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INTRODUCTION

Course Training Program (CTP) of discipline «Mathematical Methods for Modeling Systems
and Processes» is developed in accordance with the «Methodical recommendations for the devel-
opment and design of the Course Training Program of the discipline of full-time and part-time
forms of education», approved by the rector's order dated 29/04/2021 No. 249/od, and correspond-
ent normative documents.

1. EXPLANATORY NOTES

1.1. Place, objectives, tasks of the subject

This educational discipline is the theoretical basis of totality of knowledge and outcomes, that
forms the profile of specialist in the field of the airport technologies and technical equipment.

Purpose of teaching of the discipline is the systematization of knowledge and skills in creat-
ing of mathematical models of systems and processes accur in these systems and procesess.

Tasks of learning the discipline are:

— learning of knowledge of mathematical modeling and processes accur in these systems and
procesess;

— learning of the methods of conducting of experiments using mathematical models of sys-
tems and processes accur in these systems and procesess, making decisions with their improvement.

1.2. Learning outcomes the subject makes it possible to achieve

At the end of the course, the student will be able to:

EPP «Airport technologies and technical equipment»

PTOO02. To apply modern methods of scientific research, organisation and planning of the ex-
periments, digital technologies, methods of data analysis to solve complex problems in the field of
airport operation and operation of aviation ground equipment and airport equipment.

PTOO09. To develop and to analyse physical, mathematical and computer models related to the
creation, operation, maintenance and repair of aviation ground handling facilities and airport
equipment.

PTO15. To search necessary data in scientific literature, databases and other sources, to ana-
lyze, to evaluate and to use these data.

EPP «Maintenance and repair of aircrafts and engines»

PTOO01. Specialized conceptual knowledge includes modern scientific achievements in the
field of aviation transport and is the basis for original thinking and conducting of research. To apply
modern methods of scientific research, organization and planning of experiment, digital technolo-
gies, methods of data analysis to solve complex problems of aviation transport.

PTOO02. To solve complex problems of creation, operation, maintenance, repair and utilization
of aviation transport objects, including related fields, engineering sciences, physics, ecology and
economy.

PTOO04. To develop and to implement new technical solutions and to apply new technologies.

PTOO05. To apply universal and specialized life cycle management (PLM), automated design
(CAD), manufacturing (CAM) and engineering research (CAE) systems in professional activities.

PTOOQ7. To organize and to manage the work of the primary production, design or research
division in the field of aviation transport, to evaluate the effectiveness and efficiency of the activi-
ties of the staff and the division.

PTOO08. To develop and to analyze physical, mathematical and computer models related to the
creation, operation, maintenance and repair of aviation transport objects.

PTO10. To develop technical regulations, to take part in their development and to organize
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technological processes in the field of aviation transport, to provide production safety.

PTO11. To use the principles and methods of system analysis in scientific and technical activ-
ities, to analyze cause-and-effect links between significant factors and technical-economic charac-
teristics.

PTO15. To control quality of maintenance and repair of aircrafts, to comply the state re-
quirements of airworthiness and ensuring of flight safety during the operation of aviation equip-
ment.

PTO16. To provide the safety of operation (including ecological), storage, maintenance of
aviation equipment and technological equipment, safe working conditions of personnel.

PTO17. To analyze the technical and economic efficiency of the operation of aircraft and
technological processes, to participate in the development of recommendations for improving the
operational and technical characteristics of the operation of aviation equipment.

PTO18. To develop models allow forecasting the change of the technical condition of aviation
equipment objects, monitoring the parameters of the efficiency of its technical operation on the ba-
sis of modern analytical methods and complex models.

PTO19. To develop organizational and technical, regulatory and methodical documentation of
the technical operation of aircrafts.

EPP «Management of aviation transport systems and complexes»

PTOO02. To apply modern methods of scientific research, organization and planning of exper-
iment, digital technologies, methods of data analysis to solve complex problems of aviation
transport.

PTOO03. To solve complex problems of creation, operation, maintenance, repair and utilization
of aviation transport odjects, including related fields, engineering sciences, physics, ecology and
economics.

PTOO5. To develop and to implement new technical solutions and to apply new technologies.

PTOO06. To apply universal and specialized life cycle management (PLM), automated design
(CAD), manufacturing (CAM) and engineering research (CAE) systems in professional activities.

PTOO07. To develop and to implement the latest technologies in the field of aviation transport
security.

PTOO08. To organize and to manage the work of the primary production, design or research
division in the field of aviation transport, to evaluate the effectiveness and efficiency of the activi-
ties of the staff and the division.

PTOO09. To develop and to analyze physical, mathematical and computer models are related to
the creation, operation, maintenance and repair of aviation transport objects.

PTO16. To determine the properties and characteristics, to calculate the parameters of avia-
tion transport objects.

PTO17. To develop and to optimize the parameters of aviation transport objects and systems
and technological processes, including the using of automated computer design for the production
of units, aggregates and systems of aviation transport objects.

1.3. Competences the subject makes it possible to acquire

As a result of discipline studying, the student must acquire the following competencies:

EPP «Airport technologies and technical equipment»

GCO01. Knowledge and understanding of the subject area and understanding of professional
activities.

GCO03. Skills of using of information and communication technologies.

GCO04. Ability to conduct research at the appropriate level.

GCO05. Ability to search, to process and to analyze information of various sources.

GCO06. Ability to identify, to set and to solve problems.
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GCO07. Ability to make informed decisions.

GCO09. Ability to evaluate and to ensure the quality of the performed works.

PCO01. Ability to develop and to implement scientific and applied projects in the field of air-
port operation and operation of aviation equipment and airport equipment.

PCO02. Ability to apply a systematic approach to solving engineering interdisciplinary prob-
lems in the field of airport operation and operation of aviation ground equipment and airport
equipment.

PCO04. Ability to integrate knowledge and to solve complex scientific and industrial problems
in the field of airport operation and operation of aviation ground equipment and airport equipment,
taking into account the wider interdisciplinary engineering context.

PCO06. Ability to implement modern technologies, to research, to analyze and to improve
technological processes in the field of airport operation and operation of aviation ground equipment
and airport equipment.

EPP «Maintenance and repair of aircrafts and engines»

GCO03. Skills of using of information and communication technologies.

GCO04. Ability to conduct research at an appropriate level.

GCO05. Ability to search, to process and to analyze information of various sources.

GCO07. Ability to make informed decisions.

GCO09. The ability to evaluate and to ensure the quality of the performed works.

PCO01. Ability to develop and to implement scientific and applied projects in the field of avia-
tion transport.

PCO02. The ability to use the system approach to solving of engineering interdisciplinary prob-
lems in the field of aviation transport.

PCO05. The ability to manage technological processes in the field of aviation transport, which
are complex, unpredictable and require new strategic approaches.

PCO06. Ability to implement modern technologies, to research, to analyze and to improve
technological processes of aviation transport.

PCO08. Ability to plan, to organize and to carry out scientific research in the field of aviation
transport.

PC09. The ability to apply modern methods of modeling and experimental research of objects
and technological processes of aviation transport.

PC12. The ability to develop production programs for technical maintenance, service, repair
and other services in the operation of aviation equipment based on fundamental and special
knowledge.

PC13. The ability to carry out technological calculations of the enterprise in order to deter-
mine the needs of personnel, production and technical base, materials, spare parts.

PC18. The ability to develop plans, programs and methods of research, practical recommen-
dations for the use of research results.

PC19. Ability to develop of organizational and technical, regulatory and methodological doc-
umentation for technical operation and repair of aircrafts and aircraft engines.

1.4. Interdisciplinary connections
This discipline is based on the knowledge obtained during the preparation for the educational
degree «Bachelor» and is the basis for the study of further disciplines, namely:

EPP «Airport technologies and technical equipment»

«Business Foreign Language», «Information Technologies for Providing Maintenance Pro-
cesses for Aviation Equipment», «Mathematical Modeling of Airport Technological Processesy,
«Operation of Aviation Ground Equipment and Airport Equipmenty, passing of Research Activities
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in the Field of Airport Technologies and Pre-diploma practice.

EPP «Maintenance and repair of aircrafts and engines»

«Information Technologies for Providing of Processes of Maintenance and Repair of Aircrafts
and Engines», passing of Research Activities in the Field of Maintenance and Repair of Aircrafts
and Engines and Pre-diploma practice.

2. COURSE TRAINING PROGRAM ON THE SUBJECT

2.1. The subject content

The educational material of the discipline is structured according to the modular principle and
consists of one educational module Nel, «Mathematical Methods for Modeling Systems and Pro-
cesses», which is a logically complete, independent, integral part of the educational discipline, the
mastery of it provides a modular control work and analyzing the results of its implementation.

2.2. Modular structuring and integrated requirements for each module

Module Nel «Mathematical Methods for Modeling Systems and Processes»

Module Nel integrated requirements:

To know:

— acquirement of knowledge of mathematical modeling and processes accur in these systems
and procesess;

— acquirement of the methods of conducting of experiments using mathematical models of
systems and processes accur in these systems and procesess, making decisions with their improve-
ment

To be able:

— correctly set modeling tasks and organization of work on the implementation and use of
models on the basis of mastering of the methods of system analysis;

— to create mathematical models of systems and processes that take place in these systems and
processes;

— to conduct research using mathematical models built in specialized application program
packages;

— to analyze the results of mathematical modeling in order to forecast the state and improve
the objects are modeled;

— to make decisions based on modeling results.

Module 1. «Mathematical Methods for Modeling Systems and Processes»

Topic 1.1. General provisions and definitions of mathematical modeling of systems and —
correctly set modeling tasks and organization of work on the implementation and use of models on
the basis of mastering of the methods of system analysis;

— to create mathematical models of systems and processes that take place in these systems and
processes;

— to conduct research of using of mathematical models are built in specialized application
program packages;

— to analyze the results of mathematical modeling in order to forecast the state and to improve
the modeled objects;

— to make decisions based on processes modelling results.

The subject of the theory of decision-making. Modeling in economy and industry. Types of
models. Classification of operations of problems research. Examples of problems of research opera-
tions. Brief historical reference.

Topic 1.2. Basic properties of linear programming problems.

The general problem of linear programming. Two standard forms of linear programming
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problems. The canonical form of the basic problem of linear programming. Geometric interpretation
of linear programming problems. Basic analytical properties of linear programming problems. A
graphical method of solving of linear programming problems.

Topic 1.3. A simplex method of solving of linear programming problems.

The idea of the simplex method. Algorithm for finding of reference plan. Algebra of the sim-
plex method. Simplex tables. Artificial basis method (M-method). Alternative optimum and fixation
in linear programming problems.

Topic 1.4. Duality and sensitivity analysis.

Definition of a dual (conjugate) problem. Correlation between optimal solutions of direct and
dual problems. Economic interpretation of duality. Dual simplex method. Matrix representation of
simplex calculations. Sensitivity analysis of the optimal solution.

Topic 1.5. Transport problem.

Formulation of the transport problem and features of its structure. Finding of reference plans
of the transport problem. The method of potentials for finding of solutions of the transport problem.
Alternative optimum and degeneracy in transport problems. The transport problem with the limita-
tion of capacity. Economic analysis of transport problems. Transport problem according to the crite-
rion of time. Application of transport models for solving of some economic problems.

Topic 1.6. Integer linear programming.

Characteristics of integer programming problems and methods of solving. Formulation of the
problem of integer linear programming. The Gomori method. The method of branches and bounda-
ries. Additive algorithm for problems with boolean variables.

Topic 1.7. Nonlinear programming.

General formulation of the problem. Graphical method. Classic methods of optimization.
Convex programming. Quadratic programming. Nonlinear problems with separable functions. Frac-
tional linear programming problems. Multi-criteria optimization problems.

Topic 1.8. Dynamic programming.

Dynamic programming method. Some economic problems are solved by dynamic program-
ming methods. General statement of the problem of dynamic programming. The principle of opti-
mality.

Topic 1.9. Stochastic programming.

Formulation of stochastic problems. Methods of solving of stochastic programming problems.
Probabilistic dynamic programming.

Topic 1.10. Deterministic models of inventory management.

Generalized inventory management model. The classic problem of the economic order size.
The problem of economic order placement with price gaps. Model of production processes.

Topic 1.11. Mass service systems (MSS).

Markov processes. Flow of events. Formulation of the problem, characteristics and classifica-
tion of MSS. Models of birth and death. Some simple MSS.

Topic 1.12. Methods of network planning.

Basic concepts. Critical path method. Network minimization. The problem of finding of the
shortest path. Consideration of cost factors during implementing of network schedule.

Topic 1.13. Theory of games and decision-making.

Classification of decision-making conditions. Hierarchy analysis method. Decision-making
under conditions of risk. Decision-making in conditions of uncertainty. Basic concepts of game the-
ory. Methods of solving of antagonistic matrix games.
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2.3. Training schedule of the subject

Classes Workload

(hours)
Full-time education
a5 Name of topic ! >
ser. v | 23| T
S| g 2
= = o ° P
5| 8|®R B
El Sl J2 &
1 2 3 4 5 6
1.1 | General positions and definitions of mathematical modeling of - 5 B 5
systems and processes.
1.2. | Using of the MS Excel table editor to solve optimization prob- 4 B 5
lems
1.3 | Basic properties of linear programming problems. A simplex 7 5 B 5
method of solving of linear programming problems
1.4 | Construction of economic and mathematical models and de-
S . . 4 - 2 2
termination of their optimal plans
1.5 | Duality and sensitivity analysis 7 2 — 5
1.6 | Solving problems of the transport type 4 — 2 2
1.7 | Transport problem 7 2 — 5
1.8 | Finding a solution of the transport problem with prohibitions 4 — 2 2
1.9 | Integer linear programming 7 2 — 5
1.10 | Dynamic programming 4 2 2
1.11 | Technical departments of the special transport division of the . 9 B 5
airport
1.12 | Models of network planning 4 — 2 2
1.13 | Stochastic programming. Deterministic models of inventory - 9 B 5
management.
1.14 | Network planning models 4 — 2 2
1.15 | Mass service systems. Methods of network planning 7 2 — 5
1.16 | Tasks of games theory 4 — 2 2
1.17 | Theory of games and decision making 5 1 4
1.18 | Execution of Calculation and Graphic Work 10 — 10
1.19 | Module Test Ne 1 2 — 1 1
Total on the Module Ne1 | 105 | 17 17 71
Total on the 1st semester | 105 | 17 17 71
Total on the discipline | 105 | 17 17 71

2.4. Calculation and Graphic Work

Calculation and Graphic Work (CGW) of the discipline is carried out with the purpose of
consolidating and improving of the theoretical knowledge and skills are acquired by the student in
the process of mastering the educational material of the discipline in the field of mathematical mod-
eling of technological and technical systems and processes related to aviation transport.
The task of CGW is to build a mathematical model of the system of operation of aviation
equipment at the airport.
Execution, registration and defending of the CGW is carried out by the student in an individu-
al manner in accordance with methodical recommendations.
Required time to complete the CGW is up to 10 hours of self-study.
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2.5. List of questions for the exam

The list of questions and the content of tasks for the exam preparation are developed by the
leading lecturer of the department in accordance with the Course Training Program, approved by
the department and informed to the attention of the students.

3. BASIC CONCEPTS OF GUIDANCE ON THE SUBJECT

3.1. Teaching methods

The following educational methods are used during studying the discipline:

— explanatory-illustrative method;

— method of problem exposition;

— reproductive method;

— research method.

These methods realization is provided during lectures, demonstrations, individual tasks solu-
tion, reading of educational literature, analysis and resolution of conflict situations during the plan-
ning of technological processes at the airport.

3.2. List of references

Basic references

3.2.1. MaremaTtu4Hi METOAM AOCITiIKEeHHs omepauiid. Jliniiine mporpamyBanns. Yactuna 1:
HaB-yabHUH 1ociOHuK / A. A. SpoBuii, JI. M. Baxoscbka, JI. B. Kpunuk. — Binauns: BHTY, 2020
— 86 c.

3.2.2. OcHOBM AOCIIDKEHHS OMepalliil y TpaHCIIOPTHUX CUCTeMax: MPUKJIAAM Ta 3a]adi: HaB-
ya-neani nociouuk 1yt BH3 / JI. M. Kozauenko, P. B. Bepuuropa, B. B. Manamikin; J{Hinpomnerp.
Hall. YH-T 3aJli3H. TpaHcIl. iM. akaj. B. Jlazapsna. — [lHinponeTpoBcbk, 2015 — 277 c.

3.2.3. Hamdy A. Taha Operations Research: An Introduction, University of Arkansas,
Fayetteville, 2007, 838 p.

Additional references

3.2.4. Kaparogosa O.0O. Jlochimkenns omepamiit: HaB4. mocid. / O. O. Kaparomosa, B. P.
Kirens, B. /. Poxxok. — K.: IYJI, 2007 — 256 c.

3.2.5. 3aiiuenko lO. II. Jlocmimxenns onepauiid: miapyyHuk / 3aituenko FO. I1. — K.: BJ]
«CnoBoy, 2006 — 816 c.

3.2.6. Karpenxko A. B. Jlocnimxenns onepauiid: nigpyyauk / A. B. Karpenko. — JIbBiB: «Mar-
Houis [lmrocy», 2004 — 549 c.

3.2.7. Hakoneunuii C. I. MaremaTtnune nporpamyBanHs: HaBu. noci0. / C. . Hakoneunuit, C.
C. Capina. — K.: KHEY, 2003 — 452 c.

3.3. Information sources on the Internet
3.3.1. https://www.mathworks.com
3.3.2. https://www.maplesoft.com
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4. RATING SYSTEM OF KNOWLEDGE AND SKILLS ASSESSMENT

4.1. The current grading of knowledge and skills acquired by the student is carried out accord-
ing to 5-point system, rating grade is given: 1, 2, 3, 4, 5.
4.2. The current module rating grade is determined as the average value of the sum of the rat-
ing grades of all types of classes and control, provided by the educational work program (lectures,
laboratory works and practical works, homeworks, TP, CP, testing, module test, graded test and ex-

am, etc.).

4.3. The correspondence of the current module rating grade to the minimum value of the stu-
dent's knowledge mark according to the 100-point scale of the European Credit Transfer System
(ECTS) is established according to Table 1 (column 2).

Table 4.1
Current Minimal Incentive Total Grade Grade Index
Module Grade Value Points of ECTS
Grade of ECTS

5 90 0-10 90 - 100 Excellent A
45-49 82 0-10 82 -89 Good B
40-44 75 0-10 75-81 Good C
3,56-39 67 0-10 67 -74 Satisfactory D
3,0-34 60 0-10 60 - 66 Satisfactory E
25-29 35 0 35-59 Unsatisfactory FX
10-24 1 0 1- 34 Unsatisfactory F

4.4 The sum of incentive points according to table 2, which characterize the student's attitude
to studying of the discipline (no more than 10 points), is added to the minimum value of the ECTS

grade.

No Incentive Criterion Points
ser.
1 Absence of missed classes 0-3
2 Activity during classes 0-3
3 Defending of works in time 0-2
4 Correct behavior 0-2

Table 4.2

4.5. The sum of the minimal ECTS grade and incentive points are the Total (Module, Semes-
ter) Grade, which is entered in the module test report, study card, individual curriculum of the stu-
dent, record book and diploma supplement, for example, as follows: 92 / Excellent / A, 87 / Good /
B, 79/ Good/ C, 68/ Sat./D, 65 / Sat./E, etc.
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