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ТҮЙІН 

 

Диссертацияның құрылымы мен көлемі: Диссертациялық жұмыс 60 

бет, 29 сурет, 27 әдебиеттер тізімінен тұрады. 

Кілттік сөздер: математикалық модель, медициналық қолғаптар өндірісі, 

динамикалық модель, Ляпунов бойынша тұрақтылық, Рунге-Кутта сандық әдісі, 

өндіріс жұмысынің тиімді жоспары. 

Диссертациялық жұмыстың мақсаты  «Dolce» ЖШС фармацевтикалық 

компаниясының медициналық қолғаптар өндірісін сипаттайтын математикалық 

модель құру. Өндірістің тиімді жұмысы үшін сәйкес параметр мәндерін табу.  

Тақырып өзектілігі. Диссертация жұмысының тақырыбы «Dolce» ЖШС 

фармацевтикалық компанияның өндірісмен тығыз байланысты. 

Медициналық мақсатта қолданылатын бұйымдар өндірісі, медициналық 

өнеркәсіптің маңызды бөлігі бола тұра, Қазақстандағы фармацевтика және 

фармакология саласындағы ерекше орын алатын өндіріс. Және қазірі заманғы 

нарықтағы отандық және шетелдік өндіріс орындарының бәсекелестігіне 

байланысты, аталған өндіріс түрінің дамуы өзекті мәселе болып келеді.    

Зерттеу жұмысының нысаны «Dolce» ЖШС фармацевтикалық 

компаниясының медициналық қолғаптар өндірісінің жұмысын нақты 

сипаттайтын математкалық модель құру. 

Зерттеу әдісі заманауи есептеуіш құралдарды қолданып сандық анализ 

жасау. Осы мақсатта C++ бағдарламалау тілі және MS Excel электрондық 

кестесі қолданылды. 

Практикалық маңыздылығы. Құрылған математикалық пішін 

медициналық қолғаптар өндірісінің жұмыс барысын сипаттаушы құрал болып 

табылады. Сол арқылы сандық тәжірибелер жүргізіп, еш қаржылық шығынсыз, 

өндіріс жұмысының жоспарын тиімді етіп құруға болады. Жұмыстың 

фармацевтика саласындағы маңызы зор. Математикалық пішінді тек 

медициналық қолғаптар үшін емес, басқа да бұйымдар өндірісінде қолдануға 

болады.  

Математикалық пішіннің динамикалық түрде құрылуы ізделінді 

параметрлердің өзгерісін уақыт тізбегінде бақылауға болады. Бұл жағдай 

тиімділік есептері үшін көп мүмкіндік береді.   
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РЕЗЮМЕ 

 

Структура и объем диссертации. Настоящая диссертация содержит 60 

страниц, 29 рисунков, список литературы состоящих из 27 наименований. 

Ключевые слова: математическая модель, динамическая модель, 

устойчивость по Ляпунову, численный метод Рунге-Кутты, производство 

медицинсикх перчаток, оптимальная планировка работы производства. 

Целью работы является разработка наиболее подходящей 

математической модели, описывающей процесс производства медицинских 

перчаток фармацевтической компании ТОО «Dolce». А также нахождение 

значения параметров для наиболее оптимального плана производства.  

Актуальность темы. Тема диссертационной работы связана с 

деятельностью фармацевтической компании ТОО «Dolce», производящей 

изделий медицинского назначения. 

Производство медицинских изделий как один из видов деятельности 

медицинской промышленности является важным звеном в индустрии 

фармацевтики и фармакологии в Казахстане, актуальность развития которого в 

условиях конкуренции на рынке очевидна.  
Объектом исследования математическая модель, описывающая 

производство латексных медицинских перчаток на предприятий ТОО «Dolce». 
Методом исследования численный анализ с использованием 

современных аппаратных средств и вычислительных инструментов (язык 
программирования C++, пакет приложений MS Office, который включает 
электронную таблицу MS Excel). 

Практическая значимость состоит в том, что в работе построена модель, 

которая является инструментом, описывающий процесс производства 

медицинских перчаток. Динамику параметров разработанной модели, в виде 

динамической системы, можно рассмотреть во времени. Что позволяет увидеть 

результаты при разных экспериментальных значениях параметров, 

подобранных в целях нахождения оптимального производственного плана. 

Работа имеет особую практическую значимость в фармацевтической 

области, точнее, в производстве медицинских изделий. 

Также математическую модель можно использовать в оптимизационных 

задачах производства других изделий. Математическая модель может быть 

примером для создания моделей, описывающих работу разных производств. 

 

 

 

 

 

 

 

 

 

  



5 

 

SUMMARY 

 

This dissertation work contains 60 pages, 29 figures, bibliography consisting 

of 27 items 

Keywords: mathematical model, production of medical gloves, dynamic model, 

Lyapunov stability, Runge-Kutta numerical method, optimal production planning. 

The aim of this thesis is to develop the most appropriate mathematical model 

describing the production process using the example of medical gloves of Ltd. 

“Dolce”. And finding the values of the parameters for the most optimal performance 

of medical gloves. 

Actuality of the theme. The theme of the thesis  is related to the activities of 

the pharmaceutical company Ltd. “Dolce”, which produces disposable medical 

products. 

The production of medical products as one of the activities of the medical 

industry is an important link in the pharmaceutics and pharmacology industry in 

Kazakhstan, the urgency of  its development in conditions of competition in the 

market is obvious.  

The object of research  is a mathematical model describing the production of 

latex medical gloves in enterprises of Ltd. “Dolce”. 

The subject of research numerical analysis using modern hardware and  

computational tools (C ++ programming language, The MS Office application 

package, which includes the MS Excel spreadsheet). 

The practical significance is that the fact that the model is constructed in the 

work, which is a tool that describes the process of manufacturing medical gloves. The 

dynamics of the parameters of the developed model, in the form of a dynamic system, 

can be considered in time. That allows you to see the results for different 

experimental values of the parameters selected in order to find the optimal production 

plan. 

The work has a special practical significance in the pharmaceutical field, more 

precisely, in the production of medical products. 

Also, the mathematical model can be used in the optimization tasks of the 

production of other products. The mathematical model can be an example for creating 

models describing the work of different industries. 
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SYMBOLS AND ABBREVIATIONS 

 
𝑋 - parameter describing the volume of raw materials; 

𝑌 - parameter describing the volume of the product; 

𝑍 - cost parameter; 

𝑊 - parameter describing net profit; 
  -  coefficient of increase in raw materials; 

  - the rate of consumption of raw materials; 

  -  restriction on the function (t)f ; 

(t)f  - variable costs; 

  - the coefficient is responsible for the consumption of electricity per unit time; 

  -  remuneration of labor of production workers; 

  - coefficient of products that do not meet the established standards for their quality; 

  - coefficient describing the value of the products produced; 

  - coefficient of cost. 
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INTRODUCTION 

 

 Mathematical models are often used in studies in various fields. During the 

construction of the mathematical model of the object or process being studied, those 

features are distinguished that contain more or less complete information about the 

object and allow its mathematical construction.  

The mathematical model in production makes it possible to study the objects of 

production with the least expenditure on experiments. The basis of modern 

productions is technological systems that have a complex structural and functional 

organization. For such systems, mathematical models of two main types are used: 

analytical and system models. The system models, in contrast to the first type, are 

built mainly on the basis of physical laws and hypotheses, about how the system is 

structured and how it functions. Therefore, we can expect that it is the system models 

that will constitute the core of the current stage in the development of mathematical 

modeling used in production processes. 

For the development of any production, effective activities are necessary to 

achieve a sustainable financial position and provide a competitive advantage in the 

market. The need to improve management in enterprises in a market economy is due 

to a wide range of changes in the management of technological processes. One of the 

tools for such changes is the above-mentioned type of mathematical models. 

Basically, mathematical models are used in optimization problems, as elements 

of linear programming. The first stage of this thesis is a review of scientific literature, 

which describes the application of mathematical models in production. In the 

scientific articles found, linear models were used, as the objective functions of 

optimization problems. And the restrictions on the necessary parameters were 

presented in the form of inequalities. 

Examples in some scientific articles analyzed for the purpose of studying the 

construction of a mathematical model that corresponds to the technological processes 

of production: 

• Uvarova M.N., Pavlova T.A. "Mathematical model of optimization of 

production of agricultural products".[2] 

The objective function of the settled problem is: 

 

 

 

- income from the sale of a unit of S-culture. 

- cultivated areas of crops. 

- income from the sale of a unit of h-type livestock products. 

- livestock of animal species.  

It is necessary to get the maximum income under the conditions: limited total area 

under crops, limited ability to keep a certain number of animals. 
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• Kushner A.A. "Optimization of the production program of manufacturers of 

medical cork with the use of methods of mathematical programming and 

simulation".[5] 

The objective function of the settled problem is: 

 

 

- value of expected profitability  from sales of each unit of production k. 

- variable costs. 

- volume of production for each type of output k. 

This task has resource and external restrictions on the volume of production. 

So, above were articles on the topic of optimizing the management of 

work in 

enterprises of various industries. In these materials it was important to study, 

firstly, the process of work in production for comparison with the work of the 

pharmaceutical company, secondly, the supplied optimization model describing the 

process, and also the methods for solving the stated optimization task. 

Equations in the models of the first and second articles, as in many works 

devoted to the problem of achieving efficiency in production, are linear. Although 

models look different, both are part of mathematical programming, which involves 

defining: 1) the variables to be changed; 2) objective function, which requires 

optimization; 3) the constraints that the variables must satisfy. 

The theme of the thesis is related to the activities of the pharmaceutical 

company Ltd. “Dolce”, which produces disposable medical products. The production 

of medical products as one of the activities of the medical industry is an important 

link in the pharmaceutics and pharmacology industry in Kazakhstan. 

Pharmaceutical production and commercial business combination Dolce and 

Dolce-Pharm largest Kazakhstan manufacturer of disposable medical products, 

professional supplies, disposable clothes and linen, and pharmaceuticals (activated 

charcoal 0.25 № 10 "Ultra adsorption"). Association covers questions of medical 

institutions of the Republic of Kazakhstan, carries out the state order for the supply of 

medical devices and drugs for long-term contract with a GFR of export-oriented 

countries of Central Asia and CIS countries. 

Nowadays methods of mathematical modeling has a special place in 

pharmaceuticals in general. Most often, new medical drugs are modeled. The method 

allows calculation of the properties of complex substances and their effect on a living 

organism in a relatively short time. But, in this thesis the process of manufacturing 

medical products is simulated. 

Relevance of the topic. 

The production of medical products as one of the activities of the medical 

industry is an important link in the pharmaceutics and pharmacology industry in 

Kazakhstan, the urgency of  its development in conditions of competition in the 

market is obvious.  

1
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For the development of any production, effective activities are necessary to 

achieve a sustainable financial position and provide a competitive advantage in the 

market. Nowadays to optimize production programs of enterprises are uses methods 

of mathematical modeling. 

The thesis "Mathematical modeling in the field of pharmaceutics and 

pharmacology" shows the application of the mathematical model as a tool that 

describes the production process of medical products. 

It is known that to date mathematical modeling is widely used in production 

processes in various industries. Namely, models are being built for optimization of 

the technological process, for planning and optimal management of production 

activities, economic-mathematical models for production are being built. The purpose 

of the applied models is to achieve efficiency in the work of production with a 

reduction in costs, an optimal allocation of resources and an increase in the profit of 

the enterprise. 

At present, the instability of the world market has a negative impact on 

enterprises of many countries, including Kazakhstan. This, in turn, reveals the need to 

find new ways for domestic production for stable operation. 

Political actions also have their influence. Special changes are taking place in 

the field of pharmaceutics. The single rialto of medicines in the Eurasian Union of 

Economy , in accordance with the agreement on the EEA, began functioning on 

January 1, 2016. This contract has a number of advantages, but it becomes more 

difficult for domestic pharmaceutical companies and medical products companies to 

compete with new players on the rialto. One way to maintain stability in such 

conditions is to improve the production process. What proves the relevance of the 

application of mathematical modeling in production. 

The object of research is a mathematical model describing the production of 

latex medical gloves in enterprises of Ltd. “Dolce”. 

The aim the study of this thesis is to develop the most appropriate 

mathematical model describing the production process of medical gloves of Ltd. 

“Dolce”. And finding the values of the parameters for the most optimal performance 

of medical gloves. 

 To achieve this goal the objectives of study are considered: 

1. Construction of a mathematical model based on data from the 

enterprise, describing the production process, in the form of a dynamic 

system; 

2. Finding a stable state of a dynamic system with a constraint on the 

growth of a parameter describing the volume of raw materials. 

3. Obtaining numerical solutions of the dynamic system by 

numerical methods; 

4. Comparison of results with company data. Experimental work 

with the values of the parameters, in order to find the values that ensure the 

most optimal production performance. 

The methods of research are: numerical analysis using modern hardware and  

computational tools (C ++ programming language, The MS Office application 

package, which includes the MS Excel spreadsheet). 
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The scientific novelty of the obtained results. 

The use of a dynamical system as a mathematical model, which consists of first-

order differential equations. Variables of these equations are the parameters 

characterizing the process of manufacturing a medical device. 

The practical significance lies in the fact that the dynamics of the parameters 

of the developed model, in the form of a dynamic system, can be considered in time. 

That allows you to see how much time it takes to achieve a steady state, for different 

values of the parameters. 

The thesis has a special practical significance in the pharmaceutical field, more 

precisely, in the production of disposable medical products. 

Also, the mathematical model can be used in the optimization tasks of the 

production of other products. The developed model can be an example for creating 

models describing the work of different industries. 

Publications on the thesis topic. 

The thesis on "Mathematical modeling in the field of pharmaceutics and 

pharmacology" was published in the journal "International Scientific  Conference of 

Students and Young Scientists "FARABI ALEMI"". 
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1. PRODUCTION OF MEDICAL GLOVES OF PHARMACEUTICAL 

COMPANIE Ltd. «DOLCE» 

 

The theme of the thesis is related to the activities of the pharmaceutical 

company Ltd. “Dolce”, which produces disposable medical products. Among the 

medical products produced by Ltd. “Dolce”, latex exam gloves were chosen for the 

study. Latex exam gloves made of natural latex; the most common medical gloves 

because they are designed for everyday use during routine examinations and 

diagnostics.  

 

1.1 Technology of manufacturing latex gloves in the enterprise 
 

History of the appearance of medical gloves. 

The history of the appearance and discovery of gloves, as a necessary attribute 

of any medical worker, begins in 1758, when their first pair was made from the small 

intestine of a sheep for use in the practice of obstetricians and gynecologists. Later, or 

more precisely in 1834, Richards Cook (New Jersey) used gloves made of rubber of 

Indian origin, to protect against sepsis in the same gynecological and obstetric 

practice. In 1834, already in England, this experience was repeated by Thomas 

Watson. At that time, for the production of gloves, Indian rubber was used, because 

only the knowledge of its structure at that time brought Columbus from South 

America from the Maya and Aztec tribes. In 1900 for the first time in the 

manufacture of gloves natural latex was used, thanks to the properties of which 

medical gloves became more popular and used in medical practice. 

In the future, work with medical gloves was carried out only for their 

improvement, new materials for manufacturing were tried, and quality and 

convenience for medical personnel were increased. At the moment, among the 

medical gloves already distinguished are the usual latex, nitrile, vinyl, differing from 

each other, mainly production technology. In addition to this classification, medical 

gloves are divided into powdered and powdered according to the way they are 

processed. Powder uses the one that is taken from corn starch. 

Gloves also produce different colors. This helps in marking gloves, for example, 

for laboratory assistants working with microscopes, brown gloves will be better 

suited, since they give less glare, do not distract and do not tire the eyes. 

Medical non-sterile gloves are the basis of hygiene of the health worker. They 

are used as an effective means for creating barrier protection, which prevents the 

spread and transmission of microbes and bacteria. 

Manufacturing technology and properties of different types of gloves. 

The technology of manufacturing any of the types of medical gloves includes a 

number of general consecutive stages, including cleaning the molds, cleaning the 

molds in the acid tank, cleaning the molds again, immersing them in the container 

with a coagulant, draining, immersing in the container with the constituent substance, 

leaching and scrap, vulcanization and, finally, get out of shape. 

Latex gloves are made from latex, extracted from the juice of rubber trees, and, 

using the vulcanization process, a material saturated with proteins is obtained. The 

color of latex gloves is usually linen or ivory, which distinguishes them among the 
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rest of the color variety. Unfortunately, latex gloves can cause quite frequent allergic 

reactions among medical personnel, including anaphylaxis, which causes some 

workers to even give up their profession. 

Nitrile gloves are based on nitrile, a new material that is a combination of 

butadiene and acrylonitrile, which has undergone a polymerization process under 

production conditions. As a result of this reaction, a nitrile elastomeric is synthesized. 

Due to this composition they are more elastic, dense, which protects the employee 

better from rupture or puncture of the glove, and absolutely hypoallergenic. The latter 

property prevents the development of skin allergic dermatitis. 

Vinyl medical gloves are also a warning to the development of allergic 

reactions. Their production is reduced to the use of polyvinyl chloride from the inside 

is applied polyurethane coating. The technology of production is difficult, but it gives 

its justified results: such gloves are strong, well stretched and resistant to the action of 

oil substances. 

Equipment for the production of medical gloves. 

The machine for the production of medical gloves is an assembly consisting of 

several parts, carrying a different functional. Equipment for the production of rubber 

gloves includes the following components: 

- Apparatus for vulcanization;  

- Mixer; 

- Containers for liquors, hot water, basic substance, cooling, molding, 

washing; 

- Drying cabinets; 

- Pipeline system; 

- Oil supply system;  

- Furnaces for drying material; 

- Shape holders; 

- A device for circulating hot air. 

In the manufacture of medical gloves, various methods of treating their internal 

surfaces are used, which directly determines how the medical worker will feel in 

gloves when performing manipulations and whether he will develop an allergic 

reaction. 

Methods for treating the inner surface of a glove. 

• Powdering (method using the aforementioned powder of corn starch).  

• Chlorination (using chlorine spray or immersion in its solution).  

• Polymerized coating, i.e. treatment with polymeric compounds (applied to the 

inner surface of non-powdered gloves). 

Chlorine prevents the glove from sticking together and prolongs the time during 

which the glove can be used. The polymer coating of the glove also makes it easier to 

put it on the dry and damp hands of the worker. Together, chlorination and 

polymerization are smaller allergens, compared to powder. In modern medicine, 

checking the quality of medical gloves takes one of the leading places in choosing 
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this product. The use of defective goods by medical personnel can become fatal both 

for themselves and for patients. 

Control criteria of the glove quality. 

• Presence of allergens capable of causing an allergic reaction (from rash to 

anaphylactic shock); 

• Strength to mechanical impacts, resistance to them;  

• Permeability for microorganisms (bacteria, viruses, protozoa); 

• Correctness and adherence to the principles of production technology;  

• Matching the length of the glove with its appearance and functional use; 

Qualitatively manufactured and closed packaging. 

 If the correct technique for the manufacture of medical gloves is not observed, 

their properties preventing infection become sharply reduced, or may completely 

disappear. The results of the rejection are micro cracks, holes, cuts, uneven thickness 

distribution of the glove, insufficient or excessive length. 

In creating a mathematical model, the percentage of defective items in each 

batch of gloves produced was taken into account. 

AQL (Acceptable Quality Level) is a permissible quality level or otherwise a 

permissible percentage of rejects per lot. In the conditions of conveyor production it 

is impossible to check the quality of each glove, so manufacturers conduct a random 

test of gloves from the batch to determine the percentage of rejects for the whole 

batch. If the value of AQL exceeds the established standards, then the entire batch is 

recognized as defective and is withdrawn from sale. 

Depending on the country of production or sales, the permissible value of AQL 

may be different. For example, in Russia, the value of AQL for medical examination 

gloves should not exceed 2.5. While the European standards, the value of AQL 

should not be more than 1.5. 

Medical gloves are an extremely important subject of use among medical 

workers in any hospital, along with medical masks, caps, gowns and suits. Therefore, 

their application and compliance with the quality of production directly affects 

people's health. 

Production of gloves in the Ltd. "Dolce" company. 

The production of medical products as one of the activities of the medical 

industry is an important link in the pharmaceutics and pharmacology industry in 

Kazakhstan. 

Pharmaceutical Production and Commercial Association "Dolce" was 

established in 1998 and is the largest Kazakhstan manufacturer of disposable medical 

products, disposable medical clothes and linen for the prevention of hospital 

infections and protection of medical personnel, medical instruments from polymers, 

as well as medicines, activated carbon 0.25 № 10 "Ultra-Adsorb". 

Reasonably organized production and constant innovations allow timely 

meeting the most specific needs of customers. The mission of Ltd. “Dolce”: 

"Strengthening people's health and improving the safety of procedures in the 

treatment, prevention and diagnosis through the use of newest, high-tech materials, 
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disposable medical devices, as well as domestic medicines, and raising the level of 

Kazakhstan's health care to world standards." 

The company's activity is the production of medical products: 

- professional medical gloves for surgical and viewing purposes, different in 

properties (latex, nitrile, powdered, etc.); 

- specialized surgical kits (specialized bed sheets, kit for cardio surgery, set for 

ENT surgery, etc.); 

- products for surgery (surgical sets); 

- products for obstetrics and gynecology (gynecological set, underwear for 

pregnant women, etc.); 

- disposable products from a nonwoven material (shoe covers, masks, hats, 

disposable clothing, sheets, napkins); 

- activated carbon ("Ultra-Adsorb"). 

In this thesis, the manufacture of latex gloves was investigated.  

As a rule, medical examination gloves are made of latex, nitrile or vinyl. Each of 

these materials has its own advantages and disadvantages, so when selecting gloves, 

it is necessary to take into account the characteristics of each of them. Latex and 

nitrile gloves provide the best protection when working with infected materials. 

Latex gloves have high strength, stretch ability, and elasticity, ensure reliable 

contact of gloves with the skin and most importantly they have a much higher tactile 

sensitivity in comparison with gloves made from other materials. But in some people 

they can cause allergic reactions to proteins contained in natural latex.  

Latex medical examination gloves (diagnostic) non-sterile - the most common 

latex gloves in the world. They are used for initial examination by all doctors and all 

medical personnel, they are intended for everyday use during routine examinations 

and diagnostics, for performing work in outpatient departments: patient examination, 

blood sampling, laboratory tests, small operations, etc 

The cycle of production of the gloves, includes three phases (Figure 1): the 

preparation of raw materials, the production of products with the help of special 

equipment and the phase of packaging. 

 

 

 

 

 

 

 

 

Figure 1 - The cycle of production of gloves includes three phases. 

 

First phase of the technology of production medical latex gloves in the company 

is the preparation of raw materials. 

Latex gloves are made from latex, extracted from the juice of rubber trees, and, 

using the vulcanization process, a material saturated with proteins is obtained. The 
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color of latex gloves is usually linen or ivory, which distinguishes them among the 

rest of the color variety. 

Two concepts are widely used in industry: artificial latex and natural latex. 

These two materials are different in form and properties, which is due to their 

composition. 

Latex artificial. Artificial latex is the commercial name for highly elastic 

polyurethane foams, as the main raw material for the production of which polyols are 

used. 

Latex natural. Natural latex is made from the juice of rubber trees (milky juice). 

Rubber (natural latex) in pure form is afraid of getting fat, ultraviolet, it is destroyed, 

so in the production of latex mixture, in addition to rubber, additional stabilizing 

ingredients are added to the mixture. The maximum content of rubber in natural latex 

is about 85% (this latex is called 100% natural latex), optimal for use in mattress 

production - from 45% to 65%, it is with this percentage of rubber that the resulting 

latex foam has the proper elasticity, elasticity natural rubber) and wear resistance 

(due to additives). This is a very expensive material, so latex is widely spread in 

mattress production, which contains at least 20% of rubber (natural latex). 

Most of the latex gloves used around the world are produced in South-East Asia, 

as it is where the main raw material, latex, grows. However, the availability of 

equipment, raw materials and the high demand of the Russian market in this product 

gave impetus to the development of Russian production of medical gloves made of 

latex. 

In the structure of the cost of latex gloves, about 40 percent is the cost of raw 

materials. One of the problems of this type of production is the regular increase in 

prices for latex, which increases the price of gloves. The reason for the rise in price of 

raw materials is a reduction in rubber tree plantations and a decrease in the yield of 

latex due to weather conditions. Experts predict that in the coming years the situation 

on the market of latex raw materials will not improve.  

For the manufacture of latex gloves, the main raw material is latex. It is a natural 

component of natural origin, which grows in Indonesia, Malaysia and India. 

Recently, because of the high demand for such material, its quantity is constantly 

decreasing; hence the price becomes higher, which affects the cost of the product. To 

replace a synthetic analog comes. But such material can carry lower quality 

characteristics of the product. For the manufacture of rubber gloves, synthetic or 

natural rubber is used. 

In addition to latex and rubber, you need to buy the following raw materials: 

titanium pigment, natural emulsion, calcium nitrate, a separator for zinc oxide, an 

antioxidant. The total cost of the raw material is $5.2 thousand. Rubber and latex 

gloves have been used in many spheres of life for more than 50 years. They are 

widely used as household, and for industrial purposes. This is an excellent protection, 

which has not yet been invented. 

The raw materials of the pharmaceutical company are stored in a special storage. 

There is storage from the company in Figure 2. Conditions for storage, acceptance 

and preparation of raw materials for production must be observed. 
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 Figure 2 – The storage of the raw materials from the company. 

 

Prior to use in the production of raw materials stored in clean and dry 

warehouses in bags or in solid containers, stacked on wooden gratings. Warehouses 

are regularly ventilated while maintaining a relative humidity of no more than 70-

80%. The temperature in warehouses should not fluctuate sharply. 

The second phase of the technology of production medical latex gloves in the 

company is the production of products by special equipment. The phase includes 

several stages. 

Preparation of latex. Despite the fact that latex gloves are made of natural rubber 

latex, they are not 100% natural. This is due to the fact that during the initial phase of 

the production phase, the latex concentrate is mixed with a number of complex 

chemical compounds. This stage contributes to the improvement of such qualities of 

latex as its elasticity and strength, and also allows stabilizing the material and 

increasing its shelf life. 

Cleaning of molds. For the modeling of latex gloves, manufacturers use ceramic 

blanks in the form of a human brush. The first task is to clean these blanks, for which 

they are immersed in water, and then into the bleaching solution. This makes it 

possible to make sure that there are no particles left on the molds after the previous 

batch of gloves has been manufactured. After that, the performs are immersed in a 

solution of carbonate and calcium nitrate, which promotes the adherence of latex 

particles. 

Immersion in latex. After preparation, the molds are immersed in a container 

filled with latex. The length of stay of the blanks in the container depends on the 

desired final thickness of the glove.  

Vulcanization of rubber. To prevent cracking of rubber during drying, the 

preforms are placed in an oven where the material solidifies. The development of the 

process of vulcanization was an indispensable stage in the creation of rubber latex. 

Flushing of gloves. This process involves soaking the gloves in containers with water 

to remove protein surpluses. This reduces the risk of allergic reactions in users and 

improves the sensation when wearing gloves. 
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Forming a roller on the cuff. After washing the gloves, a cushion is formed on 

the cuff so that it can be conveniently removed. After that, the gloves can be washed 

again. 

Application of powder. If gloves are to be glued, they are placed in a moist 

powdery mixture of corn starch of food grade. After that, the gloves are dried again. 

Chlorination or coating of gloves with polymers. Powder-free gloves undergo 

another process that facilitates their donning. The first involves chlorination, which 

reduces the stickiness and stickiness of the latex. During the second process, the 

surface of the gloves is coated with polymers, which ensures its smoothness. 

Remove gloves from the blank. After the completion of all processes, workers 

remove gloves from blanks by hand. 

Equipment for the production of medical gloves shown in Figure 3: the machine 

for the production of medical gloves is an assembly consisting of several parts, 

carrying a different functional.  

Machines for the production of gloves are different in power, which can be 

achieved according to the speed of production. 

 

 
 

Figure 3 - Equipment for the production of medical gloves. 

 

Sterilization of gloves is carried out in an autoclave in a separate drum. They are 

poured with talc from inside and outside and wrapped with a gauze cloth to separate 

from each other and avoid gluing. Boil gloves is not recommended - boiling spoils 

the rubber.  

To sterilize gloves, you can also use the methods of "cold sterilization", i.e., 

immersing them in various antiseptic solutions. To this end, the so-called "triple 

solution" is often used: carbolic acid 3.0, formalin 20.0 and soda 15.0 per liter of 

water. When the gloves stay in the triple solution for 3 hours, the nurse removes them 

with sterile hands, spreads them on a sterile table, dries, and pours them with sterile 

talc and stores in sterile drum wrapped gauze ready for use. This method is especially 

convenient in outpatient practice. 

Equipment for the production of rubber gloves includes several components, and 

one of them is a sterilizer. This type of equipment shown in Figure 4. These industry 
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guidelines (WMDs) spread on medical steam sterilizers domestic and foreign 

production, designed for sterilization with water saturated steam under pressure 

dressings materials, surgical underwear, medical instruments, surgical gloves, vials of 

solutions and other products medical facilities located in institutions, enterprises and 

organizations of the Ministry of Health. WMD does not apply to steam sterilizers, 

which its device, purpose, scope and conditions operation are related to technological 

equipment, intended for sterilization of medical devices in the process of their 

production. WMD defines the general rules and procedure for commissioning steam 

sterilizers, preparation and attestation of servicemen personnel, the rules for the 

operation of sterilizers by medical and technical personnel and safety requirements 

when working on steam sterilizers. 

 

 

 

 

Figure 4 – The sterilizer for the production of medical gloves. 

 

In a third step, the gloves are packaged. For this, the labor of workers in the 

specialized workshop is used. After the completion of all production processes, 

workers pack gloves for shipment (Figure 5). The company employs a workshop with 

packers and semi-automatic packaging equipment. 

Packers must do: 

• carry out packing, dosage of finished products in packages. 

• they are packaged parts, products according to the specifications and 

self-adjusting machines and their individual components in the process of work; 

• do dosage checks on electro-analytical scales, keep records of 

performance indicators in the production log, current equipment repairs; 

• they are required to participate in the development and implementation 

of efficiency of their work, reducing the cost of packaging and packaging of 

tangible assets, introduction in the organization of the filling shop of modern 

means of automation of packing process. 
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Figure 5 - Packing phase. 

 

1.2 Data analysis from medical glove production 

 

The initial data from the enterprise were given as part of the annual reports, 

where information is not given about all the components of glove production. And 

the values of the necessary parameters were calculated on the basis of the obtained 

data. Therefore, a lot of calculations were carried out and not only real data from the 

company, but also information from other sources was analyzed. For example, data 

from other pharmaceutical companies are available on the Internet. 

The cycle of production of the gloves, includes three phases (Figure 5): the 

preparation of raw materials, the production of products with the help of special 

equipment and the phase of packaging. 

The preparation of raw materials. 

 Latex gloves are made from latex, extracted from the juice of rubber trees, and, 

using the vulcanization process, a material saturated with proteins is obtained.  

Latex - raw materials for the preparation of inspection gloves, is not produced in 

our country. Therefore, the enterprise buys the finished material from which the 

product is manufactured. Since there were no initial data on the amount of latex used 

in a certain period of time, calculations based on information from the catalogs of 

medical devices were made. The following data were obtained: 

- For one pair of medical examination gloves, 45 grams of latex is used. In the 

package of 10 kilograms there are 240 pairs of gloves; 

- 1 pair of gloves - 0.042 kilograms; 

- 1 piece of gloves - 0.021 kilograms; 

- 1 kilogram of gloves is used 1.07 kilograms of latex. 

Data on special equipment. 

As mentioned earlier, medical gloves are manufactured using a special machine. 

Models of the machine are different depending on the speed of work and the volume 

of the batch produced in one cycle. A production line for the production of gloves is 
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working in the glove shop of the company Ltd. “Dolce”. This line is designed for the 

production of gloves latex, vinyl, nitrile immersion method. Technical characteristics 

of the production line for the production of gloves are given below in Table 1. 

Consumption of electricity in production. 

Electric power production in Kazakhstan is carried out by 118 electric stations 

of various forms of ownership. As of 01.01.2017, the total installed capacity of 

Kazakhstan's power plants is 22055.5 MW, the available capacity is 18789.1 MW. 

Electric stations are divided into national power plants, industrial power stations 

and regional power plants. 

The role of the backbone network in the Unified Energy System of the Republic 

of Kazakhstan is performed by the national electric grid (NES), which provides 

electrical connections between the regions of the republic and the energy systems of 

neighboring countries (the Russian Federation, the Kyrgyz Republic and the Republic 

of Uzbekistan), as well as electric power transmission and transmission to wholesale 

consumers. Substations, switchgears, interregional and (or) interstate power 

transmission lines and transmission lines that carry out the electric power supply of 

power plants with a voltage of 220 kV and higher that are part of the NES are on the 

balance sheet of JSC KEGOS. 

Electric networks of regional level provide electrical connections within the 

regions, as well as the transmission of electricity to retail customers. Electric 

networks of regional level are on balance and operation of regional electric grid 

companies (REC). Energy transmission organizations (EPOs) perform electric power 

transmission through their own or used (lease, lease, trust management and other 

types of use) electric networks to consumers of the wholesale and retail market or to 

power supplying organizations. 

The production is controlled by computer equipments. 

 

Table 1 - Technical characteristics of the production line for the production of gloves. 

 
Model Size m. Produces , 

unit/ hour 

Power  

kV / hour 

Number of 

forms 

Weight, 

t. 

JB-SBA04 40 4000 22 1600 39 

JB-SBA01 60 6000 34 2400 44 

JB-SBA02 80 8000 45 3200 50 

JB-SBA03 100 9000 53 4000 65 

JB-SBC01 110 7200 45 4400 68 

JB-SBB01 60*6  9000 50 3600 60 

JB-SBB02 83*6 10500 60 4980 70 

JB-SBB03 100*6 12000 70 6000 80 
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According to the technical characteristics of the machine, the following 

conclusions were obtained: 

- the production of 4000 pieces per hour - 2000 pairs per hour; 

- 22 kW / h is spent for 200 packs per hour; 

- for one pair, 0.0056 kW is used; 

- if one piece of glove is 0.021 kg, then for one hour of operation the machine 

can produce 4000 * 0.021kg of gloves. 

All data are conditional, given the technical characteristics of the machines. And 

also for the sake of economic stability, the company can change the tariff for 

electricity consumption. 

The phase of packaging. 

Packaging and wrapping is done by specialists. The average salary of packers is 

112,992 tenge per month. 

Unfortunately, more information was not available, due to the confidentiality of 

the company's commercial data. 

Thus, the production of gloves is characterized, on the technical side, by 

elements such as raw materials, a machine for production, a packing team of workers. 

Since, our goal is to optimize the production of Ltd. “Dolce”, a study was made 

of the economic side of production. That is, the plan for the production of medical 

gloves was studied. 

The production plan (production program) is the main leading section of the 

prospective and current plan of the enterprise and is determined on the basis of the 

sales volume of the range and product range, its quality, the mass of profit, the level 

of profitability, the size of the market share of the enterprise, etc. 

The basis of the production plan consists of three elements: the produced 

product, the cost of producing the product, the profit from the sale of products. 

The volume of production is a combination of produced material goods and 

services of an industrial nature. 

Production costs are the cost of all resources used in the process of production 

and economic activity of the enterprise. However, not all costs are reflected as a 

result of the period in the management report on profits and losses. 

Profit is the positive difference between total revenues (which includes revenue 

from the sale of goods and services, received fines and compensations, interest 

income, etc.) and costs for the production or acquisition, storage, transportation, sale 

of these goods and services. Profit = Income - Cost (in monetary terms). 

Defective products in the manufacture of medical gloves. 

Defect  in production in accordance with this document are recognized products 

that: do not meet the established standards or technical specifications in terms of their 

quality and cannot be used for their intended purpose or can be used only after 

correction. In the pharmaceutical company, namely, in the manufacture of latex 

gloves, there are often not corresponding according to technical conditions units. 

Depending on the nature of the defects established during technical acceptance, 

the defect is divided into irreversible and incorrigible (final). 
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Correctible defect is considered to be products, semi-finished products (parts 

and assemblies) and work, which, after appropriate work, can be used for their 

intended purpose and whose correction is technically possible and economically 

feasible. 

In the company, the processing of latex gloves works according to instructions 

and on established technologies. Many defects occur at the production stage, more 

precisely, with the sterilization of gloves. Such units that do not meet the technical 

requirements are sent for recycling. Processing is carried out by collection of 

defective pieces and their re-sterilization. 
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2.  CONSTRUCTION OF THE MATHEMATICAL MODEL 

 

2.1 Statement of the problem and create a mathematical model 

 

Statement of the problem: to build a mathematical model on the following list of 

variables: raw materials (the volume of latex from which medical gloves are made), 

the volume of gloves produced, the costs of production, net profit. 

From the stock of raw materials the conditional volume of gloves is made, the 

produced volume of gloves has a certain percentage of defective species. Costs are 

divided into permanent (costs of raw materials and processing of defective units) and 

variables (electricity for special equipment and labor). 

It is required to build a model that most accurately describes the dynamics of 

these variables, taking into account the factors caused by the technological 

characteristics of the production of gloves. 

The mathematical model developed based on these conditions looks as follows: 
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         (2.1.1) 

   

The system of ordinary differential equations of the first order consists of four 

equations: 

The first - the equation of the change in the volume of raw materials in time; 

The second - the equation of change in the volume of output; 

The third - the equation for describing the costs of production; 

The fourth - the equation for describing the profit from the products. 

Coefficients of Equations: 
  -  coefficient of increase in raw materials; 

  - coefficient of reduction of raw materials due to the production of gloves 

(the rate of consumption of raw materials); 
  -  restriction on the function (t)f ; 

(t) * tf  = +  - variable costs; 

  - in this case the coefficient is responsible for the consumption of electricity 

per unit time; 
  -  remuneration of labor of production workers; 

  - coefficient of products that do not meet the established standards for their 

quality; 

  - coefficient describing the value of the products produced; 
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  - coefficient of cost. 

Values of coefficients are calculated on the basis of real data from the enterprise. 

What is a dynamic model? 

Linear models in other optimization problems. 

Examples in some scientific articles analyzed for the purpose of studying the 

construction of a mathematical model that corresponds to the technological processes 

of production: 

• Uvarova M.N., Pavlova T.A. "Mathematical model of optimization of 

production of agricultural products". [2] 

The mathematical model of optimization of parameters of production of 

agricultural products in personal subsidiary farms of the region is considered in the 

article on the example of the Oryol region. The main purpose of the model is to 

obtain the maximum income from the sale of additional products, taking into account 

the provision of necessary food for the residents. 

The objective function of the settled problem is: 

 

 

 

 

- income from the sale of a unit of S-culture. 

- cultivated areas of crops. 

- income from the sale of a unit of h-type livestock products. 

- livestock of animal species.  

It is necessary to get the maximum income under the conditions: limited total area 

under crops, limited ability to keep a certain number of animals. 

• Kushner A.A. "Optimization of the production program of manufacturers of 

medical cork with the use of methods of mathematical programming and 

simulation".[5] 

Optimization of the production program of the enterprise manufacturing a 

medical stopper should help maximize the effect of the activity for all stakeholders, 

while observing all the resource constraints imposed by tough contemporary realities 

of doing business. The most suitable tool for solving this problem, in our opinion, is 

the joint use of methods of simulation and mathematical programming: it combines 

the need to find the optimal value of the variables of the model and the randomness 

of its main parameters and coefficients. 

In deterministic form, the optimization model of the production program of the 

enterprise manufacturing the medical plug will look like: 

 

 

 

- value of expected profitability  from sales of each unit of production k. 

- variable costs. 

- volume of production for each type of output k. 
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  is the expected profitability (%) from the sales of each unit of output k 

divided by 100% in the current period. For the current period for each type of output 

k of the enterprise, whose nomenclature consists of t units, designate the unit price, 

variable costs as       . Q - the volume of production for each type of output k, denoted 

as      . 

The above model reflects the direction and limitations of the proposed 

optimization of the production program of the enterprise manufacturing the medical 

stopper. 

So, above were articles on the topic of optimizing the management of work in 

enterprises of various industries. In these materials it was important to study, firstly, 

the process of work in production for comparison with the work of the 

pharmaceutical company, secondly, the supplied optimization model describing the 

process, and also the methods for solving the stated optimization task. 

A dynamic model is a model that describes the development of a process or the 

behavior of a simulated object in time. In contrast to the static model, the dynamic 

model establishes the dependence of the simulated variables of the endogenous 

current period on the variables of the exogenous and endogenous preceding period 

(or preceding periods in the case of delays distributed). 

Static and dynamic models. Static models refer to objects that are practically 

unchanged in time or viewed in separate time sections. Dynamic models reproduce 

state changes ("movement") of an object taking into account both external and 

internal factors. 

For dynamic models, the concepts of stationarity and nonstationarity are often 

introduced. Most often, stationarity is expressed in the invariance in time of some 

physical quantities: stationary is the flow of fluid at a constant speed, a stationary 

mechanical system in which the forces depend only on the coordinates and are 

independent of time. 

Under a stationary object, in a more general sense, implies the invariance of the 

structure and parameters of the object. Therefore, it is described by an expression that 

includes only constant coefficients. Nonstationarity can take place with respect to 

parameters, with respect to structure and simultaneously. More often there is a non-

stationary nature of the parameters, i.e. an object with variable coefficients is 

considered, which complicates the investigation. A general theory and a special 

mathematical apparatus for describing essentially nonstationary objects of variable 

structure does not yet exist. The research of such objects is carried out on the basis of 

some methods of applied system analysis that combine formalized mathematical 

procedures with heuristics and common sense, and also widely use the method of 

decomposition and subsequent combination of particular solutions. 

With the help of dynamic models, the processes occurring in the system and in 

the environment are displayed. Any real dynamic system is subject to the principle of 

causality: a response (output signal) can not appear before the input action. The 

conditions under which the model reflects this principle are called the conditions of 

the physical realizability of the model. 

Mathematical models in optimization problems. 

kQ

kQ

kR
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Economic and mathematical problems, whose goal is to find the best (optimal) 

from the point of view of some criterion or criteria for the use of available resources 

(labor, capital, etc.), are called optimization. 

Optimization problems (OZ) are solved with the help of optimization models 

(OM) by methods of mathematical programming. 

A dynamic model for such problems is used, but not often. Basically, these are 

linear models in the form of objective functions. 

The structure of the optimization model consists of the objective function, the 

domain of admissible solutions and the system of constraints that determine this area. 

The objective function in its most general form in its turn also consists of three 

elements: controlled variables; unmanaged variables; form of the function (the form 

of the relationship between them). 

The area of admissible solutions is the area within which decisions are made. In 

economic problems, it is limited by available resources, conditions that are written in 

the form of a system of constraints consisting of equations and inequalities. 

 

2.2 Investigation of the dynamical system for stability 

 

The Ltd. “Dolce” company was interested in the results of the system at given 

coefficients, and, most importantly, for what time period it is possible to achieve 

stable results. For this it is necessary that the mathematical model, in the form of a 

dynamic system, come to a stationary state. 

Stability characterizes one of the most important features of the behavior of 

systems and is a fundamental concept used in physics, biology, technology, and 

economics. The notion of stability is used to describe the permanence of some feature 

of the behavior of the system, understood in a very broad sense. It can be the 

constancy of the state of the system (its invariance in time) or the constancy of some 

sequence of states "run through" the system in the process of its movement, or the 

constancy of the number of a particular biological species living on the globe. 

Stability means the property of a system to return to an equilibrium state or a 

cyclic regime after the disturbance that caused the disturbances of the latter has been 

eliminated. 

Stability is a category related primarily to the system's own motions, generated 

by the initial conditions (disturbances) and internal properties of the system, but not 

by external influences. 

The state of equilibrium in which the system is able to return is called a stable 

equilibrium state. 

The state of stability (steady state) is an equilibrium state of the system into 

which it returns after removing disturbing influences. 

In mathematics, the solution of a differential equation (or, more broadly, the 

trajectory in the phase space of a point of state of a dynamical system) is called stable 

if the behavior of solutions with conditions close to the initial "does not differ much" 

from the behavior of the original solution. The words "not very different" can be 

formalized differently, obtaining different formal definitions of stability: Lyapunov 

stability, asymptotic stability, and so on. Usually the problem of the stability of a 
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trivial solution at a singular point is considered, since the problem of the stability of 

an arbitrary trajectory reduces to this by replacing an unknown function. 

Most of the real systems and processes do not have the property of stationarity: 

over time, the contacting parts of the mechanisms wear out, in the blast furnace, the 

roof and walls of the furnace are burned, changing the heat transfer, the cross-section 

of water pipes is reduced by deposition on the walls of carbonates. Under the 

influence of the external environment over time, as a result of the so-called causes of 

natural aging, such material characteristics as elasticity, transparency, magnetic and 

permittivity, thermal conductivity, etc. change. Of course, such changes are 

undesirable. But sometimes changes in properties over time are necessary: for 

example, thermistors use the property of changing the internal electrical resistance as 

a function of the temperature of the external environment (since the temperature 

varies with time, then the resistance eventually depends on time). If the parameter 

changes are insignificant during the consideration of the process or the system, then 

use approximate stationary models, which can be analytically examined, thanks to a 

well-developed mathematical apparatus. 

For a nonstationary model it is important that the parameter changes occur not at 

any time in general, but in a time comparable to the time during which the process is 

investigated, for example, during the transient process. An example of a 

nonstationary model is equations with coefficients that clearly depend on time. 

Nonstationary models are substantially more complex than stationary ones. An 

analytical solution for them can be obtained only in isolated, rather rare cases. In the 

general case, it is possible to investigate nonstationary models only by numerical 

methods. 

There are many theorems in research area of the stability. 

Stability by Lyapunov. 

To explain the concept of stability by Lyapunov, we take a system of differential 

equations in vector form: x' (t, x),f=  where 1 2 3x ( , ,..., ),x x x=  1 2 3( , ,..., ).f f f f=  

In real systems, the initial conditions are specified with a certain accuracy. 

Therefore, the natural question arises: how small changes in the initial conditions 

affect the behavior of the solution for large times - in the limiting case when t → ? 

There are many theorems in research area of the stability. 

If the trajectory of the motion of the system changes little with small 

perturbations of the initial position, then it is said that the motion of the system is 

stable. 

Strict definition of stability in terms of  −  -notation was proposed in 1892 by 

the Russian mathematician Lyapunov A.M. (1857-1918). Let us consider in more 

detail the concept of stability introduced by Lyapunov. 

The decision (t)  of the system of differential equations  

           x' (t, x),f=  

with initial conditions 0x(0) x=   is stable by Lyapunov , if for any ε > 0 there 

is a number ( ) 0,  =   such that if x(0) (0) , −   then x(t) (t) −  for all 

values 0.t   Otherwise, the solution (t)  is said to be unstable. 
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For a nonstationary model it is important that the parameter changes occur not at 

any time in general, but in a time comparable to the time during which the process is 

investigated, for example, during the transient process. An example of a 

nonstationary model is equations with coefficients that clearly depend on time. 

Nonstationary models are substantially more complex than stationary ones. 

Since the fourth equation in the system (2.1.1) depends only on the values of the 

volume of output and costs, the system of the first three equations was investigated.  

 

* *X*Y

*X*Y ( (t))*Z *Y

( (t))*Z *Y *

d

dt

dY
f

dt

dZ
f

dt

 

  

  


= −




= − − −



= − − + + 


 (2.1.2) 

 

 To study the stability of a dynamical system, one must find the steady state of 

the system. Steady state of a dynamic system is the state of a dynamic system that 

does not change over time. The steady state of a dynamical system can be stable, 

unstable. In the system, such a state is determined by fixed points, which are found 

equating the right-hand sides of the equations to zero. 

 

* *X*Y 0

*X*Y ( (t))*Z *Y 0

( (t))*Z *Y * 0

f

f

 

  

  

 − =


− − − =
− − + +  =

     (2.1.3) 

 

Solving the system of differential equations (2.1.3), we find fixed points 

,X ,Y Z : 

 

  

  

          (2.1.4) 

 

 

 

 

 

Further, fixed points on stability were investigated. Since these points are not 

equal to zero, Lyapunov's method of stability in the first approximation is a suitable 

method for investigation. 

A.M. Lyapunov proved a number of theorems according to which the stability of 

the zero solution x = 0 of a nonlinear system can be judged from the stability of its 

linear part. 
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Consider a linear system: 
.

1 11 1 12 2 1

.

2 21 1 22 2 2

.

1 1 2 2

... ,

... ,

..............................................

... ,

n n

n n

n n n nn n

x a x a x a x

x a x a x a x

x a x a x a x


= + + +



 = + + +



 = + + +

      (2.1.5) 

 

 

The characteristic equation of the system (2.1.5) is: 

 

11 12 1

21 22 2

1 2

...

...
0,

... ... ... ...

...

n

n

n n nn

a a a

a a a

a a a







−

−
=

−

      (2.1.6) 

 

        Lyapunov's theorem on stability.[1] 

        Theorem 1. If the real parts of all the roots     of the characteristic 

equation (2.1.6) are negative, then the zero steady position of the system (2.1.5) is 

asymptotically stable. If at least one root of the equation (2.1.6) has a positive real 

part, then the steady position of the system (2.1.5) is unstable. 

Consider another system that has nonlinear parts: 

 
.

1 11 1 12 2 1 1 1 2

.

2 21 1 22 2 2 2 1 2

.

1 1 2 2 1 2

... ( , ,..., ),

... ( , ,..., ),

.........................................................................

... ( , ,...,

n n n

n n n

n n n nn n n n

x a x a x a x x x x

x a x a x a x x x x

x a x a x a x x x x







= + + + +

= + + + +

= + + + + ),










                                       (2.1.7)  

 

The system (2.1.5) is called the system of first approximation of system (2.1.7). 

Lyapunov's theorem on stability in the first approximation. [1] 

If the real parts of all the roots of the characteristic equation (2.1.6) of the 

system of the first approximation (2.1.5)  are negative, then the zero equilibrium 

position of system (2.1.7) is asymptotically stable. 

Theorem 2. If the real part at least one of the roots of the characteristic equation 

(2.1.6) of the system of the first approximation (2.1.5) is positive, then the zero 

equilibrium position of system (2.1.7) is unstable. 

These theorems were used to study system (2.1.2) for stability. 

First, the position of the equilibrium (2.1.4) of system (2.1.2) is not zero. But the 

system of first approximation of the system (2.1.2) can have zero positions, which 

will be investigated for stability. 

1 2, ,..., n  
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Secondly, the study of the system (2.1.2) by the first-approximation stability 

theorem is easier for calculations, because it allows one to calculate without non-

linear and non-homogeneous parts.   

Thus, we have created a system of first approximation of the system (2.1.2): 
 

1X X X= +  

1Y Y Y= +  

1Z Z Z= +  

 

  

        

(2.1.8) 

 

 

 

 

 

 The system (2.1.8) is the system of first approximation of system (2.1.2). 

The characteristic equation of the system (2.1.8) is: 

 

 

          (2.1.9) 

 

 

The roots of the characteristic equation found showed the following result: 

 

 

One of the roots of the characteristic equation of the first approximation system 

has a positive value, which means that the zero fixed points of system (2.1.8) are not 

stable. And this means that the system (2.1.8) is not stable, together with it the steady 

position of the system (2.1.2) is also not stable by the theorem. 

A necessary and sufficient condition for the stability of the solution of a system 

of ordinary linear differential equations is the negativity of all real parts of the roots 

of the equation. It turns out that the positivity of all the coefficients of the 

characteristic polynomial is a necessary and sufficient condition for stability for 

systems of the first and second orders and only a necessary condition for stability 

(ensuring the negativity of only the real roots) for systems of the third and higher 

orders. 

Thus, the stationarity of the system can only be determined from the signs of the 

roots. 

To verify that the dynamic system (2.1.2) is unstable, an experiment was 

conducted using real production data. The coefficients of the dynamic system were 

changed in the range of the agreed values and the results were output in a graphical 

form. Changes in the values of the coefficients of the system did not lead to the 

1
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1 1 1 1
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1 1 1

* * *Y

* *Y ( (t))*Z *Y

* *Y ( (t))*Z

d

dt

dY
f

dt

dZ
f

dt

 

  

  


=  − 
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stability of the equilibrium points. Table 2 shows the values of the roots of the 

characteristic equation for different values of the coefficients: 

 

Table 2 - The roots of the  equation (2.1.9) different values of the coefficients 

 

Coefficients Values of the 

coefficients 

Values of the 

coefficients 

Values of the 

coefficients 

Values of the 

coefficients 
 

0.2 0.8 0.2 0.2 

 
0.00446 0.00446 0.012 0.00446 

 
100 100 100 120 

 
103.86 103.86 103.86 103.86 

 
0.0055 0.0055 0.055 0.0055 

The roots of the 

characteristic 

equation 

    

    

The graph of the dynamics of the system parameters using the Excel software 

package is shown in Figure 5. As can be seen from the graph, the parameter values 

grow unlimited in time. The values of the parameters do not reach the stationary 

state, the volumes increase, which does not correspond to the physical meaning of the 

problem. 

 

 
 

Figure 6 - Graph of the dynamics of system parameters. 

 








(t)f

1 0, 
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1 0, 
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1 0, 

2 30, 0  
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2.3 Mathematical model with a restriction on the growth of the volume of 

raw materials 

 

The constructed mathematical model is not stable. As can be seen from Graph 1, 

the volume of the parameters increases infinitely. In the physical sense, this means 

that the volume of produced products is growing every day, and the stock of raw 

materials is not deceased. Depending on them, costs and profits increase. But, such a 

situation is not possible in any enterprise.  

The Dolce company was interested in the results of the system at given 

coefficients, and, most importantly, for what time period it is possible to achieve 

stable results. For this it is necessary that the mathematical model, in the form of a 

dynamic system, come to a stationary state. 

In order to bring our model closer to the real process, additional information was 

received from the pharmaceutical company about the rate of consumption of raw 

materials. From the financial and economic side, indeed, the company producing 

medical devices is sufficient in the domestic market. Therefore, each company has its 

own standard of output, in order to maintain a stable and competitive activity of its 

enterprise. 

One of the important indicators of the work of any enterprise is the consumption 

of raw materials in accordance with established norms, i.e. the maximum permissible 

expenses for the production of a unit of production. In each production, the planned 

rate of consumption of raw materials is determined by the amount of raw material (in 

this case - latex). 

Rationing of raw material consumption, that is the establishment of a planned 

standard is carried out with the aim of ensuring the application in production and 

planning of reasonable norms for the consumption of raw materials for rational and 

efficient use of it and the implementation of a regime for its economy. 

Given the amount of raw materials allowed by the company, another parameter 

was added to the mathematical model (2.1.1) – the coefficient k. 

 k - restriction on the growth of the volume of raw materials. 

 

Mathematical model: 

 

   

 

 

           (2.3.1) 

 

 

 

 

 

Next we will investigate the mathematical model (2.3.1) for stability, similarly 

with the model (2.1.1). 

( * ) *X*Y
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Since the fourth equation in the system (2.3.1) depends only on the values of the 

volume of output and costs, the system of the first three equations was investigated. 

 

 

( * ) *X*Y

*X*Y ( (t))*Z *Y

( (t))*Z *Y (k * )

d
k

dt

dY
f

dt

dZ
f

dt

 

  

  


= −  −




= − − −



= − − + + − 


       (2.3.2) 

 

 In the system, a state is determined by fixed points, which are found equating 

the right-hand sides of the equations to zero.   

 

( * ) *Y 0

*X*Y ( (t))*Z *Y 0

( (t))*Z *Y ( * ) 0
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− − − =
− − + + −  =

      (2.3.3) 

  

The fixed points of the system: 

 

   

 

(2.3.4) 

 

 

 

 

 

 

Then, was created a system of first approximation of the system (2.3.2) as was 

done before : 
 

1X X X= +  

1Y Y Y= +  

1Z Z Z= +  

 

 

 

            (2.3.5) 

 

 

 

 The system (2.3.5) is  the system of first approximation of system (2.3.2). 
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Finding the roots of the characteristic equation of the system (2.3.5): 

 

 

(2.3.6) 

 

 

The fixed points of the system (2.3.5) are stable: 

The roots of the characteristic equation are negative, which means that fixed 

points of system (2.3.5) are stable. If these points are stable, then the system of first 

approximation (2.3.5) of the system (2.3.2) has a stable state. 

According to the Lyapunov theorem, if the system (2.3.5)  is stable, then the 

system (2.3.2)  also has a stable equilibrium position. The fixed points of  the system 

,X ,Y Z  are stable: 

 

 

 

 

 

 

 

 

 

In mathematics, the singular point of a vector field is a point at which the 

vector field is zero. A singular point of a vector field is an equilibrium position or a 

rest point of a dynamical system defined by a given vector field: the phase trajectory 

with the origin at the singular point consists precisely of this singular point, and the 

corresponding integral curve is a straight line parallel to the time axis. 

In any small neighborhood of a phase space that does not contain singular 

points, the vector field can be straightened by a suitable change of coordinates - thus, 

the behavior of the system outside singular points is arranged identically and very 

simply. On the contrary, in the vicinity of a singular point the system can have very 

complex dynamics. Speaking of properties of singular points of vector fields, we 

usually mean properties of the corresponding system in a small neighborhood of a 

singular point. 

In a continuous dynamical system, the equilibrium position is a point in the 

phase space, to which the trajectory approaches after the decay of the transition 

regimes (for t tending to infinity). In mechanical systems, the state with zero 

acceleration and zero speed is usually meant under the equilibrium position. In maps, 

equilibrium states can be finite sets: under iterations of a map or a difference 

equation, the system passes successively from one point of such a set to another. (The 

equilibrium position is also called a fixed point). The equilibrium positions are of the 

following types: node (stable and unstable), focus (stable and unstable), saddle and 

center. 
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3. NUMERICAL SOLUTIONS OF THE MATHEMATICAL MODEL 

AND ANALYSIS OF THE RESULTS 

 

3.1 Determination of coefficient values based on data from the 

pharmaceutical company 

 

Mathematical model: 

 

 

 

 

(3.1.1) 

 

 

 

 

The values of the coefficients of the mathematical model, calculated on the 

basis of data from the enterprise (Table 3). 

 

Table 3 - The values of the coefficients of the mathematical model. 

 

Coefficients Notation 
Values of the 

coefficients 

Limitation on the growth of the 

volume of raw materials 
k  400 

Coefficient of increase in the 

volume of raw materials 
  0.2 

The coefficient of reduction of raw 

materials due to the production of 

the wares 

  0.00446 

The restriction on the function (t)f    100 

Function defines the variable costs (t) * tf  = +  (0)f → 103.86 

The coefficient is responsible for the 

consumption of electricity per unit 

time 

  3016.21 

The coefficient of increase in labor 

efficiency of workers 
  103.86 

The coefficient of products that do 

not meet the established standards 

for their quality 

  0.0055 

Coefficient of cost of products (the 

price of a conditional pair of 

medical gloves, tg) 

  52.56 

Coefficient indicating the amount of 

the costs in tenge 
  27.26 
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As initial values of the variables of system (3.1.1), the following values are 

taken:  
(0) 1.07,X =  Y(0) 1,= Z(0) 1,= W(0) 2.=  

To implement the production program, the raw data given in Table 1 is required. 

The initial data are the norms of raw material consumption (in kg), the cost of 

producing gloves, the processing of defective products, as well as prices and profit 

per unit of output, etc. 

The norms of consumption of raw materials and various types of costs for the 

production of products are taken from the reporting forms of the calculation of 

production. 

In these calculations, all indicators are given per unit of physical volume of 

output. Consolidated indicators of production are calculated in conventional units: 

one thousand conditional pairs of gloves, two hundred conventional pieces of gloves. 

In calculations, for convenience, as measuring the volume of all parameters 

except for profit was taken - kilogram. Therefore, these values of the coefficients take 

into account the transfer of values from physical meters to conditionally-natural ones 

and back. 

We determined the list of variables and their values of the mathematical model. 

Now we determine the list of conditions and constraints on the coefficients in the 

dynamic system: 

Limitation on the growth of the volume of raw materials k  , we can select any 

value. But according to the company for calculations, about 400 tons of latex was 

taken, as a stock of raw materials for the production of medical gloves for half a year. 

Coefficient of increase in the volume of raw materials  =0.2. This means 20 % 

of the raw material consumption rate is allocated for the production of gloves every 

day. Planning the working process of production, this percentage does not have to be 

more than 50 %.  

The coefficient of reduction of raw materials due to the production of products 

is a very small value. Since, the conventional unit of measure is given in kilograms. 

And the value is taken from the commercial reports of the enterprise. The limitation 

on this value is set depending on the preference of the manufacturing process 

managers. Of course, there are restrictions, but they are related to other parameters of 

production. 

The restriction on the function (t)f  is  . And the function (t) * tf  = +  

defines the variable costs. The function is the second phase of the cycle of production 

of latex gloves. The function depends on time and includes the coefficient responsible 

for the consumption of electricity ( ).  

This means the first part of the functions describes the operation of special 

equipment used directly in the manufacture of latex gloves. The second part is the 

packaging phase. That is, the coefficient of pay   means their productivity to the 

packers in increases in the production of devices. In fact, if you increase the value of 

this coefficient, it will mean an increase in the workforce. Since, with an increase in 

wages, with a stable number of working hours, productivity will not be achieved. 

And the expansion of working personnel can affect the efficiency of work.  
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The restriction on the function means that the parameter affects the increase in 

the number of gloves produced. With large values of function (t)f , it provides 

efficiency during of the operation of equipment and personnel. And if the value of the 

functions  (t)f    is less than the specified value   , then the production process is 

stopped. This can be seen from the second equation of the system (3.1.1). 

In the first chapter, in section 1.2, the amount of electric power consumed by 

special equipment was described in detail. Also, the wages of the workers were 

briefly described. Based on these digital data, we found constraint indicators, both on 

the function itself and on the functions components. Restrictions are given in the 

Table 4. 

 

Table 4 - Restrictions on the coefficients of the system (3.1.1) 

 

Coefficients Restrictions on the coefficients 

k  100< k <400 ton 
   <0.5 

  any value depending on production conditions 

  100 

(t) * tf  = +  
(0)f → 103.86 

(1) 3103.31f   

  3016.21< <4726.03 

  103.86<  

   >   

  on the average -52.56 tenge (latex gloves) 

  depends on the value of    

 

The coefficient of products that do not meet the established standards for their 

quality   depends on the value of  . If we know the values of the quantity of the 

conventional volume of gloves produced, we can determine the value of the number 

of defective products. Known how many percent of defective products are available 

in each conventional volume of the produced devices. The conditional is 0.0055 of 

each conventional volume. 

Data from the price list showed that the average price per pair of latex gloves is 

52.56 tg. 

The following information on prices and the cost of medical gloves of the 

enterprise is taken from the financial report of pharmaceutical companies of 2015. 

Here are the prices of gloves of different sizes and from different materials. Most 

often, inspection latex and nitrile gloves are bought. The excerpt from the report in 

the form of  Figure 6, shows only a part of the data and is written in Russian. But, the 

data used in the work are taken from this source. 
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Figure 7 - Data from the price list showed that the average price per pair of latex 

gloves 

 

 Enterprise management in its activities have to take various managerial 

decisions concerning, for example, the prices of sales of goods, sales planning, 

increase or, conversely, savings on certain types of expenses. These decisions are 

made on the basis of the analysis of the ratio of costs, volume and profit, otherwise 

CVP-analysis. CVP analysis allows you to understand the purpose of the analysis and 

shows "how important it is to understand the behavior of costs, that is, the response 

costs for different influences" to assess the consequences of various management 

decisions. 

The "cost-volume-profit" relationship can also be expressed using formulas: 

 
*100

100

S
T

P
=

−
 

 

Where T- totals consumption, S - volume of products, P – costs. By this 

formula, the coefficient value  . The fourth equation of the system (3.1.1) denotes 

the net profit and its value is determined in tenge. The coefficient of the costs    

depends on the prices of products and recalculates the amount of costs into a currency 

unit. 

For the manufacturer, direct costs are the costs of raw materials, consumables 

and electricity to create the product. For example, the cost of electricity for running a 

machine is often considered as direct costs, and the costs of lighting the engine room 

- as an overhead. Wages can also be direct costs if workers are paid a price per unit of 

the product produced. For this reason, service industries that sell their services with 

hourly pay often refer to wages as direct costs. 

Gross profit is an important indicator of profitability, but in order to account 

for indirect costs, a calculation of net income is necessary. 

Net income from sales is calculated as follows: Net sales income = Total sales 

revenue - Returned goods cost. 
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 3.2 Numerical solution of the mathematical model by the Runge-Kutta 

method 

 

The Runge-Kutta method  

The Runge-Kutta method is often used to solve differential equations and 

systems of equations because of its high accuracy. A distinctive feature of the method 

is the refinement of the slope of the integral curve due to the calculation of the 

derivative not only at the beginning of the current segment of integration, but also, 

for example, in the middle of the segment (for two-term Runge-Kutta schemes) or 

four-fold calculation of derivatives in the fourth-order method. 

For the case of a single equation, a two-term iteration formula can have the 

form: 

1 (x 0.5 , 0.5 ),n n n n ny y hf h y hf+ = + + +  

   

The sequence of calculations: first make a half-step in the polyline scheme 

(according to Euler's formula), finding 0.5 0.5' ,n n ny y hy+ += + then at the point found 

determine the slope of the curve 0.5 0.5 0.5(x , )n n ny f y+ + += and from this slope the 

increment at the whole step 1 0.5'n n ny y hy+ += + is determined. 

The Runge-Kutta method of the fourth order in calculations with a constant step 

of integration is so widespread that it is often called simply the Runge-Kutta method. 

The Runge-Kutta method of the fourth order scheme is most often used in computer 

calculations and has the fourth order of accuracy: 

 

1 1 2 3 4(k 2k 2k k ),
6

n n

h
y y+ = + + + +  

 

 1 (x , y ),n nk f=   

 

 2 1(x , y k ),
2 2

n n

h h
k f= + +   

 

3 2(x , y k ),
2 2

n n

h h
k f= + +  

 

4 3(x , y k ).
2

n n

h
k f h= + +  

The Runge-Kutta method is easily carried over to the case of a system of 

differential equations. 

Since in the procedure the step is selected automatically depending on the rate 

of change of functions, the following algorithm is usually used: set by the required 

step of output of the results, determine the number of steps n, and then the procedure 

is called n times for sequential integration of equations in these sections, organizing 

the output of results after the completion of the procedure. 
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The mathematical model with certain values of the coefficients was calculated 

by the numerical method of Runge-Kutta. To obtain a numerical solution of the 

model used the programming language C ++ (Visual Studio 2012). 

 

 

3.3 Comparison of results with real data from the enterprise 

 

Analysis of the results indicates that the developed mathematical model 

successfully describes the production process (latex medical glove) of the 

pharmaceutical company: 

- The value of the volume of output for six months corresponds to the real 

data (~ 1049740 pairs, 20994 packs of latex gloves); 

- Profitability figures correspond to real data, considering that the 

calculation was made for one type of medical gloves (24.837646.425 

tenge). 

In the formulation of the problem, it was asked to develop a mathematical model 

and obtain a model solution for a specified time period. And also to find out for how 

long it is possible to achieve stability with given initial data. 

The numerical solution of the problem was written in the MS Excel spreadsheet. 

To visually demonstrate the dynamics of the parameters of the mathematical model 

used a graphic editor from MS Excel. 

The result of the numerical solution of the mathematical model (3.1.1) by the 

Runge-Kutta method is shown in the following graph (Figure 7): 

 

 

Figure 8 - Dynamics of the volume of raw materials, products and costs: 

X-raw, Y -product, Z-costs 

 



Y
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 The results show that at some point in time the values of the parameters come to 

a stationary state. To those states where the values, regardless of time, are equal to 

some particular value. 

The graph of the volume changes of raw materials in time shows that, to 

stability, the volume of consumed raw materials has come in about 96 days. And the 

values do not exceed a certain mark up to 2000 kg. The exact stationary values of the 

system variables are given in Table 5. 

Figure 8 shows the dynamics of production of the conditional volume of the 

device (latex medical gloves). Due to the stock of raw materials, the value of which 

we determined in the initial data, this amount of gloves was produced, in a 

conditional volume. By results it is possible to draw a conclusion, that from 400 tons 

of latex raw material it is possible to reproduce a certain volume of a product for 96 

days. 

 

 

Figure 9 - Graph of the dynamics of the volume of raw materials X for half a 

year. 

 

The dynamics of the parameters of the volume of the product produced and 

costs are similar to each other (Figure 9, Figure 10). And in the values there is not too 

much difference. But the cost is more than the volume of gloves produced. But the 

cost is more than the volume of gloves produced. We can assume that the more the 

product is reproduced, the greater the costs: for raw materials, for the efficiency of 

work and for the processing of defective products. After all, if the number of gloves 

increases, then the probability of defective units also becomes larger. 

Figure 11 shows the dynamics of profit. The amount of profit depends on the 

volume of the produced device and the cost of it. Therefore, with stable production 

conditions, profit is also stable. The total amount of profit is determined by 

multiplying the amount of everyday income for the entire calculated period. The 

profit values are shown in the table.  
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Figure 10 - Graph of the dynamics of the volume of the glove produced for half 

a year. 

 

 

Figure 11 - Graph of the dynamics of the volume of costs for half a year. 

 

Figure 12 -Graph of the dynamics of profit for half a year. 
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 3.4 Parameter values for optimum production performance 

 

On the optimization of production management. 

Optimization problems are solved by methods of mathematical programming, 

which are divided into: linear programming; non-linear programming; dynamic 

programming; integer programming; convex programming; operations research; 

geometric programming, etc. 

The optimization of production is the elimination of the shortcomings of the 

enterprise, the accentuation of attention to the merits of technology. The procedure 

involves the passage of three stages: planning, approval and implementation. It helps 

to reduce the number of managerial errors and shortcomings, reduce the cost of 

production, improve the company's profit and work efficiency. In addition, the 

optimization of production can be implemented in order to overcome the financial 

crisis. Its effectiveness will become faster and more obvious if it is directed at the 

main technological processes. Optimization of production management should be 

carried out in accordance with the approved plan, which indicates all stages and 

sequence of implementation. It is best to start with adjusting the narrow functional 

moments, then the risks of the enterprise are reduced and the opportunity to return to 

the previous rate remains. As a rule, relevant events are held as soon as possible. 

Optimization of production implies the improvement of its structures, the revision of 

their interrelations and interactions (the functions of one unit can be assigned to 

another). Usually the results of such actions are: increasing competitiveness, 

increasing the sales and profits of the enterprise, forming its positive image, but more 

on this later. Remember that before carrying out reforms it is necessary to perform 

analysis of technology features, formulate tasks, and create a business process 

diagram. 

Optimum control expresses the relationship between the results, i.e. the purpose 

of management, and the costs of achieving them. The best is called: the management 

that ensures achievement of goals with minimal labor (time) or material and energy 

resources in accordance with the chosen criterion of optimality, while observing the 

established limitations. The main criterion of optimality in the management of 

production can be considered the productivity of social labor. 

The main goal of the activity of any industrial enterprise is to achieve its 

maximum efficiency, i.e. obtaining the greatest possible profit. Achieving this goal is 

made possible, primarily by reducing the cost of manufactured products and by 

accelerating the turnover of current assets of the enterprise. Cost reductions can be 

achieved through the most rational use of raw materials, energy and labor resources, 

which is possible, first of all, thanks to improving the organization, planning and 

operational management of production processes. 

An essential reserve of increasing the efficiency of furniture production is the 

acceleration of the turnover of the circulating assets of the enterprise. The efficiency 

that can be achieved in this case is much higher than that which can be obtained as a 

result of the intensification of the use of fixed productive assets. Reducing the size of 

working capital can be achieved as a result of a radical change in the organization 

"planning and operational management of the production process, improving 
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equipment performance, reducing levels of inter-operational reserves and reducing 

the duration of information processes that reflect the state of production. 

The absence of production process control systems designed to perform specific 

tasks leads to an increase in the duration of the production order due to the need to 

wait in line until the equipment is freed. At the same time, individual management of 

order maintenance is absent due to the low level of organization and management of 

production processes, as well as the lack of computer support for information support 

of production. 

The economic-mathematical model of any linear programming problem 

includes: an objective function, the optimal value of which (maximum or minimum) 

is required to be found; restrictions in the form of a system of linear equations or 

inequalities; requirement of non-negativity of variables. 

Equations in the models of the first and second articles, as in many works 

devoted to the problem of achieving efficiency in production, are linear. Although 

models look different, both are part of mathematical programming, which involves 

defining: 1) the variables to be changed; 2) objective function, which requires 

optimization; 3) the constraints that the variables must satisfy 

The length of the production cycle largely depends on the length of stay of the 

blanks in the bowels of the enterprise's transport-storage system (loading into the 

machine, unloading and stacking, transportation and storage in inter-operational 

reserves) and can reach up to 95% of the time spent on fabrication. 

Significant losses of time are associated with information processes, much less 

time is spent on technological processes: cutting of sawn timber into blanks, 

processing of blanks, transport and storage and relocation operations. This is due to 

the complexity of the management systems of production processes and, accordingly, 

with the increase in the intensity of information flows. Therefore it becomes. it is 

increasingly obvious that without substantially accelerating the processes of 

recording, transferring, accumulating and processing information on the state of 

production, it is impossible to significantly reduce the production cycle. 

In our time, the ratio of the duration of the flow of information flows to the 

actual elasticity of the timing of execution of orders remains significant. Reducing the 

duration of the flow of information flow by 1% leads to a reduction in the duration of 

orders by only 0.2 - 0.3%. The reduction of this indicator will significantly increase 

the efficiency of production. And this can be achieved only through the development 

and application of integrated automated production control systems using local 

personal computer networks and modern powerful software based on the application 

of mathematical optimization methods and artificial intelligence, primarily expert 

systems. The basis for the functioning of integrated automated production 

management systems is the operational-calendar production planning, which 

ultimately depends not only on the success of the furniture company, but also on its 

survival in a market economy. 

In order to increase competitiveness, industrial companies choose an 

optimization strategy and, within its framework, reduce costs using various tools. 

Nevertheless, it is not always possible to achieve the desired results. If you change 

the approach, the methods and methods used, you can achieve sustainable results in 
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increasing efficiency and productivity. This conclusion was reached by experts from 

the Boston Consulting Group (BCG), having studied the practical experience of many 

companies, including Russian, in the industrial sector. The reason for studying the 

experience of increasing the efficiency of production was the decline in the 

competitiveness of Russian producers due to a significant excess of the growth rate of 

wages of industrial personnel over the growth rate of labor productivity. 

In the CIS countries to date, there are no integrated automated production 

management systems at furniture enterprises, so the collection and recording of the 

transfer and processing of operational information is mostly done manually. Streams 

of raw materials, materials, components, energy, etc. are accompanied by a huge 

shaft of paper documents, which basically only fix the state of material flows. 

Decisions are made only on the basis of no more than 15% of the total aggregate of 

these documents. Therefore, it is completely pointless to talk about effective, the 

more optimal, operational planning and management of furniture production in such 

conditions. 

The solution of the problem of the best use of resources, the effective use of 

technological equipment, and the increase in labor productivity of workers in a 

furniture enterprise should be based on improving the organization and planning of 

technological processes using mathematical modeling, optimization, and artificial 

intelligence systems on a computer. 

In the field of further improvement of optimization mathematical models, it is 

necessary to rely on the logic of the antonyms. This makes it possible to more fully 

describe the production process and, thus, make the work of the scheduling and 

management subsystem even more efficient. 

Experts illustrate the scale of the problem by a comparative increase in labor 

productivity and an increase in the hourly rate of an industrial worker in Russia and 

China. In Russian companies salaries grew eight times faster than productivity, in 

Chinese companies - twice (see figure). This indicates a significant decrease in the 

relative competitiveness of Russian companies compared to Chinese companies over 

the decade (2000-2010), which was also facilitated by a faster rate of decline in 

production compared to the reduction in the number of employees. 

Optimization with the help of various programs, events is conducted in one form 

or another by all companies. Many of them achieved notable results, including 

reduced costs, improved product quality, reduced the supply cycle and increased staff 

motivation. Some have received limited benefits due to insufficient targeting of 

optimization measures. Organizations that quickly achieve significant improvements 

will eventually lose their fuse and cannot achieve the main thing - to implement 

standard processes at all production sites or to integrate all business units. 

As the efficiency increases, the development of the qualification and the use of 

the benefits obtained by the company, as a rule, three levels of maturity of 

optimization. 

Mathematical model in optimizing control. 

Basically, mathematical models are used in optimization problems, as elements 

of linear programming. Linear programming is the direction of mathematical 

programming, studying methods of solving extreme problems that are characterized 
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by a linear relationship between variables and a linear criterion. Such tasks find 

extensive applications in various spheres of human activity. A systematic study of 

problems of this type began in 1939-1940. in the works of L.V. Kantorovich. 

The mathematical problems of linear programming include studies of specific 

production and economic situations, which in one form or another are interpreted as 

problems about the optimal use of limited resources. 

The range of problems solved with the help of linear programming methods is 

quite wide. This, for example: 

· The problem of optimal use of resources in production planning; 

· The problem of mixtures (product composition planning); 

· The problem of finding the optimal combination of different types of products 

for storage in warehouses (inventory management or); 

· Transport tasks (analysis of the location of the enterprise, movement of goods). 

Linear programming is the most developed and widely used section of 

mathematical programming (in addition, it includes: integer, dynamic, nonlinear, 

parametric programming). This is explained by the following: 

· Mathematical models of a large number of economic problems are linear with 

respect to the unknown variables; 

· This type of problem is currently the most studied. Special methods have been 

developed for him, with the help of which these tasks are being solved, and the 

corresponding computer programs; 

· Many problems of linear programming, being solved, have found wide 

application; 

· Some problems that in the original formulation are not linear, after a number of 

additional constraints and assumptions, can become linear or can be reduced to such a 

form that they can be solved by linear programming methods. 

This task has resource and external restrictions on the volume of production. 

For enterprises manufacturing a medical tube, one of the key elements of 

effective activity is the optimal management of the production program. The 

specificity of planning the production program of these enterprises, which is related 

to both internal and market factors, necessitates the development of a special tool for 

solving the problems of managing the production program. This article proposes a 

technique that is necessary for the optimal management of the manufacturing 

program of manufacturers of medical jams in conditions of uncertainty and taking 

into account the requirements for maximizing the effect of activity. 

As a result of solving the problem there is a certain plan (program) for the work 

of some enterprise. Hence the word "programming" appeared. The linear word 

indicates the linear nature of the dependence both in the objective function and in the 

constraint system. It should be emphasized once again that the problem is necessarily 

extreme, i.e. consists in finding the maximum or minimum (extremum) of the 

objective function. 

Stochastic constraints are possible, probabilistic, random. 

The main task of mathematical programming is finding the extremum of 

functions under constraints in the form of equations and inequalities. 
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The equilibrium positions to which the parameters of the mathematical model 

came are those indices that will consistently take the quantities of raw material 

volume, product volume, costs and profits . Since the mathematical model is stable, 

all variables will sooner or later come to the final value, which does not depend on 

time. 

Solutions by numerical methods of system (3.1.1) gave the following values of 

the variables in the stationary position (Table 5): 

 

Table 5 - The values of the parameters in the stationary position. 

 

Parameters Stationary values 

Volume of raw materials (latex), kg/day 1918.746 

Volume of production, kg/day 44089.08 

Amount of costs, kg/day 46740.331 

Amount of net profit, tg/3months 24837646.42 

 

The values in the table show the equilibrium positions of the system at given 

coefficients in Table 3 and with the initial data that were taken from production. If 

you change the values of this data, then the dynamics of the variables will look 

different. Stability dynamic model determines that the parameters have stationary 

solutions, but at different rates, the solution will also be different, although stable. 

The developed mathematical model, with a restriction on the growth of the 

volume of raw materials, determines the work of manufacturing a medical glove.  

The purpose of the dissertation work was to build such a model, we could get a 

tool that would help us conduct numerical experiments and assume the work of 

production with the changes of some factors. Now using our mathematical model, we 

can find out how the system behaves when its parts are changed. The results of 

experiments with changes in the coefficients are given in Table 6. 

Factual data is the coefficients in the source data from the enterprise Ltd. 

“Dolce”. The values of coefficients were described in detail in Chapter 2.  

Option 1 - coefficient of increase in the volume of raw materials is increased to 

the maximum value. The remaining coefficients did not change the value. The 

numerical solutions obtained show the result, and these indicators are compared with 

the parameters of the parameters at the actual values of the coefficients. The large 

value of the coefficient of increase in raw materials means that the norm of the raw 

materials used for everyday production is increased. At values of 𝛼 = 0.1, the 

volume of raw material consumption increases by almost 6%. The volume of 

production of products has increased, as the costs have increased. This phenomenon 

is explained by the fact that the higher the rate of processing of raw materials every 

day, the more work is done to prepare raw materials and the production growth does t 

affect it positively. 

Changes of parameters are given in the bottom part of the Table 6, in the form of 

percentage. 
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Table 6 - Finding the values of the parameters for the optimal operation of the 

production 

 

Coefficients 
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Values of the coefficients 

Limitation on the 

growth of the volume 

of raw materials 

 

400 400 400 400 400 400 

Coefficient of 

increase in the 

volume of raw 

materials 

 

0.2 0.1 0.5 0.2 0.2 0.2 

The coefficient of 

reduction of raw 

materials due to the 

production of the 

wares 

 

0.00446 0.00446 0.00446 0.012 
 

0.00446  

 

0.00446  

The restriction on the 

function (t)f  

 

100 100 100 100 100 100 

The coefficient is 

responsible for the 

consumption of 

electricity per unit 

time 

 

3016.21 3016.21 3016.21 3016.21 4065.5 3016.21 

The coefficient of 

increase in labor 

efficiency of workers 

  103.86 103.86 103.86 103.86 103.86 220 

The coefficient of 

products that do not 

meet the established 

standards for their 

quality 

 

0.0055 0.0055 0.0055 0.055 
 

0.0055  

 

0.0055  

Changing of 

parameter values 

X 5.7%+ 2%- 2.6%- 7.1%+ 4.79%+ 

Y 5.4%+ 1.14%- 9.7%+ 
12.03%

+ 
9.52%+ 

Z 5.4%+ 1.14%- 9.7%+ 
12.03%

+ 
9.52%+ 

W 5.44%+ 0.99%- 9.9%+ 
11.78%

+ 
9.2%+ 

 

 

k













52 

 

 

The difference of options can be seen in Figure 13. Here, the first diagram 

describes the parameters at factual values. The remaining diagrams are respectively 

the first, second, third, fourth, fifth options. 
 

 

 

Figure 13 - Performance of the parameters for different options. 

 

Since the values of  X are less than the others, one cannot see its changes. This 

parameter is well shown in Figure 14. As can be seen, in the first variant the value of 

the volume of raw materials increased. 
 

 
 

Figure 14 - Performance of the X parameter for different options. 
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And also, the value of the profit parameter for different variants was shown in 

Figure 15. 

 

 
 

Figure 15 - Performance of the W parameter for different options. 

 

In the figure the profit values on the first option has decreased, as well as the 

values of Y and Z on Figure 13. Significance of profit is more dependent on the 

volume of the produced product than on the volume of raw materials. 

Option 2 - in this option, we increased the volume of growth of raw materials 

and obtained a decrease in the values of all parameters. This situation is explained by 

the fact that at any time, at the maximum number 𝛼, the volume of growth of raw 

materials reaches the limit and the value of the parameter X will decrease. 

That is, if an increase in the growth of raw materials oversteps the values of the 

limit, then for a large amount of material it will be necessary to allocate an additional 

place in the warehouse and the quantity of the materials that are spoiled will increase. 

Therefore, the company must have an optimal production plan based on the 

capacity of raw materials (Figure 13). 

Option 3 – the changes of coefficient of reduction of raw materials due to the 

production of the wares and the coefficient of products that do not meet the 

established standards for their quality. These values are dependent on each other, 

because there is a relationship between the volume of the produced object and the 

probability of defective units of this object. The volume of raw materials is reduced 

by increasing the coefficient 𝛽. The values of the parameters Y and Z increase. The 

increase in the coefficient 𝛽 leads to the productivity of the production process and 

the same increase in the value of the defective products, did not lead to the opposite 

result. That means the more the product is made due to the use of raw materials, then 

the more the finished product. But it is worth noting, that the amount of costs has also 

increased (Figure 13). 

Therefore, the value of W is not too large. After all, in order to increase the daily 

norm of the produced product, you need to spend more effort and costs (Figure 15). 
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Option 4 - the coefficient is responsible for the consumption of electricity per 

unit time is changed. An increase in the value of this coefficient describes the 

increase in the speed of special equipment that produces medical gloves. As in the 

case of an increase in the workforce, this coefficient is responsible for the 

effectiveness of the work. By results it is visible that change of value     has led to 

very positive conclusion. Profit increased by 12%. This option gives the most 

productive production plan. 

Option 5 - the coefficient of increase in labor efficiency of workers is increased 

by two times. The reason for this experiment is to find out how the values of the 

parameters will change if we increase the efficiency of work at the expense of human 

labor. It can be seen that an increase in the speed of the equipment will lead to a large 

gap in the productivity of production. All parameters X, Y, Z, W increased in 

indications (Figure 13-15). 

The increase in working personnel led to a high speed of production of the 

finished product. This is considered the efficiency of production. Often such changes 

are carried out by the managers of the production plan, with a view to productivity. It 

can be seen that the work of management is based on important factors. 

In this situation, option 5 differs from the 4th options with an increase in the 

volume of raw materials. If the enterprise is not in a position to process a large 

amount of raw materials for each day, then this option is the best than other options. 

Indicators of parameters for different values of the coefficients. 

Figure 16 shows the variation in X values for different options. The largest value 

of the parameter was with an increase in the coefficient for the growth of the volume 

of raw materials at option 1. 

 

 
 

Figure 16 - Performance of the X parameter for different options. 
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the raw material volume parameter is 1859.39 conventional units. This value is less 

than the factual value of the parameters, and it is because of changes such 

components as the coefficient of reduction of raw materials due to the production of 

the wares and the coefficient of products that do not meet the established standards 

for their quality. 

The coefficient of increase in labor efficiency of workers leads some less 

values of X. Option 4 shows that the value can decrease when there is increased the 

efficiency factors. 

The changes in the values of the parameter Y are shown in Fig. 17 

 

 
 

Figure 17 - Performance of the Y parameter for different options. 

 

As the value of an increase, the volume of the produced product falls. This is 

explained by the fact that all resources go to a large number of processed raw 

materials. 

In the first option, the stationary value of the raw material volume parameter is 

46033.17 conventional units. The coefficient of reduction of raw materials due to the 

production of the wares affects positively the values of the produced wares. But the 

biggest indicators, this component ha of the dynamic system has in option 4 and 

option 5. The increase in the speed of the equipment led to a large number of gloves 

produced on each day. 

Dynamics of the parameter of the produced gloves' volume is: 

- In the option 1 is equal to 46033.17395 conventional unit; 

- In the option 2 is equal to 43174.2256 conventional unit; 

- In the option 3 is equal to 47911.18769 conventional unit; 

- In the option 4 is equal to 48928.80909 conventional unit; 

- In the option 5 is equal to 47832.57316 conventional unit; 

As the value of an increase, the volume of the produced product increased. 

This is explained by the fact that all resources go to a large number of processed raw 

materials. 
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Here in Figure 18 shown the dynamics of costs. 

 
 

Figure 18 - Performance of the Z parameter for different options. 

 

The dynamics of costs is very similar to the dynamics of changes in the volume 

of the produced wares. This means the more the product rate for each day, the greater 

the cost. Recall that the costs go to the efficiency of production, the processing of 

defective units and processing of raw materials. For a large number of gloves 

produced, there are more costs for electricity, and with a large amount of product, the 

probability of defective gloves increases. 

Profit is the difference between the revenue from the sale of goods / services 

and the costs of their production / rendering. Profit is an important economic 

indicator that serves to reflect the effectiveness of entrepreneurial activities. 

Profit and revenue are not the same. The formula for calculating profits is very 

simple: Revenues - costs = profit. Net profit is the money that remains with the 

company after various deductions, taxes and other payments are deducted from the 

balance sheet profit. Net profit is a source of financing for production processes. It 

also creates reserve funds, and it is due to it that the working capital increases. 

But we in this work do not consider the financial and economic aspects of 

production. And we calculate the profit directly depending on the volume of the 

product and the cost of production. Changes in its value are shown in Figure 19. 

 As you can see in the picture, a large profit comes to share option 4. The 

efficiency of the production process has led to large profits. But this does not mean 

that option 4 is the most optimal. Because there are changes in the parameter X  

(Figure 14, Figure 16) that need to be taken into account. On the fourth option there 

is more profit but also more processed raw materials for the daily rate. For the 

company, in order to, the production work of the optimal options is 5. 

One of the most powerful analytical methods of research is the division 

("splitting") of data into groups to compare the structure of the resulting subsets. 
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categorization, splitting, stratification, etc.). Performance or power histograms can 

differ for time intervals when control is performed by different operators. Different 

races of regression lines can also correspond to different experimental groups. 

Numerous computational methods based on grouping of data (for example, 

variance analysis) have been developed to quantitatively describe the differences 

between observational groups. However, graphical tools (such as the categorized 

graphs discussed in this section) give special advantages and allow us to identify 

patterns that are difficult to quantify and that are very difficult to detect using 

computational procedures (for example, complex relationships, exceptions or 

anomalies). In these cases, graphical methods provide unique opportunities for 

multivariate analysis or "extraction" of data. 

 

 
 

Figure 19 - Performance of the W parameter for different options. 

 

For a visual demonstration of the difference in parameters between the options, 

the following graphs were made: 

• Option 1. The value of the volume of raw materials, the volume of gloves 

produced and the costs of production at the first option (Figure 20). Profitability 

indicators for the initial data and for changes in option 1 shown in Figure 21. For the 

connection of the graphs, the value of the profit is too large. Therefore, only the 

dynamics of profit is relative to the factual value of this parameter. 

Dynamics of the parameter of the profit  is: 

- In the option 1 is equal to 25970533.7 conventional unit; 

- In the option 2 is equal to 24386784.37 conventional unit; 

- In the option 3 is equal to 27069059.71 conventional unit; 

- In the option 4 is equal to 27532115.5conventional unit; 

- In the option 5 is equal to 26896645.3conventional unit; 
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As the value of an increase, the volume of the produced product increased. 

This is explained by the fact that all resources go to a large number of processed raw 

materials and volume of production. 

 

 
 

Figure 20 - Indicators X, Y, Z of the first option. 

 

 

 
 

Figure 21 - The difference in volume of profit W between the factual value and the 

value at the option 1. 

 

• Option 2. The value of the volume of raw materials, the volume of gloves 

produced and the costs of production at the second option shown in Figure 22. The 

parameter of profit indicators for the initial data and for changes in option 2 shown in 

Figure 23. 
  This situation is explained by the fact that at any time, at the maximum number 

𝛼, the volume of growth of raw materials reaches the limit and the value of the 

0

10000

20000

30000

40000

50000

2005,487323

46033,17395
48758,43732

1

2

3

X ZY

Option 1

23000000

24000000

25000000

26000000

Ряд1

Fac.Val
W

Option 1



59 

 

parameter X will decrease. That is, if an increase in the growth of raw materials 

oversteps the values of the limit, then for a large amount of material it will be 

necessary to allocate an additional place in the warehouse and the quantity of the 

materials that are spoiled will increase. 

 

 
 

Figure 22 - Indicators X, Y, Z of the second option. 

 

 
 

Figure 23 - The difference in volume of profit W between the factual value and the 

value at the option 2. 

 

• Option 3. The value of the volume of raw materials, the volume of gloves 

produced and the costs of production at the second option shown in Figure 24. The 

parameter of profit indicators for the initial data and for changes in option 3 shown in 

Figure 25. 
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for their quality. These values are dependent on each other, because there is a 

relationship between the volume of the produced object and the probability of 

defective units of this object. 

 

 
 

 

Figure 24 - Indicators X, Y, Z of the third option. 

 

 
 

Figure 25 - The difference in volume of profit W between the factual value and the 

value at the option 3. 

 

• Option 4. The value of the volume of raw materials, the volume of gloves 

produced and the costs of production at the second option shown in Figure 26. The 

parameter of profit indicators for the initial data and for changes in option 4 shown in 

Figure 27. 

0

10000

20000

30000

40000

50000

1859,39222

43174,2256 45730,23304

1

2

3

X

Z
Y

Option 3

23000000

24000000

25000000

26000000

27000000

28000000

24630627,58

27069059,71

Ряд1

Fac.Val

W

Option 3



61 

 

The coefficient is responsible for the consumption of electricity per unit time is 

changed. An increase in the value of this coefficient describes the increase in the 

speed of special equipment that produces medical gloves.  

 

 
 

Figure 26 - Indicators X, Y, Z of the fourth option. 

 

 
 

Figure 27 - The difference in volume of profit W between the factual value and the 

value at the option 4. 

 

• Option 5. The value of the volume of raw materials, the volume of gloves 

produced and the costs of production at the second option shown in Figure 28. The 

parameter of profit indicators for the initial data and for changes in option 5 shown in 

Figure 29. 
The coefficient of increase in labor efficiency of workers is increased by two 

times. The reason for this experiment is to find out how the values of the parameters 

will change if we increase the efficiency of work at the expense of human labor. It 
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can be seen that an increase in the speed of the equipment will lead to a large gap in 

the productivity of production. 

The increase in working personnel led to a high speed of production of the 

finished product. This is considered the efficiency of production. Often such changes 

are carried out by the managers of the production plan, with a view to productivity. It 

can be seen that the work of management is based on important factors. 

In this situation, option 5 differs from the 4th options with an increase in the 

volume of raw materials. If the enterprise is not in a position to process a large 

amount of raw materials for each day, then this option is the best than other options. 

Indicators of parameters for different values of the coefficients. 

 

 
 

Figure 28 - Indicators X, Y, Z of the fifth option. 

 

 
 

Figure 29 - The difference in volume of profit W between the factual value and the 

value at the option 5. 
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Conclusion to the experiment with changes in the values of the coefficients. 

The change in the coefficients was carried out within the constraints imposed on 

the coefficients considered. Of the several variants obtained in the course of the 

experiment, the five variants of the values of all variables changed significantly. How 

much the parameters of the volume of raw materials, product volume, costs and 

profits have been changed, in Table 6 in the form of interest. 

The results also indicate that the raw material values above the assigned limit 

lead to difficulties and a decrease in productivity. Therefore, in options 1 and 2, 

option 1 is more preferable. But, if the costs of this option for the enterprise are too 

large, then the optimal option is the initial values. 

Of the five variants, the largest profit figures were obtained for options 4 and 5. 

The increase in the parameters of the produced product and profit in these cases was 

achieved due to the efficiency of the production phase. But, the optimal variant for 

the production plan is option 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



64 

 

CONCLUSION 
 

Brief conclusions on the results of the research: 

1. A mathematical model was created on the basis of data from the enterprise, 

describing the production process, in the form of a dynamic system. 

2. The dynamic system was investigated for stability. The stationary state of the 

system was detected with the parameter of the restriction on the growth of the volume 

of raw materials. 

3. Numerical solutions of the dynamical system are obtained by the numerical 

method. 

4. Comparison of the results with the data from the enterprise showed that the 

solutions of the developed mathematical model are consistent with the company's 

original data. 

5. The results of the experimental work performed with changes in the 

parameters of the parameters revealed their values, under which the most optimal 

production plan is reached. 

Evaluation of completeness of the solutions of tasks: 

In studies on stability, it was found that the originally developed mathematical 

model is not stable and does not have a stationary state. Therefore, the parameter 

values increased indefinitely, which did not correspond to the actual process of 

production medical gloves. In this regard, the coefficient k - the restriction on the 

growth of the volume of raw materials, was added to the dynamic system. It turned 

out the system most accurately describing the production process in the company, but 

this does not mean that the first model was incorrect. 

Recommendations for the use of specific results. 

Mathematical models are increasingly used in production. This work shows that 

for work in the field of optimization of the production plan, you can apply dynamic 

models too. The model represents the production parameters common to many 

enterprises - raw materials, product, costs and profits. 

For pharmaceutical companies that produce medical products like Ltd. “Dolce”, 

the results of this work can be used for numerical experiments and for the 

development of an optimal production plan. 

Evaluation of technical and economic efficiency of introduction. 

Studies of the dynamics of parameters for different values of the coefficients in 

the third chapter show the practicality of the created task in the dissertational work, 

from the economic point of view. 
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