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Introduction 

UDC 519.47:685.37 

 

A prerequisite for the effective operation of the 

enterprise is the rational planning of production that 

meets the needs of the market. 

The formation of the assortment of light industry 

enterprises should be based on representative 

information about the current requirements, their 

possible dynamics and customer preferences. 

Marketing research is used to improve the 

efficiency of the existing management system at 

enterprises, adjust production and implementation 

programs, allowing them to respond to changes in the 

market. 

Marketing research is the main regulator of the 

company's product policy when choosing directions 

for development. Marketing research should be 

understood as a systematic definition of the range of 

data required in connection with the marketing task 

facing the enterprise, their collection, analysis and 

report on the information received, conclusions and 

recommendations. 

A survey was chosen as a method of marketing 

research. The survey, used most often in various types 

of research, is a universal method of conducting 

marketing research. It has a high degree of objectivity, 

high accuracy of the data obtained, and a relatively 

low cost. the most accurate data has a mass survey, i.e. 

polling a large number of respondents. 

One of the most important steps in planning a 

mass survey is sampling. A separate representative of 

a certain population group acts as a unit. 

When determining the sample size, it should be 

borne in mind that the purpose of the survey is to 

obtain data characterizing the so-called general 

population, i.e. all carriers of any important trait. 

The main idea of the sample is to judge the 

general in part, so the sample size should be such that 

it is representative. Questioning is a kind of survey 

method. The study involved a hundred randomly 

selected men aged 18 to 55 years, the survey was 

conducted in the shops of Shakhty and Rostov-on-

Don. 

The purpose of the survey is to identify 

preferences in men's shoes for further research of the 

technological processes of its production for the 

population of the South - North - Caucasian federal 

districts and, in particular, the Rostov region. Shoes 

should be in real demand, and its design and aesthetic 

characteristics most fully correspond to the consumer 

preferences of this population group. 

The results of data processing are presented in 

Tables A.1 - A.8 of Appendix A and Figures 1-8. 

Seasonal preferences by type of footwear are as 

follows: shoes (low shoes) occupy a significant place 

in the wardrobe of a modern man regardless of the 

season, sports shoes are also a necessary element, 

especially for respondents of the first age category 

(18-24 years old). Thong sandals and boots in the 

corresponding seasons of use were given considerable 

preference (Fig. 9). 
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b)  

 
 

с) 

 

Figure:1 - Purchasing preference charts different types of shoes according to the seasons: 

a) summer socks; b) autumn-spring socks; c) winter period of wear 

 

 

 

Most often the respondents buy shoes of black 

and brown colors. in general, the color choice of shoes 

is as follows (Fig. 4.21). 
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Figure: 2 - Color preferences in shoes 

 

The overwhelming majority of respondents 

prefer to buy shoes with uppers made from natural 

materials, which, in their opinion, are more 

comfortable and prestigious (Fig. 1). If natural 

materials were almost unanimously chosen for the 

upper of the shoe, then in the materials of the bottom 

of the shoe, attention was paid to the seasonality of 

operation, which was expressed in approximately 

equal shares of the presented diagram. Most of the 

respondents showed significant awareness of the 

purpose of sole materials, but at the same time, about 

a tenth found it difficult to answer the question posed 

(Fig. 3). 

 

 

 
Figure: 3 - Characteristics of shoes by upper materials 

 

 

More than half of the respondents prefer laces as 

a way of fixing shoes on the feet, and in the second 

and third places with a significant margin - elastic 

bands and Velcro tape (Fig. ). 
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Figure: 4 - Characteristics of shoes by bottom materials 

 

According to the survey results, the optimal 

number of outer parts in the shoe upper was found to 

be the smallest and the average, which is probably 

explained by the respondents' gravitation towards the 

classic trends in shoe fashion (Fig. 5). 

 

 
 

Figure: 5 - Characteristics of preferences for ways of fixing shoes on the foot 

 

 
 

Figure: 6 - The number of outer parts in the shoe upper blank 

 

резина 25,2%

кожа 12,3%

поливинилхлорид 

12,3%полиуретан 22,6%

термоэластопласт 

17,4%

затрудняюсь 

ответить 10,3%

застежка молния 

9,7%
лента "велькро" 

11,3%

резинка 16,9%

пряжки 6,5%

шнурки 54,0%

все равно 1,6%

"гладкие" модели 

58,9%

среднее 

количество 

деталей (5-7) 

25,2%

много отрезных и 

декоративных 

деталей (больше 

7) 10,3%
все равно 5,6%



Impact Factor: 

ISRA (India)        = 4.971 

ISI (Dubai, UAE) = 0.829 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.126  

ESJI (KZ)          = 8.997 

SJIF (Morocco) = 5.667 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  126 

 

 

The distribution of preferences by the types of 

finishing of the outer parts of the shoe upper blank is 

shown in Figure 7. 

 

 
 

Figure: 7 - Types of finishing of the outer parts of the shoe upper blank 

The diagram of the age categories of the respondents is shown in Figure 8 

 

 
 

Figure: 8 - Distribution of respondents 

by age category 

 

Based on the results of the study of consumer 

preferences, a range of shoe models was proposed that 

meets the requirements of consumers. 

Models on a single base differ in the materials 

used for the top and bottom of the shoe and the degree 

of processing of parts and assemblies. In addition, a 

change in the color scheme of each of the presented 

models will allow you to transform the presented 

assortment endlessly, instantly reacting to market 

demands, and correspond to the fashion trend. 

Thus, outwardly similar models are 

manufactured using various technological processes, 

which has a significant impact on their cost. As a 

result, the price of manufactured models varies in a 

wide range, which allows the company to respond 

more quickly to fluctuations in demand and increase 

its market share, and, consequently, improve its 

economic performance. 

 

Development of elements of the expert system 

operational management of multi-assortment 

production 

 

The footwear market of the South and North 

Caucasian Federal Districts is oversaturated with 

types of footwear for the same purpose. Therefore, the 

head of the enterprise needs to know exactly what will 

be in demand on the market and how it should be 

implemented so that the developed range of footwear 

is chosen by the buyer, withstanding the fiercest 

competition that generates new proposals.  
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For all this, it is important to build an assortment 

policy in such a way that, if footwear of the same type 

arrives on the market, it should differ significantly in 

price, but meet the requirements of the standard. 

The most important task of building the elements 

of the operational management system for the 

assortment of a shoe enterprise is the choice of 

technology that can effectively implement the 

intended goals in a complex multi-level hierarchical 

management system. The use of mathematical 

methods and optimization theory makes it possible to 

effectively make decisions not only in those 

conditions when the parameters of the system are 

known, or they can be represented as fixed values. 

The paper proposes new approaches to 

determining the total number of footwear produced 

depending on the market situation, prevailing prices 

and demand, and developing an optimal plan for the 

production of footwear models. 

To determine the total number of shoes produced 

depending on the market situation, prevailing prices 

and demand, it is proposed to apply elements of the 

theory of fuzzy sets. The theory of fuzzy sets has long 

been applied, mainly for use in systems that imitate 

human behavior, such as pattern recognition systems, 

linguistic analysis, search for solutions and others, in 

which there is no access to the complex mathematical 

apparatus necessary to describe complex industrial 

control systems and were highly specialized systems. 

This approach allows in each case to agree on the 

requirements of the problem and the required degree 

of accuracy of its solution. 

Techniques based on the theory of fuzzy sets 

make it possible to use approximate, but at the same 

time, methods of describing nondeterministic systems 

that are sufficiently effective, for the analysis of which 

it is impossible to use standard quantitative 

mathematical methods. At the same time, all 

theoretical substantiations of this approach are quite 

accurate and are not in themselves a source of 

uncertainty (fuzzy logic and IS). 

Unlike traditional mathematics, which requires 

precise and unambiguous formulations of patterns at 

each step of modeling, fuzzy logic offers a completely 

different level of thinking, thanks to which the 

creative process of modeling occurs at the highest 

level of abstraction, at which only a minimal set of 

patterns is postulated. 

The basic idea behind fuzzy logic is that you 

cannot define rules for all occasions. These rules are 

discrete points in a continuum of possible situations 

and decisions are made by approximating them. For 

each case, the known rules for similar situations are 

combined. This approximation is possible only in 

cases where there is flexibility or blurring in the words 

with which these rules are defined. To use the power 

of human logic in production processes, a 

mathematical model is needed. To implement such a 

model, fuzzy logic was developed, which allows you 

to describe the decision-making process and its search 

in an algorithmic form. 

When solving problems that contain fuzziness in 

their formulation and have ambiguity of goals 

(multicriteria) “maximum income with minimum 

costs”, it is possible to operate with fuzzy input data, 

namely: 

− values continuously changing in time 

(dynamic tasks); 

− values that cannot be set unambiguously 

(results of statistical surveys, advertising campaigns, 

etc.).  

There is a possibility of a fuzzy formalization of 

the evaluation and comparison criteria: operating with 

the criteria "majority", "possibly", "predominantly", 

etc.; the ability to quickly simulate complex dynamic 

systems and their comparative analysis with a given 

degree of accuracy. Using the principles of system 

behavior described by fuzzy methods, it does not take 

a lot of time to find out the exact values of variables, 

compose describing equations and evaluate different 

variants of output values. 

The developed system allows you to build a 

control model with an unlimited number of input 

parameters and control blocks and thereby describe 

the behavior of fairly complex control objects. 

Let's consider the construction of elements of a 

fuzzy expert system. The control algorithm is 

implemented programmatically using the MATLAB 

extension package - Fuzzu Logic Toolbox; the 

assessment of the planned production of footwear is 

made according to the standards for the removal of 

footwear from 1 m2 of the footwear assembly area and 

ranges from 0 to 2.8 pairs / m2; shoe price, demand, 

and market saturation are estimated from 0 to 1 (0 is 

the worst estimate, 1 is the best). 

The system under development has three inputs 

and one output. Based on well-established customs 

and intuitive ideas, we will assume that the problem 

of finding the optimal release is described by the 

following assumptions: 

1. If the demand is low, the price is high and the 

market saturation is high, the assortment needs to be 

renewed and the output is reduced to 20-50% of the 

standard. 

2. If the demand is average, the price is average 

and the market saturation is average, the assortment 

requires some modification and the output is up to 40–

70% of the standard. 

3. If the demand is high, the price is low and the 

market saturation is low, the assortment does not 

require changes and the output is up to 60-100% of the 

standard. 

The construction of this system is performed 

using the Mandani inference algorithm. 

The structure of the expert system and the 

resulting set of rules are shown in Figures   9 - 10. 

The logical conclusion of any case (Fig. 9) is 

carried out in four stages: the introduction of fuzziness 
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(fuzzification), inference, composition, reduction to 

clarity - defuzzification. 

 
Figure: 9- The structure of the expert system 

 

 
Figure: 10 - Final rule set 

 

For greater reliability of the results obtained 

when optimizing the total number of shoes produced, 

depending on the market situation, prevailing prices 

and demand using modern mathematical methods, it 

is necessary to construct a geometric image of the 

process under study and use it to choose the most 

rational decision on the volume of output (Fig.11,12) 

...  
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Figure: 11 - Mandani inference routine 

(high demand S = 0.886, low price C = 0.175, market saturation 

low N = 0.151, estimated output - 2.11 pairs / m2) 

 

 
Figure: 12 - Geometric image of the dependence of the estimated output on demand and price with a fixed 

variable "market saturation" N = 0.151 

 

The constructed geometric image of three factors 

with a fixed value of one factor makes it possible to 

establish the influence of two other factors on the 

output volume and to choose an extreme ratio between 

the number of shoes produced and the value of price, 

demand and market saturation factors within the 

allowed price and marketing constraints. the volume 

of footwear production with a fixed market saturation 

at a low level, an enterprise needs to achieve high 

demand for products and reduce its cost by regulating 

pricing.  
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Figure: 13 - Inference procedure according to the Mandani algorithm (demand is high S = 0.886, price is low 

C = 0.175, market saturation is high N = 0.8, estimated output - 1.54 pairs / m2) 

 

With a high market saturation, the maximum 

production volume is at 1.4–1.5 pairs / m2 and can be 

regulated by the introduction of new types of footwear 

into production. With high cost and low demand for 

manufactured models, consideration should be given 

to reducing production costs through design updates 

and the use of new materials. 

 
Figure: 14- Geometric image of the calculated output dependence 

on demand and price with a fixed variable "market saturation" N = 0.8 

 

Determining the production plan in order to 

maximize the profit from the sale of manufactured 

products is a linear programming task and is solved 

using the "Search for a solution" option in Microsoft® 

Excel. Development of the optimal production plan 

for shoe models is based on the profitability ratio and 

production costs of specific models that occupy the 

greatest share in the cost of production and are 

conditionally variable costs. These include the 

following costs: 

− costs of raw materials and basic 

materials; 

− costs of auxiliary materials; 

− costs of basic and additional wages of 

production workers with deductions for the unified 

social tax. 
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Table  1 - Initial data and functional dependencies 

 

 

types of products 

maximum 

share  

in structure  

cost 

maximum  

value  

in cost  

products 
model 1 

mode

l 2 

mode

l 3 

coefficient 

of 

consumptio

n of basic 

materials 

per unit of 

production 0.78 0.75 0.7 0.86 

= MIN ($ B $ 8: $ D $ 8) * 

E3 

coefficient 

of 

consumptio

n of 

auxiliary 

materials 

per unit of 

production 0.04 0.03 0.04 0.05 

= MIN ($ B $ 8: $ D $ 8) * 

E4 

coefficient 

of 

expenditure 

of 

deductions 

for labor 

remuneratio

n of 

production 

workers 0.07 0.08 0.06 0.09 

= MIN ($ B $ 8: $ D $ 8) * 

E5 

profitability 

ratio 0.3 0.2 0.3 0,4 

= MIN ($ B $ 8: $ D $ 8) * 

E6 

cost of 1 pair 1200 1250 1050   

initial 

values 0 0 0   

target cell 

= B8 * B9 + C8 * C9 + D8 * 

D9     

limitation of 

main. 

materials 

= B3 * B9 + C3 * C9 + D3 * 

D9     

limitation of 

auxiliary 

materials 

= B4 * B9 + C4 * C9 + D4 * 

D9     

limitation of 

wages 

= B5 * B9 + C5 * C9 + D5 * 

D9     

profit 

limitation 

= B6 * B9 + C6 * C9 + D6 * 

D9     

 

 

 

 

 

 

 

 



Impact Factor: 

ISRA (India)        = 4.971 

ISI (Dubai, UAE) = 0.829 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.126  

ESJI (KZ)          = 8.997 

SJIF (Morocco) = 5.667 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  132 

 

 

 

 

 
 

Figure: 15 - Results of calculating the optimal assortment 

 

 
Figure: 16 - Entering initial parameters 

 

The price of one pair of shoes, the cost factors in 

the cost structure, the profitability factor are presented 

in Table 1, the maximum percentages for the 

calculation items in the cost of production and the total 

price of the manufactured product (output) are also 

given - the objective function, which should take the 

maximum value.  

As a result of solving the problem for three types 

of models, the numerical value of the objective 

function was obtained, namely: the total production 
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cost of the entire assortment range of models and the 

optimal number of produced shoe models.  

 

 Justification of the choice of shoe 

manufacturing technologies 

and requirements for the designed technological 

processes 

 

The beginning of modeling the development of 

any organizational system is structural modeling, 

which is necessary to optimize projects (Figure 4.36). 

For structural modeling of the designed technological 

processes for the manufacture of a new range of shoes 

and optimization of existing technological processes, 

the procedure for preparing technological 

documentation is considered (Fig. 17). 

The main feature of this procedure is that when 

preparing sets of design technological documentation, 

it is planned to develop not only promising, but also 

directive technological processes. Let us consider in 

more detail the main goals, objectives and differences 

of such technologies that allow, in the technological 

part of a reconstruction or technical re-equipment 

project, to reasonably answer the main questions: 

− about new technological solutions; 

− mechanization and automation of 

technological processes; 

− the composition of the applied technological 

equipment, including imported; 

− the use of low-waste and non-waste 

technological processes; 

− the use of more progressive transport and 

technological schemes for the movement of packaged 

goods; 

− new methods of technical control and testing of 

products; 

− minimization of production waste, emission of 

harmful substances; 

− determination of the composition of 

production processes for waste disposal. 

In addition, a set of design technological 

documentation, promising and directive technological 

processes allow you to answer other important 

questions: 

− on the calculation of fuel and energy and 

material balances of technological processes; 

− assessing the need for basic types of resources 

for technological needs; 

− labor input, machine input and maintenance 

output; 

− calculations of the number of pieces of 

equipment, areas, number of employees; 

− execution of drawings of technological layouts 

and equipment layouts. 

Let's characterize the essential content and 

distinctive features of the technologies used in 

projects. Let's start this analysis with the definitions of 

the concepts of "project", "prospective" and "directive 

technological process". They are defined in the 

Unified Process Documentation System as follows. 

1. A promising technological process is a 

technological process corresponding to the modern 

achievements of science and technology, the methods 

and means of implementation of which, in whole or in 

part, have to be mastered at the enterprise. 2. A set of 

directive technological documentation is a set of sets 

of documents for individual technological processes 

necessary and sufficient for carrying out preliminary 

enlarged engineering, organizational and economic 

tasks, when deciding on the launch of new products 

into production in relation to the conditions of a 

particular enterprise.  

3. A set of design technological documentation 

is intended for use in the design or reconstruction of 

an enterprise. Working technological processes, ie 

technological processes carried out according to 

working technological and (or) design documentation 

during reconstruction and (or) technical re-equipment 

should be revised and replaced by new, more 

advanced technologies. 

In the technological document flow diagram 

(Fig. 4.38), in accordance with the Unified System for 

Technological Documentation (ESTD), the following 

rules for the use of sets of technological 

documentation are adopted, which are linked to the 

stages and stages of design preparation for production. 

In a typical shoe manufacturing technology, 

there are ready-made recommendations for 

performing the operations of making shoes for some 

of the most common types. However, in practice, there 

are often cases when it is required to develop a new 

technological process for making shoes, choose the 

most effective from the existing set of technological 

processes, or perform a comparative analysis of 

technologies at the cost of making shoes. All this is 

especially important in modern conditions of meeting 

market demand with a frequently changing assortment 

of shoes, the emergence of new types of shoe 

machines, technologies, forms of organization of 

production, etc. 

Each production process is considered either as 

a set of changes that the objects of labor undergo, or 

as a set of actions of workers aimed at an expedient 

change in the objects of labor. In the first case, they 

talk about the technological process, in the second - 

about the labor process. 

The technology determines the structure of the 

technological process, which allows, if necessary, to 

divide the main and auxiliary operations into 

elementary ones. 

Given the variety of technologies, equipment, 

characteristics and types of raw materials, the 

organization of shoe production with a wide range of 

products, it is advisable to combine shoe assembly 

operations into the following groups: 

− preparatory operations preceding molding; 

− molding the upper blank on the last; 
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− processing of a tightened shoe upper; 

− attaching details of the bottom of the shoe; 

− finishing of shoes. 

A detailed description of these groups by 

operations is presented in the diagrams (Fig. 4.39–

4.43). 

Table 4.3 shows a generalized technological 

process for assembling shoes, a list of equipment and 

its characteristics. 

At the present stage of economic development, 

technology has acquired particular importance in 

concretizing the strategy of resource consumption, 

reducing their scarcity, and increasing the efficiency 

of their use. 

 

 
Figure: 17 - Information and functional design diagram technological processes 
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Figure:18 - Block diagram of the functions of technological preparation of production 
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Figure  19 - Preparatory operations prior to forming 

 

 

 
Figure: 20 - Molding operations of the shoe assembly technological process 
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Figure: 21 - Operations for fixing the form of the ZVO of the shoe assembly technological process 
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Figure: 22 - Periods of attaching details of the technological process of shoe assembly 
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Рисунок 3.8 - Операции отделки технологического процесса сборки обуви

 
Figure: 23 - Finishing operations of the shoe assembly technological process 

 

Table 2 - Generalized technological process of shoe assembly 
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2. Moistening the 

workpiece 
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14 
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.57 

0.2
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URP / 2 150,0

00 
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12 

 

3. Attaching the insoles to 

the last 

2  0.

28 

 1714

.29 

0.4
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10/11 / 

C 
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00 
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4. Spreading talcum 
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3 

270 

10. Tightening and 

tightening of the toe-
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02015 / 

P5 
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2 2 0.
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02015 / 

P5 

10500
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edge, drying 
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87 

 551.
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89 
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8 
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car 1066 
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80,00
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33. Thermal activation of 
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4  0.

94 

 510.

64 

1.5

7 
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Italy 

130,0
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0.528 0.1

6 
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P6 
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37. Attaching heels  2  1.

89 

253.

97 

3.1
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ST-B  0.360   
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81 
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46. Inserting insoles  2  0.
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0.5
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 0.
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31 

1.3
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finished shoes 

 2  0.

65 
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1.0
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The output parameters of the technological 

process of shoe manufacturing are described by 

complex multifactorial dependencies and are 

influenced not only by deterministic, but also by 

random parameters and their interconnections, 

therefore, the technological processes of shoe 

assembly were chosen as the object under study as the 

most theoretically and experimentally studied, the 

most acceptable for setting and solving the problem of 

forming and evaluating the effectiveness of an agile 

workflow.  
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