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Description of the discipline
BASICS OF SYSTEMS ANALYSIS
(title)

The relevance of studying the discipline "Basics of System Analysis" is due to the fact that among the components of construction production systems, the main system is the control system. Knowledge of the basics of systems theory will allow one to create highly efficient and reliable control systems for the construction of buildings and structures for various purposes, in particular, for agricultural production. System analysis is the basis for creating high-tech construction systems for industrial and agricultural production. Knowledge of this discipline allows future specialists to understand the principles of construction and functioning of complex technical systems of construction production, optimize their work and ensure reliability and efficiency of functioning. Its essence lies in building a mathematical model of a construction object in production, studying its properties based on system analysis and synthesizing an algorithm to achieve the desired characteristics. The subject of its study is control processes, research methods and the basics of designing modern buildings and structures.

	Area of knowledge, specialty, academic programme, academic degree

	Academic degree
	 Master

	Specialty
	 G19 «Construction and civil engineering»

	Academic programme
	Construction and civil engineering

	Characteristics of the discipline

	Type
	Mandatory

	General volume of hours
	120

	Number of credits ECTS 
	4

	Number of modules
	2

	Course project
	-

	Control form
	Exam

	Indicators of the discipline for full-time and part-time forms of university study

	
	University study

	
	Part-time
	Part-time

	Year of study
	1
	-

	Term
	2
	-

	Lectures
	30 h.
	-

	Practical classes and seminars
	-
	-

	Laboratory classes
	30 h.
	-

	Self-study
	60 h.
	-

	Number of hours per week for full-time students
	4 h.
	-


1. Aim, competences and expected learning outcomes of the discipline
The aim of the discipline " Basics of System Analysis" within the framework of the specialty G19 "Construction and Civil Engineering" is to develop in the student the ability to systematically consider construction production problems and present constructive methods for solving them, in particular, agricultural construction problems.

The task of the discipline within the framework of the specialty G 19 "Construction and Civil Engineering" is as follows:

1) to learn main the position of the systems approach in solving design problems structures buildings and structures ;

2) to get acquainted with the methods of physical and mathematical modeling technical systems of construction production ;

3) to master methods modeling construction production tasks ;

4)  to get acquainted with the methods of analysis and synthesis of technical systems of construction production, in particular , the method of morphological analysis and synthesis of technical solutions for buildings and structures;

5) to master methods management technical systems of construction production.
Competences acquired: 

general competencies (GC): 

GC01 – Ability for abstract thinking, analysis and synthesis.
special (professional) competencies (SC): 
SC08 – Ability to integrate knowledge from other fields to solve complex problems in broad or multidisciplinary contexts.

SC09 – The ability to formulate new hypotheses and scientific problems in the field of construction and civil engineering, to choose appropriate directions and appropriate methods for their solution, taking into account available resources.
SC12 – Ability to use a foreign language in a professional sphere: oral and written communication; search for scientific, regulatory and technical literature; work with software.

Expected learning outcomes (ELO):

ELO06 – Apply modern mathematical methods for analyzing statistical data, calculating and optimizing design parameters and technological processes for the construction of buildings and structures.
ELO 12 – Ability to solve construction and civil engineering problems in new or unfamiliar environments with incomplete or limited information, taking into account aspects of social and ethical responsibility.

ELO 17 – Apply a foreign language in a professional field – work with scientific, regulatory and technical literature; communication in any form; free user of CAD systems and BIM models.

2. Programme and structure of the discipline
	Modules and topics
	Number of hours

	
	full-time
	part-time

	
	weeks
	total
	including
	total
	including

	
	
	
	l
	p
	lab
	ind
	s.st.
	
	l
	p
	lab
	ind
	s.st.

	Module 1. Fundamentals of systems theory and their modeling

	Topic 1. The main stages of the development of systemic ideas.
	1
	8
	2
	-
	2
	-
	4
	-
	-
	
	-
	-
	-

	Topic 2. Basic concepts of systems theory.
	2
	8
	2
	-
	2
	-
	4
	-
	-
	
	-
	-
	-

	Topic 3. Subject of systems theory
	3
	8
	2
	-
	2
	-
	4
	-
	-
	
	-
	-
	-

	Topic 4. Classification of systems and problems of systems theory.
	4
	8
	2
	-
	2
	-
	4
	-
	-
	
	-
	
	-

	Topic 5. Technical systems. Construction of a hydroelectric dam as a technical system.
	5
	8
	2
	-
	2
	-
	4
	-
	-
	
	-
	
	-

	Topic 6. Modeling of technical systems. The concept of model and modeling.
	6
	8
	2
	
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 7. Mathematical modeling of technical systems.
	7
	8
	2
	
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 8. Physical modeling of technical systems
	8
	8
	2
	
	2
	-
	4
	8
	-
	
	-
	-
	-

	Total by module 1
	8
	64
	16
	-
	16
	-
	32
	64
	-
	
	-
	-
	-

	Module 2. System analysis and optimization of technical systems

	Topic 1. Basic principles of systems analysis
	9
	8
	2
	-
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 2.Tasks, principles and definitions of systems analysis
	10
	8
	2
	-
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 3. Classification of systems analysis methods
	11
	8
	2
	-
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 4. Systems analysis methods
	12
	8
	2
	-
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 5. Method of morphological analysis and synthesis of technical solutions
	13
	8
	2
	-
	2
	-
	4
	8
	-
	
	-
	-
	-

	Topic 6. Formulation of the problem of optimizing technical solutions of systems.
	14
	8
	2
	
	2
	
	4
	8
	-
	
	-
	-
	-

	Topic 7.  Approaches to solving optimization problems in construction production
	15
	8
	2
	
	2
	
	4
	8
	-
	
	-
	-
	-

	Total by module 2
	7
	56
	14
	-
	14
	-
	28
	56
	-
	
	-
	-
	-

	Total hours
	15
	120
	30
	
	30
	
	60
	120
	-
	
	-
	-
	-


3. Topics of lectures
	№
	Topic
	Hours

	1
	The main stages of the development of systemic ideas.
	2

	2
	Basic concepts of systems theory.
	2

	3
	Subject of systems theory
	2

	4
	Classification of systems and problems of systems theory.
	2

	5
	Technical systems. Construction of a hydroelectric dam as a technical system.
	2

	6
	Modeling of technical systems. Concepts of model and modeling.
	2

	7
	Mathematical modeling of technical systems.
	2

	8
	Physical modeling of technical systems
	2

	9
	Basic principles of systems analysis
	2

	10
	Tasks, principles and definitions of systems analysis
	2

	11
	Classification of systems analysis methods
	2

	12
	Systems analysis methods
	2

	13
	Method of morphological analysis and synthesis of technical solutions
	2

	14
	Formulation of the task of optimizing technical solutions of systems.
	2

	15
	Approaches to solving optimization problems in construction production
	2


	4. Topic of laboratory (practical, seminars) classes
№
	Topic
	Hours

	1
	Determining the parameters and elements of a technical system using the example of a building structure and establishing connections between them
	2

	2
	Construction of a computational dynamic model of a floor beam with an external source of vibrations
	4

	3
	Construction of a mathematical model of the beam structure based on the developed dynamic model
	2

	4
	Calculation of the mathematical model of the floor beam
	2

	5
	Building a regression model in construction problems
	6

	6
	Morphological analysis of building structure
	4

	7
	Morphological synthesis of building structure
	4

	8
	Optimization of reinforced concrete beam design
	2

	9
	Optimization of I-beam steel beam parameters
	4

	5. Topics of self-study
№
	Topic
	Hours

	1
	Classification of systems.
	3

	2
	The role of systems analysis in science and practice
	3

	3
	Structure, structure and function of the system.
	3

	4
	Fundamentals of formalism in systems theory.
	3

	5
	Problems of systems theory.
	3

	6
	Modeling of technical systems
	3

	7
	Classification of systems analysis methods
	3

	8
	Method of morphological analysis and synthesis of technical systems
	3

	9
	Dimensional analysis method in similarity theory
	3

	10
	Systems analysis technologies
	3

	11
	Methods of searching and choosing solutions under conditions of uncertainty
	3

	12
	Identification as a method for constructing mathematical models of technical systems
	3

	13
	Levels of modeling of technical systems
	3

	14
	Methods for modeling technical systems
	3

	15
	Similarity coefficients and criteria in physical modeling
	3

	16
	Mathematical models based on regression approaches
	3

	17
	Optimization problem formulation and examples of such problems in construction
	3

	18
	Variational optimization methods
	3

	19
	Mathematical programming methods in construction production problems
	3

	20
	Metaheuristic optimization methods. General characteristics
	3


6. Methods of assessing expected learning outcomes:

When teaching this discipline, the following diagnostic tools are used: oral interview; exam; module tests; defense of laboratory work.

7. Teaching methods:
When teaching this discipline, the following methods are used: problem-based learning method; practice-oriented learning method; research-based learning method; educational discussions and debates method; teamwork and brainstorming method.
8. Results assessment
The knowledge of a higher education applicant is assessed on a 100-point scale, which is translated into a national assessment in accordance with the current "Regulations on Examinations and Tests at the NUBiP of Ukraine."
8.1  Distribution of points by types of educational activities
	Educational activity
	Results
	Assessment

	Module 1. Fundamentals of systems theory and their modeling

	Laboratory work 1
	Know the types of structures and the general structure of technical systems of building construction. Be able to determine their main parameters and elements and establish connections between them.
	8

	Laboratory work 2
	Know the conditions for reducing the characteristics of a real structure to a calculated dynamic model. Be able to determine the parameters of a dynamic model.
	12

	Laboratory work 3
	Know the methods of constructing mathematical models of the dynamics of building structures. Be able to construct a mathematical model of the dynamics of the movement of a building structure
	8

	Laboratory work 4
	Know the methods of solving differential equations Be able to solve the differential equations of motion of a beam structure.
	8

	Laboratory work 5
	Know the methodology for building regression models. Be able to build a regression model of a construction product and determine its qualitative indicators.
	24

	Self-preparation work 1
	
	10

	Modul test 1
	-
	30

	Total by module 1
	-
	100

	Module 2. System analysis and optimization of technical systems

	Laboratory work 6
	Know the essence of the morphological analysis method. Be able to construct a morphological table of possible technical solutions for a construction product and analyze the obtained solutions.
	15

	Self-preparation work 2
	
	10

	Laboratory work 7
	To know the essence of morphological synthesis of technical solutions of a building structure. To be able to choose workable designs of a building product based on the constructed morphological table of possible technical solutions of the product.
	15

	Laboratory work 8
	Know mathematical methods for optimizing building structures. Be able to determine the optimal design parameters of a reinforced concrete beam.
	15

	Laboratory work 9
	Know mathematical methods for optimizing building structures. Be able to determine the optimal design parameters of an I-beam.
	15

	Modul test 2
	-
	30

	Total by module 2
	-
	100

	Class work
	-
	(M1+M2)/2*0.7 ≤70

	Exam
	-
	30

	Total
	-
	(Class work +exam)≤100


8.2 Scale for assessing student’s knowledge
	Student’s rating, points
	National grading

(exam/credits)

	90-100
	excellent

	74-89
	good

	60-73
	satisfactory

	0-59
	unsatisfactory


8.3 Assessment policy
	Deadlines and exam retaking rules
	 works that are submitted late without valid reasons will be assessed with a lower grade. Module tests may be retaken with the permission of the lecturer if there are valid reasons (e.g. a sick leave). 

	Academic integrity rules
	cheating during tests and exams is prohibited (including using mobile devices). Term papers and essays must have correct references to the literature used

	Attendance rules
	attendance is compulsory. For good reasons (e.g. illness, international internship), training can take place individually (online  by the faculty dean’s consent)


9. Teaching and learning aids
1. Textbooks and manuals listed in the bibliography;
2. Lecture notes and presentations (in electronic form);
3. Methodological instructions for performing laboratory work;
4. Tables;
5. Internet resources, lecture notes and their presentations (in electronic form)
10. Recommended sources of information
1. Sokolov S.V. Systems theory and systems analysis. Textbook. Manual. / Sokolov S.V. - Sumy: SDU, 2020. - 171 p.

2. Gorban O.M. Fundamentals of systems theory and systems analysis/O.M. Gorban, V.E. Bakhrushin. Zaporizhzhia: GU "ZIDMU". 2021.-204 p.

3. Loveikin V.S. Theory of technical systems. Textbook . / Loveikin V.S., Romasevich Yu.O. – K.: CP “KOMPRINT”, 2017. – 292p.
4. Sevastyanov I.V. Theory of technical systems. Textbook / Sevastyanov I.V. - Vinnytsia: VNTU, 2014. - 181 p.

5. Dudnik I.M. Introduction to the general theory of systems. Textbook / Dudnik I.M. – K.: DUIKT, 2022.- 129 p.

6. Hrytsyuk P.M. Fundamentals of Systems and Management Theory. Textbook / Hrytsyuk P.M., Jones O.I., Gladka O.M. - Rivne: NUVG, 2021. - 272 p.

7. Luis Amador-Jimenez. Civil Engineering Systems Analysis. 1st Edition. 2016.CRC Press. 271 p.
8. Paul J. Ossenbruggen. Systems analysis for civil engineers. 1984. John Wiley & Sons, Inc., New York, XVIII. 571 p.

9. Labi. Introduction to Civil Engineering Systems: A Systems Perspective to the Development of Civil Engineering Facilities. Wiley. 2014. 1056 p.

10. https://www.uceb.eu/DATA/Books/THE%20CIVIL%20ENGINEERING%20HANDBOOK.pdf
11. https://ep3.nuwm.edu.ua/16560/1/01-02-305%20%281%29.pdf
12. https :// en . Wikipedia . org / wiki / Civil _ engineering
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