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Relevance of the work. Since the beginning of the XX century, methods for 

predicting the epidemiological situation have been actively developed. 

Epidemiological forecasts are made for different periods and, depending on them, 

serve different purposes. Basically, three types of forecasting are performed, these 

are: long-term for a period from several months to several years, medium-term for 

a period from two months to half a year and short-term forecasts for several weeks 

in forwarding  are used in operational management and in identifying epidemic 

outbreaks of disease. In recent years, the number of papers on this topic has been 

growing rapidly due to the deployment of information systems of monitoring and 

the appearance of large volumes of statistics available for analysis. The most useful 

method can be considered a medium-term forecast for a period from two months to 

six months, used in tactical control. Due to various factors, less accurate than 

short-term, it leaves enough time to prepare for possible emergencies and conduct 

preventive measures. 

Mathematical modeling of the risk dynamics of an infectious disease is 

intensively used by specialists to solve a number of applied issues, such as 

planning various protective measures and treating infectious patients. 

In scientific literature, the plague is called tularemia. The natural center of 

tularemia is common on all continents of the Northern Hemisphere in Europe, Asia 

and North America. Human diseases are recorded as isolated cases and epidemic 

outbreaks in Austria, France, Germany, Sweden, Japan, the USA and other 

countries. Often, flashes cover several hundred people. The increase in incidence is 

observed in the years of increasing the number of rodents. In the Russian 

Federation, tularemia was found on the territory of almost all territories, regions, 

and republics. 

In Kazakhstan, the problems of monitoring and preventing epidemics of 

plague are dealt with by the M.Aykimbaev Kazakh Scientific Center for 

Quarantine and Zoonotic Infections and territorial anti-plague stations. The most 

dangerous are the following natural plague foci in Kazakhstan: Ural-Emba 

autonomous center, Aral sea-Karakum autonomous center, Balkhash sea 

autonomous center, Volgo-Ural autonomous center, Mangyshlak autonomous 

center, Trans -Ural autonomous center. 

The purpose of the thesis is the development and study of mathematical 

models, which mean to obtain information in real time, algorithms and 

technologies for monitoring the epidemiological situation. 

To achieve this goal in the thesis the following tasks are solved. 

- analysis of known mathematical epidemiological models, data source, 



- justification and study of a mathematical model for predicting the 

dynamics of abiotic factors of the epidemiological situation in real time, 

- justification and study of a mathematical model for the management of 

biotic factors by an epidemiological model, 

- development, justification and application of fuzzy mathematics for 

monitoring the epidemiological potential of the region depending on social-

economic factors, 

- development of an expert system for monitoring and forecasting epidemic 

potential, 

- conducting experimental studies on model data to analyze the adequacy of 

the proposed mathematical models, methods and algorithms. 

The scientific novelty of the thesis. 

- proposed a mathematical model and sources of abiotic data in real time; 

- the criterion of controllability of a mathematical model of the dynamics of 

biotic factors was obtained on the basis of interval mathematics; 

- on the basis of fuzzy mathematics, a mathematical model was proposed 

which takes into account the social-economic potential of the region; 

- developed mathematical models, methods and algorithms which 

implemented in the form of an expert system for monitoring the epidemiological 

situation in the regions. 

 Research methods. In solving the problems posed, the dissertation paper 

used methods of numerical analysis, mathematical modeling, database theory, the 

theory of digital signal processing and transmission, data processing methods on 

microprocessors, modern systems for designing and developing information 

systems. 

Object of study. The object of the study is the epidemiological situation in 

the region. 

The subject of the research is an automated system for monitoring and 

managing the social-epidemiological situation. 

The practical significance of the work lies in the development of a 

mathematical model which takes into account the abiotic, biotic and social-

economic factors of the region. 

The applied value of the work results is in the ability of the state and health 

authorities to control the situation to make a decision on prevention. 

Provisions for protection. According to the results of the study, the 

following tasks were solved: 

- a program for predicting the dynamics of abiotic factors in real time has 

been developed; 

- the controllability of a mathematical model of the dynamics of biotic 

factors was investigated — a controllability criterion based on interval and fuzzy 

mathematics was obtained for the first time; 

- an algorithm for solving multi-criteria optimization to estimate the 

epidemiological status in the region; 

- development of an expert system for forecasting and managing the 

epidemiology in the region. 



Communication of the topics with the plans of research programs 

The dissertation work was carried out in accordance with the schedule of 

research and research grant works according to priority: 4. Life and health sciences, 

according to priority: 4.2 Scientific and innovative biomedicine. Biotechnologies 

in medicine and nanomedicine on the subject of the project: 1.34 "Development of 

a hardware-medical complex to estimate the psycho-physiological parameters of a 

person" of the Institute of Information and Computing Technologies of the 

Committee of Science and MES RK. 

The structure of the thesis includes an introduction, 4 sections, conclusion, 

list of references and applications. 

The introduction provides a justification for the relevance of the selected 

topic of the dissertation. The purpose, object, subject and tasks of research work 

are formulated. The results of the conducted research are described, their scientific 

novelty and practical significance are shown. The data on the approbation of the 

main results of the thesis are given. 

In the first section of the dissertation, the analysis of existing models for 

predicting abiotic factors is carried out. The general characteristics of the problem 

and the formulation of research objectives are given. Based on microprocessor 

technology and sensor sensors, an autonomous microcomputer climate data 

transmission system has been developed. A program for predicting abiotic factors 

in real time has been developed. The efficiency of the algorithm is shown on a 

model problem. 

In the second section, the problem of controllability of the dynamic system 

which described by ordinary differential equations is solved. Based on the using of 

linguistic variables and interval mathematics, an effectively checkable criterion is 

obtained, which is formulated and proved as a theorem. The optimal control 

problem was solved under various constraints on the conditions of the problem: 1) 

with a fixed right end and a fixed time, 2) with a free right end, 3) optimal 

performance with fixed ends, and 4) with fixed ends and phase constraints. All 

tasks are investigated under control restrictions. The reliability of the obtained 

results follows from the stated and proved theorems. The effectiveness of the 

proposed algorithms is shown on a model problem. 

The third section is devoted to the analysis of existing models of social-

economic forecasting. The general characteristics of the problem and the 

formulation of research tasks are given. Analyzed the task and identified the main 

problems that may arise in the course of its solution. A method for monitoring 

epidemiological conditions based on fuzzy mathematics is proposed. Based on 

multi-criteria optimization, an algorithm for calculating convolution coefficients 

has been developed. The convergence of the proposed algorithm is proved. 

The fourth section describes the developed expert system for forecasting and 

managing the epidemiological situation. The structures of database tables and their 

interrelationships are determined. An expert questionnaire system has been 

developed. A graphical user interface application. Describes the various 

workspaces of the interface. The interface part is implemented on the basis of 

VisualFoxPro9 DBMS. 



In conclusion, the main results and conclusions of the thesis are presented. 

The validity of the scientific provisions submitted for the defense, 

conclusions and recommendations are confirmed by the correctness of the using of 

the mathematical apparatus; correct formulation of experiments and their 

processing; qualitative and quantitative correspondence of the results of theoretical 

studies and experimental data; practical application of research results. 

Approbation of work. The results of the thesis were reported at international 

scientific conferences, annual scientific conferences of the Institute of 

Computational and Information Technologies, International Conference of 

Students and Young Scientists of the Kazakh National University, as well as at 

scientific seminars of the Department "Computer Science" of Al-Farabi University. 
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