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INTRODUCTION

The Course Training Program of the subject "Designing of Machines and Mechanisms and
Fundamentals of Interchangeability" is developed on the basis of the "Methodical guidance for
the development of a course training program of the subject", approved by the order Nel06/po3
dated 13.07.2017 and corresponding normative documents.

1. Explanatory notes
1.1. Planned results.

The course "Metrology and Standardization" is the theoretical basis of a set of knowledge
and skills that form students' knowledge of methods of ensuring the accuracy and uniformity of
measurements inherent in future professional activity, in accordance with the requirements of
standards and other normative documents.

The overall focus of the discipline is to study the basic provisions of metrology and
to observe them when performing measurements and presenting the results of measurements.

The purpose of teaching the discipline is to develop students' knowledge of the basics of
measuring and controlling physical quantities, according to metrological requirements and
presenting them in the relevant documentation.

The task objective of studying the discipline is:
studying basis of metrology and measurement skills inherent in professional activity.

As a result of studying the discipline, the student must acquire the following
competencies:

e ability to use the requirements of regulatory and legal metrology documents;

e ability to apply physical quantities and the basics of their measurements, as well as the
application of basic measurement methods and techniques;

e ability to use the basics of statistical processing of experimental measurement data;

e ability to have methods of ensuring accuracy and uniformity of measurements;

e ability to detect possible errors in measurement results and ways of presenting them.

Academic discipline “Metrology and Standardization" is based on the knowledge got
during studying the disciplines: "Higher Mathematics", "Physics" "Electrical Engineering and
Electronics", "Descriptive Geometry and Engineering Graphics" and is the basis for the study of
such disciplines as: "Materials Science" "Theory of Mechanisms and Machines", "Details of
Machines", "Design of Functional Aircraft Systems", "Hydraulics and Hydropneumatic Devices”
of Aviation Engineering", "Theory and Calculations of Automotive Engineering", "Airport
Engineering".

1.2. Educational Subject Program

The subject matter of discipline is structured with module principle and is divided into two
modules.

Training module Nel ,,Fundamentals of Metrology”, training module Ne 2
» Fundamentals of Standardization”, each of which is logically complete, relatively
independent, integral part of the discipline, learning of which provides for modular test and
analysis of its doing.

Module Nel "Fundamentals of Metrology"';

Topic 1. Metrology is the science of measurement. Basic concepts and definitions in
metrology. The importance of metrology for scientific and technological progress. State
metrological organizations. International and national standards in the field of metrology.

Topic 2. Physical quantities and their units. Physical quantities and bases of their
measurements. International System of Units SI. Basic and derived units of the SI system. Multiple and
partial units.
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Topic 3. Measurement principles and methods. Measurement errors of physical
quantities. Basic concepts of measurement. Classification of measurements. Electrical methods for
measuring non-electrical quantities. Measurement errors. Random errors. Evaluation of the true value
of the measurement value. Mathematical processing of measurement results.

Topic 4. Measuring instruments and their errors. Characteristics of measuring
instruments. Measurement equipment errors. Classification of measuring instruments.

Topic 5. Standards and reference measuring instruments. General concepts about
standards. Classification of standards. Measuring equipment. General information about
verification schemes. Methods of calibration of measuring equipment.

Topic 6 Methods for improving measurement accuracy. Measurement error analysis.
Method of stabilization of static characteristics parameters. Structural redundancy method.
Method of reducing random and systematic components of errors.

Topic 7 State Metrological Service of Ukraine. Metrological ensuring uniformity of
measurements. The main tasks of metrological support. Structure of the metrological service of
Ukraine. Metrological Services of Central Executive Bodies, Enterprises and Organizations.
Departmental Metrological Service. State metrological control and supervision. State testing of
measuring instruments. Verification, audit and expertise of measuring instruments.

Module Ne 2 ,, Fundamentals of Standardization”.

Topic 1. The main provisions, the goal and objectives of standardization. Basic
concepts of standardization. The purpose and objectives of standardization.

Topic 2. Principles and methods of standardization. Categories of standardization
documents. Methods of standardization. Advance and comprehensive standardization.

Topic 3. State standardization system of Ukraine. National standardization system.
Standardization bodies of Ukraine. Departmental standardization service. Principles of
application of standards. State oversight of standards. Normal control of technical
documentation.

Topic 4. Types and categories of standards and regulations. Types and categories of
standards. Procedure for developing, adopting, amending and revising standards. Procedure for
approval and implementation of standards.

Topic 5. Systematization of general technical standards. System of design and
technological documentation.

Topic. 6. International standards ISO 9000 and ISO 10000 series. Composition of the
ISO 9000 and ISO 10000 standards. Requirements containing the ISO 9000 series standards.

2. CONTENT OF THE SUBJECT
2.1. Subject structure.

SN Academic Hours

Topic Total |Lectures | Practices |Self-study

Semester 3
Module Nel "Fundamentals of Metrology"
1.1 | Metrology as a science of measurement. 9 2 2 5

Physical quantities and their units.
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1.2 | Principles and methods of measurement. Errors | 10 2 2 6
of measurement of physical quantities. Means
of measuring equipment and their errors.
1.3 | Standards and  exemplary = measuring | 10 2 2 6
instruments.
1.4 | Methods of  increasing accuracy of| 10 2 2 6
measurements.
1.5 | State Metrology Service of Ukraine. 7 2 - 5
1.6 | Module Test Ne 1 6 - 2 4
Total for Module Ne 1 52 10 10 32
Module Ne2 '"Fundamentals of Standardization"
2.1 | Main provisions of the purpose and tasks of 9 2 2 5
standardization. Principles and methods of
standardization.
2.2 | The State Standardization System of Ukraine. 10 2 2 6
National System of Standardization.
2.3 | Types and categories of standards and 9 2 2 5
regulations.  Systematization of  general
technical standards.
2.4. | International standards of the ISO 9000 series 6 1 5
and ISO 10000.
2.4 | Module Test Ne 2 4 - 1 3
Total for Module Ne 2 38 7 7 24
Total for the Subject 90 17 17 56
2.2. Lectures: themes and hours
Academic Hours
Ne Topic Lectures Sstilg;
1 2 3 4
3 semester
ModuleNel "Fundamentals of Metrology"
1.1 | Metrology as a science of measurement. Physical quantities and 2 3
their units.
1.2 | Principles and methods of measurement. Errors of measurement of 2 3
physical quantities. Means of measuring equipment and their
errors.
1.3 | Standards and exemplary measuring instruments. 2 3
1.4 | Methods of increasing accuracy of measurements. 2 3
1.5 | State Metrology Service of Ukraine. 2 5
Total for the module Nel 10 17
Module Ne 2 "Fundamentals of Standardization"
2.1 | Main provisions of the purpose and tasks of standardization. 2 3
Principles and methods of standardization.
2.2 | The State Standardization System of Ukraine. National System of 2 3
Standardization.
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2.3 | Types and categories of standards and regulations. Systematization 2 3
of general technical standards.

2.4 | International standards of the ISO 9000 series and ISO 10000. 1 5

Total for the module Ne2 7 14

Total for the discipline 17 29

2.3. Laboratory Classes: themes and hours

No Academic Hours
B Topic Laborator|  Self
y classes study
1 2 3 4
3 semester
ModuleNel "Fundamentals of Metrology"
1.1 | Acquaintance with measuring equipment (ME) for product 2 2
control
1.2 | Statistical processing of direct measurement results 2 3
1.3 | Multiple measurement results processing. Evaluation of random 2 3
measurement errors. Normal law of distribution of random
variables
1.4 | Measurement of radial beating of a shaft. Assignment of 2 3
tolerances and accuracy class of parts
1.5 |Module test No 1 2 4
Total for the module Nel 10 15
ModuleNe 2 " Fundamentals of Standardization"
2.1 | National standardization system of Ukraine. Law of Ukraine on 2 2
metrology and metrological activity
2.2 | Types of standards. Procedure for development, approval and 2 3
implementation of standards
2.3 | Parametric standardization. The basic properties of series of 2 2
preferred numbers
2.4 |Module test Ne 2 1 3
Total for the module Ne2 7 10
Total for the discipline 17 25
2.4. Self-study (individual work) of the student, its content and hours
Ne Student self-study and its content ( chgéf;l?ctugz)/urs)
1 2 3
3 semester
1. | Studying lecture material 29
2. | Preparation to laboratory classes 18
3. | Preparation to module tests 7
Total for the discipline 56

3. EDUCATIONAL AND METHODICAL MATERIALS ON DISCIPLINE
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3.1.Methods of Teaching. To enhance the educational and cognitive activity of students
during the study of the discipline such educational technologies as work in small groups, solving
situational tasks, lectures using lectures using multimedia presentations are used.

3.2. Recommended Literature
Basic literature
3.2.1. 3akoH YkpaiHu PO METPOJIOTIIO Ta METPOJIOTIUHY AISUIBHICTH
Nel765-1V Bin 01.01.2016.

3.2.2. ACTY 2681 — 94. Metpororis. TepmiHu Ta BU3HAUCHHS.

3.2.3. ACTY 3651 — 97 Onunuti ¢izuyHUX BETHYHH.
3.2.4. 3akon Ykpaiau «IIpo cranmaptusamio» Bix 05.06.2014 Ne 1315-VIIL.
3.2.5.HoBukos B.M., Komo6a A.M., Bennuko O.M. OcHOBH MeTpoJIOTii Ta METpOJIOriuHa

nistmpHICcTh. HaBuansuuit mocionuk. Yactuna 1 — Kuis: Hopa — mipinT, 2000. — 228¢.

3.2.6.1romropa C.B., Lrouropa B.J[. Merposnorisa ocHoBu BuMmiptoBanb: HaBu. moci6. — K.:
3uanns, 2003. -180 c.
3.2.7.rommropa C.B., Hromropa B.JI. MeTposnoriss ocCHOBU BHUMIpIOBaHb, CTaHIAPTU3ALIIS Ta
ceprudikamis; Hapu. [Tocion. — K.: 3nanns, 2005. — 242 c.
3.2.8.boxenko JI.I. Metposoris, crannaptu3zanis, ceprudikanis ta akpenutauis: Hapu.
nocioH. — JIpBiB: Adima, 2006 -324 c.
3.2.9.onimyx €.C., Hopoxosens M.M., fAnyk B.O Tta iH.. MeTtposoris Ta BuUMiproBajibHa
texHika: [ligpyunuk:- JIsBiB: BunaBuuurso «beckun bit», 2003. — 544c.
3.2.10. International vocabulary of metrology—Basic and general concepts and associated
terms (VIM) (PDF) (3rd ed.). International Bureau of Weights and Measures on behalf of the
Joint Committee for Guides in Metrology. 2012. p. 46.
3.2.11. Czichos, Horst; Smith, Leslie, eds. (2011). Springer Handbook of Metrology and
Testing (2nd ed.).

Additional literature

3.2.12. 3akon Ykpainu npo cranmaprtuzarnito Nel314 Bix 05.06.2014 poky.

3.2.13.ACTY 1.5-93 JlepkaBHa cuctema cTaHiapTu3alii YKpaiHu. 3aranbHi BUMOTH J0
moOy10BH, BUKJIATy, 0DOPMIICHHS Ta 3MICTy CTaHJIapTiB.

3.2.14. ACTY 1.6-97 [epxxaBHa cuctema cTaniapTusaiuii Ykpainu. Ilopsnok nep;kaBHOi
peecTparliii rajgy3eBUX CTaHAAPTIB, CTAHJAPTIB HAYKOBO-TEXHIYHUX Ta 1H)KEHEPHUX TOBAPHUCTB 1
CIILJIOK,

3.2.15.TapacoBa B.B., ManunoBcekuii A.C., Pubax M.®. Metposoris, ctanzapTusamis i
ceprudikauis. [Tinpyunux. — K.: Llentp HaBu nitepatypu, 2006 — 266 c.

3.2.16.Capanua I'.A. Mertposoris, craHAapTU3allis, BIANOBIAHICTb, aKpeOUTallis Ta
ynpasiiHHs skicTio. [Tigpyunuk.-K.: Llentp HaBu. niteparypu, 2006.-264c.

3.2.17. International Vocabulary of Terms in Legal Metrology (VIML), Bureau International
De Métrologie Légale (BIML) Edition 2000, p. 28.

3.2.18. The International System of Units (SI brochure (EN): 8th edition, 2006, p. 28.

3.2.19. Fyk, M., Burova, M., Fyk, 1. (2020) - Metrology, certification and standardization.
Lecture notes (Ukrainian language). DOI - 10.13140/RG.2.2.30731.85289

3.3. Internet Information resources

3.3.1. https://er.nau.edu.ua/handle/NAU/40476

3.3.2. https://www.me.gov.ua/Documents/Detail ?lang=en-
GB&isSpecial=True&id=4d124447-546e-4fe8-bc1b-



https://www.me.gov.ua/Documents/Detail?lang=en-GB&isSpecial=True&id=4d124447-546e-4fe8-bc1b-e1da490da1ee&title=TechnicalRegulationSystemOfUkraine-standardization-ConformityAssessmentAndAccreditation-MetrologyAndMetrologicalActivity-
https://www.me.gov.ua/Documents/Detail?lang=en-GB&isSpecial=True&id=4d124447-546e-4fe8-bc1b-e1da490da1ee&title=TechnicalRegulationSystemOfUkraine-standardization-ConformityAssessmentAndAccreditation-MetrologyAndMetrologicalActivity-
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elda490dal ee&title=TechnicalRegulationSystemOfUkraine-standardization-
ConformityAssessmentAndAccreditation-MetrologyAndMetrological Activity-
3.3.3. https://www.cencenelec.eu/research/ForMembers/Why/metrology/Pages/default.a

SpX
3.3.4. https://www.iso.org/standards.html

4. RATING SYSTEM FOR ASSESSING STUDENTS' KNOWLEDGE AND SKILLS
ACQUIRED
4.1. Control methods and points accounting scheme
Grading of different kinds of academic work performed by a student is done in accordance
with Table 4.1.

Table 4.1.
Grading of different kinds of academic work performed by a student
3 Semester
Module Nel Module Ne2
. o Max . o Max
Academic Activities Grade Academic Activities Grade
Performance and Performance and protection
: 32 30
protection of laboratory of laboratory works 2.1 —
works 1.1-1.4 (4x8) (total) 2.3 (3x10) (total)

For carrying out module test Ne 1, a
student must receive not less than 20

For carrying out module test Ne 2, a student must
receive not less than 18 values

values
Module test Nel 12 Module test Ne2 14
Total for Module Nel 44 Total for Module Ne2 44
Semester Graded Test 12
Total 3-d Semester Score 100

4.2. The kind of academic work, performed by a student, has been passed, if a student got
positive grade according to National Scale — (see Table 4.2).

Table 4.2
Correspondence between Grade values and the National System
Performance and defense of

laboratory classes Module test Nel Module test No2 National System
Module Ne 1 | Module Ne 2

8 9-10 11-12 13- 14 excellent

6-7 8 9-10 11-12 good
5 6-7 7-8 9-10 satisfactory
under 5 under 6 under? under 9 failed



https://www.iso.org/standards.html
https://www.cencenelec.eu/research/ForMembers/Why/metrology/Pages/default.aspx
https://www.cencenelec.eu/research/ForMembers/Why/metrology/Pages/default.aspx
https://www.me.gov.ua/Documents/Detail?lang=en-GB&isSpecial=True&id=4d124447-546e-4fe8-bc1b-e1da490da1ee&title=TechnicalRegulationSystemOfUkraine-standardization-ConformityAssessmentAndAccreditation-MetrologyAndMetrologicalActivity-
https://www.me.gov.ua/Documents/Detail?lang=en-GB&isSpecial=True&id=4d124447-546e-4fe8-bc1b-e1da490da1ee&title=TechnicalRegulationSystemOfUkraine-standardization-ConformityAssessmentAndAccreditation-MetrologyAndMetrologicalActivity-
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4.3. The grades a student has been given for the different kinds of academic work the
summed up and the result constituting a Current Module Grade is entered into the Module Grade
Register.

4.4. The Current Module Grade and the Module Test Grade together make up a Total

Module Grade whose correspondence to the National System is shown in Table 4.3.

Table 4.3
Correspondence between Total Module Grade Values and the National System
Module No | Module No 2 National System
40 - 44 40 - 44 excellent
33-39 33-39 good
27—32 27—32 satisfactory
under 27 under 27 failed

4.5. The Total Module Grade received by a student for making and defense of a course
project in values, National Scale grades and ECTS Scale grades, is entered into the Module Grade

Register.

4.6. The Semester Module Grade is calculated as the sum of the Total Module Grades.
The correspondence between Semester Module Grade values and the National System is given in

Table 4.4.
Table 4.4

Correspondence between Semester Module

Grade Values and the National Scale

Table 4.5

Correspondence between Graded Test
Grade Values and the National Scale

Semifs;irleCs}rade National Scale g:;g{l/ﬁ?; National Scale
79-88 excellent 11-12 excellent
66-78 good 9-10 good
53-65 satisfactory 7-8 satisfactory

under 53 failed under 7 failed

4.7. The Semester Module Grade and the Graded Test Grade together make up a Total
Semester Grade whose correspondence to the National Scale and the ECTS Scale is shown in

Table 4.6.

4.8. The Total Semester Grade is entered into the Examination Register and into a
student’s record book in values, National Scale grades, and ECTS Scale grades.

4.9. The Total Semester Grade is entered into a student’s record book, for example:
92/Ex/A, 87/Good/B, 79/Good/C, 68/Sat/D, 65/Sat./E, etc.

4.10. The Total Discipline Grade corresponds to the Total Semester Grade.

The Total Discipline Grade is entered in the Diploma Supplement
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Table 4.6
Correspondence of Total Semester Grades to
the National Scale and the ECTS Scale
2;:53;121632? National Scale ECTS Scale '
Grade Explanation
90-100 Excellent A Excellent
(excellent performance with insignificant
shortcomings)
82 -89 B Very Good
(performance above the average standard with a
Good few mistakes)
75 - 81 C Good
(good performance altogether with a certain
number of significant mistakes)
67 -174 D Satisfactory
(performance meets the average standards)
60 — 66 Satisfactory E Sufficient
(performance meets the minimal criteria)
35-59 FX Failed
(bad performance; a second testing is required)
1-34 Failed F Failed

(very bad performance; a student shall retake
the course)
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