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Academic course information
	Discipline’s code
	Discipline’s title
	IWS
	
	Number of credits
	IWST

	
	
	
	Lect.
	Pract.
	Lab.
	
	

	VM 3228
	Computational Mechanics 
	8
	1
	0
	1
	3
	8


	Lecturer   
	Yerzhan Belyayev, PhD, Associate Professor 
	Office hours
	Scheduled

	e-mail
	yerzhan.belyayev@gmail.com 
	
	

	Telephone number (mobile)
	+7 771 491 33 44
	Auditory
	105

	Assistant   
	
	Office hours
	Scheduled

	e-mail
	
	
	

	Telephone number
	
	Auditory
	504


	Academic presentation of the course
	Aim of course: To acquaint students with mathematical models of solving problems in mechanical engineering, to solve them using numerical methods, to teach them the basic principles of mathematical modeling of mechanical engineering problems. Many engineers are not programmers; they are more concentrate on solving physics inside these problems. They want to know what methods can be used to solve the given physical problem, their strengths and weaknesses, and how to adapt available tools. One of these tools are mathematical modeling based on numerical methods. Engineers, like IT professionals, do not write computer codes, but use more ready-made functions and sub-programs that are written and tested. Thus, engineer’s computer code consist of a set of functions, libraries, subroutines ready to solve a given physical problem. In this course, we will look at the algorithms within the ready-made math libraries. We will try to learn these algorithms in writing in today's most popular Python programming language. 
Course Description: This course is compiled by the following books: Steven C. Chapra and Raymond P. Canale, “Numerical Methods for Engineers”, and Jaan Kiusalaas by “Numerical Methods in Engineering with Python 3.0”. This course covers the following topics: Basic concepts of mathematical models, Algorithms for numerical solution, The concept of approximation, The concept of approximation and Round-off errors, Taylor series approximation, Methods for finding the equation roots (Bisection method, Newton-Raphson method, Secant method, etc.), direct and iterative methods of solving the LAE (Gauss elimination method, Gauss-Seidel method, etc.), numerical differentiation and integration (trapezoidal method, Simpson method, etc.), the solution of the ODE (Euler methods, Runge-Kutta methods). All considered topics are supported by certain examples in mechanical engineering.  

	Prerequisites
	I. Mathematics 
II. Fortran, C ++, Python programming languages (will be an advantage); 
III. Physics 

IV. Differential Equations; 
V. Matlab, Mathcad, Excel, Maple (will be an advantage).  

	Post requisites
	I. Mathematical and Computer Modeling in Mechanical Engineering;
II. Basics of Mechanics;
III. Numerical Methods and Algorithms;

IV. Python programming language.

	Information resources 
	literature:

Basic:
1. Steven C. Chapra, Raymond P. Canale Numerical Methods for Engineers // 6th Edition, McGrawHill Higher Education, ISBN 978-0-07-340106-5, P. 994., 2010. 
2. Jaan Kiusalaas Numerical Methods in Engineering with Python 3.0 // Cambridge University Press. - 2013. – P. 423. 
Additional:

1. «Укус Питона» – «A Byte of Python» по-русски, Swaroop C H (Translated by Vladimir Smolyar), 2013, 159 стр. 
2. Марк Лутц , Изучаем Python, 4-е издание, 2011 г., 1280 стр. 
3. С. Шапошникова , Основы программирования на Python, 2011 г., 44 стр. 
4. https://www.python.org/downloads/ 

5. http://www.jetbrains.com/pycharm/ 

	Academic policy of the course in the context of university moral and ethical values
	Academic Behavior Rules: 

All types of work must be performed and protected within the specified time. Students who did not pass the next task or received less than 50% of the points for its completion have the opportunity to work out the specified task according to an additional schedule. Students who missed laboratory classes for a good reason, practice them in extra time in the presence of a laboratory assistant, after the teacher’s admission. Students who have not completed all types of work are not allowed to take the exam. In addition, the assessment takes into account the activity and attendance of students during classes.
Academic values:
Be tolerant, respect the opinions of others. Formulate objections in the correct form. Plagiarism and other forms of dishonest work are unacceptable. It is unacceptable to prompt and write off during the passing of the CDS, the intermediate control and the final exam, copying the solved problems by other persons, passing the exam for another student. A student convicted of falsifying any course information, unauthorized access to the Intranet, or using cheat sheets will receive a final grade of “F”.

	Evaluation and attestation policy
	Criteria-based evaluation: 

For consultations on the implementation of independent work (CDS), their delivery and protection, as well as for additional information on the material passed and all other emerging questions on the course being taught, please contact the teacher during his office hours.
Summative evaluation: 
The final assessment of discipline: 0.2 (Bk1+ME+Bk2)+0.4 FE
Bk1, Bk2 – boundary control, ME – Midterm Exam, FE – Final Exam.

90% -94% A                        90%-94% А-                              85%-89% В+

80%-84% В                         75%-79% В-                              70%-74%  С+

65%-69% С                         60%-64%  С-                             55%-59% D+

50%-54% D-                       25%-49% FX                             0%-24% F


Calendar (schedule) the implementation of the course content:
	Week / date
	Topic title (lectures, practical classes, Independent work of students,  IWS)
	Number of hours
	Maximum score

	1
	Module No.1. Modeling, Computers and Error Analysis 
	4
	

	
	Lecture No.1 Mathematical Modeling and Engineering Problem Solving. Programming Tools and Software Packages. Approximations and Round-Off Errors. Truncation Errors and the Taylor Series.  
	2 
	4

	
	Lab No.1 Problems solving (p.21-24, p.47-50, p.76-77, p.105-106, Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.1 Conservation Laws and Engineering. Ready-made libraries, functions and subroutines. MatLab, Mathcad, Excel, Maple, Python, C++, Fortran.    
	1
	6

	2
	Module No.2. Roots of Equations   
	      8
	

	
	Lecture No.2 Bracketing Methods (The Bisection Method, The False-Position Method). Open Methods (The Newton-Raphson Method, The Secant Method). 
	2
	4

	
	Lab No.2 Problems solving (p.139-141, p.171-173 Book - Steven C. Chapra et. al.) 
	1
	6

	
	IWST No.2 Problems solving (p.139-141, p.171-173 Book - Steven C. Chapra et. al.)  
	1
	6

	3
	Lecture No.3 Roots of Polynomials (Muller’s Method, Bairstow’s Method).  
	2
	4

	
	Lab No.3 Problems solving (p.200-201, p. 213-222 Book - Steven C. Chapra et. al.) 
	1 
	6

	
	IWST No.3 Case Studies: Roots of Equations.  
	1
	6

	4



	Module No.3. Linear Algebraic Equations   
	8
	

	
	Lecture No.4 Gauss Elimination. Gauss-Jordan. LU Decomposition and Matrix Inversion.  
	2
	4

	
	Lab No.4 Problems solving (p.271-273 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.4 Problems solving (p.293-295 Book - Steven C. Chapra et. al.) 
	1
	6

	5
	Lecture No.5 Special Matrices and Gauss-Seidel.   
	2
	4

	
	Lab No.5 Problems solving (p.312-314, p.327-336 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.5 Case Studies: Linear Algebraic Equations  
	1
	6

	
	Intermediate Test
	
	20

	
	1 Midterm Assessment
	
	100

	6
	Module No.4. Optimization 
	8
	

	
	Lecture No.6 One-Dimensional Unconstrained Optimization (Golden Section Method, Newton’s Method). Multidimensional Unconstrained Optimization (Direct and Gradient Methods).     
	2
	4

	
	Lab No.6 Problems solving (p.364-366 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.6 Problems solving (p.385-386 Book - Steven C. Chapra et. al.)  
	1
	6

	7
	Lecture No.7 Constrained Optimization. Linear Programming. Nonlinear Constrained Optimization.        
	2
	4

	
	Lab No.7 Problems solving (p.410-412, p.428-435 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.7 Case Studies: Optimization   
	1
	6

	8
	Module No.5. Curve Fitting
	8
	

	
	Lecture No.8 Least-Squares Regression. Linear and Polynomial Regression. Interpolation – Newton’s and Lagrange Interpolating Polynomials.           
	2
	4

	
	Lab No.8 Problems solving (p.484-487 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.8 Problems solving (p.522-523 Book - Steven C. Chapra et. al.)    
	1
	6

	9
	Lecture No.9 Fourier Approximation.            
	2
	4

	
	Lab No.9 Problems solving (p.559-560, p.570-579 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.9 Case Studies: Curve Fitting.     
	1
	6

	10
	Module No.6. Numerical Differentiation and Integration. 
	8
	

	
	Lecture No.10 Newton-Cotes Integration Formulas (The Trapezoidal Rule, Simpson’s Rules). Integration of Equations (Adaptive Quadrature, Gauss Quadrature).            
	2
	4

	
	Lab No.10 Problems solving (p.627-630 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.10 Problems solving(p.651-652 Book-Steven C.Chapra et.al.)      
	1
	6

	
	Intermediate Test
	
	20

	
	2 Midterm Assessment
	
	100

	11
	Lecture No.11 Numerical Differentiation. Richardson Extrapolation. Partial Derivatives.             
	2
	4

	
	Lab No.11 Problems solving (p.668-670, p.682-691 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.11 Case Studies: Numerical Integration and Differentiation.      
	 1
	6

	12



	Module No.7. Ordinary Differential Equations. 
	8 
	

	
	Lecture No.12 Runge-Kutta Methods. Euler Methods. Stiffness and Multistep Methods.             
	2 
	4

	
	Lab No.12 Problems solving (p.750-751 Book-Steven C.Chapra et.al.)
	1 
	6

	
	IWST No.12 Problems solving(p.776-777, Book-Steven C.Chapra et.al.)       
	1 
	6

	13
	Lecture No.13 Boundary-Value and Eigenvalue Problems             
	2
	4

	
	Lab No.13 Problems solving (p.805-807, p.828-837 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.13 Case Studies: Ordinary Differential Equations       
	1 
	6

	14
	Module No.8. Partial Differential Equations.
	8 
	

	
	Lecture No.14 Finite Difference: Elliptic Equations. Finite Difference: Parabolic Equations.              
	2
	4

	
	Lab No.14 Problems solving (p.868-870 Book-Steven C.Chapra et.al.)
	1
	6

	
	IWST No.14 Problems solving (p.886-887 Book-Steven C.Chapra et.al.)       
	1
	6

	15
	Lecture No.15 Finite-Element Method.               
	2 
	4

	
	Lab No.15 Problems solving (p.910-912, p.926-928 Book - Steven C. Chapra et. al.)
	1
	6

	
	IWST No.15 Case Studies: Partial Differential Equations.        
	1
	6

	
	Final Test
	
	20

	
	Final Assessment
	
	100

	
	Examination
	
	100


Lecturer     _______________________________      Ye. Belyayev 
Head of the Department  ______________________  Z. Rakisheva
Chairman of the Faculty 

Methodical Bureau      ________________________ G. Abduahitova
