	[image: ]
	Emblem of the department
	Department of Dynamics of Machine Strength and Strength of Materials


	THEORETICAL MECHANICS Part 2.  Kinematics.
Work program of the discipline (Syllabus)


Requisites of the discipline
	Level of higher education
	First (bachelor's) 

	Field of study
	13 Mechanical engineering

	Speciality
	131 Applied mechanics

	Educational program
	Automated and robotic mechanical systems HN MMI
Dynamics and strength of NN MMI machines
Design and design of machines NN MMI
Aircraft production technologies NN MMI
Mechanical engineering technologies NN MMI

	Discipline status
	Normative

	Form of study
	Full-time (full-time)

	Year of preparation, semester
	2nd year, autumn semester

	Volume of discipline
	5 creditand ECTS, 150 hours,  lectures – 36 hours; 
practical – 36 hours; SRS–78 hours

	Semester control/ control measures
	Exam / ICR, RGR

	Schedule of classes
	According to the schedule of the university  http://roz.kpi.ua/

	Language of teaching
	Ukrainian

	Information about the course leader / teachers

	doc. phys.-math. of sciences, professor, Yanchevskiy Igor Vladislavovich, 
i.yanchevskyi@kpi.ua

	Teacher Profile
	Lecturer: https://intellect. kpi. ua/profile/yiv22

	Course placement
	The corresponding full distance learning course is posted on the distance learning platform KPI them. Igor Sikorsky at the address: 
https://classroom.google.com/c/MjYyNzY4NDgzNzM4?cjc=4nvgttl



The program of the discipline

Description of the discipline, its purpose, subject of study and learning outcomes
Academic discipline "Theoretical mechanics.  Part 2.  Kinematics" is part of the discipline theoretical mechanics, in which they study the basic concepts and laws of mechanics; methods and methods for determining the kinematic characteristics of complex movements of solids and their individual points, compiling and solving differential equations of motion of a free and non-free material point (analytical, graphic, using a computer).
The study of the discipline "Theoretical mechanics. Part 2.  Kinematics" is based on the widespread use of physical ideas about the Universe and mathematical methods of differential and integral calculations, the theory of differential equations, the theory of vector algebra and therefore its study requires basic knowledge of elementary and higher mathematics, Euclidean geometry, analytical algebra, descriptive geometry, general physics.
This discipline gives the student specific knowledge of the kinematics of individual material points and solids and is the foundation for obtaining basic knowledge of the kinematics   of a solid and mechanical system, the laws of classical mechanics, as well as for the study of disciplines such as the theory of machines and mechanisms, machine parts.
The discipline reflects modern questions about the problems and methods for determining the kinematic characteristics of the movement of mechanical systems, which are used in various branches of mechanical engineering. His teaching involves the development of logical and algorithmic thinking of the object of study.
The purpose of studying the discipline "Theoretical mechanics.  Part 2.  Kinematics" – to give students theoretical knowledge and practical skills in determining the kinematic parameters of the flat-parallel and spherical motion of a solid, building a mathematical model and compiling differential equations of motion of a material point, mastering methods for solving them, recording the initial and boundary conditions of its movement, studying rectilinear oscillations of a point.
Subject of the discipline "Theoretical mechanics.  Part 2.  Kinematics" studiesmathematical models of motion (in the form of differential equations) on simplermaterial objects; classification of motion and mechanical  systems and analysis of their constituent elements;solving differentialequations ь in order to determine kinematic/dynamic  laws of motion of points.
The study of the discipline will allow to form the following professional competencies:
FC1. Ability to analyze materials, structures and processes based on laws, theories and methods of mathematics, natural sciences and applied mechanics.
FC5. Ability to use analytical and numerical mathematical methods to solve problems of applied mechanics, in particular, to carry out calculations for strength, endurance, stability, durability, rigidity in the process of static and dynamic load in order to assess the reliability of parts and structures of machines.
The training should be completed  with the following program results:
PH1.Select and apply suitable mathematical methods for solving problems of applied mechanics;
PH6. Create and theoretically substantiate the designs of machines, mechanisms and their elements on the basis of methods of applied mechanics, general principles of design, the theory of interchangeability, standard methods for calculating machine parts;

Knowledge:
· theorems on the distribution of velocities and ataccelerations of body points;
· the concept of instantaneouscenter of speeds and accelerations;
· regular precession;
· stopping method;
· Newton's laws;
· forms of recording differential equations of motion of a material point;
· the notion of the forces ofinertia and the principle of D'Alembert;
· about free and forced rectilinearand oscillatingmaterial points.
Skill:
· determinethe kinematic and  characteristics and points and bodies;
· the composition of the differentialand equation of motion of the point; 
· explore oscillatory and  motion and points and bodies.

Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)

Discipline "Theoretical mechanics. Part 2. Kinematics" is interdisciplinary in nature. According to the structural and logical scheme of the bachelor's degree program, the following disciplines precede the discipline "Theoretical Mechanics", "Higher Mathematics", "General Physics", "Linear algebra and analytical geometry".
This course provides the student with specific knowledge to compile a mathematical model of any possible motion or equilibrium of individual material points, solids and mechanical systems, the skills of writing differential equations of motion, formulating a Cauchy problem for specific objects of study, consolidates knowledge of solving these equations, and is the foundation for the study of disciplines such as hydro- and aerodynamics, the theory of oscillations, elasticity, plasticity and shells,  mechanics of a continuous medium.
Discipline "Theoretical mechanics. Part 2. Kinematics" is the foundation for the study of such disciplines as "Theoretical Mechanics. Part 3.  Dynamicsa", "Mechanics of materials and structures", "Theory of mechanisms and machines", "Theory of mechanisms and machines. Course work", "Machine parts and design basics", "Machine parts and design basics. Course project".
Contents of the course
Topic 1. Solid state kinematics
1.1. Flat-parallel motion
1.2. Spherical motion
1.3. Complex movement 

Topic 2. Dynamics of the material point
2.1. Dynamics of a free material point
2.2. Dynamics of a non-free material point
2. 3. Free oscillations of the material point
2.4.  Forced fluctuations of the material point
2.5. Dynamics of relative motion of a material point

Learning Materials and Resources
Basic literature: 
1. Pavlovsky M.A. Theoretical mechanics: Textbook. – Kyiv: Technics, 2002. – 512 c. 
2. Vekerik V.I., Ilchyshyna D.I., and others. Theoretical Mechanics: Textbook. manual. - Ivano-Frankivsk: Torch, 2006. – 459 p.
3. Lobas L.G., Lobas Ludm. G. Theoretical Mechanics: A Textbook for Art. higher. techn. training. institutions. – K.: DETUT, 2008. – 406 p.
4. Berezova O. A., Drushlyak G. Yu., Solodovnikov R. V. Theoretical mechanics. - K.: IZMN, 1998. – 408 p.
5. Theoretical mechanics-2. Methodical instructions for the implementation of settlement and graphic work for students of the specialty 131 Applied Mechanics [Electr]/ Compiled by: Kirichenko V.V., Kryshtal V.F., Yanchevsky I.V. – K.: KPI them. Igor Sikorsky, 202 2. – 108 p.

Further reading: 
6. Theoretical mechanics: a collection of problems: textbook. student manual. higher education. zakl./ ed. M. A. Pavlovsky. – Kyiv: Technics, 2007. – 400 p.
7. The collection is set for course work on theoretical mechanics: Educational aid for techn. universities / Ed. A.A. Yablonsky. - M.: Integral-Press, 2000. – 384 p.
8. Collection of short problems on theoretical mechanics: Ucheb. Refs for VTUs/ ed. Kepe O. E. – M.: Vysushaya Shkola, 1989. – 368 p.
9. Meshchersky I. V. Problems on theoretical mechanics: Ucheb. refit. - S.-Pb.: Doe, 2002. – 448 p.

Educational content

Methods of mastering the discipline (educational component)

	Theme
	The content of the training session
	Number of hours

	
	
	Lekz.
	Pract.
	SRS
	Together

	Topic 1. Solid state kinematics

	1.1. Flat-parallel motion
	The kinematic law of flat-parallel motion of the body. Velocity/acceleration distribution of flat figure points. Methods for determining the instantaneous center of speeds/accelerations. Poinso's theorem. Speed/acceleration plan.
	6
	6
	6
	18

	1.2. Spherical motion
	The movement of a solid around a fixed point. Euler's theorem. Euler's corners. Determination of cosine guides. Regular/Irregular Precession. Distribution of linear velocities and accelerations of body points. Euler's kinematic equations
	6
	6
	6
	18

	1.3. Complex movement 
	The main task of kinematics of complex movement of a solid. Compilation of translational movements. Folding rotational movements around parallel/intersection axes. A couple of spins. Drawing up instantaneous-translational and instantaneous-rotational movements. Stopping method. Willis formula.
	4
	4
	6
	14

	Topic 2. Dynamics of the material point

	2.1. Dynamics of a free material point

	Entry. Newton's laws.  Differential equations of motion of a material point. Two main tasks of MT dynamics. Direct/Inverse MT dynamics problem.
	4
	4
	4
	12

	2.2. Dynamics of a non-free material point

	Dynamic equation of motion of a non-free material point. Types of elms and their equations.  D'Alambert's principle for MT.
	4
	4
	4
	12

	2.3. Free oscillations of the material point

	Classification of vibrations. Free oscillations of the material point without/taking into account the resistance force. Period and amplitude of free oscillations. 
	4
	4
	4
	12

	2.4. Forced fluctuations of the material point
	Forced fluctuations without/taking into account resistance forces. The phenomenon of beating.
	4
	4
	4
	12

	2.5. Dynamics of relative motion of a material point

	The law of relative motion of a point. Special cases of relative point movement. Conditions of relative rest. The principle of relativity of classical dynamics.
	4
	2
	4
	10

	Settlement and graphic work
	
	
	6
	6

	Modular test work
	
	2
	4
	6

	Exam preparation
	
	
	30
	30

	Together
	36
	36
	78
	150



Distance learning platform: 
For more effective communication with students and their assimilation of theoretical material, e-mail, the Zoom service for online meetings and the Google Classroom system are used, with the help of which: 
- the placement and exchange of educational material is simplified;
- feedback is provided regarding educational tasks;
- homework is evaluated;
- records and evaluation of the implementation of the plan of the discipline are kept.

Independent work of the student
Independent work of students involves the independent study of the theoretical material presented in the sources [1-4].
It also provides for the implementation  of settlement and graphic work (  RGR) using methodological recommendations [5] to  consolidate the acquired theoretical knowledge. The specified a RGR mais to be formed on A4 sheets with a frame and hemmed in the form of a report, on the pages of which solutions of four individual homework tasks with analysis are presented. the results obtained. The topics of individual tasks and approximate dates for their delivery and protection are as follows:
- Task 1. " Flat-parallel movement" - 6 week of study;
- Task 2. "Spherical movement" (not a mandatory task) – at one of the additional classes at the 8th week;
- Task 3. "The inverse problem of the dynamics of the mat. points" – week 12;
- Task 4. "Rectilinear oscillations of a material point" – week 16.
Numbers of personal options for individual tasks and specified deadlines for their delivery are presented in the appropriate folders of the distance coursein.
An example of the design of the title page of the specified report is shown after section 9 of this syllabus.

Politics and control

Discipline policy
Rules for attending classes

Attendance at lectures and workshops is not rated, but is recorded in Google Classroomi. At the same time, it is advisable for students to attend all classes, since they teach theoretical and practical material and develop the skills necessary, in particular,  to perform  the RGR, write the ICR and prepare for the exam.

Withwilling points  and penalty points
Incentive points can be awarded for a non-classical/original approach to solving an individual problem, for performing creative works: work in scientific circles with the preparation of materials of reports or articles for publication, participation in scientific and scientific-practical conferences and seminars, competitions in the discipline, competitions of works, abstracts and reviews of scientific works. The number of accrued incentive points depends on the results  and cannot exceed 10% of the starting scale, i.e. 750.1 = +7.5 points.
Penalty points can be awardedeither for  violation of the deadlines for performing individual tasks  of the RGR and systematic skipping of classes without a good reason. The number  of penalty  points cannot exceed 10% of the starting scale, that is, 7 5 0.1 = -7.5 points.

Academic integrity 

The policy and principles of academic integrity are defined in Section 3 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code.

Norms of ethical behavior 

The norms of ethical behavior of students and employees are defined in Section 2 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute".More:https://kpi.ua/code.

Learning in a foreign language 

Discipline "Theoretical mechanics – 2.  Kinematics" does not imply its study  in a foreignlanguage. However, in the process of teaching the discipline, material and sources in English can be used.
Taking into account the student-centered approach, it is allowed to study the material with the help of English-language online courses on topics that correspond to the subject of specific classes.

Inclusive learning 

Discipline "Theoretical mechanics – 2.  Kinematics" can be taught for most students with special educational needs, except for those with serious visual impairments who do not allow them to perform tasks using personal computers, laptops and/or other technical means.

Types of control and rating system for evaluating learning outcomes (RSO)
Types of control and points for each control element:

	№
	Control measure
	%
	Weight score
	Quantity
	Just

	1
	Performance of individual according to theorders of the RGR
	24
	6
	4
	24

	2
	Answers in practical classes
	15
	5
	3
	15

	3
	Modular test work
	21
	21
	1
	21

	4
	Exam
	40
	40
	1
	40

	Together
	100



The results are announced to each student separately in presence or remotely (in the Google Classroom or e-mail system).

Current control: four individual assignments during the semester (RGR assignments)


	Noz/n
	Individual task
	%
	Mark

	1
	Fully completed task with analysis of the result
	85... 100
	5,5... 6,0

	2
	Fully completed task with some comments on the method of solving
	71... 85
	4,6... 5,5

	3
	The task has been completed, but there are significant errors in the solution method or there are comments on the chosen approach
	66... 70
	4,0... 4,5

	4
	The task has been completed, but contains fundamental errors in the solution 
	60... 65
	3,6... 3,9

	5
	Task not completed
	0
	0

	Maximum points
	6,0



Calendar boundary control.

In the semester there are two intermediate attestations of students (hereinafter – certification). The purpose of the certification is to monitor the implementation of the schedule of the educational process.  The first certification is carried out at the 8th week of study, and the condition for obtaining a positive certification on it is the current rating of at least 15 points.  The second certification is carried out at the 14th week, and the condition for obtaining a positive certification on it is the current rating of at least 30 points.  

The modular test work (MKR) is carried out at the end of the study of the second topic. The purpose of the test is to test the ability to apply the acquired theoretical and practical knowledge to study the kinematics of the solid body and the dynamics of the material point. The duration of the MKR is two academic hours (one practical lesson) and is conducted on the following topics: 
1. Topic 1. 1 "Flat-parallel motion."
2. Topic 2.3/2.4 " Pryamolinian oscillations of a material point"


	Noz/n
	Modular test work
	%
	Mark

	1
	The answer is correct (at least 90% of the required information)
	91... 100
	19,5... 21,0

	2
	Minor errors in the answer(at least 75% of the required information)
	76... 90
	15,8... 19,5

	3
	There are flaws in the answer and certain errors (at least 60% of the required information)
	60... 75
	14,1... 15,7

	4
	The answer is neither complete nor correct
	35...59
	12,5... 14,0

	Maximum points
	21,0




Semester control:exam

	A prerequisite for admission to the exam
	Criterion

	1
	Current rating
	RD ≥ 38

	2
	Execution of RGR
	Enrolled as a teacher



Conditions of admission to semester control:

1. Fulfillment of all mandatory tasks of the RGR.
2.  One hundredrt rating of at least 38 points.

Table of correspondence of rating points to assessments on a university scale:

	Score
	Score

	100... 95
	Perfectly

	94... 85
	Very good

	84... 75
	Well

	74... 65
	Satisfactory

	64... 60
	Enough

	Less than 60
	Disappointing

	Admission conditions not met
	Not allowed



P r o c e d u r a o s k arjann i  r e s u l t a tiv k o n t  r o l nnx saxo dandc

Students have the opportunity to raise any issue that relates to the control procedure and expect it to be considered by the teacher in accordance with predetermined procedures. Additional information regarding the procedure for appealing the results: students have the right to challenge the results of control measures, but be sure to reason, explaining which criterion they do not agree with in accordance with the assessment letter and/or comments.  Read more: https://document.kpi.ua/2022_HOH-228

Additional information on semester control

The examination ticket contains two theoretical questions, one of which is on topic 1 "Kinematics of a solid", and the second – on topic 2 "Dynamics of a material point". A list of commonly asked theoretical questions is given in section 9 of this Syllabus. In the language of the exam, the nude is settled on the eve  of the set date,  but the duration of the control will not exceed 1.5 hours.   At the exam, students are allowed to use their own lecture notes for a short period of time.

Additional information on the discipline

An indicative list of theoretical questions submitted for the exam is given below:
1. Definition of flat-parallel motion (p.p.r.) TT. Flat figure. Kinematic equations p.p.r. Formulate and prove the theorem on the distribution of velocities/accelerations of TT points at p.p.p.r. Formulate Grasshoff's theorem. Specify the properties of the components of the relative acceleration of the TT point.
2. Define dates for the Instantaneous Speed/Acceleration Center (MCS/ICP). Ways to find MCS/ICPs. Centroids, centroid theorem. Examples of determination of velocities/accelerations of flat mechanism points by the MCSh/ICP method. 
3. Speed /acceleration plan dates (PSH/PP). Semblance theorems for PSH/PP. Examples of determining the velocities/accelerations of flat point mechanisms using the plan method.
4. Definition of spherical motion (s.r.) TT. Kinematic equations s.r. TT. Specify the sequence and names of the Euler angles. Coordinate conversion matrix (rotation matrix). Determination of matrix elements in the case of s.p. TT. 
5. Determination of speed and acceleration of TT points in the case of s.p. by coordinate method.
6. Instantaneous axis of rotation, axis equation. Angular velocity of TT at s.p., its module. Determine one projection of the angular velocity of TT at s.p. and angular acceleration using Euler's kinematic equations.
7. Distribution of velocities and accelerations of TT points at s.p. Axoids, axoid theorem. Grasshoff's theorem. The theorem on the angular velocity vector TT.
8. Definition of a complex movement of TT. Formulate and prove theorems for adding: a) translational movements of TT; b) rotational movements of the TT around the intersection axes; c) rotational movements of TT around parallel axes (three cases); f) rotational and translational movements of TT (three cases). To define the concepts of "pair of rotations", "moment of pair of rotations", "shoulder of a pair of rotations", "kinematic screw".
9. In-line gears, satellite/planetary mechanisms (p.m.). Gear ratio of multistage gears. The method of imaginary stopping. Determination of the transfer ratio of satellite mechanisms in analytical and graphical ways.
10. Dynamics. The main definitions of the section. Formulate Newton's laws and the law of independence of the action of forces. Write down the basic equation of free/non-free MT dynamics in coordinate and natural forms. To formulate the contents of the 1st and 2nd problems of MT dynamics. Integrals of MT motion equations. Initial conditions.
11. Derive the differential equation of free small oscillations MT without taking into account the friction forces/taking into account the resistance force of the medium. The type of its solution (at h = 0; h<ω0; h = ω0; h>ω0). Definition of sustainable integration. Build graphs. Logarithmic decrement of oscillations.
12. Differential equation of forced small oscillations of MT without taking into account friction forces / taking into account the resistance force of the medium. The type of its solution (at p≠ω0; p=ω0 and h<ω0; p=ω0 and h>ω0). Define integrated steels. Build graphs. The phenomenon of beating. Transient process and well-established fluctuations. The coefficient of dynamism.

Appendix

Ministry of Education and Science of Ukraine
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
Department of dynamics and strength of machines and material resistance.


CALCULATION AND GRAPHIC WORKFROM THEORETICAL MECHANICS. Part 2. Kinematics


Executed: Art. gr. MP-1 Petrenko M.

I checked: assoc. prof. Shevchenko V.P.


Kyiv 2023

Work program of the discipline (syllabus):
Compiled	by Prof. Kaf. dynamics and strength of machines and resistance of materials, doc. phys.-math. Sciences, Professor Yanchevsky Igor Vladislavovich,
Approved	by the Department of Dynamics and Strength of Machines and Resistance of Materials (protocol No10 of 01.06.22)
Approved by the Methodical Commission of NN MMI (protocol No 11 dated 29.08.2022)
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