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Introduction 

UDC 339.73: 685.28 

 

It is known that the concept of competitiveness 

can be applied to various objects: documentation of 

technology, products, production, etc. of all categories 

of philosophical, social, psychological, market, 

economic competition, market and economic are of 

unconditional importance for production, since they 

characterize its ability as a complex open 

organizational and economic system to predict its 

future, produce specific products and thereby ensure a 

profit sufficient for normal functioning and 

development. The competitiveness of an enterprise is 

determined by external and internal factors. The 

factors of an organization's competitiveness 

determined by the external environment are elements 

that must be taken into account when forming the 

flexibility of a production system of any kind, but in 

the future only the influence of internal competitive 

advantages is considered. 

The market and economic categories of 

competitiveness of enterprises and their industrial 

products are studied in detail in the works of M. 

Porter, J.-J. Lamben, V.J. Stevenson, et al. Thus, M. 

Porter identifies new technologies, new or changed 

customer requests, the emergence of a new segment of 

the industry, changes in government regulation, 

changes in the cost or availability of production 

components as innovations that allow creating a 

competitive advantage of production or its products. 

At the same time, the changed requests of buyers, the 

emergence of a new segment of the industry, changes 

in government regulation, changes in the cost of 

production components are classified as Zh-Zh. 

Lambena to external factors that do not affect the costs 

of production itself. 

The actions of buyers manifest themselves in 

completely new requests or their estimates change 

dramatically, which serves as an impetus for the 

design and release of new or modified products. The 

emergence of a new segment of the industry allows 

you to reach a new group of buyers. Changes in the 

cost of components, changes in government 

regulation are undoubtedly factors of external 

influence on production efficiency. 

Then the changes in production components and 

new technologies highlighted by M. Porter should be 

considered as the reasons for which internal factors of 

the competitive advantage of the enterprise appear. 

Indeed, changing technologies create new 

opportunities for the development and production of 

goods. For an existing production, replacing the entire 

technological process is an expensive measure, and 

improving individual stages provides real 

opportunities to increase the level of competitiveness 

of the enterprise. In any case, updating the technology 

is almost always associated with additional costs. 

V. J. Stevenson suggests forming the 

competitive advantages of an enterprise through price, 

quality, specific features of goods or services 

(production or service orientation), mobility 

(flexibility) of production, time or timing of processes 

(timing of certain operations). Of these factors, the 

internal ones should include price, quality, production 

flexibility, time and timing of the manufacturing 

processes of finished products. The quality of 

products, the flexibility of production and the duration 

of processes are mainly determined by the technical 

and organizational level of the enterprise. At the same 

time, there is a clear influence of flexibility on the 

price of products and the duration of its production 

cycle. Indeed, flexibility provides a quick adjustment 

to the production of a new range of products, which 

leads to a reduction in the duration and costs of its 

production. R.A. Fatkhutdinov suggests taking into 

account structural, resource, technical, managerial and 

market factors as internal factors.Structural factors 

formed during the design of the organization include: 

 production and organizational structures of the 

enterprise; 

 the mission of the organization; 

specialization specialization and concentration 

of production; 

accounting accounting and regulation of 

production processes; 

information information and regulatory and 

methodological base of management, etc. 

Resource internal factors for achieving a 

competitive advantage of an organization are related 

to the specifics of relationships with suppliers, taking 

into account and analyzing all types of resources, with 

functional and cost analysis of products, optimization 

of resource efficiency, etc. 

The technical factors of the competitive 

advantages of the organization are realized through 

technical innovations, including: the possession of 

patent novelty or know-how of products and 

technologies, an increase in the proportion of 

advanced technological equipment and a decrease in 

its average age, etc. 

Managerial internal factors of an organization's 

competitive advantage: these are the managers 

themselves, their level of qualification, as well as the 

functioning of management systems, information 

support for decision-making, quality management in 

the organization, etc. 

The increasingly fierce competition in the 

international consumer goods market poses new 

challenges to the shoe industry. This is the problem of 

the criticality of the time required to create a product 

and organize its sale, and improving the quality of 

http://s-o-i.org/1.1/TAS-03-107-12
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design and production processes, and problems 

associated with competition in the maintenance 

market, and problems associated with direct cost 

reduction (direct capital; wages in production, etc.). 

The results of a study on the state of shoe 

enterprises in Russia and the Southern Federal 

District, in particular, showed their inability to cope 

with the increasing difficulties from the external and 

internal environment. Having embarked on the path of 

transition to market relations, shoe companies faced a 

crisis of their economic systems. 

The old trends in the management of a shoe 

factory that are born in the internal environment 

(organization of production, cost reduction, efficiency 

of use of all resources, labor productivity growth, etc.) 

do not give a way out of the current situation. It is 

necessary to develop and use new approaches in the 

field of economic management of the enterprise, 

including marketing and development of the 

competitive status of the enterprise, facilitating 

adaptation to the external environment. 

Thus, the success of a shoe company depends on 

how quickly the threat to its existence is determined. 

This once again confirms the main conclusion based 

on the results of the study of the state of shoe 

enterprises that their adaptation to the external 

environment, with the absolute importance of the 

internal environment, should become paramount and 

manifest itself in strategic forecasting and flexible 

development of the enterprise. 

It is important for shoe companies to be able to 

orient themselves in using the achievements of 

scientific and technological progress in order to 

identify new trends in time, work out the concept of 

developing these achievements for specific 

production conditions, prepare for their 

implementation and ensure implementation. 

The flexibility of an enterprise is the ability of an 

enterprise to obtain the necessary result, allowing it to 

master a natural (necessary) number of new shoe 

models in a certain period of time, without a radical 

change in fixed production assets, which can be 

demanded by the market and, in turn, allow it to obtain 

the necessary result in the future period, ensuring the 

survival and development of the enterprise. 

The structure of shoe production is quite 

complex and is distinguished by a variety of 

assortment of raw materials and finished products. A 

feature of the shoe industry is the frequent change of 

production facilities (assortment). The design of new 

shoe samples involves the development of 

technological processes for their manufacture. This 

work should be carried out in a short time and with 

minimal costs, and the optimal production option is 

chosen, because at the design stage of the 

technological process, the intensity of the functioning 

of the enterprise is set in advance, i.e. the possible 

level of technical and economic indicators of its work. 

At the design stage, the foundations of product quality 

are laid, because its properties largely depend not only 

on appearance, functional purpose, fashion 

compliance, etc., but also on the manufacturing 

process. 

In this regard, it would be more correct to talk 

about the need to create a structural model of shoe 

production that would ensure the functioning of a 

flexible technological process with the mandatory 

implementation of the main requirement - to ensure 

the manufacture of shoes in an assortment that meets 

the needs of the market and implements the 

requirements of competitiveness. A generalized block 

diagram of the flexible development of a shoe 

company is shown in Figure 1. 

The structural model of shoe production will also 

be effective if the behavior of the proposed range of 

shoes in its "life" is taken into account, i.e. all stages 

of the product life cycle (LC) will be implemented 

 marketing marketing and market research; 

designing design and development of technical 

requirements for the products being created; 

financially material and technical supply; 

preparation preparation and development of 

technological processes; 

 production; 

control control, testing and surveys; 

 packaging and storage; 

 sales or distribution of products; 

 installation, operation; 

 technical assistance in maintenance (repair, 

etc.); 

 disposal after the end of use of products. 
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Figure 1. Generalized block diagram of the flexible development of a shoe company: 

D is a mathematical dependence that provides a scheme for the development of a flexible 

technological process for manufacturing a range of shoes; 

Uob - resistance (result) to renewal in various cycles of development of this production; 

Sob – the ability to update in various cycles of development of this production 

 

A distinctive feature of light industry industries 

is the short life cycle of products, since the clearly 

defined desire of people for individuality in clothing, 

shoes, accessories makes it necessary to produce a 

wide range of products. This leads to frequent changes 

in product models, a reduction in the size of 

manufactured batches and an increase in the frequency 

of their launch. 

The organization of a multi-assortment 

production of shoes with the maximum use of the 

capabilities of the equipment used, labor resources 

and production areas and the possibility of periodic 

change and updating of shoes with minimal time and 

money spent on organizing its production are the main 

requirements for modern shoe production. 

In general, the average manufacturing time of a 

TEP unit is determined by the average time of 

operations T, the average amount of preparation for 

the launch of the corresponding batch of TK, the 

average production preparation time for this CCI 

model, the average number of batches of 

manufactured products over the life cycle B, the 

average value of batch A. The expression for 

determining TEP has the following form: 

ТЕП =Т+ ТЗ/А + ТПП/ АВ.  (1) 

The preparation time for the launch of a batch of 

TK includes labor costs for the selection of materials, 

equipment adjustment, production planning of a batch 

of products, etc. and is calculated at a time for each 

batch. The production preparation time of the CCI 

includes: model selection, design, technological 

preparation, cost calculation, pricing, production 

planning, which are calculated at the same time, but 

for the entire production program of this model. 

In the shoe industry, there is a concept of a basic 

model, for which the main design and technological 

developments are carried out, specified for working 

models, the so-called model features. In this regard, 

the concept of the conditional life cycle of the basic 

model overlaps the life cycles of working models 

(Figure 2). 
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Figure 2 - Relationship of the life cycle of the basic model with the life cycle of working models 

 

 

It is obvious that the total volume of production 

of products based on the basic model V b is 

determined: 


=

=
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where Vi is the production volume of the i-th working 

model; 

m is the number of working models released 

based on the basic one. 

In turn, you can write: 
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where tb is the conditional life cycle of the base 

model; 

ti – life cycle of the i-th model; 

ti is the time of combining the life cycles of 

working models. 

When launching n models per year based on k, 

the basic total labor costs for production will be: 
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j
ТППб  – where is the pre-production time of the 

j-th base model; 

х
TППр – changing the pre-production time of 

the x-th working model based on the j-th base; 

l is the number of working models released based 

on the j-th base. 

The influence of the components of TK and CCI 

on the total labor costs is determined by the level of 

seriality. With a small serial production, the value of 

total labor costs is significantly influenced by the 

second and third components of the formula (4) for 

determining the average production time of a unit of 

heat production. They become comparable in size to 

the first component, since they are one-time and are 

distributed to a small number of batches and products 

in each batch. 

In this regard, the change in the average time of 

the main work operations performed cannot 

significantly affect the total labor costs. Hence it 

becomes obvious that with a low serial number, the 

level of automation and specialization of equipment 

cannot significantly change labor costs. This 

corresponds to the internal structure of a small 

enterprise. 

In mass and large-scale production, the change 

of models during the year is relatively small, i.e. 

products are produced in large batches and for a long 

time. Enterprises of this type mainly produce 

specialized shoes that have practically no product 

variability (for military personnel, etc.). In this case, 

the second and third components do not significantly 

affect the total time of launch preparation and the 

production preparation time is distributed over a large 

number of products. The determining influence on the 

total labor costs is exerted by the average time of 

operations. Based on this, the selection of equipment 

Vб

V1 V2 V3 V4

t1

t2

ti

Δti
tm

tб



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  206 

 

 

and the qualification of personnel should be carried 

out. 

The implementation of the concept of flexibility 

becomes possible with the rapid execution of various 

volumes of orders from small-scale, almost single, to 

orders with significant seriality, for example, with the 

level of medium-scale production. This entails the 

need not so much to reduce labor costs for the 

preparation of production and the preparation of the 

launch of batches, as to reduce the time of these 

preparatory works. Therefore, the technological 

process of manufacturing products should be easily 

reconfigurable. This implies the unconditional use of 

quickly established and sufficiently specialized and 

automated equipment. The qualifications of operators 

and maintenance personnel should be relatively high 

in order to ensure high productivity of everyone at 

various workplaces. The flexibility of restructuring 

not only the technological process, but also the entire 

staff should be ensured. In this case, all three 

components of the average production time of a unit 

of production become significant and manageable. 

The characteristics of the requirements for 

increasing the flexibility of shoe production in 

conditions of frequent assortment changes are shown 

in Figure 3. 

Due to the large volumes of products and the 

small number of models produced, the principles of 

flexibility in application to mass and large-scale 

production are not significant. As for small-scale and 

single production, it is already flexible in its internal 

organization. Consequently, the concept of flexibility 

is significant for medium-scale production, in which 

models of a wide range are manufactured with 

sufficiently large volumes. 

For the successful operation of enterprises, a 

high level of updating of the range of shoes is 

necessary. The main objects of renewal are the means 

of labor (equipment, tools, labor items, basic and 

auxiliary materials, components), production 

technology, organization of production and labor, and, 

finally, the shoes themselves. The renewal of the first 

three objects is directly reflected in the renewal of the 

shoe assortment. Socio-economic factors also play a 

significant role in updating the range of shoes: the 

level of income of the population, the degree of 

saturation of the market with shoes, consumer demand 

and fashion. Under the influence of fashion, not only 

the shape of shoes, the number of parts and their 

location changes, but also the nature and methods of 

processing parts and their connections, finishing, 

materials used, etc. Factors determining the renewal 

of shoes are shown in Figure 3. 

The directions of updating the assortment of 

shoes are determined by various combinations of 

factors. Thus, under the influence of scientific and 

technical factors, the release of new shoes is possible 

using new technology on existing equipment using 

previously used or new materials, using existing 

technology on existing equipment using new 

materials, using new technology on new equipment, 

etc. 

The renewal of production is of a chain nature. 

Thus, a change in technology is usually accompanied 

by a complete or partial change in the design of shoes; 

the introduction of new equipment requires 

technology improvement, and the latter is related to 

the design of the product. 

The large variability of socio-economic factors 

of product renewal, as well as the influence of socio-

economic factors, make it possible to distinguish three 

types of product range renewal that are characteristic 

of shoe companies. 

The first type of updating of the shoe assortment 

is characterized by the introduction of fundamentally 

new products in terms of design and technology, 

which were not previously produced at any enterprise 

and are the result of research and design work. These 

products are distinguished by new consumer 

properties and technical and economic indicators, 

because they are manufactured using new technology 

with the use of new materials based on 

nanotechnology and on new equipment with the use 

of innovative technologies. 

The second type of product range renewal is 

characterized by the fact that the company creates 

modifications of previously manufactured products to 

extend the maturity phase of their life cycles. 

The third type of renewal of the product range is 

characterized by the development of the production of 

fashionable novelties and high-quality products, 

fashionable elements of shoe tops, fashionable styles 

of pads, new types of materials, the production of 

particularly elegant shoes in small batches. Seasonal 

change of the product range also belongs to this type 

of renewal. The third type of renewal of the shoe 

assortment is most closely related to the change in 

fashion, it contributes to the growth of the 

competitiveness of the enterprise and the formation of 

a positive innovative image. 
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Figure 3. Factors determining the feasibility of updating shoes 

 

Each of these types of updating the assortment of 

shoes is characterized by its own set of works, 

organizational features, duration of development, etc. 

Each type of update is also characterized by its own 

time intervals, within which the chosen direction of 

updating is relevant. After a certain time, new, more 

advanced technological, technical and constructive 

solutions appear, therefore, the production of products 

based on previous solutions will lead to a decrease in 

the technical and aesthetic level and deterioration of 

economic characteristics; such products of the 

enterprise will not be in demand among consumers. 

In order to solve the problems of domestic shoe 

enterprises related to the renewal and expansion of the 

product range, the organization of the production of 

products that meet the requirements of consumers, 

research is needed in the field of managing the process 

of developing and launching a new product range. 

Shoe assortment management is the impact on 

the development processes, the formation of the 

composition and structure of the manufacture and sale 

of products in order to maximize consumer demand 

with high technical and economic indicators of 

production. 

The development and implementation of control 

actions aimed at satisfying consumer demand for 

shoes must be carried out within the framework of the 

shoe assortment management system. 

If we take into account that the control actions 

are carried out through various kinds of measures, 

then the subsystem for managing the assortment of 

shoes can be understood as a set of interrelated 

organizational, technical and social measures for the 

Scientific and technical 

factors 

Socio-economic factors 

Fashion Level 

income 

of the 

population 

Consumer 

demand 

Saturation of the 

market with 

shoes 

Means of labor Labor items Technology 

Equipment Snap-in Material Component 

materials 

Methods 

of processing 

parts 

Methods 

of connecting 

parts 

Molding 

methods 

Ways 

to decorate 

details 

New products 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  208 

 

 

development, formation of composition and structure, 

manufacture and sale of products in order to maximize 

consumer demand. 

Among the main functions of the shoe 

assortment management system are the following: 

 formation of the composition and structure of 

products; 

organization and operational regulation of 

production with the aim of the fastest possible 

transition to new models and the development of the 

necessary production volumes; 

organization of product sales. 

In addition, the system performs the functions of 

collecting, processing and preparing information 

necessary for the implementation of the main 

functions. These include: 

analysis of manufactured products; 

analysis of the assortment policy of the main 

competitors; 

making proposals on the feasibility of producing 

a new type of product and decommissioning non-

demand types of products; 

analysis of the attitude of consumers to new 

types of products. 

An important criterion for the competitiveness of 

shoes in the market is its cost with the corresponding 

quality, as well as the purchasing power of the 

population. 

The instability and dynamism of the external 

environment force enterprises to abandon the method 

of long-term planning based on extrapolation of 

existing conditions, and switch to management 

methods based on anticipating changes, setting goals 

for the development of the enterprise. 

Despite the individual nature of market research 

conducted by a particular shoe company, in the 

process of comprehensive market research, it is 

necessary to perform the following independent, but 

interrelated and complementary studies 

 filling with goods; 

 market and its segmentation; 

 customer behavior and consumer demand; 

 analysis of competition conditions; 

 forms of marketing activities and measures to 

generate demand and stimulate sales. 

Market research is conducted using a rich arsenal 

of various analytical methods, including 

questionnaires, various surveys, methods of patent 

information analysis, methods of system dynamics, 

correlation and regression analysis, etc. 

The main task of developing a marketing 

(market) strategy is to ensure the sustainable 

commercial success of the enterprise, the 

effectiveness of product sales over a long period of 

time. 

The market strategy is determined by the factors 

of demand, the level of competition and the general 

market situation and should provide an opportunity to 

realize the existing and potential advantages of a shoe 

company. 

The availability of high-quality, competitive 

goods is a necessary prerequisite for the highly 

efficient functioning of the enterprise. From this point 

of view, marketing can be considered as a system of 

measures for the mutual adaptation of goods and the 

market in order for an enterprise to achieve 

sustainable commercial success. 

In marketing theory, a product is a means by 

which you can satisfy a certain need, i.e. a set of useful 

properties of a thing. So, F. Kotler, a well-known 

specialist in the field of marketing, identifies the 

following components of the product, grouping them 

into three levels. 

The first level is the fundamental characteristic 

of the product – its functional purpose, i.e. the idea or 

intent of the product. The product in real execution has 

a number of characteristics that form the second level 

of product characteristics. These are characteristics 

such as the quality level, specific design, brand name, 

packaging. And finally, the third level is a set of 

additional services offered together with the product: 

after-sales service, warranty system, terms of delivery 

and payment for the product, accompanying 

documentation and the so-called "image" of the 

product, i.e. the image of the product and the image of 

the manufacturer of this product from the consumer of 

the product. 

Solving problems related to the development of 

new products causes, first of all, the need to clarify 

and clarify the economic meaning of the concept of 

"new products". 

The art of planning an assortment of shoes 

consists in the ability to embody existing and potential 

technical and material capabilities in products that 

bring profit to the manufacturer, have consumer value 

that satisfies the buyer. 

Assortment planning begins either from the 

moment the needs are identified, or from the moment 

when, as a result of market research or on the basis of 

other information, the basic idea of the product has 

been formed. Regardless of the source of the origin of 

the idea of a new product, it is necessary to conduct 

market research sooner or later to find out whether the 

conceived product meets a conscious or still 

unconscious need. 

When forming the assortment policy of shoe 

production, it is necessary to take into account intra-

production capabilities that allow you to diversify the 

assortment, satisfy the consumer and take into account 

the risk of non-demand for goods. 

Network schedules of assortment planning, 

which can be developed at enterprises, allow you to 

determine the time from the moment of the 

appearance of the product concept to the beginning of 

its implementation in the region, with wide 

observance of the sequence of stages included in 

assortment planning. The duration of the entire cycle 
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can be shortened, but subject to the involvement of 

additional resources and the application of additional 

efforts at critical stages. 

Highlighting the main characteristics of the 

product is of fundamental importance, because they 

determine the direction of creating a new one. To 

make a new product, sometimes it is enough to change 

at least one characteristic. Here it is important to 

consider those characteristics of goods, the difference 

in which leads to differences in the marketing 

activities of enterprises. 

The formation of assortment policy based on 

product assortment planning is a continuous process 

that continues throughout the entire product life cycle, 

starting from the moment of conception of its creation 

and ending with withdrawal from the product 

program. 

Creating a new product is a complex 

constructive task associated not only with achieving 

the required technical level of the product, but also 

with giving its design such properties that ensure the 

maximum possible reduction in labor costs of 

materials and other means for its manufacture, but at 

the same time meet the requirements of buyers. 

At the same time, it should be borne in mind that 

all production sites are included in the work in a 

certain technological sequence, which depends on the 

technological complexity of the new product and the 

duration of certain operations, as a result of which a 

new order of operations is created. Due to the lack of 

production skills among workers when performing 

new operations, there is a decrease in labor 

productivity and the quality of work performed in the 

first days of production of new products, i.e. during 

their development. 

Designing a product of the proper level involves 

the need for criteria to evaluate its results. As such, 

indicators of the manufacturability of the design can 

act. 

The development of principles and methods of 

design work, including creative ones, related to the 

analysis of analog models, the initial conditions for the 

formation of product requirements, the preparation of 

technical proposals and the selection of the best, the 

evaluation of the quality of the product, is essential for 

increasing the productivity of designers, reducing the 

number of similar models and low-quality products in 

the shoe industry. 

Modern requirements for the organization of the 

process of developing new shoe models clearly show 

the shortcomings of the methods of analysis, analysis 

and justification of decisions, inflexible and 

insufficiently coordinated with each other, based on 

the experience and intuition of the designer. 

Designing shoes for various purposes is a 

traditional field of engineering work, in which 

considerable development experience has been 

accumulated. Therefore, shoe design involves the use 

of previous experience, which is concentrated in 

recommendations for the selection of basic design 

solutions, descriptions of previously designed models, 

standard design techniques. When analyzing analog 

models, it is necessary: 

to study fashion trends in the development of 

shoes; 

to carry out a qualitative assessment of analog 

models - compliance with the specific purpose of the 

designed model, ergonomic compliance, perfection of 

the composite solution. 

Obtaining high-quality shoe model designs 

largely depends on the quality of the analysis of 

possible solutions to the design problem, establishing 

the feasibility of designing a new model. 

Many firms seek to improve the efficiency of the 

mechanism for developing new products, realizing 

that there is a complete relationship between the 

success of new products and the financial well-being 

of the enterprise. 

The creation and introduction of new products to 

the market contains significant elements of risk. 

Research data show that out of 58 serious ideas of new 

products, only four are fully developed, two are 

introduced to the market, and only one succeeds. 

In addition, many new products fail already on 

the market: 40% - for consumer goods; 20% - for 

industrial goods; 18% - for various services, i.e. there 

is a high degree of market uncertainty. 

The search for ideas about new products should 

be carried out systematically, and not on a case-by-

case basis. The main sources of ideas for creating new 

products are: 

1. Fundamental research (aimed at obtaining 

new knowledge and indirectly leading to the 

emergence of ideas for new products) and applied 

(purposefully using scientific methods to develop 

ideas about new products). 

2. Observations of related goods at exhibitions 

and fairs. 

3. Reports and offers of sales agents, sellers, 

dealers. 

4. Trends in the development of new products by 

competing firms. 

5. Supplier information. 

6. Expert opinions. 

7. Information in patents, catalogs, advertising 

messages, etc. 

Identifying the shortcomings of the products also 

allows you to form new ideas for its improvement. 

Upon completion of the development of a new 

product and the creation of prototypes, preparations 

begin for the final stage - production and marketing. 

The most effective method by which to assess the 

chances of success of a particular product is a trial 

(experimental) sale of small batches of the product on 

a controlled market in real competitive conditions. 

Trial sales are designed to test in practice the demand 

for a new product for the market and to work out the 
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technique of its sale. This makes it possible to reduce 

the risk when organizing commercial production. 

The positive results of testing new products on 

the market are the basis for starting the final stage of 

the process of implementing an idea into a specific 

new product - the stage of its production development. 

A detailed plan for the production of a new product is 

being developed: sources of supply of materials, 

components, equipment are being investigated, 

working drawings are being prepared, products are 

being put into production. 

All stages of creating a new product should be 

carried out in a short time. Shortening the 

development time increases competitiveness, because 

the cost of a new product must pay off before it 

becomes obsolete and loses demand due to the 

appearance of new competing products on the market. 

Any product, regardless of its degree of novelty 

and quality, goes through a certain life cycle. 

Knowledge of the product life cycle features is a 

necessary condition when working with the 

assortment. 

 

The main part 

The concept of the product life cycle can be 

summarized as follows: any product lives (i.e. stays 

on the market) for a limited time - maybe for many 

years, or maybe for several months or weeks. The 

volume of its sales and the amount of profit generated 

during the life cycle change, and the nature of the 

change is similar for different products. Over time, 

these values first slowly increase, then grow rapidly, 

then growth slows down, their value is delayed at a 

certain level and begins to fall, first slowly, then 

rapidly. 

The period from the appearance of a product on 

the market to the cessation of demand for it is called 

the life cycle of the product. There are several stages 

in it: 

1 - introduction of the product to the market; 

2 - growth of sales volume and profit; 

3 - maturity of the product; 

4 - decline in sales and profits. 

The life cycle of the product ends with its 

withdrawal from production due to lack of demand for 

it. The division of the life cycle curve into parts and 

the allocation of stages is conditional, therefore, in the 

special literature on marketing there are descriptions 

of different options, but most often these four are 

distinguished. 

It is quite common in the domestic and foreign 

methodological literature to consider the classical 

curve of the product life cycle (LCT). The stages of 

the LCT are analyzed in detail and a forecast of the 

stages is proposed based on experimental data of 

similar products and their extrapolation over a short 

period of time. The classical LCT curve is the 

relationship between the volume of sales of goods and 

the corresponding time periods, reflected in the 

classical two–dimensional coordinate system along 

the "x" axis, in which the current time is positively 

postponed, and on the "y" axis - sales volumes. In the 

standard adopted in the domestic and foreign 

literature, the product life cycle curve is divided into a 

number of intervals characterizing the product 

(usually 5 of them), which are assigned the 

appropriate names. In most cases, they are called 

"product origin", "introduction to the market", 

"market development", "market saturation" and "sales 

decline". 

The average life cycle of consumer goods is 

represented by the graph in Figure 4 and in Table 1. 
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Figure 4 - The average life cycle of the manufactured range of shoes 
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Table 1. The average life cycle of the manufactured range of shoes 

 

Phase Description of the phase from the point of view of flexible development 

1. Implementation From the start of production to the break-even limit 

2. Growth From the break-even point to the middle of the life cycle 

3. Maturity From the middle of the life cycle to the beginning of the development of a new 

range of shoes 

4. The Fall From the beginning of the production of a new range of shoes to the end of the 

production of this manufactured range of shoes 

The life cycle of a product in a real situation may 

not be expressed on the graph of the traditional 

classical curve, in which the periods of the 

publication's introduction to the market, growth, 

maturity, saturation and decline are clearly defined. 

Depending on the specifics of individual goods and 

the characteristics of demand for them, there are 

various types of LCT, differing both in duration and 

in the form of manifestation of individual phases. 
In addition to the classical form of the product 

life cycle (Figure 5), the practice of various enterprises 

provides examples of its specific modifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 - Product life cycle stages 

 

Effective marketing activity makes it possible to 

achieve high sales and profit growth even at the first 

stage, and in the following – to maintain a significant 

volume of sales (the curve called "boom"). The 

"boom" curve (Figure 6) describes a very popular 

product with stable sales for a long time. In the case 

of such a product life cycle curve, the company 

produces goods and makes a profit for a long time. 

The life cycle of a publication can be expressed 

as a "hobby" curve, when sales of the publication 

increase sharply, and then fall sharply. 

The passion curve (Figure 7) describes a product 

with a rapid rise and fall in sales. Often such a curve 

has a fashionable, popular product. 

"Long-term passion" implies a rapid increase in 

sales of products, then a rapid decline, but with a 

residual average level of sales. The long-term hobby 

curve (Figure 8) also describes a popular product, but 

this product is still preferred by some consumers. 

The fashion curve, or seasonal curve, refers to 

the life cycle of publications experiencing periodic, 

time-varying repeated ups and downs in demand, etc. 

The curve of such a product that sells well for certain 

periods of time is shown in Figure 9. 

The curve of a new start or nostalgia (Figure 19). 

The demand for this product is falling, but after a 

while it resumes. An example would be a return to 

women's platform shoes, which were popular in the 

70s. 

The failure curve (Figure 11). Characterizes a 

product that almost immediately ceases to be in 

demand among buyers. 

The curve of new rises (Figure 12). Such a curve 

is provided by goods whose sales stop growing, but 

after a small improvement and the appearance of 

additional useful properties, the company manages to 

increase sales again. 
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The curve of unsuccessful withdrawal (Figure 

13). This curve is the case for products whose market 

launch was unsuccessfully planned and carried out, 

but they were a great success when they were re-

launched. 

In the theory of flexible enterprise development, 

the interest in the concept of the product life cycle lies 

in the field of replacing goods that are at the stage of 

decline with new ones. 

 

 
 

Figure 6 - Boom curve 

 
 

Figure 7 - Hobby curve 

 
 

Figure 8 - The curve of prolonged infatuation 

 
 

Figure 9 - Seasonality curve 

 
 

Figure 10- The curve of a new start 

or nostalgia 

 
 

Figure 11 - Failure curve 

 
 

Figure 12 - The curve of new rises 

 
 

Figure 13 - The curve of unsuccessful 

withdrawal 
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All other things being equal, a change in the 

production period (the duration of the product life 

cycle) will affect the value of the optimal number of 

shoe models under development. At the same time, the 

longer the life cycle, the fewer products the company 

needs to develop and, conversely, the shorter the life 

cycle, the more such products. 
The assessment of the phases of the life cycle 

allows you to plan the cyclicity of their changeability, 

the timeliness of product replacement and the 

development of analogues, thereby reducing the 

degree of risk and, ultimately, allows for flexibility in 

the development of the enterprise. 

The experience of leading foreign firms shows 

that the economic efficiency of their activities is 

largely determined by innovation activity, i.e. the 

creation and introduction of new products that provide 

an average profit of 28% higher than traditional. 

According to the definition given by F. Kotler, new 

products include products that have undergone any 

changes in shape, content or packaging that may be 

important to the consumer and serve as the basis for 

forming his preferred attitude to the products of this 

company. When introducing new products, firms try 

to find the optimal solution that meets both the 

requirements of the market and the available 

capabilities of equipment and technology. 

Thus, the study and consideration of the stages 

of the product life cycle allows you to optimize the 

structure of the product range accordingly. 

A necessary condition 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 a shoe 

company should be based on representative 

information about the prevailing requirements, their 

possible dynamics and customer preferences. 

Marketing research is used to improve the 

efficiency of the existing management system at 

enterprises, to adjust production and sales programs 

that allow responding to changes occurring in the 

market. 

Marketing research is the main regulator of the 

company's product policy when choosing 

development directions. Marketing research should be 

understood as the systematic determination 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 marketing research 

method. 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 relatively low 

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

survey of a large number of respondents. 

One of the most important stages of planning a 

mass survey is the formation of a sample. 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 an important feature. 

The main idea of sampling is to judge the general 

by part, so the sample size should be such that its 

representativeness is ensured. The questionnaire is a 

kind of survey method. The study involved one 

hundred randomly selected men aged 18 to 55 years, 

the survey was conducted in shoe stores in Shakhty 

and Rostov-on-Don. 

The purpose of the survey is to identify 

preferences in men's shoes for further research of 

technological processes of its production for the 

population of the Southern Federal District and, in 

particular, the Rostov region. Shoes should be in real 

demand, and their design and aesthetic characteristics 

should most fully correspond to the consumer 

preferences of this population group. 

The results of data processing are presented in 

Figures 14-21. 

Seasonal preferences by type of shoes are as 

follows: shoes (half-boots) occupy a significant place 

in the wardrobe of a modern man, regardless of the 

time of year, sports shoes are also a necessary element, 

especially for respondents of the first age category 

(18-24 years). Considerable preference was given to 

strappy sandals and boots in the respective seasons of 

operation (Figure 14). 
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Figure 14 - Diagrams of consumer preferences of various types of shoes by season: 

a) summer socks; b) autumn-spring socks; c) winter socks 
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The vast majority of respondents prefer to buy 

shoes with uppers made of natural materials, which, in 

their opinion, is more comfortable and prestigious. If 

natural materials were almost unanimously chosen for 

the top of the shoes, then in the materials of the bottom 

of the shoes attention was paid to the seasonality of 

operation, which was expressed in approximately 

equal parts of the diagram presented. Most of the 

respondents showed significant awareness of the 

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

about a tenth found it difficult to answer the question 

(Figure 16). 

 

 
Figure 16- Characteristics of shoes based on upper materials 

 

More than half of respondents prefer shoelaces 

as a way of fixing shoes on the foot, elastic bands and 

velcro tape are in second and third places by a 

significant margin (Figure 17). 

 

 

 

 
Figure 17 - Characteristics of shoes based on the materials of the bottom 

 

According to the results of the survey, the 

optimal number of external parts in the shoe top 

preparation turned out to be the smallest and average, 

which is probably explained by the respondents' 

attraction to the classical trends of shoe fashion 

(Figure 18). 
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Figure 18 - Characteristics of the preferences of ways to fix shoes on the foot 

 

 
Figure 19 - The number of external parts in the shoe top blank 

 

The distribution of preferences by type of 

finishing of the outer parts of the shoe top blank is 

shown in Figure 20. 

 
Figure 20 - Types of finishing of the outer parts of the shoe top blank 

 

The diagram of the respondents' age categories 

is shown in Figure 21. 
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Figure 21- Distribution of respondents by age categories 

 

Based on the results of the study of consumer 

preferences, an assortment of shoe models meeting the 

requirements of consumers is proposed. 

Models on a single basic basis differ in the 

materials used for the top and bottom of shoes and the 

degree of processing of parts and assemblies. In 

addition, changing the color scheme of each of the 

presented models will allow you to transform the 

presented assortment to infinity, instantly responding 

to market requirements, and match the fashion trend. 

Thus, externally similar models are 

manufactured according to 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 react 

faster to fluctuations in demand and increase its 

market share, and, consequently, improve its 

economic performance. 

When developing an assortment of children's 

shoes, it is necessary to take into account the factors 

that form consumer demand: compliance with the 

main fashion trends, economic, social and climatic 

specifics of the Southern Federal District. 

According to its natural and climatic conditions, 

the Southern Federal District occupies a unique 

position in the Russian Federation. The geographical 

location, proximity to the three seas and the diverse 

relief with the presence of highlands predetermine a 

significant diversity of climate. In the eastern part, the 

continentality of the temperate climate is clearly 

manifested: winter is cooler here, summer is hotter 

(the average temperature in July ranges from +25 to 

+28 0C, January - 4-8 0C), the amount of precipitation 

is not great; The climate of humid subtropics with a 

lot of precipitation prevails on the Black Sea coast, the 

average temperature in January is +2-5 0C. 

Such mild natural and climatic conditions of our 

region suggest a great demand for shoes of the spring-

autumn and summer period of socks (sandals, shoes, 

half-boots, autumn half-boots and boots). Winter 

shoes are less in demand. In accordance with MGOST 

26165-84 "Children's shoes. Technical conditions", 

the use of textile and artificial materials along with 

natural and in combination with them is the most 

relevant for such shoes, allows the most complete 

satisfaction of consumer demand for families with 

different income levels. 

Thus, shoe companies, when developing 

assortment policy, should focus on both external 

(price and consumer niche, competing enterprises, 

market conditions, etc.) and internal factors, such as 

sales volume, profitability, coverage of basic costs, 

etc. However, it is impossible to take into account and 

foresee all the situations that may arise when selling 

shoes, i.e. some shoe models are not in demand at a 

certain stage. In this case, another side of marketing, 

usually not advertised, should manifest itself: if the 

shoes, even without taking into account the 

requirements of the market, have already been 

produced, then it must be implemented. For this 

purpose, in order to respond to the lower prices of 

competitors, it is necessary to reduce too large stocks, 

get rid of damaged, defective shoes, eliminate the 

remnants, attract a large number of consumers, 

stimulate the consumption of shoes, using discounts 

for this. There are about twenty types of discounts, but 

for shoes the most common are the types of discounts 

that are used at various levels of the enterprise, sales 

organizations, trade. In addition to using discounts, an 

enterprise can take the initiative to reduce prices when 

production capacity is underutilized, market share is 

reduced under the onslaught of competition from 

competing enterprises, etc. In this case, the company 

takes care of its costs, developing measures to reduce 

them by improving equipment and technology, 

introducing new types of materials into production, 

constantly improving the quality of products. And all 

this requires large financial costs from enterprises, 

but, nevertheless, contributes to increasing the 

competitiveness of certain types of leather products 

and the enterprise as a whole. In addition, the larger 

the number of shoe products produced, the more 

production costs are reduced, which leads to lower 

prices, and most importantly, creates such conditions 

for the functioning of the market that would not allow 
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other competing enterprises to enter it and would 

cause a positive reaction from consumers. 

Currently, for the production of competitive 

high-quality shoes that are in demand on the market, a 

frequent change of assortment is necessary. The flow-

conveyor form of the organization of shoe production 

is justified in the production of shoes of the same type 

for a long time. When organizing production 

according to the principles of conveyor flow, various 

types of conveyors are used as a means for automatic 

transportation of labor items from operation to 

operation (from the launch point to the release of the 

finished product) and as a means of organizing the 

work of a team of workers. 

The layout of the enterprise is understood as a 

symbol on the scale of the relative location on the 

enterprise plan of production, administrative, 

auxiliary and utility rooms. When planning 

workshops, the following requirements are provided 

for: 

- economical use of space; 

- minimization of the length of cargo flows and 

transitions of workers; 

- ensuring the safety of workers, as well as the 

isolation of workplaces with harmful working 

conditions from other workplaces; 

- compliance with the norms of the area per 

workplace; 

- ensuring effective maintenance of workplaces, 

their availability, creating conditions for equipment 

repair. 

When planning an enterprise on a scale of 1:100, 

a grid of columns is applied to the enterprise plan and 

the dimensions of the entire enterprise, workshops and 

those premises that are available in it are indicated. 

The grid of columns is uniform for the entire 

production building. 

When assembling equipment in the workshop, 

the minimum permissible distances should be 

observed. The work on specifying the dimensions of 

the designed workshop begins with specifying their 

length. To do this, millimeter paper is applied in a 

technological sequence to workplaces separately for 

assembly and procurement sites, taking into account 

the rational organization of workplaces, the 

installation dimensions of equipment and the 

distances between workplaces allowed by safety 

regulations. 

One of the most important issues that is solved 

during the layout of the equipment of the production 

shop is the layout of the workplace in accordance with 

the requirements of the labor organization. At the 

same time, they determine rational methods and 

methods of work, the posture of workers, provide for 

equipping workplaces with auxiliary equipment, 

technological and organizational equipment. The 

layout of the enterprise includes the availability of 

new equipment, at the shoe assembly site, a new 

division of assemblers into workers performing 

operations preceding molding, molding operations, 

operations for attaching the workpiece top to the 

bottom of shoes, operations for finishing and packing 

shoes has been carried out. This division ensures high-

quality shoe assembly. 

To implement this project of developing a 

strategy for the production of competitive leather 

products, it is advisable to develop a layout of 

technological equipment on the basis of which it is 

possible to form a technological process for both the 

production of men's and children's shoes with an 

optimal capacity of 500, 600 and 700 pairs per shift, 

regardless of the production area and the form of 

production organization. It should also be noted that 

the developed technological chains can only be used 

for the production of shoes by the adhesive method of 

fastening. 

The assortment of children's shoes should focus 

on buyers with different income levels, for this 

purpose, in the production of shoes, you can use 

leather of different quality: expensive, such as 

chevrolet or cheaper - pigskin, shoes from which you 

can wear to the "exit", and, when you come home, take 

them off so that the child's legs rest. 

Also, when developing the assortment, it should 

be taken into account that more girls are born in the 

Southern Federal District than boys, so that shoes for 

girls should be produced in a larger volume than shoes 

for boys. 

If manufacturers of shoes for children will be 

guided by all of the above, then buyers will have the 

opportunity, depending on their financial situation, to 

give preference to products of a particular price 

category, made taking into account the climatic 

characteristics of the Southern Federal District and the 

generic characteristics of its population. 

One of the most important requirements of 

Russians to buy shoes in general and children's shoes 

in particular is their compliance with the latest fashion 

trends. Moreover, recently it has begun to spread not 

only to models for schoolchildren, but also for school 

and toddlers. And this applies both to the products of 

famous foreign brands and domestic manufacturers. 

Of course, there are different price niches in all shoe 

markets of the world, but also the peculiarity of our 

Russian: a huge sector of cheap shoes, relatively small 

– of average cost and very small – expensive. The 

second, no less important feature: a large fork between 

cheap shoes (up to 9 euros per pair) and expensive 

(from 200 euros per pair). 

The first sector employs not only firms from 

Southeast Asia, but also Russian wholesalers placing 

their orders in China. In the second, middle, there are 

Russian factories, as well as enterprises in Eastern 

Europe and Turkey that produce shoes under their 

own or licensed brands. In the third – well-known 

world manufacturers and even fashion houses. 
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At the junction there are collections of European 

production from natural materials adapted to the 

Russian market, but also of moderate cost. 

Representatives of the most extensive cheap 

sector, where the level of competition is very high, are 

trying in every possible way to reduce the cost of their 

products by producing at cheaper factories, as well as 

the materials used. 

It should be noted that now parents' requirements 

for the hygienic properties of children's shoes have 

sharply increased, namely, the naturalness of the 

upper material, because many manufacturers from the 

inexpensive market segment, in an effort to reduce the 

price, make only an insole and lining from genuine 

leather. In order for a child's foot to remain healthy, 

everything should be thought out in shoes for 

children-sliders, down to the details. 

If you only think that the growth of the foot is 

completed on average by about the age of 18, then you 

can imagine how important it is to have suitable and 

healthy shoes from the very beginning. During the 

growth of the legs, a transformation takes place: since 

at first the child begins to crawl, he still has crooked 

legs in the shape of the letter O. With the 

disappearance of these crooked legs, which is caused 

by growth, crooked legs appear in the form of the 

letter X, when the sides of the knees touch each other 

from the inside. Until about the age of 6, the leg of a 

small child grows, keeping the X shape. Learning to 

walk, the child tends to align the body vertically, and 

the feet are subjected to a heavy load. The feet and 

legs begin to develop, as they begin to have a 

functional load on the muscles, ligaments and tendons, 

begin to adapt to each other. During the period when 

the child begins to get up spontaneously, the foot must 

necessarily be able to develop freely. This also applies 

to further stages of development and in older children. 

Shoes, from a hygienic point of view, should protect 

the body from cooling and overheating, protect the 

foot from mechanical damage, help the muscles and 

ligaments to keep the arch of the foot in a normal 

position, provide a favorable microclimate around the 

foot, contribute to maintaining the necessary 

temperature and humidity conditions under any 

microclimatic environmental conditions. Shoes must 

meet hygienic requirements: be light, comfortable, do 

not restrict movement, match the shape and size of the 

foot. Then the toes are placed freely and they can be 

moved. But it can cause a large number of deformities 

and diseases of the feet. 

Tight and short shoes make it difficult to walk, 

squeezes the foot, disrupts blood circulation, causes 

pain and changes the shape of the foot over time, 

disrupts its normal growth, deforms fingers, promotes 

the formation of hard-to-heal ulcers, and in the cold 

season – frostbite, increases sweating. Too loose shoes 

are also harmful. Walking in it quickly tires, and 

scuffs may occur, especially in the lifting area. 

The support area and stability are sharply 

reduced. The torso leans back. Such a deviation at an 

age when the pelvic bones have not yet fused causes a 

change in its shape, changes the position of the pelvis, 

which in the future may adversely affect the generic 

function. In this case, a large lumbar bend is formed. 

The foot rolls forward, the fingers are compressed in 

a narrow sock, the load on the anterior part of the foot 

increases, as a result of which flattening of the arch of 

the foot and deformation of the fingers develop. In 

high-heeled shoes, it is easier to twist the leg at the 

ankle joint, it is easy to lose balance. 

The sole should bend well. A rigid sole makes 

walking difficult (the bending angle is limited, the 

heel of the shoe is pulled off the heel), reduces the 

performance of the ankle joint muscles, increases the 

temperature of the leg skin and sweating. 

As much as it is necessary to ensure maximum 

mobility of the forefoot, it is also necessary to ensure 

maximum stability of the heel. The backdrop should 

be strong, not allowing the foot to slip. The backdrop 

should protect, tightly cover the heel, prevent its 

deformation. 

In winter, shoes must be warm. For this purpose, 

fur, felt, cloth, felt are used. On cold winter days, at 

least -10 ° C, schoolchildren can wear boots and boots 

on porous rubber, insulated with synthetic fur (dacron 

with cotton) or on wool or felt lining. With chronic 

cooling of the legs, vascular spasms occur and serious 

nutritional disorders of the leg tissues develop due to 

difficulty in blood flow. In the summer months, light 

open shoes with a wide neckline are the most hygienic 

- sandals, sandals, leather shoes or leather-soled shoes 

with tops made of textiles and other materials with a 

porous structure (matting, denim, etc.). Such shoes 

contribute to good ventilation and rapid evaporation 

of sweat due to air circulation around the foot (thanks 

to the selection of material, but more often the 

openwork pattern of the top of the shoe). 

In wet rainy weather, rubber boots or shoes with 

soles made of waterproof materials, rubber, rubber, 

nylon, etc. are comfortable. However, these shoes are 

characterized by low breathability, so it is necessary 

to wear them only with insoles that absorb sweat well: 

felt, cloth, and in summer - from woven straw or 

cardboard. It is necessary to ensure that the lining does 

not become wet. 

Shoes that meet hygienic requirements help to 

avoid unpleasant, sometimes painful phenomena. 

Thus, shoes should not compress the foot, disrupt 

blood and lymph circulation, interfere with the natural 

development of the foot. There should be a space of 

0.5-1 cm in front of the thumb. 

Hygienic requirements for shoes for children and 

adolescents consist of requirements for the design of 

shoes, due to the peculiarities of the structure of the 

foot during the growth period, and to the materials 

from which shoes are made. The size, style and 
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rigidity of the bottom of children's shoes should not 

hinder the development of the foot. 

The foot of a child at an early age differs 

significantly from the foot of an adult in anatomical 

and physiological structure. The children's foot is 

characterized by a radial shape, in which the greatest 

width is marked at the ends of the fingers. The foot 

acquires a fan-shaped shape. A different ratio of the 

heel and forefoot: children have a relatively longer 

back (heel), which should be taken into account when 

designing shoes. The skeleton of the foot in childhood 

is formed by cartilage. Ossification ends only with the 

end of growth (approximately 21 g.), therefore, the 

child's foot can easily deform under the influence of 

mechanical action. In this regard, qualities such as 

thickness, flexibility of the sole, weight of shoes, as 

well as heat-protective properties are subject to 

hygienic rationing. 

The main elements of the shoe cut are the upper 

- this is the toe part, the back, the union, the ankle and 

the boot, and the bottom is the sole, insole, heel. The 

toe part should be wider than the bundle (part of the 

foot at the level of the metatarsophalangeal joints). A 

sock is an outer part of the upper part of the shoe, 

covering the surface of the toes to the level of the 

metatarsophalangeal joints. A toe cap is a top detail 

located between the lining and the top in the toe part 

to preserve its shape. It protects the toes from injury, 

and its length should not exceed the area of the 

metatarsophalangeal joints. The backdrop is a detail 

of the upper part of the shoe, located in the heel part 

to preserve its shape. The backdrop should protect the 

heel, prevent its deformation, prevent the foot from 

sliding upwards and posteriorly. Thicker genuine 

leather is used to make the backdrop. The production 

of shoes without a backdrop is allowed for children 

over 11 years old. The union is a leather patch on the 

toe and the rise of the boot, as well as the front part of 

the shoe blank. The boot is the part of the boot 

covering the shin. 

The height of the shoe is normalized depending 

on its type and kind. The bottom of the shoe (insole, 

sole, heel) should have optimal stiffness indicators: 

resistance (expressed in N / cm) to bending along the 

line of the connecting head and metatarsal bones to an 

angle of 25 degrees. "The flexibility of shoes is 

regulated and should be 7 N/cm for hussar shoes, 10 

N/cm for preschool shoes, 9-13 N/cm for boys' school 

shoes, 8-10 N/cm for girls' school shoes." 

The sole is the main element of the bottom of the 

shoe. The sole should have optimal flexibility, 

thickness, weight and thermal protection properties. 

The heat-protective properties of plantar materials 

depend on their thermal conductivity. The lower the 

thermal conductivity, the higher their thermal 

protection properties. Porous rubber is significantly 

superior to leather and monolithic rubber in terms of 

thermal protection properties. At the same time, with 

an increase in ambient humidity, the heat loss of 

natural wool leather (felt boots) increases, and the 

heat-protective properties of porous rubber do not 

change. This creates the advantage of using porous 

rubber soles in children's shoes, which can provide not 

only heat-protective properties, but also thickness, 

flexibility and anti-slip properties of shoes. In 

summer, wearing shoes with rubber soles, including 

microporous ones, leads to increased sweating of the 

feet due to the complete lack of steam and air 

permeability. For children's shoes, thread and 

combined fastening methods are allowed, providing 

greater flexibility in the beam area, ease in the use of 

porous rubber, polyurethane and other materials, it is 

possible to use adhesive and injection molding 

fastening methods that ensure the water resistance of 

shoes, which is necessary in the autumn-spring and 

winter periods. The thickness of the sole is normalized 

depending on the materials and type of shoes. 

The insole is an internal part of the shoe that has 

contact with the skin of the foot and contributes to the 

creation of a comfortable temperature and humidity 

regime in the shoe space. It must have high air and 

steam permeability. It should be made only of genuine 

leather. 

The heel artificially increases the arch of the 

foot, increasing its springiness, protects the heel from 

bruises on the ground, and also increases the wear 

resistance of shoes. When relying on an unshod foot 

(without a heel), most of the load falls on the posterior 

part of the foot. The absence of a heel is allowed only 

in shoes for young children (booties), while the child 

is not walking. In shoes with a 2 cm heel, the load is 

distributed evenly between the front and back of the 

foot. In shoes with high heels, that is, higher than 4 

cm, most of the load falls on the front of the foot (with 

a heel height of 8-10 cm, the load on the front of the 

foot is 7 times greater than on the back). Heel height: 

for preschoolers – 5-10 mm, for schoolchildren 8-10 

years old - no more than 20 mm, for boys 13-17 years 

old - 30 mm, for girls 13-17 years old – 40 mm. 

Children's shoes should have a reliable and 

comfortable fastening on the foot, which does not 

interfere with movements. For this purpose, various 

types of fastening are used: lacing, Velcro, belts, 

zipper, etc. Open shoes without fasteners (such as 

"pumps") are not allowed for school shoes. The 

weight of the shoes depends on the materials used, the 

design and the type of fastening. The norm of the 

weight of shoes is normalized. 

Natural leather is recommended for the upper of 

children's shoes for seasonal use, because it has high 

air and steam permeability, softness, flexibility and 

heat-shielding properties. For summer shoes, along 

with leather, various textile materials or their 

combinations with leather are used: matting, denim, 

etc. In insulated shoes for the upper, cloth, drape, wool 

and woolen materials, felt, felt, etc. are recommended. 

Natural leather and cotton materials are recommended 

for lining. For the manufacture of children's shoes, 
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polymer materials or natural materials with the 

attachment of chemical fibers can be used, which are 

regulated by sanitary norms and rules. Shoes for 

everyday wear on the street or at school should be 

simple, comfortable in shape, with a wide low heel (1-

2 cm). Then walking will not be tedious. The weekend 

shoes of older girls can be on an average, but 

necessarily stable heel, no more than 3 cm high. 

There are also specific requirements for the color 

of children's shoes, and they differ depending on the 

age of the child (models for toddlers are always 

brighter, cheerful, and for older children – darker, 

practical). Our parents are not too fond of branded 

light shades (they can only be in girlish summer shoes 

and sandals), as well as non-standard tones suitable for 

clothes of a strictly defined color. Yellow is especially 

disliked, although according to all forecasts it will be 

relevant this season. 

The colors preferred by boys include black, gray, 

dark blue and brown, as well as beige-sand and marsh-

green. I don't like the traditional-boyish blue and 

bright green. Among older boys, another, more radical 

color scheme is already popular, including red and 

orange, and the latter are increasingly used not only as 

bright finishing touches, but also as the main two. 

School-age children can be divided into two 

subgroups: primary school-age children and 

adolescent children. 

To revive the production of children's shoes in 

the Southern Federal District, first of all, it is 

necessary to create a number of shoe industry 

enterprises in the following subjects of the district 

with a pronounced socio-demographic situation and 

employment of the population in the republics: 

Chechen, Dagestan, Ingush, Kalmyk. 

Newly created enterprises need state support, 

because they do not have enough of their own funds, 

and borrowed funds are not available due to the high 

cost. It is necessary to solve at the enterprises the 

general tasks of technological renewal of the industry, 

replenishment of working capital, increasing the 

efficiency of scientific and technical support of 

production for the manufacture of high-quality and 

affordable children's shoes. 

It is necessary to intensify the work of regional 

and municipal social protection bodies to organize 

targeted assistance to children and their parents, 

including large and single-parent families. 

We believe that this is a problem not only for 

private business, but also for the state, since the trend 

of falling oil prices is becoming persistent, which 

worsens the economy and, if measures are not taken 

in industry, may lead to a decrease in the real annual 

GDP growth rates (due to a decrease in profitability). 

This will lead to serious negative consequences in the 

economy. The positive development of the economy 

could have been without shock if the state had 

provided "initial" assistance in the revival of light 

industry, because today, the light industry remains in 

crisis, which explains unemployment and poor quality 

of life, especially in small towns, where city-forming 

sewing, shoe, etc. enterprises necessarily functioned 

until 1992. 

It should be noted that in the volume of light 

industry output today, only a fifth is produced by 

small enterprises. Reasonable expectations are 

paradoxical here: according to the proposals of the 

Chamber of Commerce and Industry of the Russian 

Federation and the Russian Union of Industrial 

Enterprises, it is obvious that in 2022 the permissive 

scale of restrictions on the production volumes of 

small enterprises will significantly increase (!), after 

the introduction of which the volume of shoe 

production by small enterprises will grow to at least 

60-70% of the total production volumes 

For what reason is this growth not systematic? 

After all, there is the main thing: an immense market 

(the taxable base for the import of goods and light 

industry products increased by $ 746 million; loyal 

consumer; capacity; qualified personnel; competitive 

advantages (easing tariffs for electricity/ energy, 

water, land, etc.) and other reserves. According to the 

achieved production volumes and its dynamics, it is 

realistic to predict the successful completion of the 

industry in 2025, but everything is in the hands 

(minds) of the business community, since it is not 

necessary to count on preferential conditions from the 

state. 

I want to believe that the order of the Prime 

Minister of the Russian Federation will be fulfilled at 

least in terms of reducing the volume of shadow 

(counterfeit, falsified and contraband) products on the 

market, and domestic shoes will find their consumer. 

Development of an assortment of children's 

shoes 

The acute situation regarding the production of 

children's shoes at most Russian shoe enterprises, 

including in the Southern Federal District and the 

North Caucasus Federal District, is associated with the 

cancellation of subsidies from the federal budget, with 

imperfect taxation of the children's assortment and 

insufficient production of pads for its production. In 

the consumer market of the Southern Federal District 

and the North Caucasus Federal District of goods for 

children, domestic manufacturers have been replaced 

by foreign manufacturers who supply cheaper shoes 

made of low-quality materials. However, this product, 

for the most part, does not have certificates of 

conformity and hygiene certificates. 

Providing children with properly selected, 

physiologically sound shoes is one of the main tasks 

for domestic manufacturers. Domestic children's 

shoes are manufactured in accordance with strict 

standards. This is also ensured by the interstate 

standard GOST 26165-2003 "Children's shoes, put 

into effect in 2003. General technical conditions", 

which defines general requirements for shoe 

manufacturers both in Russia and in the CIS countries. 
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Children 's shoes are divided into groups 

according to gender and age characteristics: 

1) for toddlers; 

2) little nursery; 

3) preschool; 

4) for school girls; 

5) maiden; 

6) for school boys; 

7) boy's. 

Age group (0-4 years) 

In toddlers, motor-tactile forms of cognition of 

the surrounding world come to the fore. Shoes for this 

age, first of all, should be easy to put on and fasten on 

the foot. Accessories will attract the child's attention 

only by their functionality. Contrasts in the lines of 

articulations and color remain attractive for the 

attention of the baby. 

Age group (5-9 years old) 

In preschool and early age children, perception 

becomes meaningful, purposeful, analyzing. 

The perception of the child, specially organized 

by the designer, will contribute to a better 

understanding of the phenomena of the surrounding 

world. 

Therefore, the maximum manifestation of the 

principles of harmony should be present in the created 

shoes for children. 

Age group (10-14 years old) 

The third age group of children - school-age 

children - can be divided into two subgroups: children 

of primary school age and adolescent children. 

It is advisable to use a stylized image of a shoe 

model for primary school children in order to promote 

the development of the child's thinking process: to 

stylize the image of cars, plants, insects. Decorative 

finishing becomes a compositional center, so various 

buckles, brooches and other accessories significantly 

"refresh" the model and give it uniqueness. A buckle 

of a simple geometric shape (square or circle), but 

with a small intricate pattern will make the child look 

at it, and therefore concentrate his attention. Designers 

can use geometrically complex fittings, and through 

the use of various colors, help the child to isolate 

simpler geometric bodies from the overall complex 

shape. Such developments in various variants will 

help train children's thinking to determine a complex 

form. Bright and colorful colors that activate attention 

remain relevant. 

A teenager is an observer, contemplating the 

world from the outside, studying it as a complex 

phenomenon, perceiving not so much the diversity 

and availability of things as the relationship between 

them. He already clearly knows what kind of shoes 

and for what purposes are needed, and from the 

presented models of a certain purpose, in his opinion, 

chooses the best, while thinking about how it will look 

in the eyes of his comrades. In adolescence, the 

emotional background is uneven, unstable. The child 

is eager for adulthood, claiming equal rights with his 

elders, he considers himself a unique person, but at the 

same time he does not want to differ from his peers in 

any way. The new position is manifested most often 

in appearance, including shoes: a teenager likes adult 

models, but in brighter and bolder manifestations. 

That's why youth fashion is so specific. A fashion 

designer should take all this into account, but 

remember that the child's foot is still developing. 

Shoes for this group should be, on the one hand, 

beautiful, meet fashion trends, and on the other – 

comfortable, comfortable, taking into account the fact 

that they have not yet completed the formation of the 

foot and shoes should exclude the development of 

pathologies. It must necessarily have distinctive 

features, that is, it must be shoes that their peers are 

wearing today. Shoes may differ in color, the style of 

the sole, there may be differences in design features 

both when assembling the shoe top and fixing it on the 

foot, that is, shoes may have an individual distinctive 

feature. Teenagers are not recommended to walk in 

narrow shoes. Wearing it often leads to curvature of 

the fingers, ingrown nails, the formation of calluses 

and contributes to the development of flat feet. Flat 

feet are also observed when walking for a long time in 

shoes without any heels, for example, in slippers. 

Teenagers aged 15-17 years 

A separate group is a group of teenagers aged 15-

17 years, shoes for which are created as a separate 

group, in which designers must take into account the 

peculiarities of youth fashion, somewhat repeating 

adult models, but without a high heel and a strongly 

narrowed toe part, so as not to damage the almost 

formed foot. Consumers of men's and women's 

footwear groups are very young children. Thus, boys 

acquire men's shoes from the age of 11 (9%), by the 

age of 13 men's shoes are used by 40 to 60%, and from 

15 years and older – almost 100% of teenagers. The 

situation with shoes for girls is even more 

complicated. Women's shoes are purchased by 40 to 

70% of 10-year-old girls and almost all girls aged 13 

years and older. Shoes for this age group should not 

only correspond to fashion, but be produced in a wide 

range so that a teenager can emphasize his 

individuality with its help. Shoes can vary both in 

color and in the shape of the sole, various design 

features of the upper of the shoe and ways of attaching 

it to the foot can be used. 

The consumer is always faced with a choice of 

what is a priority for him - the level of comfort of 

shoes, hygiene, durability, resistance to external 

influences or price. Currently, artificial membrane 

materials have been developed that successfully 

compete with natural ones. The main advantage of 

these materials is their layering. They provide the 

same protection from moisture as genuine leather. 

Children's shoes should have a reliable, 

comfortable fastening on the foot, which does not 

interfere with movement. For these purposes, modern 

fashion uses different types of fasteners: belts, zippers, 
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rubberized inserts that fasten quickly and look 

modern. However, doctors recommend using 

shoelaces for school shoes. With their help, you can 

adjust the height of the lift, which means that you can 

provide more comfortable conditions for the foot. 

Teenagers have their own requirements for 

choosing shoes. They prefer what is fashionable 

among adults. Therefore, classic, sporty, and 

extravagant shoes are in demand - for "advanced" 

teenagers. 

Teenagers prefer sports-style half-boots. Modern 

models of sports shoes have a specially designed 

ventilation system: sometimes a mesh is used or 

valves built into the sole, sometimes the supinator of 

the model has holes that allow the foot to "breathe", 

so more and more often sports shoes are offered as 

school and teenage. 

Currently, an important trend in children's shoe 

fashion remains - the desire for maximum comfort. 

Everything is involved: constructive solutions, 

modern materials, the latest technologies. High 

platform-like soles have gone out of fashion (which is 

very harmful for a weak child's foot), rounded, 

acquiring comfortable outlines, toe parts. Teenage 

model shoes have small but pronounced heels. 

Exquisite accessories, elegant materials, leather with 

textured embossing, metal coating, etc. The tops of 

winter boots for girls, just like their mothers, are 

decorated with fluffy fur edges, applications of mink 

fur, buckles and chains with rhinestones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 - Assortment of winter children's shoes 
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Figure 23 - Assortment of spring children's shoes 
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Figure 24 - Assortment of summer children's shoes 
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Figure 25 - Assortment of autumn children's shoes 

 

In order to form an idea about the assortment of 

the footwear market of the Rostov region, we 

analyzed the assortment of children's shoes in the 

Shakhty retail chain, which is shown in Table 2. 

 

 

 

Table 2. The structure of the assortment of children's shoes at prices 

 

Shoe 

manufacturing 

companies 

Types of shoes 

Price categories, rub. 

up 

to 

100 

100–

300 

300–

600 

600–

900 

900– 

1200 

1200–

1500 

1500–

1800 

1800–

2000 

"Antelope", 

Moscow 

Scandalous-strap   х      

Boots     х х   

Sports shoes    х     

"Kotofey" Orthopedic shoes    х     
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,Yegoryevsk, 

Moscow region 

Boots   х х х    

Boots       х  

Low shoes    х х    

"Foma", 

Moscow region 

Shoes 

of little children 
  х      

Shoes 

of little children 
  х      

Bombini", 

Moscow 

Teenage shoes   х      

Teenage boots      х   

Teen ankle boots     х    

"Bagheera", 

Voronezh 

Shoes      х   

Boots       х  

Boots        х 

RIL, Rostov-on-

Don 

Scandalous-strap  х       

Czechs х        

 
The layout of technological equipment and 

workplaces is shown below in Figures 45-46. 
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Figure 45 - Diagram of the technological process of assembling a blank of children's shoes (capacity - 562 

pairs per shift) 
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Figure 46 - Diagram of the technological process of assembling shoes for children's school shoes (capacity - 

562 pairs per shift) 

 

Based on the analysis of the assortment of 

children's shoes entering the retail network, it can be 

concluded that, basically, the demand for shoes is met 

at the expense of manufacturers from other regions. 

 

2. Features of the development of a range of 

women's shoes 

Women's shoes are produced in accordance with 

the interstate standard GOST 19116-2005 "Model 

shoes. Technical conditions". 

When drawing up a new assortment, the 

company's management should remember that 

tangible and intangible parameters are combined in 

the product to meet consumer demand. A new product 

implies a modification of an existing product or 

innovation that the consumer considers significant. In 

order for a new product to succeed, it must have 

desirable parameters for consumers, be unique. 

Such parameters for model shoes are the 

following signs: 

beautiful appearance (namely: feeding 

(silhouette), material, color, jewelry, design 

(execution), interior decoration), grace, elegance, 

compliance with the direction of fashion; 

plasticity, lightness, flexibility; 

the comfort of the shoes in the toe, which is due 

to the correspondence of the shape and size of the 

shoes to the shape and size of the foot; 

 the ability of manufactured shoes to maintain 

the external and internal shape and dimensions 

throughout the entire service life. 

Of particular importance in shoes for the buyer 

is the conformity of the proposed models to the 

fashion trend, which now calls for moderation and 

restraint, restoration of ties with nature. 
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Platforms, combining contrasting colors or 

different shades of the same color are returning to 

fashion from the 40s and 70s of the XX century. Shoes 

differ from previous seasons mainly by changes in 

style and volume, they use fewer accessories 

compared to previous periods. The shape of the toe 

part is getting narrower, and the high heel is 

increasingly striving for stability. Classic stiletto 

heels, triangular and rectangular stable heels are in 

fashion. A lot of heels with inserts made of mirror 

materials of different sizes. Metal heels or half-made 

of metal are still fashionable. 

Velour and suede are the leaders among the 

materials. It doesn't matter whether the materials are 

natural or artificial – the main thing is that the shoes 

look spectacular. Extremely popular in the shoe 

fashion of today is patent leather. Also, new models 

often combine different materials or high-quality 

natural with artificial ones. 

Black color returns to the color palette with the 

addition of red, white, silver, bronze decor or an 

unexpected explosion of red gold. The black color is 

followed by brown, beige, as well as caramel and 

cognac shades, which have acquired some depth and 

often tend to red and purple, dark red, mustard, wine, 

elegant dark blue. Often the palette consists of muted 

tones interspersed with bright purple and scarlet. 

In the assortment of shoes for winter, classic 

boots with low heels with decorated multi-colored 

details or a freely draped boot are relevant. Boots with 

or without a high stable heel are also in fashion. Laces, 

straps, buckles, buttons, various metal accessories are 

welcome as decor. 

In the assortment of women's shoes for spring 

and autumn, ankle boots are an absolute favorite. They 

can be very diverse: with fur trim, textile inserts, V-

neck, all kinds of straps, buckles, decorative buttons 

and buttons… Height, as a rule, to the ankle, and quite 

loose, with a narrow or brown nose. There are options 

in retro style with a slightly rounded and raised toe 

part. 

Fashion for summer provides broader and more 

interesting update opportunities. The models are 

based on designs with open heel and shift parts. 

Widely used combinations of straps, different in 

thickness, as well as crisscrossing and T-shaped. 

Special requirements are imposed on elegant 

women's shoes. Actual design solutions – "boat" 

shoes, half-boots. Modeling compositions of this style 

boils down to the development of a purely 

constructive basis of the model, often with the 

rejection of excessive decorativeness and a return to 

strict and clear lines. The fittings are distinguished by 

the complexity of shapes and jewelry finishing with 

the use of precious stones. 

According to GOST 19116-2005, leather 

according to GOST 939-88 is used for the outer parts 

of the upper of shoes: yalovka, outgrowth, chevro with 

a natural front surface, smooth, with a raised surface, 

with finishes "nubuck", "velour", as well as according 

to GOST 9705-78 patent leather. 

For the inner parts of the upper, in particular for 

the lining, leather is used for lining shoes according to 

GOST 940-81, a bike according to GOST 29298-92, 

natural fur according to GOST 4661-76. For winter 

shoes, insole inserts consisting of two layers are used. 

In this case, the first layer is natural fur according to 

GOST 4661-76, the second layer is cardboard 

according to GOST 9542-89, which are glued and 

lined around the perimeter. 

According to the interstate standard GOST 

19118-2005 "Model shoes. General technical 

conditions" thermoplastic materials according to TU 

17-21-592-87 with good elasticity and rigidity are 

used for the tray. Thermoplastic materials according 

to TU 17-21-958-73 are also used for backdrops. 

For the details of the interlocking, the thermal 

bond TU 17-21-92-76, bumazeyu-cord according to 

GOST 19196-80 are used. 

For women's winter boots, molded soles based 

on thermoplastic elastomers according to TU 17-21-

492-84 are used, since this material is resistant to 

abrasion, highly elastic, frost-resistant, does not slip 

on snow-covered roads. For summer and autumn-

spring shoes, leather fiber soles are used according to 

OST 17-92-71. 

Heels of various heights and shapes made of 

ABS plastic are used according to OST 17-331-80. 

The main insoles are made of shoe cardboard of 

the SOM brand according to GOST 9542-89. The 

main half-insoles are used to strengthen the heel-and-

diaper knot in the shoes of the adhesive method of 

fastening on medium, high and extra high heels, which 

are made of cardboard of the PSM brand according to 

GOST 9542-89. 

Cardboard of the PR brand according to GOST 

9542-89 is used for the sheet, which has low rigidity, 

i.e. it is resistant to repeated bending, stretching and 

compression. 

Foam rubber is used as a soft podpyatochnik in 

accordance with TU 06-1688-78. 

For the diaper, metal is used according to OST 

17-24-83. 

The range of women's model shoes that can be 

offered to a shoe company for the summer, autumn-

spring and winter season is shown in Figures 5-10 

As an example, consider the technical 

description of women's winter model boots (model B). 

Technical description of model B: 

- rod - women's shoes; 

- view - boots; 

- purpose - model; 

- the design of the shoe top blank - the tuning 

detail of the union, the decorative strap of the boot; 

- difficulty category - second; 

- the nature of the processing of the visible edges 

of the outer parts of the top - in the bend; 

- method of fastening on the foot - zipper; 
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- shoe STYLE - 845281M: 

8 - for WOMEN's shoes; 

4 - for insulated shoes; 

5 - the height of the heel elevation is 50 mm; 

2 - the shape of the sock is medium; 

81- the serial number of the pad in the series; 

M – for model shoes. 

Table 3 shows the range of shoes with an 

indication of the time of release of models during the 

year (by month). 
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Figure 26 - Assortment of women's summer shoes 
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Model B 
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Figure 27 - Assortment of women's autumn shoes 
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Model C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 - Assortment of women's winter shoes 
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Model D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 - Assortment of women's spring shoes 

 

 

 

 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  233 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30 - Office shoes 
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Figure 31 - Outdoor shoes 

 

 

Table 2. Assortment of women's shoes 

 

Kind, type, purpose of shoes 
The symbol 

of the shoe model 

The release time of the shoe 

model during the year 

Women's summer shoes Figure 4.5 (Model A) April - May 

Women's autumn boots Figure 4.6 (Model B) June - August 

Women's Winter Boots Figure 4.7 (Model C) September - November 

Women's Spring Shoes Figure 4.8 (Model D) December - february 
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From the presented assortment, the basic model 

B was selected: model boots for the winter season 

socks, since it is the most labor-intensive. 
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Figure 47 - Diagram of the technological process of assembling a blank of women's shoes (capacity - 471 

pairs) 
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Figure 48 - Equipment diagram for the presented scheme of the technological process of assembling women's 

shoes (capacity - 471 pairs) 

 

3. Features of the development of a range of 

men's shoes 

When developing a competitive assortment of 

men's shoes, manufacturers need to take into account 

many factors affecting consumer demand: compliance 

with the main fashion trends, economic, social and 

climatic features of the subjects of the Southern 

Federal District. 

It is quite difficult to find differences in the men's 

shoe fashion of individual seasons – the difference is 

barely noticeable. The most intensive period of men's 

fashion development is the last 10 years. Due to the 

ongoing changes in the habits of the new generation, 

"formal" men's shoes, exactly like clothing, have gone 

beyond the usual "urban" and "fashionable" in the 

traditional sense of these words. 

Serious changes will take place in the men's shoe 

fashion of the autumn – winter 2008-2009 season. 

They will touch on the shapes of pads, materials, 

colors and decor. But the main changes will still affect 

the style of the collections: slightly forgotten retro and 

newfangled techno-sport style will come to the fore. 

Men's shoe fashion will continue to develop in 

three stylistic directions: classic, comfortable and 

sporty, but the influence of retro will become very 

noticeable next season. Along with the "eternal" 

classics – Oxford, derby and Chelsea designs – such 

long-forgotten shoe details as gaiters will return to 

fashion. Two more novelties from the "new is well–

forgotten old" series are boots with a wide, removable 

strap -pad, fastened with two small buckles, as well as 

loafers. The latter - half-boots with an oval insert 

(most often imitated) - are sometimes decorated with 

an overhead strap or a lace with a tassel. However, 

retro will manifest itself not so much in the borrowing 

of old designs, as in the typical decor and finishes for 

this style, such as patterns of perforations and others. 

Another relevant style is techno-sports, which 

has an increasingly active influence on urban fashion. 

Monochrome sneakers of brown, gray and greenish-

marsh shades are relevant, which may not be shiny, 

but made of smooth leather in combination with 

velour or nubuck. Today it is customary to wear this 

very comfortable and practical type of shoes even with 

a classic suit. 

Significant changes will also occur in the shape 

of the pads of men's shoes. Perhaps, no season has 

brought such a variety of their species and such a 

number of innovations before! All types of socks are 

relevant: rounded, pointed, brown-shaped, rounded-

trapezoidal, rounded square, etc. At the same time, 

many models have a stylish hump in the toe or union 

part of the pads, so a pronounced square with a hump 

in the area of the union or narrow noses with a convex 

"influx" at the very tip look very unusual. 

The bottom of the shoe will also change: the 

soles thicken, noticeable welts and corrugation appear 

on the running surface. 

In the spring-summer season of 2022, men's 

fashion will not undergo drastic changes. However, it 

is also impossible to say that absolutely no changes 

will happen. The men's wardrobe will noticeably 

expand due to shoes, expensive sneakers and summer 

sandals, often resembling female models. 

Along with classic lace-up shoes, stylish shoes 

will appear in summer men's fashion. These are 

moccasins and loafers with a low oval insert or 

tongue, noticeably lightweight, soft, comfortable, on a 

thin studded or leather sole with plastic breaks. 
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Shoes are beautifully decorated with 

embroidery, including contrasting, and sometimes 

gold threads, mainly on heraldic or nautical themes, 

and moccasins are decorated with bridles, lifting 

straps (made of contrasting material or striped turnip 

ribbon), tassels, flags. In moccasin-type shoes, the 

oval insert is often made of exotic leather (a hand-

painted python is especially fashionable) or leather 

with embroidery or embossing. Plaits, both real and 

stamped on leather, and frequent figured perforations 

are also popular. 

Being sporty is always fashionable. Equipment 

for different sports is being introduced into everyday 

life. And first of all it concerns shoes. Sneakers, 

sneakers, sneakers, pantolets are worn not only for 

training, but also to the office, school, institute, and, 

very importantly, they look stylish and trendy at the 

same time. The toe parts of sneakers, sneakers, 

sneakers are rounded, without characteristic elevation; 

lacing, as a rule, understated, close to the toe part, 

dominates from the fastening elements. Structurally, 

half-boots and shoes are relevant, with the exception 

of only some types of sneakers with high boots. In the 

assortment of shoes for outdoor activities, many 

fabrics are used: cotton, linen, mixed with fashionable 

floral, abstract (pop art), animalistic (under the skins 

of wild animals) stuffing. Smart "sports" materials, 

nets, breathable climatic membranes, perforated 

artificial leather are also relevant. For men, we offer 

textiles in a cage, stripes, pie-de-bullets, with 

drawings in the style of graffiti, etc. 

Shoes resembling sports sneakers are sewn from 

genuine leather, often with inserts of gold, bronze or 

silver metallic leather, which effectively contrasts 

with a matte toe or edging of suede or velour. Also, 

typically sports elements or materials, nets, for 

example, or customized decorative strips are made of 

leather. The solution of the shoe bottom is also 

interesting: along with the typically sneaker, massive 

sole, some models have a leather, opanochny type, 

with plastic breaks through the skin or a rubber sole 

consisting only of the toe and heel parts. Some 

sneakers resemble sneakers made of leather, including 

embossed lacquer. In summer, white and beige models 

with inserts of gold, silver, black, blue, red or brown 

colors will be especially relevant. 

Strap sandals are gradually being introduced into 

the conservative men's wardrobe, which have 

significantly displaced the positions of sandals. 

Unlike the latter, the sandals are noticeably more open 

and consist entirely of a variety of interlacing straps. 

Especially relevant are models with a strap wrapping 

around the thumb (the other keeps the foot in the 

ascent), and sandals with an interdigital jumper, 

resembling flip-flops made of leather. However, their 

color scheme is still quite conservative: black, white, 

brown and a variety of beige shades. 

Noticeably lightened men's lace-up boots for the 

summer season. They are made of thin soft leather, 

sometimes without lining, and also have a thin sole, 

including leather with plastic islands. Both oxfords 

(with customized berets) and derbies (with a 

customized sock) are relevant, finishing - frequent 

perforations are very fashionable this season. But the 

main highlight is the bright, unusual for men's 

classics, the color of half-boots, for example, pink, 

blue or purple. Two-tone models are also relevant, 

especially black-and-white, white-gray, gray-blue and 

beige-brown. 

The range of men's shoes relevant in this region 

is shown in Figures 11-18. The proposed range of 

men's shoes is made in accordance with GOST 26167-

2005 "Casual shoes. General technical conditions" 

and in accordance with GOST 19116-2005 "Model 

shoes. General technical conditions". Adhesive 

methods of fastening parts of the top and bottom of 

shoes with the development of chemical production 

have become widespread. Currently, the adhesive 

method has become the main one, it produces up to 

85% of all shoes. 

Its advantages include: 

- high labor productivity; 

- simplicity of equipment; 

- wide possibilities of mechanization and 

automation of production; 

- weight of the product. 

In addition, a distinctive feature of adhesive 

joints is their ability to highly elastic deformations 

while maintaining high strength throughout the entire 

service life. 

The disadvantages of this method include the 

dependence of the strength of adhesive joints on low 

or high temperature, as well as the need for 

occupational safety measures at work due to the 

constant evaporation of solvent and other harmful 

substances from adhesive compositions, which 

requires significant material costs. But by choosing 

the right glue and bonding technology in accordance 

with the design of the product and the mechanical 

properties of the materials to be bonded, the 

disadvantages of this fastening method can be 

minimized. 

The organization of shoe production in a wide 

range will make it possible to turn today's subsidized 

regions of the Southern Federal District and the North 

Caucasus Federal District into self-supporting, 

thereby increasing the level of income of the 

population, will provoke the creation of new jobs; it 

will ensure the development of small businesses and 

the maintenance of legal private entrepreneurship, as 

well as create a basis for the exit from the shadow of 

a significant part of the turnover of the real sector of 

the economy in order to form the budget of the region, 

since the proposed project for the development of a 

strategy for the development of the production of 

competitive leather products in the Southern Federal 

District and the North Caucasus Federal District 

carries economic, political and social effects. 
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Figure 32 - Assortment of winter men's shoes 
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Figure 33 - Assortment of autumn men's shoes 
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Figure 34 - Assortment of men's spring shoes 
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Figure 35 - Assortment of summer shoes 
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Figure 36 - Assortment of shoes for outdoor activities 
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Figure 37 - Assortment of men's work shoes and safety shoes 
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Figure 38 - Assortment of men's strap - sandal shoes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39 - Office men's shoes 
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Table 4. Assortment of men's shoes 

 

Kind, type, purpose of shoes Symbols of the shoe model 
The release time of the shoe 

model during the year 

Men's summer clogs with leather upper on 

molded sole adhesive fastening method 

figure 4.14, 

model G 

January - March 

Men's winter boots with leather upper on 

molded sole made of TEP, adhesive fastening 

method 

figure 4.11, 

Model A 

July - September 

Men's autumn half-boots with molded sole 

made of PU, adhesive fastening method 

figure 4.12, 

Model B 

April - June 

Men's spring shoes with a leather upper with 

side elastic bands and a customized union on 

a molded PU sole, adhesive fastening method 

figure 4.13, 

model B 

October - December 

 
Table 5. Specification of equipment for assembling the billet of men's boots 

 

01 
ST-B 

(Russia) 
Basic table 07 

Pfaff 591-726 

(Germany) 

Sewing machine for fastening 

parts 

with automatic thread cutting 

02 
SS20 

«Comelz» (Italy) 

Machine for lowering 

the edges of the top 

parts 

08 

01276/Р12 

(Czech 

Republic) 

A machine for smoothing the 

seam with simultaneous gluing 

of the braid 

03 
А2000 «Selmac» 

(Italy) 

Duplication of the top 

with an interlayer and 

insertion of a 

thermoplastic tray 

09 

GP 2 

«Colli» 

Italy 

Sewing machine 

for fastening parts with 

simultaneous 

trimming of excess lining 

04 
RPP67TE 

«Sagita» (Italy) 

Machine for bending 

the edges of parts with 

simultaneous 

application of hot melt 

glue and gluing of 

reinforcing tape 

10 СЖ-2 Shelving 

05 
Pfaff 574-900 

(Germany) 

Sewing machine for 

fastening parts with a 

double-row seam 

11 ТО.059-76 Shoe cart 

06 
СТ-Б с hood 

(Russia) 

Table for spreading and 

gluing parts 
12 

F81 C.M.C.I. 

(Italy) 
Moccasin Stitching Machine 

The coefficient of mechanization is 0.643. 

The number of workers is 28 people. 
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Figure 49 - Diagram of the technological process of assembling a billet of men's boots (capacity - 650 pairs 

per shift) 
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Figure 50 - Flow diagram of the technological process (capacity - 650 pairs per shift) 

 

In shoe production, scientific and technological 

progress is manifested in equipping it with new 

technical and automatic means, improving the 

technological process and production management 

system, expanding the use of new materials, methods 

of quality control of finished products and production 

processes. The use of new equipment and advanced 

technologies determines the specifics of performing a 

number of shoe manufacturing operations, increasing 

requirements for the properties of materials, using 

more advanced forms of organization and production 

management. 

The use of flexible technological processes is 

justified by their high maneuverability and the 

possibility of using former premises that can be 

adapted for the production of shoes. 

Therefore, for the effective operation of 

domestic shoe enterprises for the production of 

competitive products, it is advisable to provide for the 

use of flexible technological processes, a variety of 

fastening methods, to deploy shoe production, the 

production of technical equipment, accessories, the 

production of auxiliary materials, which will reduce 

the cost of its production and increase the 

competitiveness of manufactured shoes not only in the 

markets of the Southern Federal District and the North 

Caucasus Federal District, but also in the domestic 

markets of Russia, guaranteeing its steady demand 

and sale, thereby providing a less painful and more 

effective replacement of one shoe model with another. 

When developing a strategy for the production of 

competitive leather products, the production of shoes 

will be organized using mechanized innovative 

technological processes, using nano technologies, but, 

perhaps, in this case, the use of manual labor, which is 

due to the desire to satisfy the demand for exclusive 

products for both elite consumers and mass 

satisfaction. Science and production in the light 

industry have become very disconnected from each 

other in recent years, and today the task is to "close" 

the priorities of industry with the developments of 

scientific schools and institutes. 

Financial and economic assessment of the 

effectiveness of the decisions taken 

The break-even point is the minimum size of 

output at which equality of income from sales and 

production costs is achieved. 

The break-even point is found by graphical and 

analytical methods. Graphically, the break-even point 

lies at the intersection of the line of sales volume and 

total production costs (in the breakdown of the latter 

into constants and variables). Analytically, the break-

even point, pairs, is determined by the formula: 

УППЗЦ

ВУПЗ
Т

ед

б.у
−


= ,   (5) 

Figure 51 shows the break-even graph for the 

annual release of the basic model of winter women's 

boots (model B). 
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Figure 40- An example of obtaining the break-even point of Model A 

 

Figure 41 shows obtaining the break-even point 

of Model B. 

 
Figure 41- Obtaining the break-even point of Model B 

 

Figure 42 shows obtaining the break-even point 

of model B. 
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Figure 43- Obtaining the break-even point of the model In 

 

Figure 44 shows obtaining the break-even point 

of the model G. 

 

 
Figure 44- Obtaining the break-even point of the G model 
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Figure 51. Break-even chart for the annual release of the basic model of winter women's boots (model B) 

 

Figure 52 shows the break-even chart for the 

monthly release of the basic model of winter women's 

boots (model B). 
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Figure 52. Break-even chart for the monthly release of the basic model of winter women's boots (model B) 

 

These tables indicate that with 100% of shoe 

sales, compensation is provided not only for the 

production and sale of shoes, but also net profit 

remains, which indicates the effective activity of the 

enterprise for the analyzed month, as well as the 

correct marketing assortment policy of the enterprise. 

Such a result of work will allow the company to 

purchase the necessary materials, components, tools 

in a timely manner, pay salaries to employees, i.e. 

provide opportunities for the manufacture of new 

products and the creation of planned production 

stocks. 

If we have a case when the sale of this type of 

footwear is not in full, then such a result negatively 

affects the performance of the enterprise. In this case, 

the presence of remnants of unrealized shoes reduces 

the total amount of revenue, increases expenses and 

leads to additional costs for storing goods. 

Figure 53 shows the break-even chart for the 

annual release of the basic model A (summer shoes). 

Figure 54 shows the break-even chart for the 

annual release of the base model B (autumn boots). 

Figure 55 shows the break-even chart for the 

annual release of the base model G (spring shoes). 
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Figure 53- Break-even chart for the annual release of the basic model A (summer shoes) 
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Figure 54 - Break-even chart for the annual release of the base model B (autumn boots) 
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Figure 55 - Break-even chart for the annual release of the base model G (spring shoes) 

 

Figure 56 shows the break-even chart for the 

monthly release of the basic model A (summer shoes). 

Figure 57 shows the break-even chart for the 

monthly release of the base model B (autumn boots). 

Figure 58 shows the break-even chart for the 

monthly release of the basic model G (spring shoes). 
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Figure 56- Break-even chart for the monthly release of the basic model A (summer shoes) 
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Figure 57- Break-even chart for monthly issue basic model B (autumn boots) 
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Figure 58 - Break-even chart for the monthly release of the base model G (spring shoes) 

 

Figure 59 shows an example of obtaining a 

break-even point by the graphical method of the 

annual issue of men's half-boots. 
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Figure 59 - An example of obtaining the break-even point by the graphical method of the annual issue of 

men's autumn boots 

 

Financial and economic assessment of the 

effectiveness of the decisions taken %. Most often, the 

company sells shoes through stores with payment after 

sale, concluding contracts with trade indicating the 

timing of receipt of funds to the manufacturer's 

accounts. In this case, if the shoes are in demand and 

are fully sold, then the company receives money on 

time, which is also necessary for the payment of 

wages, the purchase of working capital and other 

expenses to ensure the development of production. 

With the full sale of manufactured shoes, the profit 

(Ppr) with the current profitability of 16.05% will 

amount to 188930 rubles per month. If shoes are not 

in demand, then the company can reduce sales per 

month by the value of the safety indicator - the excess 

of real sales over the volume of equilibrium sales. 

The main tasks of control and analysis of sales 

are to find reserves for the fullest satisfaction of 

customers, increasing the volume of sales of products, 

the maximum possible use of the production capacity 

of the enterprise, material and labor reserves, 

improving the efficiency of production and economic 

activities. 

In the process of monitoring and analyzing sales, 

the degree of fulfillment and dynamics of production 

and sales of products are assessed, the influence of 

factors on the change in the magnitude of these 

indicators is determined, the identification of on-farm 

reserves and the development of measures for their 

development, which should be aimed at accelerating 

the turnover of products and reducing losses, which 

will achieve a significant economic effect. 

Table 6 shows the relationship between revenue, 

costs and production volume, managing which, you 

can analyze the financial results of the company. 

 

Table 6. Financial results for various sales volumes of autumn boots (model B) 

 

Indicators 

The value of the indicator for different sales volumes 

per month (%) 

100 80 60 54,4 40 30 

Sales volume, pairs 13433 10746,4 8059,8 7307,55 5373,2 4030 

The price of one pair, rub. 1152,5 1152,5 1152,5 1152,5 1152,5 1152,5 

Revenue from the sale, 

thousand rubles. 
15481,53 12385,22 9288,91 8421,95 6192,61 4644,17 

Unit cost, thousand rubles. 998,5 998,5 998,5 998,5 998,5 998,5 

Total cost, thousand rubles, 

including: 
13412,72 11223,5 9034,27 8421,95 6845,07 5750,57 

Conditionally fixed 

expenses, thousand rubles. 
2466,57 2466,57 2466,57 2466,57 2466,57 2466,57 

Conditionally variable 

expenses, thousand rubles. 
10946,15 8756,92 6567,7 5954,7 4378,5 3284 

Profit (+) 

Loss (–) 

from sales, thousand rubles. 

2068,81 1161,72 254,64 0 -652,46 -1106,4 
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Taxes, thousand rubles. 413,76 232,34 50,93 - - - 

Net profit, thousand rubles. 1655,05 929,38 203,71 - - - 

Thus, shoe companies, when developing 

assortment policy, should focus on both external 

(consumer enterprises, competition, market 

conditions, etc.) and internal factors, such as sales 

volume, profitability, coverage of basic costs, etc. 

However, it is impossible to take into account and 

foresee all the situations that may arise when selling 

shoes, i.e. some shoe models are not in demand at a 

certain stage. In this case, another side of marketing, 

usually not advertised, should manifest itself: if the 

shoes, even without taking into account the 

requirements of the market, have already been 

produced, then it must be implemented. For this 

purpose, in order to respond to the lower prices of 

competitors, it is necessary to reduce too large stocks, 

get rid of damaged, defective shoes, eliminate the 

remnants, attract a large number of consumers, 

stimulate the consumption of shoes, using discounts 

for this. There are about twenty types of discounts, but 

for shoes the most common are the types of discounts 

that are used at various levels of the enterprise, sales 

organizations, trade. In addition to using discounts, an 

enterprise can take the initiative to reduce prices when 

production capacity is underutilized, market share is 

reduced under the onslaught of competition from 

competing enterprises, etc. In this case, the company 

takes care of its costs, developing measures to reduce 

them by improving equipment and technology, 

introducing new types of materials into production, 

constantly improving the quality of products. And all 

this requires large financial costs from enterprises, 

but, nevertheless, contributes to increasing the 

competitiveness of certain types of leather products 

and the enterprise as a whole. In addition, the larger 

the number of shoe products produced, the more 

production costs decrease, which leads to lower 

prices, and most importantly, creates such conditions 

for the functioning of the market that would not allow 

other competing enterprises to enter it and would 

cause a positive reaction from consumers (Tables 7-

9). 

 

Table 7. Financial results for various sales volumes of winter boots (model A) 

 

Indicators 
The value of the indicator for different sales volumes 

per month (%) 

 100 80 60 48,1 40 30 

Sales volume, pairs 15752 12601 9451 7576,71 6300 4725 

The price of one pair, 

rub. 
1186,44 1186,44 1186,44 1186,44 1186,44 1186,44 

Revenue from the sale, 

thousand rubles. 
18 688,8 14 950,33 11 213,04 8989,31 7474,57 5605,93 

Unit cost, thousand 

rubles. 
1007,07 1007,07 1007,07 1007,07 1007,07 1007,07 

Total cost, thousand 

rubles, 

including: 

15 863,36 12 690,1 9517,82 8989,31 8952,2 6583,86 

Conditionally fixed 

expenses, thousand 

rubles. 

2607,66 2607,66 2607,66 2607,66 2607,66 2607,66 

Conditionally variable 

expenses, thousand 

rubles. 

13 255,72 10 082,44 6910,16 6376 6344,54 3976,2 

Profit (+) 

Loss (–) 

from sales, thousand 

rubles. 

2825,44 2260,23 1695,22 0 - - 

- - - - -1477,63 -977,93 

Taxes, thousand rubles. 565,088 452,05 339,044 - - - 

Net profit, thousand 

rubles. 
2260,35 1808,2 1356,2 - - - 
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Table 8. Financial results for various sales volumes of spring boots (model B) 

 

Indicators 

The value of the indicator for different sales volumes 

per month (%) 

100 80 60 45,6 40 30 

1 2 3 4 5 6 7 

Sales volume, pairs 15426 12340,8 9255,6 7034,26 6170,4 4627,8 

The price of one pair, rub. 1033,8 1033,8 1033,8 1033,8 1033,8 1033,8 

Revenue from the sale, 

thousand rubles. 
15947,4 12757,91 9568,44 7272,01 6378,96 4784,22 

Unit cost, thousand 

rubles. 
856,77 856,77 856,77 856,77 856,77 856,77 

Total cost, thousand 

rubles, 

including: 

13216,7 11030,4 8844 7272,01 6657,8 5564,6 

Conditionally fixed 

expenses, thousand 

rubles. 

2285,2 2285,2 2285,2 2285,2 2285,2 2285,2 

Conditionally variable 

expenses, thousand 

rubles. 

10931,5 8745,2 6558,8 4984,76 4372,6 3279,4 

Profit (+) 

Loss (–) 

from sales, thousand 

rubles. 

2730,7 1727,51 724,44 0 -278,84 -780,38 

- - - - - - 

Taxes, thousand rubles. 546,14 345,5 144,88 - - - 

Net profit, thousand 

rubles. 
2184,56 1382,01 579,56 - - - 

 
Table 9. Analysis of financial results for various sales volumes of summer clogs (model G) 

 

Indicators 

The value of the indicator for different sales volumes 

per month (%) 

100 80 60 55,5 40 30 

Sales volume, pairs 15512 12409 9307 8609,16 6204 4653 

The price of one pair, rub. 754,23 754,23 754,23 754,23 754,23 754,23 

Revenue from the sale, 

thousand rubles. 
11699,61 9359,24 7019,62 6493,28 4679,24 3509,43 

Unit cost, thousand rubles. 643,72 643,72 643,72 643,72 643,72 643,72 

Total cost, thousand rubles, 

including: 
9985,84 8415,7 6896,15 6493,28 5276,01 4491,32 

Conditionally fixed expenses, 

thousand rubles. 
2137 2137 2137 2137 2137 2137 

Conditionally variable 

expenses, thousand rubles. 
7848,76 6278,7 4709,15 4356,06 3139,01 2354,32 

Profit (+) 

Loss (–) 

from sales, thousand rubles. 

1713, 77 943,54 123,47 0 - - 

- - - - -596,77 -981,89 

Taxes, thousand rubles. 342,75 188,71 24,7 - - - 

Net profit, thousand rubles. 1371,02 754,83 98,77 - - - 

 
Figures 60-61 show examples of obtaining the 

break-even point by the graphical method of the 

annual production of men's shoes. 
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Figure 60. is an example of obtaining the break -even point by the graphical method of the annual 

production of winter men's shoes 
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Figure 61. is an example of obtaining a break-even point by the graphical method of the annual release of 

men's spring boots 
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Figure 62. - An example of obtaining the break -even point by the graphical method of the annual production 

of men's summer clogs 

 

 

Conclusion  

The shoe market of the Southern Federal District 

and the North Caucasus Federal District is over 

saturated with types of shoes of the same purpose. 

Therefore, the head of the enterprise needs to know 

exactly what will be in demand on the market and how 
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it should be implemented so that the developed range 

of shoes is chosen by the buyer, withstanding the 

fierce competition that generates new offers. 

For all this, it is important to build an assortment 

policy so that if shoes of the same type arrive on the 

market, they 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 of the shoe 

company's assortment 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 make effective decisions 

not only in those conditions when the system 

parameters are known, or they can be represented as 

fixed values. 

The paper proposes new approaches to 

determining the total number of shoes produced, 

depending on the market situation, prevailing prices 

and demand, and developing an optimal plan for the 

production of shoe 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 blurred sets. The theory of 

blurred sets has been used for a long time, mainly for 

use in systems that mimic human behavior, such as 

image recognition systems, linguistic analysis, search 

for solutions and others, in which there is no access to 

the complex mathematical apparatus necessary to 

describe complex production control systems and 

were highly specialized systems. This approach 

allows in each case to coordinate the requirements of 

the task and the necessary degree of accuracy of its 

solution. 

The methods based on the provisions of the 

theory of blurred sets make it possible to use 

approximate, but at the same time having a sufficient 

degree of efficiency, methods for describing non-

deterministic systems, for the analysis of which it is 

impossible to use standard quantitative mathematical 

methods. At the same time, all the theoretical 

justifications of this approach are quite accurate and 

are not in themselves a source of uncertainty (fuzzy 

logic and IC). 

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 modeling process takes place at the highest 

level of abstraction, in which only a minimal set of 

patterns is postulated. 

The basic idea of fuzzy logic is that it is 

impossible to define rules for all occasions. These 

rules represent discrete points in a continuum of 

possible situations and decisions are made by 

approximating them. Known rules for similar 

situations are combined for each case. This 

approximation is possible only in cases where there is 

flexibility or blurriness in the words by which these 

rules are defined. To use the possibilities of human 

logic in production processes, a mathematical model 

is needed. To implement such a model, fuzzy logic 

was developed, which allows describing the decision-

making process and its search in an algorithmic form. 

When solving problems that contain fuzziness in 

their formulation and have an uncertainty of goals 

(multi-criteria) "maximum income with minimum 

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

namely: 

continuously changing values over time 

(dynamic tasks); 

values that cannot be set unambiguously (results 

of statistical surveys, advertising companies, etc.). 

There is a possibility of fuzzy formalization of 

evaluation and comparison criteria: operating with the 

criteria "most", "possibly", "predominantly", etc.; the 

possibility of rapid modeling of complex dynamic 

systems and their comparative analysis with a given 

degree of accuracy. Operating on the principles of 

system behavior described by fuzzy methods, it does 

not take much time to find out the exact values of 

variables, compile descriptive 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 units and thereby describe the 

behavior of rather complex control objects. 

Let's consider the construction of elements of a 

fuzzy expert system. The control algorithm is 

implemented programmatically using the MATLAB – 

Fuzzu Logic Toolbox extension package; the 

assessment of the planned shoe release is made 

according to the standards of shoe removal from 1 m2 

of the shoe assembly area and ranges from 0 to 2.8 

pairs/m2; the price of shoes, 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 established customs and 

intuitive ideas, we assume that the problem of finding 

the optimal output is described by the following 

assumptions: 

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

saturation of the market is high, the assortment 

requires updating and the output is reduced to 20-50% 

of the standard. 

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

and the saturation of the market 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 

saturation of the market 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 output algorithm. 
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The structure of the expert system and the final 

set of rules are shown in Figures 63-64. 

The logical conclusion of any case (Figure 63) is 

carried out in four stages: the introduction of fuzziness 

(phasification), logical conclusion, composition, 

bringing to clarity - defazification (defuzzification). 

 

 
Figure 63 - Structure of the expert system 

 

 
Figure 64 - The final set of rules 
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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 build a geometric image of the process 

under study and use it to choose the most rational 

decision on the volume of output (Figures 65-68). 

 

 
Figure 65 - The procedure of logical inference according to the Mandani algorithm 

(high demand S=0.886, low price C=0.175, low market saturation N=0.151, estimated output - 2.11 pairs/m2) 

 
Figure 66 - Geometric image of the dependence of the calculated 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 allows us to determine 

the influence of two other factors on the output 

volume and choose an extreme ratio between the 

number of shoes produced and the value of the factors 

of price, demand and market saturation within the 

permissible price and marketing restrictions. 

So, in order to achieve the maximum value of the 

volume of shoe production with a fixed saturation of 

the market at a low level, the enterprise needs to 

achieve high demand for products and reduce its cost 

by regulating pricing. 
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Figure 67 - The procedure of logical inference according to the Mandani algorithm 

(high demand S=0.886, low price C=0.175, high market saturation N=0.8, estimated output - 1.54 pairs/m2) 

 

With a high saturation of the market, the 

maximum production volume is at the level of 1.4-1.5 

pairs / m2 and can be regulated by the introduction of 

new types of shoes into production. With high cost 

and low demand for manufactured models, it is 

necessary to consider reducing production costs by 

updating the design and using new materials. 

 

 
Figure 68 - Geometric image of the dependence of the calculated output on demand and price with a fixed 

variable "market saturation" N= 0.8 

 

Determining the production plan in order to 

maximize profit from the sale of manufactured 

products is a linear programming task and is solved 

using the Microsoft ® Excel "Solution Search" option. 

The development of an optimal plan for the 

production of shoe models is based on taking into 

account the profitability coefficient and the 

production costs of specific models that occupy the 

largest share in the cost of production and are 

conditionally variable expenses. These include the 

following costs: 

 raw materials and basic materials costs; 

 costs of auxiliary materials; 
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 the costs of basic and additional wages of 

production workers with deductions for a single social 

tax. 

The software developed by the authors 

guarantees manufacturers to form the production of an 

assortment of shoes that will be in full demand and 

provide enterprises with stable TEP 
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Introduction 

Monitoring, forecasting and assessing the 

pollution of the atmosphere and the underlying surface 

of the earth with passive and active impurities, fine 

particles and carbon dioxide, as well as the design and 

placement of industrial facilities in compliance with 

the maximum permissible sanitary standards are 

relevant in the problem of environmental protection. 

An analysis of data on the state of the 

environment in recent years shows that an intensive 

increase in the volume of emissions of harmful 

substances into the atmosphere inevitably causes an 

imbalance in the ecological state. This is especially 

noticeable in states with a high rate of industrial 

development, for example, China, India, Russia, the 

USA, France, Great Britain, Japan, Korea, Malaysia, 

etc. than negatively affect the living system - the flora 

and fauna of these regions, and at the global level 

contribute to climate change around the globe. 

Potential sources of pollution of the atmospheric 

basin in industrial regions are divided into stationary 

and variable. 

Information and a detailed analysis of the 

processes of air pollution in industrial cities and 

regions, as well as the difference between pollution 

produced by permanent and mobile variable sources, 

can be emphasized in the works of many foreign 

authors dealing with the problem of environmental 

protection. Here we note that a stationary (point) 

source of pollution is a source that is constantly 

located in a certain place. For example, chimneys of 

factories and plants, thermal power plants, 

technological installations, heating boilers, furnaces 

and dryers, exhaust shafts, ventilation pipes, hoods 

emitting fine harmful particles, etc. Statistical 

processing of the accumulated databases showed that 

in industrial regions, nitrogen oxides, sulfur dioxide, 

carbon monoxide, sulfuric acid, phenols and other 

aerosol substances are emitted into the environment in 

large quantities by constant sources, depending on the 

specifics of the industrial production of the city and 

the composition used in it. Fuel As is known, one of 

the main properties of stationary sources is that their 

emissions of harmful aerosol particles (unlike mobile 

sources) occur, as a rule, at high altitudes. Therefore, 

the process of diffusion and transfer of aerosol 

particles in the atmosphere emitted by production 

facilities spreads over a large area. As a result, due to 

the interaction between harmful particles, their 

concentration increases, and areas of stable pollution 

are formed, extending to a height of up to 180 200 

мand more. 

Recently, there has been growing research work 

aimed at developing problems of modeling the 

processes of transfer and diffusion of harmful 

substances in the atmosphere with the aim of 

systematic monitoring and forecasting the state of the 

atmosphere of industrial regions. 

Simulations of the processes of distribution of 

harmful substances are carried out in advanced 

scientific centers and higher educational institutions 

of the world, which include California line Source 

Model , General Finite line Source Model (USA), 

Karlsruhe Institute of Technology Institute _ of 

Applied Geosciences (Germany), Center for Ecology 

and Hydrology _ _ for water Science (UK), 

Contaninants in the Air from a road , By the Finnish 

meteorological Institute (Finland), National Institute 

of Hydrology , Waterloo Hydro geologic (India), 

Institute of Atmospheric Physics. A.M. Obuzova , 

Institute of Computational Mathematics and 

Mathematical Geophysics (Russia), Research and 

Design and Technological Institute “Atmosphere”, 

National University of Uzbekistan (Uzbekistan). 

In [1], an analytical model was developed for the 

process of transport of impurities in the atmosphere. 

As the authors of the article emphasize, the main 

advantages of the analytical model lie in its simple 

numerical implementation on a computer. Using an 

analytical solution, one can obtain a fragmented 

distribution of pollutants in any given area without 

solving a boundary value problem. But here it should 

be noted that the analytical model well describes the 

process of emission propagation in the atmosphere at 

constant transfer coefficients and can be used as a test 

to verify numerical calculations and to quickly obtain 

preliminary information  on the propagation of 

pollutants. Such models can be used for the following 

purposes: control of pollution sources – rapid 

measurement of pollution emissions; measurement of 

pollution transport - monitoring at the surface layer 

and at altitude over large geographic areas. 

In [2], a mathematical model was created, which 

consists in the use of systematic methodological 

methods of research, which made it possible to assess 

the quality of the surface layer of atmospheric air. A 

numerical algorithm has been proposed and new 

software has been created that satisfactorily describes 

the process of pollutant propagation in the 

atmospheric air of a limited area, which consists in 

using a flow correction algorithm, the results of which 

correlate with the data. The paper considers the two-

dimensional distribution of aerosol matter in the lower 

layer of the atmosphere, where the chain of its 

transformation from one chemical state to another 

consists of three links. Whereas a free chemical is 

released into the air ( substrate ), an air mixture 

(complex) is first created in the course of a reversible 

reaction, which, in turn, irreversibly decomposes, re-

forming the free chemical  and product. 

The authors showed not only the systematization 

of the known physicochemical properties and 

regularities of aerosols, but also the need for deeper 

further research. 

In [3], a comprehensive assessment of 

atmospheric air pollution in a large industrial city is 

given in detail. The article summarizes the main 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  263 

 

 

problems of a hygienic and environmental nature that 

determine the state of the main environmental objects 

in a large industrial city. Such aspects of the 

ecological situation as air pollution in the metropolis 

are analyzed in detail. The features of the atmospheric 

air quality formation are studied based on the analysis 

of retrospective data on the dynamics of harmful 

substances entering the atmosphere with gross 

emissions from the leading industrial enterprises of 

the metropolis, the individual residential sector. An 

assessment of the contribution of motor transport to 

the level of air pollution is given. The main pollutants 

of the atmospheric air in Almaty are identified, which 

determine the greatest contribution to environmental 

damage and the risk to public health. 

The work [4] presents a mathematical model of 

the process of movement of a multicomponent air 

environment in the surface layer for the coastal zone, 

taking into account the presence of green spaces. The 

transition to a two-dimensional model for the 

equations of motion of the air medium in the absence 

of a pressure gradient is briefly considered. This 

approach allows to significantly reduce the 

computational costs for the numerical solution of the 

grid equations of diffusion-convection (motion) and 

reduce the execution time of information exchange 

operations of interprocessor exchanges when 

simulating on multiprocessor systems. 

Article [5] is devoted to the method of 

calculating the process of neutralization of toxic gas 

in the atmosphere. The method is based on the 

numerical integration of the two-dimensional 

equation of the convective-diffusion impurity transfer. 

An implicit difference scheme is used for the 

calculation. 

The article [6] presents a numerical model and, 

on its basis, a method for calculating the process of 

propagation of a heavy toxic gas in the atmosphere is 

constructed. Three-dimensional equations of impurity 

transfer and potential air flow are used as a 

mathematical model. The calculation is carried out 

using implicit difference schemes. The results of a 

computational experiment on modeling air pollution 

in the event of an emergency leakage of a toxic 

substance are presented. 

In [7], numerical models have been developed 

that allow calculating the 3D aerodynamics of the 

wind flow in urban areas and the process of mass 

transfer of emissions from the highway. Calculations 

were made to determine the pollution zone, which is 

formed near buildings located along the highway. The 

paper considers effective numerical models that can 

be applied in the development of environmental 

protection measures during the operation of road 

transport in the city. The developed models make it 

possible to estimate the size, shape and intensity of the 

pollution zone near the highway. 

Article [8] is devoted to the construction of a 

two-dimensional mathematical model of the 

movement of the air medium, as well as writing a 

software package that implements the developed 

algorithms. For an adequate mathematical description 

of the processes occurring in the atmosphere, it is 

required to solve the problem of constructing its 

physical model, since it significantly affects the 

construction of the wind field and the description of 

the transport occurring in the air. The physical 

properties of atmospheric air (temperature, humidity, 

mobility, atmospheric pressure) are unstable and are 

associated with the climatic features of the 

geographical region. The paper presents an 

approximation of the problem with respect to the time 

variable, constructs a two-dimensional model of 

aerodynamics, and presents the results of numerical 

experiments. 

The article [9] considers the main problems that 

arise when assessing the quality of the atmosphere in 

industrial cities. A model is proposed that allows 

taking into account the level of atmospheric pollution 

and predicting the occurrence of a particular 

environmental situation, taking into account a number 

of factors affecting the change in the concentration of 

pollutants in the atmosphere of industrial cities. 

In [10], a mathematical numerical model was 

developed, and on its basis a package of applied 

programs was created, which allows to quickly carry 

out computational experiments to assess the level of 

atmospheric air pollution by vehicle emissions on city 

streets in the presence of several buildings located 

according to the “street canyon” scheme. As a result 

of the studies, regularities were established for 

changes in the concentration of carbon monoxide near 

the considered group of buildings at different pollutant 

emission rates. A numerical model has been 

developed that makes it possible to take into account 

the hydrodynamic effect of a group of buildings on the 

dispersion of pollutants when the wind speed and 

vertical diffusion coefficient change with height. 

A detailed analysis of scientific works related to 

the problem of mathematical modeling of the process 

of transfer and diffusion of aerosol particles in the 

atmosphere, which, in mathematical modeling and 

research of the process of distribution of harmful 

substances in the atmosphere, firstly, does not 

consider changes in the deposition rate of aerosol 

particles, which changes with time and depending on 

the change speeds of the air flow, secondly, in all the 

above mathematical models of the process, the 

absorption coefficient of aerosol particles was taken 

constant, in the third, it was assumed that the spread 

of harmful substances emitted from sources does not 

reach the considered boundaries of the problem 

solution area and there is no inflow and outflow of 

harmful substances through them . 

In this work, when studying the process of 

transfer and diffusion of harmful substances in the 

atmosphere, efforts were made to fill these gaps. 
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Based on the foregoing, the purpose of this work 

is to develop a mathematical model and a numerical 

algorithm for solving the problem of transport and 

diffusion of aerosol emissions in the atmospheric 

boundary layer. 

 

Statement of the problem 

To study the process of transfer and diffusion of 

aerosol particles in the atmosphere, taking into 

account an essential parameter - the deposition rate of 

fine particles w g consider a mathematical model 

describing on the basis of the law of hydromechanics 

using a multidimensional differential equation in 

partial derivatives [11-13] 
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Here  - the concentration of harmful substances 

in the atmosphere; 0 - primary concentration of 

harmful substances in the atmosphere; ,  ,  x y z - 

coordinate system; ,  ,  u v w - wind speed in three 

directions; gw - particle settling rate;  - coefficient 

of absorption of harmful substances in the 

atmosphere;  ,    - coefficients of diffusion and 

turbulence; Q - source power; ,i j - Dirac function; 

0f - source of emission of harmful substances into the 

atmosphere; c - dimensionless value is equal to 0.5; 

 atmospheric density; r is the particle radius; S is the 

cross-sectional area of particles; g is the acceleration 

of gravity. 

 

Methods for solving the problem 

Since problem (1)-(5) is described by a 

multidimensional non-linear partial differential 

equation with appropriate initial and boundary 

conditions, it is difficult to obtain its solution in an 

analytical form. To solve the problem, we use an 

implicit finite-difference scheme in time with the 

second order of accuracy in time [14-15]. 

 

Computational experiment 

To monitor and predict the ecological state of the 

industrial region, a web -oriented software tools using 

which computational experiments were carried out on 

a computer. 

To enter the main parameters of the process of 

transfer and diffusion of aerosol particles and to carry 

out calculations on a computer, a graphical interface 

has been developed (Fig.1,2). With the help of the 

developed interface, the following is entered: types of 

harmful substances emitted from industrial facilities; 

number of potential sources of emission of harmful 

substances; problem number (1 - when the direct 

problem is solved, 2 - when the adjoint problem is 

solved); coefficient of absorption of harmful 

substances in the atmosphere; horizontal component 

of wind speed; Direction of the wind; atmospheric 

stratification; initial particle settling rate; calculation 

time; source power. 

 

 
Fig.1. Form for entering the main process parameters 
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Fig.2. Form for entering the main process parameters 

 

The results of the computational experiments 

carried out on a computer are shown in Figures 3-11. 
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d) 

Fig.3. Change in the concentration of harmful substances in the first layer of the atmosphere (H = 100m) at 

wind speed: a) u = 1 m/s.; b) u = 3 m/s; c) u = 4 m/s; d) u = 5 m/s. 

 

As can be seen from the numerical calculations 

performed on a computer (Fig. 3), with an increase in 

the horizontal component of the wind speed, aerosol 

particles ejected from industrial facilities are 

transported in the direction of the wind. The area of 

distribution of harmful substances in the surface layer 

of the atmosphere expands with an increase in the 

speed of the air mass of the atmosphere (Fig. 3-5). 

This can be especially observed at H=200- 300 м. 
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c) 

 
d) 

Fig.4. Change in the concentration of harmful substances in the first layer of the atmosphere (H = 200m) at 

wind speed: a) u = 1 m/s.; b) u = 3 m/s; c) u = 4 m/s; d) u = 5 m/s. 
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c) 

 
d) 

Fig.5. Change in the concentration of harmful substances in the third layer of the atmosphere (H = 300m) at 

wind speed: a) u = 1 m/s.; b) u = 3 m/s; c) u = 4 m/s; d) u = 5 m/s. 
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c) 

 
d) 

 
e) 

 

Fig.6. Change in the concentration of harmful substances in the first layer of the atmosphere (Н=100m) at 

the initial particle settling velocity: a) w g = 0.00015 m/s; b) w g = 0.0003 m/s; c) w g \u003d 0.0006 m / s .; d) w g 

= 0.0009 m/s; e) w g = 0.009 m/s. 

 

Another parameter that significantly affects the 

change in the concentration of harmful substances in 

the atmosphere, on the earth's surface is the rate of 

deposition of harmful particles (Fig. 6-8). As it was 

established by the computational experiments carried 

out on a computer, the vertical transfer of harmful 

substances into the atmosphere depends: firstly, on the 

initial rate of particle settling; secondly, on the vertical 

speed of the air mass of the atmosphere; in thirds of 

the physico-mechanical properties of particles (radius 

of particles; cross-sectional area of particles) and 

properties of the atmosphere (  atmospheric 

density); fourthly from the acceleration of gravity. 
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e) 

 

Fig.7. Change in the concentration of harmful substances in the second layer of the atmosphere (Н=200m) at 

the initial particle settling velocity: a) w g = 0.00015 m/s; b) w g = 0.0003 m/s; c) w g \u003d 0.0006 m / s .; d) w g 

= 0.0009 m/s; e) w g = 0.009 m/s. 
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d) 

 
e) 

Fig.8. Change in the concentration of harmful substances in the third layer of the atmosphere (Н=300m) at 

the initial particle settling velocity: a) w g = 0.00015 m/s; b) w g = 0.0003 m/s; c) w g \u003d 0.0006 m / s .;  

d) w g = 0.0009 m/s; e) w g = 0.009 m/s. 
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c) 

 
d) 

Fig.9. Change in the concentration of harmful substances in the first layer of the atmosphere 

(H=100m) for different absorption coefficient values 

a) σ = 10%; b) σ = 20%; c) σ = 30%; d) σ = 40%. 

 

Numerical calculations on a computer were 

carried out at different values of the particle 

absorption coefficient (Fig. 9-11). Computational 

experiment established that 10 to 18 percent of aerosol 

particles are absorbed in the atmosphere. The growth 

of the absorption of harmful substances in the 

atmosphere depends on the humid state of the air mass 

of the atmosphere. The change in the absorption 

coefficient of direct images depends on the 

temperature and humidity of the atmosphere [16]. 
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b) 

 
c) 

 
d) 

 

Fig.10. Changes in the concentration of harmful substances in the second layer of the atmosphere (H=200m) 

for different values of the absorption coefficient a) σ = 10%; b) σ = 20%; c) σ = 30%; d) σ = 40%. 
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b) 

 
c) 

 
d) 

 

Fig.11. Change in the concentration of harmful substances in the third layer of the atmosphere (Н=300m) for 

different values of the absorption coefficient 

a) σ = 10%; b) σ = 20%; c) σ = 30%; d) σ = 40%. 
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a) 

 
b) 

 
c) 

Fig.12. Change in the concentration of harmful substances in the first layer of the atmosphere (Н=100m) for 

different values of the wind speed direction 

a) \u003d 45 0 ; b) = 85 0 ; c)  = 120 0 

 

Another parameter that significantly affects the 

horizontal transfer and diffusion of harmful 

substances in the atmosphere is the direction of the 

horizontal wind speed (Fig. 12-14). As can be seen 

from the calculations carried out on a computer, the 

direction of the wind strongly affects the process of 

transport of harmful substances in the atmosphere 

when H changes from 300 to 300 м. (Fig. 14). 
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a) 

 
b) 

 
c) 

Fig.13.  Change in the concentration of harmful substances in the second layer of the atmosphere (Н=200m) 

for different values of the wind speed direction 

a) \u003d 45 0 ; b) = 85 0 ; c) = 120 0 
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b) 

 
c) 

 

Fig.14.  Change in the concentration of harmful substances in the third layer of the atmosphere (Н=300m) 

for different values of the wind speed direction 

a) \u003d 45 0 ; b) = 85 0 ; c) = 120 0
 

 

Conclusion 

Numerical calculations have established that the 

change in the concentration of aerosols in the 

atmosphere depends significantly on the absorption 

coefficient of particles in the atmosphere. This 

parameter varies depending on the degree of humidity 

of the air mass of the atmosphere, time of year and 

day. At the same time, the maximum absorption of 

harmful aerosol particles in the atmosphere is typical 

for the morning and evening hours of the day. 

Computational experiment established that 10 to 

18 percent of aerosol particles are absorbed in the 

atmosphere. The growth of the absorption of harmful 

substances in the atmosphere depends on the humid 

state of the air mass of the atmosphere. 

The numerical calculations carried out on a 

computer showed that the distribution of aerosol 

particles in the atmosphere along the vertical depends: 

firstly, on the initial rate of particle settling; secondly, 

on the vertical speed of the air mass of the atmosphere; 

in thirds of the physico-mechanical properties of 

particles (radius of particles; cross-sectional area of 

particles) and properties of the atmosphere ( 

atmospheric density); fourthly from the acceleration 

of gravity. 

An analysis of numerical calculations showed 

that the area of distribution of harmful substances in 

the surface layer of the atmosphere expands with an 

increase in the speed of the air mass of the atmosphere. 

This can be especially observed at H=200- 300 м. 

The numerical experiments carried out for 

different wind directions and speeds have shown that 

these parameters directly affect the change in the 

concentration of aerosol emissions in the atmosphere. 

It was also established that with an increase in the 

power of aerosol generators, the area of 

\u200b\u200bthe area where the concentration 

exceeds the permissible sanitary norm increases. With 

unstable wind stratification, the area of distribution of 

harmful substances has a sawtooth character, it 

maximizes over time and over a short period of time. 

The calculated data showed that elevations - hills 

or mountain ranges located on an open landscape - 

play a significant role in changing the speed and 

direction of winds. Above the hills, the wind speed is 

higher compared to the surrounding flat area. Since 

the high pressure area actually expands some distance 

to the hill, the wind changes its direction before 

reaching it. If the air mass meets a steep hill with an 

uneven surface, then the wind speed increases sharply, 

which leads to an increase in the turbulence 

coefficient. The wind speed increases with an increase 

in the atmospheric pressure drop, and the air flow 

speed decreases near the ground due to friction due to 

the roughness of the underlying surface; 
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Computational experiments have established 

that when harmful fine particles propagate in the 

atmosphere, taking into account the coefficient of 

interaction with the underlying surface plays a special 

role. 

When specifying different heights of the source 

of pollution, it was found that with emissions from 

high sources, the maximum concentrations of 

pollution are recorded at dangerous wind speeds (in 

the range from 3 to 6 m/s, depending on the speed of 

the outflow of gases from the mouth of the exhaust 

pipes). Dangerous wind speed, combined with 

unstable stratification and intensive transport of 

impurities, leads to a maximum increase in the 

concentration of harmful substances in the surface 

layer of the atmosphere. In such cases, the main role 

in the dispersion of harmful substances in the 

atmosphere is played by horizontal flows. 
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Introduction 

It is important to check the convexity and 

concavity of the function when checking and plotting 

the function. We usually use the product to find the 

convex and concave ranges of a function. In this 

article, we provide information on how to check the 

convexity and concavity of a function using 

inequality. 

For the function ( )xfy =   an interval is optional 

1x  and 2x  at different values 

( ) ( )
22

2121 xfxfxx
f

+








 +
 

If the inequality is true, the function is called 

convex in this range. 

For the function ( )xfy =  an interval is optional 

1x  and 2x  for values 

( ) ( )
22

2121 xfxfxx
f

+








 +
 

If the inequality is true, the function is said to be 

submerged in this interval. 

The geometric meaning of this is that the center 

of an arbitrary vat of a graph of a convex function lies 

at the bottom of the corresponding arc. (Figure 1) 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
http://s-o-i.org/1.1/TAS-03-107-14
https://dx.doi.org/10.15863/TAS.2022.03.107.14
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Figure 1. 

 

The center of an arbitrary vat of a graph of a 

submerged function lies at the top of the 

corresponding arc. (Figure 2) 

 
Figure 2. 

 

Obviously, ( )xfy =  the curve may be convex at 

one point and concave at another. The point that 

separates the convex part of a function from the 

concave part is called its inflection point. In Figure 3, 

point A is the inflection point. 

 
Figure 3. 

 

We now give examples of how to determine the 

convexity and concavity of a function. 

Example 1. 2xy =  determine the convexity and 

concavity of the function. 

Solution. arbitrary values of the arguments of x1 

and x2. Then: 

( ) ( )
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2xy =  to check the function for convexity and 

concavity 
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we determine the sign of the difference. 
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(because  of 21 xx   ). because of the difference is 

positive 2xy =  the function graph is sunk. (Figure 4) 

 
Figure 4. 

 

Example 2. 
x

y
1

=  check that the function is 

convex and concave. 

Solution. 1x  and 2x  the same sign values of the 

argument that are different from the arbitrary zero.  

Separation: 

( ) ( )
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+

 

If 01 x  and 02 x , then 021 xx   and 

021 + xx , Separation will be plus. If 01 x  and 

02 x , then 021 xx  and 021 + xx , Separation 

will be minus. 

So, 0x  graphic sink, 0x  will be convex 

(Figure 5). 

 
Figure 5. 

 

Example 3. ( )1,0 = aaay x  check that the 

function is convex and concave. 

Solution. 1x  and 2x  arbitrary values of the 

argument. Let’s look at the difference below. 
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As a result, the graph of the function is sunken 

(Figure 6). 

 
Figure 6. 

 

Example 4 . xy alog=  check that the function 

is convex and concave. 

Solution. 1x  and 2x  arbitrary positive values of 

the argument, Then  

2121 logloglog xxxx aaa =+  

 

or 

21
21 log

2

loglog
xx

xx
a

aa =
+

       (1) 

We know that, 
2

21
21

xx
xx

+
  if 21 xx   and 

0,0 21  xx , then 

xy alog=  function growing in 1a , 

decreasing in 10  a . 

So: 
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(1) the right-hand side of the inequality 
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+
   swapping 
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xxxx
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 and 

( )10
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log
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+
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we create inequalities. 

So, 1a  The graph is convex, 10  a  will 

sink in (Figure 7) 

 
Figure 7. 

 

Example 5. ( )20sin = xxy   check that 

the function is convex and concave. 

Solution. 1x  and 2x  arbitrary values of the 

argument. In this case, both (0; ) will belong to the 

interval or ( ) 2; interval. Let’s look at the difference 

below. 
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because of being 1
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cos,1cos 21 −
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a  the 

expression is negative or equal to zero. 

because of being 20  x ,  
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. As a result 
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So, if 1x  and 2x   belongs to an interval ( );0 , 

01
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cos
2

sin 2121 







−
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and the difference under consideration is negative. 

Thus ( );0  the graph of the function in the interval is 

convex (Fig. 8). 

If  2,2 21  xx , then 

 2
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+


xx

. 

As a result 

0
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sin 21 
+ xx

 and 

01
2

cos
2

sin 2121 







−

−+ xxxx
 . 

So the difference is positive. In the interval 

( ) 2;  the function graph is sunk. (Figure 8)  

 
Figure 8. 
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Introduction 

Nowadays, when protein deficiency is prevalent 

all over the world, the protein richness of soybeans, 

the presence of all the amino acids useful for humans 

in the protein content, is of particular importance, 

further increasing the nutritional value of soybeans. It 

should be noted that the advantage of soybean is 

comparable to a number of foods in terms of richness 

in lysine, methionine, arginine, leucine and other 

essential amino acids. 

In many countries where soybeans are grown, 

this crop is the only source of protein, which also 

provides livestock with nutritious food and increases 

its productivity. Soybeans contain 30-52% protein, 

17-27% oil and 20% carbohydrate water. The 

prevalence of soybean crop on earth is related to the 

quality of grain and protein. 

Based on the positive biological properties of 

soybeans in the country, it is necessary to study the 

norms of micronutrients on the background of mineral 

fertilizers, to determine the optimal ones in the 

creation and improvement of technology for growing 

soybeans as a primary and secondary crop. 

Soybean is a plant demanding to nutrients. 124 

kg of nitrogen, 22 kg of phosphorus, 102 kg of 

potassium, 34 kg of calcium, 23 kg of sulfur, 191 g of 

zinc, 18 kg of magnesium, 207 g of manganese, 865 g 

of iron and 75 g of copper are extracted from the soil 

at a grain yield of 24 c / ha per hectare. This shows 

that in addition to macronutrients, micronutrients are 

also necessary for the growth and development of 

soybean. 

 

Literature review 

X.N.Atabaeva, F.B.Namozov, A.A.Kurbanov 

and S.Sh.Khayrullayev (2020), in their experiments in 

2018-2020, found that when micronutrients affected 

soybean crops, micronutrients affected stem height, 

leaf and root development, root nodule formation, 

grain quality and yield, and provided high yields [7]. 

According to R.Juraeva, J.Tashpulatov, 

A.Iminov, H.Bozorov, Khatamov S.R, Khayrullaev 

S.Sh and L.Zaynitdinova (2020), in their experiments 

in 2015-2017, mineral fertilizers and rhizobium were 

applied to soybeans. When exposed to strains of 

azotabacteria belonging to the group, it was observed 

that the yield increased by 12.6-12.8 c / ha compared 

to the control variant, [4; pp.72-79], [3; p.172]. 

http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
http://s-o-i.org/1.1/TAS-03-107-15
https://dx.doi.org/10.15863/TAS.2022.03.107.15
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According to Khayrullayev Sardor Shamsiddin 

ugli (2021), the application of micronutrients in the 

suspension method 2 times during the application 

period of soybean varieties in the conditions of 

meadow-swamp soils provides an increase in grain 

quality [6]. 

According to data of Atabayeva Khalima 

Nazarovna, Khayrullaev Sardor Shamsiddin o’g’li, 

and Usmonova Shohista Usmon qizi (2020), sulfur 

has a positive effect on the branching of soybean 

varieties on the background of mineral fertilizers, and 

in 2018 the number of branches in the variety "Orzu" 

increased by 0.8-1.3 compared to the control option 

due to the micro element sulfur. In the "Nafis" variety, 

this figure was 0.3-0.4, and good results were obtained 

from medium and high sulfur standards. In 2019, these 

indicators increased by 0.3-0.7 in the variants of sulfur 

compared to the control in the "Orzu" variety, 

increased by 0.1-0.3 in the "Nafis" variety, and good 

results were obtained from the medium and high 

standards of sulfur [2]. 

According to Iminov Abduvali 

Abdumannobovich, Khayrullayev Sardor Shamsiddin 

ugli, et al, Nitragine treatment of soybean and mung 

bean seeds before sowing had a positive effect on seed 

germination under both laboratory and field 

conditions, the germination rate of seeds in the 

laboratory under the conditions of cotton cultivation 

in the following еar under the background of non-

treatment by nitragine before sowing the seeds of 

soybean and mung bean crops grown as a secondary 

crop after winter wheat was 0.3-1.3%, and field 

fertility was 0.2-0.8% higher. Also, it was found that 

the use of phosphorus and potassium fertilizers in 

soybean and mung bean crops grown as a secondary 

crop was 0.6-1.0% higher in the laboratory, and 0.6-

0.7% higher in the field than in the control options 

without mineral fertilizers in studies [1]. 

According to Umarova Nigora Sadriddinovna, 

Bo’riboyev Bekzod Yetmish ugli, Khayrullayev 

Sardor Shamsiddin ugli, Usmonova Shokhista Usmon 

kizi, & Turdaliyeva Shokhista Tulkinjon kizi, the 

demand of the soybean plant for mineral fertilizers, it 

was observed that when NPK and liquid fertilizer 

were used together, all  the biometric parameters and 

yields of the plant increased by varieties compared to 

other methods. The use of mineral fertilizers in 

different ways in typical sierozem soil conditions 

affects the grain yield of local and foreign varieties. In 

other words, the average yield of medium-ripe 

soybean varieties "Nafis" was 43.4 c / ha, "Vilana" 

was 42.4 c / ha, and the best way to increase the yield 

is to apply fertilizers as NPK in combination with 

liquid fertilizer [8]. 

According to data of Khayrullayev Sardor 

Shamsiddin o’g’li and Usmonova Shohista Usmon 

qizi, the location of the lower first pod in soybean 

varieties is 12.8-15.9 cm in Orzu variety, 3-3.1 cm in 

Radimax stimulator, 2.2-2.4 cm in Gummat 

stimulator, 2.1 cm in Tecamin stimulator and 3.1 cm 

in Algora stimulator was found to be high. The most 

effective results were observed in Radimax, Gummat 

and Algora bio-simulators, and the location of the 

lower first pod was detected 14.7-17.6 cm in the 

“Nafis” variety, which was 2.5-2.9 cm higher in the 

Radimax stimulator, 2.2-2.5 cm higher in the Gummat 

stimulator, 2.1 cm higher in the Tecamine stimulator, 

and 2.4 cm higher in the Algora stimulator than in the 

control variant. The most effective results were 

observed in Radimax, Gummat and Algora 

biosimulators [5]. 

According to data of Kh.N.Atabayeva, 

N.S.Umarova, S.Yakubov, and S.Sh Khayrullaev, 

micronutrients on the basis of micronutrients 

prolonged the shelf life of the ‘Orzu’ variety by 4- 5 

days for sulphur and 2-4 days for manganese; macro 

and micronutrients affected the growth of soybeans, 

the stems were higher by 4.45% due to macronutrients 

and 2.78-6.30% due to micronutrients [9]. 

 

Materials and methods 

The research was conducted in the experimental 

fields of the Rice Research Institute for 2018-2020. 

The Rice Research Institute is located in the south-

eastern part of the Tashkent region, in the Chirchik 

oasis, 15 km from Tashkent, on the left bank of the 

Chirchik River. In terms of geographical location, the 

coordinates of the institute are bounded on the 

Greenwich scale by 69018 east longitude and 41020 

north latitude. The topography of the area is flat, the 

soil in the experimental fields corresponds to the soil 

of the riverside areas, the soil layer of the area consists 

of meadow-swampy soil. 

The reason for the emergence of this type of soil 

is mainly that the lands attached to the institute are 

located close to the banks of the Chirchik River, the 

surrounding farms are also engaged in rice cultivation, 

and there is an excess of moisture in the soil. 

The soil layer in the experimental area is 

meadow-swampy, loamy sandy soil. It is known that 

sierozem soils are less stratified and are characterized 

by a lack of humus, which is also evident from the 

specific color that occurs in meadow-swamp soils. 

The driving layer of the experimental farm of the 

Rice Research Institute is 0-30 and 0-40 cm, below the 

driving layer is a layer of gel 30-40 cm thick, at a 

depth of 60-70 cm there is a layer of sand and small 

stones. 

The soil in the experimental farm was not saline 

(pH 7.1-7.3). According to its mechanical 

composition, heavy sand belongs to the soil type. The 

amount of physical mud in the driving layer was 40-

60 percent. 

The amount of humus in the driving layer was 

1.63-1.95%, total nitrogen was 0.27-0.30%, 

phosphorus was 0.17-0.21%, and potassium was 0.71-

0.76%. 

There are no mineral salts due to the fact that the 
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experimental area is partly sloping, the bottom layer 

of the soil consists of sand and small stones, and the 

groundwater flows from the northeast to the 

southwest. Groundwater varies at a depth of 0.5-1.0 

meters during periods when rice plots are flooded. 

When the rice is not filled with water, the groundwater 

begins to deepen, which lasts until February at a depth 

of 1.5-1.6 m. 

The experiments were conducted in an area free 

of rice. Field experiments showed that in 4 turns the 

plots were 20 m long, 2.4 m wide, 4 rows, the total 

area of each plot was 48.0 m2, including 2 rows in the 

middle and 2 rows of protection rows at the edges. The 

options are placed by the randomization method. 

Conducting field calculations, calculations and 

observations were carried out on the basis of 

"Methodological manual of the State Commission for 

Variety Testing of Agricultural Crops (1989)", 

"Methods of field experiments (UzPITI, 2007)" and 

B.A.Dospekhov's "Methodology of field experiment." 

Leaf area is determined by the method of A.A. 

Nichiporovich, by leaf cuttings, the number of stems 

and weight were determined by the method of G.S. 

Posypanov. To determine the weight of the roots, a 

monolith measuring 60x50x30 cm was dug. The roots 

were washed and weighed both wet and dry. 

Biometric measurements were performed on the 

counted plants prior to harvest. The plant height, 

branching, number and weight of pods, number and 

weight of grains, weight of 1000 grains were 

determined. To determine the yield, the pods were 

collected, crushed, and pulled from the accounted area 

of the stalks. Yield was determined by converting the 

yield per hectare using the number of bushes per 

hectare. The results of the study were analyzed by 

variance according to the method of B.A.Dospekhov. 

 

Description of “Orzu”cultivar of soybean 

planted in the experiment 

“Orzu” is an early maturing variety, which takes 

35-40 days from sowing to flowering, 110-120 days 

before ripening. The stem is branched. The stem 

grows upright, the stem is hollow. The height of the 

stem can be up to 50-70 cm. The leaves are trifoliate, 

large, light green. The leaves of the plant are average. 

The leaves are located symmetrically. The length of 

the leaf band is 10 cm. When they fully ripe, 75% of 

the leaves fall off. The flower is white, with 2-7 

flowers in the inflorescence. Pods are gray, small, 2.4 

cm long, and until.4.0 cm. The pods do not crack when 

ripe, forming an average of about 40 pods per bush. 

The average grain size is 120-130 g per 1000 grains. 

Grain yield is 32 c per hectare on irrigated lands. 

When sown as a secondary crop, 10-20 c of grain is 

obtained. The grain contains 25% oil and 36-38% 

protein. Authors: Rakhmanov A.R, Yunusov B.K, 

Tulaganov N, Burigina O.V. 

 

Agrotechnics of the experiment 

The technology of cultivation of meadow-

swamp soils has been implemented in the Tashkent 

region. After the land was prepared, the experimental 

field was divided into plots based on a working 

program. Planting method is wide, 60 cm between 

rows, 5 cm between bushes. The “Orzu” variety was 

planted in May. 500,000 seeds (62.5 kg / ha) were 

sown at a depth of 4-5 cm per hectare. Prior to 

planting, a program of mineral fertilizers was 

established, using 50 kg of nitrogen, 100 kg of 

phosphorus and 70 kg of potassium. The experimental 

field was irrigated 4 times and cultivated 3 times 

during the application period. According to the 

program, at the beginning of the mowing period (or at 

the development of 5-6 trifoliate leaves and the end of 

the flowering period - the beginning of budding) 

soybean was fed with micronutrients in 3 different 

doses, extra-root (foliar application), suspension was 

used. 

 

Results and discussion 

It is known that taking high yields of field crops 

are closely related to their leaf formation and leaf area 

per hectare. Because, plants produce large amounts of 

organic matter through photosynthesis through the 

leaves, which in turn provides a rich harvest from the 

plants. 

In the experiment, In the Control variant, in 

which no minerals and micronutrients were used in the 

Orzu variety, the leaf area per bush averaged 355.4 

cm2 / bush during the budding period. Before sowing, 

mineral fertilizers in the variant with Background 

given in the ratio N50P100K70, the leaf area was 360.2 

cm2 / bush, and the higher result was obtained 4.8 cm2 

/ bush than in the control variant. Due to the absence 

of micronutrient effects during fertilization, only 

under influence of variant where the sulfur used, the 

leaf area per bush was 365.5-384.2 cm2 / bush in the 

sulfur used variant, while in the manganese used 

variant, this figure was 373.9-387,8 cm2 / bush. In this 

phase, it was observed that in the sulfur and 

manganese variants, the leaf area was higher than in 

the control variant only due to the fertilizer 

background. 

During the flowering period, in the control 

variant, the leaf area was 720.4 cm2 / bush. Under the 

background of mineral fertilizers, the leaf area was 

755.1 cm2 / bush, which was 24.7 cm2 / bush higher 

than the control variant. During this period, the effect 

of micronutrients on soybeans was observed, the leaf 

area was 772.3-825.6 cm2 / bush due to sulfur, and 

51.9-105.2 cm2 or 6.72-12.74% higher compared to 

the control variant, and the leaf area was found to be 

795.2-830.6 cm2 / bush in exchange for manganese, 

and was found to be high 74.8-110.2 cm2 / bush, or 

9.4-13.3%, compared to the Control variant. 
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Table 1. Leaf area in bush plant and per hectare of Orzu variety, (average) 

 

№ Options 
Developmental stages, cm2/bush 

thousand m2/ha 
budding flowering podding 

1 Control 355,4 720,4 1132,2 51,1 

2 *Background-N50P100K70 360,2 755,1 1210,2 55,1 

3 Background+*S1 365,5 772,3 1256,1 59,1 

4 Background+S2 384,2 825,6 1338,7 63,3 

5 Background+S3 372,4 796,7 1277,5 60,2 

6 Background+*Mn1 373,9 795,2 1316,0 59,9 

7 Background+Mn2 387,8 830,6 1392,3 64,6 

8 Background+Mn3 378,0 807,1 1330,9 61,2 

*Background is mineral fertilizers (N50P100K70) used as basis in the experiment 

*S1, S2, S3-amount of sulfur used in different norm in the experiment (10 l water+1,5; 3,0; 4,5 gr) 

*Mn1, Mn2, Mn3-amount of manganense used in different norm in the experiment (10 l water+2,5; 5,0; 7,5 gr) 

 

During the podding period in the control variant, 

the leaf area was 1132.2 cm2 / bush. Under the 

background of mineral fertilizers, the leaf area was 

1210.2 cm2 / bush, which was 78.0 cm2 / bush or 6.4% 

higher than the control variant. During this period, the 

second application of micronutrients affected to 

soybeans and influencing the formation of leaf area, 

in exchange for sulfur, the leaf area was 1256.1-

1338.7 cm2 / bush, and 123.9-206.5 cm2 or 9.9-15.4% 

higher compared to the control variant, while the leaf 

area was found to be 1316.0-1392.3 cm2 / bush in 

exchange for manganese, and was found to be 183.8-

260.1 cm2 / bush, or 14.0-18.7% higher compared to 

the Control option. 

In the experiment, in Orzu Variety, along with 

the leaf area of a single plant, the leaf area per hectare 

was also determined. In the control variant, the leaf 

area was 51.1 thousand m2 / ha. Under the influence 

of mineral fertilizers, the leaf area was 55.1 thousand 

m2 / ha, which was 4.0 thousand m2 / ha or 7.3% 

higher than the control variant. When micronutrients 

were applied to the soybean crop in suspension, these 

micronutrients affected the leaf area formation, and 

the leaf area in exchange for sulfur was 59.1-63.3 

thousand m2 / ha, and 8.0-12.2 thousand m2 / ha or 

13.5-19.3% higher compared to the control variant, 

and in exchange for manganese the leaf area was 

found to be 59.9-64.6 thousand m2 / ha, and 8.8-13.5 

thousand m2 / ha, or 14.7-20.9% higher compared to 

the Control variant. 

 

CONCLUSIONS 

In the variant, where not used mineral fertilizers 

and micronutrients, the leaf area in the control variant 

of the Orzu variety of soybean was 51.1 thousand m2 

/ ha. Under the influence of microelements, the leaf 

area of Orzu was 59.1-64.6 thousand m2 / ha. The 

highest rates of exposure to micronutrients were 

observed with medium use of sulfur and manganese. 

Under influence macro and micro fertilizers, the leaf 

area of Orzu variety increased from 4.0 to 13.5 

thousand m2 / ha, or from 7.3 to 20.9%. 
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