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MODELING OF THE REAL ESTATE MARKET REFLECTION WITH THE USING OF DATA MINING

The features of reflection on the real estate market are analyzed. It is investigated the causes of information
reflection in the market. It is determined the factors that cause reflection on the information market still
second property, and the relationship between them. It is built cognitive model of economic reflection
information agent for the real estate market. The cognitive model for real estate market is suggested.
It is done overview of data mining methods used for the study of financial markets, including real estate
market. It is analyzed the features of the property market, which require the using of methods of data mining.
It is suggested the algorithm of real estate market data mining. On the basis of consideration coherent market
hypothesis for the real estate market in Ukraine a method for identifying the corresponding phase is given.
Keywords: reflection, real estate, the uncertainty, decision making, cognitive model, data mining.

Introduction. In the 21st century, in the formation
and development of the information society, it’s
particularly important the institutionalized economy
while taking any economic decisions are not just
objective forms of information circulating in the
economic space (such as legal documents, statistics,
analytical research) but also subjective opinions,
interpretations, opinions about events happening
today and projected in the future. This is special
characteristic of financial markets, which one of
the main objectives is getting increasing profits,
including the real estate market. If the real estate
market is well-developed, and all economic agents that
act on it will be able to combine all the information
on investment objects, dynamics of other agents
price behavior including all the rules and regulations
established in the market, an institutional process
and creation of capital is catalyzing. This is one of
the manifestations of reflection information, which
increases the relevance of this study.

Literature review. The issue of reflection research
and modeling is analyzed in the famous domestic
and foreign scholars works of Davison, Cramer [1],
Lepa [2], Soros [3] etc. These writings explored the
essence of the concept of "reflection” of the level, the
possibilities and the need for reflective management,
and simulation problems using reflection not only
of classical (Boolean logic, graph theory), but also
modern (fuzzy mathematics, cognitive modeling)
modeling techniques. In particular [4] it is analyzed
the reflection features in various sectors of
the economy: in industry, insurance companies, in
banking, in the tourist business, etc., but informative
reflection of financial markets, including the real
estate market, is not investigated.

Existing  studies allow concluding that
the financial market reflection is closely linked to
its current state, which in turn is determined by
the group sentiments. That is the real processes
in the financial market — the result of a nonlinear
relationship communication environment with
the internal organization and action group
consciousness. This statement meets coherent market
hypothesis, according to which, as a rule, the market
is in one of its four states: random walk, unstable
transition, chaos and coherence. Let’s note also
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that coherent market hypothesis usually explains
the empirical data, the amount of which is insufficient
to affirmatively say relatively fractal. These problems
of the financial markets properties and prediction are
studied through the use of dedicated scientific works
of Yanovsky, Filatov, Cheverda, Maksyshko.

The basis of information reflection developing
for real estate market is suggested in [4; 5].
In particular, it is analyzed the real estate market
features, characterized Ukraine's economy at the
present stage of its development, the aims of his
research. The study [6] presents the preconditions for
the application of cognitive modeling for analyzing
the real estate market, and develops a model that
realizes the interaction of the real estate market.
However, modeling reflection information directly
in the market to this time is failed.

The aim of this paper is to study the characteristics
of the reflection process in real estate market, and
information modeling reflection of the economic
agent in the market.

Results. To date, the reflection is present in
all spheres of society, so there are many options
for interpretation of the essence of the concept.
In a general sense, the concept of “reflection”
understand the complex and conscious psychological
process, which is based assigned understanding and
analysis of their individual actions and form their
own ideas, values and stereotypes influenced internal
factors[7]. The concept of "reflection” is a psychological
term, as this process begins in the mental activity of
man under the influence of various environmental
factors. This reflection is a reaction to the economic
agent events occurring in objective reality, creating
his subjective judgment. Only after realizing
the processes and phenomena individual acting in
the market leads to certain economic results [1].
So there are certain relationships between the individual
and reality (reality), that is, between subject and object
of reflection, respectively, which are intermediate
stage — the formation of subjective perception.

The economy of reflection is an essential factor
in the enterprise, region, and country development;
while the highest manifestation of consciousness
(reflection) observed in free markets, including
the real estate market in the system of private
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property. If the state tries to control the processes
that occur in the real estate market more, the less
found self-awareness of economic agents because
their responsibility for their own actions. Decisions
what are made by economic agents (individuals,
households, firms, government agencies) based on
the subjective perception of reality is not always
rational. So much research information requires
reflection [2] of the financial market as a direct
analysis process not only possible potential results
of their actions, but the actions of other real estate
market (buyers, sellers, brokers, etc.).

According to [8], the real estate market is
considered as one of the segments of the financial
market that is analyzed with the points of view
of coherent market [9], according to which in
the dynamics of the real estate market there next
phase: random walk, unstable transition, chaotic
market, coherence. This phase coherence, in
particular, corresponds to the situation when there
is a combination of extremely strong expressions of
social consciousness and basic assumptions, which
causes structural changes as a result of price trend.

Research allow argue that reflection as address
economic agents focus on ourselves [2], in any area
in particular, and real estate market, increasing
with the onset of crisis events. The crisis in the real
estate market as a particular case of phase coherence
(because of significant impact of the fundamental
factors [9]), is in the field of real estate market
information [5], that is the object of analysis and
reflection result real estate agents concerning
the processes taking place in the real estate
market.

In reflection of real estate information factors
affect both the environment in which the decision
and the individual are inherent characteristics that
form the subject of a specific outlook reflection.
These characteristics should include religion
and education goals experience, knowledge and
competence in specific fields, confident of life
values, education, social status, and general social
norms and rules, other psychological aspects of
the subject of reflection. In addition, the importance
of acquiring the circumstances that have not yet
occurred, but may occur: certain developments in
the legal field (for example, the adoption of laws
and other legal acts, change of government, rallies,
protests, etc.) in the economy (growth or falling
prices, in exchange rates, etc.) and more. Thus,
the triad formed the subject of reflection, "I know —
I understand — I want to know"” on which emerging
objective effect on the real estate market.

Despite the deemed sufficiency
information that occurs on the
the occurrence of reflection effects include:

— spontaneous actions of economic agents
(transient situation on the real estate market);

— knowledge of the lack of transparency in
the information base property;

— knowledge of asymmetric information on
the real estate market (some entities have access to
complete information, others are deprived of such
opportunities);

— inability unambiguous assessment of events
occurring in the real estate market;

— limited authority in deciding certain economic
agents.

It should be noted that the asymmetry of
information on the real estate market is growing with
the approach to phase coherence. At this time there
is a combination of extremely strong expressions

objective
market,
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of social consciousness and the fundamental
assumptions that results in structural changes of
price trend.

In contrast, phase coherence spontaneous action
of economic agents is in the phase of a random walk
that substantially corresponds to a situation where
all (including representatives of various groups),
investors confused, random decision, despite
the collective opinion. This situation usually occurs
directly during the recession processes immediately
after a sharp decline.

When you exit from this state of the market is
beginning to public rational thought, leading count to
phase unstable transition that leads to the impossibility
of an unambiguous assessment of events taking place
at the real estate market. Then, the bundle market
occurs; its distribution to groups and investors has
different horizons (phase chaotic market).

Given the information presented factors reflection
real estate market is an important determinant of
cultivation of intellectual and moral institutions
(for awareness about economic agents increase the
quality of decisions made in the real estate market,
improving the habits and morals).

In order to predict the outcome of reflection of
information on the real estate market is not sufficient
merely highlight features that are inherent to this
phenomenon. It is necessary to go through a long
and complicated process — the development and
implementation of reflection information models.
There is a need for reflection modeling information
to identify impacts and relationships between
them followed by their quantitative assessment.
Among the methods that should be used for
information  modeling  reflection, there is
the cognitive modeling methodology that allow
analyzing the influence of subjective factors and
psychological characteristics of economic agents on
objective indicators, including the dynamics of prices
on the real estate market. Constructing informative
reflection cognitive model for property market
includes three components: an inner contour real
estate market, contour perception of the economic
agent, real estate external circuit (Fig. 1).

Note that the speaker volume of transactions
in the real estate market is directly dependent on
risk appetite because the more economic agents
prefer risk (including the risk of investment),
the more transactions conclude on the market.
The efficiency of decision-making in the market real
estate is directly proportional to the highest level
of education affect economic agents transparency
of information in the country and the quality of
the legal framework. Accordingly, the better is
degree of market transparency and higher quality
information and legal environment in the country,
the higher is the decisions efficiency in the market.

There is also an inverse relationship between
the efficiency of decision-making in real estate and
risk appetite economic agent, so the more economic
agents prefer risk, and the less effective decisions
they take.

Factors that belong to the external -circuit
(the state of the economy, transparency of
information in the country, the quality of the legal
framework) are directly related, and reinforce
its influence each other.

The inner contour real estate market (to which
factors are dynamic price and volume of transactions,
quality of infrastructure, real estate and efficiency
of decision-making on it) is stabilizing, as
the correlation factors that belonged to it, there is
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Fig. 1. Cognitive model of economic agent reflections information on real estate market

a positive (especially between quality infrastructure
and efficiency solutions) and negative (between
the dynamics of transactions volume and
the effectiveness of decisions).

The obvious thing is that the dynamics of real estate
prices none of these factors carries decisive influence,
and can only adjust the current trend dynamics of
real estate prices. To confirm this thesis will explore
the characteristics of the column where vertices
(variables cognitive model); and arcs (relationship
between the variables of cognitive model) are making
the cognitive model as cognitive map (Fig. 2).

Fig. 2. Cognitive map of the economic information
agent reflection for real estate market

Graf, which is presented in Fig. 2,
is incomplete logical oriented non flat heterogeneous.
Heterogeneity (heterogeneity) column indicates that
cognitive model variables exert different effects on
the dynamics of property prices. Characteristics of
vertices (variables cognitive model) are presented in
table 1.

Table 1
Characteristics of vertices (cognitive map)
Characteristic The Vertices Essence Characteristic
Number Level
1 Transparency of 9
information in the country
9 The quality of the legal 4
framework
3 Efficiency solutions 0
Dynamics of prices on real
4 1
estate
5 Dynamics of transactions in 0
the real estate market

6 The quality of infrastructure, 2

real estate market
7 The tendency to take risks 0

(economic agent)
8 Education level (economic 3

agent)
Knowledge in the field

9 of real estate market 1

(economic agent)
10 State of the economy 1

Definition and  summarizing the main

characteristics of the column (cognitive maps) are
presented in the table 2.

139



Bicnux OHY imeni I. I. Meunukxosa. 2017. T. 22. Bun. 7(60)

Table 2
Main graph (cognitive map) characteristics

Characteristics The Value The Characteristic
Count of Properties Essence
The presence of direct
. influence between the
Radius Count 1 variables of cognitive
models
Unable to
determine
The diameter the (lack of relati'ggsehlfcskb%ﬁ;ween
of the column opportunities b

some variables models
to get some

other peaks)

Number of the most
significant variables
of the model (variables
that have the greatest
degree)

chromatic
4
number

In sailing variable,

Peripheral top which corresponds

- Top 7 to the peak, appears
(hanging) during phase coherent
situational market
Expressions of direct
Count Density 3 influence between

variable models

For reflection, a special type of knowledge,
there are several consequences of the process
of development of the situation. Each set of
characteristics derives from the individual that
participates in the reflection and phase of the real
estate market. For example, phase coherent approach
to market reinforces the reflection of economic
agents, so that there are structural changes in
the dynamics of prices and volume of transactions.
During the phase of a random walk and unstable
transition investors confuse, so make decisions are
more spontaneous than intentionally.

Also significant fact is the content and tasks facing
the person who decides on the real estate market.
First of all, identify existing interdependencies, causal
relationships in it, associations, unique, values time
factors and circumstances, events and phenomena.
In addition, a comprehensive study of the financial
market usually provides its classification (or clustering)
of objects and classes. While analyzing the real estate
market is important to have an idea of the number
of real estate types for various characteristics, and
the number of states that market. It is also necessary to
predict the course of events processes and trends of such
complex dynamic economic system as the real estate
market. To this end, appropriate use of the economic
and mathematical tools that would take into account
all the peculiarities of a given system and successfully
cope with the task. In addition, it is essential to be able
to extract information from the weakly-formalized data
that exist in the system and beyond. This systematic
approach is inherent data mining.

A significant contribution to the development
of methods of data mining have made foreign and
domestic scientists, particularly Zadeh, Dubois,
Prado, Kofman. Improving methods of decision-
making in the economy based on the methods of data
mining carry Matviichuk, Nedosekin, Orlovsky,
Shtovba. Comprehensive analysis of the real estate
market includes the following components:

1) the collection, storage and processing of the
information available. During this phase, all data
contained in the system and outside it is necessary
to collect and analyze the presence of "emissions”
and the original errors, to alter information that
you can analyze known, including, and new methods;
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2) direct analysis, which includes operational and
intellectual;

3) preparation of the analysis of received
information in an acceptable form for the adequate
perception of potential consumers for adoption on
the basis of effective solutions.

In the real estate market information collection
is mainly through private (such that real estate
agents) and government agencies (including
Bureau of Technical Inventory (BTI) — Municipal
property company which carries out technical
inventory of real estate and property evaluation
and accounting. A real estate agency receives
information about:

1) the amount of demand and supply of real
property;

2) corridors prices of supply and demand;

3) the volume and prices of real estate
transactions;

4) the "quality” of real estate, i.e. information
about residential and commercial properties,

the state of each of the separate properties
(the presence of these appliances, balconies and
prestige areas, etc.).

Based on the data available real estate agencies
by using a sufficiently powerful mathematical tool
can be concluded about the structure of the real
estate market, namely the value of commercial
and residential real estate; trends in the volume
of transactions and property prices, changes in
purchasing power, business activity in the country
and the region and so on. Furthermore, comparing
similar data in different regions may receive
the classification of regional property markets,
identify their characteristics.

The information contained in databases BTI
is more quantitative. In particular, it contains
information on the scope and structure of residential
and commercial real estate funds of their owners
(in terms of ©public and private sector).
The information from data warehouses singled
Bureau of Technical Inventory can be wused to
classify the market. In addition, comparing data
from BTI and real estate agencies may perform
factor analysis, namely, analysis of factors (events,
events, etc.) that affect the structure of the market.

Solving the tasks on the basis of the information
available it is advisable through data mining tools,
which include all known development of mathematical
modeling and information technologies. Directly it is
used statistical (including correlation and regression
analysis), methods of fuzzy logic, neural networks,
genetic algorithms, decision trees, graph theory, and
others. Indirectly involve methods of linear algebra,
mathematical analysis and classical discrete mathematics
and others. In addition, data mining must include
information technologies, such as operational data
analysis (On — Line Analytical Processing, or OLAP) and
operations with databases. At present there is no clear
classification methods in terms of their membership of
a predictive analysis, because in fact they believe any
methods to obtain valuable to review information about
the economic system that will take effective decisions
on management. Therefore, the present methods
mathematical modeling and information technologies
that relate to data mining and research are important
for the real estate market (table 3).

Thus, analysis of table 3 gives an opportunity
to develop an algorithm of data mining real estate
market (table 4). In the first stage of the algorithm
there is analysis of available data and -clearing
them of errors, including those committed by a
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Table 3

Features techniques of data mining real estate market

. . . . Research Objectives real
Number | et o ot | ethods © | ™ omtate mariet research || estate market, which can be
solved by using this method
The analysis of
Statistical interdependencies, causation,
1 regression-correlation ot U?.certta}llntg (fuzzy fagtops alssoc1?t10n§, 1tn1que,d
analysis Used onlv formalized affecting the dynamics of prices) values time factors an
sed only formalize circumstances, events and
data phenomena
Nonlinearity (indirect the e s .
2 Decision Tree impact of certain factors on the Clasmﬁc%;;?éhczlgffggmg’ data
dynamics of property prices)
Methods of Furzy | Canbo used in the | The unceriinty (mperteet | ooooduicn analyee. une,
3 Logic presence gf qualitative findings and assessments of .values time factors and
ata experts) circumstances, events and
P phenomena, data visualization
Asymmetry (difference in the Classification, clustering,
reactions of market participants forecasting the dynamics of
4 Neural networks Require significant in the events market in strength the property market, data
time and effort of and reaction time lag) visualization
individual settings Instability (dynamic conditions . .
5 Genetic algorithms and objectives of internal and For?ha:n?g 2}11-1? dgr’lr;ilﬁlégs of
external environment) property
Databases (data The structure of the
6 warehouse) method largely depends Data storage
on the person who Massiveness (presence of a
makes the decision; significant volume of disparate .
7 OLAP - technology largely dependent data) Storage and operatlonal
on technical support analysis
(hardware)
Table 4
Data mining algorithm for the real estate market
. The method used at The information used
Number Step algorithm this stage at this stage Result phase
Data from real estate " C.lea.ring'r' raw data f.r om the
Data collection Statistical, regression- agencies, BTI, the State ei?isrl'l(feg)sen?ire}gcgz(s:hrcl‘}ﬁ?slaiggrs;
1 and their primary correlatién analysis Committee of Statistics associations, uni ué values tir’ne
processing y of Ukraine, other fact d ci ’ % ’ i d
statistical information | tactors and circumstances, events an
phenomena
Storing the required
information and simple
9 operation with them Databases and OLAP — | Pure information after The database with the necessary
(statistical analysis, technology this stage statistical information
respond to inquiries,
etc.)
Classification of real estate by type
(residential, commercial); kind
The classification / The decision making . . . (primary, secondary); state of the
3 clustering property trees, fuzzy logic and Inf%i?at;ggi(?};:?& ed in object (for the middle class, luxury,
market neural nets methods p p etc.); regional clustering feature
on the real estate market and other
regional markets
Analysis of the current Data from real estate
state of the property agencies, BTI, the State | The definition phase of the real estate
4 market as a whole and Fuzzy logic methods Statistics Committee market on the basis of coherent
each of the classes of Ukraine, other market hypothesis
(clusters) separately statistical information
Predicting the Information obtained in| A forecast of the real estate market
5 dynamics of gthe real Genetic algorithms, the | the previous step and | (including the volume of transactions,
y estate market hybrid approach retrospective statistical | the price of real estate, infrastructure,
information real estate volume, etc.)
.. R The decision making . . . Strategy on the behavior of the real
6 DeCIilé’négakr;r;%ﬁgt the trees, fuzzy logic and Informastégn gkgamed N estate market (the decision to purchase
property neural nets methods p — selling real estate, etc.)

person while creating information databases (data
transformed into information). At the second phase
it is important to create a database that would allow
quick and easy access to available information.
The results of the classification or clustering further
stages are getting the classes for the real estate
market by type (residential, commercial); kind
(primary, secondary); state of the object (for the
middle class, luxury, etc.); regional clustering feature
on the real estate market and other regional markets;

current state of the property market as a whole and
each of the classes (clusters) separately with regard
to coherent market hypothesis, dynamics of the real
estate market; and so on. As for regional clustering
data mining 1is especially important, because
active development of the real estate market is a
prerequisite for economy’s sustainable development
in general and region development in particular.
It is known that Ukraine real estate market is
regionally stratified. Proof of thisis proactive in recent
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Fig. 3. General scheme of an innovative approach to forecast the dynamics of the price of the real estate market

years the growth rate of housing prices compared to
the rate of income growth and the volume of housing
in some cities and stagnant real estate market in
others. Consequence of the uneven development
of the real estate market across the country is
the difficulty of obtaining an accurate prediction of
the dynamics for ineffectiveness of decisions made in
the real estate market (both social and investment).
Therefore the before forecasting analysis of the real
estate character dynamics is necessary for quality
prediction of price behaviour in regional aspects.

We consider the state of real estate market as a full
event space T' = {Eq}, where E, — phase random walk,
E, — unstable phase transition, E; — phase chaotic
market, E, — phase coherence. Consider them more:

1) random walk phase corresponds to the situation
when individual investors make decisions under
the influence of some random factors regardless
of the other investors, that there is no collective
decision. This may occur during recession processes,
in particular after the acute recession;
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2) phase transition corresponds to an unstable
situation, when deciding gradually begins to form
(or break down) public is expected to rational thought;

3) during the chaotic phase (or fractal) market
oriented investor sentiment group found that match
their preferences regarding investment horizon;

4) in the coherence phase there is a combination
of group awareness and a strong manifestation
of the fundamental factors causing the observed
significant change of trend of price changes.

For example, let’s propose a system for
forecasting the overall scheme is shown in Fig. 3 and
implementing innovative approach to forecasting the
price of the real estate market. Forecasting system
consists of three blocks of tools:

I block - implements of beforeforecasting
analysis, which is the study of nature (stochastic,
deterministic, fractal or chaotic) dynamics and
retrospective identification of the current state of
the market (considered as a component of technical
analysis in terms of time series analysis);
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II block — implements of beforeforecasting analysis,
which is to study the factors influencing the type of
speakers in retrospect and identify their current status
(considered as a fundamental component analysis);

IIT block — is a set of forecasting methods,
elected according to the type of identifiable phase
of the market.

In block I we explore the nature of time
series based on statistical analysis (calculation of
the estimates of statistical characteristics levels of
the time series as a random variable, the analysis
of species distribution density function), tests for
deterministic chaos (Gilmore test, the Broc test of
remains, the Kolmogorov entropy calculation and
Lyapunov characteristic) and complex fractal analysis,
which contains methods normalized magnitude
Herst (R/S-analysis) and method of sequential
R/S-analysis (determining whether long-term memory
and characteristics of fuzzy set long-term memory).

As for improving the accuracy of forecasting in
the forecasting systems includes block II, the result
of which is the study of quantitative and qualitative
impact of fundamental factors on the dynamics of
market prices of real estate.

Block III forecasting system directly represents
a set of forecasting methods which are chosen
depending on the type of identifiable phase of
the market. As noted above, for the first two phases is
appropriate to use and inclusion of known statistical
extrapolation methods. For fractal market phase based
on discrete data type of forecasting is a necessary
tool model discrete nonlinear dynamics. To take into
account the conditions of instability, nonlinearity
and uncertainty that are characteristic of modern
markets, forecast models are built in block III, based
on a hybrid approach. Hybrid approach is one of
the leading destinations currently in the construction of
intelligent systems. Hybridization is an integration of
methods and techniques at a deep level, where different
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Binenxo B. O.
3anopisbKuil HAIIOHAJIBLHUN yHiBepCUTET

MOAEAYOBAHHS PEQAEKCIT PMHKY HEPYXOMOCTI
3 BUKOPUCTAHHAM 3ACOBIB IHTEAEKTYAABHOI'O AHAAI3Y AAHMUX

Pesiome

AHanizyoTses 0c00JIMBOCTI BijoOpakeHHsT Ha PUHKY HepyxomocTi. Jlocrirkerno npuunay BigoopaskeHHsa iHDOD-
Marii Ha pUHKY. BusHaueHO UMHHUKH, 1[0 BUKJIUKAIOTH iHQOpMAaIiiiHy pedieKkciio Ha PUHKY HEPYXOMOCTI,
a TaKOK B3A€MO3B 30K MiK HuMH. I106y0BaHO KOTHITUBHY MOAENb iH(MOPMAIiiiHOI pedeKcii HA pUHKY HEPY-
XOMOCTi. 3aIpOIOHOBAHO KOTHITUBHY MOJ€Jb PUHKY HEPpYXoMocCTi. 3p0o0JieHO OTJIsif METOZIB MOUIYKY NaHUX,
1[0 BUKOPUCTOBYIOTHCA AJIsI BUBUYEHHA (piHAHCOBUX PUHKIB, BKJIOUAIOUU PUHOK Hepyxomocrti. IIpoananizoBano
0COOJIMBOCTI PUHKY HEPYXOMOCTi, siKi BUMAaramoTh BHKOPHCTAHHS METOMAIB IHTEJEKTyaJbHOTO aHAJIi3y NAaHUX.
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3alpoIOHOBAHO AJATOPUTM iHTEJIEKTYaJIbHOTO aHAJI3y HaHUX PUHKY HepyxomocTi. Ha ocHOBI posrismy yaro-
I'KeHOI PUHKOBOI TilmoTe3m PUHKY HEPYXOMOCTi B YKpaiHi HaBelleHO MeTO] BU3HAUEHHS BiATOBimAHOI dhaswu.
Karouosi cioBa: pediekcisi, HepyxomicTb, HEBUBHAUEHICTh, IPUAHATTS PillleHb, KOTHITUBHA MOJENb, iHTEeJIeK-

TyaJbHUN aHalli3 JaHuX.

Buaenrxo B. A.
3amoposKCKUil HAIlMOHAJIBHBIN YHUBEPCUTET

MOAEAMPOBAHME PEOAEKCIMM PBIHKA HEABMJKMMOCTMU
C UCITOAB3OBAHMEM CPEACTB MHTEAAEKTYAABHOI'O AHAAM3A AAHHBIX

Pesrome

AHBanmmsupyoTca 0COGEHHOCTH OTPaKeHWsd Ha PHIHKE HeJBMIMKUMOCTH. VcciieOBaHBI IPUYMHBI OTOOpAKEeHU
nHpopManuu Ha pbIHEHKe. OmnpeneseHb! (aKTOPHI, BBI3BIBAIOIIME WH(POPMAIMOHHYIO pe(eKCHI0 Ha DHIHKE
HeJBU)KUMOCTH, a TaK)Ke B3aMMOCBA3h MeXAy HuMuU. IlocTpoeHa KOTHUTUBHAA MOJeJb WHDOPMAIIMOHHON ped-
JIEKCUM Ha PbIHKe HeABMm:KuMocTU. IlpenmosxeHa KOrHUTHBHAsA MOJeNIb PBIHKA HeABuskuMocTu. CrenaH o630p
METOJOB IIOWCKA NAHHBIX, KUCIOJB3YEeMBIX AJA U3yUYeHUs (UHAHCOBBIX PHIHKOB, BKJIIOUAsd DPHIHOK HEJBUIKU-
moctu. IIpoaHasnsmpoBaHbI OCOOEHHOCTH DPHIHKA HEJBUIKMMOCTH, KOTOPBIE TPEOYIOT MCIIOJIb30BAHUS METOOB
WHTEJUIEKTYaIbHOTO aHajJu3a AaHHBIX. [IpefsiosKeH alropuTM HHTEIIEKTYaJbHOTO aHANIM3a NAHHBIX DBIHKA
HensuykuMocTu. Ha ocHOBe paccMOTpPeHMsA COTJIaCOBAaHHOM PHIHOYHOM I'MIIOTE3bI PHIHKA HEABUIKMMOCTH B YKpa-
WHe IpUBEeZeH MeTOJ OIpeleseHUs COOTBETCTBYIOIeH (asbl.

Kumrouessle coBa: pediekcusi, HeIBUIKUMOCTD, HEOIIPEeJIeHHOCTh, IPUHATHE PelIeHni, KOTHUTHUBHAS MOJeNb,
UHTeJJIeKTYQIbHBIN aHAIN3 TaHHBIX.
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Boponun A. B.
Kenesuarxosa 9. 0.

XapbKOBCKUY HAIIMOHAJIbHBIN 9KOHOMHUUecKuil yHuBepcurer umenu C. Kysuerma

YCTOMYMBOCTH OAUTOITOAMCTUYECKOTO PBIHKA

HccnenoBana MozieIb OJIMTOIIOIUCTUYECKOTO PHIHKA C IIPOM3BOJIBHBIM KOJINYECTBOM (GUPM — YUACTHUI] PPIHOYHOT'O
B3aUMOIeliCTBUA. BEIIOTHEH aHaIN3 CTPYKTYPHOH yCcTOMYnBOCTH Mozesn. IIpuBeie bl IpUMephI ¢ OGHOIIATOBBIM
COCPEeJJOTOUEHHBIM OTCTaBaHUEM U PaCIPelesIeHHBIM B MeOMeTPUYEecKOl Iporpeccuy samnasibiBanueM. CooTser-
CTBYIOII[ME PEe3yJAbTAThI IPOUJLIIOCTPUPOBAHEI rpad)uKaMu IE€PEXOJHBIX IPOIECCOB 00'bEMOB BBINIYCKA IIPOLYK-
WY IJI Pa3JIMYHOTO KOJIMYecTBa (DMPM Ha PBIHKE.

KaroueBbie ci1oBa: OJIUTOIOJNUS, PaCIpelesieHHOe 3alas3fblBaHue, YCTONUYMBOCTh, SKOHOMHUYECKAs AUHAMUKA,

IIOJIOJKEeHEe PaBHOBECUA.

ITocranoBka mpo6isemsbl. [Io cBoeii mpupoae OJIUro-
TOJINS SIBJISIETCA JOCTATOYHO PAacCIPOCTPaHEHHOI (op-
MOI PBIHOUHOI opraHmsanyu. OJIUIronoJINCTAYECKHIMI
OTPAC/IAMEU MOYKHO CUMTATHL METAJLIYPruio, HeTeXu-
MUIO, aBTOMOOMJIBHYIO ITPOMBIIILIEHHOCTD, ITPOU3BOACTBO
KOMIIBIOTEPHON TeXHUKU 1 CPEACTB CBA3U U T. 1. PYHK-
IIMOHUPOBAHNE OJIUTOIOJUCTUYECKON (PUPMBI IIOApAa-
3yMeBaeT MPOIEAyPhl MPUHATHUA PelieHuit o6 obbeme
IIPOM3BOJICTBA, IIEHOBOI IMOJUTHKE W CTPATEI'MM HMHBEC-
THUPOBAHUA B YCIOBUAX KOHKypeHIUH. COOTBETCTBYIO-
e 5KOHOMUUYECKNe pacueThbl MMEIOT KOMILIEKCHBIN
Xapakrep. OTO 03HAYAET, UTO YIPABICHUECKNE AeCTBIA
KaXKI0l (pUPMBI OPMEHTHPOBAHLI HA IIOBEIEHHE CBOUX
KOHKYpeHTOB. Bce 5TO, B CBOIO ouepenb, OIIpeNesseT
CJIO}KHYIO CTPYKTYPY B3aMMOIEHCTBUSA BCEX YUACTHUKOB
OJIUTOIIOJINCTAYECKOT0 PhIHKA KaK AUHAMUYECKHUH IIPO-
1ecc, IMPOTEKAIoIUil BO BpEMeH!.

AHanu3 mocieTHUX WHCCIeTOBAHMI M IMyOJIUKAa-
muii. B pa6orax [1-5] paccMoTpeHBI TpagUIMOHHBIE
HOAXOAbI, OPMEHTHUPOBAHHLIE HA MAaKCHUMH3AI[UIO0
OpuOBLIN KaXKIOM u3 (PUPM — YUYACTHHUI[ PLIHKA C
y4eTOM OJHOIIIATOBOrO 3alla3JbIBaHUS BO BPEMEHM.
Heo6xoguMo OTMETHUTH OTPAaHUYEHHOCTH YKa3aHHON
METOOJIOTUHN, CYII[eCTBEHHO BJIMUAIOIINEI Ha yCTOMUM-
BOCTD II€PEXOMHLIX IIPOIIECCOB B MCCJIEAYEMBIX CHCTE-
MaXxX SKOHOMHUYECKOH AUHAMUKMN.

ITexs craThu BaxaUYaeTcsi B aHAJIW3e YCTOM-
YMBOCTH MATEMATHUUYECKON MOJEJIN OJIUIOIIOJIMC-
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TUYECKOTO pPBIHKA ¢ yueToM 3ddeKTa IMocaenen-
CTBUsA, OOYCJIOBJIEHHOTO HAJIWYUEM DAaCIpeeIeHHBIX
3amas3bIBaHUN PA3JIMUYHOTO THUIIA.

Hzmo:xceHnne OCHOBHOrO MaTepuaja HCCJIeIoBa-
HUdA. BasoBbIil NPUHIUII TIOCTPOEHUA MaTeMaTHUYec-
KOl MOJeJIM COCTOUT B HAXOMKJIEHHUU TaKOro o0bemMa
BBITyCKA MPOAYKIIUU AJIA KaXKIOU (hUPMbI, KOTOPBIN
obecrneunBay ObI MaKCHUMaJbHYIO HpuOBLIbL. Jlomyc-
TUM, UTO HA OJIUTOIIOJUCTUUYECKOM PBIHKE IIPUCYT-
CTBYIOT m (UDPM C COOTBETCTBYIOIIUMU O0beMaMu
Qg Qo5 wes Qi wos G, 1IDH 3TOM 1OXOA KaM0H (GUPMBI
R, paBeH meHe ToBapa P, yMHOMKeHHOII Ha 00beM
peanms3oBaHHOM mpoxykuuu: R, = P, - q,. CymecTBylo-
e M3ep:KKU IIPOU3BOJCTBA Y Ka ol us dpupm C,
TaKyKe ABIATCA QYHKIUAMU OT 00beMa BBIIIYCKA (;,

To ects C, = C,(q,), i=1,m. IIpubsLIb GUPMEI 7, €CTH
pasHUIA MeXJTY JOXOJ0M U usnepxkramu: 7,= R,— C,,
i=1m-

IIpepmono:xuM, 9To eHa P, =A - g, , TAe A =const

u 3arparel C, =B.q, 0jaa Bcex cpﬁf)M OJVHAKOBEI.
31ech B =const — MOCTOSIHHAS BeJIUYWHA IIPeIeJIbHBIX
usnep:kek. Taxkme HOomyIIeHNA MOTYT UMETb MECTO B
TMOJIO}KEeHNY paBHOBecUs (CTATUKA) OJUTOMOJINCTU-
YEeCKOr'o PHIHKA.

BI)Ipa)KeHI/Ie AJIA IIpI/I61)IJII/I T, UMeeT BUL:

ﬂi=[A—quij-qi—B-qi’ i=Lm. 1)
i=1
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