HayKoBO-NpaKTUYHUI XypHas

METPOJIOTA
TATIPUIIALA

Metrology and Instruments

70z/L

=

ISSN (print) 2307-2180
ISSN (online) 2663-9564




ISSN 2307-2180 (print)

NURE

Memporozis
ma npuraou

2024, Ne 1

WoniBpiuHnn
HayKOBO-NPaKTUYHUN XKypHan

3acHoBaHumn y 2006 poui

Y xypHani nybnikyloTbCcs pesynbTatv OOCNIMKEHb 3
TEOPETMYHOI, 3aKOHOAABYOI Ta NPUKNagHOI MeTpOonorii,
cTaHgapTm3auii Ta cepTudikauii, BUMIpIOBaHHA Ta
3abe3neyeHHs  sIKOCTi, ekcniyaTaudii Ta  po3pobku
cydacHux iHgopmalinHo-BMMIpOBanbHMX npunagis Ta
cuctem.  KypHanm  npusHayeHun AN HayKoBMX
npauiBHUKIB, BMKNagaYis, CniBpOBITHUKIB kanibpyBansHNX
Ta BUNPOBYBanbHNX nabopaTopin, JOKTOpPaHTIB,
acnipaHTiB, a TakoX CTYOEeHTiB CcTapwmx KypciB
BignNoBiAHUX crevianbHOCTEN.

3acHOBHMUK i BupaBeLb:
XapkKiBCbKUI HaLlioHanbHWUN yHiBepcUTeT
pafioeneKkTpoHiku

Kadeppa:
IHbopMaLiNHO-BUMIPIOBaNbHMX TEXHOIOTIN,
np. Haykn, 14, 61166, m. XapkiB, YkpaiHa
TenedoH: +38 (057) 702-13-31

E-mail pepkonerii:
mi@nure.ua

IHcpopmaLninHui canT:
http://mi.nure.ua

XapKiBCbKM HaLiOHaNbHUN
YHIiBEPCUTET padioeneKkTPOoHIKn

Kharkiv National University
of Radio Electronics

ISSN 2663-9564 (online)

M@

Metrology and
Instruments

2024, No. 1

Biannual
scientific and practical journal

Founded in 2006

The journal publishes the research study on
theoretical, legislative and applied metrology,
standardization and certification, measurement and
quality assurance, usage and development of
modern information and measurement instruments
and systems. The journal is intended for
researchers, lecturers, employees of calibration and
testing laboratories, doctoral students,
postgraduate students, and for senior students of
the corresponding specialties.

Founder and publisher:
Kharkiv National University
of Radio Electronics

Department:
Information and Measurement Technology
61166, Ukraine, Kharkiv, Nauka ave., 14

+38 (057) 702-13-31

E-mail of the editorial board:
mi@nure.ua

Phone:

Information site:
http://mi.nure.ua

Bameep0dxeHutl 0o Opyky Haykoeo-mexHiuHOr padoro XapKieCbKk020 HauioHaIbHO20 yHigepcumemy
padioenekmpoHiku (mpomokos ei0 28 nucmonada 2024 poky Ne 11/2).

10enmucpikamop media R30-04584 32i0HO 3 piweHHsIM HauioHansHoOT padu YkpaiHu
3 numaHb menebayeHHsi i padiomosrieHHs1 8i0 23.05.2024 Ne 1772

BxnroueHuti 0o “Tepeniky Haykosux ¢haxosux sudaHb YKpaiHu, 8 SKux Moxymb rnybrikysamucs pesynbmamu oucepmauitiHux
pobim Ha 3006ymms Haykosux cmyrneHie 0Kmopa HayK, kaHOuGama Hayk ma cmyreHs dokmopa cirnocogii”
0o kameeopii b — Haka3om MiHicmepcmea oceimu i Hayku YkpaiHu Ne886 gid 17.03.2020. (3i amiHamu 8id 02.07.20)

XapkiB o 2024

© XapkiBCbKWI HaLiOHaNbHUI YHIBEPCUTET pagioenekTpOoHikn



PepakuivHa koneriqa

ronoeHuli pedakmop:
3AXAPOB Irop MeTtpoBny
(0-p mexH. Hayk, npo., Xapkis, YkpaiHa).
YneHu pedakuiliHoi konezii:
BAKNAHOB OnekcaHap Mukonanosuy
(0-p xim. Hayk, npogp., Xapkis, YkpaiHa);
BIK BanbTep
(0-p qpisuku, TypiH, Imanis);
BOOHAP Onebra
(0-p Hayk, elimepcbepe, CLUA);
BAPLLA 3irmyHg,
(0-p gbinocogvii, doueHm, Bapwasa, Nonbuwia)
BITKOBCbKWW Biktop
(8-p Hayk, doueHm, bpamucnaea, Criogakisi)
JOPOXOBELb Muxarino MupoHosuy
(0-p mexH. Hayk, npod., XKewys, lNonbwa);
OAKOB Ovmuntp
(0-p Hayk, npogh., Coqpisi, bonzapis);
KOLWOBW Mukona OumuTtposuy
(0-p mexH. Hayk, npog., Xapkis, YkpaiHa);
J1IPA IrHacio
(0-p pinocogpii, npop., CaHmesieo, Yini);
MINYLWEB eoprin
(0-p gpinocoapii, doyeHm, Cogpia, boneapis);
MWTYLLEHKO PYCINAH NMABNOBKNY,
(0-p mexH. Hayk, npody., Xapkis, YkpaiHa);
MEHEKKI ®paH4yecka
(0-p inocodpii, TypiH, Imanis);
MOJNAPYC OnekcaHap Bacunbosuy
(0-p mexH. Hayk, npog., Xapkis, YkpaiHa);
CKYBIC Tageyw
(0-p mexH. Hayk, npo., nisiue, MNonbwa);
TPILW, PomaH Muxannosuy
(0-p mexH. Hayk, npody., Xapkis, YkpaiHa);
OOPEC Anictep
(marictp, TeddiHamoH, Benuka bpumaris);
FOPYEHKO Oner IBaHOBMWY
(0-p xim. Hayk, npog., Xapkie, YkpaiHa);
BidnoeidanbHuli cekpemap:
OETAPbOB OnekcaHap BaneHTuHoBuY
(kaHO. mexH. Hayk, dou., Xapkis, YkpaiHa).

Editorial board

Editor-in-Chief:
Igor ZAKHAROV
(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine).

Editorial board members:

Oleksandr BAKLANOV

(Dr. Sc. (Chem.), Prof., Kharkiv, Ukraine);
Walter BICH

(Dr. Sc. (Phys.), Turin, Italy);
Olha BODNAR

(Dr. Sc., Gaithersburg, USA)
Zygmunt WARSZA

(Ph.D, Ass. prof., Warsaw, Poland);
Viktor WITKOVSKY

(RNDr., Ass. prof., Bratislava, Slovakia);
Mykhaylo DOROZHOVETS

(Dr. Sc. (Tech.), Prof., Rzeszéw, Poland);
Dimitar DIAKOV

(Dr. Sc. (Tech.), Prof., Sofia, Bulgaria);
Mykola KOSHOVYI

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Ignacio LIRA

(Ph.D, Prof., Santiago, Chile);
George MILUSHEV

(Ph.D, Ass prof., Sofia, Bulgaria);
Ruslan MYGUSHCHENKO

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Francesca PENECCHI

(Ph.D, Turin, Italy);
Oleksandr POLIARUS

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Tadeusz SKUBIS

(Dr. Sc., Prof., Gliwice, Poland);
Roman TRISCH

(Dr. Sc. (Tech.), Prof., Kharkiv, Ukraine);
Alistair FORBES

(M. Sc. Teddington, United Kingdom)
Oleg Yurchenko

(Dr. Sc. (Chem.), Prof., Kharkiv, Ukraine);

Responsible secretary:
Oleksandr DEGTJARJOV
(PhD (Tech.), Ass. Prof., Kharkiv, Ukraine).



3AMICT

TABLE OF CONTENTS

KANIBPYBAHHA

bocinkoe Kpacumip, Hikonoea Onena,
Cnacosa Cuisncana
KanibpyBanus nupoBux rirpoMeTpiB (eng.) .............. 5

Hoesocvonos O.A4.
[ono nuTaHHs cTaHAAPTU3ALIT METOIUK KaaiOpyBaHHS
POOOUMX CTATIOHIB .....veevvieerieereereereereeereseresseesseensesseenens 9

BUMIPIOBAHHA

Bourwpa O.A., 3adoposricna 1. M., 3axapos 1. I1.
OrniHroBaHHS HEBU3HAYEHOCTI BUMipIOBaHb

KOOpAWHAT 00’ €KTY Ha TUIOIIHHI

TOHIOMETPHYHUM METOAOM (ENE.) ..eovvenrraniiriranieaneeas 15

IOpuenko 0.1, llleguenko 1.P., baknanoea JL.B.,
Yepnoocyk T.B., baknanos O.M.
[Monym’sitHO-poTOMETpUYHE BU3HAUCHHS CYJIb(aT-10HIB
Y BOJIaX 3 BUKOPUCTAHHAM YIBTPA3BYKY ..ccveereveenennnns 19

BUMIPIOBAIbHI NEPETBOPIOBAUI
TA NPUNAOUN

Kowosui M.JI., Ilaenux I'.B.

Po3pobxa HOBHX Ta YJOCKOHAJICHUX TIIOYHX
BOJIOKOHHO-ONITHYHHUX [IEPETBOPIOBAYIB

DIBUIHIX BEITHUMH. ... eevveeereereereeseeesesssesseesseesesnenees 25

Cyukoe I'M., Muzywienko P.1I1., Ilnecneyoe C.1O.,
Kowikapos I0.10., Kanvnuyvkuit M.E.

MoienmoBaHHS IMITYJIECHHUX JKEPEN MarHiTHOTO TTOJIS
MOPTATUBHUX YIBTPA3ByKOBUX €ICKTPOMATHITHO-
aKyCTUYHHX IIEPETBOPIOBAYIB TSI BUMiPIOBAHb,
KOHTPOITIO TA JIATHOCTHKH .......veeeeeeeneeeneeeneesneeneeaneenns 28

T'opkynos b., /Iveoe C., Oniiinux B.,

Begenxo B.

Po3uipenns GpyHKIIOHATBHIX MOKIMBOCTEN
€JIEKTPOMArHITHUX METOJIB 1 IPUCTPOIB KOHTPOIIIO
MEXaHIYHUX HaNpyT Y METAJIeBUX LIMITHIPUIHUX
BUPOOAX. ...t nviieeieiiiesieesieesessesseesseesseessesseesseessessenns 32

AKICTb TEXHIYHUX CUCTEM
TA NMPOLIECIB

Honapyc O.B., Kosanv O.A., Kosanp A.0O.,
Meoseooscvka A.C.

Mertox BUSBICHHS aHOMAJIBHUX 3MiH Y QYHKIIOHYBaHHI
TEXHIYHOTO 00’€KTY 3 BUKOPHCTAHHSIM JEKOMITO3MIIT
CUHTYJISIPHUX 3HaY€Hb MATPULll €KCIIEPUMEHTAIBHUX
JTAHUX (E11.) tevveeereenireenireenireenieeesireenieesnsnesnseesnseesneens 37

CALIBRATION

Krasimir Bosilkov, Elena Nikolova,
Snezhana Spasova

Calibration of digital hygrometers ...........c..ccocceveennnne. 5

Novoselov O.A.

On the issue of standardization of procedures for cali-

bration of working standards............cccecevvierieniriinnnnnns 9
MEASUREMENT

Botsiura O.A., Zadorozhna I M., Zakharov I.P.
Measurement uncertainty evaluation

of object coordinates in plane by the

goniometric method ..........cccovveevieniiiiieieciceeiens 15

Yurchenko O.1., Shevchenko LR., Baklanova L.V.,
Chernozhuk T.V., Baklanov O.M.

Flame-photometric determination of sulfate ions

in water using ultrasound. ...........ccocceveverierieiieienens 19

MEASURING TRANSDUCERS
AND INSTRUMENTS

Koshovyi M.D., Pavlyk H.V.

Development of new and improvement

of operation fiber-optic conversion of physical
QUANEITIES 1.vveevveeeveiieieereeresee e esreesreesseseeesseenseeseenseens 25

Suchkov H. M. Mygushchenko R.P.,

Pliesnetsov S.Yu. Koshkarov Yu.Yu.,

Kalnytsky M.E.

Simulation of pulse magnetic field sources of portable
ultrasound electromagnetic-acoustic transducer for
measurements, control and diagnostics...................... 28

Boris Gorkunov, Lvov Serhii, Vasyl Oliinyk,

Vevenko Vitaliy

Expansion of the functional capabilities of
electromagnetic methods and devices for

monitoring mechanical stresses in metal

cylindrical products ..........cccceeeeeiiienienieeee e 32

QUALITY OF TECHNICAL SYSTEMS
AND PROCESSES

Oleksandr Poliarus, Oleksandr Koval,

Andrii Koval, Yana Medvedovska

Method of detecting abnormal changes in the
functioning of a technical object using

singular values decomposition of experimental

data MAtTTX.....coerereeeieeeeieiece e 37




Metrology and Instruments
Table of contents

1/2024

MeTponoria Ta npunagm
3mict

Tpiwy P.M., Axoenes M.IO.,

Bypoeiina B.M., Xom’ak E.A.,

T'ypmoeguit 1.1., Eemywenko A.O.

KBamiMeTpuaHH METOT OLIHIOBAaHHS PU3HKIB
BHUPOOHHUIITBA MPOIAYKIIi HU3BKOT IKOCT «..vvenveeneenenne

AKICTb HABYAHHA

Mowenxo 1.0., 3anoposceys O.B.

Texnoutorist peanizaiii MoJieli yIpaBIiHHS SKICTIO
“Lean Six Sigma” B 3akilaiax BUIIOI OCBITH.
Yacruna 1: [nenTrdikamist Ta BUMipIOBaHHS
OCBITHBOTO TIPOIIECY, KPUTHYHOTO JI0 AKICHUX
XAPAKTEPUCTHK (E11Z.) cuveeuverurerirerieenieeieeieeieesieenieeeenne

Ko3noe 10.B., /lecmapvos O.B.,

Bacunwwenko JI.B., Ynzep B.M.

MerTop OIiHIOBaHHS PiBHS HABUSHOCTI Cy0’€KTa
HABYAHHS .....cooouvvvrieeeeeeiirrreeeeeeeseisrreeeeeeeeseisssseeeseennnises

51

Roman Trishch, Maxym Yakovlev.,

Viktoriia Burdeyna, Eduard Khomyak,

Ivan Gurtovyi, Andrii Yevtushenko

Qualimetric method of assessing the risks of producing
poor-quality products .........ccoceeeeeeeeieiienieneeese e 44

QUALITY OF EDUCATION

Inna Moshchenko, Oleh Zaporozhets

Technology for implementing the “Lean Six Sigma”
quality management model in higher education
institutions. Part 1: Identification and measurement
of the educational process critical to quality

ChAraCterISICS ...vvenreererireiirietetrieeeee e 51
Yurii Kozlov, Oleksandr Degtyarev,

Lina Vasylyushchenko, Viktor Unger

Method for assessing the training of the subject

OF StUAY ..ot 59

3a docmosipHicmb suknadeHux ghakmie, yuumam ma iHwux gidomocmel
sidnosidasnibHicmb Hece asmop.




CALIBRATION / KANIBPYBAHHA

UDC 53.089.6 doi: https://doi.org/10.30837/2663-9564.2024.1.01

CALIBRATION OF DIGITAL HYGROMETERS

Krasimir Bosilkov, Elena Nikolova, Snezhana Spasova
Metrological Assurance Department Nuclear Power Plant, Kozloduy, Bulgaria

Abstract

This paper reports information about calibration of digital hygrometers in the range of 10 %rh to 95 %rh. A procedure has
been developed in the NPP “Temperature measurements” Laboratory. The hygrometers has been calibrated against the standard
digital hygrometer with metrological traceability to SI units. The process of obtain the reading of standard hygrometer is
automated. The measurement model relating the input quantities with output quantity has been developed. Paper also describes
the details of estimation and expression the expanded uncertainty of measurement.

The laboratory demonstrates its measurement competence in relative humidity area by participation in the proficiency
testing scheme by interlaboratory comparison BIM-T-RH-2023-01. The results are presented and analyzed. The aims of this
comparison are to evaluate the performance of laboratories and to confirm their technically competence in the field of relative

humidity measurements.

Keywords: metrology, digital hygrometer, calibration, uncertainty, iinterlaboratory comparison

1. Introduction

The measurement and control of relative humidity
plays a significant role in the industry, pharmaceutical,
textile, food including various sectors such as electrical
plays a significant role in and aerospace. Its need is
increasing day by day with the modernization of
industries and awareness of quality system.

The main activities of laboratory are: ensuring
traceability of measurements in the NPP by calibration
to SI units, performance of metrological control of
measuring instruments.

The need to calibrate a large number of
hygrometers used for environmental monitoring in an
industrial plant such as Kozloduy NPP requires
developing the procedure of calibration, according to
ISO/IEC 17025 [1].

The detailed study of the uncertainty associated
with the measurement has been evaluated and discussed.

2. Calibration procedure

Calibration of Hygrometers is carried out by a
comparison method with a Standard Hygrometers by
measuring the relative humidity in a chamber
(Humidity Generator).

The measuring probe of the calibrated hygrometer
and the probe of the reference hygrometer are placed in
the generator chamber, so that their sensitive elements
are as close as possible to each other to reduce the
influence of the chamber gradient. When the set relative
humidity is stabilized the readings of the calibrated and
reference hygrometers are compared and the values of
relative humidity and its associated uncertainty,
expressed in the unit %rh, are determined for the
corresponding reading of the calibrated hygrometer.

The mathematical model of the reference relative
humidity value has been developed with following form:

Weg :V\_lstd + 8Wstd + 8Wdrift +3W,

linr

+ 8Wgrad + 6Winst s (1)

where W, is the humidity measured by a reference

hygrometer; 6W,, is the correction of reference

hygrometer taken from its calibration certificate; W,

is correction due to the drift of the reference
hygrometer, 8W,,, is correction due to nonlinearity;

dW,,, is correction due to gradient in the humidity
chamber; W,

e 1S correction due to

generator
instability the humidity generator chamber.

The mathematical model of the measured relative
humidity value with calibrated hygrometer has the
following form:

W, =W, + W, + AW , )
where: W, is the humidity measured by calibrated
hygrometer; W, is correction due to resolution of the

calibrated hygrometer; AW is correction for the
difference between the actual and measured relative
humidity.

The input quantities for the reference and
measured relative humidity are evaluated. Correction
dW,, is taken or calculated from the calibration

certificate of the reference hygrometer. The estimated
values of the remaining inputs have a zero
mathematical expectation.

The standard uncertainty of measurement of the
input quantities for the reference and measured relative
humidity value are determined.

When evaluating the value of the reference and
measure relative humidity the impact of the input
quantities, the functional dependence is linear and the
sensitivity coefficients are equal to unity.

© Krasimir Bosilkov, Elena Nikolova, Snezhana Spasova
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The expanded uncertainty of a digital hygrometer
measurement  defines the interval around the
measurement result. This interval is assumed to cover a
large part of the distribution of values that could be
attributed to the humidity measurement at a given point
with coverage factor k=2, corresponding to a
confidence interval of approximately 95%.

3. METCAL

procedure

Automated calibration web base software
METTEAM has been implemented in the NPP
Metrological ~ Assurance Department. METCAL
automated  calibration  procedure Digital

automated calibration

for

Hygrometers has been created based on the developed
methodology 82.M0.00.MT.1868/00 [2].

METCAL automated calibration procedure is
created for digital hygrometer, type Testo 645.

The measuring instrument is used as proficiency
testing (PT) item in PT scheme, in which the NPP lab
was participated. The user screen in the METCAL
Editor is shown in Fig. 1.

The results of digital hygrometer calibration using
METCAL automated calibration procedure (Fig. 2)
confirm the results reported in interlaboratory
comparison describe below. This allows METCAL
automated calibration procedure to be used for
calibration of digital hygrometers.

e Testo 645 Huminator Il CAL - MET/CAL Editor
FILE EDIT VIEW DEBUG PROJECT BUILD TOOLS WINDOW  HELP
: Q- B-o-a@Bl ¥%a - O - A M9 il
Testo 645 Huminator | CALmc & X
Kozleduy NPP Plec. MET/CAL Procedure
INSTRUMENT: Testo 645 Huminator II
DATE: 2823-89-28 ©7:26:34
AUTHOR: Kpacumup Bocunkos
REVISION:
ADJUSTMENT THRESHOLD: 76X
NUMBER OF TESTS: 4
NUMBER OF LINES: 118
STEP FSC RANGE NOMINAL TOLERANCE MOoD1 MOD2 3 4 CON
l.eel HEAD OTHOCHTENHE BAAMHOCT
1.882 HEAD ObxsaT {5+95 XRH} %RH
- AAS ARATE ~Fan MLV AL A/ A __ VA S L i NN Bocwallodhealww cmw 220
100% ~
Fig. 1. User screen in METCAL Editor
PE3YJITATH OT KAJTHBPHPAHE:
Met/Cal npoucaypa: Testo 645 CAL Huminator 11
MET/CAL Results In Tolerance 0-WLT-1054237
Tosxa na Famanena Himepena e O Heonpeae-
wambpupane crofnoct crofinocr crolinocy Aenocy
5495 %RH
30.00 %R H 30,0 %RH 0,55 %RH 295 %RH 2.9 %RH
50.00 %RH 50,0 %o RH -0.10 %RH 50.1 %RH 2.9 %RH
70.00 %R 70,0 %RH -0.40 %RH 70.4 %RH 2.9 %RH

Fig. 2. Calibration results from METCAI procedure

4. Interlaboratory comparison

The NPP laboratory has been participated in
proficiency testing (PT) scheme by interlaboratory
comparison BIM-T-RH-2023-01 with individual code
23RH-2.

The specific task of this comparison was to calibrate
digital hygrometer. The points of the measurements were
agreed to be 30 %rh, 50 %rh and 70 %rh.

Four laboratories took part in the comparison. The
Bulgarian Institute of Metrology (BIM), which is
accredited PT provider, according to EN ISO/IEC
17043/2023 [3] was the reference laboratory. The
comparison was organized and conducted by BIM.

The reported results and associated uncertainties
were used for the calculation of criteria E,,.

A. PT ltem

The PT item (subject of comparison) was a
standard digital hygrometer, Testo 645 with
measurement sensor and range from 0 %rh to 100 %rh.

The PT item was chosen to provide sufficiently
small uncertainty of the reference value with the
calibration and measurement capabilities of the
participants.

The PT item was demonstrated to be sufficiently
stable to ensure that they will not undergo any
significant change throughout the conduct of the PT

© Krasimir Bosilkov, Elena Nikolova, Snezhana Spasova, 2024
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round, including storage and transportation. A method
of comparison measurement was used.

B. Reference value

The assigned values (Xggr) are determined by
standard dew point hygrometer S4000 with
metrological traceability to PTB Germany. The
assigned values and their associated uncertainties are
determined in line with procedure of PT provider.

The Xggris calculated using the formula:

ARH, + ARH
X rer :% > 3)

where: ARH, is the difference between measured by

PT item value and reference relative humidity value,
determined before participants; ARH, is the difference

between measured by PT item value and reference
relative humidity value, determined after participants;

The uncertainty of the Xrgr was determined using
the following formula:

Urgr = \/UZ(XREF)+UZ(XSTAB) , Yorh. 4)

where: U(X,g) 18 the standard uncertainty of the
laboratory; U(X¢p.p) 1s the additional

component of the stability of the PT item for the period
of the performance of the comparison.
The expanded uncertainty of Xpg:

Urer = 2Uggg » %)

where: k=2 is coverage multiplier corresponding to a
confidence interval of approximately 95%.

reference

C. Performance of the labs

The purpose is to present the deviation from the
assigned value. The performance was evaluated by
using E|, criteria.

The criteria are calculated using the formula:

X X

LAB — “/MREF (6)
VU iks +Uger

where: X, is the result from participant; X . is the

E,=

assigned value; U, ,, is the expanded measurement
uncertainty of a participant’s result; U,.. is the

expanded uncertainty of the assigned value.
Performance is wusually evaluated relative to
conventional performance criteria as follows:
- the result is acceptable and generates no signal

when |En|< 1,0;
- the result is not acceptable and generates an
action signal when |En| >1,0.

D. Analysis of the results

The results were published in the Final report
dated 07 November 2023 [7]. The differences between
the results of the participating laboratories were
presented graphically in groups in comparison to the
reference laboratory Xpap-Xger for each measurement
point together with associated expanded uncertainty,
Fig. 3,4 and 5.

For each measured value of each laboratory, the
obtained results of the criteria |En| were presented
graphically.

The results of NPP lab are acceptable, |En|<1,0
for all points of calibration, Fig. 6,7 and 8. The desire
outcome is for the |En| value to be as close to zero as

possible.

X paoner 30 %rh

2,00

o

0,00 I

o REF e 23RH-1 e 23RH-2 23RH-3 e REF

Fig. 3. The differences between the results of the participating
laboratories in point 30 %rh

XL-’\B 'XRE F
4,00

oo |—] %r[ |

4,00

-6,00

® REF ® 23RH-1 ® 23RH-2 23RH-3 ® REF

Fig. 4. The differences between the results of the participating
laboratories in point 50 %rh

o S 70 %rh

S I N B
o | T

-4,00

-6,00 '

®REF e 23RH-1 @ 23RH-2 @ 23RH-3 e REF

Fig. 5. The differences between the results of the participating
laboratories in point 70 %rh

En 30 %rh
1,00
O'SU . .
0,00 l ! i =i . N
0,50 |
-1,00 -
23RH-1 23RH-2 23RH-3

Fig. 6. Criteria E, in point 30 %rh

© Krasimir Bosilkov, Elena Nikolova, Snezhana Spasova, 2024
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En 50 %rh En 70 %rh
1,20 - 120
1,00 1,00
0,80 - 0,80 -
sl 0,0 1
0,40 0,40 - .
0,20
0,20
- i | | |
0,00 ' ' ' 23RH-1 23RH-2 23RH-3
23RH-1 23RH-2 23RH-3
Fig. 7. Criteria E, in point 50 %rh Fig. 8. Criteria E, in point 70 %rh
5. Conclusion - the laboratory met the general requirements

The participation of NPP  Temperature  defined in ISO/IEC 17025 and confirmed the efficiency
Measurements Laboratory in the BIM-T-RH-2023 of the procedures, instructions and other technical

shows that: documentation needed to ensure the results of the
- the laboratory demonstrates that it is technically ~ digital hygrometer calibration; . . o

competent and can produce technically valid results in - the laboratory improved its claimed calibration

calibration it performs for its clients; and measurement capabilities (CMC) and may reduce it.
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AHoTanis

VY 11poMy TOKyMEHTI MiCTHTBCS iH(oOpMaLisi Ipo KaniOpyBaHHS HU(POBHX TirpoMeTpiB y mianaszoni Bin 10% BimHOCHOT
Bostorocti 10 95% BimHOCHOT Bosorocti. B nabopatopii «BumiptoBanus temmneparypu» AEC po3po6ieHo MeToauKy.
Tirpomerpu Oynu BimkaniOpoBaHi 3a cTaHAAPTHUM LU(POBUM TiIrpOMETPOM 3 METPOJIOTIYHOIO MPOCTEKYBAHICTIO 0 OIHHHUID
SI. TIponiec oTpuMaHH MOKa3aHb CTAHAAPTHOTO TiIrpOMETpa aBTOMATH30BaHHUK. PO3po0ieHO Moenh BUMIPIOBAHHS, sIKa 3B'SI3y€
BXi/IHI BETMYMHH 3 BUXiTHUMH. CTaTTs TaKOXK ONMHUCYE JETaJl OLIHKK Ta BUPAXKECHHS PO3IINPEHOT HEBU3HAUYEHOCTI BUMIPIOBAHHS.
JlaGopatopist TEMOHCTPYE CBOIO KOMIICTEHTHICTh Y BHMMIpPIOBAHHI BiJHOCHOI BOJIOTOCTI ILIIXOM YydYacTi B CXeMi II€peBipKH
kBanigikanii nusixoM Mikiaboparoproro mopiBHsHHS BIM-T-RH-2023-01. Pesynpraté mpezicTaBieHi Ta IpoaHaNi30BaHi.
MeTo10 1IbOTO MOPIBHSHHS € OI[IHKAa IIPOJYKTHBHOCTI Ja00opaTopii i MiATBepXKEHHS IXHBOI TEXHIYHOI KOMIIETEHTHOCTI y cdepi
BUMIPIOBaHHS BiJHOCHOI BOJIOT'OCTI.

KurouoBi ciioBa: Merposioris, 1upoBuii rirpoMerp, KaniopyBaHHs, HeBU3HAYCHICTh, MIXJIa00paTOPHI OPIBHIHHSI.
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AHoTauis

VY cTaTTi pO3risgHYTO MATAHHS OO0 PO3POOKU CTaHAAPTU30BAHUX METOIHK KalliOpyBaHHS poOOYMX €TANOHIB, SIKi BUKOPH-
CTOBYIOTH IIiJl 4ac MOBIpKH 3ac00iB BUMIPIOBAJIbHOI TEXHIKH, 10 MepeOyBalOTh B €KCILTyaTallii Ta 3aCTOCOBYIOThCA Y cepi 3aK0-
HOZaB40 peryibpoBaHol meTposorii. [IpoBeaeHo aHani3 YMHHAX METOIMK KaiuiOpyBaHHs, siki 3a3HaueHi y «Cdepax akpeguramniin

aKpeIMTOBAHHUX KaniOpyBaJbHUX Jab0paTopiii.

KurouoBi ciioBa: kaniOpyBaHHs, METOIMKA KaliOpyBaHHs, pOOOUHii €TaJI0H, HeBU3HAYCHICTh BUMIPIOBAaHb, METPOJIOTiYHA

MPOCTEXKYBAHICTb.

1. Beryn

3 03.07.2020 poky 3rizHO 3 posainom II «IIpukin-
1eBi monokeHHs» 3akoHy Ykpainu Bim 06.06.2019 Ne
2740-VIII «IIpo BHECEeHHS 3MiH J0 NESIKHX 3aKOHOJAaB-
YMX aKTiB YKpalHW MIOA0 IMILIEMEHTAIll aKTiB 3aKOHO-
nmaBcTBa €Bporeiickkoro Coro3y y cdepi TEeXHIYHOTO
peryJioBaHHsS» HaOpaliu YMHHOCTI 3MiHM 1O cTarti 27
3akoHy Ykpainu «IIpo MeTponoriro Ta MeTpOJIOTidHY
nisutbHICTEY [1] oo kaniOpyBaHHS poOOYNX ETAJIOHIB.

BiamnoBigso 1m0 apyroi yacteam ctatti 27 [1], Minic-
TEPCTBO EKOHOMIKH YKpainu cBoiM Haka3zoM Bix 10.08.2020
3a HomepoM Ne 1518 «IIpo 3arBepmprenns [opsiaky kammio-
pyBaHHSI BTOPMHHMX Ta POOOYMX €TAIOHIBY» [2] 3aTBEpaAMIIO
MOPSIZIOK KaliOpyBaHHsI BTOPUHHUX Ta POOOYMX ETaJIoHIB,
SIKAA YCTaHOBITIOE TIPOIICAYPY Ta YMOBH KaTiOpyBaHHS BTO-
PHMHHHX Ta pOOOYHMX ETaJIOHIB, SIKi BUKOPUCTOBYIOT Iifl 4ac
TIOBIpKH 3ac00iB BEUMIiproBaNIbHOI TexHikH (maimi — 3BT), mo
nepeOyBaroTh B eKCILTyaTallii Ta 3aCTOCOBYIOTBCS y cdepi
3aKOHOJIABYO PETyIHOBAHOI METPOJIOTI.

Cepen; OCHOBHUX HOJIOKEHB [2], € BUMOTH 10 BHKO-
HAaBIlB KaJiOpyBaHHS POOOUYMX ETAJIOHIB, SIKi CTOCYFOTBCS
BJIACHUX MOXJIMBOCTEH 111010 X KayliOpyBaHHs — JTiaria30HiB
BUMIPIOBaHb 3 BCTAHOBJICHMMHU 3HAYCHHSMH DO3IIMPEHO]
HEBU3HAYCHOCTI Ta TEPEITIKIB METOAMK KaiOpyBaHHS, M0
TIOBHMHHI OyTH pO3MIiIIIeHi Ha CBOiX O]IIiiHIX BeO-caifTax.

Merta cTaTTi — NPUBEPHYTH yBary BITYHU3HSIHOI MET-
POJIOTIYHO{ CNUIBHOTH 10 NMHUTAHHS CTaHIAapTH3allii METo-
JWK KaniOpyBaHHS pOOOYMX ETaJIOHIB, SIKi BUKOPHCTOBY-
0T i1 Yac MOBIPKHM 3aKOHOJaBUO peryipoBanux 3BT.

2. BukJiaJg 0CHOBHOT0 MaTepiaty

Bigmosigao 1o [1] eranoHn MOXKyTh OyTH TEPBHH-
HUMH, BTOPHHHAME Ta pobounmu. Citix 3a3HaYUTH, 10 Y
MixnaponaoMy cioBHUKY 3 Merpodorii (ISO/IEC Guide
99:2007) (VIM3) [3] € 11e TepMiH «BHXIOHHH E€TAIOHY,
SKAW O3HA4yac €TaJIOH, IPU3HAYEHWH I KajliOpyBaHHS
HIINX €TAJIOHIB TS BEIMYMH JTAaHOTO POy B JaHiil opra-
Hi3arii a00 B JaHOMY MICITi.

KaniOpyBaHHs BTOPHHHUX E€TaJOHIB HPOBOIATH 13
3aCTOCYBaHHSM TIEPBUHHOTO €TATIOHA JUIsl BEJIMYMHH TOTO
camoro poxy. Eranonu, siki BUKOPHUCTOBYIOThCS AJIS pe-
ryJnsipHUX KamiOpyBanb abo nosipku 3BT, € pobounmu
eTajoHaMu. TakuM YMHOM, MAaEMO i€papXito KariOpyBaHb
€TaJIOHIB — NEPBUHHUI €TAJIOH — BTOPHHHUII €TalOH—
pobounii eranon — poboui 3BT, siki 3aCTOCOBYIOTHCS
Oe3nocepeHbO ISl BAMIPIOBAHb.

lepapxist ~ xamiOpyBaHHS  —  TMOCIIOBHICTh
KaiOpyBaHHS, IOYNHAIOYHN BiJl OCHOBH JUTS TOPiBHSHHS
1 3aKIHYYI0YM BHUMIPIOBAIBHOIO CHCTEMOIO, MPHUYOMY B
il TOCIIIOBHOCTI PE3yJIbTaT KOXKHOTO KaniOpyBaHHS
3aJIOKHUTH BiJl pe3yJIbTaTy MONEPEHBOr0 KaaiopyBaHHs.
Enemenramn iepapxii kamiOpyBaHHs € oxuH abo
OUTbIIC €TAJOHIB Ta BHMIPIOBAIBHI CHCTEMH, IO
3aCTOCOBYIOTECS BIIIIIOBITHO 1O METOAWK BUMIpPIOBAHb.
OCHOBOKO [IjIsi TOPIBHSIHHS MO)Ke OyTH BH3HAuYCHHS
OJIVHUILI BUMIPIOBAaHHsI Uepe3 il MpakTU4Hy peaiizallito, abo
OTOpHE 3Ha4YeHHs BenmmdarHy, abo 3BT, sixe 3acTocoByeThCS
JUISL TIepelaBaHHsI PO3MIpy OAMHHIIb, Ta € €TAJOHOM IS
KOHKPETHHX TMOBIPOYHHX Ta KaTiOpyBaJIbHUX JIA0OPATOPIil.
OyHKiss poboYoro erajoHa sKpas ¥ moysrae y nepernadi
OMHHMIT BUMIproBaHb iHImM 3BT, 11st BCTAHOBIICHHS HOr0
BIJIMOBIZHOCTI 32CTOCOBaHI METOANKH BUMIiPIOBAHHS.
3rigHo 3 [3]: «MeToarKa BUMIPIOBAHHS — 1€ JeTa-
JBHUHA ONKC BHMIPIOBAHHS y BiIIOBITHOCTI 3 OJHUM
a0o OiipIe MPUHITUIIAMA BIUMIpIOBaHb Ta TaHUM METO-
JIOM BHMIPIOBaHb, KWW 3aCHOBAHWI Ha MOJENTI BHMi-
pIOBaHB 1 BKIFOYAa€ OOYMCIIEHHS, HEOOXiTHI Ui OTPH-
MaHHs pe3yJbTaTy BUMiproBaHH:s». Cllif 3a3Ha4YNTH, 110
TepMiH «MeTony», BukopuctoByBammih y JICTY EN
ISO/IEC 17025:2019 «3aranpHi BUMOTH 0 KOMITETCHT-
HOCTI BHUIpPOOYBaNBHUX Ta KaliOpyBadbHHUX J1a0o-
patopiit» [4], BBaXKaeThCsl CHHOHIMOM TEepMiHa «METO-
JIMKa BUMIPIOBaHHs». METOANKY BUMIPIOBaHb 3a3BHYail
ONUCYIOTHh JIOCUTH NOKJIagHO Ta MOJAIOTh y BHIIISLAL
JIOKYMEHT4, 1[0 J03BOJISIE OMEPAaTOPy BHUKOHATH BHMi-
PIOBaHHS Tak, 1100 Oiep>KaTh TOCTOBIPHUH pe3ybTaT.
Meromika BUMiproBaHb (KamiOpyBaHHS) TTOBHHHA
BKJIFOYATH TPH B3a€EMOTIOB'SI3aHi €JIEMEHTH — METOJI, TEXHI4-
Hi 3ac00M Ta IpaBWia IMiOTOBKH Ta BUKOHAHHS BUMIpPIO-
BaHb, 00POOKH Ta MOJAHHSI iX pe3yJbTaTiB. MeToIKa KaJli-
OpyBaHHS MOKE BKJIIOYATH 1H(QOPMALIIIO PO LIJTEOBY HEBH-
3HAYEHICTh BUMIPIOBaHb, 10 € BAYKIIMBUM JUTSI OLIIHIOBAHHS
npuaatHocTi 3BT 3rimHo i3 32CTOCOBAHOK METOIKOLO.
Skmo o3HafiomuTHCS 31 chepaMH aKpeauTarii Ka-
niOpyBabHUX JaboparTopiii, akpeauToBanux Harionans-
HHM areHTCTBOM 3 akpeauTanii Ykpaiau (nam — HAAY)
Ha BIATIOBIIHICTP [4] HAa MpeaMeT HOPMATHBHUX JOKyMe-
HTIB Ha METOJW KamiOpyBaHHS, TO MOXKHA BiJMITHTH, IIIO
nepeBakHa OUTBIIICTH METOAMK KalniOpyBaHHS € po3po0-
kamu Jlabopatopiit. [loka30BUM NPHKIAIOM y LbOMY
nuranHi € «Cdepa akpenuranii» KaniOpyBaIbHOT CITyKOH
JepxaBHoro mianpueMcTBa «BceykpalHChbKHM JepiKaB-
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HU HAayKOBO-BHPOOHWYMI LIEHTP CTaHOAPTH3AIlii, MeT-
postorii, ceptudikaiii Ta 3aXUCTy MpPaB CIIOKHUBAYIBY
(AIT «YkpMeTpTecTCTaHAapT).

Binbmr 500 meTonuk KanmiOpyBaHHS 3a yciMa BHIa-
Mmu BuMiptoBanb (AUV — akycTHka, yIbTpasByK, BiOpa-
uis; EM — enekrpuka ta marHetusm; L — moexkuna; M —
Maca Ta TOB's3aHi 3 Hero BemuunH; PR — dotomerpis;

QM — ximis (KiIbKicTh pedoBuH); RI — ioHi3yroue Bu-
npominioBanus; T — tepmomerpist; TF — gac i gacrora),
CKJIQIAIOTh  METOJMKH, pO3pOOJIeHI KaliOpyBallbHOO
ciyx00t10. | e, OUTBIT TPUIISTE METOMK, 11 HAIiO-
HaJIbHI CTaHIAPTH, FApPMOHI30BaHi 3 BiIOBIIHUMHU MIXK-
HAPOJIHUMHU Ta €BPOIEHCHKUMHU CTAHAAPTAMH, Ta JOKY-
MCHTH, TPUHHATI MDKHAPOJAHUMH Ta PETiOHAIBHUMU

oprasizamismu 3 MeTpoJiorii (tadui. 1).

Tabmuns 1 — Bumucka 31 «Cdepu akpeauranii» KamidpysansHoi ciayx6u 11 «YkpMeTpTecTcTaHAAPT»
100 CTAaHJAPTH30BAHUX METOAUK KalliOpyBaHHs BUMIPIOBAILHOTO 00JIaTHAHHS 328 BUAaMHU BUMipIOBaHb

Ne Tlo3HayaHHsI HOPMATHBHHX JOKYMEHTIB HA METO/M KaiOpyBaHHs 32 BUIaMHU BHMIpIOBaHb
AUV — akycTHKa, yIbTpa3ByK, BiOpaiiis

1 | ACTVY ISO 16063-21:2006 MeToxnu kaniOpyBaHHs naBadiB BiOparii i yrapy. Yacruna 21. Kani6pyBanus naBadis BiO-
pauii MeTo1oM NopiBHsHHS 3 eTasionHMM nasadeM (ISO 16063-21:2003, IDT)

2 | ACTYVY ISO 16063-22:2006 Meroau kaniopyBaHHs gaBadiB BiOpauii i ynapy. Yactuna 22. KanibpyBaHus naBadiB ynapy
METOJJOM HOPiBHSHH 3 eTasioHHUM fasadeM (ISO 16063-22:2005, IDT)

M — maca Ta noB'si3aHi 3 HEIO BEJINYHHU

3 | ACTY EN ISO 376:2014 Marepianu metaneBi. KamiOpyBaHHS cHIIOMipiB, 3aCTOCOBYBaHMX ISl BepUQiKamii 0JHOOCHHX
punpoOyBanpaux MamuH (EN ISO 376:2011, IDT)

4 | ACTY EN ISO 7500-1:2017 Marepianu meranei. KaniOpyBaHHs Ta MOBipKa MallUuH JUIsl CTATUYHUX OJIHOBICHUX BH-
npoOyBanb. YactiHa 1. BunpoOyBanbHi MalllMHU Ha PO3TATYBAaHHS Ta CTUCHEHHS. KamiOpyBaHHS Ta MOBipKa CHIOBUMI-
proBabHuX cucteM (EN ISO 7500-1:2015, IDT; ISO 7500-1:2015, IDT)

5 | ACTY EN ISO 6789:2014 IucTpyMeHTH KPIMJICHHS ISl TBUHTIB 1 TalOK. PyuHi TMHAMOMETpPUYHI iHCTpYMEHTH. Brumo-
TH Ta METOIW BUNPOOYBaHb JUIS MEPEBIPKA CYMICHOCTI KOHCTPYKIi, BIAMOBIIHOCTI SIKOCTI BUMOTaM i JJIsl IOBTOPHOT
npoueaypu kaniopysanus (EN ISO 6789:2003, IDT)

6 | ACTY EN ISO 148-2:2019 Meranesi matepianu. BunpoOyBanus BruuBy mastHuka lapmi. Yactuna 2. IlepeBipenHs
punpoOyBanpaux MamuH (EN ISO 148-2:2016, IDT; ISO 148-2:2016, IDT)

7 | ACTY EN ISO 6506-2:2019 Marepianu meranesi. BunpoOyBanus Ha TBepaicTs 1o bpinemro. Yactuna 2. [lepeBipen-
Hsl Ta KasiOpyBaHHs BunpoOyBanbHux MaimnH (EN ISO 6506-2:2018, IDT; ISO 6506-2:2017, IDT)

8 | ACTY ISO 6507-2:2008 Metanesi matepianu. Busnauenus TBepaocti 3a Bikkepcom. Hactuna 2. [Toipka Ta xamiopy-
BaHHsI IPWIAJIB Ui BUMiproBaHHs TBepaocTi (ISO 6507-2:2005, IDT)

9 | ACTY EN ISO 6508-2:2017 Marepianu metanesi. BumiproBanHs TBepa0CTi 3a mikanow Poksema. Yactuna 2. [ToBipka
Ta KasiOpyBaHHs BUnpoOyBanpHux MamuH i HakoHeuHukiB (EN ISO 6508-2:2015, IDT; ISO 6508-2:2015, IDT)

10 | ACTY ISO 8655-6:2018 Ilpucrpoi mipHi mopirHeBi. Yactura 6. ['paBiMeTpuyYHMA METOJ IJIsi BU3HAYCHHS ITOXHUOKH
pumiproBanHst (ISO 8655-6:2002; Cor 1:2008, IDT)

11 | ACTY 7472:2013 Metposnoris. PesepByapu craneBi HITIHIPHYHI BEPTUKAIbHI 3 €IINTHYHUMH JHUIIAMH. MeTomuka
NOBIpKH (KaJliOpyBaHHS) TEOMETPHIHUM METOIOM i3 3aCTOCYBAHHSIM I'€0JIe3HIHUX NPUIIAJIB

12 | ACTY 7473:2016 Metpounoris. PesepByapu crauioHapHi BUMiproBaibHi BepTHKaIbHI. MeToanka noBipku (KaniOpyBaH-
Hs1) TECOMETPUYHAM METOAOM i3 3aCTOCYBAaHHAM T€0JC3MYHHX MPUIIALIiB

13 | ACTY 7474:2016 Merpororis. PesepByapu i ckpamieHoro rasdy craineBi cdepuuni. Meroanmka HOBIpKH
(kamiOpyBaHHs) TEOMETPUYHIM METOIOM i3 3aCTOCYBaHHSIM I'€0JC3UYHHX MTPUJIAJIIB

14 | ACTY 7475:2016 Metpomnorist. PesepByapu craneBi muliHIpUIHI TOPH30HTaIBHI. MeToanKa MOBIpKU (KaliOpyBaHHS)
TeOMETPUYHUM METO/IOM i3 3aCTOCYBaHHSIM I'€0IC3MYHUX MTPUJIAIIB

15 | ACTY 7364:2016 Metposnoris. Pe3epByapu [isi CKpaIieHOro rasy CTasieBi IMTIHAPUYHI rOpU30HTANBHI. Meroanka
MOBIpKH (KaJIiOpyBaHHS) TEOMETPHIHUM METOIOM

16 | ICTY OIML R 111-1:2008 T'upi knacis Tounocti Eq, E,, Fy, Fa, My, M_;, My, M, 31 M;. Hactuna 1. 3aranbHi TeXHIYHI
BuMoru Ta Metoau BunpodyBanb (OIML R 111-1:2004, IDT) (Jogatox C)

17 | ISO 4545-2:2017 Metallic materials — Knoop hardness test. Part 2: Verification and calibration of testing machines

18 | ISO 18898:2016 specifies procedures for the calibration and verification of durometers of types A, D, AO and AM

19 | ISO 21509:2006 concerns the verification of type A and D Shore hardness durometers used to conduct hardness tests as
described in ISO 868

20 | ISO 14577-1:2015 Metallic materials — Instrumented indentation test for hardness and materials parameters

21 | ISO 4787:2021 Laboratory glass and plastic ware — Volumetric instruments — Methods for testing of capacity and for use

22 | ISO 7971-1:2009 Cereals — Determination of bulk density, called mass per hectoliter. Part 1: Reference method

23 | EURAMET Calibration Guide Ne 18 Guidelines on the Calibration of Non-Automatic Weighing Instruments (Hactano-
Ba 3 KaliOpyBaHHs HEAaBTOMAaTHYHUX 3BAXKYBaJIbHHUX MPUJIAJIIB)

24 | EURAMET cg-4 Version 2.0 Uncertainty of Force Measurements

25 | EURAMET Calibration Guide cg-19 Guidelines on the Determination of Uncertainty in Gravimetric Volume Calibration

26 | EURAMET cg-21 Guidelines on the Calibration of Standard Capacity Measures using the Volumetric Method

L — nosxuHa

27 | Calibration Guide EURAMET/cg-06/v.01 Extent of Calibration for Cylindrical Diameter Standards

28 | Calibration Guide EURAMET cg-2 Version 2.0 Calibration of Gauge Block Comparators

29 | ACTY ISO 3310-2016 Cuta. TexHiuHi BUMOTH Ta BUIPOOYBaHHS

30 | ISO 9513:2012 Metallic materials — Calibration of extensometer systems used in uniaxial testing
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[Ipu 1poMy cepen HUX € CKacoBaHi Ha MDKXHApO-
HOMY piBHI cTaHmapty, Hampukmag, [SO 18898:2016,
skuii 3amineHo Ha ISO 48-9:2018 Rubber, vulcanized or
thermoplastic - Determination of hardness. Part 9: Cali-
bration and verification of hardness testers.

TakuM 4YMHOM, Ha L€ Yac MaEMO HEBEIUKY
KUIBKICTh CTaHAAPTH30BaHMX METOAMK KaJiOpyBaHHS, a
3a TAKUMH BHJAMH BHMiproBaHb, sk EM, PR, QM, R, T
ta TF, craniapTH30BaHUX METO/IMK HE Ma€ B3arali.

Cepen nesikux (haxiBLiB HAyKOBO-METPOJIOTIUHUX 1H-
CTUTYTIB HAIoOl KpaiHU ICHY€ JyMKa, IO CTaHIapTH3aLlis
SIKOMOT'a2 OUTHIIOI KUIBKOCTI METOIMK KaiOpyBaHHS «Ha-
KJIa/1a€ TIeBHI OOMEXEHHSI, IO MPOTHUPIUNTE camiil (ioco-
(hii KaiOpyBaHHS IIOAO THYYKOCTI HOT0 3aCTOCYBaHHD) [5].

3a [1], meTposoriyna cucrema YKpaiHu CTBOPIOE He-
00XiHi 3acaau uist 3a0e3MeYeH s €JHOCTI BUMIPIOBaHb Y
JICPKaBl Ta OCHOBHHMM 3aBJAHHSIM I[i€] CUCTEMHU € 3aXUCT
TPOMAJISIH 1 HAIIOHAJIBHOT €KOHOMIKH BiJl HACNI/IKIB HEMO-
CTOBIPHHX pPe3yJIbTaTiB BUMIPIOBaHb. SIK pa3, cTaHnapTH-
30BaHi METOJMKH KaJiOpyBaHHs, MpUHAiMHI Ha poboui
€TaJIOHH, 1[0 BHKOPUCTOBYIOTBCS TIil Yac IOBIPKU 3aKo-
HOZABYO PETYIILOBAHUX 3aC00IB BUMIPIOBATBEHOI TEXHIKH,
€ 3armopyKol0 3a0e3MeYeHHsT €JHOCTI BHMIPIOBaHb, TOMY
110 1Ie HAacaMIIepesl CTOCYEThCs cepr 3aKOHOABUO PEry-
JIbOBAHOI METPOJIOTii, /Ie TIOPYIIEHHSI CTaHY BUMIPIOBAHb,
3a SIKOT0 XapaKTEPUCTUKU MOXUOOK a00 HEBU3HAYEHOCTI
BUMIPIOBaHb BIIOMi 3 TIEBHOIO WMOBIPHICTIO 1 HE BUXO/ISITh
33 BCTAHOBJICHI TPAHUII, MOXKE TIPUBECTH JO TSHKKHUX HAc-
JIKIB B €KOHOMII, a 3HA4YWTh, Hi MPO SIKY «THYYKICTH
KanOpyBaHHD» HE MOKe HITH MOBa.

Coin 3azHaunTH, 110 3a JICTY ISO 10012:2005 «Cuc-
TEeMHM KepyBaHHS BHMIpIOBaHHSAM. Bumorn 1o mporeciB
BHMIPIOBaHHS Ta BUMIPIOBILHOTO 00JatHAHHD) [6] Kasio-
PYBaHHs BXOIMTH JI0 CYKYIHOCTI OIepalii, HeoOXiaHHX
JUISl TapaHTYBaHHS TOTO, IO BUMIPIOBAJIbHE OOJIaHAHHS
BIZIIOBIZIA€ METPOJIOTIYHAM BUMOTaM IIIOZO HOr0 BHKOPHC-
TaHHS 3a npu3HadeHicTio. L cykymHicTs omnepariii € Mer-
POJIOTIYHAM TiATBEPIKYBaHHAM BHUMIPIOBAITEHOIO 00/l
HaHHS, SIKe HE BB)KAIOTh BUKOHAHUM JIOTH, IOKH NPUIAT-
HICTb BHMIPIOBAJIFHOTO OOJaJHAHHS O BUKOPHCTAHHS 32
NIPU3HAYEHICTIO He Oy/ie IOBEACHO Ta 33JI0KYMEHTOBAHO.

Bumorn 10 BUKOpHCTaHHS 3a MPU3HAYCHICTIO O0XO-
IUTIOIOTH TaKi METPOJIOTIUHI XapaKTepHCTHKH, SIK fiara-
30H BUMIPIOBaHb, MAKCUMAJIBHO JIOMYCTUMI TIOXHOKH, SIKi
MOXXYTh OyTH BU3HAUHI Yepe3 KJac TOYHOCTI BiIIOBITHOT
kareropii 3BT, po3aijabpHa 3MaTHICTH TOIIIO.

YMoBaMu 3a0e3MeUeHHsT €THOCTI BUMIPIOBaHb € Bi-
JIOMi XapaKTePUCTUKH TTIOXHOOK a00 HEBH3HAYECHOCTI BH-
MIpIOBaHb, sIKi TIPOIHCYIOThCSl Y METOJMKaX BUMIpIOBaHb,
y TEXHIYHIN JOKyMEHTaIlii Ha IPOIYKIIif0, B HOPMATHBHO-
NPaBOBUX aKTax Ta HeoOXiHAa TOTOXKHICTh OJMHHIIb, B
SKUX nporpayiioati Bei 3BT onHied 1 Tiel sk BemunHm.

VY [1] Takox BCTaHOBJIEHO, IIO Uil BUMIPIOBaHb Y
cdepi 3aKOHOJABYO PErysbOBaHOI METPOJIOTii 3acTOCO-
ByroThCs 3BT, sKi BiINOBIAIOTh pErIaMeHTOBAaHUM BU-
MOTaM IT0ZI0 TOYHOCTI, TOOTO JO iX MOXHOKH [3], sKi B
CBOIO Uepry, MpONUCYIOThCS y TEXHIUHIN crienmdikarii
Ha 3BT, y Meronukax noBipku Ta kaniOpyBanHs 3BT.
Haiibinpi BakiyBa periiaMeHToBaHa BUMOTa 100 TOY-
Hocti 3BT crocyerbcsi MakCMMalbHOT IOITYCTUMOT TTOXH-
0xu ab0 kacy Tounocti 3BT.

Crin 3a3HauuTH, MO poboumii etagod me 3BT, 3
nputamaHHuMu 1 3BT BcTaHOBIEHMMM MeTpoIOTiy-

HUMHU BUMOTaMH, IO MiATBEP/DKYE MIKHAPOJIHUHN JOKY-
MeHT 3 Mmetposorii OIML D 8 «Ertamonn. Bubip, Bu-
3HAHHSI, 32CTOCYBaHHsI, 30€piraHHs 1 JOKyMeHTallis» [7]:

«7.3 JIoKyMeHTH A0 €TaJIOHA TIOBHHHI MICTHTH TaKy
OCHOBHY iH(popMmarito:

g) TOYHICTh a00 KJIaC TOYHOCTI, HEBU3HAYEHICTD BH-
MIpIOBaHHS pa3oM 3 iH(POPMALIIETO TIPO 11 OLIHIOBAHHSD.

VY [3] Bu3HaYCHO, IO KJIAC TOYHOCTI € «KIach]ika-
wiiiHolo Xxapakrepuctukoro 3BT abo BuMiproBanbHHX
CHCTEM, SIKi BiAIOBIJIAIOTH BCTAHOBJICHUM METPOJIOTiy-
HMM BHMOTaM, IOTPHMAaHHS SKUX HEOOXIIHO IS MifT-
PUMKH TMOXHOOK BHMIpIOBaHb a00 IHCTPYMEHTAJIbHHX
HEBU3HAYEHOCTE y BCTAHOBJICHMX MEXaxX 3a IMEBHUX
YMOB €KCILTyaTaIii».

Tepmin «etanon» y [1]: Bu3Ha4YeHO Tak, K 1y [3]: —
«peatizalliss BU3HAYCHHS JaHOI BEJIMYMHH 13 BCTAHOBIIC-
HUM 3HAYCHHSM BEJIMYMHH Ta IOB’SI3aHOI0 3 HUM HEBU-
3HAUEHICTIO BUMIPIOBAHHS, 110 BHKOPHCTOBYETHCS SIK
OCHOBA JUIsl TIOPIBHSIHHSY, & JaJll Y CJIOBHUKY METPOJIOTi-
YHHX TEPMIHIB, He MOSCHEHHS, [0 «peaji3aiis BU3HA-
YeHHS JIaHOi BEIMYMHM» MOXKe 3abe3nedyBaTHCS BUMi-
PIOBAIFHOIO CHCTEMOIO, MaTepiabHOIO Mipoto abo cTaH-
JApTHAM 3pa3koM, To0To 3BT.

Pe3ynpraTom KaniOpyBaHHS poOOUYMX €TaJOHIB HE €
HCBH3HAYCHICTh BHMIpIOBaHb, 0O BOHA XapaKTepPH3YeE
METPOJIOTIYHI MOXIIMBOCTI KaJliOpyBaibHOI J1aboparopii
Ta caMmy SKICTb NpOBeAEHHs KaniOopyBanHs. [Ipu kaiio-
PYBaHHI OI[HIOETBCS CHCTEMAaTHYHA IMOXHOKa pPOOOUMX
€TAJIOHIB 1 PO3IIMPEHa HEBM3HAYCHICTH BUMIpIOBAHb Il
pr3HaueHHs. Came 11i 00nIBa 3HAYCHHS 1 BKA3YIOTHCS Y
ceptudikati kamiOpyBanHsa. Te, mo maHi ceprudikary
KaJIiOpyBaHHS CBLIYATh IPO TOKA3M METPOJIOTIYHOI Mpo-
CTEXYBAHOCTI, HE JIa€ TapaHTil JOCTOBIPHUX PE3yIbTaTiB
BUMIpPIOBaHb poOourM eTanioHoM. Lle ciinye 3 npuMiTKu
JI0 TEPMIHY «METPOJIOTIYHA TIPOCTEKYBAHICTH» 3 [3] mpo
Te, II0 «METPOJIOTIYHA IPOCTEKYBAHICTE PE3YILTATY
BHUMIPIOBAHHS HE TapaHTy€, [0 HEBU3HAYEHICTH BUMIPIO-
BaHb BIIMOBIIAE 3a1aHOI METH a00 II[0 HEMAE TIOMHIIOK).
Oco0IrBO KOJIM HATAETHCS K BIIXIICHHS CHCTEMAaTHYHA
noxubKka, a BHIIAJKOBA HE BPAXOBYEThCS. ToMy st
MPAaKTHYHOTO 3aCTOCYBAHHS Kpallle HAJaBaTH MaKCHMa-
JIbHE BiIXMJICHHS TIOKA3IB BiJl €TAJIOHHOTO 3HAYCHHSL.

To0T0, BUKOHAHHSA YMOBHU 3 METPOJIOrIYHOI IIPOCTE-
5KYBAHOCTI HE Jac rapaHTii, mo poObouli eTaaoHH, sIKi BH-
KOPHCTOBYIOTBCS TIiJT Yac MOBIPKH 3aKOHOAABYO PETYIIHO-
Banux 3BT, micist kamOpyBaHHsa OyayTh BIAOBIAATH TEX-
HiuHi# criermdikarnii. Taky rapaHTito JacTb TUTBKH BU3HA-
YEeHHS BiAMOBITHOCTI poOOYOTo eTaNoHy 3aIaHUM METPO-
JOTIYHUM BUMOTaM. ToMy, MiAMIHATH TOHATTS «€HICTH
BUMIPIOBAaHHS HA TOHSTTS «METPOJIOTIUHA MPOCTEKYBaA-
HICTh» TUIBKM HA Till MiJACTaBi, 1O ¥oro Hemae y [3], €
MOMIJIKOBHM TBEPIPKCHHSIM. MeTpoJioriyHa mpoCTexyBa-
HICTh HEOOXiJHA JUII METPOJIOTIYHOI MOPIBHSHHOCTI pe-
3yJIBTATiB BUMIPIOBAHb VIS BEJIMIHUH JAHOTO POIY.

OO0'enHaHMii KOMITET 3 HACTaHOB y METPOJIOTil
(JCGM) B nokymenti JCGM 106:2012 [8] Bkazye:

«[Ipu omiHII BiATIOBITHOCTI pe3yIbTaT BUMIPIOBAHHS
BUKOPHCTOBYEThCS I TOTO, 10O BU3HAYUTH, YU
BianoBizac maHuii 00'exT 3amanmM Bumoram. OO'exToM
MO>Ke OyTH, HaNpHUKIIa[, Hallp KiHLEBUX MIp JIOBKHHU 200
M(POBUI BOJIBTMETP, L0 KANIOPYFOTHCS BIIOBIHO 10
ISO/IEC 17025 abo noBipsirothest BiAmosimuao g0 ISO 3650,
a00 mpoba MPOMHKCIIOBHX CTIYHMX BOA. BuMoru 3a3Buyaii

© O.A. HoBocroos, 2024
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TIOJIAIOTBCS Y BUIIISI OJHIET a00 JBOX MEX MOJISI OITYCKY,
SKi ~ BU3HAYAIOTh  IHTEpBaJ  JIONyCTHMHX  3Ha4YeHb
BUMIPIOBAHOTO  BJIACTHBOCTI  00'€KTa, 3BaHMA  IIOJEM
nomycky. [Ipukiagamu Takux BIACTUBOCTEH MOXYTh OyTH:
JIOBKMHA KIiHIIEBOI MipH, TIOXMOKa IOKa3iB BOJIBTMETPA Ta
MacoBa KOHIICHTPAIIiS PTYTI B IPOOi CTIYHUX BOI.

Bapto Takox 3ayBaKHTH, IO TpaBUJia OPUAHSATTS
pILIEHHS TIPO BIATIOBIHICTH POOOYOTrO E€TATOHY BHMOraM
Horo TexHiuHoi crienudikarii, MOBUHHI OyTH 00'€KTHBHHU-
MH Ta 3pO3yMUIMMH BJIaCHHKaM LIMX €TaJIOHIB. SIKIIo Bpa-
XOBYBaTH, 1[0 HEBM3HAYEHICTh BUMIPIOBaHb I Yac KaJli-
OpyBaHHsI TIONepes BChOTO 1ie SIKICTh poOOTH KaliopyBa-
TpHOI mabopatopii — i1 KamiOpyBaJIbHI MOXIIMBOCTI, TOI
CTa€ 3pO3yMLINM, YoMy y [2] TOCHTB Oarato yBaru mpui-
JIEHO BU3HAYEHHIO Ta JIOKYMEHTYBAHHIO BJIACHUX MOJKIIH-
BOCTEH BUKOHABIIIB I110/I0 KaJliOpYBaHHS €TaJIOHIB.

Mo>kITHBI 3aniepeyueHHs, 0 KaniOpyBaHHs HE € Olli-
HKOIO BiJITOBIZIHOCTI Ta He mependadae GpyHKIlT METpOIIo-
TYHOrO KOHTPOJIIO, TOOTO BHM3HAYCHHS MPHIATHOCTI Yd
HETNPHUIATHOCTI BUMIPIOBAILHOTO OOJaHAHHS IO 3aCTO-
CYBaHHSI, CIIPOCTOBYIOTBCS BUMOTOIO [4], sIka 9iTKO BUMa-
Ta€ Bil aKpeIUTOBAHOTO BUKOHABII KATIOpyBaHHS:

«7.8.6.2 JIabopatopist Ma€ 3BiTyBaTH CTOCOBHO 3asIBH
TIPO BiANIOBIIHICTH, 1100 Y Hilf YiTKO OyJIO 3a3HAYECHO:

a) SIKMX pe3yJIbTATIB CTOCYETHCS 111 3asiBa IPO BiJIIIO-
BIJIHICTE;

b) sxi criermikarii, CTaHIAPTH YU IXHI YaCTUHH BHU-
KOHYIOTb 200 HE BUKOHYIOTEY.

KaniopyBatHs poOOYMX €TaJoHIB € 00O0B’SI3KOBUM
I 1a00paTopii YIIOBHOBAYKEHNX Ha IOBIPKY 3aKOHOIAB-
40 PETryIOBAaHMX 3aCO0IB BUMIPIOBAIBHOI TEXHIKH, A
SKUX TPHUAATHI poOOYi €TaIOHN OJHE 3 TOJIOBHILINX YMOB
OTpHMaHHS JOCTOBIPHHMX PE3YJIbTaTiB BUMIpIOBaHb. ToMmy,
3asBy PO BIMOBIAHICT POOOYUX ETAIOHIB TEXHIYHIN
crerdikarii Bix KamiOpyBaisHOT 1aboparopii, Tpeda po3-
IJSIIaTH SIK OCHOBHY YMOBY BHKOHAHHS KasTiOpyBaHHS.
Just nporo Tpeba 3HATH LIbOBY HEBM3HAYEHICTH i Yac
KanOpyBaHH, TP SIKif €TaIOH MPUAATHUN JUI 3aCTOCY-
BaHHS, HANPHKIAJ, SK BCTAHOBJICHA IIIbOBA HEBH3HAue-
HICTB €TaJlOHy, MPU3HAYEHOTO VI TOBIPKH 3aKOHOIABYO
peryaboBanoro 3BT.

ExcriepumeHTyBaHHS 31 CKJIaJHUKaMU HEBH3HAYEHOC-
TI BUMIPIOBaHb Ta PI3HUMH MOJEISIMH BHUMIPIOBaHb, IO
PO3IVIANAETBCS SIK «THYYKICTh KajiOpyBaHHS», MOMIIMBO
JUTSL TIEPBUHHKX €TAJIOHIB, 100 OflepyKaTH HAWKpaIy OIliH-
KY HEBH3HAUEHOCT] 3HAUECHHS BEJIMYHMHH, 110 BUKOPUCTOBY-
€TBCS SIK OCHOBA TS TIOpiBHSAHHA. HeoOXimHo Bim3HaumTH,
110 32 BU3HAYCHHSM, TICPBHHHHUIT €TAJIOH YCTAHOBIIFOETHCS 3
BHKOPUCTAHHSM TI€PBUHHOI pe)epeHTHOI METOAMKN BHUMi-
proBanb. OjHaK, /Ul BH3HAUEHHS IIEPBUHHOTO €TajloHa
Kpalll€ 3aCTOCOBYBATH T€, L0 BiH € peali3alici0 BU3HAYCH-
Hs [laHO.l. BCJIIMYMHU i3 BCTAaHOBJICHUM 3HAQYCHHSIM BCJIMYUHU.
Bbo npuknagy B mpumMiTkax A0 1. 5.4 [3] Bxke 3acTapiim.

SIKIIo 03HAMOMHTHCS 31 chepaMu aKpeauTarlii Kari-
OpyBanbHUX JTabopaTopiii, akpeauToBannx HAAY Ha ka-
nmiOpyBaHHS TaKUX POOOYMX €TAJIOHIB, SIK MipH €JIEKTPHY-
HOT'O ONIOpY OHO3HAYHI, BUIIMCKA 3 SIKNX HaBeAeHa y Tal-
yvni 2 (maHi B3ATi 31 caiity HAAY, HanwcaHHS MeTpoJIo-
TIYHHUX XapaKTePUCTHUK 3AJMIIICHO BiIIOBITHO 10 OpHTiHA-
JIB), TO MOYKHA BiJI3HAYUTH HACTYyITHE:

1 — yci kaniOpyBaibHi 1a00paTopii MPOBOAATH Kali-
OpyBaHHSI Mip €IEKTPUYHOTrO OIOPY OJAHO3HAYHUX 3TiTHO
31 CBOIMH METO/IMKAMH KaiOpyBaHHSL.

2 — maibke Bcl KamOpyBanbHi JabopaTopii y rpadi
«YcrarkoBaHHs (00 €KT BHMIPIOBaHbB)» pa3oM i3 MipaMu
€IIEKTPUYHOTO OIOpY OAHO3HAYHMMH BKA3aIM H iHIII 3a-
cOOM BHUMIPIOBaHHSI ONIOPY, HANPHUKIAM, IIYHTH, KajiOpa-
TOPH, Mara3uHU OMOPY, OMMETPH, MiKPOOMMETPH, MiTiO-
MMETPH, METaOMMETPH, TEPAOMMETPH, MYJIbTUMETPH,
MOCTH, BHMIpIOBa4i OMNOpY, BUMIpIOBadi €JIEKTPOIPOBiJI-
HOCTI, BUMIpIOBaJIbHI KaHaiuW. Take momaHHs iH(opmaii
npo KaiOpyBabHI Ta BUMIprOBaIbHI MokimBocTi (Cali-
bration and Measurement Capability - CMC) 1abopatopiii
HE JI03BOJIIE 3aMOBHHKAM IIOCIYT PO3i0OpaTHcs B MIHCHUX
KaTOpyBaJIbHAX MOXJIMBOCTSIX Jiabopartopii 3 KamiOpy-
BaHHS Mip €IEeKTPHYHOTO OTIOPY OJHO3HAYHHUX.

3 — yci xambpyBaneHi JabopaTopii 3aCTOCOBYBAIN
omuH Meton s BupaxkeHHs CMC - miama3oH BHUMiprO-
BaHHS. AJie SIK IOKa3y€e MPAKTUKA Ta JOCBI €BPOIEHCHKUX
aKpEIMTOBaHNX KasliOpyBaJbHUX J1abopaTopiid, y LbOMY
BUIAJIKy HEMOXIIMBO 3a0€3MEeUYNTH HaJIeXKHY JiHIHHY iH-
TEPIIOJISALIIO, 1100 3HAWTH HEBM3HAYCHICTH MPH CEPEIHIX
3HAUCHH:X, ToMy Tpeba BkasyBat CMC enuHNM 3Ha4EH-
HsIM, SIKE € JIIMCHUM JUIsl YChOTO Jliara30Hy BHUMIPIOBAHHS
a00 BUpaXeHOIO (DYHKITI€I0 BUMiPIOBAHOT BEJIMIHHL

AHaii3 3BiTY mepeBipku npodeciiiHoro piBHS Ka-
niOpyBanbHUX JTaboparTopiil 3 KaaiOpyBaHHS MipH eJleK-
TPUYHOTO ONOpPY OJHO3HAYHOI, il KOOpAWHALIEIO aK-
penutoBanoro HAAY BimnosigHo no sumor JICTY EN
ISO/IEC 17043 [9] mposaiinepa [epxaBHOro mianpu-
€MCTBa «XapKiBCTaHAAPTMETPOJIOTis», CBIMYUTH, IO
0o0YHCIIeHI PO3MHPEHI HEBU3HAYEHOCTI KalmiOpyBaHHS
MipH eJIeKTPUYHOTO Omopy ogHo3HawHOi P321 HOMiHa-
nmpHOTO 3Ha4deHHSA R, = 10 OM BiOpi3HSAIOTBCS MiX CO-
6oto B 55 pas.

[MpyurHY BUHMKHEHHS Takoi PO30DKHOCTI MOXKYTh
OyTH HaCTyIIHI:

1 — BUKOPHCTaHHS PI3HMX METO/IB BHMIPIOBaHHS:
npsMe BUMIPIOBaHHS 3a JOTIOMOT'OI0 L(POBOTO OMMETPA,
BUMIPIOBaHHS 32 JOIIOMOTOI0 MOCTa MOCTIHHOTO CTpyMY,
BUMIPIOBAaHHS 32 JJOIIOMOTOI0 KOMITApaTopa OIOpiB, BUMi-
PIOBaHHSI 32 JIONIOMOT'O0 KOMITapaTopa Halpyry ado mote-
HITIOMETpa MOCTIHHOTO CTPyMY.

Xoua, METOJ] BUMIPIOBAaHHSI 32 JIOTIOMOT'OF0 KOMITapa-
TOpa OTOpPIB € HAHOUIBII TOYHUM 1 TTOIMIMPEHUM METOIOM
KaJTIOpyBaHHS Mip €JICKTPUYHOTO OTIOPY OJHO3HAYHUX.

2 — BUKOPHCTAHHSI PI3HOTO BUMIPIOBAJILHOTO 00JIaI-
HaHHSL: 1U(POBUIT OMMETp, KOMITApaTop OIOpPiB, KOMITapa-
TOP HAIpPyT'H, IOTEHLIOMETp MOCTIHHOTO CTPyMY.

3 — OmiHIOBaHHS TA00PATOPISIMU CKITAJOBHIX OFOKE-
Ty HEBH3HAUCHOCTI BUMIPIOBAHb 3 PI3HAMH MOJESITEHUMHA
PIBHSHHSIMH, IO TPU3BOJUTH IO CYTTEBO Pi3HUX 3HAYCHD
PO3IIMPEHNX HEBU3HAUYCHOCTEH.

TouHicTh pe3ynbTaTiB BUMIPIOBaHb MOXKE OyTH JI0C-
TOBIPHO OIfIHCHA JIMIIIC HA OCHOBI TOMEPEIHBOTO aHATI3Y
MOXK/JIMBUX TPUYUH Ta JPKEpPE HEBU3HAUCHOCTI BHUMIpIO-
BaHb Ta arpiopHOI OIIHKU [TUX HEBU3HAYECHOCTI.

Jlist 3abe3nedeHHs €THOCTI BUMIPIOBaHb Yy cdepi 3a-
KOHOJIaBYO PETYIIHOBAHOI METPOJIOTi1 HEOOXiTHO CTBOPUTH
i perIaMeHTYBaTH TaKi IpaBrJIa MiATOTOBKH Ta NPOBENCH
Hsl KaJTiOpyBaHHS POOOUYMX €TalIoHIB, 0OpOOKH Ta odopM-
JIHHS 1X pe3yJIbTaTiB, JOTPUMAHHS SKHX TapaHTYIOTh Iie-
BHY TOYHICTb BCIX KaiOpyBaHb, 110 BUKOHYIOTBCS 32 Jia-
HUMU IIPaBUIL

Came 1€, JOCATaeTbCAd CTaHIAPTU3ALIEI0 METOAUK
KaiopyBaHHsI.
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Tabmums 2 — Bunucka 31 «Cdep akpenurariin
aKpeANTOBAHNX KaliOpyBaJIbHUX J1a00paTopiil 3 KaliOpyBaHHS Mip eEKTPUYHOTO OIOpY
Ne | HaiimenyBanust | YcraTkoBaHHS (00’ €KT Miana3zon abo Touka Posmupena [To3navyanus
KJI BUMIpIOBaHb) BHMIpPIOBaHb, y SIKUX HEBU3HAYCHICTh HOPMAaTHUBHHX
MIPOBOJUTHCS KalIiopy- BUMIpIOBaHb JOKYMEHTIB Ha METO-
BaHHS U (k=2) JI1 KaJliOpyBaHHS Ta
MeTo[ (TIPUHIINI)
BUMipIOBaHHS
1 2 3 4 5 6
1 | T «Yxpmerp- | Ulynrw, kami6partopu, | (25x10°—-20x107)Om | (1x107—8 x10°) Om MKY 397-25/08
TECTCTaHIAPT» MarasuHH Ta MipH Mertop orocepeko-

€JIEKTPUYHOTO OIOpPY

BaHUX
BUMipIOBaHb
MKYVY 416-25/08
Meropx HopiBHSHHS 3
Mipoo
MKYV 417-25/08
Mero/ nopiBHAHHS 3
Miporo
MKYV 418-25/08
Merto MOpiBHSHHS 3
Miporo
MKYV 419-25/08
[psiMi BUMiproOBaHHS
Merton opiBHSHHS
3 €TAJIOHOM
MKY 429-25/08
Ipsimi BUMipIOBaHHS
MKYV 443-25/08
Mero/ nopiBHAHHS 3
Miporo
MKY 444-25/08
Merton MOpiBHSHHSA 3
Miporo

2 | Kpuopisbka ¢i-
st
JIT «duinpo-
CTaHIaPT-
METPOJIOTisD»

Marasus onopy
Ta MipH oropy
OJTHO3HAYHI

Pexxum BinTBOpEHHS
(0,01 — 100) MOM
(1 —100) Om
(1 - 100) KOm
(1 - 1000) MOM
10000 MOM
100 TOMm
1000 T'OM

Pexxum BinTBOpeHHS
(0,0025 — 0,006) MOMm
(0,000025 — 0,001) Om
(0,00003 — 0,0015) Om
(0,000025 — 0,1) MOm

2,0 MOm
0,25 TOm
10,0 TOm

MK-08/02
Ipsimi BUMipIOBaHHS

3 HIT «Opeca-
CTaHIapT-
METPOJIOTisD)

Mipu eneKTprHIHOTO
OMOpy OJHO3HAYHI, Mara-
3WHM HaBaHTAXKCHHS Ta

oropy

1x10° - 1x10"™ Om

(1,7%107-5,8 x10") Om

MKO0327
Mertox HOpiBHSHHS 3
€TaJIOHOM 3a J0TIOMO-

TOI0 KOMITapaTopa

4 | Xuromupcbka

¢inis AT1 «Bin-

HHULSCTAaHAPT-
METPOJIOTisD»

Mipu eleKTpUYHOro
OIOpY MOCTIHHOTO CTPY-
My OZIHO3HAuHi Ta Oara-

TO3HAYHI

0-1x10" Om

1x10°-2x10° Om

MK 08-12
[Ipsimi BUMipIOBaHHS

5 | 3amopi3bka Qiis

Mara3suHu Ta MipH eJek-

(1-107=1-10°) Om

(3,6:10°-1,2:10") Om

MK 1-08-04:2020

3Hay4Hi Ta 6araro3HauHi,
MipH-imitaTopu

B Jiaria3oHi 4acToT
0-1x10"T'n

JIT «duinpo- TPUYHOTO Ipsimi Bumipu
CTaHIapT- oropy
METPOJIOTisD»
6 Yepxacbka MipH eNeKTpUYHOTO 1x10°— 1x10° Om 0,0001 — 7000 Om MK 06-08-03
¢inis OIIOPY OJTHO- Merox npsiMux
AI1 «IlonTaBa- Ta OaraTo3HavHi BHUMIpIOBaHb,
CTaHAapT- MeTton HenpsmMux
METPOJIOTisD) BHMIpIOBaHb
7 | I «Xapkis- MipH eneKTpUIHOro 1x10*— 1x10" Om; 1x107-1x10°0m | COY 74.3-04725906-
CTaHAapT- OIopy MOCTIHHOMY Ta MoCTiiHa Yacy: 0066:2012
METpPOJIOTisl» | 3MIHHOMY CTPyMy OJJHO- 1x10%-2,5x10° ¢; [Tpsimi BUMipIOBaHHS,

3BipEHHSI IOMIOMOT 010
KOMITaparopa

© O.A. HoBocroos, 2024
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3akinuenns maon. 2
1 2 3 4 5 6
8 | T «/Tuimpo- Mipu enextpuaroro | (1x107—1x10°) Q (Om) |  2x107Q —9x107Q MK ] 11/18-2017
CTaHIApT- OIIOpy OJTHO3HAYHI Merton 3piBHSHHS
METpOJIOTis» Mipu enextpuusoro |(1x10°—1x10"%) Q (Om)|  2,4x10°Q —5GQ MK I 11/21-2017
ornopy bararo3HauHi [Ipsimi BUMipIOBaHHS
9 I «IBano- | Ommetpu, Merommetpy, | 1x107— 1x10™ Om 0,01 - 6,67 Om MK 012 PJ1/08:2018
@®paHKIBCBK- | BUMipIOBadi OMOpPY, MipH Meron
CTaH/apT- OIIOpy OZIHO- Ta OaraTos- HpSIMUX BUMIPIOBaHb
METPOJIOTisD» HaYHI
10 | Kani6pysanbua | BumiproBaui (ommerpu, 1 TOm - 10 TOm (0,1-10) % MK-02
naboparopis MIKpO-, MiJTi-, Mera-, Te- TIpsiMi BUMipIOBaHHSI.
IIIT «HB Lentp | paoMMeTpu, MyJIbTUMET- 1 MOwM - 1 TOm (0,01-10) % OnocepenkoBaHi
OLIIHKH BIIOBIJ- | pH, MOCTH) Ta MipH OIIOPY BUMipIOBaHHS
nocti «I0I'» (UIyHTH, OJTHO3HAYHI Mipy 10 MxOM — 1 T'OMm Bix 0,003 % 3amineHns
OIIOpY, Mara3uHy ONopy)
11| Kani6pysamsua | 3acoOu ajst BUMipIOBaH- 1-10°-1-10° Om (0,19-10"-0,2-10% Om MK-08-06
nabopaTopiss | Hi Ta (ab0) BiATBOPEHHS 1:10°-1-10° Cm (0,19-10*-0,2-10%) Cm
TOB «JIAB- ornopy (OMMeTpH, BUMi-
TECT» proBaui Onopy, BUMIpIO-
Badi EIEKTPONPOBIIHOC-
Ti, €NEKTPOJITHYHI PO3-
YHHH, MIPHU OIIOPY, BUMi-
pIOBaJIbHI KaHAaJIH)

3. BucHoBxmu CBOIM PO3YMIHHSM, II€ BEIC JO Xa0Cy METPOJIOTIYHOT

1. Jlns 3aBesneuenns €HOCTI BUMIpIOBaHb y 3a-  AIIBHOCTI. o ) ) ) )
KOHOJ/IaBYO peryJiboBaHiii cdepi Merposorii HeoOXiaHO 2. JIoCTOBIpHICTh OL[IHKU L1010 BIZOBI/IHOCTI
3acTocyBaHHs B YKpaiHi MiKHApoiHOi mnpaktuku 3i P0060dOro eTAJIOHA 3a3HAYCHUM METPOIOTIYHUM Xa-
CTaHJIAPTH3ALIi METOJUK KaliOpyBaHHs Ta METOAIB oli- ~ PAKTEPUCTUKAM ICTOTHO 3aJIEKHTL Bl KOPEKTHOCT1
HKM HEBU3HAYEHOCTI, iHAKIIE, KOJIM KOKHA KajmiOpypa- ~ MPOUEAYp OLIHIOBAHHA HEBU3HAYCHOCTI BUMIPIOBAH-
nbHA MabopaTopis MPOBOMMTH KamiGpyBaHHs pobounx  H IPH KamiOpyBaHHI, IO JOCATAETHCA iX CTaHAAPTH-

CTAJIOHIB Ta OIIHIOE HEBU3HAUYCHICTh BHMIpIOBaHb 3a  SAlI€I0.
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On the issue of standardization of procedures for calibration of working standards
Oleg Novoselov

Abstract

The article deals with the development of standardized methods of calibration of working standards, which are used
during the verification of measuring equipment in operation and used in the field of legally regulated metrology. The
analysis of current calibration methods, which are specified in the "Scope of accreditation" of accredited calibration
laboratories, was carried out.

Key words: calibration, calibration technique, working standard, measurement uncertainty, metrological traceability.

14 © O.A. HoBocwonos, 2024



BUMIPIOBAHHA /| MEASUREMENTS

UDC 004932

doi: https://doi.org/10.30837/2663-9564.2024.1.03

MEASUREMENT UNCERTAINTY EVALUATION OF OBJECT
COORDINATES IN PLANE BY THE GONIOMETRIC METHOD

Olesia Botsiura, Iryna Zadorozhna, Igor Zakharov
Khariv National University of Radio Electronics, Kharkiv, Ukraine

Abstract

The features of the uncertainty evaluation of measuring the coordinates of an object in plane by the goniometric method
(theta position fixing) are discussed. Measurement model are presented that relate objects coordinates in the local rectangular
coordinate system with the angles found using goniometers. The model includes corrections for determining the location of base
stations, and correction associated with inaccuracies in the location of stations to the north. Uncertainty budgets for
measurements of rectangular coordinates are given, which can be the basis for creating software for automating the calculation of
measurement uncertainties. The estimates of the expanded uncertainties are found by the kurtosis method.

Keywords: coordinate metrology; goniometric method; measurement uncertainty, kurtosis method

1. Introduction

The problem of an object coordinates in plane
determining is widely wused in geodesy, radio
navigation, radio-, optical and acoustic locations [1-4].
Depending on the number of base stations (BS) used in
this case (radar, optoelectronic or acoustic) and their
capabilities, this problem is solved by various methods.

The theta fixing (goniometric method) [5],
considered in this article, is limited to the use of only
one RS containing a rangefinder and a goniometer
(direction finder). It belongs to the active methods of
location, since it requires radiation from the BS to
determine the distance to the object.

The goniometry method (theta location
determination) considered in this article requires the
presence of at least two BSs containing only
goniometers (direction finders). It refers to passive
location methods, since the BS radiation is not required
to determine the distance to the object.

The report considers the features of measurement
uncertainty evaluation the coordinates of an object in a
plane using the goniometric method.

2. Justification of Measurement Models

Fig. 1 shows a diagram of the implementation of
coordinates measuring of an object on a plane using the
goniometric method.

The axis OV is directed to the north, the axis OX is
drawn so as to form a right-hand rectangular coordinate
system. The diagram shows basic stations O; and O,,
located at points with coordinates (X;,Y;) and (X,,Y,),
respectively. The object P has the desired coordinates
(xY).

From the points of locations of the first and
second stations O; and O,, the direction to the target is

established by direction finders, i.e. its azimuths o, and
o, which are counted in the direction of movement of
the clockwise from the direction to the north.

These parameters are used to determine the local
Cartesian coordinates of the object (X,Yy) in accordance
with the equations [6]:

X=X+ L,cosa,, (1
y=Vy,+Lsina,, 2)
Y4

yp

Vi

V2

0 X1 X2 Xp g X
Fig. 1. Scheme of implementation of measurement of

coordinates of an object on a plane by the goniometric
method

where L, is the distance from the location of the first
station point O, to point P, and:

Li=J(X=x)"+(y=y)* . (3)
Similar expressions can be written for the second
station:

X=X, +L,cosa,, 4

y=Y,+Lsina, %)
in which L, is the distance from the location of the
second station point O, to the point P, and:

L =J(X=%)2 +(y=¥,)* . (6)
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From Fig. 1 it can be seen that:

X=X + (Y= Yi)etgo, } ™

X=X +(y - Y2)etgo,

Solving system (7) for y, we have:
y= (X —x) + (yictgen — yactgas) ®)

ctgo, —ctgal,

Substituting this solution into the first equation of
system (7), we obtain an expression for the X coordinate
of the object:

X:Xl+ctga1.|:(x2_X1)+(y1_y2)Ctga2i|‘ (9)

ctga, — ctgal,

Thus, the obtained equations (8) and (9) allow us
to obtain the coordinates of the object (X,y) through
the coordinates of the locations of the station points ( X
,Yi)and (X, Y,), as well as the target azimuths o, and
o, measured by both stations.

3. Evaluation of Numerical Values and
Measurement Uncertainties of Object

The numerical values of the measurands X,V
can be determined from expressions (8)-(9) by
substituting the values of the input quantities X,
9% %, V., 0y, Q,into them:

)2:Xl+Ctgd1|:(xz_xl)+(yl_yZ)Ctga2:|' (10)

ctgd, —ctgdl, ’
(% = %) + (Yretgdy — Yactgds,)
ctga, —ctgd,

y= (11)

According to the obtained measurement models
(10), (11) of the object coordinates, in accordance with
the rule of summation of variances [7], it is possible to
write expressions for the standard uncertainties of their
measurement.

For coordinate X:

U2 (%) = {[c, QUK +[C, (AT +[Cy, (Ru(F)T +
H ey, (U +[C,, (RU(E)P +Ca, (RU(G)PF™, (12)
where the corresponding sensitivity coefficients ¢, (X),

C,(X), €y, (X), €, (X), Cyu(X) 1 Cy,(X) are determined
by the expressions:

. OX —ctgd
Cxl(X)Z—AZ%, (13)
oX, ctga, —ctga,
.. OX tgd
Co(R) == —— BN (14)

X, - ctgdy, —ctgdl,
.. OX ctad,ctad
Cyl(x)=T=M; (15)
Y, ctga, —ctga,
.. 0K  —ctgd,ctgd
0 (%) == —EE

=— — (16)
0y, ctgd, —ctgd,

Co (R) = 5_)2 _ ctgd, [()A(z = %) +ctgd, (¥ - 92)]
“ oa, [(ctgd, —ctgdz)sindl]2

I ()A():a_f(:()72—)71)Ctg&1+(>?2—>?1). (18)
o 04, [(ctgd, —ctgd,)sind, ]

; (A7)

Similarly, we can write an expression for the
standard measurement uncertainty of the coordinate Y:

u(§) ={[c (DU +[C, (DUR)P +[Cy, (PUF)F +
+[ey, (DU +[C0 (UG HEu, (Hu(@)P ), (19)

in which the corresponding sensitivity coefficients
¢ (9) 5 Cu(¥), €y (¥), Cpu(Y), Co (¥) and C,, (Y) are
found as:

N y -1
CXI(y)=ﬂA=A—A; (20)
OX, ctga, —ctga,
N y 1
cp--—1__, @
oX, ctga, —ctga,
N ctgdy
G(W="r=""7""; (22)
oy, ctgoy —ctga,
. y —ctgd
) P M— L 23)

&, ctgd, —cigh,

Ca, (y) == = (XZ - XA1)+ (ylA_ yZ)cfg%Z , (24)
0y [(ctgdy —ctgd,)sind, |

Caz(y)_ ay _(XI_XZ)J'_(yZ_yl)Ctgal . (25)

86, [(ctgd, —ctgdz)sindz]z

In expressions (12) and (19) u(d,), u(é,) are the
standard measurement uncertainties &,, 6, , defined as:

U6 ) = Ui (&) + Ui (&) 5 (26)
U(GLy) = /Ui (6,) +UR (&) 27)

where U, (&), U,(a,) are the standards instrumental
measurement uncertainties of the angular coordinates
@&, and &, with the help of a goniometer; uy (&) ,
Uy (a,) are the component of uncertainty associated

with the inaccuracy of binding the BS to the direction
to the north.
Standard uncertainties u(X,) , u(y,) and u(%k,) ,

u(y,) determinations of the locations standing points

O; and O,, respectively, are found from the
corresponding boundaries of the maximum permissible
error +0(X) +6(y) under the assumption of an uniform

distributions of the errors in the estimates X, ¥, X,
¥, within these boundaries:

U(%) =U(%) =0(R)/3 ; (28)
u(g,) =u(§,) =0(9)/3 . (29)

Instrumental uncertainties in measuring angular
coordinates o, and o, using goniometers Uu,(&,) ,

U, (&), which can be found through the boundaries of

16
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the maximum permissible instrumental error in

measuring azimuth 20, , assuming an uniform

distribution of instrumental errors within these
boundaries as:

U (6) =y (6) = 0,./43 ; (30)
If the limits of the maximum permissible error of
reference to the direction to the north are taken to be

equal to iéN , then, assuming an uniform distribution
of the reference error within these limits, we can write:

Un (G) = Uy (62) = B /3 . G1)

Since the standard uncertainties of all input
quantities were determined according to type B and
were assigned an uniform distribution, the expanded
uncertainties of coordinate measurement (X,Y) are best

found using the kurtosis method [8]:

U (X) =k(m)u(x);
U(y) =kmny)u(y),

where the coverage factors for the confidence level of
0.95 and 0,9545 are found using the formula:

(32)
(33)

Koos =0,1085n° +0,In+1,96
0,95 n n } , (34)

k0,9545 = 0,121’]3 + 0, 1n + 2,0
and the kurtosis of the distribution for (x,y) will be

equal to:

() =%{[cx. (U +[C (U +[c, (U +
+[Cy, (U +[Ca, (RO (@] +[C, (R (6] +
HC, (R)U; (82)]* +[Cq, (KU (62)]* 5 (35);
-1,2
u“(9)
+[Cy, (DU(T)T +[Co, (U1 (6] +[Co, (F)U (61)]* +
H o (U1 (62)]* +[Cas (9 (E2)T* (36)

() =[S (DUEF +[C,, (FUCRT +e, (DU +

Formulas (35), (36) take into account that the
kurtosis of all input values that have an equally
probable distribution are equal to (-1.2).

The uncertainty budgets of the object coordinate
(X, y) measurements will have the form given in Tables

1 and 2.

Table 1 — Uncertainty budget for the measurement of the X-coordinate

Input Values Standard Kurtosis Sensitivit Uncertain
pu of input uncertainties of | of input iy o ty
quantities .. . .. ope coefficients | contributions
quantities input quantities | quantities
X X (28) -1,2 (13) (28)-(13)
X, % (28) 1,2 (14) (28)-(14)
Y, ¥, (29) 1,2 15) (29)-(15)
Y ¥ (29 -1,2 (16) (29)-(16)
. (30) -1,2 (30)-(17)
*H o G1) 12 a7 G1)-(17)
N (30) -1,2 (30)-(18)
* * 31 12 (18) (31)-(18)
Measurand Combined Measurand | Coverage Expanded
Measurand standard . .
value . kurtosis factor uncertainty
uncertainty
X (10) (12) 35) (34) (32)
Table 2 — Uncertainty budget for the measurement of the y-coordinate
Input Vz}lues Stanflal"d Ku.r tosis Sensitivity | Uncertainty
ops of input uncertainties of of input R o
quantities .. . " .. coefficients | contributions
quantities input quantities quantities
Xi e (28) -1,2 (20) (28)-(20)
X, % (28) -1,2 @1 (28)-21)
Yi yi (29) -1,2 22 (29)-(22)
Y, ¥> 29) -1,2 (23) (29)-(23)
N (30) -1,2 (30)-(24)
o *H 31) 12 (24) (31)-(25)
N (30) -1,2 (30)-(26)
* * (1) 12 25 (1)-(27)
Measurand Combined Measurand | Coverage Expanded
Measurand standard . .
value . kurtosis factor uncertainty
uncertainty
y an 19 (36 (34 (33
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4. Conclusions

1. The advantage of the goniometric method for
determining the coordinates of an object on a plane is
the absence of radiation from basic stations (passive
location). Its implementation requires the presence of at
least two basic stations equipped with goniometers.

2. The proposed scheme for implementing the
measurement of the coordinates of an object on a plane

for standard uncertainties of measuring the
coordinates of an object using the goniometric
method were written, and calculations of sensitivity
coefficients were made.

4. Tt is shown that for evaluation the expanded
uncertainty of measuring the coordinates of an object
using the goniometric method, it is advisable to use the
excess method.

5. The uncertainty budgets of measuring the
rectangular coordinates of an object are given, which
can serve as a basis for automating the calculation of
the uncertainty of measuring the coordinates of an
object on a plane.

using the goniometric method made it possible to
obtain mathematical models for measuring the
Cartesian coordinates of an object.

3. For the obtained mathematical models, based
on the law of uncertainty propagation, expressions
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OuiHBaHHS HEBU3HAYEHOCTi BUMIPIOBaHb KOOPAMHAT 00’ €KTY HA IUIOIMHI TOHIOMEeTPUYHHM METO10M
Bouropa Onecs, 3apopoxxHa Ipuna, 3axapos Irop

AHoTanis

OOroBopeHo OCOOJNMBOCTI OLIHKM HEBU3HAYEHOCTI BUMIPIOBAHHS KOOPAMHAT 00'€KTa Ha IUIOIIMHI T'OHIOMETPHYHUM
MeToJoM (Tera-dikcaris nonoxeHHs). [IpencraBieHi BUMIpIOBaIBHI MOZENI, SIKi 3B'I3yIOTh KOOPIMHATH O0'€KTIB Yy JIOKAJBHIH
OPSIMOKYTHIMl CHCTEMi KOOpIAMHAT 3 KyTaMH, 3HAHICHHMH 3a JOMOMOIOK TOHIOMETpiB. MoOJeNnb BKIIOYAE MOMPABKH IS
BH3HAUYCHHS PO3TAlllyBaHHS 0a30BUX CTaHLIiH, a TAKOXK MOMPABKH, [OB'sI3aHi 3 HCTOYHOCTSIMHU B PO3TAlllyBaHHI CTaHLiil Ha MiBHIY.
Haseneno GropkeTH HEBH3HAYEHOCTEH BHMIPIOBaHb HPSIMOKYTHHX KOODAMHAT, SIKI MOXKYTh OYTH OCHOBOIO JUISI CTBOPCHHS
nporpaMHOro 3a0e3ledeHHs] Ui aBTOMATH3alil po3paxyHKy HeBH3HadeHOCTeH BuMipioBaHb. OLIHKH PpO3MIUPEHUX
HEBU3HAYCHOCTEH 3HAIICHO METOZO0M eKCcLecy.

KirouoBi cioBa: KOOpAWHATHA METPOJIOTis;
HEBHU3HAYECHOCTI, METOJ{ €KCIIECIB.

TOHIOMETPUYHHMIA METOJ; HEBU3HAUCHICTh BUMIPIOBaHb, OFOJKET
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MHOJYM AHO-®OTOMETPUYHE BUSHAYEHHSA
CYJIB®AT-IOHIB Y BOJAX 3 BUKOPUCTAHHSAM YJbTPA3BYKY

O.L. IOpuenko, 1.P. llleBuenko, JI.B. baknanosa, T.B. Uepnoxyxk, O.M. bakinanos

Xapxiecvruil Hayionanvruil yuieepcumem imeni B.H. Kapasina, Yxpaina, yurchenko@karazin.ua

AHoTauis

BUBYCHO BHKOPHCTAaHHS YJIBTPa3BYKY IIPH IOIyM’SHO-(DOTOMETPUYHOMY BH3HAYCHHI CyJb(dar-iOHIB y BOJaX HEHPSIMHM
MeTosoM 1o Kaiiro. IIpu 1poMy, OcakeHHs Cyab(ar-ioHiB MPOBOAMIIM HA/UTMIIKOM MAaJOPO3YMHHOI CyXoi coii docdary
Kauito Oapiro. [Toka3aHo, 10 KUIBKICTH KaJIilo, 10 HEPEHILOB Y PO3YHH, € MPONOPLIHOI0 KUIBKOCTI CyJb(aT-ioHIB y aHaJIi30BaHi
npo6i. J[is mokpamnieHHs BiATBOPIOBAHOCTI Ta HMPABUIILHOCTI OTPUMAaHUX Pe3YJIbTATIB, @ TAKOXK JUIS MiJBHUIICHHS SKCIPECHOCTI
aHAN3y, OCAIKEHHS CyNbhaT-I0HIB TPOBOMMIM IIPH Aii yIBTPasByKy 4acToTofo 5,0 — 7,0 MI'n, intencusHictio 3,0 — 5,0 Br/cm?
npotsarom > 2,0 xB. Po3pobneno MeToamky BHU3HA4YeHHS Cyinb(daT-ioHIB y BoAax 3 MiHepamizamiero o 50 r/m, miama3oH

BHU3HAUyBaHMX KOHIEHTpauiii cynbdar-ioniB 10 — 150 wmr/n. [IpaBUNBHICTE OTPHMaHHX pPE3yNbTATIB

(Bu3HAYATH 3

BUKOPUCTAHHSM CTaHIapTHUX 3pa3kiB Bogu YkpH/dIcine C3B 022.3-20c, C3B 022.3-20m Ta C3B 022.3-20BM) Oyma [yt BoaH 3
MiHepamizarieto 50 v/n - 92,5 — 93,1 %, a g Bomu 3 MiHepamizaiiero 10 10 v/n - 99,2 — 99,6 %. BinHocHe craHmapTHe
BIAXWJICHHS OTPHMaHUX pe3yJbTaTiB aHamizy He nepesuniyBano 0,051. be3 BukopHCcTaHHS yIbTpa3ByKy KUIbKICHE BU3HAYEHHS
BMICTY Cynb(aT-iOHIB MOXKJIMBE JIMIIIE Y BoJax 3 MiHepaiizauiero 1o 10 r/n 3 npaBuibHicTio 90,2 — 91,0%.

KurouoBi ciioBa: cynbbar-ionu, moaym’ssHo-GOTOMETpUYHE BU3HAYCHHS, Kalii, BOJa, CTAHAAPTHI 3pa3KH, [IPaBHIbHICTS,

BIZIHOCHE CTaHIAPTHE BiIXUIICHHS.

1. Beryn

KinpkicHe BU3HA4YEHHS CyiIb(aT-i0OHIB HEOOX1THO
JUISL  OIIHKK SIKOCTI THTHOI BOAHW, & TaKOX IIPH
PO3B’s13aHHI PI3HOMAHITHUX TEXHOJOTTYHUX 33/1a4 [1, 2].

IcHye Oarato mnpsMUX METOAIB  BH3HAUCHHS
cyibdaT-ioHIB y Bosax. ['paBiMeTpU4HUI METO € JIyxKe
TpPUBAIUM 1 0araTocTaiiifHUM i HOro BUKOPHCTaHHS y
IIPOMUCIIOBOCTI HE J03BOJISIE €PEKTUBHO KOHTPOJIIOBATH
TEXHOJIOTI4HI TporiecH [2-7].

Bumemr excripecHuMu € 00'eMHI 1 (oTOMeTpHHi
METOIX 3 3aCTOCYBaHHSIM OpraHiYHHMX peareHTiB. Bei mi
METOIM IPYHTYIOTECS Ha yTBOPEHHI 3abapBIICHUX
KOMIUIGKCHAX CIIOJyK IOHIB METaliB 3 OpraHiYHUMH
peareHTaMH 1 TIOaJIbIIIOMY PYHHYBAHHI IMX KOMIUIEKCHHX
comyk SO, -ioHaMH i3 3HMKHEHHSM a60 3MiHOKO
3abapBiicHHS po3unHy [2-6]. OmHak, i METOIM IOTaHO
MIAI0ThCsT aBToMatu3aniii. KpiM Ttoro, Taki Meromu He
JI03BOIISIOTH KibKiCHe B3HAueHHs BMicTy SO, -ioHIB y
BOJaX 3 MiHepamizamiero > 10 /1 Ta BHUMararoTh
BUKOPHCTaHHS JIOPOTHX OpPTraHIYHUX PEareHTiB, IO TaKoX
YCKIIQIHIOE IXHE BUKOpHUCTaHHA [2-6]. Typmimerpuuni
METOAY BW3HAYCHHS CyNIb(aTi B BOZaX MAalOTh HHU3BKY
TOYHICTh BU3HAYCHHS, OCOOJIFBO y MiHEpaJIi30BaHUX BOAAX
1 MPaKTUYHO HE TiIAal0ThCs aBTOMaTH3altii [2, 7].

Onwucano [8] HENpsIMUM METOJ TIOJIyM SIHO-
(hOTOMETPHUYHOTO BU3HAYCHHS BMICTY CyIb(aT-i0HIB Yy
BOJIaX MO 3AJHUIIKOBIA KUIBKOCTI 0apiro, 10 MOJATaE B
JOJaBaHHI /IO AaJiKBOTH AaHATI30BaHOI TPOOH BOAU
BIZIOMOi  KUIBKOCTI PO3YMHY  XJOpuAy Oapito 3
XJIOpPHCTUM BoJHeM. HeposuwHHa croiyka cyibgary
Oapito, 110  YTBOPIOETBCS,  3HIKYE  BHXIJTHY
KOHIIEHTpallifo xyiopuay Oapito. KimpkicTe Xiopumy
Oapito, IO B3aIMIIMBCA B PO3YMHI, BHU3HAYAIOThH
MOJYyM'STHO-()OTOMETPUYHIM METOJIOM 1 PO3PaxOBYIOThH
KUIBKICT  cynb(ar-ioHiB.  Jliama3zon  BuU3HaueHHX
KOHIIEHTpALH Cynb(aT-iOHIB 3aIIpOIIOHOBAHUM METOIOM
y npobax Boau ctaHoBuTh Bi 10 go 100 mr/n [8]. Onnaxk,

MOTYyM'STHO-()OTOMETPHYHE BU3HAYCHHS 0apifo MOB’ SI3aHO
3 HEOOXiJHICTIO BUKOPUCTAaHHSI BHCOKOTEMIIEPATYPHOT'O
moaym’st.  Takox, MOy M'STHO-()OTOMETPHIHOMY
BU3HAYEHHIO 0apil0 NpHTaMaHHI MaTpUYHI 3aBakarodyi
BIUIMBH, OCOONMBO y MIiHEpali30BaHUX BOJaX, IO
NPU3BOIUTE IO HEJIOCTaTHBOI ~ BiITBOPIOBAHOCTI
pe3ynbTaTiB BU3HAUCHHS Cyibdar - ionis S, > 0,10 [8].
Ommcano  [9] MOIIyM’ STHO-(pOTOMETPHUIHE
BHU3HAYEHHS BMICTY Cynb(aT-i0OHIB y BOJAX HEMPSMHUM
METOZIOM TI0 BMICTY Kalito. MeTol BKIIIOYa€ BBEICHHS
y BOAY, IO aHATI3YeThCs, HAUIMIIKY MaJOPO3YHHHOI
MoJBIAHOI coii (ocdary  kamito-0apiro, OCaKEHHS
cyib(daT-ioHIB Yy BHUIJSIII HEPO3YMHHOTO Cyib(ary
Oapiro npu MexaHIYHOMY MepeMilllyBaHHI IPOTATOM 6-7
XB., BiJUTUICHHSA IIPO30pPOTro pO3UUHY
HEHTpU(DYTYBaHHAM 1 BHU3HAYEHHS  MOJyM SHO-
(hoTOMETPHYHUM  METOJIOM BMICTy Cyib(}aT-iOHIB 110
BMICTy Kalifo, IO MepedmoB y po3umH. [iamazoH
BHU3HAYYBaHHUX KOHIICHTpamin cynb(aT-ioHiB
3aIIpOIIOHOBAaHMM METOJOM Y Ipobax BOIH CTAHOBHUTb
Bix 10 g0 150 mr/mv®. YV 38’s3ky 3 THM, mo docdar
KaJIifo - 6apiro MOMITHO PO3UMHSIETHCS Y BOJII B KUCIOMY
cepelloBUlly, BHU3HAY€HHs MpoBoIsATh npu pH 5-7.
HenocratHs BiITBOPIOBaHICTh pE3YJbTaTiB MOIYM SHO-
(hOTOMETPHYHOrO BH3HAYCHHS Cyinbdar — ioHiB, S; >
0,08, a TakoXx HENOCTAaTHS NPABHIbHICTH OTPUMaHUX
pe3yabTaTiB  aHANI3Y MOB’s3aHI 3  HEMOBHUM
KOHTaKTOM YacTHHOK MaJOPO3YMHHOI COJIi MOJBIHHOTO
docdary kamito-Oapir0o 3 aHaNi30BaHHMM DPO3YHMHOM B
YMOBax MEXaHIYHOTO TIIePEeMIllyBaHHS, B pPe3yJbTaTi
40ro, Jesika dYacThHA Cynb(aT-ioHiB HE MOXKe
mpopearyBaTu 3 OapieM moaBiiHOTO (ocdary Kairo-
6apito. Kpim Toro, kinbkicHe BH3HAuYCHHs Cyb(hariB y
BoAax 3 MiHepamizamiero S50 1/ € HEMOKIMBUM dYepe3
CKJIQMHICTh KOHTaKTy YaCTMHOK MaJOpO3YMHHOI coJi
noJiBiiHOro Qocdary kanmiro-0apil0 3 aHAII30BaHUM
PO3YMHOM B yMOBaX MEXaHIYHOTO IepeMilryBaHHs [9].
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His  ymeTpa3sByKy  Ha  Tpomecd  copOmii,
CIIBOCA/DKEHHS, EKCTPAKIil, CIPSAMOBAHOI KpHCTAIi3allii
JIO3BOJISIE 3HAYHO MiABUIIUTH CTYIIIHb BUTATY KOMITOHEHTIB,
10 BU3HAYAIOTBhCS, uepe3 Oulblily e(pEeKTUBHICTb — MIOJO
inTeHcudikartii MmacoominamMX Tporiecis [10, 11].

3anpornoHoBaHa poboTta MIPUCBSYICHA
BUKOPHCTaHHIO  yJIbTPa3BYKy  IpH  MOJYyM sHO-
(hoToMeTpHUHOMY BH3HAa4YeHHI Cynb(haT-iOHIB y BOAax
HENpsIMAM ~ METOJIOM 110 KaJIiI0 HIISIXOM — OCa/KECHHS
cynb(daT-ioHIB Ha UIMIIKOM MaJIOPO3YMHHOI cyXoi codi
docdary kamito Oapir0 3 HACTYIIHAM BU3HAYCHHIM
BMICTY KaJlilo, 1110 IEPEHIIIOB y PO3UHH.

2. EkcnnepuMeHTaIbHA YACTHHA

3acTocoByBaIH aTOMHO-a0copOLiitHuMiIt
cunekrpomerp AAS-3 (HimeuunHa) y pexumi emicii
[12]. Momym’st nponan-OyTaH — MOBITPSI.

VYipTpa3BykoBi KOJHMBAHHS iHiIiFOBaIH
'€30€JIEKTPUYHUME BHIIPOMiHIOBa4aMH 3 poOOYNME
gactotamMmu 4, 5, 6, ta 7 MI'n, maKIOYEHUMH 10
nmamroBoro reneparopy 24-Y3I'M-K-1,6 M [12].

BukopucroByBanu xyiopua Harpiro KBasidikartii
X.4. ISl CHIEKTPAIIBHOTO aHamily, docdar Gapiro-Kaiiro
KBauTiikamii X.4., peuira peakTuBiB Oyia KBasidikaliero
4.7.a. Po3urHM rotyBanu Ha OiAMCTHIBOBAHIN BOII.

Jdns  aHaymizy BHMKOPHCTOBYBalM  CTaHAAPTHI
3pa3Ki TPUPOJHHMX BOJ 3 PI3HOI0 MiHepali3awi€ro
BUPOOHHMLTBA  YKPaiHCBKOTO  HAYKOBO-IOCIITHOTO
IHCTUTYTY COJISTHOT ITPOMHCIIOBOCTI:

1) crammaptHmii 3pa3ok  Bomm C3B  022.3-20c
(atecToBaHUi BMICT Cynb(dar-ioHIB 19,90 — 20,10
Mr/1, 3aranbHa miaepanizamnis(NaCl) 0,5 r/m);

2) crapmaptHui 3pa3ok Bomu C3B  022.3-20m
(arecroBaHuii BMICT cCysb(ar-ioHiB 19,90 — 20,10
Mr/1, 3aranbHa minepaiizaiisi(NaCl) 10,0 r/n);
3)crangaptHuii  3pazok  Boau C3B  022.3-20BM
(arecroBaHuii BMICT cyJb(ar-ioHiB 19,90 — 20,10
Mr/1, 3aranbHa minepaizaiisi(NaCl) 50,0 r/n);

4) cranmaptHuii 3pasok Boam C3B  022.3-100c
(arecroBanmii BMicT cynbat-ionis 99,1 — 100,7 mr/m,
3araipHa MiHepanizanis(NaCl) 0,5 r/m);

5) crampmaptHEil 3pa3ok Bomum C3B  022.3-100M
(arecToBanuii BMicT cynbdar-ioHiB 99,1 — 100,7 mr/m,
3aranpHa MiHepamizamis(NaCl) 10,0 /m);

6) crammaptHEi 3pa3ok Bogm C3B 022.3-100BM
(arecToBanmii BMicT cynbdar-ioHiB 99,1 — 100,7mr/m,
3aranmpHa MiHepanizamisi(NaCI) 50,0 r/m).

Takox [uist aHaiIi3y Opaiii BOAONIPOBIAHY BOAY Ta
OyTmipoBaHy NMUTHY Boay «CenTepcbka» 3 BMICTOM
cyibdartiB 70 28 mr/m.

Memooduka excnepumenmy.

YV uenrpudyxny npobipky wmictkictio 75 oM’
BHOCHIM 30 CM~ aHai30BaHOI BOJIH, IOIABAIIM 2 Kparuii
IHANKaTOpy METHIIOBOTO IOMapaH4YeBOTO i
HeWrpamizyBami ~ NaOH 10 7KOBTO-KOBTOTapsioro
(apOyBannst pozunny. Jani nomaBamm 50 Mr cyxoro
dochary kamiro-Oapiro 1 Ol Ha  CHCTEMY
ympTpa3BykoM  dactororo 45 - 75 M,
IHTEHCUBHICTIO 2,5 — 5,5 BT/CM2 mpotsiroM 1,5 — 4,0 xB.
Jani neHTpudyryBany Ha IIBUIKOCTI HE MEHIIE HIX
8000 00/xB. 1 aHami3yBaNM TPO3OPHH  PO3UUH
MOJyM STHO-(pOTOMETPUYHUM MeToJoM 3rimHo [2]. [ns
moOyIOBH TPamyOBAFHOTO TpadiKy TaKUM K€ YHHOM
00pobsm craHmapTHi po3unHu 31 BMictom 0, 10, 50,
70, 100, 150 wmr/n SO,” iouis. 3a pe3ynpTaTaMu
(horomeTpyBaHHS ueHTpudyrariB OynyBanu
rpaayoBanbHuil rpadik Ta 3a HUM BH3HAYAIM BMICT
cynbdar-ioHiB y mpobax.

KpiMm TOro, mnpoBoauiH
3aMicTh yIbTPa3ByKOBOI'O
BUKOPDHCTOBYBAJIM MeEXaHiuHe
mBuakictio 1000 06/xB.

JOCIIJDKEHHST  Jie
nepeMillyBaHHs
nepeMimyBaHHs 31

3. Pe3yabTaTH Ta iX 00rOBOpEHHS.

VY r1abn. 1 HaBeACHO MOPIBHSAHHSA HOJYM’ SIHO —
(hoTOMETpUYHOTO  BHM3HA4YEHHS  Cynb(ar-ioHIB Y
CTaHJApTHUX 3pa3kax BOAM Ta y BOJOIPOBIAHINA 1
OyTwibOBaHIH  BOJax 3 BUKOPUCTAaHHSIM
mepeMilryBaHHs Ji€0  yIbTPa3ByKy dYactotor 7,0

MTI 1, inTeHcuBHicTio 3,0 Br/cm mpotsrom 2,0 XB. Ta 3
BUKOPUCTAHHSIM MArHITHOT MIIIAJKK 31 IIBHIKICTIO
1000 06/xB. mpoTsiroM 60 XB.

I3 Tabn. 1 BugHO, IIO HpPH YIBTPa3BYKOBOMY
NepeMillyBaHHI NpPaBWIBHICTH Ta BIATBOPIOBAHICTH
OTPUMAHUX pe3yNbTATIB aHANI3Y € KpaluMH HiK Yy
HaWOIMKIOro aHajIora.

Tabnuws 1 - [TopiBHSHHS OITYyM’SIHO — (POTOMETPHYHUX CIIOCO0IB BU3HAUCHHS CYIb(haT-i10HIB Yy CTAHAAPTHHUX 3pa3Kkax BOAU
Ta y BOZOIPOBIiIHIH 1 OyTHIIbOBaHiI Boax 3a HAHOIMKYMM aHAJIOTOM Ta 32 MPOMOHOBAHUM CIIOCOOOM.

HaiiMenyBaHHs

CrymiHb BUTATY
BBEJICHOI YaCTHHU SO42',

2. Bseneno 3HaiieHo SO42', .
npoOu Ta macmopTHE 3HAYCHHS KOHIEHTpaIl SOy SO.%. mr/n v/ / St a00 MPaBUIILHICTH
JUISL CTAaHJIapTHUX 3pa3KiB, MI/I 4o Bu3HaueHHs SO,y
CTaHJIAPTHUX 3pa3Kax, %o
1 2 3 4
YapTpa3ByKOBE NepeMillyBaHHS

1) cramgaptauit 3pazok Boaum C3B 022.3-20c 0 19,89/0,034 99,5
(arecToBanuii BmicT cymbdat-ionisa 19,90 — 20,10 10,0 29,80/0,025 99,1
Mr/11, 3aranbHa Minepaiizauis(NaCl) 0,5 r/m)

2) crapmaptHui 3pazok Boam C3B 022.3-20m 0 19,80/0,032 99,6
(arecToBanuii BMicT cynbdar-ioniz 19,90 — 20,10 10,0 29,68/0,031 98,8

Mr/1, 3aranbHa miaepaiizaiisi(NaCl) 10,0 r/n)
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1 2 3 4

3)cranmaptauii  3pazok Bomu C3B  022.3-20BM 0 18,54/0,040 93,1

(arecToBanmii BMicT cynbdat-ioHie 19,90 — 20,10 10,0 27,80/0,051 92,6

Mr/1, 3aranpHa miaepanizamis(NaCl) 50,0 r/m)

4) cranmaptHui 3pazoxk Bomum C3B 022.3-100c 0 100,12/0,023 99,6

(atecToBanmii BMicT cymbdar-ioniB 99,1 — 100,7 50,0 149,53/0,025 99,0

Mr/1, 3aranbHa miaepanizamis(NaCl) 0,5 r/x)

5) crammaptHuii 3pasok Bogu C3B 022.3-100M 0 99,21/0,024 99,2

(arecToBanuii BMicT cynbdar-ionie 99,1 — 100,7 50,0 149,03/0,027 98,0

Mr/1, 3aranbHa miaepanizamnis(NaCl) 10,0 r/m)

6) cranmaptHuii 3pa3ok Bogu C3B 022.3-100BmM 0 92,52/0,043 92,5

(arecTtoBaHuii BMICT Cyib(aT-iOHIB 99,1 - 50,0 138,65/0,050 92,3

100,7mr/n1, 3arasnpHa Minepatizauisi(NaCl) 50,0 r/x).

7) BOIIa BOJOIIPOBiIHA 0 16,75/0,042 -
10,0 26,61/0,041 98,6

8) OyrwiboBana muTHa Bojga «Cenrepchkay 3i 0 25,81/0,040 -

BMICTOM CYJIb(atiB 70 28 MI/JI. 10,0 35,70/0,033 98,9

MexaHi4yHe nepeMilyBaHHs

1) cranpmaptHmii 3pasok Bogu C3B 022.3-20c 0 18,10/0,085 91,0

(arecToBanmii BMicT cynbdat-ioHie 19,90 — 20,10 10,0 27,11/0,087 90,1

mr/1, 3aranbHa Minepanizauisi(NaCl) 0,5 r/m)

2) cranmapTHuii 3pa3zok Boau C3B 022.3-20m 0 17,95/0,093 90,2

(arecToBanuii BMicT cynbdar-ioniz 19,90 — 20,10 10,0 26,92/0,092 90,0

Mr/1, 3aranbHa miaepaiizaiisi(NaCl) 10,0 r/n)

3)crangaptHuii  3pazok  Bomu C3B  022.3-20BM 0 16,32/0,103 82,0

(arecToBanmii BMicT cynbdat-ioHie 19,90 — 20,10 10,0 24.,42/0,099 81,1

Mr/1, 3aranbHa miaepanizamis(NaCl) 50,0 r/m)

4) cranpaptauii 3pazok Bogu C3B  022.3-100c 0 91,14/0,087 91,1

(arecToBanuii BMICT cyabdar-ioniB 99,1 — 100,7 50,0 136,12/0,085 90,1

Mr/1, 3aranbHa minepaizaiisi(NaCl) 0,5 r/x)

5) cranpmaptHuii 3pasok Boau C3B 022.3-100m 0 90,18/0,087 90,2

(arecToBanuit BMicT cynbdar-ionie 99,1 — 100,7 50,0 135,11/0,088 90,0

Mr/1, 3aranbHa miaepanizamnis(NaCl) 10,0 r/m)

6) cranmaptHuid 3pa3ok Bogu C3B 022.3-100Bm 0 80,43/0,098 80,4

(arecTtoBaHuii BMICT Cyib(ar-ioHIB 99,1 - 50,0 120,53/0,097 80,2

100,7wmr/n, 3aransaa minepanizamnis(NaCl) 50,0 r/n).

7) BOJa BOAOMIPOBiAHA 0 15,59/0,084 -
10,0 24,74/0,085 91,5

8) OyrmnpoBana muTHa Boja «Cenrepchkay 3i 0 24,22/0,082 -

BMICTOM CyJIb(atiB 70 28 Mr/JI. 10,0 33,32/0,083 91,0

Tak mpu yapTPa3ByKOBOMY IepeMillyBaHHI
MOJYM SIHO-(OTOMETPUYHE BU3HAUEHHS CYyJb(ar-ioHIB
y Bojax 3abesmedye:

Dans  Box 3 MiHepamizamiero g0 10 r/n
npaBwibHICTE — 99,2 — 99,6 %, BiTHOCHE CTaHIAPTHE
BIZIXWJICHHSI OTPUMaHHUX pe3yJsbTariB aHanizy — 0,023 —
0,034;

2)aus Boa 3 MiHepaizauieto 50 /1 npaBUIIBHICT

92,5 — 93,1 %, BimHOCHE CTaHAAPTHE BiIXWICHHS
OTpUMaHUX pe3ynbTaTiB aHamizy — 0,040 — 0,051;

CrymiHp BUTATY BBEACHOI YaCTHHH Cyib(daTiB
JUIs crioco0y, IO MPONIOHYETHCS CKIANAE:

1)anst Box 3 minepaiizarieto go 10 r/m — 98,6 —
99,1 %;

2)ist BoA 3 MiHepaizariero 50 r/m — 92,3 — 92,6
% (Tabmn.1).

[Ipu mMexaHiyHOMY mepeMilTyBaHHI MOIyM SHO-
¢doTomMeTpuyHe BU3HAUEHHS Cynb(aT-iOHIB y BOJax

3a0e3medye:
1) mms Box 3 MiHepanizauiero a0 10 r/n
npaBwibHicTE — 90,2 — 91,0 %, BiqTHOCHE CTaHIAPTHE

BIZIXWJICHHSI OTPUMaHHUX pe3yJsbTariB ananizy — 0,085 —
0,093;

2) w1 Box 3 MiHepaiizailiero 50 r/1 MpaBHIbHICTh
— 804 — 82,0 %, BimHOCHE CTaHHAPTHE BiIXMJICHHS
OTpUMaHHX pe3yibTatiB aHamizy — 0,097 — 0,103;

CrymiHp BUTATY BBEACHOI YAaCTHHH CYyib(datiB
MIPH yIBTPA3BYKOBOMY NEpEMIIlIlyBaHHI CKIIQJAE:

1) s Box 3 minepamizaigietro 1o 10 r/m — 90,0 —
90,1 %;

2) nast Bon 3 MiHepauizatiero 50 r/m —
81,1 % (tabm.1).

80,2 —
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TaxuM YMHOM, yJIbTPa3BYKOBE MEPEMillyBaHHS
JO3BOJISIE NMPOBOAUTH KiJbKICHE BU3HAYEHHS BMICTY
cynbdar-ioHiB y Boxax 3 MiHepamizaniero no 50 r/n
(Tadn. 1). A MexaHi4He NepeMillyBaHHsS 103BOJISE
MPOBOJIUTH KiNBbKICHE BU3HAYEHHS BMICTY CyJb(aTiB
y BoJax 3 MiHepaizamniero 10 10 r/i1 3 npaBHIbHICTIO
90,2 — 91,0% (tabn.1). Y Bomax 3 MiHepali3alli€io B
50 r/m  kuIbKicHe BH3Ha4YeHHS CynbdaTiB Tpu
MEXaHIYHOMY HEepEeMIlIyBaHHI €  HEMOKJIHMBHM,
OCKIJIBKM IIPaBWIBHICTE OTpHMaHux MeHme 90 %
(tabmn. 1) [2].

VY Tabn. 2 HaBeACHO BIUTUB YaCTOTH YJIBTPA3BYKY
Ha TMPaBWIBHICTh Ta BIATBOPIOBAHICTh peE3yJIbTATIB
BU3HAUCHHS  CyNb(ar-ioHIB  [pU  BUKOPUCTAHHI
YJIBTPa3BYKOBOT'O HiepeMilryBaHHs. SIK BUIIHO 3 TabI. 2,
ONTHUMAJILHOIO YaCTOTOO YIbTPa3ByKy € 5,0 — 7,0 MI .
[Tpn BHKOpHCTaHHI YJIBTPa3BYKy 4aCTOTOK MEHILE HiXK
5,0 MI' mpaBMWIIBHICTB Ta BIATBOPIOBAHICTH OTPUMAaHUX
pe3ynbTariB aHaimizy mnoripuryerscst. [lpu 30inpmIeHH]
YacTOTH yIbTpa3ByKy Oinpmie, HiX 7,0 MI'm Takox
MOTIPIIYEThCS  MPaBWIBHICTE Ta  BiATBOPIOBAHICTH
OTPUMAaHUX PE3yIbTaTIB aHATI3Y

Tabsmis 2- Biuius 4acToTH yabTpasByKy Ha MPABUIBHICT Ta BiATBOPIOBAHICTD PE3YJIbTATIB BU3HAUEHHS
cyib(ar-ioHiB y Bozax.

Yacrora Y3, MI'11

ITpaBunbHICTH, %0

‘ BimHocHe craHmapTHE BiIXwWiIeHHS (S;)

Crannaptauii 3pazok Bogu C3B 022.3-20M (aTecToBanuii BMICT cynbdart-ioniB 19,90 — 20,10 mr/n,
3aranpHa MiHepamizamisi(NaCl) 10,0 r/m)

4,5 97,0 0,054
5,0 99,6 0,032
6,0 99,3 0,034
7,0 99,5 0,032
7,5 96,5 0,051

Cranpaptauii 3pazok Bogu C3B 022.3-1008M (atecToBaHUit BMiCT Cynb(daT-i0HIB
3aranpHa MiHepanizamisi(NaCl) 50,0 r/x).

99,1 — 100, 7mr/11,

4,5 89,4 0,057

5,0 92,5 0,043

6,0 92,3 0,045

7,0 92,4 0,043

7,5 82,9 0,059
Y it Tabmuii Ta y HAcTymHMX  HaBeJE€HO  BHIHO 3 TaOJl. 3, ONTUMAJbHOI IHTEHCHBHICTIO € 3,0 —
ycepenHeHi  pesymbTaTH  miecTH  mocuimiB.  Bymo 5,0  Br/ecwm’. IIpm  BHKOPHMCTAaHHI  YIBTPasBYKY
BUKOPHCTAHO YJBTPa3sBYK iHTEHCHBHicTIO 3,0 BT/CMZ, i}FTeHCHBHiCTp mere, Hix 3,0 MI'n HpaB?mbHiCT?Ta
ac i y1sTpassyky — 2 XB. BIJITBOPIOBAHICTh OTPUMAHUX PE3YNbTATIB aAHAII3Y
V r1abn. 3 HaBeaeHo BIOMB iHTeHcupHocti  HOTIpuyerbes.  Ilpn  30UIbIIGHHI  IHTCHCHBHOCTI
yABTPa3ByKy HA MNPaBWIBHICTE Ta BixrBoproBamicTe  Y/IPTPasByKy Oinpirre, f.’i’K 5,0 BT/ em’ TaKoxK
pesynbTaTiB  BU3HAYeHHs  cylbdar-ionis  npu  VOTIPUIYETBCS  NPABHIBHICTH  Ta  BiATBOPIOBAHICTH

BUKOPHCTAaHHI YJBTPa3ByKOBOTO IepeMilnyBaHHs. Sk

OTPUMAaHUX PE3yJIbTATIB aHAII3Y.

TaOmuiis 3- Bruue iHTEHCHBHOCTI yJIbTPa3ByKy Ha IPaBWILHICTE Ta BiATBOPIOBAHICTh PE3YJILTATIB BU3HAYEHHSI
cynb¢ar-ioHiB y BOzax.

IurencusHicTs Y3, Br/cm®

[IpaBmibHiCTE, %

‘ BinHocHe craHmapTHE BiaxwiaeHHS (S;)

CrangaptHuii 3pa3ok Boau C3B 022.3-20m (aTectoBanuii BMicT cyibdar-ioniB 19,90 — 20,10 mr/n,
3arayipHa Miaepaiizaiisi(NaCl) 10,0 r/n)

2,5 95,0 0,059
3,0 99,6 0,032
4,0 99,1 0,038
5,0 99,0 0,036
5,5 97,3 0,063

Cranpaptauii 3pazok Bogu C3B 022.3-100BMm (atecToBaHUI BMICT CyIb(haT-i0HIB
saranpHa miaepaiizarisi(NaCl) 50,0 r/n).

99,1 — 100, 7mr/7,

2,5 56,4 0,059
3,0 92,5 0,043
4,0 92,5 0,043
5,0 92,0 0,044
5,5 67,2 0,080

22 © O.I. Opuenko, I.P. IlleBuenko, JI.B. baknanosa, T.B. Uepnoxyk, O.M. baknanos, 2024
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Byno BukopuCTaHO YJIBTPa3BYK 4acTOTOK 5
MI'L], gac xii yapTpa3ByKy — 2 XB.
VY Tabn. 4 HaBeNeHO BIUIMB 4Yacy [ii yIbTPa3BYKy

HAa TPaBWIBHICTH Ta BiATBOPIOBAHICTh pE3yNbTATIB

BHU3HAYCHHS Cynb(art-ioHiB. Sk BUmHO 3 Tabmn. 4, gac mii
YIBTPa3BYKy IIOBUHEH OYTH HE MEHII, HiX 2 XB.

[Ipu BUKOpHCTAaHHI Aii YIBTPa3ByKy MPOTATOM Hacy
MeHIIIe, HiXK 2 XB. PaBUJIbHICTh Ta BiATBOPIOBAHICTb.

Tabmuns 4- Brumus wacy nii yapTpa3ByKy Ha MPaBUIIBHICTD
Ta BiITBOPIOBAHICTH PE3YJIbTATIB BU3HAYCHHS CYJIb(aT-i0HIB Y BOJAX.

Yac il V3, xB. ‘

[TpaBunbHICTH, %

‘ BimHocHe cTaHmapTHe BigxwieHHS (S;)

CrangapTHuii 3pa3ok Boau C3B 022.3-20m (aTecToBanuii BMIicT cyibdaT-ioHiB 19,90 — 20,10 mr/x, 3aransHa
minepamizanis(NaCl) 10,0 r/i)

1,5 76,0 0,065
2,0 99,6 0,032
3,0 99,5 0,034
4,0 99,5 0,035

Crangaptauii 3pa3ok Bogu C3B 022.3-100BM (aTectoBanuii BMicT cyibdar-ioniB 99,1 — 100,7mr/n, 3aransHa

minepanizamis(NaCl) 50,0 r/).

1,5 54,1 0,080

2,0 92,5 0,043

3,0 92,5 0,043

4,0 92,0 0,043
OTPUMAHUX pe3yNbTaTiB aHali3y € He3aJOBUIPHMMH. IIIBUINEHHS  EKCIIPeCHOCTI  aHamizy,  OCaLKECHHIT
30unblIeHHs 4Yacy il yiabTpa3ByKy MHOHan 2 XB. He  cyjib(dar-ioHiB MNPOBOAWIM MNpuU  JAil  YJIbTPa3ByKy

NPU3BOAUTE 110 TIOKPAIICHHS TPaBUIIEHOCTI
BiJITBOPIOBAHOCTI OTPUMAHHUX PE3YJIbTATIB aHATI3Y.

Bysio BHKOpHCTaHO YJIBTPa3ByK YacTOTOK 5
MT'L], inrencusHicto - 3,0 Br/cm?.

Ta

4. BucHoBok

BuByeHO  BHUKOpHCTaHHS  YIbTPa3ByKy  IIpH
MOTyM THO-(POTOMETPUYIHOMY BU3HAUYCHHI CyNIb(aT-i0HIB
y BOZIaX HENpsSMHUM MeTojioM o kaiiro. Ilpu npomy,
OCa/DKCHHS CyJb(aT-iOHIB  TPOBOIWIN HAJTHIIIKOM
MaJIOpO3YMHHOI cyxoi coii Qocdary Kamito Oapiro.
[TokazaHo, 0 KUTbKICTh KaJIito, 110 MEePEeHIloB y PO3UHH,
€ TIPOTIOPILIHHOIO0 KITBKOCTI CyJIb(aT-iOHIB y aHaIi30BaHi
mpobi.  J[ms  TOKpamieHHS — BIATBOPIOBAHOCTI  Ta
MPaBUIIBHOCTI OTPHMAaHMX pE3YJbTATiB, a TaKOXK I

Chnucok JgiTepatypu

yactoToro 5,0 — 7,0 MI'n, inrencusHicTiO 3,0 — 5,0
Br/cm® mpotsrom > 2,0 xB. Po3pobieHa merommka
BU3HAYEHHS CYJIb(aT-IOHIB y BOJIaX 3 MiHEpaJIi3ali€lo 10
50 1/m, niana3oH BU3HAYYBaHUX KOHLEHTpaliil Cyibdar-
ioniB 10 — 150 wr/n. IlpaBuibHICTH OTpPUMaHHX
pe3yabTariB (BU3HAYAIIM 3 BUKOPUCTAHHSIM CTaHIAPTHHX
3paskiB Boxu YkpHIcine C3B 022.3-20c, C3B 022.3-
20M T1a C3B 022.3-20BM) Oyma s BOAU 3
MiHepamnizamiero 50 v/m - 92,5 — 93,1 %, a mia BogM 3
Midepamizamiero 10 10 r/m - 99,2 — 99,6 %. Bignoche
CTaHAApTHE BiAXWICHHS OTPUMAHUX PE3YJITATIB aHAIZY
He mepeBmmryBasio  0,051. bes  BuxopucTaHHA
YIIBTPa3BYKy KUIbKICHE BHM3HAUCHHS BMICTY Cylb(ar-
iOHIB MOJKJIMBE JIMLIE y BOAaxX 3 MiHepaiizauiero 1o 10
/1 3 npaBuibHicTIO 90,2 — 91,0%.
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Flame-photometric determination of sulfate ions in water using ultrasound
Yurchenko O.1., Shevchenko L.R., Baklanova L.V., Chernozhuk T.V., Baklanov O.M.

Abstract

The use of ultrasound in the flame-photometric determination of sulfate-ions in water by the indirect potassium method was
studied. At the same time, precipitation of sulfate ions was carried out with an excess of slightly soluble dry potassium barium
phosphate salt. It is shown that the amount of potassium that has passed into the solution is proportional to the amount of sulfate
ions in the analyzed sample. To improve the reproducibility and correctness of the obtained results, as well as to increase the
expressivity of the analysis, the precipitation of sulfate ions was carried out under the influence of ultrasound with a frequency of
5.0 - 7.0 MHz, an intensity of 3.0 - 5.0 W/cm? for a period of time > 2,0 min. A method for determining sulfate ions in waters
with mineralization up to 50 g/l has been developed, the range of determined concentrations of sulfate ions is 10 — 150 mg/l. The
correctness of the obtained results (determined using standard water samples UkrNDIsil CRM 022.3-20s, CRM 022.3-20m and
CRM 022.3-20vm) was for water with mineralization of 50 g/l - 92.5 - 93.1%, and for water with mineralization up to 10 g/I -
99.2 - 99.6%. The relative standard deviation of the analysis results did not exceed 0.051. Without the use of ultrasound, the
quantitative determination of the content of sulfate ions is possible only in waters with mineralization up to 10 g/l with an
accuracy of 90.2 - 91.0%.

Key words: sulfate-ions, flame-photometric determination, potassium, water, standard samples, correctness, relative
standard deviation
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PO3POBKA HOBUX TA YIOCKOHAJIEHHA ATIFOYUX
BOJIOKOHHO-OIITUYHUX ITEPETBOPIOBAYIB ®I3UYHUX
BEJIMYHUH

M.J1. Komosuit, I'.B. ITaBnuk

Hayionanenuii aepoxocmiunuii ynisepcumem im. M. €. JKykoecvkozo «Xapxiecokuil agiayiinuu incmumympy, m. Xapkis, Yxpaina

AHoTalis

AxTyanbHiCTh. [Ipn po3po011i BOJIOKOHHO-ONTHYHIX HEPETBOPIOBAYIB (Di3NUHNX BEJIMUHH € aKTyJILHIMH 3a/[adi TTOJaJIbIIOr0

MiJIBUIICHHS 1X YYTJIMBOCTI, TOYHOCTI, HAIIHHOCTI, TEXHOJOTIYHOCTI,

CIIPOIICHHS KOHCprKHﬁ, 3MCHIICHHA MaCOFa6apI/ITHI/IX

XapaKTEPUCTHK, PO3IIMPEHHST (DYHKIIOHAIBHHX MOXIHBOCTeH. Mera. Po3po0ka HOBUX Ta yIOCKOHAJICHHS JIFOYHUX BOJIOKOHHO-
ONTHYHHUX MEPETBOPIOBAYIB (DI3MYHMX BEJIMYMH; CTBOPCHHS METONHMKH iX MOOYZOBH 3 ONTHMAIBHHMH KOHCTPYKTHBHHMU
napamerpamu. Meroau jociimkeHHs. MeToau aHamily Ta CHHTe3Yy, CXeMOTEXHIKH, IUIaHyBaHHsS €KCIEepHMEHTIB. Pesysibratn Ta
BUCHOBKH. 3alpOIIOHOBaHI BOJIOKOHHO-ONTHYHI MNEPEeTBOPIOBAYl TakuX (I3WYHMX BEJIMYHH, SK THCK, KYTOBI Ta JIiHiHHI
nepeMillieHHs, BiOpallii, MPUCKOPEHHs, TeMIIepaTypa, BOJIOTiCTh, Aedopmartis, piBeHb pimuHH. Po3pobieHa Meronuka moOyzoBH
BOJIOKOHHO-ONTHYHUX HEPETBOPIOBAYIB (Di3UNYHUX BEJIMYHH 3 ONTUMAIBHAMHI KOHCTPYKTUBHHMH HapaMeTpaMH.

Kiro4uoBi cj10Ba: BOJIOKOHHO-ONTHYHI IEpeTBOprOBayi, (i3nuHa BeNMYKMHA, METO/MKA, IUIAHYBAHHS EKCIICPUMEHTY,

OIITUMI3aLlis.

1. Beryn

Bo0OKOHHO-ONITHYHI TTEPETBOPIOBAYi 3HAXOATH
IIMPOKE 3aCTOCYBaHHS B PI3HUX Taly3sX HayKH,
TEXHIKM Ta TNpoMHcIoBocTi. Hanpuknaza, BolloKOHHO-
OINTHYHI TIPOCKOIHM 3aCTOCOBYIOTbCS B HaBiramiiHHX
cUCTeMax JITakiB, KoOpaOliB, paKeT; BOJOKOHHO-
ONTHYHI NEpPETBOPIOBadYi BUMIPIOIOTh TEMIIEPATYpy ¥y
Ba)XKOJIOCTYITHUX MICISIX 00 €KTiB; 3aCTOCOBYIOTHCSI B
3aJi3HUYHOMY MOHITOPHUHTY, BHUMIipIOBaHHI B
HapTOBUX CBEPJUIOBHHAX, AedopMarlii 3ami300eTOHHIX
KOHCTpYKIiH [1].

B nmepmy w4yepry ne oOyMOBIEHO TakUMHU
nepeBaraMd  ONTHMYHHMX  BOJOKOH:  3aXHCT  Bif
€JIEKTPOMATHITHUX MEPEIIKO]], TeMIePaTypOCTIHKICTb,
KOpO3iiiHa CTIHKICTh, BOJAOHCTIPOHUKIIMBICTh, JIOBrOBIY-
HICTh, MaJIi MAacOTa0apUTHI XapaKTePUCTUKH [2, 3].

XapakTepHO, IO BOJOKOHHO-ONTHYHI JATYHKH
PO3BHBAIOTHCS B HANPSIMKY MiJBHUILIEHHS iX YyTIHUBOCTI,
TOYHOCTI, HAMIHHOCTI, TEXHOJOTIYHOCTI, CIIPOIICHHS
KOHCTPYKIIii, 3MEHIIICHHS MacorabapuTHHX
XapaKTePUCTHK, pO3MUpEHHS (hyHKITIOHATEHIX
MOXIHBOCTeH. Tomy BHpIICHHA IMX 3a7ad B MpoIeci
pPO3pOOKH BOJIOKOHHO-ONITUYHUX IEPETBOPIOBAYIB €
aKTyaJpHOIO Tpobiemoro. BoHa Takox BHpIIIyeThCS B
IpoIieci BUKOHAHHSA JOTOBOPY NPO HAYKOBO-TEXHIYHE
cHiBpoOITHULTBO i3 MiHiCTEpCTBOM OCBITH 1 HayKH
VYkpainu Ne 01240002436 «Po3pobka cywacHHX
BUMIPIOBAJIHUX MIEPETBOPIOBAUIB (PI3MYHUX BEIUYHHY.

Mera crarTi: po3poOKa HOBUX Ta YJOCKOHAJICHHS
JUIOYMX BOJIOKOHHO-ONTHYHUX TEPETBOPIOBAYIB (Di3MUHHX

BEJTMYYH, HAIPaBJICHA Ha JIIKBIJAIIIFO BUSIBIICHUX HEJIOMIKIB;
CTBOPEHHSI METOJIMKHM TOOY/IOBH BOJOKOHHO-ONTHYHHX
MIePEeTBOPIOBAYIB  (Di3WYHUX BEMYMH 3 ONTUMAIHHIMH
KOHCTPYKTHBHHMH [TAPAMETPAMH.

2. BUKJ1a/1 0OCHOBHOI'0 MaTepiaJy

CniBpoOiTHHKaMH HamnionansHoro
aepokocMiyHOro yHiBepcurery iM. M.€ XXykoBcbkoro
«XapkiBCchKHH aBianiitHui iHCTUTYT» Ta [lonTaBChKOTO
arpapHOr0 YHIBEPCHTETY 3alpOIIOHOBAHO BOJIOKOHHO-
ONTHYHI TEPEeTBOPIOBAYl TAaKMX (PI3UIHUX BEIHUMH:
THCK, KyTOBi Ta IiHIHHI TepemimeHHs, BiOparii,
NPUCKOPEHHS, TeMIlepaTypa, BOJIOTICTh, TeMIlepaTypa
Ta BOJIOTICTb, nedopmartis 3113006 TOHHUX
KOHCTPYKLIiH, pIBEeHb PIANHH.

[Tpu po3podui naruymkiB TUCKY Oyiu BUpilIeHi
HaCTYITHI 3ajadyi, SKi HampaBlieHI Ha MOKPALIEHHs iX

XapaKTEPUCTHK:

- TMABWINICHHS  YYTIAWBOCTI Ta  TOYHOCTI
BUMIPIOBaHHS TUCKY;

- 3a0e3medyeHHs  aBTOMATMYHOI  KOMIIEHCAIl
TEMITEpaTypHOi IIOXHOKH B TIPOIECi BUMIPIOBAHHS THCKY;

- 3a0e3medeHHs  OOCTAaTHBOI  HAmIHHOCTI 1
MOXJIMBOCTI peamizaiii KOHTPOJIO 1 JiarHOCTHKH
MPUCTPOI0 B Tporeci #Horo pobotu (BOymoBaHMIA
KOHTpOJIb,  OI[iIHKa  Ipare3gaTHOCTI  MeMOpaHwu,

3a0e3MeueHHs] PEMOHTOIPUIATHOCTI TaTUNKA);

- CIOpOINEHHS KOHCTPYKIi JaTdyuka Ta HOro
HaJIaro/UKEHHsS,  IMABUIIEHHS  TEXHOJOIIYHOCTI 1
YHIBEpCaIbHOCTI;

© M./JI. Komoswii, I'.B. TTaBmuk, 2024
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- 3aCTOCYBaHHS JJIS BUPOOYBaHHS MEMOpaH;

- JKBigaunis MOMMIIKU HEO/IHO3HAYHOCT]
KOJYBaHHS IE€peMillleHHS;

- po3wHpeHHs (YHKIIOHAJBHUX MOKIJINBOCTEH

MPUCTPOIO.

Po3poOka  maTuuKiB ~ KyTOBHX  II€peMillleHb
JTO3BOJIFJIA BUPIIIUTH Taki 3a1adi:

- IIJBUILEHHS TOYHOCTI Ta [IBUIKOIIT
BUMIpIOBaHHS;

- 3MCHIICHHS HEOIHO3HAYHOCTI 34YHUTYBaHHS
iHpOopMarii;

- PO3UIMPEHHSA Aiara3oHy BUMipIOBaHHS,

- CIpOIICHHS KOHCTPYKIIIi MIPHUCTPOIO,
MIBUIIEHHS MOro HAIIWHOCTI 1 TEXHOJIOTIYHOCTI,

3MEHIICHHS MacorabapuTHHUX HapaMeTpiB;

- TIABHMINCHHSA PO3IUIBHOCTI 1 TEXHOJNOTIYHOCTI
KOJIOBOTO JIMCKY;

- CHPOIUCHHS
BUMIpIOBaHHS;

- po3mwHpeHHs (YHKIIOHATBHUX MOXKIHBOCTEH
HIPUCTPOIO.

Po3pobneHo nmaTdmk JIiHIAHOTO TEpeMilleHHs 3
MiBUICHOI0 HAJIMHICTIO 3a pPaxyHOK BBCACHHS
BOYZJOBaHOTO KOHTPOJIO.

B mpoueci po3poOku narumkiB BiOpauiii Oyiu
BUpIIICHI HACTYIIHI 3a/1a4i:

- 3MCHIICHHS TEMIIEPAaTypHOi MOXHOKM Ta
3a0e31eYeHHs KePYBaHHS JUKEPEIIOM CBITIIa;

- CHpOUICHHS  KOHCTPYKLii  INpOTOTHIYy 1
MM ABUIIIEHHS OTO HAIIHHOCTI.

[Noxkpamenns XapaKTEepUCTHK JIaTYHKIB
NPUCKOPEHHS JOCATHYTO 32 paxyHOK BHPIIICHHS
HACTYITHHX 33J1a4:

00poOKH pe3yIbTaTiB

- 3a0e3neueHHs ~ BHpaui  iHpopmamii Yy
U(GPOBOMY BHIIISII;
- CHpOIICHHS KOHCTPYKIi TIPUCTPOIO,

MMiIBUILEHHSA TEXHOJIOTIYHOCTI MOro BUTOTOBJIEHHS Ta
3MEHIIICHHS] MACOrabapUTHHUX XapaKTEPUCTHUK.

HoBi narumkm Ttemmeparypu OTpuUMaHi B
TpoIieci BUPIMICHAS TaKUX 33/1a4:

- TMABHMINCHHS  YyTJIUBOCTI Ta  TOYHOCTI
BUMIpIOBaHHS TEMIIEPaTypH;

- 3a0e3meueHHs JIOCTaTHBOT HagiHHOCTI,
MOXJIMBOCTI peaii3alii KOHTPOJIO 1 JiarHOCTHUKH
MIPHUCTPOIO B MPOIIECi HOTO POOOTH;

- OTPUMaHHS BUXIJTHOT iHpopMamii  y

JIBIRKOBOMY KO,

- CIIPOILIEHHS KOHCTPYKIIiI MPUCTPOIO.

Po3pobneHO maT4MK BOJIOTOCTI 3 ypaxyBaHHSIM
CHPOLIEHHST KOHCTPYKIIT IPUCTPOIO, MiJBUIICHHS HOro
TEXHOJIOTIYHOCTI, 3a0e3meueHHs BUAadi iH(opmarii B
U(PPOBOMY BHTJISIII.

Jatumky Temmepatrypu Ta BOJIOTOCTI po3poOIeHi
3a paXyHOK BHpILIICHHs HACTYITHHUX 3a]ay:

- 3amoOiraHHs B3a€MHOTO BIUTUBY BUMipIOBaHHUX
rmapaMeTpiB  Ha  pe3yNbTaTd  BHMIPIOBaHHS  Ta
M IBUIIEHHS TEXHOJOTTYHOCTI BUTOTOBJIEHHS JaTYNKA;

- po3wmmpeHHs (YHKIIOHAJIBHUX MOKIJINBOCTEH
HPOTOTHILY.

Po3pobmieHo nmatumk nedopmartii 3a1i300€TOHHUX
KOHCTPYKIIiff 32 PaXyHOK PO3MIMPEHHS (DYHKIIOHAHHUX

MOJKIIMBOCTEIl MPOTOTHITY, CHPOLICHHS KOHCTPYKLii Ta
TIBUIICHHS TEXHOJIOTIYHOCTI IPUCTPOIO.

IIpu po3poOiri cucTeM BUMIpIOBaHHS PIBHS PiUHA
BUpILIEH] TaKi 3a1aui:

- CHOpOINEHHS  KOHCTPYKIi  CHCTEMH  Ta
po3uMpeHHst ii PyHKIIOHATBHUX MOXKIIUBOCTEH;

- IMNJBUIIEHHA HATIMHOCTI CHUCTEMH Ta Il
TEXHOJIOTIYHOCTI.

Po3po0iieHi  BOJIOKOHHO-ONTHYHI  JTaTYAKUA —Ta

CHCTEMU JIJIs BUMIPIOBaHHS TepepaxoBaHUX (Di3UIHUX
BEJIMYUH 3aXUINCHI MaTeHTaMHU YKpaiHU Ha KOPUCHY
mozens (Ta6m. 1).

Ta6muus 1 — Iepenik oTpuMaHuX MATEHTIB YKpaiHHA
Ha KOPHCHY MOJICNb

Hasga npucrporo Howmep narenty Ykpainu
Ha KOPUCHY MOJICTh
JaTtuuk THCKY 91917, 92188; 98865;
98866; 101771; 102828;
118842; 124927; 119363;
124929; 130046; 136505;
143765; 146402; 147516;
147962; 151594
JlaTumK KyTOBHX 27040; 33044, 61840,
nepemiieHb 40489; 114368; 119374,
153841; 129946
JlaTuuk JIiHIHHUX 152117
nepeMilieHb
Jatunk BiOpamiit 121093; 143766
Jatuuk npuckopenns | 153842; 154961
Jatunk remnepatypu | 102834; 155266
JlaTuuk BOJIOTOCTI 153837
Jatuuk Bonorocti Ta | 122987; 155988
TeMIepaTypu
Jatunk nedopmartii 154907
Cucrema piBas pimuan | 152268; 155846
Hns MOIaJIBIIIOTO YIOCKOHAJICHHS
3aIPOINOHOBAHUX BOJIOKOHHO-OIITUYHUX
MEePETBOPIOBAYiB  (PI3WYHMX BEIWYMH HEOOXiTHO

3HaWTH ONTHUMAalIbHI 3HAYEHHS IX KOHCTPYKTHBHUX
napameTpiB. PimieHHs wmiei 3amadi MOXIIMBO IIpH
3aCTOCYBaHHI METOJIiB Teopii IJTaHYBaHHS
EKCIIEPUMEHTIB. A OCKUIBKH JIIOCHITU 3 peami3arii
IUIAaHIB ~ €KCHEpUMEHTYy KOINTOBHI 1 BHMAaramoTh
3HaYHOTO Yacy, TOMY JOLIJIbHO 3aCTOCYBaTH METOAN
ONTUMAJIBHOTO 332  BapTICHUMH Ta  YaCOBHUMH
BUTpaTaMH IUIaHyBaHHs ekcrepuMeHTy [4]. B poOori
[5] mpoanamizoBaHi MeTOaH, SIKi MOXKHA 3aCTOCYBaTH
U1 BUINICHHS BKa3aHoi 3ajmadi. B rtabmmmi 2
MPUBEAICHI HOMEpa CBIJOLTB aBTOPCHKOIO MpaBa Ha
TBip (KOMI'IOTEpHa THporpaMa), sKi peasi3yloTbh
OCHOBHI 13 IIUX METOIIB.

[Ticnst pearnizanii oNTUMAaIBHOTO 32 BApTICHUMHU Ta
YaCOBUMH BHTpaTaMH IUIaHY €KCIIEPUMEHTY, SKHH
CHUHTE30BaHUH KOMI IOTEPHOIO IIPOrpaMoro, Oy1yeThbes
MaTreMaTu4Ha MOJIETb BOJIOKOHHO-ONITHYHOTO
nepeTBoproBaya (Gpi3nIHOI BEJIMUNHH.

3  BUKOPHCTaHHSIM  MAaTe€MaTHYHOI
3HAXOJMTh ONTHUMAaIbHI KOHCTPYKTHBHI

Moe
napameTpu

26
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Tabnmms 2 — [eperik cBiIONTB aBTOPCHKOTO IIpaBa MepeTBOpIOBava. byIyeThCsl KOHCTPYKIIiST BOMIOKOHHO —

Ha TBip (KOMII IOTEpHA IIporpama) ONTHYHOTO TIIepeTBOpIoBada (Pi3MUHOI BENWYMHH i3

Pix Hovep opitomTEa ONTHMAaJbHIMH KOHCTPYKTUBHUMU ITapaMeTPaMH.
peezcggguu 18150 3. BucHoBKH

2009 29920: 29921; 31824 B pesynbraTi  1pOBEAEHOrO  JOCIHIKCHHS
2011 | 36589; 36940; 40321; 40322 OTpUMAH] HACTYIIHi pesyILTATH: ,
5012 43182 45746; 45747 - 3aIpOIIOHOBAHI BOJIOKOHHO-OIITHYHI
2013 48821f 5 0203’ Hepergopmgaqi TaKHMX GisnunKx BEJIMHHH, SIK THCK, KYTOBI
5014 560 62’ Ta JIHINHI TepeMilleHHs, BiOpartii, TPHCKOPEHHS,
2015 59743 59744: 62778 TeMIlepaTypa, BOJIOTICTb, TEMIIEPaTypa Ta BOJIOTICTb.

2016 63466: 63747: 63266: 68265 Jnehopmaitist 3a1i300eTOHHIX KOHCTPYKILIH, PIBEHb PiUHH.

2017 71242: 71243 T4877: 74881 74882 - po3pobiieHa METOJHKa MOOYJOBH BOJIOKOHHO-

ONTHUYHOIO  TepeTBoproBaya (i3MYHMX BEIMYMH 3

2018 76026; 76027; 83293; 83294; 83295

ONTUMAJIBHUMU KOHCTPYKTUBHUMU NMapaMETpaMu.

2019 89032; 89034; 93241, 93242; 93243, 93244

B mopmanpmomMy mocmimkeHHi OynyTh moOymoBaHi

2021 108343 TaKi BOJIOKOHHO-OIITHYHI NepeTBOpIoBayi:

2023 120297

mudepeHIianbHl JaTIAKA PI3HUII THCKIB, piBHEMIp,

2024 123438; 123439

YAOCKOHAJCHI JaTYMKH THCKY, KYyTOBHX Ta JIHIHHHX
nepeMilleHb, IPHUCKOPEHHS Ta TEMIIEePaTypH.
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Development of new and improvement of operation fiber-optic conversion of physical quantities
M.D. Koshovyi, H.V. Pavlyk

Abstract

Relevance of the work. When developing fiber-optic converters of physical quantities, the tasks of further increasing their
sensitivity, accuracy, reliability, manufacturability, simplifying the design, reducing mass-dimensional characteristics, and expanding
functional capabilities are relevant. Goal. Development of new and improvement of existing fiber-optic converters of physical
quantities; creating a method of their construction with optimal design parameters. Research methods. Methods of analysis and
synthesis, circuitry, planning of experiments. Results and conclusions. Proposed fiber-optic converters of such physical quantities
as pressure, angular and linear movements, vibrations, acceleration, temperature, humidity. deformation, liquid level. A technique for
building fiber-optic converters of physical quantities with optimal design parameters has been developed.

Keywords: fiber optic converters, physical quantity, technique, experiment planning, optimization.
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MOAEJIOBAHHA IMITYJIbCHUX IZKEPEJI MAT'HITHOI'O ITOJIA
INOPTATUBHUX YJbTPA3ZBYKOBUX EJIEKTPOMAI'HITHO-
AKYCTUYHHUX ITEPETBOPIOBAYIB i1 BUMIPIOBAHD,
KOHTPOJIIO TA JTATHOCTHUKHA

I''M. Cyuxos, P.I1. Murymenko, C.1O. ITnecuenos, FO.1O. Komkapos, M.E. KansHunbkuii

Hayionanvnuii mexuiunuii ynigepcumem «Xapkiscokuti nonimexuiunuii incmumymyy, m. Xapxis, Yxpaina.

AHoTanis

Jnst kOoHTpoOmo (epoMarHiTHUX MeETaIoBHPOOIB BHKOPHUCTOBYIOTH YIIBTPa3BYKOBi

CJICKTPOMATHITHO — aKyCTHYHI

neperBopioBadi (EMAII) 3 nmocriitanmu Marnitamu. Ile npusBonuts 1o cuibHoro nputnckanass EMAIL no meraiy, foro 3HoCY,
MOSIBM 3HAUHUX KOT€PEHTHHX 3aBaj 3a PaxXyHOK HaJHMIAHHS ()epOMarHiTHHX YacTOK, IO YacTO HPHBOIHTH JO HEMOMIIMBOCTI
BUKOHAHHS BUMIPIOBAaHb, KOHTPOJIIO Ta IiarHOCTHKU. BUpIMHUTH BKa3aHi HENONIKM MOXIIMBO 332 PaxXyHOK BHKOPHCTAHHS
IMITyJIbCHAX MArHITIB, IO MiATBEPIXKYE aKTyalbHICTh poOoTH. MeTa poOOTH BH3HAYUTH pamiOHAJIBHI T€OMETPUYHI IapaMeTpH
immynecHoro MmarHiTy mis EMAIL Jns nocsirHeHHS BKa3zaHO! MeTH c(oOpMynIboBaHa (i3MKO-MaTeMaTHYHA 3ajada 1 BUKOHAHO
MOJISIIIOBaHHS 3 BUKOpHcTaHHsIM makeTy Comsol Multiphysics. Beranosneno, mo mist 3ade3nedenss edextuBHoi podotu EMAII
JOIIIBHO BHCOTY IMITyJIBCHOTO MarHiTy BuOuparu 3 aiamaszoHy 50...60 MM, po3mipm momoca 30x30...50x50 mm. Taxi
napameTpy 3a0e3MedyoTh OTPUMAaHHS BEIMYMHY 1HAYKLIl KBa3icTalioHapHOTo MarHiTHOro nomnst He merme 0,35 Tn B iHTepBai

+ 10 MM BiZ IIEHTPY MOJIOCA IMITYIECHOTO MarHiTy.

Ku1r04oBi ci10Ba: KOHTPONb, BUMIpIOBaHHS, JIarHOCTHKA, YJIBTPa3BYK, €IEKTPOMArHITHO — aKyCTHYHHUI IEepeTBOPIOBAY,

IMIyJIbCHE DKEPEIO MAarHITHOTO MO

1. Beryn

Ha n1eit wac po3poOieHi 1 BHIYCKAIOThCS
enekTpoMarHiTHO — akyctuuyHi (EMA) meperBoproBadi
(EMAII) B ckmami sIKMX BHUKOPHCTOBYIOThb JIKepesa
nocTiiHoro MaraiTaoro moiis [ 1-2]. Taki EMAII marots
JIBA OCHOBHI CYTTEBI HEJIOJIIKU - CHJIbHE NPHUTSTYBaHHS
o QepoMarHiTHHX BHUpPOOIB 1 TOTY)XHI KOTE€PEHTHI
3aBajgd, SKI BHHHUKAIOTH 13-3a  HAJWIAHHS 10
MepeTBOpIOBava (PepOMATHITHUX YAaCTOUOK Ta OKAJIIHU.

B poGorax [3-6] 3ampomoHOBaHI MAarHiTHI
CUCTEMH, AKi BUKOPUCTOBYIOTb IMITyJIBCHI
€JIeKTPOMArHITH, IO CTBOPIOIOTH TOTYXXKHE MAarHiTHE
1ojJe Ha 4Yac IOPSJIKY JEKIJIbKOX MUTICEKYHI, TOMY
nputsryBanas EMAII no ¢epomarHiTHUX MaTepiaiiB
NPaKTUYHO BiJACYyTHE. SIK CTBEPIKYETbCA JCSKHMH

¢daxiBisiMu, ~ 3HAYeHHS  IHAYKII{,  CTBOPIOBaHOI
IMITYJIbCHUMHU €JIEKTPOMArHITaMHU MOXYTb
MEPEeBUINyBaTH B KUIbKa pas3iB  3HAYEHHS, IO

(hOpMyIOTBCS MarHiTHUMH JDKEpelaMH Ha IOCTIHHX
Marhitax. Tak, Amsoxin C.I. [7] BBaxae, 110
HOpMaJIbHa KOMITOHEHTA IMITYJIbCHOTO MarHiTHOTO TOJIS
mosuHHa Oytn He wMeHme 0,6 Tn npu dgacosiit
tpuBaiocti 70 ... 300 mxc. B iHmIii wactuni auceprarii
BiH CTBEPIKYE, 10 TPHUBAJICTh IMITYIIBCY
HaMarHi4yBaHHs TOBHHEH OyTH He meHIue | mc? B Toii
JKe 9ac Ui MOCTIHHMX MArHiTiB 1HIYKIiS MarHiTHOTO
monst mocsirae 1,2 Tir [5-7]. ToOTO € HEBIAMOBIAHOCTI B
moOymoBi EMAII 3 iMmynsCHHM HaMmarHi4yBaHHI, B
MOPIBHSAHHI 3  MEPEeTBOPIOBAYaMH 3  MOCTIHHUM
HaMarHi9yBaHHAM, AKi TOTPIOHO JOCTIIKYBaTH.

Meta po6oTu. BusHaunTu parioHaqbHI 3HaUYSHHS
mapaMeTpiB  KOHCTPYKWIi  JpKepena  iIMITyJIbCHOTO
HamarHiuyBaHHs npsimoro EMAII st ynbTpa3ByKoBOTO
KOHTPOJTIO, BUMiPIOBAHHS 1 A1aTHOCTHKH.

2. MoaearoBaHHSA JKepeJia
iMIIyJIbCHOTO MATHITHOTO MOJISI HAKJIAHOTO

CyMilLleHOT 0 €JIEeKTPOMAarHiTHO -
aKyCTHYHOI'0 NepeTBOpPOBaYa Aas

KOHTPOJIsI (pepOMATrHiTHUX MeTAJI0BUPODiB

Ha crorommimHiii OeHbp BigoMi [Ba OCHOBHI
CHocoOM TEOPEeTHYHOr0 pPO3PaxyHKy MarHiTHHX Ta
TeOMETPUYHUX  IMapaMeTPiB MArHiTHUX  JIQHITIOTIB:
pO3B'si3aHHA ~ cUCTeMH  piBHsSHb  MakcBena Ta
pO3paxyHKH 3 BHKOPHCTaHHSM MAarHiTHHX aHAaJOTiB
3aKOHIB IIOBHOTO cTpyMy, Oma ta Kipxroda [8-9].

Hajtuactime  gns  po3paxyHKy  HpPHUCTPOIB
HEepyHHIBHOTO KOHTPOJIO BUKOPHCTOBYIOTH CaMme JIPYyTy
METOIHKY po3paxyHKiB [9-10]. Llei#t croci6 po3paxyHKy
nependayae psii NPUIYIIEHb, 1 BBAXKAETHCS, IO
OTPUMaHI PpE3YNIbTAaTH € OWIHOYHUMH. J[Is 3aBIaHb
MarHiToCTaTuK1 (B HaIIoMy BUNAJIKY
KBa3IMarHiTOCTaTHKH), B SKUX aMIUNTyZJa TONS He
3MIHIOETBCS B 4aci BIPOJOBXK 33/IaHOTO 4acy ¢,
Harnpy)eHicTe H MarHiTHOrO 1oJist 1 MarHiTHy iHAYKIIiO
B MO>XHa ONHMCATH HACTYITHUMH BUpa3aMH

Vx H=j+dD/ot=], (1)
V-B=0, ()
B = pou H, 3)

Jie: j - WJIBHICTh €JIeKTPUYHOr0 CTpyMy (LIUIBHICTH
cTpyMmy mposigHocTi), A/M J - INiIBHICTH TOBHOIO
cTpyMy (CymMa IIUIBHOCTI  €JIEKTPUYHOTO CTPYM
MPOBITHOCTI Ta MIUIBHOCTI CTPyMy 3MIilIeHHs), A/M;
D - enexTpuyHa IHIYKIISA, KM% ¢ - wac, ¢ u -
BiTHOCHA MAarHiTHa MPOHHUKHICTE MaTepiamy; [y —
MArHiTHa IPOHMKHICTb Bakyymy, 47 * 107’ T'n/m.

[Ipu HenmiHIHUX BIACTUBOCTAX MaTepialy BHpoOy
MAarHiTHa IPOHUKHICTH Oyzae ¢yHKiieto Big H:

 (H)=B(H) po H (4)

Juis  po3paxyHKy MAarHiTHHX KT  JOULUIBHO
BUPA3UTHU TI0JIE, 10 3a10BONbHsE piBHAHHIM (1) - (3)

28 © I''M. Cyuxkos, P.I1. Murymenko, C.1O. Ilnecuenos, F0.10. Komxkapos, M.E. Kansuuupskuii, 2024
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gepe3 BEKTOpPHMH MarHiTHuHE moteHmian A. I'yctuHa
MarHiTHOrO IOTOKY BH3HAYa€ThCS uepe3 BEKTOPHUIA
MAarHITHAN ITOTEHIAT AK:

B=VxA (5)

Toni Bupa3 (1) MoXHa mepenucaTH HACTYIHUM
YHHOM:

VX(VxA/u(H) = po J.- (6)

s JIHITHOTO 130TPOIHOTO Marepiary
(BBakarou, 1o VxA = 0) Bupas (6) Oyae MaTu BUTIISI:

VA = pou J. ©)

3a momomororo Bupasy (1) MoxxyTb OyTH BHpimeHi
3a7adi KBa3iMarHiTOCTATHKHU 3 YpaXyBaHHIM HEJTiHIHHOT
3anexxHocti B(H). VY 3arampHOMY TpPUBHUMIipHOMY
BHIIA/IKy BEKTOPHUI NOTEHIIaa A € BEKTOPOM 3 TpboMa
KOMITOHEHTaMH. JlJisi IBOBUMIPHOTO BHIAIKy IUIOCKHX
Ta OCECHMETPHYHMX 3aJad J[Ba 3 TPhOX KOMIIOHEHTIB
JOPIBHIOOTh ~ HYJIO, 1 JUIi  BHpIICHHS  3a7ad4i
3aJIMIIAETHCS BU3HAYUTH JIUILE O/IHY KOMIIOHEHTY.

Jnst po3paxyHKy MarHiTHOTO JIaHIIOra HEoOXiTHO
00YHCITUTH BCIO CYKYITHICTh TOYOK B 3aJaHOMY 00’emi,
BUPIIIYIOYH B KOXHIH 3 HuX piBHAHHA (1) - (7). Jna
BUpIIIEHHS Mi€l 3334l 9acTO BUKOPUCTOBYIOTH METOL
KIHIIEBUX €JIEMEHTIB.

Kowmm'totepue MOJICITFOBaHHS € HUHI
HAaHB)X/IUBIIIO CKJIAJOBOIO IIPOLECY IPOEKTYyBaHHSI
MIPHUCTPOIB PI3HUX THUIIIB, IO MOSCHIOETHCS HEOOXIIHICTIO
CKOPOYEHHSI TEpPMIiHIB PO3POOKH HOBHX IPUCTPOIB, a
TaKOXX HASBHICTIO €(EKTHBHHUX AJITOPUTMIB Ta IPOrpam
KOMI'IOTEPHOTO ~ MOJIGJIIOBAHHS ~ €JIEKTPHYHUX  Ta
MarHiTHUX JaHioriB. /lysi 1bOro HaMH BHUKOPUCTaHO
naker  mporpam  Comsol  Multiphysics.  Ilpu
JIOCIIJDKEHHSIX OyZIeMO BpaxoBYBaTH HACTYIHE: B SIKOCTI
OK posrsiHEMO BHpIO y BUNA  HAMIBILTONIMHH,
BUTOTOBIICHHH 3 (DEpOMAarHiTHOTO Martepiaiy, puc.l; mms
3MEHIICHHS Ta0apuTiB po3poOmi MiAJsATrae CyMilleHUI
EMAII, mo 30ymxye 1 mpuiiMae iMITyJIbCH 3CYBHHX
YIBTPa3ByKOBUX  KOJMBaHb, SIKI MalOThb  BHCOKY
BUSIBIIEMICTh BHYTpimHIX naedextiB OK; iMmynbcHe
JUKEpETIo MarHiTHOro oJst YIBTPa3ByKOBOTO
MepeTBOpIOBaYa MOBUHHE (OPMYBAaTH B IOBEPXHEBOMY
mapi OK cunoBi JiHii HOpManbHO HOro IOBEpXHi;
MarHiTHe 1ojie B nmoBepxHeBoMy mapi OK nosunHe OyTH
KBa3iCTaOUTPHUM HA MPOTA3i 33[JaHOTO TMPOMIXKKY dacy
npH 30yIDKEHHI 1 TPUHOMI YIBTPa3ByKOBHX IMITYJIECIB.

BpaxoByroun BHKIAEHE PO3TSIHEMO — (i3WYHY
Mozenms EMAIT 3 iMIyTbCHAM KEPEeTIoM MarHiTHOTO TIOJIS,
sIka HEOoOXiHa 1 PO3PAaXyHKY MAarHiTHOTO TOJs, pHC. 1.
OCKinbK  KOe(IIIEHT TEePETBOPEHHS €JIEKTPOMArHITHOL
€Heprii B yJIBTPa3sByKOBY 1 HABIIAKU Ma€ 3aJEKHICTh BiT
IHIYKIIIT MATHITHOTO TOJIS KBaAPaTUYHY, TO Hajaii OyaeMo
po3rsjaTH  HapaMeTpu  JpKepeda  KBasiloCTiHHOro
MarHitHoro nossi. [Tpy boMy BBa)kaTMMEMO, LIO IMITYJIbC
HAMarHidyBaHHS JIOCSATa€ MAKCUMAJBbHOIO 3HAYCHHS 1
MIATPUMYEThCS Ha IPOTSI31 3/1aHOT0 Yacy, HeOOXiTHOTO JUIst
30y/PKEHHS 1 IPUHOMY YJIBTPa3ByKOBHX iMITyIIbeiB 3 OK.

Ha puc. 1 mo3naueni: 1 — xopmyc; 2 - mpotekrop; 3
— JDKEpeN0 MarHiTHOTO TOJIST; 4 — CepACYHUK JDKepena
MAarHITHOTO TIOJIST; 5 — KOTYIIKa HaMarHidyBaHHS; 6 -

NOJNIIOC JDKepella MAarHiTHOro Iois; 7 - IUIOCKa
BHCOKOYACTOTHA KOTYIIKA IHIYKTHBHOCTi; 8§ — Habop
130IbOBaHUX MiDXK CO0OI0 TOHKHX (PepOMArHITHUX
IacTuH; 9 - TOpIi i30JIbOBaHUX MK COOOI0 TOHKHX

¢dbepomarniTanx miactud, 10-OK. H;— Bucora
IUIACTUH CepleYHUKA  JDKEpesia  IMITYJIbCHOTO
Mar”iTHoro mnoss; H, — IIMpUHA CTPIYKH KOTYLIKH
HaMarHidyBaHHs. /{ — BHyTpimHil gedext B OK.
7 3 4 5 &
r's - 7
| g T o '
S | 6
& |
It
:: .,r | 2
~~ |~ —
!

Puc. 1. ®i3uyna cxema 30yKeHHS 1 IpUiioMy
YABTPa3BYKOBHUX IMIYJIBCIB €IEKTPOMArHiTHO-aKyCTHYHIM
HEPETBOPIOBAYEM 3 IMITYJIbCHUM HAMarHidyyBaHHSM B
(epomarHiTHOMY BUpPOOI

Bukonanus cepreunuka 4 3 Habopy 8 i30J1b0BaHUX
MDK CO00I0 TOHKHX ()EpOMArHiTHUX IUIACTHH TaK, IO
BucoTta H1 minacTuH Habararo Oinblla HiX iX IIMPHHA,
JTO3BOJISIE TMIOBUIIUTH BEIHYUHY IHAYKII MarHiTHOTO
TOJIST, 30UTBPIIUTH TAKAM YHHOM TMOTYKHICTH 30y IKSHUX
YIBTPa3BYKOBUX IMIYJbCiB Ta 9yTiuBicT EMAIL

BuroroBneHHs KOTYymIKM 5  HaMarHidyBaHHS
JoKeperna 3 MarHiTHOTO IIOJIA 3 IIMPOKOT TOHKOI CTPivuKH,
Mmarepian skoi He(pepoMarHiTHUH 1 Mae BHCOKY
€JIEKTPOIIPOBIIHICT, NPH LBOMY IIMpHUHA H, CTPIYKH
JIOPIBHIOE BUCOTI H; HaOOpHOTO ceplieuHuKa 4 Keperna
3 MarHiTHOTO MOJIsl, O J0AATKOBO 301IbLIYE BETHYHHY
IHyKIii Mar"iTHOTO IOJISL 32 paxyHOK Hepepo3Ioiry
CTPYMY 1O IIMPHHI KOTYIIKH 5 HaMarHiqyBaHHS.

Jnst 3a0e3redeH s rocTpoi HiarpamMmu CripsIMOBaHOCTI
VABTPa3BYKOBOTO TOJIST 3CYBHHUX JIIHIHHO ITOJSIPU30BAHUX
VABTPa3BYKOBUX XBWIH B 00’eMi OK HopmambHO oro
MOBEPXHi po00OYa 30HA TIIOCKOT BUCOKOYACTOTHOI KOTYIIIKH
IHIYKTHBHOCTI (1103.7 puc.1), sk mpaBuiio [12], Mae po3mip
30x15 . Tomy MiHIMaIBHUE po3Mip TopI (ToJrOCca)
CepleUHMKa IMITYJIbCHOTO €JIEKTPOMArHiTy MOBUHEH OyTH
He Menmre 30x30 Mm”. 3 iHIIOI CTOPOHHM MAKCHMAJTbHHUIL
PO3Mip TIOJIIOCA CepICHHHKA IMITYJILCHOTO €IEKTPOMArHiTy
noBHHEH OyTH He Gimbimie 50x50 MM, IO BH3HAYAETHCS
yMOBaMHM TpOBEACHHS CKaHyBaHHsS noBepxHi OK
OIleparopoM  YJIBTpa3BykoBoro —rmopraruBHoro EMA
npunany. [Ipu po3paxyHkax MIIPUHA MTOIIOCA MArHITY (B
nepetuHi) Oyma B miamaszoni 30...60 MM, BHcOTa
cepaeunnka 10...100 MM mpu 3MiHHIA BigCTaHi Big
MarHity go noBepxai OK.

BcraHoBIeHO, MO BeNMYMHA  aMIUITYIH
yABTPa3BYKOBOTO  CHUTHAly 3pOCTa€ sl  BHCOTH
cepaeunnka HI (puc.l) 6museko 50...60 mm. Hanmami
HOro 3poCTaHHs MPAKTUYHO NpPUNHHSETHCS. lIpukian
OTpPMMaHUX PE3yNbTaTiB HABEJCHO Ha pPHC.2.
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—6: Z1=5, H1=60
12:Z1=1D0, H1=60
—18: Z1=15, H1=60
24: Z1=2), k1=60
— 30: Z1=25, H1=60
36, Z1=30, H1=60
—42: Z1=135, K1=60
— 4B: Z1=40. H1=60
5&: 71=45, F1=60
— B0 Z1=50, H1=60
BG: E1=55, F1=60
72: Z1=E, H1=60

-10

-10

X, MM

Puc. 2. Po3paxyHKOBHii pO3MIOALT BEITMYMHN HOPMAIIbHOT KOMIIOHEHTH 1HAYKIIii KBa3ilOCTIHHOrO MarHiTHOTO MOJIS Mij IOJIFOCOM
EMALII B 3a11€)KHOCTI Bii BEIMYMHH 3230Py MiXK METAJIOM 1 00’ €KTOM KOHTPOIIIO

05

B, Tn

0,45

-40 30 20 10

—e— 33300 Mi NPOTEKTOPOM Ta METAN0M 5,5 MM

—&— 33300 Mixk NPOTERTOPOM T3 MeTanom 155 mm

Puc.3. Po3nonin Benu4nH HOpMaabHOI KOMIIOHEHTH iHAYKIIT KBa3iCTAIl[iOHAPHOTO MArHiTHOTO TOJIS BiJl LIEHTPa MOJ0Ca TIPH
BHCOTI CepJeYHnKa MarHity 60 MM Ipu pi3HHX 3a30pax Bix noioca 10 noBepxHi OK, sKi oTprMaHi eKCIIepUMEHTaIBHO

ExcrniepumeHTanpHa — IepeBipka  pe3yJibTaTiB
MOJEIIIOBAHHS BUKOHAHA Ul CEPACYHHMKA IMITYJILCHOTO
MarHity Bucotor 60 MM Ta po3MipiB #Oro mosocis
50x50 MM, OJIHH i3 pe3y/bTaTiB BUMIPIOBaHb HABEICHO
Ha puc. 3.

AHaJli3 OTPUMaHUX EKCIIEPHMEHTANIBHUX Pe3yJbTaTiB
SKICHO  TATBEp/DKYe nJaHi  mozemoBanHA.  [Ipote
30UIbIIEHHST IHAYKLIT KBa3iCTAI[IOHAPHOTO MAarHiTHOTO
TIOJISL HE HACTUIBKU BeJIMKE, SIK MOXKHa Oyino uekatu. Lleit
edeKT ckopiil 3a Bce 00yMOBJIEHHH HACHYEHHSM METaTy
Cep/ieuHNKa MarHiTy HeJliHIHHUM YHHOM.

3. BucHoBKkH

AHani3 JaHuX, OTPUMaHHX IIPU MOJENIOBAHHI,
JI03BOJISIE 3pOOMTH HACTYITHI BUCHOBKHU: JJISI OTPUMAaHHS
noctatHbol s podorn EMAIT BenuuuHn HOpMaiibHOT

Cnucok aitepatypu

KOMITOHEHTH 1HAYKLIl KBa3iCTalliOHAPHOTO MAarHiTHOTO
moJist (ae menme 0,35 Ta) Ha BigcTani Z/ MIX IOJIIOCOM
marHity 1 OK piBaoro 30 MM BHCOTY MAarHIiTy CIij
BHOHWpaTH B miamazoni 50...60 mm; BEIIMYNHA
HOpMAaJIbHOI KOMITOHEHTH 1HIYKIii MarHiTHOTO mojis B
Mexax + 10 MM BiJ IEHTpPY NOJIOca MarHity (akTHBHa
3oHa EMAII) He 3MmiHrOeThCs OinbI, Hixk Ha 10%, 1m0 €
poctatHiM  Juisi ¢opmyBanHs B OK  nmiarpamu
CHPSIMOBAHOCTI YJIBTPa3ByKOBOTO MOJIsI IPH IIpUioMi Ta
BUIIPOMIHIOBaHHI IMITYJIBCIB YIBTPa3BYKOBHX
KOJIMBaHb; TpH 30UIbIIeHHI 3a30py Z/ (puc.2) mumpuHa
3aJIeKHOCTI ~ HOPMAaJbHOI ~ KOMIOHEHTH  IHIYKIl
MAarHITHOTO IIOJIi HAa TPaHMII HOTO MaKCHMAIBHOTO
3HAUEHHS TaKOX 30UIBIIyeThCS, IO A€ MOXKIHMBICTDH
¢opmyBaTtu OimbII TOCTPY Jiarpamy CIPSIMOBaHOCTI
YJIBTPa3BYKOBOT'O ITOJISI 32 IHIIMX PIBHUX YMOB.
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Simulation of pulse magnetic field sources of portable ultrasound electromagnetic-acoustic transducer
for measurements, control and diagnostics
Suchkov H.M. Mygushchenko R.P., Pliesnetsov S.Yu. Koshkarov Yu.Yu., Kalnytsky M.E.

Abstract

Ultrasonic electromagnetic-acoustic transducers (EMAT) with permanent magnets are used in ferromagnetic metal products
inspection. This leads to a strong pressing of the EMAT to the metal, its wear, the appearance of significant coherent interference due to
the sticking of ferromagnetic particles, which often leads to the impossibility of performing measurements, testing and diagnostics. It is
possible to solve the indicated shortcomings via introduction of pulse magnets confirming the relevance of the work. The purpose of the
work is to determine the rational geometric parameters of the pulse magnet for EMAT. To achieve this goal, a physical and
mathematical problem was formulated and simulations were performed using the Comsol Multiphysics package. It has been established
that to ensure the effective operation of the EMAT it is advisable to set the height of the pulse magnet within the range of 50...60 mm,
the dimensions of the pole 30x30...50x50 mm. Such parameters ensure that the induction value of the quasi-stationary magnetic field is
not less than 0.35 T in an interval of = 10 mm from the center of the pulse magnet pole.

Key words: testing, measurement, diagnostics, ultrasound, electromagnetic-acoustic transducer, pulsed magnetic field source.
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PO3IIUPEHHS ®YHKIIIOHAJBHUX MOXKJIUBOCTEM
EJJEKTPOMATHITHUX METOIB I IPUCTPOIB KOHTPO.IIO
MEXAHIYHUX HAIIPYT' Y METAJIEBUX IUJITHAPUYHUX
BUPOBAX

b. 'opkynos, C. JIsBoB, B. Omiiianuk, B. BeBenko

Hayionanonuii mexniynui ynieepcumem "Xapxiecokutl nonimexuiunuti incmumym”, Xapkie, Ykpaina

AHoTauis

Po3rnsHyTI TEOpeTHYHI OCHOBM 1 auTrOpuTM peaiizamii audepeHnianbHoro TpaHcHOpPMAaTOPHOTO ENEKTPOMArHiTHOTO
MepeTBOPIOBaYa HAKJIAJHOTO THUITYy IJIsI KOHTPOJIO 3MiHH €JIEKTPOMATHITHUX IapaMeTpiB ()epoMarHiTHOTO Baya, Ha SIKHU Ji€

00epTOBUIl MOMEHT.

CTBOpeHa CKCIICpUMCHTAJIbHaA YCTAaHOBKAa Ta OTPUMAHO XapaKTECPUCTHUKHU TIICPETBOprOBada Jisd

aMILTITYAHOTO, (pa30BOro Ta 3MiHHO-4aCTOTHOTO METOIB KOHTPOMIO. I3 OTpHMaHMX 3aJIeKHOCTEH BUIHO, IO IIPH BUKOPHUCTAHHI
nudepeHiaTbHOr0 METOLY, B SIKOCTI iH(pOPMAaTHBHUX MapaMeTpiB € MarHiTHa NPOHHUKHICT Ta YaCTOTa CTPyMy HaMarHiuyBaHHS,
SIKi € HAMOLIBII Yy TIMBUMH IO 3MiHA MEXaHIYHUX HABAaHTAXXCHb LWIIHAPHYHOrO BUPOOy. BCTaHOBICHO, 1110 TaKa CHCTEMa Mae
BHCOKY PO3Di3HIOBAJIbHY 3AaTHICTh 1 po3IIHpeHi GyHKIIOHATbHI MOXKIMBOCTI.

KurouoBi ciioBa: 06epToBHii MOMEHT, [[iarHOCTYBaHHsI, EICKTPOMArHITHUI METO, TPAaHC(OPMATOPHUIA eIEKTPOMArHITHIi

nepeTBoproBay, AuepeHIiiHIA MeTo, PyHKIIT mepeTBOpEHHS.

1. Beryn

Jlo TenepiuiHbOro yacy mijBUIIEHUH HAYKOBHH Ta
MPaKTUIHUN  IHTEpeC MpPEACTaBIs€  PO3BUTOK i
BIOCKOHAJIEHHS METOMIB Ta 3aco0iB I BHU3HAYEHHS
(hi3MKO-MEXaHIYHUX BEIHYNH. BH3HAYCHHS MEXaHIYHUX
3ycwib HeoOXigHe B 0araTbOX Tramy3sx HapOIHOTO
TOCIO/IapCTBa, TaK SK € HEBIA'€MHOIO YaCTHHOIO Pi3HUX
BUNPOOYBaHb, HAYKOBUX JAOCHIIKEHb, TEXHOJIOTIYHHX
MPOIIECiB, TEXHIYHOI Ta MEIUYHOI MiarHOCTHKH Ta B
iHIMX Bunajakax [1-6,10,11]. [Jianazonu BUMipy 3ycHJb
JIOCUTh IIMPOKi: BHYTPIIIHI HaNpyXeHHs B MaTepiaiax
cranoBiaATe 0 -+ 2000 MIla, cwum - Bix 0 1o 10° H,
momenTH - Bin 0 mo 10° H-m, tucky — 0+ 10° MIIa.
Bumip 3ycmune  moTpiObHO  poOuMTH B pI3HHX
CepeloBHIIAX, B yMOBax Jii Pi3HOMAHITHUX BEJIWYHH,
10 BIUTMBAIOTH, Y IIUPOKOMY Jiamma3oHi TeMmepaTyp Ta
YaCTOTHOMY CHEKTPi.

Jocutp akTyanbHE 3aBJaHHA CTBOPEHHS 3ac00iB
KOHTpPOJIIO Ta TEXHIYHO{ NIarHOCTHKU DPi3HOMAaHITHHX
MaIllMH, MEXaHI3MIB 1 €JIEMEHTIB 1X KOHCTPYKLIH MpH
JUHAMIYHUX peXumax pobortu. [ms ix BupimeHHS
JOCHTb MePCIIEKTUBHUM € BUKOPUCTaHHS
€JIEKTPOMArHITHUX METOMIB, SIKi JI03BOJISIIOTH CTBOPUTH
NepPEeTBOPIOBAYl 3 TaKMMH IO3UTUBHUMH SKOCTAMH, SK
cnabka  3aJeKHICTH  Big  3MiHM  BJIAacTHBOCTEH
HABKOJIMIITHBOTO CEPEIOBHUINa (BOJIOTICTh, 3a0pyAHEHHS
MOBEpXHI Ta 1H.), OE3KOHTaKTHICTb, MPOCTOTA
KOHCTPYKIIii, BHCOKa IIBUIKOIIS, HaIIfHICTD,
YHIBEpCAIBHICTh 1 TEXHOJIOTIUHICTh eeKTpryHa (GopMa
BHXITHOTO cUTHAIY [2-6].

2. Mera crarTi

BupimrenHs mmraHb po3poOKH, OCIHIIKEHHS
HOBUX EJIEKTPOMArHiTHUX METOMIB 1 HPUCTPOIB s
BHU3HAYCHHS ()i3WKO-MEXaHIYHHX ITapaMeTpiB, a TaKOXK
3aBJaHHs BJIOCKOHAJICHHS ICHYIOYMX METOJIB 1 3aC00iB
€ OCUTHh aKTyaJbHHM 1 mepeOyBae MOCTIIfHO B IEHTPi

yBaru (haxiBIliB PI3HUX HAYKOBO-IOCJIJIHUX IHCTHUTYTIB
i mabopatopiii. ToMy, MeTOI0 pOOOTH €, BIIOCKOHAICHHS
ICHYIOYMX 1 CTBOPCHHS HOBHX CJICKTPOMArHITHUX
METOMIB 1 NMPUCTPOIB JuIsl OE3KOHTaKTHOTO KOHTPOJIIO
(hi3MKO-MEeXaHIYHUX BEIMYMH (MEXaHIYHUX HaNpyT,
nedopmariii, 3yCHib, MOMEHTIB CKpydyBaHHS Ta iH.).

JocmimKeHHsT TTOKa3yrTh, MO UiA aOCOTIOTHHUX
METO/IIB OE3KOHTAKTHOI'O €JICKTPOMAarHiTHOTO
KOHTPOJIIO BiTHOCHI MTOXUOKY BU3HAYCHHS MarHITHHX [L,
1 SJIEKTPUYHHUX p TapaMeTpiB MWIIHAPUIHUX BUPOOIB
HaBiTh y palliOHaNbHIA 00JacTi 3MIHHM y3araJbHEHOTO
napameTpa x ckiagarTb 2% i 4% BianosigHo. OcTaHHS
oOcTaBMHA BKa3ye Ha Te, IO 3MiHa eJEeKTPOMAarHiTHUX
napaMeTpiB, BHMIPIOBAaHHX aOCOJIOTHUM METOIOM,
MIOBHWHHA TIEPEBHUIILyBaTH X04a O Ha MopsI0K, T00TO B 10
pasiB Oijblie MpH MepexoJii BiJ OAHOIO CTaHy BHPOOY
no iHmoro. ToMy aOCONIOTHUMHE METONAMH IPaKTHYHO
HEMOXKJIMBO KOPHCTYBATHCS U1l KOHTPOJIFO MEXaHIYHHX
HATpyT, OCKUIBKM YYyTJIHMBICTH IIEPETBOpPIOBada HE
JIO3BOJISIE  KOHTPOJIOBATH JIOCHTh HE3HAYHI 3MiHH
€JIEKTPOMATHITHUX TMapaMeTpiB |, i p BUPOOIB mpu
BIUIMBI Ha HUX MEXaHIYHHX 3yCWIb Y paMKax
3acTOCcOBHOCTI 3aKkoHy ['yka [2,7].

3. BukJsag 0CHOBHOIO MaTepiaay

Y poboti 3amponoHoBaHi JauQepeHIiaTbHANR
€JIIeKTPOMATHITHHNA TepeTBopioBad. JludepeHmianpHi
METOJU IIUPOKO BHKOPUCTOBYIOTHCS y BUMIPIOBAIbHIM
TeXHIlll A TMiIBUIICHHS PO3PI3HIOBAIBHOI 3AATHOCTI
(ayTnuBOCTi) TPUCTPOiB 1 MIABUINEHHS TOYHOCTI
KOHTPOJIIO0. 32 JOMMOMOTO0 MIPHJIAAiB, SKi MPAIIOIOTH Ha
OCHOBi An()epeHIiaIbHOTO METOY, BU3HAYAIOUH 3MiHYy
KOHTPOJILOBAHOT'O MapaMeTpa HaBiTh 13 HE BHCOKOIO
TOYHICTIO, OJIEPXKYIOTh abCoITIOTHI 3HAYEHHS
KOHTPOJILOBAHOTO Iapamerpa 3 JIOCHTb BHCOKOIO
TOYHICTIO [7].
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Jnst miIBUILEHHS YyTIMBOCTI OE3KOHTAKTHOTO
KOHTPOJII0 MEXaHIYHUX HANPYT Y METAJIEBUX 3pa3Kax B

pobori 3aMpOIOHOBAHO OJIUH 3 BapiaHTIB
UG epeHIiaIbHOro TpaHcHopMaTOPHOTO
€JIEKTPOMATHITHOTO MepeTBOPIOBAYA (TEMII)

HaKJIQJIHOTO THUIy sl OE3KOHTAKTHOTO KOHTPOJIO
MeXaHIYHUX MOMEHTIB CKpY41yBaHHs BaJja.

Ha puc. 1 HaBemeHa (QyHKIIOHaJTbHA CXeMa
po3mimenns audepennianeroro TEMII HakmagHOTrO
THUITYy Ta JOCIHIIKYBAaHOTO LUJIIHIPUYHOTO 3pa3ka, KU
B CEepenuHi KOPCTKO 3aTHCHEHHH, HAa ONWH KiHEIb Ii€
MOMEHT M = 0, a Ha JApyruid i€ MOMEHT
CKpy4yyBaHHA M # 0.

{.".l'é "g.l'é i

d

T

AU Ap ©
Puc. 1. Iudepennianpuuii TEMIT nHaknagHoro Tumy s
KOHTPOJIO €IEKTPOMArHITHUX MapaMeTpiB pepoMaraiTHOro
BaJa, Ha SIKUH Jlie MOMEHT CKpy4YyBaHHs M

Hudepenuiansanit TEMIT cknagaerbest i3 ABOX
nap IiJEHTHYHHUX TpaHc(POpMaTopiB, MPUUIOMY OJHA
mapa TpaHc(OpMaTOpiB poO3TamIoBaHa 3 000X CTOPIH
3pa3Ka Ha KUl /i€ MEXaHIYHUI MOMEHT CKpY4yBaHHS,
a Jpyra mapa TpaHC(OPMATOpIB pO3TAIlIOBaHA IO
0o0uBa OOKH HEHABaHTAXKEHOT'O 3pasKa.

Bci wotupu mepBuHHI (HaMarHigyroodi) OOMOTKH
TEMII 3'ennani Mixk COO0I0 TOCITIIOBHO Y3rO/PKEHO Ta
MIIKIIOUEH] IO TeHepaTropa CHHYCOINalIbHOIO CTPyMYy.
BropunHi (BuMiproBanmbHI) OOMOTKM KOXHOI Tapu
3'€/lHaHI TOCIIIOBHO Y3TO/PKEHO, a MDK cOo00I0 Tapw
0oOMOTOK 3'€ZJHaHI TOCIHITOBHO 3ycTpiyHo. Tomy Ha

Buxoxi  mudepenmianmsHOoro  TEMII  oTpmmaemo
pi3HUIICBe 3HAuYCHHA Hampyru Ta Qasm. Bapto
BiAMITHTH, 1o Take BKJIIOUEHHS 00MOTOK

nepeTBopioBada 1 IXHE PO3MILICHHS B MEPIIOMY
HaONMM)KEHHI 3MEHIIyE BIUIMB 3a30py Ha pe3yJbTaTH
KoHTpoo [2,11].

Tak, Hanpuknan, a1 TEMII naknazHoro twiy,
pPO3TalIOBAaHOTO HAaJ  KPHUBOJIHIHHOI  TOBEPXHEIO
(mmmiagp, cdepa) dopmyriaa A HAOPYTH BHXITHOTO
CUTHaJIy B 3arajbHOMY BuTJsini Oyne [1-3]:

UW = quWHVK,a)iRn X

o, exptoxhon, (v a, ), (v fa, ),

ne R=.la,a, — exsiBaneHTHuil paxiyc EMII;

h.= (h,+h,)/R — ysaraibHeHuii napamerp, IO

XapaKTepU3ye BiICTaHb MiXk IIeHTpaMu 00MoTok EMIT i
nosepxueto OK; £, i h

u

— BIACTaHb Bix IIEHTpa

BianoBigHOi 00MoTkH EMII 1m0 30BHINIHBOI MOBEPXHI
OK; J, (xdan/au), J| (x,/au/aﬂ) — ¢ynkuii beccems
[8] mepworo poxy nepuioro nopsaky; @, — QyHkuis

BrumBy OK, TOOTO KOMILIEKCHA (DYHKIIiS, IO 3aJIeKUTh
BiJl TpaHMYHUX YMOB 1 xapakrepusye BB OK i3
IUTOIIMHHO-TIAPAICIbHUMH ~ [IapaMi  Ta O00yMOBJIEHA
MMUTOMOIO  CJICKTPUYHOIO IPOBIAHICTIO, MAarHITHOO
MIPOHUKHICTIO Ta TOBIIMHOIO BiATIOBIAHUX IIapiB

" _mx =B )
T W+ B

B pobori MpOBeICHI EKCIIEpUMEHTAITbHI
JIOCITIDKEHHST OE3KOHTAKTHOTO KOHTPOIFO MEXaHIIHOTO
HaBaHTKEHHS LTIHIPHYHUX (QEepoMarHiTHUX BHPOOIB 3
nonomororo audepentianbroro TEMIT HakmaqHoro Ty,
mpu  peawmizamii  3MIHHO-9aCTOTHOTO  METONY  IIpH
(hikcoBaHOMY 3Ha4€HHI y3arajJbHEHOro mapamerpy x [9].

CyTb 3MIHHO-YaCTOTHOTO METOAY MOJIATAE B TOMY,
mo6 3MiHOI YacToTH [ CTPyMy HaMarHidyBaHHs

EMII nmoMmorrucst CTajocTi BEIUYUHHA
3HAYUTh | MIMOMHM MPOHUKHEHHS MArHiTHOTO MOJS B
JIOCII/KYBaHHid BUPIO.

Ha puc. 2 nokazaHa mabopaTopHa YCTaHOBKA, sIKa
BUKOPUCTOBYBAJIACh JUISL  JOCIIJDKCHHS  3aJI€KHOCTI
BUXIZHOTO  curHany  nudepenuianbaoro  TEMII
HAKJIQJIHOTO THITy BiJl BEJIMYMHH MEXaHIYHOIO MOMEHTY
CKpY4yBaHHs HWITIHIPUIHOTO (pepoMarHiTHOTO BHPOOy.

B  skocti  00'ekTa  OOCTIMKCHHS — OOpaHO
OWIHAPUYHAN Baj, MO0 MINA€TbCI MEXaHIgHIN
nedopmanii mig i€l0 MOMEHTY CKpydyBaHHs. [liamerp
Baja i3 MOYaTKOBUMHU (03 HABAHTAXKCHHSI) 3HAUCHHSIMHU
u, =500 i p=1,210" Om'm.

xX=const, a

Puc. 2. JTabopaTopHa ycTaHOBKA AJIS JOCHIIKEHHS
3aJIe)KHOCTI BUXiHOTO curHaiy audepenniansaoro TEMIT
HAKJIaJIHOTO THITY BiJl BEIMYMHU MEXaHIYHOTO MOMEHTY
CKPYYyBaHHS IJTIHAPUIHOTO PEepOMArHiTHOTO BUPOOY
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[Mo6nu3y HpOro posramoBaHuii JudepeHIiaIbHINA
TEMII naxnagHoro tumy 3 pepoMarHiTHUM OCEpIsIM, 110
migBumrye  #oro  uymmuBicte.  TEMII  mictuth
HaMar"igyrouy oOMOTKy, i3 uucioMm BuTKiB WH = 100,
HamotaHy ApoTtoM [1EB - 0,2 MM i 9oTHpH BUMiprOBaITBHI
0OMOTKM 13 4uCIOM BHTKIB WB =50 BUTKIB KOXXHA,
HamotaHuMu nporom IIEB-0.1 Mm. Bci  oOMoOTKH
po3raroBani Ha [1 - o6pasHomy depuToBOoMy ocepi.

Y rtabm. 1 1 Tabm. 2 HaBemeHi pe3ylbTaTH
eKCIIEpUMEHTY OTpPHMaHi Ha JOCHIJHIN YCTaHOBI, IO
peati3ye 3MIHHO-4aCTOTHUI METOJ BU3HAUECHHA M, 1 p

(ikcoBaHHX

Sp__0p Oyo B0y 7)

Po 0Sy Py Ouo
Ha rpadikax puc. 3—7 HaBemeHi 300pakKCHHS
3aJICKHOCTEH  BIAHOCHHX  30UIbIICHh BHMIPIOBAHHX
BemmunH U, ¢, f, K. 1 p Bim BigHOCHOTO

30UIBIIEHHST BENWYMHU G, , TOOTO Bin 00, /G ,, ne

o
G, — CepeHe 3HAUCHH MEXaHIYHOI Halpyry y BUPOOi.

Bci pesynbraTH, siki HaBeneHi Ha puc. 3 —7,
oTrpumadi aist pexumy podorn TEMII npu x= 2, a B
SKOCTI poboyoro (cepemHporo) OyB OOpaHWH peXHM,

JUBL  JBOX SHAHCHD - Y3aralbhetoro 1o pigmosinae  3HaveHHAM: U, = 0,233 B;
napamerpa X .
@, = 22,6 rpan; Jo = 8461w u,, = 500;
Tabnuis | — 3anexuictb L, i p Bijf MEXaHi4HOTO po= 1,210"Ommi ,,=5,69 Mlla.
HanpyxXeHHs G, st x = 2. ‘“gi:*t
10-7
GM’ f’ U,B (P7 Mr plO N /
MIla I'y rpajg Om'm /
0,00 1178 | 0,220 22,1 340 1,11 0
2,26 957 0,224 22,4 432 1,15
4,53 874 0,230 22,6 490 1,19
6,79 824 0,235 22,7 534 1,22 3
9,05 788 0,238 22,8 564 1,23
11,32 774 0,240 22,9 582 1.25

Tabmuus 2 — 3anexHicts [, 1 p Bia MEXaHIYHOTO

HaIpyXeHH1 O, 011 X = 3.

-100 -50 0 50 0 G,/Gun, Y0
Puc. 3. BinHocHi 30inpmenss Benuunnan U Bixg aii

BiI(HOCHOFO MEXaHIYHOT'0 HaBaHTAKCHHS SGM /GMO

O S U,B ¢ n, p107, S
MIla I'n rpaj OM'M i
0,00 2634 0,576 31,2 350 1,14 L
2,26 2215 0,585 31,4 | 435 1,19 0
4,53 2028 0,596 31.6 | 488 1,22
6,79 1903 0,604 31,9 532 1,25 %
9,05 1802 0,613 32,0 569 1,27
11,32 1734 0,622 32,2 600 1,28 ) /
Otpumani nmani 3 Tabm. 1 i Tabm. 2 MO3BOJSIOTH
BU3HAYUTH JudepeHIianbHi YyTIUBOCTI MapamerpiB 1 2 & . o

U, o, f,H, 1p 00MeXxaHIYHOI HAIPYTH G,
Sk Bimomo [7], BIIHOCHI YyTJIMBOCTI 3a3HAYCHUX
HapaMeTpiB /0 BEIMYMHH G, MOXXKHA BH3HAYAOTHCS

HOXIZHUMH BUXIJHHMX BeJIMYMH 10 G, Tomy, BinHOCHI
smibm dU /U, d¢/o,, Of/f,, du./n, i 6c/c,
MOJKHA BU3HAYMTH SIK:

U _oU o, 8o

U, %, Uy o ©
@:ﬁ.ﬁ.ﬁ; )
¢, do, &, 0,
%:i.ﬁ.%; (5)
fo 00, Jo O
%_%.M.SG_M; (6)

Mo 00, M, Oy

Puc. 4. BinHocHi 30i/1bIIEHHS BEIMYMHN () Bix Aii
BIJHOCHOI'0 MEXAHIYHOIO0 HABAHTAKEHHSI SGM / G0

&flfo.

o

AN

0

\

20
-100 -50 0 50

8 0,/0,0. %a
Puc. 5. 3aexHicTh BiIHOCHUX 301JIbIIIEHD BEJTMYNHU f BiJ

Iii BiIHOCHOrO MEXaHiYHOTO HABaHTAXEHHA OC, /G
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G e,

%%

=20 /

-100 -50 0 50 8 aylouw, %

Puc. 6. BinHocHi 30i1bIIeHHS BEIMYUHH L, Bim il

Bi/IHOCHOTO MEXaHIYHOTO HaBaHTaxeHHs O0C, /G

Bp fpa,
° a

4
-100 =50 0 50
Puc.7. BigHocHi 301IbIICHHS BEJIMYUHU P Bif Ail BITHOCHOTO

8 g./0.0, Yo
MeXaHi'-IHOFO HaBaHTaXXCHHA SGM /GMO

3 oTpuMaHuX TpadikiB BHIHO, IO IPH BUKOPUCTAHH]
JUepeHIiaTbHOTO METOy JOIIbHE 3aCTOCYBAHHS SIK
iHpopMaTHBHI ~ mapamMeTpu  BiTHOCHOI  MarHiTHOI
HPOHHUKHOCTI [l, 1 9acTOTH CTPyMy HamarHidyyBaHes f .
Came 1i mapameTpd, y HOpIBHSHHI 3 IHIIMMH, JalOTh
HaiOuTbry wymmBicte TEMII nmo 3MmiHM MexaHIYHOL
Hanpyru O, Ilpumipom, cepenHs 9y TiIHMBICT IO 9aCTOTH
(8f / fy)= 47%, a no
ou, /p,.,) = 45%.

Ie minTBepmKye TOM (hakT, MO BILIMB MEXaHIYHOTO

HABaHTAKCHHS OUIBIIOI0 MIPOIO  BiIOWBAaEeThCA HA
MarHiTHHX BJIACTHBOCTSX (DepOMarHiTHOro marepiaiy

3paska ¥ BHM3Ha4YeHHA O, depe3 |, Jae Oimblly

MarHiTHOi  MPOHMKHOCTI

Yy TJIUBICTB y MOPIBHSHHI 13 3AJIEKHICTIO G, B p .

Hudepenuiansanit TEMII B koMIutekci 00’ ennye
MarHiTonpyxHiii 1 TeH30MeTpuuHUi edexTH, Woro
JIETKO aJianTyBaTH Ha pO3B’s3aHHS 3aJad BU3HAYCHHS
MEXaHIYHUX MOMEHTIB CKpPy4yBaHHS, II0 BUHUKAIOTH Y
THIPUYHUX BUpoOax (BasaX), BUTOTOBICHHX SK 3

dbepomarniTHUX, TaK 1 HEMar"HiTHHX  METalliB.
®opmyBanuss TEMII B skocti  iHdopmaniiiHoro
CIIEKTPUYHOTO  CHTHAJNy  JIO3BOJSIE  PO3IIUPHTH

(hyHKIIOHANTBHI MOJKJIMBOCTI pO3pOOJICHOTO JlaTYMKa
IpU  BUKOPHUCTaHHI B AaBTOMAaTH30BAHUX CHCTEMax
Oe3nepepBHOr0 OE3KOHTAKTHOI'O KOHTPOJIIO MapaMeTpiB
OKpPEMHX €JIEMEHTIB KIHEMaTHYHHUX CXEM.

Sk mokazaHO paHille, a TakoX y poborax [2-6,11]
PO3IIISHYTI TpH MeToau (aMIDTTYAHMHA, (a3oBuil Ta

3MIHHO-YaCTOTHHIA), IO  BUKOPHUCTOBYIOTBCS  JUIS
KOHTPOJIIO MEXaHIYHUX HaIpyXeHb, AedopMartiii, 3yCrib,
MoMmeHTiB. CyTh aMmInITyHOrO Ta ()a30BOrO METOJIB
MoJATaeE B TOMY, IO IPM MEXaHIYHOMY BIUIMBI Ha
(hepoMarHiTHUI 3pa30K, PO3MIIIICHHUH B CJICKTPOMArHiTHHI
MEpPEeTBOPIOBAY, BUMIPIOIOTh aMILTITYy U abo dasy ¢

BUXI/THOTO CHTHAITY ITepeTBOproBada. [Ipmmipom, popmym
IUIsL  BU3HAYCHHS MEXaHIYHOI HAlpyrm G, Ipu

BUKOPHCTaHHI aMILUTITYIHOTO Ta (a3oBOro METOAIB Yy
MeKax 3aKOHY MPY>KHOCTI MatOTh BUIILAA [2]:

o, =tk | EE ], ®)
: %)

_ap [ K@ ) 9
Gu (/] )CO((I)) ()

JI€ «t» 1 «—» - BIIMOBIIAIOTH PO3TATYBaHHIO Ta CTUCKAHHIO
BHpoOy BimmoBinHo; k, 1 k » — DO3MIpHUIT KOe(iLieHT;

x(U), x(¢) —sanexHicTs y3aransHeHoro napamerpa X
Bix U 1 @ mpu HaBaHTOXEHOMY BHPOOi X, (U ) , X, ((p)

— i % (yHKUIT 3 BUpOOOM, ajie 6e3 HaBaHTaKEHHSL.
3MIHHO-4aCTOTHHH MeTOX (aMILTITYJHUI 1 (a3oBwHit)

MoJISira€ B TOMY, IO CHOYATKy, MiJ| 4ac BIJICYTHOCTI

MEXaHIYHOTO HABAHTAXKCHHS Y BHPOOi, BCTAHOBIIOKOTH

3HAYCHHsS YACTOTH TMOJSI HAMarHidyBaHHs f,, IO
Bi/lIIOBiIae panioHaibHOMY pexxumy podotu EMIIL. Ilpu
mpoMy, (QikcyroTh 3HaueHHA U abo ¢ BHXIZHOTO

curnairy EMII. TlotiM, mpum koxHOMY (iKCOBaHOMY
MEXaHIYHOMY HaBaHTaXKEHHI 3pa3Ka, 3MIHIOIOTh 3HAYCHHSI
YacTOTH TOJISI JIOTH, TIOKM amIulityzna (¢asza) BHXIIHOTO
curany EMII crane Takoto x, sk U 1 ¢ npu
BIZICYTHOCTI MEXaHIYHOrO HaBaHTaXeHHS. [ 3MiHHO-
4acTOTHOro Merony (opMmyina Uil BU3HAYeHHS O, Mae

BUIJISUI;

c, =tk, %—1 R

ne k, —posmiphuii koediient; f, i f, —dactoTu nons

(10)

HaBaHTAXKEHOT'0 i HEHAaBaHTAXKEHOT'O 3paska.

4. BucHoBKH

Bupasu (8)-(10) i orpumani 3anesxuocti U, ¢ 1 f
Bil MEXaHIYHOI Hampyru OC, JO3BOJISIOTH BHU3HAYUTH
pospizHioBainbHy 3aatHicTe EMIL. Ilpumipom, B obnacti
npyxHoi nedopmartii pospisHioBaibHa 31atHicTE EMIT
NpY BUKOPHCTaHHI aMIUTITYIHOTO, (a3oBOro Ta 3MiHHO-

YaCTOTHOT'O METOIB CTAaHOBHUThH 6,6 MB/MI1a;
0,3 rpa/MIla 1 25 I'yMIla BimnoBigHo. 3BiaCH MOXKHA

3poOMTH BUCHOBOK, IO 3MIHHO-YaCTOTHHA METO[
JIO3BOJISIE  OZIEpPKaTH  MAKCHMalbHy YyTJIMBICTH  JI0
MexaHiuHOi Hampyrn. OmnmcaHi B poOOTI  MeTomu

CMUIBHOTO BU3HAYEHHS [, 1 p JIO3BOJSAIOTH YCTAHOBHUTH
dyHKuioHabHI 3anexHOCTI 1, = f(c,) i p=f(c,) Ta
BU3HAYUTH BiTHOCHI YyTIHMBOCTI Sw 1 Sp, SIKI CTAHOBJIATD

10% 1 5% BigmOBiIHO.
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Expansion of the functional capabilities of electromagnetic methods and devices for monitoring mechanical stresses
in metal cylindrical products
Boris Gorkunov, Lvov Serhii, Vasyl Oliinyk, Vevenko Vitaliy

Abstract

This study addresses the theoretical foundations and the implementation algorithm of a differential transformer
electromagnetic overlay transducer designed for monitoring variations in the electromagnetic parameters of a ferromagnetic shaft
subjected to torque. An experimental setup was created, and the transducer's characteristics for amplitude, phase, and variable-
frequency control methods were obtained. The obtained dependencies show that using the differential method, magnetic
permeability and magnetizing current frequency serve as informative parameters, being the most sensitive to changes in
mechanical loads on the cylindrical product. It has been established that such a system has high resolution and expanded
functional capabilities.

Key words: torque, diagnostics, electromagnetic method, transformer electromagnetic converter, differential method,
transformation functions.
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METHOD OF DETECTING ABNORMAL CHANGES IN THE
FUNCTIONING OF A TECHNICAL OBJECT USING SINGULAR
VALUES DECOMPOSITION OF EXPERIMENTAL DATA MATRIX

O. Poliarus, O. Koval, A. Koval, Ya. Medvedovska
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine,

Abstract

The behavior of the dynamic system is characterized by a large set of experimental data, which is well studied for normal
conditions of its functioning. The character of this data changed in abnormal case of functioning or in system faults. There are
many statistical methods, which allow to detect these changes. The identification of the considerable changes from measurement
results almost no using statistical methods is the feature of the article. For this purpose, the experimental data matrix and the
singular value decomposition (SVD) method are used to analyze the singular modes of this matrix. The change in singular values
occurs as a result of a significant change in the nature of the data. To make a decision regarding the system transition into
anomalous mode, the distance in Euclidean space between the set of singular values for normal conditions of system operation
and the set of such values for possible anomalous conditions is estimated. If this distance will exceed the given threshold, then a
decision is made to transfer the system to abnormal mode. Threshold determination can be carried out using statistical methods.

Key words: measuring information system, singular values decomposition, experimental data matrix, abnormal changing

the parameters, distance between sets of singular values.

1. Introduction

Detection of anomalies in the functioning of
technically complex objects (TCO) is reduced to
identification of experimental results that deviate from
standard or expected ones, which makes them
incompatible with other data sets. The anomalies of
behavior of random processes parameters in the form
of amplitude jumps of various duration are dealt with
in the article. Detecting jumps or outliers can be
difficult because anomalies often do not occur, and the
characteristics of normal behavior against which the
anomaly parameters are compared can be described by
complex dependencies. Automatic identification of
sudden changes in the normal behavior of a data set is
currently based on artificial intelligence and machine
learning. Data anomalies can affect the reliability of
decision-making about the state of a dynamic system,
leading to false conclusions. Just one powerful outlier
can significantly distort the mean of a data set, which
is often considered a reference for comparison. In
addition, anomalies in the behavior of data can
influence the quality of algorithms of machine
learning, because they can cause adjustment of model
for noise, and not to basic template in the data.
Detection and processing of anomalies in measurement
data allows to improve their quality, increase the
reliability of the decisions making, and also optimize
the performance of machine learning.

2. The problem statement

Outliers of random processes parameters or jumps
in their amplitude can be of short, medium or long
duration. Short-term jumps of not very large amplitude
practically do not change the spectrum of the input
realization of random processes measured by a multi-
channel measurement information system (MIS). If the
MIS bandwidth is consistent with the spectrum of the
process, then no significant changes in the output of the
measuring system are observed, that is, a jump in the
amplitude of the process is not registered. To measure
such jumps, a system optimal according to the maximum
posterior probability density criterion was synthesized in
[1], which adjusts its bandwidth to the local time
spectrum of the signal with an amplitude jump. At this
time, there are no significant difficulties in measuring
long-term outliers of the amplitude of a random process
realization. The main problem here is to prove that the
measured outlier is anomalous. Different approaches may
be used for build a system of anomaly detection: the
visualization through charts and graphs; the statistical
tests, which compare statistical distributions of the
received data with templates (tests by Grabs,
Kolmogorov, etc.); the machine learning algorithms
based on artificial neural networks etc. The methods
based on mathematical statistics are used to automatically
form a decision about the state of technical objects. The
preparatory work for such methods needs to large time-
consuming and should be repeated periodically.
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An overview of statistical methods used in dynamic
systems is given in [2]. Among them, deviations from the
average can be distinguished: the parameters of each
observation are compared with the average value of the
data. The value that differs significantly from the average
can be classified as abnormal [3]. In the estimation method
[4], the number of standard deviations of each observation
from the average is determined. The nearest neighbor
method [5] compares the distance of each observation with
its nearest points in the data space. If this distance is varies
widely from reference, then the measurement can be
classified as abnormal. The clustering method [6] groups
data based on their similarity, and observations that do not
belong to any of the clusters are defined as anomalous. The
statistical methods are used widely in the machine learning
algorithms. Therefore, in practical terms, to detect
abnormal changes in measurement data, it is advisable to
reduce the amount of work on statistical data preparation.
For this purpose, a different principle of data analysis
should be used.

3. Analysis of recent publications
The analysis of the results of the experiments without
extensive use of statistical methods is based on singular
values decomposition (SVD) of measured data matrix. The
rows of this matrix are the numbers of measuring channels,
and the columns of the matrix are numbers of time discrete.
The theoretical basis of the method is described in [8]. This
method was originally used on hydrodynamics [9], and
then began to introduce in other industries [10]. In [11], it
forms the basis of the face recognition algorithm. A new
approach to speech signal enhancement based on SVD is
described in [12]. Decomposition by singular values is also
used in the analysis of spectroscopic data due to the
qualitative separation of noise from the signal [13]. The
possibility of applying SVD for diagnostic tasks is
analyzed in [14]. In [15], a compromise between the
algorithms of recursive eigendecomposition of the
autocorrelation matrix and SVD of measurement data for
tasks of adaptive spatio-temporal signal processing is
discussed. An improved method of noise removal using
SVD not only for periodic signals is described in [16]. It
should be noted that in many cases the problem of noise
reduction is best provided by the SVD method in signal
processing [17, 18]. The matrix filter based on SVD has
demonstrated a comparative improvement in the
compression ratio, resolution, and signal-to-noise ratio in
radars compared to the matched filter under the same
conditions [19]. The SVD method is used in both signal
and image processing [20]. It is promising to use this
method in the diagnosis of technical and other objects [21].
One of the main advantages of SVD is a significant
reduction in the dimensionality of the experimental data
matrix [22], which simplifies signal processing and
increases the performance of real-time systems. The
number of scientific works that use SVD is constantly
growing and covers different areas of human activity. The
article analyzes the possibilities of using this method in the

field of diagnostics of technical systems, which is related to
the detection of abnormal changes in the measured
parameters of random processes.

The article is aimed at developing an effective
method for detecting abnormal changes in signal
parameters of a technical object using a multi-channel
measuring information system without statistical
parameter estimation.

The article is illustrative in nature and reveals the
stages of using SVD to the experimental data obtained
by the authors. Based on these results, the
recommendations given by the MIS are formed.

4. The description of the experiment

The structure of the measuring complex is
presented in Fig. 1. It contains four digital strain gauges
(DSG) for measuring the deformation of the mechanical
installation. The external appearance of the measuring
channel is shown in Fig. 2. Calibration of the measuring
complex was carried out by determining the calibration
coefficient for each sensor separately. Amplitudes of

mechanical deformations on four sensors in the
experiment are shown in Fig. 3.
Pat)
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The module for Measurement
Measuring collecting and data
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platform measurement {r}
Py(t) results
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Fig. 1. The structure of the measuring complex

Fig. 2. Appearance of the measuring channel
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Fig. 3. The time distributions of deformations on four
channels of measuring system for normal operating conditions
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Fig. 3 is obtained for normal operating conditions
of the technical object. The method of detecting
anomalous changes in parameters is based on the
comparison of the averaged dependence of the
parameters of the random process in each measuring
channel during regular system operation modes and the
current dependence, which is directly measured at the
selected time interval.

This interval for the specified object can be
metrological normalized. The averaged dependence is
recorded in the computer memory and periodically
updated during the operation of the technical object.
The periodicity of updating the average dependence is
determined by the requirements of metrological support.
The results of many experiments for the normal
conditions of the functioning of the dynamic system are
entered into the database, and further statistical
processing of the data is carried out in order to
determine the average dependence. This method cannot
completely reject the statistical methods. The time
distributions of deformations along the four channels of
the measuring system (Fig. 3) are close to the averaged
ones. The SVD method significantly reduces the scope
of the application of statistical data processing at the
stage of current measurement of physical quantities.

5. The result of SVD application for

normal operation conditions of the object

The SVD method is used to non-symmetric
matrices and is analog of square matrices
diagonalization. The matrix of experimental data L can
be expressed as

L=UsvT, (1)

where X is the matrix of singular values; the matrix U
and V contain, respectively, left and right orthonormal
singular vectors for which UTU = I and VTV=I, when
I - identity matrix. For this experiment data matrix L has
dimensions 4 X 12193, though, matrix dimensions U is
4 X 4.and matrix V - 12193 x 12193. The matrix
dimensions X coincide with dimensions L. In the article,

for the purpose of the research, the main attention is
paid to the matrix X, which contains singular values
placed diagonally in descending order. Decomposition
of singular values is carried out in the Matlab package
using the svd operator. The results of the decomposition
of the L matrix are shown in Figs. 4 and 5.

4

x10 Singular values

Amplitude

o L L L L L
1 13 2 2.3 3 34 4

Made number

Fig. 4. Dependence of the singular values of the matrix on
the mode number for normal conditions

Singular values of matrix ¥ for four modes are
shown in Fig. 4. The nature of the graph is descending
for all experiments. The distribution of modes
according to their relative energy characteristics is
shown in Fig. 5. There are actually four modes, but in
practice it may be reasonable to use three, since the
fourth mode has much lower energy. This, however,
depends on the tasks that the researcher solves and the
dynamic characteristics of the technical object.

Contribution to the energy of the first 4 modes

60

T

1 2 3 4
Made number

Fig. 5. The relative energy characteristics of modes for normal
conditions

Matrix L describes the average distribution of
parameter values measured by sensors. It is logical to
assume that under abnormal conditions, for example, in
case of a faulty sensor or malfunctions in the technical
object operation, the nature of the singular values
distribution will change.
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6. The result of SVD application for

abnormal conditions of considered object

Let us consider the results of SVD application for
anomalous conditions, which will be formed by
changing the L matrix. For example, in the range of
column numbers from 6000 to 8000 for the first row
(first sensor), we replace the measured values on their
modules. As a result, the L matrix is changed to the B
matrix. The time distributions of measured data for four
channels of the system are presented in Fig. 6. In
contrast to Fig. 3, here the distribution of data in the
first channel has changed in the range of time samples
from 6000 to 8000.

For anomalous operating conditions, the nature of
the singular values distribution and their energy
characteristics has changed significantly (Figs. 7, 8).
First of all, the relative contribution to the total energy
of the first mode decreased, and all other modes
increased. Even the fourth mode cannot be neglected.

Comparison of Figs. 5 and 8 shows that the energy
characteristics of the first mode under abnormal
conditions significantly decreased, and they became
almost the same for the first and second modes, and
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Figc. 6. The time distributions of deformations on four
channels of measuring system for abnormal operating
conditions

14000
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Fig. 7. Dependence of the singular values of the matrix on the
mode number for abnormal conditions

Contribution to the energy of the first 4 modes

1 2 3 4
Mode number

Fig. 8. The relative energy characteristics of modes for
abnormal conditions

increased for the third mode. A significant increase in
the energy characteristics of the fourth mode can be
considered the main feature. Therefore, this example
shows that abnormal operating conditions of a
technical object change the magnitude and distribution
of singular values of the matrix of experimental data,
which creates an opportunity to detect these
conditions.

7. The criteria of normal and abnormal
operating conditions comparison for the
object

So, for normal and abnormal conditions there are
two sets consisting of four modes (K = 4) or singular
values of matrix X. The number K is not known in
advance, but it is known for the matrix of reference
averaged dependences of the parameter in the channels
for normal conditions. The singular values for these
conditions let denote as oy, and for abnormal
conditions - og,. Then, the distance d (metric) in
Euclidean space between these sets is determined by the
known ratio:

d= \/ZII<<=1(GL1( —op )% 2

This formula provides a single number, that is, the
distance between two sets. To assess the behavior of the
distance d for different anomalous situations, we will
create four model cases. In all cases, the measurement
data changes only in the first channel, and in the range
of time samples from 6000 to 8000. In the first case, the
modular values of the amplitudes for this range are
multiplied by 0.5, in the second - by 1, in the third - by
1.5, and in the fourth - by 2. Then the obtained 4
valuesof the distance between sets of singular values are
illustrated in Fig. 9.

The reduction of the distance for the second case is
due to the equality of the singular modular values with
the reference set of experimental data in the first
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channel. This special case does not happen often. In

x1g*

Distance between sets of singular values

4.5

4

R

L

Distance
]

1 15 2 25 3 15 4
Case number
Fig 9. Distance between sets of singular values
for four model cases

general, for physical reasons, a regularity should be
observed: the greater the deviations in experimental
data, the greater the distance between singular values.
If, instead of the distance d, the cosine of the angle 6
between the matrices L and B, is used, then a similar
relationship can be obtained:

(L,B)

0= 3

ILi-IBIY

when (L, B) is the scalar product of matrices L and B,
which is determined by the formula: (L, B) = Sp(LTB).
Here Sp means the trace of the product of the matrices
in parentheses, that is, the sum of the values of the
elements of the main diagonal. Norms of matrices L
and B are determined by similar formulas: |[L|| =

J(L, L), ||B|| = \/(B, B). The values of the cosine of the
angle between the matrices describing the
experimental data for normal and abnormal conditions
are shown in Fig. 10. If the angle 6=0°, and cos 0=1,
then the matrices coincide and, on the contrary, at
06=90° and cos 6=0 the matrices completely lose their
similarity.

The cosing of the angle betwean the matrices

The cosine value
o o o

o0 o0 oo
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1 13 2 2.3 3 34 4
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Fig. 10. The value of the cosine of the angle between the
matrices describing the experimental data for four model cases

Fig. 10 shows that for selected cases, with an
increase in the amplitude of the data in the first
channel in the previously specified time interval, the
cosine of the angle between the matrices decreases
almost linearly. There are no violations of the
monotonicity of the graph here, as can be seen in Fig.
9. This is an advantage of the approach compared to
determining the distance between sets of singular
values. However, in Fig. 10, in the range of considered
cases, the value of the cosine of the angle changes by
approximately 20%, while in Fig. 9, it changes several
times. In addition, matrices of a large dimension were
used to obtain Fig. 10, and matrices of a smaller
dimension, which was commensurate with the rank of
large dimension matrix, were used for Fig. O.
Therefore, for practical needs, the method of
determining the distance between sets of singular
values of the matrix of averaged experimental data for
normal conditions and the same set of the matrix of
current data is more suitable. A combination of these
approaches is also possible. Since the singular values
for the modes are related to the variances of the
measured values, the first modes contain the most
information that is important for practice.

8. The main stages of the method of
detecting abnormal operating conditions of

a technical object

Therefore, the method of classifying the
experimental values of the multi-channel measuring
information system as abnormal includes the following
stages:

1) formation of a database for experimental
values obtained under normal operating conditions and
determination of averaged distributions across all
channels, as well as other statistical characteristics, if
they are required;

2) obtaining similar data for abnormal
conditions based on modeling, and if possible,
experimentally;

3) determination of the criterion for identifying
abnormal conditions and justification of the threshold,
which indicates the transition of the measurement
information system to such conditions;

4) obtaining a set of singular values for the matrix
of averaged experimental data and the matrix of current
data obtained by the measurement information system;
the specified matrices must have the same size;

5) estimating the distance between two sets of
singular values; if this distance exceeds the previously
determined threshold, then a decision is made to classify
the received data as abnormal.

9. Conclusions

The article proposes a method of detecting
abnormal operating conditions of a technical object
based on the use of data from a multi-channel
measurement information system. The results of the
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authors' experimental research were used to illustrate
the method. The method of estimating the singular
values of the data matrix can be used without
restrictions for the results of other measurements. It is
advisable to use the method for technical objects in
which the time dependences of the parameters in the
measuring channels have stable statistical characteristics
over a period of time, that is, the object performs the
same work. The proposed method is also suitable for
recognizing the operating conditions of the object. A
significant advantage of the SVD method is the ability
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MeTon BHSIBJIEHHSI aHOMAJIBHHX 3MiH Yy QYyHKIIOHYBaHHI TeXHIYHOT0 00’ €KTY 3 BUKOPUCTAHHAM Je€KOMIO3HIIil
CHHTYJIIPHUX 3HA4YeHb MATPHIIi eKCepUMeHTAJbHUX JAHUX
0O.B. Ionsapyc, O.A. Kosanb, A.O. Kosais, .C. MensenoBcbka
AHoTanis
IToBexninka AMHAMIYHOT CUCTEMH XapaKTePHU3YEThCS BETUKUM HAOOPOM €KCIIEPUMEHTAILHUX NaHUX, SKUH U1 HOPMAJIbHUX
yMOB i QyHKIIOHYBaHHS € 100pe BuBYeHUM. [Ipy HecnpaBHOCTI cMcTeMU ab0 aHOMAIBHUX YMOBAX (DYHKLIOHYBaHHS XapakTep
OUX JaHUX 3MIHIOEThCA. ICHye OaraTo CTaTUCTHYHHUX METOMIB, SIKi JO3BOJSIOTH BHSIBHUTH I 3MiHH. OCOONHMBICTIO CTaTTi €
BUSIBJIICHHS ICTOTHMX 3MiH B pe3yJbTaTax BHMIpIOBaHHS Maibke Oe3 BHUKOPHCTaHHS CTATHCTHYHHX MeTomiB. J{is mporo
BUKOPUCTOBYETBCS MATPUIS EKCIHEPUMEHTAIGHUX JAaHUX 1 3 JOIOMOrOI0 METOAy MAEKOMIIO3MIII CHHTYJSIPHUX 3HAUeHb
3MiICHIOETBCSL aHAN3 CHHTYJSIpHMX Mox wmiel Marpumi. [Ipm icroTHilf 3MiHI XapakTepy MaHUX BiOyBaeTbCsl 3MIHIOBaHHS
CHHTYJSIDHMX 3HaueHb. J[Is NpPUHHATTS pIilIeHHS IIOAO NEPeXoly CHCTEMH B aHOMAaJbHHH PEXUM OILIHIOETBCS BiICTaHb Y
€BKJIIZIOBOMY IPOCTOPI Mi>K MHOXXMHOIO CHHTYJISIPHHX 3HAa4€Hb JUI HOPMAIBHUX YMOB (YHKIIOHYBAaHHSI CHCTEMH I MHOXKHHOIO
TaKMX 3HAYCHb JUI MOXKJIMBUX aHOMAJIBHHUX YMOB. SIKIIO Li BincTaHb OyZe IEPEeBUIYBAaTH Halepel BCTAHOBIEHMIl HOpIr, TO
NpUIMAEThCSl PIlICHHS LIOM0 MEpPeXOody CHCTEMH B AaHOMAlbHUI pexuM. Bu3HaueHHs MOpOry MoOXe 3HiHCHIOBaTHCS
CTaTHCTUYHUMHU METOaMHU.
KuawuoBi ciaoBa: BumiproBanbHa iH(opMmamiiiHa cucTeMa, JEKOMIIO3UINS CHHTYJSPHHX 3HA4YCHb, MAaTPHIT
€KCIIepUMEHTAIIbHNX JaHHUX, aHOMAaJIbHI 3MIHIOBAaHHS ITapaMeTpiB, BIACTaHb Mi>K MHOKHUHAMH CHHTYJIIPHUX 3HAUYCHb
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KBAJIMETPUYHWUIA METO/] OLIHIOBAHHA PU3UKIB
BUITPOBHULTBA ITPOAYKIII HU3BKOI AKOCTI

P.M. Tpiml, ML.IO. SIkoBrer”, B.M. BypneﬁHal, E.A. Xowm’sik', LI, prTOBI/nZl, A.O. €13TyuleHKo1
'Hayionansnuii  aepoxocmiunuii  ynisepcumem  «Xapkiecokuti  asiayitinuti  incmumymy, kagedpa  mexampouiku ma
enekmpomexuiku Xapxie, Ykpaina, trich_@ukr.net

“[lenmpansnuii Haykoso-0ocionuti incmunym 036pocuns i gificokoeoi mexuixu 36potinux Cun Yipainu, Kuis, Yxpaina,
myyg2015@gmail.com

AHoTanis

BaxJIMBOIO CKJIaZI0BOIO BIPOBAKEHHS CUCTEMH YIPABIIHHA AKICTIO Ha MiANPHEMCTBI ABIISETHCS MPOLEAYPA OLIHIOBAHHS
pu3ukiB. Ha choromui He icHye yHiBEpCaJbHOrO METOIY OLIHIOBAHHS PHU3HUKIB, TOMY KOXXHE MiANPUEMCTBO CaMOCTIiHO
PO3po0IIsie BIAMOBIAHI METOAWKH Ta MpHUIIMae yNpaBIiHCHKI PIOIEHHS OIOA0 PH3HKIB, Y 3aJI€KHOCTI BiJl OCOOIMBOCTI MPOIYKIii
YU TOCHYT, 00CATy HasBHOI iH(pOpMAIii Ta KOMIIETEHTHOCTI mepcoHany. OmHUM i3 HaBarOMIlIMX PH3HKIB BUCTYINAE PUBUK
BUITyCKy HPOJYKIii HEJOCTATHBOI SIKOCTi, OCKUIBKH BiH 0O€3MI0CepelHbO BIUIMBAE Ha KOHKYPEHTOCIIPOMOXKHICTH KOMIaHil. Y
CTaTTi NPOAHATI30BaHO HAYKOBI JOCIIKEHHS, IPUCBSTYCH] OIIHIOBAaHHIO SKOCTI BUPOOHMIITBA IPOAYKIii, BUSBICHO 1X HEMOIIKH
Ta OOMEKEHHSI y 3aCTOCYBaHHI. Y CTaTTi 3aIlPOIIOHOBAHO 3aCTOCOBYBATH (DYHKLIOHAJBbHI 3aJISKHOCTI JUIsl BH3HAYEHHS OIIHOK
MOKa3HMKIB sSKOCTI Ha Oe3po3MipHiii mkami. [IpormoHyerbest moOyayBaTé (YHKLIIO HIIBHOCTI iIMOBIPHOCTEH BHIAJKOBHX
BEJIMYMH OI[IHOK MOKA3HHUKIB SKOCTI. 3HAHOUM (PYHKIIIO NIUTBHOCTI OILIHOK MOKA3HUKIB SKOCTI, TPOMOHYEThCS PO3PaXyBaTh
HMOBIPHOCTI PU3MKIB MOTPAIUIHHS OLIHOK [TOKAa3HUKA SIKOCTI B 3aJaHUi IHTepBaj OLHIOBAHHS. 3alPOIIOHOBAHO MOKPOKOBY

METOJMKY OLIHKH PU3HKiB BUTOTOBIICHHS MPOIYKIIii HEHAJICKHOT SIKOCTI.

KiwouoBi ciaoBa: KBamiMeTpis; OLIHIOBAaHHA
OaraTokpuTepiajbHE OLIHIOBAHHS SIKOCT1; O€3p03MipHa IIKaa.

1. Beryn

O1iHIOBaHHS PU3UKIB  SBJISIETBCA  OJHUM 13
KITIOYOBUX TPHUHIIUIIB PO3POOICHHS Ta BIPOBAIKCHHS
MDKHapogHOTO craHmapry [l] B opramizamisx Ta
HiANPUEMCTBAX OyAb SIKOrO MpOQUII0 HE 3aJISKHO Bij
BUIYy TPOMHCIOBOCTI, JO sKOI BOHH  MAalOTh
BigHomieHHs . Lledt mpuHmUm  mepembadae, 1O
MIAMPHEMCTBA Ta Opraisamii MTOBHHHI PO3POOJSATH
METOJUKH Ul aHAi3y, IPOTHO3YBAHHS Ta YIPABIIiHHS
pusukamu. MikHapoaHuid ctaHgapT [1] BKIOYae
BAMOTH IIOJI0 OI[IHFOBAHHS PH3HKIB Ta MOXJIHBOCTEH.
IIpn umpomy BuMarae, moOW TpOIEC OIIHIOBaHHSA OYB
PETyJISApPHUM, PE3yJIbTaTH SKOrO JaayTh MOJKJIHMBICTh
OTpUMYBATH 1HPOPMAIIIO I CBOEYACHOTO pearyBaHHsI
Ha MOXJIMBI 3arpO3H OO SIKOCTI MPOIYKINT YU MOCIYT

Ta [O3BOJHUTH 3MCHIINTH IMOBIPHICTh HACTaHHI
HECTIPUSITIUBUX CUTYAIIiH.

Pusuku  MOXYyTh  CTOCYBaTHUCS HE  JIMIICHb
OCHOBHHMX TIPOIECIB, sKi 3a0e3MeuyioTh BHITYCK

MPOAYKIl YK TOCHYyT, ajle TaKoX CYIyTHIX Ta
JIOTIOMDKHHUX ~IIPOIIECIB, Cepell SKUX MOXYTh OYyTH
mporecd, TOB’s3aHI 3  (IHAHCOBHM CEKTOPOM UH
3a0e3neveHHsIM KaapamMu abo MaTepiajgaMu, IpolecaMu
JoricTuku Ta eHepro3abesmedeHHs. EQeKTHBHICTH
ynpaBiiHHA Oyab SKUMH TpOLECAMHU 3aJeXKHUTh BiJ
e(eKTUBHOCTI MPOIIeCy OLIHIOBAaHHS PU3UKAMH Ha YCiX
eTarnax BUPOOHHIITBA MPOIYKILT Y1 HAJAHHS MOCIYT.

Ha croromni He iCHye YHIBEpCAIBHOTO METOIY
OL[IHIOBAHHS PH3UKIB, TOMY KOXHE IMiJIPUEMCTBO
CaMOCTIHHO PO3pOOIIsiE BIMIOBIAHI METOIUKH Ta TIPHAMAE
VIIPABIIHCHKI PIIIEHHsT [IOJI0 PU3MKIB, Y 3aJI©KHOCTI B[
0COOMBOCTI TPOMYKILii UM TOCIYr, 00CsATYy HasBHOI
iHpopmamii Ta KOMIIETEHTHOCTI mepcoHaty. Koxue
TIPUEMCTBO CaMOCTIHHO 0OMpae METONM aHaIi3yBaHHS,

PH3HKIB;

PU3UK HHU3BKOI fKOCTi; Yy3arajJbHEHHH IIOKa3HUK;

3BAKAKOYM HA JOIUIBHICTH Ta CKIATHICTD MPOIYKINi Uu
MOCITYTH, METOIX KOHTPOITEO Ta MOHITOPUHTY, MOKJIHBICTh
MPOCTEKYBAHOCTI, TIOBTOPIOBAHOCTI Ta KOHTPOJIBOBAHOCTI
nporieciB. ONTHMaTHFHAM BUXOOM 13 TaKOI CUTYaIlii MOXKe
Oyt po3poOka THIIOBOT METOAWKH OITIHIOBAHHS PH3HKIB
quist xnacudikamii pisHMx mporeciB. OcoOmuBy yBary
MPEJICTABIISIOTH IIPOLIECH BUPOOHUUOT0 IUKITY TPOIYKIIIi.

Mertoro CTATTi  SBISETBCS  PO3POOIECHHS
VHIBEpPCAIbHOI ~ METOJMKH  OLIHIOBaHHS  PH3HKIB
BUpOOHMITBA TMpOxyKmii HHU3BKOI sikocTi. ToOTo

MPOAYKILi, MOKA3HUKH SKOCTI SIKOI 3HAXOMATHCS Ha
Kpasx MOJs JIOMYCKYy, YCTaHOBJIEHOTO HOPMAaTHBHUMH
Ta KOHCTPYKTOPCBKUMH JOKyMEHTaMH. Taka MeTonmka
Mae OyTH NpWAATHOIO Ui BUKOPHCTaHHS Ha PI3HUX
MiATPHEMCTBAX HE3aJEKHO Bifl THIY IPOAYKIii, IO
JIO3BOJINTh  MIABUINMTHA i  YHIBepCAJBHICTH  Ta
e(eKTUBHICTD y Pi3HHUX Tary3sXx BUPOOHHIITBA.

2. Marepiaau Ta MeTOaAU

TpagumiiHO OLIHIOBaHHS pPH3UKIB BUKOHYIOTH
pI3HUMH MeETOJaMHu, sIKi 0a3yrThCs HAa MOEIHAHHI
CIIOCTEPEeKEeHb, aHANi3l TEHACHIINH Ta IHIIMX aHUX.
YacTo 3aCTOCOBYIOTBCSI HE CKJIAIHI METOJY YIPABIiHHS
pU3UKaMH, cepel SAKHX OJOK-CXeMH Ta KOHTPOIBHI
KapTH, a Takox aHaii3 nepesa noMmwiok (FTA), meroau
aHaNi3y HACHiAKiB Ta KpuUTWIHOCTI BiaMoB (FMEA,
FMECA), cucremMu KOHTpOJIO  eKCILTyaTaliiHOi
6e3nexn, Hampukinag HACCP, ta metonn, crpsMoBaHi
Ha ouinky npauesgarHocti (HAZOP, PHA). Oxpim
IIBOTO, 3aCTOCOBYIOTh TaKOX PAaH)XyBaHHA, (DIIBTPALiO
PHU3UKIB 1 CTATUCTUYHI METOMHM Ta iH.

Hapa3i wMeroau OIliHIOBaHHS PH3WKIB  MOXHA
po3mimuTH Ha MBI TpynH, sKicHi Ta KuibkicHi. ITig
SKICHIMH METOJaMH PO3YMIIOTh OTPUMAaHHS OL[IHOK
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PHM3UKIB, 3aCTOCOBYIOUM EKCIIEpPTIB a00 OINUTYBaHHSL.
KinbkicHI MeTOmM 3aCTOCOBYIOTh CTaTHUCTHYHI ITIAXOIN
JUTSL OL[IHIOBAHHS PU3HKY B OZHOPIAHUX TPyIaxX MPOIYKIHii
a00 B NeBHI NOMyYJIALIT Ta PO3PaXyHKOBI (1HAWBITYaIbHI)
METO/IH /IS OLIIHIOBAHHS PU3HKY KOHKPETHOI MPOJIYKIl.

Konnenryanbsai MiAX0au bi (o) YIpaBITiHHS
pH3MKaMU  po3MiIAjanucs — OaraTbMa — HAayKOBISIMH.
3okpema, O. BinsgBcbka Bif3Hadae, MO uepe3 3MiHY
CYCHUIBHUX NPIOPUTETIB  YIPABIIHCHKI  CTPYKTYpH
MOCTIHHO aJanTyIOThCs, IO 3MEHIIYe e(EeKTUBHICTH
iCHYIOYHX MeToiB [2].

PesynbraTit mocmipkeHb MIKHAPOJHOTO JIOCBIITY
OLIIHIOBAHHSl PU3MKAMM IIOKa3ylOTh, 110 HaHOiibIIA
yBara TakuM MpoLecaM MNPUAUIIETBCS Y JIePKaBHOMY
CeKTopi, JAe ICHYIOThb aHaNiTH4YHI LEHTPH Ta
BIAMOBIMHOTO piBHA (axiBli, aje y HPUBATHOMY
CEeKTOpI Taki MOXJIMBOCTI oOMexeHi. ToMy HaykoBi 3
pi3HMX KpaiH aKTHBHO NPAIIOIOTh HAXl PO3POOICHHAM
e(eKTUBHUX METO/IIB OILIHIOBAHHS PH3HUKIB [3].

Pesynpratom mpx mociimpkeHb, 30kpema B SIMOHII,
Hosiit 3emannii, ABctpartii Ta iHIIMX KpalHaX CBITY, CTajo
po3po0IieHHsT MbKHapoaHuX craHaaptie ISO  73:2009
«MenemxverT pmuky. CroBauk» ta ISO 31000:2009
«MeHeDKMEHT pu3HKy. [IpUHIMIN Ta KepiBHI BKa3iBKI.
i crammapTH € [Oi€BUMH  IHCTPyMEHTaMH,  SIKi
BUKOPHCTOBYIOTHCS TIANPHEMCTBAMH Ta OpraHi3aisiMH
JUTSL pO3pOOIICHHS CBOIX METO/IUK OIIHFOBAHHS PU3HKAMH 3
METOI0 iX e(eKTUBHOTO 3aCTOCYBaHHS IIPU PO3POOIICHHI
CHCTEMH YTIPaBIIHHS SKICTIO TIIIPHEMCTBOM [4].

A. I'pymesunpka T1a T. ['onoBau mnpomnoHyHOTH
TeopeTnyHe OaveHHS MPOIECy OLIHIOBAHHS PU3NKAMHU
Ta TPONOHYIOTh NPAKTHYHI pPEeKOMEHHalii MI010
PU3UKK-MEHEDKMEHTY Ta  peanmizamii #oro Ha
MiANPHEMCTBAX [5].

AHa3yI0YH MKHApOIHUHN CTaHOAPT YIIPaBIiHHI
pmsukamu [SO 31000:2009, H. CrpensOuiibka BUBYAE
B3a€MO3B’ 30K M CHCTEMOIO i IIPOIECOM YIPABIIiHHS
pH3MKaMH Ta ICHYIOUMMH TNpUHOUNAMH. Takox
JIOCTIIKY€ MPaBIIIBHICTD BIAMTOBITHOT TEPMIHOOTII [6].
VY cBoix HaykoBux mparpsix O. Hemomusmuii BuBuae ta
aHaJi3y€ OCHOBHI MiAXOAW Ta NPHHIUIN HOOYHOBH
CHCTEMH OLIHIOBaHHS Ta YIpaBIiHHA pU3MKaMH. BiH
BBa)Xa€, 10 e(QEKTHUBHICTh BIOPOBADKCHHS TAaKOi
CHUCTEMH IIOB’s3aHa 3 KBai(iKaIlielo IepCOHANTy Ta
HasBHICTIO CHEHIAIHUX AaHATITHYHUX TPYH, SKi
3aMarOTHCS MOHITOPUHIOM Ta 30MpaHHsAM iH(OpMAIii,
HEOOXIiTHOT JUTs IPUHHATTS YIPaBIiHCHKUX PillleHs [7].

IcHye Oarato miAXOMiB 1O BHU3HAYCHHS PHU3HKY,
3aIPOIIOHOBAHMX SIK BITYM3HSIHUMH, TakK 1 3apyOlKHUMH
aBTopamu. Jleski 3 HUX pO3IIANAIOTE PH3UK SK
NOTEHILIIfHYy MOXJMBICTH BTparT, IIO MOXe OyTH
YHCEIbHO BHMIPSAHOI, 1 OB ’SM3ylOTh HOro 3
HEBM3HAYEHICTIO Ta WMOBIPHICTIO HECHPHUSTIMBUX
MOMiA Mmif Jac peaiizaiii mpoekTy. [HINI BU3HAYAIOTH
PH3HK SIK IMOBIpHICTh BUHMKHEHHS (DiHAHCOBHX BTpAT,
HEIOOTPUMaHHs 10X0MaiB abo mpuOyTkiB. Hampukian,
JP. Morgan po3rasgae  puU3MK  depe3  IpU3My
HETICBHOCTI y MOKJIMBOCT1 OTPUMAaHHS PUOYTKIB.

Takok icHye mIe oJHE BH3HAYEHHS PHU3HKY,
aKIEHTYy€ yBary Ha MOJMJIMBOCTiI 3MEHIICHHS pPEecypciB

(dpinaHCcOBHMX, MaTepiaibHHX) Yepe3 HerepeadadyBaHi
3MIHA yMOB, IO MOXYTb  BiIPI3HATHCS  Big
3amaHoBaHux.  OKpiM  TOro,  BIAMNOBIAHO 1O
MDKHapOJHOTO CTaHJapTy, PU3UK MOXHA BU3HAYMTH 5K
BIUTMB HEBU3HAUYEHOCTI HA JOCATHEHHS METH.

VY HiSTBHOCTI MiIMPUEMCTBA PH3UKH BiNIrParOTh
BaXIHUBY pOJIb, 1 xoua (axiBIli yCBIIOMIIIOIOTH
HEOOXiMHICTh IX YNpaBIiHHS, HA NPAKTHI BHHUKAE
Oararo mUcKyciiHMX nHTaHb. lle moOB’A3aHO 3
BIZICYTHICTIO LUTICHOI Teopii PH3MK-MEHEIXMEHTY Ta
HEOTHO3HAYHUM IMIIXOJOM JO 3aCTOCYBaHHS PI3HUX
METO/I0JIOTiH OIIHIOBaHHS PU3HKIB.

3 MeTol0 eeKTHBHOIO OI[HIOBaHHS PH3HKIB OYB
PO3pOOICHNIT MiXKHApOAHUIA cTaHAapT [11], mo MicTHT
peKOMEHMaIli 3 YOpaBIiHHA pPU3UKAMH, 3 SKHMH
opraHizaii CTUKAIOThCS Ha PI3HUX €Tarax BUTOTOBJICHHS
npomykmii  Ta HamaHHs mocayr. lLleit  cranmapT
pEriIaMeHTye  yHIBEpCANbHMH TiOXiA 10  Ipolecy
VIPAaBIiHHS PU3UKaMH, SIKUA MOXIIMBO a[arTyBaTH IiJ|
moTpedu Oyab-sAKOi OpraHizaiii Ta HE € CHemiali30BaHuM
YM TaJTy3eBHM, JO3BOJITFOYM BHUKOPHCTOBYBATH HOro Ha
BCIX eramax [isUTbHOCTI OpraHisaifii, BKIIOYHO 3
TMPUHHATTSIM PilIeHb Ha BCIX PiBHAIX.

3 METOI0 pO3MHMPEHHS WIbOr0 CTaHAapTy OyJo
po3pobieno cranmapt [12], mo Hamae pexoMeHAarii 3
BHOOPY ICHYFOUMX METOJMK MO0 OI[IHKU PU3UKiB. BiH
HOCHUTh  pEKOMEHHAIIfHWNA  XapakTep 1  MOXe
BUKOPHCTOBYBATHUCS K KEPIBHUITBO JUIS PI3HUX THUIIIB
CHCTEM YIpaBIIiHHA, a Oprafizaiii, IO CTBOPIOIOTH
CHCTEMH YNPaBJIiHHS SKICTIO BiAMOBigHO 10 [1], MatoTh

CTBOPIOBATH CBOI TMpOLEAYpH 3 OLIHIOBaHHS Ta
YIpaBIIiHHS PU3UKAMHU.
Takox,  IiCHYIOTP  KBallIMETPHYHI  METOIH

OLIIHIOBaHHSl PH3MKIB, SKi NPOMNOHYIOTh MaTeMaTH4Hi
MOJIeNI [T OTPUMaHHS OI[IHOK Ha 0e3p0o3MipHil MIKaJli.
Hanpuknan, y pob6orax [13-15] BukopucToByBayacs
MMOJBIfiHA EKCIIOHEHTHA 3aJIEKHICTh Ul OOYHCIIEHHS
OIIIHOK PI3HOPO3MIPHHUX TMMOKA3HUKIB SKOCTi. [HIm
aBTopu  [16-19]  3acrocoByBamM  3aJEKHOCTI 3
MOPSIIKOBUMH CTaTUCTUKAMU JUTS Ti€T K METH.

Jesiki OCHMITHUKHA 3aCTOCOBYIOTH MeToj SAW
(pocte agWTHBHE 3BaXXyBaHHA), SKUH Oa3yeThcs Ha

BUKOPHCTaHHI BaroBUX KOC(QII€HTIB Ui  OI[IHKH
OKpEeMHMX TNOKa3HUKIB skocti [20, 21]. Inmmwmii
nonyisipauii Merox - TOPSIS, saxwmit  3abe3mneuye
OararokpuTepialibHE  OIHIOBAaHHS 32  JOIIOMOTIO0
€TaJIOHHOTO 3HAYCHHS SIKOCTI i 4acTo
BUKOPHCTOBYETBCS  JIJIst KOMIUIEKCHOT ~ OLIIHKH

MOKa3HUKIB [22-25]. V comialbHUX AOCTIDKEHHAX IS
OLIIHIOBaHHS IPOLIECIB BUKOPHCTOBYIOTBCSI METOJH
PROMETHEE, MOORA i WASPAS, sxi HamaroTh

MOXIIMBOCTI ~ 0araTOKpUTepiaJibHOr0  aHajizy  Ta
pPEUTHHTOBOTO OMLiHIOBAaHHS [26-27].
Omxe, aHam3 JOCHIDKEHb  IOKAa3ye, IO

KBJTIMETPUYHI METOJIU LIMPOKO 3aCTOCOBYIOTHCS JUIS
OLIIHKH SIKOCTi 00’€KTIB PI3HOTO XapakTepy Ta y pi3HHUX
HAyKOBHX 1 NpaKkTHYHHX cdepax, 0 JO3BOJISE
3aIpPOIIOHYBAaTH  iX  JI1  PO3POOKH  METOAUKH
OLIIHIOBaHHS PHM3HMKIB BUIYCKY TPOAYKLIl HHU3BKOI
SIKOCTI.
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3. MeToauka OuniHIOBAHHS iMOBIpHOCTI
BHIIYCKY NPOAYKUil HU3bKOI SIKOCTI

Jdnst  po3poOJieHHS  yHIBEPCAIbHOI  METOAMKHU
OIIHIOBAHHS PU3UKIB BHPOOHHUITBA MPOIYKIii HU3BKOI
SKOCTI HEOOXiJJHO BHUPILIMTH PsiJi HAYKOBO-TIPUKJIaJHUX
3aBmaHb. OCKUIBKH TIPOAYKIISA XapaKTEpU3YEThCS HE
OJTHMM, a KIJIbKOMa IOKa3HHKaMH SKOCTi, SKi MOXYTb
MaTH pi3HI IOKaaM Ta Jialla30HH BUMIPIOBAaHHS,
BRXJIMBO BU3HAYMTH (QYHKIIIO 3aJI€KHOCTI MK
BAMIPSIHIMH TIOKa3HUKAMHU SKOCTiI Ta iX OLIHKaMH Ha
Oe3posmipHiii  mikami. Ile o3Hauae, O MOOTPIOHO
BCTAaHOBUTH (DYHKITIOHAILHO 3aJI€)KHI CTATHCTUKU.

Kpim TOrO, CHig BH3HAYHTH 3aKOH PO3MOILTY
(hyHKIIOHANTBHO 3aJIC)KHUX CTaTUCTUK, PO3MIIAAAIOYH iX
AK BHIIQJKOBI BEJWYMHHU. [ LbOro Ba)kKIMBO 3HATH
(yHKIiIO  IMUTBHOCTI  (QYHKIIOHANBHO — 3aJeXKHUX
BeIMYMH Ha Oe3po3MipHill mKami. 3HaO4YM 3aKOH
pO3IIOAUTy LMX BHIAJKOBHX BEJIMYMH, MOXXHa Oyne
BU3HAYUTH HMOBIPHOCTI TOTO, 1[0 BUIIJIKOBA BEJIMYHHA
MOTPANNTh Y 3aJaHNi IHTepBaJ OLIHIOBaHHSI.

Jns BupimeHHS 1MX 3ama4  Oy/Ae BHUKOPUCTAHO
MaTeMaTH4YHHI amnapar KBATMETpii, sIKa € HayKOI IIpo
KUTBKICHE OITIHIOBAaHHS SIKOCTL. Y KBAJIIMETPii BaXIIMBY
poNb  Bifirpa€ BHUJA 3AIEKHOCTI MDK BHUMIPIOBAHUMHU
MOKa3HAKAaMH SIKOCTI Ta iX OIIHKOI Ha Oe3po3MipHii
TIKAJTi, OCKUTEKH MOKA3HUKH SKOCTI HE 3aBXKITH PO3MOLICHI
PIBHOMIPHO 1 MOXXYTh MaTH HEJIHIMHY 3aJIeXKHICTb Bif] CBOIX
omiHok. [lpm ympaBmiHHI =~ SKICTIO OO'€KTIB  4acTo
BHKOPHCTOBYIOTECSl CTAaTHCTHYHI METOIM, 1 U1 HUX
BKJIMBO 3HATH HE 3aKOH PO3IOALUTY NMOKAa3HHKA SKOCTI B
HOro OMHMITIX BUMIPIOBAHHS, a 3aKOH PO3MOJIUTY OIHOK
Ha 6e3po3MipHii mkani. ToMy B pamkax 1i€i crarti OyayTh
JIOCTIDKYBATHACS ~ 3aKOHOMIPHOCTI  PO3MNONUTY  OIIHOK
OJIMHUYHKX Oe3p03MIpPHNX MOKA3HHKIB SIKOCTI.

BinoMo, 10 TEXHONOTIYHMI INIPOLEC € CKIIaJHOIO
CHCTEMOIO, CTaH SIKOT OTpeOye OLIHIOBAHHS, aHAJTI3yBaHHS
Ta TPOrHO3YBaHHS 1, 3a MOTPeOH, KOPUI'YBaHHS JUIs
3a0e3MeUeHHs SIKOCTI MPOAYKILL. VY 11iii poOoTi i 00’ €KTOM
KBAJIIMETPil  PO3YMIETBCS  PE3YNIBTAT  TEXHOJIOTIYHOTO
MPOLIECY — OTPUMAHHS BUPOOY 3a/1aHOT SIKOCTI.

BrummB BumamkoBuxX (akTOpiB Ha TOKa3HUKH
SIKOCTI KO’)KHOTO BHPOOY NMPHU3BOANTH O 3MIHIOBAHOCTI
pe3ynbTaTiB. Y TakMX yMOBax s YNpPaBJiHHSA SKICTIO
BUKOPHCTOBYIOTHCSI METOAM MaTeMaTH4HOI CTATUCTUKH,
30KpeMa Uil TMPOBEACHHS CTATHCTHYHOIO —aHawi3y.
MeToo  CTaTHCTHYHOTO aHANi3y € JIOCHIIKEHHS
BJIACTMBOCTEH BHIAaKoBOi BennunHHU. EdekTuBHICTH
3aCTOCYBaHHS  MaTE€MaTH4HOI  CTaTHCTHKH U
OIIIHIOBAHHS SKOCTI 3aJIGKHTh BiJIl 00CATY CTaTHCTUYHOT
iH(popMartii, o 6a3yeThcsa HA 3HAHHI 3aKOHY PO3MOILTY
MOKa3HUKIB SIKOCTI SIK BUIAIKOBOI BEJIMYMHU Ta
HasBHOCTI TOCTAaTHBOI KUTBKOCTI BUOIPKOBUX 3HAYEHb.

SIKIIO PO3CitOBAHHS YMCENIBHHUX 3HAYCHb OJIMHUYHOTO
TOKa3HHKa SKOCTI 00’€KTy KBadiMeTpii X mimmopsiiKoBaHa
3aKOHY HOPMAaJIBHOTO pO3MOAUTY Ta Mae 3B'S30K 3
BHITA/IKOBOIO BEJIMUMHOIO Yy BHI 3asIeKHOCTI ¥ = F(%):

0
k X < Ximin
X:—X: - 1
_ i i min
F(x) = >Ximin - <% > Ximax ( )
Ximax ~ Ximin x > x

imax

1 1

e X; — JifiCHe uNCeJIbHE 3HAYEHHS OJMHUYHOTO
MTOKA3HUKA SKOCTIL) Xjpin TA Xipgy — BLATIOBITHO JOMYCTHAMI
3HAYEHHS TIOKa3HHUKA SKOCTi; k — mapameTp Gpopmu.
3HarOuM 3aKOH PO3MOILTY BHUIAIKOBOI BETHYWHHU
pPO3CIIOBaHHS OJIWHUYHOTO TOKAa3HUKA SIKOCTI Ta
MOJISIBINM Ha  (DYHKIIIO MLIJIBHOCTI JaHOTO 3aKOHY
(DYHKIIOHAIBHOKO 3aJeKHICTIO (1), MOKEMO OTpUMATH

(yHKLiI0 IBHOCTI  HMOBIpHOCTEH — Oe3po3MipHOT
BUIIAJKOBOT BEJIMYUHU Y.
PiBHsHHS  BU3HAueHHS  (QYHKIIT  MIUTBHOCTI

HMOBIPHOCTI ¢(y) BUMAAKOBOI BEIMUMHH Y Ma€ BUA:

q(»)=f(w(»)

ne  f{x) - IIbHICTE WMOBIPHOCTEW  BHIAIKOBOT
BEJIMYMHHM X; (V) — 3BOpOTHA QYHKIIst 10 y = F(X).
3HaiiaemMo GyHKIIiF0, 00CpHEHY J10:
k

, Ximin < Xi > Ximin

v ()

B

Xi

Ximax ~ Ximin

~ Ximin

y =
AunreOpaiuHi nepeTBOpeHb J03BOJISIFOTH OTPUMATH:
1
x=y(y)=yk (xmax _xmin)+xmin’
MoxinHa pyHKUii x = x(y):

1
' ' 1 —1
Xy = (l//(y)) = ;yk (xmax _xmin)>

1-—
y ok
Omxe, KOO (YHKIIS HIUIBHOCTI HMOBIPHOCTI
BUIIAJKOBOT BEJIMYMHU X Ma€ BUJL:

_(x_mx)z

1 20‘2

= — X 2
VAGY) Gxﬂe , 2

TO (QYHKIIA MUTBHOCTI WMOBIpHOCTEH ¢()) BHUITaIKOBOI
BEJIMYMHU Y MaTUME TaKUM BUTJIS:

2
1
[y;(xmax —Xmin)+¥min _’”x}

2

q(y) = *max ~ Xmin 1 e 26; (3)
1 >
ky17 \ 27Oy
1€ m, — MareMaTU4YHE CIOMIBaHHA, & 0y — CEPEIHE
KBagpaTU4HE BiI[XI/IHeHHﬂ 3HA4YCHb OIUHHUYHHUX

MTOKA3HHKIB SIKOCTI.

VY pesynpraTi NpOBENEHHWX OCHIIKEHb, MOXKHA
3aMpOIOHYBaTH METOAMKY OL[IHIOBAHHS PU3UKIB BUITYCKY
MPOIYKIIii HU3BKOI SKOCTI, SIKa CKJIAJAETHCS 3 KUIBKOX
KITIOYOBHX eramiB. llepmimM KpoOKOM € BH3HAuUEeHHs
MOKA3HHUKIB SKOCTI MPOIYKILi, SIKi HEOOXIIHO OIIHHUTH
JUIt  oTpuMaHHA 00'ekTuBHOI iH(popmamii mpo il
BJIACTHBOCTI. HacTymHMM eramoM € BCTaHOBJICHHS
JIOIYCTUMHX MEX JUIS IIUX MOKa3HHUKIB, SIKi MOXKYTb OyTH
BU3HAUCHI HA OCHOBI BIANIOBITHUX HOPMATHBHHX
nmokymeHTiB. Lle 3a0e3mednTh OCHOBY IUIS MOJAJBIIOTO
aHaJIi3y pU3HUKIiB, MOB'A3aHMX 13 BUILYCKOM IPOAYKIIii, siKa
HE BiJIMOBiIa€ BCTAHOBJICHUM CTaHAAPTaM.

Busnauut  x;,, Ta Xjp, MIHIMQJIBHO Ta
MaKCHMAJIbHO-JIOMTYCTHMI 3HAYCHHSI MOKA3HHUKIB SKOCTI;
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OTpuMmary 3HAYEHHS AIHCHOTO IMOKAa3HHMKA SKOCTI
BHPOOY X;;

Jns ouiHtoBaHHS 0€3pO3MIPHOTO TIOKAa3HUKA SIKOCTI
Y BuxopucroByemo Qopmyny (1). Bona no3Bosie
MepeBEeCTH 3HAYCHHS, OTPAMaHi y BHUMIPIOBAJIBHUX
OIMHUIIX, y 0€3po3MipHHUiA (opMar, IO CIPOIILYE
MOAANBIINIA aHaTi3. 3HatoUH (YHKIIIO MIUTBHOCTI 3aKOHY
PO3IIO/ILTY BUIIAIKOBOT BETMUMHHM X, 3HAXOAUMO (PyHKIIiO
IIUTGHOCTI BHIAIKOBOI BENMMYMHM Y Ha Oe3po3MipHii
wka. Y TOMy BHNAAKY, KOJM (yHKIUIS LJIBHOCTI
BITIOBiIa€ HOpPMANBFHOMY 3aKOHY posnoautry (2), To
(yHKUisT MIUIBHOCTI  MIMOBIpHOCTEH ¢()) BUMAIKOBOT
BEJIMYMHN Y MaTUMe BHJ, 3a3Ha4eHUN y hopmyi (3).

Busnaunsmn ¢byHK1IIO MIIJIBHOCTI IS
0e3pOo3MipHOTO  TOKa3HUKA SKOCTi, MH  MOXEMO
00YKCIUTH HMOBIPHOCTI TOTO, 110 BUIIAIKOBA BEIHUYHHA
MOTPAIUTh Y 3aJaHNi iHTepBall Ha 0€3pO3MIpHIN KA,
BUKOpUCTOBYIOUU opmyiy (4). Lle mae 3Mory OmiHUTH
PU3MKH, TOB'S3aHI 3 BHITYCKOM MPOXYKILii, IO He
BiJINIOBiJJa€ BCTAHOBJIIEHUM KPUTEPisM SIKOCTI.

Hns  anpoOamii  3amponoOHOBaHOI  METOAMKH
JOLUIPHO BHMKOPHCTOBYBATH MOJICIIOBAHHS IIPOLIECY
PO3CIFOBaHHS IMMOKA3HWKIB SAKOCTI MPOAYKIii, IO
HPENCTaBIAIOTE COOOI0 BHIAAKOBI BenMuuHU. [l
IbOr0 MOJKHa 3acTrocyBaTH Meron Monre-Kapio, mio
JIO3BOJISIE OTPUMATH CTATUCTUYHO 3HAUYINI PE3yJIbTaTH.
Hanpuknan, 6yno orpumano 500 3HaueHb BUIAKOBUX
BEJIMYMH, SIKi BIANOBIJAIOTh HOPMAJIbHOMY 3aKOHY
po3moAlTy 3 (YHKIIE IUIBHOCTI (2) Ta 3aJaHUMU
mapamerpamu. lle macte 3Mory OuIbII  TOYHO
aHaJII3yBaTH PU3UKH 1 POOUTH NMPOTHO3M ILOJO SIKOCTI
npoaykuii: m, =2,5; 6,=0,8.

4. Pe3yabTart

3 BHKOPHCTAHHSIM METOIMKH OILIHIOBAHHS PH3UKIB
BUITYCKY TPOJYKLii HHU3BKOi SKOCTI OynaM OTpHMaHi
HACTYTIHI pe3yJbTaTH, sKi HaBeAeH! Hikde. [IpencraBumo
rpadiuHni BUA QyHKLIT OIIBHOCTI IMOBIPHOCTI ¢()), Ipn
[FOMY MTapaMeTPH MaloTh TaKi 3HaYeHHS: m, =2,5; 0,=0,8.,
a rapameTp GopMu k 3MIHIOETHCSL.

3HaHHS ¢bysKmii IIITBHOCTI HWMOBIpHOCTEH

BUTIAJIKOBUX BEJIWYUH JA€ MOXKIHUBICTH BHPIIICHHS
MIPaKTUYHHUX 3a/1a4 3 OI[IHIOBAHHS PU3HKIB, HAIPUKIA
BU3HAUCHHS  WMOBIPHOCTI  NONaJaHHsA  3HAYEHb
BUIIaJIKOBUX BEJUUUH Y B Oyb KU NpoMixkoK. (c; d):

d
P(c<y<d)=[q(y)dy=F(d)-F(c),

I q(y) - GyHKIIS pO3MOiTy BUIAAKOBOI BETMUUHN Y.

VY SKOCTI NpUKIaAy MOXHA MPUBECTH JIESIKY
NpaKkTHYHY 3a/1a4y, a caMe 3HAaXOKEHHS IMOBIpHOCTI
MOTPAIUISIHHS BUMAAKOBOI BEJIWYMHU Y B 3ajaHuil
npoMikok (c¢; d). Jns 1mporo HeoOXiMHO OOYMCIUTH
IHTEeTpat:

d
P(c<y<d)=[q(y)dy. (4)

BHacniiok po3paxyHKIB OTPpUMAJIA PE3yJbTAaTH,
mpeacTaBieHi B Tabmmi 1.

3 TabuuI BUAHO, 10, 3HAKOUU HapameTp GopmH k,
MOJKHA BH3HAYUTH HMOBIPHOCTI TTOTIaTaHHS

E'___L___l_ 1

0 02 04 06
y

Puc. 1. I'padiunuii Bua GyHKUii HUiTBHOCTI BUMTAAKOBOT
Benu4MHM Y 3 mapamerpamu: k£ =0,1; 0,2; 0,3

v

Puc. 2. I'padiunuii Bua GyHKUii UHiTBHOCTI BUMAAKOBOT
BeMWYMHY Y 3 mapamerpamu k = 0,4; 0,5; 0,6

aa

[
T

Puc. 3. I'padiunuii Bua GyHKUIi UHiTBHOCTI BUMAAKOBOT
BenW4MHY Y 3 mapamerpamu: k£ = 0,7; 0,8; 0,9

Puc. 4. I'pacdiunnit Bua QpyHKOii MiTHHOCTI BUMAAKOBOL
BEIWYMHY Y 3 mapamerpamu: k = 1

0e3po3MIpHOTrO  3HAYCHHS OI[IHKKM [OKa3HHKA
SKOCTI B OyJb-SIKMH iHTEepBaJ Ha Oe3po3MipHii mIkai.
Hanpuknan, kopuctyouncs Tadbnunero (1), Mu MoxxeMo
3HAHUTH WMOBIPHICTH TOTO, IO OI[IHKA TTOKAa3HUKA SKOCTI
npoaykuii Oyme menmor 3a 0,8 mpu £=0,3. Omxe,
P(0<y<0,8)=0,44. Takum 9UHOM, MOXXHA PO3paxyBaTH
HMOBipHOCTI ~ momamaHHS  Oe3pO3MIpHOI  OIIHKH
MOKa3HUKA SKOCTI B OyAb-SKWH 3aJaHWil iHTEpBajd Ha
0e3pO3MIpHIi mIKaTi.
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Tabnuns 2 — IMOBIpHICT BIy4YeHHs 3HaYEHHS BUIIAJKOBOI BEJIMYMHU Y B IPOMIXKOK (¢, d) 3a yMOBH,
o k 3mintoetbes Big 0,1 mo 1 3 kpokom 0,1

Ipomixoxk ¢ - d

k] 001 [0102] 0203 | 0304 [ 04-05 ] 05-0,6 [06-07] 0,708 [0809] 091 [ 0-1
Imogipuicts P(c < y < d)
0,1 |1,9-10"% [1,9:10° [1,09-107 |2-10° 1,7-10° [1-10* 6-10%  15,5-10° (0,165 | 0,827 1
02 [1,9-107  |5,9:10° |4-107 1,7-10%  [5,9-10* [2,5-10° 0,015  [0,122 0,573 | 0,285 1
03 [8,8:10° [84-10° [32-10*  [1,03-10° [3,8-10° (0,017 0,087 {0,328 0,46 0,1 1
04 [62:10°  |3,4-10* [1,1-10°  |4-107 0,015 0,062 0,203 {0,388 0279 | 0,046 1
0,5 [2,09:-10* [9,2:10* [3,2:10° {0,012 0,042 0,132 (0,284 (0,334  |0,164 | 0,025 1
0,6 |5,04-10* [2,1-10° [7,7-10° 0,027 0,085 0,2 0,303 0,255 0,101 | 0,016 1
0,7 |1,03-10° [4,3-10° (0,016 0,053 0,136  [0,244 0,28 0,186 0,066 | 0,011 1
08 |1,9-10°  [8,3-10° (0,03 0,087 0,182 0,26 0,24 0,136 |0,045 | 84-10° 1
0,9 [3,2:10° 0,015 0,05 0,124 0,215 0254 (0,198 0,1 0,032 | 6,6:10° 1
1 |5310°  [0,024 (0,075 0,16 0234 (0,234  |0,16 0,075 0,024 | 53107 1
5. BUCHOBKH 2. BuznaueHHst QyHKIIiH IITHHOCTI (IUB. PUCYHKH

PesynbraTtoM 1mi€i craTTi € METOIUKA OI[HKH 1-4) g (QyHKOIOHAIBPHO 3ANEKHMX — BHIIAJKOBHX
HMOBIPHOCTI BHITYCKY NpOXYyKIii HM3bKOI sikocTi. Jlist ~ BEJIMHHMH OIIHOK ITOKA3HHUKIB AKOCTI, 3d yMOBH, HIO Il

PO3poOKH MeTOANKH OYIIO BUKOHAHO KiJTbKA €TAIliB: TIOKa3HHMKH T ATOPSIIKOBYIOTbCSL HOPMAIILHOMY 3aKOHY
1. OOGrpyHryBaHHsA (YHKINI 3amexHOCTI Mk ~ PO3IOAULY.. )

BAMIPSIHIMH TIOKa3HHKAMHU SKOCTiI Ta iX OLIHKaMH Ha . 3 AHP063H1’I MCTOJIMKHU Ta__ BHU3HAYCHHA

Ge3po3MipHili wKami, MO0 J03BONMIO OTpUMaTH ~ MMOBIDHOCTCH IONAajaHHs BHMIIAJKOBOI BEIMYMHHM B

(YHKIIOHAIBHO 3aJIE)KHI CTATUCTUYHI JaHi. 3alaHNii IHTEPBAI OLIHIOBAHHS (1MB. TabIMIO 1).
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Qualimetric method of assessing the risks of producing poor-quality products
Roman Trishch, Maxym Yakovlev,Viktoriia Burdeyna, Eduard Khomyak, Ivan Gurtovyi, Andrii Yevtushenko

Abstract

An important component of implementing a quality management system at an enterprise is the risk assessment procedure.
Today, there is no universal method of risk assessment, so each company independently develops appropriate methods and makes
management decisions regarding risks, depending on the nature of the product or service, the amount of available information
and the competence of the staff. One of the most important risks is the risk of producing products of insufficient quality, since it
directly affects the company's competitiveness. The article analyses scientific studies on assessing the quality of production,
identifies their shortcomings and limitations in application. The article proposes to use functional dependencies to determine the
estimates of quality indicators on a dimensionless scale. It is proposed to build a probability density function of random variables
of quality indicators. Knowing the density function of quality indicator assessments, it is proposed to calculate the probabilities
of risks of falling into a given assessment interval. A step-by-step methodology for assessing the risks of manufacturing products
of inadequate quality is proposed.

Key words: qualimetrics; risk assessment; risk of poor quality; generalised indicator; multicriteria quality assessment;
dimensionless scale.
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TECHNOLOGY FOR IMPLEMENTING THE LEAN SIX SIGMA
QUALITY MANAGEMENT MODEL IN HIGHER EDUCATION
INSTITUTIONS. PART 1: IDENTIFICATION AND MEASUREMENT
OF THE EDUCATIONAL PROCESS CRITICAL TO QUALITY
CHARACTERISTICS

1.O. Moshchenko, O.V. Zaporozhets
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

Abstract

The relevance of the Lean Six Sigma (LSS) quality management methodology implementation in the Ukrainian higher
education institutions (HEIs) to improve the efficiency of educational and scientific business processes in accordance with the
recommendations of DSTU ISO 21001:2019 Educational organizations — Management systems for educational organizations —
Requirements with guidance for use (ISO 21001:2018, IDT) and Standards and Guidelines for Quality Assurance in the
European Higher Education Area (ESG) is substantiated. The scientific and applied works of modern foreign and domestic
scientists devoted to the adaptation of the LSS model to the conditions of HEIs functioning are analyzed. The aim of the article is
analyzing the features of the technology for implementing the LSS methodology in HEIs in order to improve educational and
scientific business processes and the applied application of LSS technology in the Ukrainian educational environment. The use of
the DMAIC cycle as a basic LSS technology for consistent improvement of the functioning business processes of HEIs is
substantiated. The tasks, tools and results of each stage of the DMAIC cycle implementation for the sphere of higher education
are defined, taking into account the specific of the result of the HEIs activity which is defined as a set of educational and
scientific services and products. The practical significance of the article lies in improving the quality of the educational process in
HEIs through the use of the continuous improvement cycle DMAIC and LSS tools in order to increase the efficiency of the
implementation of the key process "Development of educational and methodological support (EMS) for the educational process".
Critical to quality characteristics (CTQC) of the educational product "Complex of Educational and Methodological Support
(CEMS)" are determined. The initial CTQC of the process "Development EMS for the educational process" and its target values
have been established and calculated. The prospects of the study are the application of DMAIC technology and other tools for the
implementation of the LSS quality management methodology to improve the efficiency of all key educational and scientific
business processes within the framework of the development of a comprehensive model of the HEIs quality management in
accordance with the principles of modern International and European standards in the field of education. The perspectives of the
study are a critical analysis of CTQC with the aim of determining the causes of their non-compliance with the target critical
characteristics, the implementation of corrective measures in the educational process, and the development of CTQC
sustainability control procedures.

Keywords: Lean Six Sigma (LSS), higher education institutions (HEIs), business process, DMAIC cycle, Value Stream
Map, CTQC.

1. Introduction list of processes, quantitative indicators and tools for

The International Standard in the field of the quality assessment in educational organizations (Annex E.
educational process quality assurance DSTU ISO  Processes, —measures and tools in educational
21001:2019 Educational organizations — Management  Organizations). For quality management in educational
systems for educational organizations — Requirements  institutions, the standard recommends using, along with
with guidance for use (ISO 21001:2018, IDT) was expert quality control methods, tools that were previously
introduced in Ukraine as a national standard in 2019. used to analyze the quality of production processes,
This normative document directly correlates with the namely: statistical data analysis, functional and cost
general standard for quality management systems in  analysis (FCA) and the most modern hybrid methodology
organizations DSTU ISO  9001:2015 Quality '"Lean Six Sigma (LSS)", which combines all the
Management  Systems —  Requirements  (ISO advantages of the "Six Sigma" and "Lean Production"
9001:2015, IDT) and reflects the principles of the quality management models. The implementation of the
Standards and Guidelines for Quality Assurance in the  Pprinciples and tools of the LSS quality management model
European Higher Education Area (ESG). in higher education institutions (HEIs) is of particular

The ISO 21001:2018, in addition to general relevance in Ukraine during martial law, as LSS focuses on
guidelines and principles for the implementation of quality ~ eliminating the causes of defects and product quality on the
management systems in educational institutions, contains a ~ 01€ hand and minimizing resource costs on the other hand.
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2. Literature Review

The idea of combining the quality management
methodologies of "Lean Production" and "Six Sigma",
which were previously considered to be competing,
appeared in the early 2000s in the works of J.H.
Sheridan (2000) [1] and was quickly adopted by
scientists and practitioners of quality management,
namely Michael L. George (2002) [2], B. Smith (2003)
[3], E.D. Arnheiter and J. Maleyeft, J. (2005) [4], R. D.
Snee (2010) [5], L. Corbett (2011) [6], M. Brenig-Jones
and J. Dowdall (2018) [7], J. Antony (2021) [8], etc.
The appearance of such a popularizing publication as
Lean Six Sigma Business Transformation for Dummies
[9] testifies about the prevalence of the LSS concept,
and since 2010 Emerald Publishing Limited has been
publishing the Limited International Journal of Lean Six
Sigma edited by Professor J. Antony.

The key principles of the LSS methodology reflect
the basic Six Sigma tenets [2]:

1) emphasis on reducing the number of defects and
improving the quality of products and services from a
consumer point of view;

2) increasing the stability of processes;

3) use of both own and well-known statistical tools
for informed decision-making, which ensures effective
problem solving;

4) creating a resilient infrastructure that supports
cultural changes in the organization;

and the basic Lean principles:

1) Lean considers the functioning of the
organization as a continuous flow of interrelated
business processes;

2) Lean distinguishes the processes that add and do
not add consumer value to the product;

3) Lean uses its own tools to analyze, optimize the
flow of processes and maximize the process rate;

4) Lean has a set of technologies that minimize the
cost of resources of all types.

Although not so long ago these quality models
were considered by some scientists as competing, today
the synthesis of the main directions of Six Sigma" and
"Lean Production" influence on the processes in modern
models of quality management is considered mandatory
[2], because:

1) "Lean Production" does not solve the problem
of achieving statistical controllability of processes;

2) "Six Sigma" does not significantly affect the
increase in the processes rate and the reduction of
resource consumption.

The integrated use of two approaches can ensure
the product and services quality increasing at the same
time as accelerating and stabilizing business processes
and reducing all types of wastes.

The service industry has actively adopted the
philosophy, methodology and toolkit of LSS and adapted
its achievements in order to reduce cycle times and
improve the quality of customer service. Thus, according
to a study by V. Sunder, the acceptance rate of the LSS
model in service organizations in the banking and
financial sector, healthcare and information technology is

98.8% [10]. Studies of practical implementation in the
service sector were carried out by Frings and Grant
(2005), Antony et al. (2007), Laureani et al. (2010). The
theoretical basis for the adaptation of LSS in service
organizations was the works of M. George (2003) [2], J.
Antony (2021) [8]. In 2003, M. George, founder and
president of the consulting company George Group,
formulated the reasons that make the LSS model effective
for use in service organizations [2]:

1) service delivery processes are often slow, i.e.
costly, which causes errors and, as a result, customer
dissatisfaction;

2) the service delivery rate is low due to the excess
of work-in-progress that accumulates as a result of the
excessive complexity of the service;

3) for slow processes, the Pareto principle is
effective, according to which 80% of time and resources
are spent on 20% of the activity.

The above reasons fully apply to the field of
educational services. And as a result of these
considerations, in 2012 J. Antony, N. Krishan, D.
Cullen and M. Kumar, M. analyzed the opportunities,
difficulties and conditions for the use of LSS in HEISs.
Scientists have formulated the challenges posed by the
implementation of LSS principles in HEIs [11]:

1) difficulties in applying the production-oriented
terminology of LSS in the education sector;

2) the need for a systematic approach to the
analysis and optimization of educational processes;

3) the bias of University administration regarding
the effectiveness of LSS in the field of education, based
on the perception of Lean as a purely production model
of quality management;

4) immoderate and rapid implementation of LSS in
practice, which leads to budget deficits and problems
with customer satisfaction;

5) the need to apply a process approach to the
analysis of the HEI functioning;

6) the HEI corporate culture should be based on the
principles of openness, trust and acceptance of changes;

7) lack of understanding between all types of
consumers of the educational product, namely, students,
teachers, engineering and technical staff and administration;

8) lack of understanding and competition between
individual departments of HEISs;

9) lack of financial and time resources;

10) weak connection between projects to improve
the quality of educational services and the strategic
goals of HEIs.

Some elements of LSS have begun to be
implemented in the field of education (Sunder, 2016) in
institutions such as Kings College, London; National
University of Singapore; Valdosta State University,
Georgia; Heriot Watt University, UK; Gordon State
College, USA, etc. But there was no scientific literature
on the methodology of LSS applying, taking into
account the specifics of consumers, the result of
activities, and corporate culture in HEIs.

In 2022, a full-fledged book by Antony S. and
Anthony J. was published, in which the authors

52

© 1.0. Moshchenko, O.V. Zaporozhets, 2024



Metrology and Instruments
Quality of education

1/2024

MeTponoria Ta npunagm
AkKicTb HaBYaHHA

theoretically substantiated the features of the use of LSS in
higher education and, using specific cases as an example,
analyzed the conditions and results of implementing the
LSS model in UK HEIs [12]. This book has become the
theoretical and practical basis for the use of the LSS model
in educational institutions around the world.

In Ukraine, although there are some works on the
application of the Lean Higher Education methodology
in the field of higher education [13], there is no
literature that analyzes the peculiarities of the LSS
principles and tools implementation in HEISs, taking into
account the specifics of activities, corporate culture, and
the conditions of martial law in our country.

The aim of the article is analyzing the features of
the technology for implementing the LSS methodology
in HEIs in order to improve educational and scientific
business processes and the applied application of LSS
technology in the Ukrainian educational environment.

3. Research Methodology

The technology for implementing the LSS
methodology is based on DMAIC (Define, Measure,
Analyze, Improve, Control) and DMADV (Define,
Measure, Analyze, Design, Verify) + DFSS (Design for

Six Sigma) improvement cycles. The DMAIC cycle is
used to consistently improve the organization's already
functioning business processes, while the DFSS
methodology, implemented in the DMADYV cycle, helps
to design, develop and implement new business
processes that will best meet the Six Sigma excellence
criteria, namely the DPMO (Defects per Million
Opportunities) has a score of 3.4. The results of
improving business processes in the field of higher
education with the help of the DMAIC cycle as part of
the Six Sigma and LSS models implementation are
presented in scientific papers [14, 10]. However, more
significant results will be achieved by using a huge
Lean+Six Sigma toolkit, taking into account the
specifics of the results of the HEI's activities, which
combine both educational services delivery and the
generation of educational and scientific products. This
feature must be taken into account when modeling the
business processes of HEIs and determining the
conditions for the use of quality management tools [15].

Table 1 shows the tasks and tools for the
implementation of each stage of the DMAIC cycle for
higher education, taking into account the duality of the
results of HEIs.

Table 1 — Tasks, tools and results of the implementation of the DMAIC cycle in HEIs according to the LSS model

(developed by the authors)

Stage Tasks Tools Results
1 2 3 4
D (Define) | Determination of Methodology for determining key A project definition form that
goals, parameters and | performance indicators (KPIs) of the includes a description, goals,
indicators of the process timelines, and process
educational process Methodology for Determining Indicators executors
effectiveness in HEIs. | Critical to Quality Characteristics (CTQC) | Process Performance
Development of a of the process Indicators
process map with the Quality Function Deployment (QFD) SIPOC Diagram
identification of Technology Value Stream Map
"bottlenecks" SIPOC (Supplier, Input, Process, Output,
Customer) diagram method
Value Stream Mapping (VSM) Method
M Planning the collection Methodology for calculating DPMO DPMO indicator
(Measure) | of statistics and according to ISO 13053-1:2015 Check Sheets
quantifying the Seven Classic Quality Control Tools Control Maps
performance indicators Methodology for Calculating Value Stream | Quality Histogram
of the process. Performance Indicators Pareto Chart
Calculation of the Failure Modes and Effects Analysis Process Cycle Efficiency (PCE)
"sigma" coefficient of (FMEA) Stream Non-Defectiveness
the process. Analysis of | Statistical Data Analysis Indicator (SNI)
the process Methodology for Evaluating Quality Stream Quality Indicator (SQI)
reproducibility. Analysis | Indicators Based on Process FMEA Table
of process variability Reproducibility Coefficients Process Reproducibility Index
A Analysis of the KPIs Cause and Effect Diagram FMEA Process Results
(Analyze) | for compliance with Decision Tree Ranked Influencing Factors
target values. Correlation and regression analysis Factors that cause 80% of
Identification of Analysis of Variance (ANOVA) problems
influencing factors that | Priority Matrix Method Correlation coefficients
cause non-compliance | FMEA Analysis "Bottlenecks" at the VSM
and their ranking by The 5-Why Method Hypothesis test results
priority Analysis of «bottlenecks» at the VSM
Pareto Chart
Hypothesis testing methods
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The end of the table 1
1 2 3 4
I Development of Benchmarking Priority Decision Matrix
(Improve) | Sustainable Process Total Productive Maintenance (TPM) Sustainable Process
Improvement Method Improvement Measures
Measures Process rebalancing FMEA-Table of the Event Risk
Identification of the Just-In-Time (JIT) Methodology Analysis
most effective Kaizen Events Improved Process
measures according to | 5S+1 Ordering System Reproducibility Index
the established criteria | Single Minute Exchange of Dies (SMED) | MPSC of Future Status
Event Risk Analysis Experiment Design Method Future State Process Cycle
Implementation of Value Stream Mapping Efficiency
measures Priority Matrix Method
FMEA Analysis
Pareto Chart
Methodology for Evaluating Quality
Indicators Based on Process
Reproducibility Indices
C Documenting an Standard Operating Procedure (SOP) Map | Process Management Plan
(Control) improved process Visual Management Technique (Andon) Control Maps
Development of a Rule for stopping the process in case of Updated Metrics Critical to
control plan poor-quality work (Jidoka) Process Quality (CTQC)
Monitoring the "Poka-Yoke" anti-bug system Financial indicators of process
effectiveness of Control Map Method performance
activities Calculation of the process economic Process Audit Results
Development of an efficiency
automatic control Process Audit
system

Since the LSS methodology is focused primarily
on the management of individual projects in order to
achieve the business goals of the organization, the
appropriate quality management tools are selected
depending on the characteristics of the process (project),
which is improved through the DMAIC cycle.

4. Results

Based on the analysis of literary sources in the
article "Value Stream Map optimization model in the
field of educational services [15], it is established that
one of the key processes in the functioning of HEIs is
the process of educational and methodological support
(EMS) development for the educational process.
Therefore, an important applied task of implementing
the LSS concept to improve the quality of the
educational process in HEIs is the development of a
methodology for applying the DMAIC continuous
improvement cycle in order to increase the efficiency of
the process implementation "Development of the EMS
for the educational process".

D (Define)

The main component of EMS for the training of
higher education applicants in Ukraine is the complex of
educational and methodological support (CEMS), which
is a set of didactic and methodological documents aimed
at the implementation of educational services of a
particular science or field of knowledge.

Taking into account the requirements of the
normative document "Recommendations for the

application of criteria for assessing the quality of the
educational program" [16] and the internal document of
NURE "Regulations on the complex for educational and
methodological support of the discipline", the authors
have developed a list of CTQC characteristics that are
critical in terms of the process " Development of the
EMS for the educational process" quality, and can be
considered as criteria for the suitability of an
educational product:

1) the volume of the CEMS material should
correspond to the volume of the educational program (EP);

2) the structure of the CEMS should comply with
the Curriculum and the content of the EP;

3) the content of the CEMS should provide
practical training for higher education applicants in
order to acquire professional competencies;

4) the EMS forms and methods of teaching should
meet the requirements of the student-centered approach
and the principles of academic freedom;

5) CEMS should contain clear information on the
objectives, content and program outcomes of learning;

6) compliance of the CEMS content with modern
scientific achievements and practices;

7) the forms of control measures and evaluation
criteria should be clear and understandable;

8) design of CEMS should comply with the
requirements of DSTU 3008:2015 "Information and
documentation. Scientific and technical reports.
Structure and rules of putting into official form";

9) the time of development and promulgation of
CEMS should meet the requirements of the Order of
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NURE No.170 dated 02.06.2021 "On Time Standards
for Planning and Accounting of Educational,
Methodological, Scientific, Organizational Work of
Scientific and Pedagogical Staff of NURE".
Identification of customers, inputs, processes,
outputs and consumers of the process under study,
which is traditionally performed in the Six Sigma
methodology by constructing a SIPOC diagram, can be
more effectively implemented using the VSM method,
since it allows to simultancously visualize the

information links between subprocesses and highlight
the “bottlenecks” of the process.

Visualization of the value-adding stream for the
process “Development of the EMS for the educational
process”, which is formed by the sequence of production
and logistics processes of creating and transferring the
value of the object (CEMS) from the customer (Ministry
of Education and Science of Ukraine) to the consumer
(higher education applicants) and synchronized with the
flow of orders, is carried out using decomposition
methods and the VSM method and is shown in Fig. 1.

" : U:U ‘ . U ; NU U”

Fig. 1. The current state VSM of the process "Development of the EMS for the educational process" [15]

M (Measure)

To quantify the efficiency of the process
functioning, the "Sigma" defect-free coefficient was
calculated, which is based on the determination of the
DPMO indicator according to the formula given in
paragraph 5.2 (ISO 13053-1):

_ ¢ 6
Yoomo = "o 10 , (1)
units CTQC
where ¢ is the total number of defects; 7, — the

number of inspected units of production (100 CEMS

over the past 5 years); "crpc — the number of
characteristics critical for product quality (9).

For the critical characteristics of the process
"Development of the EMS for the educational process"
at the Department of Information and Measurement
Technologies (IMT), NURE, the following number of
inconsistencies was identified:

1) discrepancy of CEMS material volume with the
requirements of EP - 0;

2) inconsistency of the CEMS structure with the
Curriculum and the EP content - 0;

3) discrepancy of the CEMS content with the
requirements of the regulatory documentation - 0;

4) inconsistency of the forms and methods of
teaching used in the CEMS with the requirements of the
student-centered approach and the principles of
academic freedom - 0;

5) non-compliance of the CEMS in terms of clarity
of information on the goals, content and program
learning outcomes with the requirements of the
regulatory documentation - 0;

6) inconsistency of the content of the CEMS with
modern scientific achievements and practices - 1;

7) non-compliance of the control measures forms
and evaluation criteria with the requirements of the
regulatory documentation (RD) - 0;

8) non-compliance of the CEMS design with the
requirements of regulatory documentation — 1;

9) failure to meet deadline on the CEMS — 4.

The DPMO of the process "Development of EMS
for the educational process" at the Department of IMT is
equal to:

0+0+0+0+0+1+0+1+4
100-9

10° = 6666, (6).

Yopmo =
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We calculated the "sigma coefficient" of the
process quality, taking into account the fact that the
number of sigmas is derived from the normal
distribution with a shift of 1.5¢ from the mathematical
expectation, using the formula:

Zvalue = }71\;1 (P) + 1’5 5 (2)
)4
where P=1- ]131())1\:0 is the probability of developing a

high-quality CEMS; F;\;l (P) is the function of the
inverse normal standard distribution.

P=1- 66166’ 67 _ 0,99333  the

0

For probability

values F,'(P)=2,47474 and Z.u.= 3,974738. The

calculated number of sigmas is within the interval Z
=3.97... 3.98, which is given in the table in Annex A to
I1SO 13053-1 for Yppy0=6666,(6).

Thus, it can be concluded that the quality indicator
of the process "Development of the EMS for the
educational process" according to the LSS methodology
at the Department of IMT Z,,,, = 3,975 corresponds to
=0).

Moreover, it can be noted that the largest number of
non-compliant CEMSs arises as a result of non-compliance
with the criterion of "compliance of the development time
with normative values". In the LSS methodology, the
indicator of time spent on creating a product or providing a
service is estimated by constructing a line of chronology of

the process and calculating the Process Cycle Efficiency
(PCE) using the formula:

the average level of defect-free (target level Z

value

cr
PCE ==—-100%
LT . ®)

where CT (Cycle Time) is the average length of time it
takes to complete one or more steps within the process
(value-adding time);

LT (Lead Time) is the total time of the production
cycle.

To analyze the efficiency of the value stream
during the implementation of the process, the PCE is
calculated, which characterizes the ratio of the value-
adding time to the total cycle. The PCE indicator of the
process "Development of EMS for the educational
process" at the Department of IMT, NURE (11.3%) is
far from the target value adopted by Lean management
practitioners (20%) [15].

Let's calculate what target value the PCE indicator
should have in order for the time of development and
implementation CEMS in the educational process met the
normative value. Since the CEMS should be
implemented into the educational process before the start
of teaching the discipline, in practice the total time for the
development and implementation of the CEMS is the
time from the approval of the teacher's workload to the
start of teaching the discipline (approximately 3 months

or 2196 calendar hours). During the analysis of the VSM
of the process under study at the Department of IMT,
NURE, it was found that the value-adding time (CT) was
307.5 hours (300 hours according to the document "On
the norms of time for planning and accounting of
educational, methodological, scientific, organizational
work of scientific and pedagogical staff of NURE" for the
development of CEMS in the amount of 6 ECTS + 7.5
hours for other subprocesses). The total time of the
process (LT) was 2834.5 hours (PCE = 10.8%). Based on
the target time for the process implementation (2196
hours), the PCE should be at least 14.6%.

That is, when analyzing the process under study, it
is necessary to focus on identifying and eliminating
unproductive time expenditures in order to optimize the
value stream by minimizing time wastes.

An indicator of the flow efficiency for the CEMS
development in terms of satisfying the critical
characteristics of the educational product, which
characterize the product quality, is the Stream Non-
Defectiveness Indicator (SNI), which reflects the
proportion of suitable products at the output to suitable
products at the flow input. It is calculated using the
formula:

SNI = ﬁ(%j-m%; @)

i=1

where PD is the share of defective products on the i-th
operation;

n is the total number of operations.

Regarding the available statistical data of the
process "Development of EMS for the educational
process" at the Department of IMT, which consists of
12 subprocesses, according to formula (4), we get:

SN =(1-1-0,98-1-1-1-1-1-1-1-1-1)- 100% = 98%.

Thus, it was found that subprocess 3 on the VSM
(Fig. 1), namely "Development of the EMS for the
educational process", is the most likely place of a
defective educational product occurrence. Therefore, it
is necessary to develop measures to eliminate the causes
of nonconformities at this stage in order to achieve the
target value of SNI = 100%.

5. Conclusion and agenda for future

research

The article substantiates the relevance of the LSS
quality management methodology application to improve
educational business processes and formulates the
challenges that the implementation of LSS principles
poses to HEIs. These difficulties are primarily related to
the need to adapt the production-oriented concept of LSS
to the field of educational and scientific services and the
bias of the HEI’s administration and staff regarding the
effectiveness of LSS in the field of education.

The features of the DMAIC improvement cycle
implementation, as the basic technology for the LSS
implementation, are analyzed, taking into account the
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specifics of the results of the HEI’s activities, which
combine both the educational services delivery and the
educational and scientific products generation. The
tasks, implementation tools and results of each stage of
the DMAIC cycle in HEIs are formulated.

A methodology for the application of the DMAIC
cycle has been developed and implemented in order to
increase the efficiency of the implementation of the
HEI’s key process "Development of the EMS for the
educational process". The criteria for the suitability of
the educational product CEMS are proposed.

The identifying stages of the DMAIC cycle were
implemented, the results of which were the determination
of the researched process CTQC list and the calculation
of their quantitative current and target values.

On the basis of the defined criteria, it is established
that the studied process has a "sigma" level of defect-free

Z, e = 3,975 (target value Z,,,, =6). The current and

target indicators of process efficiency (PCE and SNI)
have been identified and calculated. The PCE current
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TexHouoris peanizanii Mogeni ynpasJinnga skicrtio “Lean Six Sigma” B 3aknaaax Bumoi ocitu. Yacruna 1:
InenTudikanisi Ta BUMipIOBaHHS OCBITHBOT0 MpoOLECY, KPUTHYHOIO 10 AIKICHUX XapaKTepPHCTHK
1.O. Mouenko, O.B 3anopoxens

AHoTanis

OOrpyHTOBAaHO aKTyalbHICTh BITPOBADKEHHS METOHOJIOTIi ynpasiiHHsA sikicTio Lean Six Sigma (LSS) B 3axnagax Bumoi
ocsitu (3BO) Ykpaiuu st migBuiineHHs: e(peKTUBHOCTI OCBITHIX i HAyKOBUX Oi3Hec-mporieciB 3riguo 3 pekomenaauisimu JJCTY
ISO 21001:2019 OcgitHi oprasizaiii. CuctemMu ynpapiiHHS B OCBITHIX opraHizaiisx. BUMOr: Ta HaCTaHOBH 11100 3aCTOCYBaHHS
(ISO 21001:2018, IDT) Ta CranmapTiB i peKOMEHAAIH M0A0 3a0e3MeYeHHs IKOCTI B €BPOIEHCEKOMY MPOCTOPI BHUIIOI OCBITH
(ESQ). IIpoanamnizoBaHO HayKOBi Ta MPUKJIaIHI Hpalli Cy4acHHX 3aKOPAOHHMX 1 BITUYM3HSHUX HAYKOBIIB, IPHCBSYCHI afanTamii
mogeni LSS o ymoB dynkmionysanns 3BO. MeToro crarti € aHaimi3 0coOMUBOCTEH TeXHOIOTIT peanizanii Metogoiorii LSS B
3BO 3 MeTor0 MOKpameHHs OCBITHIX Ta HAyKOBUX Oi3Hec-IIpoleciB Ta NPHKIAaHE 3acTocyBaHHs TexHosorili LSS B ymoBax
YKpalHCBKOTO OCBITHBOTO cepenoBuina. OOrpyHroBaHo BukopuctanHs Iukiay DMAIC sk 6a3oBoi texHosorii LSS mms
MOCJIIZIOBHOTO BJIOCKOHAJICHHS (yHKLiOHYyIounX Oi3Hec-mipoueciB 3BO. BusnaueHo 3amadui, iHCTpyMeHTapiii Ta pe3yibrar
peanizanii koxxHoro erany unkiry DMAIC mist chepu BUIoi OCBiTH 3 ypaxyBaHHsAM cneuudiku pesynbrary misiibHocTi 3BO,
KU BU3HAYA€ThCA SIK CYKYNHICTh OCBITHIX Ta HAayKOBUX IIOCIYT i HPOAYKTIiB. IIpakTWuHe 3HAYEHHS CTATTi MOJArae B
MOKpPAIEHHI SKOCTI OCBITHBOrO mpouecy B 3BO 3a momomororo 3actocyBaHHs nukity OesznepepBHoro mominmeHas DMAIC ta
iHcTpyMeHTiB LSS 3 Meroro minBuimieHHA epeKTHBHOCTI peaiizalii KIro4uoBoro mporecy «Po3poOka HayKOBO-METOIUYHOTO
3a0e3neueH sl OCBITHBOrO Iporecy». Busnaueno kpurmuni xapakrepuctuku (CTQC) ocsitHbOro mpoxykry «Komruiekce
HayKoBo-MeToxuuHoro 3abesnmeueHHs (KHM3)». BcraHoBieHo Ta po3paxoBaHO ITOYAaTKOBI IHAMKATOPH SKOCTI IIPOILECY
«Po3pobka HM3 ocBiTHBOrO mporecy» Ta iX HiboBi 3HaueHHs. [lepcnektBamu nociipkeHHst € kputuunuii ananiz CTQC 3
METOI0 BHM3HA4YCHHsS INPUYMH BUHUKHEHHS IX HEBINOBIJHOCTI IITLOBUM KPUTHYHHUM XapaKTEPUCTUKaM, BIPOBAKECHHS
KOpETyIOUHX 3aX0/1iB B OCBITHIiil poliec Ta po3pobka mpouenyp koutponto cranocti CTQC.

Kuarouosi cioBa: Lean Six Sigma, 3aximanu Buioi ocBit, Gizuec-mporuec, muki DMAIC, Mama HOTOKY CTBOpPEHHS
uinnocti, CTQC.
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CYB’EKTA HABYAHHA
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AHoTanis

Po3riisiHyTO BapiaHT METOAy BHpILIEHHS OJIHOTO i3 3aBJaHb IENaroriyHoi KBaJiMeTpii, CYTHICTh SIKOTO IIOJSIrac y
BUKOPUCTAHHI MOJEJI OLIHIOBAHHS y BUIVISAI CYKYITHOCTI YOTHPHOANIBHOI IIKAMH HOPSAKY IEKUJIBKOX PI3HOBHIIB, ABOOGAIBHOL
KK, PEUTHHIOBO1 CTOOAIBHOI mIKamK Ta BiamoBiaHoi itf ECTS-mmkanu, 1110 ga€ 3MOry 3iCTaBIATH OIIHKH, OTPUMaHi 3a Oy Ib-
SIKOIO 13 IMX IOKaJN, 1 3aCTOCYBAaTH iX Ul OIIHIOBAaHHS PiBHS MiATOTOBJIEHOCTI Cy0’€KTiB HaBYaHHS IO BHU3HAUCHOTO BHUIY

npodeciitHol MiSITBHOCTI.

KoiouoBi c1oBa: kBamiMeTpis, IpoLeypa OL[iHIOBaHHS, Cy0’ €KT HaBYAHHS, [IIKAJIH OLIHIOBAHHS.

1. Beryn

[pwifHATHM 1 TIPOTIOHOBAHWM 10 BXKHUTKY METOJaM
1 cucreMaM OIIHIOBaHHSA PiBHA MiATOTOBIEHOCTI
3100yBauiB ocBiTm — cy0’ekTiB HaBuanHs (CH) mo
BH3HAYEHOTO BHIY npodeciiinoi TSITTBHOCTI
MPUTaMaHHI HEIOJIKH, IOB’S3aHI 3 BUKOPHCTAHHSIM
PI3HOMAaHITHUX ILIKaJI, BIZICYTHICTIO YITKHX KPHUTEPIiB iX
3aCTOCYBaHHS, HagMIpHA  «3aMaTeMaTH30BaHICTHY,
0COOMMBO  TpomleAyp  OOpOOJCHHS  pe3yJbTaTiB
ouiHtoBaHHS. lle 00yMOBIIOE aKTyajbHICTH 1 MeTy
cTaTTi — 3ampONOHYBaTH BapiaHT MPHIATHOTO IO
3aCTOCYBaHHS IIUPOKUM KOJIOM MPAIiBHUKIB CHCTEMH
OCBITH MeTOJa KIJBKICHOTO OIiHIOBaHHS  PIiBHSI
HaBueHOcTi CH sk JoridHEe MPOIOBXKEHHS IONEPETHIX
OTIPIITIOJHEHUX POOIT aBTOPIB, 30KkpemMa [1], aKy MokHa
BBXaTH PO3TOPHYTHM IUTAHOM IIi€i myOmiKarii.

2. Bukisiag 0CHOBHOI0 MaTepiajy

BBememo y po3miman 1 BHU3HAYMMO —TEpPMiH
HABYEHICTh SAK TOHATIMHUN «IUBUIBHUN» aHaAJIOT
TEepMiHa «BHYyYKa (BiliCbKOBa)» [2] — moka3HUK (O6axxaHO
IHTeTpaJbHAUN), IO XapaKTepu3ye NPOMDKHUHA abo
KIHIIEBUI pe3yibTaT HAaBYAHHSA SK DPIBEHb 3aCBOEHHS
cy0’eKTOM HaBYaHHS 3HAHb, YMiHb Ta HABUYOK y MEBHII
rajgy3i JIIOJCBHKOI JisUIBHOCTI 1 JIO3BOJISIE OTPHUMATH
periTuHroBuii cnucok rpynu CH.

Meronosorito  Ta TPOOIEMaTHKy —KUTbKICHHX
OIIIHOK SIKOCTi OyAb-SKHuX 00’€KTIiB (IPEIMETIB, SBUIL,
MPOIIECIB TOIIO) BUBYAE KBAJIMETPisi SK YacTHHA
Teopii TPUHHATTSA pilieHb. Y TMpoleci BHUPIIICHHS
KBAJIIMCTPUYHUX 3aBIaHb Yy 3arajJbHOMY BHITAJKy
3a3BUYal 3adisiHI 0UH a00 JeKiibKa (Tpyma) eKCIepTiB:
OmepaTopd BHMIPIOBAILHUX MPWIAAIB, €KCIEPTH 3
raimysi kBamimeTpii, cyani, suknagadi [3]. Ocranni npu
[IbOMY BHKOHYIOTH KOMIUIEKCHE OI[IHIOBaHHS SIKOCTI
HABYAJHHO-BIXOBHOTO MPOIIECY Ta HOrO pe3yNbTaTiB
yepe3 JesKy CYKYIHICTh IOKa3HHKIB i3 3aCTOCYBaHHS
BIITOBITHOT MO, 110 CKJIaac CYTHICTb
nefAaroriyHoi keajiMerpii [4], po3MmMpeHHSAM SKOI
MOJKHA BBaXKaTU TCHXO0JIOT0-TeIaroriyny
KkBagiMerpiro [5]. ¥V mifi ramy3i mUpsAThCS CHpoOH

3aCTOCYBaHHS MOJENeH, NPUAHATHX JO BXHUTKY Y
TICUXOMETPIi JUIsl BU3HAYCHHS PHC 0COOMCTOCTI [4 — §].
BimmiTiMo sk mpukian moxens Pama [7], anami3
CYTHOCTI SIKOT [9] MOKa3aB HEJI0CTaTHIO
0OIpyHTOBaHICTh BUKOPUCTAHHS JIOTIT-MOZENI 3 METOIO
OIIIHIOBAHHS SIKOCTI HaBYAHHS; TpadiuHa IHTepIpeTalis
MpoOIT-MOJIeNTi Haraaye Tak 3BaHi KPUBI BHSBICHHS LT
B YMOBaXx IEpeIKo, BitoMi 3 Teopii pamiomoxkarii [10].

BusiBiieHHs ~ BUKOHYIOTH ~ LUIIXOM  0OpoOJeHHS
oTpuMaHoi iH(opMarii 3a KpPUTEpIAMH MiHIMyMYy
CEpEeHbOIO pU3UKY, MaKCUMyMy BiTHOIIICHHS

npapnormonodu, Heiimana-IlipcoHa TOmO, IOCTaTHBO
CKJIAHUX Y QITOPUTMIYHOMY Ta OOYHCIIOBAIILHOMY
ceHci. AnroputMmu, moOyaoBaHi Ha moxeni Pama i im
NoJi0HUX, HE MEHIII TPYJOMICTKI.
3ayBakuMo, 110, HA HAIIl ITOTJISII, BUKOPUCTAHHS B
MICUXOJIOTO-TIeIar OT 1Y I KBaJIiMeTpil poueayp
00poOneHHss, TOOYIOBaHMX HAa  «BCTAHOBIICHHX)
3aKOHaX  pO3MOJUTYy,  HENpaBOMIpHE,  OCKUIbKH
HEBU3HAUCHICTh BHUXINHWUX JaHWX  (MIKPECIHMO,
HEYHCIIOBOI MPUPOH) Ma€ HECTOXaCTUYHUI XapaKTep.
Jis omiHIOBaHHSA pIiBHS HABYEHOCTI B CHCTEMI
OCBITH Oy/b-51KOT PO3BHHYTOI KpaiHU Ma€ iCHyBaTH TaK
3BaHa cHcTeMa oniHoBanHsa 3HaHb (CO3) sk
HalBa)KJTMBIIINK €IEMEHT OCBITIHCHKOTO mpouecy [11].
CucreMa OIHIOBAaHHS 3HaHb Cy0’€KTIB HaBYAHHS
y 3aKjIajax OCBITH YKpaiHu mependadac BUKOPUCTAHHS
KAl  MOPSAAKY: YOTUPHOANBHOI, JeCATHOATBHOI,
IBaHAALATHOAIBHOT, IBaIATHOAILHOI,
HAKOMAYYBAIBHUX CTOOABHOI Ta JBOXCOTOQIBHOI, a
TaKOX JIEKJIApOBAaHOI y paMKax BboJoOHCHKOTO mpoliecy
perituHroBoi crodanpHoi mkaau (PCII) i BiamoBigHOT
it ECTS mkamu Ta iX pI3HOBUAIB, NPUUHATHX Yy
3aknmagax Bumoi oceitn (3BO), Brmouarounm 3BO
aBTOpiB. BimMiTUMO, 110 30i7IbIICHHS JTOBXHHH IIKAJIHA
(po3mpeHHsT Miana3oHy BUMIPIOBaHHS) 3yMOBJICHO
MOoTpeOOr0 MOMMIIEHHs SKOCTi po3pizHeHHs CH.
[MonanHs pe3ynbTaTiB  OLIHIOBaHHS 3HAHb i3
3QMUIIEHHSIM JBOX 3HAKiB TiCIS KOMH BiATIOBimae
BiloMOMy 3 Merposorii Meromy Honiyca [12]
posmipaicTio 1/100. AbGconroTHa MOXuUOKa MpPU LOMY
He nepeBuinuth +0,010. 3 THX ke MipKyBaHb KOXKHA 3
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NOJUIOK OyIb-sikoi 13 HUGPOBHX MIKAJI MOXe OyTH
MoijieHa Ha 11’ SITh, IE€CATh, IBAALSATH 1 OlNIbIIE MOILIOK.

Yotupu-, JECATH-, JBaHALSATH- Ta
JBaIATHOANGHA INKAJIA TPH HAABHOCTI HOHIyCy, a
TaKOX crobanpHa i IIBOXCOTOAJIbHA LIKaJIH

MearoriyHoi KBaiMeTpil JIiHIHHI 1 3B’I30K MiXK HAMHU
JIETKO BCTAHOBJIIOETHCS 3aBJISIKU TaK 3BaHUM PEIEPHUM
TOYKaM, SIK MOKA3aHO Ha puc. 1.

YorupubanbHy mikaiay 3 Honiycom 1/100 Ha3Bemo
yIOCKOHAJIeHOI0 4YoThpuOansHO0 ImKanoro (YYIII).

AkicTb HaBYaHHA
BBenmeHHss Takol IIKaTM  POOMTH  HEIOUIIBHUM
3aCTOCYBaHHS ~ JAECSATH -,  JBAHAALUATH -  Ta

JBaIATHOANBHOI MK 1 JI03BOJISIE BUKOPHCTOBYBATH
OPUAHATI Y BUKJIANANBKIA MPAKTUI OLIHKHA THITY 2"
abo 4, exsiBaieHTamu sikux B YU OynyTh OLiHKH
2,33 Tta 3,66. Y pa3i yTpyAHEHb 3 BU3HAUYCHHIM
BiINOBiHOTO Oana (Ha3BeMoO Iie «eeKToM OypigaHOBa
BIC/IIOK@») eKCHepT (BHKJIaJay) BHCTABISE OLIHKY, IIO
JIOPIBHIOE CEpe/IMHI IHTEpPBAJTY MK ‘“‘CyMHIBHUMM
omiHkamu abo, B3araii, cepeuHi mkaim, Tooto 3,50.

PenepHi To4ku
M

(=]
e §
nN
w
[%1]

4 6 8 10

10 11 12
12 14 16 18 20

1
0 10 20 30| 40 50 60 (70 80 90 100
0 20 40 60f 80 100 120 |140 160 180 200

Puc. 1. 3’5130k Mk MIKaJaMu TEAArOTiYHOT KBaJIIMETpii

ImMoBipHiCHO-1H(MOPMAIIHHUT TAXIT [13]
JTO3BOJIMB OTPUMATH BHpa3 [UII BU3HAYEHHS OIHKH (O
OyIb-sK0i L-0a1bpHOT TorapudMivyHOT KA 3 OCHOBOKO
«1Ba» AK (QYHKIIT BiJf YaCTKH ¢ TOBEPHYTOI 00’ €KTOM
KOHTpOJIO  iHdopmarmii; 30kpema, (opmyna s
PO3paxyHKy OIIIHOK 3a JIorapuPMITHOIO
yoTupubaibpHo 1mKaioro (JIYLI) mae Takuit Burisi:

Orram = 2 + logy[— 8/(7q - 8)]. (1

AHAJOTIYHMHA TiAXiJ BHKJIAAEHO y BHIIAJKOBO
3HaleHid myOoikarii HeBH3HaueHoro amTopa [14], B
SKIH PO3MIISIHYTO I’ ATHOANIBHY IIKATY i3 3aCTOCYBaHHSIM
JIECATKOBOTO JIoTapudma.

YacTtky ¢ TOBEpHYTOI 00’€KTOM KOHTPOJIIO
iHdopMmarii OWIHIOITH SK pe3ylbTaT IiIPaXyHKY B

yyw 2,00

-

a0COMIOTHIN KAl KiTBKOCTI 7, BIPHUX BIANOBiZeH Ha
3allMTaHHS, MPaBHIBHO BHKOHAHMX 3aBJaHb abo
pPO3B’s3aHUX 3a/a4, BIMHECEHHWX 1O IX (3alUTaHb,
3aBJ/IaHb, 33]1a4) 3aTAJIbHOT KIJTBKOCTI 71,

q =ng/ n. )

Konrposnis Moxke OyTH YCHHM, TECTOBHM, Y
BUIJISII THUCHMOBOTO OINUTYBaHHS a00 KOHTPOJBHOL
poboTH TOIIO.

3HaueHHS ¢ MOXE OYTH BHKOPHCTAHO SIK JESKUH
Koe(DilieHT MOMIOHOCTI, MO XapaKTepU3ye BUPAKEHY Y
BimcoTkax momo 3acBoeHoi CH indopmarii Big ychoro
00cary BHHECEHOI Ha KOHTPOJIb, BIiAMOBiTHA MOZICIH
NOJaHHS OLIHHMX (YHKIIM BUKJIajaya HaBeleHa Ha
puc. 2.

..4.00 .

T T TERTIT INTTTCRTTI [TTTETTIT PUTSOTITT

0,5

06 07

Puc. 2. Monenb nopaHHs omiHHUX GYHKIIN BUKIagada

Cepen cucTeM OIIIHIOBAaHHS 3HAaHb HAWOLIBII
PO3IOBCIO/KeHI Yy  CBITI pi3HI  peanizauii aHrjio-
CaKCOHCBHKOT ali(haBITHOI CUCTEMH 3 OLIHKAMH Bi «A»
o «F» y mopanky cmamamna. Y Crnomyuenunx Llltatax
Awmepuku [15] nexomu 3amicte «F» (Bim aHrn. fail —
MPOBaJ) BUKOPUCTOBYIOTH «N» (Bij aHIIL. no credit) abo
«U» (Bix aHrII. unsatisfactory — He3aJ10BIIBHO), a TAKOX
IUIOCH 1 MiHycH. ['0JIOBHOIO YMOBOIO 3aCTOCYBaHHsI i
BIIMIHHICTIO ~ PO3MJIIHYTOi ~ BUIE  CHCTEMH €

KOH(IEHIIMHICTD OLIHIOBaHHS: PO KOHKPETHY OLIHKY
HAaBYAJIIHUX JOCSTHEHb 3HAIOTh JIMIIE BHKIAgad i
cy0’€KT HaBYaHHS.

PeiitunroBy crobaneny mkany (PCHI) ykymi 3
nitepHoto mkanor ECTS Ta 4oTHpHOAEHOK MIKAIO0
(Y1) wmoxHa po3rasmaté AK bBONOHCEKY MoOnenb
ouiHtoBaHHS (puc. 3). BinmiTuMo xapaktepHy pucy miei
mojeni — HeminidHicts mkanmu ECTS 1 mry4no
«11puB’s13aH01» 110 Hel BepOanbHoi YIII.
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Puc. 3. bonoHChKa MOJIEITH OIIHIOBAaHHSI PiBHS HABYCHOCTI

IloganHs pe3yabTaTiB KOHTPOJIO CTOOAIBLHOTO
PEUTHHIOBOI'O OI[IHIOBAaHHS 3a OOJIOHCHKOK MOJIEILIIO
MOJKJIMBE 33 BUPA30M

Orcr = q-100. 3)

BignoBinHi omiHku Qgstc 1 Quu OTPUMYIOTH 32
HOMOTpamoro (puc. 3).
OuiHroBaHHs1 pe3yibrariB KoHTpomo CH moxna

BUKOHYBAaTH B TpPAULIHHMI CrOCiO, BHUCTaBISIOYH
OLIHKY 3a YOTHpPHOAIbHOIO ab0  yJOCKOHAJICHOIO
4OTHPHOAIBHOIO IIKAIOK. [limKpecanmMo, 110 BepOaTbHi
OLIIHKHU Yl (BiIMIHHO, noope, 3a/I0BLILHO,

HE3a/I0BIIBHO) CBiAYaTh MPO 1 HEYMCIOBUI XapakTep.
Ilepexim 10  YHCIOBUX  3HAY€Hb  3/IHCHIOIOTH,
BUCTABJISIFOYM 0Ny, 110 BiAMOBIAAIOTH CYIKEHHSM L[0I0

TBEepKeHHs TUIy «BimnoBigae 4um Hi 3MICT BIAIOBIIL
cmuciy 3anutanssn?»: Tak — 5, Ckopiiie Tak, 4uM Hi — 4,
Ckopimte Hi, ynm Tak — 3, Hi — 2. Kinnesuii pesynsrar
TaKOro  OI[HIOBAHHS  pO3PaxOBYIOTh SIK  CEPEIHE
apu(pMEeTUYHE OTPUMAHUX OLIIHOK, IO JUTS BY3bKHX IIKAJ
HE CyINepedYuTh Teopii, MIATBEPHKEHO pe3ysibTaTaMu
pO3paxyHKiB  3HauyeHHAs X U1 TPSMOKYTHOI
pesynbrytodoi  ¢yHkuii Hanexnocti (POH) p(x) 3a
METOJIOM IIeHTpa TsoKiHHA [16] Ta Bimomoro dopmyoro
OOYHCIICHHS MAaTeMaTHYHOTO CromiBaHHi M(x) mist
rpadiynoi momobum PDPH f(x), sk mpum croxacTHdHii
HEBU3HAYEHOCTI. AHAIITHYHE MOJICIIOBAHHS  TaKOX
MIITBEP/PKY€E CIIBIAAIHHS PE3yJIbTaTiB PO3PaxyHKIB 3a
LMMH J[BOMa METOJ[aMH, SIK 1ie MO0Ka3aHo Ha puc. 4 — 7,
1110 NOSICHEHb HE MOTPEOYIOTh.

ux) f(x) | ix) i f(x)
1 02 1 -i 1!
050 01 050 050
X 1
200250 300 350 400 450 5 200 250 300 350 400 450 5 200 250 300 250 400 450 5" 200 250 300 350 400 450 .‘,:l
3 i) al )
Puc. 4. X'=3,675; M(x) = 3,675 Puc. 5. X=4,75; M(x)=4,75
u(x) fx) uix) x)
1 1 1 02
050 050 050 01
X i ) 1
200 250 300 350 400 450 5 200 280 300 350 400 4%0 5 200 250 200 350 400 450 f-'i 200 250 300 350 400 450 5
E) ] 3 6

Puc. 6. X=2,25; M(x) =225

[TopiBHSAHHS pe3ysbTaTiB po3paxyHKy omiHok JIYILI
3 ominkam ECTS-mikanu mae 3MOry MpUIYCTHUTH, IO B
OCHOBY CHCTEMH CTOOAITBEHOTO PEHTUHTOBOTO
OILIHIOBAHHS  IOKJIAJCHA  KOHIICMISA  IMOBIPHICHO-
iH(POPMAIIIHHOTO MiAXOMY, 1 3ampONOHYBaTH TiOpPHIHY
MOJIC/Ib TOMaHHs OLHHUX (PYHKIiH BuKIamada [17], sk
mokazaHo Ha puc. 8. Ha Homorpami HaBeaeHa
aIpOKCMMOBaHa JIOrapu(MiyHa dYOTHpUOATbHA IIKajIa
(AJTUII), ckmamena 3 TPBOX BIAPI3KIB Yy Aiama3oHax
3navens  0...0,57; 0,57...0,86; 0,86...1, 110 He 3MmiHIO€
ii norapudmiuHMi XapakTep, a JO3BOJSE YCYHYTH

vy 2.00 3,00

Puc. 7. X=3,40; M(x) = 3,40

NpUTaMaHHWUN ~ Oyap-sKid  jorapudmivHill  mKami
CYTTEBMH  HENONIK —  CKJIagHiCTh  rpadivyHOro
BinTBopenHs. Koxken 3 BinpiskiB AJIYII po3duto Ha
piBHI iHTEpBald BHM3HAYEHOI MOBXHMHH. Takui Mmiaxim
3a0e31euye YiTKy IIPHUB’3Ky» OZHA JI0 OIHOI OLIHOK 3a
nBobanpHOIO mKaoro ¢, YUII, AJIYIL, PCUI i ECTS
mkamnoro [17, 18] — 0,5 — 3,50 —2,87 — 50 —FX
BIJINIOBI/IHO, SIK TTOKa3y€ MPUKIIAJ] Ha puc. 8.

Hwxue naBeneHi pospaxyHkosi Bupasu (4) i (5),
ki 3B’s3yt0Th 3HaueHHS QOpcmy 3 Ovuym 1 Qamum
BiJITIOBIi THO.

PClL 0 10

ESTC
ANUW 200

20 30, 40 50 .50 .70, 80 490,100

400 5.00

N

1 | [ il

] L

Al PETTT| FEVTETTITE [YTTTRTTT! [STTTTIeY andasialisas s el
90 01 02 03 04 05 06 07 08

0.9

Puc. 8. I'iGpuaHa MoeNb MOAaHHS OLIHHUX (QYHKIIN BHKIIaga4a
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(Oyquy —2)-33, k1110 2,00 < Oy < 5
Opcun = 4)
100, k1m0 Qyypy = 95.
( AJTYIL _[ Anqm])'57>’“<m0 2,00 < Qpjpyny < 3;00;
_ ( AU [ AJTUILL ]) 29+57, axmw0 3,00 < O jpypy; < 4,00;
rett (QAJI!{LH - [ AL ]) 13+86,s1x1m10 4,00 < QO jpypyy <55
100, K110 O p jypy =3-
(@ —[Oanam )57, a0 2,00 < O 1y < 3:00;
(O —[Oan )29 +57, 511110 3,00 < Oy < 4,005 (5)
Opcu =

TyT [Qamum] — Wima dYacTka OIIHKKA 3a ampoK-
CHUMOBAHOIO JIOTapU(hMITHOIO YOTHPUOATHHOIO MIKAJIOK.

BimmitimMo ~ 0coONUBICTE  TIOpHIHOI  MOJEN,
noB’si3any 3 PCIII, Tounirue, 3 ii Ha3Bor0. J{JIs YMCIOBUX
KAl TOPSAKY  Ha3Ba  BHM3HAYAETHCS  KUIBKICTIO

BHKOpHCTOBYBaHuX mo3Hauok: y PCII ix 101: 0, 1,2, ...,
99, 100. TobTo miKaga I CTOOMHOOATBbHA; JBOOATBLHA
nikana g 3 Honiycom 1/100 cmiBmamae 3 HEKO 1O TOYKAX —
ominka 100 6anie y PCII BixnoBinae 3HaueHHro q = 1 1 ii
YMOBHO MO)KHA BBaXKAaTH 32 OOHYC JUTS BIAMIHHHKA.

(QAHLILL[ - [QAJ'I‘{LLI ]) 13486, s1xwo 4,00 < Oy gy <5
100, 5xm0 Oy

=5.

BigmiTuMO TakoxX, 110 PO3pi3HIOBAIBHA 37aTHICTh
YUCJIOBUX INKaT TiOpUAHOI MOJENi BH3HAYAETHCS
aOCOJIIOTHOI0 TIOXMOKOIO A TOHaHHS Ppe3yJbTaTiB
ominroBanHsA CH 1 He mepeBHIye BEIWYMHN HOIIKA 3
ypaxyBaHHsM HoHiyciB 1/100 mma YUII i 1/20, 1/10.
1/10 BigmoBigHo mis iHTepBamiB 2-3, 3-4, 4-5 AJIUIII
(sx Ha puc. 8). HeBu3HaueHIiCTh pe3yibTaTiB MOXKHA
XapakTepu3yBaTH NPUBEACHOI IOXHOKOIO O
BigHOIIEHHSAM a0COJIOTHOI IMOXHOKH A 1O HOBXHUHHU
mkany L. B Ta0i.1 HaBeneHi 3HaYEHHS LIMX TOKA3HUKIB.

Tabmumg 1 — XapakTepucTUKH MIKa TiOpUIHOT MOAETL

Ikanu q NASII AJIYI PCII
A 0,01 0,01 0,05 0,1 0,1 1
0 0,01/1 0,01/300 0,05/57 0,1/29 0,1/13 1/100
O4eBHIHO, II0 MPH [OJAaHHI PEUTHHrOBOrO  IIKAIH. BigoMe NpaBWjio, MO JIOTapudM CYMH It

CHHCKy 0co0i, IO NpHUiiMae pilIeHHs, NepeBary Ciij
BiAgaTH YAOCKOHAIEHIH YOTHPHOAIbHIN IIKaJTi.

Beemena [0 po3mALy  MOJENB  JIO3BOJISIE
peanmizyBaTH MeETOJ OIIIHIOBAaHHS PIBHA HaBYEHOCTI
cy0’€eKTa HaBUAHHS SIK MTOCTIIOBHICTE TAKUX KPOKIB:

- OIIIHIOIOTH YacTKy q nosepuytoi CH indopmarii
ab0 PO3PaxOBYIOTh YCEpPEIAHEHI OIIHKKA B TpaaWIliHHIM
qoTUpHOaNBbHIN mkam (i3 3aIWIICHHAM JBOX 3HAKiB
micist komu) a6o B YUIII i KOHKPETHUX HaBYAIBHOT
JUCIMILIIHA, OJIOKIB 3MiCTOBHX MOIYJIIB, 3MiCTOBHX 200
kpenutHUX Moy (KM), ramysi 3HaHb SIK CYKYIHOCTI
HaABYAIbHUX JCITUILIIH HABYAJILHOT'O IUIaHY.
3ayBakuMo, M0 ycepeaHioBaTH oOIiHKH 3a AJIYII
HETIPUITYCTIMO d4epe3 JorapupMidHHi XapakTep camol

AJHII q = 0,605 — Qcep = 3,05 (Tabn. 2) He NOPIBHIOE
cymi norapudmis q = 0,5 — Qayym = 2,87 (auB. puc. 8);
- BUpP@XalOTb OTPHMaHi OI[IHKM Yy BH3HAYEHIH

IIKaJi;

- PO3paxoByIOTh (pu HEOOXiTHOCTI)
IHTeTpaJbHUN  TOKa3HUK (METPUKY) y  BUIJIAAL
MoaudikoBaHoro  koedimieHTa  KOHKOpHamii  abo

KoedilieHTa BigNOBITHOCTI IUII KOXKHOTO 3 CyO’€KTiB
HABYAHHSI 3 METOK MOOYIOBH IX PaHXHPYBAHOTO
crucKy, abo pamkupyloTh iX 3a B3ipmeMm (THITY
«KpYTJIMHA BIIMIHHUK»). Yci Tpu MeToau oOpoOseHHs
OIIHOK, #AK TIOKa3ye OaraTopiuHuil  OocBim  iX
3aCTOCYBaHHS, IHBapiaHTHI, TOOTO MArOTh IPAKTUYHO
OITHAKOBW pe3ynbrat [17].

Tabmmug 2 — Ouinku 3a AJTYII

QAJ‘[I{]_U 2 3 4 5 Eq Eq/4 chp
q 0 0,57 0,86 0,99 2,42 0,605 3,05
Ha puc. 9 mnaBemeHo ¢parment Excel-tabmmi YMOBaMH 3aCTOCYBaHHS PO3IMJISHYTOTO METOIY

pesynbrariB owiHroBanHs B YUYII ycnimHocTi Bimmpa-
IIbOBYBAaHHS IPYIOBHX, IPAKTUYHHUX, J1aDOpaTOPHHUX,
KOHTPOJILHUX 3aHSTh 1 B IIJIOMY 32 CEMECTP.

Ha puc. 10 nHaBemeno ¢parment Excel-Tabmwii
JICYMKOBHX pe3yJIbTaTiB oriHoBanHs ycmimuocti CH B
YUII 3a kpemuraivu Moayisivu (KM) Ta cemectpamu i B
LIJIOMY 32 HaBYAJILHY JUCLMILTIHY sik cepenHe Ta B PCI i
ECTS. PeiiTuHroBMiA CHHCOK CYO’€KTiB HaBYAHHS
Binnosinae crosmio Excel-radmuri PAHT .

MaroTh OyTH:

- HasBHICTH crenudikaIfiii mkal — IPUHHATAX 32
JIOMOBJICHICTIO JTOKYMEHTIB, IO MICTATh BHU3HAYCHHS
IKaJ BUMIPIOBaHb Ta/ab0 OMKC MpPaBWII i MpoLeayp ix
BiJITBOPCHHS Ta 3aCTOCYBAHHS;

- KBamdikamis i HEyHNepeKCHICTh EKCIIePTiB-
BHKJIaJaviB; BiACYTHICTb 3MOBH 1, Oa)kaHO, aHOHIMHICTh
MPOMDKHUX Pe3yIbTaTiB.
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T F EEE = ol = 0|

covecrp2 |z g SN |8 3 B? 52
s 3 & 8 H =

L =T 2,863 500 3,00 466 2,08 500 385 e 2 D | 3

210 .0 3,00 25 19 F | 25

33...0H 2,83 4,66 4,00 500 2,25 500 385 43fF 19 C| 5

41...0 2,67 500 500 366 229 466 385 a8 73 D | 4

Sl sie B 4,00 4,00 2,08 4,66 385 334 4 FX 22

24W ... k 2,50 3.00 3,00 4,66 3,00 500 3.39 gie 58 E | 13

25W ... a 241 466 500 500208 500 385 #53 83 C | 6

Puc. 9. ®parment Excel-Tabauii pe3ynbraTiB HOTOYHOT0 KOHTpOTto yemimuocti CH

L 3 r'd a =] w =

uror kM1 kM2 kM3 | kmd ?j § § S g E g
VB iea: E 421433 400 466/ 400 414 432424 73 D 4
2 wen 0 383 2,00 200 200 2,75 300 353 273 24 F 25
333 W 419 466 433 405 433 437 480439 79 C 5
4l ...0 4,19 400 500 443 400 419 480 437 78 C b
IS iwa 354 369 3.33 3,14 366 3,34 369 348 49 FX 21

231 .o K 3,15 4,13 366 4,33/ 366 3,76 369 3,77 58 E | 12
240 ... a 4,18 466 500 4,33 455 453 466 456 8 C 8

Puc. 10. ®parment Excel-Tabnuui nizcyMKkoBuX pe3ysbTaTiB KoHTpoIto yenimHocti CH

3. BucHoBku OL[IHIOBAHHS, HaBiTh 0€3 HASBHOCTI CHEIaIbHUX
TakuM  4mHOM, MeTa  CTaTTi  JOCATHYTa: IPOTPaMHHUX 3aCO0iB.
3aIPOIIOHOBAHO METOJ| OL[IHIOBAHHS DPIBHS HABYEHOCTI IIpakTHuHe 3acTOCYBaHHS METOJY I10Ka3ajao Horo

Cy0’eKTIB  HABYaHHS, NIPOCTHMH 1 3py4YHMH y  HOPUAATHICTH IS EKCIEPTHOrO OIIHIOBAHHS 3HAHb,
BUKOPDUCTaHHI  IIMPOKHMM  KOJOM  OCBITSH. BiH  yMiHb Ta HaBHYOK Cy0’€KTiB HaBYaHHS Ta MOOYIOBHU iX
nependavyae 3acTOCYBaHHA PI3HUX IIKANl IENArOTi9HOI  PEUTHHTOBHX CHHCKIB 3 OCTaTHBOIO PO3ILUIEHOIO
KBaJIMETpPil Ta 3BHYHUX MPUHAOMIB OOpPOOJICHHS HaHWX  3JATHICTIO.
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Method for assessing the training of the subject of study
Yurii Kozlov, Oleksandr Degtyarev, Lina Vasylyushchenko, Viktor Unger

Abstract

A variant of the method for solving one of the problems of pedagogical qualimetry is considered, the essence of which lies
in the use of an assessment model in the form of a set of a four-point scale of the order of several varieties, a two-point scale, a
rating hundred-point scale and the corresponding ECTS scale, which allows comparing the grades obtained on any of these scales
and applying them to assess the level of preparedness of subjects of study for a certain type of professional activity.

Key words: qualimetry, assessment procedure, subject of study, assessment scales.
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