	[image: image1.png]HauioHanbHUI TEXHIYHMIA YHiIBEPCUTET YKpaiHU
«KUIBCbKUM MNOAITEXHIYHUWA IHCTUTYT
ag imeHi ITOPA CIKOPCbKOIO»




	[image: image2.jpg]



	Department of Mechanical Engineering Technology


	FUNDAMENTALS OF SCIENTIFIC RESEARCH 
Work program of the discipline (Syllabus)


Details of the discipline
	Level of higher education
	The first (bachelor's)

	Branch of knowledge
	13 Mechanical engineering

	Specialty
	131 Applied Mechanics

	Educational program
	Mechanical engineering technology

	Discipline status
	Normative

	Form of study
	Eye (day)

	Year of preparation, semester
	4 course, autumn semester

	The scope of discipline
	90 hours (classroom – 36; independent – 54)

	Semester control / control measures
	Test work, differentiated credit

	Timetable
	rozklad.kpi.ua

	Language of instruction
	Ukrainian

	Information about

course leader / teachers
	Lapach Sergey Nikolaevich; lapach@ukr.net ; 067-270-65-72

	Course placement
	


Curriculum
1. Description of the discipline, its purpose, subject of study and learning outcomes
The purpose of the credit module is to form students' understanding of the scientific way of cognition and the ability to perform with the help of discrete mathematics tools analysis and modeling and optimization of technological processes and their elements. 
The main tasks of the credit module. 
According to the requirements of the curriculum, students after mastering the credit module must demonstrate the following learning outcomes: 
knowledge: basic concepts and mathematical apparatus of mathematical logic, set theory, graphs, algorithms, finite automata, means of intensification of technical creativity; 
skills: apply the apparatus of discrete mathematics to formalize and model the processes of mechanical engineering technology; 
experience: solving problems in these sections of discrete mathematics, to formalize the processes and objects of mechanical engineering technology to describe and model them by means of discrete mathematics.
1. Prerequisites and postrequisites of the discipline (place in the structural and logical scheme of education according to the relevant educational program)
	Prerequisites
	Math

	Postrequisites
	"Production automation", "CAD", "Assembly processes", "Microprocessor technology", "Mechanical engineering technology", bachelor's thesis


2. The content of the discipline

Content module (section) 1. Science and research 
Topic 1. Cognition and research 
Topic 2. Methods of intensification of creativity 
Topic 3. Technology for solving creative problems 
Semantic module (section) 2. Discrete mathematics 
Topic 1. Set theory 
Topic 2. Mathematical logic 
Topic 3. Fuzzy sets 
Topic 4. Algebra of predicates 
Topic 5. Graph theory 
Topic 6. Stochastic automaton 
Content module (section) 3. Optimization 
Topic 7. Optimization problems 
Topic 8. Modeling and optimization on graphs and networks 
3. Training materials and resources
	Training materials and resources

	1. Basic
	2. Основи наукових досліджень: Виконання лабораторних робіт [Електронний ресурс] : навч. посіб. для студ. спеціальності 131 «Прикладна механіка», спеціалізації «Технологія машинобудування» / С.М. Лапач ; КПІ ім. Ігоря Сікорського. – Електронні текстові данні (1 файл: 0,89 Мбайт). – Київ : КПІ ім. Ігоря Сікорського, 2020. – 88 с.

https://ela.kpi.ua/handle/123456789/38856
2. Матеріали до курсу “ОСНОВИ НАУКОВИХ ДОСЛІДЖЕНЬ ” / С.М. Лапач; КПІ ім. Ігоря Сікорського. – Київ : КПІ ім. Ігоря Сікорського, 2020. –89с. 
Campus

	Optional
	1. Ю.В. Капитонова, С.Л. Кривий, О.А. Летичевский, Г.М. Луцький, М.К. Печурін Основи дискретної математики –К. Наукова думка 2002 –580с.

2. Карамишева Н В Логіка Пізнання Евристика — Львів Астролябія 2002. 252с.

3. Кривий С.Л.  Дискретна математика –К.: КМА, 2007. –572с.

4. А.І. Кузьмичов, М.Г. Медведєв Математичне програмування в EXCEL –К.: Вид-во Європ. ун-ту, 2005. –320с.

5. Леоненков А.В. Нечеткое моделирование в cреде MATLAB и fuzzyTECH–СПб.: БХВ-Петербург, 2003. –736с.

6. Майника Э. Алгоритмы оптимизации на сетях и графах –М.: Мир, 1981. –323с.

7. Филипс Д., Гарсиа-Диас А. Методы анализа сетей –М.: Мир, 1984, –496с.

8. Т.Г. Черноруцкий Методы оптимизации и принятия решений  –СПб.: Лань, 2001. –384с.
1. Кохендерфер М. Дж., Уиллер Т.А. Алгоритмы оптимизации –К.: Диалектика 2020. –528с.

2. Крістіан Б., Гріффітс Т. Життя за алгоритмами. Як робити раціональний вибір –К.: Наш формат, 2020.–376.

3. Орлин Б. Математика с дурацкими рисунками. Идеи, которые формируют нашу реальность М.: Альпина-нонфикшн, 2021. –460с.



	Software
	EXCEL, OptimeChoice


Educational content
4. Methods of mastering the discipline (educational component) 
When studying the subject, the main efforts should be aimed at students mastering the connection between the studied material and the subject area (engineering technology). This is achieved both by solving problems in practical classes in the subject area, and establishing links with disciplines that have already been studied or will be studied (in lectures), and individual tasks in laboratory work №№ 1, 2, 3, 7 , 9, which allows to establish the connection of the studied theoretical material with the reality surrounding students. 
Particular attention should be paid to the fact that the theoretical material obtained in lectures must be used in the defense of laboratory work
Lectures
	№ 
	The title of the lecture topic and a list of key issues (list of teaching aids, references to literature and tasks on IWS)
	Lectures

	Laboratory
	independent work of students

	1
	General concepts. 
Stages of scientific research and the place of scientific observation and experiment in them. Stages of solving a research problem. Role and place in scientific knowledge of creativity and experimental-statistical methods. Problems of using statistical methods and the importance of scientifically sound organization of the experiment. The use of methods to intensify creativity in design an
	2
	6
	2

	2
	Methods of creativity intensification. 
Methods of psychological activation of creative processes: brainstorming, synectics, conference of ideas, method of focal objects). Methods of systematization of search of variants (morphological analysis, functional-cost analysis). 
	2
	
	8

	3
	Technology for solving creative problems. 
The concept of "TRIZ". Genetic analysis of the technical system. Algorithm for solving problem situations. The main ways to eliminate technical contradictions. 
	2
	
	8

	4
	Set theory 
The concept of the set. Operations on sets; Euler-Venn diagrams. Display of sets and their properties. The concept of power (cardinal number) of the set. Descartes product of sets. Binary relations as subsets of a Cartesian product. Description of a set of possible technologies using set theory. 
Determination of the optimal technological process using operations on sets.
	0,5
	
	2,5

	5
	Mathematical logic 
The concept of Boolean function. Defining a function using a truth table. Elementary operations. Disjunctive normal form. Perfect disjunctive normal form. Conjunctival normal form. Perfect conjunctival normal form. Minimization of Boolean functions Non-classical logics. Operations in nonclassical logics. 
	1
	
	2

	6
	Simulation using fuzzy sets 
Comparison of fuzzy and probabilistic approaches to modeling uncertainty (stochastic and linguistic uncertainty). Fuzzy set and its main characteristics. Types of membership functions (piece-linear, S-Z-U-shaped). Methods of constructing membership functions. Operations on fuzzy sets. Fuzzy logic operations. General principles of fuzzy process control. Fuzzy FCL control language and its use in controllers to automate processes. 
The use of fuzzy sets to automate the control of a robot manipulator.
	1
	
	3

	7
	Algebra of predicates 
The need to introduce predicate calculus. Determination of formulas for counting first-order predicates. Quantifiers. Algorithms for constructing normal forms. Using predicate algebra to create expert and decision support systems. 
	1
	
	3

	8
	Graph theory Basic concepts of graph theory. 
Ways to set graphs (list of arcs / edges, adjacency matrix, incident matrix). Classification of graphs. Properties of graphs. Operations on graphs. Graph connectivity algorithm. Coloring graphs. Trees and their properties. Oriented graphs. Representation and design of technological processes with the help of graphs. 
	1
	3
	2

	9
	Theory of finite automata
 Definition of a finite automaton and its variants. Description of the machine tables of transitions and exits. Graphical representation of the machine. Homomorphism of automata. Representation of events in automata. Theorems of analysis and synthesis of finite automata. Equations in the algebra of events. Algorithm for the synthesis of finite automata. Minimization of finite automata. Modeling with the help of finite automata of objects and processes of automation of machine-building technology. 
	1
	2
	2

	10
	Stochastic automaton 
Definition of a stochastic automaton. Elements of the theory of Markov chains. Classification of states of the automaton. Ergodic chain. Limit state of an ergodic chain (system of Kolmogorov equations). Problems that are solved when studying the behavior of ergodic chains. Absorbing chains. Canonical representation of the absorbing chain. Problems that are solved in the study of the behavior of absorbing chains. Using a stochastic automaton to model objects and processes of mechanical engineering technology.
Markov chain to describe the state of the machine park
	0,5
	1
	3,5

	11
	Optimization problems. 

General formulation of optimization problems. Conditional and unconditional optimization. Risk optimization. Optimization in the presence of uncertainty. Problems and quality criteria of optimization algorithms. Linear programming problem and methods of its solution. Nonlinear programming. Problem statement and Lagrange multiplication solution. Dynamic programming. Bellman's optimality principle, principles of algorithm formation. Multicriteria optimization and methods for solving multicriteria problems. Introduction of metrics in the space of objective functions. The problem of determining the weights in BKO and the method of pairwise comparison 
	3
	6
	4

	12
	Modeling and optimization on graphs and networks 

Basic classes of tasks on graphs and networks (construction of trees, search of ways, streams, placements, network schedules, coverings, postmen, salesman). The problem of the shortest path. The problem of maximum flow. Ford-Falkerson method. Representation of linear and dynamic programming problems as graphs. Solve problems of project management, production management and optimization of technological processes using optimization algorithms on graphs and networks. 
	3
	6
	4

	
	Differentiated credit
	2


5. Laboratory-computer workshop 
	№ 
	The name of the topic of the lesson and a list of main questions 
	Number of hours

	1
	Formalization of an applied scientific problem.
	4

	2
	Forming a tree of goals.
	4

	3
	Analysis of influencing factors using the Ishikawa diagram
	4

	4
	Linear programming. Solve the problem of linear programming graphically and using EXCEL.
	4

	5
	Nonlinear programming. Solving the problem of nonlinear programming by the method of Lagrange multipliers and using EXCEL.
	4

	6
	Solve the problem of dynamic programming.
	4

	7
	Multicriteria optimization. Pairwise comparison and introduction of metrics into the space of criterion functions.
	4

	8
	Stochastic automaton. Absorbing chains.
	4

	9
	Network planning.
	4


5. Independent student work 

Include:  
· preparation and consolidation of lecture material;
· preparation and registration of laboratory works;
· preparation for modular control work, which is provided by the working curriculum of the discipline;
Policy and control
6. The policy of the discipline (educational component) 
System of requirements 
	Scope
	Requirements

	Rules for attending classes
	Attending all classes and active participation and work facilitates the assimilation of material, increases the speed of study and the degree of understanding. Absence from classes must be justified. Attending all classes and active participation and work facilitates the assimilation of material, increases the speed of study and the degree of understanding. Absence from classes must be justified.

	Rules of conduct in the classroom
	The use of telephones is prohibited, except in cases where the teacher offers to search for information on the Internet. It is not allowed to perform tasks in other subjects. During lectures it is necessary to be ready to participate in discussion, blitz-poll, performance of short tasks.

	Rules of protection of laboratory works
	For protection it is necessary to answer questions concerning both performance of laboratory works, and a theoretical part. The evaluation is performed in accordance with the and rating system for assessing learning outcomes.

	Rules of protection of Calculation and graphic works
	Calculation and graphic works for the defense must be submitted before the end of the semester. For protection it is necessary to answer questions which concern both performance of settlement and graphic works, and a theoretical part. The evaluation is performed in accordance with rating system for assessing learning outcomes

	Assignment of incentive and penalty points
	in accordance with rating system for assessing learning outcomes

	Policy of deadlines and rearrangements
	In accordance with the terms set by the dean's office

	Academic Integrity Policy
	Control, laboratory and Calculation and graphic works performed according to other people's options are not allowed for protection


7. Types of control and rating system for assessing learning outcomes 
Points in the discipline are obtained for the following types of educational activities: 
1. Laboratory work: (0-5 points) 
2. Test (0-15 points) 
3. Differentiated credit (up to 30 points). 
The module includes protection of 9 laboratory works and carrying out of the 1st modular control, ie according to (2): R = 5 points × 9 + 5 points + 15 points + 30 = 100 points. The general rating of the discipline RD consists of:, where rs - incentive or penalty points (up to 10% of R). Incentive points are accrued in addition for the following activities: - report at student conferences on the subject - up to 5 points; - active participation in lectures up to 5 points. Penalty points are accrued (with a minus sign) for: - untimely defense of laboratory work 2 points for each; - no work in lectures and laboratory work up to 2 points for each. 
Rating points for one laboratory work
	Points
	Evaluation criterion

	5
	There are no comments on the report, there are answers to all questions

	4,5
	Insignificant remarks to the report, answers to most questions

	4
	Remarks on the obtained results, answer to some questions

	3,5
	The report has errors, answers only to some questions

	3
	The work is done, the correct results are obtained, but not protected.

	0,0
	The work is not done, the report is missing


The control consists of three questions. Number of points that can be obtained for each question 5. Only 3 * 5 = 15. Clarification of the number of points for the answer is given below in the relevant tables. 
Theoretical question. 
	Characteristics of the answer
	Number of points

	Lack of answer (answer to another question, not in essence, etc.).
	0

	Execution without errors and shortcomings
	5

	In the presence of errors, each error reduces the overall score

	For the first task
	 0,625

	For the second task
	0,2

	For the third task
	

	No axis names
	1

	Graphic errors (for each error)
	1,5


The total number of points that a student can get on the test 30. The test includes three questions: two theoretical and one practical (according to the topics of control or laboratory work). The maximum score for each answer is 10. Clarification of the number of points for the answer is given below in the relevant tables. 
Theoretical question.
	Characteristics of the answer
	Number of points

	Lack of answer (answer to another question, not in essence, etc.).
	0

	The answer that shows a fragmentary knowledge of the question
	1 – 5

	An answer that contains general basic knowledge
	6 – 8

	Answer with inaccuracies or gaps
	9 – 10

	Complete answer with insignificant inaccuracies or gaps
	11

	Complete answer
	12


Practical task 
	Characteristics of the answer
	Number of points

	Not done or completely wrong
	0

	The task is planned and partially done in the right direction
	1–6

	The task is performed mainly, there are mistakes and shortcomings
	7 – 9

	The task is completed, there are significant comments or shortcomings
	10–12

	The task is done, there are insignificant comments
	13

	Correct execution without significant remarks
	14


Table of correspondence of rating points to grades on the university scale: 
	Number of points
	Rating

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Good

	74-65
	Satisfactorily

	64-60
	Enough

	Less than 60
	Unsatisfactorily

	Admission conditions are not met
	Not allowed


8. Additional information on the discipline (educational component) 
Tickets for the test are posted on campus
Work program of the discipline (syllabus): The senior teacher, Lapach Sergey Nikolaevich 

Is made Approved by the Department of Mechanical Engineering Technology ( № 1 dated 30.09.2021)

 Approved by the Methodical Commission of the Mechanical Engineering Institute ( № 1 of 30.09.2021)
