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Curriculum of the discipline

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

The academic discipline “Biomedical Devices, Apparatus and Complexes” focuses on the
application of methods and general principles for the design of medical devices related to the
development and engineering maintenance of biological and medical instruments and systems.

The main objective of the discipline “Biomedical Devices, Apparatus and Complexes” is to develop
students’ ability to solve complex specialized problems, acquire knowledge of relevant software,
standards, and technical characteristics of device components, and apply this knowledge in the design of
medical devices.

Teaching of the discipline “Biomedical Devices, Apparatus and Complexes” is carried out based on a
student-centered approach and a strategy of interaction between the instructor and students, aimed at
mastering the course material and developing practical skills.

Prerequisites for studying the discipline include:

Skills:

e methods of systems analysis and simulation of technical and biological systems;

e methods of automatic control theory;

e basic knowledge of biophysics, biochemistry, and physiological parameters of interaction with the
human body and biological tissues for mathematical and software modeling.

Competencies:

As a result of studying the discipline, students will be able to:
e understand and apply tools and methods for designing medical devices and equipment;
e search for, analyze, and synthesize information on medical devices and apply it within their
professional competence;
e conduct research using modern software tools for simulation of life processes, including in technical
and biological systems.

Students will also be able to practically apply the acquired knowledge in:

e methods for using industrial product models to simulate the operation of medical systems;

e development of basic models of human organs and body systems;

e general principles and trends in the development of modern medical systems;

e formulation and justification of technical requirements for medical systems;

e interpretation of biological objects as complexes of functional and dynamic components;

e application of modern theoretical methods and technical tools to determine parameters of technical
and biological systems;

e analysis of processes occurring in medical devices, equipment, and biological objects and systems;

e repair and maintenance of various types of radio-electronic medical equipment.

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

ZK 1 - Ability to apply knowledge in practical situations.

ZK 2 - Knowledge and understanding of the subject area and understanding of professional activities.

ZK 6 - 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 3 - Ability to study and apply new methods and tools for analysis, modeling, design, and
optimization of medical devices and systems.

FK 8 - Ability to conduct research and observation on the interaction of biological, natural, and
artificial systems (prostheses, artificial organs, etc.).



FK 9 - Ability to identify, formulate, and solve engineering problems related to the interaction
between living and non-living systems.

FK 12 - Ability to ensure and monitor compliance with safety and biomedical ethics when working
with medical equipment.

The program learning outcomes dfter studying the discipline "Biomedical Devices, Apparatus and
Complexes" are (OPP was put into effect by the Rector's Order NON/434/2024 of 10.06.2024 p.):

PRN 2 - Formulate logical conclusions and reasoned recommendations regarding the assessment,
operation, and implementation of biotechnical, medical-technical, and bioengineering tools and methods.

PRN 4 - Apply the provisions of regulatory and technical documents governing the procedure for
product certification, production certification.

PRN 8 - Understand theoretical and practical approaches to the creation and management of
medical equipment and medical technology.

PRN 12 - Provide recommendations for selecting equipment to facilitate diagnosis and treatment.

PRN 13 - Be able to analyze signals transmitted from organs to devices and process diagnostic
information (signals and images).

PRN 23 - Development and implementation of modern diagnostic and therapeutic methods
associated with the use of biotechnology, computer, and nanotechnology through the improvement of
technical elements of medical devices and systems, as well as medical products, in the process of
professional activity.

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

The academic discipline "Biomedical Devices, Apparatus and Complexes" belongs to the cycle of
professional training and has an interdisciplinary character. In accordance with its subject area, it
integrates knowledge from other academic disciplines, including Quantitative Physiology, Human
Anatomy and Physiology, Introduction to the Profession, Engineering and Computer Graphics, Physics,
Higher Mathematics, Fundamentals of Computer Science, Biochemistry, and others.

According to the structural and logical scheme of the specialist training program, the discipline
"Biomedical Devices, Apparatus and Complexes" is closely related to other disciplines of general and
professional training, such as Methods of Modeling and Analysis of Biomedical Processes and Systems,
Biophysics, and Mechanics and Biomechanics. It is directly preceded by the discipline “Analog and Digital
Circuit Design”.

The practical skills acquired and theoretical knowledge gained during the study of the discipline
"Biomedical Devices, Apparatus and Complexes" can be further applied in subsequent professional
training disciplines within the educational and professional program “Medical Engineering”, including
Microprocessor Technology, Expert Evaluation and Engineering Support of Medical Equipment, Pre-
Diploma Practice, Diploma Project, and Design of Biomedical Systems. Interdisciplinary Course Project.

3.  The content of the discipline

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

Section 1. Classification of Medical Devices

Subject 1.1. Classification of medical devices. Basics of metrology for medical instruments. Key
standards for evaluation, operation, and implementation of biotechnical, medical-technical, and
bioengineering tools and methods. Regulatory documents governing certification procedures.



Section 2. Non-Invasive Medical Devices

Subject 2.1. Devices in contact with damaged skin or mucous membranes. Dressings.
Recommendations for selecting equipment to ensure therapeutic effects.

Subject 2.2. Devices that either do not contact the patient directly or only contact intact skin. Devices
primarily intended for external support. Practical approaches to the development and management of
rehabilitation devices.

Section 3. Invasive Medical Devices

Subject 3.1. Surgical invasive devices intended for temporary use. Recommendations for evaluating
biocompatibility and operational techniques.

Subject 3.2. Surgical invasive medical devices for short-term use (<60 min) and surgical
instruments/fixators (>60 min <30 days). Recommendations for equipment selection.

Subject 3.3. Endoprostheses and implants (>30 days). Artificial organs and materials for their
construction. Implementation of biotechnical, medical-technical, and bioengineering tools and methods.

Subject 3.4. Devices inserted through body openings for diagnostic, therapeutic, or surgical purposes.
Endoscopes for dental, ophthalmological, urological, gastroenterological, and ENT applications.
Recommendations for equipment selection for diagnostics and treatment.

Subject 3.5. Cardiovascular catheters. Analysis of signals transmitted from organs to devices and
processing of diagnostic information (signals and images).

Section 4. Active Medical Devices

Subject 4.1. Active therapeutic devices for energy management or exchange, including equipment for
physiotherapy. Signals transmitted from organs to devices.

Subject 4.2. Active devices for diagnostics and monitoring, including diagnostic or therapeutic
radiology. Analysis and processing of diagnostic information (signals and images). Equipment selection
for ensuring diagnostic procedures.

Subject 4.2.1. Diagnostic ultrasound.

Subject 4.2.2. Electrocardiographs and electroencephalographs.

Subject 4.2.3. Optical devices and sensors for monitoring human physiological parameters (pulse
oximetry, non-invasive and invasive measurement of pressure, temperature, blood coagulation, glucose
monitoring).

Subject 4.3. Devices that alter the biological or chemical composition of human tissues, cells, blood,
or other body fluids, intended for implantation or administration. Theoretical and practical approaches to
the development and management of medical equipment.

Subject 4.3.1. Artificial circulation and oxygenators.

Subject 4.3.2. Hemodialysis. Devices for temporary storage or transport of organs for
transplantation.

Subject 4.4. Active devices intended for administration or removal of drugs, body fluids, or other
substances. Development and implementation of modern diagnostic and therapeutic methods.
Improvement of technical components of medical devices.

Subject 4.4.1. Pumps and artificial hearts.

Subject 4.4.2. Artificial lung ventilation.

Subject 4.5. Other active devices, including equipment for disinfection, cleaning, irrigation,
humidification, or sterilization. Regulatory and technical documentation governing procedures.

Subject 4.6. Devices made using human or animal tissues, cells, or derivatives. Biotechnology in
biomedical engineering.

Subject 4.7. Devices containing or made from nanomaterials. Nanotechnology in biomedical
engineering.

Section 5. Information Technologies in Medicine and Bioengineering

Subject 5.1. Software designed to provide information for decision-making in diagnostics or therapy,
or software intended for monitoring physiological processes. Development and implementation of
modern diagnostic and therapeutic methods.



4.

Training materials and resources

Basic literature:

LLinukos, B. B. IHpopmauiliHo-GiazHOCmuyYHi cucmemu y meduyuHi [EnekmpoHHull pecypc] : Hasu.
nocib. 0sa 3006ysauie cmyneHs mazicmpa i 0-pa inocogii 3a ocsim. npoepamoro «biomeduyHa
iHyceHepia» cney. 163 biomeduyHa iHmceHepia / B. B. lnukos, B. 6. MakcumeHko ; Kl im. lzops
CikopcbKoz20. —EnekmpoH. mexkcm. OaHi (1 ¢palin 5,83 M6alm). — Kuis : KIl im. lzopsa CikopcbKoeo,
2025. - 200 c.

Bogomolov, M. F. Biomedical devices, apparatus and complexes [Electronic resource] : Educational
Tutorial for students for bachelor's degree in specialty 163 - Biomedical Engineering specialization
"Medical Engineering" / M. F. Bogomolov, V. V. Shlykov, M. M. Sychyk ; Igor Sikorsky Kyiv Polytechnic
Institute. — Electronic text data (1 file: 3.01 MB). — Kyiv : Igor Sikorsky Kyiv Polytechnic Institute, 2023.
-93p.

KoHcnekm nekuili 3 OucyunaiHu «/likygasnbHa MeOuYHa mexHiKa» [EnekmpoHHuli pecypc] :
Has4anbHUl nocibHUK 0n18 3006ysavie cmyneHa 6akanaspa 3a crieuianbHicmio 163 biomeouyHa
iH#ceHepia, cneuianizayieto «MeouyHa iHxceHepia» / Kl im. leopsa CikopcbKo2o ; yKnad.: M. .
bozomonos, B. b. MakcumeHKo. — EnekmpoHHi mekcmosi 0aHHi (1 ¢alin 3,36 M6alm). — Kuis : K[/
im. leopsa Cikopcbkoeo, 2021. — 78 c.

Memodu ma 3acobu OdiaeHocmuku. Cy4dcHi onmoenekmpoHHi  OiaeHocmuyHi  npunaou
[EnekmpoHHul pecypc] : HasuanbHUli NocibHUK 014 3006y8ayie cmyneHs 6aKaaaspa 3a 0C8iMHbLOO
npozpamoro «MeduyHa iHxceHepia» cneuianbHocmi 163 «biomeduyHa iHxceHepia» / KI1l im. lzopa
Cikopcbkoeo ; yKknao. M. @. boeomornos, B. b. MakcumeHko, B. B. LLiaukos ; Kl im. lzopsa Cikopcbkoeo.
— EnekmpoHHi mexkcmosi 0aHHi (1 ¢halin 4,3 Mb6alim). — Kuis : KII im. lzopsa Cikopcbkoeo», 2021. —
125c.

Memodu ma 3acobu OiaeHocmuku. OcCHOBU sa3epHUX 71ab6opamopHUx memooie biomeduyHUX
docnioxceHb [EnekmporHull pecypc] : HasyanbHUll NocCibHUK Has4yaabHUU NMocibHUK 0a5 3006ysadyis
cmyneHs 6aKanaepa 3a 0CBIMHbLOI poepamoro «MeduyHa iHxceHepia» cneuyianbHocmi 163
«biomeduyHa iHxeHepia» / Kl im. lzopa CikopcbKozo ; yKknad. M. ®. bozomonos, B. B. Llinukos, B. b.
MakcumeHko. — EnekmpoHHi mekcmosi O0aHHi (1 ¢halin 3,67 Mb6aim). — Kuie : Kl im. leops
Cikopcbkozo», 2021. — 150 c.

Memoou ma 3acobu OdiaezHocmuku. Cy4yacHi 0nNMoeneKMpPOoHHi Oia2HOCMUYHi  npunaou
[EnekmpoHHuli pecypc] : HasuyanbHuli NocibHUK 0ns 3006ysayvie cmyneHA 6aKAAa8pPA 30 0CBIMHbLOIO
npoepamoto «Medu4Ha iHxeHepia» crneyiansbHocmi 163 «biomeouyHa iHxeHepia» / KMl im. lzops
Cikopcbkozo ; yKknao. M. @. boeomonos, B. b. MaKkcumeHko, B. B. LLinukos ; Kl im. lzopa Cikopcbkozo.
— EnekmpoHHi mekcmosi 0aHHi (1 ¢palin 4,3 M6alim). — Kuis : Kl im. lzops Cikopcbkoz2o», 2021. —
125c.

JlabopamopHa ma aHanimuyHa mexHika. lMpakmukym [EnekmpoHHuUll pecypc] : Hasy. nocib. 0ns
3006ysayvie cmyneHAa 6aKanaspa 3a oceim. npozpamoro «MeouyHa iHMeHepia» cney. 163
biomeoduyHa iHxceHepia / Kl im. lzops Cikopcbkozo ; yknao.: M. ®. boezomonos, C. |. BosaHKo, B. B.
LLinukos. — EnekmpoH. mekcm. O0aHi (1 ¢alin: 3,86 Mb6alim). — Kuis : KIl im. lzops Cikopcbkozo, 2025.
—-142c.

bozomonos, M. ®@. BiomeduyHi ceHcopHi cucmemu. KoHcnekm nekuili [EnekmpoHHUl pecypc] : Hasu.
noci6. ona 300bysayie cmyneHa 6akanaspa 3a ocsim. npozpamoro «MeduyHa iHxceHepia» cney. 163
«biomeduyHa iHxceHepia» / M. ®@. boezomornos, C. I. BogaHko ; Kl im. lzopa CikopcbKkoz2o. — EneKmpoH.
mekcm. 0aHi (1 ¢palin: 4,44 Mb6aiim). — Kuis: KTl im. lzopsa Cikopcbkoeo, 2025. — 122 c.

Po3pobka ma ekcnayamayis iziomepanesmuyHux meOuYHUX npunadis. KoHcrnekm nekuyili
[EnekmpoHHuli  pecypc] : Has4anbHuli nocibHUK 0ns 3006ysadie cmyneHa 6akanaspa 3a
cneuiansHicmio 163 biomeduyHa iHweHepisa / KMl im. lzopsa Cikopcbkoao ; yknad.: M. ®@. bo2omonos,
B. B. linukos. — EnekmpoHHi mekcmosi 0aHi (1 ¢palin: 1,83 M6ailim). — Kuis : Kl im. lzops
Cikopcbkozo, 2024. — 78 c.



Additional literature:

1. Yeaposa I.B. / biocymicHi mamepianu 0n8 medu4yHux eupobis / Yeaposa I.B.,MaxkcumeHko B.b. /
HasuanosHuli nocibHuxk ®6MI HTYY «K[l1l» — Kuis: KIM, 2013 — 232 c.

2. Abakymos B.I. Peecmpauis, 06pobka ma KoHmposb biomeduyHux cueHanie / B.I. Abakymos, 3.10.
Ffompa, C.M. 3nenko ma iH. — BiHHuyAa: BHTY, 2011. — 352 c. 5.

3. Kynuk A.A., HikonecoKuli O.l.,, PeseHok B.l. Kynuk A.A. CxemomexHiKa MeOU4YHOI eneKmpoHHOI
anapamypu / MoHozpagisa. — BiHHuusa: BHMY, 2020. — 167 c.

4. Kynuk A.A. Komn’tomepHi cucmemu ma iHgpopmayiliHi mexHosnoeii / MoHoepadis. / A.A.Kynuk, B.B.
MomueiH, A.A. Kynuk, b.I1. KHuw — BiHHuya: BHMY, 2020. — 299 c.

5. Yanul O.B. MeduyHa ma 6ionoziyHa ¢isuxka / O.B. Yanud, A.B. Lexmicmep, 6.T. A2anoe ma iH.; 3a
ped. npocp. O.B. Yanoeo. — BiHHuyA: Hosa kHuea, 2013. — 528 c.

6. Asoposcebkuli O.Ml., OxopoHa npaui 8 meduyHili 2anysi: nidpyyHuk / O.fl. Asoposcwukuli, I.B.
Cepeema, F0.0. Maycmoecbkull, B.l. 3eHKiHG ma iH. — BceykpaiHcbKe crieyianizosaHe eudasHUUMB0o
«MeouuuHa», 2021. — 488 c.

7. Cnueko E.l./ MeduyHa i bionoziyHa ¢izuka: HasyanbHUl nocibHUK 018 cmydeHmis cneyiasnbHocmi
222 «MeduyuHa»/ E.l. Cnusko, 0.3. MenbHikosa, O.3.l1eaHuyeHKo, H.C. binsakK. - 3anopixosa, 2018.-
291 c.

8. Yymauerko T. O. / Cmepunizauis iHcmpymeHmapito medu4yHo20 MPU3HAYEHHA : Memood. 8Ka3. 014
camocm. pobomu nikapis-iHmepHie 3 oucyunniHu «Enidemionozia» / ynopad. T. O. YymayeHKo, M.
B. PalinaH, FO. . MonausaHHa ma iH. — Xapkie : XHMY, 2020. — 32 c.

9. bynax I.E. / Komn’tomepHe modentosaHHA y gapmauii: Hag4yanbHuUli nocibHuk (BH3 IV p. a.) / I.E.
Bynax, /1.[1. BolimeHko, I.[1. KpuseHKo. / — BceyKpaiHcbKe creuianizosaHe 6udasHUYMeo
«MeouuyuHa», 2017, 2-e 8uo., sunp. — 208 c.

10. Mopos3 A.C. / MeduuHa ximia / A.C. Mopo3s . — Hosa KHuza, 2013. — 776 c.

Educational Content
5. Methods of mastering the discipline (educational component)
Ne Program The main tasks

s/n Subject learning Control Deadline

outcomes measure
Section 1. Classification of Medical Devices
1 | Subject 1.1. Classification of medical devices. Basics PRN 2 Practical work | 1th week
of metrology for medical instruments. Key PRN 4 1
standards for evaluation, operation, and
implementation of biotechnical, medical-technical,
and bioengineering tools and methods. Regulatory
documents governing certification procedures.
Section 2. Non-Invasive Medical Devices
2 | Subject 2.1. Devices in contact with damaged skin or|  PRN 12 Practical work | 2nd week
mucous membranes. Dressings. Recommendations 2
for selecting equipment to ensure therapeutic
effects.
3 | Subject 2.2. Devices that either do not contact the PRN 8 Practical work | 3rd week
patient directly or only contact intact skin. Devices 3
primarily intended for external support. Practical
approaches to the development and management
of rehabilitation devices.
Section 3. Invasive Medical Devices
4 | Subject 3.1. Surgical invasive devices intended for PRN 2 Practical work | 4th week



https://balka-book.com/search/filter=1:209988/
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temporary use. Recommendations for evaluating
biocompatibility and operational techniques.

Subject 3.2. Surgical invasive medical devices for
short-term use (<60 min) and surgical
instruments/fixators (>60 min <30 days).
Recommendations for equipment selection.

PRN 12

Subject 3.3. Endoprostheses and implants (>30
days). Artificial organs and materials for their
construction. Implementation of biotechnical,
medical-technical, and bioengineering tools and
methods.

PRN 2

Practical work
5

5th week

Subject 3.4. Devices inserted through body openings
for diagnostic, therapeutic, or surgical purposes.
Endoscopes for dental, ophthalmological, urological,
gastroenterological, and ENT applications.
Recommendations for equipment selection for
diagnostics and treatment.

PRN 12

Subject 3.5. Cardiovascular catheters. Analysis of
signals transmitted from organs to devices and
processing of diagnostic information (signals and
images).

PRN 13

Practical work
6

6th week

Section 4. Active Medical Devices

Subject 4.1. Active therapeutic devices for energy
management or exchange, including equipment for
physiotherapy. Signals transmitted from organs to
devices.

PRN 13

Practical work
7

10

Subject 4.2. Active devices for diagnostics and
monitoring, including diagnostic or therapeutic
radiology. Analysis and processing of diagnostic
information (signals and images). Equipment
selection for ensuring diagnostic procedures.
Subject 4.2.1. Diagnostic ultrasound.

Subject 4.2.2. Electrocardiographs and
electroencephalographs.

Subject 4.2.3. Optical devices and sensors for
monitoring human physiological parameters (pulse
oximetry, non-invasive and invasive measurement
of pressure, temperature, blood coagulation,
glucose monitoring).

PRN 12
PRN 13

Practical work
8
Practical work
9
Practical work
10

7-9th week

11

Subject 4.3. Devices that alter the biological or
chemical composition of human tissues, cells,
blood, or other body fluids, intended for
implantation or administration. Theoretical and
practical approaches to the development and
management of medical equipment.

Subject 4.3.1. Artificial circulation and oxygenators.
Subject 4.3.2. Hemodialysis. Devices for temporary
storage or transport of organs for transplantation.

PRN 8

Practical work
11
Practical work
12

10th week




12 | Subject 4.4. Active devices intended for PRN 23 Practical work | 11th week

administration or removal of drugs, body fluids, or 13
other substances. Development and implementation Practical work
14

of modern diagnostic and therapeutic methods.
Improvement of technical components of medical
devices.

Subject 4.4.1. Pumps and artificial hearts.

Subject 4.4.2. Artificial lung ventilation.

13 | Subject 4.5. Other active devices, including PRN 4 12th week
equipment for disinfection, cleaning, irrigation,
humidification, or sterilization. Regulatory and
technical documentation governing procedures.

14 | Subject 4.6. Devices made using human or animal PRN 23 Practical work | 13th week
tissues, cells, or derivatives. Biotechnology in 15
biomedical engineering.

15 | Subject 4.7. Devices containing or made from PRN 23 Practical work | 14th week
nanomaterials. Nanotechnology in biomedical 16
engineering.
Section 5. Information Technologies in Medicine
and Bioengineering

16 | Subject 5.1. Software designed to provide PRN 23 Practical work | 15th week
information for decision-making in diagnostics or 17

therapy, or software intended for monitoring
physiological processes. Development and
implementation of modern diagnostic and

therapeutic methods.
17 | ModynbHa KOoHMposasHa poboma Practical work
18

18 | Po3paxyHKoso-epaghiuHa poboma PRN 2 Registration
PRN 4 and
PRN 8 submission of
PRN 12 work
PRN 13
PRN 23

Practical works

The main objectives of the practical training sessions are to reinforce the core principles of the
discipline “Biomedical Devices, Apparatus and Complexes” through the completion of specially formulated
tasks and the study of real components of biomedical equipment, which are also used in students’
master’s projects.

Each practical session includes: assessment of students’ knowledge, skills, and competencies;
examination and discussion of biomedical devices, equipment, and systems; solving control tasks,
checking solutions, and evaluating results.

Grades obtained by students for individual practical sessions are recorded in the class journal and
are taken into account when determining the final grade (or rating) for the course.

Ne Practical work topic Duration
s/n in hours
Classification of Medical Devices and Metrology Content 2
1 Classification of medical devices according to international and national
standards (MDR, ISO, DSTU).




Analysis of examples of medical devices by risk classes.

Metrological characteristics of medical instruments.

Study of measurement errors, as well as calibration and verification of medical
devices.

Medical Dressings and Devices for Contact with Damaged Skin and Mucous
Membranes

Medical dressings and devices designed for contact with damaged skin and
mucous membranes.

Assessment of materials, sterility, and biocompatibility of such devices.

Non-Invasive Devices for External Patient Support
Non-invasive devices intended for external support of the patient.
Orthoses, bandages, immobilization systems, and assistive rehabilitation devices.

Surgical Invasive Devices for Temporary Use

Surgical invasive devices for temporary use: instruments, needles, scalpels; safety
and sterilization requirements.

Short-term invasive devices (<60 minutes): design features and safe usage
guidelines.

Long-term invasive devices (>60 minutes — <30 days): fixators, drainage systems,
and postoperative devices.

Long-Term Implants and Endoprostheses (>30 Days)
Implants and endoprostheses intended for long-term use (>30 days).
Materials, mechanical properties, and biocompatibility of implants.

Endoscopic Devices for Diagnosis and Treatment

Endoscopic devices used for diagnostic and therapeutic purposes.

Types of endoscopes: gastroscopes, bronchoscopes, cystoscopes, and dental
endoscopes.

Cardiovascular Catheters and Guidewires
Types and materials of cardiovascular catheters and guidewires.
Associated risks and quality control procedures.

Active Therapeutic Devices and Physiotherapy Equipment
Principles of operation, modes of use, and safety parameters of active therapeutic
devices and physiotherapy equipment.

Active Diagnostic Devices for Ultrasound Imaging
Ultrasound diagnostic devices: transducers, scanning modes, and safety
standards.

10

Electrocardiographs and Electroencephalographs
Recording, filtering, and analysis of biosignals using ECG and EEG devices.

11

Optical and Sensor Systems for Monitoring Physiological Parameters
Monitoring devices for physiological parameters: pulse oximetry, blood pressure,
body temperature, and glucose measurement.

12

Active Devices for Altering the Biological Composition of Blood and Body Fluids
Devices: artificial circulation systems, oxygenators, and hemodialysis equipment.

13

Devices for Temporary Storage and Transport of Organs
Equipment: cryogenic systems, transport containers, and environmental
requirements for organ preservation.

14

Devices for Administration and Removal of Drugs and Fluids
Equipment: infusion pumps, injectors, and aspiration systems.

15

Mechanical Ventilation Devices and Respiratory Support Systems
Ventilation modes, sensors, and monitoring of respiratory parameters.




16

Specialized Active Medical Devices
Functions: sterilization, disinfection, and cleaning.

as nanomaterials.

Advanced materials: devices made from human or animal tissues and cells, as well

17

Medical Software and Information Technologies in Bioengineering
Evaluation of software for diagnostics, monitoring, and support of clinical
decision-making.

18

Module test work

Total

hours

36

6.

One of the main forms of semester assessment in the course “ Biomedical Devices, Apparatus and
Complexes ” is the preparation for lectures, practical sessions, express control tasks/tests, and individual

Independent student work

assignments.

Budu camocmiiiHoi pobomu:

sl\/li Types of work submitted for independent work D:(:atlsolr\]/\lln
1 Review of lecture material and study of questions assigned for independent work 10
2 Preparation for practical works 24
3 Preparation for modular control work 4
4 Performance of computational and graphic work 10
5 Preparation for the Final test 30
Total hours 78

Distribution of hours of independent work of students by educational content topics:

No Titles of topics and questions to be studied independently and references to Duration in
s/n educational literature hours IW
1 | Selection of the Topic for the Individual Assignment
Students choose a specific biomedical device and analyze it according to the
following components:
1.1 | General Description of the Method (Device) in Medicine
Overview of the application of the method or device in medical practice. 5
Purpose and objectives of its use.
1.2 | Theoretical Part
Detailed description of the biophysics and fundamental principles underlying 12
the operation of the method or device.
1.3 | Technical Part
Description of the equipment used, including schematics and operating 12
principles.
Technical specifications and its application in treatment.
1.4 | Practical Part
Implementation of the method worldwide and in Ukraine. 5
Applications in research and clinical practice.
Future perspectives and potential developments.
2 Modular test work 4
3 Computational and graphic work 10
4 Final test 30
Total hours 78




One of the main forms of semester assessment in the course “Biomedical Devices, Apparatus and
Complexes” is the completion of a calculation and graphical assignment.

e The calculation and graphical work is carried out according to the requirements and within the
deadlines set by the instructor.

e The main goal of the assignment is to solve a practical problem using the theoretical material
learned in lectures, as well as the practical skills acquired during lab and practical sessions.

e Students may only complete a calculation and graphical assignment on a topic approved by the
instructor.

Approximate subject of calculation and graphic work:

No

3/ Hassu tem

n

1 | Metrological Support and Measurement Accuracy in Biomedical Devices

2 | Classification of Biomedical Devices by Safety Level and Clinical Risk

3 | Biocompatibility of Materials in the Design of Non-Invasive Biomedical Devices

4 | External Support Biomedical Devices: Design Features and Principles of Operation

5 | Surgical Instruments in Biomedical Engineering: Materials, Sterilization, and Standards

6 | Temporarily Used Invasive Biomedical Devices: Indications and Limitations

7 | Implantable Biomedical Devices and Endoprostheses: Engineering Approaches and Biocompatibility

Challenges

Endoscopic Biomedical Systems: Design Principles and Application Areas

9 | Cardiovascular Catheters: Construction, Materials, and Usage Risks

10 | Active Therapeutic Biomedical Devices: Types of Energy and Mechanisms of Tissue Interaction
11 | Recording and Analysis of Bioelectrical Signals in Medical Diagnostics

12 | Optical and Sensor Biomedical Devices for Monitoring Physiological Parameters

13 | Artificial Circulation and Oxygenation Systems: Engineering Solutions and Clinical Significance
14 | Devices for Administration and Removal of Fluids in the Body: Infusion Systems and Mechanical
Ventilation Devices

15 | Reliability, Functional Safety, and Standardization of Biomedical Devices and Systems

(o]

The title page of the calculation and graphic work should have the following content: the name of the
university; name of the faculty, name of department; name of specialty, name of educational-professional
program, name of academic discipline; theme of calculation and graphic work; surname and name of the
student, course, number of the academic group, year.

The title page is followed by a detailed plan (content) of the calculation and graphic work, which
should highlight the introduction, sections of the main content (main topics studied), their subdivisions (if
necessary), conclusion, list of sources used. The table of contents on the right indicates the page numbers at
the beginning of each question. Each section begins on a new page.

The total amount of calculation and graphic work, depending on the chosen topic can vary from 25 to
40 pages of the main text (in consultation with the teacher). The amount of computational and graphic
work is determined by the student's ability to briefly and at the same time comprehensively explain and
analyze the program code in the Code Composer Studio environment.

Mandatory requirement: clear reference to sources of information. All figures, facts, opinions of
scientists, quotations, formulas should have a reference in the form [2, p. 54] (the first digit means the
number of the source in the list of references given at the end of the creative work, and the second digit -
the page number in this source). It is desirable to use tables, diagrams, graphs, charts, etc. The list of used
sources (not less than 10 sources) is made out according to operating rules. If the information is taken from
the Internet, you need, as for ordinary literature, specify the author, the title of the article, and then provide



the address of the site on the Internet.

Calculation and graphic work is evaluated by the following criteria: logic of the plan; completeness
and depth of topic disclosure; reliability of the received data; reflection of practical materials and results of
calculations; correctness of formulation of conclusions of the received results and conclusions; design;
substantiation of the student's own opinion on this issue in the form of a conclusion.

Deadline for submission of calculation and graphic work for verification: 15-16th week of study.

Calculation and graphic work is not tested for plagiarism, but must meet the requirements of
academic integrity. In case of academic dishonesty, the work is canceled and not checked.

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.

Violation of deadlines and incentive points

‘ Encouragement points | Penalty points *
Criterion Weight points (Criterion Weight points
Improving practical work 1 points (for |Untimely implementation | From -0.5 points
each practical | and test of practical work |to -5 points
work) (depending on the
delivery date)
Passing distance courses on topics |5 points Untimely execution and |From -2 points to -
that are agreed with teachers test of calculation and |20 points
graphic work (depending on the
construction
period)

Registration of scientific work for |10 points
participation in the competition of
student scientific works

Writing abstracts, articles, 5 points
participation in international,
national and / or other events or
competitions on the subject of the
discipline

* AKwo KoHmMposbHul 3axid 6ys nponyweHul 3 NOB8AXCHOI NpuYUHU (x8opoba, AKa NidmeeporeHa 008IOKOK 8CMAHOB/1EH020 3pa3Ky) — wmpagHi 6aau

He HapaxoeyrmaobcCA.



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

Normative principles of behavior of students and employees, defined in sections 2 of the Code of
Honor of the National Technical University of Ukraine “Igor 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 “lgor 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 discipline " Biomedical Devices, Apparatus and Complexes " can be taught to most students with
special educational needs, except for students with severe visual impairments who do not allow to
perform tasks using personal computers, laptops and / or other technical means.

Distance learning

Distance learning takes place through the Sikorsky Distance learning Platform «Sikorsky».

Distance learning through additional online courses on certain topics is allowed subject to agreement
with students. If a small number of students wish to take an online course on a specific topic, studying the
material with such courses is allowed, but students must complete all the tasks provided in the discipline.

The list of courses is offered by the teacher after the students have expressed a desire (because the
bank of available courses is updated almost every month).

The student provides a document confirming the completion of the distance course (in the case of a
full course) or provides practical tasks from the distance course and subject to an oral interview with the
teacher on the topics can receive grades for control measures provided for the studied topics (express
control / test tasks, practical work).

Performance of practical works, and also performance of settlement and graphic work, is carried out
during independent work of students in a remote mode (with a possibility of consultation with the teacher
through e-mail, social networks).

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)
Evaluation system (current control):

Ne Control measure Weight points Number Total
s/n
1 Express control works / test tasks 10 2 20



https://kpi.ua/code
https://osvita.kpi.ua/index.php/node/182

2 Execution and test of practical works 5 4 20
3 Modular control work (MCW) 15 1 15
4 Calculation and graphic work (CGW) 15 1 15
5 Test work’ 30 1 30
Bcbozo 100

Calendar control (CC) - is performed twice a semester as monitoring of the current state of compliance with
syllabus requirements.

The purpose of calendar control is to improve the quality of student learning and monitor the
implementation of the schedule of the educational process by students.

Criterion The first CC The second CC
Deadline of calendar controls 8th week 14th week
Current rating > 24 points > 42 banis
Execution practical work Part Ne 1-2 i i
Conditions for Part No 3-4 - +
obtaining a At least 4 of any . i
positive result | Express control works / test | lectures
from the tasks At least 8 of any ) .
calendar lectures
control Modular control work Estimated MCW - +
Calculation and graphic Estimated CGW ) i
work

In case of detection of academic poor quality during training - the control measure is not credited.

Semester certification of students

Mandatory condition for admission to the test Criterion

1 Current rating RD > 42

2 Obtaining a positive assessment for the performed calculation and graphic work More than 8 points
3 All practical works are tested More than 14 points
4 All laboratory works are tested More than 14 points

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

Optional conditions for admission to closure:
1. Activity in practical classes.
2. Activity in laboratory classes.
3. Positive result of the first attestation and the second attestation.
4. Attending 50% of lectures.

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

Number points Assessment on the university scale
100-95 Perfectly

! Taken into account in the amount of the rating together with the grade for CGW in case the student has not scored 60 points per
semester or he wants to improve his grade.



94-85 Very good
84-75 Good

74-65 Satisfactorily
64-60 Enough

Less 60 Unsatisfactorily
Admission conditions are not met Not allowed

9. Additional information on the discipline (educational component)

Appendix 1. Program learning outcomes (extended form)
In accordance with the Order of the Ministry of Education and Science of Ukraine No. 1204 dated
November 19, 2018 “On approval of the standard of higher education in the specialty 163 Biomedical
Engineering” for the first bachelor's level of higher education”, in Appendix 1 establishes the
correspondence of learning outcomes to competencies in the discipline “Biomedical Devices, Apparatus and
Complexes”.

Appendix 2. The list of questions for preparation for module control work

The list of questions for preparation for modular control work, and also for preparation for credit is
given in Appendix 2.

Distance learning through additional online courses on certain topics is allowed subject to agreement
with students. If a small number of students wish to take an online course on a specific topic, studying the
material with such courses is allowed, but students must complete all the tasks provided in the discipline.

The list of courses is offered by the teacher after the students have expressed a desire (because the
bank of available courses is updated almost every month).

The student provides a document confirming the completion of the distance course (in the case of a
full course) or provides practical tasks from the distance course and subject to an oral interview with the
teacher on the topics can receive grades for control measures provided for the studied topics (express
control / test tasks, practical work).

Work program of the discipline (syllabus):

Compiled by Professor of the Department of Biomedical Engineering, D.Med.Sc., Prof. Vitaliy B. Maksymenko,
Associate Professor of the Department of Biomedical Engineering, Ph.D. in Technical Sciences, Assoc. Prof. Maryna M.
Sychyk.

Approved by the Department of Biomedical Engineering (protocol Ne 16 of June 21, 2024)
Approved by the Methodical Commission of the Faculty of Biomedical Engineering (protocol Ne 9 of June 26, 2024)



For syllabus of the discipline “Biomedical Devices, Apparatus and Complexes”

Appendix 1.

Program learning outcomes (extended form)

4

As a result of studying the academic discipline "Biomedical Devices, Apparatus and Complexes ", students
will be able to:

Compliance of Learning Outcomes with
Competencies according to the Higher
Learning outcomes Education Standard °
(PRN) General Special
Competencies Competencies
(soft skills) (professional)
PRN | Formulate logical conclusions and ZK 1 - Ability to apply FK 3 - Ability to study and
2 reasoned recommendations knowledge in practical apply new methods and
regarding the assessment, situations. tools for analysis, modeling,
o;.aeratior?, and imp/ementattion of design, and optimization of
b/.otech.n/cal{ medical-technical, and medical devices and
bioengineering tools and methods.
systems
PRN | Apply the provisions of regulatory ZK 1 - Ability to apply FK 12- Ability to ensure and
4 and technical documents governing | knowledge in practical monitor compliance with
the procedure for product situations. safety and biomedical
cer t/:f/:cat/:on, production ZK 2 - Knowledge and ethics when working with
certification understanding of the medical equipment
subject area and
understanding of
professional activities
PRN | Understand theoretical and ZK 1 - Ability to apply FK'3 - Ability to study and
8 practical approaches to the creation | knowledge in practical apply new methods and
and management of medical situations. tools for analysis, modeling,
equipment and medical technology design, and optimization of
medical devices and
systems
PRN | Provide recommendations for ZK 1 - Ability to apply FK 8 - Ability to conduct
12| selecting equipment to facilitate knowledge in practical research and observation
diagnosis and treatment situations. on the interaction of
ZK 2 - Knowledge and biological, natural, and
understanding of the artificial systems
subject area and (prostheses, artificial
understanding of organs, etc.
professional activities
PRN | Be able to analyze signals ZK 1 - Ability to apply FK 8 - Ability to conduct
13 | transmitted from organs to devices | knowledge in practical research and observation
and process diagnostic information | Situations. on the interaction of
(signals and images). ZK 2 - Knowledge and biological, natural, and
understanding of the artificial systems
subject area and (prostheses, artificial
understanding of organs, etc.
professional activities.




Learning outcomes
(PRN)

Compliance of Learning Outcomes with
Competencies according to the Higher
Education Standard °

General
Competencies
(soft skills)

Special
Competencies
(professional)

PRN
23

Development and implementation
of modern diagnostic and
therapeutic methods associated
with the use of biotechnology,
computer, and nanotechnology
through the improvement of
technical elements of medical
devices and systems, as well as
medical products, in the process of
professional activity

ZK 1 - Ability to apply
knowledge in practical
situations.

ZK 2 - Knowledge and
understanding of the
subject area and
understanding of
professional activities.
ZK 6 - Ability to search,
process, and analyze
information from various
sources

FK 3 - Ability to study and
apply new methods and
tools for analysis, modeling,
design, and optimization of
medical devices and
systems

® Order of the Ministry of Education and Science of Ukraine No. 1204 dated November 19, 2018 “On approval of the standard of higher
education in the specialty 163 Biomedical Engineering” for the first bachelor's level of higher education”.




Appendix 2.

For syllabus of the discipline “Biomedical Devices, Apparatus and Complexes”

The list of questions for preparation for module control work,
And also for preparation for test

General Provisions, Classification, and Standards
1. Concept of a biomedical device, apparatus, and biomedical complex
Classification of medical devices by purpose
Classification of biomedical devices by risk class
Main stages of the medical device lifecycle
Regulatory framework for medical devices in Ukraine
International standards for medical devices (1SO, IEC, MDR)
Requirements for labeling and technical documentation of medical devices
Role of a biomedical engineer in the design and operation of medical devices

O NS A~WN

Metrology and Measurements

9. Main metrological characteristics of biomedical devices

10. Types of measurement errors and their causes

11. Methods for reducing errors in biomedical measurement systems
12. Calibration and verification of biomedical devices

13. Features of measuring human physiological parameters

14. Requirements for accuracy and reliability of medical measurements.

Non-invasive Biomedical Devices

15. Non-invasive medical devices: definition and classification

16. Devices for contact with damaged skin and mucous membranes
17. Dressings and wound coverings: types and functional properties
18. Biocompatibility of materials used in non-invasive medical devices
19. Devices for contact with intact skin

20. External support and rehabilitation devices (orthoses, bandages)

Endoscopic and Catheter Systems

29. Devices introduced through natural body orifices

30. Classification of endoscopic biomedical systems

31. Principle of operation and construction of an endoscope
32. Applications of endoscopic systems in medicine

33. Cardiovascular catheters: purpose and classification

34. Materials and design features of catheters

35. Risks and complications associated with catheter use

Active Therapeutic Biomedical Devices

36. Active medical devices: definition and characteristics

37. Active therapeutic biomedical devices and their classification
38. Physiotherapy devices: principles of operation

39. Types of energy used in therapeutic devices

40. Safety parameters of active therapeutic devices

Active Diagnostic and Monitoring Systems
41. Active diagnostic biomedical devices



42. Principles of ultrasound diagnostics

43. Main components and operating modes of ultrasound devices
44. Principle of operation of the electrocardiograph

45. Principle of operation of the electroencephalograph

46. Bioelectric signals: sources and registration methods

47. Optical methods for monitoring physiological parameters

48. Principle of pulse oximeter operation

49. Methods for measuring blood pressure

50. Continuous patient monitoring systems

Devices for Blood and Biological Fluid Processing

51. Devices that alter the biological composition of blood and fluids
52. Artificial circulation systems: purpose and structure

53. Oxygenators: principle of operation and main characteristics
54. Hemodialysis: physical principles and equipment

55. Devices for temporary storage and transport of organs

Life Support and Infusion Systems

56. Devices for administration and removal of drugs and fluids
57. Infusion and syringe pumps

58. Mechanical ventilators: purpose and modes

59. Key parameters and control systems in ventilators

60. Artificial heart and mechanical circulatory support systems

IHwi 6iomeduyHi npunadu ma cy4yacHi Hanpamu
61. AkmusHi npucmpoi 8518 cmepunizayii ma 0e3iHgpeKuir.
62. lMpucmpoi 078 o4YUUWeHHS, MPOMUBAHHA MA 3680/10H(EHHH.
63. biomeduyHi supobu 3 BUKOPUCMAHHAM MKAHUH i KAIMUH.
64. biomeduyHi npunaou 3 HOHoMamepianamu.
65. Mepesazau ma pu3uKu 30CMOCYy8aHHA HAHOMEXHO02il y MeOUYUHI.

Safety, Reliability, and Information Technologies

66. Reliability of biomedical devices and reliability indicators
67. Functional and electrical safety of medical equipment
68. Risk management in the design of biomedical systems
69. Integrated biomedical devices and complexes

70. Medical software as a component of biomedical devices



