PAGE  

KHARKIV NATIONAL MEDICAL UNIVERSITY
Faculty Medicine
Department Medical and Biological Physics and Medical Informatics 
Field of knowledge 22 "Health care" 
                                          (code and name of the direction of training)
Specialty (specialization) _221 "Medicine"
                       (code and name of the specialty)
Educational program second (master's) level of higher education
SYLLABUS OF THE DISCIPLINE
MODERN PROBLEMS OF BIOPHYSICS
	The syllabus was approved at the meeting

of the department medical and biological physics and medical informatics
Protocol on №7
“ 28”  August 2020
Head of  Department

_______________ Knigavko V.G.
“ 28”  August 2020   
	
	      Approved by the methodological committee of KhNMU on problems of natural science training

Protocol №8 

“28” August 2020   

Head  of  the Commitee

__________       Nakonechna  O.A.

“28” August 2020   




NAME OF THE DISCIPLINE: MODERN PROBLEMS OF BIOPHYSICS
Developers of syllabus: Knigavko V.G., Zaitseva O.V., Bondarenko M.A., Chovpan G.О., Radzishevska Ye.B.
Teachers: Knigavko VG, Zaitseva OV, Bondarenko MA, Radzishevska YeB, Borodkina GM, Utitsky TO, Deiev OS, Batyuk LV, Morozova OM, Rukin OS
Information about teachers:

Knigavko VG - Head of the Department, Doctor of Biology, Professor, vh.knihavko@knmu.edu.ua
Zaitseva OV - Professor of the Department, Doctor of Biology, ov.zaitseva@knmu.edu.ua
Bondarenko MA - Associate Professor, PhD in Physics and Mathematics, ma.bondarenko@knmu.edu.ua
Radzishevska YeB -  Associate Professor, PhD in Physics and Mathematics, yb.radzishevska@knmu.edu.ua
Batyuk LV - Associate Professor, PhD in Biology, Sciences, lv.batyuk@knmu.edu.ua
Borodkina GM - Associate Professor, PhD in Physics and Mathematics, hm.borodkina@knmu.edu.ua
Deev OS - Associate Professor, PhD in Physics and Mathematics, os.dieiev@knmu.edu.ua
Utytskykh TO - Associate Professor, PhD, to.utytskykh@knmu.edu.ua
Rukin OS - Senior Lecturer of the Department, Ph.D in Mathematics, os.rukin@knmu.edu.ua
Morozova OM - Senior Lecturer of the Department, om.morozova@knmu.edu.ua
Contact phone and E-mail of the Department of Medical and Biological Physics and Medical Informatics:тел. (057)707-73-67, kaf.5med.medinformatyky@knmu.edu.ua 

Information about consultations: face-to-face and online consultations are conducting according to the schedule of the department or by prior arrangement with the teacher.

Location: Kharkiv, Nauki Ave., 4, main building, 2nd floor, Department of Medical and Biological Physics and Medical Informatics
Information about the discipline
1. Description of the discipline
Course: 2nd 
Specific semester / academic year: 4th / 2020-2021 academic year
The range of the discipline (in ECTS credits with determination of the distribution of hours for lectures, practical classes, seminars, IWS): 4 ECTS credits, 120 hours including 0 hours of lectures, 20 hours of practical classes, 100 hours of self-study work. Type of control – the credit.
General characteristics of the discipline

The discipline "Modern problems of biophysics" is taught in order to form in students a system of knowledge and new competencies about basic physical principles and approaches to the study of processes in wildlife, physical and technical principles of medical devices, use of mathematical methods in biomedical research. This knowledge and competencies form the basis of subject competencies in the discipline "Modern problems of biophysics" and are an integral part of the professional competence of the future doctor, as well as the basis for studying professional natural and clinical disciplines in higher medical institutions of Ukraine.
The role and place of discipline in the system of training

Course "Modern problems of biophysics":

·  is based on the study of a number of disciplines by students: medical biology, morphological disciplines and integrates with these disciplines;

·  lays the foundations for the study of disciplines: social medicine, hygiene and ecology, physiotherapy, radiology (radiation diagnostics and radiation therapy);

· promotes the study of students of other fundamental, as well as clinical, hygienic and social disciplines
In the general system of training a future doctor the discipline "Modern problems of biophysics" belongs to the cycle of natural science training.

Discipline page in the Moodle system: http://31.128.79.157:8083/course/view.php?id=1032 
1. The purpose and objectives of the discipline
The purpose of the discipline "Modern problems of biophysics" is to form in students a system of knowledge and new competencies about basic physical principles and approaches to the study of processes in wildlife, physical and technical principles of medical devices, use of mathematical methods in biomedical research. The above is the basis of subject competencies in medical and biological physics and is an integral part of the professional competence of the future doctor, as well as the basis for the study of professionally oriented natural and clinical disciplines in higher medical educational institutions of Ukraine.
The main tasks of studying the discipline are the acquisition of knowledge and skills in mathematical methods in biology and medicine, biomechanics and biological thermodynamics, electrical phenomena in biology and medicine, basics of medical electronics, medical and biological aspects of atomic and nuclear physics.

As a result of studying the discipline the student have 
to know:

• basics of mathematical processing of medical and biological data;

• general physical, biophysical and psychophysical patterns that underlie the processes occurring in the human body;

• characteristics of physical external factors affecting the human body and biophysical mechanisms of these influences;

• purpose and principles of operation of electronic medical equipment, safety precautions when working with it.
be able to:

• perform mathematical and computer processing of medical and biological information;

• use medical equipment used in diagnostics, electrical stimulation and physiotherapy (in particular, in electrocardiography, rheography, impedance plethysmography, audiometry, optical and quantum mechanical devices and systems, radiometric and dosimetric control devices.
Competences and learning outcomes, the formation of which is facilitated by the discipline "Modern problems of biophysics" (relationship with the normative content of training of higher education, formulated in terms of learning outcomes in the Standard).
According to the requirements of the standard, the discipline provides students with the acquisition of competencies: 

	1
	Integral competence
	This is the ability to solve typical and complex specialized problems and practical problems in professional activities in the field of health care and / or in the process of further training using modern physical theories and methods of research of living organisms, biological objects and processes. in wildlife using a set of interdisciplinary knowledge and in the absence of information.

	2
	General competencies
	These are:

1. ability to apply knowledge of medical and biological physics in practical situations;

2. knowledge and understanding in the field of sciences that form the basis of biological and medical physics;

3. ability to communicate on topics related to the problems of biophysics in the native language both orally and in writing;

4. ability to understand the principles and methods of graphical and analytical presentation of scientific information;

5. ability to use information technology to study medical and biological processes;

6. the ability to acquire new knowledge and be modernly educated, aware of the possibility of lifelong learning;

7. ability to work both independently and in a team;

8. life safety skills;

9. the desire to preserve the natural environment and ensure sustainable development of society;

10. recognition of moral and bioethical aspects of research and the need for intellectual integrity, as well as professional codes of conduct.

	3
	Special (professional) competencies
	These are:

1. the ability to replenish knowledge and understanding of the basic physical characteristics of medical and biological systems, the physical basis of the processes occurring in living organisms;

2. ability to integrate basic knowledge of physics, chemistry, biology, mathematics, information technology to create a foundation of professional competencies;

3. ability to collect, record and analyze data from biomedical research using appropriate methods and technological means;

4. ability to apply quantitative methods in the study of medical and biological processes;

5. the ability to interpret the general physical and biophysical patterns that underlie the functioning of the human body;

6. the ability to explain the physical basis and biophysical mechanisms and effects of the interaction of physical fields with the human body;

7. ability to explain the physical foundations of the operation and use of modern (electronic) medical devices;

8. ability to analyze the composition and physical principles of operation of medical devices and equipment;

9. ability to conduct laboratory tests and observations;

10. to have an idea of modern methods of mathematical modeling and the possibility of their use in the study of medical and biological processes;

11. knowledge and use of specific for biological and medical physics theories, paradigms, concepts and principles;

12. ability to plan, organize and conduct medical and biological research and reporting.


3. Discipline status (normative or selective) - selective; discipline format - mixed (discipline is supported in the Moodle system, teaching the discipline involves a combination of traditional forms of classroom learning with elements of e-learning, which uses special information, interactive technologies, online counseling, etc.)

4. Teaching methods

In the process of studying the discipline "Modern problems of biophysics" at the medical faculty of the university uses a wide range of traditional and innovative teaching methods. Based on the dominant in modern didactics classification of teaching methods by type of cognitive activity, it is recommended to use the following methods:

• explanatory-illustrative (information-receptive) method - one of the most common, time-tested, traditional teaching methods; is to provide students with ready-made scientific information on medical and biological physics through various teaching aids. The transfer of information is carried out by means of verbal means (story, explanation, etc.), visual aids (multimedia lecture, demonstration, schemes, tables), printed means (textbooks, reference books, manuals), practical demonstration of methods of action (demonstration measurement, problem solving). teacher, drawing up a plan of individual work, etc.). This method is dominant in the organization of lectures, although it is almost always used in combination with other teaching methods.

• reproductive - used to develop skills and abilities; based on the reproduction of acquired knowledge, their application on the model or in slightly changed circumstances. It is widely used to reproduce knowledge in oral or written interviews, in reproductive conversations and discussions, in solving typical problems, performing laboratory work according to instructions. In order to increase the effectiveness of the reproductive method of teaching, the staff of the department developed special systems of exercises and tasks for each of the topics of the course "Medical and Biological Physics.

• method of problem statement - involves not only the transfer of information, but also shows students the process of finding solutions to certain biophysical problems, demonstrates the logic of cognition. In the course "Modern problems of biophysics" there are many examples of educational information, where it is advisable to explain the essence of scientific hypotheses, to analyze the historical outline of scientific discoveries using the problem method. Problem statement involves the formation of a certain structure: identifying contradictions, problem statement, hypothesis formulation, analysis of ways to solve the problem, the solution process itself, the search for experimental evidence of the correctness of the solution, analysis of the value of the solution for further science.

• partial search (heuristic) method - involves students in solving certain stages of a scientific problem. The role of the teacher is to design tasks, identify stages of research, the organization of independent learning activities. In other words, the teacher plays the role of moderator, organizing the gradual assimilation of creative experience, mastering certain techniques and skills of solving scientific problems. The forms of the heuristic method used in the course "Modern Problems of Biophysics" are heuristic conversations, game learning technologies, physical competitions, individual or group learning projects. Elements of the heuristic method of teaching can be used in almost every lesson.

• research method - the essence of this method is to organize the search, creative activities of students to solve new scientific problems and problems. The purpose of the method is full-fledged mastering by students of experience of creative activity, formation of subject and professionally oriented competences of future doctors. Forms of implementation of the research method at the department are scientific circles, didactic games, Olympiads in medical and biological physics, individual or group research projects, integrated interdisciplinary research.

Teaching aids: multimedia presentations, video materials, methodical recommendations, workbooks, abstracts. 

Information resources may be found at:

http://repo.knmu.edu.ua/handle/123456789/162
http://repo.knmu.edu.ua/handle/123456789/16713
http://nmu.ua/zagalni-vidomosti/kafedri/department-medical-biological-physics/informatsiya-dlya-studentiv/
5. Recommended literature
1. Medical and biological physics: Textbook for students studying the subject in English. V.G. Knigavko, O.V. Zaytseva, M.A. Bondarenko. – Kharkiv: KhNMU, 2016.- 556 p.  
2. Medical and biological physics: tutorial.  V.G. Knigavko, O.V. Zaytseva, M.A. Bondarenko etc. – Kharkiv: KhNMU, 2017. – 96 p.

3. Медична і біологічна фізика: Підручник для студентів вищих медичних закладів освіти ІІІ-ІV рівнів акредитації. Чалий О.В. та ін. - К.:”ВІПОЛ”, 2004 .- 633 с.

4. Медична фізика. Динамічні та статистичні моделі/ за ред. Булавіна Л.А. (авторів Гречко Л.Г., Лерман Л.Б., Чалий О.В.) – К.: ВПЦ  «Київський університет», 2011.

5. Біофізика / за ред. П.Г.Костюк (авторів В.Л.Зима, І.С.Магура, Мірошниченко М.С., Шуба М.Ф.) – К.: ВПЦ «Київський університет», 2008.
6. L. Ridgway Scott, Ariel Fernandez. A Mathematical Approach to Protein Biophysics (Biological and Medical Physics, Biomedical Engineering). – Springer Publishing AG, 2017. – 290 p.
7. Tennille D. Presley. Biophysics of the Senses. – 2016. – 72 p.
6. Prerequisites and co-requisites of the discipline

Prerequisites. The study of the discipline "Modern problems of biophysics" involves the preliminary mastering of credits in the disciplines "Medical and Biological Physics", "Medical Biology".
Co-requisites. The main provisions of the discipline "Modern problems of biophysics" should be used in the study of such disciplines as "Social Medicine", "Hygiene and Ecology", "Normal Physiology", "Physiotherapy", "Medical Radiology (radiation diagnostics and radiation therapy)", " Biological Chemistry", " Ophthalmology ".

7. Learning outcomes

Integrative learning outcomes, the formation of which is facilitated by the discipline, is the formation of the future doctor's competence in the field of biophysics.

The main learning outcomes of the discipline include:

- the student's ability to acquire knowledge sufficient to understand the basic physical characteristics of medical and biological systems, the physical basis of processes occurring in living organisms;

- ability to solve typical and complex specialized problems;

- ability to solve practical problems in professional activities in the field of health care and / or in the process of further training with the use of modern physical theories;

- ability to apply methods of research of living organisms and biological objects;

- ability to interpret processes occurring in wildlife using a set of interdisciplinary knowledge and in the absence of information.
As a result of studying the discipline the student must know:
- basics of mathematical processing of medical and biological data;

- general physical, biophysical and psychophysical patterns that underlie the processes occurring in the human body;

- characteristics of physical external factors affecting the human body and biophysical mechanisms of these influences;

- purpose and principles of electronic medical equipment, safety when working with it.

As a result of studying the discipline the student must be able to:

- to carry out mathematical and computer processing of medical and biological information;

- use medical equipment used in diagnostics, electrical stimulation and physiotherapy (in particular, in electrocardiography, rheography, impedance plethysmography, audiometry, optical and quantum mechanical devices and systems, radiometric and dosimetric control devices.
The content of the discipline

Curriculum of the discipline

Topic 1. Medical biophysics: history of development, achievements, prospects.

Topic 2. Bioacoustics. Application of acoustic waves in diagnosis and therapy.

Topic 3. Application of biophysical methods of optical spectroscopy in medicine

Topic 4. Induced radiation. Lasers, medical use.

Topic 5. Application of modern methods of electron microscopy in medicine

Topic 6. Ionizing radiation. Use in medicine.

Topic 7. The phenomenon of nuclear magnetic resonance and electronic paramagnetic resonance. NMR and EPR spectroscopy. Applications in biology and medicine.

Topic 8. Magnetic resonance imaging. Positron emission tomography.

Topic 9. Interdisciplinary synergetic dialogue "medicine-biophysics"

Topic 10. Final lesson. Test (credit).
The structure of the discipline
	Names of discipline’s sections and topics
	Hours

	
	Form of study (full-time)

	
	Total
	Including

	
	
	lеctures
	classes
	lаб
	інд
	Self-study work

	1
	2
	3
	4
	5
	6
	7

	Topic 1. Medical biophysics: history, achievements, prospects.
	12
	
	2
	
	
	10

	Topic 2. Bioacoustics. Application of acoustic waves in diagnosis and therapy.
	12
	
	2
	
	
	10

	Topic 3. Application of biophysical methods of optical spectroscopy in medicine.
	12
	
	2
	
	
	10

	  Topic 4. Induced radiation. Lasers, medical use.
	12
	
	2
	
	
	10

	Topic 5. Application of modern methods of electron microscopy in medicine
	12
	
	2
	
	
	10

	Topic 6. Ionizing radiation. Use in medicine.
	12
	
	2
	
	
	10

	Topic 7. The phenomenon of nuclear magnetic resonance and electronic paramagnetic resonance. NMR and EPR spectroscopy. Applications in biology and medicine.
	12
	
	2
	
	
	10

	Topic 8. Magnetic resonance imaging. Positron emission tomography
	12
	
	2
	
	
	10


	Topic 9. Interdisciplinary synergetic dialogue "medicine-biophysics"
	12
	
	2
	
	
	10

	Topic 10. Final lesson. Test (Credit)
	12
	
	2
	
	
	10

	
	
	
	
	
	
	

	Total
	120
	
	20
	
	
	100


Lectures
	№


	Topic’s name
	Hours

	Total
	-


Practical classes
	№


	Topic’s name
	Hours

	1
	Medical biophysics: history of development, achievements, prospects.
	2

	2
	Application of biophysical methods of optical spectroscopy in medicine.
	2

	3
	Application of biophysical methods of optical spectroscopy in medicine
	2

	4
	     Induced radiation. Lasers, medical use.
	2

	5
	Application of modern methods of electron microscopy in medicine
	2

	6
	Ionizing radiation. Use in medicine.
	2

	7
	The phenomenon of nuclear magnetic resonance and electronic paramagnetic resonance. NMR and EPR spectroscopy. Applications in biology and medicine.
	2

	8
	Magnetic resonance imaging. Positron emission tomography
	2

	9
	Interdisciplinary synergetic dialogue "medicine-biophysics"
	2

	10
	Final lesson. Test (Credit)
	2

	Total
	20


Self-study work
	№


	Topic’s name
	Hours

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32
	Mechanical oscillations and waves

Acoustics, basics of audiometry

Physical and biophysical principles and methods of ultrasound diagnostics

Ultrasound physics; waves, generation, transmission, reflection, attenuation

Principles of ultrasound imaging.

The use of synergetic principles in medicine

Study of physical and biophysical principles of laser radiation use in medicine

The effect of the electromagnetic field on biological tissues

Electronic medical equipment

Optical microscopes in medicine

Principles of visualization: intensity, resolution, contrast

Refractometry in medicine

Polar polymer in medicine

Electron microscopy

Laws of thermal radiation. Thermography

Physical and biophysical principles of X-ray computed tomography

Basic provisions of quantum mechanics

Resonance methods of quantum mechanics

Physical and biophysical principles of EPR

Physical and biophysical principles of NMR

Principles of NMR spectroscopy and MRI

Principles of PET

Application of lasers in medicine and pharmacy

Physics of X-ray radiation. Interaction with matter.

The use of X-rays in medicine

Types and properties of radioactive radiation. Dosimetry.

X-ray imaging of X-ray sources and detectors. Radiography. Mammography. Angiography. Computed tomography. Save formats and image analysis tools.

Physical foundations of nuclear medicine.

Imaging methods in nuclear medicine

Radiation physics. Radiobiology.

Fundamental aspects of radiation exposure: safety, risks, radiation protection.

Physical principles of radiation therapy 
	3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3

5
5


	Total
	100


Discipline policy and values

Discipline requirements (system of requirements and rules that the teacher imposes on students of higher education in the study of the discipline)
For successful mastering of the discipline it is necessary that the student of higher education systematically prepares for practical classes, performs the tasks offered for mastering the topics recommended for self-study, reads the recommended literature, takes an active part in discussing the topic in class.

Attendance and behavior (inadmissibility of absences, delays, clothing requirements, medical examination, etc.).

Attendance at practical classes in the discipline is mandatory (except for good reasons). A class missed by a student for any reason must be completed. It is inadmissible to be late for classes. By the time the class begins, the student must be dressed in a medical gown. During the lesson you can not eat or drink, chew gum, contaminate the surfaces of classrooms. When communicating with the teacher and others, the student must be polite, talk quietly and behave calmly.

Use of electronic gadgets.

Use any electronic gadgets (smartphones, watches, tablets, laptops, such), which are carried out throughout the lesson is strictly prohibited. If the teacher sees that the student is violating this requirement, he can remove the student from the classroom and put him "absentee".
Academic Integrity Policy (including liability for breach of academic integrity)

Adherence to academic integrity by the student provides:

independent performance of educational tasks, tasks of current and final control of learning outcomes; references to sources of information in the case of the use of ideas, statements, information; compliance with copyright law; providing reliable information about the results of their own educational (scientific, creative) activities. Academic plagiarism, writing off, deception, falsification, etc. are considered violations of academic integrity.

For violation of academic integrity, students may be held subject to the following academic liability: re-assessment (test, exam, test, etc.); re-taking the training course; deductions from the educational institution.

Policy for people with special educational needs

For persons with special needs, the requirement of academic integrity is applied taking into account their individual needs and capabilities.

Recommendations for successful completion of the discipline (activity of higher education students during practical classes, fulfillment of the required minimum of educational work)
To successfully complete the discipline, the applicant must complete the required minimum of educational (classroom and independent) work specified in the curriculum. The grade for the lesson also takes into account the diligence, accuracy of the student, activity in discussing the topic, speed and creativity of thinking, perseverance in learning.

Encouragement and penalties (additional points for conferences, research, edits, advice, participation in surveys)
To encourage students who are particularly active and persistent in their studies, they are awarded additional points for participating in scientific conferences, research, surveys, etc. For violation of discipline (rules of conduct, clothing, etc.) and academic integrity during classes, the student may be subject to penalties - removal from class, re-assessment (test, exam, test, etc.); re-taking the training course; deductions from the educational institution.
During the lesson, the student must follow the rules of life safety.

When conducting laboratory work or practical classes, it is necessary to follow the rules of fire safety, students need to know the location of the primary means of fire extinguishing (fire extinguisher, capes made of fire-retardant fabric, sand).

In the event of an accident, the victim or eyewitness must immediately notify the teacher. If equipment, computers, fixtures and tools malfunction, stop working and notify the instructor.

During the class, students must follow the order of laboratory work and practical classes, the rules of personal hygiene, remove foreign objects from the workplace and ensure its cleanliness.

Electrical devices and appliances, including computers, should not be left unattended. If malfunctions are found in the operation of electrical devices that are under voltage, their increased heating, sparks, the smell of burnt insulation, smoke, immediately stop work, turn off the power supply and notify the teacher.

The procedure for informing about changes in the syllabus, etc.

If it is necessary to make changes in the syllabus, it is necessary to inform the head of the department, to submit this issue to the staff of the department at a meeting of the department, to inform the profile method, deans of faculties and guarantor.
Evaluation policy

Assessment system and requirements (types of control, control methods, forms of control, criteria for assessing the level of knowledge, conditions of admission to the final control)
Types of control - assessment of current educational activities, final semester control in the form of credit.

Control methods

1. Oral examination: individual and face-to-face when performing laboratory work, conducting seminars, solving problems, while defending abstracts or individual works.

2. Written survey: in the form of physical dictations, written answers to questions, problem solving, exercises, test tasks, description of the stages of laboratory work, graphic work, writing essays, reports, etc.

3. Combined (condensed) survey, in which the teacher simultaneously invites several students to answer, one of whom answers orally, one - two are preparing to answer at the board, the others - perform individual written tasks in the field.

4. Control of practical skills and abilities is carried out in laboratory and practical classes, allows to establish the level of formation of practical skills and abilities (conducting experiments, experiments, work with devices, etc.).

5. Self-control - is carried out by the student independently according to the system of tasks specially developed for each topic.

6. Monitoring the performance of individual tasks.

7. Checking abstracts.

8. Test control.

9. Final modular control - a comprehensive method aimed at assessing student achievement.


Forms of final control: final modular control, testing, current oral and written examination, written tests, interview, practical tasks.

Criteria for assessing the level of knowledge, conditions of admission to the final control

1. Evaluation of current educational activities (CEA)

2. Control of mastering the topic (current control) in practical classes is carried out in accordance with specific objectives with the use of entrance test control, oral examination and testing of practical skills.

3. At the end of the study of the discipline is calculated the average grade for the entire period of its study (on a traditional scale). The conversion of the average grade for CEA into a grade on a multi-point scale is carried out in accordance with the "Instructions for the evaluation of educational activities in the European credit transfer system for the organization of the educational process" (Table 1).
Table 1

Recalculation of the average score for current activities in a multi-point scale (for disciplines ending with a credit)
	4-point scale
	200-point scale
	
	4-point scale
	200-point scale

	5
	200
	
	4.22-4,23
	169

	4.97-4,99
	199
	
	4.19-4,21
	168

	4.95-4,96
	198
	
	4.17-4,18
	167

	4.92-4,94
	197
	
	4.14-4,16
	166

	4.9-4,91
	196
	
	4.12-4,13
	165

	4.87-4,89
	195
	
	4.09-4,11
	164

	4.85-4,86
	194
	
	4.07-4,08
	163

	4.82-4,84
	193
	
	4.04-4,06
	162

	4.8-4,81
	192
	
	4.02-4,03
	161

	4.77-4,79
	191
	
	3.99-4,01
	160

	4.75-4,76
	190
	
	3.97-3,98
	159

	4.72-4,74
	189
	
	3.94-3,96
	158

	4.7-4,71
	188
	
	3.92-3,93
	157

	4.67-4,69
	187
	
	3.89-3,91
	156

	4.65-4,66
	186
	
	3.87-3,88
	155

	4.62-4,64
	185
	
	3.84-3,86
	154

	4.6-4,61
	184
	
	3.82-3,83
	153

	4.57-4,59
	183
	
	3.79-3,81
	152

	4.54-4,56
	182
	
	3.77-3,78
	151

	4.52-4,53
	181
	
	3.74-3,76
	150

	4.5-4,51
	180
	
	3.72-3,73
	149

	4.47-4,49
	179
	
	3.7-3,71
	148

	4.45-4,46
	178
	
	3.67-3,69
	147

	4.42-4,44
	177
	
	3.65-3,66
	146

	4.4-4,41
	176
	
	3.62-3,64
	145

	4.37-4,39
	175
	
	3.6-3,61
	144

	4.35-4,36
	174
	
	3.57-3,59
	143

	4.32-4,34
	173
	
	3.55-3,56
	142

	4.3-4,31
	172
	
	3.52-3,54
	141

	4,27-4,29
	171
	
	3.5-3,51
	140

	4.24-4,26
	170
	
	3.47-3,49
	139


	4-point scale
	200-point scale

	3.45-3,46
	138

	3.42-3,44
	137

	3.4-3,41
	136

	3.37-3,39
	135

	3.35-3,36
	134

	3.32-3,34
	133

	3.3-3,31
	132

	3.27-3,29
	131

	3.25-3,26
	130

	3.22-3,24
	129

	3.2-3,21
	128

	3.17-3,19
	127

	3.15-3,16
	126

	3.12-3,14
	125

	3.1-3,11
	124

	3.07-3,09
	123

	3.05-3,06
	122

	3.02-3,04
	121

	3-3,01
	120

	Less than 3
	Not enough


1. The final control (credit) is carried out upon completion of the study of the elective course at the last seminar.

The grade in the discipline is equal to the average number of points obtained for the entire period of study of the discipline, listed in accordance with Table 1. These points are placed in the student's record book with the mark "worked out". Information on the success of students in the discipline is filled in the form: У-5.03А – credit.

Conditions of admission to the final control

Students who have received at least 70 points in the IPA and do not have unsatisfactory grades and skipping classes are allowed to take the final control.

Elimination of academic debt (working off)

Elimination of academic debt is carried out in the form of an oral interview of the student or writing a test task on the topic of the lesson. To work off the debt, the student can also prepare an essay on the topic.
Control questions, tasks for independent work
1. Acoustics, acoustic waves. Physical (objective) characteristics of sound. Physiological (subjective) characteristics of sound. Weber-Fechner law. Equal volume curves, audibility threshold and pain threshold

2. Sound research methods (audiometry, auscultation, percussion, phonocardiography and ultrasound diagnostics). Ultrasound and its use in medicine

3. Infrasound and its impact on biological objects

4. Biophysical bases of human perception of sound

5. Electric field and its characteristics (voltage and potential, the relationship between them). The principle of superposition of fields

6. Electric dipole. Dipole moment of an electric dipole, formula

7. Characteristics of direct current (current strength, current density, resistance of conductor, specific resistance, specific electrical conductivity)

8. Ohm's law in differential form.

9. Current dipole. Dipole moment of current dipole, formula

10. The main postulates of the second model of Einthoven's theory of electrocardiography. The concept of electrocardiogram. Standard leads. Chest leads. Reinforced leads. Analysis of a normal electrocardiogram in the second standard lead

11. The concept of vector cardiography. The concept of electroencephalography (EEG). The concept of electromyography (EMG). The concept of electroneurography (ENG). The concept of electroretinography (ERG). The concept of electrical activity of the skin

12. Electrically conductive properties of biological tissues for alternating current, their impedance and its components. Dependence of the tissue impedance modulus on the cyclic frequency of alternating current. The electrical equivalent of biological tissue. Dispersion coefficient, formula
13. The main mechanism of action of direct electric current on biological tissues, EMF polarization of tissues. Galvanization, electrophoresis, drug electrophoresis

14. Pulsed electric current, its characteristics. The main mechanism of action of pulsed electric current on biological tissues. Dubois-Raymond's law. Electrodiagnostics in medicine. Horweg-Weiss-Lapik equation, the concept of rheobase and chronaxy. Therapeutic techniques based on the use of pulsed current (pacing, electrosleep, electrogymnastics, defibrillation)

15. Alternating electric current, its characteristics. Mechanisms of action of alternating current on biological tissues depending on its frequency. Nernst's law at different frequencies of alternating current. Rheography (impedance - plethysmography). Diathermy (electrosurgery), its varieties (diathermotomy and diathermocoagulation). Local darsonvalization

16. The main mechanism of action of an alternating electromagnetic field on biological tissues. Inductothermy, UHF therapy, microwave therapy (ICC and DCC therapy)

17. The effect of a constant electric field on biological tissues

18. Effect of radio frequency electromagnetic radiation on biological tissues

19. Hygienic normalization of electromagnetic field levels

20. Magnetic field and its characteristics. Magnetic field induction. Ampere force. Magnetic moment. Lorentz force. Magnetic permeability, magnetic properties of substances. Magnetic field strength. Bio-Savar-Laplace law. The phenomenon of electromagnetic induction. Magnetic flux. Law of electromagnetic induction. The phenomenon of self-induction

21. Magnetobiology and biomagnetism. Magnetocardiography

22. Control and diagnostic equipment, its purpose and composition. Electrotherapeutic equipment, its purpose and composition. Cyberelectronic devices

23. The concept of "breakdown on the case" and "leakage currents". Methods of combating the danger of electric shock in the event of a breakdown on the body of the device
24. Classification of electronic devices by the value of the allowable leakage current

25. Reliability of the electronic device; the probability of trouble-free operation of the electronic device. Failure intensity; curve of dependence of intensity of failures on time. The relationship between the probability of failure and the intensity of failures for the area of normal operation. Classification of medical electronic devices according to the criterion of reliability

26. Electrodes and basic requirements for them. Classification of sensors: energy and biocontrolled. Types of biocontrolled sensors: generator and parametric. Classification of sensors based on the physical phenomena underlying their operation. Sensor conversion function and its sensitivity. The main disadvantages and general requirements for sensors, hysteresis

27. Purpose of amplifiers and their types. The main characteristics of amplifiers: formulas of amplification factors for alternating and direct current amplifiers. Amplitude and amplitude-frequency characteristics of AC amplifiers. The bandwidth of the AC amplifier and the definition of its boundaries

28. Purpose and types of generators, their application in medicine

29. Devices for display and registration of medical and biological information, their types

30. Laws of reflection and refraction of light. Absolute and relative refractive indices. The phenomenon of the extreme refraction of light, the ultimate angle of refraction. The phenomenon of total internal reflection, the ultimate angle of total reflection

31. Fiber optics, endoscopes and laparoscopes, their use in medicine

32. Lenses and their characteristics. Construction of images of the object in the prefabricated and scattering lenses. The formula of a thin lens and the linear magnification of the object in the lens. Types of lens aberrations (spherical aberration, chromatic aberration, astigmatism, distortion)

33. Principles of refractometer operation

34. Optical microscope, the course of rays in it. Angular magnification of the optical system. Microscope magnification. Microscope resolution. The limit of resolution of the microscope (with normal and inclined incidence of rays on the object). Ways to reduce the resolution limit of an optical microscope

35. Ultraviolet microscope
36. Special methods of microscopy: microprojection and microphotography; dark field method; phase contrast method; polarization and fluorescence microscopy

37. Optical system of the human eye: light-conducting and light-perceiving. Optical power of the human eye. The process of accommodation, the distance of the best vision. Construction of the image of an object in the optical system of the human eye. Disadvantages of light-conducting and light-perceiving systems of the human eye, their correction. Photoreceptors, their types. The process of adaptation, its mechanisms. Angle of view, the smallest angle of view, the limit of the human eye. Eye resolution. Visual acuity.

38. The nature of light. Light wave and its characteristics

39. The phenomenon of light interference. The phenomenon of light diffraction. The phenomenon of light polarization

40. Natural light, partially polarized light, plane-polarized light. Polarizer and analyzer. Malus's law. Polarization of light during its reflection and refraction at the boundary of two transparent dielectrics. Brewster's law. Polarization of light in birefringence. The course of rays in the prism of Nicolas. The phenomenon of dichroism

41. Polarimetry method and its use in medicine. Polarizing microscope

42. Absorption of light by matter. Bouguer's law. Natural monochromatic indicator of light absorption. Absorption of light by solutions. Bouguer-Lambert-Behr law. Natural molar absorption index and molar absorption index. Transmittance and optical density of the solution. Absorption spectra of matter. Photoelectrocolorimetric determination of solution concentration

43. Objective (physical) characteristics of light (energy photometric quantities): radiation flux, spectral density of radiation flux, relative spectral light efficiency (visibility function) and visibility curve

44. Subjective (physiological) characteristics of light perception (light quantities): light intensity, luminous flux, illuminance, luminosity, brightness

45. Physical and visual photometers
46. Photobiological processes, their classifications. General stages of photobiological processes

47. Photochemical reactions: photoionization, photoreduction, photooxidation, photodissociation, photoisomerization, photodimerization. Spectrum of photobiological action. Photosensitized photobiological processes. Photosensitizers of the first and second types. Biophysics of visual reception.

48. Thermal radiation of bodies. Energy luminosity and spectral density of energy luminosity. The spectrum of thermal radiation of the body. Black and gray bodies. Kirchhoff's law. Stefan-Boltzmann law. Wine's shift law

49. Optical pyrometry. Thermal radiation of a person. Diagnostic methods: thermoscopy, thermometry, thermography.

50. Wave properties of microparticles. Wave function. De Broglie wavelength. Schrödinger's equation. Quantum mechanical model of the hydrogen atom

51. Quantum numbers. Pauli principle. Heisenberg uncertainty ratio. Selection rules

52. Luminescence and its types. The mechanism of photoluminescence, its types (fluorescence and

53. phosphorescence). Stokes' law and deviations from it (anti-Stokes luminescence). Luminescence spectra. Luminescent analysis and its use in biomedical research

54. Absorption and emission spectra of substances

55. Use of emission and absorption spectroscopy in UV and visible parts of the spectrum

56. Use of absorption spectroscopy in IR and ICC parts of the spectrum

57. Induced radiation. The principle of operation of the helium-neon laser. Biological action of laser radiation. Types of lasers. The use of lasers in medicine

58. The phenomenon of electronic paramagnetic resonance (EPR). Information carried by EPR spectra. Spin tags and spin probes

59. The phenomenon of nuclear magnetic resonance (NMR). NMR introscopy (magnetic resonance imaging (MRI))

60. Electron microscope, electron microscope resolution limit

61. Ionizing radiation, main types of ionizing radiation

62. X-rays, its nature. Inhibitory and characteristic X-rays. The mechanism of occurrence of bremsstrahlung X-rays. The minimum wavelength in the spectrum of bremsstrahlung X-rays

63. The mechanism of characteristic X-ray radiation. Spectrum of characteristic X-rays. Mosley's law

64. X-ray tube. X-ray flux generated by an X-ray tube

65. Attenuation of the flux of monochromatic X-ray radiation by matter, Bouguer's law. Mechanisms of X-ray interaction with matter: coherent scattering, incoherent scattering (Compton effect), photoeffect

66. The total attenuation factor of X-rays, its components

67. Mass component of X-ray attenuation

68. X-ray protection

69. X-ray diagnostics (digital radiography, X-ray computed tomography (CT)) and radiotherapy

70. Radioactivity
71. Types of radioactive decay

72. Law of radioactive decay. The half-life of the substance

73. Substance activity, units of measurement

74. Interaction of different types of ionizing radiation with matter

75. Mechanisms of interaction - radiation with matter: incoherent scattering (Compton effect), photoeffect (internal and nuclear), formation of electron-positron pairs

76. Attenuation of monochromatic flux - radiation by matter, Bouguer's law

77. Characteristics of interaction of corpuscular ionizing radiation with matter: linear ionization density, linear braking ability, average linear particle range

78. Penetrating ability of ionizing radiation

79. The negative nature of the impact of ionizing radiation on biological objects

80. Methods of protection against ionizing radiation

81. Radiation doses (absorbed dose, exposure dose, equivalent dose), units of measurement

82. Radiation dose rate, exposure dose rate, units of measurement

83. Hygienic normalization of radiation loads

84. Effective equivalent dose

85. Internal human exposure

86. Detectors and dosimeters of ionizing radiation

87. Radionuclide diagnostics: dynamic and static methods

88. Single-photon emission computed tomography (SPECT)

89. Positron emission tomography (PET)

90. Radiation therapy and its methods

91. Modern devices for radiosurgical treatment using ionizing radiation

92. Autoradiography

93. Direct and indirect effects of ionizing radiation on DNA and other biomacromolecules

94. Oxygen effect. Oxygen gain

95. Types of radiation damage to cell DNA

96. Reproductive and interphase death of irradiated cells

97. Survival of irradiated cells, survival curve, its analysis
Rules for appealing the assessment

If the student does not agree with the grade obtained in class, he can appeal it. In this case, the student's knowledge will be assessed by a commission consisting of the head or head of the department, an independent teacher and a teacher of the group in which the student is studying. To increase the grade, the group teacher may also ask the student to choose a topic to write an essay.
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