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 Abstract 

Small business is an important part of the modern Russian economy. The problems of economic-

mathematical modeling in solving small business marketing problems are considered. We have gained 

some experience in applying the methodology of economic and mathematical modeling in solving 

practical problems of small business marketing, in particular, in the field of consumer and industrial 

goods, educational services, as well as in the analysis and modeling of inflationary processes, in the field 

of taxation, etc. In marketing decision-making models, we apply the theory of rankings and ratings. The 

problem of comparison of averages is considered.  
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1. Introduction  

Small business is an important part of the 

global economy. Therefore, it is very relevant to 

study the sphere of small business from the 

standpoint of economic theory, in particular, the 

methods of economic and mathematical 

modeling (Ergashxodjaeva et al., 2018). 

The development of small business is 

necessary for the effective functioning of the 

country's economy. To understand the features 

of this development, various mathematical 

models can be useful. The main part of this 

article is devoted to approaches to the 

construction and study of some of them. 

As far as we know, there are relatively few 

works on economic and mathematical modeling 

of small business in the domestic literature. 

Therefore, we considered it useful to give a 

broad panorama of the possible approaches to 

building models that we have developed, which 

may be useful for describing the dynamics of 

development of small enterprises, as well as 

managing them. Since a variety of types of  
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economic and mathematical models can be used 

to describe certain problems of small business, 

we found it useful to consider a fairly wide range 

of such models, which led to a fairly brief 

description of specific models. At the same time, 

the description of the models has been brought 

to such a level that an experienced specialist in 

the field of economic and mathematical 

modeling could, if necessary, independently 

develop a specific model to the stage of 

calculation formulas and numerical results. We 

paid special attention to the application of non-

numerical data statistics methods, which are the 

most relevant at the present time. 

2. Analysis and Results 

In all countries with a developed market 

economy, the instability of small businesses is 

largely due to its strong dependence on the 

external environment - both on factors (social, 

technological, environmental, economic, 

political) and on factors of the competitive 

environment (primarily on suppliers and 

consumers) (Tursunov, 2021). In order to 

survive and occupy its market niche, small 

businesses must navigate and adapt well in an 

environment of a sufficiently high degree of 

uncertainty and risk. This means that small 
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business marketing is inherently risky (Ivanova, 

1995). 

To reduce the risk of small business 

marketing, a high professionalism of a manager 

of a small organization in the field of market 

information management and quick response in 

decision-making when environmental conditions 

change is required. That is, as a Decision maker 

(DM), the manager of a small organization must 

be a good marketer at the same time (Ivanova, 

1996; Small Innovation Business, 1996). 

Small business marketing has its own 

peculiarities. In order for a small organization to 

survive and occupy its market niche, its 

marketing activities from the very beginning 

should be focused not on abstract production and 

sales, but on a specific consumer with his 

individual needs. In other words, the priority 

form of small business marketing is targeted 

specialized marketing. It allows you to 

concentrate the objectively small resources of a 

small organization in the most important 

direction. However, the cost of a decision-

maker's mistake, i.e. the cost of making the 

wrong decision in a small business increases 

many times over, because a small organization, 

as a rule, does not have the financial capacity to 

diversify its activities and its risk. 

Therefore, for a manager of a small 

organization, the most important and complex 

tasks are: conducting market research to study 

the market, segmenting the market, choosing a 

target segment, assessing its potential power, 

assessing the risk of choosing a market niche 

and the strength of potential competitors. The 

successful solution of these tasks requires a 

manager of a small organization to have serious 

training in the field of econometrics, since the 

payment for the services of consulting firms on 

these issues is quite expensive (relative to the 

profit of a small organization). 

At the same time, in order to quickly 

respond to changes in the external environment 

that has a strong impact on a small organization, 

its manager must constantly monitor the market 

situation in terms of certain most significant 

parameters (demand, supply, prices, competing 

products, alternative technologies, etc.). The 

collection and operational use of such 

information is a critical success factor in small 

business marketing decision making. This 

requires certain knowledge and skills from the 

manager for the formation of a data bank and 

work with marketing information. The most 

accessible for small business managers are 

economic-statistical methods and methods of 

mathematical modeling, which allow (with a 

certain training of managers and the availability 

of software support) to quickly process and use 

operational information in practice. 

Well-known examples of the application 

of methods of economic and mathematical 

modeling in marketing for structuring and 

analyzing market information are product life 

cycle models (companies), 4p (7p) marketing 

complex models, the Boston Consulting Group 

matrix, SWOT analysis of competitors, problem 

definition matrix and etc. (Ivanova, 1995; Small 

Innovation Business, 1996). They can be the 

simplest marketing management tools in a small 

business and allow you to quickly assess the 

place and competitive advantages of 

organizations. At the same time, the possibilities 

of economic and mathematical modeling allow 

the manager to independently structure his own 

situation and create his own models (or variants 

of standard models with their own parameter 

values) of optimal market behavior under 

conditions of uncertainty and risk. Thus, the 

Boston Consulting Group matrix, well-known 

among marketers and managers, should, in our 

opinion, be considered not as a two-dimensional, 

but as a three-dimensional model, in which, 

along with market share and sales growth rate, 

such a parameter as the organization's profit is 

necessarily involved. 

When developing systems of economic 

and mathematical support for small business, 

mathematical models for the development of 

small business should be studied by specialists 

theoretically on the basis of probabilistic and 

simulation methods and compared with 

statistical data characterizing the real situation in 

the considered area of the economy. 
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The methodology of mathematical 

modeling allows you to set and solve various 

problems that arise in small business marketing. 

In particular, we note the tasks of analyzing and 

forecasting the market situation, assessing 

various types of risks. 

From a practical point of view, it is 

advisable to separate economic-statistical 

(econometric) methods and economic-

mathematical modeling, although such a division 

is conditional. An example of the former (i.e., 

methods of applied statistics applied to specific 

economic data) are consumer sampling methods. 

So, in 1994, we interviewed 500 consumers and 

sellers of instant coffee, the results obtained 

were used by the customer company in 

marketing, in particular, when planning an 

advertising campaign (Orlov, 2009). The 

technology for conducting such marketing 

research is close to the technology of 

sociological surveys, and also has much in 

common with the statistical management of 

product quality, in particular, with quality 

assessment during certification (Tursunov, 

2001), provided for by the ISO 9000 series of 

standards "Quality Management". 

In economic and mathematical modeling, 

models aimed at specific applications are used, 

in contrast to applied statistics models that can 

be used in any field of activity. Examples are 

economic-mathematical models of inventory 

management (Burkhanov et al., 2009; 

Mustafakulov et al., 2019), with the help of 

which it is possible to find the optimal size of 

supplies and the procedure for their receipt. 

Typically, the use of such models can at least 

halve the total costs. A set of such computer 

models should be a working tool for a small 

business manager. 

In mathematical modeling of small 

business marketing problems, statistical methods 

and methods of expert assessments are used, as 

well as simulation modeling methods 

(Ergashxodjaeva et al., 2018). At the present 

time of rapid changes in the social, economic 

and political spheres, there are no sufficiently 

long time series of economic data, and the 

interest of researchers and practitioners has 

shifted from time series statistics to the theory 

and practice of expert assessments. 

In marketing research for small 

businesses, non-numerical factors play an 

important role - qualitative features, interval and 

fuzzy estimates, etc. We are developing modern 

methods of statistical analysis of non-numerical 

data (Ivanova, 1996). 

The originality and effectiveness of this 

mathematical apparatus is determined by the fact 

that it is based on the use of distances in sample 

spaces, rather than summation operations. When 

studying economic risks, in particular those 

associated with the implementation of 

investment projects, it is necessary to model 

various uncertainties of the future and the 

present. Uncertainty is described using 

probabilistic-statistical, fuzzy, in particular, 

interval models. Probabilistic-statistical models 

are aimed primarily at the analysis of mass 

phenomena. It is more expedient to describe the 

uncertainty of single events with the help of 

fuzzy sets, in particular, with the help of interval 

numbers that set the lower and upper bounds for 

exactly unknown parameters. Although back in 

the 1970s. It has been proved that the theory of 

fuzzy sets in a certain sense is reduced to the 

theory of random sets; in practical application, 

the mathematical apparatus of fuzzy theory 

differs significantly from the probabilistic-

statistical one, as well as from the apparatus of 

statistics of interval data (Burkhanov et al., 

2019). 

When applying mathematical models, it 

is very important to study the stability of the 

conclusions in relation to the permissible 

deviations of the initial data and model 

assumptions (Burkhanov et al., 2019). Only that 

model can be recommended for practical use, for 

which the conclusions obtained with its help 

change little with such deviations. 

We have gained some experience in 

applying the methodology of economic and 

mathematical modeling in solving practical 

problems of small business marketing, in 
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particular, in the field of consumer goods and 

industrial purposes, educational services, as well 

as in the analysis and modeling of inflationary 

processes, in the field of taxation], etc. 

Let's move on to a more detailed 

consideration of the economic and mathematical 

models we propose, designed to describe 

marketing activities and the life cycle of small 

businesses. 

For structuring and analyzing market 

information, we can use the proposed 

generalizations of such well-known management 

decision-making tools as SWOT analysis and the 

Boston Consulting Group matrix. These 

generalizations make it possible to effectively 

use modern methods of expert evaluation 

(Tursunov, 2021), including those based on the 

use of statistics of non-numerical, in particular, 

interval data. 

In the generalization of the SWOT 

analysis, enterprises are evaluated (in 

quantitative or qualitative scales) according to 

four groups of indicators - strengths and 

weaknesses, threats and opportunities. Private 

indicators are reduced to group indicators, and 

group indicators are reduced to the final 

(generalized). This makes it possible to rank and 

classify competitors (for example, into very 

dangerous, dangerous and non-dangerous), as 

well as track and model the dynamics of 

indicators and final assessments of enterprises. 

In the generalized matrix of the Boston 

Consulting Group, it is proposed to use a three-

dimensional model in which the company is 

described by market share, sales growth rate and 

profit. From the qualitative values of the listed 

variables, we turn to quantitative ones, and also 

build the final indicator and predictive rules. 

The models under consideration are 

based on the application of the technology for 

constructing single, group and generalized 

indicators (assessments of individual aspects of 

the activities of firms - competitors and their 

economic situation as a whole), which we 

developed earlier to solve the problems of 

environmental insurance (Ivanova, 1995). 

Computer support of this technology can be 

carried out using the specialized software 

product developed by our research team ARM 

MATEC (MATematic Methods in Expert 

Research) - an automated workplace for the 

organizer of an expert survey (Tursunov, 2020). 

As you know, expert assessments as an 

independent area of scientific and practical 

activity have been developing in our country 

since the 70s. In particular, since 1973 an 

informal scientific team has been working 

around the scientific seminar “Mathematical 

Methods of Expert Estimates and Non-Numeric 

Statistics”. A lot of research has been carried 

out, dozens of monographs and collections, 

hundreds of articles have been published. 

Directions of research related to our scientific 

interests are reflected (Tursunov, 2020). 

However, until the 1990s, there were no 

expressed incentives to strive for the practical 

implementation of theoretical research, to 

develop specific methods and computer systems. 

The situation has now changed. A lot of 

analytical centers have emerged, which are 

clearly useful for the developments under 

consideration. However, it is important to 

establish contacts between theorists and 

managers of think tanks, to establish a training 

system. The knowledge accumulated by theorists 

should be the basis for computer systems, for 

example, such as the already mentioned 

Automated Workplace “Mathematics for 

Expertise” (ARM MATEC). 

We confine ourselves here to one story 

related to rankings and ratings. Currently, expert 

and sociological surveys are widespread in 

which respondents are asked to give points to 

investment projects, areas of work or research, 

products, ideas, problems, programs or policies, 

and then average scores are calculated and 

considered as integral marks given by a firm or 

society in generally investment projects, lines of 

work or research, products, ideas, problems, 

programs or policies. We have known for more 

than 40 years that this method is incorrect. To 
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explain why this is so, it is necessary to turn to 

measurement theory. 

In accordance with the theory of 

measurements, in mathematical modeling of a 

real phenomenon or process, one should first of 

all establish in what types of scales certain 

variables are measured. The scale type defines a 

group of valid transformations. Let us indicate 

the main types of measurement scales and the 

corresponding groups of admissible 

transformations. In the (nominal) scale, all one-

to-one transformations are acceptable, in the 

ordinal scale, all strictly increasing 

transformations, in the interval scale, linear 

increasing transformations, in the ratio scale, 

similar (changing only the scale) 

transformations, and for the absolute scale, only 

the identical transformation. 

The main requirement for data analysis 

algorithms is formulated in measurement theory 

as follows: conclusions based on data measured 

on a scale of a certain type should not change 

with an allowable transformation of the 

measurement scale of these data (in other words, 

they must be invariant with respect to allowable 

scale transformations). 

We start, as in Burkhanov (2019), with a 

generally understandable example. What 

professions do school leavers prefer? In the 

studies of V.N. Shubkin (Novosibirsk, 1960s), 

graduates were asked to evaluate professions 

with points from 1 to 10. Then the professions 

were evaluated by the arithmetic mean of the 

points assigned to them by all respondents. With 

this method of comparing professions, it turned 

out that graduates of Novosibirsk schools prefer 

physics to mathematics. However, in Leningrad 

(according to G.I. Shchukina), schoolchildren 

prefer mathematics rather than physics. What is 

the reason for the differences? Perhaps not in the 

objective difference between the regions, but in 

the subjectivity of the researcher who chooses 

one or another method of data analysis. We have 

already spoken about other socio-economic 

formulations in which a similar problem arises in 

substantiating the choice of the type of average. 

Among them are very important for small 

businesses. 

Let us briefly describe several new 

economic and mathematical models proposed by 

us that describe the development of small 

enterprises during their life cycle. 

Modeling the flow of projects. When 

constructing mathematical models of this type, 

we will assume that a small enterprise is 

associated with a sequence of projects carried 

out by it. New small enterprises are generated in 

accordance with the Poisson process of variable 

intensity (similar to the flow of applications in 

the theory of queuing) (Tursunov, 2021). Each 

new small enterprise initially performs one 

project, the value (cost) and duration of which 

are random variables with given (in the model) 

distributions. 

More precisely, taking into account the 

well-known ideas about the life cycle of 

products, the economic effect (per unit of time) 

from the implementation of the project is 

described by a (random) function of time (with a 

reference from the moment the project was 

started), the typical form of which is as follows: 

first negative values (initially, investments are 

needed), then - growth to the maximum value, a 

long "plateau" at the level reached, then - a 

decline to 0 (end of the project) or to a negative 

value (if necessary, disposal costs). Since, as a 

rule, initial capital is required for the 

implementation of a project, it is necessary to 

introduce a new variable into the model of 

generating small enterprises - a (random) value 

of initial capital, which, in particular, limits the 

range of projects possible for a given small 

enterprise. The ruin of a small enterprise is also 

possible if, due to random reasons, the start-up 

capital turns out to be insufficient for the 

implementation of the first project (or the 

accumulated capital for the implementation of 

the next project). It should be noted that payment 

flows must be assessed by reduction to 

comparable prices, and at the same time, 

inflation cannot be ignored, the study and 

forecasting of which encounters certain 

difficulties (Orlov, 2009). 
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However, for some types of activity, for 

example, the provision of scientific and technical 

services from a given list, we can assume that 

the economic effect (in comparable prices) has a 

simple particular form of the function described 

above - it is a step function equal to a positive 

constant C on the interval [0, T] and 0 outside it 

(here C and T are random variables). 

Since every project ends sooner or later, a small 

business, as a rule, must move on to new 

projects before the end of the life cycle of the 

previous project. In the model, we assume that 

each project generates its descendants - new 

projects with a certain intensity. From this point 

of view, a small business is a set of projects, 

which includes: 1) the original project (if it is 

still ongoing); 2) his immediate descendants; 3) 

descendants of his descendants, etc. The 

development of a small enterprise consists in the 

emergence, implementation and termination of 

projects that form it. If all these projects are 

terminated, then the small enterprise is 

liquidated. An analogue is the development of a 

population of surnames, studied using the theory 

of branching processes. 

The models under consideration make it 

possible, in particular, to study the dynamics of 

the distribution of small enterprises by size and 

life expectancy, for example, to estimate the 

share of enterprises that ceased operations within 

a certain period of time after the organization. It 

is possible to demonstrate the positive role of 

techno parks as "incubators" of small 

enterprises, the impact of the examination of 

business plans, etc. - support for projects at the 

initial stages of implementation, provided that 

unpromising projects are cut off, significantly 

increases the likelihood of "survival" of the rest. 

An example of a project flow model. The 

above description defines a rather extensive 

family of mathematical models. Let's take a 

closer look at one of them as an example. 

Let the process of generating new 

enterprises in the region be described by a 

Poisson process with constant intensity q. This 

means that a random number X of small 

enterprises appears per unit of time, and X has a 

Poisson distribution with parameter q. On 

average, q small enterprises appear per unit of 

time, since the mathematical expectation of X is 

equal to q. The value of q depends on the 

number of inhabitants and the level of socio-

economic development of the region. 

The next step is to model the initial 

capital and cost of the project. In this case, when 

the cost of the project is greater than the initial 

capital, the enterprise dies without starting 

activities. It is well known that in modern Russia 

a large number of registered small enterprises (at 

least up to 70 %) do not show production 

activity. However, they continue to be accounted 

for in state accounts, since their owners do not 

consider it necessary to carry out the liquidation 

procedure. 

3. Conclusions 

Consider enterprises with sufficient 

initial capital. Let, for simplicity, the economic 

effect of the project implementation be a step 

function equal to the positive constant C on the 

segment [0, T] and 0 outside it, where C and T 

are random variables. What follows is a number 

of formulas and model calculations, which we 

will omit here, since the main ideas underlying 

the modeling have already been formulated. 

Niche occupation model. Let's assume 

that there is a finite set of "niches" that can be 

filled by newly emerging enterprises. In 

accordance with some probability distribution, 

new enterprises are generated (i.e., niches are 

indicated for them). If the niche is occupied, 

then the enterprise perishes. If not, it occupies a 

niche and functions for some random time, after 

which it stops its activity and releases the niche. 

An operating enterprise can capture free niches - 

on the same grounds as newly emerging 

enterprises. It is not difficult to obtain 

calculation formulas for the number of free 

niches and the probability that a niche is 

occupied, as well as for other characteristics that 

describe the development of a population of 

small enterprises. 



Barno Akbarova/Indo-Asian Journal of Multidisciplinary Research (IAJMR), 8(3): 2559 – 2566                                    2565 

© 2022 Published by JPS Scientific Publications Ltd. All Rights Reserved  

Based on the practical experience of 

managing small, medium and large (more than 

250 employees) enterprises (VMS at the 

Moscow Mathematical Society, the All-Union 

Center for Statistical Methods and Informatics, 

CJSC Enter Ltd, ROMOU LLP, Institute of High 

Statistical Technologies and Econometrics, etc.) 

we launched scientific research on the 

organizational and economic problems of small 

businesses. The experience of own management 

activities was reflected in the report. 

Works in the field of economic and 

mathematical modeling of phenomena and 

processes in the field of small business, as well 

as the use of enterprises, were carried out mainly 

together with Natalya Yurievna Ivanova, head of 

the Interuniversity Center for Economic 

Education (MIEM), then Doctor of Economics, 

prof. Financial Academy (currently - Financial 

University) under the Government of the 

Russian Federation. At the beginning of the 

research cycle, methodological issues of 

economic and mathematical modeling in small 

business marketing were developed. 

Despite the presence of a fairly large 

number of publications on the problems of small 

business, almost all of them do not use advanced 

mathematical tools to analyze the area under 

consideration. Therefore, our report, devoted to 

basic approaches to mathematical modeling of 

the development of a population of small 

enterprises at the international conference 

"Management of Large Systems", aroused 

interest, and we, in accordance with the wishes 

of the conference participants (chairman of the 

meeting, Prof. K. A. Bagrinovsky), prepared on 

the basis of this report the fundamental article 

for the journal "Economics and Mathematical 

Methods". Article 31 is devoted to an attempt to 

consider a fairly wide range of approaches to the 

construction and use of economic and 

mathematical models in small business. Various 

approaches to the economic and mathematical 

modeling of small businesses are also developed 

in our articles. 

We believe that mathematical modeling 

of small business is an important component of 

training specialists in this area. This position is 

substantiated in more detail in a separate article, 

devoted to the issues of training and organization 

of scientific research in the field of small 

business. There is a huge field of research 

activity in the field of organizational and 

economic study and modeling of small business. 

In particular, we would like to continue studying 

the models of dynamics of the population of 

small enterprises constructed in and this article. 

It is advisable to further study the problems of 

decision-making in small business from the 

standpoint of the theory and practice of 

controlling the processes of managing 

organizations and enterprises. 

It seems to us that it has been 

demonstrated above that economic and 

mathematical modeling has broad prospects for 

practical application in small business 

marketing. Even more interesting possibilities 

are revealed in the field of theoretical studies of 

the problems of small business. The joint work 

of economists, econometricians, mathematicians 

and practicing small business managers will 

benefit both theory and practice. 
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