ISSN 2522-9818 (print)

CyuacHuii cman HayKko8ux 00CaiodceHb ma mexHonoeitl 6 npomuciosocmi. 2018. Ne 1 (3) ISSN 2524-2296 (online)

UDC 339.13 : 330.4 : 519.866 DOI: https://doi.org/10.30837/2522-9818.2018.3.071

M. GOLOVANOVA, V. LEBEDCHENKO

USING THE ECONOMIC AND MATHEMATICAL MODELS FOR DETERMINING
THE MARKET CAPACITY

The subject matter of the article is economic and mathematical forecasting models of the market capacity based on the system of
influential factors. The goal is to systematize and substantiate theoretical and methodological approaches to forecasting the market
capacity in the conditions of the current unstable state of the economy. The following tasks are solved: the factors that influence on
the development and amount of the market capacity are completely systematized; peculiarities, advantages and disadvantages of
applying available economic and mathematical forecasting models of the market capacity are considered; the necessity for taking into
account the structural changes in a number of consumers by age groups is emphasized; the features of the influence of the
consumption of luxury goods and goods of prime necessity were is revealed taking into account the return on the change in the market
capacity. The methods used are — the system analysis, the factor analysis, the regression and correlation analysis, the methods of
cumulative curves. The following results are obtained —the principles of building economic and mathematical forecasting models of
the market capacity are considered; the factors that influence on the market capacity at micro and macro level and have a random or
systematic nature of the impact were systematized; advantages, disadvantages and peculiarities of multi-factor and single-factor
models of the market capacity, in particular, cumulative curves are revealed; compulsory registration of demographic factors
(changing the structure of age groups in time) in multi-factor models is suggested; the alternative use of cumulative curves of demand
on the groups of luxury goods and goods of prime necessity depending on income is shown. Conclusions. Taking into consideration
structural changes in a number of consumers in time, the features of consumption of luxury goods and goods of prime necessity using
the factors of the elasticity of demand on income and other significant factors enable mathematical describing the consumption of the
basic groups of goods and services, forecasting the amount of their market capacity, determining the critical values of the factors that

can completely stop consuming products of a certain group or reduce the consumption to the minimum level.
Keywords: market capacity, economic and mathematical model, the elasticity of demand, income, consumption, price, demand.

Introduction

Dynamic changes that have taken place in the
economy over the recent decades are so intensive and fast
that the theoretical understanding of new market realities
lies far behind their implementation. The active activity of
enterprises or their survival under a turbulent economy
requires using adequate and efficient mechanisms of the
economic regulation of development. So, one of the most
important and responsible issues of the activity of
enterprises is the awareness of the market capacity, the
amount of demand for the goods of an enterprise. All this
becomes especially topical in the context of the crisis, the
growth of costs, the reduction in purchasing power, the
saturation of markets, increased supply of certain types of
goods, the intensification of competition.

The awareness and forecast of market indicators and
its capacity are very important, they are of great interest to
the market participants as they allow companies to
understand clearly, strengthen and expand their positions
on the market.

It should be noted that today the need for
information on the capacity, size and shares of the market
has already been formed; there are many companies that
carry out similar marketing research. At the same time,
some enterprises estimate the capacity of the market on
their own.

The analysis of literary sources and problem statement

Chandezon, K. Schmittchoff, G. Harding and other
authors. Such scientists as G. Pospelov, V. Leontiev, L.
Abalkin, 1. Bestuzhev-Lady, N. Malchotry, G. Tayla, H.
Schumann, D. Hicks, C.Arrow contributed to developing
the forecasting methodology.

However, the methodological issues of forecasting
the market capacity are insufficiently worked out in the
mentioned works, factors that determine the market
capacity are insufficiently indicated, the influence of
micro and macro factors on the development of market
potential is not fully reflected, the specificity of the
structural and regional features of the markets is not taken
into account, the demographic factor of structural changes
in a number of consumers by age groups is not fully
elaborated, the impact of consumers’ incomes in terms of
different conditions and development of the economy.
Theoretical and practical problems of forecasting the
market capacity need to be understood on the principles of
market relations. It should be noted that today there are
many economic and mathematical methods for calculating
the market capacity, while there are no universal ones.
The mentioned above determined the subject of this
article.

The goal and objectives of the research

The issues of the technique of the methodology of
calculating the market capacity were studied in the works
written by G. Azoyev and V. Khrutsky, P. Zavyalov, S.
Lavrov, E. Golubkov, I. Lipsitz, S. Pivovarov, E.l. Lunin,
J.-J. Lamben, V. Praude, F. Kotler, D. Evans, G.

The goal of the article is to systematize and
substantiate theoretical and methodological approaches to
forecasting the market capacity in the conditions of the
current unstable state of the economies of individual
countries.

The objectives are:

- to systematize factors that affect the development
and amount of the market capacity;

- to consider the peculiarities, advantages and
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disadvantages of wusing available economic and
mathematical models of forecasting the market capacity;

- to consider the necessity for taking into account
structural changes in a number of consumers by age
groups in the forecasting models;

- to identify the peculiarities of influence on
changing the market capacity of the consumption of
luxury goods and goods of primary necessity using the
indicators of the elasticity of demand taking into account
the stratifications of the society in different countries.

The results of the research

The choice of the method for determining the
capacity of a product or company market depends on the
specifics of the business, the urgency and importance of
the task, the accessibility of information, labour and
financial resources, patterns for the promotion of goods to
a consumer; each group of goods needs an individual
approach.

The analysis of the current practice of forecasting
market processes enables highlighting a number of
features of building the economic and mathematical
models of the market capacity whose choice and use is
conditioned not only by the objectives of the research but
also by the quality of available empirical data [1, 2].

Various methods are used to forecast the market
capacity [3-5]. It should be noted that the application of
any particular method does not improve the accuracy of
the forecast, does not provide an integrated approach and
reduce the risk of making managerial decisions on the
direction of the development of an enterprise.

Building economic and mathematical models for
determining (forecasting) the capacity of the market and
demand should be based on the following principles [6,
7]

1) analyzing and modelling the structure of
consumption per the totality of groups of goods and
services presented in the market and necessary to meet
various human needs; the structure of consumption should
be considered in two aspects:

- as the amount of consumption of a certain group of
products in physical terms;

- as the level of expenses for purchasing a certain
group of products;

2) substantiating the lower and upper regulatory
boundaries of consuming goods intended to meet the
needs of people who are in the lower stages of the needs
hierarchy. Due to these boundaries, the main object of the
analysis of the market capacity is the consumption of a
certain group of products in physical terms whose values
exist and vary within a certain interval. At the same time,
at a certain point of an interval between the lower and
upper consumption standards the moment of market
saturation takes place, it depends on the specific features
of a particular group of goods or services. After saturation,
the subsequent change in the independent factor causes a
decrease in the rates of consumption growth of a certain
group of goods;

3) taking into account the factors that determine the
change in the market capacity and the amount of the
demand for a particular group of goods;

4) ranking different groups of goods and services by
the degree of their value for consumers, which enables
determining the order of their purchasing when changing
other considered factors of product consumption;

5) determining the weight coefficients of the value
of goods (commaodity groups) for consumers;

6) taking into account the size of the market — the
data of state statistics should be used to assess the size of
the market in large areas (country, region). On small
territories (district, city) field researching can be carried
out as market statistics are not usually conducted;

7) substantiating the influence of different levels of
average income per capita and average prices on the
amount of the market capacity and demand.

Let summarize and categorize the well-known
factors that need to be taken into account while
determining the market capacity (some factors are often
taken into account; others are not considered at all) [8]:

- the geographic boundaries of the market — a
district of the city (Kharkiv, Kyivsky district, Saltivka
area), a city (the city of Kharkiv), several cities Kharkiv,
Kyiv, Odesa), one region or several regions of the country
(Slobozhanschina, Zakarpattia), Ukraine, foreign markets
(Poland market, European market), etc.;

- the time interval of marketability — a season, a
quarter, a year, etc. A year is widely viewed as the interval
as the majority of goods and services are seasonal within a
period that is usually equal to a year;

- the homogeneity of the market — if the market is
heterogeneous and is divided into segments (buying
behaviour among the segments varies considerably), the
market capacity needs to be determined for each segment
separately. The resulting indicators should be later
aggregated;

- the units of measurement — natural or value; when
calculating the cost index of the market it is necessary to
determine what prices (consumers or producers) and
which currency to take into account. It is recommended
that producer prices be used in the b2b segment, consumer
prices be used in the b2c segment, the national currency —
hryvnia — should be used on the domestic market and
euros or dollars should be used on the international
market;

- demographic characteristics of consumers — the
quantity, density, social composition of the population and
its composition by gender and age; general market
conditions; a kind and type of goods, commodity groups,
their aggregation; the amount and structure of the product
offering; enterprises-representatives; the quality of
products and changes in the quality of goods; the amount
of imports of a particular product or group; the demand
for goods and the elasticity of demand;

- the level of prices and changes in the average
market price for the whole population or individual
product groups; the ratio of prices for goods that are
presented on the market and are necessary to meet
different types of human needs;
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- the achieved standard of living and needs of the
population; changing the population lifestyle;

- the incomes of the population, the purchasing
power of the population; a share of the income that a
consumer is ready to spend on purchasing a particular
product;

- the degree of value of a certain type of goods and
services for consumers, which is conditioned by the need
for a specific group of products to meet the needs of
people who are at different hierarchical stages;

- the stage of the product life cycle and the
corresponding type of a consumer (innovators, early
majority, later majority, those who lag behind); the degree
of development and saturation of a particular market, the
probability of similar goods or other goods with similar
properties (characteristics) on the market;

- changes in macroeconomic indicators — business
activity; prices for energy; the leading indicator, that is,
the change of the target market or another one that
responds to the future change in the market capacity with
a predetermined time lag;

- the advent, expansion and accessibility of new
technologies;

- the intensity of marketing efforts of producers and
sellers; the efficiency of promotion on the market; the
cost-effectiveness of advertising; the state of the
marketing, sales and service network;

- specific factors that determine the development of
markets for individual products while each market may
have characteristics that are specific only to it. A specific
factor in the degree of impact may be crucial for
generating and developing the demand and offer of a
particular product. Specific factors include natural and
climatic conditions, changes in fashion; national and
everyday traditions (for the markets of fabrics, clothes and
footwear); the achieved level of prosperity; the terms of
physical and moral wear; the size and composition of a
consumer’s wardrobe; the increased housebuilding and so
on.

These factors have a different impact because when
the income changes by a certain value and prices change
by the same value but with the opposite sign, the change
in the volume of product consumption is not the same. In
this case, consumers’ incomes and the level of prices on
the amount of the market capacity of a particular group of
goods or services can have the overall impact while
combining them into one indicator that is determined as
the ratio of factors, which characterizes the purchasing
power of population to buy goods from the target group of
products.

Thus, a great number and variety of factors should
be taken into account in economics and mathematical
models and the effects of individual factors cannot be
distinguished.

Random and systematic factors should be
distinguished [6]. Random factors display the individual
tastes of consumers and their environment, customs, the
peculiarity of the circumstances which surround them, in
other words, all things that are related to the personality
and behaviour of a consumer. Systematic factors
characterize the size of the family, gender and age of

family members, profession and social group membership;
the effect of these factors can be eliminated by classifying
families and grouping them but anticipating all the factors
in advance is impossible.

Factors can be distinguished experimentally, then
consumer budgets can be clearly classified. Distinguishing
families according to the different age, size, the level of
income, etc. enables determining the impact of factors
related to a small intra-group dispersion.

After eliminating all the distinguished systematic
factors by grouping and selecting other factors, all the
factors that have not been taken into account should be
considered as random. This allow the manufacturing
companies to quantify the impact of factor changes on the
amount of the market capacity of the manufactured
products, to anticipate the change in the scale and duration
of the life cycle of the market and, consequently, to
respond to changing market conditions in the most
effective way taking into account the final results of the
organization activities.

The dependencies of the market capacity on
macroeconomic parameters can be modelled by building
factor forecasting models that characterize the dependence
of consumption on the level and composition of monetary
incomes, the price level and the ratio of price indices as
well as on the social and the demographic composition
and size of households. The essence of this approach lies
in the fact that the market capacity is presented as a
function of one or several factors. To build this class of
models, the income differentiation and the elasticity of
consumption of goods by all the population should be
studied, certain groups of people with different paying
capacity should be analyzed.

Multi-factor models of determining the market
capacity.

Over long time intervals, market phenomena and
processes are determined by a combination of factors,
their overall impact on the amount of the market capacity
is taken into account by multi-factor models of forecasting

S=p(X)=p(X X1 %,) 1)

where X;,X,,...,X, are the factors that influence the market
capacity.

If a model is built for a short period of time,
individual factors can be considered as constants.

For forecasting of the market capacity, works [8, 9]
suggest using such multi-factor models that take into
account the available statistical data:

1) depending on the income obtained within the
current and previous periods

St =g +ayli +aliy, (2

where S, is the market capacity in the planned period; I, is
the level of customers’ income in the planned period; |, 4

is the level of income in the period that preceding the
planned period; a,,a,a, are the coefficients of

regression;
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2) depending on the income of consumers obtained
within the current period and the demand within the
period preceding the planned period

St =ag+al +3,5,, (3)

where S,_; is the market capacity within the period

preceding the planned one;

3) depending on the level of consumers’ income
within the period preceding the planned one and on the
maximum values of consumers’ demand within a certain
previous time period

St=ap+al g +a,Enu, (4)

where E_,, is the maximum value of the market demand

within a certain time period that precedes the planned
period of time;

4) depending on the level of current income of
consumers and on the average level of prices for all the
consumer goods within the target period

St=ay+aly +aR, (5)

where P, is the average level of prices for all the consumer
goods within the target period.

Dynamic models for calculating the demand (the
market capacity).

The selection of factors that determine the dynamics
of the market capacity in the context of building
macroeconomic models has certain features. Analytically,
there is a system of factors that are causally related to the
market capacity indicator. However, mathematically, not
all of them can be adequately taken into account in the
model since macro-factors have a complex hierarchical
structure and can be measured using various indicators.
For example, the purchasing power of people’s income
depends on incomes and on inflation rate at the same time.

Despite the fact that the market capacity is changing
dynamically and in different periods, the market situation
can be different but the general trends that reflect the
specifics of the type of consumption remain unchanged.
At the same time, the change in the nature of processes
that determine the behaviour of consumers in the
dynamics affects their statistical certainty. Consequently,
an index that did not have a significant decisive influence
in the past is considered as a weak signal. In case, when it
cannot be used in future, the available indices should be
retrospectively reviewed as those that characterize
differences in the typology of consumers’ behaviour.

1. Basing on the dynamic model of consumption with
due regard for stocks (H. S. Houthakker and L. J. Taylor):

C=q+aZ+a,l +¢, (6)

where C, is the consumption; Z is the stock of goods or

the habit of their consumption habit; | is the income; ¢ is a
random component.

2. Depending on the price and time. The simplest
models of the demand depending on the time and price
include the following one

Ci=ag+aR +asit, (7

where P, is the price; t is the factor of time.
3. Taking into account the ratio of price indices

Jp.
Ian:Ina0+a1InPj+a2InJ—F:t, (8)

where C; is the demand for a certain item of goods; P; is

Jp.

—Lis the
Jp
comparative index of prices that characterizes the ratio of
changes in prices for a certain item of goods and the
general index of prices.

The dependence of the amount of consumption on
the income is represented by the function of consumption
on the macro level, and this fact should be taken into
consideration. In his works, J. M. Keynes illustrates the
ratio of the generalized indices of income, consumption,
capital investments, savings — when the income increases,
the consumption also increases but slower. At a certain
level of consumption, people start to save.

Actual data on the market capacity show how
consumers are supplied with different types of goods and
services in each specific period of time. The structure of
consumers’ demand in any period of time and its change
under the influence of various factors is the reflection of
objectively existing limits of the consumer behaviour in
the area of distributing their income for purchasing one or
another group of products. Within these boundaries of
consumption, different types of human needs are met with
the help of a certain group of products. The following
should be taken into consideration:

- the lower boundary characterizes the amount of
consumption of products necessary to meet minimum
demand,;

- the upper boundary is the natural boundary of
product saturation is conditioned by the law of
diminishing marginal utility; that means that consumers’
needs for certain groups of goods or services are entirely
met or their needs cannot be met better by increasing the
amounts of purchasing.

Depending on the amount of available statistical
information, the patterns of the market capacity change S
as the function of changing any factor from the mentioned
ones and forecasting the market capacity can be analyzed
using the coefficients of the demand elasticity:

S=f(Ep,Epg.E Ex), ()

the price for a certain item of goods;

where E; is the coefficient of price elasticity; E,g is the
coefficient of cross-price elasticity; E, is the coefficient
of the consumers’ income elasticity; Ey is the coefficient
of the goods quality elasticity.

The goods are distinguished as those of

1) low elasticity (0 < E < 1); this group includes the
goods of primary necessity (bread, salt, matches); as
income | grows, the increase in demand for essential
goods Q gets slower and has the saturation boundary;
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2) moderate elasticity (E = 1 or E ~ 1); this group
includes the goods of secondary necessity; the function
has the saturation boundary but of a higher order; the
demand for such goods arises after the income reaches a
certain desired value;

3) elasticity (E > 1); this group includes luxury
goods; the function has no boundaries, the demand for
luxury goods arises after the income exceeds a certain
level of income and the increase in demand outruns the
increase in income.

A drawback of multi-factor models is the fact that
the limited volume of statistical information about the
amount of the market capacity and its determinants leads
to significant errors in the calculations of the current value
and forecasts. This is due to the fact that the value of the
target variables for a basic period of time can turn out to
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be indistinctive, false for a particular market when
empirical data is accumulated.

The above models also have significant limitations.
Forecasting the demand at the following moment of time,
using statistics of historical data, can lead to completely
opposite results; this can happen when the demand is
seasonal (taking into account the seasonal wave requires
other approaches), when the goods moved from one phase
of the life cycle to another, when the consumption of
goods is very sensitive to inflationary processes and so on.

It should also be noted that the above models do not
take into account the state of the demographic situation on
the target market. The demographic structure of
consumers is very variable in age, gender, the density of
residence due to active migration and emigration
processes, structural shifts in the age pyramid (fig. 1).
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20
10
0
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400 000

Fig. 1. The structure of Ukrainian population according to the gender and age (according to the State Statistics Committee of Ukraine

[10])

The information on the gender and age distribution
of the residents of a country, region, or any
administrative-territorial entity is demanded practically in
all spheres of public life that are related to human life and
activities. In marketing, following F. Kotler, scientists
consider the age of consumers to be very significant and
refer it to a group of personal factors. So, A.S. Posipanova
noted in her monograph [11] that social and demographic
factors (gender, age, social status) have a significant
influence on consumer behaviour (demand) and the
influence of price, income and quantity of goods is
insignificant since they are included in traditional
economic models. The author also emphasizes that
income affects the choice of goods but not on preferences.
D. Borzekovski [12], V. Stefan [13] found a significant
difference not only in the preferences of children and
adults but also in the attributes of preferences, their range
(children have significantly narrower one) and the rate of
development (children develop preferences more quickly).

The influence of age on consumption patterns is
manifested in the choice and frequency of consumption of
goods and services. So, according to marketing research,
in 2007 young people of 17-23 years often made use of
beauty salon services of (26.7%), entertainment centres
(17.8%), cafes and bars (11.5%). This is a very large

proportion of the population. In 2017 these consumers
moved to another group (a group of 30-year-old people),
and now their views and desires are aimed at the services
of banks (45.8%), entertainment centres (28.7%). At the
same time, in 2017 the category of 20-year-old consumers
of services mentioned above decreased almost twice
(fig. 1): in 2007 — 791 thousand people, in 2017 — 446
thousand people.)

It should be noted that information on the number of
children already born enables forecasting the consumption
of a group of children’s products (baby carriages, baby
beds, linens, diapers, baby food, etc.) in the short term and
makes it possible to forecast the consumption of certain
goods and services in the future.

Single-factor models of calculating the market
capacity taking income into account.

Despite the fact that multi-factor models of the
market capacity forecasting can take into account factors
that can have a profound effect, single-factor models
remain the most popular for determining the market
capacity and consumption level. While using these
models, the most significant factor one should be
discriminated which takes into account the change in the
market capacity. Thus, the implementation of correlation
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regression analysis according to the series of the values of
the market capacity and an independent macroeconomic
parameter, that mean that the formation of the functional
dependencies of the general form S = f(x), x; is the i-th

factor that affects the market capacity) enables identifying
a statistically grounded relationship between the target
variables.

Single-factor models of the predictive estimates of
the market capacity should be applied in short-term time
intervals during which only one target factors substantially
changes and all other factors remain or are considered to
remain unchanged or their change causes a slight change
in the market capacity within the permissible statistical
errors.

Single-factor models have their advantages while
being applied:

- the differentiation of goods into main groups,
selection and justification of the specific form of the
functional dependence of the market capacity for each
group of goods on the level of per capita income enables
reflecting the peculiarities of consumers’ preferences of
various types of goods and services and providing the
most accurate modelling of consumer behavior in solving
the tasks of the market capacity forecasting;

- for specific forecasts, such models enable
determining which goods belong to the category
associated with stocks and which ones are related to the
category associated with habits.

But single-factor models also have a drawback —
while they are being formed and justified, the vector of the
impact on the dynamics of the market capacity of only one
macroeconomic parameter can be taken into account on
the basis of the predictive estimates of the market
capacity. At the same time, other significant factors of
market conditions are excluded from the analysis and
neglecting these factors reduces the degree of the accuracy
of the forecast estimates.

Single-factor models of the dependence of the
demand (the market capacity) on prices or on income are
widely used. Studies show that it should be kept in mind
that the consumption of goods and services by a family
over a certain period of time depends not only on its
incomes within the target period but also on the previous
incomes and on the incomes expected in the future. The
amount of expenses also differs depending on the wish to
save a part of the income or, conversely, to spend savings
and take loans. That is, within a limited time interval, the
statement “expenses are determined by the income level”
is not correct; it is necessary to consider the long-term
cash balance of a family taking into account planned
purchases and current savings.

To study the change in demand depending on the
income of various consumer groups, mainly two types of
models are used — Engel functions and Tornqvist
functions.

In the XIX century the German scientist Ernst Engel
substantiated the economic law according to which the
behaviour of consumers is related to the amount of their
income and, as the incomes of the population’s
consumption  of  goods increase, it grows
disproportionally. Costs for food is growing more slowly

than costs on durable goods, travel or savings and the
structure of food consumption is changing toward better
products. The growth of incomes leads to an increase in
the share of savings and consumption of high-quality
goods and services with a decrease in low-quality goods.
The law is very outdated but Engel proved that empirical
dependence is confirmed by a long experience of
economic development.

Engel functions are known to be static models

S=alb . Engel curves characterize the dependence of
consumption (the market capacity) of various types of
goods on income:

- for the items of primary necessity the index E < 1,
that means that when the income increases, the extra costs
for the goods of this category is a past that constantly
decreasing (fig. 2, curve 1);

- for the durable goods the index of elasticity
E ~ 1, that means that a share of costs for these goods in
the extra income remains approximately unchanged
(fig. 2, curve 2);

- for luxury goods the index of elasticity E > 1; that
means that when the income increases greatly, its bigger
share is spent for the goods of this group (Fig. 2, curve 3).

Market capacity, S

»
L

Income,

Fig. 2. Engel curves

According to Engel's law, the elasticity of
purchasing basic necessities from casual income is less
than from the constant share of income. In particular, food
costs are insensitive to income fluctuations. For luxury
goods, the consumption of which is closely related to
unforeseen incomes, the elasticity of purchasing from
casual income is higher than from the constant income
share.

But studies have shown that the tendencies of the
Engel curve in developing countries differ from the trend
of the curve of developed countries. When the level of
total income is low, the overall elasticity of spending on
food is elastic but if the total amount of costs increases,
the total elasticity of food costs becomes inelastic. That is,
the category of essential necessity is replaced by the
category of luxury goods for certain market segments.

The Ukrainian society is a rather complex socially
differentiated  structure that was developed by
N.M. Rymashevska, a specialist in the field of social
demography and economic sociology and consists of ten
social strata and at least three major social classes —
“upper”, “middle” and “lower” ones [14]. Many
sociological surveys testify that about half of Ukrainians
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are considered to be middle class but experts believe that
onlyl0% of the population can be classified as middle
class in Ukraine according to two basic indicators — the
standard of living and education [15. 16], while 75-80%
of the population can be referred to the lower class. In
developed countries, the middle class includes the
population that receives average incomes typical of a
target society and this is the majority of the society
(60-80%), so they can influence the overall direction of
the development of a country and on the level and

L. Torngvist [17], these are special Torngvist curves that
are constructed according to Engel’s law. According to
this approach, the whole set of goods and services can be
submitted by three main groups; in each group, the
relationship between the market capacity and consumer
income is expressed by a certain form of dependence.

1. The goods of primary necessity, for which the
curve that reflects the change of the market capacity (the
change of demand for the necessities S when the income |
increases) asymptotically approaches the upper boundary,

structure of consumption of goods and services. which characterizes the level of saturations,,, — with
The pattern of the dependence of demand on income  these goods (fig. 3, curve 1).
was mathematically described in the studies of
Market
capacity, St
S‘maxZ *******************
2
Smaxl ****** = = —
1
I, I3 Incon'1e, |
Fig. 3. Engel and Toérnqvist curves for various groups of goods:
1 — the goods of prime necessity; 2 — the goods of secondary necessity;
3 — luxury goods
The coefficient of elasticity of consumption of
o . Simax, (1-15)
necessities varies from zero to one. The dependence of the G, — —max 2 (12)
2 — ’

market capacity on the income level of this group of
goods is as follows

Siax |

max

S, = (10)

l+a,

where S, is the market capacity of the target group of
goods or services of primary necessity; Smax, is the upper

boundary of the consumption of necessities (maximum
market capacity, the market potential of a target good of

primary necessity): limS, =S, ; & 1is a model
| >0

parameter.

2. Goods of the secondary necessity, for which the
curve of the market capacity is convex (fig. 3, curve 2)
and, when incomes increase, it approaches the upper

boundary of consuming a certain group of goods Smax,

that has greater value for these goods than for the goods of
primary necessity; the demand for this group of goods
occurs after the income reaches a certain amount | > I,
and then the goods of this group can be purchased. The
elasticity of demand for such goods approaches 1. The
dependence of the market capacity S, on per capita
income for the goods of the secondary necessity is as
follows

I +a,

where S, is the upper boundary of consuming the

goods of the secondary necessity: limS, =S, ; I, is
| >0

the boundary value of income (if I<1,, the market
capacity of the goods of the secondary necessity S, =0);

a, is the parameter of a model.

3. Luxury goods, the consumption of which does not
have the upper boundary and increases more rapidly when
the income increases, it occurs only after the income
exceeds the lower boundary value | > I;, goods are not
purchased (there is no demand) until this value is
achieved. The curve of the market capacity of luxury
goods S, is concave (fig. 3, curve 3) and is described by

the following functional
s _ Sax, | (1-13)

3 =" .

(11)
I +a,

where |, is the boundary value of income (is | < I3, the
market capacity of luxury goods S;=0); a; is the

parameter of a model.
When the values of income | are great enough
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S, ~S (12)

max, | -
That means almost all income growth can be spent
on luxury goods in this situation.
Another curve S, =a,l —b,1, for goods or groups

of goods that are not used when a certain level of income
is reached can be added to the Tornqvist functions. So, the
demand for such products increases at first, reaches the
maximum for | =a,/2b, and then starts decreasing up to

0, that means that there is no demand for such products
when incomes are greater than this boundary.

In their works, A. Maki and M.A.Kamwe [18] on the
basis of theoretical and empirical data considered and
proved the hypothesis alternative to the Torngvist-Wold
hypothesis on the definition of luxury goods and
necessities using the elasticity of the demand for general
costs, direct and cross-price elasticity in the context of
recent empiric observations taking into account the
stratification of society in different countries.

Let us consider the available approaches to using the
Torngvist functions. Thus, in their works, H. Wold and
L. Juréen) [19] classify goods as necessities when the
coefficient of direct price elasticity is negative, necessities
and luxury goods are classified using the combination of
prices and general income elasticity according to
Toérnqvist approaches, as “Tornqvist groups the
commodities into “necessities” and “luxuries”, with price
elasticity below and above unity, respectively. This leads
to the conclusion that, as a rule, income elasticities of
necessities are smaller than their price elasticities, whereas
income elasticities of luxuries are greater than their price
elasticities” [19, p.115].

This phenomenon can be explained by the fact that
in the elasticity of demand there are two important
characteristics of the complete demand system (and the
demand functions of homogeneous products are
determined by zero degree):

1) the sum of total cost elasticity, direct price
elasticity and cross-price elasticity (cross-elasticity) for
the i-th element is equal to zero

E Eo E
R 2 +i:0, (13)
Eo  0logO: Eq )
where izﬂ, i=1..n1i Fo _2logQ,
EPJ_ 0 logP; Ey 0logX

2) if the weight factor is taken into account, the
mean value of the demand elasticity with account for the
price of a fixed item of goods is equal to a negative
proportion between the costs for the i-th item of goods and
general costs.

j AR (14)

For two items of goods, for example, food and non-
food items, according to the formula (13), the following
system of equations is true

E E E
_Q1+_Q1+_Q1=O

Ey EP1 Ep2 (15)
EQz " EQz " EQz -0
Ey EP1 EP2

According to the direct price elasticity of the first
item of goods (food), the demand is inelastic; thus this
product can be classified as a necessity according to the
Tornqvist-Wold hypothesis. If the characteristics of the
first product are focused on, according to (15), the
Tornqvist-Wold hypothesis is obtained as the following
system of equations

(|31Q1){E_Q1J+(P2Q2)(%J =-RQ
(P1Q1)[E_QLJ+(P2Q2)(?] =-P,Q,

(16)

P P

According to the second equation of the system (16),
the following is true

E E,
_Ql__@(&ﬂj,

Er, RQ | Ep,

(17)

Let us consider these two cases.

1) if the demand for the second item of goods (non-
food group) is elastic by own price and cross-price,
E E E E
50 and, hence, - - R ,if < s changed in

P X R P
the first equation of the formula (15). That leads to the
Tornqvist —Wold hypothesis — as a rule, the income
elasticity of demand for necessities is less than their
elasticity of prices.

2) if the demand for the second item of goods is
inelastic in its own price but elastic in cross-price,
E E E
—% 20 and —2>-—2  That leads to the following

P Ex =

2 1
conclusion of the Toérngvist —Wold hypothesis — the
income elasticity of demand for necessities is greater than
their own (direct) price elasticity.

In case of the n-dimension product case

When the sum of general elasticity and costs and
Eo Eo
i<_i the

own price elasticit )
p % E, EP,

is negative

following inequality occurs
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Eo
i>0.

Er (19)

i)

This indicates that the sum of the cross-price
elasticity for the ith product is positive and the ith product
can be classified as a “necessity” according to the results
obtained in the case of two goods. On the other hand,
when the total elasticity of costs is greater than the

. . .. EQ- EQ-
absolute value of direct price elasticity — >—-—=, the
X R

following inequality occurs

Eo
i<0.

Er (20)

i)

This indicates that the sum of cross-price elasticities
is negative and the i-th product is classified as a luxury
one. But to obtain the mathematically exact relationship
between the cross-price elasticity

E
E—C:, (i#], j=12,..,n)

i

and direct (own) price

E

elasticity E—Qj, (j=1,2,...,n) for all the goods available
Pi
at the market is rather difficult. There are also difficulties
in estimating the elasticity of the cross-price for the
complete product assortment. For these reasons, the
Thorngvist-Wold  hypothesis can  be studied and
substantiated only empirically using actual observations
and accumulated statistics.

It should be also noted that other empirical laws of
consumption were found on the basis of Engel’s law [20]:

Schwabe’s law — the poorer the family, the more the
share of income is spent on housing;

Wright's law — the higher the income, the higher the
level of savings and the share of savings in costs;
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BUKOPUCTAHHS EKOHOMIKO-MATEMATHUYHUX MOJEJIEHA JIJIA
BU3HAYEHHS MICTKOCTI PUHKY

IMpeameT: €KOHOMIKO-MATEeMAaTHYHI MOJEJI TPOTHO3YBAaHHS MICTKOCTI PUHKY 3 YpaxyBaHHSM CHCTEMH BIUIMBalOYUX (DaKTOPIB.
Merta: cuctemMaTH3allisg Ta OOIPYHTYBAHHS TEOPETUYHUX 1 METOMOJIOTTYHUX IMIXOIB 10 IPOTHO3YBAHHS MICTKOCTI PUHKY B YMOBaXx
Cy4acHOTO HECTaOLTbHOTO CTaHy CKOHOMIK. 3aBJaHHS: JaTW HAHOUIBII IOBHUM CHCTEMaTH30BaHMII Ieperik (akTopiB, IO
BILUTUBAIOTh HA PO3BUTOK I BEIMYMHY MICTKOCTI PHUHKY; PO3TISIHYTH OCOOJIMBOCTI, MIEPEBArk Ta HEIONIKH 3aCTOCYBAHHS iCHYIOUMX
€KOHOMIKO-MaTeMaTHYHUX MOJIeNied MPOTHO3YBAaHHS MICTKOCTI PHMHKY; PO3IVISIHYTH HEOOXiJHICTh ypaxyBaHHS B HPOTHO3HHX
MOJIENIAX CTPYKTYPHHUX 3PYIIEHb B YHCEIBHOCTI CIIOXKHMBAYiB 3a BIKOBUMH KOTOPTAMHM; BHSIBUTH OCOOJHBOCTI BILIMBY CITOKHBaHHS
TOBapiB PO3KOIII M TOBAPIB MEPLIO] HEOOXIAHOCTI 3 ypaxyBaHHSM JOXOJY Ha 3MIiHEHHS MICTKOCTI PHUHKY. MeTOaM: CUCTEMHHUI
aHai3, (GakTOpHUIl aHaI3, perpeciiHo-KOpeIsIiHHMI aHalli3, METOAN KyMYJSITUBHUX KPUBHX. Pe3yJbTaTH: pO3IIISTHYTO MPUHLUIN
NoOy0BM €KOHOMIKO-MaTeMaTHYHUX MOJeJel NMPOTrHO3yBaHHS MicTKOCTI puHKY. CHcTeMaTu3oBaHO ()aKTOPH, SKi BIUIMBAIOTH Ha
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MICTKICTh PHHKY Ha MIKpO- Ta MaKpOpPIiBHJX Ta MArOTh BHIIAJKOBHI ab0 CHCTEMAaTHYHHMN XapakTep BIUIMBY. BUSBICHO mepemar,
HEIOJIKH Ta OCOOJMBOCTI 3aCTOCYBaHHs 0araro(GakTOpHHUX Ta OAHO(DAKTOPHHUX MOJENCH MICTKOCTI PHHKY, 30KpeMa KyMYJISITHBHUX
KPHUBHUX. 3alporOHOBaHO 00OB’SI3KOBE ypaxyBaHHs y OararoakTOpHHX MOJEISX AeMorpadiyHuX YMHHUKIB (3MIHEHHS CTPYKTYpH
BIKOBHX KOTOPT y 4aci). [loka3aHO aipTepHaTHBHE BUKOPHCTAHHS KyMYJSITHBHHX KPHBUX IOIHTY IIOAO I'PYI TOBapiB PO3KOIII Ta
nepioi MmoTpeOM B 3aJIeKHOCTI Bix Moxoxy. BucHOBKH. YpaxXyBaHHS CTPYKTYPHHX 3pYIIEHb KUIBKOCTI CIIOKMBadiB y dHaci,
0coOJIMBOCTEH CITOXKHMBAHHS TOBApiB PO3KOIII Ta TOBAapiB MEpIIOi HEOOXITHOCTI i3 3aCTOCYBaHHAM KOE(DiI[ieHTIB eTaCTHYHOCTI HOIHTY
3a JIOXOJOM Ta IHIIMX 3HAYYyOIMX (PaKTOPiB, JACTh 3MOTY MAaT€MAaTHYHO OIIMCATH CIIOKMBAHHS OCHOBHHX TPYII TOBapiB i HOCIYT,
CIIPOTHO3YBATH BEIMYUHY MICTKOCTI iX PHHKY; BUSHAYUTU KPUTUYHI 3HAUCHHS (AKTOPIB, 32 SKMX MOXJIMBHUM € IOBHE MPUIUHCHHS
CIIOKUBAHHS MEBHOI I'PYIIH NPOAYKIIT 200 3MEHIIIEHHS CITOKMBAHHS JO MiHIMAJIbHOI'O PiBHS.
Knio4oBi ci10Ba eMHICTD pUHKY, EKOHOMIKO-MaTeMaTH4Ha MOJIEIb, €aCTHYHICTh MOMHUTY, IOXi/l, CIIOKHBAaHHS, I[iHA, TOMHUT.

HCHOJIb30BAHUE SdKOHOMUKO-MATEMATHYECKHAX MOJIEJEM JIJIsI
OIIPEJEJIEHUA EMKOCTH PBIHKA

[peameT: >KOHOMHKO-MAaTEMAaTHYECKHE MOJACIHM MPOTHO3UPOBAHMA EMKOCTH PBIHKA Ha OCHOBE CHCTEMbI BIMAIOMINX (HaKTOPOB.
Hean: cucremarusanys ¥ 000CHOBaHHE TEOPETUYECKUX M METOMOJIOTHUECKHX MOAXOJOB K IMPOTHO3UPOBAHUIO EMKOCTH PBIHKA B
YCIIOBUSIX COBPEMECHHOT'O HECTAOMIBHOTO COCTOSHHS 3KOHOMUK. 3aiaqm: 1aTh HaHOOJEe MOJHBIH CHCTEMAaTU3UPOBAHHBIN MIepeueHb
(aKTOpOB, BIMSIOIMIMX HA PAa3BUTHEC M BEIUYUHY EMKOCTH PBIHKA; PacCMOTPETh OCOOCHHOCTH, MPEUMYINECTBA M HEIOCTATKH
MPUMECHEHHS  CYIICCTBYIONIMX SKOHOMHKO-MAaTEeMAaTHUCCKUX MOJCNICH MPOTHO3MPOBaHHMS EMKOCTH PBIHKA, PacCMOTPETh
HEOOXOMMOCTh y4ETa B MPOTHO3HBIX MOJEIAX CTPYKTYPHBIX CIBUTOB B YHCICHHOCTH TOTPEOUTENCH MO BO3PACTHBIM KOTOPTaMM;
BBISIBUTH OCOOCHHOCTH BIMSHUS MOTPEOICHHS TOBAPOB POCKOILIHU U TOBAPOB IMEPBOM HEOOXOIUMOCTHU C YUETOM JOX0Aa Ha N3MEHEHUE
éMKOCTH pbIHKAa. MeToabl: CHCTEMHBIM aHauu3, (aKTOPHBIA aHalu3, PEerpecCHOHHO-KOPPESIUOHHBIA aHadu3, METOIbI
KYMYJSITUBHBIX KpUBBIX. Pe3yjbTarbl. PaccMOTpeHBI NPHHIUIBI OCTPOCHUS  SKOHOMHKO-MAaTEeMAaTHYECKHX  MOJENCH
MIPOTHO3UPOBAHMS EMKOCTH pBIHKA. CHCTEMaTH3MpOBaHbl (AKTOPBI, BIUSAIOIINE Ha EMKOCTh PBIHKA Ha MHKpPO- U MaKpOYpPOBHE U
MMCIOIIME CITyYaiHbI WM CHCTEMATHYCCKUN XapakTep BO3ICHCTBUs. BBISBICHBI MPEUMYIICCTBA, HEJOCTATKA M OCOOCHHOCTH
MPUMEHEHHST MHOTO(AKTOPHBIX M OJHOGMAKTOPHOW MOJENIN EMKOCTH PBIHKA, B YaCTHOCTH KYMYJISTUBHHX KPHBBIX. [IpemioxeH
00s13aTeNbHBI YUET B MHOTO(AKTOPHBIX MOJCISAX JAeMorpaduueckux (akTopoB (M3MEHEHHE CTPYKTYPBI BO3PACTHBIX KOTOPT BO
BpeMeHH). [1oka3aHO anbTepHATHBHOE HCIOIBb30BAaHUE KYMYJSITUBHBIX KPHBBIX CIIpOCa MO TPYIIaM TOBAapOB POCKONIN U TEPBOM
HEOOXOJMMOCTH B 3aBUCHMOCTH OT J0X0/Aa. BbIBOAbI. YUET CTPYKTYpPHBIX CABHIOB KOJIMYECTBAa IMOTPEOHTENICHi BO BpPEMEHH,
0COOCHHOCTEH MOTPEOICHUST TOBAPOB POCKOIIM U TOBAPOB MEPBOH HEOOXOAMMOCTH C MPUMEHEHUEM KOA(P(PUIIMEHTOB JIACTHUYHOCTH
cmpoca Mo JOXOAY M APYTUX 3HAYMMBIX (haKTOPOB, IMO3BOJUT MaTeMAaTHYECKH OIMUCATh MOTPEOICHUS OCHOBHBIX TPYIII TOBAPOB U
YCIIyT, CIPOTHO3UPOBATH BEIMYMHY EMKOCTH HX PBIHKA; ONPENCIUTh KPUTHUCCKHE 3HAYCHHUS (DAKTOPOB, MPU KOTOPBIX BO3MOXKHO
MOJTHOE MTPEKPAIICHUE MTOTPEOJICHHS ONPEICIEHHON TPYIIITBI IPOIYKIINU WA YMEHBIICHUE MTOTPEOJICHHS 10 MUHIMAIILHOTO YPOBHSL.

KnroueBbie ciioBa: EMKOCTh PbIHKA, SKOHOMHUKO-MaTeMaTHYECKas MOJICIb, JJIACTUYHOCTh CIPOCA, JTOXO, MOTpeOdIeH e, 1IeHa,
crpoc.




