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Outline of the Course
1. Course description, goals, objectives, and learning outcomes

The discipline "Design of automatic control and management systems" studies the application of
methods and general principles of construction, modern methods of analysis, synthesis, calculation and
research of automatic control systems (ACS) related to the development and engineering of biological
and medical devices and systems.
The main purpose of the discipline "Design of automatic control and management systems" is the
formation of students' ability to solve complex specialized problems, apply modern technologies of
analysis and synthesis of ACS, software, knowledge of standards and technical characteristics of ACS
elements, ability to use this knowledge in product design medical purpose.
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Training in the discipline "Design of automatic control and management systems" is carried out on the
basis of student-centered approach and strategy of interaction between teacher and student in order for
students to master the material and develop their practical skills.
Since the discipline is selective, its study requires:
skills: methods of programming simulation and analysis of technical and biological systems; methods
of the theory of automatic control of analysis and synthesis of automatic systems, units of diagnostic
devices and devices; possession of MicroCap-12 software.
Competences: As a result of studying the discipline students will be able to:
- to understand and use the tools and methods of analysis and synthesis of ACS;
- to know the basics of ACS theory;
- to be able to use technical and software tools for designing ACS;
-to be able to search and summarize information on the development of YES and apply it within its
competence;
to conduct research using modern software tools for process simulation, including biological systems.
And also practically to use the acquired knowledge from:
- typical models of units and ACS and the main properties of dynamic objects and systems (regardless of
their physical nature);
- methods of structural analysis of ACS;
- methods of synthesis of ACS;
- mathematical apparatus for compiling mathematical models of ACS, individual parts of medical
equipment and biological objects;
- methods of identification of technical and biological systems;
- analysis of transients in the ACS;
- properties of frequency characteristics, phase portraits of systems;
- evaluation criteria and methods to ensure the sustainability of ACS;
- methods of using models of industrial products to model the operation of medical systems;
- compilation of elementary models of organs and systems of the human body.
- general principles and trends in the development of modern control systems, modern controls.
- formulation and substantiation of technical requirements to ACS;
- application of ACS analysis methods for research of technical and biological systems;
- interpretation of biological objects as a complex of functional and dynamic links;
- use of regulatory laws to synthesize the desired transfer function;
- use of modern theoretical methods and technical means to determine the parameters of technical and
biological systems;
- modeling of processes that take place in medical devices, apparatus and biological objects and systems;
- determination of the optimal structure of the ACS, the criteria for their evaluation under restrictions;
- calculation of the principles of operation of various systems of the human body in terms of the theory of
automatic control.
General competencies (OPP was put into effect by the Rector's Order NON/ 89/2021 of 19.04.2021):

GC 1 - Ability to apply knowledge in practical situations.

GC 2 - Knowledge and understanding of the subject area and understanding of professional
activity.

GC 6 — Ability to searching, process and analyze information from various sources.

GC 7 - Ability to generate new ideas (creativity).

GC 8 — Ability to make well-grounded decisions.

Special (professional) competencies (OPP was put into effect by the Rector's Order NON/ 89/2021 of
19.04.2021):

PC 1 - Ability to use engineering software packages for research, analysis, processing and
presentation of results, as well as for automated design of medical devices and systems.
PC 3 - Ability to study and apply new methods and tools for analysis, modeling, design and



optimization of medical devices and systems.

PC 5 - Ability to apply physical, chemical, biological and mathematical methods in the analysis,
modeling of the functioning of living organisms and biotechnical systems.

PC 12 - Ability to develop, plan and apply mathematical methods in the analysis, modeling of the
functioning of living organisms, systems and processes in biology and medicine.

PC 14 - Ability to conduct experiments according to specified technical and medical methods,
perform computer processing, analysis and synthesis of the results.

The program learning outcomes after studying the discipline "Design of Automatic Control Systems"
are (OPP was put into effect by the Rector's Order NON/ 89/2021 of 19.04.2021):

PLO 3 - Possession of modern methods of scientific research software, construction of adequate
theoretical models and methods of their substantiation.

PLO 7 - Possession of methods of research, design and construction of biomedical equipment,
analysis and processing of experimental data.

PLO 10 - Knowledge in the most advanced fields of education and professional activity and at the
junction of different fields.

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

Course "Design of Automatic Control Systems" belongs to the cycle of professional training and has an
interdisciplinary nature. It integrates according to its subject knowledge from other disciplines: Higher
Mathematics, Fundamentals of Informatics, Theory of Biomedical Signals, Fundamentals of Discrete
Mathematics, Mathematical Modeling of Biomedical Processes and Systems. According to the
structural and logical scheme of the training program, the discipline "Design of automatic control and
management systems" is closely related to other disciplines of training: Analysis and design of
electronic medical equipment, undergraduate practice and diploma design.

3. Course Overview

The main parts and subjects that will be considered in the process of studying the course:

Section 1. Basic concepts of the theory of automatic control
Topic 1.1. Classification of automatic control systems.
Topic 1.2. Typical input signals. Laplace transform.
Topic 1.3. Transfer function. Structural transformations.

Section 2. Typical links of automatic control systems
Topic 2.1. Frequency characteristics of typical links.
Topic 2.2. Logarithmic frequency characteristics of typical links.
Topic 2.3. Time characteristics of typical links.

Section 3. Stability of automatic control systems
Topic 3.1. Determination of stability by Lyapunov. Basic theorems.
Topic 3.2. Phase space method. Phase portraits of systems.
Topic 3.3. Criteria of stability.

Section 4. Synthesis of automatic control systems
Topic 4.1. The order of synthesis and main indicators.
Topic 4.2. Direct quality indicators. Coefficients of error.



Topic 4.2. Indirect quality indicators. Optimal systems. Synthesis of PID-regulator.

Section 5. Mathematical models of technical and biological units
Topic 5.1. Mathematical models of technical units.
Topic 5.2. Mathematical models of biological units.

4. Coursebooks and teaching resources
Basic:

1. ConodosHukose B.B. TexHuvyeckaa KubepHemuka, KHueu 1 u 2. TeopuAa
asmomamuyeckoz2o peaynuposaHua. M., «MawuHocmpoeHue», 1967 2.

2. Becekepckuli B.A., Monos E.[1. Teopus cucmemMm asmomMamu4yecKko20 peaysupos8aHus.
M. «HayKka», 1975 2. 767 cmp. c unn.

3. OposbiHUes B.M. MamemamuyecKkoe onucaHue obvekmos asmomamu3ayuu. M.,
«MawuHocmpoeHue», 19652., 360 cmp. ¢ unn.

4. Paszesue B.[]. CxemomexHu4yeckoe mooenuposaHue ¢ nomouwbto Micro-CAP 7.
«lopavyasa nuHuA-Tenekom», 2003 2. 368 c.

5. Micro-Cap 7.0 Electronic Circuit Analysis Program Reference Manual Copyright 1982-
2001 by Spectrum Software 1021 South Wolfe Road Sunnyvale, CA 94086.

6.AmenuHa M.A. KoHcnekm neKyuli no Kypcy «KomneromepHoil GHAAU3 U CUHME3
3/1EBKMPOHHbLIX  ycmpolicme (yacme 1)». Kagedpa «[lpomMbiwneHHAA 371E€KMPOHUKA»,
«MockoscKuli aHepeemuueckuli uHcmumym» (mexHu4eckuli yHugepcumem) 8 2. CMoseHCKe.
2005 a.

7. Bumsuuybka /1. A. Teopia asmomMamuyHO20 KepysaHHA: KOHcrekm aekyit / /1. A.
Bumeuubka, 0. M. Kyuipka. — lsaHo-®PpaHkiecbK: I8aHO-®paHKiBCbKIBCbKUU HAUIOHAMAbHUU
mexHiYHul yHisepcumem Hagpmu i 2a3y, 2015. — 54 c.

Supplementary:

1. BopoHuy A. P. OcHo8U GB8MOMAMUYHO20 KepyB8aHHA MEeXHIYHUMU 06'€ekmamu: KOHCrekm
nekuiii / A. P. BopoHuu. — lsaHo-®paHkiecoK: IPHTYHI, 2015. — 125 c.

2. AemomamuyHe yrnpassniHHA: KoHcrnekm nekuid / I. H.CemeHyos, A. P. Koayy, M. |. Koeymsk,
M. I. lopbiliyyK. — lsaHo-®paHKiscek: IPHTYHI, 2003. — 398 c.

3. Cas'ok, /1. O. Teopis asmomamu4Ho20 ynpaeniHHa : MemoouyHi ekaziexku / /1. O. Cas'tokK, P.
M. MameieHKo. - lIsaHo-®paHKiecbK : IOHTYHI, 2006. - 66 c.

4. Cas'tok, /1. O. Teopia aemomMamuyHO20 ynpaeniHHA : KoHcnekm nekuyit / /1. O. Cas'tok. -
leaHo-®paHKiecoK : IOHTYHI, 2017. - 69 c.

5. CemeHuyos, I'. H. Teopis aemomamu4yHo20 ynpasniHHA (HeniHiliHi ma duckpemHi cucmemu) :
Hasy. nocib. /T. H. CemeHyos, 1. I. Yuzyp. - IsaHo-®paHKiecbK : IOHTYHI, 2014. - 96 c.

6. benel, C. M. Bcmyn 8 meopito cucmem : npakmukym / C. M. bened, C. I1. Bawuwak. - lsaHo-
®pankiscok : IOHTYHI, 2011. - 27 c.

7. IHmezposaHi ma adanmueHi cucmemu KepysaHHA : KOHcnekm nekuili / T. H. CemeHyos, |. |.
Yueyp, A. P. Koey4, M. M. ipaHyyK. - 2-e 8u0. - lsaHo-®paHkiscok : IPHTYHI, 2010. - 65 c.

8. bypaaHosa /1.A. Teopusa ynpaeneHus: yyebHoe nocobue / J/1.A. bypeaHosa - M.: UHppa,
2009. - 153 c.

9. MemoOdel Knaccudeckol u cospeMeHHOU meopuu a8MOMAMUYECKO20 yrnpasneHusa: Y4ebHuK
8 5-mu mm.; 2-e us3d., nepepab. u Oon. T.1: Mamemamu4eckue modenu, OUHAMUYECKUE
XapakmepucmuKu U aHAsAU3 cucmem asmomamuyeckozo yrnpasneHus / Mod ped. K.A. lynkosa u H.A.
Eaynosa. M.: N30-e0 MITY um. H.3. baymaHa, 2004. — 656 c.

10. Memoodbl Knaccudeckol u cospemMeHHOU meopuu as8mMoOMamMuU4YeCcKo20 YrpasneHusA:
YyebHuK 8 5-mu mm.; 2-e u30., nepepab. u don. T.2: Cmamucmuyeckas OUHAMUKA U UOeHmupuKayus



cucmem asmomamuyeckozo ynpasneHus /Iod ped. K.A. lynkoea u H.4. Ezynosa. M.: N30-eo0 MITY um.
H.3. BaymaHa, 2004. — 640c.

11. Ay6osuk B.I., lOpuk I.I. Buwja mamemamuka:Has4y.nocibH. — K.: A.C.K., 2006. — 648 c.
B. C. l'epacumuyk, I. C. Bacuns4yeHkKo, B. I. Kpasyos, Buwa mamemamuka. [1ogHuli Kypc y npukaaoax i
3a0a4ax: Has4y. nocib. [ Y.1 ]. JliHiiHa U eekmopHa anzebpa. AHanimu4yHa 2eomempis. Bcmyn 0o
mamemamuyHo2o aHanizy. JugepeHyiansbHe 4YucnaeHHs @QyHKUil o00Hiei ma 6a2ambox 3MIiHHUX.
MpuknadHi 3adayi/ - K.: KHuau Ykpaivu JIT/, 2009. - 578 ¢

Educational content

5. Methods of mastering the discipline (educational component)

. Program The main tasks
- Subject learnin .
s/n J d Control measure Deadline
outcomes
Topic 1.1. Classification of medical devices. PLO3 Practice 1
1. . - . . PLO7 1 week
Metrological characteristics of medical devices. PLO 10
. . . PLO3 Practice 2,3
5 Topic 2.1. Theoretlcal foundations of PLO7 2 week
electrocardiographs. PLO 10
Topic 2.2, Desi d technical ch o PLO3 Practice 4
3 opic 2.2. _es:gn and technical characteristics of| PLO7 3 week
electrocardiographs. pLO 10
) ] ) PLO3 Practice 5,6
4 Topic 3.1. Theoretical foundations of PLO7 4 week
electroencephalographs. PLO 10
Topic 3.2. Design and technical characteristics of PLO3 Practice 7
5. PLO7 5 week
electroencephalographs. PLO 10
. . . PLO3 Practice 8,9
6. Topic 41 Theoretical foundations of PLO7 6 week
pulseoximeters. PLO 10
. . . . PLO3 Practice 10
7 Topic 42 Design and technical characteristics of PLO7 7 week
pulseoximeters. PLO 10
. . . PLO3 Practice 11,2
.1 )
3 Topic 5.1. Theoretical foundations of blood ot 8 week
pressure. PLO 10
. . . _ PLO3 Practice 13
9 Topic 5.2. Design anfj technical characteristics of PLO7 9 week
blood pressure monitors. PLO 10
. . . PLO3 Practice 14,15
10. Topic 6.1. Theoretical foundations of PLO7 10 week
reographers. PLO 10
. . . _ PLO3 Practice 16
11 Topic 6.2. Design and technical characteristics of ot 11 week
reographs. PLO 10
. . . PLO3 Practice 17,18
12 Topic 7.1. Theoret/cal foundations of PLO7 12 week
lphonocardiographs PLO 10
. . . . PLO3 Practice 19
13 Topic 7.2. QeS/gn and technical characteristics of PLO7 13 week
lphonocardiographs. PLO 10
. . . . PLO3 Practice 20
14 Z/'op{c 8.1. Theoretical foundations of ultrasonic DLO7 14 week
evices. PLO 10
15 |Module Test ﬁtg'; ) 14 week




PLO 10
PLO3 -
16 |Final Test PLO7 14 week
PLO 10

6. Self-study

One of the main types of semester control during the mastering of the discipline "Design of
Automatic Control Systems" is preparation for lectures, practical works, express control works / test
tasks and personal control tasks.

Policy and control
7. Attendance policy

Attending classes

Attendance at lectures (consultations) is highly recommended, as well as mandatory independent
preparation for lectures. Attendance at practical classes is mandatory, as they are used to write express
tests / tests / defense of practical work, grades for which are included in the current rating.

The assessment system is focused on obtaining points for student activity, as well as personal
homework that can develop practical skills.

Control measures missed

Missed control measures for the protection of practical work must be worked out if there is a
report at the next lesson, or at consultations.

Omissions of writing a module test and express test are not fulfilled. Skipped Module Test can be
worked out in consultations.

Violation of deadlines, penalty points and rewarding points

Rewarding points Penalty points*
Criterion Weight points Criterion Weight points
Practical or laboratory work 1 point (for each Untimely From -0.5 points to -5
improvement work) implementation of a points (depending on
practical work the delivery date)
Online courses completed on the 5 points Untimely From -0.5 points to -5
topics that are agreed with the implementation of a points (depending on
teacher laboratory work the delivery date)
Registration of scientific work for 10 points Untimely From -0.5 points to -5
participation in the competition of implementation of a points (depending on
student scientific works Module Test the delivery date)
Writing of abstracts, articles, From 5 points to Untimely From -2 points to -5
participation in international, +10 points implementation of a points (depending on
national and / or other events or Home Control Work the delivery date)
competitions on the subject of the
Course

* if the control measure was missed for a good reason (illness, which is confirmed by a certificate of the established sample) - penalty points are not accrued.

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 “Igor Sikorsky Kyiv Polytechnic
Institute” (approved by the order NeNON/128/2021 from 20.05.2021) -
https://osvita.kpi.ua/index.php/node/182

Inclusive education

The course "Design of Automatic Control Systems" can be taught to the most of students with
special educational needs.

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 and defense of a Home Control Work is
carried out during self-study work of students in a remote mode (with a possibility of consultation with
the teacher through e-mail, social networks).

Teaching in 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. Monitoring and grading policy

Grading system (current control):

Ne Control measure % We.lght Number| Total
s/n points
1. |Report on the implementation of practical work Condition
0 0 20 of
admission
2. | Express control works / test tasks / defense of practical 40 P 20 40
works
3. |Personal control task No1 10 10 1 10
4., |Personal control task No2 10 10 1 10
5. |Modular control work 20 20 1 20
6. |Final Test 20 20 1 20



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

| Total | 100 |

The applicant receives a positive credit score for the results of the semester, if he has a final rating for
the semester of at least 60 points and has met the conditions of admission to the semester control, which
are determined by the RSO.

With applicants who have met all the conditions of admission to the test and have a rating of less than
60 points, as well as with those applicants who want to increase their rating, the penultimate on the
schedule of the discipline in the semester teacher conducts semester control in the form of modular
control / test task.

If the grade for the modular test is less than the current rating, the "hard" RSO is used - the previous
rating of the applicant according to item 2 (except for points for the semester individual task, items 3
and 4) is canceled and he receives a grade based on test results. work. This option forms a responsible
attitude of the applicant to the decision to perform the test, forces him to critically assess the level of his
training and carefully prepare for the test.

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 grade 2> 21 points 2> 37 points
Report on the implementation of Pr No.1-12 + +
practical work Pr No.13-20 - +
Minimum 50% of
Requirements possible points on + +
to obtain a | Express control works / test tasks topics 1.1... 3.2
positive / defense of practical works Minimum 50% of
calendar possible points on - +
control topics 3.3... 5.2
Personal control task Ne1l acco'rd/ng fo + +
sections 1,2
Personal control task Ne2 accorc.hng to - +
section 4
Modular control work - +

In the case of a plagiarism or an academic poor quality during training the control measure is not
credited.

Semester certification of students

Mandatory requirements for the admission to the Final Test Criterion
1 |Current grade RD > 60
2 |All laboratory works are completed Report
3 | Writing at least 5 express tests / tests More than 24 points

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



Optional requirements for the admission to the Final Test:
1. Active work during practical classes.
2. Positive result of the first and the second calendar control.
3. Attending of lectures.

The final performance score or the results of the Final Test are adopted by university grading system as
follows:

Number points Assessment on the university scale
100-95 Excellent / BiomiHHO
94-85 Very good / flyxce dobpe
84-75 Good / flobpe
74-65 Satisfactory / 3a008is16HO
64-60 Satisfactory / flocmamHbo
Less 60 Unsatisfactory / HezadogisibHO
The course requirements are not met Not allowed / He donyuweHo

9. Additional information on the course (educational component)

Module Test (MT), which is planned for the course and is designed for a total of two academic
hours, is conducted in two practical classes.

The list of questions for preparation for Module Test, and also for preparation for credit is given in
appendix 1.

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 tests, practical work).



Work pgram of the course (syllabus):
is developed by Senior Lecturer, Stanislav Zubkov.
Approved by the Department of Biomedical Engineering (protocol Ne ____ to )

Approved by the Methodical Commission of the Faculty of Biomedical Engineering (protocol Ne __ to



Appendix 1 to the syllabus of the course
"Design of Automatic Control Systems"

The list of questions for preparation for the Module Test, Final Test
1. Classification of ACS.
2. The transfer function of the link.
3. General structural scheme of ACS.
4 Communication between ACS and SAR.
5. Elementary and typical dynamic links.
6. Decomposition of the transfer function, consisting of the transfer functions of typical units.
7. The transfer function of a closed system on the input influence.
8. The transfer function of a closed system by error.
9. The transfer function of a closed system on the disturbing effect.
10. Conversion of a chain of series-connected links to one link.
11. Transformation of a chain of parallel connected links to one link.
12. Transfer of the node through the link along and against the movement of the signal.
13. Transfer of the adder through the adder along and against the movement of the signal.
14. Typical input effects.
15. The only transient and impulse transient characteristic.
16. Amplifier link, its equation of dynamics, transfer function, type of transient characteristic.
17. Aperiodic link, its equation of dynamics, transfer function, type of transient characteristic.
18. Oscillatory link, its equation of dynamics, transfer function, type of transient characteristic.
19. Conservative link, its equation of dynamics, transfer function, type of transient characteristic.
20. Frequency characteristics of the links (according to the known transfer function of the link).
21. AFCHH, LACHH and LFCHH of the amplifying link.
22. AFCHH, LACHH and LFCHH aperiodic link.
23. AFCHH, LACHH and LFCH oscillating link.
24. LACHH and LFCHH of an ideal differentiating link.
25. LACHH and LFCHH forcing link.
26. General solution of the equation of ACS dynamics (free and forced components).
27. Laplace transform. Basic properties.
28. Differentiation and integration of the original.
29. Theorems on delay and displacement
30. Theorems on initial and final value.
31. Image of B-function, unit step function, linear function.
32. Image of the exponent by Laplace.
33. Laplace image kSinPit
34. Laplace image kCosit



35,
36.
37.
38.
39
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

Decomposition formula for a fine-rational function.

Theorem of existence and uniqueness of the solution of a differential equation.
Determination of Lyapunov stability.

Determination of asymptotic stability according to Lyapunov.
Determination of instability by Lyapunov.

Derived by virtue of the system. Lyapunov functions.

Phase space method. Phase portrait.

Properties of phase trajectories. Types of phase trajectories (list).
Phase portrait of the "node" type.

Phase portrait of the type "saddle".

Phase portrait of the type "focus", "center".

Reduction of stability. Theorem 1.

Theorem 2 (on boundedness of solutions).

Theorem 3 (on asymptotic stability).

Theorem 4 (on stability at Rellk = 0).

Hurwitz criterion.

The principle of argument.

Mikhailov's criterion.

The rule of alternation of roots as a consequence of the Mikhailov criterion.
Nyaquist criterion for the case of SAR, stable in the open state.

Nyaquist criterion for the occasion of SAR, unstable in the open state.
Rule on the number of transitions through the critical segment [-B, -1].
Nyquist criterion for astatic systems (adding a circle with R = ()

Stocks of stability.

Definition of the concept of astatism SAR.

Representation of the error SAR as the sum of errors in position, speed and acceleration.

Calculation of error rates CO, C1, C2.

Direct indicators of the quality of the transition process.

The relationship of integrated quadratic quality assessment of SAR with Butterworth functions.

General view of the structure of the SAR with PID - regulator.
Synthesis of serial KU (PID - regulator).

Synthesis of parallel KU.

Invariance with respect to the input effect.

Invariance with respect to outrageous influence.

Desirable transfer function with polynomial root distribution.

Linearization of differential equations.



71. DC motor, system of its differential equations, transfer functions on input influence and on
perturbation.

72. General equation of a section of a line with concentrated parameters.

73. General equation of a section of a line with distributed parameters.

74. Frank's model for the vessel section and the 3-element equivalent Windkessel model.
75. The equation of continuity.

76. Euler's equation for the vessel area and their electrodynamic analogue



