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1. Place of course in the structure of the field
Course "Ultrasonic medical equipment" refers to an basic professional unit «Biomedical engineering» (ДИСЦ.В.М6)
Course «Ultrasonic medical equipment» is preceded by the following disciplines (PREREQUISITES): 

ДИСЦ.Б.М1" Mathematical modeling of biological processes and systems",

ДИСЦ.Б.М2 "Biophysical fundamentals of living systems".

The contents of «Ultrasonic medical equipment» course sections are consistent with the contents of the disciplines studied in parallel (COREQUISITES): 

ДИСЦ.В.М5"Interaction of physical fields with biological object",

ДИСЦ.В.М7.2" Methods of analysis and synthesis of medical images"

2. Course learning outcomes
In compliance with the primary curriculum requirements, mastering the course is focused on developing the following competences (learning outcomes) in students, including in accordance with the Federal State Educational Standards:
Table 1
Learning outcomes to be achieved by studying this course
	Learning outcomes
(competences from the Federal State Educational Standards)
	Learning outcomes

	
	Code
	Knowledge
	Code
	Skills
	Code
	Experience

	LO  1

(ОПК-1, ОПК-2)

(ПК-1, ПК-2)
	K 1.2

	- The principles of the system concept, which is based on the analysis and synthesis of biotechnical systems; 
	S 1.5


	- To develop medical diagnostic, research and information systems and to optimize their structure;
	E 1.5


	The methods of calculating the basic functional characteristics of biotechnical systems;

	LO  2

(ОПК-4)

(ПК-3, ПК-4, ПК-5, ПК-9)
	K 2.2

	- Characteristics of biological systems as elements of measuring and control engineering systems;
	S 2.3


	- Formulate the tasks of realization of upcoming trend in biomedical and environmental engineering;
	E 2.2


	- experience of methodological analysis of scientific research and its results. 



	LO  3
(ПК-3, ПК-4, ПК-5)
	K 3.2


	- methods of diagnostics and forecasting used in biotechnological systems, hardware and software tools necessary for the researcher to the automated analysis of data of biomedical experiments.
	S 3.1

	apply the methods diagnostic research;
	E 3.1
E 3.2


	- schemes of technical support of diagnostic and treatment process;

- work with modern hardware and software of biotechnical systems research;

	LO  4
(ПК-1, ПК-3, ПК-4, ПК-9)
	K 4.2

K 4.3


	- classification and structure of biotechnical systems and different types of technologies; 

- examples of realization of biotechnical systems and technologies of estimation, monitoring and control of state and behavior of living organisms;

	S 4.3

S 4.4

S 4.5


	- apply the principles of the system approach to the analysis and synthesis of biotechnical systems and technologies; 

- to develop the structure of medical diagnostic, research and information systems and to optimize it; 

- develop circuit, construction drawings and technical drawings of products.
	E 4.1

	- methods of calculating the basic functional characteristics of biotechnical systems; 


	LO  6

(ПК-3, ПК-4, ПК-5)
	K 6.1
K 6.2
	- phases and stages of the life cycle of medical equipment; 
- the problem of ensuring reliable operation of the hardware in terms of medical and biological organization;
	S 6.1
S 6.2
	- carry out the projects of technical support of biotechnical systems based on standard tools;
- correctly use the legal framework and regulations of service and metrological support of medical equipment;
	E 6.1
E 6.2
	- use the skills of basic technological processes of service of medical equipment;
- skills of application the reliability estimation methods and medical equipment safety testing;

	LO  12

(ОК-1, ОК-2, ПК-4)
	K 12.1

	- types of self-educational activity for a professional, personal, social and cultural development
	S 12.1
S 12.2
	- educate themselves to solve life's problems and achieve professional goals;
- used as a source of self-training.
	E 12.1
	- Control of temporal, spatial, professional and social factors that affect the processes of self-study.


During the course students will acquire general vocational and professional competences: ОК-1, ОК-2, ОПК-1, ОПК-2, ОПК-4, ПК-1, ПК-2, ПК-3, ПК-4, ПК-5, ПК-9.

3. Course structure and contents
Lectures:

Introduction

The subject and content of the course. A brief history of the discovery and the medical use of ultrasonic. Prospects of use of modern electronics and acoustics achievements in medicine.
Practice:
Elastic waves classification.
Section 1
Theoretical principles of acoustics. Propagation, refraction, reflection and attenuation of elastic waves. Generation and detection of elastic waves. Design single probe and antenna arrays. Focusing of elastic waves.

Practice:

1.1 Refraction and  reflection of elastic waves.
1.2 Attenuation of elastic waves.
Section 2
Imaging methods of acoustic fields and their application in diagnostics. The presentation modes pulse-echo information. Electronic scanning. 
Practice:

2.1. Calculation of acoustic transducer pattern.

Section 3
Pulse-echo, transmission and doppler ultrasonic methods of diagnosis.
Theoretical foundations of the use of the Doppler effect. Pulse-echo ultrasonic devices for diagnostics. Transmission ultrasonic devices for diagnostics. Doppler ultrasonic devices for diagnostics.
Practice:

3.1. Pulse-echo ultrasonic devices for diagnostics.

Section 4. 
Ultrasound  for therapeutic. Physiological basis of ultrasound therapy. Ultrasonic therapy devices. Ultrasonic hyperthermia.

Practice:

4.1. Ultrasonic hyperthermia.

Section 5. 
Ultrasound  for surgery. Acoustic properties of biological media. Ultrasonic scalpel. Ultrasonic welding of  bones.
Practice:

5.1. Ultrasonic scalpel.

Section 6. 
Ultrasound  for sterilization of medical instrument. The concept of cavitation. The conditions of occurrence of cavitation. The impact of cavitation on bacteria and microorganisms.
Practice:

6.1.The concept of cavitation.

Labs:

Laboratory work № 1

Density measurement of biological fluids.

Laboratory work № 2

Measurement of ultrasound speed into bone medium.

Laboratory work № 3

The study of device for blood flow.

Laboratory work № 4

Measurement of ultrasonic parameters of  therapy device.

As the consequence of mastering course «Ultrasonic medical equipment», students must achieve the following results:
Table 2 

Planned course learning outcomes

	№ 
	Result

	CLO 1

(РД1)
	To know the theoretical foundations of acoustics

	CLO 2

(РД2)
	To know the current status of medical ultrasonic equipment

	CLO 3

(РД3)
	To know the designing principles of ultrasound systems


4. Organization and training materials for students’ self-guided work
4.1. Types and forms of self-guided work

Students’ self-guided work includes everyday and creative problem-oriented self-guided work (SGW).

Everyday self-guided work is focused on extending and reinforcing students’ knowledge, developing practical skills and includes:

· working with lecture materials, looking for and overviewing literature and electronic sources of information in compliance with an individually predetermined course problem;
· advanced self-guided work;
· performing home tasks, home tests;
· studying topics meant for self-guided studying;
· getting prepared for laboratory work, practical exercises and seminars;
· getting prepared for control work and exam.
Creative self-guided work includes:

· searching, analyzing, structuring and presenting information;
· research work and taking part in students’ scientific conferences, seminars and academic competitions;
· analyzing academic publications under topics predetermined by the professor.
4.2. Control over self-guided work
The results of self-guided work are to be assessed in the following way: control by the tutor, in particular, a procedure the presentation of individual tasks and the defence of laboratory work.
A feature of the present stage of the control improvment is the development of students' self-management skills of lesson learned, the ability to find their own mistakes inaccuracies, as well as ways to correct actions.
5. Means of current and interim assessment of course learning outcomes
Course learning outcomes are to be assessed by means of the following control procedures:
Table 4

	Control procedures
	Course learning outcomes

	Control works
	CLO 1 (РД 1)
CLO 2 (РД 2)
CLO 3 (РД 3)

	Carry out and defense of labs
	CLO 1 (РД 1)

CLO 2 (РД 2)

CLO 3 (РД 3)

	Exam
	CLO 1 (РД 1)

CLO 2 (РД 2)

CLO 3 (РД 3)


The following tools (assessment tools fund) are meant for assessing the course learning outcomes as part of control procedures:
· incoming control questions;

· control questions to be asked during practical exercises and labs;
· self-control questions;

· testing questions;

· questions to be asked during credit test/exam.
6. Course learning outcomes rating
During current and interim attestation, the course learning outcomes are to be assessed in compliance with the «Regulation on the current assessment and interim certification at TPU», the approved order of the rector as amended..

In accordance with the Course Progress Chart:

· current attestation (assessing the quality of mastering theoretical materials (answers to questions, etc.) and practical activity results (solving tasks, performing exercises, solving problems, etc.) is to be performed during the semester (assessed in credits (no more than 60 credits), by the end of the semester students must collect at least 33 credits);

· interim attestation (examination, credit test) is to be performed at the end of the semester (assessed in credits (no more than 40 credits), students must collect at least 22 credits at an exam (credit test)).

The final rating is determined by adding together the credits collected during current and interim attestation procedures. The highest final rating equals 100 credits. 

In compliance with the Term Project (Paper) Progress Chart:

· current attestation (assessing the quality of mastering sections, etc.) is to be performed during the semester (assessed in credits (no more than 40 credits), by the end of the semester students must collect at least 22 credits);

· interim attestation (project (paper) defense) is performed at the end of the semester (assessed in credits (no more than 60 credits), students must collect no fewer than 33 credits following the defense results).

The final rating of term project (paper) implementation is determined by summing up credits collected during the current and interim attestation procedures. The highest final rating equals 100 credits. 

7. Courseware
Primary literature:

1. Болотина И.О., Солдатов А.И., Цехановский С.А. Применение ультразвука в медицине

/ Учебное пособие. – Томск, Изд-во ТПУ, 2009. - 205 с.

2. Капранов Б.И., Коротков М.М. Акустические методы контроля и диагностики: учебное

пособие — Томск: Изд-во ТПУ, 2010.Ч. 1. — 2010. — 186 с.

3. Ультразвук в медицине. Физические основы применения: пер. с англ. / под ред. К.

Хилла, Дж. Бэмбера, Г. тер Хаар. — 2-е изд., перераб. и доп.. — Москва: Физматлит,

2008. — 544 с.

4. Р. Балдев, В. Раджендран, П. Паланичами. Применения ультразвука : пер. с англ. /—Москва: Техносфера, 2006. — 576 с.: Дополнительная литература:

Supplementary literature:

1. Скучик Е. Основы акустики. В 2-х т. М.:Мир, 1976. Т.1-520с. Т.2-546с.

2. Новиков А.А. Разработка низкочастотной ультразвуковой аппаратуры для терапии и

хирургии : диссертация на соискание ученой степени доктора технических наук : спец.

05.11.17; Омский государственный технический университет (ОмГТУ). — Защищена

11.11.2008 г.. — Омск: Б.и., 2008. — 346 л.:

3. Клиническая ультразвуковая
Internet resources (including the List of World Library Resources):
1. http://ieeexplore.ieee.org/

2. http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

3. http://ecircuitcenter.com/circuits.htm

4. http://ocw.mit.edu/courses/electrical-engineering-and-computer-science/

5. http://www.national.com

6. http://www.analog.com

7. http://scholar.google.com

8. http://www.scienceresearch.com
Software:
Specialized software is not required.
9. Facilities required for the course
	№
	Name (computer classrooms, university laboratories, equipment)
	Building, rooms, number of installations

	1.
	Auditorium
	Building  16 в, office 326

	2.
	Laboratory "Micro-electronics"

	Building  16 в, office 325

	3.
	Computer class with Internet
	Building  16 в, office 249


The syllabus is developed in compliance with the Primary Curriculum Standard of TPU in accordance with the requirements of the Federal State Educational Standard for the training field «12.04.04  Biotechnical systems and technologies” and profile “Biomedical engineering»
The syllabus is approved at the meeting of the Department of Industrial and Medical Electronics, Institute of Non-Destructive Testing: protocol №. ____ as of _______ «___» 2016.
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