29th INTERNATIONAL SCIENTIFIC
SYMPOSIUM

METROLOGY AND
METROLOGY
ASSURANCE 2019

PROCEEDINGS
OF THE SIMPOSIUM

September 6 — 10, 2019, Sozopol, Bulgaria



METROLOGY AND METROLOGY ASSURANCE 2019

29" International Scientific Symposium
September 6 -10, 2019, Sozopol, Bulgaria.

ORGANISED BY
(/ P‘\' U /V/ ° . .
R £, Technical University of Sofia
T IO i ¢ Department of Electrical Measurements
U o L) . . .
& J ¢ Department of Precision Engineering and Measuring Instruments

Sop®

Institute of Electrical and Electronics Engineers,
Bulgaria Section

WITH THE ATTENDANCE OF

M Bulgarian Institute of Metrology

M Union of Metrologists in Bulgaria

—% Bulgarian Academical Association of Metrology

Kozloduy Nuclear Power Plant

WITH THE SUPPORT OF
RESEARCH AND DEVELOPMENT SECTOR BY THE TU-SOFIA
SOFTTRADE NIK 47 Ltd R&DL “CMME”

The Proceedings of the 29th International Scientific Symposium ,,Metrology and
Metrology Assurance 2019 is issued with the financial support of

the National Science Fund on Ministry of Education and Science on Contract
JIMH® 01/12 from 01.08.2018.



METROLOGY AND METROLOGY ASSURANCE 2019

29" International Scientific Symposium
September 6 -10, 2019, Sozopol, Bulgaria.

ORGANIZING COMMITTEE

Chairman
Prof. Hristo Radev, DSc

Vice chairman
Assoc. Prof. Ivan Kodjabashev, PhD
Paun Iichev, Meng
Vesela Konstantinova, PhD
Prof. Branko Sotirov, PhD
Emilian Edrev, MEng

Scientific secretary
Assoc. Prof. Georgi Milushev, PhD

Members
Assoc. Prof. Vasil Bogev, PhD
Prof. Georgi Djukendjiev, PhD
Milko Djambazov, PhD
Krasimir Galabov, PhD
Assoc. Prof. Ivanka Kalimanova, PhD
Sasho Nedyalkov, MEng
Nikola Panchev, MEng
Todor Todorov, MEng
Prof. Plamen Tzvetkov, PhD
Assist. Prof. Velizaer Vassilev, PhD

Secretariat
Assist. Prof. Bojidar Djudjev, PhD
Assoc. Prof. Dimitar Diakov, PhD
Nikolay Gurov, MEng
Sen. Res. Fel. Momchil Hardalov, PhD
Assist. Prof. Hristiana Nikolova, MEng
Assist. Prof. Rositza Miteva, PhD

TU-Sofia

TU-Sofia
BIM
UMB
BAAM

Kozloduy NPP

TU-Sofia

TU-Sofia
TU-Sofia
TU-Sofia
TU-Sofia
TU-Sofia
BIM
NIK 47

Kozloduy NPP

TU-Sofia
TU-Sofia

TU-Sofia
TU-Sofia
TU-Sofia
TU-Sofia
TU-Sofia
TU-Sofia



METROLOGY AND METROLOGY ASSURANCE 2019

29" International Scientific Symposium
September 6 -10, 2019, Sozopol, Bulgaria.

INTERNATIONAL PROGRAMME COMMITTEE

Chairmen
Prof. Plamen Tzvetkov, PhD TU-Sofia, Bulgaria
Members
Assoc. Prof. Kiril Alexiev, PhD BAS, Bulgaria
Prof. Konstantionos Athanasiadis, PhD EMI, Greece
Anna Chunovkina, DSc VNIIM, Russia
Prof. Viadimir Dmitriev, DSc TsAGI, Russia
Manus Henry, PhD University of Oxford, England
Prof. Dietrich Hofmann, PhD ICC Spectronet, Germany
Prof. Barry Jones, DSc Brunel University, England
Assoc. Prof. Ivan Kodjabashev, PhD TU-Sofia, Bulgaria
Prof. Peter Lauda, DSc TU-Liberec, Czech Republic
Prof. Zvezditza Nenova, PhD TU-Gabrovo, Bulgaria
Prof. Franko Paveze, DSc INRIM, Italy
Assoc. Prof. Elmo Pettai, PhD TUT, Estonia
Prof. Georgii Rannev, DSc IIT, Russia
Prof. Alexandru Salceanu TU Gheorghe Asachi, Romania
Assoc. Prof. Nikolay Serov, PhD NRU MPEI, Russia
Prof. Branko Sotirov, PhD RU Angel Kanchev, Bulgaria
Prof. Alexandr Shestakov, DSc SUSU NRU, Russia
Roald Taymanov, DSc VNIM, Russia
Assoc. Prof. Stanislav Valchev, PhD NOVA, Portugal
Prof. Evgeniy Volodarsky, DSc. NTUU KPI, Ukraine
Prof. Wiestaw Winiecki, DSc WUT, Poland
Prof. Igor Zaharov, DSc NTU KPI, Ukraine

All papers published in the Proceedings of the 29th International Scientific
Symposium ,,Metrology and Metrology Assurance 2019 are reviewed by the
International Programme Committee.



MMA 2019 is organized by:

e Technical University of Sofia
e |EEE Bulgarian Section

2019 XXIX International Scientific Symposium "Metrology and Metrology Assurance" (MMA)
Copyright © 2019 by the Institute of Electrical and Electronics Engineers, Inc. All rights reserved.

Copyright and Reprint Permission

Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the limit of
U.S. copyright law, for private use of patrons, those articles in this volume carry a code at the bottom of the
first page, provided that the per-copy fee indicated in the code is paid though the Copyright Clearance
Center, 222 Rosewood Drive, Danvers, MA 01923.

Other copying, reprint, or reproduction requests should be addressed to IEEE Copyrights Manager, IEEE
Service Center, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331,
e-mail: pubs-permissions@ieee.org.

IEEE Catalog Number CFP19MME-CDR
ISBN 978-7281-2212-0

Additional copies of this publication are available from
Curran Associates, Inc.
57 Morehouse LaneRed Hook, NY 12571 USA

+1 845 758 0400
+1 845 758 2633 (FAX)
email: curran@proceedings.com




CONTENT

PLENARY SESSION

P2  R. Taymanov, K. Sapozhnikova 1
Trend in Efficient Development of Measuring Instruments and Systems
P3 I Lira 6

Type A Evaluation of Measurement Uncertainty: Frequentist or Bayesian?

Section | GENERAL ASPECTS OF METROLOGY. MEASUREMENT METHODS. UNITY
AND ACCURACY OF MEASUREMENTS

.1 A. Antsukova, A. Korolyova, A. Chunovkina 10
Comparative Analysis of Different Methods of Processing Measuring Results for
Calibrating Standard Deadweight Pressure Gauges

[.2 N. Burmistrova, I. Viktorov, A. Chunovkina 14
Comparative Analysis of Algorithms for Processing Inconsistent Data on the Example of
Comparisons CCQM-K131

1.3 I. Zakharov, O. Botsiura, |I. Zadorozhna 19
Measurement Uncertainty Evaluation at Gauge Block Calibration

|.4 Y. Bekhtin, A. Lupachev, N. Serov, N. M. Kyaw, E. Eliceva, A. Petsinyavzh 23
Generalization of Studies of the Interval Criterion of Steady-State Value in the Measuring
Chain with Structural Uncertainty

.5  A. Deykun, O. Kolmogorov 27
The Method of Reducing Measurement Error of the Propagation Delays in Optical
Elements and Optical Fibers

1.6 Z. Warsza, J. Puchalski 31
Matrix Method of the Estimation of Uncertainties in Multiparameter Measurements of
Correlated Quantities

.7 O. Dovydenko, G. Birukov, A. Samoylenko, V. Maskaev, V. Petronevich 37
Research of Measurement Uncertainty During Calibration of a Bell Micromanometer for
the Transfer of a Pressure Unit to a Secondary Air Flow Velocity Standard

1.8  A. Shestakov 42
Measuring Instruments in the Digital Industry
1.9 I. Khoroshajlo, G. Suchkov, S. Yefymenko 48

Estimation of Standard Determinations of the Results of Vimiryuvan Different by Additional
Electronic Colorimeter

.10 D. Dichev, I. Zhelezarov, D. Diakov, H. Nikolova, R. Miteva 54
A Model of Dynamic Error Within Inertial Impacts
.11 M. Khanzadyan 58

Development of a Method and Set of Tools for Metrological Assurance of Optical-
Electronic Measuring Instruments

.12 H. Radev, V. Bogev, V. Vassilev 62
Uncertainty of Estimates of Deviations of the Form of Geometric Features

Section Il SENSORS, TRANSDUCERS AND DEVICES FOR MEASUREMENT OF
PHYSICAL QUANTITIES

1.1 D. Diakov, |. Kalimanova, H. Nikolova, V. Vassilev 67
Deviation from Form and Orientation of Dual-Channel Laser Measurement System
II.2 I. Nagornova, A. Kondratov, V. Glukchov, L. Varepo, O. Lazareva, 71

O. Trapeznikova
Tenso-Resistive Printed Sensors for Various Deformation Measurements



II.3 S. Lozanova, A. Ivanov, C. Roumenin 77
Magnetotransistor Sensors with Different Operation Modes

.4 A. Semenov, I. Fedosov 82
Novel Prony-Based Algorithm for Estimating Oscillation Parameters of Coriolis Flowmeter
at Two-Phase Flow

.5 T. Rozhnova, N. Koshevoy, O. Zabolotny, |. Koshevaya, E. Kostenko 88
Research of Moisture-Meter Device for Bulk and Liquid Materials
1.6 |. Sadkovskaya, A. Eikhvald, T. Eikhvald 92

The Development of an Optical Interferometer with Phase Modulation for Laser
Interferometric Oil Manometer of Russian Primary Pressure Standard

Section Il MEASUREMENT AND INFORMATION SYSTEMS AND TECHNOLOGIES

.1 N. Ordinartseva, A. Godnev, D. Artemonov 96
Improvement of Metrological Characteristics of the Automated Information-Measuring and
Control System of Oil Products Accounting in Operating Conditions of Its Operation

1.2 G. Rannev, S. Nefedov, A. Tarasenko 101
Information-Measuring System for Measuring Parameters of Thermoelectric Generator
Modules and Batteries Based on Them

1.3 S. Meshkov, R. Orel, A. Korotenko 105
Heat Losses Estimation of Buildings and Constructions by Thermographic Examination

Section IV MEASUREMENTS IN THE INDUSTRY

IV.1 M. Hristov, G. Dukendjiev, V. Vassilev 109
Study and Evaluation of Air-Electronic Gauges via Methodology MSA

IV.3 E. Volodarskiy, L. Kosheva, M. Klevtsova 113
The Role Uncertainty of Measurements in the Formation of Acceptance Criteria

IV.8 I Ivanchev, V. Slavchev 117

Probable Compressive Strength and Modulus of Elasticity of Concrete, Determined by
Non-Destructive Ultrasonic Pulse Velocity Method (NDUPVM) in Different Ways of
Measuring Transducers Placement

Section V MEASUREMENTS IN THE ELECTRICAL POWER ENGINEERING

V.1 A. Serov, A. Shatokhin, P. Makarychev 122
Method of Estimating of the Amplitude Spectrum Measurement Error Caused by the ADC
Nonlinearity

V.3 P. Tzvetkov, K. Galabov, |. Kodjabashev 127
Comparison of Approaches for Calibration of Electrical Power Quality Analyzers

V.4  G. Milushev 131

Verification of the Calculation Method on CLAMP-ON Resistance Testing and
Measurement

Section VI ACOUSTICS MEASUREMENTS, VIBRATION MEASUREMENTS AND
DIAGNOSTICS

VI.1 |. Zakharov, M. Serhiienko 136
Determinition of Gain-Frequency Characteristic Parameters of the Accelerometers by the
Area Method

VI.2 L. Dimitrova, G. Georgieva, J. Afzali, D. Dimitrov 140



Broad Band Seismic Sensors and Their Application: Case Study — Livingston Island,
Antarctica

V1.3 S. Poroshin, V. Usik, O. Butova 145
Features of the Application of the Methodology for Assessing the Acoustic Properties of
the Sound Field for Spectator Rooms

Section VIl MEASUREMENTS IN THE ECOLOGY, BIOTECHNOLOGY, MEDICINE,
AND SPORT

VII.1 V. Bachev, L. Petrov, A. Alexandrova, S. Neykov, S. Kolimechkov, V. Mihaylov 150
Some Metrological Aspects of Measurements of Quantitative Characteristics During a
Hypoxic Training of Elite Rowers

VII.2 A. Statkus 1564
Unstable Atherosclerotic Plaque Detection and Preliminary Classification of Its States With
Transcutaneous Ultrasound Vibrodiagnostics

VII.3 F. Andreev, S. Poroshin, B. Shostak, V. Onyshchenko, J. Salfetnikova, 160
A. Statkus

Concept of Measurement and Information System for Computer Vibrodiagnostics of
Atherosclerosis

VII.5 G. Ivanov, Y. Marinov, G.Hadjichristov, T. Vlakhov 166
Detection of Heavy Metal lons by Newly Designed Biosensor with Well-Formed 3D Nano-
Structure

VII.7 Y. Megel, V. Shigimaga, O. Mikhnova, I. Blagov 170
Refraction Measurements and Modeling of the Content of Water When Estimating the
Quality of Muscular Animal Tissue

VII.8 V. Galabov 174
How to Measure the Impact of Factors Affecting Life Expectancy
VIL.9 Y. Sokol, M. Shyshkin, O. Butova, O. Akhiiezer, O. Dunaievska 178

Improved Graphical Analysis of Atrial Fibrillation Based on Holter Measurement Data

Section VIl METROLOGY PRACTICE

V.1V Philippov, Y. Zackharenko, N. Kononova, E. Korolev, Z. Fomkina 184
Evaluation of Metrological Characteristics of VEGA UKS Collimating Stands

Section IX QUALITY MANAGEMENT AND CONTROL, STANDARDIZATION AND
CERTIFICATION

IX.1 Y. Megel, I. Kalimanova, A. Rybalka, M. Lysychenko, S. Kovalenko, 188
S. Kovalenko

Assessment of the Effectiveness of Laser-Acoustic Transformation

IX.2 S. Gavrulenko, V. Chelak, O. Gornostal, S. Gornostal 192
Identification of the Computer System State Based on Multidimensional Discriminant
Analysis

IX.3 V. Davydov, D. Voloshyn, S. Semenov 196
Obfuscated Code Quality Measurement
IX.6 M. Miroshnyk, Y. Korolova, Y. Pahomov 202

Graphic Representation of Component Algorithms in Multimedia Devices



