YNPaBIEeHNs
BusHec-npoueccamn Bbino pa3paboTaHO M BHEAPEHO B TOCYAAPCTBEHHOW ra30TPaHCMOPTHOM KOMMaHUK
"YkpTpaHcras" uHmesnnekmyanbHoe CmpyKmypHO-UHBApUaHMHOE 00BEKMHO-0pUeHmMUposaHHoe adpo (M)
WHTErpupoBaHHOro pacnpegenerHoro 6aHka gaHHbix (MPB[). Pabota npoBogunack B 0TpacneBoM WHCTUTYTE
TpaHcrnopTa rasa (r. Xapekos, YkpauHa).

OpgHoit u3 Hambonee BaxHbIX TexHuyeckux xapaktepuctuk WA WPB[, cywecTBEHHO NOBbILIAKOWMX
9 eKTMBHOCTb CONPOBOXAEHMS W Pa3BUTUS CUCTEMbI, SBNSETCS €ro YHUGULUPOBaHHas cmaH0apmu3oeaHHast
camopacwupsiemasi cmpykmypa, KoTopasi MO3BONSieT BKMOYaTb (M3MEHSTb) METanH(OPMaLMo O HOBbIX
CyLWHocTAX (obbektax npeameTHon obnactn) u ux atpubytax 6e3 gobasneHuss HoBbIX Tabnuy, cTonbuoB u
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OTHOLUEHWUA Mexay HUMM. CnoCoBHOCTL K CTPYKTYPHO-MHBApPUAHTHOMY WMH(OPMALMOHHOMY CaMOpacLLUMPEHMIO
SBMSETCA BeCbMa BaXHbIM MHTENNEKTyanbHbIM MEXaHU3MOM, XapakTepHbIM, Hanpumep, AN eCTECTBEHHbIX
Buonoruyeckux cuctem, obnagarolmx SOCTaTONHO Pa3BUTbIM MO3roM. [ins peanu3auun LaHHOW BO3MOXHOCTM
MA WPBL comepxuT B €OMHOM CTPYKTYPUPOBAaHHOM BUAE Kak MeTafaHHble, Tak UM (hakTorpaduyeckyto
WHEOpMaLIO, pasgensemyto HECKONbKUMU pacnpeseneHHbIMU NPUNOXEHNSMA.

ObnacTb MeTafaHHbIX SBNSETCS peanu3aumei opManu3oBaHHOTO NPEeACTaBMEeHUs B PensunMoHHON 6ase
JAHHBIX CTPYKTYPHO-CEMAHTUYECKMX 3HAHWA O MpeaMeTHOM 00nacTn M WHTENNEKTyarbHOW KOPMOopaTWBHOM
cucteme ynpasnenus BusHec-npoueccamu. OCHOBY MeTafaHHbIX COCTABASIOT ONUCAHUE KNaccoB 0BBLEKTOB, WX
TMNOB (KaTeropwit), TMNoBbIX (6a30BbIX) OTHOLIEHWIA MEXAY Knaccamu, PasnnyHbIX Mepapxuin PYHKLMOHANBHO-
CEMaHTUYEeCKOro pynnupoBaHns KnaccoB, OpMUPYeMbIX paspaboTymMkamn K paclUMpsieMblX CUCTEMHBIMU
agMuHucTpatopamn no mepe passutus WMPB[. K MeTagaHHbIM OTHOCUTCA M MeTacucTeMHas cryxebHas
NHOPMALMS O KOHEYHbIX MOMb30BATENAX CUCTEMbI, X NMPUBMMETUSX U MpaBax AOCTyna K AaHHbiM MPB[, a
Takke WHGOpMaUMs O DYHKUMOHANbHbIX NOACMCTEMAX KOPNOPaTUBHOW CUCTEMbl ynpaBneHus BusHec-
npoueccamu, peanuayloLmx WX MpuoxeHusx u paspabotumkax. MeTtapaHHble BHocaTcs B WIPB[ Ha atane
pa3paboTku UK pasBUTAS CUCTEMBI.

dakTorpadyeckme faHHble OMUCHIBAIOT KOHKPETHble CTaTWYeCcKMe UMK OWHAMWUYECKUe CBOWCTBA 3rIEMEHTOB
obbekta aBTOMaTM3aUMM 1MOO SABNSOTCS HOPMATMBHO-CMPABOYHOM WHGoOpMaumen, Heobxoaumon ans
eanHoobpa3Horo NpeacTaBneHns HOPMaTUBHbIX XapakTepucTuk obbekTa. dakTorpaduyeckine AaHHbIE BHOCATCS
B si4po MPB kak Ha aTanax pa3paboTku, BHEAPEHNS, TaK 1 BO BPEMS SKCMTyaTaLum CUCTEMbI.

MMOHSATHS KNaccoB OOBEKTOB M UX CBOMCTB NEXaT B OCHOBE NMPEANaraeMoro Noaxoaa, T.K. Ha UX OCHOBE CTPOUTCS
BCS CuCTEMA 3HaHMM 00 obbekTax aBTOMaTtu3aumn. Knacc oObekta siBNsieTcs 6a30BbIM YHUMLMPOBAHHBIM
UHGhOPMAUUOHHbIM CEMaHMUYecKum WaboHOM, B KOTOPOM MNpeacTaBneH Habop obwux CBOWCTB, a Takke
AaHHble O TUMOBOW BHYTPEHHE CTPYKTYPE KOHKPETHbBIX CYLLHOCTEN (3K3eMnnsipoB, 0OBEKTOB), OTHOCALLMXCS K
AaHHoMy Knaccy. MeTtauHopmauums CTPYKTYPHO-KATEropHOro Tuna, Copepxallasics B knacce, onpegenset
obuye 0coBEHHOCTN NOAMHOXECTBA €r0 9K3EMMISAPOB M MpaBWfia NOCTPOEHUS OTHOLIEHWUA MeXZy HUMK, a
TakxKe CBA3EN MEXAY dK3EMNNSpamMu OAHOMO NGO pasHbIX KNaccos.

[ns kaxaoro knacca onpefeneH pacmpsiemMblit Habop CBOMCTB U, BO3MOXHO, TUNOBbLIX COCTOSHUI 0OBLEKTOB
Knacca, a TaKkKe MHOXECTBO AOMYyCTUMbIX CEMaHTUYECKMX OTHOLUEHWMA OBBEKTOB AAHHOMO Kracca ¢ Apyrumu
obbekTamm.

CBoicTBa KmaccoB no BWUOaM AensTcs Ha HopMmamueHble, cmamuyeckue U OuHamuyeckue. HopmamueHbie
CBOIWCTBA ONPEAEnsTCcs Ang NPOMbILLMEHHbIX U3AEeNUi 1 NPEACTaBNAT COO0M HOMUHANbHBIE XapaKTepPUCTUKM
BCEX 3K3eMnnapoB 0ObEKTOB AAHHOrO TUMa (Mapok). 3Ha4eHMs HOPMATMBHBLIX CBOWCTB Knacca 3afjatoTcs Ans
KaOdOM MapKu MPOMbILUMIEHHOrO U3Lenns, OTHOCALENCS K 39TOMy e knaccy. Cmamudeckue CBOMCTBA
NPEeACTaBNAT HEM3MEHSIEMble BO BPEMEHM MMM PEAKO M3MEHSIEMble XapakTepuCTUKM 3k3emnnspa obbekTa,
Takue, HanpuMep, Kak KNOMETp pacronioXeHus kpaHa Ha TpybonpoBoae. 3HaYeHUs CTaTUYecKux CBOMCTB
3afjalTca Ang Kaxgoro ak3emnnspa obbekta oTAenbHo. [JuHamuyeckue CBOWCTBA OTPaXalT PeXUMHbIe
XapaKTEPUCTUKN 3k3eMnnsipa 0ObekTa, W3MEHSIIOWMECS BO BPEMEHW (Hanpumep, BbIXOQHOW TOK KaTOQHOM
YCTaHOBKM). 3HaYeHUst AMHAMWYECKIX CBOWMCTB 3aAaloTCs ANs KaX[oro ak3emnnspa obbekta u UMEKT CBSA3b C
ONMCaHMEM ero COCTOSHUS, B pe3ynbTaTe nepexoaa 0bbekTa B KOTOPOE OHM Obinu 3aperncTpupoBaHbl. Kaxaoe
COCTOSIHWE XapaKTepuayeTcs MHhopMaLmet 0 fate U BpEMEHN nepexoaa obbekTa B 3T0 COCTOSIHUE U Bbixofa 13
Hero. CoctosHns 06bekToB MOryT 6biTb 06beANHEHbI NPUYNHHO-CIIEACTBEHHBIMIA CBSA3SIMU M CTPYNNUPOBaHbI
A1 OTPaXeHWs LeTanuaauumn CroXHbIX cocTosHMNA. OHOM 13 BaXHEWLLMX XapakTepUCTHK CBOWCTBA SIBMSETCS
TUN AaHHbIX, KOTOPbIA OnpedenseTca B yHU(UUMPOBAHHOM YHMBEPCANbHOM ¢hopmaTe, He MpUBS3aHHOM K
ocobeHHocTaM koHkpeTHoit CYB[.

Cpeoy KnaccoB BbIAENEHO HECKOMbKO CEMaHTUYECKUX KaTeropun (MOHATUS, TexHomornyeckne O6BLeKTb,

OpraHu3aLyoHHbIe 00beKTbl U Ap.). Kateropus (Tvn), K KOTOPOMY NPUHAANEXNT Knacc, onpeaenseT 4onycTuMoe
NOAMHOXeCTBO BUAOB CBOWCTB, KOTOPLIMI OH MOXET XapakTepu3oBaThbCs.
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Pa3pabotunk MOXET B BUAe AepeBa OnpedennTb Nepapxnieckoe rpynnupoBaHue KnaccoB 0OBLEKTOB, KOTOpbIE
OyayT MCnonb3oBaHbl B €ro MpUNOXEHUsX, M0 KakoMy-nubo npusHaky (Hanpumep, YHKLUMOHANBHOMY).
BepwuHbl gepeBa npeacTaBnstoT cobOi CEMaHTUYECKMe Tpynnbl KMaccoB U KnacChl OOBLEKTOB (KOHEYHblE
BEPLUMHbI), @ BETBM - OTHOLIEHMS BiAa "Tun - noaTun”. KOpPHEBOW BEpLUMHE TaKOro AepeBa MpuCBaKBaeTCs
HaNMEeHOBaHWeE BCEN MEPaPXMYECKON CEMaHTUYECKOM rpynnbl. epapxmyeckoe CeMaHTUYeCKoe AEePEBO KNaccos
B MHTENNeKTyanbHON KOpnopaTUBHOWM CUCTEME ynpaBmneHns GusHec-npoLieccaMmn UCMonb3yeTcs, Hanpumep, Ans
YNPOLLEHMS 3a4aHNs! CNOXHBIX COCTaBHbIX YCMOBUA (hMbTpaLW UM OpraHn3aLmi CRIOXHOMO KOHLENTYarbHOMo
noucka UHopmaLuu.

Kpome Toro, Ans Knaccos AonyCTUMbI OMHoWweHus HacrnedogaHus (Ans 06bEKTOB B AaHHOW peanu3auui OHN He
npeaycMoTpeHbl). OTHOLLEHME HAacNea0BaHUs YCTaHABNMBAETCSA B TOM CMyyae, ecnii BO3HWKaeT HE0OX0AMMOCTb
Y)Ke CYLIECTBYIOWMA Knacc pasaenutb Ha aBa wnn 6onee KnaccoB B CBA3M MOSIBNIEHMEM HOBbIX CBOWCTB,
KOTOpbIE MPUCYLLM TOMbKO HEKOTOPOMY NOAMHOXECTBY OOBLEKTOB [daHHOro knacca. B atom cnyyae yxe
CYLLECTBYHLLMI KNacc (poanTenbCKuin) aBTOMATUYECKN CTAHOBUTCS abCTPAKTHBIM C COXPAHEHWEM Y HEro OBLLMX
Ans Bcex 06BbEKTOB CBOWCTB, @ HOBbIMM CBOVICTBAMM, MPUCYLLMMI TOMBKO YacT 06BEKTOB Knacca, Hagensercs
HOBbII HACNeAoBaHHbIN NOAKNACC.

2. MHTeﬂﬂeKTyaﬂbHaﬂ afdanTuBHasa TeXHONOrMA CUHXPOHU3aLUUN AaHHbIX

Bce wn3BecTHble cnocobbl M CUCTEMbI CUHXPOHM3ALMK (pennnkaumu) AaHHbIX MeXy pacnpefeneHHbIMU
cepBepamu 6a3 [aHHbIX, BCTPOEHHblE B COBPEMEHHbIE NpoMbilneHHble CYB[, UMeKT psa CyLECTBEHHbIX
HE[OCTaTKOB, OCHOBHBIMM CPEay KOTOPbIX BNATCS CreayHoLLMe:

e HeynobHas, CnoxHasi, Hernbkasi HaCTPOIika MexaH3MOB pacrpefeneHHON PENnnUKaLM AaHHbIX;

® HEeHagexHad pa60Ta BCTPOEHHbIX CUCTEM peENIKaLnK npu Haln4um CErMeHToB KOpI'IOpaTVIBHOVI CeTn c
HEBbLICOKOM I'IpOI'IyCKHOIZ CMocobHOCTLH (B ra30TpchnopTH0171 CucTtemMe — 310 yaaneHHble MYHKTbI c6opa
AaHHbIX C YCTpOﬁCTB NMHENHON TENeMeXaHMKM, radopacnpeaenurenbHble CTaHLun n T.I'I.);

o HeabpekTMBHas paboTa  BCTPOEHHbIX  MEXaHW3MOB  pennukauuum €O CIIOKHbIMW,  MMBKUMK
pacnpefeneHHbiMM 6a3aMu gaHHbIX, UMEIOLWMMI B COCTaBE Pa3BUTLIE KOHLENTYyanbHO-CEMaHTUYECKue
meTafaHHble (K HuM u oTHocutes VA MPBA. [BopuceHko, 2004]).

B uensx npeogoneHns BblleykasaHHbIX HEeJOCTaTKoB B OTPAcneBOM WHCTUTYTE TpaHcnopTa rasa 6bbina
pa3pabotaHa, anpobupoBaHa W BHeOpeHa WHTENneKkTyarnbHas TEXHOMOrMs pennukauun (CUHXPOHWU3aLmK)
AanHbIX (UTPL).

PaspaboTaHHas TexXHOMorMs WMeeT afanTWBHbIA Xapaktep M 0asupyeTcs Ha MpoLeaypHOM METOAe
NpeacTaBneHns 3HaHUil, HeOBXOAMMBIX NS OpraHM3aLM 3GheKTUBHOTO, HAAEXHOrO U Ka4eCTBEHHOrO o6MeHa
AaHHBIMK MEXy YAaneHHO pacronoXeHHbIMU MHOPMaLMOHHBIMM cepBepHbIMM Yanamu UPB[.

Mpennaraemas TexHonorust 6a3npyeTcs Ha CreayHoLLMX OCHOBHBIX MPUHLMMAX peanvaaumm:

e M3MEHEHUs AaHHbIX JOMKHbI PacnpOCTPaHATLCS MO APEBOBWUAHONM CTPYKTYpe CHavana Ha MoAYNHEHHbIe
MH(OPMALMOHHbIE Y3nbl (CEpBEPEI), a MOTOM Ha BbilecToswmA y3en. MHdopmaums 060 Bcex yanax
VPBL 1 0 nogKmnioyYeHun nx apyr K Apyry, AOMMKHa XpaHUTbCs B cneuuantHon Tabnuue siapa MPBL Ha
KaXaoM Y3ne;

e 13MeHeHus pAaHHbiX WPB[, BbiNOMHEHHble Ha KOHKPETHOM Y3ne [OMKHbI HakannuBaTbCs B
NpoMexyTouHoM Bychepe oGMeHa (Mpu NOMOLLM TPUITEPOB PEMUCTPALMM), NOCNE Yero nepeaaBaTbecs Ha
ApYriie Y3nbl, NOAKIOYEHHbIE K AaHHOMY CEpBepY;

o POMEXYTOK BPEMEHU, 3@ KOTOPLIA BbIMOMHSETCA MOMbITKA Nepefaqn U3MEHEHUA Ha CMEXHbIA cepBep,
AOMKeH 3agaBatbcs agMmuHuctpatopom WPBL B HacTpoeyHon MHopmauuun. Mpu aTomM ang Kaxamoro
CMEXKHOr0 cepBepa 3TOT MPOMEXKYTOK MOXeET ObITb 3aaH OTAENBHO;

e [Ipyn 3anncu U3MEHEHUI TeKyliero cepsepa B 6yd)ep obmeHa Heobxoaumo mnomevatb [aHHble,
OTHOCALWMeCa K OAHOMY HenpepbIBHOMY NOrM4ecKomy 6J'IOKy I/IHCbOpMaLl'VIVI MapkepamMmu Havana v KoHLa,
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e riocre TOro, kak M3MEHeHNs Tekylero cepepa OyayT nepefaHbl Ha BCE CMEXHbIE CEpBEpbI, AaHHbIE 13
Oychepa obMeHa [OMKHbI ObiTb yaaneHsl U COXpaHeHbl B apxuBe. Bpems xpaHeHWs JaHHbIX B apxuBe
[I0MKHO 3a/1aBaTbCs aAanTUBHbIMM NapaMeTPaMn HaCTPOVKK;

e rnepefaya AaHHbIX Ha YyAaneHHbI cepBep [OMKHA MPOM3BOAWTLCA Takke B NMPOMEXYTOYHbIN Oydep
obmeHa. Kaxgas yoayHo nepefaHHas cTpoka Oydepa obmeHa [ormkHa MOATBEPXOATbCA onepauuen
commit;

e [aHHble Oycepa, nepeaaHHble C APYriX CEPBEPOB, MOTYT ObiTb Pa3BEPHYTHI TOMBKO B TOM Crly4ae, ecnm
ObIK BbISIBNIEHBI HEMPEPbIBHBIE NOrMyeckue Brioku (HalkaeHsl Mapkepbl HavYana u kKoHua GriokoB);

e [0/KeH ObiTb peann3oBaH KOHTPONMb PaboThl CUCTEMbI CMHXPOHM3ALWM AaHHLIX MyTEM BBEAEHWS
00paTHO CEMaHTUKO-COOBITUIAHOI CBSA3M MO BbIOPAHHOMY KaHany (y4aneHHbIA PeXum KOHTpons).

e [fomkHa OblTb peanu3oBaHa BO3MOXHOCTb YAAneHHOro ynpaBrneHns MpoLEeccoM pennukauum no
BbIBpaHHOMY KaHany (y4aneHHbI KOMaHAHbIN PEXM);

e [0OMKHA CyLLeCTBOBAaTb BO3MOXHOCTb CEMaHTW4YecKo MOMETKW 6noka u3MeHeHnin Kak TpebytoLlero
NOATBEPXAEHUS NPW YCMELLHOW Nepeaaye C ykasaHWeM NoYTOBOro ALMKA, HA KOTOPbIA MOTOM AOMKHbI
MPUATU NUCbMA-NOATBEPXKAEHNS CO BCEX CepBepoB. [luCbMa [OMMKEH BbIChINATb MOYTOBbIA POBOT
yAaneHHoro ynpasnexus cepsepamu MPB[.

e [O/TKHA CyLlecTBOBaTb MMbkas cucTema pasrpaHnyeHust NpaB Nonb30BaTesNei Ha BHECEHWE N3MEHEHWI B
pasnuuHble obbektol WPB[; Kaxabih nomb3oBaTenb [OMKEH WMeTb MNpaBa M3MEHATb  CBOE
NOAMHOXECTBO JaHHbIX, ONPEAENEHHOE CUCTEMHBIM MHTErPATOPOM MK pa3paboTUMKOM;

e MpaBa Ha M3MeHeHue, AobaBneHne 1 yaaneHne JaHHbIX JOMKHbI ObiTb [BYX BWAOB - NpaBa C MOSHOA
OTBETCTBEHHOCTbKO 11 MpaBa C OrpaHMYEHHOI OTBETCTBEHHOCTLIO. [MpaBa C NOMHOI OTBETCTBEHHOCTBIO
MpucBaNBalTCA NOMb3oBaTENsM Ha Hemepecekatolmecs MOAMHOXECTBa [AaHHbIX (MHTENNeKTyanbHas
npouedypa pasgayn npaB  [OMKHA 9TO  CTPOTO  KOHTPONMPOBaTh). [lpaBa C  OrpaHUYeHHO
OTBETCTBEHHOCTbH MOTYT ObITh AaHbI HA NEPECEKaOLLMECS NOAMHOXECTBA AaHHbIX;

e [omkHa ObiTb 0BecneyeHa BO3MOXHOCTb 3anpeTa pennmkaumm gaHHbIX 06 06bekTax 3agaHHbIX Kaccos;

e [JO/KHa CyL|eCTBOBaTb MHTENNEKTyanbHas npoLeaypa nepeaayn 3MeHeHuin cTpykTypbl o6bekToB PB[
TONbKO 3a[JaHHOTO TUNa B pamkax 06LLUMX NOTOKOB [aHHbIX.

I'Ipennaraemaﬂ WHTENNEeKTyanbHaa agantuBHad CMCTEMaA CUHXPOHN3ALUN OaHHbIX peani3yeT YeTblpe OCHOBHbIX
pexnma (byHKLI,VIOHI/IpOBaHVIFlZ

— asmomamuyecKull wWupoKogewamenbHbIli pexuM (M3MeHeHust 3aTparnBaloT Bce cepeepa WPBL wu
nepesatoTcs OT cepBepa K cepeepy B pearibHOM MacluTabe BpeMeHW aBTOMaTUYECKN);

— aBMmoMamuyecKuli Pexum ¢ a0pecHbIMU MemKkamu (M3MEHEHNS MULLYTCS B UCTOPUIO U3MEHEHWUN C yKasaHWeM
afpecoB CEPBEPOB, Ha KOTOPLIX OHU AOMKHbI ObITb Pa3BEPHYTHI);

— npUHydumeanb/U LUUpOKOSGLL{ameﬂbeIIj pexum (VI3MeHeHI/IF| nepenarTca BCEM CepBEPaAM aBTOMaTU4ECKN,
HO AaHHblE€ pa3BopavnBatoTCA No KoMmaHae MHTeraTOpa);

— NPUHyOUMEsbHbIU PEXUM ¢ adpecHbIMU MemKkamu (V3MEHEHWUS Pa3BOPAYMBAIOTCA MO KOMaHAEe MHTerpaTopa
Ha 3afaHHbIX cepaepax).

OcCHOBHbIE  MHTENMNEKTYamnbHble MPOrpaMMHble  CPEACTBA MOLAEPXKM CUHXpOHM3aumM fgaHHbix  VPB[
peanu3oBaHbl B BWAE HacTpauBaemoro napameTpu3oBaHHOTO nakeTa xpaHumbix npouedyp CYB[ Oracle u
yaaneHHon cnyxBbl (MHTennekTyanbHoro areHta) obenyxwvsanua ysnos VIPB[. WHTennekTyamnbHbI areHT
peanu3yeT BCE OMNUCaHHble BbIWE aNrOPUTMbl CUHXPOHM3AUMM [aHHbIX, a TaKkke BbINOMHAET psf
LONOMHUTENBHBIX CUCTEMHbIX (PYHKLMA, TPebyIoWmMX Nepruoanyeckoro Bbi3oBa U CaMOBOCCTaHOBIEHUS MoCHe
cboeB Npu BO3HWKHOBEHWM HELTATHbIX CUTyaLWi, Takux Kak: nepesarpyska cepsepa, cOoi nutaHus, obpbiB
KaHana nepefaun AaHHbIX, KpUTUYECKas nepesarpyska pecypcoB CepBepa, BpeMeHHas HexsaTka onepaTuBHOM
namMaTu u T.n..
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B kauectBe gononHuTensHoro Mogyns Geina paspaboTtaHa cnyxebHas nporpamma, KoTopas npefHasHaveHa
ANS yAaneHHoro BbinonHeHns SQL-3anpocoB k MHGOPMALMOHHBIM CEPBEPHBIM Y3fiaM, a Takke Ans nonyyeHns
W NPOCMOTpa Pe3yNnbTaToB UX BbINOSIHEHUS B aCUHXPOHHOM pexuMe. OHa MoxeT ObiTb Takke WCMonb3oBaHa
ANS yAaneHHoro 06HOBNEHUS M NePEKOMNMAALMN XPaHUMbIX NPOLeayp, TPUITEPOB, NAKETOB 1 Apyrux 06bEKTOB
ORACLE opHOBpeMeHHO Ha Heckonbkux Yy3nax. Kpome Toro, Obin paspabotaH web-6as3upoBaHHbIi
nporpamMMHbIA MOAyNb Ans agMmuHucTpatopa y3nos WPB[, KOTOpbli  BbIMOMHAET Cheaylwme OCHOBHbIE
YHKLMM:
e oTOOpaxeHne B ygobHOM Ans NONb3oBaTeNs BUAE 3HAYEHWNA KOHTPONMPYEMbIX MapaMeTpoB Ha OCHOBE
WHhopMaLMK NOCNEAHEro onpoca;
e CUrHanM3auuMs O HamWuMM aBapWWHbIX 3HAYEHWA MapaMeTpoB NPW MOMOLWM LBETOBOTO BblAENEHNS
COOTBETCTBYHOLLErO aBapUMHOIO y3na 1 napameTpa;
e M3MEHeHMe 3HaveHuin ynpasnstoLlero Habopa napamMeTpoB M OTCbINKY cooTBeTCTBYHOWEro SQL-3anpoca;
e oTobpaxeHue cTaTyca napameTpa (daTa nocrnegHero onpoca, Hanuume 1 xapakTep owmnbku onpoca);
e no6aBreHne HOBbIX KOHTPOMMPYEMbIX 1 YNPaBASIOLLMX NapaMeTPOB.

BbiBOAbI

B pabote Obino NpeacTaBeHo OMMCaHWe ABYX COBPEMEHHBIX MHTENNEKTYaNbHbIX TEXHOMOMA, UCNONb3yeMbIX
ANs NOCTPOEHNs1 6a30BbIX MHAOPMALMOHHO-NPOLEAYPHBIX KOMMOHEHT KOPNOPaTUBHOA CUCTEMbI YMpaBneHus
BuaHec-npoLeccamu.

OnbiT pa3paboTkn ¥ BHEOPEHWS PACCMOTPEHHBIX WHTENNEKTYamnbHbIX TEXHONOMN MOKa3biBAET, YTO AaHHOE
HanpaBfieHne pPa3BUTUS COBPEMEHHBLIX CUCTEM YMpaBfieHus  BGU3HEec-Npoueccamn SBRSETCA aKTyanbHbIM,
npakTuyeckn LenecoobpasHbiM M BeCbMa MEPCMEKTMBHBIM NMOAXO4OM K pelleHnto 6onee oblien npobnembl
CYLLECTBEHHOrO MOBbILIEHNS1 YPOBHS KanuTanuaauuu, 3EEKTUBHOCTM W PEHTabEeNbHOCTU COBPEMEHHBIX
KpynHOMacLUTabHbIX NPOMbILLNEHHbIX NPEANPUATUN.
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BO3MOXHbIE CLUEHAPUM PA3BUTUSA BUNMHIBUCTUYECKOW CPE[bI

WpuHa MNopuubina, Anekcanap nyweHko

AHHOmauusi: Paccvampueaomcsl S13bIKosble NpPobremMbl, KOMopble Mo2ym 603HUKHYMb 8 08YS3bINHOM
obwecmse. [locmpoeHa ueposasi Modenb, 8 KOmMOpPOU Ha OCHOBaHUU pagHosecusi Hawa onpedenstomes
YCI108US COXPaHEHUsI cMabunbHOCMU Si3bIKOBbIX 2pynn.

Knioyeeble cnoea: hyHKUUS nonesHocmu, meopusi uep, pasHosecue Hawa, KymbmypHasi UOeHMUYHOCMb.

ACM Classification Keywords: . Computing Methodologies — 1.6. Simulation and modeling (G.3) — 1.6.8 Types
of Simulation — Gaming.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBeaeHue

Niogyn, B OCHOBHOM, COOBLLAKT O CBOEI COLMAnbHON MAEHTUYHOCTW NOCPEACTBOM WCMONb30BAHUS HEKOTOPbIX
0o6LLMX AN1S TpyNbl CUMBOMOB UMK MapKepoB. [ns MHOTUX 3THUYECKMX Tpynn B KAYecTBe Haubomnee 3HaYuMoro
CMMBOMa KOMMEKTMBHOMO UNEHCTBA BbICTyNaeT si3blk. M03TOMy He CnyyailHo 3THU4Yeckue coobLiecTBa Bcerga B
nepByto ovepeab 03abo4eHbl COXPaHEHNEM POAHOTO s3blka, MONHOLEHHbIM 0BYYEHMEM S3bIKy NOAPACTAIOLLETO
MOKONIEHWS, €ro AarnbHENLLM PasBUTHEM.

Ecnu BepHyTbCsi K BOMPOCY fi3blka, TO HEOOXOAUMO OTMETUTb [BYXCTOPOHHIO CBSI3b MEXZY S3bIKOM W
WAEHTU(MKALMEN — C OIHOM CTOPOHbI, UCMONb30BaHWe A3blka Kak KynbTYpHOrO CUMBONA W Mapkepa sSIBNsieTcs
CrieacTBMeEM WAEHTUGMKALMM, C APYrO CTOPOHbI, CYLLECTBOBaHWE A3blka SIBNSIETCS HEOOXOAMMbIM YCrIOBMEM
camouaeHTUdMKaLMM 1 camokaTeropusaLm.

Mpobrnema 3bIKOB MEHbLUMHCTB MOSIBANACh B OOLLUEEBPONENCKO NONMUTUKE TOMbKO ABa AECATKA NeT TOMy
Hasad. [lo TOro BpemeHU roBOpUrIM W Jymanu He O npobreme sI3bIKOB, @ MCKMKOUMTENbHO O npobnemax
HaLMOHaMbHBIX MEHBLUMHCTB, TO €CTb rpynn Ntogei.

Bonblwoi umnynsc Obll JaH KenbTCKOA3bIYHBIMM pervoHamn. MOXHO ckasaTb, 4YTO 3TO OblnM nepsble
MEPONPUATUS, KacaloLMecs He HaLMOHamNbHbIX MEHBLUMHCTB B TOM 3HAYEHMM CroBa, KOTOPOE ynoTpebnsanock 4o
CUX MOP, @ UCXOAMAM U3 TaKOro pasMblLfIeHns "Y4TO NpoMCxoauT C HalmMm s3bIkoM? HecMoTpst Ha To, 4To
CYLLECTBYET He3aBMCUMOE WPMaHACKOe rocydapcTBO, MPMaHACKMIA S3blk ObIcTpo ymupaet!". lMoxoxee Havano
npoucxoauTb B Yannce. B 4acTHOCTWM, MMeHHO noaTomy EBponeickoe Blopo mManoucnonb3yeMblX $3bIKOB
(EBLUL - European Bureau for Lesser-Used Languages) Obino co3gaHo no uHUUmuaTvBe vpraHaues.

Coset EBponbl Hayan gebatnposatb BONPOC O KAaKOM-BO NpaBOBOM [OKYMEHTE, KOTOPbIN Bbl Kacancs S3bIKOB.
CHavanma nosiBnsnMcb pasnuuHble MPOEKThl Tak HasbiBaeMon EBponenckoi XapTum S13bIKOB HaLMOHAMbHbIX
MEHbLUWMHCTB W PErvoHOB, a BrocneacTev Bbin pa3paboTaH AOKYMEHT C TakMM Ha3BaHUEM.

XapTtus 6bina nogrotosneHa B Havane 90-bIX ro4oB, HO CMOrMa BCTYNWUTL B CUMY TOMbKO Mocre paTudukaLmi
nepBbIMM NATbIO rocyaapcTamu. [locre aToro oHa Morna ObiTb MPeacTaBneHo K Moanucu ApYrum
rocyfapcTeam.

WHTepnpeTaumen s3sikoBon nonutik CoeeTta EBponbl siBnsieTca EBponenckas XxapTus s3bIKOB HaLMOHAMbHbIX
MEHbLUMHCTB W pernoHoB [XapTus, 1992]. B npeambyne Xaptuu ykasaHo, Uto si3bikoBoe GoratctBo EBponbl
SBMSETCS LIEHHOCTBLIO BCErO KOHTUHEHTA. B CBOK ouepefb, Kaxaoe rocyaapcTso, NoAnuckIBast U patuduumpys
XapTuio, cornatlaetcs ¢ Tem, YTo s3bIkoBOE BOraTCTBO CTPaHbI ABNSIETCS €ro HaLMOHANbHbIM A0CTOSIHUEM.
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Y rocyaapctea HeT WaHcoB BOWTM B EC, ecnn OHO He rapMOHW3MPYeT CBOK MPaBOBY CUCTEMY 3alLuTbI
HaLMOHAmbHbIX MEHBLUMHCTB (MyTeM, Hanpumep, NPUHSTUS PaMOYHOI KOHBEHLMM O 3alUMTe HaLMOHAMbHBIX
MEHbLUWNHCTB) UMK, €CIIM He NPeANPUMET Lark, HanpaeneHHble Ha paTuduKaLmio XapTuu.

Bce OoCTIXEHNS NOCNeaHX NET, KacatoLMecst No3nLUM 3TUX A3bIKOB, CBA3aHbI C MOBbILIEHUEM HaLMOHAMBHOTO
Cco3HaHus. Hanbonee ycnewuHo 3To BbIrnsauT B Yannce. B pesynbtate nonyyeHus aBTOHOMMM, YINMCKUA S3bIK
CcTan BTOpbIM $3bIKOM [EMONpon3BOACTBA. B TOT Xe camblit nepuog npousoLlna AemokpaTusaums Vicnanum,
KoTopasi NMPOBera s3bIKOBYI0 PerMoHan13aLUmio. B JaHHbI MOMEHT Mbl UMEEM [EN0 He TONbKO C MpK3HAHHBIMM
HaLMOHamNbHO-S13bIKOBbIMI co0BLiecTBaMM - Backamu, kaTanoHuamu, ranuiLamm, KOTopble UMEIOT KymbTypHY,
A3bIKOBYI0, SKOHOMUYECKYHO 1 Jaxe NOMUTUYECKYI0 aBTOHOMMIO.

B ctpaHax EC B OCHOBHOM OfMH rOCYOapCTBEHHBIN A3bIK, 3a MCKMoueHneM PuHnaHouu. Tam rosopse Ha
LUBEACKOM $I3bIKE MOMb3YITCH CTATYCOM OPULMANBHOTO H3blka, U3 YEro BbITEKAOT U BO3MOXHOCTU MOnyyaTb
BbiCcLUee 0Bpa3oBaHMe Ha POAHOM SA3bIKeE.

CpaBHuMBas CTpaHbl, npeanaraiolme obyyeHne, kak Ha oduLManNbHOM, Tak M Ha si3blkax MEHbLUNHCTB, Hafo
chenatb BblBOA, YTO CyLeECTBYIOT BecbMa Oonbluve Bapuauuu Mo npeanaraeMoMy YMCHy YacoB SI3bIKOB
06Y4eHIs 1 UX B1LA HA KaXIOM SI3bIKe.

Bhiclee 06pa3oBaHme Ha A3blkax MeHbLIMHCTB cTpaHbl EC He npeanaratoT. McknioueHreM SBNSIOTCS TOMbKO Te
BY3bl, B KOTOPbIX MPenoaaeTcs si3blk ONpeaeneHHoro MeHbLMHCTBA, YToObl 0GecneunTb GyayLimux neaaroro u
MepeBOAYMKOB, BNIAAEIOLLMX S3bIKOM MEHBLUMHCTBA.

B uenom cutyauus B 6Gonblien YacTM rocyaapctB, PacCMOTPeHHbIX B Tabnuue, BecbMa noxoxa. OHu
npeanaraioT AeTSM MEHbLUMHCTB BO3MOXHOCTM 06pa3oBaHnNs Ha POAHOM S3bIKE, OAHAKO C pasnMyatoLLMMIUCs
BO3MOXHOCTSIMM Bbl6Opa, KOTOpble, B CBOKW O4Yepedb, OMPedensioTcs 3akoHamW Kaxaoro rocygapcrBa B
3aBMCMMOCTY OT 0COBbIX YCNOBUIA KXKOOM CTPaHbI.

I'Ipe,anCmeM Ans noCTpoeHua Moaenu

[laHHas cTaTbs MpogoMmKaeT paccMaTpuBaTh S3blkOBble Npobnembl, 3aTpoHyThble B [[opuubiHa, 2006, 2007].
KopoTko HanoMHUM ee OCHOBHbIE MOMOXeHMs. PaccmoTpuM 06LLECTBO, pasroBapuBalollee Ha ABYX A3blkax
{a, b}. [Ins NpocTOTbI NPEANONOXNUM, YTO CEMbW COCTOAT U3 OQHOIO POAUTENS M 0GHOO pebeHka.

PoauTenbsckasi (yHKUWS NONE3HOCTU BKIoYaeT 3aTpaThl Ha 0Bpa3oBaHue pebeHka. PoauTenb cyntaeT CBOUM
[onroM nepefatb pebeHKy CBOK STHUYECKYI (UMW KyNMbTYPHYK) MAEHTUYHOCTb. KynbTypHas MOEHTUYHOCTb
0QHO3HAYHO CBSI3aHA CO 3HaHWEM OfHOTO M3 ABYX A3bIKOB. $13blkoBasi (hyHKUMS NONE3HOCTM (V) - OaMHaKoBa
Ans poautens 1 Ans pebeHka. Hanuume A3bIKOBbIX HABLIKOB MPeLCTaBNeHo GyneBoit nepemMeHHol s, KoTopas
MoKa3bIBaET YPOBEHb BrlafeHNe A3blIkoM. OYHKUMS coLmann3aums nu yHKUMS U3yyeHnst sidbika S 3aBUCUT OT
3HaHWs poauTeneM  si3blka, BEKTOPa [AEHEXHbIX "AOXOAOB" W yOENbHOTO Beca HaCeneHus, KOTOpoe
Pa3roBapyBaeT Ha 3TOM si3blke. OYHKLMS 3aBUCUT OT OYMEBbIX (LBOVNYHBIX) NEPEMEHHBIX U UMEET OrpaHi4eHHbIe
3HaYeHWst Mo Kaxagomy dakTopy. Yem Hke yaenbHbI BEC HACerneHus, pasroBapuBalollero Ha  sidblke
MEHbLUMHCTBA, TeM Gonbluee 3HaueHne YHKLNM U3yyeHns s3bika S.

B poxogHoit 4acTi GHOMKETHOTO ypaBHEHWs 3apaboTHas nnaTta POAUTENs 3aBUCUT OT  €r0 SI3blKOBbIX
cnocoBHocTei. MpeanonaraeTcsi, YTo A3bIKOBbIE CMOCOBHOCTY POANTENS U3BECTHBI U BCE NIOMAM BHAYANE UMET
HeKoTOpble 3HaHWsi Apyroro sidbika. 3apaboTHas nnata MMeEeT NOCTOSIHHYIO KOMMOHEHTY W, He CBsi3aHHYl0 CO
3HaHNEM $13bIKOB, 11 KOMMOHEHTY, 0BYCIOBNIEHHY0 3HAHWEM Si3blka W 3aBUCALLYIO OT AO0NN HACENEeHUs, C KOTOPOK
YenoBeK MOXET 06LLaTbCsl, 0CHOBLIBASICh HA CBOMX 3HAHMSIX S3bIKOB.

MocTaHoBKa 3agauu U pelieHue

3agava Poautens coctout B MakcummaaLmm yHKLMM MONE3HOCTM OT NOTpebneHns HEKOTOPbIX MaTepuanbHbIX
Bnar B COBOKYMHOCTU C HEKOTOPbIMM Gnaramu 1 NpeumyLLeCcTBaMK1, KOTOPbIe AaOT KyNbTypPHAs UOEHTUYHOCTb U
3HaHMe A3bIKOB, Ha KOTOPLIX Pa3roBapUBaIOT YieHbl 0OLLECTBa:
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U= u(x) + S'pov(qy + q') + Spov(1 - q) + u(xe(s', §) +s' *v(1) - C(ri+ 1) > max.
Heobxoaumo onpeaenntb X, X, T, Ti B 06nacTi QOMYCTUMBIX PELLEHUA (BOMKETHBIX OrpaHnieHunin ans cebsi u
cBoero pebeHka):

px =W+ W(sip°qip + qijp + sip'qip),

px. =W+ w(s'sq' + ¢’ + s'q),
rme  s'= S(siy, T, qip + qily), s'e{0,1},s,¢{0,1} ¢ + ¢ + q' =1, u(x) - MoHOTOHHO
BO3pacTatoLLasl, CTPOro BOrHyTas (hyHKLMS NONE3HOCTH; X — MHOXeCTBO Bbl6OpoB poautens (Habopbl bnar, Ha
KOTOpblE MOMYT ObITb NOTPAYeHbl LEHLIMN); X — MHOXECTBO BbibopoB pebeHka (Habopkl 6nar, Ha KoTopble MOryT
ObITb NOTpaveHbl AeHbrn); iefa,b} — A3bikK, HAa KOTOPbLIX PA3rOBapUBaIOT, @ - A3blK BOMbLUMHCTBA, b - A3blk
MEHbLUWMHCTBA; §' - A3bIKOBas nepemeHHas pebeHka, s' =1, ecnu pebeHok umeeT cnocobHoCTU K A3bIKy i, ' =0 B
NPOTUBHOM cryyae; S — s13bIKoBas NepeMeHHast poauTens, s, =1, ecnu poauTens BriafeeT s3bikoMm i, Sip =0, B
NpoTMBHOM cnyuae; q' & [0; 1] - yaenbHbllt BEC [eTelt, roBOpALLMX TONbKO Ha sdbike i) ' = N(s' =1 & &'
=0)/N; ¢ = N(s' =0 & s’ =1)/N; q” e [0; 1] - ynenbHblit BeC AeTeil, roBOPALMX Ha OBYX f3blkax; g =
N(s'=1 & §'=1)/N, q' + ¢ + q" =1; ¢', € [0,1] - ynenbHbIit BEC poaNTENeN, FOBOPALAX TONKO Ha
A3blke f; q’7p € [0,1] -- ynenbHblil BEC poaUTeneil, roBOPALLMX Ha ABYX f3blkax; V(q') - AOMOMHUTENbHas
nonb3a OT BNafieHUs S3blKOM i (MOHOTOHHO BO3pacTalollasi, CTporo BOrHyTast QyHkuws); v(1) -  dyHKums
NONE3HOCTU | —A3bIYHOTO POAMTENS NpW Hanuumn y pebeHka CnocoBHOCTER K pomHOMY Si3biKy, w(q) --
MOHOTOHHO BO3pacTatoLLas, CTPOro BorHyTas pyHKUmMs 3apaboTHOM NnaThl, CBA3aHHAs CO 3HAHWEM i-r0 A3blKa;
C(r) - cTporo Bo3pacTarowas (yHkus ctoumocti, C(0)=0, dC(0)/dr'=0; T — N-MepHblit BekTOp 3aTpaT; S
- MEXaHu3M couuanusaumm, NoaroToBKM K xu3Hu B obwwectee S(0,0,0)=0, dS/dsi,,>=0, dS/dr>=0,
dS/dq’>=0; N -- YnCrIeHHOCTb HaceneHus.

OyHKUMS coLpanmsaLmy ycTaHaBnmBaeT O4HO3HAYHOE COOTBETCTBIE MEXY NEPEMEHHBLIMI S W T/ Npu yCrnoBUM,
YTO 3HaHUS A3bIKOB PoaUTENen 1 pacnpefeneHns HaceneHnst OTHOCUTENBHO 3HaHWUI SA3bIKOB M3BECTHbI 3apaHee.
Moatomy, BBEAEM HOBYIO NepeMeHHyl Ans 0003HauyeHWs 3aTpaT, HeobOXoauMbX Ans  WU3yveHust s3blka.
0603HauMM MUHUManbHble 3aTpaTthl, Heobxoaumble Ans oOyyeHus pebeHka S3blky MPW YCHIOBWW, YTO U
POAMTENb FOBOPUT HA 3TOM XKE A3bIKE:

' >min,

npu ycrnosm S(1. 7, g’ + q¥,)=1.

MycTb ti1 — 3Ha4YeHWe LeneBol (PyHKUMM 3TOM 3adaun. ECTeCTBEHHO, YTO poauTenb 3aMHTEpecoBaH B
MUHAMU3ALMN 3aTpaT Ha obyyeHMe s3blky. AHAMOMM4YHO 0003HAYMM Yepe3 T'o; MUHUManbHble 3aTparthbl
(3HauyeHue LeneBon (yHKuuM), Heobxoaumble Ans obydyeHus pebeHka £3blky, Ha KOTOPOM POAWUTENb He
pa3roBapuBaer:

7 —min,

npu ycrosun S(0,7, ¢, + g’,)=1.

Tak kak 3aTpaTbl OnpedeneHbl B 3ajave MakcuMuU3auun (yHKUWW MONME3HOCTM, TO CYLLEeCTBYeT TONMbKO [Ba
BapuaHTa: obydyatb pebeHka A3blky unn HeT. CnepoBaTenbHO, MakcumanbHoe 3HadeHne © € {0, tii}, ecru
POLNTENb FOBOPUT Ha s3bike i, unn Ti {0, Ti1}, ECNIM OH He FOBOPUT Ha 3TOM Si3bIKE.

CtabunbHOCTL pacnpefeneHns A3bIKOBbIX rpynn

B panbHelwem Mbl abcTparupyemcs 0T hakTa, YTO MUHMManbHble 3aTpaTthbl, Heobxoaumble Anst 0byyeHus
onpefieneHHoMy S3blky T11, T01 W T.A. 3ABUCAT OT BPEMEHW, TaK Kak W3MEHSIeTC BO BPEMeHW U [ons
HaceneHus, KOTopoe roBOPUT Ha  sidblke @ — (G° + ™). T.e., COOTBETCTBYIOWIEE 3HAYEHNE AOTKHO BbiTh
paBHbIM r"11(q",,+ q’7,,). OpHako 4n1s 3agaym onTUMM3aLMy B paMKax OAHOTO BPEMEHHOMO nepuogda NpumMeM aTu



118 Decision Making and Business Intelligence Strategies and Techniques

BeNM4MHbI 3adaHHbIMU. HJ'IFI HaxoXaeHna peleHna C y4eToM BO3MOXHOIO pacnpeneneHus HaCeneHna B
3aBMCUMOCTU OT 3HAHUA A3blKa (HSbIKOB), 6y,u,eM CYNTaTb BEJTUYMHDI qa, qb M3BECTHbIMN.

Onpepenexne pacxofoB Ha obpa3oBaHue pebeHka MOXHO paccMaTtpuBathb kak urpy [FopuubiHa, 2006, 2007].
Wrpokamu aensiotcs: 1. Urpok, Bnagerowwuin Tonbko a3sikom a (A), 2. Wrpok, Bnagewwmii AByMs S3blkami,
OTOXAECTBNSAOLLMIA cebs ¢ KynbTypon a (2A), 3. Urpok, BnageroLmin AByMS S3blkaMmi, OTOXAECTBALLMIA cebs ¢
KynbTypon b (2B), 4. Wrpok, Bnagetowmin Tonbko a3bikoM b (B). B kayectBe Tpex cTpaTterui BbibpaHbl: 1)
obyyeHwne ceoero pebeHka s3bIky a; 2) obyyeHne pebeHka AByM s3bikam; 3) 0byueHne pebeHka s3biky b.

MpeacTaBAM CXeMaTUYecK! CTpaTerMm U BbIMIPbILN (Ta6.1), NpUHUMAs BO BHUMaHMe, 4To 3aBucsT q°, q°,
G?=q"" o1 BbIGOPOB APYTHX UTPOKOB

Tabnuua 1.
Tabnuua BbIMIPbILEN MTPOKOB
Crpaterum
ObyyeHue A3bIky a Oby4eHue AByM A3bikam 0ByyeHue a3biky b
Arpoku
u{W + w(g? + g2} + v(1) - | W{W+w(1)}+v(1) -
Wrpok 2A uf{W + w(1 - g?)} - C(zb
P C(z11) - C(t?11 + 1) { (1-al}-Clen)
u{W +w(1)} +v(1) - uW + w(1 - g3} + v(1) -
Wrpok 2B uf{W + w(q? + g?)} - C(t?
p { (o2 + g?)} - C(z?11) —Clvo + 1°11) C(tbn)
uW + w(g® + g3} + v(1) - | W{W+w(1)}+v(1)-
Wrpok A u{W + w(1 - g?)} - C(zb
P C(ta) - C(t211 + °n1) ¢ (- a}- Cco)
W{W +w(1)} +v(1) - WW + w(l - q)} + v(1) -
Wrpok B u{W + w(g? + g2)} - C(t
p { (92 + )} - C(r%01) —~C{t1 + to11) C(tb11)

Onpegenum ycrnosus yCToinumBocTy (paBHoBecue Hawwa) [BonowwuH, 2006]. ans BCex UrpokoB.

[nsa rpynnel Mrpokos 2A:
WW +w(1)} +v(1) - Ce211 + °11) > W{W + w(q? + )} + v(1) - C(z11), (1)

uf{W + w(1)} + v(1) - C(r41 + 141) > u{W + w(1 - q?)} - C(t°1).

[ns rpynnbl urpokos 2B:
u{W + w(1)} + v(1) - C(t241 + t11) > u{W + w(qa + gq2)} - C(t211), (3)
u{W + w(1)} + v(1) - C(t241 + t14) > u{W + w(1 - q)} + v(1) - C(t°14). 4)
[ns rpynnel urpokos A (s2 =1, sb =0):

u{W + w(g® + ?)} + v(1) - C(t?1) = u{W + w(1 - ¢*)} - C(c"01),

(')

(5)

u{W + w(q® + g?)} + v(1) - C(z?11) = u{W + w(1)} + v(1) - C(z211 + °01). (6
[ns rpynnel urpokos B (s2 =0, sb =1):

u{W + w(1-g7)} + v(1) - C(cb11) = u{W + w(q? + g?)} - C(t1),

(7)

u{W + w(1-g2)} + v(1) - C(t°11) = u{W + w(1)} + v(1) - C(? + t1). (8)

Kak Obino nokasaHo B [lopuubiHa, 2007], npuaaHue GonbLlioro Beca GakTopy KynbTypHOM Nepefayn 03HaYaeT,
YTO HUKTO TEPSET CBOEN KYMbTYPHON MAEHTU(DMKALIMN.
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Beenem 0603HayeHus
AU = uW +w(1)} - W +w(q* +9°)};
AU = W +w(1)} - u{W + w(1-g*)};
AU® = W +W(g® +q2)} - ufW + w(1—q%)} = Au® — Au®.
Torga ycnosus (1°)-(8’) moxHO nepenucats:
Au® —C(r1 +7°11) + C(11) = 0; (
Au®® —C@n +2P) + (1) + C(r%41) > 0 (
Au? —C(z%1 +7011) +v(1) + C(z11) > 0; (
At —C(* i+ )+ CeP) 2 0; (
Aul — AuP? +v(1) - C(z%11) + C(zP01) > 0; (
— AU —C(r 1)+ C(r 1 +7°01) 2 0; (
Au® — Aut (1) - C(P1) + C(z%01) 2 0; 2

—Au?t by + (% + ) = 0.

Mpu OTCYTCTBAN MUMMMrpaLuM W APYrX (haKTOpOB, BIMSIOWMX HA BENMMYMHY 3aTpaT W 3HaYeHne (yHKLUM
MoNe3HOCTH, BO3MOXHbI HECKOMbKO CLEeHapueB pasBuTus. Kaxabil U3 HUX MOXET ObiTb OXapakTepu3oBaH
YPOBHEM 3HaHWS! 13bIKOB B rpynnax GomMbLMHCTBA 1 MEHbLUMHCTBA.

PaHee Oblnu caenaHbl NPeanonoXeHuns, YTO A3bIKoBas Fpynna MEHbLUNHCTBA SBMSIETCS AOCTAaTOYHO 6OMbLLOI 1
3aTpaTbl OAHOS3bIYHBIX POANTENENA MEHBLIMHCTBA Ha 00yyeHne AeTen 3biky GOMbLUMHCTBA, Takke BENMku. B
9TOM Cnyyae NMEEM 5i3bIKOBOE PABHOBECME, T.e. COCTOSHWE A3bIKOBBIX FPYNM HE MeHsieTCs. ITO paBHOBECHE
BO3MOXXHO TOJbKO NPY O4HOBPEMEHHOM BbIMOMHEHUN YpaBHEHUIA (1) — (8).

B HacTosllLee Bpemsi TPYAHO NpeacTaBuUTb cebe CTpaHy, yAOBMNETBOPSAIOLLY0 3TOMy onucaHuio. OHo GasupyeTcs
Ha 3 OCHOBHbIX MPEAMONIOXEHNsX, KOTOpble, KaK MpaBWo, OOHOBPEMEHHO HE BbIMOMHsOTCS. Bo-nepsbix,
A3blkoBasl rpynna MeHbLUMHCTBA AOMKHA OblTb JOCTATOMHO GOnNbLIOA. Bo-BTOPLIX, A3bIKM MEHBLIMHCTBA U
BOMbLUMHCTBA AOMKHbI ObITb PA3NUYHBIMK (BOMOXHO NPUHAANEXaTb K PasNiNyHbIM S3bIKOBbLIM rpynnam), 4Tobbl
cenatb 3aTpyaHUTENbHBIM 00YyYeHIe A3biky GONbLUMHCTBA 1S AeTEN OAHOA3bIYHBIX POAUTENEN MEHBLUMHCTBA.
B-TpeTbuX, XenaHue CoXpaHnTb KyNbTYPHYHO MAEHTUGMKALMIO LOMKHO ObiTb LOCTATOYHO CUMbHBIM.

Mpw BbINONHEHUM Beex ycnosuid (1)-(8) COOTHOLLEHME A3bIKOBbLIX rPynn UMEET BUL;

a—0[HOoA3blYNE | OBYA3bl4ME b-ogHosa3bI4Me

OTOXAECTBNEHME C KyNbTYpPOil a q0° 0-qe? 0

OTOXOECTBMEHME C KyNbTypoil b 0 (1-0)-qo? qo°

Ecnun ogHO Unn HECKOMNbKO W3 3TUX YCJ'IOBVIVI HE BbINONHAETCA, O6U.leCTBO MOXET nepel7m4 B Apyroe CoCTodAHueE.

OaHoA3bIYHOE OONbIUMHCTBO

Ecnn ycnosus (1) He BbINONMHAIOTCS, MPW BbIMOMHEHUW YCrOBUA (2) - (8) MMeem cuTyauumio, Npu KOTOpOW
yOenbHbI BEC MEHBbLIWHCTBA HACTOMbKO Mas, YTO [ABYsA3blYHOE HaceneHue, oToxaecTensllee cebs ¢
KynbTypon 60MbLUIMHCTBA, He BUANT Heo6X0AMMOCTH 0ByyaTb CBOMX [eTel A3blky MEeHbLUMHCTBA. B pesynbTare,
yLerbHbIA BEC ABYS3bIMHOrO HaceneHusi o yMeHbLUAETCs,, @ G2 [OCTaTOMHO Ha BennunHy ©-qo2
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a-0fHos3bluNe | ABYSA3bluME | b—0aHOS3bIYME
OToxgecTBneHue C kynbTypoita |  qo? + ©@-qo? 0 0
OTOXOECTBMEHME C KyNbTypoil b 0 (1-0)-q¢? qob

AHanuaupys HepaBeHCTBA, Mbl BUAUM Criedyrolume uameHerus: Au ysennumsaetcs; Au2a ymeHbluaeTcs; ™1,
11 yBENMUMBAIOTCS; 211, Te01 OCTAKOTCS BE3 UIMEHEHMIA.

B pesynbTarte, nesble YacTu HepaBeHCTB (1)-(8) uameHsitoTcs cregytomm cnocobom: (3) — ymeHbLuaetcs, (4) —
Hanbonee BepoATHO yBenuumBaetcs, (8) — Hanbonee BeposTHO yMeHbluaetcs. B 3aBucumocTn OT pasmepa
W3MEHEHMs SA3bIKOBLIX Tpynn Unu BenUumMHbl @-qe? 3Ta CUTyauWst CTaHOBMTCS HOBbIM PaBHOBECHEM WM MPM
HapyLLeH ofHoro unu Gonee ycnoBun crnegytoliee nokonexue Gyaet UMETb yxe Apyroe pacnpegenexve
A3bIKOBbIX rpynn.

Ecnn npucytcTByeT cunbHas KynbTypHas uaeHTudmkaums (v(1) Benuko), ckopeit BCero HepaBeHCTBO (8)
W3MEHUT CBOW 3HaK.

CTporo ABYA3bIYHOE MEHbLUMHCTBO

Ecnu HepaBeHCTBO (8) W3MEHUT CBOW 3HaK, TO OOnee OrpaHUYEHHOE MCMONb3OBaHUS s3blka MEHbLUMHCTBA
3aCTaBUT OIHOSI3bIYHOrO POAMTENS MeHbLUMHCTBA 0by4aTh CBOEro peGeHka si3blky OONMbLUMHCTBA U, TakuM
o6pa3som, NpeBpaLyaTh crieaytoLiee NokoneHue KynbTypHOrO MEHbLUMHCTBA B ABYSI3bIYHbIX.

a-oaHos3bluMe | [OBysi3bluMe | b—-0fgHOSA3bIMME
OToxgecTBreHue C KynbTypon a | qo? + ©-qe? 0 0
OtoxgecTBreHue ¢ KynbTypon b 0 (1-0)-q + q¢® 0

W/ B aTOM cnyyae Bce 06LLECTBO pasroBapuBaeT Ha sA3blke 60MbWNHCTBA. OTO CTAHOBMTCSA HOBbIM PaBHOBECUEM
Mpu BLINOMHEHUM HepaBeHcTBa (3) — (6). JleBble yactn (4) n (5) yBenuumuBaroTCs M, CneaoBaTensHo, no-
NpexHemy BbINOMHAKTCA noka (6) = 0. U B atom cnyyae, ecnu akTop KynbTypHOM uoeHTUdmKauum v(1)
[OCTaTOYHO BENKK, NOMy4YaeM paBHOBECHE.

OpHosA3bIYHOE 00LecTo

W/ HakoHel, ecnu (3) MeHsieT CBOW 3HaK, TO BCe 06LLECTBO CTAHOBUTCS OAHOSA3bIYHBIM: ABYA3bI4HOE HaceneHue
MEHbLUWHCTBA NEepPexoauT Ha A3blK GOMbLUIMHCTBA, MPWU COXPAHEHUN HEKOTOPOI KyNbTYPHOM WAEHTUUKALMW Ui
MOMHOCTBI accuMunupyeTcs. BO3MOXHO W TO M Apyroe: ecrim OTCYTCTBYET A3blK, @ MPUCYTCTBYIOT Apyrue
KymnbTypHble OTMWYMTENbHLIE XapaKTEPUCTUKW, KynbTypa MEHbLUMHCTBA MOXKET COXPAHWUTLCS B HEKOTOPOW
thopme. 3TO MOXHO NpeaCTaBMTbL CreaytoLLMm 06pasom.

a-0aHos3bluMe | ABYyA3bluMe | b—0aHOs3bIYNE
OToxaecTBNEHNE C KynbTypon a | qq? + ©-qe? 0 0
OToxgecTBneHue ¢ kynbTypon b | (1-0)-q¢? + qo° 0 0

Co BpeMeHeM CUTyauua MOXET WU3MEHATLCA, TaKKe KaK 4aCTb KYNbTYPHOrO MEHbLUMHCTBA MOXET
nepemMecTuTbCa B KynbTypy OonbLKHCTBA.
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HeadpekTBHOCTL 06LIErO ABYA3bLIYMA

/IHTepecHbIM ecTb Criyyail MOMHOrO  ABYA3bI4HOTO 0BLiecTBa W UcCneaoBaHus, 6yaeT v NonHbIi BUANHIBU3M
XKM3HECNOCOOHBLIM (MPUEMNEMbBIM) C 3KOHOMWUYECKOM TOUKM 3peHust. [pegnonoxum, 4to obe rpynmbl HaceneHus
nepBOHaYanbHO ABYA3blYHbl. HEeT HWMKaKoro MpeuMyllecTBa B M3YYEHWM OPYroro $i3blka, MOCKOMbKy Apyras
rpynna Toxe ABYS3bl4HA 1 3KOHOMUYECKME BbIroAbl OT OOLLEHNS C HeW MOT BbITb AOCTUIHYTHI U NPK OBLLEHNN Ha
BalleM CODCTBEHHOM s13blke, @ ANA W3yYeHUst SI3bIKOB TPATUTCA MEHbLUEE KONMYECTBO yCWnMi. HavanbHoe
pacnpegeneHne MoxeT 6biTb 3anucaHo kak (0; Q@ + QpcP; 0). MepemeHHas QpS ucnonb3yetcs ans
0603HauYeHnss Tex, KTO oToxaecTBnsieT cebs ¢ KynbTypoil i. [1Be KynbTYpHbIX TPynnbl MMEKT CRemyioLLyto
MaTpuLy BbIUFPbILLEN (BO3HArPaXKaeHu):

Crpateruu KynbTypa b KynbTypa KynbTypa b,
b- opHos3bIYHbIE b-nBysi3bluHbIE a-07HOsA3bIYHblE
Kynetypaa, | (9% 0; 9p®) (9% p; 0) (1,0 0)
a- ogHossbluHble | [u{W + w(qe?)} + v(1) - | [u{W+w(1)}+v(1)-C(131); | [u{W + w(1)} + v(1) -
C(ra41); W{W + w(1)} + v(1) - C(ta¢g + | C(T11);
WW + w(l - )} + v(1) - | 1) ] uWW + w(gy +g,*)} -
C(t°n) C(ren) ]
Kynetypaa, | (0; Gp%2; gp™) (0;1;0) (@, 92, 0)
ABYSi3bIYHbIE [u{W + w(1)} + v(1) - C(1311 + | [u{W + w(1)} + v(1) - C(1211 + | [u{W + w(1)} + v(1) -
Toyq); Toyq); C(1241 + 011);
WW+w(1)} +v(1) - (1) ] | u{W + w(1)} + v(1) - Cr211 + | u{W +w(1)}- C(r2) ]
™14) ]
KynbTypa a, (0;0;1) (0; go; 9p2) (Gp%; 0; qp®2)
b-opHos3bluHblE | [U{W + w(1)} - C(T044); [uf{W + w(1)} - C(1044); [WW + w(1 - q,)} -
WW +w(1)} + V(1) - C(t11) ] | u{W + w(1)} + v(1) - C(r2s + | C(T°n1);
™)1 u{W + w(qp*)} - C(r21) ]

3ameTuM, YT B 3TOM CNyyae T211=TP11, TaK Kak NSl M3y4eHusi 00ouX si3bIKOB TPEBYHOTCS ONHAKOBbIE YCUINS, W
A3bIKN KaK COOTHOLUEHWE HACENEHUs), TOBOPSILLErO Ha KaXOOM M3 A3bIKOB, PaBHO 1, U poauTens OAMHAKOBO
XOPOLLO 3HatT 06a s3bIKa.

Kak BuaHo 13 MaTpuubl BbIMprIUJeVI, Haunyywmne pelieHna cnegyrowme:

Crparterus ans a HaunyJwwi otet ana b
a—0JHoA3bluNe nbas u3 3 ctpaTeruii B 3aBUCUMOCTM OT NapaMeTpoB
ABYyA3blune b- ogHosA3bIuMe
b- ogHoA3bIuMe b- ogHosA3bIuNeE
Crpaterus ansi b Haunyywuii oTeeT Ans a
b —opHoA3bIuME nobasi u3 3 cTpaTeruii B 3aBMCHMOCTY OT NapaMeTpoB
[BYA3blune a-0[HOs3bluNe
a-0HOA3bluNe a-0aHOsA3bluMe
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Kak BMOHO, B 3aBUCUMOCTM OT BMAA (PYHKUMM MONE3HOCTW M (PYHKLUMW CTOMMOCTM, Urpa UMEET WK OJHO
paBHoBecue Hawa (ogHossbluve ans obeunx rpynn), unu gsa pasHoBecus ((1)ogHos3blume Ans O4HOM U3 rpynn
nivnu 2) ABys3bluve NV Nepexos Ha S3bIK NePBOV rpynMbl Ans APYrom rpynbl.

B cuTyaumn ¢ gByms paBHOBecMSMM Halla couuanbHbIA OpraHn3aTop Bblbpan Obl OOHO W3 HUX, KOTOpOe
3aKMYaeTcs B TOM, YTO MEHbLUMHCTBO M3yyaeT si3blk GONMblUMHCTBA. HU Anst 0aHOM Tpynmbl HET HUKAKMX
9KOHOMMYECKMX BbIrOA, YTOObI FOBOPUTb Ha A3blke APYroA rpynnbl. ECnn AeHexHble Bbirogbl OT BeAeHWs
Bu3Heca c pyroi rpynnoi, NPEBbILIAIOT 3aTpaThbl HA U3YYeHWst LPYroro A3blka, TO MMEET CMbICH, YTOBbI TONbKO
ofHa rpynna Obina ABYS3bIMHOW. VIMEHHO Takas MONMMTMKA MPOBOAMTCS  MpaBWUTENbCTBaMM GONbLIMHCTBA
eBPONeNCKNX CTpaH, rAe ABYS3blYME Y3aKOHEHO, M MEHBbLUMHCTBO MMEET MpaBo Ha 0OpasoBaHWe Ha CBOEM
POLIHOM $I3bIKE, HO OT HUX OXMAAKT TaKKe U3y4eHns s3bika GONbLUNHCTBA.

3aknioyeHue

Cuutaem uenecooGpa3Hb|M NPOAOCITXNTb UccnegoBaHNA B 3TOM HanpaBnieHUn N B AanbHeiwem paccMoTpeTb
CUITbHOE paBHOBECKE Hawwa, koraa HEBLIFOAHO OTKMOHSATLCS OT BbI6paHHOI7I cutyauum nto6o Koanumuuu.
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BOPTOBbIE ONEPATUBHO-COBETYIOLLUUE SKCMNEPTHLIE CUCTEMbI -
HOBbIW KNACC ANIFTOPUTMOB YNPABJEHUSA

Bopuc ®eayHos

AHHOMauyus: Ha ocHose aHanusa npedmemuol obnacmu (munossie cumyayuu (TC), cemaHmuyeckue cemu
npobnemHbix cybcumyayuti (MpC/C) 0na kaxdol u3 TC), 8 komopol Oelicmeyom CrOXHble MeXHUYECKUe
(aHmponoueHmpuyeckue) 00bekmbl, 8bisierieHa Heobxodumocmb paspabomku  chneyuanbHo20  Kiacca
60pmo8bIX UHMennekmyarnbHbIX cucmeM - 60pmoeble ONepamusHO-COBEMYIOWUE KCNEPMHbIE CUCMEMBI
(60C3C). UccnedosaHb! MexaHu3MbI 8bigoda, npumeHseMble 8 BOCIC. MpedcmasneHbl MexaHU3MbI 8618008,
OCHOBaHHbIe Ha cucmeme Npasusl «ecu..., Mo..., UHaye...», Ha aneopummax MHO20KpUmepuanbHo2o 8bibopa
anbmepHamue T.Caamu; Ha ameopummas, ucnonb3yrwux Mampuyy 3HaHud.

Kntouesnie cnosa: makpomodesns npedmemHoli obnacmu, 6bopmoesie onepamugHO-cosemyruwjue 3KCnepmHbie
cucmembl: 6a3a 3HaHUll, MexaHU3MbI ebigoda.

ACM Classification Keywords: H4.2 Decision support.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

1. BBepgeHue

K HacTosllemy BpeMeHu CTaHOBUTCS SICHO, YTO KENaeMoro pPeskoro nNoBbIEHWS 3QEEKTUBHOCTU BHOBb
CO3[aBaeMbIX aHTPONOLIEHTpUYECKUX 06BEKTOB (AHTP/OGBEKTOB) BO3MOXHO AOCTUYb, FaBHbIM 0Bpa3oM, nyTem
HanpaBneHNs YCUINA KOHCTPYKTOPOB W YYEHbIX HA COBEPLUEHCTBOBAHWE WHTENNEKTYarbHOM COCTaBNAOLLEN
«agpa» OopToBOoro komnnekca AHTp/oObekTa — COBOKYMHOCTM — anroputMOB  GOPTOBbIX  LMhPOBbIX
BbluMCIIUTENBHBIX MawwH (BLBM — anroputmbl) M anroputMoB [AesTenbHOCTM 3kunaxa (ADJ). Ota
COBOKYMHOCTb ceiyac HasblBaeTcs «bopToBbIM MHTennektom». OHa W3 Habopa pa3pO3HEHHbIX CUCTEM
BopToBoro 06opynoBaHMs €o34aeT (yHKLUMOHAMBHO LENOCTHBIN OOBEKT, HALEMEHHbIN HA BLIMOMHEHWE TNaBHOM
3a/jaun TEKyLLero ceaHca yHKLUMOHMPOBaHKS AHTp/obbekTa.

2. Makpomopenb aHTPONOLIEHTPMYECKOro 00 beKTa Ans pa3paboTku cneumndmkaumii 60pToBbIX
anropuTMoB ero cucteMoobpasyrowero aapa.

AHTponoueHTpuyecknii 06bekT (AHTP/0BBEKT) NpeAcTaBnSETC COBOKYMHOCTHH OOPTOBLIX M3MEPUTESbHBIX
(B/Mam/YcTpoiicTBa) 1 MCNONHUTENbHBIX YCTporcTB (B/Mcn/YcTpoiictea), 06beanHEHHYD CucTeEMOOOPa3yoLLMM
agpom (6opt AHTp/oGbEKTa), B KOTOPOM [MaBEHCTBYLAA POMb NPUHAANEXUT 3kunaxy (onepatopy) U B
KOTOPOM OMepaTMBHO PELIAOTCA 3adadqv Nepeoro (onepaTWBHOE LienenonaraHue) U BTOPOro (onpegenexne
PaLMOHANBHOTO MyTW AOCTWXKEHWS ONEPATUBHO Ha3HA4YeHHOM Lenu) rnobanbHbix ypoBHen ynpaenenus (1 u I
rnvyy) [1].

Okunax AHTp/oBbekTa ocyLiecTBnseT ynpaBneHne obbekToM, ero 6opToBbiM 06OPYAOBAHNEM B COOTBETCTBUM
CO CBOVMM anroputMamn AesTENbHOCTU Yepe3 Ananorosoe obLeHre ¢ MHGOPMALMOHHO-YNPaBRSIOWMM Nomnem
(NYM) kabuHbl skunaxa; BLIBM-anroputmbl, peanu3oBaHHble B OOPTOBbIX LMGPOBBLIX BbIMMCIUTENBHBIX
mawwuHax (BLBM), obbeamHeHHbIXx B GOpTOBYIO LMdpoByto BblumcnuTensHyo cuctemy (BLBC); 6opTosbie
ucnonHuTeneHble  yctponctBa  (B/MMcn/Yctpoictea).  lMogyepkHem:  anroputMbl  pelleHuss  3agad
cucTemoobpasyloLero sapa peanusyotes nbo Ha 6opToBbIX LMGPOBbIX BIMUCAMTENBHBIX MawmnHax (BLIBM-
anropuTMbl), NGO aKMNaxeMm (anropuTMbl AeATeNbHOCTM akunaxa (AQJ)).

OyHKUMOHMPOBaHMe  AHTp/oObekTa MpeacTaBnsieTcss kak COBOKYMHOCTb reHeparbHblX 3ajay  CeaHcoB
(YHKUMOHMPOBAHMS, K KaXOOMY M3 KOTOPbIX FOTOBUTCS KaK SKUMaX (M3y4YeHre TEeXHUYECKON AOKyMeHTaLuw,
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HaCTaBMEHWA W WMHCTPYKUWMA, WHCTPYKTaX nepes CeaHcoMm, pabota C CUCTEMOW MOATOTOBKM CeaHca
(yHKUMOHMPOBaHKS), Tak M AHTp/oBbekT (B BLIBM-anroputMbl 3aHOCUTCS W3 CUCTEMbI MOLATOTOBKM CeaHca
(DYHKUMOHMPOBaHUS anpuopHas MHOpMaLns O NPeACTOsLLEM CeaHce (hyHKLMOHMPOBAHWS, HACTpauBatoTCs
BopToBbLIE M3MEPUTENbHBIE U UCTIONHUTENBHBIE YCTPONCTBA). Bee ceaHChl (DYHKLUMOHMPOBaHUS NPeaCcTaBnsalTCS
yepe3 CeMaHTU4eckne CceTu UX TunoBbIX cutyauuit (TC), ynopsiBOYeHHbIX MO MPUYUHHO CREeACTBEHHOMY
oTHoweHuo. MHoxecteo TC obLuee 45 BCex CeaHCoB (hYHKLMOHUPOBAHMS.

Kaxpas TC npencTaBnsieTcsi yepe3 CEMaHTUYECKYH CETb (YMOpsiAOYEHWe MO MPUYUHHO CELCTBEHHOMY
OTHOLWEHWI0) NpobnemHbix cybeutyaumi (MpC/C).

[aaum kpaTkylo XapakTepucTuKy 3afady Ha3BaHHbIX 3adad [nyy.

3. BopToBble anropUTMbI NEPBOro rNodanLHOro yPoBHSA ynpaBneHns AHTP/00LEKTOM.

B cooTBeTCTBME C reHepanbHON 3afaver ceaHca (yHKLMOHMPOBAHNS Ha 3TOM YPOBHE YNpaBfieHUs onepaTuBHO
onpegenseTcs TekyLas Lenb ceaHca B popme HasHaveHus (Bbibopa) TC.

AHann3 cocTosHNS COBPEMEHHOM HayyHOW Basbl nokasas, YTo onepaTuBHOE pelueHve 3agad | nYY (ypoBeHb
Lenenonaranns) ¢ nomoLbio BLIBM — anroputMoB COBPEMEHHOW HayKe W NPakTWKe He Mo Cuny W UX pelueHue
B 0603pumMom ByayLuem OyaeT BoanaraTbCst TONbKO Ha akunax (ALD rnaBHbIM 0Bpa3oM 3BPUCTUYECKOTO TUNA).
/HxeHepbl - NPOEKTUPOBLLMKN 00a3aHbl Ans 3Toro paspabortats BLIBM-anroputmbl, peanusytoLine KabuHHyto
WH(OPMALMOHHYIO MOAEMNb BHEWHEH M BHYTPU OOPTOBOM 0OCTAHOBKM, MNO3BOMAKLLEN IKMMAXy WMETb
CUTYaLMOHHY0 OCBEOMITEHHOCTb M 3NEMEHTbI CUTYaLIMOHHON YBEPEHHOCTMU.

4. bopToBble anropuTMbI BTOPOro rnobanbHOro ypoBHsA ynpaBneHus AHTP/06BbEKTOM.

3apaun [IFnYY pewwatotcs mmbo akunaxem (ALS) nmbo GOPTOBLIMM ONEPaTMBHO COBETYIOLMMI IKCMIEPTHBIMM
cuctemamu (BOCIC) - cneyndmueckumu BLIBM-anroputmamm [1].

BopToBble  OMEpaTMBHO  COBETYHOLME  9KCMepTHble  cucTemMbl  TunosblX — cutyauuin  (BOC3C  TC)
(OYHKUMOHMPOBaHMS MpeAHas3HayeHbl ANS pelleHus Tak HasbiBaeMblX “TakTMYeckux 3ajay’ — 3ajav,
ONPeaensioMX  paUMoHanbHble NyTW AOCTUKEHWS TeKylleln Lenn  (PYHKUMOHWPOBaHMS, OnepaTuBHO
HasHa4eHHON akunaxeM. [Ans kaxgoin TC cosgaércsa csosd BOCIC TC. B cTpyktypy 6a3bl sHaHuin BOCIC TC
nonoxeHa copmarnbHas MOAenb npegMeTHoW 0obnacT, B KOTOpPOW 2eHepanbHas 3adaya ceaHca
yHKyuoHUposaHusi  AHTp/obbekTa, 3ajaBaemas nepef HayanoMm CceaHca, MpeLCcTaBnseTcs  uepes
CEMaHTUYECKYI0 CeTb munosbix cumyayuli (TC), kaxgas u3 KOTopbiX NPEACTaBNsSeTCs B CBO Ovepedb Yepes
CeMaHTMYeckyto ceTb npobnemHbix cybcumyauyuti (MpC/C). B TC BbiaensieTcs MHOXECTBO 3HAYUMBIX COOBbITUIA —
cobbiTin, Hecywmx ¢ cobon npobnemebl, KkoTopble TpebyloT nMbO HemeaneHHOro paspelleHns, nmbo
npeaBapuTENbHOrO NPOCTPAHCTBEHHO-BPEMEHHOTO NMPOrHO3a MX HACTyNneHus (Mogenb npobnembl, MEXaHWU3Mbl
ee paspelleHus), korga npobnema Gyget TpeboBaTb HEMELEHHOrO paspelleHns (MaTemaTuyeckasl MOLESb
NPOCTPaHCTBEHHO-BPEMEHHOIO NPOrHO3a, MogeNb NPobeMb!, MEXaH!3Mbl ee paspeLLeHust).

[Ans coBpemeHHbIX AHTP/OBBEKTOB reHepanbHyto 3afgady (YHKUMOHWPOBAHMA YacTO COBMECTHO peluaeT
nepapxuyeckn ynopsagoueHHas (no ynpasneHuto) rpynna. Pasmewlaemble Ha HUx BOC3C TC B atom cnyvae
[OIKHbI paboTaTh COrnMacoBaHO He TOMbKO CO CBOWM 3KUMAaXeM, HO U Mexay coboii, 06pa3oBbiBast KOanMLmio
BOC3C TC. TpyaHoctn cosganns BOCIC TC, paboTatoLen B koanuuuu B HAaCTOALLEE BPEMS HI TEOPETUHECKH,
HW MpakTW4ecKM He npeodoneHbl. B otnnume oT «koammumonHbix» BOCOC TC, aBTOHOMHO paboTatowme
BOC3C TC (naxe B MHTEpPECaX COBMECTHOrO BbINMOMHEHWS ceaHca (YHKLMOHMPOBAHMS rpynMbl) NPOLUMW 3Tan
CO34aHNa UX Teopuu M paspaboTkn uccnenoBaTenbCkux 0bpasuoB. Ha noBecTke AHS CTOMT 3afjaya co3gaHus
6asoBbix 0bpasyoe BOCIC TC u BLISIBNEHUSI KOHCTPYKTMBHBIX MEXaHM3MOB MX aganTtauuu k 60pTOBOW
MHC(OPMALMOHHON cpeae KOHKpeTHOro AHTp/o6bekTa. TexHonorust paspaboTku 6a3 3HaHui Takux BOCAC TC
onucaHbl B [1].
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lMepeuncnmm ocHoBHble ocobeHHocTn BOCSC TC [1]:
- OHa JomxHa peLwatb Bce npobrembl «cBoer» TC (BbITb 3amkHyTOM No npobnemam TC);

- WMEeTb OrpaHUYeHHbI AMarnor C 3KWMaXeM (OrpaHMYeHUs MO BPEMEHHOMY IUMUTY, OTMyCKaeMomy
BHELLHEN 06CTAHOBKOM, 11 MO BO3MOXHOCTAM BBOAA MHOpMaLmn akunaxem vepes NYT1 kabuHbl);

- anroputMmbl 1 npasuna B 0ase 3HaHuii (53) OOMXHbl OPUEHTUPOBATLCA Ha CTPYKTYPbl CUTYaLMOHHOIO
ynpaereHus;

- BbITb BCerga COrnacoBaHHOM C aKTMBM3WPOBAHHOM KOHLIENTyamnbHOM MOAENbK NOBEAEHWS onepaTopa,
BbipabaTbiBasi pekoMeHAaLMy No paspeLleHn0 BO3HUKLLENA TekyLyen npobnembl Ha YpoBHE onepartopa-
npodeccroHana ¢ 4OCTaTOMHOM Afst HEro 3HAYUMOCTBIO;

- MMETb «OTNOXEHHYI0» KOMMOHEHTY CaM006y‘-IeHI/IFI.

MepByto Tpynny MeXaHW3MOB BbIBOAA COCTABMAKT MPOAYKUMOHHblE mpaBuna. OHM Mo MHGopmauum oT
B/Mam/YcTponcTs, WTaTHbIX BOPTOBbLIX anropuTMoB 1 MaTemaTtudeckux mogeneit (MM) B 6ase sHaHuin BOCIC
TC aktusuanpytoT MNMpCC, agekBaTHY0 CNOXMBLUEICS BHELLHEN 0BCTAHOBKE.

Btopas rpynna mexaHW3MOB BblBOZA ONpeAensieT pauuoHanbHbl cnocob paspeLleHnst akTUBU3MPOBAHHOM
MpC/C. B aty rpynny BXOAAT, KpOME MPOAYKLUMOHHBIX MPaBWn », MEXaHW3Mbl BbiBOAA MO MpeLeaeHTam W
MeXaH13M BbIBOAA, OCHOBAHHbIN Ha anropuTMe MHOMOKpUTEPUAnbHOMO Bbibopa anbTepHaTuBhl [2].

B oOwem cnyyae cTpykTypbl Mogenei mupa, ucnonb3yemble B 6asax 3Hanmn BOCOC TC, copepxart:
cemaHTuyeckyto cetb MpC/C, 3HauMmble COBbITUSA, CUTYaLMOHHbIE BEKTOPbI (SV), anbTepHaTWBbl peLIEHWs
BO3HWKLLEN Npobrembl, kputepuu BblbOpa NPeanoyTUTENbHON anbTepHaTMBbI, MaTPULbl NApPHbIX CPaBHEHWN,
MaTpuLbl 3HaHUIA, NpeLeaeHTbl, MaTeMaTuyeckue mogenn (MM). BoamoxHa KOppeKTMpOBKa MOZenei Mupa Kak
B npoLecce noarotoBki AHTp/oBbekTa K ceaHcy yHKUMOHMpoBaHWA («KoppekTuposka-1»), Tak n B npouecce
camoro ceaHca («KoppektupoBka-2». Oco6eHHOCTU mogenen Mupa 4N Kax[oro TUna MexaHu3MoB BblBOAA
npeacTaBneHbl B Tabn.1.

Tabnuuya 1. MexaHu3mbi 8b18oda u Modenu mupa, uchonb3yemble 8 basax 3HaHuli BOC3C.

MexaHn3Mbl BblBOAA CTpyKTypbl MozEeneil MM B Mogenu mMupa Koppek- Koppek-
mMupa TUpoBKa-1 TUPOBKa-2
IMpoayKUMOHHbIE SV; anbTepHaTuBbl Hert Het Hert
npasuna peLLeHns npobnembl
MHorokputepuanbHblid | Tunbl anbTepHaTyHB, l"eHepupoBaHue Jonyctumble KoppekTtupoBka
BbIbOp KpUTEPUM, MaTPULLbI anbTepHaTuB no TN MaTpuL, NapHbIX
NapHbIX CPaBHEHW 3afjaHHomy Tuny ansTepHaTuB CpaBHEHNI
BbiBog no npevueneHty | Matpuua 3HaHui, Het HeTt Het
BKMHOYatoLLyto B cebs SV,
MHOXECTBO NpeLeaeHToB

Onucanue cTpyktypbl BOCIC KOHKPETHbIX NPEAMETHbIX 0BnacTei MOXHO HanTU B [4 - 7].

5. MexaHu3mbl BbiBoga B 6a3ax 3HaHun BOCIC.

OcTaHOBMMCS KpaTKO Ha ONMMCaHWW HasHa4eHns 1 o0bmka MexaHuamoB BbiBoga B 6ase sHaHuin BOCIC (puc.1,
Ha PUCYHKe 1CMOMb30BaHa TEPMUHONOMS, COOTBETCTBYHOLAs AHTP/0BBEKTY TNa camonerT).

Mo Tekywen nHgopmaLmun ot 60pTOBbIX U3MEPUTENBHBIX YCTPOMCTB, «LWTaTHbIX» BLIBM-anroputMoB, curHanos
C uHopmaumoHHo-ynpasnatowero nons (MYM) kabuHbl akvnaxa B 6ase 3HaHun BOCIC dopmupyetcs
cutyaumoHrHblii Bektop SV(TC-MpC/C), onucbiBatoLni COCTOSIHWE BHELHEN U BHYTpW 60pTOBOIA 06CTAHOBKM An1s
HasHaueHns (umm uoeHTudmkauum) Tekywen MpC/C. MexaHu3m Takoro HasHayeHWsl Ha30BEM MEXaHWU3MOM




126 Decision Making and Business Intelligence Strategies and Techniques

BbIBoga Ha MHoxecTBe MMpC/C. KoHcTpympytoT ero Ha 6ase maTepuanos paboTbl C aKCnepTamu, SBASIOWMMUCS
cneynanucTamm B paccmatpueaemon npegmetHon obnacti. B BOCIC atn mexaHn3mbl peanuaytotcs B popme
NpaBun «eciit..., TO..., MHAYe...», MOMHOTa U HEeMpOTUBOPEUMBOCTb KOTOPbLIX LOCTUFAeTCs 3a CYET OTpaboTKK
BOC3C Ha cuctemax umuTaLmoHHoro mogenuposanus (CUM) [1] COBMECTHO ¢ SKcrepTamu.

CucTema noaroToBKM BbinieTa caMmoneTa

Cuctema pernctpauum
HECOOTBETCTBMUSA “pekoMeHaaLms
BOC3C - pgeinctaue akunaxa’

!

kmnax

Ivnax BopToBble M3MepuTenbHble
ycTpoiicTea
Y
YnpasnsioLLee none - LWraTHble BLIBM-anroputmbl
nyn
——— BOC3C___
i Y Y !
E MexaHu3Mbl - AnropuTM| KOHCTPYMPOBaHMS! !
! BbIBOOA CUTYALIMOHHBIX BEKTOPOB: :
! e [t HasHaueHus MpC/C; i
v _|_r[)3_’“_”_3 __________ e ans paspeluenus MpC/C !
! Il rpynna i
! ! :
i Wndpopmanus - AxtuBu3aus MpC/C i
| | MpeanonetHon - (MexaHM3Mbl BbIBOAA) :
| nogrotoky |
I * Y PexomeHpaLmm,
i Basa MaTeMaTu4ecKiX y noscHerns
! Mogenen
' WHdhopmaLmoHHoe none
i Y

L avn

Puc. 1. CtpykTypa 6a3bl 3HaHuin BOCI3C

Mcnonb3yeMble MexaHu3Mbl BbIBOAA (Hax0oxaeHus) pauyuoHansHoro pelueHns Tekywein MpC/C npeacTasnstoTes
Tpems TMnamm MexaHu3moB. epBbIid TUM - MEXaHW3M UOEHTUYHBIA YNOMAHYTOMY BbILUE MEXaHU3MY HAa3HaYeHUs
MpC/C. OpHako koHCTpympytoT ero ans paspewenust MpC/C B 6ase 3HaHun BEOCOC He cTonbko Ha 6ase
MaTepuanoB paboTbl C SKCepTamu, CKONMbKO (M, Mpexpge BCEro) Mo pesynbTaTaM  MaTeMaTUYecKux
UCCMeOBaHMA ONTUMU3ALUMOHHBIX 3adad, (DOPMYNMPOBKA KOTOPLIX adekBaTHa paccmatpusaemsim [pC/C.
Cneuncmka [MpC/C B aTOM cnyyae npesanupyeT Hag opmanbHbIMA METOAaMM €€ pPacCMOTPEHMS.
OBeyxaeHno 3TOro TNa MEXaHM3MOB BbIBOAA MOCBALLEH nepBblid pasgen. Ouu anpobupoBaHbl B MpakTuke
KOHCTPYMPOBaHUS UHTENEKTYanbHbIX CUCTEM, B TOM YWCIE U NpU KOHCTPYMpoBaHun 6a3 3Hanuin BOC3C.



International Book Series "Information Science and Computing" 127

Cpeaun MpC/C ceaHcoB ¢hyHKLMOHMPOBaHMS AHTP/OOBEKTOB €CTb Takue, KOTOpble He MOAAAKTCS MOMHOMY
afiekBaTHOMY (hopMaribHOMy onucaHuio. Kak npaBuno, OHW AeTanbHO aHanmUavupyroTes Npy NOATOTOBKE dKMMaxa
K NpeacTosiLieMy ceaHcy (PYHKLUMOHUPOBaHMS. B pesynbTaTe Takoro CUCTEMHOIO aHanuaa ¢ y4ETOM anpuopHbIX
CBEEHUA O BO3MOXHbIX YCNOBMSX HacTynneHus u npotekaHns aton [pC/C B npeacTosiem ceaHce
(DYHKLMOHMPOBAHUS HAMeYatoTCs AOMYCTUMbIe anbTepHaTUBbl €€ pa3pelueHus. Takue HapaboTku UCromnb3yeTcs
B MeXxaHu3Me BblBO4A, NOCTPOEHHOM Ha 6a3e anroputMa MHOrOKpUTEPWUANbHOrO BblbOpa anbTepHaTMBSI,
pa3paboTaHHOrO amepukaHckuM y4éHbiM T.Caatn. Bo BTOpOi rnaBe NpUBEAEHO ONMCaHWe MeXaHW3Ma BblBOLA
atoro (BToporo) Tuna. MexaHn3m anpobupoBaH Npu MOCTPOEHWW (parmeHTa 6asbl 3HaHMIA, HAMEYEHHON K
paspabotke BOCIC.

M, HakoHel, MexaHW3Mbl BbiBOAA TPETLETO TWMA, €lé He anpobupoBaHHble B MPAKTWKE NMPOEKTUPOBAHUS
BOCOC. lMpu obweHun ¢ aKcrnepTamu M noTeHumanbHbiMK nonb3oBatensmu BOCI3C wvacto npuxoautes
nomnyyatb NpocbObl pa3paboTaTb MEXaHN3MbI MPESbSBEHUS 3KUNAXY YAAYHOrO NpeLeaeHTa, NoaxoaaLero ans
cnoxusLelica MpC/C. Hanbonee afekBaTHbIM MEXaHW3MOM BbIBOAA ANS TaKUX CMyvaeB SBMSETCS MEXaHU3Mm,
“cnonb3ylowuii cBoeobpasHyto Matpuly 3HaHuin n onucanme MNpC/C yepes cutyaumonHbin Bektop SV(MpC/C-
peLLeHmne), KoopauHaTaMi KOTOPOTO SBNSIOTCS FIMHIBUCTUYECKME NEPEMEHHBIE.

OTM TpU TMNa MeXaHu3MOB BbIBOAA, MO-BUAWMOMY, HE WCHEPNbIBAKOT BCEX BO3MOXHbIX TWUMOB, MPUCYLLMX
paccmaTpuBaeMon npeameTHoi obnactm u BbIBOp UX ANS MPUOPUTETHOTO WCCREAOBaHUS, KOHEYHO, Obin
00yCrnoBneH TONMbKO MMEHLLENcs npakTukoin pa3paboTku 6a3 3HaHui nepsbix Bepcuit n3secTHbix BOCIC.
[lanee ocTaHOBMMCS TOMbKO Ha MeXaHu3max BbIBOLA, Mmpeanaraemblx Ans ucnonb3osaHus BOCIC TC npu
HaxoxaeHun pewexus 8 MpC/C.

5.1. MexaHu3mbI BbiBOAa Ha 6a3e onTMMU3aLMOHHLIX MoZenen.

Hanbonee vacto ucnonbayetcd B BOCIC MexaHusM BbiBOAA NEPBOrO TWMa — MEXaHM3M, OCHOBaHHbIA Ha
NPOAYKUMOHHBIX npaBunax. B paspabotaHHOW (TEM MnM WHbIM CMOCOBOM) CMCTEME MpaBWN CUTYaLMOHHOMY
Bektopy SV([MpC/C-pelueHne), onucbiBaLLleMy Yepe3 KOMMYECTBEHHbIE KOOPAMHATbI Tekyllee COCTOSHME
npobnembl (NeBas 4YacTb MPOAYKUMOHHOrO NpaBumia), CTaBWTCS B COOTBETCTBME Haubonee paumoHarnbHbIN
(onTumanbHbIi) cnocob ee paspelleHnst (MpaBas YacTb NPOAYKLUMOHHOIO Npaeuna).

OcTaHoBMMCS! KpaTKO Ha Hauboree 4acTo BCTPEYAlLIMXCS B NPaKTMKe NPOeKTMpoBaHus 6a3 3HaHuih BOCIC
MeTofax NOCTPOEHMS NPOAYKLMOHHBIX MPaBuI:

- VHTEepBbIOUPOBAHNE 3KCMEPTOB,

- MOCTpOEHWe npaBmn Ha 6a3e pesynbTaToB UCCeL0BaHMs ONTUMM3ALIMOHHBIX MOZENeN.

MocTpoeHne npasun Ha Gase npeaBapUTENBHOTO MCCNefoBaHWs NpobneMbl Ha ee MaTeMaT4eckon Moaenu
CPOAHM NpoLeaype NOCTPOEHWS NpaBuU Ha OCHoBe Becep C akcnepTamu. B nocnegHem cnyyae cama mMogenb
npobnembl W pe3ynbTaTbl €e «MCCMEeAOBaHUS» HAXOLATCA B «TONOBE» IKCMEepTa, a 3ajadva KOHCTpyKTopa
BOC3C - npoBecTV UMKN MHTEPBbLIO C JKCMEepTaMu W 3aTeM (POpMann3oBaThb MOJTyYEHHbIE 3HAHUS B hopme
HEKOTOPOM COBOKYNHOCTY NpaBui. Pe3ynbTaTMBHOCTb 1 TPYAHOCTM TAKOr0 MeTOAA NOCTPOEHNS CUCTEMbI MPpaBun
BOC3C (npoueaypel BoiBOAA) 06Cykaanack B [2].

He uckrioyas 1CMomnb3oBaHUs Takoro METOAa, Mbl, TEM He MeHee, OTAaeM NPearnoyYTeHNe BTOPOMY METOAY -
MeToZy MOCTPOEHUsI MpaBuN Ha 0ase ONTUMWU3ALMOHHBIX MOLenei, Aonyckasi Mpu 3TOM M BO3MOXHOCTb
COBMECTHOTO MCMONb30BaHUs 060MX Ha3BaHHbIX METOZO0B.

Wtak, ectb Hekotopas MpC/C, K uM3y4yeHWO KOTOPOM Mbl HamepeHbl MpuUCTynuTb. Onuwem ee COCTOsHME
HekoTopbiM BekTopom SV(MpC/C-peLuenne) koopauHaThl KOTOPOro ByayT NpUHUMATh TOMBKO KOMMYECTBEHHbIE
3HaveHus. Co3gagnm matematudeckyto mogens (MM) atoi MpC/C, BkntoyatoLLyto B cebs:
- MHOXECTBO JJONYCTUMbIX COCOOOB €€ paspeLLeHns,
- MexaHu3Mbl CBSI3W Kaxaoro KoHkpeTHoro cnocoba paspeLuerms MpC/C ¢ pe3ynbTaToM BO3QenCcTBUS 3TOr0
cnocoba Ha MpC/C (cBsA3b «cnocob — ucxoay),
- MEXaHW3M OLEHKM KayecTBa KaXaoro ncxopa.



128 Decision Making and Business Intelligence Strategies and Techniques

[MocTaBuM 3agady HaxoxoeHUs Hanbonee NPeanoOYTUTENBHOMO (ONTUMABHOTO MO KPUTEPUIO OLEHKW KayecTsa)
cnocoba paspetueHus uzyqaemoi MpC/C.

Kak Bugum, ata MM npefactaeneHa B hopMe ONTUMU3ALMOHHON 3ajauu, pelleHue koTopoi Byaem wckatb B
(hopMe CUHTE3a (CUTYaLMOHHOTO) YNpaBneHus.

Mpumepbl hOpPMYNMPOBOK TakuUX ONTUMM3ALMOHHBIX 3aAa4, KOTOpble MPUXOAUNOCH pellaThb Npu paspaboTke 6a3
3HaHNit KoHKpeTHbIX BOCIC 1 pesynbTaThl MX PeLLeHUs AaHbl B [7].

Ha ocHOBE MOMYYEHHOro peLleHns (CuHTe3a) (OPMYNMPYIOTCA MpaBifia PaLMOHANBHOMO  pa3peLLeHus
nsyyaemon MpC/C. B npaBoit Yactv npasuna - 3HaueHus koopawHat eektopa SV(MpC/C-peweHne), B neson
YyacTu npasuna — COOTBETCTBYKOLMA paLmoHanbHbli cnocob paspewenus MpC/C npu TakoM KOHKPETHOM
onucaHuu npobnemsl. Mpumeps! Takux Npasun NpueegeHs! B [4,5].

5.2. MexaHu3MbI BbIBOAA, NOCTPOEHHLIE HAa 6a3e anropuTMOB MHOTOKpUTEpPMANbHOro Bbioopa.

Ona psaga AHTp/oObekToB (Hampumep, AN MUNOTUPYEMbIX neTaTenbHbix annapato) Bblgensiotcs MpC/C,
CMOXHOCTb KOTOPbIX HE MO3BONSET CHOPMYNNPOBATH A4N15 HUX afeKBaTHbIE ONTUMU3ALMOHHbIE MaTeMaTyeckue
3afjaun, HO Ans KOTOPbIX WX SKMMaxW Ha dTane MOAFOTOBKW K MPeacTosieMy CeaHCy (YHKLUMOHWPOBaHMS
AHTp/o6BbEKTa BhIpabaTbIBatoT:

a) MHOXECTBO anbTepHaTuBHbIX cnocobos paspewenns MpC\C (anbTepHatuebl {Ai} = (As, ..., Ai, ..., An)
paspeLenus MpC\C);

6) mHoxectBo kputepues {Kj} = (Ki,..., K|,..., KK) OLEHKN pe3ynbTaTta NpUMEHEHNS Kaxaon anbTepHaTHBbI
(kpuTEpuM NpeanoyTeHNS).

Mpy 3TOM peann3oBaBLIasfcs B CeaHce (DYHKLUMOHMPOBaHMS KoHkpeTHas MpC/C aToro Tuna, Kak npaswno,
TpebyeT onpedeneHHo agantauuu Kaxool anbTepHaTuBbl Al 1, BO3MOXHO, OMEPATUBHOM MEpeoLieHKM
OTHOCUTENbHON BaxHOCTH kpuTepues {Kj}.

OnepaTtuBHbIN  MHOTOKpUTEPUAnbHbIM  BbIOOP Hanbonee NpeanovTUTENbHOM — anbTepHaTMBLI Oyaem
MPOM3BOANTL, UCTIONb3YS METOA NapHbIX cpasHeHuin T. Caatu [8].

MycTb umeeTca HekoTopas npobnema W 3adaHbl anbTepHaTMBbI ee pelleHns. MycTb B Kaxaon anbTepHaTuee
HaC WHTEPECYIOT BMOMHE OnpefeneHHble ee CBOWNCTBA, MO KOTOPbIM Mbl 6yaeM CpaBHUBaTL anbTepHATMBbLI NpU
BbiOOpe Haubonee npuemnemon Ans Hac. HasoBeM 3TV CBOMCTBA KpUTEpUSIMM CpaBHEHWS. TyCTb umeeTcs
HECKONMbKO KpWUTEPUEB, MO KOTOPbIM CPaBHUBAKTCA anbTepHaTuBbl. [lyCTb WMeeTcs 3KcnepT (SKCnepTbl),
KOTOPbIN UIMEET JOCTATO4HO SICHOe NpeAcTaBrneHne o npobneme v 06 anbTepHaTUBax peLLeHus 3Ton npobnemsl,
4T06bI NPOBOANTL WX NO MAPHOE CPABHEHME NO KAXOOMY KPUTEPUIO.
MeTog MHOrokpuTepuanbHOro Bbibopa anbTepHaTMBLl ABSETCSH CUCTEMATUYECKON NPOLLELY PO NepapXNYECKOro
yropsAoYEHNs  SNEMEHTOB  Npobnembl, MO3BONSIOLLEN paHXMPOBaTb —anbTepHaTMBbl B NOpPSAAKE WX
NPeanoYTUTENBHOCTH NO COBOKYMHOCTH 3aaHHbIX KPUTEPUEB CPABHEHNS.
B 6a3e 3HaHun BOCIC copepxutca matemaTtuyeckas mogens (MM) reHepupoBaHWs BapuaHTOB anbTepHaTUB
paspewenus [pC/C ponyctumbix TwnoB, BBOAMMbIX B BOCOC Ha 3Tane noArOTOBKM K  CeaHcy
(yHKUMOHMPOBaHUS AHTP/0BbeKTa (AN NMNOTMPYEMbIX NeTaTeNbHbIX annapaTos Npu NOAroToBke Bbineta). MM
COAEPXMT anropuTMbl BbluncneHns 3Haverus kputepues K| e {Kj} ans kaxgon reHepupyemoit anbTepHaTuBbl.
Ha Bxog MM nogaetcs Tekylias uHopmaums, xapakrepusytowwas MpC/C n gonyctumMble TUNbI anbTepHaTUB
paspeLleHus aton MpC/C. B MM Ha ocHOBaHUM JONYCTUMbIX TUMOB aNnbTEPHATUB W CIIOKMBLUMXCS YCMOBUM
HacTynnenusi MpC/C:

- FeHepupyeTcs NOMHbIA Habop ansbTepHaThB {Ai} AOMYCTUMBIX TUMOB,

- [N kaxgon anbTepHaTuebl Ai e {Ai} paccuuTbIBatOTCA YMCNOBbIE 3HAUeHUs kaxgoro kputepus Kj e {Kj}.
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Mpu 3TOM BO3MOXHA onepaTuBHas koppekTuposka (BLIBM-anroputMOM wiu SKMNaXKEM) 3HAYEHUM YacTu
koopauHaTt Bektopa SV(MpC/C-peLLeHue), xapakTepuayroLmx BosHukwyo MpC/C.

TakiuM 06pa3om, Kaxaas anbTepHaTUBa (M3 MHOXECTBA, creHepupoBaHHoro MM) oxapakTepuaoBaHa BEKTOPOM,
KOOpAMHATLI KOTOPOTO ABNSKOTCA YNACTIOBLIMI 3HAYEHUSIMU KpuTepues K|.
Ha ocHoBaHMM 3TVX BEKTOPOB COCTABNISIOTCS MaTPUL|bl MapHbIX CPABHEHNI aNbTEPHATUB NS KaXkaoro Kputepms.

OThenbHO CTOWT OCTAHOBMTbCS Ha MaTpuue napHbIX CpaBHeHuit KkputepueB. Ee cocTaneHve Tpebyet
MakcUMarnbHOro yyeta MPeAnovTEHWA 3KkuMmaxa, CGOPMUPOBABLUMXCA Y HEr0 Ha OCHOBaHWM aHanusa
CMOXMBLUENCA TeKkywei (ans ceaHca YHKUMOHMPOBAHMS) OOCTaHOBKM. YuuThiBas BecbMa CKPOMHble
BO3MOXHOCTW 3KuMaxa no BBOLY TakoW MH(OPMaLmMu, Npy COCTaBMEHUM 3TOW MaTPULbl HYXHO MakcyManbHO
NCNOMNb30BaTh CBONCTBO TPAH3UTUBHOCTM MAaTPUL, NapHbIX CPABHEHN.

BekTop NTOroBbIX «BECOBY» anbTepPHATMB PACCUUTLIBAETCS MOCIE 3TOMO N0 anropuTMy.
[ycTb eCTb HECKONMbKO anbTepHaTUB peleHns npobnembl Aq, ..., Ai,..., An, KOTOpble HYXHO YNOpsA0YUTbL MO
kputepusm Ky, ..., Kj, ..., Ks.
[ns kaxgoro kputepus Kj Ha 0CHOBaHWM MaTpuLbl NapHbIX CPaBHEHW NPOBEAEM OLiEHKY «BECOBY arnbTepHaTuB
A1, .. An

S (Kj) = {S1(K)), ..., Si (K)), ..., Sn (K))}
[na kpuTepueB MeTo4OM NapHbIX CPABHEHWIA C OLIEHKOW pe3ynbTaToB CpaBHEHWS Mo Lkane T.Caatu onpefenym
«Beca» Ux BaxHOCTW Ang uccnegosarens S = {Sy, ..., §j, ..., Ss}.

Torga ectecTBeHHO Ans kaxgoro Ai ero «Becy» no kputeputo Si(Kj) yumTbiBaTh B UTOTOBOM MO BCEM KPUTEPUSM
«BeCe», YMHOXEHHbIM Ha «BECY» BaXKHOCTU 3TOr0 KpUTEpUS.

/ATOroBbIN BEC (MPUOPUTET, PENTUH) i-r0 NpeameTa onpeaenseTcsa no dopmyne

S,(K,) ... S.(K,) .. S. (K,)
[Rpss R R =[S0 S oS, | 81K ) e S((K)) S, (K))
S,(K,) . S,(K,) ... S (K,)

Wtorosoe paHXupoBaHne anbTepHaTMB A1, . An B 3afaye MHOrokputepuanbHoro Bbl60pa NpPoBOAAT N0

MOMyYEHHbIM UTOrOBLIM «BeCaMy. AnbTepHaTuBa C HaubOrbLUMM WTOTOBLIM «BECOM» sBRsieTCs Haubonee
NpeanoYTUTENLHOM N0 BCEMY MHOXECTBY KPUTEPUER CPABHEHMS

Mpumep peanusaLmm OnMcaHHOro MexaHuama BbiBoga faH B [9].

5.3. MexaHu3MbI BbIBOAA, OCHOBaHHbIE Ha NpeLieeHTax.

OTM MexaHu3Mmbl BbiBoga npumensiotcs B [pC/C, CMOXHOCTb KOTOPbIX HE MO3BOMSET MPOBECTU MX
KOHCTPYKTUBHYKO (POPManuM3aLmio, HO N0 KOTOPbIM UMEETCS OMbIT (MPEeLeaeHTbl) UX YCMELLHOro paspeLLeHus.
OpHa v3 TpyAHOCTEN 3TOr0 NOAXo4a COCTOMT B MPaBMibHOM Noabope KOOpauHaT (X1.... Xi, .., Xn) CUTYALMOHHOMO
Bbibopa SV(IMpC/C-pelueHne) kak no ux KonuyecTsy, Tak U no hopme NPeacTaBneHUs Kaxgon KOOpauHaThI.
lMornHoTa ONWUCaHUS CUTYaLMOHHOTO BEKTOpa W CBSA3b KOHKPETHOrO BEKTOpa C KOHKPETHbIM MpeLefeHTOM
yCTaHaBNMBAETCS NpW ANUTENLHOI paboTe ¢ aKcnepTamm - AENCTBUTENbHBIMA HOCUTENSMW 3TOTO 3HAHWS.

Kak npasuno, KOOpAnHaTbl CUTYaLMOHHOIO BEKTOPA CyTb NINHIBUCTUYECKME NEPEMEHHDIE.
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5.3.1. MaTpuub! 3HaHWUIM NO NpeLeAeHTaMm.

MycTb coctosiHue MpC/C onuchiBaeTCS CUTYaLMOHHBIM BEKTOPOM C KOOpAMHATAMM (X1, Xi, .., Xa) W Kaxgas

KOOPAMHATA X; - IMHIBUCTUYECKAs NepeMeHHasi C MHOXECTBOM TepMoB A = {az @l 2l } [1ns HeKoTOpbIX

KOHKPETHbIX peanu3auuii CUTYaLMOHHOTO BEKTOpa, Kora Kaxaas FMHIBUCTAYECKas nepemMeHHasi MpuHUMaeT
0OHO M3 CBOMX BO3MOXHbIX 3HAYEHWA (KOHKPETHbIA TepM), eCTb MpeLefeHT YCMELLHOro paspelleHust 3ToM
MpC\C.

[MycTb HakonneHo MHOXeCTBO dj, j = 1,...,p NPELeAeHTOB 1 KaxXabli U3 HUX CBSA3aH C MHOXECTBOM KOHKPETHbIX
CUTYaLMOHHbIX BEKTOPOB, MPW KOTOPbIX OH (MpeueaeHT) obin n3bpat.

CoctaBum maTpuuy Takoro cooTBetcTBMs (Tabn.2). Crpynnupyem CTpoku maTpuy no npeuegeHTam (6nok
npeueaeHTa). Kaxgas cTpoka MaTpuubl NPeacTaBnseT cob0M KOHKPETHBIN CUTYALMOHHBIA BEKTOP, MPK KOTOPOM
B NMPOLLIIOM YCMELLHO pean13oBarcs COOTBETCTBYIOWMA NPELEAEHT.

lMepeHymepyem cTpoku 6roka npeueaeHTa d; 4ByMS MHAEKCAMU: NEPBbIN MHAEKC — HOMEP NpeleaeHTa (3aecb
OH SIBNAeTCS HOMEepOM 6110Ka), BTOPOiA MHAEKC — NOPSAAKOBbI HOMEP CUTYaLMOHHOIO BEKTOpa B 3TOM 6OKe.

Tabnuua 2. MaTpuua 3HaHUI M MeXaHU3M BbIBOAA Ha HEN.

Ne KoopauHaTbl cUTyaLUnoHHOro BEKTopa ,

min max d
n/n X1 Xi Xn
| @MY | e @"" | e (al)” | min @)y
. ik . - 3 - . is \ *
s | @) | @”)" | s (ay)” | min (aF)" | max min(a;") Ha,
ik, | @) ] CHED M E— (al)r | min a7y

BBeaéHHas maTpuua onpefensieT CUCTeMy MOrMYECKUX BbICKa3biBaHUM BUAA «ECMW ..., TO ..., UHaye ...».
Hanpumep, cTpoka MaTpuubl j1 WWPYET BbICKa3bIBAHME:
il jl il jl
Ecnu x, =al u x,=a) u..u x;=a u..u x,=al, mo d, (3.1)
MHaye aHanorMyHoe BbIpaXEHWEe 4115 CreaytoLen CTPOKU U T. .

lMonyyeHHyl0 ynopsgoOYEHHYD TakuM 06pasoM CUCTEMY MNOMMYECKUX BbICKA3blBaHUI HA3bIBAKOT HEYETKOM
MaTpuLen 3HaHWA Uk NPOCTO — MATPULIEN 3HAHMI.

5.3.2. AnropnTMm BbIlYMUCIEHUA (DYHKLUKM NPUHAANEXHOCTU npeledeHTa d ;.

lMpexae Bcero, npeactaBum anroput™m [12] onpeaeneHns PYHKUMM NPUHAANEXHOCTU g (X1, .. Xi, .. Xn)
npeLenexTa dj, NHTEPNPETUPYEMOTO Kak HEYETKOE MHOXECTBO Ha yHUBepcanbHoM MHoxecTBe. Ud = Uxq x ... x
Ux x ... x UX,, rae Ux - yHuBepcanbHOe MHOXeCTBO, Ha KOTOPOM 3afaHbl TepMbl FMHIBUCTUYECKOW
nepemeHHoi x; a Ud— fekapToBo npon3seaeHne yHuBepcasbHbIX MHOXECTB UX;.

Kaxgoe noruyeckoe BhbickasbiBaHue Tuna (3.1) unm, 4to TOXeE, Kaxaas CTPOKa MaTPULbl 3HAHWA NPEACTaBnseT
cobOM HEYETHOE OTHOLIEHWEe COOTBETCTBYIOLUMX HEYETKMX MHOxectB. Tak ans (3.1) ato Oyger
al'xal’ x..xal

OYHKUMS NPUHALANEKHOCTU HEYETKOTO MHOXECTBA, 06Pa30BaHHOIO 3TUM HEYETKUM OTHOLLEHWEM B COOTBETCTBYE
c[10,11] byget
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R (X)) Ao A H () Ao AR (%),

n

roe yepes “A” obo3HaveHa onepauus “min”.

AHanuampys Becb 6MOK NOTMYECKUX BbiCKa3blBaHMIA, OTHOCALMACS K npeueaeHTy d j (6rok cooTBETCTBYHOLLMX
CTPOK MaTpuLbl 3HaHMI), 3aMevaeM, 4TO OHU NpeLCTaBnalT coboi 0ObeanHEHNE COOTBETCTBYIOLNX HEYETKIX
MHOXECTB, 06pa30BaBLUMXCA NPU PaCCMOTPEHUN CTPOK BblAeNeHHOro 6roka. OyHKLMS NpUHAANEXHOCTU 3TOr0
00beanHeHNs, OTOXAeCTBRseMas C (yHKUMEN MPUHAANEXHOCTW npeueaeHTa d; , B cootsetcTBum ¢ [10,11]
Oypet

g, (X peees Xipees X)) =(ua{] (X)) A AR (X) A A Ry (Xn)) v

eV (“a{"j (X1) Ao A Mo (X) Ao A Mo, (Xn))

roe yepes «v» 0b6o3HaveHa onepaums “‘max” .
dopmMansHO NpefcTaBlieHHbI anropuT™ onpeaeneHns yHKUMY NpuHaZnexHocTn npeueneHta di  MOXHO
3anucatb B BUZE:

a) dukcupyem npomaaoanyroTquy(xf,...,x;‘,...,x;)eUXl x.xU_ x.xU_,

6) ans kaxgoro 6oka MaTpuLbl 3HaHWA, COOTBETCTBYIOLLErO d; onpeaensiem g (X1, .. Xi, .. Xa) B 3TON TOYKe
cornacHo cxeme Tab. 2.

*

3ameTim, 4To NS UKCMPOBAHHOM TOMKM (X, ..., X, ..., X.) OMOK MaTpuLpl, NPeACTABMEHHbIN B
Tabn. 3., ABNSETCS YMCNOBbLIM, TaK Kak BMECTO KaX4oro TepMa afs 13 3T0r0 6MOKa NOCTABNEHO 3HAYeHWe ero

byHkum  mpuHagnexHocn  (al®)”, BbluMcnenHoe B cooTBeTCTBylowein X, . Onepauss  minal

1

NPOM3BOAMTCA HaM YMCTamMi, CTOSILLMMM B CTpokax “i’, 1< i < n u B ctonbey “min” 3aHOCUTCS MUHUMAIbHOE
YuCcno B COOTBETCTBYtOWEN CTpoke. Omepaunss max min afs BblENSET CPEAN NOMyYEHHbIX CTPOYHbIX
jS i

MUHUMYMOB 1 < js < Kj HanbomnbLwnA. ITO YUCIIO U ABSETCA 3HAYEHUEM PYHKLMM NPUHALNEXHOCTN g (X1, .. Xi,
.. Xn) B 9TON (PUKCUPOBAHHOM TOUKE (X ,..., X, ,..., X ). [1POBEOS Takue BbIMMCTIEHUS ANsi KAXOOW TOUKM
YHWUBEPCANbHOTO MHOXECTBA, NOMYyYMM UHTEPECYIOLME HAC PYHKLUW NPUHAANEXHOCTH.

5.3.3. AnrOpMTM Bbl60pa npeueneHTa npu HabnogeHumn CUTYaUMOHHOro BeKTopa C Konn4eCtBeHHbIMU
KoopAuWHaTamu

Mpu HabnoaeHM CUTyaLMOHHOMO BekTopa [12] € KONMMYECTBEHHbIMI KOOPAMHATaMK (BCE KOOPAMHATLI BEKTOpa
“3MepeHbl MO YMCOBbIM Lkanam) Ans Bbibopa Hanbornee NoaxoasLlero npeLeaeHTa BOBCE HET HEOBX0AMMOCTH
MOMHOCTBHO ONpesensaTbh PYHKLUM NPUHAANEXHOCTU Wg(X1, .. Xi, .. Xn) HA BCEM MHOXECTBE TOYEK YHUBEPCANBHOMO
MHOXeCTBa. [JoCTaTOYHO paccumnTaTh WX 3HAYEHWE TOMBKO ANt (PUKCMPOBAHHbIX YMACIOBBIX 3HAYEHWI KOOPAMHAT
BEKTOpa, KOTOpbI Mbl MOMYYWnM B pesynbTate HabnogeHus. [ns  a1oro npugetcs  OAHOKPaTHO

BOCTIONb30BaTLCS anroputMoM M. 5.3.2, Gepst B kayectBE (X, ,..., X, ,...,X, ) KOOpAMHATHI HaBMOAEHHOTO
CUTYaLIMOHHOTO BEKTOPA.

B pesynbTate Ans kaxgoro npeueaeHTa dj Mbl Nonyy4um yucno d (xf,..., xf,...,x: ), SBNSIOLLEECS CTENEHbI
* * *

MPUHAANEXHOCTN d; TOUKE (X ,eees X eeey X ) -

Wcxonss w3 Takoil  MHTEepnpeTauuW, Haubonee npeanoyvTUTENbHbIM MPELENEHTOM [Ans  paspeLleHus

Habntogaemon MpC/C byneT npeLeaeHt dj , lNs1 KOTOPOro

* * * * * * *
dj (X peeer X ey X ) = IIISJ%;( 0 (X e X gy X )
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3akniouyeHue

1.bopToBble onepaTuBHO coBeTyWMe aKcnepTHble cucteMbl (BOCOC) — wuHTennekTyanbHble CHUCTEMbI,
pellalle 3agadn BTOPOro rnobanbHOro ypoBHs ynpasneHusi, OHW npegnaralT akunaxy ahdeKTUBHBIN
cnoco® [JOCTWXEHUS OMepaTWBHO MOCTABNEHHOM Lenu (3agaun) B KakObl TEKyWMiA MOMEHT CeaHca
(hYHKUMOHMPOBaHUS aHTPONOLLEHTPUYECKOro 06 bEKTa.

2.AnekBaTHbIMM MexaHu3Mamm BbiBoga B 6ase 3HaHuin BOCIC asnstoTes:

- MPOAYKUMOHHbIE NpaBuna,

- MHOTOKpUTepUarbHbli BbIOOP anbTepHaTHBbI,

- BbIBOA MO NpeLeaeHTy.
3. Paspabotka 6a3 3HaHuin BOCIC TpebyeT MCMonb30BaHWS HOBOM MaKpPOMOAENM aHTPOMOLEHTPUYECKOrO
06BbeKTa, UCMOoNb3yHLLEN NOHATUS:

a) ans onucaHus cpeabl MYHKUMOHMPOBAHUS aHTPOMOLLEHTPUYECKOTO 0OBEKTA:
- CEaHC (PYHKLMOHMPOBaHHS,
- CeMaHTW4ecKas CETb TUMOBbIX CUTYaLWR,
- CeMaHTWYeckas CeTb NPOBIEMHbIX CybeuTyauumit;

) Ans onMcaHUst CEMaHTUYECKOW CTPYKTYPbI aHTPOMOLLEHTPUYECKOTO 0ObeKTa:
- NepBbIn rnobarnbHbI YPOBEHb YNPaBeHus,
- BTOPOW rnobanbHbIi YpOBEHb YNpaBeHus,
- TpeTWi rnobanbHbIi YpOBEHb YNpaBneHus.
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Onucanune npobnemHon obnactu

AKTyanbHOCTb 3afjauu KOMMneKTauuu asapuitHo-cnacatenbHoi TexHuku (KACT) onpepenseTcs QMHAMUKOW
poCTa CUTyaLuit, B KOTOPbIX HEODXOAMMbIM SIBNISIETCS €€ UCMONb30BaHWE, a Takke YBEIMYEHNEM TEXHOTEHHOM
Harpy>KeHHOCTM OKpyxatowen cpedbl. Ha npaktuke pewenue 3agaun KACT npuHMMaeTcs OTBETCTBEHHbIM -
LlOM, ucxods U3 COBCTBEHHOTO OMbITa, CREACTBMEM YEr0 NPW BbINOMHEHWW aBapWtHO-CMacaTenbHbIX PaboT
3a4acTylo SBMAETCH OTCYTCTBME HEOBXOAMMOro MHCTPYMEeHTapust BOOGLLE, UIM HEBO3MOXHOCTb BbIMOMHEHNS
3a/laHns B NONHOM obbeme.

3apava KACT sBnsietca noruveckum MNpOAOMKEHWEM psida 3adad, pPaccMaTpuBalOLLMXCS paHee Ha
koHdepeHumsx KDS-2006 n KDS-2007, u pelwaembix ¢ ucnonb3oBaHnem TexHonornii Soft Computing, B
4aCTHOCTM, 3TO OMpefeneHne KpaTyanlero MapLupyTa CResoBaHWs NOXapHOro pacyeTa K MeCTy noxapa C
ONTUMMU3MPOBAHHLIM MPOCTPAHCTBOM noucka [Snytyuk, 2007], nyTn 1 BpeMeHW pacnpoCTpaHEHNs OrHs K 0C0b0
onacHomy 06bekTy [CHuTiok, 2007].

CoBpeMeHHOe COCTOSHWEe B paccMaTpuBaeMoii 00MacTW XapakTepu3yeTCs 3HAYUTEeNbHO PacLUMPEHHbIM
acCopTMMEHTOM NMPOTUBOMNOXAPHOI W cnacaTenbHOM NPOAYKLMM, CHATUEM OrPaHUYEHUI Ha UMMNOPT 3apyBexHbIX
06pa3LioB, HO CyLLECTBOBAHNEM ONpeaeneHHoro aeduumta HaHCOBbIX PecypcoB. Henb3s Takxe He 0bpaTuTb
BHUMaHMe Ha HeobXoaMMOCTb 06ecneyeHns LUMPOKON (PYHKUMOHAMBHOCTM M MaKCUMarbHOM  MOLLHOCTY
obopyaoBaHus.

OuesugHo, 4to 3agayva KACT umeeT MHOMO 0BLUEero ¢ M3BECTHOM 3adadei ynakoBki B koHTeHepbI [Lodi, 2002].
3apava ynakoBkW B KOHTE/Hepbl 3aknoyaeTcs B pasMelleHuy 0ObeKToB npeaonpeaeneHHon opMbl Takum
06pa3om, 4Tobbl YMCIO WCMOMb30BAHHLIX KOHTEHEPOB Obl0 HaMMEHbWWM MM obbeM 00BLEKToB Obin
Hambonblmm. B 3agave KACT uenesas dyHkums 3agaum 06 ynakoske npeobpa3oBbiBAETCS B OrPaHUYEHNS Ha
rabaputHble pa3mepbl arnemeHToB. LleneBbiMu (PYHKUMAMK  SBASIOTCS  (DYHKUMOHAMBHOCTb, MOLLHOCTb,
CTOMMOCTb, Apyrne xapaktepuctukiu anemeHtoB ACT. [loaTomy nepeooyepegHON 3agadent SBRSETCH
(hOpMUPOBaHME WHTErPanbHOTO KPUTEPUS W NPEACTaBREHNe NOTEHLMAnbHbIX PELleHnid 3agadun. AcnekTbl ee
PELLEHNS NPEANOKEHbI HUXE.
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MNocTaHoBKa 3apgaun

MycTb MHOXecTBO X ={X,,X,,..., X} NpeacraBnseT acCopTUMEHT aBapuiHO-CracaTenbHON TEXHUKA. Kaxablit
anemeHT MHoxectBa X MpuHaanexur k opHomy u3 knaccos mHoxectBa C={C,C,,..C,}, roe k<<n.
MpeanonoximM, YTo B KOMMMEKT [OMKHO BXoAUTb obopyaosaHne us kaxgoro u3 {C,,C,,..,C,} knaccos, m <Kk,
TE. {XA ,X,?Z,...,an }c C1,...,{X§1,X,T,...,X,.’; } = C,,. Kaxaomy anemeHTy MHoxecTBa X MOCTaBUM B COOTBETCT-
BME COBOKYMHOCTb 3HA4EHMI:

X, —><I—'1q,qu,l§q,aq,bq,cq >, (1)
roe Iﬁq - 3Ha4yeHWe (PYHKLUMOHANBHOCTU § -r0 3NEMEHTa; qu - 3Ha4eHue ero NPOM3BOAMTENBHOCTU (MOLLHOCTH);
qu - LieHa anewmeHTa; a,,b,,c, - ero rabaputbie pasmepsl, g =1n.

Coenaem ynpouiaruine 3amevaHus. nyCTb BCE ANEeMEHTbl MMEKT cbopmy NPAMOYronbHOro napannenenuneaa un
OHU OOMXKHbI ObITb pasmMeLleHbl B NPpAMOYrosibHOM KOHTeVIHepe. Kpome TOro, B KOHTeIZHepe JOMKHb! BbITb NO
OAHOMY 3NNEMEHTY M3 KaXAO0ro Knacca.

3agava KACT cBoauTcs K 3aa4e MHOTOKpUTEpPUansHON ONTUMU3aLNK;
F.(x) — max, F,(x) = max, F,(x) — min, (2)

oyl y2 My i .
roe X_(th’xf,z'"'xf,m ),x,.,/ eC/. NP1 OrpaHNYEHNsIX:

1min 2min * FS(XIJ,I ) < F3jmax’ FI() > O’ = 113; (3)

FiX )2 Fly F(x] )2 F]

0< aq(x,'l'j ) < max{a,b,c}, 0< bq(x//'[ ) <max{a,b,c}, 0< cq(x{l'l ) < max{a,b,c}, (4)

roe aq(x,{ ), bq(x,’,' ), cq(x,’,'v) - rabaputHble pasmepbl anemeHta ACT, a,b,c- rabapuTHble pa3mepsl
il ] 1

KOHTEMHepa.

3apava (2)-(4) moxeT ObITb CBEAEHA K 3adade AWCKPETHOrO cenapabenbHOro nporpaMmmupoBaHus [Bomnkosuy,

1993];

N
HaliTn max F(x) =Y F(x,),

i=1

MpY OrPaHNYEHNSIX:

N —_
g,(x)=>g,(x)<g,, p=Lg,
i=1

N -
g,(0)=2g,(x)2g,, p=q+10,
i=1

rae F(x;), g,(x;) = (PyHKLMN IUCKPETHOTO apryMeHTa, 3afiaHHble TabnmuyHo.

13BeCTHO, 4TO 3afaum Takoro poga oTHocsT k NP-nonHbiM. Ho, o4eBugHO, 4To B noctaHoBke (2)-(4) MoryT 6biTb
CAenaHbl NpeanonoxeHns, ynpoljallime npouecc ee pelleHns. Ham npefcraBnseTcs pauuoHarnbHbIM
MCMONb30BaTb MAEN PELLEHMs 3ad4ay MHOTOKpUTEPUMAnbHOW onTuMM3aumm [YepHopyukuin, 2005], [BonowwmH,
2006], meToaa nocneaoBaTenbHOro aHanmsa sapuantos [Muxanesuy, 1982; Bonkosuy, 1993] 1 3B0OMHOLMOHHOTO
mogenuposaHus [Muxanesuy, 1996].
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MHdpopmaumoHHo-aHanuTU4Yeckme moaenu

B ocHoBe 3dhheKTMBHOIO peLueHns 3agavn (2)-(4) nexar Takue npeanochIku:

1. dopmupoBaHNe KOMMMeKca MOLenei, KOTopble NO3BOMAT OCYLECTBUTb WMAEHTU(MKALMIO KpUTEPUAnbHbIX
(PYHKUMA.

2. Pa3paboTka MHTErpanbHoro KpUTepus, NOMyYeHNe 3Ha4eHuin KOTOPOro NO3BONUT YCTAHOBUTb NPEANOYTEHUS
Ha MHOXXECTBE BapuaHTOB.

PaccmoTpum 3agadvy hopMMpoBaHUsS KOMMEKCa MOAENei, KOoTopble COCTaBNSOT MHAOPMALMOHHO-aHanMTNYe-
ckuin 6asnc mnccnenosaHusi. VI3BECTHO, YTO MPK CO3OAHWM CMOXHBLIX CUCTEM TPaaMLMOHHO [TumuyeHko, 1991]
UCNONb3Y0T MOAENMW CTPOEHUS, (DYHKLIMOHUPOBAHMUS U Pa3BUTHS.

B Hawwem cryyae mogenb CTPOEHUS UMEET BUA;

M, < X, X,,... X, >, (5)
roe n- konudyecto anemeHtoB ACT. Mogenb cTpoeHus sBnseTcs 6asncom, KOTOpbIA NpefgHasHavyeH Ans
(HOPMMPOBAHUS MHOXECTBA 3MEMEHTOB W CTPYKTYpbI Npu komnnektosaHun ACT.

Mogenb (pyHKLMOHMPOBaHUS
M, =<G,G,,...G,>, (6)

roe G.,i=1n,- npeobpasosaHue, KoTopoe peanuayetcs i -m anemeHtom, npuiem Y; =G (/,,R,,P.),Y; - HekoTo-
pas xapaKkTepucTika, kotopas onpefensetcs npeobpasoBaHneM G;u ykasblBalollas Ha ero pesynbrar, I -
anpuopHas MHopMauus O TUNax aBapuiHbIX CUTyauud, WX MacliTabax W BO3MOXHbIX MOCReAcTsusx, R, -

MaTepuanbHble W 3HEepreTMyecke pecypebl, Heobxoaumble ANs (YHKUMOHMPOBAHMA  3nemeHTa X, W
NonyyeHns aHauenns Y., P.- 0coBeHHOCTV npoliecca npeobpasosanus < /R >—> Y, i="1n.
TpeTbto MOAenNb — MOAEenNb Pa3BUTUSA NPeLCTaBUM, UCNONb3YS NPUHALNEXHOCTL 3NIEMEHTOB Krlaccam

M, =<(X,1,X,12,...,X,1j1 )yeeer (X,T,X,Z”,...,X,I”;)> (7)
roe m-— KonuyecTBo knaccoB anemeHToB ACT, BbINOMHsOWMX nogobHble dyHKuMW. B npegenax kaxpon

COBOKYMHOCTW 3NEMEHTbI MOTYT ObITb ynopsAo4eHbl NO YPOBHIO qJYHKLI,VIOHaJ'IbHOCTVI, MOLLIHOCTM 1 NO CTOUMOCTMU.
BoamoxHbI Takke BapnaHTbl ynopano4eHusa no 3Ha4eHuo Fa6apI/ITOB.

MpeanoxeHHble Mofenu obpasyioT 6asnc 4s POPMMPOBaHIS KPUTEPUEB, KOTOpble GYAYT MCMONb30BaHbI Npy
NPUHSTAM PEeLUeHUA No BbIGOPY ONTUMarnbHOro BapuaHTa komnnektauun ACT B YCROBMSIX pecypcHoro gedwm-
LuTa.

Oco6eHHOCTU NOCTPOEHUA MHTErpanbHOW LieneBow (hyHKLUM

3apava komnnektoBaHus ACT umeeT 0COBEHHOCTM, K KOTOpPbIM OTHOCATCS MHOTOKPUTEPUANbHOCTD,
Pa3HOPa3MEPHOCTb 3HAYEHWUN KpuTepuarnbHbIX (YHKUMIA, CnaboCTpyKTYpUpPOBAHHOCTb. PaccmoTpuM acneTol
(hOPMUPOBAHUS UHTErPanbHOMO KpUTEPNS (LIENeBomn (PYHKLMM), MCXOLS N3 N3BECTHBIX METOAOB PeLLeHUs 3agay
MHOroKpuTepManbHoit ontuMnsauum [Mlapuyes, 2003]. 3ameTum, YTo yHKUMK (2) MOTYT 3agaBaTbecs TabnnMyHo,
TaK 1 UMETb BUA aHANUTUYECKMX 3aBUCUMOCTEN.

1. MeTog rnaBHOro kputepus. Mpegnonoxum, YTo rMaBHbIM KPUTEPUEM SBMSIETCS CTOMMOCTb anemeHTta ACT.
Torga 3apava (2)-(4) npeobpasyeTcs K TakoMy BUAY:

F,(x) —min, x = (x] ,x Xp )X €C;, (8)

iy 1 iy
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xeD,D={xIF,. <F(x),i=12) ()

imin

W BbINOMHEHO (4). B 3agaue (8)-(9) F..,i=12,~ MMHUMANbHO BO3MOXHOE 3HA4YEHUe | -To Kputepus. Takam

jmin?
obpasom, nonyyaem 3agavy OAHOKPUTEPUANbHOW onTuMMU3aLMK. Ee peluenne B criyyae M3BECTHbIX 3HAYEHWI
F,,F,,F, nna Bcex anemMeHToB CBOAUTCS K MOUCKY

X, =maxF,(x), (10)

xeD

rae D - ofnactb, B KOTOPOIl BLINOMHAOTCA orpaHuyerns (3) 1 (4). Ecnu x; € D, TO peLueHre Hail[eHo, ecru
HeT — uLem
X, =maxF,(x) nT.a. (11)
xeD
X#X;

Ecrm 3x; : x; = maxF,(x), X; €D, T0 3aa4a MMeeT peLLeHme, B MPOTUBHOM Crlyyae — PELEHIs HeT.

xeD
2. MeTog nuHenHom cBepTkn. HeobxogumbiMu YCIIOBUAMM peanuiaumuy MeToaa SBnslTCs:
- HOpMarnu3aLms 3Ha4YeHNA KpUTepuanbHbIX (yHKLNIA;
- onpegesneHne BeCoBbIX KOAPULMEHTOB KpUTEPUEB.
Toraa nHTerpanbHbIit kputepuin byget Takum:

F(x) = a,F(X) + a,F,(x) — o, F; (x) > max, (12)
3

rae «;>0,i=13, Za, =1. ECNK U3BECTHbI 3HAYEHMS KpUTEPUANBHBIX (DYHKLMIA U MHTErPanbHOrO KpUTEPHS Ha
i=1

MHOXECTBE KOHTPOMNbHbIX Touek (anemeHTax ACT), TO KOIPPUUMEHTBI «,,a,,a; MOTYT BbITb paccy1TaHbl,

Hanpumep, no MeToay HaMMeHbLUMX KBadpaTtos. OpHako, 3TO He Bcerga BO3MOXHO, TeM 6onee, YyTo CcKopee
BCEro B MaccmBe Ha4anbHbIX AaHHbIX 6y,qu UMETb MECTO MYSbTUKONITMHEAPHOCTb (*)aKTODOB 1 pesynbtat 6y,u,eT
CMELLIEHHbIM. B Apyrux cnyyasax HeobXxoaMmo NCnonb30BaTb TEXHUKM O6pa6OTKI/1 AKCMEpPTHbIX OLIEHOK.

3. Metop ngeanbHoM TouKW. MaeanbHoii HasbiBaeTCs Takas TouKa (x; ,x;,x;) , YTO x,* = m%xF,(x), i= ﬁ Pewms
Xe
3afjayn OAHOKPUTEPWUANbHONW ONTUMM3ALMKM, uoeanbHas Todka OyaeT HaigeHa. Torda AanbHenwee pelueHne
3aK04aeTcst B NMOMCKe TaKoM TOYKM:
3 1

X' = Argmin(>" (F (x)—x, 2. (13)

xeD =

3HauveHus KpuTepuanbHbiX (YHKLUMA OOMKHBI ObiTb HOPMUPOBAHLI W €CAIN KpuTepUarbHble (YHKLMM UMEKOT
BECOBblE K03hhULMEHTEI, TO 3agavy (13) nepenuwem B BUAE:

X" = Argmin(3 e, (F,(x) - x; ), (14)

3 1
i=1

3
e « >0,i=1,3,2a, =1.

i=1
CyLLecTBYlOT 1 OpyrMe MeTodbl pelleHus 3agay MHOrOKpUTEpWanbHOW ONTUMW3AUMKM, Takue Kak Bblbop no
KONMMYeCcTBy OOMMHUPYIOLMX KpUTEPWEB, MEeTO4 MOCMefoBaTeNbHbIX YCTYMOK, MOCnefoBaTenbHOr0 BBOAA
OTpaHUYEHU 1 T.0O., HO BCE OHW TPeOYIOT NPUBNEYEHUS! AOMOMHUTENBHON MHAOPMALMKM, KOTOPOI MOXET U He
ObITb. MOTOMY ANS peLUeHNs HaLe 3aa4m Mbl OCTAHOBWMCh Ha BbilLENPUBEAEHHbIX TPEX MeTogax.
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MpenBapuTenbHble WarK, COKpallaLwWwmue KoNM4ecTBO BapMaHTOB pelleHnusi 3agauu

1. YpaneHue Bo3MOXHbIX BapUaHTOB PELLEHNs 3a[ja4u, KOTOpble CTPOrO JOMUHUPYIOTCS XOTS Bbl OfHUM 13 f1py-
TMX BapuaHTOB. 3aMeTuM, 4TO Takasi onepawus MoxeT BObiTb BbINONHEHA B HAYane peann3aLmmn Noucka peLleHms
3a7ja4u, eCn MOLLHOCTb MHOXeCTBa BapuaHTOB CpaBHUTENbHO Hebombluas. Ecnu 310 He Tak, TO NpoBepka Ha
[OMVHWPOBAHME OCYLLECTBIAETCS B NPOLIECCE PeLLEHMs 3aAa4M ANs KaXaoro anemMeHTa oTAeNbHO.

2. Heobxogmumo ocyLLeCTBUTb NPeABapUTENBHYIO MPOBEPKY, HE CyLLeCTBYET Mn Takoro anemeHTa ACT, uto

(a, >max{a,b,c}) v (b, >max{a,b,c}) v (c, >max{a,b,c}); (15)

He CyLuecTByeT nu Takoro Habopa anemeHToB ACT, 4To
3 3 3
(> a, >max{a,b,c}) v (Db, >max{a,b,c}) v (D ¢, >max{a,b,c}). (16)
=1 q=1 q=1

Ecnv anemeHTbl nn Habopb! anemeHToB yaosneTsopstowme (15) unu (16), COOTBETCTBEHHO, CYLLECTBYIOT, TO X
HeoOXoAMMO yaanuTb a priori, WNM B Mpouecce peleHus 3agadn. AHanorMyHo, MCMOMb3ys CXemy
rnocnefoBaTensHOro aHanuaa BapuaHToB, yaanseM BapuaHTbl, 06LLas YyHKLMOHANbHOCTb UK MOLYHOCTb KOTO-
PbIX MEHbLUE MUHUMASLHO BOMOXHOW, @ TakKe Te, CTOMMOCTb KOTOPbIX MPEBLILLAET AONYCTUMYHO BENUYNHY.

OcHoBHbIe HanpaeieHnAa peLlueHns 3agalin

Mockonbky HeoBXoaMMO HaitTM ONTUMYM (DYHKLMW, 3aAaHHONA TabnnyHO, MpW yKa3aHHbIX OrpaHUYEHUsIX, U O
CBOIICTBAX KOTOPOW HUYETO HE M3BECTHO, TO HAM MPEeACTaBNSETCS paLyoOHaNbHLIM NPYMEHEHWS 3BOMOLMOHHOTO
MofienMpoBaHus. Bbibop MeToza 3BOMIOLMOHHOIO MOAENMPOBaHHS SBNISETCS NPeporaTMBOi UCCreaoBaTeNs.

[MpeanonoxumM, Y4To Mbl MCMONB3YeM reHeTudeckuit anroputm [Holland, 1994]. U3BecTHO, 4To €ro peanusaumio
COMPOBOXAAKT ABe Npobrnembl; hopMUpOBaHME LENeBon YHKLMN 1 NpeacTaBNeHne NOTEHUMANBHBIX PELIEHNI
B Buae OuHapHbIX XpomMocoM. B Halwwen 3agaye Lenesast PyHKUMS yxe nonyyeHa. [ns dopmMmpoBaHmus Xpomo-
COM-PeLLeHnit NpeafioxXMM Takon noaxod. [lockornbky pelueHue sBnsetcs Habopom M3 m  9NEMEHTOB, TO U
AnvHa xpomocombl 6yoeT m. Kaxgas ee nosuumsi otBevaet ogHomy anemeHTy ACT. Bce anemeHTbl Xxpomo-
COMbI MpUHAZNEXaT 04HOMY Knaccy.

Kaxabln anemeHT umeeT 3 parmeHTa. [lepBbld COOTBETCTBYET 3HAYEHMIO (hYHKLMOHAMbHOCTW, BTOPON —
MOLLHOCTH, a TPETUI — CTOMMOCTU. Takum 0bpasom, Xxpomocoma-peleHne byaet umetb 3m parmeHToB. Ha
HayanbHOM 3Tane BCe 3HaYeHUs XapakTepUCTUK SNEMEHTOB Oblf HOPMMPOBAHBI, UX 3HAYEHWS HAXOAATCS B
otpeske [0,1]. Janee npumeHsOTCA BCE M3BECTHble MPOLEAYPLI FEHETUYECKOro anroputMa. 3aMeTuM, 4To

NOMy4YeHHOE PELUEHNE MOXKET He COOTBETCTBOBATb HW OJHOMY MOTEHUMANbHOMY BapuaHTy. Toraa Heobxoanmo
HauT Onxanee K HeMy pelleHre no KPUTEPUID MWHUMYMa CpPeHEKBagpaTUYecKoro pacCTOsHUS.
MpUMEHEHNE TEHETUYECKOrO anropuTMa NPeAnoYTUTENLHO B TOM Chyyae, Korga M3BECTHbI 3HAYEHUS YacTHbIX
KpuTepuanbHbIX OYHKUMIA. [N pelueHns 3agayun Takke paunoHanbHbIM SBASETCS NPUMEHEHWE 3BOSIIOLMOHHBIX
ctpateruit [Rechenberg, 1994].

3aknioyeHue

PaccMoTpeHHast  3afjaya  KOMMMEKTOBAHWUS  aBapUMHO-CMACcaTeNbHOM  TEXHWKW  SBMSIETCS  COXHOM
MHOrOKpUTEPMarnbHOi 3agaden. Ee CnoxHOCTL 3aBucHT OT kavecTsa anemeHToB ACT 1 HocuTenen, Ha KoTopble
OHW 6ygyT ycTaHoBreHbl. HoBble 06pa3Lbl TEXHWKM, WX 3BOMIOLMSA YKa3blBalOT Ha HeobXxoaumocTb noucka
ontumansHoro pewenuns 3agaum KACT. TexHonorusi, koTopas npeanaraeTcs B ctatbe, 6asupyetcs Ha aneMeH-
Tax TPex COCTaBMAIOWMX: MHOTOKpUTEPUANbHOA ONTUMM3ALMKM, MOCNeLOBaTENbHOrO aHanu3a BapWaHTOB,
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3BOMIOLMOHHOrO MOAENUPOBaHUS U 0ObeauHsieT B cebe WX npeumyliecTBa. [1epcnekTUBHbIM SBRSETCS
KOMMO3WLIMOHHOE WCMONb30BaHe 3BOMIOLIMOHHOMO MOAENMPOBaHHUS W NOCHEL0BATENBHOMO aHaNN3a BapuaHTOB.
OnpepeneHne mnopsigka TaKOrO  UCMOMb30BaHWS, ONTUMM3ALMS MapaMeTpoB, WCCMENOBaHME TOYHOCTM
COCTaBIISIET CAMOCTOSITENbHYH) aKTyanbHYl0 HayuHyto 3agavy. B HacTosiee Bpemsi MPOBOASATCS SKCMEPUMEHTH
no pa3paboTke GbICTPOAENACTBYIOLMX aNrOPUTMOB Ha OCHOBE MPELSIOKEHHOro noaxoaa. Kpome Toro, mockomnbky
BonblmHCTBO anemeHToB ACT MMEloT MHOroLeneBoe HasHaueHue, pasniyHble aBapUHO-CrAcaTerbHbe
3aja4M C UX NMOMOLLBH MOTYT PeLlaThesi C pasHoi aGhdEKTUBHOCTLIO TO 3aaa4a KOMMNEKTOBAHUS C Y4ETOM 3TOro
thakTopa TpebyeT NpUMeHeHUst METOAO0B TEOPUM HEYETKIX MHOXECTB.
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AHHOmauyus: B cmambe paccmompeHbl 0COGEHHOCMU NPOEKMUPOBaHUs cucmembl NOAOBPXKU NPUHAMUS
peweHuli «be3onacHoCmb», npedHasHayeHHoU O UHEOPMAUUOHHO-KOHCYIbMamugHO20 CONPOBOXAeHUs
NPOUECcos NPUHSMUS peLeHull pykogodumensamu noxapHeix nodpasdeneHuli 80 8pemMs MyweHus noxapa.
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AcnekTbl npobnemHon o6nacTu

[MpOEKTMPOBaHME CMIOXHBLIX CUCTEM, KaK M3BECTHO [TumueHko, 2000; TumyeHko, 1991], umeeT B CBOEN OCHOBE
nornyeckyto cxemy =. PaspaboTka Takow NorMyeckon Cxembl Ans Co3aaHns MHGOPMALMOHHO-aHANMTUYECKOro
obecnevenuns (MAQ) npouecco npuHaTus pewenuin (MMP) npoTMBONOXapHbIMIA NOAPA3AENeHNIMU SBNSETCS
aKTyanbHOW COBPEMEHHOW 3ajadqen, MOCKOMbKY OnpefeneHHble HapaboTkn B aToil obnactn  umerT
Pa3PO3HEHHbIA XapakTep M, Yalle BCEro, OrpaHNuMBaloTcs cOOpPOM M aHanW3oM CTaTUCTMYECKOrOo MaTepuana.
HeobxooMMbIM  SBRSIETCA CO3AaHME aBTOMaTM3MpoBaHHbIX cucteM (AC), KOTOpble B pexuMe peanbHOro
BPEMEHM npeaocTaBnsnn Obl BO3MOXHOCTb MPOrHO3MPOBaHUS CUTyauuu W yKa3blBanM Ha ONTUManbHOe
pacnpegeneHne PecypcoB U, kak crnegcTaue, Obinv HanpaBneHbl Ha YMEHbLUEHUE OLUMOOK NP1 NOXapOTYLLEHMM.

®opmupoBaHue COBOKYNHOCTU peneBaHTHbIX 3aaay

[na BHecenus nopsgka B npouecc cosgaHust AC mogmepxkn MNP Heobxogumo paspabotatb cxemy =,
onpegenuTb HanoMHEHNE ee COCTABIAOLMX, UX MPUOPUTETHI U B3aUMOLENCTBIE.

dopmupys noruyeckyto Cxemy, Caenaem npegsaputenbHele npegnonoxerns [xynai, 2004]. Mogens AC M
nmeeT age coctaenswowme: Mb - mogens MHPopMaLMOHHOTo BaHka, KOTOPbIA COAEPXUT AaHHbIE O noxapax, 1x
0COBEHHOCTAX 1 owmbKkax npu TywweHuy; MM - nporpammHbIi MOZYIb, C MOMOLLbK KOTOPOrO PeLlaTes 3agadu
obcnyxuBanus Wb, aHanmmM3a M MPOrHO3VMPOBAHWS MPOLIECCOB MPOTMBOMOXAPHOM 3awuThl. B kavecTBe Ha-
YanbHbIX [aHHbIX MCrONb3yeM [daHHble KapT MOXapOTYLEHWs, B KOTOPbIX Haxogutcs WHGopMauus o
napameTpax 06bekTa, Ha KOTOPOM BO3HUK NOXap, 0COOEHHOCTAX €r0 OKPY)XEHNS, (PaKTOpax OKpYKatoLLel cpeabl
N 0COBEHHOCTSX OpraHuW3auun npouecca noxapoTtyleHns. OrpaHnyeHnss CoaepxXar AaHHble O HamMuuMu unu
OTCYTCTBMM OMpefeneHHbIX PEecypcoB U kaapoBOM cocTaBe. [1pOEKTHbIM pelleHneM [OormkHa  cTaThb
aBTOMaTW3MPOBaHHas cucTeMa nogaepxkn npuHaTus pewwenuin (ACIMP), skniovatowas B cebs B v MNM.
OueHka NpOEKTHOro pelleHns R onpegenseTca TakuMu Kputepusmu: nonHoton B, ero MHhopMaTUBHOCTBHO
(CNOCOBHOCTBIO K MUHUMW3ALMK  SHTPOMMM  MPOLIECCOB  PELUEHWS  aHanMWUTUYECKUX 3afay), TOYHOCTbIO
NOEHTU(UKALMN OLEHKM YPOBHS MPOTMBOMOXApPHOM Ge3onacHOCTM 0BbekTa W MpOrHO3WUPOBAHUS CLEeHapueB
pasBuTMS COBLITUA.

Mpoueaypa peluenus 3agaun cosgaHns AC [EKOMNO3NPYETCS Ha NOTMYECKN CBSA3AHHYH, CTPYKTYPUPOBAHHYHO
cucTeMy noasagay:
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e onpeaeneHve qDHKTopOB, KOTOpbI€ OCYLLIECTBNAIOT Hanbornbluee BNWSHWE Ha YPOBEHb I'IO)KapHOI71
©€e30MacHOCTM XNNnoro 00bekTa;

o Onpegernexne CTPYKTYpbl MHGOPMALWMOHHOIO BaHKa 1 TMN3aLmMs ero COCTaBNSIOWMX;
e pa3paboTka nporpamMmHoro obecneyeHmnst yHkuMoHposanns b;
e paspaboTka npoLeaypbl YHUPUKaLMM BXOOHEIX PAKTOPOB;

® [IPUMEHEHUE METOLOB YBENNYEHUA I/IH(*)OpMaTVIBHOCTM BXOAHbIX OaHHbIX C BbIABNEHUEM MNPUYNHHO-
CNeACTBEHHbIX CBA3EN;

e MOEeHTUMKALMA 3aBMCUMOCTN MEXOYy YPOBHEM MNOXapHOi 6e3onacHoCTM 0ObekTa W 3HAYMMbIMM
thakTopamu;

pacyeT ONTMManbHOTO KafpoBOro COCTABa M MaTepuarnbHO-TEXHUYECKOrO 0GecreveHns B pexume
peansHOro BpEMEHM.

MpeanoxeHHas normyeckas cxema NpPOEKTUPOBAHUS BMECTE CO CTPYKTYPUPOBAHHLIMU 3aadyaMu NMO3BONSET Ha
€01HOI NHGOPMALMOHHO-MeToAoNorMYeckor base paspabortatb AC, yHKLMOHNPOBAHIWE KOTOPOI 3HAYMTENBHO
YNYYLWMT aHanuTuyeckoe obecrneyeHne NpoLEecCOB MPUHATUS PeLieHUi B YCNOBUSX KPUTUYHOCTU BPEMEHU M
OrPaHUYEHHOCTU  PECYpCHOro noTeHumana. [lpobremMHbIM OCTaeTCcs pelleHre BOMPOCOB, CBS3aHHbIX C
HanonHeHnem WB JaHHbIMM O KUMblX  OObEKTaX W CO3MaHUM  KMWEHT-CEPBEPHON  apXMTEKTYpbl C
cocpenotoyeHHsIM MB Ha cepeepe 1 MM Ha paboumx cTaHLmMsX, KOTOPbIA NO3BONMT MOAMMMLMPOBATL AaHHbIE B
VB 1 BbINOMHATL HYXHbIE pacyeTbl 415 KaXA0ro OTAENLHOrO NoApasaeneHus.

Ocob6eHHocTu npoekTupoBanua ACINIMP

Paspabotky ACIIMPP, npeaHa3HaYeHHOM Anst MHOPMAaLMOHHO-KOHCYIbTAaTUBHOTO COMPOBOXAEHNS NPOLLECCOB
MPUHATUST peleHnin, HeobXoauMO BbINOMHUTL B COOTBETCTBUM C YPOBHAMM CUCTEMHONM MoZemu [TUMYEHKO,
1991]:

<yenun> — <zagavn>— <MeTofbl, anroOpUTMbl>— <CPefcTBa>,

YUUTbIBAS TEXHWYECKUIA, TEXHOMOMNYECKUA, IKOHOMUYECKUA U OpraHn3aLMOHHbIA acnekTbl. Kpome onepauun ¢
WB v npoueayp dopmmpoBaHns otyeToB, ocHoBo MAC sBnseTcs BaHk MaTeMaTUYECKUX MOLeNelh 1 MeTOA0B,
KOTOpble SBMSAKTCA WHKANCYNMPOBaHHbIMU 1 HEJOCTYMHbIMM AN NONb30BaTeNs CUCTEMbl WM NOAnexar
W3MEHEHMSM, JOMOMHEHWAM W YCOBEPLUIEHCTBOBAHUAM CUCTEMHBIM aHaNUTUKOM. [Mpu peLleHu onpeseneHHoro
knacca 3agay obecneyeHO pesepBMpPOBaHWE METOAOB, TO €CTb OAHA W Ta Xe 3ajaya pelaercs pasHbIMU
MeToAamu, a pesynbTaTbl aHaNM3NPYTCS U YCPERHSIOTC C OnpedeneHHbIMU BECOBbIMU KOIPMLMEHTaMM.
Tak, Ans CTPYKTYpHOM M NapaMeTpuyeckoi MAEHTU(MMKALMM OLEHKM YPOBHA MoXapHom 6esonacHocTu
MCMONMb3ylOTCA  TakMe MOAENW: napHas IMHENHas perpeccus, MHOXECTBEHHAs fMHENHas perpeccus,
MHOXECTBEHHAs! HEMMHEeNHas PErpeccusl, YacoBble Psabl, MHTEPNONAUMOHHLIE MOMHOMbI, HEMPOHHLIE CETU U
MeTOAbl: HauMeHbLUMX KBaapaToB, MeTog bBpaHaoHa, anmroputm 06paTHOrO pacnpocTpaHeHust OoLmbKy,
IeBeHbepra-MapkBapaTa v gpyrue.

HOetanuaupya cTpyktypy Wb, oTMeTUM npucyTcTBMEe B HeM natu Tabnuy. [lepsas Tabnuua copepxut
NHEHOPMALIMIO O TEXHUYECKOM Napke, peCcypcHOM obecneyeHnm, cpeacTeax noxapoTyLUeHUs, KaapoBOM COCTaBe,
OPYrMX TEXHUYECKUX AaHHbIX. Bo BTOpylo Tabmuuy 3aHOCAT MHGOPMaLMO O noxapax HEenocpeacTBEHHO W3
KapToukM yyeTa noxapa. [laHHble 06 owwnbkax NWYHOrO cocTaBa MpU NOXapOTYLUEHUN HAXOAATCS B TPETbEN
Tabnuue 1 CBSA3bIBAIOTCS C AaHHLIMU BTOPO Tabnuubl no kmtoyesomy nono KEYFIELD. B yeTseptoit Tabnuue
cobpaHa WHpOpMaLns O BHYTPEHHUX W BHEWHWX napameTpax O0BbekTa, MCXods M3 Mo3uunA MOXapHOW
GesonacHocTu. besycnoBHO, rMaBHy0 ponb UrpaeT MHopMauKs, KOTopas COCPeaoTodeHa B naTon Tabnuue:
pesynbTaThl MCCNEA0BaHWS YPOBHS MOXapHOi BGe3onacHOCTM OBBLEKTOB XWMOMO CeKkTopa, aHamm3 ownbok
MIMYHOTO COCTaBa M CUTyaUWA UX BO3HWKHOBEHWS, ONTUMArlbHble MapLpyTbl Npoesda K Kaxzgomy W3
NepeKpecTKoB.
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WHbopmaumio, koTopas 3aHocutcs B B onepatopom unu BHYTPEHHUMW MOZYRSMU NpK (hYHKLMOHUPOBAHMM,
pasfenstT Ha [Be COCTaBMAIOLIME: CTAaTUYECKyo U AuHamudeckyo [[Ixynan, .2005]. JaHHble nepsoro tuna —
WHOpMaLMS O HOBbIX AOMaX, Moxapax ¥ T.M., AMHAMUYECKME AaHHble 0TODpaxarT TeKylylw CcuTyauuo ¢
[OPOXHBIMA 1 NOTOAHBIMI YCIIOBUAIMU, U3MEHEHUS NAapaMETPOB XWIlbIX 0BObEKTOB 1 Takue, KOTOPbIE HYXHbI Ans
OnepaTUBHbIX PacyeToB.

ACIMNP “BE3OMACHOCTb” paboTaet B ABYX pexumax: TEKyLLEM 1 OnepaTMBHOM. [1py TeKyLLEM pexume:

e  BbINOMHSAETCA MAEHTUMKALMA YPOBHEN NOXapHON 6e30MacHOCTU XubiX 0OBLEKTOB U POPMUPYIOTCS
[laHHble HeobxoauUMble AN OTYETOB;

e  BbINONHAKTCA pacyeTbl ONTUManbHbIX I'IyTel7I npoesga noXapHoro noapasgeneHns Ko BCEM
NepeKkpecTkam 30Hbl OTBETCTBEHHOCTH,

e [PU U3SMEHEHUW NAPAMETPOB, OT KOTOPbIX 3aBUCUT BPEMA NPOE3a, BbINOJIHAETCA NEPECHET,

e  BbLINOMHSAETCA aHann3 oLmboK, yCTaHaBNNBAOTCA CBA3N MeXOy HUMK U onpedenalnTca COOTHOLLEeHUA
MeXxay noxapoTyLleHnem onpeaeneHHbIX 00BEKTOB M TMNAMM OLIKOOK;

e  BbINONHSETCA pacyeT BPEMEHU 1 NyTW pacnpocTpaHeHus Noxapa A0 OnacHoro obbekTa.

[ins  noBceAHEBHOTO (DYHKUMOHMPOBAHUS WCMONb3YETCs TexHUYeckas WHGopMaums, Ha 0ase KoTopom
(hOPMUPYIOTCA OTYETHI M CTPOEBbIE 3anucku. BbiNOnHeHWe npodmnakTnyeckux meponpusatuin 6asmpyeTcs Ha
[aHHbIX PACYETOB, aHanM3e NPUOPUTETHOCTU W 3HAYEHWSX BHYTPEHHWX U BHELUHMX NAPAMETPOB XMMbIX
00bEKTOB.

|-|pI/I NnocTynneHnn Bbi3oBa B I'IO)KapHOI7I 4acCTu no agpecy 00bekTa, Ha KOTOPOM BO3HUK MoXxap, (*)OpMMpyeTCFI
VIHd)OpMaLI'VIOHHO-aHaJ'II/ITI/I‘-IeCKaFI 3arnncka, Kotopasa COAEPXUT Takne faHHbIE:

e 3HAYEHWe BHYTPEHHWX M BHELUHWNX NapaMeTpOB 0ObEKTa;

e OLEHKY YPOBHS €r0 NOXapHOi 6e30MacHOCTN ¢ 0BOCHOBAHMEM;

e aHanm3 oWwmMOOK, LONYLLEHHBIX NPY TYLLEHUN TUMNYHBIX OBOBEKTOB M B TUMMYHBIX CUTYaLMSX;
e PEKOMEHOBAHHBIA MapLIPYT MPoe3aa k MeCTy noxapa

e MNaH-KapTa BO3MOXHbIX NyTei pacnpoCTpaHeHns noxapa 4o 0cobo onacHoro obbekTa.

Takast MHopMaLWsi NO3BOMUT B PeXME pearnbHOro BpeMeHW BbiCTPO OLEeHMBATb CUTYaLWto, MPpUHUMATh
npaBUmbHble PELIEHUs, MUHUMW3MPOBATL BEPOSTHOCTY OLWMOOK, MUHUMU3MPOBATL BPEMSt MPOe3aa MoXapHOro
nofpasgenerust K MecTy noxapa, a Takke Bpems ero nokanusaumm 1 nukeugauuu, 4to Gynet cnocobcTBoBaTh
NpeaoTBPALLEHNI0 YENOBEYECKUX XEPTB 1 MaTepuarnbHbIX YObITKOB.

[Ins BbINONHEHWS! pacyeTa BPEMEHW U BO3MOXHBIX MyTeil pacnpocTpaHeHus noxapa TpebyeTcs pelunTb psif
3apau:

- OMpeaenuTbL acnekTbl MOAENMPOBaHNS NpOLEecca pacnpoCcTpaHeHUst Noxapa B KaXaoM 13 NoMeLLeHuii 0cobo
OnacHoro obbekTa ¢ y4eToM 0COOEHHOCTEN €ro apXMTEKTYpbl A, CTPOMTENbHbIX MaTEPUanoB (CI,CZ,...,Cn ),

obopyaoBaHus (01,02,... ) ) apyrux aktopoB R n paspaboratb maTemaTuyeckyld MOAenb pacyeTa

> m

CKOPOCTY pacnpocTpaHeHus noxapa
vV =F(C,,C,,...C,,A0,,0,,..,0, .R) (1)

- OMPEAeNMTL BpeMS T; PacpOCTPaHeH!s noxapa 13 OAHOTO MOMELLEHNS B [PYroe, UCToNb3yst UH(hOPMaLMIo O
TMNE NEePeKPbITUiA (Pl,Pz,...,Pk), kabenbHbIX LIaxTax (SI,SZ,...,Sq), OKHax (W,,Wz,...,Wg),nBepﬂx

(D,,D,...D,), Boanyxosopax (H,,H,,...H,), TexHonorndeckux npoemax (V,,V,,...V, ), v paspabotats anro-
PUTM annpoKcMaLN NepuMeTPpa noxapa
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P =G(P,,Pyy.s Py S1,S510sSq oWy W oo W, Dy Dy e, Dy Hy Ho o Hy Vi ViV, ) 2)

roe noA nepuMeTpom Oyoem MoHWMATh [NWHY TpaHWULbl PacipoCTPaHEHUs! OTHsl, UMEHLLY thopMy Kpyra,
KpYroBOro CEKTOpa Ui NPSIMOYTONbHIUKA.

WoeHTudmkaumsa 3asucumocten (1) u (2) sBngeTcs [OCTAaTOMHO TPYAHOM 3apadyeil, NMockorbky Heobxoammo
yunTbiBaTh GOMbLIOE YMCNO (DAKTOPOB, HE KaXbli M3 KOTOPbIX MMEET TOYHOE YWUCIEHHOE 3HAYeHWe, unu
3HauyeHWe B WHTepBane, 4YTo OOYCMOBMEHO Pa3NMuYMEM CMPaBOYHON WHChOPMaLMM M pearbHbIM COCTOSIHUEM;
CTpOUTENbHbIE MaTepumarbl UMEIOT PasHbli YPOBEHb M3HOCA; B3aUMOAENCTBME (PAKTOPOB MOXET NPUBOAUTL K
HEeNpPOrHo3MpyeMbIM MocneacTemam. HecmoTps Ha Bce 3T 0OCTOATENbCTBA, OYEBWAHO, YTO paspaboTka K
ncnonb3oBaHne mogenei (1) u (2) senseTcs HeobXoaMMbIM YCOBUEM MUHUMU3ALMN PUCKA KaTacTPOMUECKMX
nocneacTBuMin NOXapoB Ha 0C060 OMacHbIX 0ObEKTaX.

VHdopmaumoHHbiM - Ba3ncom  MogenupoBaHust cnyxut 6asa [aHHblx, KOTOpas B [JanbHeiiwem 6yget
npeobpasosbiBaTbcs B OaHK 3HaHWA. [lpu NpOEKTMpOBaHMM 0Gasbl AaHHLIX HEOBXOAMMO Y4uUTbIBATL Takue
acnekTbl:

- MCMbITaHMA NMOKa3bIBaKT, YTO HE Yy BCEX HOBbIX CTPOUTENbHbIX KOHCTpYKLWIVI, YOOBIETBOPAKOLLMX YCITIOBUAM
HaOeXHOoM SKCnJyataunn B HOpManbHbIX YCINOBUSAX, obecneunBaetcs Tpe6yemaﬂ OTHECTOWKOCTb;

- ee Tabnuubl [OMKHbI coaepxaTb WMHGopMaunio 0 (yHOAMEeHTanbHbIX 3aKOHaX TenroMacconepeHoca,
YYMTbIBAIOLLME 3aKOHOMEPHOCTM FOPEHIs MaTepuaros;

- WHdopmauus gommkHa BbiTb NpeacTaBneHa Takum 06pasom, YTobbl MPOLECC pacyeToB MOT ObiTb NOMHOCTLIO
aBTOMATU3MPOBaHHLIM 1 TpeBOBaN MUHUMANBLHOTO 3KCNEPTHOTO NPUCYTCTBUS;

- CylLecTBOBara BO3MOXHOCTb ONepaTMBHOTO BHECEHWS AAHHbIX, SBNAIOLMXCS UCXOLHOM MHAopMaLmeil ans
MPOrHO3VpPOBaHUS;

- MpepycMOTPeTb Y4eT CTeneHu M3HOLIEHHOCTM CTPOEHWM; Hamuuue NErkoBOCniaMeHSWMXCS NPeaMeTos,
CUHTETUYECKUX W3LENUIA U TEXHWKM, YTO YBENMYMBAET BO3MOXHOCTb BO3HWUKHOBEHWS MOXapoB U AenaeT
CaMblil HE3HAUMTEMbHbIM NOXap YPEe3Bbl4aiHO OMAcHbIM, @ Takke AaHHbIX O MOTEHLMAmNbHbIX MCTOUYHWKAX
OMacHOCTU — NoABanax 1 Yepgakax, kabemnbHbIX KOMMYHUKaLMAX;

- paspabotaTtb CTpyKTYpy 6a3 AaHHbIX Takum 0Bpa3om, 4Tobbl B HUX MOXHO Obino MpeacTaBnsiTh HEYETKYHO
UH(hopMaLmIo;

- B KayecTBe 9neMeHTHoro 6asuca cuutaTb MOMELLEHWs, AN HWX YKa3biBaTb OCOBEHHOCTW BHYTPEHHE! 1
BHELUHEN apXUTEKTYPbI, HanMume 1 COCTOSHWE BO3MOXHbIX MYTEN pacrnpoCTPaHEHWUs noxapa C ykasaHWem
TUMOBbIX M 3KCNEPTHO ONpeaensieMblX 3Ha4EHU CKOPOCTY M HaNPaBMEHNs pacnpoCTpaHEeHUs Noxapa.

Mpu chopmmrpoBanun Tabnu 6asbl gaHHbIX HEO6X0AMMO 06paTUTL BHUMaHWE Ha CyObeKTMBU3M 3KCMEPTOB M

cnocobbl BepuduMKaLmMu NONyYeHHON HeveTkon uHdopmaumu. OOHUM U3 HUX €CTb ONPEAENEHNe KOMMNETEHTHO-

CTW 3KCMepToB Ha Gase akcuombl HecMelleHHocTh [CHuTiok, 2000] 1 yyeT ux CyXOEHWUA ¢ COOTBETCTBYHOLLMMM

BECOBbLIMU KO3(hULMEHTaMM.

lpeAcTaBneHne HeveTkon WHGOPMaLMK OBBEKTMBU3MPYIOT C NOMOLLBIO MHTEPBANBHOMO NPEeACTaBNEHUS UM

onpeaeneHns NIMHIBUCTUYECKUX NEPEMEHHDBIX 1 NOCTPOEHNUS PYHKLMI NpuHaanexHocTy [ABepkuH, 1986]. Ecnun

9KCMepTbl YBEPEHbl B TOM, YTO 3HAYeHWs mapameTpa MOryT ObiTb Cpeau uMcen uHTepeana [a,b] es
npeanoyTeHn, TO AOCTATOMHO BblbpaTb WHTEpBANbHOE npefcTaBrneHne MHopmauun. Mcnonb3osaHue

TpeyronbHbIX (PYHKLMIA NPUHAAMIEXHOCTU pauMOHanbHO B TOM Cryyae, Korga OTCYTCTBYET MOCTOSHHas yBe-

PEHHOCTb B TOM, YTO 3HaYeHust (pakTopa npuHagnexar HeKkoTOpoMy MHTepBany. [ns npefcraBneHus Takux

(OYHKLMIA JOCTATOYHO [BYX NapameTpoB, MOCKOMbKY 3HayeHus daktopa X, € (c—a,c+a), roe ¢ — 3HauyeHue,

YBEPEHHOCTb B MOMYYEHUM KOTOPOro sBnseTcs Haubonblien. TpaneuueBuaHas YHKUMS NPUHALIEXHOCTH

[Oiobya, 1990] npumeHsieTcs B TOM Cnyyae, korga CyLecTBYeT MakCWManbHas OOMHAKOBas YBEPEHHOCTb B

NPVHAANEXHOCTN 3HaYeHUs napameTpa uHTepsany \m,m) [ocTtatouHo yacto, Hanpumep [3ryposckui,1990],
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npeanaralT WCMoNb3oBaTh KOMoKoroobpasHble (YHKUMW NPUHALNEXHOCTN U = . OHu

1

1+ ((x~b)ray)
ABNAKTCA ,EI,ByXI'IapaMeTpVNeCKMMVI. B CBA3N C TaKUM pasH006pa3V|eM I'IpeJ_'J,CTaBJ'IeHVIFI He‘-IeTKOVI VIH(*)OpMaU,I/IM
BO3HWKaeT 3adaya onpe,qeneHMﬂ 1 ONTUManbHOCTU KaXX4oro BapmaHTa.

BaxHbIM SIBNSETCH acnekT BepudmKaLm nory4eHHoro hopManbHoro NpeAcTaBreHns, NMOCKONLKy NpoBeaeHne
HaTYpPHOrO 3KCMepuUMeHTa HeBO3MOXHO. byzem npepnonarath, YTO pelleHne 3agad uaeHtudukauyum (1) u (2),
T.e. CKOPOCTb U MEPUMETP PaCrpOCTPaHEHUS OTHS ABNSAETCA HEYETKUMMU NepemMeHHbIMU. [peacTaBnenus ux
(OYHKLMIA NPUHALNEXHOCTN 3aHOCAT B a3y AaHHbIX BMECTE C NpaBuUnami Takoro tuna:

Ecm (X, =ay)&(X, =a,,)&..& (X, =a,,) csecom w,,T0 Y =y,,
nHave, ecrin (X, = a,,)& (X, =ay)&...& (X, =a,,) cBecom w,,T0 Y =y,,
nHave, ecnn (X, =a,,)& (X, =a,,)&..& (X, =a,,) csecom w,,T0 Y =y, .

3HayeHne Kaxooro BbIPAXEHWS B CKOOKAaX M pesynbTUPYIOLLErO BbIPAXEHWS ONPeaensieTcs 3HayeHuem
COOTBETCTBYHOLLEN (DYHKLMW NPUHAANEXHOCTU. Basbl AaHHbIX, BKIIOYAIOLWME Take 3HAYEHMSs, NpeBpaLlaoTcs B
HedyeTkue 6a3bl 3HaHuit [PoTwwTeitH, 1999; Chutiok, 2006], NOCKONbKY NO3BONSIOT OCYLLECTBNATL CTPYKTYPHYIO U
napameTpuyeckylo uoeHTudmkaumo 3asucumocteid (1) 1 (2) n nonyyaTb HOBble 3HAHMS W3 CYLLECTBYHOLLMX
[aHHbIX. BaxHO NOHWMaTh, YTO HEMb3s NMPUMEHSTb BEPOSTHOCTHbIE MOLENM, KoTopble TpebyloT OAHOPOAHbIX
BbIBOPOK C HEOBXOAUMOCTbI0 MHOTOKPATHOrO MOBTOPEHUSt TUMOBOrO Mpouecca, YTO A1 0coB0 OnacHbIX
0b6BbeKTOB Hepaspelunmas 3agada. 7o eLye pas CBUAETENbCTBYET B N0Nb3y NPUMEHEHNS HEYETKOrO MOLENNpPO-
BaHus.

Mpu noctpoeHun mopenen (1) v (2) BosHukaeT mpobrnema onpegeneHns akTopos, SBMAKLLMXCS Hanbonee
3HaYMMbIMM ANS ONpedeneHns CKOpoCTM U nyTel pacnpocTpaHeHnst orHs. OHa cBssaHa € 60nmbLuMM
KONM4eCTBOM (haKTOPOB M 3HAYUTENbHBIM CYOLEKTUBM3MOM ONPefeneHust UX 3HaueHWid, YTO BHOCUT LIYMOBOM
3hheKT B peLLeHmre 3aaaun naeHTudnkaLmm.

HepelueHHble 3aaayn U NepcnekTMBbI CCreaoBaHUm

3HauuTenbHas WMHAOPMALMOHHAS HACbILEHHOCTb WTEPALMOHHOTO npolecca (HOPMMPOBaHWUS MoZenu W,
COBCTBEHHO, MOAEenMpoBaHWs TpebyeT nNpUBNEYEHNss METOAOB WHTENNEKTYanbHOr0 aHanu3a AaHHbIX,
npoBeaeHnst BepudmKaLyv anpuopHbIX faHHbIX, METOAOB M pe3yrbTaToB MOAENNpOBaHMs. He uckmioyeHo, Yto
nonyYeHHble Moaenn GyayT YHUKarbHbIMKU U CMOTYT ObITb MCMONb30BaHHBIMM Ha Apyrix obbektax. Ho kak yxe
yKa3sblBanoch paHee, Takon NOAX0Z B CUTYaLM 0c0BO onacHbIX NMPOU3BOACTB SBNSAETCS ONpaBaaHHbIM.

lMockonbKy Mpouecc pacnpocTpaHeHUs noxapa SBNSeTCS KOOPAMHATHO MPMBS3aHHbIM, TO pesynbTaToM
peanu3auun npegraraeMoil TEXHONMOTMM [OIKHA CTaTb Hekas reouHopMauuoHHas cuctema. BxogHom
WHopmaumen ans Hee BydeT TOYKa BO3HWKHOBEHUS MOXapa, Ha BbIXo4e MO 3anpocy nonb3oBatens byget
noryyeHa kapta pa3BuUTMs Noxapa C ykasaHWeM CKOpOCTM W Hauboree BepOsTHbIX MyTer pacrpocTpaHeHus
OTHsl, @ TaKKe BPEMS, Yepes KOTOPOEe OH AOCTUMHET yKasaHHOW TOYKW. Takue xe 3agayun HeobxoamMmo pellath U
Mpu onpegeneHun ypoBHSA 3a4bIMIEHNS NOMELLEHUA.

CoBpeMeHHbIE TEXHOMOMM (HOPMUPOBAHUS OMMCAHWI 3NEMEHTHON CTPYKTYpbl W AMHAMUYECKUX MPOLLECCOB,
OCHOBaHHble Ha MPUMEHEHUN BbIYMCIATENBHON TEXHUKM W CO3ABAEMble B BUAE KOMMbIOTEPHbIX MHOIO-
(hyHKUMOHANbHbLIX 633 AaHHbIX, NO3BONSIOT ABTOMATM3MPOBATb MPOLIECC aHanM3a HeYyeTKol WHdopmauuu U
MPOrHO3VPOBAHMS Pa3BUTUS CUTyaLMM Ha OCHOBE aBTOMATM3MPOBAHHOW CUCTEMbI YNpaBNieHNs 6asamu [aHHbIX.
OHM OTKPbIBAIOT HOBbIE BO3MOXHOCTY 151 06bEKTMBM3ALMM SKCNIEPTHOI OLiEHKM NapameTpoB NOMeLLeHIiA 0co60
onacHoro obbekTa U BpeMeHHbIX XapakTepUCTUK MpoLecca pasBuTiS noxapa. besycrosHo, peanusaums Takux
TEXHONOrMi TpebyeT NPOBELEHNS KOMMIEKCA HAYYHbIX, TEXHUYECKUX 11 OPraHU3aLMOHHbIX 3afay.

Pa3paboTka 1 BHeApeHue Mofeneil, MEeTo0B W CpeacTs, Gasupylolmxcs Ha 06paboTke HEYETKOM, a Takke,
BO3MOXHO, HEMOmHOM WMHAOPMALMKM AacT BO3MOXHOCTb a[IeKBATHOTO pearvpoBaHUst Ha Haubonee OmacHOM
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HanpaBneHnn pasBuUTUA MNoXapa W CBOEBPEMEHHOro npeaynpexgeHns O BO3MOXHOCTM BO3HUKHOBEHUA
KpVITVI‘-IeCKOVI cutyaumm B TOW UMW UHOW TOYKe 0BbekTa.

MpennaraeMblil NOAXOA HanpaBlieH Ha peanu3aumio NHAOPMALMOHHO-KOHCYNbTAaTUBHON reOUHAOPMALIMOHHOI
CUCTEMbI, KOTOpasi [acT BO3MOXHOCTb MPOTHO3MPOBAHWS MpOLiEcca PasBUTUS MOXapa B MPOCTPAHCTBEHHO-
BPEMEHHON CHCTEME KOOpaMHAT. 3aMeTM, YTO 3TOT MPOLECC COMPOBOXLAKT MPOBnembl WMHTepnpeTauum
MOMyYEHHbIX Pe3ynbTaToB Kak HEYETKOM MHGOpMaLMW M ONTUMMU3ALMK MOEHTUDULMPYEMBIX 3aBUCUMOCTEN,
HanpaBMeHHbIX Ha NOBbILIEHE TOYHOCTW PAcYETOB.
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OB OMNbITE PA3SPABOTKW U UCMOJIb3OBAHUA SKCMNEPTHLIX CUCTEM
Ana nPOrHO3MPOBAHUA U YNPABIEHUA
9KOHOMUYECKUMM MAKPOMNMAPAMETPAMHU

Anekcen BonowwH, Buktopus Catbip

AHHomauyus: Paccmampusatomesi npobnembl NPO2HO3UPOBaHUST SKOHOMUYECKUX Makponapamempos, 8 Nepayio
ovepedb, uHOexkca uHgnauuu. [lpednazaemcs KOHUENUUS NOCMPOEHUS «CUHMeMUYEeCKUX» Memodos
NPO2HO3UPOBaHUS, UCNOML3YIOUWUX KaK HenocpedCmeeHHO 3adagaemylo dKCNEPMHYK UHGopMayu, mak u
pe3ynbmam  pacyemos Ha O0CHOBe  «0ObEKMUBHbIX»  3KOHOMUKO-Mamemamu4eckux modeneli  Ons
NPo2HO3UPOBaHUsi  OMOENbHbIX «MEONIEHHO — U3MeHsowuxca» napamempos. Obcyxdatomes  npobrnemsl
ynpasneHusi Makponapamempamu Ha OCHO8€ aHasu3a Nosy4eHHO20 NPO2HO3HO20 3HAYEHUS.

Knioyesnie cnosa: Memoo depesa pewieHull, UHOEKC UHGASALUU, IKCnepmHas UHGhopMayUs, ynpasreHue.
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BBeaeHue

/13BecTHO u3peyeHue: “Ecnn nporHo3 COOTBETCTBYET PaKTUYECKOMY Pe3ynbTaTy OAMH pas, TO 3TO CAyYanHOCTb,
[Ba pa3sa — CoBMageHne, Tpu — 3aKOHOMEPHOCTL”.

B pabotax [BonowwuH, 2003, 2005, 2006, 2007], npeacTaBneHHbIX Ha KOHdepeHumsx "3HaHue - [umanor-
Pewenune” (KDS), passuBaeTcs koHUenUms “CyObekTMBHOMO MynbTuaeTepmMuHmnama” [BonowwuH, 2006, 2007] ans
Ka4eCTBEHHOrO MPOrHO3MPOBaHNS SKOHOMMYECKIX MaKpOMnapamMeTpoB, B NEPBYI0 oYepedb, MHAEKCA UHGNALMM.
B ocHOBe 3TOM KOHLENLMW CneacTBre onpeaensieTcs MHOXECTBOM B3auMO3aBUCHMbIX MPUYMH (OBBEKTUBHBIX U
cy6bekTMBHbIX). Camu “NpuunHbl” ((hakTopbl, NAapameTpbl) U UHTEHCUBHOCTb UX B3aMMOBNWSHUS ONPEaensTCs
CYObEKTMBHO (SKCMEPTHOM OLIEHKOM) M NPEACTaBMATCA “HEYETKMM’ OEPEBOM PELUEHWI (COOTBETCTBEHHO
BEpWWHaMM W ayramu), ‘cneacteue” (pesynbTaT NPOrHO3MPOBaHWS) - NUCTbAMKU AepeBa. Paspabota
WHCTPYMEHTapuit, MO3BONAKLIMIA OCYLIECTBNATL MOCTPOEHWE AepeBa (BKMKOYATb - UCKMOYaTb BEPLUMHbI,
3afaBaTb OLEHKM Ayr), HaxoguTb Haubonee BEepOSTHOE pas3BUTME CLiEHapus MPOrHO3MPYeMoro mnpouecca,
“HeYeTKo” onpesenaTb 3Ha4eHne NPOrHO3MPyEMOro napameTpa.

Ha koHdepeHumax KDS B 2005-2007 r.r. 6binn 03ByYeHbl 1 onybnukosaHsbl B [BonowmH, 2007], nporHo3Hole
3HaYeHWs MHOeKca MHDNAUMN B YKpauHe, OTKMOHEHWE KOTOPbIX OT (haKTMYeCKWUX oka3anocb paBHbIM 3 - 5%.
B vactHoctn, B uoHe 2007 r. Ha KDS-07, Obino npuBeaeHo 3HadeHne uHoekca uHgnsauun Ha 01.01.2008,
nonyyeHHoe B nepsom ksaptane 2007 r.: “HaumoHanbHbIn baHk YkpauHbl NporHo3upyeT MHAALMo B YkpauHe B
2007 r. Ha ypoBHe 7%, npaBuTenbCTBO - 8%". Haw nporHos - 17.3%. OcTaeTca nogoxgaTtb Havana
koHdepeHumn KDS-08 u cpaBHMTL mporHosbl!”. Kak 13BECTHO, (haKTUYECKMA YPOBEHb WHAMSLMM COCTaBMI
16.6%. Ecnm y4ecTb, YTO MHOEKC WHMALMM paccmMaTpuBancs Hamu Kak HEYeTKUA napameTp W 3HayveHue
17.3% - “Haubonee BeposTHOE™ (MaKCUMU3MpYtOLLEe (YHKLMIO NPUHALMIEXHOCTH), TO NOMYYEHHbIA pesynbTar
3acrnyuBaeT Ha BHUMaHue. A C npeablayLMmMmn “COBNaAeHUsIMK’, O KOTOPbIX FOBOPUIOCH BhILLE, MO MHEHWIO
aBTOPOB, - HA NPUCTaNbHOE BHUMAHMUE.

B HacTosiwme Bpems (anpenb 2008 r.) uHdnaums B YkpanHe - Tema “Homep oguH”. 3a nepebii keaptan 2008 r.
WHGNAUMS B YkpanHe okasanacb Hambonbluei cpean Bcex rocygapcTs ObiBwero Cosetckoro Cotosa (CHI),
3anoxeHHoe B BogxeT rogosoe 3HayeHue B 9.6% yke npeBbileHo B nepsBoM kapTane (9.7%). U3 uHTepBbio
npeaugenta YkpauHbl B. tOweHko: “CmewHo oBbACcHATb MHGNAUMIO B YKpanHe BHELUHUMW npudnHamu... Bce
NPOCTO - UMW JeHer MHOro, Uiy ToBapa Mano”. W3 uHTepBbio MUHUCTPa (DMHAHCOB YkpauHbl B. .MuH3eHbIKa:
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“UHcpnauma pacteT, X0Td OOMKHA nagath... HWYero He noHWMarD’. SKC-MUMHUCTP huHaHcoB H. A3apoB Ha
BOMPOC: “Bbl NporHo3vpoBanu 3HaveHue nHaekca nHnaum Ha 2007 . B 7% - 8%, oH okasancs Ha 10% (bonee,
yem B 2 pasal) 6onbrM” OTBETUI, YTO HE BbINO YYTEHO “TO-TO M TO-TO".

Halu kommeHTapwit Ha BbickasbiBaHMe H.A3apoBa - YTO 3TO 3a NPOTHO3, ECIN YTO-TO He yuTeHo; B. KOwweHko —
CMELLUHO ODBACHATb MPUYMHY MH(IALMM TOMBKO BHYTPEHHUMI NpudMHamm; B. MuH3eHbIKa - kaTeropuy “cnpoc-
npeanoxeHue”, KOTopble Bbl UcnonbayeTe (“pblHOYHAs LieHa onpeaensetcs 6anaHcom cnpoca 1 npeanoxexus”)
KOPPEKTHO MPUMEHSTH MWL NS CUTyaUuM “COBEPLUEHHOM KOHKYPeHUun” (0TMeTUM, YTo Hobenesckasi npemus
3a 2007 r. B obrnactu aKkoHoMUMKM Bbina BpyyeHa 3a “ccrnegoBaHue npobrnem pacnpegeneHust pecypcos B
YCIOBUAX HECOBEPLUEHHOM KOHKYPEHLMI” - TaK Ha3bIBaeMas “perynmpyemasi MOHononms”).

Haww oTBeT. K coxaneHuto, HEBO3MOXHO BbIAENNTb, Kak 3TO MbITAKTCA AenaTb 9KOHOMUCTLI, 2 - 3 (gaxe 5 - 10)
OCHOBHbIX (ONpeaensiowyX, rMaBHbIX 1 T.M.) MPUYMH, BIMSIOLMX HA MHAEKC MHANSUumK. Heobxogumo yunTeiBaTh
WX BECSTKW U COTHW W, OCHOBHOE, HE MPOCTO YYWThIBATb, @ YYNTHIBATL MX B3aMMOBIIMSHWE (YTO MbiTaEMCS
fenatb Mbl).

anaBneHMe NPOrHo3npyemMbiMU napameTpamu

Mogenu nporHo3upoBaHWs, KOTOpble paccmaTpuBanuch Hamu paHee B [BonowwH, 2003, 2005, 2006, 2007],
MOXHO OTHECTM K Kraccy “no3uTusHbIX” (Positive), KoTopble 0TBEYalT Ha BONpoC “4To byaeT?”. XoTta aKcnepTsl,
OLeHWBas CTeneHb B3aMMOBMUSHWS NapaMeTpoB, B KakOW-TO Mepe, YYUTLIBAKOT U3MEHEHWE ee Ha MHTepBane
MPOrHO3MPOBaHKSA, 3T MOAENW MOXHO CuMTaTb “CTaunoHapHbiMu’. “HopmatueHble” mogenn (Normative),
OTBeYast Ha BOMPOC “Kak AOMMKHO ObITb? ", [OOIMKHBI PEKOMEHOOBATb BHECEHWE M3MEHEHW B “CTALOHAPHbINA”
cueHapuii. B Hawmx mMogensix 9TO OCYLECTBMSETCA chnegylowymu npeobpa3oBaHusMM B “AepeBe MPUHATHS
peleHnn” - onpedeneHnemM “y3kux MecT” (Oyr M BEpLMH, KOTOpble B MaKCMMarlbHOW CTENEHM BIMSIKOT Ha
pesynbTaT) C Lenbio pekoMeHgaunn “koppexumuu” CTeneHn B3aMMOBIUSHWS MPUYMH (B YaCTHOCTU, BBEAEHWEM U
UCKIIOYEHNEM BEpLUWMH) ANS MOMyYeHUst XenaeMblX 3HaYeHWA MNPOrHO3MPYeMoro napameTpa (Hanpumep,
‘3HaveHne uHAekca WHGNAUMM He pomkHo npesbiwath 10%”). Kpome Toro, npepnaraemble Mogenu W,
COOTBETCTBEHHO, MPOrPaMMHbIA  MHCTPYMEHTApUA UX peanu3auuu, OTANYaloTCs OT Mpeanaraembix B
npeabIoyWyx peanu3aumax cnegylowmm MomeHToM. Ons “obbektuemsaumn” [BonowwH, 2006, 2007] npouecca
NPUHATUS PELLEHUA B MPOrHO3HON MOAENM HEKOTOPbIE OLIEHKW AYT ONpeaenstTCcs Ha OCHOBE COOTBETCTBYHOLLMX
9KOHOMMKO-MaTEMaTUYECKUX Mogenei (cm. fanee). C hopmarnbHO-MaTeMaTUYECKON TOUKMA 3peHUs, “Koppekumns”
[EpeBa NPUHATUS PeLUeHWA - 3TO €ro aHanu3 Ha YyBCTBMTENbHOCTL [BonowwH, 2006], HO ecnmn KoppekLmio
OL{eHKM Ayr MOXHO Ha3BaTb TPAANLMOHHBIM aHaN30M, TO BBELEHME - UCKITIOYEHNE BEPLUMH TpebyeT pa3paboTku
cneumarnbHbIX anropuTMOB.

MporHo3upoBaHue u ynpaBneHue uHdpnauuen B “y3kux mecrtax”

WcenenoBaHuio npobnem MHGNSUMM NOCBSLLEHbI COTHA MOHOrpaduii M Thicsum cTaTeir. KopoTko onuwem u
NpoaHanuaMpyem BRMSIOWME HA WHGMIAUMIO OCHOBHble (haKTOpbl, KOTOpblE WCMONb30BanMCL Hamu Ans
MPOrHO3MPOBaHUS YPOBHS MHANALMM [Barro, 1998], [Greene, 2000], [MopoLueHko, 2008] .

Mepsoe. OOWEMMPOBOIA TEHAEHUMEN NOCNEOHWX NET SABNSETCH CTPEMMTENbHOE MOBLILEHWE LeH Ha
NpOLOBONLCTBIE W SHEPrOHOCUTENW. WIHAEKC MMPOBLIX LiEH HA MPOAOBOMLCTBME, KOTOPbIA PacCYMTLIBAETCS
MHBECTULMOHHLIM 6aHkom Goldman Sachs, B 2006 rogy Bbipoc Ha 26%, B 2007-oM - Ha 41%, B CBS3K C YeM
aKcnepTbl 6aHKa BHEAPUIM TEPMUH «ardpnsumsy (Pe3kuii POCT LIEH Ha arpapHyto MPOAYKLMIO).

BTopoe. PocT M1pOBLIX LIEH Ha roplovee Takke SBISIETCA 4ONroCpOYHON TeHaeHumen. 16 anpens 2008 r. UeHa
HedhTv nobuna o4epeaHoit pexkopd, AocTurHys otmeTku 115 gon. CLUA 3a Gaperns.

TpeTbe. Ewe Gonee cepbesHon B YkpauHe siBnsietcs npobnema CTPEMWTENbHOrO HapaliyBaHUs BHELIHEN
3afomkeHHocT BaHkoB. Tonbko 3a 2007 rog cymma npuBneYeHHbIX 6aHkamy MHOCTPaHHbIX KPEAUTOB Bbipocna
Gonee, yem BaBoe - ¢ 14 po 31 mnpa. gon. CLUA. TMockonbky 3T cpedcTBa mayT Ha noTpeduTenbckoe
KpeauTOBaHWe, Takas 3a40MKEHHOCTb NPEBPALLAETCS B MOLLHbIN MHGNSLMOHHBIN (hakTop.
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Yeteptoe. WHGnaumus He npuobpena Obl HACTONMBKO 3aMETHOMO YCKOPEHWS, ecrin Obl 3KOHOMMKA YKpauHbl
oTBEYana Kr4eBbIM KPUTEPUSIM PbIHOYHONA. B YacTHOCTW, He MCMONb30BaHbl BO3MOXHOCTY ANS NPOPLIBHOIO
HapaLLVBaH1si NPOU3BOANTENEHOCTY TPYAA.

C Uenbio NOoBbILEHMS “0OBEKTUBHOCTI” B MOANMULMPOBAHHOM BapuaHTe SKCNEPTHOM CUCTEMBI, KAk OTMEYANoch
BbllUE, AN NPOTHO3MPOBAHUSI MapaMeTPOB, M3MEHEHWs KOTOPbIX anpuopu He HOCST «CkaykooGpasHOro»
XapakTepa (Hanpumep, B Aemorpacuu, cM. puc.1), MCnonb3ytTCs PErPeCCUOHHbIE MOZENN.

»| [emorpacuyeckas MomoLye no
Cou,. knumar nonuTMKa 6espaboTuue
1 YpoBeHb 1 KayecTBO
Y+1)= - YO +Ye-)+..YQD) XKW3HW HacerneHus

Puc. 1.

MpeaBapuTenbHOe WCMbITaHWE MOAENEN nokasaro, YTO NPOrHO3MPOBaHWE MO YpPaBHEHWSAM TPEHAOB He LaeT
[OCTaTOMHO TOYHbIX MPOrHO30B, T.K. AMHAMWKA W3MEHEHWS TEMMOB MH(NALUWM HOCWUT CROXHBIA XapakTep.
lMoatomy Bbinu BbIbpaHbl 0AHOGAKTOPHbIE PErpeccoHHbIe Modeny. Mpy NPOrHO3MpPOBaHUK CriedyeT yuuTbiBaTb
MHOXeCTBO (hakTOpoB, B T.M. M MOMWUTUKY NpaBUTENbCTBA, BAHKOBCKMX U APYruX (DUHAHCOBLIX CTPYKTYP,
peanbHble U3MEHEHWNS B 9KOHOMMKE, CUTYaLMI0 Ha MUPOBLIX PbIHKAX, NO3WLMK0 NPaBUTENLCTB PA3BUTLIX CTPaH
Mo OTHOWEHWO K YKpauHe u MHOrve fpyrue hakTopbl. YpaBHeHue perpeccun uveet Bug Y=a+bx, roe Y -
CBOAHbIA MHAEKC NOTpeduTenbCkuX LieH B NpoueHTax K Aekabpio npeallecTBylowero roga (MporHoaupyembiii
nokasatenb); @ - OTPE30K, COOTBETCTBYIOLMIA HAYaNbHOMY 3HAYEHWIO 3aBMCUMOI NMEPEMEHHOM; b — HaKIOH,
KOTOPbIN MOKa3bIBAET, HACKOMBbKO M3MEHUTCS TEMN MH(IALMM NPYU M3MEHEHUU JAHHOTO (PaKTopa X Ha eauHuLy.

Vcnonb3yloTes cnepytolne perpeccuoHHble Mogenn. Camoit NpocToM MOZenbl, OCHOBAHHOW Ha MPOCTOM
ycpeoHeHun sensietcst: Y(t+1)=(1/(1)*[Y(D)+Y(t-1)+...+Y(1)], v B OTNM4Me OT Camoi NPOCTON "HaMBHON" MOAENM,
KOTOPOWM COOTBETCTBYET MpUHLUMN "3aBTpa OYyaeT, Kak cerogHs”, 3Toi Modenu OTBeYaeT NpuHUmMn "3aBTpa byaer,
kak Oblno B CpegHeM 3a nocnegHee Bpems'. Takash mMogenb, KOHEYHO Gonee ycTonumBa K OnyKTyaLusm,
MOCKOIbKY B HEM CraxwBatoTCa CryvanHble BbIBpOChI OTHOCUTENBHO cpeaHero. HecMoTps Ha 310, 3TOT MeToq
MOEOomnorMyeckn HaCTOMbKO e NPUMUTUBEH, Kak 1 "HauBHbIE" MOZENN, 1 eMy CBONCTBEHHbI NOYTU TE Xe CaMble
HepocTaTkh. B npuBefeHHOM Bbiwe opmyne npegnonaraeTcs, 4to psd YCPeaHseTcs no LOCTaTo4HO
ANuTEeNnsHOMY UHTepBany BpemeHu. OpHako, Kak MpaBWio, 3HAYEHUs BPEMEHHOrO psda M3 Hedanekoro
MPOLLIOro Nyulle OMWCbIBAKT MPOrHO3, YeM “Gonee cTapble” 3HAYeHWs 3TOr0 ke psga. Torga MOXHO
1CmoNnb3oBaTh ANS MPOrHO3MPOBaHMA Ckonb3siwee cpepHee: Y(t+1)=(1/(T+1))*[Y(t)+Y(t-1)+...+ Y(t-T)]. Cmbicn
NOCNeAHEro 3aKri4aeTcs B TOM, YTO MOZENb BUAMUT TOMbKO Brimkaniuee npoLwsioe (Ha T 0TCHETOB N0 BPEMEHU B
rnyOuHy) W, OCHOBbIBASCb TOMbKO HA ATMX [AAHHbIX, CTPOUT NPOrHO3. [ns NpOrHO3MpOBaHUS MCMONb30BasCS
TakKe MeTOA 3KCMOHeHUManbHblX cpedHux. Popmyna, onucbiBarlas 3Ty MOeNb 3anucbiBaeTes, Kak
Y(t+1)=a*Y(t)+(1-a)*™Y(t), 20e Y(t+1) — nporHo3 Ha cnepytoLLmin Nepuon Bpemenu; Y(t) — peanbHoe 3HayeHue B
MOMEHT BpeMeHu t;; AY(f) — npoLwnbIi NPOrHo3 Ha MOMEHT BpeEMEHU t; a — MOCTOsIHHAs CcrnaxuBaHms (0<=a<=1),
VHGnsauma BnuseT He TOMbKO Ha LONTOBblE OTHOLLEHMSI Takux CyObeKTOB, Kak AOMOXO3sCTBa, GaHKOBCKMIA
CEKTOp, NMpeanpuUHUMATENbCKUA W (PUHAHCOBBIA CEKTOp, HO W Ha [JONroBble OTHOLIEHUS rocyaapcTBa C
[OMOXO03A/CTBAaMM M NPEANPUHUMATENbCKUM  CEKTOPOM  (FOCYAAPCTBEHHBIA  BHYTPEHHWA  JOnr) W
MEXroCyfapCTBEHHbIE AONTOBbIE OTHOLIEHNS (BHELLHMIA FOCYAApCTBEHHBIN Aonr). CrieoBaTenbHo, CreayoLLyo
CBSI3b, KOTOPYO Mbl PACCMOTPUM, MH(NALMS 1 FOCYAAPCTBEHHBIA A0NT. MPUYMHBI OrPaHNYEHHbIX BO3MOXHOCTEN
obecLeHeHs rocygapCTBEHHOrO JOSra B COBPEMEHHbIX YCOBUSIX:

* POCT O KPaTKOCPOUHbIX A0NTOBLIX 00513aTENLCTB rOCYAapCTBa;
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* POCT CTEMEHW YyBCTBUTEMNBHOCTU (KOSDULIMEHTA 3MACTUYHOCTM) PEaArvpoBaHUst BENMYMHBI MPOLEHTHOI
CTaBKM Ha YpOBEHb UHANALMK;

* NpefocTaBneHna Oomnro - U cpedHecpoYHbIX KpeauToB HE B MONHOM obbeme Ccpasy, a TpaHwamu, 4To TaKxe
AaeT BO3MOXHOCTU Y4UTbIBaTb BIIUAHUE VIHd)J'IFILI,I/IOHHbIX npoLeccoB Ha LeHy CCyabl.

PaccMOTpeHO BRMSIHWE MHAIAUMM Ha JONTOCPOYHbIE CCyabl. [MepenaemM K pacCMOTPEHMIO BIUSHWUS MHAAALUMN
Ha cornavleHus, KoTopble onpeaenstT ypoBeHb 3apaboTHoi nnatbl. Cpoc M NpeanoxeHne Ha pbiHke Tpyda
UMEOT OAMH 0BLMIA onpeaenuTenb (MO HEOKIACcCUYECKON TEOPUM) — YPOBEHb pearbHON 3apaboTHOM nnatbl.
CornacoBbiBas ee pasmep, pabotogatens W HaeMHble pabOTHWUKM pearvpytoT onpefeneHHbiM o6pasom Ha
YCIOBWS, KOTOpbIE CMIOXWUNNUCL Ha pbiHKE TpyAa. Ecnu, Hanpumep, ypoBEHb BarioBOrO BHYTPEHHEro MpoayKTa
(BBIM) 1 3aHATOCTb BbICOKM, 3apaboTHas nnarta MMeEeT TeHAEHUMIO K pocTy. M HaobopoT, ecnm o6bembl BBIT u
YPOBEHb 3aHATOCTW YMEHbLUAKOTCS, 3apaboTHas nnara pacteT MeaneHHo. Kpusas 3apabotHon nnatel dunnunca
oToBpaxaeT cBs3b Mexay MHdnsumen (obecueHeHnem) 3apaboTHomM nnatel M oTcTaBaHnem BBIT n moxet 6biTb
npeactasneHa copmynon: q=A(Y-Y*), rae A - koapduuneHT YyBCTBUTENBHOCTY (3MaCTUYHOCTH) pearmpoBaHms
3apaboTHON nnaTthbl Ha u3MeHeHns obbema BBIT, Y — dhakTuyeckuin obbem BBIT, Y* - noTeHumnansHblil .

C y4eToM MHGNALMOHHBLIX OXMAAHMIA ypaBHeHWs kpuBon dunnunca npuobpetaet Bug: q = Pe+ A(Y-Y?¥), roe
Pe — oxupaemblii ypoBeHb MHDNAUMM. Ha puc. 2 npeactaBneH (parMeHT «BCTPOEHHOW» MaTeMaThyecKom
MOZENM B A€PEBO PELLEHNN.

YpoBeHb NPOLEHTHBIX
CTaBOK

BantotHas nonutuka

gy =P +AY-Y")

A\ 4

[leHexHo-kpeanUTHOE perynupoBaHme ®rHAHCOBO-0OMKETHAS MONUTMKA
1 |

CucTeMbl MKCMPOBaHHBIX NPEAEbHbIX LieH,
ycnoBue LieHo0bpa3oBaHus, MHAEKC
NoTpebUTENBCKUX LieH, MHAEKCALMS 3apaboTHOI
nnarbl

Puc. 2.

MpuBeaeHHoe Bbille ypaBHeHWe dunnmnca yTeepxgaeT, uto npu nobom 3agaHHom ypoeHe BBI 3apabotHas
nnarta pacteT BbICTpee, YeM ypoBeHb OXugaemon uHpnAuun. [JonyckaeTcs, 4To HOMUHanbHas 3apaboTHas
nnata pacteT Ha 1 % BbICTpee Ha KaXablit SONONHUTENbHBIA NPOLEHT OXXMAAEMON NHAAALMN.

CkasaHHoe TpebyeT 0TBETa Ha BOMPOC: NOYEMY MPEANPUATUS COMMALLATCA Ha TaKoe YCKopeHue 3apaboTHOM
nnatbl? Takoe noBedeHve npeanpuHuMaTtenen 0ObsACHAETCS TeM, YTO MOBbLILEHWE HOMUHAMBHOM 3apaboTHOM
nnatbl He ByaeT ya3BMMbIM NS HAX, €CIY C OAMHAKOBLIMM TemMnami ByayT pacTut LeHbl Ha ux npogykumio. Mpu
3TUX 0BCTOATENBCTBAX U NPEANPUHUMATENN, U HAaEMHbIe PABOTHUKN OKa3bIBAKOTCA B TakUX YCIIOBUSIX, B KOTOPbIX
OHM Bbl HAXOANMUCh NPU YCROBKUW OTCYTCTBUSA MHGNAUMKM. CnegoBaTenbHO, PocT 3apaboTHOM NiaThbl y4nTbIBAET
OXugaemylo uHNAUM0. Ho, Kak Mbl e 3HaeM, MHIAUMS MOXET OKasaTbCs W HeoXugaHHoW. MMpu aTux
ycroBusx paboune 0CO3HAKT POCT LIEH N UHADNALMIO CBOEN 3apabOTHOM NnaTbl TONMBKO CO BPEMEHEM M ByayT
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TpeboBaTb COOTBETCTBYIOLEN KOMNeHcauuu. [lpu Takol cuTyauun KomneHcauus npuobpeTtaeT opmy
BO3MELLEHWS NOTepb TOMbKO 3@ HEOXWUZAAHHYI0 UHDNALMIO, HE YUTEHHYI0 B NpeablayLiem TpyooBOM A0roBope.
KonnekTuBHble COrnalleHns, 3aKnioYeHHble NPodco3amm, KOTopble coaepkar TpeboBaHUsA MHOEKCUPOBaHMS
3apaboTHO NnaThl C NOMPaBKON Ha MHNALMIO, TOXE BNEKYT ONpeaeneHHyo Hepasbepuxy no noBogy Toro, 310
N1 KOMNEHCauns 3a NPOWWnylo MHGAAUMIO, UKW 3a OXuaaemyro. JT0 06CTOATENbCTBO OYEHb BaXHO ANs
nocreayoLero NporHo3npoBaHus TemMnos MHdNaumn. Ecnn cTaBkm 3apaboTHONM nnaTthl Ha CregyloLwmin rog
oToBpaxatoT TeMn MHDNALMM 3a NpeabiayLLmMiA To4, a LeHbl 6asupytoTes Ha umetoLleics 3apaboTHon nnare, TO
CEroAHALWHAS MHGNALna bynet oTobpaxaTb BYEPALLHION0, U TEMMbI MHPNALMM OYaYT M3MEHATLCH MEANEHHO.

Ecnn xe Ons yctaHoBneHus CTaBOK 3apabOTHOM nnaTbl MPUHUMAKOT BO BHUMAHWE TOMbKO OXMAAEMYHO
WHGIALMIO, TO BO3MOXHO PaguKaribHOEe W3MEHEHWe MOMWUTWKW, KOTOpas U3MEHSIET Hagexmay OTHOCUTENBbHO
ObICTPOrO M3MEHEHNS TeMna MHAPNALMK. Kpome yka3aHHOMO acnekTa, BaXHO BCIOMHMTb eLle OAMH acrnekT 3Toun
npobnembl. 3apabotHas nnata MoXeT uHaekcupoBatbes Ha 100 % wnW TOMbKO YaCTUYHO, Hanpumep, Ha
50—60 %.

EcTb ABa cnocoba yacTuyHON MHAekcaLmmn 3apaboTHOM nnatbl:

* YCTAHOBIIEHWE BEPXHEM TPaHWLbl POCTa LEH, MPEBbILUEHNE KOTOPOM MpesyCMaTpMBAET KOMMEHCALMIO.
Hanpumep, ecriv Temn nHdnsaLmMn npesbiwaeT 5 %, To HaumHas ¢ 5,1 % Aoxog4bl HAUMHAKOT MHAEKCMPOBATLCS;

* YCTAHOBMEHME BEPXHE! TrpaHMLbl KOMMeHcaumu. OTOT crnocob orpaHUYMBaET BENUYMHbI, B KOTOPbIX
KOMMEHCUPYETCS POCT LieH 3abnaroBpeMeHHO (PUKCUPOBAHHBIM NPOLIEHTOM. 3aKMH4eHIUs TPYAOBbIX COrNaLLEHUIA
Ha 2—5 neT He MOryT npeaycMOTPeTb C NOMHON AOCTOBEPHOCTLIO M3MEHEHMe YPOBHSI MHANSALMM, 0COBEHHO B
HecTaburbHOM aKoHOMMKe. MoTOMY NSl y4eTa MHNSLMM MCNOMb3YIOT CaMblX PacrpoCTPaHEHHbIX [ABa METOAA:

* MHOeKcauus 3apaboTHOM NnaTbl 3@ MHAEKCOM NOTPeBUTENBCKIX LiEH 1 NEPUOANYECKOrO (EXEKBaPTANBHOTO 1N
pa3 B nonroaa) NepecMoTpa 3apaboTHOI NnaTbl OTHOCUTENBHO €€ POcTa B COOTBETCTBUM C POCTOM LIEH 3a 3TOT
nepuog;

* MpedBWAEHNE NepUOMNYEcKkoro, 3apaHee OObSBNEHHOTO MOBbILIEHMS 3apabOTHOA nnaThl, BbIXOAS W3
0XVAAEMbIX TEMMOB POCTa LiEH.

Ecrv MHGNSUMI MOXHO Obino Gbl NPpeaycMOTPeTb C MOMHOM [OCTOBEPHOCTbIO, TO 0b6a MeToaa umenu Obl
NPUBNN3NTENBHO OAMHAKOBLIE MOcneacTBus. HO MOCKOMbKY OXWAaHWs 4acTo SBMSOTCA OWMGOYHBIMU, TO
CYMTaETCsl, YTO WHAEKCALMsl, KOTOpasi OCHOBBLIBAETCS Ha (DAKTMYECKUX Temnax MHMIAUMM, HaaexHee
rapaHTUpyeT CTabUNbHOCTb peanbHON 3apaboTHOI NNaThl, YeM KOTAa BbiNnaTbl 3apaHee NpeaycMOTPEHbI.

VHgnsaums BnnsieT He TOMbKO Ha 4onto AeBUTOpOB W KpeauTopoB, HaeMHbIX pabOTHUKOB ¥ NpeanpuHUMaTenen.
OHa 3apeBaeT ¥ wHTepechl rocydapcTa. [la, B ycrioBusx MHMMAUMA NPOUCXOAUT CO3HATeNbHasi OTCpOoYKa
HanoronnatenblUMkaMi ynnatbl B rOCYAapCTBEHHbIA OHOOXeT, KOTOPbI aeT BO3MOXHOCTb MocregHemy
paccyuTaTbCs € rocygapcTBoM 0BecLEeHEHHbIMW AeHbramu. JTO SBMeHne MHENALMOHHOMO HanoroobroxeHns B
Hay4HOWN UTepaType nonyumno Hassaxue "apdekta Onveepa — TaH3u".

OT0T 3hPeKT KOpPOTKO MOXHO CCopMynMpoBaTh Cregylolmm obpasom: nwobas WHGNAUMS yMeHbluaeT
Hanorosbli rpy3. OH nposiBnsieTcss ¢ Bonblued CUMon B Mepy pocTa Temna MHAQISUAN U OTCPOYUKM BPEMEHM
ynnatbl Hanoros.

B 10 %e Bpemsi HeobXogumMo OTMETUTb, YTO MHNAUMS, 0crnabnss HamoroBbIA rpys, NPeAonpeneneHHbIN
OCBELLEHHbIMM BbILLE MPUYUHAMM, MOPOXKAAET 1 APYryto, 06paTHYI0 TEHAEHLMIO.

BbiBoabl

B pasBuTie KOHLENUMM Ka4eCTBEHHOMO NPOrHO3MPOBaHUS HAa OCHOBE HEYETKOTO AepeBa peLLeHuin npeanaraeTcs
NCNONb30BaTb «BCTPOEHHBIE» 3KOHOMUKO-MaTEMATUYECKME MOAENM NPOrHO3MPOBAHNS OTAEMNbHBLIX NapaMeTpOoB,
B MepByld oyepedb, onpepensiowmx “yskme Mecta’ B fepese. Ha ocHOBe npenBapuTenbHOTO aHanusa
MONYYeHHbIX NPOTHO3HBIX 3HAYeHU uHOekca uHpNAUMM B YkpauHe 3a 2008 r. npegnarakTcs cregyrolime
(B nopsiake ybbIBaHWS NEPBOOYEPEOHOCTM) YNpaBNSIOLLME BO3AENCTBUS C LiENbl0 KOpPeKLmM HebnaronpusiTHoro
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NPOrHo3a 3HaYeHU MHAeKca WHMNALMKM (Haw npeBapuTEnbHbIA NPOrHO3 oueHuBaeTcs yposHeM 30%):
nHaekcaums 3apaboTHoM nnathl GHOMKETHOM Cdepbl; BBEAEHWE NPOrPECCHBHOTO NOLOXOLHOMO Hanora;
cybcuampoBaHWe arpapHoOro CeKTopa; KOHTPONb CO CTOPOHbI FOCYAapCTBA MOHOMOMWA (‘€CTECTBEHHBIX W
“UCKYCCTBEHHBIX"); BBEAEHNE MUHUMANBHON NOYACOBOI OMNaThl; CHUXEHME NMPOLEHTHOW CTaBKW KPeaUTOBaHMS;
0TKa3 OT NPMBS3KW HaUMOHanbHOM BantoTel K gonnapy CLUA.

3aknioyeHue

“UT0BbI NOCTMYL OKPYXAHLLMIA HAC MUP, HYXHO 3HATb €ro BO BCEX NOAPOOHOCTSX, a Tak Kak 3TUX nogpobHocTei
GecyncneHHoe MHOXECTBO, TO W 3HAHWS HaLLM BCErga NOBEPXHOCTHbI U HecoBepLUEHHb!” (JlapoLudyko).
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ONnTUMU3ALIUA MHBECTULIMOHHOIO NOPT®ENA
B YCNOBUAX HEONPEAENEHHOCTW HA OCHOBE NMPOrHO3MPOBAHUA

lOpui 3anyeHko, Manuxex Eccpanauapdapa

AHHOmayusi: PaccmompeHna npobnema  onmumMu3ayuu  UHBECMUUUOHHO20 hopmeens 8  YCrosusix
HeonpedeieHHOCMU € UCNO/b308aHUEM Npo2HO3UposaHuss 00XodHocmel Kypcos akyud. [ns npoeHo3upogaHus
Kypcog akyull npednoxeH Heyemkuli memo0d uHOykmugHo20 modenuposaHus- HMI'YA ¢ Heuemkumu exodamu.
[pusodsamcs pesynbmambi 3KcnepuMeHmarbHbIX uccnedosaHull- NPO2HO3HbIE OUEHKU Kypcos akyuli 8edyujux
pocculickux KoMnaHull U NoMyYeHHbIt onmuMarbHbIl Nopmebenib Ha 0CHOBE NPO2HO3UPOBAHUS U OUeHUs8aemcs
€20 (hakmuyeckas 3¢pghekmusHoCMb.

Keywords: fuzzy port folio optimization, stock prices forecasting, fuzzy GMDH, fuzzy inputs
ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBepeHue

B nocrnegxve rogpl 3agayuun onTMMmU3aLmm MHBECTULMOHHOTO NOPT(ENs NPeaCTaBNSIOT 3HAUMTENbHDBIA MHTEPEC B
CBSA3M C Pa3BUTMEM (PUHAHCOBLIX PHIHKOB Ha YKpauHe. PelleHne 3agaum nopTdensHon onTUMM3aL i no3sonset
(hMHAHCOBLIM WHCTUTYTaM Hawnyywmm 06pa3oM pacnpefenuTb UMeroLmecs HaHCOBbIE CPeaCTBa B LiEHHbIE
Bymaru (LB) n ymeHbLUMTb puck OT ownBOYHbIX pelueHnit. Knaccuyeckas 3agadva nopTdenbHOn onTUMM3aLmu,
BriepBble paccMoTpeHHast .MapkoBuTuemM, GasnpyeTcs Ha [OMyLEeHMsX O HOPMarbHOCTW pacnpeneneHus
[OXOOHOCTEN aKLMIA U CTaLMOHAPHOCTW (OMHAHCOBBIX NPOLECCOB, KOTOPLIE Ha NPaKTUKE HE  BbIMOMHSOTCS.

AnbTepHaTUBOM Knaccuyeckon Mogenu MapkoBuTLa cTan HeYeTKO-MHOXECTBEHHBIN NOAXO0A B 3adavax aHanusa
W ONTUMU3ALMM MHBECTULMOHHOMO NOPTENS, NPeasioxeHHbIn B pabotax [1,2] u passutbiit B [3]. Mpn Takom
nogxode [LOXO pacCMaTpuBaeTCs, Kak HeYyeTkoe uMCno C (yHKUMEeR NpUHALNEXHOCTU TPeyronbHOro M
rayCCOBCKOTO TWMa, ONUCLIBAEMOE UHTEPBANAMM [Imin, ep, max], TAE Fmin - IEBBIA KOHEL MHTEPBANA, Imax - NPaBbIA
KOHeL, MHTepBana, re, - Hanbonee BEPOSTHOE 3HAYEHWE JOXOQHOCTH.

Mpy 3TOM puck NopTens TPaKTyeTCs Kak BEPOSTHOCTb TOro, YTO pearbHas LOXOOHOCTb OKAXETCH HUxe
HEKOTOPOro KPUTEPUANBHOMO 3HAYEHNS I (YETKOro N HeYeTKoro), 3agasaemoro JMP.

OTOT pUCK BbI3bIBAETCA TEM, YTO AOXOAHOCTW aKUMA OnpedenstoTcs Mo WMEOLencs npenbicTopuu, T.e.
OCHOBaHbl Ha MPOLWMbIX AaHHbIX, a pearnbHas AOXO4HOCTb MopTdens onpegensetcs B Oygywuini MOMEHT
BPEMEHW U MOXET CYLUECTBEHHO OTNMYATLCA OT UCXOAHBIX AaHHBIX. C Lenbio CHKEHNS 0X1EaeMoro pucka npu
MOCTPOEHUN MHBECTULIMOHHOMO NOpPTdens LienecoobpasHo UCMomnb3oBaTh He TeKyLuye, a MPOrHO3HbIE 3HaYeHUs
aKuui.

Mpn BbIGOPE COOTBETCTBYIOLErO MEeTOf4a MPOrHO3MPOBAHUS HYXHO Y4ecTb creuyudmyeckme 0COBEeHHOCTH
(PMHaHCOBbLIX NPOLLECCOB:

1) CyLLECTBEHHYI0 HECTALMOHAPHOCTb;

2) CINIOXHYI0 HEWU3BECTHYH 3aBUCUMOCTb MEXAY BXOAHBIMU 1 BbIXOAHBIMU NEPEMEHHbIMY;

3) Hannyne HenomnHoM 1N HeJOCTOBEPHON UHGOPMALIUK.

OpHUM 13 9PPEKTUBHBLIX METOAOB MPOrHO3MPOBAHNS MAKPOSKOHOMUKM SBNSIETCS HEYETKNN METOA UHAYKTUBHOMO
MOZENMPOBAHMS, U3BECTHBIN N4 Ha3BaHWe HeyeTkoro MIYA, paspaboTaHHbii B pabote [4].
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B pabore [5] npegnoxeH HOBbIN anroputM HeyeTkoro MITYA, koTopbliit paboTaeT B YCNOBUSIX HEYETKMX BXOAHBIX
[aHHbIX, 3afaHHbIX B BUOE WMHTEPBANOB HEONPEAENeHHOCTW. Takas CcUTyauus XapakTepHa Anst (PUHAHCOBbIX
PbIHKOB, e B TEYEHNN OHS aKLmMKM KONebnoTcs B HEKOTOPOM MHTEPBAre.

Llenbto HacToslen paboTbl ABNseTcs uccnegoBaHne addekTnBHocTM Hevetkoro MITYA ¢ HeveTkumu BXxogamu

Aana nporHo3npoBaHUA KypcoB aKLIMﬁ C nocnegywownmM nCnonb3oBaHKMEM pe3ynbTaTtoB MPOrHO30B B 3ajadve
onTMMn3aunn MHBECTULIMOHHOIO I'IOpTdL)eJ'IFI 1 OLIEHKa ero S(b(beKTI/IBHOCTM Ha pealnbHbIX AaHHbIX..

Bug HeueTKoi MaTemMaTMyecKoW Moaenu ans TpeyronbHbIX @1 ¢ HeyeTkMMKU BXogaMu

[MyCTb MMeETCS NuHEeNHas MHTepBarbHas MOAEb PErpeccun:

Y=A4Z,+AZ +.+AZ, (1)
roe A, — HeyeTkue uucra TPeyrorbHoON (hopMbl, KOTOPbIE OMUCHIBAKOTCS TPONKOA NAapaMeTpoB A, = (é , a[,Z),
rae a,— LeHTp uHTepsana, Z — €0 BEpXHsASA rPaHNLa, 4; - HIKHAR rpaHuLia.
B AaHHON Mogenu paccMaTpuBaeTcs crnyyan CUMMETPUYHBIX (YHKLMA NMPUHAANEXHOCTU Ans napameTpos A, ,
MO3TOMY UX MOXHO OMUCaTb Napoi napameTpoB ( a; , ¢, ).
A,=a —c, Ai = a; +c;, ¢; —\WMpNHa uHTepsana, c; 2 0,

Z, — TaKkKe He4eTK1e Yncna TpeyronibHom hopMbl, KOTOpble 3aAatoTcs napameTpamu (é , Z,Zl.), é - HKHAA

rpaHuLa, Z, - UGHTP, Z, - BEPXHSAS rPaHmLIa HEYeTKOro Yncra.
Torga Y — HeueTKoe YMcno, napameTpbl KOTOPOro onpeaensioTcs cnegytowmm obpasom [29]:
LleHTp nHTepBana: y = > a, *Z[ .
OTKNOHEHWE B NEBO YaCTH (PYHKLMM NPUHAANEXHOCTH:
y_X:Z(ai*(Zi_Zi)"‘ci‘zi‘)- (2)
OTkyAa HuKHsSt rpaHuLa uHTepBana: y = d(a,*Z; ¢ ‘Zi‘) .
OTKNOHEHWE B NPaBON YaCTW (OYHKLMN NPUHALNEXHOCTY:

;_)7 = Z(ai *(E, _Zi) +Ci‘2i‘) = Zaiz _aizi +¢ ‘Zl‘ :
OTKyaa BepXHSs rpaHILs HTepBana: v = (a, * Z, + ‘Z‘) :

[ns Toro, 4Tobbl MHTEpBanbHas Moadenb Obina KOPPEKTHOW, HeobXoaumo, YTobbl AEMCTBUATENBHOE 3HAYEHUE
NCXOQHOW BEnUYMHbI Y NMpuHagfexarno noflyyYeHHoOMy B pesynbTaTe paboTbl MeToga WHTepBany. 3TO MOXHO
onvcatb Takum obpasom:

2(a*Zy —¢ ‘szk‘) < Vi

e - 9
2(a,*Z, +Ci‘Zik‘)Zyk9k =LM

roe Z, =[Zk],- - BX0AHas obyvatoas Bblbopka, ), - U3BECTHbIE HAaM MCXOfHble 3Hauyenns; k=1,M , M -

KONMWYECTBO TOYEK HABMIOAEHMS.

CnepoBatenbHO, OCHOBHbIE TPEOOBAHMSA K OLEHOYHOW NMHENHOM WHTEPBAmbHOW MOZENu ANs TPeyroribHoro
YaCTUYHOTO OMUCAHUA 3aKMIOYAKTCA B TOM, YTODbI HAlTW Takue 3HaYeHUst napameTpoB (a;,c;) HEYETKMX

KO3 MLIMEHTOB, NPU KOTOPBLIX:
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a) Habniogaemble 3Ha4eHns y, nonaganv Obl B OLEHOYHbIA HTEpBan ang Y, ;

0) cymmapHasi LIMp1HA OLEHOYHOO MHTEPBana Obina 6bl MUHUMANBHOM.
OTM TpeboBaHNs MOXHO CBECTY K 3aAaje NUHEHOro nporpammmuposanns [29]:

minf(z(%*z +Ci‘2i‘)_z(ai *Zi_ci‘zi‘))l (4)

4isCi k=]

Mpy yCRoBUSIX

2(@*Zy —¢ ‘Zlk‘) <V

— _ : )
2@ *Z +¢ ‘Zik ‘) 2y, k=1LM
®opmanu3oBaHHasA NOCTaHOBKA 3aAayun Ans TpeyronbHbIX Orl
PaCCMOTpVIM 4YacTU4YHOE onucaHne Buaa:
2 2
S(xx,) =4y + Ax, + Ax, + Axx, + Ax; + Ax; (6)

3anuiiem ero B COOTBETCTBUN C MOAENbio (1). [INs 3TOro B HeW HyXHO NpeanonoXuTb, Yto z, =1, z, =x;,

i
2

i

zZ,=Xx

I3 =XX;, 2 =X

_ .2
i Zs =X

Torpa matematunyeckas Mogens (4) -(5) 3anuwueTcs B criefyroLem Buae:

M M )7/ — M
min (2Mc, +a, Y (xik = X,) +26 2%y |+ @, 2 (0 = x) + 26, K| +
456 k=1 k=1 k=1 k=1~

M _ _ M M _
+ay ) (|Xik|(x«/'k — X))+ ‘Xjk‘(xik — X)) +2¢ Z‘Xikijk‘ + 2a4Z|Xik|(xik — X))+ (7)
k=l k=l )

M M _ I
+2¢, ) % +2a5 ). ‘x/k ‘ (X =X ) +2¢5 ) )flz-k )
k=1 fe=1 k=1
npu ycnosumsax
Ao+ Xy X+ ds (_|;Cik | (X = X )= ‘X.fk ‘ (X — X5 ) + X X)) +
o (_2|§ik | (G =)+ 37) +a (2‘)?11( ‘ (e =X )+ X/'kz) —CG 4 |)sz'1( | -
—c, ‘)?jk‘ —c ‘)?ik)?jk‘ - 0455( - cssz.k <y
ay +a T + % + ay (| (v — %) +[ T3] (e = %) = E 500 + 2] Fye | Crie — (8)
~T) %) +ay (2‘7‘,—1{ ‘ (0t = X)X )+ ¢+ 5|+, ‘Xjk‘ TG ‘fikfjk‘ "
X + cs)?]z.k >y,
¢ 20, I= (),_5

Kak BMaHO, 9Ta 3afaya SBMSETCA 3adadeit MHEMHOr0 MPOrpamMMUPOBaHMs, HO MOCKOMLKY HET OrpaHWYeHui
HEOTPULIATENbHOCTM AN NepemMeHHbIX «;, ONA €e PeleHns nepexoaum K ABOWCTBEHHOM 3adade, BBOAS

[1BOICTBEHHbIE NepemenHble {5, | 1 {5,,,, } .

PelwnB [BOWCTBEHHY) 3adady CUMMNEKC—METOAOM W HanWas ONTUManbHblE 3HAYEeHWS OBOWCTBEHHbIX
nepemeHHbIX {3, } , {3,

. |- HallOEM ONTUMArbHble 3HAYEHWUS UCKOMbIX NEPeMeHHbIX c,, a,, i=0,5, a TaKke

MCKOMYI0 HEYETKYHO MOAeIb AN 3ajaHHOro YaCcTU4HOro onucaHua
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Onucanue anroputma HMI'YA

[aaum kpaTtkoe onucaHue anroputma [1].
1. Boibop obLero Buga mogenu, KoTopbiM ByaeT OnuChIBaTLCA UCKOMAst 3aBUCUMOCTb.

2. BblGOp BHELLHIMX KPUTEPUEB OMTUMANBHOCTY (KpUTEPUS PErYNSPHOCTM O UnM HecMelleHHocT N ).
cm

3. Bbibop obwero Buga OMOPHON (HyHKUWMM (BMO@ YaCTWUYHbIX OMUCAHWIA), HaNpUMeEpP, FMHENHOro W
KBaApaTU4HOrO.

4. Pa3btueHue BbiGopkM Ha obyvarowyto N u npoBepouHyto N .
06 npos

5. TpncanBaem HyneBble 3HAYEHNS CHETUMKY Yncrna Mogenei k n cyeTumnky uucna pspos r.
6. T'eHepupyem HOBYtO YacTUuHylo Mogenb f Buaa (6) Ha oByyatoweir BbiGopke. Pewwaem 3agady MM (7)-(8) u
r

HaxoauM UCKOMble 3Ha4YeHnsa & , C..
1 1

N r
7. OnpepensieM No NpoBepoyHoii  BbiGopke IV 3HaYeHMe BHEWHero KpuTepus (N()
npoe M

)
unm (5152) (r)).

8 k=k+1.Ecm kZC%,To k=0,r=r+1.

9. Bbluucrisiem Haunydllee 3HayeHWe Kputepus Ans mogenen r-i utepauun (N (r) unu 5(2) (r)).
cm
Ecrm » =1, 70 nepexoaum Ha wwar 6, nHaye — Ha war 10.
10. Ecrm ‘NCM (r)—NCM (r—l)‘ <&, T0 nepexoaum Ha war 11, uHaye — otbupaem F nyywmx Mopenen u

nonoxue » =r»+1, k =1, nepexoanm Ha Lar 6 1 BLINONHAEM CneayHoLLyo (r+1)-t0 utepaumto.
11. M3 F mogenei npeablayLLero psaa Haxoaum no KpUTepuIo perynspusanm Haumnyuywwylo Mogenb.

JkcnepumeHTanbHbIe uccnegoBaHna HMIYA B 3agayax nporHo3upoBaHMs KypcoB aKLum

B nmaHHOM 3kcnepumeHTe BXOAHbIMM AaHHbIMU SBASMMCH LiEHbl akumi 4 BEAyWMX SHEpreTMyeckux upm
Poccun (03.04.2006 — 18.05.2006):
EESR - akumm OAQ PAO ESC Poccuu,
YUKO - akuuu OAO HOKOC,
SNGSP - npusunernposatble akuun OAO CypryTHedbTeras,
SNGS - 0bblyHble akuym OAO CypryTHedTeras.
MporHo3upoBanack LieHa akuui uHoit komnanum: OAO JTYKOWI 3a ToT xe cambiit neproa
Pa3smep BbI6OpKM BUOOPKN — 32 3HAYEHMSI.
Pasmep obyuvatowen BbiGopkn — 17 3HayeHuin (onTUMarnbHbIM po3mep obydatowlen BbIOOPKM ANA AaHHOro
3KCNepUMeHTa).
Bbinn nonyyeHs! cnegytowmne pesynbTatbl:
1. [Ans TpeyronbHbIX PYHKLMIA NPUHALTIEXHOCTH
a) [Ins HOPMUPOBAHHbIX BXOAHWUX AaHHWX:
3HayeHus KpUTepUeB 41 JaHHOrO 3KCNepUMEHTa COCTaBUIN:
CKO =0,056481
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6) [ins HEHOPMMPOBAHHbIX BXOAHBIX AAHHBIX:

CKO =0,914998

MAPE = 0,73%

2. [Ins pyHKUMM npuHagnexHocTu Mayca (onTumaneHbIi yposeHs 0=0,9)
a) [ins HOPMMPOBaHHbIX BXOLAHbIX AaHHBIX:

3HaueHue Kputepua ana oaHHOro akcnepumMeHTa CoCcTaBuni:

CKO =0,030464

—l— LleHTp

—&— JleBas rpaHuua

—&—[paBas rpanvua
—— PeanbHble 3HaueHus!

123 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 §2

Puc. 1. PesynbTathl akcnepumenTa ans Of1 Maycca u HOpMUPOBaHHBIX 3HAYEHWUI BXOAHbIX NEpeMeHHbIX

6) [Inst HEHOPMMPOBAHHBIX BXOAHbIX AaHHBIX:

3HaueHuns Kputepmnes Ana 4aHHOro aKkCcnepumMeHTa CoCTaBuni:

CKO=0,493511 MAPE =0,33%

105

100
95
90
85

80 14

~——LleHTp

70

65

60

——&—JleBas rpaH1ua

~——&—[IpaBas rpaHuua

—H——PearnbHble 3HaueHns

12 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Pwc. 2. PesynbTathl akcnepumenTa ans Of1 Maycca u HEHOPMUPOBAHHBIX 3HAYEHNIA BXOAHBIX NEPEMEHHbIX
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Kak BugHo n3 pe3ynbTaToB 3KCNEPUMEHTOB, NMPOrHO3NPOBaHNE C UCMNONb3OBAaHNEM TPEYTONbHbIX U I'ayccoscxmx
Ol paet XopoLwine pesynbTaTbl. I'IpM 3TOM pe3ynbTaTbl NPOrHO3NPOBaHUA C on Faycca OKa3blBaKOTCA Ny4vinmMu

B CPaBHEHWM C TPEYrofbHbIMW MPUMEPHO BABOE (CM. Tabnuuy 1).

Takum 0Opa3oM, NpPOBEAEHHbIE 3KCMEPUMEHTLI NOATBEpPAUNM LienecoobpasHocTb ucnonb3oBaHne HMIYA ¢
HEYETKUMU BXOHBIMU NepeMEHHbIMM NS NPOrHO3MPOBaHMS KYPCOB aKLiA.

Tabnuua 1. CpaBHUTENbHBIN aHANKU3 TOYHOCTU NPOrHO3MPOBAHNSA C UCMOMb30BaHWMEM Pa3niyHbIX BUOoB Pl
Lna HopmupogaHHbIX AaHHbIX:

TpeyronbHble @I

Ol Maycca

CKO | 0,056481

0,030464

[nsi HeHOPMUPOBaHHbIX OaHHbIX:

Tpeyronbhble ®I1 | O Maycca
CKO | 0,914998 0,493511
MAPE | 0,73% 0,33%
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MocTpoeHue U aHanu3 oNTUManbLHOro nopTdens.

Bbina pelleHa 3agava onpeaeneHns onTMManbHOro NOPTENS M3 KYPCOB akLMi BegyLUmMX POCUACKUX KOMMaHWIA:
OAO «Jlykonn»-LKOH , «TatHepTo»-TATN , «Mocanepro»-MSNG, PAO «ESC»-EESR, «[asnpom»- GAZP. Ha
OCHOBE W3I0XEHHOr0 Bbille MeToaa Bbinu CNPOrHO3MPOBaHb! KYpChl akLMi YKa3aHHbIX KOMMaHUA 1 NOCTPOEH
ONTUManbHbIN NOPTGEND C TaKUM pacnpeaeneHemM Aonen akLmm:

LKOH- 0.101, TATN -0., MSNG-0.135, EESR- 0.122, GAZP-0.642.
[ins Takoro nopTenst OLEeHOYHbIN MHTEPBas A4OXOAHOCTY COCTaBMI

fmin= 0. 000678, r;=0.0167, rmax= 0.03228.

[anee 6binu onpegeneHbl peanbHbIE JOXOAHOCTW aKUMA B CREAYIOLNA MOMEHT BPEMEHW W N1 HAMAEHHOTO
ONTUMaNbLHOro NOPTens noacyMTaHa ero peanbHas AoxoaHocTb. OHa coctaeuna 0.014795.

Kak Buaum, peanbHble AaHHbIE XOPOLIO COTMAcylTCs C NPOrHO3HOM AOXOAHOCTBIO W (haKTUYECKAs JOXOAHOCTb
nonaaaeT B OLEHOYHbI MHTepBan Bnn3Ko K ero LEHTPY.

BbiBoabl

1. B poknage onucaH MeToh NPOTHO3MPOBaHMS KypCOB akumi Ons 3agauv nopdenbHOM onTuMusaumn B
HeyeTKUX ycrnoBusx. [ng aTux Lenemn npeanoxeH HeyeTknin MIYA ¢ HeweTkMn BXxogamu.

2. NpoBefeHbl akcnepumeHTanbHble uccnegosanus HMIYA ¢ HeyeTkuMy BXOgaMu B 3afade NPOrHo3upoBaHns
KypcOB aKuuit. PesynbTaThl SKCMEPUMEHTOB NMOATBEPXKAANT LENecoobpasHocTb npuMeHeHns HedeTkoro MITYA
A0S NPOrHO3MPOBaHUS KYPCOB akUWid B 3afadax nopTdenbHOi ONTMMU3aLmmn B yCnoBusix HEONPEAENEHHOCTM!.
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COBPEMEHHbLIE METOAONOMMYECKUE W UHCTPYMEHTAINBHBIE MNOAXOAbI
MOJENUPOBAHUA BU3HEC-3ALAY

Enena CepoBa

AHHOmayus: Paboma noceswjeHa OUEHKE Ponu U nepcnekmusaMm UCNOb308aHUs MOOEUPO8aHUs npu
peweHuu busHec-3aday. BbideneHbl cospemeHHble nodxods! MoOenupogaHus, UCNob3yemble npu onucaHuu
apxumekmypbl, paspabomke Mmodenu OeamenbHOCMU Op2aHu3auuu U nNpPosedeHuUU  PEeUHXUHUPUHEa..
[pusedeHo Kpamkoe u3OXeHUe cywecmeyrwux Memodonoeull U UHCMPyMeHManbHbIX cpedcme,
NPUMEHSIEMBIX 8 COBPEMEHHOM BU3HEC-MOOEeTUPOBaHUU.

Knoyeebie cnosa: 6usHec-npouecc, 6usHec-modenuposaHue, memodonoauu MmodenuposaHus busHec-
npoyeccos,  UMUMaUUOHHOe — ModenuposaHue,  CMPYKMypHO-OYHKUUOHambHbIU  nodxod,  AuCKpemHo-
c06bIMulHb I N0AX00, aceHMHoe MOOeNUpo8aHue, UHCMPYMEHMbI MOOEUPO8aHUS.

ACM Classification Keywords: 1.6.5 Mode! development — Modeling methodology

Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBepeHue

CerofHs MOXHO C YBEPEHHOCTbK) TOBOPUTL O LienecoobpasHOCTM MPUMEHEHUS METOAWMK M WHCTPYMEHTOB
BusHec-mogenupoBaHus. MpoekTbl No pa3paboTke W BHEAPEHWMIO KOPMOPATUBHbIX MH(OPMALMOHHBIX CUCTEM,
cuCTeM [1OKYMEHTO060POTa, CO3aaHNe KOMMIIEKCOB NOAAEPKKN NPUHATUS PELLUEHNI, KOHCAMNTUHIOBbIE MPOEKTbI,
CBSI3AHHbIE C OMMCAHMEM apXMTEKTYpbl OpraHu3aLuM, C W3MEHEHWMEM ee OW3HEeC-NPOLEeccoB, ayauToM U
cepTudmKaLmen fesTenbHOCT — BOT [aneko He MOMHbIA CNMCOK 0BnacTeil NPUMEHEHUS 3TUX MHCTPYMEHTOB.
HeBO3MOXHO NMpeAcTaBUTb  YCMELLHOE 3aBeplueHle MepeyncrieHHbIX MpoekToB  6e3  MCronb3oBaHus
COBPEMEHHbIX MOMXOA0B U CPEACTB BU3HEC-MOLENMPOBAHUS.

OCHOBHOE Ha3HayeHWe 1CMonb30BaHUst CPEACTB MOAENMPOBaHUS Ny pelleHun GusHec-3apay — obecneyerme
B3aUMOMOHMMAHWUS Ha BCEX YPOBHSIX OpraHu3alLmi, NpeoaoneHne paspbiBa MeXay CTpaTeryeckum BUAEHWEM
OnsHeca n ero peanusaumeit Ha npaktuke. C 3TOM LENMbl0 B COBPEMEHHbIX CPEACTBAX MOAENMPOBAHMS,
NpUMeHsieMblX B GM3HECE, MCMOMb3yKTCA CrielnanbHoe NporpamMHoe obecreyeHne, sI3blkM U CUCTEMbI, C
MOMOLLbIO KOTOPbIX pa3pabaTbiBatoTCs MOAENW W AvarpaMMbl, AEMOHCTPUPYIOLLME KaK MOCTPOEHbI B KOMMAHMM
Bu3Hec-npoLecchl, Kak OpraHM3oBaHO B3aMMOAENCTBME MEXZy NHAbMWA M YTO HEOBXOAMMO M3MEHWUTb Ans
ONTUMU3aLUN aPXMTEKTYPbI OPraHu13aLmn B LIENOM.

Ocoboe BHUMaHue criegyeT o6paTWTb Ha TO, YTO MOLENMPOBAHWE PACCMATPUBAETCSH CErofHs Kak OaWH U3
3TanoB MPUHATUS OTBETCTBEHHBIX YNPABMEHYECKUX PELLUEHUA B KOMMNAHWUSX, aKTUBHO MCMOMb3YIOLLMX B CBOEM
AEeATENBHOCTU COBPEMEHHbIE MHAOPMaLMOHHbIe TexHomnoruun [JlblykiHa, 2007]. 3TW KOMNaHUKM NpUBREKaT B
NOMOLLb MeHemkepaM CUCTEMbI, CrOCOBCTBYIOWME MPUHATUIO CTPATErMYEeCKUX YNpPaBlEHYECKUX PeLLeHui, 1
WHCTPYMEHTbI Ha OCHOBE KOMMbIOTEPHOTO MOAENMPOBaHUS, KOTOpble LUMPOKO UCMONb3yT MeTodbl U
npenmyLlectBa  OObEKTHO-OPUEHTUPOBAHHOTO MPOrPaMMUPOBaHNS, BUAEO, MyNbTUMEeAWNHble CPencTBa,
NOAAEPKMNBAIOLLME aHUMALMIO B peanbHOM PeXuMe BpEMEHMU.

KomnbtoTepHoe MofenupoBaHie MO3BONSIET ONMUCaTb CIOXHbIE HENMUHENHble B3aMMOAENCTBUS B GusHece,
HanpuMep, CMOLENMPOBaTb MOBEAEHUE 9SKOHOMMYECKMX CYOBLEKTOB B KPUSUCHOA CUTyaLMW, OLEHWUTb
MoCrneaCTBUS peanu3aLiv pasnuyHbIX CLEeHapyeB UM CporHO3MpoBaTh AarbHemlee TeyeHne cobbiTuit. CyTb
MPUMEHEHNS! KOMMbIOTEPHOrO MOAENMPOBaHMS B GM3HECE 3aKMtovaeTcsi B MOMYYEHUN KONMMYECTBEHHBIX W
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KaYeCTBEHHbIX PE3ynbTaToB MO UMeLencs mogenu. KayecTBeHHble BbIBOAbI, MOSlyYaeMble No pesynbtatam
aHamusa OM3HEC-NpOLECCOB  (CTPYKTYPHO-CDYHKLMOHAMNbHOE — MOAENMPOBaHWe), MO3BONSAOT  0BHApPYXUTb
HEW3BECTHbIE paHee CBOWCTBA WCCMEyemoi CrOKHOA CUCTEMbI (HanpuMep, CUCTEMbI YNpaBneHWs): ee
CTPYKTYPY, AMHAMUKY pa3BUTMS, YCTOMYMBOCTb, LEENOCTHOCTb W Apyrie. KonnyectBeHHble BbIBOAG! B OCHOBHOM
HOCAT XapakTep MpOrHO3a HEeKOTOPbIX Oyaylmx unu OObLSACHEHME MPOWNbIX 3HAYEHWA NEPEMEHHbIX,
XapaKTEPU3YIOLUMX WCCNEeayeMYK0 peanbHyld CUCTEMY, W MOryT ObiTb MOMyYeHbl C  WCMONb30BAHUEM
COBPEMEHHbIX METOAMK WMMWTALMOHHOTO MOLENMPOBAHMS, OMWCaHHLIX B AaHHOM pabote. Pasymeetcsi, Bce
noaxoabl MOZENWPOBaHUS, UCMONb3yeMble MpU PELeHMn 3adady COBPEMEHHOro Ou3Heca, He SABRAKTCA
B3aVMOMCKITOYAOLLMMM U MOTYT NPUMEHSATHCS B0 OHOBPEMEHHO, TGO B HEKOTOPON KOMOUHALWW.

CTpyKTypHO-(hYHKLIMOHaNbHbIN noaxod B 6U3Hec-MoaenvupoBaHuu

Hanbonee HarnsgHblM 1 JOCTATOMHO  LUMPOKO WCMOMb3YEMbIM HA NpPaKTUKE MPUMEPOM  CTPYKTYPHO-
(OYHKUMOHAMNBHOrO MOAENMPOBAHNS B COBPEMEHHOM MEHEIXMEHTE SBMAETCH HanpaBneHue, CBS3aHHOE C
MoaenupoBaHuem GuaHec-npoueccos (business-process modeling).

PbiHOYHas cuTyauusi, B KOTOPOA HAXO4ATCS COBPEMEHHble KOMMaHWW, AOBONbHO HecTabunbHa W Tpebyet
ObICTPOM M TOYHOM peakuuu Ha MPOMCXOASLIME M3MEHeHWUs. PaHO wumm mosgHO peopraHusaums GusHeca
CTaHOBUTCS HEW3BbexHOM 1 MeHemkepaM NPUXOAUTLCS 3adyMbIBATLCA O TOM, KaK M3MEHUTb Tekywme GusHec-
npouecchl, YTOObl YNYuWWTb AEATENbHOCTL MpeanpuaTus. Hanpumep, NPOW3BOAMTENb MOXET 3axoTeTb
nepecMoTpeTb TO, Kak MPOMCXOAMT 3aKynka WCXOOHbIX MaTepuanos, Mopsidok OOPMIIEHUSI 3aKa3oB MMM
N3MEHNTb NepeyeHb paboT no 4OCTaBKE FOTOBOM NPOAYKLUMM 3aKas4nkam. OUYeBMAHO, YTO PENHKUHUPWHT BU3HEC-
npoueccoB (business process reengineering) TECHO CBA3aH C W3MEHEHWAMU apXUTEKTYPbl MHPOPMALMOHHBIX
cucteM. KnoyeBbiIM MOMEHTOM ycriexa NpoekTa Mo peopraHn3aummn SIBNSeTCs TECHOE B3aUMOAENCTBIE MEXIY
BCEMM rpynnamn L, 3aMHTEpeCoBaHHbIMI B BbINOMHEHUM 3adayu, NPexae BCEero, Mexay cneuyuanucramm B
cthepe MHDOPMALMOHHBLIX TEXHOMOMMIA W 3KCepTami B NpeaMeTHoi obnactn buaHeca. JTO BO3MOXHO C
MOMOLLbK0 COCTaBMEHMST CTPYKTYPHO-CDYHKLMOHAMbHBIX MOZENEN, OTpaxatoLmx GU3HEC-NPOLECCH! M NOHSATHBIX
BCEM y4yacTHWkaM npoekta. OgHOBPEMEHHO MOAENb LOMMKHA CMYXUTb ANs hopman13aLmm n JOKYMEHTUPOBaHNS
CYLLECTBYIOLLErO COCTOSHUS €N U U3YYEHWUS BO3MOXHOCTEM YNyylweHus paboTtbl. Ha COBPEMEHHOM pbiHke
nporpaMmmMHoro 06ecneyeHns NPEOCTABNEHO HECKOMbKO KOMMBIOTEPHBIX TEXHONOMMIA, KOTOPLIE NpeaHa3HayeHbl
ANs aBTOMaTM3aumm cTpykTypHbIx Mogenen — CASE-cpeactea (Computer Aided Software Engineering). Ctont
0TMeTuTb, 4To onpegenenne CASE-cpencTBa OXBaTbiBAET CaMble Pa3fnyHble MHCTPYMEHTbI, Criyxaliue Ans
KOMMbIOTEPHOTO ~ aHanM3a ¥ MOAENMPOBaHWS, W MHCTPYMEHTbI  MOAENMpOBaHWA  Bu3Hec-NpoLeccoB
NPEACTaBNSOT NULLb HEDOMbLLYH YacTb BCETO Knacca.

OpraHu3aunoHHO-CTPYKTYPHbIE  W3MEHEHWS B KOMMaHWW, OCOOGEHHO €CrM OHM CBS3aHbl C BHEAPEHUEM
KOpPNOpaTUBHbLIX MH(OPMALMOHHBIX CUCTEM, MPUBOASAT K CepbesHbiM puckam. [locredcTBus M3MEHEHUN B
[EeATeNbHOCTI OpraH13aLmn JOMKHbI 6bITb TLLATENBHO U3YYeHbl 1 MPOaHanNM3nPoBaHbl, NPEXae YeM OHW CTaHyT
peanbHOCTbI0. Takue KoprnopaTUBHbLIE UHGOPMALMOHHbIE CUCTEMbI 3apybexHbIX npoussoauTenen, kak SAP R/3,
BAAN, ROSS iRenaissance u fap. cogepkar onpoboBaHHble B TEYEHME MHOTUX IJIET METOAMKM U
WHCTPYMEHTarbHbIE CPeaCcTBa, NO3BOMAOLLME MAHUMU3NPOBATL PUCKM M peaTb Npobnembl, BO3HMKatOLLME Npu
peopraHu3aumm  OWU3HEC-NPOLEeCCOB  NpeanpusTs, B TOM  4YUCMie NPU  BHEOPEHUM  COBPEMEHHbIX
WH(OPMALMOHHBIX CACTEM.

CoBpeMeHHbI N0AX0A K onucaHnio Gu3Hec-NpoLLeccoB Nogpa3yMeBaeT 1aet NOCTOSIHHOrO COBEPLLEHCTBOBAHMS
N MoauduKaLmmM, aHanmaa M MPOrHO3MPOBaHWS, a TakkKe CBOEBPEMEHHOTO BHECEHUSI M3MEHEHMI B GU3Hec-
mogenu. OnucaHne JOMKHO afaeKkBaTHO OTpaxaTb COCTOSHUE [en B KOMMaHUM 1 6biTb OCHOBOW ANS NOMyYeHus
LieNoCTHOrO  MpeacTaBneHus O  cTpateruM paseuTus  Ou3Heca UM ero  aTomatusauwm. Hambonee
npegnoyTMTENbHa  CNedylwas nocnefoBaTenbHOCTb  WaroB  pasBuTi  unv - Mogudvkauum  GusHeca
[MpotwuuH, 2006]:
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1. Onpedenenue (koppexkmupoexa) cmpameauu KOMNaHuu U ee
OCHOBHbIX 6u3Hec-yenell.

2. CosdaHue modenu apxumekmypbl Op2aHU3aUUU, 8K0Yast Modenu
ee 6usHec-npouyeccos ( unu ModuguKayus yxe cyuecmeyroujux)

3. OueHka abchekmusHOCMU  nNPOUECCO8 HA  OCHOBAHUU
ycmaHoeJ1eHHbIXx 6usHec-yenel.

4. NpoekmuposaHue apxumekmypb! UHHOPMAULOHHOL cUCMeMbI Ha

ocHoge co3daHHol modenu 6u3Hec-npoyeccos ¢ y4yemom 3adaHHbIX
napamempos  aghhekmueHocmu  OessmesIbHOCMU  KOMNnaHuu U
omdebHbIX ee Npoyeccos

5.®opmuposanue nnana  eHedpenus  unu  Modugbukauuu
UHGhOpMayUOHHOU cucmemb!

6. [Jdemanchas nocmaHoska mpeGosaHull K Hell Ha OCHoge
nocmpoeHHbIx Modenell 6u3Hec-npoyeccos.

Puc.1. MocnepoBatenbHOCTb LWaroB passuTtus (Mogudvkaumm) usHeca

B HacTtoswee Bpems Ans ONWCaHWUS U MOZENWPOBaHUS OWU3HEC-NPOLECCOB WCMOMb3yeTCs HECKONbKO
metoponoruin. K uucny Hambonee pacnpOCTPaHEHHbIX OTHOCATCS METOLOMOMMWM MOZenupoBaHus GuaHec-
npoueccoB (Business Process Modeling), onucanus notokos pabot (Work Flow Modeling) u onucanus noTokos
paHHbIx (Data Flow Modeling) [PenuH, Enndepos, 2008].

MpeanoxeHHas B 70-x rogax npowroro Beka [dyrmacom Poccom (Douglas Ross) meTomonorus CTpyKTypHOro
aHammsa u npoektupoBanus SADT (Structured Analysis and Design Technique) nocrmyxuna OCHOBOM 4/
CTaHgapTa MopenupoBaHus 6usHec-npoueccoB IDEFQ. [Mpumepom MHCTpymeHTa [Ans CO3AaHus Mogenen,
MONHOCTBIO nogaepxusatolmm ctaHaapT IDEFO v no3sonsiowmm  aHanuaupoBaTb, AOKYMEHTUPOBaTb W
NNaH1poBaTb M3MEHEHMs CroXHbIX GusHec-npoueccos, sensetcs CASE-cpeactso AllFusion Process Modeler
4.1 (ppyroe HassaHve — BPwin 4.1) — npoaykT komnanun Computer Associates (CA) [Maknakos, 2003].

BTopoit meTogonorMen onucaHus MpoLeccoB, akTWBHO WCMOMb3YEMOW Ha MpaKkTuKe, SBMSETCS METOAonorus
Work Flow Modeling — ctaHgapt IDEF3, cnyxawas Ans nocTpoeHus MOAENen npoLeccoB NO MpuHLMMY
nocrneaoBaTenbHO BbINOMHAEMbIX BO BpeMeHu paboT (pyHkumin, onepauwin). IDEF3 nexwt B ocHoBe
WHCTpyMeHTanbHoi cpedbl  IRIS  (paspabotka Hemeukom komnaHum IDS  Scheer AG), B koTopon
METOZONOrYeckre 1 paboune MHCTPYKLUMKM Co3datoTcs Ha 6ase cobbITUITHO-OpUEHTMPOBaHHBLIX eEPS-Moaeneit
(extend Event-driven Process Chain) [UnbuH, 2006].

Ewe ogHon BaxHemwwen MeTOLONOMMEN, CNONb3yeMon B BKU3HEC-MOAEnMpoBaHnK, ABnstTca HoTauum DFD
(Data Flow Diagramming), nossonsitolime OTpasuTb MOCNEA0BATENbHOCTE PabOoT, BLINOMHSEMbIX MO XO4y
npouecca, W MOTOKM MHEOPMALMK, LUMPKynupytome Mexay atumu pabotamu. Metogonorns DFD nossonsiet
MaKCUMarbHO CHW3UTb CYOBEKTMBHOCTb OMMUCaHWA BGU3HEC-NPOLIECCOB U MOXeT 3(h(EKTUBHO WUCMONb30BATLCS
NP1 BHEAPEHMM NPOLIECCHOTO NOAX0AA K YNPaBMEHMI0 OpraHu3aLmen.

CnepyeT Takxe YNOMsIHYTb O JOCTAaTOMHO LLMPOKO MpUMeHsieMon 1 passuBatoLleiics metogonorn UML (Unified
Modeling Language). B pamkax 3Toit meTogonornn paccmaTpuBaeTcst psg guarpamm (Hanpumep, Activity
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Diagram), KoTopble MOXHO MCMONL30BaTh Ans onucaHus BusHec-npoLeccos opraHnsauun [Bengpos, 2000], xota
B Lenom metoaonors UML He npegHasHaveHa ans GusHec-MoaenmpoBaHus.

MoMUMO yKa3aHHbIX Bbile METOZOMOMIA, CYLLECTBYIOT U Apyrie, npeaiaraemble pasfmyHbIMU KOMNaHUSAMU —
NpOM3BOAMTENSMM NPOrpaMMHbIX npogykToB. [axe Takue koprnopauww, kak IBM u Oracle, npegnaratot
COBCTBEHHbIE WHCTPYMEHTapUK 471 ONKUCaHWS U MOLeNnpoBaHus BuaHec-npoueccos. Hanpumep, TexHonorms
Oracle Workflow, ncnonb3yemas ans aBTomMatv3auuy BbIMOMHEHWS MOTOKOB paboT opraHu3auum, COLepXuT
CpencTBa onucaHms 1 hopmanusaumi npoleccoB. HeobxoaMmo 0TMETUTb, YTO Ceitvac OLHOBPEMEHHO OAHUM 13
CaMblX COBPEMEHHbIX ¥ OOLEeNpuHATLIX CTAHZAPTOB YynpaBneHwns OGuaHec-npoueccamn sensietcs BPEL
(Business-Process Execution Language). Ha 6ase a1oro npoaykta MOXHO CO34aTb €4VHYK WHTErpauyoHHYH0
nnathopMy Ans BCeX WCnonmb3yemblx npunoxeHuin. lNepexog Ha BPEL — obwemuposas TeHaeHUms:
rOCYapCTBEHHbIE U KOMMEPYECKME YYPEXAEHNS U OpraHu3aLi BO MHOTUX CTpaHax MMpa yxe UCMOMb3yoT 3Ty
TexHonorno. B Poccumn Takke ocylecTeneHbl nepsble NogobHble NPOeKTbl, B pe3ynbTaTe KOTOpbIX yAanoch
yCMewHo pewwnTb npobnemel onTuMusaumm I T-uHdpacTpykTypel npeanpustus [MpowwuH, 2006).

WmuTaumoHHOe MoaenupoBaHmue Npu peLueHnn busHec-3apay

MeToq CTPYKTYPHO-(hYHKUMOHANBHOrO MOLENMPOBaAHNS MO3BONSET ONMCaTh CYLIECTBYHOLIME BU3HEC-NPOLECChI,
BbISIBUTb UX HEOOCTATKM U MOCTPOWUTL MOAENb AesTenbHOCTH npeanpusatis. OgHako YacTo BO3HMKAET 3aJava
ONTUMM3ALMN TEX MIM UHBIX KOHKPETHBLIX MPOLECCOB, UCCNEA0BAHNS BIIMSHUS PA3fMYHbIX NApamMeTpoB Ha TOT
UNn MHoi BusHec-npouecc. B aToM cnyyae CTpyKTYPHO-GhYHKLMOHAMNBHOM MOLENN MOXET BbITb HEAOCTATOYHO U
LienecoobpasHbIM OKa3biBaETCA 1CNOMb30BaTh APYrMe METOAMKA W MHCTPYMEHTbI MoaenupoBaHus. OgHum w3
NOAXOAOB, MO3BONAWMX pewnTb nogobHoro popga OusHec-3agausm M NOMYYNTb  KONMYECTBEHHbIE
XapaKTepUCTUKM NPOLLECCOB, SBASETCH MMUTALMOHHOE MOAenupoBaHue. C MOMOLLbK UMUTALMOHHON MOZEnm
MOXHO MOMyYMTb CTATUCTWKY MPOUCXOASLUMX MPOLIECCOB TaK, Kak ecnm Obl 310 Obino B peanbHocTh. O6bIYHO
TaKkne MOAENM CTPOATCS Ans Noucka ONTUMArbHOMO PeLeHWst B YCIOBUSIX OrpaHMYeHUs Mo pecypcam, Korga
Apyrne maTemaTuyeckue MOAENM OKa3blBaKTCA CIMWKOM CMOXHbIMKA. MOes uMUTaLMOHHOrO MOLENMPOBaHMS
OAMHAKOBO MpMWBNEKaTeNbHa U 41 PYKOBOAMTENEN U Ans uccnefosateneil cuctem bnarogapst CBoeit npocToTe.
MockonbKy MMUTALMOHHBIN NOAXOA NPU peLLeHn BrusHec-3apay CBs3aH C NPUMEHEHNEM CneLnanm3MpoBaHHOM
nporpamMMHoro obecneyeHns HeO6X0AMMO YNOMSIHYTb O eLe OAHOM LUMPOKO MCMONb3yeMOM B KOMMbIOTEPHOM
MOJENMpOBaHUM TEPMIUHE — «MMUTALMOHHAS CUCTEMAY UIK «CUCTEMA UMUTALMOHHOTO MOAENMPOBAHNSY . OTUM
TEPMMHOM 0603Ha4aloT COBOKYMHOCTb WMWUTALMOHHOM MOZENW CIOXHOrO npouecca, Habopa Gonee npocThbIx
MOZENel TOro e NpoLecca, anropuTMOB M COOTBETCTBYHOLLETO MPOrPamMMHOr0 06ecrneyeHnst, accoLMMpoBaHHbIX
C aTMMK mogenamu. lMpumepamu Takux CUCTEM, WCMONMb3yeMbIX B OM3HEC-MOZENMPOBAHUM, MOTYT CIYXMTb:
cuctema UMUTaLMOHHOIO MOAENMPoBaHNS Arena (komnaHus Rockweel Automation;
http://www.arenasimulation.com), AnyLogic (komnanus XJ Technologies; http://www.xjtek.com) unu GPSS —
General Purpose Simulatiopn System - obLieLenesas cuctemMa UMUTALMOHHOMO MOLENMPOBAHMS (KOMMaHMs
Minuteman Software; http://www.Minutemansoftware.com). Heobxogumo 0TMETUTH Takke, YTO ANA CO3L4aHMs
UMWUTALMOHHLIX Moaenen TpebylTCs 3HaHMS creumarnbHbIX anrOpUTMUYECKNX SI3bIKOB, BbIpaXawWwux Te
MOHSATUS, KOTOPbIMM OMEPUPYET CheuuanucT, Co3gallymi 3TM mogenu. Kaxablii M3 HUX MMEET CBOM
cneumnduyeckne kKa4yecTBa, kacatLmecs:

- CINOXHOCTW NPEACTaBNEHNS MOHATUN UMUTALMOHHOTO MOAENMPOBAHNS;

- SA3bIKOBOW OCHOBBI;

- KonuyecTBa 6a30BbIX MOHATUN.

BaxHbIM (haKTOPOM MPUMEHEHWS A3blka UMMTALMOHHOTO MOAENMPOBaHWA SBASETCA Hanuune 3GMEKTUBHOM
peanu3auum TpaHcnaTopa Ha 6ase BbibpaHHOM IBM. [pu HamMumm MHOrOYHKUMOHAMNBHOMO MHTEpdenca
nornb3oBaTens oTnagaeT HeobXoAMMOCTb BO MHOTMX onepaTopax s3blka. Heobxoammo ocTaBuTh B A3bIKe TONMBKO
OonucaHue 1 onepauyum UMUTaLMOHHOM YacTu. M1o3ToMy, Npu NOCTPOEHUM UMUTALMOHHOM MOLENM NPU pPeLleHH

Ou3Hec-3apaY, xenartenbHo NPUMEHATb, B WAEallbHOM BapuaHTe, CI'IGUMHJ'IVI3VIpOBaHHbIIZ A3bIK UMUTALIMOHHOIO
MOJENNPOBaHNUA.
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B coBpeMeHHON TeOpUM UMUTALMOHHOMO MOZENMPOBAHMS CYLLECTBYIOT YeThbIpe OCHOBHbIX noaxoda [Borshchev,

Filippov, 2006]:

- MopenupoBaHve OUHAMUYECKMX CUCTEM (CUCTEMBI MMUTAUMOHHOrO mopgenuposanus: MATLAB Simulink,
VinSim v gp.),

- [uckpeTHo-cobbituitHoe mopenuposaHune (GPSS, Arena, eMPlant, AutoMod, PROMODEL, Enterprise
Dynamics, FlexSim v ap.) [Ceposa, 2007],

- CuctemHas guHamuka (CUM: VenSim, PowerSim, iThink, n gp.) u

- AreHTHOe MofenupoBaHWe (CUCTEMbl UMUTALMOHHOrO mogdenuposaHus AnylLogic [Kapnos, 2005], Swarm,
Repast 1 gp.).

B kaxgoMm u3 9TWX HanpaBneHWM pas3BMBAlOTCA CBOW WHCTPYMEHTamnbHble CpeAcTBa, CBOM CUCTEMBI

VMMTALMOHHOTO MOAENMPOBAHIUS U A3bIKM.

CucremHas guHamuka (CL) v [uHamuueckne cuctembl — TPaQMLMOHHBIE YCTOSIBLUMECS MOAX04bl, AreHTHoe
mogenupoBaHue (AM) — oTtHocuTensHO HoBbIM. CL 1 [MHamMuyeckne CUCTEMbI OMEPUPYIOT B OCHOBHOM C
HenpepbIBHLIMM BO BpeMeHu npoueccamu, a [MCKpeTHO-COBLITUMHOE MOoAenupoBaHWe U AreHTHoe — B
OCHOBHOM C AUCKPETHBIMM.

B kauecTBe 6a30BbIX KOHLENUMI (OpManu13aLmm u CTPYKTyprU3aLmn B COBPEMEHHbIX CUCTEMAX UMUTALMOHHOMO
MOLESNMPOBaHMs, Haubonee YacTo NPUMEHSIEMbIX NpU peLleHnn BrusHec-3adaY, MCNONb3YTCS chneayLve asa
nogxoga:

- MPOLECCHO-TPaH3aKTHO-OPUEHTUPOBAHHBIE CUCTEMbI MOLENMPOBAHMS, OCHOBaHHbIE HA ONWUCaHWUK NPOLECCoB
(process description). Ha coBpeMeHHOM pbiHKE WH(OPMALMOHHBIX TEXHOMOTMA OHU MPeacTaBnstoT
LVCKPETHO-COOBITUAHBIA ~ MOAXO4 ~ MMWTAUMOHHOrO  MOAENUPOBaHUs U SBRAOTCS  Haubonee
npeacTaBuUTeNbHbIM  KMaccoM CuCTeM Takoro poga. 3to cuctembl: GPSS, Arena, Extend, AutoMod,
ProModel, Witness, Taylor, eM-Plant, QUEST, SIMFACTORY 1.5, SIMPLE++ n gp. [Ceposa, 2007];

- areHTHoe MOAENMPOBaHWe, Npu KOTOPOM MOLENM MUCMONb3YITCA ANS UCCNefoBaHus AeLeHTPanmM30BaHHbIX
CUCTEM, AMHAMIKA ¥ (DYHKLMOHMPOBAHME KOTOPbIX OnpeaensieTcs He rmobanbHbIMU NpaBunamm 1 3akoHamu,
a HaobopoT, 3T NpaBuNa 1 3aKOHbI SBNSTCS Pe3ynbTaToM MHAMBMAYANbHON aKTUBHOCTW YNEHOB rPyNMbl.
lMpeacTaBUTENb POCCUIACKOTO PhbiHKAa CUCTEM 3TOTO Knacca siensetcs naket AnyLogic [Kapnos, 2005];

Vcnonb3oBaHMe CUCTEM MMUTALMOHHOTO MOAENMPOBAHUS, peanuaytowmx AUCKPETHO-CODBITUMHBIN U areHTHbIA
noaxoAbl, Hanbonee ycnewHo NPUMEHSIOTCS B Takix obnacTsax GU3Hec-MoAen1poBaHns, Kak MOAenMpoBaHmue
OusHec-npoueccos M MogenuposaHue cepeucoB. CUM  Arena wuHTerpupyetcas ¢ CASE-cpeacTsom
(DYHKUMOHAMNBHOTO  MOAEeNMpoBaHus  OuaHec-npoueccoe — BPWin, a GPSS obnagaer Heobxogumbim
WHCTpYMEHTapueM, AN MOZEnupOBaHUS MPOLeCCOB, CBSA3AHHLIX C TakoW AMHAMWYHO pasBMBatOLLENCs
006racTbio 3HaHWI, KaK CEPBUCHO-OPUEHTUMPOBaHHas akoHomuka [Ceposa, 2007].

3aknioyeHue

B 3aknioyeHne MOXHO KOHCTaTUPOBaTb, YTO OpraHM3aums, peluvBLLas WCMONMb30BaTh B CBOEN 4EATENbHOCTM
COBPEMEHHbIE CpeacTBa BU3HEC-MOAENMPOBAHNS, MOXKET BblBpaTh METOAOMNOIMI0 U3 HECKOMBKUX CTaHAAPTHbIX.
Bbibop meTogonorun fomkeH 6asvMpoBaTbCA Ha MOHMMAHWM WX BO3MOXHOCTEM W HELOCTATKOB, 4YETKOM
OCO3HaHUM Llener MCnonb30BaHWS co3daBaeMblX Mogenen. Hanuuo 9Bonwuus pas3suTUS Cpeacts W
WHCTPYMEHTOB GM3HEC-MOenupoBaHus, npuyemM HabnpaeTcs TeHAeHUMs nepexoda OT CPeaCTB BU3yanbHOMO
onucaHus HebonblUMX yyacTkoB OuM3Heca K CpefcTBaM OMUCAHWS apXWUTEKTYpbl OpraHW3auuu B LIENOM.
Paclumpsitotcst 06nactv npuMeHeHUs: MOLENMpoBaHus - 0T 0bMeHa MHdopmaLmeid BHYTpU HeBOMbLLON rpynnbl
CreunanucToB [0  ynpaBneHus  pacnpefeneHHbIMU  OpraHu3auusmi,  npegnonaratlMin  Hanuume
McyepnbiBaoLLen MHGOpMaUMM O OeATeNbHOCTW OpraHusauuM B Lenom. [1osBUBLUMECS BO3MOXHOCTM
WHTErpauun Mexay pasHbiMi nogxopamu GUsHec-MoLen1poBaHNs NO3BOMAKOT MOMHOLEHHO BNKUCaTb CPEACTBA
MOJENMPOBaHUS M aHanu3a B CYLIECTBYIOLYIO MHPACTPyKTypy OpraHusauuin. Haubonee nepcrnekTuBHbIM
HanpaBneHneM npeacTaBnseTca Bce bonee nonHas B3aMMOCBS3b CUCTEM GU3HEC-MOEeNVMPOBaHUS W aHanuaa ¢
cucTeMamut ynpasrieHus OpraHnsamen.
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O[IMH KNACC OTPACIEBbIX NPOU3BOACTBEHHbIX ®YHKLIUN
U OYHKLUN NPUBbIN ONA IKONOrMYECKON 3KOHOMMUKK

Uropsb JlaweHko

AHHOmayus: Vccnedyemcs 80npOC NOCMPOEHUS 3KOMI020-9KOHOMUYECKOU Nnpou3sodCmBeHHOU (hbyHKUUU
ompacnu, MowHocmu  komopol  pacnpedenieHbl N0 MEXHOMo2uAM.  YcmaHoeneHbl  080UCMBEHHbIE
COOMHOWEHUS, C8A3bIBaKOULE NPOUBBOACMBEHHYHD (DYHKUUIO U (DYHKUUIO npubbinu U no3sonsouiue o0Hy u3
HUX 8occmaHagnugams no Opyeol. [ns crnydyasi KOHEYHO20 Yucna mexHomoeul u nuHeldHocmu yHKUYUl
3ampam  9KOHOMUYECKUX U 3KOMO2UYECKUX Pecypcos yKka3aH 3hheKmugHbIl nymb  NOCMPOEHUS
npou3go0cMeeHHOU (hyHKYUU.

Knroyesnie cnoea: skornozudyeckass 3KOHOMUKa, SKOHOMUYECKUE U 3K002UYecKUe Pecypehl, Npou3sodcmeeHHas
yHKUYUS, yHKUUS npubbinu, napamempudeckas 3adaya NUHEUHO20 npospaMmuposaHusi, A8oUCMEeHHbIe
3a0ayu.

ACM Classification Keywords: G.1.6 Optimization — Constrained optimization, J.4 Social and Behavioral
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Conference: The paper is selected from XIVth International Conference "Knowledge-Dialogue-Solution” KDS 2008, Varna,
Bulgaria, June-July 2008

BBeaeHue

OGBEKTOM HACTOSILLENO UCCIIeA0BaHNs SBNSETCS JKOMOrMyeckasi SKOHOMIKA, B KOTOPON AECTBYIOT PbIHOYHbIE
MEeXaHW3Mbl COBEPLUEHHOM KOHKYpEHLMN. PaccmaTprBaeTcst 0Tpacsib, BbiMyckatoLasi OLHOPOAHYHO MPOLAYKLMIO U
Mpu 3TOM KCMoMb3yloliasi N BUOOB MPOWU3BOACTBEHHbIX (HAKTOPOB TEKYLLUErO MOMb30BaHWS (IKOHOMMYECKNX
PECYPCOB) W M BWAOB NIMMUTOB Ha 3arpsi3HEHUst OKpYxatoLlen cpeabl (3Kororuyeckux pecypco). B otpacnn
UMEIOTCS PasrnyHble TEXHONOTMYECKIe NPOLIECCHI NPON3BOACTBA, XapaKTepU3yoLMNeCs: pasniHbIMI 3aTpaTami
9KOHOMMYECKMX PECYPCOB U Pa3fnyHbIMU BbIOGpOCaMM 3arpsisHEHUA B OKPYXXAtoLlylo cpedy Npu Bbinycke
eaMHWLBI MPOMYKLUMM OTpacnn. WMHTEHCMBHOCTW WCMOMb30BaHUS TEXHOMOTUA OrpaHUYeHbl UMEHLMMIUCS B
OTpacni MOLLHOCTSIMU.

B pabote MNetposa A.A. u lMocnenosa W.I'. [Metpos, Mocnenos, 1979] 6bina obocHoBaHa LienecoobpasHoCTb
NCMONb30BaHUS MPOM3BOLACTBEHHBIX (PYHKLWA, NOCTPOEHHbIX Ha OCHOBE MH(OpMauuM O pacnpegeneHun
MOLLHOCTEN NO TEXHOMOrMSAM, B MaKpOIKOHOMMYECKMX MOAENSX pocTa. Brepsble pacnpeseneHnst MOLWHOCTEN Mo
TexHonornam Gbinm ucnonb3oBaHbl B [Hauthakker, 1955] ang aHanu3a NpPOM3BOACTBEHHLIX PYHKUMIA TUNa
Ko66a-Lyrnaca. B pabortax [Johansen, 1969], [Johansen, Hersoug, 1969], [Johansen, 1972] 6bin npeanoxeH
noaxoA K NOCTPOEHWI0 NPOU3BOACTBEHHOM PYHKLMM HA OCHOBE MHGOPMALMM O pacnpeaeneHn ee MOLLHOCTEN
no TexHonorusam. B paborte [Hildenbrand, 1981] u3yyanucb HekoTopble CBOWCTBA COOTBETCTBUS MEXIY
pacnpegeneHnsiMm MOLLHOCTEN MO TEXHOMOTMSAM W NPOKU3BOACTBEHHbIMU (hyHKUMSMK. B paboTe [LLaHaHuH, 1979)
ANa JoKa3aTenbCTBa OQHO3HAYHOCTU 3TOTO COOTBETCTBMS WUCMONb30BANMCh (yHKUMW npubbinn. B pabote
[WaHaHuH, 1984] uccnenosaHue 3TOro COOTBETCTBUS MPOM3BOAMIOCH HA OCHOBE W3yveHus npeobpasoBaHuii,
CBA3bIBAOWMX (DYHKUMM NpubbINM C pacnpeseneHneM MOLLHOCTEN MO TEXHONOMMAM M MPOU3BOACTBEHHBIMM
yHKUmMaMM. OgHaKo BCe 3TO KacanocCh NPOW3BOLCTBEHHBIX (PYHKLMIA 1 PYHKLMIA NPUBbINK, 3aBUCUMBIX TOMBKO
OT 9KOHOMWUYECKIX PECYPCOB.

B nocnegHee Bpems GOMnbLUOH MHTEPEC MCCreAoBaTeNei NPOSBNAETCS K U3YYEHNIO AKOMOTMYECKMIA IKOHOMUKN 1
NOCTPOEHUID COOTBETCTBYIOLMX 3KOSIOT0-SKOHOMUYECKUX MPOU3BOLACTBEHHBIX (PYHKUWMA. AKTyanbHbIM CTano
YCTaHOBIEHWE COOTBETCTBUS MEXZY MPOW3BOACTBEHHOM (DYHKUMEN U (OYHKLMEN Npubbinn ans 3KONorm4yeckoi
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3KOHOMMKM PbIHOYHOMO TWna. Hacrtoswas paboTa u noceswaetcs 3ToMy Bompocy. [pu 3TOM MpUMEHSETCS
MeTOAMKa, onncaHHas B pabote LaHaHuHa A.A. [LaHaHuH, 1984].

OCHOBHOM TeKCT

[Mpesnonoxum, YTo NpM CO34aHMM MOLLHOCTM OCYLLECTBNISETCS BbIOOP TEXHOMNOrMM, N0 KOTOPOW 3Ta MOLLHOCTb
dyHKUMOHMpyeT. Torga B NOOOM (OMKCMPOBAHHBLIA MOMEHT BPEMEHM MOLLHOCTW OTPaciyu OKa3blBalTCS
pacnpefeneHHbIMI N0 TEXHONOMUAM.

.
Kaxpasi TexHOmorns xapakTepuayetcst BEKTOPOM X =(X,,X,,...X,) 3aTpaT 3KOHOMMYECKMX PECypCoB Ha

T -
BbINyCK €OWHULblI NPOoAyKUuMK, a Takke Mpu 3TOM BEKTOPOM Z=(Z1,Zz,...,Zm) BbI6pOCOB 3arpA3HeHnn B

OKpyXaroLLyto cpemy. MMpeanonoxuM, YTo CyLLECTBYET NoKanbHO CyMMUPYeMasi, HeoTpuLaTenbHas yHKLMS
4(x,z), onpegeneHHas Ha R’ W Takas, 4YTO ANS KaXOoro OrpaHMYeHHOro GOPEeneBCKOro MHOXeCTBa

n+m

D c R’ cymmapHas mowHocTe M(D) TexHonoruii (X, z) paBHa

n+m

M(D) = [ u(x,2)dxdz.

(DyHKLWIFI ,u(X,Z) ABNAETCA pacnpeneneHnem MOUJ,HOCTGVI no TEXHONOrMAM. MHoxecTBO

D”:{(x,z)eR+ |y(x,z)>0} Ha3bIBAETCS MHOXECTBOM [JONYCTUMbIX TexHomoruid. CuuTaercs, uTo

n+m

D, cR,.,, wmeeT nonoxutensHyto mepy Jlebera.

CymmapHas MOLLHOCTb 0Tpacnu
M= j u(x,z)dxdz.

R*

n+m

[lna nomnHoi 3arpysku MOLYHOCTEH OTpacnM Heobxoaumo, YToObl MOTOK SKOHOMMYECKMX W SKOMOTUYECKMX
PECYPCOB, KOTOPbLIN NOCTYMAET B PacrnopsikeHne 0Tpacu, Obin He MeHbLUE TakiX BENUYMH

L= I X u(x,z)dxdz, i=1,..,n;

R*

S, = I Z,u(x,z)dxdz, j=1,.,m.
R;::rm
T T
Nyct | =(I;,l,....l,) — BEKTOp MOTOKOB 3KOHOMUYECKUX PECYPCOB, S=(S,,S,,...,S,) - BEKTOP NOTOKOB
9KOMOrNYECKUX PEcypcoB, MOCTYNalLmMX B pacriopsikeHue otpacriu. Ecrm [ <L, 1<i<n, wm
§;<S;, 1<j<m, TO Hemb3A MOMHOCTbIO 3arpysuTb BCe MoLHOCTU. OBo3HauMm yepes u(X,z) creneHb

3arpyskuM MOLLHOCTM, COOTBETCTBYIOLEHA TexHonorun (x, z). Mpegnonaraercs, 4To u(x,z) — v3mepumas no

+
n+m*

Nebery tyHKkuMs, onpegeneHHas Ha R

KOTOPO! UMEIOLLIMECS MOTOKN SKOHOMUYECKMX PECYPCOB | 1 SKOMOTMYECKMX PECYPCOB S pacnpedensiotces Tak,
4TOGbI CyMMapHbIi BbIMYCK MPOMYKLIAM BbIN MaKCUManbHbIM:

PaccMoTpum 3agady O Takom 3arpy3ke MOLHOCTEN oTpacnu, npu

I u(x,z)u(x,z)dxdz — D?% (1
j Xu(x,z)u(x,z)dxdz <1, (2)
.[ Zu(x,z)p(x,z)dxdz < s, (3)

R*

n+m

0<u(x,z)<1. (4)
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B pabote LaHaHuHa A.A. [laHaHuH, 1984] mokasaHbl YTBEpXOEHUS, KOTOpble BbITEKAOT M3 0606LLEHHON
nemmbl HelimaHa-lMpcoHa, 0 CyLIeCTBOBaHWUW peLLeHUs aHanorMyHoN 3afayn, B KOTOPOW Y4YUTLIBAKOTCS TOMBKO
3aTpaTbl SKOHOMUYECKIX PECYPCOB:

j u(x)u(x)dx — max,

K, u(x)

n+m

I xu(x)u(x)dx <1,

0<u(x,z) <1.

Hawwe nccnegosanne coctout B 0606LieHUM pesynbtatoB pabotsl [LaHaHuH, 1984] Ha cnyyait 3apaum (1) — (4).
B Gonbwon creneHn 910 nepedOpMynMpoBKa COOTBETCTBYIOLLMX TEOPEM U 3KONOrO-3KOHOMUYECKas
WHTEpNpeTaumus NOMyYeHHbIX pe3ynbTaToB. [NaBHas Uenb — 9TO MOKa3aTb MPUMEHUMOCTb Pe3yrbTaToB
[WaHaHnH, 1984] pns crnyydas 3KOMOrMYECKOM SKOHOMMKM W MokasaTb, Kak 3G(MEKTUBHO CTPOUTb B
aHanuT4eCKoM BuAE NPOU3BOACTBEHHYIO (DYHKLMKO MPY KOHEYHOM YUCIIE NIMHENHBIX TEXHONOTUN.

Teopema 1. Mpn />0, s>0 3agaya ontummusaumm (1) — (4) umeet pewenme U, (x,z).

[lokazaTenbCTBO 3TON TEOPEMbI OCYLLECTBNSETCA aHanornyHo [LaHaHuH, 1984].
Teopema 2. MNycTb U, (x,z) — onTumarnsHoe pelwexne sapaum (1) — (4) npn />0, s>0. Torga cywectsytot
TaKue He paBHbIe HYM0 OOHOBPEMEHHO uncna p, >0, p= (p1,...,Pn)Z 0, qg= (q1,...,qm ) >0, uto

s

. [1 npu noumu ecex (x,z)eD,N{(x.2)|px+qz < p,},
U=
710 npu noumu ecex (x,z)e D, N{(x.2)|px +qz = p,}

N 410

p, |l - I x,.u,*s(x,z)y(x,z)dxdz}zo, i=1,..n, (6)

R+

n+m

q,|s - j zju;(x,z)y(x,z)dxdz}zo, j=1,...m. (7)

R

n+m

Mpn atom p, >0,ecrm [ >0, s>0.

[lokazaTenbCTBO 9TON TEOPEMbI OCYLLECTBASETCA aHanornyHo [LLaHaHuH, 1984].

Teopema 3. Myctb p, >0, p>0, ¢>0. Toraa tyHkums Xesucanga u,(x,z)=6(p, —px —qz) sBnseTca
onTUMarbHbLIM peluerrem 3agaum (1) — (4) npu ycnosuu, YTo

= j X6(p, —px —qz) p(x,z)dxdz < +oo, (8)

R+

q= I z0(p, — px —qz) p(x,z)dxdz < +oo. 9)
R;wn

[loka3aTenbCTBO 3TOM TEOPEMbI OCYLLECTBASETCA aHanormyHo [LaHaHuH, 1984].

3amevanne 1. YTBepxaeHus Teopem 1 m 3 cneayor m3 0606weHHon nemmbl HeiimaHa-MupcoHa [MeTpos,
MMocnenos, LLlaHaHwH, 1996] npw [ONONMHATENBHOM YCNoBuM, 4To byHKUMM

L(X,Z), X, (X, Z),., X, 14(X, 2),Z,4(X, Z),...., Z,, 12(X, Z) CYyMMUPYEMbBI HA R

n+m*
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Onpegenenne 1. OKONOro-aKOHOMUYECKON MPON3BOACTBEHHON (pyHKUMen F(I,s) Gyaem HasbiBaTb (yHKLMIO,

koTopas conoctaenset Bekropam />0, s>0 onTumansHoe 3HayeHue yHkupoHana (1) B 3apave (1) — (4).

Mpu 3agaHHOM  pacnpefeneHunM  MOLLHOCTEA MO TEXHOMOrMaAM  4(X,z)  3KONMOro-aKOHOMUYecKas
NPOM3BOACTBEHHAs (hyHKUMA F(/,S) onpenensieT MakCUManbHbIA BbIMYCK NPOAYKLMM OTpaciu no Bektopy /

MOTOKOB 3KOHOMMYECKMX PECYPCOB M BEKTOPY S MOTOKOB SKOMOMMYECKUX PECYPCOB, MOCTYNalLmMX B
pacnopsiKeHne OTpacnu, Npu YCroBUM, YTO 3TW NOTOKU OMTUMANbHO PacnpedenstoTcs Mexay MOLLHOCTAMU
oTpacnn. BenuunHbl MOTOKOB 3KOHOMMYECKUX M 9KONMOTMYECKUX PECYpPCOB W UX pacnpepeneHne Mexay
MOLLHOCTAMM  ONPefensiioTCs  PhbIHOYHBIMIA - 9KOHOMUYECKUMI  MEXaHW3MaMu  (DyHKLMOHMPOBAHNS  OTpacnu,
COCTOSILLEN U3 MHOXECTBA HE3aBUCUMbIX KOHKYPUPYIOLWMX prpM. YuuTbiBasi TEOpeMbl 2 1 3, ONULLEM Knacc
9KOHOMWYECKMX MEXaHW3MOB, KOTOpble OOecneuMBaloT ONTUMAnNbHOE pacnpedeneHne Mexay MOLYHOCTAMM
(dbvpmamu) NOTOKOB SKOHOMUYECKMX W SKOMOMMYECKUX PECypcoB, MOCTYNAalOWMX B pacropsikeHWe oTpacnu
3KOMOMNYECKON SKOHOMUKM.

lMpegnonoxum, 4To BCe NPOAYKTbI pacnpeaenstoTcs MoCpeacTBOM akTOB Kynnu-MPOAaXW, NPUYEM KaXabli
NPOAYKT NPOAAETCS U MOKYNaeTCs No OfHOM 1 TOW e ueHe. Myctb p, >0 — LeHa Ha BbiMyckaemyro 0Tpacrnbio

npogykumio, p =(p,,...,p,) >0 - BEKTOP LieH Ha 3KOHOMMYeCKue pecypebl, q =(q,,...,.q,) >0 - BEKTOp LeH Ha

3KONMOTMYECKNe pecypchl (naTa 3a NUMUTBI), KOTOPbIE UCTOMNb3YHTCS 0TPaCHbio. MpuBbINb OT BbIMycka eAMHULbI
MPOLYKUMAM MO TEXHOMOMMM (X, Z) MPU 3aAaHHbIX LieHaxX po, P U G paBHa p, —pX —qz . Tpeanonoxum, 4to

NpubbINbHbIE TEXHONOMMKW (X, Z), T.€. YAOBNETBOPSIOLME YCNOBUKO P, —pX —qz >0, OEUCTBYIOT Ha MOMHYI0
MOLLHOCTb 1 oBecneynBaTcs HeOOXOAUMBbIMIA ANt 3TOrO 3KOHOMMYECKAMM U 3KOFMOTMYECKUMU pecypcamm.
O6osHaunm yepes G(p,;p,q) = {(x,z)‘(x,z) eR,...py > px+qz} MHOXECTBO NpUObINbHBIX NPU LieHax pPo, P, §
TexHonornin  (coupm). lpeanonoxum, UTO YObITOYHbIE TEXHOMOMW, T.e. YAOBNETBOPSIOLME YCMOBMIO
P, —PX—Qqz<0, He wucnonb3ylTcs (yObITOUHbIE (MPMbI He (YHKLUMOHMPYIOT) M He obecneynsaoTcs

SKOHOMUYEeCKMMI U 3Konorn4yeckumn  pecypcamu. OKOHOMUYECKNE  MEXAHM3MbI, yOooBneTBopALLme
C(*)OpMyJ'IVIpOBGHHbIM BbllLe npeanonoXeHuam, NnpedcTaBnAT SKOHOMUYECKNE MeXaHU3Mbl PbIHOYHOIO TMa.

MpuueHax p, >0, p=>0, g=0 cymmapHbIit BbINYCK OTPACNM paBeH
9o(Poip@)= | wulx,z)dxdz; (10)
G(poipq)

CyMMapHbl€ 3aTpatbl OTPACIb0 3KOHOMUYECKMUX PECYPCOB rosuga, 1<i<n, paBHbI

9(pipa)= [ xulxz)oxdz; (11)

G(posp.q)

CyMMapHble 3aTpaTbl 0TPaCHbio SKONOrMYeCKIX PecypcoB j—ro Biuaa, 1< j <m, paBHbl

h(peipa)= [ z,uu(x,2)dxdz; (12)
G(po:p.9)
CyMMapHasi npubbiib 0TPaCcnM paBHa
M(pyipg)= [ (py—Px—qz)u(x,z)oxaz. (13)
G(po:p.q)

Onpepnenenve 2. HazoseM g, (py;p,q) DyHKLUMEN NpeanoXeHus Npoaykumm; g;(p,;P.q) - PYHKUMen cnpoca Ha
3KOHOMMYeckuid pecype i—ro Buga, 1<i<n; h,(py;p,q) - (yHKUMEA cnpoca Ha SKOMOTUYECKUIA Pecype j—To

Buga, 1< j<m; TI(p,;p,q) - dyHKUmMeR npubbinu oTpacnu.
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Cnegctaue. [Mpu nobeix  p, >0, p,>0,..,p, 20, @q,>0,.,9,=>0, ecnm g,(p,;p,q) <+, 1<i<n,
h;(py;p,q) <+oo, 1< j<m,To cCNpaBeAnMBO TOXAECTBO

95(P:P.q) = F (9(py;P.9).h(py:P.q)) - (14)
rae 9o (Po:P,q) = (9:(Pg;P:Q):-:9, (Ps:P.9)) » By(Po:P.q) = (y(Py;.Q),--.. P (P P.9)) -

[MokaxeM, YTO onpedeneHHas Bbile 3KOMOro-9KOHOMMUYECKas MPOW3BOACTBEHHAs (yHkums F(/,s) obnagaet
CBOWCTBaMU, KOTOpPble 0BbIYHO MOCTYNINPYIOTCA B HEOKIACCUYECKON TEOPUM NPOU3BOACTBA.

Teopema 4. OyHkumst F(I,s), onpepeneHHast Ha R, MOHOTOHHO He YObIBAaeT MO KaaoMy apryMeHTy,

n+m?

+
n+m *

BOTHyTa, obpaluaercs B Hynb Ha R, \intR

[loka3aTenbCTBO 9TON TEOPEMbI OCYLLECTBNSETCA aHanornyHo [LaHaHuH, 1984].

Teopema 5. ®yHkums F(/,S) HenpepbiBHAa Ha R, .

[oka3aTenbCcTBO 3TOi TEOpEMbI OCYLLECTBASETCA aHanornyHo [LaHaHuH, 1984].

Nemma. Mycts p, >0, p=(p,,....,p,) =0, q=(qy,....q,)=0. Toraa ana noboro uamepumoro no Jlebery

MHOxXecTBa U — R’ BbINONHAETCS HEPABEHCTBO

J (oo —px—az)utx 2oz < [ (p,~px—qz)utx 2)ahoz = (pip.q).
G(poip.q)

JlokasaTenbCTBO 3TON NIEMMbI 04EBUIHO.

Teopema 6. [lyctb (L,S)eintR;. . lNpegnonoxum, 4to cywecTByeT Takon Bektop (p,q)eR,.. .,

FILS)=g,(tp.9), g(tp.g)<L, h(tp.g)<S, p[L-g(tp.g)]=0, q[S-h(p.g)]=0 n wmHoxecTeO
E, {(xz)eR+

4710

n+m

(1—p1x—q1z),u(x,z)<0, (1—px—qz)y(x,z)<0} MMeeT MOMOXMTENbHYID Mepy npu
nioBbix (p',q")20, (p',g")#(p,g) U3 HEKOTOPOIE OTKPLITOIA OKPECTHOCTH (p,q) . oA NPOM3BOACTBEHHA

dyHkuma F(1,s) anddepeHumpyemaBTodke /=L, s=S u

oF(l,s)
=p, i=1..n, 15
o p; (15)
=S
oF(l,s
) :q/, j=1...m. (16)
0s; -

[loka3aTenbCcTBO 37O TEOPEMbI OCYLLECTBASETCA aHanormyHo [LaHauuH, 1984].
3ameyanue 2. Mpu HapyLLeHUN YCIIOBUIA, M3NOXEHHBIX B TEOPEMe 6, NPOU3BOACTBEHHAsA yHKUus F(/,s) mMoxeT
ObITb HeauddepeHumpyemoit B Touke /=L, s=S.

BaxHbIM nokasaTenem nokarnbHOro MOBEAEHWS NPOM3BOACTBEHHOM (DYHKUMM F(/,S) B OKPECTHOCTM TOMKM
I=L, s=S sBnsetcs anacTM4HOCTb NPON3BOACTBA

ZL OF L.S)I_ i S "

§=S s=8
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Teopema 7. lNpeanonoxum, yto F(1,s) anddeperumpyema B touke =L >0, $=S>0 1 4YTO BLINOMHAKTCS
cootowenns  F(LS)=g,(1p.q), g(tp.g)<L, h(tp,q)<S, p[L-g(tp.q)]=0, q[S—h(tp.q)]=0,
p=(p,....p,) 20, q=(qy,....,,) = 0 n paBeHcTsa (15) - (16). Toraa &(L,S) <1.

[lokasaTenbCTBO 3TOM TEOPEMbI OYEBMAHO U HE NPELACTaBNSAET TPYAHOCTEN.

Teopema 8. Cywecrtsyior Takue Bektopa p=(p;,...p,)>0 n q=(q;,...q,,) >0, 4yto PyHKUma F(/,s)
anddeperumpyema B Touke [ =g(1;p,q), s=h(1;p,q), Npr4eM BbINOMHAOTCA paBeHCTBA

oF(l,s oF(l,s
i U] N (18)
a/i I=g(1:p.q), 0s; I=g(1:p.q),

s=h(1;p.q) s=h(1:p.q)

[lokazaTenbCTBO 9TON TEOPEMbI OCYLLECTBASETCA aHanornyHo [LaHaHuH, 1984].

3ameuarve 3. [na dyHkumm KobGa-dyrmaca Al“s™ (0<a <1, A>0) wu ang CES-dyHKumumM
A[al‘p+(1—a)s‘p]i 0<a<1, A>0,pe(-1,00u(0,+)) npu nobbix />0, s>0 BbINONHAETCA
cooTHoweHve &(L,S)=1. TMoatomy u3 Teopem 7 W 8 cregyeT, YTO He CYLIECTBYET TaKOro NOKanbHO
cymMmupyemMoro Ha R, pacnpefeneHus no TexHomoruam  g(X,z), AnS  KOTOpOro COOTBETCTBYIOLLEN
NPOU3BOACTBEHHON (byHKumen F(/,Ss) saensanack bl (yHkuma Kob6a-fyrnaca nnn CES-dyHkumsa. OaHako, Kak
pokasaHo B [Hauthakker, 1955], dyHkumst Tuna Ko66a-[yrnaca

] %

F(l,s) = Al eels@rea A5 0 o, >0, a,>1

ABnAeTCA I'IpOVI3BO,lJ,CTBeHHOI;1 (byHKLl'VIeVI AnA HEKOTOPOro pacnpeaeneHns MOLI.I|HOCTeI7I Mo TexHonornam Bunaa

1(x,z)=Bx“"z%",
Teopema 9. lMpu niobeix p, >0, p=(p;,...p,) 20, ¢=(q,,...,G,,) = 0 BbINOMHAETCA COOTHOLLEHNE
T1(py;p.q) = slgop[poF(l,S) ~pl-gs]. (19)
5>0
Mpuyem, ecnm g(p,;p,q) <o, h(p,;p,q) <o, To cynpemym B (19) gocturaetcs B Touke [ =g(p,;p.q),
$=h(py;p.q) -
[oka3aTenbCcTBO 3TO TEOpEMbI OCYLLECTBASETCA aHanoruyHo [LaHaHuH, 1984].

Teopema 10. Mpu nto6bix p, >0, I =(/,,...[ ) >0, s=(s,,...,S,) >0 BbINOMHAETCH COOTHOLLEHNE

1reenly

Fl,5)=—inf [11(py30.9) +pl + 5], (20

0 ¢20

Mpnuem, ecrm />0, s>0, TO WHPuHYM B (20) pocturaetca B Touke (p,g)€R;,_~ TaKoW, uTO

F(1,8)=90(Po;P.q), 9(Po:p,@) <1, h(py;p,q) <8, p[I=g(po;p,@)] =0, q[s—h(py;p,q)]=0.
[loka3aTenbCTBO 9TON TEOPEMbI OCYLLECTBNSETCA aHanornyHo [LaHaHuH, 1984].

CootHoweHust (19), (20) B HEKOTOPOM CMbICTIE SBASKOTCS ABOWCTBEHHBIMM W MO3BONSIOT BOCCTAHABNMBATb
(YHKUMIO  MpWObLINM  OTPacnK  3KOMOTMYECKOA SKOHOMMKW MpU M3BECTHOW OTpacrneBoi MpOM3BOLCTBEHHOM
YHKUMM OO HaobOpPOT: BOCCTaHABNMBATL OTPACIEBYHD NPOU3BOACTBEHHYIO PyHKUMO F(/,S) npu 13BECTHOM

(yHKummn npubbinn T1(p,;p,q) .
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OpHako npu 3TOM ANs HaXOXAEHUs 0TPacneBon NPOW3BOLCTBEHHONM (hyHKUMK F(/,S) Bce paBHO MpuxoauTcs

pelwarb 3agadvy ontumusaumm (1) — (4) B (byHKLMOHANBLHOM MPOCTPAHCTBE, YTO MPEACTaBMSET Hemanylo
TPYAHOCTb. 3afaya 3HaYMTENbHO YMPOLLAEeTCs, €ChM paccMaTpuBaTb KOHEYHoe 4ucno N TexHonoruin
NMHENHbIE PYHKLWM 3aTpaT SKOHOMUYECKIX U 3KOMOTUYECKIUX PECYPCOB:

X, 20, i=1..,n k=1..,N; zijO, j=1..m, k=1..N.

B atom cnyyae 3agaya (1) — (4) npuobpeTaet Bug

N
D u M, — max, (21)
k=1
N
X UM, <1, i=1..n, (22)
k=1
N
Y zuM, <s, j=1..m, (23)
k=1
0<u, <1, k=1,..N. (24)

B cnyvae, korga tTpebyeTtcs aHanuTUYeCKuin BUG NPOM3BOACTBEHHON pyHKUmMM F(1,S), adhdhekTUBHLIM METOAOM

pewenns 3agaun (21) — (24) sBnseTcs nepexod K ABOWCTBEHHOW 3ajaye NapameTpuyeckoro NMHEMHOro
NpOrpamMMm1poBaHmst

n m N
Dal+Y Bis;+ >y, —>min, (25)
i =1 k=1
Dax M+ Bz M, +y, =M, k=1..N, (26)
i =
0, >0, i=1..n,
B >0, j=1..m, (27)
7,20, k=1..N,

OnoK orpaHMYeHuin B KOTOPON He COAEPXMT NapameTpoB /, § ¥ NO3TOMY CPABHUTENBHO NPOCTO HAaXOASATCS BCE
onopHble peweHns o, B y"...a", BR,¥%, npencrasnawowme HeoTpuLaTenbHbIE  KyCOYHO-NOCTOSHHbIE
(OYHKLWM OT apryMeHToB /, S.

B Touke ontumyma uenesble dyHKUMKM (21) 1 (27) coBnagatoT. [o3ToMy OTpPacnieBon 3KOMOro-3KOHOMUYECKOM
NPOU3BOACTBEHHOM (hyHKLMen bynet

F(l,s) = min[o/l +B's+r'e,...afl+ s+ yRe], (28)

roe e = (1,1,...,1)T — eOMHNYHbIA BEKTOP pasmepHocTh N.

3aknioyeHue

Takum obpasom, B pabote MOCTPOEHbI OTpacneBble MPOU3BOLACTBEHHAS (PYHKUMS M (DYHKUMS npubbinu ans
3KOSIOTMYECKON 3KOHOMMKM. YCTaHOBMEHa CBA3b Mexay 3TUMM (hyHKUmamMW. [peanoxeH MeToq NOCTPOEHWs
MPOM3BOACTBEHHOM PYHKLMN ANS TMHENHON SKOHOMUK C KOHEYHBIM YKCIIOM TEXHOMNOTMYECKMX CNOCOOOB.
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