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Curriculum of the discipline
1. Description of the discipline, its purpose, subject of study and learning outcomes

The course “Mechanics and Biomechanics” is a fundamental component of the professional
training of bachelors in the specialty 163 “Biomedical Engineering” and is aimed at developing the
engineering mindset necessary for analyzing and modeling mechanical processes in technical and
biological systems.

The main objective of the course is to equip students with the ability to solve complex specialized
tasks and practical problems in biomedical engineering, which involves applying the laws and methods
of classical mechanics, strength of materials, and biomechanics to analyze motion, equilibrium, and
deformation of technical objects and biological tissues.

The course “Mechanics and Biomechanics” covers the basic concepts and laws of theoretical
mechanics (kinematics, dynamics, statics), principles of interaction and motion of material bodies,
conditions of equilibrium of mechanical systems, as well as the fundamentals of strength of materials.
Special attention is given to the application of these principles to biological objects: analyzing forces
acting on tissues, organs, and human body systems, studying the mechanics of the musculoskeletal
system, biomechanics of bone levers, and the mechanical and rheological behavior of biological tissues.

During the course, students acquire the skills to perform biomechanical analysis of human
movement, develop mathematical and rheological models of the mechanical behavior of biological



tissues, interpret biomechanical characteristics of human organs and systems, and apply the acquired
knowledge in the design, research, and operation of biomedical devices and systems.
Prerequisites for the course include:

1. Basic knowledge of higher mathematics (vectors, derivatives, integrals, differential
equations);
Fundamentals of physics (mechanics, oscillations, elements of molecular physics);
Skills in working with graphs, formulas, and physical quantities;
Basic computer skills and the use of numerical computation methods;
Ability to analyze physical processes and construct simplified mathematical models;
Elementary skills in working with engineering and educational software tools.
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General competencies (OPP was put into effect by the Rector's Order NON/434/2024 of 10.06.2024 p.):

ZK 06 - Ability to search, process, and analyze information from various sources

Special (professional) competencies (OPP was put into effect by the Rector's Order NON/434/2024 of
10.06.2024 p.):

FK 04 - Ability to ensure the technical and functional characteristics of systems and tools used in
medicine and biology (for prevention, diagnosis, treatment, and rehabilitation).

FK 06 - Ability to effectively use tools and methods for analysis, design, calculation, and testing in
the development of biomedical products and services

The program learning outcomes after studying the discipline "Mechanics and Biomechanics" are (OPP
was put into effect by the Rector's Order NON/434/2024 of 10.06.2024 p.):

PRN 01 - The ability to apply knowledge of the fundamentals of mathematics, physics and
biophysics, bioengineering, chemistry, engineering graphics, mechanics, materials resistance and
strength, properties of gases and liquids, electronics, computer science, signal and image
acquisition and analysis, automatic control, system analysis, and decision-making methods at a
level necessary for solving biomedical engineering tasks.

PRN 08 - Understand theoretical and practical approaches to the creation and management of
medical equipment and medical technology.

PRN 19 - Proficiency in engineering methods for calculating components of medical devices and
systems, modern methods for experimental verification of integrity and functionality of
biotechnical systems and determination of their characteristics, methods for selecting conventional
and advanced construction materials, as well as tools for designing devices, instruments, and
systems for medical and biological purposes.

2. Prerequisites and postrequisites of the discipline (place in the structural and logical scheme of
education according to the relevant educational program)

The course “Mechanics and Biomechanics” belongs to the cycle of professional training and has
an interdisciplinary character, combining the fundamental laws of classical mechanics with applied
approaches to the analysis of mechanical processes in biological systems. The course provides the
theoretical and methodological foundation for the further mastery of engineering and biomedical
educational components.

According to the structural-logical scheme of the educational program, the course “Mechanics
and Biomechanics” builds upon knowledge acquired during the study of general and fundamental
training courses, in particular: Higher Mathematics; Physics; Biophysics; Biochemistry; Human Anatomy
and Physiology. These courses provide the necessary mathematical, physical, and scientific basis for



understanding the laws of mechanics, analyzing motion, equilibrium, and deformation of bodies, as well
as the mechanical behavior of biological tissues.

The theoretical knowledge and practical skills obtained during the study of “Mechanics and
Biomechanics” are applied in further learning of courses from the professional training cycle (Educational
and Professional Program Medical Engineering): Biomedical Devices, Apparatus, and Complexes;
Materials Science and Structural Materials; Mechanics of Biomaterials and Biocompatibility;
Microprocessor Technology,; Biomedical Signal Processing; as well as in elective courses (Educational and
Professional Program Medical Engineering): courses related to the design, analysis, and operation of
medical and rehabilitation devices, orthopedic and prosthetic systems, and the biomechanical analysis of
human movement.

Thus, the course “Mechanics and Biomechanics” occupies a key position in the structure of
professional training for bioengineers, ensuring continuity between fundamental natural science courses
and specialized engineering and biomedical educational components.

3. The content of the discipline

The main sections and topics that will be considered in the process of studying the course:

Section 1. Fundamentals of Statics and Solid Mechanics
Subject 1.1. Application of basic laws of mechanics for the analysis of forces and equilibrium conditions
Subject 1.2. Calculation of force moments and resultant forces in mechanical systems
Subject 1.3. Analysis of equilibrium of bodies under arbitrary forces and friction forces

Section 2. Kinematics and Dynamics of Mechanical and Biomechanical Systems
Subject 2.1. Determination of kinematic characteristics of motion in mechanical and biomechanical
systems
Subject 2.2. Solving dynamic problems in mechanics using energy methods

Section 3. Strength of Materials and Mechanics of Biological Materials
Subject 3.1. Calculation of stress-strain state of structural elements and biological tissues
Subject 3.2. Modeling the mechanical and rheological behavior of biological materials

Section 4. Fundamentals of Biomechanics of Movement and Functional Systems
Subject 4.1. Biomechanical analysis of human movement and the musculoskeletal system
Subject 4.2. Application of biomechanical models in biomedical systems and devices
Section 5. Summary and Assessment
Subject 5.1. Evaluation of the development of engineering competencies in mechanics and biomechanics

4. Training materials and resources
Basic literature:

1. MexaHika. KoHcnekm nekuili [EnekmpoHHUl pecypc] : Has4asnbHO-MemoOu4YyHa npaysa 08
3006ysayvise cmyneHa 6akanaspa 3a cneyiansbHicmio 163 biomeduyHa iHxceHepia / KIl im.
lzops Cikopcbkoeo ; yknao.: /1. [. Tapacoea. — EnekmpoHHi mekcmosi 0aHi (1 ¢alin: 3,54
Mb6aiim). — Kuie : Kl im. leopa Cikopcokoeo, 2021. — 228 c. - Ha3sa 3 ekpaHa.
https.//ela.kpi.ua/handle/123456789/68537



MexaHika. lMpakmuKkym [EnekmpoHHUl pecypc] : HasyanbHuUll nocibHUK 0ss 3006ysauyis
cmyneHa bakanaspa 3a creyiansHicmioo 163 biomeduyHa iHuceHepia / Kl im. leops
CikopcbKoeo ; yknad.: /1. [. Tapacosa. — EnekmpoHHi mekcmosi 0aHi (1 ¢patin: 4,47 Mbailim).
— Kuie : KMl im. leopa Cikopcbkozo, 2024. — 212 c¢. — Ha3sa 3 eKkpaHa.
https://ela.kpi.ua/handle/123456789/67831

MexaHika. Po3paxyHkoso-epaghiyHa poboma [EnekmpoHHUl pecypc] : HaguanbHUl nocibHUK
0na 3006ysayvie cmyrneHa 6aKanaspa 3a 0CBIMHbOK npozpamoro «MeduyHa iHHceHepia»
cneyianbHocmi 163 «biomeduyHa iHxeHepia» / Kl im. leopa Cikopcekozo ; yknad. /1. A.
Tapacosa. — EnekmpoHHi mekcmosi 0aHi (1 ¢alin: 1,28 M6alm). — Kuis : Kl im. lzops
CikopcbKkozo, 2022. — 60 c. — Ha3ea 3 eKpaHa. https://ela.kpi.ua/handle/123456789/48263
Jlebedesa I.B., bopuceliko O.B., Kypunko O.b. KiHemamucka. lNpuknadu i 3a0ay4i: HaguyanvHuli
nocibHuUK. — EnekmpoHHe 8udaHHA. — 2019. - 151 c¢. [locunaHHA Ha pecypc:
https://www.mechmat.univ.kiev.ua/wp-content/uploads/2021/01/kinematyka.pryklady -
i_zadachi.pdf

lWWeab’tok B.l. Onip mamepianie: [MidopyyHuk. — K.: 3HaHHA, 2016. — 400 c.
https://btom.nmu.org.ua/ua/download/navch-
posib/%D0%A8%D0%B2%D0%B0%D0%B1%D1%8E%D0%BA. %D0%9E%D0%9C. %D0%IF%D1%
96%D0%B4%D1%80%D1%83%D1%87%D0%BD%D0%B8%D0%BA.pdf

Tapacosa, /1.[1. BiomeouyHa mexaHika. 36ipHUK 3080aHb 00 OOMAWHIX KOHMPOAbHUX pobim
[EnekmpoHHull pecypc]: Haey. nocib. 0na 3006ysayie cmyneHa 6aKanaspa 3a 0C8IMHbLOKO
npozpamoro «MeduyHa iH#ceHepia» cneyianbHocmi 163 «biomeduyHa iHxceHepia» / J1./.
Tapacosa; Kl im. lzops Cikopcbkozo. — EnekmpoHHi mekcmosi 0aHi (1 ¢palin: 1,36 Mbéaiim).
—  Kuis: KMl im. leopa  CikopcbKozo,  2020. - 45 . - focmyn:
https://ela.kpi.ua/handle/123456789/34678.

GiomexaHika. KoHcriekm nekuili 014 3006ysayvie cmyneHs b6akanaspa cneyiansHocmi 132
MamepianosHascmeo / C.I1. [laHYyeHKo; Hay. mexH. yH-m «/IHinpo8cbKa noaimexHika». — 4. :
HTY «/1l», 2022. — 73 c.

Additional literature:

8.

9.

10.

11.

12.

13.

14.

15.

Gepesid /.M. TeopemuuyHa mexaHika. YacmuHa 1. CmamuKa, KiHemMamuka: Hae4. nocib.
//1.M.bepesiH ma iH. — K.: YHisepcumem "YkpaiHa", 2021. — 142 c.

JeliHuyeHKko [I.B., LgipkyH /1.0., OmenbueHKo O.B. Teopemu4yHa MexaHika : HaAsYy. rocib.
Kpusuti Piz: JoHHYET, 2021. 107 c.

Jlebedesa [.B., bopuceliko 0O.B., Kypunko O.b. [uHamika mamepiansbHOi cucmemul.
MemoouyHi 8Ka3ieKu 00 NposedeHHA NMPAaKMUYHUX 3aHAMb. — EnekmpoHHe sudaHHA. — 2021.
- 100c.

TeopemuyHa mexaHika: KoHcriekm nekuili [EnekmpoHHuli pecypc] : Hasy. nocib. 019 cmyo.
cneyianeHocmi: 151 “Aemomamu3ayis ma Komn'romepHO — iHmMez2posaHi mexHonoeaii”,
cneyianizayili  “Aemomamusauyis ximiko — mexHos02iYHUX rpouyecie i eupobHUYME”,
“Komn’tomepHo — iHmezpoeaHi mexHosoz2ii XimiyHux ma HagpmonepepobHux supobHuUyme” /
Krl im. leopsa Cikopcbkozo ; yknad.: H.l. LmecaH, H.B. Hameliko, B.M. ®edopos. —
EnekmpoHHi mekcmosi 0aHi (1 ¢patin: 6,98 Mbalim). — Kuie : Kl im. lzops CikopcbKkozo, 2019.
- 143 C. https://ela.kpi.ua/server/api/core/bitstreams/8abf76d7-bb08-4f69-8028-
ec484dd8b5ed/content

Knudson, D. (2021). Fundamentals of biomechanics (5th ed.). Springer.
https://doi.org/10.1007/978-3-030-61601-6

KoHcnekm nekyiti 3 ducyunaiHu «biomedu4yHa mexaHika» 014 3006ys8ayie 0c8iIMHbO20 piBHA
«bakanasp» cneyianbHocmi 163 — biomeduyHa iHxceHepis, ocsimHA npozpama «biomeduyHa
iHxceHepia» / yknad. . X. Limogpens. BiHHuuA : BHTY, 2020. 83 c.

Craelius, W. (2021). Prosthetic Designs for Restoring Human Limb Function. Cham: Springer.
224 c. [EnekmpoHHuli pecypc]. DOI: https.//doi.org/10.1007/978-3-030-31077-6

Arazpour, M. (ed.) (2021). Prosthetics and Orthotics. London: IntechOpen. 144 c.



https://www.mechmat.univ.kiev.ua/wp-content/uploads/2021/01/kinematyka.pryklady_-i_zadac
https://www.mechmat.univ.kiev.ua/wp-content/uploads/2021/01/kinematyka.pryklady_-i_zadac
https://btpm.nmu.org.ua/ua/download/navch-posib/%D0%A8%D0%B2%D0%B0%D0%B1%D1%8E%D0%BA.%D0%9E%D0%9C.%D0%9F%D1%96%D0%B4%D1%80%D1%83%D1%87%D0%BD%D0%B8%D0%BA.pdf
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https://btpm.nmu.org.ua/ua/download/navch-posib/%D0%A8%D0%B2%D0%B0%D0%B1%D1%8E%D0%BA.%D0%9E%D0%9C.%D0%9F%D1%96%D0%B4%D1%80%D1%83%D1%87%D0%BD%D0%B8%D0%BA.pdf
https://ela.kpi.ua/handle/123456789/34678
https://doi.org/10.1007/978-3-030-61601-6
https://doi.org/10.1007/9783030310776

Educational content

5. Methods of mastering the discipline (educational component)

N Program The main tasks

o .

7 Subject learning '
i ! outcomes Control measure Deadline

Application of basic laws of mechanics for
Practical work 1

1. [the analysis of forces and equilibrium PRN 01 Week 1
conditions
1 Practical work 2-3
5 Calculation of fo'rce mome/7ts and PRN 01 Weeks 2—3
resultant forces in mechanical systems
i ilibri i Practical work 4-6
3 Ana'ly_ws of equ1/1brlum of bodies under PRN 01 Weeks 4—5
arbitrary forces and friction forces
Determination of kinematic characteristics Practical work 7-9
4. | of motion in mechanical and PRN 01 Weeks 6—7

biomechanical systems
Solving dynamic problems in mechanics PRN 01, PRN 19| Practical work 10-

5. Weeks 8-9
using energy methods 12
Calculation of stress-strain state of| prn 01, PRN 19| Practical work 13-
6. o ’ 15 Weeks 10-11
structural elements and biological tissues
2 Modeling the mechanical and rheological | PRN 01, PRN 19| Practical work 16-
" | behavior of biological materials 2 18
Biomechanical analysis of human Laboratory Weeks 12-14
8. | movement and the musculoskeletal PRN 08 work 19-22
system
Application of biomechanical models in PRN 08, PRN 19| Practical work 23-
9. ) . . Week 15
biomedical systems and devices 26
Evaluation of the development of Modular Test
10. |engineering competencies in mechanics PRN 01 Work Week 15

and biomechanics

Lectures
Lecture topics:

1. Application of Basic Concepts and Laws of Mechanics in Biomedical Engineering

Subject and objectives of mechanics and biomechanics. Mechanics as a foundation of
engineering training for bioengineers. Objects of study in mechanics: material point, absolutely rigid
body, mechanical system. Relationship between mechanics and biomedical engineering. Basic physical
quantities and systems of units. The role of mechanics and biomechanics in the structure of professional
training.

2. Analysis of Forces and Equilibrium Conditions of Mechanical and Biomechanical Systems

Concept of force as a measure of mechanical interaction. Classification of forces. Projections of a
force onto an axis and a plane. Analytical representation of forces. Axioms of statics. Constraints and
their reactions. Equilibrium conditions of rigid bodies and biomechanical objects.

3. Calculation of Force Moments and Resultants of Force Systems

Moment of a force with respect to a point and an axis. Moment vector of a force. Varignon’s
theorem. Concept of a force couple and moment of a couple. Resultant of a force system. Center of
gravity of a rigid body. Biomechanical examples of force moments (levers of the musculoskeletal
system).

4. Analysis of Equilibrium of Bodies under Arbitrary Forces and Friction Forces

Arbitrary force systems. Principal vector and principal moment. Equilibrium conditions of planar



and spatial force systems. Dry friction forces. Coulomb’s law. Angle and cone of friction. Biomechanical
aspects of friction in joints and body—support contact.

5. Determination of Kinematic Characteristics of Motion

Fundamental problem of kinematics. Kinematics of a material point. Translational and rotational
motion of a rigid body. Angular velocity and angular acceleration. Formulas for determining velocities
and accelerations of body points. Kinematic pairs. Kinematics of movement in biomechanics.

6. Analysis of Planar, Complex, and Spherical Motion of a Rigid Body

Planar motion of a rigid body. Instantaneous center of velocities. Determination of velocities and
accelerations of points of a planar figure. Complex motion. Theorems of velocity and acceleration
addition. Coriolis acceleration. Spherical motion of a body. Biomechanical examples of body segment
motion.

7. Application of Fundamental Laws of Dynamics to Mechanical and Biomechanical Systems

Axioms of dynamics. First and second problems of dynamics. Momentum of a material point and
a system. Impulse of force. Theorem of momentum change. Motion of the center of mass of a
mechanical system. Examples of dynamics of movements in biomechanics.

8. Use of Energy Methods in Mechanics

Kinetic energy of a material point, rigid body, and mechanical system. Kénig’s theorem. Work of
a force and a moment of force. Theorem of kinetic energy change. Work of friction forces. Energy-based
approaches to the analysis of biomechanical processes.

9. Calculation of Stresses and Deformations of Structural Elements

Fundamentals of strength of materials. Basic hypotheses and assumptions. Stress and strain.
Hooke’s law. Strength and stiffness characteristics of materials. Allowable stresses. Biomedical examples
of loading of structural elements and implants.

10. Analysis of Stress—Strain State under Shear, Torsion, and Bending

Shear and torsion. Distribution of shear stresses. Strength and stiffness calculations. Bending of
rods. Transverse forces and bending moments. Diagrams of internal force factors. Strength conditions
under bending. Biomechanical analogs of bone loading.

11. Mechanical and Rheological Properties of Biological Materials

Features of mechanical behavior of biological tissues. Elastic, viscous, and viscoelastic properties.
Rheological models (Hooke, Maxwell, Kelvin—Voigt). Mechanical properties of bone, cartilage, and
tendons. Importance of rheology for biomedical engineering.

12. Biomechanics of the Human Musculoskeletal System

Biomechanical structure of the musculoskeletal system. Muscles as active force-generating
elements. Tendons and ligaments. Transmission and transformation of mechanical forces in
biomechanical systems.

13. Statics and Quasi-Statics of Multisegment Biomechanical Models

Biomechanical levers. Equilibrium of body segments. Determination of joint reaction forces.
Muscle loading during static and slow movements.

14. Kinematics and Dynamics of Human Movement

Biokinematic chains and pairs. Degrees of freedom of joints. Dynamic models of movement.
Calculation of forces and moments during motion of body segments.

15. Biomechanics of Human Locomotion

Walking, running, jumping. Phases of movement. Ground reaction forces. Energy expenditure
during locomotion. Pendulum models of movement.

16. Biomechanics of Biological Fluids

Fundamentals of fluid mechanics in biological systems. Laminar and turbulent flow regimes.
Non-Newtonian properties of biological fluids. Biomechanical features of blood flow and other fluids in
the human bodly.

17. Biomechanics of the Cardiovascular and Respiratory Systems

Hemodynamics of blood circulation. Pulse waves. Mechanics of respiration. Airway resistance.
Work of respiratory muscles.

18. Engineering Biomechanical Models in Biomedical Engineering



Mechanical and mathematical modeling of biological systems. Biomechanics of implants and
prostheses. Application of biomechanical models in diagnostics, treatment, and rehabilitation.

Practical works

The main objectives of the practical sessions in the course “Mechanics and Biomechanics” are to
consolidate and deepen the fundamental principles of mechanics and biomechanics through the solution
of applied engineering problems, performance of calculations, and analysis of biomechanical models
used in the design, research, and operation of biomedical systems and devices.

The practical sessions aim to develop students’ ability to apply the laws of classical mechanics,
analyze the mechanical properties of biological materials, model motion and deformation of elements of
biological systems, and interpret the obtained results from a biomechanical perspective. The tasks of the
practical sessions are oriented toward typical engineering situations encountered in the professional
activities of a biomedical engineer and in the completion of coursework and master’s projects.

Each practical session includes assessment of students’ understanding of theoretical material,
solving computational and analytical problems, discussion of results, completion of individual or group
assignments, as well as verification and evaluation of students’ work outcomes.

Grades obtained in individual practical sessions are recorded in the academic group’s grade
register and are taken into account when determining the final cumulative grade for the course
“Mechanics and Biomechanics.”

No Practical work topic Number of Hours
Section 1. Fundamentals of Statics and Solid Mechanics
1 Force and its projections onto axes and planes 2
2 Algebraic and vector moments of forces 2
Calculation of the resultant of a system of concurrent forces 2
3 System of parallel forces. Center of gravity 2
4 Arbitrary force system. Equilibrium conditions 2
5 Equilibrium of bodies in the presence of friction forces 2
6 Force and its projections onto axes and planes 2
Section 2. Kinematics and Dynamics of Mechanical and Biomechanical Systems
7 Kinematics of a material point 2
8 Kinematics of a rigid body and mechanical transmissions 2
9 Planar motion of a rigid body and mechanisms 2
10 Complex and spherical motion of a rigid body 2
11 Center of mass of a mechanical system 2
12 Theorems of dynamics. Work and energy 2
Section 3. Strength of Materials and Mechanics of Biological Materials
13 Method of sections. Determination of internal force factors 2
14 Construction of shear force and bending moment diagrams 2
15 Stress calculation under tension and compression 2
16 Shear and torsion. Strength and stiffness calculations 2
17 Elastic properties of materials. Hooke’s law 2
18 Rheological models of biological tissues (Maxwell, Kelvin—Voigt) | 2
Section 4. Fundamentals of Biomechanics of Movement and Functional Systems
19 Determination of the human body center of mass and | 2
equilibrium conditions




20 Analysis of joint movements (axes, range of motion, degrees of | 2
freedom)

21 Analysis of movement dynamics (running, jumping, lifting a | 2
load)

22 Biomechanical analysis of the gait cycle 2

23 Modeling of biomechanical systems: levers and muscle forces 2

24 Modeling of biomechanical systems: kinematic chains 2

Section 5. Summary and Assessment

25 Fluid mechanics in biomedical systems (laminar flow) 2

26 Modeling of blood flow and biohydraulic systems 2

27 Modular assessment test 2

To 54
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6. Independent student work

Independent study includes preparation for lectures and practical classes, completion of
assignments related to practical class topics, preparation for the modular assessment test, completion of
the calculation-and-graphical assignment, and preparation for the examination.

6.1. Preparation for Lectures and Practical Classes

For preparation for lectures and practical classes, the student is required to study the prescribed
core and supplementary literature, recommended sources, and prepare materials for discussion during
classes. A total of 18 hours of independent study is allocated for this activity.

6.2. Completion of Assignments Related to Practical Classes

A total of 42 hours of independent study is allocated for performing calculations and preparing
reports for practical classes.

6.3. Preparation for the Modular Assessment Test

6 hours of independent study are allocated for preparation for the modular assessment test.

6.4. Calculation-and-Graphical Assignment (CGA)

A total of 14 hours of independent study is allocated for the preparation and completion of the
calculation-and-graphical assignment (CGA).

The student must select the topic of the CGA and agree it with the instructor no later than the 4th
week of the semester. The deadline for submission of the CGA to the instructor is no later than the 13th
week. The defense of the CGA is scheduled during an additional (unscheduled) class between weeks 13
and 15.

The main objective of the CGA is to solve practical problems using theoretical material studied
during lectures and through independent learning, as well as practical skills acquired during practical
classes. The core of the CGA consists of calculations and graphical materials, including diagrams, charts,
vector diagrams, histograms, etc. The student completes the CGA only on a topic approved by the
instructor.

Approximate topics of the CGA:

e Determination of support reactions of a composite structure.

e Absolutely rigid body under the action of an arbitrary spatial force system. Determination
of support reactions.

e Planar motion of a rigid body. Kinematic analysis of a planar mechanism.

e Kinematic analysis of spherical motion of a rigid body rolling without slipping on a fixed
surface.

e Study of the motion of a mechanical system using the theorem of motion of the center of




mass.
e Study of the motion of a mechanical system using the theorem of change of kinetic energy.
e Study of the motion of a mechanical system using the general equation of dynamics.
e Biomechanical analysis of human movement: calculation of joint forces during walking or
lifting a load.
e Determination of loads on musculoskeletal structures during different types of physical
exercises.
e Modeling of the mechanics of the musculoskeletal system for the analysis of range of
motion and force moments.
6.5. Preparation for the Examination
A total of 10 hours of independent study is allocated for preparation for the examination.

Ne s/n Types of Independent Study Number of Hours
1| Preparation for lectures and practical classes 18
2 | Completion of assignments related to practical classes 22
3 | Independent study of additional topics for self-directed learning 20
4 | Preparation for the modular assessment test 6
5| Completion of the calculation and graphical assignment 14
6 | Preparation for the examination 10
Total 90
No. | Titles of topics and issues assigned for independent study and references to Number of
learning resources hours (self-
study)
1 Topic 1.1. Application of basic laws of mechanics for the analysis of forces and 4

equilibrium conditions. List of issues: Idealization of mechanical and
biomechanical objects. Typical calculation schemes. Analysis of equilibrium of
simple mechanical and biomechanical systems.

2 Topic 2.1. Determination of kinematic characteristics of motion of mechanical 4
and biomechanical systems. List of issues: Kinematics of a material point and a
rigid body. Determination of velocities and accelerations. Kinematic description of
human motion.

3 Topic 3.1. Calculation of the stress—strain state of structural elements and 4
biological tissues. List of issues: Basic types of stresses and strains. Hooke’s law.
Comparison of mechanical properties of engineering materials and biological
tissues.

4 Topic 4.1. Biomechanical analysis of human movements and the musculoskeletal | 4
system. List of issues: Biomechanical levers. The role of muscles in motion
generation. Joint loading under static and quasi-static conditions.

5 Topic 4.2. Application of biomechanical models in biomedical systems and 4
devices. List of issues: Fundamentals of biomechanical modeling. Examples of
model application in prosthetics, orthotics, and rehabilitation. Generalization of
the course material.

Total 20

List of recommended literature for studying the topics and issues assigned for independent study

1. MucapeHko I. C., Keimka O. /1., YmaHcekuli E. C. Onip matepianis : niapyyHmk / . C.
Mucaperko, O. /1. Keimka, E. C. YmaHcbKull. — 2-2e 8ud., nepepobn. — K. : Buwa wkona,
2004. - 655 C.




Pexcum docmyny: https.//chtyvo.org.ua/authors/Pysarenko_Hryhorii/Opir_materialiv/

2. UWkenvos /. T., CmaHKesu4y A. M., lNMowueay /[]. B. Onip maTtepianis : Nigpy4HUK OnA
CTYAEHTIB BULLMX HaBYanbHUX 3aKnagis / /1. T. LLikenvos, A. M. CmaHkesudy, /. B. [Mowusay.
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Policy and control
7. Policy of academic discipline (educational component)

Attending classes

Attendance at lectures is optional. Attending practical classes is desirable, as they are used to
write express tests / tests, as well as to defend practical work.

The grading system is focused on obtaining points for student activity, as well as performing tasks
that are able to develop practical skills and abilities.

Control measures missed

Missed control measures (defense of practical work) must be practiced in the next classes, provided
that the task is scheduled for the current lesson, or in consultations.

Omissions of writing a module test and express test are not fulfilled.

Calculation and graphic work, which is submitted for inspection in violation of the deadline is
evaluated with a decrease in the number of weight points.

Incentive points

Encouragement points
Criterion Weight points
Active participation in oral questioning +1 point

Writing theses, articles, participation in international, national, and/or+5 int
oints
other events or competitions related to the course topic P

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.
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Norms of ethical behavior

Normative principles of behavior of students and employees, defined in sections 2 of the Code of
Honor of the National Technical University of Ukraine “lgor Sikorsky Kyiv Polytechnic Institute”. Read
more: https://kpi.ua/code.

Procedure for appealing the results of control measures

Students have the opportunity to raise any issue related to the control procedure and expect it to
be addressed according to predefined procedures.

The student has the right to appeal the results of the control measure according to the approved
provision on appeals in the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” (approved by the order NeNON/128/2021 from 20.05.2021) -
https://osvita.kpi.ua/index.php/node/182

Inclusive education

The course “Mechanics and Biomechanics” can be taught to most students with special
educational needs, except for those with severe visual impairments that prevent them from completing
tasks using personal computers, laptops, and/or other technical devices.

Distance learning

Distance learning is conducted via the “Sikorsky” distance learning platform. Completion of
practical assignments and the modular assessment test is carried out during the student’s independent
study in a remote mode, with the possibility of consulting the instructor via email, Google Meet, or social
media.

Distance learning through additional online courses on specific topics is allowed subject to
agreement with the students. If a small number of students wish to complete an online course on a
particular topic, studying the material through such courses is permitted, but students must complete all
assignments required by the course. A list of recommended courses is provided by the instructor after
identifying students’ interests (since the pool of available courses is updated almost monthly).

A student provides a document confirming the completion of the distance course (in the case of
completing the full course) or submits completed practical assignments from the distance course. Upon
successfully passing an oral interview with the instructor on the covered topics, the student may receive
grades for the assessment activities corresponding to the studied material.

Learning a foreign language

Teaching in English is carried out only for foreign students.

At the request of students, it is allowed to study the material with the help of English-language
online courses on topics that correspond to the topics of specific classes.

8. Monitor and evaluate the system of evaluation of learning outcomes (Rating System of
Evaluation)

Ongoing Control (OC). Ongoing control is carried out during class sessions and aims to check
students’ preparedness for lectures and practical classes, as well as their current progress in completing
the course program. During practical classes, students complete and defend reports for practical
assignments. The control also includes completion of the modular control work and the semester control
in the form of an examination.

Calendar Control (CC). Calendar control is performed twice a semester to monitor the current state
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of compliance with the syllabus requirements. There are two possible outcomes of calendar control:
certified (C) and not certified (NC). The result depends on the number of points earned at the time of the
calendar control. The minimum number of points required for certification during the first and second
calendar control is indicated in the course gradebook.

Criterion 1st CC 2st CC
14th
Calendar control week 7th week t
week
23,4
O i ti > 10,8 point. . !
ngoing rating points boints
" . i jcallNeNe 1-12
Conditions for a positive Con_w letion of practical ’ ’
It in Calendar Control assignments None 13-26 B ’
.
esu Modular Control Work (MCW) Graded MCW - -
Calculation and Graphical
Assignment (CGA) Graded report I ]
Grading System (Ongoing Control):
No. Control Activity % Weight | Quantity Total
1 Completion and defense of practical assignments 39 1.5 26 39
2 Modular Control Work (MCW) 10 10 10
3 Calculation and Graphical Assignment (CGA) 11 11 11
4 Exam 40 40 1 40
Total 100 100
Semester Control (Final Assessment)
Semester certification of students
Mandatory condition for admission to the test Criterion
1 |Currentrating RD 2> 40
5 Completion of Modular Control Work (MCW) At least 60% of the
maximum score
3 Defense of Calculation and Graphical Assignment (CGA) At least 60% of the
maximum score

The results are announced to each student separately in the presence or remotely (by email). Also
recorded in the system "Electronic Campus".

Optional Conditions for Admission to the Exam:
e Active participation in practical classes.

e Positive result in the first and second calendar assessments.

e Attendance of lectures.

Table of translation of rating points to grades on a university scale:

Number points Assessment on the university scale

100-95

Perfectly




94-85 Very good
84-75 Good
74-65 Satisfactorily
64-60 Enough
Less 60 Unsatisfactorily
Admission conditions are not met Not allowed

The exam is held orally.
9. Additional information on the discipline (educational component)

The list of questions for preparing the Modular Control Work, as well as for exam preparation, is provided in
Appendix 1.

Work program of the discipline (syllabus):

Compiled by Associate Professor of the Department of Biomedical Engineering, PhD in Pedagogy, Associate
Professor Tetyana Bohdanova.

Approved by the Department of Biomedical Engineering (protocol Ne 15 of June 24, 2025)

Approved by the Methodical Commission of the Faculty of Biomedical Engineering (protocol Ne 12 of June 30,
2025)



Appendix 1
For syllabus of the discipline “Mechanics and Biomechanics”

List of Questions for Preparation for the Modular Control Work (MCW) and Exam

Block 1. Fundamentals of Statics and Forces

Formulate the main axioms of statics. Name the primary types of constraints, their
characteristics, and reactions.

Concept of force and its properties. Rules for determining the resultant force. Differences
between resultant, equivalent, and equilibrant forces.

Resultant of two parallel forces in the same and opposite directions. Provide examples.
Distributed load. Determination of the concentrated force and moment produced by a
distributed load.

Moment of a force with respect to a point and an axis. Properties of the moment. Sign of
the moment and cases when it is zero.

Force couple: definition, properties, conditions for equivalence of force couples.

Theorems on combining and transferring force couples in a plane and parallel planes.
Theorem of parallel transfer of force and Poinsot’s theorem.

Reduction of a system of forces to the simplest system and to an arbitrary center.
Equilibrium conditions of arbitrary spatial and planar force systems. Three forms of planar
system equilibrium conditions.

Block 2. Convergent and Planar Force Systems

Convergent force system. Theorem on the resultant of convergent forces.

Equilibrium conditions of a convergent system, including planar. Three-force theorem.
Varignon’s theorem and moment of the resultant of a convergent force system.

Statics invariants. Dependence of the principal moment of an arbitrary force system
relative to a new center of reduction.

Methodology for solving statics problems. Statically determinate and indeterminate
problems.

Equilibrium in the presence of sliding and rolling friction forces. Friction angle, friction
cone, Euler’s formula.

Center of gravity of a rigid body. Formulas for coordinates and radius vector of the center
of gravity. Methods for determining the center of gravity.

Block 3. Kinematics and Mechanisms

Fundamental problem of point kinematics. Methods for specifying point motion.
Classification of motion.

Mechanisms as kinematic objects: links, kinematic pairs, crank, connecting rod, rocker,
slider, slider-crank.

Simple and translational motion of a rigid body. Main properties of translational motion.
Rotational motion of a rigid body about a fixed axis: equations, relationships between
angular displacement, velocity, and acceleration.

Planar motion of a body: determination of point velocities and accelerations, velocity
projection theorem.

Instantaneous centers of velocity and acceleration. Position and application of ICVs and
ICAs.

Theorems on addition of velocities and accelerations in complex motion. Coriolis
acceleration.

Spherical motion of a body. Degrees of freedom. Euler angles. Euler—D’Alembert theorem.
Motion of a free rigid body: equations of motion, degrees of freedom. Compound motion.

Block 4. Dynamics and Kinetics

Momentum of a particle and a mechanical system. Impulse of force.



Law of conservation of momentum of a mechanical system.

Kinetic moment of a point and mechanical system relative to a center and axis. Theorems
on changes in kinetic moment.

Kinetic energy of a body and system in planar motion (K6nig theorem). Theorem on kinetic
energy change.

Work of constant and variable forces. Work of friction forces during sliding and rolling.
D’Alembert’s principle. Inertia forces and principal vectors and moments of inertia forces.
Principle of virtual displacements. General equation of system dynamics.

Lagrange’s equation of the second kind and its application for mechanical system motion.

Block 5. Strength of Materials

Subject of strength of materials and main hypotheses. Classification of bodies,
deformations, and stress factors.

Internal force factors in bars. Method of sections.

Types of bar deformations: tension-compression, shear, torsion, bending.

Hooke’s law for axial tension-compression. Young’s modulus, Poisson’s ratio.

Allowable stresses. Strength conditions and calculations for tension-compression.

Stress vector, stress tensor, law of shear stress parity. Principal stresses and planes.
Superposition principle. Generalized Hooke’s law. Stresses on inclined sections.

Pure shear and torsion. Stress, potential energy of deformation, formulas for strength and
stiffness.

Bending deformation: types, differential relationships between distributed load, shear
force, and bending moment. Construction of diagrams.

Block 6. Biomechanics

General information about the human body. Center of mass and its motion. Inertial and
somatic reference frames.

Allometry and scaling in biomedical mechanics.

Main types of deformations of biological materials and their mechanical properties.
Rheology of biological materials: viscoelastic, viscoplastic, and elastic-viscous models.
Two- and three-element rheological models.

Human biomechanical system: links, biokinematic pairs, biokinematic chains.
Determination of degrees of freedom.

Mechanical properties of muscles, tendons, and joints. Muscle models, force—velocity
relationship (Hill equation).

Mechanics of blood vessels and biological fluids: Bernoulli, Newton, and Poiseuille
equations. Viscosity, laminar flow, Reynolds number, stress, and flow velocity.



